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

I n t r o d u c t io n

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

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

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

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

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

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

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

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

O t h e r  La w s , R e g u l a t io n s  a n d  Po l ic ie s

In addition to complying with the policy described above, 
Society members who reside in North America must also 
adhere to all relevant national, state or local laws and/or regu
lations that govern the use of animals in neuroscience 
research. Thus, U.S. members must observe the U.S. Animal 
Welfare Act (as amended in 1985) and its implementing regu
lations from the U.S. Department of Agriculture. Canadian 
members must abide by the January 1993 Guide to the Care
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and Use o f Experimental Animals. Members in Mexico must 
comply with the “Seventh Title of the Regulations of the 
General Law of Health Regarding Health Research.” In addi
tion to complying with the laws and regulations of their home 
countries, foreign members of the Society should adhere to 
the official Society policy outlined here.

R e c o m m e n d e d  R efer e n c es

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

R e c o m m e n d e d  R eferen ces

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

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

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

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

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

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

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

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

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

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

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

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

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

In the event that a published article or abstract is to be 
retracted, a statement of retraction will be published in The 
Journal o f Neuroscience or in the Abstracts for the next 
Annual Meeting.
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C hro n o lo gical L ist of Sessions
(See page xix for Thematic List o f Sessions)

Session
Number & Title Page

Session
Number & Title Page

viii

Saturday, November 7
Decade of the Brain Lecture—8:00 p.m.

1. Structure and Function of Ion Channels—With and Without
Structure................................................................No Abstract

Sunday, November 8
Symposia—8:00 a.m.

2. Dystonia and Reorganization of Sensorimotor Maps
Chaired by: M. HALLETT ...................................................1

3. A Cellular Mechanism of Opioid Withdrawal
Chaired by: R. A. NORTH.....................................................1

Special Lecture—10:00 a.m.
4. Molecular Biology of Prions Causing Neurodegeneration—

A Scientific Odyssey from Heresy to Orthodoxy
S. B. PRUSINER...............................................No Abstract

Warner-Lambert Lecture—11:15 a.m.
5. Novel Treatments for Parkinson’s Disease Have Given New 

Insights Into the Basal Ganglia
C. D. MARSDEN................................................No Abstract

Slide Sessions—8:00 a.m.
6. Neuronal death: Bcl2 and caspase ......................................... 1
7. Genesis of neurons and glia I ................................................. 3
8. Degenerative disease: Alzheimer’s—presenilin:

mechanisms and processing...................................................5
9. Long-term potentiation I ....................................................... 7

10. Visual cortex: striate I ............................................................9
11. Ingestive behavior: neuropeptides I .................................... 11
12. Biological rhythms and sleep I ............................................. 13
13. Invertebrate learning and behavior I .....................................15
14. Learning and memory: systems and functions ....................17
15. Cognition: language.............................................................. 19
16. Calcium channel structure, function and expression:

molecular studies.................................................................. 21
17. Catecholamine receptors ..................................................... 22
18. Developmental disorders ..................................................... 24

Poster Sessions—8:00 a.m.
19. Cell differentiation and migration I .................................... 26
20. Process outgrowth, growth cones and sprouting: effects

of neurotrophins, electrical activity and substrates............. 27
21. Axon guidance mechanisms and pathways: ephrins...........30
22. Expression and regulation of trophic factors: BDNF .......... 32
23. Biological effects of neurotrophins I .................................. 37
24. Biological effects of cytokines and other factors I .............. 40
25. Neurotrophic factor receptors and cellular mechanisms:

p75 and apoptosis ................................................................43
26. Nutritional and prenatal factors ...........................................45
27. Glia: Schwann c e lls ..............................................................49
28. Glia: oligodendrocyte............................................................50
29. Glia: astrocyte ...................................................................... 53
30. Cerebral cortex and limbic system I .....................................57
31. Visual system: developmentally regulated genes and

proteins .................................................................................60
32. Regeneration: signaling, control of gene expression

and molecular screens ......................................................... 64

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

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

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

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

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

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

others................................................................................... 108
49. Second messengers and phosphorylation I ........................111
50. Second messengers and phosphorylation II ......................113
51. HPA regulation I ...............................................................116
52. Osmotic regulation..............................................................120
53. Neuroendocrine regulation: prolactin and galanin............. 122
54. Cardiovascular regulation: central mechanisms—

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

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

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

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

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

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

learning.............................................................................. 166
69. Cognition: attention—other ...............................................168
70. Cognition: attention—rodent studies ................................169
71. Cognition: higher functions—decision, executive,

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

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

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

acetylcholine ......................................................................177
75. Learning and memory: physiology—o th e r....................... 180



C hronological List of Sessions

76. Learning and memory: pharmacology—acetylcholine.......... 182 117.
77. Comparative neuroethology............................................... 186
78. Neuroethology: auditory physiology....................................189 118.
79. Ingestive behavior I ............................................................ 192
80. Reproductive behavior: experience...................................... 195 119.
81. Reproductive behavior: neuroanatomy................................198 120.
82. Neuropeptides and behavior I ...............................  201
83. Degenerative disease: Alzheimer’s—beta amyloid: 121.

APP processing I ................................................................204
84. Degenerative disease: Alzheimer’s—beta amyloid: 122.

APP processing II ..............................................................206 123.
85. Degenerative disease: Alzheimer’s—cognitive 124.

function I .............................................................................210
86. Ischemia: neuroprotection I ...............................................213 125.
87. Ischemia: tolerance and heat shock proteins.......................216 126.
88. Ischemia: gene and protein expression I ............................. 220 127.
89. Ischemia: phosphorylation...................................................223 128.
90. Neuropsychiatric disorders I ................................................ 224 129.
91. Neurotoxicity: endogenous and exogenous mediators . . . .227 130.
92. Neurotoxicity: physical and chemical toxins ...................... 229
93. Neurotoxicity: receptor-mediated neuronal d e a th .............. 232 131.
94. Neurotoxicity: heavy m etals................................................ 235 132.

133.
(History and Teaching Posters will be posted the entire week.)
95. History of neuroscience ................................................... 238 134.
96. Teaching of neuroscience................................................. 241

135.
Symposia—1:00 p.m. 136.

97. New Insights into the Role of Receptor Trafficking in
Neuronal Signaling 137.
Chaired by: L. S. BRADY...................................................251 138.

98. The Neural Bases of Working Memory 139.
Chaired by: J. D. C O H EN ...................................................251 140.

141.
Special Lecture—1:00 p.m. 142.

99. Function of the Isthmic Organizer in Patterning the 143.
Embryonic Brain
G. R. MARTIN.....................................................No Abstract 144.

145.
Presidential Special Lecture—4:15 p.m. 146.

100. Genetics, Positional Cloning and Transgenic Rescue of
the Circadian Clock Mutation 147.
J. S. TAKAHASHI ...............................................No Abstract

148.
Slide Sessions—1 :00 p.m. 149.

101. Trauma ...............................................................................251 150.
102. Ischemia: tolerance and N O ................................................253 151.
103. Degenerative disease: Alzheimer’s—other: 152.

genetics and others.................................... 255 153.
104. Cognition: higher functions—emotion, decision-making

and executive contro l.......................................................... 258 154.
105. Visual cortex: striate I I I ..................................................... 260
106. Visual cortex: extrastriate I ..................................................262 155.
107. Degenerative disease: Alzheimer’s—beta amyloid:

diagnosis—others........................................................... . .263 156.
108. Blood-brain barrier I ......................................................... 266 157.
109. Second messengers and phosphorylation I I I ...................... 268 158.
110. HPG regulation I ................................................................269 159.
111. Formation and specificity of synapses I ............................272 160.
112. Neuronal death I ................................................................274 161.
113. Transporters: dopamine and norepinephrine...................... 276 162.
114. Excitatory amino acids........................................................ 278 163.

164.
Poster Sessions—1:00 p.m. 165.

115. Genesis of neurons and glia II ...........................................280 166.
116. Cell differentiation and migration I I .................................. 283

Axon guidance mechanisms and pathways:
adhesion molecules and other growth substrates............... 286
Expression and regulation of trophic factors:
neurotrophins I ....................................................................290
Biological effects of neurotrophins I I ................................ 293
Biological effects of cytokines and other
factors II ............................................................................ 296
Neurotrophic factor receptors and cellular
mechanisms I ......................................................................297
Motor system s.......... .........................................................299
Cerebral cortex and limbic system II ................................ 304
Visual system: development and plasticity of
connections ........................................................................ 305
Regeneration: functional changes...................................... 309
Neuroglia and myelin I ..................................................... 312
Gene structure, expression and function............................315
Presynaptic mechanisms I .................................................318
Presynaptic mechanisms I I .................................................321
Postsynaptic mechanisms: glutamatergic
transmission........................................................................ 324
Long-term potentiation: physiology I ................................ 326
Long-term potentiation: physiology II ..............................330
Acetylcholine receptors: nicotinic—physiology and
function I ............................................................................ 332
Acetylcholine receptors: nicotinic—physiology and
function II .......................................................................... 335
Excitatory amino acid receptors: expression......................338
Excitatory amino acid receptors: physiology,
pharmacology and modulation I I I ...................................... 341
GABA receptors: steroids................................................... 344
GABA: GAD and GABA studies...................................... 347
Catecholamines: physiology I ...........................................349
Catecholamines: physiology I I ...........................................352
Catecholamines: physiology III .........................................354
Transmitters in invertebrates I I ...........................................358
Signal transduction: gene expression and
plasticity I ...........................................................................361
HPG regulation I I ................................................................364
Thermal regulation and fev e r.............................................367
Neuroendocrine regulation: paraventricular
hypothalamic nucleus and o th e r........................................ 368
Cardiovascular regulation: central mechanisms—
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711. Glia: microglia.......................................................................... Poster Wed PM

28. Glia: oligodendrocyte................................................................ Poster Sun AM
710. Glia: response to insu lt............................................................. Poster Wed PM

27. Glia: Schwann cells .................................................................. Poster Sun AM
220. Hormones and development: estrogen and progesterone........ Poster Mon AM
612. Hormones and development: testosterone and 

neurosteroids ............................................................................ Poster Wed AM
515. Hormones and development: thyroid, cortisol,

stress and apoptosis .................................................................. Poster Tue PM
684. Molecular Signals in Nerve Regeneration............................ Symp Wed PM
122. Motor systems .......................................................................... Poster Sun PM
112. Neuronal death I ........................................................................ Slide Sun PM
221. Neuronal death I I ...................................................................... Poster Mon AM
321. Neuronal death III .................................................................... Poster Mon PM
418. Neuronal death IV .................................................................... Poster Tue AM
516. Neuronal death V ...................................................................... Poster Tue PM
517. Neuronal death VI .................................................................... Poster Tue PM
613. Neuronal death V I I .................................................................... Poster Wed AM
614. Neuronal death V I I I .................................................................. Poster Wed AM
708. Neuronal death IX .................................................................... Poster Wed PM
709. Neuronal death X ...................................................................... Poster Wed PM

6. Neuronal death: Bcl2 and caspase............................................ Slide Sun AM
707. Neuronal death: caspase........................................................... Poster Wed PM
317. Neurotransmitter systems and channels: acetylcholine

and amino acids ........................................................................ Poster Mon PM
702. Neurotransmitter systems and channels: calcium channels, 

catecholamines and peptides..................................................... Poster Wed PM
121. Neurotrophic factor receptors and cellular mechanisms I . . . . Poster Sun PM
320. Neurotrophic factor receptors and cellular mechanisms II . . .  . Poster Mon PM
705. Neurotrophic factor receptors and cellular mechanisms III . . . Poster Wed PM
706. Neurotrophic factor receptors and cellular mechanisms IV . . . Poster Wed PM
803. Neurotrophic factor receptors and cellular mechanisms V . . . . Poster Thu AM
611. Neurotrophic factor receptors and cellular mechanisms:

GDNF ....................................................................................... Poster Wed AM
513. Neurotrophic factor receptors and cellular mechanisms:

NF-κB ....................................................................................... Poster Tue PM
25. Neurotrophic factor receptors and cellular mechanisms: 

p75 and apoptosis...................................................................... Poster Sun AM
514. Neurotrophic factor receptors and cellular mechanisms: 

signaling........................................................................ ............ Poster Tue PM
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304. Neurotrophic factors: biological effects.................................... Mon PM
26. Nutritional and prenatal factors................................................. Sun AM

215. Pattern formation, compartmentation and
boundaries I .............................................................................. Mon AM

398. Pattern formation, compartmentation and
boundaries II ...................................................................... ..

S l i d e
Tue AM

607. Pattern formation, compartmentation and
boundaries III . ........................................................................... Wed AM

216. Process outgrowth, growth cones and sprouting: axon 
growth and developmentally regulated molecules................... P o s t e r Mon AM

697. Process outgrowth, growth cones and sprouting: 
determinants of axon and dendrtic growth................................ S l i d e Wed PM

20. Process outgrowth, growth cones and sprouting: effects 
of neurotrophins, electrical activity and substrates ................. Poster Sun AM

413. Process outgrowth, growth cones and sprouting: 
regenerative responses and their modulators........................... Poster Tue AM

509. Process outgrowth, growth cones and sprouting: signaling 
pathways and modulators of process outgrowth .....................

P o s t e r
Tue PM

520. Regeneration: anatomical changes .......................................... Poster Tue PM
616. Regeneration: effects of and on g l i a ........................................ Poster Wed AM
125. Regeneration: functional changes............................................ Poster Sun PM
519. Regeneration: gene transfer ..................................................... P o s t e r Tue PM
804. Regeneration: g ra fts .................................................................. Thu AM
324. Regeneration: immunological aspects................................ Poster Mon PM
222. Regeneration: neurotrophins, cytokines and other factors . . . . Posterrosier Mon AM
420. Regeneration: semaphorins, netrins, gangliosides

and other molecules .................................................................. Poster . Tue AM
32. Regeneration: signaling, control of gene expression

and molecular screens................................................................ Poster Sun AM
395. Steroids in Development and A ging ...................................... Tue AM

33. Transplantation I ........................................................................ Poster Sun AM
223. Transplantation I I ...................................................................... Poster Mon AM
325. Transplantation III ......................................................... .. Poster Mon PM
421. Transplantation IV .................................................................... Poster Tue AM
793. Transplantation V ...................................................................... Slide Thu AM
419. Visual system: activity-dependent functional changes

and molecular mechanisms.......................................................
"

P o s t e r Tue AM
124. Visual system: development and plasticity of

connections .............................................................................. Sun PM
31. Visual system: developmentally regulated genes

and proteins .............................................................................. Poster Sun AM
323. Visual system: physiology and models .................................... Poster Mon PM
600. Visual system: roles of activity and neurotrophins in the 

development of retinal and cortical connectivity..................... Wed AM

T he ME B: C ell B io l o g y
 

108. Blood-brain barrier I ..................................................................
521. Blood-brain barrier I I ................................................................ P oste r Tue PM
617. Blood-brain barrier III ............................................................. Poster Wed AM
715. Blood-brain barrier IV ............................................................. P Wed PM
587. The Cellular and Molecular Basis of Myelin Diseases . . . . S y m p Wed AM
806. Cytoskeleton.............................................................................. Poster Thu AM
713. Cytoskeleton and postsynaptic membrane proteins................. Poster Wed PM
618. Gene regulation ........................................................................ Wed AM
501. Gene structure and function . . . ............................................. ... Slide Tue PM
127. Gene structure, expression and function .................................. Poster Sun PM
34. Genetic methods........................................................................ Poster Sun AM

714. Membrane structure and cytoskeleton...................................... Poster , Wed PM
126. Neuroglia and myelin I ............................................................. Poster Sun PM
225. Neuroglia and myelin I I ........................................................... Mon AM
409. Neuroglia and myelin III ......................................................... Tue AM
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712. Neuroglia and myelin IV ......................................................... Poster Wed PM
805. Neuroglia and myelin V ........................................................... Poster Thu AM
786. Staining, tracing and imaging techniques ................................ Slide Thu AM
423. Staining, tracing and imaging techniques: histology............... Poster Tue AM
422. Staining, tracing and imaging techniques: live tissue............... Poster Tue AM
424. Transcription factors.................................................................. Poster Tue AM

T heME
Syn aptic

Theme C : Excitable M em branes a n d  
Synaptic  T r a n sm is sio n

407. Calcium channel physiology, pharmacology and 
modulation: molecular and native stud ies................................ Slide Tue AM

38. Calcium channel physiology, pharmacology and 
modulation: native studies .......................................................

 
Poster Sun AM

812. Calcium channel physiology, pharmacology and 
modulation: SOCCSs, ROCCs and RyRs ................................ Poster Thu AM

428. Calcium channel physiology, pharmacology and 
modulation: studies on modulation I ........................................ Poster Tue AM

621. Calcium channel physiology, pharmacology and 
modulation: studies on modulation II ...................................... Poster Wed AM

16. Calcium channel structure, function and expression: 
molecular studies ...................................................................... Slide Sun AM

526. Calcium channel structure, function and expression: 
studies on L-, N-, P-, Q- and R-type channels......................... Poster Tue PM

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

721. Ligand-gated channels: AChn capsaicin,
proton, serotonin and IP3 ......................................................... Poster Wed PM

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

205. Long-term potentiation I I ......................................................... Slide Mon AM
720. Long-term potentiation: pharmacology I .................................. Poster Wed PM
810. Long-term potentiation: pharmacology I I ................................ Poster Thu AM
131. Long-term potentiation: physiology I ...................................... Poster Sun PM
132. Long-term potentiation: physiology I I ...................................... Poster Sun PM
425. Long-term potentiation: physiology I I I .................................... Poster Tue AM
426. Long-term potentiation: physiology I V .................................... Poster Tue AM
524. Long-term potentiation: physiology V ...................................... Poster Tue PM
620. Long-term potentiation: physiology V I .................................... Poster Wed AM
404. Mechanisms of neurotransmitter release.................................. Slide Tue AM
522. Mechanisms of neurotransmitter release:

calcium channels, excocytosis and quantal release..................... Poster Tue PM
716. Mechanisms of neurotransmitter release: modulation ............. Poster Wed PM
717. Mechanisms of neurotransmitter release: o th e r....................... Poster Wed PM
619. Mechanisms of neurotransmitter release: signal 

transduction and protein-protein interactions............................ Poster Wed AM
814. Other ion channels .................................................................... Poster Thu AM
591. Postsynaptic mechanisms......................................................... Slide Wed AM

37. Postsynaptic mechanisms: calcium and calcium
dynamics.................................................................................... Poster Sun AM

228. Postsynaptic mechanisms: dendrites and postsynaptic 
density ....................................................................................... Poster Mon AM

807. Postsynaptic mechanisms: excitability .................................... Poster Thu AM
130. Postsynaptic mechanisms: glutamatergic transmission ........... Poster Sun PM
523. Postsynaptic mechanisms: inhibitory transmission ................. Poster Tue PM
808. Postsynaptic mechanisms: modulation .................................... Poster Thu AM
719. Postsynaptic mechanisms: neuronal models ............................ Poster Wed PM
809. Postsynaptic mechanisms: o th e r ............................................... Poster Thu AM
329. Postsynaptic mechanisms: synaptic efficacy............................ Poster Mon PM
718. Postsynaptic mechanisms: synaptic integration....................... Poster Wed PM
330. Potassium channel physiology, pharmacology and 

modulation I .............................................................................. Poster Mon PM
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429. Potassium channel physiology, pharmacology and 
modulation II ............................................................................ Poster Tue AM

527. Potassium channel physiology, pharmacology and 
modulation III .......................................................................... Poster Tue PM

528. Potassium channel physiology, pharmacology and 
modulation IV .......................................................................... Poster Tue PM

622. Potassium channel structure, function and expression I ........... Poster Wed AM
813. Potassium channel structure, function and expression I I ........ Poster Thu AM
792. Potassium channels.................................................................... Slide Thu AM
128. Presynaptic mechanisms I ......................................................... Poster Sun PM
129. Presynaptic mechanisms I I ....................................................... Poster Sun PM
204. Presynaptic mechanisms III ..................................................... Slide Mon AM
226. Presynaptic mechanisms IV ..................................................... Poster Mon AM
227. Presynaptic mechanisms: calcium dynamics........................... Poster Mon AM
327. Presynaptic mechanisms: modulation...................................... Poster Mon PM
328. Presynaptic mechanisms: modulation by glia ......................... Poster Mon PM
35. Presynaptic mechanisms: release machinery........................... Poster Sun AM
36. Presynaptic mechanisms: vesicle cycling ................................ Poster• Sun AM

586. Revealing the Kainate Receptor Function ............................ Symp Wed AM
297. The Role of Postsynaptic Protein Kinases and 

Phosphatases in Calcium-Regulated Synaptic 
P lastic ity ................................................................................... Symp Mon PM

525. Sodium channels: molecular, recombinant and
cell line studies.......................................................................... Poster Tue PM

722. Sodium channels: mutations and modulations......................... Poster Wed PM
427. Sodium channels: native studies............................................... Poster Tue AM
394. Structure, Function and Plasticity of Dendritic

Spines ....................................................................................... S,mp Tue AM

Theme

Transporters

THEME D: N eurotransmitters, M o d u la to rs , 
TRANSPORTERS AND RECEPTORS

3. A Cellular Mechanism of Opioid W ithdrawal..................... Symp Sun AM
529. Acetylcholine: o th e r.................................................................. Poster Tue PM
208. Acetylcholine receptors ........................................................... Slide Mon AM
623. Acetylcholine receptors: muscarinic I ...................................... Poster Wed AM
624. Acetylcholine receptors: muscarinic II .................................... Poster Wed AM
530. Acetylcholine receptors: nicotinic............................................. Poster Tue PM
331. Acetylcholine receptors: nicotinic—α7 subunits..................... Poster Mon PM
40. Acetylcholine receptors: nicotinic—anatomy ......................... Poster Sun AM

332. Acetylcholine receptors: nicotinic—expression
and function.............................................................................. Poster Mon PM

39. Acetylcholine receptors: nicotinic—pharmacology................. Poster Sun AM
133. Acetylcholine receptors: nicotinic—physiology

and function I ............................................................................ Poster Sun PM
134. Acetylcholine receptors: nicotinic—physiology

and function II .......................................................................... Poster Sun PM
236. Adrenergic receptors.................................................................. Poster Mon AM

17. Catecholamine receptors........................................................... Slide Sun AM
235. Catecholamine receptors: knock-outs and related studies . . . . Poster Mon AM
237. Catecholamine receptors: regulation........................................ Poster Mon AM
537. Catecholamine receptors: structure and function..................... Poster Tue PM
794. Catecholamines ........................................................................ Slide Thu AM
628. Catecholamines: anatomy and physiology................................ Poster Wed AM
629. Catecholamines: biosynthetic enzymes.................................... Poster Wed AM
139. Catecholamines: physiology I ................................................... Poster Sun PM
140. Catecholamines: physiology II ................................................. Poster Sun PM
141. Catecholamines: physiology III ............................................... Poster Sun PM
339. Dopamine receptors: anatomy and physiology I ..................... Poster Mon PM
340. Dopamine receptors: anatomy and physiology I I ..................... Poster Mon PM
504. Excitatory amino acid receptors ............................................... Slide Tue PM
135. Excitatory amino acid receptors: expression............................ Poster Sun PM
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430. Excitatory amino acid receptors: gene expression................... Poster Tue AM
232. Excitatory amino acid receptors: metabotropic

glutamate receptors I ............................................................... Poster Mon AM
335. Excitatory amino acid receptors: metabotropic

glutamate receptors I I ............................................................... Poster Mon PM
431. Excitatory amino acid receptors: metabotropic

glutamate receptors III ............................................................. Poster Tue AM
531. Excitatory amino acid receptors: metabotropic

glutamate receptors I V ............................................................. Poster Tue PM
43. Excitatory amino acid receptors: physiology, 

pharmacology and modulation I ............................................... Poster Sun AM
44. Excitatory amino acid receptors: physiology, 

pharmacology and modulation II ............................................ Poster Sun AM
136. Excitatory amino acid receptors: physiology, 

pharmacology and modulation I I I ............................................ Poster Sun PM
231. Excitatory amino acid receptors: physiology, 

pharmacology and modulation I V ............................................ Poster Mon AM
336. Excitatory amino acid receptors: physiology, 

pharmacology and modulation V ............................................ Poster Mon PM
724. Excitatory amino acid receptors: physiology, 

pharmacology and modulation V I ............................................ Poster Wed PM
725. Excitatory amino acid receptors: physiology, 

pharmacology and modulation VII .......................................... Poster Wed PM
334. Excitatory amino acid receptors: protein-protein 

interactions................................................................................ Poster Mon PM
532. Excitatory amino acid receptors: regulation

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

studies......................................................................................... Poster Mon PM
114. Excitatory amino ac id s ............................................................. Slide Sun PM
41. Excitatory amino acids: anatomy and physiology I ................. Poster Sun AM
42. Excitatory amino acids: anatomy and physiology II ............... Poster Sun AM

229. Excitatory amino acids: pharmacology I .................................. Poster Mon AM
230. Excitatory amino acids: pharmacology II ................................ Poster Mon AM
138. GABA: GAD and GABA studies ............................................ Poster Sun PM
726. GABA receptors: Cl− fluxes and gradients .............................. Poster Wed PM
533. GABA receptors: GABAa receptor-associated proteins ........ Poster Tue PM
625. GABA receptors: GABAb receptors........................................ Poster Wed AM
815. GABA receptors: GABAC receptors........................................ Poster Thu AM
45. GABA receptors: modulation of GABAa receptors I ............. Poster Sun AM

233. GABA receptors: modulation of GABAa receptors I I ............. Poster Mon AM
795. GABA receptors: molecular studies of GABAA,

GABAb and GABAC receptors................................................. Slide Thu AM
727. GABA receptors: molecular studies of native

GABAa receptors...................................................................... Poster Wed PM
402. GABA receptors: native GABAa receptors.............................. Slide Tue AM
534. GABA receptors: phosphorylation of GABAa receptors........ Poster Tue PM
728. GABA receptors: physiological studies of native

GABAa receptors...................................................................... Poster Wed PM
46. GABA receptors: recombinant studies of GABAa 

receptors.................................................................................... Poster Sun AM
137. GABA receptors: steroids......................................................... Poster Sun PM
730. Histamine and histamine receptors.......................................... Poster Wed PM
824. Interactions between neurotransmitters.................................... Poster Thu AM
48. Interactions between neurotransmitters:

5HT-DA and others.................................................................... Poster Sun AM
823. Interactions between neurotransmitters:

DA-excitatory amino acid interactions .................................... Poster Thu AM
694. Interactions between neurotransmitters: o th e r......................... Slide Wed PM
735. Neuroendocrine regulation: supraoptic nucleus....................... Poster Wed PM
97. New Insights into the Role of Receptor Trafficking 

in Neuronal Signaling.............................................................. Symp Sun PM
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338. Opiate receptor: localization..................................................... Poster Mon PM
337. Opiate receptor: µ ...................................................................... Poster Mon PM
401. Opiate receptor: orphanin—others .......................................... Slide Tue AM
820. Opioid and opiate receptors ..................................................... Poster Thu AM
535. Opioid and opiate receptors: modulation.................................. Poster Tue PM
210. Opioid and opiate receptors: µ and κ ...................................... Slide Mon AM
433. Opioid and opiate receptors: µ, κ and σ .................................. Poster Tue AM
536. Opioid and opiate receptors: peptides and knock-out ............. Poster Tue PM
627. Opioid and opiate receptors: σ ................................................. Poster Wed AM
630. Other neurotransmitters I ......................................................... Poster Wed AM
693. Other neurotransmitters I I ......................................................... Slide Wed PM
729. Other neurotransmitters I I I ....................................................... Poster Wed PM
821. Other neurotransmitters I V ....................................................... Poster Thu AM
822. Other neurotransmitters: NO and others .................................. Poster Thu AM
234. Peptide receptors: structure and function I .............................. Poster Mon AM
432. Peptide receptors: structure and function I I .............................. Poster Tue AM
626. Peptide receptors: structure and function I I I ........................... Poster Wed AM
817. Peptides: anatomy and physiology I ........................................ Poster Thu AM
818. Peptides: anatomy and physiology II ...................................... Poster Thu AM
819. Peptides: anatomy and physiology I I I ...................................... Poster Thu AM
403. Peptides: biosynthesis, metabolism and biochemical 

characterization I ...................................................................... Slide Tue AM
816. Peptides: biosynthesis, metabolism and biochemical 

characterization I I ...................................................................... Poster Thu AM
49. Second messengers and phosphorylation I .............................. Poster Sun AM
50. Second messengers and phosphorylation I I .............................. Poster Sun AM

109. Second messengers and phosphorylation I I I ............................ Slide Sun PM
242. Second messengers and phosphorylation I V ............................ Poster Mon AM
342. Second messengers and phosphorylation V .............................. Poster Mon PM
441. Second messengers and phosphorylation V I ............................ Poster Tue AM
692. Serotonin ................................................................................... Slide Wed PM
436. Serotonin: anatomy and physiology ........................................ Poster Tue AM
437. Serotonin: behavior and electrophysiology.............................. Poster Tue AM
438. Serotonin: physiology of 5HT1A systems ................................ Poster Tue AM
439. Serotonin: studies on transport................................................. Poster Tue AM
538. Serotonin receptors: 5HT1 receptor regulation ....................... Poster Tue PM
540. Serotonin receptors: 5HT2 receptor biochemistry

and cell biology ........................... ............................................ Poster Tue PM
541. Serotonin receptors: 5HT2 receptor physiology

and pharmacology .................................................................... Poster Tue PM
435. Serotonin receptors: 5HT3, 5HT4, 5HT6 and 5HT7 Poster Tue AM
239. Serotonin receptors: anatomical studies .................................. Poster Mon AM
238. Serotonin receptors: knock-outs and knock-down................... Poster Mon AM
308. Serotonin receptors: molecular and cellular studies................. Slide Mon PM
434. Serotonin receptors: mutants, editing and signal 

transduction .............................................................................. Poster Tue AM
539. Serotonin receptors: physiology and pharmacology ............... Poster Tue PM
143. Signal transduction: gene expression and plasticity I ............... Poster Sun PM
343. Signal transduction: gene expression and plasticity I I ............. Poster Mon PM
492. Signal transduction: gene expression and plasticity III .......... Slide Tue PM
542. Signal transduction: gene expression and plasticity IV ........... Poster Tue PM
732. Signal transduction: gene expression and plasticity V ............. Poster Wed PM
733. Signal transduction: gene expression and plasticity VI ........... Poster Wed PM
47. Transmitters in invertebrates I ................................................... Poster Sun AM

142. Transmitters in invertebrates I I ................................................. Poster Sun PM
731. Transmitters in invertebrates III ............................................... Poster Wed PM
631. Transporters: ACh—other......................................................... Poster Wed AM
240. Transporters: dopamine I ......................................................... Poster Mon AM
241. Transporters: dopamine I I ......................................................... Poster Mon AM
113. Transporters: dopamine and norepinephrine ........................... Slide Sun PM
825. Transporters: glutamate ........................................................... Poster Thu AM
826. Transporters: glutamate and glycine........................................ Poster Thu AM
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341. Transporters: norepinephrine and VMAT-2.............................. Poster Mon PM
309. Transporters: o th e r .................................................................... Slide Mon PM
440. Transporters: serotonin............................................................. Poster Tue AM

T heme

Re g ulation

Theme E: En d o c r in e  a n d  A u t o n o m ic  
Regulation

245. Cardiovascular regulation: central mechanisms .......................... Poster Mon AM
54. Cardiovascular regulation: central mechanisms—forebrain........ Poster Sun AM

246. Cardiovascular regulation: central mechanisms—medulla.......... Poster Mon AM
344. Cardiovascular regulation: central mechanisms—NTS................ Poster Mon PM
147. Cardiovascular regulation: central mechanisms—RVLM............ Poster Sun PM
345. Cardiovascular regulation: peripheral mechanisms..................... Poster Mon PM
411. Central cardiovascular: central mechanisms ............................ Slide Tue AM
489. CNS Regulation of Energy B alance...................................... Symp Tue PM
635. Gastrointestinal and urogenital regulation: b ladder................. Poster Wed AM
636. Gastrointestinal and urogenital regulation:

bladder and other ...................................................................... Poster Wed AM
443. Gastrointestinal regulation ....................................................... Poster Tue AM

51. HPA regulation I ........................................................................ Poster Sun AM
243. HPA regulation I I ...................................................................... Poster Mon AM
543. HPA regulation III .................................................................... Poster Tue PM
544. HPA regulation IV .................................................................... Poster Tue PM
110. HPG regulation I ...................................................................... Slide Sun PM
144. HPG regulation I I ...................................................................... Poster Sun PM
244. HPG regulation I I I .................................................................... Poster Mon AM
545. HPG regulation I V .................................................................... Poster Tue PM
632. HPG regulation V ...................................................................... Poster Wed AM
827. HPG regulation V I .................................................................... Poster Thu AM
201. Hypothalamic-pituitary: adrenal regulation.............................. Slide Mon AM
737. Neural-immune I ....................................................... .............. Poster Wed PM
738. Neural-immune I I ...................................................................... Poster Wed PM
739. Neural-immune I I I .................................................................... Poster Wed PM
828. Neural-immune I V .................................................................... Poster Thu AM
633. Neural-immune interactions I ................................................... Poster Wed AM
634. Neural-immune interactions II ................................................. Poster Wed AM
736. Neuroendocrine regulation: androgen and progesterone ........ Poster Wed PM
734. Neuroendocrine regulation: estrogen........................................ Poster Wed PM
442. Neuroendocrine regulation: leptin, obesity and food intake . . . Poster Tue AM
146. Neuroendocrine regulation: paraventricular

hypothalamic nucleus and other ............................................... Poster Sun PM
53. Neuroendocrine regulation: prolactin and galanin................... Poster Sun AM

546. Neuroendocrine regulation: stress and other functions............. Poster Tue PM
52. Osmotic regulation.................................................................... Poster Sun AM

214. Respiratory regulation: brainstem mechanisms....................... Slide Mon AM
148. Respiratory regulation: chemosensory mechanisms................. Poster Sun PM
149. Respiratory regulation: development and modulation ............. Poster Sun PM
347. Respiratory regulation: networks and neuroanatomy............... Poster Mon PM
346. Respiratory regulation: pre-Bötzinger complex....................... Poster Mon PM
145. Thermal regulation and fever ................................................... Poster Sun PM

T hemeTHEME F: S en so r y  Systems

356. Auditory periphery.................................................................... Poster Mon PM
157. Auditory physiology: cortex and complex stim uli................... Poster Sun PM
357. Auditory physiology: cortex and plasticity ............................. Poster Mon PM
746. Auditory physiology: cortex and thalamocortical ................... Poster Wed PM
553. Auditory physiology: sound localization.................................. Poster Tue PM
643. Auditory physiology: subcortical systems................................ Poster Wed AM
747. Auditory systems: central anatomy.......................................... Poster Wed PM
595. Chemical senses I ...................................................................... Slide Wed AM
836. Chemical senses II .................................................................... Poster Thu AM
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450. Chemical senses: development and regeneration..................... Poster Tue AM
359. Chemical senses: invertebrates ................................................. Poster Mon PM
256. Chemical senses: olfactory system I ........................................ Poster Mon AM
358. Chemical senses: olfactory system II ...................................... Poster Mon PM
748. Chemical senses: olfactory system I I I ...................................... Poster Wed PM
749. Chemical senses: taste ............................................................. Poster Wed PM
296. Maintaining Stable Spatial Representations........................ Symp Mon PM
446. Pain modulation: anatomy and physiology—

higher centers I ..........................................................................
 

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

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

hyperalgesia.............................................................................. Poster Mon PM
350. Pain modulation: anatomy and physiology— 

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

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

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

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

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

spinal cord II ............................................................................ Poster Sun PM
495. Pain modulation: pharmacology............................................... Slide Tue PM
742. Pain modulation: pharmacology—amino ac id s ....................... Poster Wed PM
251. Pain modulation: pharmacology—anticonvulsants

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

vanilloids, ACh, amines and purines . . . .................................. Poster Wed AM
250. Pain modulation: pharmacology—cellular mechanisms 

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

blockers and local anesthetics . ................................ ................ Poster Wed AM
155. Pain modulation: pharmacology—cytokines, inflammation 

and anti-inflammatory agen ts................................................... Poster Sun PM
639. Pain modulation: pharmacology—neuropeptides and 

serotonin..................... . . . . ................ ...................................... Poster Wed AM
741. Pain modulation: pharmacology—NMDA receptors............... Poster Wed PM
351. Pain modulation: pharmacology—opiates I .............................. Poster Mon PM
352. Pain modulation: pharmacology—opiates I I ............................ Poster Mon PM
353. Pain modulation: pharmacology—opiates III ......................... Poster Mon PM
740. Pain modulation: pharmacology—tachykinins ....................... Poster Wed PM
212. Pain pathways and modulation............................................... . Slide Mon AM
445. Pain pathways—forebrain......................................................... Poster Tue AM
547. Pain pathways—neuropathic, visceral and chronic pain ........ Poster Tue PM
151. Pain pathways—peripheral mechanisms................... .......... .. . Poster Sun PM
152. Pain pathways—spinal cord and brainstem.............................. Poster Sun PM
833. Retina and photoreceptors: anatomy and patterns

of gene and protein expression................................................. Poster Thu AM
156. Retina and photoreceptors: invertebrates.................................. Poster Sun PM
743. Retina and photoreceptors: light/dark adaptation

and behavior........ ..................................................................... Poster Wed PM
57. Retina and photoreceptors: neurophysiology I ......................... Poster Sun AM

410. Retina and photoreceptors: neurophysiology I I ....................... Slide Tue AM
252. Retina and photoreceptors: nitric oxide.................................... Poster Mon AM
744. Retina and photoreceptors: pathophysiology

and disease................................................................................ Poster Wed PM
253. Retina and photoreceptors: photoreceptors and

pigment epithelium.................................................................... Poster Mon AM
348. Somatic and visceral afferents: anatomy and physiology........ Poster Mon PM
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247. Somatic and visceral afferents: dorsal root
ganglia....................................................................................... Poster Mon AM

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

relationships.............................................................................. Slide Wed AM
444. Somatosensory cortex and thalamocortical

relationships: higher cortical functions .................................... Poster Tue AM
56. Somatosensory cortex and thalamocortical

relationships: neuronal ensembles and networks..................... Poster Sun AM
249. Somatosensory cortex and thalamocortical

relationships: plasticity............................................................. Poster Mon AM
248. Somatosensory cortex and thalamocortical

relationships: rodent cortex....................................................... Foster Mon AM
55. Somatosensory cortex and thalamocortical

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

58. Subcortical visual pathways I ................................................... Poster Sun AM
549. Subcortical visual pathways II ................................................. Poster Tue PM
642. Subcortical visual pathways I I I ................................................. Poster Wed AM
552. Vestibular periphery.................................................................. Poster Tue PM
106. Visual cortex: extrastriate I ....................................................... Sun PM
213. Visual cortex: extrastriate II ..................................................... Slide Mon AM
255. Visual cortex: extrastriate I I I ..................................................... Poster Mon AM
355. Visual cortex: extrastriate IV ................................................... Poster Mon PM
449. Visual cortex: extrastriate V ..................................................... PosterPoster Tue AM
493. Visual cortex: extrastriate V I ..................................................... Slide Tue PM
550. Visual cortex: extrastriate V I I ................................................... Poster Tue PM
594. Visual cortex: extrastriate VIII ................................................. Slide Wed AM
686. Visual cortex: extrastriate IX ................................................... Slide Wed PM
788. Visual cortex: extrastriate X ............................................ .. Slide Thu AM
834. Visual cortex: extrastriate XI ................................................... rosier Thu AM

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

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

and contrast .............................................................................. Poster Tue PM
835. Visual psychophysics: o th e r ..................................................... Poster Thu AM

T heme

S ens(
THEME G : M o t o r  Sytems a n d  
Senso r im o t o r  In teg r a tio n

790. Basal ganglia ............................................................................ Slide Thu AM
260. Basal ganglia: anatomy............................................................. Poster Mon AM
160. Basal ganglia: clinical disorders and m odels............................ P Sun PM
259. Basal ganglia: dopamine I ......................................................... Poster Mon AM
646. Basal ganglia: dopamine I I ....................................................... Poster Wed AM
647. Basal ganglia: dopamine III ..................................................... Poster Wed AM
648. Basal ganglia: glutamate........................................................... Poster Wed AM
645. Basal ganglia: physiology I ....................................................... Poster Wed AM
649. Basal ganglia: physiology I I ..................................................... Poster Wed AM
161. Basal ganglia: transmitters and receptors ................................ Poster Sun PM
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554. Cerebellum: eye movement, eye blink and o th ers........ .......... Poster Tue PM
556. Cerebellum: human studies....................................................... Poster Tue PM
555. Cerebellum: non-human primate studies.................................. Poster Tue PM
262. Cerebellum: rodent models-anatomy and cell biology............. Poster Mon AM
261. Cerebellum: rodent models-physiology.................................... Poster Mon AM
159. Cerebral cortex I ........................................................................ Poster Sun PM
258. Cerebral cortex I I ...................................................................... Poster Mon AM
158. Cerebral cortex: motor ............................................................. Poster Sun PM
499. Cerebral cortex: movement....................................................... Slide Tue PM
257. Cerebral cortex: premotor and prefrontal ................................ Poster Mon AM
751. Circuitry and pattern generation: invertebrate I ....................... Poster Wed PM
752. Circuitry and pattern generation: invertebrate II ..................... Poster Wed PM
655. Circuitry and pattern generation: modeling and

analytic methodology............................................ ................... Poster Wed AM
654. Circuitry and pattern generation: vertebrate ............................ Poster Wed AM

2. Dystonia and Reorganization of Sensorimotor M a p s ......... Symp Sun AM
63. Invertebrate motor and sensory systems I ................................ Poster Sun AM

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

and eye blink ............................................................................ Poster Wed PM
685. Oculomotor system: behavior and vestibulo-ocular reflex . . . . Slide Wed PM
263. Oculomotor system: behavioral studies.................................... Poster Mon AM
60. Oculomotor system: brainstem and cerebellum....................... Poster Sun AM

209. Oculomotor system: cortex I ..................................................... Slide Mon AM
451. Oculomotor system: cortex I I ................................................... Poster Tue AM
557. Oculomotor system: smooth pursuit, head movement 

and VOR ................................................................................... Poster Tue PM
163. Oculomotor system: superior colliculus . . . . ......................... Poster Sun PM
590. Oculomotor system: superior colliculus and brainstem ........... Slide Wed AM
61. Posture........................................................................ ............ .. Poster Sun AM

455. Posture and movement I ...................................... ..................... Poster Tue AM
558. Posture and movement II ......................................................... Poster Tue PM
698. Posture and movement I I I ......................................................... Slide Wed PM
62. Posture and movement: axial ................................................... Poster Sun AM

653. Posture and movement: injury and rehabilitation..................... Poster Wed AM
837. Reflex function.......................................................................... Poster Thu AM
453. Spinal cord and brainstem: afferent processing

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

and im aging.............................................................................. Poster Tue AM
360. Spinal cord and brainstem: motoneurons.................................. Poster Mon PM
361. Spinal cord and brainstem: premotor circuits and 

pattern generation........................................................... .. Poster Mon PM
644. Thalamus . ................................................................................. Poster Wed AM
162. Vestibular system I ................. .................................................. Poster Sun PM
650. Vestibular system II .................................................................. Poster Wed AM
651. Vestibular system: OR ............................................................. Poster Wed AM

T hemeTHEME H: O ther  Systems o f  the  C N S

457. Association cortex and thalamocortical relations ...................... Poster Tue AM
169. Brain metabolism and blood flow: brain disorders ................. Poster Sun PM
168. Brain metabolism and blood flow: human

methodological and conceptual issues...................................... Poster Sun PM
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458. Brain metabolism and blood fl ow: metabolism—glia, 
glutamate and others.................................................................. Poster Tue AM

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

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

and laser D oppler...................................................................... Poster Sun PM
459. Brain metabolism and blood flow: others ................................ Poster Tue AM
461. Brain metabolism and blood fl ow: pharmacology................... Poster Tue AM

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

T hem e I: N eural Basis o f  Beh a v io r

488. Amygdala and M o re ! .............................................................. Symp Tue PM
375. Behavioral pharmacology I ....................................................... Poster Mon PM
470. Behavioral pharmacology I I ..................................................... Poster Tue AM
567. Behavioral pharmacology III ................................................... Poster Tue PM
766. Behavioral pharmacology IV ................................................... Poster Wed PM
848. Behavioral pharmacology V ..................................................... Poster Thu AM

12. Biological rhythms and sleep I ................................................. Slide Sun AM
369. Biological rhythms and sleep II ............................................... Poster Mon PM
563. Biological rhythms and sleep I I I ............................................... Poster Tue PM
761. Biological rhythms and sleep I V ............................................... Poster Wed PM
663. Biological rhythms and sleep: gene expression....................... Poster Wed AM
273. Biological rhythms and sleep: melatonin.................................. Poster Mon AM
272. Biological rhythms and sleep: pharmacology of sleep............. Poster Mon AM
762. Biological rhythms and sleep: rhythms neuroanatomy ........... Poster Wed PM
466. Biological rhythms and sleep: rhythms pharmacology ........... Poster Tue AM
664. Biological rhythms and sleep: sleep mechanisms ................... Poster Wed AM
202. Cognition: attention .................................................................. Slide Mon AM

69. Cognition: attention—other ..................................................... Poster Sun AM
70. Cognition: attention—rodent studies.................................. .. Poster Sun AM

658. Cognition: attention—spatial and intermodal selection........... Poster Wed AM
657. Cognition: attention—visual and auditory perception............. Poster Wed AM
659. Cognition: attention—visual and response selection

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

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

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

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

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

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

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

conditioning.............................................................................. Poster Sun AM
266. Cognition: human learning and memory—imaging 

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

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

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

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

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

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

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

memory ................................................................................... . Poster Sun AM
15. Cognition: language............................................................... Slide Sun AM

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

sentential processing............................................................... . Poster Tue AM
77. Comparative neuroethology ................................................... . Poster Sun AM

683. Genetic Analyses in Behavioral Endocrinology................. . Symp Wed PM
198. Hippocampal Neurons: Place Cells or M o re ? ................... Symp Mon AM
79. Ingestive behavior I ................................................................ . Poster Sun AM

370. Ingestive behavior I I ................................................................ . Poster Mon PM
406. Ingestive behavior I I I ............................................................. Slide Tue AM
847. Ingestive behavior I V ............................................................. . Poster Thu AM

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

13. Invertebrate learning and behavior I ...................................... . Slide Sun AM
275. Invertebrate learning and behavior I I ...................................... . Poster Mon AM
468. Invertebrate learning and behavior I I I .................................... . Poster Tue AM
666. Invertebrate learning and behavior I V .................................... . Poster Wed AM
76. Learning and memory: pharmacology—acetylcholine........... . Poster Sun AM

845. Learning and memory : pharmacology—adrenergic............... . Poster Thu AM
846. Learning and memory: pharmacology—dopamine ............... . Poster Thu AM
844. Learning and memory: pharmacology—GABA, 

benzodiazepine and serotonin................................................. . Poster Thu AM
269. Learning and memory: pharmacology—memory 

modulation.............................................................................. . Poster Mon AM
843. Learning and memory: pharmacology—NMDA and 

glutamate................................................................................ Poster Thu AM
268. Learning and memory: pharmacology—opiates ................... . Poster Mon AM
270. Learning and memory: pharmacology—protein-related 

ethanol and glucose ............................................................... . Poster Mon AM
602. Learning and memory: physiology........................................ Slide Wed AM
560. Learning and memory: physiology—behavior 

correlations................... ........................................................... . Poster Tue PM
760. Learning and memory: physiology—conditioning................. . Poster Wed PM
561. Learning and memory: physiology—cortex ......................... . Poster Tue PM
367. Learning and memory: physiology—hippocampal I ............. . Poster Mon PM
758. Learning and memory: physiology—hippocampal I I ............. . Poster Wed PM
75. Learning and memory: physiology—other ..................... .. . Poster Sun AM

759. Learning and memory: physiology—spatial and 
non-hippocampal .................................................................... . Poster Wed PM

174. Learning and memory: physiology—synaptic plasticity . . . . . Poster Sun PM
14. Learning and memory: systems and functions....................... Slide Sun AM
74. Learning and memory: systems and functions— 

acetylcholine .......................................................................... . Poster Sun AM
755. Learning and memory: systems and functions— 

amygdala and nociception....................................................... . Poster Wed PM
72. Learning and memory: systems and functions—

basal ganglia ............................................................................. . Poster Sun AM
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173. Learning and memory: systems and functions—
classical conditioning............................................................... Poster Sun PM

365. Learning and memory: systems and functions— 
conditioned fear I ...................................................................... Poster Mon PM

660. Learning and memory: systems and functions— 
conditioned fear II .................................................................... Poster Wed AM

756. Learning and memory: systems and functions— 
conditioned fear I I I .................................................................... Poster Wed PM

662. Learning and memory: systems and functions—
cortex and thalamus .................................................................. Poster Wed AM

73. Learning and memory: systems and functions— 
development.............................................................................. Poster Sun AM

172. Learning and memory: systems and functions—
genes .........................................................................................

 
Poster Sun PM

366. Learning and memory: systems and functions— 
hippocampus and nonspatial learning...................................... Poster Mon PM

661. Learning and memory: systems and functions—
hippocampus and spatial learning............................................ Poster Wed AM

267. Learning and memory: systems and functions—
hormones ................................................................................... Poster Mon AM

171. Learning and memory: systems and functions—
plasticity..................................................................................... Poster Sun PM

757. Learning and memory: systems and functions—
rhinal cortex .............................................................................. Poster Wed PM

784. Listening to the Entire Orchestra: What Can We 
Learn From Simultaneous Neuronal Ensemble 
Recordings? ........................................ ................................... Symp Thu AM

274. Molecular neuroethology: avian forebrain................................ Poster Mon AM
177. Monoamine and behavior I ....................................................... Poster Sun PM
278. Monoamine and behavior II ..................................................... Poster Mon AM
374. Monoamine and behavior I I I ..................................................... Poster Mon PM
565. Monoamine and behavior IV ................................................... Poster Tue PM
764. Monoamine and behavior V ..................................................... Poster Wed PM
271. Motivation and emotion I ......................................................... Poster Mon AM
312. Motivation and emotion II ....................................................... Slide Mon PM
368. Motivation and emotion I I I ....................................................... Poster Mon PM
465. Motivation and emotion I V ....................................................... Poster Tue AM
562. Motivation and emotion V ....................................................... Poster Tue PM

98. The Neural Bases of Working M em ory ................................ Symp Sun PM
78. Neuroethology: auditory physiology........................................ Poster Sun AM

665. Neuroethology: neurochemicals and seasonality..................... Poster Wed AM
467. Neuroethology: song control system........................................ Poster Tue AM

82. Neuropeptides and behavior I ................................................... Poster Sun AM
566. Neuropeptides and behavior II ................................................. Poster Tue PM
765. Neuropeptides and behavior I I I ................................................. Poster Wed PM

80. Reproductive behavior: experience.......................................... Poster Sun AM
372. Reproductive behavior: female behavior.................................. Poster Mon PM

81. Reproductive behavior: neuroanatomy .................................... Poster Sun AM
373. Reproductive behavior: parental behavior................................ Poster Mon PM
668. Reproductive behavior: psychopharmacology......................... Poster Wed AM
176. Stress I ....................................................................................... Poster Sun PM
277. Stress II ..................................................................................... Poster Mon AM
371. Stress I I I ..................................................................................... Poster Mon PM
469. Stress IV ..................................................................................... Poster Tue AM
564. Stress V ..................................................................................... Poster Tue PM
763. Stress V I ..................................................................................... Poster Wed PM

T h e me

N er\
THEME J: A g in g  a n d  D is o r d e r s  o f  t h e  
Nervous Sy s t e m

696. A ging......................................................................................... Slide Wed PM
392. Aging: behavior ........................................................................ PosterPoster Mon PM
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783. Aging: hippocampus....................................................................................................... . . Poster Wed PM
865. Aging: neurotransmitters ........................................................................................ . . Poster Thu AM
584. Aging: nonprimates .............. ... .................................................................................... . . Poster Tue PM
585. Aging: primates .................................................................... . . Poster Tue PM
391. Aging: structural alterations ................................................. . .  Poster Mon PM
284. Degenerative disease: Alzheimer’s—beta amyloid: 

animal models I .................................................................... . . Poster Mon AM
285. Degenerative disease: Alzheimer’s—beta amyloid: 

animal models I I .................................................................... . .  Poster Mon AM
592. Degenerative disease: Alzheimer’s—beta amyloid: 

animal models I I I .................................................................. Slide Wed AM
83. Degenerative disease: Alzheimer’s—beta amyloid:

APP processing I .............................................................................................................. . . Poster Sun AM
84. Degenerative disease: Alzheimer’s—beta amyloid:

APP processing I I .............................................................................................................. . .  Poster Sun AM
399. Degenerative disease: Alzheimer’s—beta amyloid:

APP processing I I I .......................................................................................................... Slide Tue AM
283. Degenerative disease: Alzheimer’s—beta amyloid: 

diagnosis and o thers ....................................................................................................... . . Poster Mon AM
107. Degenerative disease: Alzheimer’s—beta amyloid: 

diagnosis-others ................................................................................................................. Slide Sun PM
669. Degenerative disease: Alzheimer’s—beta amyloid: 

fibrillogenesis, Aβ binding proteins and ApoE ................................ . .  Poster Wed AM
203. Degenerative disease: Alzheimer’s—beta amyloid: 

fibrillogenesis—APP interactions ................................................................... Slide Mon AM
282. Degenerative disease: Alzheimer’s—beta amyloid: 

human studies ........................................................................................................................ . .  Poster Mon AM
573. Degenerative disease: Alzheimer’s—beta amyloid: 

mechanism of toxicity ................................................................................................
P o s t e r Tue PM

571. Degenerative disease: Alzheimer’s—beta amyloid: 
neuroprotection..................................................................................................................... . .  Poster Tue PM

572. Degenerative disease: Alzheimer’s—beta amyloid: 
toxicity I ................................................................................. . .  Poster Tue PM

689. Degenerative disease: Alzheimer’s—beta amyloid: 
toxicity I I ................................................................................................................. ................. Slide Wed PM

85. Degenerative disease: Alzheimer’s—cognitive
function I ................................................................................................................................... . . Poster Sun AM

687. Degenerative disease: Alzheimer’s—cognitive
function II ................................................................................................................................ Slide Wed PM

286. Degenerative disease: Alzheimer’s—neuropharmacology 
and neurotransmitters: animal studies .............. ... ...................................... . . Poster Mon AM

770. Degenerative disease: Alzheimer’s—neuropharmacology 
and neurotransmitters: cell culture ................................................................ . .  Poster Wed PM

477. Degenerative disease: Alzheimer’s—neuropharmacology 
and neurotransmitters: human and clinical studies ......................... . .  Poster Tue AM

287. Degenerative disease: Alzheimer’s—other: animal 
studies .......................................................................................................................................... . . Poster Mon AM

670. Degenerative disease: Alzheimer’s—other: A p o E ......................... . .  Poster Wed AM
771. Degenerative disease: Alzheimer’s—other: cell biology . . . . . Poster Wed PM
103. Degenerative disease: Alzheimer’s—other: genetics and 

others .............................................................................................................................................. Slide Sun PM
478. Degenerative disease: Alzheimer’s—other: genetics, 

diagnosis and clinical........................................................... . . Poster Tue AM
376. :Degenerative disease: Alzheimer’s—other: human 

pathology I ............................................................................ . . Poster Mon PM
377. :

]
Degenerative disease: Alzheimer’s—other: human 
pathology II .......................................................................... . . Poster Mon PM

503. :Degenerative disease: Alzheimer’s—other: imaging
and diagnosis ........................................................................ . . Slide Tue PM

787. :Degenerative disease: Alzheimer’s—other: pathology........ Slide Thu AM
502. ]Degenerative disease: Alzheimer’s—other: tau I ................. . . Slide Tue PM
671. ]Degenerative disease: Alzheimer’s—other: tau II ................... Poster Wed AM
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181. Degenerative disease: Alzheimer’s—presenilin:
cell biology................................................................................ Poster Sun PM

301. Degenerative disease: Alzheimer’s—presenilin: 
interactions and others ............................................................. Slide Mon PM

8. Degenerative disease: Alzheimer’s—presenilin: 
mechanisms and processing ..................................................... Slide Sun AM

182. Degenerative disease: Alzheimer’s—presenilin:
model systems .......................................................................... Poster Sun PM

184. Degenerative disease: other—A L S .......................................... Poster Sun PM
577. Degenerative disease: other—central ...................................... Poster Tue PM
405. Degenerative disease: other—central pathology

and genetics ........................................................................ Slide Tue AM
185. Degenerative disease: other—diabetes, peripheral

and other motor neurons........................................................... Poster Sun PM
379. Degenerative disease: other—Huntington’s disease I ............... Poster Mon PM
380. Degenerative disease: other—Huntington’s disease I I ............. Poster Mon PM
576. Degenerative disease: other—immune related......................... Poster Tue PM
183. Degenerative disease: other—metabolism and 

mitochondria ............................................................................ Poster Sun PM
206. Degenerative disease: other—molecular mechanisms.............  Slide Mon AM
306. Degenerative disease: other—peripheral and juvenile 

disease ....................................................................................... Slide Mon PM
578. Degenerative disease: other—transmissible diseases............... Poster Tue PM
485. Drugs of abuse: alcohol, barbiturates and

benzodiazepines—behavioral studies ........ ............................. Poster Tue AM
387. Drugs of abuse: alcohol, barbiturates and

benzodiazepines—clinical studies............................................ Poster Mon PM
778. Drugs of abuse: alcohol, barbiturates and

benzodiazepines—GABA/glycine mechanisms ........................ Poster Wed PM
791. Drugs of abuse: alcohol, barbiturates and

benzodiazepines—general I ..................................................... Slide Thu AM
860. Drugs of abuse: alcohol, barbiturates and 

benzodiazepines—general I I ..................................................... Poster Thu AM
292. Drugs of abuse: alcohol, barbiturates and

benzodiazepines—genetic studies: animals.............................. Poster Mon AM
678. Drugs of abuse: alcohol, barbiturates and

benzodiazepines—molecular studies........................................ Poster Wed AM
579. Drugs of abuse: alcohol, barbiturates and 

benzodiazepines—monoaminergic and opioidergic 
mechanisms .............................................................................. Poster Tue PM

190. Drugs of abuse: alcohol, barbiturates and
benzodiazepines—physiological stud ies.................................. Poster Sun PM

779. Drugs of abuse: amphetamines—behavioral studies ............... Poster Wed PM
388. Drugs of abuse: amphetamines—general ................................ Poster Mon PM
293. Drugs of abuse: amphetamines—molecular studies................. Poster Mon AM
580. Drugs of abuse: amphetamines—monoaminergic 

mechanisms I ............................................................................ Poster Tue PM
679. Drugs of abuse: amphetamines—monoaminergic 

mechanisms II .......................................................................... Poster Wed AM
486. Drugs of abuse: amphetamines—neurotoxicity................. .. Poster Tue AM
862. Drugs of abuse: cocaine—behavioral studies .......................... Poster Thu AM
191. Drugs of abuse: cocaine—cholinergic and glutamatergic 

mechanisms .............................................................................. Poster Sun PM
780. Drugs of abuse: cocaine—developmental studies ................... Poster Wed PM
311. Drugs of abuse: cocaine—general I ........................................ Slide Mon PM
781. Drugs of abuse: cocaine—general I I ................. . ..................... Poster Wed PM
192. Drugs of abuse: cocaine—general pharmacological

studies ....................................................................................... Poster Sun PM
389. Drugs of abuse: cocaine—molecular studies............................ Poster Mon PM
581. Drugs of abuse: cocaine—monoaminergic mechanisms I . . . . Poster Tue PM
861. Drugs of abuse: cocaine—monoaminergic mechanisms II . . .  . Poster Thu AM
680. Drugs of abuse: cocaine—physiological studies . .................... Poster Wed AM
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487. Drugs of abuse: opioids and others—cannabinoids................. Poster Tue AM
307. Drugs of abuse: opioids and others—general ......................... Slide Mon PM
782. Drugs of abuse: opioids and others—glutamatergic 

mechanisms .............................................................................. Poster Wed PM
294. Drugs of abuse: opioids and others—nicotine......................... Poster Mon AM
193. Drugs of abuse: opioids and others—opiates:

behavioral and pharmacological studies .................................. Poster Sun PM
582. Drugs of abuse: opioids and others—opiates:

molecular studies ...................................................................... Poster Tue PM
681. Drugs of abuse: opioids and others—opiates: 

monoaminergic mechanisms..................................................... Poster Wed AM
769. Epilepsy: anticonvulsant d ru g s ................................................. Poster Wed PM
475. Epilepsy: basic mechanisms I ................................................... Poster Tue AM
476. Epilepsy: basic mechanisms II ................................................. Poster Tue AM
498. Epilepsy: basic mechanisms I I I ................................................. Slide Tue PM
767. Epilepsy: basic mechanisms IV ............................................... Poster Wed PM
768. Epilepsy: basic mechanisms V ................................................. Poster Wed PM
850. Epilepsy: basic mechanisms V I ................................................. Poster Thu AM
851. Epilepsy: basic mechanisms V I I ............................................... Poster Thu AM
279. Epilepsy: human studies and animal models I ......................... Poster Mon AM
280. Epilepsy: human studies and animal models I I ....................... Poster Mon AM
281. Epilepsy: human studies and animal models III ..................... Poster Mon AM
310. Epilepsy: human studies and animal models IV ..................... Slide Mon PM
473. Epilepsy: human studies and animal models V ....................... Poster Tue AM
474. Epilepsy: human studies and animal models VI ..................... Poster Tue AM
178. Excitotoxicity and cell death I ................................................. Poster Sun PM
179. Excitotoxicity and cell death I I ................................................. Poster Sun PM
180. Excitotoxicity and cell death III ............................................... Poster Sun PM
300. Excitotoxicity and cell death IV ............................................... Slide Mon PM
568. Excitotoxicity and cell death V ................................................. Poster Tue PM
569. Excitotoxicity and cell death VI ............................................... Poster Tue PM
570. Excitotoxicity and cell death V II............................................... Poster Tue PM
599. Genetic models.......................................................................... Slide Wed AM
849. Genetic models: Alzheimer’s ................................................... Poster Thu AM
472. Genetic models: mouse models................................................. Poster Tue AM
471. Genetic models: rodent behavior............................................... Poster Tue AM
775. Infectious diseases .................................................................... Poster Wed PM
776. Infectious diseases: AIDS I ....................................................... Poster Wed PM
777. Infectious diseases: AIDS I I ..................................................... Poster Wed PM
774. Ischemia: animal models ......................................................... Poster Wed PM
480. Ischemia: apoptosis I ................................................................ Poster Tue AM
481. Ischemia: apoptosis I I ................................................................ Poster Tue AM
688. Ischemia: apoptosis I I I ............................................................. Slide Wed PM
852. Ischemia: blood-brain barrier and temperature ....................... Poster Thu AM
88. Ischemia: gene and protein expression I .................................. Poster Sun AM

496. Ischemia: gene and protein expression II ................................ Slide Tue PM
853. Ischemia: imaging, EEG and behavior .................................... Poster Thu AM
381. Ischemia: ion homeostasis ....................................................... Poster Mon PM
593. Ischemia: ion homeostasis, metabolism and hypothermia . . . . Slide Wed AM

86. Ischemia: neuroprotection I .....................................................  PosterPoster Sun AM
207. Ischemia: neuroprotection I I ..................................................... Slide Mon AM
383. Ischemia: neurotransmission and in vitro models ...................  PosterPoster Mon PM
382. Ischemia: neurotransmitters and receptors................................ Poster Mon PM
483. Ischemia: N O ............................................................................  Poster Tue AM
384. Ischemia: non-neuronal cells ...................................................  Poster Mon PM
482. Ischemia: oxidative s tress.........................................................  PosterPoster Tue AM

89. Ischemia: phosphorylation .......................................................  ]Poster Sun AM
87. Ischemia: tolerance and heat shock proteins............................ PosterPoster Sun AM

102. Ischemia: tolerance and NO ..................................................... Slide Sun PM
773. Ischemia: trophic factors...........................................................  PosterPoster Wed PM
785. Neurodegenerative Diseases: Lessons from Transgenic 

Models....................................................................................... Symp Thu AM
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junction ..................................................................................... Poster Sun PM
858. Neuro-oncology: apoptosis and trophic factors....................... Poster Thu AM
859. Neuro-oncology: experimental therapies.................................. Poster Thu AM
857. Neuro-oncology: tumor growth, proliferation and spread . . . . Poster Thu AM

90. Neuropsychiatric disorders I ..................................................... Poster Sun AM
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291. Neuropsychiatric disorders IV ................................................. Poster Mon AM
484. Neuropsychiatric disorders: imaging I ...................................... Poster Tue AM
601. Neuropsychiatric disorders: imaging I I .................................... Slide Wed AM
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antidepressant d rugs.................................................................. Poster Tue PM
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antipsychotic drugs I .................................................................. Poster Mon AM
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antipsychotic drugs: clinical studies ........................................ Poster Sun PM
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general....................................................................................... Poster Thu AM
390. Neuropsychiatric disorders: pharmacological agents— 

mood stabilizing d ru g s ............................................................. Poster Mon PM
385. Neuropsychiatric disorders: postmortem I ................................ PosterPoster Mon PM
386. Neuropsychiatric disorders: postmortem I I .............................. Poster Mon PM
505. Neuropsychiatric disorders: postmortem III ............................ Slide Tue PM
596. Neurotoxicity............................................................................ Slide Wed AM
855. Neurotoxicity: basal ganglia..................................................... Poster Thu AM

91. Neurotoxicity: endogenous and exogenous mediators............. Poster Sun AM
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856. Neurotoxicity: oxidative stress ................................................. Poster Thu AM

92. Neurotoxicity: physical and chemical toxins............................ Poster Sun AM
93. Neurotoxicity: receptor-mediated neuronal death ................... Poster Sun AM

303. Parkinson’s disease I .................................................................. Slide Mon PM
400. Parkinson’s disease I I ................................................................ Slide Tue AM
772. Parkinson’s disease III ............................................................. Poster Wed PM
378. Parkinson’s disease: α synuclein............................................... Poster Mon PM
575. Parkinson’s disease: dopamine and MPTP .............................. Poster Tue PM
479. Parkinson’s disease: imaging, transplants and gene therapy . . . Poster Tue AM
673. Parkinson’s disease: pathology and therapies ......................... Poster Wed AM
672. Parkinson’s disease: physiology ............................................... Poster Wed AM
574. Parkinson’s disease: toxicity and protection ............................ Poster Tue PM
101. Trauma....................................................................................... Slide Sun PM
677. Trauma: apoptosis .................................................................... Poster Wed AM
675. Trauma: experimental therapy................................................... Poster Wed AM
288. Trauma: mediators I .................................................................. Poster Mon AM
290. Trauma: mediators II ................................................................. Poster Mon AM
674. Trauma: methodology................................................................ Poster Wed AM
676. Trauma: pathophysiology......................................................... Poster Wed AM
289. Trauma: recovery ...................................................................... P o s t e rPoster Mon AM
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95. History of neuroscience ........................................................... Sun AM
96. Teaching of neuroscience......................................................... Poster Sun AM
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2
SYMPOSIUM. DYSTONIA AND REORGANIZATION OF SENSORIMOTOR 
MAPS. M. Hallett, NINDS, NIH (Chairperson); R.J . Nudo, Univ. of Kansas Med. 
Cntr., N.N. Byl, Univ. of California, San Francisco; F.A. Lenz, Johns Hopkins 
Hospital.

Many cases of focal dystonia develop in the context of repetitive activity. Since 
the brain reorganizes with attended repetitive activity, this form of the disorder may 
represent pathological motor learning. After Dr. Hallett overviews the clinical 
aspects of dystonia, Dr. Nudo will review the functional organization of primary 
motor cortex (M1), including the integration of sensory inputs and motor outputs. 
Neurophysiologic mapping studies in M l demonstrate that adaptive plasticity in 
motor output maps follow repetitive use, but specific behavioral conditions are 
necessary for inducing neurophysiologic changes. Dr. Byl will report on nonhuman 
primate studies demonstrating the development of dystonic hand postures following 
repetitive hand opening/closing. There are signs of central de-differentiation of the 
hand representation on the somatosensory cortex. This may correlate with the 
observation that some human subjects with focal hand dystonia have sensory 
discrimination problems. If repetition leads to aberrant learning, then successful 
rehabilitation is contingent on stopping the abnormal movement and restoring the 
normal sensory representation of the hand. Dr. Lenz will describe abnormalities of 
receptive field maps in motor thalamus and pallidum of patients with dystonia 
recorded during operations for treatment of dystonia. There is a mismatch between 
thalamic sensory input and motor output. In one patient, spontaneous firing rates 
in the pallidum decreased as she made repetiüve movements which were associated 
with worsening dystonia. Dr. Hallett will summarize the clinical neurophysiologic 
findings in patients with focal dystonia. There is a loss of spinal and brainstem 
inhibition including reciprocal inhibition. Changes in motor cortical areas are 
consistent with a loss of inhibition that may come from changes in the basal 
ganglia. Loss of inhibition may aid in plastic changes of sensorimotor integraüon.

3

A  C E L L U L A R  M E C H A N IS M  O F O P IO ID  W IT H D R A W A L . R .A . 
N o rth 1, G . A gh ajan ian 2, M .J. C h ristie3 , M . D ian a4, J.T. W illia m s5
 1S h e f f ie ld ,  U K ;2Y a le , U S A ; 3U n iv e r s i ty  o f  S y d n e y , A u stra lia ;  

4U n iversity  o f  Sassari, Italy;5V o llu m  Institute,U S A
R ep ea ted  or p ro lo n g ed  ad m in istra tion  o f  m orp h in e  and its 

c o n g en ers  resu lts in profou n d  to leran ce  to  m any o f  its e ffec ts ;  both  
p h y s ic a l and  p s y c h o lo g ic a l  d e p e n d e n c e  are e v id e n t  w h en  th e  
adm inistration cea ses  or w h en  the actions are b lock ed  by an antagonist 
su ch  as n a lo x o n e . T h e  m ark ed  p e r s is ten ce  o f  th e se  c h a n g e s  in 
sen s it iv ity  to op ia tes has prom pted p ara lle ls  to  b e  drawn w ith  other  
form s o f  cellu lar learning. H yp oth eses  h ave  been  prop osed  that th ese  
ch a n g es occur predom inately  at the (m u) receptor itse lf  (m o lecu le ) , or 
reflect an adaption taking place in secon d  m essen ger system s w ithin  the 
neu ron s ex p ress in g  the recep tors ( c e l l) ,  or require p la stic  ch a n g es  
am ong interconnected neurons w h ich  express the receptor (set o f  ce lls). 
T h e preponderance o f  previou s w ork favours the last h yp oth esis. The  
aim  o f  the presen t sy m p o siu m  is to presen t and in tegrate w ork  from  
four laboratories w h ich  have taken d istinct approaches to testin g  th ese  
h y p o th e se s . A g h a ja n ia n  w ill  d is c u ss  th e c o n s e q u e n c e s  o f  the  
u p regu lation  o f  cA M P -d ep en d en t p r o c e sse s  in lo cu s  co eru leu s and  
dorsal raphe. C hristie w ill ex a m in e  m ech an ism s o f  o p io id  w ithdrawal 
in the PA G . D ian a  w ill describ e h o w  the activ ity  o f  dop am in e c e lls  in 
vivo is altered during op io id  withdrawal. W illiam s w ill present cellu lar  
and synaptic m ech an ism s for the ch an ged  regulation o f  d op am in e ce lls  
in brain s lices. SYM POSIUM

N E U R O N A L  D E A T H : B C L 2  A N D  C A S P A S E

6.1
PHYSIOLOGIC PROPERTIES OF NGF-DEPRIVED SYMPATHETIC 
NEURONS FROM BAX KNOCKOUT MICE. J.L. Werth*, J. Cocabo, M. 
Deshmukh, E.M. Johnson. Jr., and S.M. Rothman. Departments of Neurology 
and Pharmacology and Molecular Biology, Washington University School of 
Medicine, St. Louis, MO 63110.

NGF withdrawal induces programmed cell death (PCD) within 48 hours in 
cultured sympathetic neurons. This death is dependent on expression of the 
proapoptotic bcl-2 family member bax, as death is blocked in transgenic mice 
lacking bax. We examined various physiologic properties of NGF-deprived, 
sympathetic neurons from bax knockout mice and compared them to bax 
knockouts maintained in NGF, bax heterozygotes and wild type littermates. 
NGF deprived neurons from bax knockout mice were smaller than those 
maintained in NGF as shown by whole cell capacitance measurement (l6.3±1.2 
pF (n=12) vs. 47±2.8 pF (n=27), respectively). Whole cell voltage clamp studies 
showed a significant decline in nicotinic current density in NGF-deprived 
neurons from bax knockout mice compared to NGF maintained neurons from 
littermates (9.1 ± 2.4 pA/pF vs. 24 ± 3.1 pA/pF, respectively). NGF-deprived 
neurons from bax knockout mice maintained a similar resting membrane 
potential (-63.4 ± 1.8 mV vs. -63.7 ± 1.1 mV) and were capable of generating 
action potentials that were indistiguishable from those generated by NGF- 
maintained neurons: amplitude 121.3 ± 2.1 mV vs. 124.2 ± 1.3 mV; duration 
(half width), 3.1 ± 0.13 ms vs 3.4 ± 0.12 ms; rate of depolarization, 185 ± 8 
mV/ms vs 190 ± 7 mV/ms; rate of repolarization, -42 ± 2 mV/ms vs. -39 ± 1.3 
mV/ms. These data indicate that genetic manipulations that inhibit PCD still 
result in physiological alterations in the protected neurons. Supported by NIH 
grants NS07057 (JLW), NS37773, NS32568 (SMR), AG12947 (EMJ) and 
an American Academy of Pediatrics Fellowship (JC).

6 .3

O V E R E X P R E S S IO N  O F T H E  N E U R O N A L  A P O P T O S IS  
IN H IB IT O R Y  P R O T E IN  (N A IP )  A N D  B C L -2  PR O T E C T  TH E  
NSC M O T O N E U R O N  C E L L  L IN E  A G A IN S T  C E L L  D E A T H
E A. M e r c e r ,  L K o r h o n e n , Y, S k o g lö s a , P .-A .O lsso n  and D. 
Lindholm*
Dept N eu ro sc ien ce , U p psala  U n iv ersity , B io m ed ica l C enter,
Box 5 8 7 .S -7 5 1 23 U p psala,Sw eden  

N euronal apoptosis in h ib ito ry  p rotein  (N A IP ) g en e  is
associated with the hered itary  d isord er, sp inal m u s c u la r  
atrophy (SM A ) w h ich  is c h a ra c ter ized  by d e g e n e r a tio n  o f  
m otoneurons. The NAIP g en e  co n ta in s  three b a c u lo v ir a l  
in h ib itio n  o f  apop tosis protein  repeat (BIR ) d om ain s, w h i c h  
are also found in a fam ily  o f p rotein s ca lled , in h ib ito r  o f  
apoptosis p roteins (IA P). NA IP has been show n to p r e v e n t  
death o f som e m am m alian  c e lls  but the m ech a n ism s i n v o lv e d  
are not fu lly  understood. W e sh ow  here that overexp ression  o f  
a partial cD N A  for NA IP c o n ta in in g  the BIR reg io n s is  
sufficient to protect the N S C  m otoneuron c e ll  lin e  aga in st c e l l  
death induced by grow th factor w ithdraw al. In addition , N A IP  
inh ib ited  ce ll death induced  by the ca lc iu m  io n o p h o r e ,  
io n o m y cin , a lth ou gh  the e ffec t  was not as robust as t h a t
afforded by the o v e r ex p re ss io n  o f  B cl-2 . To study t h e  
m echanim s by w h ich  N A IP  protects neurons, w e  search ed  f o r  
proteins in v o lv e d  in action  o f  NA IP in brain tissue. T h e
results show ed that NA IP in teracts with an oth er  n e u r o n  
sp ec ific  protein , the nature o f w h ich  w ill be f u r t h e r
c h a r a c te r iz e d .
Supported by the Sw ed ish  Cancer F oun dation  ( C a n c e r f o n d e n )

6.2
ESTRADIOL UPREGULATES BCL-2 IN RESPONSE TO ISCHEMIC INJURY. 
D.B. Dubal. M.E. Wilson, P.M. Wise* Dept. of Physiology, Univ. of Kentucky, 
Lexington, KY 40536.
We have previously demonstrated that physiological levels of estradiol exert 

profound neuroprotective effects on the cerebral cortex, using a model of focal 
ischemia. Further, we have shown that this protection is not mediated by changes 
in cortical blood flow or plasma glucose. This finding highlights the vulnerability 
of postmenopausal women to brain injury. The molecular mechanisms by which 
estradiol achieves neuroprotection are not known. Bcl-2 is a member of a family 
of genes that control cell death by influencing apoptosis and necrosis. In 
reproductive tissues estradiol increases bcl-2 to enhance cell survival. Therefore, 
the goal of this study was to determine whether estradiol protects the brain by 
increasing the expression of bcl-2 in ischemic injury. Sprague Dawley female rats 
(225-270g) were ovariectomized. They were then implanted with Silastic capsules 
containing estradiol, which produced physiological levels in serum, or containing 
oil (vehicle). One week later, rats underwent sham injury or permanent, focal 
cerebral ischemia (n=6-8/group). Arterial blood pressure, blood gases, and body 
temperature were monitored. Animals were killed 24h after onset of ischemia and 
brains were sectioned into 1mm slices. Alternate sections were stained with TTC 
or frozen. We microdissected discrete regions of the cortex on the ipsilateral and 
contralateral side of the frozen sections and isolated total RNA for semi- 
quantitative RT-PCR analysis. In response to injury, estradiol treated rats 
exhibited increased bcl-2 mRNA levels in the ipsilateral cortex, compared to 
vehicle treated rats, when expressed as a percent of sham controls (p<0.04). In 
vehicle treated rats, which display extensive injury, bcl-2 levels were elevated in 
the contralateral compared to ipsilateral cortex. In contrast, in estradiol treated 
rats, which exhibit less injury, the contralateral increase in bcl-2 was not observed. 
These data suggest that estradiol may exert neuroprotective effects by influencing 
bcl-2 gene expression. Supported by NIH AG02224.

6 .4
T H E E F FE C T  O F B C L -2 O N  T A X O L -IN D U C E D  
N E U R O T O X IC IT Y  IN D IFF E R E N T IA T E D  P C 12 C E L L S . Rony 
Nuvdens1, Rich Connors2, Gerd Van Den Kieboom1, Miriam de Jong1, 
Marcel Borgers1, Hugo Geerts1*. 1Life Sciences, Janssen Research 
Foundation, 2340 Beerse, Belgium; 2Dept o f  Oncology, Janssen Research 
Foundation, Spring House, PA.

Taxol-induced neuropathy is a commonly-occurring side-effect in the 
treatment o f  patients with taxoteres or taxanes. Taxol is known to induce 
apoptosis in certain types o f  tumour cells. On the other hand, bcl-2 can 
greatly reduce apoptosis induced by NGF deprivation in PC 12 cells. In 
order to elucidate the role o f  bcl-2  in taxol toxicity, differentiated neuronal 
PC12 cells overexpressing the human bcl-2 protein were used.

It is documented that, similar to the effects in proliferating cells, taxol 
induces apoptosis in differentiated neuronal-like cells, as assessed by 
D N A  fragmentation and Annexin V expression. In addition, bcl-2 attenuates 
significantly the toxic effect o f  taxol. With regard to neurite morphology, it 
is shown that bcl-2  is able to reduce the taxol-induced neurite retraction. 
Interestingly, the increase in acetylated tubulin, as observed in taxol-treated 
cells, is greatly reduced in bcl-2 overexpressing cells. Using nuclear staining 
a dramatic difference in DNA-appearance becomes apparent between  
vector-transfected and bcl-2 overexpressing neurons. This suggests an 
alternate escape pathway, induced by bcl-2 , in taxol treated differentiated 
PC12 cells.
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6 .5

U P -R E G U L A T IO N  O F E N D O G E N O U S  B C L -2  IS R E Q U IR E D  
FO R  CELL S U R V IV A L  D U R IN G  R E TIN O IC  A C ID -IN D U C E D  
N E U R O N A L  D IFF E R E N T IA T IO N . S . W a n g * . L .E . R osen gren , A . 
H am berger  K .G . H aglid .

D evelop m en tal alterations in  expression  o f  the b c l -2  proto -on cogen e  
in the brain are w e ll estab lish ed , w ith  a h igh  ex p ressio n  lev e l in 
postm itotic neurons b efore adulthood. The p h ysio lo g ica l sign ifican ce  
o f  the up-regulation has not been  elu cidated  fu lly . W e u sed  an in vitro  
differentiation m odel for hum an C N S  neurons and stu died exp ression  
and function o f  B c l-2  during neuronal d ifferentiation. The hum an  
em bryonic carcinom a N T 2/D 1  ce lls  differentiated into a neuronal 
phenotype in the presen ce o f  10 µM  o f  retinoic acid for 3 to 5 w e e k s .  
T he B c l-2  protein lev e ls  rise sharply during the period . T he inhibition  
o f  the accum ulation o f  en d ogen ou s B c l-2  w ith  vectors exp ressin g  the 
antisense m R N A  o f  b c l-2  caused  a ce ll death b y  a p o p to sis , starting 
from  7  days after the retinoic acid treatment and b ein g  pronoun ced  
after 18 days. The death w a s triggered b y  retinoic acid , sin ce  
w ithdraw ing the treatment after 15 d ays reduced cell death. A bility  o f  
B c l-2  to prevent retinoic acid -induced c e ll death w as further confirm ed  
in parental N T 2 ce lls  that w ere transfected w ith  a vector containing  
b cl-2  c D N A  in sen se  orientation and w ere treated w ith  tox ic  d o se s  
(4 0 -8 0  µM ) o f  retinoic acid . T h ese  resu lts su ggest that o n e  function  o f  
up-regulation o f  en d ogen ou s B c l-2  during neuronal differentiation is  
to maintain the resistance o f  differentiating ce lls  to retinoic acid- 
induced c e ll death.
Supported by Swedish Medical Research Council K98-12X-1534-01A to SW.

6 .7

APOPTOSIS IN POST-NATAL RAT BRAIN DETECTED IN SITU WITH AN 
ANTIBODY PROBE FOR CASPASE-MEDIATED PROTEOLYSIS. R. Siman*, D. 
Bozyczko-Covne, and R. Bhat, Cephalon, Inc., West Chester, PA 19380.

The involvement of apoptosis in degenerative disorders of the adult CNS is 
uncertain. Although in situ detection of DNA strand breaks has been widely used in the 
study of brain cell apoptosis, breaks can occur in cells dying by necrosis or in the absence 
of cell death. Consequently, a highly specific and sensitive marker for apoptosis would 
help define its importance to human neuropathologies and their experimental models. 
With this goal in mind, we have taken advantage of the requirement for caspase-mediated 
proteolysis for the execution of apoptosis, and have designed and characterized an 
antibody (Ab127) that reacts selectively with a preferred caspase-3 cleavage site. Utility 
of Ab127 for in situ detection of apoptosis was examined in cultured neurons deprived of 
trophic support, and in the developing post-natal rat brain. In NGF-differentiated PC12 
cells, little Ab127-immunoreactivity was observed but, upon NGF deprivation, 
degenerating cells became strongly immunoreactive. Over the first two weeks of post-
natal life, intense Abl27 immunoreactivity was localized to small numbers of cells in 
distinct regions at particular developmental stages. In hippocampus, for example, Abl27 
stained neurons in stratum oriens and the subventricular zone of area CA3 at P 1 and P4, 
but from P7-P10 immunoreactive neurons resided predominantly in the subiculum. The 
cells immunoreactive for caspase-mediated proteolysis were undergoing programmed 
death by apoptosis, since (i) their dendrites had a fragmented appearance, (ii) cells in the 
same populations demonstrated cytoplasmic immunoreactivity for c-jun and silver 
impregnation, additional markers for degeneration, and (iii) double fluorescence labelling 
confirmed that Ab127-immunoreactive cells exhibited condensation and margination of 
nuclear chromatin indicative of apoptosis. In situ detection of apoptosis was not 
restricted to neurons, but also was observed in a minority of glia of the corpus callosum 
from P7-P10. By P14, little Abl27 or cytoplasmic c-jun immunoreactivity remained, 
although labelling of a subset of axons in the olfactory nerve and an occasional neuron in 
the internal granular layer of the olfactory bulb persisted into adulthood. The results 
indicate that an antibody for caspase-mediated proteolysis is a probe with a high degree 
of specificity and sensitivity for detection of apoptosis in the brain in situ.

6 .9

R egulation o f  N euronal A p optosis by R etin oblastom a P rotein  C aspase 3 
C leavage and Phosph orylation.

Yixun Xu , Yih-Ru Fannjiang , W.J. Herring , J.M. Hardwick+ , and George A. Oyler*. Johns Hopkins 
University, Department of Neurology and Pharmacology and Johns Hopkins School of Hygiene and 
Public Health, Department of Molecular Microbiology and Immunology+. Baltimore MD, 21218.

Several lines of evidence indicate a role for the retinoblastoma protein (Rb) in 
neuronal apoptosis. We and others have reported that CDK 4 and 6, cyclin D, and the 
CDK inhibitors p 16 and p21 can regulate the state of Rb phosphorylation and neuronal 
apoptosis in trophic factor withdrawal and viral induced neuronal apoptosis. We have 
also found a role for proteolytic cleavage of Rb by caspase 3 in neuronal apoptosis. 
We report the mapping of the major caspase 3 cleavage sites by peptide 
microsequencing to three sites in Rb: SSVD (AA=82-85 of human Rb); DSID (AA= 
346-349); and DEAD (AA=882-885). The appropriate determination of these sites was 
confirmed by P1 aspartate to alanine mutations followed by demonstration of 
resistance to caspase 3 cleavage after mutation. The regions of Rb corresponding to 
the predicted caspase 3 cleavage fragments were expressed as recombinant proteins 
and found to comigrate with the caspase 3 cleavage products of Rb. Using 
recombinant Sindbis Virus (SV) vectors (both replication competent and helper 
systems) and adenovirus vectors the function of these three caspase 3 sites in 
regulating neuronal apoptosis has been demonstrated in neuronal culture systems and 
in brain. Similarly expression of phosphorylation defective mutants of Rb by SV 
helper system and adenoviruses has demonstrated a role for Rb phosphorylation in 
neuronal apoptosis. Finally using wild type and dn mutants of E2F-1 expressed from 
SV and adenovirus vectors, the role for E2F signalling in Rb cleavage and 
phosphorylation mediated apoptosis has been investigated. Supported by BWF Career 
Award and Familial Dysautonomia GAO, NIH Grants JMH, and NIH CIDA WJH.

6.6
INTERACTION BETWEEN CALCINEURIN AND BCL-2 DURING APOPTOSIS 
Nuray Erin, Melvin L. Billingsley* Dept. of Pharmacology, Pennslyvania State Univ. 
College o f Med., Hershey, 17033 PA

Calcineurin (CN), a Ca2+/calmodulin dependent protein phosphatase is enriched 
in neurons and immune system cells. CN regulates the activity o f ion channels, 
neurotransmitter release, immune status and gene transcription. CN may also 
regulate NMDA-induced neurotoxicity. In hamster kidney cells, CN co- 
immunoprecipitated with Bcl-2, an important regulator of apoptosis, suggesting that 
this interaction might modulate the antiapoptotic effect of Bcl-2. We found that 
interaction between Bcl-2 and CN observed in kidney cells also occured in murine 
and human neurons and rat pheochromocytoma (PC12) cells. To induce apoptosis, 
NGF was withdrawn from differentiated PC12 cells for 16 and 24 h; slices from the 
neocortex and hippocampus of 6 mice were exposed to in vitro ischemia for 3 h. To 
determine the changes in the localization of CN-Bcl-2 complex within the cell, the 
samples were fractionated into nuclear, synaptosomal/mitochondrial, microsomal 
and cytosolic compartments. We found that CN co-immunoprecipitates with Bcl-2 in 
PC12 cells and mouse brain in all compartments. However, localization of CN-Bcl-2 
complex changed with the induction of apoptosis. In hippocampal slices, ischemia 
caused a shift of the complex to nuclear fractions. In PC12 cells, changes were seen 
in compartmentation of CN-Bcl-2 during apoptosis; the % of CN bound to Bcl-2 
decreased in nuclear but increased in mitochondrial and microsomal membranes with 
the induction of apoptosis. The total fraction of CN bound to Bcl-2 was estimated to 
be 15 % of total cellular CN. These results suggests that the CN-Bcl-2 complex may 
migrate during apoptosis and may be a mechanism for altering the cellular response 
to apoptosis.
Supported by ESR01-07312 (MLB)

6.8
DYNAMICS OF CASPASE 6 AND 9 EXPRESSION IN IN VITRO AND IN VIVO MODELS 
OF NEURONAL APOPTOSIS. S. Kraiewski1*, M. Kraiewska1, R.E. Rosenthal2, Q. 
Deveraux1, G. Salvesen1, G. Fiskum3 and J.C. Reed1 1T he Burnham Institute, La Jolla, 
CA 92037, 2G. Washintgon University, Washington, D.C. 20037 and 3 University of 
Maryland School of Medicine, Baltimore, MD 21201

Apoptosis involves a family of cysteine proteases (caspases) with homology to the 
lnterleukin-1β  Converting Enzyme (ICE). To assess the participation of different 
caspases in neuronal cell death, we succeeded in generating rabbit polyclonal 
antisera against five of the caspases: caspase-3 (CPP32), caspase-6 (Mch2), 
caspase-10 (Mch4), caspase-8 (Mch5/FLICE) and caspase-9 (Mch6/Apaf3). The 
changes in their expression patterns and subcellular locations were studied in 
established neuronal apoptosis models using staurosporine or tamoxifen exposure 
as well as UV radiation of PC12, CSM14.1 control (neo) and Bcl-2 transfectants, and 
untransfected NT2 cells. Ischemic neuronal cell death in vivo was assessed in a 
canine cardiac arrest model of transient global brain ischemia during the first 24 hrs 
of reperfusion. Expression of caspases was studied by immunocytochemistry and 
apoptosis was documented by morphological characteristics as well as /dUTP-biotin 
nick end labeling assay (Tunel). The most dramatic changes in the distribution pattern 
of caspases were found for caspases -6-and-9 (in both the in vitro and in vivo 
models). In non-treated cultures and control canine brains, cytoplasmic caspase-9 
immunostaining was observed. Immunoreactivity for the active form of caspase-6 was 
absent. Within 1-2 hours of inducing apoptosis in cultures of UV exposed NT2 cells or 
staurosporine/tamoxifen -treated PC12 and CSM14.1 cells, there was a shift of 
caspasθ-9 immunoreactivity from the cytoplasm into the nuclei of neurons. Bcl-2 
transfectants were resistant to these apoptotic stimuli and caspase-9 remained 
cytostolic in these cells. In the in vivo ischemia model, translocation of caspase-9 
from cytosol to nucleus was also observed, as well as nuclear accumulation of active 
caspasθ-6, particularly in hippocampal neurons within the ischemia-prone CA1-CA2 
areas. These results reveal for the first time a spatial and temporal translocation of 
caspases into neuronal nuclei in vitro and in vivo during apoptosis.
Supported by R01 CA67329, P01-CA-69381, and NS34152

6.10
CASPASE-3-DEPENDENT AND -INDEPENDENT APOPTOSIS IN THE 
DEVELOPING NERVOUS SYSTEM. K.A. Roth,1 K.S. Shindler,1 C.D’Sa-Eipper,1*, 
and A.N. Srinivasan2. 1Dept. of Pathology, Washington Univ. School of Med., St. 
Louis, MO 63110;2IDUN Pharmaceuticals, Inc., LaJolla, CA 92037.

Caspases are cysteine proteases that play an important role in the effector phase of 
apoptosis, of which caspase-3 (CPP32) may play a particularly significant role in 
regulating neuronal apoptosis. To investigate the interaction between caspases and 
Bcl-2 family members during nervous system development, neuronal apoptosis and 
caspase-3 activation were assessed in sections of wild type, bcl-x-/- bax-/-, and caspase- 
3-/- embryos. Compared to wild type embryos, Bcl-x-deficient embryonic day 12 
(E12) mice had markedly increased TUNEL positivity and caspase-3 activation as 
determined with an antibody (CM 1) specific for the large subunit of processed 
caspase-3. Bax-deficient embryos possessed only rare TUNEL and/or CM1 positive 
neuronal cells. Caspase-3-deficient embryos had decreased TUNEL positivity (eg. 
54% reduction in TUNEL positive cells in the dorsal root ganglia compared to wild 
type mice) and no neuronal CM1 immunoreactivity. The reduction, but not 
elimination, of neuronal apoptosis in caspase-3-deficient embryos indicates the 
presence of both caspase-3-dependent and -independent apoptotic pathways in 
neurons.

We have previously reported that Bax deficiency had no effect on the level of 
apoptosis in embryonic telencephalic cell cultures grown in basal medium for 48 
hours. In contrast, addition of caspase inhibitors to basal medium blocked virtually all 
telencephalic cell death. To determine if caspase-3 is responsible for the Bax- 
independent, caspase-dependent, apoptosis of telencephalic cells, telencephalic cells 
from wild type (n=9) and caspase-3 deficient (n=4) E12-E14 mice were cultured in 
basal medium for 48 hours. There was no effect of caspase-3 deficiency on the 
percentage of apoptotic cells after 48 hours in culture. These results indicate the 
presence of a caspase-dependent, but caspase-3 independent, apoptotic pathway in 
telencephalic cells. Supported by NIH grants NS35107 and NS35484.
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6.11
SELECTIVE FOREBRAIN AND MIDBRAIN ABNORMALITIES IN 
CASPASE-9 DEFICIENT MICE. T.F. Havdar1*, K. Kuida3, C-Y. Kuan1, M.S.- 
S. Su3, R. A. Flavell2, and P. Rakic1. Sections of 1Neurobiology and 
2Immunobiology, Yale University Medical School, New Haven, CT 06520, 
3Vertex Pharmaceuticals Corporation, Cambridge, MA 02139.

To investigate the role of programmed cell death during development, we have 
generated mice deficient for Caspase-9, a key member of the cytochrome c-mediated 
apoptosis pathway. The developing fore- and midbrain of knockout fetuses are 
strikingly affected by increases in the number of proliferating ventricular zone cells 
due to the elimination of apoptosis during early development. This increase in cell 
number results in ventricular stenosis by embryonic day (E)10.5, heterotopic sites of 
proliferation and interruptions and incipient folding of the neocortical wall by E 13.5, 
followed by dorsal protrusion of the midbrain and then complete avulsion of the 
brain outside of the skull by E 16.5. In striking contrast, the morphology and size of 
the entire caudal neuraxis, including the medulla and spinal cord, as well as other 
non-neural organs are not affected by Caspase-9 deletion. These abnormalities are 
similar but more severe and affect more brain areas than the phenotype previously 
described for Caspase-3 (CPP32) knockouts (Kuida et al., 1996 Nature 384, 368- 
372), suggesting that Caspase-9 may be upstream of Caspase-3. We investigated this 
possibility by assaying the cytochrome c-dependent cleavage and activation of 
Caspase-3 in Caspase-9 knockouts. Cytoplasmic extracts from Caspase-9 deficient 
brain cells were unable to cleave Caspase-3, suggesting that Caspase-9 is an 
upstream requirement in the CNS apoptosis pathway. Cumulatively, these results 
indicate that different members of the cytochrome c-mediated apoptosis pathway 
may selectively operate within subsets of the embryonic CNS to eliminate excess 
precursor cells and ensure proper brain size. Supported by Howard Hughes Medical 
Institute (R.A.F) and Public Health Service (P.R.).

6.12
DYSREGULATION OF APOPTOSIS DURING CRANIAL NEURULATION 
IN JNK1/JNK2 DUAL-DEFICIENT MICE. C.-Y. Kuan* D. D. Yang.
R. J. Davis. R. A. Flavell & P. Rakic Sections of Neurobiol. & Immunobiol. 
Yale Univ. Sch. of Med. & Program in Mol. Med., Univ. of Mass.

Cell death is an important feature during morphogenesis of the 
mammalian nervous system. Indeed, a general reduction of apoptosis as seen 
in Caspase-9 deficient mice results in severe brain malformations 
(preceeding abstract). Here we report that deletions of the c-Jun NH2- 
terminal kinases (Jnk) lead to dysregulated morphogenetic apoptosis in the 
developing brain and embryonic lethality. Although mice lacking either 
the Jnk1 or Jnk2 isoform of the c-Jun NH2-terminal kinase (Jnk) developed 
normally, mice devoid of both Jnk1 and Jnk2 genes die at embryonic 11.5 day 
with an open neural tube (exencephaly) at the metencephalic level. The 
neural tube defect is likely caused by reduced apoptosis since the pyknotic 
clusters normally found in the lateral edge of the folding neural plate are 
absent in the Jnk1 and Jnk2 null-mutant embryos. In contrast to the reduced 
apoptosis in the hindbrain, the normal pattern of restricted pyknosis in the 
developing forebrain was replaced by increased and scattered cell 
degeneration in the mutant embryos. Interestingly, phosphorylation of c- 
Jun in the dorsal neural plate was preserved in the absence of either Jnk3 or 
both Jnk1 and Jnk2 genes, excluding c-Jun as direct substrate involved in 
this process. Furthermore, the abnormality of neurulation was found only 
in mice lacking both Jnk1 and Jnk2 genes but not in double knockouts of 
either Jnk1/Jnk3 or Jnk2/Jnk3. Together, these results suggest distinct 
biologial functions of various Jnk isoforms in the nervous system with Jnk3 
involved in excitotoxicity-induced apoptosis (Yang, et al., Nature 389: 865, 
1997) while Jnk1 and Jnk2 provide an essential but interchangable role in 
the regulation of location and extent of cell death during morphogenesis.

G E N E S IS  O F  N E U R O N S  A N D  G L IA  I

7.1

PURKINJE-CELL-DERIVED SONIC HEDGEHOG STIMULATES 
GRANULE NEURON PRECURSORS IN THE DEVELOPING
CEREBELLUM. V. A. Wallace12 and R. J. Harvey*. 1Developmental 
Neurobiology Programme, MRC LMCB, University College London, U. K., 
and 2Ottawa General Hospital Research Institute; 501 Smyth Rd, Ottawa 
Ontario, K1H 8L6, Canada and *Department of Pharmacology, School of 
Pharmacology; 29-30 Brunswick Square, London WC1N 1AX, U.K.

Purkinje cells (PCs), the projection neurons of the cerebellum, receive 
synaptic input via parallel fibres from granule neurons and via climbing fibres 
from the inferior olive. The granule neurons develop from proliferating 
precursor cells in the external granule layer (EGL) of the developing cerebellum. 
Ablation studies have suggested that PCs exert a local control over precursor 
cell proliferation in the EGL. We provide 3 lines of evidence that Sonic 
hedgehog (Shh), produced by PCs, stimulates proliferation in the EGL. First, 
Shh is expressed by PCs in the developing cerebellum, and Ptc and Gli-1. 
which are known to be upregulated by Hedgehog (Hh) signalling, are expressed 
in cells of the EGL. Moreover, all of the cells in the EGL that are labelled by 
antibodies after a two hour pulse of BrdU express Gli-1, suggesting that 
proliferating EGL cells are direct targets of Hh signalling. Second, injection of 
hybridoma cells secreting neutralizing anti-Shh antibodies into the brain of 
neonatal mice results in a reduction in the thickness of the EGL and a decrease 
in proliferation as measured by BrdU incorporation, while littermates that were 
injected with isotype matched hybridoma cells were indistinguishable from 
uninjected controls in these parameters. Third, treatment of cerebellar slices in 
vitro with recombinant Shh stimulates BrdU incorporation in the EGL. Taken 
together, these results suggest that PC-derived Shh promotes the proliferation 
of granule neuron precursors in the EGL.

This work was supported by a Project Grant from the MRC, U. K.

7.3

S E L F R E N E W I N G  A N D  M U L T I P O T E N T  E P E N D Y M A L  
C E L L S  IN  T H E  A D U L T  S P I N A L  C O R D
C .B . J o h a n sso n * , U . L endahl and J. Frisén. D ep t. o f  C ell and M olecu lar  
B io lo g y , K arolinsk a Institute, S - 171 77  S tock h olm , Sw ed en .

In the last few  years it has been  found that there ex is ts  a popu lation  o f  
neural s tem  c e lls  in a sso c ia tio n  w ith  the lateral v en tric les  in the adult 
m am m alian  brain w h ic h  can  g iv e  rise  to  n ew  n eurons. It has b een  
su g g ested  that th ese  stem  c e lls  reside in the subventricular zo n e  (S V Z ), 
although this has rem ained controversial. The spinal cord central canal is 
lined  b y  a s in g le  layer o f  c e lls  referred to as ep en d ym al c e lls , the sam e  
type o f  c e lls  that lin e  the ven tricles. Injection o f  B rdU  after a spinal cord  
injury in adult rats has revealed a 5 0 -fo ld  increase in proliferation o f  these  
c e lls  o n e  d ay after the les io n . B y  la b ellin g  ep en d ym al c e lls  in the spinal 
cord w ith  a fl u orescen t d y e  (D iI) w e  h ave stu died  the resp on se o f  th ese  
c e lls  after injury. D iI-lab eled  progeny o f  ependym al c e lls  m igrated to the 
site o f  the in c is io n  and started to ex p ress  the astrocyte sp e c if ic  m arker  
G FA P. T o  test w h ether the ependym al c e lls  have stem  c e ll  properties w e  
cultured c e lls  from  the adult sp inal cord. A  s in g le  ep en d ym al c e ll  w a s  
able to form  a c lo n e  o f  c e lls  w h ich  c o u ld  d ifferen tia te  to  a stro cy tes, 
o lig o d en d ro cy tes  and neurons, dem onstrating  that at least the in itial c e ll  
w a s m u ltip o ten t. F u rtherm ore, ep en d y m a l c e lls  w ere  fo u n d  to  h ave  
se lfren ew a l cap acity , supporting the id ea  that th ese  c e lls  are neural stem  
ce lls .

T h ese  data sh o w  that ep en d ym al c e lls  proliferate and d ifferen tia te  to  
a stro cy tes  in  resp o n se  to  inju ry. Furtherm ore, ep en d y m a l c e lls  can  
d iffe r en tia te  to  n eu ro n s, a s tr o c y te s  and o l ig o d e n d r o c y te s  in  v itro  
in d icatin g  that the ep en d ym al c e ils  lin in g  the central canal in the adult 
spinal cord are stem  ce lls .

7 .2

CEREBELLAR HISTOGENESIS IS DISTURBED IN MICE 
LACKING D2 CYCLIN. J Huard*, C Forster. ML Carter. P Sicinski1 and  
ME Ross. Dept. of Neurology, Univ. of MN, Minneapolis, MN 55455; 1Dana- 
Farber Cancer Institute, Boston, MA 02115.

Formation of brain requires deftly balancing primary genesis of neurons 
and glia, their differentiation to signal that enough cells of one type or 
another have been made, and the disposal of excess cells in a m anner that 
is not injurious to the organism. W e previously observed in vitro that down 
regulation of the cell cycle regulatory protein, D2 cyclin, reduces BrdU 
incorporation and impairs terminal differentiation of cerebellar granule cells 
(M acNabb et al., Soc Neurosci ‘96 22:1707), suggesting that the protein 
may contribute to cerebellar histogenesis. Homologous recombinant mice 
lacking D2 cyclin expression display gonadal dysgenesis and an inability of 
ovarian granulosa cells to proliferate in response to FSH (Sicinski et al., ‘96  
Nature 384:470), however brain development in the nulls has yet to be 
described. In the present study, the representation of specific cell types in 
D2 cyclin expressing and null cerebella was exam ined immunohisto- 
chemically in adult and neonatal brains. Cell proliferation in the external 
germinal layer (EGL) of D2 null and wild type neonates was also assessed by 
BrdU pulse labeling of granule precursors, while the relative number of cells 
undergoing apoptosis was estimated by TUN EL assay. The loss of D2 cyclin 
expression was found to primarily affect two neuronal populations in adult 
cerebellum: granule cell number was reduced and stellate interneurons 
were nearly absent. Differences between null and wild type siblings were  
obvious by the second postnatal week and, for granule cells, appeared to 
arise from defects in primary neurogenesis within the EGL. The near 
absence of stellate cells in the postnatal molecular layer, despite preserved 
representation of Golgi and basket interneurons thought to originate from 
the sam e precursor pool, suggests that em ergence of this subpopulation 
from the deep cerebellar whitem atter requires D2 cyclin expression. 
(Supported by N INDS NS31318)

7 .4

A n a ly s i s  o f  th e  s u b v e n t r ic u la r  z o n e  o f  p 2 7 K ip  n u ll m ic e :  d o  
c o m m itt e d  p r o g e n ito r  c e l ls  d i f f e r  in  th e  m o d a li ty  o f  g r o w th  
a r r e s t  ? P. C a sa cc ia -B o n n efil* .F io n a  D oetsch ^ . R eb ecca  H ard y#, 
Arturo A lvarez-B u vlla^  and M o ses  V . C h ao * Dept. Neurobiology, Skirball 
Institute for Biomolecular Medicine, New York University, New York, NY 10016, 
^Rockefeller University New York, NY 10021 # University of Edinburgh, Edinburgh, 
UK.

W e have p rev iou sly  identified the cell cy c le  inhibitor p 2 7 Kip as one o f  
the major determ inants o f  o ligod en d rocyte grow th arrest in vitro. 
Interestingly analysis o f  the central nervou s system  (C N S ) o f  adult or 
neonatal m ice revealed a con sisten t increase o f  oligod en d rocytes and

astrocytes in the cerebellu m  and in the subventricular zon e o f  p27 Kip null 
m ice , w ith  m ore m od est e ffec ts  on neuronal c e lls . T he increased number 
o f  glial cells  w as due to enhanced proliferation, lead ing to exp an sion  o f  
the progenitor p ool. N o  apparent delay w a s ob served , h ow ever , in the 
appearance o f  late markers o f  o ligod en d rocyte differentiation, su ggestin g  
that lo ss  o f  p 27  in the d ev e lo p in g  brain im pairs cell cy c le  ex it o f  glial 
progenitors but can be com p en sated  for, by alternative m echanism s o f  
grow th  arrest. In addition, w e  have analyzed the e ffect o f  p27 lo ss  on  
neuronal progenitors in the subventricular zo n e  o f  adult m ice. In contrast 
to the e ffect ob served  on glial progenitor ce lls  in postnatal anim als, the 
absence o f  p 27  did  not p rofoundly  affect proliferation o f  neuronal 
progenitors. W e  are p resen tly testin g  the h yp oth esis that p 27 m ay play a 
distinct role at different stages o f  d evelop m en t and in the d ecision  o f  
progenitors com m itted  to distinct fates to e x it  from  the c e ll cycle .
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7 .5

UP-REGULATION OF NEUROGENESIS IN THE DENTATE GYRUS 
FOLLOWING TRANSIENT GLOBAL ISCHEMIA IN GERBILS J. Liu*, K. 
Solway, R. O. Messing, and F. R. Sharp Departments of Neurology and 
Neurosurgery, University of California at San Francisco and SFVAMC, San 
Francisco, California 94121

Neurogenesis in the dentate gyrus persists in adult rodents and is regulated by 
NMDA receptors and adrenal hormones. To determine whether ischemia affects 
neurogenesis, we examined newly divided cells in the dentate gyms following 
transient global ischemia in adult gerbils. BrdU immunohistochemistry 
demonstrated a 9-fold increase of cell birth in the dentate subgranular zone 1-2 
weeks following ten-minute bilateral common carotid artery occlusions compared 
to sham-operated, control animals. Two minutes of ischemia did not significantly 
alter BrdU incorporation. Confocal microscopy demonstrated that BrdU 
immunoreactivity co-localized with neuron specific markers for neuronal nuclear 
antigen NeuN, microtubule-associated protein-2 and calbindin D28k, suggesting that 
these dividing cells became neurons in the granule cell layer. The newborn cells 
that migrated into granule cell layer were not astrocytes since GFAP and BrdU was 
not co-localized in the same cell. Newborn cells with a neuronal phenotype were 
first seen 24 days after ischemia, were located only in the granule cell layer, and 
comprised 60% of BrdU-labeled cells at six weeks after ischemia. The increased 
neurogenesis was not due to entorhinal cortical lesions since no cell loss was 
detected in this region. Ischemic preconditioning for two minutes, which protects 
CA1 neurons against subsequent ischemic damage, was also associated with a six 
fold increase of cell birth in the dentate subgranular zone compared to controls. 
Thus, ischemia-induced dentate neurogenesis is not due to CA1 neuronal loss. 
Enhanced neurogenesis in the dentate gyrus may be a compensatory, adaptive 
response to ischemia-associated injury and could promote functional recovery 
following ischemic hippocampal injury. This work was supported by NIH grants 
R01 NS28167, NS14543 and HL53040 (FRS).

7 .7

TYROSINE HYDROXYLASE, DOPAMINE AND THE DOPAMINE TRANSPORTER: 
CRITERIA TO IDENTIFY DOPAMINERGIC NEURONS IN VITRO. O. Mundigl1: K. 
Shimoda2; J. M. Johnston3, and J. W. Commissiong*4 1Boehringer-Mannheim, Dept. Cell 
Biol., Nonnenwald 2, 82372 Penzberg, Germany; 2Div. Neurol., Natl. Nishitottori Hosp., 
876 Mitsu, Tottori 689-020, Japan; 3Dept. Neurol. Surg., Albert Einstein Col. Med. 111 
East 210th Street, Bronx, NY 10467, USA 4Neurotrophic Res. Corp., 8200 Wisconsin 
Ave./Ste 100, Bethesda, MD 20814, USA.

The use of fetal “dopaminergic” neurons in culture to identify neuroprotective molecules 
with indications for the treatment of Parkinson’s disease is increasing markedly. In ventral 
mesencephalic cultures, tyrosine hydroxylase positive (TH+) neurons are assumed to be 
dopaminergic. However, the expression of TH in non-dopaminergic neurons in culture 
has been reported (NeuroReport 8: 1471-1474, 1997). Expression of TH, synthesis of 
dopamine (DA) and expression of the dopamine transporter (DAT) are objective criteria 
for the identification of dopaminergic neurons in culture. We used the microisland 
culturing method (J. Neurosci. Meth. 67: 27-41, 1996), combined with a cell culture 
containing a high (>20%) percentage of TH+ neurons to attempt to identify TH+/DA+/DAT 
neurons. We found that 80% of TH+ cells were DA+, with TH and DA co-localized in the 
axonal growth cones and perinuclear region corresponding to the Golgi complex. The 
pattern of DA immunoreactivity in the axonal growth cones was consistent with 
localization in synaptic vesicles that store and secrete non-peptide transmitters. In 
addition, TH immunoreactivity suggested the presence of an additional, soluble pool of TH 
extending into the fine tips of the growth cone filopodia. However, we have not yet 
identified TH+/D A T+ or DA+/DAT+ cells. Small fractions of the cells were TH+/DA−, or 
TH−/DA+. The serotonergic neurons (<10%) in this culture were TH−, and hence distinct 
from the dopaminergic cell population. Identification of specific, dopaminergic, 
neuroprotective molecules will be enhanced by the inclusion of serotonergic neurons in 
the bioassay protocols. Experiments to define the in vitro conditions leading to the 
production of TH+/DA+/DAT+ neurons are in progress.

7 .6

D O E S  N E U R O G E N E S I S  O C C U R  IN  T H E  H IP P O C A M P A L  
F O R M A T IO N  O F A D U L T  O L D  W O R L D  A N T H R O P O ID  PR IM A TES?
D .R . K ornack* and P. R ak ic. Sect. N eu ro b io lo g y , Y a le  U n iv . S c h o o l o f  
M ed ic in e , N e w  H aven , C T  0 6 5 1 0 .

O ne u n an sw ered  q u estion  in  n eu ro sc ien ce  is  w h eth er the hum an brain  
norm ally  g en erates n ew  neurons b ey o n d  the d ev e lo p m en ta l p er iod  in to  
adulthood. P rev iou s stu d ies u sin g  the rad ioactive D N A  precursor, [3H ]-  
th ym id in e, to  lab el d iv id in g  c e lls  revealed  n o  n e w ly  generated  neurons in  
the cerebral co rtex  o f  adult O ld  W orld  anthropoids, the prim ate group to  
w h ich  hum ans b e lo n g  [R akic, Science 227: 1 0 5 4  (1 9 8 5 );  E c k e n h o ff and  
R a k ic , J. Neurosci. 8 : 2 7 2 9  (1 9 8 8 )] .  R e c e n t  u se  o f  th e  th y m id in e  
a n alog , b rom od eoxyu rid in e  (B rd U ), to  la b e l d iv id in g  c e lls  in d icated  a 
substantial d egree o f  n eu rogen esis in  the archicortex (dentate g y m s  o f  the  
h ip p p ocam p al form ation ) o f  adult m a rm o sets , w h ic h  are N e w  W orld  
anthropoids [G ou ld  et a l ,  PNAS 95: 3 1 6 8  (1 9 9 8 )] . H ere w e  report that 
the u se  o f  the sam e m ethod in n ine adult O ld W orld anthropoids (m acaque  
m o n k ey s; m ore than four years o ld ) rev ea led  o n ly  a sm a ll num ber o f  
B rd U -la b e led  c e lls  in  the d entate  g y m s  and h ilu s  o f  th e h ip p ocam p al 
form ation  and occa sio n a l B rd U -lab eled  c e lls  in  the n eocortex . H ow ever, 
the u se  o f  a battery o f  g lia -  and n eu ro n -sp ec ific  m arkers in d icated  that 
n on e o f  th ese  B rd U -lab eled  c e lls  sa tisfied  stringent id en tifica tion  criteria  
for neurons. W e con clu d e  that under norm al con d ition s, in clu d in g  liv in g  
in  an enriched  environ m ent, O ld  W orld  anthropoids do  n ot generate n ew  
hippocam pal or neocortica l neurons. T h is stands in  contrast to reports o f  
con tin u ed  n eu rogen esis  in  adult m arm osets and rodents. T h e reduction , 
i f  n ot total lo s s  o f  n eu ro g en esis  in  the adult cerebral c o r tex  m ay b e  an 
e v o lu tio n a ry  ad van tage for the p reservation  o f  learn ed  b eh a v io rs  and  
m em ories. (Supported b y  N IH  grant N S  148 4 1 )

7 .8

Role of FGF signalling in the patterning of glia and serotonergic 
neurons in the developing insect CNS. B. G. Condron* Departm ent of  
Neuroscience, U. of Virginia, Charlottesville, VA

Two serotonergic neurons form in each hem iganglion of th e  
insect ventral nerve cord. In the grasshopper, Schistocerca 
americana, these two serotonergic neurons, s1 and s2, send growth  
cones across the m idline after which they begin to make serotonin. 
In order to understand w hat role the m idline plays in th e  
differentiation of these cells, I have m ade cuts such th a t  
hem iganglia are isolated w ith  or w ithout the m idline at various 
stages of development. Serotonergic neurons mature just as controls in  
isolated hem iganglia w hich contain substantial amounts of m id lin e  
cells. However, serotonergic neurons fail to mature if the m idline is  
missing from the dissected hem iganglia. To identify the p oten tia l 
m idline factors that govern serotonergic neuron developm ent, 
various reagents have been bath-applied to isolated m id lin e-less  
hem iganglia and screened for rescue of serotonergic developm ent. 
Bath applied bFGF is one such substance. In addition, bFGF-coated 
beads attract glia indicating a role for FGF signalling in both  
serotonergic developm ent and glial migration. Supported by NIH 
grant NS37223.

7 .9

EMBRYONIC AND PERINATAL ASTROCYTES ARE GENERATED FROM 
DIFFERENT MULTIPOTENT PROGENITOR POPULATIONS UNDER THE 
INFLUENCE OF DIFFERING CYTOKINE PROFILES. M.F. Mehler*, S. Gokhan,
P.C. Mabie, O. Song and J.A. Kessler. Depts. of Neurology and Neuroscience, Albert 
Einstein College of Medicine, Bronx, NY 10461.

Progenitor cells in the early embryonic ventricular zone give rise to a radial glial 
scaffold that supports neuroblast migration to the developing neocortex. Radial glia give 
rise to a complement of astrocytes that are generated within the first wave of gliogenesis 
that occurs during the late embryonic period. A second independent wave of 
astrogliogenesis occurs in the perinatal period. This study examined the mechanisms 
underlying the generation of astrocytes from embryonic (ventricular zone, VZ) and 
perinatal (subventricular zone, SVZ) progenitor cells. The elaboration of radial glia 
(RC2+, 3CB2+, GFAP-) from early embryonic (E15) cerebral cortical VZ-derived 
multipotent progenitors requires bFGF for cellular expansion and is selectively enhanced 
by cytokines that activate gp130/LIFβ receptors (e.g., CNTF or LIF). Some astroglia 
(GFAP+) develop without additional factors, but exposure to bone morphogenetic 
proteins (BMPs) enhances the generation of type I astrocytes (A2B5-, GFAP+). Clonal 
analysis and receptor immunocytochemistry of primary immunoselected E15 progenitors 
suggests that these cytokines act directly on the requisite lineage species. By late 
embryogenesis, SVZ-derived multipotent progenitors acquire responsiveness to EGF and 
differentiate directly into GFAP-immunoreactive astrocytes under the selective influence 
of BMPs, without the generation of an intermediate radial glial lineage. The BMPs 
concurrently suppress oligodendroglial differentiation by these progenitors. These 
observations suggest that progenitor cells present within generative zones during 
successive waves of embryonic neurogenesis and perinatal gliogenesis exhibit changes 
in lineage potential and in responsiveness to environmental cues, and that astrocytes may 
be generated by different developmental mechanisms during these distinct lineage 
periods.
Support: NIH NS35320 (MFM) NS20778 and NS20013 (JAK).
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8.1
PLEOTROPIC EFFECTS OF PS1 DEFICIENCY ON PROTEIN 
TRAFFICKING. S. Naruse1,4, G. Thinakaran1’4, L-J. Luo5, J. W. Kusiak5, _T.
Tomita6, T.Iwatsubo6, X.Oian 2 ,  D. D . Ginty2, D. L. Price1-4, D. R. Borcbelt1,4, P.

1 ,4 1 ,2,4* 1C. Wong 1,4 and S.S. Sisodia 1,2,4* . Dept. of Pathology, 2Neuroscience and
3Neurology, and Division of 4Neuropathology, The Johns Hopkins University School 
of Medicine, 5National Institute of Aging, and 6Dept. of Neuropathology and 
Neuroscience, Faculty of Pharmaceutical Science, University of Tokyo.

The discovery that primary neuronal cultures lacking presenilin l(PSl) fail to 
secrete Aβ peptides and accumulate carboxyl terminal fragments (CTFs) of the 
amyloid precursor protein (APP) suggested that PS1 facilitates intramembranous γ- 
secretase processing of APP. We have tested the specificity of PS1 deficiency by 
examining trafficking and metabolism of a variety of glycoproteins in neurons that lack 
PS1. We confirm that PS1-deficient neurons fail to secrete Aβ, but now document 
that the rate of appearance of soluble APP derivatives in medium of PS1-deficient 
neurons is markedly increased. Remarkably, in addition to APP CTFs, a CTF 
derived from amyloid precursor-like protein 1 (APLP1), a molecule that bears little 
homology to the APP transmembrane domain, also accumulates in PS1-deficient 
neurons. Hence, we conclude that PS1 has a much broader role in promoting 
intramembrane cleavage and/or degradation of CTFs derived from APP, its 
homologues and perhaps other transmembrane polypeptides. The influences of PS 1 
deficiency are not limited to APP/APLP1 as the maturation of Trk B and BDNF- 
inducible Trk B autophosphorylation is severely compromised in neurons lacking 
PS1. Finally, we report that PS1-deficient neurons exhibit marked reduction in 
secretion of several anonymous polypeptides. We conclude that PS1 plays as 
essential role in modulating trafficking and metabolism of membrane and secretory 
proteins in neurons. Supported by the NIH, NIA, the Adler Foundation and the 
Develbiss Fund.

8 3

FAD-CAUSING MISSENSE MUTATIONS IN BOTH APP AND PRESENILIN 
REDUCE THE Aß LOWERING EFFECT OF A PUTATIVE γ-SECRETASE 
INHIBITOR D.J. Selkoe*, M.S. Wolfe*, B. Ostaszewski and W. Xia. Center for 
Neurologic Diseases, Brigham and Women’s Hospital and Harvard Medical School, 
Boston, MA 02115; +Department of Pharmaceutical Sciences, University of 
Tennessee, Memphis, TN 38163.

Aß deposition and plaque formation are invariant features of Alzheimer’s disease. 
Sequential cleavages of amyloid precursor protein (APP) by ß and γ-secretases 
generate Aß. Mutations in 3 familial AD linked genes (APP, PS1, and PS2) all 
increase Aß42 production, principally through the enhancement of γ-secretase 
cleavage at residue 42. We recently reported a difluoroketone peptidomimetic that 
inhibits Aß production, most likely at the level of γ-secretase, in APP-transfected 
cells (Wolfe et al., J. Med Chem. 41, 6-9, 1998). Although designed to 
specifically block Aß42 production, this compound (called 167) also effectively 
inhibited Aß4O formation. 167 was used to treat CHO cells stably expressing wt or 
mutant APP or PS1 or PS2, and any decreases of Aß in the conditioned media were 
monitored by sandwich ELISA. The Aß-lowering activity of 167 in mutant APP, 
PS1 or PS2 cells was decreased compared to that seen in the wt cells. In a cell-free 
microsomal Aß generating system, incubation of the microsomes at 37°C for 4 hr 
resulted in new production of Aß. Inclusion of compound 167 in the incubation of 
wt CHO microsomes resulted in the dose-dependent inhibition of Aß generation 
similar to that in the intact wt cells. We hypothesize that small subsets of APP and 
PS molecules form complexes that facilitate γ-secretase binding, and that mutations 
in APP or PS 1 or PS2 can change the conformation of the complex in a way that 
favors the ability of γ-secretase to cleave the Ala-Thr bond (Aß42-43) of the C99 
APP CTF. Mutation-induced conformational changes in these complexes could 
explain the decreased ability of 167 to inhibit γ-secretase. (Supported by NIA 
grants AG06173 and AG12749.)

8.5

LOCALIZATIO N A N D  F U N C T IO N  O F T H E  P R E S E N IL IN S  
INDICATE T H A T  A L Z H E IM E R ’S M A Y  B E  A  CELL CY CLE  
D ISE A SE . H. Potter*. J. L i, J. M a. L .N . G eller . S. L ee and N . Zaidi. 
Dept. o f Neurobiology, Harvard M edical School, Boston, M A 0 2 115, 

Im m unocytochem istry and im m u n ogold  electron m icroscop y  w as  
used to localize  the p resen ilins in  d iv id in g  c e lls  to  the inner nuclear 
m em brane, its associated  k in etoch ores, and the cen tro so m es. Th ese  
locations su ggest that the presen ilins function  in m itosis  and 
chrom osom e segregation , and that F A D  m utations m ay disrupt these  
processes. T h is con c lu sio n  has b een  reinforced b y our parallel find ing  
that fibroblasts from  PS and other A D  patients sh o w  ev id en ce  o f  
chrom osom e m is-se gregation , including trisom y 2 1  m osa ic ism . 
Preliminary transfection experim ents and an a lysis  o f  PS-1 knockout 
m ice a lso  indicate that the presen ilins are in v o lv ed  in ch rom osom e  
segregation . C h rom osom e a n a lyses o f  PS-1 and 2 transgenic m ice and 
a search for presenilin-interacting proteins in v o lv ed  in m ito sis  are 
underw ay. Together these and other data are m ost con sisten t w ith  a 
primary effect o f  F A D  m utant presen ilins in d iv id in g  ce lls  b ein g on  the 
cell cyc le  and ch rom osom e segregation , w h ich  then lead s to apop tosis  
and altered A P P  p rocessin g . Our ch rom osom e an a lyses o f  presenilin  
mutant individuals and the fact that D o w n  syndrom e (fu ll trisom y 2 1 )  
individuals all d eve lop  A D  pathology su g g est that the e ffect o f  P S  
m utations on  ch rom osom e segregation  m ay a lso  contribute to A D  by  
inducing the accum u lation o f  trisom y 21 c e lls  throughout life . T risom y  
21 ce lls  a lso  sh o w  altered A P P  p ro cessin g . Supported b y the N IA , the 
A D R D A , the Freudenberger fam ily , and an a n on om ou s donor.

8.2
THE INTRACELLULAR GENERATION OF CARBOXY-TERMINAL 
HETEROGENEOUS AMYLOID β-PEPTIDES IS EFFECTED BY 
PRESENILIN FAD-LINKED MUTATIONS IN ALZHEIMER’S DISEASE.
R. Wang* and S.N. Uljon. Laboratory for Mass Spectrometry, The Rockefeller 
University, New York, NY 10021

Amyloid β-protein (Aβ) is the major protein constituent found in the senile plaques 
of Alzheimer’s disease (AD) and is produced by proteolytic processing of a large 
type-I transmembrane protein, β-amyloid precursor protein (βAPP). Biochemical 
studies have demonstrated that genetic mutations in presenilin genes (PS1 and PS2) 
give rise elevated Aβ1-42. We have recently reported that Aβ1-43 can be detected from 
cultured cell media conditioned by mouse neuroblastoma (N2a) cells stably 
transfected with human APP695 cDNA and PS1 cDNA carrying exon-9 deletion 
mutation in addition to other carboxy-terminal heterogeneous Aβ peptides using 
immunoprecipitation/mass spectrometry assay. We have further investigated the 
generation of this Aβ1-43 species. The results from these studies have revealed several 
molecular characteristics of this Aβ1-43 species. Its generation is not correlated to the 
total Aβ level and neither the ratio of Aβ1-42 to Aβ1-40. It has only being detected from 
cell culture media conditioned by cells expressing PS1 with exon-9 deletion mutation 
but not other PS1 mutations including M 146L and A246E point mutations. The effect 
of the exon-9 deletion of PS1 on production of this A β1-43 peptide is same for both 
wild type APP and mutant APP with Swedish mutation. Intracellular Aβ peptide 
profile and subcellular Aβ peptide distribution were analyzed by subcellular 
fractionation and immunoprecipitation/mass spectrometry, which reveals detailed 
information on the effect of PS1 mutations on intracellular Aβ peptide production. 
These ex vivo experimental data will be reported in this presentation and should help 
us to understand how PS1 mutations function on APP processing and production of 
Aβ.

This study was funded by Alzheimer’s Association.

8 .4
EVIDENCE OF REGULATION OF γ-SECRETASE ACTIVITY BY PRESENILIN 
(PS) VIA PROTEIN COMPLEXES CONTAINING APP AND PS. W. Xia, J. Shen,
J. Zhang, D. Watson*. J. Zhou, B. Ostaszewski, K. Kosik and D.J. Selkoe Center for 
Neurologic Diseases, Brigham and Women’s and Harvard Medical School, Boston, MA 

Mutations in presenilin 1 and 2 are a major cause of early onset familial Alzheimer’s 
disease, but the mechanism by which they enhance Aß42 production is unclear. We 
have obtained evidence that small amounts of PS and APP can participate in protein 
complexes in cells, and DeStrooper et al have shown that PS 1 is required for normal γ- 
secretase cleavage of APP. We sought evidence for the regulation of the γ-secretase 
cleavages by APP-PS containing protein complexes. Using discontinuous Iodixanol 
gradient fractionation of cells expressing APP and PS, we detected APP-PS complex 
formation in both ER- and Golgi-rich fractions. Aß was quantitated in these same 
fractions by sandwich ELISA. Compared to wt CHO and HEK293 transfected cells, PS 
mutant cells had increased Aß42/Aßtotal ratios primarily in Golgi fractions. When 
fibroblasts were cultured from PS1 knockout (KO) embryos and fractionated, the 
distribution of APP and its C-terminal fragments (CTF) to ER and Golgi fractions was 
similar to that in fibroblasts of wt littermates, arguing against a major role of PS in 
trafficking APP or its CTF to a γ-secretase-rich vesicular compartment. Marked 
accumulation of CTFs was observed in ER and Golgi fractions of KO fibroblasts, and 
this accumulation was also shown directly in KO mouse brains, confirming a 
requirement of PS1 for CTF cleavage by γ-secretase. In co-immunoprecipitation 
experiments, any combination of PS1, APP and δ-catenin, a novel member of the 
Armadillo family, could be co-precipitated from lysates of transfected cells. 
Sedimentation of homogenates from CHO cells stably expressing APP, PS1 and a N- 
terminal truncated δ-catenin showed co-fractionation of all 3 proteins to the ER. All 
these data are consistent with our hypothesis that small amounts of APP, PS and 
probably other proteins can participate in complexes that regulate the cleavage of APP 
by γ-secretase. (AG 12749)

8.6
IDENTIFICATION OF SECRETED PRESENILIN 1 LOOP-RELATED 
FRAGMENTS. L. Benussi*1,2, A. Deng4, U. Langer, G. Binetti2, T.-W. Kim3,4, R.E. 
Tanzi3,4 and R.M. Nitsch1. 1Center for Molecular Neurobiology and Alzheimer Disease 
Research Group, University of Hamburg, Martinistr. 52, 20246 Hamburg, Germany, 
2IRCCS “Centro San Giovanni di Dio - FBF” Neurobiology laboratory, Brescia, Italy, 
3Aging and Genetics Unit and 4Dept. of Neurology, Massachusetts General Hospital, 
Boston, MA.

Mutant forms of presenilin 1 (PS1) protein are known to play critical roles in early 
onset familial Alzheimer disease (AD). We have recently found a secreted 12 kDa PS1 
loop-related fragment (PS1-LF) in human cerebrospinal fluid, that was absent in brain 
tissues and that was increased in sporadic AD patients. PS1-LF contains flanking 
sequences of both the presenilinase cleavage sites between positions 292 and 299 as 
well as the caspase cleavage site after Asp354. Because caspases are activated during 
apoptosis, we investigated wether PS1 can be secreted by cultured cells upon the 
induction of apoptosis. We treated HEK- 293 with staurosporine (STS) or with Aβ1-42, 
for 24 hours. The polyclonal antibody R9672 (raised against PS1 residues 300-314) 
detected 12 kDa and 23 kDa (p23), preabsorbable, PS1 derivatives at low levels in 
conditioned media. The 12 kDa PS1 fragment co-migrated with the previously 
observed CSF-derived PS1-LF, suggesting that they may be identical. STS increased 
dose-dependently the secretion of the p23 fragment. In contrast, treatment with Aβ1-42 
increased the secretion of PS1-LF while the secretion of p23 fragment decreased. PS1 
overexpression in transfected 293 cells increased the sensitivity to apotosis, leading to 
enhanced secretion of PS1-LF after serum depletion. Aβl-42 failed to further increase 
PS1-LF secretion in these cells. PS1 overexpression failed to change p23 secretion. 
These data show that PS1 can be processed into different secretory loop-related 
fragments. Cell damage induced by STS, Aβ1-42 or overexpression of PS1 differentially 
stimulates the generation of these PS1 fragments, suggesting that distinct proteases can 
be involved in processing of PS 1.
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8 .7

EFFECT OF ALZHEIMER MUTATIONS ON THE ACCUMULATION OF THE 
APOPTOSIS-RELATED PS1 C-TERMINAL FRAGMENT. D.M. Kovacs*, R. 
Mancini, G. Konopka, T.-W. Kim and R.E. Tanzi. Genetics and Aging Unit, Dept. 
of Neurology, Massachusetts General Hospital and Harvard Medical School, 
Charlestown, MA 02129, USA.

We examined the effects of familial Alzheimer's disease (FAD) mutations on 
the generation of PS 1 caspase-cleaved ("alternative") fragments in stably transfected 
human neuroglioma cells, and in immortalized lymphocyte cell lines from PS 1 FAD 
patients and from age-matched controls. Low levels of PS1 expression in both 
systems did not induce apoptosis. We quantitated levels of "alternative" C-terminal 
fragments (CTF) relative to "constitutive" CTFs following induction of apoptosis. 
After 24h of staurosporine treatment, cells transfected with PS1 containing FAD 
mutations revealed a 2.5- to 4.0-fold increase in the ratio of alternative:normal 
fragments as compared to cells transfected with wild-type PS1. The Δ10 PS1 
mutation resulted in the greatest increase in alternative CTFs relative to the full- 
length protein. However, two different PS1 mutations in 7 immortalized lymphocyte 
cell lines from different patients showed only a small and non-significant increase in 
the ratio of alternative:normal CTFs relative to 6 control lines. We are currently 
metabolically labeling the lymphocyte cell lines, with the hope that 
immunoprecipitation of the labeled lymphocyte CTFs may confirm the results 
obtained with the neuroglioma cells. Thus, FAD mutant PS 1 significantly increased 
the ratio of alternative:normal CTFs in stably transfected, apoptotic human 
neuroglioma cells, while heterozygous expression of endogenous mutant PS 1 resulted 
in a much smaller increase in lymphocyte cell lines. These data suggest that a 
pathogenic consequence of FAD mutations in PS1 may be increased caspase-mediated 
cleavage in response to an apoptotic stimulus. We will also present results of a 
separate study assessing the effects of cholesterol depletion (by methyl-ß-cyclodextrin 
treatment) on the alternative endoproteolytic cleavage of PS 1, APP processing and 
apparent decreased generation of Aß and Aß42.

(Supported by grants from the NINDS and the NIA, by the French Foundation, and 
by the Metropolitan Life Foundation)

8 .9

PROTEOLYTIC PROCESSING OF PRESENILIN AND ITS REGULATION BY 
PHOSPHORYLATION. C. Haass*1, J. Walter1, H. Romig2, A. Capell1, M. 
Citron3, D. Selkoe4, K. Mendla2, and H. Steiner1. 1Central Institute for Mental 
Health, Department of Molecular Biology, J5, 68159 Mannheim, Germany; 
2Boehringer Ingelheim KG, 55216 Ingelheim, Germany; 3Amgen Inc., Thousand 
Oaks, CA, USA; 4Harvard Medical School, Boston, MA 02115, USA.

Presenilin (PS) proteins are proteolytically processed into a N-terminal ~30 
kDa (NTF) and a C-terminal ~20 kDa fragment (CTF20). We demonstrate that these 
fragments are resistant to proteolytic degradation, whereas the full-length precursor is 
rapidly degraded by the proteasome. Expression of a recombinant NTF with a stop 
codon inserted at the natural cleavage site (NTF298) results in its very rapid 
degradation. Co-immunoprecipitations reveal that NTF298 is not incorporated into 
the heterodimeric complex, therefore indicating that complex formation is required 
for the stability of PS fragments. Degradation of NTF298 can be blocked by 
proteasome inhibitors. NTF298 containing a FAD associated mutation does not cause 
an enhanced generation of the 42 amino acid Amyloid ß-peptide (Aß42) even after its 
stabilization upon inhibition of proteasome activity. This indicates that the full- 
length precursor or the CTF20 complexed with the NTF are required for pathological 
activity. PSIΔexon9 is expressed as an uncleaved protein. Pulse chase experiments 
revealed that PSIΔexon9 is rapidly degraded, a process which can be blocked by 
proteasomal inhibitors. Moreover, inhibition of proteasomal activity reveals a novel 
C-terminal fragment which is generated by an alternative conventional cleavage of 
PSIΔexon9. CTF20 is known to be a death substrate for proteases of the caspase 
superfamily which generate a -10 kDa proteolytic fragment. This cleavage can be 
inhibited by phosphorylation immediately adjacent to the cleavage site at the critical 
Asp. CTF10 but not CTF20 is a substrate for a cystein protease as well as the 
proteasome. From these data we conclude that PS1 metabolism is highly controlled 
by phosphorylation and proteolytic processing/degradation via the proteasome, 
caspases, and a cystein protease activity.

8.11
SE Q U E N C E  R E Q U IR E M E N T S FO R  E N D O P R O T E O L Y SIS O F  
P R E SE N IL IN S A N D  A S S O C IA T IO N  O F D E R IV A T IV E S .
G. Thinakaran* and C. A. Saura. D iv ision  o f  Neuropathology,
Department o f  Pathology, t h e  Johns H opkins U niversity School o f  
M edicine, Baltim ore, M D  21205.

M utations in two genes, PS1 and PS2 cause early onset A lzheim er’s 
disease. PS1 and PS2 are hom ologous polytop ic membrane proteins that 
are endoproteolytically processed  in vivo. The resulting N - and C-terminal 
derivatives (NTF and CTF) accumulate to 1:1 stoichiom etry and exhibit 
half-lives o f  ~24 h. The absolute levels o f  PS1/PS2 derivatives are 
established by a tightly regulated and saturable mechanism . Recently, we  
reported that PS1 or PS2-derived N T F and CTF associate in vivo. In cells  
co-expressing PS1 and PS2, w e failed to detect heteromeric assem blies 
containing PS1 and PS2 derivatives. In contrast, analysis o f  a PS1N /PS2C  
chimera revealed that the resultant PS1 N T F and PS2 CTF coassem bled. 
Furthermore, in stable m ouse N 2a cell lines transgene-derived human PS1 
polypeptides terminating at aa 298 (analogous to murine PS1 NTF) failed  
to associate with either endogenous PS1 or PS2 CTF. T hese results indicate 
that association betw een sequences contained within N - and C-terminal 
dom ains o f  the precursor PS polypeptide precedes endoproteolysis. In 
order to define the sequence requirements for PS1 endoproteolysis, w e  
exam ined the m etabolism  o f  PS1 experim ental deletion variants in stable 
N 2a cell lines. T hese studies revealed that regulated endoproteolysis is 
abolished by sm all deletions distal  to the site o f  endoproteolytic cleavage.
In contrast to PS1 N T F and CTF, PS1 polypeptides harboring experimental 
deletions (including transgene-derived PS1 NTF) were degraded rapidly 
with half-lives o f  ~ 1-2 h. Furthermore, overexpression o f  these short-lived  
PS polypeptides had no effect on endoproteolysis and accumulation o f  
endogenous PS1. Our results are consistent with a m odel in which PS 
polypeptides are stabilized prior to endoproteolysis.
Supported by NIH , and the Adler Foundation.

8.8
ROLE O F NITR IC  O XIDE IN AP O PTO S IS  INDUCED BY O XIDATIVE  
STRESS: M O DULATION O F PS1 P R O CESSING . L.Gasparini* S.Moraschi. 
R.Ghidoni. A.AIberici. L.Benussi, D.Moratto, M.Trabucci1, A .Bianchetti, 
J.H.Growdon2; R.Nitsch3 and G.Binetti. Neurobiology Lab, IRCCS "Centro San 
Giovanni di Dio-FBF", S.Cuore Hospital, Brescia, Italy; 1Dept.of Experimental 
Medicine and Biochemical Sciences, University of Rome Tor Vergata, Rome, 
Italy; 2Dept. of Neurology, Harvard Medical School, Boston, MA, USA; 3Center 
for Molecular Neurobiology, University of Hamburg, Hamburg, Germany.

Presenilin 1 (PS1) mutations have a pathogenetic role in early onset 
Alzheim er’s disease. Recent findings suggested that PS1 can play a pivotal 
role in apoptosis. It was demonstrated that presenilins overexpression increase 
susceptibility to apoptosis. Furthermore, presenilins undergo an alternative 
cleavage by Caspase3 during apoptosis. Nitric Oxide (NO) is a very reactive 
species that seems to play a peculiar role in neurodegenerative processes. It 
was shown that NO could be both neurotoxic or neuroprotective depending on 
the redox state of the cell. Aim of this study was to evaluate the role of NO on 
PS1 processing during apoptosis associated with oxidative stress. Confluent 
H4 neuroglioma cells were treated for 4h and 24h under serum withdrawal 
(SW ) or an apoptotic stimulus strongly associated with oxidative stress such as 
aglycemia (serum and glucose deprivation + 50mM 2-deoxy-D-glucose), in 
absence and presence of 1mM Sodium Nitroprusside (SNP) as NO-donors. 
PS1 protein was detected by western blot analysis with an anti-loop PS1 
policlonal antibody. PS1 21 kDa intracellular fragment was decreased by S W  at 
4h and 24h. Aglycemia for 4h or 24h increased the 21 kDa PS1 fragment 
detection in cell lysate. Moreover, SNP was able to increase PS1 21 kDa 
fragment production under both S W  or aglycemia at 4h and 24h. Cytochrome c 
release from mitochondria was also increased by SNP. These results show that 
PS1 protein is induced under aglycemia and that NO seems to play a 
neurotoxic role exacerbating apoptosis and enhancing PS1 processing.

8.10
ENDOGENOUS PRESENILIN 1. PRESENILIN 2 AND SOLUBLE APP IN 
PRIMARY CULTURES OF FETAL RAT ASTROCYTES AND NEURONS: 
EFFECTS OF 5-HT2A/C, ADENYLYL CYCLASE, OR PGE2 STIMULATION ON 
NORMAL, ALTERNATIVE AND NOVEL PROTEOLYTIC FRAGMENTS
M.d. Paradis*, R.K. Lee, R.J. Wurtman, D ept of Brain &Cognitive Sciences, MIT

We have previously shown that APP synthesis in astrocytes can be positively 
regulated by increasing cAMP or by stimulating PGE2 receptors. Furthermore, the 5- 
HT2u/2c agonist dexnorfenfluramine (DNF) promotes APP cleavage in both neurons 
and astrocytes. These findings led us to hypothesize that similar treatments might 
effect the synthesis or metabolism of the Presenilins. We now report that:

1) Endogenous PS1 and PS2 are abundant in fetal rat primary astrocytes, as 
demonstrated by immunostaining of Western Blots. HoloPSl is readily detectable, as 
is a novel ~30kDa CTF; normal (~2OkDa) and alternative (~14kDa) CTFs are barely 
discernible. Parallel blots showed that endogenous PS2 exists principally as the 
normal (~2OkDa) CTF, although the alternative (~14kDa) CTF was also apparent.

2) In fetal rat primary neurons, all species of endogenous PS1 are difficult to 
detect. Endogenous PS2, on the other hand, is abundant, existing principally as a 
~24kDa CTF, and also as ~ 18kDa and ~14kDa alternative CTFs.

3) Preliminary evidence in astrocytes indicates that 24 hour treatments with either 
PGE2 (10-µM), 8Br-cAMP (250µM), or Forskolin (50µM) increase this novel 
~30kDa CTF of PS1 relative to controls, without altering holoPS1 or any species of 
PS2. Furthermore, 1 hour treatments with DNF (30µM) or DOI (10µM) decrease this 
same fragment relative to control, without altering either holoPS1 or any species of 
PS2.

4) Finally, strong, high-molecular weight PS1 and PS2 C-terminal 
immunoreactivity was observed in the 1 hour cultured media of these neurons. 
Preliminary evidence suggests that this PS1 immunoreactivity co-migrates with 
soluble APP at ~100kDa. (Supported by an NSF Graduate Fellowship, NIH 
#MH28783 and Center for Brain Sciences & Metabolism Charitable Trust)

8.12
M O L E C U L A R  DISSEC T IO N  O F  D O M A IN S IN M U T A N T  
PR ESE N ILIN  2 T H A T  M ED IA TE O V E R P R O D U C T IO N  O F  A ß 42.
T. Iw atsubo*1,T. T om ita1, S. Tokuhiro1,T. H ashim oto1, A. K oy am a1, N. 
Takasugi*1, K. A iba1, T.C. Saido2, K. M aruvama3, 1 D ept. o f  Neuropathol. 
& N eurosci., Univ. o f  T ok yo , T ok yo  2  RIKEN Brain Sci. In st, Wako 3 
Natl. Inst. Phys. Sci., Okazaki, Japan

M utations in presenilin (PS) 1 or PS2 genes account for the majority o f  
early-onset familial A lzheim er’ s d isease (FAD), and these mutations have 
been shown to increase production o f species o f  am yloid ß peptide ending  
at residue 4 2  (A ß42), i.e. the m ost am yloid ogen ic  form  o f  Aß. T o gain  
insight into the m olecular m echanism s whereby mutant PS induces 
overproduction o f  Aß42, we constructed cD N A s en cod in g mutant and/or 
truncated forms o f PS2 and exam ined the secretion o f Aß42 from COS or 
neuro2a cells  transfected with these genes. Cells expressing full-length  
PS2 harboring both N 141I and M 239V  mutations in the same polypeptide  
induced overproduction o f  Aß42, although the levels o f  Aß42 were 
com parable to those in cells engineered to express PS2 with one or the 
other o f  these PS2 mutations. In contrast, cells engineered to express  
partially truncated PS2 (elim inating the C-terminal third o f  PS2 while 
retaining the endoproteolytic N-term inal fragm ent) and harboring a 
N 141I mutation, as well as cells expressing C-terminal fragm ents o f  PS2, 
did not overproduce A ß42, and the levels o f  Aß42 were com parable to  
those in cells that expressed full-length, w ild-type PS2 or fragm ents 
thereof. These data indicate that: (i) the Aß42-prom oting effects o f  mutant 
PS2 proteins reach the m axim um  level with a given single am ino acid 
substitution (i.e ., N 141I or M 239V ); (ii) the expression o f  full-length  
mutant PS2 is required for the overproduction o f  Aß42. H ence, 
cooperative interactions o f  N- and C-terminal fragm ents generated from  
full-length mutant PS2 may be important for the overproduction o f A ß42  
that may underlie FAD. (Supported by Grants-in-Aid from the M inistry o f  
Health and Welfare and CREST, Japan.)
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9.1

ACTIVATION OF MAPK IS NECESSARY FOR NMDA RECEPTOR- 
INDEPENDENT LTP IN HIPPOCAMPAL AREA CA1. E. Klann*. B.I. 
Kanterewicz, and E.D. Norman. Deptartment of Neuroscience and the Center for the 
Neural Basis of Cognition, University of Pittsburgh, Pittsburgh, PA

The induction of long-term potentiation (LTP) in hippocampal area CA1 can be 
either dependent or independent of N-methyl-D-aspartate (NMDA) receptor activation. 
To gain insight into the signaling cascades involved in NMDA receptor-independent 
LTP (NN-LTP) in area CA1, we tested whether activation of the mitogen-activated 
protein kinase (MAPK) cascade was necessary for this form of synaptic plasticity. 
NN-LTP was induced by high frequency stimulation (HFS) consiting of three 1-sec 
trains (200 Hz) delivered 2.5 min apart in the presence of 50 µM DL-2-amino-5- 
phosphonovaleric acid (APV). To determine whether MAPKs were activated during 
NN-LTP, we used an antibody that recognizes the active forms of p42 and p44 
MAPK to perform Western blots on homogenates from control and NN-LTP slices. 
We observed no change in the level of active p42 MAPK 2.5 min after the final train 
of NN-LTP-inducing HFS (116±32 % of control, n=6). However, we observed an 
increase in active p42 MAPK 10 min after the final HFS (l40±7% of control, n=4). 
To determine whether the activation of p42 MAPK was necessary for NN-LTP, we 
conducted experiments with U0126 (Dupont Merck), a potent inhibitor of MAPK 
kinase, the dual specficity kinase that phosphorylates and activates MAPKs. In 
preliminary experiments we observed that incubation of hippocampal slices with 20 
µM U0126 resulted in a 66 % decrease in active p42 MAPK. In the absence of 
U0126, slices exhibited NN-LTP 45 min after the final HFS (slope of fEPSP = 
151± 11% of control, n=6). In contrast, when slices were incubated with 20 µM 
U0126, NN-LTP was blocked 45 min after the final HFS (slope of fEPSP = 104±7% 
of control, n=6). U0126 had no effect on either normal synaptic transmission recorded 
in the presence of 50 µM APV or on previously established NN-LTP. These results 
are similar to those previously reported for NMDA receptor-dependent LTP in area 
CA1 (J. Biol. Chem. 272:19103) and indicate that regardless of induction paradigm, 
activation of p42 MAPK is necessary for the expression of LTP in hippocampal area 
CA1. Supported by NIH grant NS34007 (E.K.).

9.3

ASSOCIATIVE LEARNING ELICITS MAP KINASE AND PROTEIN KINASE 
C ACTIVATION IN THE HIPPOCAMPUS. C.M. Atkins* and J.D. Sweatt. 
Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030.

We investigated the biochemical mechanisms underlying learning and memory in the 
hippocampus. One approach to studying this question has been to investigate 
hippocampal long-term potentiation (LTP), a strengthening of synaptic connections. 
LTP is considered to be a potential cellular candidate as a mechanism for learning in 
the hippocampus. The biochemical sequelae activated in LTP have been found to 
include the activation of protein kinases by phosphorylation. Two of these kinases, 
protein kinase C (PKC) and mitogen-activated protein kinase (MAP kinase), are 
phosphorylated during the early phase of LTP and are required for the induction of 
LTP. We tested the hypothesis that PKC and MAP kinase are phosphorylated during a 
hippocampal associative learning task, contextual fear conditioning.

To test this hypothesis, rats were trained to associate a fearful stimulus, a mild foot 
shock, with a tone and a unique context. Twenty-four hours later, the animals 
exhibited marked fear to the tone and the context in which the animals were trained. 
The hippocampi from the trained animals were assayed by quantitative western 
blotting for changes in the phosphorylation levels of PKC and MAP kinase. We found 
that there was an increase in the phosphorylation of PKC and MAP kinase one hour 
after training. Animals which received either the tone or the shock alone in the unique 
context did not exhibit increases in PKC and MAP kinase phosphorylation levels. 
Administration of an NMDA receptor antagonist, MK-801, to animals prior to training 
attenuated the increases in PKC and MAP kinase phosphorylation.

From these experiments, we conclude that PKC and MAP kinase are phosphorylated 
in the hippocampus during contextual fear conditioning, a hippocampal learning task. 
Furthermore, we conclude that these results are consistent with the hypothesis that LTP 
is a cellular mechanism contributing to learning and memory.

Supported by the NIMH and WSFF.

9 .5

A CRITICAL ROLE FOR MAP KINASE IN STIMULUS-TRANSCRIPTION 
COUPLING IN HIPPOCAMPAL AREA CA1. J.P. Adams*. E.D. Roberson, † J.D. 
English.† J.C. Selcher, and J.D. Sweatt. Division of Neuroscience, Baylor College of 
Medicine, Houston, TX 77030. (Equal contributors denoted by † )

We have recently demonstrated that the MAPK cascade plays a crucial role in 
synaptic plasticity of area CA1 of rat hippocampus. However, neither the upstream 
activators nor the downstream effectors of MAPK in the hippocampus have yet been 
determined. Neurotransmitter modulation of hippocampal neurons is involved in the 
induction of LTP. We therefore hypothesized that these neurotransmitters might be 
coupled to the activation of MAPK in area CA1 of the hippocampus. We tested this 
hypothesis by assaying for activated MAPK in area CA1 after activation of various 
modulatory neurotransmitters receptors, including dopamine, metabotropic glutamate, 
muscarinic acetylcholine, and beta-adrenergic receptors. We found that activation of 
each of these receptors led to increased levels of MAPK activation that could be 
blocked by either PD 098059 or U0126, two inhibitors of MEK.

The biochemical mechanisms underlying the induction of late-phase LTP are still 
under investigation. It is known that several kinases including PKA, PKC, and 
MAPK are involved; in addition, the phosphorylation of the transcription factor 
CREB has been implicated. Consequently, we hypothesized that MAPK could 
mediate the activation of CREB by PKA and PKC. To test this hypothesis, we first 
activated PKA and PKC, and then assayed for MAPK and CREB activation in area 
CA1 by western blotting using phospho-specific antibodies. We found that activation 
of PKA and PKC led to MAPK activation and increased CREB phosphorylation; both 
of these increases could be attenuated by MEK inhibition.

These results indicate that there is an unexpected richness of diversity in regulation 
of MAPK in the hippocampus, and suggest the possibility of a broad role for the 
MAPK cascade in regulation of gene expression in long-term forms of hippocampal 
synaptic plasticity.

Supported by NIMH and the Life and Health Insurance Medical Research Fund.

9 .2

MAP KINASE IS REQUIRED FOR THE FULL EXPRESSION OF β- 
ADRENERGIC RECEPTOR-MEDIATED FACILITATION OF LTP EVOKED BY 
SUB-THRESHOLD TETANI. D.G. Winder*, K.C. Martin, and E.R. Kandel: Ctr. 
for Neurobiol. & Behav., Columbia Univ. College of Phys. and Surg., HHMI, New 
York, NY 10032.

β-adrenergic receptors have a surprisingly powerful modulatory influence on the 
early phase of LTP at the Schaeffer collateral-CA1 pathway of hippocampus. 
Prolonged low-frequency stimulation that by itself produces no enhancement of 
synaptic transmission will trigger robust LTP in the presence of β-adrenergic 
receptor activation. This effect of β-adrenergic receptor activation in modulating 
LTP is PKA-dependent, and likely involves the suppression of phosphatase activity 
(Thomas et al., Neuron 17, 1996). This raises the question: which kinases are 
relieved by this suppression of phosphatase activity? Recent reports suggest that β- 
adrenergic receptor activation can activate p42-44 MAP kinase in area CA1 
(Roberson et al., SFN Abstract 549.12, 1997). We now report that in addition to 
being dependent on PKA-mediated suppression of phosphatases, the regulation of 
LTP by β-adrenergic receptors is also dependent on MAP kinase. Preincubation of 
mouse hippocampal slices with the MAPK kinase inhibitor PD 98059 selectively 
reduced the ability of the ββ-adrenergic receptor agonist isoproterenol to facilitate the 
formation of LTP by a 3 minute 5 Hz tetanus. In contrast, pretreatment with PD 
98059 had no effect on the ability of isoproterenol to transiently enhance synaptic- 
transmission. The action on LTP of PD 98059 appears to reflect its specific actions 
on MAP kinase. A structurally similar compound, α-naphtho-fl avone, which 
antagonizes the aryl hydrocarbon receptor (as does PD 98059), did not inhibit the 
effect of isoproterenol on LTP evoked by subthreshold tetani. Moreover, using 
confocal microscopy to image phospho-MAP kinase antibody reactivity in hippo
campal slices, we have found that β-adrenergic receptor activation rapidly activates 
p42-44 MAP kinase in dendrites in stratum radiatum of area CA1. Thus these data 
suggest the interesting possibility that in addition to previously suggested roles in 
more long-term forms of plasticity (Martin et al., Neuron 18, 1997), MAP kinase 
plays a role in early phases of synaptic plasticity. (Supported by NIH and HHMI.)

9 .4
Kv4.2, A TRANSIENT A-TYPE K+ CHANNEL, IS A SUBSTRATE FOR 
MULTIPLE KINASES INVOLVED IN LTP INDUCTION. A.E. Anderson1*, 
J.P. Adams2, J.W. Swann1,2, D. Johnston2, P.J. Pfaffinger2, and J.D. Sweatt2. 1Dept. 
of Pediatrics and 2Div. of Neuroscience, Baylor Coll. of Med., Houston, TX 
77030.
LTP is an activity-dependent increase in synaptic strength in which the membrane 
potential of hippocampal pyramidal neurons influences LTP induction. Because K+ 
channels are important for controlling membrane potential, it is likely that 
regulation of K+ channels plays a role in LTP induction. In the hippocampus the K+ 
channel, Kv4.2, is localized to the somatodendritic regions of pyramidal neurons 
and studies in hippocampal dendrites have shown that the activity of native A 
channels, thought to be composed of Kv4.2 subunit proteins, is influenced by 
activation of PKA, PKC, and MAPK. We were therefore interested in determining 
if Kv4.2 might be directly regulated by phosphorylation. The Kv4.2 amino acid 
sequence reveals consensus sites for PKA, PKC, CaMKII, and MAPK. We tested 
whether GST-fusion protein constructs of the N- and C-termini of Kv4.2 serve as 
substrates for these kinases. We found that both the N- and C-terminal constructs 
were phosphorylated by PKA while only the C-terminus construct was 
phosphorylated by PKC, CaMKII, or MAPK in vitro. The PKA and MAPK 
phosphorylation sites were identified after digestion, phosphopeptide mapping, and 
automated sequencing. The phosphorylation sites are Thr38 and Ser552 for PKA and 
Thr602, Thr607, and Ser616 for MAPK. Enzyme kinetic studies of the PKA sites 
suggest that these peptides are efficacious substrates for PKA. Kinetic 
experiments are underway for the MAPK sites. A similar approach is planned for 
identification of the PKC and CaMKII phosphorylation sites. These results 
suggest that Kv4.2 is a substrate for the kinases involved in the induction and 
maintenance of LTP and suggest that Kv4.2 phosphorylation could play an 
important role in LTP. Supported by NINDS and NIMH.

9 .6

L-TYPE CALCIUM CHANNELS SUPPORT A SELECTIVE RESPONSE OF 
NUCLEAR CREB PHOSPHORYLATION TO EPSPs RATHER THAN ACTION 
POTENTIALS. P.G. Mermelstein1*, G.S. Pitt1, H. Bito1,2, K. Deisseroth1 and R.W. 
Tsien1. 1Dept. of Molecular and Cellular Physiology, Stanford Univ., Stanford, CA 
94305 and 2Dept. of Pharmacology, Kyoto Univ. Sch. Med. Kyoto 606-8315 Japan.

In hippocampal neurons, a rapid signaling pathway from synapse to nucleus 
shows a remarkable ability to distinguish between spike activity and excitatory 
synaptic potentials (Deisseroth et al., 1996). Nuclear CREB phosphorylation 
(pCREB) is induced by synaptic activity, but not by action potential stimulation, 
even though spikes generate large elevations of [Ca2+]i. The basis of such 
discrimination gains extra interest in light of our recent finding that Ca2+ entry 
through L-type channels plays a particularly strategic role in promoting calmodulin 
translocation, and ultimately, CREB phosphorylation. We have compared the 
divalent cation entry (integrated Ba2+ charge) associated with voltage-clamping with 
a mock AP waveform (QAP) or with a short depolarizing pulse to -30 mV (QPULSE) as 
an approximation of a dendritic EPSP in the presence or absence of nifedipine, an 
L-type calcium channel antagonist. The fractional contribution of nifedipine- 
sensitive channels was much less for QAP than for QPULSE. Moreover, the ratio 
Q ap/Q pulse was >2-fold lower for L-type channels than for the remaining channels. 
The difference was traced to at least two factors: L-type channels activated at 
potentials ~10 mV more negative than the non-L channels, favoring Qpulse(L), but 
exhibited significantly slower activation kinetics, disfavoring QAP(L). Thus, 
assignment of the initiation of CaM translocation and CREB signaling to L-type as 
opposed to other voltage-gated Ca2+ channels may account for spike versus EPSP 
discrimination. The idea that L-type channels are merely at a quantitative 
disadvantage for spikes was supported by use of the L-type agonist Bay K 8644, 
which rendered CREB phosphorylation responsive to AP stimulation. 
Correspondingly, Bay K 8644 induced a ~4-fold increase in QAP.

Sponsored by NIH grants (R.W.T.) and a Pfizer postdoctoral fellowship (G.S.P.).

Society for Neuroscience, Volume 2 4 ,1998



8 LONG-TERM POTENTIATION I SUNDAY AM

9.7
REAL-TIME TRACKING OF ACTIVITY-DEPENDENT CALMODULIN TRANS
LOCATION TO THE NUCLEUS IN HIPPOCAMPAL NEURONS. G. S. Pitt*,
P. G. Mermelstein, K. Deisseroth and R. W. Tsien. Dept. Molec. & Cell. Phys., 
Stanford Univ. School of Med., Stanford, CA 94305.

Activity-dependent phosphorylation of the transcription factor CREB depends on 
Ca2+ influx through L-type Ca2+ channels, correlates with translocation of calmodulin 
(CaM) from cytoplasm to nucleus, and is blocked by exogenous nuclear ĊaM-binding 
peptide. These and other data suggest that CaM may link Ca2+ influx through synaptic 
L-type channels to nuclear CREB activation. To dissect this signaling pathway, we 
began by studying the translocation of GFP-tagged CaM in cultured hippocampal 
neurons. K+-depolarization caused a significant increase in the nuclear:cytoplasmic 
CaM ratio, peaking at ~3 min. Elevation of (Ca2+)4-CaM in dendrites was detected 
with a GFP-based CaM reporter (FIP-CB, courtesy of A. Persechini); nuclear (Ca2+)4- 
CaM was monitored with FIP-CB restricted to the nucleus (FIP-CB-NLS). A 
significant increase in nuclear (Ca2+)4-CaM was consistently found, reaching a 
maximum at ~3 min, significantly later than either the dendritic rise in (Ca2+)4-CaM 
or the increase in nuclear free Ca2+. This pointed to a time-dependent series of events 
that brings CaM to the nucleus in its Ca2+-bound form, rapidly enough to trigger 
pCREB. Pretreatment of the cells with EGTA-AM failed to block the rise in nuclear 
(Ca2+)4-CaM. Conversely, nifedipine strongly reduced the nuclear (Ca2+)4-CaM 
signal, while largely sparing the overall rise in cytoplasmic and nuclear Ca2+. 
Evidently, bulk Ca2+ elevation is neither necessary nor sufficient for activity- 
dependent CaM translocation, but local Ca2+ signaling near L-type channels is key. 
Preliminary data suggest that fusing a CaM-binding peptide to GFP-tagged CaM 
inhibits its translocation, and that KN-93 (an inhibitor of CaM kinases) blocks native 
CaM translocation (detected immunocytochemically). This raises the possibility that 
translocation is initiated by CaM binding to an endogenous CaM-binding protein, and 
perhaps, by activation of enzymatic activity. Supported in part by a Pfizer 
Postdoctoral fellowship award (G.S.P.).

9.8
A LATE PHASE OF CEREBELLAR LONG-TERM DEPRESSION (LTD) 
REQUIRES ACTIVATION OF CREB AND CaMKIV. D .J . Linden*, S. Abn, 
and D.D. Ginty Department o f Neuroscience, Johns Hopkins University School o f  
Medicine, Baltimore, MD 21205.

Cerebellar LTD may be induced in the cultured mouse Purkinje neuron (PN) when 
glutamate pulses and PN depolarization, which mimic the effects o f parallel and 
climbing fibers respectively, are co-applied. Recently, it has been shown that 
cerebellar LTD in culture has a late phase which may be blocked by protein synthesis 
inhibitors or nuclear removal (Neuron 17:483). To begin to understand the specific 
events underlying the late phase, we have employed strategies to interfere with the 
transcription factor CREB. Biolistic transfection o f cultured PNs with an expression 
vector encoding a dominant negative form o f CREB (A-CREB, Mol. Cell. Biol. 
18:967) resulted in a nearly complete blockade of the late phase (103 ± 8% of 
baseline at t=110 min, n=7) as compared with an empty vector control (54 ±  9%, 
n=6). Fura-2 microfluorimetry revealed that these transfections did not significantly 
alter depolarization-induced Ca influx or mGluR-induced Ca mobilization at the 
concentrations used, suggesting that their effects were indeed mediated by inhibition 
o f CREB activity rather than inhibition o f processes previously shown to be 
necessary for LTD induction. As CREB is activated by phosphorylation at ser-133, 
kinases that phosphorylate this site were inhibited and late phase LTD was assessed. 
While inhibitors o f  PKA (Rp-8CPT-cAMP-S, KT5720) were without effect, 
inhibitors o f CaMKs [KN-92, calmidazolium, CaMKII(273-302)] produced an 
attenuation o f late phase similar to that of A-CREB. Because these CaMK inhibitors 
do not differentiate among the various isotypes o f CaMK, PNs were transfected with 
an expression vector encoding a dominant negative form of CaMKIV [ΔCaMKIV(i), 
J. Exp. Med. 184:101]. This treatment produced a partial attenuation o f the late 
phase o f LTD (88 ±  9%, n=7) and did not significantly alter the Ca signaling 
measures described above. These results suggest that activation o f CREB and 
CaMKIV are necessary to establish a late phase o f cerebellar LTD, but do not prove 
that phosphorylation of CREB by CaMKIV is required. Supported by MH51106 and 
the Develbiss Fund

9.9
ABSENCE OF LONG-TERM DEPRESSION IN THE CEREBELLUM OF 
nNOS KNOCKOUT MICE IS PKG THE MISSING LINK? V. Lev-Ram1*, 
D.A. Zacharias3, T.J. Deerinck2, M.H, Ellisman2, S. Lohmann4 and R.Y. Tsien1,3. 
1Dept. Of Pharmacology, 2Neuroscience and 3 HHMI, UCSD, La Jolla, CA 
92093-0647; 4Univ. Würzburg, Germany

Neuronal nitric oxide synthase (nNOS) is abundant in the cerebellum, 
where NO is crucial for the induction of long-term depression (LTD), a 
reduction in the efficacy of the synapses from parallel fibers (PFs) to Purkinje 
cells (PCs). LTD is induced by NO production from PF activity coincident with 
a rise in PC [Ca 2+]i. We previously showed that LTD could not be induced in 
nNOS knockout (KO) mice by physiological stimulation. LTD could not be 
rescued by uncaging NO or cGMP inside the PCs together with [Ca2+]i 
elevation, even though such protocols bypass pharmacological inhibition of NO 
or cGMP production in normal mice and rats (Lev-Ram et al, Neuron 15: 407- 
15, 1995; Neuron 18: 1025-38, 1997; and Learning and Memory 3: 169-77, 
1997). Moreover, guanylate cyclase immunolocalization and cGMP production 
in response to NO seemed to be normal in nNOS KO mice. We have now 
investigated the next step in the LTD signal transduction pathway, cGMP- 
dependent protein kinase (PKG). In preliminary studies, Western blot analysis 
indicated about 30% less PKG in the KO cerebella compared to control mice. 
Immunohistochemical results also indicated less intense staining of PKG in 
nNOS KO Purkinje neurons. The absence of nNOS and NO during development 
may have resulted in lower levels of PKG, a reduction which would further 
hinder the normal induction of LTD. Supported by NS27177 and RR04050.

9.10
POSTSYNAPTIC EXPRESSION OF LONG-TERM POTENTIATION IN THE 
DENTATE DEMONSTRATED BY VARIANCE-MEAN ANALYSIS
J.D. Clements* and C.A. Reid John Curtin School of Medical Research, Australian 
National University, Canberra, ACT 0200 Australia.

Long-term potentiation (LTP), a long-lasting enhancement of synaptic efficacy, is a 
standard model for learning and memory. Despite extensive study, the site of LTP 
expression (pre- or post-synaptic) remains controversial. We investigated LTP at 
synapses in the dentate gyrus using a novel analytical method based on epsc 
amplitude fluctuations. Epscs were recorded in 2 mM [Ca2+]o and in the presence of 
2 µM Cd2+ and 6 µM Cd2+. The variance of the epsc amplitude was plotted against 
the mean epsc amplitude for each extracellular solution. The slope of this variance- 
mean plot estimates the average amplitude of the postsynaptic response to a single 
vesicle of transmitter (Q). The method was validated by estimating the slope before 
and after the addition of a competitive AMPA channel antagonist. CNQX (0.4 µM) 
reduced the epsc amplitude by 37 ± 2% and Q by 33 ± 2% (n=5). The variance-mean 
slope should be insensitive to a reduction in release probability (Pr). This was 
confirmed by changing Pr with a GABAg agonist. Baclofen (4 µM) reduced the epsc 
amplitude by 41 ± 6% (n=5) while Q was unaltered (106 ± 8%). Similarly, changes in 
the number of active synapses (N) should not change the slope. An increase in 
stimulus strength increased the amplitude to 
170 ± 10% (n=4) without altering Q 
(100 ± 5%). Thus, the variance-mean technique 
permits a distinction between a change in Q 
and a change in N and/or Pr. Induction of LTP 
increased epsc amplitude to 150 ± 4%. A corre
sponding increase of 146 ± 6% (n=5) in Q sug
gests a purely post-synaptic mechanism for 
LTP in the dentate gyrus.
Supported by Australian Research Council

9.11
CLUSTERING OF GLUR1 INDUCED BY TETANIC STIMULATION IN HIP- 
POCAMAPAL SLICE NEURONS S.-H. Shi. Y. Hayashi, S. Zaman, K. Svoboda, 
R. Malinow*, Cold Spring Harbor Lab., Cold Spring Harbor, NY 11724 

A number of studies suggest that changes in the distribution and function of 
AMPA-type glutamate receptors may underlie some forms of synaptic plasticity. To 
monitor directly changes in AMPA receptor distribution in living neurons, we gener
ated a recombinant GluR1 tagged with enhanced GFP. The tag is placed in the N- 
terminus, a site predicted to be intraluminal/extracellular. Expression of the GluR1 - 
GFP construct in HEK cells generates a functional protein that is electrophysiologi- 
cally indistinguishable from wild-type GluR1. This tagged recombinant receptor was 
introduced into neurons with a neurotropic Sindbis virus expression system. Within 
24 hrs of infection, dissociated cultured neurons showed expression throughout the 
dendrites. To examine surface distribution, infected neurons were fixed in non- 
permeabilized conditions and immunolabeled with anti-GFP antibody. Surface 
GluR1-GFP showed a punctate distribution that colocalized with endogenous surface 
GluR2 and the presynaptic marker, synapsin I. The fraction of recombinant protein 
exposed to the surface was estimated to be low (generally <10%). Neurons in orga
notypic hippocampal slice culture were infected and examined with a custom built 2- 
photon laser scanning microscope. A glass stimulating electrode was placed in an 
observation area (30x30x25 µm) that contained >100 labeled dendritic segments. 
GluR1-GFP was located primarily in dendritic shafts, with occasional labeling in 
spines. In the absence of synaptic stimuli, the labeling pattern was stable over hours 
of repeated observations. However, tetanic stimuli (2 trains of 100 stimuli at 100 Hz) 
produced a rapid (<15 min) redistribution of receptors in a small fraction (1-10%) of 
dendritic segments within an observation region (N=7). At these sites 5-30 µm 
stretches of diffuse labeling became punctate. These changes were long-lasting (over 
1 hr) and reversibly blocked by 100 µM DL-APV (N=5). These results indicate that 
synaptic activity can control AMPA receptor distribution and this may play an im
portant role in LTP. (Support: NINDS, Mathers and Pew Foundations, and HFSP)

9.12
C A L C IU M -IM A G IN G  O F C A 3  P Y R A M ID A L  N E U R O N S  D U R -
IN G  IN D U C T IO N  O F H IP P O C A M P A L  M O S S Y  F IB E R  LTP.
M.F. Yeckel*, A. Kapur, and D. Johnston, Division of Neuroscience, Baylor 
College of Medicine, Houston, TX. 77030.

We examined the hypothesis that postsynaptic [Ca2+] is necessary for the 
induction of mossy fiber (MF) LTP of CA3 pyramidal neurons by measuring 
changes in [Ca2+]i with fura-2. More specifically, we addressed the assump
tion that changes in postsynaptic [Ca2+]i are prevented when high concen
trations of either the Ca2+-chelator BAPTA (5-10 mM) or the competitive 
glutamate antagonist kynurenate (10 mM) are present during the induction of 
LTP. Whole-cell recordings were made from CA3 pyramidal neurons of rat 
hippocampal slices, and LTP was induced by applying either brief bursts or 
long, sustained bursts of high frequency stimulation (B-HFS—15 bursts of 7 
pulses/burst at 100 Hz, or L-HFS—1-3 trains of 100 pulses at 100 Hz) to MF 
axons in s. lucidum. The calcium indicator fura-2 was included in the recording 
pipette (80-200 µM). In contrast to a brief increase in [Ca2+]i evoked by B- 
HFS (<l.5 sec), L-HFS evoked a sustained rise in [Ca2+]i (>4 sec). Consistent 
with our previous results showing that BAPTA (1-10 mM) blocked B-HFS- 
induced LTP (0/10 cases vs. 7/13 in control), BAPTA effectively eliminated 
the B-HFS-evoked increase in [Ca2+]i . Also consistent with our findings that 
L-HFS sometimes induced LTP despite the presence of BAPTA (5-10 mM; 
4/20 cases vs. 13/16 cases for control), BAPTA only decreased the peak rise in 
[Ca2+]i evoked with L-HFS, but did not decrease the duration of the [Ca2+]i 
signal (n=8). Additionally, a delayed, yet significant rise in [Ca2+]i was ob- 
served when LTP was induced with L-HFS in the presence of kynurenate (10 
mM; 5/8 cases). Combining kynurenate and low BAPTA (1 mM, normally 
insufficient to prevent L-HFS-induced LTP), prevented a rise in [Ca2+]i and 
completely blocked the induction of MF LTP (0/6). These results further 
support the hypothesis that the induction of MF LTP requires an increase in 
postsynaptic [Ca2+]i . (Supported by NIH).
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9.13

PO STSY N A PTIC  FA C T O R S T H A T  C O N T R IB U T E  TO  
H IPPO C A M PA L M OSSY  F IB E R  LTP A. Kapur*, M.F. Yeckel 
and D. Johnston.
Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030 

Long-term potentiation (LTP) at hippocampal mossy fiber (MF) synapses 
can be blocked by bath application of PKA inhibitors (Weisskopf et al., Sci
ence 1994; Huang et al., Cell 1994). It has been suggested that these inhibitors 
act in the presynaptic MF terminal where an increase in cAMP is thought to. 
occur from the influx of Ca2+ during the train. Given that the induction of MF 
LTP requires an elevation of postsynaptic [Ca2+] in CA3 pyramidal neurons 
(Yeckel et al., this meeting) and, furthermore, tha t postsynaptic injection of 
8-bromo-cAMP facilitates LTP induction (Hopkins and Johnston, J. Neuro- 
phys. 1988), we tested the possibility that the site of action of PKA inhibitors 
for blocking MF LTP is, at least in part, postsynaptic. To block PKA post- 
synaptically, the PKA inhibitor peptide (5-24) was included in the whole-cell 
recording electrode at concentrations of 30-100 µM. Tetanization (3 100 Hz, 
1 sec trains, 10 sec interval) of the MF pathway induced stable potentiation of 
121±22% (±SEM, n=5, measured 30 min post tetanus) in control cells but a 
decremental potentiation of 33±9% (n1 2 ) when the PKA inhibitor peptide 
was included in the recording pipette (P<0.05). The PKA inhibitor peptide 
did not affect the resting membrane potential, input resistance, or membrane 
time constant of the CA3 pyramidal neurons, nor did it affect baseline re
sponses. We also tested the hypothesis tha t postsynaptic depolarization is 
required for hippocampal MF LTP. A pairing protocol (single shock to the 
MF pathway paired with 500 ms long postsynaptic depolarization repeated 15 
times at 0.1-0.2 Hz) induced a slowly developing (~  10 min) potentiation in 
10/22 experiments. Further, postsynaptic hyperpolarization was able to block 
MF LTP induced with a tetanus consisting of 200 stimuli at 20 Hz. Our results 
demonstrate that postsynaptic depolarization and postsynaptic activation of 
PKA facilitate the induction of MF LTP. (MH44754, MH48432, NS11535).

9 .1 4

INJECTION OF cGMP-DEPENDENT PROTEIN KINASE INTO THE PRESYN
APTIC NEURON PRODUCES ACTIVITY-DEPENDENT LONG-LASTING 
POTENTIATION IN CULTURED HIPPOCAMPAL NEURONS. O. Arancio1*, I. 
Antonova1, S. Gambaryan2, S.M. Lohmann2, J. Wood3, D. Lawrence3, J. deVente4 
and R.D. Hawkins1. 1Ctr. Neurobiol. & Behav., Columbia Univ., NY, NY 10032; 
2Inst. Clin. Biochem., Univ. Med. Clin., 97080 Wuerzburg, Germany; 3Dept. Bio- 
chem., Albert Einstein Coll. Med., Bx, NY 10461; 4Maastricht Univ., Netherlands.

Previous data suggest that cGMP-dependent protein kinase (PKG) is involved in 
long-term potentiation (LTP) as a presynaptic effector of the retrograde messenger 
nitric oxide (NO) both in hippocampal slices (Zhuo et al., 1994) and at synapses 
between hippocampal neurons in dissociated cell culture (Arancio et al., 1995). 
Consistent with that idea, intracellular injection of a specific peptide inhibitor of 
PKG into the presynaptic neuron prevented the induction of LTP in cultured 
hippocampal neurons, indicating that PKG is necessary for potentiation (Arancio et 
al., 1997). To further test this hypothesis, we injected the α-isozyme of PKGI into 
either the pre- or postsynaptic neuron by means of a fast internal perfusion method 
(Arancio et al., 1995). Pre- but not postsynaptic injection of the kinase at a 
concentration of 0.5 µM, paired with weak tetanic stimulation during perfusion with 
APV, produced long-lasting potentiation. These results indicate that PKG is 
sufficient to produce activity-dependent potentiation. Furthermore, using Western 
blot and PCR techniques we have found that hippocampal cell cultures contain 
PKGI, suggesting that endogenous PKG could participate in potentiation. To test 
whether the PKG might be activated by a retrograde messenger during potentiation, 
we measured cGMP immunofluorescence in cultured hippocampal neurons and 
found that it increased dramatically following brief exposure to NO (10 nM). These 
results strongly support the hypothesis that PKG acts as a presynaptic effector of the 
retrograde messenger NO during the induction of LTP in cultured hippocampal 
neurons. (Supported by MH50733 and The Whitehall Foundation.)

9.15

MONITORING GLUTAMATE RELEASE DURING LTP WITH GLIAL 
TRANSPORTER CURRENTS. C. Lüscher1*, R. C. Malenka2,3, and R. A. 
Nicoll1’2, Depts. of Cellular and Molecular Pharmacology1, Physiology2, and 
Psychiatry3, Univ. of California, San Francisco, CA 94143

Considerable debate remains as to w hether LT P in the CA1 region o f  
the hippocam pus is expressed  as an increase in the synaptic release o f  glu
tamate or as an increase in the sensitivity and/or num ber o f  the glutamate 
receptors. W e have directly m easured synaptic release o f  glutamate by re
cording synaptically evok ed  glial glutam ate transporter currents with w h ole  
cell recording. T o determ ine the sensitivity o f  this m ethod , w e  used paired 
pulse facilitation (PPF) to change the probability o f  transmitter release 
quantitatively. Glial transporter currents sh o w ed  PPF in c lo se  congruence  
with PPF o f  the field  potential at d ifferent interpulse intervals, indicating 
that glial transporter currents provide an accurate assay for the synaptic 
release o f  glutamate. 4  tetani @ 100H z in the presence o f  C N Q X , a proto
col known to induce LTP, w ere fo llo w e d  by a 2 -fo ld  increase in the glial 
response, w h ich decayed to baseline w ithin 1 -2  m in, an enhancem ent re
ferred to as post-tetanic potentiation (PT P). F in ally , tw o  independent in
puts were recorded in a glial cell in the presen ce o f  kynurenate (K yn). A f
ter a stable baseline w as obtained, K yn w as w ash ed  from  the preparation 
so that the sim ultaneously recorded synaptic fie ld  potential responses in the 
immediate vicinity o f  the recorded glial cell cou ld  be m onitored. F o llow in g  
stabilization o f  the field  potential resp onse LTP w as induced in one o f  the 
pathways and m onitored for 10 m in. K yn w as then reapplied to the prepa
ration. The amplitude o f  the glial transporter current remained constant, 
despite the 2 -fo ld  increase o f  the fie ld  recording. T h ese results indicate that 
transmitter release remains constant w ith LTP and argue strongly for a 
postsynaptic expression  m echanism . NIH and SSMBS

V IS U A L  C O R T E X : S T R IA T E  I

10.1
Interactions between Orientation, Ocular Dominance, and Positional 
HYPERCOLUMNS IN MONKEY STRIATE CORTEX. N. P. McLoughlin* and G. G. 
Blasdel. Dept. of Neurobiology, Harvard Medical School, Boston, MA 02115.

We used differential imaging (Blasdel and Salama, 1986) to visualize patterns of 
orientation and ocular dominance (OD) in macaque striate cortex. A variation of this 
procedure was employed to reveal band-like representations of regularly repeating 
stripes in the visual field (see Campbell and Blasdel, 1995). The size of orientation 
and OD hypercolumns (Hubel and Wiesel, 1974) were determined from the interonset 
intervals of orientation and OD columns. We derived a measure of ‘positional 
hypercolumns’, that we take to reflect the minimum cortical distance required to 
represent non-overlapping regions of space, from the contrast of bands induced at 
minimal separations.

Our analyses reveal that there is little overlap between the scales at which each of 
these response properties is mapped onto the cortical surface. In macaque monkey, 
orientation columns were found to repeat at 0.02 x 0.5 mm distances, ocular 
dominance repeats at 0.2 x 5.0 mm intervals, and retinotopy is defined optically at 
around 2.0 x 2.0 mm. Similar measurements in squirrel monkey reveal smaller 
representations of orientation that presumably reflect the absence of pronounced ocular 
dominance columns in this species. The degree to which each pair of response 
properties interact was estimated by cross-correlating each pair of optical maps 
(McLoughlin & Blasdel, 1998). In macaque monkey, ocular dominance was found to 
modulate the strength of retinotopy by up to 20%, while there was no consistent 
correlation between orientation and retinotopy. Orientation was however found to 
modulate the optically generated ocular dominance maps by up to 40%, similar to the 
interaction strength between orientation and retinotopy in the squirrel monkey. These 
findings suggest that the degree of interaction between cortical response properties is 
directly related to the scale at which they are mapped onto the cortical surface.
Supported by McDonnell-Pew 94-90, NIH-EY06586, and Human Frontiers Science Program

10.2
SIGNAL EXTRACTION FROM OPTICAL IMAGING DATA FROM 
CAT AREA 17 BY BLIND SEPARATION OF SOURCES. I. Schiessl1,
M. Stetter1, T. O tto1, F. Sengpiel2 *, M. Hübener2, T. Bonhoeffer2 and

K. Obermayer1., 1Informatik, Technische Universität Berlin, D-10587 Berlin, 
Germany; 2MPI für Neurobiologie, D-82152 Martinsried, Germany

Optical imaging of intrinsic signals is based on small changes in light re
flectance, which are caused by local variations in the light absorption and light 
scattering properties of neural tissue. These variations consist of stimulus- 
induced components with high spatial resolution such as blood-oxygenation 
level and light scattering (“mapping signal” ), stimulus-induced components 
with low spatial resolution including blood-flow and blood-volume changes 
(“global signal”) and stimulus-independent components such as slow hemo
dynamic fluctuations. The optical detection of neuronal activity patterns re
quires separation of the mapping signal from the other components and from 
white noise. We tested blind source separation (BSS) algorithms (Schuster 
and Molgedey, 1994; Bell and Sejnowski, 1995; Amari et al., 1996) for their 
ability to extract different signal sources from image sequences recorded from 
cat area 17. We provide both a temporal and a spatial analysis of the data. 
Temporal analysis is based on the assumption that the time courses of dif
ferent components within each pixel of the image stack are st atistically inde
pendent. For temporal analysis, BSS is applied to a set of pixel time-series 
after dimension reduction by Principal Component Analysis and whitening. 
Spatial analysis assumes statistical independence of the different spatial pat
terns caused by the individual components, and is performed by application of 
the source separation algorithms to a set of images obtained for the different 
stimulus-conditions. We find that temporal source separation is useful for the 
removal of stimulus-independent artifacts, but does not always provide eas
ily interpretable estimates for the mapping signal, i.e. responses to different 
stimulus-conditions might not be properly separated. The spatial source sepa
ration techniques, in contrast, are suitable for the removal of artifacts and the 
extraction of the mapping signal even from single condition recordings.

Supported by MPG and DFG grant Ob 102/2-1
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10 .3

OPTICAL IMAGING WITH NEW VOLTAGE-SENSITIVE DYES REVEALS THAT 
SUDDEN LUMINANCE CHANGES DELAY THE ONSET OF ORIENTATION 
TUNING IN CAT VISUAL CORTEX 
D.E. Glaser, R. Hildesheim, D. Shoham*, A. Grinvald.
Dept. of Neurobiology, The Weizmann Institute of Science, Rehovot 76100 Israel.

We investigated the development of orientation selectivity in the millisecond time 
domain in cat area 18, using voltage sensitive dyes. We exploited recent improvements 
in detector resolution and in the dyes. Previous studies have shown that luminance and 
pattern changes interact at retinal, geniculate and cortical levels. Here we examined the 
effect of these interactions on orientation tuning of cortical neuronal populations.

The stimuli were high contrast drifting gratings of varying orientations. In one set of 
conditions, the grey-level of the screen prior to the grating onset was adjusted to the 
mean luminance of the grating. In another, interleaved set, a black screen preceded the 
grating. Here the onset of the oriented grating also produced a sudden change in global 
luminance.

Dye signals appeared concurrently with the evoked response in the local field 
potential recorded simultaneously from a micro-electrode. In the case where the grating 
onset was not accompanied by a luminance change, differential orientation maps were 
evident in the very first optically detected evoked response, some 55ms after stimulus 
onset. Their amplitude peaked more than 100ms later. However, when a sudden 
luminance change coincided with the grating onset the orientation maps were delayed by 
an additional 45ms, and a new untuned response appeared at a latency of 35ms from 
stimulus onset.

We also compared the orientation maps obtained from the fast voltage dye signal to 
those obtained from the slow intrinsic signals in the same cortex. We confirmed that the 
two types of differential maps had an identical spatial pattern (Shoham et al, 1993 Soc. 
Neurosci. Abstr.) and found that the signal to noise ratio of the new dye maps was in 
some cases better than that from intrinsic signals.

Supported by grants from Minerva, GIF, The Wolfson Foundation and Ms. Enoch.

1 0 .5

O R IE N T A T IO N  S P E C I F I C I T Y  O F  S T IM U L U S  
I N T E R A C T IO N S  IN  V 1 M E A S U R E D  B Y  O P T I C A L  IM A G IN G .
A. D as* and C. D. Gilbert. T h e R o ck efe ller  U n iversity , N e w  Y ork, N Y  
10021

T he resp on ses o f  neurons in prim ary v isu a l cortex  ( V 1) to 
s im p le v isu a l stim u li are kn ow n  to be m odulated  strongly  by  other 
stim uli ly in g  w e ll ou tsid e the n eu ron s’ m in im u m  resp on se fie ld . A  V 1
c e l l ’s resp onse to co m p lex  stim u li cannot be pred icted  b y  the receptive  
fie ld  profile  m apped usin g a sim p le  bar stim u lu s. T o  ex p lo re  stim ulu s  
interactions at the sca le  o f  cortical co lu m n s, w e  u sed  the tech n iq u es o f  
optical im agin g  o f  intrinsic s ign a ls in con ju n ction  w ith  
e lectrop h ysio log ica l recordings. O ptical im ages w ere ob tain ed  from  cat 
V 1 usin g v isu al stim uli co n sistin g  o f  arrays o f  lin e  e lem en ts . Then, 
im ages obtain ed separately u sin g  the in d iv id u al e lem en ts  o f  the arrays 
w ere added together and subtracted from  the im a g es e lic ited  by the full 
array. T h is gave a m easure o f  the strength and distribution  o f  the 
activation  sp ec ifica lly  attributable to n on -ad d itive in teractions b etw een  
the ind iv idual lin e  e lem en ts w ith in  the arrays. T h e pattern o f  
interaction activ ity  thus obtain ed sh o w ed  a cortica l d istribution that 
varied as a function  o f  v isu o to p ic  p o sitio n  and o f  the orientation  
co lu m n s w ith in  the im aged  area, in a m anner that d epended  on the 
relative orientations and p osition s o f  the in d iv id u al e lem en ts  form ing  
the co m p lex  stim ulu s.
(Supported by N S F  grant IB N  9 6 -3 0 5 0 8 )

1 0 .7

PHYSIOLOGICAL A N D  PSYCHOPHYSICAL MEASURES OF OBJECT- 
BASED A T TENTIO N DURING CURVE TRACING  P.R. Roelfsem a*, H.S. 
Scholte and H. Spekreijse Graduate School Neurosciences Amsterdam, dept. 
M edical Physics, University o f  Amsterdam, and The Netherlands Ophthalmic 
Research Institute, AM C, P.O. Box 12141, 1100 AC Amsterdam, The 
Netherlands

In a mental curve tracing task observers have to report whether two dots are 
connected by a continuous curve without making eye movements. W e 
investigated correlates o f curve tracing in the primary visual cortex o f the 
macaque monkey, and the relation between curve tracing and visual attention 
in human observers.

M onkeys were trained to trace one o f two curves (the target curve), which 
intersected with the other curve (the distractor curve) in some o f the stimuli. 
Responses o f neurons in area V 1 to all segments o f  the target curve were 
enhanced relative to responses to the distractor curve, even if  the two curves 
crossed each other. H owever, the enhancement was slightly reduced in the 
latter case, as if  it ‘leaked’ from the target into the distractor curve at an 
intersection.

The performance o f human observers was investigated using similar stimuli 
in a slightly m odified dual-task paradigm. One o f the two curves had to be 
traced, and some curve segments were coloured. Colours o f the target curve 
were reported more reliably than colours o f  the distractor curve. Intersections 
between the target and distractor curve slightly impaired performance for the 
target curve, and improved performance for the distractor curve, as if  visual 
attention ‘leaked’ from the target curve into the distractor curve at an 
intersection. These results, taken together, suggest a close relationship 
between curve tracing and object-based attention, reflected by response 
modulations in area V 1. (Funded by a grant o f  the Royal Academy of  
Sciences o f  the Netherlands)

1 0 .4

SPATIO-TEMPORAL CHARACTERISTICS OF OXY- AND DEOXY-
HEMOGLOBIN CONCENTRATION CHANGES IN RESPONSE TO 
VISUAL STIMULATION IN THE AWAKE MONKEY. E.Shtoyerman, 
I.Vanzetta, S.Barash,* A.Grinvald, Dept.of Neurobiol., Weizmann Inst.of Sci., 
Rehovot, Israel.

By using optical imaging spectroscopy, it has been possible to characterize the 
spatial and temporal activity dependent changes in the concentration of oxy- and 
deoxyhemoglobin in visual cortex of anesthetized cats. Particularly, an early increase 
in the concentration of deoxy hemoglobin (“the initial dip”) has been observed 
(Malonek and Grinvald, Science 1996). This observation is drastically different from 
what has been found using most f-MRI and PET measurements on awake human 
subjects. To check whether this discrepancy can be attributed to either the anesthesia 
or the different species, an awake behaving monkey was repeatedly studied by 
optical imaging spectroscopy. We found that the temporal characteristics of the 
microcirculation responses during the first 3 seconds were similar to those observed 
in anesthetized cats: there was an initial increase in the level of deoxyhemoglobin 
which was rather localized to the site of neuronal activity (as found by functional 
mapping). This suggests that also in the awake primate, aerobic metabolic processes 
are present early in the response. A delayed and larger increase in the level of 
oxyhemoglobin, was subsequently observed, again, as in the anesthetized cat. This 
increase in oxyhemoglobin, presumably caused by increased blood flow, was not 
very localized to the site of neuronal activity. In the anesthetized cat, however, this 
increase was accompanied by a large decrease in the level of deoxyhemoglobin, 
while in the awake monkey only a small decrease was observed up to 10 seconds 
after the stimulus. This might result from a higher consumption of oxygen in the 
awake animal at this stage of the response.
These results suggest that the differences between fMRI and optical imaging data 

do not result from either an anesthesia effect nor from a feline vs. primate difference.
Supported by grants from Gif, the Wolfson Foundation, Minerva and Ms. Enoch.

10.6
PHOSPHENES AND TRANSIENT SCOTOM AS INDUCED BY 
MAGNETIC STIMULATION OF THE OCCIPITAL LOBE: THEIR 
TOPOGRAPHIC RELATIONSHIP
T . Kammer*. Max-Planck-Institut fur biologische Kybernetik, Spemannstraße 
38, D-72076 Tübingen, Germany

Transcranial magnetic stimulation (TM S) o f  the visual cortex is known to 
induce phosphenes and is able to suppress visual perception. Using a 
perimetric approach the visual field o f  10 normal subjects was investigated to 
address the topographical relationship o f  phosphenes and transient scotomas. 
The central 20° o f  the visual field was tested at 32 sites. Perception thresholds 
were determined by presenting 1 ms test spots flashed with varying intensity in 
random order. TM S was applied with a focal butterfly coil placed over the 
inion. The intensity was 70% o f  maximal output (about 0.8 T).

All 10 subjects perceived phosphenes, mostly restricted to one o f the lower 
quadrants within the visual field. In 13 out o f  15 investigations, a magnetic 
stimulus triggered 100 ms after the visual target resulted in a relative scotoma 
with threshold changes o f  8 dB or more. In 9 o f  13 investigations, scotomas 
coincided spatially with sketches o f  phosphenes made by subjects in a separate 
test. Usually, scotomas were only induced in a small percentage o f  the total 
visual field. This may explain the failure o f  previous studies to find perceptual 
suppression with the focal coil: the visual target has to be placed carefully 
within the area o f  the phosphene to evoke an inhibitory effect o f  TMS on 
perception. The present result demonstrates that phosphenes induced during 
TM S can serve as a guide for optimal visual stimulus alignment.

Supported by Max-Planck-Society.

10.8
EFFECTS OF ABNORM AL RETINAL DEVELOPMENT O N  H U M A N  
VISUAL CORTICAL MAPS. H.A. Baseler1, A.B. M orland2, G.M. Boynton1.

B.A. W andell1*. 1Dept. of Psychology, Stanford University, Stanford, CA, 
94305; 2Physics D ept., Im perial C ollege, U.K.; 3U n iv. o f Tuebingen, 
Germany; 4School of Optometry, U.C. Berkeley, CA.

A  large proportion of normal visual cortex is devoted  to central vision  
(cortical m agnification). In norm als nearly all foveal photoreceptors are 
long- and m idd le-w avelength  cones, but these cone types are absent in 
certain observers. W e used functional MRI to m ap visu al cortex of such  
observers (achromats) and. compared their cortical organization w ith  that 
of normals. Specifically, w e sought to: 1 ) identify the presence of visual 
areas, 2) detect the presence of cortical scotom as or reorganization, 3) 
com pare cortical m agnification functions w ith  norm als and 4) m easure 
responses in hum an area MT+ to m oving stimuli.

Functional and anatom ical MRIs w ere acquired from  tw o types of 
achromats, those w ith m ainly rods and those w ith  both rods and short- 
w avelength  (S) cones. Expanding ring stim uli w ere u sed  to map the 
representation of v isu al eccentricity on com putationally unfolded cortex. 
Rotating w ed ge stim uli were used to m ap polar angle and determ ine the 
boundaries of retinotopic areas. The S-cone achromat w as also tested for 
both S-cone and rod input to MT+.

Results: 1) Retinotopic visual areas V1, V2, V3, V3a and V4v could be 
identified in all observers. 2) Preliminary evid en ce of a cortical scotom a 
w as found in one hem isphere of a rod achromat. 3) Cortical magnification  
functions differed from normals. 4) In the S-cone achromat, m oving stimuli 
produced MT+ contrast response functions similar to normals.
Supported by: EY-06733, W ellcome Trust, NATO, EY-07345, McKnight.
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10.9
A TECHNIQUE TO OBTAIN A HIGH TEMPORAL RESOLUTION OF 
HEMODYNAMIC RESOPONSE IN EVENT RELATED fMRI. K.K. Kwong, 
M.A. Burock, A.M. Dale. B.R. Rosen* and D.A. Chesler. Massachusetts General 
Hospital NMR Center, Charlestown, MA 02129.

Temporal Resolution of MR imaging is limited to one to two seconds for a 
multi-slice (5 to 20 slices) study even with the high speed echo planar imaging 
system. We have developed a method that would bypass such limitations and 
allow a much higher temporal resolution than the slow rate of 1 to 2 seconds at 
which the images are acquired. This method is appropriate for event related fMRI 
because the randomized order of input stimuli makes it possible to present stimuli 
at arbitrarily high speeds and still obtains a measureable hemodynamic response. 
The gist of this method consists of an experimental design with stimuli presented 
much more frequently than images are acquired We used a visual stimulus 
presentation to demonstrate this technique. One MR image (TE=50ms, gradient 
echo) was acquired every second while visual stimuli ( 250ms long hemi-field 
checkerboard v.s. Fixation) were randomly presented every half a second. Images 
were processed in a staggered fashion as follows: When the timing of the stimulus 
coincided with that of an image, the following 20 images were added to estimates 
of the hemodynamic response of the visual cortex at integer delays (0, 1, ...19 sec), 
respectively. When a stimulus fell between two images, the images at the in- 
between delays (0.5, 1.5,... 19.5 sec) were added to estimates of the hemodynamic 
curve at their respective delays. Thus, one obtains double the number of data points 
on the hemodynamic curve. A 20 sec response curve now contains 40 instead of 20 
data points. Because of the random nature of the stimuli sequence, there will in 
general be a different number of images adding to the set of data points at integer 
delays than to the set at non-integer delays. Therefore, these two interlacing sets of 
data must be normalized separately. An  arbitrarily fine temporal resolution can 
theoretically be obtained with this method disregarding low signal to noise 
consideration and possible non-linear effects. (Supported by MGH-NMR Center)

10.10
FUNCTIONAL MAGNETIC RESONANCE IMAGING IN MACAQUE CORTEX: 
DJ Dubowitz,1 D-Y Chen,2 DJ Atkinson,3 KL Grieve,4* B Gillikin,1 WG Bradley Jr.,2 
RA Andersen,1. 1Div. of Biology, 216-76, California Inst. of Technology, Pasadena, 
CA 91125, USA. 2Long Beach MRI Center, Long Beach, CA, 3Siemens Medical 
Systems R&D, Iselin NJ. 4Dept. of Optometry and Vision Sciences, UMIST, 
Manchester UK.

Human fMRI has seen considerable advances in medical and neuroscience 
applications. The ability to use fMRI in a monkey model would bridge the gap 
between the fMRI demonstration of cerebral activation in humans and the 
cumulative wealth of monkey data on the functional organization of the brain from 
single electrode mapping, radio-isotope and histology studies. A non-human primate 
model for fMRI studies would also lead to better understanding about the complex 
relationship between cerebral fMRI activation (a blood flow change) and the 
underlying cortical activation (an electrical event).

We report a new technique for fMRI in an awake co-operative rhesus macaque 
(Macaca mulatta  in a conventional clinical 1.5T MR scanner and present the first 
fMRI images from a macaque. Good resolution, signal-to-noise ratio and BOLD 
response (2.6-4.6%) have been achieved using the manufacturer’s standard volume 
knee coil. A circularly polarized head coil and flexible surface coil were also 
assessed, achieving lower signal to noise. T 1 values of macaque gray and white 
matter (1490ms, 1010ms respectively) are higher than human brain, whereas T2 
values are lower (55ms, 48ms respectively). A MR-compatible design for restraining 
the monkey is also described, along with a suitable EPI sequence for BOLD images, 
optimized for monkey T2, with voxel sizes from 29-65µl, and MPRAGE sequence 
for anatomical studies with 0.8mm isotropic resolution, optimized for monkey T 1.

Supported by the Pasadena Neurosciences Fellowship of Huntington Medical 
Research Institutes and the National Eye Institute.

10.11 10.12
Development and Application of  fMRI for Visual Studies in Monkeys.
N. K. Logothetis*, S. Peled, and J. Pauls.
Max Planck Institute for Biological Cybernetics, Spemannstrasse 38, Tübingen, Ger
many, 72076.

The application of functional magnetic resonance imaging (fMRI) in visual exper
iments promises significant insights into the anatomical and functional organization 
of the human visual system. The fMRI method detects small blood-flow changes that 
are presumed to result from changes in the activity of population of neurons. The 
functional links between the population activity in different visual areas and the hemo
dynamic changes measured during an fMRI experiment remain, nonetheles elusive. 
Elusive too remains the relationship between visual areas detected in fMRI statisti
cal maps obtained in human studies and those that have been well characterized in 
anatomical, lesion, and physiological experiments in the monkey.

In an attempt to better understand both the anatomical relationship of fMRI- and 
physiologically-characterized areas, and the electrophysiological nature of the fMRI 
signal, we set out to apply functional imaging in the monkey. In our studies a 4.7T 
Biospec (Bruker inc.) system with a 40cm bore, vertical magnet is used. The ani
mal sits in a specially construced cylindrcal primate chair and visual stimulation is 
accomplished by means of an fiber-optic system projecting an LCD-image to the an
imal’s eyes. We have already obtained high resolution anatomical images and expect 
to optimize our fMRI protocols in the following months. In our presentation we shall 
describe functional imaging obtained with this system.

Supported by the Max Planck Society.

FUNCTIONAL MAGNETIC RESONANCE IMAGING IN AN AWAKE 
RHESUS MONKEY. (W. Vanduffel*1, E. Beatse2, S. Sunaert2, P. Van Hecke2, 
R,B.H. Tootell3 and G.A. Orban1) Lab. Neuro- en Psychofysiologie1. Afd. 
Radiologie UZ 2, Med. School, KUL, B-3000 Leuven, Belgium. MGH-NMR 
Center, Charlestown, Mass., USA3.

Non-invasive neuroimaging allows us to investigate the functional 
organisation of human visual cortical areas. These techniques differ substantially 
from those used to explore visual cortex in non-human primates. In a first 
attempt to investigate the feasibility of conducting fMRI experiments in awake 
behaving monkeys, we scanned an awake monkey using a 1.5T MR scanner (EPI: 
TE=30ms; TR=3.5s; voxel size 3 X 3 X 3mm). The monkey’s head was fixed in a 
modified and magnet-compatible monkey-chair using a plastic headpost. We 
compared functional activity evoked during the presentation of an animated video 
with that during the absence of visual stimulation. Differential activity was 
observed throughout wide regions of known visual cortex including V1, V2 and 
V3 (Fig. 1). In this region the change in MR-signa\ correlated with the change in 
visual stimulation (Fig. 2). These results show that fMRI in awake monkeys is 
feasible and likely to bridge the gap between animal and human studies. 
Supported by HFSP, FWO, GOA-95/6 and IUAP-22.

INGESTIYE BEHAVIOR: NEUROPEPTIDES I

11.1
N E U R O P E P T ID E  Y ST IM U L A T E S A P P E T IT IV E  IN G E ST IV E  
B E H A V IO R . P . Söd ersten1*, A, Bakerammar1, R. Nergardh1,2, F  
Sederholm 1 and A. Scheurink3. 1D ept. of Clin. Neuroscience, 
Karolinska Institute, Novum, S-141 57 H uddinge, Sweden; 2Dept. of 
Physiology and Pharmacology, Karolinska Institu te, Stockholm, 
Sweden; 3Dept, of Anim al Physiology, Univ. of Groningen, Groningen, 
Holland.

Rats run in running w heels and com pensate for the increased  
energy expenditure by increasing their intake of food. If  food is 
restricted rats run progressively more in the running w heels. This 
food anticipatory activity increases as anim als are given shorter and  
shorter periods of feeding. Sim ultaneously the concentration of 
neuropeptide Y (NPY) increases in the CSF. Intracerebroventricular  
injection of 10 µg NPY potently stim u lates ingestion  of a solution of 
sucrose placed outside the mouth but not if  the solution is infused  
intraorally. However, anim als injected w ith  NPY and sim ultan eou sly  
infused intraorally w ith the sucrose solution search out the site  where 
the solution of sucrose is  located more often than  anim als treated  
w ith artificial CSF. Thus, NPY stim u lates appetitive, but not 
consummatory, ingestive behavior and does so even if  consum m atory  
ingestive behavior is activated by intraoral infusion. In line w ith  this  
hypothesis, intracerebroventricular injection of NPY stim u lates food 
anticipatory activity in rats w ith access to running w heels. 
Correlatively, injection of NPY decreases food intake.

11.2
NEUROPEPTIDE Y (NPY) TARGET NEURONS FOR STIMULATION OF FEEDING 
RESIDE IN THE MAGNOCELLULAR PARAVENTRICULAR NUCLEUS (mPVN). M  
Yokosuka1, B. Xu1*, P.S. Kalra2, and S.P. Kalra1. Departs. of Neuroscience1 and 
Physiology2, University of Florida College of Medicine; Gainesville, FL 32610  

NPY is a potent, physiological appetite transducer. To identify the location of 
NPY target neurons, a selective NPY Y 1 receptor antagonist (NPY-A, U1229U91, 
Glaxo Wellcom Inc.) and immunohistochemistry for the protein product of the 
transcription factor, c-fos, were employed. Adult male rats bearing permanent 
cannulae in the lateral cerebroventricles received either saline (SAL, 3µl), NPY-A 
(5µg/rat), NPY (1nmol/rat), or NPY-A + NPY. 2h food intake analysis showed 
that although ineffective on its own, co-administration of NPY-A with NPY 
suppressed the NPY-induced feeding by 48%  (p < 0 .0 5). Evaluation of c-Fos 
expression in the hypothalami of these rats showed that NPY enhanced 
expression in supraoptic nucleus, dorsomedial nucleus, and the two subdivisions 
of the PVN, the parvicellular PVN and mPVN. NPY-A administration alone failed 
to evoke c-Fos expression in any of these nuclei. However, NPY-A co
administered with NPY, selectively suppressed NPY stimulated c-Fos expression 
in the mPVN (46%  p < 0 .0 5). In other regions, including the pPVN, NPY-A failed 
to reduce the NPY-induced increases in c-Fos response. Since we have shown 
previously that leptin, the adipocyte satiety signal, similarly suppressed NPY- 
induced food intake and c-Fos expression selectively in the mPVN (Ann. Mtg. 
Neurosci. 1997, p.852), these findings together demonstrate that a subpopulation 
of neurons in the mPVN are the primary targets mediating stimulation of food 
intake by NPY. (Supported by NIH DK37273).
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11.3

HYPOTHALAMIC NEUROPEPTIDE Y (NPY) PROJECTION FROM THE 
ARCUATE TO PARAVENTRICULAR NUCLEUS (ARC-PVN) IS ACTIVATED BY 
THE CONSUMPTION OF MEALS RICH IN CARBOHYDRATE AND IS 
ASSOCIATED WITH CHANGES IN CIRCULATING GLUCOSE. J. Dourmashkin, 
R. Yun, J. Wang, Z. Bedrin, P. Zheng*, and S.F. Leibowitz, The Rockefeller Univ., New 
York, N.Y. 10021.

In a prior study, we have demonstrated that chronic daily consumption of a 
high-carbohydrate (65%) diet, compared to a moderate-carbohydrate (45%) or low- 
carbohydrate (15%) diet, is associated with increased expression, synthesis and 
release of NPY in neurons projecting from the ARC to PVN. In the present 
experiments, we focused our tests on acute manipulations, to determine whether 
diet and associated changes in circulating glucose, in the short-term (1-2 hrs), can 
alter brain peptides such as NPY and, then, design further experiments to elucidate 
the biochemical mechanisms underlying this interaction. In adult male rats 
maintained on lab chow, the acute manipulations included the presentation of either 
a high- (HC), moderate- (MC) or low-carbohydrate (LC) diet for 2 hrs at the onset 
of the natural feeding cycle, the presentation of a 20% glucose solution in a 
drinking tube, or the injection (ip) of a 20% glucose solution. After a HC meal 
compared to a MC meal, rats with a chronic blood collection catheter showed a 
significant rise in both corticosterone and insulin, in addition to glucose levels 
which were positively correlated with the amount of carbohydrate consumed in the 
meal (r=+0.51, p<0.05). In association with this endocrine change, NPY gene 
expression, examined via in situ hybridization, was significantly enhanced (+65%, 
p<0.01) in the ARC by a HC compared to MC meal, whereas NPY peptide- 
immunoreactivity was higher (+30%, p<0.05) when comparing a HC versus LC 
meal. A possible role of circulating glucose levels in this peptide change was 
further suggested by the finding that the ingestion or injection of a glucose solution, 
which raised blood glucose levels, also elevated NPY peptide levels in the ARC 
and PVN, but no other areas. This evidence demonstrates that dietary carbohydrate 
can alter brain peptides within a brief period and that this effect may be related to 
changes in circulating glucose or its utilization.

11.5

SITE SPECIFIC UPREGULATION OF NPY Y5 RECEPTORS IN HYPERPHAGIC 
RATS. H. Dhillon1, M.G. Dube1, S.P. Kalra2, P.S. Kalra1*. University o f  Florida College 
o f Medicine, Departments o f Physiology1 and Neuroscience2, Gainesville, FL 32610.

Disruption o f neural signaling in the ventromedial hypothalamus by microinjection o f  
the neurotoxin colchicine (COL) caused transient hyperphagia and persistent body weight 
gain. These rats displayed hypersensitivity to the appetite-stimulating effects o f  
neuropeptide Y, however, endogenous NPY gene expression in the arcuate nucleus 
(ARC) and levels in the paraventricular nucleus (PVN) were markedly reduced (Kalra, 
et al.72:121, 1997) whereas NPY mRNA in the dorsomedial nucleus (DMN) increased. 
We have postulated that a transient upregulation o f NPY receptors (R) in specific 
hypothalamic sites may account for the hyperresponsiveness o f COL-injected rats. To 
test this hypothesis we have utilized semi-quantitative RT-PCR to analyze the gene 
expression o f NPY Y1 and Y5 R, the two R subtypes believed to mediate NPY-induced 
feeding. Adult male rats, injected bilaterally with COL (4µg) or saline (0.5µl) into the 
VMN, were sacrificed 4 days later. Several hypothalamic nuclei including the PVN, 
ARC, DMN and suprachiasmatic (SCN), medial preoptic area (MPOA) and lateral 
hypothalamic area (LHA) were micropunched from frozen brain sections. Total RNA 
was extracted and reverse transcribed followed by PCR using primers designed to amplify 
235 bp and 195 bp sequences o f the Y 1 and Y5 R, respectively. Levels were normalized 
to cyclophilin in each sample. Y 1 R mRNA tended to increase in several hypothalamic 
sites o f COL-rats, but the increase was not significant In contrast, Y5 R mRNA levels 
increased significantly in the MPOA and DMN selectively. These results suggest that 
induction o f Y5 receptors in he DMN may mediate NPY induced feeding in these 
hyperphagic rats. (Supported by NIH, NS32727).

11.7

H Y PO C R E T IN  (O R E X IN )-C O N T A IN IN G  N E U R O N S M AK E  
SY N A P T IC  C O N T A C T  W IT H  A R C U A T E  N U C L E U S NPY - AND  
PO M C -PR O D U C IN G  C E L L S T H A T E X PR E SS L E PT IN  RE C E PTO R S  
IN  R O D E N T A N D  PR IM A TE; N O V E L H Y PO T H A L A M IC  C IR C U IT  
IN V O L V E D  IN EN E R G Y  H O M E O ST A SIS T . L. Horvath1*, S. D iano1 
and A. N. van den Pol2 1Department o f  Obstetrics and G ynecology and 
2Department o f  Neurosurgery, Yale University School o f  M edicine, N ew  
Haven, CT 06520

Hypocretin (orexin) has recently been shown to increase feeding when 
injected into rat brains. Using both rat and primate brains, we tested the 
hypothesis that a mechanism o f  hypocretin action might be related to synaptic 
regulation o f  the arcuate nucleus neuronal systems producing neuropeptide Y  
(NPY) or the proopiomelanocortin (POMC) related peptide, β -endorphin (β - 
END). Hypocretin immunoreactive terminals originating from the lateral 
hypothalamus make direct synaptic contact with neurons o f  the arcuate nucleus 
that not only express N PY or POMC peptides, but also contain leptin 
receptors. Furthermore, a reciprocal projection from N PY  cells makes 
synaptic contact with neurons in the lateral hyopthalamus, including 
hypocretin-containing cells. In this region, a population o f  hypocretin- 
containing neural perikarya was also immunoreactive for leptin receptors. 
These suggest a potential mechanism o f  action for hypocretin in regulating 
food intake. The excitatory actions o f  hypocretin could increase N PY  or β - 
END release resulting in enhanced feeding. Thus, the arcuate nucleus may be a 
key player in energy homeostasis by integrating blood-bom  leptin signals from 
the periphery with the N PY, POMC and hypocretin neuronal system s o f  the 
hypothalamus. (Supported by N S F  IB N -9728581 and N IH  N S-34887)

11.4

BODY WEIGHT REGULATION IN THE FEMALE RAT: ROLE OF STEROΠD-
RESPONSIVE AND DIETARY FAT-RESPONSIVE GALANIN NEURONS IN THE 
MEDIAL PREOPTIC AREA. S.F. Leibowitz*, M. Zuereb, J. Alexander, and J. Wang, 
The Rockefeller Univ., New York, N. Y. 10021

The medial preoptic area (MPOA) has an essential role in reproduction which, 
in turn, is dependent upon balanced nutrition and normal body weight. To 
understand the underlying mechanisms in this relationship, we have investigated 
the peptide, galanin (GAL), which is expressed in the MPOA, in addition to the 
paraventricular nucleus (PVN) and other areas, and which is believed to be 
involved in both energy balance and reproduction. These experiments, in rats 
maintained on a single mixed diet or choice of pure macronutrient diets, have 
revealed that: 1) female rats, compared to males, exhibit a stronger preference for 
fat, greater % body fat (relative to body weight), and higher GAL gene expression 
and GAL-immunoreactivity (ir) specifically in the MPOA; 2) female rats that 
naturally prefer fat ("high-fat eaters", HFEs), compared to low-fat eaters (LFEs), 
have higher circulating levels of the gonadal steroids, progesterone (PROG) and 
estradiol (E2); 3) these HFE female rats, compared to LFEs, also exhibit greater 
GAL gene expression and GAL-ir in the MPOA; and 4) this pattern is not detected 
in male HFEs. Causal relationships between a high-fat diet, PROG, MPOA GAL 
expression, and greater adiposity in females are suggested by evidence that: 1) a 
single high-fat (60%) diet, compared to a moderate-fat (30%) or low-fat (10%) diet, 
increases fat pad weights and enhances PROG levels and GAL gene expression and 
GAL-ir in the MPOA of females, but not males; 2) as reported previously, PROG 
replacement in E2-primed ovariectomized (OVX) rats enhances both GAL mRNA 
and GAL-ir in the MPOA; 3) GAL neurons in other hypothalamic areas are either 
unresponsive to a high-fat diet (arcuate nucleus) or exhibit enhanced GAL 
expression in both males and females (PVN); 4) PROG replacement in E2-primed 
OVX rats stimulates fat and carb intake; and 5) obesity-prone female rats, but not 
males, have higher levels of PROG and MPOA GAL compared to obesity-resistant 
subjects. Thus, GAL neurons in the MPOA, both PROG- and fat-responsive, may 
contribute to the higher fat preference and adiposity of female rats.

11.6
HYPOCRETIN (OREXIN)-CONTAINING NEURONAL NETWORK IN THE 
PRIMATE HYPOTHALAMUS AND ITS RELATIONSHIP TO FASTING- 
INDUCED C-FOS EXPRESSING CELLS. S. Diano1*, A. N. van den Pol2 and T.
L. Horvath1 1Department of Obstetrics and Gynecology and 2Department of 
Neurosurgery, Yale University School of Medicine, New Haven, CT 06520

In rodents, the recently discovered lateral hypothalamic peptide, hypocretin 
(HCRT, also called orexin) increases feeding when injected in the ventricle. The 
present study was undertaken to determine whether an HCRT-producing hypothalamic 
circuit also exists in the primate brain and, if so, to reveal the relationship between this 
circuit and those cells involved in feeding behavior. Male and female monkeys 
(Cercopithecus αethiops and M acacca f ascicularis) were studied that were either 
untreated controls or fasted for 24 h. On sections of perfusion-fixed primate 
diencephali, immunocytochemistry for HCRT revealed labeled perikarya in the lateral 
hypothalamus and perifornical region. HCRT cells were also present in dorsomedial 
hypothalamic regions. Immunolabeled axons and axon terminals were present in 
different parts of the hypothalamus and adjacent forebrain and thalamic nuclei parallel 
to similar results previously reported in rodents. Electron microscopic analysis 
revealed asymmetrical synaptic contacts between HCRT axon terminals and unlabeled 
neuronal elements as well as neural perikarya that were immunopositive for HCRT. 
While colchicine-treatment enhanced the intensity of perikaryal labeling of HCRT, the 
overall distribution pattern of HCRT-labeled cells was not affected. Fasting resulted in 
elevated c-fos expression- in the perifornical region, and in the dorsomedial and 
ventromedial nuclei. In the dorsomedial nucleus and perifornical region, HCRT- 
immunolabeled neurons expressed nuclear c-fos labeling. Neurons that expressed c- 
fos, but were non-HCRT-containing, frequently were targets of HCRT- 
immunopositive boutons establishing asymmetric synapses. Our data show that the 
HCRT is present in the monkey hypothalamus with a similar distribution pattern to 
that found in the rat. Furthermore, the present study provide the first evidence to 
implicate HCRT (orexin) in the hypothalamic regulation of metabolism in primates. 
(Supported by NSF grant IBN-9728581 and NIH NS34887)

11.8
THE HYPOTHALAM IC PEPTIDE CART IS  REGULATED BY LEPTIN  
A ND CO UNTERACTS NPY IN D U C E D  FEED IN G . P eter K ris ten - 
s en 1* , M artin  E. Judge 1, Lars T h im 1, Ulla R ibe l1, K en n et N. C h ri
s tia n s e n 1, Birg itte  S. W u lff1, Jes T . C lausen1, Per B . Jensen2, O le  
D. M adsen2, Niels V ra n g 3, Philip J. Larsen & S ven H astrup . 
1He alth  Care D iscovery , Novo Nordisk A /S , 2 8 8 0  B agsvaerd . 2 
Hagedorn  Research In s t itu te , G en to fte , D e n m ark . 3In s t. A n a 
to m y , U n ivers ity  o f C openhagen , D e n m ark .

Th e  m a m m a lia n  hyp o th a lam u s  s trongly  in fluences ingestive  
b eh av io u r th roug h  a n u m b e r o f d iffe re n t s ignal m olecu les  and  
recep to r system s. W e have found th a t  CART (C oca ine  and A m p 
h e ta m in e  R egulated  T ra n sc rip t), a p reviously  described  brain  
p eptide , is a s a tie ty  fa c to r and closely associated w ith  th e  a c ti
ons o f tw o  im p o rta n t regu la to rs  o f fo o d -in ta k e : lep tin  and ne u 
ropep tide  Y (N PY ). Food deprived  an im a ls  show  a s ign ifican t d e 
crease in CART m RNA expression in th e  a rcu a te  nucleus. In  
an im a l m odels o f obesity  w ith  d isrup ted  leptin  s ign alling  ( fa /fa  
ra t and o b /o b  m ouse) CART m RNA is v irtu a lly  a b se n t from  the  
arcu a te  nucleus and periph era l a d m in is tra tio n  o f lep tin  to  o b /ob  
m ice s tim u la te s  CART m RNA express ion . W hen in jec ted  in tra - 
cere b ro ve n tric u larly  ( IC V ) in ra ts , 2 µg o f re co m b in a n t CART  
peptide  inh ib its  both norm al and s ta rv a tio n  induced feed ing , 
and c o m p le te ly  blocks th e  feed ing  response induced by 5 µg of 
NPY. IC V  in jection  o f an a n tise ru m  a g a in s t CART increases fe e 
ding in norm al rats  w hen com pared  to  p re im m u n e  seru m , sug
gesting th a t CART exerts  an endogenous inh ib ito ry  tone  on food  
in ta ke  in norm al an im a ls .
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11.9
LEPTIN RECEPTOR BINDING IN THE ARCUATE NUCLEUS IS INCREASED 
DURING FASTING. DAL Baskin1,2,3*, J.F. Breininger1,2, S. Bonigut4 and M .A .
Miller4, 1VA Medical Center, Seattle, WA 98108, and Depts. 2Medicine, 3Biological 
Structure, and 4Psychiatry, Univ. Washington Sch. Med., Seattle, WA 98195

The hypothalamic arcuate nucleus is implicated as an important CNS site for 
mediating the anorexic effects of leptin. We have hypothesized that altered expres
sion of leptin receptors in the arcuate nucleus affects leptin signaling to the brain and 
results in changes of food intake and body weight. In the present study, we tested the 
hypothesis that expression of leptin receptors in the arcuate nucleus is upregulated 
during fasting (when circulating leptin levels are low) as part of an adaptive response 
to negative energy balance. Male Wistar rats (300 g) were fasted for 48 hrs (N = 6). 
Controls were fed ad lib (N = 5). For determination of total leptin binding, coronal 
cryostat sections were incubated in 0.5 nM [125I]-leptin (1 hr, 22°C) and apposed to 
film for 20 d. Autoradiograms from all rats showed leptin binding in regions that 
previously have been shown to express leptin receptor mRNA, particularly arcuate, 
ventromedial, and dorsomedial nuclei, as well as thalamus, pyriform cortex, and 
choroid plexus (which had the highest binding density). Leptin binding was low in 
the paraventricular nucleus and hippocampus. A 1000-fold excess of unlabeled leptin 
reduced binding to background levels in all brain regions. Binding of labeled leptin 
was quantified by computer densitometry. As predicted by the hypothesis, [125I]~ 
leptin binding in the arcuate nucleus was significantly increased in fasted rats in 
comparison to fed rats (40% greater; P < 0.0001). However, binding of [125I]-leptin 
in the other brain regions was unchanged by fasting. The results show that fasting 
selectively increases leptin binding in the arcuate nucleus, consistent with our recent 
report of increased leptin receptor mRNA levels in the arcuate nucleus during fasting 
(Diabetes 47:538-43, 1998). Therefore, metabolic conditions associated with fasting 
increase leptin receptor gene expression and upregulate leptin receptors in the arcu
ate nucleus. We hypothesize that this response increases the sensitivity of the hypo
thalamus to the effects of leptin on the expression genes for neuropeptides that regu
late energy homeostasis. (Supported by Dept. Veterans Affairs and NIH)

11.11
NPY A N D  LE PTIN  PR O D U C E  O PPO SIN G  M O D U L A T O R Y  
ACTIONS O N  M E A L -R E L A T E D  N E G A T IV E  F E E D B A C K  
SIG NALS IN  R A T  N U C L E U S  OF T H E  S O L IT A R Y  T R A C T .
G.J. Schw artz* &  T .H . M oran . D ep t. o f  P sychiatry , Johns H opkin s  
University S ch oo l o f  M ed icin e, B altim ore, M D  2 1 2 0 5 -2 1 9 6 .

N egative feedb ack  sign als arising from  direct nutrient contact with  
meals and those related to m etabolic status m ay be integrated by the 
central nervous system  sites that m ediate the control o f  food  intake and 
energy hom eostasis. T o  evaluate h ow  sign als related to m etabolic  
status may interact w ith  signals arising during a m eal, w e  exam ined  
single unit extracellular neurophysiological resp onses to m eal-related  
gastric d istension in gastric load -sen sitive neurons in the nucleus o f  the 
solitary tract (N T S ) in K etam ine/X ylazine anesthetized lean m ale Long- 
Evans rats, b efore and after third ventricular adm inistration o f  tw o  
m etabolic regulatory peptides that have opposing e ffects  on ingestion: 
neuropeptide Y  (N P Y ) (3 .5  µ g /3 .5  µ l), and leptin  (3 .5  µ g /3 .5  µ l). 
Although neither N P Y  nor leptin generated any change in baseline N T S  
neural activity, N P Y  pre-exposure sign ificantly  inhibited the 
subsequent neuronal activation produced by 3 m l gastric saline loads, 
while leptin pre-exposure sign ificantly am plified  the subsequent 
response to these loads. N eith er central N P Y  nor leptin m od ified  the 
response to these gastric saline loads in primary gastric vagal load- 
sensitive afferents, indicating that the N T S e ffects  w ere not secondary  
to peptide-induced changes in the response properties o f  primary vagal 
afferents. T h ese data su ggest that m etabolic regulatory peptides can act 
by m odifying m eal-related negative feedb ack  sign als to produce their 
effects on e ffec ts  on food  intake. Supported by D K  4 7 2 0 8 .

11.10
PERIPHERAL CCK ENHANCES REDUCTION OF FOOD INTAKE 
BY INTRACEREBROVENTRICULAR LEPTIN. C A Matson* and
R.C. Ritter. Department of VCAPP, and Program in Neuroscience, 
Washington State University, Pullman, WA 99164-6520

Previous reports indicate that peripherally administered leptin, a 
hormone produced by fat cells, and cholecystokinin (CCK), a hormone 
released by intestinal endocrine cells, interact to reduce food intake in 
mice. We hypothesized that peripherally injected CCK may also enhance 
reduction of 24 h food intake, which is induced by intracerbroventricular 
(ICV) leptin injections in rats. To test this hypothesis, we injected 2 µg 
of leptin directly into the third cerebral ventricle. At this dose, leptin 
significantly reduced 24 hour food intake but had no effect on the 30- 
minute intake of 15% sucrose solution. Conversly, intraperitoneal (IP) 
injection of CCK (2 µg/kg)had no effect on 24 hour food intake, but did 
significantly reduce 30-minute sucrose intake. When rats were injected 
with ICV leptin 4 h prior to IP CCK, 24 hour food intake was reduced 
significantly more than when leptin was injected alone. These data 1) 
confirm the existence of synergy between leptin and CCK in the reduction 
of 24 h food intake 2) demonstrate that this form of leptin/CCK synergy 
occurs in rats 3) reveals centrally acting leptin is sufficient to mediate 
leptin-CCK synergy on 24 h food intake. The existence of synergy 
between peripheral CCK and ICV leptin suggests convergence of neural 
signals that mediate control of food intake in response to gastrointestinal 
stimulation and changes in body fat. Supported by PHS grant NS-20561.

11.12
N E U R O P E P T I D E  Y A N D  G A L A N I N  C H A N G E S  I N  T H E  
V E N T R O M E D IA L  N U C L E U S  O F Y O U N G  R A T S B O R N  O F D A M S  
FE D  O N  U N B A L A N C E D  D IE T S . B. B eck*, R. K ozak , A . B u rlet. C. 
Bu r le t . INSERM  U .308 - 38 , rue L io n n o is  - 5 4000  N A N C Y - France  

N e u r o p e p t id e  Y (N P Y ) a n d  g a la n in  (G A L ) s tim u la te  fo o d  in ta k e  
w ith  d ifferen t e ffec ts  o n  each  m a cro n u tr ien t. C a rb o h y d ra te  a n d  fat 
in g e s t io n  can  m o d u la te  th e  h y p o th a la m ic  le v e ls  o f  th e se  p e p t id e s  
b o th  on  sh o rt- a n d  lo n g -term s. T h e a im  o f  th e  p r e sen t s tu d y  w a s  to  
in v e st ig a te  th e  e ffe c ts  o f  e ith er  a w e ll-b a la n c e d  co n tro l (C), a h ig h -  
ca rb o h y d ra te  (H C ) or a h ig h -fa t (H F) d ie t  g iv e n  to  d a m s d u r in g  the  
g e s ta t io n  a n d  s u c k lin g  p e r io d s  o n  h y p o th a la m ic  N P Y  a n d  G A L  of 
th e ir  o ffsp r in g . W e m ea su r e d  th e se  p e p t id e s  b y  sp e c if ic  R IA s in  the  
m ic r o d isse c te d  a rcu a te  (A R C ), v e n tr o m e d ia l  (V M N ) a n d  p a r a v e n 
tricu lar (P V N ) n u c le i o f  y o u n g  rats born  o f  th e se  d a m s. T h ere w a s  
a s ig n if ic a n t  e ffe c t  o f  d ie t  ty p e  o n  p e p t id e  c o n c e n tr a t io n  in  th e  
V M N  for N P Y  (p = 0 .0 0 4 ) a n d  G A L  (p = 0 .03). B oth H C  a n d  H F  d ie ts  
w e r e  a s so c ia ted  w ith  a 50% in c re a se  o f  N P Y  in  th e V M N  (p = 0 .002  
(H C  v s  C) a n d  p = 0 .0 0 6  (H F  v s  C)). T h e  sa m e  p h e n o m e n o m  w a s  
o b s e r v e d  for  G A L  w ith  m o re  p a r tic u la r ly  a 80% in c re a se  in  the  
V M N  o f  th e  H F g r o u p  (p = 0 .01 v s  C). N o  v a r ia t io n s  at a ll w e r e  
o b se r v e d  e ith e r  in  th e  P V N  or  in  th e  A R C  w h ic h  are im p o rta n t  
n u c le i for b o th  p e p t id e s  o n  a fu n ctio n n a l p o in t  o f  v iew . T h ese  data  
s h o w e d  that th e V M N  is p a r ticu la r ly  s e n s it iv e  to th e c o m p o sit io n  
of th e d ie t  g iv e n  v ery  ea r ly  in life . D u e  to th e  im p o r ta n c e  o f  the  
V M N  in b o d y  w e ig h t  reg u la t io n , th e se  c h a n g e s  m ig h t  h a v e  lo n g -
term  c o n se q u e n c e s . S u p p o rted  by In stitu t B. D e le sse r t  (Paris).

BIOLOGICAL RHYTHMS AND SLEEP I

12.1
SPATIAL AND TEMPORAL RELATIONS BETWEEN EXTRACELLULAR 
NEURONAL DISCHARGES AND LOCAL FIELD POTENTIAL OSCILLA
TIONS IN CAT CEREBRAL CORTEX DURING NATURAL WAKE AND 
SLEEP STATES. Alain Destexhe*, Diego Contreras and Mircea Steriade, 
Laboratoire de Neurophysiologie, Université Laval, Québec G1K 7P4, Canada.

The electroencephalogram displays various oscillation patterns during wake 
and sleep states, but the spatial distribution of underlying neuronal events is 
not known. Multisite local field potentials (LFPs) and multiunits were simulta
neously recorded in the cerebral cortex (area 5-7) of awake and naturally sleep
ing cats. Slow-wave sleep (SWS) was characterized by oscillations in the slow 
(< 1 Hz) and delta (1-4 Hz) range. Slow-wave complexes consisted in a posi
tivity of depth LFP, associated with neuronal silence, followed by a sharp LFP 
negativity, correlated with an increase of firing. This pattern was of remarkable 
spatiotemporal coherence, as silences and increased firing occurred simultane
ously in all cells recorded within 7 mm distance in the cortex. During wake 
and REM sleep periods, single units fired tonically while LFPs displayed faster 
activities with increased power in gamma frequencies (20-60 Hz). In contrast 
with the widespread synchronization during SWS, gamma oscillations during 
REM and wake periods were synchronized only within neighboring electrodes 
and small time windows (100-500 ms). This local synchrony occurred in an ap
parent irregular fashion, both spatially and temporally. Brief periods (< 1 s) of 
gamma activity were also present during SWS between slow-wave complexes. 
During these brief periods, the spatial and temporal coherence, as well as the 
relation between units and LFPs were identical to gamma oscillations of wake 
or REM sleep. These results show that natural SWS in cats is characterized 
by slow-wave complexes, synchronized over large cortical territories, interleaved 
with brief periods of gamma oscillations, characterized by local synchrony, and 
indistinguishable from the sustained gamma oscillations of activated states. 
Supported by the Medical Research Council of Canada.

12.2
SE R O T O N E R G IC  IN H IB IT IO N  O F T H E PEDU N C U LO PO N TIN E  
TEGM EN TA L NUCLEUS (PPT) IN TH E C O N T R O L O F REM  SL EEP AS  
STUDIED BY M ICRODIALYSIS. R. E. Strecker*, T. Porkka-Heiskanen1, M. 
M. Thakkar, L. Dauphin & R. W. McCarley . Dept. Psychiatry, Harvard Med. 
Sch.& VAMC, Brockton, MA, USA, and 1Inst. Biomed., Univ. Helsinki, Finland.

The activity o f  cholinergic neurons in the PPT is involved in the generation o f  
REM sleep via projections to the pontine reticular formation and thalamus. 
Electrophysiological studies reveal two types o f  cholinergic neurons in the PPT; one 
type discharges during waking (W) and REM sleep, whereas the other type 
discharges preferentially during REM sleep (REM-on). W e recently found that the 
REM-on neurons in PPT are nearly silent in W  because they are inhibited by 
serotonin (5HT) at 5H T 1a receptors (5HT activity is high in W), whereas the 
neurons discharging in both wake and REM exhibit negligible 5 H T la  inhibition. 
Here we show other data supporting the hypothesis that a decrease in 5HT 
inhibition o f  PPT neurons during non-REM sleep leads to an increase in activity o f  
REM-promoting PPT neurons and more REM sleep. Microdialysis perfusion was 
used in the feline PPT to collect samples for measurement o f  5HT levels across 
behavioral state, and to perfuse drugs in the PPT while measuring changes in sleep. 
Two new findings are consistent with the model o f  5HT inhibition o f  PPT neurons. 
1) spontaneous levels o f  5HT in the PPT are highest in W , lower in non-REM sleep 
(SW S), and lowest during REM sleep (N=4), and, 2) PPT perfusion o f  a 5H T 1a 
agonist (8-OH-DPAT, 1 µM, N=5) increased W, and decreased both REM and 
SW S. The data support the hypothesis that the PPT cholinergic REM-on cells do 
not fire in waking because they are inhibited by 5HT, and the decrease in PPT 5HT 
levels in non-REM sleep releases these cells from 5HT inhibition and permits the 
emergence o f  REM sleep. Support: NIMH 39683; Dept Vet. Aff.
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12.3

THE 5-HT1A AGONIST 8-0H-DPAT PERFUSED IN THE DORSAL RAPHE 
INHIBITS REM-OFF NEURONS: A COMBINED UNIT RECORDING AND 
MICRODIALYSIS STUDY. Mahesh M. Thakkar*, Robert E. Strecker and Robert 
W. McCarley, Psychiatry, Harvard Med. Sch., VA Med. Ctr, Brockton, MA 02401.

It is well established that the serotonergic (5HT) neurons of the dorsal raphe 
nucleus (DRN) slow discharge activity upon the transition from wakefulness (W) to 
sleep and virtually cease discharge activity as REM sleep is approached and entered. 
This inverse correlation with REM sleep led to the suggestion that activity of 5HT 
neurons might suppress REM sleep, and, indeed, we have recently shown that 
microdialysis-applied 5-HT1A agonist 8-OH-DPAT selectively inhibits mesopontine 
cholinergic REM-on neurons, but not Waking/REM-on neurons. What mechanism(s) 
might control the decrease in DRN 5HT neuronal activity that, we propose, disinhibits 
cholinergic neurons and permits REM sleep to occur? We have already reported that 
microdialysis perfusion of 8-OH-DPAT locally in the DRN increases REM sleep. 
Recently we developed techniques for simultaneous unit recording from microwire 
bundles adjacent to microdialysis probes that can be used to perfuse pharmacological 
agents. Using this technique we have begun to study the effect of 8-OH-DPAT on DRN 
REM-off  unit activity. 8-OH-DPAT decreased the discharge rate by > 60% in each of 
the 4 REM-off neurons thus far recorded. These data suggest that inhibition of DRN 
REM-off neuronal activity leads to a decrease in 5-HT release, and thereby to the 
occurrence of REM sleep, and support the reciprocal interaction model postulate of 
serotonergic inhibition of REM-promoting cholinergic neurons. The data further 
suggest that the decrease in REM-off neuronal activity that occurs as the animal passes 
from W to sleep, may be, at least in part, be mediated via 5-HT1A autoreceptor 
activation. This study’s novel methodology combining neuropharmacological and 
neurophysiological information from microdialysis and unit recording in the freely 
behaving animal may be widely applicable in behavioral studies. Support: NIMH 
39683, VA Med. Res..

12.5

DIALYSIS PERFUSION OF A 5-HT1A RECEPTOR ANTAGONIST IN DORSAL 
RAPHE NUCLEUS INCREASES 5-HT LEVELS IN SLEEP AND WAKING
Alvhild Alette Bjørkum*, Chiara Maria Portas, Bjørn Bjorvatn, Eli Sørensen. Janne 
Grønli and Reidun Ursin Department o f Physiology, University o f Bergen, Norway

Several neural mechanisms are involved in regulation of the state-dependent neuronal 
activity of serotonergic neurons in the dorsal raphe nucleus (DRN). A serotonin (5-HT) 
agonist has been shown to decrease serotonin levels in waking and increase REM sleep 
in cats (Portas et al.Brain. Res.648:306,1994). We now demonstrate in rats that DRN 
perfusion of a potent and selective 5-HT1A antagonist, p-MPPI (RBI), presumably at the 
somatodendritic 5-HT1A receptors produces an increase in extracellular 5-HT levels 
reflected across polygrapichally defined sleep-wake stages.Male Spraque-Dawley rats 
were implanted with a microdialysis guide cannula in the DRN and prepared for chronic 
sleep studies (EEG & EMG electrodes). Sleep/wake state and extracellular 5-HT levels 
(microbore HPLC for 5-HT) were simultaneously monitored after lowering microdialysis 
probes into the DRN and perfused with artificial cerebrospinal fluid (aCSF) and during 
addition of p-MPPI (10 µM) to the aCSF perfusate, at a rate of 1.0 µl/min.. Values are 
given ±  S.E.M. Perfusion of the 5-HT1A antagonist p-MPPI (10 µM) (n=6) produced 
a 3 fold increase in extracellular 5-HT. Sleep/wake data (n=4) indicate increased waking 
and a shift from SWS-2 to SWS-1. For each animal the mean extracellular 5-HT levels 
in W, SWS and REM sleep were used for the analyses. A two-way ANOVA for 
repeated measures showed significant effect of sleep/wake stage 5-HT levels (F2,10= 
9.98, p = 0.004) and of p-MPPI treatment (F1,5 = 16.83, p  = 0.009). In aCSF perfused 
animals mean extracellular 5-HT level in DRN changed with behavioral state 
(F2,10=6.19, p  = 0.018). 5-HT was highest in waking (1.4 ±  0.3 fmoles/sample), 
decreased to 1.0 ± 0.2 fmoles/sample in SWS (79% of W) and to 0.5 ±  0.2 
fmoles/sample in REM sleep (43 % of W). Converted to per cent of waking, the mean 
5-HT level decreased significantly from W to REM sleep (p = 0.004) and between 
SWS and REM sleep ip = 0.007), but not between W and SWS ip = 0.079). p-MPPI 
(10 µM) increased 5-HT levels compared to control levels with 322 % in W (4.1 ±  0.9 
fmoles/sample, p  = 0.005), with 319 % in SWS (3.4 ±  0.8 fmoles/sample, p  =
0.018) and in REM sleep with 450 % (2.52 ±  0.6 fmoles/sample, p  = 0.014).

The increase in extracellular 5-HT level following p-MPPI perfusion in the DRN are 
presumably caused by the blocking of 5-HT1Aautoreceptor-mediated negative feedback, 
which may increase serotonergic neural activity. The data confirm and strengthen the 
hypothesis of the 5-HT1A autoreceptor-mediated negative feedback by 5-HT in DRN. 
Research supported by The Department o f Physiology, University o f Bergen to AAB

12 .7

CATAPLEXY RELATED NEURONS IN THE POSTERIOR 
HYPOTHALAMUS OF THE NARCOLEPTIC DOG. J. John, M.-F. Wu,* B. 
Phan, J.M. Siegel. Neurobiol.Res (151 A3), V.A. Med. Ctr., North Hills, CA 91343 
and Dept. Psychiatry, UCLA , Los Angeles, CA 91020.

Cataplexy is a symptom of narcolepsy, consisting of a loss of muscle tone in 
response to strong emotional stimulation. We have shown (Siegel et al, 1991; Wu et al, 
1997) that cataplexy is correlated with activation of the same neuronal system 
responsible for the loss of muscle tone in REM sleep. A population of REM-off cells 
has been identified in the posterior hypothalamus (PH). In prior work we have shown 
that REM-off cells in the locus coeruleus cease discharge in tight temporal relation to 
cataplexy episodes. The PH has been implicated in arousal and in the control of REM 
sleep. The PH receives major input from limbic forebrain areas and has projections to 
the meospontine tegmentum. The presence of REM-off cells and participation of the 
PH in REM sleep control suggest that this area may have a role in cataplexy induction. 
Single neuron activity was recorded from PH in freely moving narcoleptic Doberman 
pinschers during various sleep/wake stages and food elicited cataplexy. Cataplexy 
frequency was increased with physostigmine (50 µg/kg,i.v.), prazosin (0.5 mg/kg, 
p.o) and BH-920 (2 µg, i.v.). Out of the 23 cells recorded , 13 were REM active and 
two were REM-off. Seven out of the 13 REM-active cells were also cataplexy active. 
The other five cells decreased their activity in cataplexy and one did not change. Both 
of the REM off cells increased activity during cataplexy. This is in contrast to REM- 
off locus coeruleus cells, all of which cease discharge in cataplexy. The maintained 
discharge of PH REM-off cells may have a role in the maintenance of awareness of the 
surroundings during cataplexy. Overall, 14 out of 23 cells showed an increase in 
activity during cataplexy, reaching rates equal to or greater than those seen in REM 
sleep. The increased activity of PH neurons suggest that this area may be involved in 
the triggering of cataplexy.
Research supported by NS 14610, NS 23724 and the VA.

12.4

AN IN  VITRO STUDY OF THE MODULATION OF SYNAPTIC INPUT TO THE 
VENTROLATERAL PREOPTIC AREA BY ADENOSINE, DNQX, AND 
BICUCCULINE. Stephen R. Morairty*, D.G. Rainnie, R.W. McCarley and R.W. 
Greene. Harvard Medical School and Brockton Veterans Administration Medical 
Center, Brockton MA.

The ventrolateral preoptic area (VLPO) has been reported to contain a cluster of 
sleep-active neurons. This presents the opportunity to study the electrophysiological 
properties of a population of neurons that are potentially important in the regulation 
of sleep, and to investigate the effects on these neurons of adenosine (AD) which is 
hypothesized to modulate behavioral state. Stable whole cell patch-clamp recordings 
were obtained from 60 VLPO neurons in horizontal rat brain slices. This population 
of VLPO area neurons were electrophysiologically heterogeneous. Most VLPO 
neurons displayed rhythmic firing patterns in response to depolarizing current 
injections (88%) and have large input resistances (Rin; mean = 659.562 ± 68.368 
MOhms; tau = 29.93 ± 2.86 ms). Some neurons displayed burst-firing patterns in 
response to depolarizing current injections (12%). Rin of burst-firing cells tended to be 
lower (mean = 522.299 ± 40.887 MOhms; tau = 38.69 ± 13.55 ms). Most neurons 
displayed Ih -like and/or It -like currents (89%). Spontaneous synaptic activity of both 
epsp/c’s and ipsp/c’s is pronounced in many of these neurons. Preliminary results show 
that most epsc/p’s to be DNQX (40 uM) sensitive. Most ipsc/p’s were bicucculine (30 
uM) sensitive. Some ipsc/p’s were also DNQX sensitive suggesting they are driven by 
glutamatergic input. AD (20-100 uM) decreased the frequency of spontaneous ipsc/p’s 
(17% to 8O%)but had little effect on epsc/p frequency. If increased activity in a 
population of VLPO neurons is involved in the regulation of sleep then one 
mechanism that AD may promote sleep is by decreasing a tonic inhibitory GABAa 
input on to VLPO neurons thus increasing their excitability.
Supported by N.I.M.H. Grant MH 14275 and the Department of Veteran Affairs.

12.6
ACTIVITY OF NEURONS IN THE BASAL FOREBRAIN/PREOPTIC 
REGION DURING CATAPLEXY IN THE NARCOLEPTIC DOG. M.-F. Wu. S. 
A. Gulyani,* J. John, B. Phan, J.M. Siegel. Neurobiol. Res. (151A3), V.A. Med. Ctr., 
North Hills, CA 91343 and Dept. Psychiat., UCLA, Los Angeles, CA 91020.

The basal forebrain area plays an important role in sleep induction (McGinty & 
Szymusiak, 1990). In narcolepsy, cholinergic stimulation of this area triggers 
cataplexy in narcoleptic dogs (Nishino et al, 1995). In the current study, we examined 
the activity of cells in the basal forebrain/preoptic region in sleep and cataplexy.

A total of 89 cells have been recorded thus far from four narcoleptic Doberman 
pinschers using microwire techniques (Siegel et al.,1992). Nine cells greatly increased 
discharge in non-REM and REM sleep as compared to waking states. Out of eight 
tested for cataplexy (CAT), two showed an increase of firing during CAT. Prazosin 
(0.5 mg/kg, p.o.), which enhanced cataplexy, however, decreased the discharge of 
these two sleep/CAT-active cells by more than 50%. Six other sleep-related cells 
greatly reduced firing during CAT. Five of these were related to particular movements. 
We did not find a significant effect of prazosin or physostigmine (50 µg/kg, i.v.) on the 
firing rate of any of these cells. Forty five cells had their highest firing rate during 
active waking. These cells fired in cataplexy, depending on dog’s posture during the 
cataplectic attack. Ten cells were wake-active, having higher discharge rate in waking 
and in all episodes of CAT as compared to sleep. Six cells were most active during 
waking and REM sleep. The one tested showed sustained activity in CAT comparable 
to that in waking and REM. The remaining cells were state independent.

The data collected so far indicate that basal forebrain/preoptic sleep-active 
neurons either decreased discharge during cataplexy or decreased discharge in 
response to cataplexy inducing drugs. This suggests that cataplexy elicited locally may 
be induced by other types of cells in this area, by interactions with cataplexy related 
cells of the type we have seen in other brain regions, e.g., amygdala, locus coeruleus, 
and medial medulla, or more generally, by the effect of stimulation on mood.

Research supported by NS 14610, NS 23724 and the VA.

12.8
EFFECTS OF CHLORISONDAMINE ON THE SLEEP OF YOUNG AND OLD 
RATS. R. CABEZA * AND J. GAMERO. Dept. of Biological Sciences, Univ. of 
Texas at El Paso, El Paso, TX 79968.

According to the reciprocal-interaction hypothesis of REM sleep control 
proposed by Hobson and McCarley, three centers of the pons, the dorsal raphe (DR), 
locus coeruleus (LC), and the laterodorsal tegmentum (LDT) (in the rat) are mainly 
responsible for the timing and duration of REM sleep as a result of their interactions. 
This model predicts that a cholinergic input from the LDT to the DR and LC is 
chiefly responsible for controlling the duration of REM sleep. To test the possible 
importance of these connections on the DR we tested the effects of chlorisondamine, 
a long-lasting nicotinic antagonist which accumulates in the DR, among other brain 
centers, on sleep and wakefulness in 2 & 12 month old Sprague Dawley male rats. 
Rats were implanted with a standard set of EEG & EMG electrodes under standard 
surgical procedures and allowed to recover for two weeks. Animals were treated 
with either saline or chlorisondamine (10 mg/kg SC) and recorded from 9:00 to 
13:00 cm a baseline day and 4 days after treatment. In the young animals there was 
no effect of the drug found; wakefulness accounted for ~3O% of the recorded time, 
light sleep ~ 15%, slow wave sleep (SWS) ~42%, and REM sleep ~13%. Older 
animals had much less REM sleep and SWS, as compared to the 2 month old rats in 
their baseline sleep (awake ~41%, light sleep ~33%, SWS ~24%, and REM sleep 
~2%). Chlorisondamine treatment in these older rats caused a decrease in 
wakefulness (~29%), and an increase in SWS (~38%) & REM sleep (~4%), leaving 
light sleep about the same (~29%). The implications of these results will be 
discussed with regards to the importance of the DR in regulating REM sleep with 
aging.
(This work was supported by a University Research Institute Grant to R.C. from the 
Univ. Texas El Paso, and by an RCMI grant, RR08124. J.G. was supported by a 
Howard Hughes Medical Institute Fellowship)
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12.9

ROLES OF CYCLIC AMP IN INPUT AND OUTPUT PATHWAYS OF THE 
CIRCADIAN OSCILLATOR IN XENOPUS RETINAL PHOTORECEPTORS.
M. Hasegawa and G. M. Cahill* Dept. of Biology, Univ. of Houston, TX 77204.

Circadian rhythms of melatonin from the cultured Xenopus retinal photoreceptor 
layers (PRLs) are entrained by cyclic light or dopamine. Since both dopamine and 
light inhibit photoreceptor adenylate cyclase in other species, and cAMP-dependent 
pathways impinge on the circadian oscillator and on the melatonin regulation system, 
we investigated cAMP roles in the entrainment by dopamine and light and also in the 
output pathways for melatonin rhythms.

When PRLs were treated simultaneously with 8-(4-chlorophenylthio)-cAMP (8- 
CPT-cAMP), a cAMP analog, and quinpirole, a D2-dopamine receptor agonist, the 
phase shifts were always the same as those caused by 8-CPT-cAMP alone, indicating 
that there is a cAMP-dependent step in the dopamine entrainment pathways. However 
MDL-12,330A, an inhibitor of adenylate cyclase, failed to reset the oscillator 
although this drug suppressed the basal level of photoreceptor cAMP to the almost 
same level as that reduced by quinpirole. These results strongly suggest that a 
reduction of cAMP is necessary but not sufficient for the entrainment by dopamine. 
On the other hand, light interfered with the phase-shifting effects of 8-CPT-cAMP 
and did not suppress the photoreceptor cAMP level. These results strongly suggest 
that cAMP is not directly involved in entrainment by light.

We also investigated cAMP roles in the output pathways for melatonin rhythms. 
The stimulation of melatonin by 8-CPT-cAMP was saturated at 1 mM. Constant 8- 
CPT-cAMP treatment (1 mM) elevated melatonin levels 12-13-fold, but melatonin 
rhythms were still observed. Moreover when the PRLs were continuously treated 
with IBMX, melatonin release was rhythmic, but cAMP efflux was constant under 
the darkness. These results strongly suggest that cAMP regulates melatonin 
synthesis in parallel with circadian output pathways from the oscillator. Supported 
by NIH grant R01-MH49757.

12.10
D IU RN ALITY , NO CTU RNALITY, AND 2 -D E OX YG LUC O SE UPTAKE IN 
THE EDIBLE MOUSE, Arvicanthis niloticus.
J.M. S alter1*, J .T . Sanders1, M. H aag2, L. S m ale 2, and V.M . Cassone1 
1Department of Biology, Texas A&M University, College Station, T X  
778 43 -3 2 58  2Department of Psychology, Michigan State University, 
East Lansing, Ml 4 8 8 2 4

M am m alian circadian organization is dom inated by the  
hypothalam ic suprachiasmatic nuclei (SCN). This structure is 
m etabolically active during the day in all m am m alian species studied 
ranging from marsupials to primates, whether the species is diurnal or 
nocturnal. In one species of African murid mouse (Arvicanthis niloticus), 
also called panya or edib le mouse, individuals or the same population  
may occupy diurnal or nocturnal tem poral niches. In this study, loca l 
cerebral metabolism was measured during the day and night in both 
diurnal and nocturnal individuals. M ice were intramuscularly in jected  
with 2-deoxy-[14C]-glucose (2DG), allowed to survive 1 hr and then  
killed by decapitation. Brains were sectioned and apposed to a 
phosphor imager plate. Images were digitized and densitom etrically  
analyzed by computer. The brain regions studied were the SCN, the  
mamm ilary bodies (MB), the thalam ic dorsal lateral geniculate (DLG), 
and the inferior colliculi (IC). The data indicate that there is no 
statistically significant difference in 2DG  uptake between diurnal and  
nocturnal individuals nor is there a difference between day and night in 
any of the structures exam ined. SCN 2DG  uptake was low during the  
day and during the night. The data suggest that a low am plitude SCN  
oscillation may enable individuals of this species to occupy diverse 
temporal niches.

Acknowlegment: 2 R 01 M H 53433 -04  (LS); R 01 NS 35822-01 (VM C)

12.11
ROLE OF BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) IN THE 
CIRCADIAN SENSITIVITY OF THE SUPRACHIASMATIC PACEMAKER TO 
LIGHT. F.-O. Liang*, G. Allen, R Walline, D. Earnest. Dept. of Human Anatomy, 
Texas A&M University Health Science Center, College Station, TX

Recent findings indicate that BDNF enhances neuronal signaling in the brain. 
Since our previous studies demonstrate: 1) BDNF-expressing cells in the rat SCN are 
closely associated with TrkB-immunoreactive fibers from the optic chiasm, and 2) the 
rhythmic peak in SCN expression of BDNF coincides with the critical interval during 
which light resets the SCN pacemaker, this neurotrophin may play a comparable role 
in SCN circadian function by gating the effect of light on the pacemaker mechanism. 
To test this hypothesis, we examined whether abnormal expression of BDNF or 
blockade of its action in the SCN would produce predictable alterations in circadian 
pacemaker responses to light. Initial studies utilized heterozygous BDNF null mutant 
mice to determine if deficits in BDNF expression abate the phase-shifting effect of 
light. Relative to wild-type mice, mutant mice showed >50% reduction in SCN 
expression of BDNF mRNA and protein and significant decreases in light-induced 
phase advances (4.84 ± 0.56 vs 0.55 ± 0.5 h). Complementary studies were also 
performed to determine if light-induced phase shifts of the circadian pacemaker are 
similarly affected following blockade of endogenous BDNF activity in the SCN by 
infusion of the tyrosine kinase inhibitor, K252a. Compared to vehicle-treated (aCSF) 
animals, SCN infusion of K252a via an osmotic minipump blocked or reduced both 
the phase-delaying (2.84 ± 0.23 vs. 0.67 ± 0.25 h at CT14) and advancing effects 
(2.68 ± 0.46 vs. 0.66 ± 0.17 h at CT22) of light. The final approach was to 
determine whether infusion of exogenous BDNF into the SCN enables light to induce 
phase shifts during its normal period of photoinsensitivity. Light exposure at CT6 
had little effect on the phase of the activity rhythm (0.35 ± 0.07 h) in CSF-treated 
rats, but induced large phase advances (2.2 ± 0.82 h) in BDNF-infused rats. Phase 
shifts in the rat activity rhythm were not observed following acute injection of BDNF 
or K252a into the SCN. These results implicate BDNF in the gating of photic input 
to the SCN and purvey critical support for the possible role of BDNF in the circadian 
regulation of pacemaker sensitivity to light. Supported by NSF IBN9511238 (DJE).

12.12
P R O T E I N  K IN A S E  G  R E G U L A T I O N  O F  A  C IR C A D IA N  C L O C K  
C O N T R O L  P O IN T : R A P ID  P H A S E  R E S E T T IN G . S A  T ischkau* and  
M U  G illette . D e p t . o f  C ell and Structural B io lo g y  and the N eu ro sc ien ce  
Program , U n iv ersity  o f  Illin o is  at U rban a-C ham p aign , Urbana, IL, 6 1 8 0 1 .

N ear 2 4 -h  o sc illa tio n s in b io lo g ic a l p ro cesses  are tim ed  b y an 
en d o g en o u s c lo c k  located  in the hyp oth a lam ic suprachiasm atic nucleus  
(S C N ). A ctivation  o f  cG M P -d ep en d en t p ro cesses  during the last h a lf o f  
su b jective  n igh t ph ase ad van ces the S C N  e lectrica l a ctiv ity  rhythm. W e  
h y p o th esized  that en d o g en o u s, c lo ck -reg u la ted  ch an ges in the cG M P  
system  o ccu r at this tim e. L ev e ls  o f  c G M P  (n = 7 ) w ere 44%  higher  
(p < 0 .0 5 ) at C T  2 2  and 74%  high er (p < 0 .0 1 ) at C T  2 4  com p ared to  C T 2 0  
and returned to basal lev e ls  b y  C T 2. P K G  sp e c ific  activ ity  w as  
sig n ifica n tly  higher (p < 0 .0 5 , n = 4 ) at C T  23 com p ared  to C T s 11 and 18. 
T h ese  sp on tan eou s o sc illa tio n s w ere co in c id en t w ith  the w an in g  o f  
sen sit iv ity  to ph ase sh iftin g  b y  e x o g e n o u s  activation  o f  cG M P -d ep en d en t  
p rocesses. Inhibition o f  P K G  for 15 m in  to  3 h at C T  22  cau sed  phase  
d elays o f  3 .5 -4 .0  h in both the e lectrica l a ctiv ity  rhythm  and the cG M P  
osc illa tio n . PK G  inhib ition  for 3 .5  or 6 h, or tw o  p u lses adm inistered 3 .5  h 
apart, ind u ced  a d ou b lin g  o f  the d e lay , from  3 .5  to 7 h. R esp o n ses  to 
glutam ate adm inistration in con ju n ction  w ith  P K G  inhib ition  su ggest that 
c lo c k  resetting  is  co m p le te  w ith in  3 0  m in  o f  treatm ent. T hus, en d o g en o u s  
activation  o f  the cG M P /P K G  sy stem  at the en d  o f  the night d efin es a 
critical c lo c k  control point required for tem poral progression  o f  the  
circadian c lo ck . Sup ported  b y  N IH  N S 2 2 1 5 5 , N S 3 3 2 3 0  (M U G ) and N IH  
N S  1 0 1 7 0  (S A T ).

IN V E R T E B R A T E  L E A R N IN G  A N D  B E H A V IO R  I

13.1

CREB 1B, A TRANSCRIPTION REPRESSOR, IS A SUBSTRATE FOR 
UBIQUITIN-MEDIATED PROTEOLYSIS IN APLYSIA SENSORY NEURONS. 
A.N. Hegde, D. Bartsch and J. H. Schwartz*. Center for Neurobiology & 
Behavior, Columbia University, New York, NY, 10032.

Induction of the long-term facilitation (LTF) that underlies sensitization of 
defensive reflexes in Aplysiα not only requires synthesis of activators but also 
removal of inhibitors. Our earlier studies showed that ubiquitin-mediated 
degradation of the regulatory subunits of the cAMP-dependent protein kinase 
generates a persistently active kinase in sensory neurons. Furthermore, we showed 
that a key enzyme of the ubiquitin pathway, ubiquitin C-terminal hydrolase (Ap- 
uch), is induced as an early response gene during LTF. We showed that Ap-uch 
upregulates the ubiquitin-proteasome pathway by associating with proteasomes to 
increase degradation of protein substrates. The ubiquitin pathway also restricts the 
action of a critical transcription factor, ApC/EBP, to a narrow, early time window 
during the consolidation phase of facilitation. Does the ubiquitin-proteasome 
pathway also remove negative regulators of transcription? The gene induction 
cascade that leads to the development of LTF is initiated by CREB la, which is an 
activator both necessary and sufficient to induce LTF. The Aplysiα CREB 1 gene 
encodes both activators and repressors. An alternately-spliced CREB 1 mRNA 
encodes a constitutive transcription repressor, CREB 1b, which inhibits LTF 
(Bartsch et al., Soc. Neurosci. Abs. 23:233 [1997] and submitted). When 
recombinant CREB 1b is incubated with nervous tissue extract, it forms high 
molecular-weight ubiquitin conjugates ("ladders"). Removal of CREB 1b would 
allow CREB-mediated gene induction to go forward during normal LTF. In the 
absence of adequate external stimuli, inhibitory proteins such as CREB 1b prevent 
memory formation. With adequate stimulation, the ubiquitin pathway is activated 
so that inhibitory proteins are removed. Thus the ubiquitin-proteasome pathway 
could set the threshold for long-term memory. (Supported by NIH grants 
MH48850 and MH00921, and by HHMI)

13.2

SEROTONIN INDUCES TEMPORALLY AND MECHANISTICALLY 
DISTINCT PHASES OF PKA ACTIVATION IN A P L Y S I A  
SENSORY NEURONS
U. Mueller1 , C. M. Sherff*2 , and T. J. Carew 2,3 Instit. Neurobiol., Free Univ., 
Berlin1, and Depts. Psych.2. & Biol.3.,Yale Univ., New Haven, CT, 06520

Following spaced applications of serotonin (5HT) in the CNS, the tail 
sensory neurons (SNs) of Aplysia exhibit three phases of synaptic facilitation: 
Short-Term (STF) lasting ~15 min, Intermediate-Term (ITF) lasting ~3 hrs, and 
Long-Term (LTF) lasting > 24 hrs. STF/ITF decay to baseline several hrs prior 
to the em ergence of LTF (M auelshagen et al., 1996). Since cAMP is 
implicated in SN synaptic facilitation, here we asked whether comparable 
temporal phases of PKA activity are induced in the SNs by 5HT.

Using the method of Hildebrandt & Mueller (1995) to directly measure 
PKA activity in the SNs, we first examined SPACED ACTIVATION of PKA. We 
found that 1-4 pulses of 5H T (5 min pulse, IT I=15 min) induced only transient 
(15 min) PKA activation (ST-PKA), whereas 5 pulses induced constitutive 
PKA activity that decayed to baseline only after 3  hrs (IT-PKA). 20 hrs later, 
PKA was again constitutively active (LT-PKA). Further experiments showed: 
(1) ST-PKA requires neither transcription nor translation, (2) IT-PKA requires 
only translation, (3) LT-PKA requires both transcription and translation (for 
comparable results examining STF, ITF and LTF in cultured SNs, see Ghirardi 
et al., 1995). W e next examined M A SSED ACT IV A TIO N  of PKA. W e found 
that a  90 min pulse of 5H T induced transient ST-PKA, no IT-PKA and LT-PKA 
that required both transcription and translation.

These results show that spaced applications of 5H T  induce three 
m echanistically distinct phases of PKA activation in the SNs that are 
dynamically similar to STF, ITF and LTF (Mauelshagen et al. 1996). Moreover, 
spaced PKA activation has different inductive properties than massed 
activation. W e are now exploring the m olecular mechanisms that might 
account for the common expression profiles for synaptic facilitation and PKA 
activation. (Supported by SFB: 515-C3 to U.M. and NIH: MH 41083 to TJC)
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1 3 .3

AN IDE N TIFIED  CEREBRAL N E URO N (C C6) EXE R TS  A C TIO NS  
O PP O S ITE  TO  THA T O F A M U LTIFUNCTIO NAL N E URO N (CC5).
I.Kupfermann, K.R. Weiss and Y.X in* Center for Neurobiol. and 
Behav., Columbia. Univ., New York, NY  10032. *Dept. of Physiol. and 
Biophysics, Mt. Sinai Med. Center, N Y  10128.

Many neurons appear to have multifunctional roles in behavior. For 
example, the cerebral CC5 neuron is active in at least 6 different 
behaviors, and its quantitative and qualitative roles are different for 
each of the behaviors (Xin et al., 1996). A common component of all 
the behaviors in which CC5 participates is a shortening of the neck 
musculature (either bilaterally or unilaterally). Since behavioral 
responses often are controlled by neural systems that have opposing 
actions, we hypothesized that there might be one or more neurons that 
are counterparts to CC5, but exert opposite actions. W e  now report on 
such a neuron which we term CC6. C C6 is an interganglionic neuron 
that sends its axon to the pedal and pleural ganglia. CC6 receives 
inhibitory inputs following mechanical stimulation of the tentacles; it 
has excitatory inputs from C-PR, a head lifting command-like neuron. 
Unlike CC5, however, CC6 does not apparently receive synaptic inputs 
during locomotor programs. CC6 evokes neck muscle contractions that 
are antagonistic to those evoked by CC5. CC6 monosynaptically 
inhibits the pedal arterial shortener neuron (Pas), whereas CC5  
monosynaptically excites Pas. In summary, CC6 has many but not all 
features that are polar opposite to those of CC5. It is likely that it is a 
multifunctional neuron that may share properties with C -PR  and is 
involved in various behaviors that have a neck lengthening component. 
Supported by NIH grant: MH35564.

13 .5

MODIFIED EXCITABILITY AND SEIZURE-AND-PARALYSIS REPERTOIRE 
IN THE JUMP-AND-FLIGHT ESCAPE SYSTEM OF DROSOPHILA: GENETIC 
INTERACTION BETWEEN SODIUM CHANNEL AND BANG-SENSITIVE 
MUTANTS. J. Lee*, and C.-F. Wu, Dept. of Biological Sciences, Univ. of Iowa, 
Iowa City, IA 52242.

The giant fiber (GF) escape pathway of a Drosophila has been a model for genetic 
analysis of synaptic transmission in a defined circuit. Activity in the indirect flight 
muscles (dorsal longitudinal muscles, DLMs) is initiated by dendritic input of the GF 
neuron in the brain, mediated by a peripherally synapsing interneuron to evoke DLM 
motor neuron activity. Strikingly, distinct repertoires of patterned spike activities in 
the DLMs can be evoked by high-voltage and high-frequency electrical stimulation of 
the brain in wild type and various mutants. The repertoire consists of a characteristic 
sequence of an initial spontaneous activity (SA), response failure, delayed SA, and 
response recovery. Variations in the intensity and duration of these components of 
the repertoire provide promising clues to the alterations in synaptic transmission and 
nerve conduction in the cellular elements, and how they integrate to generate the spike 
patterns that underlie seizure and paralysis behaviors. Our genetic mosaic analysis 
demonstrated that different sets of neural elements are involved in producing the 
individual components of the repertoire of DLM activities. For example, response 
failure occurred at the site of GF, but the generation of the delayed SA involves an 
extra circuit in the thorax. A bang-sensitive mutant, bss, had abnormally low 
threshold and slow recovery from response failure possibly due to changed neuronal 
excitability in the pathway. The hypo-excitable mutant, nap , with reduced number of 
Na channels, showed higher threshold and faster recovery from response failure 
without initiating a stereotyped SA. Their mutant phenotypes was nearly restored to 
normal by the interaction between the two mutations in bss nap double mutants. 
Interestingly, the hyper-excitable K channel mutants, Sh and eag, presented a third 
category of mutant spike patterns, with higher threshold but faster recovery from 
response failure, and with more intense delayed SA of novel patterns. Supported by 
NIH grants NS26528 and NS 18500.

1 3 .7

HEMOLYMPH IS NOT REQUIRED FOR LONG-TERM ALTERATIONS OF 
EXCITABILITY AND NEURITIC OUTGROWTH INDUCED BY AXOTOMY IN 
APLYSIA SENSORY NEURONS IN CELL CULTURE. S. S. Bedi and D. L. 
Glanzman*. Departments of Physiological Science and Neurobiology, UCLA, Los 
Angeles, CA 90095-1568.

We have found that axotomy of isolated Aplysia sensory neurons in cell culture 
induces long-term hyperexcitability and enhanced neurite outgrowth (Bedi et al., 
1998). However, our previous experiments were done in the presence of cell culture 
medium containing 50% Aplysia  hemolymph; hemolymph itself contains 
unidentified growth factors that enhance outgrowth of Aplysia neurons, and may 
also affect neuronal excitability. To determine whether growth factors in 
hemolymph are required for axotomy-induced long-term changes in sensory neurons, 
we therefore carried out axotomy experiments in the absence of hemolymph.

Experiments were performed on isolated Aplysia sensory neurons grown for 2 
days in hemolymph-containing medium. At the start of the experiment the cell 
culture medium was replaced with perfusion medium that consisted of 50% L15 and 
50% artificial seawater. The excitability and morphology of the neurons were 
assessed. The axons of some of the neurons (Axotomized, n = 7) were then severed 
about halfway along their length. Nothing was done to other neurons (Controls, n 
= 6) in the culture dish with the Axotomized neurons. After 24 hr the excitability 
and morphology of the neurons were reassessed. The excitability of Axotomized 
neurons was significantly increased (p < 0.02), whereas the excitability of the 
Control neurons was unchanged (p > 0.3). Both groups exhibited significant 
increases in neuritic outgrowth (p < 0.04, Axotomized; p < 0.05, Controls).

These results indicate that axotomy-induced, long-term changes in the excitability 
and outgrowth of Aplysia sensory neurons are due to intrinsic signals, and do not 
depend upon factors contained in Aplysia hemolymph. (Supported by NIH.)

1 3 .4

M O L E C U L A R  A N D  C E LL U LA R  C H A R A C T E R IZ A T IO N  O F  
LATHEO, A  DROSOPHILA L E A R N IN G  G E N E .
S. P in to 1’2 , R . M ih a lek 2 , P .  S m ith2  and  T. T u lly  1 , 2 * Program  
in N eurosc ien ce , Cornell U n iversity G raduate S ch oo l o f  M edical 
S c ien ces  and 2 C old  Spring H arbor Laboratory, C o ld  Spring  
H arbor, N Y  1 1 7 2 4 .

T h e latheo (lat) gen e  w a s id en tified  in a P  e le m e n t in sertio n a l  
m u tagen esis for g en es  in v o lv ed  in o lfactory  a sso c ia tiv e  learn ing in  
Drosophila (B oyn ton  and T u lly , 1992). M olecu lar  ch aracterization  
o f  lat rev ea led  that the P  e lem en t is inserted  at th e 5 ’ en d  o f  the  
untranslated  reg ion  o f  the tran scription  unit. E x c is io n  o f  the P 
e lem en t resu lted  in severa l lin es  w h ich  are leth a l. T h ese  leth al 

m utants fa il to com p lem en t E M S and γ-ray induced m utation m apped  
to the region o f  the o f  the P e lem ent insertion. T h ese a lle les a lso  fail 
to  co m p lem en t the b eh a v io r  d e fec it  o f  the o r ig in a l latP1 a lle le .  
Transgenic flie s, carrying a 17 kb D N A  fragm ent con tain in g the lat 
g e n o m ic  reg io n , h a v e  b een  g en erated  and p rod u ce  fu ll re scu e  o f  
lethal g en o ty p es  o f  the latheo g en e . D N A  se q u e n c e  a n a ly sis  o f  
sev era l o f  the leth al a l le le s  h as r ev ea led  le s io n s  in  th e latheo  
transcript unit. Taken together w ith  the gen o m ic  rescu e  result, these  
m olecular data indicate that w e  h ave id en tified  the correct transcript 
resp onsib le for the lethal and behavioral d efects o f  latheo m utants.

B io ch em ica l and cellu lar stu d ies o f  latheo fu n ction  currently are 
u n d erw ay to reso lv e  the apparent dual ro le  o f  th is g e n e  in both  
develop m ent and adult p lastic ity . 
source o f  support: N IH  R01 N S 3 2 4 8 0

1 3 .6

BIOCHEMICAL AND BEHAVIORAL EFFECTS OF ACUTELY 
INDUCED OVEREXPRESSION OF ß-AMYLOID PRECURSOR 
PROTEIN (APP)-LIKE PROTEIN IN DROSOPHILA. J. Tong,
F.-H. Guo and Y. Zhong* Cold Spring Harbor Lab. 1 
Bungtown Rd., Cold Spring Harbor, NY 11724.

Mutations and overexpression of APP have been  
associated with Alzheimer's disease. The existence of the 
APP-like protein (APPL) in D ro so p h ila  allows us to 
investigate cellular function of APP and whether and how 
APP affects learning and memory in a organism more 
accessible to genetic manipulation. Adenylyl cyclase (AC) 
activity assayed from abdominal tissues indicated that heat 
shock-induced overexpression of APPL did not affect basal 
levels, but abolished GTPγs-stimulated AC activity. Since the 
cAMP pathway is crucial for learning and memory in flies, 
we examined the behavioral effect. Using the well defined 
olfaction-electric shock conditioning paradigm, our study 
revealed a rather intriguing result; acute expression of 
APPL did not diminish the learning score, but increased it 
from 0.63 (before heat shock) to 0.85 (3 hrs after heat 
shock). Further analysis suggested that GTPγs-stimulated AC 
activity in the fly brain was not reduced by expression of 
APPL as it did in abdominal tissues. Currently we are 
testing the hypothesis that overexpression of APP or APPL 
does not impair AC activation and the learning ability in 
the brain of young flies, but diminishes the stimulated AC 
activity and learning scores in aged flies .

1 3 .8
PTP OF APLYSIA SENSORIMOTOR SYNAPSES CAN EXHIBIT AN EARLY 
PHASE THAT DOES NOT DEPEND UPON POSTSYNAPTIC CALCIUM. S.-R. 
Yeh* and D. L. Glanzman. Departments of Physiological Science and Neurobiology, 
UCLA, Los Angeles, CA 90095-1568.

Posttetanic potentiation (PTP), a form of short-lived synaptic enhancement 
exhibited by many peripheral and central synapses, is commonly thought to be due 
exclusively to presynaptic mechanisms (Zucker, 1989). Recently, however, it has 
been reported that PTP of sensorimotor synapses of Aplysia depends upon 
postsynaptic depolarization and a rise in postsynaptic calcium (Bao et al., 1997). This 
result is surprising, because PTP of other Aplysia synapses, like PTP of non-Aplysia 
synapses, does not depend upon postsynaptic mechanisms (Fischer et al., 1997). This 
raises the question of whether sensorimotor synapses of Aplysia are unique in their 
lack of an exclusively presynaptic form of PTP. To answer this question, we have 
reinvestigated the nature of PTP of sensorimotor synapses.

Our experiments were performed on sensorimotor synapses in dissociated cell 
culture. Presynaptic sensory neurons were given test stimuli at 1 per min. Some 
synapses received tetanic stimulation (0.5 s, 25 Hz) 30 s after Trial 5. The synapses 
that received tetanic stimulation (Tetanus group, n = 11) exhibited significant 
potentiation on Trials 6-10 compared to synapses (Control group, n = 14) that 
received only the test stimuli (p < 0.001 for each trial). To test the necessity of 
postsynaptic calcium for PTP, the calcium chelator BAPTA was injected into the 
motor neuron before the start of some experiments. Synapses that received the tetanic 
stimulation in the presence of postsynaptic BAPTA (n = 11) exhibited significant 
PTP, compared to Controls, on Trial 6—which occurred 30 s after the tetanus—but 
not on Trials 7-10 (p < 0.0001 for the comparison between the Tetanus/BAPTA 
group and Controls on Trial 6; p > 0.1 for each of Trials 7-10). Thus, PTP of 
Aplysia sensorimotor synapses can exhibit two phases, an early phase that does not 
depend upon postsynaptic calcium, and a later phase that does. (Supported by NIH.)
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13.9
EFFECT OF CALCIUM-INDUCED CALCIUM RELEASE ON ASSOCIATIVE 
LEARNING IN HERMISSENDA CRASSICORNIS K.T.Blackwell*, D.L. Alkon 
Computational Sciences and Informatics, George Mason University, Fairfax, VA 
22030, National Institute of Neurological Disorders and Stroke, Bethesda, MD 20892 

Associative conditioning of Hermissenda crassicornis with light and turbulence 
causes Hermissenda to contract its foot in response to light alone. Intracellular 
recordings of the type B photoreceptor reveal that the behavior results from an 
increased input resistance and decreased potassium channel conductance, mediated by 
calcium activation of protein kinase C. Two previously demonstrated sources of 
calcium are influx through voltage dependent channels, and release of calcium from 
intracellular stores through the IP3 receptor channel. We describe an experiment 
using intracellular recordings of the B photoreceptor while conditioning the isolated 
Hermissenda nervous system which suggests that a third source of calcium is 
necessary for the cellular changes underlying memory storage. Five paired 
presentations of a 3 second light stimulus with a 2 second turbulence stimulus, with 
an interstimulus interval of 1 second and an intertrial interval of 4 minutes, resulted 
in a significant increase in input resistance. The ratio of the increase in input 
resistance to the pre-training input resistance was 0.38 (n = 10, p=0.0001). Five 
unpaired presentations of a 3 second light and a 2 second turbulence with an 
interstimulus interval of 2 minutes did not produce a significant increase in input 
resistance (input resistance ratio = 0.10, n = 10, p>0.1). A third group of nervous 
systems first was incubated for 30 minutes in 50 micromolar dantrolene dissolved in 
ASW, to block release of calcium through the ryanodine receptor, and then received 
paired training. Input resistance ratio for this group was 0.14, not significantly 
different than 0 (n=9, p>0.2). This is the first demonstration of the role of the 
ryanodine receptor in the cellular events underlying classical conditioning. 
Acknowledgements. The support of this research effort by NIMH is gratefully 
acknowledged.

13.10
Tyrosine kinase activity contributes to learning-produced changes in 
Hermissenda Type B cells I. Jin* and J. Farley. Program in Neural Science, 
Indiana University, Bloomington, IN 47405

Exposure of Type B photoreceptors to tyrosine kinase specific inhibitors, 
genistein or lavendustin A, prior to in vitro conditioning reduced cumulative 
depolarization (an index of learning-related changes) by 50%  or more. 
Iontophoresis of pervandate (a PTK activator/tyrosine-phosphatase inhibitor) 
depolarized B cells and occluded cumulative depolarization produced by in 
vitro conditioning by -  74%.

To evaluate possible interactions between PTK and PKC signal transduction 
pathways in B cells during conditioning, we next exposed B cells to the 
phorbol ester PMA and found that it occluded cumulative depolarization by ~ 
50 %. Exposure to the combination of PMA and lavendustin A completely 
eliminated cumulative depolarization. Similarly, iontophoresis of the PKC 
pseudosubstrate inhibitor, PKC[19-31], into Type B cells blocked cumulative 
depolarization by ~  42 %. Exposure of B cells to the combination of P K C [I9 - 
31] and genistein completely eliminated cumulative depolarization.

In voltage-clamp experiments we observed that perturbations of PTK  
activity had pronounced effects on the same two B cell K+ currents that are 
affected by behavioral training. Genistein exposure increased lA and IDelayed 
by ~ 30 %. Pervanadate iontophoresis decreased lA and IDelayed by ~ 40 %. 
Pervanadate suppression of K+ currents was accompanied by a marked 
reduction in the voltage-dependancy of both currents, and a decrease in the 
rate of inactivation for lA. These effects differ from those accompanying 
phorbol-ester produced reductions in K+ currents. Collectively, our results 
imply that PKC and PTKs: 1) are both activated in B cells during conditioning, 
2) contribute additively to cumulative depolarization, and 3) converge to 
decrease B cell K+ currents, in complementary but distinguishable ways.

L E A R N IN G  A N D  M E M O R Y : S Y S T E M S  A N D  F U N C T IO N S

14.1
EFFECTS OF REMOVAL FROM THE TESTING APPARATUS ON DELAYED 
NONMATCHING TO SAMPLE PERFORMANCE IN MONKEYS WITH LESIONS 
OF THE HIPPOCAMPAL REGION. E. Teng*, L.R. Squire, and S.M. Zola. 
Departments of Neurosciences and Psychiatry, UCSD, La Jolla, CA 92093 and VA 
Medical Center, San Diego, CA 92161.

In a previous study (Alvarez et al. 1995; J Neurosci 15:3796-3807), we reported that 
monkeys with radiofrequency lesions limited to the hippocampal region were 
significantly impaired on the trial-unique delayed nonmatching to sample task (DNMS) 
at delays of 10-min and 40-min, but not at shorter delays of 15-sec and 1-min. These 
results are consistent with the hypothesis that damage restricted to the hippocampal 
region results in a delay-dependent deficit in visual recognition memory. Because the 
monkeys were removed from the testing apparatus during the 10-min and 40-min delay 
intervals, but not during the shorter delay intervals, it is also possible that the deficit 
seen at the longer delays may have resulted from this manipulation rather than from the 
length of the delay. To assess this possibility, we tested a new group of 4 monkeys 
with radiofrequency lesions of the hippocampal region (the H-RF group) and a group of 
3 unoperated control monkeys (the N group) on the DNMS task at two delay intervals 
(1-min and 10-min). In a mixed block design, the monkeys either remained in the 
testing apparatus (the IN condition) or were removed from the testing apparatus (the 
OUT condition) during the delay.

The H-RF group performed normally at the 1-min delay in both the IN and OUT 
conditions but were impaired relative to the N group at the 10-min delay in both the IN 
and OUT conditions. The OUT condition was significantly more difficult than the IN 
condition at the 10-min delay for both groups, but there was no group x condition 
interaction, suggesting that removal from the apparatus affected both groups of animals 
to a similar degree. These findings support the conclusion that damage restricted to the 
hippocampal region results in a delay-dependent deficit in visual recognition memory. 
(Supported by VA, NIH, NIMH, McDonnell-Pew Center for Cognitive Neuroscience)

14.2
IMPAIRED RECO G NITION M EM O RY AND SIMPLE DISCRIMINATION  
LEARNING IN MONKEYS FOLLOWING LESIONS LIMITED TO  THE  
HIPPOCAMPAL REGION MADE BY RADIO FREQUENCY, ISCHEMIA, OR  
IBOTENIC ACID. S.M . Z o la *, E. Te n g, R. E. C lark, L. Stefanacci, E.A. 
Buffalo, and L.R. Squire. VA Medical Center, San Diego and Depts. of 
Psychiatry and Neurosciences, U C S D , La Jolla, CA 92093.

W e exam ined the effects on memory in monkeys using three lesion 
techniques: radio frequency (R F), ischem ia (IS C ), and ibotenic acid 
(IB O ). Four groups of m onkeys w ere tested (H -R F = 9 , H -IS C = 4, H- 
IBO =5, and controls=16) on the delayed nonmatching to sample task 
(D N M S , using delays of 15s, 1m, and 10m ), and on the simple object 
discrimination task, w here monkeys are given the sam e stimulus pair 
for 20 trials per day across three days of testing. Five monkeys with H- 
RF lesions and 13 control monkeys were additionally tested on the 
visual paired-com parison task (P C ). Each lesion group was impaired on 
these m emory tests. On DN M S, all lesion groups w ere impaired at the 
longest delay (10m ; Ps < .0 5). Additionally, the ISC and IBO groups were 

impaired when each group’s scores w ere averaged across the three  
delays (Ps <.O5). On the object discrimination learning task, all lesion 

groups w ere im paired on the first few  trials of each day of testing (Ps 

< .0 1 ). On the PC test, the H -R F  m onkeys perform ed normally at the 
shortest delay (1s) w here there is m inimal m em ory load, but were  
significantly im paired at the longer delays (10s, 1m, and 10m; Ps 
< .05). These results show that the hippocampal region is needed for 
recognition m em ory as well as for simple discrimination learning. 
(Supported by VA, N IH )

143
TRACE EYEBLINK CLASSICAL CONDITIONING IS IMPAIRED IN MONKEYS 
WITH DAMAGE TO THE HIPPOCAMPAL REGION. R E. Clark*L.R. Squire and 
S. Zola. UCSD, La Jolla, CA 92093 and VA Med. Cntr, SD CA 92161.

Recently we reported in humans that trace conditioning, unlike delay conditioning, 
requires an awareness of the contingencies between the conditioned stimulus (CS) 
and unconditioned stimulus (US). Humans with amnesia due to hippocampal damage 
failed to become aware of these contingencies and were unable to acquire trace 
conditioning, but could acquire delay conditioning at a normal rate.

In parallel with this work in humans, we have developed a nonsurgical method to 
classically condition,the eyeblink response in monkeys using specially designed 
goggles to record eyeblinks and deliver puffs of air to the eye. Three normal 
monkeys (N) and 5 monkeys with radio frequency lesions of the hippocampal region 
(H-RF) were trained on trace classical conditioning. Each trial consisted of a 250 ms 
tone CS, followed by a 500 ms trace interval and then a 100 ms airpuff US delivered 
to the left eye. Subjects were given 120 paired trials each day for 5 days, followed by 
two days of extinction training where the CS was presented alone for 120 trials each 
day. The N group rapidly acquired CRs across the 5 acquisition days. The H-RF 
group was impaired relative to the N group during the first 2 days of training (ps < 
0.05), but did reach normal levels of performance on days 3-5. The H-RF group was 
also impaired during extinction, exhibiting significantly more CRs than the N group.

These results with monkeys are similar to previous findings reported with rabbits 
and humans in that hippocampal damage impairs performance on trace eyeblink 
conditioning. Conditioning paradigms have been used in combination with lesion, 
recording and stimulation methods successfully with rabbits. Work in monkeys 
provides the possibility of studying the neurobiology and cognitive aspects of 
eyeblink conditioning in a species that has been used successfully to model human 
amnesia. Supported by NIH, VA, NIMH, and NRSA.

14.4
DISTINGUISHING THE FUNCTIONS OF PERIRHINAL CORTEX AND 
VISUAL AREA TE. E.A. Buffalo*, S .J . Ramus, R.E. Clark, E. Teng, L.R. 
Squire, and S.M. Zola. Depts. of Neurosciences and Psychiatry, UCSD, La 
Jolla CA 92093, and VAMC, San Diego, CA 92161.

The perirhinal (PR) cortex in the medial temporal lobe receives the 
majority of its cortical input from adjacent area TE, a higher order visual 
association area. In three experiments, we examined whether the functions 
of these two adjacent and anatomically linked structures could be 
dissociated. We compared the performance of 4 monkeys with bilateral PR 
lesions, 5 monkeys with bilateral area TE lesions, and 5 normal monkeys. 
First, lesions of the PR cortex impaired memory in both the visual and 
tactual modalities (the delayed nonmatching to sample task: DNMS), 
whereas lesions of area TE affected performance only in the visual 
modality. Second, lesions of area TE impaired performance on two tests of 
visual recognition memory (DNMS and visual paired-comparison) at very 
short delays, thus indicating the importance of area TE for visuoperceptual 
processing. By contrast, on the same tests, lesions of the PR cortex spared 
performance at very short delays and impaired performance only at longer 
delays. Third, lesions of the PR cortex impaired simple object 
discrimination learning (a declarative memory task) but spared 8-pair 
concurrent discrimination learning (a task that can be solved by habit 
learning, Buffalo et al., Behavioral Neuroscience 112:3-14, 1998). By 
contrast, lesions of area TE produced the opposite pattern of deficit. These 
findings demonstrate that the functions of the PR cortex and area TE are 
doubly dissociable. Taken together, these results demonstrate that the PR 
cortex is important for multimodal long-term declarative memory while 
area TE is important for the processing of complex visual stimuli. In 
addition, these findings demonstrate that the PR cortex is not critical for 
visuoperceptual processing but plays a role in memory similar to that 
described for medial temporal lobe structures in humans. (Supported by 
VA, NIH, and the McDonnell-Pew Center for Cognitive Neuroscience).
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14.5

ENTORHINAL CORTEX LESIONS SEVERELY IMPAIR FLEXIBLE 
MEMORY EXPRESSION IN MONKEYS. C. A. Buckmaster*1, H. 
Eichenbaum2, D. G. Amaral3 W. A. Suzuki4, and P. R. Rapp5. Neurobiol. and 
Behav., SUNY Stony Brook, Stony Brook, NY 117941; Lab. of Cognitive 
Neurosci., Boston University, Boston, MA 022152; Ctr. for Neurosci., UC Davis, 
Davis, CA 956163; Ctr. for Neural Sci., New York, NY 100034; Neurobiol. of 
Aging Labs., Mt. Sinai Sch. of Med., NY, NY 100295

Recent accounts of medial temporal lobe contributions to declarative memory 
underscore the selective role of the hippocampus in relational information 
processing. To further test this hypothesis, monkeys with bilateral entorhinal 
cortex lesions (Macaca fascicularis, n=3) and intact controls (n=6) were tested on 
a battery of standard learning and memory tasks and two procedures designed to 
emphasize this defining feature of declarative memory: a nonhuman primate 
analog of paired associate learning (PA) and a transitive inference (TI) task.

During instruction phases of the PA and TI procedures, monkeys learned a 
series of conditional discrimination problems intended to emphasize the 
relationships among individual items. Sugar cookies, differing in shape and color, 
served as both discriminative stimuli and rewards, with the negative item in each 
pair flavored with a “bitter apple” solution. Subsequent probe testing required 
subjects to flexibly manipulate these relational representations and draw 
inferences from information stored in memory to solve novel discriminations.

The entorhinal animals (E) performed as well as controls (C) on a standard 
delayed nonmatch to sample task (p>0.1 ) and a series of two-choice object 
discriminations (p>0.1). Additionally, intact and experimental subjects acquired 
the instruction problems of the PA and TI tasks at comparable rates (p>0.1 ). In 
contrast, E animals were severely impaired relative to controls, and failed to 
perform above chance, on probe tests of flexible memory expression (PA: C 81%, 
E 63%, p<0.05; TI: C 100%, E 73%, p<0.05; one-sample t-test for the E group 
(PA, TI): p>0.1). These findings are consistent with the proposal that the primate 
hippocampus critically and selectively supports relational representation and the 
flexible manipulation of memory. (Supported by NIH grant NS 32892)

14.7

DENSE AMNESIA IN MACAQUES AFTER SECTION OF ANTERIOR 
TEMPORAL STEM, AMYGDALA AND FORNIX. D. Gaffan*, A. Parker and 
A. Easton. Exp Psychology, Oxford University, Oxford 0X 1 3UD, UK.

The traditional explanation o f dense amnesia after medial temporal lesions is 
that the amnesia is caused by damage to the hippocampus and related structures. 
This view has been falsified by accumulated evidence in man and in animals 
showing that selective damage to these structures produces a mild impairment of 
episodic memory which does not amount to dense amnesia. An alternative view  
is that dense amnesia after medial temporal lesions is caused by the interruption 
of afferents to the temporal cortex from the basal forebrain. These afferents 
course through the anterior temporal stem, the amygdala and the fornix-fimbria, 
and are damaged in human medial temporal amnesia. We tested the effects of 
sectioning these afferents in macaque monkeys. After combined section of 
anterior temporal stem, amygdala and fornix the animals were very severely 
impaired in the object-in-place scene memory task, which is analogous in some 
ways to human episodic memory. In object recognition memory (delayed 
matching-to-sample) a severe impairment was seen after section of anterior 
temporal stem and amygdala alone, even with the fornix intact. Animals with 
combined section o f anterior temporal stem, amygdala and fornix were also 
severely impaired in object-reward association learning. However, the retention of 
pre-operatively acquired object-reward associations was at a high level. These 
results show that the pattern of impairments after section o f anterior temporal 
stem, amygdala and fornix resembles human dense amnesia and is different from 
the effects of either hippocampal lesions or rhinal cortex lesions, which do not 
resemble human dense amnesia. Further, they suggest that cortical plasticity is 
controlled by afferents to cortex from the basal forebrain, a view that is strongly 
supported by the effects of crossed unilateral lesions. Funding: UK MRC.

14 .9

HEAD DIRECTION CELLS IN THE PRIMATE HIPPOCAMPAL FORMATION. 
E.T.Rolls*, R.G.Robertson and P.Georges-Francois. Univ. Oxford, Dept. Exptl. 
Psychol., Oxford OX1 3UD, England.

It has recently been possib le to extend the analysis o f  hippocampal function in 
spatial and memory functions in primates by making recordings in monkeys 
actively walking in the laboratory. W e have described single neurons in the 
macaque hippocampus that respond to spatial v iew  in world allocentric coordinates. 
In the course o f these recordings, we found a different population o f cells, located 
in the presubiculum and parahippocampal gyrus, which responded in relation to 
head direction. The mean half-amplitude width o f the head direction tuning was 80 
degrees for cells in the presubiculum, and 120  degrees for cells  in the 
parahippocampal gyrus. The mean firing rate o f  the cells in the optimal direction 
was 10.3 spikes/s, and in the null direction 0.9 spikes/s. The responses o f  these cells 
were highly tuned to head direction, about which they conveyed considerable 
information (0.61 bits in a 500 ms period), and little affected by the place where the 
monkey was located (about which the cells conveyed 0.09 bits o f  information). 
Placing the monkey in the dark did not disrupt the responses, though there was 
som e drift o f the optimal head direction in the dark which was reset in the light. 
This finding suggests that the cells can be driven by vestibular cues, and that drift 
can be reset by visual cues. This discovery has interesting implications for 
understanding the functions o f the primate hippocampus. Supported by the MRC.

Robertson,R.G., Rolls,E.T. and Georges-Franҫois,P. (1998) Spatial v iew  cells in the 
primate hippocampus: Effects o f  removal o f view  details. Journal of  
Neurophysiology 7 9 : 1145-1156.

14 .6

SELECTIVE VISUAL-PERCEPTUAL DEFICITS FOLLOWING PERIRHINAL 
CORTEX ABLATION IN THE MACAQUE. M.J. Buckley*, M.C.A. Booth. E.T. 
Rolls and D. Gaffan. Exp Psychology, Oxford University, Oxford OX1 3UD, UK.

Recent studies have suggested that the deficits following perirhinal cortex 
ablation are not restricted to memory. Here we investigated whether perirhinal 
cortex ablation impairs performance on visual-perceptual tasks and whether any 
impairments depend critically upon the type of stimuli employed. Eight macaque 
monkeys learnt an ‘oddity’ principle where they were rewarded for selecting which 
of six patterned stimuli presented together on a touchscreen was the odd-one-out. 
They also learnt to transfer the oddity principle to different stimulus sets. After 
completing this pre-training the monkeys learnt two oddity tasks with digitized 
images of objects as stimuli, namely an ‘image-oddity’ task where trials consisted 
of five identical views of one object presented with one view of a different object, 
and an ‘object-oddity’ task in which five different views of one object were 
presented with one view of a different object. The difficulty levels of problems in 
this second task were subsequently ranked with respect to the numbers of errors 
made to each problem during pre-operative learning to criterion. Three monkeys 
then received bilateral perirhinal cortex ablation (PRh) while five remained 
unoperated controls. Postoperatively, the PRh group were unimpaired performing 
the image-oddity task but they showed a significant performance deficit in the 
object-oddity task which was positively correlated with problem difficulty. The 
PRh group remained unimpaired, over a range of difficulty levels, in subsequent 
color and shape oddity tasks. These results show that the perirhinal cortex is 
involved in the visual perception of objects and that it does not have a purely 
mnemonic role. These results also show that the pattern of impairments following 
perirhinal cortex damage are unlike those found in dense amnesia.

Funding: UK MRC/Wellcome Trust.

14.8

W O R K IN G  M E M O R Y  A N D  TH E M ID -D O R SO L A T E R A L  
P R E FR O N T A L  C O R T EX . M. Petrid es* . M ontreal N eu rological 
Institute, M cG ill U n iversity , M ontreal, Q uebec, H 3A  2 B 4 , Canada.

It had p rev iou sly  been dem onstrated that the m id-dorsolateral frontal 
cortex  (areas 4 6 , 9 /4 6 , and 9) is critical for the m onitoring o f  stim uli 
w ith in  w orking m em ory in both m on k eys and hum an subjects. The  
p resen t study com pared the perform ance o f  m acaque m onkeys w ith  
lesion s o f  the m id-dorsolateral frontal cortex, the dorsal part o f  the m id- 
dorsolateral frontal cortex (i.e . area 9), or the perirhinal cortex on a 
nonspatial visu al w orking m em ory task. The d ifficu lty  o f  the task was  
param etrically varied either by increasing the number o f  stim uli that had 
to  be m onitored (i.e. m onitorin g requirem ents) or by increasing the 
length o f  the delay over w h ich  inform ation had to be held (i.e . 
m aintenance requirem ents). The results indicated that m id-dorsolateral 
frontal lesions caused a w orking m em ory impairment that w as related to 
the m onitorin g requirem ents o f  the task but not the delay over w h ich  
inform ation had to be retained, w hereas les io n s o f  the perirhinal cortex  
had the o p p osite  e ffect. Furthermore, the results show ed that lesion s  
lim ited to the dorsal part o f  the m id-dorsolateral frontal cortex (i.e . area 
9) resulted in a m uch sm aller w orking m em ory im pairm ent than lesion s  
o f  the entire m id-dorsolateral frontal cortex.

Supported by N S E R C

14.1 0
MNEMONIC RECEPTIVE FIELDS OF WHAT-AND-WHERE NEURONS IN 
THE PRIMATE PREFRONTAL (PF) CORTEX
G. Rainer*. W.F. Asaad, E.K. Miller Dept. of Brain and Cognitive Sciences and The 
Center for Learning and Memory, MIT, Cambridge, MA 02139

During a working memory task, many PF neurons convey both object identity (what) 
and location (where) information. They may help bind what and where into a coherent 
representation. How this occurs is not well understood, however. Little is known about 
the spatial properties of these neurons because studies using objects have presented 
them at only a few (4 or fewer) visual field locations. Here, we explored the spatial 
properties of PF working memory neurons by requiring monkeys to remember which of 
5 objects had appeared in which of 25 locations.

Two monkeys performed a delayed-match-to-object-and-place task. While monkeys 
maintained central gaze, a sample object was briefly presented at one of 25 visual field 
locations. These locations formed a 5 X 5 matrix, centered on the fovea, with 5° 
separating adjacent locations. The monkeys needed to remember the identity and 
location of the sample. After a 1 second delay, a test object appeared and they released 
a lever if the test object was identical to, and in the same location as, the sample. 
Receptive fields of delay activity (i.e., mnemonic fields or MFs) were constructed from 
activity to samples at each of the locations.

Almost half of the lateral PF neurons (66/139, or 47%) had delay activity that 
simultaneously conveyed both what and where. It was elicited from only a few of the 
locations and varied significantly with the object used as a sample. Their average MF 
size was only about 9°, which was similar to neurons that conveyed only where 
information. Further, unlike inferior temporal neurons, PF delay activity did not 
emphasize central vision. Rather, it seemed well suited to the task demand to remember 
an object throughout a wide portion of the visual field. Many what-and-where neurons 
had MFs that were entirely extrafoveal and some were maximally activated by 
peripheral locations. These results indicate that the PF neurons that mediate working 
memory can simultaneously represent precise location and object information. 
Supported by the NINDS, The Pew Charitable Trusts.

Society for Neuroscience, Volume 24 ,1998
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ACTIVATION STUDIES WITH POSITRON EMISSION TOMOGRAPHY (PET) IN THE 
BABOON PERFORMING A VISUAL RECOGNITION MEMORY TASK X. Blaizot1, 
B. Landeau1, O. Quinton2, G. Huguet1, A. Parent1, J.C. Baron1 and C. Chavoix1*. 1INSERM 
U320,2GIN UPRES 2127, CEA, Cyceron, BP5229, 14074 Caen Cedex, FRANCE.

Activation brain mapping with PET in nonhuman primates would allow to investigate 
the neural substrates underlying impaired cognitive functions after selective brain lesions. 
As a first step toward validating a methodology suitable for the awake baboon, we used 
PET with 18FDG to investigate visual recognition memory, assessed by an automated 
DMS task with trial-unique stimuli. The 18FDG technique was elected as most appropriate 
for studies in the unrestrained baboon. The tracer (1 .5 mCi) was injected in a saphene vein 
in a Papio amibis baboon comfortably seated in a specifically-adapted transfer cage, 
while performing the task. The animal was anesthetized 25 min later with ketamine/xylazine 
(7.5/0.75 mg/kg i.v.) and transferred to the PET device (ECAT HR+) for a 10 min data 
acquisition starting at t=5O. The DMS task consisted of lists of 5 abstract drawings 
shown one by one on a video touch-screen, with two drawings (one old and one new) 
plus a white square appearing during the choice. The reference task was similar except 
that, in the choice phase, both drawings were new with the white square being the correct 
answer. After extensive training, 16 scanning sessions were performed (one per week with 
alternations between tasks). Differences in normalized regional FDG uptake between tasks 
were analyzed using the SPM software with the individual coregistered MRI as anatomical 
reference. In agreement with our hypothesis, based on lesional experimental literature, 
increased metabolism (p<0.01, uncorrected) during the memory task was found in areas 
known to be involved in visual recognition memory (i.e., occipito-temporal pathway, 
medial temporal lobe, ventromedial prefrontal cortex, and basal forebrain). Lateralization 
of some of these areas and activations in less expected brain regions also existed. Overall, 
these results indicate that our methodology is feasible and appropriate for cognitive brain 
mapping in the baboon, and may now be apply to lesion and pharmacological studies. 
Supported by ÍNSERM, CEA, Region Basse Normandie, and University of Caen.

14 .12

VIDEO EVIDENCE & MULTIMEDIA INTERACTIVE ASSESSMENT OF RATS' PERFORMANCES 
IN AN AUTOMATED VISUAL DELAYED NONM ATCHING-TO-POSITION TASK.

Abdelkader Ennaceur*, Univ Durham, Dept Psychol, UK  K l  Abdelkader.Ennaceur@durham.ac.uk

It has become increasingly accepted that the widely used automated tests of matching and 
nonmatching-to-position procedure (DMP/DNMP) for rats in a modified Skinner box are prone 
to motor mediation. In particular, trained rats will orient towards the next correct location during 
the retention delay. It proved difficult to prevent rats using motor mediation in this apparatus as 
the location of the next correct choice was known from the onset of the retention delay. In an 
attempt to overcome this problem, we tested rats in a novel automated visual memory 
apparatus (AVMA) using a DNMP procedure. Performance of rats was videotaped. The video 
records were edited and presented in a multimedia form so that they can be publicly examined 
and analysed (see: http://psy71.dur.ac.uk/mediabook).
The AVMA consists of an operant chamber. The far wall of the chamber is fitted with three 
screen-monitors (S) for presenting visual stimuli. A small food cup is located immediately 
below each screen monitor, this cup is touch sensitive so that each contact with the food cup is 
recorded. Each cup is linked to a food dispenser which delivers 45 mg food pellets. The test 
chamber contains three response-levers (L) which are set in a compartment that protrudes 16- 
cm from the back wall below the screen monitor, forming a platform. The rat needs to climb 
onto this platform in order to reach to any of the three monitors/food cups. Two Perspex Plexiglas 
separation panels divide the front part of the box in three equal compartments. These panels prevent 
impulsive responses to either monitors/food cups. The sight of the screen monitors was unobstructed.

Rats were tested in 3 different condtions as described in the figure above: 1) Standard DNMS task, it 
was possible for rats to use motor mediation. 2) The size of the access to the central corridor was 
reduced, this exerted a constraint on rat's orientation towards the centre lever. 3) The rats were 
required to respond to the left lever before selecting between the choice stimuli which were d isplayed 
on the centre and the right monitors. Supported by: CeNeS, Cambridge, UK

C O G N IT IO N : L A N G U A G E

15.1

PATTERNS OF LONG RANGE INTRINSIC CONNECTIVITY IN DIFFERENT 
LANGUAGE RELATED AREAS OF THE HUMAN CEREBRAL CORTEX 
R.A.W. Galuske1*,H. Bratzke3 and W. Schlote2, 1MPI for Brain Res., Depts. of 
2Neuropathology and 3Forensic Medicine of the University, Deutschordenstr. 46, 60528 
Frankfurt/M, FRG

It is well established that comprehension and production of language is based on 
neuronal processes which are lateralized involving in most humans the left hemisphere 
of the cerebral cortex. This functional lateralization is most prominent in Brodmann 
area 45 (Broca's area) in the frontal cortex and in Brodmann area 22 (Wernicke's area) 
in the temporal cortex, the former being involved in the production of language, the 
latter in the comprehension of language. In order to gain deeper insights into the 
cerebral microcircuitry responsible for language analysis and production we examined 
the patterns of long range intrinsic connections in these two areas by use of post
mortem tracing with DiI and DiA.

In both areas long range intrinsic connections were identified bridging distances of 
up to 8mm. They discretely connected certain cortical volumes at fixed distances 
forming a regular patchy network. The layout of these networks differed in several 
aspects between areas 45(n=3) and 22(n=7). First, the diameter of the interconnected 
clusters of cells was larger in area 22(550vs.700µm). Second, the interpatch distance 
(IPD) of the clusters was larger in area 22(1150 vs.l350µm). Third, the layout of these 
connections differed between the left and right hemisphere in area 22 but not in area 
45: while the IPD in area 22 was significantly larger on the left side(l400vs.l200µm), 
in area 45 such interhemispheric differences could not be found. The diameter of the 
interconnected cell clusters did not differ between the hemispheres in both areas.

The increased IPD in the left area 22 could reflect a language specific 
specialization of the functional architecture in this area. The absence of similar 
asymmetries in area 45, however, suggests that functional lateralization concerning 
language processing is based on different structural factors in temporal and frontal 
language areas.

15 .2

MORPHOMETRIC BRAIN ABNORMALITIES IN A FAMILY WITH AN 
INHERITED SPEECH AND LANGUAGE DISORDER K.E. Watkins1, F. 
Vargha-Khadem1, R.E. Passingham4, J. Ashburner3, K.J. Friston3, A. Connelly2, 
and D.G. Gadian2 1Cognitive Neuroscience Unit and 2Radiology and Physics Unit, 
Institute of Child Health, London WC1N 1EH, 3Wellcome Department of Cognitive 
Neurology, Institute of Neurology, London WC1N 3AR and 4Department of 
Experimental Psychology, University of Oxford, 0X1 3UD, U.K. (SPON: 
European Brain and Behaviour Society)

We report findings from morphometric brain imaging and behavioural studies in a 
large family with an inherited speech and language disorder. The phenotype of the 
disorder is best characterised as a verbal and oral dyspraxia, although there are also 
impairments in receptive and expressive language. Statistical Parametric Mapping 
methods were used to analyse 3-D MRI datasets of 6 affected and 7 unaffected 
family members, and 13 age and sex matched controls. The affected subjects had 
significantly more grey matter bilaterally in the putamen, insula, and left inferior 
frontal cortices compared to the unaffected and control subjects. They also had, 
significantly more grey matter bilaterally in the plana temporale compared to the 
unaffected subjects and in sensorimotor cortices compared to the control subjects. 
The affected group was found to have significantly less grey matter bilaterally in the 
head of the caudate nucleus compared to the unaffected and control subjects. The 
latter finding was confirmed by pixel counting of the caudate nucleus which allows 
analysis of size and shape of structures. Both size and shape of the caudate nucleus 
were found to be abnormal in affected subjects and the reduction in size was 
localised to the body of the caudate nucleus. We suggest that the abnormalities in 
subcortical and cortical areas mediating motor function may be related to 
impairments in verbal and oral praxis in this family. The finding of more grey 
matter in the plana is consistent with findings in developmental dyslexia and may be 
related to other language impairments seen in this family.
SUPPORTED IN PART BY THE WELLCOME TRUST

15.3

fMRI OF CHINESE AND ENGLISH, SINGLE WORD 
PROCESSING IN FLUENT BILINGUALS. Michael WL Chee1 * 
Thorsten Thiel2 , Segar Suppiah1, Edsel Tan1. Singapore General Hospital, 
Singapore; 2University Hospital, Freiburg, Germany.

The cerebral organization in language in English-Chinese bilinguals is of 
interest because of the differences at the orthographic level, viz. Chinese 
(Mandarin) cannot be read if the character presented is not recognized. We studied 
14 right handed fluent bilinguals (males and females) who were exposed to both 
languages before the age of 6 years. BOLD contrast fMRI (2.0T) using a blipped 
EPI sequence, covering the entire cerebral cortex in 17 axial slices, was performed 
while subjects performed a word completion task. In Mandarin, subjects silently 
completed words by filling in a semantic radical when presented with a phonetic 
radical. In English, subjects completed word stems by filling in letters from the 
left. Activations in each of these tasks was compared to a fixation condition where 
the subject attended to a '+' sign. EPI images were transformed into Talairach 
space for analysis. In both languages, activations were present in the lateral frontal, 
parietal, midline (SMA and cingulate gyrus) and temporal regions as described 
previously. (Binder 1996 J Clin Neuroscience 4:87-94) Activations in a specified 
region of interest in the frontal regions were compared by 1) locating peak 
activations and 2) by counting the number of voxels, which exceeded a statistical 
threshold. While there were differences in the magnitude of activation between the 
pair of languages, no subject showed significant differences the location of 
activations in the frontal language areas. It is concluded that at the level of single 
word processing in fluent, early onset bilinguals, the frontal ‘language related’ 
regions utilized by English and Chinese appear similar despite the pronounced 
difference in English and Chinese orthographically.

Supported by National Medical Research Council, Singapore Grant 98/00270
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LEFT HEMISPHERE SPECIALIZATION FOR AMERICAN SIGN LANGUAGE: A 
CORTICAL STIMULATION STUDY. D.P. Corina1, S.L. McBurney2, K. Hinshaw3
J. Brinkley4*, E. Lettich5, & G.A. Ojemann5 1Dept. of Psychology, 2Dept. of 
Linguistics, 3Dept. of Computer Science, 4Dept. of Biological Structure, 5Dept. of 
Neurosurgery, Univ. of Washington, Seattle WA 98195-1525.

There is growing evidence that specialization of left hemisphere structures for 
language is observed, not only for users of spoken languages, but in deaf users of 
signed languages as well. However, there have been few studies evaluating the 
contribution of specific regions within the left hemisphere to signing. The present 
study reports data from a cortical stimulation mapping of a prelingually deaf signer 
undergoing temporal lobectomy for treatment of epilepsy. Method. Following 
craniotomy, the subject was asked to name pictures, copy signs and copy complex non-
sign gestures. These tasks were designed to identify areas involved in language and non-
language movements. While performing these tasks, portions of the exposed temporal 
lobe were stimulated using a bipolar electrode with current in the 4-6 mA range. In 
addition to identifying critical language areas, the patient was mapped for sensory and 
motor activity of the hands and face. Results. Two well circumscribed sites (aprox. 
5x5mm) routinely disrupted sign language naming, an inferior frontal lobe site and a 
posterior perisylvian area. Importantly the frontal site was spatially separate (3-4 cm) 
from cortical areas giving rise to motor and sensory responses in the face and hands. 
Copying of complex non-sign gestures was disrupted by stimulation of posterior 
middle temporal lobe sites. Stimulation sites were then mapped to a three-dimensional 
reconstruction of the subject's brain obtained from MRI scans. The anatomical model 
confirms that sites of language disruption were located in classical Broca's area and in 
the supramarginal gyrus. Analysis of sign errors indicates a differential response with 
Broca's area stimulation leading to sign-phonological errors, while supramarginal 
stimulation resulted in semantic errors. This study provides the first functional- 
anatomic topographic map in a deaf signer and confirms functional specialization 
within the left hemisphere for language and non-language gesture. Funding sources: 
NIH DC03099, NIH DC02310, NS 36527 and the McDonnell-Pew Foundation.
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AUDITORY PROCESSING OF RAPID STIMULI AND PHONOLOGICAL 
PROCESSING OF VISUAL STIMULI INVOLVE COMMON BRAIN AREAS IN 
THE LEFT INFERIOR FRONTAL CORTEX. 3 4

M erzenich,3,4 & J.D.E. Gabrieli.2 Program in 1 Neuroscience and Dept. of 
2Psychology, Stanford Univ.; 3Scientific Learning Corp., Berkeley, CA; 4Keck 
Center, UCSF; 5Center for Molecular and Behavioral Neuroscience, Rutgers Univ.

Processing of rapidly changing auditory information, required for the discrimination 
of formant transitions which are important cues for the perception of some phonemes, 
has been shown to be crucial for speech recognition and language comprehension. We 
used FMRI to examine the neural basis of rapid auditory processing and its 
relationship to brain areas involved in phonological processing. Subjects performed 
alternating blocks of rhyme judgments (visually presented nonword pairs) and case 
judgments (visually presented consonant string pairs) during FMRI scanning. Rhyme 
judgments produced greater activation in left inferior frontal cortex relative to case 
judgments. In a separate scan, subjects performed an auditory sentence verification 
task with sentences that had been compressed in time to varying degrees (60%, 45%, 
30%, and 15% of original length), resulting in varying amounts of rapid acoustic 
changes. As compression increased, comprehension decreased to chance levels. 
FMRI response decreased in the left superior temporal gyrus as compression increased. 
Conversely, FMRI response in left inferior frontal cortex increased with increasing 
compression, even though comprehension was decreasing. The left frontal region that 
showed FMRI increases as compression increased overlapped with the region involved 
in phonological processing. These results suggest that processing of rapid auditory 
and phonologic components of speech, regardless of meaningfulness or modality, 
relies upon the left inferior frontal cortex. In contrast, the left superior temporal 
gyrus seems to be preferentially involved in processing meaningful stimuli.
This research supported by the NIH.

15 .6

FUNCTIONAL ORGANIZATION OF WERNICKE’S AREA ASSOCIATED WITH 
EXPRESSIVE AND RECEPTIVE LANGUAGE USING FUNCTIONAL 
MAGNETIC RESONANCE IMAGING (fMRI). K. H. S. Kim' 1,2, D. Rodriguez- 
Moreno1’2, and J. Hirsch1’2*. Dept. of Neurology 1, Memorial Sloan-Kettering Cancer 
Center; Dept. of Neurology and Neuroscience2, Cornell University Medical College, 
New York, NY 10021

The role of Wernicke’s area in receptive and expressive language tasks has been the 
active focus of many current investigations of human language. This study employed 
an expressive language task and a receptive language task to isolate the brain regions 
involved in semantic language cognitive processes utilizing fMRI. The two tasks were 
to 1) internally generate speech and 2) passively listen to sentences presented in forward 
and backward conditions. Using the backward condition as a control, forward-unique 
areas were identified and assumed to correspond to receptive comprehension. Functional 
brain images were obtained using a GE Signa 1.5 Tesla scanner with echo-planar 
capability using a gradient echo sequence with an in-plane resolution of 1.5 x 1.5 
mm2. Twenty one 4.5 mm axial slices parallel to the AC-PC line covered virtually the 
entire cerebral cortex. A voxel-by-voxel, multistage statistical analysis with a 
replication requirement and logical operations differentiated distinct as well as common 
cortices associated with the two language tasks. Even though variable combinations of 
cortical areas were involved for different subjects, only one region in dominant superior 
temporal gyrus was utilized by all 10 subjects for both conditions with 100% 
probability. This cortical volume was labeled the semantic language “anchor” region. 
Furthermore, additional sub-regions associated with either expressive or receptive 
language conditions were contiguous to the anchor region suggesting further functional 
organization of Wernicke’s area. These results support a model for semantic language 
processing where Wernicke’s area is subdivided into functional specializations for 
language comprehension including the “anchor” region with both expressive and 
receptive functions, and contiguous regions of expressive and receptive functions. 
(Supported by William T. Morris Foundation Fellowship, Tri-Institutional 
M.D./Ph.D. Program (KHSK); Charles A. Dana Foundation, J & J Focused Giving 
Foundation, and Cancer Center Support Grant NCI (JH)).
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TEMPORAL-SPATIAL DIFFERENCES OBSERVED IN LANGUAGE CORTICES 
UTILIZING INTRAOPERATIVE OIS IN HUMANS A.W. Toga*. A.F. Cannestra 
S.Y. Bookheimer, and N.A. Martin. Lab. of Neuro Imaging, Department of 
Neurology, UCLA School of Medicine, Los Angeles, CA 90095

We utilized intraoperative optical imaging (iOIS) and electrocortical stimulation 
mapping (ESM) to compare functionally active brain regions in five anesthetized 
patients undergoing surgical resection. Patients were asked to perform up to three 
tasks, a visual object naming task, an auditory word/non-word discrimination task 
and/or an auditory responsive naming.

All optical language maps included areas identified by ESM mapping. However, 
investigation of optical signals over language cortices revealed topographical 
specificity dependent upon language task. In Broca’s area, object naming paradigms 
activated similar regions of activation to ESM mapping, including motor cortices 
involved in cheek and tongue motor responses. During the non-vocalization 
word/non-word comprehension task, increased activity was observed in the posterior 
cortices. Motor foci (cheek and tongue) showed less activation. iOIS over Wernicke’s 
area also revealed morphologic specificity between language tasks. The object naming 
produced activations localizing over the inferior and anterior regions demarcated by 
ESM mapping while the word discrimination tasks activated superior and anterior 
cortices. Auditory responsive naming produced the largest magnitude activations in 
this region and included regions observed in both the object naming and the word 
discrimination.

Single question impulse-response type paradigms revealed similar activation 
timecourses in Broca’s and Wernicke’s areas. However, during block paradigm (20s) 
activations, temporal differences were observed between Broca’s and Wernicke’s 
areas. In Broca’s area block paradigms yielded a boxcar temporal activation profile. 
In contrast, response over Wernicke’s area provided a time course profile similar to 
sensory and visual cortex. AFC is supported, in part, by MH19950. Funding was 
provided by NIMH (MH/NS52083).

15.8

RIGHT FRONTAL ACTIVATION DURING SPEECH 
PRODUCTION IN A PATIENT WITH SUBACUTE APHASIA.
H.Rosen, S.E.Petersen*, M. Linenweber, J.A.Fiez, D.White, L.Chapman, and 
M.Corbetta. Washington University School of Medicine, Box 8111, St. Louis, 
MO 63110.

Clinical and experimental evidence have suggested that regions in the right 
hemisphere may be partly responsible for language recovery after left hemispheric 
injury. We have previously reported PET and fMRI activation in the right frontal 
operculum during a word stem completion task (say a word which begins with a 
visually presented three letter word stem) in aphasic patients with lesions that 
include the left frontal operculum in the chronic phase of recovery (> 6 months).

We studied a patient with aphasia and a large fronto-temporal-parietal infarction 
with PET during performance of two language tasks one month after stroke. The 
tasks used were: 1) word stem completion; 2) reading out loud the words “Yes” or 
“No” alternately presented in a random fashion (ITI=5 sec in both tasks). A visual 
Fixation task acted as a low-level control.

Behavioral performance differed markedly between tasks. The patient was only 
able to make a stereotyped unrelated utterance to each word stem, but was able to 
read “Yes” or “No” with 98% accuracy. Subtraction images comparing each active 
task to fixation showed an area of activation in the right frontal operculum in both 
tasks (word stems: x,y,z = 37,11,8, %BFchange= 12, SE= 2.1; Yes/No: x,y,z = 
49,15,12, %BFchange= 12, SE= 2.6). In subtraction images from 6 normal 
controls performing the stem completion task the mean %BF change at 
x,y,z=37,11,8 was -3.9 (SE= 1.2).

Novel right hemisphere activations after left hemisphere injury may therefore be 
seen in the early phase of aphasia recovery. Supported by NIH Training Grant NS 
07205, Charles A. Dana Foundation, and McDonnell Center for Higher Brain 
Function

1 5 .9

DEVELOPMENT OF LANGUAGE-SPECIFIC PHONEME REPRESENTATIONS 
IN THE INFANT BRAIN. Marie Cheour1*, Rita Ċeponiené1, Anne Lehtokoski1, 
Aavo Luuk3, Jüri Allik3, Kimmo Alho1 & Risto Näätänen1, 2. 1Cognitive Brain 
Research Unit, Department of Psychology, University of Helsinki, Finland; 2BioMag 
laboratory, Medical Engineering Centre, Helsinki University Central Hospital; 3 
Department of Psychology, University of Tartu, Estonia. Here we provide the first 
electrophysiological evidence for the effects of linguistic experience on infants’ 
phonetic perception. These data suggest this development of language-dependent 
memory traces in the brain of human infants to occur prior to the age of 12 months. 
Randomized sequences of frequent /e/ stimulus (standard) and infrequent /õ/ and /ö/ 

stimuli (deviants) were presented to Finnish and Estonian infants. All these stimuli 
were vowels in both languages except /õ/ which was a vowel only in Estonian. It was 
found that in 6-months old Finnish infants, the brain’s automatic change-detection 
response mismatch negativity (MMN) elicited by infrequent stimuli did not depend 
on whether the deviant stimulus was a vowel in Finnish or not. In contrast, the same 
children at the age of 1 year showed an enhanced MMN response when the deviant 
stimulus was a Finnish vowel and an attenuated MMN when the deviant stimulus was 
a vowel only in Estonian. Consistently with this, Estonian 1-year-old children showed 
MMNs of about the same amplitude for both deviants which both were Estonian 
vowels. Thus, by the age of 1 year, the child’s language environment had affected 
his/her phonetic perception by causing the development of neural representations for 
the phonemes of his/her mother tongue. Furthermore, these results strongly imply that 
the developmental changes in the child’s language perception are not only caused by 
a loss of some sensory abilities related to foreign languages but also by the 
improvement in the child’s perceptual abilities specific for his/her native language, 
that is, i.e., by the development of language-specific memory traces.
The study was supported by the Academy of Finland.

15.10
A fMRI STUDY OF PHONOLOGICAL AND SEMANTIC PROCESSING IN 
NORMALLY DEVELOPING CHILDREN. M. Dapretto, S. Bookheimer*. Division 
of Brain Mapping, UCLA School of Medicine, Los Angeles, CA 90095.

Previous fMRI data from our laboratory have shown reliable differences in the neural 
networks associated with distinct aspects of language processing in normal adult 
volunteers. As part of an ongoing effort to map language functions in normal and 
language-disordered children, in the present study we used fMRI to examine the pattern 
of neural activity associated with phonological and semantic processing in a sample of 
6 normally developing children (7 to 11 years of age, all right-handed and native 
English speakers). The activation paradigm was as follows: In the phonological 
condition, the children saw two pictures of common objects and had to decide whether 
their names rhymed; in the semantic condition, the children again saw two pictures but 
had to decide whether the objects belonged to the same category. fMRI data were 
collected on a GE 3 Tesla Signa MR scanner with ANMR upgrade for EPI (64×64, 
TR=2.5sec, TE=45ms, matrix size=64×64, FOV=20cm). Functional images were 
acquired over 16 axial slices (4mm thick/1mm gap), together with a set of co-planar 
high resolution images (TR=4000ms, TE=46ms, matrix size 128×64, FOV=20cm). 
Each subject's data were first realigned to correct for motion using AIR; following 
normalization and smoothing, group analyses were conducted with SPM96 using a 
delayed box-car reference function. Not surprisingly given that the task demands and 
type of stimuli were virtually identical in the two activation conditions, the 
localization of the main clusters of activation was remarkably similar for the two 
language tasks, encompassing the inferior frontal gyri (BA 44, 45, & 47), the fusiform 
gyri, the anterior cingulate and dorsolateral prefrontal cortex (BA 46), with greater 
involvement of the left hemisphere. In line with our adult data, phonological 
processing elicited a larger network of activity than semantic processing, both in terms 
of magnitude and spatial extent. However, unlike the adult data, only a few 
nonoverlapping foci of cortical activity were observed in the phonological condition 
vs. the semantic condition. These data suggest that the level of functional 
specialization within the network of cortical areas subserving language processing may 
increase with development.

Society for Neuroscience, Volume 24 ,1998



SUNDAY AM COGNITION: LANGUAGE 21

15.11

GRAMMATICAL CATEGORIES IN THE BRAIN: THE NEURAL 
CORRELATES OF CONCRETE/ABSTRACT VERB AND NOUN PROCESSES 
M. Tettamanti, P. Perani*, S.F. Cappa, T. Schnur, S. Collina, M. Rosa. F. 
Fazio. INB CNR, Scientific Institute H San Raffaele, Milano, Universities of 
Milano and Brescia, Italy; C. E. L. Egas Moniz, Lisbon, Portugal.

Brain-damaged aphasic may show selective impairments of noun and verb 
processing, supporting the hypothesis that grammatical information is an 
organizational principle of lexical knowledge in the brain. To delineate the brain 
areas involved in the processing of different grammatical categories, we used 
positron emission tomography (PET) to measure cerebral activity during a lexical 
decision task for concrete and abstract nouns and verbs. The latter dimension was 
included in order to assess its contribution to grammatical effects. We analysed the 
PET data according to a factorial design (main effects of grammatical class, 
concreteness, and interaction). Several left hemispheric areas, including the 
dorsolateral frontal cortex, the middle temporal gyrus and temporo-parieto-occipital 
areas were activated only by verbs. Abstract words were associated with activation of 
the right temporal pole and the amygdala. The lack of significant interaction 
between grammatical class and concreteness rules out that the grammatical class 
effects are simply a consequence of the different concreteness of the noun and verb 
stimuli. These findings indicate that the cerebral networks subserving abstract and 
concrete nouns and verbs are only partially overlapping, the verbs requiring 
additional left hemispheric areas (namely the left frontal cortex) in comparison with 
nouns. Concreteness has an independent role in modulating brain activations, with 
abstract words recruiting additional brain regions, in comparison with concrete 
words, possibly due to their greater emotional content .Sources of funding: C.N.R., 
Italy.

15 .12

PROCESSING OP ACTION WORDS IS IMPAIRED IN 
RIGHT-HANDERS WITH LEFT-SIDED HEMIPARESIS

F. Pulverm üller * , C . Ehlert &  T. E lbert. Departm ent of 
Psychology, U niversity of Konstanz, 7 8 4 5 7  Konstanz, Germ any

R ecent theories of brain-language correspondence postulate that 
language is not restricted to two small areas in the left hemisphere, 
but involves widespread areas of the left hemisphere. H owever, 
there is still a controversy as to whether the hemisphere not 
dominant for language - usually the right - contributes to specific 
linguistic processes such as lexical access or syntax.

Right-handed patients with hemiparesis primarily affecting the 
upper left extrem ity underwent a lexical decision test to investigate 
processing of different word categories. L exical access to action  
words was substantially impaired com pared to m atched words of 
other categories. Healthy controls did not show this differences. 
(W ord categories were m atched for length and word frequency.
Error scores revealed a significant interaction of the factors Subject 
group by W ord category.)

This dem onstrates that the cortices involved in the programming of 
arm and hand m ovem ents, even those in the hemisphere not 
dominant for language, are essential for the processing of words 
referring to such movem ents. These results support current 
associative theories o f word representation in the Hebbian tradition.

Supported by the Deutsche Forschungsgem einschaft.

CALCIUM CHANNEL STRUCTURE, FUNCTION AND EXPRESSION: MOLECULAR STUDIES

16.1

ALTERNATIVE SPLICING OF THE α 1A GENE GENERATES DISTINCT P- OR 
Q-TYPE SENSITIVITY TO ω-AGATOXIN IVA. ICQ Sutton(1). G W. Zamponi(2), 
E. Bourinet(3), T.W. Soong(1) and TP Snutch(1)*, (1)Biotechnology Laboratory, 
University of British Columbia, Vancouver, B.C. V6T 1Z3. (2)Department of 
Pharmacology and Therapeutics,University of Calgary, AB. T2N 4N1, Canada; 
(3)CRBM-CNRS, UPR 9008 INSERM U249, BP 5051, F34033 Montpellier, France.

When transiently expressed, the neuronal α  calcium channel shares several 
properties with both native P- and Q-type calcium channels. We have previously 
reported that alternative splicing of the α 1A gene generates calcium channels with 
different physiological characteristics (α1A-a,α 1A-b, α 1A-c)1,2. Sequencing of α1A  rat 
genomic DNA has identified an alternative splice junction which produces α 1 A variants 
with or without a pair of amino acid residues (asparagine, proline) on the extracellular 
S3-S4 linker of domain IV. To examine the sensitivity of α l A splice variants to ω-Aga 
IVA, α 1A-a and a chimera, α 1A-a (+NP) were transiently expressed in HEK cells. 
ω-Aga IVA block of α 1A-a occurred with high affinity (Kd = 14.8 nM, P-type) and was 
relieved by a series of strong depolarizations. The sensitivity of α 1A-a to ω-Aga IVA was 
reduced by insertion of the NP motif (Kd = 167 nM, Q-type). In contrast, ω-conotoxin 
MVIIC block of both α 1A-a and α 1A-a (+NP) occcured with equal potency. To conclude, 
the attributes of either P- or Q-type block by ω-Aga IVA can be assigned to the 
generation of two alternative splice variants of the α 1A gene.

Supported by grants from the ALS Society o f Canada, MRC o f Canada, Alberta Heritage 
Foundation for Medical Research and NA TO.
[1] Soong et al (1994) Soc. Neurosci. Abstr. 34.20, [2) Bourinet et al, (1996) Soc. Neurosci.Abstr. 140.1

16.3

CHARACTERIZATION OF A CLONED BOVINE CHROMAFFIN N- 
TYPE Ca2+ CHANNEL. J.H Hurley*, A.L. Cahill and A.P. Fox. Dept. 
of Pharmacological and Physiological Sciences, University of Chicago; 
Chicago, IL 60637.

We have previously reported that N-type Ca2+ channels found in bovine 
chromaffin cells don’t exhibit voltage-dependent inactivation but do retain 
other defining characteristics of N-type channels (Artalejo et al., 1992). 
Non-inactivating N-type Ca2+ channels have also been found in chick 
cholinergic presynaptic nerve terminals (Stanley and Goping, 1991). To 
determine the molecular basis leading to a loss of inactivation, we cloned 
a full-length α 1B subunit cDNA from a bovine chromaffin cell library 
(Cahill and Fox, 1997). The clone encodes a 2332 amino acid protein with 
94% homology to the human α 1B channel.

This clone was co-expressed with human β1b and α2δ subunits in both 
Xenopus oocytes and HEK293 cells. Cells expressing the cloned subunits 
had large inward Ba2+ currents which resemble bovine chromaffin cell N- 
type currents, as well as classical N-type currents, in their sensitivity to co- 
conotoxin GVIA and high-voltage dependence of activation. The cloned 
channel is sensitive to changes in holding potential, suggesting that the α1B 
subunit does not confer the major non-inactivation characteristic of the 
bovine chromaffin N-type Ca2+ channel. We are currently cloning the β
and α2δ subunits from bovine chromaffin cells to determine their roles in 
inactivation of this N-type Ca2+ channel.

16 .2

EFFECT OF M UTATIONS LINKED TO FAMILIAL HEMIPLEGIC 
M IGRAINE ON THE BIOPHYSICAL PROPERTIES OF H UM AN α 1A- 
CONTAINING CALCIUM  CHANNELS. D. Pietrobon2* S. Luvisetto2, M. 
Spagnolo2, A. Tottene2, M. Hans1, A. Urrutia1, P. Brust1, M. W illiam s1, M. 
Harpold1 and K. Stauderman1 1SIBIA Neurosciences Inc., La Jolla, CA; 2Dept 
o f  Biom edical Sciences, Univ o f  Padova, 35121 Padova, Italy.

Mutations in α 1A, the pore-forming subunit o f  P/Q-type calcium channels, 
are linked to 3 dominantly inherited human disorders: familial hemiplegic 
migraine (FHM ), episodic ataxia type-2 and spinocerebellar ataxia 6. The 
effect o f  the four FHM mutations on the single channel biophysical properties 
o f  human α 1A-containing channels have been studied in HEK-293 cells 
transiently transfected with cD N A s encoding either wild-type or mutant 
human α 1A-2 and the regulatory human α 2b-δ and β 2e subunits. Mutations 
T666M and V 7 14A, located in the pore-lining region o f  domain II, decreased 
both single channel current and conductance (20 pS for wild-type, 11 pS for 
T666M and 16 pS for V 714A ) and the number o f  functional calcium channels 
in the membrane. Strikingly, in a minority o f  patches, both mutants displayed 
unitary current and conductance identical to wild-type. The main effect o f  the 
mutation I1815L, in IVS6 in a position similar to V 714A , was a large decrease 
in the number o f  functional calcium channels in the membrane. The mutation 
V 714A  significantly increased the channel open probability, po, by shifting its 
activation curve at more negative voltages with respect to wild-type. A less 
substantial increase in po was observed also for I1815L and R192Q. The 
mutation R192Q in IS4 increased the number o f  functional calcium channels 
in the membrane, without affecting their conductance.
Supported by Telethon, Italy, n. 720

1 6 .4

B eta  Subunit E xp ression  and A sso c ia tio n  w ith the N -typ e  C alciu m  
Channel in the Lethargic (Ih Ih) M ouse.
M .W. M cE nery 1*, T. D. C op elan d 2 and C .L. V a n ce 1,
1Dept. of Physiology and Biophysics. Case Western Reserve University, School of 
Medicine, 10900 Euclid Avenue. Cleveland. OH 44106-4970. 2ABL-Basic 
Research Program NCl-Frederick Cancer Research & Development Center. 
Frederick. MD 21702.

The pathophysiology of several neurological disorders in mice have been recently 
identified as the consequence of mutations in subunits of voltage-dependent calcium 
channels (VDCC). The lethargic (Ih/Ih) mouse is a useful genetic model for 
absence seizures. Positional cloning identified the Ih mutation as a four base 
deletion which gives rise to a translational frameshift resulting in the premature 
truncation of the β4 gene (Burgess et al. (1997). Cell 88, 385-392). Developmental 
increases in the level of expression of β4 mRNA in cerebellum and forebrain, the 
co-localization of the β4 with the α 1A and α 1B and the physical association of the 
β4 with VDCC have suggested that a defect in VDCC assembly may underly the 
pathogenesis of the Ih/Ih phenotype. The Ih gene product was anticipated to give 
rise to a truncated β4 unable to bind to the pore-forming α 1 subunit. Using a 
specific β4 antibody and a generic anti-beta subunit antibody (CW24) we have 
demonstrated that the β4 protein is undetectable in Ih/Ih mice. In this study we have 
examined the expression of beta subunits and their impact on N-type VDCC 
expression. There are significant differences in the level of beta subunit expression 
both in cerebellum and forebrain. Furthermore, immunoprecipitation o f  125I-ω- 
conoioxin-GVIA labeled N-type channel complexes from forebrain and cerebellum 
indicates a shift in the distribution of associated beta subunits. Thus, the underlying 
pathophysiology in the epileptic Ih/Ih mouse maybe an alteration in the expression 
of beta subunits and their differential association with the N-Type calcium channel. 
This work is supported in part by AHA. NIH/NIMH and LHIMRF.
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1 6 .5

V o lta g e-D ep en d en t C alcium  C hannel B eta  Subunit: M em brane  
A ssocia tion .
S.J. D u b e l* , W . W u, M . Lham on and M .W . M cE nery 
D e p t. o f  P h y sio lo g y  and B io p h y s ics , C ase W estern R eserve  
U n iversity , S ch oo l o f  M ed ic in e , 10 9 0 0  E u clid  A v en u e, C leveland , 
O H  4 4 1 0 6 -4 9 7 0 .

Voltage-dependent calcium channels are m ulti-subunit complexes composed of 
an ion-conducting alpha 1 subunit and two auxiliary subunits, the alpha2/delta and 
beta subunits. Previous studies have shown that beta subunits can be expressed in 
various cell lines without exogenously expressed alpha 1 subunit. Furthermore, 
the localization of heterologously expressed beta subunit differ among the beta 
isoforms (Brice et al. (1997) Eur. J. Neurosci. 9. 749-759). While the rat beta2a 
has been shown to be palmitoylated( Chien et al. (1996) J. Biol. Chem. 271, 
26465-26468) mutation of both palmitoylation sites results in membrane 
association of the subunit, suggesting another mechanism for membrane targeting. 
In an effort to determine the mechanism which underlies beta membrane 
association, a series of deletion mutations were constructed of the betalb. We 
have transiently transfected human beta subunit constructs into HEK293 cells and 
monitored its membrane association under various conditions. Several 
observations were made: 1) the full length betalb subunit expressed is preferential 
associated with the membrane fraction 2) when the alpha 1 binding domain of the 
beta 1b is deleted, it retains its membrane association 3) there are differences in 
the behavior of exogenously expressed beta subunits when treated under various 
conditions as compared to endogenously expressed rat forebrain beta subunits. 
Efforts are underway to further localize specific regions responsible for beta 1b 
subunit membrane targeting and association. This work is supported in part by 
AHA. NIH/NIMH and LHIMRF.

1 6 .7

IDENTIFICATION OF AN INHIBITOR OF T -TY P E  CALCIUM CHANNELS  
R. S -l. Chuang1, H. Jaffe1, L. Cribbs2 E. Perez-Reyes2 and K.J. Swartz1 *
1 Molecular Physiology and Biophysics Unit, NINDS, NIH, Bethesda, MD 
20892. 2 Dept. of Physiology, Loyola University Medical Center,
Maywood, IL 60153

We set out to identify a high affinity ligand for the T-type calcium 
channel. The rat α1G T-type calcium channel was expressed in Xenopus 
oocytes by injection of α 1G cRNA flanked by the 5 ’ and 3 ’ untranslated 
regions of the Xenopus β -globin gene. Robust functional expression was 
observed within 4 days using a two-electrode voltage clamp with 5 mM 
Ba2+ as the charge carrier. Venom from scorpions, snakes and spiders 
were screened for activity against the T-type channel. The venom from a 
south african scorpion was found to contain robust inhibitor activity. A 
7.4 kD protein toxin was purified to homogeneity using reverse phase 
HPLC and ion exchange chromotography and sequenced by edman 
degradation. The purified toxin, named Kurtoxin, inhibited the T-type 
calcium channel with IC50 ~ 20 nM. At 500 nM Kurtoxin was without 
effect on all other types of neuronal voltage-gated calcium channels 
examined, including rat α 1B (plus β1b and α2δ ), rabbit α 1A (plus β 1b and 
α 2δ), human α1E, and rat α 1c (plus β 1b and α2δ). W e conclude that Kurtoxin 
binds to the T-type calcium channel with high affinity and exhibits a high 
degree of selectivity.

16.6

Clo n in g  a n d  expr essio n  o f  a  n o v e l  g en e  fa m il y  en c o d ing  
LOW VOLTAGE-ACTIVATED, t -t y p e , ca lc iu m  c h a n n e l s .

E. Perez-Reyes* , L.L. Cribbs, A. Daud, and J.-H. Lee. Department of Physiology, 
Loyola University Medical Center, Maywood, IL 60153.

Low voltage-activated Ca2+ channels are thought to be involved in pacemaker 
activity, low threshold Ca2+ spikes, oscillations, and rebound burst firing. Pharmaco
logical and genetic evidence suggests that excessive T-type channel activity may be a 
contributing factor in absence epilepsy. We will present our recent findings on the 
cloning and expression of two novel channels, α1G and α 1H. In accompanying 
abstracts we present data on the following: localization in rat brain (Talley et al.), 
inactivation (Martin et al), permeation (Lee et al), and toxin block (Chuang et al.).

After years of trying to clone these channels using PCR, we decided to try in silico 
cloning. We noticed that the EST division of the Genbank contained partially 
sequenced clones (IMAGE Consortium) that were labelled as being “similar to a 
calcium channel.” We found one clone, H06096, that was clearly different from the 
cloned high voltage-activated Ca2+ channels. We then used a fragment of this clone to 
screen cDNA libraries by conventional in vitro techniques. Full-length cDNAs were 
cloned from either a rat brain (α 1G) or human heart library (α 1H). Their deduced 
amino acid sequence contains the four domain structure typical of Na+ and Ca2+ 
channels. The regions of highest similarity are in the putative membrane spanning 
regions and pore loops. Evolutionary tree analysis shows that α 1G and αlH  form a 
distinct gene family. A BLAST search of the Genbank identified a third member of 
this family, a 1I, which may also encode a T-type channel. Expression of α 1G and 
αlH  was attempted in both Xenopus oocytes and HEK-293 cells. The biophysical 
properties of these cloned channels (distinctive voltage dependence, kinetics, and 
single channel conductance) demonstrates that these channels are members of the T- 
type Ca2+ channel family. This work was supported by grants from the AHA and NIH 
(EPR).

16.8

TH E M O U S E  S T A R G A Z E R  G E N E  E N C O D E S A  C A N D ID A T E  γ  
S U B U N IT  FO R N E U R O N A L  C A L C IU M  C H A N N E L S . W .N .  
Frankel1*, R. F e lix2 ’ G . B id d leco m e ,2 J. A rikkath ,2 C . M ah affev , 1 A . 
V alenzuela , 1 F .S . Bartlett I I ,1 K .P . C am p b ell,2 V .A . L etts1. 1The 
Jackson Laboratory, Bar Harbor, M E 0 4 6 0 9 ; 2 H ow ard  H ughes  
M edical Institute, D e p ’t. o f  P h y s io lo g y  & B io p h y s ic s , U . Iow a  
C o lleg e  o f  M ed icin e, Iow a C ity, IA  52 2 4 2 .

The stargazer m ou se is a m odel for hum an absence ep ilep sy , with  
frequent sp ik e-w ave  seizures accom panied b y behavioral arrest. 
Stargazer m ice a lso  have vestibular and cerebellar ataxia and in the 
cerebellum  have functional and gene exp ression  abnorm alities. 
P reviou sly  w e  pub lish ed  the fine-m ap pin g and construction o f  a 1.3  
M b contig  across the stargazer locu s (Letts et al. 1997 G en om ics  
43:6 2 -6 8 ). H ere w e  describe a n ew  g en e , en cod in g  a putative 
transm em brane protein o f  323  am ino acids w h o se  exp ression  is 
disrupted in tw o  independent a lle les o f  stargazer. T he cod in g  sequence  
is present on  four e x o n s , but ex o n s 1 and 2 are separated b y a large 
intron spanning b etw een  5 0 -9 0  kb. Stargazer m R N A  is exp ressed  
throughout the brain but w as not detected in other tissu es . S targazer’s 
primary and secondary protein structure has a m odest sim ilarity to the 
calcium  channel γ  subunit - an inactivating subunit previou sly  
described on ly  in skeletal m uscle -  although stargazer is  about 100 aa 
longer at the carboxy term inus. B y  in vitro co -ex p ressio n  w ith kn ow n  
calciu m  channel subunits and by im m u n ological analysis w e  are testing  
the h ypothesis that stargazer en cod es the first described γ  subunit for 
neuronal ca lcium  channels. B oth  gene c lon in g  and functional tests w ill 
be presented.

(Supported by grant NS32801 to VAL and a Klingenstein Fellowship to WNF.)

CATECHOLAMINE RECEPTORS

17.1

CHRONIC RESERPINE DIFFERENTIALLY ALTERS IN VIVO BINDING OF D1 
AGONISTS R/S- AND R-[11C]SKF 82957 AS COMPARED TO [11C]SCH 23390 IN 
RAT BRAIN. J.N. DaSilva1,2*, E. Greenwald2, R.A. Schwartz2, A.A. Wilson1 and 
S. Houle1. PET Centre, Clarke Institute of Psychiatry, Depts. of 1Psychiatry and 
2Pharmacology, Univ. of Toronto, Toronto, Ontario, Canada, M5T 1R8.

R/S- & R-SKF 82957 are D1 agonists that bind with high affinity and selectivity to 
the high-affinity state of D1 receptors. In vivo evaluation of R/S- & R-SKF 82957 
labeled with C-11 demonstrated high binding selectivity for D1 receptors in rat brain 
regions rich in D1 receptors, such as the striatum (Str) (Life Sci. 58: 1661-1670, 1996; 
J. Nucl. Med. 38:76p, 1997). Previous studies have shown that chronic administration 
of reserpine for five days depletes dopamine stores by ~98%, rendering D1 receptors 
supersensitive and increasing the proportion of D1 receptors in the high-affinity state, 
as measured in vitro. Enhancement of the coupling efficiency of stimulatory G- 
protein without changing D1 receptor density is also reported in this animal model of 
Parkinson’s disease. Reserpine-treated rats (5 daily injections of 1 mg/kg, s.c.; 
controls received vehicle only, s.c.) were injected with R/S-[11C]SKF 82957 (n=7), R- 
p[11C]SKF 82957 (n=8) and [11C]SCH 23390 (n=l4), 2 h after the last reserpine 
administration. Animals were sacrificed at 45 min post-injection of the tracers. Brain 
uptake (expressed as % of injected dose x body weight per g of tissue) of R/S- & R- 
[11C]SKF 82957 was more affected by reserpine as compared to [11C]SCH 23390. 
Compared to controls, Str-to-cerebellum (Cer, devoid of D1 receptors) ratios were 
significantly reduced in reserpine-treated rats by 36% with [11C]SCH 23390, and only 
22% and 26% with R/S- & R-[11C]SKF 82957, respectively. The Str-to-Cer ratios of 
R/S- & R-[11C]SKF 82957 were significantly (p<0.07) less reduced than that of 
[11C]SCH 23390, suggesting that the repeated-reserpine treatment proportionately 
increased the binding sites of [11C]SKF 82957 as compared to [11C]SCH 23390. 
These results suggest that chronic reserpine increases the proportion of D1 receptors 
in their high-affinity state in the striatum as measured in vivo with R/S- & R-[11C]SKF 
82957. Supported by the J.P. Bickell Foundation and the MRC of Canada MT-13258.

17.2

PET STUDIES OF BINDING COMPETITION BETWEEN ENDOGENOUS 
DOPAMINE AND D1 ANTAGONISTS AND AGONISTS. M. Laruelle*, A. 
Abi-Dargham, N. Simpson. L. Kegeles, R. Parsey, D.R. Hwang, Y._Zea- 
Ponce, I. Lombardo, R. Weiss, R. Van Heertum , J.J. Mann. New York State 
Psychiatric Institute, Columbia University, New York, NY 10032.

Changes in levels of synaptic dopamine (DA) have been shown to affect 
the in vivo binding of various dopamine D2 radiotracers such as [11C]raclopride 
or [123I]IBZM. Combined with PET imaging, this phenomenon provides a 
noninvasive measure of DA release. The goal of this work was to study the 
impact of amphetamine, a potent DA releaser, on the in vivo binding of several 
D1 radiotracers. Two radiolabeled D1 antagonists, [11C]NNC 756 (KD = 0.2 
nM), and [11C]SCH 23390 (KD = 0.4 nM), and one D1 agonist, [11C]SKF 
82957 (KD high = 0.9 nM) were investigated with PET in baboons. The k3/k4 
ratio was used as receptor availability parameter. Under control conditions, the 
striatal k3/k4 ratio of [11C]NNC 756 and [11C]SCH 23390 were 4.4 and 2.2, 
respectively, confirming than [11C]NNC 756 is a superior radiotracer. The 
k3/k4 ratio of both antagonists was not affected by pretreatment with 
amphetamine, 0.5-1 mg/kg. The k3/k4 ratio of the agonist [11C]SKF 82957 
was only 1.5, and was not affected by amphetamine challenge. In conclusion, 
neither antagonists or agonist in vivo binding to D1 receptor is affected by 
changes in DA concentration, as elicited by amphetamine, at a dose known to 
affect the binding of various DA D2 ligands. This difference between D1 and 
D2 receptors was unexpected, since DA displays similar affinity in vitro for 
both receptors. We propose that rapid internalization of D1, but not D2 
receptors following DA exposure might explain these findings. Funded by 
NARSAD, the Charles-DANA and Scottish Rite Foundations.
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17.3 17.4

QUANTITATIVE PET STUDIES OF DOPAMINE D1 RECEPTORS IN THE 
BASAL GANGLIA USING [11C]SCH 23390: COMPARISON OF NON-SMOKING 
VOLUNTEERS AND CHRONIC CIGARETTE SMOKERS. C. Bleicher1*, P. 
Cumming1, P.B.S. Clarke2, A.C. Evans1, and A. Dagher1. 1McConnell Brain Imaging 
Centre, Montreal Neurological Institute, 3801 University Ave., 2Department of 
Pharmacology and Therapeutics, McGill University, Montréal, Canada H3A 2B4.

We test the hypothesis that long-term smoking alters the binding potential 
(BP) of the dopamine D1 antagonist [11C]Sch 23390 in the mesolimbic dopamine 
system. Non-smoking control subjects (n=6) were scanned twice with the Siemens 
ECAT HR+ PET camera during 60 minutes following intravenous infusion of 10 mCi 
[11C]Sch 23390. After registration to MR images, BP was calculated in the ventral 
striatum, caudate, and putamen using the cerebellar input [1]. The mean scan-rescan 
variability was less than 5%. Dynamic PET scans were obtained from chronic 
smokers (n=7, 32±8 years), and non-smokers (n=8, 22±3 years). The smokers (mean 
consumption 12 pack/day years) were scanned in a baseline condition of acute 
withdrawal (18 hours cessation) and after smoking ad libitum the morning of the scan. 
There were no significant differences (<6%) in BP between these two scans 
(ANOVA). The baseline BPs (±SD) for smokers and non-smokers are summarized:

LOCALIZATION OF THE SHORT AND LONG ISOFORMS OF THE 
DOPAMINE D2 RECEPTOR IN CORTICAL INTERNEURONS. Z. U. Khan* 1,
L. Mrzliak1, A. Gutierrez2, A. de la Calle2 and P. S. Goldman-Rakic1. 1 Section of 
Neurobiology, Yale School o f Medicine, New Haven, CT 06510; 2Dept. o f Cell 
Biology, Faculty o f Science, University o f Malaga, Malaga 29071, Spain

Among the dopamine receptors cloned to dale, the D2 family o f these 
receptors has been the most closely linked to the palliative action of anti-psychotic 
medications on positive symptoms in schizophrenic patients. We have previously 
determined that the dopamine D4 subtype o f this family is localized in the 
subpopulation o f GABAergic neurons within prefrontal cortex (Mrzljak et al., 
Nature 381: 245; 1996). In the present study, we sought to determine the locus of  
action o f the D2 subtype o f receptor in the cortical circuitry. The D2 gene o f the 
dopamine receptor family exists in two isoforms. The D2 long form (D2L) contains 
an extra 29 amino acids in the third cytoplasmic loop which is absent in the D2 
short form (D2S). We have prepared specific anti-peptide antibodies against both 
isoforms and used these to study localization issues in the cortex. Our findings 
indicate that both the D2S and D2L isoforms o f the receptor are present in 
GABAergic neurons in prefrontal cortex. Double-labeling experiments determined 
that each isoform is present in parvalbumin-positive cells, confirming their 
association with one major subset of GABAergic interneurons. This association 
with "local circuit neurons" may be an exclusive one as labeling of D2S and D2L 
receptors is not observed in pyramidal neurons with our antibodies. These findings 
indicate that both isoforms o f the D2 receptor are involved in the indirect mode of 
dopamine modulation on pyramidal neurons, i.e., via feed-forward inhibitory 
mechanisms. The interaction between the dopamine and cortical circuitry plays an 
important role in regulation o f excitability o f  pyramidal neurons engaged in 
working memory functions.

Supported by NIMH MH44866 and NIDA DA10160.

17.5
D1A DOPAMINE RECEPTOR ‘KNOCKOUT’, BEHAVIOURAL 
PHENOTYPE, AND D,-LIKE RECEPTORS NOT LINKED TO 
ADFNYLYL CYCLASE.
J.J. Clifford1, O. Tighe2, D.T. Croke2, J Drago3, D.R. Sibley4 & J.L. 
Waddington1* . Departments o f  Clinical Pharmacology & 
2Biochemistry, Royal College of Surgeons in Ireland, Dublin 2; 
3Department of Anatomy, Monash University, Australia; 4NINDS, 
Bethesda, USA.

The functional role of the D 1A receptor was examined 
through the behavioural phenotype of mice with D 1A ‘knockout’. 
Ethological evaluation of spontaneous behaviour revealed neither 
hypo- nor hyperactivity but, rather, time-dependent topographical 
shifts between individual elements of behaviour: decreases in rearing 
free, sifting and chewing; increases in locomotion and, particularly 
in grooming and intense grooming as the most widely accepted 
behavioural index of D 1-like function. D 1A receptor status appears to 
interact with the psychological process of habituation to ‘sculpt’ 
behaviour longitudinally. Responsivity to the selective D 1-like 
agonist A 68930 and to the anomalous D,-like agonist SK&F 
83959, which fails to stimulate adenylyl cyclase [AC], was 
substantially preserved; though rearing free was attenuated, there 
was essential preservation of intense grooming subject to some 
modest diminution with heightened locomotion to A 68930. The 
induction of stereotyped sniffing and ponderous locomotion by the 
selective D2-like agonist RU 24213 was unaltered, indicating 
preservation of D 1-like:D2-like interactions at the level of behaviour. 
These findings suggest that a D,-like receptor other than D1A, and 
possibly independent of adenylyl cyclase, may mediate typical D,- 
like behaviour and participate in D,-like:D2-like interactions.

Supported by RCSI.

17.7

EPINEPHRINE AND NOREPINEPHRINE POTENTLY STIMULATE D4 
RECEPTOR-MEDIATED PHOSPHOLIPID METHYLATION. A. Sharma* and 
R.C. Deth, Department of Pharmaceutical Sciences, Northeastern University, 
Boston, MA 02115.

The dopamine (DA) D4 receptor possesses several unique features: A large 
number of polymorphisms are possible with respect to a 16 amino acid repeat 
which might play a role in attention deficit hyperactivity disorder or novelty 
seeking behaviour leading to drug abuse such as alcoholism. A proline rich region 
preceeds the repeat region which has been shown to be an SH3 protein binding 
motif for Src, Grb2 and Ras GAP. The D4 receptor also possesses the novel ability 
to couple to transducin. Unlike other DAergic receptors, D4 receptors can potently 
bind and respond to norepinephrine (NE) and epinephrine (EPI). Previous results 
from our lab have indicated a novel role for D4 receptors in mediating phospholipid 
methylation (PM). To study whether NE and EPI could affect this process, we 
investigated their ability to influence [14C] formate labeling of phospholipids in 
SK-N-MC cells, a cell line known to express endogenous D4 receptors. DA, NE 
and EPI each were able to stimulate PM in a time-dependent manner, evident after 
30 min of [14C] formate incubation. In dose-dependent studies all three agents were 
equally efficacious, increasing the PM to 200% above basal level, however, DA 
was 5-10 times more potent than EPI and NE. In each case, responses were 
blocked by the D4-selective antagonist L-745870. 5-HT also stimulated PM in a 
dose dependent manner, however, it was 100 times less potent than DA. The ability 
of the D4 receptor to be activated by other catecholamines might thus provide a 
novel mechanism of neurotransmitter signaling at adrenergic as well as DAergic 
synapses.

17.6

SUBTYPE-SPECIFIC DIFFERENCES IN DOPAMINE RECEPTOR 
ENDOCYTOSIS. R.G. Vickery1, C. Christine2*, and M von Zastrow3. 
3Dept. o f  Cellular and Molecular Pharmacology, 2Dept. o f  Neurology, and 
1Dept. o f  Psychiatry, Univ. o f  California, San Francisco.; San Francisco 
CA, 94143.

We have observed that D1 and D2 dopamine receptors, which are 
structurally homologous G protein-coupled signaling receptors, are sorted 
between distinct endocytic pathways when expressed in HEK293 cells. D1 
receptors are rapidly and reversibly endocytosed by an agonist-induced 
pathway which is blocked by the D1 antagonist SCH23390 . D2 receptors 
are endocytosed both by an agonist-induced pathway and a constitutive 
pathway which occurs in the absence o f dopamine and cannot be blocked by 
the potent D2 antagonist haloperidol. Agonist-induced endocytosis o f  the 
D1 receptor is specifically inhibited by K44E mutant dynamin, suggesting 
that endocytosis is mediated by clathrin-coated pits. In contrast, K44E 
mutant dynamin inhibits neither the constitutive nor the agonist-induced 
endocytosis o f D2 receptors, indicating that the endocytic pathway o f  the 
D2 receptor is mediated by an alternate mechanism. D1 receptors 
endocytosed by the agonist-induced pathway are delivered to early and 
recycling endosomes marked by transferrin, while D2 receptors endocytosed 
by both the constitutive and the agonist-induced pathway are delivered to a 
distinct population o f  transferrin-negative vesicles. These observations 
provide the first evidence that endocytosis o f  signaling receptor subtypes 
are mediated by distinct dynamin -dependent and -independent mechanisms, 
and that receptors endocytosed by these distinct mechanisms are targeted to 
different populations o f endocytic membranes. This may indicate a specific 
physiologic mechanism for retrieval and regulation o f  different dopamine 
receptor subtypes from the plasma membrane. (supported in part by 
NARSAD and NRSA fellowship 1 F32 DA05825-01)

17.8

MUTATION OF A CONSERVED ASPARTIC ACID IN THE ß2 ADRENERGIC 
RECEPTOR: CONSTITUTIVE ACTIVATION, STRUCTURAL INSTABILITY, 
AND CONFORMATIONAL REARRANGEMENT OF HELIX VI 
S.G.F. Rasmussen1, A.D. Jensen1, P. Ghanouni1, G. Liapakis2, S. A. Hjorth3*, J. 
Javitch2 and U. Gether1. 1 Department of Medical Physiology 12.5 and 3Laboratory of 
Molecular Pharmacology, The Panum Institute, Univ. of Copenhagen, DK-2200 N 
Denmark: Ct. for Molecular Recognition, Columbia University, New York 10032.

It has been suggested that activation of G protein coupled receptors involves 
protonation of the aspartic acid in the conserved DRY-motif at the cytoplasmic site of 
transmembrane segment (TM) III. We hypothesized that the aspartic acid in its 
unprotonated state is involved in a stabilizing intramolecular interaction constraining 
the receptor in an inactive conformation. We tested this hypothesis in the β2 
adrenergic receptor by mutating 130Asp to asparagine (D130N) to mimic the 
protonated state and to alanine to fully remove the functionality of the side chain 
(D130A). Both mutants displayed clear evidence of constitutive activation i.e. a 
marked elevation in basal cAMP accumulation in transiently transfected COS cells as 
compared the wildtype, and a marked increase in affinity for the full agonist 
isoproterenol (10-30 fold). In adddition, we observed that both mutants were highly 
unstable, as determined by exposing either membranes expressing the mutant 
receptors or purified receptor to 37 0 C. Moreover, we obtained evidence for a 
conformational rearrangement in the D130N mutant consistent with a 
counterclockwise rotation of TM VI. Thus, Cys-285, which is not accessible in the 
wildtype, becomes accessible in the mutant to methanethiosulfonate ethylammonium 
(MTSEA), a hydrophilic, sulfhydryl-reactive reagent. This supports that the 
conformation of the mutant receptor resembles the activated state of the wildtype 
receptor. Summarized, the data supports that a critical event in G protein receptor 
activation involves protonation of the aspartic acid in the DRY-motif causing 
disruption of stabilizing conformational constraints and leading to facilitation of the 
receptor/G protein interaction. Supported by the Danish Research Councils.
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ventral striatum caudate putamen
left right left and right left and right

Smokers 0.73 ± 0.06 0.71 ± 0.08 0.71 ±0.07 0.91 ±0.10
Non-smokers 0.83 ± 0.09 0.81 ±0.08 0.77 ± 0.08 1.02 ±0.11
Significance 0.048 0.048 0.22 0.040
Smoking does not acutely alter the BP of [11C]Sch 23390 in human brain. However, 
BP in the ventral striatum was 12% lower in the smoking group than in the non
smoking group. These findings could indicate an effect of chronic smoking, or 
alternately, an age-related decline in dopamine D1 receptor density in the ventral 
striatum. (MRC SP-30) [1] Lammertsma and Hume, Neuroimage 4,153-8 (1996)
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SITE-SELECTIVE FLUORESCENT LABELING OF THE β2 ADRENERGIC 
RECEPTOR: MAPPING AGONIST-INDUCED CONFORMATIONAL CHANGES 
AT THE CYTOPLASMIC SIDE OF TRANSMEMBRANE SEGMENT VI.
A. D. Jensen1, J. A. Ballesteros2, H. Weinstein2, and U. Gether1*. 1Department of 
Medical Physiology, The Panum Institute, Univ. of Copenhagen, DK-2200 
Copenhagen, Denmark. 2Department of Physiology and Biophysics, Mount Sinai 
School of Medicine, New York, NY 10029.

To understand the molecular mechanisms involved in agonist-induced activation of 
G protein coupled receptors, we have used the environmentally sensitive, fluorescent 
probe IANBD, site-selectively incorporated into the purified ß2 adrenergic receptor, as 
a molecular reporter of agonist-induced conformational changes in the receptor 
molecule. In the background of a mutant ß2 adrenergic receptor, with a minimal 
number of endogenous cysteine residues, we introduced a series of new cysteine 
residues at the interface between the carboxyterminus of the third intracellular loop and 
transmembrane segment VI (TM VI). All mutants demonstrated preserved ligand 
binding properties and intact coupling to adenylate cyclase. Fluorescence spectroscopy 
analysis of the purified and site-selectively IANBD labeled mutants showed that the 
full agonist isoproterenol induced a reversible, dose-dependent, increase in fluorescence 
from IANBD bound to 271Cys and 272Cys. These data suggest that IANBD, bound to 
cysteines at the cytoplasmic side of TM VI, is exposed to less polar environment 
upon agonist binding. Importantly, the kinetics of the apparent conformational change 
was similar to the kinetics of our previously reported agonist-induced decrease in 
fluorescence observed when labeling the naturally occurring 125Cys in TM III and 
285Cys in TM VI (Gether et al., EMBO J., 1997, 16, 6737-6747). This suggests that 
the two distinct agonist-induced spectroscopic changes reflect different read-outs of the 
conformational change critical for receptor activation. In conclusion, our data provide 
the first direct evidence for significant conformational changes at the cytoplasmic side 
of TM VI in a hormone-activated G protein coupled receptor.
Supported by the Danish Research Councils and the Danish Heart Foundation.

17.11
ASSESSMENT OF IN VIVO RECEPTOR INTERACTION OF OLANZAPINE 
AND OTHER ANTIPSYCHOTICS BY SECOND MESSENGER AND 
NEUROTRANSMITTER TURNOVER. Wei Zhang* and Frank P. Bymaster. 
Neuroscience Research Division, Lilly Research Laboratories, Eli Lilly & Co., 
Indianapolis, IN 46285.

Olanzapine (Ola) was compared to other antipsychotics for the in vivo 
functional effects at dopamine (DA) D2, 5HT2A, and muscarinic (Mus) receptors in rat 
brain. Blockade of D2 receptors in vivo was determined by measuring the level of the 
DA metabolite DOPAC. The interaction with phosphoinositide (PI) -coupled 5HT2A 
and Mus receptors in vivo was assessed by measuring PI hydrolysis with a radiometric 
method. The antagonism of antipsychotics on 5HT2A and Mus receptors in vivo was 
determined by blockade of PI hydrolysis stimulated by the 5HT2 agonist DOI or Mus 
agonist pilocarpine. Ola increased neostriatal DOPAC levels in vivo (ED200=0.75 
mg/kg, ip), indicating DA D2 antagonism. DOI and pilocarpine increased in vivo PI 
hydrolysis in frontal cortex and hippocampus up to 2- and 7- fold above the basal 
level, respectively. The agonist -induced increases of PI hydrolysis in vivo were fully 
blocked by the 5HT2A and Mus antagonist MDL100907 and scopolamine, respectively, 
indicating the mediation by 5HT2A and Mus receptors, respectively. Ola was about 8 - 
fold more potent in vivo in blocking the DOI than pilocarpine -induced increase of PI 
hydrolysis (ED50=0.1, 0.8 mg/kg, ip, respectively). In general, atypical antipsychotics 
such as clozapine, risperidone and ziprasidone were more potent in antagonizing 5HT2A
than D2 receptors, while typical antipsychotics such as haloperidol and chlorpromazine 
were more potent in antagonizing D2 than 5HT2A receptors in vivo. In summary, ola in 
vivo is more potent in blocking 5HT2A than D2 and Mus receptors, consistent with its 
favorable clinical profiles. In addition, the novel in vivo PI hydrolysis assay proved to 
be useful and reliable in assessing the in vivo efficacy and potency of drugs that 
interact with the PI -coupled 5HT2A and Mus receptors.

17 .10

T H E  D 3 D O P A M IN E  R E C PT O R : G -P R O T E IN  C O U P L IN G  A N D  
C R O S S -T A L K  W IT H  T H E  D 1 R E C E P T O R . B . L e v a v i-S iv a n 1, J. 
O b a d i a h 1, C .S . F i s h b u r n 1, B .-H . P a rk 1, T . A v id o r - R e is s 2, M . 
B a y e w itc h 2, Z. V o g e l2* and S .F u c h s1. D epartm en ts o f  1Im m u n ology  and 
2N eu rob io logy  T he W eizm ann Institute o f  S c ien ce , R eh ovot 7 6 1 0 0 , Israel 

D 3 d o p a m in e  recep to rs  h a v e  b een  su g g e s te d  to be in v o lv e d  in 
b ehavioral and c o g n itiv e  fu nctions. There have been co n flic tin g  fin d in gs  
on the sign a l transduction ca sca d es o f  the D 3 receptor. W e in v estig a ted  
the c o u p lin g  o f  the m urine D 3 dopam ine receptor to the pertu ssis tox in -  
resistant G -protein  G z in tran sfected C O S and C H O  c e lls , in com p arison  
w ith  that o f  the other D 2  receptors. W hereas D 2 recep tors h ave  been  
sh o w n  to c o u p le  eq u a lly  w e ll to G i or G z, the D 4 recep to r  c o u p le s  
strongly and preferably to G z. On the other hand, D 3 dopam ine receptors  
co u p le  to both Gi and G z, and using pertussis and cholera  tox in s w e  have  
sh ow n that the D 3 receptor a lso cou p les to G s.
In search for a c e ll lin e  that e n d o g en o u sly  ex p resses  the D 3 d op am in e  
receptor, w e  fou n d  that the hum an m ed u llo b la sto m a  c e ll  lin e  T E 6 7 1, 
ex p resses  D 3 and D 1 dopam ine receptors, but d ose  not exp ress either D 2 
or D 4 receptors. Short ex p o su re  (3 0  m in ) o f  T E 6 7 1 c e lls  to  d op am in e  
resu lted in an increase in both D 1 and D 3 receptor m R N A s. E xp osu re o f  
T E 6 7 l c e lls  to  the D 3 a g o n ist 7 -O H -D P A T  sp e c if ic a lly  in crea sed  D 3 
recep tor m R N A . On the other hand, ex p o su re  o f  the c e lls  to  the D 1 
a gon ist S K F 3 8 3 9 3  in creased  the exp ression  o f  both D 1 and D 3 receptor  
m R N A s. T h e in crease in D 3 ex p ressio n  fo llo w in g  activation  o f  the D 1 
receptor m ay indicate cross-ta lk  betw een  the signal transduction pathw ays 
o f  the tw o  receptors. T h e in v o lv em en t o f  G z and cross-ta lk  b etw een  D 3 
and D 1 d op am in e receptors in D 3-related  n eu rop ath o log ica l c o n d itio n s  
rem ains to be investigated.

D E V E L O P M E N T A L  D IS O R D E R S

18.1

SUBCELLULAR LOCALIZATION OF FRAGILE X M ENTAL 
RETARDATION PROTEIN AND ITS MUTATED FORM (Ile367Asn) 
IN PC 12 CELLS AND RAT HIPPOCAMPAL NEURONS
M. Castrén1,2, A-K. Haapasalo1, B.E. O ostra3, E .Castrén1*
1A.I. Virtanen Institute, University o f Kuopio, Finland, 2Department o f  
Child Neurology, University Hospital o f Helsinki, Finland and 
3Department o f Clinical Genetics, Erasmus University, Rotterdam, The 
Netherlands

Disturbed function o f Fragile X mental retardation protein (FMRP) 
causes Fragile X syndrome, the most common inherited mental 
retardation disorder. FMRP contains RNA binding motifs, nuclear 
transport signal and associates with polyribosomes suggesting that the 
protein may be involved in mRNA processing, transport and translation. 
A missense mutation (Ile367Asn) in a conserved position o f the second 
KH domain results a very severe phenotype o f Fragile X syndrome.

We have investigated the subcellular distribution o f the normal FMRP 
and the Ile367Asn mutated protein in neuronal cells. Rat PC12 
pheochromocytoma cells and cultured rat hippocampal neurons were 
transiently transfected with expression plasmids for wild type FMRP and 
the FMRP carrying the Ile367Asn mutation and subcellular localization 
o f transfected proteins was studied using immunofluorescence 
microscopy. In undifferentiated PC12 cells both forms were mainly 
cytoplasmic. After differentiation with NGF (50 ng/ml) for 4 days 
granular staining extended into growing processes. In rat hippocampal 
neurons staining was also granular in appearance and detected in 
processes. The mutation Ile367Asn did not appear to affect this 
localization pattern. Supported by Arvo and Lea Y lppö Foundation.

18.2

FRAGILE X KNOCK OUT MICE SHOW SEVERE LEARNING 
DEFICIT DEPENDANT ON GENETIC BACKGROUND. 
W .T . B r o w n * , A . R a b e , R . D u m a s , H . H a u b e n s to c k , C . D o b k in . 
N Y S  In s titu te  fo r  B a s ic  R e se a r c h , S ta te n  I s la n d , N Y  1 0314 .

Fmr1 knock out (K O ) m ice are a m odel for the hum an Fragile X  
m ental retardation syndrom e. Fmr1 K O  m ice w ith  a C 5 7 B L /6 -1 2 9  
hybrid background have only a m ild reported learning defic ien cy  
(B akker et al., Cell 7 8 :2 3 -3 3 , 1994). W e exam ined the effect o f  this  
KO  m utation on spatial learning ability in m ice w ith  an F V B /N -1 2 9  
background, provided by Oostra. W hen m ice h o m o zy g o u s for retinal 
degeneration (rd) or albinism  (tyrc) w ere elim inated, the F V B /N -1 2 9  
sh ow ed  a profound defic ien cy in their ability to  learn the position  o f  a 
hidden escap e platform  in a ‘c r o ss ’ w ater m aze in com p arison  to  both  
litterm ate controls and B L 6 -1 2 9  KO  m ice. This defic ien cy w as  
independent o f  intertrial interval length. A lso , th ese F V B /N -1 2 9  KO  
m ice sh ow ed  significant d ifferen ces from  control litterm ates in fear 
conditioning, a hypocam pal-independent task. Thus, the KO o f  the  
Fmr1 g en e  on an F V B /N -1 2 9  profoundly interfered w ith  learning  
indicating this is a g o o d  m odel for the hum an m ental retardation  
syndrom e. This m odel will a llow  testin g  o f  potential therapies, study o f  
gen etic  background factor differen ces and investigation  o f  the  
developm ental etio lo g y  o f  the Fragile X  syndrom e.
(Supported by a grant from  the F R A X A  R esearch Foun dation)

S ociety for Neuroscience, V olume 24, 1998
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18.3
DEVELOPMENTAL DEFECTS IN CROOKED TAIL ( C d ) ARE 
RESPONSIVE TO DIETARY FOLIC ACID. ML Carter*. C Forster. SL 
Ulrich and ME Ross. Dept of Neurology, Univ of MN, Minneapolis MN 55455.

The etiology of neural tube defects (NTDs) is multifactorial and includes 
both environmental and complex genetic interactions. In the Cd mutant 
strain, Cd+/- mice have kinked tails and homozygotes have a high incidence 
of a rostral NTD, exencephaly, while Cd/Cd embryos that close the NT reveal 
subtle cortical malformation (Carter et al., Soc Neurosci ‘97 23:871). W e are 
using positional cloning of Cd to identify a NTD gene related to human 
anencephaly. A large prospective study found that among women bearing a 
child with NTDs, supplemental folic acid could reduce the recurrence risk up 
to 70% (Lancet ‘91 338:132); however the mechanism of this rescue is 
unknown as appropriate animal models for study are lacking. Dietary folic acid 
supplementation was therefore tested in Cd using two paradigms. In both, 
Cd+/− parents were allowed to feed freely on diets containing varying levels 
of folic acid (0 mg, 2 mg, 4 mg, 7 mg, or 10 mg) per kg of chow. In the first 
study, timed pregnancies from 20 Cd+/− fem ales per diet condition were 
scored for the exencephaly phenotype at E14.5, and samples taken for sex 
typing and detection of the Cd allele. In the second study, 10 Cd+/− mating 
pairs per diet were followed until 2 months passed without a litter; resulting 
litters were scored for gender, Cd phenotype and genotype. Fertility was 
assessed for each mating pair by total number of litters and the time elapsed 
between pregnancies. Initial results indicated that increasing amounts of 
dietary folic acid lead to a reduction of both exencephaly by as much as 62%  
(χ2=5.8, p<0.025) and the crooked tail phenotype by as much as 35%  
(χ2=13.3; p = 0 .0 0 0 1 ) . Moreover, pairs receiving no dietary folic acid 
displayed reduced fertility rates. Thus, the Cd mouse provides a valuable 
animal model with which to examine the mechanism(s) of folic acid rescue of 
NTDs and to investigate its potential for the support of normal brain 
development. (Supported by N INDS NS34998)

18.4
LIS1 AND XLIS MUTATIONS CAUSE DIFFERENT PATTERNS 
OF LISSENCEPHALY. ME Ross*, DT Pilz1, S Minnerath, N Matsumoto1,

U of MN, Minneapolis, MN 55455; 1Dept of Hum Genetics, U of Chicago, 
Chicago, IL 6 0 6 3 7 , 2Harvard Med Sch, Boston MA 02116

Lissencephaly (LIS) is a neuronal migration disorder resulting in brain 
malformation, epilepsy and impaired psychomotor function. Mutations of 
LIS1 in 17p13.3 and XLIS , (aka DCX), in Xq22.3 produce LIS, although 
additional causative loci are likely. Mutation analysis of LIS1 and XLIS was 
used to (1) examine the incidence of mutations in sporadic LIS, (2) identify 
critical functional protein domains, & (3) compare LIS1 and XLIS phenotypes 
to indicate whether these genes may interact in the same molecular pathway. 
DNA sequencing of LIS1 and XLIS  was performed in 25  children with 
sporadic LIS and no deletion of LIS1 detectable by FISH. LIS1 mutations 
were found in 7  patients (28%) of both sexes, and of XLIS in 5 males (20%). 
Combined with previous data showing LIS1 deletions in about 40%  of 
patients with sporadic LIS (excluding Miller-Dieker syndrome), mutations of 
these two genes account for nearly 70%  of patients with isolated LIS. One  
LIS1 mutation disrupted only the seventh W D 40 repeat at the 3 ’ end of the 
coding region and resulted in a  severe phenotype, indicating that this W D  
repeat is critical for LIS1 protein function. The same XLIS nonsense mutation 
in two unrelated LIS males identifies the C-terminal 59 (of 360) amino acids as 
crucial for normal XLIS protein function. Phenotypic comparison revealed that 
whereas the malformation in LIS1 patients is more severe over the parietal 
and occipital regions, XLIS patients have more severe malformation over the 
frontal cortex. This regional variation implies that LIS1 and XLIS may be part of 
overlapping but distinct signaling pathways that promote neuronal migration. 
Thus LIS1 and XLIS are responsible for the majority, though not all, of human 
LIS, and the distinct patterns observed suggest separate roles in neuronal 
migration. (Supported by N INDS NS35515, NS32457)

18.5
L1 KNOCKOUT MICE HAVE VENTRICULAR DEFECTS AND 
DIMINISHED SIZE OF THE HIPPOCAMPUS AND CORPUS 
CALLOSUM.
G.Demyanenko, J.A. Kauer, and P.F.Maness*
Dept. of Biochemistry, University of North Carolina School of 
Medicine, Chapel Hill, NC 27599-7260.

In humans, X-linked mutations in the L1 cell adhesion 
molecule are associated with a complex neurological syndrome 
that includes variable hydrocephalus, mental retardation, and 
spasticity. A mouse model with a null mutation in the L1 gene, 
which exhibits errors in corticospinal axon guidance (Cohen et 
al. Curr. Biol. 8:26-33, 1997), has been analyzed histologically 
for central nervous system defects by Nissl and Golgi staining. 
The L1-minus mice have an enlarged ventricular system and an 
abnormal septum compared to wild type mice. The 
hippocampus of mutant mice is significantly reduced in size and 
cell number but displays generally normal cytoarchitecture. 
Long term potentiation in CA1 neurons induced by theta burst 
stimulation is not affected in hippocampal slices from L1 -minus 
mice. The L1 knockout exhibits a large reduction in size of the 
corpus callosum but not of anterior and posterior commissures. 
In the sensorimotor, somatosensory and visual cortex, some 
neurons are displaced from their normal positions and others 
have abnormal apical dendrites. These results indicate that the 
L1 mutant mouse is a potentially valuable model for the L1 
neurological syndrome.
Supported by NIH grants NS26620 and HD 35170.

18.6
A LONGITUDINAL MRI STUDY OF THE CORPUS CALLOSUM EM 
HEALTHY CHILDREN AND ADOLESCENTS. Jay N. Giedd, Cathy 
Vaituzis, Susan Hamburger, Jonathan Blumenthal, Hong Liu, Jeannie Nelson, 
Judith Rapoport, F. X. Castellanos*. Child Psychiatry Branch, NIMH, Bethesda, 
MD, 20892-1600.

The corpus callosum consists of approximately 200 million interhemispheric 
fibers, most of which connect homologous cortical areas. Its clinical interest and 
ease of measurement on magnetic resonance images have made it a popular 
target for investigation and corpus callosum morphology has been reported to be 
influenced by age, sex, handedness and a variety of neuropsychiatric disorders. 
Cross sectional brain imaging studies have indicated developmental changes in 
the midsagittal area of the corpus callosum during childhood and adolescence, 
but large variability makes it difficult to adequately characterize non-linear 
aspects of the developmental curves. To address this problem, a longitudinal 
cerebral magnetic resonance imaging study is being conducted on healthy 
children and adolescents with scans being acquired at approximately 2 year 
intervals. To date 98 subjects from ages 4 to 18 have been scanned at least 
twice using identical image acquisition and analysis techniques. Results from the 
longitudinal study, in addition to confirming the predominantly posterior 
increase in midsagittal corpus callosum size found in cross-sectional studies, 
indicate that the rate of increase is significantly more pronounced in the younger 
ages with the sharpest decrease in rate of change occurring from the 6 to 8 year 
old group (mean slope = 14.4 mm2/year) to the 8 to 10 year old group (mean 
slope = 6.6 mm2/year). There were no significant effects of sex on slope for any 
age group. Characterization of heterochronous developmental curves in healthy 
pediatric populations is a necessary prerequisite to assess the hypothesis that 
many of the most severe neuropsychiatric disorders of childhood are associated 
with subtle deviations from the normal pathway of brain development.

18.7
CHROMOSOME 6 GENETIC LINKAGE OFA BILATERAL 
LINGUAL-FUSIFORM GYRUS PET HYPOMETABOLISM AND 
PHONEMIC AWARENESS DEFICIT PHENOTYPE. F. B. Wood,1 *
D. Pauls,2 L. Flowers,1 E. Griqorenko2. 1 Section of 
Neuropsychology, Wake Forest University Baptist Medical Center, 
Winston-Salem, NC 27157-1043; 2Child Study Center, Yale 
University.

N=17 adults with current poor phonemic awareness skills and 
history of childhood dyslexia were compared to N=17 controls 
without deficit. After uptake of 18F FDG during a 40 minute 
continuous performance letter recognition task, conventional PET 
scanning showed that dyslexics were hypometabolic in either the 
left or right lingual-fusiform gyrus, below the 16th %-ile of a normal 
N=6O standardization sample. This imaging phenotype was then 
applied to an extended family of 16 cases and studied in relation to 
markers on chromosome 6. MLINK multipoint parametric analyses 
yielded a LOD score of 1.2 with a peak close to D6S1281, and 
nonparametric multipoint APM analyses in this same region of 
chromosome 6 were highly significant at p<.000001. The results 
were interpreted as implicating the lingual-fusiform cortex as 
dysfunctional in this subype of dyslexia, since it is metabolically 
deficient in this nonphonemic task but excessively active in 
dyslexics, in other literature, when phonemic crossmodal tasks are 
required. Relations to the evolutionary history of language and the 
visual system were also considered. (Support: P01-HD21887.)

18.8
PRESERVATION OF VISUAL PERCEPTUAL FUNCTIONS AFTER 
NEONATAL UNILATERAL OR BILATERAL PERIVENTRICULAR WHITE 
MATTER LESIONS IN 5 YEAR OLD CHILDREN. P. Stiers1,2, M. Haers1, B.M. 
van den Hout3, L.S. de Vries4, O. van Nieuwenhmzen3, and E. Vandenbussche1*. 
1Lab. Neuropsychology, K.U.Leuven, Medical School, 3000 Leuven, Belgium; 
2Center for Developmental Disabilities, University Hospitals, Leuven, Belgium; 
3Dep. Child Neurology, and 4Neonatology, Wilhelmina Children’s hospital, Utrecht, 
the Netherlands.

In order to study the brain’s capacity to preserve functions after neonatal damage, 
we compared visual perceptual ability of 8 children with unilateral infarctions due to 
intraventricular hemorrhage, and of 8 children with bilateral periventricular 
leukomalacia, with the base line ability of 19 neonatal at risk children with normal 
ultrasound scans. Both neonatal encephalopathies generate roughly comparable 
lesions in the periventricular white matter. The lesions were all MRI confirmed.

Visual perception was assessed by the L94, a battery of 8 visual perceptual tasks 
designed for use with multiple handicapped children. Visual perceptual impairment 
was evaluated relative to the performance level on nonverbal intelligence subtests.

The severity of visual perceptual deficit was operationalized as the number of tasks 
on which each child was impaired. Children with bilateral lesions had significantly 
more L94 impairments (M = 1.63, SD = 1.19) than the control subjects (M = 0.79. 
SD = 0.79) (randomization t-test, 10 000 redistributions, p = 0.0337, one-tailed), 
whereas the children with unilateral lesions (M = 1.00, SD = 0.93) did not differ from 
the control subjects (randomization t-test, 10 000 redistributions, p = 0.3557, one- 
tailed).

It is concluded that at least one side of bilateral pathways must be intact to allow 
the brain to preserve visual perceptual functions.

Supported by the Praeventiefonds, the Netherlands, nr 2814061.
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19.1

FUNCTIONAL CHARACTERIZATION OF A DENDRITIC TARGETING 
SIGNAL IN MAP2 mRNAs. S. Kindler*, A. Bliehenberg, B. Schwanke, M. 
Rehbein, D. Richter. Institute for Cell Biochemistry and Cellular 
Neurobiology, Univ. of Hamburg, Germany 

Neurons like other cells possess a variety of organelles and cellular 
compartments that are highly diverse with respect to their protein 
repertoire. This situation demands elaborate sorting mechanisms. 
Although many sorting signals seem to be intrinsic to a given protein, the 
asymmetric distribution of cytoplasmic mRNA represents a second 
mechanism contributing to subcellular protein localization. In contrast to 
the majority of neuronal mRNAs that are restricted to the cell soma, 
transcripts encoding the somatodendritic microtubule-associated protein 
2 (MAP2) have been detected in dendritic processes. The mechanism 
underlying dendritic localization of MAP2 mRNAs is not known. To 
functionally characterize sequences involved in dendritic mRNA 
targeting we have expressed various tagged MAP2 mRNA fragments in 
rat superior cervical ganglion cells and hippocampal neurons in primary 
culture. The subcellular localization of recombinant RNAs was revealed 
by non-radioactive in situ hybridization. Utilizing these assays we have 
shown that sequences from the 3'-untranslated region of MAP2 mRNAs 
are sufficient to mediate dendritic localization of recombinant transcripts 
in both cell systems. In UV cross linking assays, a 90 kDa rat brain protein 
was found to bind specifically to the dendritic targeting signal but not to 
coding sequences of MAP2 mRNAs.
Supported by the DFG D FG-Ri-192-21-5) and BMBF (SFB-444-B1).

19.3
REGULATION OF E N C -1  EXPRESSION DURING 
NEUROBLASTOMA DIFFERENTIATION. M.C. Hernandez*, P.J. 
Andres-Barquin, I. Holt and M.A. Israel, Preuss Laboratory for 
Molecular Neuro-Oncology, Brain Tumor Research Center, Department 
of Neurological Surgery, University of California San Francisco, San 
Francisco, CA 94143-0520.

ENC-1, a gene expressed primarily in the nervous system, encodes an 
actin-binding protein of the Kelch family of proteins which has been 
identified in several species and shown to be important in cytoskeletal 
organization and function. In this study, we have cloned the human 
homologue of ENC-1 in order to assess its potential role in the 
processes of cell differentiation and malignant transformation in the 
human nervous system. We examined the expression pattern of ENC-1 
in several human tissues and in a number of cells lines derived from 
nervous system tumors. We found that whereas ENC-1 expression is 
very high in adult brain and spinal cord, low levels of ENC-1 mRNA 
are detected in nervous system tumor cell lines. To study the regulation 
of the ENC-1 gene during neural crest cell differentiation, we used a 
neuroblastoma differentiation model, the retinoic acid-induced neuronal 
differentiation of SMS-KCNR cells. We found that ENC-1 expression 
increased dramatically in the differentiated SMS-KCNR cells as 
compared to control undifferentiated cells. These results suggest that 
ENC-1 expression plays a role during differentiation of neural crest cells 
and may be down-regulated in neuroblastoma tumors. Grants from: 
National Cancer Institute (CA64898), the Preuss Foundation, the Betz 
Foundation, and the Nissen Family. P.J.A-B. is a Postdoctoral 
Research Fellow of the Spanish Ministry of Education and Culture.

1 9 .5

DISCOVERY OF FUNCTIONALLY SEPARATE POOLS FOR FATTY ACID 
ACTIVATION IN PC12 CELLS. J. Li,*  J. Shi, C. Watkins, L. Yu and R. J. 
Wurtman*. Department of Brain and Cognitive Sciences, Massachusetts Institute of 
Technology, Cambridge, MA 02139

Long chain acyl-CoAs (LCAC), or “activated fatty acids” (FA), the products of long 
chain acyl-CoA synthetases (LCACS, EC 6.2.1.3), play important roles as precursors, 
intermediates and regulators in neuronal differentiation and outgrowth. Little is known 
about the various LCACSs and their partitioning within cells. We explored whether 
various FAs from different sources are activated by different LCACSs and, if so, the 
locations and kinetics of these LCACSs in PC12 cells. Cells were exposed to 
[3H]glycerol or [3H]oleic acid (OA) at the presence of endogenous or exogenous FAs. 
Triacsin C (4.8 µM), an inhibitor of LCACS, blocked the incorporation of exogenous 
[3H]OA into glycerolipids by 30-90 % and increased the accumulation of free [3H]OA 
by about 60 %, but did not interfere with the incorporation of endogenous FAs, 
suggesting that the LCACSs which activate endogenous FAs are relatively non-
sensitive to this drug. In an enzymological study, subcellular fractions were prepared 
from the cultured cells. The arachidonic acid-specific LCACS (ACS) and the LCACS 
which non-specifically activates long chain FAs (NCS) exhibited different kinetics and 
sensitivities to triacsin C (2.1 -66.7 µM) as shown below.

ACS NCS in microsome ACS NCS in cytoplasm
Vmax 12 0.7 5.4 0.6
Km (µM) 70 38 38 60
IC50 (µM) » 7 0 13.5 >70 3.8
These results suggest that a variety of LCACSs, with individual locations, substrate 
specificities, kinetic characteristics and sensitivities to inhibitor, probably make up the 
functionally separate pools for the utilization of FAs from different sources.
Supported by the National Institute of Mental Health (MH-28783) and The Center for 
Brain Sciences and Metabolism Charitable Trust

1 9 .2

STUDIES ON DIFFERENTIATION OF NEURAL PRECURSOR CELLS IN 
CULTURE SYSTEM B. Yamanoha. T. Nakayama. Y. Tsukada*
Institute of Life Science, Soka University, Hachioji, Tokyo 192-8577, Japan 

The fate of neural precursor cells (NPCs) in developmental brain progress 
intensively in differentiation by primary culture system. However, the regulation of 
the these processes remain largely unknown. We investigate that the roles played by 
epigenetic factors in controlling differentiation of the NPCs into neuron. The NPCs 
derived neural tube, telencephalon and mesencephalon was sorted by flow cytometry 
using light scattering and assessed in serum-free medium containing basic FGF. 
They were capable of self-renewal and forming spheres, which increased in size, and 
were differentiated into neuron and glia under defined condition of culture system. 
The nature of the cells in the bFGF-generated spheres was analyzed by 
immunochemistry. At Day 10, the sphere was processed for double-antigen 
immunoehemistry to allow the simultaneous detection of neural and glial antigens. 
The cells in sphere were presented in nestin antigen and some cells were 
immunoreactive for MAP-2. Furthermore the cells were migrated away from the 
core to the spheres and all of these cells were still presented in nestin antigen, 
whereas MAP-2 reactive cells were not increased. None of the cells in the spheres 
was immunoreactive for GFAP under these conditions. However, the differential 
antigens were presented in cell of different spheres cultured in medium containing 
fetal bovine serum and these antigen-positive cells were increased. These were 
suggested that some epigenetic factors affected to the cells during the differentiation.

1 9 .4

EFFECTS OF BIOCHANIN A AND GENISTEIN ON THE GROWTH AND 
DIFFERENTIATION OF MURINE NEUROBLASTOMA CELL.
L.S. Tai, K.K.L. Yung and N.K. Mak, (SPO N : T he H ong K ong Society o f  
N eurosciences) Dept. o f Biology, Hong Kong Baptist Univ., Hong Kong, 
China.

Flavonoids, a group of naturally occurring phenolic compounds, are widely 
distributed in vascular plants. Isoflavonoids are one o f the subclasses of 
flavonids. Isoflavonoids, such as biochanin A and genistein, have been 
reported to mediate anti-tumor and anti-mutagenic activities in mammalian 
cells. In the present study, the effects o f biochanin A and genistein on the 
growth and differentiation of a murine neuroblastoma cell line (Neuro-2A) 
were investigated. Two isolated sub-clones o f Neuro-2A namely, BUI and 
BU2 were also studied. The LC50 o f both biochanin A and genistein was 
greater than 200µM. A marked neurite outgrowth was observed in biochanin 
A (100-200µM) and genistein (50-100µM) treated Neuro-2A cells. Formation 
o f neurite was observed as early as 1 day after incubation of the cells with the 
drug. The cytotoxic effects o f these two isoflavonoids on BUI and BU2 was 
similar. However, the differentiation inducing effects o f both biochanin A and 
genistein on BUI was greater than that on BU2. Results from 
immunocytochemical staining showed that the induced neurite formation is 
associated with the change in expression of glutamic acid decarboxylase 
(GAD), a synthetic enzyme o f γ-amino-butyric acid (GABA). The present 
results suggest that naturally occurring bioflavonoids may be used as 
chemotherapeutic agents in the induction o f terminal differentiation of 
neuroblastoma cell.

1 9 .6

GANGLIOSIDE EXPRESSION DURING P19 CELL DIFFERENTIATION.
R. K. Yu* and S.-S. Liour Department of Biochemistry and Molecular 
Biophysics, Medical College of Virginia of Virginia Commonwealth University, 
Richmond, VA 23298-0614.

It is known that the ganglioside composition in mammalian brain changes 
dramaticallyduring development, especially at the early embryonic stages. We 
employed an embryonic carcinoma cell line, P 19, to investigate the regulation of 
ganglioside expression in neuronal development. P 19 cells differentiate 
synchronously into neuron-like cells in well defined morphogenesis events after 
treatment with retinoic acid. Undifferentiated P 19 cells express mainly GM3 and 
GD3 that are also found in early embryonic cells. After induction of 
differentiation, the expression o f ganglioside shifts from simple to complex 
gangliosides, mainly G D 1a, GD1b, GT1b and GQ1b. The expression o f a 
specific ganglioside pattern is tightly controlled by the activity of several 
glycosyltransferases and hydrolases, especially UDP-GaINAc:GM3 N- 
acetylgalactosaminyltransferase (GaINAc-T), the enzyme that gates the switch of 
simple to complex gangliosides, and sialidase, the enzyme that cleaves the 
terminal sialic acid of gangliosides. We determined the activity GalNAc-T and 
plasma membrane-bound sialidase at different stages of differentiation. The 
results showed that GalNAc-T and plasma membrane-bound sialidase activity 
increased about 30- and 5-fold. respectively, after induction of differentiation.
The elevation o f sialidase and GalNAc-T activity is correlated with axonal 
growth and elongation during differentiation. Our data suggest that changes of 
ganglioside pattern in P 19 cells during retinoic acid-induced differentiation 
resembles the in vivo development of neuron, and the metabolism of gangliosides 
may play a role in axonal growth. ( Supported by USPHS N S11853-24).
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19.7

REG U LA TIO N O F R E T IN O B L A ST O M A  SU S C E P T IB IL IT Y  (R B )  
F U N C T IO N S B Y  C D K  IN H IB IT O R S D U R IN G  N E U R O N A L  
D IFFERENTIA TIO N. N . M otoyam a1,3* , Y . W atanabe1, K . K o g a w a 1,
M. Kitagawa2,3, K . N akayam a2*, T .  Watanabe1. 1D ep t. o f  M olecular 
Im m unology, 2Dept o f  M olecular and Cellular B io lo g y , M ed. In st. o f  
Bioregulation, K yushu U n iv .,  3C R E ST O , Japan S c ien ce  and T echnology  
Corporation (JST ).: Fukuoka 8 1 2 -8 5 8 2 , Japan

The retinoblastom a susceptibility  (R b) protein is a k ey  regulator 
o f  cell cycle  and is essential for neuronal differentiation. The studies  
using Rb-deficient m ice indicate that Rb not on ly  regulates cell cy c le  but 
is also important for cell survival and differentiation. T o a ssess  the 
regulatory m echanism  o f  Rb functions during neuronal differentiation, 
w e have u sed  m ou se  P 19 em bryonal carcinom a ce lls  that undergo  
neuronal differentiation in resp on se  to retinoic acid (R A ). During RA - 
induced P 19 cells , Rb w a s  strongly  induced and the phosphorylation  
state o f  Rb w a s  changed from  hyperphosphorylated Rb to 
hypophosphorylated o n e  coin cident w ith  the decreased cell cycle  
progression. Precedent to the appearance o f  hypop hosphorylated  Rb, 
cyclin dependent k inase inhibitor p5 7 kip2 w a s  strongly induced fo llo w ed  
by the upregulation o f  p 2 7 kip1 exp ression . C yclin  E  w a s  transiently  
upregulated at the day o n e  after R A  treatment. The exp ression  level o f  
other cell cycle  regulators w a s  not m odulated. In con sisten t w ith  
expression patterns o f  ρ 5 7 kip2 and p 2 7 kip1 during R A -indu ced P 19 cells, 
p57kip2 w as transiently exp ressed  around subventricular zone and p 2 7 kip1 
w as expressed in intermediate zone in d eve lop in g  m ou se em bryonic brain. 
These results su ggested  that the functions o f  Rb w a s  m ostly regulated by  
p57kip2 during neuronal differentiation. Partly supported by C R EST O  
(Nakayama Project) o f  JST

19.9

THE ROLE OF INTERCELLULAR COMMUNICATION IN 
NEURONAL AND ASTROCYTIC DIFFERENTIATION
M. Bani-Yaqhoub1*, J. Felker1, T.M. Underhill2 and C.C.G. Naus1, 
Department of Anatomy and Cell Biology1, Department of Physiology2, 
The University of Western Ontario, London, Ontario, N6A5C1, Canada 

During embryonal development, cells not only increase in number, 
they also undergo specialization and differentiate into diverse cell 
types that are organized into different tissues and organs. Nervous 
system development, for example, involves a complex series of events 
such as neuronal and astrocytic differentiation that are coordinated 
among adjacent cells. The organization of growth and differentiation 
is mediated, at least partly, by exchange of small ions and molecules 
via intercellular gap junction channels. These structures are made of 
connexons (hemichannels), which are hexameric assemblies of the 
gap junction proteins, connexins. We have investigated the role of 
intercellular communication in neuronal and astrocytic differentiation 
by using a gap junction blocking agent, carbenoxolone (CBX), in 
comparison to its inactive (control) analog, glycyrrhizic acid (GZA). We 
have used the P19 mouse embryonal carcinoma cell line, which 
differentiates into neurons and astrocytes upon retinoic acid (RA) 
induction. Our results show that both GZA and CBX treated cells 
express connexin43 and connexin26. CBX treated cells show 
significant reduction in both neuronal (5 fold) and astrocytic (12 fold) 
differentiation compared with those of control. These results clearly 
show that the blockage of gap junction mediated intercellular 
communication interferes with differentiation of neurons and astrocytes 
in P19 cells. (Supported by Ontario Mental Health Foundation).

19.8
THE BHLH PROTEIN 8F MAY BE INVOLVED IN THE NEURONAL PHENOTYPIC 
DIFFERENTIATION OF P19 EMBRYONAL CARCINOMA CELLS. M.I. Díaz, J.A. 
Madrazo, Y. Olmeda, S. Padilla, N. Cabrero, J. Ossorio, D. Capó and D.I. Lugo*. 
Department of Biology, University of Puerto Rico, San Juan, PR 00931.

A major challenge of developmental biology is to elucidate the molecular mechanisms 
of neuronal fate determination. A strategy for this, is to search for transcription factors 
that may be involved in this process. Members of the basic helix-loop-helix (bHLH) 
family have been shown to be implicated in neuronal cell determination in vertebrates 
and invertebrates. For example, in Drosophila, proneural bHLH genes are required for the 
determination of neural precursors (reviewed by Jan and Jan, 1994). Moreover, 
Drosophila mutants lacking the ubiquitous bHLH protein daughterless lack both external 
sense and chordotonal organs (Caudy, et al., 1988). We have recently cloned a new 
ubiquitous member of this family from embryonic rat brain that we have called 8 f. Its 
expression becomes restricted to the CNS by embryonic day 13 (E13). Furthermore, it is 
expressed in the ventricular zone of the prospective cerebral cortex, the region where 
cortical neuron layer identity becomes specified (McConnell and Kaznowski, 1991) In 
addition, 8 f  s expression is up-regulated in P19 embryonal carcinoma cells upon retinoic 
acid (RA)-induced neuronal differentiation. Thus, we have studied the role of 8f in 
neuronal differentiation of P19 cells by neutralizing its effects during RA induction by 
co-incubation with 8f-specific antisense oligonucleotides . These studies resulted in a 
40% reduction in neurite outgrowth as compared to control (random oligonucleotide) 
cultures. Moreover, neurites were only observed on those cells that failed to incorporate 
the antisense oligonucleo-tides. We are in the process of correlating the decrease in 
neurite outgrowth with a decrease in neuronal-specific marker immunolabelling. These 
results suggest that our gene may be involved in at least some aspects of neuronal 
differentiation in P19 embryonal carcinoma cells.(Research supported by NIH-NIGMS- 
MBRS grant # 3 S06 GM08102-26S2 and FIP1 Grant 8-80-734).

19.10
CHARACTERIZATION OF NEURON-GLIAL HETEROCELLULAR  
GAP JUNCTIONAL COM M UNICATION USING CONNEXIN43 A N D  
CONNEXIN43-GFP CHIMERIC PROTEINS. J. M ao1, J.F. Bechberger1,
K. Jordan1, P.A. Lam pe2, D .W . Laird1 and C.C.G. N a u s1* . 1D ept. o f  
A natom y & Cell B io logy , U niversity o f  W estern Ontario, London, O N, 
Canada; 2Fred H utchinson Cancer Research Center, Seattle, W A 98109  

Gap junctional intercellular com m unication is a com m on occurrence  
in the central nervous system . A lthough m any connexins appear to be 
expressed in the C N S, one o f  the m ost prevalent is connexin43. In 
order to exam ine con n ex in 43-m ediated coupling betw een neurons and 
glia, w e transfected w ild  type Cx43 and Cx43-G FP into C 6 g liom a and 
Neuro2a cells. Expression o f  both C x43 and C x43-G FP resulted in 
increased hom ocellu lar dye-cou pling. C x43-G FP w as observed to 
traffic to  the cell m em brane and assem ble into gap junction  plaques in 
both cell lines. The m echanism s that regulate the heterocellu lar 
assem bly o f  gap junctions betw een C x43-G FP-exp ressin g g liom a ce lls  
and Neuro2a ce lls  are being investigated in static and liv ing  cells . This 
in vitro m odel system  should provide som e insights into regulation o f  
gap junction intercellular com m unication betw een neurons and glia. 
Supported by grants from the Ontario M ental H ealth Foundation and 
the M edical Research C ouncil o f  Canada.

P R O C E S S  O U T G R O W T H , G R O W T H  C O N E S  A N D  S P R O U T IN G :  
E F F E C T S  O F  N E U R O T R O P H IN S , E L E C T R IC A L  A C T IV IT Y  A N D  S U B S T R A T E S

20.220.1
LOCALIZED BDNF A PPLICA TIO N  INDUCES BRA NCH -LIK E 
STRUCTURES ALONG RETINAL AXONS.
Seung Choi, Paul A. Yates and Dennis D.M. O ’Leary. *
Molecular Neurobiology Lab, The Salk Institute, La Jolla, CA 92037.

The axons of retinal ganglion cells in the chick establish topographically 
appropriate connections to the optic tectum via a two-stage process of axonal 
extension followed by a budding of collateral branches off the main axon 
shaft. Retinal ganglion cells are known to express TrkB, the high-affinity 
receptor for the neurotrophin BDNF. In addition, BDNF is expressed in the 
tectum, and has been shown to regulate retinotectal axonal arbor 
morphology. Thus, BDNF appears to be an attractive candidate to induce 
collateral branching of retinotectal axons during development. Therefore, we 
wished to test whether localized application of BDNF can induce collateral 
branching along retinal axons. BDNF was covalently linked to the surface of 
10µm carboxylated beads via the carbodiimide method. Control beads were 
coated with biotinylated cytochrome C, which has similar size and charge as 
BDNF. BDNF and CytC beads were introduced into the same cultures 
containing E7 chick retinal explants that had been cultured for 2 days. After 
a 3 hr incubation, the cultures were fixed and stained with FITC-phalloidin to 
label actin, and Texas-Red strepavidin to label the CytC beads. Actin-rich 
expansions of the axon shaft onto a bead were scored as branch-like 
structures. Cultures were scored blinded to establish the degree to which 
beads in contact with an axon shaft were BDNF- or CytC-coated. We found 
that BDNF-coated beads were much more likely to be associated with 
branch-like structures than CytC-coated beads; this effect was statistically 
significant on a variety of substrates. In addition, the introduction of K252a, 
an inhibitor of Trk receptor kinase activity, reduced the percentage of 
branch-like structures associated with BDNF beads, suggesting that BDNF 
acts via a Trk-specific mechanism to induce branch-like structures. These 
findings support the hypothesis that BDNF directly regulates retinal axon 
branching in the optic tectum. Supported by R01 EY07025.

EFFECTS OF NEUROTROPHINS ON AXON GROWTH
PATTERNS IN EXPLANT CULTURES OF THE CENTRAL
TRIGEMINAL PATHWAY. E. Ulupinar* and R. Erzurumlu. Dept. of Cell 
Biology and Anatomy, Louisiana State University Medical Center, New  
Orleans, LA 70112.

Developing trigeminal axons lay down the central trigeminal tract between 
embryonic days (E)13 and 16 in the rat. During this stage, central trigeminal 
axons grow in the elongation phase without any branching. After E16, parent 
axons emit numerous collaterals and arborize within the brainstem trigeminal 
nuclei. Similar axon growth patterns can be observed in wholemount 
trigeminal pathway explant cultures (with the ganglion attached to the 
brainstem) maintained in serum-free culture medium.

In this study, we examined the effects of neurotrophins on axon growth 
patterns. E13, E15 and E17 rat brain stem wholemounts with intact trigeminal 
ganglia were cultured in serum -free m edium alone or with medium  
supplemented with 50 ng/ml NGF, NT-3 or BDNF. After three days in vitro, 
trigeminal tract axons were visualized with Dil or immunohistochemistry. NGF 
promoted elongation of axons, NT-3 resulted in extensive collateralization 
and arbor formation, and BDNF lead to defasciculation and beading of axons. 
Collateral inducing effects of NT-3 could be first detected in E13 explants. 
There was a dramatic increase in collaterals and arbors by E15. At E17, 
trigeminal axons formed more arbors in the presence of NT-3 than in serum- 
free medium. Our results suggest that, aside from survival-promoting effects, 
neurotrophins can modulate axon growth patterns of embryonic trigeminal 
axons. Ongoing ultrastructural studies are aimed at determining whether NT- 
3 induced arborization of central trigeminal axons involves precocious 
synapse formation. BDNF and NT-3 were provided by Regeneron 
Pharmaceuticals. Research supported by NIH grant NS32195 (R.E.)
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20.3
EFFECTS OF NEUROTROPHINS ON EMBRYONIC TRIGEMINAL 
AXON GROWTH PATTERNS IN D ISSOCIATED CELL 
CULTURES. R. Erzurumlu* and E. Ulupinar. Dept. of Cell Biology and 
Anatomy, Louisiana State University Medical Ctr., New Orleans, LA 70112.

W e examined the effects of neurotrophins on axon growth parameters in 
low-density dissociated cell cultures derived from embryonic (E13 and E15) 
rat trigeminal ganglia. Dissociated cell cultures were plated on laminin coated 
culture wells and maintained in serum-free medium supplemented with 10%  
fetal calf serum (controls). In experimental conditions, either NGF or NT-3 was 
added to the culture medium (50 ng/ml each). Cultures were grown at 3 3 °C for 
2-3 days, fixed with 4%  paraformaldehyde and analyzed using phase-contrast 
microscopy. In the presence of NG F, most E 13 cells developed long, 
unbranched neurites; fewer cells had short neurites with small, branch-like 
protrusions. W ith few exceptions, E 13  cells retained their bipolar 
morphologies. In the presence of NT-3, the proportion of branched neurites 
was higher than that seen with NGF. These effects were more pronounced in 
cultures prepared from E15 trigeminal ganglia. In N T-3  supplemented  
cultures, the number of cells with arbors was significantly higher than cells with 
unbranched neurites. Some cells were multipolar with three neurites. In NGF  
treated E15 cultures, there were more cells with long, unbranched neurites 
than cells with branched neurites. These results suggest that NGF and NT-3  
have differential effects on trigeminal axon growth patterns in the absence of 
any peripheral or central targets. Ongoing immunohistochemical studies 
(using parvalbumin, CG R P  and Trk receptor antibodies) are aimed at 
determining whether NGF and NT-3 effect growth of different populations of 
trigeminal axons. NT-3 was provided by Regeneron Pharmaceuticals. 
Research supported by NIH grant NS32195 (R.E.)

20.5
E N H A N C E D  A X O N A L  G R O W T H  IN  M Y E L IN A T E D  T R A C T S  OF  
T H E  A D U L T  M A M M A L IA N  C N S  IN  T H E  A B S E N C E  O F p75  
N E U R O T R O P H IN  R E C E P T O R  E X P R E S S IO N . G .S . W alsh *  and 
M .D . K a w a ja . D e p t . o f  A n a to m y  and C e ll  B io lo g y ,  Q u e e n ’s 
U n iversity , K ingston , O N  C A N A D A  K 7L  3 N 6 .

In this in vestigation , w e  have ex a m in ed  w h eth er p 7 5 NTR p lays a role  
in neurotrop hin -induced  axon  grow th  w ith in  m y elin a ted  tracts o f  the 
mature m am m alian C N S . T o address this q u estion  w e  u sed  tw o  lin es o f  
tran sgenic  m ice  that o v erex p ress  nerve grow th  fa cto r  (N G F ) am ong  
astrocytes: o n e  w h ich  ex p resses  fu n ction a l p 7 5 NTR (N G F /p 7 5 +/+) and 
the other h av in g  a null m utation  o f  the p 7 5 NTR g e n e  (N G F /p 7 5 -/-). 
D u ring postnatal d ev e lo p m en t o f  both th ese m ic e  (b efore  m yelin ation  
b eg in s), sym p athetic axon s invade the cereb ellu m , g ro w in g  sp ec ifica lly  
w ith in  the deep  w h ite  m atter (D W M ) lay ers  and in fer io r  cereb ellar  
p ed u n cle . A lth ou gh  the m ean le v e l o f  N G F  protein  in the cerebellu m  
w as found to be equal b etw een  adult N G F /p 7 5 -/- and N G F /p 7 5 +/+ m ice, 
the density o f  sym pathetic axons w ithin  the D W M  appeared increased in 
N G F /p 7 5 -/- m ice , as com p ared  to N G F /p 7 5 +/+ m ice . Sym pathetic  axons 
a lso  ex ten d ed  further in to the cereb ellu m  o f  N G F /p 7 5 -/- m ic e , often  
grow in g  b eyon d  the m id lin e  in to  the contralateral d eep  w h ite  m atter, 
w h ereas few  i f  any sym p ath etic  ax o n s p ass th is p o in t in N G F /p 7 5 +/+ 
m ice. Ultrastructurally, these im m unostained, u nm yelinated  sym pathetic  
axon s w ere seen  s in g ly  or in sm all fa sc ic le s , in direct co n ta ct w ith  the 
m y elin  o f  axon s intrinsic to the D W M  o f  the cereb e llu m . T h ese  data 
su g g est that the presen ce o f  p 7 5 NTR m ay inh ib it the grow th  o f  N G F- 
s e n s it iv e  a x o n s in v iv o . (S u p p orted  by th e B o tter e ll  F ou n d ation , 
Q ueen 's U n iv .)

20.7
SCHWANN CELLS AND OLFACTORY ENSHEATHING CELLS: HOW 
THEY AFFECT SURVIVAL AND NEURITE GROWTH OF MOTOR 
CORTEX NEURONS. A. Soekarno* and G. Raisman, Norman and Sadie Lee 
Research Centre, Division of Neurobiology, National Institute for Medical 
Research, The Ridgeway, Mill Hill, London, NW7 1AA, UK.

Two types of glial cells, neonatal Schwann cells (NSCs) and olfactory 
ensheathing cells (OECs), have well known axogenic and regenerative effects in the 
brain and spinal cord. In this study, both cell types were examined for their 
effectiveness in preventing apoptosis and in promoting neurite outgrowth in 
dissociated cultures of embryonic and postnatal motor cortex neurons.

Embryonic and postnatal neurons were plated at low density in defined medium. 
The neurons were plated onto a substrate of poly-l-lysine and laminin, or onto a 
monolayer of either NSCs or OECs. Using TUNEL we found that the presence of 
either type of glia protected embryonic and post-natal neurons from apoptosis. 
OECs conferred four fold greater survival of postnatal neurons than NSCs, whereas 
the reverse is true for the embryonic neurons.

Growing neurites were often found in close contact with NSCs and with OECs 
that are immunopositive for the low affinity NGF receptor antibody. However, 
neurite outgrowth of both embryonic and postnatal neurons was greatest when they 
were plated on OECs. Neurite lengths on poly-l-lysine/laminin and NSCs were 
similar.

We conclude that NSCs and OECs were effective in preventing death of 
embryonic and post-natal neurons. However, OECs resulted in greater survival of 
postnatal neurons. In addition, the neurite regenerative capacity of both embryonic 
and post-natal neurons was improved by the presence of OECs. These results have 
important implications for the role of OECs in the treatment of central nervous 
system injury.

Funded by ROPA PG36/G84

20.4
NEURITE OUTGROWTH OF EMBRYONIC DRG NEURONS ON OPTIC 
NERVE SECTIONS ARE PROMOTED BY NEUROTROPHIC FACTORS
S.W. Chui, H.K. Yip and K.-F. So (Spon: The Hong Kong Society of 
Neurosciences) Department of Anatomy, The University of Hong Kong, Hong 
Kong, China.
The CNS local environment impedes axonal regeneration and such inhibitions 
are mainly derived from CNS-myelin, astrocytic scars and certain types of 
proteoglycans. Enhancing the growth potential of neurons is also one of the 
useful paradigms to improve CNS regeneration. In this study, using the fresh 
tissue cryoculture model, we have examined whether neurotrophic factors can 
enhance neurite outgrowth of embryonic (E) rat dorsal root ganglion (DRG) 
neurons in CNS environment. E16-18 DRG neurons were grown on fresh 
sections of adult rat optic nerve (ON). CNTF (30, 50 ng/ml) or BDNF (50, 
100ng/ml) was added in the culture medium. The results showed that both 
CNTF and BDNF significantly (p<0.001) enhanced the neurite initiation and 
outgrowth of DRG neurons on ON sections. CNTF concentrations used in the 
experiments seemed to have reached their saturation effects on DRG neurite 
extension. However, doubling the concentration of BDNF, DRG neurons could 
extend significantly (p<0.001) more and longer neurites on ON sections. 
Percentage of neurons extending neurites and longer neuritic length peaked in 
CNTF- or BDNF-supplemented cultures. The absence of significant effect on 
the density of DRG neurons on ON sections by either CNTF or BDNF 
suggested that there were distinct mechanisms controlling neuronal attachment 
and neurite extension. In addition, we have shown that neurotrophic factors 
(CNTF and BDNF) can change the axon outgrowth ability of DRG neurons in a 
CNS environment.
( The project is supported by grants from Croucher Foundation, RGC and 
CRCG of HKU)

20.6
A FATTY ACID-BINDING PROTEIN IS REQUIRED FOR NGF-MEDIATED 
NEURITE OUTGROWTH IN PC12 CELLS. G.W. Allen*, J.-W. Liu, and M. De 
León. Department of Physiology and Pharmacology and Center for Molecular 
Biology and Gene Therapy, Loma Linda Universtiy, Loma Linda, CA 92350.

Previous studies have shown that a fatty acid-binding protein, DA11, is up- 
regulated in rat dorsal root ganglia after sciatic nerve crush and is found in migrating 
neurons of the rat central and peripheral nervous systems during embryogenesis and 
early postnatal development. In the current study, it is shown that DA11 mRNA is 
induced by NGF in PC12 cells, with up-regulation occurring as early as 12 hours 
after NGF treatment and remaining significantly elevated over the course of several 
days, corresponding to the time course of NGF-mediated neurite outgrowth. 
Withdrawal of NGF leads to repression of DA11 mRNA. DA11 protein is induced 
in a similar manner, with increased levels occurring after 24 hours and persisting for 
at least 7 days in the presence of NGF. Immunofluorescence microscopy shows a 
mostly cytoplasmic distribution of DA11 protein, with immunoreactivity seen in 
growth cones and neurites and to a lesser-extent the nucleus of NGF-differentiated 
cells. To further elucidate the potential role of DA11 during neurite outgrowth, 
PC12 cells were transfected with an antisense DA11 cDNA vector and several clonal 
cell lines were established. Out of twelve clones, four were found to have 
significantly reduced levels of DA11 protein after NGF treatment, but with no 
change in GAP43 mRNA levels. One of these cell lines, designated AS4, was 
further characterized by morphometric analysis to determine the capacity for neurite 
outgrowth relative to mock-transfected (vector with no insert) controls. AS4 cells 
treated for 48 hours with NGF showed a decreased ability to extend neurites greater 
than one cell body length (11% of total cells) relative to control cells (55% of total 
cells). Taken together, these data indicate that DA11 is required for NGF-mediated 
neurite outgrowth in PC12 cells in vitro, and potentially in regenerating and 
developing neurons in vivo. Supported by NSF IBN95-15002 and IBN97-28662.

20.8
DENDRITE OUTGROWTH OF CORTICOSPINAL MOTONEURONS IS PRE
FERENTIALLY STIMULATED BY CORTICAL ASTROGLIA IN VITRO.
S. Dijkstra, E.A.J. Joosten*, and P.R.Bär. Depts. of Medical Pharmacology and 
Experimental Neurology, Rudolf Magnus Institute for Neurosciences, Utrecht 
University, P.O. BOX 85500, 3508 GA, Utrecht, the Netherlands.

Astroglia-neuron interactions are known to be important in both CNS develop
ment and regeneration. To further understand the role astroglia may play during 
development of the rat corticospinal tract (CST), we investigated whether neurite 
outgrowth from corticospinal motoneurons (CSMN) is differentially regulated by 
astroglia from the cerebral cortex (CX) as opposed to the spinal cord (SC). Neurons 
were cultured from the cerebral cortex of postnatal day 1 (PND1) rats which had 
been injected with a retrograde tracer (fluorored) in the cervical spinal cord the day 
before. This procedure allowed us to identify CSMN in culture. Astroglia were 
isolated from PND3 rats, when CST axons innervate spinal targets in vivo. Skin 
fibroblasts (FB) were used as a control. After 1 day in coculture, neurites were 
visualized immunocytochemically by use of axon- and dendrite-specifi c markers. 
Our results indicate that CSMN axon length was significantly increased on astroglial 
monolayers as compared to the fibroblast control (147 ± 13 µm (CX), 156 ± 16 µm 
(SC), and 61 ± 10 µm (FB)). There was no difference between CX and SC astroglia. 
On the other hand, total dendritic output was increased on CX as compared to SC 
astroglia (192 ± 18 µm (CX), 119 ± 13 µm (SC), and 70 ± 16 µm (FB)). This 
increased dendritic output resulted from an increased number of primary dendrites 
and increased branching on the CX astroglia. If CSMN were cocultured without 
physical contact with the astroglia, both axonal and dendritic outgrowth were redu
ced to control values. We conclude that dendritic growth from corticospinal moton
eurons is preferentially promoted by astroglia from the cortex, whereas axonal 
growth is not influenced in a neuro-anatomically specific manner. S upported by 
GRN95016.
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20.9
NEURAL IMPULSE ACTIVITY BLOCKADE ALTERS OPTIC AXON BRANCH 
DYNAMICS AND COMPLEXITY. J. Cueva, Jr.* and S. Cohen-Cory. MRRC, Depts. 
of Psychiatry and Neurobiology, UCLA School of Medicine, Los Angeles, CA 90095.

In the visual system, the formation of functional neuronal connections requires 
that optic axon terminals recognize their targets, arborize, and refine to form specific 
synaptic connections. Axon arborization and refinement occurs through a dynamic 
process of extension and retraction of axonal branches. Our previous studies show that 
the neurotrophin brain-derived neurotrophic factor (BDNF) plays a significant role 
during axon elaboration and refinement (Nature 378, 192-196, 1995). Neural impulse 
activity has also been shown to influence axon elaboration and refinement, and 
mechanisms that implicate neurotrophins as mediators of neuronal activity have been 
proposed. To provide a better understanding of the mechanisms by which neuronal 
activity controls axon arborization and refinement, we have studied the effects of 
silencing retinal activity on the dynamics of retinal ganglion cell (RGC) axon 
arborization in live Xenopus laevis tadpoles, and compared these effects with those of 
perturbing endogenous BDNF. The morphology and complexity of individual, DiI- 
labeled RGC axonal arbors were followed over time by confocal microscopy in stage 
43/45 tadpoles intraocularly injected with either TTX or control solution. Analysis of 
axon arbor dynamics reveals that TTX treatment significantly increases axon terminal 
arbor remodeling and complexity by increasing branch addition (TTX 2.36±0.27, Cont 
l.47±0.l9, p<0.02) and retraction (TTX 1.23±0.l6, Cont 0.79±0.11, p<0.01) without 
significantly affecting arbor length (TTX l.28±0.16, Cont 1.0±0.43, p>0.1). In 
contrast, BDNF increases axon arbor complexity by increasing branch addition and 
elongation without significantly affecting branch retraction. These results indicate that 
in Xenopus, as in birds and mammals, the development of optic axon terminal arbors is 
modulated by neural impulse activity, and that the mechanisms by which 
neurotrophins and activity exert their effects may differ. Future studies will thus 
investigate how neuronal activity and neurotrophins interact to modulate axon terminal 
arborization. Supported by the Alfred P. Sloan, and Stein/Oppenheimer Foundations.

20.11
LOCAL CALCIUM CHANGES REG U LA TE GROW TH CONE 
FILOPODIA. S. Cheng*, V. Rehder: Department of Biology, Georgia State 
University, Atlanta, GA 30302.

Previous studies have demonstrated that he intracellular calcium concentration 
([Ca2+]i) within growth cones can act as a regulator of growth cone behavior. An 
increase in [Ca2+]i into identified B5 neurons of the snail Helisoma by depolarization 
with high KCl medium caused a transient elongation of filopodia as well as a 
reduction in filopodial number. While [Ca2+]i in these experiments was elevated 
globally within the entire neuron, we here report the use of the calcium cage NPE (o- 
nitrophenyl EGTA tetrapotassium salt) to elevate [Ca2+]i locally within growth 
cones. Calcium is released from NPE by short light pulses emitted from a xenon 
lamp. Elevations of [Ca2+]i in single growth cones led to filopodial elongation in the 
stimulated growth cones, while other growth cones on the same cell showed no 
response, indicating that the stimulation remained local. Interestingly, uncaging 
calcium in individual growth cones did not lead to a decrease in filopodial number as 
reported previously with global stimulations employing elevated KCl medium. This 
may suggest that a local rise in [Ca2+]i in an individual growth cone causes a different 
response than an increase in [Ca2+]i in the entire cell. Alternatively, the effect may be 
due to the shorter duration of the rise in [Ca2+]i after flash photolysis compared to the 
long- term stimulation with KCl medium. Elevating [Ca2+]i locally at the tip of an 
individual filopodium did not result in filopodial elongation, suggesting that a rise of 
[Ca2+]i at the base of the filopodium or more generally in the central domain of the 
growth cone is required for filopodia to elongate. Fluphenazine (10 mM), a specific 
inhibitor of calmodulin blocked the effect on filopodial elongation caused by uncaging 
of calcium, indicating that the effect of a local rise in [Ca2+]i on filopodial behavior is 
mediated by Ca/calmodulin. Inhibitors of major targets of Ca/calmodulin, such as 
CaM kinase II and myosin light chain kinase, did not block filopodial elongation 
induced by uncaging calcium. Other targets of Ca/calmodulin are presently under 
investigation. These findings suggest that local elevations of [Ca2+]i elicited by intra- 
or extracellular signals can regulate filopodial length and could thereby affect neuronal 
pathfinding. Support: NIH Grant NS33697 to V.R.

20.13
CONTACT STEERS SE N SO R Y  G ROW TH C O NES B Y  ALTERING  
DISTINCT ELEM ENTS OF E X TE N SIO N . M. B . S teketee and K.W . 
Tosney*. Neuroscience Program & B io lo g y  Departm ent, U niversity o f  
Michigan, Ann Arbor, MI 48109.

During pathfinding, guidance cues steer growth cones by altering their 
motility. This study shows that com p lex, contact-induced changes in 
growth cone motility can be reduced to sin gle m otile events that can be 
analyzed independently. By analyzing the growth con e at this level, the 
direct and invariant consequences o f  contact w ith a cue can be d issected  
from the overall m otile response that results from integrating m ultiple  
motile events. W e reveal that contact with anterior or posterior sclerotom e  
cells steers sensory growth cones by se lective ly  and differentially altering  
distinct elements o f  veil and/or filopodial extension. The contact-induced  
alterations are invariant and thus are the steering com ponents m ost 
relevant to pathfinding. Our analysis o f  these invariant events reveals five  
new findings: 1) Growth cones have set, basal leve ls o f  extension. 2)
Cues can alter these basal levels. 3) Growth cones exhibit a hierarchy o f  
preferred extension sites. 4) Cues can act very se lective ly , e .g . inhibiting  
veil stability but not veil initiation. 5) Cues can alter filopodial stability 
without altering filopodial adhesion. B ecause the responses are invariant, 
they have high predictive value, providing us with an ideal system  for 
studying the cytoskeletal dynam ics and signaling pathways that m ediate 
physiologically relevant steering responses.

Supported by NIH #  N S21308.

20.10
ELECTRICAL STIM ULATION MODULATES AXONAL OUTGROWTH  
OF NEOCORTICAL N E U R O N S E.S. R uthazer*, F. M urakam i and N  
Yam am oto D ivision o f Biophysical Engineering, Graduate School of  
E n gineering Science, O saka U n iversity, Toyonaka, O saka, Japan  

In the supragranular layers o f  the neocortex, neurons are connected by  
horizontally projecting axons th at extend  several m illim eters from the cell 
som a. In  several species it  h as been  dem onstrated th a t th e la tera l 
exten t o f  th ese axons increases continuously during developm ent until 
about th e  age w hen cortical neurons abruptly increase their  
resp onsiveness to sensory stim uli, ra isin g  th e  possib ility  th a t th e  
outgrow th o f  th ese  axons m ay be m odulated by th e developm ental 
increase in  electrical activity. The effect o f electrical activation on lateral 
axonal outgrowth w as exam ined u sin g  tim e-lapse confocal im aging o f diI - 
labeled cortical neurons in  organotypic cultures. Coronal slices taken  
from P 0 rat occipital cortex were grown on collagen-coated m ulti-electrode  
arrays (M atsush ita  SAGC) for 5  to 14 days before transfer to an  
im aging/stim ulation  cham ber (37°C, 5%CO2 ) in  the optical path o f a 
la ser scanning confocal microscope. After estab lish in g  a baseline rate o f  
axonal outgrowth, b iphasic electrical stim u li (200µsec; 100-600µA) were  
applied to th e electrode pairs c losest to th e axon b ein g im aged. In more 
than  h a lf  o f  the cultures studied, repeated electrical stim ulation o f the  
axon altered axonal outgrowth. Typically, a tran sien t p au se or retraction  
w as observed, b ut in  som e cases a prolonged h a lt o f  outgrowth occurred. 
In a few  cases, a branch or bud em erged after som e d elay  from the axonal 
sh aft a t th e  position w here the growth cone had b een  a t th e tim e o f  
stim ulation, su ggesting  a long-lasting  structural change w as caused by  
tetan ic stim ulation  o f th e  axon. Th ese data  su ggest th a t electrical 
activity can rapidly influence th e m orphology o f neocortical axons and m ay  
play a role in  constraining outgrowth during developm ent. Supported by 
NSF-JSPS and CREST

20.12
SUBSTRATE-DEPENDENT RESPONSES OF NEURONAL GROWTH 
CONES TO COLLAPSE-INDUCING STIMULATION. T. J. Diefenbach* 
and S. B. Kater. Department of Neurobiology and Anatomy, University of 
Utah, Salt Lake City, UT 84132.

The neuronal growth cone encounters numerous guidance cues in the 
process of pathfinding to its target tissue. Outgrowth on substrates such as 
laminin and fibronectin is well characterized. Whether grow th on these 
substrates influence the responsiveness of growth cones to other stimuli is 
unclear. We therefore examined the possible role of these substrates in 
regulating the responsiveness of grow th cones to collapse-inducing 
stim ulation.

Electical activity in growth cones of chick sensory neurons was evoked 
using extracellular electrodes in a stim ulation cham ber. We have 
observed significant differences in the response dynamics on the two 
substrates. The latencies to collapse and the proportion of growth cones 
responding to stimulation showed differences dependent on the substrate 
and the duration of stimulation. Most strikingly, the majority (70%) of 
grow th cones growing on laminin resum ed outgrow th after collapse, 
w hereas none of the growth cones on fibronectin recovered after an 
identical stimulation. Preliminary findings using the fluorescent calcium 
indicator Fura-2 suggest that the calcium response dynamics differ in some 
respects on the two substrates. Thus, laminin and fibronection might 
differentially contribute to the behavioral responsiveness and calcium 
regulation of the grow th cone. This w ork was funded through a 
fellowship to TJD from the AHFMR (Alberta, Canada) and NIH grant 
NS24683 to SBK.

20.14
CNS MYELIN FAILS TO INHIBIT GAP-43 EXPRESSION IN DEVEL
OPING CORTICAL NEURONS IN VIVO AND IN VITRO

S. Karimi-Abdolrezaee* and D.J. Schreyer Cameo MS Neuroscience 
Research Center, Saskatoon, Canada S7N 5E5

Oligodendrocytes and CNS myelin, which appear late in development, 
have been reported to inhibit axon growth by local suppression of growth 
cone mobility. The growth-associated protein GAP-43 is expressed at high 
levels in developing and regenerating neurons. Inverse patterns of myelin 
distribution and GAP-43 immunoreactivity in the adult CNS and increased 
GAP-43 expression following myelin suppression in spinal cord suggest that 
myelin induced inhibition may involve down-regulation of GAP-43 
expression.

We have investigated expression of GAP-43 and myelin basic protein 
(MBP) during postnatal development of the corticospinal tract (CST) in the 
rat brain and spinal cord. Using immunocytochemistry, we found that MBP 
expression is not yet present at P4 in the CST. MBP is first seen at P8 and at 
P21 it shows the adult-like pattern. GAP-43 expression is very strong at P4 
in the CST and remains high until P28, even though MBP expression has 
been strong since P12. Thus, elevated expression of GAP-43 in developing 
CST axons persists long after their myelination begins. We have also 
studied the effects of CNS myelin on GAP-43 expression in cultured 
developing cortical neurons, using cell-ELISA. Cortical neurons cultured on 
a substratum of myelin fragments showed no change in GAP-43 expression as 
compared to neurons cultured on poly-lysine. Our in vivo and in vitro 
findings suggest that any growth inhibitory effect of CNS myelin on 
developing cortical neurons is not mediated by down-regulation of GAP-43.

Supported by MRC Canada and Cameco MS Neuroscience Research Center
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20.15
PHYSICAL CONSTRAINTS ON AXONAL GRADIENT DETECTION.
G.J. Goodhill* & J.S. Urbach†. Georgetown Institute for Cognitive and Com
putational Sciences, Georgetown University Medical Center, Washington 
DC 20007. †Dept. of Physics, Georgetown University, Washington DC 20057.

Diffusible and substrate-bound gradients play a crucial role in guid
ing axons to appropriate targets in the developing nervous system. Al
though some of the molecules involved have recently been identified, virtu
ally nothing is yet known about the physical mechanisms by which growth 
cones sense gradients. A good starting point is to compare gradient sensing 
by growth cones with that by leukocytes and bacteria, for which quantita
tive data and mathematical models that successfully interpret that data are 
readily available. We apply the paradigm Berg & Purcell (1977) model to 
growth cones and obtain several quantitative results. The most important 
of these is that the minimum gradient steepness that can be detected is ex
pected to be different for a two dimensional situation compared to a three 
dimensional situation, and for a substrate-bound ligand compared to a dif
fusible ligand.

However, the Berg & Purcell model is limited in its applicability by sev
eral important assumptions which are probably violated by growth cones: 
receptor-ligand interactions may not be diffusion limited, ligand molecules 
may be bound and then released rather than absorbed, and multimeric ag
gregation of receptors may play an important role in activating intracellular 
signalling. We discuss the relevance of more sophisticated models that ad
dress these cases. In addition, we identify currently unknown parameters 
whose measurement would give the most important clues to the physical 
mechanisms of axonal gradient sensing.

Supported by DOD grant DAMD17-93-V-3018.

A X O N  G U ID A N C E  M E C H A N IS M S  A N D  PA T H W A Y S : E P H R IN S

21.1
POTENTIAL ROLES OF EPH RTKS/LIGANDS IN MOTOR AXON 
GUIDANCE. J. Eberhart1, A. Flagg1, S.A._Koblar2 , E.B. Pasquale3, 
C.E. Krull1*,1Biological Sciences, University of Missouri-Columbia, 
Columbia, MO 65211; 2Dept of Genetics, University of Adelaide,
Adelaide, Australia 5005; 3The Burnham Institute, La Jolla, CA 92037.

Eph receptor tyrosine kinases (RTKs) and their ligands, the ephrins, are 
thought to play key roles in patterning neural cells during development. 
Recent studies have implicated Eph receptor-ligand interactions in the 
guidance of neural precursor migration, the formation of topographic axonal 
projections, and axon fasiculation. One intriguing possibility is that these 
cues guide growing motor axons to their target regions in the periphery. We 
are examining the spatiotemporal distribution of Eph family members 
during motor axon pathfinding to the limb. A subset of Eph receptors and 
ligands are expressed in the limb including EphB1, EphA4, ephrin-B1, and 
ephrin-A5. Ephrin-B1 expression appears uniform w ithin the somitic 
dermomyotome whereas EphB1 localizes to cells at the lateral edge of the 
dermomyotome. Previous studies have shown that motor neurons express 
EphB1 and EphA4. Experiments are in progress to test the effects of Eph 
RTKs/ephrins on axon guidance including confronting ventral neural tube 
cells in vitro with substrate-bound ephrin-Fc fusion proteins. The results of 
these studies suggest that Eph receptor-ligand interactions may guide motor 
axons and other migratory cells to their final destinations in the developing 
limb.
Supported by funds from the University of Missouri-Columbia

21.3
EXPRESSION OF EPHRIN-A5 IN THE SPINAL CORD DORSAL 
HORN AND ROLE IN GUIDANCE OF SOMATOSENSORY AXONS.
J. Holmberg and J. Frisén* Department of Cell and Molecular Biology, 
Medical Nobel Institute, Karolinska Institute, S-171 77 Stockholm, 
Sweden.

Most sensory systems spatially segregate afferent input from sensory 
neurons to construct a topographic map that defines the location of the 
sensory stimuli within the environment. Graded expression of ephrins 
have recently been implicated in the development of topographic 
projections. The formation of a topographic map is best understood in the 
visual system, where ephrin-A5 guides retinal axons during development 
and is required for the formation of correct topography in the 
retinocollicular projection in mice. Less is known about the molecular 
mechanism directing the formation of topographic maps in other regions 
of the nervous system.
Axons from dorsal root ganglion neurons are repelled by ephrin-A5 in 
vitro, suggesting that ephrin-A5 may participate in the establishment of 
sensory projections in the spinal cord. We have analyzed the 
developmental expression of ephrin-A5 in the mouse spinal cord and 
found that ephrin-A5 is highly expressed in the dorsal horn at the time of 
somatosensory axon ingrowth. The expression is not uniform within the 
dorsal horn, but is highest in the lateral part. We have initiated tracing 
studies in ephrin-A5 null mice to elucidate the role of ephrin-A5 in 
patterning spinal cord sensory projections.
Localized expression of ephrin-A5 in the spinal cord dorsal horn during 
the time of sensory axon ingrowth suggests a role for this molecule in the 
formation of sensory projections to the spinal cord. Results from tracing 
experiments in ephrin-A5 null mice will be presented.

21.2
THE ROLE OF EPH/EPHRIN INTERACTIONS IN PATTERNING SPINAL 
MOTOR AXON SEGMENTATION IN CHICK. S.A. Koblar,1*  R. McLennan,1 
M.A. Smith, 1 C.E. Krull,2 E.B. Pasquale,3 F.V. Peale,4 D.P. Cerretti,5 and M. 
Bothwell4. 1Dept. of Genetics, University of Adelaide, Adelaide, Australia 5005; 
2Division of Biological Sciences, University of Missouri-Columbia, Columbia,
MO 65211; 3The Burnham Institute, La Jolla, CA 10901; 4Dept. of Physiology 
and Biophysics, University of Washington, Seattle, WA 98195, 5Immunex, Seattle, 
WA 98101.

The peripheral nervous system is segmented in a repeating metameric pattern of 
spinal nerves exiting from the spinal cord. The spinal nerve units are composed of 
spinal motor axons and neural crest components. It has been demonstrated that 
Eph/ephrin repulsive interactions involving the B subclass of proteins is required for 
segmenting neural crest cell migration in the chick embryo.

We show that EphB receptors are expressed by motor axons during initial 
outgrowth from the neural tube and that this occurs at the same developmental time 
point as ephrin-B ligands are expressed in the caudal half-somite to act as a contact- 
repulsive factor. However, whilst we can perturb neural crest segmentation through 
the somite using ephrin-B 1-Fc fusion proteins in whole chick embryo explant 
experiments, spinal motor axon outgrowth remains segmented. This suggests that 
Eph/ephrin interactions involving the B subclass is not essential for coordinating 
segmentation of the spinal motor axon component of the peripheral nervous system. 
This Finding raises two important points. One, although neural crest cells and spinal 
motor axons go through similar somitic pathways they use different molecular 
mechanisms for guidance. Two, it has been assumed that segmentation of spinal 
motor axon outgrowth is only coordinated by contact-repulsion in the caudal half-
somite but there may also be contact-attraction acting in the rostral half-somite that 
is required, in concert with repulsion, to coordinate segmentation.

Supported by funds from the Australian NH & MRC.

21.4
EPHRIN-DEPENDENT EXTENSION AND PRUNING OF 
HIPPOCAMPAL AXONS. P.- P. Gao, Y. Yue, D. P. Cerrettil , and R. 
Zhou*. Laboratory for Cancer Research, Department of Chemical 
Biology, College of Pharmacy, Rutgers University, Piscataway, NJ 
08854. 1lmmunex Research and Development Corporation, Seattle, 
Washington 98101.

During the development of topographic projection maps in the brain, 
axons initially explore a much wider area than their Final targets. 
Mistargeted axons are later pruned. Molecular signals for axonal 
pruning are not known. We report here that ephrins, the ligands of the 
Eph family tyrosine kinase receptors, have dual effects on the receptor-
positive hippocampal axons. Ephrins initially stimulate axonal growth 
and branching, and subsequently cause axonal degeneration. The degree 
of degeneration is dependent on the concentration of receptors expressed 
in the neurons. Both the stimulation and degeneration effects on axons 
are reduced by ligand antagonists. There observations provide evidence 
for the notion that the ephrins may serve as set-point guidance cues 
which stimulate growth before axons reach certain concentrations of the 
ligands, and initiate pruning when axons overshoot to inappropriate 
target zones with higher concentrations, and argue that the opposing 
gradients of ephrins and their receptors in projecting and target fields, 
respectively, are sufficient to establish topographic projection maps, and 
that the ephrins are responsible for axonal pruning.
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21.5
SPECIFICATION OF D ISTINCT D OPA M IN ERG IC NEURAL 
PATHWAYS: ROLES OF THE EPH FAMILY RECEPTOR EPHB1 AND 
LIGAND EPHRIN-B2. Y. Yue1, D. W idm er2, J. Su1, D. P. Cerretti3, G. 
Wagner2, J.-L. Dreyer4, and R. Zhou1 . 1Lab. for Cancer Research, College 
of Pharmacy, 2 Dept. of Psychology, Rutgers University, Piscataway, NJ 
08855. 3Immunex Corp., Seattle, WA 98101. 4Dept. of Biochemistry, 
University of Fribourg, 1700 Fribourg, Switzerland.

Dopaminergic (DA) neurons located in the substantia nigra and the 
ventral tegmental area in the m idbrain project to the caudate/pu tam en  
and the nucleus accum bens/olfactory tubercle in the forebrain, 
respectively, constituting mesostriatal and mesolimbic pathw ays. The 
molecular signals which confer the target specificity of d ifferent 
dopaminergic neurons is not known. We now report for the first time that 
ephrin-B2, a ligand of the Eph family receptor tyrosine kinase, is a 
candidate guidance cue for the development of these distinct pathways. 
During the time of dopaminergic innervation, ephrin-B2 is expressed at 
high levels in the ventrom edial stria tum , and low  levels in the 
dorsolateral striatum. In addition, the ligand negatively regulates neurite 
outgrowth and induces death of the substantia nigra DA neurons, while 
having no effects on the ventral tegmental DA neurons. Complementary to 
the expression of ephrin-B2, the receptor EphB1 is transcribed at high 
levels in the substantia nigra DA neurons, but not in the ventral tegmental 
DA neurons, consistant with a function mediating the inhibitory effects of 
ephrin-B2. Furthermore, we showed that ephrin-B2 expression is up- 
regulated by cocaine in the adult mice. Thus, the ephrin-B 2/EphB 1 
ligand-receptor system may play im portant roles in the specification of 
distinct ascending dopaminergic pathways during developm ent and in 
drug-induced plasticity in adult.

21.7
MOLECULAR CLONING AND EXPRESSION OF ISOFORMS OF 
EPHRIN-A5. K.O. Lai, S.L. Lau, W.Y. Fu, and N.Y. Ip. Department 
of Biology and Biotechnology Research Institute, The Hong Kong 
University of Science and Technology, Clear Water Bay, Hong Kong, 
China. (SPON: The Hong Kong Society of Neurosciences).

Ephrin-A5 (AL-1) is one of the ligands of the Eph receptor 
family. It belongs to the ephrin-A subclass, which anchors to the 
plasma membrane through the glycosyl phosphatidylinositol moiety. 
Ephrin-A5 has been shown to act as repulsive-signal for neurons that 
express the Eph A receptors, and is suggested to act as a guidance cue 
for axons in both central and peripheral nervous systems. We report 
here the cloning of an isoform of ephrin-A5 from rat brain, which lacks 
the twenty-seven amino acid residues that correspond to the variable 
spacer region. RT-PCR analysis reveals increased expression of this 
truncated form of ephrin-A5 in the brain throughout development, 
although it remains to be the less prominent form of the ligand. When 
fibroblasts that over-expressed either form of ephrin-A5 were co-
cultured with embryonic chick dorsal root ganglia which expressed 
EphA receptors, both forms of ephrin-A5 could retard neurite 
outgrowth of the ganglion explant. This suggests that the spacer region 
of ephrin-A5, which is highly variable among members of the ephrin-A 
family, is not required for its activity. [Supported by the Research 
Grants Council of Hong Kong and the Biotechnology Research 
Institute.]

21.9

EPHRIN EXPRESSION AND RETINAL AXON GROWTH ON CULTURED 
CELLS FROM DEVELOPING RAT COLLICULI. J. H. Rogers1, P. S. Fidler1,2
T. Ciossek3, A. Ullrich3, and J. W. Fawcett1,2 (SPON: British Neuroscience 
Association). 1 Dept. of Physiology and 2MRC Cambridge Centre for Brain Repair. 
University of Cambridge, CB2 3EG, U.K.: 3Max-Planck-Institut for Biochemistry, 
Martinsried, 82152 Germany.

Caudal tectum in developing birds and mammals expresses high levels of ephrin-A 
ligands for Eph receptors, which have been shown to repel temporal retinal axons 
when plated as a cell-free layer in vitro, and to mediate retinotectal mapping in vivo. 
We have established an in vitro system from developing rats in which to examine the 
direct cellular interactions involved.

Cells from rostral tectum (anterior half of superior colliculus) and caudal tectum 
(inferior colliculus) were dissociated with trypsin and cultured on polylysine-coated 
dishes with 10% fetal calf serum. Cultures established at E 15.5 days produced 
numerous neurons; at P0 to P2 days, mostly astrocytes with some neurons. Ephrin 
expression was examined by 'receptor-body' staining with EphA7-AP (Mdk1- 
alkaline phosphatase) or EphA5-Fc (Rek7-immunoglobulin). At all stages examined, 
most cells were strongly positive in caudal tectal cultures, but negative in rostral 
tectal cultures. Thus region-specific ephrin expression is maintained strongly in 
vitro, even up to P2 days plus 9 days in culture, by which time expression would be 
decreased in vivo. A mixture of rostral and caudal P 1 cultures showed mixed levels 
of expression, suggesting that expression is cell-autonomous.

To investigate the interaction of retinal axons with ephrins on living cells, explants 
of temporal retina from E 15.5 rats were plated onto the tectal cultures, and allowed 
to grow for 2 days. Axons grew profusely and equally far on both cultures, 
confirming previous reports of growth on cell-free tectal membranes. However 
there was distinct fasciculation of axons on caudal tectal cultures (ephrin-positive), 
unlike those on rostral tectal cultures (ephrin-negative). This may reflect the 
repulsive effect of ephrin-A molecules. Using mixed tectal cultures it is now 
possible to assess the behaviour of axons in relation to ephrins on individual cells.

We thank Genentech Inc. for the EphA5-Fc reagent. Supported in part by the 
Wellcome Trust.

21.6
FUNCTIONAL ANTAGONISM OF EPHRIN-A LIGANDS IN VIVO.
Beth-Anne Sieber* and Carlos F. ibáñez. Molecular Neurobiology 
Laboratory, Dept. Neuroscience, Karolinska Institute S-171 77 Stockholm, 
Sweden

Members of the Eph family of tyrosine kinase receptors, together with their 
membrane-anchored ligands, the ephrins, promote cell-specific interactions 
that contribute to the establishment of neural circuitry in the CNS . Previous 
in vitro studies have shown that interactions between axonal EphA receptors 
and glial ephrinA subclass ligands are important for proper fasciculation and 
migration of axons; furthermore, soluble forms of EphA receptors 
antagonize axonal fasciculation. To determine functional roles of these  
molecules in vivo, we have generated transgenic mice overexpressing a 
soluble form of EphA5, consisting of the extracellular region of rat EphA5  
fused to the Fc region of human IgG under control of the human glial fibrillary 
acidic protein (GFAP) promoter. Targeting transgene expression to glial cells 
allows access of the antagonistic form of EphA5 to ephrinA-expressing cells 
throughout the brain. Western analysis demonstrates that these mice 
express high levels of EphA5-Fc in brain, both during development and in 
adulthood. Visualization of the transgene through immunohistochemical 
analysis shows that the protein is found in the olfactory bulb, colliculi, septum  
and hypothalamus, suggesting that soluble EphA5 is binding to ephrinAs in 
vivo. Current experiments, including situ hybridization analysis and axonal 
tracing studies, will determine whether 1) immunohistochemical localization is 
reflective of transgene expression and/or binding of EphA5-Fc to ephrinAs 
and 2) whether soluble EphA5 results in abnormal topographic projections in 
the septohippocampal and retinocollicular systems. (Supported by the  
Swedish Medical Research Council and Karolinska Institute)

21.8
EPHRIN-A5 CONTROLS THE FORMATION OF LAYER-SPECIFIC 
THALAMOCORTICAL PROJECTIONS.
F. Mam 1*, P-P. Gao2, R. Zhou2 and J. Bolz1. 1INSERM U371, Bron, France; 
2Rutgers University, Piscataway, USA.

A characteristic feature of the cerebral cortex is that afferent and efferent 
projections are organized in specific layers. For example, cortical neurons in 
layer 4 receive their major, input from the thalamus. During development, 
thalamic axons enter the cortex through the deep cortical layers, then stop their 
growth in layer 4 and branch extensively. The mechanisms underlying the 
laminar selection may be due to molecular cues differentially expressed in the 
cortical layers. To address this issue, embryonic thalamic explants were cultured 
on membrane substrates purified from cortical layer 4, the target layer for 
thalamic afferents, and from cortical layer 5, a non-target layer. The analysis of 
axonal branching indicated that thalamic axons form more collaterals on 
membranes from layer 4 than on membranes from layer 5. This result indicates 
that membrane-associated signals expressed differentially in cortical layers 
contribute to laminar-specific sprouting of thalamic axons. One member of the 
ephrin family, ephrin-A5, is specifically expressed at the surface of cells in layer 
4 and much less in other cortical layers. Furthermore, ephrin-A5 promotes 
collateral branching for those cortical axons which arborize specifically in layer 
4 (Castellani et al., 1998, J. of Neurosci., in press). On membrane preparations 
from 3T3 cells expressing recombinant ephrin-A5, we found that thalamic axons 
responded to the protein by an increased branching density. In competition 
experiments with soluble ephrin-A5, it was possible to block the branching 
preference of thalamic fibers on membranes from layer 4. These results indicate 
that ephrin-A5 expressed in cortical layer 4 acts as a branching factor for 
thalamic fibers and thereby may mediate target layer recognition during 
development of thalamocortical projections. (Supported by HFSP).

21.10
EXPRESSION AND IMMUNOLOCALISATION OF EPH-CLASS 
RECEPTOR TYROSINE KINASES IN THE MOUSE INNER EAR. 

e W.R.A. Van Heumen1, C. Claxton1, T. Day2* and J.O. Pickles 1. 
1Vision, Touch and Hearing Research Centre; 2Dept. of Physiology and 
Pharmacology, University of Queensland, Brisbane, QLD-4072, 
Australia.

Eph-class receptor tyrosine kinases (ERTKs) and their ligands, the 
ephrins, have been shown to play important roles in the development of 
the visual system and other organs. We have studied the expression of 
ERTKs and the ephrins by semi-quantitative RT-PCR in the mouse 
utricles and saccules and determined their relative expression levels 
compared to GAPDH. The results indicate that all known members are 
expressed in the vestibular system. EphA2, EphB3, EphB4 and ephrin- 
A1 are more prominent in utricle+saccule, whereas EphA6 and EphA8 
seem to be expressed at lower levels than in the brain. The cellular 
localisation of EphA3, EphA4 and EphB1 in the mouse cochlea has been 
investigated in more detail by immunocytochemistry. The results indicate 
that EphA3 and EphB1 are expressed in hair cells and Hensen’s cells 
whereas the main immunoreactivity for EphA4 is in fibrous structures 
underlying the organ of Corti and in fibroblasts in. the spiral ligament. 
Supported by the Garnett Passe and Rodney Williams Memorial 
Foundation.
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21.11
EPH-RECEPTOR TYROSINE KINASES IN THE DEVELOPMENT OF THE 
RETINOTECTAL PROJECTION
J.Walkenhorst1, M.R. Hornberger1, T. Yamada2, T. Ciossek1, F.Bonhoeffer1, H.Tanaka2*,
U.Drescher1. 1Max Planck Inst. for Dev. Biol., Dept. Phys. Biol. Spemannstr. 35/I, D- 
72076 Tübingen, Germany; 2Dept. of Neurosci. and Immunol., Graduate School of 
Medical Sciences, Kumamoto University, Kumamoto 862, Japan

The Eph family of receptor tyrosine kinases (RTKs) and their ligands, the Ephrins, 
have been implicated in the establishment of the retinotectal projection. Expression data 
suggest that the EphB subfamily is involved in setting up dorso-ventral connections, 
whereas the EphA subgroup appears to be important for the development of anterior- 
posterior patternings.

Here, two glycosylphosphatidyl (GPI-) anchored ligands, Ephrin-A2 and Ephrin-A5, are 
expressed in overlapping gradients, with higher expression in the posterior part of the 
chicken tectum. Functional in vitro and in vivo studies in chicken and mice have 
suggested a repulsive effect of both molecules on temporal axons and only of the more 
posteriorly expressed Ephrin-A5 on nasal axons. At least three receptors of these two 
ligands, EphA3, EphA4 and EphA5, are expressed on RGC axons during their time of 
ingrowth into the tectum. EphA4 and EphA5 are evenly distributed in the retina, whereas 
EphA3 is present in a high-temporal to low-nasal pattern.

Data are presented on experiments in which chicken embryos were locally infected 
using replication-competent retroviruses with dominant negative forms of GFP or BFP- 
tagged EphA3 and EphA4. In vitro the behaviour of RGC axons of retinae from these 
embryos is functionally analyzed in the stripe assay, and in vivo by anterograde DiI 
labelling. Furthermore, a panel of monoclonal antibodies was raised against the 
extracellular domains of EphA3 and EphA4, which are presently analyzed for function-
blocking activity in the stripe assay.

This work was supported by the Max-Planck-Gesellschaft and the Science and 
Technology Agency, Japan

E X P R E S S IO N  A N D  R E G U L A T IO N  O F  T R O P H IC  F A C T O R S : B D N F

22.1
INFRAORBITAL NERVE SECTIO N DECREASES BRAIN DERIVED  
NEURO TRO PHIC FACTOR IN MO USE BARREL CO RTEX. N.M.J. 
Blake*, M.K. Brown, R, Gerfen and T.A. Woolsey. Department of 
Neurosurgery, Washington University School of Medicine, St. Louis, MO  
63110.

Infraorbital nerve (ION) section during early postnatal development 
alters the development of intracortical connections in barrel cortex. 
Because neurotrophin expression is activity dependent, we examined 
the effects of ION section on the expression patterns of brain derived 
neurotrophic factor (BDNF) using in situ hybridization.

The right ION of mice was sectioned at postnatal day 6 (P6; DOB = 
P0) and animals sacrificed at P7 or P35. Coronal sections 20 µm thick 
were cut through barrel cortex and mRNA for BDNF and its cognate 
receptor, trkB, detected using standard hybridization techniques.

BDNF and trkB mRNAs are expressed in all cortical layers in barrel 
cortex at all ages studied. Twenty four hours after ION section the level 
of BDNF expression decreases dramatically, a change that persists 29  
days after the lesion. The expression patterns of trkB m RNA were similar 
to that of it’s ligand in that mRNA levels also decreased following ION 
section.

These results suggest a role for activity in regulating expression of 
BDNF which could influence development of intracortical connections 
in barrel cortex.

Supported by NIH grant NS 17763, The McDonnell Center for Studies of 
Higher Brain Function and the Spastic Paralysis Foundation of the Illinois Eastern- 
lowa District of the Kiwanis International. NMJ Blake is supported by NIH grant NS 
10606

22.2
EFFECT OF KETAMINE O N ELECTROCONVULSIVE SEIZURE (ECS) 
INDUCED BRAIN DERIVED NEUROTROPHIC FACTOR (BD N F) 
EXPRESSION A N D  M OSSY FIBER SPROUTING.
A.C.H. Chen*, G.  Sanacora, K.H . Shi n, R.S. Duman. Laboratory of Molecular 
Psychiatry. Dept. Psychiatry, Yale University School of Medicine. Connecticut 
Mental Health Center, 34 Park St., New Haven, CT 06519 
Previous work demonstrates that ECS and antidepressant drug therapies produce 
dramatic changes in BDNF expression in the hippocampus and cerebral cortex. 
Chronic ECS also alters hippocampal morphology by inducing mossy fiber 
sprouting, an effect that is mediated in part, by BDNF. In the present study we 
examined the role of the NMDA receptors in mediating the induction of BDNF 
expression and mossy fiber sprouting associated with ECS. Ketamine 
pretreatment did not significantly effect ECS-induced sprouting, determined by 
Timm histochemistry. Similarly, using in situ mRNA hybridization, ketamine 
produced no significant attenuation of ECS induced BDNF expression in the 
hippocampus. However, ketamine pretreatment attenuated ECS induced BDNF 
mRNA expression in the cortex. Ketamine pretreatment also had a significant 
effect on tonic motor seizure duration ( mean±S.E.M., Sal=1 7.7±1sec. ;ket 
25mg/kg =8.6±l.7sec; ket 50mg/kg =4.5±1.3sec). These results suggest the 
dentate gyrus mossy fiber sprouting associated with ECS is not mediated through 
the NMDA receptor. I t also suggests regional differences may exist in relation to 
NMDA mediated effects on BDNF expression. These findings are both of basic 
and clinical interest. The increasing use of ketamine as a anesthetic agent during 
the administration of electroconvulsive (ECT) raises several questions 
concerning treatment efficacy and side effect profile. The current findings suggest 
regional differencesin NMDA mediated ECS effects may be used to dissociate 
ECT’s clinical effects, as well address the relation of BDNF expression to mossy 
fiber sprouting.
Supported by NARSAD and MH25624.

22.3
SPATIAL LEARNING INDUCES THE mRNAs FOR THE trkB  
NEUROTROPHIN RECEPTOR AND SYNAPSIN I IN THE 
HIPPOCAMPUS AND CEREBELLUM. F. G ó m e z -P in il la* . V . So . 
and J.P. K essla k . D e p t . o f  N eu ro lo g y  and IB A D . U . o f  C alifornia, 
Irvine, C A  9 2 6 9 7 .

W e have recently sh ow n  that spatial learning induces the expression  
o f  B D N F  m R N A  in the h ip p o c a m p u s . H ere  w e  e v a lu a te  the 
p o ssib ility  that learning can a lso  affect the B D N F  sign al transduction  
recep tor trkB, and that th ese  e v e n ts  can  im p act syn ap tic  function . 
L ev e ls  o f  the m R N A  for the trkB receptor and the syn ap tic  v esic le -  
associa ted  phosphoprotein  synapsin  I w ere evalu ated  in rats receivin g  
1 ,3 ,6 ,  or 20  days o f  co n secu tiv e  training in the spatial learning task, 
the M orris w ater m aze. R esu lts  sh o w e d  an e lev a ted  ex p ressio n  of 
trkB and synapsin  I m R N A s in the h ip p ocam p u s and cereb ellu m  but 
n ot in the cau d al cereb ra l c o r te x  o f  lea rn in g  rats. L e v e ls  o f 
h ippocam pal trkB m R N A  w ere e lev a ted  by D a y  6 , and lev e ls  were 
d ecreased  but still h igher than con trols by D ay  20 . Increases in trkB 
m R N A  in the c ereb e llu m  rea ch ed  s ig n if ic a n c e  o n ly  for D a y  6 . 
C h a n g es in trkB  m R N A  w ere  c lo s e ly  p a r a lle led  by s ig n ifica n t  
ch a n g es in syn ap sin  I m R N A  in the h ip p ocam p u s and cereb ellu m . 
T h e e ffe c ts  o f  learning on the e x p ressio n s o f  B D N F  and its receptor 
su g g e s t  that neu rotrop h in s h a v e  a ro le  in learn in g  and m em ory. 
B ased  on ev id en ce  that B D N F  induces and phosph orilates synapsin  I, 
our resu lts stron g ly  su g g est that B D N F  supports syn ap tic  p lastic ity  
a sso c ia te d  w ith  lea rn in g  and  m em o ry . T h e  p o ten tia l ro le  of 
neurotrophins on neuronal p lastic ity  und erly in g b ehavior m ay be part 
o f  the m olecu lar m ech an ism s by w h ich  particular typ es o f  behaviors  
or exp erien ces prom ote neuronal health and brain function.

22.4
REGULATION OF NEUROTROPHINS (BDNF AND NT-3) AND CYTOKINE 
RELEASE AND THEIR SIGNALING IN SN DOPAMINERGIC AND LC 
NORADRENERGIC NEURONAL CELLS. H.S. CHUN * and J.H. SON 
Laboratory of Molecular Neurobiology, Cornell University Medical College at the 
W.M. Burke Medical Research Institute, White Plains, N.Y. 10605, U.S.A.

The neuropathological hallmark of Parkinson's disease (PD) is the selective 
degeneration of substantia nigra (SN) dopaminergic neurons and locus coeruleus 
(LC) noradrenergic neurons. Recent studies show that BDNF is able to promote 
survival and phenotypic differentiation of SN dopaminergic neurons in culture and 
protect them against MPTP-induced neurotoxicity via as yet unidentified 
mechanisms. NT-3 is a survival factor in vitro that prevents the 6-OHDA-induced 
degeneration of LC noradrenergic neurons in vivo. BDNF, NT-3, trkB and trkC are 
expressed in SN dopaminergic neurons and their innervation target. Thus, 
neurotrophins may have autocrine, paracrine and retrograde transport effects on the 
SN dopaminergic neurons. The paucity of SN dopaminergic and LC noradrenergic 
neurons as well as the heterogeneity of primary cultures have been a major obstacle 
to address the molecular aspect of neurotrophin release and signaling. As a crucial 
step to investigate the regulation of neurotrophin release and their signaling at both 
normal and pathophysiological conditions, we have for the first time established 
dopaminergic and noradrenergic precursor cell lines of embryonic SN and LC 
origin, respectively, from transgenic mice expressing the themolabile SV40-Tag in 
SN dopaminergic and LC noradrenergic neurons. BDNF, NT-3, TGF-β and 
various interleukin secretions from SN dopaminergic and LC noradrenergic neurons 
are determined by ELISA. Regulation of their synthesis/release and changes in 
signaling pathways are monitored in the presence of neurotrophins, proinflammatory 
cytokines, microglial cells, oxidative stress, neurotoxicity or phenotypic 
differentiation. Supported by NIH grant AG 14093.
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22.5
BDNF, TRKB, AND GDNFRα mRNA EXPRESSION IN UNLESIONED AND 
AXOTOMIZED CORTICOSPINAL NEURONS (CSN) IN VIVO. A. Schütte*1, P. 
Mestres1. Q. Yan2, and K.M. Giehl1. 1Anatomisches Institut, Universität des 
Saarlandes, D-66421 Homburg, Germany; 2Amgen Inc., Thousand Oaks, USA.

Neurotrophic factors can promote neuronal survival retrogradely from their 
innervation target, or via autocrine or paracrine mechanisms. We have reported 
previously that axotomy of adult rat CSN at internal capsule levels induces half of 
them to die (Giehl and Tetzlaff, 1996) and that a substantial portion of the surviving 
population critically depends on endogenous cortical BDNF for survival (Giehl, 
Schütte, Mestres, and Yan, 1997). To further examine the mechanisms of this 
support, we examined trkB and BDNF mRNA expression in unlesioned and 
axotomized CSN with ISH. Almost half of axotomized and unlesioned CSN express 
BDNF while virtually all of them express trkB indicating that a subpopulation of 
axotomized CSN could depend on autocrine BDNF support but paracrine mechanism 
are likely to be involved in their support. Recently, we have shown that exogenously 
applied GDNF mediates complete rescue of CSN from axotomy induced death only in 
the presence of endogenous BDNF indicating an indirect survival promotion of GDNF 
via BDNF. We now examined cortical GDNFRα mRNA expression to determine 
whether GDNF can act directly on CSN. Less than half of the unlesioned CSN 
express GDNFRα mRNA but this portion is increased to two third after axotomy. 
This suggests that GDNF may play a role in the trophic support of lesioned CSN and 
that GDNF can act directly on a subpopulation of CSN via GDNFRα receptor. To 
reveal changes in the expression levels of the respective mRNA's in response to 
axotomy, we further analysed trkB, BDNF, and GDNFRα mRNA-levels in 
axotomized CSN as compared to their unlesioned contralateral counterparts. BDNF- 
levels in CSN were not significantly altered by axotomy whereas trkB levels declined. 
These results suggest that CSN are not able to sufficently activate a BDNF-protection 
mechanism in response to axotomy. In contrast to trkB and BDNF, axotomy induced 
an increase of GDNFRα mRNA expression supporting a potential role of GDNF in 
the protection of lesioned CSN. (supported by DFG and Amgen)

22.7
ROLE OF CHOLINERGIC AFFERENTS TO THE HIPPOCAMPUS IN THE 
EXERCISE-INDUCED UPREGULATION OF BRAIN-DERIVED  
NEUROTROPHIC FACTOR (BDNF). N.C . Berchtold*, P. Kesslak, P. 
Isackson, C.W. Cotman. Institute for Brain Aging and Dementia, University of 
CA, Irvine; CA 92697-4540 USA
Recent findings implicate a central role for BDNF protein in synaptic plasticity 

and use-dependant plasticity mechanisms (Messaoudi, et al., 1998; Figurov, 
et al., 1996; Patterson, et al., 1996). BDNF m RNA expression in the 
hippocampus is rapidly upregulated by both excessive neuronal activity 
accompanying insults such as seizure induction, as well as by more 
physiological levels of activity such as voluntary exercise (Neeper, et al.,
1996). Previously we have demonstrated that BDNF expression in rats is 
rapidly upregulated by wheel running showing significant increases already 
after 6 hours of wheel running. This neurotrophin response to exercise is a 
stable response and occurs even after 20 days of running activity. The  
physiological mechanism underlying the activity-induced upregulation of 
BDNF is unknown.
Here we investigate a potential neurochemical/anatomical mechanism driving 

the neurotrophin response to activity: specifically, the role of medial septal 
cholinergic input to the hippocampus. Hippocampal acetylcholine levels are 
tightly coupled to motor activity such that increased physical activity correlates 
with increased acetylcholine levels. In addition, acetylcholine upregulates 
BDNF expression. Selective cholinergic lesions were produced by infusion of 
192-lgG Saporin into the medial septum. Cholinergic lesions did not influence 
running behavior. Cholinergic lesions reduced baseline BNDF expression in 
subfields CA3 and CA1, suggesting that cholinergic input from the medial 
septum modulates tonic BDNF mRNA expression in the hippocampus. 
(Supported by NIA, MacArthur Foundation to C.W .C.)

22.9
OPTIC NERVE LESION CAUSES U PREG ULATIO N OF VECTOR- 
MEDIATED BDNF EXPRESSION IN RETINA L G ANG LIO N CELLS. S.A. 
Singel*, G.M. Bray and A.J. Aguayo. Centre for Research in Neuroscience, The 
Montreal General Hospital Research Institute and McGill University, Montréal, 
Québec, Canada
We have previously demonstrated that a c-myc-tagged BDNF gene under the CMV 
promoter can be selectively introduced into retinal ganglion cells of adult rats by 
retrograde axonal transport of adenoviral vectors from the superior colliculus. In 
uninjured eyes, expression of the exogenous gene only lasts approximately two 
weeks. We now report that optic nerve transection induces a late upregulation of 
BDNF/c-myc mRNA in the transfected eyes. This response starts ten days after the 
lesion and remains detectable for more than four weeks following the infection. To 
test the role of the inflammatory response that normally follows infection and injury, 
we studied the effect of systemic immunosuppression with FK506 on the 
upregulation of BDNF/c-myc in vivo. With FK5O6 administration, transgene 
expression was affected in two ways: i) BDNF/c-myc mRNA was enhanced; and 
ii) injury did not further enhance expression levels. To determine if the enhanced 
gene expression caused by FK5O6 could be due to a direct action of the drug, we 
studied COS cells and DRG neurons in vitro. In these cultures, FK5O6 did not 
increase the expression of BDNF/c-myc mRNA, suggesting that the increase in 
BDNF/c-myc mRNA seen in vivo is due to the immunosuppressive action of the 
drug rather than an effect of FK5O6 on transcription events.

Supported by the Canadian Medical Research Council and Neuroscience Network.

22.6
Visual Experience Alters Trafficking Of BDNF In The Visual Cortex. J.E. 
Johnson1* , M.E. Forbes1, Y .-T. M a 2 and T. Hsieh2, D.O. Frost2. 1Dept. 
Neurobiology & Anat. Wake Forest Univ. Sch. Med., Winston-Salem, NC 
27157 and  2 Dept. Pharm. Univ. of MD Sch.Med., Baltimore MD 21201

Many recent reports have indicated that depolarization stimulates the 
synthesis of m RNA for brain-derived neurotrophic factor (BDNF) in neurons. 
Alterations of normal visual experience by dark rearing (DR) from birth or 
eyelid suture as well as the total blockade of retinal activity by tetrodotoxin 
have been shown to markedly reduce expression of BDNF mRNA in the 
primary visual cortex of rodents and carnivores by 25-55% . Production of 
BDNF m RNA increases rapidly when dark reared animals are exposed to 
light. W e measured changes in BDNF protein following DR, since changes  
in the cortical concentration or activity of BDNF and NT-4 have been  
shown to alter the normal developm ent of ocular dominance columns.

W e measured the concentration of BDNF protein in area 17 of 
hamsters born and reared (P0-P29) in constant darkness, constant light or 
on a normal light cycle (14h ON/10h OFF) to determine if BDNF protein 
concentrations are regulated by visual experience. In contrast to previous 
measurements of BDNF mRNA, DR markedly elevated  the tissue 
concentration of BDNF protein in the primary visual cortex 2-fold  
(p<0.001). Constant light elevated BDNF 50%  as expected from prior 
m RNA studies (p<0.05). There was no change in BDNF protein 
concentrations measured in the superior colliculus (SC) of the same 
animals. 8h of light exposure after 29d of DR reduced BDNF levels in the  
SC below normal (p<0.01), whereas cortical BDNF remained e levated  
after this brief light exposure. Enucleation at birth also increased BDNF 
protein concentrations in the P29 SC (p<0.02). Taken together, these 
results indicate that visual experience may regulate BDNF protein levels 
by modulating BDNF trafficking (ie. secretion, binding and/or transport) in 
addition to well established changes in BDNF m RNA synthesis. Support: 
NIH: EY11127 (JEJ), M H 49568 and EY11434 (DOF), NS07375 (Y-TM ).

22.8
EXPRESSION OF BDNF AND GDNF BY MICROGLIA AND 
MACROPHAGES AFTER STRIATAL INJURY. G.T. Liberatore*. 
P.E. Batchelor. J.Y.F. Wong, M.J. Porritt, G.A Donnan and D.W. Howells. 
Departments of Medicine & Neurology, University of Melbourne, Austin and 
Repatriation Medical Centre. Vic 3084. Australia.

After striatal injury, the expression of BDNF and GDNF increases 
considerably. However, the pattern of expression suggests glia rather than 
neurons as the major source of BDNF while haemosiderin filled macrophages 
appear be the source of GDNF. To establish which cells are the source of this 
BDNF and GDNF, 5-6 weeks old C57/BL6 mice were anaethesised (Nembutal 
70mg/kg i.p.) and the left striata were lesioned using a Scouten wire knife. 1 
week after surgery the mice were sacrificed by Nembutal overdose and 20 µ 
coronal sections of snap-frozen brains were thaw-mounted on silane treated 
slides. In situ hybridisation using [γ-33P]ATP-labelled 50-mer oligonucleotide 
probes was then combined with GFAP and MAC-1 immunohistochemistry 
and non-specific esterase (NSE) histochemistry to determine whether 
astrocytes, microglia or macrophages where the source of BDNF and GDNF 
expression. Neither BDNF nor GDNF mRNA expression co-localised with 
GFAP immunohistochemistiy. BDNF mRNA was found predominantly over 
MAC-1 positive cells with the morphology of microglia and over some of the 
larger striatal neurons. GDNF was expressed most strongly by NSE positive 
macrophages and to a lesser extent by the MAC-1 positive microglia. High 
levels of expression of BDNF and GDNF by activated microglia and 
macrophages suggests the possibility that these factors either fulfil a tropic 
role guiding sprouting neuronal fibres back into the wounded area, or 
possibly that they have a direct role in microglial/macrophage function that is 
distinct from their known neuronal functions. (Supported by the NH&MRC. 
Bethlehem Griffiths Research Foundation and Parkinson’s Victoria)

22.10
SURVIVAL FACTORS PROMOTE BDNF PROTEIN EXPRESSION IN 
MESENCEPHALIC DOPAMINERGIC NEURONS IN CULTURE. M.G.

Michel1, 1Inserm U289, Hôpital Salpêtrière 75013 Paris, France, 2Department 
of Neuroscience, Amgen Inc., Thousand Oaks, CA 91320, U.S.A.

The aim of the present study was to characterize factors which regulate 
Brain Derived Neurotrophic Factor (BDNF) protein expression in 
mesencephalic tyrosine hydroxylase (TH)+ neurons. Treatment of 
mesencephalic cultures with dibutyryl-cAMP (dbcAMP), depolarizing 
concentrations of K+, or the antimitotic cytosine arabinoside (ara-C) not only 
promoted survival of TH+ neurons but also increased the proportion of these 
cells that were immunopositive for BDNF. Forskolin, a known adenylate 
cyclase activator, mimicked the effects of dbcAMP. H-89, an inhibitor of 
protein-kinase A, failed to reduce the effects of both dbcAMP and forkolin. 
Increases in BDNF expression resulting from K+-induced depolarization or 
ara-C treatment were abolished, respectively, by the L-type calcium channel 
blocker nifedipine and the deoxynucleotide dCTP. Induction of the BDNF 
protein was apparently not responsible for the dopaminotrophic effects of 
either dbcAMP, HK+ or ara-C for two reasons; (1) BDNF remained 
undetectable in 50% of TH+ neurons rescued by each of these treatments; (2) 
the efficacy o f the treatments was not reduced by the anti-BDNF antibody 
which can block the trophic activity of the factor. To our knowledge this is 
the first demonstration that BDNF protein expression by mesencephalic 
dopaminergic neurons can be modulated by specific extracellular and 
intracellular signals. Supported by INSERM (France) and Fundación 
Antorchas (Argentina).
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22.11
PEGYLATED BDNF PENETRATES DEEP INTO SPINAL CORD 
PARENCHYMA WITH INTRATHECAL INFUSION Lyn B. Jakeman*1, Qiao 
Yan2, Olaf Kinstler2, and Bradford T. Stokes 1 Dept. Physiology, Ohio State 
University. Columbus, OH 43210 and Amgen, Inc., Thousand Oaks, CA 91320.

BDNF has been shown to contribute to neuroprotection, sprouting, and functional 
plasticity after administration in vivo. In previous studies, we have demonstrated 
that intrathecally infused BDNF can stimulate hindlimb activity and promote 
sprouting of cholinergic fibers following spinal cord contusion injury (SCI). These 
changes occur despite limited penetration of BDNF into the injury site and 
superficial white and gray matter of the surrounding spinal cord. In this 
experiment, we examined a modified form of BDNF which contains pegy lated 
sidegroups (PEG-BDNF; Amgen, Inc.) to enhance penetration of the factor into the 
extracellular space of the CNS. Adult rats received a partial laminectomy only or 
SCI at the level of the 8th thoracic vertebra. After surgery, an indwelling intrathecal 
cannula was either left free (untreated) or attached to an ALZET 2002 osmotic 
minipump containing native BDNF or PEG-BDNF, infused at 100 µg/day. The rats 
were sacrificed 10 days later, perfused with 4% paraformaldehyde, and the spinal 
cord tissue stained using a polyclonal antiserum raised against BDNF. No staining 
was observed in untreated animals, demonstrating that immunohistochemical 
detection with this fixation procedure was not sensitive to endogenous levels of 
BDNF. Following injury, infu sion of native BDNF resulted in staining at the injury 
site and the peripheral rim of the spinal cord from L1- L4/5. In contrast, PEG- 
BDNF was detected deep within the spinal gray matter, extending from upper 
thoracic cord to the lumbar enlargement. Similar differences in staining distribution 
were observed in animals with laminectomy only. The results demonstrate that 
PEG-BDNF is a promising alternative for improving the administration of this 
factor to the CNS parenchyma in injury or disease. Supported by NS37321-01; ALZET 
pumps generously provided by Alza, Inc. BDNF, PEG-BDNF, and rabbit anti-BDNF 
antibodies supplied by Amgen, Inc.

22.13
Induction of BDNF mRNA and protein in hippocampal cultures 
by AMPA receptor modulators (ampakines).
J. Lau terborn *1, P. V anderk lish2 , G . Lynch2,3, and  C . G a ll1,2. 1 D e p t. of 
A n a to m y  a nd  N e u ro b io lo g y , 2 D ep t. of P sychob io lo gy  & 3 D e p t. of 
Psychiatry and Hum an Behavior, Univ. of California, Irvine C A  9 2 6 9 7 .

A m pakines are a  group of sm all benzam ide com pounds that slow the  
deactivation  of A M P A -ty p e  g lu tam ate  receptors  and  thereby  enh an c e  
fast excitatory synaptic currents. Previous w ork has dem onstrated  that 
direct activation of excitatory receptors, often in the pathological range, 
in creases  n euronal B D N F  production in adu lt bra in . In the  p resen t 
study, w e tested  w h eth er am p ak in es  could increase  neuronal B D N F  
and protein express ion  in h ippocam pal organotyp ic  cultures. C ultures  
w ere  prepared  from  9 day  old rats, a llow ed to m ature  for 1 0 -1 4  days, 
and then treated with the am pakine  C × 6 14  (5 0 uM , in m edia) for 3, 6, 24, 
30, or 48h . Using in situ hybrid ization, B D N F  m R N A  levels w ere  shown  
to be strikingly e levated  within s tratum  granulosum  by 3h (6 .5 -fo ld  vs. 
untreated control, p < 0 .01 ), and increased throughout strata  granulosum  
and pyram idale  by 2 4 -30 h ; for regions C A 3  and C A 1 , increases  w ere  
5 .9 -fo ld  (p < 0 .0 1 ) and  5 .2 -fo ld  (p < 0 .0 5 ) vs. control, respective ly . Total 
B D N F  protein levels w ere  m easured  by im m unoassay. B D N F  protein  
leve ls  w ere  u n a ffe c te d  a t 6h a fte r  a m p a k in e  app lic a tio n  but had  
increased  4 .3 -fo ld  (p < 0 .0 0 1 ) above  control va lues  by 2 4 -3 0 h  and  w ere  
still w e ll-e leva ted  a t 48h . T h e se  results dem onstrate  that the am pak ine  
C X 6 1 4  can induce increases  in B D N F  m R N A  an d  protein  content. 
M oreover, the results suggest that drugs which do not d irectly  activate  
A M P A  receptors  but, rather, e n h a n c e  the ir exc ita to ry  re spon ses  to  
intrinsic stim uli a re  suffic ient to m odulate  neurotrophin production by 
hippocam pal neurons.
(This work was supported by grants NS26748 from N INCD S and C P 22357  
from Cortex Pharmaceuticals to C.G.)

22.15
D ifferential regulation of trkA  and trkB  by estrogen in forebrain 
cholinergic circuits. Melinda K. Jezierski*, Joshua M. Clark. Nadine R. 
Stuth, Farida Sohrabji. Dept. of Human Anatomy and Medical Neurobiology. 
Texas A&M University, College Station, TX 77843.

We are interested in determining how estrogen potentiates neurotrophin- 
sensitive cholinergic circuits that are often targets of Alzheimer’s disease. 
Previous work has shown that estrogen up-regulates NGF and BDNF 
transcription. Here we report on the effects of chronic estrogen 
administration on trkA and trkB receptors which mediate neurotrophin 
transport and ligand-dependent signal transduction.

Adult Sprague-Dawley rats were bilaterally ovariectomized and replaced 
with estradiol or control pellets. Four weeks later, rats were sacrificed, 
brains rapidly dissected and proteins isolated from the basal forebrain 
(medial septum/diagonal band) and its forebrain targets, the olfactory bulbs, 
hippocampus and cortex. Lysates were assayed for trkA and trkB receptor 
expression and phosphorylation by Western blot.

Estrogen treatment significantly increased trkA expression in the basal 
forebrain and in its cortical and bulbar targets. Estrogens’ effects on trkB 
expression were region- and receptor subtype-specific. In the basal forebrain, 
four weeks of hormone replacement resulted in a dramatic increase in full 
length (FL)-trkB expression and a modest, but significant, increase in 
truncated (TR)-trkB, resulting in an overall increase in the FL/TR-trkB 
receptor ratio. However, estrogen treatment significantly decreased the 
expression of FL-trkB in the cortex but had no effect on TR-trkB, resulting 
in a significant decline in FL/TR-trkB ratio. Other laboratories have shown 
that while NGF increases transcription of the trkA receptor, BDNF results in 
a non-transcription mediated decrease in trkB. Our data are thus consistent 
with the hypothesis that estrogen may cause a ligand-dependent modulation 
of receptor expression. Supported by NINDS NS36297 to FS.

22.12
COMBINED PHYSICAL ACTIVITY AND ANTIDEPRESSANT TREATMENT 
POTENTIATE BDNF mRNA EXPRESSION IN THE RAT HIPPOCAMPUS A. 
Russo-Neustadt*, R.C. Beard and C.W. Cotman. Institute for Brain Aging and 
Dementia, University of California, Irvine, CA 92697

Physical activity and antidepressant treatment have each separately been of 
significant interest for the management of Alzheimer's disease (AD); particularly the 
behavioral problems associated with this dementing disorder. Previous work from our 
Institute has shown that general physical exercise (voluntary wheel running) leads to 
increased brain-derived neurotrophic factor (BDNF) mRNA expression in several areas 
of the rat brain, including the hippocampus, detected by in situ hybridization and 
nuclease protection assay (Neeper et al., Br. Res. 726(1996)49-56). We have found 
that combined antidepressant treatment and physical activity have an additive, 
potentiating effect on BDNF mRNA expression within several areas of the rat 
hippocampus. The BDNF mRNA-potentiating effects of antidepressants from two 
separate classes (tricyclic and MAO inhibitor) were significantly enhanced when 
treated rats were concomitantly given access to running wheels for the duration of the 
three-week study. During the experimental period, animals were treated daily with 
imipramine (15 mg/kg) or tranylcypromine (7.5 mg/kg) by intraperitoneal injection. 
BDNF mRNA levels were assessed in several cell groups of the hippocampus by in 
situ hybridization, using a 35S labelled riboprobe complementary to the full-length 
BDNF sequence, and computer-assisted densitometry. The combination of physical 
activity and antidepressant treatment for the 21-day period led to a signifciant 
potentiation of full-length BDNF mRNA levels within the dentate gyrus and CA 1, 
CA 3 and CA 4 cellular fields, above the levels obtained with each intervention 
alone. These results predict that dementia patients on antidepressant treatment may 
gain additional benefits from physical activity or exercise.
Supported by USPHS-NIH Grant MH-01266

22.14
BDNF SECRETION AND ACTH SECRETION BY AtT-20 CELLS ARE 
DIFFERENTIALLY REGULATED. E. C. Gunther and M, Bothwell*. 
Dept. of Physiology and Biophysics, University of Washington, Seattle, WA, 98195.

The mouse anterior pituitary AtT-20 cell line is a model system for the study of 
pituitary function and neurosecretory mechanisms. We have found that AtT-20 cells 
endogenously express and release levels of Brain Derived Neurotrophic Factor 
(BDNF) detectable by ELISA. In support of previous studies using BDNF- 
transfected AtT-20 cells, secretion of endogenous BDNF is increased approximately 
300% by 30 min. treatment with KCl (55.0 mM), relative to untreated cells. This 
depolarization-induced secretion is partially inhibited by pretreatment with the 
Protein Kinase A (PKA)-inhibitor, H89 (20.0 µM). 30 min. treatment with the 
adenylyl cyclase-activator, forskolin (10.0 µM), induces an 80% increase over basal 
BDNF secretion which is completely inhibited by H89 pretreatment. The extent of 
BDNF secretion induced by forskolin is approximately equal to the component of 
KCl-induced secretion that is inhibited by H89. Thus. PKA activation appears to be 
required and sufficient for a component of BDNF secretion by AtT-20 cells. KCl- 
induced BDNF secretion is also partially inhibited by co-treatment with somatostatin 
(100.0 µM), which has previously been shown to inhibit PKA via activation of Gi- 
coupled somatostatin receptors. Forskolin-induced BDNF secretion is accordingly 
completely inhibited by co-treatment with somatostatin. Corticotrophin Releasing 
Factor (CRF) induces well-characterized ACTH secretion by AtT-20 cells. We find 
that, although forskolin induces both ACTH and BDNF secretion, CRF (20nM) 
treatment which induces ACTH secretion does not also induce BDNF secretion. 
These results suggest that endogenous cells of the pituitary may secrete BDNF in 
response to depolarization. A portion of this secretion is PKA-mediated and 
negatively modulated by somatostatin, probably via Gi-inhibiti on of adenylyl cyclase 
and PKA. Importantly, BDNF secretion is regulated dissimilarly to the 
neuropeptide ACTH, suggesting distinct secretory mechanisms. (supported in part by 
Molecular and Cellular Biology Grant PHS-NRSA T32 GM07270 from NIGMS)

22.16
BDNF PROTEIN AND mRNA DISTRIBUTION IN PRIMARY VISUAL 
CORTEX OF YOUNG AND ADULT RATS. D. Tropea1*, S. Capsoni1, E. 
Tongiorgi1, A. Cattaneo1 and L. Domenici1,2. Neuroscience programme 
1international School for Advanced Studies (SISSA-ISAS), via Beirut 2-4, 34013, 
Trieste, Italy. 2Ist. Neurophysiol. CNR, 56127 Pisa, Italy

Visual activitiy can be considered as a fundamental instructive factor in 
controlling the maturation of primary visual cortex. Neurotrophins and in 
particular BDNF, are present in the rat visual cortex and their expression is under 
the control of visual activity. In this study we investigated the distribution patterns 
of BDNF mRNA and protein, at two stages of postnatal development: at P14, just 
before eye opening, and in adult rats, when cortical circuitry has been stabilized. 
Paraformaldehyde fixed sections were processed for non isotopic in situ 
hybridization and immunohistochemistry. We found that at P14, both BDNF 
mRNA and protein are present in the large majority of neurons throughout all 
cortical layers with only minor discrepancies between mRNA and protein 
distribution. In adult animals we observed a reduction in the number of neurons 
stained for either BDNF mRNA or protein, in layers II/III, IV and V, compared to 
P14. This reduction was more evident when sections were processed with 
antibodies to BDNF. These results show that at P 14 there is a stronger correlation 
between mRNA and protein distribution for BDNF than in the adult, where the 
distribution of the BDNF protein is restricted with respect to that of BDNF mRNA. 
We suggests that maturation of the visual cortex involves a reduction in the number 
of neurons expressing BDNF, both at the mRNA and at the protein level.
This work was supported in part by Grant from the HFSP organization and 
ECPSS*O859.
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22.17

COMMERCIAL RECOMBINANT HUMAN BDNF CONTAINS 
PROTEINS DERIVED FROM PRO-REGION OF THE BDNF 
PRECURSOR. I. Geerling, S. Soinila, K. Huff, V.E. Eysselein, M.A. 
Namboodiri* and M. Reinshagen, University of Ulm, Germany, University of 
Helsinki, Finland, Harbor-UCLA Medical Center, Torrance, CA and Georgetown 
University, Washington, D.C.

We previously reported immunoblotting evidence for the presence of NGF 
prohormone in commercial recombinant human beta-NGF preparations obtained 
from different vendors (J. Neurosci. Methods 76:75-81, 1997 and Proc. Endocrin. 
Soc. P3-322, 1998). In the present study we have examined recombinant human 
BDNF for the presence of BDNF precursors. Five hundred nanograms of 
rhBDNF obtained from three different commercial vendors (IC Chemicals, R & 
D Systems, and Sigma) were subjected to electrophoresis on a 12.5% gel and 
chemiluminescence-Western analysis was performed after transfer to a PVDF 
membrane. A panel of antibodies (1:1000) specific to different prepro-BDNF 
domain sequences (Pro-Hormone Science, CA) was employed for the Western 
analysis. All three rhBDNF preparations contained the expected 14 kDa BDNF 
moiety. One of the three rhBDNF preparations also contained a 50 kDa and a 
second 14 kDa protein. In addition, this preparation contained a protein that 
migrated between the molecular weight of these two protein species. All three 
proteins were immunoreactive to the antibody specific to the proBDNF region 46 
to 70. In summary, our results suggest that rhBDNF preparations contain 
proteins derived from the pro-region of the BDNF precursor. We caution 
investigators to examine the purity of rhBDNF prior to use for either research or 
clinical investigation. Support: DFG 789/2-2.

22.19

ENHANCEMENT OF BDNF-INDUCED NEURITOGENESIS BY 
FORSKOLIN IS BLOCKED BY LAMININ THROUGH ACTIVATION 
OF PROTEIN KINASE C. R. Ary-Pires1,2 A. Bosco1* and R. Linden1. 
1lnstituto de Biofísica and 2Dept. de Anatomia, UFRJ, Rio de Janeiro, 
Brazil, CEP 21949-900.

Neurotrophins are required among other factors both for the survival and 
differentiation of retinal ganglion cells (RGC). To investigate interactions 
among the effects of BDNF, different substrates and protein kinases upon 
the neuritogenesis of RGC, monolayer cultures of rat retinae from various 
ages (P2-P21) were plated on each of three substrates: poly-L-lysine, 
laminin or collagen. These cultures were treated with BDNF (1 ng/ml), 
Forskolin (10 µM ), 12-O -tetradecanoylphorbol-13-acetate (TPA) (10nM), 
bisindolylmaleimide (B IM ) (0.5 µM ) or combinations of these agents for 
24 h. RGC were identified by retrogradely transported rodamine-labeled 
microspheres, and their neurites larger than one cell diameter were counted. 
BDNF had its neuritogenic activity enhanced by Forskolin on either poly-L- 
lysine or collagen from P2 to P21 and on laminin from P2 to P6 . Laminin 
blocked the enhancement of RG C neuritogenesis produced by Forskolin at 
P14 and P21, while inducing a ten-fold protein kinase C (PKC) activity 
increase compared with poly-L-lysine. The blockade of neuritogenesis was 
reverted with a PKC inhibitor (B IM), and was reproduced in cultures plated 
on poly-L-lysine with a PKC activator (TPA). Since axotomized RG C need 
both BDNF and Forskolin to regenerate, we suggest that laminin can hinder 
this effect by simultaneous PKC activation. These effects may be relevant 
for the control of neurite growth in development.
(CNPq, FINEP, FAPERJ, FUJB-UFRJ, CEPG-UFRJ, PRONEX/MCT)

22.21
DENDRITIC TARGETING OF BDNF AND TrkB mRNAs IN HIPPOCAMPAL 
NEURONS IN CULTURE IS MODULATED BY BDNF. M. Righi*, E. Tongiorgi 
and A. Cattaneo. Neuroscience Programme, International School for Advanced 
Studies (SISSA), 34013 Trieste, Italy

The selective targeting of BDNF and TrkB mRNAs in the somatodendritic 
compartment in response to electrical activity (KCl depolarization), provides a system 
whereby neurons may modulate the localization of the corresponding proteins at the 
dendritic level (Tongiorgi et al.,1997. J.Neurosci. 17:9492-9505). In the present study 
hyppocampal cultured neurons (8 days) were incubated with BDNF and processed for 
non radioactive in situ hybridization using BDNF and TrkB riboprobes. The maximal 
distance from the cell body reached by these mRNAs was measured. Hippocampal 
neurons were incubated for 1, 10, 30 and 180 minutes with 20 ng/ml BDNF, washed 
and incubated in normal medium up to a total of 3 hours from the beginning of the 
experiment The distance of dendritic labeling for both BDNF and TrkB mRNAs was 
progressively enhanced with increasing time of BDNF incubation: 20% increase for 
both BDNF and TrkB mRNAs at 30 minutes, while after a continuous incubation for 3 
hours the increase was 42% for TrkB and 22% for BDNF mRNAs. To study the role 
played by the endogenous TrkB ligands during the KCl depolarization enhancement, 
neurons were incubated in 10 mM KCl for 3 hours in the presence of 3µgm l TrkB- 
IgG. Under these conditions a reduction was observed in the mRNA dendritic 
localization for both BDNF and TrkB (about 40% reduction) with respect to the 
effects observed after 3 hours depolarization in 10 mM KCl. A similar inhibition was 
obtained after incubation for 3 hours in 10 mM KCl, in the presence of the tyrosine 
kinase inhibitor K252a. These results demonstrate the capacity of BDNF to modulate 
the dendritic localization of the mRNA for BDNF and for its receptor TrkB. Supported 
by MURST cofinanziamento 1997.

22.18
LONG-TERM ACTIONS OF VECTOR-DERIVED NGF OR BDNF ON CHOLINE 
ACETYLTRANSFERASE AND TRK RECEPTOR LEVELS IN THE ADULT 
RAT BASAL FOREBRAIN. M.A. King, 1 E.M. Meyer,2 D.F. Muir,3 S.P. Baker,2*
N. Muzyczka, 4 and R.L. Klein2. 1Veteran’s Administration Medical Center. Depts. of 
2Pharmacology, 3Neuroscience, and 4Molecular Genetics and Microbiology, 
University of Florida, Gainesville, FL 32610.

Trophic factor gene therapy may provide a rational treatment strategy for 
neurodegenerative disease. Injections of recombinant adeno-associated virus (rAAV) 
vectors (2-8 x 109 particles in 2 µl), incorporating a neuron-specific promoter driving 
bicistronic expression of green fluorescent protein (GFP) and either NGF or BDNF, 
transduced 10,000-15,000 neurons in the medial septum for periods of at least six 
months. Both cholinergic and non-cholinergic neurons expressed GFP. NGF and 
BDNF vectors produced up to 50% increases in immunohistochemical detection of 
the synthetic enzyme for acetylcholine, choline acetyltransferase (ChAT), in septal 
neurons ipsilateral to the injection. Increased levels of ChAT persisted for 6 months 
with the BDNF vector. We are currently testing if the increase in ChAT 
immunoreactivity translates into increased acetylcholine release. The NGF vector 
increased Trk receptor immunoreactivity in a volume of brain exceeding that of the 
transduced cells, which may reflect the spread of the vector-derived NGF that was 
released. Control vector produced GFP expression but did not alter ChAT or Trk 
immunoreactivity. Counterstaining for the neuronal marker, Neu N, or Nissl 
substance did not reveal any vector-toxicity at any time point. It therefore appears 
that the lasting effects of rAAV-mediated trophic factor gene transfer will offer a new 
approach for modulating septal cholinergic transmission and Trk receptor activity. 
Supported byNIH PO1 AG10485.

22.20
LO CALIZATION OF BRAIN DERIVED NEUR O TR O P H IC  FACTOR  
(BDNF) IN THE TR IG EM INAL S YS TE M  OF MO USE: EFFECTS OF  
INFRAORBITAL NERVE S EC TIO N. Albert J. Yoo, N.M.J. Blake, B. 
Miller and T. A. Woolsey*. Department of Neurosurgery, Washington  
University School of Medicine 63110.
Neurotrophins play critical roles in neuronal survival, m aturation, 
process outgrowth and formation of connections. As a first step in 
determining a possible role for BDNF in the developm ent of 
connections within the trigeminal system, we assessed the effect of 
infraorbital nerve (ION) section on BDNF expression patterns within the  
trigeminal system using antibodies. The right ION of P6 (PO=D.O.B.) 
mice was sectioned, and the animals were perfused transcardially four 
hours later. The tissue was then prepared for im m unohistochemistry. 
Primary antibodies were obtained from Chemicon and R&D Systems, 
and were visualized using fluorescein-tagged secondary antibodies. 
BDNF protein was localized along axonal fibers within the spinal 
trigeminal tract. Four hours after ION section, BDNF protein levels were 
visibly diminished in the spinal trigeminal tract on the lesioned side 
relative to control. The downregulation of BDNF following ION nerve 
section, supports a hypothesis for an activity dependent mechanism of 
BDNF expression. The fact that these changes occur during the early  
postnatal period, when developm ent of the trigeminal pathway is still 
ongoing, further suggests a role for BDNF in the developm ent of this 
pathway.

Supported by NIH grant NS 17763, The McDonnell Center for Studies of Higher 
Brain Function and the Spastic Paralysis Foundation of the Illinois Eastern-lowa 
District of the Kiwanis International.

22.22
BIOSYNTHESIS AND POST-TRANSLATIONAL MODIFICATION OF 
BRAIN-DERIVED NEUROTROPHIC FACTOR. S.J. Mowla, S. Pareek,
H.F. Farhadi, N.G. Seidah¶ and R.A. Murphy*. Montreal Neurological 
Institute, McGill University, Montreal, QC H3A 2B4. ¶ ¶CRIM, Montreal, QC 
H2W 1R7, Canada.

Brain-derived neurotrophic factor (BDNF) along with nerve growth factor 
(NGF), neurotrophin-3 (NT-3) and neurotrophin-4 (NT-4) constitute the 
neurotrophin family of trophic factors. While the biosynthesis and post- 
translational modification of proNGF has been extensively studied, little is 
known about the biosynthetic pathway of the other members including BDNF. 
In the present study we have used a vaccinia virus expression system to 
overexpress BDNF in primary cultures of hippocampal neurons and in AtT-20 
cells. We have analyzed the post-translational modification of the protein by 
metabolic labeling and immunoprecipitation. Our data show that proBDNF is 
produced as a 32 KDa precursor which in its prodomain undergoes N- 
glycosylation and glycosulfation. N-terminal cleavage of the precursor 
generates the mature form (14 KDa) as well as a minor truncated form (28 
KDa). Both the 32 and 28 KDa proBDNF forms are released into the media 
along with mature BDNF (14 KDa). In pulse-chase experiments, the 28 KDa 
proBDNF appeared very late and was mostly detected in the media. α1-PDX 
(a potent inhibitor of furin-like enzymes) inhibits the cleavage of proBDNF 
into the mature form in glioblastoma cells but has no effect on the production 
of the 28 KDa protein. This suggests that the cleavage of the 14 and 28 KDa 
products occurs within two separate processing pathways.
Supported by MRC Canada (RAM and NGS) and Iranian MCHE (SJM)
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C O M M ER C IA L R E C O M B IN A N T  H U M A N  BD NF  
C O N T A IN S PR O T EIN S D E R IV E D  FR O M  PRO R E G IO N  OF 
T H E BD N F PR EC U R SO R
S. Soinila*1, I. Geerling2, M. Reinshagen2. 1Univ Helsinki, Dept 
Neurology, P.O. Box 300, 00029 HYKS, Finland & 2Univ. Ulm, 
Dept. Medicine, Germany.

We have previously reported evidence for the presence of NGF 
prohormone in commercial recombinant human (rh) β -NGF prepara
tions (J. Neurosci. Meth. 76:75-81, 1997). In the present study we 
have examined rh-BDNF preparations for the presence of BDNF 
precursor. 500 ng rh-BDNF obtained from three commercial vendors 
(IC Chemicals, R&D Systems, Sigma Chemical Co.) were subjected 
to electrophoresis and chemiluminescence Western blotting analysis 
was performed after transfer to a PVDF membrane. A panel of 
antibodies specific for different prepro-BDNF domain sequences 
(Pro-Hormone Science) were employed. All three rh-BDNF 
preparations contained the expected 14 kDa BDNF moiety. One of 
the preparations contained a 50 kDa and a second 14 kDa BDNF 
immunoreactive protein. In addition, this preparation contained a 
protein that spanned between the molecular weight of these two 
protein species. All three proteins were immunoreactive to antibody 
specific for proBDNF region 46-70. Our results suggest that rh- 
BDNF preparations may contain proteins derived from the pro-region 
of the BDNF precursor. This calls for careful examination of purity 
of rh-BDNF preparations prior to use in investigation.

2 2 .2 5

VIRAL EXPRESSION OF DOM INANT NEGATIVE CREB BLOCKS  
ECS-INDUCTION OF BDNF. K.H. Shin*, A, Eisch, W.A. Carlezon Jr., C.J. 
Shi, R.L. Neve1, and R.S. Duman, Lab of Molecular Psychiatry, Department of 
Psychiatry and Pharmacology, Yale University School of Medicine, New Haven, CT 
06508 and Molecular Genetics Lab, Havard Medical School, Belmont, MA1

Brain derived neurotrophic factor (BDNF), a member of the nerve growth factor 
family, is highly expressed in hippocampus and provides neurotrophic support for a 
broad range of neurons. In addition to survival promoting and developmental effects, 
BDNF influences synaptic strength and neuronal plasticity in mature brain. Previous 
studies have demonstrated that chronic antidepressant treatment increases the 
expression of the cAMP response element binding protein (CREB) in rat 
hippocampus. These treatments also increase the expression of BDNF in 
hippocampus, and it is possible that this effect is mediated by CREB. This 
hypothesis is supported by studies in cultured cells, which demonstrate that 
activation of the cAMP pathway increases the expression of BDNF. To elucidate the 
relationship between CREB and BDNF in hippocampus, we are studying the 
influence of a herpes simplex virus (HSV) vector (1 - 2 µl at 107 iu/ml) expressing a 
dominant negative form of CREB (mCREB, which contains a single point mutation 
at Ser133 that prevents phosphorylation and thereby interferes with the function of 
CREB). Three days after injection into the dentate gyrus of hippocampus, 
electroconvulsive shock (ECS, 50 mA, 0.3 sec) was applied and animals were 
sacrificed 2 h after ECS. Expression of HSV-mCREB in the dentate gyrus was 
confirmed by immunohistochemistry. In addition, the dominant negative function of 
0mCREB was demonstrated by the decrease of phospho-CREB staining. In contrast, 
high levels of phospho-CREB staining were observed after injection of HSV-CREB. 
Preliminary data shows that microinjection of HSV-mCREB significantly reduces 
the induction of BDNF mRNA (by ~ 40 %) in response to ECS. This suggests that 
the phosphorylation of CREB mediates the induction of BDNF in response to acute 
ECS. We are currently studying the influence of HSV-CREB on ECS induced BDNF 
expression. In addition, the influence of HSV-mCREB and HSV-CREB in behavioral 
models of depression are being examined. Supported by MH50384.

2 2 .2 4

TEMPORAL CONTROL STUDY OF TETRACYCLINE-REGULATED BDNF 
EXPRESSION IN SUBSTANTIA NIGRA DOPAMINERGIC AND LOCUS 
COERULEUS NORADRENERGIC NEURONS IN TRANSGENIC MICE 
J.H. SON *, H.S. CHUN, T.H. JOH and C.H. PENG Cornell University Medical 
College at the W.M. Burke Medical Research Institute, White Plains, N.Y. 10605 

BDNF has been known to exert neuroprotective functions in MPTP-lesioned 
Parkinson’s animal models and enhance the viability of dopaminergic grafts. 
However, in vivo molecular mechanisms of their neuroprotective actions and the 
effect of long-term overexpression in SN dopaminergic neurons are not well 
characterized. In the brain, it has not been possible to control the delivery of BDNF 
in a phenotype-specific manner to a single neuronal population in the SN 
dopaminergic neurons, because SN dopaminergic neurons are anatomically dispersed 
in a broad midbrain region and therefore inaccessible to genetic manipulation. In 
previous in vivo studies, BDNF was delivered to SN region by intracerebral infusion, 
transplantation of genetically modified cells or adenoviral vectors, by which a 
simultaneous localized delivery could not be achieved in both embryonic and adult 
brains. These exogenous applications of BDNF were designed to partially rescue or 
prevent the damage to SN dopaminergic neurons. To gain access to all SN 
dopaminergic neurons simultaneously in both developing embryos and adults, we have 
identified the tissue-specific and developmental stage-specific promoter region of the 
tyrosine hydroxylase (TH) gene in transgenic mice (Min et al. Mol. Brain Res. 27, 
281 ‘94; Son et al. Mol. Brain Res. 36, 300 ‘96). Thus, using transgenic mouse 
models equipped with an on-off genetic switch, we have tried to address what is the 
long-term or short-term overexpression effect of BDNF from fetus or neonate to 
adult. Thus, our Tet-regulated transgenic mice models will provide some clues to the 
pharmacological, behavioral and neuroprotective actions of BDNF in vivo. 
Supported by NIH grants AG14093 (JHS) and MH24285(THJ).

2 2 .2 6

UP-REGULATION OF BRAIN DERIVED NEUROTROPHIC FACTOR (BDNF) 
AND NEUROPEPTIDE Y (NYP) IN DORSAL SENSORY P A THW AY IN 
RESPONSE TO SCIATIC NERVE INJURY. 1W .P . Li, 2C .J . X ian , 3M .C . Y u,*  
1R.A. Rush, and 1X-F Zhou. 1Dept. of Human Physiology and Centre for 
Neuroscience, Flinders University of South Australia, GPO Box 2 1 0 0 , 
Adelaide 5 0 0 1 , Australia; 2Child Health Research Institute, Wom en and 
Children's Hospital, Adelaide, Australia; 3Dept. of Anatom y, Cell Biology and 
Injury Sciences, New Jersey Medical School, New ark, NJ, 0 7 1 0 3 .

The expression of neurotransmitters in sensory neurons can be 
altered by axotomy. NPY is upregulated in large- and medium-sized neurons 
in dorsal root ganglia (DRG) and their central projections following sciatic 
nerve injury. The mechanism underlying the changes is not well understood. 
In this study, we employed immunohistochemistry to examine the changes 
of BDNF and NPY in the nucleus gracilis (NG) following sciatic transection, 
at 1, 2, 3, 7, 14, 2 8 , 4 2 , and 56  days postlesion. W e also studied the 
expression of BDNF mRNA and NPY by in situ hybridization, and BDNF 
immunoreactivity (BDNF-ir) in DRG. Results showed that significant 
increases in BDNF-ir and BDNF mRNA occurred in large DRG neurons after 
sciatic nerve injury. BDNF-ir and their central projections in NG also 
increased markedly at the second day of lesion, up to 56  days. The increase 
in BDNF-ir was blocked by hemisection of the spinal cord, or by dorsal 
rhizotomy ipsilateral to the nerve lesion, suggesting that the increased BDNF 
was transported anterogradely via the dorsal column. The upregulation of 
NPY-ir was similar to that in BDNF-ir, but delayed by 7 days. Over 9 6%  
NPY-ir neurons in the ipsilateral DRG were colocalized w ith BDNF. These 
data suggest that chenges in BDNF expression in large sensory neurons may 
be involved in neurotransmitter plasticity after nerve lesion. Supported by 
ARC Grant # A 97 O 23 4 8  to XFZ.

2 2 .2 7

QUANTITATIVE ANALYSIS OF BDNF AND trkB mRNA EXPRESSION LEVELS 
ALONG THE TRISYNAPTIC CIRCUIT IN RAT HIPPOCAMPAL FORMATION 
T. Hashimoto1, W. Tokuyama2 , Y-X. Li1, H. Okuno2, and Y. Miyashita1,2,3*. 1Mind 
Articulation Project, ICORP, JST, Yushima, Tokyo 113-0034, Japan, 2Dept. of Physiology, 
Sch. of Medicine, Univ. of Tokyo, Hongo, Tokyo 113-0033, Japan, and 3National Institute 
for Physiological Sciences, Myodaiji, Okazaki 444-8585, Japan.

Brain-derived neurotrophic factor (BDNF) and its receptor, TrkB, are considered to 
regulate synaptic functions in the hippocampus of adult rodents. Several studies have 
reported the potentiating effects of BDNF signals on the Schaffer collateral-CA1 
pyramidal neuron synapse. Recently, it has been proposed that their effects on synaptic 
transmission differ among the subregions along the hippocampal trisynaptic circuit. 
Although in situ hybridization studies have shown the existence and distribution of 
BDNF and trkB mRNAs in the hippocampal formation, these anatomical studies have 
not quantitatively determined the expression levels of these mRNAs. To elucidate the 
regional differences in the significance and specificity of BDNF signals in the 
hippocampal formation, we quantitatively determined the expression levels of both 
BDNF and the full-length trkB (trkB FL) mRNAs in four hippocampal subregions, the 
entorhinal cortex, the dentate gyrus (DG), the CA3 and the CAL We adopted two 
independent quantification methods, a quantitative RT-PCR technique and a 
ribonuclease protection assay. Both the methods yielded the same results. We found that 
BDNF and trkB FL mRNA expression levels were not parallel along the trisynaptic 
circuit, and that the relationships between BDNF and trkB FL mRNA expression levels 
were opposite in the entorhinal cortex and DG. The BDNF mRNA expression level was 
highest in the DG and lowest in the entorhinal cortex, whereas the trkB FL mRNA 
expression level was highest in the entorhinal cortex, low in the DG and lowest in the 
CA3. These results are consistent with the view that BDNF is released by granule cells in 
the DG and that it binds, at least partially, to TrkB receptors on the axons of the 
entorhinal neurons. Supported by a Grant-in-Aid (07102006, 09780739) from the Japanese 
Ministry of Education, Science and Culture.
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23.1

CHARACTERIZATION OF THE RESPONSE TO INJURY IN MOUSE 
RUBROSPINAL NEURONS. K.J.L.Fernandes*, D.Fan, N.R.Kobayashi and 
W.Tetzlaff. Dept. of Zoology, University of British Columbia, Vancouver, Canada, V6T 
1Z4.

Our previous studies in adult rats have found that rubrospinal (RS) neurons 
axotomized at the C3 level of the spinal cord upregulate expression of cytoskeletal and 
growth associated proteins, such as actin, Tα1-tubulin, and GAP-43; however, this 
expression declines precipitously between days 7 and 14 post-injury, concomitant to the 
atrophy of the RS neurons. Further, we showed that application of BDNF prevented the 
atrophy of the RS neurons and sustained their regeneration associated gene expression. 
Here, we have begun to characterize the response to injury in RS neurons of wildtype 
adult C,129 mice, as well as in C, 129 mice carrying a Tα1-BDNF transgene. 
EXPERIMENT: The left RS tract of 6 week old mice was axotomized at the C3/C4 
level by a lateral hemisection of the spinal cord. Gel foam soaked in 5% Fast Blue was 
transiently inserted into the injury site to retrogradely label the axotomized RS neurons. 
Mice were perfusion fixed 7 or 14 days later. RESULTS: After 7 days, the axotomized 
RS neurons in wildtype mice appeared chromatolytic and, as in the rat, were not yet 
measurably reduced in cell body size. Using in situ hybridization, we detected a strong 
increase in total α-tubulin mRNA levels, which was primarily localized to the 
axotomized RS neurons in the ventrolateral portion of the magnocellular red nucleus 
(presumably thoracically projecting). This elevated α-tubulin mRNA expression was 
detected in ventrolateral Fast Blue labelled (i.e. axotomized) RS neurons, but also in 
unlabelled ventrolateral RS neurons, most likely reflecting a failure of some axotomized 
RS neurons to retrogradely transport the Fast Blue tracer. Interestingly, in contrast to our 
findings using rats, 14 days after axotomy mice that carried a Tαl-BDNF transgene 
maintained total α-tubulin expression in the ventrolateral RS neurons, displayed only 
minor atrophy of the RS cell bodies, and did not exhibit the chromatolysis-associated 
nuclear eccentricity. Supported by the MRC of Canada, NSERC, the Rick Hansen 
Institute, and the Canadian Neuroscience Network.

23.3

FIBRE INGROWTH INTO NEUROTROPHIN IMPREGNATED FIBRONECTIN 
MATS IMPLANTED INTO THE DAMAGED RAT SPINAL CORD. V King*1,2, 
G. Terenghi3, R. Brown3, and J.V. Priestley1 1Dept. Anatomy, Queen Mary and 
Westfield College, London E1 4NS. 2Dept. Physiology, United Medical and Dental 
Schools, St. Thomas’ Campus, London, SE1 7EH. 3Blonde McIndoe Centre, Queen 
Victoria Hospital, Sussex RH19 3DZ. Recent studies have shown that neurotrophins 
can promote regeneration, and cell survival following spinal cord damage. A recent 
study also has shown that fibronectin mats incubated in NT-3 provide a framework 
for directed axonal regeneration of the sectioned sciatic nerve (Sterne et al, 1997, 
Eur J Neurosci 9:1388-1396). To determine if regeneration also can be induced 
following spinal cord injury, neurotrophin impregnated fibronectin mats were 
implanted into the spinal cord of rats that had received spinal cord damage.

Lesions were made that extended 1 mm from the midline on the dorsal surface 
of the spinal cord of adult rats. Fibronectin mats were incubated in NT-3, BDNF, or 
saline and placed into the lesion cavities. After 2 weeks, rats were perfused and the 
spinal cord was sectioned and processed for immunohistochemistry. Initial results 
showed extensive fibre ingrowth into NT-3, BDNF, and control implants, as 
indicated by the large numbers of fibres immunoreactive for GAP-43 and the 
neurofilament marker N52. Immunoreactivity for calcitonin-gene related peptide 
was present in all implants, indicating that some of the fibres were axons of primary 
sensory neurons. Immunoreactivity for glutamic acid decarboxylase , although 
present in all implants, was most extensive in BDNF implants, suggesting fibre 
growth was also occurring from local neurons. In contrast, immunoreactivity for 
markers of bulbospinal systems (i.e. 5-HT and dopamine beta hydroxylase) was 
sparse in all of the implants. The results indicate that fibronectin mats provide an 
excellent substrate for growth of different neural systems in the damaged spinal cord. 
Studies are underway to more clearly determine the efficacy of the neurotrophins in 
further enhancing this regeneration. This work was supported by St. Thomas’s 
Hospital Research Endowments.

23.5

DIFFERENTIAL DOSE-DEPENDENT EFFECTS OF BDNF ON MOTOR 
NEURON SURVIVAL AND AXONAL OUTGROWTH AFTER SPINAL 
ROOT AVULSION IN RATS. A. Kishino, S. Toma, T. Ishiyama, N. Koseki, A. 
Sano, C. Nakayama*, and H. Noguchi. Sumitomo Pharmaceuticals Research 
Center, Osaka, Japan.

We previously reported that intrathecal administration of BDNF to rats whose 
spinal roots had been avulsed at 12 µg/day for 2 weeks protected motor neurons 
from axotomy-induced death, and reduced the loss of neurotransmitter markers such 
as ChAT and AchE, and also induced axonal outgrowth at the avulsed site. Here 
we report in detail the effects of administering BDNF at different doses. 
Immediately after the L4, 5, and 6 roots were avulsed unilaterally, BDNF was 
administered intrathecally via an osmotic pump at doses between 0.0012-12 µg/day. 
Two weeks later, Nissl-, ChAT-, or AchE-positive neurons in the retrodorsal lateral 
nucleus (RDLN) were counted bilaterally in every third frozen 30-µm section. The 
lengths of ChAT-positive axons extending from the avulsed site were quantified by 
image analysis. The loss of the Nissl-positive neurons was attenuated at 0.0012 
µg/day (P < 0.05) and above (P < 0.01). The loss of ChAT or AchE-positive 
neurons was reduced at 0.012 µg/day (P < 0.05) and above (P < 0.01). 
Interestingly, induction of axonal outgrowth was only seen at 1.2 µg/day (P < 0.05). 
These results indicate that BDNF can exert effects on motor neurons at very low 
doses when administered intrathecally. Furthermore, the fact that BDNF was more 
than 100 times less effective in promoting axonal outgrowth than in promoting 
neuronal survival suggests that the mechanism underlying BDNF’s promotion of 
axonal outgrowth in motor neurons may be indirect. We also report on the 
usefulness of using a collagen mini-pellet to provide sustained release of BDNF in 
this rat model.

2 3 .2

SURVIVAL OF CHRONICALLY INJURED NEURONS CAN BE PROLONGED 
BY INTRASPINAL TREATMENT WITH NEUROTROPHIC FACTORS. J. Houle* 
and J. Ye. Dept. of Anatomy, Univ. of Arkansas for Med. Sci., Little Rock, AR 
72205

Axonal regeneration by chronically injured supraspinal neurons can be enhanced 
by treatment with neurotrophic and growth factors, although the number of 
regenerating neurons decreases as the interval between spinal cord injury (SCI) and 
treatment increases (Houle and Ye,'97). This study investigated the possibility that 
this decline in regeneration may be due to continued neuronal cell death long after 
the initial injury response. Adult rats received a C3 hemisection lesion and 
axotomized supraspinal neurons were labeled by retrograde transport of True Blue 
(TB) from the lesion site. Some rats were treated with gel foam saturated with 
neurotrophic factors (BDNF, NT-3 or CNTF) immediately after injury, while others 
had scar tissue removed from the lesion site before trophic factor treatment at 4, 8, 
14 or 22 weeks after injury. Animals were sacrificed 4 weeks after treatment and 
TB-labeled, surviving neurons were counted in the red nucleus (RN) and vestibular 
complex (VST). Control animals were treated with phosphate buffer-saturated (PB) 
gel foam. Immediate treatment with factors had no affect on neuron survival 
compared to treatment with PB. The number of surviving RN and VST neurons was 
significantly increased by BDNF or CNTF treatment at 4 or 8 weeks after injury, 
compared to PB treatment. Survival decreased when CNTF treatment was delayed 
for 14 weeks (down 67% in RN and 40% in VST) or for 22 weeks (down 80% and 
67%). No effects on neuron survival after NT-3 treatment were observed. These 
results indicate a delayed pattern of neuronal cell loss that can be ameliorated, at 
least temporarily, by treatment with various trophic factors long after the initial 
injury. Efforts to promote regeneration by chronically injured neurons should 
consider this progressive decline in neuron number at long post-injury periods for 
the design of optimal interventive approaches. Regeneron Pharmaceuticals 
generously provided BDNF, NT-3 and CNTF. Supported by NIH NS26380.

2 3 .4

THE EFFECTS OF BRAIN DERIVED NEUROTROPHIC FACTOR (BDNF) 
ON AXONAL REGENERATION AFTER PROLONGED MOTONEURON 
AXOTOMY. J. G. Boyd, D. Bennett*, and T. Gordon. Division of Neuroscience, 
University of Alberta, Edmonton , Alberta, Canada, T6G 2S2 

Poor functional recovery often follows peripheral nerve injuries which incur long 
delays between injury and target reinnervation. It has been suggested that the 
declining availability of neurotrophins is at least partially responsible for this 
observation. In this study, the effects of BDNF on motoneuron regenerative 
capacity after prolonged axotomy were examined. In 22 female Sprague Dawley 
rats, the right tibial nerve was cut and its regeneration was prevented by suturing the 
proximal stump to the innervated biceps femoris muscle. After 2 months, the 
proximal stump of the tibial nerve was sutured to a freshly cut common peroneal 
(CP) distal nerve stump in a silastic cuff. Attached to this cuff was a 28 day Alzet 
mini-osmotic pump containing either saline, or 3 doses (2, 12, 20µg/day) of 
recombinant rat BDNF (Regeneron, N.Y.). Four weeks after pump implantation, 
the axons projecting through the CP distal nerve stump were labeled with one of two 
retrograde neurotracers (fluororuby or fluorogold) and the number of labeled 
motoneurons present in the dorsal lumbar spinal cord was counted. Animals that 
received low doses of BDNF (2µg/day) had significantly more labeled (55.8±4.9% 
of intact contralateral side) motoneurons compared to the saline control (33±5.5%), 
medium (l8.5±2.6%), and high (2±0.9%) doses of BDNF. It is known that after 
axotomy, BDNF can preserve the expression of choline acetyl transferase (ChAT) 
which is associated with a motoneuron’s transmitting phenotype. These results 
suggest that apart from its neurotrophic effects at low doses, high doses of BDNF 
may convert the motoneurons from a growing phenotype and re-establish the 
transmitting phenotype, thereby impairing regeneration. (Supported by the Medical 
Research Council of Canada.)

2 3 .6

LONG-TERM EFFECT OF A SINGLE LOCAL DOSE OF BRAIN-DERIVED 
NEUROTROPHIC FACTOR (BDNF) ON MOTONEURON SURVIVAL 
FOLLOWING SPINAL ROOT AVULSION IN THE ADULT RAT. H. Chai1, W. Wu1, 
K-F. So1, D.M.Prevette2, R.W.Oppenheim2, (SPON: The Hong Kong Society of 
Neuroscience), 1Dept. of Anatomy, The University of Hong Kong, Hong Kong, 2Dept. 
Neurobiology and Anatomy, Wake Forest Univ. Sch. of Med., Winston-Salem, NC, USA.

Our previous studies have shown that motoneuron death can be prevented by local 
application of BDNF immediately and continually after spinal root avulsion in the adult 
rat. In the present study the long-term effect of a single dose of BDNF treatment on adult 
motoneuron survival was investigated and compared with that of continuous BDNF 
treatment. Following C7 spinal root avulsion in adult Sprague-Dawley (SD) rats, animals 
were divided into 4 groups. Animals in group 1 received a single dose of BDNF (15 µg), 
which was presoaked in a small piece of gelfoam and was apposed to the avulsed area of 
the cord. Animals in other two groups received the same treatment plus an Alzet osmotic 
minipump, which released BDNF onto the avulsed area continually, at the rate of 0.06 
µg/hr, up to 3 weeks in one group, or 6 weeks in another group respectively. Animals in 
group 4 received vehicle (0.9% NaCl) treatment and served as controls. In the control 
animals, more than 75% of motoneurons expressed NOS by 3 weeks post-injury. By 
contrast, in all BDNF treated animals, less than 2% of motoneurons expressed the enzyme 
by the same time regardless of whether BDNF was given continually or by a single dose. 
Six weeks after the injury, survival of motoneurons in control animals was around 32%. 
Motoneuron survival increased significantly in all BDNF treated animals. By the same 
post-injury time, 80% of motoneurons survived in animals treated with a single dose of 
BDNF, 82% or 90% of them survived with continuous treatment for 3 weeks or 6 weeks, 
respectively. There were no significant differences in motoneuron survival among 
different BDNF treated groups, which indicates that a single dose of BDNF treatment has 
a long-term effect on adult motoneuron survival after axonal injury. (Supported by RGC 
and CRCG grants).
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23.7
R E C O V E R Y  FROM  A SC IA T IC  N E R V E TR A N SE C T IO N  IS 
EN H A N C E D  B Y  T R E A T M E N T  W IT H  N E U R O T R O P H IN -3, BU T  
N O T  N E R V E G R O W T H  FA C TO R . C. Young, E. Miller, D. M. 
Nicklous, J.R. Hoffman * Department o f  Biology, Beaver College, Glenside 
PA 19038.

Many studies have investigated the roles o f  neurotrophic factors in nerve 
regeneration by examining either anatomical recovery (regenerate axon 
count), or functional recovery as measured by sensory and motor behavior. 
This study examined the effects o f  NGF and NT3 on functional and 
anatomical recovery following transection o f  the sciatic nerve. Alzet 
osmotic pumps were implanted to deliver a continuous supply o f  NGF, NT3 
or buffer solution to the stumps o f  the transected sciatic nerve via an 
attached catheter and nerve graft tube Rats were tested weekly to 
determine the extent o f  recovery o f  motor (footprint gait analysis) or 
sensory (skin pinch and warm water withdrawal) function. During the 14 
weeks o f  behavioral testing, there was no difference in motor recovery. 
NGF treated animals showed a slight delay in the onset o f  motor and 
nociceptive recovery. After fourteen weeks, nerves were removed for 
anatomical analysis. Regenerates from NT3 treated animals had 
significantly more axons than control- or NGF-treated animals. This work 
shows that NG F does not enhance anatomical or functional regeneration o f  
the sciatic nerve, while NT3 promotes anatomical but not functional 
recovery following sciatic nerve transection. This work supported by a 
Beaver College Faculty Development Award & the Genentech 
Collaborative Research Program

23.9
REGROWTH OF INJURED DORSAL ROOT AXONS INTO THE SPINAL CORD 
BY ADENOVIRAL VECTOR-MEDIATED NT-3 DELIVERY. ,P.A. Dijkhuizen1*, Y. 
Zhang2, P.N. Anderson2, W.T.J .M.C. Hermens1, M.A.T. Teunis1, A.R. Lieberman2 & J. 
Verhaagen1 l:Graduate School for Neurosciences, Netherlands Institute for Brain 
Research, Amsterdam, the Netherlands. 2: Dept. of Anatomy and Developmental 
Biology, University College London, Gower Street, London, UK.

Following dorsal root injury, sensory fibers normally do not regenerate back into the 
spinal cord. Here, we investigated whether the use of adenovirus as a delivery vector for 
neurotrophin-3 (NT-3) in the ventral part of the spinal cord could promote NT-3 
sensitive sensory fibers to regrow back towards their natural target cells, the ventral horn 
motoneurons. An adenoviral vector encoding NT-3 (Ad-NT-3) was generated, and 
production of vector derived NT-3 mRNA and protein was confirmed by Northern and 
Western blot analysis of Ad-NT-3 infected Vero cells. The biological activity of Ad-NT- 
3 was confirmed on embryonic DRG explants. For the dorsal root injury model, the 4th, 
5th and 6th lumbar dorsal roots were transected and reanastomosed. Fourteen days later, 
l×l0E7 plaque forming units (pfu) of either Ad-LacZ or Ad-NT-3 were infused into the 
lumbar spinal cord. This resulted in strong transgene expression in glial cells and ventral 
motoneurons for 4 to 40 days. Labeling of sensory fibers with cholera toxin subunit B- 
HRP 19 to 30 days after vector injection, revealed a massive ingrowth of regenerating 
dorsal root fibers into the spinal cord grey matter in Ad-NT-3 injected animals. Labeled 
fibers penetrated as deep as lamina V and were concentrated within 0.8 mm of the 
injection site. In contrast, Ad-LacZ injection did not induce re-entry of damaged dorsal 
root fibers. These results show that adenoviral vectors encoding a neurotrophic factor are 
capable of enhancing the regeneration of dorsal root axons into the spinal cord. 
Currently, we are extending these observations with adeno-associated viral vectors 
(AAV) carrying genes for neurotrophins, as these vectors are less toxic and lead to 
longer transgene expression. Supported by NWO-GBMW.

23.11
BDNF ACCELERATES RECOVERY OF LOCUS COERULEUS NEURONS 
FROM CHEMICAL AXOTOMY. S. Borson*, M. S. Butler, and J. Cummings. 
Dept. of Psychiatry and Behavioral Sciences, Univ. of Washington Sch. Med.; Seattle, 
WA 98195.

Locally implanted fibroblasts overproducing NT-3 but not BDNF reduce locus 
coeruleus cell loss after intranuclear injections of 6-OHDA. We used an alternative 
neurotoxicity paradigm to test the hypothesis that NT-3 is selectively neuroprotective for 
the adult LC. Rats received recombinant human NT-3 or BDNF (12 ug/d; cytochrome C 
as control) by unilateral infusion into the frontal cortex and 1 week later either a single 
DP injection of the selective noradrenergic axon terminal neurotoxin DSP-4 (50 mg/kg) 
or saline. Brains were harvested 2 weeks later, timed to coincide with the expected 
period of maximum noradrenergic axonal loss, and axon loss was assessed by 
immunolabeling using a mouse monoclonal anti-DBH antibody (1:10,000, Chemicon). 
Trk B and C expression in the LC was examined in untreated rats by in situ 
hybridization using S35-labeled riboprobes. Results. BDNF induced robust sprouting of 
cortical noradrenergic axons on the side of neurotrophin infusion, whereas the expected 
pattern of axon loss persisted on the uninfused side. NT-3 had minimal effects and 
cytochrome C none. TrkB but not trkC mRNA was strongly expressed in the LC. 
Conclusion: BDNF selectively accelerates recovery of LC axons after chemical axotomy, 
possibly via typical trkB signaling pathways. The ineffectiveness of NT-3 in this model, 
and weak expression of its preferred receptor, emphasize the need for multiple 
approaches to evaluating the neurotrophin responsiveness of neurons in the adult brain. 
This work was supported in part by a grant from the Alzheimer’s Association. Neurotrophins 
were provided by Regeneron (courtesy of A. Altar).

23.8
EFFECT OF NT-3 ON REINNERVATION OF THE FAST EXTENSOR 
DIGITORUM LONGUS (EDL) AND THE SLOW SOLEUS MUSCLE.
M. Simon♦ , G. Terenghi♦ *, R.A. Brown‡, C.J. Green♦ and G.R. Coulton§,
♦ Blond McIndoe Centre, Queen Victoria Hospital, East Grinstead, West Sussex 
RH19 3DZ, UK. § Division of Biomedical Sciences, Imperial College School of 
Medicine, Charing Cross Hospital, Fulham Palace Road, London W6 8RF, UK.‡ 
Department of Plastic and Reconstructive Surgery, University College, London W1P

In a previous study on rat gastrocnemius muscle reinnervation, we showed a 
specific normalisation of the proportion and size of fast type 2b muscle fibers 
following application of NT-3 to regenerating sciatic nerve (Sterne et al., J. Cell 
Biol, 1997). Here, we investigate if normalisation was related to structural/ 
biochemical differences in patterns of reinnervation between the fast and slow motor 
units. Hence, is EDL muscle reinnervated more rapidly than soleus and thereby 
determining an earlier muscle fiber recovery (size and phenotype)?

Fibronectin (FN) mats impregnated with NT-3 were inserted into a 10mm gap 
following sciatic nerve section (NT-3 group). Plain FN mats were inserted in a 
second group of rats (FN group) and a further un-operated group was used as controls. 
The rats were sacrificed at 40 & 80 days post-surgery, muscles removed and labelled 
with TRITC-α-bungarotoxin which localizes acetylcholine receptors at 
neuromuscular junctions (NMJs). Bundles of labelled muscle fibres were either co-
labelled with anti-CGRP or 4E2 antiserum, and NMJs were studied using confocal 
microscopy. CGRP was used as a marker for the presynaptic side. 4E2 antiserum was 
used as its epitope is localized postsynaptically in innervated muscle and is restricted 
to Schwann cells in denervated muscle.

At day 40, all muscles of the NT3 & FN rats were denervated, as 4E2 labelling 
was present only in Schwann cells and NMJs were not contacted by CGRP- 
immunopositive nerve terminals. NMJ surface area decreased (approx. 50%) in both 
EDL & Soleus of NT-3 and FN groups, due wholly to decreased NMJ width. At day 
80 in EDL, more NMJs were reinnervated in the NT-3 group (7.1±O.4%) than the 
FN (4.2±1.0%) group but there was no difference between NT-3 (2.2±1.4%) and FN 
(l.9±1.0%) groups for soleus.

These data support the view that NT-3 preferentially improves fast motor unit 
reinnervation over slow.

23.10
RESCUE OF SENSORY NEURONS BY EXOGENOUS LIF AFTER AXOTOMY. 
J.Powell, J.Munson2, S.B. McMahon and S.W.N. Thompson*. Div. of Physiology. St. 
Thomas’ Hospital Medical School. London, SE1 7EH and 2 Dept. of Neuroscience, 
Uni. of Florida Coll. of Medicine, Gainesville, Florida, FL32610 USA.

The ability of the cytokine, leukemia inhibitory factor (LIF), to reverse 
axotomy-induced changes in adult sensory neurons was tested using the physiological 
measure of conduction velocity (CV) and immunohistochemical analysis of sensory 
neuropeptide and enzme changes in the DRG and spinal cord.

Adult rats underwent tibial axotomy, vehicle or LIF (0.33mg/ml) was 
delivered intrathecally for 2 weeks. CV’s of fast (CV>10ms −1) and slow (CV<2.0ms−1 ) 
sensory fibres were measured from the axotomised nerve. In vehicle treated animals, 
significant slowing of both groups of sensory fibres occured. In LIF treated animals, 
cusum plots for CV’s <2.0ms− 1 were indistinguishable from intact controls. CV’s 
> 10.0ms−1 were similar to vehicle treated controls. In vehicle treated rats there was a 
significant difference in the percentage of neuronal profiles, positive for the TMP 
reaction product, between ipsilateral injured DRG and contraleral uninjured controls 
(24.1± 1.9% vs. 41.6±1.2%). A similar difference was present in LIF treated animals 
(24.3±5.0% vs. 45.7±1.1%). This loss of TMP in the DRG was mirrored by depletion 
in the spinal dorsal horn in both vehicle and LIF treated groups (ratio of staining 
density Axot/Intact; vehicle, 0.048; LIF, 0.025). In vehicle treated animals there was 
also a significant difference in the percentage of neuronal profiles, immunoreactive 
for CGRP, between ipsilateral injured DRG and uninjured contralateral controls 
(31.8±0.5% vs. 55.4±3.3%). In LIF treated animals there was no significant 
difference in the percentage of profiles immunoreactive for CGRP between ipsilateral 
and contralateral DRG’s (42.2±3.1% vs 47.5±1.9). In vehicle treated rats the ratio of 
staining densities of CGRP immunoreactivity in the dorsal horn was low (Axot/Intact;
0.28). Partial rescue of CGRP staining density in the dorsal horn was observed 
following LIF treatment (Axot/Intact; 0.58). Our results indicate that gp190 receptor 
activation may promote the survival of a subpopulation of slowly conducting, CGRP- 
IR sensory neurons following axotomy. Work supported by the MRC

23.12
ANTEROGRADE TRANSPORT OF BDNF FROM THE LOCUS COERULEUS 
TO THE LATERAL SEPTUM: INTERACTIONS WITH CALBINDIN- 
CONTAINING NEURONS. James P. Fawcett*, Mario Alonso-Vanegas, Stephen 
J. Morris, Freda D. Miller, Abbas Sadikot, and Richard A. Murphy Montreal 
Neurological Institute, McGill University, Montreal, Quebec. Canada H3A 2B4 
BDNF is anterogradely transported within the CNS (Fawcett et al., J.Biol.Chem 
272:8837-8840 (1997) and J. Neurosci 18:2808-2821 (1998)), however, the functional 
consequences of this transport have not been well characterized. In this study we 
examined whether BDNF, originating from the locus coeruleus, is anterogradely 
transported to the lateral septum. We show, by confocal microscopy, punctate 
staining of BDNF surrounding neurons of the lateral septum. Double staining using 
a marker for the Ca2++ binding protein, calbindin, shows that some, but not all 
ca!bindin cells within the lateral septum are surrounded by this punctate BDNF 
immunoreactivity. Further, using a TrkB specific antibody, we show that the 
calbindin-containing cells within the lateral septum express TrkB. Transgenic animals 
overexpressing BDNF using the dopamine-beta hydroxylase promoter had increased 
levels of calbindin protein within the septal region, compared to littermate controls. 
Unilateral lesions of the medial forebrain bundle were perfomed, using 6-hydroxy- 
dopamine. Six weeks post lesion, the right and left septal regions were analyzed by 
Western blotting. Levels of BDNF, tyrosine hydroxylase and calbindin, but not 
tubulin, were significantly reduced on the lesion side compared to the non-lesioned 
side. These data suggest that BDNF can be anterogradely transported from the locus 
coeruleus to the lateral septum, and that altering BDNF levels affects calbindin 
expression in the lateral septum. Therefore, one funtion of anterogradely transported 
BDNF may be to provide trophic support to septal neurons. This work is supported 
by M.R.C., Canada (RAM)
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23.13

BDNF IS A T A R G E T -D E R IV E D , N O T A N  A F F E R E N T -D E R IV E D , 
N E U R O T R O PH IC  F A C T O R  F O R  O C U L O M O T O R  N E U R O N S .
T.P.V. S te lje s 1, Y. K in osh ita2 , K .D . K e e f1* , E .F . W h ee ler3 , and C .S . 
von Bartheld1 , 1Dept. of Physiology and Cell Biology, Univ. of Nevada School 
of Medicine, NV 89557, 2 Dept. Neurol. Surgery, Univ. of Washington, and 3Life 
Sciences, Univ. of Texas, San Antonio.

Neurotrophic factors m ay act on m otor neu ron s as target-d erived  
factors, as afferent factors d erived  from  sen sory  ga n g lia , or they  m ay  
act in an autocrine m anner. H ere it w as exam in ed  w h ether B D N F  is a 
target-derived trophic factor for the o cu lo m o to r  n u c leu s (M III) and 
trochlear nucleus (M IV ) in ch ick  em b ry o s. S in c e  th e se  n u cle i lack  
sensory gan g lion  a fferen ts, th e su p p ly  o f  n eu rotrop h ic  factors v ia  
sensory afferents can be exc lu d ed . R ad io -iod in ated  B D N F  as w e ll as 
NT-3, N T -4  and G D N F  w ere transported retrogradely  from  the e y e  
m uscles. B D N F  w as m ore e ffe c tiv e  than G D N F  in en h an cin g  neurite  
outgrowth from  exp lan ts o f  the M III and M IV  n u cle i ( id en tified  by  
retrograde labeling in v iv o  w ith the flu orescen t tracer D iI), w h ile  N T -3  
and N T -4 had no e ffect. Im m u n oreactiv ity  for B D N F  and the B D N F  
receptors trkB and p75 N T R  w as present in ocu lom otor neurons at E  14- 
E 18. In situ h y b rid ization  for B D N F  w a s  p erfo rm ed  on se c t io n s  
through ey e  m u scles , vestib u lar n u cle i and the in terstitia l n u cleu s o f  
Cajal (the m ain sou rces o f  afferent in n ervation ), and the ocu lo m o to r  
complex itself. B D N F  expression  w as detected on ly  in the e y e  m uscles. 
We conclude that the B D N F  w h ich  is u tilized  by ocu lom otor  neurons is 
derived from their target, and that am ong the factors exam in ed  B D N F  is 
the m ost e ffe c tiv e  for the p rom otion  o f  neurite ou tgrow th . Materials 
kindly provided: BDNF, NT-3, NT-4 (R. Lindsay, Regeneron); BDNF antibody (Y.- 
A. Barde, Martinsried); trkB antibody (L.F. Reichardt, F. Lefcort, D.O. Clary); p75 
antibody (H. Tanaka). Supported by NIH grants GM 8194-16 and NS 35931.

23.15

AXONAL TRANSPORT OF NEUROTROPHINS A N D  RECEPTORS 
WITHIN THE SPINAL CORD. JJ Lu, RA Rush and IA Ferguson* 
Department o f Physiology and Centre for Neuroscience, Flinders 
University School o f M edicine, Adelaide, Australia.

Axonal transport o f  BD NF and p75 within the spinal cord o f the adult 
rat was recently demonstrated. In this study we demonstrate axonal 
transport o f NGF, trk A  and trk B and compare the patterns o f  axonal 
transport with that o f  BD NF and p75. The axons which transport the 
neurotrophins or their receptors were identified by severing the spinal 
cord and, 24 hours later, processing the tissue for im m unohistochem ical 
detection of different neurotrophins and their receptors. A xons which 
transport these m olecules could be identified by the accum ulation o f  
antigen at the severed axons ends because axonal transport continued for  
many hours after injury. The pattern o f im m unohistochem ical staining 
for trkA differed from that o f  trkB: A xons transporting trk A  were found  
in the dorsal horn and cuneate funiculus while trk B containing axons  
were located primarily within the cuneate funiculus. A xons which 
transported NGF were located in different regions to those axons 
transporting BDNF. The data is consistent with the concept that 
neurotrophin receptors are involved in the axonal transport o f  
neurotrophins within the axons in the spinal cord in a manner analogous 
to that seen in the peripheral nervous system.

23.17

BRAIN DERIVED N E U R O TR O P H IC  FA C TO R  (B D N F) AND c-FO S  
MEDIATE IN THE INDU C TIO N  O F S O M A TO S TA TIN  (SS) G EN E  BY 
DEPOLARIZATION.L.Cacicedo *, G.Villuendas, N. Palacios, M. Fernández 
and 1F.Sánchez-Franco. Endocrine Services; Hospital Ram ón y Cajal 
and 1CIC, Instituto Carlos III Madrid-28034, Spain.

We have previously demonstrated that K+ and VTD-induced  
depolarization activate the expression of the SS gene. BDNF and c-fos 
are also depolarization-induced genes. BDNF can even upregulate the 
basal expression of SS and c-fos. The aim of this study was to investigate 
whether BDNF and/or c-fos may mediate the K+ and/or VTD-induced SS  
gene. Cultured fetal rat cerebrocortical cells were exposed to 56m M K+ 
and/or 100µM VTD for 5 min to 24h. SS, c-fos and BDNF m RNA levels 
were determined by Northern blot. In some experim ents cells were  
exposed simultaneously to K+ or V TD plus BDN F or fos antisera(As). 
Following the incubation with K+ the induction of these genes was time- 
dependent: c-fos peaked at 5 min and then increased at 6h and w as still 
elevated by 24h; BDNF m RNA levels started to increase at 1h and 
progressively increased up to 24h; SS m RNA levels w ere induced 
between 3-6 h and from then on followed the same pattern as BDNF. After 
24h BDNF-As completely abolished the induction of SS and c-fos by K+ ; 
fos-As completely blocked the induction of SS  by K+ and V TD  and 
reduced by 70%  the K+-induced BDNF. These results demonstrate that 
K+ and VTD-induced SS is mediated by c-fos and BDNF whereas K +  
activated BDNF is partially mediated by c-fos. Late K+- induced c-fos is 
also dependent upon BDNF. On the whole these data indicate the 
existence of a close interrelationship among the molecular mechanisms 
that trigger the induction of c-fos, BDNF and SS following the activation of 
the neuronal membrane.

2 3 .1 4

T A R G E T - D E R I V E D  B D N F  IS  E S S E N T I A L  F O R  T H E  
S U R V I V A L  O F  S O M E  N E U R O N S  IN  T H E  C N S . C .S. von 
B a rth eld 1* and J.E. Johnson2. 1D ept. o f  Physio logy and Cell B io logy, 
Univ. o f Nevada School o f M edicine, NV  89557 an d  2 D ept. o f  Neuro-
biology and Anatomy, Bowman Gray School o f  M edicine, NC 27157.

M any neurons in the P N S d epend on s in g le  neurotrophic factors, 
w h ile  th o se  in the C N S  are th ou gh t to u tiliz e  m any d ifferen t trophic  
factors. H ere w e  dem onstrate that so m e  C N S  neurons cr itica lly  depend  
on on e  particular trophic factor during d ev e lo p m en t. N eu ron s in the 
isth m o -o p tic  n u cleu s (IO N ) o f  ch ick  em b ry o s resp on d  to ex o g e n o u s  
B D N F  (Neuron 12:639, 1994 , NeuroReport 7 :4 7 3 , 1996). R ela tiv e ly  
h igh  lev e ls  o f  en d o g en o u s B D N F  are presen t in the IO N  o f  14-18  day- 
old ch ick  em b ryos. Im m u n olab el for e n d o g en o u s  B D N F  is lo w est in 
p yk n otic  IO N  neurons, in d icatin g  that IO N  neurons w ith  lo w  B D N F  
con ten t are e lim in a ted  by a p o p to sis . B D N F  and B D N F  m R N A  are 
lo ca lize d  in retinal layers w h ich  con ta in  the target c e lls  o f  the IO N . 
B D N F  m R N A  w as not seen  in the IO N  itself. IO N  neurons h ave a very 
e ff ic ie n t  retrograde transport sy stem  for B D N F . E x o g e n o u s  BD NF 
arrives in the IO N  intact. Injection o f  trkB fu sion  proteins in the e y e  (at 
co n cen tra tio n s w h ich  red u ce the retrograde tran sp ort o f  e x o g e n o u s  
B D N F  to the IO N ) enhanced ce ll death o f  IO N  neurons dram atically (less  
than 25%  o f  IO N  n eu ro n s su r v iv e d )  and r ed u ced  th e ir  norm al 
lam ination. E xo g en o u s N T -4  in the e y e  did not increase the survival o f  
IO N  neurons. B D N F -sp ec ific  b lock in g  antibody in the e y e  sign ifican tly  
en h an ced  p y k n o sis  o f  IO N  neurons (by  about 50% ). T h ese  data sh ow  
that B D N F  is an essen tia l target-derived  trophic factor for d ev e lo p in g  
IO N  neurons. Materials kindly provided: BDNF, NT-4 and trkB fusion proteins 
(R. Lindsay, G. Yancopoulos, Regeneron); BDNF antibodies (Y.-A. Barde, 
Martinsried; Q. Yan, Amgen). Supported by NIH grants NS 35931 and EY 11127.

2 3 .1 6

B D N F  S T IM U L A T E S  E X P R E S S IO N , A C T IV IT Y  A N D  R E LE A SE  
O F TISS U E -T Y PE  P L A S M IN O G E N  A C T IV A T O R  IN  C O R T IC A L  
N E U R O N S .
H . Fium elli, D . Tabaudon, P. J. M agistretti an d  J.-L. M artin*.
Institu t d e  P h y s io lo g ie , U n iv ersité  d e  L au san n e, S w itzer lan d .

A lth o u g h  th e p h y s io lo g ica l e ffects o f  B D N F  h a v e  b een  exam in ed  in 
d eta il, th e m olecu lar p ro c e sse s  u nd erly ing its  a c tio n s  rem ain largely  
u n k n ow n . H ere, w e  report that B D N F  stim u la tes  in a tim e- a n d  
con cen tra tio n -d ep en d en t m anner th e ex p ress io n  o f  t is su e -ty p e  
p lasm in ogen  activ a to r  (tPA ) in  prim ary cu ltures o f  cortica l neurons. 
A m o n g  the other m em bers o f  th e  n eurotrop hin  fa m ily , N T -4  a n d  to a 
lesse r  ex ten t N T -3  a lso  in crea se  tPA  m R N A  e x p ress io n , w h ile  N G F is  
d e v o id  o f  an y  effect. In con trast, B D N F  d o e s  n o t regulate the  
ex p ress io n  o f u ro k in a se -ty p e  p la sm in o g e n  activator. In duction  o f tP  A  
ex p ressio n  b y  B D N F  is acco m p a n ied  b y  an  in crease in  th e  p roteo ly tic  
a ctiv ity  o f  tP A  a sso c ia ted  w ith  cortica l n eu ron s a n d  re lea sed  in to  the  
extracellu lar sp a ce . R elease o f  tP A  in d u ced  b y  B D N F  d e p e n d s  on  
extracellu lar C a 2+ s in ce  it is  m ak ed ly  red u ced  in  th e p resen ce  o f  
EG TA. Regulation o f  serin e  p ro tea se  inh ib itors b y  B D N F  w a s  a lso  
exam in ed . A lth o u g h  the exp ression  o f n eu roserp in  a n d  p rotease-n ex in  
1 are n o t a ffec ted  b y  B D N F , p la sm in o g en  a ctiv a to r  inhib itor 2, a 
k n o w n  inhib itor o f  tP A , is u p -regu la ted  in  r esp o n se  to BD N F. 
A lto g eth er  th ese  resu lts su g g est that a c tiv a tio n  o f  tP A  b y  B D N F  m ay  
contribute to  structural ch an ges a s so c ia ted  w ith  neuronal 
d e v e lo p m e n t or sy n a p tic  p lastic ity .
Supported by Swiss National Science Foundation.

2 3 .1 8

LONG-LASTING EFFECT OF BRAIN-DERIVED NEUROTROPHIC FACTOR 
ON NEUROPEPTIDE Y EXPRESSION IN THE HIPPOCAMPUS 
S. Reibel Foisset1, B.T. Lê1, B. Vivien2, Y. Larmet3*, J. Carnahan4, C. Marescaux1. 
A. Depaulis1. 1INSERM U398, Strasbourg, France; 2CNRS-UMR75I8, Strasbourg, 
France; 3CNRS-UMR7519, Strasbourg, France; 4Amgen, Thousand Oaks, USA.

Chronic intrahippocampal infusion of brain-derived neurotrophic factor (BDNF) 
delays hippocampal kindling. This effect outlasts the infusion period by at least 10 
days. Despite the well described acute excitatory effects of BDNF, a possible 
explanation for this long-lasting inhibition is that BDNF triggers gene expression 
upon chronic applications. In particular, it has been shown that BDNF increases 
expression of neuropeptide Y (NPY). Antiepileptic properties have been described for 
NPY, which could therefore act as a possible mediator of the suppressive effects of 
BDNF on kindling. The aim of this study was to examine the long-term evolution of 
NPY overexpression following a chronic treatment with BDNF, in kindled and non 
kindled animals. Adult rats received a chronic unilateral infusion of BDNF (12 
µg/day) in the dorsal hippocampus for 7 days. Kindled rats received twice daily 
electrical stimulations in the dorsal hippocampus ipsilateral to the infusion, which 
was performed during the first week of kindling. NPY expression was evidenced by 
immunohistochemistry and radio-immuno assay on the last day of infusion and 7 and 
14 days after the end of the infusion. In non kindled rats, BDNF induced a strong 
increase in NPY immunostaining in neurons of the dentate gyrus hilus and CA1 
stratum oriens-pyramidale ipsilateral to infusion at all time points studied. 
Hippocampal kindling induced overexpression of NPY in CA1, hilus and mossy 
fibers in PBS-treated rats, as compared to non kindled controls. A similar pattern of 
NPY expression was observed in kindled BDNF-treated rats. Our results show that 
exogenous application of BDNF induces long-term overexpression of NPY in the 
hippocampus with a topography which differs from that caused by kindling. This 
suggests that increase of NPY expression is a possible mechanism explaining the 
suppressive effects of BDNF on hippocampal kindling.
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23.19
p75NTR IMMUNOREACTIVE TERMINALS DIFFERENTIALLY  
INNERVATE HILAR NEUROPEPTIDE Y AND PARVALBUMIN 
INTERNEURONS. K.D. Dougherty* and T.A. Milner, Dept. Neurology and 
Neuroscience, Cornell Univ. Medical College, NY, NY 10021

The cellular associations of septal efferent terminals, identified by 
immunocytochemical labeling for the low affinity p75 neurotrophin receptor 
(p75NTR), with hippocampal interneurons containing either neuropeptide Y (NPY) or 
parvalbumin (PVA) were semi-quantitatively examined at the ultrasrtuctural level. 
For this, the hippocampal formation of adult male rats was processed for electron 
microscopic analysis of single sections labeled with antibodies to p75NTR and NPY 
or PVA. As previously described, NPY-immunoreactive (IR) perikarya and large to 
medium-sized dendrites were mainly located in the central hilar region while PVA-IR 
perikarya and dendrites relatively more abundant in the infragranular zone. 
Immunoperoxidase lableing for p75NTR was located almost exclusively within small 
unmyelinated axons and smal to medium-sized axon terminals; a few profiles 
contained both p75NTR- and PVA-lableing (n=7, out of 181 overall). p75NTR-IR 
axon terminals contacted NPY-IR perikarya and dendrites twice as frequently as they 
contacted PVA-IR perikarya and dendrites (15% of 200 compared to 7% of 181). 
Moreover, p75NTR-IR terminals preferentially contacted both NPY- and PVA-IR 
perikikarya over dendrites: 49% out of 33 NPY-IR somata and 27% out of 11 PVA- 
IR somata observed and 10% out of 143 NPY-IR dendrties and 5% out of 84 PVA- 
IR dendrites. Regardless of target type, p75NTR-labeled axon terminals formed nearly 
equal proportions of symmetric and asymmetric synapses with both NPY- and PVA- 
IR perikarya and dendrites. Our findings demonstrate the p75NTR-IR axon terminals 
predominantly innervate NPY-IR somata rather than PVA-containing somatat in the 
dentate hilus. These findings suggest that cholinergic septohippocampal terminals 
known to contain p75NTR exert a robust modulatory influence upon the hilar NPY- 
IR interneuron population. Supported by NIH grants MH42834, DA08259 and 
HL19874 (T.A.M.) and NIH training grant NS07384 (K.D.D.)

B IO L O G IC A L  E F F E C T S  O F  C Y T O K IN E S  A N D  O T H E R  F A C T O R S  I

24.1
IMMUNOPHILIN LIGANDS: TROPHIC EFFECTS ON 
DOPAMINERGIC NEURONS AND INTRACELLULAR 
MECHANISMS
L.C. Costantini*1, D. Cole2, O. Isacson1 (1) Neuroregeneration Laboratory, McLean 
Hospital, Harvard Medical School, Belmont, MA 02178 (2) Vertex Pharmaceuticals, 
Incorporated, 130 Waverly Street, Cambridge MA 02139

Dopamine (DA) neurons selectively degenerate in Parkinson’s disease (PD). 
Immunophilin ligands can protect the DA system against toxicity in vivo. In 
addition, the immunosuppressive immunophilin ligand FK506 increases elongation of 
neurites from primary DA neurons in culture, whereas a non-immunosuppressive 
immunophilin ligand (without calcineurin inhibitory activity) (V-10,367) increases the 
branching of neurites extended by DA neurons (Costantini et al, Soc. Neurosci. Abstr.
1997). In the current study, we investigate the mechanisms by which immunophilin 
ligands may influence DA neurite branching and elongation.

Primary cultures of E 14 ventral mesencephalon were treated for 2 days with 
immunophilin ligands, and development of neurites from DA neurons was analyzed. 
We found that treatment with FK506 or Cyclosporin A (CsA), compounds which bind 
immunophilins and inhibit the phosphatase calcineurin, enhanced neurite elongation 
from primary DA neurons. In contrast, V-10,367, V-23,734, and rapamycin, 
compounds which do not inhibit calcineurin, induced branching of DA neurites. The 
role of the immunophilin FKBP12 (FK506-binding protein 12kD) was investigated: 
both rapamycin and V-10,367 blocked the FK506-induced elongation, presumably by 
competing for FKBP12 binding sites, thus decreasing the ability of FK5O6 to inhibit 
calcineurin. This suggests that calcineurin inhibition caused by immunophilin ligands 
such as FK5O6 and CsA may be involved in DA neurite elongation, while ligands 
such as rapamycin, V-10,367, and V-23,734 can increase DA neurite branching 
through a non-calcineurin mediated mechanism. The altered phosphorylation states of 
cytoskeleton proteins resulting from calcineurin inhibition may contribute to these 
effects. These compounds may protect striatal DA innervation in PD, and perhaps 
increase reinnervation from fetal DA neuron transplants.
Supported by McLean Hospital, Harvard Medical School, and Vertex Pharmaceuticals, Inc.

24.3
CONTINUOUS ADMINISTRATION OF NEURTURIN INDUCES A 
SUSTAINED UPREGULATION OF NIGROSTRIATAL DOPAMINE 
NEURONS. B .A. Horger*, B. Devaux, D.L. Choi-Lundberg, H.S. Phillips. 
Dept. o f Neuroscience, Genentech, Inc., South San Francisco, CA 94080.

The neurotrophic factor neurturin (NTN) is a homologue o f glial cell 
line-derived neurotrophic factor (GDNF) and utilizes shared receptor 
signaling components. Like GDNF, NTN promotes the survival o f 
dopamine (DA) neurons in vitro and after neurotoxic damage in vivo 
(Horger et al., J. Neurosci., in press). In addition, injection of NTN into 
the striatum leads to neurochemical changes associated with increased DA 
utilization and augments the behavioral response to an amphetamine 
challenge one week post-injection. The present study assessed the ability 
of NTN to produce lasting effects on DA neurons in vivo. Male Sprague- 
Dawley rats received injections of NTN ( 1 or 10 µg) or vehicle into the 
right striatum. Thirty days subsequent to injection, selected brain regions 
were harvested and assayed for content of DA and DOPAC. A separate 
cohort of animals was implanted with osmotic mini-pumps that delivered 
NTN (1 µg/day) or vehicle into the right striatum continuously for 28 days, 
at which time brain regions were harvested. Prior to sacrifice, both groups 
were tested for spontaneous and amphetamine-induced (1 mg/kg, i.p) 
locomotor activity. A single bolus injection of NTN at 1 or 10 µg did not 
affect spontaneous or amphetamine-induced locomotor activity, nor alter 
baseline levels of DA utilization (DOPAC/DA) 30 days later. By contrast, 
prolonged continuous intrastriatal administration of NTN resulted in a 
significant augmentation of amphetamine-induced locomotor activity. 
Continuous adminstration o f NTN did not affect spontaneous locom otor 
activity. This was accompanied by a significant increase in DA utilization 
in the right striatum. These data suggest that acute intrastriatal 
administration of NTN produces transient effects lasting at least a week but 
not 30 days. By contrast, continuous administration of NTN results in a 
sustained upregulation of dopaminergic neurons.

24.2
N E U R T U R IN  S E L E C T IV E L Y  P R O M O T E S  T H E  S U R V IV A L  O F  
D E V E L O P I N G  A N D  A D U L T  N I G R A L  D O P A M I N E R G I C  
N E U R O N S . V id ita  V a id y a *  Peter Å k eru d , Jordi A lb erch 2 , J osep h  
W agn er, and Ernest A ren a s. Laboratory o f  M olecular N eurobiology, 
M BB, Karolinska Institute, Stockholm  17177, Sweden. 2 Department Cell 
Biology and Pathology, Fac. Medicina, Univ. Barcelona, Spain.

T h e in vivo  fu n ction s o f  N eurturin (N T N ), a m em ber o f  the G lia l 
c e ll  l in e -D er iv ed  N eurotrophic Factor (G D N F ) fa m ily , are u n k now n. 
B e c a u se  the s ig n a llin g  ty ro sin e  k in a se  recep tor for N T N , c-ret, is 
present in substantia nigra dopam inergic  (D A ) neurons, w e  stu died  the 
fu n ctio n  o f  N T N  in  that sy stem . P o stn a ta lly , w e  fou n d  that N T N  
m R N A  p ro g r e ss iv e ly  d ecrea sed  in the ventral m ese n c e p h a lo n  and  
increased  in the striatum, co in cid en t w ith  a d ecrease in G D N F  m R N A . 
T h ese  fin d in gs su g g ested  distinct p h y s io lo g ica l ro les for each  factor in 
the nigrostriatal system . W e then ex a m in ed  the fu n ction  o f  N T N  on  
d e v e lo p in g  D A  n eu ron s in ventral m ese n c e p h a lo n  cu ltu res . N T N  
p rom oted  com p arab le  su rv iv a l to  G D N F , but o n ly  G D N F  in d u ced  
sprouting and hypertrophy. W e n ext ex a m in ed  the ab ility  o f  N T N  to 
prevent the 6-O H D A -in d u ced  lo ss  o f  adult brain D A  neurons in vivo. 
Fibroblasts g en etically  en g in eered  to overexp ress G D N F  or N T N  w ere  
grafted supranigrally . N T N  w a s found to b e as p oten t as G D N F  at 
p reven tin g  the death o f  nigral D A  neurons, but on ly  G D N F  ind u ced  
sta in in g, sprouting, and hypertrophy in th is c e lls .  In co n c lu sio n , our 
resu lts sh ow  a potent and se le c tiv e  su rvival prom oting e ffe c ts  o f  N T N  
o v er  w id er survival, n eu ritogen ic , and hypertrophic e ffe c ts  o f  G D N F  
on D A  neurons in vitro and in v iv o . S u ch  d ifferen ces  m ay und erlie  
u n iq u e  ro le s  for ea c h  factor in  p ostn ata l d e v e lo p m e n t, and m ay  
u ltim a te ly  be e x p lo ite d  in th e treatm en t o f  P a r k in so n ’s D ise a se .  
Supported by BIOMED Program of the European Commission and Swedish MRC.

24.4
NEURTURIN PROTECTS DOPAMINERGIC NEURONS FOLLOWING MEDIAL 
FOREBRAIN BUNDLE AXOTOMY. J.L. Tseng1*, S.L. Bruhn2, A.D. Zurn1, P. 
Aebischer1. 1Division of Surgical Research and Gene Therapy Center, CHUV. 
Pavilion 4, Lausanne, Switzerland 1011; 2CytoTherapeutics, Inc., 701 George 
Washington Highway, Lincoln , RI, USA 02865

Parkinson’s disease (PD) is characterized by the progressive loss of the 
substantia nigra (SN) dopaminergic neurons projecting to the striatum. Neurotrophic 
factors may have the potential to prevent or slow down the degenerative process 
occurring in PD. To that end, we examined whether neurturin (NTN), a recently 
identified homolog of glial cell line-derived neurotrophic factor (GDNF), continuously 
released from polymer-encapsulated genetically engineered cells is able to prevent the 
loss of tyrosine hydroxylase immunoreactivity (TH-IR) in SN neurons and ameliorate 
the amphetamine-induced rotational asymmetry (AIRA) in rats that have been 
subjected to a unilateral medial forebrain bundle (MFB) axotomy. Baby hamster 
kidney (BHK) cells transfected with the cDNA for NTN were encapsulated in a 
polymer fiber and implanted unilaterally at a location lateral to the MFB and rostral to 
the SN. One week later, the MFB was unilaterally axotomized ipsilateral to the 
capsule placement. Seven days later, the animals were tested for AIRA and sacrificed. 
The striatum was excised and analyzed for catecholamine content, while the SN was 
immunostained for the presence of TH-IR. ELISA analysis revealed that the explanted 
capsules release an average of 106 ng NTN/capsule/day. NTN did not prevent the loss 
of dopamine in the striatum. However, it significantly rescued TH-IR neurons in the 
SN pars compacta (51.4% vs 16.2%; NTN vs. BHK). However, unlike GDNF, NTN 
did not reduce the number of turns ipsilateral to the lesion under the influence of 
amphetamine (6.9 vs 7.3 turns/minute; NTN vs. BHK). These results demonstrate 
that the continuous release of low levels of NTN close to the SN is capable of 
protecting nigral dopaminergic neurons from an axotomy-induced lesion.
Partially supported by the Swiss National Science Foundation.
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24.5
EFFECTS OF NEUREGULIN ON RAT DOPAMINERGIC NEURONS IN 
CULTURE. M.-G. Zurich*1, P. Fedi2, M. Chen1 and M. Blum1  1Fishberg Res. 
Ctr for Neurobiology and 2D.H. Ruttenberg Cancer Ctr. The Mount Sinai Medical 
Center, New York, NY 10029.

Neuregulins are a family of polypetides arising from alternative splicing of at 
least 4 different genes. They bind directly to erb-B3 and erb-B4 which are members 
of the EGF receptor family. Binding of the ligand induces receptor dimerization, 
and hetero-dimerization allows neuregulin-dependent activation of erb-B1 (EGF 
receptor) and erb-B2. In the CNS, neuregulins and their receptors promote the 
proliferation and survival of oligodendrocyte progenitors while inhibiting their 
differentiation. Neuregulins also promote the survival and maturation of astrocytes 
and are essential for neuronal migration.

We have recently demonstrated that dopaminergic neurons in the substantia nigra 
express erb-B4. In order to test whether neuregulins, like EGF, act as neurotrophic 
factors for these cells, primary cultures of E16 rat mesencephalon were treated with 
neuregulin-β 3 hours after plating. High affinity dopamine (DA) uptake was 
analyzed at days in vitro (DIV) 5, 10, 15 and 20. Results showed that neuregulin 
induced a slight increase in DA uptake at DIV 10 (18%) but initiated a robust 
decrease at DIV 15 (44%) and DIV 20 (60%), compared to untreated controls. At 
DIV 20 the counts of tyrosine hydroxylase immunoreactive cells showed a decrease 
in the number of DA neurons in the neuregulin treated cultures. Furthermore, the 
remaining neurons exhibited shorter processes compared to controls. These results 
indicate that neuregulin may not be a neurotrophic factor for DA neurons in vitro, 
and suggest that neuregulin may in fact inhibit their development. 
Immunocytochemical characterization of erb-B receptors expression in DA neurons 
and astrocytes is currently being performed in order to determine which signaling 
pathways are likely to be involved in this process. (Supported by NIH grant# 
AG08583).

24.7
AMELIORATION OF 6-H Y D R O X Y D O P A M IN E  IN D U C E D  
NIGROSTRIATAL D A M A G E  B Y  M O N O S IA L O G A N G L IO S ID E  
GM1. H.-M. H w an g*. D epartm ent o f  A natom y, Chang G ung  
University, C ollege o f  M ed icin e, Taoyuan, Taiwan, ROC.

It has been dem onstrated that chronic adm inistration o f  
m onosialoganglioside GM 1 could partially restore striatal dopam ine  
level follow ing the production o f  M P T P -in d u ced  lesion . In order to  
examine possib le e ffect o f  G M 1 on dopam inergic restoration from 6- 
hydroxydoapmaine (6-O H D A ) induced lesion , m ale adult rats w ere  
given unilateral intrastriatal in jection  o f  GM 1 (1 0 0  µM ) either in 10
µl/10  min once or 200  µl in A lzet o sm o tic  pum p over 7 days, after 2 µl 
o f 6-OHDA ( 10 m g/m l) w as in jected  into the substantia nigra (S N ) o f  
the same side. There w as no sign ifican t d ifferen ce in the locom otion  
between groups one m onth after treatm ent. W h ile  sy stem ic  injection o f  
amphetamine (5 m g/kg) caused m ore rotation tow ard 6-O H D A  treated  
side in rats, G M 1 treatm ent reduced the rotation. Im m unocytochem ical 
staining with antiserum against tyrosine h yd roxy lase  (T H ) indicated a 
severe loss o f  TH (+) neurons in S N  caused  by 6-O H D A , w h ich  could  
be prevented by GM1 treatm ent. A lthough m echan ism  o f  G M 1 action  
on neurons is not yet fu lly  elu cidated , it is su g g ested  that G M 1 ow n s  
potential to protect dopam inergic neurons from  6-O H D A  toxicity.
(This work was supported by the grants N S C -8 7 -2 3 1 4 -B -182-045  M 3 5 
from the National S c ien ce  C ou ncil o f  R O C  and N M R P 1 3 8  from Chang  
Gung M edical Research Foundation)

24.9
PROTECTIVE EFFECT OF IN TRA STRIA TA L G RAFTIN G  OF 
ENCAPSULATED GDNF-PRODUCING CELLS IN A RAT MODEL OF 
PARKINSON'S DISEASE
T. Shingo, I. Date*, H. Yoshida, K. Fujiwara, T. Ohmoto. Dept. of Neurological 
Surgery, Okayama Univ. Med. Sch., Okayama 700-8558, Japan.

Glial cell line-derived neurotrophic factor (GDNF) has been shown to 
possess potent neurotrophic effects on dopaminergic (DA) neurons. In this 
study, we established baby hamster kidney (BHK) cells in which hGDNF 
cDNA was introduced to produce hGDNF (BHK-GDNF) using cationic 
liposome. These cells or nontransfected BHK control cells (BHK-control) 
were encapsulated in the hollow fibers consisted of semipermeable membrane. 
Encapsulated BHK-GDNF or BHK-control cells were grafted into the right 
striatum of adult female Sprague-Dawley rats. Seven days after implantation, 
6-hydroxydopamine was injected into the right striatum 0.5 mm apart from 
the capsules and protective effect of GDNF on DA neurons was investigated. 
The weight of rats receiving BHK-GDNF capsule did not decrease. Histological 
examination of the retrieved capsule from the brain 2 months after implantation 
revealed good survial of BHK cells and GDNF production from the encapsulated 
cells was approximately 7-8ng/day/capsule. Rats receiving BHK-GDNF 
capsule showed a significant reduction (80-90%) of apomorphine-induced 
rotation while those receiving BHK-control capsule did not. The number of 
DA neurons in the right substantia nigra and the density of DA fibers in the 
right striatum were greater in animals receiving BHK-GDNF capsule than 
those receiving BHK-control capsule. These results indicate that encapsulated 
hGDNF producing cells can supply GDNF into the brain in a stable fashion 
and show protective effect on host DA neurons. This grafting technique is 
expected to be applied for patients with Parkinson's disease.

24.6
INHIBITION OF MPP+ TOXICITY IN RAT MESENCEPHALIC 
DOPAMINERGIC CELL CULTURES BY D-(-)-β-HYDROXYBUTYRATE.
T. Takeshima,1* Y. Kashiwaya,1 K. Nakashima,1 J.W. Commissiong,2
R .L.Veech3, 1Div. Neurol., Inst. Neurol. Sci., Tottori Univ. Fac. Med., 36-1 
Nishimachi, Yonago 683-8504, Japan; 2Neurotrophic Res. Corp., 8200 Wisconsin 
Ave./Ste 100, Bethesda, MD 20892; 3LMBB-NIAAA, NIH. Rockville, MD 20852.

D-(-)-β-hydroxybutyrate (DBHB) is a normal substrate for brain producing the 
reducing agent NADH. We tested the hypothesis that DBHB could protect 
mesencephalic dopaminergic neurons (MDNs) from oxidative stress induced by 1- 
methl-4-phenylpyridinium (MPP+), which kills dopaminergic neurons in an in vitro 
model of Parkinson’s disease. MDNs were plated as microisland cultures, with a 
high (20%) percent of tyrosine hydroxylase (TH+) neurons, as described previously 
(Takeshima, et al., J. Neurosci. Meth. 67: 27-41, 1996). The cultures were primed 
with 10% fetal calf serum for 12 hr, then switched to a serum-free medium. After 5 
days in culture (DIV5), cultures were exposed to MPP+. At DIV7 the cells were 
double-stained using anti-MAP2 and anti-TH antibodies. In response to 0, 1.0, 5.0 
and 10 µM MPP+, the survival of TH+ neurons was: 65 ± 6, 30 ± 3*, 18 ± 3* and 10
± 3*/mm2 respectively (Mean ± SEM, N=20; p<0.001, ANOVA. *:p<0.05 vs control, 
Student-Newman-Keuls post hoc test). The numbers of MAP2+ neurons were 485±32, 
464±23, 514±25 and 437±29m/mm2 respectively, in the same cultures (Mean ± SEM, 
N=20; N.S., ANOVA). In other experiments, cultures were treated with DBHB (4.0 
mM) 12 hr before applying MPP+. In response to DBHB plus the same regiment of 
MPP4 (see above), there was a significant increase in the survival of TH+ neurons as 
follows: 64 ± 7, 46 ± 6, 48 ±5 and 30 ± 6/mm2 respectively (Mean±SEM, N=20). 
The corresponding numbers of MAP2+ neurons were 476±34, 466±30, 549±29 and 
540±27/mm2 respectively. The survival of TH+ neurons after treatment with 5 and 
10 µM MPP+ plus DBHB, was significantly greater versus survival in cultures treated 
with MPP+ alone (p<0.01, Wilcoxon test). DBHB attenuated the toxic action of 
MPP+ on cultured TH+ MDNs, and could be a potential candidate for use in the 
treatment of Parkinson’s disease. Supported by the Min. Edu.&Sci., Govt. of Japan.

24.8
C L IN IC A L A N D  P A T H O L O G IC A L  E V A L U A T IO N  O F PA TIEN T  
W ITH  P A R K IN S O N ’S D ISE A SE  (P D ) FO LLO W IN G  
IN T R A C E R E B R O V E N T R IC U L A R  (IC V ) G D N F, S. Palfi1, C. 
Com ella1, J. Jaglin1, R.D. Penn2,  E .J . Cochran1,3*, Theodora Kladis1, E .-Y . 
C hen1 and J.H. k o rd o w er1 1Dept. o f  Neurological Sciences, 
2Neurosurgery, and P ath ology3, Rush-Presbyterian-St. Lukes M ed. 
Center, Chicago 111. 60612

Rodent and nonhuman primate laboratory studies have demonstrated 
that glial derived neurotrophic factor (GDNF) is a potent trophic factor 
for nigrostriatal neurons. Based upon these data, a clinical trial testing 
the effects o f  G DNF in patients with PD is underway. One o f  the patients 
in this trial was a 65 year old man with a 22 year history o f PD. He had 
an excellent levodopa response com plicated by severe m otor  
fluctuations. In 1996, he received m onthly icv injections o f GDNF or 
vehicle in a double-blind study for 6 months followed by m onthly  
injections o f  G DNF for 6 months in doses up to 30 0 µg. All injections 
were made into the right lateral ventricle. Clinical changes were observed  
on som e PD measures. One month follow ing his last G DNF injection, he 
died suddenly from respiratory arrest. Fixation o f  the brain ensued 6h 
thereafter. Pathological analyses o f  the nigra revealed significant loss o f  
neurons, free neuromelanin, and Lewy bodies confirm ing the clinical 
diagnosis o f  PD. Preliminary neuroanatomical analysis, revealed dense 
tyrosine hydroxylase (TH-ir) staining along the m edial rim o f  the right 
caudate nucleus. The staining intensity in the right caudate was greater 
than what was seen on the left. However, the area o f  TH-ir within the 
caudate was less than what has previously been seen in som e control PD 
patients. Very sparse TH-ir staining was observed in the putamen 
bilaterally. A comprehensive analysis o f  the brain and spinal cord is 
currently underway and the effects o f  G DNF in the nigrostriatal system  
will be presented. (Supported b y A M G E N  and the U P F).

24.10
IMPROVED SURVIVAL OF FETAL PORCINE DOPAMINERGIC 
NEURONS CO-CULTURED WITH A CONDITIONALLY IMMORTALIZED 
GDNF-PRODUCING HIPPOCAMPAL CELL LINE M. Meyer1*, A. Dahl- 
Jorgensen1, J. Johansen2, T. E. Johansen2, A. Moller2, and J. Zimmer1, 1Department 
of Anatomy, Odense Univ., Denmark and 2NeuroSearch A/S, Glostrup, Denmark.

Intracerebral transplantation of fetal nigral tissue is used as an experimental 
therapy for patients suffering from severe Parkinson’s disease. The quality of the fetal 
donor tissue is critical for graft survival and integration. Glial cell line-derived 
neurotrophic factor (GDNF) is a potent survival factor for nigrostriatal dopaminergic 
neurons. The present study aimed at investigating the survival of porcine 
mesencephalic dopaminergic neurons co-cultured with transfected, immortalized 
temperature sensitive GDNF-releasing HiB5 cells derived from the rat hippocampus. 
Embryonic-day-28 ventral mesencephalic porcine brain slices (400µm) were placed 
on porous membranes (8 slices/membrane) as inserts in 6-well plates with serum 
containing medium. At day zero. 7000 HiB5-GDNF or 7000 HiB5-control (non- 
GDNF producers) cells were seeded on top of each tissue slice. The co-cultures were 
first grown in an incubator at 33°C for 48 hours, allowing the HiB5 cells to 
proliferate, before transferred to 37°C. where the HiB5 cells differentiate. At various 
time-points, the culture medium was collected and used for GDNF-ELISA and HPLC 
analysis for dopamine and 3,4-dihydroxyphenyl-acetic acid (DOPAC). At day 21 in 
vitro, cultures were fixed and immunostained for tyrosine hydroxylase (TH). The 
concentration of GDNF in the culture medium was 0.75 ± 0.26 ng/ml at day 9 and 
0.25 ± 0.07 ng/ml at day 19 (mean±SEM). At day 12. the medium from HiB5-GDNF 
co-cultures contained 2.03 times more dopamine than the medium from HiB5-control 
co-cultures At day 21 there was 1.88 times more dopamine. Similar results were 
obtained for the dopamine metabolite DOPAC. Cell counts showed that HiB5-GDNF 
co-cultures contained 1.53 times more TH-immunoreactive neurons than HiB5- 
control co-cultures (p<0.05). In conclusion, the better survival of HiB5-GDNF co-
cultures is promising for the development of an effective treatment of fetal nigral 
donor tissue prior to or in connection with intracerebral grafting. Supported by the 
Danish Parkinson Foundation, the Danish MRC, and the EEC Biomed 2 program.
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24.11
THE EFFICACY OF INTRACEREBRAL GLIAL CELL LINE-DERIVED 
NEUROTROPHIC FACTOR (GDNF) IN PALLIDOTOMIZED RHESUS 
MONKEYS Z. Zhang1*, S.S. Jiao2, F.Collins2, D. Hill2, and D.M. Gash1 1. 
Anatomy and Neurobiology, University of Kentucky, Lexington, KY 40536; 2. 
Amgen, Inc., Thousand Oaks, CA 91320

Pallidotomy is now being used clinically for the treatment of Parkinson’s 
disease. GDNF has been demonstrated to exert potent stimulatory and protective 
effects on midbrain dopamine neurons in rodents and nonhuman primates. The 
present study was designed to evaluate the effect of GDNF on parkinsonian rhesus 
monkeys, which have undergone pallidotomy. Eight hemiparkinsonian monkeys 
received MRI-guided radiofrequency lesions of the right middle globus pallidus. 
Six months following the pallidotomy, animals were randomly divided into two test 
groups, vehicle (n=2) and GDNF treated (n=6). Vehicle or 1000µg GDNF was 
injected into the right lateral ventricle (ICV) every four weeks using standard MRI 
guided procedures. Five out of eight monkeys exhibited improvements ranging 
from 26-45% in their parkinsonian scores after pallidotomy. Three features, 
bradykinesia. rigidity and tremor, showed significant improvement immediately 
following the pallidotomy. However, only the decrease in tremor was maintained 
through the entire course of the study. Other parkinsonian features and the total 
score slowly returned to pre-pallidotomy levels over 10 weeks. GDNF treatment 
did not reverse this trend. No significant behavioral improvements were seen 
following GDNF administration in any of the trophic factor recipients. The results 
of the present study demonstrate that unilateral pallidal lesions improve 
parkinsonian features over 10 weeks in rhesus monkeys with MPTP-induced 
parkinsonism. GDNF treatment, which significantly reduces parkinsonian features 
in non-pallidotomized monkeys, did not significantly benefit pallidotomized 
animals. The results suggest that neural circuitry in the globus pallidus may play an 
important role in GDNF-induced behavioral improvements in MPTP-treated rhesus 
monkeys. Supported by Amgen, Inc.

24.13
ENDOGENOUS GDNF MEDIATES ADAPTIVE CHANGES IN THE 
MESOLIMBIC DOPAMINE SYSTEM DURING CHRONIC DRUG EXPOSURE. 
Chad J. Messer1*, W.A. Carlezonl , Liya Shen2, Heiner Westphal2, Klaus D. Beck3, 
and Eric J. Nestler1, 1Division of Molecular Psychiatry, Yale Univ. Sch. of Med., 
New Haven, CT 06508; 2 National Institute of Child Health and Human 
Development, Bethesda, MD 20892; 3 Amgen, Inc., Thousand Oaks, CA 91320.

While neurotrophic factors are best understood for their role in neuronal growth 
and differentiation during development, they have more recently been shown to exert 
powerful neuroprotective effects on adult neurons and have also been proposed to 
mediate neuronal plasticity in the adult brain. However, evidence for this latter 
action has been difficult to obtain in an in vivo setting. In the present study, we 
provide such evidence by demonstrating the involvement of GDNF (glial-derived 
neurotrophic factor) in the neural plasticity associated with drug addiction.

Several lines of evidence support this conclusion. First, continuous infusion of 
GDNF directly into the VTA (ventral tegmental area)---a dopamine-rich region 
known to be an important neural substrate for cocaine, opiates, and other drugs of 
abuse-was shown to prevent the ability of cocaine or morphine to produce some of 
their characteristic biochemical adaptations in this region and the NAc (nucleus 
accumbens)--one of its major projection areas. Second, such GDNF infusions were 
shown to reduce the rewarding properties of cocaine in a conditioned place preference 
paradigm, an effect seen over a wide range of doses. Third, intra-VTA infusion of an 
anti-GDNF antibody, which is known to block the actions of GDNF in vitro, 
potentiated the rewarding properties of cocaine as well as cocaine’s ability to elicit 
biochemical adaptations in this brain region. Fourth, the rewarding properties of 
cocaine were similarly potentiated in heterozygous GDNF knockout mice.

Together, these data demonstrate a role for endogenous GDNF in maintaining 
normal homeostasis of the VTA dopaminergic system as well as mediating some of 
the adaptive changes in the system that occur during chronic drug exposure. 
(Supported by DA 10160)

24.15
A L T E R A T IO N S  O F  A N T IO X ID A N T  E N Z Y M E  S Y S T E M S  A N D  
B E H A V IO R  IN  R A T S  B Y  I N T R A S T R I A T A L  IN J E C T IO N  O F  
G L IA L  C E L L  L IN E -D E R IV E D  N E U R O T R O P H I C  F A C T O R . C .C . 
C h a o 1 a n d  E .H .Y . L e e 2* , 1Grad. Inst. of Life Sci., Natl. Def. Med. Ctr. and 
2Inst. of Biomed. Sci., Academia Sinica, Taipei, Taiwan, ROC.

The formation of reactive oxygen species and the onset of oxidative stress 
lead to oxidative damage to dopamine (DA) neurons in the substantia nigra is 
the current belief of one of the pathogeneses of Parkinson’s disease (PD). It 
has been suggested that neurotrophic factors may play an important role in the 
detoxification of free radicals generated by oxidative stress. Glial cell line- 
derived neurotrophic factor (GDNF) has been identified as a trophic factor for 
midbrain DA neurons. It is also considered as a potential therapeutic agent for 
PD, while the pharmacological mechanism of GDNF is not well known. 
Therefore, we have investigated whether GDNF protects DA neurons through 
the antioxidant defense system. Adult male Sprague-Dawley rats (250-350g) 
were acufely ( 1µg) or chronically (0.75 µg/day for 5 days) treated with 
recombinant human GDNF (rhGDNF) through intra-striatal injections. Results 
indicated that acute rhGDNF injection increased glutathione peroxidase (GPx) 
(F =  8.26, p <  0.05) and superoxide dismutase (SOD) (F =  8.97, p <  0 .0 1) 
activities in the striatum, while it did not affect lipid peroxidation, as 
measured by malondialdehyde and 4-hydroxy-2(E)-nonenal, and locomotor 
activity in rats. Chronic GDNF treatment markedly increased GPx activity (F 
=  8.37, p <  0.05) in the striatum and locomotor activity in rats (F =  5.50, p <  
0.05). These results together suggest that intrastriatal injection of GDNF 
enhances dopaminergic function probably through activation of the 
antioxidant enzyme systems. (Grant NSC 8 7 -2 3 14-B -001-017-M 35, Taiwan)

24.12
CHRONIC INTRACEREBRAL INFUSION OF GLIAL CELL-LINE 
DERIVED NEUROTROPHIC FACTOR (GDNF) IN PARKINSONIAN 
RHESUS MONKEYS. R. Grondin1*, Z. Zhang1, K. Beck2,  D. Hilt2 , D. 
Elsberry3 and D.M. Gash1. 1Anatomy and Neurobiology, Univ. of Kentucky Medical 
Center, Lexington, KY 40536; 2AMGEN Inc., Thousand Oaks, CA 9 1320 and 
3Medtronic Inc., Minneapolis, MN 55432

All studies our group has conducted to date evaluating the effects of GDNF on 
parkinsonian monkeys have involved single intracerebral injections spaced at least 
one month apart. Efficacious GDNF dose levels using this approach range from 100 
to 1000 µg/bolus injection. It is quite possible that chronic infusions of lower levels 
of GDNF would produce the same or enhanced functional improvements as bolus 
injections. Thus, we tested efficacy of chronically delivering a small dose of GDNF 
into female rhesus monkeys with MPTP-induced parkinsonian features. For this 
purpose, a premanently indwelling catheter was surgically implanted into the right 
lateral ventricle, using stereotaxic procedures guided by magnetic resonance imaging, 
and attached to a model 8631 Medtronic SynchroMed™ pump implanted s.c. in the 
abdominal region. Vehicle (citrate buffer) was infused the first month, which was then 
followed by chronic infusion of GDNF (6.25 µg/day) over a 2 month period. 
Standardized video taped behavioral tests were used to rate parkinsonian features using 
a nonhuman primate rating scale.

This study shows that 6.25 µg/day of GDNF chronically infused in the lateral 
ventricle produces improvements in parkinsonian features. GDNF recipients showed 
significant functional improvements by 3 weeks post-treatment, which continued for 
the remainder of the 2 month test period. Improvements were found in 3 of the 
cardinal features of Parkinson's disease: bradykinesia, rigidity and postural stability. 
Side-effects from GDNF chronic infusion were limited to a transient weight loss. 
Clearly, chronic delivery of GDNF shows considerable promise for continued 
investigation as an alternative approach for the treatment of Parkinson's disease. 
Supported by AMGEN Inc. and Medtronic Inc.

24.14
GDNF PARTIALLY PROTECTS TRANSPLANTED FETAL 
DOPAMINERGIC NEURONS AGAINST 6-OHDA TOXICITY. D.M. Yurek1* 
and A. Fletcher-Turner1. Departments of 1Surgery/Neurosurgery and 2Anatomy & 
Neurobiology, Univ. of Kentucky College of Medicine, Lexington, KY 40536.

GDNF has been shown to neuroprotect adult dopaminergic neurons against 6- 
hydrodroxydopamine (6-OHDA) toxicity with only modest improvements in motor 
function in the hemiparkinsonian rat model. We used the rotational model to 
determine if transplant-mediated attenuation of rotational behavior can be protected 
by GNDF after infusion of 6-OHDA into the transplant.

Male Sprague-Dawley rats were given unilateral 6-OHDA lesions and 
subsequently received intrastriatal implants of fetal tissue dissected from the ventral 
mesencephalic region from a single E 14 fetus. Transplants were allowed to 
integrate with the host for a period of 4 weeks before amphetamine-induced 
rotational behavior was reassessed. Transplanted animals were then divided into 4 
counterbalanced groups according to their pre- and post-transplantation rotational 
scores and each group received one of the following combination of treatments: (1) 
PBS+8.0 µg of 6-OHDA, (2) PBS+4.0 µg of 6-OHDA, (3) GDNF+8.0 µg of 6- 
OHDA, and (4) GDNF+4.0 µg of 6-OHDA; in all treatments either 2.0 µl of sterile 
PBS or 10 µg of GDNF dissolved in 2.0 µl of PBS was infused adjacent to the 
transplant 6 hours prior the infusion of 6-OHDA.

Three weeks after the 6-OHDA treatment, all groups showed an increase in 
ipsilateral rotational behavior, however only those animals in the PBS+ 8.0 µg of 6- 
OHDA group exhibited amphetamine-induced rotational behavior that reverted back 
to pre-transplantation scores. The GDNF+8.0 µg of 6-OHDA group showed an 
increase in ipsiversive rotational behavior, however, it remained lower than pre-
transplantation scores and was only half of the increase observed in the PBS+8.0 µg 
of 6-OHDA group. Results of the histological analysis of transplants will be 
reported. This research was supported by NS29994 and NS35890.
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25.1
BOTH p75 and Trk RECEPTORS AFFECT THE PHENOTYPE A N D  
SURVIVAL OF BASAL FOREBRAIN CHOLINERGIC NEURONS. L. Cain*. 
Dept. Of Anatomy and Neurosciences. Univ. o f  Texas, M edical Branch, 
Galveston, Texas 77555

Trophic factors play an important role in regulating the development 
and survival o f  basal forebrain cholinergic neurons. The m ost well-known  
factors that are reported to affect these neurons are nerve growth factor(NGF), 
brain-derived neurotrophic factor (BDN F), neurothrophin-3 (NT-3), and 
neurotrophin-4 (NT-4). The functional role o f  these factors are closely  related 
to the high affinity, Trk receptors. Basal forebrain cholinergic neurons contain 
receptors for both the low  affinity p75 receptor and Trk. From preliminary 
observations we report that both receptors affect the phenotype and survival o f  
these neurons. 100ng/ml o f  NGF does not affect the survival o f  the cholinergic 
neurons. However, 1000ng/ml results in a increase in cholinergic neuron number 
when compared to controls. W e have also observed that K-252a, an inhibitor 
to Trk, significantly decreases cholinergic cell number. W hen treating cultures 
with both Trk and NGF (50ng/m l) there was even a greater decrease in cell 
number then when using only K -252a. W e have also observed that basic 
fibroblast growth factor is able increase cholinergic neuron number in postnatal 
day 2 rats in the presence o f  K-252a, but is not able to increase cholinergic 
neuron number in embryonic day 18 cultures in the presence o f  K -252a. These 
results indicate the diversity o f  the function o f  the low  and high affinity receptor 
in the survival o f  basal forebrain cholinergic neurons.

Supported by UTMB Small Grant.

25.3
TRKA-P75 INTERACTIONS ARE REQUIRED FOR OPTIMAL NGF- 
DEPENDENT NEURITE GROWTH OF POSTNATAL DRG NEURONS. 1C 
Kimpinski*, S. Jelinski and K.M. Mearow. Basic Medical Sciences, Memorial 
University of Newfoundland, St. John’s, NF Canada.

The objective of the present study was to determine the contributions of trk A and 
p75 neurotrophin receptors to NGF-dependent neurite growth in adult rat sensory 
neurons. Our studies utilized several experimental manipulations in both 
compartmented and mass cultures of adult DRG neurons. Immunoprecipitation and 
western analysis were used to show that neurites growing into NGF-containing 
distal compartments express only trkA (but not trk B or C) receptor, as well as p75. 
This NGF-dependent distal neurite elongation was blocked by K252a, pointing to 
the requirement of trkA for neurite growth. To address the contribution of p75, we 
used excess BDNF (which competes with NGF for p75) or MC192 (an antibody 
against p75) in the distal NGF-containing compartments. These manipulations 
resulted in decreased neurite elongation as compared to controls, with MC192 
having a more pronounced effect; a similar decrease in neurite growth was also 
observed in mass cultures. Further, BDNF, and to a greater extent MC192. also 
decreased neurite regrowth following axotomy of neurites which had previously 
grown into the distal compartments. Investigation of potential signalling events 
demonstrated that BDNF, and to a lesser extent MC192. attenuated trkA 
phosphorylation by NGF. As one method of investigating the possibility that p75 
signalling pathways are activated by these ligands (rather than simply interfering 
with NGF-trk interactions), we examined NFkB activation. The results indicated 
that p75 is activated by MC192 alone, as well as in combination with BDNF or 
NGF, as demonstrated by increased numbers of neurons exhibiting NFkB nuclear 
localization. We conclude that binding of NGF to trkA and p75 is required for 
optimal NGF-dependent neurite growth in adult sensory neurons. Further. MC192 
activation of p75 may initiate p75-dependent signalling pathways that may inhibit 
neurite growth. Supported by the NeuroScience Network and NSERC.

25.5
INVOLVEMENT OF THE ZINC FINGER PROTEIN NRIF IN THE SIGNAL 
TRANSDUCTION MECHANISM OF THE p75 RECEPTOR. Elisabeth Casademunt. 
Bruce D. Carter1, Jose M. Frade, Georg Dechant* and Yves-A. Barde. Dept. 
Neurobiochemistry, Max Planck Institute of Neurobiology, 82152 Martinsried, 
Germany, and 1Ctr. Mol. Neurosci., Vanderbilt Univ. Med. School, Nashville, TN 
37232, USA.

NRIF (Neurotrophin receptor interacting factor) was identified in a yeast 2-hybrid 
screen using the cytoplasmic domain of p75 (Soc. Neurosc. Abst. 22, 1213, 1996). The 
NRIF protein is a Krüppel-type zinc finger protein with KRAB domains at its N- 
terminus and five zinc fingers at its C-terminus. Deletion analyses in yeast indicated 
that the interaction occurs between the region immediately N-terminal to the zinc 
fingers of NRIF and the juxtamembrane and death domain regions of p75. NRIF is 
widely expressed in the mouse, including all tissues expressing p75. mRNA levels are 
relatively high and constant thoughout the developing embryo, but decrease in the 
adult organism, with the highest NRIF mRNA levels found in testis and the lowest in 
sciatic nerve. In primary cultures of Schwann cells, NRIF can be induced by the 
addition of NGF, but not when cells are isolated from /?75-/-animals. Mice bearing a 
targeted disruption of the nrif gene have been generated by replacing its p75-binding 
region and the zinc fingers with a PGK-neo cassette. Homozygous nrif -/- mice are 
viable and fertile despite some (12-15%) embryonic or early postnatal lethality. Young 
nrif-/- males show up to a 70% reduction in testis weight and appear to be more docile 
than their littermates. In order to evaluate the possible role of NRIF in transduction of 
death signals via p75, we analyzed the effect of the nrif deletion on cell death in the 
E15 retina. Like in p75-/- and ngf-/- animals, nrif-/- mice also show a clear reduction 
in the degree of developmental apoptosis in the retina, suggesting that NRIF may be a 
downstream component in the transduction of death signals mediated by p75 following 
its activation by NGF. (Support: Max Planck Society, European Union Biotechnology 
Program and Institutional funds from Vanderbilt Univ. Ctr. Mol. Neurosci).

25.2
NEUROTRO PHIN SIGNALING  TH RO UG H  p75NTR PROMOTES 
CELL SURVIVAL DU RIN G  DEVELO PM ENT OF THE XENOPUS 
RETINA. Lara D. Hutson* and Mark A. Bothwell, Department o f 
Physiology and Biophysics, University o f  Washington, Seattle, W A 98195.

The complexity o f  neurotrophin function may be explained in part by the 
two different types o f  receptors they employ for signaling. Each neurotrophin 
binds uniquely to a specific member o f  the trk family o f  receptor tyrosine 
kinases, and all o f  the neurotrophins bind to p75NTR Activation o f trk 
signaling pathways seems to account for the differentiation and survival effects 
o f the neurotrophins. p75NTR signaling, on the other hand, has been implicated 
both in enhancing survival and promoting cell death. W e quantified cell death 
in the developing Xenopus retina using the TUNEL assay and found two 
distinct phases o f  cell death prior to metamorphosis, one at stage 37 and the 
other at stage 47. In order to examine the function o f p75NTR during the early 
phase o f cell death, we used DNA lipofection to overexpress full-length 
p75NTR a n d  t w o  mutants of  p75NTR in developing Xenopus retina and
analyzed the effects on cell death at stage 37. While overexpression o f full- 
length p75NTR had no significant effect on cell death, p75NTR lacking the 
cytoplasmic domain (CDD) caused a cell-autonomous increase in apoptotic- 
like cell death. Overexpression o f p75NTR lacking only the death domain 
(DDD) had no significant effect, indicating that the cell death effect o f  CDD 
was not simply a result o f  sequestration o f available neurotrophin. These 
results suggest that CDD may act in a dominant negative manner, and that 
signaling through endogenous p75NTR promotes survival during normal 
development. This work supported by NIH NS33200-01.

25.4
FUNCTIONAL SYN ER G Y  BETW EEN G P75 AND TRKA.
A. H. Ross*, M. B. Lachyankar, P. J. Condon1, M .-C . Daou, A. 

2 2 
O b erm eier2, and A. Ullrich.
Department of Pharmacology, 1Biochemistry, University of

2
Massachusetts Medical Center, Worcester, MA 01655, and Department 
of Molecular Biology, Max-Planck-lnstitute for Biochemistry, Am  
Klopferspitz 18A, 82152 Martinsried, Germany.

W e have stably transfected LAN-5 human neuroblastoma cells with an 
expression vector for ETR, a chimeric receptor consisting extracellular 
domains of epidermal growth factor receptor (EG FR) and trkA 
transmembrane and intracellular domains. EG F induced differentiation of 
less than half of the cells. NGF, through gp75, did not induce 
differentiation on its own but synergized with E G F to induce 
differentiation of almost all the cells. BDNF, which binds to gp75 also 
enhanced EGF-induced differentiation. N3T-NG F, a mutated N G F which 
did not bind to gp75, did not synergize with EGF. BAF, a  caspase 
inhibitor, also enhanced EGF induced differentiation. These data 
demonstrate a  novel NG F receptor synergy and demonstrate a  link 
between gp75 and survival of differentiating cells.

T h is  w ork was s u p p o r te d  in  p a r t  by N a t io n a l  I n s t i t u t e s  
o f  H e a l th  G ra n ts  NS-21716 and by th e  S to rk  F o u n d a tio n  
and th e  F o r t i n  F o u n d a tio n .

25.6
JNK PATHWAY IS ACTIVATED IN FOREBRAIN NEURONS 
DURING DEVELOPMENT AND INJURY BUT NOT BY p75NQFR
N.L. Ward*, T. H agg, Anat & Neurobiol, Dalhousie Univ, Halifax, Canada.

The low-affinity nerve growth factor receptor (p75NQFR) is a member of the  
tumour necrosis factor receptor family and can induce apoptosis possibly 
through activation (phosphorylation) of the c-Jun N-terminal kinase (JNK) 
pathway. Here, we investigated in vivo whether p75NQFR plays a  major role in 
JNK activation in cholinergic forebrain neurons during early postnatal cell 
death and axotomy-induced degeneration in adults. Therefore, we used 
phosphospecific antibodies against activated forms of two members of the  
JNK pathway (SEK-1 and c-Jun) and compared their presence in p75NGFR 
deficient and control mice (Balb/C and 129/SV). In control mice, many 
neurons in the medial septum contained immunostaining for the  
phosphorylated form of SEK-1 over the first two postnatal weeks, with 
essentially no expression in normal adults. Only a  few cells contained 
phosphorylated cJun (ser63) and cJun (ser73). In contrast, after a  unilateral 
fimbria fornix transection in adult control mice, no cells on the ipsilateral side 
revealed activated SEK-1 but many cells contained c-Jun63 and 7 3  
immunostaining. These findings suggest that the different components of 
the JNK pathway are differentially regulated during development and following 
injury in adulthood. Finally, similar patterns of immunostaining for SEK-1 and 
c-Jun63 and 73 and were seen in p75NGFR-deficient as in control mice during 
development and following injury in adults. This suggests that p75NGFR does  
not play a major role in activating the JNK pathway or that p75NGFR-deficient 
mice develop a compensatory mechanism for JNK activation during their 
developm ent.
Supported by NCE Canada, MRC Canada (M T14456), I.W. Killam Foundation.
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25.7
FURTHER CHARACTERIZATION OF THE ROLE OF p75 IN 
MATURE SENSORY NEURONS L A . Karchewski1 , D.W . Zochodne2,  D. 
Francis2 , C. Cheng2 & V .M .K .Verge 1* 1Dept of Anat and Cell Biol & Cameco  
MS Neurosci Res Center, U of Saskatchewan, Saskatoon, SK, Canada S7N  
5E5 & 2 Dept of Clinical Neurosci, U of Calgary, Calgary, AB, Canada T2N 4N1 

Previous work in our lab has shown that DRG neurons from mice lacking the 
low-affinity neurotrophin receptor p75 (p75 KO) bind pM concentrations of 125l- 
NG F with ~  a 100 fold lower Kd, and switch phenotype from the intact to the 
injured/regenerating state more rapidly as compared to wild type controls (W T). 
These findings suggest p75 m ay confer an enhanced ability for neurons to 
transport NG F when concentrations are low (i.e.after sciatic nerve lesion), and 
that in the absence of p75, sensory neurons may regenerate more quickly. To 
exam ine the physiological relevance of these findings we conducted i) 
retrograde transport, & ii) sciatic nerve regeneration studies on p75 KO and WT 
mice. i) Preliminary findings indicate that 7 hours after 5 ng (0 .5µl)of 125l-N G F is 
injected into the right sciatic nerve, p75 KO mice do not appear to transport the 
NG F to lumbar DRG, while W T mice do. However no discernible difference was 
observed in the ability of p75 KO and W T to transport 125I-N G F when 15 ng 
(0 .5µl) is injected into the nerve, ii) At multiple time points after mid-sciatic 
nerve crush, multi fiber conduction velocity in sciatic-tibial motor and caudal 
sensory nerves was determined, grip recovery and toe spread examined, and 
density and caliber of myelinated fibers in sural and tibial nerves assessed. At 
baseline, p75 KO mice have dramatic reductions in sensory but not motor 
conduction velocities and there are lower numbers of sural myelinated sensory 
fibers across most fiber size categories as compared to W Ts. Following sciatic- 
tibial crush, electrophysiological, morphological and behavioural indices of 
regeneration did not differ between p75 KOs and W T at 6 weeks after injury. 
Thus, lack of p75 does not appear to confer a long term gain in sciatic nerve 
regeneration, but may affect the ability of a neuron to transport limited 
concentrations of NGF. Neurosci NCE, MRC & U of S, Canada, supported

25.9
NGF ACTS AS A MEDIATOR OF MOTONEURON CELL DEATH VIA THE p75 
RECEPTOR. J. Terrado1, Y. Sagot1, R Veisada1, D. Perrelet1, G. Kato2* and A.C. 
Kato1. 1Division Clin. Neuromus. Res. & Dept. APSIC, Faculty of Medicine, Geneva; 
2Neurotech, Geneva, Switzerland.

It is well known that neurotrophins promote the survival of specific types of central 
and peripheral neurons. However, recently it has been shown that nerve growth factor 
(NGF), the prototypic member of this family of neurotrophic factors, can induce 
neuronal cell death through the p75 receptor. In this report we have examined the 
effect of NGF on sciatic motoneurons after axotomy both in wild type animals and in 
p75 null mutant mice.

The sciatic nerve of 6 to 8 week-old C57/B16 mice was cut and the tip of the 
proximal stump introduced into a small tube containing the retrograde tracer 
fluorogold, along with NGF or NaCl (as control). In some animals a piece of gelfoam 
containing NGF was also applied onto the nerve stump to obtain a continuous 
delivery of the factor. Two weeks after axotomy, the number of motoneurons in 
NGF-treated groups did not significantly differ from NaCl-treated animals. To 
investigate if an overexpression of p75 modulates the effect of NGF, the sciatic nerve 
was crushed one week before axotomy to obtain an upregulation of the p75 receptor. 
In this experimental paradigm, NGF applied in gelfoam or in rods that slowly release 
the factor, significantly increased the death of motoneurons. In addition, similar 
experiments were performed in p75 null mutant mice; no differences in the number of 
motoneurons were detected in NGF or NaCl-treated animals, even when the nerve 
was pre-lesioned.

Our results indicate that NGF can induce cell death in motoneurons. In addition, 
expression of the p75 receptor following nerve lesion appears to be involved in NGF- 
mediated motoneuron cell death.
(supported by the Swiss National Foundation and the French Muscular Dystrophy 
Association)

25.11
NGF PROTECTS PC12 CELLS FROM TNFα-NDUCED APOPTOSIS VIA A 
TrkA-INDEPENDENT PATHWAY. G. Taglialatela, N. J. Macdonald, F. Decorti.
T. C. Pappas*+. Depts. of HBC&G and +Intemal Medicine, UTMB at Galveston, 

Galveston, TX 77555-0652.
Neurotrophins (NT) such as nerve growth factor (NGF) are required to promote the 

development of the nervous system and to maintain neurons throughout life. NGF 
acts via two types of receptors: a tyrosine kinase receptor (TrkA) and the common 
NT receptor (p75NTR) which belongs to the tumor necrosis factor (TNF) receptor 
(TNFR) superfamily. It is reported that NGF can modulate apoptosis via p75NTR, a 
feature common to other members of the TNFR superfamily with which p75NTR 
shares common signaling pathways. On these bases, we have investigated the effect 
of TNFα on the survival of a NGF-responsive PC12 cells in the absence or presence 
of NGF. Our results indicate that TNFα induces apoptosis in PC12 cells and that, in 
serum-free conditions, TNFα may abolish the protections from apoptosis promoted 
by low concentrations of NGF. On the other hand, high , but not low concentrations 
of NGF are able to prevent apoptosis induced by TNFα in serum-containing PC12 
cultures. This rescue by NGF is not abolished by K252a, an inhibitor of TrkA 
signaling. Also, we show that while TNFα may promote PC12 cell apoptosis by 
reducing the nuclear activity of NFkB, a transcription factor essential to PC12 cell 
survival, NGF abolishes both the TNFα-induced increase of c-jun N-terminal kinase 
(JUNK) and of phospholipase A2 (PLA2) activity. We conclude that TNFα and NGF 
may modulate neuronal apoptosis by affecting each other's action at either the 
receptor (p75NTR and TNFR-I) or at the signal transduction level. These data are of 
importance to understand the mechanisms of neurodegeneration that occurs during 
aging, trauma, and during immune challenges such as chronic HIV infection and 
associated AIDS.

Supported by the grant 1R29-AG13945 by the National Institute of Aging (to GT).

25.8
ANALYSIS OF NERVE GROWTH FACTOR (NGF)-INDUCED APOPTOSIS IN 
A MEDULLOBLASTOMA CELL LINE USING GENE EXPRESSION ARRAYS. 
T.T. Chou*, J.O. Trojanowski and V.M.-Y. Lee. Center for Neurodegenerative 
Disease Research, Dept. of Pathology and Laboratory Medicine, Univ. of 
Pennsylvania School of Medicine.; Philadelphia, PA 10104.

The biological effects of neurotrophins in vitro are pleiotrophic and are cell-type 
dependent. For example, in the rat PC12 pheochromocytoma cell line, NGF 
inhibits proliferation and supports differentiation and survival, and in NIH-3T3 
fibroblasts, TrkA receptor activation promotes mitogenesis. In contrast, 
medulloblastoma cell lines stably transfected with TrkA undergo widespread 
apoptosis in response to NGF treatment. Taken together, these examples suggest 
the presence of multiple signaling pathways that can be activated by TrkA. In an 
effort to elucidate the mechanism whereby NGF induces apoptosis in 
medulloblastoma cell lines, we have monitored gene expression of these cells using 
a microarray spotted with selected human genes of probable significance in 
oncogenesis, the cell cycle, and apoptosis. Comparisons of messenger RNA 
expression profiles from D283MED cells untreated and treated with NGF revealed 
two major patterns of gene expression changes. The first group of gene expression 
changes peaked at one hour following NGF treatment, and they included many 
immediate early genes that have been previously identified to participate in NGF 
signaling (e.g., c-Jun, Fral, and NGF1-A). In contrast, a second group of genes 
underwent delayed upregulation at six hours following NGF treatment.
Significantly, two of these genes that underwent delayed upregulation, GADD45 
and GADD153, have been previously implicated in cell-cycle arrest and apoptosis. 
The role of other genes that also underwent delayed upregulation such as BTEB2, 
HLA-1, and PLA2 is less clear. By comparing the gene expression profiles of 
various NGF-treated cell lines, it may be possible to determine whether any of the 
genes identified in this study are important participants in NGF-induced apoptosis.

N a t io n a l  I n s t i t u t e s  o f  H e a l th

25.10
T H E M O D U L A T O R Y  R O LE O F T H E  C O M M O N  N E U R O T R O PH IN  
REC E PTO R  p75NTR FO LLO W ING  O X ID A TIV E ST R ESS W. W ang1, G .
M. Ross2, K. E. D ow 1,* and R. J. Riopelle2, Dept. o f  Pediatrics1 and Medicine2, 
Queen's University, Kingston, Ontario, Canada K7L 2V7.

In the present studies we examined the role o f  p75NTR on oxidative 
stress-induced cell death and on NGF-mediated survival in PC12 cells 
following exposure to hydrogen peroxide (H 2O2). Cytotoxicity and apoptosis 
induced by exposure to H2O2 in PC12 cells in culture were assessed by the LDH 
assay and Tunel staining. Exposure to low concentrations o f  H2O2 (0 .05~0 .l 
mM ) for 30 min resulted in ~ 60% cell death from apoptosis at 24 hours post-
treatment. NGF protected PC12 cells against H2O2-mediated cytotoxicity and 
apoptosis in a dose-dependent manner and up-regulated cellular glutathione 
(GSH ) levels. However, when NGF binding to the p75NTR receptor was 
blocked by pre-treating cells with 50 ng/ml BDNF, the protective effects o f  
NGF were attenuated. BDNF alone had no effect on cell survival or GSH levels 
in PC12 cells. NGF had no effect on cell survival or GSH levels in PC12nnr5 
cells, which express only the p75NTR receptor. Our data demonstrate functional 
outcom es o f  p75NTR modulation o f  Trk-mediated survival effects induced by 
NGF, and provide functional evidence for Trk allosterism that complements the 
binding and biochemical evidence published previously (Ross et al., Eur J 
Neurosci, 1998. 10. 890 )

This study was supported by the Medical Research Council o f  Canada.

25.12
REGULATION OF NEURONAL BCL-XL EXPRESSION BY  NERVE  
GROW TH FACTOR: INVOLVEM ENT OF p75LNGFR. J.H.M. Prehn1,2*, E. 
Preis2, N.T. Bui1, L.H. Boise3, C.B. Thompson3, 1Center for Interdisciplinary 
Clinical Res., W estphalian W ilhelm s-Univ., 48149 Münster; 2Dept. 
Pharmacol. Toxicol., Philipps-Univ., 35032 Marburg, Germany; 3HHMI, 
Gwenn Knapp Ctr., Univ. o f  Chicago, Chicago, IL 60637.

Bcl-xl is an anti-apoptotic Bcl-2  fam ily protein that is w idely expressed in 
the nervous system, but little is known about its regulation o f  expression. 
Treatment o f  cultured rat pheochromocytoma PC12 cells and human 
neuroblastoma SH -SY5Y cells with nerve growth factor (NGF; 0 . 1 - 5 0  
ng/ml) upregulated bcl-xl m RNA and Bcl-xl protein expression as 
determined by RT-PCR, immunocytochemistry and Western blotting. Both 
basal and NGF-stimulated Bcl-xl expression were significantly reduced in 
PC12 cells treated with a  blocking mouse monoclonal anti-rat p75LNGFR 
antibody (clone 192), or with p75LNGFR antisense oligonucleotides ( 1 µM). 
NG F signal transduction via the p75LNGFR involves activation o f  the 
transcription factor NF-κB. Treatment o f  PC12 cells with NGF increased 
phosphorylation o f  IκB and led to a  translocation o f  NF-κB into the nucleus. 
Treatment o f  P C 12 and SH -SY5Y cells with TN F-α (10-50 ng/ml) or 
hydrogen peroxide (10-100 µM), agents known to  activate NF-κB, also 
increased phosphorylation o f  IκB and enhanced the expression o f  Bcl-xl. 
These results suggest that neuronal expression o f  Bcl-xl is regulated by  
NG F, p75LNGFR and agents that activate NF-κB.

Supported by BM BF (Public Health 2000) and DFG.
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25.13
NEUROTROPHIN RECEPTOR INTERACTING FACTOR IS SELECTIVELY 
INVOLVED IN THE SURVIVAL OF SUBSETS OF UNMYELINATED 
CUTANEOUS INNERVATION. F.L. Rice,1 E. Casademunt,3 K. M. Cronk,1 N.S.
Strominger2* and Y. -A. Barde3. 1Dept. of Pharmacology and Neurobiology and 2Dept. of 
Otolaryngology, Albany Medical College. Albany, NY 12208; 3Dept. of Neurochemistry, Max- 
Planck Institute. D-821 52 Martinsried, Germany.

Immunofluorescence studies of neurotrophin-related knockout and transgenic mice 
(Fundin et al., 1997, Dev. Biol. 190: 94-116; Rice et al., 1998, Dev. Biol. in press) have 
revealed that all sets of mystacial pad innervation depend on at least one of the NGF- 
related neurotrophins and at least one of their related tyrosine kinase (trk) receptors.
All sympathetic and unmyelinated sensory innervation as well as most sets of 
myelinated innervation depend upon trkA for their development. In some cases, they 
also depend on trkB, trkC or the neurotrophin receptor p75. NGF/trkA signaling 
mediates both axon growth and ending formation in some sets of afferents. In other 
sets, axon growth may be mediated by NGF/trkA signaling and ending formation by 
NT-3/trkA. Development of some afferents is facilitated by p75. In other cases, p75 
seems to suppress development, perhaps in concert with trkB. Thus, a variety of 
potential mechanisms apparently exist through which the same receptors mediate 
different developmental events. Recently, a cytoplasmic protein - neurotrophin 
receptor interacting factor (NRIF) - has been identified that interacts with the 
intracellular domain of p75 (Carter et al., 1996 Soc. Neurosci. Abst. 22: 1213). We 
have examined the whisker pads of three month old NRIF-/- mice to determine whether 
NRIF plays a role in the development of cutaneous innervation. This mutation caused a 
major disruption in some sets of trkA dependent unmyelinated innervation to the 
epidermis and upper dermis. Other sets of unmyelinated and myelinated trkA or other 
receptor dependent innervation were unaffected. The affected sets were only a subset 
of those that are dependent upon NGF, NT-3 and trkA for their development, are 
suppressed by p75, trkB, BDNF and NT-4 during development, and are dependent upon 
p75 for long term survival (Rice et al., 1998). Thus, the impact of NRIF elimination 
was quite selective among innervation paradigms that otherwise seem to be comparably 
influenced by similar sets of neurotrophins and receptors. NIH R01-NS34692.

NUTRITIONAL AND PRENATAL FACTORS

26.1

MATERNAL RESPONSE OF NEONATALLY UNDERFED AND SENSORY 
STIMULATED RATS. M. Salas*, M. Regalado and C. Torrero. Centro 
de Neurobiologia, Campus UNAM. Juriquilla, Querétaro, Qro. CP 76001. 
AP 1-1141, México.

Neonatal undernutrition in altricial species results in long-term deficits in 
nest ratings, nursing time, retrieving of pups and increased self-grooming of 
lactating mothers. In this report we analyze the interaction between neonatal 
undernutrition and sensory stimulation in Wistar strain rats. Neonatal 
undernutrition of dams was performed by the daily mother-litter separation 
(12 h) in an incubator (28°C) and by the nipple-ligation of one of a pair of 
lactating dams. Sensory stimulation was performed by early handling 
(days 1-14) and the exposure to a sensory enriched environment (days 
15-30). Nest ratings, retrieving latency, nursing time and frequency of self-
grooming were recorded from days 1 to 21 postpartum. Data showed 
significant reductions in underfed dams (p<0.05) in nest ratings, prolonged 
retrieving latencies, reduced nursing time and increased self-grooming 
maternal responses. Moreover, neonatally underfed and early sensory 
stimulated dams (incubator) showed only significant reductions in nursing time 
to the pups, while undernourished stimulated dams (nipple-ligation) did not 
show alterations in maternal behavior. Data suggest that early sensory 
stimulation widely interacts with neonatal undernutrition and the associated 
sensory deprivation, ameliorating the noxious impacts upon brain mechanisms 
underlying the different maternal behavioral components.
Partly supported by DGAPA/UNAM, IN200997 and CONACyT 3714PN.

26.2
PRENATAL P RO TEIN  D E PRIVA TIO N ALTERS T W O  M EASURES OF  
S EN SO R IM O TO R  G ATING . Printz, DJ: Palmer. AA ; Butler. PD; 
Gorm an, JM ; Rotrosen, J; Dulawa, S ; Printz, MP*. UCSD, Columbia- 
Presb/NY Psych. Inst. & NYVA Med Ctr, La Jolla, CA, NY, NY.

Schizophrenia, as a neurodevelopmental disorder, may stem in part 
from events which occur in utero leading to neurodysfunction later in life. 
Epidemiological and experimental evidence suggest that prenatal protein 
deprivation may represent one such factor. The present study tested if 
prenatal protein deprivation would alter prepulse inhibition (PPI) of the 
acoustic startle response (ASR) or habituation to the acoustic stimulus, 
two measures of sensorimotor gating. Fem ale rats were fed either 6%  
(PD) or 25%  (ND) protein diets for 5 weeks prior to pregnancy and during 
gestation and then returned to 25%  protein diets on the first postnatal day 
(PND). On PND 36 and PND 56 male and fem ale offspring from both 
sets of dams were subjected to a 72 trial session consisting of a random 
mix of both acoustic alone (40 ms 115 db) and prepulse (5 and 15 db, 20  
ms) trials, from which both % PPI and habituation were calculated. Post
mortem analysis of brains utilized radioligand binding to quantify NMDA  
receptors in striatum and hippocampus. ANO VA revealed an interaction 
between sex, diet, PND, and prepulse intensity, (p < 0.05) and post-hoc 
analysis revealed a significant difference between 6%  and 25%  females 
at PND 56 for 5 db PPI (p <  0.05). There was also an interaction 
between diet and a measure of habituation (trial block number) (p <
0.001) which was evident in both sexes. NMDA receptor density in the 
striatum was different between fem ale ND and PD groups (p < 0.05), but 
not between male ND and PD groups. W e  conclude that prenatal protein 
deprivation leads to gender specific alterations in brain NM DA receptor 
densities and dysfunctions in sensorimotor processing consistent with 
human deficits in schizophrenia. Thus, nutritional deprivation in utero 
may be one risk factor for schizophrenia. (Supported by HL 35018, T32  
M H 18870, MH 52885)

26.3
PARTIAL RECOVERY OF THE COMPOUND ACTION POTENTIAL 
EVOKED IN CUTANEOUS NERVES OF UNDERNOURISHED AND 
MALNOURISHED RATS AFTER REFEEDING. B. Segura3, J.C. 
Guadarrama1, L. Cintra2 and I. Jimenez1*. Dept. of Physiology, CINVESTAV, 
IPN1, A.P. 14-740, Centro de Neurobiologia2 and ENEP Iztacala3, UNAM, 
MÉXICO.

In a previous report (Neuros. Abst. 23:1155) we have shown a significant 
decrease in area of the Compound Action Potential (CAP) evoked in cutaneous 
sural nerves of perinatally undernourished (50% of normal diet) and 
malnourished (6% casein food pellets) young rats (25 and 30 days old) with 
respect to control nerves (40% and 43%, respectively). In addition we showed a 
reduction in CAP conduction velocity of undernourished (32.5%) but not of 
malnourished nerves (2%). In this report we analyze the effects produced by 
post-weaning refeeding of undernourished and malnourished rats on the CAP 
response properties. Two groups of puppy rats were fed with experimental 
diets (indicated above) while control animals were fed ad libitum. After 30th 
post-natal day, half of the undernourished and malnourished groups were refed 
with normal diet ad libitum. At the 60th day, the CAP recorded in 
malnourished-refed sural nerves (n=7) show a largest area (56%) and fastest 
conduction velocity (15%) than the CAP of malnourished nerves, but it remain 
smaller and slower than control CAP (15.2% and 10%, respectively). In 
constrast the CAP evoked in undernourished-refed and undernourished nerves 
had no significant differences but were smallest and slowest than control CAP 
(52% and 10%, respectively). Our observations indicate that post-weaning 
refeeding only produce a partial recovery in the response properties of 
cutaneous nerves of malnourished but not of undernourished rats. Partially 
supported by grant 26342N  from  CONACyT and by Sistema Nacional de 
Investigadores, México.

26.4

IMMUNOREACTIVE VASOPRESSIN AND VASOACTIVE INTESTINAL 
POLYPEPTIDE IN CELLS OF THE SUPRACHIASMATIC NUCLEUS OF 
YOUNG MALNOURISHED RATS. P. Durán,1 * J.C. Roias,2 R. M. Vigueras2,3 and 
L Cintra1. 1Centro de Neurobiología, UNAM, A.P. 76001, Querétaro, 2Lab. de 
Histomorfología, UISI-INP, 3Depto. de Morfología, FMVZ-UNAM, México D.F.

Chronic protein malnutrition induces biochemical and morphological changes on 
the central nervous system, as well as several alterations on the circadian rhythm of 
drinking behavior and also in the sleep-wake cycle. In rodents, there is strong 
evidence that the suprachiasmatic nucleus (SCN) of the hypothalamus is involved in 
the generation and regulation of circadian rhythmicity. The purpose of this study 
was to evaluate in male Wistar rats of 30 days of age whether chronic protein 
malnutrition affects the vasopressinergic (VP) and vasoactive intestinal 
polypeptidergic (VIP) cells of SCN. Malnourished group was fed in pre and 
postnatal periods with a 6% casein diet. Animal room was maintained under a light- 
dark cycle of 12:12 h. Food and water were provided ad libitum. The SCN nucleus 
was histologically processed, embedded in paraffin, sectioned at 3 microns in frontal 
plane and immunostained for VP and VIP. Morphometrical analysis of somatic size 
was performed. Our results show that chronic protein malnutrition produces 
significant increases (p<0.05) of the mayor and minor axis and somatic area of VP 
cells. VIP cells show these significant increases only in minor axis and somatic area. 
However, a significant decrease was found in cellular density in both VP and VIP 
cells. This result suggests that malnutrition produces differential effects on several 
SCN cell populations and also it is possible the presence of an adaptive 
compensatory mechanism. Supported by DGAPA-UNAM IN-208597 and IN- 
208494.
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26.5
MORPHOLOGICAL CHANGES OF FACIAL NUCLEUS MOTONEURONS IN 
RATS NURSED BY DAMS EXPOSED TO PERINATAL FOOD RESTRICTION.
E. Pérez-Torrero*, C. Torrero and M. Salas. Centro de Neurobiología, Campus UNAM. 
Juriquilla, Querétaro, Qro. CP 76001. A P  1-1141, México.

Neurons of facial motor nucleus (FN) to coordinate suckling are generated during the 
prenatal period and are also highly sensitive to a number of perinatal influences such 
as maternal food deprivation. Perinatal undernutrition results in a decrease in the 
number of dendrites and spines of neurons at different brain relays. In this report, we 
analyzed the neuronal FN morphological alterations of rats provoked by perinatal 
maternal food restriction. We used one group of rats, derived from mothers subjected 
to a 50% decrease in food from days G6 to G12. After this period, up to date of birth, 
they had a 40% decrease in food. Thereafter, pups were neonatally undernourished by 
the nipple-ligation of their mothers. The second group of rats was normally fed. Brains 
of rats were processed with the Golgi-Cox technique at 12, 20 and 30 postnatal days. 
In fusiform (F), triangular (T) and stellate (S) neurons the dendritic orders (1st, 2nd, 3rd, 
4th and 5th) and the number of dendritic crossings in 8 concentric rings in coronal 
brainstem cuts (120 µm) were counted. Moreover, in the same neurons the perimeter, 
major axis, width, spherical diameter, shape factor, area and spherical volume of 
perikarya were measured. Data showed, that in the three neuronal types of underfed 
rats the number of dendrites of the 4th order was increased from days 12 to 20. In S 
neurons, there was an increase of dendritic crossings in rings 3, 4, 5 and 6 from 
posnatal days 12 to 30; in F neurons the dendritic crossings increased from days 12 to 
20 in the same rings. Data suggest that patterns of neuronal growing were different in 
the undernourished group and morphological changes were specific for each type of 
neuron. This may be related to different timetable neurogenesis and different speed in 
the neuronal growth, for each type of FN neurons.
Partly supported by DGAPA/UNAM IN-200997 and CONACyT 3714-PN.

26.7
E L E C T R O P H Y S I O L O G I C A L  P R O P E R T IE S  O F  R A T  

H IP P O C A M P A L  P R IN C I P A L  C E L L S  A R E  U N A L T E R E D  
B Y  P R E N A T A L  P R O T E IN  M A L N U T R IT IO N . R.J. Rushmore*, J.I. 
Luebke and J.R.Galler, Center for Behavioral Developm ent and Mental 
Retardation & Dept. o f Anatomy and Neurobiology, Boston University 
School o f  M edicine; Boston, M A 02118

There is growing evidence that prenatal protein malnutrition alters 
the developm ent o f the hippocampal formation in rats (M organe et al., 
1993; Galler et al., 1996; Alm eida et al., 1996, for reviews). Little is 
known, however, o f  the possible functional consequences o f prenatal 
malnutrition on the physiology o f principal cells in the hippocampus. We 
have addressed this issue by comparing the electrop hysiological 
properties o f  hippocampal neurons (dentate granule cells and CA1 
pyramidal cells) in slices prepared from control and from prenatally 
protein malnourished adult male and fem ale Sprague-Dawley rats.

W e found no significant effect o f  the prenatal protein malnutrition 
insult upon a number o f intrinsic membrane properties measured with 
whole-cell current clamp recordings, including: resting m em brane
potential, input resistance, and membrane time constant, or on action  
potential characteristics such as threshold, amplitude and/or firing  
frequency. Additionally, we saw no effect o f  prenatal malnutrition upon  
extracellular measures o f  glutamatergic synaptic transmission such as the 
presynaptic fiber volley, excitatory postsynaptic potential or population  
spike amplitude at the perforant path to dentate granule cell synapse or at 
the Schaffer collateral to CA1 pyramidal cell synapse. In conclusion, we 
have demonstrated that prenatal protein malnutrition does not result in 
significant alterations o f the cellular physiological properties o f  these two 
types o f principal neurons in the adult rat hippocampus.
This research is supported by NIH grant #HD22539.

26.9
E F F E C T S  O F  N O R M A L  M A T U R A T IO N  A N D  V I G IL A N C E  S T A T E  
O N  M O D U L A T IO N  O F  P A IR E D -P U L S E  R E S P O N S E S  IN  T H E  
D E N T A T E  G Y R U S . J.D. Bronzino1,2*, J. H. Blaise1,2, D. Mokler3 and P.J. 
Morgane3. 1Dept. of Engineering, Trinity College, Hartford, CT 06106; 2Biomedical 
Engineering Graduate Program, University of Connecticut, U-157, Storrs, CT 06269; 
3Dept. of Pharmacology, University of New England, Biddeford, ME 04005.

Effects of normal development and vigilance state on the modulation of dentate granule 
cell activity in the freely moving rat at 15, 30 and 90 days of age were examined across 
three vigilance states: quiet waking (QW), slow-wave sleep (SWS) and rapid eye 
movement (REM) sleep. Using paired-pulse techniques, the population spike amplitude 
of the first pulse (PSA1) and the paired-pulse index (PPI) were obtained for the dentate 
evoked field potentials elicited by stimulation of the medial perforant path. PSA1 values 
obtained for the 90-day old animals were significantly greater during SWS than during 
QW or REM sleep. PSA1 values obtained for the 15- and 30-day old animals, however, 
were significantly different than those obtained for the adult animals, exhibiting both an 
ontogenetic and vigilance state effect. At 30 days of age, PSA1 values during both SWS 
and REM sleep were significantly greater than those obtained during QW. In contrast, at 
15 days of age, PSA1 values obtained during REM sleep were significantly greater than 
those obtained during SWS and QW. Therefore, transmission through the first limb of the 
hippocampal trisynaptic circuit appears to initially be more efficient during REM sleep 
and then, in adulthood, to be greater during SWS. PPI values obtained at 15, 30 and 90 
days of age were altered during development, but not by vigilance state. PPI values were 
significantly different during normal development with 15-day old animals exhibiting 
significantly less early (IPI = 20-30 ms) and late (IPI = 300- 1000 ms) inhibition, and 
little facilitation (IPI = 50-150 ms) when compared to the 90-day old adult rats. These 
changes in the PPI as well as those in PSA1, therefore, provide measures of the changing 
modulation of dentate granule cell activity as the animal matures. Supported by NSF 
Grants # BES-9509117 and 9618935 and NIH NICHHD Grant # 22539.

26.6
M A L N U T R IT IO N  A N D  N E U R O T R A N S M IT T E R  S Y S T E M S  IN  
TH E R E T IN A . M .F .L  A lm eid a1, E .N . Y am asaki1* , R.C. A. G u ed es2, 
J .N . H o k o c 1, 1Lab.de N eu rob io log ía  da Retina, IB C C F°, UFRJ, R io  de  
Janeiro, and 2Departam ento d e  N utriç ão , U F P E , Pernam buco, Brazil.

It is know n that severe protein deprivation has deleterious  
con seq u en ces in the nervous system . H ow ever, its effect in the retinal 
tissu e has not been w ell characterized. W e have analyzed the e ffect o f  
adm inistration o f  a lo w  protein diet in retinal neurotransm itter system s  
o f  adult and d evelop in g rats. W e used retinas from  adult and neonatal 
rats, from  litters w h o se  m others underw ent malnutrition during the 
lactation period. The lo w  protein diet (8% protein) adm inistered is 
similar to  the basic regional diet that is u sed  by the poor population o f  
the the Z on a da M ata de Pernam buco, Brazil. R esu lts w ere com pared  
betw een  pups from  lactating m others subm itted to  this diet and control 
lactating m others receivin g a 23%  protein diet. H isto logical analysis o f  
retinal section s stained for cresyl v io let in the experim ental group did not 
sh o w  any m orp hological changes in the retinal layers nor in the cell 
types. Im m unohistochem istry for G A B A  and acetilco lin e revealed an 
increase o f  about 20%  in the number o f  G A B A erg ic  and cholinergic  
neurons in the retina o f  d evelop in g and adult m alnourished animals. Our 
results sh o w  that early m alnutrition alters the expression  o f  som e  
neurotransm itter system s during develop m ent, that remain in the  
adulthood.
Financial support: P R O N E X -M C T , C N Pq, FAPERJ, FU JB and UFPE.

26.8
E F F E C T S  O F  P R E N A T A L  P R O T E IN  M A L N U T R IT IO N  O N  
M O D U L A T IO N  O F  P A IR E D -P U L S E  R E S P O N S E S  IN  T H E  
D E N T A T E  G Y R U S . J.H. Blaise1,2*, J.D. Bronzino1,2, D. Mokler3 and P.J. Morgane3. 
1Biomedical Engineering Graduate Program, University of Connecticut, U-157, Storrs, CT 
06269; 2Dept. of Engineering, Trinity College, Hartford, CT 06106; 3Dept. of 
Pharmacology, University of New England, Biddeford, ME 04005.

Effects of prenatal protein malnutrition on the modulation of dentate granule cell 
activity in the freely moving rat at 15, 30 and 90 days of age were examined across three 
vigilance states; quiet waking (QW), slow-wave sleep (SWS) and rapid eye movement 
(REM) sleep. Using paired-pulse techniques, the population spike amplitude of the first 
pulse (PSA1) and the paired-pulse index (PPI) were obtained for dentate evoked field 
potentials elicited by stimulation of the medial perforant path. At 90 days of age, PSA1 
values for the malnourished group are significantly higher during REM sleep; at 30 days 
of age, PSA1 values for the malnourished group are significantly lower during all three 
vigilance states; and at 15 days of age, PSA1 values for the malnourished group are 
significantly higher regardless of vigilance state. In addition, for the 90-day old 
malnourished group the PSA1 values obtained during the various vigilance states were 
similar to those obtained from the younger (15- and 30-day old) control diet animals. 
Thus, it appears that prenatal protein malnutrition alters the neuronal transmission 
processing capabilities of the first limb of the hippocampal trisynaptic circuit. In 
comparing the PPI values obtained for the control and malnourished diet adult groups, 
there were no differences in the characteristic PPI curve across all IPI's for the three 
vigilance states. However, at 30 days of age, there is greater facilitation at 50-70 ms IPI's, 
and at 15 days of age, there is greater inhibition at 20-30 ms IPI's in the malnourished diet 
group. Therefore, it appears that prenatal protein malnutrition affects the PPI during early 
inhibition processes, alters the PPI during facilitatory processes in the juvenile; however, 
these effects are absent in adulthood. Supported by NSF Grants # BES-9509117, 
9618935 and NIH NICHHD Grant # 22539.

26.10
EFFECTS OF TRYPTOPHAN AND PROTEIN RESTRICTION ON DEVELOPMENT 
OF SEROTONINERGIC SYSTEM OF THE RAT. Orozco-Suárez S. Del Angel-Meza A., 
Beas-Zaráte C., and Feria-Velasco A*. Unidad de Invest.Med. en Enf. Neurológicas, H. 
Espcialidades, CMN S-XXI, IMSS, Mex. D.F., Div. Neurociencias, CIBO, IMSS y Div. 
Patol. Y Biotec.Amb. CIATEJ-SEP-CONACYT, Guadalajara, MEXICO.
While there are several forms and different degrees of undernutrition, it would 
appear that type of dietary restriction has an effect on rat brain 
neurochemistry development if it occurs during the period of rapid brain 
development. In this regard, one of neurotransmission system that appears to 
be altered is the serotoninergic system. Serotonin (5-HT) plays a role entirely 
different from that wich is played in the mature brain; acting as a 
developmental signal or regulatory specific for development of brain tissue. 
The effects of Tryptophan (Trp) restriction have been recently studied in our 
laboratory related to postnatal cell formation and development of 
serotoninergic system in the raphe area. Normal adult fem ale wistar rats were 
fed for 6 weeks prior mating with 1) Normal diet (commercial diet for 
rodents,23% protein), 2) Hypoproteic diet (8% protein, chow-Purina -base) 
and 3) Com base diet (with 8% protein; low tryptophan diet), some diets were 
given during pregnancy and lactation. Offsprings continued with those diets 
until reaching 60 days of age. The serotoninergic elements were analyzed by 
5-HT immunocytochemistry in the pups 1,7 ,14,21.30 and 60 days after birth. 
Numerical densities of cells were calculated at each stage of age by imaging 
digitalizer system (Zeiss). Results of quantitative analysis showed significant 
changes on development of immunoreactive nerve cells, when hypoproteic 
and corn -diet groups where compared to control group there was a 
significant decrease of total number (p < 0.01) of 5 -H T immunoreactive cells 
at the raphe system, mainly at 60 days of age. Results suggest that restriction 
of Trp from maternal diet has a marked inhibitory effect on postnatal 
development of the serotoninergic system, probably affecting the maturation 
of its target zones.
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26.11

RELEASE OF 5-HT FROM THE MEDIAN RAPHE NUCLEUS (MRN) AND THE 
DORSAL HIPPOCAMPUS (DH) FOLLOWING INFUSION OF 8-OH-DPAT IN 
THE MRN IN PRENATALLY PROTEIN MALNOURISHED RATS. D. J. Mokler1, 
J.D. Bronzino2 and P. J. Morgane*1,3 , 1Dept. of Pharmacol., Univ. New England Col. 
Osteopathic Med., Biddeford, ME 04005, 2 Trinity Coll., Hartford, CT 06106, 3Ctr. 
Behav. Devel., Boston Univ., Sch. Med., Boston MA 02118.

Earlier studies have shown an increase in the levels of serotonin in the hippocampal 
formation of prnatally protein malnourished animals. Our previous work has 
demonstrated a decreased 5-HT release in the DH following electrical stimulation of the 
MRN in conscious rats. Malnourished rats showed an enhanced suppression of 5-HT 
release following electrical stimulation of the MRN as compared to controls. In the 
current experiment we tested the hypothesis that there is an increased sensitivity of 
somatodendritic 5-HT1A autoreceptors in the MRN of malnourished animals, which would 
account for the enhanced suppression of 5-HT release in malnourished animals. In vivo 
microdialysis was performed in the DH and the MRN of conscious, behaving, adult, male 
malnourished rats and well-nourished controls. After stable release of 5-HT was 
established, 100 µM 8-OH-DPAT was infused into the MRN for 20 min. Microdialysate 
samples were collected every 20 min for an additional 2 hours. Infusion of 8-OH-DPΛT 
into the MRN of malnourished animals produced a decrease in the release of 5-HT from 
the hippocampal formation. This decrease was also seen in the MRN following 8-OH- 
DPAT infusion but to a lesser extent, with levels decreasing to approximately 75% of 
control values and returning to normal after 1 hour. These data suggest that 8-OH-DPAT 
dialyzed into the MRN suppresses 5-HT release in the MRN and the DH of malnourished 
rats suggesting intact inhibitory function of these 5-HT1A autoreceptors. (Supported by 
NIH Grant HD-22539).

26.13

THE EFFECT OF PRENATAL EXPOSURE TO ALCOHOL ON THE 
VENTROBASAL NUCLEUS OF THE THALAMUS IN THE RAT: A 
STEREOLOGICAL STUDY. S.M. Mooney and M.W. Miller*. Dept. Psychiatry, Univ. 
of Iowa, Iowa City, IA52242.

Prenatal alcohol exposure has been shown to affect the number of cells in, among 
other areas, the somatosensory cortex and the principal sensory nucleus of the trigeminal 
nerve (PSN). Axons from PSN neurons ascend to synapse with neurons in the 
ventrobasal nucleus of the thalamus (VB), which in turn project to the somatosensory 
cortex. Thus we hypothesize that the VB would also show a decreased number of 
neurons following exposure to alcohol during gestation.

In this study pregnant rats were either fed an alcohol-containing liquid diet (6.7% v/v 
ethanol, Et), pair-fed an isocaloric non-alcoholic liquid diet (Ct), or given ad libitum 
access to chow and water (Ch). Pups were transcardially perfused on postnatal day (P) 0 
or P30. The brains were removed and serially sectioned at 10µm. Sections were stained 
with cresyl violet or acetylcholinesterase, for cell counts and definition of the boundaries 
of the VB respectively. Stereological methods were used to determine the volume of the 
VB, and the numerical density and total number of neurons within this nucleus. Results 
were analyzed by ANOVA to determine any differences between treatment group at each 
age.

Preliminary results show that there was no significant effect of treatment group on 
volume, numerical density or total cell number at P0 or at P30. It is interesting to note 
that the Et-treated rats lost 50% of neurons between P0 and P30, compared to the control 
rats which lost 30 and 38% (Ct- and Ch-treated rats, respectively). These losses are 
comparable to those previously described in the PSN and somatosensory cortex 
This study was supported by funding from the N.I.H. (AA 16916; AA07568; AA09611; 
DE07734) and the Department of Veterans Affairs.

26.15

A THREE TRIMESTER MODEL OF ALCOHOL EXPOSURE THAT INDUCES 
HIGH PERINATAL BACs AND DOES NOT INDUCE NUTRITIONAL DEFICITS 
IN RATS. T.D. Tran and S.J. Kelly*. Dept. of Psychology, University of South 
Carolina, Columbia, SC 29208.

Animal models of Fetal Alcohol Syndrome typically involve exposing the 
developing organism to ETOH pre- or postnatally. Very few studies have examined 
the effects of alcohol exposure during a period equivalent to all three trimesters in 
humans. In the present study, we equated the ETOH dosing for both dams and their 
offspring and examined growth differences across different periods of their life-span. 
Initial results from our laboratory found that peak BACs of 326±19 mg/dl can be 
reached in pregnant dams at 180 min post-intubation. For the pups, peak BACs 
reached 294±13 mg/dl 120 min post-intubation. Based on these initial findings, three 
experimental groups were examined. From gestational day (GD) 1-22, ETOH (ET) 
dams were intubated with 4.5 g/kg ETOH in water. Intubated-control (IC) dams were 
intubated with a volume of water made isocaloric with the ETOH by addition of 
maltose-dextrin. Nontreated-control (NT) dams did not receive intubations. Two 
additional animals served as cross-foster dams. On GD 20, blood samples were taken 
120 min post-intubation; peak BACs reached 398.8±42.5 mg/dl. From PD 2-10, the 
ET pups were intubated with 3.0 g/kg ETOH in milk formula. Two hours later, they 
received milk formula alone. Blood samples were taken on PD 10; peak BACs 
reached 478.5±20.6 mg/dl. Two control groups of pups either underwent intubation 
procedures without milk and ETOH or no intubation. A repeated analysis of body 
weight data across PD 2-10 revealed no differences among the three groups. Separate 
analyses of body weight on PD 21, 30, 60, and 90 also did not reveal differences 
among groups in either sex. The data suggest that normal growth of pups may be 
achieved even under relatively high alcohol levels during both the prenatal and 
postnatal periods.

(Supported by U. South Carolina Department of Psychology)

2 6 .1 2

EFFECTS OF MATERNAL ETHANOL CONSUMPTION ON 
DEVELOPMENT OF 5-HT IMMUNOPOSITIVE NEURONS. NT 
Druse-Manteuffel* and N. Tajuddin. Molecular & Cellular 
Biochemistry, Loyola U. Chicago, Stritch School of Medicine, 
Maywood, IL 60153.

The present investigation determined whether in utero ethanol 
exposure reduced the number of serotonin (5-HT) containing 
neurons in the raphe. Prior work from this laboratory found that in 
utero ethanol exposure markedly reduced the concentration of 5-HT 
in fetal rats in a brain region containing the raphe neurons.
However, it was not known whether this decrease was due to a 
reduction in neuron number or 5-HT production.

Female Sprague-Dawley rats were pair-fed, using either control or 
6.6% ethanol-containing liquid diets. The diets were administered 
for 6 weeks prior to mating and during gestation. Brains were 
obtained from control and ethanol-exposed offspring on the 20th day 
o f gestation and the 5th postnatal day.

The results of this immunohistochemical study indicate that the 
number of 5-HT-containing neurons in the dorsal raphe of ethanol- 
exposed offspring is significantly reduced. These results provide an 
explanation for the fetal deficit of 5-HT and emphasize the 
sensitivity of developing raphe neurons to ethanol.

This research was supported by USPHS - AA03490-17.

2 6 .1 4

ATTENU ATION OF INTERLEUKIN-1 B-INDUCED FEVER IN FETAL 
ALCOHOL-EXPOSED RATS IS PREVENTED BY MATERNAL  
ADRENALECTOMY. A .N . T a v lo r*1, D.L. T io 1, S .H . T ritt1, and R. 
Yirm iva2, 1Dept. Neurobiology & Brain Res. Inst., UCLA Sch. Med. & 
W est Los Angeles DVA Med. Ctr., Los Angeles, CA 9 0 0 9 5 -1 7 6 3 ; 2Dept. 
Psychology, The Hebrew Univ. of Jerusalem, M t. Scopus, Israel 9 1 9 0 5 .

Maternal adrenalectomy (ADX) has been found to prevent various 
postnatal effects of fetal alcohol exposure (FAE), i.e., growth retardation, 
hyperresponsiveness to stress, potentiation of morphine analgesia, and 
suppression of cellular immune function. W e have shown that FAE 
impairs neuroimmune interactions. For example, FAE blunts the febrile 
response induced by a pathogen product, lipopolysaccharide (LPS), and 
one of the cytokines, interleukin-1B (IL-1), induced by LPS. The present 
study was conducted to determine the effect of maternal A D X  on the 
febrile response of fetal alcohol-exposed rats. Intact and AD X  dams were 
fed ethanol containing (E), pair-fed (P) or normal (N) diets for the last tw o  
weeks of gestation. A t birth, pups were fostered to adrenal intact dams. 
A t 6 0  days of age, male E, P and N rats were injected at 0 8 0 0 -0 8 3 0  h 
with either IL1 (2 μ g/kg, ip) or saline and body tem perature was assessed 
with a biotelemetric system. IL-1 produced a significant increase in body 
tem perature, at 90  to 4 8 0  min postinjection. In the offspring of intact 
dams, the febrile response of E rats w as significantly (p < 0 .0 1 ) lower 
than in the P and N rats. In contrast, the E, P and N offspring of ADX  
dams showed similar febrile responses to IL1 . These results suggest that 
the persistent postnatal impairment by FAE of neuroimmune interactions 
is mediated through ethanol’s actions in utero on the maternal adrenal. 
(Supported by N IH /N IA A A -A A 0 9 8 5 0 , US-lsrael Binational Sci. Fdn., & 
DVA Med. Res. Service.)

2 6 .1 6

GESTATIONAL STAGE-SPECIFIC BEHAVIORAL EFFECTS OF 
RETINOIC ACID EXPOSURE IN THE RAT. R.R. Holson3*,  R.A. 
G azzara1, F.M. Scalzo2 and S. A. Ferguson1. 1Div. of Neurotoxicology,
National Center for Toxicological Research; 2Arkansas Children’s Hospital 
Research Center; 3Dept. of Psychology, New Mexico Institute of Mining and 
Technology, Socorro, NM 87801.

Gestational retinoic acid (RA) exposure has effects on development which 
are exquisitely dependent upon the precise timing of exposure during 
gestation. W hile the stage-specific effects of retinoids on conventional birth 
defects are well-described in rodents, we still know little about the effects of 
such exposures on brain and behavior. This is in part due to the requirement 
that RA levels used gestationally must be quite low in order to guarantee 
postnatal survival and hence functional evaluation. W e  summarize here the 
results of research into this question using albino rats given RA once daily at 
two different stages, either gestational days (G D) 11 -13 or GD 14-16. GD 11 - 
13 is an extremely sensitive period for retinoid effects on brain. Exposure to 
more than 2.5  mg/kg RA is lethal, leaving offspring with an apparent inability to 
suckle. Offspring surviving lower G D 11-13 doses (2.5 mg/kg) have reduced 
cerebellar weights, as do animals exposed to 10 or more mg/kg RA on GD 14- 
16. Despite similar effects on cerebellar weight, RA treatment at these two 
stages produces rather different effects on behavior. Experiments reported 
here indicate that 12.5 mg/kg RA exposure on GD 14-16 produces substantial 
impairment on rotorod performance and a reduced behavioral response to 
amphetamine challenge. Neither effects were evident in offspring surviving 2.5  
mg/kg on GD 11 -13. In contrast, pups given larger RA doses on GD 11 - 13 all 
died without nursing. W hen these same pups had tongue cannulae installed, it 
became evident that they were unable to swallow fluids infused into the oral 
cavity. Thus treatments which had very similar effects on cerebellum produced 
very different effects on behavior.
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26.17
EFFECTS OF PERINATAL FENBENDAZOLE EXPOSURE ON GROWTH 
AND BEHAVIOR PARAMETERS IN RATS J.A. Willford T.M. Segar .  B.J. 
Basehart1, K.M. Dickey Jr.2, and S. Barron1 *. 1Dept. of Psychology, 2Dept. of 
Laboratory Animal Resources, University of Kentucky, Lexington, KY, 40506 

Endemic to many animal populations is the occurrence of parasites such 
as the pinworm, syphacia muris. Although this nematode may not induce clinical 
symptoms, certain populations may be particularly susceptible to adverse 
outcome when infected, such as aged animals or unique inbred or genetic mouse 
lines. Any pharmacological method of treatment is of concern if breeding 
colonies exist. The anthelmintic agent ivermectin is a commonly used treatment 
for pinworms. It has been shown, however, that ivermectin produces neurotoxic 
effects in newborn rats. Fenbendazole, a benzimidazole, although not approved 
for use in rats has been one method of treatment. The current study examined the 
risk of fenbendazole for reproductive toxicity. Fenbendazole was administered to 
pregnant rats via their food supply throughout gestation and the postnatal period. 
A behavioral teratological screen was conducted to assess maternal parameters, 
newborn growth and development, 2 day running wheel activity and learning as 
assessed by digging maze and Morris water maze performance. Fenbendazole 
had no effect on maternal water consumption or weight gain, litter size, offspring 
growth and development or learning. Fenbendazole did produce an overall 
difference in activity during the initial 10 minutes of testing in the running wheel. 
The findings from this study suggest that compared to other anthelmintic 
treatments, fenbendazole may be a preferred treatment for use in breeding 
colonies.

26.19
EARLY POSTNATAL HANDLING EFFECTS ON LATER STRESS 
RESPONSIVITY FOLLOWING GESTATIONAL COCAINE EXPOSURE. N.M. 
Katovic, J. Campbell, M.P. Casale, and L.P. Spear*. Center for Developmental 
Psychobiology, State University of New York at Binghamton, Vestal, NY 13902- 
6000

As part of ongoing work in our laboratory, the impact of gestational cocaine in 
conjunction with early postnatal handling on later stress responsivity was examined. 
Rat offspring were derived from Sprague-Dawley dams receiving subcutaneous 
injections of 40 mg/kg/3cc cocaine hydrochloride (COC) on gestational days 8-20, 
dams injected with vehicle and pair fed four (PF4) days to mimic the acute anorexic 
effects of cocaine administration, and non-treated (NT) control dams. In adulthood, 
animals were exposed to a 15 min footshock session (1 mA., 1 sec; VI 30 sec), 
followed 24 hrs later by a 5 min open field (OF) test. A number of behavioral 
alterations were seen in COC offspring, with the nature of these alterations being 
dependent on early postnatal handling and gender. Non-handled male COC 
offspring did not exhibit typical stress-induced increases in OF immobility that 
were evident in NT and PF4 males, replicating our previous findings; this effect 
was not evident in females, with modest levels of stress-induced immobility being 
seen in both COC and NT females. In males, early handling had no effect on 
rearing or stress-induced immobility in NT offspring, but did influence these 
behaviors in COC and PF4 offspring, albeit in opposite ways—i.e. handling resulted 
in the emergence of stress effects on immobility and rearing in COC offspring, 
while conversely attenuating these stress effects in PF4 offspring. A different 
pattern emerged in females, with early handling attenuating stress effects on both of 
these behaviors in NT females, and attenuating stress-induced immobility in COC 
females. Together these findings suggest that early handling interacts with gender 
to influence the later stress responsiveness of animals prenatally exposed to cocaine, 
with COC males but not females being more sensitive to the effects of early 
handling than gender-matched NT control offspring. [Supported by NIDA grants 
R01 DA04478 and K02 DA00140.]

26.18
SOME LIFE-LONG EFFECTS OF PRENATAL COCAINE EXPOSURE IN RATS.
M .W . Church*, P.A. Crosson, J.P. Tilak, Dept. Obstet. & Gynecol., Wayne State 
Univ. Sch. Med. Detroit, Ml 48201.

Laboratory rats prenatally exposed to alcohol or amphetamine can exhibit 
shortened life-span and other signs of rapid age-related degeneration. W e are 
evaluating the possibility of similar degeneration following prenatal cocaine 
exposure.

Pregnant LE rats received 20 or 40 mg/kg cocaine HCI (C 20 , C 40) twice daily 
(SC) from gestation days 7-20 (n=14,16). Untreated control (UTC) and pair-fed 
control (PF40) groups were also used (n=14,14). The C40 , C20 and PF40 dams ate 
less food and gained less weight than UTC controls, whereas the C4O and C2O 
dams drank more water and the PF4O dams drank less than UTC controls 
(p<0.0001). Such effects on maternal water consumption have been observed by 
prior studies. The C4O and PF4O offspring had delayed ear and eye openings by 
about ½ day (p<0.05). The C40 pups had lower birth weights (x=5.3+0.1g) than the 
other groups (x=6.2 to 6.4g+0.1 g)(p<0.001). The C4O offspring remained 
significantly underweight until postnatal day 56 (PD56). Thereafter, all group weights 
were similar until PD336 when the C4O males returned to weighing less (x=701± 15 
g versus 715 to 742± 17 g)(p<0.05). In contrast, the female groups on PD336 
remained highly similar (x=372 to 377+8 g). At about one year, the morbidity rate 
(tumors, severe weight loss, etc.) was greater in the two cocaine (10%) than the two 
control groups (2.5%) and so was mortality (5% versus 2.5% ). These effects 
occurred almost exclusively in males. Necroscopy revealed enlarged and/or 
rounded hearts in several male cocaine animals. In sum, prenatal cocaine exposure 
seem s to enhance age-related degeneration and other morbidities, especially in 
male rat offspring.

Supported by NIDA grant DA05536.

26.20
PERINATAL DIETARY NACL LEVEL: EFFECT ON ANGIOTENSIN 
(ANG) II RECEPTORS IN DISCRETE BRAIN REGIONS OF RAT 
MOTHERS AND PUPS. E.C. Crews1, J.D. Aerni1, N.E. Rowland1, M.J. 
Katovich2 and S.L. Semple-Rowland3*. Departments of 1Psychology, 
2Pharmacodynamics, 3Neuroscience, Univ. of Florida, Gainesville, FL 32610.

It has been shown that female rats fed a high (3%) NaCl diet throughout 
pregnancy and lactation have offspring with increased dipsogenic and pressor 
responses to exogenous Ang II. In the present study we have examined the 
effects of either basal (0.1%), mid (1%) or high (3%) NaCl natural ingredient 
diets on regional brain Ang II receptor density and on plasma aldosterone in 
Sprague-Dawley rats. At the end of gestation and on postnatal day 21 (p21), 
mothers fed the basal diet had greatly elevated levels of aldosterone (>2,000 
pg/ml) compared with either mothers fed the mid diet or nonpregnant females 
fed the basal diet for a similar duration (180 and 500 pg/ml, respectively). 
Mothers fed the basal diet and sacrificed on p21 had Ang II receptor densities 
(autoradiography of 20 µm coronal sections with 300 pM 125I-Sar1Ile8- Ang II 
±  1 µM cold Ang Π) that were elevated over those from mid and high groups. 
Significant elevations were found in the paraventricular nucleus (PVN; ~2.5x 
mid group), organum vasculosum laminae terminalis (OVLT; ~2x), median 
preoptic nucleus (MnPO, ~ 1.5x), but not in subfornical organ (SFO). Pups 
from basal diet groups showed elevated aldosterone (845 pg/ml) at p21 (the 
day of weaning), but by p28 values were >2,000 pg/ml (pups were maintained 
on the diet during this week). On p21, Ang II receptor densities in the basal 
group were elevated in several regions relative to mid or high groups; 
however, the regional distribution at p2 l was more extensive than in adults. 
A developmental A T1/AT2 subtype study is in progress. NIH PO1 DC 02641

26.21
EFFECTS OF MAGNESIUM SULFATE EXPOSURE ON OUTCOME AND 
FETAL BRAIN NMDA RECEPTOR POPULATION FOLLOWING IN UTERO 
HYPOXIA. EG Grubbs, JP Reynolds, MS Wainwright, DH Penning*
Obstetrical Anesthesia Research Laboratory, Duke University Medical Center.

Retrospective analysis of human high-risk pregnancy data suggests that 
prenatal magnesium sulfate (MgSO4) exposure reduces the incidence of 
postnatal neurologic injury. However, animal studies and a prospective 
clinical trial indicate MgSO4 may be deleterious in some situations (e.g. fetal 
hypoxia). Using nearterm pregnant guinea pigs, the purpose of this study was 
determine the effects of hypoxia and/or MgSO4 exposure on outcome (death 
or early delivery) and on NMDA receptors in the fetal brain, a potential 
target site of magnesium action. At gestational day (GD) 58, (term 68 days) 
pregnant guinea pigs were assigned to receive 1.5 ml of Low (20% w/v) or 
High (50% w/v) dose MgSO4, or saline, given s.c. every 8h for 5 days. On 
day 3 of treatment, animals were placed in a ventilation chamber for 1h 
aerated with either 7% oxygen (hypoxia) or room air (normoxia). On day 5, 
surviving or non-delivered animals were euthanzied and the fetal cerebral 
cortexes, hippocampi and cerebellum s assayed for NMDA receptor 
parameters. Blood ionized magnesium levels were sim ilar to humans 
undergoing MgSO4 therapy.

Group Deaths Early delivery
Saliné/normoxia 0/6 1/6
Saline/hypoxia 0/4 0/4
Low MgSO4/hypoxia 0/3 0/3
High MgSO4/hypoxia 1/7 4/6‡

‡Significantly different from other groups (p < 0.05)
Effect of either dose of MgSO4/normoxia on outcome was minimal. The data 
indicate that High dose MgSO4/hypoxia may adversely affect outcome. Due 
to the number of early deliveries, the NMDA binding data is inconclusive. 
Supported by the Howard Hughes Medical Institute and Duke Anesthesiology Dept.
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27.1
ASSESSMENT OF THE MALIGNANT POTENTIAL OF MITOGEN STIMULATED 
HUMAN SCHWANN CELLS (SCs). A. Levi1, E. Emery3, X. Li1, J.P. Brunschwig1. L. 
Olson2,  H. Dancausse 1* The Miami Project to Cure Paralysis and the Dept. of 
Neurosurgery, 2Transplantation Services, Univ. of Miami Sch. of Med. Miami, FL 
33136; 3Service de Neurochirurgie, Hopital Beaujin, Clichy 92118, France.

Human SCs can be isolated from peripheral nerve and expanded in number using cell 
culture techniques. These cells can promote axonal regrowth in both the CNS and PNS. 
Rat SCs can be immortalized with long term exposure to mitogens, and transplanting 
them into an allogenic host sciatic nerve has resulted in the formation of tumors. Human 
cells are in general relatively more resistant to malignant transformation, but any 
potential risk for inducing tumors after transplantation of mitogen expanded SCs must 
be excluded.

We isolated SCs from human peripheral nerves and expanded them for eight passages 
with heregulin (10 nM) and forskolin (1 µM). An injection of 5×105 of P0, P2, P4, P6 SCs 
within the left sciatic nerve were performed in a total of 36 severe combined immune 
deficiency (scid) mice. Five mice of each group received also subcutaneous injections 
of human SCs in the right thigh. Rat and human glioma cells were also injected into 15 
scid mice which served as positive controls. All mice were euthanized at 13 weeks after 
surgery except for those mice which had obvious tumors which were euthanized earlier. 
The injected sciatic nerve and any areas suspicious for tumor were resected and 
examined histologically. Samples were processed and stained with toluidine blue and 
portions were also examined by electron microscopy.

The proliferation index of human SCs at each passage was determined by 3H- 
thymidine autoradiography and was found to peak at P1, P2 passages, and decreased with 
successive passages. The incidence of rat or human glioma cells to induce tumors was 
100% and 92%, respectively. There were 13 sciatic nerve tumors and 8 subcutaneous 
tumors, which contained all the criteria of a malignant glioma. In contrast, there were 
no tumors induced by primary or mitogen expanded human SCs in scid mice. In few 
cases, prominent demylination or the formation of a thick cellular membrane around 
injected nerve could be seen. This data suggest that human SCs extensively expanded 
in vitro are likely to be safe and deserve further study towards their use in clinical 
transplantation. Supported by Health Foundation of South Florida.

27.3
INVOLVEMENT OF THE SIGNALLING MOLECULE DESERT HEDGEHOG IN 
PERIPHERAL NERVE DEVELOPMENT. E. Parmantier1, M. Turmaine1, L. 
Greensmith1*, A.P. McMahon2, K.R. Jessen1 and R. Mirsky1. 1Department of 
Anatomy and Developmental Biology, University College London, London WCIE 
6BT, UK; 2Department of Molecular and Cellular Biology, The Biolabs, Harvard 
University, Cambridge, Massachusetts, USA.

The mouse Hedgehog family consists of three members: Sonic (Shh), Desert (Dhh) 
and Indian hedgehog (Ihh) which share a striking homology with the Drosophila 
segment polarity gene hedgehog, a key regulator of pattern formation in the 
embryonic and adult fly. All of these genes encode secreted proteins and Shh is 
already established as an important signalling molecule in vertebrate development. In 
contrast, very little is known about the roles of Dhh and Ihh. In view of earlier 
studies that Dhh is expressed in Schwann cell precursors, we have now set out to 
determine whether Dhh is involved in peripheral nerve development. We find that 
Dhh mRNA is expressed in the Schwann cell lineage during embryonic development 
from E13.5 (precursor) to birth (Schwann cell) and in myelinating Schwann cells 
from birth to P10.

In order to characterize targets of Schwann cell Dhh signalling, we identify cells 
expressing Patched, its receptor. We show that it is expressed by mesenchymal cells 
surrounding the developing nerve. Since these cells are the precursors of the 
connective tissues in the mature nerve, this observation suggests an involvement of 
Dhh signalling in epi, peri or endoneurium differentiation. To test this hypothesis we 
analyzed peripheral nerve development in Dhh knockout mice. We show that in 
Dhh-/- mutants, peripheral nerves have severe structural and functional abnormalities 
in all the connective tissue sheaths.

Taken together, our results demonstrate that the connective tissue surrounding 
embryonic nerves is induced to organize into epi, peri and endoneurial sheaths by 
Schwann cell signals involving Dhh.
Supported by a TMR-EC grant to E.P. and The Wellcome Trust

27.5
DEVELOPMENTAL REGULATION OF SCHWANN CELL SURVIVAL 
INVOLVES THE EMERGENCE OF AUTOCRINE LOOPS. C. Meier. E. 
Parmantier, A. Brennan, R. Mirsky, K.R. Jessen. (SPON: British Neuroscience 
Association) Department of Anatomy and Developmental Biology, University 
College London, Gower Street, London WC1E 6BT, UK.

In the peripheral nervous system, it has recently been shown that Schwann cell 
precursors undergo rapid apoptotic death when removed from axonal contact. This 
death can be prevented by application of beta-neuregulins. The death of precursor 
cells in vitro contrasts with the excellent survival of neonatal Schwann cells, when 
plated under the same conditions.

In the present study we further compared the regulation of survival in these two 
cell types. We find that Schwann cells, unlike precursors, possess autocrine 
survival mechanisms, since their death rate in vitro is density dependent and can be 
prevented by conditioned medium derived from high density cultures.
We have found a combination of factors which completely prevents the apoptosis 

of Schwann cells in low density cultures. Furthermore, specific neutralizing 
antibodies to these factors abolished the survival promoting activity of Schwann 
cell conditioned medium. Analysis by semi-quantitative RT-PCR revealed that the 
mRNAs encoding these factors and their receptors are expressed by Schwann cells 
in vivo and in vitro.

In summary, a major difference in survival regulation between precursor and 
Schwann cells relates to the developmental emergence of autocrine survival loops. 
This important signal is likely to be a combination of growth factors other than 
neuregulin.
Supported by a TMR / EC grant to C.M. and The Wellcome Trust

27.2
RETROVIRAL TRANSFORMATION OF PRIMARY HUMAN FETAL 
SCHWANN CELLS. T.J. Lopez* and G.H. De Vries. Department of Cell Biology, 
Neurobiology, and Anatomy, Loyola University Medical Center, 2160 South First 
Avenue, Maywood, EL, 60153, USA, and Research Service (151), Edward Hines Jr. 
VA Hospital, 5th Avenue and Roosevelt Road, Hines, EL, 60141, USA.

Human fetal Schwann cells (HFSC) were isolated from peripheral (sciatic) nerve of 
gestational week 17-19 concepti  HFSC were plated on laminin-coated plastic dishes, 
and enriched cultures of HFSC were obtained by maintenance under serum-free 
conditions in the presence of the neuregulin NDF β. A retroviral packaging cell line 
PA317 (ATCC) was transformed using the Superfect Transfection Reagent Kit 
(Qiagen) according to manufacturers' instructions with a pMV7-derived plasmid 
containing the chimaeric protein mycER, consisting of the hormone-binding portion 
of the human estrogen receptor and myc. Retrovirus particles were collected in the 
supernatant of transfected PA317 cells, and purified HFSC were transformed by two 
hour exposure to mycER retrovirus. Transformed HFSC cultures were grown in 
selection medium (DMEM, 10% fetal bovine serum, 5 U/ml penicillin, 5 µg/ml 
streptomycin, 2 mg/ml neomycin) to select for transformed HFSC. The hormone- 
dependent proliferation of these HFSC can be ameliorated by culture in phenol red- 
free DMEM supplemented with steroid-depleted fetal bovine serum. Under these 
conditions, transformed HFSC become quiescent and express a phenotype 
characteristic of untransformed HFSC. Transformation of cells with this inducible 
retroviral expression vector provides a stable and a renewable source of HFSC that 
can be expanded at will upon hormonal induction of the retroviral mycER chimaeric 
protein with estrogen or estrogen analogs. (Supported in part by grants from the 
Massachusetts Bay Area Neurofibromatosis, Inc. and the Illinois NF Society to GHDV 
and from NIH grant FS NS10164 to TJL.)

27.4
G G F  I N H I B I T S  A P O P T O S I S  IN  S C H W A N N  C E L L S  
T H R O U G H  T H E  P I 3 -K I N A S E  P A T H W A Y . Y . L i.1, M .A .
M arc hio nni, 2 ,  M. Birnbaum.,3 J.L. Rutkowski*, and G.l .
T en n ek oon 1. Departm ent o f  P ediatrics, N e u r o lo g y 1, and M edcine3 
U n iversity  o f  P en n sy lvan ia , P hilad elphia, P A  19104; Cam bridge  
N eu ro sc ien ce , B oston , M A  0 2 1 3 9 3 

G lia  grow th  factor (G G F ) is a m em ber o f  heregulin fam ily o f  
grow th factors and exerts its e ffec ts  through interaction with the 
E rbB 2 and ErbB 3 receptor tyrosine k in ases. P rev iou s studies  
byothers h ave sh ow n  that G G F  acts as both a m itogen  and survival 
factor for Sch w an n  c e lls  (S C s). In this stu dy, w e  exam ined the 
sign aling  pathw ay w h ich  m ediates the effect o f  G G F  on SC  
survival. W e found that 50%  o f  cultured SC s undergo ap op tosis 24  
hrs after serum  withdrawal as m easured by the num ber o f  ce lls  with  
pyknotic nuceli stained w ith  propidium  iod id e . Treating the cells  
w ith 5 0  ng/m l o f  recom binant hum an G G F  reduced the num ber o f  
apoptotic ce lls  to on ly  15% . The P l3 -k in a se  inhibitor, L Y 2 4 9 0 0 2  
prevented G G F rescu e, w h ereas inhib itors o f  S 6 k inase (rapam ycin) 
or M EK  (P D 9 8 0 5 9) had no e ffect. W e a lso  fou n d  that G G F  can 
induce p h osp h ory la tion , o f  the serine-threonine kinase Akt and 
B A D , and their phosph orylation w a s blocked  by P l3 -k in ase  
inhibitors (w ortm anin and L Y 2 3 9 0 0 2). B A D , a m em ber o f  the B c l- 
2  fa m ily , p rom otes cell death and is  inactived by phosph orylation . 
Our fin d in gs indicate that G G F  rescu es  S C s from  ap op tosis by  
phosph orylating B A D  through P l3 -k in ase  and the Akt pathw ay, 
(supported by the N M S S )

27.6
NEURAL IMPULSE ACTIVITY INDUCES CREB PHOSPHORYLATION  
IN SCHW ANN CELLS B. Stevens and R.D. Fields*. Laboratory o f  
Developmental Neurobiology, NICHD, National Institutes o f  Health, 
Bethesda, MD 20892.

Axons signal Schwann cells to divide, differentiate and initiate myelination, 
but the signals involved in Schwann cell-axon communication are not well 
understood. We tested whether electrical activity in the axon could activate a 
transcription factor in Schwann cells cultured on DRG axons. W e examined 
the effects o f  high frequency axonal stimulation on phosphorylation o f  the 
transcription factor CREB at Ser-133 in Schwann cells. Using a 
multicompartment chamber system equipped for electrical stimulation, axons 
were stimulated for 30 min and PCREB levels were determined 
immunocytochemically. Expression o f  nuclear PCREB was significantly 
increased in Schwann cells on axons stimulated at 10Hz compared with 
unstimulated axons, and this effect was blocked with 1µM TTX (p << 0.001, n 
= 28 experiments). Levels o f  PCREB returned to control levels 90 min after 
the stimulus (p << 0.001, n =  17 experiments). Phosphorylation o f  CREB in 
Schwann cells was a result o f  axonal stimulation rather than direct stimulation 
o f  Schwann cells, because Schwann cells stimulated in the absence o f  neurons 
showed no increase in CREB phosphorylation compared with unstimulated 
controls. The molecular mechanisms and signaling pathways involved are 
currently under investigation. The results show that functional activity in the 
axon can influence the activity o f  a transcription factor implicated in regulating 
gene expression in Schwann cells. Sponsored by NICHD.
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PR O SA PO SIN : E N H A N C E D  M Y E L IN  C O M PO N E N T
E X P R E S S IO N  A N D  SE C R E TIO N  FR O M  IN JU R E D  SC IA TIC  
N E R V E S . M asao H iraiw a1, W . M arie C am pana1, A ndrew  P . 
M izisin2, L isa  M ohuiddin2, K yok o  T sub oi*  and John S . O ’B rien 1 
Departm ents o f  N eu ro sc ien ces1 and P a th o lo g y 2, S ch oo l o f  M edicine, 
U n iversity  o f  C alifornia, San D ie g o , La Jolla , C A  9 2 0 3 7 .

W e investigated the effects o f  a 14-m er prosaptide, T X  14(A ), (a 
peptide encom p assing the neurotrophic seq u en ce in prosaposin) on the 
expression  o f  m yelin  constituents, m orp hology and proliferation o f  rat 
primary Schw ann c e lls . Treatment with T X  14(A ) at 10 nM  enhanced  
the U D P-galactose:ceram ide galactosyltransferase activity (G alT) as 
w ell as sulfatide content. Increase o f  sulfatide (3 -fo ld  that o f  controls) 
w as m axim um  after 48  hrs o f  treatment and o f  G alT  (1 5 0  % over  
controls) after 2 4  hrs o f  treatment. Northern blot analysis revealed  
about 2 .5 -fo ld  higher leve ls o f  P 0 m R N A  after 24  hrs o f  treatment 
with T X  14(A ). T X  14(A ) induced a m orphological change; the 
peptide-treated ce lls  had a bipolar sp indle-shaped  appearance 
com pared to control ce lls  w h ich w ere irregular and multipolar. 
T X 1 4 (A ) enhanced B rdU  incorporation, but did not sign ificantly  
increase cell proliferation. W estern blot analysis dem onstrated the 
presen ce o f  prosaposin in endoneurial flu id  obtained after sciatic nerve 
transection. The concentration o f  prosaposin  in the flu id  w as  
m axim um  after 9 days and returned to normal after 2 8  d ays. T h ese  
find ings indicated that cells  w ithin the sciatic nerve secreted  
prosaposin  after injury and m ay act as an autocrine trophic factor to 
prom ote rem yelination and regeneration o f  peripheral n erves. 
Supported in part by a grant from  M y e lo s  N eu ro sc ien ces  to JSO.

2 7 .8

LYSOPHOSPHATIDIC ACID (LPA) AND ITS G-PROTEIN COUPLED 
RECEPTOR VZG-1/LPA1 CONSTITUTE A NOVEL SIGNALING PATHWAY IN 
MYELIN-PRODUCING CELLS. J.A. Weiner* and J. Chun, Dept. of Pharmacology 
and Program in Neurosciences, School of Medicine, University of California, San 
Diego, La Jolla, CA 92093-0636.

The vzg-1 gene (also designated lpA1 ) encodes a G-protein coupled receptor for the 
bioactive phospholipid lysophosphatidic acid (LPA; Hecht et al. (1996), J. Cell Biol. 
135(4); Fukushima et al. (1998), P.N.A.S., in press). Expression of vzg-1 in the 
embryonic CNS is restricted to the ventricular zone of the cortex during neurogenesis. 
A second distinct phase of vzg-1 expression begins shortly after birth, with cells 
identified by in situ hybridization concentrated in developing white matter tracts, 
including the corpus callosum, fimbria, anterior commissure, and cerebellar tracts. 
Double in situ hybridization experiments demonstrate that vzg-l -expressing cells co-
express PLP, but not GFAP, mRNA, identifying them as mature oligodendrocytes 
(OLs). Consistent with this, quantitative northern blot analysis shows that vzg-1 
expression is reduced by 40% in the brains of jimpy mice, which harbor a mutation in 
the PLP gene and exhibit aberrant OL differentiation and cell death. Northern blot 
analyses also reveal that vzg-1 is expressed by sciatic nerve Schwann cells (SCs) in 
vivo, from early postnatal ages through to adulthood. Primary cultures of neonatal rat 
SCs also express vzg-1, both with and without forskolin treatment. LPA is a major 
component of serum, which has been shown to affect the survival, proliferation, gene 
expression, and differentiation of cultured OLs and SCs. The restricted expression of 
vzg-1 in these cells indicates that some of these serum effects may be LPA-mediated. 
As most factors previously shown to affect myelinating cell function are peptides that 
signal through receptor tyrosine kinases, the distinct G-protein coupled LPA signaling 
pathways employed by Vzg-1 represent a novel potential influence on CNS and PNS 
myelination. LPA, through Vzg-1, can activate multiple G-proteins, leading to such 
diverse responses as adenylate cyclase inhibition, gene regulation via the SRE, and 
activation of the Rho cytoskeletal pathway. Current studies are focused on identifying 
the effects of LPA on myelin-producing cells and the signaling pathways involved. 
[Supported by the NIMH and a grant from Allelix Biopharmaceuticals].

G L IA : O L IG O D E N D R O C Y T E

28.1
CADHERINS INFLUENCE ADHESION, MIGRATION, A N D  AXONAL  
CONTACT OF CG4 OLIGODENDROCYTE PROGENITOR CELLS 
O. Schnädelbach*12, O. W. Blaschuk3 and J. W . Fawcett1,2, ( 1) Physiol. 
Laboratory, Downing St., Cambridge CB2 3EG, UK, (2) MRC Centre for 
Brain Repair, Cambridge, UK, (3) Urology Res. Labs, Royal Victoria 
Hospital, Montreal, Canada

In order to find suitable targets for myelination, oligodendrocyte 
progenitors (OP) need to migrate over large distances and recognize 
appropriate axons. W e have investigated the role o f  calcium-dependent 
adhesion m olecules, the cadherins, in this context by means o f time-lapse 
video-m icroscopy and in-vitro assays.

Migration o f CG4 cells on astrocyte monolayers was increased by about 40  
to 60% compared to controls in experiments where either the calcium content 
o f the medium was reduced or cadherin-function blocking antibodies or 
peptides were used. This effect can be related to a markedly reduced adhesion 
between O P’s and astrocytes by the use o f  cadherin-blocking agents. 
Particularly impressive was the interaction between CG4 cells and dorsal root 
ganglia axons. The duration o f contacts was reduced by 50 to 75% and deflec
tion o f axons by CG4 processes was reduced by 60% compared to controls 
when cadherin-blocking agents were used. This reaction was specific to 
m orphologically more mature CG4 cells displaying 4  or more processes, 
while cells with up to 3 processes were unaffected.

W e conclude that cadherins play an important role in migration and axonal 
contact o f  O P’s.

Funded by; Multiple Sclerosis Society and M edical Research Council o f  
Canada.

2 8 .3

CHARACTERIZATION OP NG2 POSITIVE CELLS ISOLATED FROM 
ADULT HUMAN BRAIN. Poulv*S1, Pfeiffer SE2, and Antel JP1. 1Dept of 
Neuroimmunology, Montreal Neurological Institute, H3A2B4, Montreal, 
Canada; 2Dept of Microbiology, Univ Connecticut Hlth Ctr, Farmington CT.

The existence and biological properties of oligodendrocyte precursor cells in 
the human adult CNS remain under study. We have evaluated the expression of 
two markers reported to be specific for the oligodendrocyte lineage on cells 
derived from surgically resected brain tissues: NG2, an antibody directed against 
a chondroitin sulfate proteoglycan, and 04, recognizing a sulfatide and 
seminolipid. Glial cells were obtained by trypsinization and mechanical 
disruption of young adult human surgical tissues and centrifugation on a Ficoll 
gradient.

Preliminary data from the laboratory indicate that up to 35% of the cells freshly 
isolated are NG2 positive, whereas less than 20% are 04 positive, as indicated by 
flow cytometric analyses. Over the two following days, when cells were divided 
into two populations on the basis of their adherence to plastic, we found that up 
to 50% of the non-adherent cells are stained with 04, whereas the proportion of 
NG2 positive cells decrease down to less than 20%. The majority of the non-
adherent cells become MBP positive after one to two weeks in culture, as 
determined by immunocytochemistry. No evidence of cell proliferation was 
found, at any time point, even in presence of growth factors. The fate of the NG2 
positive cells in culture still has to be determined.

The rapid decrease of the NG2 positivity after the enrichment process suggest 
that those cells either rapidly die, or that NG2 expression is downregulated. We 
will further determine as to whether NG2 could be expressed by other neural 
cells. The increasing number of 04 cells could be explained by a transient 
downregulation of that marker during isolation and by re-expression of immature 
phenotypes on cells returning to full maturation.

2 8 .2

BASAL, AS WELL AS INDUCED, CYCLIC AMP REGULATES 
OLIGODENDROCYTE DEVELOPMENT. A.P.Wiemelt,1,2 D.E.Pleasure,3* and 
F.A.McMorris1,2. 1The Wistar Institute, Philadelphia, PA 19104; 2David Mahoney 
Institute for Neuroscience, University of Pennsylvania, Philadelphia, PA 19104; 
3Children’s Hospital of Philadelphia, Philadelphia, PA 19104.

Activation of the adenosine 3’:5’-cyclic monophosphate (cAMP) second messenger 
signaling pathway accelerates the rate at which oligodendrocytes differentiate and 
express myelin-specific proteins. We used polyclonal antibodies and confocal 
microscopy to visualize and quantify cAMP in developing oligodendrocytes (Wiemelt 
et al., 1997, JBC 272:31489-31495). In the presence of phosphodiesterase inhibitors, 
forskolin (FSK) and cholera toxin (CTX) robustly increased cAMP content in a 
subpopulation of precursor cells. The window of responsiveness occurs when the 
cells have begun to extend processes and increase in morphological complexity, but 
are not yet mature. In the absence of phosphodiesterase inhibitors or exogenous 
stimulators of adenylate cyclase, low-level, basal cAMP can be detected in developing 
oligodendrocyte precursors. To determine whether basal levels of cAMP are required 
for oligodendrocyte differentiation, oligodendrocyte precursors were enriched from 
primary rat glial cell cultures and grown in the presence or absence of KT5720, a 
potent and specific inhibitor of cAMP-dependent protein kinase (PKA). Cells grown 
in the presence of KT5720 failed to differentiate morphologically and to express CNP, 
a protein enriched in mature oligodendrocytes. Blocking the cAMP signaling 
pathway with KT5720 also abrogated the differentiation-promoting effects of FSK and 
CTX. Together, these studies indicate that the PKA activity maintained by basal 
levels of cAMP is necessary for the differentiation of oligodendrocytes. Additionally, 
oligodendrocyte precursors can be induced to express elevated levels of cAMP, but 
only during a restricted window of development. Supported by NIH grant NS32122 
and grants from the National Multiple Sclerosis Society.

2 8 .4

A B S E N C E  O F T H E N O N -R E C E P T O R  T Y R O S IN E  K IN A S E  
F Y N  L E A D S  T O  R E D U C E D  N U M B E R S  O F M A T U R E  
O L IG O D E N D R O C Y T E S IN  V IT R O . B .R . Sperbe r1,2, P .L . 
Stein1, F .A . M cM orris1,2*. 1T h e W istar Institute, 3601  Spruce St., 
Philad elphia, P A  19104; 2Graduate G roup in  N eu ro sc ien ce , 
U n iversity  o f  Pen n sy lvan ia , Philad elphia , P A  19104 .

T h e regulation o f  oligodendrocyte d evelop m en t and m yelination is  
in com p letely  understood. The non-receptor protein tyrosine kinase  
Fyn has been  sh ow n  to b e n ecessary  for norm al m yelination; fyn- 
null m utant m ice  have 30-50%  les s  C N S  m yelin  than controls. T o  
investigate the m echanism  resp onsible for the h ypom yelination  
phenotype, w e  studied primary m ixed  g lia l c e ll  cultures establish ed  
at postnatal day 1 from  fyn  and control m ice . Early o ligodendrocyte  
precursors, late precursors, and m ature galactocerebroside-positive  
(G alC +) o ligod en d rocytes, identified  b y im m unostain ing w ith  
m on oclon a l antib odies A 2 B 5 ,O 4, and O 1, resp ectively , d evelop ed  
in the fyn  cultures as w e ll as in  con trols, and their m orp h ology  w as  
grossly  norm al. N u m bers o f  O 4-p ositive  late o ligod en d rocyte  
precursors are sim ilar in fyn  and control cultures at postnatal days 4  
and 6 . O ligod en d rocytes o f  the m ore m ature G alC + stage w ere also 
present in norm al num bers at postnatal day 4; h ow ever, by day 6, 
their num bers w ere sign ifican tly  reduced in the fyn  cultures. 
Therefore, reduction in the num bers o f  o ligod en d rocytes m ay be  
partially resp onsib le  for the m yelin  d efic it in fyn  anim als.

Supported by grants from  the N ational M ultip le  S c lerosis S oc iety  
and b y  grant N S  3 2 1 2 2  from  the N IH .
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28.5
TRANSFERRIN BINDING PROTEIN IS A MARKER OF 
DEVELOPING AND M ATURE OLIGODENDROCYTES IN TH E 
CKICK. Sa Sun Cho1*, Eun Jung Rho1, Gey Sun Jeon1, Dong Hoon Shin1, 
Tae-Cheon Kang1, Kyeng Hoon Lee2. 1Dept. Anatomy, Coll. of Med., Seoul 
Nat'l Univ. and 2Seungkeunkwan Univ. Seoul, Korea

Transferrin binding protein (TfBP) is a glycoprotein originally purified 
from chicken oviduct that exhibits transferrin binding activity. Recent 
work has shown that TfBP is a post-translationally modified form of the 
heat shock protein (HSP 108), the avian homologue of a mammalian 
glucose regulated protein, GRP 94. The function of this protein, however, 
has not yet been clearly defined.  We found previously an enrichment of 
TfBP in avian oligodendrocyte. In this study, we have investigated TfBP 
expression in oligodendrocytes during development of the chicken spinal 
cord using immunohistochemical methods. TfBP+- cells appeared first at 
embryonic day 7 (E 7) in the ventral zone of spinal cord. With advancing 
age, TfBP + cells were found progressively in the ventral white column of 
spinal cord, and spread to lateral and dorsal white column. TfBP+ cells 
often ensheathed blood vessels. At E 15, TfBP+ cells were localized 
mostly in the white matter, comparable to the mature spinal cord. Shape 
of TfBP+ cells changed from early round or oval form to late processes 
bearing morphology. These morphology and distribution of TfBP + cells 
were consistent with maturation patterns of oligodendrocyte lineage, and 
the developmental pattern of myelin. Our data suggest that TfBP play a 
role in the series oligodendrocyte lineage. Double- labeled experiments with 
O4 antibody further supported that TfBP is useful immunocytochemical 
markers to trace developing as well as mature oligodendrocytes. Supported 
by Grant 971-0707-057-2 from the Korean Science and Engineering 
Foundation.

28.7
DIFFERENTIAL EXPRESSION OF MYELIN-SPECIFIC GENES 
AND NEURAL CELL ADHESION MOLECULES IN 
PREMYELINATING OLIGODENDROCYTES.
Kouichi Itoh1*, Yoko Sakurai2, Masato Umeda1 and Hiroaki Asou2. 
1The Tokyo Metropolitan Institute of Medical Science, Tokyo 113- 
8613, 2The Tokyo Metropolitan Institute of Gerontology, Tokyo 
173, Japan

The expression of myelin-specific molecules (MBP, MAG, PLP) 
and neural cell adhesion molecules (NCAM, L1) is precisely 
regulated under the cell type specificity and developmental 
control. We investigated whether different form of these molecules 
was involved in development of oligodendrocytes (OLGs). Stage- 
specific OLGs were cultured from E18 rat cerebrum (Sakurai et al.,
1998). RT-PCR was performed to detect the spliced form of these 
mRNA in the OLGs at different stages. Although early immature 
OLGs predominantly expressed L1 spliced form lacking two 
region, late immature OLGs expressed full length of L1 same as 
neuronal form. Other molecules did not show any difference of 
expression pattern. These results suggest that alternative splicing 
of L1 might be regulated by development of OLGs. (Supported by 
a Grant-in Aid for the Scientific Research from the Ministry of 
Education of Japan, Cell Science Research Fund, and Brain 
Science Fund.)

28.9
DIFFERENTIATION OF OLIGODENDROCYTE OCCURS IN 
CONTACT WITH A STROCYTE
Yoko S akurai,1* D aisuke N ish im ura ,1,2 K azunori Y oshim ura, 4 
Yoshihiro Tsuruo, 5 Chika S e iw a ,1,3 and H iroaki A sou1. 1Dept. of 
Neuro-cell b io l., Tokyo M etropolitan  In s t. of G eron to l., Itabashi-ku , 
Tokyo 173, Japan. 2Dept. of B iophys. and Life Science, U niv. of Tokyo 
at Komaba, M eguro-ku, Tokyo 153, Japan. 3Graduate Sch. of Integrated 
Sci., Yokohama C ity  U niv ., Yokohama 236, Japan. 4Dept. of P hys., 
S a itam a Med. Sch., Irum a-gun, S a itam a  350-04, Japan. 5Dept. o f  A nat., 
Tokushim a Univ. Sch. of M ed., T okushim a 770, Japan.

We have generated stage-specific  oligodendrocytes, w hich are 
identified as im m ature oligodendrocytes by the expression o f specific 
markers. These cell were generated by using  3 types of in tr in s ic  factors 
for influencing the characteristics of oligodendrocyte-lineage cells. The 
factors included 10% serum in the medium to induce cell pro lifera tion , 
bFGF in serum -free medium to increase survival and induce 
differentiation, and  0.25%  typsine  to remove nonoligodendrocyte lineage 
cells. We ahve also dem onstrated that it is possib le  to  supply  a huge 
amount of hom ogeneous popu la tions of stage-specific  im m ature 
oligodendrocytes after 35 days’ cu lture. The m aturation  of these cells is 
controlled by in teracting  w ith  astrocytes in v itro , resu lting  in the 
expression of MBP isoform s (14 .0  and 18.5 kD a) tha t may partic ipate  in 
mature oligodendrocyte membrane com paction.

28.6
IGF1  AND FGF-2 HAVE DIFFERENTIAL EFFECTS ON 
OLIGODENDROCYTE DEVELOPMENT IN VIVO. D.R. Goddard1,2, F. Homby 
2, M. Berry2 and A .M. Butt1*. Divs. of 1Physiology and 2 Anatomy & Cell 
Biology, UMDS, London, UK

In vitro, insulin-like growth factor I (IGF-I) and fibroblast growth factor 2 (FGF- 
2) have disparate effects on oligodendrocyte development. IGF-I is held to cause 
both proliferation in promyelinating oligodendrocytes and to stimulate 
differentiation whilst FGF-2 is also mitogenic for promyelinating 
oligodendrocytes, but conversely it blocks their terminal differentiation. The aim 
of the present study was to investigate the effects of IGF-I and FGF-2 on 
oligodendrocytes in the developing anterior medullary velum (AMV) of the rat. 
IGF-I and FGF-2 were administered by injection into the lateral ventricie at a 
concentration of 5OOng per ml of cerebrospinal fluid, twice daily for three days, 
commencing at postnatal day six (P6); controls were injected with saline. On P9 
the rats were sacrificed and the AMV were labelled with the RIP antibody. The 
AMV were analysed quantitatively by counts of promyelinating, myelinating 
oligodendrocytes and myelin sheaths. IGF-I significantly increased the numbers of 
myelinating oligodendrocytes and myelin sheaths, with no significant effects on 
promyelinating oligodendrocytes. FGF-2 was found to significantly increase the 
numbers of promyelinating oligodendrocytes, with no significant effects on the 
numbers of myelinating oligodendrocytes or myelin sheaths; qualitatively, large 
internodal gaps were observed along myelinated axons, where oligodendrocytes 
had not fully extended their sheaths, suggesting that FGF-2 retarded myelination. 
Our results demonstrate that IGF-I promotes oligodendrocyte differentiation and 
myelination in vivo, and that FGF-2 acts on promyelinating oligodendrocytes 
increasing their numbers and delaying differentiation in vivo.
Supported by the Anatomical Society of Great Britain and Ireland.

28.8
A MONOCLONAL ANTIBODY, 14F7, WHICH RECOGNIZES A 
STA GE-SPECIFIC IMMATURE OLIGODENDROCYTE SURFACE 
M OLECULE INHIBITS, OLIGODENDROCYTE DIFFERENTIATION 
MEDIATED IN CO-CULTURE WITH ASTROCYTES. K. Y oshim ura,
2* Y. S akurai, 1 D. N ishim ura, 1,2 Y. Tsuruo, 4 M. Nomura. 5 S. K aw ato, 
2 C. Seiw a, 1,3 T. Ig u c h i ,3 K. Itoh 6 and H. A sou1. 1Tokyo M etropolitan 
In s t. of G eronto l., Tokyo. 2U niv. of Tokyo, Tokyo. 3Yokohama C ity 
U niv ., Y okohama. 4Tokushim a Univ. Sch. of Med., Tokushim a. 
5Saitam a Med. S ch ., Saitam a, 6 The Tokyo M etropolitan In s t. of Med. 
S c i., Tokyo, Japan.

We have iso la ted  a m ouse m onoclonal antibody termed 14F7 which 
predom inately labels s tage-specific  im m ature oligodendrocytes, and 
found that the expression of 14F7 im m unoreactivity  in the developing 
neonatal rat forebrain is close ly  associated w ith cells expressing the 
oligodendrocyte (OLG) progen ito r marker A2B5 and to im m ature OLG 
expressing 04  antigen. 14F7+ cells were also widely d istributed  
throughout the form ing corpus callosum  as non-m yelinating  cells. In 
contrast to cell cu lture observations, 14F7+ cells were seen only in OLG 
lineage cells. 14F7 recognized a 48 kDa protein on SDS-PAGE. 14F7 
im m unoreactiv ity  was detectable in rat brain as early as em bryonic day 
18. Furtherm ore, in these ce lls , the to tal tim e for differentiation was 
extended , and on m atu ration , these cells subsequently expressed an array 
of m yelin-specific  p ro te ins, w hich norm ally occurs w ith direct contact 
of type-1 astrocytes. However, in the presence of 14F7, stage-specific  
OLGs co-culture w ith astrocytes com pletely failed to express MBP. 
These data suggest that the 14F7 antigen is a novel cell surface m olecule 
that is expressed in the interm ediate stage of OLG-lineage cells.

28.10
IMMUNOCYTOCHEMICAL CHARACTERIZATION OF
OLIGODENDROCYTE DEVELOPMENT IN THE RAT FOREBRAIN. 
S.A. Back*, N. Abend, J.J. Volpe and F.E. Jensen, Dept. of Neurology, Children’s 
Hospital, Harvard Medical School, Boston, MA 02115.

We have previously identified a population of O4+O1- preoligodendrocytes 
(preOLs) that predominate in human cerebral white matter when the premature infant 
is at highest risk for WM injury (Back et. al., Soc Neurosci Abstr 20:1722). Here 
we characterized preOLs in the rat forebrain and determined the subsequent patterns of 
04+01+ immature OL development between P3 and P21. We used the 04  and 01 
monoclonal antibodies (mAbs) to immunocytochemically identify OL precursors. 
Specificity of the antibodies was supported by: 1) similar staining patterns were 
obtained with fresh and fixed tissue; 2) staining for astrocytes using an anti-GFAP 
antisera did not overlap with 04  or 01 mAb staining; 3) both mAbs predominantly 
visualized cellular elements in white matter (WM) tracts. WM staining included the 
corpus callosum (CC), supraventricular radiation of the CC, anterior commissure, 
external capsule, WM fasicles of the caudate putamen (CPu), septal nuceli and globus 
pallidus, optic tract, and the internal capsule. A characteristic developmental pattern 
was observed where staining with 04 always preceded O1; labeling of OL somata 
always preceded labeling of apparent neuronal processes; and parasaggital or dorsal 
regions of larger structures (CC or CPu) matured before more lateral or ventral 
regions. At P3, numerous preOLs were visualized throughout the CC, whereas 
immature OLs were restricted to the parasaggital CC adjacent to the dorsal border of 
the lateral ventricle. By P7, immature OLs were extensively visualized throughout 
the CC. By P10, O1+ processes were extensively seen in the CC, but OL somata 
were no longer visualized. These data identify similar developmental sequences of 
OL maturation in the rat and human cerebral WM. Supported by NS01855, 
NS32570, NS31718 and the Grass and Hearst Foundations. The Ol and O4 
hybridomas were a generous gift of Dr. Stephen Pfeiffer.

Society for Neuroscience, Volume 2 4 ,1998



52 GLIA: OLIGODENDROCYTE SUNDAY AM

28.11

NITRIC OXIDE PROTECTS OLIGODENDROCYTE PRECU RSO RS 
AGAINST DEATH DUE TO GLUTATHIONE DEPLETION
P.A. Rosenberg, S.A. Back, Y. Li, and J.J. Volpe*. Dept. of Neurology, Children’s 
Hospital, Harvard Medical School, Boston, MA 02115 

The predominant form of brain injury in premature infants is to the cerebral white 
matter and is hypothesized to involve a loss of oligodendrocyte (OL) precursors. We 
previously showed that apoptosis of OL precursors is triggered by an oxidative stress 
pathway in which cystine deprivation results in depletion of glutathione and oxygen 
radical toxicity. Increased resistance to this toxicity occurs with OL maturation 
[Back et. al.(l997) Soc. Neurosci. Abstr.23:64]. We report here that several nitric 
oxide (NO) donors [S-nitrosyl-glutathione (SNOG), 3-morpholinylsydnoneimine 
(SIN1), and S-nitroso-N-acetylpenicillamine (SNAP)] were similarly toxic to 
O4+O1- preOLs and MBP+ mature OLs. However, under conditions of cystine 
deprivation, 200 µM SNOG, but not SIN1 or SNAP, markedly prevented preOL 
death. This protection was blocked by reduced deoxyhemoglobin (Hb) and potentiated 
by superoxide dismutase (SOD) and catalase, supporting a mechanism involving NO. 
Hb (43 µM) reduced preOL survival in the presence of SNOG from 60 ± 13% of 
control to 11 ± 10% (n=3; p<0.01). Hb (14 µM) also completely blocked the 
toxicity of 200 µM SNOG in cystine-containing medium. The mean EC50 value for 
SNOG’s protective effect (38± 14 µM) was decreased to 6 ± 2 µM in the presence of 
SOD and catalase (n=3; p<0.05). PreOLs were also protected by the NO donors, 
dipropylenetriamine (DPTA)-NONOate and diethlyaminetriamine (DETA)-NONOate, 
with half-lives of 3 and 20 h, respectively, but not by diethyalmine (DEA)- 
NONOate, with a half-life of 2 min, suggesting that NO was required when 
intracellular thiol levels were falling over hours in cystine-depleted medium. These 
studies suggest a novel protective role for NO in protecting OL precursors against 
injury due to oxidative stress. Supported by NS01855, HD 18655 and NS32570, and 
a Grass Foundation Morison Fellowship.

2 8 .1 3

Expression of UDP-Galactose: Ceramide Galactosyl Transferase mRNA in
Postnatal Rat Brain * Dong Hoon Shin, Seonghan Kim, Wang Jae Lee, Kyeong 
Han Park, Sa Sun Cho, Sang Ho Baik. Dept. of Anatomy, College of Medicine Seoul 
National University, Seoul 110-799 Korea

UDP-galactose: ceramide galactosyl transferase (CGT) is the most significant 
enzyme involved in the formation of galactocerebroside (GC), one of the most 
enriched lipid in myelin sheath. CGT can be used as functional marker of immature 
oligodendrocyte, since this molecule is expressed exclusively in the myelin forming 
cells in the central and peripheral nervous tissues. We have studied the expression of 
CGT mRNA to follow the developmental and functional profile of the 
oligodendrocytes in the postnatal rat brains using in situ hybridization technique.

CGT mRNA expressing (CGT+) cells were first detected in outside regions to the 
subventricular zone of forebrain at P2 and medullary raphe of medulla oblongata 
even at P0. Between P4 to P16, CGT+ oligodendrocytes were observed in the 
cerebellum, midbrain and pons that appear to migrate from originating pool in the 
hindbrain and those in the external capsule, internal capsule, corpus callosum and 
occipital and frontal cortex were from the focus in forebrain. In case of thalamus and 
striatum, CGT* oligodendrocytes appear to be supplied by both of these two foci. 
Taken together, these observations suggest that CGT+ oligodendrocytes originate 

from at least two discrete foci in forebrain and hindbrain, and that these CGT+ cells 
are exclusively colonized postnatally their own destinations in rat brain.

2 8 .1 5

STUDY OF CYTOKINE-INDUCED DEMYELINATING RESPONSES IN RAT 
ANTERIOR MEDULLARY VELUM
F. Reddington.,1 *M. Berry.,2 M. Rattray.,3 S. Kirvell.,1 A.M. B utt1 
1Divisions of Physiology, 2Anatomy and Cell Biology and 3Biochemistry and 
Molecular Biology, UMDS, London, UK 

Multiple Sclerosis (MS) and Experimental Allergic Encephalomyelitis (EAE) are 
autoimmune diseases in which oligodendrocytes and myelin are disrupted, resulting 
in axonal conduction block. Cytokines have been implicated in the pathology of 
both conditions. TNF-α has been shown to cause cell death and oligodendrocyte 
disruption in vitro, whilst CNTF is believed to protect against TNF-α induced 
damage. In this study we used the anterior medullary velum (AMV) to examine the 
effects of TNF-α and CNTF on oligodendrocyte integrity in vivo.

Female Lewis rats were sedated with halothane and were anaesthetized with 
hypnorm/hypnovel. There were 5 experimental groups; 1) TNF-α (200,000 U/ml 
CSF), 2) CNTF (500 ng/ml CSF). 3) TNF-α/CNTF, 4) saline, 5) sham (n=5). 
Intrathecal 50µl injections were administered into the IVth ventricle via the 
cisterna magna. After 48 hrs, rats were CO2 narcosed and perfusion fixed with 4% 
paraformaldehyde. AMV were removed intact and double labelled with RIP and 
anti-Neurofilament. Oligodendrocyte disruption and axonal demyelination were 
detectable and the results suggest an order of potency of TNF-α > TNF-α/CNTF ≥ 
CNTF ≅ saline. These results support a role for the proinflammatory cytokine TNF- 
α in mediating demyelination in vivo and suggest that CNTF protects against the 
effects of TNF-α. These results also highlight the usefulness of the AMV for 
investigating tissue myelination changes. We now intend to continue this study via 
the use of PCR to identify the receptor subtypes which are present in the tissue and 
to monitor their expression during the progression of EAE.
Supported by the Special Trustees of St Thomas’ Hospital

2 8 .1 2

DEVELOPMENT OF CARNOSINE-LIKE IMMUNOREACTIVITY IN THE 
CNS GLIA OF RODENTS. De Marchis S1., Modena C.1. Giffard C.1,2, Peretto 
P.1, Fasolo A.1* 1Dept. of Human and Animal Biology. Torino Univ., 10123 
Torino. Italy; 2European Institute for Peptide Research INSERM U-413. Rouen 
Univ., 76821 Mont-Saint-Aignan. France.

Carnosine and other related aminoacyl histidine dipeptides are naturally 
occurring antioxidants, free radical scavengers and metal ion chelating substances 
present in high concentration in the CNS of many vertebrates. In rodents, besides 
its localization in the olfactory receptor neurons and their axonal projections to 
the olfactory bulb, carnosine-like immunoreactivity (-LI) has been found within 
glial cells and in the subependymal layer of adult animals (Peretto et al. 
Neuroscience in press). We recently showed that in vivo a population of both 
mature oligodendrocytes and astrocy tes were positive for carnosine. In vitro, only 
a subset of mature oligodendrocytes were positive both in enriched culture of 
oligodendrocytes and in mixed glial cultures; on the contrary, cultures of 
astrocytes were negative (De Marchis et al. Neurosci Letters 1997. 237 37-40). In 
this study, we analyse immunocytochemically the regional distribution of the glial 
cells containing carnosine-LI in the CNS of newborn to mature rats. Double 
staining methods were used combining anti-carnosine antibody with antibodies 
specific for mature oligodendrocytes (RIP. MBP. CNP) and astrocytes (GFAP). 
Our observations, show that in the developing CNS the immunostaining for 
carnosine started to appear by the first week of life, at postnatal day 5 (P5) with a 
strong signal localized in RIP-positive oligodendrocytes of the spinal cord and 
brainstem. At P8. still no reaction was observed in the glial elements GFAP and 
RIP-positive present in the forebrain. Up to P 12. carnosine localization developed 
along a caudo-rostral gradient from spinal cord to forebrain, reaching a 
widespread distribution within the whole CNS in the mature animals. Our results 
support the hypothesis that carnosine production or uptake is concomitant with 
the onset of oligodendrocyte functions.
Financial support b y  MURST and Cavalieri Ottolenghi Fundation

2 8 .1 4

EXPRESSION AND LOCALIZATION OF THE MAJOR MBP MRNA 
ISOFORMS DURING DEVELOPMENT. Y. Feng and E Torre* Dept. 
of Biochemistry, Emory Univ. Med. Sch.; Atlanta,  GA 30322.

Myelin basic proteins (MBPs) are encoded by multiple mRNA 
isoforms derived from a single gene due to alternate splicing of the MBP 
primary transcript. Besides developmentally controlled transcription, 
regulation of MBP expression may occur at various posttranscription 
levels, such as translational regulation as suggested by in vitro studies in 
rabbit reticulocyte lysate, and selective targeting of the MBP mRNAs to 
the myelin sheath. Indeed, during myelin maturation, the 14 kD MBP 
isoform is significantly increased relative to the rest of the MBP 
isoforms. However, the in vivo mechanisms for such differential 
expression of MBP isoforms remained poorly understood. We have 
developed a quantitative RNAse protection assay which allows us to 
distinguish the four major MBP mRNA isoforms in developing mouse 
brain. Using this technique, we demonstrated that the steady state level of 
the MBP mRNA encoding the 14 kD isoform is significantly increased 
relative to the rest of the isoforms in adult male mice as compared to the 
level at the peak of myelination. Similar relative increase for this mRNA 
isoform is also detected in the purified myelin sheath. In addition, on 
linear sucrose gradient profile, the mRNA encoding the 14 kD isoform 
carries less polyribosomes as compared to other isoforms at the peak of 
myelination, most likely represents poor translation. In adult mice, the 
ability for polyribosome association by this isoform is significantly 
increased. Thus, our result suggests that the increase of the 14 kD MBP 
protein isoform in mature myelin is a result of a combination of 
increased accumulation, targeting and translation of the corresponding 
mRNA.

This work was supported by National Institutes of Health grant P01 HD35576

2 8 .1 6

THE REGULATORY ROLE OF BOX 1 AND 2 MOTIF OF THE GOLLI- 
MBP GENE COMPLEX. R. Saavedra, L. Huang, J. McGowan, K. 
Engisch* and C. Ljubetic. Neurobiology and Anatomy Department. 
Allegheny University of the Health Sciences. Philadelphia, PA 19129.

The Golli-myelin basic protein (MBP) gene complex consists of two 
overlapping transcription units (Golli and MBP) regulated by two distinct 
promoters. The promoter of the MBP unit contains a DNA sequence, the 
Box 1 and 2 motif, located between -160 and - 127 from the initiation of 
transcription site. This motif consists of two evolutionarily conserved 
sequences (11 and 13 bp, respectively) separated by 9 poorly conserved bp 
and contains binding sites for two nuclear proteins (MBP32 and MBP38), 
which could participate in transcription regulation of the MBP unit. 
Neuroblastoma (NB2A) and glioma (C6) cells do not express the 
endogenous MBP unit, whereas oligodendrocyte-like (N20.1) cells do. 
NB2A and C6 cells transfected with a DNA plasmid that contained a 
fragment of the MBP promoter (−160 to +13) which included the Box 1 and 
2 motif exhibited 33% and 42%, respectively, lower levels of reporter gene 
expression than cells transfected with a similar plasmid that carried an MBP 
promoter fragment (-126 to +13) which excluded this motif. N20.1 cells 
transfected with the plasmid that contained the Box 1 and 2 motif, however, 
exhibited no significant decrease in reporter gene expression compared to 
cells transfected with the plasmid that lacked this motif. Subsequent 
experiments indicate that the repressor activity of the Box 1 and 2 motif also 
depends on MBP promoter sequences located between -126 and +13. Our 
observations suggest that the Box 1 and 2 motif of the MBP promoter plays 
a repressor role in cells that do not express the MBP unit, a role analogous 
to that of sequences found within the promoters of neuron-specific genes 
that silence their expression in non-neuronal tissues. Supported by NMSS.
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28.17
DEMYELINATION AND REMYELINATION OF OPTIC NERVE AXONS 
DURING CHRONIC RELAPSING EXPERIMENTAL ALLERGIC 
ENCEPHALOMYELITIS (CREAE). S.L. Kirvell1, S. Amor2, F. Reddington1 
and AM Butt1, (SPON: British Neuroscience Association), 1Divisions of 
Physiology and 2Immunology, UMDS, London, UK.

The glial response to demyelination was studied in optic nerves of Biozzi 
ABH mice with CREAE, a model of MS, using immunohistochemistry and 
non-radioactive in situ hybridization. The course of the disease has 4 phases: 
(1) acute, (2) remission, (3) relapse and (4) post relapse. (1) ACUTE: 
demyelinating lesions were absent but down-regulation of both  MBP and CAII 
protein and mRNA were apparent in oligodendrocytes; GFAP expression was 
down-regulated in astrocytes. (2) REMISSION: glial changes persisted, 
although some areas demonstrated an up-regulation of GFAP and CAΠ 
suggesting reactive changes by astrocytes and oligodendrocytes, respectively. 
(3) RELAPSE: prominent, large foci of demyelinating lesions in which axons 
were patent; astrocytes increased in number and showed up-regulation of 
GFAP, oligodendrocytes within lesions exhibited cytoplasmic vacuolation and 
disruption of their processes. (4) POST RELAPSE: remyelination of axons; up- 
regulation of MBP and down-regulation of both CAII and GFAP; CAΠ and 
MBP mRNA expression did not recover. These findings indicate that (i) 
oligodendrocytes are affected prior to onset of demyelination; (ii) glial cells 
continue to undergo reactive changes during remission; (iii) relapse is marked 
by demyelination, although oligodendrocytes persist within lesions; (iv) 
remyelination occurs without oligodendrocytes fully recovering normal myelin 
product expression.
Supported by The Multiple Sclerosis Society of Great Britain and Northern 
Ireland and The Special Trustees of St. Thomas’ Hospital

28.18
OLIGODENDROCYTE RESPONSE TO CNS EXCITOTOXIC LESION. J .  
Cadusseau, M.-P. Junier* and N. Jamin. IM3- INSERM Unité 421, Faculté de 
Médecine Créteil FRANCE

Neuronal depletion induced by an excitotoxin is accompanied by complex 
changes in microglial and astrocytic populations. This study investigates the time 
course of changes in the distribution and morphology of oligodendrocyte 
populations during the first month following a kainic acid in the thalamus of the 
adult rat. Oligodendrocyte identification was based on the immunohistochemical 
detection of carbonic anhydrase II (CAII). The oligodendrocyte response was 
compared with the demyelination of the area revealed by the 
immunohistochemistry (IHC) of 2',3’-cyclic nucleotide 3’ phosphodiesterase 
(CNP) and analyzed with respect to the astrocyte and microglial responses. 
Astrocytes were identified by the IHC of the glial fibrillary protein (GFAP) or 
vimentin and microglial cells by the IHC of the fraction 3 of the complement 
receptor (0X42). Twelve hours after kainate injection, most neurons had 
disappeared in the lesioned area. GFAP IHC revealed some patches of parenchyma 
devoid of labeled cells just next to the needle track. In contrast, CAII IHC indicated 
a preservation of oligodendrocytic populations. Two days after the lesion, 
oligodendrocytes displayed a normal density and a normal morphology, though 
they were more immunoreactive to CAII antibodies than the oligodendrocytes in 
the controlateral unlesioned parenchyma. The increased CNP immunoreactivity in 
the lesioned area marked the dilatation and swelling of the myelinated fibers. 
Progressive disappearance of oligodendrocytes began at the end of the first week and 
was completed by two weeks post-lesion, concomitant with the disappearance of 
the CNP immunolabeling. At that time, oligodendrocytes were present only at the 
border of the lesioned area intermigled with reactive astrocytes. These data show 
that demyelination of the lesion area results from a total loss of oligodendrocytes. 
The delayed response of the oligodendrocytes to the excitotoxin also shows that the 
kainic acid does not exert a direct effect upon this glial population. This rises the 
possibility that other glial populations participate to this event.

G L IA : A S T R O C Y T E

29.1
SELECTIVE GROW TH OF A S T R O C Y T E S  A N D  N E U R O N S  O N  
SURFACES W ITH C O L O N N A D E  T O P O G R A P H IE S , A .M . P erez1, N . 
Dowell2, L. Kam2,3, S. Turner1,  R .C . D a v is1, H .G . C raighead1, M . Issac-  
son1, J.N. Turner2, and W . Shain2*, 1S c h o o l  o f  A p plied  &  Engin. Physics, 
Cornell Univ., Ithaca N Y , 2W adsw orth C enter and S ch o o l o f  Public  
Health, A lbany N Y  12201, 3D ept. o f  B iom ed . E n gin ., R P I T roy, N Y  

Selective attachment and grow th  o f  neurons and g lia  m ay provide  
important tools for cell isolation, describing m echan ism s o f  cell attachm ent, 
and controlling biological resp onses to  chronically  inserted electrod es and 
prosthetic devices. W hile chem ical m odification  o f  surfaces is com m only  
used to modify cell-surface interactions, w e  h ave explored  th e u se  o f  
topographical manipulation. In order to  control th e shape, size , and 
distribution o f  surface features, photo-lith ograp hic procedures w ere  used  to  
produce colonnade surfaces containing pillars w ith  diam eters o f  1-5 µm  and 
spaces between pillars o f  0 .5 -4  µm. Cell attachm ent w a s studied using  
LRM55 astroglial cells, cortical astrocytes prepared from  primary cultures 
, and hippocampal neurons. Cell attachm ent w a s  a ssessed  b y describing the  
distribution o f  focal contacts (vinculin im m unocytoch em istry), cytoskeleta l 
elements (actin cytochem istry using phalloidin con ju gates), or cell im aging  
using diIC18(3). Astroglial cells attached preferentially to  the co lon n ad e vs  
smooth silicon surfaces. Cell density and m orp h o lo g y  varied accord ing to  
the geometric features o f  the co lon n ad e surfaces. N eu ron s attached  
randomly but did not extend processes. Support: N IH  (R R -109 5 7  & -1 0 2 1 9 )  
and DARPA/ONR.

29.2
CHARACTERIZATION OF RETINOIC ACID SYNTHESIZING 
ASTROCYTES WITHIN THE DEVELOPING SPINAL CORD.
E. R osa-M o linar1, B. J. Proskocil1, R. V aughn2, B. Fritzsch1, M. H. Zile3, 
and P. J. M cCaffery4. 1Dept. Biomed. Sci., Creighton Univ. Sch. Med., 
O m aha, N E  68178 , 2Depart. Cell Biol. and Anat., Univ. NE  Med. Ctr., 
O m aha, NE  68198, 3Depart. Food Sci. and Hum an Nutrition, Michigan 
State Univ., East Lansing, Ml 48824 , and 4Div. Developm ental 
Neurosci., E. K. Shriver Ctr., W altham , M A  02254.

Retinoic acid (R A), a non-steroidal lipophilic molecule, until recently 
had not been considered to play a role in the regulation and patterning of 
sexual dimorphic phenotype(s), an area considered to be the domain of 
steroid hormones (Rosa-Molinar, et al., [1997] Adv. Exp. Med. Biol. 
414 :95-108 ). W e  wanted to identify the specific neural cell type(s) 
synthesizing endogenous R A  within the developing spinal cord which 
might coordinate sexually dimorphic patterning of spinal cord levels in 
bony fish, specifically the W estern Mosquitofish, Gambusia affinis affinis. 
To achieve this w e employed electron microscopy and 

immunocytochemistry to identify the neural type(s) which express RA  
synthesizing enzym e[s] (i.e. retinaldehyde dehydrogenase) and 
correlated these cells with regions of high endogenous RA. Preliminary  
results reveal a specific sub-population of astrocytes (i.e. protoplasmic 
astrocytes) which m ay be responsible for the synthesis of the 
endogenous RA within the developing spinal cord. Sex differences in the 
numbers of RA synthesizing astrocytes m ay play a role in determining 
sexual dimorphic patterning in the spinal cord.

Supported by the MH18882 to E.R-M, HD05515 and HD01179 to 
PMcC.

29.3
DELTA-OPIOID RECEPTOR IMMUNOREACTIVITY ON ASTROCYTES IS 
UPREGULATED DURING MITOSIS. Thorleif Thorlin, Peter S. Eriksson.

Clinical Neuroscience, Department of Neurology, Göteborg University, Göteborg, 
Sweden.

Endogenous opioid peptides and opioid receptors are expressed by brain cells 
early during normal development, and exogenous opiate exposure in this period is 
known to affect brain cell proliferation and maturation. Despite the abundant evidence 
that opioids affect brain development, little is known about the mechanisms involved. 
In this study cortical astrocytes in primary culture were examined 
immunohistochemically using antibodies against the opioid receptors. The 
immunoreactivity for δ-opioid receptors was strongly upregulated during mitosis with 
an increase in immunostaining that started in early prophase and lasted through the 
M-phase to cytokinesis. Similar effects could not be observed when antibodies against 
the µ- or κ-opioid receptor subtypes were used. Cultured neurons and microglia 
presented a strong and homogenous immunostaining for the δ-opioid receptor and no 
further upregulation of immunoreactivity could be detected in these cells. The 
presence of functional δ-opioid receptors on the mitotic astrocytes was verified using 
microspectrofluorometry for detection of δ-opioid agonist induced changes in 
intracellular free calcium concentrations ([Ca2+]i). In these experiments fluo-3/AM 
incubáted cells showed a rapidly induced δ-opioid agonist (DPDPE, 10−7M) evoked 
increase in [Ca2t]i. No alterations in [Ca2+]i were seen after application of the µ-opioid 
agonist DAMGO (l0−6M) or the κ-opioid agonist U50.488H (10`6M) in the mitotic 
astrocytes. These results suggest an upregulation of the δ-opioid receptors that could 
represent a mechanism involved in the response to opioids in the developing brain. 
Supported by the Swedish Medical Research Council (Grant no. 12X-06812).

29.4
THE EFFECT OF ATP ON ASTROCYTE DIFFERENTIATION IS 
SWITCHED FROM SUPPRESSIVE TO STIMULATIVE DURING 
DEVELOPMENT. K. Abe*, H. Saito and N. Matsuki. Laboratory of Chemical 
Pharmacology, Graduate School of Pharmaceutical Sciences, The University of 
Tokyo, Tokyo 113-0033, Japan.

Adenosine 5’-triphosphate (ATP) functions as a neurotransmitter or 
neuromodulator in the brain. To understand the role of ATP during brain 
development, we investigated the effects of ATP on morphology of cultured 
astrocytes obtained from the cerebral cortices of embryonic day 18 (E18) and 
postnatal day 2 (PN2) rats. In E18 astrocytes, ATP (1-1000 µM) alone did not 
affect astrocyte morphology, but significantly suppressed astrocyte stellation 
induced by the β-adrenoceptor agonist isoproterenol or the membrane-permeable 
cyclic AMP analog dibutyryl cyclic AMP. The suppressive effect of ATP in 
embryonic astrocytes was mimicked by P2U purinoceptor agonists, but not by 
P2X purinoceptor agonists nor by P2Y purinoceptor agonists. ATP had no 
effect on stellation induced by the protein kinase C activator phorbol ester. It is 
probable that ATP, via P2U purinoceptors, suppresses cyclic AMP-dependent 
regulatory mechanism for stellation in embryonic astrocytes. On the other hand, 
PN2 astrocytes differentiated into stellate cells in response to ATP (10-1000 µM). 
The ATP-stimulated stellation in PN2 astrocytes was mimicked by AMP or 
adenosine, and blocked by P1 purinoceptor antagonists. It is probable that ATP 
is broken down into AMP or adenosine, which stimulates P1 purinoceptors and 
induces stellation in neonatal astrocytes. These findings suggest that the effect 
of ATP on astrocyte differentiation is switched from suppressive (P2U receptor- 
mediated) to stimulative (P1 receptor-mediated) during late embryonic to neonatal 
stages. ATP may be a factor that determines timing of astrocyte differentiation 
during development.
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29.5
R H O -M E D IA T E D  M Y O S IN  LIG H T  C H A IN  P H O S P H O R Y L A T IO N  
IN  T H R O M B IN -S T IM U L A T E D  R O U N D IN G  O F 1321N 1 G LIA L  
C E LL S. M . M aj um dar1, T .M . S ea sh o ltz1, D . G o ld ste in 1, P. de 
L an erolle2 and J.H. B ro w n 1*. 1D ep t. o f  P h arm aco logy , U n iv ersity  o f  
C alifornia, San D ie g o  9 5 0 0  G ilm an Dr., La Jolla  C A  9 2 0 9 3 -0 6 3 6 ;  
D ep t. o f  P h y s io lo g y  and B io p h y s ics , U n iv .o f  I llin o is  at C h icago , 
C h icago , IL 6 0 6 1 2 .

Throm bin treatm ent causes a rapid, reversible d ose-d ep en dent rounding  
o f  1 3 2 1N 1 astrocytom a cells . The throm bin receptor p ep tid e SFL L R N P  
a lso  ind u ces ce ll rounding, w h ereas other G p rotein -lin k ed  receptor  
agonists, such as carbachol, fail to do so. Inhibitors o f  P I3 k in ase, M A P  
kinase, or Ca2+ m o b iliza tion  do not inh ib it th is resp on se. P ertu ssis tox in  
treatment is a lso w ithout effect. Inhibition o f  protein kinase C or tyrosine  
kinase produces partial blockade. H ow ever, throm bin- in d u ced  rounding  
is  fu lly  b lock ed  the m y o sin  ligh t chain  k in ase inh ib itor K T 5 9 2 6  and by  
the C3 toxin  from  Chlostridium botulinum w h ich  sp ec if ica lly  in activates  
the sm all G  protein Rho. Throm bin a lso  leads to a rapid, 2 .4 -fo ld  increase  
in 32P incorporation in to m y o sin  ligh t chain . M y o s in  phosp h ory la tion  is  
also  inhibited b y C3 tox in  treatment. W e con clu d e that stim ulation o f  the  
heterotrim eric G  protein -cou p led  throm bin receptor in  1 3 2 1N 1 c e lls  
activates R h o- and m yosin  phosphorylation-dependent p ath w ays lead ing  
to  c e ll rounding.

Funded by NSF grant MCB 9631833 (to P. de L.) and NIH grant GM 36927 (to J.H.B)

29.7
Effects of Thiamine Deficiency on Astrocyte Metabolism and 
Function
A  S. H azell* , P. P annunzio, A. Ram baldi, and R .F. Butterw orth. 
N euroscience Research Unit, Hôpital Saint-Luc (U niversity o f  M ontreal), 
M ontreal, Q uébec, C A N A D A  H 2 X  3J4
Thiamine deficien cy (T D ) is a m etabolic d isorder that lead s to  profound  
histo log ica l dam age in focal region s o f  the brain. Previou s studies have  
indicated that alterations in glial cell m orp h ology  represent som e o f  the  
earliest n europathological ch an ges during the p rogress o f  T D . H ere, w e  
h ave  a ssessed  the in fluence o f  varying d egrees o f  T D  on levels o f  
th iam ine esters (thiam ine m on op h osp h ate and diphosphate, TM P and 
T D P , resp ectively), activity o f  the thiam ine-dependent enzym e  
tran sk etolase (T K ), lactate release, and m easurem ent o f  lactate 
dehydrogenase (L D H ) levels as an indicator o f  cy to tox icity . E xp osu re o f  
astrocytes to  T D  m edia for 7 days resu lted in a 88% and 45%  decrease  
in thiam ine and T D P  lev e ls  resp ectively , w ith  no change in TM P levels  
com p ared  to  controls. In addition, TK  activity w a s  low ered  by 62% . 
F o llo w in g  exp osu re to  10 µ M  pyrithiam ine (an inhibitor o f  both the  
thiamine transporter and T D P -k in ase), T D P  lev e ls  declined  by 56% , and 
TK  activity w as low ered  to  11% o f  norm al values. Furtherm ore, lactate  
release w as increased by 64% . N o  ch an ges in L D H  lev e ls  w ere detected  
fo llo w in g  th ese  treatm ents. T h ese resu lts su g g est that T D  alters the  
fu n ction al integrity o f  astrocytes w h ich  m ay contribute to  the neuronal 
cell death that develops at later stages o f  th is disorder. (Supported  by the 
M edical R esearch  C ouncil o f  Canada)

29.9
GLUCOSE DEPRIVATION-INDUCED POTENTIATED 
DEATH OF IMMUNOSTIMULATED ASTROCYTES. J-J. C h o i1, 
S. C h o2,3*  and W -K . K im 1,3. 1D ep t. o f  Pharm acol., 2D ept. o f  P h ysio l., 
C o ll. o f  M ed.; 3D iv .o f  N eu ro sc i., M ed. R es. Ctr., E w ha W om ans 
U n iv ., S eou l 1 5 8 -0 5 6  , R ep. o f  K orea.

A strocytes p lay  an essen tia l role in  the m aintenance o f  norm al 
neuronal function. H ere w e  report that im m unostim ulation  w ith  
interferon-γ and lip op o lysacch arid es m ade m urine astrocytes m uch  
m ore vu lnerable to g lu co se  deprivation-indu ced  death. N eith er 8-h 
g lu c o se  deprivation nor 2 -day im m u n ostim u lation  altered the v iab ility  
o f  astrocytes. H ow ever, a rem arkable death o f  im m unostim ulated  
astrocytes w as induced  by 8-h g lu c o se  deprivation. T h is augm ented  
death by im m unostim ulation  w as m im ick ed  by the nitric ox id e  
releasin g  reagent 3 -m orp h olin osyd n on im in e and w as in part prevented  
by the nitric o x id e  synthase inhib itor N G-nitroarginine. Superoxide  
dism utase and catalase, w h ich  rem ove superoxid e an ion , decreased the  
augm ented  death o f  g lu cose-d ep rived  im m unostim ulated  astrocytes, 
su g g estin g  that the reaction o f  nitric o x id e  w ith  su peroxid e to form  
p eroxynitrite m ay be im plicated  in the potentiated  death. The data 
indicate that production o f  nitric o x id e  b y im m unostim ulated  
astrocytes is  a ssocia ted  w ith  potentiation  o f  su icid al death o f  g lu co se-  
deprived  astrocytes. Supported by the research fund (to W -K . K im ) o f  
the K O S E F , Sou th  Korea.

29.6
ASTROCYTE HETEROGENEITY: DIFFERENTIAL
REGULATION OF ASTROCYTE FUNCTION
DURING DEVELOPMENT AND IN DIFFERENT
BRAIN REGIONS. J. Lac kland*, I . B . B la ck , and C .F . 
D rey fus. D ep t. o f  N eu roscien ce &  Cell B io l., R u tgers-U M D N J /  
Robert W o o d  Johnson M ed ical sch o o l, P iscataw ay, NJ 0 8 8 5 4 .

P reviou s stu dies in our laboratory indicated that astrocytes  
from  P 1 basal forebrain in culture respond to a depolarizing signal 
(K C l 25m M  for 4hr) w ith a tw o -fo ld  increase in B D N F  m R N A . 
T o determ ine whether adult basal forebrain astrocytes are sim ilarly  
regulated, w e  treated cultures w ith K C l  T h ese ce lls  did not 
respond to this sign al. T o investigate w hether astrocytes from  
different brain regions a lso  exhibit differential resp o n siv en ess , w e  
treated P 1 and adult cortical astrocytes. N either P 1 nor adult cells  
w ere in fluenced by K C l treatment. T o  investigate w hether cortical 
astrocytes w ere capable o f  responding to other s ig n a ls , w e  

ex p o sed  both P 1 and adult cortical astrocytes to 17-ß -estrad io l. 
B oth  P 1 and adult ce lls  responded to the horm one w ith  tw o -fo ld  
increases in B D N F  m R N A . Our observations su g g est that 
astrocyte populations are heterogeneous: d evelop in g  and adult cells  
and ce lls  from  different brain reg ion s, respond differentially to 
extracellular sign als.(Sup ported by M H /A G  19 9 5 7 -0 1 )

29.8
ASTROCYTE DISTRIBUTION IN mev MOUSE BRAIN. C.A. Wishcamper*, A. 
Ouattlebaum, and D.I. Lurie. Dept. of Pharm. Sci., Univ. of Montana, Missoula, 
MT 59812.

Much attention has focused on the neuronal mechanisms of CNS 
maturation, however less attention has been paid to the role of astroyctes during this 
process. Immature astrocytes are thought to support the growth and survival of 
neurons within the developing CNS, while in the mature CNS, astrocytes respond to 
changes in neural activity in ways that are both supportive and inhibitory of neuronal 
survival and regeneration. Previous studies in our lab have demonstrated that the 
protein tyrosine phosphatase SHP-1 negatively regulates astrocyte proliferation 
following CNS injury. In addition, we have shown that the tyrosine phosphatase 
inhibitor, sodium orthovanadate, increases proliferation in avian mixed neural/glial 
cultures. These studies suggest that SHP-1 appears to prevent glial cells from 
entering the cell cycle in the presence of external stimuli to divide. However, its role 
in regulating glial proliferation during CNS development is not known. We examined 
the role of SHP-1 in the CNS during development using viable motheaten mice (mev) 
which contain autosomal mutations for SHP-1. mev mice show a decrease in SHP-1 
activity. Brains from mev and age-matched control mice were fixed in a modified 
Carnoy’s solution, embedded in paraffin, and immunostained for GFAP. Glial 
number and distribution were compared between mev mice and controls. There was an 
increased number of GFAP+ astrocytes throughout the mev brain compared to that of 
controls. The hippocampus, caudate, putamen, and corpus callosum contained 
particularly high numbers of GFAP+ astrocytes. Neuronal number and distribution 
within these areas appeared normal by cresyl staining. Within the hippocampal 
region, a dense band of GFAP+ astrocytes were observed above the CA1 region in 
mev mice. In contrast, age-matched control mice contain fewer GFAP+ astrocytes 
within the hippocampus and those astrocytes were uniformly distributed, showing no 
dense band above region CA1. The influence of this altered distribution of astrocytes 
within the motheaten brain on the development of neuronal processes and/or synapses 
remains to be elucidated. Supported by NIH grant RR11796.

29.10
HYDROGEN PEROXIDE INDUCED TOXICITY IN CULTURED RAT 
HIPPOCAMPAL ASTROCYTES. C.J. Feeney1*, M. Frantseva2, P. Carlen1,2 
and P.S. Pennefather1,2,3. 1institute of Medical Science, 2Playfair Neuroscience 
Unit, and 3Faculty of Pharmacy, University of Toronto, Toronto, Ontario, 
Canada, M5S 2S2.

Free radicals (FR) are highly reactive physiological metabolites, the 
production of which is greatly increased during almost all pathological states. 
The CNS is considered to be particularly vulnerable to FR induced damage  
because of its high oxygen consumption and high levels of polyunsaturated 
lipids. There is increasing interest in the mechanisms by which glia modulate, 
and are targets of FR induced brain damage. The fact that the ‘normal’ 
functioning of glia is essential for neuronal protection is being gradually 
recognized. Due to higher content of antioxidants, lower metabolic rates and 
lower concentrations of polyunsaturated lipids, astrocytes have been 
considered to be highly resistant to FR mediated damage. Recent 
experiments by M. Frantseva et al. however, suggest that astrocytes in 
cultured hippocampal slices are more vulnerable to a FR-generating 
compound (H2O2) than neurons.

To confirm and extend these findings, experiments were initiated on 
dissociated cultures of rat brain astrocytes. Cell death in cultures exposed to 
H2O2 was followed by fluorescent microscopy of propidium iodide (PI) labeling 
for up to 24 hours. H2O 2 at concentrations as low as 50 µM, was found to 
cause massive cell death in hippocampal astrocyte cultures. Cortical 
astrocytes, on the other hand, were found to be highly resistant to 1 mM H2O2. 
Quantitative photometric analysis confirmed these results. Utilizing the 
mitochondrial dye JC-1, we have shown that astrocytes from hippocampus, 
but not cortex, show a massive and rapid loss of mitochondrial membrane 
potential within 30-45 minutes H2O2 exposure, followed by rapid PI labeling. 
The next step will be to examine interactions between neurons and astrocyte 
during FR induced brain damage. Supported by MRC of Canada.
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29.11
ASTROGLIAL CELL DEATH INDUCED BY EXCESSIVE INFLUX OF SODIUM IONS.
S. Takahashi1*, M. Shibata2 and Y. Fukuuchi2.
1Dept. of Neurology, Urawa Municipal Hospital, Urawa-shi 336-8522, Japan and 
2Dept of Neurology, Keio University School of Medicine, Tokyo 160-8582, Japan.
• Previously we have shown that veratridine, monensin, and glutamate facilitate Na+ 

influx into cultured rat astroglia as well as neurons (Soc Neurosci Abstr22: 199, 1996; 
Dev Brain Res 104: 111, 1997) and that resultant increases in intracellular Na+ 
concentration stimulate rates of [14C]deoxyglucose phosphorylation (Soc Neurosci 
Abstr 20: 1264, 1994; PNAS 92: 4616, 1995), suggesting that intracellular Na+ 
regulates glucose metabolism both in cultured rat neurons and astroglia. Ischemia 
causes disruption of energy metabolism and leads to cell death. Na+ influx has been 
implicated to play an important role in the mechanisms of neuronal cell damage under 
energy failure. Thus far, however, the effects of Na+ influx on astrocytic cell damage 
have not been studied extensively. In the present study, we have examined the effects 
of Na+ influx induced by veratridine (Na+ channel opener), monensin (Na+ ionophore), 
and glutamate (co-transportation with Na+) on rat cultured astroglial damage. Cells 
were incubated with bicarbonate buffer (25 mM glucose) containing either veratridine 
(100 µM), monensin (10 µM), or glutamate (1 mM) with or without 1 mM ouabain for 
20 h. Cellular damage (%) was evaluated by LDH release (% of maximal LDH release 
from sister culture treated with 1% Triton X-100). Veratridine, monensin, or glutamate 
alone reduced glucose concentration in the solution significantly (p<0.05), but did not 
induce astroglial damage (<10%). Veratridine or monensin co-incubated with ouabain, 
which inhibits active extrusion of Na+ by Na+,K+-ATPase, thereby enhances 
intracellular Na+ accumulation, caused significant cell death (30-50% and 50-70%, 
respectively), whereas glutamate did not Na+-free solution substituted by choline 
(impermeable cation) attenuated cell damage induced by veratridine completely, while 
Li+ substitution (permeable cation) did not. Nifedipine (100 µM), a blocker of L-type 
Ca2+ channel, reduced veratridine-induced glial damage (by 50%). Bepridil (10 µM), a 
blocker of Na+-Ca2+ exchanger, failed to inhibit. These results indicate that excessive 
Na+ influx causes acute astroglial death, presumably via Ca2+ influx through 
voltage-dependent Ca2+ channels activated by membrane depolarization.

29.13
CALCIUM IN F L U X  M ED IA TE S A N  IN C R E A S E  IN  G F A P  
IM MUNOREACTIVITY A N D  R E A C T IV E  M OR PH O LO G IC  
CHANGES IN  A S T R O C Y T E S IN VITRO. Y .B . L e e * , S . D u , B .T .  
Ahn1, G.J. M arkelonis, M .T . S h ip ley  and T .H . O h. D ep t. o f  Anatom y  
& N eurobiology, U n iv . o f  M aryland S ch . o f  M e d ., Baltim ore, M D, 
21201, and 1Dept, o f  M olecu lar B io l. ,  C atholic U n iv . o f  K orea, S eo u l, 
Korea.

In higher vertebrates, reactive g lio s is  fo llo w in g  injury to the C N S  is  
characterized by a rapid increase in  im m unoreactivity (IR ) for G FA P. W e 
demonstrated reactive g lio s is  in cultured g lia  by low erin g  the pH  o f  the 
medium (Oh et a l., 1995); initial experim ents su g g ested  that the in flux o f  
calcium triggered this reaction. W e exten d  th ese prelim inary stu dies in 
this report. T h e rapid increase in G F A P -IR  and hypertrophy o f  
astrocytes resulting from  treatment with acid  (pH  5 .5 -5 .7 )  w as blocked  
by pretreatment w ith  nickel io n , w ith  b lock ers o f  L -typ e calcium  channels 
such as n ifed ip ine, verapam il and diltiazem , or w ith  the intracellular 
calcium chelator, B A P T A -A M . Calpain inhib itor I, a cell-perm eable  
inhibitor o f  the neutral calcium -activated p rotease, calpain I, abolished  
both the increase in G F A P -IR  and the hypertrophy o f  astrocytes evoked  
by acidic pH or by the calcium  ionophore, A 2 3 1 8 7 . A c id ic  pH  caused the 
proteolytic fragma ntation o f  G F A P  as con firm ed  by S D S -P A G E , 
Western blot and am ino acid  a n alysis . T h is fragm antation w as com pletely  
blocked by calpain inhibitor I but not calpain  inhib itor II, a  c lo se  structual 
homologue. T h ese results su g g est that the initial increase in G FA P-IR  is 
linked to Ca++ in flu x  and is  m ediated by a proteolytic process that 
seemingly in v o lv es  the activation o f  a  ca lcium -depend en t protease like  
calpain I. Supported by N IH  (N S 3 4 5 3 4 -T H O ).

29.15
CELL CYCLE DEPENDENT CHANGES IN ION CHANNEL EXPRESSION OF 
SPINAL CORD ASTROCYTES IN VITRO
S.N. MACFARLANE* and H. SONTHEIMER. Dept. of Neurobiology, Univ. of 
Alabama at Birmingham, Birmingham, AL 35294

We have previously demonstrated significant changes in the specific 
conductances for transient outward potassium current (KA), sustained outward 
potassium current (KD), sodium (Na+), and inward rectifier currents (KIR) in 
proliferating versus non-proliferating cells (MacFarlane and Sontheimer, 1997). In 
order to assess whether these changes occur at defined stages of the cell cycle, we 
used the technique of whole-cell patch clamp recording on developing spinal cord 
astrocyte cultures treated with an array of specific cell cycle arresting agents. We 
found that cells arrested in G0/G1, demonstrate decreased specific conductances for 
KA, KD, and Na+, and increased KIR conductance similar to those previously reported 
for quiescent astrocytes. In these cells, the ratio of the conductances of sustained 
potassium currents (Gkd) and inward-rectifier currents (GKIR) was 1:1. Cells 
arrested in S phase of cell cycle demonstrate expression of KA, KD, Na+ and KIR 
currents similar to those previously described for actively dividing, BrdU+ cells. 
Expression of KD is enhanced in dividing cells with the Gkd/GKIR ratio greater than 
2:1. Interestingly, cells arrested at the G1/S checkpoint, demonstrate increased 
conductances of KA, KD and Na+ similar to cells in S phase, however, they also 
sustain large KIR conductances like those of quiescent or non-proliferating cells. 
These data suggest that a decrease in GKIR is concomitant with the onset of DNA 
synthesis. These findings, in conjunction with studies in other cell types, propose 
that changes in ion channel activity contribute to an intracellular environment that is 
conducive to DNA synthesis and cell cycle progression. The functional importance 
of these changes, as well as any changes in channel protein expression, are currently 
being investigated.
(supported by NIH RO1-NS31234 and P50-HD-32901)

29.12
“Ca2+ BURSTS”: IMAGING LOCAL Ca2+ SIGNALS IN ASTROCYTES.
V.A. Golovina* and M.P.Blaustein. Dept. o f  Physiology, Univ. o f  Maryland Med. 
Sch.; Baltimore, M D 21201.

Local Ca2+ signals were studied during ATP-stimulation o f  primary cultured rat 
astrocytes with high temporal and spatial resolution digital imaging. ATP (5-100  
µM), which stimulates formation o f  inositol 1,4,5-trisphosphate (IP3), induced global 
elevation o f  [Ca2+]CYT (cytosolic free Ca2+ concentration, measured with Fura-2). 
Initially, [Ca2+]CYT (≈120 nM before stimulation) rose to a peak, often >2000 nM, and 
then declined to a lower plateau (400-800 nM). During the plateau phase, spatially 
localized, rapid, transient Ca2+ release (“Ca2+ bursts”) were observed. Ca2+ bursts 
(amplitude = 400-1200 nM; diameter = 1.5-2.5 µm; frequency = 3-8/min) were 
centered over small regions o f  endoplasmic reticulum [ER, later identified by staining 
with the lipophilic fluorochrome DiOC6(3)]. In Ca2+-free extracellular fluid (ECF), 
ATP causal [Ca2+]CYT to rise transiently, and then return toward the resting level; Ca2+ 
bursts (3-6/min) were observed during the declining phase. This indicates that the 
Ca2+ bursts were due to release o f  Ca2+ from the ER, and not to Ca2+ entry from the 
ECF. Restoration o f ECF Ca2+ then caused sustained elevation o f  [Ca2+]CYT (perhaps 
as a result o f  “capacitative” Ca2+ entry; Glia., 1 6 :2 9 6 , 1996), sometimes accompanied 
by Ca2+ bursts. Prior emptying o f  the ryanodine-sensitive stores did not prevent ATP 
from inducing Ca2+ bursts. The bursts were, however, blocked by the ER Ca2+ 
ATPase inhibitor cyclopiazonic acid (10 µM), which induced an additional, sustained 
rise in [Ca2+]CYT The implication is that the Ca2+ bursts are due to Ca2+ mobilization 
from the IP3-sensitive ER Ca2+ stores; the Ca2+ is apparently released, via multiple 
channels, into the subplasmalemmal space between the ER and plasmalemma. These 
finding imply that cells can generate spatially and temporally distinct Ca2+ transients 
to control individual Ca2+ dependent processes locally. Supported by NIH.

29.14
EXTRACELLULAR SPACE DIFFUSION PARAMETERS AND MEMBRANE 
PROPERTIES OF ASTROCYTES IN GFAP-DEFICIENT MICE. S. Prokopová1*.,
M. Andérová1, A. Chvátal1, C. Elliasson2, M. Pekny2 and E. Syková1, 1Dept. 
Neurosci., 2nd Med. Faculty, Charles Univ. and Inst. Exp. Med. ASCR, Prague, 
Czech Rep., 2Dept. Med. Biochem., Univ. Gothenburg, Sweden.

To assess the function of glial fibrillary acidic protein (GFAP), the main 
component of astroglial intermediate filaments, we used GFAP-deficient mice 
(GFAP-/-), in which the GFAP gene was disrupted via targeted mutation in 
embryonic stem cells (Pekny et al, EMBO J. 14(8), 1590-1598, 1995).

Using the real-time iontophoretic tetramethylammonium method, we compared the 
extracellular space (ECS) diffusion parameters - volume fraction α ( α = ECS volume 
/ total tissue volume) and tortuosity λ  (λ2 = free / apparent diffusion coefficient in 
the tissue) - in isolated spinal cord (gray matter) of GFAP-/- and +/+ mice at 
postnatal days 5, 8 (P5, P8) and in the adult (P50-80). We found no difference in 
ECS diffusion parameters in GFAP-/- versus +/+ mice at any age. With age, λ 
gradually increased to 1.8 and α decreased to 0.2 at P5O-8O. During the application 
of 50 mM K+, λ  increased by 0.3 at P5 and P8, and by 0.2 in adults; a  decreased at 
P5 and P8 from 0.25 to 0.06 and from 0.2 to 0.15 in adults.

Using the whole-cell patch-clamp technique we compared reversal potential (Vrev) 
of astrocytes and their responses to elevated K+ and glutamate in GFAP-/- and +/+ 
mouse spinal cord slices (P8-9). Depolarization of GFAP-/- astrocytes in 50 mM K+ 
was significantly slower than of GFAP +/+ ones. Although the maximal amplitude of 
the response was not significantly different, its peak was achieved later in GFAP -/- 
astrocytes (223.8 ± 28.3 s) compared to GFAP +/+ astrocytes (137.5 ± 17.2 s; mean ± 
S.E., n=10). The inward currents evoked by 1 mM glutamate in GFAP-/- astrocytes 
were by about 40% smaller and by 31 ± 1.6 s (mean ± S.E., n=6, p<0.05) slower 
than in GFAP+/+ ones. We conclude, that GFAP-/- astrocytes respond more slowly to 
high K+ and with smaller inward currents to glutamate.

Supported by GACR 309/96/0881, 307/96/K226, MFR (11548), Cancerfonden 
(3622), SSMF.

29.16
EXPRESSION OF GROUP-I METABOTROPIC GLUTAMATE RECEPTORS 
IN HIPPOCAMPAL ASTROCYTES ACUTELY ISOLATED FROM P11-P20 
DAY RATS
Z. Cai* and H.K. Kimelberg. Dept of Pharmacology and Neuroscience and 
Division of Neurosurgery, Albany Medical College, NY 12008.

We previously found that 82% of hippocampal astrocytes acutely isolated from 
P I-10 rats responded to glutamate with transient intracellular calcium increase, 
20% of them responded to ATP, and none to 5-HT. The same cells that failed to 
respond to ATP and 5-HT often responded to glutamate via activation of a group-I 
mGluR (Z. Cai and H.K. Kimelberg, Glia 21:380-389, 1997). We report here on 
studies of these responses in cells from PI 1-20 rats in order to see if there arc any 
development-related changes.

From the hippocampi of P 11-20 rats, 34 GFAP (+) cells were isolated without 
any serum exposure and studied for intracellular calcium responses to glutamate, 
ATP, and 5-HT. 79% of them responded to 50 µM glutamate, 44% responded to 10 
µM ATP, and none to 10 µM 5-HT. 4 of 5 cells tested showed responses to 100 
µM DHPG, a mGluR agonist supposed to be specific for group-I. Although we 
have not seen any significant change for glutamate responses, there is a significant 
increase for ATP response, comparing P 1 1-20 group to P1-10 group.

An important question to ask is if astrocytes in relatively mature animals still 
frequently express a group-I metabotropic glutamate receptor or an ATP receptor. 
We are presently studying and will report on calcium responses to glutamate, ATP 
and 5-HT in hippocampal astrocytes from P25-35 rats to answer this question. 
(Supported by NIH grant to HKK, NS 19492)
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29.17
A  R O L E  FO R  T H E  N A +/C A 2+ E X C H A N G E R  IN  A M PA  R E C E P T O R  
M E D IA T E D  C A 2+ IN FL U X  IN  C U L T U R E D  PR O T O PL A SM IC  
A S T R O C Y T E S J.P. Smith, L.A. Cunningham, and L.D. Partridge* Dept. 
Neuroscience, Univ. N ew  M exico School o f  Medicine, Albuquerque N M  
87131.

Astrocytes are known to express three transmembrane Ca2+ influx 
pathways; voltage gated Ca2+ channels (VGCCs), Ca2+-permeant AM PA  
receptors (AM PARs), and reverse mode operation o f  the N a+/Ca2+ exchanger. 
In highly purified cultures o f  protoplasmic astrocytes from rat cerebral 
cortex, our Fura-2 imaging data show that AM PAR stimulation in the 
presence o f  cyclothiazide, a blocker o f  AM PAR desensitization, causes a 
transient increase in [Ca2+]i that requires [Ca2+]o. This effect is blocked by 
benzamil, a inhibitor o f  the N a+/Ca2+ exchanger and VGCCs. In these 
astrocytes: (1) rtPCR indicates the presence o f  GluR2 mRNA, and fails to 
show a L-type Ca2+ channel signal, (2) whole cell patch clamp yields strong 
AMPA-dependent inward currents, but no voltage dependent Ica, (3) western 
blots show a strong GluR2 signal. Based on these findings, we propose that 
Ca2+ impermeant AM PAR activation causes Ca2+ influx through the reverse 
mode operation o f  the N a+/Ca2+ exchanger in astrocytes. This pathway for 
Ca2+ influx may be important for allowing reactive astrocytosis to occur 
during brain injury and disease.

Research Resources Program for Medical Schools. This work is supported 
by HHMI 76296-550501 Howard Hughes Medical Institute Research 
Resources Program for Medical Schools.

29.19
NEUROSTEROID BIOSYNTHESIS IN HUMAN ASTROCYTES AND 
NEURONS, R. C. Brown* and V. Papadopoulos, Interdisciplinary Program in 
Neuroscience and Department of Cell Biology, Georgetown University, Washington, 
DC, 20007.

Neurosteroids are defined as steroid hormones synthesized and sequestered in the 
brain independent of peripheral steroid producing tissues. Neuroactive neurosteroids, 
such as pregnenolone (P) and dehydroepiandrosterone (D), can modulate neuronal 
activity by acting on a number of receptor types, including the GABAa receptor 
complex and the NMDA class of glutamate receptors. Previous studies in animal 
models have shown that the most likely source of neurosteroids are glial cells, but no 
studies to date have examined steroid biosynthesis in the human brain. In this study, 
we examined the steroidogenic ability of normal human astrocytes (NHA) and human 
neurons (hNT-PF) derived from the Ntera2 human teratocarcinoma cell line. We 
looked at activity of the known, peripheral steroid biosynthetic pathway, as well as an 
alternative pathway for D synthesis (PNAS, 1998, 95:2862). We found that hNT-PF 
and NHA cells make almost no radiolabeled P when incubated with a radiolabeled 
cholesterol precursor, as compared to a human glioma cell line (Soc. Neurosci. Abstr. 
1997, 37.7). However, when incubated with 5 µM P and increasing concentrations of 
ferrous sulfate (FeSO4), both hNT-PF and NHA cells make D in a dose-dependent 
manner. This D synthesis is only partially blocked by SU 10603, a specific inhibitor 
of the P450 l7α-hydroxylase, the peripheral enzyme responsible for making D from 
P. This indicates that normal human brain cells have the ability to make D from an 
alternative precursor. The inability of human neurons and astrocytes to synthesize P, 
the precursor for all other steroid hormones, corresponds to evidence from the rodent 
that suggest that oligodendrocytes are the source of P in the brain. In this scenario, 
astrocytes and neurons may produce neuroactive neurosteroids by metabolizing P 
supplied by oligodendrocytes. (Supported by IBN-9409551 and IBN-9728261)

29.21
DIFFERENTIAL LOCALIZATION OF mRNAs IN ASTROGLIAL CELLS IN 
CULTURE. S. Medrano* and O. Steward. Dept. of Neuroscience, Univ. of 
Virginia, Charlottesville, VA 22908.

mRNA targeting to specific subcellular domains is an important feature of 
gene expression in polarized and spatially complex cells. mRNA sorting has been 
investigated extensively in neurons and oligodendrocytes, and there is increasing 
evidence that sorting also occurs in astrocytes. As a step toward developing 
strategies to evaluate the signals that govern mRNA sorting in astrocytes, we 
used non-isotopic in situ hybridization to evaluate the subcellular distribution of 
several mRNAs in process-bearing (type 2) astroglial cells maintained in culture. 
Type 2 astroglial cells differentiate in culture from bipotential O-2A progenitor 
cells grown in the presence of fetal bovine serum. The distribution of mRNAs 
encoding GFAP, vimentin, γ-actin and β-tubulin was evaluated in astrocytes 
maintained in culture for 1 to 15 days. GFAP mRNA was not detected in 
progenitor cells. After 5 days in vitro (5 DIV), GFAP mRNA expression was 
evident in a large number of process-bearing cells with labeling in both cell 
bodies and processes. Often, GFAP mRNA was concentrated at branch points and 
the tips of the processes. Vimentin mRNA was abundant in progenitor cells and 
the levels of labeling for vimentin decreased as the cells differentiated. In 
differentiated cells (8 DIV), labeling was confined mainly to the perinuclear region 
and was not apparent in the processes. The mRNAs for the other cytoskeletal 
proteins (γ-actin and β-tubulin) were detectable in both progenitor and process-
bearing cells. In the latter, labeling was confined mainly to the perinuclear region. 
These observations indicate that astrocytes maintained in vitro do have the 
capacity to sort mRNAs into different subcellular domains, and that only certain 
mRNAs are delivered into processes. Support: NIH NS12333 to OS and NIH 
Training Grant 5T32-HD07323-12 (SM).

29.18
TGF-β STIMULATES NEUROCAN SYNTHESIS IN CULTURED RAT 
ASTROCYTES. R. A. Asher, P. S. Fidler1, J. H. Rogers, and J. W. Fawcett1*. 
Physiological Laboratory and 1 MRC Cambridge Centre for Brain Repair, 
Cambridge University, Downing St., Cambridge, CB2 3EG, UK.

Chondroitin sulphate proteoglycans (CS-PG) are thought to impede the passage 
of axons through the glial scar. Neutralising antibodies against transforming growth 
factor beta (TGF-β) reduce the deposition of extracellular matrix in the glial scar, 
suggesting that TGF-β might also be involved in the up-regulation of CS-PG in the 
glial scar. To address this question, we have investigated the effects of various 
cytokines on CS-PG expression in cultured astrocytes.

On Western blots, neurocan, a large CS-PG belonging to the aggrecan family of 
hyaluronate-binding proteoglycans, was detectable in the conditioned medium of 
highly purified rat astrocytes. The amount detected was increased by the addition 
of TGF-β (10 ng/ml for 2, 4, or 6 days) or, to a lesser extent, by basic fibroblast 
growth factor (10 ng/ml for 4 days). Various other cytokines, either alone or in 
combination, modulated the effects of TGF-β and basic fibroblast growth factor.

Neurocan exists as an intact form and as two smaller chondroitin sulphate-bearing 
fragments which are thought to arise as a result of a single proteolytic cleavage 
between amino acids 638 and 639. All three forms were detectable in the 
conditioned medium of astrocytes, implying that astrocytes are themselves capable 
of processing full-length neurocan.

Immunocytochemistry has revealed that neurocan is deposited on the substrate 
both between and under astrocytes. We are currently investigating the ability of this 
astrocyte-derived extracellular matrix to support axonal growth. Our data suggest 
that neurocan may contribute to the inhospitable environment of the glial scar. 
Supported by the Wellcome Trust and the International Spinal Research Trust.

29.20
A S T R O C Y T E  A B L A T I O N  IN  A D U L T  T R A N S G E N IC  M IC E  
C O M P R O M I S E S  B L O O D  B R A I N  B A R R IE R  R E P A IR  A N D  
N E U R O N A L  S U R V I V A L  A F T E R  S T A B  I N J U R Y  T O  T H E  
B R A IN . N . Puvan ach andra1, T .G . B u sh 1, C .H . H orn er1, A. Poli to 1, 
L, M u c k e 2 , M .H . J o h n s o n 1 and M .V . S o f r o n ie w 1* , l M RC  
C am b rid ge C entre for Brain R epair  and D ep artm en t o f  A n atom y, 
U n iv ersity  o f  C am bridge, F orv ie  S ite , R o b in so n  W ay, C am bridge  
C B 2  2 P Y , U K  and 2G lad ston e  M o lecu la r  N eu ro b io lo g y  Program  
and D ep a rtm en t o f  N e u r o lo g y , U n iv e r s ity  o f  C a lifo rn ia , San  
Francisco , C A  9 4 1 4 1 -9 1 0 0 , U S A .

T o  in v e stig a te  the ro les  o f  rea ctiv e  a stro cy tes  after brain  
injury w e  targeted their ablation gen etica lly . T ran sgen ic  m ice  w ere  
generated that exp ress herpes s im p lex  virus th ym id in e kinase (H S V -  
tk) from  the m ou se g lia l fibrillary a c id ic  protein  (G F A P ) prom oter  
(B u sh  et al., C ell 9 3 :1 8 9 , 1998). In adult tran sgenic  m ice , 7 days o f  
c o n t in u o u s  su b c u ta n e o u s  trea tm en t w ith  th e  a n tiv ira l a g en t  
g a n c ic lo v ir  su b s ta n tia l ly , b u t in c o m p le te ly ,  a b la ted  re a c t iv e  
a stro cy tes  ad jacen t to a stab  injury in the forebrain . A stro cy te  
ablation prevented  b lood  brain barrier (B B B ) repair for at least 35  
d a y s , as s h o w n  by en try  o f  e n d o g e n o u s  and e x o g e n o u s  
m acrom olecu les, and w a s accom p an ied  by the degeneration  o f  loca l 
neurons. Som e, but not all, neuronal degeneration  w a s attenuated by  
the N M D A -recep to r  a n ta g o n ist m em an tin e. T h ese  f in d in g s sh o w  
that reactive  astrocytes are e sse n tia l for B B B  repair, and protect  
certa in  neurons from  g lu tam ate recep to r-m ed ia ted  e x c ito to x ic ity  
after C N S  injury. Sup ported  by A ctio n  R esearch , T h e W e llc o m e  
Trust, and M RC.
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30.1
INTERACTIONS BETWEEN RADIAL G LIA  A ND C A JA L RETZIUS CELLS  
IN FERRET SOM ATO SENSO RY C O R TE X  A FTE R  TREATM EN T  
DISRUPTING EARLY GENERATED NE O C O R TIC A L LAYERS. SC Noctor*, 
T Hasling, SL Palmer, SL Juliario. Anatomy, Cell Biology, & Neuroscience, 
USUHS, Bethesda, MD 20814.

Cajal Retzius (CR) neurons may be important in mediating the migration of 
neurons into the cortical plate, and in maintaining the morphology of radial 
glia. Several researchers suggest that CR  cells provide a diffusable factor that 
sustains radial glial morphology. Administration of methylazoxymethanol 
(MAM; a toxin that reversibly prevents cells from dividing for a restricted 
period of time) during subplate birth in ferret somatosensory cortex (E24) 
results in dramatic disorganization of radial glia, which may show early 
differentiation into astrocytes. In these animals, the CR cells (identified with 
the CR-50 antibody) are also grossly disorganized, and dispersed throughout 
the cortical plate and intermediate zone. The CR cells appear more numerous 
in individual sections of the early MAM-treated animals compared with normal 
animals, but when we estimated the total number of CR-50 positive neurons, 
equal numbers were found. To determine if a factor present in normal brain 
influences the morphology of radial glia, we prepared organotypic cultures of 
P0 E24 MAM-treated and normal cortex under several conditions: normal 
alone, E24 MAM alone, E24 MAM with normal, normal with conditioned media 
(CM) taken from E24 MAM cultures, E24 MAM with normal CM, E24 MAM  
cocultured with normal layer 1 placed near the pia. All methods of adding a 
factor found in normal brains to the E24 slices (culturing with normal slices, 
normal CM, or normal layer 1) resulted in more normal radial glia, as 
measured by our quantification technique. None of the culture conditions 
affected the normal slices. These findings suggest that normal cortical plate 
contains a factor that participates in maintaining the morphology of radial glia. 
Supported by PHS R 01N S  24014.

303
INTERFERING WITH THE DE V ELO P M E N T O F LAYER 4  IN FERRET  
SOMATOSENSORY CORTEX ALTE R S  A D U LT LAM IN AR RESPO NSE  
PROFILES. D.F. McLaughlin* and S.L.Juliano, Anatomy, Cell Biology, & 
Neuroscience, USUHS, Bethesda, M D 20814.

Administration of methylazoxy methanol (MAM) to pregnant ferrets on E33 
results in a greatly diminished layer 4 after birth of the kits and at neocortical 
maturity. MAM is a toxin that prevents cells from dividing for a restricted period 
of time. At six months of age, MAM-treated ferrets underwent 
electrophysiological recordings under halothane anesthesia. Cortical activity 
was evoked by controlled tactile stimulation to forepaw digits, and recorded 
using platinum microelectrodes oriented perpendicular to the cortical surface. 
We also noted the receptive field characteristics of cells in the middle layers of 
each recording site. Within each microelectrode penetration, activity was 
sampled at 100-micron intervals, from cortical surface to a depth of 1500 
microns. Using a wide bandpass filter during data collection, we obtained 
extracellular field potentials and multiple unit activity within each penetration. 
Current-source density analysis of recorded activity in young adult ferrets 
treated with MAM as embryos revealed current sinks that did not conform to the 
normal activation pattern. The earliest current sinks in MAM-treated animals 
were not focused in the middle layers, nor was early activity clearly followed by 
activation of cells in the upper and lower cortical layers. Current sinks in animals 
with a poorly formed layer 4 were very low in amplitude and appeared randomly 
distributed throughout the cortical depths. These results suggest that current 
density is not spatiotemporally localized in these animals, and is more uniformly 
distributed in time and space. This suggestion is corroborated by multiple unit 
activity, which reveals temporally-coincident discharges distributed throughout 
the cortical layers. These functional data are consistent with anatomical studies 
showing that in animals with a poorly formed layer 4, thalamocortical afferents 
are diffuse in their terminal pattern throughout layers 2-6  of somatosensory 
cortex, and do not focus in the central layers. Supported by PHS R O 1NS 24014.

30.5
THE CORTICAL SUBPLATE REVISITED: DO SUBPLATE NEURONS  
COMPRISE A TRANSIENT POPULATION OF CELLS IN  
DEVELOPING NEOCORTEX?. S.J. Haraldson, J. Baratta, J. Ingeman, J. 
Yu* and R.T. Robertson. Departments o f  Anatom y & N eurobiology and 
of Physical Medicine & Rehabilitation, C ollege o f  M edicine, University o f  
California, Irvine, CA 92697.

While the cortical subplate has been reported to be a transient structure 
in developing neocortex o f  primates and carnivores, evidence is less clear 
for rodents. We have used quantitative methods to study the developm ent 
of the subplate region in rats to determine i f  reduction in number o f  
subplate neurons occurs during developm ent. In one set o f  studies, 
fluorescent stains for cell nuclei were used to label subplate neurons in  
Sprague-Dawley rats o f  varied ages, ranging from late fetal stages to 
postnatal day 60 (P60). Computer assisted assessm ent o f  confocal 
microscopic images revealed that the total number o f  subplate neurons 
remained stable through the first postnatal week, but declined by  
approximately half by P20 . The reduction in number o f  neurons seen in  
individual sections appeared greater, due to the increase in size o f  
developing cortex and the consequent dilution o f  the resident cells. After 
P2O, numbers o f subplate neurons remained stable, at least through P6O. 
In related studies, pregnant dams were administered BRDU at gestational 
day 13 (G13) to label subplate neurons and again at G 18 to label layer III 
and IV neurons. Examination o f  sections from littermates at ages P0  to  
P40 revealed that the extent o f  loss o f  subplate neurons during postnatal 
development is comparable to the extent o f  loss o f  neurons in m ore 
superficial layers. These results indicate that many subplate neurons persist 
into adulthood and that neuronal loss in the subplate o f  rats is not 
profoundly greater than cell loss in other cortical layers. Supported b y  
NIH grant NS 30109.

30.2
THE EFFECTS O F INTERFERING  W ITH  N EO CO RTICAL LAYER  
DEVELO P M E N T ON R E CEPTO R B INDING  AND THALAM IC  
TE RM INA TIO NS IN FE R R E T S O M A TO S EN S O R Y  CO RTEX. SL Palmer*, 
AL Smith. AC Dempster, SL Juliano. Departments of Anatomy, Cell Biology 
& Neuroscience, USUHS, Bethesda, MD 20814 and Oxford University 
Laboratory of Physiology, Oxford 0X 1  3PT, UK.

Treatment with methylazoxy methanol (MAM) in pregnant ferrets during 
genesis of layer 4 (on embryonic day 33; E33) -in the somatosensory cortex 
results in a greatly diminished layer 4. This is manifested by a reduction in 
layer thickness and density of neurons, while the remaining layers appear 
normal. In the same animals, terminations from the ventrobasal thalamus into 
the neocortex are less focussed than for normal animals in both in vivo and 
in vitro models. To clarify the potential mechanisms and factors mediating 
thalamic terminations we conducted equilibrium radioligand binding assays 
on normal and MAM-treated adult brains. The receptor binding pattern of 
glutamate receptors (NMDA, KA, and AM PA) were distinctly lamina specific, 
but showed no differences in distribution between normal and E-33 MAM- 
treated somatosensory cortex. The receptor binding distribution for GABAa 
receptors, however, showed a different configuration in the MAM-treated 
somatosensory cortex compared with normal cortex in the same region. In 
normal animals, GABAa receptors were present in all layers, but displayed a 
peak in layer 4, the major site of thalamic afferent termination. This pattern 
was confirmed immunohistochemically using antibodies directed against the 
α1 subunit of the GABAa receptor. In E33 MAM-treated animals, the pattern 
of receptor binding was not focused, with no clear peak in any layer, but 
demonstrated a slight increase in layer 3. These observations mirrored the 
pattern of thalamic afferent terminations, which demonstrated fibers 
terminating more equally in all cortical layers. Supported by PHS  
RO 1NS42014 and The Wellcome Trust (045508/Z /95).

30.4
R E S P O N S E S  O F C A JA L -R E T Z IU S C E L L S A N D  IM M A TU RE  
C O RT ICAL P L A T E  N E U R O N S  TO  A F F E R E N T  ST IM U L A T IO N  IN  
T H E P E R IN A T A L  N E O C O R TE X . Ryan S. Dammerm a n  and Arnold R, 
Kriegstein*. Dept. of Neurology and The Center for Neurobiology and 
Behavior, Columbia College of Physicians and Surgeons, NY, NY 10032.

Neuroanatomical studies have demonstrated a high density of 
early forming synapses in the marginal zone (MZ) of perinatal cortex. The 
properties of synaptic currents related to activation of presynaptic fibers 
in the developing MZ have not been well described. We stimulated fibers 
focally in layer 1 (MZ) of embryonic and neonatal rats with a single shock 
or brief tetanic stimulation (50 HZ, 500 msec). Responses were recorded 
from Cajal-Retzius (CR) cells in the MZ and immature pyramidal cells in 
the cortical plate (CP). Single shocks elicited short-latency (<30 msec), 
monosynaptic responses in both CR cells and CP cells. Responses were 
blocked by a combination of the glutamate receptor antagonists AP5 and 
CNQX. Repetitive stimulation in subcortical white m atter is known to 
produce rapidly decrementing synaptic currents in neonatal CP cells. In 
contrast, CR cells and CR cells demonstrated non-fatiguing synaptic 
currents in response to stimulation in the MZ. Furthermore, tetanic 
stimulation induced a long-lasting current (≥1 sec) in CR and CP cells 
which was predominantly blocked by the GABAA receptor antagonist, 
bicuculline, leaving a small residual component which was sensitive to the 
NMDA receptor antagonist AP5. These findings suggest that at perinatal 
stages stimulation of presynaptic fibers in the MZ produces both 
glutamatergic and GABAergic responses in CR and CP cells. Despite the 
relative immaturity of developing cortex at this age, young neurons are 
able to exhibit repetitive synaptic currents following relatively high- 
frequency stimulation of afferents in the MZ. Experiments are being 
performed to identify the origin of the glutamatergic MZ afferents.

Supported by NIH/NINDS 1RO1 NS 35710

30.6
ROLE OF DNA-DEPENDENT PROTEIN KINASE IN SUPPRESSING 
APOPTOSIS AND REGULATING THE CELL CYCLE DURING 
FORMATION OF THE CEREBRAL CORTEX. S.Gusky*, J. Kirchhoffer and 
J.R. Naegele . Dept of Biology, Wesleyan University, Middletown, CT 06459 

Apoptosis is thought to eliminate cells with transient functions, DNA 
defects, or insufficient uptake of trophic factors in the developing CNS. Although 
progress has been made in identifying the players in apoptotic signal transduction 
pathways, little is known about how apoptotic signaling is regulated in the 
developing CNS. In healthy cells, endonucleases are normally inactive and proteins 
that participate in DNA repair may serve to suppress apoptosis. One candidate 
molecule proposed to act as an apoptosis suppressor is the DNA repair enzyme, DNA- 
dependent protein kinase (DNA-PK). Although the exact role of DNA-PK is 
unclear, the catalytic subunit of this enzyme (DNA-PKcs) has been found to be 
inactivated during apoptosis by the caspase CPP-32. Additional evidence from studies 
of genes related to DNA-PKcs supports the hypothesis that this nuclear PI-3 kinase 
normally suppresses apoptosis and halts the cell cycle during DNA repair. To test 
this hypothesis we examined whether loss of DNA-PKcs function in the 
developing cerebral cortex results in increased apoptotic cell death and alterations in cell 
cycle regulation. Cortical development was studied in SCID mutant mice, a strain that 
has lost DNA-PKcs function due to a point mutation in the prkdc gene.We previously 
showed in SCID that although newborn mice have normal numbers of cortical cells, 
the cerebral cortex exhibits retarded growth during the first postnatal month.
Morphometric analyses showed smaller hemispheric volumes and fewer total cells as 
well as reduced brain/body ratios. We now report that these developmental delays are 
due to abnormally high numbers of dying cells in deeper cortical layers and the white 
matter, as shown by TUNEL staining. In addition, we find evidence of reduced cell 
genesis during the first postnatal week by means of BrdU birthdating. Taken together 
our data suggest that DNA-PKcs plays an important role in regulating apoptosis and 
the cell cycle during early postnatal development of the cerebral cortex. NSF IBN-9600914
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30.7
D IV E R G E N T  D E V E L O P M E N T  O F  L A Y E R  I A N D  L A Y E R  IV  
T H A L A M O C O R T IC A L A X O N S  IN T H E  FE R R E T . F ran cisco  C lascá*  
and V an esa  L lorente. D ep t. o f  M o rp h o lo g y , A u tó n o m a  U n iv . S ch o o l o f  
M ed ic in e , M adrid, Spain 2 8 0 2 9 .

The adult thalamocortical pathway consists of two parallel systems, which arise from 
distinct but largely intermingled subpopulations of relay cells, and terminate in specific 
cortical layers. We have examined here how the specific laminar distribution of axons 
emerges during development. We used the anterograde transport either of Dil in fixed 
ferret brains (aged 28-62 days postconception PC), or of Cholera Toxin Subunit B 
(CTB) stercolaxically injected in living pups (PC41-57). Cortical lamination was 
revealed by bisbenzimide or thionin counterstain.

In the various regions investigated, thalamocortical axons have arrived into the deep 
subplale by PC28 and show no branching. By PC31, few short branches have sprouted 
from the axonal trunks, but their growth cone-tipped ends remain confined to the 
subplate. Three days later (PC34), a substantial number of axons have elongated across 
the cortical plate and reached the marginal zone. After turning 90°; some of them have 
given off branches, and/or navigated along the pial surface for up to 1 mm (a long 
distance in the cerebral hemisphere at this age). By PC44-46, axons in layer I appear 
organized as a heavy subpial plexus with no evidence of growth cones. By the same age 
(PC44), except for a few growth cone-tipped branches in presumptive layer 6, the 
remaining thalamocortical fibers are limited to the superficial subplate. Small numbers 
of growth cone-lipped processes start appearing in the middle cortical layers around E46 
in the insular and ventral frontal cortex, but not until around PC50 in occipital cortex. 
By PC59-62, the thalamocortical plexus in the middle layers is still far less dense than 
in the adult. From this and previous data (F. Clascá & M. Sur, Soc. Neurosci. Abstr., 
22,1014), we conclude that, in carnivores, the two subpopulalions of thalamic axons 
interact with the developing neocortex in markedly different ways. Invasion of the 
middle layers and subsequent branching is a relatively late and slow process. Rapidly 
developing thalamocortical layer I axons, on the other hand, may be in position to exert 
a precocious influence within the developing cortex. Support: FIS 98/0286

30.9
LACK O F THALAMOCORTICAL CO NNECTIO NS IN MUTANTS AFFECTING  
C O R TIC A L  (TBR-1) O R THA LAM IC  (GBX-2) G E N E  E X P R E S S IO N . 
R. F . Hevner*, E. Miyashita, G. R. Martin, and J. L. R. Rubenstein, Depts. of 
Psychiatry and Anatomy, UCSF, San Francisco, CA 94143-0984.

W hereas the normal development of thalamocortical and corticothalamic 
connections have been described, the molecular mechanisms controlling the 
establishment and specificity of these connections are unknown. W e have 
used Dil tracing and other methods to examine these connections in mouse 
mutant strains with targeted disruption (knockout) of transcription factor 
genes expressed in either the developing thalamus (Gbx-2) or cortex (Tbr-1). 
In Tbr-1 homozygous knockout mice, initial outgrowth of cortical and thalamic 
axons proceeded normally into the internal capsule at embryonic day (E)14.5. 
However, both sets of axons stalled in that region, and failed to innervate their 
targets by postnatal day (P)1.5. Some thalamic axons grew aberrantly into the 
external capsule. These findings from Dil experiments were confirmed by 
serotonin immunohistochemistry of early postnatal brains, which labels 
thalam ocortical axons from sensory relay thalam ic nuclei. In Gbx-2  
homozygous mutant mice, a variable phenotype was observed. Thalamic  
axons were always reduced in number, and in almost all cases (13/14) grew 
only as far as the internal capsule. In these cases, cortical axons likewise grew 
only into the internal capsule, without innervating the thalamus by E18.5. In 
one homozygous Gbx-2 mutant brain, thalamic axons innervated the cortex, 
and reciprocal cortical axons innervated the thalamus. Neither knockout strain 
showed any heterozygote effect. These results suggest that the completion 
of corticothalamic and thalamocortical projections beyond the internal capsule 
is dependent on appropriate gene expression and axon growth from both the 
thalamus and cortex.

Supported by N INDS grants 1 K08 N S 0 1 973-01 to RFH, and 1 R01 
NS34661-01A1 to JLLR.

30.11
D E V E L O PM E N T  O F IN T R A H E M ISPH E R IC  A X O N A L  
C O N N E C T IO N S IN  N E O N A T A L  H A M ST E R  ISO C O R TE X .
M. A. Kingsbury*, B. Clancy and B. L. F inlay. Department o f  
Psychology, Cornell University, Ithaca, N Y  14853.

The nature o f  the organization o f  developing m ammalian  
corticocortical projections was studied in neonatal hamsters. Regionally  
specific behavior o f  growing axons was assessed to determine if  
projection patterns indicate a com m on isocortical organizational 
scheme serving to direct axon growth. Discrete injections o f the 
anterograde tracer biocytin were made at a series o f  ages (P0-P8) at 
various cortical locations (anterior, intermediate or posterior) and 
visualized with an enhanced D A B protocol. Projections at different 
cortical locations and perinatal ages showed similar patterns for both  
intrinsic and long-range connections. A  starburst pattern o f  local 
connections characterized the area surrounding injection sites. L on g-  
range projections from both anterior and posterior cortex were found at 
P 1. The adult pattern o f associational connectivity showed regional 
specificity and topography from  the earliest ages. The majority o f  
corticocortical projections follow ed a tangential trajectory above the 
conventionally identified white matter, approaching but not penetrating 
the subplate.

The greatest anterior-posterior axonal spread was found fo llow ing  
injections into intermediate cortex while the m ost restricted anterior- 
posterior and lateral-medial extension follow ed anterior m idline 
injections. These preliminary studies suggest som e features o f  axonal 
outgrowth in develop ing hamster cortex may utilize a com m on  
organizational scheme. Continuing studies will determine whether 
isocortex begins as an unspecified structure or as a mosaic o f  specified  
local regions. Supported by R01 NS 19245.

30.8
DISORDERED CORTICAL LAMINATION IN TBR-1 KNOCKOUT MICE: GENE  
E XPRESSIO N AND BrdU B IRTH DATING  SHO W  REG IO NA L DEFECTS.
L. Shi, R. Hevner, H.-M. Chu*, and J. L. R. Rubenstein. Dept. of Psychiatry, 
Nina Ireland Lab., UCSF, San Francisco, CA 94143-0984.

Tbr-1 encodes a putative transcription factor that is expressed in 
postmitotic neurons of the cerebral cortex (Bulfone et al., Neuron 15:63-78). 
Homozygous Tbr-1 mutant mice generated by gene targeting display 
abnormal cortical cytoarchitecture (H evner et al., Soc. Neurosci. Abstr. 
22:1011). To further analyze the disruption of cortical laminar development in 
mutants, we studied expression of layer-specific molecular markers (by in situ 
hybridization) and bromodeoxyuridine (BrdU) "birthdating" at different 
embryonic ages. At embryonic day 12.5 (E 12.5), decreased expression of 
reelin and calretinin indicated that Cajal-Retzius neurons were defective. At 
E14.5 in mutants, Otx-1 and Wnt-7b (layer V and VI markers) were expressed 
appropriately. Id-2 (cortical plate marker at this stage) was expressed in 
aberrant accumulations of cells in ventral cortex. At E16.5, Otx-1 was 
expressed more superfically than normal. In somatosensory regions only, Id-2 
was expressed in layers II and III, rather than layer V. Wnt-7b labeling was also 
displaced superficially. Emx-1 and Tbr-1 expression revealed arrest of 
neurons migrating to ventrolateral cortex, with accumulation in the external 
capsule. At later ages (E 18.5 and P0 .5), expression of Tbr-1 and Id-2 
indicated some loss of laminar and regional specificity of expression. BrdU 
birthdating demonstrated loss of laminar specificity of neurons born at E11.5 
and E13.5, and region-specific migrational defects of neurons born on 
E 16.5, with periventricular heterotopias. Neuronal clusters incorporated 
neurons born on the same day. These findings suggest that Tbr-1 plays a 
region-specific role in preplate and cortical plate laminar histogenesis.

Supported by N INDS grants 1 KO8 N S 01973-01 to RFH, and 1 R01 
NS34661-01 A1 to JLLR.

30.10
POSTNATAL DEVELOPMENT OF GABAERGIC NEURONS IN LAYER IV OF 
THE RAT CEREBRAL CORTEX. K.Ishii12*, T.Hashikawa2. 1Dept. of Anatomy. 
Yamagata Univ. Sch. of Med, Yamagata 990-23, 2Lab.for Neural Architecture, Brain 
Science Institute, RIKEN, Wako, Saitama 351-01, Japan.

Thalamocortical axons project to layer IV of the somatosensory cortex. To obtain 
well-labeled GABAergic neurons in layer IV of the cerebral cortex for morphological 
analysis,we injected dye into GABA-immunopositive neurons in fixed slices. All 
animals were anesthetized with sodium pentobarbital (Nembutal,i.p.) or by 
hypothermia. We injected 5%Biocytin (Sigma) from a posterior direction into the right 
thalamus of postnatal day(PD)2 and PD6 rats. After 24 hours, the rats were trans- 
cardinally perfused with 4%paraformaldehyde and 0.25%glutaraldehyde. Sections were 
cut in the coronal plane on a microslicer at 350μ m and reacted with rhodamine- 
avidinD. We labeled thalamocortical axons with Biocytin anterogradely, and 
observed the pathway under a fluorescence microscope. In addition, we used rat 
aldehyde fixed brains from PD3 to PD21, including PD2 and PD6 rats that were injected 
with 5%Biocytin. Sections were reacted for GABA (Sigma) immunohistochemistry and 
revealed GABA positive neurons with FITC. In combination with Biocytin injection and 
GABA immunohistochemistry, we obtained little direct evidence for synapse-like 
contacts between Biocytin and GABA labeled neural elements, because we could 
not sufficiently label dendrites of GABAergic neurons. So we injected Lucifer 
yellow intracellularly into FITC labeled cells in layer IV of the cerebral cortex. Injected 
cells were imaged with a laser conforcal microscope. Most injected neurons were 
multipolar at all ages. At PD7 or younger,injected cells with vertically elongated or 
polygonal soma and a major dendrite vertically elongated were more common. 
At PD14 and 21, many injected cells had spherical or oval soma and showed more 
dendrites radiated from the soma in all directions. These findings show the morphology 
of GABAergic neurons change into mature type between PD7 and PD14. Supported by 
Ministry of Education,Science,Sports and Culture of Japan Grant(KI).

30.12
FORMATION OF CORTICO-CORTICAL PROJECTIONS IN VITRO FROM 
PYRAMIDAL NEURONS EXPRESSING LATEXIN. Y. A rim atsu *, M. 
Ish ida , M . S a to , Y . Urata n i & K . T ak ig u c h i-H a ya s h i. Mitsubishi Kasei 
Inst. Life Sci., 11 M inam iooya, M achida, Tokyo 194 -8 51 1 , Japan.

Latexin, a  carboxypeptidase A inhib itor, is expressed in a  subset 
of neurons in the in fragranu la r layers of the secondary  
somatosensory area  (S 2 ) in the rat cerebral cortex. Double 
im m unofluorescence labeling experim ents have shown that m ore than  
9 0%  of la te x in (+ ) neurons w ere g lu ta m a te (+ ), w hile less than 1 %  
of them  w ere G A B A (+), suggesting that the vast m ajority  of 
la te x in (+ ) neurons are excitatory projection neurons (A rim atsu et 
al., Neuroscience, in press). Retrograde labeling experim ents have 
indeed shown that substantial Jatexin(+) neurons in S2 project to the  
ipsilateral prim ary som atosensory a rea  (S 1) but not to the thalam us  
(A rim atsu et al., Soc. Neurosci. Abst., 1 9 9 7 ). In the present study, 
w e further exam ined m orphological characteristics of l a t e x in (+ )  
neurons at u ltrastructu ra l level and analyzed the ir, c o r tic o -c o r t ic a l 
projections form ed in vitro. P re-em bedding im m unoelectron  
m icroscopy revealed that la te x in (+ ) neurons in S2 received  
exclusively sym m etrical synaptic contacts on their cell bodies, 
consistent with previous data indicating that cortical pyram idal cells  
receive G ray ’s type II axosomatic synapses. W hen slices of developing  
S2 w as co-cultured with those of S1, m any latexin(+) neurons in S2  
extended their axons to their norm al target S1. These  observations  
suggest that latex in -expressing  pyram idal neurons grown in v it r o  
can innervate the ir correct target in vivo. Supported by M its u b is h i 
Kasei Inst. Life Sci. and HFSP.
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30.13

ELECTROPHYSIOLOGICAL DEVELOPMENTAL STUDY OF A RAT 
CORTICAL SLICE CULTURE WITH A M ULTI-ELECTRODE DISH 
(MED) PROBE. H. Sueihara, K. Shimono, H. Oka, R. Ogawa and A. Kamei* 
Health and Medical Care Planning Offi ce, Matsushita Electric Industrial Co., 
Ltd.. 3-4, Hikari-dai, Seika, Soraku, Kyoto 619-0237, JAPAN

A multi-electrode dish (MED) probe which has 64 implanted planer micro-
electrodes on a glass substrate makes it possible to conduct continuous 
electrophysiological developmental study of a rat cortical slice culture for at 
least two weeks.

A 300 µm thick cortical slice was dissected from a one day old SD rat and 
cultured on the MED probe whose surface was coated with reconstructed 
collagen gel. Neurites grew mainly from the ventral side of the slice within 2 - 
3 days in vitro, and they reached a length of 2 - 3 mm in 7 days in vitro. 
Finally, some retracted but others remained for more than two weeks.

lntracortical responses evoked with stimulation of white matter were 
recorded continuously from the same sample for at least two weeks. Up to 7 
days in vitro, only the early response with a short latency (2 - 3 msec) and a 
narrow half band width (2 - 3 msec) were observed. Around 7 days in vitro, 
the late response with a longer latency (4 - 6 msec) appeared, and it became 
stronger in amplitude and wider in half band width during the second week. 
On the other hand, there was no significant changes in latency and amplitude of 
the early response, but the half band width became a little wider (3 - 5 msec) 
during this period. On 14 days in vitro, the latter part of the early response and 
the whole late response were reduced by applying 40 µM of DNQX.

These data suggest that excitatory synapses actively developed during the 
second week in vitro.

30.15

CORTICOTHALAMIC TOPOGRAPHY IS ALTERED AFTER EARLY 
NEONATAL INFRAORBITAL NERVE SECTION IN MOUSE. B.
Miller* and T. A. Woolsey. Department of Neurosurgery, Washington 
University School of Medicine, St. Louis, MO 63110.

Reciprocal connections between the thalamus and cerebral cortex are 
topographically precise. In the rodent trigeminal system, axons from the ventrobasal 
complex (VB) of the thalamus form dense clusters of axons in layer 4 of barrel cortex 
(thalamocortical afferents; TCAs). Axons from neurons in cortical layer 6 associated 
with a barrel project to the homotopic barreloid in VB (corticothalamic efferents; 
CTEs). The CTE projection in mice develops several days after the TCA projection 
(Miller and Woolsey, 1996, Soc. Neurosci. Abs. 22: 1012), around postnatal day 7 
(P7), and is, therefore potentially subject to influence by TCA axons. We have 
previously shown (Miller and Woolsey, 1997, Soc. Neurosci. Abs. 23: 76) that 
infraorbital nerve (ION) section at P4 does not alter the growth and organization of 
the CTE projection from barrel cortex to VB. One interpretation of this result is that 
CTEs receive their topographic information from TCAs. ION section at P4 does not 
alter TCA topography, while ION section at birth (P0) does, by preventing TCA 
arbors from forming distinct barrel-related clusters, resulting in more widespread axon 
arbors. Here, we examine whether disrupting TCA topography affects CTE 
topography. P0 mouslings were anesthetized with hypothermia and the ION was 
severed. At P12 they received an injection of biotinylated dextran amine in barrel 
cortex. After 2-3 days survival, the brain was removed and processed with ABC 
histochemistry. ION section at P0 altered anterogradely labeled CTE axons in VB; 
axon arbors were spread over a much larger region of VB compared to age-matched 
controls or the contralateral control hemisphere. This demonstrates that the 
topography of CTE axons depends on the topography of afferent input, either 
thalamic or prethalamic projections.
Supported by NIH grants NS 17763, DE 07734, and the Spastic Paralysis 
Foundation of the Illinois Eastern-Iowa District of the Kiwanis International.

30.17

PHOSPHOLIPASE C -ß 1 IS R E Q U IR E D  FO R  N ORM A L 
DEVELOPMENT OF BARRELS IN MOUSE SOMATOSENSORY 
CORTEX Anthony J Hannan*1, Colin Blakemore1,  Hee-Sup Shin2, and Peter C 
Kind1 1University Laboratory of Physiology, Oxford 0X1 3PT, UK, and 
2Department of Life Science and Technology, Pohang, 790-784, Republic of Korea.

The activation of phospholipase C-β1 (PLC-β1) via specific neurotransmitter 
receptors has recently been implicated in activity-dependent plasticity in the cat visual 
cortex. PLC-β1, a phosphodiesterase that hydrolyzes phosphatidylinositol 4,5- 
bisphosphate (PIP2) into the second messengers diacylglycerol (DAG) and 1,4,5- 
triphosphate (IP3), has been shown to be concentrated in an intermediate 
compartment-like organelle, the botrysome, which is present in 5-week-old, but not 
adult, cat cortical neurons (Kind et al., 1997, J. Neurosci. 17:1471). We have found 
PLC-β1 expression in early postnatal mouse somatosensory cortex to be high in 
thalamocortical recipient zones known as barrels, comparable to the pattern observed 
in rat cortex (Hannan et al., Neuropharmacology, in press). PLC-β1 immunoreactive 
botrysomes were identified in mouse somatosensory cortex during the sensitive period 
for plasticity. The development of cortical barrels was examined in mice which are 
homozygous for a null mutation in the PLC-β1 gene. Nissl histochemistry on 
tangential sections from homozygous knockout mice revealed a substantially 
distinctive barrel pattern. Closer examination identified an absence of clearly defined 
barrel walls and hollows. Analysis of adjacent sections from these mice by 
cytochrome oxidase histochemistry reveals stained barrels, suggesting that 
thalamocortical axons are still able to segregate in the somatosensory cortex in the 
absence of PLC-β1 These results suggest that PLC-β1 is necessary for the receptor- 
mediated arrangement of cells and their dendrites to form barrel structures, in response 
to thalamocortical activity, during development. Supported by the Medical Research 
Council, Nuffield Medical Trust and McDonnell-Pew Centre for Cognitive 
Neuroscience.

3 0 .1 4

FORMATION OF CORTICAL FIELDS ON A REDUCED CORTICAL SHEET. 
Kelly J. Huffman*1, Zoltán Molnár2, Anton van Dellen2 and Leah Krubitzer1. 
Department of Psychology and Center for Neuroscience, University of California, 
Davis, USA1 and University Laboratory of Physiology, University of Oxford, UK2.

The goal of the present study was to elucidate factors that contribute to the 
development of cortical fields. To do this, we reduced the area of the cortex by at 
least one third at and extremely immature stage, before the development of any 
thalamocortical connections, and investigated the organization of the remaining 
cortex using architectonic and electrophysiological recording techniques in the adult 
animal. Litters of Monodelphis domestica are born extremely immature, and high 
precision perturbations to the developing cortex can be done. On postnatal day 4, the 
pups were anaesthetized, and a large portion of occipital neocortex was removed 
unilaterally through a craniotomy. Eight to 12 months after the initial operation, the 
animals were anaesthetized, and neural activity was recorded in response to visual, 
somatosensory or acoustic stimulation. The animal was then euthanized, 
transcardially perfused, and the brain was sectioned and stained for myelin, 
cytochrome oxidase and Nissl. The residual cortex contained neurons which 
responded vigorously to visual, somatosensory, and auditory stimulation. These 
cortical areas appeared to be normally organized, although the locations of areas 
were distorted, and smaller compared to normal animals. Although perturbations 
were only made to the developing cortical sheet, there was a remarkable proportional 
reduction of the entire dorsal thalamus and superior colliculus ipsilateral to the 
lesion. The major projection nuclei of the ipsilateral thalamus appeared to be 
present, but all were reduced in size in comparison to normal animals, or the 
contralateral thalamus. These findings demonstrate the spectacular capacity of the 
mammalian neocortex to establish cortical fields in different parts of the 
neuroepithelium, and suggest that cortical areas are defined and differentiated on the 
basis of their connections rather than their initial position. Supported in part by 
NIH-RO1#NS35103-02, and Whitehall Foundation M97-20 to Leah Krubit/.er.

3 0 .1 6

BLOCKADE OF POSTSYNAPTIC ACTIVITY PREVENTS THE 
FO RM A TIO N  OF W H ISK ER BA RRELS IN EM BRY ON IC 
OCCIPITAL CORTEX TRANSPLANTED INTO THE BARREL FIELD
Alla Katsnelson. Anton van Dellen, Zoltán Molnár. Adam L. Smith and Colin 
Blakemore (Sponsor BNA) University Laboratory of Physiology, Oxford, Parks Road, 
OX1 3PT, UK
The distinctive features of somatosensory whisker barrels emerge in embryonic 
occipital cortex transplanted into the neonatal rat barrel field (Schlaggar and O'Leary, 
1991 Science, 252:1556), suggesting that barrel formation does not depend on pre- 
established intrinsic cues in the cortex itself. Thalamic axons form functional synapses 
on cortical cells during this period (Higashi et al, Soc. Neurosci. Abstr. 1996, 22: 
775.2) and postsynaptic activity might play a role in regulating cortical differentiation. 
However, local application of an NMDA-receptor antagonistic to the putative barrel 
field, which blocks postsynaptic activity, does not prevent the reorganization of cortical 
neurons and their dendrites to form barrels, either in neonatal rats (Fox et al, 1996 
Proc. Natl. Acad. Sci. USA 43: 5584) or hamsters, in which the cortex and thalamic 
innervation are less developed at birth (Chiaia et al, Somatosens. and Motor Res. 1994, 
11: 219). We have examined the role of activity further by replacing a region of 
putative barrel cortex in newborn rats with an explant of E l7/18 occipital cortex, then 
covering the transplanted tissue and the surrounding normal somatosensory cortex with 
an Elvax sheet releasing either saline or the NMDA-receptor antagonist MK801 (Smith 
et al., 1995 J. Neurosci Methods 60:211). After the first postnatal week, tangential 
sections were stained for cytochrome oxidase to reveal barrels. Neither saline nor 
MK801 altered barrel formation in normal control animals. In transplants of occipital 
cortex under saline-releasing Elvax, barrels of normal appearance formed, merging with 
those in the surrounding host cortex. However, under MK801-releasing Elvax, barrels 
never formed in the transplanted tissue, although they did so in the normal host cortex 
around the transplant. The induction of barrels in transplanted cortex requires NMDA- 
receptor activation and/or postsynaptic activity. Support: MRC and Lincoln College.

3 0 .1 8

PHOSPHOLIPASE C -ßl EXPRESSION IN THE DEVELOPING 
RAT BARREL CORTEX IS REGULATED BY ACTIVITY Peter C. 
Kind*. Colin Blakemore and Anthony J. Hannan University Laboratory of 
Physiology, Oxford OX1 3PT, UK.

We have previously demonstrated that the developmental expression of 
PLC-β1 correlates with the sensitive period for activity-dependent plastcity in 
both cat visual cortex and rat somatosensory cortex (Kind et al., 1997, J. 
Neurosci. 17:1471; Hannan et al., Neuropharmacology, in press). In the cat 
cortex, PLC-ßl immunoreactivity identified a novel neuronal organelle, termed 
the botrysome. The initial expression of PLC-β1 in botrysomes occurs 
independent of patterned activity, but the age-dependent decline in expression is 
dependent on normal visual activity. In rat barrel cortex, PLC-ßl 
immunostaining is observed in two distinct froms. As in the cat visual cortex, 
PLC-ßl identifies an intracellular organelle identical in size and shape to the 
botrysome. In addition, PLC-ßl appears as an intense neuropilar stain that is 
greatly enriched in early postnatal barrels and virtually absent from the interbarrel 
regions. In order to determine the role of activity in the regulation of PLC-β1 
and botrysome expression, infraorbital nerve (ION) transection or whisker follicle 
cauterization were performed on rats ranging in age from postnatal day 0 (P0) to 
P9. ION transection at PO dramatically reduced the neuropilar PLC-β1 staining 
in the corresponding barrels but had no effect when the transection was performed 
at P5. Interestingly, ION transection had little effect on botrysome staining. 
The sensitive period for whisker follicle cauterization mirrored that observed for 
ION transection. These data suggest an activity-dependent role for the PLC-β1 
signal transduction pathway in the developing barrel cortex. Supported by the 
Medical Research Council, Nuffield Medical Trust and McDonnell-Pew Centre 
for Cognitive Neuroscience.
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30.19
NEUR ON S IN THE OUTER M OLECULAR LAYER OF THE RAT  
DENTATE G YRUS FORM A N  EARLY HIPPOCAM PO-ENTORHINAL  
PROJECTION. K. Ceranik, J. D eng, B. Heimrich, S. Zhao, J. Lübke*, and M. 
Frotscher. Anatom isches Institut I, Universität Freiburg, P. O. B ox  111, 79001 
Freiburg, Germany.

Entorhinal cortex (EC) fibers are known to project to the outer molecular 
layer (OML) o f  the dentate gyrus. W e have recently shown (D el Río et al., 
Nature 385: 70-74, 1997) that Cajal-Retzius cells in the OML are involved in 
the formation o f  the entorhino-hippocampal pathway. In this study we  
investigated whether neurons in the OML establish an early projection to the 
EC which m ay serve as a template for axonal guidance o f  outgrowing 
entorhinal afferents. Anterograde D iI labeling o f  the entorhino-hippocampal 
projection in animals at different embryonic (E15-E21) and early postnatal 
stages (P0-P2) revealed that this projection is established as early as E l7. 
Retrogradely labeled neurons in the OML occurred as early as E 17 and 
displayed morphological characteristics o f  Cajal-Retzius cells. In addition, 
neurons in the OML were investigated in acute slices o f  the hippocampal 
formation (P5-P10) and in co-cultures o f  EC and hippocampus (D IV 6-10) by 
w hole-cell patch-clamp recordings combined with intracellular biocytin  
filling. Neurons located near the hippocampal fissure gave rise to an axonal 
projection to the subiculum and the EC. The establishment o f  an early 
hippocampo-entorhinal projection o f  neurons in the OML suggests that these 
neurons may play a role in guiding the entorhinal afferents to the 
hippocampus. (This work was supported by the Deutsche 
Forschungsgemeinschaft: SFB 505).

30.21
DENDRITIC PROPERTIES OF RAT HIPPOCAMPAL DENTATE 
GRANULE CELLS LABELED IN VIVO AND IN VITRO. G.K. Pyapali*,
A. Lazslo, G. Buzsaki and D.A. Turner. Neurosurgery, Neurobiology, Duke 
University and Durham VAMC, Durham, NC, 27710; Center for Molecular and 
Behavioral Neuroscience, Rutgers University, Newark, NJ 07102.

Hippocampal dentate granule (DG) cells show ongoing neurogenesis, with cell 
generation occurring near the deep granule cell layer, and later migration occurring 
to the superficial granule cell layer. We investigated the dendritic properties of 
labeled rat DG cells in relation to their position in the granule cell layer, comparing 
granule cells intracellularly stained during either in vivo or in vitro physiological 
recordings, using similar intracellular labeling and three-dimensional reconstruction 
protocols.

Both in vivo and in vitro DG neurons demonstrated a variable degree of 
symmetry. Total dendritic length (TDL) of in vivo cells (4.02±0 .98 mm; n = 19) 
was not different from in vitro cells (4.66±0.94 mm; n = 13), after shrinkage 
correction. The number of branch orders in vivo cells was slightly greater 
(6.79±0.92) than for in vitro cells (6.00±1.00; p<0.05). Cells with soma position 
in the deep, intermediate or superficial zones of the granule cell layer showed 
dendritic length varying from 3.49±1.17 mm and 4 .16±0.75 mm to 4.32±1.27 mm, 
respectively. Most cells (75%) in the deep and intermediate layers showed a single 
dendritic trunk from the soma while 100% of the superficial cells were multipolar. 
There were fewer distal branch intersections on Sholl analysis in superficially 
located cells compared to deeper neurons. Branch order analysis showed a decrease 
in the number of branch orders and significantly more branches in orders four and 
below in cells from the superficial layer compared to deep layer cells.

These results indicate that overall dendritic shape is subject to reorganization with 
migration and maturation of cells, particularly more proximal branches in 
superficial cells and more branch orders in deep cells. However, essential aspects 
of morphometric appearance appear to be preserved across neurons from the two 
different hippocampal preparations used in this study. Supported by NIH: AG- 
13165 [DAT]; NS-34994, MH-54671 [GB]; 5T32 AG-00029-17 [GKP] and VAMC 
[DAT].

30.20
A NEW VIEW OF GABA NEURON DEVELOPMENT IN THE RAT DENTATE 
GYRUS: EVIDENCE FROM IN SITU HYBRIDIZATION AND BIRTHDATING 
STUDIES. S. Dupuy-Davies* and C.R. Houser. Dept. of Neurobiology and Brain 
Research Institute, UCLA, Los Angeles, CA 90095.

In recent studies, we demonstrated a distinct change in the distribution of glutamate 
decarboxylase 67 (GAD67) mRNA-containing neurons within the rat dentate gyrus from 
embryonic day 20 (E20) to postnatal day 15(PN15). We also observed a similar changing 
pattern for cells with birthdates of many of the mature GAD-containing neurons in the 
dentate gyrus. These observations suggested that some early-appearing GABA neurons 
within the developing molecular layer of the dentate gyrus may gradually alter their 
positions to become the mature GABAergic cells along the inner border of the granule cell 
layer. The goal of the present study was to provide additional evidence for our hypothesis 
by demonstrating the spatial relationships of GAD67 mRNA-containing neurons to 
granule cells at progressive ages during development. In this study, immunohistochemical 
or in situ hybridization methods for GAD67 or its mRNA were combined with 
bromodeoxyuridine birthdating techniques that labeled early-generated granule cells with 
birthdates on E17. At E20, GAD67-containing neurons were located above the granule 
cell layer that contained E17 birthdated granule cells. During the first two postnatal weeks, 
both GAD67 mRNA-containing neurons and early-born granule cells were primarily 
concentrated within the granule cell layer. By PN15-PN30, most GAD67 mRNA- 
containing neurons were distributed along the base of the granule cell layer, significantly 
below the E17 birthdated granule cells. These findings support our new hypothesis that 
mature GABA neurons along the inner border of the granule cell layer reach their positions 
by migrating through the developing granule cell layer. Supported by NS33360.

VISUAL SYSTEM: DEVELOPMENTALLY REGULATED GENES AND PROTEINS

31.1
DEVELOPMENTAL REGULATION OF DENDRITIC GROWTH 
RATE i n  v i v o  BY C PG 15. A. Javaherian, E. Nedivi, H. T. Cline*. Cold 
Spring Harbor Laboratory, Cold Spring Harbor, NY 11724 

CPG15 is a GPI-linked signaling molecule induced by synaptic activity that 
promotes dendritic arbor growth in developing neurons. Newly cloned cpgl5 from 
Xenopus is highly homologous with cpgl5 from rat, cat and human. This 
homology likely represents conservation of cpgl5 function across vertebrates. To 
gain insight into CPG15’s role in developmental plasticity we used a Vaccinia 
Virus (VV) vector to overexpress CPG15 in tectal cells of Xenopus tadpoles. The 
effect of CPG15 overexpression was then assayed by 'in vivo' confocal imaging of 
individual DiI labelled tectal neurons in the living animal over 3 days. Dendritic 
growth rates in control tectal neurons change as a function of arbor complexity. 
'Simple' dendritic arbors of young tectal neurons grow relatively slowly. Neurons 
with 'intermediate' arbors grow rapidly. The rapid growth phase persists until 
dendritic arbors approach a mature size and form ('compex' arbors), at which point 
their growth rate decreases and arbor size stabilizes [Wu & Cline 1998]. Dendritic 
arbors of cells from CPG15VV-infected animals grow at a relatively constant rapid 
rate irrespective of their size or developmental stage. CPG15 overexpression 
increased the growth rates of slower growing simple and complex arbors to match 
those of rapidly growing intermediate arbors. Expression of exogenous CPG15 does 
not further increase the growth rate of intermediate neurons, indicating that they are 
growing at a maximal rate. The transition from simple to intermediate arbors 
corresponds to the developmental onset of CPG15 immunoreactivity. The later 
transition from intermediate to complex arbors corresponds to onset of CAMKII 
expression which stabilizes the arbor. These results are consistent with a model in 
which CPG15 is limiting at early developmental times, thus restricting dendritic 
arbor growth. With the onset of CPG15 expression, dendritic arbors enter a phase of 
rapid growth that is maintained until the advent of CAMKII expression. CPG15 
overexpression can overide the stop-growing signal communicated by CAMKII, 
thus allowing increased growth of dendritic arbors in complex, mature neurons. 
Funded by NEI grants to E.N. and H.T.C.

31.2
PLASTICITY OF VISUAL CORTEX IN THE ABSENCE OF THE NEURONAL 
ACTIVITY-DEPENDENT MARKER ZIF268/EGR-1 N. Mataga1*, B.G. Condie2, 
and T.K. Hensch1. 1Lab for Neuronal Circuit Development, Brain Science Institute, 
RIKEN, Saitama 351-0198 JAPAN; 2Inst. Molecular Medicine & Genetics, Medical 
College Georgia, 1120 15th St, Rm CB 2803, Augusta, GA 30912 USA

Neuronal activity elicits rapid increases in the expression of several immediate early 
genes (IEGs). In particular, zif268/Egr-1 has been proposed not only as a marker for 
synaptic activity but also as a mediator of synaptic plasticity in the mammalian visual 
cortex. Recently, we also observed that zif268 expression induced by visual 
stimulation was enhanced in the visual cortex of mice that show a defect in ocular 
dominance plasticity (Hensch et al., this meeting). To clarify a role for IEG response 
in experience-dependent development, we examined visual cortical plasticity in mice 
carrying a targeted disruption of the zif268 gene.

We first determined the expression time course for zif268 mRNA during postnatal 
development in wild type mice. Constitutive levels of zif268 mRNA in the visual 
cortex were dramatically increased with eye opening (P8 versus P18, P28, and Adult). 
Moreover, zif268 expression in the visual cortex was strongly regulated by visual 
input, as reported for other species. Five days of dark rearing significantly reduced 
zif268 mRNA levels to 70% of that in normally-reared animals but could be markedly 
increased within 30 min of photic stimulation.

To evaluate whether the zif268 IEG is directly involved in the activity-dependent 
plasticity of visual cortex, we monocularly-deprived mice lacking zif268 during the 
developmental critical period (P24-31). Extracellular single-unit recordings from the 
binocular zone in vivo revealed an ocular dominance plasticity that did not differ from 
wild type animals (mean contralateral bias index±sem=0.42±0.04 and 0.40±0.05 for 9 
KO vs. 6 WT mice, respectively; p=0.86, t-test). These results indicate that zif268 is a 
useful marker of visual activity in mice but is not intrinsically essential for the 
regulation of experience-dependent plasticity in the visual cortex. 
Supported by Brain Science Institute, RIKEN.
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31.3
DYNAMIC REGULATION OF CPG15 EXPRESSION DURING PERIODS OF 
SYNAPTIC REMODELING IN MAMMALIAN VISUAL SYSTEM.
RA. Corriyeau*1, Carla J. Shatz1, and Elly Nedivi2. 1HHMI and Department of 
Molecular and Cell Biology, University of California, Berkeley, 94720; 2Cold 
Spring Harbor Laboratory, Cold Spring Harbor, New York, 11724.

Candidate plasticity gene 15 (cpg15) was recently shown to encode an activity- 
and néurotrophin-regulated cell surface molecule that can promote dendritic arbor 
growth. To determine whether cpgl5 may play a role in structural rearrangements 
that occur during development, we characterized cpgl5 expression in the cat visual 
system during the activity-dependent formation of eye-specific layers in the lateral 
geniculate nucleus (LGN) and ocular dominance columns (ODCs) in the primary 
visual cortex, cpg15 mRNA expression is high in the prenatal LGN and then 
decreases through early postnatal development. In the LGN activity-blockade by 
application of TTX does not affect cpgl5 mRNA levels at early times, but 
significantly decreases cpg15 expression after the onset of ODC formation. In 
visual cortex, cpgl5 expression is initially low, increases sharply at the onset of 
ODC formation, and remains at high levels in the adult, cpg15 expression is 
minimal in layer 4 at all times examined. Activity-dependent regulation by 
monocular injection of TTX is evident in layers 2/3 at ages older than P40.

We propose that high levels of CPG15 present in LGN neurons at early times 
facilitate development of geniculo-cortical synapses by stimulating rapid dendritic 
growth in layer 4 neurons. With the onset of ODC formation, levels of cpgl5 in 
the LGN decrease and become subject to activity-dependent regulation, thus 
stimulating dendritic growth selectively at postsynaptic contacts of active neurons. 
Moreover, activity-dependent regulation of cpgl5 expression in cortical layers 2/3 is 
consistent with plasticity of horizontal connections that persists into adulthood. 
Taken together, our observations suggest that expression and regulation of CPG15 
in the visual system may facilitate coordination of pre- and postsynaptic partners in 
activity-dependent synaptic modifications both during development and in the adult. 
Supported by NIH grants EY02858 to CJS and EY11894 to EN.

31.5
GAP-43 EXPRESSION IS DEVELOPMENTALY REGULATED IN THE RETINO- 
GENICULATE PROJECTION OF THE MOUSE. A. Routtenberg*, and I. Cantallops. 
Cresap Neuroscience Laboratory, Northwestern University, Evanston, IL 60208.

In GAP-43 null mutants, geniculate cells show axonal pathfinding deficits (Strittmatter 
et al., 1995). Because null mutant studies provide little evidence of the time frame when 
GAP-43 plays its role, and may simply distort developmental programs, we have studied 
the role that the GAP-43 gene may play normally in the development of the retino- 
geniculate projection. In mice bearing 6 kb of rat GAP-43 promoter and first intron (11 
kb) driving a lacZ reporter gene, we compared the pattern of transgene expression with 
that of endogenous mRNA in the lateral geniculate nucleus (LGN) during early 
postnatal development. At postnatal day 1 (P1) promoter activity as indexed by 
transgene expression (PATE) can only be observed in the optic tract (OT). At P4, PATE 
appears in the optic tract axons of the dorsal LGN (dLGN). The staining is diffuse and 
cell bodies co-locaiizing with it are unstained. The fact that the OT is stained but the 
geniculate cell bodies were not suggests that transgene synthesis takes place in ganglion 
cells and is then transported through the OT into optic tract terminals (OTT) in the 
dLGN. At P7, PATE increases slightly in the dLGN. A marked increase is observed at 
P9 and persists until P16. This period corresponds to eye-opening. Even at these time 
points when PATE is strikingly high, geniculate cell bodies remain unstained. Transgene 
expression in OTT of dLGN has decreased at P20, and even more markedly in the adult. 
In situ hybridization for GAP-43 mRNA shows high levels of gene expression across the 
cells of the LGN through postnatal development and into adulthood. The distinct cellular 
expression of GAP-43 PATE and mRNA in the dLGN provides further support for the 
hypothesis that transgene expression observed postnatally in the dLGN originates in 
ganglion cells and that GAP-43 mRNA in geniculate cells is post-transcriptionally 
mediated. These results suggest that PATE exists normally in these cells, and it 
strikingly increases around eye opening time in the developing mouse. (Supported by 
NU Institute for Neuroscience, and Fundación Barceló Fellowship (Spain) to I.C. and 
Whitehall Foundation to A.R.).

31.7
INVOLVEMENT OF HOMEOBOX AND SEGEMENT POLARITY 
GENES IN THE POSTNATAL DEVELOPMENT OF THE CAT 
VISUAL CORTEX. Sarven Sabunciyan*, Wolfram Tetzlaff1, Qiang Gu and 
Max Cynader. Dept. of Ophthalmology, UBC, Vancouver, BC, Canada, V5Z 3N9, 
1Dept. of Zoology and Surgery, UBC, Vancouver, BC, Canada V6T 1Z4.

Despite the wealth of knowledge available regarding the physiology and the 
anatomy of the developing kitten visual cortex, very little is known about the 
genetic mechanisms involved in this process. Much of the knowledge acquired 
about animal developmental genetics stems from studies involving the fruit fly 
Drosophila Melanogaster. Epigenesis in Drosophila is controlled by a genetic 
hierarchy which forms a regulatory cascade that leads to the successive, step by step 
subdivision of the embryo into smaller units. This genetic hierarchy is comprised 
of three general categories of transcription factors known as the maternal genes, the 
zygotic segmentation genes and the homeotic genes. The importance of this genetic 
cascade arises from the fact that homologues of these genes are known to exist and 
are highly conserved in higher animals. Given the frequent involvement of these 
genes in various developmental events, we have decided to investigate their possible 
role in the growth of the postnatal cat visual cortex. By using the RT-PCR 
technique, the cDNA’s of homeobox genes PBX-1 and PBX-2 were cloned in the 30- 
day-old kitten visual cortex. The level of expression of these genes in the cat visual 
cortex were found to decline with age as determined by northern blot, in situ and 
immunohistochemical analysis. In addition, the cDNA’s of a number of secreted 
proteins, including the segment polarity genes Wnt-1 and BMP4, which are known 
to be involved in cell to cell signaling have been cloned in the cat visual cortex by 
RT-PCR. Currently, the developmental expression patterns of these genes is being 
examined. In summary, our findings demonstrate that the "classical developmental 
genes" which were initially characterized in the Drosophila are expressed and may 
take part in the postnatal development of the cat visual cortex.

Supported by MRC of Canada

31.4
CLASS I  MHC GENE EXPRESSION IN THE DEVELOPING AND MATURE CNS 
AND REGULATION BY NEURAL ACTIVITY. G. S. Huh‡, R. A. Corriveau‡, S. A. 
Wiese, and C. J. Shatz*. HHMI and Department of Molecular and Cell Biology, 
University of California, Berkeley, CA 94720

In a screen designed to identify molecular components of activity-dependent synaptic 
development, we discovered that class I major histocompatibility complex (MHC I) 
mRNAs are regulated by spontaneously-generated action potentials in the prenatal LGN 
and are expressed in times and regions of known synaptic plasticity in the mammalian 
CNS. To investigate further whether MHC I may play an important role in activity- 
dependent synaptic modification, we have examined the regulation of MHC I mRNA by 
activity at later stages of CNS development and have also asked whether MHC I protein 
can be detected in neurons in the normal CNS.

Here we report that, in addition to prenatal regulation by naturally occurring activity 
in the retinogeniculate pathway, MHC I mRNA can be activity-regulated postnatally in 
both the visual system and the hippocampus. In the cat, a long-term postnatal 
monocular TTX blockade results in the downregulation of MHC I mRNA only in the 
eye-specific LGN layers that receive input from the treated eye. In the mature rat,
MHC I mRNA is upregulated by increases in neural activity in the form of kainic acid- 
induced seizures. Following systemic kainic acid administration, MHC I mRNA is 
specifically increased in neurons of the dentate gyrus and superficial neocortical layers. 
These results indicate that MHC I mRNA can be regulated by a broadly encompassing 
range of electrical activity in multiple areas of the developing and mature brain.

Two independent monoclonal antibodies that react with rat MHC I antigens 
demonstrate class I immunoreactivity in many neurons of the unperturbed rat CNS, 
including pyramidal neurons in the neocortex as well as in the hippocampus. In situ 
hybridization confirmed that neuron types displaying MHC I immunoreactivity in the 
rat also express MHC I mRNA.

Taken together, our observations indicate that class I MHC molecules, classically 
thought to participate exclusively in immune function, may play a novel role in 
neuronal signaling and activity-dependent changes in synaptic connectivity. ‡GSH and 
RAC contributed equally to this work. Supported by NIH MH48108 and EY02858 and 
an Alcon Research Award to CJS and a Damon Runyon-Walter Winchell Postdoctoral 
Fellowship to GSH.

31.6
A GENOME WIDE SEARCH FOR GENES THAT ARE DIFFERENTIALLY 
EXPRESSED IN THE MAGNOCELLULAR PATHWAY. S. S.Prasad, L. Kojic, P.A. 
Hetherington, A. Chaudhuri‡ and M.S. Cynader* Dept. of Ophthalomology, Univ. of 
British Columbia, Vancouver, B.C. Canada V5Z3N9 and 1Dept of Psychology, McGill 
University, Canada.

Developmental dyslexia is a problem that affects from 2-8% of the population. It has now 
been established that the magnocellular visual pathways, which convey transient 
information, are impaired in dyslexia (Galaburda and Livingstone, 1993). In addition, 
functional MRI studies have demonstrated functional deficits in area MT relative to area 
V4 in dyslexics, which also implicates an M-pathway contribution to dyslexia. Another 
important finding comes from quantitative genetics. A genetic component in dyslexia has 
long been suspected since dyslexia is more common in some families than others. This has 
been confirmed in reports by Cardon et al. (1994) and Grigorenco et al. (1997) who have 
shown that a single gene, localized to the 6p21.3 region of human chromosome 6, accounts 
for much of the heritability.

Our overall strategy is to combine both of these breakthroughs towards the 
identification of a dyslexia gene. Towards this goal, the two magnocellular layers and four 
parvocellular layers of the LGN (derived from Vervet monkeys) were microdissected and 
corresponding mRNAs were utilized for constructing cDNA libraries. Using these cDNA 
libraries, we prepared two subtracted cDNA libraries representing mRNAs enriched for 
the magnocellular and the parvocellular layers of the LGN. We also isolated the 
corresponding mRNAs from areas MT and V4 of the visual cortex. Sets of Gene Discovery 
Array (GDA) filters (Genome Systems Inc.) containing up to 20% of the genes in the 
human genome were utilized to identify genes which are differentially expressed in these 
areas of the visual system. The mRNAs and the cDNA libraries resources were utilized for 
synthesizing 33P-Iabeled cDNA probes. These probes were individually hybridized to 
the GDA filters. Using purpose built comparative computer analysis software we 
identified several genes which were found to be expressed either exclusively or in 
significantly higher abundance in the magnocellular relative to the parvocellular pathway. 
The genes which are both differentially expressed within the magnocellular system and 
map within the 6p21.3 region will be examined as good candidates for the chromosome 6 
Dyslexia gene.
This work was supported by Grant #12-FY97-0101 from the March of Dimes Birth Defects 
Foundation.

31.8
CELLULAR LOCALIZATION AND EXPRESSION OF 
ANGIOTENSIN Π TYPE 2 (AT2) RECEPTORS IN THE RAT 
RETINA DURING DEVELOPMENT J. F. Kram er, M. Sautter. 
T . H. W h eeler -S ch illin g , E . G uenther, and K. K o h ler* . Experim ental 
O phthalm ology, U n iversity  E y e  H osp ita l T u eb ingen , Germ any.
R ecen t stu dies im ply  a p o ssib le  contribution o f  the renin-angiotensin  
system  and its principal e ffec to r  m o lecu le  an gioten sin  II (A n g II) to 
n eurotran sm ission  in the retina. A n g II e ffe c ts  are m ediated by tw o  
m ajor A n gΠ -receptor subtypes, A T 1 and A T 2. In the present study  
R T -P C R  and in s itu -hybrid ization  (IS H ) for the detection  o f  A T 2- 
m R N A  in the rat retina w ere undertaken. A d d ition a lly  a p olyclonal 
antib ody against A T 2-receptors (g ift o f  W .T. C heung, C h inese  
U n iversity  o f  H on g  K on g) w as used to  sh o w  the cellu lar localization  
o f  A T 2-receptors in the p igm ented  rat retina during develop m ent. By  
m eans o f  R T -P C R , A T 2-m R N A  w as d etected  in all d evelop m ental 
stages from  postnatal day (P ) 3 to  P 10 0  and ISH  for A T 2-m R N A  
revealed  lab elin g  in the gan g lio n  ce ll layer (G C L ) S p ec ific  A T 2- 
im m unoreactiv ity  w a s  observed  in c e lls  o f  the G C L in all stages from  
P 1 to  P92. In the inner nuclear layer horizon tal c e lls  and am acrine  
ce lls  w ere stained at early stages (P 3 -P 1 6 ), but not in older anim als. 
T he abundance and location  o f  retinal A T 2-receptors in young  
anim als and the age-related  ch an ges in the im m unoreactivity, su ggest  
that angiotensin  II exerts sp ec if ic  a ctio n s accord ing to the 
d evelop m en t o f  the retina.
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31.9
DEVELOPMENT OF CAT-301 REACTIVITY IN THE VISUAL CORTEX AND 
THE LATERAL GENICULATE NUCLEUS (LGN) OF MACAQUE MONKEYS. 
T. Kumagami1, N. Jain2, E.L. Smith III1, Y. Chino1*, & J. Kaas2, 1University of 
Houston College of Optometry, Houston TX 77204; 2Department of Psychology. 
Vanderbilt University, Nashville, TN 37240.

We previously showed that some response properties of individual V1 neurons are 
immature near birth but exhibit rapid improvement during the first 4-6 weeks of life. 
To gain insight into the structural changes that may be associated with these 
functional alterations, we studied the developmental changes in the cytochrome 
oxidase (CO) activity and the expression of Cat-301 antigen in V1 and the LGN of 
infant rhesus monkeys.

The CO staining showed a clear ‘gap” in layer IVC in new born monkeys 
(Horton and Hocking, 1996). This CO gap was largest in new bom and 2-week-old 
monkeys. It became smaller and less clear in 4-week-old monkeys. The gap is not 
clearly visible in 8-week-old monkeys, which showed the same laminar CO patterns 
as adult monkeys. Early in development no Cat-301 staining was apparent in the 
LGN until 2 weeks of age. At 4 weeks, weak staining was observed but there was no 
appreciable difference in the intensity of staining between magnocellular and 
parvocellular layers. By 8 weeks the staining of M-layers was significantly darker than 
P-layers. In V1 only very weak staining, restricted to layer 6 was observed at 9 days 
of age. The intensity of staining became significantly darker in layer 6 by 2 weeks. 
There was no staining in layer 3C (4B) until 8 weeks. Unlike layer 6, staining in the 
layer 3C (4B) of V 1 appears to have a time course more similar to that for dLGN. The 
gradual disappearance of the CO gap in V 1 and the increased staining of Cat-301 over 
the first few postnatal weeks parallel the improvement in monocular receptive-field 
properties (e.g., direction selectivity) and responsiveness of V 1 units in the same 
subjects (Chino et al, 1997; Kumagami et al, 1998). Supported by NEI grants 
EY08128, EY02686, EY03611.

31.11
DEVELOPM ENTAL REGULATION OF α1 A N D  α 2  SUBUNITS OF THE 
G A BA -A RECEPTOR IN CAT VISUAL CORTEX. C. Yang and G.D. Mower* 
Dept. o f  Anatomical Sciences and N eurobiology, University o f  Louisville Sch. 
M ed., Louisville, K Y  40292

Changes in the subunit com position o f  G A B A -A  receptors are central to the 
development o f  mature G ABA inhibitory function. A  w ell documented example 
in several neural system s is the developmental sw itch from the α 2 to the α1 
subunit, which is required for the change from immature low  affinity type II 
benzodiazepine receptors to mature high affinity type I receptors. The present 
study was done to determine whether there are changes in the m RNA levels o f  
the α1 and α2 G A BA -A  receptor subunits during the postnatal critical period in 
cat visual cortex and whether such changes are dependent upon visual input.

Northern/slot blots were used to determine m RNA levels for the two subunits 
in cat VC at postnatal ages 1, 5 ,  10 ,  20 weeks and adult. Levels o f  mRNA for the 
α1 subunit were low est at 1 week, increased 400%  to a maximum at 10 weeks, 
and declined slightly (35%) into adulthood. L evels o f  the α2 subunit were 
highest at 1 week o f  age, decreased 45%  by 10 w eeks o f  age and were constant 
thereafter. When plotted as percent maximum expression, the switch in relative 
dominance from α2 to α1 occurred at about 5 w eeks o f  age (near the peak o f  the 
critical period). Comparisons o f  normal and dark reared cats were done at 5 and 
20 w eeks o f  age. For the α 2 subunit, there were no differences between the 
rearing conditions. For the α1 subunit, surprisingly, m RN A levels were 
significantly elevated in dark reared animals by approximately 50% at both ages.

Support: NSF O SR-9452895 and the Jewish Hospital Foundation

31.13
IDENTIFICATION A N D  QUANTITATIVE PROFILES OF RETINOIDS 
A N D  THEIR RECEPTORS IN THE CHICKEN EMBRYO RETINA. I.C. 
G lo v er* , F. H oover1, T. Gundersen2 and R. Blomhoff2 Depts. o f Anatom y1 
and Nutritional Science2, University o f Oslo, 0317 Blindern, Oslo, Norway.

Certain retinoids are believed to function as signaling m olecules that bind 
to nuclear receptors and regulate gene transcription. The retinoid signaling  
system  has been im plicated in retinal deve lop m en t and differentiation. 
Several recent studies have characterized the retinoid signaling system  in 
the develop ing chicken retina, but the retinoids present have not been  
identified  w ith  certainty, and the expression  patterns o f the receptors 
have not been characterized com pletely. To address these issues, w e have  
used a sensitive HPLC assay and nucleic acid assays, respectively.

In extracts of w h ole eyes or isolated retinae, w e  detected all-trans retinol 
and all-trans RA (retinoic acid) from d 3-d 18 and 3,4-didehydro (3,4DDH)- 
retinol and 3,4DDH-all-trans RA from d6-d 18. W e d id  not detect 9-cis RA 
during the sam e period. Northern b lots sh ow ed  the presence o f all 5 
chicken retinoid receptors (RARalpha, beta, and gam m a, and RXRalpha 
and beta) in the eye. In situ hybridization su ggests that o f these, all but 
RARbeta are expressed in the neural retina. The 4 retinally  expressed  
receptors show  specific and distinct spatial patterns o f expression. These 
results im plicate all-trans RA and 3,4DDH -all-trans RA as the principle  
endogenous ligands for m ultiple retinoid receptors potentially  involved in 
regulating neuronal differentiation in the chicken retina. Supported by the 
N orw egian Research Council and the N orw egian Cancer Association.

31.10
ACTIVITY- INDEPENDENT EXPRESSION OF THE DENDRITE-SPECIFIC CELL 
ADHESION MOLECULE TELENCEPHALIN IN POSTNATAL MOUSE BRAIN. 
J.C. Poyer*, K. Mori and T.K. Hensch Neuron Function Group, Brain Science 
Institute, RIKEN, Wako-shi, Saitama, 351-0198 JAPAN.

Telencephalin (TLCN), a cell adhesion molecule of the IgG superfamily, is confined 
to neuronal somata and dendritic surfaces in the mammalian telencephalon. Inhibition 
of TLCN function suppresses activity-dependent synaptic plasticity (LTP) at CA1 
synapses in slices of rat hippocampus, as was observed for NCAM and L1. We have 
now investigated the spatiotemporal distribution of TLCN with respect to the 
developmental critical period for activity-dependent visual cortical plasticity in vivo.

Antiserum against the TLCN carboxy-term in us was visualized with FITC- or DAB- 
conjugated secondary antibodies in adjacent coronal sections of mouse brain at various 
ages (n = 20 mice, between P1 and adult). TLCN was evident at P1 in the superficial 
layer of the ventrolateral neocortex (pyriform) and diffusely present in hippocampal 
area CA3. Ventrolateral cortical expression spread from layer 1 to upper layer 2 by P7 
and became uniformly intense across the entire cortex at P1 1, just prior to eye opening 
in mouse pups. Staining in CA3 of the hippocampus intensified by P7 and diff use 
labeling of CA1 and the granule cell layer of dentate gyrus was observed. 
Interestingly, two midbrain areas, the pontine nuclei and perigeniculate region, 
stained weakly for TLCN from P14 to adult. Both cortical and hippocampal TLCN 
expression was stabilized at high levels from P11 onward. However, lamina-specific 
differences became evident in CA1 at P21, with less intense staining in stratum 
lacunosum moleculare than in stratum radiatum. Unlike earlier results in the kitten, 
no decrease in staining of visual cortical layer 4 was evident at the peak of the critical 
period (P24-28). Moreover, continuous inhibition of retinal activity with intraocular 
TTX injections during this time did not reduce TLCN expression in the visual cortex 
(n = 7 mice).

These results confirm that TLCN appears in the developing visual cortex following 
an early postnatal time course similar to the physiological critical period for plasticity. 
However, our findings indicate that expression of the protein is not regulated by 
activity along the visual pathway. Supported by Brain Science Institute, RIKEN.

31.12
CHARACTERIZATION OF THE DEVELOPMENTAL DISTRIBUTION OF 
SNARE COMPLEX PROTEINS IN THE RETINA OF THE BRAZILIAN 
OPOSSUM, MONODELPHIS DOMESTICA. C.B. Roosevelt. M.H. West 
Greenlee, and D.S. Sakaguchi*. Dept. of Zool. and Genetics, Neuroscience Prog., 
and Signal Transduction Training Group, Iowa State Univ., Ames, IA 50011.

In the present study, we have investigated the postnatal expression of four 
synapse-associated proteins in the developing retina of the Brazilian opossum, 
Monodelphis domestica. Monodelphis is a small pouchless marsupial, whose 
young undergo a protracted period of postnatal development, with the majority of 
retinal neurogenesis and synaptogenesis continuing well into the postnatal period. 
Antibodies directed against the SNARE complex proteins synaptobrevin/VAMP, 
syntaxin, and synaptosomal-associated protein of 25 kD (SNAP-25), as well as an 
antibody directed against synaptic vesicle protein SV2, were used to characterize 
their distribution in the developing retina. At birth, postnatal day 1 (1PN), the 
retina is relatively undifferentiated with synaptobrevin-, syntaxin-, and SV2-like 
immunoreactivity (-IR) observed in dorso-central retina, the location of newly 
generated ganglion cells. SNAP-25 was first detected at 5PN within this same 
region of retina. By 15PN, the inner plexiform layer (IPL) was immunoreactive for 
syntaxin, SNAP-25, and SV2. By 25PN, all nuclear and plexiform layers were 
apparent, and immunoreactivity for the four synapse-associated proteins was present 
in the IPL and outer plexiform layer (OPL). For SNAP-25, distinct labeling was 
localized in sublamina two and four of the IPL. Furthermore, syntaxin-, SNAP-25-, 
and SV2-IR were also observed in the outer retina, within the neuroblastic layer, 
during this early period of postnatal development. By 35PN, the approximate time 
of eye opening, the patterns of immunoreactivity for these SNARE complex 
proteins and SV2 resembled their adult patterns of expression. These studies reveal 
changes in the cellular localization of these proteins during retinal development. 
Thus, the regulated expression of synapse-associated proteins in the developing 
retina may be involved in the establishment of retinal circuitry. Supported by: the 
ISU Biotechnology Council, Carver Trust, and NSF.

31.14
THE DEVELOPMENT OF CHOLINERGIC INPUTS DURING ON/OFF 
SUBLAMINATION IN THE FERRET LATERAL GENICULATE NUCLEUS. 
Sherri Hitz and Mriganka Sur*, Department of Brain and Cognitive Sciences, MIT, 
Cambridge, MA 02139.

In the developing ferret visual system, retinal ganglion cell inputs to the dorsal 
lateral geniculate nucleus (dLGN) undergo two distinct periods of axonal 
segregation. The first segregation period, which occurs from postnatal day zero (P0) 
to P14, establishes eye-specific laminae within the dLGN. The second segregation 
period occurs from P14 to P28 and establishes ON and OFF sublaminae within each 
eye-specific lamina. ON/OFF sublamination can be disrupted by blockade of nitric 
oxide synthase (NOS), NMDA receptors or presynaptic activity. Because 
activation of cholinergic inputs can alter relay cell responses to afferent visual 
input, we have begun to investigate a possible role for cholinergic inputs in 
ON/OFF sublamination. Using monoclonal antibody immunocytochemistry 
against choline acetyltransferase (ChAT), histochemistry for acetylcholinesterase 
(AChE) and retrograde labeling of brainstem nuclei from the dLGN, we have 
determined that cholinergic inputs from the pedunculopontine tegmental, 
laterodorsal tegmental and parabigeminal nuclei of the brainstem arrive in the dLGN 
by P14 and that there is an upregulation of ChAT and AChE in the neuropil during 
ON/OFF sublamination. After sublamination is complete, ChAT is downregulated 
while AChE remains high; however, ChAT appears to be downregulated throughout 
the thalamus. Thus, there is a temporal correlation between upregulation of 
acetylcholine synthesis and sublamina formation. We propose that cholinergic 
inputs to the dLGN may influence ON/OFF sublamination by altering dLGN relay 
cell excitability.

Supported by NIH Grant EY11512.
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31.15

CALCINEURIN EXPRESSION IN LATERAL GENICULATE NUCLEUS (LGN) 
OF DEVELOPING FERRETS. C. L. Ho-Pao*, C. A. Leamey, M. Sur. Dept. of 
Brain and Cognitive Science, Massachusetts Institute of Technology, Cambridge, 
MA 02139.

Calcineurin, a calcium/calmodulin dependent protein phosphatase, has been 
postulated to be an important down-stream effector of N-methyl D-aspartate 
(NMDA) receptor activity. It has been shown to dephosphorylate and upregulate the 
activity of nitric oxide synthase (NOS) and affect other cytoskeletal proteins. Since 
NMDA receptors and NOS have been shown to be critical for the segregation of 
inputs from ON/OFF center retinal ganglion cells into ON/OFF sublaminae in the 
LGN, we are examining the role of calcineurin in this process.

We examined the expression pattern of calcineurin in the LGN of postnatal 
ferrets. Polyclonal antibodies specific for the catalytic subunit of calcineurin were 
used on fixed, microtome-cut, brain sections of ferrets from P0 to P42. Preliminary 
data show an interesting correlation between expression of calcineurin and 
development of ON/OFF segregation of retinogeniculate projections which occurs 
in the 3rd-4th postnatal weeks. No significant calcineurin immunoreactivity was 
observed in postnatal day 1 (P1) ferret LGN. Immunoreactivity in cell bodies 
became observable in a few cells of the LGN at P7, and became more diffuse 
throughout the LGN around P14. The immunoreactivity in cell bodies and the LGN 
neuropil was prominent at P21 and P29, with the perigeniculate nucleus showing 
very densely stained neurons. The interlaminar and inter-sublaminar zones were 
demarcated by reduced neuropil staining compared to the adjacent LGN cell layers. 
Staining decreased after this age, when ON/OFF sublamination was complete. By 
P42, the immunoreactivity, both in terms of cell body and neuropil staining, had 
disappeared. Our findings suggest a potential function for calcineurin in the 
development of the activity dependent ON/OFF retinogeniculate connection pattern.

Supported by NIH Grant EY11512 and by an NRSA to C.L.H.-P.

31.17
LOCALIZATION OF GAP JUNCTION PROTEIN CONNEXIN 43 
DURING THE PERIOD OF CELL DEATH IN THE EMBRYONIC 
ZEBRAFISH OPTIC TECTUM. S.A. Weber* and L.S. Ross. 
Neurobiology Program, Dept. o f Biological Sciences, Ohio University, 
Athens, OH 45701.

During normal development of the zebrafísh optic tectum, apoptosis 
increases between 48-72 hours, the period when synapses are forming 
between retinal afferents and tectal neurons. Our previous work has 
shown that in the absence of retinal innervation, the number o f apoptotic 
tectal cells increases by nearly sixfold. Dying cells in both normal and 
non-retinally innervated tecta commonly die as clusters o f 2-8 closely 
apposed cells in the superficial layers o f the tectum. Clustered apoptotic 
cells suggest the possibility of cell-cell communication o f an apoptotic 
signal, and gap junctions between neighboring tectal cells may serve as the 
channels for communication during this time o f increased cell death. 
Antibodies to connexin 43 (Cx43), a gap junction connexin commonly 
expressed in embryonic brain, were used to localize the gap junction 
protein in the embryonic tectum. Cx43 antibody produced punctate 
labeling on cell membranes between tectal cells in the superficial layers o f  
the ventricular zone and within the marginal zone. Cells in the deep 
mitotic layers of the ventricular zone o f the tectum were not labeled. The 
correspondence between the sites o f immunolabeling for Cx43 and the 
zones of apoptotic cells suggests that clustered dying cells may be linked 
by gap junctions. Supported by NSF and OU.

31.19
A TRANSIENT CHOLINERGIC POPULATION OF CELLS IN THE DEVELOPING 
TURTLE RETINA. N.M. Grzywacz* and L.T. Nguyen. The Smith-Kettlewell Eye 
Research Institute, San Francisco, CA 94115.

Acetylcholine (ACh) is the putative neurotransmitter in the starburst amacrine cells 
of the adult vertebrate retina and has significance in several retinal functions, including 
directional selectivity. In the developing retina, ACh has been reported to have 
neurotrophic functions. It has been determined that ACh regulates neurogenesis, 
migration and differentiation of cells (Wong, 1995). Furthermore, it is important in 
pathfinding (Zeng et al., 1994) and synaptogenesis and plasticity (Lipton et al., 1988; 
Lipton and Kater, 1989). ACh also has other epigenetic roles. Blocking ACh eliminates 
the bursty spontaneous activity present in the developing turtle retina and as a result 
halts the growth of receptive-field size (Sernagor and Grzywacz, 1996). In the present 
study, the expression of choline acetyltransferase (ChAT), the synthesizing enzyme of 
ACh, has been examined in the developmental stages and adult turtle retina by 
fluorescence microscopy. At stage 15 (approximately embryonic day 20), there is a 
population of cells adjacent to the vitreous that are ChAT-immunoreactive. This 
population has a high density at this stage and gradually declines to become 
insignificant around birth. Using in situ by TdT-mediated dUTP nick-end labeling 
(TUNEL) to detect DNA strand break, this transient population does not appear to 
undergo programmed cell death (apoptosis) but rather, is down-regulated. Furthermore, 
this transient population does not co-localize with γ-aminobutyric acid (GABA, Nguyen 
et al., 1997) and the ChAT-IR cells that do co-localize with GABA are not down- 
regulated. It is possible that this transient cholinergic population plays a role in the 
spontaneous activity, as there is a dramatic drop in spontaneous activity at birth. 
However, it is unlikely that this population is the only determinant of the bursty 
spontaneous activity, since the latter continues, albeit weak, for two to three weeks 
postnatally.

Supported by NEI Research Grants EY0821 and EY1170.

31.16
NMDAR-1 STAINING IN THE LATERAL GENICULATE NUCLEUS OF 
NORMAL AND VISUALLY DEPRIVED CATS. Jokubas Ziburkus1, Martha 
Bickford2 and William Guido1*. 1Dept. of Cell Biology and Anatomy, LSU Medical 
Center, New Orleans, LA, 2Dept. of Anatomical Sciences and Neurobiology, 
Louisville School of Medicine, Louisville, KY.

Anatomical demonstration of the distribution of NMDA receptors on various cell 
types in cat LGN or the manner in which visual experience affects the development 
of this receptor has yet to be explored. In normal adult cats, a monoclonal antibody 
directed toward the R1 subunit of the NMDA receptor (Pharmingen, 54.1), produced 
dense cellular labeling throughout all layers of LGN and adjacent thalamic nuclei, 
including the perigeniculate, medial interlaminar and ventral geniculate nuclei. In 
these nuclei, labeling revealed well defined somata and proximal dendrites. 
NMDAR-l cell labeling was also evident in the LGN of early postnatal kittens, 
suggesting that developing LGN cells possess this receptor subunit prior to eye 
opening. Within the A-layers of adult LGN, staining encompassed a wide range of 
soma sizes. Soma size comparisons of NMDAR-1 stained cells with those stained 
with Nissl or an antibody to glutamic acid decarboxylase, suggests that NMDA 
receptors may be utilized by relay cells and intereneurons. NMDAR-1 staining was 
also observed in the LGN of cats with early monocular lid suture. Although labeling 
was apparent in both deprived and nondeprived A-layers of LGN, the distribution 
of soma sizes was significantly different. In the deprived A-layers of LGN, staining 
was limited to small and medium-sized cells; cells with relatively large soma were 
lacking. However, these differences in staining could be attributed to deprivation 
induced cell shrinkage per se and not cell class specific staining (i.e. X vs Y). Taken 
together, these results suggest that alterations in early visual experience do not 
necessarily affect the expression of NMDA receptors in LGN. Support by NSF 
9396270 and NINDS 1R29NS35377.

31.18
LOCALIZATION AND DEVELOPMENTAL EXPRESSION OF THE TWO 
SYNAPTIC MEMBRANE GLYCOPROTEINS GP65 AND GP55 IN RAT RETINA 
K. Langnaese#, T.M. Böckers#, P.W. Beesley§*. E.D. Gundelfinger#, M.R. Kreutz# 
#Dep. of Neurochem./Mol. Biol., Leibniz-Institute for Neurobiology, Magdeburg, 
F.R.G., §Royal Holloway University of London, Div. of Biochem., Egham, Surrey, 
UK..

The synapse-enriched glycoproteins gp65 and gp55 derive from the same gene by 
alternative splicing and are members of the immunoglobulin superfamily supposed to 
be involved in cell adhesion of synaptic membranes. With western blot analysis 
utilizing a monoclonal antibody directed against both isoforms we could demonstrate 
that both glycoproteins are expressed in the adult rat retina. In accordance with a 
possible function in cell adhesion of synaptic membranes we found that 
immunoreactivity for gp65 and gp55 was confined to the two synaptic layers of the 
retina, the innerplexiform and the outerplexiform layer (IPL and OPL). We generated 
monospecific antibodies against gp65 and localized gp65-immunoreactivity mainly to 
the OPL with only a faint band of immunoreactivity in the IPL. This was confirmed 
by in situ hybridization revealing transcripts for gp65 in both the outer and the inner 
nuclear layer (ONL+INL). In the ganglion cell layer (GCL) labeling specific for gp65 
was considerably weaker than for gp55, whereas gp55 -specific probes yielded 
significant label in addition to the GCL only in the INL. Gp55 transcripts were already 
present after birth in the inner retina. The intensity of hybridization signals for gp55 
increases during postnatal development without changes in cellular localization. 
During development gp65 transcript first appeared at postnatal day 5 (P5) in the INL, 
at P6 in the ONL and at P9 in the GCL, which largely parallels the first appearance of 
ribbon synapses in the rat retina. In summary these data are consistent with a pre- and 
possibly postsynaptic expression of gp65 in the OPL. Moreover, we speculate that 
especially gp65 is associated with ribbon synapses of the retina.
Supported by the Wellcome Trust and the Deutsche Forschungsgemeinschaft

31.20
DORSAL A N D  VENTRAL TERRITORIES DEFINED BY RETINOIC ACID 
SYNTHESIS, BREAK-DOWN A N D  NUCLEAR RECEPTOR 
EXPRESSION.
E. W agner1, P. McCaffery1,2,. J. O 'Neil1, M. Petkovich3 and U. C. 
Dräger1,2*
1E. K ennedy Shriver Center, W altham, MA 02254 , 2Departm ent of 
Psychiatry, Harvard M edical School, Boston, MA 02115 , USA and 
3Q ueen’s University, Kingston, Canada

Determination of the dorso-ventral dim ension of the vertebrate retina 
involves a series of retinoic acid related events. Initial formation of the 
axis is based on a binary conversion of a graded retinoic acid response into 
dorsal and ventral retinal territories which are distinguished by two  
retinoic acid-generating aldehyde dehydrogenases. Here w e show  that 
the border between dorsal and ventral dehydrogenases is sharpened by a 
narrow band o f the retinoic acid-degrading CYP26, an oxidase that creates 
a trough in retinoic acid levels betw een very high ventral and m oderately 
high dorsal levels. Retinoic acid degradation by CYP26 could be inhibited  
in live  retinas with ketoconazole. M ost of the retinoic acid receptors were  
expressed uniform ly throughout the retina except for the retinoic acid- 
sensitive RARβ, which w as dow n-regulated in the CYP26 domain. The 
orphan receptor COUP-TFII, which m odulates retinoic acid responses, 
colocalized w ith  the dorsal dehydrogenase. The organization of the 
embryonic vertebrate retina into dorsal and ventral territories d ivided by a 
horizontal boundary has parallels to the d iv ision  of the Drosophila eye 
disc into dorsal, equatorial and ventral zones, indicating that the 
sim ilarities in eye m orphogenesis extend beyond single m olecules to 
topographical patterns. Supported by N.I.H. grants EY01938, HD05515 
and HD01179.
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31.21
E X P R E S S IO N  O F IG F -I A N D  ITS R E C E PTO R  IN  TH E  
G O L D F ISH  R E T IN A . D . C . O tteson * , P. F. C irenza and P . F . 
H itch cock . D ep ts. o f  A n atom y &  C ell B io lo g y  and O phthalm ology, 
W . K . K ello g g  E ye Center, U n iv . o f  M ich igan , A n n Arbor, M I 
4 8 1 0 5 .

Insulin- lik e grow th  factor I (IG F -I) is  k n ow n  to  regulate cellular  
proliferation and grow th in m any tissu es , including the brain, 
through its receptor (IG FI-R ) (se e  Jones and C lem m on s (1 9 9 5 )  
Endocrine Rev 16:3). P rev iou s stu d ies in our laboratory have  
sh o w n  that in the con tin u ou sly  g ro w in g  retina o f  the g o ld fish  1)
ex o g en o u s  IG F-I stim ulates proliferation o f  neuronal progenitors in 
vitro, and 2 ) sp ecific  b inding sites for IG F -I are present on  retinal 
progenitors and on  p ro cesses  w ith in  the inner p lex iform  layer  
(B ou ch er and H itch co ck  (1 9 9 8 ) J. Comp. Neurol. 3 9 4 :3 9 5 ).

B y  screen ing a go ld fish  retinal library, w e  iso la ted  a 1.5 kb cD N A  
o f  IG F I-R  spanning a portion o f  the α -su b u n it and the entire β - 
subunit. In situ hybridization reveals that IG F I-R  is  ex p ressed  in 
both retinal progenitors and differentiated ce lls  in all retinal layers. 
In addition, prelim inary results su g g est that injury-induced neuronal 
progenitors a lso  exp ress IG FI-R .

N u m erou s stu dies have su g g ested  that IG F -I m ay function via  
paracrine or autocrine m echan ism s in the central nervou s system  
(see   D 'E rcole et al (1 9 9 6 ) Molec Neurobiol 13 :227). E fforts are 
underw ay to determ ine i f  IG F-I is  syn th esized  lo ca lly  in the g o ld fish  
retina.

Supported by N IH  grants E Y 0 7 0 6 0 , E Y 0 7 0 0 3  (C O R E ), and  
R esearch  to Prevent B lin d n ess, Inc. to  PFH .

R E G E N E R A T IO N : S IG N A L IN G , C O N T R O L  O F  G E N E  E X P R E S S IO N  A N D  M O L E C U L A R  S C R E E N S

32.1
THE CALCIUM CHELATOR BAPTA-AM DELAYS NEURITE REGROWTH 
AFTER NEURITE TRANSECTION IN CULTURED RAT SUPERIOR CERVICAL 
GANGLION (SCG) NEURONS. G.K.T. Chu,*C.H. Tator Div. of Neurosurgery, 
Playfair Neuroscience Unit, The Toronto Hospital; Toronto, ON, Canada, M5T 2S8 

The rise in intracellular calcium [Ca2+]i in the neuron after neurite transection may be 
important for regrowth. This hypothesis was tested by attenuating the calcium rise in 
neurons after neurite transection with the calcium chelator BAPTA-AM. SCG neurons 
from post natal day one Sprague Dawley rats were cultured on 35 mm plastic culture 
dishes coated with collagen. The dishes were scratched with a pinrake to produce tracks 
along which the neurites extended in a linear fashion. The neurites were transected 
after 10 to 14 days in culture by a motor driven rubber impactor. Regrowth was 
assessed by three methods: the percentage of tracks with regrowth at 2, 6, and 24 hours 
after transection; the number of new branches per regrowing neurite; and the average 
hourly rate of regrowth for up to 48 hours after injury. Regrowth was compared 
between injured neurons preloaded with 1, 10, or 100 µM BAPTA-AM and injured 
nonloaded neurons. At 2 hours after injury there was regrowth of the 1, 10 µM 
BAPTA-AM loaded and nonloaded neurons, but not the 100 µM loaded group. At 6 
hours, there was regrowth in 100 % of the tracks except for the 100 µM group which 
was 81.9 %. At 24 hours, all tracks in all groups had regrowth. At 6 hours, the 
nonloaded neurons had an average of 1.7 branches per new neurite which was 
significantly different from the 10 (1.2 branches per new neurite), or 100 µM BAPTA- 
AM (0.7 branches per new neurite) loaded neurons but not with 1 µM loaded cells (1.8 
branches per new neurite). At 24 hours, the branching of all groups became too 
numerous to count accurately. The rate of regrowth was minimally affected between 
the BAPTA-AM loaded groups and the nonloaded group. These results suggest that 
the [Ca2+]i rise after transection plays a role in the regrowth of neurites and that its 
chelation by BAPTA-AM may delay branching but not neurite elongation after 
transection. This work was supported by the Canadian Paraplegic Association.

32.3
EXPRESSION OF ERBB RECEPTORS IS INDUCED IN RAT SPINAL CORD 
FOLLOWING SCIATIC AXOTOMY. R.J. Pearson Jr.1* and S.L. Carroll1,2. Depts.
Of 1Neurobiology and 2Pathology, Univ. of Alabama at Birmingham Sch. Med., 
Birmingham, AL 35294.

The neuregulins (NRGs) are a family of structurally related growth and differentiation 
factors that bind to and activate erbB membrane tyrosine kinases. Although the NRGs 
are classically thought of as axon-associated factors acting on peripheral targets 
(Schwann cells, skeletal muscle), some neuronal populations bear erbB receptors and 
are therefore potentially NRG-responsive. We have previously reported that cells 
endogenous to axotomized sciatic nerve (probably Schwann cells) express NRGs and 
thus may exert effects on Schwann cells or other cellular elements within nerve via 
autocrine or paracrine mechanisms. To determine whether neurons projecting into 
sciatic nerve are potential targets of endoneurially expressed NRGs, we examined 
expression of the four known erbB receptors in lumbar sensory [L4 and L5 dorsal root 
ganglia (DRG)] and motor (spinal cord) neurons 0-30 days postaxotomy. Although 
erbB1 (EGF receptor) is undetectable in spinal cord from control or axotomized rats, 
erbB2, erbB3 and erb B4 RNA and protein are expressed in this tissue. Spinal cord 
expression of these three erbB receptors is coordinately induced by one day 
postaxotomy. Neurons in both dorsal and ventral horns are immunoreactive for erbB2, 
erb B4 and, to a lesser extent, erbB3; in contrast, astrocytes stain for erbB2 and erbB3 
while oligodendrocytes demonstrate erbB2- and erbB4-like immunoreactivity. In 
contrast, dorsal root ganglia contain primarily erbB2 and erbB3 protein, with much 
lesser quantities of both EGF receptor and erb B4 detectable in this tissue. ErbB2- and 
erbB3-like immunoreactivity in DRG localizes to both neurons and glia. In contrast to 
spinal cord, immunoblotting of lysates from lumbar DRG 1-30 days postaxotomy 
shows little evidence of significant alterations in erbB receptor expression. We 
conclude that sciatic axotomy coordinately induces expression of erbB2, erbB3 and 
erb B4 receptors in rat spinal cord. DRG neurons display a population of NRG 
receptors different from those found on spinal cord motoneurons and therefore may 
respond to NRGs in a different manner. Supported by the American Cancer Society.

32.2
SCIATIC NERVE REGENERATION FOLLOWING CRUSH INJURY 
IN HEREGULIN, ErbB2, AND ErbB3 HETEROZYGOUS MICE.
■S.L. Erickson1, l. Kljavin1, C.J. D'Amato *2 , and K.S. O’Shea2. 
Genentech Inc., S. San Francisco, CA1 , and Univ. of Michigan, 
Ann Arbor, Ml2 .

Heregulin (HRG) and its receptors play an important role in 
directing developing neural crest cells to adopt a glial 
phenotype, and receptors show striking upregulation during 
peripheral nerve regeneration. To elucidate the roles of this 
family of ligands and receptors in development and in response 
to injury, gene deletions were made using homologous 
recombination in ES cells. Homozygous null embryos die at 
mid-gestation, while heterozygous (het) mice are viable and 
fertile. We have examined the ability of adult sciatic nerve 
with reduced levels of receptor/ligand to regenerate after crush 
injury. 14d post-injury, sciatic nerves were embedded in resin 
and 1 um sections were cut proximal, distal, and through the 
crush site; the site of injury was also examined using TEM. 
Axon diameter, myelin thickness, and number of unmyelinated 
fibers were analyzed in five fields from each of four regenerates 
per genotype, using NIH image. Repair was significantly 
impaired in ErbB2 hets, while HRG and ErbB3 hets were less 
affected. Schwann cell - axon interactions were also markedly 
abnormal in ErbB2 het mice compared with wild type or the 
other het animals, suggesting that reduced levels of 
receptor/ligand selectively impairs nerve regeneration. These 
heterozygous mice, with reduced levels of ligand/receptor 
provide a unique model system to examine the role of receptor 
dimerization in nerve repair.

32.4
REGGIE-1 AND -2 FORM NON-CAVEOLAR PLASMAMEMBRANE 
MICRODOMAINS IN NEURONS. D.M. Lane1*, S. Lommel2, R. Ankerhold1, H. 
Plattner1, and C.A.O. Stuermer1. 1Dept. of Biology, University of Konstanz, P.O. 
Box 5560, D-78457 Konstanz, Germany; 2Institute for Genetics, University of 
Cologne, Weyertal 121, D-50931 Cologne, Germany.

The proteins reggie-1 (alias ESA, Schroeder et al., 1994; flotillin-2, Bickel et al., 
1997) and reggie-2 (alias flotillin-1 ; Bickel et al., 1997) are evolutionary highly 
conserved, present in many cell types, and upregulated in neurons of fish (Schulte et 
al., 1997) and mammals during axon growth and regeneration. Reggie-1 and -2 
were recently found to reside at the cytoplasmic face of the plasmamembrane in a 
punctate pattern, which extends into growth cones and filopodia. Flotillin-1 and 
ESA were suggested to be associated with caveolae (Bickel et al., 1997), glycolipid- 
rich plasmamembrane invaginations which are implicated in transmembrane signal 
transduction particularly upon activation of GPI-anchored surface proteins.

To determine whether reggie-1 and -2 define microdomains - identical with or 
distinct from caveolae in neurons and glial cells - quantitative immunofluorescence 
and electron microscopic analyses were performed. Moreover, we investigated 
whether activated GPI-anchored cell adhesion molecules (CAMs; F3 and Thy-1) co-
cluster with reggie-positive micropatches.

i) Caveolae and the caveolar integral membrane protein caveolin were absent 
from neurons (PC-12 cells; DRGs; retinal ganglion cells). These and other neurons, 
however, exhibited reggie-1  and -2-positive plasmamembrane micropatches all 
along their processes. In astrocytes, known to have caveolin and caveolae, reggie-1 
and -2 were detected in non-caveolar micropatches, ii) When live DRG neurons 
were exposed to anti-F3 and Thy-1 antibodies, CAMs formed clusters which co
localized with reggie-1 and -2 positive micropatches. These findings suggest that 
reggie- 1 and -2 may be components of a non-caveolar signal transduction pathway 
of GPI-anchored cell surface proteins in neurons.

Supported by grants of the DFG and BMBF
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32.5
IDENTIFICATION AND CHARACTERIZATION OF NOVEL G-PROTEIN 
COUPLED RECEPTORS EXPRESSED IN REGENERATING PERIPHERAL 
NERVE. H.M. Benedict-Hamilton1, M.L. Miller2 and S.L. Carroll 1,3*. Depts. Of 
1Pathology and 3Neurobiology, Univ. of Alabama at Birmingham, Birmingham, AL 
35294; 2Dept. of Pathology, Washington Univ. Sch. Med., St. Louis, MO 63110.

Cyclic AMP (cAMP) and cAMP analogues act synergistically with polypeptide 
growth factors such as the neuregulins to promote Schwann cell proliferation in vitro. 
Furthermore, elevation of intracellular cAMP levels in non-dividing Schwann cell 
cultures modulates expression of myelin protein mRNAs. Although these observations 
implicate the adenyl cyclase-cAMP second messenger pathway in multiple aspects of 
Schwann cell biology, little information is available regarding Schwann cell expression 
of molecules activating this pathway such as the G-protein coupled receptors (GPCRs). 
Using axotomized rat nerve cDNA templates (1-7 days postaxotomy) and degenerate 
oligonucleotides encoding highly conserved regions within these molecules, we have 
cloned seven GPCRs, including three previously isolated GPCRs (C5a anaphylotoxin, 
lysosphingolipid and TSH receptors) and four novel GPCRs. Near full-length cDNAs 
representing three of the novel receptors were isolated from an axotomized sciatic 
nerve library and their sequences determined. Genomic Southerns demonstrate that 
these cDNAs are derived from single copy genes in rat, mouse and man. Northern blot 
analyses indicate that these receptors are present in multiple tissues, with nervous 
system expression being particularly prominent. In situ hybridization to axotomized 
sciatic nerve shows the isolated GPCRs are expressed in distinct cellular populations, 
with some localized in macrophages and others in Schwann cells. Ribonuclease 
protection assays suggest that expression of at least one of the Schwann cell GPCRs is 
increased by axotomy. Semi-quantitative RT-PCR is being performed with cDNA 
templates from purified cell cultures and axotomized sciatic nerve to a) verify 
expressing cell types and b) examine the effect sciatic axotomy has on expression of 
these seven GPCRs. Our findings indicate that multiple GPCRs are expressed in 
axotomized sciatic nerve and identify candidate receptors which may regulate multiple 
aspects of Schwann cell biology. Supported by the American Cancer Society.

32.7
EXPRESSION OF PP125FAK, CAKß/PYK2 AND JNK IN THE OPTIC NERVE 
AFTER PARTIAL CRUSH INJURY M.R. Kreutz#§  A. Bien#§*, T.M. Böckers#, 
C.I. Seidenbecher#§, B.A. Sabel§, E.D. Gundelfinger# #Dep. of Neurochem./Mol. 
Biol., Leibniz-Institute for Neurobiology, Magdeburg, F.R.G. §AG Mol.&Cell. 
Neurobiol., Inst. Med. Psych. Otto-von-Guericke Univ., Magdeburg, F.R.G.

Axonal injury, either disruptive or non-disruptive is one of the hallmarks of 
cellular damage in closed head neurotrauma. The knowledge about signaling pathways 
from the injured axonal compartment to the nucleus, however is only sparse. 
CAKß/PYK2 and its closest homologue ppl25FAK belong to a family of 
cytoplasmic non-receptor tyrosin kinases, which are crucially involved in the 
formation of adhesion contacts. From an approach to identify differentially expressed 
genes in the retina after optic nerve injury we found that transcript levels of the cell 
adhesion kinase ß (CAKß) are significantly upregulated in retinal ganglion cells 
(RGC). The transcript levels of CAKß/PYK2 were rapidly elevated within 48 hours 
postcrush in the retinal ganglion cell layer and remained significantly above control 
levels for two weeks. Increased CAKß/PYK2 immunoreactivity was confined to the 
axoplasm of the optic nerve proximal to the retina and the crush site. These cellular 
compartments are damaged by diffuse mechanical shear stress, but that are still in 
contact with the soma e.g. via anterograde axonal anterograde axonal transport. The 
closest homologue of CAKß/PYK2, ppl25FAK is in contrast clearly downregulated 
in the retina and proximal part of the optic nerve after crush injury. We found that one 
putative substrate of CAKß/PYK2, which is highly phosphorylated after crush, is the 
c-Jun amino-terminal kinase 1 (JNK1) but not JNK2. In addition protein levels of 
JNK1 but not JNK2 were elevated in the proximal optic nerve. Partial optic nerve 
injury leads to the induction of c-Jun in both axotomized RGC and in RGC which 
maintain connections with their target. Antisense knock-down of c-Jun significantly 
reduces the number of connected RGC. Moreover, ATF-2, another substrate of JNK, 
is downregulated in axotomized RGC but not in connected RGC. Thus, multiple 
targets are conceivable for retrograde CAKß/PYK2 and JNK signaling pathways to the 
nucleus after axonal injury.

32.9
EXPRESSION OF ATF3 IN PERIPHERAL NERVOUS 
SYSTEM FOLLOWING AXOTOMY.
H.Tsujino*, E .K on d o , A .T oku naga and K .N o g u c h i.
Dept. o f Anatomy &  N eu ro sc ien ce , H y o g o  C o ll . o f  M ed ., 
Nishinomiya, H yogo , 6 6 3 8 5 0 1 , Japan 

Activating transcription factor 3 (A T F 3 ), a m em ber o f  the activating  
transcription factor/cAM P resp on sive  elem ent binding protein 
(ATF/CREB) family o f  transcription factors, is induced in a variety o f  
stressed tissue. In the nervous sy stem , it w as on ly  reported that A T F3  
was induced in the dentate gyrus fo llo w in g  seizure by PTZ treatment. 
The present study w as d esign ed  to investigate w hether A T F3 w as  
induced in peripheral nervous system  after nerve injury. In adult male 
Sprague-Dawley rats ( 150g ), unilateral sciatic nerves w ere cut, and 
subsequently the expression o f  A T F 3 m R N A  and protein in the dorsal 
root ganglia and the spinal cord w ere exam ined by in situ 
hybridization and im m unohistochem istory. The exp ression  o f  A T F3  
mRNA in the sciatic nerves w a s a lso  investigated after tight 
constriction o f the nerves. In the control rats, neither m R N A  nor 
protein o f ATF3 were detected in dorsal root ganglia , spinal cord and 
sciatic nerve. F ollow in g a x o to m y , A T F3 m R N A  and protein w ere  
immediately induced in the dorsal root ganglia and the anterior gray 
horn o f the spinal cord. After the tight constriction , A T F3 m R N A  w as  
rapidly induced in the sciatic n erve, w here the distal segm en t sh o w ed  
the more dominant increase in A T F 3 than the proximal segm ent o f  the 
lesion. We demonstrated that fo llo w in g  injury, A T F3 is rapidly 
induced in peripheral nervous sy stem .
(Supported by the Japanese governm ent and H y o g o  C o ll . o f  M ed.)

32.6
INJURY-ACTIVATED KINASE (IA K -1): A MAPK HOM OLOGUE  
THAT IS RETROGRADELY TRANSPORTED AFTER INJURY  
AND WHICH RECOGNIZES THE TRANSCRIPTION FACTOR  
C /E B P .
Y.J. Sung*, M. Povelones, X-P. Zhang, D-F. Zhu, R.T. Ambron. Anatomy &
Cell Biology, Columbia University, New York , NY 10032.

Injury to a nerve elicits a cascade of events that alters the electrical properties in 
the soma and induces regeneration of the axon. We have identified an 
Injury-Activated Kinase (IAK-1) in axoplasm extruded from Aplysia (ap) nerves that 
is involved in the early stages of this cascade. IAK-1 is a 44 kD protein kinase that 
is activated at the site of injury and subsequently transported back to the cell body 
and into the nucleus. IAK-1 is recognized by rat ERK-1 and ERK-2 carboxyl 
terminal antibodies. When activated, IAK-1 also reacts with an antibody to the TEY 
epitope of active phosphorylated vertebrate MAPK. However, IAK-1 is not detected 
by an antibody to a MAPK that was previously found in Aplysia neurons (Michael 
et al., PNAS, (1998) 95:1864) and which is not activated by nerve injury.

Although IAK-1 and vertebrate MAPKs share a widely conserved epitope, IAK-1 
differs significantly from other MAPKs. First, partially purified IAK-1 is not 
activated in vitro by upstream kinases in the MAPK pathway, such as MEK-1, 
Raf-1, and MEKK-1, and we have not found any of these kinases to be activated by 
injury. Second, IAK-1 activated by injury does not phosphorylate the transcription 
factors ELK-1 or apCREB2, but it does phosphorylate the acute-phase transcription 
factor apC/EBP, which is involved in regeneration in other tissues. We do not yet 
know the function of IAK-1, but we did find that injecting active mammalian ERK-1 
protein into the pleural nociceptive sensory neurons caused the appearence of 
long-term hyperexcitability. This suggests that IAK-1, perhaps by phosphorylating 
apC/EBP, has a role in inducing hyperexcitability in these cells after injury. 
Supported by NIH grant 22150

32.8
SCIATIC NERVE INJURY INDUCES NUCLEAR FACTOR 
KAPPA BETA (NF-KB) EXPRESSION IN SPINAL MOTOR 
NEURONS IN THE MATURE RAT. J.M. Jacob* and R.E. 
Martin. Dept. of Cell Biol., Univ. Oklahoma HSC, Oklahoma 
City, OK 73190.

Neuronal injury, and the subsequent repair of the nerve, is a multi- 
step process. After a nerve is injured, the cell body must recognize 
the injury and mount a response. One of the first steps in this 
response is the production of new axonal proteins. An 
understanding of the mechanisms controlling these events is critical 
so that effective nerve repair strategies can be developed. An 
appealing candidate for the initiation of the cell body response to 
nerve injury is NF-Kb, a transcription factor found in a wide variety 
of cells, including neurons. Its inactive form resides in the 
cytoplasm until a phosphorylation event removes its inhibitor 
protein, allowing the active transcription factor to enter the nucleus. 
Using immunohistochemical methods, we demonstrate that the 
expression of the p50 subunit of the NF-Kb heterodimer is 
upregulated within 3d after injury, and down-regulated by 7d after 
injury. This is consistent with the onset of the cell body response to 
nerve injury. Gel shift assays using nuclear extracts will correlate 
the binding of NF-Kb to DNA with time after nerve injury. These 
data characterize the involvement of NF-kB in signaling the initiation 
of the cell body response to nerve injury. Supported by grants to JMJ 
from the Presbyterian Health Foundation and REM from OCAST.

32.10
DOES DIFFERENTIAL PHOSPHORYLATION OF C-JUN REGULATE 
ITS ROLES IN APOPTOSIS AND PROCESS SPROUTING?
M.Dragunow*, A-M Woodgate, C Henderson, RA Xu, M During. 
Departments of Pharmacology and Molecular Medicine, Auckland 
University, Auckland, New Zealand.

Recent studies have suggested that phosphorylation of c-Jun on ser- 
63 is obligatory for nerve cell death. (J. Neurosci 18, 751; 18, 1713). 
Phosphorylation of c-Jun on serines 63 and 73 is produced by Jun kinases 
(JNK’s). We recently observed that PC12 cells transfected with a plasmid 
expressing wild-type c-Jun (pAAV/CMV-c-jun) did not undergo apoptosis 
but rather showed neurite sprouting (Soc Neurosci Abstr 23, 2203, 1997). 
Furthermore, only a small proportion of these cells (10-30%) showed 
phosphorylation on serine-63. In the present study we examined the 
phosphorylation of ectopically-expressed c-Jun on serine-73 using a specific 
antibody. We found that all c-Jun transfected PC12 cells showed neurite 
sprouting and all were phosphorylated on serine-73. Furthermore, using a 
TrkB expressing PC12 cell line we found that okadaic acid-induced c-Jun 
induction, phosphorylation on serine-63 and apoptosis were all blocked by 
BDNF. BDNF which induces neurite sprouting in these cells induced c-Jun 
and phosphorylation of c-Jun on serine-73, but not serine-63. Thus, our 
results suggest that phosphorylation of c-Jun on serine-63 is implicated in 
apoptosis but that phosphorylation on serine-73 is involved in neurite 
sprouting. Supported by grants from the Health Research Council, NZ 
Neurological Foundation and the Auckland Medical Research Foundation.
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32.11
PROTEIN/DNA BINDING AT AN AP-1 SITE ON THE GAP-43 GENE 
C.A. Laidlaw* and D.J. Schreyer Cameco MS Neuroscience Research 
Center, University of Saskatchewan, Saskatoon, Canada S7K 0M7

One feature of the complex expression pattern of the growth-associated 
protein GAP-43 is upregulation in association with developmental or 
regenerative axon growth. The GAP-43 promoter contains a highly 
conserved activator protein-1 (AP-1) binding site which can be recognized 
by the transcription factor c-Jun. c-Jun protein expression is also upregulated 
in association with regenerative axon growth.

We used electrophoretic mobility shift assay (EMSA) to study protein 
binding to the GAP-43 AP-1 site in the RN46A CNS neuronal cell line. In 
their proliferative state, RN46A cells express little GAP-43, but in their 
differentiated state, they extend neurites and express abundant GAP43. 
Nuclear extracts from differentiated RN46A cells contain abundant, 
specific AP-1 binding activity, but extracts from undifferentiated RN46A 
cells display only a faint band. Fibroblast-like 3T3 cells, which do not 
express GAP43, display no AP-1 binding activity. Activation of cAMP 
signaling in differentiated RN46A cells, which reduces GAP43 expression, 
does not reduce AP-1 binding activity. The AP-1 binding band from 
differentiated RN46A cells can be supershifted on EMSAs with an antibody 
against c-Jun. Whole cell protein extracts from uninjured adult DRG 
neurons, which express low GAP43, display low AP-1 binding. Peripheral 
nerve injury which leads to increased GAP43 expression causes increased 
AP-1 binding. No AP-1 binding activity was detected in extracts from liver 
or cerebellum. We conclude that binding of transcription factors such as c- 
Jun to the AP-1 site on the GAP43 gene may be involved in some aspects of 
its transcriptional regulation.

Suported by MRC Canada and Cameco MS Neuroscience Research Center

32.13
GENES INVOLVED IN TRANSLATIONAL REGULATION BY GLIAL CELLS
AND NEURONS AFTER FACIAL NERVE AXOTOMY
F.-W. S ch w a ig e r1, E.M. Hol 3, A. Horvat 1, A. Schmitt2, G. Hager 1 * and G.W.
Kreutzberg 1. 1Max-Planck-Institute of Neurobiology., Dept. o f Neuromorphology; Martinsried, 
Germany; 2Department of Neurology, Technical University, School of Medicine, Aachen, Germany. 
3Netherlands Institute for Brain Research, 1105 AZ Amsterdam, The Netherlands.

Peripheral nerve axotomy leads to alterations in gene expression of neurons and 
glial cells involving translational regulation of protein synthesis.

Using a differential display approach combined with in situ hybridisation we 
identified differential regulation of several genes involved in protein translation after 
facial nerve axotomy in rat. In glial cells the expression of genes encoding for 
proteins of the small (S3 and S6) and large (L7) ribosomal subunits was up- 
regulated. In neurons a probe for a DNA fragment with homology to the mouse 
translation elongation factor-2 (eEF2) revealed enhanced expression. The published 
sequences for rat eEF2 lack this fragment suggesting the expression of a differential 
spliced form of eEF2. In contrast, increase in immunoreactivity for eEF2 kinase, 
which inactivates eEF2 by phosphorylation, was confined to astrocytes. To 
investigate the influence of the translation initiation complex in situ probes for 
serveral initiation factors (eIFs) have been constructed. No changes in the expression 
of these factor were found after facial nerve axotomy. In contrast, in the 
motoneurons an up-regulation of the expression of the death assotiated protein 
(DAP) was detected. DAP has similarity to eIF4G and has been reported to inhibit 
protein translation.

Our data suggest that protein translation is regulated differently in neurons and 
glial cells after facial nerve axotomy. In neurons protein translation might be 
dependent on the balanced expression of eEF2 and DAP leading to a selective 
translation initiation of certain mRNA species. In glial cells the rate of translation 
might be influenced by a higher number of ribosomes and the control of eEF2 
activity.

32.15
DIFFERENTIAL GENE EXPRESSION IN THE CENTRAL AND PERIPHERAL 
NERVOUS SYSTEM OF THE RAT AFTER AXOTOMY. S. Gotzes1, A.B. 
Schmitt1, F.W. Schwaiger2, E.M. Hol2, G.A. Brook1, A, Horvat2, G.W. 
Kreutzberg2, and W. Nacimiento1*. 1 Dept. of Neurology, Technical Univ. Sch. of 
Med., D-52057 Aachen; 2 Dept. of Neuromorphology, Max-Planck-Institute for 
Psychiatry, D-82152 Martinsried, Germany.
Spinal cord injury leads to complex cellular and molecular changes contributing to 
the failure of any functionally significant regeneration of severed central axons. In 
contrast, injury of the peripheral nervous system leads to functional reinnervation. 
To identify genes which might influence the fate of injured neurons we investigate 
the axotomy-induced gene expression in neurons of the red nucleus and Clarke's 
nucleus after spinal cord hemisection and in the facial nucleus after transection of 
the facial nerve. Seven days after injury, RNA was purified from ipsilateral and 
contralateral tissues. By reverse transcription, cDNAs were generated and analysed 
by DD-PCR. Several differentially expressed cDNA bands were isolated and 
cloned. To confirm the differential expression of these gene fragments, riboprobes 
were generated for in situ-hybridisation. One gene fragment could be identified as 
the 3' end of rat stearyl-CoA desaturase which is the terminal component of the 
electron transport system influencing desaturation of CoA esters of long chain 
unsaturated fatty acids. Interestingly, by in situ-hybridisation, we could demonstrate 
that this gene fragment is dramatically upregulated in injured neurons of the PNS 
but not in the CNS. This suggests a possible induction of membrane synthesis after 
axotomy in the PNS which fails in non-regenerating intrinsic neurons. In 
conclusion, the comparison of gene expression between regenerating and non-
regenerating systems allows the identification of genes, which are of potential 
significance for neuronal and glial plasticity after injury.
(Supported by a grant from the DFG (Na 289/2-3))

32.12
SIGNAL TRANSDUCTION PATHWAYS UNDERLYING AXON  
REGENERATION IN GOLDFISH RETINAL GANGLION CELLS.
L.I. Benowitz*, Y. Jing, J. O’Toole and N. Irwin. Dept. Neurosurgery, 
Children’s Hospital; Harvard Med. School, Boston MA 02115,

To understand molecular mechanisms that underlie the development 
and regeneration of CNS connections, we have been studying axon 
outgrowth in dissociated goldfish retinal ganglion cells (RGCs). Quies
cent RGCs show dramatic axon outgrowth and GAP-43 upregulation 
in response to AF-1, a low MW factor secreted by optic nerve glia. A 
somewhat lower level of growth is induced by a 70kDa polypeptide of 
glial origin (AF-3); by CNTF; and by the purine inosine, acting through 
a direct intracellular mechanism. To investigate the signal transduction 
pathways through which these factors act, we used PD 098059 and 
LY 294002, specific inhibitors to MAP kinase kinase (MEK-1, -2) and 
PI3 kinase, respectively. Either inhibitor alone blocked c. 50% of 
growth induced by inosine, and together they blocked 100%. Growth 
stimulated by AF-1 was unaffected by either inhibitor alone, and was 
only partly blocked when the two were combined. However, the 
purine analog 6-thioguanine (6-TG) completely blocked growth (and 
GAP-43 expression) induced by AF-1. In PC12 cells, 6-TG has been 
shown to inhibit a 47kDa serine-threonine kinase (PKN) and to block 
NGF-induced differentiation. Inosine competitively reverses inhibition 
by 6-TG, and may stimulate growth by direct activation of PKN. Thus, 
AF-1 and inosine both appear to stimulate growth through PKN activa
tion, but downstream from this, AF-1 stimulates other signaling path
ways in addition to MEK-1/-2 and PI3K. In complementary studies, we 
are examining the patterns of signal transduction molecule phosphory
lation activated by the various growth factors. These results provide 
novel insights into the intracellular mechanisms that underlie axonal re
generation in CNS neurons. Support: NIH EY 05690, HHMI (to J.O.).

32.14
EXPRESSED-SEQUENCE-TAG APPROACH TO IDENTIFY DIFFERENTIALLY 
EXPRESSED GENES FOLLOWING PERIPHERAL NERVE AXOTOMY.
K. Tanabe123, S. Nakagomi1, S. Kiryu-Seo1, Y. Imai4, K. Namikawa1, M. Tohyama3, 
T. Ochi2, H. Kiyama1*. 1Dept. of Anatomy, Asahikawa Med. Col., Asahikawa 078- 
8307; 2Dept of Orthopaedic Surgery, Osaka Univ. Med. Sch.; 3Dept of Anatomy and 
Neuroscience, Osaka Univ. Med. Sch., Osaka 565-0871; 4Tanabe Seiyaku Co.Ltd., 
Osaka 532-8505, JAPAN.

Gene expression profile in the rat hypoglossal nucleus after axotomy was 
demonstrated using expressed-sequence-tag (EST) approach. We have identified 750 
cDNA clones using cDNA library derived from the rat hypoglossal nuclei after 
axotomy. An alteration of mRNA expression of 103 clones were further examined by 
in situ hybridization histochemistry using unilateral hypoglossal nerve transected 
brain-stem sections. Among 103 clones examined, mRNA expression of 27 clones 
was up-regulated in response to axotomy. These up-regulated clones were genes 
encoding proteins associated with glucose, lipid and protein metabolism, 
cytoskeleton, neurotransmission and immune reaction. In addition, several unknown 
genes were also identified. The present EST analysis have shown the qualitative and 
quantitative profiles of the genes expressed in the axotomized motor nucleus, and the 
efficacy of targeting genes with possible association with nerve injury.

32.16
CHANGES IN PROTEIN INHIBITOR OF NEURONAL NITRIC 
OXIDE SYNTHASE mRNA EXPRESSION FOLLOWING FACIAL 
NERVE TRANSECTION
Y.H. Che2,3, M .Tamatani3, T.Yam ashita3, S .Q gaw a3, K.M iki1*, T.Qchi2, 
M.Tohyama3 1Dept. of Anatomy and Neuroscience, Hyogo Coll. of Med.; 
2Dept. of Orthopaedic Surgery, Osaka Univ. Sch. Med.; 3Dept. of 
Anatomy and Neuroscience, Osaka Univ. Sch. Med. Osaka 565-0871 
JAPAN

Activation of nitric oxide synthase (NOS) has been suggested to be 
involved in axotomy-induced degeneration of motoneurons. Recently, a 
novel 89-amino acid protein, protein inhibitor of neuronal nitric oxide 
synthase (PIN), was shown to inhibit the activity of neuronal NOS 
(nNOS) by destabilizing the nNOS dimer, a conformation necessary for 
activity. The present study investigates expression of PIN in relation to 
cell death in the facial nucleus of adult and neonatal rats in response to 
axonal injury by in situ  hybridization between 1 and 7 days 
postaxotomy. Expression of PIN was induced between 2 to 5 days 
postaxotomy in adult facial motoneurons of the axotomized side, where 
most motoneurons survived. On the other hand, signals could not be 
detected up to 7 days postaxotomy in neonatal facial motoneurons, 
many of which died after nerve injury. These results suggest that PIN 
might perform protective role against axotomy-induced motoneuronal 
degeneration by inhibiting the activity of nNOS.
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32.17
AN EFFECT OF NITRIC OXIDE ON MICROGLIAL CELL ACCUMULATION 
IN THE INJURED CENTRAL NERVOUS SYSTEM OF THE LEECH. A. 
Chen,1*C. Sahley,2 and K.J. Muller1 1Dept of Physiology/Biophysics, Univ of 
Miami School of Medicine; 2Dept of Biol Sci, Purdue Univ; Miami, FL 33136.

Following mechanical damage to the nerve cord of the leech Hirudo 
medicinalis, microglial cells migrate to the lesion, where they may play a role in 
repair of axon fibers. We previously showed that sites of injury in leech CNS 
generate nitric oxide (NO) and bind antibodies against endothelial nitric oxide 
synthase. Others have shown that during vertebrate development NO causes the 
collapse of growth cones and could serve as a “stop” signal for developing axons. 
Thus, we aimed to determine if NO produced at a lesion halts migrating 
microglial cells and as a result lends to microglial cell accumulation. Leech nerve 
cords crushed in the presence of 0.1mM SPNO, an NO donor, showed a marked 
reduction in microglial cell accumulation in comparison to non-treated controls, 
and it was reversible by washing. To investigate whether the reduced 
accumulation was due to inhibition of migration, we used low light fluorescence 
video microscopy on crushed cords stained with Hoechst 33258 dye, a nuclear 
vital stain. In these experiments 1mM SPNO halted migration of microglia toward 
the lesion. We were also able to examine the effect of NO on isolated microglial 
cells by using 3D collagen gel preparations (Blackshaw et al. Proc R Soc Lond B 
264:657, 1997) and phase contrast video microscopy. The normally frequent 
formation and retraction of veil-like protrusions of individual microglia were 
reduced by 1mM SPNO, and could be reversed by washing and by NO 
scavengers. The results suggest that NO could signal migrating microglial cells to 
stop at an injury site and may therefore have important implications for 
mechanisms of repair in damaged CNS. (Supported by NIH Grant NS34927 to KJ 
Muller and CL Sahley)

32.19
TESTOSTERONE T R EA TM EN T A T T E N U A T E S  T H E EFFECTS  
OF FACIAL NERVE T R A N SE C T IO N  O N  G L IA L  FIB R IL L A R Y  
ACIDIC PROTEIN (G FA P) LE V E L S IN  T H E H A M S T E R  FA C IA L  
MOTOR NUCLEUS (FM N ). S. C o ers , L. T an zer , S .M . D ren g ler* ,
& K.J. Jones. D ept. o f  C ell B io lo g y , N eu ro b io lo g y , and A n atom y, 
Loyola University C h icago, M a y w o o d , IL 6 0 1 5 3 .

Exposure to testosterone propionate (TP) at the tim e o f  facia l nerve  
injury accelerates the rate o f  recovery from  facia l paralysis in the 
hamster. One o f the m echan ism s by w h ich  T P cou ld  enhance  
peripheral nerve regeneration is through regulation o f  G F A P  m R N A  in 
the FMN. A xotom y alone induces in creases in G F A P  m R N A , with  
TP significantly attenuating the axotom y-in d u ced  increases in G FA P  
mRNA. In this study, im m unoblotting procedures w ere used  to extend  
the studies o f  G FAP to the protein leve l. Castrated adult m ale ham sters 
were subjected to right facial nerve transection, w ith h a lf o f  the anim als 
receiving subcutaneous im plants o f  100%  crysta lline TP. T he left  
FMN of each animal served as an internal control. Postoperative (po) 
survival times were 4 ,  7, or 14 d. Facial nerve tran section increased  the 
level of GFAP at all tim e points, relative to internal controls, in nonTP- 
treated animals. Peak effects o f  axotom y a lon e  w ere seen  at 7 dpo. To  
a lesser extent, the sam e trend w as apparent in anim als rece iv in g  a TP  
implant, though peak expression  tim es differed . Peak e ffe c ts  o f  
axotomy plus TP were seen  at 4  dpo. A s  ob served  at the m R N A  lev e l, 
TP attenuated both the control G F A P  lev e ls  and axotom y-in d u ced  
increases in G FAP. T h ese results su ggest regulatory action s o f  
gonadal steroids on G FA P exp ression , m an ifested  in parallel at the 
mRNA/protein levels. Supported by N IH  N S 2 8 2 3 8  (KJJ).

32.21
SEX DIFFERENCES IN THE EFFECTS OF AXOTOMY ON RIBOSOMAL 
(r)RNA TRANSCRIPTIONAL ACTIVATION IN HAMSTER FACIAL 
MOTONEURONS (HFMN). N.B.Kinderman1*, C.A.Harrington2 and K.J.Jones1. 
1Dept. of Cell Biology, Neurobiology and Anatomy, Loyola Univ. Chicago, 
Maywood, IL 60153 and 2Dept. of Physical Biochemistry, National Institute for 
Medical Research, Mill Hill, England.

Sex differences exist in the regenerative properties of axotomized HFMN, with 
females having an inherently faster rate of regeneration. Molecular analysis has 
also shown sex differences in the nucleolar reaction pattern in axotomized HFMN. 
Facial nerve severance at the stylomastoid foramen (SMF) results in an increase in 
stable rRNA levels within 24 h postoperative (hpo) in male HFMN, but not until 48 
hpo in female HFMN. We extended our analysis of the nucleolar reaction in 
axotomized male HFMN, using in situ hybridization with a precursor rDNA probe 
containing 2.7 kb of the external transcribed spacer region (ETS) of the initial 45S 
rRNA transcript. The ETS region of the rRNA gene is transcribed, immediately 
cleaved and degraded in the nucleolus, with increases in precursor rRNA levels thus 
reflective of transcriptional activation of the rRNA gene. In male HFMN, axotomy 
activates rRNA transcription within 0.5 hpo. This increase is still evident at 2 hpo 
but returns to control values by 6 hpo. In this study, we compared the effects of 
axotomy on early rRNA transcription between male and female HFMN. Adult 
hamsters received right facial axotomies at the SMF, with the left sides serving as 
internal controls. At 0.5, 2,4,6 or 24 hpo, the animals were killed and the brains 
quickly removed and frozen slides were processed for routine autoradiography and 
quantitative analysis was performed using a computerized image analysis system. 
The results indicate that, like in the male, female HFMN rRNA transcriptional 
activity increases as early as 0.5 hpo. However, in contrast to the male, rRNA 
transcriptional activity returns to baseline levels as soon as 2 hpo. It is concluded 
that, while the signal to initiate the axon reaction in HFMN may be similar in both 
sexes, subsequent basal metabolic differences may contribute to the sex differences 
in the regenerative properties of HFMN. Supported by NIH grantNS28238 (KJJ).

32.18
INJURY-INDUCED NOS ACTIVITY AND MICROGLIAL 
ACCUMULATION IN THE LEECH CNS DEPEND ON CALMODULIN. 
S. M. Kumar*, O. Furmanski, and C. L. Sahley.
Department of Biological Sciences, Purdue University, W. Lafayette, IN 47907.

Damage to the central nervous system triggers a cascade of cellular, 
molecular, and physiological events, most of which remain to be fully 
characterized. One well-documented injury-induced cellular event is the 
migration of microglia to the lesion site. We have previously shown in the 
leech Hirudo medicinalis that injury-induced endothelial nitric oxide synthase 
(eNOS)-like immunoreactivity is dependent on calmodulin. Furthermore, 
accumulation of microglia at the lesion is through migration. We now provide 
quantitative evidence that microglial accumulation at the lesion site is dependent 
on calmodulin. Crushed and noncrushed nerve cords were preincubated in the 
calmodulin inhibitors W-7 and W-12 at concent\rations ranging from 10µM to 
100µM dissolved in leech Ringers containing 10mM glucose. Four hours after 
injury, all cords were fixed with 4% paraformaldehyde and stained with Hoechst 
33258 dye. Microglia accumulating at the lesion were counted within squares 
formed by electron microscopy grids overlayed on the tissue prior to being 
mounted in 100% glycerol. NOS activity and putative NOS production were 
assessed by the citrulline assay. Concentrations of W-7 from 75-100µM 
significantly blocked microglial accumulation at the site of injury, F (8, 22) = 
24.782, p< .0001. In contrast, preincubation of the crushed nerve cords with 
similar concentrations of the less potent calmodulin antagonist W-12 had no 
effect on microglial accumulation at the lesion site, suggesting that the W-7 
induced blockade of microglial accumulation at the lesion site was dependent on 
calmodulin rather than a non-specific side effect common to both W-7 and W- 
12. Preincubation of leech nerve cords with 100µM W-7 also blocked NOS 
activity and putative NO production while 100µM W-12 did not. These data 
suggest that NO signaling influences microglial accumulation at the site of 
injury. Supported by NS34927 and NSF Grant BIR 9512962 (CLS).

32.20
GONADAL STEROID REGULATION OF CYTOSKELETAL GENE 
EXPRESSION IN AXOTOMIZED HAMSTER RUBROSPINAL 
MOTONEURONS. P. D. Storer* and Kathryn J. Jones. Department of Cell 
Biology, Neurobiology, and Anatomy, Loyola Univ. Medical Center- 
Chicago, Maywood, IL 60153.

Beta II-tubulin is a major cytoskeletal protein and is upregulated 
during peripheral nerve injury. Following facial nerve injury in the hamster, 
βII-tubulin mRNA levels are significantly upregulated in the injured facial 
motoneurons. Additionally, testosterone propionate (TP) acts as a trophic 
factor in this peripheral injury paradigm, augmenting the upregulation of βII- 
tubulin mRNA levels. Rubrospinal motoneurons (RSMN) represent a 
population of central neurons that contain androgen receptors. In this study, 
we tested the hypothesis that TP treatment could affect the mRNA levels of 
βII-tubulin in the RSMN of the hamster following spinal cord hemisection. 
Adult gonadectomized male hamsters were subject to left lateral hemisection 
of the spinal cord at C7-T1 vertebral levels, with the contralateral side serving 
as internal control. Half the animals received TP implants at the time of 
injury, while the other half received sham implants. At 2, 7, and 14 days 
postoperative (dpo), animals were killed and the brains quickly removed and 
frozen. In situ hybridization Was performed using 33P-labeled cDNA probes 
to βII-tubulin. Slides were processed for autoradiography and quantitative 
analysis was performed. Results demonstrate that βII-tubulin mRNA levels 
increase significantly in axotomized RSMN by 2dpo relative to controls, but 
then are downregulated to below control levels by 7dpo and remain so through 
14dpo. TP treatment reduced the downregulation of βII-tubulin mRNA levels 
at 7 and l4dpo, in that the levels no longer dropped below control. The ability 
of TP to modulate this cytoskeletal mRNA level demonstrates the ability of 
TP to influence the cell response of injured central motoneurons. Supported 
by NIH grant NS28238 (KJJ).
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33.1
SURVIVAL AND DIFFERENTIATION OF SPINAL CORD STEM CELLS 
TRANSPLANTED INTO TRANSECTED SCIATIC NERVES OF ADULT MICE
I.G. Fleetwood, S.C. MacDonald, M. Sawchuk, L.M. Jordan and R.M. Brownstone* 
Spinal Cord Research Centre, Departments of Physiology and Surgery, University 
of Manitoba, Winnipeg, Manitoba, Canada, R3E 3J7

The advantages of stem cells in treating diseases of the nervous system include 
ready availability and the capacity for self-renewal. Stem cells isolated from 
embryonic mouse spinal cords proliferated in culture in the presence of bFGF and 
EGF. Cell clusters were dissociated and cells were labelled with the lipophilic 
fluorescent marker DiO prior to injection. Suspensions with an average cell count 
of 2.0 x106 and an average volume 27 µL were injected distal to an acute 
transection in the proximal sciatic nerve of 5-6 week old male Balb/C mice. Mice 
were then perfused at intervals between 3 days and 16 weeks post-injection and the 
nerves and terminal muscle tissue harvested. Immunohistochemistry was 
performed after cryotome sectioning.

DiO positive cells were identified at all survival times indicating long-term 
survival of the transplanted cells even though it was clear that DiO did not label the 
whole population of transplanted cells. Immunoreactivity (IR) for the intermediate 
filament protein nestin was positive at three days and one week, negative at all time 
points thereafter and never seen in DiO positive cells. While IR for the neuronal 
marker MAP-2 was positive in DiO positive cells, IR for the glial marker GFAP 
was rarely positive, suggesting that stem cells were differentiating primarily along 
neuronal lines. There was evidence of axon growth with pan-axonal IR at longer 
survival times. Furthermore, IR for choline acetyltransferase provided evidence 
that some cells differentiate into cholinergic neurones. This study supports the 
possibility of using stem cells as motoneuronal replacements following 
motoneurone disease or injury.

Supported by: University of Manitoba Research Development Fund and The 
Canadian Neuroscience Network

33.3
IN T RASPINA L TR A N SPLA N T A TIO N  OF C N S FETAL PORCINE  
NEURONS
J.B. Siegan*, M.L. W underlich, K. W etzel, J. Bousquet, and J. H. 
Dinsm ore
Dept. Cell Transplantation, Diacrin, Inc., Charlestown, M A 02129  

Cell based therapies to reestablish lo st and degenerating neuronal 
circuitry o f  the peripheral or central nervous system  has show n  
promise. Repopulation o f  the areas via transplantation o f  fetal neuronal 
c e lls  has been show n to repair the sensorim otor dysfu n ction  by  
rep lacin g  the lo s t  n eu ron s, p ro v id in g  grow th  fa cto rs , or by  
reestablishing a m icroenvironm ent conducive to engrafted neural cell 
transm ission. W hile fetal spinal cord neural c e ll transplantation has 
demonstrated som e restoration o f  affected spinal circuitry, the clinical 
application has been lim ited due to restricted access to human fetal 
tissue. In order to overcom e this lim itation, we are exam ining whether 
porcine fetal spinal cord and CN S derived neurons survive, remain 
viable and reestablish neural pathways in animal m odels o f  spinal cord 
injury (rat) and am yotrophic lateral sclerosis (m ice). In these studies, 
w e have dem onstrated that intraspinal transplantation o f  fetal spinal 
cord neurons in to  the in term ed iate  and d orsal horn d oes not 
com p rom ise sensory or m otor percep tion . H isto lo g ica l analysis  
detected porcine neurons at the site o f  implantation (n=8). In addition, 
there was a restoration o f  CGRP and 5-H T staining in adjacent spinal 
section s (n=8). Further, the engrafted ce lls  were able to enhance  
functional sensorim otor recovery in spinal cord injured rats (n = 13): 
40%  over sa lin e treated anim als (n =6). T ak en together, these  
prelim inary stu dies su g g est that porcin e feta l c e lls  m ay be an 
appropriate source for repopulation o f  lo st neurons in human spinal 
neuropathological diseases.

33.5
TRANSPLANTATION OF HUMAN TERATOCARCINOMA NEURONS 
(hNT) PROMOTES FUNCTIONAL RECOVERY AND AXONAL 
REGENERATION IN THE HEMISECTED CERVICAL CORD IN THE 
RAT. B. Addas, M. Altas, M. Hong, D. Sadi, I. Mendez*. Depts. of Surgery 
and Anatomy & Neurobiology, Dalhousie University, Halifax, NS, B3H 4H7.

Previous studies have shown that regeneration of the spinal cord following 
injury can be achieved using grafts of fetal spinal cord, schwann cells, or 
peripheral nerve. Although these findings are promising, functional recovery and 
axonal regeneration is quite limited. The objective of the present study was to 
examine the ability of grafts of cultured neurons derived from a human 
teratocarcinoma cell line (hNT) to restore both functional and anatomical deficits 
in the hemisected cervical cord model of spinal cord injury in the rat.

Female Wistar rats with cervical hemisection (C3-C4 level) were randomized 
into three groups: 7 animals received grafts of hNT cells within, above and 
below the transections site (double grafts); 7 animals received grafts of cells 
within the transection site (bridge); and 7 animals were transected only (control). 
Skilled forepaw function using the “staircase” and “stepping” tests was assessed 
over a 12-week period and animals were then sacrificed. Spinal cords were 
examined histologically using both cholera toxin B (CTB) labeling and 
serotonin (5-HT) immunohistochemistry to assess axonal regeneration.

There was an apparent improvement in skilled forepaw function in animals 
receiving grafts of hNT cells. In double grafted animals, fibers could be seen 
transversing through the transection site. In contrast, in bridge only grafted 
animals, only fibers could be seen penetrating but not transversing the 
transection site. No fibers could be detected in transection only animals.

The findings suggest that grafts of cultured human neurons using a double 
grafting strategy can achieve functional recovery and restoration of axonal 
integrity of the transected cord.
[Supported by Dept. of Surgery and Layton BioSciences Inc ]

33.2
ISOGRAFTS OF NEURAL STEM CELLS INTO SPINAL CORD OF FISCHER 
344 RATS. S.Y. Chowa*, Y. Liua, J. Moula, B.T. Himesab, M. Obrockaa, J. Haoa,
A. Tesslerab & I. Fischera. Dept. of Neurobiol. & Anat., Allegheny Univ. Health 
Sciences, Phila, PA 19129a; VA Hospital, Phila, PA 19104b.

The abilities of neural stem cells to self-renew, differentiate into multiple cell 
types, and be genetically modified by viral vectors make them desirable as 
transplants for spinal cord (SC) injury. We have previously shown that stem cells 
isolated from the SC of E14 Sprague-Dawley rats can be expanded for over 20 
passages and be successfully modified by adenovirus (AdV) vectors. When 
transplanted into the SC of immunosuppressed hosts, the cells survived and 
expressed the transgene, but not beyond 1 wk unless the transplants also contained 
primary SC cells or cells modified to express NT3. For example, transplants of SC 
stem cells combined with primary SC cells survived for at least 6 wks, but the rat 
required immunosuppression for the entire survival period. To examine the 
relationship between the immune response of different rat strains and the survival of 
SC stem cells, we characterized and transplanted cells from an inbred strain of rats. 
Stem cells were isolated from the SC of E14 Fischer 344 (F344) rats and expanded 
as neurospheres in the presence of EGF and bFGF. We found that these cells could 
be serially passaged and expanded for about 7-8 wks before the neurospheres ceased to 
proliferate. The cells could be successfully modified by a recombinant AdV 
containing the β-galactosidase reporter gene. When transplanted into the intact and 
hemisected SC of non-immunosuppressed F344 hosts, they survived and continued 
to express the reporter gene for at least 6 wks. These experiments therefore 
demonstrate that 1) neural stem cells can be isolated from different strains and 
genetically modified by AdV vectors, although some of their in vitro properties may 
differ; 2) the immunological interactions between donor and host are critical for the 
success of intraspinal grafting of neural stem cells. Supported by grants from NIH 
(NS24707, HD07467, NS 10090), Research Service of the VA, and EPVA.

33.4
HUMAN FETAL SPINAL CORD GRAFTS AS A TREATMENT 
STRATEGY FOR SPINAL CORD INJURY IN THE HEMISECTED ADULT 
RAT. M. Altas, M. Hong*, D. Sadi, I. Mendez. Depts. of Surgery and 
Anatomy & Neurobiology, Dalhousie University, Halifax, NS, B3H 4H7.

Previous work has shown that intraspinal transplants of fetal spinal cord 
(FSC) tissue can prevent axonal degeneration and support axonal regrowth 
following experimental spinal cord injury, however, the degree of axonal 
regrowth is limited. In order to promote axonal regeneration, we have examined 
a novel technique of double grafting human FSC tissue to anatomically 
reconstruct the damaged spinal cord in an animal model of spinal cord injury.

In ten adult female, Wistar rats with spinal cord hemisections at the T8 level, 
a bridge graft of human FSC cell suspension was injected into the lesion. In 
five of these rats, human FSC cell suspension grafts were placed into the spinal 
cord rostral and caudal to the transection site. Animals with hemisection only 
served as controls. At 6 - 7 weeks post transplant, animals received injections 
of the anterograde tracer, cholera toxin B (CTB), into the sensorimotor cortex. 
Animals were sacrificed and spinal cord sections were processed for CTB, 
serotonin (5-HT), and neuron specific enolase (NSE) immunohistochemistry to 
identify both descending corticospinal and 5-HT fibers, and grafted human cells.

In double grafted and bridge only animals, NSE positive FSC grafts were 
identified and demonstrated integration with the host spinal cord. In these 
grafted animals 5-HT positive fibers were seen extending into the bridge graft. 
CTB positive fibers and neurons were also seen caudal to the hemisection in 
double grafted animals.

This study demonstrates that bridge grafts with double transplants of human 
spinal cord cells survive and may rescue transected axons and promote axonal 
regrowth to the distal spinal cord.
[Supported by Dept. of Surgery and Layton BioSciences Inc.]

33.6
XENOG RAFTING  HUMAN T2 SYM PATHETIC GANGLION FROM  
HYPER HYD RO TIC  PATIENTS PARTIALLY RESTORES  
CATECHOLAM IERG IC FUNCTIONS IN HEMI-PARKINSO NIAN NUDE RATS. 
D.D. Liu,1* S.Z. Lin,2 S.D. W ang,3and Y. W ang1. Dept. Pharmacology1, 
Neurosurgery2 and Anatomy3, National Defense Medical Center, Taipei, 
Taiwan 100.

Treatment of hyperhidrosis often involves surgical dissection of second 
thoracic sympathetic ganglion (T2G), which contains catecholaminergic 
neurons, from patients. The purpose of this experiment is to investigate the 
behavioral and histological restorations in the hemiparkinsonian rats after 
transplantation of human T2G. Athymic Fisher 344 rats were injected 
unilaterally with 6-hydroxydopamine into the medial forebrain bundle to sever 
the nigrostriatal dopaminergic (DA) pathway. These unilaterally lesioned rats 
were later transplanted with T2G  or T2 fiber tract (T2F) obtained from adult 
hyperhidrotic patients. Animals receiving T2G  transplantation showed a 
reduction in methamphetamine-induced rotation by 2 weeks, however, 
returned to the pre-grafting levels by three months. Animals that received T2F  
grafting did not show any reduction of rotation over 3 months period. The 
animals were sacrificed for tyrosine hydroxylase (TH) immunostaining at 
different stages. TH  (+) cell bodies and fibers were found in the lesioned 
striatum 2-4 weeks after T2G grafting, suggesting the survival of transplants. 
Two to 3 months after grafting, TH (+) fibers were still found in almost all the 
recipients. However, TH (+) cell bodies were found in only 3 of 7 rats studied. 
Animals receiving T2F grafting did not show any TH  immunoreactivity in the 
lesioned striatum over the 3-month period. Taken together, our data indicate 
that TH  (+) neurons from adult T2G from hyperhidrotic patients can survive in 
the athymic rats and provide short term normalization of the motor behavior. 
(Supported by National Science Council, R.O.C.)
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33.7
CHRONIC ADMINISTRATION OF A DIRECT 5-HT 2C AGONIST ENHANCES 
LOCOMOTOR FUNCTION WITHOUT DEVELOPMENT OF TOLERANCE 
AFTER SPINAL CORD INJURY IN RATS. D. K. Yi, M. Shibayama, 1K. J. 
Simansky, and M. Murray*. Depts of Neurobiol. and Anat., and 1Pharm., Allegheny 
Univ. of the Health Sciences, Phila., PA 19129.

Our previous work showed that acute administration of quipazine and DOI, directly- 
acting agonists at 5-HT2C receptors, improved locomotion in animals with transplants 
in the site of spinal transection but not in spinal animals without transplants. In the 
present study, we tested another 5-HT2c receptor agonist, mCPP (1-[-3-chlorophenyl] 
piperazine hydrochloride) in lesioned rats. We also tested clomipramine which potently 
blocks 5-HT reuptake and also inhibits the reuptake of norepinephrine (NE). Neonatal 
rats underwent a complete midthoracic transection and either received no transplant or a 
transplant of embryonic spinal cord into the lesion site. Beginning at 6 wks of age, rats 
were injected with mCPP (0.15 mg/kg, i.p) daily for 15 days. Both acute and chronic 
administration of mCPP increased the percentage of weight supporting stepping in both 
groups. Coordinated, linked weight supporting stepping was also improved. Further, 
very few animals exhibited hypermetria or tremors. Tolerance did not occur to the 
therapeutic actions of mCPP. By contrast, neither acute nor chronic administration of 
clomipramine (10mg/kg, i.p) improved motor function on the treadmill. The beneficial 
effect on locomotion in rats with spinal injury and the absence of side effects or 
development of tolerance suggest that mCPP or another 5-HT2C agonist may also be a 
useful clinical agent for spinal injury. The improvement of locomotor function in 
spinal rats treated with mCPP, in contrast to DOI and quipazine, suggests that the 
specific pharmacological profile of new agents will dictate clinical applications, 
depending on the nature of the damage. Failure of 5-HT/NE reuptake inhibitors to 
improve function suggests that release from regenerated axons is insufficient to enhance 
recovery. Supported by NIH 24707, PVA, ISRT, IIRT, NICHD, EPVA.

33.9
FIBRIN “GLUE” AS AN ALTERNATIVE MATRIX FOR IMPLANTING 
SCHWANN CELLS INTO PARTIALLY INJURED ADULT RAT SPINAL CORDS.
N.I. Bamber1*, H. Li1, X, Lu1, P, Aebischer2, and X M. Xu1. 1Depts. Anat & Neurobiol., 
St. Louis Univ. Sch. of Med., St. Louis, MO 63104; 2Gene Therapy Center, CHUV, 
Lausanne Univ. Med. Sch., Lausanne, Switzerland.

Schwann cells (SCs) embedded within Matrigel (composed of basal lamina components) 
and seeded into mini-guidance channels effectively promote axonal regeneration in both 
acutely (Soc. Neurosci. Abstr. 21:820, 1995) and chronically hemisected (Soc. Neurosci. 
Abstr. 23:907, 1997) adult rat spinal cord. Matrigel by itself was demonstrated to be 
inhibitory for axonal growth. In the present study, we tested whether a fibrin glue (FG) 
product, generated by an automated and rapid cryoprecipitate process using the CryoSeal 
System (Thermogenesis Corp., Rancho Cordova, CA), could be used in place of Matrigel in 
supporting SC survival and promoting axonal growth while grafted into the injured spinal 
cord. SCs were purified in culture from adult Fischer rat sciatic nerves, prelabeled with 
Hoechst 33342 dye, suspended in a 1:1 solution of FG:DMEM activated with 1U/ml 
Thrombin, and placed in semipermeable mini-channels (1.25 x 3 mm, MWCO=50 KDa; 
density = 120 × 106 cells/ml). The adult female Fischer rat spinal cord was hemisected at T8 
on the right to remove a 2.5mm hemicord segment. The SC/FG filled channel was then 
grafted into the lesion site. The dura and wound were both sutured. At 3 , 7 ,  14 and 28 days 
(n=3, each), approximately 2/3 rats showed a regenerating tissue cable bridging the two cord 
stumps. Prelabeled viable SCs were identified, and SMI-31 immuno-labeled axons were 
observed to grow into the SC/FG grafts as early as 3 days following implantation. 
Interestingly, astrocytic processes, as identified by GFAP immunostaining, appeared to be 
aligned with SMI-31 immuno-labeled axons as they crossed the host-graft interface at earlier 
post-grafting time points, and only later participated in forming the classically defined gliosis. 
We suggest that the CryoSeal FG supports SC survival and axonal growth and may be used 
as a replacement for Matrigel in cellular transplantation into the injured spinal cord. 
(Supported by Paralyzed Veterans of America, International Spinal Trust Fund and The 
Daniel Heumann Fund for Spinal Cord Research).

33.11
NEUROTROPHIC FACTORS IMPROVE MOTOR RECOVERY AFTER SEVERE 
CONTUSION SPINAL CORD INJURY IN RTS. Talat Khan*  Scott Sayers', Naimath 
Khan1 and Lien-Sheng Liu. 1Rehab. R&D, Hines VA Hospital, Hines, IL 60141 and 2Dept 
of Neurology and Cell Bio., Neurobio. & Anatomy, Loyola Univ. Chicago, Maywood, IL 
60153.

Previously we have shown that implantation of the human Schwann cell line termed 
NF-IT (derived from a malignant soft tissue sarcoma from a patient diagnosed with 
neurofibromatosis), genetically engineered to secrete BDNF or NT-3, into the lesion cavity 
of  severely contused rat spinal cord encourage regrowth of injured axons. This study 
reports the beneficial effects of transplantation of these cells on the recovery of function 
after severe contusion injury in rats. Rats sustained a severe spinal cord contusion injury, 
and then a bundle of approximately 10,000 carbon filaments which were previously 
cultured with BDNF-secreting NF-IT cells, NT-3 secreting NF-IT cells, or non-secreting 
NF-IT cells were implanted into the lesion site. After a 14 week period, the animals were 
tested for behavioral recovery using open field, placing and toe spread responses. Open 
field behavioral performance was significantly better in the animals implanted with non-
secreting NF-IT cells (p<0.006) and also animals with NT-3 secreting cells (p<0.05) when 
compared to injury alone. Placing responses also improved significantly (p<0.04) in the 
animals implanted with NT-3 secreting cell. The treatments had no significant effects 
upon toe spread response. Our results indicate that among these treatments NT-3 is most 
effective towards the outcome of motor recovery.
(Supported by Rehabilitation R&D Center, DVA; TK B742-RA)

33.8
THE EXPRESSION OF INHIBITORY PROTEOGLYCANS FOLLOWING 
TRANSPLANTATION OF SCHWANN CELL GRAFTS INTO COMPLETELY 
TRANSECTED ADULT RAT SPINAL CORD. G.W. Plant*, A. Dimitropolou, M.L. 
Bates and M.B. Bunge. The Miami Project to Cure Paralysis, University of Miami 
School of Medicine, Miami, FL 33136

CNS injury induces a number of cellular mechanisms, including the proliferation 
and activation of astrocytes and microglia near the zone of injury. Astrocytes in 
particular have been implicated in the expression and secretion of inhibitory molecules 
such as chondroitin sulfate proteoglycan (CSPG) (McKeon et al., 1991). Descending 
axons in the injured spinal cord do not enter the host distal spinal cord after transection 
and transplantation of a Schwann cell graft unless other cell types assist re-entry 
(Ramón-Cueto et al., 1998). One possibility for the lack of axons re-entering the distal 
spinal cord after injury could be the presence of inhibitory proteoglycans. Here we 
describe the expression of a number of proteoglycans (CSPG, neurocan and 
phosphacan) after complete transection with and without the insertion of a Schwann 
cell (SC) graft inside a tube (Xu et al., 1997). Adult rat spinal cords were 
immunohistochemically analyzed 3 weeks following transection (n=10), transection + 
tube only (n=8) or transection + Schwann cell graft/tube (n=32). CSPG expression 
was found in proximal and distal cords proximate to the interface regions of SC- 
grafted animals and dorsal roots and co-localized with extracellular matrix molecules 
in the immediate injury site (within 1 mm). Astrocytes, fibroblasts and SCs in the 
grafted animals expressed CSPG, particularly at the distal interface region. 
Phosphacan was found in the proximal and particularly distal interfaces and appeared 
to partly co-localize with GFAP+ astrocytes and extracellular space but not with ED1+ 
macrophages/microglia, fibroblasts or SCs around the injury site. Neurocan was also 
expressed in the site of injury and appeared to closely localize with regrowing axons 
found close to the proximal and distal interfaces. In conclusion, inhibitory 
proteoglycans were found only at local injury areas and particularly in the distal cord 
interface areas after SC graft implantation. (Supported by The American Paralysis 
Association, The Miami Project and NIH NS09923).

33.10
STUDIES OF MYELIN FORMATION AFTER TRANSPLANTATION OF MHC KNOCK-OUT 
MOUSE SCHWANN CELLS INTO THE DEMYELINATED RAT SPINAL CORD.
O. Honmou*, T. Kato, T. Uede and K. Hashi. Dept. o f Neurosurgery, 
Sapporo Medical U niversity  School of Medicine. Sapporo, Japan. 060.

Although tran sp lan ted  r a t  Schwann c e l ls  in  a chem ically-induced 
area  of dem yelination make an a tom ically -defined  rem yelination  and 
r e s to r e  the  conduc tion  in  the a d u l t  r a t  CNS, the  im m unological 
response  fo llo w in g  exogenous c e l l  t r a n s p l a n ta t io n  in  the  a d u lt  
mammalian c e n t r a l  n e rv o u s  sy stem  i s  n o t s tu d ie d  w e ll .  We 
tra n sp la n te d  g e n e tic a lly -e n g in e e r in g  Schwann c e l l s  c u l tu re d  from 
major h is to c o m p a tib ility  (MHC) c lass  I and II knock-out mouses in to  
g ene tically -norm al r a t  sp in a l cords which had been dem yelinated by 
p r io r  sp in a l cord X - ir ra d ia tio n  and in je c t io n  of eth id ium  bromide 
in to  the dorsal columns. H isto log ica l examination of dorsal columns 
in  each group was done 21 days a f t e r  t r a n s p l a n ta t io n ,  and the  
immunological responses and degrees of m yelination  were assessed. 
The r e g io n  in  th e  n o n - t r a n s p l a n t e d  g roup  d id  n o t show any 
re m y e lin a t io n  fo r  6 weeks. A lthough t r a n s p l a n t a t i o n  o f th e  
gene tically -norm al mouse Schwann c e l ls  did  not rem yelinate the r a t  
d o rs a l column axons w ith o u t im m uno-suppression , g e n e t i c a l l y -  
engineering mouse Schwann c e lls  which lacked the MHC c lass  II antigen 
could make ex tensive m yelination  in  the r a t  do rsa l columns w ithout 
immuno-suppression. The e f fe c t of mouse MHC c la s s  I an tigen  on the 
immuno-responses in  the host ra t  spinal cord was less. These re s u lts  
demonstrate th a t MHC c lass  II antigen plays an important ro le  in the 
re je c tin g  responses following neuronal tra n sp la n ta tio n  in  the adu lt 
mammlian cen tra l nervous system.

33.12

D E L IV E R Y  O F E C T O PIC  P R O T E IN S  B Y  P O L Y M E R  E N C A P 
S U L A T E D , G E N E T IC A L L Y  M O D IF IE D , A V IA N  F IB R O B L A S T S  
G R A F T E D  IN T O  T H E  IN JU R E D  R A T  S P IN A L  C O R D .
C .B . Jaeger* and K . H an n on . D ep t. o f  B asic  M edical S c ien ces, Purdue  
U n iversity , S ch o o l o f  V eterinary M ed icin e, W . L afayette, IN  4 7 9 0 7 .

P olym er encapsulation  o f  ce lls  has been su ccessfu lly  u sed  for neuro-
transm itter replacem ent in the brain and it m ay  provide a m ethod  o f  
ch o ice  for ectopic protein delivery. T h is study explored the longevity  
and the ultrastructure o f  encapsulated em b ryon ic ch ick  fibroblasts 
(C EF) gen etica lly  engineered  to exp ress hum an placental alkaline p h o s
phatase, in a spinal cord com p ression  injury m od el o f  the ra t. It w as  
dem onstrated that transduced im m u n oiso la ted  xenografts stably ex 
p ressed  the transgene after im plantation in the spinal cord. T h is w as  
sh ow n  by h istoch em ica l staining o f  the im plant for the protein marker, 
alkaline phosphatase. S urviv ing ce lls  w ere o b served  in spinal cord im 
planted xenografts exam in ed  at 4  w eek s, 6 w eek s , and 2 7  w eek s. Cell 
distributions w ithin  the cap su les varied. The fine structure o f  implanted  
C E F ’s w a s that o f  active secretory ce lls  w ithout s ig n s o f  aging or de
generation. Control anim als d evelop ed  a m y elo co e le  in the com p ressed  
spinal cord segm ent, but cavities w ere not o b served  in grafted anim als. 
It is h ypothesized  that local release o f  sp ec ific  ectop ic  proteins by C E F’s 
m ay inhibit secondary p athology and cell death in the h ost spinal cord  
tissue surrounding the cap su le  im plant.
Supported by the educational fund of the Lafayette Center for Medical Education.
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33.13
GAP-43 RE-EXPRESSION IN RED NUCLEUS NEURONS AFTER 
THORACIC SPINAL CORD HEMISECTION, TRANSPLANTATION, AND 
EXOGENOUS NEUROTROPHIN ADMINISTRATION IN ADULT RATS.
P.L. Kuhn*. J.L. Cantrall, E. Broude, and B.S. Bregman. Georgetown 
University, Dept. of Cell Biology, Washington, D.C. 20007

Recent experiments in our laboratory demonstrate that, in combination, 
fetal spinal cord tissue transplants and exogenous neurotrophin 
administration after spinal cord injury in the adult rat have an additive effect 
in preventing atrophy of axotomized RN neurons, inducing expression of 
immediate early genes (c-Jun) associated with regrowth, and increasing the 
extent and density of axonal ingrowth within the transplant. Our aim in the 
present series of experiments was to examine re-expression of the 
developmentally regulated growth-associated protein GAP-43 in rubrospinal 
neurons after mid-thoracic spinal cord hemisection (HX), transplantation of 
embryonic day 14 fetal spinal cord tissue (TP), and exogenous neurotrophin 
administration. GAP-43 re-expression is associated with the regenerative 
potential of adult neurons after injury. Experimental groups included normal 
controls, HX only, HX + TP, HX + BDNF, HX + NT-3, HX + TP + BDNF, HX 
+ TP + NT-3, and HX + TP + BDNF + NT-3. Tissue was examined either 7 
or 30 days after surgery and treatment. Cells immunopositive for GAP-43 
were counted in serial sections throughout the axotomized red nucleus. No 
GAP-43 positive cells were seen in either normal controls or HX only 
animals. GAP-43 was upregulated in HX + TP animals at long-term survival 
times, whereas upregulation was seen in HX + neurotrophin treated animals 
at short survival times. Rather than having an additive effect, neurotrophins 
and transplants have temporally distinct effects on the regulation of GAP-43 
expression in axotomized rubrospinal neurons. Supported by NIH NS10605 
to P.L.K., and by NS19259 and a grant from the ISRT to B.S.B.

33.15
NEUROANATOMICAL EVIDENCE FOR INTRASPINAL FETAL GRAFTS 
ESTABLISHING RELAY CONNECTIVITY IN THE PHRENIC MOTOR SYSTEM OF 
ADULT RATS. G.W. Schrimsher1*, C. H. Hubscher2, R. D. Johnson2, P. J. Reier1. 
'Departments of Neuroscience and Neurological Surgery; 2Department of Physiological 
Sciences;Univ. of Florida, Gainesville, FL. 32610.

Fetal neural transplants have the potential to repair the damaged spinal cord by providing 
a functional relay between descending motor systems and neurons caudal to the site of 
injury. The present study was carried out to test this hypothesis in the phrenic motor 
system. An advantage of this model is that descending drive from rostral ventral 
respiratory group (rVRG) neurons entails a monosynaptic input to phrenic motoneurons 
in the rat. Concurrent with on-going neurophysiological studies of graft-mediated repair 
in this system, we thus sought to demonstrate defined afferent and efferent projections 
between the host and fetal spinal cord (FSC) grafts placed into acute hemisection lesions 
made at either C2 or C4-5- Sixteen weeks after transplantation, rVRG cells were localized 
by recording respiratory phase-locked activity and PHAL was iontophoretically deposited 
bilaterally (n=11). Immunostaining demonstrated PHAL-labeled axons in proximity to the 
rostral host-graft interface. In the absence of gliosis, axons were observed extending into 
the rostral-most portion of these grafts. In another group of animals, pseudorabies virus 
(PRV, Bartha strain) was injected into the phrenic nerve ipsilateral to the graft site. PRV 
immunohistochemistry showed several cases in which the phrenic motoneuron pool 
exhibited intense staining along with the presence of some labeled neurons in the grafts 
distributed near the caudal host-graft interface. This finding thus lends support to the 
potential formation of a relay circuitry following intraspinal grafting of embryonic 
neuronal elements. In other instances, we also observed very robust donor neuron labeling 
that was present with or without intense phrenic motoneuron staining. Such observations 
strongly suggest that numerous other sources of host interaction with transplants exist. This 
may particularly relate to primary afferent projections to grafts since some DRG cell 
labeling was observed. (Supported by NIH POl NS35702).

33.17
FEASIBILITY AND SAFETY OF NEURAL TISSUE TRANSPLANTATION 
IN PATIENTS WITH SYRINGOMYELIA. E.D. Wirth, Ill*1,6, R.G. Fessler2,6, 
P.J. Reier1,2,6, F.J. Thompson1,6, B. Uthman3,6,7, A. Behrman4,6, E.J. Remson5,6, and 
D.K. Anderson1,2,6,7. Depts. of Neuroscience1, Neurological Surgery2, Neurology3, 
Physical Therapy4, and Orthopedic Surgery5, Univ. of Florida College of Medicine, 
UF Brain Institute6 and VA Medical Center7, Gainesville, FL 32610-0244

The primary goal of this pilot clinical study is to investigate the feasibility and 
safety of human embryonic spinal cord (ESC) tissue allografts in patients with 
progressive posttraumatic syringomyelia. Since it has been shown that ESC tissue 
transplants survive, grow, and fill spinal defects in animals, a second goal of this 
study is to determine if ESC can act as a plug, thereby preventing further expansion 
of the syrinx in patients that are temporarily immunosuppressed (6 months) with 
cyclosporine. Key issues in this study are the ability to assess syrinx size, location, 
transplant survival, and growth in vivo. Accordingly, patients are monitored with 
serial MRI exams which have clearly distinguished graft tissue from intraspinal cysts 
in animal models. As of this writing, two patients have received transplants, one in 
July and one in October, 1997. In both patients, the syrinx was drained by needle 
aspiration followed immediately by introduction of pieces and/or suspensions of 7-8 
human ESCs that were 6-9 weeks gestational age. Currently, both patients are stable 
with no change in their neurological status since the procedure and have had no early 
complications directly related to the transplants. MRIs have shown that the graft sites 
of both patients show evidence of solid tissue, although it is difficult to distinguish 
precisely donor-host boundaries. While these early data are encouraging, it is still too 
early to draw firm conclusions. With continued follow-up and the enrollment of 8 
additional patients, we hope to demonstrate that this approach is feasible and safe, 
that temporary immunosuppression is sufficient to achieve long-term acceptance of 
the transplants, and that these ESC transplants will halt expansion of the syrinx in 
patients with progressive syringomyelia.

Supported by NIH CRC Grant RR00082 and UF Brain Institute.

33.14
RESIDUAL PHRENIC MOTONEURON FUNCTION FOLLOWING FE TAL SPINAL 
CORD (FSC )TISSUE GRAFTING TO THE CERVICAL SPINAL CORD IN RATS. P.
J. Reier1*, G. W. Schrimsher1, A. El-Bohy2, and H. G. Goshgariain2. 1Departments of 
Neuroscience and Neurological Surgery, Univ. of Florida, Gainesville. FL. 32610; 
Department of Anatomy and Cell Biology, Wayne State University. Detroit, ML 48201.

Despite the severe consequences of cervical spinal cord injury (SCI), this region of the 
neuraxis may actually prove more responsive to certain interventions since even relatively 
short distance repair could translate into major functional improvements. However, 
phrenic motoneuron sparing is commonplace after cervical SCI. Therefore, the 
development of a therapeutic approach must first carefully evaluate any potential risk to 
residual respiratory activity. In the present study, hemisection cavities were made at the 
C4,5 level in 34 adult rats with 16 of these animals then receiving solid implants of E14 FSC 
tissue. Four rats of comparable age and weight served as normal controls. Sixteen weeks 
later, neurophysiological assessments were made of spared ipsi- and contralateral phrenic 
motoneuron function under standardized and then asphyxic conditions (El-Bohy el al., 
Exp. Neurol., In Press). Resulting data were expressed as the percentage of maximal 
inspiratory motor drive (MIMD) produced by anoxia. Extent of lesions and percent graft 
survivals were histologically confirmed. Uninjured rats use 52± 1.8% of MIMD, whereas 
in hemisected (nongrafted) animals remaining phrenic motoneurons ipsilateral and rostral 
to the lesion employed 70.5+1.6 of MIMD. Contralaterally, phrenic motoneurons in the 
same animals employed 62± 1.1 MIMD. In transplant recipients, the percentage of MIMD 
used on the lesion/graft and intact sides were 68.8±1.18 and 57.7± 1.26, respectively. The 
differences between lesion-only and graft recipients MIMD were statistically significant 
(P<0.002) when the respective intact sides were compared. These results indicate that fetal 
grafts placed at the level of the phrenic motoneuron pool do not impair residual phrenic 
motoneuron function, but may actually contribute to better overall spared phrenic motor 
activity. Such observations provide initial preclinical data that are essential for future 
studies of therapeutic interventions for cervical SCI . (Supported by NIH PO1 NS357O2).

33.16
NEUROPHYSIOLOGICAL ASSESSMENT OF NEURAL TISSUE 
TRANSPLANTATION IN SYRINGOMYELIA PATIENTS. F. J .Thompson*, B. 
Uthman 1,5, S. Mott 1,5, E.J. Remson 2, E.D. Wirth III , R.G. Fessler3, P.J. Reier 3, 
A. Behrman 4, M. Trimble 4, and D.K. Anderson 3,5 Depts. of Neuroscience , 
Neurology , Physiatry2, Neurosurgery3, Physical Therapy4, Univ. of Florida, College 
of Medicine, Brain Institute, VA Medical Center5, Gainesville, Florida.

Neurophysiological measurements of H-reflex excitability, peripheral nerve, spinal 
cord, and cortical evoked potentials are part of an ongoing study to evaluate the 
feasibility and safety of neural transplantation in syringomyelia patients. These protocols 
are based upon animal studies that revealed significant transplant-mediated improvements 
in neurophysiological measures of spinal cord function in animals with chronic spinal 
contusion injuries. Of two patients that are currently participating in the study, one month 
pretreatment and six month posttreatment data are available for the first patient at this 
time. He revealed a 6O%decrease in the frequency response of the compound action 
potential in the right tibial nerve, before treatment. An immediate but short term 
improvement was observed in this measure. Before treatment a low frequency 
potentiation was observed in the right side H-reflexes. Following treatment, he has shown 
a progressive increase in low frequency depression of tibial H-reflexes on the right side, 
and has reported a decrease in clonus of the lower leg musculature. H-reflexes were not 
detected in the left triceps surae before treatment. The probability for appearance of Left 
tibial H-reflexes have progressively increased following treatment No detectable changes 
have been observed in cortical and spinal cord evoked potentials. No detectable changes 
have been observed to date in the neurophysiological measures at three months 
posttreatment in the second patient. These outcome differences between these two patients 
may reflect both differences in syrinx location, as well as extent, and location of graft 
tissue. The positive neurophysiological changes observed in the first patient are 
consistent with our observations in laboratory animal models. Supported by NIH CRC 
Grant RR0008, PVA-SCRF-200-02, NIH R01-NS33333, NIH P01-NS35701, and UF 
Brain Institute.
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34.1
USE OF RETROVIRAL-MEDIATED TRANSFER OF THE TETRACYCLINE- 
CONTROLLED GENE EXPRESSION SYSTEMS FOR EFFICIENT 
INDUCTION OF HETEROGENEOUS CELL POPULATIONS.
S.M. Cunningham1, I.A. Mazo1, H. Kerr1, M.D. Cunningham2*, S. Kain1 and L. 
Zhu1. 1CLONTECH Laboratories, Inc., 1020 E. Meadow Circle, Palo Alto, CA 
94303. 2Molecular Devices Corporation, 1311 Orleans Drive, Sunnyvale, CA 
94089.

A new retroviral-mediated inducible gene expression system was developed 
to facilitate and expedite gene transfer to cells in vitro and in vivo. The 
RevTet systems incorporate elements of the Tet Systems (Gossen & Bujard) in 
the backbone of pLNCX, a Moloney murine leukemia virus vector (Miller). 
The Tet Systems utilize regulatory elements from the E. coli Tn10 transposon 
to generate a reversible, highly regulatable on/off switch for expression of a 
target gene. Expression can be precisely induced, by the addition (RevTet- 
On) or withdrawal (RevTet-Off) of tetracyclines, from an "off" state 
indistinguishable from background to very high maximal expression. By 
utilizing retroviral transfer, the applications of the Tet System can be 
expanded for use in primary cells, cells w ith low transfection efficiencies and 
cells in vivo. The two vector system provides many advantages, including 
the ability to ratio the two elements and to target the regulatory element, 
and thus the expression pattern of the gene product, to a specific tissue. In 
these studies we have generated inducible populations and clones of selected 
cells (e.g., PC12) by both serial and simultaneous infection of the regulatory 
and response elements. Using dEGFP as a reporter, these populations were 
sorted by FACS and the kinetics of induction/suppression determined on a 
highly sensitive HTS instrument, FLIPR. Potential applications include 
inducible library screening for genome-wide gene function studies and the 
rapid establishment of inducible heterogeneous cell populations for HTS and 
drug discovery.

34.3
ADENOVIRUS-MEDIATED GENE TRANSFER TO CELLS OF THE 
HYPOTHALAMIC-NEUROHYPOPHYSEAL TRACT. E.C. Vasαuez, T.G. Beltz, 
R.F. Johnson. S.S Meyrelles*, B.L. Davidson and A.K. Johnson. Depts. of 
Psychology, Pharmacology and Medicine, and the Cardiovascular Center, 
University of Iowa, Iowa City, IA 52242-1407.

Supraoptic (SON) and paraventricular (PVN) nuclei magnocellular neurons 
synthesize and deliver vasopressin to the posterior pituitary (PP). We tested the 
transfection efficacy of a replication-deficient adenovirus (Ad) construct containing 
the cDNA for the gene marker, green fluorescent protein (GFP), in SON, PVN and 
PP cells. Postnatal rats were decapitated and SON, PVN and PP dissected and 
dissociated. After transfection with Ad (5 × 106 to 109 pfu), cells were cultured for 
up to 15 days. High percentages of SON, PVN and PP GFP expressing cells were 
observed with viral concentrations of 5 x 108 pfu (33%, 46% and 62%, 
respectively) and 109 pfu (36%, 57% and 72%, respectively). However this 
expression was brief because the concentration affected the cell viability. Viral 
concentrations of 5 x 106 and 107 pfu did not affect the viability of SON, PVN and 
PP cells, as indicated by the survival rate and patch-clamping recordings of the 
transfected cells. The percentage of GFP-positive cultured cells from SON, PVN 
and PP transfected with viral concentrations of 5 x 106 pfu (17%, 25% and 32% 
respectively) and 5 x 107 pfu (38%, 47% and 49% respectively) was stable over 
time. Expression of GFP was also visualized in the PP 4 days after in vivo 
transfection with Ad (5 × 107 pfu). These data indicate that a) adenoviral vectors 
can transfect pituicytes and PVN and SON neurons and non-neuronal cells, b) GFP 
is an effective gene marker for living cells, c) the optimal viral concentration for 
long-term GFP expression is 5 x 106 to 107 pfu, and d) higher viral concentrations 
affect cell viability. These results represent important steps toward the application 
of gene therapy to treat genetic neuropathologies of the hypothalamic- 
neurohypophyseal tract, such as hereditary diabetes insipidus. Supported by NIH 
HL 14388 & CNPq-Brazil 200186/89-2.

34.5
GENE TRANSFER INTO HIPPOCAMPAL SLICE NEURONS WITH AN 
ADENOVIRUS VECTOR CONTAINING GREEN FLUORESCENT 
PROTEIN AND LAC Z GENES. R. K. Sihag1 *, K. M iyaguchi1, Y. 
Maeda2, and C. Collin2, Laboratory o f Neurobiology 1 and Laboratory of 
Molecular Biology2, National Institute of Neurological Disorders and 
Stroke, NIH, Bethesda, MD 20892.

Virus-mediated gene transfer into identified neurons of organotypic hippo
campal slice cultures offers a great potential for studying the cellular and 
molecular mechanisms of synaptic plasticity. We describe a new adenovirus 
vector with an early CMV gene promotor that efficiently co-transferred the β- 
galactosidase (lacZ) and green fluorescent protein (GFP) genes in rat 
hippocampal slice neurons as well as glial cells. When hippocampal slices 
were infected with Ad-GFP-lacZ vector, immunoblot analyses showed that 
the expression of IacZ and GFP was maximal between 32 and 48 h after, 
infection and that the expression was sustained for several weeks. Monitoring 
of GFP fluorescence and immuno-histochemical staining for β-galactosidase 
showed that the expression of the transferred genes was widespread in the 
glial cells and neurons of CA1, CA3 and dentate gyrus regions. The 
expression of the cellular genes in the neurons and glia remained unaffected 
in the virus infected slices as measured by the glial fibrillary acidic protein 
and MAP-2 levels. The virus infected slices did not cause induction of 
HSP-70 nor show any change in their electrophysiological properties as 
measured by stable field synaptic potentials in CA1 region and its reactivity 
to high frequency stimulation. Our data suggest that this adenovirus vector 
can be exploited to transfer multiple genes into hippocampal neurons in vivo.

34.2
HYBRID HSV-1/AAV AMPLICON GENE DELIVERY VECTORS INTEGRATE PREFERENTIALLY 
AT THE AAVS1 LOCUS IN HUMAN CELLS. D. Jacoby4, S. Wang3, L Costantini1, O. Isacson1, 
C. Fraefel2, E. Doyle4 and X. Breakefield4*. 1Laboratory of Neuroregeneration, McLean Hospital; 
2Institute of Virology, University of Zurich; 3Howard Hughes Medical Institute and 4Molecular 
Neurogenetics Unit, Dept. of Neurology, Mass. General Hospital, Charlestown, MA 02129.

Virus-based gene delivery vectors are important tools for investigating gene expression and 
function in the central nervous system (CNS) and may form the basis for future therapeutics. 
We have developed a hybrid gene delivery vector, combining useful features of helper virus free 
herpes simplex virus (HSV-1) packaging, and elements of adeno-associated virus (AAV) that 
mediate site-specific integration and stable gene expression in human cells. The design of this 
vector is intended to efficiently deliver genes in a stable, non-toxic fashion to neurons. To test 
if site specific transgene recombination could occur, hybrid amplicon vectors encoding both the 
green fluorescent protein (GFP) and neomycin/G418 resistance genes were used to transduce 
two human cell lines, NT-2 (neuronal precursor) and HeLa (epithelial). 24 hours after 
transduction, GFP positive cells were cloned by single cell fluorescence activated cell sorting. 
Hybrid amplicon transduced cells formed stable cell lines in both NT-2 cells and HeLa cells 
under conditions of G418 selection. Hybrid amplicon transduced cells formed G418-resistant 
colonies with 31% efficiency in the HeLa line and 25% efficiency in the NT-2 line, in 
comparison to ≤ 3% with control vectors. The relation of stable transduction to site specific 
integration was investigated by Southern analyses of genomic DNA extracted from HeLa 
clones transduced by the hybrid vector using a 3.4kb probe that encompasses the AAV locus 
of integration (AAVS1). 5/8 selected cloned HeLa lines had rearrangement at a single AAVS1 
allele on human chromosome 19. A PCR method using primers that flank the vector and 
AAVS1 confirmed the hybrid amplicon directed integration at this site, which was demonstrated 
as early as 1 day post-transduction. We have shown previously that the hybrid vector 
extends transgene expression in primary neuronal cultures and rat brain in vivo (Costantini et 
al., Soc. Neurosci. 1997). Ongoing studies are designed to determine the fate of delivered 
transgenes in post-mitotic neuronal cells.
Supported by NINDS 01887 (DJ), HHMI (SW), NINDS 24279 (ED, XB), Swiss Institute of 
Technology (CF)

34.4
GENERATION OF TRANSGENIC MICE WITH EXPRESSION OF THE 
ECDYSONE INDUCIBLE SYSTEM IN THE CENTRAL NERVOUS 
SYSTEM. W.A. Kostich*1,2, R.G. Neal2, J.E. Dinchuk3, R.J. Focht3, F.L. 
Margolis2, and B.L. Largent1,2. 1CNS Diseases Research and 3Applied 
Biotechnology, DuPont Merck Research Labs, Wilmington, DE 19880 and 
2Department of Anatomy and Neurobiology, University of Maryland Medical 
School, Baltimore, MD 21201.

Currently the use of transgenic mice to probe gene function in the central 
nervous system is hampered by our limited control of the temporal and spatial 
characteristics of transgene expression. This is also true in the generation of 
gene knockout mice, in which one would like to eliminate expression of the 
gene of interest later in life to allow for normal development. The ecdysone 
inducible system (PNAS 1996; 93, pp. 3346-3351.) provides a means to 
regulate transgene expression with characteristics attractive for use in the brain. 
This system requires the expression of a modified Drosophila ecdysone receptor 
(VgEcR) and the retinoid X receptor (R×R). In the presence of the ecdysone 
analog muristerone A the receptors heterodimerize and drive expression of a 
transgene downstream from modified ecdysone response elements.

We prepared constructs containing VgEcR and R×R under the control of the 
Thy1.2 promoter. Thy1.2 is expressed on most differentiated neurons and is not 
present on glial cells. From six FVB founders, four lines expressing both 
transgenes were obtained. In all lines transgene expression is significantly 
weaker than endogenous Thyl.2 expression. Evaluation of the most balanced 
line (line 3) by in situ hybridization suggests that transgene expression is 
present throughout the brain like the endogenous Thyl.2 message. Two lines of 
reporter mice were generated containing Lac Z under the control of modified 
ecdysone response elements. Functional assessment of ecdysone system/reporter 
crosses is currently underway. Supported by DuPont Merck Research Labs.

34.6
C R E  R E C O M B  IN  A S E  T A R G E T E D  T O  N E U R O N A L  C E L L S  O F  
T H E  N E O C O R T E X  A N D  H IP PO C A M PU S IN  T R A N S G E N IC  M IC E  
U S IN G  A  "K N O C K -IN ” S T R A T E G Y  O F T H E  N E X  G E N E .
S . G o eb b e ls , M .H . S ch w ab . A . B arth olom ä, and K .-A . N a v e*
ZMBH, University of Heidelberg, D-69120 Heidelberg, Germany

C re-m ed ia ted  r eco m b in a tio n  and rem o v a l o f  sm a ll g e n o m ic  
seq u en ces  that are flank ed  b y  tw o  lo x P  sites ("floxed" gen es) is  a n o v el 
techn iqu e w h ich  a llo w s to generate c e ll  ty p e-sp ec ific  som atic  m utations 
in  tran sgen ic  m ice . In activatin g  a f lo x e d  g en e  in  c e lls  o f  the nervou s  
sy stem  requires the ce ll-ty p e  sp e c if ic  ex p ressio n  o f  Cre, y e t o n ly  few  
prom oter system s are know n to serve this function. T o  drive exp ression  
o f  C re w ith  h ig h est sp e c if ic ity  in to  m ature C N S  n eu ron s, w e  h ave  
u tiliz e d  the k n o w n  sp atio-tem p oral e x p ress io n  pattern o f  the bH L H  
g e n e  N E X  (B a rth o lo m ä  &  N a v e  1 9 9 4 , M ech . D e v . 4 8 , 2 1 7 -2 2 8 ) .  
U sin g  h o m o lo g o u s  reco m b in a tio n  in  m o u se  ES c e lls ,  a "knock-in"  
strategy w as ch osen , b y  w h ich  the Cre gen e  w a s inserted in to ex o n  2  o f  
the en d o g en o u s N E X  lo cu s. T h is m an ip u lation , w h ich  d estro y ed  the 
targeted  N E X  a lle le , w a s w e ll tolerated  in d ev e lo p m en t, as pred icted  
from  the n orm al p h en o ty p e  o f  h o m o z y g o u s  N E X -d e f ic ie n t  m ic e  
(S ch w ab  et a l .19 9 8 , J. N eu rosc i. 18, 1 4 0 8 -1 4 1 8 ). T o  test the sp ec if ic ity  
o f  this system , w e  crossed  h eterozygou s "NEX-Cre" m ic e  w ith  a strain  
o f  "indicator" m ic e  (k in d ly  p ro v id ed  b y  A . B ern s). F o llo w in g  Cre 
recom bination  and rem oval o f  a sm all gen om ic  "stop-sequence" (w h ich  
in a c tiv a te s  a la cZ  reporter g e n e  d r iven  b y  th e ch ick en  b e ta -a c tin  
p rom oter) in  d ou b le-tran sgen ic  o ffsp r in g , la cZ  reporter fu n ctio n  w a s  
activated , as predicted; in hippocam pus, neocortex , and cerebellu m . W e  
an ticip ate that N E X -C re  m ic e  w ill  b e  u se fu l to  stu dy the fu n ctio n  o f  
ub iq u itou sly  exp ressed  g en es  in  postm itotic C N S  neurons.
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34.7
C R E  R E C O M B IN A S E  E X P R E S S IO N  IN  O L IG O D E N D R O C Y T E S  
A N D  S C H W A N N  CE LL S O F T R A N S G E N IC  M IC E  
M -H . S ch w a b * , S . G o eb b e ls , A . S ch n eid er, and K .-A . N a v e  
ZMBH, University o f Heidelberg, D-69120 Heidelberg, Germany

T ran sgen ic  m ic e  w h ich  ex p ress  the p h a g e  P 1 C re reco m b in a se  
g e n e  in  a c e ll  ty p e -sp ec ific  fash ion  can  b e  u sed  to  generate co n d ition a l 
m utations o f  other g en es . W h en  cro ssed  w ith  a seco n d  lin e  o f  m ic e , in  
w h ich  g e n e s  o f  in terest h a v e  b een  exp er im en ta lly  f la n k ed  w ith  lo x P  
s ite s  (the reco g n itio n  seq u en ces  o f  C re), d o u b le-tra n sg en ic  o ffsp r in g  
are predicted to  carry c e ll  type-restricted, som atic  m utations. In order to  
study the fu n ction  o f  u b iq u itou sly  exp ressed  g e n e s  in  m y elin -fo rm in g  
g lia l c e lls ,  w e  h a v e  b eg u n  to  g en erate tran sgen ic  lin e s  in  w h ic h  Cre 
ex p ress io n  w a s co n tro led  b y  th e p rom oter o f  th e m y e lin  p ro teo lip id  
protein g en e  ("PLP-Cre" m ice). T h e transgene construct co m p rised  3 .8  
kb o f  5 1 flan k in g  seq u en ce , the entire first intron o f  the P L P  g e n e , and  
th e o p en  rea d in g  fram e o f  C re, fu sed  in  fram e in to  e x o n  2 . B y  
pron u clear in jectio n , s ix  in d ep en d en t lin e s  w ere  g en erated . U s in g  a 
strain o f  "indicator m ice" in  w h ich  a f lo x e d  b e ta -a c tin -la cZ  g e n e  is 
fu n ction ally  activated b y  C re-m ediated  recom bination  (k in d ly  provided  
b y  A .B e rns), w e  gen erated  d o u b le-tra n sg en ic  o ffsp r in g . Prelim inary  
o b serv a tio n s  su g g e s t  that reco m b in a tio n  and la cZ  e x p r e ss io n  w a s  
e ffic ie n tly  targeted to  o lig o d en d ro cy tes  o f  the central w h ite  m atter. In 
parallel exp erim en ts w e  u sed  a 1 .1  kb prom oter o f  the rat protein  zero  
(P0 ) g e n e  to d rive ex p ress io n  o f  C re in to  m y elin -fo r m in g  S ch w a n n  
c e lls  ("P0 -Cre" m ice ). F o llo w in g  the b reed in g  w ith  "indicator" m ice , 
the an a ly sis  o f  tea sed  n erves from  adult o ffsp r in g , as w e ll  as w h o le -  
m o u n t p rep aration s o f  d o u b le -tr a n sg e n ic  e m b ry o s , d em o n stra ted  
e ffic ien t Cre exp ression  in g lia l c e lls  o f  the peripheral nervous system .

34.9

S E N S O R Y  N E U R O N  SPE CIFIC E X P R E S S IO N  O F C R E  A N D  rtTA  
U S IN G  A N  IN T E R N A L  R IB O S O M A L  E N T R Y  SITE.
J. L in d e b e r g *  and T . E b en d a l. D e p t . N e u r o s c ie n c e ,  U p p sa la  
U n iv ersity , B io m ed ica l Center, B o x  5 8 7 , S -7 51 23  U p p sala , S w ed en .

C on ditional g en e  targeting requires tissu e  and tim e sp ec if ic ity  o f  the 
recom b in ation a l ev en ts . O ften  a part o f  an en d o g en o u s  p rom oter is  
u sed  to  drive variou s tran sgen ic  con stru cts. T o  a v o id  the c la s s ica l  
problem s associated  with reconstitution o f  s p ec if ic  exp ression  patterns 
in tran sgenic anim als by th ese m eth od s, w e  c h o o se  a n o v e l approach. 
W e u se  the Internal R ib o so m a l Entry S ite  (IR E S ) o f  the E M C V  to  
b u ild  g en era l c a sse ttes  e n a b lin g  lin k a g e  o f  the e x p r e ss io n  o f  Cre  
recom b in ase or rtTA transactivator to that o f  en d o g en o u s gen es . H ere  
w e report that these cassettes function  e ffec tiv e ly  dow nstream  o f  N T -3  
c D N A  e x p r e sse d  tra n sien tly  in  C O S -7  c e lls .  T h is  su g g e s ts  the  
approach to be feasib le  for targeting m ou se  genes.

T o  obtain  ex p r e ss io n  sp e c if ic  for sen so ry  n eu ron s and retinal 
gan glion  c e lls  w e  h ave put the Cre and rtTA ca ssettes  in the 3' U T R  o f  
the B rn3a transcription factor gene. T o  avo id  any n eo -ca ssette  derived  
alteration in the exp ression  o f  the en d o g en o u s lo cu s  w e  u se  a d ou b le  
se lectio n  cassette  surrounded by lo x P  seq u en ces  in our gen e  targeting  
constructs. T h ese  vectors are currently b e in g  introduced in to  m ice  by  
h om ologou s recom bination in m ou se em b ryon ic stem  ce lls .

Supported by the S w ed ish  Natural S c ien ce  Research C ou ncil (Grant 
B -A A /B U  0 4 0 2 4 -3 1 9)

34.11
QUANTITATIVE, RAPID, AND HIGH-YIELD TRANSFECTION OF 
CULTURED HIPPOCAMPAL NEURONS BY MICROPORATION. M.N. 
Teruel, T.A. Blanpied, K. Shen, G.J. Augustine*, and T. Meyer. Depts. of Cell 
Biology and Neurobiology, Duke University, Durham NC 27710.

We have developed a microporation technique to introduce in vitro transcribed 
RNA, as well as cDNA, into the cytosol of adherent hippocampal neurons. While 
DNA transfection was useful for expressing high concentrations of proteins in a 
fraction of the adherent neurons, a one microliter RNA sample transfected nearly all 
the neurons in a three mm2 surface area. RNA transfection was rapid--expression of 
protein was typically observed 3 hours after microporation-and also allowed for 
quantitative expression of proteins. Furthermore, multiple proteins could be expressed 
in the same neuron at known relative concentrations, because RNAs encoding fusion 
proteins with cyan and yellow fluorescent proteins (CFP and YFP) were expressed at 
highly correlated levels.

Hippocampal neurons, grown 9-14 days in culture, retained their normal 
functional properties after microporation. Different GFP marker proteins were 
expressed and correctly localized to the cytosol, plasma membrane or endoplasmic 
reticulum. Electrophysiologal measurements revealed that GFP-transfected neurons 
exhibited both intact neurotransmitter release and normal postsynaptic responses. 
Because this technique allows for the delivery of a wide range of macromolecules 
directly to the neuronal cytoplasm, we were also able to microporate hippocampal 
neurons with a membrane-impermeable calcium indicator (70 kD calcium green 
dextran). In these cells, action potentials evoked by electric field stimulation elicited 
normal calcium transients. We conclude that the microporation of macromolecules 
into CNS neurons is a powerful and practical approach to investigate signaling, 
secretion and other neuronal processes. [Supported by NIH Grants GM-51457, GM- 
48113, and NS-17771. T.M. was supported by a Fellowship from the David and 
Lucille Packard Foundation.]

34.8
AN IN VIVO ANALYSIS OF RECOMBINANT ADENO-ASSOCIATED VIRUS VECTORS IN 
THE MAMMALIAN BRAIN: PROMOTER STRENGTH, CELL-TYPE SPECIFICITY, AND 
STABILITY OF EXPRESSION.
R.A. Xu*, D. Young, PA Lawlor, M.J. During Gene Therapy Center, Department of 
Molecular Medicine, University of Auckland, New Zealand 

Previous studies from our laboratory and independently replicated by other investigators 
have shown that recombinant adeno-associated virus (rAAV) vectors can transduce neurons 
in vivo. These earlier studies showed that using a constitutive viral promoter, the vast 
majority of cells transduced by a rAAV vector were neurons. Moreover, although expression 
persisted for at least 6 months, expression levels decreased significantly (by 50-80%) over 
this time (Kaplitt et al., Nature Genetics 8, 148; 1994).Although these results and more 
recent data suggest that rAAV is neurotropic, other preliminary reports show that AAV can 
direct significant glial expression if a specific glial promoter is used. Moreover, expression 
of CFTR from an AAV vector devoid of promoter elements suggests that AAV inverted 
terminal repeats, retained in the recombinant vector, have significant promoter/enhancer 
activity and may therefore lead to heterologous promoter leakiness. Target cell specificity 
as well as regulation of expression remain important in studies of gene transfer and we 
therefore undertook a study with a number of cellular and viral promoters to determine cell 
specificity as well as promoter strength and stability of expression in the setting of rAAV 
vectors. The promoters studied included a 400 bp human preproenkephalin promoter (hENK) 
and a larger (2.7 kb) rat preproenkephalin promoter (PPE), a 920 bp rat neurofilament heavy 
(NFH) as well as a 650 bp rat neurofilament light (NFL), a 300 bp mouse nicotinic receptor 
β2 promoter (Nachß) and a 2.2 kb human glial fibrillary acidic protein (GFAP) promoter as 
well as the early CMV promoter. Vector stocks were generated free of contaminating virus 
using a minimal adenovirus plasmid as described by Xiao et al. (J. Virol. 72, 2224:1998). 
AAV virus titer was determined using an ELISA method. Primary mixed rat neuronal and 
glial cortical cultures were infected at various MOI for each recombinant virus. In addition, 
vectors were stereotactically injected into different brain regions. Data on cell-type 
specificity, stability of expression and relative promoter strength will be presented.

34.10
TIGHTLY REGULATED LIGAND DEPENDENT CONTROL OF CRE RECOMBINASE. J. F. 
Sanchez1, W. J. Bowers2*, H. J. Federoff2, 1Department of Biochemistry and Biophysics, 
Program in Genetics, 2Department of Neurology, Division of Molecular Medicine and 
Gene Therapy, University of Rochester School of Medicine and Dentistry; Rochester, NY 
14642

The regulation of gene expression in a temporal and tissue-specific manner is one of the 
major concerns facing gene therapy research. Transgenic mice have been used as models 
for tissue-specific gene regulation and to examine the molecular and cellular effects of 
altered gene expression in disease processes. Levels of gene products can be altered by 
several mechanisms including what are termed gene switches, which in many cases are 
regulated by the addition of an exogenous compound that will activate or repress protein 
production at the transcriptional level. Although sound theoretically, application has 
borne out several inadequacies inherent in these systems. None have demonstrated the 
tightly regulated control necessary to draw conclusions about alterations in phenotype 
brought about by changes in gene product abundance. These shortcomings are addressed 
by our gene switch system which, in addition to using DNA cis regulatory elements to 
control transcription, also controls protein activity using the same steroid regulatory 
compound. This bimodal approach obviates the need for leak-proof control at the 
transcriptional level, an issue inherent in all systems developed to date. We have 
developed a strategy whereby P1 bacteriophage cre recombinase has been fused to the 
antiprogestin-responsive ligand binding domain of the human progesterone receptor 
(pG5CREPR) and placed under the control of yeast Gal4 response elements and the E1B 
TATA minimal promoter. Its chimeric regulator (pGKGLVPA2) consists of the 
promiscuous PGK promoter driving this same progesterone receptor fused to the yeast 
transcriptional activator Gal4 DNA binding domain and the herpes simplex virus protein 
VP 16 acidic activation domain. We demonstrate in transfection assays that this regulator 
activates the CREPR gene in response to low doses of RU486. Furthermore, we show that 
the recombinational activity of cre recombinase, under the control of the modified 
progesterone receptor, is RU486-dependent. The generation of such a tightly inducible 
gene switch in mice will have important implications for transgenic models of human 
diseases. Supported by NIH NINDS RO1 NS36420.

34.12
CO-TRANSFECTION OF PRIMARY NEURONS USING PARTICLE- 
MEDIATED GENE DELIVERY. Y .M.Usachev*, C.Campbell and 
S.A.Thayer Dept. of Pharmacology, Univ. of Minnesota, Minneapolis, MN 
55455.

Gene transfer to neuronal cells is an important tool to study their 
function. Neuronal transfection can be achieved using particle-mediated 
gene delivery as proven by the expression of reporter proteins. However, 
application of this technique in physiological studies has not been 
established. Here we describe co-expression of the enhanced green (EGFP) 
and blue (EBFP) fluorescent proteins (Clontech) in cultured rat dorsal root 
ganglion (DRG) neurons using biolistic particle bombardment. Intracellular 
Ca2+ concentration ([Ca2+]i) was measured in transfected cells with indo-1- 
baced photometry. Because each gold particle carries many plasmids (~104) 
we predicted that co-expression studies could be performed simply by 
mixing the plasmids rather than building multigene constructs. Indeed, we 
found that 48 hours after bombardment, all of the DRG neurons that 
expressed EGFP also had detectable fluorescence from EBFP (n =14). The 
intensity of the two fluorescent signals showed a strong correlation 
(r2=0.94). The [Ca2+]i in transfected DRG neurons was 58 ±  6 nM (n=7) at 
rest and elevated to 198 ±  24 nM (n=7) in response to a 5 s train of action 
potentials (5 Hz), consistent with measurements from control cells. Thus, 
particle-mediated gene transfer provides a simple means to achieve co-
transfection of primary neurons. Transfected cells are easily detectable by 
EGFP fluorescence and retain normal physiological characteristics.

Supported by the NIH, NSF and AHA.
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34.13
APPLICATION OF COMBINED FLUORESCENT IN SITU HYBRIDIZATION AND 
IMMUNOCYTOCHEMISTRY TO DETERMINE EFFICIENCY OF GENE TRANSFER MEDIATED BY 
A HERPES SIMPLEX VIRUS AMPLICON VECTOR D.J. Tsai,1 C.R. Ozawa2 and RM.
Sapolsky1,2*, 1Department of Biological Sciences, Stanford University, and 2Neurosciences 
Program, Stanford University Medical School, Stanford, CA 94305.

We have adapted fluorescent in situ hybridization (FISH) and immunocytochemistry (ICC) 
for co-detection of transgenes and their products transferred by a defective Herpes Simplex 
Virus (HSV) amplicon vector into a host cell. Utilizing separate fluorescent labels (i.e 
rhodamine, fluorescein, and 4’-6-diamidino-2-phenylindole [DAPI]) and confocal
microscopy, we were able to simultaneously detect transgenes, their products, and their 
locations relative to the nuclear compartment of a single cell. Detection of reporter genes 
(i.e. lacZ) and their encoded proteins (i.e. β-galactosidase) was accomplished in both mixed 
rat hippocampal cultures and in vivo experiments of the dentate gyrus of rats. This method 
provides an alternative to current titering protocols based solely on immunocytochemistry, 
which cannot be applied to inducible systems in which transgene expression is normally 
quiescent and does not account for infected cells that fail to express protein. By using FISH 
to titer, we are able to obtain a more comprehensive assessment of the efficiency of gene 
transfer into cells.

In gene therapy applications employing HSV amplicon vectors, a prevailing problem is 
downregulation of transgene expression over time. Past studies have suggested that 
although protein and RNA levels rapidly decline, vector DNA levels within tissue remain 
constant We have applied FISH and ICC to examine if downregulation of transgene 
expression in a single cell correlates with loss of vector DNA from the host cell nucleus or to 
nuclear localization of a transgene. In addition, we look at the relationship between multiple 
infections of the viral vector and the stability of transgene expression within a cell. These 
studies may offer insight into the mechanisms by which genes transferred by viral vectors 
lose their stability over time.

Support via Howard Hughes Predoctoral Fellowship to CRO and NIH RO1 NS32848.

34.15
CHARACTERIZATION OF TETRACYCLINE-SENSITIVE GFAP PROMOTER 
FOR AUTOREGULATORY GENE-EXPRESSION IN TRANSGENIC RAT 
ASTROCYTES. M. Barton. J. Kulik, L.J. DeGennaro, S.P. Kwak*. Dept. of 
Molecular Genetics, Wyeth-Ayerst Research, Princeton, NJ 08543

We evaluated alternate methods for tetracycline-inducible transgenic over expression 
in rat astrocytes. The native human GFAP promoter was modified to include 1 or 8 
copies of the tet-operon in place of a native enhancer element, rendering it 
responsive to tetracycline regulation. These changes were aimed at reducing basal 
promoter activity and tTA transactivator toxicity while permitting a large induction 
of expression when the gene is released from tet-suppression.

The promoters were initially studied in v itro  using a bicistronic reporter system 
(luciferasc and tTA transactivator separated by an internal ribosome entry site). All 3 
promoters showed preferential expression in glial cells under basal conditions in the 4 
cell lines that were tested (C6-glioma, CHO-K1, SK-N-SH, and HT-1080). 
However, GFAPwt and GEAPtetOl promoters retained glial cell specificity in the 
absence of doxycycline while GFAPtetO8 increased significantly in all cell lines. 
Basal promoter activities of GFAPO1 and GFAPO8 in C6-glioma five days after 
transfection were 1:546 and 1:250, respectively, when compared to native GFAP. 
These promoters auto-induced by 3-7 fold in the absence of DOX, reaching 1:146 and 
1:35 the level of GFAPwt, respectively. In stably transfected C6-gliomas, 
GFAPtetO1 showed basal promoter activity of 1:2562 and autoinduced activity of 
1:500 compared to the native GFAP promoter after 12 days of induction.

The results indicate that 1) basal GFAP promoter activity can be reduced without 
altering cell specificity by enhancer modification, 2) the modification made here 
confers regulation by doxycycline/tTA, and 3) there is a dose dependent relationship 
between the tet-operon and cell-specificity. We are currently evaluating GFAP and 
GFAPO1 promoters in transgenic rats for glial-specific expression and auto-
induction.

34.14
INSULT-INDUCIBLE GENE EXPRESSION CONFERRED BY A HERPES SIMPLEX VIRUS 
AMPLICON VECTOR CONTAINING A SYNTHETIC GLUCOCORTICOID-RESPONSIVE 
PROMOTER C.R. Ozawa1*, D.Y Ho2 and R .M. Sapolsky1,2. Neurosciences Program1, 
Stanford University Medical School, and Department of Biological Sciences2, Stanford 
University, Stanford, CA 94305.

Herpes Simplex Virus (HSV) amplicon vectors encoding various transgenes (i.e. glucose 
transporter-1, bcl2) have previously been shown to significantly attenuate neuron death 
caused by necrotic insults such as ischemia, hypoglycemia, and seizure in rat 
hippocampus. A limitation to the utility of such vectors as a gene therapy strategy for 
intervention of necrotic death, however, is that transcription of transgenes is currently 
under constitutive rather than inducible control. A novel approach to regulating 
transgene expression is to use stress-inducible promoters, so that the signal for induction 
is the insult itself.

The ability of a synthetic promoter containing glucocorticoid responsive elements 
upstream of a minimal promoter to respond to stress signals was assessed in rat 
hippocampal primary cultures. A reporter gene (luc) was placed under direction of the 
promoter, and the time course and extent of luciferase expression induced by 
physiologically-relevant steroid levels was measured. Maximal induction (approx. 30-45 
fold above control) was achieved two hours after addition of steroid concentrations 
equivalent to those triggered in vivo by necrotic insult (10−6 M). Induction was 
demonstrated to be tightly dose-responsive and steroid specific (responsive to natural 
and synthetic glucocorticoids, but not to estradiol, testosterone or progesterone). 
Preliminary results in vivo in rat hippocampus suggest that this vector may be induced by 
high circulating concentrations of glucocorticoids or by kainic acid-induced seizure. The 
neuroprotective potential of these inducible vectors against necrotic insults is being 
examined when glucose transporter-1 is added as the induced transgene. These studies 
will hopefully provide insight towards clinically applicable treatments for reduction of brain 
injury caused by necrotic insult.

Support via Howard Hughes Predoctoral Fellowship to CRO and NIH R01 NS32848.

P R E S Y N A P T IC  M E C H A N IS M S : R E L E A S E  M A C H IN E R Y

35.1
PEPTIDES COMPOSED OF CARBOXY-TERMINAL DOMAINS OF SNAP-25 
BLOCK ACETYLCHOLINE RELEASE AT AN A PLYSIA  SYNAPSE. J.P. Apland−1, 
J.A. Biser1, M. Adler1. A.V. Ferrer-Montiel2, M. Montal2, and M.G. Filbert1. 
1Neurotoxicology Branch, USAMRICD, Aberdeen Proving Ground, MD 21010-5425; 
2Dept. of Biology, UCSD, La Jolla, CA 92083-0366.

Botulinum neurotoxin serotypes A and E (BoNT-A and BoNT-E) block 
neurotransmitter release, presumably by cleaving SNAP-25. A 20-amino acid peptide 
called ESUP-A (excitation-secretion uncoupling peptide) spans the cleavage site for 
BoNT-A and mimics the carboxy-terminal domain of SNAP-25. Gutierrez e t  αl. (FEBS 
Lett. 372:39, 1995) showed that this peptide inhibited transmitter release from 
permeabilized bovine chromaffin cells, apparently by blocking vesicle docking 
(Gutierrez e t α l ,  J. Biol. Chem. 272:2634, 1997). Two similar peptides that span the 
cleavage site for BoNT-E, one with 20 amino acids (ESUP-E20) and one with 26 (ESUP- 
E26), have also been synthesized. ESUP-E26 is reported to be much more potent than 
is ESUP-E2O in chromaffin cells. These peptides were tested for effects on 
acetylcholine (ACh) release at an identified cholinergic synapse of A p lysia  neurons.

Recordings were obtained from isolated buccal ganglia of A p lysiα . The presynaptic 
neuron was stimulated electrically to elicit action potentials. The postsynaptic neuron 
was voltage-clamped, and evoked inhibitory postsynaptic currents (IPSCs) were 
recorded. ESUPs were pressure-injected into the presynaptic neuron, and their effects 
were studied. ACh release from presynaptic cells, as measured by IPSC amplitudes, 
was gradually inhibited by the peptides. ESUP-A, ESUP-E2O and ESUP-E26 all caused 
about 40% reduction in IPSC amplitude in 2 hr. Random-sequence peptides of the same 
amino acid composition as ESUP-A and ESUP-E26 had no effect. Injection of BoNT E, 
in contrast, caused about 50% reduction in IPSC amplitude in 30 min, and almost 
complete inhibition in 2 hr. These results suggest that ESUPs compete with intact 
SNAP-25 for binding with other fusion proteins, thus inhibiting exocytosis of 
neurotransmitter. Production of peptide fragments by BoNT-induced cleavage of 
synaptic proteins may indirectly contribute to inhibition of neurotransmitter release. 
Supported by DoD.

35.2
INTERACTION BETWEEN SNAP-25 AND SYNTAXIN IN CULTURED CELLS 
CONTROLS THE EXPRESSION AND TARGETING OF SNARE PROTEINS 
INVOLVED IN EXOCYTOSIS. N.E. Lezcano, V. Cansino, and M.C. Wilson* Dept. 
o f Neurosciences. School o f Medicine. Univ. o f New Mexico, Albuquerque, NM 8713 1.

The core 7S complex of the synaptic vesicle docking/fusion machinery that serves as 
the scaffolding to recruit accessory proteins necessary for regulated exocytosis is 
comprised of plasma membrane proteins SNAP-25, syntaxin and the vesicle protein 
VAMP. While SNAP-25 plays a principal role in the release of neurotransmitters and 
peptides from neurons and neuroendocrine cells, it has been also implicated in vesicular 
trafficking required for neurite extension. (These different roles of SNAP-25 may be 
played by developmentally regulated isoforms: SNAP-25b and SNAP-25a). Our studies 
were focused to determine whether interactions between SNAP-25 and syntaxin can 
regulate the expression and membrane targeting of these molecules. Steady-state levels 
of SNAP-25 and syntaxin were determined by immunoblotting and rates of synthesis 
and turnover by in vivo labeling of transfected non-neuronal cell lines. Our results show 
that the steady-state level of both SNAP-25 isoforms was greatly reduced by co-
expression with syntaxin. Pulse labeling and chase experiments demonstrated that this 
was not due translational regulation, but suggest that the decrease was in part due to 
rapid turnover of SNAP-25 in presence of syntaxin. When expressed independently, the 
half-life of these proteins was 11-14 hr: however when co-expressed a large component 
showed an increased turnover rale of 1-2 hr. in contrast to the integral membrane protein 
syntaxin, intrinsic membrane association of SNAP-25 requires post-translational fatly 
acylation. Mutations that either eliminate cysteine residues that serve as sites of 
palmitoylation in SNAP-25, or the transmembrane region of syntaxin, largely 
eliminated the decreased expression seen in co-transfections. Nevertheless, intact 
syntaxin was able to effectively recruit the cysteine-less SNAP-25 mutants to 
membrane fractions. These results show that cellular interaction between SNAP-25 and 
syntaxin requires both proteins to be independently targeted to the membrane which is 
likely to be an important step in governing the assembly of the docking and fusion 
machinery required for neurotransmitter release. (Funded by NIH MH48989).
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35.3
DIFFERENTIAL LOCALIZATION OF SNAP ISOFORMS IN THE RAT NERVOUS 
SYSTEM. T. Nishiki1*, M. Sekiguchi1, I. Nihonmatsu1, A. Mizoguchi2, and M. 
Takahashi1, 1Mitsubishi Kasei Inst. of Life Sci., Tokyo 194-8511, Japan and 2Kyoto 
Univ. Faculty of Med., Kyoto 606-01. Japan.

SNAPs (soluble N-ethylmaleimide-sensitive fusion protein-attachment proteins) are 
originally identified as proteins that mediate intra-Golgi protein transport and are 
believed to be also required for exocytosis of synaptic vesicles. Three isoforms of 
SNAPs (α, β, and γ) have been purified from bovine brain. However, the precise role 
of the isoforms in vesicle exocytosis remains unknown and no information is yet 
available on their localization in neuron. In this study we have generated antibodies 
that recognized each isoform in a specific manner and investigated the distribution of 
the indvidual isoforms in the rat nervous system 

In contrast to β-SNAP, which was present only in brain, α-SNAP expressed in many 
tissues in immunoblot analysis. In subcellular fractionation of brain homogenate, both 
isoforms are recovered in a soluble and a membrane-associated fraction. 
Immunostaining of the cerebellum revealed that β-SNAP was predominantly localized 
in glomeruli of the granule cell layers and the molecular layers but α-SNAP had a 
widespread distribution. To further identify the precise subcellular localization of 
SNAPs in neuron, we examined the distribution of SNAPs by immunoelectron 
microscopy using the immunogold method. In general, clusters of gold particles for the 
anti-β-SNAP antibody appeared to be associated with the presynaptic membranes at the 
nerve terminal, whereas α-SNAP immunoreactivities were diffusely distributed 
throughout the cytoplasm of the pre- and postsynaptic region. At neuromuscular 
junctions α-SNAP-immunogold was located in the proximity of the cytoplasmic 
surface of synaptic vesicles. These results are consistent with central functions of α- 
and β-SNAP in neurotransmitter release, and suggest a distinct functional role for each 
isoform.

35.5
S N A P -2 5  IS PO L A R IZ E D  T O  A X O N S  B U T  N O T  R E ST R IC T E D  TO  
S Y N A P S E S . J.-H . T a o -C h en g * , J. Du and C. J. M cB a in . N IN D S  
E M  F acility , Lab. o f  N eu ro b io lo g y , and Lab. o f  C ellu lar and M olecu lar  
N e u ro p h y sio lo g y , N IC H D , N IH , B eth esd a , M D  2 0 8 9 2 .

S N A P -2 5 , syn ap tosom al asso cia ted  protein  o f  25  k D a, is  a t-S N A R E  
(target receptor on the p resynaptic p lasm a m em brane) in v o lv ed  in the 
d ock in g  and fu sion  o f  synaptic v e s ic le s . U ltrastructural loca liza tio n  o f  
this p lasm a m em brane a ssocia ted  protein  in intact neurons w a s exam ined  
by p re-em bedding EM  im m u n ocytoch em istry  in  rat brains and 
h ippocam pal s lic e  cu ltures w ith  a sm all g o ld  probe fo llo w e d  by s ilv er  
enhancem en t. S N A P -2 5  w a s d istin ctly  polarized  to the axon s. The  
axo lem m a  (axon al p lasm a m em brane) o f  both un m yelin ated  and 
m yelin ated  axon s w as in ten se ly  and co n tin u o u sly  lab eled  on  the  
cy to p la sm ic  sid e. T he presynaptic active  z o n es, gen era lly , and the 
synaptic v e s ic le s  w ere not labeled . Th us, S N A P -2 5  did not appear to be 
sp ec ific  to the syn ap ses. In the som a, S N A P -2 5  w a s concentrated at the 
G o lg i co m p lex es . There w ere  a lso  p o s itiv e ly  lab e led , translucent, tubulo- 
v esicu lar  structures in the cy top lasm  o f  the so m a  and the axon s, but not in 
the dendrites. T h ese  structures m o st lik e ly  represent "constitutive"  
v e s ic le s  w h ich  carry this protein  by axon al transport. S N A P -2 5  probably  
is  sorted at the G o lg i to  b e added to the ax o lem m a  sp ec ifica lly . In the 
s lice  cultures, after 5 -1 0  m inu tes o f  h igh  potassiu m  (7 5  m M ) stim ulation, 
S N A P -2 5  im m unograins appeared, ad d ition a lly , on  m em brane-bound  
structures in the axop lasm , e sp ec ia lly  at var icosities  and term inals. T h ese  
structures probably represent early  en d o so m es  w h ich  w ere en d o cy to sed  
from  the axo lem m a. O ne p o ssib le  fu n ction  su g g ested  by the w id e  spread 
distribution o f  S N A P -2 5  throughout the axo lem m a  is that, in addition to 
synaptic  e x o c y to s is , th is protein  m ay be in v o lv ed  in  the se le c tiv e  
incorporation o f  other polarized  a xo lem m al com p on en ts. (N IH  funds)

35.7
Effect of chronic morphine treatment on transmitter release 
efficacy and the levels of synaptotagmin, synaptophysin 
and S V 2 .  D . K n igh t, P. G. N o a k es*  &  N. A . L a v id is, Departm ent 
o f  P h y s io lo g y  &  P h a rm a co lo g y , U n iv e r s ity  o f  Q u een sla n d , Q L D , 
A u stralia , 4 0 72.

In th is stu dy, w e  h ave  in v estig a ted  the e ffe c t  o f  ch ron ic  m orp hin e  
treatm ent w h ich  in d u ces a large in crease in  ev o k ed  transm itter release  
fro m  sy m p a th e t ic  v a r ic o s i t ie s  o n  th e l e v e l s  o f  s y n a p to ta g m in ,  
syn a p to p h y sin  and S V 2  w ith in  th ese  v a r ic o s it ie s . T h e  e ff ic a c y  o f  
transm itter r e lea se  is  n ot o n ly  g o v ern ed  b y  the am ou n t o f  c a lc iu m  
en ter in g  th e  term in al d u rin g  n erv e  s tim u la t io n  but a lso  by  th e  
availab ility  o f  v e s ic le s  fo r  release (L lin as e t  al., 1 9 9 1 ) and the num ber  
o f  v esicu la r  d ock in g  s ites. M ale  m ic e  (B a lb /c) w ere  either chronically  
m orphine (C M T ) or sa lin e  (C S T ) treated fo r  10  d ays (1 ). O n the 10th 
day anim als w ere anaesth etised  w ith  h aloth ane, euthanased by cervical 
fracture and both v asa  d eferen tia  rem o v ed . O ne v a s  d e fer e n s  w a s  
p la ced  in  an organ  bath for  e le c tro p h y s io lo g ic a l a n a ly s is  w h ile  the 
o th e r  v a s  d e fe r e n s  w a s  c r y o s e c t io n e d .  S e c t io n s  w e r e  th en  
im m u n oreacted  w ith  a n tib od ies to  vesicu la r  a sso cia ted  p rotein s. T h e  
e ff ic a c y  o f  transm itter re lea se  from  C M T  v s  C S T  preparations w a s  
ab ou t 11 t im es  greater. T h e  le v e l  o f  syn a p to p h y sin  and S V 2  a lso  
in creased  in  C M T  preparation. In contrast, th e  e x p r e ss io n  le v e ls  o f  
synaptotagm in  did n ot d iffer  b etw een  C S T  and C M T preparations. T h e  
presen t resu lts in d icate  that the C M T  in d u ced  in crea se  in  transmitter 
re lea se  e ff ic a c y  m ay b e  partly due to  an in crea se  in  the nu m b er o f  
v e s ic le s  at sym p ath etic  var icosities  p o ss ib ly  p rod u cin g  an  in crea se  in  
th e n u m b er o f  s ecre to so m es  (sy n ta x in -sy n a p to ta g m in -v o lta g e  gated  
ca lc iu m  c o m p lex ). T h is  project w a s  supported by N H & M R C  grant.

35.4
PHOSPHORYLATION OF SNAP-25 IN PC 12 CELL: POSSIBLE INVOLVEMENT 
IN REGULATION OF CELLULAR FUNCTION.
M. Kataoka*, R. Kuwahara, S. Iwasaki, Y. Shoji-Kasai and M Takahashi. 
Mitsubishikasei Institute of Life Sciences: Minamiooya 11, Machida. Tokyo 194-8511. 
Japan.

Regulation of synaptic transmission is one of the cellular bases of the 
plasticity of neuronal network underlying higher brain functions, such as learning and 
memory. Many protein kinases are believed to be involved in the plasticity of synaptic 
function, however, their precise mechanisms are still incompletely understood. SNAP- 
25 is a presynaptic membrane protein indispensable to neutotransmitter release from 
synaptic terminals in mature neurons. In developing brain, SNAP-25 is also implicated 
in neurite extension. Previously, we found that SNAP-25 was phosphorylated at 
Ser187 by protein kinase C (PKC) in PC12 cells. To elucidate the role of the 
phosphorylation in neuronal functions, we generated an anti-phosphopeptide antibody 
specifically recognizing the phosphorylated form of SNAP-25. Deporalization-evoked 
release of dopamine (DA) from PC12 cells was enhanced by the phorbol ester 
treatment, however, there was no good correlation between the enhancement of the 
release and the amount of SNAP-25 phosphorylation. Furthermore, the over 
expression of mutated SNAP-25, in which Scr187 was substituted with Ala. scarcely 
affected on the phorbol ester- induced potentiation of DA release. PC12 cells extend 
long neurite in response to nerve growth factor (NGF) and the phosphorylation of 
SNAP-25 was increased by three to four folds after 48 hours NGF treatment. A fusion 
protein of SNAP-25 and green fluorescence protein expressed in PC12 cells was 
distributed in cytoplasm, but it was preferentially localized in plasma membrane after 
NGF treatment. A substitution of Ser187 with Ala abolished the translocation to the 
plasma membrane. A substitution of Ser187 with Glu was not sufficient, and NGF- 
treatment was still necessary for the translocation of the fusion protein. These results 
suggest that PKC-dependent phosphorylation of SNAP-25 is not involved in the 
regulation of neurotransmitter release from PC12 cells, but it may be implicated in the 
long-term regulation of neuronal functions mediated by NGF.

35.6
EXPRESSION AND DISTRIBUTION OF SYNAPTOTAGMIN ISOFORMS IN 

RAT BRAIN AND NON-NEURONAL TISSUES. Y. Shoii-Kasai, R. Kuwahara, M. 
Kataoka, T. Hama*, M. Takahashi. Mitsubishi Kasei Inst. of Sci., Machida, Tokyo 
194-8511. JAPAN

Synaptotagmin is a membrane integrated protein containing two copies of C2 domain 
in its cytoplasmic region. C2 domain was originally found in the regulatory domain of 
protein kinase C and shown to be involved in Ca2+/phospholipid-mediated regulation of 
the enzymatic activity. In addition to synaptotagmin I localized in synaptic vesicles and 
secretory granules of endocrine cells, at least ten additional isoforms are present in 
mammalian tissues. There are lots of variations in the distribution and properties of 
these isoforms, and it is quite interesting to know the functional roles of synaptotagmin 
isoforms in brain and various other tissues. Isoform-specific antibodies will be quite 
useful for the studies, however, antibodies raised against recombinant proteins may have 
serious problem in their specificity since there are lots of homologous regions conserved 
among the different isoforms. To get isoform-specific antibodies, we have generated a 
series of antibodies by immunizing peptides having isoform-specific sequences. From 
a quantitative immunoblotting using the isoform-specific antibodies, the expression 
levels of synaptotagmin I and II are found to be quite high compared to other isoforms. 
The amounts of synaptotagmin III, IV. V. and IX were estimated to be less than 1% of 
synaptotagmin I. To identify the organelles containing synaptotagmin isoforms. 
membrane particles were immunopurified from a supernatant of lysed synaptosomes 
using magnetic microbeads that had been precoatd with isoform specific antibodies. The 
significant difference exists in the protein compositions between the vesicles isolated 
with anti-synaptotagmin I and anti-synaptotagmin IX antibodies. These results suggest 
that synaptotagmin isoforms are localized in different organelles and have distinct 
functional roles in brain and non-neuronal tissues.

35.8
MUTATIONS IN A NOVEL DROSOPHILA GENE ELIMINATE 

EVOKED SYNAPTIC TRA N SM ISSIO N . B.A. S tew art*, D.L. 
D eitcher, G.L. B oulianne, and T.L. Schwarz. Dept. M olecular 
and Cell Physiology, Stanford U niversity, Stanford, CA, Dept. 
N eurobiology and B ehavior, C ornell Univ, Ithaca, NY, and 
H ospital for Sick C hildren Research Institu te , Toronto, ON, 
C anada.

In our ongoing e ffo rt to iden tify  and characte rize  
m olecules that partic ipate  in synaptic transm ission  we have 
id e n tif ied  ch rom osom al d e fic ie n c ie s  and an em bryon ic  
le th a l gen e tic  com p lem en ta tio n  g roup  w hich  e lim in a tes  
evoked  sy n ap tic  tra n sm iss io n . R ec o rd in g  o f sy n ap tic  
currents from em bryonic NM Js reveals that stim ulation  by 
either action potentials or K+ depolarization fails to release 
neurotransm itter. A low level of spontaneous fusion persists 
in m utants equal in frequency and am plitude to tha t of 
control anim als. NMJs form norm ally in the m utant animals 
and show norm al synaptotagm in localization . H ow ever local 
a p p lica tio n  o f C a io n o p h o re  A 2 3 187 re liab ly  induces 
synaptic transm ission  in the m utant anim als. W e therefore 
believe that this novel gene may encode a subunit of a 
presynap tic  Ca channel or a p ro te in  w hich regu lates Ca 
c h a n n e ls . W e are  p u rs u in g  g e n e tic  and m o le c u la r  
approaches to clone this gene.

Supported by HFSPO, NIH, NSERC and MRC
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35.9
TETANUS T O X IN -IN S E N S IT IV E  E X O C Y T O S IS  IN  IS O L A T E D  
AXONS OF CULTURED H IP P O C A M P A L  N E U R O N S

and M. M atteoli*, 1C N R  C e ll . and M o l. P h a rm a co lo g y  Ctr., U n i
versity o f Milan, 2C N R  C en ter for  B io m em b r a n e s , U n iv e r s ity  o f  
Padova, Italy, 3HHM I and D e p t . o f  C e ll B io lo g y , Y a le  U n iv ersity , 
CT, USA.

Using primary cultures o f  h ippocam pal neurons, w e  have sh ow n that 
synaptic vesicles (S V ) und ergo c y c le s  o f  e x o -e n d o c y to s is  already  
before synaptogenesis. Form ation o f  synaptic con tacts co in c id es  with a 
down regulation in the basal rate o f  e x o -e n d o cy to s is . W e report here  
that, although internalized in n eu ron s a lread y  b e fo re  sy n a p se  fo r 
mation, tetanus toxin (T eN T ) d o e s  n ot im pair s ig n ific a n tly  the ex o -  
cytotic process before sy n a p to g e n e sis . T e N T  in se n s it iv ity  o f  the  
exocytotic process d oes not appear to be d ep en d en t on the stage o f  
neuronal maturation, being instead related with the lack  o f  clustering o f  
SVs at synaptic sites. Isolated axon s, la ck in g  a p ostsyn ap tic  target and 
containing diffusely distributed synaptic  v e s ic le s  are sp orad ically  d e 
tectable in mature cultures after form ation  o f  syn ap ses. T h ese  iso la ted  
axons may also be present in s in g le  neurons g ro w in g  in m icro islan d s  
and forming autaptic con tacts. In all c a s e s , w h erea s e x o c y to s is  at 
synaptic sites shows the typ ical m ature fea tu res, iso la ted  ax o n s are 
characterized by a higher rate o f  S V  recy c lin g , w h ich  is  in sen sit iv e  to 
TeNT. These data suggest that at lea st  so m e  o f  the m ech a n ism s c o n 
trolling SV exocytosis at mature syn ap ses are activated  in parallel w ith  
the clustering o f SV s at synaptic sites.

35.11
TETANUS TOXIN: TRANSLOCATION THROUGH MEMBRANES DEVOID OF 
RECEPTORS. J. Heyn, T. Binscheck, M. Meder and H. Bigalke*. Institute of 
Toxicology, Hannover Medical School, Carl-Neuberg Str. 1, 30625 Hannover, Germany 

Tetanus toxin (TeNT) acts in neurons by proteolytic cleavage of a single vesicle-bond 
fusion protein which is physiologically involved in the endocytotic release of 
transmitters. To gain access to its substrate the toxin needs to be translocated into the 
cytosol of neurons. This requires three steps: binding to nerve terminals, receptor- 
mediated endocytosis, and the translocation of toxin from the acidic compartment of 
endosomes or lysosomes into the cytosol. Focussing on the endosomal escape of TeNT, 
it can be assumed from several findings that the membrane passage of TeNT does not 
depend on binding to a receptor because a passage through membranes has also been 
observed in lipid vesicles and bovine chromaffin cells, both lacking TeNT-receptors. In 
this presentation we introduce erythrocyte ghosts as a model for studying the effects of 
varying pH and electrochemical conditions on the translocation of TeNT into these 
semi-artificial cells. They were prepared by the method of T.L. Steck and J.A. Kant 
(Methods in Enzymology, Vol. 31, 1974). By choosing appropriate HEPES-buffered and 
potassium-enriched solutions for resealing and incubation, defined transmembranous 
pH and voltage gradients could be established. After incubation of the erythrocyte 
ghosts with 125I-labelled TeNT for different periods of time the amount of internalised 
TeNT was measured by the determination of radioactivity. It was observed that 125I- 
labelled TeNT trapped within the erythrocyte ghosts was greatly enhanced in acidic 
(pH 5) incubation medium. This effect could be further increased by using a high- 
potassium resealing solution during preparation, resulting in negatively charged ghosts. 
This co-operative effect of an acidic environment and a negatively charged membrane 
on receptor-independent translocation of TeNT corroborates the findings from 
chromaffin cells mentioned above. Thus erythrocyte ghosts are a suitable model for 
studying transloction processes of various toxins, e.g. botulinum toxins, whose distinct 
clinical symptoms derive from different transport routes rather than from another mode 
of action.

35.13

OLIGOMERIC STRUCTURE OF THE PRESYNAPTIC SNARE-COM PLEX  
R. Laage, J. Trotter* and D. Langosch. Department of Neurobiology, INF 

364, 69120 Heidelberg, Germany
Synaptobrevin and Syntaxin are integral m embrane proteins of the 

presynaptic nerve terminals and essential for neurotransmitter exocytosis. 
Here, we demonstrate by chemical cross linking of synaptic vesicles of rat 
brain that at least part of Synaptobrevin exists as a homodimer. Consistent 
with this, recombinant Synaptobrevin forms a homodimer upon cross 
linking or upon SDS-PAG E under mild conditions. Interestingly, 
dimerization required the presence of the transmembrane segment which 
therefore is inferred to be the principal site of subunit-subunit interaction. 
The residues comprizing this segm ent were individually mutated. 
Dimerization of some point-mutants was strongly impaired which proved 
the specificity of interaction and identified residues contributing to the 
subunit-subunit interface. The distribution of these residues suggests 
that the transmembrane segment has an α-helical structure and that the 
helices pair in a right-handed fashion. For recombinant Syntaxin 1A we 
also observed homodimerization.

When Synaptobrevin II and Syntaxin 1a were mixed, heterodimerization 
of both proteins was observed  w hich c om peted  w ith the  
homodimerization of the individual compounds. After reconstitution of 
Synaptobrevin and Syntaxin in synthetic lipid vesicles we analyzed their 
relative orientation to each other by cross linking at different locations. 
Our results show that both proteins interact in a parallel fashion.

35.10
ALPHA-LATROTOXIN-INDUCED EXOCYTOSIS FROM GROWTH CONES 
SHOWS THE INCOMPLETE CYCLING OF RAB3A. M. Igarashi*, K. Ohbayashi, 
A. Ohyama & Y. Komiya. Dept. Molec. Cell. Neurobiol., Gunma Univ. Sch. Med., 
Maebashi, Gunma 371 -8511, JAPAN.

We previously demonstrated that the SNARE mechanism plays an important role 
in both the axonal growth and presynaptic terminal formation in growth cones (J. 
Cell Biol. 134: 205, J. Neurosci. 17: 1460). We examined the effect of α-latrotoxin 
(LTX), a spider toxin that forces exocytosis, in isolated growth cones to investigate 
the development of the exocytotic mechanism. [3H]GABA or [3H]norepinephrine 
was released by LTX in a Ca2+-independem manner, even from the synaptic vesicle- 
free growth cones. This release from the growth cones was specifically inhibited by 
botulinum neurotoxins (A, B, and C 1) similar to those from mature synaptosomes; 
however, the sensitivity to LTX in growth cones was ten times lower than that in the 
synaptosomes. We confirmed by binding assay that this low sensitivity to LTX was 
not due to lower density of the Ca2+-insensitive LTX receptor. After the LTX 
stimulation, the ratio of GTP-rab3A to GDP-rab3A in growth cones was much lower 
to that in synaptosomes. We also found that rabphilin (a rab3A adapter) and rab3- 
GEPII (a rab3A activator) were in considerably low amounts in the growth cones. 
The rabphilin-rab3A complex formation after the LTX stimulation was also far less 
prominent in growth cones than the adult counterparts. These results suggest that 
LTX-dependent exocytosis occurs in the growth cones mainly through the SNARE 
mechanism, but that the subsequent rab3A cycling is incomplete at this stage.

35.12
DIFFERENTIAL EXPRESSION OF EXOCYTOTIC PROTEIN ISOFORMS 
IN BRAIN, NON-NEURONAL TISSUES, AND SELECTED CELL LINES. P.
Zhong1,*, J. Wu1, W. Hopkins1, M. Zhou1, R.H. Scheller2, G.P. Milianich1. 1Neurex 
Corporation, 3760 Haven Ave., Menlo Park, CA 94025, 2HHMI, Stanford Medical 
Center, Stanford University, Stanford, CA 94305

Specific protein-protein interactions between vSNARE (VAMP, synaptotagmin, 
etc.) and tSNARE (syntaxin, SNAP-25, etc.) proteins drive the process of synaptic 
vesicle docking and fusion. However, because exocytosis is a general phenomenom 
that occurs in virtually every cell type, the question of how the neuronal model applies 
to various non-neuronal cells remains to be determined. Recent studies have shown 
that nearly every SNARE protein is, in fact, a member of a gene family whose 
isoforms are distributed in a tissue/cell specific manner. Furthermore, more and more 
proteins have been identified and demonstrated to play specific roles in the regulation 
of vesicle docking and fusion. The distribution of these regulatory proteins is also 
likely to be tissue/cell specific. Elucidating the expression patterns of these proteins 
will give us insight into the relationships between the cell specific differences in 
exocytotic processes and the exocytotic protein isoforms that mediate them. We have 
used semiquantitative RT-PCR to examine the distribution of 34 exocytotic protein 
isoforms in 12 rat brain regions, 10 non-neuronal tissues, peritoneal mast cells, and 
six different cell lines (PC12, GH3, C6, BV-2, L2, RBL-2H3). The distributions of 
mRNA for proteins involved in formation of the exocytotic core complex, namely the 
syntaxin family (la, 1b, 2, 3, 4); VAMP family (1, 2 ,3); SNAP family (SNAP-25, 
SNAP-23); munc18 family (1, 2); synaptotagmin family (1-11); the rab3 family (a, b, 
c, d), other rab family members (rab8a, 8b, 15), doc2 family (a, b), rim, and rabphilin 
were determined and will be presented. Our results suggest that different sets of 
protein isoforms participate in tissue-specific and cell-specific protein-protein 
interactions to mediate exocytosis. Funded by the Neurex Corporation.

35.14

THE PRESYNAPTIC PROTEIN GAP-43 IS NO T REQUIRED FOR 
POTENTIATION OF SYNAPTIC TRANSM ISSION BY PROTEIN 
KINASE C. M. Capogna1*, C. Fankhauser1, V. Gagliardini1, B. H. Gähwiler1 
and S. M. Thompson2. 1 Brain Research Institute. University o f Zurich, CH- 
8029 Zurich Switzerland; 2Dept. of Physiology, University of Maryland, 
Baltimore, MD 21201

Stimulation o f  protein kinase C (PKC) facilitates transmitter release in the 
hippocampus, but the presynaptic substrates responsible for this effect are not 
known. The growth associated protein GAP-43 is one o f  the most abundant 
substrates for phosphorylation by PKC in the presynaptic terminal and is 
known to influence neurite outgrowth, neurotransmitter release, and synaptic 
plasticity. W e therefore used whole-cell patch-clamp techniques to compare 
excitatory synaptic transmission between hippocampal pyramidal cells in both 
dissociated cell cultures and organotypic slice cultures from control and GAP- 
43 null mutant mice. The frequency and amplitude o f  spontaneous and 
miniature excitatory synaptic currents were similar in control and knockout 
cells. Neither the probability that any two CA3 pyramidal cells in a slice 
culture were synaptically connected nor the amplitude o f  their unitary 
synaptic currents were different between the two genotypes, as assessed with 
dual intracellular recordings. W e conclude that absence o f  GAP-43 did not 
adversely affect transmitter release or synaptic connectivity. Bath application 
o f  the phorbol ester phorbol 12 , 13-diacetate elicited a comparable increase in 
the frequency o f  miniature excitatory synaptic currents and in the amplitude 
o f  unitary synaptic currents in control and GAP-43 knockout cultures. These 
actions were prevented by the specific protein kinase C antagonist 
bisindolylmaleimide I (1.2 µM). W e conclude that GAP-43 is not required for 
the facilitation o f  glutamatergic synaptic transmission mediated by PKC. 
Supported by the Swiss National Science Foundation (31-42174.94)
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35.15
GENE STRUCTURE AND SEQUENCE ANALYSIS OF BASSOON, 
A COMPONENT OF THE PRESYNAPTIC CYTOMATRIX. L.
Sanmartí-Vila, S. tom Dieck, K. Langnäse. M. Stumm#, K. Richter, U. Kämpf, T. 
Dresbach, D. Montag*, C. Garner§, E. Gundelfinger Leibniz-Inst. for Neurobiology, 
PF 1860, D-39008 Magdeburg (Germany), #Inst. of Human Genetics, Otto v. 
Guericke University, 39120 Magdeburg (Germany), §Neurob.Res.Center, UAB, 
Alabama 35294-0021, USA

Bassoon is a >400 kDa protein from rat brain, which is localized exclusively at 
the presynaptic cytomatrix of a variety of synapse types as determined by electron 
microscopy (EM). In situ hybridization shows a high expression in cortex, 
hippocampus and cerebellum. Northern blot analysis revealed a brain-specific 13 kb 
band. Sequencing cDNA from rat brain yielded an open reading frame (ORF) 
encoding 3938 amino acids. The mouse bassoon gene maps to chromosome 9F as 
detected by FISH. Analysis of the gene structure revealed at least 13 exons, 10 of 
which comprise the entire open reading frame. The ORF encodes 3942 amino acids 
predicting a moleclular mass of 419 kDa. While rat and mouse Bassoon share 96% 
sequence identity at the protein level, they show no overall homology with any 
known protein. However, some general sequence motifs could be detected, including 
regions with a high probability for coiled-coil secondary structure, two double Zinc- 
finger motifs and a CAG/CAA-encoded polyglutamine stretch. Moreover, a novel 
heptad repeat motif, with different repeat numbers in rat and mouse, was detected.

In subcellular fractionation studies Bassoon enriches with synaptic membranes. 
The highly insoluble protein can be extracted from crude membrane preparations by 
means of chaotropic salts, alkali, urea and detergent with salt thus ruling out a 
transmembrane nature. The complexity of the extraction pattern together with the 
EM localization studies suggest that Bassoon is a cytoskeletal and peripheral 
membrane protein, strongly anchored in the cytomatrix surrounding synaptic 
vesicles. Thus Bassoon may be involved in the structural and functional organization 
of the presynaptic active zone.

Supported by DFG (SFB 426 / TPA1)

35.17
THY-1 IS A GPI-LINKED PROTEIN COMPONENT OF SYNAPTIC 
VESICLES
E. S . S c h w e itz e r * , J . A d a m s . D e p a r tm e n t  o f  N e u ro b io lo g y ,  U C LA  

M e d ic a l S c h o o l, L o s  A n g e le s ,  C A  9 0 0 9 5 .

T h y -1 ,  a  m e m b e r  o f th e  Ig  s u p e r fa m ily  o f  p ro te in s ,  is  l in k e d  t o  

m e m b ra n e s  b y  c o v a le n t  l in k a g e  to  p h o s p h a t id y l in o s ito l.  W e  f in d  t h a t  

th is  p ro te in  is  a n  in te g ra l c o m p o n e n t  o f  s e v e r a l d i f fe r e n t  t y p e s  o f  

r e g u la te d  s e c r e to r y  v e s ic le s ,  in c lu d in g  b o th  la rg e  d e n s e - c o r e  a n d  

s m a ll c le a r  v e s ic le s  in  P C 12 c e lls ,  a n d  s m a ll a n d  la rg e  s y n a p t ic  v e s ic le s  

f ro m  ra t  b ra in .  T h y -1  is  th e  f ir s t  G P I- lin k e d  p ro te in  to  b e  id e n t i f ie d  as 

a  c o m p o n e n t  o f  s y n a p t ic  v e s ic le s .

S in c e  Ig  s u p e r fa m ily  p ro te in s  in  g e n e ra l ,  a n d  T h y -1  its e lf ,  h a v e  

b e e n  im p lic a te d  in  m e d ia t in g  in te r a c t io n s  b e tw e e n  th e  c e ll s u r fa c e  a n d  

th e  e x tr a c e l lu la r  m ilie u ,  w e  a re  in v e s t ig a t in g  th e  p o s s ib le  ro le  o f  T h y -1  

in  in te r a c t io n s  b e tw e e n  th e  p r e s y n a p t ic  p la s m a  m e m b ra n e  a n d  th e  

s y n a p t ic  c le f t  m a te r ia l o r  p o s t - s y n a p t ic  m e m b ra n e .  T h e  d y n a m ic s  o f  

T h y -1  in s e r t io n  a n d  r e c la m a t io n  f r o m  th e  p r e s y n a p t ic  p la s m a  

m e m b ra n e  a p p e a r  to  b e  d i f fe r e n t  f r o m  th a t  o f  o th e r  s y n a p t ic  v e s ic le  

c o m p o n e n ts ,  a d d it io n a lly  s u g g e s t in g  th a t  it  p la y s  a  ro le  in  in te r a c t io n s  

w ith  th e  o th e r  c o m p o n e n ts  o f th e  s y n a p t ic  c le f t .  M o re o v e r ,  w e  h a v e  

fo u n d  t h a t  m e m b ra n e  s t r u c tu r e s  p r e fe r e n t ia l ly  c o n ta in in g  T h y -1  a re  

s h e d  f ro m  P C 1 2  c e l ls  in  c u l tu r e .  W e  a re  c u r r e n t ly  in v e s t ig a t in g  

p o s s ib le  in te r a c t io n s  b e tw e e n  T h y -1  a n d  o th e r  c o m p o n e n ts  l ik e ly  t o  

b e  p re s e n t  a t  th e  s y n a p s e . S u p p o r te d  b y  N IH  R01 N S 2 3 0 8 4 .

35.16
K IN ET IC S O F T R A N S M IS S IO N  A T ST R IA T A L G A B A E R G IC  
SY N A P S E S : E V ID E N C E  FO R A  R O LE O F C A L B IN D IN  D 28K .
E. R u m p el, M . M eyer+, G. ten B ruggencate* and Jan C. B ehrends. 
Department o f  P h y s io lo g y , U n iversity  o f  M unich , and +M PI for 
N eu rob io logy , M artinsried, G erm any.

The terminals o f  stratonigral and striatopallidal projection  
neurons are know n to contain calb indin, a fast intracellular C a2+-binding  
protein and one o f  the candidate buffers that m ay be important in the 
control o f  release k inetics at C N S synapses.

W e have studied transm ission b etw een  pairs o f  striatal 
G A B A erg ic  neurons in cell culture from  w ild  type m ice (+ /+ ) and from  
m ice carrying a targeted null mutation o f  the calbindin D 2 8 k  gen e (-/-). 
A t both types o f  synapses, inhibitory postsynaptic currents decayed  with 
biexponential tim e constants. The fast time constant had a value o f  2 6 .3  
+ /- 2 .4  m s in control (n = 12) and o f  3 2 .5 + / - 3 .7  m s at syn ap ses from  
knockou t m ice  (n = 17). The s lo w  tim e constant w as 105.8 + /- 11 .45 and 
133 .0  + /- 19.5 m s, resp ectively . The average synaptic charge carried 
during the fast com ponent w as little affected by the m utation (con: 15.9  
+ /- 4 .1  pC; k.o.: 13.3 + /- 2 pC ) w h ile  m ean charge f lo w  during the slow  
com p onent w as nearly doubled (con: 16 .6  + /- 3 .2  pC; ko: 3 0 .8  + /- 9 .2  
pC ). D ue to the large variability o f  resu lts obtained at the knockout 
syn ap ses, this change w as on ly  m arginally sign ificant (p = 0 .0 53 ). This 
find ing m ay thus reflect the activity o f  com pensatory m eachan ism s that 
m ay be active in som e but not all mutant sy n a p ses , a disparity that may 
reflect subtypes o f  syn ap ses or different developm ental stages. 
Supported by the Deutsche Forschungsgemeinschaft (Be-1739/2).

P R E S Y N A P T IC  M E C H A N IS M S : V E S IC L E  C Y C L IN G

36.1

C L A T H R IN  A S S E M B L Y  IS R E Q U IR E D  F O R  S Y N A P T IC  V E S IC L E

R E C Y C L IN G . J .R . M o rg a n 1’3* , M .W o m a c k 1’3, X . Z h a o 2 , K. P ra s a d 2,3 G .J.

A u g u s tin e 1,3 a n d  E .M . L a fe r2,3 . 1D e p t o f N e u ro b io lo g y , D u ke  U n iv e rs ity

M e d ic a l C e n te r, D u rh a m , N C ; D e p t o f M o le c u la r M e d ic in e , U n iv e rs ity  o f T X  

H e a lth  S c ie n c e  C e n te r, S an  A n to n io , T X ; 3M a rin e  B io lo g ic a l L ab , W o o d s  
H o le , M A .

W h ile  th e  w o rk  o f H e u s e r & R e e s e  (1 9 7 3 ) in d ic a te d  th a t c la th r in -c o a te d  
v e s ic le s  a re  in v o lv e d  in s y n a p tic  v e s ic le  re c y c lin g , th e re  h a ve  b e e n  re ce n t 
s u g g e s tio n s  o f ra p id , c la th r in - in d e p e n d e n t m e m b ra n e  re tr ie v a l in p re s y n a p tic  
te rm in a ls . W e  h a v e  u se d  th e  s q u id  g ia n t s y n a p s e  to  d e te rm in e  w h e th e r 
s y n a p tic  v e s ic le  e n d o c y to s is  re q u ire s  c la th r in -c o a te d  v e s ic le s  b y  e x a m in in g  
th e  p re s y n a p tic  fu n c tio n  o f a s s e m b ly  p ro te in s , su c h  a s  A P 1 8 0  (a lso  c a lle d  
A P -3  a nd  F 1 -2 0 ) a n d  A P -2 . P e p tid e s  f ro m  th e  c la th r in  a s s e m b ly  d o m a in  of 
A P 1 8 0  c o m p e tit iv e ly  in h ib ite d  th e  a b il it ie s  o f b o th  A P 1 8 0  and  A P 2  to  
a s s e m b le  c la th r in  in vitro. W h e n  in je c te d  in to  th e  g ia n t p re s y n a p tic  te rm in a l, 
th e s e  p e p tid e s  c o m p le te ly  b lo c k e d  s y n a p tic  t ra n s m is s io n  e v o k e d  by  low  
fre q u e n c y  (0 .0 3  H z) p re s y n a p tic  a c tio n  p o te n tia ls  w h ile  in a c tiv e  c o n tro l 
p e p tid e s  h ad  no  e ffe c t. P e p tid e s  th a t p re v e n te d  c la th r in  a s s e m b ly  a ls o  g re a tly  
d is ru p te d  s y n a p tic  v e s ic le  tra ff ic ; p e p tid e - in je c te d  te rm in a ls  had  fa r  fe w e r 
s y n a p tic  v e s ic le s  (2 6 %  o f c o n tro l) ,  w e re  d e p le te d  o f c o a te d  v e s ic le s  (1 7 %  o f 
c o n tro l)  a n d  h ad  a la rg e r p la s m a  m e m b ra n e  a re a  (2 0 %  in c re a s e  o v e r 
c o n tro ls ) . A ll o f th e s e  c h a n g e s  a re  c o n s is te n t w ith  a  d is ru p tio n  o f a c la th r in - 
m e d ia te d  e n d o c y tic  p a th w a y  th a t is re q u ire d  fo r  v e s ic le  re tr ie v a l fro m  the  
p la s m a  m e m b ra n e . W e  th e re fo re  c o n c lu d e  th a t c la th r in  a s s e m b ly  in n e rve  
te rm in a ls  is e s s e n tia l fo r  s y n a p tic  v e s ic le  t ra ff ic k in g  a n d  th e re b y  re g u la te s  
s y n a p tic  t ra n s m is s io n  a n d  m a in te n a n c e  o f th e  p o o l o f re le a s a b le  s yn a p tic  
ve s ic le s . S u p p o rte d  b y  N IH  g ra n ts  N S 2 90 51  a n d  N S 2 1 6 2 4 .

36.2

mRNA SPLICING AND EXPRESSION OF CLATHRIN ASSEMBLY PROTEIN 3 
(AP-3) DURING RAT b r a in  d e v e l o p m e n t . M. Ishihara-Sugano* and H. 

Nakae Advanced Research Laboratory, Research and Development 
Center, Toshiba Corporation, Kawasaki, Japan

C la th r in  a s s e m b ly  p ro te in  3 (A P -3 ) is a  n e u ro n -s p e c if ic  m u lt i- is o fo rm  

p ro te in  fo u n d  in c la th r in -c o a te d  v e s ic le s . B e c a u s e  it p ro m o te s  th e  a s s e m b ly  

o f c la th r in  c a g e s , A P -3  m a y  p la y  a re g u la to ry  ro le  in s y n a p tic  v e s ic le  re cyc lin g . 

In th is  s tu d y , w e  a n a lyze d  th e  d e v e lo p m e n ta l e x p re s s io n  o f A P -3  u s in g  a 

m o n o c lo n a l a n tib o d y , M a b  R -18 , a n d  R T -P C R  a n a ly s e s . Im m u n o c h e m ic a l 

s tu d ie s  d e m o n s tra te d  th a t A P -3  e x p re s s io n  s ta r ts  fro m  e m b ry o n ic  d a y  16 

(E 16) a nd  is m a in ta in e d  a t a  c o n s ta n t le ve l fro m  E 1 9 th ro u g h  a d u lt (N e u ro s c i. 

R es. C o m m u n . 15, 1 7 7 -1 8 5 ). M o re o v e r, R T -P C R  on  te n  re g io n s  c o v e r in g  th e  

fu ll le n g th  o f th e  c o d in g  re g io n  o f A P -3  m R N A  re v e a le d  tw o  d e v e lo p m e n ta lly 

re g u la te d  s p lic in g  s ite s . In b o th  re g io n s , th e  le ve l o f s p lic in g  v a r ia n ts  c h a n g e d  

a ro u n d  p o s tn a ta l d a y  7 to  10. A t th a t tim e , n e u ro n s  re a ch  th e ir  d e fin it iv e  

p o s it io n s  a n d  s ta r t to  fo rm  s ta b le  c irc u its  by  e s ta b lis h in g  s y n a p tic  c o n n e c tio n s . 

T h e s e  re s u lts  s u g g e s t th a t th e  e x p re s s io n  o f A P -3  is o fo rm s  is 

d e v e lo p m e n ta lly  re g u la te d  and  m a y  be  in v o lv e d  in th e  m a tu ra tio n  o f s y n a p tic  

v e s ic le  re cyc lin g .
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CLATHRIN ASSEMBLY PROTEINS AP-2 AND AP180 ASSOCIATE 
IN A DIRECT HIGH AFFINITY INTERACTION WHICH IS 
MODULATED BY AP180 PHOSPHORYLATION. Weihua Hao, Lei 
Zheng, Jose H. Gonzalez, and Eileen M. Lafer*. Department of 
Molecular Medicine, Institute of Biotechnology, University of Texas 
Health Science Center at San Antonio, San Antonio, TX, 78245, USA.

Clathrin coated vesicles are involved in protein and lipid trafficking 
between intracellular compartments in all eukaryotic cells. We set out to 
study the interaction between two clathrin assembly proteins which co
localize to budding clathrin coated vesicles in nerve terminals, AP-2 and 
AP180. We found that AP-2 was pulled out of bovine brain cytosol by 
AP180 affinity chromatography, and co-immunoprecipitated from coated 
vesicle extracts by antibodies to AP180. Utilizing highly purifiedProteins, we found that AP-2 and AP180 interact directly through a 

binding site which is within residues 623-745 of AP180. Preliminary 
analysis of the binding paramaters indicate that the equilibrium constant 
is likely to be in the nanomolar range. We determined that AP180 is a 
substrate for casein kinase II and cyclic AMP-dependent protein kinase, 
but not calcium/calmodulin -dependent protein kinase II or protein kinase 
C. Because casein kinase II is found in coated vesicles, we further 
characterized the phosphorylation of AP180 by casein kinase II. We 
found that the middle 42 kD domain of AP180 is phosphorylated by 
casein kinase II with a stoichiometry of 3 moles of phosphate per mole of 
protein. Furthermore, we found that casein kinase II phosphorylation of 
AP180 weakened its interaction with AP-2, but had no effect on AP180 
mediated clathrin assembly. These studies provide the first evidence 
that AP180 and AP-2 interact directly, that AP180 is a substrate for 
casein kinase II, and that casein kinase II phosphorylation of AP180 
modulates its interaction with AP-2. They also lend further support to the 
idea that protein phosphorylation regulates coated vesicle dynamics. 
(This work was supported by grant NS29051).

36.5
EFFECT OF STAUROSPORINE ON ENDOCYTOSIS IN FROG MOTOR  
NERVE TERMINALS. U. Becherer, J.K. Angleson* and W.J. Betz, Dept o f  
Physiology & Biophysics, Univ. Colorado Med. Sch., Box C 240 , Denver, CO 
80262.

FM1-43 uptake by frog motoneuron terminals after tetanic stimulation is 
slow (> 1 minute). We tested i f  the protein kinase inhibitor staurosporine 
produces effects consistent with the hypothesis that the drug accelerates 
endocytosis (‘kiss and run’). We tested this hypothesis by comparing F M 1-43 
uptake during and after tetanic nerve stimulation in control and 
staurosporine-treated nerve terminals.

Staurosporine had no signfi cant effect on the amount or rate o f  dye 
uptake after the end o f  a train o f  electrical stimuli to the nerve (2.5 minutes at 
30 Hz). However, during tetanic nerve stimulation staurosporine-treated 
terminals took up only about 40% as much dye as control terminals. The 
decreased dye uptake was not due to decreased exocytosis o f  acetylcholine, 
which was normal.

The differential effect o f  staurosporine on endocytosis during and after 
tetanic stimulation suggests that two modes o f  endocytosis exist and that 
staurosporine specifically affects vesicle recycling through one o f  these 
pathways. The reduced dye uptake during tetanic stimulation could reflect 
faster endocytosis in staurosporine (less time for F M l-43  to stain exocytosed 
membranes). Alternatively, staurosporine may immobilize the ‘reserve’ pool 
of vesicles, so that vesicles in the ‘readily releasable’ pool recycle locally and 
repeatedly.

36.7

DISCRETE ENDOCYTIC “ACTIVE ZONES” IN SNAKE NEURO
MUSCULAR BOUTONS. H. Teng, J. Cole and R. Wilkinson*. 
Department of Cell Biology & Physiology, Washington University 
School of Medicine, St. Louis, MO 63110.

We have utilized the activity-dependent probe sulforhodamine 101 
(SR101) and confocal microscopy to observe recently endocytosed 
vesicles within nerve terminal boutons innervating the transversus 
abdominis muscle of the garter snake. Brief stimulation of the muscle 
nerve (25-100 stimuli) followed by immediate fixation and 3D imaging 
revealed that SR101 was taken up at discrete punctate sites (0.160 ± 
0.054 µm2 / site; N=323). With further stimulation (5 Hz for 20-80 s) 
the sites brightened and grew larger (0.210 ± 0.073 µm2 / site;
N=4O6), but did not increase in number. Density of the sites was 
1.62 ± 0.55 / µm2 (N=798 boutons) or 26 sites per average-sized 
bouton. Staining of the synaptic cleft with fluorescein VVA lectin 
showed that the endocytic sites revealed by SR101 were confined to 
locations just within the presynaptic membrane and directly opposite 
postjunctional secondary folds. The labeled sites remained visible in 
preparations kept living for >19 hrs before fixation and imaging, 
suggesting that diffusion of vesicles associated with the sites was 
constrained. The number of observed sites, and their location within 
the presynaptic membrane opposite folds, are similar to the number 
and location of exocytic sites, called active zones, in reptilian motor 
boutons. We conclude that initial endocytosis in response to low 
frequency stimulation also occurs at specialized sites, which we call 
endocytic “active zones”. Supported by NIH grant NS24752.

36.4
MONITORING VESICLE TRAFFIC AT THE FROG  
NEUROM USCULAR JUNCTION W ITH THE STΎRYL DYE F M 1-43. 
D.A. Richards and W.J.Betz* Dept. o f  Physiology and Biophysics, 
University o f  Colorado Health Sciences Center, Denver CO, 80262

The styryl dye FM l-43 has been shown to stain recycled synaptic 
vesicles (Betz et al. (1993), J. Physiol. 87 193-202). This and other studies 
have revealed a punctate staining pattern that corresponds to clusters o f  
synaptic vesicles. However, the formation o f  this staining pattern has not 
been examined.

Using a fast (3ml/min) perfusion system we have developed a method by 
which dye (FM 1-43 or FM 2-10) can be rapidly and briefly applied. 
Together with digital deconvolution o f  rapidly acquired ‘Z ’-axis image 
stacks, this enables us to examine the kinetics o f  endocytosis and the 
subsequent trafficking o f  retrieved membrane with greater temporal and 
spatial resolution than has been hitherto possible.

Although the observed time course for dye uptake (endocytosis) is 
consistent with the value reported previously for this stimulation regime 
( 1min at 30Hz, τ=57s; W u and Betz (1996) Neuron, 17, 769-779) the 
resultant staining pattern is diffuse immediately following dye washout. 
Imaging the terminals over time, we found that the coalescence o f  dye into 
characteristic puncta took much longer than expected (8-14min). This 
suggests that endocytosis is not restricted to sites o f  exocytosis. Supported 
by grant NIH/NINDS R01 N S 23466-10

36.6
VISUALIZATION OF ENDOCYTOSED SYNAPTIC VESICLES IN 
HIPPOCAMPAL NEURONS. N. Harata*, J. Buchanan and R. W. Tsien, Dept. Mol. 
Cell. Physiol., Stanford Univ., Stanford, CA 94305, USA.

Synaptic vesicles release neurotransmitters into the synaptic cleft by exocytotic 
fusion to the presynaptic membrane, and are thereafter endocytosed for subsequent 
use. Physiological properties of this vesicular cycle are a target of intensive research 
in nerve terminals of central neurons. However, morphological consequences of the 
mobilization of vesicular pool have been less well understood. We examined the 
structural features of activated synapses in cultured CA3-CA1 hippocampal neurons. 
The neurons were labeled with the styryl dye, FM1-43. The dye was photolyzed to 
produce electron-dense material by a modification (Ryan et al, unpublished) of the 
original method reported in frog neuromuscular junction (Henkel et al, 1996). After 
90-s application of 70 mM K+ solution containing 10-15 µM FM1-43, neurons were 
fixed in 2 % glutaraldehyde. Following quenching of nonspecific fluorescence in 100 
mM ammonium chloride, neurons were transferred to 1 mg/ml diaminobenzidine 
solution. Continuous irradiation by excitation light (450-490 nm) initiated the 
photoconversion, which was observed under light microscopy as loss of FM1-43 
fluorescence, followed by appearance of reaction products. Based on different 
kinetics of progress, positive reactions were found to outweighed non-specific 
reaction. There was a noticeable, but not perfect, correlation between the degree of 
photoconversion and the intensity of FM1-43 fluorescence. At electron microscopic 
level, the electron-dense product was largely confined to the lumen of synaptic 
vesicles but was occasionally found in mitochondria. There was no difference in 
diameters of photoconverted and non-photoconverted vesicles (39.6+3.1 and 
39.4+1.7 nm, respectively; n=10). The ratio of photoconverted vesicles to total 
vesicles varied greatly, ranging from 21 to 73 %, with a mean of 45±19 % (n=7). We 
have the impression that the photoconverted vesicles are distributed at random 
among overall vesicle population. This approach is promising as a means of gaining 
information regarding turnover of synaptic vesicles. Supported by NIMH.

36.8

TEMPERATURE EFFECTS ON EXO- AND 
ENDOCYTOSIS IN BOVINE ADRENAL CHROMAFFIN 
CELLS V. Dinkelacker, T. Moser, C. Smith, H. v.Gersdorff* and 
E. Nehe r  Membrane Biophysics Department, MPI for 
biophysical Chemistry, Am Fassberg, Goettingen, D - 37070, 
Germany

We have studied exo- and endocytosis in single chromaffin 
cells at temperatures of 15, 22, 27, 32 and 37 °C using 
membrane capacitance recordings. Perforated-patch 
measurements were combined with fura-2 recordings of cytosolic 
[Ca2+]. Secretory responses to paired depolarizations rose with 
increasing temperatures. Measuring secretory responses at 
varying times following depression by paired depolarization we 
observed a faster recovery of secretion at higher temperatures. 
These results are in good agreement with an increased supply 
of vesicles to the release ready state at higher temperature.

Also we observed pronounced changes of endocytosis 
following paired depolarization when temperature was elevated. 
While rapid endocytosis, undershooting the pre-stimulus 
baseline, was rare with our stimulation protocol at temperatures 
below 27 °C, the incidence of such robust endocytosis strongly 
increased when temperature was raised to 32° or 37° and could 
then be frequently observed throughout the whole time course 
of an experiment. It is likely that the threshold for the rapid 
retrieval mechanism is lowered at physiological temperatures. 
Supported by the Deutsche Forschungsgemeinschaft (SFB 
523)
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36.9
ENDOCYTIC RECYCLING OF VESICULAR STRUCTURES IN 2-4, 
DITHIOBIURET (DTB) TREATED MOTOR NERVE TERMINALS. M.B. 
Rheuben1*, D.M. Autio2, W.D. Atchison2. 1 Dept. of Anatomy, Michigan State 
University; 2Dept. of Pharmacology and Toxicology, Michigan State University, 
East Lansing, MI 48824.

DTB causes a motor directed neurotoxicity which is accompanied by a decrease 
in quantal content, an increase in incidence o f failures o f evoked potentials, and 
alterations in spontaneous release o f acetlycholine at the neuromuscular junction 
(Weiler et al, 1986; Atchison, 1989). Structurally, treated terminals become 
swollen and contain increased amounts o f tubulovesicular profiles (Jones, 1989). 
We find that there are increases in the numbers of both smaller-than-average and 
larger-than-average membrane bound structures in treated terminals among the 
pool of vesicles close to release sites, with increased numbers of abnormal tubular 
structures in the center of the terminal. It is uncertain to what degree the 
abnormal vesicular structures participate in transmitter release and recycling. To 
examine this question, DTB treated mice were stimulated in the presence of 
horseradish peroxidase (HRP) used as an extracellular marker. Label was largely 
seen in normal "synaptic vesicle sized" structures, as well as in a few cisternae. 
The labelled synaptic vesicles and coated vesicles were found evenly dispersed 
throughout the regions o f the terminal which contained a substantial number of 
synaptic vesicles. Other parts of the terminal which contained numerous tubular 
structures and abnormal vesicular structures contained few labelled profiles. 
Although quantitative comparisons remain to be done, it appears as though only 
a fraction of the vesicular structures of DTB treated terminals are active in the 
recycling process. Supported by NIH Grant NS20683.

36.10
INHIBITION BY 2,4-DITHIOBIURET OF VESICLE EXOCYTOSIS AND 
ENDOCYTOSIS AT MOUSE NEUROMUSCULAR JUNCTION. Y. F. Xu and W. 
D. Atchison. Dept. Pharmacol. Toxicol., & Neurosci. Program., Mich. State Univ., E. 
Lansing, MI 48824

Neuromuscular weakness caused by 2,4-dithiobiuret (DTB) is associated with a 
decreased release of ACh from motor nerve terminals. Neurochemical studies in PC 12 
cells and electrophysiological experiments in DTB-treated rats suggest that DTB affects 
mobilization of ACh vesicles. Triangularis sterni neuromuscular preparations and FM 
1-43 imaging techniques were used to examine whether block of ACh release by DTB 
is related to impaired vesicular exocytosis or recycling. Daily treatment of mice with 
DTB (20mg/kg/day, 6-9 days, ip) caused flaccid ascending neuromuscular weakness. 
In untreated mice, 8 µM FM 1-43 caused activity-dependent staining of motor nerve 
terminals following either nerve stimulation at 30 Hz or 60 mM K+ Nerve stimulation 
or K+ depolarization after staining caused fluorescence to decrease rapidly. After 15-20 
min of stimulation, fluorescence had decreased by more than 50%; complete destaining 
occurred in 50-70 min. In DTB-treated mice, the majority of nerve terminals didn’t take 
up FM 1-43 with either electrical stimulation or high K+ Some terminals were stained, 
but the intensity of staining was very dim. A few terminals appeared to have 
fluorescence whose intensity was the same as that in untreated terminals. These dimly 
or brightly fluorescent nerve terminals appeared swollen. The rate of destaining in 
dimly fluorescent terminals was slow; only 50% destaining occurred in 120 min after 
stimulation. There was no difference in the rate of destaining in the brightly fluorescent 
terminals between DTB-treated and untreated nerve terminals. α-Latrotoxin (α-LTx, 2 
µg/ml), induced staining in the untreated nerve terminals and caused complete 
destaining within 60 min, but did not increase staining or destaining in DTB-treated 
nerve terminals. 50% destaining required 120 min after incubation with α-LTx. These 
results suggest that DTB impairs vesicle endo- and exocytosis in motor nerve terminals, 
and the block of endocytosis occurs secondarily to block of depolarization-dependent 
exocytosis in DTB-treated terminals. The step at which DTB acts may be downstream 
from that stimulated by α-LTx. Supported by NIH grant NS2O683.

36.11

IDENTIFICATION OF A NOVEL PROCESS LIMITING THE 
RATE OF SYNAPTIC VESICLE CYCLING AT 
HIPPOCAMPAL SYNAPSES. J.F. Wesseling1,2*and C.F. Stevens.1,2 
1The Salk Institute, La Jolla, CA, 2HHMI.

Recently, Stevens and Tsujimoto (PNAS 92:846-849), and Rosenmund and 
Stevens (Neuron, 16:1197-1207) have characterized a pool of readily releasable 
quanta at central synapses. This pool (1) can be emptied in a few seconds during 
high frequency stimulation, (2) typically takes several seconds to refill, and (3) 
governs the release of transmitter from the presynaptic terminal during action 
potential stimulation. This readily releasable pool is emptied in a calcium 
independent way when the synapses are presented with hypertonic solution, and in 
a calcium dependent way in response to high frequency trains of action potentials. 
By combining hypertonic challenges with electrical stimulation of hippocampal 
neurons grown in culture, we demonstrate that after long, high frequency trains of 
action potentials, the time course of replenishment of the readily releasable pool 
becomes progressively longer. The total recovery is well described by the 
weighted sum of two exponentials--one with the previously characterized time 
constant of refilling and the other with a time constant of about one minute. 
Although the accumulation of the slower component of recovery from depression 
depends upon the amount of exocytosis, these observations are qualitatively 
inconsistent with the classically hypothesized model of refilling in which the 
content of a depletable reserve store of presynaptic vesicles drives the refilling of 
the readily releasable pool by mass action These results thus constrain the class of 
mechanisms that might limit the rate of transmitter release from central 
presynaptic terminals. Supported by NS12961 to C FS  and HHMI

36.12

STUDY OF THE VESICLE RECYCLING PROCESS IN THE TERMINALS 
OF IS O L A T E D  R E T IN A L  B IP O L A R  C E L L S. C. P a i l l a r t †, 
P. S te r l in g † † and G. M a tth e w s * † . † D ept. N e u r o b io lo g y , S U N Y , 
Stony Brook, N .Y . 11794-5230  † † D ept. N eu ro sc ien ce  U n iversity  
o f  P en n sy lv a n ia , P h ilad elp h ia , P e n n sy lv a n ia  1 9 1 0 4 -6 0 5 8 .

L ittle  is  know n about the fate  o f  fu sed  v e s ic le s  after 
e x o c y to s is  and the recyc lin g  o f  v e s ic le s  into re leasab le  p oo ls, 
in the large sy n a p tic  term in als o f  iso la ted  b ip o lar  neurons  
from  go ld fish  retina. To address this q uestion , w e carried out a 
stu dy o f  the v e s ic le  recy c lin g  process in th ese  term in als, at 
the electro n -m icro sco p ic  (EM ) lev e l. The b ipolar c e lls  produce  
sp o n ta n eo u s c a lc iu m -d ep en d en t action  p o te n tia ls , w h ich  can  
be inhib ited by the G A B A a  agon ist, m u scim ol. The term inals  
w ere found to be capable o f  en d ocytosis , as indicated by uptake 
o f  ca tio n ized -ferr itin  (C F), an aqueous EM m arker. A fter a 
short incubation  tim e (1 0 -1 5 m in ), the p lasm a m em brane was  
u n ifo rm ly  d e c o r ated w ith  CF, and in c e l l s  f ir in g  action  
p o te n tia ls , w e ob served  m any C F -co n ta in in g  v e s ic le s  w ith in  
the term inal. The la b e le d -v e sic le s  w ere m o stly  larger than the 
sy n a p tic  v e s ic le s ,  m ain ly  w ith  round sh ap e, but so m e  with  
tubular sh a p e . T h ey  se em e d  to b e d is tr ib u ted  ran d om ly  
throughout the cytop lasm , excep t for a few  C F -lab eled  v esic les  
a ssocia ted  with synaptic ribbons. W e observed  a 74%  d ecrease  
in the number o f  CF-particles in the term inals, w hen the ce lls  
w ere  s ile n c e d  by m u scim o l. C urrent s tu d ies  w il l  corre la te  
ca p a c ita n ce  resp o n ses  as an in d ex  o f  e x o c y to s is  w ith  the 
distribution o f  EM markers.
Supported by NIH grants E Y 03821 (G .M .) and E Y 00828 (P .S .).
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37.1

CONTROL OF ODOR-INDUCED Ca2+ INFLUX IN MITRAL CELL 
APICAL DENDRITIC TUFTS I.G. Davison* and K.R. Delaney . Biological 
Sciences, Simon Fraser University, Burnaby, BC, Canada V 5A  1S6

Mitral cells (MCs), the projection neurons o f  the olfactory bulb, each 
receive excitatory input from thousands o f  afferents from the sensory 
epithelium. These afferents converge within glomerular structures where they 
synapse on the primary apical dendrites o f  MCs which branch into complex  
tuft structures. These tufts are presynaptic as well as postsynaptic, forming 
excitatory synapses onto periglomerular cells.

An in vitro nose-brain preparation was used to study [Ca2+] dynamics in 
MC apical dendritic tufts o f  the frog olfactory bulb. MCs were stained by 
localized extracellular application o f  dextran-conjugated Ca2+ G reen-1 to a 
region o f  the bulb dominated by MC secondary dendrites. Orthodromic 
activation o f MCs by olfactory nerve (ON) shock at threshold for a local field  
potential response caused a small (≈10% ΔF/F), fast, AM PA-mediated rise in 
tuft [Ca2+]. Transients evoked by odor or by strong ON shock werè many 
tim es larger (up to 100% ΔF/F) with the bulk o f  the response mediated by 
NM DA-type glutamate receptors, leading to the possibility o f  regulation by 
granule or periglomerular cell inhibitory synaptic input. Antidromic 
stimulation o f  MCs via the lateral olfactory tract (LOT), which results in 
strong inhibitory feedback postsynaptic potentials in mitral cells, reduced or 
eliminated odor-evoked [Ca2+] transients when given imm ediately before 
(≤ 0.5s) or during an odor response. Bath application o f  the G A BA a  
antagonist bicuculline ( 10µM ) resulted in potentiation o f  [Ca2+] responses to 
odor and strong nerve shocks, while perfusion with M g2+-free saline 
increased the size o f  nerve-shock-evoked transients. Bicuculline also reduced 
the effectiveness o f  LOT shock in decreasing the odor-evoked transient.
These observations suggest that GABAergic inhibition could directly gate the 
size o f  MC postsynaptic responses to sensory input at the glomerular layer and 
also possibly influence glomerular inhibitory circuits by altering [Ca2+] levels 
in tufts presynaptic to periglomerular cells. Funded by MRC Canada.

37.2

NUCLEAR CALCIUM DYNAM ICS BY SYNAPTIC ACTIVATION OF L- 
TYPE CALCIUM CHANNELS IN CULTURED CORTICAL NEURONS H. 
Nakazawa and T.H. Murphy*. Kinsmen Lab., Dept. o f  Psychiatry, Univ. o f  
British Columbia.; Vancouver, BC V 6T 1G3 

Neuronal L-type calcium channels are important in regulating the activity 
dependent Ca2+\ influx that triggers intracellular processes such as protein 
phosphorylation and gene expression. To better understand the role o f  L-type 
calcium channels in regulating somatic and nuclear Ca2+ dynamics, we 
investigated how these channels are activated follow ing synaptic stimuli. Ca2+ 
dynamics were monitored using the long wavelength Ca2+ indicator fluo3 by 
laser scanning confocal microscopy. The nuclear Ca2+ signal reached the peak 
approximately 200 m sec after the cytoplasm ic Ca2+ signal and was consistent 
with diffusion from a cytoplasm ic source. The L-type calcium channel agonist 
Bay-k ( 1µM ) increased nuclear. Ca2+ transients by 216 ± 32% after synaptic 
stimulation, while the antagonist PN 200-110 ( 1 µM ) decreased the Ca2+ rise by 
46 ± 3% in the nucleus. The use o f  simultaneous whole current clamp and 
confocal optical recordings indicated that single action potentials and small 
EPSPs ( ~ 15mV) produced only a modest activation o f  L-type calcium  
channels. Voltage clamp experiments with simulated EPSPs and action 
potentials (square pulses) indicated that L-type voltage sensitive calcium  
channels were preferentially activated by sustained depolarizations (~100ms) 
positive to −35m V. Pharmacological experiments on synaptically evoked 
EPSPs suggest that NM D A receptors mediate the prolonged depolarization 
responsible for L-type calcium channel activation. Our results provide insight 
into how select synaptic signals are transduced into nuclear events that result 
in gene expression and synaptic plasticity.
Supported by NA R SA D , MRC Canada and EJLB Foundation.
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37.3

CA2+ INFLUX VIA N- AND L-TYP CHANNELS IS REQUIRED FOR 
ASSOCIATIVE LTD IN THE RAT HIPPOCAMPUS. C. N orm ann1, J. W a ld en 1*, 
M. Berger1, P. Jonas2 and J. Bischofberger2. 1D e p t. of Psychiatry and 
2Institute of Physiology, University o f Freiburg, 7 91 04  Freiburg, 
Germany.

Long-term depression (LTD) induced by low -frequency stim ulation has 
been shown to be critically dependend on Ca2+ influx via L-type 
channels and could be blocked by n ifed ip ine. To further explore the role 
of different Ca2+ influx pathways in the expression of synaptic  
plasticity, we induced an associative form o f LTD. EPSPs w ere evoked in 
whole-cell recorded CA1 pyram idal neurons by stim ulation  of Schaffer 
collaterals, and associative LTD was induced by asynchronous pairing  
of EPSPs with postsynaptic action potentia ls. This protocol reduced the 
EPSP peak amplitude to 37 ± 6 .9 %  o f the control value (± SEM, n=8 ). 
Basal transmission was not affected by bath application of 10 µM  
nifedipine whereas 500 nM ω -conotoxin GVIA reduced the EPSP 
amplitude. However, stable synaptic transm ission could still be 
measured, most probably due to the rem aining presynaptic  P- or Q-type  
channels. Both nifedipine and ω -conotoxin prevented the induction of 
associative LTD. The NMDA receptor antagonist D-AP5 was w ithout 
significant effect both on basal transm ission and on associative LTD. In 
additional voltage-clamp experim ents in CA1 pyram idal cells, n ifedipine  
and ω-conotoxin reduced a pharm acologically  isolated Ba2+ current. 
These results suggest that Ca2+ influx via both postsynaptic L- and N- 
type channels contribute to the induction o f LTD.
Supported by DFG grant Bi 6 4 2 /1 -1  to J.B. and university  funds.

37.5

P2Y6 nucleotide r e c e p t o r s  h e t e r o l o g o u s l y -e x p r e s s e d  in
SYMPATHETIC NEURONS INHIBIT BOTH N-TYPE Ca2+ AND M-TYPE K+ 
CURRENTS. A. K. Filippov,1 T. E. Webb,2 E. A. Barnard2 and D. A. Brown1* 
1Dept.Pharmacology, University College London, London. WC1E 6BT; and 2 
Molecular Neurobiology Unit, Royal Free Hospital School of Medicine. London. 
NW3 2PF, UK.

The P2Y6 receptor is a uridine nucleotide-selective G protein-linked 
receptor detected in the brain and known to stimulate the phosphoinositide 
signalling pathway. We have studied the coupling of P2Y6 receptors to neural N- 
type Ca2+ (Ca(N)) and M-type K+ (K(N)) channels by heterologous expression in 
rat superior cervical sympathetic ganglion (SCG) neurons (Filippov et a l . 1997: 
Br.J.Pharmacol., 121:849-851). Dissociated SCG neurons were micro-injected 
with a mixture of P2Y6 cRNA and green fluorescent protein (GFP) cRNA (1.25 
µg µl − 1 ) and ICa(N) and IK(M) recorded from fluorescently-labelled cells 12-24 h 
later. In P2Y6 cRNA-injected cells, UDP inhibited ICa(N) ~53% (1C50 ~5.9 nM) 
and inhibited IK(M) by <70% (≤IC50 ~30 nM). No effects were seen in GFP- 
expressing control cells. ATP was ineffective. Inhibition of ICa(N) was partly 
voltage-sensitive: current onset was slowed and inhibition was reduced by a 
depolarizing prepulse. Pretreatment with Pertussis toxin (PTX) did not affect 
P2Y6 mediated inhibition of IK(M) but reduced inhibition of ICa(N) by ~60%.

Thus, like the P2Y2 receptor (Filippov et al., 1997) but unlike other 
molecularly-defined G protein-linked receptors expressed in SCG neurones, the 
single P2Y6 receptor can couple to at least two G proteins, and thereby inhibit 
both Ca2+N and K+M currents. This implies that the P2Y6 receptor may induce a 
broad range of effector responses in the nervous system.

Supported by the Wellcome Trust and Medical Research Council.

37.7

INTERSYNAPTIC DIFFUSION OF CALCIUM THROUGH THE DENDRITE.
M. Umemiya*. Dept. of Neurophysiology, Tohoku Univ. Sch. of Med.; Sendai, 980- 
8575 Japan.

Calcium influx through N-Methyl-d-Aspartic acid (NMDA) receptors is essential 
for the activity dependent synaptic plasticity, such as a long-term potentiation. 
Intracellular calcium has been shown to trigger various second messenger system. It 
is suggested that calcium can diffuse from the synapse to the other synapses and 
modulate neighboring synapses, associatively. In this experiment, using the calcium-
imaging technique, I measured calcium concentration in the dendrite and the spine 
from cultured cortical neurons. Calcium influx through NMDA receptors was 
induced by the spontaneous quantal transmitter release in the presence of TTX, a 
sodium channel blocker. To allow calcium influx through the NMDA channels at the 
resting membrane potential, extra-cellular magnesium was eliminated. The calcium 
transient, termed a miniature synaptic calcium transient (MSCT) was originated from 
a point, a synapse, and diffused in the dendrite distally and proximally. It is unlikely 
that calcium transients in the extra-synaptic dendrite was due to the activation of 
extra-synaptic NMDA receptors by the spill-over glutamate from the synapse, 
because the calcium transient did not spread to nearby synapses on the different 
dendrite. The diffusion coefficient of calcium in the dendrite was ~ 1 × 10−4 mm2/s, 
that the same order as the diffusion coefficient of free calcium in the cytoplasm. The 
mean time to peak of MSCTs was ~ 150 ms, and the decay time constant of MSCTs 
was several hundreds of milliseconds. The decay phase was independent of Fluo-3 
concentration between 100 and 500 µM. It is concluded that calcium through NMDA 
receptors activated by single packets could diffuse to neighboring synapses within a 
few microns in the dendrite. Thus, it is possible that intracellular calcium works as 
an intracellular messenger for the associative synaptic modulation. Supported by 
Ministry of Education, Science, Sports and Culture of Japan (No. 09260203).

3 7 .4

EFFECT OF LAMOTRIGINE ON THE Ca2+-SENSING CATION 
CURRENT OF CULTURED HIPPOCAMPAL NEURONS. Z.G. XionG*, 
W.Y. Lu and J.F. MacDonald. Dept. of Physiology, Univ. of Toronto, 
Toronto, M5S 1A8.

Extracellular calcium falls rapidly and transiently during excitatory 
synaptic transmission and epileptic activity. We previously demonstrated 
that a decrease in the concentration of extracellular calcium activated a 

, novel non-selective cation channel in hippocampal neurons (Xiong et al. 
Proc. Natl. Acad. Sci. USA 94:7012-17. 1997). We suggested that this 
channel serves as calcium-sensing cation channel (CSCC) in central 
neurons. In the present study, the effects of the anti-epileptic agent 
lamotrigine (LMT) on CSCC in cultured hippocampal neurons was studied 
using whole-cell patch-clamp technique. At a holding potential of -60 mV. 
a slow inward current through CSCC was activated by step reductions of 
extracellular calcium from 1.3 to 0.2 mM. LMT dose-dependently inhibited 
the current with an IC50 of 171 ± 25.8 µM and maximal inhibition of 49.7 ± 
5.8% (n=6). LMT did not change the potency of calcium in blocking the 
current (IC50 for calcium in control: 145 ± 18 µM; in the presence of LMT 
300 µM: 136 ± 10 µM. n=5, p>0.05). The effect of LMT was not voltage- 
dependent. In the presence of 300 µM LMT, the amplitude of the inward 
current was decreased by 29 ± 3% at -60 mV as compared to 24 ± 6% at 
+40 mV (n=5, p>0.05). In current-clamp recordings, LMT 300 µM 
significantly inhibited the depolarization and the increase in the frequency 
of the action potentials induced by decreasing extracellular Ca2+ from 1.3 
to 0.5 mM. Other anti-epileptic agents including felbamate, ethosuximide 
and barbiturates had no effect on CSCC. It is concluded that the effect of 
lamotrigine on CSCC may partially contribute to its anti-epileptic action. 
(Supported by MRC of Canada).

3 7 .6

DENDRITIC CALCIUM DYNAMICS IN DEEP NEOCORTICAL PYRAMIDAL 
NEURONS MEASURED IN VIVO USING TWO-PHOTON MICROSCOPY. 
F. Helmchen,1 K. Svoboda,2 W. Denk,1 D.W. Tank1*. 1Biol. Comp. Research Dept., 
Bell Labs, Lucent Technologies, Murray Hill, NJ 07974; 2CoId Spring Harbor 
Laboratory, Cold Spring Harbor, NY 11724.

Calcium dynamics in dendrites of neocortical neurons were measured in vivo in 
the somatosensory cortex of anesthetized rats ( 1.5 g Urethane / kg bw) using two- 
photon laser-scanning microscopy (TPLSM). Intracellular recordings (0.4 M 
KAcetate, 3 mM Calcium Green-1, 50-100 MΩ electrode resistance) were combined 
with TPLSM to characterize Ca2+ transients evoked by whisker stimulation (5 Hz). 
In some experiments 2% Neurobiotin was included in the electrode solution for later 
reconstruction of the cell morphology. In a few cases we recorded from neurons with 
a thick dendrite and a branched tuft in layers 1 and 2, but with somata deeper than 
the maximal imaging depth (about 500 µm). In these dendrites whisker deflections 
evoked slow potentials (amplitude up to 60 mV, half-width up to 40 ms) with bursts 
of fast action potentials riding on top. The slow potentials were correlated with 
sharp waves in the EEG and evoked large dendritic Ca2+ transients. The amplitude 
of these transients was largest in the thick dendrite and decreased along the 
secondary and tertiary tuft branches. A brief tail pinch (1-2 sec), which is known to 
stimulate cortical-activating pathways, transiently increased the amplitude of the 
Ca2+ signals. The results suggest that, in contrast to layer 2/3 pyramidal neurons, in 
which no generation of Ca2+ action potentials was observed with whisker deflections 
(Nature 385:161. 1997), sensory stimulation can produce Ca2+ action potentials in 
the distal dendrites of these putative layer 5 cells and that the evoked Ca2+ influx is 
regulated via modulatory pathways. (Supported by Lucent Technologies, 
Klingenstein Foundation, Whitehall Foundation and Max-Planck-Society)

3 7 .8

NONLINEAR Ca2+ SIGNALING DUE TO HIGH-AFFINITY Ca2+ BUFFERS IN 
CEREBELLAR PURKINJE NEURONS. H. Maeda, 1,2 K. Ito,1 A. 
Tachikawa,1,2 G .C.R. Ellis-Davies,3 Y. Miyashita,1 and H. Kasai.1,2 *  
1 Department of Physiology, Faculty of Medicine, University of Tokyo, Hongo, 
Bunkyo-ku, Tokyo 113, Japan. 2CREST of the Japan Science and Technology 
Corporation. 3Bockus Research Institute and Department of Physiology, 
Allegheny University, 415 South 19th Street, Philadelphia, PA 19146, USA.

Calcium signaling in cultured mouse cerebellar Purkinje cells was 
investigated with the low-affinity Ca2+ indicator BTC. In vivo calibration of BTC  
was performed by whole-cell recording. Increases in [Ca2+]i of >10 µM were 
induced by repetitive (0.5 to 4 Hz), short-duration (10 to 50 ms) depolarization 
pulses applied for 30s, mimicking the climbing fiber inputs necessary for the 
induction of long-term depression of parallel fiber inputs. Moreover, the 
repetitive depolarization increased [Ca2+]i in a nonlinear manner: Marked 
potentiation of the increases in [Ca2+]i occurred after several (1 to 20) 
depolarization pulses. The time course of the potentiation varied among 
dendrites, but the potentiation always occurred when the basal [Ca2+]i before a 
depolarization pulse reached a threshold concentration (~1 µM). In contrast, the 
[Ca2+]i increases became constant when the basal [Ca2+]i was >5 µM. Similar 
potentiation of [Ca2+]i increases was detected by repetitive partial photolysis of 
a Ca2+-saturated high-affinity caged-Ca2+ compound, DM NPE-4. These data 
suggest that (1) Purkinje cells contain large amounts of high-affinity Ca2+ 
buffers, consistent with the abundance of C a2+-binding proteins such as 
calbindin and parvalbumin in this cell type; (2) the high-affinity buffers can 
effectively prevent large increases in [Ca2+]i in response to weak stimuli; 
whereas (3) the buffers can be saturated by repetitive depolarization, so that 
[Ca2+]i can become high in the bulk dendrite as well as in the Ca2+ domains of 
C a2+ channels. Thus, the high-affinity Ca2+ buffers may play a critical role in 
the induction of synaptic plasticity.

Supported by a Research-for-the-Future grant of JSPS.
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3 7 .9

SPA T IA L  L O C A L ISA T IO N  O F A  C A L C IU M  B IN D IN G  PR OTEIN: A  
P O T E N T I A L  M E C H A N I S M  F O R  D E V E L O P M E N T A L  
R E G U L A T IO N  O F S Y N A P T IC  E F F IC A C Y  N . J. H a ck * , A .C  
P e te r s o n . S. B . K ater and T .N . P a rk s. D e p t . o f  N e u r o b io lo g y  &  
A n atom y, U n iv . o f  Utah Sch . M ed ., Salt L ak e C ity , U T  8 4 1 3 2 .

L ocal ca lcium  hom eostasis is determ ined by both the concentration and 
localisation  o f  m any com p onents that increase and rem ove ca lc iu m  from  
the cy top lasm . C alciu m  b inding proteins (C B P 's) are particularly w ell  
suited to control the spatial and tem poral aspects o f  loca l ca lc iu m  signals. 
W e have sh ow n p rev iou sly  that the concentration  o f  the C B P  calretinin  
(C R ) in creases  in brainstem  auditory neu ron s o f  the ch ick , n u cleu s  
m agn ocellu lar is (N M ) during d ev e lo p m en t (JC N  1997 , 3 8 3 :1 1 2 -1 2 1 )  
co in c id en t w ith  the form ation  o f  the uniq u e c a ly c in e  co ch lea r  nerve  
term inals on N M  neurons and the on set o f  synaptic tran sm ission . U sin g  
con foca l laser scanning m icroscop y and im m unostaining o f  CR  in ch ick s  
at em b ryon ic d ays 1 0 ,1 3 ,1 5  and 18 w e h ave fou n d  a d ev e lo p m en ta l  
ch an ge  in the lo ca lisa tio n  o f  C R  in N M  n eurons. A t E l 0 -1 3  C R  is 
d iffu se  through the c y to p la sm , w h ereas at E l 5 -1 8  C R  u n d erg o es  a 
dram atic re lo ca lisa tio n  to be h ig h ly  con cen trated  under the p lasm a  
m em brane. D ou ble staining with the presynaptic marker syntaxin  reveals  
C R  lo ca lised  in the postsyn aptic  neuron under the c a ly x . S in ce  norm al 
syn ap tic  tran sm ission  in these neurons resu lts in s ig n ifica n t ca lc iu m  
in flu x , in particular through C a 2 +  p erm eab le  A M P A  recep tors, w e  
su ggest that the translocation o f  CR  to the site o f  h igh  ca lc iu m  in flu x  is 
im portant for the spatial and tem poral control o f  ca lc iu m  s ig n a llin g  in 
N M  neurons. W e are currently investigating whether the relocalistaion o f  
CR  is activity dependent or ce ll autonom ous.
Supported by USPHS grant DC00144 to T.N.P

37.11

FUNCTIONAL PROPERTIES OF RYANODINE-SENSITIVE INTRACELLULAR 
CALCIUM STORES IN RAT NEOCORTICAL PYRAMIDAL NEURONS 
F.Viana*, O. Garaschuk, Y. Kovalchuk & A. Konnerth I. Physiologisches Institut, 
Universität des Saarlandes, 66421 Homburg, Germany

Ryanodine receptors (RyRs) are abundantly expressed in different neurons, 
including pyramidal neurons of the cerebral cortex. Activation of RyRs releases Ca2+ 
from intracelular stores, elevating intracellular Ca2+ ([Ca2+]i). By combining digital 
fluorometric imaging with whole-cell patch-clamp recordings, we studied the 
temporal and spatial dynamics of Ca2+ transients triggered by caffeine, a selective 
agonist of RyRs. in large layer V pyramidal neurons of the rat sensorimotor cortex.

Brief, focal applications of caffeine onto cell somata caused transient elevations in 
[Ca2+]i. These [Ca2+]i signals were potentiated following a depolarization triggered 
by KCl or a voltage-step. The amplitude of [Ca2+]i transients to repeated, closely 
spaced, caffeine applications were attenuated by ryanodine and by the SERCA pump 
blocker cyclopiazonic acid. In current-clamp, caffeine-activated [Ca2+]i signals led to 
a transient hyperpolarization. Correspondingly, in cells voltage-clamped at -60 mV, 
caffeine caused a Cs+ and TEA-sensitive outward current, most probably due to 
activation of a Ca2+-activated K+ current.

Focal applications of caffeine onto pyramidal cell somata and dendrites evoked 
highly localized [Ca2+]i transients in both subcompartments. Using high-speed 
confocal imaging, we established an uneven distribution of caffeine-activated [Ca2+]i 
responses in the dendrites. They were localized primarily on the main apical 
dendrite, with the largest [Ca2+]i responses centered near dendritic branch-points. 
Unlike [Ca2+]i responses evoked by single back-propagated action potentials, no 
caffeine-evoked [Ca2+]i responses could be detected at dendritic spines.

In summary, the non-homogeneous distribution of caffeine-sensitive intracellular 
Ca2+ stores and the activation of K+ currents by elevated Ca2+ may control the 
propagation of electrical signals within the dendrites of cortical pyramidal neurons. 
(Supported by DFG/SFB 246)

3 7 .1 3

SEROTONIN AND SPIKES SYNERGISTICLY RELEASE CALCIUM IN 
DENDRITES OF HIPPOCAMPAL PYRAMIDAL CELLS. W.N. Ross* and 
V.M. Sandler. Dept. Physiology, N. Y. Medical College, Valhalla, NY 10595.

Action potentials backpropagate over the dendrites of pyramidal neurons. 
These spikes cause increases in [Ca2+]i at all locations that are closely linked in 
time with the spikes and primarily result from Ca2+ entry through VGCC. To 
investigate the effects of 5-HT on these increases we injected pyramidal neurons 
in hippocampal slices with 100 or 200 µM bis-fura-2 and monitored [Ca2+]i with a 
high speed CCD camera. Serotonin (10 µM), by itself, usually caused little 
change in resting [Ca2+]i. When a train of 10 action potentials was evoked, two 
effects of 5-HT on the [Ca2+]i changes were produced. In one (previously 
described), the [Ca2+]i changes were reduced at all locations. This effect is due to 
a lowering o f the spike amplitude in the dendrites and a direct modulation of the 
Ca2+ channels. The other effect is release of Ca2+ from internal stores. This release 
does not occur in all cells, but it has been observed in more than 10 experiments. 
The release o f Ca2+ is not linked with the action potentials. However, spikes are 
required and usually more than 5 (at 50 ms intervals) are needed. No other 
electrical correlate of the release has been noticed. The onset of release is rapid, 
usually before the end of the train. The magnitude of the release is much larger 
than the spike-evoked [Ca2+]i increase. Most commonly, it is localized to the 
proximal region o f the apical dendrites. However, in one experiment somatic 
release was recorded. The release moved as a slow wave over a limited part of the 
apical arbor. In the soma and distal dendrites the [Ca2+]i increase retained the 
temporal profile o f spike-evoked Ca2+ entry. Although the release is large and has 
some characteristics of a wave, the half recovery time of the event was rapid, 
usually similar to the duration of spike-evoked transients. The release generally 
could be evoked only once by a train, although one example of multiple release 
has been recorded. Supported by the NIH (NS-16295) and the HFSPO.

3 7 .1 0

LO C A L CA LC IU M  RE LE A SE BY  IP3 D U R IN G  PA R A LLE L FIBER- 
PU R K IN JE CELL SY N A PTIC  T R A N SM ISSIO N . E.A. Finch* and G.J. 
Augustine. Dept. Neurobiology, Duke Medical Center, Durham, NC 27710.

Although several lines of evidence implicate inositol 1,4,5- 
trisphosphate (IP3) in cerebellar long-term synaptic depression (LTD), it has 
yet to be demonstrated that parallel fiber (PF) activity evokes IP3-induced Ca 
release in postsynaptic Purkinje cells (PCs). We have examined this question 
by combining confocal microscopic imaging of cytosolic Ca with whole-cell 
patch clamp recordings of PF transmission in individual PCs in cerebellar 
slices. Low frequency stimulation of PFs (0.1 Hz) produced no observable 
increase in dendritic Ca levels in PCs. However, brief trains of PF activity 
(40-80 Hz) produced localized increases in postsynaptic Ca that were 
restricted to small regions of dendrite and adjoining spines. These Ca signals 
were partially blocked by CNQX (10-20 µM), indicating a contribution 
mediated by AMPA receptors. The Ca signals detected in the presence of 
CNQX were blocked by an antagonist of type I metabotropic glutamate 
receptors, MCPG (1 mM). The MCPG-sensitive component represented 
approximately half of the total increase in postsynaptic Ca, both increasing 
the amplitude and prolonging the duration of PF-evoked Ca signals. Heparin 
(50 µg/ml), a blocker of IP3-induced Ca release, eliminated the MCPG- 
sensitive Ca signal. These results demonstrate that IP3-induced Ca release 
contributes to postsynaptic Ca signaling during high-frequency trains of PF 
activity. The highly localized nature of these Ca signals is consistent with the 
idea that Ca signaling by IP3 is important for creating functional 
compartments within PC dendrites that help confer input specificity to LTD. 
Supported by NS-09586 and NS-34045 from NIH.

3 7 .1 2

REDUCTION OF DEPOLARISATION-INDUCED INTRACELLULAR 
CALCIUM TRANSIENTS BY TETRAPHENYLPHOSPHONIUM (TPP+) IN 
MICE DRG SENSORY NEURONES.
N. Svichar1’2, V .  Shishkin1, N .  Lozovaya*1. 1Bogomoletz Institute of
Physiology, Bogomoletz Str. 4, 252024 Kiev, Ukraine;2Dept. of Physiology, 
University of Leeds, Leeds, LS2 9JT, UK.

Mitochondria can accumulate Ca2+ ions via the uniporter system during the 
peak of Ca2+ entry with subsequent release of Ca2+ back into the cytosol during 
signal decay. This mechanism in mitochondria limits the amplitude of [Ca2+]\ 
transients generated by Ca2+ influx via plasmalemmal channels and determines 
the kinetics of the recovery phase. However, the intimate mechanism of this 
function still remains unclear but is thought to involve the Na+/Ca2+ exchanger. 
Tetraphenylphosphonium (TPP+) has been shown to block the Na+/Ca2+ 
exchanger. In the present study, we determined the effects of TPP+ on 
intracellular calcium transients in freshly isolated mice sensory DRG neurones. 
Free intracellular calcium [Ca2+]i levels were measured using indo-1 based 
microfluorimetry. Our results show that the amplitudes of fCa2+]i transients, 
induced by depolarization using a high potassium solution, were decreased in 
the presence of 10mM TPP+ in both large and small cells. Furthermore, in only 
large cells was the decay phase of the [Ca2+]i transient significantly shorter in 
the presence of TPP+. In conclusion, the mitochondrial Na+/Ca2+ exchanger 
mechanism plays an important role in modulating calcium levels during 
neuronal activity.

This research was supported by CRDF grant UBI-318.

3 7 .1 4

A PO SSIBLE IN V O L V EM E N T OF CA LC IU M  STORES IN ACTION- 
PO TENTIAL EV O K ED CA LC IU M  TR A N SIEN T S IN CA1 
H IPPOC AM PA L PY R A M ID A L N E U R O N S. J.-G. Barbara*; V.M. 
Sandler and W .N. R oss, D ep t. o f  P hysio logy, N ew  York M edical College, 
Valhalla, N Y  10595.

C alciu m  concentration  ch an ges w ere recorded from  CA1 pyramidal 
neurons in h ippocam pal s lic e s  load ed  w ith  fura-2-A M . T h ese calcium  
transients w ere evok ed  by 1 -10  action  p oten tia ls  e lic ited  by stim ulation  
o f  a xon s in the a lveu s. The fast recovery  tim e o f  ca lciu m  signals 
su g g ests  that [Fura-2] w as b e lo w  50  µM , ind icatin g  that dye-calciu m  
buffering w a s low . C affein e (5 m M ) reversib ly  enhanced calcium  
transient am plitudes by 15-20% . S im ilar experim ents w ith  w h ole-cell 
recordings, after load in g  w ith  b is-Fu ra-2 (2 0 0  µ M ), sh ow ed  that 
ca ffe in e  w a s w ith ou t e ffec t  on m em brane potential, spike am plitude 
and w idth. C affein e action  w as not due to an interaction w ith  L-type 
channels s in ce  n ifed ip in e (2 0  µM ) did  not a ffect it. In addition, the 
enhancem en t w as not due to a increase in cA M P  sin ce IB M X  (100 
µ M ), forsk olin  (5 µM ), or H -8 9  (1 µM ), bath applied  at least 10 min 
before ca ffe in e, did not prevent th is effect. H ow ever, the ca ffe in e  effect 
w as occ lu d ed  by pretreatm ent w ith  thapsigargin  (5 0 0  and 3 0 0 0  nM ) or 
ryanodine (2 0  µ M ) w h ich  em p ty intracellular ca lcium  stores. These 
data su g g est that ca ffe in e  action  on sp ike-activated  calcium  transients 
m ay b e due to an interaction w ith  ry a n od in e-sen sitive stores, enhancing  
ca lc iu m -in d u ced -ca lc iu m  release. In addition, both thapsigargin  (500 
and 3 0 0 0  nM ) and ryanodine (2 0  µM ) reduced ca lciu m  sign a ls about 
20%  in the ab sen ce  o f  ca ffe in e. T h ese  resu lts su ggest that calcium  
release from  stores m ay contribute to ca lciu m  sign a ls triggered by 
action  potentia ls. Supported by the NIH  (N S -1 6 2 9 5 ) and the HFSPO.
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38.1
INCREASED CALCIUM-DEPENDENT INACTIVATION OF HVA 
CALCIUM CURRENTS IN DENTATE GYRUS GRANULE CELLS OF 
CALBINDIN-D28k (CB) KNOCKOUT MICE. U. V. Nägerl1*, M. Mever2. and
I. Mody1. Dept of Neurology1, UCLA School of Medicine, Los Angeles, CA, Dept. of 
Neurochemistry, Max-Planck Institute for Neurobiology, Martinsried, F.R. Germany2.

During temporal lobe epilepsy (TLE) in humans and kindling (an animal 
model of TLE). in rats, CB is selectively lost from the granule cells in the 
dentate gyrus (DGGCs). This loss of a putative Ca2+ buffer is likely to have 
functional consequences on intraneuronal Ca2+ signaling, such as Ca2+ 
dependent inactivation of Ca2+ currents. In support of this view, kindling has 
been correlated with an increased Ca2+ dependent inactivation of high- 
threshold Voltage-activated Ca2+ currents (HVA ICa) in DGGCs and HVA ICa 
have been shown to inactivate with a pronounced Ca2+ dependence in human 
epileptic DGGCs. In order to test whether the observed increase in ICa 
inactivation is specifically associated with a loss of CB, we compared HVA ICa 
recorded from acutely dissociated DGGCs obtained from CB-/- null mutant 
mice and their CB+/+ wild-type littermates. Transverse hippocampal slices 
(400 µm thick) were prepared by standard procedures. Slices were incubated 
at 32°C for 25-30 min in artificial CSF containing 2 m g/m l pronase, and a 
wedge of approximately 1x3 mm containing the GC layer was triturated. 
Whole-cell voltage clamp recordings from visually identified GCs were 
obtained in a 5mM CaCl2 containing medium designed to isolate Ca2+ 
currents. The time course of ICa  decay, which was sensitive to the addition of 
BAPTA to the patch-pipette, was fitted by a double exponential function. In 
CB-/- mice the inactivation time constant of the fast component (τfast) was 
significantly reduced to 32±4 ms (mean±SE) compared w ith the 71±17 ms in 
the CB+/+ littermates, whereas τslow did not appear to differ.

Our data indicate that intraneuronal CB levels regulate the inactivation of 
ICa by altering Ca2+ buffering. Thus, the loss of CB from DGGCs during 
epilepsy is causal to the observed increase in ICa inactivation in these neurons. 
Supported by NIH grant NS-27528 to IM.

38.3
A QUANTITATIVE ANALYSIS OF POST-INHIBITORY REBOUND  
PROPERTIES OF CORTICAL LAYER V CELLS: A N  IN VITRO STUDY. 
Kush Paul*, Behroze Vachha and Larry J. Cauller, Cognition and 
Neuroscience, GR 41, University o f  Texas at Dallas, Richardson,
TX 75083-0688.

The post-inhibitory rebound phenomenon is mediated by a low-threshold Ca2+ 
conductance and has been well worked out in thalamic cells. In these cells it is 
thought to be critical in the generation o f  synchronized oscillatory activity 
observed in sleep and drowsiness. Synchronized oscillations are observed in the 
Cortex and it may be hypothesized that a similar cellular mechanism is 
responsible for such oscillatory behavior. This study focussed on a detailed 
quantitative analysis o f  the rebound firing properties o f  layer V  cells in the 
cortex. This in vitro study used male Sprague-Dawley rats and standard 
procedures for sharp electrode intracellular recording was followed. From a 
resting membrane potential o f  about -65 mV under current-clamp conditions 
layer V ceils exhibited a rebound response at the offset o f  a hyperpolarizing 
pulse. This rebound response was dependent on the amplitude and width o f  the 
preceding hyperpolarizing pulse and evoked both single spikes as well as a 
burst of action potentials. A depolarizing pulse also gave rise to a burst o f  
action potentials whose frequency was enhanced when it was preceded by a 
hyperpolarizing pulse. The rebound response was inactivated at depolarized 
holding potentials. Various pharmacological manipulations using TTX and 
Ca2+ blockers (e.g., Co2+, Mn2+) confirmed the presence o f  a low-threshold Ca2+ 
conductance which mediated the post-inhibitory rebound response. Cells stained 
with biocytin were later recovered for visualization. The majority o f  neurons 
which showed a rebound response were layer V  pyramidal cells.

38.5
CHARACTERIZATION OF CALCIUM CURRENTS IN PUTATIVE 
NEURONAL SUBTYPES IN THE SUPERIOR REGION OF THE 
HIPPOCAMPUS. T.J. Carter and M. Mynlieff*. Dept. of Biology, 
Marquette University, Milwaukee, WI 53201-1881.

The superior region of the hippocampus contains a variety of different 
neuronal cell types. In addition to the well-characterized pyramidal cells, 
there are a minimum of three different interneurons: basket cells, stellate cells 
and vertical cells. Stellate cells are activated by the CA3 pyramidal cells and 
mediate feedforward inhibition onto the CA1 pyramidal cells by activation of 
GABAB receptors. Vertical and basket cells mediate both feedforward and 
feedback inhibition primarily by activation of GABAA receptors. Although 
others have investigated the calcium currents in the excitatory pyramidal cells, 
the calcium currents in the interneurons are not well characterized due to the 
limitations of the slice preparation in voltage clamp recordings. The current 
study was performed on cells isolated from the superior region of the 
hippocampi of 1-3 week postnatal rats. Nearly 40% of the cells in these 
cultures stain with anti-GABA antibodies after 24 hours in culture. Previous 
studies in the laboratory have demonstrated that using whole cell recording in 
the current clamp mode allows the assignment of putative identities to the cells 
after 16-96 hours in culture based on the action potential duration and 
afterhyperpolarization amplitude. The current study used whole cell 
recording in these cells in the current clamp mode to characterize the action 
potential and afterhyperpolarization to assign a putative identity to each cell. 
This was followed by switching to voltage clamp recording to characterize the 
calcium currents present in the cell.

Supported by NIH grants 01R15NS35308-01 & 01R29NS33012-01A2.

3 8 .2

PERMEATION OF DIVALENT METAL CATIONS IN MAMMALIAN  
NEURONS. Cesare Usai*, Andrea Barberis, Luca Moccagatta and Carla Marchetti. 
Istituto di Cibernetica e Biofisica, C.N.R., via De Marini, 6, 16149, Genova, Italy.

The influx of the toxic divalent cation Cd2+ was studied in cultured cerebellar 
granule neurons from 8-day-old rats, by using the fluorescent probe Fura2. In cells 
superfused with Ca2+-free, high KCl depolarizing solutions, the fluorescence ratio R 
(E340/E380) increased in an approximately linear fashion in the presence of 100 µM 
Cd2+. This increase, reversed by the membrane, permeant Cd2+ chelator TPEN (100 
µM), was partially blocked (67 ± 5%, n=7) by 1 µM nimodipine and enhanced by 
BayK 8644 (1 µM). Cd2+ influx was almost completely (88 ± 5%, n=3) inhibited by 
concurrent application of nimodipine (1 µM) and ω-agatoxin IVA (200 nM), and 
moderately reduced (24 ± 8%, n=4) by ω-conotoxin MVIIC (2 µM). These results 
suggest that Cd2+ permeates mainly through L-type calcium channels, and, at a lesser 
extent, also through P- and Q-type channels. Stimulation with glutamate (100 µM) or 
NMDA (100 µM) in the presence of 10 µM glycine, also caused a rise of R in 100 
µM Cd2+. The glutamate-induced Cd2+ entry was moderately reduced (30%) by 
concurrent application of nimodipine (1 µM) and agatx (200 µM), suggesting a 
minor contribution of VDCCs to Cd2+ influx during glutamate stimulation. 1 mM 
Mg2+ fully inhibited the Cd2+ entry elicited by NMDA (100 µM), likewise the 
NMDA-antagonists memantine (open NMDA-channel blocker, 50 µM) and 7- 
dichlorokynureate (antagonist at the glycine site, 10 µM), suggesting the NMDA-type 
iGluR as a major patway of Cd2+ influx in neurons. Perfusion of cells with 50 µM 
AMPA, moreover, caused a slow increase of R, fairly reduced by 1 µM nimodipine. 
According to these results, Cd2+ permeates the cell membrane mainly through the 
same pathways of Ca2+. The low Cd2+ entry through the AMPA-type iGluR is not an 
exception: even though non-NMDA-type iGluRs are almost impermeable to divalent 
cations, the subfamily of Ca2+-permeable AMPA receptors, lacking the GluR2 
subunit, is largely present in cerebellar neurons. (CNR, Special Project Grant, 97-98).

3 8 .4

INVESTIGATIONS OF PAIRED-PULSE DEPRESSION IN THE CLIMBING 
FIBRE INPUT TO CEREBELLAR PURKINJE CELLS N.C.L. M Naughton & A.D. 
Randall* MRC Lab. Mol. Biol., Hills Rd., Cambridge, CB2 2QH, UK.

The climbing fibre (CF) input to cerebellar granule cells exhibits a robust form of 
paired pulse depression (PPD). There is good evidence that this phenomenon is 
produced through a presynaptic mechanism (Hashimoto & Kano, 1998, J. Physiol. 
506, 391-405), however, it is not currently known what this is. One candidate 
mechanism is Ca2+-dependent inactivation of presynaptic Ca2+ channels; a process 
that clearly plays a prominent role in synaptic depression in the medial nucleus of the 
trapezoid body (Forsythe et al. 1998, Neuron, in press). We have been examining 
CF-PPD in slices of PI 1-15 rat cerebellum. At room temperature climbing fibre 
EPSCs decayed with a time constant of ~4 ms and reversed polarity close to 0 mV. 
Paired pulses at a 50 ms latency exhibited robust PPD in all cells examined, whereas 
trains of 4 or 6 identical stimuli produced additional depression. PPD exhibited no 
significant dependence on post-synaptic membrane potential between -90 mV and 
+60 mV. PPD was greatest (~55%) with the shortest interstimulus latencies (i.e. 10- 
30 ms), but even with a 1s interstimulus period >20% PPD remained. Inhibition of 
presynaptic Ca2+ channels decreased both EPSC amplitude and PPD, whereas 
application of 4AP increased EPSC amplitude and PPD. CNQX decreased EPSC 
amplitude but had no effect on PPD. We have recently shown that increases in 
temperature markedly increased the ability of action potential-like stimuli to produce 
Ca2+-dependent inactivation of N-type Ca2+ channels (McNaughton et al. 1998, 
Neuropharmacology, in press). In the light of this we are now examining the effects 
of temperature changes on PPD. In addition, we are testing how exposure of slices to 
BAPTA-AM affects the generation of PPD.

Supported by Eli Lilly and the Medical Research Council.

3 8 .6
FUNCTIONAL DIVERSITY OF HIGH-VOLTAGE ACTIVATED CALCIUM CHANNELS IN 

PIRAMIDAL NEURONS OF GUINEA-PIG PIRIFORM CORTEX.
J. Magistretti* and M de Curtis - Department of Experimental Neurophysiology, 
Istituto Nazionale Neurologico “Carlo Besta”, Milan, Italy.

Different types of high-voltage activated (HVA) calcium channels are known to be 
expressed in mammalian neurons, and have been proposed to play different functional 
roles. Some neuronal structures of mammalian CNS express preferentially or almost 
exclusively one of these types, while in many others a variety of HVA channels can be 
found. Here we undertook a pharmacological and functional characterization of the 
HVA calcium channels expressed by a paleocortical structure in which calcium 
conductances have been implied in many models of partial epileptogenesis and 
associative memory, namely piriform cortex Calcium were recorded with the whole- 
cell patch-clamp technique in neurons acutely dissociated from the layer II of guinea- 
pig anterior piriform cortex. The voltage-clamp protocols where applied from holding 
potentials of -60/-50 mV, so to fully steady-state inactivate low-voltage currents. The 
calcium currents evoked at a test potential of 0 mV were reversibly reduced by about 
25% by the L-type channel blocker, nifedipine (10 µM). ω-conotoxin GVIA (500 nM) 
irreversibly blocked about 20% of the total current. The effects of the two blockers 
were additive. Neither ω-agatoxin IVA (100 nM) nor FTx 3.3 (1 µM) displayed 
significant effects on the currents, thus suggesting that little if any P/Q type calcium- 
channel component is expressed by these neurons. The blocker-insensitive currents 
could be further distinguished as slowly or fast inactivating, the two components being 
differently expressed in different subsets of cells. Moreover, the activation curves of the 
resistant currents (as obtained with both ramp and pulse protocols) were consistently 
shifted by 5/10 mV in the negative direction with respect to the blocker-sensitive 
currents These data demonstrate that a variety of HVA calcium channels, 
pharmacologically distinguishable and displaying remarkably different functional 
properties, are expressed by piriform-cortex principal neurons.

Funded by the Italian Ministry o f Health.
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38.7
THE DEVELOPMENT AND PHARMACOLOGICAL CHARACTERIZATION 
OF CALCIUM CHANNEL CURRENTS IN CULTURED RAT SEPTAL CELLS. 
J.S.Thinschmidt1, B. W ebb* , D.H. Feldman2 , M.A. K ing1,3, and D.W. 
W alker*1 ,3 . 1 ) University of Florida Brain Institute. 2) Dept. of Physiology. 3) 
V.A Medical Center, Gainesville, FL 32610.

Chronic ethanol treatm ent (CET) causes deficits in learning and 
memory, and a loss of cholinergic neurons in the medial septum (Arendt et al. 
Brain Res. Bull 21: 563,1988). Acute exposure to ethanol can cause a reduction 
in Ca2+ currents (Wang et al. J . Neurosci. 14: 5454, 1994). Thus, CET induced 
effects could be related to alterations in Ca2+ channel function. In order to 
evaluate the possible effects of CET using  a cell cu lture model, we 
characterized Ca2+ channel currents in embryonic rat septal cells (E-21). With 
standard whole-cell voltage clamp methods, cells were held at -80mV and 
depolarized (100ms) to construct current-voltage relations. Barium (10mM) 
was used as the charge carrier. Recordings from 77 cells revealed that Ca2+ 
channel currents increase over time in culture, from nearly 0 p a /p f  on day 2 
(0.65±0.65pa/pf,n=6), to (7.83 ± 1 7 .4 p a /p f ,n =22) on days 7-8. Currents 
measured on days 9-17 were nearly 3 times more dense (21.05±7.16 pa /p f,n=4). 
There was little or no evidence for low voltage activated currents. Bath 
application of 50-100µM CdCl abolished ~ 95% of the current when cells were 
depolarized every 10s. to +10mV (n=6). Bath application of Nimodipine (10µM) 
produced a 50.5±3.22% reduction in current [days 7-9, (n=4)]. Preincubation 
with 1µM ω-conotoxin GVIA (N-type blocker) reduced currents by ~ 11%; ω- 
Agatoxin IVA (P /Q -type blocker) produced little or no effect. These data 
indicate critical periods for the expression of Ca2+ channels in cultured septal 
cells and show that they express multiple Ca2+ channel subtypes including "L" 
and "N" type channels. Supported by NIAAA grants AA00200, AA10480, and 
the Med. Res. Service Dept. of Veterans Affairs.

38.8
RAT CHROMAFFIN CELLS DISPLAY DRAMATIC CHANGES IN CALCIUM 
DYNAMICS AND HOMEOSTASIS CONSISTENT WITH THE ACQUISITION 
OF A NEURONAL PHENOTYPE AFTER NGF TREATMENT. N. Jiménez and A. 
Hernández-Cruz*. Dept. de Biofísica. Instituto de Fisiología Celular, UNAM. 
México city, 04510 D.F., México.

Chromaffin cells exposed in vitro to NGF display striking morphological and 
electrophysiological changes. Here we show that NGF-induced differentiation also 
causes radical changes in Ca2+ handling properties. Postnatal chromaffin cells were 
examined after 1 and 15 days in culture with and without NGF (100 ng/ml). Ca2+ 
measurements were accomplished using digital fluorescence microscopy and single-
cell fura-2 fluorometry. In NGF-treated cells, resting [Ca2+]i increased from 73 to 
145 mM (p<0.0001). A smaller increase (to 103 nM) was observed in control cells 
(p<0.003). A conspicuous reduction in spontaneous Ca2+ rises also occurred, they 
were frequent in control cells and absent after NGF treatment. Most importantly, the 
amplitude, rate of rise and area under the Ca2+ transients induced by membrane 
depolarization increased 3.5, 5.6 and 3.2 fold, respectively, while Ca2+ transients 
elicited by 10 mM caffeine increased 10, 9.2 and 4 fold, respectively. These changes 
suggest a NGF-induced augmented expression of both voltage-gated Ca2+ channels 
and ryanodine receptor channels. The Ca2+ transient induced by membrane 
depolarization decayed about 3 fold faster after NGF treatment, indicating the 
concomitant development of a more efficient Ca2+ pumping machinery. Caffeine- 
induced responses underwent the most radical changes, from small (or even inducing 
a decrease in [Ca2+]i) at early stages of NGF treatment to large and biphasic at later 
stages. Most Ca2+ handling properties of NGF-treated chromaffin cells were 
intermediate between control cells and rat sympathetic neurons, but others were 
indistinguishable from those of genuine nerve cells. These experiments support the 
notion that NGF-induced changes include a profound reorganization of several 
mechanisms involved in cellular Ca2+ homeostasis, perhaps specific of neuronal cells

Supported by grants DGAPAIN204497 and CONACyT 25261-N (México)

38.9
SPATIAL A N D  TEM PORAL DISTRIBUTION OF INTRACELLULAR  
CALCIUM TRANSIENTS DURING THETA BU R ST STIM ULATION  
(TBS)-INDUCED LONG TERM  POTENTIATION (LTP) AND  
DEPOTENTIATION IN CA1 AREA OF RAT HIPPOCAM PAL SLICE. 
M .H.Kang1*, S.D.M oore2,3, and W .A.W ilson1,3. Dept. o f  1Pharmacology and 
2Psychiatry, Duke Univ. Med. Ctr.; 3Neurology Research Laboratory, 
Veterans Admin. Med. Ctr.; Durham, NC 27705.

Calcium is known to play a critical role in the induction o f  synaptic 
plasticity. Therefore, we studied the calcium transients during TBS-induced 
LTP and depotentiation. To study the calcium transients across C A 1 area o f  
hippocampal slices, we used bulk-loading methods with fluo-3 AM  and a 
CCD camera in a sequential frame transfer mode with 10 X and 40 X  
objectives. During LTP induction by low intensity (LI)-TBS, calcium  
transients were localized mostly in the stimulating area, i.e., stratum radiatum, 
and lasted 3-4 sec long. During depotentiation induced by high intensity (HI)- 
TBS, the extent o f  spread o f  calcium transient was increased in all layers in 
CA1 area but were largest in stratum radiatum. Calcium transients also 
spread to CA3 stratum radiatum, and lasted over 10-20 sec. The magnitude o f  
intracellular calcium transients during HI-TBS was 2-3 times larger than 
during LI-TBS. In conclusion, the spatial distribution, the duration, and the 
magnitude o f  calcium transients during HI-TBS were significantly greater 
than during LI-TBS. Further studies are in progress, in conjunction with 
calcium imaging in single cells using whole cell patch techniques, to find out 
which aspects o f  calcium transients are critical in inducing LTP or 
depotentiation. Supported by grants from VAM C and N S 32125.

38.10
A C T IO N  P O T E N T IA L -IN D U C E D  P O T E N T IA T IO N  O F Ca2+ 
C H A N N E L  A C T IV IT Y . J.M . S ch iött and M R , P lu m m er*, D e p t. o f  
Cell B io l . and N eu ro sc i., R u tgers U n iversity , P iscataw ay , NJ 08 8 5 4 .

V oltage-gated  Ca2+ channels have been  im p licated  in N M D A -  
independent form s o f  synaptic p lasticity . W e have sh ow n  previou sly  
that a subtype o f  D H P -sen sit iv e  channel (L p ) sh o w s potentiated  activity  
fo llo w in g  co n d ition in g  depolarizing  pre-p ulses. T o  assess  the p h ysio 
lo g ica l re levan ce o f  th is e levated  activ ity , s im ulated  trains o f  action  
potentia ls w ere  used  to  induce p otentiation . S in g le-ch an n el recordings  
o f  Lp activ ity  from  cultured h ippocam pal neurons sh o w ed  increased  
open  probability  at a h o ld in g  potential o f - 7 0  m V  after h igh  frequency  
trains (>  100 H z, b e lo w  right) but not after m oderate frequ en cy (5 0  
H z, b e lo w  left) trains w h en  com pared to  potentiation  induced  by a pre-
p u lse  to -4 0  m V. The enhanced open  probability  resu lted from  aug
m ented Lp re-op en in gs as w e ll as longer tail currents. Prolonged  Ca + 
channel activ ity  could provide the Ca2+ in flu x  necessary  to  elicit  
ch an ges in synaptic  e ffica cy . Supported by N IH  grant N S 3 4 0 6 1 .

38.11
THE EFFECTS OF KINETIC SLOWING ON CALCIUM CHANNEL 
ACTIVATION DURING AN ACTION POTENTIAL. D.E.Artim* and S.D. 
Meriney. Department of Neuroscience, University of Pittsburgh, Pittsburgh, PA 
15260.

In the chick ciliary ganglion, somatostatin (SOM) acts via G-protein coupled 
receptors to potently inhibit N-type calcium current in a voltage-dependent manner. 
This inhibition exhibits kinetic slowing, defined as the ratio of the percent inhibition 
of peak calcium current (measured when control currents peak), to the percent 
inhibition of sustained calcium current (measured 5 ms before the end of a 100 ms 
step to +10 mV). Kinetic slowing is a commonly observed correlate of voltage- 
dependent calcium current inhibition, and is associated with an increased latency to 
first channel opening in single channel studies. However, the physiologic relevance 
of this slowed calcium channel activation has not been studied directly. We have 
investigated the contribution of kinetic slowing to inhibition of action potential (AP)- 
evoked calcium current using whole-cell patch-clamp recordings of N-type calcium 
current in stage 40 chick ciliary ganglion neurons. Action potentials recorded from 
the soma of a ciliary ganglion neuron and the nerve terminal varicosity of a Xenopus 
motoneuron were used as voltage commands to evoke calcium current in the presence 
of 1µM nifedipine. The time course of calcium channel activation during an AP was 
estimated by stepping the membrane potential to -80 mV at various times during the 
repolarization phase of the AP and measuring the resulting tail current. The addition 
of GTP-γ-S to the recording pipette induced voltage-dependent inhibition with kinetic 
slowing, but did not significantly change the time course of calcium channel 
activation during the ciliary ganglion AP. When tested using the motoneuron AP 
waveform, the modulated channels associated with kinetic slowing contributed 
minimally to AP-evoked calcium current, and then only after the AP had repolarized 
to greater than 50%. Our data suggest that these modulated channels contribute little 
to the macroscopic calcium current evoked by a single AP. Supported by NIH 
NS32345 and a Grant-in-Aid from the American Heart Association.

38.12
H O W  D O  N E U R O N S  G E N E R A T E  C O M P L E X  R H Y T H M S  
W ITH  V A R IO U S  FR E Q U E N C IE S ? T.R . C hay * , U n iversity  o f  
Pittsburgh; Pittsburgh, P en n sy lvan ia  152 6 0  U S A .

S om e neurons generate en d ogen ou s rhythm s w ith  a period o f  a 
few  hundred m illiseco n d s, w h ile  others generate rhythm s with a 
period o f  a few  tens o f  secon d s. S o m etim es th ese  rhythm s appear 
chaotic . E xp lain in g h ow  they can generate various m odes o f  
o sc illa tion  w ith  a w id ely  ranging frequ en cy is a ch a llen ge . T he first 
part o f  th is rev iew  illustrates that such rhythm s can be generated  
from  sim p le  yet e legan t m athem atical m od els that represent the 
even ts taking p lace in the p lasm a m em brane and cy to so l o f  a certain  
type o f  neurons. C haos em b ed ded  in rhythm ic activ ity  has 
interesting characteristics that are not seen  in other physical 
system s. U nderstanding h ow  th ese neurons u tilize  the en d ogen ou s  
rhythm s to com m u n icate  w ith  each other is im portant in elu cidating  
w h ere the brain gets various rhythm s and w h y  it can pervert into 
abnorm al rhythm s under d iseased  con d ition s. U s in g  the islet o f  
Langerhans in the pancreas as an exam p le , in the secon d  part o f  this 
rev iew , w e  illustrate h ow  insu lin  secretin g  β -ce lls  com m unicate  
w ith g lu cagon  secreting  α -c e l ls  to ach iev e  an optim al insulin  
release.
Supported by: N S F  M C B -9 4 1 1244
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38.13
INACTIVATION OF C A LC IU M  C U R R E N T  IN RAT  
SYMPATHETIC NEU R O N S. Y. S . G o o *  and K. S. E lm slie D e p t. o f  
Physiology, Chungbuk National U n iv . M ed. S ch o o l, C h eon gju , K orea  
361-763* and Tulane Univ. M ed. S ch o o l, N e w  O rleans, L A  7 0 1 1 2 .

Inactivation o f N-type calcium  current has been reported to be 
voltage dependent (Jones and M arks, 1989) and Ca2+-dependent (C ox  
and Dunlap, 1994). W e are exam ining inactivation by recording  
currents from the same cell both in [B a2+]o and [C a 2+]o. Inactivation  
was larger in Ca2+ (32 ±  2%) than B a2+ (23  ±  5% ) u sin g  5 0 0  m s p u lses  
(n=4, p<0.05). This w as surprising s in ce the internal so lu tion  
contained 11 mM EGTA. M axim um  inactivation w a s ob served  at a 
voltage 20 mV left shifted (-2 0  m V in B a 2+  −10 m V  in C a2+) from  the 
peak current voltage for both C a2+ and B a2+, w h ich  is incon sisten t with  
Ca2+-dependent inactivation m echanism . U n der these co n d itio n s, it 
appears that mechanism o f  inactivation is sim ilar in both C a2+ and B a 2+, 
but that inactivation m echanism  is enhanced by C a2+.

Figure: F ive  seco n d s step to the 
indicated voltage in 5 m M  B a 2+ 
and 5 m M  C a2+. Currents w ere  
norm alized to the peak o f  C a2+ 
current.

Supported by Korea Res. 
Found. (YSG), LEQSF & NIH  
(KSE).

38.14
NEUROPATHIC INJURY ELIMINATES T-TΎPE CALCIUM CURRENTS IN 
RAT DORSAL ROOT GANGLION (DRG) SENSORY NEURONS..
J.B. McCallum, O. Hogan, M. Mynlieff, W-M Kwok, Z. J. Bosnjak*. Dept. of 
Anesthesia, Medical College of Wisconsin, Milwaukee, W I 53226.

The crucial role played by low-threshold, T-type calcium currents in neuronal 
bursting and low-amplitude voltage oscillations suggests that they may be involved 
in the increased excitability of neuropathic pain states. This study compares T-type 
calcium currents in the DRG of rats with and without neuropathy, prepared 
according to the model of Bennett and Xie. The DRG from L4-L5 were removed, 
dissociated enzymatically, and acutely studied using the whole-cell configuration of 
the patch-clamp technique (cell size=32-42 µm). To facilitate high-threshold current 
run down, an 80 mM fluoride internal solution was used. To block N-type current, 
cells were preincubated in 1 µM ω-conotoxin GVIA. T-type current was recorded in 
response to 200 ms test pulses to +30 mV from a holding potential of -90 mV (10 
mV increments). Current was normalized to current density for each cell. The 

normalized current/voltage relationship was 
fitted to a Boltzman equation. Peak 
conductance for the normal rats (n=8) was
0.51 ±0.19 nS/pF, whereas peak
conductance for neuropathic rats (n=6) was 
O.O6±O.O4 nS/pF. These results indicate 
that neuropathy decreases T-type calcium 
current. This decrease may be implicated 
in the loss of calcium activated potassium 
currents underlying after hyperpolarizations 
after neuropathy.

38.15
MULTIPLE SPLICE VARIANTS OF α1D CA2+ IN GH3 CELLS. P. Safa1, 
T.G. Hales2, L. Song 2, and J. Boulter3*. 1Interdepartmental Neuroscience 
Program, UCLA; 2Dept. of Pharmacology, The George Washington University, 
Washington D.C. 20037; 3Dept. of Psychiatry and Biobehavioral Sciences, UCLA- 
NPI, Los Angeles, CA 90024-1759.

Activation of metabotropic receptors that couple to pertusis toxin-sensitive G 
proteins inhibiti P/Q-(α1A), N-(α1B), and L-(α1D) type Ca2+ channels. The 
molecular subtype(s) of L-type Ca2+ channels (α 1C, α 1D, α 1S) which are 
modulated by G-proteins remain unknown. In this study, we used RT-PCR to 
identify L-type Ca2+ channel transcipts in GH3 cells (Piros et. al , Neurochem. 
Res. 1996, 21:1277), in which inhibitory metabotropic receptors couple to L-type 
Ca2+ channels in a voltage-dependent fashion.

GH3 cells express all known β-subunits, as well as α 1C, α 1D, but not α 1 S 
mRNAs. Thus, dihydropyridine-sensitive Ca2+ channel activity in GH3 cells could 
be mediated by either αlC or αlD  subunits. Since α 1C channels have previously 
been shown not to couple to receptors through inhibitory G proteins (Bourinet et. 
αl, PNAS 1996, 93:1486), we hypothesized that the α lD  subunit is responsible for 
this action in GH3 cells. Using α 1D subunit specific amplimers, we have identified 
several transcripts that encode splice variants of α 1D subunits. A total of seven 
transcipts have been identified which encode α 1D subunits with or without a 
carboxy terminal QXXER amino acid motif. Such a motif is present within several 
effectors which couple to inhibitory metabotropic receptors via G protein βγ- 
subunits (Chen et. al., Science 1995, 268:1166). We have used a long-range PCR 
strategy to clone GH3 α 1D subunit variants which terminate with a QXXER 
motif. We are currently characterizing these cloned α 1D splice variants in HEK293 
cells stably transfected with δ opioid receptors.
(Supported by NIDA Center Grant DA-05010).

38.17

CALCIUM CHANNELS COUPLED TO NEUROTRANSMITTER 
RELEASE AT NEONATAL RAT NEUROMUSCULAR 
JUNCTION.
M. D, Rosato Siri & O. D . U ch itel*. Lab. de F isio l. y  B io l. M olecular, 
FCEyN, Univ. de Buenos A ires, B u en os. A ires (1 4 2 8 ), Argentina.

The effects on transmitter release o f  d ifferen t C a ++ channel b lockers  
(ω-Aga IVA, ω-CgTx G V IA , and d ihydropyrid ines -n itrendipine and 
nifedipine-; P/Q-type, N -typ e and L -typ e v o lta g e  dependent calcium  
channel-VDCC- blockers, resp ectiv e ly ) w a s studied at em bryo and 
new-born rat neuromuscular ju n ction s (N M J). w -A g a  IV A  (1 0 0  nM ), 
strongly reduced (% o f  blockade >  80% ) transm itter release at new ly  
formed endplates o f  em bryos and 0 -10  d ays-o ld  rats, in agreem ent with  
the effect o f  this blocker on neurotransm itter release at mature and 
reinnervated muscles. In contrast , w -C g T x  G V IA  (1 -5  µ M ) caused a 
significant reduction (~ 5 0%) in quantal con ten t v a lu es in n ew ly  form ed  
NMJ early in d ev e lo p m en t, w h ile  it w a s in e ffe c tiv e  in maturer animals. 
L-type channel blockers, nitrendipine and n ifed ip in e  ( 1 µM ), did not 
significantly affect neurally ev o k ed  re lea se  at d ev e lo p in g  NM J. W e  
conclude that at develop ing rat neurom uscu lar ju n ctio n s P/Q -type  
VDCCs play a main role in n erv e-ev o k ed  transm itter release w h ile  N -  
type VDCCs participate in this p rocess at early sta g es  o f  develop m ent  
indicating that more than one typ e o f  V D C C s m ed iate  acety lcholine  
release at immature neurom uscular ju n ction s.
Support by M D A , C O NIC ET and U n iv  B u en o s  A ires

38.16
PH A R M A C O L O G IC A L  C H A R A C T E R IZ A T IO N  A N D  IN H IBITIO N  OF  
M IT R A L  C E LL P R E SY N A P T IC  C A 2+ IN F L U X  S.J. M u lligan  & K .R. 
D elaney * , D ept., o f  B io lo g y , S im on  Fraser U n iv ., Burnaby B C  V 5 A 1 S 6  
M odulation o f  presynaptic Ca2+ influ x  w as investigated  using an in 
vitro, en bloc preparation con sistin g  o f  the frog forebrain.
A p plication o f  C a2+-G reen Dextran to the accessory  o lfactory bulb  
se lectiv e ly  stained mitral ce ll presynaptic term inals in the am ygdala. 
Sim u ltaneous recordings w ere m ade o f  the presynaptic C a2+ transient, 
action potential v o lley , and am ygdala local field  polential(LFP) evoked  
by electrical stim ulation o f  the accessory  olfactory tract(AO T). W ith  
reduced extracellular C a2+ the field  slop e w as proportional to C a2+ 
in flu x  raised to 3 .8 , fitted over  a range o f  0 -1 .5m M  external C a2+.
N either the L-type C a2+ channel b locker nifed ip ine( 10µM ) nor 
m ib efrad il(T -typ e , 10µ M ) a ffected  the C a2+ transient, or LFP.
C on otoxin  G V IA (N -ty p e ,1µM ) reduced the C a2+ transient b y  6 0 + /-  
1.3% , n= 5 and the LFP by 9 0 + /-3 .3 % , n=5 o f  control. A gatox in -  
IV A (P /Q -ty p e , 100-5 0 0 nM ) reduced the C a2+ transient by 15+ /-3.2% , 
n = 5  and the LFP by 35 + /-6 .3 % , n=5 o f  control. N eith er toxin  
reduced the presynaptic v o lley  com p onent o f  the LFP m easured in the 
A O T  or am ygdala. T h e tw o toxins com b in ed  reduced the Ca2+ 
transient by 71 + /-3 .2 % , n=5 and the am ygdala  LFP by 9 8 + /-1 .1 % , 
n=5 o f  control. Both pharm acologically  defined  channel types appear 
to contribute equally to transmitter release. The cholinergic agonist  
carbachol(1 0 0 µ M ) caused  a 34+ /-2% , n=6  reduction o f  the C a2+ 
transient and a 88+ /-1 .9% , n=6  reduction o f  the am ygdala  LFP w ith  
no decrem ent in the presynaptic v o lley . C arbachol sh ow ed  no  
selectiv ity  for reducing either the toxin  sen sitiv e  or toxin  in sen sitive  
com p on en ts o f  the C a2+ transient. Supported by B C H R F  and N S E R C  
Canada.

38.18
N- AND L- TYPE, BUT NOT P- TYPE CALCIUM CHANNELS MODULATE 
OXYTOCIN RELEASE FROM SPINAL CORD SYNAPTOSOMES. M. Schneider.
I. Wong, and J. Haidar*. Dept. of Biology, St. John's University, Jamaica, NY 11439.

The influx of calcium through voltage sensitive calcium channels (VSCCs) is known 
to be linked to the exocytotic release of neurotransmitters. Therefore, in order to 
understand the mechanisms involved in exocytosis in a specific neuronal type, it is 
important to distinguish the kinds of VSCCs present in these cells. In our laboratory, 
we have previously determined that the K+ evoked release of oxytocin (OT) from spinal 
cord (SC) synaptosomes 1) is a calcium dependent process, and 2) can be modulated by 
K opioid agonists which are known to decrease the influx of calcium through VSCCs 
in other systems. Therefore, our current experiments were designed to determine the 
types of VSCCs involved in the release of OT from SC synaptosomes. For all 
experiments, rat SC tissue was homogenized and synaptosomes separated out, first by 
differential centrifugation, and then by a Percoll gradient. Following this separation 
process, synaptosomes were incubated in a control solution (mM): NaCl 154, KCl 5.6, 
MgCl2 1, HEPES 10, glucose 10, and BSA 0.025%, to obtain a basal level of OT 
release. Specific VSCC blockers were then added to the synaptosomes in a test solution 
(mM): NaCl 103.6, KCl 56, CaCl2 2.2, MgCl2 1, HEPES 10, glucose 10, BSA 
0.025%, and samples collected for OT content. Our results demonstrate that the P-type 
VSCC blocker ω -agatoxin TK (100 nM) was ineffective, whereas either the N-type 
VSCC blocker ω-conotoxin (ω-CgTx) (100 nM), or the L-type VSCC blocker 
nitrendipine (4.0 µM), were each partially able to block the K+ stimulated release of OT 
from SC synaptosomes. More specifically, ω-CgTx and nitrendipine inhibited OT 
release approximately 65%, and 35% respectively. Further, a total block of OT release 
was demonstrated by a combination of ω-CgTx (100 nM), and nitrendipine (4.0 µM). 
In conclusion, N- and L-type, but not P- type VSCCs modulate the release of OT from 
SC synaptosomes following a K+ stimulus. (Supported by St. John's University, and a 
fellowship from the Clare Boothe Luce Foundation).
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38.19
MODULATION O F N E U R O TRA NSM ITTER RELEASE FROM SPINAL CO RD  
SLICES BY L-TYPE CALCIUM CHANNEL AGO NISTS FPL 64176 AND BAY K 
8644. D. Jones* and W . Zhao. Depts. Anesthesiology and Pharmacology, Univ 
Texas Health Science Center, San Antonio, TX  78284

Previous studies have established that both dihydropyridine (DHP) and non- 
DHP L-type voltage-sensitive calcium channel agonists modulate 
neurotransmitter release. The DHP agonist Bay K 8644 (Bay K) modulates K+- 
stimulated [3H]norepinephrine (NE) and [3H]serotonin (5-HT) release and the 
non-DHP agonist FPL 64176 (FPL) modulates K+-stimulated [3H]NE release. 
The purpose of the present study was to determine if these agents also 
modulate release induced by 4-aminopyridine (4AP) and N-methyl-D-aspartate  
(NMDA).

Rat spinal cords were removed and sliced into 350 µ m cubes and incubated 
with 0.05 µ M [3H]NE or [3H]5-HT. Slices were then aliquoted and perfused with 
Krebs-Ringer bicarbonate with subsequent addition of K+ (15 mM), 4-AP (100  
µ M) or NMDA (100 µM). Bay K or FPL were added 10 min. prior to 
depolarization. Both Bay K and FPL produced a concentration-dependent 
enhancement of [3H]NE release induced by K+ depolarization Maximum  
enhancement with Bay K was 30%  and with FPL, 50% . 4-AP- and NMDA- 
induced [3H]NE release, while increased with addition of Bay K, was not 
concentration-dependent. Neither 4-AP- nor NMDA-induced release was 
altered by FPL. These same relationships were demonstrated for K+-, 4-AP- 
and NMDA-induced release of [3H]5-HT from spinal cord slices.

Though FPL is structurally unrelated to Bay K, both agents enhance In 
dependent L-type C a++ currents in cardiac and vascular preparations. However, 
unlike Bay K, FPL has minimal affinity for DHP binding sites which define the L- 
type voltage sensitive calcium channel. Differences in action between these two 
agonists are further demonstrated in the present results concerning 
depolarization-induced neurotransmitter release from spinal cord slices.

ACETYLCHOLINE RECEPTORS: NICOTINIC—PHARMACOLOGY

39.1
PHARMACOLOGICAL DISTINCTIONS BETWEEN NICOTINE-INDUCED 
UPREGULATION AND PERSISTENT INACTIVATION OF NICOTINIC 
ACETYLCHOLINE RECEPTORS (nAChR). R.J. Lukas, C.M. Eisenhour, J.D. 
Fryer, L. Ke, and L. Lucero*. Division of Neurobiology, Barrow Neurological 
Institute, Phoenix, AZ 85013.

Our previous work has shown that chronic nicotine exposure induces numerical 
upregulation (UR) and persistent functional inactivation (PI) of all nAChR subtypes 
tested. However, nicotine potencies as well as magnitudes and rates of onset of 
these effects differ for UR or PI within and across nAChR subtypes. Moreover, 
we’ve demonstrated pharmacological distinctions between UR and PI of human 
muscle-type nAChR. Here we show pharmacological differences in the ability to 
induce UR and PI of a given nAChR subtype as well as across nAChR subtypes. 
Cytisine is more potent than nicotine but has equal efficacy in inducing UR of 
human nAChR containing α3 and β4 subunits expressed by SH-SY5Y 
neuroblastoma cells. By contrast, UR of SH-SY5Y cell nAChR containing α7 
subunits is induced with lower potency and efficacy by nAChR agonists. Agents 
such as pancuronium and alcuronium do not induce UR of α3β4- or α7-nAChR, 
nor do they block nicotine-induced UR. PI of α3β4-nAChR is induced not only by 
cytisine and nicotine, but also by agents such as mecamylamine. Agents such as 
pancuronium or alcuronium inhibit nicotine-induced PI of α3β4-nAChR. Thus, 
some agents can induce PI but not UR, and some agents can block PI but not UR. 
Once again, these results support the hypotheses (i) that PI and UR are 
mechanistically and causally unrelated, (ii) that UR reflects an intracellular 
stabilization of nAChR and/or their precursors, and (iii) that PI affects surface 
nAChR via a process requiring channel opening and therefore sensitive to 
competitive inhibition by agents such as pancuronium or alcuronium.

Funded by NIDA, ADCRC and STRC.

39.3
M A P P IN G  D E T E R M IN A N T S  O F  A G O N IS T  A F F IN IT Y  O N  
N E U R O N A L  N IC O T IN IC  R E C E P T O R S  U S IN G  C H IM E R IC  β 
S U B U N IT S . M .J . P a rk er* , C .W . L u etje  D e p t . o f  M o le c u la r  and  
C ellu lar Pharm acology, U n iversity  o f  M iam i, M iam i FL , 3 3 1 0 1 .

A g o n is t  b in d in g  a ff in it ie s  o f  n eu ro n a l n ic o t in ic  a c e ty lc h o lin e  
receptors (n A C h R s) vary greatly , d ep en d in g  on  the id en tity  o f  the β 
subunit (Parker and Luetje, 1997, S o c . N eu ro sc i. A bstr. 2 3 :3 8 5 ). T o  
lo ca te  s p e c if ic  a m in o  ac id  r esid u es  on  β su b u n its  r e sp o n s ib le  for  
d ifferen ces in agon ist affin ity , w e  ex p ressed  a series o f  ch im eras o f  the 
β2 and β4  subun its in com b in ation  w ith  the α 2  subun it, in Xenopus 
o o c y te s . Saturation an a ly sis  w ith  [3 H ]-ep ib a tid in e  y ie ld e d  K d's o f
1 0 .4 ± 1 .1  pM  and 8 7 .9  ±  8 .4  pM  for α 2 β2 and α 2 β4 , resp ective ly . The  
ch im eras β4 -2 0 4 -ß 2 , β4 -1 3 3 -ß 2  and β4 -1 0 3 -ß 2  each  form ed receptors  
w ith  K d 's for [3 H ]-ep ib a tid in e  that w ere  sim ila r  to β4  co n ta in in g  
receptors, su ggestin g  im portant resid u es w ith in  reg ion  1-103 . T h e β2- 
80-ß 4  chim era form ed receptors w ith  an in term ed iate Kd (3 1 .1  ± 4 . 8  
pM ), su ggestin g  m ultip le im portant residues w ith in  the first 103 am ino  
acid s. C om petition  a n a lysis  revea led  m uch larger a ffin ity  d ifferen ces  
fo r  a c e ty lc h o lin e , 1 ,1 -d im e th y l-4 -p h e n y lp ip e r a z in iu m  (D M P P ),  
lob e lin e  and n icotine. For exam p le , K i va lu es for D M P P  b inding w ere
18 .9  ±  1.1 nM  and 2 5 0 0  ±  2 7 0  nM  for α 2 β2  and α 2 β4, resp ectiv e ly . 
T he β4 -2 0 4 -ß 2  and β4 -1 3 3 -β2 ch im eras form ed receptors w ith  a D M P P  
a ffin ity  sim ilar  to  that o f  β4  co n ta in in g  recep tors, aga in  lo c a liz in g  
im portant residues to the N -term in al h a lf  o f  the ex tracellu lar d om ain . 
A d d itio n a l ch im era s are cu rren tly  und er stu d y  to  a c h ie v e  b etter  
loca liza tion  o f  critical residues. M u ta g en esis  o f  in d iv id u a l resid u es is  
planned. [Support: NIH DA-08102]

39.2
N O N -C O M PE T IT IV E  FU N C T IO N A L  IN H IB IT IO N  A T  D IV E R SE , 
H U M A N  N IC O T IN IC  A C ET Y L C H O L IN E  R E C E P T O R  SU BTY PES  
B Y  BU PR O PIO N , P H E N C Y C L ID IN E , A N D  IB O G A IN E . J.D. Fryer 
and R.J. Lukas* Division o f  Neurobiology, Barrow Neurological Institute, 
Phoenix, AZ 85013.

Nicotinic acetylcholine receptors (nAChR) are diverse members o f  the 
neurotransmitter-gated ion channel superfamily and play critical roles in 
chemical signaling throughout the nervous system. The present study 
establishes acute functional effects o f  bupropion (W ellbutrin®; Zyban™), 
phencyclidine (PCP), and ibogaine (Endabuse®) on two human nAChR  
subtypes. Function o f  muscle-type nAChR ( α 1βγδ) in T E 67l/R D  cells or o f  
ganglionic nAChR (α 3 β4 α 5 ± β2) in SH -SY5Y neuroblastoma cells was 
measured using 86Rb+ efflux assays. Functional blockade o f  human 
m uscle-type and ganglionic nAChR is produced by each o f  the drugs in the 
low  to intermediate micromolar (i.e., clinically-relevant) range. Functional 
blockade is insurmountable by increasing agonist concentrations in 
TE671/RD and SH -SY5Y cells for each o f  these drugs, suggesting  
noncom petitive inhibition o f  nAChR function. Based on these findings, we  
hypothesize that nAChR are targets o f  diverse substances o f  abuse and o f  
agents used in anti-addiction or smoking cessation strategies. W e also 
hypothesize that nAChR play heretofore under-appreciated roles in 
depression and as targets for clinically useful anti-depressants.

Funded by Arizona Disease Control Research Com m ission.

39.4
βT10'A AND βT10'1 MUTATIONS IN THE M2 REGION OF NICOTINIC 
RECEPTORS ALTER THE POTENCY OF PHENCYCLIDINE, BUT NOT 
THE CEMBRANOID PSEUDOPLEXAURIC ACID METHYL ESTER. 
M.J. Eaton1,2*, C.G. Labarca3, A.D. Rodriguez1,4 and V.A. Eterovic1,2.
1Center for Molecular and Behavioral Neuroscience, 2Department of 
Biochemistry, Universidad Central del Caribe, Bayamón, PR 00960, 3Division 
of Biology, Caltech, Pasadena, CA 91125 and 4Dept. Chemistry, University of 
Puerto Rico, Rio Piedras, PR 00931.

Phencyclidine (PCP) and the cembranoid pseudoplexauric acid methyl ester 
(PAME) are non-competitive inhibitors of nicotinic acetylcholine receptors 
(nAChRs). PAME competitively displaces PCP from its high-affinity binding 
site in Torpedo-type nAChR (Hann et al., Soc. Neurosci. 1995, 21:605). The 
present study examined the ability of PAME and PCP to inhibit acetylcholine- 
induced current from wild-type mouse muscle nAChR and nAChR in which 
βT10'A and βT10'1 substitutions were made. Fetal mouse nAChR from BC3H-1 cells 
were expressed in Xenopus oocytes and studied using the two-electrode voltage 
clamp technique. The results of this study reveal that the potency of PCP is 
increased for both mutated receptors, whereas the potency of PAME is 
unaffected by mutation. The IC50 values of PCP for wild-type nAChR, βT10'A 
and βT10'1 are 33.8 ±2.4 µM (mean ± SD; n=5), 3.7 ± 0.5 µM (n=8) and 16.1 ± 2.6 
µM (n=8), respectively. The IC50 values of PAME for wild-type nAChR, βT10'A
and βT10'1 are 48.3 ±1.1 µM (mean ± SD; n=7), 40.8 ± 1.0 µM (n=4) and 45.4 ± 
0.9 µM (n=3), respectively. The increased potency of PCP, but not PAME at 
these mutant receptors suggests that these non-competitive inhibitors interact 
differently with the nAChR channel. Supported by NIH-RCMI Grant 
G12RR01035, NIH S06GM50695 and NIH R01GM52277.

Society for Neuroscience, Volume 2 4 ,1 9 9 8



SUNDAY AM ACETYLCHOLINE RECEPTORS: NICOTINIC—PHARMACOLOGY 85

39.5
CENTRAL ANTINOCICEPTIVE MECHANISMS OF A-85380, A 
NICOTINIC ACETYLCHOLINE RECEPTOR (nAChR) AGONIST.
P. Curzon*, A.L. Nikkei, & M.W. Decker. Neurological & Urological Diseases 
Res., D-47W, AP-9A, Pharmaceutical Products Div., Abbott Labs, Abbott Park, 
IL 60064

Systemically and centrally (nucleus raphe magnus (NRM)) administered A- 
85380 is antinociceptive in rodent models of acute and persistent pain (Curzon et 
al, Soc. Neurósci., 1997, 23: p.669), an effect mediated by nAChRs. However, 
the nAChR’s subtype/s responsible for A-85380 antinociception are not known. 
In the current study, three nAChR antagonists with different patterns of subtype 
selectivity, namely dihydro-β-erythroidine (DHβE) (0.07 - 2.1 nmol), 
mecamylamine (MEC) (0.026 - 0.8 nmol) and methyllycaconitine (MLA) (0.003 
• 0.1 nmol), were coinjected into the NRM with A-85380 (0.04 nmol) to 
investigate whether differential antagonistic effects on antinociception would be 
obtained. Rats were implanted with guide cannulas for injections into the NRM 
(AP-2.5 from IA line, lat. 0.0 and HV -0.5). The rats were tested in the hot box 
where the latency to lift the hind paw heated with a focused heat source is 
measured. A-85380 produced a 50% increase (p < .05) over control (PBS) 
latencies at 5-30 min. after injection. MEC, a nonselective antagonist at β2- and 
β4-containing nAChR subtypes, antagonized A-85380 antinociception with an 
ED-50 of 0.065 nmol. DHβE, which has higher affinity for β2-containing 
nAChRs, particularly the α4β2 subtype (Harvey & Luetje, Neurosci., 16:3798, 
1996), antagonised A-85380 antinociception with an ED-50 of 0.35 nmol. MLA 
which binds with high affinity to α7 was ineffective at all doses tested. This 
pattern of antagonism suggests that A-85380-induced antinociception probably 
docs not involve actions at α7 or β4-containing nAChRs in the NRM but is more 
likely mediated by β2-containing nAChRs, most likely α4β2 (See Bitner, R.S. et 
al. this meeting). [Supported by Abbott Laboratories].

39.6
[ 3H]ABT-S94 is  a  h ig h -a f f in it y , s e l e c t iv e  n e u r o n a l  n ic o t in ic  
ACETYLCHOLINE RECEPTOR (nAChR) RADIOLIGAND. D.J. Anderson*, 
J.E . Campbell, E. Lee, M.W . Holladay, B. Surber. S . Thom as, S.P. A rneric 
and T.A. Kuntzweiler. Neurological and Urological Diseases Research, D- 
47W , Abbott Laboratories, Abbott Park, IL 60064-3500.

The utility of nAChR agonists as antinociceptive agents was originally 
noted with nicotine and more recently illustrated with the discovery of 
epibatidine (EB), a toxin produced by Ecuadorian frogs (Epipedobates 
tricolor). However, the clinical applications for EB as well as other potent 
nAChR agonists are limited due to the toxic side effects caused by 
activation of neuromuscular and ganglionic nAChR subtypes. ABT-594 is 
a novel, potent cholinergic nAChR ligand with analgesic properties  
(Bannon et al. S c ie n ce . 77-81 ,1998). Initial in vitro characterization of 
ABT-594 demonstrated that this nAChR ligand preferentially interacts with 
neuronal cholinergic receptors (D onnelly-Roberts et al., J. Pharm. & 
E x .T h e r . in print., 1998). The present study com pares the binding 
properties of [3H ](± )-E B  with those of [3H ]ABT-594 in both C N S  and 
ganglionic nAChR subtypes.

Both [3H]ABT-594 and [3H ](± )-E B  dem onstrate saturable binding in 
whole rat brain tissue with Kd values of 0 .06 ±  0.01 nM and 0.04 ±  0.01 
nM, respectively and similar apparent Bmax values of approximately 70 
fmol/mg. The predom inant subtype in rat brain is α 4β2 and thus, in 
competition studies employing the α4β2 selective radioligand, [3H]cytisine, 
ABT-594 and EB displayed similar Ki values: 0 .037 ±  0 .003 nM and 0.043  
±  0.006 nM, respectively. Competition binding studies of [3H]ABT-594 in 
C N S  substructures and representative ganglionic cell lines are being 
investigated to further characterize the pharmacological attributes of the 
analgesic nAChR ligand. [Supported by Abbott Laboratories].

39.7
CENTRAL ADMINISTRATION OF (±)-EPIBATIDINE HAS INHIBITORY 
AND EXCITATORY EFFECTS ON NOCICEPTIVE REFLEXES IN THE RAT. 
R.J. Radek*, P. Curzon, M.W. Decker. Neurological & Urological Disease 
Research, Pharmaceutical Products Div., D-47W, Abbott Laboratories, Abbott 
Park, IL 60064-3500.

Systemic administration of the nicotinic-cholinergic ligand (±)-epibatidine 
(EPIB) produces an overall attenuation of nociceptive flexor reflexes 5-30 min 
after injection in rats (Radek & Decker, Soc. Neurosci. Abstr. 23:669, 1997). This 
attenuation is preceded by a transient potentiation of the reflex which occurs 1-5 
min after an i.p. injection. This study assessed flexor reflex responses after 
Nucleus Raphe Magnus (NRM) and spinal (T13-L1) injections of EPIB to identify 
potential CNS sites of action for the effects of EPIB on flexor reflexes.

Responses were elicited by electrical stimulation (0.1 Hz) of the hindpaw under 
pentobarbital anesthesia (30 mg/kg, i.p.) and were recorded as EMG activity in 
flexor muscles of the ipsilateral hindlimb. Suprathreshold stimulation produced a 
200 msec latency C-fiber mediated EMG burst. The effects of EPIB were assessed 
by comparing the average number of EMG spikes 10 min before treatment 
(baseline) and for 10 min intervals after treatment. C-fiber related EMG activity 
was significantly decreased 67% after EPIB injection (0.04 µmol/rat) into the 
NRM compared to a control PBS injection (P<0.05, n=6-8). In contrast, spinal 
injections of EPIB (0.06-0.6 µmol/rat) significantly increased reflex EMG activity 
by 261% during the first 10 minutes after injection. This spinal effect appears to be 
similar to the transient potentiation observed with systemic injections of EPIB and 
may be related to the behavioral irritation observed after intrathecal injections of 
EPIB (Khan, et al. Brain Res. 753:269, 1997).

These results suggest that the net antinociceptive effect of systemic 
administration of EPIB is mediated, in part, by the NRM. However, EPIB also 
appears to have potentiating effects at other sites on the sensory neuroaxis, such as 
the lumbo-thoracic spinal cord. Supported by Abbott Labs.

39.8
IDENTIFICATION OF A NEW AMINO ACID RESIDUE CAPABLE OF 
MODULATING AGONIST EFFICACY AT THE HOMOMERIC NICOTINIC 
ACETYLCHOLINE RECEPTOR. R aym ond V azq u ez , J C a o , and Robert 
O sw ald* Departm ent o f  Pharm acology, Cornell U niversity; Ithaca, NY 
1 4 8 5 0 .

N euronal nicotinic receptors have b een  im plicated in pathology  
associated  w ith  neurological d iseases and aberrant co gn itive states such  
as addiction and schizophrenia. Strategies for the design  o f  subtype- 
specific  cholinergic drugs are dependent on  the identification o f  key  
am ino acids w h o se  identities p lay a sign ificant role in determ ining  
subun it-specific agonist e fficacy . Reported here is the identification o f  
position  84  as a partial determinant o f  subtype d ifferen ces in 
pharm acological sp ecific ity . In contrast to  absolutely con served  am ino  
acids w ithin  the nicotinic b inding d om ain , the nature (hydrophobic or 
hydrogen bond ing) o f  site 84  can m odulate the activation by  
acety lcholine, dim ethyl-phenylpiperazinium  (D M P P ) and the 
cholinergic piperazinium .(PIP) agonist series in a subunit- and sp ecies-  
dependent m anner. A  leucine at site 84  reduced apparent affinity for 
acetylcholine, elim inated activation by B u tylP IP  and reduced activation  
by D M PP . A  glutam ine at the sam e site had the op p osite  e ffect. For 
D M PP , this pattern appears to extend to all α  subunits o f  the neuronal 
nicotinic superfam ily. T h u s,  the identity o f  the am ino acid in position  
84  (a residue on the periphery o f  the high ly  con served  loop  A  o f  the 
cy s-lo o p  superfam ily o f  receptors) can potentially be exp lo ited  to 
produce su b typ e-sp ecific  drugs.

Position\Hal F Cl Br I
2 46 ±5

Co0+18. (240 ± 10)103 > 1 ·
5 25± 1 30 ± 3 21 ± 1 11 ± 1
6 25 ± 3 n/a n/a 150 ± 8

Some of the synthesized compounds were labeled with radioisotopes and 
tested as radioligands for studying nAChRs. 5-[125I]Iodo-A-85380 showed 
high selectivity for the α4β 2 nAChR subtype in vitro (Mukhin et αl. this 
volume) as well as high specific binding to nAChRs in vivo (Vaupel et al. 
this volume).

39.10
5-IODO-A85380 - A NOVEL HIGHLY SELECTIVE LIGAND 
FOR α4β 2 SUBTYPE OF NICOTINIC ACETYLCHOLINE 
RECEPTORS. A .G . M u khin*, D . G ü n d isch , A .G . H orti, A .O . K oren , 
A .S . K im es, D .B . Vaupel and E .D . London. Brain Imaging Center, 
National Institute on Drug Abuse, NIH, Baltimore, M D 21224.

In a search for radioligands suitable for im agin g o f  neuronal 
nicotin ic  acety lco lin e  receptors (n A C hR s) in vivo, w e synthesized  
a series o f  halogen  substituents o f  3-(2 (S )-azetid in y lm eth oxy)p yrid in e  
(K oren et al., this volu m e). H ere w e  present the results o f
the in vitro b inding characterization o f  a 5 - [ 125I]iod o  an alog o f  
3 -(2 (S )-a ze tid in y lm ethoxy)pyrid ine (5 -io d o -A -8 5 3 8 0 ). T he affin ity o f  
5 -io d o -A -8 5 3 8 0  for nA C hR s in the rat brain m em branes w as  
characterized by a Kd value o f  11± 1 pM . Its affin ity  is com p arab le to 
that o f  ep ibatidine, an agonist with the h igh est reported affin ity for  
nA C hR s o f  any ligand tested. In contrast to ep ibatid ine, 5 -io d o -A -  
8 5 3 8 0  is c learly subtype se lec tiv e , h aving m uch higher affin ity for the 
α 4 β 2 than for the α 3 β4  or the α 7  nA C hR s subtypes. T h e Ki values o f  
5 -io d o -A -8 5 3 8 0  at these subtypes are 11 pM , 3 4 0 0 0  pM  and 2 5 0 0 0 0  
pM , resp ectively . A d ditionally , receptor binding o f  5 - io d o -A -8 5 3 8 0  in 
rat brain tissu e is characterized by a high level o f  sp ec if ic ity  (sp ec ific  
binding >  90%  o f  total b inding), com p lete  reversibility , and a s lo w  rate 
o f  the receptor-ligand co m p lex  d issoc ia tion  (T 1/2 o f  the d issociation  
about 2 h). T h ese resu lts together with data from  the in vivo studies  
w ith 5 -io d o -A -8 5 3 8 0  (C hefer et al., K im es et al., and V aupel et al., 
this vo lu m e) su ggest that this com p ou n d , w hen labeled  with 125I or 
125I, is a prom ising radioligand for in vitro and for in vivo stu d ies o f  
α 4 β 2 nA C hR s.
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39.9
SYNTHESIS AND EVALUATION O F H A L O G E N A T E D  A N A L O G S  
OF A-85380 AS LIGANDS FO R  N IC O T IN IC  A C E T Y L C H O L IN E  
RECEPTORS. A.O. Koren,1 A.G. Horti,1 A.G. Mukhin,1 D. Gündisch,1 
A.S. Kimes,1 W.B. Pickworth, 1 R.F. Dannals,2 and E.D. London.1,2. 1Brain 
Imaging Center, National Institute on Drug Abuse, NIH, Baltimore, MD 
21224, and 2Division of Nuclear Medicine, Department of Radiology, The 
Johns Hopkins Medical Institutions, Baltimore, MD 21287.

A-85380 (3-(2(S)-azetidinylmethoxy)pyridine) is a member of a recently 
reported series of 3-pyridyl ethers with subnanomolar affinities for central 
nicotinic acetylcholine receptors (nAChRs) (Abreo et al. J. Med. Chem. 39: 
817, 1996). A-85380 shows enhanced selectivity and a similar affinity for 
the α4β2 nAChR subtype when compared to epibatidine, a ligand that to date 
has the highest known affinity for nAChRs (Sullivan et al. 
Neuropharmacology 35: 725, 1996). Therefore, A-85380 represents a 
promising parent structure for developing advanced nAChR ligands. We 
synthesized a series of A-85380-based compounds with halogen substituents 

at position 2, 5, or 6 of the pyridine ring, and 
measured their affinities for nAChRs in rat 
forebrain membranes by competition with (±)- 
[3H]epibatidine. Ki values (pM) are shown in the 
table below.
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39.11
EXPRESSION OF FOS PROTEIN IN RAT BRAIN FOLLOWING 
ADMINISTRATION OF A NICOTINIC ACETYLCHOLINE 
RECEPTOR AGONIST EPIBATIDINE. K. Watanabe, K. Hashimoto,*
T. Nishimura, K. Tsunashima & Y. Minabe, Division of Cortical Function 
Disorders, Natl. Inst. of Neurosci., NCNP, Kodaira, Tokyo 187-8502, Japan 

Epibatidine (exo-2-(6-chloro-3-pyridyl)-7-azabicyclo-[2.2. l]heptane), an 
extract of frog skin, is a novel and high potent agonist for nicotinic acetylcholine 
(Ach) receptor. The present study was undertaken to examine the expression of 
Fos protein in several rat brain regions following an acute administration of 
epibatidine. Furthermore, we also studied the role of the dopamine D1 and D2 
receptors and NMDA receptor, and nicotinic ACh receptor in the expression of 
Fos protein by epibatidine. A single administration of epibatidine (5, 10, 50 
µg/kg, i.p.) caused marked induction of Fos-immunoreactivity in prefrontal 
cortex, medial striatum, nucleus accumbens, amygdala and superior colliculus of 
rat brain. In these regions, pretreatment of SCH 23390 (1.0 mg/kg), (+)-MK- 
801(1.0 mg/kg) or mecamylamine (5.0 mg/kg) inhibited the induction of Fos 
protein by epibatidine (10 µg/kg). Pretreatment of sulpiride blocked the 
induction of Fos protein in the prefrontal cortex and the core region of 
accumbens nucleus, but not in the medial striatum and the shell division of 
nucleus accumbens of rat brain. These results suggest that epibatidine induced 
the expression of Fos protein in the several regions of rat brain, and that 
dopamine D1 receptor, NMDA receptor, and nicotinic ACh receptor may play a 
role in the expression of Fos protein by epibatidine in rat brain. Furthermore, 
dopamine D2 receptor may, in part, play a role in epibatidine-induced 
expression of Fos protein in the prefrontal cortex and the core region of nucleus 
accumbens, but not in the medial striatum and the shell division of nucleus 
accumbens of rat brain. [Supported by the Ministry of Health and Welfare]

39.13
DEXTROMETHORPHAN AND ITS METABOLITE DEXTRORPHAN 
BLOCK α3/β4 NEURONAL NICOTINIC RECEPTORS BY A NON-
COMPETITIVE MECHANISM. S.C. Hernandez1*, Y. Xiao1, M. Bertolino1, F.S. 
Caruso2, K.E. Pringle2, and K.J. Kellar1. 1Dept. Of Pharmacology, Georgetown 
University School of Medicine, Washington, DC 20007; 2Algos Pharmaceutical Corp., 
Neptune, NJ 07753.

Dextromethorphan (DM) has been used mainly as an effective over-the-counter 
antitussive drug during the last 40 years. However, it recently has been proposed to 
also have potential utility as a neuro-protective drug, as an analgesic enhancer and as a 
drug to reduce or prevent morphine tolerance. DM has been shown to block NMDA 
receptor channels, and this blockade could be related to some or even all of its 
pharmacological effects. However, some evidence suggests that DM can affect other 
ligand gated receptors, including the nicotinic cholinergic receptor in PC 12 cells 
(Yamanoto et al. Neurosci. Lett. 147:92, 1992). We investigated the effects of DM 
and dextrorphan (DP), its active metabolite, on the α 3/β4 nicotinic receptor subtype 
stably expressed in HEK 293 cells. Function was measured using a 86Rb+ efflux assay 
and patch clamp analysis. DM blocked nicotine stimulated 86Rb+ efflux with an IC50 
of ~ 8 uM. Similarly, using the whole cell patch clamp technique, 100 uM DM nearly 
completely blocked nicotine-activated ionic current. DP also blocked 86Rb+ efflux 
through α3/β4 nicotinic receptors but was ~ 6 times less potent than DM. 
Concentration-response curves for nicotine stimulated 86Rb+ efflux measured in the 
absence and presence of DM or DP indicated that both drugs blocked α3/β4 nicotinic 
receptor function via a noncompetitive mechanism, probably by receptor channel 
blockade. Consistent with this mechanism of blockade, competition binding assays 
indicated that neither DM nor DP competed effectively for the receptor agonist 
binding site labeled by [3H] epibatidine. We conclude that DM and its active 
metabolite DP are noncompetitive blockers of α3/β4 nicotinic receptors. This action 
could contribute to some of the diverse pharmacological actions of DM.
Supported in part by Algos Pharmaceutical Corporation and DA 06486.

39.12
PROTECTION OF AD RENA L NICOTINIC ACETYLCHOLINE  
RECEPTORS FROM IRREVERSIBLE ALKYLATION . D .B . McKay *, 
R.B. Free and B.W. Wenger. Division o f  Pharmacology, The Ohio State 
University, College o f  Pharmacy, Columbus, OH 43210.

Our laboratory has evidence that multiple nicotinic acetylcholine receptor 
(nAChR) subtypes regulate adrenal catecholamine release. In the following 
studies, receptor protection assays were used to pharmacologically identify 
adrenal nAChR subpopulations. Bromoacetylcholine (brACh), when used under 
alkylating conditions at concentrations o f  30 µM  and 1 µM reduced nAChR- 
stimulated adrenal catecholamine secretion by 79 % and 50 %, respectively. 
W hen 100µM d-tubocurarine was present during alkylation, significant 
protection was seen; secretion was reduced by only 26 % and 29 % using 30µM  
and 1µM  brACh, respectively. The noncompetitive inhibitors, tetracaine (100 
µM) and amantadine (500 µM) produced small, but significant amounts o f  
protection. Hexamethonium (500 µM ), decamethonium (500 µM), 
mecamylamine (50 µM) and pentolinium (50 µM ) afforded no protection when 
present during alkylation. In the next experimental series, the pharmacology o f  
residual, d-tubocurarine-protected receptors was investigated. The EC50 for 
nicotine increased from 4.0 µM in untreated, control cells to 9.1 µM in d- 
tubocurarine-protected cells. In contrast, the IC50 for d-tubocurarine decreased 
from 0.7 µM in untreated, control cells to 0.3 µM  in d-tubocurarine-protected 
cells. These studies support the use o f  protection assays to investigate adrenal 
nAChR subpopulations. (Supported by NIH grant D A  10569)

39.14
PHOSPHORYLATION AND CYTOSKELETAL TRANSLOCATION OF THE 
ACETYLCHOLINE RECEPTOR BY SRC-CLASS PROTEIN TYROSINE 
KINASES: ACTIVATION BY RAPSYN. A. S. Mohamed and S. L. Swope*. 
Dept. of Neurology Division of Neuroscience, Georgetown Inst. for Cognitive and 
Computational Sciences, Georgetown Univ. Med. Center, Washington, DC 
20007.

Protein tyrosine phosphorylation is now established as a mechanism for the 
regulation of growth and differentiation. We previously demonstrated that Src class 
protein tyrosine kinases bind to and phosphorylate the muscle form of the 
nicotinic acetylcholine receptor (AChR). This study provided evidence for the 
functional importance of Src kinases in regulating the AChR at the neuromuscular 
junction. Three Src class kinases, Fyn, Fyk, and Src, each formed a complex with 
the endplate specific cytoskeletal protein rapsyn. In addition, cellular 
phosphorylation by each kinase was stimulated by rapsyn in heterologous 
transfected cells. Several lines of evidence supported rapsyn as a substrate for Src 
kinases. Most importantly, rapsyn regulation of Fyn, Fyk, and Src resulted in 
phosphorylation of the AChR β and δ subunits and anchoring of the receptor to 
the cytoskeleton. Both AChR phosphorylation and cytoskeletal anchoring were 
blocked by the Src kinase selective inhibitor herbimycin A. Expression of rapsyn 
alone also induced a modest increase in AChR phosphorylation and cytoskeletal 
translocation. However, inhibition by herbimycin A and a catalytically inactive 
dominant negative Src demonstrated that the effects of rapsyn were mediated by 
endogenous Src kinases. These data support the importance of Src class kinases for 
stabilization of the AChR at the endplate during synaptic differentiation at the 
neuromuscular junction. Supported by Muscular Dystrophy Ass., DOD #DAMD 
17-93-V-3018, & NIH/NINDS # 1R29NS355O3.

39.15
UB-165 : A NOVEL EPIBATIDINE-ANATOXIN-A HYBRID THAT IS A NICOTINIC 
AGONIST WITH SUBTYPE SELECTIVITY. C.G.V.Sharples*1, S .A.Kaiser1, 
A .J.Moqg1, E.Wright2, T. Gallagher2, and S.Wonnacott1. Dept. of Biol. and 
Biochem., Univ. Bath, Bath, BA2 7AY, UK1. Sch. Chem., Univ. Bristol, Bristol, BS8 
1TS, U K 2

Anatoxin-a and epibatidine are potent nicotinic agonists that consist of an 
azabicycle, coupled to an acetyl or chloropyridine group respectively. Biological 
activity resides largely in the (+) enantiomer of anatoxin-a, but both enantiomers of 
epibatidine are equipotent. UB-165 comprises the azabicyclononene ring of 
anatoxin-a linked to the chloropyridine group of epibatidine1. The biological activity 
and stereoselectivity of UB-165 were assessed in ligand binding assays in a range of 
preparations: (±)UB-165 competed for [3H]nicotine binding sites in rat brain 
membranes with a Ki = 0 .27nM, intermediate between (±)epibatidine (0.021 nM) and 
(±)anatoxin-a (1.25nM). Lower affinities but similar rank orders of potency were 
found for [3H]epibatidine binding to SH-SY5Y cells (α3- type) and [125l]αBgt binding 
to rat brain membranes (α7- type). At muscle receptors the rank order was anatoxin- 
a>epibatidine>UB-165. Whereas racemic UB-165 and UB-165 itself (corresponding 
to the active enantiomer of anatoxin-a) displayed similar potencies, the other 
enantiomer of UB-165 was approximately 20 times less potent. This suggests that 
stereoselectivity arises from the more bulky azabicycloηonene system, compared 
with the azabicycloheptene of epibatidine.

UB-165 potently stimulated [3H]dopamine release from rat striatal synaptosomes 
(EC50=81.7nM) but was significantly less efficacious than anatoxin-a (maximal 
response of 41%  of that of anatoxin-a). UB-165-evoked [3H]dopamine release was 
completely blocked by the α3β2 selective antagonist α-conotoxin MII, whereas this 
toxin only partially blocked anatoxin-a evoked release2. This result suggests UB-165 
may selectively activate α3β2 type receptors on dopamine terminals.

1. Wright et al. (1997) Bioorg. Med. Chem. Lett. 7: 2867-2870
2. Kaiser et al. (1998) J. Neurochem. 70: 1069-1076
Supported by MRC and BBSRC.

39.16
IND IRECT NICO TINIC M O DULATION OF DOPAMINERG IC  
TRA NSM ISSION IN RAT STRIATUM  BY (±)ANATO XIN-A EVOKED  
G LUTAM ATE AND 5-HT RELEASE. S.A. Kaiser * and S. Wonnacott.
Dept. of Biology & Biochemistry, University of Bath, Bath BA2 7AY, UK.

Striatal dopaminergic terminals have presynaptic nicotinic acetylcholine receptors (nAChR) 
and ionotropic glutamate receptors (iGluR) that modulate dopamine (DA) release. Evidence from 
in vivo and slice experiments supports an indirect nicotinic stimulation of DA release via an 
increase in glutamate efflux. Here we used the nicotinic agonist (±)anatoxin-a (AnTx-a -  inset); 
the results are expressed as percentage of mecamylamine-sensitive responses. In slices, 
AnTx-a-evoked [3H]DA release was biphasic with EC50S of 182.4 ±  0.1 nM and 4.5 ± 0 5 µM  
(see figure). Kynurenic acid (500 µM), a broad spectrum iGluR antagonist, inhibited responses to 
1 µM and 25 µM AnTx-a by 23.0%  and 85.9% , respectively. These results suggest that the 
second phase of the dose-response curve is, at least partially, a consequence of AnTx-a-evoked 
glutamate release that in turn enhances DA release. MLA (10 nM), α-CTx-lm l (1 µM) and 
α-C Tx-M II (112 nM) decreased the response to 25 µM AnTx-a by 84.0%, 81.7%  and 64 2%  
In striatal synaptosomes AnTx-a-evoked  DA release is partially sensitive to α-CTx-MII and 
insensitive to α-CTx-lm l. The α-CTx-lml-sensitivity supports the involvement of α7-type nAChR  
on non-DA terminals (glutamatergic nerve terminals ?).

Previous studies have also demonstrated a nicotinic 
stimulation of 5-hydroxytryptamine (5-HT) release in 
striatal slices, and 5-HT-evoked DA release from 
synaptosomes. W e found that 1 µM Y-25130, a potent 
antagonist of 5-H T3 receptors, inhibited by 46.4%  the 
25 µM AnTx-a response in slices. In addition, 10 µM  
5-H T evoked DA release in slices that was inhibited by 
1 µM Y-25130 and 500 µM KYNA, by 24.6%  and 30 2%  
respectively These results suggest that AnTx-a-evoked 
5-H T release enhances DA and glutamate release in 
striatum.
W e propose that nicotinic receptors directly and indirectly modulate DA release in striatum. They 
directly modulate DA release via presynaptic nAChR on dopaminergic terminals and indirectly by 
evoking glutamate and 5-H T release. The latter also enhances glutamate release.
Funded by MRC.
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39.17
MUTUALLY-EXCLUSIVE BINDING OF ANESTHETIC AGENTS AND 
GORGONIAN CEMBRANOIDS TO THE NICOTINIC ACETYLCHOLINE 
RECEPTOR. O.R.Pagán,1,2,3 R.M. Hann,*1,2 C M  Basilio, 3 AD. Rodriguez2,1 and 
V.A. Eteroviċ1,2. 1Department of Biochemistry and Center for Molecular and 
Behavioral Neuroscience, Universidad Central del Caribe, Bayamón, PR 00960- 
6032 USA, 3Department of Biochemistry, University of Puerto Rico. Medical 
Sciences Campus, San Juan, PR 00936 USA, *Department of Chemistry, University 
of Puerto Rico, Rio Piedras Campus, San Juan, PR 00931 USA.

The binding of tritiated tenocyclidine (3[H]-TCP) to electric organ acetylcholine 
receptor (AChR) from Torpedo californica was studied using a filtration assay. 
3[H]-TCP binds with high affinity to a single site on the membrane-bound receptor 
in its desensitized state (KD=235±30nM). Inhibition of 3[H]-TCP binding by its 
close structural analogue, phencyclidine (PCP), and by other known noncompetitive 
inhibitors, such as chlorpromazine, quinacrine and histrionicotoxin, indicates that 
its binding site is within the receptor’s ion channel. Gorgonian cembranoids. the 
local anesthetics, procaine, tetracaine, lidocaine and cocaine, as well as the general 
anesthetics, n-hexanol through n-decanol, also inhibited 3[H]-TCP binding to the 
receptor. In general, inhibition of 3[H]-TCP binding by these ligands resembled 
inhibition seen with 3[H]-PCP. Both n-octanol and procaine competed with the 
cembranoid, methylpseudoplexaurate, tor 3[H]-TCP binding inhibition in a mutually- 
exclusive manner. Studies are underway to determine whether the observed 
competition is steric or allosteric. These experiments establish cembranoids as 
useful tools to study the structural nature of the noncompetitive inhibitor binding 
sites on the receptor. Support from NIH-RCMI 2G12RR03035, NIH-MBRS 
S06GM50695 (RMH) and NIH-RO1-GM52277 (VAE) is acknowledged. ORP 
is a Graduate Viets Fellow of the Myasthenia Gravis Foundation of America.

39.18
Blockage of muscle nicotinic acetylchonine receptors by 
benzodiazepines. A. Demuro and R. Miledi.*Lab. of Cell. and Mol. 
Neurobiology., Univ. of California, Irvine, CA.

Recent studies carried out in this laboratory, have demonstrated that 
the responses to Ach elicited in Xenopus laevis oocytes expressing either 
muscle or neuronal acetylcholine receptors (AchR) are antagonized by 5- 
hydroxytryptamine (5HT) and other serotonergic agent (Grassi et al., 1993 
J. o f  Neurosci. Res., 34:562-570; Garcia-Colunga et al., 1995 Proc. Natl. 
Acad. Sci. USA, 92:2919-2923 ).

In view of those results, and on the known molecular similarities 
between nicotinic AchRs and GABA receptors, we thought was 
particularly interesting to study the effects of a class of compounds known 
as benzodiazepines (BDZs), that are known to bind at a site on the α 
subunit of the GABAa receptor. We have found that the muscle AchRs 
are strongly blocked, with different efficiencies, by BDZ compounds that 
are classically thought to modulate only GABAa receptors. All four 
benzodiazepine we tested (diazepan, flunitrazepam, flutazolam and Cl- 
diazepoxide), rapidly and reversibly decreased the currents elicited by Ach. 
The IC50 values obtained were 25.2±1.1 µM, 22.7±1.2 µM, 17.29±1.1µM, 
13.79±4.3 µM respectively. Since benzodiazepines are used extensively in 
the therapy of some neurological diseases it is important to fully 
understand their mode of action. This knowledge may later on help to 
discover new approaches to the treatment of those diseases. (Supported by 
Whitehall Foundation)

39.19
α-BUNGAROTOXIN SENSITIVE NICOTINIC SYNAPTIC RESPONSES IN 
RAT HIPPOCAMPAL INTERNEURONS.
A. V. Buhler1*, C. J. Frazier2, T. V. Dunwiddie1,2,3, 1 Department of Pharmacology, 
University of Colorado Health Sciences Center, 2Neuroscience program, University 
of Colorado Health Sciences Center, 3Veterans Affairs Medical Research Service, 
Denver, Colorado.

Exogenously applied acetylcholine (ACh) elicits inward currents in hippocampal 
interneurons that are mediated via α-bungarotoxin (α-BTx) sensitive nicotinic 
receptors, but synaptic responses mediated via these receptors have never been 
reported in mammalian brain. In order to identify and characterize synaptically 
evoked currents mediated via these receptors, whole cell voltage-clamp recordings 
were made from area CA1 interneurons in stratum radiatum of rat hippocampal 
slices. Release of endogenous ACh was elicited by electrical stimulation in the 
stratum radiatum or stratum oriens layers. In the presence of inhibitors of other fast 
ligand-gated ion channels, EPSCs could be evoked that were antagonized by 
methyllycaconitine (MLA) and α-BTx, which are nicotinic antagonists that are 
selective for receptors containing the <x7 nicotinic receptor subunit. These currents 
were unaffected by antagonists to other known ligand-gated ion channels, including 
glutamate, GABA, 5HT, ATP, and other nicotinic receptors. Low concentrations of 
nicotine (1 µM) nearly blocked these currents, presumably by desensitization of the 
receptor. Evoked EPSCs showed an IV response characteristic of α7 subunit- 
containing receptors, with strong inward rectification and a reversal potential near 
zero. Kinetic analysis showed a fast rise-time (τ = 3.6 +/- 0.9 ms) and a biphasic 
decay (τ1 = 5.1 +/-1.0 ms, τ 2 = 49 + /-15 ms). In addition to the evoked EPSCs, 
spontaneous synaptic currents were identified with identical MLA sensitivity and 
similar kinetics. These results demonstrate that postsynaptic α7 subunit-containing 
receptors mediate transmission at nicotinic synapses in the mammalian brain. 
(Supported by MH44212 and the Veterans Administration Medical Research 
Service.)

39.21
N-n-OCTYLNICOTINIUM IODIDE (NONI) SELECTIVELY INHIBITS 
[3H]EPIBATIDINE ([3H]EPI) BINDING: QUANTITATIVE AUTORADIO
GRAPHIC ANALYSIS. L.H. Wilkins*, J.R. Pauly, P.A. Crooks and L.P. 
Dwoskin. College of Pharmacy, Univ. of Kentucky, Lexington, KY 40536.

Quantitative autoradiography (QAR) was used to evaluate the ability of 
NONI and N-n-decylnicotinium iodide (NDNI) to inhibit the binding of [3H]EPI 
(α3/α4 nicotinic receptor) and α-[125l]-bungarotoxin ([125l] BTX, α7 nicotinic 
receptor) on adjacent rat brain sections. Neither NONI nor NDNI inhibited 
[125I] BTX binding in any brain region examined. [3H]EPI binding was 
regionally heterogeneous, ranging from 23 nCi/mg in superior colliculus to 
0.4 nCi/mg in olfactory tubercle. NDNI did not inhibit [3H]EPI binding in any 
region of interest. In contrast NONI inhibited [3H]EPI binding in all brain 
regions of interest with a rank order of potency of olfactory tubercle (IC50~1 
µM) > frontal cortex (IC50~10 µM) >striatum (IC50~30 µM) > superior 
colliculus (IC50~100 µM) > fasciculus retroflexus (IC50~100 µM). Nicotine 
was ~3-4 orders of magnitude more potent than NONI, except in fasiculus 
retroflexus in which nicotine was relatively ineffective at inhibiting [3H]EPI 
binding. Since [3H]EPI binds to both α3- and α4-containing nicotinic 
receptor subtypes, one must rely on regional localization of specific subtypes 
to ascertain subtype selectivity of the compound of interest. Since NONI 
inhibited [3H]EPI binding in superior colliculus (which primarily contains the 
α4 subtype) and since NONI did not inhibit binding in fasciculus retroflexus 
(which primarily contains the α3 subtype), it appears that NONI binds to the 
the α4 subtype, but with a significantly lower affinity than that of nicotine. 
These QAR results are in good agreement with our previous findings on 
[3H]nicotine binding to rat striatal membranes, but are in contrast to our 
findings using the α3 functional assay (nicotine-evoked [3H]dopamine 
release from striatal slices) in which NONI was found to be a potent and 
efficacious inhibitor. (Supported by USPHS grant DA10934 and a grant from 
the Center on Drug and Alcohol Research, Lexington, KY)

39.20
SWITCHING OF nAChR SUBTYPE-SELECTIV ITΎ  IN α-CONOTOXIN  
ANALOGS. S. Luo1, T.A . N gu ven 1, G.E. Cartier1, B.M . O livera1, 
D . Y o sh ik a m i1 ,  a n d  J.M . McIntosh1,2*.  Depts. o f  B io lo g y 1 and 
P sy c h ia tr y 2, University o f  Utah, SLC, UT, 84112.

Carnivorous con e snails are a rich source o f  sm all 
p ep tid es w h ich  s e le c tiv e ly  target subtypes o f  n ico tin ic  
ace ty lch o lin e  receptors (nA C hR s). α -C o n o to x in s  PnIA  and 
PnIB, w hich d iffer from each other by 2 am ino acid s, were  
p rev iou sly  reported to act o n m ollu scan  neurons (F a in zilb er  
et al., 1994, B iochem . 9523-9 5 2 9 ). In this study w e exam ined  
th ese  p ep tid es’ a c tiv itie s  on m am m alian nA C hR s exp ressed  
in Xenopus oocytes. PnIA preferentially b locks the α 3 β 2 
subtype o f  nA ChR w hereas PnIB preferen tia lly  b lock s  
h om om eric  α 7  nA ChR s. Structure-function stu dies o f  PnIA  
ind icate  that a sin g le  am ino acid  substitu tion , leu cin e  for  
alanine in position  10, converts it to an α 7 - p r e f e r r in g  
antagonist. Surprisingly, the PnIA [A 10L] an alog is 5 -fo ld  
m ore potent than PnIB and 2 0 -fo ld  m ore potent than PnIA  
when tested on α 7  nA ChR s. The rank order o f  potency for 
functional b lock  o f  α 7  hom om ers exp ressed  in o o cy tes , PnIA  
[A 10L] >  PnIB >  PnIA >  PnIA [N 11S], is the same as that for 
in h ib ition  o f  125I α -b u n g a ro to x in  b in d in g  to rat brain  
hom ogenates. Thus, th ese α -c o n o to x in s  rep resen t n o v e l  
ligands for probing α 7 -b ea rin g  recep to rs .

Grant support NIH GM 48677  & M H 53631.

39.22
SYNTHESIS AND ELECTROPHYSIOLOGICAL STUDIES OF A NOVEL 
EPIBATIDINE ANALOG. D. Bertrand* IE. Spang, G Westera, IT. Patt S. 
Betrand and FA, Schubiger, Dept. of Physiology, Medical Faculty, 
CH-1211 Geneva 4, Center for Radiochemical Science, PSI Villigen and University 
Hospital CH-8000Zürich.

In this work we examined the influence of the intramolecular N-N- 
distance on the activation of the different neuronal nAChRs by using a 
new epibatidine analog exo-2-(2-pyridyl)-7-azabicyclo[2.2.l]heptane 
(2PABH). The synthesis of 2PABH was performed by coupling the 
commercially available 2-bromopyridine with N-methoxycarbonyl-7- 
azabicyclo[2.2.l]heptene via a Heck reaction followed by deprotection. 
The synthesis of the heptene was done according to a modified 
synthesis of Clayton e t al. 1993. The electrophysiological studies were 
carried out on rat neuronal nAChRs reconstituted in X enopus oocytes. 
Decreasing N-N-distance and change in spatial arrangement of the free 
electron pair of pyridine nitrogen causes a loss of sensitivity to this 
epibatidine derivative for the α4β2- and α3β4 nAChRs. 2PABH being 
more than four orders of magnitude lower than epibatidine. In contrast, 
no important EC50 modification is observed for the homomeric α 7  
nAChR In conclusion, the intramolecular N-N-distance and the spatial 
nitrogen orientation have a crucial impact on the nAChR ligand 
recognition.
Work supported by the Swiss National Science Foundation and OFES 
to DB and the Swiss National Science Foundation to GW.
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39.23
B U P R O P IO N  IS A  N O N -C O M PE T IT IV E  N IC O T IN IC
A N T A G O N IS T . M .I. Dam aj* and B .R . M artin. Department o f  
Pharm acology and T o x ic o lo g y , M edical C o lleg e  o f  Virginia o f  
V irgin ia  C om m onw ealth  U n iversity , R ichm ond, V A  23 2 9 8 . 
B u propion (Z yb an ® ), an atypical antidepressant, w as recently 
approved for sm ok in g cessation  treatment. H o w ev er, the 
m echanism  by w h ich  this drug alters n icotine dependence is 
unk now n. In this study w e  evaluated the pharm acological
interaction betw een  bupropion and nicotine in several in vitro and 
in vivo tests. The e ffect o f  bupropion on nicotine-induced  
antinociception, decrease in locom otor activity and body  
temperature in m ale ICR m ice w as investigated . Bupropion s .c .  
pretreatment elicited a d ose-d ep en dent blockade o f  nicotine
induced-antinociception in the tail-flick test w ith an AD 50 value o f
2 .2  m g/k g . In addition, n icotine-induced hypotherm ia and 
hypom otility in m ice w ere a lso  blocked  by bupropion pretreatment 
with A D 50 values o f  8 .5  and 4 .0  m g /k g , resp ectively.
Furtherm ore, bupropion at 1 and 10 µM  concentrations did not 
displace 3[H ]-n icotine binding in rat brain. On the other hand, 
bupropion in the concentration range o f  0 .1 to 100 µM  elicited little 
current w h en  applied for 10  sec to oo cy tes  expressing  the α 4β 2 
subunit com b ination. A lthough it did not activate α 4β 2 expressed  
receptors, bupropion antagonized the e ffects o f  nicotine in these  
o o cy tes . Indeed, the current-induced by 3 µM o f  nicotine w as  
blocked by co-application o f  bupropion and nicotine in a 
concentration-related manner. Our data su ggest that bupropion is a 
non-com petitive nicotinic antagonist. (Supported by NTDA grant 
# D A -0 5 2 7 4 ).

39.25
RJR-1734: A POTENT SELECTIVE NICOTINIC LIGAND THAT IMPROVES 
COGNITION ACUTELY AND CHRONICALLY. P.M. Lippiello, G. Gatto, M. 
Bencherif, K.W. Fowler* and W.S. Caldwell. Research & Development, R.J. Reynolds 
Tobacco Company, Winston-Salem, NC 27102.

RJR-1734 is a nicotine analog with marked CNS selectivity. Cognitive 
testing using the radial arm maze indicates that RJR-1734 is very effective in 
improving performance in this paradigm. Significant improvements were 
observed following acute oral administration at all doses tested (0.1, 0.3, 0.6, 3 
and 6 µmol/kg). Similar marked improvements were also observed following 
chronic administration (6 days with oral administration every day and testing 
at day 6). In addition, the binding affinity to membrane preparations from rat 
brain shows a Ki of 11 nM. Dopamine release from striatal synaptosomes 
indicates that this analogue has a similar profile to that of nicotine in the 
activation of these CNS receptor subtypes (EC50 of 106 nM and Emax of 85%). 
Activation of ion flux in thalamic synaptosomes indicates an EC50 of 220 nM 
and Emax of 58% compared to 59OnM and 100% for nicotine, respectively. 
Isotopic ion efflux from the human clonal cell line TE671/RD , which expresses 
a muscle-type nAChR, and from the rat pheochromocytoma PC12, which 
exhibits an α3β4-like nAChR, indicate that RJR-1734 has no detectable effects 
at concentrations up to 100 µM. In contrast, nicotine activates nAChRs in both 
preparations with EC50's of 60 and 20 µM, respectively. These results indicate 
that RJR-1734 has a markedly enhanced CNS/PNS selectivity ratio compared 
to nicotine. The lack of interaction with muscle and ganglion-type receptors 
suggests a reduced potential for side effects. The ability to improve 
cognition following acute and oral administration and its significant 
improvement over a wide range of concentrations makes this compound an 
ideal candidate for further evaluation as a potential therapeutic for 
Alzheimer's disease.

39.27
MOLECULAR RECOGNITION IN THE NICOTINIC ACETYLCHOLINE 
RECEPTOR: PROBING THE ROLE OF π-CATION INTERACTIONS. J.D.
Schmitt1, C.G.V. Sharpless2, J.E. Smith3* and W.S. Caldwell1. 1Research and 
Development, R.J. Reynolds Tobacco Company, Winston-Salem, N. Carolina 27102, 
2School of Biology and Biochemistry, University of Bath, Claverton Down, Bath 
BA1 5BU, UK and 3Physiology & Pharmacology, Wake Forest University School of 
Medicine, Winston-Salem, NC 27157

Recently, much attention has been given to intermolecular interaction between 
aromatic π-electrons and cations. Here, we investigate the interaction of aromatic 
amino acid sidechains with the cation-containing heterocyclic ring fragments of 
nicotinic ligands using semi-empirical molecular orbital theory. Interaction energies 
( Ei ) of various sidechain-ligand fragment pairs are shown to be distance dependent 
and follow a Morse-like potential function. The tryptophan sidechain shows the most 
pronounced interaction with the cation fragments, followed by tyrosine and 
phenylalanine. For a given sidechain, cationic fragments exhibit characteristically 
different Ei values, the azabicyclo[2.2.1]heptane fragment of the potent nicotinic 
ligand epibatidine possesses the greatest interaction energy of the study set. In 
addition, we show that Ei values calculated for a number of fragments correlate with 
the high affinity receptor binding (Ki for the α4β2 and α7 subtypes of the nicotinic 
acetylcholine receptor) measured for their respective nicotinic ligands. Furthermore, 
it appears that the intermolecular distances corresponding to the Morse-like potential 
minimum (Rm) also correlate with high affinity binding. A number of parallel 
calculations were conducted at the 6-31G** ab initio level of theory in an effort to 
substantiate these findings. Finally, we demonstrate the usefulness of Ei and Rm as 
descriptors in the QSAR analysis of nicotinic ligands.

39.24

NICOTINIC RECEPTORS AS A TARGET OF THE 
NOOTROPIC NEFIRACETAM IN FACILITATING 
SYNAPTIC TRANSMISSION. T. N ish izak i,1  S. M atsuy ama,2 * K. 
Sum ikaw a,3 T. Shiotani,4  S. Watabe,4  and M. Yoshii5  D ept. of 
1 Physiology and 2Pharmacology, Kobe Univ. Sch. of M ed., Kobe, Japan; 
3Dept. of Psychobiology, U niv. of California, Irvine; 4 D aiichi
Pharmaceutical Co. Ltd.; 5D ept. of N europhysiology, Tokyo Institute of 
P sychiatry.

Nefiracetam , a nootropic agent, persistently (> 1 h) p oten tiated  
currents through neuronal nicotinic acetylcholine (nACh) receptors (α4β2 
and α7) expressed in Xenopus oocytes by interacting with a protein kinase C 
(PKC) p ath w ay. N euronal nA C h receptors und er the in flu en ce  of 
nefiracetam  w ere responsible for a m arked enhancem ent of glutam ate  
release from  presynaptic term inals, lead ing to  a long-lasting  facilitation  
(≥4 and 16h) o f synaptic transm ission in rat hippocam pal slices and the  
intact m ouse hippocam pus, respectively, w h ich shares in part the same 
m echanism  as the facilitation observed  w ith  long-term  p otentiation , a 
synaptic analog of learning and m em ory. The results of the present stu dy  
su ggest that nefiracetam  su sta in s excitatory synaptic tran sm ission  by  
prim arily targeting presynaptic neuronal nACh receptors, provid ing a 
likely cellu lar m echanism  underlying the cognition-enhancing action of 
nootropics.

39.26
RJR-2403 IS AN EFFICACIOUS AGONIST FOR HUMAN α4β2 NEURONAL 
NICOTINIC ACETYLCHOLINE RECEPTORS WITH LOWER EFFICACY FOR 
OTHER HUMAN RECEPTOR SUBTYPES. R.L. Papke1,2, J. C. Webster1, P. M. 
Lippiello3*, M. Bencherif3, W.S. and M. M. Francis2. Departments of 1 Pharmacology, and 
2Neuroscience, University of Florida College of Medicine, J.H.M.H.S.C. Gainesville, FL 
32610 and 3Research & Development, R. J. Reynolds Tobacco Co., Winston-Salem, NC 
27102.

When tested for activity on human neuronal nAChR subtypes expressed in Xenopus 
oocytes, the experimental agonist RJR-2403 had an efficacy equivalent to that of ACh for 
α4β2 receptors, with a potency approximately 4 fold greater than that of ACh (EC5Os of 16 ± 
4.6 µM and 57 ± 13 µM for RJR-2403 and ACh respectively). These results are in contrast 
to those obtained with human α 3β2 and α7 receptors where concentrations of RJR-2403 up 
to 1 mM produced responses of no more than 34 ± 8% and 25 ± 2% the response to ACh,, 
respectively. RJR-2403 may therefore function as only a partial agonist for neuronal 
subtypes other than α4β2. Alternatively, its efficacy may be limited by secondary 
noncompetitive effects. However, although RJR-2403 does appear to accelerate the kinetics 
of α3β2 responses, it does not produce the protracted late-phase currents associated with the 
noncompetitive effects of epibatidine, anabaseine, or ABT-418. Likewise, at concentrations 
less than 1 mM, RJR-2403 does not produce any residual inhibition of subsequent ACh 
responses measured 5 minutes after application. This is in contrast with the results obtained 
with nicotine which produced profound residual inhibition of human α4β2, α3β2, and α7 
receptors with IC50 values of 90 µM, 300 µM and 160 µM respectively. Nicotine activated 
relatively low peak currents in human α4β2 and α3β2 receptors, which were only 
approximately 20% and 50% the respective ACh maximum responses. However, unlike 
RJR-2403, nicotine was a fully efficacious activator of human α7 receptors with a potency 
similar to ACh. Concomitant to the residual inhibition and limited peak currents of α4β2 and 
α3β2 receptors, nicotine also produced significant amounts of late phase currents associated 
with mixed agonist/antagonist activity. In summary, our results suggest that RJR-2403 will 
be a potent and selective activator of human α4β2 receptors with perhaps a favorable profile 
of side effects. Human receptor cDNA clones were kindly provided by Dr. Jon Lindstrom. 
RLP was supported in part by NIH R01 NS3288 and a grant from R. J. Reynolds Tob. Co.

39.28
LONG-LASTING COGNITIVE EFFECTS OF THE CNS-SELECTIVE 
NICOTINIC AGONIST RJR-2403. G. Gatto1*, M. Bencherif1, P.M. Lippiello1, N.C. 
Christopher2, T.S. Weaver2, W.P. Blackwelder2 and E.D. Levin2. 1Research & 
Development, R.J. Reynolds Tobacco Company, Winston-Salem, NC 27102 and 
2Neurobehavioral Research Lab, Duke University, Durham, NC 27710.

There has been a concerted effort to develop nicotinic ligands selective for nicotinic 
receptor subtypes (nAChR) expressed in the central nervous system as potential 
therapeutics for the deficits associated with neurodegenerative diseases, including 
Alzheimer’s disease (AD). Nicotinic ligands have been shown to exhibit biological 
effects that are relevant to AD including improvement of the cognitive impairment. 
Although most of the studies have evaluated the acute beneficial effects of nicotinic 
ligands in memory function, there is increasing evidence for a persistent improvement 
of cognition in animals and humans. Long lasting effects on cognition following 
nicotine administration have been reported in primates (Buccafusco et al., 1996) and 
humans (Newhouse et al., 1995; Levin et al., 1997). Consistent with these long lasting 
effects on cognition are the results of studies demonstrating a long lasting reversal of 
symptoms in Tourette’s patients following a single administration of nicotine (Silver et 
al., 1996; Sanberg et al., 1997; Dursun and Reveley, 1997). Pharmacokinetic and 
pharmacodynamic (PKPD) studies suggest that the cognitive effects of nicotine persist 
beyond the lifetime of parent compound. Studies were conducted in male rats to 
evaluate the time course of improvement of radial arm maze performance by the CNS- 
selective nicotinic agonist RJR-2403. The results show a significant increase in entries 
to repeat (ETR) with 0.3mg/kg at 60 minutes post-oral administration (from 5.7 ± 0.63 
in control rats; n=10, to 7.6 ± 0.2 at 60 minutes; n = 10: p< 0.01) but not at 1mg/kg 
(6.6 ± 0.45; n =10). However at 360 minutes post-oral administration both 0.3 mg/kg 
and 1 mg/kg showed significant improvement in ETR`s (from 5.12 ± 0.81; n=8, for 
control to 7.0 ± 0.29 at 0.3 mg/kg; n=9, p<0.025, and 7.22 ± 0.28 at 1 mg; n = 9; p< 
0.005). Our results indicate that RJR-2403 has long lasting acute cognitive effects.
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39.29
RJR-2557 IS SELECTIVE FOR CNS NICOTINIC RECEPTORS AND IS 
NEUROPROTECTIVE IN  VITRO. M. Bencherif*, W.S. Caldwell. G. Gatto, G.M. 
Dull, K.W. Fowler and P.M. Lippiello. Research & Development, R.J. Reynolds 
Tobacco Company, Winston-Salem, NC 27102.

The present report describes in vitro studies demonstrating that the novel 
nicotinic analog RJR-2557 is neuroprotective against glutamate-induced toxicity in 
fetal rat brain cultures. RJR-2557 binds with high affinity to the α4β2 receptor 
subtype (Ki = 6.0 ± 1.6 nM). RJR-2557 is a potent agonist at nAChRs mediating 
dopamine release from rat synaptosomal preparations (EC50 = 190 ± 59 nM; Emax = 
98 ± 14%) and ion flux from thalamic synaptosomes (EC50 = 367 ± 121 and Emax = 
69 ± 6%). RJR-2557 is also markedly less potent in activating muscle type 
nAChRs in TE671/RD cells or ganglion type nAChRs in PC12 cells, with no 
detectable activation at 100 µM.. RJR-2557 is effective in behavioral tests designed 
to measure cognitive performance. It has an ED25 of 0.43 µmol/kg in the passive 
avoidance paradigm with an Emax of 52 ± 14%. Behavioral studies using the radial 
arm maze indicate that this analog is effective following acute or chronic oral 
administration in rats. In addition, in cultures of fetal rat brain, RJR-2557 
significantly reduces glutamate-induced neurotoxicity as determined by LDH 
enzymatic activity 24 hours following exposure to glutamate. These results indicate 
that the activity profile of RJR-2557 improves cognitive performance in animal 
models and results in neuroprotection in vitro. Further studies will evaluate its 
feasibility as a potential candidate for evaluation in treating neurodegenerative 
diseases.

39.30
DIFFERENTIAL EFFECTS OF ANTICHOLINESTERASES ON NICOTINIC 
AUTORECEPTOR FUNCTION IN RAT CORTEX. P. Harp* and C. Pope. Div. of 
Toxicology, Northeast Louisiana Univ., Monroe, LA 71209.

Parathion (PS) and chlorpyrifos (CPF) are structurally-similar organophosphorous 
insecticides (OP) that act primarily by inhibition of acetylcholinesterase (AChE), with 
subsequent overstimulation of cholinergic receptors due to synaptic accumulation of 
acetylcholine (ACh). The toxicity of these OPs cannot be explained solely by their 
anticholinesterase action, however. In previous studies, PS-treated rats exhibited more 
severe toxicity (peaking at 48 hrs) than CPF-treated rats, even though both OPs 
produced similarly high AChE inhibition (~90%). Evidence from our lab and others 
suggests some OPs may have additional macromolecular targets including nicotinic 
cholinergic receptors. Some presynaptic nicotinic receptors in the CNS function as 
positive-feedback autoreceptors which stimulate ACh release upon activation. In the 
current study, we evaluated dose-related AChE inhibition in adult male rats 48 hrs after 
PS (9, 12, 15, 18 mg/kg, sc) or CPF (45, 90, 135, 270 mg/kg, sc) and correlated AChE 
inhibition with various functional endpoints (SLUD, arousal, tremors, body weight and 
temperature, and motor activity). PS produced more extensive toxicity and significant 
correlations (r=0.48-0.81) were noted between AChE and all functional indicators. 
CPF, however, produced little overt toxicity and only a weak correlation (r=0 .49) 
between AChE and SLUD signs. Nicotinic autoreceptor function (NAF) was measured 
4 and 24 hrs after in vivo PS (18 mg/kg, sc) or CPF (280 mg/kg, sc) exposure in 
cortical synaptosomes preloaded with [3H]choline. Synaptosomes were superfused 
with physiological buffer (in the presence of atropine, 1 µM) to determine basal (6 mM 
KCl) and stimulated (KCl + 10µM ACh) [3H]ACh release. Under these conditions, 
ACh caused 100-125% increase in [3H]ACh release and this increase was completely 
blocked by mecamylamine (100 µM). Neither OP altered [3H]ACh release 4 hrs after 
exposure. ACh-stimulated [3H]ACh release was reduced (~2O%) in CPF-treated rats 
24 hrs after exposure, however, compared to either control or PS-treated rats. Since a 
reduction in ACh release may attenuate anticholinesterase toxicity, the differential 
effects of PS and CPF on NAF could contribute to differential toxicity of these agents 
with similar levels of AChE inhibition. Supported by U S. EPA CR820229.

ACETYLCHOLINE RECEPTORS: NICOTINIC—ANATOMY

40.1
FACIAL M O TO NEURO NS OF THE NEW BORN RAT EXPRESS  
FUNCTIONAL N ICO TINIC RECEPTORS. M. Zaninetti, E. Tribollet, D. 
Bertrand and M. Raggenbass*. Department of Physiology, University Medical 
Center, C H -1211 Geneva 4, Switzerland.

The responsiveness of facial motoneurons to acetylcholine (ACh) was 
investigated using whole-cell voltage clamp recordings in brainstem slices 
from newborn rats. The slices were submerged in a perfusion solution and 
motoneurons were visualized with a 4Ox water-immersion objective and I.R. 
videomicroscopy. Brief pulses of ACh were delivered by pressure ejection 
from a patch pipette positioned near the recorded motoneuron. In the 
presence of atropine at 5 mM, 0.1 mM ACh evoked a fast rising inward 
current in a majority of cells. The ACh-evoked current had a peak amplitude 
of 30 to 200 pA (holding potential: -60 mV) and lasted longer than the ACh 
pressure pulse. This current displayed the typical inward rectifier properties 
expected for a neuronal nicotinic receptor. It was not affected by the blockers 
of glutamatergic synaptic transmission, NBQX and D-AP5, nor by the calcium 
channel blocker, cadmium. Bath-applied nicotine, at 1 mM, generated a small 
sustained inward current and desensitized the ACh-evoked current. The  
competitive antagonist dihydro-b-erythroidine, at 1 mM, fully inhibited the 
ACh-evoked current, whereas methyllycaconitine, at 50 nM, had no effect. 
These data indicate that facial motoneurons of the newborn rat are endowed 
with functional nicotinic receptors and suggest that these receptors have a 
pharmacological profile distinct from that of a7-containing receptors. In view 
of the large amplitude of the current induced by ACh, it can be concluded 
that these receptors could play a role in neuronal signalling within the facial 
nucleus and/or in regulating motoneuron development. Work supported by 
the Swiss National Science Foundation (Grant 31.43436.95).

40.3
IN VIVO EX PR E SSIO N  O F A L P H A -4 -C O N T A IN IN G  N IC O TIN IC  
A C ET Y L C H O L IN E  R E C E PT O R S O N  S E R O T O N E R G IC  N E U R O N S  
IN B R A IN STEM  NU CLEI O F R A T . M.W. Decker*, P . Curzon, A.L. 
Nikkei and R.S. Bitner,. Neurological and Urological D isease Research, 
Abbott Laboratories, Abbott Park, IL 60064

The expression o f  different neuronal nAChR (nicotinic acetylcholine  
receptor) subunits has been m apped in the rat nervous system  at both the 
RNA and protein levels. Although these types o f  studies have revealed a 
wide distribution o f  nAChRs throughout the entire brain, there have been  
few, if  any, characterization studies to determine the neurochem ical 
“p h en otyp e” o f  neurons that express nAChRs in vivo. In this study, the 
expression o f  α4-containing nAChRs, as determ ined by α4  
imm unostaining (mAb 299), was observed in various serotonergic 
brainstem nuclei including: dorsal raphe (DR), raphe pontis and nucleus 
raphe magnus (NRM ). The pattern o f  α 4  staining, particularly in the DR, 
was very similar to the im m unostaining observed using a m onoclonal 
antibody against tryptophan hydroxylase, suggesting that serotonergic 
neurons express the α4 subunit. Indeed, i.c.v . or intra-NRM administration 
o f the serotonergic neurotoxin 5 , 7-dihydroxytryptam ine (5,7-D H T) 
elim inated tryptophan hydroxylase im m unostaining, as expected, but also 
prevented the expression o f  α 4  in the DR and the NRM, respectively. 
Finally, double-labeling experim ents revealed almost a com plete overlap o f  
tryptophan hydroxylase and α 4  im m unostaining in serotonergic nuclei, 
providing direct evidence that α4-containing nAChRs are located on  
serotonergic neurons. Together, the results o f  these studies indicate that 
serotonergic neurons in brainstem nuclei, such as the DR and NRM , express 
α4-containing nAChRs, a novel finding, and suggest that the 
pharmacological effects o f  nAChR agonists may involve the activation o f  
serotonergic pathways. (Supported by Abbott Laboratories)

40.2
IN VIVO IMAGING OF BRAIN NICOTINIC ACETYLCHOLINE RECEPTORS 
WITH 5-[123I]IODO-A-85380 USING SINGLE PHOTON EMISSION COMPUTED 
TOMOGRAPHY. S.I. Chefer1*, A.G. Horti1, K.S. Lee2, A.O. Koren1, D.W. Jones2, 
J.G. Gorey2, J.M. Links1, A.G. Mukhin1. D.R. Weinberger2 and E.D. London1. 1Brain 
Imaging Center, NIDA, NIH, Baltimore, MD 21224; 2Clinical Brain Disorders 
Branch, NIMH, NIH, Washington, D.C. 20032.

Central nicotinic acetylcholine receptors (nAChRs), ligand-gated ion channels, are 
among the best-studied of neurotransmitter receptors. They have a crucial role in a 
variety of brain functions, including learning and memory, and are also affected in 
various neuropathological conditions, such as Alzheimer’s, Parkinson’s and 
Huntington’s diseases and in tobacco dependence. Non-invasive in vivo studies of 
these receptors, however, have been impeded by the absence of appropriate 
radiotracers. Therefore, a novel ligand for nAChRs, 5-[I23I]iodo-A-85380, has been 
evaluated in the Rhesus monkey using single photon emission computed tomography 
(SPECT). Peak brain levels of radioactivity were observed in brain at 90 min after 
injection of the tracer. Accumulation of radioactivity was highest in the thalamus, 
intermediate in frontal cortex and basal ganglia, and lowest in the cerebellum. The 
ratio of specific to nonspecific binding (V3”) in the thalamus, calculated as the 
(thalamic - cerebellar)/cerebellar radioactivity ratio, reached a value of 6 at 4 h post-
injection. Specific binding was reduced by subcutaneous injection of 1 mg/kg 
cytisine 2.25 h after injection of radiotracer. At 2.5 h after cytisine administration, 
specific binding in the thalamus was reduced by 84%; in the frontal cortex, by 76%; 
and in the basal ganglia, by 57% of the level measured at the time of cytisine 
administration, demonstrating that the binding was reversible. On the basis of these 
findings, together with other data indicating high affinity, receptor subtype 
selectivity, low non-specific binding and lack of toxicity in animals, 5-[l23I]iodo-A- 
85380 appears to be a promising ligand for SPECT imaging of nAChRs in the human 
brain. Supported by the NIH Intramural Research Program.

40.4
CELLULAR CO-EXPRESSION OF NICOTINIC ACETYLCHOLINE RE- 

. CEPTOR SUBUNIT mRNA AND PROTEIN IN THE CEREBRAL COR
TEX AND HIPPOCAMPUS OF THE MOUSE. S. Battel1, U. Schütz1, U. 
Krempel1, L. Burghaus 1, .J. Lindstrom2, A. W evers1* and H. Schröder1, 
1Dept. of Anatomy, Univ. of Köln, 50931 Köln, FRG and 2Dept. o f Neuro
science, School of Medicine, Univ. of Pennsylvania, Philadelphia, PA, USA.

As far as currently known, expression o f nicotinic acetylcholine receptors 
(nAChR) most likely is regulated at the level of translation while the corre
sponding transcripts are thought to be rather unaffected. For a comprehen
sive assessment of nAChR expression, however, the simultaneous visualiza
tion of subunit mRNA and protein in individual cells would be desirable.

We have developed a protocol allowing for the immunofluorescence-me
diated co-visualization o f nAChR transcripts and proteins and used it para- 
digmatically for the demonstration of α4 nAChR expression in the murine 
cerebral cortex and hippocampus. By means of RT-PCR, a 4OObp fragment 
o f the α4 nAChR subunit was amplified from total mouse brain RNA and a 
digoxigenin-labeled probe was obtained by in vitro transcription. Simultane
ous demonstration o f α4 mRNA and protein was achieved by using anti-di- 
goxigenin-rhodamine (mRNA) and a cy2-based detection system for mAb 
299 (α4 protein).

Red (mRNA) and green label (protein) showed a very high degree of co-
expression at the cellular level in the mouse cerebral cortex and hippocam
pus. This technique will be useful to assess at the cellular level the expres
sion patterns of nAChR mRNA and protein under experimental conditions.

Supported by the Deutsche Forschungsgemeinscha ft  (Schr 283/18-1, 18-2)
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40.5
EXPRESSION OF NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR 
SUBUNIT mRNAs WITHIN GABAERGIC NEURONS OF RAT MEDIAL 
SEPTUM AND DIAGONAL BAND COMPLEX. L. Azam* and F.M. Leslie. Dept. 
of Pharmacology, University of California, Irvine, CA 92697.

Neuronal nicotinic acetylcholine receptors (nAChRs) are ligand gated ion channels, 
consisting of α and β subunits, that are known to influence cognition. There is a 
heterogeneous expression of α2, α4, α7, β2 and β4 nAChR subunit mRNAs within 
medial septum and diagonal band (MSDB), areas that contain neurons projecting to 
hippocampal formation and neocortex. We have previously shown that the majority of 
cholinergic neurons in MSDB express mRNAs for α7 and β2, with low expression of 
α2, α4 and β4 (Azam et al. Soc. Neurosci. Abs. 23: 383). We have now examined the 
expression of nAChR subunit mRNAs within GABAergic neurons of the MSDB, using 
a digoxygenin-labeled riboprobe for glutamic acid decarboxylase (GAD) and [35S]- 
labeled riboprobes for nAChRs. We have found that most of the GABAergic neurons 
express β2 subunit mRNA, whereas approximately 30% express α7 subunit mRNA. 
GABAergic neurons also express α2 subunit mRNA. Although more than half of cells 
expressing α2 mRNA are also positive for GAD, the expression of this subunit is 
restricted to a small percentage of total GABAergic neurons, α4 subunit mRNA 
expression is low in GABAergic neurons located in the medial portion of the medial 
septum, but is somewhat higher within the diagonal band, whereas there is an overall 
low expression of β4 subunit mRNA. These results show that the pattern of expression 
of nAChR subunit mRNAs within MSDB GABAergic neurons is similar to that seen in 
cholinergic cells, α7 and β2 are the most prominent nAChR subunit mRNAs expressed 
in these two neuronal populations. In contrast, α4 and β4 subunit mRNA expression is 
largely restricted to non-cholinergic, non-GABAergic neurons. Only α2 mRNA 
expression distinguishes the two neuronal systems, being selectively expressed in 
GABAergic, but not cholinergic, cells.
Supported by PHS grant NS 30109.

40.7
EX VIVO AND IN VITRO AUTORADIOGRAPHIC ANALYSIS OF NICOTINIC 
ACETYLCHOLINE RECEPTORS (nAChRs) USING 5-[125I]IODO-A-85380. 
A.S._Kimes*, D.B. Vaupel, A.G. Muk hin, J.K.  Chambers,_A.G. Horti, A.O. Koren, 
T.D. Foster and E.D. London. Brain Imaging Center, NIDA-IRP, Balto., MD 21224.

The distribution of nAChRs was studied by ex vivo (mouse) and in vitro (rat) 
autoradiography using 5-[l25I]iodo-A-85380, a new high affinity ligand for nAChRs 
(Kd = 11 pM in in vitro binding assays using rat brain membranes, see abstract by 
A.G. Mukhin et al.). 5-[125I]iodo-A-85380 exhibits a promising distribution and kinetic 
profile ex vivo in mice (see abstract by D.B. Vaupel et al.). After preincubation for 
20 min, rat brain slices were incubated for 2 h at 25°C in 210 pM 5-[125I]iodo-A-85380. 
Non-specific binding was assessed in adjacent slices in the presence of 10 µM 
(-)nicotine. Ex vivo binding was assayed in mice that received 30 µCi of 5-[125I]iodo-A- 
85380, i.v.; non-specific binding of 5-[l25I]iodo-A-85380 was assayed by administering 
10 mg/kg cytisine, s.c., 30 min before radiotracer injection. Brain sections were 
obtained from mice killed 4 h after receiving the radiotracer. Autoradiograms were 
analyzed using a video camera-based image analysis system. In both studies, non-
specific binding was indistinguishable from the film background and concentrations of 
radioactivity were greatest in areas containing high densities of nAChRs (e.g., thalamus 
and superior colliculus), and lower in regions containing moderate densities of nAChRs 
(e.g., cortex, caudate putamen and hypothalamus). Differences between studies were 
observed in the cerebellum and superior colliculus. Whereas no radioactivity above 
film background was detected in the cerebellum in the ex vivo study, labeling of 
cerebellar grey matter was obvious in the in vitro study. Labeling in the superior 
colliculus was heterogenous in in vitro studies (greater in superficial layer), but not in 
the ex vivo studies. Additional studies may distinguish differences that are species- 
specific from those that are method-specific. The substantial uptake and retention, as 
well as distribution pattern, of 5-iodo-A-85380 suggests that this ligand would be an 
excellent imaging agent for nAChRs with SPECT. Indeed preliminary SPECT studies 
in non-human primates (see abstract by S. Chefer et al.) support this assertion.

40.6
5 -[125I]IODO-A-85380: EVALUATION AS A RADIOTRACER FOR THE 
IN VIVO IMAGING OF NICOTINIC ACETYLCHOLINE RECEPTORS 
(nAChRs) IN THE M OUSE. D.B. Vaupel*, A.G. Mukhin, A.S. Kimes, 
A.G. Horti, A.O. Koren, and E.D. London. Brain Imaging Center, National 
Institute on Drug Abuse, NIH, Baltimore, MD 21224.

The ability to image nAChRs noninvasively within the human brain to study 
normal physiological processes or disease states, such as nicotine dependence 
or Alzheimer's disease would be invaluable. Nevertheless, such studies are 
hampered by inadequate radiolabeled tracer compounds. 5 -[125I]iodo-3-(2(S)- 
azetidinylmethoxy)pyridine, 5 -[125I]iodo-A-85380 , is a compound that was 
evaluated in the mouse as an in vivo imaging agent for central nAChRs. After 
intravenous administration o f 3 µCi/m ouse o f 5 -[125I]iodo-A-85380, peak brain 
levels o f  radioactivity occurred within 1 h (10% injected radiotracer dose/g  
tissue in the thalamus and superior colliculus) and declined slow ly over 4 h. 
At 4 h, the ratio o f radioactivity in the thalamus to that in the cerebellum, a 
measure o f specific labeling, was 37. N icotinic agonists, (-)nicotine, 
(-)cytisine, and L-lobeline, but neither the muscarinic antagonist 
(-)scopolam ine nor the nicotinic antagonist mecamylamine inhibited 
5 -[125I]iodo-A-85380 binding in brain regions enriched in nAChRs. This 
pattern o f pharmacological inhibition suggests an interaction at the agonist site 
on nAChRs. Based upon competition between unlabeled 5-iodo-A-85380 and 
the radiotracer for binding sites, IC50s averaged 5 nmol/kg and the data were 
consistent with saturable binding to the receptor. Autoradiograms o f 
5 -[125I]iodo-A-85380 in brain demonstrated a heterogeneous distribution. The 
abolition o f this binding pattern following cytisine pretreatment suggests 
binding at neuronal nAChRs, likely the α 4 β2 subtype. These results 
demonstrate that radiolabeled 5-iodo-A-85380 has excellent potential as an 
imaging radiotracer for nAChRs, particularly with single photon emission  
computed tomography, when 123I is incorporated into the m olecule. (The 
NIDA Brain Imaging Center is supported in part by funding from the O ffice 
on National Drug Control Policy.)
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41.1
DISTRIBUTION OF AMPA AND NMDA RECEPTORS ON THE SURFACE 
OF LIVING HIPPOCAMPAL NEURONS IN CULTURE.
J. Noel, E. Molnar#, L. Pickard, W.W. Anderson*, J.M. Henley, G.L. 
Collingridge. Dept. of Anatomy, University of Bristol, Bristol BS8 1TD, U.K., 
#Dept. of Pharmacological Sciences, The Medical School, University of 
Newcastle upon Tyne, Newcastle upon Tyne NE2 4HH, U.K.

N-methyl-D-aspartate (NMDA) and AMPA types of ionotropic glutamate 
receptors mediate fast excitatory neurotransmission in the hippocampus and are 
implicated in synaptic plasticity. The AMPA receptors are composed of four 
subunits (GluR1-4), whilst all NMDA receptors comprise the essential NR1 
subunit and one or more of the modulatory NR2A-D subunits. In the present 
study we investigated the surface distribution of AMPA and NMDA receptor 
subunits in living CA3-CA1 hippocampal neurons in culture. AMPA receptors 
were identified either with a polyclonal antibody which reacts with the conserved 
extracellular loop regions of all four GluR1-4 subunits, or with a monoclonal 
GluR2 N-terminal domain specific antibody. NMDA receptors were 
immunolabelled with a polyclonal antibody raised against the extracellular N- 
terminal domain of NR1. Immunofluorescence double labelling of live neurons 
(after two weeks in culture) colocalized AMPA receptors with the presynaptic 
terminal marker protein synaptophysin. Dual labelling experiments with GluR1-4 
and GluR2 specific antibodies showed a high degree of colocalization, 
demonstrating that GluR2 subunit is present in most AMPA receptors in 
hippocampal neurons. The NR1 antibody revealed a highly punctated staining cm 
the surface of live neurons after two weeks in culture. The study of the 
differential distribution of AMPA and NMDA ionotropic glutamate receptors cm 
living neurons in culture should provide information relevant to mechanism 
involved in synaptic development and plasticity in the CNS. Supported by MRC.

41.2
THE ε2 NMDA RECEPTOR SUBUNIT IS NOT REQUIRED FOR 
SYNAPTIC CLUSTERING OF NMDA RECEPTORS. K.R. Tovar*, 
A.J. Miller and G.L. Westbrook. The Vollum Institute, Oregon Health Sciences 
University, Portland, OR 97201.

The NMDA receptor subunit ε2 (NR2B in rat) is expressed at high levels during 
central excitatory synapse formation. A critical role for ε2 in NMDA receptor 
clustering at the postsynaptic density (PSD) has been suggested based on interactions 
between ε2 and PSD scaffolding proteins. We examined the contribution of the ε2 
subunit to synapse formation and NMDA EPSCs using cultured hippocampal 
neurons from mice lacking ε2. Whole-cell NMDA currents and autaptic EPSCs were 
recorded from hippocampal neurons from P0 ε2-/- mice cultured on glial 
microislands. At 2-3 days in vitro (DIV), NMDA-evoked whole-cell currents could be 
detected that were blocked by 1 mM Mg (at -60 mV) but not by ifenprodil (3 µM), 
an ε2-selective antagonist. After 4-5 DIV ε2-/- neurons formed synapses. Brief (0.5-1 
msec) depolarizations of the soma evoked fast NBQX-sensitive (5 µM) and slower 
NBQX-insensitive EPSCs. NBQX-insensitive EPSCs displayed classical NMDA 
receptor pharmacology (blocked by AP5 or Mg at negative potentials) but had more 
rapid decays. In ε2-/- neurons EPSC decays were well-fitted with a single exponential 
(τ=27±2.5 msec, n=8) while decays from wild-type litter mates were only well-fitted 
with two exponentials (τf=52±l4 msec; τ s=279±34 msec, n=5). We used 
concentration jumps from 10 µM glycine and 200 µM glutamate into 200 µM 
glutamate to examine the glycine sensitivity of NMDA receptors from ε2-/- neurons. 
Currents from wild-type neurons had bi-exponential deactivations (τf=266±24 msec; 
τs=1375±60 msec, n=6). The deactivation of currents from ε2-/- neurons decayed 
with a single exponential (112±10 msec, n=6) indicating that NMDA receptors from 
ε2-/- neurons were less sensitive to glycine. The EPSCs kinetics in ε2-/- neurons 
suggest that the synaptic NMDA receptors are composed of ζ 1/ε1 subunits (Vicini et 
al., 1998). Thus ε2 is not necessary for targeting of NMDA receptors to the PSD. 
Supported by MH11204 and the Scottish Rite Schizophrenia Research Program 
(KRT) and MH46613 (GLW). We thank Dr. Masayoshi Mishina for the gift o f ε2- 
targeted mice.
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41.3
EXPRESSION OF NMDA RECEPTOR SUBUNITS AND NR1 SPLICE 
VARIANTS IN FIVE REGIONS OF RAT FOREBRAIN.
M.S. Lidow*1,3, L-X. Sun1 and M.T. Shipley2,3, 1Dept. o f  OCBS, 2Dept. of Anatomy 
and Neurobiology and 3Progam in Neuroscience. University of Maryland, Baltimore, 
MD 21201.

Quantitative RT-PCR was used to analyze the comparative expressions of NMDA 
receptor subunits in the piriform, entorhinal, visual, and motor cortices as well as in 
the olfactory bulb of the adult rat. The subunits examined were: NR1, NR2A, NR2B, 
NR2C, NR2D and NR-L. We also analyzed the relative levels of the following splice 
variants of the NR-1 subunit: N1-containing (N1+), N 1-lacking (N1-), C1, C2- 
containing (C1+C2+), C1, C2-lacking (C1-C2-), C1-containing/C2-lacking 
(C1+C2-), and C1-lacking/C2-containing (C1-C2+). We found that NR2B was the 
most heavily expressed subunit in all of the brain regions examined. The expression 
levels of the NR1 and NR2A subunits were 50-70% of NR2B. NR2C, NR2D, and 
NR-LmRNAs were present at very low levels of only 2-7% of NR2B. Moreover, the 
motor cortex was totally lacking NR2D and NR-L messages. Among the N1 splice 
variants of the NR1 subunit, N1- variant was most heavily expressed in all areas 
examined, 70-90% of the total NR1. The N- variant constituted only 10-30% of NR1. 
Among the C1C2 splice variants, C1+C2+ was the most abundant, 65-80% of the 
total NR1. C1 - C2 - and C1 -C2+ were 10-25% of the total NR1. We were unable to 
detect C1+C2 - variant in any of the areas studied. These results suggest that NR2B is 
an important component of the native NMDA receptors whereas NR2C, NR2D and 
NR-L are not essential for activities of most NMDA receptors in the areas of the 
forebrain examined. Among the NR1 splice variants N- and C1+C2+ are the most 
important while C1+C2- are not necessary for the functioning of the forebrain 
NMDA receptors.

Supported by the NIH and US Army grants.

41.5
PREFERENTIAL EXPRESSION O F PRESYNAPTIC NM DA RECEPTO R S IN THE  
PERIVENTRICULAR ZONE O F TH E  HYPOTH ALAM US. G.B. G u, F. 
Varogueaux*, M.A. Ibanez, M.A. Kirigiti and R.B. Simerly . Division of 
Neuroscience, Oregon Regional Primate Research Center, Beaverton, O R 97006  

Glutamate exerts a dominant regulatory role in the modulation of a variety of 
neuroendocrine functions. For example, activation of glutamate receptors is 
essential for the initiation of the preovulatory LH surge that occurs during puberty 
and in adult animals. NMDA receptors are known to mediate glutamatergic 
signaling in neuroendocrine pathways, and the NMDAR1 subunit is an essential 
component of these receptors. NMDAR1 receptor subunits are widely expressed 
in neuronal cell bodies, but in certain regions they also appear to be present in 
presynaptic elements. In the present study, an immunocytochemical 
intensification procedure was optimized to enhance the visualization of NMDAR1 - 
immunoreactive fibers and terminals. The highest densities of these fibers were 
observed in the periventricular regions of the hypothalamus, with dense plexuses 
in the anteroventral periventricular nucleus, periventricular nuclei, parvicellular 
parts of the paraventricular nucleus, and the arcuate nucleus of the hypothalamus. 
In contrast, only a low density of fibers were present in most parts of the medial 
zone of the hypothalamus. In addition, the ventral part of the lateral septum, the 
bed nuclei of the stria terminalis, and restricted regions of the brainstem contained 
moderate densities of NMDAR1 immunoreactive fibers. Ultrastructural analysis 
confirmed the presynaptic location of NMDAR1 immunoreactivity in axons 
terminals of the periventricular hypothalamus. These presynaptic NM DA receptors 
may promote the release of glutamate, and the predominantly periventricular 
distribution pattern suggests their involvement in the regulation of hormone 
secretion from the anterior pituitary. Anterograde axonal tracing technique 
combined with immunocytochemistry is being used to identify the origin of these 
NMDA receptor-containing presynaptic terminals. Supported by NIH grants 
RROO163 & NS26723

41.7
DENDRITIC EXPRESSION OF FUNCTIONAL Ca2+ / Zn2+ PERMEABLE AMPA/KA!NATE 
(Ca-A/K) CHANNELS ON HIPPOCAMPAL PYRAMIDAL NEURONS. H.Z. Yin*, S.G. 
Carriedo, S.L. Sensi, K.J. Claytor and J.H. Weiss. Depts. of Neurology, Anatomy and 
Neurobiology, and Psychobiology, U.C. Irvine, Irvine CA 92697-4292.

While it is well established that cortical and hippocampal GABAergic neurons generally 
express large numbers of Ca-A/K channels, their expression on pyramidal neurons is 
controversial. Ca2+ permeability of these channels may generally be regulated by 
expression of the GluR2 AMPA receptor subunit, which confers Ca2+ impermeability to 
heteromeric channels. Providing evidence against expression of Ca-A/K channels by 
pyramidal neurons, whole cell patch clamp studies have generally failed to show evidence 
of kainate activated Ca2+ currents, and in situ hybridization studies have shown evidence of 
strong GluR2 mRNA expression. Neurons possessing Ca-A/K channels can be identified by 
a histochemical stain based on kainate stimulated Co2+ uptake (Co2+(+) cells). Thus, the 
observations that pyramidal neurons in both culture and slice appear often to be Co2+(+) 
supports the expression of Ca-A/K channels by these neurons. These divergent data could 
be reconciled if expression of Ca-A/K channels were non-uniform, perhaps preferentially 
occurring on dendrites where they may be poorly detected by soma based whole cell 
recording. We have thus employed three independent approaches to examine the regional 
distribution of Ca-A/K channels on cultured hippocampal pyramidal neurons. First, antibody 
labeling of AMPA receptor subunits indicates that while GluR1 and 4 staining are often seen 
in the soma and dendrites, GluR2 expression, when evident, is generally more restricted to 
the soma. Secondly, “light” (submaximal) kainate stimulated Co2+ or Zn2+\ uptake staining 
often causes distinct labeling at sites within the dendritic tree in the absence of strong 
somatic or axonal labeling. (Preliminary studies in hippocampal slice preparations also 
show distinct dendritic labeling in many CA1 and CA3 pyramidal neurons.) Finally, dynamic 
studies of kainate stimulated Δ(Ca2+]i, using low affinity Ca2+ indicators in the presence of 
NMDA and VSCC blockade, often show a distinct temporal profile of Δ[Ca2+]i, with dendritic 
changes preceding those in the somata. Thus, present data support a restricted localization 
of Ca-A/K channels on pyramidal neurons, and provide a potential resolution of the 
apparently conflicting data regarding their expression. Supported by NIH grant NS 30884.

41.4
IMMUNOHISTOCHEMICAL LOCALIZATION OF THE NR2B NMDA 
RECEPTOR SUBUNIT IN RAT DIENCEPHALON. A M. Khan1,2 *, L. 
Bozzetti2, B.G. Stanley2,3 and M.C. Currás2. Division of Biomedical Sciences1, 
and the Departments of Neuroscience2 and Psychology3. University of Califor
nia. Riverside, CA 92521. USA.

We have recently reported the detection of the NR2B NMDA receptor 
(NMDA-R) subunit in hypothalamic areas involved in feeding and drinking be
haviors; namely, the lateral hypothalamus (LH) and supraoptic nucleus (SON), 
respectively (Khan et al., Dao and Currás; Soc Neurosci Abstr. 23. (1997) 576. 
1248; respectively). We now extend these findings to report the detection of the 
NR2B subunit in other diencephalic sites. METHOD. Freely floating cryostat 
and vibratome sections (25-70 µm) of diencephalon from adult male rats (n=8) 
were incubated with an affinity-purified, polyclonal anti-NR2B specific primary 
antibody- (1:750, 1:1\000; Chemicon or Calbiochem), a biotinylated goat anti-
rabbit IgG (1:200; Vector). ABC solution (1:150), visualized with a DAB reac
tion (with and without nickel intensification) and, in some cases, were counter- 
stained (thionin or hematoxylin). RESULTS. In the epithalamus, NR2B-la- 
beled cells were found in the medial and lateral habenular nuclei. Among the 
thalamic sites examined, robust labeling was seen in the paraventricular nucleus. 
Hypothalamic NR2B-labeling in the SON and paraventricular nucleus was ro
bust. while moderate labeling was seen in the LH, dorsomedial nucleus, arcuate 
nucleus, perifomical area, anteroventral periventricular nucleus and in areas along 
the third ventricle. Labeled cells were also prominent in portions of several 
magnocellular “accessory” nuclei, including the nucleus circularis. These re
sults. demonstrating the presence of intense NR2B subunit labeling within dis
crete diencephalic sites, suggests that some diencephalic NMDA-Rs may contain 
this subunit. (NIH grant NS 24268 to B.G.S.; NSF grant IBN-9604233 to M.C.C.).

41.6
PROPERTIES OF AMPA RECEPTORS IN SUBTYPES OF CA1 
INTERNEURONS IN RAT HIPPOCAMPAL SLICES. L. Carmant*, Y. Perez, 
C.A. Chapman, and J.-C. Lacaille, Center for Research in Neurological Sciences and 
Depts of Physiology and Pediatrics, Univ of Montreal, Montreal, Qc, Canada H3C 3J7.
AMPA receptors in hippocampal interneurons are thought to lack GluR2 subunits, 

conferring to them Ca2+ permeability, inward rectification, and sensitivity to external 
polyamines. The aim of this study was to compare these GluR2-dependent properties 
of AMPA receptors in different types of interneurons in str. oriens/alveus (OA) and str. 
radiatum/lacunosum-moleculare (R/LM) of the CA1 region of rat hippocampal slices. 
Ca2+-imaging studies were performed after incubating slices in ACSF containing 50µM 
fluo 3-AM. Fluorescence changes evoked by local application of 100µM AMPA in 
ACSF containing tetrodotoxin (TTX, 500 nM) were measured with a confocal 
microscope. The polyamine HPP-spermine (300µM) did not block Ca2+ responses 
induced by AMPA in OA cells (123±11% of control, n=5), but significantly reduced 
the amplitude of Ca2+ responses in R/LM cells (45±11% of control, p<0.05, n=4). 
Spontaneous non-NMDA EPSCs were recorded in whole cell voltage clamp in the 
presence of AP5 (50µM) and intracellular spermine (60µM) at ±50mV. The mean 
amplitude of sEPSCs was not significantly different in OA and R/LM cells. However, 
the ratio of the frequency of sEPSCs at +50mV and -50mV was significantly lower in 
R/LM cells (0.40±0.11, n=4) than in OA cells ( 1.09±0.30, n=4, p<0.05), indicating a 
significant decrease in the occurrence of events at +50mV in R/LM cells. Kainate 
currents were elicited by bath application of 30µM kainate in ACSF containing TTX. 
Preliminary results show that kainate currents were inwardly rectifying in 2 of 4 R/LM 
cells, but not in OA cells (n=3). Our results suggest that AMPA receptors may have 
different properties in OA and R/LM interneurons, with the latter showing properties 
consistent with AMPA receptors lacking GluR2 subunits: inward rectification, Ca2+ 
permeability, and block by external polyamines. These heterogeneous properties of 
AMPA receptors point to important functional differences in glutamate synaptic 
mechanisms in these interneurons. (Supported by MRC, NSERC, FRSQ and FCAR)

41.8
QUANTITATIVE ANALYSIS OF NEUROFILAMENT PROTEIN, GLUR2, AND 
NMDAR1 IN CORTICOCORTICAL PROJECTIONS IN MACAQUE MONKEYS. 
J.H. Morrison, Y-.He, G. Yeung E .A. Nimchinsky* ,W.G.M. Janssen, and P.R. Hof. 
Neurobiology of Aging Labs, Mount Sinai Sch. Med., New York, NY 10029.

Several studies have shown that ionotropic glutamate receptors (GluRs) are dif
ferentially expressed in the vertebrate central nervous system. The glutamate receptor 
subunit protein GluR2 is a critical determinant of calcium permeability in AMPA 
receptors, and a crucial target for localization. NMDAR1 is the obligatory subunit in 
the NMDA receptor and is considered to be present in the vast majority of neurons. 
In the present study, we quantified the degree to which these two GluRs are present 
in identified populations of corticocortically-projecting pyramidal neurons in the 
macaque monkey neocortex. We performed retrograde tract-tracing of cortical 
projections between the prefrontal, parietal and temporal cortices combined with 
immunohistochemistry using specific monoclonal antibodies to GluR2 and 
NMDAR1. We also compared the distribution of these GluRs to that of 
neurofilament protein (NFP), which is known to be preferentially associated with 
long corticocortical projections. The proportion of retrogradely labeled neurons 
containing NMDAR1 was very high in both short and long connections (92.3% 
overall). In contrast, GluR2 was present in a high number of neurons forming short 
corticocortical projections (80.4%) but was found in a low proportion of neurons 
forming long association connections (46.1 %). Interestingly the GluR2 pattern was 
the inverse of that of NFP (35.2% and 83.3%, respectively), suggesting that GluR2 
and NFP are not widely colocalized in corticocortically projecting neurons. Previous 
data on the distribution of NFP-containing neurons in the human neocortex in 
Alzheimer’s disease have revealed that these neurons are prone to degeneration, 
indicating that long corticocortical pathways are severely affected in dementia. The 
fact that these neurons have low level of GluR2 and high levels of NMDAR1 may 
render them particularly prone to calcium-mediated toxicity, which may be related to 
their increased vulnerability in Alzheimer’s disease. Supported by NIH grants 
MHDA52154, AG05138 and AG06647.

Society for Neuroscience, Volume 24 ,1998



92 EXCITATORY AMINO ACIDS: ANATOMY AND PHYSIOLOGY I SUNDAY AM

41.9
Kainate receptors mediate sensory synaptic transmission in the spinal cord
Ping Li1*, Susan J. Kim1, Amelita A. Calejesan1, Jim Huettner2 and Min Zhuo1, 
Depts of Anesthesiology1 and Cell Biology and Physiology2, Washington 
University, St. Louis, MO 61103.

Glutamate is the major excitatory transmitter in the central nervous system. 
There are at least three different glutamate receptors that directly gate ion 
channels: AMPA, NMDA and kainate receptors. A contribution by AMPA and 
NMDA receptors to synaptic transmission and plasticity is well established, but 
less is known about the physiological function of kainate receptors. In previous 
work, kainate receptor-mediated slow excitatory synaptic currents have been 
evoked by repetitive activation of the hippocampal mossy fiber pathway.

Using whole-cell patch-clamp recordings from slices of rat spinal cord 
superfu sed with GYKI 53655 or SYM 2206 to block AMPA receptors, we find 
that a single shock to primary afferent fibers elicits fast, kainate receptor- 
mediated postsynaptic excitatory currents (EPSCs) in spinal dorsal horn neurons 
(n=26). The stimulation intensity for eliciting kainate receptor-mediated EPSCs 
is greater than that for AMPA receptor-mediated EPSCs. Selective activation of 
low threshold afferent fibers generates only typical AMPA receptor-mediated 
EPSCs. AMPA and kainate receptor-mediated EPSCs were also recorded from 
cells prelabeled by thalamic injection of a retrogradely transported fluorescent 
tracer, indicating that the cells contributed to ascending transmission of 
somatosensory inputs. Spinal blockade of both kainate and AMPA receptors but 
not AMPA receptors alone inhibit behavioral response to noxious heat (50°C) but 
not noxious cold (0°C). Our results indicate that postsynaptic spinal kainate 
receptors may contribute to transmission of somatosensory inputs, in particular, 
noxious heat from the periphery to the brain (Supported by DA10833 and 
NS30888).

41.11
GLUR6-CONTAINING KAINATE RECEPTORS DOWN REGULATE GABA 
SYNAPTIC TRANSMISSION IN THE MOUSE STRIATUM. K. Chergui1,2 
Elizabeth Norm and1, S.Heinemann3 and C. Mulle1*. 1CNRS UMR 5541, 
Universite Bordeaux II, Bordeaux, 33076. France.2Karolinska 
Institute,, S-171 77 Stockholm, Sweden. 3The Salk Institute for 
biological studies, La Jolla, California, 92037 

We investigated the presence and the physiological role of glutamate receptors of 
the kainate type in the striatum. The GluR6 subunit gene was found to be 
abundantly expressed in both striato-nigral and striato-pallidal neurons in double in 
situ hybridization studies. In whole-cell patch-clamp recordings from mouse striatal 
slices, application of low concentrations of domoate (50-500 nM) (an agonist at 
AMPA and kainate receptors) evoked an inward current in wild-type mice, but not 
in mutant mice deficient for the kainate receptor subunit GluR6. This current was 
not affected by NBQX (1µM), an antagonist more potent at AMPA than at kainate 
receptors. Inward currents evoked by higher concentrations of domoate were 
partially blocked in wild-type mice and totally blocked in GluR6-/- mice by NBQX 
(1-2 µM). These results indicate the presence of functional kainate receptors in the 
striatum. Excitatory postsynaptic currents evoked by electrical stimulation of the 
striatum resulted mainly from the activation of AMPA receptors since they were 
almost totally abolished by NBQX (1µM).However, domoate (200 nM) decreased 
the mean amplitude of evoked inhibitory postsynaptic currents and increased the 
frequency of failures in wild-type but not in GluR6-/- mice. This study 
demonstrates a modulatory function for GluR6-containing kainate receptors in 
GABA transmission in the striatum. (Work supported by funds from the French 
MRES, the CNRS, and the Region Aquitaine)

41.13
ANTAG ON ISM  O F TH A LA M IC M ETA BO TR O P IC  G LU TA M A T E  
R E C E P T O R  AND N O C IC EPTIV E R ESP O N SES B Y  TH E mGluR 
AN TAG O N ISTS L Y 3 6 7 3 6 6 . L Y 3 9 3 0 5 3  AND L Y 3 6 7 3 8 5 .
T. E. Salt* and J. P. Turner. Institute o f  Ophthalmology, University College 
London, LONDON E C 1 V  9 E L , UK.

Our previous work has shown that excitatory responses o f  rat 
ventrobasal thalamus (V B ) neurones to mGluR agonists and nociceptive 
stimuli can be blocked by mGluR antagonists, suggesting that mGluRs 
participate in the mediation o f  such responses. W e have carried out further 
experiments with the novel Group-I-selective antagonists L Y 3 6 7 3 6 6  and 
L Y 3 6 7 3 8 5 , and the broader-spectrum  antagonist L Y 3 9 3 0 5 3 .

Extracellular single neurone recordings were made in V B  and overlying 
thalamic nuclei o f  urethane-anaesthetised adult W istar rats using multi-
barrel electrodes. Responses o f  neurones to iontophoretic applications o f  
LS,3R-ACPD or S -3,5-DH PG  were reduced to 13 ± 3 .5 %  o f  control during 
continuous iontophoretic application o f  L Y 3 6 7 3 8 5  (n= 3 3 ) , while 
responses to the mGIuR5 agonist CHPG were less affected (to 7 6 ± 7 .5 %  o f  
control) and responses to either N M DA or AM PA  were not reduced. In 
contrast. L Y 367366 , L Y 393053  and S -4-CPG  reduced responses to IS ,3 R -  
A C PD , S -3 ,5-D H PG  and CH PG . Responses to noxious stimuli (52°C , 
2Osec, to either the tail or contralateral hindpaw) were reduced to 5 1± 5 .8 %  
(n= 10) o f  control responses by L Y 36 7 3 8 5  when applied with iontophoretic 
currents which reduced LS, 3 R-A C PD  responses. As L Y 3 6 7 3 8 5  is known 
to be m GluR,-selective, this reduction o f  nociceptive responses suggests 
that mGluR, is involved in thalamic nociceptive processing.

Supported by The Wellcome Trust. Antagonists were gifts from Lilly Research.

41.10
SELECTIVE EXPRESSION OF CALCIUM-PERMEABLE AMPA RECEPTORS IN 
SUBPOPULATIONS OF INHIBITORY AND EXCITATORY DORSAL HORN NEURONS 
C.AIbuquerque1* and A.B.MacDermott1,2 1Dept.of Physiology and Cellular Biophysics and 
2Center for Neurobiology and Behavior, Columbia Univ.; New York NY 10032

AMPA receptors lacking the edited GluR2 subunit have significant Ca2+ and Co2+ permeability, 
and have been described in many areas of the CNS. In some of those areas, expression of 
such Ca2+-permeabte AMPA receptors (CPARs) was shown to be confined to specific neuronal 
subpopulations such as GABAergic interneurons in the cortex and hippocampus. It is 
hypothesized that the Ca2+ permeability of CPARs modulates synaptic transmission in ways that 
are relevant to the functions of these subpopulations. We have found that CPARs are 
expressed in the dorsal horn of the spinal cord, and we thus sought to determine whether 
expression in that area is restricted to specific neuronal subtypes.

Kainate-induced cobalt uptake staining (cobalt staining, Pruss et al., 1991) was used in 
conjunction with immunocytochemistry for a number of markers to determine the pattern of 
CPAR expression in cultures of dissociated rat embryonic dorsal horn neurons. On average, of 
the total population, 52% of the neurons had kainate-induced cobalt permeability (Co♁ 
neurons), 30% had GABA-like immunoreactivity (GABA-LI neurons), 24% had Glycine-LI, 4.3% 
had neurokinin 1 receptor-LI (NK1-LI), and 18% and 21% had immunoreactivity for the Ca2*- 
binding proteins calbindin D28K (CB) and calretinin (CR), respectively. GABA is an inhibitory 
neurotransmitter in the adult dorsal horn, whereas NK1-LI is restricted to excitatory neurons in 
the adult superficial dorsal horn (Littlewood et al., 1995). Cobalt permeability was present in 
59% of GABA-LI neurons and in 77% of NK1-LI neurons. On the other hand, cobalt permeability 
was not present in the vast majority (~90%) of the CB-LI and CR-LI neurons, which also lacked 
GABA- and glycine-LI. CB-LI and CR-LI thus identify in our cultures a subpopulation of 
excitatory neurons from which the expression of CPARs is specifically restricted. These results 
strongly suggest that Ca2+-permeable AMPA receptor expression in the dorsal horn is not a 
random event, but is targeted to specific subpopulations of both inhibitory and excitatory dorsal 
horn neurons, and thus provides further indication that these receptors may play a specific role 
in the somatosensory circuitry.
Funding: American Paralysis Association, National Institutes of Health

41.12
AUTORADIOGRAPHY WITH [3H](2S,4R)-4-METHYLGLUTAMATE IN 
MACACA FASCICULARIS BRAIN REVEALS THE DISTRIBUTION OF LOW 
AFFINITY KAINATE RECEPTORS. F.Y. Carroll†, D.I. Finkelstein+, M.K. Horne+, 
A.J. Lawrence†, D. Crawford‡, G. Paxinos# & P.M. Beart†*, Depts of 
†Pharmacology & +Anatomy, Monash Univ., VIC 3168, Australia. ‡Tocris Cookson, 
Bristol, BS18 7DY, U.K. #School of Psychology, Univ of NSW, Kensington, NSW 
2052, Australia.

Emerging evidence suggests low affinity kainate (KA) receptors for L-glutamate 
(Glu) are both physiologically and pathologically important in brain, with the recent 
availability of selective ligands such as (2S,4R)-4-methylglutamate (4MG; Zhou et al., 
JPET 280, 422, 1997) allowing the definition of their functional involvement. Taking 
advantage of [3H]-4MG, a putative radioligand for GluR5/6-containing KA receptors 
(Toms et al., Neuropharm 36, 1483, 1997), we have mapped its autoradiographic 
distribution in primate brain. An adult male monkey (Macaca fascicularis) was 
sacrificed with an overdose of nembutal (>60 mg/kg), the brain removed and stored 
frozen until cryometry (14µm). Specific binding (50mM Tris/100mM KCl pH 7.4) of 
[3H]-4MG (5nM) to slide-mounted cerebellar sections was 85% total binding, 
saturable (Kd 2OnM), reversible and to a single population of sites. Competition 
studies gave the rank potency order 4-MG>domoate>KA>CNQX>Glu; ATPA and 
(S)-5-iodowillardiine displaced ~50% of binding, but AMPA was ineffective. 
Autoradiography and image analysis showed that labeling by [3H]-4MG was discrete 
and topographic, being localized to cortical subareas (deep layers), septum, 
hypothalamus, caudate-putamen, hippocampal CA2/3, cerebellar granule cells, olivary 
complex, solitary nucleus/area postrema, dorsal horn and DRG. The pharmacological 
profile of [3H]-4MG binding is consistent with labeling of both a GluR5 component 
plus a further, presumably GluR6 component. Given its negligible non-specific 
binding, the use of [3H]-4MG with subtype selective ligands represents a valuable new 
approach for localizing low affinity KA receptors. Supported by NH&MRC & NHF 
(Australia).
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42.1
ASSESSMENT OF THE TEM PORAL STABILITY OF BRAIN  
GLUTAMATERGIC COM POUNDS in  v iv o  VIA PROTON MAGNETIC  
RESONANCE SPECTROSCOPY
M.W. Faulk, S. Koch, P.A. Keenan*, M.P. Galloway , G.J.Moore.
Departments of Psychiatry and Behavioral Neurosciences and Radiology,
Cellular and Clinical Neurobiology and Medical Physics Programs,
Wayne State University Sch Med Detroit, MI 48201.

Glutamate, glutamine and GABA have been implicated in the 
neuropathophysiology of a number of disease states and modulation of these 
important neurochemicals is the basis of many pharmacologic treatments. It has 
been demonstrated previously that extracellular levels of these compounds can be 
measured directly with in vivo microdialysis. However, microdialysis cannot be 
readily applied toward human subjects due to its invasive nature. In this 
preliminary study, the temporal stability of rat brain glutamatergic (Glx) 
compounds (glutamate, glutamine, and GABA) measured noninvasively via proton 
magnetic resonance spectroscopy (MRS) was investigated in order to determine if 
this modality may be a useful tool for the longitudinal study of these 
neurochemicals in rat brain. Repeated proton MRS scans were performed over an 
approximately 1.5 hour period in anesthetized 2OOg male Sprague-Dawley rats 
(n=3) using a 4.7T animal MR scanner (Bruker Instruments). A 4 x 6 x 4 mm3 (96 
µl) voxel was placed in the anterior striatum and a modified PRESS pulse sequence 
was used to acquire the spectral information with parameters as follows: TR 2.0sec, 
TE 11.8msec, and 512 averages for a total acquisition time of approximately 17 
minutes/ scan. Glx peak areas were normalized to baseline values for each time 
point. No significant changes were observed in Glx concentration over the 
monitoring period. The area of the Glx resonance remained within approx. ±9% of 
its baseline value at each of the successive timepoints . We conclude that the 
temporal stability of in vivo proton MRS is adequate for the longitudinal 
assessment of the effects of neuropharmacologic challenges on the brain 
glutamatergic system. Supported by grants from the NIH-DA-04120 (MPG), a 
NARSAD Young Investigator Award (GJM), and the Joe Young Sr.
Research Fund.

423
VAGOTOMY AND PELVIC NERVES SECTION MODIFY 
NEUROTRANSMITTER RELEASE IN THE OLFACTORY BULB AFTER 
VAGINOCERVICAL STIMULATION. R. Guevara-Guzmán*. E. Buzo@, A. 
Larrazolo, B. Barrera-Mera, C. de la Riva+ and K.M. Kendrick+. Departamento de 
Fisiología, Facultad de Medicina, UNAM. México 04510. D.F. @Facultad de 
Ciencias, UNAM + Babraham Institute, Cambridge Inglaterra, CB2 4AT.

The uterus is innervated by parasympathetic and sympathetic nerves as well as the 
vagus nerve. The present study was therefore investigated the effects of 
subdiaphragmatic bilateral vagomoty or pelvic nerves lesion over neurotransmitter 
release in the OB after VCS.
The experiment were performed in 38 anesthetized animals and microdiaslysis 
probe (CM-12,3 mm membrane length) placed in the OB. One hour after sampling 
started VCS was applied by inflating a foley catheter in the vagina, during 10 min. 
Results showed pelvic section decrease aspartate release after VCS from 173±
10.0 to 121.0 ± 15.2 p<0.05; glutamate from 184.3 ± 64.2 to 143.6 ± 18.0. 
p<0.05, citrulline from 214.8 ± 40.8 to 164.3 ± 33.5 p<0.05 and GABA from 
203.2 ± 27 to 112 ± 8.0 p<0.01; arginine release was increased from 123.3 ±
17.1 to 158.0 ± 41.0 after VCS in PE but not in MD animals. However it was not 
statisticaly significant. Vagotomy was more effective to decrease glutamate 
release than pelvic section for instance from 184. 3 ± 64.2 to 109.6 ± 6.0 p<0.05; 
The effect over aspartate and GABA release by VCS was very similar to those 
observed in pelvic nerve section animals. Arginine and citrulline release shown a 
little increase with no significance in PE animals. More effect was observed in 
arginine release in MD
We therefore conclude that pelvic and vagus nerves are part of the pathway 

carrying information from the uterus into de OB.
Part of this work was supported by DGAPA # IN 200197 Grant.

42.5
EARLY DETECTION OF Q UINO LINIC A C ID  IM M U N O R E A C T IV -  
ITY (ir) IN M ICROG LIA/M ACRO PHAGES A F T E R  IN T R A C E R E 
BRAL INFUSION OF 3-H Y D R O X Y A N T H R A N IL IC  A C ID  IN  RATS. 
1E. Lehrmann*, 2A. M olinari, 2 C. Speciale and 1R. Schw arcz. 1M ary lan d  
Psychiatric Research Center, Baltim ore, M D 21228 and 2Pharm acia & 
Upjohn, Nerviano (M ilan), Italy.

Intracerebral infusion o f  the q uinolin ic acid (Q U IN ) bioprecursor 3 -  
hydroxyanthranilic acid (3 -H A N A ) rapidly elevates brain Q U IN  levels, 
an effect which is specifically  prevented by c o -in fu s io n  w ith  4 -C 1 -3 -  
HANA (Brain Res. Bull., 35: 513, 1994). This paradigm  was used to 
identify Q UIN-synthesizing cell populations in  v iv o . O ver 1 hour, adult 
male rats received focal infusions o f  3 -H A N A  a n d /or  4 -C l-3 -H A N A  
(both at 15 µM, pH 6 .8 ) or veh icle. Im m ediately thereafter, rats were  
perfused as described (Cell Tiss. R es., 278: 461, 1994). M icrog lia /m acro-  
phages, astrocytes and Q U IN -ir  cells were v isualized im m unohisto-  
chemically using commercial 0 X 4 2  and G F A P , or novel Q U IN  anti
bodies, respectively. Q U IN -ir  cells were always observed after in fu sion  
of 3-HANA alone, but never in the presence o f  4 -C l -3 -H A N A  or v e 
hicle, indicating that d e  n o v o  produced Q U IN  was responsible for  
QUIN-ir. In the naive hippocam pus and striatum , Q U IN -ir  cells pre
sented an activated m icroglial m orphology, whereas they were predom 
inantly of a macrophage m orphology in the exc ito tox ica lly  lesioned  
striatum. Double-labeling im m unohistochem istry show ed that Q U IN -ir  
co-localized with O X 42-ir m icroglia/m acrophages, but not w ith  G F A P -  
ir astrocytes. These data confirm  that activated m icroglia/m acrophages  
function as a source o f brain Q U IN . A strocytes, know n to contain  
QUIN’s metabolic machinery, fa iled  to display detectable Q U IN -ir  in 
this paradigm. Supported by USPHS grants NS 16102 and 28236.

42.2
REAL-TIM E DETECTIO N O F GLUTAMATE RELEASE INDUCED BY 
N E U R O TR O P H INS IN CULTURED RAT CO RTEX.
K. Torimitsu,*R. Kurita and O. Niwa. NTT Basic Research Laboratories, Atsugi, 
Kanagawa 243-0198, Japan.

The measurement of synaptically released neurotransmitters is essential for 
understanding the mechanism and functions of synaptic transmission in the 

brain. Various methods have been used to measure the amount of glutamate 

released during synaptic transmission. Microdialysis-sampled liquid 
chromatography has been commonly used for in vivo experiments to estimate 
the glutamate concentration and movement. It is, howerver, problematic as 

regards real-time measurements such as synaptic response measurements 
because of its poor spatial and temporal resolution. Here we report the the 
real-time on-line detection of the glutamate concentration in a medium. W e  

measured the glutamate by electrochemical detection using a glassy carbon 
detector modified with glutamate oxidase and Os polyvinylpyridine. The 

detector was connected to a glass capillary tube to provide continuous 

suctioning of the medium at a rate of 0.1 - 4 µl/min. Either E18 rat cortical 
neurons or P2 rat hippocampal slices (300 µm thick) were cultured for 1-2 

weeks in a DMEM-based culture medium containing the serum. The glutamate 

was measured in real time under serum-free conditions. The addition of 
neurotrophins, such as NGF and BDNF induced a transient glutamate release. 
As these responses were calcium-dependent, they are considered to be 

synaptically related responses. W e also carried out HPLC measurements with 

O PA /M CE derivatization to confirm the glutamate responses.

42.4
ROLE OF GLUTAMATE IN THE AMYGDALA AND LATERAL 
HYPOTHALAMUS IN CONDITIONED TASTE AVERSION. S. Tucci*, P. Rada.
L. Hernández. Department of Physiology, P.O. Box 109, Mérida, 5101-A, 
VENEZUELA.

The role of glutamate in conditioned taste aversion was investigated. Both, in 
the amygdala and in the lateral hypothalamus extracellular levels of glutamate were 
assessed by microdialysis and capillary electrophoresis with laser induced fluorescence 
detection. Rats were conditioned by pairing a novel flavor (strawberry flavor) with an 
intraperitoneal injection of lithium chloride. When the conditioned stimulus 
(strawberry flavored solution) was injected into the mouth of conditioned rats, there 
was an increase of glutamate in the amygdala, and a decrease in the lateral 
hypothalamus. These results predicted that glutamate release in the amygdala and in 
the lateral hypothalamus was involved in conditioned taste aversion. This conjecture 
was tested by MK-801 (glutamate antagonist) and glutamate microinjections). MK- 
801 microinjections in the amygdala attenuated the rejection of the novel flavor, and 
in the lateral hypothalamus did not cause any effect in conditioned taste aversion. 
Glutamate microinjections in the amygdala caused conditioned taste aversion. These 
results suggest that glutamatergic activity might be a relevant neurochemical 
correlate of conditioned taste aversion.
This research was supported by grants BID-CONICIT BTS-37, CDCHT-ULA and 
CONICIT G-97000820.

42.6
CHANGES IN PRESYNAPTIC GLUTAMATE IMMUNOREACTIVITY 
FOLLOWING HANDLING-INDUCED CONVULSIONS. J.F. Buckman* and 
C.K. Meshul. Dept. of Behavioral Neurosci, OHSU & VÀMC, Pordand, OR 97201.

Withdrawal Seizure Prone (WSP) and Withdrawal Seizure Resistant (WSR) mice 
were selectively bred in replicate to exhibit differences in ethanol withdrawal 
severity as measured by handling-induced convulsions (HICs). WSP mice also 
exhibit HICs while drug-naive. Drug- and convulsion-naive WSP mice have a 
greater density of nerve terminal glutamate immunolabeling in the CA1 of the 
hippocampus as compared to drug- and convulsion-naive WSR mice (Buckman & 
Meshul, 1997). No line differences were observed in layer II of the somatosensory 
cortex (SSC). This experiment assessed whether hippocampal immunolabeling was 
altered following drug-naive convulsions. Drug-naive WSP and WSR mice received 
ten handling trials over 90 minutes. Each trial consisted of lifting the mouse by the 
tail, suspended it in the air and spinning it 180 degrees. This treatment results in 
tonic convulsions in sensitive mice. Mice were perfused one hour following the 
tenth handling trial. Although individual variability in the severity of HICs was 
observed in the WSP mice, all WSP mice exhibited a minimum of eight tonic 
convulsions. No HICs were observed in WSR mice. The density of presynaptic 
glutamate immunoreactivity associated with asymmetric synapses within the CA1 
and SSC was assessed using immuno-gold electron microscopy. Nerve terminal 
glutamate immunoreactivities in the CA1 before and after handling were not 
different in WSR mice (naive = 111.2 #/um2; handled = 113.7 #/um2). Glutamate 
immunolabelling in the CA1 of WSP mice decreased following handling (naive = 
125.8 #/um2; handled = 114.7 #/um2) to a density similar to that of the WSR mice. 
No differences were observed in the SSC. These data suggest that HICs alter 
glutamate neurotransmission by increasing glutamate release and thereby decreasing 
transmitter stores within presynaptic terminals.
This work was supported by NIDA (5232DA07262), NIAAA (F31AA05507) to JFB 
and Dept. of Veteran Affairs and Smokeless Tobacco Research Council to CKM.
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42.7
BI-PHASIC CHANGES IN EXPRESSION OF AMPA RECEPTOR SUBUNITS IN 
RAT CEREBRAL CORTEX ELICITED BY EPILEPTOGENIC INJURY 
V.N. Kharazia*, I. Parada and D.A. Prince. Dept. of Neurology and Neurological 
Sciences, Stanford University, Stanford, CA 94305

Injury to the cerebral cortex can result in long-term changes in excitability 
of cortical circuits, causing epilepsy. We investigated the possibility that 
posttraumatic modifications of AMPA receptors may be one mechanism for 
developing hyperexcitability by studying their relative distribution across layers of 
chronically injured cortex using antibodies recognizing GluR1, GluR2 and 
GluR2&3 subunits (GluRS). Partially isolated sensorimotor cortical islands 
measuring ~3 x 4 nun with intact pial blood supply were prepared surgically. Such 
cortex becomes epileptogenic in a 10-14 days. Over the course of 24 hr to 4 weeks, 
we observed dramatic changes in the level of receptor immunoreactivity (IR) within 
isolation; less marked changes were present in adjacent cortex; and no obvious 
changes were noted in contralateral cortex. A decline of GluRS-IR within the 
isolation was evident after 24 In post-injury. Animals examined on a day 3 after 
injury had more profound loss of GluRS in the neuropil and the soinata of pyramidal 
neurons. The major loss of GluRS was in layer V, where GluR1 was not detected in 
any pyramidal cell; GluR2 and GluR3 were lost in most medium and large pyramidal 
cells in layer Vb. Some medium-sized pyramids in layer Va retained GluR2 and 
possibly GluR3 at all survival times. After 1-4 weeks of survival, levels of GluRS-IR 
in both cells and neuropil gradually increased, so that, after 3 weeks levels of GluR2 - 
IR and GluR2/3-IR appeared to reach control levels in all layers, whereas GluR1-IR 
in infragranular layers of injured cortex was more pronounced than at homotopic 
contralateral sites. We conclude that the down-regulation of GluRS in cortical 
neurons in response to injury is followed by a regenerative up-regulation with a 
possible shift toward a relative enrichment of the GluR1 subunit. Supported by 
research grants NS 12151 and NS 06477 from the NINDS, and the Pimley Training 
Fund.

42.9
IMMUNOREACTIVITY FOR GLUTAM ATE RECEPTORS IN THE 
NEOSTRIATUM  A N D  SUBSTA N TIA  NIGRA OF THE 6- 
HYDROXYDOPAMINE-LESIONED RAT. Y.C. Tse and K.K.L. Yung. 
(SPON: The Hong Kong Society of Neurosciences) Dept. o f Biology, Hong 
Kong Baptist Univ., Hong Kong, China.

Parkinson’s disease is characterized by a depletion o f dopaminergic neurons 
in the substantia nigra pars compacta (SNc). Glutamate receptor-mediated 
excitocytotoxicity is implied in the cause of Parkinson’s disease. In order to 
compare the changes o f ionotropic glutamate receptor immunoreactivity 
during the course of Parkinson’s disease, receptor immunocytochemistry was 
performed on sections o f the neostriatum and the substantia nigra (SN) that 
were obtained from 6-hydroxydopamine-lesioned rats. After two weeks of 
lesion, intensity of the GluR1, GluR2, GluR2/3, GluR5/6/7, NMDAR1, 
NMDAR2B immunoreactivity were reduced in the SN of the lesioned rat. In 
the neostriatum, however, there were no obvious changes in the intensity of 
glutamate receptor immunoreactivity after the lesion. These results indicate 
that the dopaminergic neurons express most of the ionotropic glutamate 
receptor subunits in the SN and therefore they are depleted by the lesion. In 
addition, the expression o f glutamate receptor protein molecules by the 
neuronal elements in the neostriatum may not be affected by the lesion in 
relatively short period o f time.
Acknowledgement: Supported by HKBU 2006/97M, Hong Kong Research 
Grant Council.

42.11
UP-REGULATION OF NR1/NR2B RECEPTOR BINDING IN SUPERIOR 
TEMPORAL CORTEX OF SCHIZOPHRENIC SUBJECTS. S. Grimwood, 
P. Slater1, J.F.W. Deakin1 and P.H. Hutson*. Merck Sharp & Dohme 
Neuroscience Research Laboratories, Terlings Park, Eastwick Road, Harlow, 
Essex. CM20 2QR and 1School of Biological Sciences, Manchester 
University, Manchester. M13 9PT

We have used radioligand binding to investigate whether differences could be 
detected between NMDA modulatory sites in two regions of cerebral cortex of 
drug-treated chronic schizophrenic (SZ) and control (CON) subjects who were 
matched for age, gender and post-mortem interval. [¾]L-689,560, [3H]CGP 
39653 and [¾]ifenprodil were used to label the glycine, glutamate and 
ifenprodil sites, respectively, and as markers for NR1, NR1/NR2A and 
NR1/NR2B protein, respectively. Saturation analyses revealed an increase 
(P<0.05, unpaired t test) in the maximum number of [3H]L-689,560 and 
[¾]ifenprodil binding sites (Bmax) in superior temporal cortex (Brodmann’s 
area 22; BA22) from schizophrenic subjects. Bmax (pmol/mg protein, 
mean±SEM, n =6) values were as follows: [3H]L-689,560 binding, CON, 
2.53±0.15; SZ, 3.23±0 .20 ; [3H]ifenprodil binding, CON, 0 .61±0 .08; SZ, 
1.32±0.28). No differences in affinity were observed for either radioligand and 
no Bmax or Kd differences were observed with [¾]CGP 39653 in this region. 
In pre-motor cortex (BA6) there were no IQ or Bmax differences for any site. 
These data indicate that NMDA receptor glycine and ifenprodil sites, but not 
glutamate sites, and by inference, that NR1/NR2B receptors (as measured 
using [¾]L-689,560 and NMDA-specific [¾]ifenprodil binding) but not 
NR1/NR2A receptors, are upregulated in superior temporal cortex of 
schizophrenic subjects. MSD Ltd.

42.8
GLUTAMATE IN AXON TERMINALS IS REDUCED BY HYPO
GLYCEMIA BUT NOT HYPOXIA IN HIPPOCAMPAL SLICES. J.E. Madl, 
S. Royer, and J.P. Walrond*. Dept. o f Anatomy & Neurobiology, Colorado 
State University, Fort Collins, CO 80523

Release o f glutamate (Glu) contributes to ischemic CNS damage. However, 
immunocytochemcial studieis have not found a consistent loss of Glu from axon 
terminals during ischemia. The effects of two major components of ischemia, 
hypoglycemia and hypoxia, on the loss o f Glu from rat hippocampal slices were 
examined. HPLC measurements indicated that hypoglycemia (induced by 
incubation in glucose-free solutions for 1 hr) reduced Glu by 50%. Hypoxia 
(induced by N2 aeration), which produced similar reductions in ATP to 
hypoglycemia, did not reduce Glu. Hypoglycemia reduced Glu-like 
immunoreactivity (GLIR) throughout slices. In contrast, GLIR was maintained 
or increased in axon terminals of hypoxic slices. The amount o f Glu released 
into the supernatants was similar for hypoglycemia and hypoxia. The greater 
loss o f Glu in hypoglycemia is consistent with a greater catabolism of Glu. 
Blocking aspartate aminotransferase (AATase) with aminooxyacetate or 
blocking the tricarboxylic acid cycle with arsenite decreased Glu loss from 
hypoglycemic terminals. Adding exogenous Glu to hypoglycemic slices returned 
GLIR to axon terminals and increased Glu to levels observed during hypoxia.

These results are consistent with the hypothesis that Glu is actively 
catabolized by AATase in axon terminals during hypoglycemia but not during 
hypoxia. Continued uptake o f Glu into axon terminals may occur during both 
insults. Hypoglycemic losses of terminal Glu may contribute to differences 
between hypoxic and hypoglycemic CNS damage.

42.10
E F F E C T S  O F P R E N A T A L  PR O T EIN  M A LN U T R ITIO N  ON  
E X C IT A T O R Y  AM IN O  A CID  R E C E P T O R S  IN R A T  
H IPPO C A M PU S, EN T O R H IN A L C O R T E X , A N D  N EO C O R T E X . T . 
F ia cco * , C. Fitzgerald, G.J . B latt, D .L . R osene and J .A . Galler. Dept. of
Anatomy and Neurobiology, Boston Univ. School o f M edicine, Boston, 
M A  0 2 1 1 8 .

The subfield- and lam ina-specific density and distribution of 
kainate receptors was quantified in the hippocam pus of adult postnatal 
day 2 2 0  previously protein malnourished and age-m atched control rats 
using on-the-slide receptor-ligand binding with [3H]kainate. The density 
o f kainate receptors was increased in all hippocam pal subfields and 
laminae by as much as 20%  in malnourished rats com pared to controls. 
The density o f kainate receptors, w hich are believed to be located  
presynaptically and regulate long-lasting depression of glutamate release, 
m ay be increased in adult malnourished rats to com pensate for increased 
glutamate release. Nutritionally rehabilitating rats m ay be increasing 
synaptically released glutam ate in an attem pt to reverse increased  
inhibition in h ippocam pal c ircu its , w hich  has been m easured  
physiologically in adult previously malnourished rats in this model. We 
are now extending these initial studies to include adjacent cortical regions 
in the analyisis o f  kainate receptor density in s ix  pairs o f  control and 
m alnourished rats o f  four postnatal age groups: d 15, d30 , d90 , and 
d22O. In addition, the density and distribution o f am ino-3-hydroxy-5- 
m ethyl-isoxazole-4-proprionic acid (A M P A ) and N-m ethyl-D -Aspartate 
(N M D A) receptors are being quantified in these cortical regions in six 
age-m atched pairs o f  control and m alnourished rats to determine if 
other excitatory amino acid receptors are affected by the prenatal protein 
malnutrition insult. Supported by N IH -NICHD H D -22539 .

42.12
CORPUS GLOMERULOSUM IN A TELEOST BRAIN: NOVEL PREPARATION 
FOR THE STUDY OF NEURONAL PROCESSING IN BRAIN NUCLEI.
1H.Tsutsui, 2N. Yamamoto, 2H.Ito and 1Y.Oka* 1Misaki Marine Biological Station, 
University of Tokyo, Misaki, Miura, Kanagawa 238-0225, Japan, 2Nippon Medical 
School, Department of Anatomy, Laboratory of Comparative Neuromorphorgy, 
Sendagi, Tokyo113-0022, Japan

Studies of higher neuronal function and ceUular/sub-cellular mechanisms of 
synaptic transmissions are some of the frontiers in neuroscience. However, very few 
model systems provide opportunities for the study of neuronal processing that occur 
in brain nuclei. On the other hand, most teleosts have a characteristic large nucleus, 
corpus glomerulosum (CG) which is considered to relay mainly visual information to 
the hypothalamus. CG is classified into 3 types by morphological criteria, and 
especially the type III CG may serve, as an excellent experimental model for the 
study of neuronal processing in brain nuclei at system and cellular levels, because of 
its well-defined laminar structure, synaptic organization, and input/output fiber 
connections. As a first step to characterize this model system, we analyzed the 
morphological and electr ophysiological properties of this nucleus in some teleost 
brains. A brain slice preparation of CG was newly developed, and evoked post- 
synaptic potentials from the tip of ‘giant dendrites’ of large cells were recorded by 
intracellular microelectrode. We find that 1) the giant dendrite receives 
glutamatergic input from the nucleus corticalis, 2) the giant dendrite has at least two 
subtypes of glutamate receptors, the non-NMDA and NMDA receptors and 3) local 
synaptic connections exist between large cells mediated by NMDA and GABAa 
receptors. The present results suggest that CG may serve as a good model to study 
the role of synaptic plasticity involved in neuronal processing in brain nuclei.
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43.1
AN ALLOSTERIC INTERACTION BETWEEN THE NMDA RECEPTOR 
POLYAMINE AND IFENPRODIL SITES IN RAT CULTURED CORTICAL 
NEURONES. J.A. Kemp* and J.N.C. Kew F. Hoffmann-La Roche Ltd, Pharma 
Division, Preclinical CNS Research, CH-4070 Basel, Switzerland.
The atypical NR2B subunit selective NMDA receptor antagonist ifenprodil was 
originally believed to act as a competitive antagonist at the polyamine binding site 
of the NMDA receptor, however, a number of studies have suggested that ifenprodil 
might bind to a distinct site. Using whole-cell voltage clamp recordings, we have 
studied the interaction of spermine with both ifenprodil and another NR2B 
selective antagonist, Ro 8-4304, at the NMDA receptor in rat cultured cortical 
neurones in the presence of saturating concentrations of glycine. In the presence of 
spermine, the on-rate of receptor blockade by both antagonists was significantly 
slower than control and the off-rate of receptor blockade following removal of Ro 
84304 was significantly faster. Fast application of spermine during an NMDA 
steady-state current in the continuous presence of a subsaturating concentration of 
either antagonist resulted in a biphasic increase in the current, consistent with a 
fast increase upon spermine binding and a slow increase resultant from dissociation 
of antagonist due to spermine binding-induced allosteric reduction in receptor 
antagonist affinity. In agreement, at higher, saturating concentrations of 
antagonist, the slow increase in current amplitude was markedly reduced or absent. 
These observations are consistent with a non-competitive, allosteric interaction 
between spermine and the antagonists, such that spermine binding to the NMDA 
receptor results in a reduction in receptor affinity for the antagonists and vice- 
versa. The effects of Mg2+ on the NMDA-evoked currents and its interaction with 
ifenprodil were similar to those of spermine, supporting the suggestion that Mg2+ 
might be the physiological ligand acting at the spermine site mediating glycine- 
independent stimulation.

43.3
IFENPRODIL ENHANCES NMDA RECEPTOR AFFINITY: WHOLE CELL 
RECORDINGS IN RAT BRAIN SLICES. X.-X. Zhang, B.S. Bunney* and W .-X. 
Shi. Dept. of Psychiatry, Yale Univ. Sch. of Med ., New Haven, C T 06510.

Ifenprodil has been widely used as a NM DA antagonist selective for NMDA  
receptors containing the NR2B subunit. Using a rat brain slice preparation, we 
found, however, that ifenprodil consistently enhanced NMDA-induced currents 
in neurons recorded in the prefrontal cortex, substantia nigra, striatum and 
hippocampus. In the same cells, ifenprodil produced no effect on the inward 
current induced by the non-NMDA agonist AMPA. The effect of ifenprodil was 
mimicked by eliprodil and not by prazosin, suggesting that it is not mediated by 
α1 receptors. The fact that ifenprodil had a more pronounced effect on low 
concentrations of NMDA-induced current suggest that the effect may be due to 
an increase in NMDA receptor affinity to NMDA. To test this possibility more 
directly, a saturating amount of NMDA was applied (0.3 mM) to minimize a 
possible effect due to changes in NMDA receptor affinity. To prevent the cell 
from deteriorating, non-competitive NMDA antagonists were added to reduce 
the NMDA Ca2+ current. Under these conditions, Ifenprodil not only failed to 
increase the NMDA current, but consistently inhibited the current. However, 
when the non-competitive NMDA antagonist was replaced with a  competitive 
NMDA antagonist, ifenprodil regained its ability to potentiate NM DA currents. 
Thus, ifenprodil has dual effects on NMDA receptors. Under conditions where 
NMDA receptors are partially occupied by NMDA, the enhancing effect of 
ifenprodil, mediated by an increase in receptor affinity, may override its 
suppressing effect on channel opening, resulting in an overall enhanced 
function of NMDA receptors.

Supported, in part, by the Scottish Rite Benevolent Foundation’s 
Schizophrenia Research Program (W .-X. S), a NASARD Young Investigator 
Award (W.-X. S), USPHS grants MH52686 (W .-X. S) and M H 28849 (B.S.B), 
and the State of CT.

43.5
RO 25-6981: SUBUNIT SELECTIVE STRUCTURAL
DETERMINANTS WITHIN THE N-METHYL-D- 
ASPARTATE RECEPTOR S. S. Shim 1, M. J. Gallagher1, V. 
Mutel2, J. A. Kemp2, and D. R. Lynch1,  1 Dept. Neurol., U. PA. Med. 
Sch., Phila, PA, 19104, 2Hofmann Laroche Pharm., Basel Switzerland. 
RO 25-6981 is an NMDA receptor antagonist selective for receptors 
containing the NR2B subunit. We have used ligand binding and site 
directed mutagenesis to ascertain whether the structural determinants for 
its actions match those for other NR2B specific agents (haloperidol, 
ifenprodil, spermidine). RO 25-6981 inhibits binding of 125I-MK801 to 
NR1/2B receptors with an IC50 value of 25 nM and Imax value of 81%, 
while NR1/2A receptors are not inhibited at concentrations as high as 10 
µM. In ligand binding assays, R337 of NR 2B controls the affinity of 
NR1/2B receptors for ifenprodil. When the R337 of NR 2B is 
introduced into NR2A (NR2AQ336R) and assessed using 125I-MK 801 
binding, the affinity of NRla/2AQ336R receptors for ifenprodil is 2.4- 
fold higher than seen in wildtype NR1/2A receptors. Unlike NR1a/2A 
receptors, NRla/2AQ336R receptors are significantly inhibited by RO 
25-9681 with an IC50 of 188 nM and an Imax value of 67%. NR 
1a/2BE2OIR receptors, which are insensitive to spermidine and 
haloperidol, are inhibited by RO 25-6981 with an IC50 which is identical 
to wildtype NR1a/2B receptors. As seen with ifenprodil, higher 
concentrations of spermidine increase the IC50 value of receptors for RO 
25-6981 while not affecting the Imax value. These results suggest that 
RO 25-6981 shares structural determinants with ifenprodil in the NR 2B 
subunit. NIDA 07190, NARSAD

43.2
PHENYLETHANOLAMINES INHIBIT NMDA RECEPTORS BY 
POTENTIATING PROTON INHIBITION: IMPLICATIONS FOR NOVEL 
NEUROPROTECTION s t r a t e g ie s . David D . Mott*, James J. Doherty, Sunan 
Zhang. Polina Lyuboslavsky.,Stephen F. Traynelis and Raymond Dingledine. 
Department of Pharmacology, Emory University, Atlanta, GA 30322

The phenylethanolamines, ifenprodil and CP-101,606, are noncompetitive, 
subunit-selective and voltage-independent NMDA receptor antagonists with 
promising neuroprotective properties. We have previously found that these 
compounds inhibit NMDA receptors by enhancing proton inhibition. To better 
understand this mechanism of action, we examined the effect of these compounds on 
heteromeric NMDA receptors expressed in Xenopus oocytes. Decreasing the pH over 
a physiological range from pH 8.3 to pH 6.8 significantly increased the potency of 
both ifenprodil and CP-101,606 at NR1a/NR2B receptors. However, over this pH 
range the increase in proton inhibition by ifenprodil ( 16 fold increase) was 
substantially greater than that produced by CP-101,606 (2 fold increase). These 
results indicate that inhibition by ifenprodil, but not CP-101,606, could be potentiated 
by small decreases in pH typical of ischemic tissue. Mutation of a number of amino 
acids in the NR1a subunit reduces the proton sensitivity of the NMDA receptor. To 
further confirm that phenylethanolamines inhibit NMDA receptors by enhancing 
proton sensitivity, we examined the potency of ifenprodil on a series of nine NR1a 
mutants with reduced pH sensitivity. We found a strong correlation (R = 0.998) 
between the extent of the reduction in proton and ifenprodil sensitivity for each of the 
mutations tested. Finally, we found that the neuroprotective potency of ifenprodil 
against NMDA-induced toxicity in primary cortical cultures was increased by 18.5 
fold at an ischemic pH (6.5) compared to physiological pH (7.5). Compounds that 
produce an alkaline shift in the pKa of the proton sensor, and thereby are potentiated 
at low pH, represent a new neuroprotectant strategy. This mechanism of action may 
prove useful in designing neuroprotective agents targeted to NMDA receptors as well 
as other receptors with pH sensitive action. Supported by the NIH and the AES/EFA.

43.4
REGULATION OF NR1A/2B SELECTIVE NMDA AG ENTS BY POLYAMINES  
AT [3H]IFENPRO DIL BINDING SITES IN RAT BRAIN. B.M . Barr,1 L.L. 
Coughenour,1 E.R. Whittemore,2* Z .-L  Zhou2 and R.M. Woodward.2 
1 Neuroscience Therapeutics, Parke-Davis Pharmaceutical Research, Div. of 
Warner-Lambert Co., Ann Arbor, Ml 48105; 2CoCensys, Inc., Irvine, CA 92618.

Polyamines (PA) modulate NMDA receptors (NR) by a voltage-dependent 
channel-associated site, a glycine-dependent site, and a glycine-independent 
site that enhances the opening of the channel. Ifenprodil is an allosteric 
NMDA antagonist that is selective for the NR1A/2B subunit combination, and 
appears to interact with a site that overlaps or is allosterically linked to the 
glycine-independent PA site. W e have shown previously that inhibition of the 
high affinity portion of both [3H]TCP and [3H]ifenprodil binding correlates well 
with the inhibition of currents from N R 1a/2B receptors expressed in Xenopus 
oocytes. In this study we examined the effect of spermidine on a series of 
N R 1A/2B-selective antagonists in [3H]ifenprodil binding. One class of 
compounds, which included ifenprodil and haloperidol, exhibited a non-
competitive inhibition of the high affinity portion of [3H]ifenprodil binding in the 
presence of spermidine with no change in the IC50 for either the high or the low 
affinity site. A  parallel rightward shift of the inhibition curve was found for 
other agents, which included CP 101,606 and a novel NR1A/2B-selective 
antagonist 4-hydroxy-N-[2-(4-hydroxyphenoxy)ethyl]-4-(4-methyl-benzyl)- 
piperidine (Co 101244). A third N R 1A/2B-selective antagonist 2-amino-4-(3- 
chloro-anilino)pyrimidine (PD 8372), revealed a rightward shift of only the high 
affinity portion of the curve. The results suggest that PAs could modulate the 
binding of N R 1A/2B-selective antagonists to the [3H]ifenprodil binding site on 
NMDA receptors. Interactions with the sigma binding site also will be 
discussed. (Supported by Warner Lambert Co. & CoCensys, Inc.)

43.6
COMPLEX INTERACTIONS OF TPEN, SPERMINE AND DTT AT NR1/NR2A 
NMDA RECEPTORS. J.D. Sinor,* W.K. Potthoff and E. Aizenman. Dept. of 
Neurobiology, Univ. Pittsburgh Sch. Med.; Pittsburgh, PA 15261.

Native and recombinant NMDA receptors are modulated by sulfhydryl redox 
reagents (Tang and Aizenman, J. Physiol. 465:303; 1993; Brimecombe et al., PNAS 
94:11019; 1997). Recently, TPEN was observed to rapidly potentiate NR1/NR2A- 
mediated currents in a manner identical to the reducing agent DTT (Paoletti et al., J. 
Neurosci. 17:5711; 1997). Since both compounds complex heavy metals, like zinc, 
DTT potentiation could reflect a removal of zinc inhibition rather than redox 
modulation, at least for this receptor configuration. In this study, we found that 0.3- 
1µM TPEN did not potentiate NMDA (30 µM) currents mediated by NR1/NR2A 
receptors in CHO cells unless exogenous zinc (100 nM) was present. In contrast to 
TPEN, 4 mM DTT could potentiate NR1/NR2A-mediated responses with a relatively 
slow time course, and in the absence of exogenous zinc. A redox-sensitive site on NR1 
was shown previously to be abolished by mutating 2 cysteines at positions 744 and 798 
(Sullivan et al., Neuron 13:929; 1994). We observed that responses mediated by 
NR1(C744A,C798A)/NR2A were also potentiated by DTT, although a rapid 
component of current potentiation was now observed. Surprisingly, TPEN virtually 
eliminated the effects of DTT in the mutated receptor, and could, by itself, slowly 
enhance currents responses. Some structural features of TPEN are reminiscent of 
polyamines, which are known to have a myriad of effects on NMDA receptors. As 
spermine (30 µM) was also observed to inhibit DTT-induced potentiation of responses 
mediated by mutated, but not wild type receptors, it is possible that some of the effects 
of TPEN on the NMDA receptor are due to polyamine-like actions. Interestingly, at a 
higher concentration (10 µM), TPEN was observed to produce a voltage-dependent 
block of the NR currents, similar to what has also been described for polyamines 
(Benveniste and Mayer, J. Physiol. 464:131; 1993). Funded by NIH grant NS29365.
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43.7
SINGLE CHANNEL PROPERTIES OF NMDA RECEPTORS CONTAINING 
CYSTEINE-MUTATED NR1 SUBUNITS: POSSIBLE EXISTENCE OF AN 
ADDITIONAL REDOX SITE. J.C. Brimecombe,* W.K. Potthoff and E. Aizenman. 
Dept. of Neurobiology, Univ. Pittsburgh Sch. Med.; Pittsburgh, PA 15261.

Sulfhydryl redox agents modulate NMDA receptor function. Two putative redox 
sites have been identified, one formed by cysteines 744 and 798 in the extracellular 
loop between TM3 and TM4 on NR1 (Sullivan et al., N e u ro n  l3:929;l994) and one 
located in the first 370 residues of the amino terminus of NR2A (Köhr et al., N eu ro n  

12, 1031; 1994). We have previously demonstrated that the mechanism of redox 
modulation of NMDA receptors depends on the type of NR2 subunit co-assembling 
with NR1. NMD A-induced events of NR1/NR2A receptors are potentiated by 
reducing agents, such as DTT, with an increase in both the open dwell-time of the 
channel and the frequency of channel opening, whereas responses from NR1/NR2B or 
NR1/NR2C receptors exhibit only an increase in open channel frequency (Brimecombe 
et al., P .N .A .S . 94, 11019; 1997). We hypothesized that the two proposed redox sites 
can act independently of each other, with the NR1 site affecting the frequency of 
channel opening and the NR2A site altering open dwell-time. We therefore 
investigated redox-induced changes in single-channel properties of recombinant 
receptors composed of a cysteine-mutated NR1 subunit, NR1(C744,798A), with either 
NR2A, NR2B, or NR2C. The present experiments demonstrate that cysteines 744 and 
798 of NR1 are not critical for redox modulation of NR1/NR2A receptors, 1 mM DTT 
increased the open dwell-time and frequency of channel opening to the same extent as 
in wild-type receptors. Mutating these two cysteines did, however, completely abolish 
redox modulation of NR1(C744,798A)/NR2C receptors. NR1(C744,798A)/NR2B 
receptors were still sensitive to redox reagents, suggesting the possible existence of an 
additional, yet unidentified redox-sensitive site on NR2B. Funded by NIH grant 
NS29365.

43.9
THE ROLE OF HYDROPHOBIC AND IONIC INTERACTIONS IN 
POLYAMINE BLOCK OF NON NMDA RECEPTOR ION CHANNELS. C . 
Cui*, R. Bähring and M. L. Mayer. LCMN, NICHD, National Institutes of Health, 
Bethesda, MD 20892.

In order to understand the mechanism of polyamine block of glutamate receptors, 
we studied the action of different polyamines on kainate receptors using outside out 
patches from HEK 293 cells transiently transfected with GluR6(Q). A series of 
tetramines with different numbers and spacing of methylene groups between NH2 
groups produced biphasic rectification which was well fit by the Woodhull model for 
a weakly permeable ion channel blocker. Such analysis revealed an increase in binding 
potency with increasing methylene groups added over the range 6 - 1 2  (CH2). This 
suggests that a major component of ion channel block by polyamines involves 
hydrophobic interactions. Isomers with the same number of CH2 groups but different 
spacing between NH2 groups showed similar affinity, suggesting that the separation 
of amine groups does not play a major role in determining polyamine binding. Due to 
differences in pKa values for protonation of NH2 groups, the average charge on the 
tetramines studied would be expected to vary from 3.98 to 2.22 at experimental pH 
(pH 7.2); despite this, the voltage dependence of block was similar for all tetramines 
tested, with a mean value for zθ of 1.82. Much weaker voltage dependence (zθ 1.0) 
was observed for block by 1,4-diaminobutane (putrescine), while for compounds with 
5 or 6 NH2 groups, the valence of block appeared to saturate and was no higher than 
that for tetramines. This indicates that the number of ionized groups in the membrane 
electric field is certainly less than the total number of amine groups in these 
compounds studied. In contrast, for 1,3-propane diamine (zθ 0.83), and the N-propyl- 
(zθ 1.42) and N,N'-diethyl- (zθ 1.37) analogues of 1,3-propane diamine, there was an 
increase in the voltage dependence of block on addition of hydrophobic groups. This 
unexpected finding suggests that the voltage dependence of block by polyamines is 
influenced by not only the number of ionized groups in the membrane electric field 
but also the size of the blocker molecule. Suported by NICHD.

43.11
SPERMINE AND PCP INTERACT IN THE CHANNEL OF RECOM
BINANT NMDA RECEPTORS. X. Zheng*, L  Zhang, A.P. Wang, Y. Ling. 
M.V.L. Bennett and RS. Zukin. A. Einstein Coll. Med., Bronx, NY 10461 

Spermine and PCP act as open channel blockers of NMDA receptors. 
N598 within the M2 (channel lining) domain of the NR1011 subunit (or 
N619 in NR1100, which was used to avoid spermine potentiation) and 
N595 and N596 in M2 of the NR2A subunit critically control Ca2+ 
permeability and Mg2+ block. To investigate molecular determinants of 
spermine and PCP block, we engineered mutations in these asparagines; 
recombinant receptors were expressed in Xenopus oocytes. Mutation 
N619Q in NR1 of NR1100 /NR2B receptors decreased affinity for block by 
PCP and decreased the Hill coefficient for block by spermine with little 
effect on affinity; maximum block was still near complete for both. 
Mutation N619R in NR1 of NR1100/NR2B receptors reduced block by both 
spermine and PCP. Mutation N595Q in NR2 of NR1011/NR2A receptors 
reduced PCP block, but enhanced spermine block. Changes were in 
affinity, not maximum block. These findings indicate that spermine and 
PCP block sites are not identical. Mutations N598Q and N598R in NR1 
of NR1011/NR2B receptors reduced spermine potentiation; although 
spermine potentiates by acting at an extracellular site. In studies of 
spermine/PCP interaction, spermine shifted the PCP dose response 
curve to the right. Moreover, spermine (but not Mg2+) submaximal for 
block actually increased current in the presence of PCP. Thus, spermire 
may bind at a more superficial site within the channel, where it blocks 
entry of PCP but not of permeant ions. Supported by NS 20752.

43.8
CHARACTERIZATION OF THE EFFECTS OF POLYAMINES 
ON[125I]DIZOCILPINE BINDING IN RECOMBINANT NMDA RECEPTORS 
EXPRESSED IN ML(tk-) CELLS. T.A. Sharm a* and I.J. Reynolds. Dept. of 
Pharmacology, University of Pittsburgh School o f Medicine, Pittsburgh, PA 15261.

The assembly of heterogeneous populations of native NMDA receptors results in 
receptors with multiple pharmacological properties dependent on subunit combinations. 
Using stably transfected ML(tk-) mouse fibroblasts expressing NMDA R la and either 
R2A or R2B (Grimwood e t  a l ., J.Neurochem. 6 6 , 2239), we evaluated polyamine effects 
on [125I]dizocilpine (MK-801) binding to determine subunit-specific pharmacological 
characteristics.

The polyamine agonists spermine and spermidine produced biphasic concentration 
response curves in rat brain membrane: low concentrations (<100µM) enhanced 
[l25I]MK-801 binding and higher concentrations (>100µM) inhibited binding. 
Polyamine agonists did not affect [125I]MK-801 binding in NR1:NR2A, whereas 
spermine and spermidine did produce enhancement, and at higher concentrations, 
inhibition of binding in NRl:NR2B. The polyamine 1,5-(diethylamino)piperidine 
(DEAP) is thought to be selective for agonist polyamine site and only enhanced [125I]MK- 
801 binding in brain membranes (EC50=9.6µM). However, DEAP inhibited [125I]MK- 
801 binding (IC5o=8 .0 µM) in NR1:NR2A receptors and produced a small increase in 
NR1:NR2B receptors. In brain membranes, the polyamine antagonist arcaine inhibited 
[l25I]MK-801 binding (IC50=4.6µM). Similar effects were demonstrated in both 
NRl:NR2A and NRl:NR2B recombinant receptors (IC50=8.4µM and 14 .1µM, 
respectively) and agonists decreased the affinity of arcaine in both receptor preparations. 
These results suggest that the stimulatory effects o f polyamines on recombinant receptors 
are influenced by the NR2 subunit, and that NR1:NR2A does not appear to contain a 
positive modulatory site. However, the inhibitory effects of polyamine antagonists are 
similar in both subunit combinations. Furthermore, native NMDA receptors 
pharmacology cannot be modeled by simple NR1:NR2A or NR1:NR2B combinations. 
Supported by NIH grant DA 07409
Cells were kindly provided by P. Whiting, Merck Research Labs

43.10
BLOCK OF RECOMBINANT NMDA RECEPTORS BY INTERNALLY 
APPLIED SPERMINE. J. Lan, X. Zheng, A.P. Wang, M.V.L. Bennett* and 
R. S. Zukin. Department of Neuroscience, Albert Einstein College of 
Medicine, Bronx, NY 10461.
Spermine is present in high concentrations in the brain and is released 
from presynaptic terminals in the hippocampus under physiological 
conditions. In neurons, spermine interacts with a number of 
voltage-sensitive and ligand-gated ion channels. These interactions 
include intracellular block of inward-rectifying K+ channels and of AMPA- 
and kainate-type glutamate receptors, and extracellular modulation of 
NMDA receptors. In the present study, we examined the effect of 
spermine on the intracellular side of excised outside-out patches from Xenopus oocytes expressing recombinant NMDA receptors. Spermine 
(1 to 10 mM) in the pipette reduced single channel current amplitude, 
indicative of fast channel block. At +60 mV, single channel current was 
3.00 ± 0.07 pA in the absence of spermine and 0.68 ± 0.05 pA in the 
presence of spermine (1 mM). Block by spermine from the intracellular 
side was dose- and voltage-dependent; block was greater for inside 
positive potentials. Internal spermine (10 mM) also reduced single-
channel conductance at negative potentials; block was voltage indepen
dent from 0 mV to -100 mV. This reduction is consistent with a model in 
which spermine partially blocks the channel at an internal superficial site, 
as well as at a voltage-dependent site deeper in the channel. Supported 
by NIH grants NS 20752 and NS 31282.

43.12
BI-MODAL POLYAMINE BLOCK OF GLUTAMATE RECEPTORS MAY 
INFLUENCE INFORMATION TRANSFER AT CENTRAL SYNAPSES. Derek 
Bowie*1, G. David Lange2 and Mark L. Mayer1, LCMN, NICHD1 & NINDS2, 
National Institutes of Health, Bethesda, MD 20892.

At equilibrium, the complex rectification properties of calcium-permeable 
kainate- and AMPA-receptors can be mainly accounted for by polyamine block 
(Bowie & Mayer, 1995), however, as yet, it is not known if this occurs at central 
synapses. To understand this further, the mechanism of polyamine block was studied 
with internal spermine (Spm) in outside-out patches containing homomeric channels 
of GluR6(Q). Membrane current relaxations observed in voltage-jump experiments 
with domoate revealed the time course of Spm block. The data was well fit by a 
model of open-channel block. Rates of binding and unbinding were then used to 
predict the response profile using conditions likely to occur at a prototypic synapse 
and compared with experimental observations. In the presence of 20µM internal 
Spm, membrane currents evoked by 10mM L-Glu ( 1ms duration) decayed with first 
order kinetics at all potentials (−100 to +125mV) whereas outward currents predicted 
from model simulations decayed bi-exponentially suggesting that open-channel block 
alone cannot account for responses to glutamate under these conditions. Glu- 
responses were delayed following agonist application (refractory time = 0.33 ± 
0.05ms, Mean ± s.e.m., n = 20). Additionally, rise-times exhibited a bell-shaped 
voltage-dependent delay absent in controls suggesting that channels were blocked 
prior to receptor activation. Both closed- and open-channel block mechanisms could 
be observed in the same patch by comparing the response at +50mV following a pre-
pulse to − 100mV prior to or following receptor activation respectively. A 012-state 
cyclic gating model was developed which satisfied experimental observations when 
the channel closed two-fold faster in the blocker's presence. Gu et al (1996) have 
suggested that calcium-permeable non-NMDA receptors regulate synaptic strength by 
providing a gated route of Ca2+-entry, however, we propose additionally that the bi- 
modal nature of block may modulate the liming of information transfer at these 
central synapses. Supported by the NIH.
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43.13
SELECTIVE RELEASE OF [3H]-SPERMINE FROM THE CHICK RETINA 
BY N-METHYL-D-ASPARTATE RECEPTOR ACTIVATION. G. Fragoso1*, 
F. Calderón1 and A.M. López-Colomé1,2 1Instituto de Fisiología Celular; 
2Facultad de Medicina, U.N.A.M. Apartado 70-253, México , D.F., 04510.

Endogenous polyamines, as spermine and spermidine, are synthesized from 
ornithine via ornithine decarboxylase (ODC), and putrescine thus formed enters a 
closed synthetic loop in which putrescine, spermidine, and spermine are essentially 
interconvertible and extremely long-lived. Polyamine concentration and metabolism 
as well as ODC are high in developing tissue; an increase in these parameters is 
observed in nervous tissue upon activation of voltage- or receptor-operated calcium 
channels. Inhibition of polyamine synthesis abolishes calcium entry through both 
these channels. Recently, spermidine and spermine have been postulated as 
neuromodulators or neurotransmitters. These molecules interact with the NMDA 
receptor, probably as neuromodulators, evoking distinct effects which indicates the 
presence of more than one polyamine binding-site on this receptor channel. Recent 
results demonstrate that the effects evoked by spermine on NMDA receptors from 
plexiform layers of chick retina, are different from those in other regions of the CNS.

In order to exert an effect on synaptic receptors, specific release of spermine should 
be demonstrated. Using a continuous perfusion technique, we stimulated chick 
isolated retinas with 1 mM NMDA and other glutamate agonists. Retinas were 
previously incubated for 60 min at 37 °C in Krebs Ringer Bicarbonate buffer 
containing 1 µCi/ml [3H]-spermine. Our results show that [3H]-spermine is 
selectively released from the retina by NMDA receptor activation. The relative lack 
of effect of high K+ (50 mM) suggests that release of spermine is receptor-mediated 
and not necessarily linked to depolarization. Agonists and antagonists of glutamate 
and glycine sites on NMDA receptors were also tested. This work was partially 
supported by a grant from CONACyT.
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44.1
INHIBITION OF KAINATE RECEPTOR S BY C IS -U N S A TU R A TE D  FA TTY  
ACIDS. Tim Wilding. Yoon Chai and Jim Huettner* Dept, of Cell Biology & 
Physiology, Washington Univ., 660 South Euclid Ave., St. Louis, MO  63110

Whole-cell recordings from cultured rat hippocampal neurons, from freshly 
dissociated dorsal root ganglion (DRG) neurons and from human embryonic 
kidney (HEK) 293 cells expressing the GluR6 subunit were used to study the 
modulation of kainate receptor channels by long chain fatty acids. In all three 
cell types, application of cis-unsaturated fatty acids caused a dose-dependent 
reduction in whole-cell currents evoked by kainate. Docosahexaenoic acid 
(DHA), arachidonic acid (AA), linolenic acid and linoleic acid all produced 
substantial inhibition at 50 µM, whereas linolenelaidic acid and linolelaidic acid 
were significantly weaker. Fully saturated fatty acids were essentially inactive.

With continuous exposure to active fatty acids, the peak current elicited by 
kainate declined over a time course of several minutes to reach a steady state 
level less than 50% of the initial amplitude. Inhibition in neurons was half- 
maximal with 5 to 15 µM AA or DHA, but potency was at least 10 fold greater 
at GluR6 in HEK cells. Recovery from inhibition was slow in control solution, 
but was speeded by exposure to bovine serum albumen (0.5 mg/ml), a protein 
that binds fatty acids with sub-micromolar affinity. Inhibition by AA or DHA was 
unaffected by extracellular nordihydroguaiaretic acid (10 µM), indomethacin 
(10 µM), or H7 (10 µM). Furthermore, inclusion in the intracellular solution of 
H7 (100 µM), BAPTA (10 mM), AA (50 µM), or the protein kinase C inhibitor 
PKC19-36 (20 µM) had little effect on whole-cell currents and did not prevent 
inhibition of currents by extracellular application of AA or DHA. W e  conclude 
that the inhibition produced by cis-unsaturated fatty acids does not require 
conversion to oxidized metabolites or activation of protein kinase C. Instead, 
active compounds may act by binding directly to an extracellular site on 
kainate receptors or by changing the receptor’s membrane environment. 
(Supported by NS30888).

44.3
ELECTROPHYSIOLOGICAL INVESTIGATIONS OF THE EFFECTS OF 
COPPER IONS ON AMPA RECEPTORS IN CULTURED RAT CORTICAL 
NEURONS M. Wienrich*. H. A. Ensinger, and T. Weiser Boehringer Ingelheim 
Pharma KG, D-55218 Ingelheim, Germany

Copper is an important trace element in the CNS and has been reported to be 
synaptically released. In this study we used the patch-clamp technique to investigate 
the effects of Cu2+ ions on AMPA/kainate receptors in cultured rat cortical neurons.

Cu2+ inhibited membrane currents induced by the application of 100 µM kainate 
with Kd values of 0.98 and 39.8 µM (two-site binding model). Similar findings were 
obtained with 10 µM AMPA as agonist. The block was not use- or voltage- 
dependent. Cu2+ shifted the agonist concentration-response curve to higher values; 
The EC50S for kainate in the absence or presence of 30 µM Cu2+ were 100 and 
330 µM, respectively.

The inhibition by Cu2+ was not completely reversible upon washout in control 
solution (up to 10 min) and reached only about 80% of the pre-application values 
(with 100 µM kainate as agonist). On the other hand, complete recovery was 
induced by i) pulse application of a supramaximal kainate concentration (3 mM), or 
ii) by washing the cells under study with 1.5 mM of the anti-oxidant dithiothreitol 
(DTT). Washing the cells in a solution containing 0.5 mM of the physiologically 
relevant ligand histidine did not have any effect upon the recovery. These results 
point towards a up-to-now unknown modulatory site of the AMPA receptor which is 
sensitive to the oxidation by Cu2+.

Currents induced by 50 µM NMDA were blocked with an IC50 15 µM. and the 
effect was easily reversible.

These findings suggest that Cu2+ differently affects glutamate receptors of the 
AMPA and NMDA type and might play a modulatory role of synaptic transmission 
in the mammalian CNS.

44.2
M O DULATION OF IO NO TRO PIC G LUTAM ATE AND G ABA RECEPTORS
S. Toonα1, Z.G. Xionα1, G. Thatcher2, J. Reynolds3 and J.F. MacDonald1*. 
1Dept. of Pharmacology and Dept. of Physiology, Univ. of Toronto; Toronto, ON, 
Canada, M5S 1A8; 2Dept. of Chemistry, Queens Univ.; 3Dept. of Pharmacology 
and Toxicology, Queens Univ., Kingston, ON, Canada, K7L 3N6;

Four novel organic nitrate esters (GT-21-005, G T -11-013, GT-21-022, 
and G T -1 1-031) were evaluated for modulation of ionotropic Glutamate and 
GABA receptors. We have used whole cell recordings of cultured mouse 
hippocampal and acutely isolated rat hippocampal neurons. GT-21-005  
enhanced kainate-evoked currents in a concentration-dependent manner. 
Concentration-response analysis of G T-21-005 with 100 µM kainate showed 
that it increased the current amplitude by 83± 13% (EC50 = 1.3±0 .2 mM, Hill = 
1.8±0 .1, n = 11) in cultured hippocampal neurons and 176±13% (EC50 = 1.7±0 .2 
mM, Hill = 1.7±0 .2, n = 5) in acutely isolated cells. Analysis of the kainate 
concentration-response relationship demonstrated that 1 mM G T-21-005 shifted 
the EC50 value slightly (EC50 = 68±12 µM to 54±8 µM, p < 0.05 paired t-test). 
G T-21-005 also decreased desensitization of responses to 1 mM glutamate 
(with 20 µM AP-5 to block NMDA). The effects of this drug were not voltage 
dependent over a range of -80 to +60 mV. G T-21-005 enhances the amplitude 
and frequency of miniature EPSCs. G T-21-005 (3 mM) also inhibited GABA- 
and NMDA-evoked currents. G T -11-013 and G T-11-031 had similar effects on 
GABA- and NMDA-evoked currents as G T-21-005 but were less potent. 
Interestingly G T -1 1-013 has an inhibitory effect on kainate-evoked currents in 
cultured hippocampal neurons. With the ability to reduce desensitization of 
AMPA-type glutamate receptors, G T-21-005 has the potential for therapeutic 
use as a nootropic agent. Supported by grants to Dr. J.F. MacDonald and to 
Dr. G. Thatcher.

44.4
MOLECULAR COMPOSITION OF AMPA RECEPTORS AFFECTS 
THEIR SENSITIVITY TO MODULATION BY PROTONS. D. K. 
Patneau* and E. C. Ihle. Dept. Pharmacol. and Physiol. Sciences, and 
Committee on Neurobiology, University of Chicago, Chicago, IL 60637.
Modulation of native AMPA receptors by protons appears to interact 

with receptor desensitization. Previous experiments have demonstrated 
tha t protons differentially modulate responses evoked by strongly 
desensitizing (e.g., glutamate) vs. weakly desensitizing (e.g., kainate) 
agonists, and that drugs which block receptor desensitization also block 
proton-mediated modulation. We have further examined the interaction 
of proton modulation and AMPA receptor desensitization by comparing 
the effects of protons on responses of recombinant AMPA receptors, 
whose desensitization properties are dependent on both subunit (A-D) 
and splice-variant (flip and flop , abbreviated “i” and “o”) composition.
Proton modulation of recombinant AMPA receptors was studied using 

fast perfusion techniques during whole-cell voltage-clamp recording of 
human embryonic kidney cells (HEK293) transiently transfected with 
homomeric or heteromeric AMPA receptors exhibiting widely varying 
kinetics and magnitude of desensitization. Kainate-evoked responses 
were more strongly inhibited at pH 6.5 (> 20% inhibition) in cells 
expressing receptors composed of the strongly desensitizing flop isoforms 
(e.g., A0 B0 , A0 D0 ) than in cells expressing flip isoforms (e.g., AiBi, AiDi; 
inhibited by only 10%, on average). Receptors that included the subunit 
with the fastest desensitization time constant (Do) were most sensitive to 
proton inhibition, and were inhibited by > 40%, on average. The results 
of this study strongly support a direct interaction between proton 
modulation and AMPA receptor desensitization.

Supported by the Brain Research Foundation and American Heart Association.
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44.5
SUBSTITUTED 2,3-BENZODIAZEPINONES AS INHIBITORS AND 
POTENTIATORS OF NATIVE AND CLONED AMPA RECEPTORS. C.S.
Konkoy*, V.l. Ilyin, H.J. Xia and E. R. Whittemore. CoCensys, Inc., 201 
Technology Drive, Irvine, California 92618.

A series of 2,3-benzodiazepin-4-ones was synthesized and tested for 
modulation1 of AM PA receptors in Xenopus oocytes and in cultured rat 
cortical neurons. In oocytes expressing rat cortical mRNA, Co 102604  
inhibited AMPA-evoked currents in a noncompetitive manner with an IC50 
value of 3 µM, whereas the deaminated analogue (Co 102581) had an IC50 
value of 40 µM. Similar potency for antagonism was observed for AMPA  
responses in rat cortical neurons, but inhibitory potency was several-fold 
weaker in oocytes expressing cloned AMPA receptors. Interestingly, 
addition of bulky, alkyl substituents to N3 of Co 102581 resulted in a series 
of compounds that potentiated AMPA-evoked currents. Two such 
compounds, Co 102659 (the N3-pent-3-yl analogue of Co 102581) and Co 
102685 (the N3-cyclohexyl analogue), produced maximal increases in 
AMPA-evoked currents of at least three- to five-fold in oocytes expressing 
rat cortical m RNA and in rat cortical neurons. Although solubility limitations 
of these compounds precluded measurement of EC50 values, significant 
potentiation (>30% ) of AMPA responses was observed in the low 
micromolar range. Like the noncompetitive AM PA antagonists above, the 
AMPA potentiators exhibited less activity in cloned versus native receptor 
preparations. To our knowledge, this is the first example of potentiation of 
AMPA receptors by this class of molecule. Moreover, our findings raise the 
possibility that a single allosteric site may be coupled to both antagonism 
and potentiation of AMPA receptors, similar to the modulation of GABAa 
receptors by the 1,4-benzodiazepines. (Supported by CoCensys, Inc.)

44.6
PHARMACOLOGICAL CONTRIBUTION OF GLUR2 TO ALLOSTERIC 
MODULATION OF AMPA RECEPTOR COMPLEXES. J.L.S, Cotton and
K.M. Partin*. Dept. of Anatomy & Neurobiology, Colorado State Univ., Fort 
Collins, CO 80523.

Native non-NMDA glutamate receptors are composed of hetero-oligomers 
formed from GluR1-4 subunits, with many neurons expressing receptor complexes 
that include GluR2. GluR2, by virtue of RNA editing of a critical pore-loop 
residue, determines functional properties of the receptor complexes such as calcium 
impermeability. In addition, there is evidence that complexes that include GluR2 
have increased sensitivity to the positive allosteric modulator, cyclothiazide. This 
suggests either that GluR2 homo-oligomers have unique pharmacological 
properties, or that hetero-oligomers that include GluR2 have pharmacological 
properties different from homo-oligomers. Expression in Xenopus oocytes of the 
edited form of homo-oligomeric GluR2 results in a receptor that has a very low 
conductance, which makes it difficult to assess the intrinsic pharmacological 
properties of this subunit. We used the pore mutation, GIuR2(Q), that increases 
the conductance of GluR2 to study the pharmacological sensitivity to cyclothiazide 
of GIuR2(Q) homo-oligomers, comparing it to other AMPA receptor homo-
oligomers and to hetero-oligomers. We found that the EC50 for cyclothiazide 
decreases by 2-fold for hetero-oligomers formed with GluR2 compared with homo- 
oligomeric receptors. Additionally, the time constant for recovery from block of 
desensitization by cyclothiazide is slower for hetero-oligomers than for any of the 
homo-oligomeric subunits, including homo-oligomeric GIuR2(Q). This suggests 
that hetero-oligomerization itself may alter the interaction between the receptor 
complexes and cyclothiazide, resulting in a higher apparent affinity. We are 
currently using mutations within the flip/flop region of GluR2 to address the 
mechanism through which hetero-oligomerization might affect receptor-drug 
interactions. In addition, we are assaying sensitivity to LY300164 (Eli Lilly Co.) 
to determine how hetero-oligomerization affects negative allosteric modulation. 
Supported by PhRMA CK'4725 and AHA CWGB2797 to KMP.

44.7
RAPID CONCENTRATION-CLAMP EXPERIMENTS WITH CYCLOTHIAZIDE, 
GYKI 52466 AND NBQX ON AMPA RECEPTOR RESPONSES. G. RAMMES,
H.U, ZEILHOFER*3 , C .G ._ PARSONS1, G.L. _COLLIGRIDGE2 AND D.
SWANDULLA3 MPI for Psychiatry, Munich, Germany, 1Dept. Pharmacology, Merz & 
Co., Frankfurt, Germany, 2Dept. Anatomy, Univ. Bristol, UK, 3Dept. Pharmacology, 
Univ. Erlangen, Germany.

In outside-out patches from cultured hippocampal neurones, glutamate (1mM; glu) 
applied for 1ms evoked currents which rose rapidly (ton 447 ± 28 µs) and then deacti
vated with slower kinetics (1.95 ± 0.13 ms). GYKI 52466 reduced inward peak cur
rents with an IC50 of 14.0 ± 1.1 µM, had a similar potency on steady-state currents to 
long glu applications and had no effect on desensitization kinetics but slightly slowed 
onset and speeded offset kinetics. Cyclothiazide (100 µM; cyclo) potentiated steady- 
state currents, caused a modest slowing in desensitization and onset kinetics but a 
pronounced prolongation of deactivation kinetics.  Following 100ms applications of 
glu, GYKI 52466 had IC50s of 13.2 ± 2.3 µM and 118.3 ± 19.0 µM in the absence 
and presence of cyclo (100 µM), respectively. GYKI 52466 did not reintroduce desen
sitization but slowed onset kinetics and reversed cyclo’s prolongation of deactivation 
kinetics. NBQX reduced peak currents with an IC50 of 36.5 ± 6.OnM. Paradoxically, 
steady-state currents with 500ms applications were potentiated 10 fold by NBQX 
(1nM). Higher concentrations of NBQX then antagonized this potentiated response 
with an IC50 of 109.9 ± 8.0 nM. NBQX had no effect on rapid onset, desensitization 
or deactivation kinetics. NBQX was about two fold less potent against inward 
currents in the presence of cyclo (100 µM) but had no effect on the rapid onset, 
desensitization or deactivation kinetics. NBQX (1µM) reduced AMPA receptor- 
mediated EPSC amplitude to 7 ± 1% of control with no effect on kinetics. Cyclo 
(330µM) caused a 2.8 fold prolongation of the decay time constant. Additional 
application of NBQX (1µM) partly reversed this prolongation to 1.9 fold. These 
results support previous findings that cyclo also allosterically influences the agonist / 
antagonist recognition sites. The fact that were no interactions between NBQX and 
cyclo on desensitization or offset kinetics on glu-induced currents might suggest a 
presynaptic site for the clear interactions on EPSC offset kinetics.

44,8
SULFATED POLYSACCHARIDES ENHANCE THE COOPERATIVE 
GATING BEHAVIOR OF AMPA RECEPTOR CHANNELS 
RECONSTITUTED IN LIPID BILAYERS. V. Suppiramaniam1*, K. Prem 
Kumar1, S. Yilma1, S. Sinnarajah2, V. Vodyanoy2, Mani K. Manivannan3, 
B.A. Bahr4, 1Dept. of Biology, Tuskeeee Univ., Tuskegee, AL 36088:2Dept.of 
Physiology & Pharmacology, Auburn Univ., Auburn, AL 36849; 3Dept. of 
Chemistry and Physics, Southeastern Louisiana University, Hammond, LA 
70402; 4Dept. of Pharmaceutical Sciences, Univ. of Connecticut, Storrs, CT 
06269.

Immunoprecipitated AMPA receptors incorporated in artificial lipid 
bilayers were previously found to exhibit bursting channel activity and 
cooperative gating behavior induced by sulfated polysaccharides. Dextran 
sulfate of 500 KDa (2nM) and Heparin (500nM) profoundly enhanced the 
cooperative gating behavior of the AMPA receptor channels. A model- 
independent test based on analysis of the ratios of peaks in the all-points 
current amplitude histogram revealed an interdependence or cooperativity 
among the channels. Specifically, for independent gating, the parameter Δ = 
P 12/(Po*P2), where Pn is the probability of observing the nth conductance level, 
must satisfy the condition 2 < Δ < 4 regardless of the number of channels in 
the patch (Manivannan et al., 1992, Biophys. J. 61: 216-227). However, 
multichannel recordings failed this test indicating interaction among the 
AMPA receptor channels. This cooperative gating behavior of channels 
resulted in prolonged open channel lifetime of AMPA receptors and large 
macroscopic currents may be due to the simultaneous opening of the 
channels in the presence of sulfated polysaccharides. At a holding potential 
of -70 mV, the addition of dextran sulfate (2 nM) or heparin (500 nM) 
resulted in two to five fold increases in the mean burst duration and the 
duration of openings within bursts. However, the channel conductance 
within burst and mean closing time per burst were not altered. These 
observations reveal that interaction of sulfated polysaccharides with AMPA 
receptors leads to enhanced channel cooperativity. Such an induction of 
cooperativity may be involved in the functional modulation of AMPA 
receptors. (NIH/MNDS 1 K01 NS02018-01).

44.9
S 18986-1, A NEW POSITIVE MODULATOR OF AMPA-TYPE 
GLUTAMATE RECEPTORS, POTENTIATES AMPA- 
MEDIATED [3H]-NORADRENALINE RELEASE FROM RAT 
HIPPOCAMPAL SLICES:
B. Lockhart, F. Iop, N. Bonhomme* and P. Lestage. Institut de Recherches 
Servier, Dept. o f  Cerebral Pathology, 125, Chemin de Ronde, 78290 Croissy- 
sur-seine, France.
The AMPA receptors subtype have recently been suggested to play an important 

role in learning and memory processes. A new family of drugs, that act by positively 
modulating AMPA receptors, via an inhibition of AMPA receptor densitization, such 
as 1-BCP, aniracetam, cyclothiazide, IDRA-21, have been demonstrated to stimulate 
AMPA-mediated release of [3H]-noradrenaline (NA) from rat hippocampal slices.
In the present study, we have investigated the effect of S 18986-1, a novel AMPA 

receptor modulator, on AMPA-stimulated [3H]-NA release in rat hippocampal slices. 
In this aim, AMPA (3-1000µM) produced a concentration-dependent (EC50=23µM) 
increase in NA release (120-400%) compared to DMSO controls levels (100% 
release). S 18986-1 (3-1000µM) alone, failed to provoke NA release under similar 
conditions in hippocampus. However,  S 18986-1 potently stimulated AMPA 
(100µM)-mediated (290%) release at 30µM (340%); 100µM (455%); 300µM (676%) 
and 1000µM (890%). Moreover, the stimulation of AMPA (10-300µM) responses by 
S 18986-1 was concentration-dependent. In addition S 18986-1 (250µM) was 
significantly more potent at stimulating AMPA-mediated NA release than its 
corresponding R-enantiomer S 19024-1, and racemic mixture S 17951-1. In a 
comparitive study, the AMPA modulator CX-516 (100-500µM) failed to potentiate 
100µM AMPA-mediated NA release, compared to S 18986, whereas cyclothiazide 
produced a more potent effect at equivalent concentrations. These results suggest that 
S 18986-1, by potentiating AMPA-mediated release of NA in hippocampus, could 
partially explain some of the cognition enhancing actions of S 18986-1 in rodent.

44.10
S  18986-1, POSITIVE MODULATOR OF AMPA-TYPE
GLUTAMATE RECEPTORS, A NOVEL COGNITIVE
ENHANCING AGENT.

Institut de Recherches Servier, Dept. o f  Cerebral Pathology, 125, Chemin de 
Ronde, 78290 Croissy-sur-seine, France.
S 18986-1 is a selective positive modulator of AMPA receptors, thereby enhancing 

glutamatergic neurotransmission. In a passive avoidance test in wistar rat, acute i.p 
treatment with S 18986-1 (3-10 mg/kg) was shown to reduce amnesia produced by 
scopolamine (1 mg/kg). In an object recognition task, based on the differential 
exploration of a new and a familiar object, S 18986-1 facilitated the duration of 
memory retention in young and aged wistar rats. In young rats, S 18986-1 was 
administered p.o. 1h (0.1 to 10 mg/kg) or 4h (1 mg/kg) before the 2 stages of the 
test. After a memory retention delay of 24h, control rats did not discriminate between 
the objects whereas S 18986-1 treated rats, at the dose-range of 0.3 to 3 mg/kg, 
discriminated between the objects. This result demonstrates that S 18986-1 p.o. 
treatments provoke an increase of the duration of memory retention. S 18986-1 
(1 mg/kg) was active even when it was administered 4h before the test indicating a 
long acting effect. In 24 months old rats, an age-associated memory impairment was 
observed after a 1h memory retention interval. In these conditions, S 18986-1 
(0.3 mg/kg p.o.) restores the object recognition impaired by age.
To evaluate other behavioral effects of S 18986-1, doses of 0.3 to 30 mg/kg p.o. or 

i.p. were tested in a battery of psychopharmacological tests in wistar rat. A moderate 
hypolocomotion (− 32%) was observed at 30 mg/kg p.o.. No effect was found at any 
of the doses in anxiety, amphetamine or PGP-induced hyperlocomotion.
All these results indicate that S 18986-1 may have utility in ameliorating impaired 

cognition in aging or certain neurodegenerative diseases.
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44.11

LACK OF N E U R O T O X IC  E F F E C T S  O F  S  1 8 9 8 6 -1 , A  N E W  
POSITIVE M O D U L A T O R  O F  A M P A -T Y P E  G L U T A M A T E  
RECEPTORS
A. Roger, P. Greve, N. Villain, B. Lockhart and P. Lestase*. Institut de 
Recherches Sender, Dept. of Cerebral Pathology, 125, Chemin de Ronde, 
78290 Croissy-sur-seine, France.
Cell death produced by excessive glutamate receptor activation, or excitotoxicity, is 

an important mechanism of neuronal injury associated with acute brain insults. 
Blocking the AMPA-subtype of glutamate receptors has been shown to reduce cell 
death in global ischemia, and reducing desensitization of  receptors could 
potentiate AMPA-mediated excitotoxicity. The aim of the present study was to 
evaluate the potential neurotoxic effects of S 18986-1, a new positive modulator of 
AMPA-type glutamate receptors.
In mature rat primary cortical neurons, S 18986-1 (100 µM, incubation : 24h) failed 

to provoke any significant neurotoxicity in comparison with vehicle-treated neurons 
as assessed by LDH measurements.
Adulte male wistar rats were subjected to 2.5 min of forebrain ischemia using the

4-vessel occlusion method. S 18986-1 (30 mg/kg i.p.) or vehicle were administered 
l2h and 30 min before ischemia and b.i.d. after ischemia until the sacrifice of 
animals. Seven days after ischemia, rats were perfusion-fixed and hematoxyli n-eosin 
stained sections of the dorsal hippocampus were examined for CA1 injury. Graded 
CA1 injury was assessed on a scale of 1 for normal brain to 4 for maximal damage. 
The mean ± SEM grade of CAl damage in the S 18986-1-treated rats (1.5 ± 0.2 ; 
n=8) was not significantly different from the vehicle-treated group (1.5 ± 0.3 ; n=8 ). 
Moreover, after i.p. chronic (14 d) treatment with S 18986-1 (30 mg/kg), no 

significant cytoskeletal anomaly was observed in hippocampus and entorhinal cortex. 
These results suggest that S 18986-1 in normal and physiopathological conditions 

docs not provoke any neurotoxicity in rat brain after chronic treatment at high dose.

44.12
CP-465,022, A NOVEL NONCOMPETITIVE AMPA RECEPTOR 
ANTAGONIST: IN VITRO PHARMACOLOGY. F.S. Menniti*, M. 
Collins, M.F. Ducat, K.A. Kelley, M.J. Pagnozzi and K.E.G. Richter. 
Pfizer Inc., Central Research Division, Groton, CT, 06340, USA.

CP-465,022 is a structurally novel antagonist of the AMPA subtype 
of ionotropic glutamate receptor. The compound potently inhibits 
AMPA receptor-mediated 45Ca2+ uptake in primary cultures of rat 
cerebellar granule, hippocampal, and cortical neurons (IC50s = 20-40 
nM). Since these different neuron types express different AMPA 
receptor subunits, these data indicate that CP-465,022 lacks significant 
subunit specificity. CP-465,022 fails to displace [3H]AMPA from 
binding sites in forebrain membranes, indicating that inhibition is 
noncompetitive. This mechanism of inhibition was confirmed in 
functional studies of the effect of CP-465,022 on AMPA receptor 
mediated increases in [Ca2+ ] in cerebellar granule neurons. A 
structural analog of CP-465,022 was radiolabelled ([3H]CP-526,427) 
and used to elucidate the pharmacology of the inhibitory binding site. 
This binding site does not interact directly with the agonist binding 
site but overlaps with that for the 2,3 benzodiazepines such as GYKI- 
52,466. Furthermore, the [3H]CP-526,427 binding site is distinct from 
that for Evan’s Blue and for the benzothiazide and benzylpyridine 
inhibitors of AMPA receptor desensitization. Thus, CP-465,022 
inhibits AMPA receptors through interaction with one of at least two 
physically distinct allosteric sites on the AMPA receptor.

44.13

CP-465,022 IS A POTENT AND SELECTIVE NONCOMPETITIVE 
AMPA RECEPTOR ANTAGONIST. J.T. Lazzaro. A.H. Ganong*. 
Central Research Division, Pfizer Inc., Groton, CT 06340 

The effects of CP-465,022 on AMPA receptor-mediated responses 
induced by kainate were studied using whole-cell patch recording. 
Recordings from rat cortical neurons 12-16 days in culture showed a 
dose-dependent inhibition by CP-465,022 ofkainate-induced responses 
with complete block at 10 µM and an IC50 value of 30 nM. Inhibition 
by CP-465,022 was slow to develop and reverse. NMDA receptor- 
mediated currents were blocked 36% by 10 µM CP-465,022. CP465,022 
is the active atropisomer of a racemic mixture. Racemic CP-465,022 
blocked kainate responses in rat cortical cells with an IC50 value of 30 
nM, while the inactive atropisomer inhibited kainate responses by only 15 
% (n=3) at 1 µM. Racemic CP-465,022 also blocked kainate-induced 
responses in human-derived hNT neurons with an IC50 value of 15 nM. 
In hNT neurons, 10 µM racemic CP-465,022 blocked NMDA mediated 
currents 15% (n=3) and GABA mediated currents 5% (n=3). The CP- 
465,022 block of kainate-induced AMPA receptor responses in rat 
cortical cells appeared to be noncompetitive since increasing 
concentrations of kainate did not overcome the block. These results 
demonstrate the potency and selectivity of this novel AMPA receptor 
antagonist.

44.14
C P -465,022, A  N O VE L N O N C O M P E T IT IV E  A M P A  R E C EP TO R
A N TA G O N IS T: IN V IVO  P H AR M A C O LO G Y . P.A. S eym ou r*, D. C ritche tt , 
V, G uanow sky, and L.O. W ilk inson. D ep t. of N euroscience , C entral 
R esearch D ivision, P fize r Inc, G roton, C T 06340 

C P-465 ,022  is a novel se lective  A M PA  recep tor antagon is t as 
dem onstra ted  by potent inhib ition of A M P A  recep tor-m ed ia ted  45 C a2+ 
uptake in neuronal cu ltu res (M enniti et a l \  th is m eeting), and by inhib ition of 
ka inate-activa ted  curren ts  in w hole-ce ll patch record ings from  rat cortica l 
neurons (Lazzaro e t a l .; th is  m eeting). The m echan ism  of inhib ition is 
noncom petitive  s ince the  com pound does not d isp lace [3H ]A M P A  from  
binding sites in rat fo rebra in  m em branes. To characterize  its in vivo e fficacy, 
the e ffects  of C P -465,022 on CA1 synap tic  transm iss ion  w ere  exam ined 
a fte r sys tem ic adm in istra tion. In u re thane-anesthetized  rats C P-465 ,022  
dose-dependently  reduced the population sp ike am plitude  evoked by 
constan t vo ltage s tim ula tion of the  com m issura l pathw ay a fte r both i.v. and 
s.c. adm in istra tion. S ince A M PA  antagon ists have also been show n to  have 
anticonvu lsan t activity, the e ffects of C P -465 ,022  on pen ty!enetetrazo le  
(PTZ) and AM PA -induced  se izures were exam ined. C P -465 ,022  dose- 
dependently  antagonized ton ic se izures produced by PTZ in both m ice (ID50 
= 3.1 m g/kg) and rats (ID50 = 1.0 m g/kg) a fte r s.c. adm in is tra tion . It also 
antagonized AM PA -induced  c lon ic se izu res in m ice w ith  s im ilar e fficacy (1.5 
m g/kg, s.c.). M oto r coord ination (inverted grid in m ice) and locom otor 
activ ity ( in  rats) m easurem ents w ere used to  construct the rapeutic  indexes, 
and data  y ie lded ratios s im ilar to  those  reported fo r o ther A M P A  antagonists. 
These data  support the hypothesis tha t C P -465 ,022  read ily gains access to 
the  CNS and acts as an antagon is t at centra l A M P A  receptors.

44.15

DISCOVERY OF A POTENT AND SELECTIVE SERIES OF 
NONCOMPETITIVE QUINOXALINONE AMPA
ANTAGONISTS AND THE PREPARATION OF AN AMPA 
SITE RADIOLIGAND. W. M. Welch, J.-H. Huang, F. E. 
Ewing, F. S. Menniti, M. J. Pagnozzi*, M. J. Banker, K. M . 
Devries and K. E. McCarthy. Dept. of Medicinal Chemistry, 
Pfizer Inc, Central Research Division, Groton, CT 06340.

SAR development of a moderately potent quinoxalinone lead 
gave compounds with greatly improved potency and selectivity for 
AMPA receptors as determined by their ability to inhibit kainate- 
induced influx of ++45Ca into rat cerebellar granule cells in vitro 
and to block metrazole-induced seizures in vivo.

The effect of substitution in various positions was studied to 
further refine this activity and led to the discovery of a series of 
tertiary amines with interesting potency, in vivo activity and water 
solubility. These compounds exist as atropisomers that are stable 
at and above room temperature. Separation of the atropisomers 
revealed that AMPA antagonist activity is specific to the S-isomer.

Labeling by reductive tritiation gave the highly potent and 
selective 3H-CP-526,427, a ligand that has proved to be useful for 
the study of AMPA receptor localization and binding.

44.16
IN H IB ITO R Y  E FFEC T O F H Y P E R FO R IN  O N  B O TH  A M P A  A N D  
N M D A  R EC EP TO R S  IN H IP P O C A M P A L  P YR A M ID A L 
N E U R O N S O F RAT. V. F ilippov,1 P. L ishko ,1 O . M a x im vu k,1 M. 
N ö ldn e r,2 S. C hatte riee2 and O. K rish ta l1* . 1De pt. o f C e llu lar 
M em branology, B ogom ole tz Institu te  o f P hysio logy, 252024, 
K iev, Ukraine; 2Dr. W illm a r Schw abe G m bH  & CO , 76227 
K arlsruhe, G erm any.

The in fluence o f Hypericum Perforatum  ex trac t hyperforin  on 
the A M P A  and N M D A  receptors w as investigated  using the 
w hole-ce ll patch c lam p and concentra tion  c lam p techn iques in 
the experim ent on h ippocam pal pyram ida l neurones acute ly 
iso lated from  the h ippocam pus o f rat. H yperfo rin  com petitive ly  
inhib ited A M P A  - induced cu rren t in the  concentra tion  range o f 
1µM - 0.1 mM. The inhib ition constan t (Ki) o f hyperforin  obta ined 
from  the sh ift o f EC50 fo r A M P A  gave the  va lue  o f 2.8 µM. The 
b lock produced by hyperforin  on N M D A  recep tors occurred  in 
noncom petitive  m anner and fa iled  to  show  use dependence . The 
IC50 fo r th is e ffect is 1.8 µM. These data  indicate  th a t hyperforin  
m ay antagonise the  excita to ry synap tic  transm iss ion  in 
m am m alian brain serving as the A M P A  /  N M D A  receptors 
antagon ist and thus m ay be regarded as potentia l 
neuroprotective  and /or anticonvuls ive  the rapeu tic  agent.
Th is  w ork w as supported in part by the In te rnationa l Research 
S cholars g ran t from  the  H oward H ughes M edical Institu te  (HHM I 
75195-548001) and by IN TAS (gran ts 94-849  and 94-4072).
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44.17
Potential mechanism for the effect of lithium on AMPA receptors.
N.B Karkanias2* and  R.L. Papke1 ,2, Departments of Pharmacology1, and 
Neuroscience2, Univ. of Florida Coll. of Med., J.H.M.H.S.C. Gainesville, FL 32610.

Previous results from this lab have shown that substitution of sodium with 
lithium (Li+) in the extracellular solution causes subtype specific changes in inward 
and outward current of glutamate receptors, without a shift in the reversal potential. 
An increase of inward and outward current is seen for AMPA receptors which is in 
contrast to the decrease observed for Kainate and NMD A receptors. A concentration 
response curve for GluR3 reveals that the potentiation caused by Li+ is greatest at 
saturating agonist concentrations. GluRl which shows no potentiation by Li+ at 100 
µM kainate shows a small but significant potentiation at saturating kainate and 
glutamate concentrations. The potentiation of current is specific for Li+ since 
rubidium, although causing an increase of inward current, shifted the reversal potential 
and did not increase outward current. The effects of Li+ on outward current, where Li+ 
is not the charge carrier, and a lack of reversal potential shift argues for a mechanism 
not associated with Li+ permeation.

The effects of Li+ are different for kainate, a weak desensitizing agonist and 
glutamate, a strong desensitizing agonist, suggesting that Li+ might interact with a 
mechanism of desensitization. Using cyclothiazide (CTZ) to reduce desensitization of 
GluR3 we find that for low concentrations of kainate and glutamate, potentiation of 
the response by a combination of CTZ and Li+ is no greater than CTZ or Li+ alone. 
However, at high concentrations of agonist the potentiation of the response by a 
combination of CTZ and Li+ is significantly greater than CTZ or Li+ alone and 
additive for glutamate but not additive for kainate. These data suggest that lithium and 
CTZ may potentiate the response of GluR3 to low concentrations of agonist through 
the same mechanism. At high agonist concentration in the presence of CTZ, the 
intrinsically lower desensitization produced with kainate-evoked responses may 
preclude lithium from potentiating the current to the same degree as it can potentiate 
glutamate-evoked responses. This work was supported by a fellowship to NBK from 
the Center for Neurobiology and Behavior at the University of Florida.

G A B A  R E C E P T O R S : M O D U L A T IO N  O F  G A B A A R E C E P T O R S  I

45.1

HYPERBARIC EXPOSURE: A NOVEL TOOL TO INVESTIGATE ALLOSTERIC 
COUPLING IN THE GABAa RECEPTOR COMPLEX (GRC). D.L. Davies*, L.D. 
McCauley, MB. Bolger, R.D. Brinton, J. Kadakia, M.T. Ha and R,L. Alkana. Dept Molec 
Pharmacol/Tox, Sch of Pharmacy, Univ of Southern California, Los Angeles, CA 90033.

Fast inhibitory synaptic neurotransmission in the mammalian CNS is primarily mediated 
by GABA which acts by binding to the GRC. The efficacy of GABA is allosterically 
modulated by several classes of compounds acting at distinct but interacting sites (eg., 
benzodiazepines [Bzs]) on the GRC. The mechanism of allosteric modulation (coupling) 
between GABA and the allosteric sites is not well understood. Past studies found that 
exposure to 12 times normal atmospheric pressure (ATA) of helium-oxygen gas (heliox) 
selectively antagonized behavioral and biochemical effects of compounds which act via 
allosteric modulation of GABAa receptor function, but not direct GABA agonists or 
antagonists suggesting that pressure antagonism does not reflect changes at or subsequent 
to the GABA recognition site. We thus hypothesized that pressure acts by blocking 
allosteric coupling in the GRC. But, pressure could act by altering the binding of an 
allosteric modulator to its recognition site. Initial studies did not support this notion. To 
further test this alternative explanation we measured the effects of 12 ATA heliox on 
[3H]flunitrazepam (flu) binding in the absence of GABA Whole brain (less cerebellum) 
membranes, from LS/IGB mice, were incubated with (3H]flu (2 nM - 75 nM) for 1 hour at 
25°C while exposed to either 1 ATA air or 12 ATA heliox. 12 ATA heliox did not 
significantly alter the affinity (Kd) of [3H]flu for its recognition site or the number of 
receptors (Bmax) as compared to 1 ATA air (non-linear regression). These results suggest 
that pressure does not antagonize Bz action by altering Bz binding, supporting the 
hypothesis that pressure antagonizes allosteric modulatory drugs by blocking coupling. 
Collectively, present and past findings suggest that hyperbaric exposure can be used as a 
method for studying the structural and functional mechanisms underlying allosteric 
coupling in the GRC and possibly other ligand-gated ion channels. (Supported by NIH, 
NIAAA grant RO1 AA03972 and the Alcoholic Beverage Medical Research Foundation).

45.2

CHANGES IN GABAa RECEPTOR SUBUNIT EXPRESSION IN RAT 
HIPPOCAMPUS FOLLOWING 4-VESSEL OCCLUSION (4-VO). D.L SMALL, 
C.L. MURRAY, L A. BROWN, B. ZURAKOWSKI, M.O. POULTER* AND 
P.MORLEY. Inst. for Biological Sciences, National Research Council, Ottawa, 
Canada, KIA OR6 .

Compounds that enhance GABAergic neurotransmission may prevent 
neurodegeneration in the hippocampus and striatum. We used the 4-VO model to study 
the effect of ischemia on the expression of GABAa receptor subunits in the vulnerable 
CAl and resistant CA3 and dentate gyrus (DG) regions. Male Wistar rats were 
subjected to 10 min of 4-VO and the brains removed after 6  h to 7 days of reperfusion 
for in situ hybridization histochemistry using radiolabelled oligonucleotide probes 
against GABAa receptor subunits. Densitometric analysis was used to compare 
expression in the CAl, CA3 and DG relative to sham controls._______________

_______ CAl________ CA3 DG

6 h 7d 6 h 7d 6 h 7d
α l _ _ o o o o

α2 ++ _ _ o _ +

α3  o _ _ o _ o

α5 _ __ _ o _ o

β 2 _ _ + o + o

Y2 o __ _ o _ o
+ = increase - = decrease o = no change 

Comparing resistant versus vulnerable regions at 6  h, there is a relative increase in 
α2, β2 and γ2 and a decrease in α 1 and α3 subunit expression.

45.3

ALTERATIONS OF GABAa RECEPTOR AND ITS SUBUNIT mRNA LEVELS IN 
RAT BRAIN ASSOCIATED WITH INCREASES IN PUNISHED RESPONDING 
WITH ACUTE ALPRAZOLAM ADMINISTRATION: QUANTITATIVE STUDIES 
OF AUTORADIOGRAPHY AND IN SITU HYBRIDIZATION. M. Liu* and JR . 
Glowa.  Department of Pharmacology and Therapeutics, Louisiana State University 
Medical Center, Shreveport, LA 71130.

Previous studies have suggested that changes in GABAa receptor levels occur as a 
function of exposure to conditions used to test the anxiolytic effects of benzodi
azepines. To further understand these effects autoradiography and in situ hybridization 
were used to assess changes in GABAa receptor and subunit levels after exposure to 
punishment, and after exposure to does of alprazolam which increased punished 
responding. Levels of [3H] flumazenil binding, and the expression of the genes 
encoding for GABAa receptor α l ,  α2, β2 and γ2 subunit were measured in 20 brain 
regions of treated and control rats. Quantitative analyses showed that punishment 
significantly downregulated α l mRNA levels in the amygdala, cerebral cortex, and 
mediodorsal thalamus, flumazenil binding in those areas, and α2 mRNA levels in 
hippocampus and dentate gyrus, as compared to non-punished control performances. In 
contrast, β2 mRNA in ventroposterior thalamic nucleus and γ2 mRNA levels in the 
CA2 layer of the hippocampus and dentate gyrus increased as compared to the non- 
punished control performances. These effects were reversed by pretreatment with 
alprazolam, compared to vehicle-treated animals. Moreover, some brain regions that 
were unaffected by punishment were altered by alprazolam. Ongoing studies will 
determine if alprazolam alone increases the gene expression of the receptor subunits. If 
not, these results suggest that punishment and alprazolam treatment produce complex 
changes in the GABAa receptor level through changes in GABAA receptor subunit 
expression. These changes may alter GABAergic synaptic inhibition by altering the 
density of GABAa receptors or the pharmacological properties of the GABAa receptor. 
Supported by a developmental grant issued by LSU-MC in Shreveport.

45.4

S E R O T O N E R G I C  M O D U L A T IO N  O F  A  G A B A a R E C E P T O R  
G E N E  E X P R E S S I O N . A.N. B ateson1,3* C.-T. L a i1 ,2 ,V.A.-M.I. 
Tanav1 and G.B. B aker1,2,3. Departments of Pharm acology1 and 
Psychiatry2, and Division of Neuroscience3, Faculty of Medicine, 
University of Alberta, Edmonton, Alberta, T6 G 2H7 Canada.

GABA plays a central role in the normal functioning of neuronal 
transmission in the vertebrate CNS. The GABAλ receptor is a primary 
site of action of GABA but also of the benzodiazepines and has 
consequently been implicated in anxiety disorders. One such anxiety 
disorder, panic disorder, is treated by variety of psychoactive agents, 
including the benzodiazepines and certain antidepressants. In our 
search for a common mechanism of action of antipanic agents, we 
previously described changes in G A BA λ receptor subunit gene 
expression by the chronic administration of the tricyclic antidepressant 
imipramine (e.g. Tanay et al., 1996, Neuropharmacology, 35, pp 1475- 
1482) that blocks both serotonin and noradrenaline uptake. We have 
therefore used m aprotiline, a noradrenergic uptake blocker, to 
investigate this effect further. Male Sprague-Dawley rats were 
chronically treated for 2 1  days with the above-m entioned drugs. 
GABAa receptor mRNA levels were determined using a multiprobe 
solution hybridization assay. While imipramine produced changes in 
the steady-state levels of specific GABAa receptor mRNA species in 
certain brain regions, maprotiline had little effect suggesting that 
serotonergic systems play a major role in modulating GABAa receptor 
gene expression. We are currently evaluating the effects of specific 
serotonergic uptake inhibitors in this experimental system.
Funded by Alberta M ental Health Research Fund and Alberta Heritage 
Foundation fo r  Medical Research.
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45.5
MANY 5-HT3 RECEPTOR BLOCKERS ARE ALSO GABAa RECEPTOR 
BLOCKERS: IMPLICATIONS FOR PSYCHIATRY.
R.F., Squires* and E. Saederup. Center for Neurochemistry, Nathan Kline Institute, 
Orangeburg, NY 10962.

5-HT3, GABAa, nicotinic ACh and glycine receptors are all members of a 
ligand-gated ion channel receptor family, resulting in considerable pharmacological 
overlap. For example d-Tubocurarine exhibits high affinity for nACh, GABAa and 
5-HT3 receptors. The following 5-HT3 blockers also fully or partially block the 
inhibitory effect of 1 µM GABA on 35S-TBPS binding to rat brain membranes: 
MDL-72222 (EC50 = 2.0 µM, ΔBopt = 79%), Tropanyl-3,5-dimethylbenzoate (3.1, 
59), Tropisetron (6.8, 24), Clozapine (7.5, 50), Renzapride (9.0, 93), d-Tubocurarine 
(9.6, 110), Tropacocaine (21, 21), Ondansetron (24, 80), Quinacrine (29, 40), 
Quipazine (30, 68), (+)Pseudococaine (31, 89), Norcocaine (44, 90), R(+)Zacopride 
(46, 86), Cocaine (80, 38), S(-)Zacopride (280, 80), and Metoclopramide (420, 81). 
Ondansetron has been reported to exhibit weak Clozapine-like effects in 
schizophrenics, as well as anxiolytic effects in non-human primates and rats. Since at 
least 12 antipsychotic drugs are moderately potent GABAa receptor blockers, 
Neurochem. Res. 16: 1099 (1991), nine of which exhibit selectivity close to that of 
Clozapine (in press), we suggest that the weaker antipsychotic effects of some 5-HT3 
blockers(e.g. Ondansetron) are due to GABAa receptor blockade, and not to 5-HT3 
receptor blockade. Similarly, the reported anxiolytic effects of several 5-HT3 
antagonists may be due to selective blockade of α 1 β2γ2 GABAa receptors, 
preferentially located on some GABergic intemeurons, leading to blockade of 
GABergic disinhibition. So far GABAa antagonists with nanomolar affinity and 
Clozapine-like selectivity have not been identified. Such compounds may have 
improved Clozapine-like antipsychotic properties.
Supported by New York State, OMH.

45.7

CHRONIC HALOPERIDOL TREATMENT IN RATS REDUCES GABAa 
RECEPTOR DENSITY IN ANTERIOR STRIATUM. M. Zaka*, E.H. Hamid, 
C.M. Bower, T.M. Hyde, M.F. Egan. Clinical Brain Disorder Branch, National 
Institute of Mental Health, NIMH Neuroscience Research Center, Washington, 
DC 20032.

Chronic administration of haloperidol in rats produces a syndrome of vacuous 
chewing movements (VCMs), a model of tardive dyskinesia in humans. Prior 
studies have found a reduction in GABAergic transmission in striatal projection 
areas in rats exhibiting neuroleptic-induced dyskinesias. Moreover, recent human 
postmortem studies have reported marked up-regulation of GABAa receptor 
binding in the anterior cingulate cortex of schizophrenic subjects. The aim of this 
study was to compare GABAa receptor binding density in the anterior striatum 
and cingulate cortex of male rats with and without VCMs following chronic 
haloperidol treatment. In addition, this study was designed to examine neuroleptic 
effects on GABAa receptor density. Tardive VCMs were induced by IM 
injections of haloperidol decanoate every 3 weeks for 24 weeks followed by a 9 
week withdrawal period. GABAa receptor density in anterior striatum was 
examined using in vitro autoradiography with [3H] muscimol. Comparing all 
neuroleptic-treated rats to vehicle treated controls, neuroleptic treated rats showed 
a decrease in GABAa receptor binding in the dorsomedial, dorsolateral, 
ventromedial, ventro-lateral, medial and lateral shell of the accumbens and the 
accumbens core (Manova P=0.036). However, when these neuroleptic treated rats 
were subdivided into those with and without persistent VCMs, no significant 
differences were noted in any striatal region or in the anterior cingulate cortex. In 
addition, there was no significant neuroleptic effect in the anterior cingulate cortex 
(P=0.184). These results suggest that neuroleptics reduce GABAa receptor 
density in the anterior striatum, but not cingulate cortex. However, these 
neuroleptic changes in GABAa receptor binding density do not appear to underly 
the neurobiology of VCMs in rats, nor do they presumably account for changes 
seen in post mortem cingulate studies of schizophrenia.

45.9

TRIMETHYLOLPROPANE PHOSPHATE (TMPP) INDUCES SHORT 
EPILEPTIFORM DISCHARGES IN RAT HIPPOCAMPUS J. Lin1*, S.M. 
McInturf2, J. Rossi III3 and A.F. Nordholm3. 1ManTech Environmental Technology, 
Inc., P.O. Box 31009, Dayton, OH 45437-0009; 2GEO-Centers, Inc.; 3Naval Medical 
Research Institute, Detachment-Toxicology, Wright-Patterson AFB, OH 45433-7903 

The actions of TMPP, a potent convulsant, were tested on hippocampal CAl 
pyramidal cells using intracellular electrophysiological methods in vitro. Eighty 
percent of neurons tested exhibited spontaneous activities (0.03-4.5 Hz). Bath 
application of TMPP (0.1-100 µM) caused membrane hyperpolarization (7±2 mV, 
n=7) associated with an increase in input resistance (51±8%, n=7) in 41% (7 of 17) of 
neurons tested and membrane depolarization (3.7±0.5 mV, n=5) associated with an 
increase in input resistance (l8±3%, n=5) in 29% (5 of 17) of neurons tested. TMPP 
(0.1-100 µM) induced short epileptiform discharges followed by epileptiform burst 
after-hyperpolarizations in 59% (10 of 17) of neurons tested. TMPP (0.1-100 µM) also 
increased the spontaneous activities (lOl±23% increase, n=7) in 41% (7 of 17) of 
neurons tested and decreased spontaneous activities (56±8% decrease, n=9) in 53% (9 
of 17) of neurons tested. The epileptiform bursts and increases in spontaneous 
activities induced by TMPP were blocked by muscimol (0.5-10 µM), a γ-aminobutyric 
acid A (GABAA) receptor agonist (n=4), diazepam (0.5-10 µM), a GABA- 
benzodiazepine receptor agonist (n=4) and baclofen (10 µM), a GABAB receptor 
antagonist, respectively. Bath application of muscimol (0.5-10 µM) (n=4), diazepam 
(0.5-10 µM) (n=3) or baclofen (1-10 µM) (n=3) abolished the spontaneous activities of 
CA1 neurons. TMPP (2-10 µM) reversed the actions of muscimol and diazepam but 
not baclofen. TMPP (0.1-100 µM) did not induce any changes in threshold, duration 
and amplitude of the action potentials (APs) evoked by direct depolarizing current 
injection but increased the latency of onset of the APs (n=6 ). In summary, TMPP has 
excitatory and inhibitory actions on CA1 pyramidal cells. The actions of TMPP may 
be due to its interaction with GABAA-benzodazepine receptors. (Research was 
supported by the Naval Medical Research and Development Command)

45.6

PRENATAL EXPOSURE TO ORGANOCHLORINE PESTICIDE DIELDRIN: 
EFFECTS ON POSTNATAL EXPRESSION OF GABAa RECEPTORS AND 
BEHAVIOR IN THE RAT. J.M. Johns2*, J, Liu1, N. Bhasin1, D R, Gravson5, L.L. 
Devaud2,3 S. Mov3, D. Lubin4 and J.M. Lauder1 . lDept. of Cell Biol and Anat., 
2*Dept. of Psychiatry, 3Center for Alcohol Studies, and 4Dept. of Psychology, 
Univ. N.C., Chapel Hill, NC, and 5Dept. of Psychiatry, Allegheny Univ. of the 
Health Sciences, Pittsburgh, PA 15212.

Organochlorine pesticides, like dieldrin, act as potent GABAa receptor 
antagonists. In previous studies, we found that prenatal exposure to dieldrin 
decreased [35S]TBPS binding and expression of GABAa receptor subunit 
mRNAs in fetal (E17) rat brain (J. Liu et al., 1998; K.C. Brannen et al., 1998). 
In the present study, we examined effects of prenatal dieldrin on [35S]TBPS 
binding, GABAa subunit mRNAs, and behavior in adult offspring. Timed 
pregnant rats were injected i.p. daily from E12-16 with 10 mg/kg dieldrin, 5 
mg/kg dieldrin (E17), or vehicle (El2-17). There were no significant differences 
in birth weight, sex ratios, day of eye opening or weight gain between dieldrin 
and control pups. However, there was a trend towards delayed acquisition of the 
righting reflex in dieldrin pups. On postnatal day (PND) 56, animals were tested 
in the elevated plus maze, then sacrificed on PND 57 for [35S]TBPS binding and 
measurement of GABAa subunit mRNAs. Dieldrin males and females spent less 
time in the closed arms of the elevated plus maze, suggesting a lower level of 
anxiety. Consistent with this, [35S]TBPS binding and several GABAa subunit 
mRNAs were elevated in brain regions of adult dieldrin offspring. Therefore, 
although prenatal dieldrin decreases expression of GABAa receptors, rebound 
effects may result in increased receptor expression and reduced anxiety 
responses in adult offspring. Supported by NIEHS grant ES07017 to JML.

45.8

ANESTHETIC-INDUCED DEPRESSION CAUSED BY DIFFERING 
DEGREES OF GABA ENHANCEMENT
A.M. Himmel, F.A. Monroe and M.B. Maciver*. Biological Sciences Program and 
Department of Anesthesia, School of Medicine, Stanford, CA 94305

The extent to which anesthetic actions at GABA- and at glutamate-mediated 
synapses contribute to neuronal depression remains unknown. The degree of 
enhanced GABA-mediated inhibition caused by isoflurane and pentobarbital was 
studied using the GABAa receptor antagonist bicuculline. Anesthetic effects on 
excitatory postsynaptic potentials (EPSP) and paired pulse population spikes (PS) 
in rat hippocampal brain slices were examined to determine effects on feedforward, 
tonic, and feedback inhibition. Both isoflurane (1 MAC; 1.4 vol %) and 
pentobarbital (400 µM) depressed PS responses almost 100%. Bicuculline (10 µM) 
reversed the isoflurane-induced PS depression by 17.1 ± 6.5 % (p<O.OOl, n=5), 
while reversing the pentobarbital-induced PS depression by 55.7 ± 10.9 %. For 
both anesthetics, the bicuculline reversal was greater for the second pulse than for 
the first pulse, as would be expected due to the influence of feedback inhibition on 
second pulse responses. Isoflurane depressed EPSP responses by 48.5 ± 7.7 % 
while pentobarbital caused an EPSP depression of 51.3 ± 4.6 %. EPSP depression 
caused by isoflurane was not affected by bicuculline, while pentobarbital-induced 
EPSP depression was reversed by 11.0 ± 3.0 %. Isoflurane appeared to enhance 
GABA-mediated inhibition primarily through a feedback pathway, while 
pentobarbital also affected feedforward and tonic inhibition. On a spectrum 
including previously studied anesthetics, the sequence in order of increasing GABA- 
mediated inhibition was: isoflurane < halothane < pentobarbital < propofol. This 
ordering of the agents also corresponds to an increasing degree of lipid solubility. 
The results indicate that anesthetics produce agent-selective effects on different forms 
of GABAA-mediated inhibition, supporting a Multi-Site Agent Specific (MAS) 
mechanism of anesthetic action.

This study was supported in part by NIH grants GM49811, GM54767 and a 
Howard Hughes Summer Fellowship from the Stanford University Department of 
Biological Sciences.
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46.1

ASSEMBLY AND SURFACE EXPRESSION IN HEK293 CELLS OF 
GABAA RECEPTORS CONTAINING β4 SUBUNITS. H. Cinar* and E. M. 
Barnes. Jr. Dept. of Biodiem, and Div. Of Neurosci., Baylor Col. of Med., 
Houston, TX 77030.

While β4 subunits are a major constituent of GABAa receptors in chick brain, 
recombinant receptors containing β4 subunits have not previously been 
expressed in cultured cell lines. To examine the properties of GABAa receptors 
containing β4L subunits, we have employed transient transfection of HEK293 
cells. Assembly of these subunits into GABAa receptors was monitored by 
binding of the channel ligand, [35S]t-butylbicyclophosphorothionate (TBPS) to 
crude membranes from homogenates. Surface localization was analyzed by 
indirect immunofluorescence microscopy of fixed cells using a c-myc epitope 
introduced into the amino-terminal region of the β4L subunit. Co-expression of 
α 1 and ß4L subunits resulted in substantial amounts of 35S-TBPS binding to 
isolated membranes, while transfection of the αl or ß4L subunit alone resulted 
in barely detectable binding. The level of 35S-TBPS binding for the α 1- + native 
β4L-subunit combination was similar to that for the αl- + tagged β4L-subumt 
pair, showing that addition of the c-myc sequence had little effect on receptor 
assembly. Prominent immunostaining of HEK cell surfaces was found after co-
transfection with the αl- + tagged β4L-subunits, but not with tagged ß4L 
subunits alone. Immunostaining of intracellular membranes was found in cells 
with either 4L subunits alone or in combination with αl subunits. The data 
indicate that in HEK cells both assembly and surface targeting of β  
receptor ß4L subunits requires the participation of α l subunits.

Supported by NIH grants NS34256 and NS 11535.

46.3

APPARENT AFFINITY OF GABA AT THE GABAa RECEPTOR IS 
INVERSELY CORRELATED WITH MOLECULAR VOLUME OF THE 
AMINO ACID RESIDUE AT POSITION α27O.
V.Koltchine2, S.Finn1, N.Nikolaeva1,C.Rick1* and N. Harrison1,2. Dept. 
Anesthesia & Critical Care1 and Dept. of Pharmacological and Physiological 
Sciences2, University of Chicago, Chicago, IL 60637.

We have previously reported that mutation of Ser 270 in the α2 subunit 
(15’ in TM2) abolished enflurane sensitivity of the GABAa receptor 
(GABAa-R) (Nature,389:385-389, 1997). In the present study, we extend our 
observations to a series of point mutations at α2 Ser 270 and have 
investigated the effects of each mutation on GABAA-R functional properties.

To determine whether molecular size, charge or hydrophobicity have major 
effects on the gating of the GABAa-R, we mutated Ser 270 to Ala, Gly, Cys, 
lle, His, Tyr and Trp∙ All α2 mutants were successfully co-expressed with 
wild type ß 1 subunits in HEK 293 cells to produce functional GABAa-R. The 
EC50 values were estimated from GABA concentration-response curves for 
receptors that contain either wild-type α2β l (EC50 =8.4 µM), or receptors 
containing mutated α2 GABA subunits. Mutation of Ser 270 to small amino 
acid residues such as Ala or Gly produced a rightward shift of the GABA 
dose-response curve, with no significant change in the average maximal 
current amplitude: α2(S270A)β1 (EC50 =40 µM), α2(S270G)β 1 (EC50 =25 
µM). Mutation of Ser 270 to larger residues such as Cys,lle,His, Tyr,or Trp 
resulted in a leftward shift of the GABA concentration-response curve 
α2(S270Y)β l (EC50 =0.9 µM), α2(S270I)β1 (EG50 =1.4 µM), α2(S270H)β 1 
(EC50 =3.4 µM), α2(S27OC)β 1 (EC50 =4.7 µM), α2(S270W)β 1 (EC50 =0.7 
µM). Inclusion of the γ  subunit does not significantly modify the GABA dose 
response curve when coexpressed with α2(S270A)β 1 γ2 (EC50 =74 µM), or 
α2(S270W)β 1 γ2 (EC50 = 1 µM). These results demonstrate a negative 
correlation between the apparent affinity of GABA at the GABAA-R and 
molecular volume at position α270 . Supported by NIH grant GM45129 (to 
N.L.H.) and by DA 07255 (to V.V.K.)

46.5

TWO PUTATIVE TRANSMEMBRANE SEGMENTS ARE REQUIRED FOR 
THE INTEGRITY OF A STRUCTURAL DOMAIN OF GABAa RECEPTOR. 
H. Xue , R.A. Chu, J. Hang, Y.Z. Xiao, P. Lee and H. Zheng. Department of 
Biochemistry, Hong Kong University of Science and Technology, Clear Water 
Bay, Hong Kong. C SPON: HKSN )

The type A gamma-aminobutyric acid (GABAA) receptor plays a major 
inhibitory role in the central nervous system. Structural elucidation of GABAa 
receptor has been impeded by the large size of the receptor. Dissecting the 
receptor into modules, or domains, should reduce the difficulties commonly 
encounted in structural studies of the receptor. Delineation of one such domain 
has achieved through prediction-assisted progressive deletions. The carboxyl 
terminus of the domain is found to be within the confines of the previously 
suggested second-transmembrane segment. The requirement of sequences from 
the first two putative transmembrane segments for domain integrity was clearly 
indicated by the disruptive effects upon removal of these sequences from the C- 
terminus of the domain. This suggests that these sequences are either part of the 
domain per se, or so closely supportive of the domain as to become 
indispensable for domain stability.

46.2

THE α 1-N-TERMINAL IS IMPORTANT FOR ASSEMBLY OF THE GABAA 
RECEPTOR COMPLEX. L. Elster1 , U. Kristiansen1,  D. S. Pickering1* , R. W. 
Olsen2 and A. Schousboe1. 1)PharmaBiotec Res. Center, Royal Danish School 
of Pharmacy, DK-2100 Copenhagen, Denmark and 2)Department Molecular and 
Medical Pharmacology, UCLA, Los Angeles, CA 90025, USA.

Two GABAA receptor chimeras were designed in order to elucidate the 
structural requirements for GABAA receptor assembly. (α1/γ2) and (γ2/α1) 
chimeric subunits representing the N-terminal of α 1 and γ2 and the remainder of 
the subunit γ2 and α 1, respectively were expressed with β2 or β2γ2 in Spodoptera  
frugiperda  (Sf-9) cells using the baculovirus expression system. Only the (α1/γ2)β2 

and (α1/γ2)β2γ2 combinations formed pentameric receptor complexes shown with 
[3H]muscimol and [3H]flunitrazepam binding, sucrose gradients and whole-cell 
patch-clamp recordings. These data indicate that the α1 -N-terminal is important 
for assembly. Binding and whole-cell patch-clamp studies also revealed that the 
(α1/γ2)β2γ2 complex had a lower affinity to GABA than the α i1β2γ2 combination and 
that the chimera complex showed very low desensitization. Western blot 
analyses on fractions from 3-30% sucrose gradients loaded with Triton X-100 
solubilized receptor material were performed in order to detect subunits in 
assembly intermediates. From Sf-9 cells expressing α 1 alone, no immunostaining 
was seen in fractions corresponding to molecules smaller than the pentamer. 
The same result was obtained for Sf-9 cells expressing α 1β2. Contrary to this, the 
α 1ß2γ2 combination showed α 1 immunostaining in fractions corresponding to 
molecules smaller than the pentamer suggesting that α 1 containing 
intermediates become evident upon the addition of γ2. [3H]Muscimol and 
[3H]flunitrazepam binding to fractions from α 1β2γ2 sucrose gradients only showed 
binding at the positions corresponding to pentameric assemblies indicating the 
existence of intermediates with no binding sites for these ligands. Supported by 
the Danish MRC (9400175).

46.4

RESIDUES IN THE GABAA RECEPTOR α 1M3 MEMBRANE-SPANNING 
SEGMENT BECOME WATER ACCESSIBLE IN THE PRESENCE OF GABA. 
Daniel B. Williams* and Myles H. Akabas. CMBS and Ctr. for Molec. Recog., 
Columbia Univ., NY, NY 10032.

A major goal of our work is to understand the structural basis for the 
functional properties of the GABAA receptor. Little is known about the structure of the 
channel and the residues that line it. Each subunit contains a large N-terminal domain,
4 membrane-spanning segments (M1-M4) and a large intracellular loop between M3 
and M4. The channel is formed as a pentamer of subunits arranged 
pseudosymmetr i ally around the central axis. The channel is presumably lined by 
residues from the membrane-spanning segments. Using the substituted-cysteine- 
accessibility method (SCAM) we previously showed that cysteines substituted for 9 
residues in the M2 segment were accessible to react with charged, sulfhydryl-specific 
reagents. We inferred that these residues form part of the channel lining. We have now 
applied SCAM to the middle of the α 1M3 segment (F296-E303). All of the cysteine- 
substitution mutants when expressed in Xenopus oocytes with wild-type β1 and γ2 

subunits yielded currents comparable to wild type. When tested with GABA 
concentrations either at the EC5 0  of the mutant or at maximal stimulation, a 1-min 
application of the negatively charged sulfhydryl reagent, 0.5 mM pCMBS" applied in 
the presence of GABA, irreversibly inhibited subsequent GABA-induced currents of 
A300C and E303C. Interestingly, E303 is very highly conserved in GABAA receptor 
subunits. When tested at the EC5 0 , pCMBS + GABA irreversibly potentiated the 
subsequent currents of the mutants F298C and L301C. Application of pCMBS in the 
absence of GABA had no effect on any of the mutants, nor did application of the 
positively charged reagent MTSEA applied either in the presence or in the absence of 
GABA. We infer that in the presence of GABA these 4 residues are on the water- 
accessible surface of the receptor and that some may form part of the channel lining. 
The conformational change that moves these residues to the water-accessible surface of 
the protein is unknown. Supported by NIH grant NS30808.

46.6

DISULFIDE BOND FORMATION IN MUTANT α1β1 GABAa RECEPTOR 
CHANNELS. Jeffrey Horenstein1,2 and Mvles H. Akabas*1,2,3. 1Ctr for Molec. 
Recog. and the Depts. of 2Physiology and Cellular Biophysics and 3Medicine, 
Columbia Univ., New York, NY 10032.

We have demonstrated that the high affinity Zn2+ binding site in α 1β1GABAA 
receptors is formed by β1H267 presumably from 2 or more subunits (J. Horenstein 
and M.H. Akabas, Mol. Pharmacol, in press). To probe the distance between this 
position in different β1 subunits we determined the ability to form a disulfide bond 
between cysteines substituted for β1H267. α 1β,H267C showed a maximum 
reduction of 50% in the peak current when treated with the oxidizing reagent 
copper-o-phenanthroline [Cu(o-phen)]. This effect was reversed with DTT, which 
would reduce a disulfide bond, but was not reversed by EGTA, which would 
chelate Cu2+ bound to the cysteine. Cu(o-phen) had no effect on wild type α 1β1 or 
on the α 1S272Cβ1 mutant, in which cysteine is substituted at the aligned position in 
the α 1 subunit. α 1β1H267Cγ2 receptors were also unaffected by Cu(o-phen). 
Oxidized α 1β1H267C receptors were sensitive to methanethiosulfonate 
eth yltrimethylammonium (MTSET), a reagent that modifies cysteine but not 
cystine. From these data we conclude that: 1) Cu(o-phen) may create a disulfide 
bond between engineered cysteines in the β1 subunits; if this occurs the α carbons of 
the two reacting cysteines must approach to within 5 Â of each other. 2) α 1β1 
receptors contain at least three β1 subunits; otherwise, there would be no cysteine 
available to react with MTSET+ following oxidation by Cu(o-phen). 3) The 
γ2subunit replaces at least one of the β1 subunits. Alternatively, the γ2 subunit 
changes the orientation of the β1 subunits, thereby preventing disulfide bond 
formation. 4) Activation of the α 1β1GABAA receptor must not require rotational or 
translational movements of the two disulfide-linked M2 segments. These results 
provide further constraints for potential models of the channel structure. Supported 
by NIH NS3O8O8.
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46.7

THE STOICHIOMETRY-DEPENDENCE OF GABAλ RECEPTO R 
PHARMACOLOGY. P.A. DAVIES*, M.C  HANNA†, E.F. KIRKNESS† and 
T.G. HALES. Dept. Pharmacology, The George Washington University, DC 20037 
and †The Inst. tor Genomic Research, Gaithersburg, MD 20878.

The GABAa receptor is postulated to be a pentamer. With more than 15 
different subunits, thousands of possible combinations may exist. In this study we 
constrained the stoichiometry of recombinant GABAa receptors using a cDNA 
construct which encodes the α 1 subunit linked by its C-terminus to the N-terminus 
of the β3 subunit, using 10 glutamine residues.

HEK cells were transiently transfected with the tandem cDNA alone or in 
combination with α 1, β3, or γ2 cDNAs. Currents were recorded using the whole 
cell patch-clamp technique. The tandem construct alone did not efficiently form 
GABA-gated channels. By contrast, the tandem construct combined with the α l 
subunit to form receptors that mediated GABA-evoked currents that were enhanced 
(to 739±160% of control) by 100 nM pregnanolone (5α3α). The steroid caused a 
similar potentiation (611±317%) of currents recorded from cells expressing α 1β3 
receptors. No GABA-evoked currents were observed in recordings from cells 
transfected with tandem and β3 cDNAs. Therefore, unconstrained α 1β3 receptors 
most likely have the ratio of 3 α 1:2β3 subunits. Receptors formed by the tandem 
and γ2 subunits were sensitive to flunitrazepam ( 1µM). but were less sensitive to 
5α3α(453±49%) than were α 1β3γ2 receptors ( 14 17±401%). Cells transfected with 
tandem, γ2 and β3 cDNAs also expressed receptors that were relatively insensitive 
to 5α3α (226±53%). By contrast, receptors formed by the tandem, γ2 and α l 
subunits had a similar 5α3α (l290±648%) sensitivity to those formed by α 1β3γ2 
subunits. Therefore, unconstrained α 1β3γ2 channels most likely have a subunit 
ratio of xαl:lβ3:xγ2, where x= 1-3.

We conclude that receptors with different stoichiometries have distinct 
pharmacological properties. (Supported by NIH and TIGR grants).

46.9

SPONTANEOUS GABAa RECEPTOR CHANNELS FORMED BY 
INCORPORATION OF THE ε SUBUNIT. M.T. Bianchi, 1 T.R. Neelands,1 J. 
Fisher,3 and R.L. Macdonald* 2, 3. Neuroscience Program1 and Departments of 
Neurology2 and Physiology3, University of Michigan; Ann Arbor, MI, 48104-1687.

A new GABAa receptor subunit class, ε, has recently been cloned and shown to 
form functional channels when co-expressed with both α and β subunits. We report 
that the combination of α 1β3ε subunits expressed in L929 cells produced functional 
chloride ion channels that were both spontaneously active and gated by application of 
extracellular GABA. When cells were voltage-clamped at -75 mV in the whole-cell 
configuration, holding currents of 50-300 pA associated with increased noise were 
consistently recorded. Application of pentobarbital and loreclezole, which increase 
GABAa receptor currents, increased the holding current while application of zinc and 
picrotoxin, which reduce GABAa receptor currents, reduced the holding current in a 
concentration-dependent manner. Coexpression of α1β3ε, α1β3γ2L, α1 β3δ or α1β 3 
subtypes produced functional receptors that were sensitive to direct activation by 
GABA and pentobarbital. However, coexpression of α 1β3γ2L, α lβ3δ, α 1ε, β3ε or 
α1β3 subtypes and the ε subunit alone did not produce holding currents that were 
sensitive to picrotoxin (30 µM). Cells expressing α 1β3ε subtypes had concentration 
dependent GABA-evoked currents. GABA-evoked currents (0.3 µM) were 
potentiated by co-application of pentobarbital, loreclezole and lanthanum. Co 
mplication of either zinc or furosemide inhibited GABA-evoked currents. 
Spontaneous and GABA-evoked single channel currents from α 1β3ε receptors had 
single channel conductances of ~24 pS. The effects of the allosteric modulators 
tested and biophysical properties were similar for spontaneous and evoked GABAa 
receptor currents suggesting that a single GABAa receptor isoform was responsible 
for both spontaneous and evoked currents.
This work was supported by grant NS 33300.

46.11

THE BINDING POCKET FOR BENZODIAZEPINES ON 
RECOMBINANT GABAa  RECEPTORS. E. Si gel* and A. Buhr,
Dept. of Pharmacology, University of Bern, 3010 Bern, Switzerland.

Wild type α 1β2 γ2 GABAa  receptors were expressed in Xenopus 
oocytes for electrophysiological studies, or by transient transfection in 
HEK-293 cells for radioligand binding studies. 1. Three imidazobenzo- 
diazepines sharing a very similar structure had all very high affinity to 
the benzodiazepine binding site as determined by displacement of 
[3H]flumazenil binding. In functional experiments, Ro 41-3380 had a 
strong stimulatory effect, Ro 41-0639 a weak stimulatory effect and Ro 
41-6129 a weak inhibitory effect on currents induced by GABA, 
respectively. Flumazenil and Ro 41-6129 counteracted effects of the 
stimulary compounds. Due to the high structural similarity of these three 
compounds, it is proposed, that there is a simple overlap between 
positive allosteric modulators acting at the benzodiazepine binding site 
and with antagonists. Different conformations of the receptor and its 
binding pocket are presumably stabilized by the three different types of 
compound, making a complex superposition of ligands unnecessary.

2. Receptors containing a point mutated subunit γ2F77Y bound the 
benzodiazepine binding site ligand [3H]flumazenil with similar affinity 
as wild type receptor. Displacement studies with diazepam showed that 
the affinity for this substance was reduced 250-fold upon mutation, 
indicating that the additional hydroxyl group interferes with diazepam 
binding. This differential behaviour was then used to find the chemical 
entity presumably interacting with γ2F77. 34 substances were analyzed 
in this respect. Our results suggest that the phenyl substituent of 
diazepam is located close to γF77. Supported by Grant 31-37192.93 from the 
Swiss National Science Found, and the EU grant BIO4-CT96-O585 (BBW 96.0010).

4 6 .8

INCORPORATION OF THE ti-SUBUNIT INTO GABAA 
RECEPTORS. Torben R. Neelands*1 and Robert L. Macdonald1,2,3 Neuroscience 
Program1 and Departments of Neurology2 and Physiology3, University of Michigan, 
Ann Arbor, Michigan, 48104-1687 U.S.A.

Whole cell recordings were used to determine if the π subunit was incorporated 
into functional GABAa receptor channels. GABARs composed of different 
combinations of rat α5, β3, γ3 and human π subunits were transiently expressed in 
mouse fibroblast cells (L929 cells). GABA-evoked currents were recorded from 
α5β3, α5β3γ3, α 5 β3 γ37r and α 5 β37r but not α5π, ß3π or π-alone. Concentration 
responses for GABA and a variety of allosteric modulators of the GABAR were used 
to determine if the π subunit co-assembled with α5 and β3 subunits. Co-expression 
of the α5β3 dimer resulted in an EC50 of 0.7 µM for GABA. Inclusion of a π, γ3, or 
both significantly shifted the concentration response curve for GABA to the right 
(1.3, 1.5 and 1.8 µM respectively). The efficacies of loreclezole and pentobarbital 
were reduced in cells expressing the α 5 β37r isoform compared to α5β3. In addition, 
the efficacy and affinity of pregnenalone sulfate were greater for α5β3π than α5β3 
but lower than α5β3γ3, whereas lanthanum inhibited α5β3 with higher affinity than 
α 5 β3 π or 5β3γ3. In contrast, there were no apparent changes in the effects of 
alphaxalone or zinc between α5β3 and α 5 β3 π, but there were significant changes 
between α5β3γ3 and the other two isoforms. The α5β3 isoform showed 
significantly larger outward rectification then either the α 5 β37r or α5β3γ3 isoform 
when current-voltage plots were compared. Incorporation of both π and γ3 into a 
single isoform is suggested by a reduction in the potentiation by diazepam which is 
more π-like (160% of control for α5β3γ3, 100% for α 5 β3π, and 105% for α 5 β3 γ37r) 
and a zinc potency that is more γ-like (IC50 of 43.3 µM for α5β3γ3, 2.4 µM for 
α 5 β37r, and 67.3 µM for α 5 β3 γ37r). [Supported by R01-NS33300 to RLM].

4 6 .1 0

SELECTIVE ASSEMBLY OF BRAIN GABAa RECEPTOR δ SUBUNIT 
WITH THE α 6  OR α4 SUBUNITS? G.E. Homanics1*, R. Mihalek1, L.L. 
Firestone1, J.J. Quinlan1, and E.R. Korpi2. 1Dept. of Anesthesiology, Univ. of 
Pittsburgh, Pittsburgh, PA 15261; 2Dept. of Pharmacology, Univ. of Turku, FIN- 
20520 Turku, Finland.

Brain regional heterogeneity of GABAa receptor pharmacology is regulated by 
regional expression pattern and structural quality of the receptor subunits. However, 
many neurons have more subunit species than what are supposed to be needed for a 
fully functional pentameric assembly of a receptor complex. Therefore, it is likely 
that there are other mechanisms that affect the assembly than the mere availability of 
subunits, which is illustrated with the specific association of δ subunit with the α 6  

subunit in the cerebellar granule cells (Jones et al., J. Neurosci. 17:1350-1362, 
1997). The purpose of the present study was to test whether the δ subunit would be 
selectively associated with other subunits in the forebrain regions, where the α 6 

subunit is absent. A 8  subunit-deficient l29Sv/SvJ × C57BL/6J mouse line was 
created by homologous recombination. Brain GABAa receptor pharmacology was 
determined using ligand autoradiography on cryostat sections. High-affinity 
[ H]muscimol binding to GABA sites was drastically reduced both in the 
cerebellum and forebrain, confirming the high affinity of GABA sites in 8  subunit- 
containing receptors. On the other hand, flumazenil-sensitive [3H]Ro 15-4513 
binding to benzodiazepine sites was actually increased in the cerebellum and 
forebrain, suggesting that the 8  subunit normally either prevents the assembly of γ2  

subunits with the α 6  subunits or that in the presence of the 8  subunit, the γ2  

subunit is unable to form normal benzodiazepine sites. Most of the increment in 
[ H]Ro 15-4513 binding was insensitive to diazepam also in the forebrain, 
indicating the presence of α4 subunit, which shares with the α 6  subunit the 
property of producing diazepam-insensitive receptors. The results indicate that the 
α class partner of GABAa receptor 8  subunit is primarily either α4 or α 6 . The 
characterization of the structural domains for the selective assembly of these receptor 
subunits is now needed. (The study was supported by the Academy of Finland and 
the National Institutes of Health-AA 10422, GM52035.)

4 6 .1 2

M A IN  ST R U C T U R A L  D E T E R M IN A N T  OF FU R O SE M ID E  
A N T A G O N IS M  OF G A B A a R EC EPTO R S. H. Lüddens1, C. 
Jackel1, R. K lein z1, R. M äkelä2, I. H olopainen2 * and E .R . 
Korpi2 . 1Clinical R esearch G roup Psychiatry, D ep t. o f  
Psychiatry, Univ. o f  M ainz, G erm an y; 2 D ep t. o f  Pharm acology  
and Clinical Pharm acology, Univ. o f  Turku, Turku, Finland.

Inhibitory γ-am inobutyric acid type A  (G A B A A) receptors are 
regulated by num erous allosteric m odulators, the m ost receptor- 
subtype specific o f  w hich is furosem ide. It selectively  inhibits 
cerebellar granule ce ll-sp ecific G A B A a α 6  subunit-containing  
receptors, e .g ., w ith  th e subunit com p osition  o f  α 6 β 2 /3 γ 2 . T o  
locate  furosem ide’s site o f  action w e  constructed  chim eras o f  the  
furosem id e-sensitive α 6  and the furosem ide-insensitive α l  
subunit, and expressed  and studied them  togeth er w ith  the β 3 
and γ2 subunits in X en op u s o o cy tes  by the tw o-e lec tro d e  vo lta g e  
d a m p  technique. T he inhibition o f  G A B A -in du ced  currents by  
furosem ide mainly depended on a short dom ain proxim al to  the 
first transmembrane region  o f  th e α 6  subunit. In that domain, w e  
have identified single am ino acids that are m ostly  responsible for 
the furosem ide action. (T h e study w as supported by D A A D  and 
German Scien ce Foundation).
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4 6 .1 3

STRUCTURE OF THE MOUSE GABAa RECEPTOR α 3 SUBUNIT GENE 
AND CHARACTERIZATION OF ITS PROMOTER REGION. W. Mu*, Z. F. 
Liu and D. R. Burt. Dept. of Pharmacology & Experimental Therapeutics, Univ. of 
Maryland School of Medicine, Baltimore, MD 21201.

Gamma-aminobutyric acid (GABA) type A receptors are multisubunit ligand
gated ion channels which mediate inhibition in the brain. The GABAA receptor α 3 
subunit gene exhibits extensive variation in its developmental and regional patterns 
of expression, but the detailed mechanisms governing the expression patterns of 
this gene, particularly its neuron-specific transcription, remain unknown. We have 
cloned and begun to characterize the murine α 3 subunit gene, starting with 11 
independent clones isolated from a mouse genomic library. The 11 exons and the 
intron-exon boundaries have been sequenced; coding sequences were identical to our 
previous report from cDNA cloning. Rapid amplification of the cDNA 5'-end (5'∙ 
RACE) revealed two transcription start sites and, by comparison with the genomic 
sequence, two promoters for the gene. RNase protection assay showed that the 
downstream promoter is preferentially used both in adult animals and during early 
development. Partial sequencing revealed the presence of >100 (AG) dinucleotide 
repeats in the downstream proximal promoter region. No canonical TATA and 
CAAT boxes were found in either promoter, but several consensus sites for MEF- 
2, C/EBP, NF-кB, Spl, Ap2, PEA2 and Oct-1 were found. Different deletions of 
the promoter regions have been subcloned into pGL3 luciferase and beta- 
galactosidase reporter vectors. Studies are in progress in cell lines and animals 
which focus on the identification of the neuron-specific regulatory elements and the 
usage of the alternative promoters during development. (Supported in part by 
USPHS grant HD16596 to DRB.)

4 6 .1 5

SITES OF VOLATILE ANESTHETIC ACTION IN CHIMERIC INHIBITORY 
RECEPTORS. E. P. Greenblatt*, X. Meng. Department of Anesthesia, 
University of Pennsylvania School of Medicine, Philadelphia, PA 19104.

Inhibitory neurotransmitter receptors for glycine and GABA may be important 
targets in the mechanism of action of volatile anesthetics (VAs). VAs enhance 
agonist-evoked chloride (C l) currents through the integral ion channel of these 
receptors. In contrast, the rhol (p 1) subtype of GABA receptor, when gated by low 
concentrations of agonist, is inhibited by VAs. These differences in VA sensitivity 
have been exploited to identify potential sites of VA action. The various VAs may 
have differing sites of action within these receptors. In order to study the site of 
action of the VA halothane, chimeric receptors were constructed by exchanging 
central portions of glycine α 1 and GABA p 1 subunits. Two restriction enzyme 
(RE) recognition sites were introduced into the glycine α 1 and GABA p 1 subunits 
by silent mutation. A segment framed by these RE sites was exchanged between 
subunit cDNAs, resulting in production of chimeras, designated GRG and RGR to 
indicate lineage of segments. Xenopus oocytes were injected with cRNAs 
synthesized from chimeric subunit cDNAs. Two electrode voltage clamp was used 
to measure currents. Agonist specificity of each chimera was determined. Agonist 
dose-response studies established the concentrations which evoked 10% of the 
maximal peak current response (EC10) for each chimera. Modulation of agonist- 
induced (EC10) C l- currents by halothane 0.3 mM was measured. All drugs were 
applied by superfusion. Chimera RGR was gated by GABA (EC50 = 5.9 ± 0.2 x 
10-6 M), while chimera GRG was gated by glycine (EC50 = 2.4 ± 0.1 x 10-5 M). 
Halothane enhanced currents in RGR, but inhibited responses in GRG. These data 
suggest that the response to the VA halothane appears to be dictated by a discrete 
portion of the protein comprised of 25 amino acid residues.

Supported by NIH #2 RO1 GM45129 and #1 R29 GM57062-01 to EPG.

4 6 .1 7

PR O P O F O L  CO N V ERTS A PA R TIA L A G O N IST IN TO  A FULL  
AGON IST AT TH E GABAλ R E C E PT O R . S.M. O'Shea* and N.L. 
Harrison. Dept. of Pharmacological and Physiological Sciences and Dept. of 
Anesthesia, Univ. of Chicago, Chicago, IL 60637.

The intravenous anesthetic propofol (PRO) has been shown to enhance 
submaximal GABA responses by allosteric modulation of the GABAλ receptor 
(Hales et al., Br. J. Pharm. 104: 619-628, 1991). In earlier work, we determined 
that the magnitude of this effect is dependent on the « subunit isoform (Krasowski 
et al., Neuropharm. 36: 941-949, 1997). The enhancement of GABAλ receptor 
sensitivity to GABA is also evidenced by a parallel leftward shift in the GABA 
concentration-effect curve in the presence of PRO. However, it is not clear whether 
this shift is due to an increase in the affinity of agonist binding, or to more efficient 
receptor gating, since the apparent affinity of GABA depends on both factors.

In order to address this question, we investigated the interactions of PRO with a 
partial agonist. Piperidine-4-sulphonic acid (P4S) is a full agonist at GABAA 
receptors consisting of α 2 β 1  γ2s Subunits, but is a partial agonist at α1β1γ2s- 
containing receptors. The efficacy (ε) of P4S relative to GABA is 0.68 ± 0.08 in 
α1β1γ2s receptors expressed in HEK cells, similar to reports in oocytes (Ebert et al., 
Mol. Pharm. 46: 957-963, 1994). 2 µM PRO increased the potency of P4S 
(EC50: 7.1 ± 1.9 µM. 2≤n≤5) versus P4S alone (EC50： 18.7 ± 5.1 µM, 3≤n≤6) 
with a simultaneous increase in P4S efficacy (ε: 1.14 ± 0.05).

In summary, PRO increased the efficacy of a partial agonist at the GABAλ 
receptor. The increase in efficacy supports a mechanism in which PRO enhances 
agonist-induced currents by enhancing the coupling between agonist binding and 
receptor gating.

Supported by NIH grants GM 58650 and GM 00623 (NLH) and NIDA training 
grant DA 07255 (SMO).

4 6 .1 4

SEQ UENCE-SPECIFIC STRUCTURAL REQUIRM ENTS FOR THE  
INTERACTION OF ARACHIDONIC ACID W ITH RECOMBINANT  
HUMAN GABAA RECEPTO RS C. Poulsen, M.Nielsen* and M. R. Witt 
Institute of Biological Psychiatry, Sct. Hans Hospital, Roskilde, Denmark.

The major inhibitory neurotransmitter in the mammalian brain, γ-amino 
butyric acid (GABA) is thought to be a membrane-spanning pentameric receptor 
complex composed of different subunits. GABA gates the chloride channel 
within the GABAa receptor complex, presumably by binding to the N-terminal, 
extracellular part of the α and/or β subunit. The polyunsaturated free fatty acid, 
arachidonic acid (AA), strongly stimulates agonist benzodiazepine binding to 
GABAA receptor complexes containing an α 3, subunit in combination with β2/3γ2 
subunits, whereas receptor complexes containing α 1, α2 or α5 are less sensitive. 
Data obtained with chimaeric constructs exchanging the extracellular segments 
between the α 2 and α 3, subunits show that the N-terminal part of α 3 constitutes 
the functional domain for the effect of AA. Site-directed mutagenesis of 
aspartate 124 in α 1 to asparagine, found in homologous position in α3,
(α1 aspl24asn), leads to an AA -sensitive α 1 mutant indistinguishable from 
We conclude that asparagine (asn) 124 in the α subunits is important for the 
stimulation by AA of agonist benzodiazepine receptor ligand binding to 
recombinant human GABAA receptors .

Receptor
Combination

H-Flunitrazepam binding | 
KD, nM (mean ± SD, n=4)
Control +AA (10-4 M)

α 1β2/3γ2 2.2 ± 0.3 2.0 ± 0.3
α1(asp124asn)β2/3γ2 2.3 ±0.5 1.0 ± 0 .2 *

α β γ 2.8 ±0.5 1.0 ± 0.3*
* P < 0 01 com pared  to α1β 2/3γ2 ( + A A )

4 6 .1 6

INITIAL OBSERVATIONS ON A NOVEL AND POTENT ANTAGONIST AT 
HUMAN RECOMBINANT GABAA RECEPTORS. R.F.Halliwell1,  A.Demuro2, 
A.Martinez-Torres2,  K.Akahane3 & R.Miledi2 (SPON: British Neuroscience 
Association). 1Dept o f Biological Sciences, University of Durham, England; 2Dept 
of Psychobiology, University o f California Irvine, USA; 3E xploratory Research 
Laboratories I, Daiichi Pharmaceutical Co., Tokyo, Japan.

A hybrid molecule (hybrid 1) composed o f the fluoroquinolone, norfloxacin, 
linked to the anti-inflammatory drug, biphenylacetic acid (BPAA), is a potent 
antagonist at rodent GABAA receptors and a convulsant drug in mice (Akahane et 
al., Antimicrob. Agents Chemother., 38: 2323-29, 1994). In the present study, we 
have investigated the effects of this novel compound at human recombinant 
GABAa receptors using electrophysiological techniques.

Xenopus leavis oocytes were injected with cDNAs encoding for α 1β2γ2s, α1β1γ2s 
o r  α 1β 1 GABAa receptors. Standard two electrode voltage clamp techniques were 
then used to record agonist-activated currents from oocytes 2-7 days later. Drugs 
were dissolved in a Ringer solution and perfused on to cells. Electrophysiological 
recordings were made at room temperature (20-25°C). Agonist evoked responses 
are expressed as the mean±sem of control; IC50 and EC50 values were determined 
from a sigmoidal function fitted to the concentration-response data.

Submaximal GABA (10µM) evoked responses recorded from α 1β2γ2s and 
α 1ß 2γ2s receptors were inhibited by lµM bicuculline to 67±4% and 68±4% of 
control, respectively. GABA-evoked currents recorded from α 1β 1 receptors were 
inhibited by 10µM ZnCl to l5±2% of control. Hybrid 1 (0.001-1 µM) concentration- 
dependently antagonised the GABA (10µM) response at all 3 receptors; the IC50s 
were 2nM for α β 2s, 12nM for α 1β 1γ2sand 37nM for α 1β 1 receptors. The effects 
o f this compound were rapidly reversible on wash.

These data demonstrate that hybrid 1 is a novel and potent antagonist at three 
human recombinant GABAA receptor isoforms and may prove a very useful 
pharmacological tool for the investigation of neuronal GABAa receptors.

This work was supported by The Wellcome Trust

4 6 .1 8

MOLECULAR ACTION AT GABAa RECEPTORS OF 4-IODO- 
PROPOFOL, AN ANXIOLYTIC/ANTICONVULSANT PROPOFOL 
DERIVATIVE DEVOID OF SEDATIVE-ANESTHETIC PROPERTIES U 
Sanna1*, D. Pau1, F. Tuveri1, F. Massa1, E. Maciocco1, M. Serra1, G. Liso2.
A. Latrofa2, G. Trapani2 and G. Biggio1.1Dept. of Exp. Biology, Univ. of 
Cagliari, Cagliari, Italy and 2Dept. Pharm.-Chem., Univ. of Bari, Bari, Italy.

The effects of the general anesthetic propofol (Pro) derivative 4-Iodo- 
propofol (4-I-Pro) at GABAa receptors were examined, and its in vitro 
effectiveness was compared with in vivo effects in rats and mice. Human 
recombinant GABAa receptors were expressed in Xenopus oocytes, and the 
action of 4-I-Pro, compared to that of Pro, was evaluated by voltage-clamp 
recording. GABA-evoked Cl currents at α lβlγ2S or αlβ3γ2S receptors 
were potentiated by 4-I-Pro with efficacy and potency similar to Pro. 
However, the potency, but not the efficacy, of 4-I-Pro was higher at 
α 1β2γ2S receptors. Similarly to Pro, 4-I-Pro directly activated Cl- currents in 
all receptors tested. However, 4-I-Pro produced a much weaker direct 
activation than Pro at α 1β2γ2S. In addition, prolonged (3 min) perfusion of
4-I-Pro resulted in a rapid current inactivation whereas 3 min exposure to 
Pro produced a sustained channel opening. As expected, i.p. injection of Pro 
to rats caused a marked sedation and loss of righting reflex. On the contrary, 
administration of 4-I-Pro failed to produce any of these behavioral effects. In 
rats, 4-I-Pro inhibited PTZ-induced tonic-clonic seizures and showed 
anticonflict action in the Vogel test. Finally, 4-I-Pro like Pro, reduced ACh 
release from the hippocampus of freely-moving rats as determined by 
microdialysis. These results demonstrate that para-substitution in the phenol 
ring of Pro with iodine yields a compound endowed with anticonvulsant and 
anticonflict activity, but devoid of sedative-anesthetic properties.
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47.1

P E R S IS T E N T  E L E V A T IO N  O F  c A M P  D O E S  N O T  P R O D U C E  
P E R S I S T E N T  F A C I L I T A T I O N  O F  N E U R O M U S C U L A R  
S Y N A P S E S  IN  APLYSIA.
P. E. Lloyd* and L. E. Fox Committee on Neurobiology, University of 
Chicago, Chicago, IL. 60637

Aplysia anterior buccal muscle 3 (I3a) is a good system to study the 
behavioral role of intrinsic and extrinsic modulators. Contractions of I3a 
are modulated by peptide cotransmitters released by motor neurons that 
innervate I3a (B38 SCP; B3 FMRFamide) as well as by serotonin (5HT) 
released by modulatory neurons (MCC). Motor neuron evoked excitatory 
junction potentials (EJPs) and contractions in I3a are increased by 5HT 
and SCP. Short-term effects of 5HT and SCP on EJPs and contractions 
produced by the motor neurons are similar, but there is a difference in the 
duration of their effects. Upon washout, the effects of SCP readily 
reverse while those of 5HT persist for many hours. Since 5HT and SCP 
increase the cAMP in I3a, we investigated if the persistent increase in 
EJPs and contractions was produced by a persistent elevation of cAMP.

We found that 5HT and SCP dramatically increased the level of cAMP 
in the preparation. The level of cAMP was increased over 200 fold and a 
component of the increase lasted for hours after the 5HT and SCP were 
washed out. Since the amplitude and duration of the increase in cAMP 
was similar for both 5HT and SCP, it is unlikely cAMP produces the 
persistent potentiation of EJPs and contractions. Prolonging the increase 
in the level of cAMP produced by SCP with a phosphodiesterase inhibitor 
(IBMX) also did not produce persistent facilitation. Thus it appears that 
the persistent effects produced by 5HT may be mediated by a different 
second messenger system.
Supported by F31 MH 10656 and NSF IBN 9418815.

47.3

THE EFFECTS OF NITRIC OXIDE ON THE CONTROL OF ABDOMINAL 
MUSCLES IN LARVAL MANDUCA SEXTA. Barry Trimmer*, Sanjive Oazi and 
Anke Vermehren. Tufts University, Biology Department, Medford, MA 0 2 1 55.

Although putative NOS containing neurons have been mapped in the abdominal 
CNS of Manduca the function of released nitric oxide (NO) has not been elucidated. 
Muscarinic agonists such as oxotremorine M (oxo-M) can evoke a NO dependent 
increase in cGMP levels in the CNS but this change is not necessary for the well 
described muscarinic increase in spike activity o f proleg motor neurons. We have 
now shown that oxo-M can also increase the overall spike activity o f motoneurons 
in the lateral dorsal nerve (DNL) supplying the dorsal musculature of the abdomen. 
However this change is not blocked by pre-treatment with the soluble guanylate 
cyclase inhibitor, ODQ∙ Therefore the NO/cGMP pathway does not mediate the 
direct effects of muscarinic agonists on the abdominal wall motoneurons.

Although NO is not involved in the muscarinic responses of dorsal 
motoneurons, we have found that NO donors such as sodium nitroprusside (SNP) 
significantly increase the overall spike activity of the DN1. Despite this increase, 
injections of SNP into the hemocoele o f the caterpillar do not affect its overall 
abdominal muscle tension. No significant changes could be detected in the base-line 
tension, or the amplitude and frequency of spontaneous contraction. These results 
suggest that nitric oxide may both increase and decrease activity of neurons in a 
coordinated fashion or it might have peripheral effects that counteract its actions on 
the CNS. We have begun to examine some of these effects on identified 
motoneurons 1, 6 , and 12 through recordings of extracellular nerve activity and 
EJPs in identified muscles. SNP applied to the ganglion increases spike activity in 
M N1 and MN6 but strongly inhibits spike generation in MN12. Complete 
refractoriness in MN12 can be reversed within minutes by washing SNP from the 
ganglion. At present it is not known if these actions of SNP are direct or mediated 
transynaptically but they raise interesting questions concerning the extent and 
specificity of the actions of centrally released NO. Supported by  NIH grant 
NS30566 to  BAT

47.5

PHYSIOLOGICAL IDENTIFICATION AND CHARACTERIZATION OF 
MUSCARINIC RECEPTORS IN PRIMARY NEURONAL CULTURES OF 
MANDUCA SEXTA. A. Wang* and B. A. Trimmer. Department of Biology, 
Dana Hall, Tufts University, Medford, MA, 02155.

Muscarinic receptors (mAChR) have been described and characterized 
physiologically and biochemically in the CNS of the tobacco hornworm larva, 
Manduca sexta (Trimmer, 1994; Qazi et al., 1996; Trimmer and Qazi, 1996). In 
addition, two DNA fragments have been isolated and identified as putative 
mAChR gene fragments in Manduca (Wu and Trimmer, 1995). However, the 
relationship between the cloned genes and the physiological responses in vivo is 
unknown. To begin determining if the isolated gene fragments are responsible for 
the physiological and biochemical effects seen in vivo, we have characterized the 
mAChR responses of the 5th instar larval neurons in primary neuronal cell. Using 
intracellular recording techniques, three types of cellular responses have been 
identified upon application of the mAChR agonist, oxotremorine-M (Oxo-M) 
[l0µM], The most prevalent response found in 63% of cells is a slow, long-lasting 
depolarization of the membrane, identical to that seen in PPR in vivo. A second, 
less common response, found in 2 2 % of cells, is hyperpolarization of the 
membrane potential. Hyperpolarizing responses to Oxo-M have been seen in vivo, 
but were extremely rare. Finally, in one unique case, plateau potentials resulted 
from the application of Oxo-M. These responses were further characterized with 
the mAChR antagonist, scopolamine [ l0µM], Application of scopolamine 
reversibly blocked the depolarization and the hyperpolarization in cells activated 
by Oxo-M. These results demonstrate a previously unexpected diversity of 
muscarinic responses. We are presently exploring the possibility that they are 
mediated by different mAChRs. [Research supported by Nill grant NS30566 to 
BAT]

47.2

R O L E  O F  c A M P  IN  T H E  S H O R T -T E R M  M O D U L A T IO N  O F  
N E U R O M U S C U L A R  S Y N A P S E S  IN  A P LYSIA .
L. E. Fox* and P. E. Lloyd Committee on Neurobiology, University of 
Chicago, Chicago, IL. 60637

Feeding in Aplysia provides a simple system that can be used to study 
the contributions of synaptic plasticity to behavior. EJPs and contractions 
produced by the two motor neurons (B3 and B38) that innervate anterior 
buccal muscle 3 (I3a) are strongly modulated by 5HT and SCP. The 
short-term effects of 5HT and SCP are similar. They both selectively 
facilitate B38-evoked EJPs while having little effect on B3-evoked EJPs. 
5HT and SCP potentiate contractions produced by both motor neurons 
and reduce the latency between the beginning of the motor neuron burst 
and the onset of the evoked contraction more for B38 than B3. Since 
5HT and SCP increase the level of cAMP in I3a, we investigated if the 
activation of the cAMP pathway was sufficient to modulate EJPs and 
contractions.

Increasing the level of cAMP by the direct activation of adenylyl 
cyclase with forskolin or the direct activation of cAMP-dependent protein 
kinase (PKA) using cpt-cAMP, selectively facilitated B38-evoked EJPs 
and potentiated contractions evoked by both motor neurons. Inhibition of 
phosphodiesterases with IBMX also selectively facilitated B38-evoked 
EJPs. It is likely that many of the short term effects of 5HT and SCP, 
including selective facilitation of B38-evoked EJPs are mediated via 
cAMP and PKA.
Supported by F3l MH 10656 and NSF IBN 9418815.

47.4

MAPPING OF PUTATIVE NITRIC OXIDE SYNTHASE IN THE CNS OF 
MANDUCA SEXTA: DEVELOPMENTAL CHANGES IN EXPRESSION BY 
IDENTIFIED NEURONS. Ricardo M. Zayas*, Sanjive Oazi and Barry Trimmer. 
Department of Biology, Dana Laboratory, Tufts University, Medford, MA 02155.

Putative nitric oxide synthase (NOS) containing neurons in the abdominal CNS of 
larval Manduca sexta have been previously mapped in our laboratory using NADPH- 
diaphorase (NADPH-d) staining. A Manduca isoform of NOS has been cloned and 
is thought to be developmentally regulated (Nighom et al. Soc Neurosc Abst 23: 
1828, 1997). Using NADPH-d we have shown that at the larval to pupal transition 
there is novel expression of NOS in a pair of neurons (located in the anterior half of 
the dorsolateral cluster of cells) in all abdominal ganglia and the expression of NOS 
is downregulated in other NOS-containing neurons. Staining of this new pair of 
cells by intracellular injection of lucifer-yellow reveals a dendritic branching in the 
dorso-ventral plane at the mid-line and an axon projection into the posterior 
contralateral connective. These cells are capable of firing long duration, 
overshooting action potentials. From these properties and the position of the cell 
body we have identified this pair of neurons as Cell 27 (Taghert & Truman J Exp 
Biol 98: 385, 1982). Preliminary hormone deprivation experiments suggest that the 
regulation of NOS expression during pupation is under hormonal control. To 
confirm that NADPH-d staining reflects NOS expression we will compare this 
staining with the distribution of NOS revealed by antibodies. Identification of 
specific NOS-containing neurons will enable us to further investigate the roles of 
NO in the CNS and the periphery of Manduca. In addition, we will manipulate 
hormone titers in both cultured ganglia and isolated neurons to determine if steroid 
hormones directly stimulate NOS expression in identified cells. [Supported by NIH 
grant NS3O566 to BAT]

47.6
ROLE OF ECDYSIS TRIGGERING HORMONE DURING THE 
EM BRYONIC DEVELOPMENT OF MANDUCA SEXTA J. L.
H erm esm an*1, T. G. Kingan2, D. Zitnan3 and M .F. Adams 2 . Depts. of 
1Biology and 2Entomology, U. of California, Riverside, CA 92521; 3Slovak 
Academy of Sciences, Institute of Zoology, Dubravska cesta 9, 84206 Bratislava, 
Slovakia.
Eedysis-triggering hormone (ETH) initiates preecdysis and eedysis behaviors during 
larval, pupal and adult development of the tobacco hornworm Manduca sexta 
through a direct action on the central nervous system (Zitnan et al., Science 271: 
88-91; 1996). ETH is released from epitracheal gland Inka cells upon exposure to 
eclosion hormone (EH) suggesting a model in which post-embryonic eedysis is 
initiated by EH-evoked release of ETH (Kingan et al., J. Exp. Biol. 200: 3245- 
3256; 1997). We are investigating the roles of EH and ETH in embryonic ecdysis, 
which occurs at 70-75% of embryonic development. Using enzyme immunoassay, 
we find that ETH is first detectable in the embryo at 45% of development, and that 
peak peptide levels are reached at 70-75%. ETH content then declines rapidly, 
becoming undetectable at hatching. Immunohistochemical staining shows that 
ETH is concentrated in epitracheal glands and reaches peak staining just prior to 
the embryonic ecdysis. Staining of epitracheal glands is much weaker following 
embryonic ecdysis coincident with a decrease in the size of Inka cells. This data 
suggests that ETH is released into the hemolymph and acts to induce ecdysis at 
this stage of development. ETH appears to play a key role in embryonic ecdysis. 
Supported by NSF grant IBN-9514678 and NIH grant AI 40555.
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4 7 .7

A C Q U IS IT IO N  O F  S E C R E T O R Y  C O M P E T E N C E  IN IN S E C T  
E P IT R A C H E A L  GLAN DS. Timothy G. K inean* and Michael E. Adams, 
Dept. of Entomology, 5419 Boyce Hall, University of California, Riverside, CA 
92521

Molting in insects is a complex and multi-step process that comprises, in part, 
production, pigmentation and sclerotization of new cuticle and shedding or ecdysis of 
old cuticle. The role of endocrine ecdysteroids in the production of cuticle has been 
extensively documented, and the peptides eclosion hormone (EH) and ecdysis 
triggering hormone (ETH) initiate and drive the behavioral events associated with 
ecdysis of old cuticle. It is known from whole animal studies that ecdysteroids 
negatively regulate the behavioral events leading to ecdysis; this assures proper and 
sequential timing of production of new cuticle and shedding of old cuticle. We have 
begun to investigate, in the tobacco hornworm Manduca sexta, the possibility that 
this negative regulation could have a basis in secretion of ETH. The segmentally 
distributed epitracheal glands (EGs) are the source of ETH. When stimulated in vitro 
with EH, glands from insects a few hours before pupation respond with robust 
secretion of ETH (Kingan, et al., J. exp. Biol. 1997, v. 200 pp. 3245-3256). 
However, glands from pharate pupae at 21 hr prior to pupation do not secrete ETH in 
response to EH, and competence to secrete is acquired only ca. 8 h before pupation 
would normally occur. The early block in responsiveness can be extended by 
injecting pharate pupae, ca. 14 h before ecdysis would occur, with 20- 
hydroxyecdysone (20-HE, 2 µg/g). When EGs were removed from 20-HE-injected 
insects 12-14 h later, EH (0.1 nM) evoked the release of <0.4 pmol ETH/30 mm 
(ave., n=20), while EGs from saline-injected insects released 2.3 pmol ETH (ave., 
n= 16 ). Thus, ecdysteroids, which decline in the hours before pupation, may be 
negative regulators in acquisition of competence by EGs.

4 7 .9
M OLLUSCAN EPIDERM AL GROW TH FACTOR: PURIFICATION AND 
CHARACTERIZATION OF A NEUROTROPHIC FACTOR IN THE 
PULMONATE LYMNAEA. G.T, Nagle'*, D.-B.G. Akalal1, A. ter Maat2, N.D. de 
With2, and S.D. Painter.1 Marine Biomedical Institute and Dept. of Anatomy & 
Neurosciences, Univ. of Texas Med. Branch. Galveston. TX 77555; 2Dept. of 
Organismal Neurobiology. Faculty of Biology. Vrije Universiteit, Amsterdam. The 
Netherlands.

Although regeneration by adult invertebrate neurons relies upon CNS-conditioned 
medium, few neurotrophic factors have been identified and, until recently, efforts to 
clone neurotrophins or neurotrophin-like receptors have met with little success. To 
date, only one peptide with neurotrophic activity has been characterized in molluscs 
(cysteine-rich neurotrophic factor; CRNF). This peptide is rare and hard to isolate, 
however, making detailed studies of its action difficult.

The second molluscan growth factor (EGF) has been isolated from the albumen 
gland, a large exocrine organ in the reproductive tract of Lym naea . ~  EGF is 
an abundant peptide (~ 1 7 5 pmol/gland) that can be easily purified to homogeneity 
using two sequential RP-HPEC steps. The pepude is blocked at the N terminus a 
partial 37-residue sequence has been obtained by sequencing multiple overlapping 
chymotrypic and Endo Glu-C fragments. The 37-residue sequence has the highest 
degree of sequence identity with mouse EGF (41%), human EGF (35%). C-Della-1 
(35%), C  edegans EGF-like domain (35%). human TGFα (32%), and rat TGFα 
(30%). Amino acid compositional and MAEDI-TOF mass spectrometric analyses 
suggest that the full-length peptide is -43 residues. We are in the process of 
determining the N-terminal sequence of the Lymnaea peptide using tandem mass 
spectrometry and are examining the possibility that it has neurotrophic activity. 
Supported by NSF Grant IBN-95I 1773. (GTN).

4 7 .11

M O D U LA TIO N  O F  N E U R IT E  O U T G R O W T H  A N D  CELL A D H E SIO N  
IN M OLLUSCAN M O TO N E U R O N S. W.C. W ildering*,  P.M. Hermann and 
A.G.M. Bulloch. Neuroscience Research G roup, University o f  Calgary, Calgary, 
Alberta, Canada.

The control o f  neurite outgrowth in vivo is a complex process involving the 
integration o f  many trophic- and tropic- signals by the growing neuron. These 
signals can vary from gradients o f  soluble factors, such as growth factors, to 
non-soluble factors such as substrate molecules. O u r studies focus on the 
interaction o f  different factors in the control o f  neurite outgrowth and adhesion 
in m otoneurons from the Right-parietal A group in the CNS o f  Lymnaea stagnalis 
(RPA neurons). In vitro, neurite outgrow th is induced by brain conditioned 
medium, murine N G F (but not N T -3), the endogenous Lymnaea growth factor 
Cysteine Rich Neurotrophic Factor (CRNF), a recendy purified lymnaea 
Epidermal Grow th Factor (EGF), and the extracellular matrix proteins 
fibronectin and laminin. O ur previous work implicated voltage-gated Ca2+ 
channels as one o f  the key elements in the integration o f  growth responses to 
these factors. Neurite outgrowth in RPA neurons depends on extracellular Ca2+. 
A reduction o f  free [Ca2+] to less than 50 µM completely abolished CM-induced 
neuritogenesis. M oreover, N G F, CR N F and fibronectin acutely m odulated 
voltage-gated Ca2+ currents. This indicates that different signaling pathways 
involved in the control o f  neurite outgrow th converge at the level o f  the 
voltage-gated Ca2+ channels. Recent findings that E G F  and N G F  modulate 
adhesion properties o f  RPA neurons, suggest that growth factors and matrix 
factors interact on more than one level in the control o f  neurite outgrowth. 
Supported by Neuroscience Network (Canada), AHFM R, MRC (Canada) and 
HFSPO.

4 7 .8

S E Q U E N C IN G  O F  AN A T TR A C TI N -L IK E  P E P T ID E  FR O M  
APLYSIA  BRASILIAN A . D.-B.G. A kalal, G.T. Nagle, and S.D.Painter*. 
Marine Biomedical Institute and Department o f  Anatomy & Neurosciences, 
University o f  Texas M edieal Branch. G alveston , TX 77555.

Aplysia, a marine opisthobranch mollusk, forms breeding aggregations during 
the reproductive season. The aggregations contain both mating and egg laying 
animals, and arc usually associated with masses of recently deposited egg 
cordons. The cordons are a source of both water-borne and contact pheromones 
that establish and maintain the aggregation, but the pheromones do not appear to 
be species-specific Field studies have reported that more than one species of 
Aplysia may be associated with an aggregation, and behavioral studies have shown 
that attractin (a pheromonal attractant recently isolated from the A. californica 
albumen gland) is attractive to A. brasiliana. This suggests that there may be a 
family of attractin-related pheromones in Aplysia. similar to the family of mating 
pheromones in the ciliate protozoan Euplotes. To begin to test this possibility, we 
made extracts of the A. brasiliana albumen gland, fractionated it by RP-HPLC. 
isolated an attractin-related peptide, and c lined a partial 50-residue sequence 
DQNCDIGNìTSQCQMQHQNCDDANGCDTIIEECKTSMVERCQNQEFESAA 
This sequence is identical to A. calif orn i ca attractin at 48 of the 50 positions, 
differing only at positions 18 (Gln for Lys) and 21 (Asp for Glu>. Moreover, like 
A. California attractin. it is glycosylated at Asn8. Current goals are to determine 
the complete sequence and to look at its effects on reproductive behavior m both 
species.
Supported by a UTMB Sealy Grant (SDP) and NSF Grant lBN-95 1 I 77.35 
(GTN).

4 7 .1 0

MOLLUSCAN EPIDERMAL GROWTH FACTOR NEUROTROPHIC ACTIONS. 
P.M Hermann1,  W .C. Wildering1, S.D. Painter2, G.T. Nagle2 and AG.M Bulloch1. 
1Neuroscience Research Group, University of Calgary, Calgary, Alberta, Canada; 
2Marine Biomedical and Dept of Anatomy & Neurosciences, University of Texts Med 
Branch, Galveston, USA

We have shown that a number of vertebrate and invertebrate neurotrophic factors 
induce trophic responses in identified Lymnaea motoneurons. For instance, these 
factors initiate neurite outgrowth in vitro in these motoneurons and other cell types. In 
addition, high-voltage activated Ca2+ currents are acutely modulated by neurotrophic 
factors. Until now, only one neurotrophic factor has been isolated and characterized in 
molluscs (Cysteine Rich Neurotrophic Factor, CRNF). Recently, Epidermal Growth 
Factor (EGF) has been isolated from the albumen gland, a large exocrine organ in the 
reproductive tract of Lymnaea (see abstract by Nagle et al.). Culture of motoneurons in 
the presence of Lymnaea EGF initiates neunte outgrowth within 48 hours in these cells. 
The maximal response was observed at a concentration of 1 µM and the minimal 
response at approximately 3 nM EGF, the EC50 bang 18 nM. The Hill coefficient was
0.86 which was not significantly different from 1. This indicates that Lymnaea EGF can 
act as a neurotrophic factor in these motoneurons. Presently, we are investigating the 
signaling pathways involved in EGF induced neurite outgrowth. Furthermore, we will 
determine if the EGF respoαse is cell type dependent or whether other cell types (e.g. 
neuroendocrine cells, interneurons) respond to Lymnaea EGF. Supported by HPSPO , 
MRC (Canada), AHFMR, and by NSF Grant IBN-9511773.

4 7 .1 2

RO LE O F  TY RO SIN E KIN ASE RECEPTO RS IN T H E  IN ITIA TIO N  O F 
O U TG R O W TH  BY L Y M N A E A  N E U R O N S IN  VITRO. M. Larouche,
P.M. H ennann, W.C. Wildering, A.G.M. Bulloch*, Neuroscience Research 
G roup, University o f  Calgary, Calgary, AB, Canada, T2N  4N1.

Neurotrophic factors have well defined roles in survival and differentiation 
in the developing vertebrate nervous system. W hether these factors play a role 
in axonal regeneration is less clear. Man y neurotrophic factors act via receptor 
tyrosine kinases. For example the neurotrophins (the N G F  family o f 
neurotrophic factors) activate a family o f  tyrosine kinase receptors known as 
Trks. Interestingly, a Trk-like receptor (Ltrk) has recently been cloned from the 
pond snail, Lymnaea stagnalis. This finding prom pted us to investigate the role o f 
receptor tyrosine kinases in neurite outgrowth. The aspects o f outgrowth which 
we are examining include the initiation o f  outgrow th, as well as growth cone 
translocation and guidance.

Single neurons from Lymnaea were cultured in brain conditioned medium 
(CM). These neurons exhibit outgrow th after 48 hours in culture. Neurons 
which are cultured in CM, containing the receptor tyrosine kinase inhibitor, 
K252a (100 nM), exhibit no s ig nifican t neuronal sprouting. This finding 
indicates that activatio n  o f  tyrosine kinase receptors may be required to initiate 
neurite outgrow th. Supported by the Medical Research Council (Canada).
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47.13

ISOLATION OF A PUTATIVE RECEPTOR TYROSINE 
KINASE FROM A P L Y S IA . S. E. M cK a y*1, A. G. M. Bulloch2 ,
L. K. Kaczmarek3 , & T. J. C arew 1. D epartm ents o f 1P sychology and 
3Pharmacology, Yale University, New H aven, CT, USA and  2 N euroscience 
Research Group, University of Calgary, Calgary, AB, Canada.

Preliminary evidence dem onstra ting  respons iveness  o f Aplysia  sensory 
and bag cell neurons to  ve rteb ra te  g row th  fac to rs , in c lud ing  b ra in -de rived  
neurotrophic factor (BDNF), im plies th is  organ ism  m ay possess hom ologs of 
neurotrophic factors and th e ir  rec ep to rs . T o  id e n tify  p o s s ib le  A p ly s ia  
neurotrophic factor receptors, degenera te  p rim ers w ere  des igned  to  reg ions 
found in a number of receptor ty ros ine  kinases (R TK), includ ing m em bers of 
the Trk, ROR and insulin receptor fam ilies. These w ere used to  prim e the PCR 
yielding a 154 bp product w ith 74%  hom o logy  to  L ym n ae a  T rk  at the  am ino 
acid level. The product was used to  probe a random ly prim ed bag ce ll neuron 
cDNA library (kindly prov ided  by Dr. J. S chw artz ). A  s ing le  2 .2 kb c lone, 
isolated from 5 x 105 plaques, con ta ins an open read ing fram e of 1.8 kb (609 
amino acids) w ith a poss ib le  tra n sm em b ra ne  dom ain . A lthough  there  are 
multiple stop codons 5 ’ of the  puta tive  start s ite , the  c lone  lacks a com plete  
Kozac sequence and has no po ly -adenyla tion . T he re fo re , w e canno t rule out 
that the clone is, as yet, incom ple te . N onethe less, th e  reg ion C -te rm ina l of 
the potential transm em brane d om a in  co n ta ins  a ty ro s in e  kinase  signature  
domain (VHRDLA) as w e ll as a c la ss  II R TK  a u to p h o sp h o ry la tio n  s ite  
(DVYSSDYYR). Furtherm ore, the clone  show s app rox im ate ly  50%  hom ology 
in the kinase domain w ith m em bers o f both  the  RO R and the T rk fam ilies of 
RTKs. Thus, we have isolated w hat appears to  be a RTK from  Aplysia. Such a 
receptor can be used to  identify endogenous neu ro troph ic  fac to rs  w hich, in 
turn, should provide an exce llen t m o de l sys te m  fo r  s tud y in g  the  ro le  o f 
neurotrophic factors in both  syn a p tic  p la s tic ity  a nd  th e  d ev e lo p m en t of 
patterns of neuronal ac tiv ity . S u p p o rted  by 1F 3 2 M H 1 1 25 9 -01 A1 (SEM ), 
IBN9221117 (TJC), an M RC grant (AGM B), and N S18492 (L K K ) .

47.15

THE SEROTONIN TRANSPORTER AND RECEPTOR MATURE PRIOR 
TO SEROTONIN APPEARANCE IN EMBRYONIC STG: A BORROWED 
TRANSMITTER HYPOTHESIS. B .B eltz1, K. Richards2,, and E. Marder*2 . 
1Wellesley College, Dept. of Biological Sciences, Wellesley, MA 02181 and 
2Brandeis University, Volen Center, Waltham, MA 02254.

Amines are powerful modulators of rhythmic neural activity in the 
stomatogastric ganglion (STG) of the lobster, Homαrus ωnericαnus. 5HT 
immunoreactivity is found in fibers in the stomatogastric nerve and in STG 
neuropil. These serotonergic fibers belong to the gastropyloric receptor cells, 
mechanosensory neurons whose dendrites innervate muscles of the foregut. During 
development in clawed lobsters, 5HT is not detectable immunocytochemically in 
the STG until late in larval life (Kilman et al, this meeting). This contrasts with the 
precocious embryonic appearance of 5HT in neurons of the brain and ventral nerve 
cord (Beltz et al [1992] J Exp Biol 261:288), but coincides with the transition in diet 
that accompanies the larval metamorphosis.

We have been exploring the development of serotonergic effects in the STG, and 
asking when transporter and receptor functions become active. Our experiments 
suggest that: (1) 5HT can be taken up by STG fibers by mid-embryonic life. This 
has been demonstrated immunocytochemically after bath application of 10 -9 M 5HT 
for 15 minutes to a dissected STG preparation, and also by dipping eggs in 5HT 
solutions. (2) In mid-embryonic life, serotonin increases the numbers of spikes per 
burst and increases burst duration of the LP neuron.

These findings indicate that 5HT transporters and receptors are functional long 
before 5HT is detectable immunocytochemically. Combined, these results suggest 
that 5HT may act as a "borrowed transmitter" in the STG during embryonic life.
5HT circulating in the hemolymph can be sequestered in STG fibers, while the 
precocious responsiveness of STG neurons to 5HT provides a functional role for the 
borrowed transmitter.
Supported by NS17813 [EM] and NSF/IBN 9709514 [BB],

47.17

THE COMMISSURAL RING NERVE OF THE FEMALE CRICKET 
AC H ETA  D O M E S T IC U S : A  PUTATIVE NEUROHEM AL NERVE. 
K.A. Killian* and J.P. Bollins. Dept. of Zoology and Center for 
Neuroscience, Miami University, Oxford, OH 45056.

We describe the anatomy and physiology of the commissural ring 
nerve of the female cricket. This putative neurohemal nerve, which 
links together the two cercal motor nerves of the terminal abdominal 
ganglion (TAG), contains secretory vesicles (Pipa, 1988) and varicose 
Fibers (Helle et al., 1995) characteristic of neurohemal nerves.

Our goal was to provide a detailed description of the anatomy and 
physiology of this nerve. When the ring nerve was backfilled with 
cobalt chloride a total of 105 ± 4.8 neurons were labeled within the 
TAG (n=20 ganglia). Two groups of dorsal unpaired medial (DUM) 
neurons, one in the tenth and one in the ninth neuromere, were labeled 
in all ganglia. Five ganglia also contained 1-3 DUM neurons in the 
eight neuromere. A group of ventral unpaired medial (VUM) neurons 
and a bilaterally symmetrical ventrolateral (VL) cluster of neurons were 
labeled in the tenth neuromere. DUM neurons intracellularly labeled 
with cobalt projected bilaterally into the nerve, terminating in presumed 
neurohemal varicosities. In contrast, axons of the 9-10 VL cells 
extended through the ring nerve, forming a dense mesh work of 
presumed neurohemal release sites before exiting. Extracellular 
recordings revealed that the efferent activity of the nerve was very 
variable, consisting of irregular bouts of robust activity separated by 
silent periods or by the rhythmic bursting of 1 -2  neurons.

Anatomical and physiological evidence thus supports the idea that the 
ring nerve is a neurohemal nerve. Our goal is to determine the 
functional role of this female specific neurosecretory complex.

Supported by a Sigma Xi grant to JPB.

4 7 .1 4

MULTIPLE COTRANSM γTTER PHENOTYPES ARE ACQUIRED AT 
DIFFERENT TIMES IN DEVELOPM ENT OF LOBSTERS. V.Kilman*‡, V. 
Fénelon§, K.R ichards‡, V .Thirum ala‡ , P. Mey ran d §, and  E .M arder‡, Brandeis 
U niversity‡, W altham , MA; Université de Bordeaux§, Arcachon.

To investigate the role of m odulators in developm ent, we im m unocyto 
chem ically assayed expression of six m odu lato rs d u rin g  developm ent in the 
stom atogastric nervous system  (STNS) of Homarus gammarus and H. americanus.

FLRFNH2- red pigm ent concentrating horm one (RPCH)-, and proctolin- 
im m unoreactiv ity  (IR) w ere present in projections to the stom atogastric gangiion 
(STG) at E50 (50% of em bryonic developm ent), the earliest tim e exam ined, while 
a llatostatin  (AST)-IR ap p eared  slightly later a t E8 0 . In contrast, both 5HT- and 
substance P-IR appeared  significantly later (5HT-IR at larval stage I (LI) in H. 
gammarus or LII in H. amencanus, and substance P-IR at LII-III).

The sensory gastro-pyloric receptor neurons (GPRs) in the adu lt are FLRFMH2-, 
AST-, and 5HT-IR in their STG neuropil projections. GPR som ata show FLRFNH2- 
IR at E50, and so contribute to the earliest FLRFNH2-IR STG projection. Because 
5HT- and  AST-IR are com pletely colocalized in the neuropil of the STG, and no 
STNS neurons except the GPRs colocalize 5HT- and  AST-IR, the GPR neurons 
m ust constitu te the en tire  AST- and 5HT-IR projection to the STG. Therefore the 
GPRs begin staining for each of their three cotransm itters at different tim es in 
developm ent. We have m orphological evidence suggesting  this is also true of 
ano ther unidentified  inp u t from  the com m issural ganglia that show s RPCH-IR at 
E5O and substance P-IR at LII-III.

These da ta  suggest ind iv idual projections to the STG have different 
co transm itter com plem ents at d ifferent developm ental times. The functional 
relevance of these changes is uncertain, b u t their tim ing im m ediately precedes 
developm ental changes in the o u tp u t of the STG pa tte rn  generating  netw orks 

NATO (CRG 9710073), NS17813 (EM)

4 7 .1 6

G LU T A M A T E - A N D  G A B A -IM M U N O S T A IN IN G  OF IN TR IN SIC  AND 
E XTR IN SIC  NEU R O N S IN TH E M U S H R O O M  BO D IES  OF THE C R IC K E T  
B R AIN . F .-W . S chürm ann1* and H .-W .H onegger2 .1Institute  fo r Zoo logy, 
U n ivers ity  o f G öttingen , G erm any, and 2Dept.B io logy, V anderb ilt U n iv., 
N ashville , TN 27235

The mushroom bodies in the brain of the cricket Gryllus bimaculatus consist of 
local, intrinsic neurons (Kenyon cells) and diverse extrinsic neurons connecting to 
other neuropiles. The transmitters and neuropeptides of these various cell types and 
their distribution in the neuropilar areas of the mushroom body are only partially 
known. We used antisera against glutamate and GABA to study the distribution of 
both amino acids in cell types of the mushroom bodies. These results were then 
compared with the known synapse distribution in the mushroom body compartments.

Glutamate-like immunoreactivity was found in two types of Kenyon cells, forming 
peripheral and more centrally positioned large fiber bundles. These bundles were 
traced through the proximal calyx neuropile and the stalk column into the α- and β- 
lobes. A small central fiber bundle of a third type of Kenyon cells was devoid of 
immunoreactivity. No GABAergic labeling was detected in the Kenyon cells and their 
projections. However, GABÁ-immunoreactive extrinsic cells invade the mushroom 
bodies and form arborizations mainly perpendicular to the Kenyon cell fibers in all 
subcompartments. They are unevenly distributed in the stalk and lobes, with strong 
density of arborizations at sites where intrinsic fibers synapse.

Our results indicate that parts of the Kenyon cells use glutamate as a transmitter, 
and add a further argument to the notion that Kenyon cells neurons are functionally 
diverse. This view is supported by their morphological diversity, their synapse 
distribution and density, and differential transmitter expression. GABAergic extrinsic 
fibers meet the Kenyon cell fibers at various proximal and distal levels of Kenyon cell 
columnar subcompartments, so that sequential synaptic coupling can be inferred. 
Supported by Deutsche Forschungsgemeinschαft(FWS) and Vanderbilt Univ.(HWH)

Society for Neuroscience, Volume 24 ,19 98



108 INTERACTIONS BETWEEN NEUROTRANSMITTERS: 5HT-DA AND OTHERS SUNDAY AM

48.1
SEROTONERGIC MODULATION OF STRIATAL ACETYLCHOLINE RELEASE AFTER 
PRENATAL COCAINE EXPOSURE. C.A. Bolanos* , G. Trksak, S.J. G latt, and D. Jackson. 
Psychology Dept., Northeastern Univ., Boston, MA 02115.

Prenatal cocaine (PCOC) exposure produces variable e ffects on brain monoaminergic neurons. 
Previous research has shown tha t raphe neurons hγperinnervate striatum  in PCOC rats. A similar 
response has been noted in response to neonatal dopamine (DA) depletions in rats and this 
observation has led to speculations tha t a PCOC impairment of DA neurons occurs and signals 
serotonin (5-HT) hyperinnervation. In the present study, we have examined the hypothesis that 5- 
HT regulation of acetylcholine (ACH) release will be altered in PCOC rats. We measured the effects 
of the 5-HT3 agonist, l-phenylbiguanide (PBG), on low frequency electrically-evoked [3H]ACH 
release in stria ta l slices from adult rats exposed to saline or COC (20 mg/kg, bid) in  utero 
(embryonic days 15-21). Slices were obtained from adult male and female (diestrus or proestrus)

% Change j n  E lectrically-Evoked ACH Release
PBG PS PCOC PCOC PCOC
µM males males fem(die) fem (pro)
1 -23 ±8 -6 ± 1 2 * + 7±5 -10±10 P <  .05 vs respective PS group
10 -28 ±2 -35 ±7 -50 ±25 -2 9 ± I6 † † , P <  .05 vs respective PCOC
30 -61 ±3 -78 ± 18* -73± 7 -61 ±7 female diestrus group
60 -76± 7 -89± 11 -91 ±6 -73± 5†
PCOC females had greater inhibition of ACH release during diestrus than at proestrus. PCOC males 
were less sensitive to PBG when compared to their PS controls. PBG effects were reversed w ith 
ICS205-930 (1 nM, a 5-HT3 antagonist). Given alone, the D2 antagonist sulpiride (1 µM) did not 
alter ACH release; however, in the presence of PBG (30 µM), sulpiride increased ACH release by 
45%. Collectively, these findings suggest that 5-HT3 modulation of ACH release is mediated by 
DA. Moreover, decreased responsiveness to PBG in PCOC male and female (proestrus) rats might 
be attributable to an impairment in DA function or 5-HT regulation of DA neurons.
Funded by NIDA 1R29DA10933

48.3
THE EFFECTS OF SELECTIVE SEROTONIN 5-HT2A AND 5-HT2B/C 
LIGANDS ON IN VIVO DOPAMINE RELEASE IN THE RAT PREFRONTAL 
CORTEX. E.A. Pehek* and S.D. Crish. Department of Psychiatry, Case Western 
Reserve University and Cleveland VA Medical Center, Brecksville. OH 44141.

Previous work has indicated that serotonin (5-HT) receptors modulate the 
neurochemistry of dopamine (DA) systems in brain areas regulating emotional, 
cognitive, and drug-seeking behaviors. Specifically, it has been hypothesized that 
cortical 5-HT2 receptors regulate DA release in the medial prefrontal cortex 
(mPFC). The present study sought to examine the respective roles of cortical 5- 
HT2A and 5-HT2B/C receptors through the use of selective ligands. Extracellular 
DA concentrations were assessed with in vivo microdialysis coupled with 
HPLC/EC. The selective 5-HT2A antagonist MDL 100,907 or the selective 5- 
HT2B/C antagonist SB 220,553 were infused directly into the mPFC through 
reverse dialysis for 60 min. Neither drug, administered separately at several 
concentrations (1.0 - 100 µM), altered basal DA efflux. Similarly, administration of 
a combination o f these two drugs did not affect cortical DA release. This suggests 
that cortical 5-HT2A and 5-HT2B/C receptors do not tonically regulate basal DA 
release in the rat mPFC. Further studies examined the interactions between D 1/D2 
and 5-HT2A receptors. Intracortical administration of a 100 µM concentration of 
the D 1 antagonist SCH 23390, but not the D2 antagonist (-)sulpiride, increased 
cortical DA efflux to a maximum of 230% of baseline levels 60 min post-infusion. 
This effect o f SCH 23390 was attenuated by co-administration of 100 µM MDL
100,907 (122% of baseline at 60 min). Combined infusions of sulpiride and MDL
100,907 did not affect DA release. This work indicates that cortical 5-HT2A 
receptors may regulate stimulated-DA efflux. It further suggests that cortical D1 
and 5-HT2A receptors may have opposing actions on neurons that regulate 
mesocortical DA release.
Supported by NIH MH52220 to EAP.

48.5
D IRECT INFU SIO N OF SER O TO N IN  INTO TH E RA T PREFRO NTA L 
CO RTEX INCREASES EX TRA CELLU LA R G LU TA M A TE. M.A. 
Chapm an*, R.R. Lodhi, and M.P. G allow ay. D ept.of Psychiatry and 
Behavioral Neurosciences, W ayne State U niversity , School o f  M edicine, 
Detroit, MI 48201.

The prefrontal cortex has been im plicated in num erous psychiatric 
disorders, including schizophrenia and depression. Drugs such as selective 
serotonin reuptake inhibitors and serotonin-dopam ine antagonists, which 
are used to treat these disorders, affect serotonin (5-H T) neurotransm ission 
in the prefrontal cortex. It is therefore im portant to determ ine the effects 
o f  altered 5-HT neurotransm ission on other neurotransm itters in this 
region. The present study was undertaken in order to determ ine the effect 
o f  5-H T  on extracellular cortical glutam ate, a m ajor excitatory 
neurotransm itter in cortical cells. Infusion o f  10µM 5-HT through a 
m icrodialysis probe into the rat prefrontal cortex increased extracellular 
glutam ate by 50%. This effect was attenuated by the 5-HT2A antagonist 
M DL 100,907 (0.01 mg/kg; IP). These results are consistent with 
electrophysiological data show ing that bath application o f  5-HT increases 
excitatory post-synaptic potentials and currents in prefrontal cortical 
pyram idal neurons (N europharm acol., 36: 589-99), and suggest that drugs 
which increase prefrontal cortical 5-HT m ay result in increased cortical 
outflow . Supported by grants from  the Natl. Ins. o f  Drugs Abuse (DA- 
04 120) and the Joe Young Research Fund.

48.2
5,7-DIHYDROXYTRYPTAMINE LESIONS OF THE MEDIAN RAPHE 
NUCLEUS REDUCE STRIATAL HIGH AFFINITY DOPAMINE UPTAKE IN 
RATS. S. Kay, A. Marburger, T. Reum and R. Morgenstern*. Institute of 
Pharmacology and Toxicology, Medical Faculty (Charité), Humboldt Univer 
sity at Berlin, D-10098 Berlin, Germany 

The dopaminergic and serotonergic transmission systems have been shown 
to exhibit close anatomical relations and functional interactions such as 
serotonin-modulated dopamine (DA) release and increased serotonin turnover 
after DAergic lesions. In the present study we examined the effect of a 
serotonergic lesion of the median raphe nucleus on the dopaminergic 
transmission system, in particular on the DA transporter.

Young adult (7 weeks) and aged (10 months) male Sprague Dawley rats 
were stereotaxically lesioned with 5,7-dihydroxytryptamine (5 µg in a total 
volume of 0.5 µ l 0.9% saline). Sham-lesioned animals received a correspon
ding volume of saline. Age-matched untreated animals served as controls. 
One, three or nine weeks after the lesion high affinity DA uptake was 
monitored using continuous amperometry with carbon fibre electrodes. DA 
release was challenged by electrical stimulation of the medial forebrain 
bundle. In each animal 10 stimulations and recordings were carried out prior 
to and after treatment with the high affinity DA uptake inhitor GBR 12909 
(20 mg/kg, i.p.). DA clearance rates were calculated using a kinetic model.

In both examined age-groups a serotonergic lesion of the median raphe 
nucleus resulted in an aproximatelly 25% reduction of high affinity DA uptake 
after one and three weeks compared to sham-lesioned animals and untreated 
controls. Nine weeks after the lesion DA uptake had recovered to control 
values, proposing a transient influence of the serotonergic lesion on DA 
uptake. While changes in the DAergic system seem to recover after a 
serotonergic lesion, immunohistochemical staining for presence of serotonin
positive cells showed no signs of regeneration of in the median raphe nucleus. 
(Supported by Deutsche Forschungsgemeinschaft, Grant INK 21/A1-1)

48.4
OPPOSITE ROLE OF CENTRAL 5-HT2A AND 5-HT2C RECEPTOR SUBTYPES IN 
THE CONTROL OF HALOPERIDOL-INDUCED RELEASE OF DOPAMINE IN THE 
RAT STRIATUM. U. Spampinato1 *, P. De Deurwaerdère1, S. Caccia2, G. Lucas1. 1CNRS 
UMR 5541. Université de Bordeaux 2, 33076 Bordeaux. France. 2Ist, Ric. Farmacol. M. 
NEGRI, 20157 Milan, Italy.

This study investigated the ability of serotonergic (5-HT) drugs to modulate the 
enhancement of striatal DA release induced by haloperidol (HAL). Striatal DA 
release was monitored by in vivo microdialysis (probe CMA11/3mm) in freely 
moving rats given either 0.01 or 1 mg/kg s.c. HAL. Drugs were injected systemically 
15 min before HAL and 15 min dialysates, collected over 4 h, were analysed by HPLC- 
ECD. DA release was dose-dependently increased by HAL. reaching respectively 
162 and 222% of basal values. The effect of 0.01 mg/kg HAL was potentiated by 
the 5-HT uptake inhibitors citalopram (1 mg/kg, s.c., +35%) or fluoxetine (10 
mg/kg. i.p., +22%) and decreased (-30%) by the 5-HT1A receptor agonist 8-OH- 
DPAT (0.025 and 0.1 mg/kg, s.c ). The 5-HT2A/C antagonist ritanserin (1.25 
mg/kg. i.p.) and the selective 5-HT2A antagonist SR 46349B (0 5 mg/kg. s c )  also 
reduced (-37%) the increase in striatal DA release induced by 0.01 mg/kg HAL 
In contrast, the effect of HAL was potentiated (+58%) by the 5-HT2B/2C antagonist 
SB 206553 (5 mg/kg. i.p ). 5-HT agents failed to modify the enhancement of DA 
release induced by 1 mg/kg HAL. None of the 5-HT agents used modified by itself 
basal DA release, excepted SB 206553 which raised it to 126% of basal values 
Finally , HAL brain concentrations were not affected by 5-HT pretreatments.

These results indicate that 5-HT2A and 5-HT2B/2C receptors exert an opposite 
control on HAL-induced striatal DA release. Also, the finding that this 
interaction is sensitive to HAL dosage suggests that the 5-HT modulatory control 
is dependent on the level of central DA transmission

48.6
SEROTO NIN FA CILITATION OF D O PA M IN E RELEASE AFTER 
INH IBITION OF SEROTO NIN REUPTA KE
S. Koch*, M.A. Uhde, and M. P. G allow ay, D ept. o f  Psych. and Behav. 
N eurosci., W ayne State University Sch. M ed., Detroit. MI 48202 

Considerable evidence supports an interaction betw een the serotonin 
(5-H T) and dopam ine (DA ) neuronal system s and m icrodialysis studies in 
vivo have established a facilitatory effect o f  exogenuos 5-HT on DA 
release in term inal fields in rat brain. We investigated whether increases 
in endogenous 5-HT levels would also show this facilitation. One 
clinically relevant strategy to increase endogenous 5-HT levels is to block 
the reuptake o f  newly released 5-HT using selective serotonin reuptake 
inhibitor (SSRI) antidepressants, such as fluvoxam ine (FLV). In the 
present studies. FLV was adm inistered either locally into the striatum 
(STR) or nucleus accum bens (N Acc) or system ically (i.p.) and effects on 
extracellular (EC) DA level determ ined. Local FLV ( lµ.M) increased (EC) 
DA levels in the STR and N Acc to 6 5 2 ± 157 and 966±76%  o f control, 
respectively. In contrast, system ic adm inistration o f  FLV (20 m g/kg) did 
not increase striatal EC DA levels, however, accumbal EC DA increased 
to 144±9%  o f  control. B lockade o f som atodendritic 5 -H T 1a autoreceptors 
by pretreatm ent with the 5 -H T 1a /β receptor antagonist pindolol (15 m g/kg, 
sc) lead to a robust potentiation o f  the system ic FLV effect on DA in both 
the ST R and N Acc. The data support the contention that SSRI induced 
elevation o f  endogenous 5-HT increased EX DA. presum ably by m eans o f 
5-HT facilitating DA release. In addition, the respective 5-HT innervation 
o f  the STR and N Acc m ay account for the differences in the m agnitude o f 
the DA response. Supported by NIDA-04120 and the Joe Young Sr. 
Research Fund.
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48.7

DIFFERENTIAL NA α 1-ADRENOCEPTOR MEDIATED INFLUENCE ON 
ASCENDING 5-HT NEURONES FROM THE DORSAL AND MEDIAN 
RAPHE IN RAT. H.J. Bengtsson* and S. Hjorth, Dept. of Pharmacology, 
Univ. of Göteborg, SE-405 30 Göteborg, SWEDEN 
Previous studies have shown that there is a noradrenaline (NA) input 

from the lateral tegmental area to both the dorsal raphe nucleus (DRN) 
and the median raphe nucleus (MRN) in the rat. The present study sought 
to assess whether there is a difference in the afferent NA influence on the 
ascending 5-HT neurones from the DRN and MRN. In  v ivo  microdialysis 
was used to compare the effect of local perfusion of the α1 -adrenoceptor 
antagonist prazosin (PRZ, 10µM) in either DRN or MRN, on 5-HT output 
in the corresponding forebrain projection areas, i.e. the frontal cortex 
(FCX) and dorsal hippocampus (DH), respectively. Reverse dialysis 
perfusion of PRZ into the DRN reduced dialysate 5-HT in FCX, by maxi
mally ≈40% from baseline in 40-60’ after start of the perfusion. PRZ 
perfusion into the MRN did not significantly alter 5-HT output in the DH. 
The effect of PRZ in the DRN on FCX 5-HT output was reversed by co
perfusing the α 1 -adrenoceptor agonist phenylephrine (PHE, 10 µM). 
Our data suggest i) that there is a tonic NA α1 -adrenoceptor mediated 
excitatory influence on the activity in the DRN-FCX 5-HT pathway, whe
reas ii) this does not appear to be the case in the MRN-DH 5-HT system. 
Another possibility for the lack of apparent effect on 5-HT output in the 
DH might be that disinhibition of counterbalancing influences (e.g. 
5-HT1B autoreceptors) may be relatively more important in the MRN- 
DH 5-HT system. The data may have significant implications for under
standing neuropsychopharmacological drug action and be of interest for 
the development of new therapeutic principles in CNS 5-HT disorders. 
Supported by Sw. MRC, Merck AG, Astra, EC Biotech & Hiertas Fund.

48.9

GALANIN IS a  PO TEN T IN H IB ITO R  OF 5-H T r e l e a s e  in  t h e  
VENTRAL H IPPO CA M PU S O F A W A K E RAT. J. K ehr1*, T. Yoshitake3, 
F.-H. Wang1, L. Gimcnez-Llort1, J. Ishrda2, M. Yamaguchi2, and S.O. Ögren1. 
1Dept. Neuroscience, Karolinska Institute, 171 77 Stockholm, Sweden; 2Faculty of 
Pharmaceutical Sciences, Fukuoka University, Fukuoka, Japan; 3Chemical 
Biotesting Center, Chemical Inspection and Testing Institute, Hita City, Japan.

Galanin has been shown to coexist with 5-HT in neurons of raphe nuclei. In vitro 
studies suggest that galanin reduces the affinity of 5-HT1A receptor binding. Recently, 
it was shown that galanin can inhibit a postjunctional 5-HT1A receptor mediated 
behavioural response. It is not known at present whether stimulation of galanin 
receptors in the raphe nuclei will affect basal and 5-HT1A receptor mediated release of 
5-HT in vivo, lntraventncularly (i.c .v.) injected galanin (0.15; 0.5 and 1.5 nmol) 
caused a dose-dependent and long-lasting reduction of extracellular 5-HT measured by 
in vivo microdialysis. This effect could be completely blocked by a chimeric peptide 
M35 (1.5 nmol). The action of a preferential 5-HTlA receptor agonist 8-OH-DPAT on 
somatodendritic 5-HT1λ auíoreceptors in the dorsal and median raphe nuclei leads to 
reduced firing-rate and 5-HT release in the terminal areas. The injection of 8-OH- 
DPAT (0.3 mg/kg s.c.) caused at about 60% reduction of extracellular 5-HT within 
40 mm. Following additional 120 min. the 5-HT concentrations returned to basal 
levels. The inhibitory effect of 8-OH-DPAT was almost completely blocked by 
injection of galanin (0.5 nmol but not 1.5 nmol) 120 min before the 8-OH-DPAT 
administration. Thus, although both galanin and 8-OH-DPAT alone reduced basal 5- 
HT outflow in the rat hippocampus, their simultaneous administration did not 
exhibit any synergistic effect. It is concluded, that galanin potently reduces 
serotonergic mesencephalic neurotransmission in vivo, and that galanin can modulate 
5-HT1λ receptor regulated activity at the level of the raphe nuclei.

48.11

THE EFFECT OF MELATONIN ON A FLUPHENAZINE-INDUCED 
HYPOKINESIA IN YOUNG AND OLD RATS. I.C. Sumaya and D E. 
Moss*. Laboratory of Psychobiochemistry. Dept, of Psychology, University 
of Texas at El Paso, El Paso, Texas 79968.

Melatonin (MEL) is a neurohormone that decreases significantly with age. 
With regard to motor behaviors; pmealectomized rats show increased 
treadmill activity (Reiss, Davis, Sideman & Plichta, 1963), and MEL 
administration decreases spontaneous locomotion (Chuang & Lin, 1994), 
induces ataxia, and causes incoordination (Sudgen, 1983), suggesting that 
MEL decreases motor activity Therefore, the purpose of the present 
experiment was to determine if MEL would increase fluphenazine-induced 
hypokinesia and, furthermore, if old animals would show a stronger response 
to MEL than young. The present study thus investigated the behavioral 
effects of MEL on hypokinesia in young (N=24, 6 mo) and old (N=20, 16-18 
mo) male, Sprague Dawley rats pretreated with fluphenazine (0.1 mg/kg, IP, 
an animal model of parkinsonism) 4 5 hours prior to a baseline bartest. 
Immediately after the baseline bartest, the rats were injected with either MEL 
(30mg/kg, IP) or vehicle (1:1 propylene gycol/saline) and then given a second 
bartest 20 nun later. The effect of MEL was measured on the difference in 
bar times. Contrary to our expectation that MEL would increase hypokinesia, 
especially in older rats, MEL significantly decreased time on the bar and, 
furthermore, there were no differences due to age. Collapsing across age, the 
difference in mean bar times was +462 (SEM 132) sec for controls compared 
to +176 5 (SEM =88) sec for MEL These data suggest that MEL interacts 
with dopamine functions in the striatum . (icsumaya@utep.edu)

48.8

ACUTE p -CHLOROAMPHETAMINE INCREASES STRIATAL 
PREPROTACHYKININ AND PREPRODYNORPHIN mRNA: A 
REGIONAL ANALYSIS. P.J. Gresch* and P.D. Walker, Cellular and 
Clinical Neurobiology Program, Depts. of Psychiatry & Behav. Neurosci. 
and Anat. & Cell Biol., Wayne State Univ. Sch. Med., Detroit, MI 48201.

We investigated the regulation of preprotachykinin (PPT) and 
preprodynorphin (PPD) mRNA expression in the striatum (STR) following 
acute monoamine release elicited by p -chloroamphctamine (pCA). Adult 
male SD rats received i.p injections of p CA (10 mg/kg) or saline and were 
sacrificed 4 hrs later. Quantitative in situ hybridization was used to localize 
mRNA for PPT and PPD. Four rostral-caudal levels of the STR were 
analyzed: level of nucleus accumbens (+1.0 mm relative to bregma), 
anterior commissure (-0.26 mm), and two levels of posterior STR (-1.4 
mm and -2.6 mm). Acute administration of p CA significantly increased 
PPT and PPD mRNA levels in all four levels ana lyzed

level of STR PPT PPD
+ 1.0 mm 17.7 * 40.2 *
-0.26 mm 21.5 * 48.1 * @
-1.4 mm 54.1 * # 48.7 *
-2.6 mm 56.1 * # 93.5 * †

All values are  % increase compared to saline controls; * -  p<0.05 compared to 
respective saline control; # = p<0.05 compared to levels +1.0 mm and -0.26 mm; † 
= p<0.05 compared to levels +1.0 mm, -0 26 mm, and -1.4 mm; @ =  p<0.05 
compared to PPT mRNA level -0.26 mm.

These results suggest that p CA-mediated acute serotonin and dopamine 
release increases expression levels of both striatal PPT and PPD mRNAs 
with responses most prevalent in the posterior STR. Supported by NIH 
NS30550 and Michigan Parkinson Foundation.

48.10

ANTIPSYCHOTIC-LIKE EFFECTS OF AMOXAPINE ON 
APOMORPHINE-INDUCED DISRUPTION OF PREPULSE 
INHIBITION OF THE ACOUSTIC STARTLE RESPONSE IN 
RATS. M-L. Wadenberg1*, T. L. Sills1, P.J. Fletcher1 and S. Kapur1. 
1Clarke Institute of Psychiatry; 250 College Street, Toronto, ON M5T 
1R8.

Prepulse inhibition (PPI) of the acoustic startle response can be 
used as a measure of sensorimotor gating mechanisms. Schizophrenic 
patients display deficits in PPI. Dopamine (DA) receptor agonists like 
apomorphine produce a disruption of PPI in rats, thus serving as a 
model of a symptom observed in many psychotic patients. The 
atypicality of clozapine (CZP) as an antipsychotic is not fully 
understood. However, low DA D2 and high 5-HT2 receptor affinity is 
a strong hypothesis.

The effects of amoxapine (low DA D2/high 5-HT2) on 
apomorphine- (0.5 mg/kg i.p.) induced disruption of PPI in rats were 
studied. Amoxapine (5 or 10 mg/kg i.p.) alone had no effects on 
startle response or PPI. Amoxapine (10 mg/kg i.p.) significantly 
reversed apomorphine-induced disruption of PPI.

It is concluded that amoxapine (primarily known as an 
antidepressant) might possess CPZ-like antipsychotic properties. The 
significance of the 5-HT2 receptor affinity of amoxapine in this 
respect is currently under further investigation.

48.12

THE ROLE OF CHOLECYSTOKININ MICROINJECTION INTO 
VENTRAL TEGMENTAL AREA ON DOPAMINE RELEASE 
FROM NUCLEUS ACCUMBENS OF R AT: IN VIVO VOLTAM- 
METRIC STUDY. J. X. Xie1,M . Tang1 and C. Zhang2*. 1 Dept. of 
Physiology, Qingdao Medical College, Qingdao, Peop. Rep. China, 
266021: 2Dept. of Biological Science, SUNY at Albany,NY 12222.

Immunocytochemical studies have demonstrated that cholecystoki- 
nin (CCK) is present in a subpopulation of dopamine (DA) neurons in 
the rat mesencephalon. The functional significance of this CCK — DA 
coexistence in nucleus accumbens (NAc) is still unclear. The present 
study is to determine the effects of CCK(0. 5µg/kg) microinjection into 
ventral tegmental area (V TA)on DA release from the NAc. The fast 
cyclic voltammetry and carbon fibre microelectrode were used to moni 
tor DA release evoked by electric stimulation of the median forebrain 
bundle. It was found that CCK decreased DA release from NAc. When 
stimulating intensity (ranging 0. 25,0. 5,0. 75 ,and 1. 0mA)were used, 
DA release after injection of CCK reduced by 24%, 31%, 23% and 
16%, respectively. When stimulated with the frequency of 50 ,100,and 
250 z, DA release following CCK injection decreased by 29%, 30% 
and 50%. The inhibitory effects of CCK on DA release from NAc 
evoked by electric stimulation appears to be dependent on the stimulat 
ing intensity and frequency. ( P < 0. 05. two factor ANOVA with re 
peated measures ). The results strongly suggest that CCK may be inti 
mately involved in the regulation of midbrain DA neurotransmission as 
sociated with extrapyramidal disorders such as Parkinson’s disease.

This work was supported by the Natural Science Foundation of 
Shandong Province (No. 94CO919) and Science Foundation of Ministry 
of Health of China (No. 96Q — 085).

S o c ie t y  for  N e u r o s c ie n c e , V o l u m e  2 4 , 1 9 9 8

mailto:icsumaya@utep.edu


110 INTERACTIONS BETWEEN NEUROTRANSMITTERS: 5HT-DA AND OTHERS SUNDAY AM

4 8 .1 3

INTERACTIVE EFFECTS OF PEPTIDERGIC AND AMINERGIC 
MODULATORS ON CELLULAR AND NETWORK PROPERTIES 
IN THE LAMPREY SPINAL CORD. E. Svensson, D. Parker, C. Risinger* 
and S. Grillner. Dept. of Neuroscience, Division for Neurophysiology, Karolinska 
institute, Stockholm, Sweden.

The lamprey spinal cord is a useful model system for investigating spinal locomotor 
networks. In the ventromedial part of the spinal cord, there is a dense plexus of 
neurons and processes that contain 5-HT, dopamine, and tachykinins. We have studied 
the interactive effects of the monoamines on tachykinin-induced cellular and network 
modulation.
Bath application of NMDA to the isolated spinal cord induces fictive locomotor 
activity. Application of substance P (1 µM) induces a long-lasting increase of the 
network burst frequency. Co-application of 5-HT (1-10 µM) antagonises this long-
term network effect of substance P. Co-application of dopamine (1-50 µM) did not 
affect the long-term tachykinin-mediated network modulation of the frequency, but 
indirect evidence suggests that dopamine may inhibit endogenous tachykinin release. 
Modulation of cellular NMDA responses is central to the burst frequency modulation. 
Substance P potentiates the amplitude of NMDA responses in motoneurons and CC- 
interneurons (caudal and contralateral projecting inhibitory neurons), an effect that 
lasts up to 2h. 5-HT does not affect the increased amplitude of NMDA responses, but 
reduces the duration of the potentiation to less then 20 min. The intracellular 
mechanisms underlying this effect are currently being studied.
Bath application of substance P (1 µM) also induces oscillations of the membrane 
potential of spinal motoneurons. These oscillations are blocked by 5-HT (1-10 µM), 
by the 5-HTla agonist 8-OH DPAT, and by the GABAb receptor agonist baclofen (10 
µM). Dopamine is without effect on the membrane potential oscillation.
S upported fro m  M F R  (3 0 2 6 , 9 8 0 4 )

4 8 .1 5

MODIFICATION OF ET-1-INDUCED Ca2+ MOBILIZATION IN 
HUMAN CEREBRAL MICROVASCULAR ENDOTHELIAL CELL BY 
NITRIC OXIDE. Y. Chen3, R.M. M cCarron1, N. Azzam3, M. Brenner3*.
F.A. Lenz2 and M. Spatz3. 1RMP, Naval Medical Research Institute, 
Bethesda, MD; 2Johns Hopkins University Hospital, Baltimore, MD;
3Stroke Branch, NINDS, NIH, Bethesda, MD 20892 

Nitric oxide (NO) and endothelin 1 (ET-I) are potent endothelium- 
derived vasoactive substances implicated in regulation o f vascular 
function. This research investigates the possible role o f ET-1 receptor 
(ETa) in the interaction between NO and ET-1. This study examines the 
effect o f NO on intracellular Ca2+ accumulation in microvascular 
endothelium of human brain (HBMEC) induced by ET-1. HBMEC (>95% 
Factor VIII-positive) were derived from brain samples removed for 
treatment of idiopathic epilepsy and grown to confluency on 24-well 
plates. After washing, HBMEC were incubated with 2.5 uM fluo-3/AM 
(fluorescent Ca2+ indicator) for 90 min at 37° C. Ca2+ accumulation in 
HBMEC was measured using a CytoFluor II fluorescence plate 
reader. ET-1 dose-dependently stimulated Ca2+ accumulation (EC50=20 
nM), which was inhibited by the selective ETa but not ETB-receptor 
antagonist. Nor-1 (NO donor; half-life=l .7 min) or 8-bromo-cGMP 
decreased ET-1 (20 nM) induced Ca2+ accumulation (p<0.000l, Students 
t-test). ODQ, an inhibitor of guanylyl cyclase, prevented the Nor-1- 
induced change. A similar response was observed with Rp-8-pCPT- 
cGMPS, an inhibitor o f protein kinase G (PKG). The findings indicate 
cross talk between NO and ET-1 systems which is mediated by PKG. This 
mechanism may be involved in regulating cerebral microvascular function 
under normal and pathological conditions.

4 8 .1 4

PHARMACOLOGICAL CHARACTERIZATION OF VASOACTIVE 
INTESTINAL POLYPEPTIDE RELEASE FROM THE RAT 
HYPOTHALAMUS. M.Martire, D. Currò, D. Altobelli and P. Preziosi. Institute 
of Pharmacology, Catholic University of S. Heart, L.go F. Vito, 1 - 00168 Rome, 
Italy.

Vasoactive intestinal polypeptide (VIP), first isolated from the gut, was soon 
localized in the neurons of various brain areas, among which the hypothalamus. VIP 
has been shown to regulate pituitary function and particularly to modulate the secretion 
of prolactin, growth hormone and corticotropin. The aim of this study was the 
pharmacological characterization of VIP release from the hypothalamus, that is the first 
step to subsequently investigate the modulatory control of the release itself. Rat 
hypothalami were exposed to various pharmacologic agents and the release of VIP-like 
immunoreactivity (VTP-LI) was measured by means of a radioummunoassay procedure. 
Since, in preliminary experiments, high K + could evoke VIP-LI release only if the 
medium also contained the α 2-adrenergic receptor antagonist yohimbine (lµM), as 
previously showed (G. Burns, B.L. Brown and P.R.M. Dobson: J. Endocr. (1988) 116. 
335-341). guanethidine (5µM) was subsequently added to the incubation medium to 
block noradrenergic transmission. Basal VIP-LI outflow resulted 1.5 ± 0.28 fmol/ml 
(n=20); high K+ (45-100 mM). veratridine (3-30 µM) and Ca2+-ionophore A23187 (3-30 
µM) induced statistically significant, concentration-dependent increases of VIP-LI 
outflow, maximal total releases being 19.50 ± 3.06. 11.45 ± 2.15. 11.89 ± 1.80 fmol in 
response to, respectively. 100 mM K + 30 µM veratridine and 30 µM A23187. High 
K + (50 mM)-induced VTP-LI release was abolished by 1µM tetrodotoxin and a calcium- 
free medium (n -6 ).These findings show that VIP is released by the rat hypothalamus in 
response to different pharmacological agents through a calcium-dependent and 
tetrodotoxin-sensitive mechanism.
Supported by Grant no. 7020861/98 from the Italian Ministry for Universities and 
Scientific Research.
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S O D IU M -D E P E N D E N T  C A L C IU M  E F F L U X  F R O M  C U L T U R E D  
B O V IN E  A D R E N A L  C H R O M A F F IN  C E L L S  S T IM U L A T E D  B Y  
E N D O T H E L IN -1 . H. H ou ch i† *, M. Y o sh izum i2, K. T su ch iva2, M.  
A z u m a 1, T. U m e d a 1, F. S h o n o 1, T. K u jim e1, K. T e ra o ka 1, T.  
T a m a k i2 and K. M in a k u ch i1. 1Dept. of Pha rm acy , 2Dept. of 
Pharm aco logy, Sch . Med., Univ. Tokush im a, 770-8503, Japan.

The effect of endothelin (ET)-1 on C a 2+ efflux from cultured 
bov ine  adrena l chrom affin  ce lls  w as  exam ined . ET-1 (10-7M) 
s ign ifican tly  in c re a sed  in tra ce llu la r free C a 2+ leve l ([C a 2 +] i), 
4 5 C a 2+ uptake and ca te cho lam ine  secre tion  in the ce lls . ET-1 
stim u lated the efflux of 4 5 C a 2+ from the ce lls  p re loaded  with 
4 5 C a 2+ in a co ncen tra tion -dependen t m anner (10-9 - 10-7M). 
Th is  stim ulatory effect w as inhibited by E T b receptor antagonist 
BQ 788 , but not by E T a  recepto r antagon ist BQ 123 . S e le ctive  
E T b receptor agon ists Su c-[G lu9, A la 11,15]-ET-1 and sarafotoxin  
S 6 c  (SR T X ) a lso  stim ulated 4 5 C a 2+ efflux from the ce lls . ET-1, 
S u c - [G lu 9, A la 11,15]-ET-1 and S R T X  in c re a sed  the leve l of 
cG M P  in the adrena l chromaffin ce lls . ET-1 induced an increase 
in the nitric ox ide (NO) leve l in the ce lls. The stim ulatory effects 
by w h ich  ET-1 in c re a se s  N O  leve l and 4 5 C a 2+ efflux w ere 
inh ib ited by N G-m onom ethy l-L -a rg in ine  a ce ta te  (L -N M M A), a 
co m p e tit iv e  in h ib ito r of N O  syn th a se . T h e  4 5 C a 2+ efflux 
stim ulated by ET-1 w as inhibited by deprivation of ex trace llu la r 
N a+, but not by deprivation of C a2+.

T hese  resu lts suggest that ET-1 stim u lates an ex trace llu lar 
N a +-d e p e n d e n t C a 2+ e fflux th rough the a ctiva tion  of N O  
syn thase  in cu ltured bovine adrenal chromaffin ce lls.

4 8 .1 7

SEGREGATION OF CEREBRAL VASCULAR VIPERGIC-NITRIC OXIDERGIC 
AND CHOLINERGIC-NITRIC OXIDERGIC INNERVATION. J G. Yu, X.F. Chang 
and T,J.F. Lee*. Dept. Pharmacology. So. IL Univ. Sch. Med., Springfield, IL 62794- 
1222 .

The distribution of nitric oxide sy nthase (NOS)-, choline acety ltransferase (ChAT)∙. 
and vasoactive intestinal polypeptide (VlP)-immunoreactivities. and nicotinamide 
adenine dinuclcotidc phosphate diaphorase (NADPHd)-reactivities in the sphenopalatine 
ganglia (SPG), and perivascular nerves in middle cerebral arteries of the pig was 
investigated by double- and triple-staining techniques using combined immunofluor 
escence and histochemistry methods. In the SPG, almost all ganglionic cells were NOS- 
immunoreactivc (I) and NADPHd-positive, and both NOS-immunoreactivities and 
NADPHd-reactivities were completely colocalized. Almost all VIP-immunoreactivities 
were colocalizcd with ChAT-immunoreactivities, and all ganglionic cells that were VIP-I 
and/or ChAT-I were NOS-I and NADPHd-reactive. In middle cerebral arteries, all 
adventitial NOS-I bundles and fine fibers were coincident with NADPHd fibers. Almost 
all adventitial ChAT-I bundles and thin fibers, and VIP-I mesh-like fibers stained 
positively for NADPHd, while the mesh-like NADPHd fine fibers were not ChAT-I. 
Simultaneous labeling using antibodies against VIP and ChAT further indicated that 
VIP-I fibers were closer than ChAT-I fibers to the smooth muscle, showing that most 
ChAT-1 and VIP-I fibers were not coincident. These results suggest that ChAT and VIP 
are rarely colocalized in perivascular nerves in middle cerebral arteries, and point out 
that ncurotransmitter and modulator colocalizcd within the same nerve cell body may 
distribute differently at the terminal level. The present results also indicate that in 
cerebral perivascular nerves the combination of nitric oxide (NO) and ACh, as well as 
the combination of NO and VIP, arc localized in the same nerve with different axons 
containing either NO plus ACh, or NO plus VIP. These findings support the hypothesis 
that ACh and VIP may act as modulators in regulating presynaptic release of NO, and 
therefore cerebral neurogenic vasodilation, from their respective perivascular 
cholinergic-nitric oxidergic and VIPergic-nitric oxidcrgic nerves (NIH HL47574 & 
HL27763. SIU-CRC6-23069).
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49.1

EFFECTS OF PHORBOL ESTER INDUCED ACTIVATION OK PROTEIN 
KINASE C ON NMDA-RESPONSES IN ACUTELY ISOLATED 
HIPPOCAMPAL PYRAMIDAL NEURONS. W. -Y Lu,*Z.-G. Xiong, S. Lei, & 
J.F. MacDonald. Dept. of Physiology. University of Toronto. Canada. M5S IAS 

There is conflicting evidence as to whether or not activation of PKC causes 
enhancement of the function of NMDA receptors in hippocampal neurons 
(Aniksztejn et al., 1991: Markram & Segal. 1992). We therefore, used patch clamp 
techniques to study the effects of phorbol esters on NMDA-evoked currents in 
acutely isolated hippocampal CAl neurons. In the presence of 0.5 µ.M glycine 
whole-cell currents evoked by a fast step-application of 50 µM NMDA. were 
enhanced gradually by 30 to 40 % after 5-10 minutes of continuous perfusion of 4β- 
phorbol 12-myristatc 13-acetate (4β-PMA. 100 nM; n=37). In contrast, the inactive 
form. 4α-PMA. had no effect (n=5). Perfusion o f 4β-PMA also increased single
channel open-probability (0.049±0.0049 to 0.086±0.053) recorded from cell- 
attached patches (n=6 ) without effecting single channel amplitude. Inclusion of a 
PKC inhibitor chelerythrine (10 µM: n =5) in electrode solution and/or pre-treating 
the cells with calphostin C (10 µM. n =6) prevented the effects of 4(3-PMA 
Replacement of extracellular Ca2+ (1.3 mM) with Ba2+ (n=4) did not alter the 
efficacy of this phorbol ester. The enhancement of peak current (Ip) was larger than 
that of steady-state current (Iss). The speed of recovery from desensitization was 
slower after 4(3-PMA than that in controls (3.22±0 .l I s vs. 2.48±0.09 s ). In the 
presence of saturating concentrations of co-agonist (glycine l0 µM) and NMDA 
(300 µM) Ip was slightly augmented while the Iss was significantly depressed, 
resulting in a large decrease in the Iss/Ip (from 0 .52±0.07 to 0 .28±0.09: n =6 . P < 
0.05) and a significant increase in rate of desensitization ( l /τcom-  l.5±0.22 s '; 
1 / τ P M A 21 ±0.24 s ': n = 5; P<0.05). Our data suggest that PKC-phosphorylation 
enhances NMDA receptor-mediated currents but also accelerates desensitization of 
the receptor. (Supported by MRC. & NCE Canada)

49.3

NMDA RECEPTOR COUPLING TO ERK1/2 ACTIVATION IN CULTURED 
CORTICAL NEURONS. L. J. Chandler* Greg Sutton and D. Norwood. 
Department of Pharmacology, Louisiana State University Medical 
Center, Shreveport, LA 71130.

In addition to activation by receptor tyrosine kinases, calcium influx through 
NMDA receptors can also stimulate activation of extracellular signal-regulated 
kinases. (ERK’s) However, we have previously reported that high concentrations 
of NMDA (100 µM) inhibits ERK kinase activity as determined by immunoblotting 
for phosphorylated ERK1/2. We now extend these findings by reporting that the 
dose-response curve for NMDA coupling to ERKl/2 activation is bell-shaped. 
Incubation with tetrodotoxin (1 µ.M), MK-801 (1 µM) and AP5 (50 µM), but not 
CNQX (10 µM), for 1 hr reduced basal phospho-ERK1/2 to barely detectable 
levels, indicating that endogenous glutamatergic activity was maintaining ERKs in 
the activated state in the cultured neurons. Following a 1 hr incubation with 
tetrodotoxin (1 µM), 5 min exposure to 10 µM and 25 µM NMDA increased 
ERKl/2 phosphorylation whereas 100 µM NMDA was without effect. The 
stimulatory effect of NMDA was only observed following preincubation with TTX. 
Furthermore, in the absence of TTX, incubation with sodium vanadate (1 mM), 
enhanced basal (NMDA receptor dependent) phospho-ERKl/2, but did block the 
ability to 100 µM NMDA to reduce phospho-ERK1/2 levels. These data provide 
further evidence that, depending upon the level of receptor activation, NMDA 
receptors can either stimulate or inhibit ERK activity. It is hypothesized that 
excessive calcium influx during high levels of NMDA receptor activation 
stimulates an inhibitory pathway resulting in reduced ERK activity. Supported by 
NIAAA grant AA10983.

49.5

Dopamine-mediated C REB phosphorylation  and gen e expression  - 
an NMDA receptor dependent m echanism . A. Rajadhyaksha*, W. 
Macias, A. Barczak, J. C. Leveque and C. Konradi

Dopamine mediates neuronal plasticity in striatal neurons by
regulating second messenger pathways involved in gene expression. 
D1 dopamine receptors have been shown to be required for the 
dopamine-dependent activation of gene expression. There is strong 
evidence that dopamine regulates gene expression by an N-methyl- 
D-aspartate (NMDA) receptor-dependent mechanism. The 
transcription factor cAMP response element binding protein (CREB) 
is involved in gene expression and has been implicated in 
mechanisms of neuroplasticity. CREB is activated by the 
phosphorylation of Ser133 We have examined the cellular processes 
involved in CREB phosphorylation and gene expression in response 
to activation of the cAMP pathway by forskolin and dopamine.

In primary rat striatal cultures, forskolin and dopamine 
induce CREB phosphorylation which is followed by c - fo s  gene 
expression. The induction of CREB phosphorylation and c - fo s  gene 
expression is inhibited by the NMDA antagonists MK-801 and APV, 
and requires extracellular calcium. Activation of the D1 receptor 
raises the cyclic AMP levels which activates protein kinase A (PKA). 
We have evidence that PKA phosphorylates the NR1 subunit of the 
NMDA receptor. We hypothesize that dopamine recruits the NMDA 
pathway for gene expression via a mechanism that involves 
phosphorylation of the NMDA receptor. The regulation of the 
phosphorylation state of the NR1 subunit by dopamine receptor 
activation and the effect of phosphorylation on receptor function and 
gene expression will be presented.
S upported  b y  N ID A  g r a n t  D A 0 7 1 3 4  (C .K .)

49.2

DEPHOSPHORYLATION O F  GLURI IN POSTSYNAPTIC DENSITIES IS 
MEDIATED BY PROTEIN PHOSPHATASE 1.
L.Vinade and A.Dosemeci* Lab. of Neurobiology. NINDS/NIH, Bethesda. MD 
20892.

Endogenous phosphorylation/dephosphorylaiion of the AMPA receptor subunit 
G luR1 was studied in isolated PSDs. After phosphorylation under conditions that 
favour the activity of the CaMKII. G luR1 was imnuinopreeipilated and its 
phosphorylation slate was assessed. G luR1 was phosphorylated in the presence of 
Ca2+/calniodulin. but not in the presence of EGTA, suggesting a reaction catalyzed 
by the endogenous CaMKII. Two phosphatase inhibitors, microcystin-LR and the 
phosphorylated form of Inhibitor-1 were equally effective in blocking the 
dephosphorylation of G luR1, indicating that endogenous phosphatase type 1 (PPl) 
is responsible for the dephosphorylation of the AMPA receptor subunit. G luR 1. 
CaMKII, as well as P P 1 were all found to be enriched in the PSD fraction 
compared to parent fractions. Altogether, the results support the hypothesis that 
PSDs contain the molecular machinery to promote the phosphorylation as well as 
dephosphorylation of G luR 1. The well-established involvement of cAMP in the 
regulation of protein phosphatase type 1 suggests that cAMP and Ca2+ may act 
synergestically to promote the phosphorylation of PSD-associated G luR1

49.4

ROLE OF NMDA IN D2 RECEPTOR-ACTIVATED SIGNAL 
TRANSDUCTION PATHWAYS IN THE STRIATUM. W. Macías,
J.C. Leveque, A. Rajadhyaksha and C. Konradi*. Laboratory of 
Molecular and Developmental Neuroscience, Massachusetts General 
Hospital and Harvard Medical School, Charlestown, MA 02129.

Haloperidol, a D2 receptor antagonist, activates gene 
expression in the striatum via a cyclic AMP-dependent second 
messenger pathway. We will present data showing that the increase in 
striatal c - fo s  levels after haloperidol treatment in rats can be blocked 
by pretreatment with the N-methyl-D-aspartate (NMDA) antagonist 
MK801. Moreover, the attenuation of c - fo s  induction after repeated 
haloperidol treatment is blocked by NMDA antagonists. These 
findings indicate that NMDA receptors are involved in haloperidol 
and D2 receptor-mediated gene induction. Although we do not 
exclude the possibility that D2 receptors are involved in the 
presynaptic regulation of glutamate release, leading to a postsynaptic 
activation of NMDA receptors and gene expression, we propose an 
intraneuronal component of D2 receptor-mediated gene expression.

In a second set of experiments, we use primary striatal 
cultures that lack presynaptic glutamate terminals to study the 
interaction of cyclic AMP pathways with NMDA receptors in D2 
receptor-containing neurons. We will present data on the role of 
NMDA receptors in the cyclic AMP-mediated expression of c - fo s  
and proenkephalin, a gene that is colocalized with D2 receptors. 
Finally, we investigate the mode of interaction between NMDA and 
D2 receptors, and other components of the second messenger 
pathway from D2 receptor inhibition to gene expression.
S u p p o r te d  b y  N ID A  g r a n t  D A 0 7 1 3 4  (C .K .)

49.6

C H O LIN ER G IC  M O D U LA TIO N  O F  N M DA R E C E PT O R  TY R O SIN E  
PH O SPH O R Y L A T IO N  AN D  M A P K IN A SE A C T IV A T IO N
K. Rosenblum*1, M. Futter2, C. Curtis2, A. Fine1, E.C. Hulme2 and T.V.P. Bliss1 
Divisions of Neurophysiology1 and Physical Biochemistry2, National Institute for 
Medical Research, Mill Hill, London NW7 lAA, U.K.

It has previously been reported that novel taste learning increases tyrosine 
phosphorylation of synaptic membrane proteins, including the 2B subunit of the 
NMDA receptor (NR2B) in the insular cortex. Induction of LTP in the hippocampus 
and carbachol microinjection into the cortex are associated with similar changes. We 
are now studying the signal transduction pathways underlying tyrosine 
phosphorylation of NMDA receptors by carbachol. In addition, we are studying the 
activation of MAP kinase (MAPK) by muscarinic agonists.

Parallel studies have been performed on hippocampal slice preparations and cell 
lines transiently expressing different combinations of muscarinic receptor subtypes, 
and different functional NMDA receptors (e.g. NR1+NR2A, NR1+NR2B). Using 
phosphotyrosine and NR2-specific antibodies we are characterizing the tyrosine 
kinase modulation of the NMDA receptor by different muscarinic receptors. 
Activation of MAPK is detected using a phospho-specific (Thr-202, Tyr-204) 
MAPK antibody.

Bath application of low doses of the cholinergic agonist carbachol (0.05 µM) to 
hippocampal slices activates MAPK. The response is dose-dependent (range: 0.05- 
50 µM) and time-dependent, peaking at around 30 minutes.

Application of carbachol to COS-7 cells transiently expressing different 
muscarinic receptors activates MAPK over a similar range (EC50=1µM) for each 
receptor, reaching a peak at about 10 minutes. Results obtained with specific 
inhibitors indicate that carbachol activation of MAPK is EGF receptor and src- 
dependent, but PKC and PI3K-independent.

K.R. is an EMBO Fellow. M.F. is funded by an M.R.C. (UK) studentship.
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4 9 .7

REGULATION OF NR1 PHOSPHORYLATION BY DA AND NMDA 
SIGNALING PATHWAYS. G.L Snyder*1, A. Fienberg1, P.B. Allen1, C 
Valle1, K. Kameyama2, R∙L∙ Huganir2, and P . Greengard1 1Lab of 
Molec. & Cell. Neurosci. The Rockefeller University, 1230 York Ave., 
New York, NY 10021 and 2Dept. of Neurosci., HHMI, The Johns 
Hopkins University, Baltimore MD 21205 

The activation of a dopamine (DA)/D1receptor/protein kinase A 
(PKA) pathway has been shown to enhance N-methyl-D-aspartate 
(NMDA) receptor-mediated excitation of basal ganglia neurons. We are 
seeking to determine whether the excitability of these neurons is 
regulated, at least in part, through the effect of DA and glutamate 
(GLU) signaling pathways on NMDA receptor phosphorylation. We are 
examining the effects of DA and GLU agonists on the phosphorylation 
state of the NMDA receptor subunit, NR1. SKF81297, a D1 agonist, 
increases by several-fold the [32P]content of NR1 immunoprecipitated 
from prelabeled mouse nucleus accumbens slices. In contrast, NMDA 
decreases both the basal and the D1 agonist-stimulated increase in 
[32P]NR1. Thus, DA and NMDA represent opposing controls of NR1 
phosphorylation state in intact neurons. Using phosphorylation state- 
specific antibodies generated against Ser897, a residue phosphorylated by 
PKA, or Ser890, a residue phosphorylated by protein kinase C (PKC), we 
have found that D1 agonist-mediated phosphorylation is blocked at 
both sites in mice lacking the gene for DARPP-32, a DA-regulated 
inhibitor of protein phosphatase-1 (PP-1), indicating that both the PKA 
and PKC sites of NR1 are regulated by PP-1. These data indicate that 
NR1 phosphorylation can be modulated by activation of DA and 
NMDA receptors and that DA regulates phosphorylation at both PKA- 
and PKC-dependent sites. (Supported by USPHS Grants DA 10044 and 
MH40899 to P.G. and HHMI to R.L.H.).

4 9 .9

SELECTIVE INHIBITION OF INOSITOL l,4,5-TRISPHOSPHATE (IP3)- 

INDUCED Ca2+ RELEASE IN ISCHEMIC GERBIL HIPPOCAMPUS CAL.

E. N agata1* , Y.__Fukuuchi1 , K. T anaka1, S._Suzuki1,  T.__Dembo1,__A.

F u ta tsugi2,3, and K. Mikoshiha2,4,5 1Dept. of Neurology, Sch. of Med., Keio 

Univ.; 2Dept. of Mol. Neurobiol., Ins. of Med. Sci., Univ. of Tokyo; 3CNS Res. 

Lab., Shionogi & Co.. Ltd.; 4Mol. Neurobiol. Lab., RIKEN; 5ERATO

We examined the effect of ischemia on IP3-induced Ca2+ release (IICR) 

by functional and morphological approaches, using the gerbil model after

6-hour unilateral occlusion of the common carotid artery. 

Autoradiographic study revealed that the basal uptake of 45Ca2+ into the 

endoplasmic reticulum  (ER) and caffeine-induced 45Ca2+ release from ER 

were normal in the presence of ATP in each ischemic brain region, w hereas 

IP3-induced 45Ca2+ release from ER was inhibited only in the hippocampus 

CA 1 on the ischemic side. Immunohistochemical analysis of the 

hippocampus showed loss of type 1 IP, receptor protein with preservation 

of im m unoreactivity for type 2 and type 3 IP3 receptor proteins, which was 

confirmed by Western blot analysis. Such selective inhibition of IICR in 

the hippocampus CAl in cerebral ischemia may be associated with the 

region-specific vulnerability of type 1 IP3 receptor to ischemia.

49.11

LYSOPHOSPHATIDIC ACID (LPA) REGULATES MULTIPLE 
SIGNALLING PATHWAYS IN MOUSE STRIATAL ASTROCYTES. M.
Tencé*, A. Pébay, Y. Torrens, I. Prémont, M. Toutant, I. Cordier and I. 
Glowinski. INSERM U114, Collège de France, 75005 Paris, France.

Receptors for the intercellular phospholipid messenger LPA are abundant 
in the CNS. LPA acts on neurons, endothelial and glial cells. In astrocytes, 
in particular, it induces morphological rearrangements (Manning & 
Sontheimer, G lia  20:163, 1997) and inhibits glutamate and glucose uptake 
(Keller et al., J. Neurochem. 67:2300, 1996). In this report, we have 
identified the signalling pathways activated by LPA in primary cultures 
of striatal astrocytes from the mouse embryo.

LPA stimulated time- and dose-dependently the production of inositol 
phosphates (EC50=0.7 µM). A pertussis toxin-sensitive Gi/Go protein was 
partially involved in this effect. LPA rapidly raised the intracellular 
calcium concentration. This increase was transient and due to mobilization 
from internal stores. LPA strongly inhibited, through a Gi/Go protein, the 
production of cyclic AMP evoked by forskolin (EC50=0.3 µM). It induced, 
although with a lesser potency (EC50=5 µM), a release of arachidonic 
acid. Furthermore, LPA stimulated a phospholipase D as demonstrated by 
a production of phosphatidylethanol by cells co-incubated with ethanol. 
Finally, LPA led to a rapid activation of mitogen-activated protein kinase 
(ERK1 and ERK2) which was impaired by pertussis toxin. However, 
unexpectedly, LPA did not induce increase in DNA synthesis. Therefore, in 
astrocytes, as in some peripheral cells (Moolenaar, Curr. Opin. Cell Biol. 
7:203, 1995), LPA is able to trigger multiple intracellular signalling 
cascades. It remains to investigate their involvement in the mechanisms of 
regulation by LPA of such important astrocytic functions as morphological 
plasticity or control of neuronal activity. Supported by INSERM.

4 9 .8

ISC H EM IA -IN D U C E D  C H A N G E S IN T H E  A SSO C IA TIO N  O F  PRO TEIN  
T Y R O SIN E  K IN A SES W ITH  T H E  P O ST SY N A P TIC  D ENSITY
H.H. Cheung*1, M.C. Wallace2 and J.W. Gurd1. 1Division of Life Science, 
University of Toronto at Scarborough, West Hill, ON, MIC 1A4; 2Playfair 
Neuroscience Unit, The Toronto Hospital, Toronto, ON M5T 2S8

The postsynaptic density (PSD) is a specialized cytoskeletal structure which 
lies beneath the postsynaptic membrane and is postulated to play a major role in the 
transduction of information at the synapse. The NMDA receptor (NMDAR) has 
been implicated in ischemia-induced neuronal cell death and exhibits a marked 
increase in tyrosine phosphorylation following transient global ischemia (Takagi et 
al., J. Neurochem., 69:1060, 1997). To determine if the ischemia-induced increase 
in tyrosine phosphorylation of the NMDAR and other proteins might be related to 
changes in the association of protein tyrosine kinases (PTKs) with the PSD, we 
analysed PSDs isolated from sham-operated and postischemic rat forebrains. 
Transient (l5min) global ischemia was produced by four-vessel occlusion and PSDs 
were isolated following 6 hr of reperfusion. The effects of ischemia/reperfusion on 
the presence of NMDAR subunits and PTKs in PSDs and on the tyrosine 
phosphorylation of PSD proteins were determined by immunoblotting with the 
appropriate antibodies. Levels of PSD associated NR2A, NR2B, total NR1 or of 
individual NR1 cassettes (N1, C 1, C2, C2’) were not altered following ischemia. In 
contrast, the tyrosine phosphorylation of several PSD proteins, including NR2A and 
NR2B, was elevated relative to shams. The PTKs Src, Pyk2, Fak and TrkB were 
identified in isolated PSDs. Ischemia resulted in increases in the levels of PSD- 
associated Src (2 fold relative to shams), Pyk2 (3-4 fold) and TrkB (>10 fold) and a 
decrease in the amount of PSD-associated Fak. These findings suggest that changes 
in the association of PTKs with the PSD may play a role in the neuronal response to 
an ischemic episode. Supported by The Heart and Stroke Foundation o f Ontario

4 9 .1 0

E F F E C T  O F  H Y P O X IC /IS C H E M IC -L IK E  C O N D IT IO N S  O N  T H E  
E X P R E S S IO N  O F E A R L Y  G E N E S  A N D  P H O S P H O L IP A S E  A 2 
A C TIV ATIO N  IN R E TIN O IC  A C ID -D IFFE R E N TIA TE D  N E U R O B LAS TO M A  
CELLS . A .P e tron i*, N. P ap in i, M. B Lasevich , P. R isé and C .G alli. Institute 
o f P harm acolog ica l S ciences, U n ivers ity  o f M ilan, v ia  B a lza re tti 9, 20133, 
Milan, Italy

M em brane  lipid degrada tion  by phospho lipases is one im portan t factor 
w hich contributes to cell dam age in hypoxic o r ischem ic conditions The aim 
o f our s tud y  w as to in ve s tig a te  the  m e ch an ism s  in vo lv ed  in oxygen  
depriva tion, reoxygenation and the e ffect of PAF, w hich has a an im portant 
role in the  phis iopa tho logy o f ce rebra l ischem ia, on a rach idon ic  acid  (AA) 
re lease, the  express ion  of the early  gene c-fos, phospho lipase  A2 (PLA2) 
and the m odula tion of these param eters by d iffe rent agon ists such as PAF, 
PM A. e tc. C hem ica l h yp ox ia  w as induced  by incu ba tin g  re tino ic  acid  
d iffe re n tia te d  n eu ro b la s tom a  ce ll c u ltu re s  w ith  so d ium  cya n ide . The  
ischem ic-like  cond itions w ere induced by keeping the cu ltu res  in a closed 
box that was constan tly  flushed w ith n itrogen fo r d iffe rent tim es (30 min, 1h, 
m ore than 3 hours). R eoxygenation  was ach ieved  res to ring  20%  oxygen. 
The c-fos protein was m easured by im m unochem ical s ta in ing, the m RNA by 
northern b lotting, PLA2 activa tion was assessed  by m easuring  the  re lease 
o f la be le d  AA  and  p ro te in  e x p re s s io n  by w e s te rn  b lo ttin g . W hen  
n eu rob las tom a  ce lls  w e re  s tim u la te d  w ith  P AF (10 -6 M) the  re lease  of 
labe led  AA  w as 155%  vs con tro ls  the  m axim al re lease  (300 %) w as at 
cya n ide  c o n c e n tra tio n  5 m M . A fte r  30 m in u tes  o f the  isch e m ic  like  
cond itions the increase was 116%  and it w as m arked ly  incresead  during 
reoxygenation. For longer tim es of incubation there was an inh ib ition  in the 
re lease of AA tha t was corre la ted w ith  the inhib ition of ce llu la r v ita lity . C-fos 
was expressed a fter 1 h stim ula tion w hereas PLA2 requested longer tim es.

4 9 .1 2

CHARACTERIZATION AND LOCALIZATION OF GAP1 INOSITOL (1,3,4,5)- 
TETRAKISPHOSPHATE (IP4) BINDING PROTEINS IN BRAIN. M.J. Schell*,
M. Orger, T.J. McNulty, and R.F. Irvine. Dept of Pharmacology, University of 
Cambridge, Tennis Ct. Rd. Cambridge CB2 IQJ, UK.

The role of inositol ( 1,3,4,5)-tetrakisphosphate (IP4) in neurotransmission is 
unclear. Previous studies have established that calcium/calmodulin-dependent IP3- 
kinase, the enzyme that synthesizes IP4, is highly enriched in neurons, especially in 
dendritic spines. We have used specific antibodies to characterize two putative IP4 
receptors highly enriched in brain. Both GAPlIP4BP and GAP1m are GTPase- 
activating proteins related to the Drosophila protein GAP1 and bind IP4 with high 
affinity and selectivity. Western blots show that both proteins are present in most 
neurons in all brain regions throughout the postnatal period, but are absent from 
glia. Surprisingly, both proteins are found in the early postnatal period, when the 
capacity of brain to generate IP4 is low; they are also found in brain regions such as 
olfactory bulb and spinal cord where the A-form of IP3-kinase is absent. At the 
cellular level, these proteins are concentrated in neuronal soma, but are also present 
in axons and dendrites, especially for GAP1IP4BP. In primary cultures of hippocampal 
cells, IP4 binding proteins were present in all neurons and also oligodendrocytes. 
Although IP4 binding proteins are present mainly at the plasma membrane in 
peripheral tissues, in brain cells these proteins are found intracellularly, as 
demonstrated by con focal microscopy. Despite this, fractionation studies showed 
that most of GAP1 P and some o f  GAPlm are associated with membranes and in 
fact are highly enriched in the postsynaptic density fraction. Since postsynaptic 
densities are localized to dendritic spines, we localized IP4 binding proteins in 
primary cultures of hippocampal neurons to determine if they are localized near 
probable sites of IP4 production. In double-labelling experiments comparing IP4 
binding proteins and phalloidin, which labels actin-enriched spines, we find that IP4 
binding proteins are not present in spines and are not colocalized with actin. 
(Supported NRSA award F32 M Hl1609-01 from the NIMH; MJS is a recipient o f a 
Burroughs-Wellcome Fund Hitchings-Elion Fellowship).
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49.13
PHOSPHOLIPASE C β (P L C β) IN  T H E  M O U S E  
CEREBELLUM. M. Nakamura, K. Sato, M. Watanabe, S. 
Nakagawa, J. Tanaka, Y. Inoue*. Dept. of Anat., Hokkaido Univ. 
Sch. of Med, Sapporo 060-8638, Japan.

Ligand binding to neurotransmilter and hormone receptors which 
couple to the Gq subclass of GTP-binding protein leads to the activation 
of PLCβ, yielding diacylglycerol and inositol 1,4,5-trisphosphate 
(IP3). The expression of PLCβ 1-4 mRNAs was comparatively 
examined by in situ hybridization in the mouse brain. Reciprocal 
distributions were notable for PLCβ1 and PLCβ4 mRNAs: the former 
was expressed predominantly in the telencephalon, while the latter was 
abundant in Purkinje cells (PCs) of the rostral cerebellum. PLCβ 2 
mRNA was distributed in the white matter, suggesting glial expression, 
most likely in oligodendrocytes. PLCβ3 mRNA was specifically 
expressed in cerebellar PCs, particularly, abundant in the caudal 
cerebellum. Thus, despite the existence of four PLCß isoforms, only 
one or two of them is expressed in individual neurons and glial cells: in 
PCs. PLCß3 or PLCß4 is the major isoforms. To clarify the protein 
localization, we raised polyclonal antibody against the mouse PLCß4. 
In PCs, immunostaining was observed in the dendritic spines, stem 
dendrites, and cell bodies, but not in the axons. When compared with 
the spine localization of the α subunit of G α q /1 1, the wider subcellular 
localization suggests that PLCß4 might also be regulated by the other 
molecules provided in stem dendrites and cell bodies.

49.15
MYO-lNOSITOL HOMEOSTASIS IN DIFFERENTIATED NT2-N NEURONS. J.E. 
Novak,1 R.S. Turner2, B.W. Agranoff3,4 and S.K. Fisher1,4*. Depts. o f  1Pharmacology, 
2Neurology and 3Biological Chemistry and 4Neuroscience Laboratory. Univ. 
Michigan; Ann Arbor, MI 48104.

In addition to the well-known role of myo-inositol (MI) in intracellular signaling in 
the CNS, MI also serves as a major osmoregulator. Although brain contains high 
concentrations of MI relative to blood and other organs, little is known about the 
contribution of neurons to the maintenance of MI stores. To address the role played by 
neurons in MI homeostasis within the brain, we have studied the retinoic acid- 
mediated conversion of human teratocarcinoma (NT2) cells into neuronal (NT2-N) 
cells. NT2-N cells are terminally differentiated cells whose morphology, physiology 
and protein expression closely parallel that of human CNS neurons. Differentiation of 
NT2 stem cells into NT2-N neurons resulted in a ~ 10-fold increase in the intracellular 
concentration of MI (from 25 to 237 nmol/mg protein). By measuring intracellular 
water spaces, intracellular MI concentrations of 1.7 and 20.2 mM were calculated for 
NT2 and NT2-N cells, respectively. To determine the mechanisms underlying the 
accumulation of MI in NT2-N neurons, both uptake and efflux of MI were studied. 
Uptake of MI into NT2-N cells was more than twice that into NT2 cells (3.6 vs. 1.5 
nmol/mg protein/h). In both cell types, high-affinity uptake of MI (EC5 0  = 50 µM) 
was dependent on Na+, inhibited by phlorizin and stimulated by hypertonicity, 
indicating involvement of a Na+/MI transporter. In contrast, the efflux of MI from 
NT2-N cells occurred at a much lower rate than from NT2 cells (2.7 vs. 9.8 %/h). 
Neither NT2 nor NT2-N cells showed significant activity of inositol synthase, which 
catalyzes the conversion of D-glucose-6 -phosphate to D-inositol-3-phosphale. Enzyme 
activity was, however, detected in both rat brain and testis. These results indicate that 
neurons may account significantly for the observed concentrations of MI in brain. 
Homeostatic mechanisms may play a causal or contributory role in conditions in which 
changes in neuronal MI concentrations have been implicated, such as bipolar disorder, 
diabetes mellitus, Down syndrome and neural tube defect.
Supported by NIH grants NS2383J. MH 42652 and NIA AGO8671.

4 9 .1 4

Vasopressin sensitization process is associated with increased phosphatidyl inositol 
hydrolysis; an in vitro study on a smooth muscle cell line. A. Mouihate*, Y. 
Takahashi, and Q.J. Pittman Neuroscience Research Group, Dept. of Physiol & 
Biophysics, University of Calgary, Calgary, Alberta, Canada

Arginine-vasopressin (AVP) action in brains can be sensitized; that is, 
behavioural, physiological and cellular actions of the peptide are greater upon a 
second exposure than in naive animals. This sensitization is associated with an 
increase in phosphatidyl inositol (PI) hydrolysis and unchanged receptor properties. 
To more easily investigate the mechanism underlying this effect, we asked if 
sensitization could be seen in a smooth muscle cell line (A7r5) as revealed by 
increased PI hydrpolysis. A7r5 cells, chosen on the basis of their high expression of 
V 1 AVP receptors, were exposed to myo-[2-3H (N)]-inositol. After A VP application, 
cytoplasmic contents of A7r5 cells were passed through anion-exchange resin 
columns and a stepwise ionic gradient was used to elute separately inositol- 
monophosphate (IP1) and inositol-triphosphate (IP3). The content of IP1 and IP3 
was measured by scintillation counting.

AVP increases in a dose dependent, receptor-mediated manner, the 
intracellular level of both IP1 and IP3, products of phospholipase C activation. AVP 
was applied twice: during the preincubation phase, A7r5 cells were exposed to either 
vehicle or AVP (10-11M-10-7M) for various time periods (5 , 20, 180, and 360 min.). 
After different latencies (3-16 h), the A7r5 cells that were preincubated for 5 min. 
but not longer responded to a subsequent stimulation with AVP ( 10-9 M or 10-7 M) 
with a significant increase in IP 1, and with a moderate but not statistically significant 
increase in IP3, as compared to the vehicle preincubated cells. Maximal sensitization 
was seen after a latency of 6 h.

We conclude that the AVP sensitization process can be elicited under 
appropriate conditions in vitro, and that this process may be similar for AVP 
receptors in different tissues.

This work is supported by Heart and Stroke Foundation of Canada and MRC.

S E C O N D  M E S S E N G E R S  A N D  P H O S P H O R Y L A T IO N  II

50.1

ADENOSINE AND DOPAM INE TONICALLY REGULATE 
DARPP-32 PHOSPHORYLATION IN VIVO. M. Lindskog,1 P. 
Svenningsson, 2 B. Fredholm ,2 P. Greengard3 and G. Fisone1,3*.. 1Dept. 
of Neuroscience, Karolinska Institutet, S-171 77 Stockholm (Sweden); 
2Dept. of Physiology and Pharmacology, Karolinska Institutet; 3Lab. of 
Molecular and Cellular Neuroscience, The Rockefeller University, 
New York.

DARPP-32 (dopamine- and cAMP regulated phosphoprotein of 32 
kDa), a potent regulator of protein phosphatase-1, is highly expressed 
in striatal medium-sized spiny neurons. In rat striatal slices, dopamine, 
via D1 receptors, and adenosine, via A 2A receptors, stimulate DARPP- 
32 phosphorylation at the level of distinct populations of projection 
neurons. These effects are abolished by activation of dopamine D 2 
receptors. We have now examined in vivo the effect of blockade of 
dopamine D2 receptors on the state of phosphorylation of DARPP-32. 
Administration of the D2 receptor antagonist, eticlopride (0.1-2.0 
mg/kg, i.p.), produced a dose-dependent stimulation of DARPP-32 
phosphorylation, in mouse striatum. This increase was blocked by 
pretreatment with either the adenosine A 2A receptor antagonist SCH 
58261 ( 10 mg/kg, i.p.) or the dopamine D 1 antagonist, SCH 23390 ( 1.0 
mg/kg, i.p.). Cocaine (15 mg/kg. i.p.) was also able to induce a 
significant increase in DARPP-32 phosphorylation, which was blocked 
by pretreatment with SCH 23390, but not with SCH 58261. These 
results indicate that, in vivo: 1) tonic activation of D1 and A2A receptors 
stimulates DARPP-32 phosphorylation, 2) tonic activation of D2
receptors inhibits DARPP-32 phosphorylation and 3) administration of 
cocaine stimulates DARPP-32 phosphorylation via activation of D 1
receptors. Supported by U.S.P.H.S. grants MH40899 and D A10044.

50 .2

RO LE O F C A LC IN E U R IN  AND PR O TEIN  PH O SPH A TA SE-2A  IN 
TH E REG U LA TIO N  O F D A RPP-32 D EPHO SPHO RY LATIO N IN 
N EO STR IA TA L N EURO NS. A. N ish i1,2, G .L. S n y d er2, A.C. N airn2*, H. 
H ig ash i1 and P. G reen g a rd 2. D ept. o f  Physiol., Kurum e Univ. Sch. o f  
M ed., Kurum e, Fukuoka 830-0011, Japan; 2Lab. o f  M olec. & Cell. 
N eurosci., The Rockefeller Univ., NY, NY 10021 

D A RPP-32, a dopam ine- and cA M P-regulated  phosphoprotein  of M r 
32 kDa, is phosphory la ted  on T h r34 by cA M P-dependent protein kinase, 
resulting in its conversion to a potent inhibitor of protein p h o sp h a ta se -1 . 
Conversely, D A RPP-32 is dephosphory la ted  and inactivated in vitro by 
c alcineurin and protein phosphatase-2A  (PP2A). We have investigated 
the relative con tribution  o f these protein phosphatases to the regulation  
o f D A RPP-32 dephosphorylation  in m ouse neostriatal slices. C yclosporin 
A (CyA ) (5 µM), a c alcineurin inhibitor, increased the level o f  
phosphory lated  D A RPP-32 by 17.0 ± 1.5 -fold. The effect o f  CyA was 
m axim al by 60 min o f incubation with a half-m axim al effect at 2 µM. 
Okadaic acid (O K A ) (1 µM ) used to inhibit PP2A had a sm aller effect on 
the level o f phosphory lated  D A RPP-32, increasing phospho-D A R P P -32  
by 5. 10± l .3-fold. CyA  (5 µM ) plus OK A (1 µM ) increased the level o f  
p hosphory la ted  D A RPP-32 by 6 3 .1 ± 6 .0-fold, indicating synergism  
betw een the calcineurin and PP2A pathw ay. Calyculin  A (200 nM ), 
another inhib itor o f PP2A, did not affect DA RPP-32 p h o sphory la tion  
alone, but in com bination with CyA synerg istically increased the level o f  
p hosphory lated  D A RPP-32. A C a2+-fr ee/EG TA m edium  increased the 
level o f phosphory la ted  D A RPP-32 by inhibiting ealcineurin, and this 
increase was potentiated by OKA. These results dem onstrate that both 
calcineurin  and PP2A are required to m aintain a low level o f  
phosphory la ted  D A RPP-32 in neostriatal slices. (This work was 
supported  by U .S.P .H .S. G rant M H 40 899 and DA 10044.)
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5 0 .3

FLU O RESCEN T  ENZYMATIC A S S A Y  OF CALCINEURIN AND 
OTHER PRO TEIN PH O SPH ATASES  (PPases)
I. Sehrsam*, M. Scholz, A.C. Ludolph, H. Völkel. Dept. of Neurology, 
Univ. Ulm, Albert-Einstein-Allee 11, D-89081 Ulm, Germany.

Calcineurin is a calcium calmodulin dependent PPase which has 
an important role in the control of intracellular calcium signalling. It 
has been shown that calcineurin modulates neurotransmitter 
release, synaptic plasticity and gene transcription.

We established an enzymatic assay by the use of a 
nonphysiological substrate which is converted to a fluorescent 
product upon incubation with PPases. We compared the kinetic 
parameters of two divalent cation dependent PPases, calcineurin 
and PP2C. The fluorescent substrate is severalfold more sensitive 
than the classical chromogenic substrate para-nitrophenylphosphat 
(pNPP). Due to its sensitivity the fluorescent PPase assay permits 
an economical screening for pharmacological targets of calcineurin 
and other PPases. In order to quantify calcineurin levels in crude 
biological specimen, we also tried to establish an inhibition assay 
with the immunsuppressant drug FK506. The immunophillin/FK5O6 
complex failed to inhibit the formation of the fluorescent product. 
Further chemical modification of the substrate is necassary to 
develop an inhibition assay. This will allow to determine changes in 
the enzymatic activity of calcineurin in tissue samples from patients 
with neurological diseases like alzheimer, parkinson and 
amyotrophic lateral sclerosis.

5 0 .5

LOCALIZATION OF PROTEIN PHOSPHATASE 1 AND SPINOPHILIN IN 
DENDRITIC SHAFTS. K.A. Hinton1*, P.B. Allen2, P.
Greenqard2, and C.C. Ouimet1. 1Program in Neuroscience, 
Florida State University, Tallahassee, FL 32306; 
2Laboratory of Molecular and Cellular Neuroscience, 
Rockefeller University, New York, NY 10021.

Protein phosphatase 1 (PPl) and spinophilin are highly 
concentrated in dendritic spines. PPl has broad 
substrate specificity and dephosphorylates CaM kinase II 
and several ion channels. Spinophilin is a membrane- 
bound protein that binds PPl and contains a PDZ domain. 
The present study was done to determine whether PPl and 
spinophilin are enriched in dendritic spines only, or 
whether they are also present at postsynaptic sites in 
dendritic shafts. For this purpose, the large aspiny 
neurons in the ventral pallidum were analyzed. Deeply 
anesthetized male Sprague Dawley rats were perfused with 
4% formaldehyde. Brain sections were processed for 
fluorescence immunocytochemistry and analyzed by confocal 
laser microscopy. Dendritic shafts were immunolabeled by 
MAP 2 and axon terminals by synaptophysin. The results 
show that PPl- and spinophilin-containing puncta are 
present in dendritic shafts in aspiny neurons. These 
puncta were apposed to some, but not all, axo-dendritic 
contacts. Thus, PPl and spinophilin may be associated 
with specific postsynaptic sites, possibly those that are 
excitatory. These observations will be extended by 
electron microscopic immunocytochemistry. This work was 
supported by NIH grant MH4O899.

5 0 .7

NEURONAL AND GLIAL LOCALIZATION OF A LAR FAMILY 
RECEPTOR TYROSINE PHOSPHATASE IN RAT BRAIN. D Pak, E. 
Liman,* and M. Sheng. Dept. of Neurobiology and Howard Hughes 
Medical Institute, Massachusetts General Hospital and Harvard Medical 
School, Boston, MA, 02114.

Receptor protein tyrosine phosphatases (RPTPs) are a closely related 
group of proteins possessing extracellular motifs characteristic of cell 
adhesion molecules coupled to intracellular tyrosine phosphatase 
domains. The LAR subfamily of RPTPs is implicated in neural 
development and function by several lines of evidence. Genetic 
experiments in Drosophila and mice have demonstrated a role for LAR 
in axon guidance and proper brain development; RNA expression 
studies have shown that LAR and family members RPTP8 and RPTPσ 
are highly expressed in brain tissues; and recent data from our lab 
suggest a biochemical complex containing LAR RPTPs and the 
postsynaptic protein GRIP. To date, however, there has been no 
description of LAR family protein distribution in the mammalian CNS. 
We have raised antibodies against the highly conserved membrane- 
proximal phosphatase domain of LAR and show by immunoblotting 
that LAR family members exhibit differential tissue-specific membrane 
localization, taking advantage of the fact that LAR and RPTPδ can be 
distinguished from RPTPσ by small differences in gel mobility. In 
particular, RPTPσ appears to be the most abundant family member in 
rat brain, displaying a widespread regional distribution and fairly 
uniform abundance over postnatal development. By immuno- 
histochemistry, RPTPσ was found enriched in rat adult cortex, 
hippocampal pyramidal cells, and cerebellum, with prominent staining 
of glial cells in all of these areas as well, indicating multiple potential 
roles for RPTPσ in CNS function. Supported by NIH NS 35050 (to
M.S.).

5 0 .4

IDENTIFICATION AND CHARACTERIZATION OF CAIN, A 
NOVEL PROTEIN INHIBITOR OF CALCINEURIN, M.M. Lai*, 
P.E. Burnett, H. Wolosker, S. Blackshaw, L Hong, and S.H. 
Snyder. Dept. of Neuroscience, Johns Hopkins University Sch. of 
Med., Baltimore, MD 21205

Calcineurin is a widely distributed protein phosphatase regulated by 
calcium and calmodulin. It mediates the immunosuppressive actions of 
drugs such as cyclosporin and FK5O6, and has been implicated in a 
number of calcium-sensitive pathways in the nervous system, 
including regulation of neurotransmitter release and modulation of long 
term changes in synaptic plasticity. Calcineurin associates 
physiologically with other proteins, including calmodulin, FKBP12 
(FK506-binding protein), the ryanodine receptor, and the inositol 
1,4,5-trisphosphate receptor. We now report the identification, 
molecular cloning, and functional characterization of a novel protein, 
cain (calcineurin inhibitor), that interacts with and inhibits calcineurin. 
The full-length cain cDNA predicts a 200 kD protein with no 
significant homology to any known protein. Cain associates with 
calcineurin both in vitro and in vivo, leading to a non-competitive 
inhibition of calcineurin activity. The putative calcineurin-binding 
domain of cain, a 38 amino acid region defined by mutational analysis, 
is highly basic. Like calcineurin, cain has a prominent neuronal 
expression and a wide tissue distribution. Cain’s expression pattern in 
the brain closely resembles that of calcineurin, indicating a physiologic 
association between the two proteins.
USPHS grant M H-18501, Research Scientist Award DA-00074 (S.H.
S.), Training Grant GM-07309 (M.M. L., P.E. B.), Pew Fellowship 
(H .W .)

5 0 .6
INHIBITION OF PROTEIN TYROSINE PHOSPHATASES IS ASSOCIATED 
WITH SUPPRESSION OF REGULATORY VOLUME DECREASE AND 
VOLUME-SENSITIVE CHLORIDE CHANNELS. S.M. Thoroed and P. 
Doroshenko*. Loeb Research Institute, Ottawa Hospital and University of Ottawa, 
Ottawa, Canada, K lY  4E9.

Regulatory volume decrease (RVD) is the process whereby swollen cells regain 
their original volume under hypo-osmotic conditions. The volume recovery is 
accomplished by release of K+ Cl- and organic osmo-effectors via separate K+ and Cl- 
-selective volume-sensitive channels. We investigated the involvement of protein 
tyrosine phosphorylation in the swelling-induced activation of the Cl- channels. To 
this end we have studied the effects of pervanadate and mpV(pic) upon the RVD and 
the volume-sensitive Cl- channels in mouse L-fibroblasts. Both substances are known 
to irreversibly inhibit protein tyrosine phosphatases (PTP) and thereby increase the 
cellular level of tyrosine phosphorylation. Cell volume was measured using 
computer-enhanced video microscopy. When the osmolality was reduced from 300 to 
150 mOsm, cells swelled and the subsequent RVD was almost complete in 30 min (at 
21-23 °C). Pre-incubation of cells in the presence of either pervanadate (25 µM) or 
mpV(pic) (10 µM) strongly inhibited the RVD. It also slowed down the acceleration 
of RVD by gramicidin (0.5 µM), suggesting that the inhibition of the RVD was, at 
least in part, due to suppression o f volume-sensitive Cl- channels. Indeed, in whole
cell patch-clamp experiments the hypo-osmotic swelling-activated Cl- conductance in 
pervanadate-treated cells was only 1/3 of the volume-sensitive conductance in 
untreated cells. Thus, in fibroblasts reduced PTP activity and/or increased cellular 
level o f tyrosine phosphorylation suppress activation of volume-sensitive Cl- channels 
and RVD.

This work was supported by grant from MRC o f Canada (MTI4063).

5 0 .8
DETECTION AND CHARACTERIZATION OF AN INTERACTION 
BETWEEN Gsα AND THE DNA BINDING PROTEIN NEFA.
X. Hauge and K. A. Neve* Department of Behavioral Neuroscience, Oregon 
Health Sciences University and VA Medical Center, Portland, OR 97201.

The yeast two-hybrid system was used to identify proteins that interact with 
Gsα. We screened rat brain and lung cDNA libraries with both a wild type 
Gsα cDNA and a constitutively active mutant (Q227L) as bait. We obtained 
approximately 10 positive clones from 4 million plated transformants. Six are 
overlapping clones that encode the rat homologue of human and mouse NEFA 
(DNA-binding, EF-hand, Acidic region). Two overlapping clones share some 
homology with C. elegans hypothetical protein C16C10.10, one matches the 
AP50 subunit of the clathrin associated protein AP-2, and one shares high 
homology with a human cDNA encoding a protein of unknown function. In 
addition, we performed a yeast mating screening, an independent verification 
method, using wild type Gsα as baft and the rat lung cDNA library as prey, and 
obtained a cDNA corresponding to the rat NEFA isolated from our previous 
screening. The isolation of NEFA prompted us to localize the domain of Gsα 
involved in the interaction. We observed a strong interaction between NEFA 
and a fragment corresponding to residues 65 to 223 of Gsα. We were unable to 
detect interactions between NEFA and two other fragments of Gsα, 
corresponding to residues 1 to 325 and residues 223 to 380. NEFA also 
interacted with full length Gαi3. To confirm the authenticity of the interaction 
between Gsα and NEFA, we performed a frame shift assay by using two 
constructs of the full length Gsα cDNA in which deletions produced a frame 
shift from the first methionine codon of Gsα. We found that neither of these 
out-of-frame mutants interacted with NEFA. Additional studies are underway 
to confirm a physical and functional interaction between Gsα and NEFA. 
Supported by VA Merit Review and MH45372.
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50.9
G PROTEIN βγ SUBUNITS INTERFERE WITH TUBULIN MEMBRANE 
ASSOCIATION INDUCED BY m 1 MUSCARINIC RECEPTORS. J. S. Popova*, 
and M. M. Rasenick. Dept. of Physiology and Biophysics, Univ. of Illinois, Chicago, 
IL 60612

Specific involvement of cytoskeletal tubulin in the regulation of muscarinic 
receptor-Gq-PLCβ1 signaling has been demonstrated along with receptor-triggered 
tubulin-GTP membrane association (Popova et al., J. Biol. Chem., 1997, 272: 6760- 
6765) Gαq transactivation by tubulin, leading to PLCβ1 activation, has been 
documented as well. It has also been demonstrated that G protein βγ subunits bind to 
microtubules and promote tubulin polymerization (Roychowdhury and Rasenick, J. 
Biol. Chem., 1997, 272: 31576-31581). Here, the impact of a tubulin-Gβγ interaction 
on tubulin membrane association, and Gαq transactivation, was studied with 
photoaffinity labeling. Tubulin with the photoaffinity nonhydrolysable GTP analog, 
[32P]AAGTP, bound, was incubated with Sf9 cell membranes, expressing recombinant 
m1 muscarinic receptors, Gαq and PLCβ1, both in the presence or absence of purified 
Gβγ. Carbachol-evoked tubulin membrane recruitment, and Gαq transactivation due to 
nucleotide transfer from tubulin, were assessed after SDS/PAGE and phosphor image 
analysis. Gβγ inhibited both carbachol-induced association of tubulin with the 
membrane and the transactivation of Cαq. Coimmunoprecipitation studies 
demonstrated a Gβγ affinity for the GDP-bound form of tubulin, in contrast to Gαq, 
which interacted with, and was activated by, tubulin-GTP. It is suggested that an 
association of tubulin-GDP wth Gβγ, following Gαq transactivation and nucleotide 
hydrolysis, might play a role in the termination of Gαq activation by tubulin. These 
results further suport the hypothesis for a specific regulatory involvement of tubulin in 
muscarinic receptor-Gq-PLCβ1 signaling and a corresponding G protein-directed 
modulation of cytoskeletal dynamics. Supported by MH 39595 and AG 15482

50.11
SPONTANEOUS INTERCELLULAR [Ca2+]i WAVES IN GT1-1 NEURONS: 
INCREASE IN WAVE FREQUENCY CAUSED BY NOREPINEPHRINE OR 
Sp-cAMP. James L. Costantin* and Andrew C. Charles. Dept. of Neurology, 
UCLA School of Medicine, Los Angeles, CA 90095 

GT1-1 cells, a neurosecretory cell line derived from the hypothalamus, exhibit 
spontaneous intercellular [Ca2+]i waves that are correlated with bursts of action 
potentials and blocked by 1 uM TTX. Nimodipine also blocks the [Ca2+]i waves 
in these cells suggesting that Ca2+ entry into the cells is through L-type Ca2+ 
channels. Pulsatile secretion of gonadotropin releasing hormone (GnRH) has 
been reported in these cells to be enhanced by norepinepherine (NE) acting 
through β1-adrenergic receptors (Martinez et al., 1992). We have found that 
bath application of 2 uM NE causes a 2 to 3 fold increase in the frequency of the 
[Ca2+]i waves (n = > 25 cells). The membrane-permeable cAMP analog (Sp- 
cAMPS, [100 uM]) caused a similar increase in the frequency of [Ca2+]i waves, 
while the inhibitory Rp-Diastereomer had no effect. These results suggest that 
NE and cAMP modulate GnRH release by altering the pattern of spontaneous 
Ca2+ signaling in GT1 cells (Supported by N.I.H grant POl-NSO28O8 to AC). 
Martinez et al. Endocrinology 131:1397-402 (1992).

50.13

TWO DIFFERENT PROSTANOID RECEPTORS CROSS TA LK  IN 
P G T -β  MOUSE PINEAL GLAND TUM OR CELLS AND RAT 
PINEALOCYTES Kyong- Tai Kim*, Suns Han, and Byung-Chang Suh 
Dept. of Life Science, Pohang University of Science and Technology, 
Pohang, 790-784, Republic of Korea

The effect of prostaglandins (PG) on internal Ca2+ and cAMP 
signaling was investigated in P G T -β  mouse pineal gland tumor cells 
and rat pinealocytes. Intracellular calcium concentration ([Ca2+]i) and 
inositol 1,4,5-trisphosphate (IP3) were increased by PGs in the potency 
order of PGF2α > PGD2 > PGE2 > PGE1 > PGI2. This order of 
potency matches FP receptor type among the prostanoid receptor 
subtypes. The maximal and half maximal effective concentration (EC50) 
of PGFαα were seen at approximately 1 mM and 50 nM, respectively. In 
contrast, cAMP was generated in a potency order of PGE1 > PGE2 > 
PGF2α > PGD2 > PGI2. This order of potency matches EP2 receptor 
type among the prostanoid receptor subtypes. The maximal concentration 
and EC⅛o were seen at 10 mM and 100 nM, respectively. The EP2 
receptor specific agonist, misoprostol and the FP receptor specific 
agonist, fluprostenol showed the same effect with PGE1 and PGF2α, 
respectively. Simultaneous treatment of the cells with both PGE1 and 
PGF2α resulted in the inhibition of cAMP generation compared with the 
cAMP generation induced by PGE1 alone, but it did not affect the [Ca2+ ] i 

rise induced by PGF2α. These results suggest that EP2 and FP receptors 
coexist in the PGT- ß  cells and rat pinealocytes and that these receptors 
are linked to different effector molecules, phospholipase C and adenylyl 
cyclase. The data also shows that FP receptor signaling inhibits EP2 
receptor-mediated cAMP generation.

50.10

Gi3 COUPLES THE D2S RECEPTOR TO INHIBITION OF CAMP, 
MAPK PHOSPHORYLATION, AND CELLULAR TRANSFORM
ATION IN BALB/C-3T3 CELLS.  1Mohammad H.Ghahremani* and 2Paul 
R.Albert 1Dept. of Pharmacology and Therapeutics, McGill Univ., Montreal, Canada 
and 2Neuroscience Research Inst., Univ. of Ottawa, Ottawa, Canada.

The dopamine D2S receptor couples to m ultiple signalling pathways through 
pertussis toxin (PTX) sensitive G proteins (Gi/o). In our previous studies, when stably 
transfected in Balb/c-3T3 (BD2S), D2S inhibits forskolin-induced cAMP accumulation 
using G αi3  and G αi2, and m ediates calcium  m obilization through βγ subunit. 
Furthermore, D2S augments serum-stimulated 3H-Thy incorporation in which βγ 
subunit plays a major role. To further study the D2S signalling in cell growth, we have 
investigate the role of D2S receptor in MAP Kinase (MAPK) activation in BD2S cells, 
using a phosphospecific antibody which recognizes phosphorylated T202/Y204 in 
p42/44 MAPK (New England Biolabs). In serum-free conditions, activation of the D2S 
receptor did not significantly increase basal levels of phospho-MAPK. However, in 10% 
serum, D2S receptor increased phospho-MAPK by 60-70%. P TX treatment ( l 0ng/ml, 
4-5hrs) blocked the effect, suggesting the role of Gi/o protein in mediating this effect. 
Balb/c-3T3 cells are non-transformed cells that display contact inhibition when grown in 
serum-containing media. Treatment of confluent BD2S cells with lµ M apomorphine for 
21 days induced foci formation compared to control (2.7±0.3 vs 12.3±2.7 foci/dish). 
The level of foci form ation is com parable to throm bin-induced foci formation 
(l2.3±2.7foci/dish) which acts via G α i2  (LaMorte et al. 1992). This effect of D2S 
receptor was blocked com pletely by concurrent treatm ent with lOng/ml PTX. 
Preliminary results using BD2S cells stably-transfected with PTX-insensitive mutants 
of G αi/o indicate that only Gαi3-PTX expressing cells formed foci after PTX treatment, 
indicating the importance of Gi3 in mediating this effect. We conclude that D2S receptor 
induces MAPK activation and transformation in Balb/c-3T3 cells and Gi3 plays an 
important roles in coupling the D2S receptor to inhibition of cAMP and to stimulation 
of cellular transformation. This work is supported by NCI Canada.

50.12

W H O L E -E M B R Y O  C A L C IU M  W AVES A R IS E  W IT H  C L O C K -L IK E  
REGULARITY DURING ZEBRAFISH EM BRYOGENESIS. E. G illand*, s .  E. 
Webb, R. Baker and A. L. M iller. Marine Biological Laboratory, Woods Hole, MA 
02543 USA; Dept, o f  Biology, Hong Kong University o f  Science and Technology, 
Hong Kong, PRC

Mechanisms for coordinating developmental information across relatively 
great distances and with high degrees o f  temporal precision appear to be necessary 
for pattern formation during vertebrate gastrulation and neurogenesis. Although 
diffusible morphogens and propagating waves o f  second m essengers have been 
proposed as likely carriers o f  putative long-range coordinating messages, they have 
proven difficult to demonstrate in live embryonic systems. Here we report use o f 
the luminescent calcium reporter aequorin and a photon-counting imaging system 
to directly observe a rhythmic series o f  intercellular calcium waves that propagate 
around the blastodisc margin and along the developing antero-posterior axis o f  
gastrulating zebrafish embryos. These waves first appeared at about 65% epiboly 
and continued to arise with a period o f  five to ten minutes throughout gastrulation 
and up to at least the sixteen somite stage. Initially, the waves arose from several 
different locations around the blastodisc margin. However, by 75% epiboly a single 
initiating ‘pacemaker dom ain’ had stabilized at the dorsal marginal midline, that is, 
at the nodal region. During epiboly, these w aves traversed the m argin o f  the 
advancing  b lastoderm  or, less frequently , traveled  up the axial m idline. On 
completion o f  epiboly, the pacemaker domain was incorporated into the developing 
tail bud and continued to generate rhythmic, radially propagating wavefronts that 
spread over much o f the embryo. These observations demonstrate that elements o f  
a pan-em biyonic calcium signaling system operating in a clock-like fashion are 
active during normal gastrulation and axial segmentation in zebrafish. A signaling 
system o f  this kind seems well suited for a role in transmission and synchronization 
o f  developmental information across long distances during body axis patterning in 
vertebrates. The existence o f a clock-like mechanism for calcium wave initiation, 
and the possible roles played by these waves during embryogenesis can now be 
studied using pharmacological and genetic perturbations. Supported by the Hong 
Kong Jockey Club, RGC HKUST650/96M and NIH EY02007.

50.14

E FFEC T O F  N EU R O S TE R O ID S  AND D EXA M ET H AS O N E  ON SERO TO NIN 
- INDUCED IN TR AC E LLU LA R  C ALCIUM  M OBILIZATION IN RAT C 6 
G LIOM A C E LLS .
M. T akebayash i, A . Kagaya, M. Inagaki, Y. Tawara, H. Jitsuiki, T. K oz u ru , I. 
N agaoka*, J. H origuch i and S. Yamawaki. D e p t. of P sychiatry and 
N eurosc iences , H iroshim a Univ. Sch. Med. ;H iroshim a 734-8551  

W e had already repo rted  tha t n eu ros te ro id  had acute  e ffe c ts  on th e  am ino 
ac ids-induced  in tracellu lar Ca2+ ([Ca2+]i) s ignaling system  (N eurochem  Int 
32;2O5, 1998). In th is  s tudy, we s tud ied  th e  e ffec ts  of dexam e thasone  (DEX) 
and several neu ro s te ro id s , d eh yd ro ep ia nd ro s te ron e  (DHEA), 
d eh yd ro e p ia n d ro s te ro n e  su lfa te  (DHEAS) and p re g n e n o lo n e  su lfa te  (PS) on 
the  se ro to n in  (5H T )-induced  [Ca2+] i increases by fura-2  m e thod. A cu te  
trea tm ents w ith  DHEA, D H EAS or PS (0 .1~100µ M ) fo r tw o  m inutes d id not 
change  th e  5 H T -induced  [Ca2+] i increases. C hron ic  trea tm ents w ith DHEA or 
D H E AS  (0 .01~10µ M ) fo r2 4 ~ 4 8  hours had no e ffe c t, w h ile  ch ron ic  trea tm ent 
w ith  DEX (1~10µ M ), o ne  o f g lucoco rtico ids, enh a n ce d  th e  5H T -induced  
[Ca2+]i increases s ign ificantly . C h ron ic  trea tm ent w ith  the  com bina tion  o f 1µM 
DHEA aug m e n te d  th e  e nh a n ce m en t o f 5H T -induced  [Ca2+] i increases by 
DEX. T h e se  resu lts  ind ica ted  th e  p oss ib ility  that n eu ros te ro ids  had ch ron ic  
e ffe c ts  on th e  neu rona l s ignal transduction , as well as acute  e ffects . 
(S u p p o rte d  by a g rant fo r enc ou ra ge m e n t o f yo u ng  sc ien tis ts  from  th e  m inistry 
o f e duca tion , sc ience , sports  and cu ltu re  o f Japan)

S o c ie ty  fo r  N e u r o s c ie n c e , V o l um e  2 4 , 1 9 9 8
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5 0 .1 5

PITUITARY ADENYLATE CYCLASE ACTIVATING POLYPEPTIDE (PACAP) 
STIMULATION OF THE SYMPATHETIC NEURON MITOGEN-ACTIVATED 
PROTEIN KINASE (MAPK) PATHWAY. V . M ay* and K. M. B raas , D ept. of 
Anatom y and Neurobiology, Univ. of Verm ont C oll. of Med., Burlington, VT 05405 

The PACAP fam ily of peptides have d iverse neuro regu la tory  and neurotrophic 
roles in the peripheral nervous system . PAC AP peptides not only augm ent 
neuro transm itte r and neuropeptide p roduction in rat superio r cervica l ganglion 
(SCG ) sym pathe tic neurons, but also p rom ote sym pathoneurob last survival, 
m itosis and d ifferentiation w hich are  in accord w ith  related s tud ies dem onstra ting 
the ability of PACAP to prevent neuronal apoptosis upon grow th fac to r w ithdrawal 
and ischem ic insult. W e have estab lished tha t rat SCG sym pathe tic  neuron 
responses to  PACAP peptides are m ediated by the  G -pro te in  coupled PACAP- 
se lective  PAC A P 1 HOP (short) recep tor isoform . PACAP activa tes multiple 
in trace llu lar signaling cascades, s tim ula ting sym pathe tic  neuron PKA and PKC 
pathways. Recently, we dem onstra ted, using prim ary cu ltured rat SCG neurons, 
that PACAP peptides are also able to activate pathways associated classically with 
neurotrophic factors. Using an antibody that recognizes the dua lly phosphoryated 
or activa ted form s of m itogen-activa ted protein kinase (M APK) enzym es ERK1 
(p44) and ERK2 (p42), treatm ent of cu ltured sym pathe tic  neurons w ith 100 nM 
P AC A P 27 e levated phosphory la ted E R K1/ER K2 levels fo r over 2 h. 
Phosphorylated ERK levels reached a peak at 5 min and rem ained above control 
levels after several hours. Apparent half m axim al PACAP responses w ere attained 
at nanom olar peptide concentra tions. The increase in ERK phosphory la tion was 
b locked w ith M APK kinase inhib itor PDO98,059 but w as not suppressed 
s ign ificantly  w ith PKA or PKC inhib itors. Both PAC AP27 and PAC AP38 were 
equally e ffective in phosphory la ting ER K1/ER K2; the e ffects o f PACAP in 
stim u la ting  ERK phosphory la tion appeared synergistic w ith  satu ra ting  levels of 
NG F. These results im plied that the neurotroph ic e ffects of PACAP m ay be 
m ediated in part by the M APK pathway. Supported by H D 27468 and NS01636.

5 0 .1 7

TAURINE REGULATES GLUTAMATE- INDUCED PHOSPHORYLATION.
A. EI Idrissi E. Trenkner*;. NYS Institute for Basic Research in Developmental Disabilities, 
CDN/CUNY, Staten Island, New York 10314

Taurine has been reported to play an important role in the development of a number 
of neuronal systems, including the cerebellum. We, as well as others, have previously 
reported that taurine plays a major role in balancing and maintaining physiological 
conditions. Under depolarizing conditions, this is mediated mainly through the regulation of 
intracellular calcium homeostasis. In this study we used cerebellar granule cell (CGC) 
cultures to examine the role taurine plays in the presence of factors that affect the 
development, survival and function of CGCs. Protein phosphorylation and de
phosphorylation plays a major role in neuronal signal transduction. In this study, we have 
determined protein phospho-rylation in the presence of growth factors and glutamate, and 
assess the regulatory role of taurine.

We found by western blot analysis of phosphoproteins, using phospho-tyrosine, - 
threonine and -serine antibodies, that glutamate, BDNF and bFGF induce a phosphorylation 
of specific proteins. For each of the growth factors tested, a specific set of phosphoproteins 
has been detected. Addition of glutamate to the growth factors-treated cultures further 
increased the degree of phosphorylation. Taurine, in contrast, reduced mainly the degree of 
glutamate-induced phosphorylation, whereas the growth factors-induced phosphorylation was 
not regulated by taurine.

Since we have shown that taurine regulates glutamate-induced calcium uptake and 
calcium-dependent kinases, such as PKC, we suggest that this regulatory effect is mediated 
through calcium regulation.
(Funded by New York State Office of Mental Retardation and Developmental Disabilities 
and by CDN/CUNY Graduate School).

5 0 .1 6

MODULATION OF RYANODINE-SENSITIVE CALCIUM STORES BY 
A GLUTAMATE RECEPTOR-STIMULATED IP3-DEPENDENT 
PATHWAY IN CATFISH CONE HORIZONTAL CELLS. L.J. Giblin, 
M.A. Micci* and B.N. Christensen. Dept. Physiology & Biophysics, 
Universisty of Texas Medical Branch, Galveston, TX 77555-0641.

Recent physiological and immunological studies have demonstrated Group 
I metabotropic glutamate receptors, IP3-sensitive and ryanodine-sensitive 
calcium stores in catfish cone horizontal cells. Here we provide evidence for 
mGluR-mediated release of calcium from an IP3-sensitive store and 
subsequent modulation of calcium uptake and release from the ryanodine- 
sensitive store.

Our results demonstrate that application of quisqualate (in the presence of 
antagonists for iGluRs, Ca2+ channels and N a+ channels) increases 
intracellular calcium in a manner consistent with Group I mGluR activation, 
IP3 production and calcium release from an IP3-sensitive calcium store. We 
have found that IP3-dependent calcium release, under these conditions, 
significantly enhances refilling o f the ryanodine-sensitive store and the 
subsequent caffeine-stimulated release of calcium from this store. In 
experiments designed to study refilling o f the ryanodine-sensitive store, 
control applications of caffeine were followed with test applications of 
caffeine 1.5 min. later. When quisqualate was applied, between the control 
and test caffeine applications, the test response exhibited 3 fold potentiation.

These results indicate a functional interaction between the mGluR 
mediated calcium response and the ryanodine-sensitive calcium store in cone 
horizontal cells isolated from the catfish retina.

Supported by Grant NEI-01897

5 0 .1 8

TYROSINE KINASE INHIBITOR REVERSES LEVODOPA- 
INDUCED MOTOR RESPONSE ALTERATIONS IN THE 
HEMI-PARKINSONIAN RAT Justin D. Oh* and Thomas N . 
Chase. Clinical Pharmacology, NINDS-ETB, NIH, Bethesda, 
MD 20892.
Chronically administered levodopa, the standard treatment for 
advanced Parkinson’s disease, is ultimately associated with 
disabling alterations in motor response. To evaluate the 
possible contribution of striatal protein tyrosine kinase (PTK) 
signaling pathways to these response modifications, the acute 
effects of a PTK inhibitor, genistein, on motor response 
changes attending chronic, twice-daily administration of 
levodopa were measured in 6 -hydroxydopamine lesioned hemi- 
parkinsonian rats. A single intrastriatal injection of genistein 
(0 .2  µg) reversed the shortened duration (p < 0.001) but had no 
effect on augmented intensity of levodopa-induced turning. 
Furthermore, following chronic levodopa treatment, the 
tyrosine phosphorylation level of N-Methyl-D-Aspartate 
(NMDA) glutamate receptor subunits, NR2A and NR2B were 
significantly elevated in the striatum ipsilateral to the lesioned 
side as revealed by immunoprecipitation followed by 
immunoblotting (the level of immunoreactivity on the lesioned 
side was 145 ± 18 % compared with the contralateral side, p <
0.05). These results suggest that enhanced tyrosine 
phosphorylation of NR2 subunits may contribute to the 
development of the altered motor responses associated with 
chronic levodopa treatment. [support: NINDS]

H P A  R E G U L A T IO N  I

51 .1

THE EFFECTS OF PRENATAL ETHANOL EXPOSURE AND POSTNATAL 
HANDLING ON CONDITIONED TASTE AVERSION. K. Gabriel, 1 J. Weinberg2 
and R. Tees1*. Depts. of 1Psychology and 2Anatomy, Univ. of British Columbia, 
Vancouver, BC V6 T 1Z3, Canada.

Previous studies have found that prenatal ethanol exposure (E) increases 
consummatory behavior in conditioned taste aversion (CTA) tasks, suggesting 
decreased ability to inhibit responses. Hypothalamic-pituitary-adrenal (HPA) 
responses upon reexposure to the conditioned substance may provide another 
measure of CTA aversiveness. Although E animals exhibit HPA 
hyperresponsiveness to stress, HPA responses to CTA are unknown. A postnatal 
manipulation, early handling, has been shown to lower levels of corticosterone 
(CORT) in response to CTA while not altering the amount consumed under forced 
reexposure (food and water deprivation). The present study investigated whether 
handling would alter the CORT response to forced reexposure in E animals.

Sprague-Dawley male and female offspring from E, pair-fed (PF) and ad lib 
control (C) groups were handled (H) or nonhandled (NH) from 1 to 15 d of age and 
tested at 35-45 d of age. Animals were preexposed to a saccharin solution (30% by 
wt) for 5 d, and on d 5 received a LiCl injection (7.5ml/kg; 0.40 M). Following a 2 
d recovery period, animals were food and water deprived for 1 d, then reexposed to 
the saccharin solution; blood samples were collected 30 min after reexposure.

Although handling increased intake in E and C animals during preexposure, it did 
not influence reexposure intake. H/E animals showed elevated preexposure 
consumption, suggesting that handling and prenatal ethanol exposure additively 
reduce inhibition to novelty. Upon reexposure, handling reduced CORT levels in C 
but not in E and PF animals. This study supports previous findings that handling 
attenuates the aversiveness of CTA. However, handling does not appear to affect 
CORT responses to CTA in E or PF animals. Supported by AA05499 to KG, 
AA07789 to JW from NIAAA & OGP000179 to RT from NSERC.

51 .2

EFFECTS OF ADRENALECTOMY AND CORTICOSTERONE 
REPLACEMENT ON STRESS RESPONSIVENESS IN RATS PRENATALLY 
EXPOSED TO ETHANOL. M. Glavas, C. Hofmann, W. Yu, L. Ellis and J. 
Weinberg*. Dept. o f Anatomy, Univ. o f British Columbia; Vancouver, BC, Canada 
V6 T 1Z3.

Previous studies have demonstrated that rats prenatally exposed to ethanol (E) 
have a hyperresponsive hypothalamic-pituitary-adrenal (HPA) axis demonstrated by 
increased and/or prolonged elevations o f adrenocorticotropic hormone (ACTH) 
and/or corticosterone (CORT) following stress. One possible cause is a deficit in 
HPA feedback regulation by CORT. The present study investigated whether 
exposure to an acute stressor differentially alters ACTH levels in adrenalectomized 
(ADX) E rats with or without CORT replacement.

Male and female Sprague-Dawley offspring from E, pair-fed (PF) and ad-lib 
control (C) groups were tested at 100-120 d o f age. Rats were sham-operated, 
ADX, or ADX with CORT replaced (25 or 75 µg/ml CORT in the drinking water 
for males and females, respectively) to achieve normal basal plasma CORT levels. 
7 d following surgery, at the peak of the CORT circadian rhythm (2 hr after lights 
off), animals were subjected to a 15 min restraint stress, then immediately 
decapitated for plasma CORT and ACTH determination.

Overall, following stress, ACTH levels were significantly increased in ADX 
compared to sham-operated animals, and CORT replacement significantly reduced 
the ADX-induced increase in ACTH; there were no differences among E, PF and C 
animals. Therefore, in the absence of a CORT feedback signal or in the presence of 
a clamped basal CORT signal, E animals appear able to regulate ACTH secretion in 
response to stress similarly to PF and C animals. However, the possibility remains 
that HPA hyperresponsiveness in E animals results from deficits in fast and/or 
intermediate feedback which require a rise in plasma CORT levels. Supported by 
AAO7789 from NIAAA.

Society for Neuroscience, Volume 24, 1998



SUNDAY AM HPA REGULATION I 117

51.3
PERSISTENT ALTERATIONS IN THE NEGATIVE FEEDBACK
REGULATION OF THE HYPOTHALAMIC-PITUITARY-ADRENAL (HPA) 
AXIS IN MATERNALLY-SEPARATED ADULT LONG EVANS HOODED 
RATS.
C.O. Ladd, R.L. Huot, K.V. Thnvikraman, and P.M. Plotsky*. Stress 
Neurobiology Lab., Dept. of Psychiatry & Behavioral Science, Emory Univ. 
School of Medicine, Atlanta, GA 30322

In a series of experiments we have shown that compared to handling control reared 
animals, maternally-separated rats exhibit heightened behavioral and HPA responses 
to an acute stressor as well as basal increases in regional expression of 
corticotropin-releasing factor. A similar concatenation of findings have been found 
in untreated depressed patients, including impaired glucocorticoid negative feedback 
regulation of the HPA axis as indicated by dexamethasone nonsuppression of 
plasma cortisol. Glucocorticoid regulation of the HPA axis is believed to be 
primarily mediated via regional mineralcorticoid and glucocorticoid receptors (MR 
and GR). To determine whether or not maternally-separated rats also experience 
decreased glucocorticoid negative feedback within the HPA axis, we compared 
dexamethasone suppression of plasma corticosterone (B) in adult male Long Evans 
rats which were exposed to daily handling-maternal separation for 15 min (HMS15; 
handling control) or 180 min (HMS180) during postnatal days 2-14 and then reared 
normally. We also examined the relative expression of hippocampal MR and GR 
mRNA in these two groups.

For the dexamethasone suppression test, a baseline blood sample was obtained at 
l200h, followed by a 30µg/kg i.v. bolus of dexamethasone. Subsequent blood 
samples w ere obtained at l 80 0 h, l900h, and 2000h via jugular venous catheters. A 
two-way ANOVA revealed a significant effect of time (p<0.05) and a significant 
interaction between rearing and time p<0.01), with HMS180 rats escaping 
dexamethasone suppression of plasma B faster than their HMS15 counterparts. 
Concordantly, GR mRNA expression was decreased in the C A 1 and CA2 subfields 
of the hippocampus (p<0.05) in HMS180 vs. HMS15 rats. In contrast, MR 
mRNA expression was increased in all hippocampal subfields (p<0.01) in HMS180 
vs. HMS15 rats. These results are consistent with the hypothesis that decreased 
glucocorticoid negative feedback contributes to enhanced stress-responsiveness of the 
HPA axis in the maternally-separated rat. (Supported by grant M H50113)

51.5

NEONATAL ISOLATION ALTERS CORTICOSTERONE RESPONSE 
TO RESTRAINT STRESS IN JUVENILE BUT NOT ADULT RATS.
C.M. McCormickl *, B. Rood1 , & P. Kehoe2. 1 Neuroscience Program, 
Bates College, Lewiston, ME 04240; 2Neuroscience Program, Trinity 
College, Hartford, CT 06106.

It has been found that repeated daily one hour neonatal isolation causes 
potentiated corticosterone release to isolation stress on postnatal day 
(PND) nine (McCormick, Kehoe & Kovacs, in press). The present study 
looks at this neonatal isolation paradigm and whether its effect on the 
HPA axis is evident at later ages. Litters were treated on days 2 through 9 
of life; Isolated (ISO): pups were weighed and individually placed in a 
warm (30° C) chamber for 1 hr; Handled (H): pups were weighed and 
returned to their nest; Nonhandled (NH); pups were not disturbed. Blood 
samples were obtained both before and after a 20 minute restraint stress in 
juvenile rats (PND 30) and in adult rats (PND 70). Plasma corticosterone 
(CORT) levels were determined via radioimmunoassay. It was found that 
ISO rats had a smaller increase in CORT in response to restraint stress than 
NH rats (p = .01) as juveniles, but there were no differences between the 
treatment groups as adults. Females had higher CORT levels than males at 
both ages, but there was no significant interaction of sex and treatment.
The fact that the effects of isolation do not last until adulthood is in 
contrast to the research indicating that neonatal handling or maternal 
deprivation cause permanent changes in hypothalamic-pituitary-adrenal 
function. Alternatively, differences in adulthood may be evident using 
other stress paradigms given that persistent changes in ISO rats have been 
found for other measures of physiology and behavior (e.g., Kehoe et al., 
1995, 1997). [Supported by a grant from the Mellon Foundation].

51.7

MATERNAL BEHAVIOR IN INFANCY REGULATES THE DEVELOPMENT 
OF CENTRAL B E N ZO D IA ZE PIN E/G A B  A A RECEPTOR SUBUNIT 
COMPOSITION IN THE AMYGDALA AND LOCUS COERULEUS. C. Caldji1* , 
J. Diorio1, P.M. Plotsky2 and M.J. Meaney . 1 1Developmental Neuroendocrinology 
lab, Douglas Hospital Research Center, Depts of Psychiatry and Neurology, McGill 
University,Montreal, Canada, H4H lR 3 . 2Stress Neurobiology Lab., Dept. of 
Psychiatry. Emory Univ., Atlanta, GA 30322.

Early postnatal handling has been shown to increase the licking and grooming of 
rat pups by the mother (Liu et al., Science, 1997). It has been proposed (e.g., 
Levine, 1975) that these alterations in maternal behavior towards the offspring 
mediate the effects of handling. Previously, we found that adult offspring from high 
iicking/grooming and arched-back nursing (HLG) litters had reduced fear to novelty 
and g reater central benzod iazep ine  recep to r (CBZ) levels in the 
central/lateral/basolateral (CAN/LAN/BLAN) nucleus of the amygdala and locus 
coeruleus (LC) compared to low Iicking/grooming and arched -back nursing (LLG) 
animals (Caldji et al., PNAS, 1998). We are presently investigating the molecular 
basis for the differences in the CBZ/GABAA receptor using in situ hybridization. The 
α 2 ，β 2 and γ2 subunit composition is thought to make up the pentameric 
composition most directly involved with benzodiazepine pharmacology. With the 
appropriate subunit oligonucleotide, we found the offspring of HLG mothers to have 
higher levels of the γ2 subunit in the CAN/LAN/BLAN nucleus of the amygdala and 
LC compared to the offspring of LLG animals. Further, the offspring of LLG rats 
were found to have higher levels of the α 3 subunit in the CAN/BLAN nucleus of the 
amygdala and LC compared to HLG animals. We believe that early life events 
dynamically regulate the expression of these receptor subunits which in turn results 
in differences in the composition of the CBZ/GABAA receptor complex and mediates 
the differences in fear/anxiety levels in response to novelty. Interestingly, these 
differences in gene expression, receptor pharmacology and behavior are derived, at 
least in part, from naturally occurring differences in maternal care during the first 
weeks of life. (Supported by a grant from the MRCC to MJM, and from the NIMH 
to PMP and MJM)

51.4
NEONATAL HANDLING PERMANENTLY ALTERS BASAL AND STRESSOR 
INDUCED HYPOTHALAMIC-PITUITARY-ADRENAL AXIS ACTIVITY IN 
SWINE.. M.J. Meaney1*, W.T. Dixon, S.A. W eaver1, Douglas Hosp. Res. Ctr., 
Depts. of Neurology & Neurosurgery, and Psychiatry, McGill Univ., Montreal, PQ, 
Canada H4H 1R3 2Dept of Animal Sci., Univ of Alberta, Edmonton, AB, Canada 

Neonatal handling in rats results in a permanent attenuation of hypothalamic- 
pituitary-adrenal (HPA) responses to stressors as a consequence of increased 
hippocampal glucocorticoid receptor (GR) expression). In the present study we applied 
the neonatal handling treatment to 6  litters of pigs for the first 14 days of life in an 
attempt to permanently attenuate the HPA responsivity of swine to stressors. Plasma 
ACTH and cortisol levels were examined under basal and stressor induced conditions, 
and after exogenous dexamethasone administration in post-pubertal boars. Neonatally 
handled (H) boars had significantly elevated plasma corticosteroid-binding capacity and 
significantly reduced basal total and free cortisol levels compared to nonhandled boars 
(NH). Upon exposure to a restraint stressor, or a transport stressor, H boars had 

 significantly higher plasma ACTH responses with no effect of treatment on cortisol 
responses to stressors. No significant treatment effects were found in dexamethasone 
suppression of plasma ACTH or cortisol, or GR levels in the pituitary gland, 
hypothalamus, prefrontal cortex, or hippocampus. Open field testing revealed that H 
boars entered significantly more inner squares than NH boars with no significant 
difference in total locomotor scores. The H boars had significantly lower body 
weights at the time of sacrifice and exhibited reduced growth rates throughout the 
testing period of 7 months. In conclusion, we have demonstrated that a sensitive 
period in development of the HPA axis exists in pigs however, neonatal handling 
produced changes in HPA function dissimilar to those induced by this treatment in 
rodents. (Supported by AARI and APPDC).

51.6

EARLY LIFE EVENTS MAY MEDIATE DEVELOPMENTAL GROWTH 
RA TES, FOOD INTA KE PA TTER N S AND M AC RO N U TR IEN T 
PREFERENCES LATER IN LIFE. B .T an n en b au m 1* ,  T .H a ig h 1, and M .J. 
M eaney.1 1Developmental Neuroendocrinology lab, Douglas Hospital Research 
Center, Depts of Psychiatry and Neurology, McGill University, Montreal, Canada, 
H4H 1R3.

Perinatal manipulations have been known to exert permanent effects on 
hypothalamic-pituitary-adrenal (HPA) responses to stress. In addition, the HPA axis 
can strongly influence food intake and body weight. Considering these associations, 
the question of whether early life events could mediate early growth and food intake 
patterns later in life was investigated. Further, since stress hormones can regulate 
appetite and weight gain, we investigated changes in food intake and body weight 
in response to both an acute and chronic stressor, in rats exposed to different 
neonatal environments. Handled (H) rat pups were separated from their mothers for 
15 minutes per day, maternally separated (MS) rats were separated for 180 minutes 
per day and non-handled (NH) rats were left completely undisturbed These 
manipulations lasted until day 21. Body weights and food intake were monitored 
from birth until adulthood. Overall, H rats grew faster over the 21-day 
developmental period and had consistently higher body weights into adulthood. H 
rats also consumed more food than MS rats. When animals reached adulthood, they 
were given a choice of either carbohydrate, fat or protein. In general, all rats 
preferred protein. When animals were exposed to an acute stress, their preference 
shifted towards carbohydrate. In particular, MS rats had the highest increase in 
preference to carbohydrate, which could contribute to an elevated glucocorticoid 
response to stress. Currently we are investigating whether these preferences are 
permanent. Preliminary results suggest that food intake is similar in 12-16 month 
old H, NH and MS rats but may be modified in response to a chronic stressor. 
These results suggest that the early environment may have permanent effects on 
macronutrient preferences and body weight control.

5 1 .8
PRENATAL GLUCOCORTICOID EXPOSURE BY BYPASS OR 
INHIBITION OF FETOPLACENTAL 11 β-HYDROXYSTEROID 
DEHYDROGENASE (11β-HSD) PROGRAMMES BEHAVIOUR AND BODY 
WEIGHT L A M  W elberg, J.R. Sec k l* a n d  M.C. H olm es
Molecular Endocrinology Laboratory, Molecular Medicine Centre, University of 
Edinburgh, Western General Hospital, Edinburgh EH4 2XU, Scotland, UK

Prenatal glucocorticoid exposure has been shown to program offspring HPA 
activity, blood pressure and glucose metabolism. Normally, feto-placental 11β -HSD 
(type 2 ) protects the fetus from maternal corticosterone by converting it into inert 
11-dehydrocorticosterone. This study investigated the effect of inhibition (using 
carbenoxolone, CBX) or bypass (using dexamethasone, DEX) of feto-placental 11 β- 
HSD on subsequent behaviour of offspring during open-field exposure and in the 
Morris watermaze. Female Wistar rats were injected subcutaneously with DEX (100 
µg/kg∙day-1), CBX (12.5 mg/day) or vehicle daily throughout pregnancy. DEX and 
CBX injections reduced birth weight by 17% and 9%, respectively, whereas 
littersize was not affected. By three weeks o f age, all offspring had similar body 
weights. However, at 20 weeks of age, male CBX-offspring weighed less than 
controls (p<0.00l). A similar trend was seen in male DEX-offspring, but this did not 
reach significance. At five months of age, after four days of training in the Morris 
watermaze, DEX-offspring spent 117% and CBX-offspring 114% more time in the 
platform quadrant than vehicle-offspring in a 4-minute free-swim trial. Furthermore, 
animals were exposed to an open field for 5 minutes. CBX-offspring spent 53% less 
time grooming (p<0.01) and had 34% less rearings (p<0.05) compared to vehicle-
offspring, with no changes in ambulation, duration or defaecation. Similar 
behaviour was observed in DEX-offspring, but this did not reach significance. This 
study shows that fetal glucocorticoid exposure reduces offspring body weight, alters 
search strategy in the watermaze and alters open-field behaviour, suggesting 
increased anxiety. (LAMW is supported by a Wellcome Prize studentship)
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51.9
TIGHT ASSOCIATION OF DIFFERENT PROTEIN KINASES TO 
RIBOSOMES IN SYNAPTONEUROSOMES OF 12 DAY OLD RATS
F. A ngenstein*, I. J. W e iler, W. T. G reenou gh. Beckm an In stitu te  and 
Depts. Psychol, and  Psychiatry , U n iversity  of Illinois, U rbana , IL, 61801.

Local p ostsynap tic  p ro tein  syn thesis  is suggested by a num ber of 
d iffe ren t stud ies in w hich  the presence of polyribosom es, d iffe re n t 
m RNA s and transla tion  factors in d e n d rites  or near po stsy n ap tic  sites has 
been dem onstra ted . H ow ever, no recep to r-m ed iated  regu la to ry  m echanism  
has been found w hich m ight u p reg u la te  the d en d ritic  p ro te in  tra n s la tio n . 
W e h ave  p rev iously  show n th a t m etabotropic  g lu tam ate  receptor 
(inGluR) stim u la tio n  can trigger a rap id  increase in p o ly ribosom al 
aggrega tion  and  in itia te  p ro te in  sy n thesis  (W eiler and  G reenough, 1993). 
F urtherm ore, ac tiv a tio n  of m GluR in h ip p o cam p a l slices induced an 
increase in the p h o sp h o ry la tio n  of d iffe ren t polyribosom e binding 
pro teins w hich  could be responsib le  for the control of local p ro te in  
tra n s la tio n .
In o rd er to ch a rac te rize  both  the ribosom e bound p h o sp h o p ro te in s  and 
the ap p ro p r ia te  kinases w e p rep a red  polyribosom es from 
synaptoneurosom es of 12  day  old rats, w ashed  them  w ith  a 
h e p a rin /E D T A  buffer and  e lu ted  the tigh tly  associated  p ro te in s  w ith  0.5 
M potassium . S urp rising ly , we found in th is  p ro te in  fraction  a strong 
endogenous kinase ac tiv ity  w hich  could not be blocked by specific 
in h ib ito r  pro teins aga inst PKA, PKC, PKG, CaM KII or by h e p a rin  
(casein kinase 2 in h ib ito r) o r 2-am inopurine (nonspecific PKR in h ib ito r) . 
H ow ever, the presence of 10 µJM or 50 mM EDTA blocked the k in ase  
ac tiv ity  nearly  com pletely . To de te rm ine  the id en tity  of the  k inase(s) 
we perform ed an a u to p h o sp h o ry la tio n  assay  a fte r PAGE on a PVDF 
m em brane. U nder this condition, we confirm ed the presence of 5 d iffe re n t 
k inases w ith  m olecular w eigh ts of 180, 95, 90, 85 and  65 kDa in th is  
fraction. The id en tities  of those kinases are  under in v es tig a tio n . 
(supported by DFG and FRAXA Research Foundation)

51.11
INHIBITION OF STRESS-INDUCED PLASMA CO RTICO STERON E 

LEVELS BY CINSENOSIDES IN MICE: INVOLVEMENT OF NITRIC

OXIDE D. H. Kim,1 J. S. Jung,2 D. K. Song,2 H. W. Suh,2 S. O. Huh, 2 S.K. Min,3 B. 

K. Son, 1 Y. H. Kim ,2 H.C. Shin,2* J. I. Park, 4 N. D. Kim4 Departments of 1 Psychiatry 

and 2 Pharmacology, College of Medicine, Institute o f Natural Medicine. Hallym 

University. Chunchon, Kangwon-Do, 200-702, South Korea. 3Department of 
Psychiatry, College of Medicine. Yonsei University, Seoul, 200-702. South Korea. 
4College of Pharmacy. Seoul National University, Seoul, 151-742. South Korea.

Ginseng total saponins (GTS) injected intracerebroventricularly (i.c.v.) at doses 

from 0.1 - 1 µg inhibited the i.c .v. injection stress-induced plasma corticosterone 
levels in mice. The inhibitory action of GTS was blocked by co-administered 
NG-nitro-L-arginine methyl ester (L-NAME; 1.5 µg, i.c .v.), an inhibitor of nitric 
oxide synthase (NOS). Of the ginsenosides Rb1, Rb2, Rc, Rd, Re, Rf, R g1, 20(S)- 
Rg3 ， and 2 0 (R)-Rg3 injected i.c .v. at doses from 0.01 to 0.3 µg (or 1 µg), 20(S)-Rg3 

and Rc significantly inhibited the i.c .v. injection stress-induced plasma 
corticosterone levels. The inhibitory actions of 20(S)-Rg3 and Rc were blocked by 

co-administered L-NAME (1.5 µg, i.c.v.). These results suggest that GTS, 2O(S)- 
Rg3 and Rc may inhibit the i.c .v. injection stress-induced hypothalamo-pituitary- 

adrenal response by inducing NO production in the brain.
This work was supported by Research Grants from the Korea Research Foundation 
(1996). Hallym Medical Center (1996) and Psychiatric Alumni Association o f Yonsei 

Medical center (1996).

51.13
THE INTRACEREBROVENTRICULAR INJECTION OF THE NITRIC 
OXIDE DONOR 3-MORPHOLINOSYDNONIMINE (SIN-1) 
ACTIVATES THE RAT HYPOTHALAMIC-PITUITARY-ADRENAL 
AXIS.
S. Lee* and C. Rivier. Clayton Foundation Laboratories for Peptide 
Biology, The Salk Institute, La Jolla, CA 92037.

Our laboratory has previously reported that blockade of nitric oxide (NO) formation 
with arginine derivatives blunted the effect of physico-emotional stresses on the release 
of ACTH and on the neuronal activation of the paraventricular nucleus (PVN) of the 
hypothalamus. These results provided indirect evidence for a stimulatory influence of 
NO on central components of the hypothalamic-pituitary-adrenal (HPA) axis. The 
present work tested the hypothesis that increases in brain NO levels directly activates 
PVN neurons important for ACTH secretion. Adult male rats were injected 
in tracercbroventricu larly  (ic v) with the vehicle or the NO donor 3- 
morpholinosydnonimine (also called molsidomine, or SIN-1). SIN-1 doses of 5-100 
µg, which did not produce obvious behavioral responses, significantly (P<0.01) and 
dose-dependently increased plasma ACTH levels, while the icv injection of the vehicle 
maintained these levels at or below 30 pg/ml. The icv injection of 50 µg, but not 
lower doses, of SIN-1 also significantly (P<0.01) upregulated transcriptional activity 
of the genes for NGFI-β (mRNA levels, measured at 15 and 45 min) in both the parvo 
(p) and magnocellular divisions of the PVN. Transcripts for corticotropin-releasing 
factor (CRF) (hnRNA levels, measured at 15 min) and CRF-receptor type 1 (mRNA 
levels, measured at 3 h) similarly augmented (P<0.01) in the pPVN. SIN -1-induced 
increases in plasma ACTH levels and hypothalamic neuronal activity were slightly, 
but not significantly altered by the prostaglandin inhibitor ibuprofen. On the other 
hand, the systemic injection of CRF antibodies totally abolished, while vasopressin 
immunoneutralization significantly (P<0.01) decreased the ACTH response to the NO 
donor. Collectively, these results provide direct evidence for a stimulatory effect of NO 
on the activity of PVN neurons important for ACTH secretion. Supported by NIH 
Grant MH 51774.

51.10
FETAL CORTICOSTERONE APPEARS TO BE INVOLVED IN THE 
INITIATION OF HATCHING IN THE DOMESTIC CHICKEN
G. Cornwall1,  E White1,  R Spencer 2, and A Bekoff 1 * 1Department of 
Environmental. Population and Orgamsmic Biology. University of Colorado at 
Boulder, 2Department of Psychology. University of Colorado at Boulder

In many placental mammals, the event of parturition, or birth, appears to be 
'turned-on' by cortisol secretions from the fetal hypothalamo-pituitary-adrenal 

(HPA) axis However, because the maternal-fetal connection is so intimate in 
placentals. some have suggested that the maternal, or placental, component could 
activate the fetal HPA axis (Mc Clean ct ai 1995. Nature Medicine. 1: 460-463) 
Investigating this role of the HPA axis in the domestic chicken allows the fetal 
system to be studiea independently

The timing of the endogenous corticosterone peak in embryonic chicks 
approaching hatching was determined by radioimmunoassay (RIA) of plasma 
samples collected daily from embryonic day 15 (E 15) through post hatch day O (PO)) 
An early peak in corticosterone was induced through application of a corticosterone 
suspension to the chorioallantoic membrane (CAM) on E 16, E17, or E18, and the 
endogenous peak was blocked by application of RU486 (a glucocorticoid receptor 
antagonist)

Results indicate that an endogenous peak in corticosterone occurs just prior 
to hatching and that embryos treated with corticosterone on E18 hatched earlier 
than vehicle treated controls of the same age. In contrast, those treated on E 16 or 
E17 did not differ significantly from their controls Preliminary data suggest that 
treatment with RU486 prior to the endogenous corticosterone peak will delay 
hatching

These results suggest that corticosterone has a role in the initiation of 
hatching in the domestic chicken that is independent of maternal influences

Supported by NSF grant number IBN9630498

51.12
R E G U L A T IO N  O F  S U B T Y P E  I N IT R IC  O X ID E  S Y N T H A S E  
M R N A  E X P R E S S IO N  IN  T H E  R A T  H Y P O T H A L A M U S  BY  
N O R E P IN E P H R IN E . M .O. López-F igueroa1*, K. I to i1,2, D.L. 
H elm reich1 and S.J. W atson1. 1M ental Health Research Institute, 
U niversity o f M ichigan, 205 Zina P itcher Place. Ann A rbor. M ichigan 
48109-0720: 2T h e  second D ept. o f M edicine, Tohoku Univ. M ed. Sch.. 
Sendai 980-77, Japan.
N itric oxide (NO) has been im plicated in the regulation o f the stress 

response. NO synthase (N OS) is present in the paraventricular nucleus 
o f the hypothalam us (PVN ), a key com ponent o f the stress axis which 
is innervated by norepinephrine (NE) containing neurons. Therefore, 
we have investigated the effects o f NE on the expression o f NOS 
subtype I mRNA in the PVN in vivo. A naesthetized male W istar rats 
were im planted with guide cannulas in the left side o f the PVN. One 
week later, NE (50 nmol) dissolved in aCSF was injected, and the 
anim als decapitated at 0, 15, 30, 60, 90 and 120 min post injection. 
The. brains were rem oved, cut and processed for in situ  hybridization 
histochem istry using a riboprobe for NOS subtype I. NE injection 
caused a decrease in NOS mRNA expression w hich was most 
significant at 90 min (A NO V A; p≤0.05). The mRN A  levels returned to 
baseline at 120 min. We conclude that the ex tracellu lar release o f NE 
can inhibit the expression o f NOS subtype I mRN A  in the PVN; the 
m echanism  by which this occurs rem ains to be elucidated.
Supported by NIM H grant 5 P O l, M H 4225l.

51.14
DIFFERENTIAL EFFECTS OF NOREPINEPHRINE AND GLUTAMATE 
M ICROINJECTION ON ACTIVATION OF THE PARAVENTRICULAR 
NUCLEUS. R.L. Cole* and P.E. Sawchenko. The Salk Institute, La Jolla, CA 92037.

Norepinephrine (NE) and glutamate (Glu) have been identified as important 
neurotransmitters in the stimulatory control of parvocellular neurosecretory neurons 
that express corticotropin-releasing factor (CRF) and comprise the central limb of the 
hypothalamo-pituitary-adrenal axis. These neurotransmitters also act upon the other 
stress-related visceromotor cell types represented in the paraventricular nucleus of the 
hypothalamus (PVH). To compare the efficacy of NE and Glu in stimulating PVH 
regulatory mechanisms, we have carried out a series of local microinjection studies and 
have monitored induction of Fos protein as an index of cellular activation. 
Microinjection of 25 nM norepinephrine bitartrate in 200 nl of saline provoked robust 
induction of Fos-ir at 90 minutes following the injection. This induction was strongly 
focused in the PVH, and quite uniformly manifest across functional compartments, 
including those harboring parvocellular.CRF neurons, magnocellular oxytocin and 
vasopressin neurons, and autonomic-related projection neurons. Surprisingly, this 
response pattern was equally prominent in the contralateral PVH, and in the supraoptic 
nucleus (SON), bilaterally. The bilateral response to NE injection may reflect either a 
capacity for coordination of output from the PVH and SON on both sides of the brain, 
or a response secondary to a physiologic consequence of NE microinjection. In 
contrast, microinjection of L-glutamate at doses ranging from 1-100 nM in 200 nl 
saline induced a much more restricted pattern of Fos expression, which was largely 
limited to autonomic-related projection neurons on the side ipsilateral to the injection. 
In these preparations, we observed only a modest activational response in the CRF-rich 
hypophysiotropic zone of the PVH, and little or no Fos induction in the magnocellular 
division of the nucleus. The surprisingly muted response to Glu microinjection may be 
a consequence of concurrent activation of local inhibitory mechanisms known to reside 
in the perinuclear zone immediately surrounding the PVH. Collectively, these results 
have important implications for the interpretation of physiological or behavioral 
responses observed following intra-PVH injection of drugs that play upon these 
transmitter systems. (Supported by NS-21182)
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51.15
DECREASED PLASMA LEPTIN AND INCREASED CORTISOL 
DURING SURGICAL STRESS IN WOMEN. Z. Zim olo1, Z. Kain2 

and G. Heninger1*, Dept. of 1Psychiat. and 2 Anesthesiology, School 
of Medicine, Yale University, New Haven, CT 06510.

Leptin, a protein involved in neuroendocrine regulation, food intake, 
energy expenditure, and metabolism, has recently been shown to be 
produced by human brain. It inhibits the corticosterone and ACTH 
response to restraint stress in rats and inhibits hypoglycemia induced 
CRH release in isolated perfused rat hypothalami. Diurnal changes in 
plasma, cortisol, and leptin demonstrate an inverse relationship in 
healthy humans. METHODS: The effects of acute stress on plasma 
leptin in relation to changes in the HPA axis were measured in 10 
women before, during and after the acute stress of abdominal 
hysterectomy. Baseline plasma was obtained 2 - 7 days before 
surgery, immediately before the application of balanced anesthesia, 2 

hrs. after onset of surgery, at end of surgery, and 1,2,4,24 and 48 hrs. 
after surgery. Leptin was measured by ELISA and cortisol by RIA. 
RESULTS: Compared to baseline (253 pg/ml), mean leptin levels did 
not change prior to onset of surgery, they decreased 2 hrs. into 
surgery, had a maximal decrease to 61% of baseline 2  hrs. after 
surgery, increased to 123% of baseline at 24 hrs. and decreased to 
74% of baseline at 48 hrs. Compared to baseline (80 ng/ml) cortisol 
was 194% of baseline just before surgery, peaked at 1 hr. after surgery 
(471%) and remained elevated at 24 (270%) and 48 (189%) hrs. after 
surgery. DISCUSSION: Since in rats leptin inhibits HPA function, 
the observed decreased plasma leptin during surgery may contribute to 
the stress induced increased HPA function in these human subjects. 
S u p p o rted  by th e  S t a t e  o f  C o n n e c t i c u t .

51.17
DIFFERENTIAL EFFECTS OF EXERCISE STRESS ON CORTISOL LEVELS IN 
WOMEN WITH PREMENSTRUAL SYMPTOMS. C,A.Cahill,*MGH Institute of 
Health Professions. Boston, MA 02114.

Baseline levels of cortisol are significantly different during the luteal phase of the 
menstrual cycle among women with PMS if symptom type and patterns are used to 
form groups. Women with minimal PS have higher levels than women who experience 
significant symptoms during the luteal phase. Women with moderate symptoms during 
the follicular phase with severe symptoms during the luteal phase have the highest 
levels. Symptom type is limited to anxiety and sadness reminiscent of Major 
Depressive Disorder. Thus, to investigate the hypothalamic/pituitary/adrenal response 
to a naturally occurring stressor, 3 women from each group will be studied. They will 
record symptom, type and severity daily for 1 complete menstrual cycle. On Days 4 
and 26 of the cycle they will complete an exercise stress test. Plasma will be collected 
at baseline, immediately after the test and after a 30 minute rest. If symptoms are 
accompanied by disregulation of the stress axis, we expect that the 2 symptom groups 
will demonstrate elevations of cortisol in response to the stressor, but levels will remain 
higher that the low symptom group after the thirty minute rest during the luteal phase. 
The chronically symptomatic women will demonstrate a similar pattern during the 
follicular phase while the classic PMS pattern women will demonstrate levels similar to 
the low symptom group during the follicular phase.

51.19
S EA S O N A L VARIATION IN P ITU ITAR Y-AD R EN AL R E SP O N S E  TO 
GRADED EXERCISE IN S E A S O N A L  A FFEC TIV E  D ISO R D ER S AND 
H EALTHY C O N TR O LS . A .B .N e α rã o 2, T. A. H a rd in1, P .J. S ch w artz1, M -L  
W o n g2* , N .E .R o se n th a l1 and P .W .G o ld2. Clinical P sychob io logy  B ranch, 
NIMH, NIH; Clinical N euro e nd o crino lo gy  Branch, NIMH, NIH; B ethesda , MD, 
2 0 8 9 2 .

Seasonal a ffective d iso rde r pa tien ts  s tud ied  during  the  w in te r have normal 
basal plasm a cortisol and ACTH levels, but have b lun ted  and de layed  ACTH 
response  to  in fus ion  o f oC RH. W e e lec ted  to  e xp lo re  th e  poss ib ility  o f a 
hypoactive  hypotha lam ic-p itu ita ry-adrena l axis in these  d iso rder. E leven  
patien ts  and m atched con tro ls  fo r age and g ende r had th e ir ACTH and  
cortiso l response  to  g raded exerc ise  eva lua ted  in the  W inte r during  an 
untrea ted  and ligh t trea ted  state  and in the  S um m er. G raded treadm ill 
exercise is a naturalistic s tressor tha t causes a d o s e -d e p e n d e n t activation o f 
p itu ita ry-adrena l secre tion  tha t is based  on a su b jec t’s  percen t o f maximal 
oxygen  u tiliza tion. A N O V A s o f ACTH and cortiso l area under the  curve  w ith  
both SAD pa tien ts  and con tro ls  across the  th re e  co n d itio n s  w ere perfo rm ed. 
There  was a s ign ificant g roup  by co n d itio n  in te raction  (F=3.89, d f= 2 ,4 0 , 
p< .03) w hen net ACTH response  was ana lyzed ; pa tien ts  seem  to  have a 
h igher ACTH response  during  the  W inte r w hen  com pared  to  contro ls . W e 
also found  a main e ffect o f co nd ition  w hen  the  log o f to ta l/n e t response  to  
ACTH and the  log o f net response  to  cortiso l w ere  ana lyzed. T hose  resu lts  
suggest tha t season o f th e  ye a r is a fac to r tha t shou ld  be taken  in to  acco u n t 
w hen eva lua ting  th e  HPA axis response  to  g raded  exerc ise  test. T he  
e levated  AC TH  response  and no change  in the  cortiso l response  in th e  
patien t g roup  during  the  W inte r can be  seen  as th e  result o f d im in ished  
nega tive  feed-back to  the  p itu ita ry  and  m ay reflect a hypoactive  hypotha lam ic- 
p itu ita ry-adrena l ax is  in seasonal a ffective  d isorder.

51.16
Pa r c e l l At io n  o f  t h e  h u m a n  p a r a v e n t r ic u l a r  h y p o t h a l a m ic
NUCLEUS I. Koutcherov1, K. Ashwell2 and G. Paxinos1*. 1School of Psychology, 
2School of Anatomy,The University of New South Wales, Sydney 2052. Australia

The human paraventricular hypothalamic nucleus (Pa) was analysed using cyto- and 
chemoarchitecture, and three dimensional computer reconstructions.

The human Pa appears as a vertically elongated wedge-shaped structure Its largest, 
ventral part rises along the wall of the third ventricle from the preoptic to the tuberal 
region of the hypothalamus, where the Pa curves around the fornix forming a caudal 
part. Finally, the Pa briefly protrudes forward along the hypothalamic sulcus as a 
small suprafomical part Chemoarchitecture revealed the following five subdivisions 
in the human Pa. 1) A magnocellular compartment comprised of a concentration of 
large acetylcholinesterase (AChE) positive cells in the ventrolateral quadrant of the 
ventral part of the Pa. This subdivision also features many small calbindin (Cb) 
positive neurons 2) An anterior compartment occupying the most anteroventral 
portion of the Pa containing small AChE positive cells 3) A parvocellular 
compartment lining the wall of the third ventricle in ventral and suprafor n i al parts of 
the Pa, and containing small cells immunoreactive for corticotropin releasing factor 
(CRF), neuromedin K receptor (NK3), and phosphorylated neurofilament protein 
SMI-32. This compartment is also distinctly negative for Cb and tyrosine hvdroxylase 
(TH). 4) A dorsal compartment lying medial to the parvoceilular part and dorsal to the 
magnocellular part, and containing large TH positive cells, as well as a dispersed 
population of small Cb positive neurons and large AChE positive cells 5) A caudal 
compartment consisting of a conglomerate of large AChE-, and TH-positive cells, as 
well as small NK3-, CRF-, SMI-32- and Cb-positive cells in approximately equal 
proportions

These findings indicate that the human Pa is comprised of chemically and 
topographically segregated subcompartments and provide a basis for comparing this 
structural subdivision with the subnuclei described in the Pa of experimental animals 
This study is supported by a grant from The National Heart Foundation of Australia.

51.18
EFFECTS OF NALOXONE AND YOHIMBINE ON THE HPA AXIS AND 
CEREBROSPINAL FLUID (CSF) CORTICOTROPIN RELEASING FACTOR (CRF) 
M. Naray a n , G.M. Anderson, T. Halaszynski, J.D. Bremner, L. Carpenter, G. 
Heninger, D. Charney* Depts. of Psychiatry, Child Psychiatry, and Anesthesiology. 
Yale University School of Medicine. New Haven. CT

Corticotropin releasing factor (CRF) serves to elicit and integrate autonomic, 
behavioral, endocrine and immune responses to stressors. We have evaluated the 
effects of the opiate antagonist naloxone, and of the α2 antagonist yohimbine, on 
central CRF activity as reflected in CSF levels of CRF In addition we have examined 
and compared the effects of the agents on HPA axis functioning by determining 
plasma cortisol levels. After a night of bedrest. 9 subjects underwent lumbar puncture 
and placement of a subarachanoid catheter at 8.00 h. Continuous CSF sampling 
began at 8 45 h and ended at 18 15 h. Naloxone (125 ug/kg IV over 20 minutes, n=4) 
or yohimbine (0 4 mg/kg IV over 20 minutes, 1m-5) was administered at 12 00 noon 
There was a 56% mean increase in plasma cortisol levels after naloxone 
administration, a similar mean increase in plasma cortisol levels after yohimbine 
administration was observed (75% inc ). Only slight, nonsignificant, increases were 
seen for CSF CRF following naloxone administration Although yohimbine 
administration resulted in greater increases in CSF CRF levels, the increases were not 
greater than expected due to diurnal variation. There was no within-subject 
correlation seen for the plasma cortisol and CSF CRF responses seen after either 
naloxone or yohimbine. In summary, central effects, as indexed by changes in CSF 
CRF levels, were minimal, while effects on the HPA axis were often substantial 
Taken together, the data indicate that there is a dissociation between the effects of 
naloxone and yohimbine on peripheral measures of HPA axis activity and their effects 
on CSF CRF. This, in turn, suggests that human CSF CRF is extra-hypothalamic in 
origin. Supported by NIMH Grant MH30929.
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52.1
STRUCTURAL AND FUNCTIONAL ASPECTS OF THE RENIN-ANGIO
TENSIN SYSTEM IN SENSORY RAT CIRCUMVENTRICULAR ORGANS 
R.Gerstberger *, E. Gebke and S.W. Barth. W.G. Kerckhoff-Institute, MPI, 
Parkstrasse 1, D-61231 Bad Nauheim, Germany

Sensory circumventricular organs (CVOs) of the lamina terminalis lacking 
blood-brain barrier function, the organum vasculosum laminae terminalis 
(OVLT) and the subfornical organ (SFO), play a perceptive role in central 
control of extracellular fluid homeostasis. Angiotensin II (AngII), both as 
hormone and brain-intrinsic neuromodulator, interacts with both CVOs, 
subsequently enhancing thirst, vasopressin release and arterial pressure. 
Receptor binding experiments and immuncytochemistry in vitro have revealed 
prevalence of the AT1 receptor. Employing in situ hybridization with 33P- 
labeled oligonucleotides, high levels of AT1 A receptor gene expression proved 
to be located in the center and annulus throughout the SFO, with maximal 
expression in its medial portion. Angiotensinogen-specific mRNA could be 
localized throughout the entire SFO with rostro-caudal decline in signal strenght. 
Expression of both genes was significantly up-regulated after 48 hrs of 
dehydration. To elucidate AT1 receptor-mediated signal transduction, alterations 
in intracellular calcium concentration ([Ca2+]i) were investigated using a neuro
glial primary culture system for the rat SFO and OVLT. Depending on extra
cellular calcium, AngII stimulation led to a rise in [Ca2+]i in both CVO neurons 
and astrocytes. The precursor decapeptide AngI, however, failed to enhance 
calcium signaling in the culture system, which did not contain endothelial cells 
known to express the angiotensin-converting-enzyme catalyzing the AngI - AngII 
conversion. Detection of angiotensinogen mRNA exclusively in astrocytes, 
restriction of immunoreactivity for AngII to neurons and the absence of glial 
and/or neuronal AngI in the CVO primary culture suggest, that glial angiotensi
nogen might be transformed into neuronal AngII without AngI as an inter
mediate component.

52.3
D IRECT INTER AC TIO N OF A N G IO TEN SIN  II W ITH N ITR IC  OX IDE- 
PR O D U CIN G  NEU RO N S IN TH E RA T SU B FO R N IC A L ORGAN.
M. Rauch and H. A. Schm id* M ax-P lanck-Institiite  for Physiol. & Clin. 
Res., Parkstr. 1, 61231 Bad N auheim , G erm any.

The subfornical organ (SFO ) is one o f  the circum ventricu lar organs 
lacking a functional blood-brain-barrier (BBB). C irculating  angiotensin II 
(A n g II), has been shown to reach and activate the m ajority  o f  neurons in the 
SFO via the open BBB and this activation is generally  regarded as the 
cellu lar basis for the dipsogenic effect o f  circu lating  A ngII. In contrast to 
the exclusively excitatory effects o f  A ngII on the m ajority  (> 80% ) o f  SFO 
neurons, endogenously  released or exogenously  applied n itric oxide (NO) 
produced exclusively inhibitory effects on 51 % o f  all SFO neurons (n = 95). 
The inhibitory effect o f  N O  was m im icked by m em brane perm eable 8Br- 
cGM P, and N O -donors strongly increased cG M P concentration in an in 
vitro im m unhistochem ical study, predom inantly  in neurons located next to 
N O -producing  cells. Unexpectedly, A ngII also caused a strong increase in 
cG M P production in the SFO. The A ngII-induced cG M P production could 
be com ple te ly  prevented  by p reincubating  the SFO for 30 min with an 
inhibitor o f  the N O -synthase (L-N M M A , 10-3M ) and was not altered by 
b locking synaptic interaction with TTX (10-6M). It is concluded that A ngII 
w hich strongly activates SFO neurons and stim ulates thirst causes a release 
o f  N O  from neuronal or glial cells in the SFO and NO  will then trigger the 
production o f  cG M P in nearby neurons. The fact that NO and cG M P cause 
exclusively  inhibitory effects on SFO neurons suggests that NO might 
function as a local "inhibitory feed-back signal" in the SFO to prevent 
overexcitab iiity  o f  SFO neurons to excitatory  blood-borne peptides. 
Supported by DFG Si 230/2.

52.5
VASOPRESSIN-IMMIMNOREACTIVE NEUROENDOCRINE CELLS OF THE 
SUPRAOPTIC AND PARAVENTRICULAR NUCLEI OF THE 
HYPOTHALAMUS EXPRESS THE NMDAR2B SUBUNIT. L. Bozzetti and M.C. 
Curras* Department of Neuroscience, University of California, Riverside.

It has been debated whether NMDA receptors on magnocellular neuroendocrine 
cells of the SON are assembled using the NMDAR2B subunit. While NMDAR2B 
mRNA is expressed by the adult SON in situ (Al-Ghoul et al, 1997). functional NMDA 
receptors on acutely dissociated cells of the postnatal SON do not show ifenprodil 
sensitivity (Hussy et al. 1997) associated with NMDAR1/NMDAR2B heteromeric 
receptors. We have recently found NMDAR2B protein expression in homogenates of 
SON and PVN from both adult and postnatal rats (Curras and Dao, Dev. Brain Res., in 
press). The present study investigated whether individual neuroendocrine cells of the 
magnocellular nuclei, identified by positive vasopressin immunoreactivity, produce the 
NMDAR2B subunit.

Adult male Holtzman rats were transcardially perfused with 4% paraformaldehyde. 
Brains were postfixed for 1 hour and cut into 50-70 um vibratome sections. 
Simultaneous identification of vasopressin and NMDAR2B was performed by 
incubating brain sections with both a monoclonal anti-VP neurophysin antibody (PS41; 
Gainer et al, 1985) and a polyclonal anti-NMDAR2B antibody (Snell et al, 1996). 
Immunoreactivity for VP neurophysin and for NMDAR2B was detected with Texas 
Red and silver-intensified I nm gold (SIG), respectively. Sections incubated with the 
NMDAR2B antibody (0.33 ug/ml) previously absorbed with its fusion protein (42 
ug/ml; Chemicon) did not show labeling. The majority of vasopressin-labeled neurons 
in the SON and PVN were co-labeled with NMDAR2B. NMDAR2B immunolabeling 
was moderate to robust in the MNCs of the SON and dorsolateral posterior PVN and 
light to moderate in the neuropil and ventral glia limitans. These data suggest that 
NMDA receptors on MNCs may contain the NMDAR2B subunit and that NMDAR2B- 
containing receptors may contribute to neuroendocrine function. (Supported by NSP 
grant IBN-9604233 to M.C.C. and Sigma Xi Grant-in-Aid to L.B.)

52.2
R E S P O N S I V E N E S S  O F  R A T  S U B F O R N I C A L  O R G A N  N E U R O N S  T O  

O X Y T O C IN . T . H o s o n o 1*, H, A . S c h m id 2, E . S im o n 2 a n d  K . K a n o s u e 1. 

1D e p t. o f  P h y s io l. ,  A l lie d  H ea lth  S c ie n c e s ,  O s a k a  U n iv . F a c u lty  o f M e d ic in e ,  

S u ita , 5 6 5 -0 8 7 1 , Ja p a n .;  2M P I -K e rc k h o f f  Inst., B ed N a u h e im , D -6 1 2 3 1 , 

G e rm a n y .

S u b f o m ica l o rg a n  (S F O )  , o n e  o f th e  c ir c u m v e n tr ic u la r  o rg a n s  lack ing  

b lo o d  b ra in  barr ie r, p la y s  a  k e y  ro le  in o s m o re g u la t io n  b y  r e s p o n d in g  to 

b lo o d -b o m e  a n g io te n s in  II ( A II). O x y to c in  (O T), o f w h ich  re c e p to r s  e x is t in 

S F O ,  is k n o w n  to  s u p p re s s  d r in k in g  b e h a v io r . T o  te s t  p o s s ib i li t y  tha t O T  

m o d u la te s  d r in k in g  b e h a v io r  b y  a f fe c t in g  S F O ,  w e  in v e s t ig a te d  r e s p o n s e s  o f 

S F O  n e u ro n s  to  O T  b y  e x tra ce llu la r  re c o rd in g s  o f s p ik e s  u s in g  in tact 

s p e c im e n  o f th e  w h o le  S F O  o f m a ie  rats in v itro . T h e  S F O  w a s  p e r fu s e d  by  

th e  artific ia l c e re b r o v e n t r ic u lar f lu id  (C S F )  at 3 7 ˚ C  an d  te s te d  O T  

r e s p o n s iv e n e s s  b y  a d d in g  O T  in it. In th e  9 6  S F O  n e u ro n s  te s te d ,  24%  

w e re  s e n s it iv e  to  th e  1 0 -6 M  O T . T h e  O T  s e n s it iv e  S F O  n e u ro n s  s h o w e d  

d o s e - d e p e n d e n t  re s p o n s e s  a nd  its th r e s h o ld  w a s  10 -6 M , w h ich  is h ig h e r  O T  

c o n c e n t ra t io n  th an  t h o s e  p re v io u s ly  re p o r te d  in p e r ip h e ra l b lo o d  o r C S F .  In 

th e  O T  s e n s it iv e  n e u ro n , 5 7 %  w as  e x c ita to ry  a n d  4 3 %  w as in h ib ito ry . C o -

a p p lic a t io n s  o f O T  and  O T  a n ta g o n is t  b lo c k e d  th e  r e s p o n s e s  in b o th  O T  

e x c ita to ry  and  in h ib ito ry  n e u ro n s .  W h e n  S F O  w a s  p e r fu s e d  in low  c a lc iu m  

m e d iu m  to  b lo c k  s y n a p t ic  t ra n sm is s io n , th e  e x c ita to ry  e f fe c ts  w e re  still 

a p p e a re d , w h ile  th e  in h ib ito ry  e f fe c ts  w e re  b lo c k e d  b y  O T  a p p lic a t io n . In 

th e  O T  s e n s it iv e  n e u ro n s  te s te d ,  8 8 %  a lso  s h o w e d  e x c ita to ry  r e s p o n s e s  to 

th e  a p p lie d  A ll. T h e s e  re su lts  s u g g e s t  tha t O T , p ro b a b ly  re le a s e d  by  

s y n a p t ic  te rm in a ls , h a s  s o m e  n e u ro n a l m o d u la to ry  e f fe c t s  o n  o s m o re g u la t io n  

th ro u g h  O T  s e n s it iv e  n e u ro n s  in S F O .

52.4
INTRAVENOUS HYPERTONIC SALINE INDUCES FOS- 
IMMUNOREACTIVITY IN THE CHOLINERGIC CELLS IN THE 
MEDIAN PREOPTIC NUCLEUS IN RAT. Z. Xu and A.K. Johnson*. 
Depts. of Psychology and Pharmacology, and The Cardiovascular 
Center, University o f  lowa, Iowa City, IA 52242-1407.

Cellular dehydration (CD) induces vasopressin (VP) secretion by 
activating hypothamic magnocellular neurons. Cells in the ventral 
lamina terminalis (VLT) have been implicated in the control o f CD- 
induced VP release. The purpose o f the present studies was to 
determine whether VLT neurons that project to the supraoptic nucleus 
(SON) are activated by CD and to determine whether such cells are 
likely to be cholinergic. In an initial study, brains collected from rats 1 
h after iv infusion with 2M hypertonic saline (HTS; 0.5 ml/100 g-BW 
over 1 0  min) were found to display increased FOS-immunoreactivity 
(ir) in median preoptic nucleus (MePO) neurons. Many o f the MePO 
FOS-ir neurons also showed choline acetyltransferase (CAT) ir. In 
other studies, the retrograde tracer fluoro-gold (FG) was injected into 
both SON 1-2 wks prior to sacrifice and processing. CAT-ir was 
observed in many of the MePO neurons back-labeled from the SON 
with FG. Taken together, the results suggest that VP release induced 
by CD involves activation of cholinergic neurons that project from the 
MePO to the SON. Supported by NIH HL57472 and H L 14388 and 
US Navy N00014-97-l-0145.

52.6
OXYTOCIN (OT) SECRETION  BY D ISPERSED  HYPOTHALAM IC 
N EU RO N S: STIM ULATION BY FO RSK O LIN  AND EX O GENO U S 
O T mRNA. Z. Song, H. E. S idorow icz, C. D. S ladek*. Dept. Physiol, 
and Biophys., FU H S/C hicago M edical School, N. C hicago, IL 60064 

Although in previous experim ents, dispersed hypothalamic cultures 
did not secrete OT, recently similar cultures were found to release OT. 
H ypothalam ic cells from 14 days old rat (Sprague-D aw ley) fetuses were 
cultured either in control medium or medium containing the cAMP 
elevating agents 3-isobutyl-1-m ethyl-xanthine (IBM X  0.5 m M) and 
forskolin (25 uM, together designated IF) from day 2 to day 14 or day 
21. On day 21, culture were incubated in serum -free medium containing 
either sense or antisense OT mRNA for 6 hr.. Culture medium was 
collected throughout the experiment for OT and vasopressin (VP) 
radioim m unoassay. VP secretion was stimulated by IF but declined to 
base line after termination o f IE for 7 days. A dministration of either 
sense or antisense OT mRNA had no effect on VP release. The OT 
response to IF followed a similar pattern. On day 21, exogenously 
administered sense OT mRNA induced an increase in OT release in 
untreated cultures or cultures in which IF treatment was terminated on 
day 14, w hereas antisense OT mRNA had no effect. In cultures 
containing IF throughout the experim ent, exogenously administered 
sense O T mRNA had no effect on OT release, but antisense OT mRNA 
induced a large decrease in OT release. These results dem onstrated that 
under certain conditions OT is expressed in dispersed hypothalamic 
neurons and OT release is stimulated by IF in a similar way as that of 
VP. Furtherm ore, exogenously administered sense OT mRNA can be 
taken up and translated to increase OT release, w hereas antisense OT 
mRNA can be taken up and block the release o f OT synthesized from 
endogenous m RNA. Supported by NIH G rant NS 27975.
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52.7
CANDIDATE NUCLEAR HORMONE RECEPTORS INVOLVED IN GENE 
REGULATION BY MAGNOCELLULAR NEURONES DURING ACUTE 
HYPEROSMOTIC STIMULATION. M.E. Armstrong,1* E.V. Deverson,2 S. 
Lopes da Silva,3 J.P.H. Burbach,3 S.M. Luckman1. 1Dept. of Neurobiology; 2Dept. 
of Immunology, Babraham Institute, Cambridge, CB2 4AT, U.K. and 3Rudolf 
Magnus Institute of Neurosciences, Utrecht, The Netherlands.

The mechanisms regulating oxytocin gene transcription in magnocellular neurones 
are unknown at present. By comparison, during the luteal phase in the bovine ovary 
granulosa cell, orphan members of the nuclear hormone receptor (NHR) superfamily, 
COUP-TF1 and SF-1 (an isoform of the ELP gene), regulate expression of the 
oxytocin gene through a composite hormone response element in it’s promoter. 
These orphan NHR members, which are negative and positive regulators of oxytocin 
transcription, respectively, are not present in magnocellular neurones. Thus, to 
determine which NHRs may play a similar role in these neurones we employed a 
degenerate PCR cloning strategy using microdissected supraoptic nucleus (SON) 
from acute hyperosmotically-stimulated animals. This strategy was based on the 
high degree of homology which exists in the DNA-binding domain of NHR 
members. Cloning of amplified products led to the identification o f several NHRs 
including THR, RARα, RARγ and TR4, which were previously found in the SON 
by homology cloning experiments (Lopes da Silva et al., 1995, Endocrinology 136: 
2276-2283). In addition, we have now identified several other known NHRs which 
were not previously identified in the SON; NGFI-B/Nur77, N orl, ERRα, GCNF 
and an ELP isoform. By in situ hybridisation, we have confirmed that NGFI-B and 
Nor1 are induced in magnocellular SON neurones by acute, but not long-term, 
osmotic stress. Potentially novel NHRs were also identified in the microdissected 
SON, including a sequence which bears a high degree of homology to the COUP- 
TF subfamily of NHRs. The identification of a putatively novel COUP-TF 
subfamily member, in addition to an ELP isoform, may provide a mechanism for 
regulation of the OT gene in magnocellular neurones analogous to that which occurs 
in the bovine ovary. BBSRC Funded.

52.9

COMBINATION OF R E TR O G R A D E  TR A C IN G  A N D  FO S 
IMMUNOHISTOCHEMISTRY TO  C H A R A C T E R IS E  R ELAXIN  
RESPONSIVE NEUR O N S IN T H E  FO R E B R A IN  O F TH E  RAT. N. Sunn,
M.J. McKinley* and B .J . O ld fie ld . H oward F lo rey Institu te  o f E xperim enta l 
Physiology and M edicine, U n ive rs ity  o f M elbourne, P arkv ille , V ic  3052, 
Australia.

The ovarian horm one re laxin  exe rts  its action on the  brain to  in fluence  
oxytocin secretion, body flu id  hom eostasis and ca rd iovascu la r function . Th is  
study investigated the  e ffects  o f in travenously  adm in is te red  re lax in  on 
neuronal activity o f the  lam ina  te rm ina lis  and hypotha lam us in conscious 
rats using im m unoh istochem ically detected  Fos. In fusions o f hum an re laxin  
were made at 25 µg/h fo r 1 h into a fem ora l artery . A fte r a fu rth e r 30 m in, 
rats were anaesthesized w ith  pen tobarb itone  sod ium  [100 m g/kg], perfused 
transcardially w ith 4% para fo rm aldehyde  and b ra ins w ere processed fo r the 
detection o f Fos using standard im m unoh is tochem ica l techn iques. N eurons 
exhibiting Fos were present in the ou te r parts o f the sub fo rn ica l organ (SFO ), 
the dorsal part o f the o rganum  vascu losum  (O VLT), the  supraop tic  nuc leus 
(SON) and the hypotha lam ic paraven tricu la r nuc leus (PVN). These did not 
occur in control rats in travenously  perfused w ith  iso ton ic  sa line  fo r 1 h. In 
additional experim ents, in jection  o f cho lera  tox in  (B subunit) con juga ted  to  
colloidal gold (C T B -go ld ) were m ade b ila te ra lly  in to  the SO N  o f rats and one 
week later these rats were g iven  in fus ions o f re lax in  [25 µg/h] as described 
above. Neurons concentra ted in the ou te r parts o f the  SFO  and dorsa l O VLT 
showed both retrograde ly transported C T B -g o ld  and Fos in response to 
intravenous infusion o f re laxin . These data  show tha t b lood borne re lax in  
activates many neurons in the O V LT  and S FO  and these  neurons send 
projections to SON and PVN w hich m ay m edia te  re laxin  induced 
vasopressin secretion.

This work is supported by NH M R C  o f Austra lia .

52.11

CO-REGULATION OF myo -INOSITOL LEVEL BY 
ALTERATIONS IN TRANSPORT AND INOSITOL 
MONOPHOSPHATASE mRNA EXPRESSION IN ASTROCYTES 
DURING CHRONIC OSMOTIC STRESS. J.S. Reuben1,2,* , .F.A. 
Soliman2, and R.E. Isaacks1. 1 A Medical Center, Miami, Florida, 
33125 and 2 C lege of Pharmacy, Tallahassee, Florida 32307.

Fluctuations in cerebral spinal fluid osmolality which lead to 
changes in brain volume may result in neurological dysfunction and 
death. As regulation of brain volume is one of the functions of 
astrocytes, normal primary rat astrocyte cultures were treated with 
dibutyryl cyclic AMP (dBcAMP) to determine if differentiation would 
alter astrocyte responses to chronic osmotic stress. Control and 
dBcAMP-treated cells were exposed to chronic changes in 
extracellular osmolality for up to 72 hours. Consistent with previous 
findings, basal [3H]-myo-inositol (MI) uptake was significantly 
decreased in dBcAMP-treated cells relative to normal during acute 
exposure to media of varying osmolality. Inositol monophosphatase 
(IMP) mRNA expression was significantly increased when both 
normal and dBcAMP-treated cultures were exposed to hyperosmotic 
media. These results suggest that MI transport and IMP work 
cooperatively to regulate MI content and astrocyte cell volume and 
that differentiation alters astrocyte response to chronic osmotic stress. 
(Supported by NIH Grants GM 0811 and RR03020)

52.8

COMPONENTS OF SPIKE TRAIN AFTERPOTENTIALS IN RAT SUPRAOPTIC 
NEURONS IN VITRO. W. Greffrath, E. Martin, S. Reuss+ and G. Boehmer*. Dept. of 
Physiology and Pathophysiology, Dept. of Anatomy+, Gutenberg University, D-55099 
Mainz, Germany.

In supraoptic neurons, each evoked train of spikes is followed by a fast afterhyper 
polarisation (AHP), by a sequence of a fast and a slow AHP, or by a sequence of a fast 
AHP and a depolarizing afterpotential (DAP). AHPs are induced by an activation of 
calcium-dependent potassium channels. SK, BK and IK types of calcium-dependent 
potassium channel are sensitive to specific peptide toxins. In a recent study, we 
demonstrated that the slow AHP is induced by charybdotoxin(ChTX)-sensitive 
mechanisms, while the fast AHP is induced by apamin-sensitive SK channels. In 
addition to its blocking action on BK channels, ChTX blocks DC channels as well as 
voltage-gated potassium channels containing the Kvl.3 α-subunit. The present study 
mainly aimed at pharmacologically characterizing the contribution of BK channels 
and Kvl.3 channels to the induction of the slow AHP in supraoptic magnocellular 
neurons. Membrane potentials of supraoptic neurons were intracellularly recorded 
from submerged brain slices (450-500 µm) at 32 °C using glass microelectrodes filled 
with 3 M potassium acetate. The fast AHP was blocked by apamin. In all neurons 
examined, application of ChTX resulted in blocking the slow AHP or, if not present 
during the control, in unmasking a DAP. If present during the control, the DAP 
amplitude was enhanced by ChTX. Similar effects on the sequence of spike train 
afterpotentials were induced by TEA ( ≤ 1.5 mM) or CoCl2 (1 mM), respectively. 
Neither the BK channel antagonist iberiotoxin nor the Kvl.3 α-subunit antagonist 
margatoxin exerted any significant effect on the sequence of afterpotentials. Further 
more, Kvl.3 α-subunits could not be demonstrated by immunohistochemistry to be 
present in supraoptic neurons, while they were present in other brain regions such as 
the dentate gyrus of the hippocampus. Results of this study suggest the induction of 
the slow AHP by an activation of the IK subtype of calcium-dependent potassium 
channels. BK channels most probably are not involved in the induction of AHPs.

52.10

CENTRAL ANGIOTENSIN AT, RECEPTOR BLOCKADE IMPAIRS 
THERMOREGULATION AND THIRST FOLLOWING HEAT STRESS IN 
RATS. M.L. Mathai2, T. Huebschle1, M.J. McKinley2 and F. A. O. Mendelsohn2*. 
1Max-Planck Institute of Clinical Physiology. Bad Nauheim. Germany; 2Howard 
Florey Institute. Univ. of Melbourne. Victoria 3052, Australia.

This study investigated the influence of central angiotensin AT, receptor 
blockade on thermoregulation and water intake following a heat stress. Lateral 
ventricular guide tubes were surgically implanted under anaesthesia (1 mg/kg 
Nembutal) in 10 rats. Experiments were conducted 2 weeks after surgery . Rats were 
placed in a chamber heated to 39 ± l°C for 60 min. They were then returned to their 
normal cage (at 20°C) and water intake was measured for 120 minutes. In the 
control experiment, 5 rats were treated with 5µl of artificial cerebrospinal fluid (art 
CSF) injected into a lateral ventricle 60 minutes before heat stress. During heat 
stress, rectal temperature increased from 37 30 ± 0.05°C to 39.67 ± 0 .12°C after 30 
min exposure and reached 40.46 ± 0.29 °C after 60min In 5 rats injected with 10µg 
of losartan. rectal temperature increased from 37.39 ± 0.2°C to 39.79 ± 0.25°C 
following 30 min of heat stress and to 41.60 ± 0.33 °C after 60 min. which was 
significantly higher than the control group (P<0.03) During the ensuing drinking 
test, losartan-treated rats only drank 1.1 ± 0 4 ml of water compared to 5.9 ± 0 77 
ml (P<0.002) during the control experiment This difference occurred despite a 
similar body weight loss of 13 ± 2g (primarily due to increased salivation) in the 
two groups. This study suggests that a central angiotensinergic mechanism has a 
role in thermoregulatory cooling in response to heat stress and water intake arising 
from salivary fluid loss.

This study was supported by the NHMRC of Australia.

52.12
SA LT LO AD IN G EFF EC TS ON V A SO TO CIN  AND N IT R IC  OXIDE 
SYNTHASE SYSTEM S IN QUAIL. C. C aslag n a*, L P lu m ari, C. V iglietti- 
Panzica, and G C Panzica. Dept. Anatomy. Pharmacology and Forensic Medicine, 
Univ. of Torino. 1-10126 Torino. Italy

Previous studies in mammals have shown that vasopressin (VP) colocalizes with 
nitric oxide (NO) synthase (NOS) in the magnocellular secretory system and the 
number of NOS-ir neurons in the paraventricular (PVN) and supraoptic (SON) nuclei 
of the rat increases after salt loading, suggesting an involvement of NO in 
osmoregulation In quail and fowl no coexistence was found between vasotocin (VT) 
and NOS detected by means of the histochemical reaction for NADPH-diaphorase, 
although close relationship between VT-immunoreactive (VT-ir) and NOS-ir 
elements has been demonstrated. To understand if chronic stimulation of quail VT 
system (inducing an increase of plasma VT levels and VT mRNA transcription in the 
avian hypothalamus) could result in a different pattern of coexistence among VT and 
NOS we have here studied the effect of prolonged salt loading on quail VT and NOS 
hypothalamic systems. Five male quail salt loaded with NaCl 2% in drinking water 
for 10 days and five untreated male quail were perfused and cryostatic sections 
processed for single and double inummocy tochemistry to visualize VT and NOS 
immunoreactivity The salt loading treatment increases the number, the size and the 
density of VT-ir cells and decreases cell staining particularly in the periventricular, 
SON. and PVN regions; moreover the number and the staining o f hypothalamo- 
hypophyscal fibers were also decreased These morphological results could be related 
to a massive release of VT following salt loading stimulation Little or no effect was 
detected in the extrahypothalamic VT-ir cell groups The treatment had apparently no 
influence on the NOS-ir elements and the double immunofluorescence confirmed that 
even after a prolonged salt loading VT-ir elements did not show colocalization with 
NOS. Present data, in contrast to mammals, suggest that, in quail, NOS system is 
not affected by alterations of the salt balance, though quail VT system is influenced 
by salt loading like the mammalian VP sy stem The physiological significance of the 
hypothalamic NO system m higher vertebrates may hence show a high interspecific 
variability. Work supported  by  gran ts from  M u r s t .
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52.13
E L E C T R O PH Y S IO L O G IC A L A N A LY SIS O F O S M O S E N S IT IV E  
NEU RO N S IN  T H E  N U C LE U S O F T H E  SO LITARY TR A C T O F T H E  
RAT. Shunj i  Iza w a * 1, A kira  A d ach i2 a n d  M ak o to  F unahash i2. Dept. 
O perative d en tis try 1 an d  P h ysio l2., O k ay am a Univ. D ental School, 
O k ay am a City, 7 0 0 -8 5 2 5  JA PA N

N eurons in the n uc leus o f  the  so litary  trac t (N TS) were shown 
p rev iously  to  ch an g e  th eir  fir in g  level in response  to  changes in  the 
ex trace llu la r  so d iu m  c o n cen tra tio n  (K obashi & A dachi, J. N eu rophysio l. 
54: 212 , 1985). W e so u g h t to  ex p lo re  this b eh av io r to  d e te rm in e  if  N TS 
n eu ro n s were g en e ra lly  osm osensiíive  o r specifically  sensitive to sod ium  
levels.

W hole cell reco rd in g s  were tak en  from  rat NTS n eu ro n s in  co rona l 
slices. F iring  rates were m easured  as slices were ex p o sed  to  perfusates 
w hich varied  in th e ir  osm o la lity  an d /o r so d iu m  co n cen tratio n . T h e  con tro l 
p erfusa te  co n ta in ed  124 m M  so d ium  ch lo ride. T h is c o n cen tratio n  was 
increased  o r d ecreased  by  20  m M  fo r h y p e rto n ic/h y p e rn a trem ic  o r 
h y p o to n ic /h y p o n atrem ic  so lu tions, respectively. A lternatively, 
hyp e rto n ic/eu n a trem ic  perfusa tes c o n ta in ed  2 0  m M  o f  sucrose  o r  
m annito l.

24%  o f  cells show ed a s ig n ifican t increase in th eir firing  rate w hich was 
susta ined  fo r  the p e rio d  o f  ex p o su re  to an y  o f  the h y p e rto n ic  perfusates. 
Rate ch an g es  were not d istin g u ish ab le  across so lu tion . T hese  sam e cells 
show ed sustained  f ir in g  rate  decreases d u r in g  p eriods o f  ex p o su re  to  the  
h y p o to n ic  so lu tion . Iden tical fir in g  rate  chan g es  co u ld  be p ro d u ce d  by 
ch an g in g  the  p ressu re  o n  the w hole cell e lec trode . A pp lica tio n  o f  suc tion  
to  the  p ipette  in creased  the cells' fir in g  rates an d  p ressu re  ap p lied  to  the  
p ipette, low ered  fir in g  rates.

We co n c lu d e  th at som e NTS n eu ro n s a re  osm osensitive rather than 
specifically  so d ium  sensitive an d  th e ir  response to  chan g es  in ex tracellu la r 
osm o la lity  m ay  resu lt fro m  ch an g es  in  cell volum e.

52.14
OSMOTIC STRESS INFLUENCES THE STRUCTURE AND FUNCTION OF 
THE PINEAL GLAND. D .A .Sibaroy, R.I.Kovalenko, A .D . Nozdrachey*. Dept. of 
General Physiology, St.Petersburg Stale Univ., St.-Petersburg  Russia, 199034.

The pineal gland (PG) has an important role in adaptive mechanisms to extremal 
conditions of environment. Both pineal connections with the paraventricular and 
supraoptic nuclei of hypothalamus and oxytocin and vasopressin neuronal terminals 
in PG tissue indicate the involvement of the PG in compensatory reactions during 
osmotic stress. Melatonin content in blood plasma increases because of hypoxia, 
hunger, thirst, initial stress attack and carcinogenesis in colon. Experiments were 
made on Wistar 48-hour water and food deprived male rats. Electrone microscopy 
showed the ultrastructural changes mainly in “light  ˮ pinealocytes, reflecting 
increased secretion (numerous secretory vesicles in cell processes, active nuclei, 
chromatin, the secretory matherial in extracellular spaces). Elecrophysiological 
study of deprived rats demonstrated the growth of frequency of spontaneously active 
cells discharging, switching of cells from irregular to regular and pattern activity 
and the appearence of chain-like activating groups of ce l l .  The ratio of different 
cell types shifts to regular and pattern activity types. Action potentials of secretory 
cells reflects exocytosis. So we suppose “light  ˮ cells to be activated mainly. 
Morphometry of pineal parenchyma mounts in deprived animals revealed 
vascularization 1.5-2.5 times, depending of rat individual responsibility to osmotic 
stress. Total square occupated by “light  ˮ cells decreased Cell lipidization was 
observed. The “light  ˮ cells were olso demonstrated to become smaller. No 
significant changes in nucleolus sizes were observed As the result, morphometry 
data confirmed cxocytosis activation revealed by electrone microscopy and in 
electrophysiological experiments showing smaller sizes of active lightˮ  cells 
because of intensive excretion of secretory product. Capillars expanding in this 
conditions probably helps hormonal transport to circulating blood
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53.1
CHARACTERIZATION OF A PROLACTIN REGULATING FACTOR 
(PRP) FROM A NOVEL MOUSE PITUITARY CELL LINE. Robert 
Hnasko and Nira Ben-Jonathan*. Dept. Cell Biology, Neurobiology and 
Anatomy, University of Cincinnati, Cincinnati, OH 45267.

The pituitary intermediate lobe (IL) contains a prolactin regulating 
factor (PRF) that stimulates prolactin (PRL) gene expression and release. 
Transgenic mice with the pro-opiomelanocortin promoter ligated to the 
SV4O-Tag develop IL tumors with PRF activity. From an IL tumor we 
have established a cell line (mIL5) that produces and secretes a PRF, as 
determined by an in vitro bioassay using GH3 cells transfected with a lucPRL 
promoter/luciferase reporter gene (G H 3 / l u c ) .). The mIL5 cells express 
FGF-2, a heparin binding protein that stimulates PRL gene expression. 
Our objectives were to: 1) characterize the biochemical properties of PRF 
produced by mIL5 cells, and 2) determine if this PRF differs from FGF-2. 
PRF activity from mIL5 cell extract and conditioned media (CM) binds to 
heparin and elutes between 0.5-1.0M NaCl, in contrast to FGF-2 which 
elutes at >l.5M  NaCl. The PRF activity of FGF-2, but not mIL5, was 
immunoneutralized by FGF-2 antibodies. FGF-2 protein was detected by 
Western blot in rat C6 glioma cells, but not in mIL5 cells or CM. These 
dissimilar properties suggest that the PRF secreted by mIL5 cells is not 
FGF-2 but may represent a novel heparin-binding protein. Purification of 
PRF from CM by heparin affinity chromatography and HPLC is underway 
to resolve its primary structure, (supported by NIH NS 13243 to NBJ and 
NRSA DA05737 to RH.

53.3
NITRIC OXIDE PLAYS AN IMPORTANT ROLE IN THE 
PROGESTERONE’S EFFECT ON THE DIURNAL CHANGE OF 
TUBEROINFUNDIBULAR DOPAMINERGIC NEURONAL ACTIVITY 
AND PROLACTIN SECRETION. J.T. Pan* and S.H. Yen. Dept. of 
Physiol., Natl. Yang-Ming Univ., Taipei, Taiwan 11221 

We recently reported that progesterone (P4) can advance and 
augment the diurnal changes of tuberoinfundibular dopaminergic 
(TIDA) neuronal activity and the estrogen-induced afternoon prolactin 
(PRL) surge in both proestrous and ovariectomized, estrogen-primed 
rats (Endocrinology 139:1602-9, 1998). We further showed that 
systemic injection of a nitric oxide synthase (NOS) inhibitor, NG-nitro-L- 
arginine (NA), dose-dependently (50 but not 5 mg/kg ip at 1000 and 
1200 h) blocked the effects of P4 on TIDA neurons and serum PRL at 
1300 h. Simultaneous injection of a NO donor, L-arginine (300 mg/kg, 
ip), completely prevented the NA’s effect. The same treatment of NA 
was also effective in blocking the diurnal changes of TIDA neuronal 
activity and PRL secretion at 1500 and 1700 h in ovariectomized, 
estrogen-treated rats. We further used rats pretreated with antisense 
oligodeoxynucleotides (ODN, 1 µg/3 µl, icv at 48 and 24 h before) 
against one of the NOSs’ mRNA, i.e., nNOS, eNOS and mNOS, and 
we found that treatment of antisense ODN for either nNOS or eNOS, 
but not mNOS, was effective in preventing the P4’s effect on TIDA 
neuronal activity at 1300 h. In summary, NO may play a physiological 
role in the estrogen- and P4-regulated diurnal changes of TIDA 
neuronal activity and PRL secretion. (Supported by National Science 
Council of ROC)

53.2
TROPHOBLAST CELL SIGNALS REGULATING PROLACTIN SECRETION 
AND FOS EXPRESSION IN THE ARCUATE NUCLEUS DURING PREGNANCY 
IN THE RAT. Y. Lee and J. L. Voogl Dept. of Molecular and Integrative 
Physiology, Univ. of Kansas Medical Center, Kansas City, KS 66160 

Early pregnancy in the rat is characterized by daily nocturnal and diurnal prolactin 
(PRL) surges. These PRL surges terminate at midpregnancy as a result of the secretion 
of placental lactogens (PLs) by trophoblast cells of the placenta. This negative 
feedback effect of PLs on the PRL surges may be mediated via increasing 
tuberoinfundibular dopaminergic (TIDA) neuronal activity. In order to investigate the 
neuronal site of PL action, we examined the effects of intracerebroventricular (icv) 
administration of the PL-secreting Rcho-1 trophoblast cell line or the non-PL 
secreting HRP-1 trophoblast cell line (control) and hysterectomy (removal of the PL 
source) on plasma PRL levels and Fos expression in the hypothalamus. The effects of 
the icv transplantation of trophoblast cells was examined during the nocturnal (0200h), 
intersurge ( 1400h), and diurnal ( 1800h) intervals of early pregnancy and following 
hysterectomy after midpregnancy (the latter is associated with an increase in plasma 
PRL). PL-secreüng Rcho-1 trophoblast cell icv transplantation completely blocked the 
PRL surges of early pregnancy, whereas icv transplantation of the non-PL secreting 
HRP-1 trophoblast cells had no apparent effect on the PRL surges. Transplantation of 
PL-secreting Rcho-1 trophoblast cells also prevented the hysterectomy-induced increase 
in plasma PRL, while transplantation of HRP-1 trophoblast cells did not significandy 
affect post-hysterectomy-induced rise in circulating levels. Neuronal activity in 
the dorsal portion of the arcuate nucleus (site of the TIDA neurons), as measured by 
Fos expression, showed an inverse relationship with plasma PRL levels. Fos 
expression was elevated following icv transplantation of the PL-secreting Rcho-1 
trophoblast cells, but not following icv transplantation of the non-PL secreüng HRP- 
1 trophoblast cells. The ventral portion of the arcuate nucleus did not show significant 
changes in neuronal activity in response to the experimental manipulations. The 
results indicate that PL-secreting trophoblast cells can contribute to the termination of 
pregnancy-associated PRL surges and the dorsal portion of the arcuate nucleus is one 
of the targets in the brain for their actions.
(supported by NIH grant HD24190 and AG 11561)

53.4
DIFFERENTIAL EFFECTS OF CYSTEAMINE TREATMENT ON 
TUBEROINFUNDIBULAR AND INCERTOHYPOTHALAMIC 
DOPAMINERGIC NEURONAL ACTIVITIES: ROLE OF 
PROLACTIN AND SOMATOSTATIN. K.R. Shieh* and J.T. Pan. 
Dept. of Physiol., Natl. Yang-Ming Univ., Taipei, Taiwan 11221 

Cysteamine is a sulfhydryl agent that causes significant depletion of 
pituitary and serum prolactin (PRL) levels. In addition, it also affects 
somatostatin, a neuropeptide heavily distributed in the hypothalamus. 
In prepubertal female rats (28- or 35-d old), treatments of cysteamine 
for 3 to 21 days invariably lowered the levels of 3,4-dihydroxyphenyl- 
acetic acid (DOPAC) and dopamine (DA) in the median eminence 
(ME) to 32-50% of control. The same treatment, however, increased 
those in the periventricular (A 14) and paraventricular nuclei (PVN) to 
2-3 fold. Replacement of PRL in cysteamine-treated rats could restore 
ME DOPAC and DA levels, but had no effect on those in the A 14 or 
PVN. Using intracerebroventricular injection of somatostatin, we 
found that somatostatin significantly inhibited DOPAC, but not DA, 
level in the ME, and both DOPAC and DA levels in the A 14 and PVN 
in a dose (0.001-1 µg/rat)- and time (15-60 min)-dependent manner. In 
summary, depletion of somatostatin may be responsible for the 
stimulatory effect of cysteamine on incertohypothalamic dopaminergic 
neurons innervating the A 14 and PVN, while depletion of PRL may 
account for cysteamine’s inhibitory effect on tuberoinfundibular 
dopaminergic neurons to the ME.
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53.5

INCREASED EXPRESSION OF PROLACTIN RECEPTOR mRNA IN THE RAT 
HYPOTHALAMUS DURING LACTATION. X.-J. Pi and D R. Grattan*.
Department of Anatomy and Structural Biology and Neuroscience Research Centre, 
University of Otago, Dunedin, New Zealand.

During lactation, prolactin (PRL) acts on the brain to mediate a variety of 
functions. The present study aimed to investigate the expression of both the short- and 
long forms of PRL-R mRNA in the hypothalamus of lactating rats (days 7 -10 to post 
partum) compared with diestrous rats. Rat brains were frozen on dry ice and cut into 
coronal sections of 300 µm. Specific nuclei were micropunched from these sections 
with autoclaved stainless-steel needles of 300 µm or 500 µm diameter. From these 
punched tissues, total RNA was extracted and the two forms of PRL -R mRNA were 
detected by RT-PCR. The RT-PCR product was verified by Southern hybridization 
with a digoxigenin-labelled oligonucleotide probe common to both forms of the 
receptor The results showed that in diestrous rats, the choroid plexus contained 
relatively high levels of the long form of PRL-R mRNA, and the arcuate nucleus also 
expressed detectable levels In lactating rats, expression of the long form of PRL-R 
mRNA was significantly increased in the choroid plexus, and was also now detectable 
in the supraoptic nucleus, pavaventricular nucleus, and the ventromedial hypothalamic 
nucleus. Levels in the arcuate nucleus of lactating rats were not significantly different 
from diestrous rats. The short form of PRL-R mRNA was expressed at low levels in 
the choroid plexus of diestrous rats, while in lactating rats, the short form was 
expressed at a significantly higher level in the choroid plexus, and also in the 
supraoptic and pavaventricular nuclei. The increased expression of both forms of PRL- 
R mRNA is consistent with the numerous known effects of prolactin on brain 
function during lactation. The differential regulation of the two forms of PRL-R 
mRNA in different nuclei suggests that the two forms of the receptor may play 
different roles in mediating the various actions of PRL.
(Supported in part by the Health Research Council of New Zealand)

53.7

DECREASED PROLACTIN AND GROWTH HORMONE IN WOMEN WITH 
FIBROMYALGIA DURING NOCTURNAL SLEEP.
C.A. Landis*, M.J. Lentz, J. Rothermel, D. Chapman, S. Qfstad, D. Buchwald.
& J. F. Shaver. Biobehavioral Nsg, Univ. Washington, Seattle, WA 98195-7266 

Fibromyalgia (FM) is a syndrome o f chronic pain and fatigue, altered 
neuroendocrine function and poor sleep. The pathophysiology o f FM is 
unknown, but a disturbance in the central nervous system is likely. As part of a 
larger study of sleep, nighttime hormones and pain in middle-aged women with 
(n = 8 ; 44.4±8.8 yrs) and without (n = 10; 39±4.0 yrs) FM, we measured cortisol 
(Con), growth hormone (GH), prolactin (Prl), and melatonin (MT) in peripheral 
blood each hour from 2000 to 0700h. Serum Cort, GH, and Prl were assayed 
with ELISA kits (Diagnostic). Plasma MT was assayed with a RAI kit 
(Buhlmann). Compared to healthy, sedantary controls, there were large 
significantly reduced levels (all p<0 .0 1 ) reduced levels o f prl in drug free 
women with FM during each time period. GH was significantly (p<0.02)_______
Time PRL GH CORT MT
Period FM Con FM Con FM Con FM Con
2000-
22OOh

2 .6±1.6 6.5±3.l O.3±O.4 0.5±0.8 3.2±2.0 3.9±3.4 l.9±2.5 5.2±9.7

2300-
0300h

7.l±6.9 18.0±6.1 O.6±O.9 l.7±l.l 4.2±2.5 3.4±2.1 32.7±12 35.5±18

0400-
0700h

8.5±7.l 19.1 ±6.0 O.4±O.4 O.2±O.2 10.1 ±5.3 8.9±2.6 4 1.6±20 35.5±195

reduced in FM during early sleep. There were no differences in Cort or 
melatonin. These data provide further evidence for hypothalamic-pituitary 
dysregulation as an important factor in the pathophysiology of FM. This is the 
first report of reduced GH and prl during sleep in FM. Supported by NR01 118, 
NR0411.

53.9

FOS EXPRESSION IN THE FEMALE RAT BRAIN DURING THE 
PROESTROUS PROLACTIN SURGE AND FOLLOWING MATING.
S-P Yang and J. L. Voogt*. Department of Molecular & Integrative Physiology, 
University of Kansas Medical Center, Kansas City, KS 66160 

Prolactin (PRL) surges occur in the proestrous (PE) female rat in response to 
elevated estradiol levels. PE is also associated with sexual receptivity. Mating 
triggers twice-daily PRL surges which supplant the PE PRL surge and are 
responsible for maintaining corpus luteum function during early stages of 
pregnancy. In order to begin to understand the neuronal mechanisms controlling 
the PE- and mating-activated PRL surges, we examined patterns of c-Fos 
expression by immunocytochemistry in specific brain regions as a measure of 
neuronal activity. Intact female rats were sacrificed at 0900, 1500, and 1800 h 
on the day of PE and and the day of diestrous. Brain tissues were also collected 
at 2100 h on the day of PE from control and mated rats. Serum PRL levels were 
determined by RIA. On the day of PE, the number o f neurons expressing c-Fos 
in the preoptic (POA), medial amygdala (mAMYG), and ventromedial nucleus 
(VM) was few and was associated with low plasma PRL levels; however, during 
the PRL surge at 1500 and 1800 h of PE the number of c-Fos positive cells in 
these brain regions significantly increased (all psot hoc, p<0.05). Mating also 
resulted in a dramatic increase in the number of c-Fos labelled cells in the POA, 
mAMYG, VM, and the arcuate nucleus. PRL levels and c-Fos expression in 
unmated-diestrous animals did not significantly change during the sampling 
period. The results suggest that the POA, mAMYG, VM, and the arcuate 
nucleus are important brain sites for the integration of stimuli associated with 
cyclic estrogen- and mating-activated PRL surges.
(Supported by NIH grants, HD24190 and AG1 1561)

53.6

PROLACTIN RECEPTOR IMMUNOREACTIVITY IN THE FEMALE RABBIT 
BRAIN: VARIATIONS ACROSS THE REPRODUCTIVE CYCLE G. Gonzàlez- 
Mariscal*, A.I. Melo, and C. Beyer, Centro de Investigación en Reproducción Animal. 
CINVESTAV-UAT. Tlaxcala, Mexico.

Prolactin (PRL), along with estrogen and progesterone, regulates maternal nest
building across late pregnancy in rabbits. After parturition, PRL promotes maternal 
responsiveness to the young. The brain sites where PRL acts to provoke these effects 
are unknown. However, 125I-PRL binding sites have been reported in the unmated 
female rabbit hypothalamus. To further investigate the brain areas involved in the 
modulation of reproductive events by PRL, we assessed the distribution o f PRL- 
receptor immunoreactive (PRL-R-IR) neurons in the brain o f estrous, pregnant and 
post-partum New Zealand white rabbits. The monoclonal mouse anti-PRL-R antibody, 
clone U6 (donated by PA Kelly), was used. The infundibular nucleus showed the 
highest density o f PRL-R-IR neurons, which were more abundant in late pregnant and 
postpartum rabbits than in estrous animals. The medial habenula consistently showed 
PRL-R-IR neurons in late pregnant and postpartum females. Immunoreactivity was 
observed in all rabbits in the choroid plexus and across a periventricular system that 
included the para- and peri-ventricular thalamic nucleus (anterior and posterior parts). 
The mesencephalic central gray also showed a moderate immunostaining in pregnant 
and pospartum rabbits. No PRL-R-IR neurons were noted in the medial preoptic area, 
a region where estrogen and progesterone act to facilitate some aspects of maternal 
nest-building. Immunoreactivity was also absent from limbic system structures like: 
the ventromedial hypothalamus, the amygdala and the bed nucleus o f the stria 
terminalis. Results support the idea that the modulation o f reproductive events in the 
female rabbit by PRL may involve the action of this hormone on specific brain 
structures that possess PRL receptors.
Supported by NIMH grant MH4589l.

53.8
NEUROPEPTIDE Y (NPY) INHIBITION OF PROLACTIN SECRETION FROM 
RAT ANTERIOR PITUITARY CELLS: EVIDENCE FOR MEDIATION BY Y-5 
RECEPTORS. J.J. W ang and W.R. Crow ley*. Department of Pharmacology, 
University of Tennessee, M emphis College of Medicine, Memphis, TN 
38163 .

Hypothalamic NPY systems are up-regulated in lactation in rats, and we 
have demonstrated that NPY inhibits prolactin (PRL) secretion and 
enhances dopam inergic suppression of PRL secretion from  cultured 
anterior p ituitary cells o f lactating rats (Endocrinology 137: 587-594,1996). 
The effect of NPY is mediated primarily via negative coupling to extracellular 
calcium entry through L-type voltage-sensitive calcium  channels (Society for 
Neuroscience, 1997). However, the NPY receptor subtype mediating this 
action in the anterior pituitary gland remains to  be determ ined, and the 
present studies exam ined the effects of receptor subtype-selective NPY 
agonists and antagonists on PRL secretion. In perifused anterior pituitary 
cells, the stimulation of PRL secretion and elevation of cytosolic calcium in 
response to the secretagogue thyrotropin-re leasing horm one (TRH) was 
inhibited equally by NPY and by selective peptide agonists at the Y-1 
((Leu31,Pro34)peptide YY) or Y-2 (Peptide YY3-36) receptor; however, the 
analogue C2-NPY ((Cys2)-Neuropeptide Y (1-4)-8-am inooctanoyl-(D-cys27) 
NPY 25-32) was ineffective. This pharmacology sim ilar is sim ilar to that of 
NPY-induced feeding and thus, suggests mediation by a Y-5 receptor. 
Consistent with this view, (D-Tyr27,36, Leu34) NPY (27-36), a putative Y-5 
antagonist of the feeding response, but not (Cys31, NVA34) NPY (27-36), a 
peptidergic Y1 antagonist, inhibited the effect of NPY on basal and TRH- 
stim ulated PRL secretion. These finding support the invovlem ent of a Y-5, 
feeding-like receptor mediating NPY inhibition o f PRL secretion in the 
anterior pituitary gland.

Supported by NIH grant HD-13703

53.10
Regulation of Anterior Pituitary Galanin Gene Expression in Pregnant and Nursing 
Rats: Effect of Suckling. J. Ren1, J.I. Koenig2* and S.C. Hooi1.  1Pent of Physiology, 
National University of Singapore, Singapore 119260, 2University of Maryland 
School of Medicine, Baltimore MD 21228.

We studied the regulation of anterior pituitary galanin gene expression during 
pregnancy and lactation. Anterior pituitary galanin gene expression increased during 
the final week of pregnancy. Levels were approximately 9-fold higher just before 
pregnancy at day 21 compared to levels detected at day 13 of pregnancy. The pattern 
of galanin gene expression in the pituitary during the final week of pregnancy was 
similar to that of prolactin. The increase in anterior pituitary prolactin mRNA levels 
were about 18-fold higher just before parturition compared to levels detected at day 
13 of pregnancy.

After parturition, anterior pituitary galanin mRNA levels were approximately 6 - 
fold higher 1 day after parturition compared to that detected at day 2 0  of pregnancy. 
The increase in anterior pituitary gene expression after parturition was independent 
of whether the mothers were allowed to suckle the pups or not. However, anterior 
pituitary galanin gene expression was significantly higher in nursing mothers 
compared to those who were not, 2 and 3 days after parturition. Anterior pituitary 
galanin gene expression levels were 2.4-fold and 17-fold higher in nursing mothers 
compared to the levels in those who did not nurse, respectively. Further, anterior 
pituitary galanin gene expression significantly decreased about 47%and 57%, 1 and 
2  days after pups were removed from mothers who had been nursing for 2  days, 
respectively, compared to mothers who had their pups removed and immediately 
replaced.

The results demonstrate that anterior pituitary galanin gene expression is regulated 
during pregnancy and after parturition. This indicates a possible role of galanin in 
the control of hormone secretion during these activities.
This work was supported by an NUS grant to SCH, RP940338.
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53.11
ENDOCRINE EFFECTS OF ADMINISTRATION OF A SELECTIVE 
NOCICEPTIN ANTAGONIST. W. Bryant, P. Callahan, M. Baumann, and
J. Janik.* Miami Univ, Center for Neuroscience, Dept of Zoology, 
Oxford, OH 45056 and Clinical Psychopharmacology Laboratory, 
NIDA, Baltimore, MD 21224.

The effects of a recently discovered, selective nociceptin antagonist 
on the prolactin and GH secretory response to Orphanin FQ (OFQ) 
were determined. Guerrin, et al., reported that the antagonist, 
[Phe1 ψ (CH2 -NH) Gly2] Nociceptin (1-1 3)NH2, displaced to the 
right the concentration-response curves of nociceptin in the 
electrically stimulated guinea pig ileum and the mouse vas deferens. 
Also, concentrations as high as 10 µM did not modify the inhibitory 
effects of opiate receptor agonists (Br J Pharm 123:163, 1998).

Female rats were pretreated with 1 or 10 µM of the antagonist 10 
minutes prior to the injection of 1 µM OFQ. Prolactin levels were 
significantly increased by OFQ treatment and pretreatment with 
either dose of the antagonist did not diminish the response.
Similarly, the GH response was not affected by antagonist 
pretreatment, although the magnitude of the GH secretory response 
was significantly less than that of prolactin.

[Phe1 ψ (CH2-NH) Gly2] Nociceptin (1-1 3)NH2, a drug 
characterized as a highly specific OFQ antagonist in vitro, does not 
block the endocrine effects of OFQ. OFQ may mediate its effect at a 
receptor subtype which is not blocked by this antagonist or the 
opiate receptors may be implicated in the endocrine responses to 
OFQ a possibility currently being examined in our laboratory. 
Supported by NIH HD 30375-01 to JJ and PC.

53.13

ELEVATED G A LA N IN  m R N A  IN NPY K N O CK O U T M ICE 
T.G. H o h m a n n ,1* D.K. C lifto n ,2 R .A . S te in e r .2,3 1P r o g r a m  for 
N eurob io logy  and  Behavior, D epts. of 2O b /G y n , 3Physio logy  and 
Biophysics, U niversity  of W ash ing ton , Seattle, W A 98195

N e u ro p e p tid e  Y (NPY), p ro o p io m e la n o c o rtin  (PO M C ) and  
a lan in  a re  n eu ro p e p tid e s  th a t co localize in  severa l a reas  of the 
ra in , an d  m ay  have  o v e rlap p in g  an d  in te rd e p e n d e n t ro les in 

m o d u la tin g  ne rv o u s system  function. These inc lude  regu la tion  of 
g o n ad o tro p in  an d  g ro w th  ho rm o n e  secretion , feed ing  behaviors, 
a n d  m e tabo lism . R em ark ab ly , NPY k n o ck o u t (KO) m ice a re  
phen o ty p ica lly  in d is tin g u ish ab le  from  w ild ty p e  (W T) m ice in all 
these critical physio log ical processes, d esp ite  NPY 's p u ta tiv e  role 
in the n eu ro en d o crin e  con tro l of these  system s. O ne  reason  for 
the  a p p a re n t ly  n o rm a l p h e n o ty p e  of NPY KO m ice  m ay  be 
co m p en sa tio n  by  o th e r gene  p ro d u c ts , w ith  g a lan in  an d  POM C 
em erg in g  as p lau sib le  can d id a te s . To ex am in e  w h e th e r  gene 
ex p re ss io n  or th ese  n e u ro p e p tid e s  is u n re g u la te d  in  NPY KO 
m ice, w e m easu red  m R N A  levels in the  h y p o th a lam u s  of 6 ad u lt 
fem ale KO m ice an d  6 aged -m atch ed  fem ale W T m ice, u s ing  an  
35S labeled  cRN A  probe , in a s ing le-label in situ  h y b r id iz a tio n  
assay . W e fo u n d  g a la n in  m R N A  leve ls  in  th e  KO  to be 
s ig n if ic a n tly  h ig h e r  (p< 0 .05) in  th e  a rc u a te  (+60% ) an d  
do rso m ed ia l nuclei (+130%), w h ereas  w e found  no  d ifference  in 
PO M C  g en e  e x p re ss io n  b e tw ee n  KO an d  W T. T hese  re su lts  
su g g es t th a t g a la n in  m ay  be one of the  p e p tid e s  in  the  b ra in  
w h o se  ac tio n s— in the  ab sence  of N PY — m a in ta in  the  no rm al 
func tion ing  of n eu ro en d o crin e  system s reg u la tin g  rep ro d u c tio n , 
g row th , and  bod y  w eight. S upported  by  NSF g ran t ISN 9720143.

53.15

C A TECH O LA M IN ERG IC M ODULATION O F HISTAM INE- 
INDUCED RELEASE O F PITUITARY HORM ONES
U. Knigge, E. Willems, A. Kjaer*, H. Jorgensen, J. Warberg.
Dept. of Medical Physiology, University of Copenhagen, Denmark.

The neurotransmitters histamine (HA) epinephrine (E) and norepinephri
ne (NE) stimulate the secretion of the anterior pituitary hormones ACTH 
and prolactin (PRL) and the posterior pituitary hormones arginine 
vasopressin (AVP) and oxytocin (OT) in rats and are involved in the 
mediation of the hormone responses to stress, dehydration and suckling. 
We investigated the effect of selective blockade of adrenergic receptors on 
the hormone response to HA, the H 1 receptor agonist 2-thiazolylyethylami- 
ne (2-TEA) and the H2 receptor agonist 4-methylhistamine (4-MeHA) in 
male rats. All compounds were administered intracerebroventricularly. 
While only HA and the H2 receptor agonist stimulated PRL secretion, HA 
and the histaminergic agonists equally stimulated ACTH, AVP and OT 
secretion. The PRL response to HA or 4-MeHA was inhibited or prevented 
by phenoxybenzamine (α 1+2), phentolamine (α 1+2), prazocin (α 1), 
propranolol (β1+2) and atenolol (β1), whereas yohimbine (α2) or ICI- 
118,551 (β2) had no effect. Pretreatment with the adrenergic receptor 
antagonists had no effect on the ACTH, AVP and OT response to the 
histaminergic compounds. The study indicates that the catecholaminergic 
neuronal system via α 1 and β1 receptors modulates the effect of HA on 
PRL secretion but not that of HA on ACTH, AVP and OT secretion.

53.12
OVEREXPRESSION OF GALANIN IN LACTOTROPHS OF THE ANTERIOR 
PITUITARY GLAND IN TRANSGENIC MICE Aihua Cai* and James F. Hyde. 
Department o f Anatomy and Neurobiology, University o f Kentucky College of 
Medicine, Lexington, KY 40536.

We have generated transgenic mice that carry ~4.6 kb o f the mouse galanin gene 
fused to 2.5 kb o f the rat prolactin (PRL) promoter. Genomic DNA analysis 
revealed three lines o f mice that carried and transmitted the transgene. Northern 
blot analysis showed a dramatic increase o f galanin gene expression in the anterior 
pituitary gland o f both male and female mice transgenic mice in all 3 lines. We 
further confirmed this increase in galanin mRNA by in situ hybridization. The 
increase in galanin gene expression was restricted to the anterior pituitary. We did 
not detect any elevation o f galanin mRNA or peptide expression in other tissues, 
including the posterior pituitary, hypothalamus, heart, liver, spleen, kidney, skeletal 
muscle, ovary, testis and fat. Galanin peptide contents in the anterior pituitary of 
male and female transgenic mice were increased at least 30-fold, and the basal 
levels o f  galanin in female mice were significantly higher than those of males. At 
2-3 months o f age, the anterior pituitary appeared visibly larger in female 
transgenic mice. We also measured the peptide contents o f PRL, growth hormone, 
thyroid-stimulating hormone and luteinizing hormone in the anterior pituitary of 
both male and female mice. Only PRL peptide contents in female transgenic mice 
were increased as compared to those o f normal controls, and PRL mRNA levels 
were significantly increased in female transgenic mice as quantified by a 
ribonuclease protection assay. Furthermore, dual in situ hybridization for galanin 
and PRL mRNAs showed that the increase of galanin gene expression in the 
anterior pituitary occurred in lactotrophs. We conclude that increased expression of 
galanin in the anterior pituitary upregulates PRL synthesis and secretion, possibly in 
an estrogen-dependent manner. This work was supported in part by NIH Grants 
DK-45981 (JFH) and HD-07436 (AC).

53.14

EFFECTS O F 2-D E O X Y G L U C O SE  A N D  M E R C A P T O A C E T A T E  
O N  R N A S  FO R  N E U R O N A L  N IT R IC  O X ID E  S Y N T H A S E , 
G A L A N I N  A N D  G A L A N I N -1  R E C E P T O R  I N  R A T  
H Y P O T H A L A M I C  N E U R O S E C R E T O R Y  N E U R O N S .
O .G orbatyuk,__O .Johansson ,* T.Hökfelt D epartm ent of
Neuroscience, Karolinska Institutet, S-171 77 Stockholm, Sweden

Using in situ hybridization, we studied expression of mRNAs for 
neuronal nitric oxide synthase (NOS), galanin and galanin-R1 
receptor in the rat hypothalamic paraventricular (PVN) and 
supraoptic (SON) nuclei after i.p. administrations of a glucose 
inhibitor , 2-deoxy-D-glucose (DG), as well as a fatty acid 
oxidation inhibitor , mercaptoacetate (MA). One injection of DG 
(600mg/kg) or MA (68mg/kg) significantly increased NOS mRNA 
level in the SON (P<0.00l), measured two hours after the injection. 
An increase was also observed for the mRNAs for NOS, galanin-R1 
receptor and to some extent galanin in different neuronal 
populations of the PVN and SON after repeated administrations 
(four injections of DG 500mg/kg or two injections of MA 57mg/kg 
during 8 hours). These findings support a role for NO and galanin 
in the central regulation of carbohydrate and fatty acid metabolism 
involving the PVN and SON. Moreover, the magnitude of the 
effect of galanin in the PVN and SON may also be dependent on 
the level of galanin-R1 receptor.

Supported by the Swedish MRC (04X-2887).
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54.1
ELECTROPHYSIOLOGICAL EVIDENCE FOR INSULO-INSULAR 
CONNECTIVITY IN THE RAT. Z.H. Z hang * and  S.M . O ppenhe im er. 
Laboratory of Neurocardiology, Johns H opkins U nivers ity School of M edicine, 
Baltimore, MD 21287.

Baroreceptor-related neurons have been identified  in the insu la r co rtex of 
the rat and monkey. Using extracellular recording, w e  investigated reciprocal 
connectivity between the right and left insu la r co rtex. S even ty five  posterior 
insular units (43 in the right insula; 32 in the  le ft insu la) w ere  exam ined  in 
11 urethane-anesthetized m ale S prague -D aw ley rats. A ntidrom ic or 
orthodromic activation was explored using m o nopo la r e lec trica l s tim ula tion 
(0.75Hz; 150 µA; 0.4 ms) of the contra latera l insula. T w en ty  tw o  ( 9 right; 13 
left) of 75 cells (29%) were antidrom ically activa ted w ith threshold 47.1 ± 4 .8  
µA and onset latency 20 .3±I .5 ms. T w enty one (13 right; 8 le ft insula) o f 75 
(28%) were orthodromically excited w ith  th resho ld  76.2±3.9 µA and peak 
latency 19.7±1.4 ms (onset la tency=16.2± 1.4 m s). C e lls  w ere  ca tegorized  
according to response to phenylephrine  (PE, i.v.10 µg/kg), sod ium  
nitroprusside (SNP, i.v. 5 µg/kg) and g raded  e lec trica l stim u la tion  of 
contralateral insula (50 µA, 100 µA and 150 µA; 0 .4 ms; 25Hz; 30s). Th irteen 
of 51 neurons (26%) tested were sym pa thoexcita to ry  (SE) units, w h ile  10/51 
(20%) were sympathoinhibitory (SI) and 28/51 (55% ) units w ere unresponsive 
to PE and SNP (Non). Thirty of 39 units (77% ; 9 SE, 6 SI and 15 Non) were 
inhibited during high frequency stim u la tion  o f the  con tra la te ra l insu la  and 
demonstrated a graded inhibition to increasing  cu rren t (-29.6% , -67.5%  and 
-75.8% with 50 µA, 100 µA and 150 µA stim ula tion respectively). O nly one unit 
(3%) showed an excitatory response to graded  e lec trica l stim u la tion. These 
data provide electrophysiological ev idence  fo r d irec t and indirect reciprocal 
connectivity between right and left insu la r neurons, som e of w h ich m ay play 
an important role in cardiovascular contro l.

54.3
CARDIOVASCULAR REACTIVITY AND MENTAL STRESS: AN fMRI STUDY 
1A.B. King*, 3R.S. Menon, 3J.S. Gati, 2V.C. Hachinski, and 1,2D.F. Cechetto. 1Dept. of 
Anatomy & Cell Biol., 2Clinical Neurological Sci., Univ. of Western Ontario; 3Robarts 
Research Inst.; London, ON, N6A 5C1

Mental stress has been implicated in cardiovascular disorders including stroke and 
heart attack. We used functional magnetic resonance imaging (fMRI) to identify regions 
of the human brain involved in the cardiovascular response to mental stress. Stress was 
induced using a variation of the Stroop Word Colour Test (SWCT), lasting for two 
minutes. Prior to imaging, the test was performed in the laboratory to characterize 
subjects responses to mental stress. Blood pressure (BP) was recorded with a FinapresTM
finger cuff, and heart rate (HR) was calculated from the pulse pressure. Based on their 
response to the SWCT, subjects were classified as reactors (showing a significant change 
in systolic BP) or non-reactors (no change in systolic BP). In reactors, BP increased 
dramatically shortly after the start of the SWCT, and remained elevated for 
approximately 90 seconds. During the last 30 seconds of the test, BP declined slowly. 
At the end of the SWCT, BP returned to baseline within 15 seconds. After characterizing 
BP and HR changes, the SWCT was conducted during fMRI. Imaging was conducted 
on a 4T Varians scanner. Brain activity levels during two minutes of mental stress (four 
30-second periods) were compared with control periods (colour names in non-conflicting 
colours) using multiple student's t-tests. At each time period, reactors demonstrated more 
brain regions with changes in activity and greater extent of change in these regions. In 
all subjects, activation consistent with the attentional demands of the SWCT was 
observed, primarily in the medial prefrontal cortex; in reactors, this activity was 
comprised primarily of decreases in intensity level, suggesting inhibition of this region 
in these subjects. Reactors also appear to have increased activity levels in the amygdala, 
to a greater extent than non-reactors. This study identifies, for the first time, regions of 
the human brain involved in cardiovascular responses to mental stress, and indicates that 
the magnitude of these changes can be correlated with activity in specific brain regions. 
Supported by the Heart & Stroke Foundation of Ontario and the Trillium Foundation

54.5

IDENTIFICATION OF BAROSENSITIVE NEURONS IN THE BASAL 
FOREBRAIN USING JUXTACELLULAR LABELING. G.J. Kirouac* and 
O.J. Pittman. Neuroscience Research Group, Dept. of Physiol, and 
Biophysics, University of Calgary, Calgary, Alberta, Canada, T2N 4N1.

Previous investigations using the inducible gene c-fos as a marker for 
neuronal activation have reported that the basal forebrain contains neurons 
that respond to changes in arterial blood pressure. However, the location and 
morphology of these neurons remains poorly defined. The goal of the 
present investigation was to determine the location and cytoarchitecture of 
barosensitive neurons in the basal forebrain. Extracellular recordings of 
single units were done in the α-chloralose anesthetized rat ventilated with 
100% O2 and paralyzed with pancuronium bromide. Single units that 
responded to pressor (phenylephrine; 2 µg/kg, i.v.) or depressor (sodium 
nitroprusside; 1 µg/kg, i.v.) events in the circulation were subsequently filled 
with biocytin using the juxtacellular method. Brain sections were processed 
using the avidin-biotin complex reaction to reveal a Golgi-like fill of the 
soma, dendrites and axon. Barosensitive and biocytin labeled neurons were 
found in the islands of Calleja, olfactory tubercle, and the diagonal band of 
Broca. The majority of the barosensitive units were excited by an acute 
decrease in arterial pressure (< 50 mmHg) whereas a few units were excited 
or inhibited by acute pressor events (< 50 mmHg). The findings of the 
present investigation suggest a role in cardiovascular function for distinct 
populations of neurons within the basal forebrain. (Supported by the Heart 
and Stroke Foundation of Alberta).

54.2

ELECTRICAL STIMULATION OF THE RIGHT POSTERIOR INSULAR 
CORTEX INCREASES CARDIAC SYMPATHETIC TONE IN THE RAT
S.M. Oppenheimer*,Z.H. Zhang and M. Boekholdt Laboratory of 
Neurocardiology, Johns Hopkins University School of Medicine, 
Baltimore, MD 21287.

Previous studies implicated the right posterior insula in cardiovascular 
regulation. Spectral analysis of heart rate variability was used to 
investigate the effects of right posterior insular stimulation in 56 
urethane-anesthetized male Sprague-Dawley rats. Following 
pharmacological blockade using atropine and atenolol, three spectral 
frequency bands were defined: very low frequency (VLF, 0.02-0.3Hz); 
low frequency (LF, 0.3-0.9 Hz) and high frequency (HF, 0.9-2.4 Hz). 
Atenolol (1mg/kg i.v.) produced 60% reduction in VLF (p=0.01), but no 
significant change in HF and LF. Atropine (0.3 mg/kg, i.v.) produced 
39% reduction in VLF (p=0.15), 59% in LF (p=O.O8) and 43% in HF 
(p=0.01). The only component containing significant sympathetic 
activity therefore was VLF. During 10 minutes of right posterior insular 
stimulation (150-200 µA; 10Hz; 0.4 ms), there was a 322% increase in 
VLF from baseline (p=0.003), which was completely blocked by atenolol 
(1mg/kg i.v.). Stimulation had no significant effect on LF and HF 
bandwidths. Insular stimulation increased the MAP by 11 mmHg and 
HR by 18 bpm from baseline during the 10 min. Insular stimulation. 
Sham stimulation had no significant effect on all bandwidths. These 
data suggest that the right posterior insula is predominantly concerned 
with regulation of cardiac sympathetic activity in the urethane 
anesthetized rat.

54.4

CENTRAL NERVOUS SYSTEM EFFECTS OF CORTICOTROPIN-RELEASING  
FACTOR ON CARDIOVASCULAR FUNCTION:SITE OF ACTION. L A . Fisher* 
and Y. H uang. D ept. o f Physiology, The O hio  State Univ. Col. of Med., 
C o lum bus, OH 43210

In tracerebroventricu lar (icv) adm in istra tion o f co rtico trop in -re leas ing  factor 
(CRF) in consc ious rats elic its an array o f a utonom ic nervous and cardiovascu lar 
responses tha t are s im ilar to  the defense reaction. A ccord ing ly , CRF acts within 
the central nervous system  (CNS) to  p roduce  s im ultaneous e levations o f arterial 
pressure (AP), heart rate (HR), cardiac output, skeletal m uscle  b lood flow  and 
plasm a levels o f catecho lam ines w hile  reducing both  card iac vagal tone and 
b lood flow  to  the mesentery. A lthough CR F-conta ining neurons and CRF 
receptors are w ide ly  d istributed th roughou t the CNS, the precise sites w ith in  the 
CNS wherein CRF acts to  evoke these responses are not known. Thus, the 
purpose o f the  present experim ents was to  exam ine the cardiovascu lar 
responses to  m icro in jections o f CRF in to  sites con ta in ing  m oderate  to  high 
densities o f CRF receptors. All experim ents were perform ed in conscious 
unrestra ined m ale Sprague-Daw ley rats (230-250 g). Four to  five days p rior to  
experim ents, cannulas were im planted near the bed nuc leus of the stria 
term ina lis (BNST), the lateral septal nucleus (LSN) o r the h ippocam pus (HIP). 
In jections o f CRF w ere delivered in 100 nl vo lum es over 30 seconds. Little o r no 
cardiovascu lar responses were observed a fter in jections o f veh ic le  or CRF into 
all subdiv is ions o f the BNST and LSN. In contrast, ve ry low  doses o f CRF (15-35 
pm ol) produced  sim ultaneous elevations o f AP and HR a ttended by s tereotypical 
behavioral activa tion when in jected into the HIP. The HIP conta ins mRNA for 
both  CRF-1 and CRF-2 recep tor subtypes and the present results suggest that 
the HIP m ay be a site o f action wherein CRF acts to  in fluence autonom ic 
nervous and cardiovascu lar function.
Supported by MH53720 .

54.6

FOREBRAIN PR OJECTIONS TO THE PER IAQ U ED U C TAL GRAY IN THE 
RABBIT. J. P aredes, R.W. W inte rs , E.J. G reen , J. G onza les, N. 
Schne iderm an and P.M. M cC a b e*. D ep t. of P sycho logy, Univ. o f Miami, 
Coral Gables, FL 33124

Previous work (Bandler, Carrive, & Zhang, Prog. Brain Res., 87, 269 - 305 , 
1991) suggests the periaqueducta l gray (PAG) is invo lved in the in tegra tion  
of behavioral and autonom ic com ponen ts of a ffective  behavior. O ur 
laboratory has shown electrical stim ulation of the ventro la tera l portion of PAG 
(vl PAG) in the rabbit elicits a pressor response, vasoconstric tion , and 
bradycardia (Vig ilance Reaction), w hereas stim ulation o f the  dorsal medial 
portion of the PAG elicits a pressor response accom panied by tachycardia 
and m uscle vasodilatation (D efense Reaction). The purpose  of th is study is 
to identify the forebra in  e ffe rents  that may exert a m odula tory in fluence  on 
the PAG.

A retrograde tracer, F luorogold , was in jected into vl PAG (.5 µl of 4%  
so lution in jected in .1 µl steps over a 25 m inutes) in h a lo thane-anesthe tized  
New Zealand albino rabbits. A fter a 7-14 day survival period, the anim als w ere 
perfused, the brains sectioned into 4OµM slices, and sections view ed und e r 
u ltrav io le t epifluorescence. Cell body labeling was observed  in a num ber o f 
fo rebrain reg ions includ ing the ipsilateral medial p re fronta l cortex (mainly 
area 32, as well as areas 24 and 25). In add ition , bilateral labeling was 
observed  in several hypothalam ic nuclei, includ ing: the paraventricu lar
nucleus, the dorsal medial hypothalam ic nuc leus (hypotha lam ic d e fe n s e  
area), and an in term ediate  hypothalam ic region lateral to  the d e s ce nd in g  
co lum n of the forn ix (hypotha lam ic v ig ilance area). Labe ling was also seen in 
various ipsilateral thalam ic nuclei, how ever, only sparse labeling was 
observed in the am ygdala. These pathw ays m ay represent a neuroanatom ica l 
substra te  of the forebra in  m odula tion of PAG.

Supported by H L07426 and H L36588.
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54.7
FOREBRAIN SYMPATHETIC CONTROL CENTERS DEMONSTRATED BY 
VIRAL TRANSNEURONAL LABELING. M.J. Westerhaus, H.E. Skaare, A.S.P. 
Jansen, and A.D. Loewy*. Dept. of Anatomy and Neurobiology, Washington Univ. 
School of Medicine, St. Louis, MO 63110.

The forebrain has been implicated as an area controlling autonomic activity, 
particularly during emotional responses. While anatomical tracing and stimulation 
methods have been used to identify the specific forebrain areas that control 
sympathetic functions, no study to date has been able to map these areas completely. 
In the present study, the forebrain areas that regulate the sympathetic outflow to the 
adrenal gland and stellate ganglion were identified by the viral transneuronal 
labeling method. Bartha pseudorabies virus (PRV) was injected into the right 
adrenal gland or stellate ganglion of male Sprague-Dawley rats. After a period of 5 
days, the rats were perfused and then brains processed by immunohistochemistry. 
The distribution of PRV labeled neurons in the forebrain was mapped.

In both the adrenal gland and stellate experiments, similar patterns of neuronal 
labeling were found in the forebrain. Consistent labeling was found in the bed 
nucleus of stria terminalis, medial preoptic area, median preoptic area, medial 
preoptic nucleus, suprachiasmatic nucleus, paraventricular hypothalamic nucleus, 
lateral hypothalamic area, substantia innominata, dorsal hypothalamic area, 
dorsomedial hypothalamic nucleus, zona incerta, and central nucleus of the 
amygdala. The only major difference observed between the adrenal and stellate 
cases was that the former showed a lighter degree of infection. In summary, this 
study identifies the forebrain regions which potentially influence sympathetic 
activity in the rat.

MJW was supported by a HHMI grant - Undergraduate Biological Sciences 
Educational Program 71195-502005. This work was supported by the NIH (HL- 
25449).

54.8
AMYGDALA INNERVATION OF CARDIOVASCULAR RELATED NEURONS 
IN THE PERIAQUEDUCTAL GRAY MATTER. A.S.P. Jansen* D.A. Robinson 
and A. D. Loewy. Department of Anatomy & Neurobiology, Washington University 
School of Medicine, St. Louis, MO 63110.

The amygdala plays an important role in emotional induced changes of the 
autonomic system. Several studies have demonstrated that the central nucleus of 
the amygdala (CeA) is the main output nucleus of the amygdala. It is well known 
that the CeA projects to several autonomic related CNS nuclei. One of these areas 
is the periaqueductal gray matter (PAG), a structure that plays an important role 
in the different aspects of the fi ght-or-flight responses with accompanying 
cardiovascular changes. The purpose of this study was to determine whether the 
CeA projects directly to cardiovascular related sympathetic neurons in the PAG, 
which might represent third-or even higher order neurons.

The anterograde axonal marker Phaseolus vulgaris leuco-agglutinin (PHA-L) 
was iontophoresed into the CeA of Sprague Dawley rats. Six days later, the viral 
retrograde transneuronal tracer pseudorabies virus, was injected into the stellate 
ganglion to produce a central infection involving first-, second-, and third-order 
central sympathetic neurons. A double immunohistochemical method was used to 
demonstrate that the CeA projects directly to cardiovascular related neurons in the 
PAG. The majority of these closely innervated (double labeled) neurons were 
localized in the caudal ventrolateral and lateral PAG. Only few double labeled 
neurons were observed in the dorsomedial PAG and rostral parts of the PAG. Our 
data suggest that the CeA is able to influence cardiovascular related sympathetic 
PAG output neurons.

Supported by: National Institute of Heart, Lung, and Blood of the NIH (HL-25449)

54.9
ACUTE FALLS IN EAR BLOOD FLOW DURING ALERTING RESPONSES TO 
NON-NOXIOUS STIMULI ARE PREVENTED BY BILATERAL INJECTION OF 
TETRODOTOXIN (TTX) TO THE AMYGDALA REGION IN RABBITS WW 
Blessing*, and Y.-H. Yu. Centre for Neuroscience, Flinders University, SA 5042, 
Australia.
Alerting responses to non-noxious stimuli are associated with sudden 
characteristic falls in ear artery flow (1). We determined whether functional 
integrity of the amygdala is necessary for the occurrence of these responses. A 
Doppler ultrasonic flow probe was chronicály implanted around a central ear 
artery in New Zealand White rabbits, and, after one week, guide cannulae were 
fixed in place dorsal to the amygdala (halothane anesthesia). The next day we 
used non-noxious alerting stimuli (fur touches, slight movements of the cage, 
removing a covering drape) to induce vasoconstriction responses. Positive 
responses occurred in 34/36 tests in 6 rabbits. TTX (Sigma, 10-100 pmol in 500 nl 
of Ringer) or vehicle was injected bilaterally into the amygdala region via silica 
cannulae. After TTX, but not after vehicle, normal vasoconstriction episodes to 
non noxious stimuli were nearly always absent (Fig. 1), occurring in only 3/36 
tests. More noxious stimuli (inhaled formaldehyde vapour, ear pinch) still
elicited characteristic falls 
in ear b lood flow. 
Responses to non-noxious
stimuli returned after about 
3 hours. The amygdala and 
its neural connections are 
th u s  im p o r ta n t for 
patterning the regional 
blood flow response to non- 
noxious alerting stimuli.
1. Yu, Y.H. and Blessing, W.W. Am. J. Physiol. 272 R208-R216,1997. 
Supported by NH&MRC and NHF of Australia

54.10

BLOCKADE OF EAA RECEPTORS IN BASOLATERAL AMYGDALA 
REDUCES THE CARDIOVASCULAR RESPONSE TO ACTIVATION 
OF THE DORSOMEDIAL HYPOTHALAMUS IN CONSCIOUS RATS 
R.P. Soltis* and J.M. Stratton. Dept. of Pharmaceutical Sciences, 
College of Pharmacy, Drake University, Des Moines, Iowa 50311 

Injection of GABA receptor antagonists or EAA receptor agonists into 
the basolateral amygdala (BLA) or the dorsomedial hypothalamus (DMH) 
of conscious rats elicits cardiovascular changes similar to those seen 
during stress. Injection of EAA antagonists into the DMH blocks the 
cardiovascular response resulting from injection of GABA receptor 
antagonists into the BLA suggesting that a functional connection between 
the BLA and the DMH exists and is mediated or influenced by EAA 
receptors. The purpose of the present study was to determine if blockade 
of EAA receptors in the BLA has any effect on cardiovascular changes 
resulting from activation of the DMH. Male Sprague-Dawley rats were 
instrumented for chronic measurement of mean arterial pressure (MAP) 
and heart rate (HR) and for unilateral injection of drugs into the BLA and 
DMH. Injection of the GABA receptor antagonist bicuculline methiodide 
(BMI, 50 pmol/100 nl) into the BLA produced significant increases in 
HR (85±9 beats/min) and MAP (l3±4 mmHg). Similarly, injection of 
BMI (25 pmol/100nl) into the DMH produced significant increases in HR 
(l36±l2 beats/min) and MAP (22±4 mmHg). However, in this same 
group of animals (n=6), injection of the EAA receptor antagonist 
kynurenate (10 nmol/250 nl) into the BLA 5 min prior to injection of BMI 
into the DMH significantly reduced the BMI-induced tachycardia (89±10 
beats/min) and pressor response (l4±4 mmHg). These data suggest that 
EAA receptors in the BLA can influence the cardiovascular response 
resulting from activation of the DMH. Supported by NIH grant HL5635l

54.11

L-NAME INJECTION IN THE HYPOTHALAM IC PARAVENTRICULAR  
NUCLEUS (PVN) REDUCES RENAL HEMODYNAMICS BUT DOES NOT 
CHANGE EXCRETORY FUNCTION. J.R. Haselton*& R.C. Vari. Dept. Physiol., 
Univ. North Dakota School of Med. & Health Sciences, Grand Forks, ND 58202

Parvocellular neurons in PVN give rise to a projection to the kidney in the rat 
(Schramm et al., B ra in  R es., 6 1 6 : 251-262, 1993). We previously showed that 
bicuculline injections in PVN evoked significant reductions in both renal 
hemodynamics and excretory function that were mediated by the renal nerves 
and vasopressin V2 receptors, respectively (F A S E B  J, 11: A493, 1997). In the 
present study L-NAME, which depolarizes parvocellular but not magnocellular 
neurons in PVN (Bains et al., S oc. N eu ro sc i. A bst., 2 1 : 1149, 1995), was used 
to stimulate PVN. Male S-D rats (250-300 g, n=8) were anesthetized with 
Brevital (50 mg/Kg, i.p.) and Inactin (100 mg/Kg, i.p.), and received a 
continuous infusion of 5% Inulin/PAH in BSA (2.5%) for the duration of the 
experiments. Bilateral microinjections (100 nL/site) of L-NAME (100 mM, 10% 
Chicago blue, in 0.9% NaCI) in PVN evoked reductions in glomerular filtration 
rate (from 1.5 ± 0.1 to 1.0 ± 0.2 µL/min/g-kidney weight, p<.05) and effective 
renal plasma flow (from 3.5 ±0.1 to 2.4 ± 0.4 µL/min/g-kidney weight, p<.O5), 
without concomitant changes in urinary sodium excretion (baseline 0.70 ± 0.18 
vs. post-injection 0.57 ± 0.19 µEq/min, p=.62) or urine flow (baseline 11.7 ± 3.1 
vs. post-injection 6.4 ± 1.2 µL/min, p=.11). Collectively the results of both of 
these studies indicate that neurons in PVN are capable of producing renal 
vasoconstriction via the renal nerves, but they may not mediate changes in 
renal tubular function. Since it is known that the renal nerves can mediate 
decreases in renal tubular reabsorption, additional studies will attempt to 
prevent the renal hemodynamic response, to verify that its presence is not 
obscuring a renal tubular effect of PVN stimulation.

Supported by the Am. Heart Assoc., Dakota Chapter, and ND EPSCoR.

54.12

THE USE OF PSEUDORABIES VIRUS IN CONJUNCTION WITH 
GUANETHIDINE TO DISCRIMINATE BETWEEN INPUTS TO BLOOD 
VESSELS AND OTHER DEFINED TARGETS
A. Berke1, C. Anderson2*, B.J. Oldfield1. 1Howard Florey Institute, 2Department of 
Anatomy, University of Melbourne, Parkville, Victoria, Australia, 3052

It has been impossible to determine the extent to which neurotropic viruses 
injected into peripheral targets recruits neural input to blood vessels as well as to 
other functional end points. This was examined in the rat paw pads where the sweat 
glands receive a cholinergic sympathetic input and the noradrenergic input to blood 
vessels can be eliminated by guanethidine (GTH). Rats were pretreated with GTH 
(60 mg/kg, i.p.) daily for 8-9 weeks with a 3 day recovery period (n = 6, group 1) or 
6 weeks with a 2-3 week recovery period (n = 15, group 2) Immunocytochemistry 
(ICC) was used to detect transported viral proteins and neurochemical content. After 
6 weeks of GTH treatment, tyrosine hydroxylase -  ICC was reduced to near 
negligible levels in both stellate ganglion cell bodies and axon terminals 
surrounding blood vessels. Cholinergic sympathetic fibres surrounding sweat glands 
were not reduced. Inoculations with pseudorabies virus (PRV) of the left forepaws 
failed to cause infection of neurons at any level of the neuraxis after 72 hours and 
after 96 hours virus was present only in the stellate ganglion in group 1, whereas in 
control rats, infection had progressed to the forebrain. Rats in group 2 which were 
allowed to survive for 72 or 96 hours post-inoculation, showed infected neurons 
extending, albeit at greatly reduced numbers compared with controls, to the spinal 
cord where they were concentrated in the intercalated nucleus and central 
autonomic area. These data illustrate that pretreatment with GTH is effective in 
causing a specific reduction in noradrenergic input to blood vessels in the paw pad, 
that transport in surviving cholinergic neurons is retarded and that with extended 
survival times, specific neuronal groups can be identified which maybe directed 
polysynapitcally solely to the sweat glands.
This work is supported by NHMRC of Australia.

S o c ie t y  fo r  N e u r o s c ie n c e , V o l u m e  2 4 , 1 9 9 8
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54.13
Increased Hypothalamic Vasopressin and c-Fos Responses in Mice Lacking the 
Angiotensin AT 1a receptor. S. Means, M. I. Oliverio, T. M. Coffman and M.
Morris*. Wright State University School o f Medicine, Dayton, OH and Duke 
University Medical Center, Durham, NC

Mice lacking the angiotensin A T1a receptor showed an altered response to 
dehydration, a deficit in renal concentrating ability. Experiments were performed to 
explore the central effects of dehydration, using the indices o f  hypothalamic c-Fos and 
vasopressin (VP) in adult male AT1a (++) and (--) mice. The treatment groups were 
water ad libitum and 24 or 48 hr o f water deprivation. Animals were anesthetized and 
brains and blood samples collected. Brain sections were processed for immunochemical 
staining for VP-neurophysin and c-fos. Dehydration produced an increase in plasma 
osmolality with a greater response seen in the A T1a ( - -) mice (342±5 vs 355±3 
mOsm/kg; ++ vs - - after 48 hr dehydration). Under control conditions there was little 
or no c-Fos staining and no difference in the pattern or intensity of VP staining between 
the groups. Dehydration produced an increase in the intensity o f VP staining in the 
paraventricular (PVN) and supraoptic (SON) nuclei in both AT1a (++) and (--) with a 
greater response observed in A T1a (--) mice. The cellular response was also different 
between the groups. After 48 hr dehydration, the A T1a ( - -) showed large darkly staining 
PVN magnocellular neurons with a network of thick Fibers in contrast to the AT1a (++) 
which had lighter cells and smaller processes. The c-Fos response to dehydration was 
also greater in the AT1a ( - -). This was seen in both the rostral forebrain regions, medial 
preoptic, subfornical organ and bed nucleus o f strial terminalis as well as the 
magnocellular PVN and SON. The increase in activity was most prominent after 24 hr 
dehydration with dark nuclear staining in the aforementioned regions. Results 
demonstrate an accentuated hypothalamic neuroendocrine response in mice lacking the 
AT1a receptor, possibly related to the increased osmotic stimulus. This suggests that this 
angiotensin receptor is not required for osmotic-induced activation o f the hypothalamic 
neurosecretory cells.

54.15
A COMPARASON OF GAD mRNA LEVELS IN THE CAUDAL 
HYOPTHALAMUS OF SHR AND WKY RATS DURING DEVELOPMENT.
H. R. Little*, E. A. Durbin, and T. G. Waldrop. Department of Molecular and 
Integrative Physiology. University of Illinois, Urbana, IL 61801.

Previous studies in this laboratory have demonstrated that a deficit in the 
GABAergic system of the caudal hypothalamus (CH) contributes to the hypertension 
of the spontaneously hypertensive rat (SHR). Immunocytochemical analyses have 
revealed that there are fewer neurons containing glutamic acid decaraboxlyase 
(GAD), the enzyme responsible for GABA synthesis, in the CH of the SHR than in 
normotensive Wistar-Kyoto rat (WKY). In addition, we have shown that the level of 
mRNA for the 67 kD isoform of GAD in the CH of the adult SHR is significantly 
lower (67% of the WKY control) than that of the normotensive WKY. The purpose 
of this study was to extend these previous findings by examining mRNA levels for 
both isoforms (GAD65 and GAD67) of GAD, as well as to examine the levels of the 
mRNA in younger SHR and WKY. CH tissue was isolated from weanling (4 week 
old SHR and WKY, SBP=126 and 111 mmHg, respectively), young (6 week old SHR 
and WKY, SBP=159 and 140 mmHg, respectively), and adult (12 week old SHR and 
WKY, SBP=191 and 159 mmHg, respectively). Our hypothesis was that GAD 
mRNA levels in the CH would display changes over development correlating 
temporally with the development of hypertension in the SHR. In adult SHR, GAD67 
mRNA and GAD65 mRNA were lower than in the WKY (67% and 69% of the 
WKY). In the young SHR, GAD67 mRNA levels were elevated over WKY (144% of 
WKY), and GAD65 mRNA levels were virtually identical to WKY (101% of WKY). 
The weanling pre-hypertensive SHR had significantly elevated GAD67 mRNA levels 
(167% of WKY) and GAD65 mRNA levels (156% of WKY). These results indicate 
that GAD mRNA levels in the CH change over the time course of development of 
hypertension in the SHR. Further immunocytochemical studies are underway to 
determine whether the GAD protein levels mirror the GAD mRNA expression 
profiles. (Supported by NIH FIL06296 and AHA)

54.17

ANATOMICAL AND FUNCTIONAL EVIDENCE THAT THE PRESYMPATHETIC 
CENTERS CONTROLLING THE CARDIOVASCULAR RESPONSE OF 
CONDITIONED STRESS ARE IN THE HYPOTHALAMUS AND NOT IN THE 
ROSTRAL VENTROLATERAL MEDULLA.
P. Carrive*, M. Gorissen and P. Walker. School of Psychology, University of New 
South Wales, N.S.W. 2052, Sydney, Australia.

The conditioned fear response evoked by re-exposure to a footshock chamber is 
associated with a marked rise in blood pressure (+30 mmHg). The effect is 
sympathetically mediated. To identify the supraspinal presympathetic centers engaged in 
this response we conducted a double labeling experiment combining Fos expression 
with retrograde tracing from the thoracic spinal cord.

Cholera toxin B (CTB) was injected bilaterally in the intermediolateral column of the 
thoracic spinal cord (n=9 rats). Animals were then conditioned over a period of 10 days 
(4 shock sessions, 40 min each, 4 shocks every 10 min [1 sec, 1 mA]) and finally 
perfused 2 hours after testing their conditioned response. The brains were sectioned and 
processed for double immunohistochemical detection of Fos and CTB.

The total number of double labeled neurons per brain was on average 1528±120 
(SEM), of which 49%±3 were in the hypothalamus, mainly in the perifomical area 
(2l%±l.5) and the paraventricular nucleus (l5% ±0.7). The rostral ventrolateral medulla 
(RVLM) accounted for only 1%±0 .2. In separate double labeling experiments with Fos 
and tyrosine hydroxylase we found that only 1 %±0 .3 of the C 1 neurons were activated 
(n=5 rats). Finally, we also found that bilateral microinjections of the glutamate 
antagonist kynurenic acid (0 .1M, 0.5 µl) in the perifomical area (n=9) completely 
blocked the cardiovascular response of conditioned fear.

The data strongly suggest that the cardiovascular response associated with 
psychological stress is not mediated by the RVLM, but by the hypothalamus (most 
probably the perifomical area) via direct projections to the thoracic spinal cord.
Supported by NHMRC, NHF, ARC and Merck Sharp and Dome Research Foundation

54.14
CAUDAL HYPOTHALAMIC GABAERGIC REGULATION OF CARDIO
VASCULAR FUNCTIONING IS ALTERED AFTER EXERCISE TRAINING IN 
SPONTANEOUSLY HYPERTENSIVE RATS. J.M. Kramer*, E .D. Plowey, J.A. 
Beatty, H.R. Little & T.G. Waldrop. Depts. Molecular and Integrative Physiology and 
Kinesiology; University of Illinois, Urbana, IL 61801.

The caudal hypothalamus (CH) is recognized as a pressor region that is under tonic 
GABAergic inhibition. Previous studies have indicated that a CH GABAergic 
deficiency may be responsible for the development of increased blood pressure in 
spontaneously hypertensive rats (SHR). Further, this laboratory lias documented 
increased CH glutamic acid decarboxylase (GAD) mRNA levels following exercise 
training in SHR. The goal of this study was to determine if the upregulation of the CH 
GABAergic system observed after exercise training in SHR has functional 
implications for cardiorespiratory regulation. SHR ran on a treadmill for 10 ± 2 
weeks (trained) or were placed on a mock treadmill as controls (untrained). 
Developemental increases in systolic blood pressures were moderately attenuated in 
trained SHR as determined by tail cuff measurements. Following the training period, 
rats were anesthetized (α-chloralose/uretliane) for acute experiments. A carotid artery 
was cannulated for measurement of arterial pressure and heart rate. A blocker of 
GABA synthesis, 3-mercaptopropionic acid (3-MP; 180 nL), was microinjected into 
the caudal hypothalamus in both trained and untrained SHR. Control injections 
(vehicle, 180 nL, pH=2.3) did not elicit any significant changes in cardiorespiratory 
activity in trained and untrained SHR. As previously demonstrated, 3-MP injections 
into the CH of untrained SHR also did not elicit significant changes in 
cardiorespiratory activity. In contrast, 3-MP injections into the CH of trained SHR 
evoked significant increases in blood pressure and heart rate similar to those of 
normotensive WKY as previously reported. These results are consistent with 
increased levels of CH GAD after exercise training and demonstrate an increased 
tonic inhibitory action on this brain area. These findings implicate central neural 
adaptations as a mechanism by which exercise may improve cardiovascular health. 
(Supported by NIH HL062968 & AHA-Illinois Affiliate).

54.16

MECHANISMS FOR SPIKE FREQUENCY ADAPTATION IN CAUDAL 
HYPOTHALAMIC NEURONS IN VITRO. Y. FAN* AND T.G. WALDROP 
Department of Molecular and Integrative Physiology, University of Illinois, Urbana. 
IL 61801.

A previous study from this laboratory demonstrated that the neurons in the 
caudal hypothalamus (CH) display spike frequency adaptation (SFA) during 
repetitive firing. The purpose of the present study was to analyze the mechanisms 
responsible for SFA using whole-cell patch recordings in brain slices (400 µm 
thick) from Sprague-Dawley rats. Since several studies have suggested that 
calcium-activated potassium conductance (Gk(Ca)) contributes to SFA, the 
involvement of calcium in CH discharge was examined. Two different types of 
calcium spikes were recorded, i.e.  low threshold calcium spikes and high threshold 
calcium spikes. High threshold spikes were recorded when K+ currents were blocked 
by TEA or in Ba2+ replacement solution and were readily evoked from membrane 
potential near -43 mV. Perfusion with Ca2+-free solution had different effects on 
firing properties. In most neurons (15/23), removing Ca2+ from the perfusate 
prolonged spike duration, decreased action potential (AP) amplitude, increased 
firing rate and markedly attenuated but did not abolish adaptation. In 2/23 neurons, 
Ca2+ removal had similar effects except for increases of AP amplitude and decreases 
of spike duration. In 2/23 neurons, a delayed depolarization appeared on the falling 
phase of AP after Ca2+ removal. In contrast, Ca2+ removal depressed the excitability 
in 4 of 23 neurons. Since Ca2+ removal did not completely abolish SFA, carbacol 
(1µM) which blocks M-current was added to the perfusate. This resulted in a 
depolarization which was associated with action potentials in six neurons and 
partially abolished SFA in two tested neurons. These results indicate that spike 
frequency adaptation in CH neurons is caused by Gk(Ca); the M-current might also be 
involved. (Supported by NIH HL06296 and AHA)

54.18

PITUITARY ADENYLATE CY CLA SE-ACTIV ATIN G POLYPEPTIDE 
(PACAP) - IMMUNOREACTIVE NERVE FIBERS IN THE RAT AMYGDALA 
COLOCALIZE WITH CALCITONIN GENE-RELATED PEPTIDE (CGRP) 
AND MAY SHARE A COMMON ORIGIN FROM THE PARABRACHIAL 
NUCLEUS. G. Légrádi* and R. M. Lechan. Division of Endocrinology, Diabetes, 
Metabolism and Molecular Medicine, New England Med. Ctr„ Boston, MA 02111 

Pituitary adenylate cyclase-activating polypeptide (PACAP) is a neuropeptide 
originally isolated from the ovine hypothalamus. PACAP may act as a 
neuromodulator in the hypothalamus and limbic system in the control of 
neurohormone-release and autonomic functions. Within the rat forebrain, the 
densest accumulation of PACAP-immunoreactive (-ir) nerve fibers has been 
localized to the lateral subnucleus of the central nucleus of the amygdala, with the 
frequent occurrence of pericellular basket-like configurations around unlabeled 
perikarya. Since CGRP-ir axons also terminate in the amygdala in a similar 
distribution, the present study examined the possibility that the two peptides 
colocalize in the amygdala. Simultaneous detection of PACAP- and CGRP-ir by 
fluorescent double-labeling immunohistochemistry revealed the coexistence of the 
two markers in the majority of nerve fibers and pericellular varicosities in the 
central nucleus of the amygdala. As the lateral parabrachial nucleus of the pons is 
a major source for CGRP terminals in the amygdala [Schwaber et al., J. Comp. 
Neurol. 270:416-426, 1988], the coexistence of the two peptides was also 
investigated in the parabrachial nucleus in colchicine-treated rats. High numbers 
of colocalizing PACAP/CGRP-ir cell bodies were found in the parabrachial 
nucleus, especially in the external subnucleus. The colocalization of PACAP and 
CGRP in axons in the central nucleus of the amygdala and their potential origin in 
the lateral parabrachial nucleus suggest the importance of these peptides in the 
central regulation of cardiovascular and autonomic functions. Supported by NIH 
Grant RO 1 DK-37021.
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55.1
DIFFERENTIAL NADPHd EXPRESSION IN SUBPOPULATIONS OF DORSAL 
RAPHE PROJECTION NEURONS INNERVATING SOMATOSENSORY TARGETS 
ALONG THE RODENT TRIGEMINAL PATHWAY. R.C.S. Lin*, K.L. Simpson and
B.D. Waterhouse. Dept. of Neurobiology and Anatomy, Allegheny Univ. of the Health 
Sciences, Phila. PA 19129.

The brainstem dorsal raphe (DR) nucleus is known to contain serotoninergic neurons 
that project widely throughout the CNS. Recent studies have demonstrated that nitric 
oxide synthase (NOS) expressing neuronal profiles are also present within many different 
brain regions including DR. The nicotinamide adenine dinucleotide phosphate diaphorase 
(NADPHd) histochemical method has been used to identify NOS-containing neurons. 
NOS-containing neurons which co-express serotonin (5HT) have been demonstrated 
within DR. The goal of the present study was to examine the connectional relationships 
o f NOS-containing DR neurons with the rat trigeminal somatosensory pathway. The DR 
neurons that project to the barrel field of the somatosensory cortex, the ventro-basal  and 
posterior medial nuclei of the dorsal thalamus, and the trigeminal nuclear complex in the 
brainstem were retrogradely labeled with fluorescent tracers and then stained for 
NADPHd and/or reacted immunohistochemically for 5HT. We found that cortical 
projection neurons were located mainly in the midline region of DR. A high percentage 
(70-90%) of these neurons contained NADPHd and many of them co-expressed 5HT. In 
contrast, the majority of subcortical projection neurons were found in the lateral subregion 
of DR and only 25-50% of these retrogradely labeled cells appeared to express NADPHd. 
Our present results indicate that relay sites along the trigeminal pathway receive 
innervation from NO-producing neurons in the DR. Colocalization of NADPHd and 5HT 
within individual projection neurons suggests that simultaneous release of NO and 5HT 
may influence information processing in somatosensory target circuits. Since cortically 
projecting DR neurons were more frequently found to contain NADPHd, the functional 
impact of NO may be more significant at cortical vs subcortical levels. Supported by NIH 
grant NS32451 to BDW and RCSL.

55.2

DISTRIBUTION OF GALANIN CONTAINING AXONS FROM THE LOCUS 
COERULEUS WITHIN THE RODENT TRIGEMINAL SYSTEM. K.L. Simpson*, B.D. 
Waterhouse and R.C.S. Lin. Dept. of Neurobiology and Anatomy, Allegheny Univ. of the 
Health Sciences, Phila. PA 19129.

The neuropeptide, galanin (GAL), is widely distributed in the CNS. Although 
the majority of noradrenergic neurons in the locus coerulcus (LC) express GAL, GAL- 
immunoreactive (IR) fibers have yet to be identified within many of the major efferent 
targets of LC. By using modified immunofluorescent methods, our current results 
demonstrate that at least two different GAL-IR fiber morphologies exist within 
somatosensory relay nuclei of the rat and mouse ascending trigeminal pathway. The most 
frequently observed GAL(+) axonal profile was characterized by thin inter-varicose 
segments and small bouton-like swellings. Fibers of this caliber co-contained dopamine- 
beta-hydroxylase (DBH) and were noted within the barrel cortex; the ventro-basal (VB), 
posterior medial (POm), zona incerta (ZI) and reticular (RT) nuclei of the thalamus; as 
well as the principal (PrV) and spinal nuclei (SpV) of the trigeminal complex. This fiber 
sub-type was most abundant in the thalamus and displayed a greater density in POm than 
VB. Within laminae I and II of SpV caudalis, as well as RT and ZI, thick diameter GAL- 
IR fibers with large profile varicosities were observed. DBH was not evident in these 
Fibers. Using cytochrome oxidase staining and immunohistochemical techniques 
combined with heavy metal intensification, both DBH and GAL-IR fibers were found to 
be distributed randomly with respect to the barrel organization. To further determine 
whether GAL-IR fibers originated from LC, retrograde fluorescent microspheres were 
injected into trigeminal relay nuclei. We found that approximately 50% of the LC 
neurons retrogradely labeled from each somatosensory target site were GAL-IR. Our 
current results confirm the LC as one source of galaninergic input to the rodent 
trigeminal system and suggest that this neuroactive peptide may be co-released with 
norepinephrine in these sensory circuits when the LC is phasically or tonically active. 
Supported by NIH grant NS32461 to BDW and RCSL.

55.3
TARGETED DISRUPTION OF A K+ CHANNEL GENE THAT IS PRINCIPALLY 
EXPRESSED IN THE PRESYNAPTIC TERMINALS OF THALAMIC RELAY 
NEURONS IN MOUSE.
D.H.P. Lau1*, M. Castro-Alamancos1, A. Chow1, A. Ozaita1, E. Veea-Saenzde 
Miera1, S. Mathew1, J. Gibson2, B.W. Connors2, B. Rudy1. 1Depts of Physiology and 
Neuroscience and Biochemistry, NYU Medical Center, New York, NY 10016, USA 
2Dept o f Neuroscience, Brown University, Providence, RI, 02912, USA 

In the central nervous system, potassium channels play major roles in the regulation 
of neuronal activity acting as inhibitors o f excitability. In this study, we have focused 
on Kv3.2, a Shaw-related gene that expresses voltage-gated potassium channel 
subunits in a highly restricted temporal and spatial manner. Previous work in rats and 
mice has shown that Kv3.2 mRNA levels increase dramatically in the dorsal thalamic 
nuclei about post-natal day 12. Kv3.2 protein products have been detected mainly in 
thalamocortical(TC) projections and specific types o f interneurons in deep neocortical 
layers and hippocampus with polyclonal antibodies. The tectum, globus pallidus and 
the dorsal cochlear nuclei of the brain stem also demonstrate Kv3.2 expression. In 
order to address the possible roles Kv3.2 may play, we have generated a line of Kv3.2 
knockout mice. Northern and western analysis confirm the absence of wild-type 
Kv3.2 mRNA and protein in the null mutants. Compared to their wild-type 
littermates, Kv3.2 null mutants are equivalent in growth rates and size. Kv3.2 
mutants have greater levels of high frequency (>10 Hz) activity than wild-type 
controls as observed in EEG recordings from the mouse sensorimotor cortex. We are 
currently characterizing the properties of TC synaptic transmission in the null mutants 
using the TC slice preparation.

Supported by grants from the NIH.

55.4
LATERAL INHIBITION IN THE RAT THALAMUS D. Pinault1,2* and M. 
Deschênes1 1 Physiologie, Univ. Laval Robert-Giffard, Beauport, Qué., Canada; 
2INSERM U398, Faculté de Médecine, Strasbourg, France.

Physiological studies show little evidence that thalamic reticular nucleus (Rt) 
neurons exert their inhibitory action on the thalamocortical (TC) neurons from which 
they receive synaptic contacts. Using the extracellular and juxtacellular staining 
techniques with an anterograde/retrograde tracer (biocytin or Neurobiotin) in the adult 
rat, we found that single TC and Rt neurons form between themselves open rather than 
closed loop connections. (1) In 22 cases, in which both retrograde and anterograde 
stainings occurred from an extracellular application into the Rt, the majority of tracer- 
filled TC neurons had their 
somatodendritic arbors outside the 
anterogradely stained Rt axon 
terminal fields. (2) The juxtacellular 
filling of a single Rt cell was 
occasionally accompanied by the 
back-filling o f a single TC neuron (n 
= 4 pairs), which presumably formed 
synaptic contacts with the former cell.
The somatodendritic complex of the 
back-filled TC neuron was located 
outside the Rt cell’s axonal arbor.

Because TC neurons give off short-range axon collaterals in the reticular complex, 
because Rt cells with overlapping dendritic fields exhibit overlapping axon terminal 
fields in the thalamus, and because TC neurons are the first elements synaptically 
activated by prethalamic afferents into the TC-Rt network, the present anatomical 
results strongly support the hypothesis of a mechanism of recurrent lateral inhibition in 
the thalamus. Supported by the Medical Research council of Canada

55.5

THE ORGANIZATION OF CORTICOTHALAMIC PATHWAYS: 
RECIPROCITY OR PARITY. M. Deschênes*, P. Veinante and Z-W. Zhang. 
Ctr. Res. U-Laval Robert-Giffard, Québec, Canada.

All neocortical areas receive from and project back to the thalamus. 
The present study examines whether corticothalamic (CT) connections in the 
vibrissal sensory system of the rat reciprocate the thalamocortical (TC) 
projections. By reconstructing the projection patterns of single CT and TC 
fibers labeled with biotinylated dextran, it was found that both reciprocal, and 
non reciprocal patterns of CT connectivity coexist within this sensory system. 
For instance, some CT fibers from a barrel column distribute terminals across 
several thalamic barreloids, and CT axons from the dysgranular zone innervate 
both the posterior group and the ventral posteromedial nucleus. These data, 
together with prior observations made in other systems (the existence of 
bilateral CT projections for instance), lead us to conclude that the spatial 
organization of CT connections does not comply with a rule of strict 
reciprocity. It is proposed that CT connections are established according to a 
rule of parity, from which reciprocity follows as a general but not obligatory 
consequence. The rule of parity states that the distribution of CT projections 
across and within the thalamic nuclei is determined by the branching patterns of 
the different classes of prethalamic afferents. The anatomical, developmental and 
physiological consequences of this rule are discussed. The new viewpoint 
introduced by the rule of parity suggests that the thalamus functions as a 
matching interface between internally generated neuronal activities and those 
generated by peripheral stimuli.
*Supported by the MRC of Canada.

55.6
ELECTROPHYSIOLOGICAL EVIDENCE OF DISINHIBITION AND 
CHOLINERGIC ACTIVATION OF THE VPL THALAMUS FROM REGIONS 
OF BASAL FOREBRAIN PROJECTING TO THE PRIMARY 
SOMATOSENSORY CORTEX. A.A. Miasnikov*, R.W. Dykes and H.H. 
Webster. Dept. of Physiology, University of Montreal, Montreal, PQ H3C 3J7, 
Canada.

Activation of the Basal Forebrain (BF) increases the excitability of somatosensory 
cortex (SSC) by 1) release of acetylcholine (ACh) and 2) disinhibition of cortical 
circuitry. Jimenez-Capdeville et al. (1997) showed that stimulation of the BF 
produced several fold increases in the extracellular ACh concentration in 
somatosensory cortex and bursts of neural activity attributable to disinhibition via 
GABAergic projections from the BF. They argued that the BF created a permissive 
state during which sensory stimuli provoked long-term potentiation of the SSC. If 
this state is related to learning and memory, it might exist in other somatosensory 
relay (SSR) regions. To test this idea we placed stimulating electrodes in the BF at 
sites near those used by Jimenez-Capdeville et al. (1997) and recorded from neurons 
in the forepaw region of the ventroposterior lateral (VPL) thalamus. With trains of 
stimuli (100 Hz for 100 to 500 ms) we searched for BF sites that influenced SSR 
neurons in the VPL. Restricted regions of the BF produced responses in VPL 
similar to those observed in the cortex by Jimenez-Capdeville et al. (1997). BF 
stimuli provoked bursts of high-frequency multi-unit activity lasting for 2-3 s with a 
latency too short to be explained by the slow depolarization produced by ACh. 
However, a slow depolarization was also observed that outlasted the stimulus by 
seconds. In the focus of the effect, the slow depolarization was preceded by a more 
rapid hyperpolarization lasting for up to 200 ms. We hypothesize that 
somatotopically organized projections of cholinergic and GABAergic fibers arising 
from the ascending limb of the BF project to the somatosensory thalamus producing 
a permissive state similar to that seen in the SSC. (Supported by MRC of Canada).
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55.7

THALAMOCORTICAL NEURONS ACTIVELY PARTICIPATE IN THE 
GENERATION OF SPIKE-AND-WAVE SEIZURES IN RODENTS D. A. 
McCormick* and R. Hashemiyoon. Section of Neurobiology, Yale 
University School of Medicine, New Haven, CT 06510.

Absence seizures in humans are associated with the generation of a 
synchronized 3 Hz spike-and-wave pattern of EEG activity, behavioral 
arrest, and a reduction or cessation of cognitive abilities. A prominent 
animal model of these seizures is the generation of spontaneous spike-and- 
wave seizures (also called high-voltage spindles) in rats. These events are 
associated with relative immobility and whisker twitching. Recent 
investigations have suggested that at least some forms of spike-and-wave 
seizures are generated as an abnormal expression of normal thalamocortical 
rhythms such as spindle waves, although the involvement of thalamocortical 
neurons has been questioned (Steriade and Contreras, J. Neurosci. 15:623).

Single and multiple unit activity was simultaneously recorded in the 
rat VPM and barrel cortex in freely moving rats using either bundles of 
chronically implanted microwires or glass-coated tungsten acute electrodes. 
Spike-and-wave seizures occurred during periods of relative immobility and 
were associated with twitching of the whiskers and occasionally with small, 
repetitive head movements. During these events, the cortical field potential 
exhibited large synchronized oscillations in the frequency range of 6-10 Hz. 
Single and multiple unit activity in the VPM nucleus revealed the generation 
of strong bursts of activity in synchrony with local neuronal discharges as 
well as with the cortical field potential. These results demonstrate that in at 
least some forms of spike-and-wave seizures, thalamocortical neurons 
actively participate in their generation. Supported by NIH.

55.9
STIMULUS FREQUENCY AND INTENSITY DEPENDENT GATING OF THE 
SOMATOSENSORY PATHWAY IN BARBITURATE ANESTHETIZED RATS. J. 
Muthuswamy1*, P. Tran1, M. Kim2, D. F. Hanley3 and N. V. Thakor1. 1Dept. of 
Biomedical Engineering; 2Dept. of Neuroscience; 3Dept. of Neurology, Johns 
Hopkins University School of Medicine; Baltimore, MD 21205.

In barbiturate anesthetized animals, spontaneous thalamic activity is mostly in the 
form of spindle oscillations. These spindles have been shown to be cortically 
triggered. The thalamic nuclei also exhibit very subdued responses to external inputs. 
We test the hypothesis that the spindle oscillations in the somatosensory thalamus can 
also be modulated by external somatosensory stimuli of appropriate intensity and 
frequency. We measure evoked potentials from the somatosensory cortex and 
multiunit responses from the contralateral VPL nucleus in barbiturate anesthetized 
rats. The minimum stimulus intensity required to evoke a response (threshold) was 
found to be in the range of 0.5-1 V. The thalamic and cortical responses were studied 
for stimulus intervals in the range of 1-9 sec and intensities at threshold and 8 times 
threshold. With stimulus intensity approximately at the threshold, spindle oscillations 
in the thalamic multiunit activity could be evoked in the VPL nucleus when the 
somatosensory stimulus intervals were in the range of 2-5 sec (n=7). Under the above 
stimulus conditions, spindles were consistently locked to every stimulus (after ~ 100 
msec delay) with no other background activity. These consistent stimulus locked 
spindles demonstrate a sub-thalamic triggering pathway. The overall firing rate 
increased under these stimulus conditions when compared to spontaneous activity, as 
indicated by higher peaks in the autocorrelograms. When the stimulus intensity was 8 
times threshold, a marked suppression o f post-stimulus activity was observed for 
stimulus intervals in the range 1-4 sec (n=2). No consistent changes were observed in 
the cortical evoked potentials with change in stimulus intervals. We therefore 
conclude that the somatosensory pathway of these barbiturate anesthetized rats 
demonstrate an input gating property which is preferentially tuned to external inputs 
above 0.5-1 V with a repetition rate between 2-5 sec. (under NIH grant NS24282).

55.11

FREQUENCY DEPENDENT SPATIOTEMPORAL REPONSES IN 
SOMATOSENSORY THALAMOCORTICAL SLICES STUDIED WITH 
VOLTAGE-SENSITIVE DYES. Christine Pedroarena*, Diego Contreras, and 
Rodolfo Llinás. Dep. of Physiology and Neurosciences, NYU Medical Center, 550 
First Avenue, New York, NY, 10016.

The dynamics of somatosensory corticothalamic activation was studied in vitro, 
in thalamocortical slices from young adult mice (21 to 45 days), by means of 
combined optical recordings with voltage sensitive dyes and intracellular recordings 
with sharp electrodes. Thalamocortical slices (400 µm thick) were stained with the 
voltage-sensitive dye RH795 (Molecular Probes) and optical signals monitored with 
a fast CCD camera (Fujix HRDeltaron 1700) with 128x128 pixels and time 
resolution of 0 .6  ms (Contreras et al. this meeting). Intracellullar recordings were 
obtained from different layers of the barrel cortex and from the ventrobasal nucleus 
(VB) of the thalamus. Both, the corticothalamic and thalamocortical pathways were 
electrically activated at cortical, internal capsule or thalamic level using single or 
repetitive shocks. Single shocks (1-5 V, 100 µs) to the internal capsule gave rise to 
short latency EPSPs in VB neurons recorded intracellularly and a corresponding 
light signal from that nucleus. With repetitive stimulation, facilitation of thalamic 
responses observed intracellularly, both at 30 and 10 Hz were accompanied by an 
increase in the light response and the area of activation. At cortical levels similar 
stimulation sites resulted in differential activation of given cortical layers. The 
correspondance between the synaptic potentials amplitude at different cortical layers 
and the light signals were analyzed in detail. Depending on the stimulation 
frequencies, depression or facilitation of responses were observed in different cortical 
layers corresponding to different frequencies. Facilitated responses in deep cortical 
layers of the cortex were usually associated with strong responses at thalamic level. 
Supported by NIH-NINDS grant NS 13742.

55.8

WHEN DO THALAMOCORTICAL NEURONS BURST? R. 
Hashemiyoon* and D.A. McCormick. Sec. Neurobiology, Yale University 
School of Medicine, New Haven, CT 06510.

Thalamocortical neurons can generate action potentials either as trains of 
single spikes or as high frequency bursts, which are mediated by the 
activation of low threshold Ca2+ spikes. Traditionally, low threshold Ca2+ 
spike mediated bursts of action potentials have been associated only with the 
generation of sleep rhythms, such as spindle waves, or during the occurrence 
of some types of generalized seizures, and were thought to counter the 
accurate transmission of sensory information through the thalamus. 
However, recently, this hypothesis has been questioned (Guido et al., J. 
Neurophysiol. 6 8 : 2199). Here we examined the prevalence of low threshold 
Ca2+ spike mediated bursts in rat VPM neurons during different behavioral 
states in order to examine this question further.

Multiple and single unit activity was simultaneously recorded in the barrel 
cortex and the VPM thalamic nucleus in rats during the awake, sleep, and 
anaesthetised states. Animals were observed across these multiple states over 
many days by using up to 16 chronically implanted microwires and an acute 
drivable, glass-coated tungsten electrode. While tonic, single spike firing 
was observed during all behavioral states, virtually no burst firing occurred 
during active whisking or exploration. Burst firing occurred during slow 
wave sleep as well as during quiet waking, and was especially prominent 
during the generation of spindle waves. These results indicate that burst 
firing is not a prominent feature of sensory transmission during active 
exploration in the rodent VPM. Supported by NIH.

55.10
ENTRAINMENT OF SOMATOSENSORY THALAMOCORTICAL 
CIRCUITRY IN THE RAT BY PERIODIC (1-40 Hz) WHISKER 
STIMULATION. J.A. Hartings, D.J. Simons*. Department of Neurobiology, 
University o f Pittsburgh, PA 15261.

Thalamocortical and corticothalamic projections form an integrated circuit 
having extensive excitatory and inhibitory feedback components, mediated by 
reciprocal excitatory connections and collateral projections to the inhibitory 
thalamic reticular nucleus (TRN). As a probe of this circuit’s temporal dynamics 
we are recording single units while applying sinusoidal or periodic pulsatile (10  
msec) whisker deflections at 1-40 Hz. Unlike the invariant primary afferent 
neuron response, responses o f ventrobasal (VB) thalamic and TRN neurons to 
pulse stimuli attenuate slightly in magnitude at frequencies > 12 Hz. VB responses 
to individual pulses decay to half-maximal in < 5 msecs. In contrast, peak 
responses in TRN neurons are smaller but decay more slowly (1/2 max > 20 
msecs). With sinusoidal deflections at all frequencies, distinct ON and OFF 
response are observed in the cycle histograms of VB but not TRN neurons, the 
latters’ response being smoothly unimodal. Consistent with findings of Lee et al. 
(J. Neurophysiol. 71: 1702, 1994) and Kyriazi et al. (J. Neurophysiol. 72: 392,
1994), these results suggest that feedback inhibition from TRN enables thalamic 
relay neurons to discharge temporally distinct responses to rapidly successive 
stimuli. Our previous findings demonstrated that cortical barrel circuitry is 
especially sensitive to such rapid changes (vs. absolute rate) in thalamic firing. 
Preliminary recordings from barrel neurons show that the responses of regular- 
spiking units attenuate significantly with successive cycles, unlike the fast-spiking 
units which likely inhibit them. FSUs better retain the temporal signature of 
thalamic inputs than RSUs, further enhancing temporal contrast discrimination in 
the thalamocortical circuit. Supported by NIH NS 19950 and NSF IBN942I380.

55.12
SPATIOTEMPORAL DISTRIBUTION OF EXCITATION IN
THALAMOCORTICAL SLICES STUDIED WITH VOLTAGE-
SENSITIVE DYES. Diego Contreras,* Christine Pedroarena, Mutsuyuki 
Sugimori and Rodolfo Llinás. Dep. of Physiology and Neuroscience, NYU School 
of Medicine, 550 First Avenue, New York, NY, 10016.

The spatiotemporal activation properties of thalamocortical and corticothalamic 
circuits were studied in vitro, in coronal thalamocortical slices of the 
somatosensory system from young adult mice. The experimental design combined 
optical recordings with voltage sensitive dyes and intracellular recordings with 
sharp electrodes. Thalamocortical slices (400 µm thick) were stained with the 
voltage-sensitive dye RH795 (Molecular Probes) and optical signals monitored 
with a fast CCD camera (Fujix HRDeltaron 1700) with 128x128 and time 
resolution of 0.6 ms. Two types of experiments were implemented: a) A study of 
the latency and temporal distribution of different cortical layers following a 
supramaximal single stimulus and b) A study of the thalamocortical response 
following threshold stimulation of thalamic structures which evoked secondarily, 
cortical activation. Single shocks (1-5 V, 100 µs) to the internal capsule next to 
the thalamus, gave rise to the activation of cortical layers 6 , 4 and 1. Areas of 
strongest activation in layer 4 were followed by activation of the overlying layers 2 
and 3. Subsequently, activity spread laterally through deep and superficial layers. 
Low intensity stimulation gave rise to an initial response in the thalamus that was 
followed by activation of cortical layer 4. Repetitive stimulation of the internal 
capsule at 10 Hz gave rise to facilitation or depression of the synaptic responses 
according to layers (see Pedroarena et al., this meeting), and slight modification of 
spatiotemporal pattern of the responses. By contrast, stimulation at 40 Hz 
restrained the area of cortical excitation. Responses in all layers were abolished by 
CNQX (25 µM) and APV (50 µM), as well as by low-Ca2+. (Supported by NIH- 
NINDS grant NS 13742 and by the Human Frontier Science Program.)
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55.13

QUANTITATIVE ANALYSIS OF THALAMOCORTICAL SYNAPSES 
IN DEVELOPING MOUSE BARRELS. D.L. Lev1, E. B ark a i2, Y. 
G ro s s m a n 2, E. W e in fe ld 1 and E.L. W h ite 1* Zlowtowski 
Center for Neuroscience, Dept.'s of M orpho logy 1 and  
P hysio logy2, Faculty of Health Sci., Ben-Gurion Univ., B eer 
Sheva, ISRAEL.

This study focuses on the development of synapses m ade 
by thalam ocortical afferents to mouse barrel cortex. Goals 
are to determine the timing of thalamocortical (TC) 
synaptogenesis, whether TC synapses are subject to 
overproduction and elimination, the numbers of boutons per 
axon length and the number of synapses per bouton at 
various developmental stages, the identities of p o s tsy n ap tic  
elements and whether changes occur during developm en t 
in specific synaptic p a t t e r ns. TC axon terminals a re  
labeled by the anterograde transport of (1) DiI injected and  
photoconverted postmortem, (2) BDA injected in vivo and (3) 
neurobiotin injected intracellularly  in vitro. Results to date 
indicate that some TC synapses are formed as early as P7. 
Preliminary results show that up to P 11, labeled bou tons 
form only single, asymmetrical synapses; en p assan t
synapses with no varicosity at all are observed also. As i n 
adult barrels, 80% of the TC synapses are axospinous, 
whereas 20% are axodendritic. Supported by Israel S c ience 
Foundation 335/96 to E.L.W.; Israeli National Institute o f 
Psychobiol. and Ministry of Science and Arts to E.B. and Y.G.

55.15

EVIDENCE FOR DYNAMIC CORTICAL REGULATION OF 
RECEPTIVE FIELD SIZE IN THE PRIMATE SOMATOSENSORY 
THALAMUS
E.R. Ergenzinger*, N.C. Kurukulasuriya, M.M. Glasier, M.T. Kirby, and
T.P. Pons, Department of Neurosurgery, Wake Forest University School of 
Medicine, Winston-Salem, NC 27157.

We have previously shown that chronic (1-5 months) suppression of 
activity in the hand representation in primary somatosensory cortex (area 
3b) results in an enlargement of receptive field (RF) size in the 
ventroposterior thalamus (VP) of Rhesus monkeys. In the present study 
we examined the effect of acute suppression of the area 3b hand 
representation on RF size in the primate VP. We electrophysiologically 
localized RF’s at sites in area 3b and VP before and after multiple 
injections of the NMDA receptor antagonist D-2-amino-5- 
phosphonovaleric acid (D-APV) into the area 3b hand representation. 
Injections of D-APV resulted in a suppression of activity in the vast 
majority of area 3b sites. In accordance with our previous study, RF’s in 
VP greatly enlarged following cortical suppression compared to pre-
injection RF’s in VP. These enlarged RF’s typically encompassed 1 or 
more digits or more than 1 pad on the glabrous surface of the hand, while 
VP RF’s before cortical D-APV injections were restricted to a small 
portion of a single phalange of a digit or to a single palmar pad. In 
addition, control recordings before and after saline injections across the 
area 3b hand representation showed no change in responsiveness or RF 
size in area 3b or VP. Thus, the RF size of VP neurons in macaques 
appears to be dynamically regulated through descending or “top-down” 
inputs from area 3b. These findings indicate that cortex can exert a 
profound influence over its own ascending input. Such feedback may be 
important in gating out extraneous features of a sensory stimulus while 
allowing pertinent features access to cortex. Supported by NIH grants 
MH11950-01, MH53369-02 and NS35246-01.

55.17

CORTICAL AND THALAMIC CONNECTIONS OF THE PARIETAL VENTRAL 
AREA (PV) IN MACAQUE MONKEYS
E. Disbrow*1,2, D . Slutsky1, & L.Krubitzer1. 1Center for Neuroscience, Univ. of CA 

Davis 95616 & 2 Biomagnetic Imaging Lab Univ. of CA San Francisco USA 
The somatosensory neocortex is comprised of several representations of the 

sensory epithelium. Areas in anterior parietal cortex (areas 3a, 3b, 1 and 2) are 
involved in basic sensory discrimination. Their connections are primarily with 
thalamic nuclei and cortical areas that process simple somatic inputs. Areas in the 
lateral sulcus may be involved in complex abilities such as synthesizing inputs 
across the hands and integrating the motor system for control of coordinated 
movements. We examined connections of regions in the lateral sulcus, specifically 
the parietal ventral area, PV. Connections of PV were examined by placing an 
injection of wheatgerm agglutinin conjugated to horseradish peroxidase into 
electrophysiologically identified body part representations. Labeled cell bodies and 
axon terminals were plotted and matched to electrophysiological recording results 
and cerebral architecture in tissue processed for myelin, cytochrome oxidase, and 
Nissl. The- results indicate that PV has dense interconnections with SII, and cortex 
on the operculum of the insula in the lateral sulcus. Connections were also observed 
with regions on the rostral and caudal bank of the intraparietal sulcus, in the general 
location of areas 5 and 7. Transported tracer was found on the caudal bank of the 
ventral arcuate sulcus, inferior to the expected location of the frontal eye fields. In 
the thalamus, PV was interconnected with the ventral posterior inferior nucleus, the 
anterior pulvinar, the medial dorsal nucleus, and the central lateral nucleus. These 
results indicate that connections of PV are sparse with known somatosensory fields, 
and relatively dense with regions in premotor and posterior parietal cortex, 
suggesting that this region is involved in higher level sensory processing.
Supported by NIH-ROl#NS35103-02, & Whitehall 
Foundation M97-20.

55.14
DEVELOPMENT OF GABAa RECEPTOR-MEDIATED INHIBITORY 
CURRENTS IN NEURONS OF THE THALAMIC RETICULAR NUCLEUS 
AND VENTRAL BASAL COMPLEX. JR Huguenard* and MM Huntsman. Dept 
Neurology & Neurol Sciences, Stanford Univ, Stanford CA, 94305.

Long-lasting inhibitory postsynaptic currents (IPSCs) in the thalamic reticular 
nucleus (RTN) are postulated to be important in the regulation of synchronized 
network activity in the thalamus. Decay kinetics of GABAa receptor-mediated 
IPSCs in RTN neurons are significantly slower than those observed in relay 
neurons of the ventral basal complex (VB). This likely results from differential 
expression of GABAa receptors in these two thalamic nuclei. In addition to 
nucleus-specific thalamic expression, GABAa receptor subunits are also 
developmentally regulated. In order to determine if the previously described 
intrathalamic IPSC heterogeneity reflected incomplete development of the 
thalamic circuit, we studied IPSC decay kinetics at three developmental stages 
during which thalamic GABAa receptor subunit expression levels change: P8-12, 
P20-30 and P40-60. Whole-cell patch clamp recordings were obtained in 
visualized brain slices in order to examine the decay kinetics of spontaneous 
IPSCs (sIPSCs). The kinetics of sIPSCs in RTN neurons were similar at all ages 
examined: at P8-12 (τ1 = 18.25 ms, τ2 = 84.21 ms), at P21-30 (τ1 = 15.59 ms, τ2 = 
73.25 ms), and at P40-60 (τ1 = 14.71 ms, τ2 = 71.02 ms). By contrast, sIPSCs in 
VB neurons had significantly faster decay kinetics at P21-30 (τ1 = 5.23 ms, τ2 = 
16.62 ms) and P40-60 (τ1 = 4.42 ms, τ2 = 15.67 ms) than those observed in the 
P8-12 range (τ1 = 7.05 ms, τ2 = 21.43 ms). Results from the present study 
demonstrate that kinetic properties of GABAa receptor-mediated IPSCs recorded 
in two distinct, yet interconnected nuclei are significantly different and that this 
difference is maintained well into adulthood. Supported by NIH grants NS0647, 
NS072280, and NS34774 and the Pimley Research Fund.

55.16

GLUTAMATE AND NMDAR1 IMMUNOREACTIVITY IN 
SOMATOSENSORY CORTEX AND THALAMUS OF MACAQUES 
FOLLOWING CHRONIC CORTICAL NMDA RECEPTOR BLOCKADE
N.C. Kurukulasuriya, E.R. Ergenzinger, C.L. Palmer, M.M. Glasier and
T.P. Pons*. Department of Neurosurgery, Wake Forest University School of 
Medicine, Winston-Salem, NC 27157.

Chronic application of the NMDA receptor antagonist D-2-amino-5- 
phosphonovaleric acid (D-APV) into the area 3b hand representation in rhesus 
monkeys results in a suppression of much of the somatically driven activity in 
area 3b and a concomitant enlargement of receptive field sizes in the 
ventroposterior (VP) thalamus (Ergenzinger et.al., Soc.for Neurosci.23:573 
‘97). Such a change in the response characteristics of neurons in area 3b and 
VP may be associated with alterations in the expression of glutamate and/or its 
receptors. In the present study, immunocytochemical techniques were 
employed to investigate possible regional variations in glutamate and NMDARl 
expression in area 3b and VP following chronic cortical D-APV infusion 
(n=2). In sections from control hemispheres, the laminar distribution of 
glutamate and NMDARl immunoreactivity in area 3b was consistent with 
previously published reports in that both NMDAR1 and glutamate showed high 
density of immunoreactivity in layers II, III, and VI. Control sections also 
showed a relatively homogeneous distribution of glutamate and NMDAR1 
across VP. Analysis of sections from experimental hemispheres showed 
patterns of staining similar to control hemispheres for glutamate and NMDAR1 
in area 3b and VP. These results indicate that chronic NMDA receptor 
blockade does not significantly alter the expression patterns of glutamate or 
NMDAR1 in area 3b or VP. Supported by NIH grants MH53369-02 and 
NS35246-01.

55.18

SLOW OSCILLATIONS (<l Hz) DETECTED IN THE VARIABILITY OF 
DISCHARGE OF SINGLE VPL THALAMIC NEURONS IN CONSCIOUS CATS 
DURING WAKE AND SLEEP: CORRELATION WITH HEART RATE
VARIABILITY OSCILLATIONS. N. Montano*, M. Massimini, C  Cogliati, T  
Gnecchi Ruscone, A. Porta, L. Mainardi, I. Gritti, M. Mariotti, A. Malliani. Centro
L.I.T.A. di Vialba, Centro Ricerche Cardiovascolari, CNR, Medicina Interna II, 
Ospedale L. Sacco, Universita’ di Milano. Italy.

Slow oscillations (<l Hz) have recently been described in thalamocortical 
network (Steriade et al, J  Neurosci 97:3252,1993). We have previously reported 
(Montano et al, Soc. Neurosci. Abstr., 22:157.4) the presence of slow rhythms (<l Hz) 
in the discharge variability (DV) of single VPL thalamic neurons in conscious cats 
coherent with the vasomotor and respiratory spectral components present in RR 
interval variability (HRV). Aim of our study was to evaluate whether the changes in 
the slow oscillations detectable in DV of VPL undergo changes paralleling those 
detectable in HRV, during sleep (SWS) and wake (W) and during transitions between 
the two states. We analyzed by means of time-variant autoregressive spectral analysis 
algorithms the HRV and DV of single units recorded extracellularly from VPL ( n=3l) 
in two unanesthetized, chronically implanted, conscious cats during SWS and W. VPL 
neurons were identified by post-stimulus response histograms. DV of 23 out of 31 
neurons contained two main slow oscillatory components at low (LF; 0.1-0.4 Hz) and 
high (HF; 0.4-0.9 Hz) frequency, corrispondent to the oscillations detectable in HRV, 
both during SWS and W. During transition between SWS and W, in 8 out of 21 trials 
a shift of spectral power towards the LF area was observed in both variability signals, 
while in the remaining 13 cases a predominant HF rhythmicity was present during W 
and SWS. In conclusion, a dynamic relationship seems to exist between the slow 
oscillations present in DV of VPL neurons and those correlated to the autonomic 
nervous system present in HRV. This seems to suggest a possible interaction at the 
CNS level between autonomic mechanisms and the somatosensory transmission.
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55.19

WEEP-BY-SWEEP VARIABILITY IN SHORT-LATENCY COMPONENTS OF 
HUMAN SOMATOSENSORY EVOKED POTENTIALS. M. Massimini, N. 
lontano, A. Bernocchi, C. Cogliati*, M. Martina, A. Bianchi, A. Porta, A. 
lalliani, M. Mariotti. Centro L I T A. di Vialba, Ospedale L. Sacco, Universita’ di 
lilano & Dipartimento di Bioingenieria, Politecnico di Milano Italy.

Slow oscillations (<l Hz) have recently been described in thalamocortical 
etwork (Steriade et al, J  Neurosci 97:3252,1993). We have previously reported 
Montano et al, Soc. Neurosci. Abstr., 22:157.4) the presence of slow rhythms (<l 
Hz) related to cardiovascular regulation in the discharge variability of single VPL 
thalamic neurons in conscious cats. Aim of the present study was to evaluate whether 
low thalamocortical oscillation could exert some effects on somatosensory 
tansmission. Single sweep variability of short-latency SEPs was analyzed in 10 
healthy subjects. SEPs at Erb’s point and from parietal scalp were recorded following 
median nerve stimulation (2 Hz). A parametric method for the identification of 
voked potentials on a single-trial basis through an autoregressive algorithm with 
xogenous input (ARX) was used. Tracking of homologous points on the sweeps was 
performed by a dynamic time warping algorithm. In 9 out of 10 subjects, 
nutoregressive spectral analysis (AR) performed on the sweep-by-sweep N20 latency 
variability showed a mean variance of l.l± 0.46 ms2 and a major oscillatory 
component around 0.1 Hz (range from 0.05 to 0.12 Hz). Similarly, in 6 out of 10 
subjects, AR of N20-P25 maximum slope values variability detected a predominant 
oscillatory peak around 0.1 Hz (range from 0.07 to 0.12 Hz). At difference, a 
significantly smaller variance and no oscillatory components were detected when 
analyzing the variability of the potential recorded at Erb’s point. In conclusion, 
ingle sweep analysis of human SEPs reveals the presence of a slow rhythmical 
variability whose significance needs to be investigated.

SOMATOSENSORY CORTEX AND THALAM OCORTICAL RELATIONSHIPS: NEURONAL ENSEM BLES AND NETW ORKS

56.1
IPSILATERALLY EVOKED RESPONSES IN THE RAT BARREL CORTEX 
ARE REMOVED BY MUSCIMOL INACTIVATION OF THE OPPOSITE 
HEMISPHERE. Marshall G. Shuler* and Miguel A.L. Nicolelis, Department of 
Neurobiology, Duke University, Durham, NC 27710

Rats gather and integrate tactile information by using the whisker pads on both 
sides of the face. Given that the barrel cortices are interconnected by callosal 
connections, we have chosen to investigate how cortical neurons integrate bilateral 
whisker stimulation. To address this issue, microwire arrays were chronically 
implanted into layer V of both barrel cortices and, following a recovery period, 
single and multiple whisker stimuli were delivered to both whisker pads at different 
interstimulus intervals, (from 0  to 120  ms), in lightly pentobarbital anesthetized rats 
(n =4). These experiments revealed that cortical neurons responded not only to 
contralateral single and multi-whisker stimuli as expected, but also to ipsilateral 
multi-whisker stimuli. However, stimulation of single whiskers failed to evoke 
sensory responses in the ipsilateral barrel cortex. Infusion of a GABAa agonist 
(muscimol) into the contralateral barrel cortex eliminated the sensory responses in 
the cortex ipsilateral to the multi-whisker stimulus.

Parametric variation of the inter-stimulus interval between multi-whisker 
stimuli applied to both sides of the face led to modulation of the overall response 
magnitude, latency, and probability of firing of cortical neurons. Overall, these 
results suggest that barrel cortical neurons respond to bilateral multi-whisker stimuli 
and that their ipsilateral responses are likely to be dependent on callosal 
projections. Moreover, our results indicate that the integration of callosal and 
thalamocortical responses in the barrel cortex may be modulated by the inter
stimulus interval between stimulation to the two sides of the face. Supported by 
grants from the Whitehall Foundation and NIH (DE-11121-01) to M.A.L.N.

56.3

USING MULTILAYER ARTIFICIAL NEURAL NETWORKS TO CLASSIFY 
SPATIOTEMPORAL PATTERNS OF NEURAL ENSEMBLE FIRING IN 
PRIMATES AND RODENTS. Christopher R. Stambaugh* and Miguel A. L. 
Nicolelis, Dept. of Neurobiology, Duke University, Durham, NC 27710.

Although neural ensemble recordings in behaving animals are becoming 
commonplace, there is still a need for the implementation of analytical tools that can 
be used to reveal the potential encoding of information by large populations of 
neurons. Here, we describe how multilayer artificial neural networks (ANNs) can be 
used to analyze and classify the spatiotemporal patterns of neural ensemble firing on 
a single trial basis. Feed-forward networks, trained either with the Levenberg- 
Marquardt, resilient backpropagation, or learning vector, quantization algorithms 
(Kohonen, 1997) were found to converge quickly to accurate classification solutions 
for spatiotemporal patterns derived from the simultaneouly recorded spike trains of 
up to 100 single neural units. Multiple time epochs (from 3 to 45 ms in width) were 
used to depict the firing pattern of each of the single neurons that comprised the input 
vector to the ANN. A set of trials (from 10 to 90% of the total trials) was then used 
to train the ANN, while the remaining trials were used to test its performance. ANNs 
were then employed to analyze neural ensemble data obtained during peripheral 
tactile stimulation in both rodents and primates. These analyses revealed that 
relatively small neural populations (20-60 neurons) are capable of encoding a variety 
of tactile stimulus features (location, direction, spatial summation) or representing 
different behavioral states on a single trial basis. By employing a variety of 
manipulations on the data such as trial or bin shuffling, variations in time epoch 
precision, and changes in neural ensemble size, we were also able to reveal 
fundamental elements of the encoding strategy used by different cortical and thalamic 
populations. These results indicate that ANN-based methods constitute a new 
analytical paradigm for investigating distributed spatiotemporal patterns of activity 
derived from large neural ensembles. Sponsored by a grant from NIH (DE-11121) to 
MALN.

56.2
CORTICOTHALAMIC PROJECTIONS OF SOMATOSENSORY AND 
MOTOR CORTICAL AREAS IN RATS. P.D. Beck*, L. Fitzpatrick, and M.A.L. 
Nicolelis. Dept. Neurobiology, Duke University Medical Center, Durham, NC 
27710.

We were interested in investigating the distribution of corticothalamic 
projections from different motor and somatosensory cortical areas to different 
somatosensory thalamic nuclei in rats. To address this issue, injections of multiple 
anterograde fluorescent tracers were made into either the first somatosensory area 
(SI), the second somatosensory area (SII), the parietal ventral somatosensory area 
(PV), the parietal medial somatosensory area of posterior parietal cortex (PM), or 
the motor cortex (MI) in 28 Long Evans hooded rats. Alternating sections were 
either left unprocessed for fluorescent microscopy or stained for Nissl using cresyl 
violet. Labeled neurons and terminals were reconstructed and related to borders of 
the ventroposterior medial nucleus (VPM), the posterior medial nucleus (POm), 
and the zona incerta (ZI). As a rule, reciprocal projections were revealed by the 
presence of overlapping labeled neurons and terminals following every injection. 
Injections into SI and SII labeled neurons and terminals in VPM and POm. 
Additional label was also found in the ZI following injections into SI. Injections 
into PV labeled neurons and terminals in VPM only. In addition, the strongest 
corticothalamic projection to POm was derived from the MI cortex. Injections into 
PM labeled neurons and terminals in VPM, POm, and ZI. In conclusion, SI and SII 
had similar thalamic connections, but could be distinguished from PV connections 
because PV is not connected with POm. Additionally, both motor and 
somatosensory cortical areas were invariably connected with ZI.
Supported by grants from the NIH DE-11121 to MALN and NS-07370 to PDB.

56.4

BEHAVIORAL MODULATION OF RESPONSES TO WHISKER STIMULATION 
IN THE AWAKE, RESTRAINED RAT Erika E. Fanselow*, Donald B. Katz, and 
Miguel A.L. Nicolelis, Dept. of Neurobiology, Duke University, Durham, NC 27710

Responses to individual and multiple whisker stimuli were recorded from 
multiple single neurons located at different levels of the rat somatosensory system 
during two behavioral states in awake animals. We compared the magnitudes of 
responses to whisker deflections presented when animals were not moving their 
whiskers with responses to identical stimuli presented when the animals were engaged 
in low-amplitude whisker twitching movements (7-12 Hz). During these experiments, 
rats were enclosed in a restraint box, with their head fixed in place via a head bolt 
attached to the skull. Recordings were made via chronically implanted microwires in the 
somatosensory thalamus (VPM) and primary somatosensory cortex (SI). Individual 
whiskers were mechanically deflected via light-weight wires attached to computer- 
driven motors. The whiskers were stimulated (30 msec pulse duration) either 
individually (2 sec inter-stimulus interval) or in pairs (25-400 msec inter-stimulus 
interval, 2 sec inter-trial interval). During periods of quiet immobility, when there was 
no whisker movement, there were robust responses in both VPM and SI to individual 
whisker deflections. In contrast, when whiskers were deflected during whisker twitching 
movements, the responses were substantially reduced in both of these areas. These 
findings corroborate our previous results in awake animals via electrical stimulation of 
multiple fibers in the infraorbital nerve during these behavioral states. In addition, the 
present experiments showed that when pairs of whiskers were stimulated, the magnitude 
of the response to deflection of the second whisker depended on the inter-deflection 
interval, as has previously been described in anesthetized and paralyzed animals 
(Simons 1985, 1989). However, this effect was not observed when stimuli were 
presented during whisker twitching movements. These results suggest that responses to 
tactile stimuli are gated out during whisker twitching movements and support the 
hypothesis that central generation of motor activity greatly influences sensory 
transmission (Chapin and Woodward 1981). Supported by the Klingenstein Foundation 
(M.A.L.N.) and an NSF Predoctoral Fellowship (E.E.F.).
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56.5
INTERACTIONS BETWEEN SENSORIMOTOR CORTICAL AND THALAMIC 
NEURONAL ENSEMBLES ARE ALTERED DURING THE ACQUISTION OF A 
REACTION-TIME TASK. Mark Laubach* and Miguel A.L. Nicolelis, Department of 
Neurobiology, Duke University, Durham, NC 27710 

Chronic, multisite neuronal ensemble recordings were used to test the hypothesis 
that neuronal population responses that predict variations in the performance of 
reaction-time tasks emerge with learning. Arrays of electrodes were implanted in 
sensorimotor cortex, premotor cortex, and ventrolateral thalamic nucleus of 
behaviorally naive rats. The animals were then trained to hold down a response 
lever over a variable foreperiod and to release the lever in response to a trigger 
stimulus (either a tone, vibration of lever, or both). Principal component analysis 
[PCA] (Nicolelis and Chapin 1994) was used to derive population vectors from the 
simultaneously recorded multi-neuron spike trains. Information expressed by the 
population vectors was quantified by training a multi-layer artificial neural 
network to discriminate between single trials with sustained and premature 
responses. Variability in the reaction-time and the total response duration (i.e., 
lever press to release) decreased by one-half over the first three to four days of 
behavioral training. During this period, discriminations based on the neuronal 
population vectors improved from 50% correct (chance) on the first day of 
behavioral training to better than 70% correct by the fourth day of training. 
Neuronal population vectors recorded in fully trained animals classified up to 80% 
of trials correctly. This information was expressed almost entirely by the higher 
PCs (e.g., PCs 2-5), which represented interactions between specific subsets of the 
populations, and not by the first PC, which represented the average movement- 
related response across the neuronal populations. These data suggest that altered 
interactions between neuronal networks in the cerebral cortex and thalamus 
reflect, or may even underlie, the acquisition of sensorimotor behavior.
Supported by NIH grants NS0 73700 and NS10597 to M.L. and DEI 1121 and a 
grant from the Whitehall foundation to M.A.L.N.

56.7
CHRONIC, MULTISITE, MANY SINGLE-UNIT RECORDINGS FROM THE GUSTATORY 
SYSTEM DURING TASTANT SELF-ADMINISTRATION BY RESTRAINED RATS. Donald
B. Katz*, S. A. Simon, & Miguel A. L. Nicolelis. Department of Neurobiology, Duke 
University, Durham, NC 27710.

Perception of taste stimuli requires the integration of gustatory, somatosensory 
and hedonic information. In rats, this complexity is reflected by the existence of 
multiple (probably interacting) pathways carrying taste-related activity from the 
nucleus of the solitary tract (NST) and pons through the thalamus, cortex and 
amygdala. The richness of this circuitry, coupled with the intrinsic emotional 
valence of tastants, makes the gustatory system an appropriate choice for study using 
multisite many single-unit recording in awake, tastant-seeking animals.

Chronically implanted microwire arrays allowed for simultaneous recording of 
primary taste (insular) and association taste (lateral orbitofrontal) pyramidal cells in 
awake rats. After recovery from surgery, newly water-deprived rats were acclimated 
to handling and head restraint, and then learned to press a lever placed near one 
forepaw in order to receive a liquid reward. When high rates of bar pressing were 
reached, water reward was replaced with a random ordering of tastants (salty, sweet, 
bitter, and acidic) interspersed with water rinse. During these sessions, multisite 
neural responses to the tastants were recorded. The depth of the implanted areas 
allowed for high stability of recording—single unit discriminations changed little 
from one session to the next. Thus, one ensemble of taste neurons could be followed 
as the animal experienced particular schedules of exposure to particular tastants.

Preliminary data suggest that neurons in the awake animal respond in a 
concentration-dependent fashion to particular tastes, as well as to tactile stimulation 
of the snout and tongue by the tastant. Moreover, we observed that other factors 
impact the m anner in which tastants are represented within the gustatory system.
For instance, self-administration causes different patterns of neural activity than 
passive administration by the experimenter. The contribution of our multiple 
recording sites to the complex process of stimulus coding was also addressed by using 
a battery of multivariate and time-series algorithms.

Funded by a grant from the Philip Morris Corporation.

56.9

ROLE OF SI CORTEX IN THALAMIC PROCESSING OF COMPLEX 
SOMATOSENSORY STIMULI. David J. K ru p a *, A m y J. B risben , Donald B. 
K atz , & M ig uel A. L. N ico le lis . N eurob iology, Duke U niversity, Durham , NC 

To study how com plex som atosensory stim uli are p rocessed by the 
trigem ina l som atosensory system , we developed  a system  to present 
b io log ically realistic stim uli to  the ra t’s facia l w h isker pad in a h ighly contro lled 
yet ve ry flexib le  m anner. During each experim ent, up to  16 w hiskers were 
independently stim ula ted in several d iffe rent spa tio tem pora lly  com plex patterns. 
For instance, the d irection of a ‘stim ulus w ave ’ rap id ly sw eeping  across the 
w hisker pad could be varied s lightly by changing the  o rder or tim ing of individual 
w h isker stim uli. W e com bined these stim uli w ith  neurona l ensem ble recordings 
in VPM  tha lam us and the barre l region of SI cortex. The ability  and accuracy of 
the recorded population o f neurons to  d iscrim ina te  betw een the d iffe rent 
patterns o f stim uli was quantified  by feed ing the recorded m ultineurona l spike 
tra ins into a 3 -layer artificia l neural netw ork and tra in ing the netw ork (using a 
learning vector quantiza tion a lgorithm ) to d iscrim ina te  betw een the  d ifferent 
stim uli. During the sam e recording session, we inactiva ted the barre l region of 
SI cortex w ith the G ABA-A  agonist m uscim ol. W hile  SI cortex rem ained inactive, 
we again presented the d iffe rent patterns of stim uli in o rde r to eva luate  and 
quantify the contribution of descending cortico tha lam ic pro jections to  processing 
these com plex stim uli in VPM . W e observed tha t popu la tions of VPM  neurons 
(approx 20-25 neurons) w ere able to d iscrim inate  betw een the d iffe rent stimuli 
on a tria l by tria l basis even w ith sm all d iffe rences in stim ulus patterns. 
Individual neurons or sm all subsets of neurons could not d iscrim ina te  between 
stim uli. P re lim inary results indicate tha t inactiva tion of SI co rtex sign ificantly 
reduced the ability of popu lations of tha lam ic neurons to d iscrim inate  the 
d iffe rent stim uli. These find ings suggest tha t m u ltid im ensiona l cod ing of 
com plex stim uli in the VPM  occurs at the population level and m ay depend 
upon cortico fugal pro jections. Funding: NRSA M H 11808 to d jk and NIH DE- 
11121 to main.

56.6

SIMULTANEOUS ENCODING OF TACTILE INFORMATION BY NEURAL 
ENSEMBLES LOCATED IN DIFFERENT PRIMATE CORTICAL AREAS.
M iguel A. L. Nicolelis1*, Christopher R. Stambaugh1, Mark Laubach1, John Chapin2, 
and Jon H. Kaas3. 1Dept. of Neurobiology, Duke University Medical Center; 2 Dept. 
Anatomy and Neuroscience, Allegheny University, 3 Dept. of Psychology, Vanderbilt 
University.

Simultaneous, multi-site neural ensemble recordings were used to investigate how 
neural ensembles in cortical areas 3b, SII, and 2 of the owl monkey (Aotus trivirgatus, 
n =3) encode the location of punctate mechanical stimuli applied to different skin sites 
on a single trial basis. Pattern recognition analysis, based on a three layer artificial 
neural network trained with a learning vector quantization algorithm, revealed above 
chance level (33%) discrimination using area 3b (73 ± 3.1%), area SII (79.3 ± 7.8%), 
and area 2 (50 ± 1.8%) neural ensembles. In all three areas, above chance level 
discrimination was reached only when more than five neurons were included in the 
ensemble. Whereas combining neurons from area 3b and SII produced a significantly 
higher percentage (p< 0.02) of correctly discriminated single trials (83 ± 2.1%, 
monkeys 2 and 3), the combination of ensembles from areas SII and 2 (72 ± 1.5%) did 
not improve the discrimination levels reached by considering only SII ensembles. 
Systematic increases in the size of the time bins used (from 3 to 45 ms) in this analysis 
produced a highly significant reduction in the discrimination capability of SII neural 
ensembles in all three monkeys, but had no effect when applied to area 3b and 2 
ensembles. These results suggest that the spatiotemporal firing patterns of different 
primate cortical areas contain enough information to specify the location of punctate 
tactile stimuli on a single trial basis. Although different cortical areas carry out these 
computations almost simultaneously, they may employ different encoding strategies to 
achieve this goal. While the temporal structure of neuronal responses may be important 
for encoding location of a stimulus in the SII cortex, neural ensembles in areas 3b and 2 
seem to rely primarily on a firing rate code to encode the location of a punctate tactile 
stimulus. Supported by grants from the NIH and the McDonnel-Pew Foundation to 
MALN.

56.8
INVESTIGATING NEURAL ENSEMBLE PROCESSING OF KINEMATICS IN OWL 
MONKEYS PERFORMING SENSORIMOTOR TASKS. Amy I. Brisben1*, Alexandra 
Hou2, Mandayam A. Srinivasan2, and Miguel A. L. Nicolelis1. 1Dept. Neurobiology, 
Duke University, Durham, NC 27710. 2MIT, Res Lab Electronics, 36-796, 
Cambridge, MA, 02139

The goal of this project is to investigate how populations of somatosensory and 
motor cortical neurons integrate tactile information during active reaching 
movements. To address this issue, owl monkeys restrained in a primate chair were 
trained to manipulate a robotic arm (PHANToM, Sensable Technologies, Cambridge 
MA) through a virtual reality environment, in which tactile objects were rendered 
by high-resolution (0 .01N) force feedback with ms precision. This allowed us to 
change the texture, stiffness, an d /o r friction of the tactile objects and the force load 
imposed on the robotic arm at any phase of reaching movements performed by the 
monkey. During this task, arm kinematic measurements were obtained by non- 
invasive position transducers (Flock of Birds, spatial resolution 0.44 mm, Ascension 
Technologies, Burlington, VT) attached to the monkey’s wrist, elbow, and shoulder. 
Each transducer measured joint position in six degrees of freedom (DOF, x, y, z 
coordinates plus roll, pitch and yaw). In addition, the robotic arm position (in 6 
DOF) and the reactant force were measured simultaneously. The instantaneous 
velocity and acceleration of the arm movements were derived off-line from the 
position signals using standard numerical methods. Finally, arm movements were 
also videotaped for off-line analysis. The entire behavioral task was controlled 
using the Tempo program (Reflective Computing, St. Louis, MO), which recorded 
the kinematic data (5 ms resolution), and was synchronized with neural ensemble 
recordings through a 96 channel many neural acquisition processor (MNAP, 
Plexon, Dallas, TX). Simultaneous, cortical neural responses were recorded via 
microwire arrays (NBLabs, Dennison, TX) implanted in somatosensory (areas 3b, 2, 
and SII), and motor cortical areas (areas 4, 6 , and SMA). This paradigm offers a 
general experimental approach to quantify how cortical ensembles represent a 
variety of kinematic parameters that are required for the execution of haptic 
discrimination in primates. Supported by NIH-NS-07370 to AJB and NIH-N01-NS-
6-2352 to MALN.

56.10
CODING OF TACTILE INFORMATION BY CORTICAL AND THALAMIC 
ENSEMBLES. Asif A. Ghazanfar*, Christopher R. Stambaugh, and Miguel A.L. 
Nicolelis. Department of Neurobiology, Duke University Medical Center, Durham, 
NC 27710.

The neural mechanisms proposed to explain how the position of a stimulus is 
coded generally fall into two categories: local versus ensemble coding. According 
to a local coding scheme, sensory space is divided into non-overlapping areas that 
can be resolved by small groups of topographically- arranged neurons. 
Conversely, according to an ensemble coding scheme, the same degree of spatial 
discrimination can be achieved by a large population of broadly tuned neurons 
with overlapping receptive fields (RFs). The modular anatomy of the rat 
somatosensory pathway, where clusters of neurons (i.e. “barrels” & “barreloids”) 
correspond to single whiskers on the snout, make it an excellent model system in 
which to test these potential coding strategies. We investigated whether the firing 
patterns of small ensembles of broadly-tuned neurons (~ 30 neurons per site per 
animal, n=5), located in layer V of SI cortex and the ventroposterior medial (VPM) 
nucleus of the thalamus, can accurately predict the location of a tactile stimulus on 
a single trial basis. Statistical pattern recognition analysis, based on artificial neural 
networks, revealed that the identity of a single whisker stimulus (out of four 
whiskers) was correctly predicted on 72% (SI) and 90% (VPM) of the single trials 
analyzed (chance performance=25%). No significant difference in ensemble 
performance was observed between whiskers within rows versus columns, nor 
when neighboring whiskers were compared with non-adjacent ones. Multiwhisker 
stimuli were discriminated equally well on a single trial basis. These results support 
the hypothesis that distributed coding can coexist within anatomically topographic 
representations such as those observed in the rat somatosensory system. Supported 
by NIH DE-11121-01.
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56.11
PROBLEMS AND ISSUES OF PRACTICAL SPIKE TRAIN CONVERSION 
TO A FORM SUITABLE FOR TIME SERIES ANALYSIS. L.A.Baccalá1*,
K.Sameshima2, 1Escola Politécnica, 2School of Medicine, Univ. São Paulo, São Paulo 
SP 01246-903, Brazil.

Spike train sequences can be converted to well behaved time series by subjecting 
spike impulses to adequate filtering followed by sampling in time. Three parameters 
control the quality and adequacy of the information retrieved: (1) Ts the time 
sampling period, (2) W the filter bandwidth and (3) L the length of filter’s impulse 
response. Our investigation suggests that best time series analysis results are obtained 
if W is between 1 to 2 times the firing rate feature of most interest, as in the case of 
rhythmic firing. This avoids the appearance of harmonics that make time series 
analysis estimates less reliable; this consideration is especially important if 
parametric methods of spectral analysis are involved. Nyquist's criterion for discrete 
time series representation of analog signals also constrains Ts as a function of W, i.e. 
1/TS>2W. Finally, filter length affects the occurrence of power spectral leakage to 
frequency ranges above W. Hence its value should be chosen as large as possible. 
Whenever excessive time and memory constraints become mandatory, a satisfactory 
rule of thumb is that L should be at least 10/ W. The type of transformation described 
here is essential for extensions of time series based inference on the structure of 
neural connections using various techniques: such cross-correlation, classical 
coherence and specially for recently developed methods of directed coherence 
analysis. A final important point is that this type of transformation is entirely 
reversible, i. e. the original spike sequence is easily recoverable, meaning that the 
original information is preserved. These observations were supported by processing 
both simulated and experimental spike train data.

Supported by CNPq, FAPESP and PRONEX.

56.13
NEURAL ENSEMBLE ACTIVITY DURING A WHISKER DISCRIMINATION 
TASK: SENSORY MODULATION AT DIFFERENT LEVELS OF THE 
TRIGEMINAL SYSTEM. K.A. Moxon*, R. S. Markowitz and J. K. Chapin 
Allegheny U. Hlth. Sci., Depart. ofNeurobiol. and Anat., Philadelphia, P.A. 19129.

To investigate the neural mechanisms underlying sensory discrimination 
behavior, ensembles of neurons were simultaneously recorded in the rat cortex (SI), 
thalamus (VPM) and brainstem (PrV) in awake behaving rats. A gap-jumping task 
(GJT) was designed to determine whether ascending whisker sensory inputs are 
selectively modified during active whisking o f behaviorally significant tactile 
objects. Blindfolded animals ran onto a platform and used active whisking 
movements to discriminate between two differently shaped aperatures in the wall 
across from a gap in the platform. If they chose a false opening, they met a wall and 
had to retreat. If they chose the correct opening, they were able to jump the gap and 
received a water reward. 50% of SI cells responded with a significant increase in 
activity starting about 250 msec before the animal jumped across the gap. This was 
followed by a significant decrease in activity during the jump. 30% of the thalamic 
cells showed a significant decrease in activity within 500 msec after jumping across 
the gap, but little or no ensemble response before the jump (while the animal was 
whisking the target). 38% of PrV cells showed a significant increase in activity 
while the animal was making the jump. During the jump, the whiskers passively 
contacted the sides of the opening. When the animal made an incorrect jump, and 
contacted the barrier, SI cells showed the same activity that started approximately 
250 msec before the animal jumped, but the increased activity then continued 
through the jump. This was also true for PrV but was more pronounced. The 
activity in PrV remained elevated for up to 2 seconds. These data suggest that SI 
cells are more active during active whisking while lower level brainstem cells (PrV) 
are more active during passive whisker stimulation (i.e. whisker contact while 
jumping through opening). Supported by NS26722 and NS62352 to JKC

56.15

SYNCHRONY IN SPARSE INHIBITORY CORTICAL NEURONAL 
NETWORKS. D. Golomb1* and D. H ansel2. 1Zlotowski Center for Neu 
roscience and D ep t. of Physiology, Ben-Gurion University, Beer-Sheva 
84105, Israel 2Centre de Physique Théorique UMR 7644 CNRS, Ecole 
Polytechnique 91128 Palaiseau, France
Recent experiments have shown th a t synchronized gam m a oscillations 

can emerge in m etabotropically activated slices of ra t hippocam pus and 
neocortex after pharmacological blockade of synaptic excitation (W hit
tington et al. Nature, 1995). We develop and apply a theoretical approach 
to study the roles of the level of connectivity and the cellular and synap
tic properties in the emergence of synchrony in large sparse networks of 
inhibitory neurons. We consider a network of intrinsically-oscillating neu
rons randomly connected with an average of M  synapses on each neuron. 
In the limit of weak inhibition, we use phase-averaging m ethod and mean 
field theory to evaluate analytically the critical num ber of synapses M c 
above which the network is synchronized. Numerical simulations extend 
our results beyond weak coupling. For the integrate-and-fire model, in 
the absence of refractory period, M c is very large. In particular it can 
be as large as several thousands at low firing ra te  or fast synaptic rise 
time. Absolute refractoriness reduces M c to  a few hundred. W hen active 
current are included M c can be further decreased up to few tens. In this 
case, for M  > M c, the neurons can fire at high synchrony even for fast 
synaptic rise times. Slowing down the kinetics of intrinsic currents lead to 
smeared cluster s tates in which the network breaks down spontaneously 
into groups of neurons firing alternately. O ur work stresses the role of 
active ionic currents in the collective dynamics of large sparse networks. 
Supported by Israel Science Foundation grant no. 419/96-2 to  D.G. and 

by the PICS-CNRS 236 to  D.H.

56.12
STATISTICAL TESTING IN PROBING CAUSALITY IN THE INTER
ACTION OF BRAIN STRUCTURES. K.Sameshima1*, L.A.Baccalá2, 
G.Ballester1, A.C. Valle1 and C.Timo-Iaria1. 1School of Medicine, 2Escola 
Politécnica, Univ. São Paulo, São Paulo, SP 01246-903, Brazil.

Introduction: Application of the method of directed coherence to neuro-electrical 
activity records permits determining the direction of information flow among brain 
structures through multivariate parametric spectral analysis. This approach, though 
visually very informative, must be supplemented with specific and statistically 
powerful causality tests as shown in this study. Method: The causality test 
considered consists in direct inference on the nullity of specific (structure related) 
parameters used for spectral estimation. Results: To emphasize the significance of 
these ideas for neurobiology, these procedures were applied to multi-channel traces of 
local field potentials recorded from cortical and subcortical brain structures of rats in 
sleep and in wakefulness via chronically implanted bipolar-electrodes. To mention an 
example, directed coherence computation implied prevalent information flow from 
CA3 to CAl, while the more powerful causality test revealed highly significant 
episodes when information directionality underwent switches that related to rostrum 
movements. Note that while CA3's influence over CAl is easy to explain on the basis 
of known direct neuroanatomical projections, signal flow in the opposite direction is 
less clearly understood and possibly involves long feedback loop mechanisms 
through cortex and medial septum, together with the effect of diffuse connections 
from CAl to CA3, altogether indicating the need for further study. Conclusion: The 
rich frequency information provided by the directed coherence method, together with 
powerful and specific causality inference, provides a new and general approach for 
observing how brain structures interact. In this new analysis paradigm emphasis is 
shifted mere consideration of structure co-activation, as provided by widely popular 
classical coherence analysis, to the brand new possibility of looking into the 
activation of information pathways between structures.

Financial support by FAPESP, CNPq and PRONEX.

56.14
EFFECTS OF BACKGROUND ACTIVITY ON NEOCORTICAL 
STIMULATION-INDUCED RESPONSES IN VITRO H. Hentschke, R. 
Hengstenberg* and
B. Antkowiak Max-Planck-Institut für Biologische Kybemetik, Spemannstraße 38, 
D-72076 Tübingen.

Background activity is a characteristic feature of neocortical networks in vivo. In 
vitro, however, the integration properties o f neocortical circuits are commonly 
examined in the total absence of background activity. This prompted us to investigate 
the effects of latent synaptic input on neocortical responses to extra- and intracellular 
electrical stimulation in vitro. We used cocultured rat somatosensory neocortical 
slices which after about 12 days in vitro establish mutual synaptic connections via 
outgrowing fibers. Anterograde tracing revealed these fibers to extend to the upper 
layers of the partner explant and travel for long distances therein. Extracellular 
recordings of field potentials (FP) showed that these synapses are functional: both 
spontaneous as well as stimulation-induced activity in one of the two cortical tissues 
is comprised of an initial burst which after 5-20 ms triggers a similar event in the 
other tissue, followed by reverberations of activity between the explants for up to 
several seconds. Perfusion of one of the two tissues with 2 µM tetrodotoxin 
selectively and completely abolishes activity in this explant and strongly decreases 
the frequency and duration of events in the other. Perfusion of one cortical tissue with 
10 µM acetylcholine induces single unit firing for extended periods in the same 
explant, and causes an increase of the frequency of spontaneous bursts but a reduction 
of stimulation-induced FP in the other. Our results suggest that the level and 
characteristics of background activity have a major impact on the way cortical 
networks respond to external stimuli.

Supported by the Max-Planck Society and Graduiertenkolleg Neurobiologie 
Tübingen (H.H.)

56.16
A  T h r e e - L a y e r  M o d e l  o f  N e o c o r t e x  C a p t u r i n g  C h a r a c t e r 
i s t i c s  o f  H o r iz o n t a l  a n d  V e r t i c a l  A c t i v i t y  T r a n s f e r
Adrian R obert*, D epartm ent of Cognitive Science, University of California at 
San Diego, La Jolla, CA 92093-0515.

The neocortex is a  complex structu re  with 6 layers and more than a dozen 
morphological celltypes. To facilitate com putational analysis w ithout simplify
ing away im portan t properties, a 3-layer model of ra t prim ary sensory cortex 
was constructed with 14 cell populations, lntegrate-leak-and-fire neurons were 
distributed as a  stack of square lattices representing superficial (II-II I ), middle 
(IV), and deep (V-VI) layers in a small (8 mm2) patch of cortex. Interconnec
tions reflected the following anatom ical features: 1) horizontally, pyramidal cells 
make about. 7ü% of their connections within 400 µm and the remaining 30% out 
to 1 mm or more; 2) vertically, pyram idals make about 70% of their connections 
within the same com partm ent (superficial, middle, or deep); 3) inhibitory cells 
fall into 3 arborization classes: a) narrow radius w ithin-com partm ent, b) wide 
radius w ithin-com partm ent, c) narrow radius vertically elongated.

The propagation of activity in the model was compared to that, in ra t neo 
cortical slices stim ulated a t a single point, either in layer IV, VI, or the white 
m atter. The results on horizontal spread were replicated by the model with 
dual local+long distance connections ( 1), but versions with only the short or 
only the long connections normalized for to ta l weight gave differing wavelengths 
or propagation speeds. In the vertical direction, the interlayer activity transfer 
pa tte rns in the slice were qualitatively replicated by the model, and both could 
in some eases show high activity  on some layers while others were silent. This 
depended in the model on the connectional com partm entalization (2 ), as well 
as on the specific p a tte rn  of the interlayer connections (2,3). Those compar 
isons suggest th a t im portan t functional aspects of t he lam inated neocortical 
architecture are captured in the simpler structure.
(Support: UCSD Center for Human Information Processing, NIH MH142G8)
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56.17

STIMULUS-INDUCED SYNCHRONIZATION BETWEEN SI AND SII 
CORTICAL AREAS. S.A. Roy* and K.D. Alloway, Dept. Neuroscience & 
Anatomy, Pennsylvania State University, Hershey, PA 17033.

In cats, both SI and SII receive topographically organized projections 
from the ventrobasal complex and have reciprocal corticocortical connections 
with each other. These anatomical connections suggest that these cortical 
areas interact with each other during cutaneous stimulation. To determine if 
synchronization within SII or between SI and SII plays a role in somatosensory 
processing, we simultaneously recorded multiple pairs of SI and SII neurons 
during spontaneous and stimulus-induced activity.

Experiments were performed on halothane-anesthetized cats 
previously implanted with a stainless steel recording chamber. Arrays of 1-4 
electrodes were inserted into the forelimb and digit representations so that 
neurons with overlapping receptive fields were recorded from both SI and SII. 
Blocks of stationary and moving airjets were aimed at sites located in the 
receptive fields. Cross-correlation analysis was used to detect interactions 
between SI and SII, as well as between pairs of SII neurons.

Consistent with results obtained previously in SI, we found that 
cutaneous stimulation caused increased synchronization among pairs of SII 
neurons. In the majority of cases, the peak halfwidth in the cross-correlation 
histograms was narrower for stimulus-induced interactions than for 
spontaneous interactions in SII. Moreover, moving air jets were more likely to 
elicit SII interactions than stationary air jets. Our preliminary analysis 
suggests that homotopic representations in SI and SII are coordinated during 
spontaneous and stimulus-induced activity, but the lag time between SI and SII 
coordinated events could vary by as much as 25 ms.
Supported by NIH grant NS29363-07.

56.18

CORRELATED ACTION POTENTIALS BETWEEN LARGE 
NUMBERS OF SINGLE NEURONS AND NEURON 
CLUSTERS RECORDED SIMULTANEOUSLY WITH 
CHRONICALLY IMPLANTED MICROWIRES IN 
SOMATOSENSORY CORTEX OF MONKEYS. N. Jain*, H.-X.
Oi, F. Strata, M. Schuller, M.A.L. Nicolelis and J.H. Kaas. Dept. 
of Psychology, Vanderbilt University, Nashville, TN 37240, and 
Department of Neurobiology, Duke University, Durham, NC.

Single neurons and neuron clusters were studied simultaneously 
over several months of recording from sets of 16 closely spaced 
microwires placed in area 3b of somatosensory cortex of each 
hemisphere of squirrel monkeys. Most microwires allowed one or 
more single neurons or clusters of few neurons to be isolated.
Receptive fields for all neurons in this report were on the hand.

When the monkeys were lightly anesthetized with ketamine 
hydrochloride, and the timings of neuronal spikes for each recorded 
neuron or neuron cluster were cross correlated to any reference train of 
spikes during spontaneous activity, the action potentials of most neurons 
within one hemisphere were tightly correlated. The temporal 
distributions were centered on zero. A similar correlation was apparent 
with neurons of the other hemisphere, but the peaks were broader. If the 
hand was stimulated, neurons in one hemisphere were correlated with 
the onset of contact on the opposite hand, and this abolished or reduced 
the correlations with neurons in the opposite hemisphere. The 
correlations were present but less obvious in awake monkeys, because 
of the movement related activity, and in monkeys anesthetized with 
isofluorane, because of reduced spontaneous activity. [Supported by 
NIH grant NS 16446 and CNR 204.4572/prot. 128753 (to F.S.)].

56.19

A UNIFIED NEUROPHYSIOLOGY DATABASE STORAGE SCHEMA 
FOR TIME SERIES, HISTOGRAM, AND BIVARIATE DATASETS. 
Michael Abato, M atthew Tepel, Steven M. Erde* and Daniel G ardner. 
Dept. of Physiology, Cornell Univ. Medical College, New York, NY 10021.

For our com plem entary  H um an Brain Project and  inverteb ra te  
database projects we extend existing data m odels in a unified schema 
encom passing m ultiple electrophysiological records, sum m ary data, 
accom panying m etadata, and descriptions of neurons.

Electrophysiological D atatypes: A universal binary large object pro
vides a m ultidim ensional, m ultitechnique form at for time-series, event 
marker, bivariate, and histogram  data records. An extended histogram  
data type encom passes channel lifetim es, PSTHs, and  event rates. 
Linked relational tables store searchable m etadata descriptors, includ
ing scaling, sequence, labeling, protocols, and observations. Specific 
datatypes are defined hierarchically as subtypes of m ore general ones.

N euron D atatypes: Electrophysiological d a ta ty p es  are joined to 
relational tables describing identifiable neurons and instances of cortical 
units, each including searchable characteristic attributes.

These internal schemas are distinct from the external representations 
of data and m etadata that will allow neurophysiologists to display and 
exchange datasets. Both internal and external representations share a 
data model of experiments segm ented into annotated views of m ultiple 
traces. Users thus enjoy an intuitive presentation of neurophysiology 
data but are shielded from internal details by search and viewer m ethods 
described in an accom panying paper (G ardner et al., this meeting).

See http://ganglion.med.cornell.edu/ o r http://cortex.med.cornell.edu/
 Supported by NIMH: MH57153, NINDS: NS36043, & NSF: BIR-9506171.

57.1

LIGHT INDUCED [CA++] TRANSIENTS IN THE INTACT 
SALAMANDER RETINA MEASURED WITH TWO-PHOTON LASER 
SCANNING MICROSCOPY. W. Denk1* nd P. Detwiler1,2, 1. 1Bell 
Laboratories, Lucent Technologies, Murray Hill, NJ. 1University of 
Washington, Dept. of Physiology & Biophysics, Seattle, WA

Dendritic activity is believed to play a major role in the early visual 
processing that is performed in the complex network of cells in the 
vertebrate retina. To measure dendritic excitation directly we recorded from 
retinal cells and filled them with fluorescent Ca++ indicator dye (calcium 
green-1, Molecular Probes) using microelectrodes. To avoid the strong 
activation of photoreceptor cells that inevitably accompanies conventional 
fluorescence excitation we used two-photon absorption of pulsed light above 
930 nm to excite the indicator dye only in the focal plane of the laser 
scanning microscope. We found that the residual optical excitation of the 
retina due to the pulsed infrared light was weak enough so that brief flashes 
of green or red light still elicited clear electrical responses that were 
accompanied by [Ca++] transients in dendritic processes, as indicated by 
Ca-green fluorescence increases. The results demonstrate that two-photon 
fluorescence microscopy can be used to monitor photo-stimulus dependent 
[Ca++] signals in different regions of the dendritic tree. This approach will 
be used to investigate dendritic signaling mechanisms and the role they play 
in retinal information processing.

(Supported by Lucent Technologies and NIH)

56.20

OPEN NEURODATABASE ACCESS BY JAVA-MEDIATED CON 
TROLLED-VOCABULARY NEURON TERMS AND EXPERIMENTAL 
PROTOCOLS. Daniel G ardner,* Michael Abato and Steven M. Erde. 
Dept. of Physiology, Cornell Univ. Medical College, New York, NY 10021.

O ur Internet databases use m ultiplatform  Web and java tools for 
un ive rsal access. U nlike s in g le -u se r lab no tebooks, com m unity  
databases also need uniform and intuitive data models, m etadata and 
protocol vocabulary, and display and data exchange formats.

Java Interface a n d  D ata Exchange: A three-tier client-dataserver- 
database model displays and delivers datasets while insulating users 
from our internal data representations (detailed in Abato et al, this 
meeting). A java query tool builds m etadata tags for subm ission and 
constructs searches from the same controlled-vocabulary sets.

Vocabulary T erms a nd  D ata M odels: We have attem pted to identify 
a set of near-orthogonal hierarchical descriptors that span contemporary 
neurophysiology while providing specificity for searches am ong similar 
data. Protocol descriptors comprise sets of factor+action+target triples. 
Receptive field descriptors span linked modality and location specifiers. 
A superset extends this scheme to motor, cognitive, and other functions. 
Standard identification criteria specify invertebrate neurons. Additional 
controlled descriptors for electrophysiological technique and data 
subtypes supplem ent searchable free text for subm itter-generated labels.

These descriptors—generalizable to electrophysiological studies in 
most preparations and techniques—may initiate a com m on grammar 
for neurophysiology experimental data classification and exchange. 

See http://ganglion.med.cornell.edu/ or http://cortex.med.cornell.edu/ 
Supported by NINDS: NS36O43, NIMH: MH57153, & NSF: BIR-9506171.
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57.2

D EV ELO PM EN TA L D EPEN D EN C E O F TH E SPATIA L 
D IST R IB U T IO N  O F CA LCIU M  R ESPO N SES IN RAT 
R ET IN A L B IPO L A R  C E L L S . Zhuo-Hua Pan*. CNS Research 
Institute, Department of Neurosurgery, Brigham & Women's Hospital 
and Harvard Medical School, Boston, MA 02115

Ca2+ plays a key role in many neuronal functions. It is known that 
dihydropyridine-sensitive Ca2+ channels are expressed at bipolar cell 
terminals involved in transmitter release. However, the expression and 
function of Ca2+ channels at the bipolar cell soma is less clear. In this 
study, Ca2+ imaging methods were used to examine the spatial distribution 
of depolarization-evoked Ca2+ responses in dissociated rat retinal bipolar 
cells from animals of ages ranging from P 10 to adult. Application of 40 
mM K+ elicited an increase in Ca2+ at the terminals of bipolar cells from 
animals of all ages examined. In contrast, the Ca2+ response at the cell 
soma was age-dependent. Before P 14, most bipolar cells displayed a 
significant increase in Ca2+ at the cell soma during, K+ stimulation. The 
percentage of bipolar cells showing K+-evoked C ar responses at the cell 
soma was dramatically reduced around P 14, a time when animals open 
their eyes, Most bipolar cells from adult animals did not show an increase 
in Ca2+ at the cell soma during K+ stimulation. The K+-evoked calcium 
response was antagonized by nimodipine. Spontaneous Ca2+ oscillations 
similar to those recently reported in goldfish bipolar cells were also 
observed in rat retinal bipolar cells from those young animals. Bipolar 
cells that lost axon terminals during dissociation also snowed spontaneous 
Ca2+ oscillations. In older animals, spontaneous Ca2+ oscillations were 
less apparent and, in most cases, only occurred at cell terminals. This 
study reveals an age-dependent change in the spatial distribution of 
voltage-gated Ca2+ responses in rat retinal bipolar cells. Such change in 
the Ca2+ response may be important to bipolar cell maturation and 
function.

Supported by NIH grant E Y 12180
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57.3

THE INHIBITION OF TAURINE UPTAKE IN THE RAT RETINA.
J.D. Militante and J.B. Lom bardini*. D ept. o f Pharmacology, Texas 
Tech University Health Sciences Center, Lubbock, TX 79430.

Taurine has been shown to increase calcium (Ca2+) uptake in whole 
retinal membrane preparations and in isolated rod outer segments (ROS) 
from rat (Lombardini, Brain Res Rev 16:151-169, 1991). Chelerythrine 
(CHT) is an inhibitor of protein kinase C (PKC) and ATPase activity, 
and has been shown to inhibit retinal Ca2+ uptake in a PKC-independent 
manner (Militante and Lombardini, Biochem Pharm acol 55:557-565, 
1998). In membrane preparations and in the absence o f taurine, it has 
been shown that the effect o f CHT is probably due to the inhibition o f 
ATPase activity. In the presence o f taurine, CHT is more potent and 
inhibition does not appear to be dependent on changes in ATPase 
activity. This study was undertaken to understand the mechanism o f 
action behind the effects o f CHT on taurine-stimulated Ca2+ uptake. 
Taurine is taken up in the whole retina through two transport systems, 
one high-affinity and the other low-affinity. In isolated ROS, only the 
high-affinity system appears to be functional. In whole retinal 
preparations, both transporter types are blocked by guanidinoethyl 
sulfonic acid, a taurine analogue. Also, both are extremely susceptible 
to inhibition by CHT, with half-maximal inhibition occurring with CHT 
concentrations of ≤10µM, providing a possible mechanism o f action for 
the effects of CHT on Ca2+ uptake. CHT could thus, be a useful tool in 
the study of taurine uptake. (Supported by the RGK Foundation of 
Austin, TX.)

57.5

THE GABAc RECEPTO R IS PRESENT IN ISOLATED CONE- 
HORIZONTAL CELL AXON TERMINALS FROM CATTISH RETINA. 
Chang-Sub Jung,1 Sung-Jong Lee,1 Sun-Sook Pa ik,1 S u n -Ho Bai,1 and 
Myung-Suk Kim 2*. ； 1Physics and Biophysics Section. Department of 
Natural Sciences, Department of Physiology, Catholic University 
Medical College, Seoul 137-701, Korea.

Catfish retina contains cone- and rod-horizontal cells. Only the 
cone-horizontal cell (cone-HC) has an axon and axon terminal. We 
compared the distribution of excitatory and inhibitory receptors in 
axon terminals and somata to begin to learn about the distinct 
functions of these two structures. Whole cell voltage-clamping 
recordings were performed on isolated cone-HC axon terminals and 
somata from catfish retina. Axon terminals had a larger input 
resistance than the somata. When cells were clamped at -70 mV, the 
currents induced by glutamate or kainate in the axon terminals were 
less than 8% of excitatory currents in somata. The currents produced 
by 300 µ M GABA were around 100 pA in axon terminal and 150 pA 
in soma. From the estimation of surface area on axon terminal and 
soma, the GABA-induced current densities were around 0.05 pA /  µm2 
for both cases. The GABA-activated current in the axon terminal was 
not blocked by bicuculline or SR95531, but was completely blocked by 
picrotoxin. Baclofen did not mimic the GABA effect, but TACA ( 300 
µM) and muscimol ( 1 mM ) elicited currents of 100pA and 4 0 pA 
respectively. The GABA EC50 was 4.8 µ M. These results suggest that 
the axon terminals of cone-HC possess GABAc receptors at high 
density, do not possess GABAλ or GABAb receptors, and have few 
glutamate receptors. These properties distinguish the axon terminal 
from the soma of cone-HC. The GABAc receptors could function as 
postsynaptic receptors in the inner plexiform layer or as autoreceptors. 
Supported by KRF grant 1997-001-F00039.

57.7

IMMUNOCHEMICAL IDENTIFICATION OF A NEW 
POPULATION OF CONE BIPOLAR CELLS IN RABBIT RETINA. 
S.P. Brown, 1 M.A. MacNeil2* and R. H. Masland2. 1Program in 
Neuroscience, Harvard Medical School; 2Howard Hughes Medical Institute, 
Massachusetts General Hospital, Boston, MA 02114.

We have stained a new population of bipolar cells in rabbit retina using 
antibodies to the carbohydrate epitope, CDl 5. The CD 15-positive cells 
comprise approximately 5 % of the total bipolar cells in the rabbit. The 
axonal and dendritic arbors of the CDl 5-positive cells are similar in size 
and range from 15-50 µm in diameter. The axonal arbors of the CD 15- 
positive bipolar cells are narrowly stratified in sublamina b of the inner 
plexiform layer. Double-label experiments using an antibody to the calcium 
binding protein, calbindin, or an antibody to protein kinase C demonstrate 
that the CD15-positive bipolar cells are a separate population from the 
previously identified calbindin-positive cone bipolar cells and the rod 
bipolar cells. When the processes of starburst amacrine cells were labeled 
with antibodies to choline acetyltransferase (ChAT), the axonal 
arborizations of the CD 15-positive bipolar cells were found to stratify 
within and slightly more scleral to the ChAT-positive band of the ON- 
starburst cells. This finding suggests that the CD 15-positive bipolar cell 
provides input to the ON-starburst amacrine cells and/or to the ON-plexus 
of the bistratified ON-OFF direction-selective ganglion cells in rabbits.
SPB was supported by a Howard Hughes Medical Institute Predoctoral Fellowship.

5 7 .4

DIFFERENTIAL MODULATION BY SNP AND DOPAMINE OF Vj- 
DEPENDENT AND Vj-INDEPENDENT ELECTRICAL SYNAPSES IN 
RETINAL HORIZONTAL CELLS. C. Lu, D.Q. Zhang and D. McMahon*. 
Dept. Of Physiology, University of Kentucky, Lexington, KY, 40503

We studied the effects of sodium nitroprusside (SNP) and dopamine on Vj- 
dependent and Vj-independent electrical synapses of bass horizontal cells (H2 
type). SNP, a NO donor, significantly decreased Vj-dependent electrical coupling 
from 320±95 pA to 201 ±75 pA (Mean±SD, n=8) at a dose of 200 uM. The 
percent inhibition rate was 45±12%. Dopamine (200 uM) alone decreased Vj- 
dependent coupling from 258±137 pA to 217± 130 pA (n=4), average percent 
change was 22±6%. When 200 uM SNP and 200 uM dopamine were applied 
simultaneously, percent inhibition was 9 1± 1% (n=8). For Vj-independent 
couplings, 200 uM SNP produced a 9±2% inhibition (from control 4 13±137 pA 
to 371± 119 pA, n=4). The same dose of dopamine only produced 6±3% (n=5) 
reduction. The combination of 200 uM SNP and 200 uM dopamine, significantly 
reduced the Vj-independent coupling with a 56±4.39 % (n=5) inhibition rate. In 3 
cell pairs, macroscopic coupling was completely abolished and single channel 
activities can be resolved. Single channel conductance are between 112-160 pS 
for Vj-independent junctions in comparison to Vj-dependent couplings of 55-60 
pS. The above results show that: (l)Vj-dependent gap junctions are much more 
sensitive to either SNP or dopamine than Vj-independent gap junctions. 
(2)Combination of SNP and dopamine potentiate each other in the inhibition of 
coupling. We conclude that the voltage-independent gap junction of bass retinal 
HC are a distinct functional class of synapses which are only significantly 
modulated by convergent stimulation of dopamine and NO. Supported by NIH 
EY09256 and NS01736 to Douglas G. McMahon.

5 7 .6

LIGHT RESPONSES RECORDED FROM BIPOLAR CELLS IN RAT 
RETINAL SLICES. T. Euler and R. H. Masland*. HHMI; Massachusetts 
General Hospital; Boston, MA 02114.
About ten different types of bipolar cells provide the inner mammalian retina 
with input signals. Since most of the signal processing in the mammalian 
retina is thought to take place within the inner plexiform layer (IPL), it is 
crucial to know the characteristics of this bipolar cell input. While in cold-
blooded vertebrates light responses of bipolar cells are well studied, nearly 
nothing is known about those of their mammalian counterparts. The purpose 
of our study was to characterize the light responses of bipolar cells in the rat 
retina. Whole cell responses evoked by diffuse light stimuli (1-250cd/m2) 
were recorded from bipolar cells in retinal slices using the patch-clamp 
technique. The cells were identified and classified by intracellular Lucifer 
Yellow staining. Rod bipolar cells display robust ON responses: a sustained 
but slowly decaying depolarization at light ON (~100ms latency) is followed 
by a weak hyperpolarizing phase at light OFF, often accompanied by slow 
oscillations. Responses were elicited by stimuli as short as 2ms duration at 
150cd/m2. Cone bipolar cells displayed less robust light responses. Cells with 
more sustained and more transient responses could be distinguished. As 
expected from their pharmacology, cells with axon terminals stratifying in the 
outer IPL depolarized at light OFF, while cells with axon terminals in the 
inner IPL depolarized at light ON. The results show that bipolar cells provide 
the inner retina with a variety of signals, differing in polarity and time course. 
Light responses of mammalian bipolar cells resemble those of bipolar cells in 
cold-blooded vertebrates.
Supported by a postdoctoral grant from Deutsche Forschungsgemeinschaft (DFG).

5 7 .8

CYCLIC AMP SUPPRESSES PERMEABILITY OF HOMOTYPIC GAP 
JUNCTIONS BETWEEN AMACRINE CELLS IN RETINA FROM CARP AND 
GOLDFISH. S. H ID AK A *, C. NISHIKAWA and E. MIYACHI. Dept. of 
Physiology, Fujita Health Univ. Sch. Med., Toyoake, Aichi 470-1192, Japan.

Our previous study of teleost fish retinae revealed that amacrine cells 
(ACs) of the same class are homotypically interconnected by gap junctions 
(GJs) with either tip-contact or cross-contact. We identified three types of 
tip-contact ACs in teleost fish retinae. Electrical coupling via GJs between 
ACs can extend receptive fields, and may increase inhibitory synaptic 
effects in the inner plexiform layer. To investigate whether GJs between 
ACs are modulated by internal messengers, permeability of GJs was 
examined by diffusion of biotinylated tracer (biocytin or Neurobiotin) into 
neighboring cells since GJs have an ability to freely pass the molecules. 6% 
tracer were intracellularly injected into tip-contact ACs, following 
electrophysiological identification using isolated retinas of carp and goldfish. 
Under control condition, the tracer spread into many hexagonally arranged 
ACs neighboring the injected ACs. Simultaneous injection of cyclic AMP 
(3OOmM) with the tracer into ACs completely blocked the diffusion of the 
tracer into neighboring ACs. Cellular localization of cyclic AMP in the injected 
ACs was examined with anti-cyclic AMP antibody. Superfusion of retinae 
with dopamine (100µM), however, resulted in the diffusion of the tracer into 
neighboring ACs as in the control condition. GJs of tip-contact ACs are 
localized only at the dendritic tips. Our results suggest that cyclic AMP 
affected permeability of GJs at the dendritic tips of ACs before the tracer 
diffused into neighboring ACs. We are now studying mechanisms coupling 
cyclic AMP to GJs, and functional consequences of their activation. 
S u p p o rted  b y  the  S c ien ce  R e se a rc h  Prom otion F u n d  from  the  P rom otion  
a n d  M u tu a l A id  C orporation for P riva te  S chools  o f J ap an .
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5 7 .9

MEMBRANE CURRENTS OF A PUTATIVE TELEOST RETINAL AMACRINE 
CELL IN CULTURE. E. Solessio, K. Rapp and E. Lasater*. Moran Eye Center, 
Univ. of Utah, Salt Lake City, UT 84132.

Retinal amacrine cells are interneurons found in the proximal retina. They 
modulate and modify signal transmission from bipolar cells to ganglion cells. For 
example they are responsible in part for the transient nature of some ganglion cell 
responses. We have been able to identify and record from the cell body of one 
putative type of amacrine cell isolated from the retina of the white bass and 
maintained in cell culture. The cell type was identified on the basis of its similarity to 
Golgi-stained amacrine cells. It resembles the cell body and partial dendrites of 
Wagner and Wagner’s A7 amacrine (Phil. Trans. Roy. Soc. Lond. 321:263, 1988). 
The cells were enzymatically isolated and whole-cell patch clamp recordings were 
used to characterize their intrinsic membrane properties. An inward sodium current 
was absent. Three types of potassium currents were observed. A slowly activating 
inward rectifier was seen upon hyperpolarization from -70 mV. This current bad the 
characteristics of IH. Depolarization elicited a transient outward current as well as a 
sustained outward rectifier. The transient current was calcium-activated as it was 
absent in low calcium (0.5 mM) Ringer’s. Interestingly, it returned upon application 
of 0.1 mM zinc. After blocking potassium currents, a prominent calcium current, 
peaking at around -20 mV, was observed. This current was only partially sensitive to 
dihydropyridines; ie. nifedipine produced a 75% block. The current showed some 
responsiveness to agatoxin. This indicates that the total current may not be carried 
through a single type of calcium channel. These currents likely play an important 
functional role in these cells. The calcium current and calcium-dependent potassium 
current indicate the cell may possibly produce calcium action potentials. Supported 
by NIH-NEI grant EY0592 and Research to Prevent Blindness, Inc.

57.11

G L Y C IN E R G I C  A M A C R I N E  C E L L S  O F  T H E  R A T  R E T IN A
N . Menger & H. W ä ssle* . M ax-P lan ck -In stitu t für H im forsch un g , 
D eutschordenstr. 4 6 , D -6 0 5 2 8  Frankfurt, G erm any  

In th e  rat re tin a  a p p r o x im a te ly  4 5 %  o f  th e  a m a c r in e  c e l ls  
(A C s )  o f  th e  in n er  n u c le a r  la y e r  u se  g ly c in e  as  th e ir  tran sm itter. 
W e  ch a ra c te r ised  th e  m o r p h o lo g ic a l  ty p e s  an d  p h y s io lo g ic a l  
r e sp o n se s  o f  g ly c in e r g ic  A C s  in  a  rat re tin a l s l ic e  p rep a ra tio n . 
A C s  w e r e  in je c te d  w ith  L u c ife r  Y e l lo w  in  l ig h t ly  f ix e d  retin a l 
s l ic e s  an d  su b s e q u e n t  im m u n o sta in e d  w ith  an  a n tib o d y  a g a in s t  
th e  g ly c in e  tran sp orter  l ( G l y T l ) .

E ig h t  m o r p h o lo g ic a l  ty p e s  c o u ld  b e  d is t in g u is h e d . A ll had  
d if fu s e ly  s tr a tify in g  d e n d r ite s  in  th e  in n e r  p le x ifo r m  la y e r  (IP L )  
an d  w e r e  sm a ll f ie ld  A C s . T h e  s tr a t if ic a t io n  le v e l  o f  th e  
d e n d r ite s  in  th e  IP L  w a s  u se d  a s  a  d is t in g u is h in g  fea tu re .

W h o le  c e l l  r e c o r d in g s  o f  th e s e  A C s  w e r e  p e r fo r m e d  in  a cu te  
re tin a l s l ic e s  an d  th e ir  v o lta g e -  a n d  tr a n sm itter -g a te d  cu rren ts  
w e r e  m e a su r e d . A ll  g ly c in e r g ic  A C s  r e sp o n d e d  to  th e  
a p p lic a t io n  o f  G A B A , g ly c in e  an d  g lu ta m a te . V o lta g e  g a ted  
s o d iu m  cu rren ts  an d  a c tio n  p o te n tia ls  w e r e  fo u n d  in  s o m e  o f  th e  
g ly c in e r g ic  A C s . G A B A c-r e c e p to r  m e d ia te d  r e sp o n se s  w e r e  n o t  
o b se r v e d .

5 7 .1 3

GABAB RECEPTORS ARE LOCALIZED TO STARBURST 
AMACRINE AND GANGLION CELLS IN THE RABBIT RETINA
C.L. Zucker,* 1 B. Ehinger2 and N.M. Grzywacz3 Schepens Eye Research Institute, Harvard 
Medical School Boston, MA1; Department of Ophthalmology, University of Lund, Sweden2; 
Smith-Kettlewell Institute, San Francisco, CA3.

GABA, which has been localized in nearly 40% of amacrine cells, is known to be 
involved in a diversity of retinal functions as seen by numerous physiological and 
pharmacological studies. Although many of these effects have been attributed to 
GABAA receptors, specific functions have also been shown to be GABAB mediated, 
possibly including facilitation of light evoked acetylcholine release from the rabbit 
retina (Neal & Cunningham, J. Physiol. 482.363,1995). Generalizing, retinal GABAB receptors appear to 
facilitate transient but not sustained activity. The GABAb receptor is metabotropic, 
bicuculline insensitive but baclofen sensitive. Following intraocular DAPI injection, 
rabbit retina sections were double-labeled for GABAb receptors (using a sequence 
specific antibody directed to both known variants of the GABAb receptor; Chemicon, 
AB1531) and either ChAT, GAD, GABAa receptors, or glycine transporter. GABAb 
receptor localization was also correlated with that of L-baclofen binding.

We have found that GABAb receptors are extensively localized throughout much of 
the IPL. Starburst amacrine cells, identified by either ChAT or DAPI labeling, are among 
the most strongly GABAb receptive amacrine cells. Most GAD positive amacrine cells 
are also GABAb receptor positive, as are many ganglion cells. Strongly GABAa 
receptor positive cells (DAPI-3 cells) and glycine transporter positive amacrine cells 
show little or no GABAb receptor immunoreactivity. This is evidence against Neal & 
Cunningham’s model for baclofen’s effect on cholinergic and glycinergic release.

Our results suggest that GABAb receptors on GABAergic amacrine cells, including 
starburst cells, may function as presynaptic auto-receptors. GABAb receptors on 
ganglion cells are likely postsynaptic in the retina. Localization of GABAB receptors on 
starburst amacrine cells may suggest a role for presynaptic inhibitory modulation of 
acetylcholine release in the retina. To replace Neal & Cunningham’s model for the role 
of GABAb receptors, we have developed an alternative, which is consistent with their 
and our data. This alternative suggests a role for GABAb receptors in the facilitation of 
responses to motion. NIH grant EY07552 to CLZ. MFRproject 2321 to BE NIH grants EY11170 & EY08921 to NMG.

5 7 .1 0

FUNCTIONAL EXPRESSION OF GROUP I METABOTROPIC GLUTAMATE 
RECEPTORS BY CHICKEN RETINAL AMACRINE CELLS. K. Kreimborg, R. 
Sosa and E. Gleason* Dept. of Biological Sciences, Louisiana State University; Baton 
Rouge, LA 70803.

The presence of metabotropic glutamate receptors (mGluRs) in the vertebrate retina 
renders the role of glutamate as both a neurotransmitter and a neuromodulator 
decidedly complex. To understand the role of mGluRs in the inner plexiform layer 
(IPL), we first asked whether Group I mGluRs (1 and 5) are expressed by amacrine 
cells in the adult retina and in culture using polyclonal antibodies against mGluRs 1 
and 5 (Upstate Biotechnology). In frozen sections of the adult retina, anti-mGluRl 
labeling was detected in all layers of the retina including discrete layers of the IPL. 
Interestingly, a subset of cells at the inner border of inner nuclear layer (INL) were 
intensely labeled and often had lateral processes extending 100s of µm in the IPL, 
suggesting they are amacrine cells. In culture, amacrine cells are all faintly labeled 
until about 8 days after plating when a small subset of amacrine cells (<l%) are 
brightly labeled. The pattern of anti-mGluR5 labeling was similar to mGluR1 in the 
adult retina with the exception that the laminar labeling in the IPL was complementary 
to the anti-mGluR1 labeling. In culture, the mGluR5 antibody intensely labeled all 
amacrine cells at all times examined (4-10 days in culture).

The function of mGluRs 1 and 5 was investigated by examining the effects of 
receptor activation on L-type Ca2+ channels in culture. These channels are significant 
because they are known to control synaptic transmission in amacrine cells (Gleason et 
al., 1994). A selective Group I agonist, 3,5 dihydrophenylglycine (50 µM), increased 
the L-type current amplitude by about 20% in 60% of cells examined in the perforated 
patch configuration (n=8). These results suggest that in the intact retina, glutamate 
from bipolar cells can increase synaptic transmission from GABAergic amacrine cells. 
This project was funded by LSU, Department of Biological Sciences.

5 7 .1 2

ACTION POTENTIALS ARE NOT REQUIRED FOR RELEASE OF GABA OR 
GLYCINE FROM AMACRINE CELLS. M.C. Bieria*# and D.R. Copenhagen. 
Department of Opthalmology UCSF, San Francisco, CA 94143. # Neurosciences 
Program, Stanford University, Stanford, CA 94305.

Amacrine cells provide inhibitory inputs to bipolar and ganglion cells as 
well as other amacrine cells. In tiger salamander, both GABAergic and glycinergic 
amacrine cells produce action potentials in response to light stimuli. Action 
potentials are required for evoked release of GABA and glycine under normal 
conditions in nearly all parts of the CNS.

We used whole cell recording methodology in tiger salamander slices to 
study whether action potentials are required for light-evoked release of GABA and 
glycine onto ganglion cells. We recorded the light-evoked IPSC by voltage 
clamping ganglion cells to 0 mV and blocked action potentials with 1 µM TTX.
In normal extracellular solution, application of TTX led to decreases in the ON 
IPSC in 9/9 cells. There was a wide range in percentage block, but most cells 
showed 30-60% block. We next sought to selectively study release from 
GABAergic and glycinergic amacrine cells.

We studied the action-potential dependence of release from glycinergic 
amacrine cells by recording the IPSC in the continous presence of GABA receptor 
blockers. Since picrotoxin has been reported to increase glutamate release from 
bipolar cells, while bicuculline has been reported to decrease glutamate release from 
bipolar cells, we studied glycinergic transmission under both conditions. Light- 
evoked glycinergic IPSCs were only partially blocked by TTX in the presence of 
200 µM picrotoxin (n=4) or 100 µM bicuculline (n=4), indicating that glycinergic 
transmission does not require action potentials. We studied the action potential 
dependence of GABAergic release by recording IPSCs in 10 µM strychnine. 
Application of TTX led to partial blockade of the GABAergic IPSC (n=6).

We conclude that release from GABAergic and glycinergic amacrine cells 
does not require action potentials. However, action potentials often enhance release. 
Research supported by NIH. M.C.B was a Howard Hughes Predoctoral Fellow.

5 7 .1 4

RESPONSES OF FROG RETINAL GANGLION CELLS TO VARYING 
SPATIAL CORRELATION OF NOISE. J.S. Haas1,3, D.A. Cameron2,
J.J. Collins1,3, and J.A. White1,3*. Depts. of 1Biomedical Engineering and 
2PhysioIogy, 3Center for BioDynamics, Boston University, Boston, MA 02215 

Models of summing networks predict that input noise can enhance responses 
of neurons to subthreshold stimuli. In this phenomenon, known as stochastic 
resonance (SR), input-output coherence is enhanced with increasing noise 
levels, in a manner narrowly “tuned” to a given noise level in single cells, but 
more broadly tuned for networks. The goal of this study was to test the 
hypothesis that single-cell and/or network-level SR can be demonstrated in a 
retinal network. Visually driven retinal ganglion cell (RGC) activity was 
recorded extracellularly from single units at the superficial optic tectum of the 
frog (Rana pipiens). Stimuli were placed within the unit’s receptive field 
center, and a slow (0.1 Hz) subthreshold signal with additive noise of varying 
level and bandwidth was presented on a CRT screen. Spatially correlated 
noise stimulated inputs to RGCs uniformly, in a structure conducive to single-
cell SR; spatially decorrelated noise provided independent inputs conducive to 
network SR. Responses from the RGCs were variable, and displayed complex 
temporal characteristics. Neither noise level nor spatial correlation affected 
input-output coherence in a fast-noise (10 Hz) condition. In contrast, single-
cell SR effects occurred with slower (0.1 or 1 Hz) noise. Spatially 
decorrelated noise had complex effects that were inconsistent with models of 
simple spatial summation in the receptive field center. The results suggest 
that low-frequency noise can be used to modulate input-output coherence in 
the receptive field centers of frog RGCs.

Supported by NIH (EY11160 to DAC) and The Whitaker Foundation (JAW)
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57.15

DIRECTION- AND SPEED-SENSITIVE RESPONSES IN THE 
MOUSE RETINA. S.M. Carcieri, T.R. Sinclair, P.E. Latham, and S. 
Nirenberg*. Dept. of Neurobiology, UCLA, Los Angeles, CA 
90095-1763.

With advances in gene and cell knockout techniques, the mouse is 
becoming an increasingly attractive experimental animal for 
studying retinal processing. The mouse retina, however, has not 
been well characterized. To provide a baseline for future knockout 
experiments, we have examined mouse retinal responses to 
numerous stimuli, including small spots, full field flashes and 
moving gratings. In previous reports, we and others have shown 
that the mouse retina behaves similarly to retinae of other species 
in that it contains ganglion cells with On, Off, and On-Off 
responses of both the transient and sustained variety. Here we 
report that the mouse retina also contains numerous ganglion cells 
sensitive to the direction and speed of motion. We presented the 
retina with square wave gratings moving in 8 different directions 
and 4 speeds ranging from 0.32 m m /s  to 5.76 m m /s, and recorded 
ganglion cell responses with an extracellular electrode array. All 
combinations of directions and speeds were presented to all cells. 
8/40 cells showed sensitivity to the direction of motion (ANOVA 
of peak firing rate, p<0.05), and 23/40 cell showed sensitivity to 
speed (p<0.05). For all 8 direction-selective cells, the selectivity 
depended on speed: None were direction-selective at all four 
speeds even though firing rate was above baseline.
Supported by the University of California and the Klingenstein 
Foundation

57.17
RETINAL G AN G LIO N  C E L L  L A T E N C Y  IS L E S S  T H A N  10 M S E C  IN N O R M A L  R AT

R. G a lam bos*1 G . Ju h á s z  J . P a lh a lm i 1 Un iv . C a lif . S an  D iego, C A  92093; 
Eötvös Lóránd U n iv e rs ity ,  1 0 8 8  M ú z e u m  k r t , 4 / A ,B u d a p e s t ,  H u n g a r y

Norm al W is ta r ra ts w ith e le c tro d e s  im p la n ted  on cortex , co rnea , and  
optic nerve or ch ia sm  a re stim u la ted  by red  ligh t f la s h e s  de live red  th rough  
an im p la n ted  l ig h t - e m it t in g  d io d e  ( L E D ) ,  o r by s t r o b e  f la s h e s .  
S im ultaneous re co rd in g s  a re  m ade from  the re tin a  (the b-w ave), the o p t ic  
nerve (the g a n g lio n  c e ll d is c h a rg e ) , a n d  the  v is u a l c o r te x  d u ring  th e  
operation and  fo r d a y s  the rea fte r. W e  repo rt h e re  on ly  the o p tic  n e rve  
data. Fo llow ing  a  f la sh  the op tic  ne rve re sp o n d s  w ith two or m ore d is t in c t 
bursts of activ ity . T h e  firs t burst, the o n se t bu rs t, fo llow s a brigh t f la s h  
within 10 m s an d  la s ts  2 0 -3 0  m sec . L a te r  g a n g lio n  c e ll a c t iv ity  is  
distributed th roughou t s e ve ra l hundred  m se c  in b u rs ts  that va ry  in o n se t, 
peak latency, and  dura tion . W e  sug g est the  o n se t burst rep resen ts ac tiv ity  
in the m a g n o ce llu la r  sy s te m , sp e c if ic a lly , the  d is c h a rg e  of a un ique  ra t 
ganglion ce ll p opu la tion  equ iva len t to the p rim a te  p a ra so l (“M ”) g ang lion  
ce lls .

We c o n c lu d e  tha t re tin a  d e liv e rs  to c o r te x  s e p a ra te  in fo rm a tion  ab o u t 
stimu lus o n se t (the m a g n o ce llu la r  o n se t bu rs t) and  s t im u lu s  d im e n s io n s  
(parvoce llu la r g an g lio n  c e ll v o lle y s  su p p ly  in fo rm a tio n  abou t co lo r, fo rm , 
motion, etc). In add it ion , w e p rop ose  tha t v is u a l p e rcep tion  is im p o ss ib le  
without the o n se t  b u rs ts , and  that th e ir a b s e n c e  e x p la in s  the fad in g  o f 
vision in s ta b iliz e d  im age  expe rim en ts . T h a t is, a v is u a l im age b e c o m e s  
invisible w hen  o n se t bu rs ts  do not in troduce  the p a rvo ce llu la r gang lion  c e ll 
vo lleys the c o r te x  re c e iv e s .  T h is  h y p o th e s is  is  c o n s is te n t  w ith  th e  
ubiquitous p re se n ce  of s a c c a d ic  eye m ovem en ts ; e a ch  of th e se  te rm in a te s  
in a fixa tion  that p ro d u ce s  a b -w ave and  an  e vo ked  co rtica l re sp o n se  (in 
man the lam bda w ave).

Supported  in part by H ungarian  S c ie n ce  Founda tion  grant O T K A  628.

57.19

EFFECT OF CHANGES IN [Ca2+]i e ON THREE TYPES OF K CHANNELS IN 
MÜLLER GLIAL CELLS OF THE RABBIT RETINA. S. Schopf, A Bringmann, 
W. Härtig* and A. Reichenbach Paul Flechsig Inst. Brain Research, Univ. of 
Leipzig, D - 0 4 109 Leipzig, Germany
Changes in the transretinal Ca2+ gradient during illumination o f the retina have been 
studied in many species, e.g. the cat (Gallemore, et a l ., Visual Neuroscience (1994), 
11, 753, Cambridge University Press)
We examined the effect o f  various intracellular and extracellular Ca2+ concentrations 
([Ca2+]i e) on three types o f K+ currents in freshly isolated retinal glial Müller cells of 
young rabbits (postnatal days 7 to 16) using the whole-cell and single-channel patch 
damp techniques.
Roth elevating the [Ca2+]i in me pipette solution ami using the ionophore A23187 in 
the bath solution resulted in a decreased amplitude o f the inwardly rectifying K+ 
(KIR) currents The amplitude o f the Ca2+ -activated K+ (KCa) currents, however, 
increased at higher [Ca2+]i In the presence o f A23187, an increase o f  the KCa 
currents was observed when a solution with 2 mM [Ca2+]e was used. This activation 
was blocked by 1 mM TEA, and abolished by using a Ca2+ -free bathing solution 
Recording the open probability o f single maxi-K (KCa) channels in inside-out 
patches showed a shift of the activation curve to less depolarized levels in response 
to increased [Ca2+]i in the bath At [Ca2+]i exceeding 1 µM, the amplitude of the A- 
type current decreased
Alterations o f the [Ca2+]e. mostly affected the A-type current Raising the [Ca2+]e. 
from 0 to 2 mM and to 20 mM. respectively, strongly elevated the amplitude o f the 
A-type current whereas the activation curve shifted to more depolarized membrane 
potentials The KIR and KCa currents, however, were barely affected by alterations of 
the [Ca2+]e. Our results show that different types o f K+ channels in Müller cells are 
differently modulated by alterations o f  the intracellular and extracellular [Ca2+] 
Supported by the Deutsche Forschungsgemeinschaft (Graduiertenkolleg Intercell)

57.16

PR O P E R T IE S  O F A  L O W -T H R E S H O L D  SPIK E  IN  R E T IN A L  
G A N G L IO N  C ELLS FR O M  T IG E R  S A L A M A N D E R , A M B YSTO M A  
T IG R IN U M . D . H end erson *, and R. F. M iller. Graduate Program  in 
N eu ro sc ien ce , U niversity  o f  M inn esota , M inneapolis, M N  55455 .

W e used w h o le-ce ll and perforated patch recording techniques to  study 
a low -th resh o ld  spike (L T S ) in retinal gan glion  ce lls  from  tiger  
salamander. In current-clamp m ode, d epolarizing current pulses produced  
an L T S  in b oth  d issoc iated  gan g lion  ce lls  and gan g lion  ce lls  in th e retinal 
slice  preparation. T he L T S  w a s T T X -in sensitive and calcium - 
dep en dent. T he L T S  had a threshold for activation  that w as relatively  
n eg a tiv e  (A pproxim ately -7 0  m V  in norm al extracellular calcium ). In 
addition, the LTS underw ent a v o ltage-d ep en d en t inactivation, as it could  
n ot b e initiated by injection o f  d epolarizing current p u lses w hen  the pre-
p ulse m em brane potential w a s forced  to  va lu es m ore p ositive than about 
-6 0  m V . T h ese properties (T T X -in sensitiv ity , calcium -dependency, 
negative activation threshold, and voltage-depend en t inactivation) suggest  
that th e  L T S is  m ediated b y the low -vo lta g e -a c tiv a ted  (L V A ) calcium  
current present in th ese ce lls  (H end erson  and M iller, in preparation). 
Current injection experim ents con d ucted  in the ab sence o f  T T X  indicated  
that th e latency to  initiate th e fast sodium  spike w a s increased under 
conditions in w hich the L V A  current w a s b locked . This occured  because  
the L TS provided for a m ore rapid depolarization  o f  the cell membrane to  
sodium  spike threshold. T h ese data su g g est that o n e  function  o f  the L V A  
calciu m  channel in retinal gan glion  ce lls  is to  generate, w ithin  a narrow  
op erating  range o f  m em brane potentials, an L T S that regulates action  
potential initiation. W ork w a s supported by N IH  grant E Y 0 3 0 1 4  to
R .F .M . and by N E I grant T 3 2 E Y 0 7 1 3 3  to  D .H .

57.18

NMDA CHANNELS CHARACTERIZED IN OUTSIDE-OUT PATCH- 
CLAMP RECORDINGS FROM CAT RETINAL GANGLION CELLS.
L.C. Liets* and L.M. Chalupa. Section of Neurobiology, Physiology & 
Behavior, University of California, Davis 95616.

NMDA channels have long been recognized to play an important role in 
information processing as well as neuronal development and plasticity. 
We have investigated the properties of NMDA-mediated channels in 
ganglion cells (RGCs) dissociated from postnatal cat retinas. Recordings 
in the whole-cell configuration yielded small, inward currents (5-50 pA). 
Macroscopic currents recorded in outside-out patches revealed inward 
currents which activated ( 2 0  ms) and desensitized slowly (τ1 =11 ms; τ2= 
150 ms). Analyses of all-points histograms and single channel current- 
voltage relations (IVs) yielded an NMDA-mediated mainstate conductance 
of 45 pS. NMDA channels in RGCs also displayed a classical voltage-
gated magnesium block. At negative holding potentials, low 
concentrations caused channel flickering while high concentrations 
blocked all inward current. Moreover, glutamate-mediated IVs, which are 
linear in the absence of extracellular magnesium, became j-shaped in the 
presence of magnesium, indicating the presence of an NMDA component 
in the overall glutamate-mediated response. These findings demonstrate 
that NMDA channels expressed by postnatal cat RGCs share common 
characteristics with those manifested by neurons in other regions of the 
CNS. (Supported by NIH and NSF.)

57.20
PHARMACOLOGICAL CHARACTERIZATION OF SEROTONIN  
RELEASE IN THE CYPRINID FISH RETINA. W. Kolbinger* and H.-J. 
W aaner. Dept. of Cellular Neurobiology, Inst. of Anatomy, Eberhard Karls 
University, 72074 Tuebingen, Germany.

In cyprinid fish retina serotonin has been localized in two classes of 
amacrine cells, one stratifying in sublaminae 1 and 5, the other stratifying in 
sublamina 3 of the inner plexiform layer, but few functional data exist. The 
aim of this study was to analyze the release of serotonin and its 
dependence on depolarization, calcium and other neurotransmitters.

Isolated retinae of the crucian carp (Carassius carassius) were 
incubated in buffered salt solution containing 0.1 mM indatraline, a potent 
inhibitor of serotonin and dopamine uptake. High (25 mM) potassium was 
used to depolarize retinal neurons and calcium-dependence was tested by 
replacing calcium with cobalt. The influence of neurotransmitters on 
serotonin release was tested by adding neurotransmitter-related substances 
to the incubation media. Serotonin and dopamine, which was always used 
as a control, were determined in the incubation media using HPLC with 
electrochemical detection.

Depolarization with 25 mM potassium-induced 3 fold increase of basal 
serotonin release (p < 0.01). When calcium was replaced by cobalt, high 
potassium no longer modulated the release of serotonin. Strychnine 
(100 µM), a glycine antagonist, induced 2 fold increase of serotonin release 
(p <  0.05). Bicuculline (10 µM), a GABAa antagonist, only increased 
dopamine release 10 fold (p < 0.01), but did not not modulate serotonin 
release.

We conclude that depolarization induces calcium dependent, vesicular 
release of serotonin. Strychnine-induced serotonin release indicates 
glycinergic inhibition of serotonin release.

Society for Neuroscience, Volume 24, 1998
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57.21
ASYMMETRIC DISTRIBUTION OF POLYAMINES IN GLIAL (MÜLLER) 
CELLS. S.N.Skatchkoy 1,4*, M.J. Eaton1, R. Veh2, B. Biedermann3, R.K. Orkand4,_and 
A. Reichenbach3. 1Center for Molec. and Behav. Neurosci., UCC, PR 00960,USA 
2Inst. for Anatomy, Humboldt Univ., Berlin, FRG 3Paul Flechsig Inst. for Brain 
Research, Leipzig Univ., FRG 4Inst. o f Neurobiology, UPR, PR00901, USA 

In retinal Müller cells, as well as in astroglial cells of the brain, the majority of K+ 
channels are K+-inwafd rectifiers (Kir). In frogs and salamanders, 95% are in the 
endfoot region apposed to the vitreous body (Newman, J.Neurosci. 1985, 5:2225). The 
degree of inward rectification in such channels has been associated with retinal 
disorders (Skatchkov et al., 1996, Neurosci. Lett. 208:81; Francke et al., 1997, Glia 
20:210). The inward rectification o f Kir channels is largely due to a block of outward 
currents by intracellular polyamines such as spermine/spermidine (SPM/SPD) 
(Lopatin et al., 1994, Nature 372:366; Biedermann et al., Glia, in press). In frog Müller 
cells, the long (>100 µm) thin (about 1 µm) stalk electrically isolates the cell soma 
from the endfoot (Skatchkov et al., Soc. for Neurosci. 1997, 23:42). The present study 
was aimed to examine whether Müller cells (i) have a non-uniform cytoplasmic 
distribution o f SPM/SPD (immunocytochemistry: frog, guinea pig), and, if so, (ii) is it 
related to corresponding differences in the ratio of mward/outward K+ currents through 
the adjacent membrane areas (voltage-clamp: frog). SPM/SPD immunoreactivity was 
strong in endfeet, but not in somata of Müller cells. In accordance with this 
observation, isolated intact Müller cells clamped at the soma (exposed to altered local 
[K+]o) showed much less (2.4 times, ±0.3 SE, n=35) inward rectification of K+-currents 
than cells clamped at the endfoot. This difference was even more pronounced if 
isolated cellular compartments were studied. In response to voltage steps, isolated 
somata displayed large outward currents and did not show the inward rectification 
which was very strong in isolated endfeet. The results suggest that regional variations 
in the functional properties o f K+ channels may result from an asymmetric distribution 
of polyamines. Supported, NIH-RCMI G12RR03035 (projects A and B), NINDS, 
NSF-EPSCoR, DFG (849/3-2 and BMB+F (IDZL, 01KS 9504 project C5))

57.22
ENERGY PROVIDING MECHANISMS IN RETINAL MÜLLER GLIAL CELLS 
DEPEND ON VASCULARIZATION OF THE RETINA. G. Paasche, T. Pannieke, 
W. Reichelt* and A. Reichenbach. Paul-Flechsig-Inst. Brain Research, Dept. 
Neurophysiology, Univ. of Leipzig, 04109 Leipzig, Germany

Müller cells, the dominating glial cells in the retina, possess a very negative 
membrane potential. This is a prerequisite for many neuron-supporting glial 
functions like homeostasis of extracellular K+ and glutamate. To generate this high 
membrane potential the Na/K-ATPase consumes a vast part of the cells' ATP 
production.

Retinae of vertebrates can be vascularized (e.g. rat) or avascular (e.g. guinea pig). 
These anatomical properties induce a different distribution of mitochondria in Müller 
cells. Our hypothesis is that these differences in oxygen supply could induce some 
differences in the energy-providing mechanisms of retinal glial cells of both species.

Cells have the possibility to generate ATP by anaerobic glycolysis or via oxidative 
phosphorylation. We blocked either glycolysis (with 1mM iodoacetate) or oxidative 
phosphorylation (with 10µM antimycin A) and monitored the time-dependent run
down of the membrane potential in freshly isolated Müller cells by means of a slow 
potentiometric dye. We found a strong depolarization due to application of 
iodoacetate in cells from both species. In Müller cells of the guinea pig antimycin A 
had no effect on the membrane potential, whereas 8 of 11 rat Müller cells were 
depolarized by 15 to 20mV under antimycin A. We conclude that Müller cells from 
avascular retinae gain their energy mainly via glycolysis whereas those from 
vascularized retinae are strongly dependent on glycolysis, but also perform oxidative 
energy production. This suggests that the energy-providing mechanism of an 
individual Müller cell depends on its distance to oxygen-supplying blood vessels.

S U B C O R T IC A L  V IS U A L  PA TH W A Y S I

58.1
REGIONAL AND LAMINAR DISTRIBUTION OF THE DIFFERENT 
RESPONSES EVOKED IN THE RAT VISUAL CORTEX BY ELECTRICAL 
STIMULATION OF THE DORSAL LATERAL GENICULATE NUCLEUS.
J.M.R. Ferrer*, J.A. Sáez, and M.I.R. Montes. Dept. Physiol., Granada 
University, Sch. of Med., Granada, E 18012, Spain.

In a previous study we have showed that electrical stimulation of the 
dorsal lateral geniculate nucleus (dLGN) evoked three types of responses on cells 
(n=40) in area 17 of the rat visual cortex (Sáez et al., Eur. J. Neurosci., 1998, in 
press). These responses consisted of a sequence of excitation-inhibition (response 
Type I), excitation (response Type II) and inhibition (response Type III). The 
present study investigated the regional and laminar distribution of these three types 
of responses in a large population of cells (n=300), covering the rostral half of the 
primary visual cortex. The effects of electrical stimulation of the ipsilateral dLGN 
(single monophasic square wave pulses of 0.05-0.15 ms duration, 50-250 µA 
intensity and 0.5 Hz frequency) were investigated by mean of extracellular unit 
recordings. Type I response was found in 185 cells (62 %), Type II in 37 (12 %) 
and Type III in 78 (26 %). The three responses were present in all cortical layers, 
except for layer VI in which Type II response was absent. We found no significant 
differences in the percentage of the responses in the different cortical laminae. We 
also observed no preferential location for these responses, when the mediolateral 
and rostrocaudal planes were considered. These results agree previous evidence 
showing that the primary visual cortex of the rat does not have such strict laminar 
segregation as is found in higher mammals.

Supported by grants from the Junta de Andalucía and DGICYT (PB94-0766).

58.3

NARROW ACTIVATION RANGE OF LOW THRESHOLD CALCIUM SPIKES 
IN CAT LGN CELLS. X.J. Zhan*, C. L. Cox, and S.M. Sherman, Neurobiology and 
Behavior Dept., SUNY, Stony Brook, NY 11794-5230.

All thalamic relay cells have a voltage-dependent Ca2+ current (IT) that, when 
activated, generates a low-threshold calcium spike (LTS). Under voltage clamp, the 
amplitude of the activated IT depends both on the level of de-inactivation (de- 
inactivation increases with membrane hyperpolarization) and the size of the 
depolarizing activating input. This activation of IT exhibits a wide voltage range, but 
voltage clamp prevents IT from generating additional depolarization that could 
contribute to its further activation. In physiological conditions, there is no voltage 
clamp, so we sought to measure the activation range under current clamp recording. 
We thus obtained intracellular recordings from an in vitro slice preparation of cat 
lateral geniculate nucleus, and studied LTS activation in relay cells. In the presence 
of TTX, we saw a rapid development of the LTS that was usually achieved within a 
very small activating voltage step of <1-3 mV. Larger voltage steps did not generate 
an appreciably larger LTS, but reduced the LTS latency dramatically (100s of ms). 
We thus conclude that the larger activation range seen in voltage clamp reflects the 
lack of positive feedback in voltage due to the activated IT. Without TTX, a high 
frequency burst of action potentials was typically evoked by the LTSs. When we 
measured the number of action potentials, we obtained a result similar to that when 
we measured LTS amplitude: the number of action potentials increased dramatically 
from zero to the maximum number over a very narrow activation range. Larger 
depolarizing currents did not significantly increase the number of action potentials 
within the burst, but did reduce the latency of the first action potential in the same 
manner as for LTS activation. We conclude that the voltage transition from no LTS 
to its maximum size behaves as if it were an all-or-none spike. Thus the size of the 
activated LTS (and number of associated action potentials) is governed largely by its 
level of de-inactivation and not by the amplitude of depolarizing activating inputs. 
(Supported by USPHS Grant EY03038 and Fight For Sight.)

58.2

INFLUENCE OF SACCADES ON THE ACTIVITIES OF P- AND 
M-CELLS IN THE MONKEY’S DORSAL LATERAL GENICULATE 
NUCLEUS. J.R. Wilson* and W. W. Noyd. Yerkes Regional Primate 
Research Center and Department of Cell Biology, Emory University, 
Atlanta, GA 30322.

Saccadic eye movements cause a higher psychophysical threshold for 
detection of visual stimuli, and it has been suggested that the magnocellular 
(M) pathway, mediates this saccadic suppression (Burr, Morrone, and Ross, 
Nature, 1994). The present study examined the responses of both M- and 
P-cells in the dorsal lateral geniculate nucleus (dLGN) of the macaque 
monkey to determine if some of the neuronal basis of saccadic suppression 
could be observed at this level and in a specific pathway. Action potentials 
were obtained from single neurons in the dLGN, and their activities then 
analyzed relative to the occurrence of saccades, as recorded using 
electrooculogram (EOG) electrodes. A majority of the 44 P-cells and 15 
M-cells recorded showed reduced activities during saccades. The remaining 
P-cells had no change in activity, and none of the P-cells showed any 
excitatory response during saccades. On the other hand, 6  of the 15 M-cells 
showed excitatory responses during saccades. The data show that visual 
signals mostly decrease at the level of the dLGN during saccades and thus 
could be part of the neural substrate for saccadic suppression. While much 
of this decrease could begin at the retinal level, a fast volley of impulses 
along the M-pathway could also mediate some of this suppression via 
inhibitory interneurons within the LGN complex. Supported by an Emory 
URC grant and NIH RR00165.

58.4
ACTIVATION OF ACH RECEPTORS ATTENUATES INTERNEURONAL 
SYNAPTIC INHIBITION OF RELAY CELLS IN CAT LGN. C.L. Cox* and S.M. 
Sherman. Dept. Neurobiology, SUNY, Stony Brook, NY 11794-5230.

Interneurons and relay cells in cat lateral geniculate nucleus (LGN) are richly 
innervated by cholinergic axons emanating from the brainstem parabrachial region. 
Relay cells receive synaptic contacts from interneurons via dendritic (F2) terminals, 
and these F2 terminals contain cholinergic receptors, and we focused on the effects 
of activating these cholinergic receptors on F2 terminals. Whole cell patch recordings 
were obtained from an in vitro cat thalamic preparation, and relay cells or 
interneurons were identified by physiological and/or morphological criteria. As 
previously demonstrated in relay neurons, cholinergic agonists produced a short- 
lasting depolarization (nicotinic) followed by a slow hyperpolarization and 
depolarization (muscarinic). To record spontaneous IPSCs (sIPSCs) optimally in relay 
cells and reduce direct effects of cholinergic agonists on these cells, voltage clamp 
recordings were obtained with Cs+-containing pipettes and a 0 mV holding potential. 
Nicotinic agonists produced a short-lasting increase in sIPSC frequency and 
amplitude. In contrast, muscarinic agonists suppressed sIPSC frequency and 
amplitude. These results are consistent with observed actions of cholinergic agonists 
from somatic recordings of interneurons and/or thalamic reticular neurons. That is, 
these cells are depolarized by nicotinic agonists, and hyperpolarized by muscarinic 
agonists. However, the addition of TTX eliminated the nicotinic effects but did not 
eliminate the muscarinic receptor-mediated suppression of sIPSCs. This TTX- 
insensitive action on sIPSCs is reminiscent of our observations regarding metabotropic 
glutamate receptor (mGluR) activation of F2 terminals, except that the mGluR 
activation increases sIPSCs while the muscarinic effect is a decrease of sIPSCs. Our 
data indicate that these two metabotropic pathways may interact to regulate the 
activity of F2 terminals, thereby controlling local inhibitory inputs affecting the LGN 
relay. (Supported by USPHS Grant EY03038.)
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58.5 58.6

FOURIER ANALYSIS OF SINUSOIDALLY DRIVEN THALAM O
CORTICAL RELAY NEURONS FROM  CAT THALAM IC SLICE 
AND A MINIMAL IN TEG RA TE-A N D -FIR E-O R-BU RST MODEL. 
G.D∙ Sm ith1, C.L. Cox2, S.M. Sherm an2, and J. Rinzel3*. 1M ath Res Branch, 
NIDDK, NIH, Bethesda, MD 20814; 2Dept of Neurobio, SUNY, Stony Brook, 
NY 11794; 3C tr for Neural Sci & Courant Inst of M ath Sci, NYU, NY 10003.

We present Fourier analysis of in tra
cellular recordings of sinusoidally-driven 
(100-800 pA; 0.1-100 Hz) thalam ocor
tical (TC) relay neurons in whole cell 
configuration using a  cat thalam ic brain 
slice preparation. This analysis con
strains a minimal “integrate-and-fire-or- 
burst” (IFB) neuron model th a t has fea 
tures in agreement with experim ental ob 
servations such as 1) mixed burst and 
tonic responses for some stim ulus param  
eters, 2) linearity of tonic responses, and 
3) increased phase advance for the non- 
linear burst responses. The IFB m odel’s 
behavior compares well against biophys 
ically detailed conductance-based models 
(ours and th at of M ukherjee and Kaplan,
1995). The IFB model gives insight into 
the stimulus-dependence of burst and tonic response modes in TC neurons, is 
adaptable to response properties of nucleus reticularis thalam i neurons, and 
significantly reduces the com putational dem and of network calculations. (Sup
ported by USPHS G rant EY03038 and IRTA Fellowship to GDS).

Firing p a tte rns for 0.3 Hz stim u
lus showing pure tonic (A 1/B 1), 
bu rst (A 2/B2), and mixed 
(A3/B3) responses.

STATE DEPENDENT CHANGES IN THE FIRING PATTERN OF RELAY 
NEURONS OF THE MONKEY LGN. E.J. Ramcharan*, J.W. Gnadt, and S.M. 
Sherman. Dept. Neurobiology and Behavior, SUNY, Stony Brook, New York 1194-5230.

Relay cells of the lateral geniculate nucleus (LGN) provide a dynamically variable 
transfer of retinal information to visual cortex. All thalamic relay cells respond to 
afferent signals, either by firing in burst mode if a low threshold voltage-dependent Ca2+ 
conductance is activated, or in tonic mode if this Ca2+ conductance is inactive. 
Depolarized membrane potentials inactivate this conductance, so bursting is evoked only 
when the relay cell is activated from a relatively hyperpolarized state. It has been 
suggested that relay cells in the awake, alert animal fire only in tonic mode while 
rhythmic bursting is a feature of more sedate states such as sleep and anesthesia. 
However, most of these studies of thalamic response modes have used the in  vitro slice 
or anesthetized in vivo preparations. We have thus begun to explore this in 
unanesthetized monkeys. We have made extracellular recordings of LGN cells in the 
macaque monkey during awake and unanesthetized sleep states (spindle to delta wave 
frequencies) to determine the relationship between behavioral state and mode of activity. 
Also to ensure that the monkey was vigilant while awake, it was trained to maintain 
fixation while its eye positions were monitored. Both tonic and burst firing modes were 
seen in the LGN cells during both the awake, alert state and during sleep. Surprisingly, 
tonic firing dominated, even during sleep, although the extent of bursting increased 
during sleep. Overall, magnocellular cells exhibited higher levels of burst activity than 
did parvocellular cells. Curiously, the bursting during sleep was not rhythmic for LGN 
cells. However, preliminary data from cells of the somatosensory thalamus indicate clear 
rhythmic bursting during sleep, and these somatosensory cells displayed much more 
bursting in both the sleeping and waking states than did LGN cells. Furthermore, 
bursting is also clearly a feature of the alert state and it is possible that bursting could 
be more prominent during appropriate behavioral tasks. (Supported by USPHS Grant 
EY11409)

58.7
TIGHT CO RR ELA TIO N S B ETW EEN  dLG N CELLS: A STU D Y  IN C A T A N D  
MONKEY. C. Riyadulla, J. Cudeiro*. E. U. Fisioterapia University of A Coruña, Campus 
de Oza, 15006 A Coruña. SPAIN.

Cross-correlation analysis has been commonly used to study the relationship between 
cells in the nervous system. In the dLGN different broad correlations with different 
origins have been reported. Also tight correlations (less than 1 msec) have been shown 
previously1 mainly between neurons with overlapping receptive fields of the same type. 

This work further studies these correlations paying special attention to three major 
questions: 1) Differences between cat and monkey. 2) The spatial extent between pairs 
of cells which correlate and 3) The origin of these correlations 

Experiments were carried out in anaesthetised and paralysed cat and monkey. Pairs 
of electrodes for extracelular recording were placed in the dLGN with a tip separation 
of 0.5-2mm in the horizontal plane. Activity from cells was recorded in two different 
conditions: spontaneous and visual driven discharge and cross-correlations were 
computed.

Two different kind of positive peaks were found both in cat and monkey: centred at 
0, and displaced from 0 (mean=0 .6msec). The peaks centred at 0 were found more often 
with a separation between electrodes of 0.5mm., and they disappear at distances longer 
than 1mm. Displaced peaks were obtained mainly at 1 and 1.5 mm. With electrodes 
displaced 2 mm no correlations were found. Peaks were obtained between similar and 
different cell types, although the strength of the correlation was higher for receptive 
field with the same characteristics.

In order to find the origin of this correlation in a block of experiments visual cortex 
was silenced. This manipulation resulted in modifications in the strength of the 
correlation. However in a different set of cat experiments in which one eye was 
enucleated those pairs of cells recorded from the deafferented lamina show no 
correlations whatsoever in contrast with cells recorded in normal lamina.

1: Nature 383 (1996), 815-19
Supported by: XUGA 13401B96 and FISS 97/0402

58.9

VISUAL STIMULUS STATISTICS AND THE RELIABILITY OF SPIKE 
TIMING IN THE LGN. P. Reinagel* and R.C. Reid. Dept. of Neurobiology, 
Harvard Medical School, Boston, MA 02115.

Information about the time course of dynamic visual stimuli is relayed 
to cortex by the pattern of action potentials of LGN neurons. The coding 
capacity of the LGN depends on the variability of the response from stimulus 
to stimulus. The amount of visual information encoded by the response 
depends also on its reproducibility for a given stimulus. We have used spike 
train entropy to quantify the coding capacity and visual information content 
of individual LGN cell responses in the anesthetized cat. To measure coding 
capacity we presented many unique visual stimuli drawn from an ensemble. 
We then measured the reduction in entropy when single stimuli from the 
same ensemble were presented repeatedly. This provides a direct measure of 
the amount of information transmitted by the spike trains about a stimulus 
ensemble (1). We considered separately the information in the number of 
spikes (the time varying firing rate) and the information in the exact pattern 
of spikes. We found that both are reproducible from trial to trial, and thus 
both carry visual information.

We compared the reliability of LGN spike timing for three ensembles 
based on natural scenes. The first ensemble consisted of natural visual time 
sequences (2). The second ensemble preserved the natural distribution of 
intensity values, but randomized the sequence in time, resulting in an 
approximately white spectrum. The third ensemble was obtained by 
randomizing the phases of the Fourier components of the natural sequence, 
producing a signal with the natural power spectrum, but lacking higher order 
correlations. Supported by NIH grants NS07009 and EY10115.
(1) de Ruyter van Steveninck et al. (1997) Science 275:1805.
(2) van Hateren (1997) Vision Research 37:3407.

58.8
MATHEMATICAL MODELS FOR SPATIAL RECEPTIVE-FIELD ORGA 
NIZATION OF dLGN NEURONS IN CAT. G.T. Einevoll*1 and P.Heggelund2. 
1Physics, Agricultural Univ. of Norway, Ås, Norway. 2Neurophysiology, Univ. 
of Oslo, Oslo, Norway.

The characteristic center-surround organization of retinal ganglion cells 
and relay cells in dorsal lateral geniculate nucleus (dLGN) has traditionally 
been modelled as a difference-of-Gaussians (DOGs). Relay cells in dLGN re 
ceive feedforward excitation from a single or a few retinal ganglion cells and 
feedforward inhibition via intrageniculate interneurons. A more natural ap 
proach when modelling the feedforward contributions to the receptive field of 
relay cells, would be to sum appropriately weighted DOGs for the relevant 
ganglion cells. We have pursued this approach and developed formulas for 
the receptive field for relay cells using (i) a d iscre te  set of retinal ganglion 
cells, or (ii) a simpler c o n tin u o u s  coupling function between ganglion and re 
lay cells. The models were used to derive analytical formulas for response 
vs. spot-diameter curves that were compared to recent experimented data on 
X-cells where action potentials (relay cell response) and S-potentials (retinal 
input) were recorded in anesthetized and paralyzed cats (Soc. Neurosci. Ab 
str. 23, 73.4, 1997). The models were able to account for these experimental 
data. Predictions from the models regarding the sizes of interneuron recep 
tive fields and distances between adjacent ganglion cell inputs to interneurons 
were found to be compatible with available data from other experiments. In 
conclusion, the results of the modelling indicate that the modification of the 
spatial receptive-field organization at the geniculate level reflected in response 
vs. spot-diameter curves, might be due solely to feedforward inhibition from 
intrageniculate interneurons with center-surround organization generated by 
inputs from a few retinal ganglion cells.

58.10
P o p -O u t  P r o c e s s in g  a t  t h e  S u b -c o r t ic a l  L e v e l  o f  T h e  F e l in e  V is u a l  P a t h w a y .
I .M. Andolina*, H.E. Jones & A.M. Sillito. Dept. Of Visual Science, Inst. 
Ophthalmology, University College London ECIV 9EL, UK.

It is becoming increasingly apparent that cells at the earliest levels of cortical 
processing are modulated not only by stimuli activating the local classical receptive 
field (CRF), but also by the more complex interactions between the CRF and the areas 
lying outside of it (e.g. Gulyas et al.,(l987) J. N europhysio l 57; Knierim and Van 
Essen,(l992) J. Neurophysiol 67; Sillito et al., (1995) N ature 369). These more global 
effects certainly involve both lateral connectivity within cortical areas and feedback 
from other cortical areas, with the result that the general ‘context’ of the stimulus can 
greatly modulate its signal. However, previous work also suggests that orientation 
contextual effects are also present sub-cortically in the lateral geniculate nucleus 
(dLGN), involving cortical feedback (Sillito et al.,(l993) Exp. Br. Res. 93; Cudeiro & 
Sillito (1996) J. Physiol 490). This study attempts to ascertain whether other facets of 
the stimulus that contribute to pop-out may be encoded by dLGN cell activity. Our 
stimuli consisted of a centre and surround annulus, with a drifting sine-wave grating 
presented in both the centre and annulus. The temporal frequency of the annulus 
grating was systematically varied through a range of frequencies while keeping the 
centre constant, with spatial frequency and contrast remaining identical. We observed 
that the responses of many cells within the dLGN are modulated by varying the 
surround temporal frequency, with cells exhibiting either broad or tight tuning. Most 
importantly, when the centre and surround were at the same temporal frequency, the 
cells responses were suppressed from those seen to the centre alone. In general, this 
effect was ‘locked’ to the centre temporal frequency, with the inhibition maximal at the 
iso-frequency point, irrespective of cell tuning. We therefore conclude that 
mechanisms underlying the ability to detect temporal discontinuities may be initiated 
in the dLGN, and this provides further support for the involvement of these sub-cortical 
mechanisms in perceptual pop-out. Supported by the M RC, LM. Andolina is supported  
by a W ellcom e Trust 4-year N euroscience scholarsh ip .
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58.11

AN ATLAS OF THE RHESUS LGN: TOPOLOGY OF THE TRANSITION BETWEEN 
6  AND 4 LAYERS. J.G. Malpeli1*, E. Erwin2, F.H. Baker3and W.F. Busen1. 1Dept. of 
Psychology, Univ. of Illinois, Champaign, IL 61820; 2Dept. of Physiology, Univ. 
California, San Francisco; 3LIONS Vision Center, Johns Hopkins School of Medicine.

We present an atlas of a rhesus LGN consisting of 3D computer arrays encoding layer, 
cell density, and retinotopy in polar coordinates at a resolution of 25 microns. These 
allow one to visualize the LGN representations of arbitrary points, lines and areas in 
visual space, and to estimate the number of parvo or magno cells associated with a given 
region of visual space. Conversely, they can be used to project any LGN compartment 
into visual space, and by this means, we obtained estimates of the limits of the binocular 
and monocular fields. However, our main focus is the transition from six to four layers 
that occurs midway though the LGN and its association with gaps representing the optic 
disk, features that were the impetus for recent computational models of LGN 
morphogenesis. At the laminar transition, parvo layers 4 and 5 invert their dorsoventral 
position, so one layer must part to allow the other to pass through. Between inclinations 
of -31 and +55 deg, layers 3 and 5 merge anteriorly though an elongated medial-lateral 
slit in layer 4 that subsumes the optic-disk gap in layer 4; elsewhere layers 4 and 6  merge 
though a tear in layer 5. The slits are hundreds of microns wide - a major violation of 
retinotopy, because retinotopy is otherwise smooth at a scale of tens of microns. Thus, 
the powerful developmental forces establishing fine retinotopy must be overcome for the 
transition to take place. Were it not for the gaps, one would expect layer 5 to give way, 
because there are fewer cells representing the ipsi eye at all eccentricities. Apparently, 
the optic-disk gap in layer 4 induces a slit to form that propagates across layer 4 until the 
form of the transition flips to the intrinsically more stable pattern in which layer 5 is tom. 
Projected into visual space, the transition is highly skewed, the outer border of the six 
layer region reaching +6.4 and -25.0 deg on the vertical meridian and 15.4 deg on the 
horizonal meridian. None of these characteristics suggest that the transition or its 
association with the gaps are functional adaptations; more likely they arise as incidental 
consequences of general constraints on LGN morphogenesis. Funded by NIH EY02695.

5 8 .1 3

T E M P O R A L  C O N T R A S T  S E N S IT IV IT Y  O F  K O N I O C E L L U L A R  P A T H W A Y  
C E L L S  IN T H E  P R I M A T E  V I S U A L  S Y S T E M .  S .G .  S o lo m o n , A .J .R .  W h ite ,

U . G rü n e r t*  a n d  P .R .  M a r t in . D e p t . o f P h y s io lo g y  a n d  In s t itu te  fo r 

B io m e d ic a l R e s e a rc h ,  U n iv e rs ity  o f S y d n e y , S y d n e y , 2 006 , A u s tra lia .
T h e  p h y s io lo g ic a l p ro p e r t ie s  o f n e u ro n s  in th e  p a r v o c e l lu la r  ( P C )  an d  

m a g n o c e llu la r  (M C )  la y e rs  o f th e  la te ra l g e n ic u la te  n u c le u s  (L G N )  o f O ld  
W o r ld  m o n k e y s  a re  w e ll k no w n  a n d  a re  s im ila r  to  th o s e  o f th e  N e w  W o rld  
m o n ke y , C a llith rix  ja c c h u s  (c o m m o n  m a rm o se t)  (Y e h  e t a l., J . N e u ro s c i.  
15, 1995 ; K re m e rs  e t a l., V is io n  R e s .  37 , 1997 ). T h e  p ro p e r t ie s  of c e lls  
w ith in  th e  k o n io c e l lu la r  la y e r  h a v e  b e e n  d e s c r ib e d  in th e  n o c tu rn a l 
p ro s im ia n  Galago, (N o rton  a n d  C a s a g r a n d e , J . N e u ro p h y s io l 47, 1982 ) but 
not in s im ia n  p r im a te s . H e re  w e  c o m p a re  th e  te m p o ra l re s p o n s e  p ro p e r t ie s  
o f c e lls  w ith in  th e  k o n io c e llu la r  la y e rs  o f th e  m a rm o se t w ith  th o s e  in P C  and  
M C  la y e rs . E x t r a c e llu la r  re c o rd in g s  w e re  m a d e  fro m  v is u a l ly  re s p o n s iv e  
c e lls  in th e  L G N  o f 5  fe m a le  a n d  3  m a le  m a rm o s e ts  a n a e s th e t is e d  w ith 
S u fe n ta n y l a n d /o r  I s o flo u ra n e . T h e  lo c a t io n  o f re c o rd e d  c e l ls  w a s  la te r 
c o n f irm e d  h is to lo g ic a lly . T e m p o ra l m o d u la t io n  t r a n s fe r  fu n c t io n s  (M T F s )  
w e re  d e te rm in e d  fo r a n  8 .4  d e g  s p a t ia l ly  u n ifo rm  f ie ld  p re se n te r ;  
M a x w e ll ia n  v ie w . T im e  a v e r a g e d  m e a n  lu m in a n c e  w a s  c lo s e  to  1000 
H u m a n  T d . A s  p re v io u s ly  re p o rted , M C  c e lls  s h o w  h igh  c o n tra s t  se n s it iv ity  
a n d  b a n d p a s s  M T F s ,  w h e re a s  P C  c e lls  h a v e  lo w e r c o n tra s t  s e n s it iv ity  and  
a re  re la t iv e ly  m o re  lo w p a s s .  T h e  c o n t r a s t  s e n s it iv i t y  a n d  M T F s  o f 
k o n io c e llu la r  c e lls  a re  s im ila r  to  th o s e  o f P C  c e lls .  F o r  e a c h  c e ll c la s s ,  c e lls  
in p e r ip h e ra l re t in a  h a v e  h ig h e r  c o n t ra s t  s e n s it iv it y  th a n  th e ir  c e n t r a l 
c o u n te rp a r ts . F o r  P C  a n d  k o n io c e l lu la r  c e lls ,  th is  in c r e a s e  in s e n s it iv ity  is 
m o re  p ro n o u n c e d  a t te m p o ra l f re q u e n c ie s  b e lo w  4  H z . T h e s e  re su lts  a re  
in c o m p a t ib le  w ith  th e  n o t io n  th a t k o n io c e l lu la r  c e lls  a re  h o m o lo g o u s  to 
s lu g g is h , W - lik e  c e lls  in o th e r m a m m a ls ;  a t le a s t  in te rm s  o f th e ir  te m p o ra l 
tra n s fe r p ro p e r t ie s  th e y  a re  m ore  lik e  P C  c e lls .
S u p p o rte d  by  th e  N H & M R C  of A u s t r a lia  G ra n t # 9 60970

5 8 .1 5

AXON PROJECTIONS FROM THE THALAMIC RETICULAR 
NUCLEUS (TRN) TO THE LATERAL GENICULATE NUCLEUS (LGN) 
IN THE PROSIMIAN PRIMATE GALAGO. S.L. Feig, K.A. Manning and
D.J. Uhlrich*. Dept. of Anatomy, Univ. of Wisconsin, Madison, WI 53706.

The TRN is a GABAergic structure providing recurrent inhibition to the 
LGN. The TRN is implicated in sculpting of afferent visual signals as well as 
in the generation of oscillations. However, the specificity of its axon 
projections is unclear. To address several aspects of projection specificity, we 
examined the TRN-LGN projection in Galago in which LGN neurons are 
segregated by lamina according to eye and cell type. Axons were immuno- 
labeled following small injections of biotinylated dextran amine (BDA) in the 
TRN.

At the light microscopic level, labeled axons had the beaded appearance 
described for TRN axons in other species. Serial reconstruction showed that 
individual axons innervated the LGN in a retinotopically narrow column. In 
addition, lamina representing either eye and different streams (magno, parvo 
or konio) are targeted by the same axon. Thus, individual TRN axons act on 
a retinotopically restricted area of LGN in laminae representing different 
visual streams.

At the electron microscopic level, the labeled axon boutons had the 
morphology of F 1 terminals and formed synapses onto cell bodies and 
dendrites. Immuno-labeling showed that post-synaptic profiles could be either 
GABA positive or GABA negative, indicating that TRN axons act directly on 
thalamocortical cells and indirectly via LGN interneurons.

Supported by EY06610 and EY11244.

5 8 .1 2

Visually evoked cortical potentials (VECPs) to chromatic and achromatic stimuli 
in macaque monkeys who had damage to either the parvo- or magnocellular 
pathways within the optic tract. J.Nicholas*1, C. Heyw ood2, A. Cowev 3, 1Dept of 
Int Med, Mayo Clinic, Rochester, MN 55901, 2Dept. of Psychology, University of 
Durham, U.K . ,  3Dept. of Expt. Psychology, University o f Oxford, U.K.
There is evidence that the subcortical parvocelluar (P) pathway and the magnocellular 
(M) pathway are largely segregated within the optic tract (Reese and Cowey 1990, 
Tassinari et al 1996). Lesions were made in the dorsal or the ventral part of the optic 
tract so as to selectively destroy the P or the M pathway, respectively. VECPs were 
recorded from anesthesized monkeys approximately one year after surgery. Stimuli 
consisted o f high contrast (0.75), low spatial frequency (0.5, 1 and 2 cycles/d), 
achromatic and isoluminant chromatic square wave gratings modulated at low 
temporal frequencies (1 and 3.25Hz pattern reversal) and presented in either the left or 
the right visual field. The recording electrode was placed over the striate cortex. The 
extent o f the damage to the subcortical pathways was estimated by examination of the 
fiber stain pattern in the optic tract and also the degree o f retrograde degeneration in 
the retinae.The VECP to chromatic stimuli at all spatial frequencies tested at 1 Hz 
pattern reversal was abolished in one monkey who had extensive destruction of the P 
pathway in the opposite hemisphere. In contrast, the VECP to achromatic stimuli was 
preserved. Stimulus specific responses to both chromatic and achromatic low spatial 
frequency (0.5 cycle/degree) stimuli were present at 3.25Hz pattern reversal. The 
VECP to higher spatial frequency (1 and 2 cycles/degree) achromatic and chromatic 
stimuli was markedly attentuated. In a different monkey, lesions were made in the 
ventral portion of the optic tract. There were stimulus specific responses to 
achromatic and chromatic stimuli at 1 and 3.25Hz pattern reversal in the VECPs 
recorded from both hemispheres. Supported by a Wellcome Research Fellowship to 
JN, and MRC grant 96.

5 8 .1 4

ANATOMICAL CHARACTERISITCS AND THREE-DIMENSIONAL MODEL 
OF THE DOG’S LATERAL GENICULATE BODY. Inah Lee, Junghyun Park*, 
and Choongkil Lee. Dept. of Psychology, Seoul National Univ., Seoul, Korea 151- 
742.

The medial interlaminar nucleus (MIN), a medial subdivision of the lateral 
geniculate body, appears to have a special role for dim-light vision in the cat (Lee et 
al., J. Neurophysiol. 52; 849, 1984; Lee et al., J. Neurophysiol. 6 8 : 1235, 1992). 
However, except for the cat, there is little specific information on functional 
organization and physiological characteristics of the MIN. As a preliminary step to 
understand functional roles of the MIN in other carnivores, we examined 
morphological and laminar characteristics of the whole dorsal lateral geniculate body 
of one breed of the dog, Sapsaree.

Retinal afferents of two dogs were labelled following intraocular HRP injections, 
and boundary o f their distribution in coronal section was traced and reconstructed 
into a 3-dimensional computer model. Laminar assignment was greatly facilitated 
by rotating 3D images. As previously noted, the lateral geniculate body of the dog 
consisted of two subdivisions: the lateral geniculate nucleus (LGN) and the medial 
interlaminar nucleus (MIN). The LGN consisted of layers A, A 1, C,  C 1, C2, and 
C3. Layers A, C, and C2 received contralateral eye inputs, and layers A 1 and C1 
ipsilateral inputs. The dog's MIN was found to have 4 orderly interdigitating layers; 
layers 1, 2, 3, and 4, medial to lateral. MIN layers 1 and 3 received contralateral 
inputs, whereas layers 2 and 4 received ipsilateral inputs. Layer 1 contained the 
largest soma of all LGN/MIN layers. LGN layer A had medial and lateral 
subdivisions partially separated by a cleft free of somata. The overall 3-dimensíonal 
shape of the LGN/MIN complex was the letter 'C ', with convex part of 'C ' directed 
posteriorly. Total volume o f the LGN was 36.8 mm3 (93 %), and that of MIN was 
2.6 mm3 (7 %). Volume o f all contralateral eye layers, combining both LGN and 
MIN, was 30.8 mm3 (78 %), and that of ipsilateral layers was 8 .6  mm3 (22 %).

Supported by the Korean Ministry of Science and Technology.

5 8 .1 6
DYNAMICS OF SYNAPTIC TRANSMISSION FROM THALAMOCORTICAL 
TO GABAERGIC PGN CELLS IN THE THALAMUS U. KIM* and D.A. 
MCCORMICK Section of Neurobiology, Yale Univ. Sch. Med., New Haven, CT 
06510.

Thalamocortical and thalamic reticular (perigeniculate) neurons form 
disynaptic reciprocal loops that synchronize thalamocortical activity as well as 
shape the temporal and spatial aspects of sensory processing. These interactions 
depend critically upon the anatomical features of interconnectivity, the 
electrophysiological properties of the constituent neurons, as well as synaptic 
properties.

Here we examined the interplay between the properties of the 
thalamocortical to perigeniculate (PGN) synaptic transmission with the intrinsic 
membrane properties of PGN cells through the performance of dual intracellular 
recordings in ferret geniculate slices in vitro. These recordings revealed that 
thalamocortical to PGN synaptic transmission exhibits a frequency-dependent 
depression in efficacy with repetitive stimulation. Single action potentials in 
LGNd cells evoked monosynaptic EPSPs in PGN cells that were 0.7 to 2.0 mV in 
amplitude (n=5). The duration of EPSPs changed with membrane potential of the 
postsynaptic neuron such that at around -85 mV EPSPs lasted about 20 msec while 
at -70 mV they persisted for up to 100 msec. This voltage-dependent prolongation 
of EPSPs was mediated in part by activation of the low threshold calcium current. 
In contrast, the amplitude of EPSPs was affected little in this range of membrane 
potential. The generation of repetitive action potentials at 10-50 Hz resulted in 
temporal summation of EPSPs. However, as the frequency of action potential 
generation was increased to above 100 Hz, single EPSPs exhibited a progressive 
decrement in amplitude. Consequently, the generation of a burst of 5-8 action 
potentials at about 200 Hz in LGNd cells produced only 2-4 mV EPSPs, due to 
summation and depression in synaptic efficacy. The interaction of these synaptic 
properties with the intrinsic membrane properties of PGN neurons appears to 
contribute to the generation of the spindle wave refractory period. Supported by 
NIH.
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58.17

NITRIC OXIDE SYNTHASE IMMUNOREACTIVE (NOS-IR)
NEURONS IN THE RAT VENTRAL LATERAL GENICULATE 
NUCLEUS (vLGN) PROJECT TO THE OPTIC PRETECTUM. X-W 
Meng*, H.J. Ralston, III., and P.T. Ohara. Dept of Anatomy and W.M. Keck 
Center, University of California, San Francisco, CA 94143-0452.
Recent studies have shown that both the dorsal and ventral LGN in the rat 

contain NADPH-diaphorase (NADPH-d) positive neurons. In the dLGN the 
NADPH-d is co-localized with GABA in interneurons but is not found in 
projection neurons. In the vLGN the NADPH-d is found in larger neurons 
and it is thought these represent projection neurons. We have examined the 
rat vLGN using antibodies to NOS to compare the distribution of NADPH-d 
positive neurons with NOS-ir neurons and to see if NOS-ir neurons project 
outside the nucleus.

We found the distribution of NOS-ir neurons similar to that shown by 
NADPH-d staining (Gabbot and Bacon, Neuroscience, 60:417-440, 1994) 
except that small spindle shaped cells were not seen. Following injections of 
flouro-gold (FG) into the pretectal region, retrogradely labeled neurons were 
seen in the lateral portion of the vLGN. Double label studies showed 16% 
(n=435) of the FG labeled neurons were also NOS-ir. The majority of NOS- 
ir neurons (96%, n=71) were double labeled. Following FG injection into 
vLGN, labeled fibers were found in the pretectum and these were also NOS- 
ir. No GABA neurons in vLGN were NOS-ir.
Our result show that some NOS-ir positive neurons in the rat vLGN project 
to other visually related regions. The results contrast to our studies of dLGN 
neurons where NOS is found only in non-projecting interneurons.
Supported by NS 23347 and NS 21445.

58.19

READING A NEURAL CODE: IMAGES ENCODED BY NEURONS OF THE 
PRIMATE LATERAL GENICULATE NUCLEUS. R. Srinivasan, R.G. Boothe* 
and J.R. Wilson. Depts. of Cell Biology, Psychology, and Yerkes Regional 
Primate Research Center, Emory University, Atlanta, GA 30322.

A novel method has been developed for decoding and reconstructing real 
visual scenes encoded by neurons in the macaque lateral geniculate nucleus 
(LGN). This method uses single-unit recordings from an anesthetized monkey’s 
LGN to visualize how individual precortical channels encode a static scene over 
time. A static image spanning 7°×  5° is repeatedly presented on a tangent screen 
at various offsets (dx,dy) relative to an isolated unit’s receptive field. Each 
presentation lasts 500 msec (the ON phase), followed by a 500 msec blanking 
interval (the OFF phase) to permit a return to the baseline state. The image is 
sampled at 32x32 locations spaced ~5 arc min apart. The 1000-msec-long spike 
train from each ON-OFF cycle is digitally processed and displayed as a time- 
varying grayscale pixel at the appropriate position (dx,dy) in a 32x32 pixel 
frame. By arraying and displaying all the spike trains in this manner, a 1000- 
msec-long movie can be constructed that demonstrates how the cell’s spike trains 
encoded the static image over space and time. Because precortical visual 
processing is thought to be organized into a few relatively homogeneous 
channels, each cell can be considered a representative of its class. Consequently, 
the movie obtained from a single cell approximates how an array of such cells 
- a single channel - would encode the static image in parallel. Interpreted in this 
manner, each pixel in the movie corresponds to a single unit in the channel. This 
method has yielded images of surprising robustness and quality, suggesting that 
the neural code can be deciphered, at least at the level of the thalamus. 
Supported by NIH/Emory MSTP Training Grant and NIH grant RR00165.

58.18

RECONSTRUCTION OF NATURAL SCENES FROM ENSEMBLE 
RESPONSES IN THE LGN. G. B. Stanley, F. F. Li and Y. Dan*. 
Division of Neurobiology, Dept. of Molecular and Cell Biology, Univ. 
of California, Berkeley, CA 94720.

The foundation of our current knowledge of sensory processing 
was established by characterizing neuronal responses to various 
sensory stimuli. A critical test of our understanding of the neural code 
is to take an opposite approach - - to reconstruct sensory inputs from the 
neuronal responses. Most of the previous studies using this approach 
aimed at reconstructing temporal, white-noise signals from the 
responses of a single neuron or a small number of neurons. Here we 
have used an optimal Wiener filter technique to reconstruct much more 
complex inputs to the mammalian visual system, i.e. natural scenes that 
vary both spatially and temporally. From the responses of 141 cells in 
the LGN of the cat, we were able to reconstruct natural scenes with 
recognizable objects. The quality of reconstruction depended on the 
number of cells. For each pixel in the visual scene, optimal 
reconstruction was achieved by using responses of seven to eight pairs 
of on and o ff cells, close to the estimated coverage factor in the LGN of 
the cat. The signal to error ratio of the reconstruction approached the 
limit set by the noise in the neuronal responses. These results 
underscore the power of the decoding approach in studying sensory 
processing and provide a basis for future analyses of ensemble neural 
code in the mammalian brain.

5 8 .2 0

CONTRAST SENSITIVITY OF CELLS IN THE LATERAL GENICULATE 
NUCLEUS OF THE MARMOSET.
A.M. Derrington1,J.B . Levitt2, F.M. Felisberti1, and S.W. Walker3.
1Psychology Dept, University of Nottingham, NG7 2RD, UK, 2Institute of 
Ophthalmology, London, UK, Psychology, Nottingham Trent University, UK. 
(SPON: European Brain and Behaviour Society)

We measured the responses of cells in the lateral geniculate nucleus to 
sinusoidal gratings in marmosets anaesthetised with Halothane in a 2:1 mixture of 
Nitrous Oxide & Oxygen. Supplementary intravenous analgesia (Fentanyl) and 
muscle relaxant (Pavulon or Norcuron) were infused iv.

As in cats and macaques, X and Y cells are distinguished by their responses to 
sinusoidal temporal modulation of the contrast of a standing sine-wave grating of 
supra-optimal spatial frequency. X cells respond primarily at the same temporal 
frequency as the contrast modulation; response amplitude varies with spatial phase, 
consistent with linear spatial summation. Y cells show a substantial response at 
double the temporal frequency of the stimulus that is not consistent with linear 
summation.

Objective contrast sensitivities, measured using gratings of optimal spatial 
frequency moving at 4 Hz (close to the optimal temporal frequency for X cells), 
were very low: contrasts of 0.4 or more were required in order for a brief stimulus 
(0.5 seconds) to elicit a reliable response. At 4 Hz there was no obvious difference 
in sensitivity between X cells and Y cells. Y cells responded much better to higher 
temporal frequencies in the range 15-25 Hz. When measured with high temporal 
frequency gratings Y-cell contrast thresholds were as low as 0.1.

Supported by a grant from the Wellcome Trust

V IS U A L  C O R T E X : S T R IA T E  II

59 .1

STIMULUS CONFIGURATION AND NEURONAL SYNCHRONIZATION IN 
THE CAT VISUAL CORTEX. S. Shumikhina*, S. Fortin, A. Chabli and S. 
Molotchnikoff. Département de sciences biologiques, Université de Montréal,
C.P. 6128, succursale Centre-ville, Montréal, Québec H3C 3J7 Canada.

The temporal correlation hypothesis proposes that binding various features of 
one target in the perceptual whole is achieved by synchronization of neuronal 
discharges of cortical cells excited by the object. In the present study, we were 
searching for a stimulus configuration that could significantly affect cortical 
synchronization. Multiunit neuronal activity was recorded in areas 17 and 18 of 
anaesthetized cats. Recording sites were separated by 0.4-1.2 mm thus including 
mostly cells with partially overlapped receptive Fields. Cells were initially 
stimulated with a moving line of light 2 0 ° length, centered on the compound 
receptive field of a pool of cortical neurons. Other stimuli included fractured lines 
of the same length, misaligned lines (e.g., stairs), T-or L-shaped stimuli, etc. In 
some cases the target configuration significantly influenced the degree of 
synchronization but a complete desynchronization was observed very rarely. Since 
different parts of the stimulus were moving in the same direction one could suggest 
that in spite of the spatial disaggregation of the stimulus, that motion was the cue 
which caused the object to be perceived as coherent (binding by motion). This can 
explain why there was no clear dependence of synchronization on stimulus 
configuration. On the other hand, we could observe that gamma band oscillations 
when present, and synchronization of neuronal responses were influenced by 
stimulus configuration, in many cases independently of each other. This suggests 
that gamma oscillations and synchronization serve distinct roles in spatial 
integration of the stimulus.

Supported by NSERC and FCAR grants to S.M.

5 9 .2

Intrinsic and Induced Burst Generation Within the Supragranular Layers of 
Ferret Visual Cortex J.C. Brumberg* and D.A. McCormick. Section of 
Neurobiology, Yale University School of Medicine, New Haven, CT 06510.

Neurons within the neocortex are endowed with multiple action potential 
discharge patterns, specifically neurons can fire single or bursts of action potentials. 
Burst generating neurons within the supragranular layers of the ferret visual cortex can 
be divided into two distinct classes, those that intrinsically generate bursts of action 
potentials in response to depolarizing step pulses and those that can be induced to 
generate bursts o f action potentials. The ionic mechanisms behind intrinsically and 
induced bursting neurons were studied using sharp microelectrodes in adult ferret (> 4 
month old) visual cortical slices (400 µm thick) perfused with ACSF within an 
interface chamber. Neurons were recorded with biocytin filled electrodes (2% in 2M 
KAc) and subsequent histology revealed that both classes were composed of pyramidal 
cells with apical dendrites penetrating layer I. Interburst frequencies of intrinsically 
bursting neurons formed a continuum with frequencies approaching 400Hz. Chattering 
cells (interburst frequencies >250Hz) had fast spikes (<0 .5ms at half height) and 
possessed a prominent fast-afterhyperpolarization (fAHP) and an afterdepolarization 
(ADP) at the cessation of the burst. Within a burst progressive spikes broadened and 
decreased in amplitude, suggesting a decrease in repolarizing currents. Some neurons 
that discharged fast spikes followed by a fAHP and an ADP could be induced to 
generate bursts of action potentials by either increasing extracellular K+ from 2.5mM 
to 5.0mM or by prolonged injection of a strong depolarizing current ( 1nA for 30s). 
Experiments where extracellular Ca2+ was completely replaced by Mn2+ showed no 
qualitative effect on either intrinsically burst generating neurons or the ability to induce 
burst discharges. To further test the role of Ca2+ in burst generation, neurons were 
recorded with electrodes filled with the Ca2+ chealator BAPTA (50mM in 2M KAc), 
preliminary results have shown no effect on burst generation. The present results 
suggest that extracellular accumulation of K+ during active states of the neocortex may 
be crucial in the generation of burst firing and thus provide a mechanism for 
synchronization o f neuronal firing within the neocortex.

Society for Neuroscience, Volume 24 ,19 98
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59.3

THE RESPONSES OF NEURONS IN MACAQUE VI TO TEMPORALLY 
ASYNCHRONOUS STIMULI. T. J. Gawne*, I.A. Wilson. Dept. of 
Physiological Optics, U.A.B., Birmingham, AL 35294

Psychophysical experiments have shown that temporal asynchronies between 
different parts of a single visual stimulus do not destroy the perception of a 
coherent object, i.e., figural binding (Fahle and Koch, 1995). However, temporal 
synchrony can facilitate figural binding in the absence of conflicting cues. It has 
been proposed that the internal neural code representing such objects might bear no 
direct resemblance to the timing of the external visual stimuli, and that 
synchronization of neural responses might be generated internally.

We recorded from single V 1 cortical complex cells in awake macaques. The 
stimuli consisted of Kanisza squares (four white circles with quadrants cut out so as 
to give the illusion of a square overlying the four circles). One of the edges cut out 
of a circle was aligned and oriented on the receptive field of a complex cell, and the 
four cut-circles were either presented flashing in phase with each other, or out of 
phase, at 5.5, 8.3, and 16.7 Hz. In preliminary results the neural responses were 
always phase-locked to that part of the stimulus that was actually on the receptive 
field, with the in- or out-of-phase stimuli outside of the classical receptive field 
having no detectable effect on the neuron's timing.

The temporal variation of a neuronal response carries significant information 
about a visual stimulus independent of the mean firing rate (Optican and Richmond, 
1987). However, at least in V I, this response timing appears to be a fixed function 
of the form and timing of the stimulus in the receptive field of a neuron, that is not 
modified by changes in stimulus timing outside of the classical receptive field. 
Supported in part by the McDonnell-Pew Program in Cognitive Neuroscience, 

#633543.

59.5

DOMOIC ACID, A POTENT KAINATE RECEPTOR AGONIST, INDUCES 
PERSISTENT GAMMA OSCILLATIONS IN THE RODENT NEOCORTEX 
IN VITRO. A. Fisahn and E.H. Buhl*. MRC Anatomical 
Neuropharmacology Unit, University of Oxford, Mansfield Rd., Oxford OX1 
3TH, UK
Neocortical oscillations (~4O Hz) in the gamma frequency range have been 
associated with the processing of sensory representations in the neocortex. 
Using an in vitro preparation of mouse and rat neocortex, extracellular field 
recordings demonstrate that nanomolar doses of the potent kainate receptor 
agonist domoic acid (domoate) can induce persistent (>3 hours) network 
oscillations in the gamma frequency range. Auto-correlations reveal highly 
rhythmic activity with a peak-to-peak separation ~25 msec. Accordingly, 
computed powerspectra reveal narrow, prominent peaks ~40 Hz. Cross  
correlations of dual extracellular field recordings within a given lamina, 
such as layer 4, reveal highly correlated synchronous activity, showing no 
apparent phase-lag with electrode separations ranging from ~100-500 µm. 
Similar to single unit activity recorded in vivo, spikes tended to cluster 
around the peak negativity of the extracellularly recorded field. The 
competitive AMPA/kainate receptor antagonist DNQX (20 µM) reduced 
domoate evoked oscillatory activity back to control levels. In addition, the 
competitive GABAa receptor antagonist bicuculline (5 µM) also ábolished 
domoate-induced gamma oscillations. Taken together, these preliminary 
findings suggest that low doses of the potent kainate receptor agonist 
domoate may be effective in inducing a physiologically relevant pattern of 
cortical network activity. Moreover, we predict that fast inhibition, 
mediated by GABAa receptors, will have a role in sculpting neuronal 
population activity, a hypothesis which we will address in future 
experiments.
Supported by the British Medical Research Council.

59.7

SYNCHRONIZATION, GAMMA OSCILLATIONS AND SPATIAL 
INTEGRATION OF LINE SEGMENTS IN THE CAT VISUAL CORTEX.
S. Molotchnikoff* and S. Shumikhina. Département de sciences biologiques, 
Université de Montréal, C.P. 6128, succursale Centre-ville, Montréal, Québec, 
H3C 3J7 Canada.

It has been proposed that synchronization of neuronal discharges is critical for 
binding various features on one target in the whole percept. We addressed the 
question of representation of visual objects by studying the dependence of 
interneuronal correlations and gamma oscillations on disassembling an oriented 
line. Multiunit neuronal activity was recorded in areas 17 and 18 of anaesthetized 
cats. Recording sites were separated by 0.4 - 1.2 mm thus including mostly cells 
with partially overlapped receptive fields. Cells were stimulated with a moving 
long line of 2 0 ° length, centered on the compound receptive field of a pool of 
cortical neurons. Disassembling the line was achieved by introducing fractures 
(0.5° to 4°) between two outer segments of the line (4° length each) and the central 
segment of the line. Responses were also recorded to short bars (stimulation of the 
receptive field alone) and to two outer segments of the line (stimulation of the 
surround alone). Results did not disclose any clear dependence on segmenting an 
aligned line. Desynchronization or increase in synchronization strength was 
observed mostly only to one or two stimulus conditions (gap size) which were 
different for different pools of cells. Interestingly, in the case of gamma 
oscillations, we found a large proportion of recording sites showing a monotone 
decrease in oscillation strength with increasing size of gaps (or fractures) in the 
line. These changes however, occurred independently of the change in the strength 
of synchronization. Thus gamma oscillations better follow stimulus conditions 
than synchronization does. The results also suggest a complex relationship 
between synchronization of neuronal discharges and binding processes.
Supported by NSERC and FCAR to S.M.

59.4

PERCEPTUAL GROUPING MEDIATED BY SYNCHRONIZATION AND 
DESYNCHRONIZATION IN A STRIATE CORTICAL NETWORK. S-C Yen* 
and L. H. Finkel. Department of Bioengineering, University of Pennsylvania, 
Philadelphia, PA 19104.

It has been suggested that long-range horizontal connections in primary visual 
cortex may underlie contextual effects in early vision (Gilbert, 1992). We have 
previously presented results of a network model in which horizontal connections play 
a critical role in extracting salient image contours by mediating the synchronization 
o f the cortical cells representing the contour. One advantage of cortical 
synchronization is the ability to uniquely represent multiple image contours, 
however this requires synchronized neuronal populations to be desynchronized from 
each other. We present results of a striate cortical model that demonstrates a 
common mechanism for synchronization and desynchronization. Detailed 
compartmental models of pyramidal cells and interneurons are used to model oriented 
cortical cells. Each orientation column is modeled using eight pyramidal cells and 
eight interneurons, the cell models and synchronization mechanism are adapted from 
Traub et a l, 1996. Cells in different orientation columns are inter-connected with 
long-distance connections that differ in axonal delays and spatial projections. The 
connection field between cells is based on previous physiological, psychophysical, 
and modeling data (Yen & Finkel, 1998). The axonal delay determines whether 
synchronization or desynchronization occurs (as shown in Bush & Sejnowski, 1996). 
This synchronization mechanism integrates the processes o f binding and 
segmentation of neuronal populations.

This mechanism also demonstrates synchronization-based perceptual grouping that 
reflects similarity and proximity of stimulus elements. We find that the 
desynchronizing connections in the network allow synchronized populations to 
promote synchronization in other neuronal populations. This mechanism may thus 
play a critical role in propagating transient groupings in meta-stable stimuli.

Supported by ONR, NSF-CRI, and The Whitaker Foundation

59.6

STATE-DEPENDENT SPATIO-TEMPORAL RESTRUCTURING OF 
RECEPTIVE FIELDS IN THE PRIMARY VISUAL PATHWAY.
K. Funke*, K. Suder, Y. Zhao, N. Kerscher and F. Wörgötter, Dept. 
Neurophysiology, University Bochum, D-44780 Bochum, Germany.

From earlier experiments it is known that cells in the lateral geniculate 
nucleus (LGN) strongly change their response pattern co-varying with 
changes in the EEG. During sleep or drowsiness (synchronized α/δ-wave 
EEG) short transient responses prevail whereas during a desynchronized 
'alert' EEG (β-waves) long-lasting tonic responses are observed. Neurons of 
the perigeniculate nucleus (PGN) show a firing pattern which is almost 
antagonistic to LGN neurons, thereby controlling the transition from one to 
the other activity mode. We propose that the temporal characteristic of 
geniculate activity is the basis of a mechanism used to restructure not only 
the temporal but also the spatial characteristic of receptive fields (RF) in 
the visual cortex reflecting changing states of information processing. We 
present a generic model of the primary visual pathway using integrate-and- 
fire neurons to simulate the afferent signal flow (retina, LGN, PGN, VI). In 
the model we observed that the RF-size of cortical cells shrinks 
considerably during a transition from δ-dominated EEG (LGN burst mode) 
to β-dominated EEG (tonic firing mode). Experimental data obtained by 
mapping the receptive fields of cat LGN relay cells and area 17 neurons 
support our hypothesis. In addition, also PGN cells show state-dependent 
changes in the spatial characteristics of their receptive field with a higher 
spatial resolution and signal-to-noise ratio during the desynchronized than 
during the synchronized state.
Supported by the HFSP and by the Deutsche Forschungsgemeinschaft (SFB 
509/A2).

59.8

M O D E L IN G  N A T U R A L  V IS IO N  IN  A R E A  V 1 N E U R O N S
W. E. Vinje1* and J. L. Gallant2. 1Dept. Molecular and Cellular Biology, 2Dept. 
Psychology, University o f California Berkeley; Berkeley, CA, 94720.

During natural vision V 1 neurons receive a complex, broadband time-varying 
input. How well do the models developed using simpler stimuli account for the 
responses observed under these complex conditions, and in what ways can they be 
improved? To address these issues we are developing a computational model V1
neurons. The model is assessed by comparing its performance to the responses of 
area V 1 cells under conditions simulating natural vision. To simulate natural vision 
we construct review movies that mimic the stimulation occurring during free viewing 
o f natural scenes. The movies are replayed in and around the classical receptive field 
(CRF) while the animal performs a fixation task.

The model currently includes both a space-time separable CRF energy mechanism 
and a non-classical gain control mechanism that encompasses the nearby surround. 
Thus far the model has been applied to 11 area V 1 cells of 2 macaques. Model 
parameters were fit to minimize the least squares difference between the model’s 
predictions and the average responses o f each cell. For the CRF energy mechanism 
considered alone the average correlation between the model and data was 0.43 (range
0.19 to 0.80). When the suppressive surround mechanism was added the average 
correlation increased slightly to 0.51 (range 0.25 to 0.83). The model’s performance 
was good for 3 cells, fair for 5 cells and poor for 3 cells.

In the future we will examine a space-time inseparable CRF energy mechanism that 
should account for the responses o f directionally selective cells. We will also 
evaluate oriented surround mechanisms that are sensitive to local texture contrast. 
Saccadic transitions in our review movies often produced brisk phasic responses, but 
the current model has difficulty reproducing these transients. Therefore we will also 
include mechanisms that confer more sophisticated temporal dynamics.
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59.9

DYNAMICS OF SPA TIO-TEM PORAL R E C EPTIV E FIELD ORGANIZA 
TION IN A MODEL NETW ORK OF SIM PLE CELLS. N. Gazères*, L. Borg- 
Graham, and Y. Frégnac IAF, CNRS, 91198 Gif-sur-Yvette, France.

We explored a simple scheme of correlation-based connectivity to address the 
role of cortical wiring and intrinsic cellular properties in the spatial segregation 
of ON/OFF responses in a network of Simple cells: 500 m ulti-com partm ent ex
citatory and inhibitory neurons with detailed channel kinetics (e.g. INa, ICa(N), 
Ik(DR), Ia , Ic t , Id ) were interconnected according to the overlap and relative 
polarity of their subfields. In cells with overlapping subfields, the geniculo- 
cortical wiring imposed on average a 25% correlated input. Geniculate spike 
trains were sim ulated by gam m a renewal processes. GABAA inhibition was 
somatic and proximal, with Erev=-75 mV; geniculate and intracortical AMPA 
synapses were som atic and dendritic, with Erev= 0  mV. The O N /O F F  organiza 
tion of receptive fields (RFs) was assessed by com puting spatio-tem poral m aps 
(Palmer and Davis, 81). Sim ulations show the excitatory and suppressive ON 
and OFF domains typical of Simple RFs, with a spatial layout sim ilar to the p a t 
tern of the geniculate afferents. Simulations w ithout ON -inputs show a strong 
reduction in ON-responses, the loss of antagonistic inhibition in OFF-subfields, 
a rise in spontaneous activity and a slight decrease in O F F responses, in agree 
ment with Sherk and Horton (84). T im e slice analysis shows th a t the first evoked 
spike in most cortical cells is of geniculate origin. S tructured intracortical re 
verberation then produces excitatory and inhibitory feedback on each cell with 
a net effect either confirmatory or suppressive. This model extends Douglas et 
al.’s (95) conclusions on the role of recurrent feedback: Local recurrent excita 
tion and inhibition 1) amplify the effect of the feedforward drive, 2 ) m ake the 
ON/OFF cortical response less sensitive to the variability of geniculate input 
and 3 ) strengthen synchronization in the local cortical cell assembly.

NG is supported by FRM and LBG by a CNRS Fellowship. This work was 
funded by grants to YF from GIS-Cognisciences and HFSP-RG0103/1998-B.

59.11

M O D ELIN G  N E U R O N A L  N E T W O R K S  IN C O R T E X  BY R A T E  M O D 
ELS U SIN G T H E  C U R R E N T -F R E Q U E N C Y  R E S P O N S E  P R O P E R T IE S  
OF C O R T IC A L  C E LLS. O . S h r ik i1 ,  D. H an se l2 an d  H. S o m p o lin sk y 1*.
1 R acah In s t i tu te  o f Physics an d  C e n te r  for N eural C o m p u ta t io n , T h e  He
brew U niversity , Je ru sa le m , Israel 91904; 2C e n tre  de P hy siq u e  T h éo riq u e  
UMR 7644 C N R S, Ecole P o ly tech n iq u e, P a la iseau , F ran ce  91128.
C ortical n eurons response  to  in jec ted  c u rre n ts  is well a p p ro x im ate d  by 

sem i-linear cu rren t-freq u en cy  (I-F )  curves. T h is  p ro p e r ty  is su rp risin g  
since th e  n eu ro n a l spike firing involves, in gen e ra l, h ighly no n -lin ear p ro 
cesses. W e exp lo re  th e  orig in  of th is  lin ea rity  in th e  fram ew ork  o f single 
co m p artm en t co n d u c tan ce -b ased  n eu ro n a l m odels. T h e  d y n am ics  involves 
a  leak c u rre n t,  H odgkin-H uxley  p o tass iu m  an d  so d ium  c u rre n ts  an d  an  A- 
cu rren t. In th e  absence  o f th e  A -c u rre n t, th e  n eu ro n  has  a  no n -lin ear I-F 
curve, which e x te n d s  con tin u o u sly  dow n to  zero  frequency. W e show th a t  
the  ad d itio n  o f a  sufficiently  slow A -cu rren t linearizes th e  I-F  cu rve. C onsis 
ten t w ith  e x p e rim e n t, chan g in g  th e  leak c o n d u c ta n c e  of th e  m odel neuron  
resu lts in a  s u b tra c tiv e  effect: th e  rh eo b ase  sh ifts  by an  am o u n t roughly  
p ro p o rtio n a l to  th e  c o n d u c ta n c e  change, w hereas th e  change  in th e  gain  is 
relatively sm all. T h e  s te a d y  s ta te  resp o n se  p ro p e rtie s  o f co n d u ctan ce- 
based n e tw orks, co n sis tin g  o f n eu ro n s w ith  th e  above  fea tu re s , can be 
described by a  sim plified ra te  m odel. W e app lied  th is  m eth o d  to  s tu d y  
analy tically  th e  c o n d u c tan ce  changes due  to  sy n a p tic  in p u ts  in a  recu rren t 
netw ork , th a t  co n ta in s  b o th  e x c ita to ry  an d  in h ib ito ry  p o p u la tio n s , driven  
by an ex te rn a l s tim u lu s . T h e  resu lts  a re  useful for th e  ana lysis  o f con  
d u c tan ce  changes, th a t  a re  m easu red  in co rtica l n eu ro n s d u rin g  sensory  
s tim u la tio n , for exam ple  in th e  p r im a ry  visual co rtex . Supported by Israel 
Science Foundation under grant no. 162/96 and by a grant from  the Israeli 
M inistry o f Science and the French M inistry o f Science and Technology.

59.13

FORM FOLLOWS FUNCTION - POPULATION REPRESENTATION OF 
A BAR-SHAPED STIMULUS IN VISUAL FIELD COORDINATES 
RECORDED IN CAT STRIATE CORTEX.
D. Jancke*, W. Erlhagen, H.R. Dinse. Institut für Neuroinformatik, Theoretische 
Biologie, Ruhr-Universität Bochum, Germany.

It is commonly accepted that selectivity for oriented bars is one of the basic feature 
attributes of neurons in primary visual cortex. Nevertheless, it is still unclear how the 
generation of this specifity is particularly balanced by feedforward and intracortical 
processing streames.
To throw a different light on the ongoing debate, our approach does not ask for 
anatomical extents of inhibitory and excitatory neural relationships in terms of 
intracortical or cortico-subcortical connections which may mediate orientation 
selectivity. Instead, we analyzed the functional range of neural interaction processes in 
an alternative coordinate system of the observed stimulus space: the central visual field. 
A bar-shaped stimulus, 3.2 * 0.4 degree, was presented horizontally in the foveal 
representation of area 17 of anaesthetized cats. Our procedure then allowed the 
construction of a spatio-temporal pattern of activation at the population level, which was 
parametrically visualized as an activity distribution in visual field coordinates. The time 
resolved analysis of this activity distribution was based on the responses of 87 neurons 
and showed a characteristic deviation from a simple geometric mapping of the form of 
the oriented stimulus: 70 ms after stimulus onset, only the end points of the bar were 
represented, indicating that probably long-range inhibitory forces account for the 
observed effect. This can be interpreted within a neural field model that takes advantage 
of the description of the data in stimulus metrics. The crucial parameters are assumed to 
be the proportions of the spatial ranges as well as the time constants of the underlying 
interaction processes. In the model the function of single neurons is governed by the 
distribution of excitatory and inhibitory interneural connections within the regarded 
stimulus space.

59.10
TOWARDS A BIOLOGICALLY REALISTIC SELF-ORGANIZING MODEL 
OF DIRECTIONALLY SELECTIVE CIRCUITS IN STRIATE CORTEX. F. J. 
Corbacho*, M. A. Sánchez-Montañés, J. A. Sieüenza. Dept. Ingeniería 
Informática, Universidad Autónoma Madrid, 28049 Madrid (SPAIN).

Our point of departure is the canonical microcircuit developed by Douglas 
and Martin (1991). They proposed a model of microcircuits in the cat visual 
cortex which explains why it is so difficult to detect inhibition with non-preferred 
stimuli. The delicate tandem formed by the inhibitory and excitatory signals 
explains why the less the intracortical excitation, the less input activates the 
smooth population, which in turn, exhibits less inhibition. We have incorporated 
this microcircuit within a macrostructure composed of several minicolumns 
(DeFelipe, 1997). We have also improved the thalamic input dynamics (Ribadulla 
& Cudeiro, 1997). Initially we wire up the cells in the cortical area with 
biologically plausible synapses in a locally random fashion that corresponds to the 
pre-developmental state. Then, we elaborate on the work of von der Malsburg 
(1990) on how a set of cells may differentiate during development into a set of 
feature detectors that cover the perceptual feature space. The main feature of the 
organizing scheme is the cooperation and competition amongst neighboring 
groups of cells. We also include an alternative to von der Malsburg's normalizing 
term suggested by Bienenstock et al. (1982). According to their scheme, the 
activity of the cell is kept in check by allowing the LTD-LTP threshold to change 
over time. In general, this threshold is controlled by the overall activity of the cell 
taken over a long period of time. Our model also addresses the development of 
lateral connections and how they affect the self-organization of afferent 
connections (cf. Sirosh & Miikkulainen, 1994). Current and future work includes 
the development of multiple maps of different modalities within the same 
undifferentiated cortical structure (cf. Obermayer et al„ 1992) within a 
biologically realistic framework. (Supported by UAM University Funds).

59.12

HEEGER’S NORMALIZATION AND IDEAL OBSERVER.
S. Deneve1*, P.E. Latham 2 and A. P ouget1, 1G eorge tow n University, 
W ashington, DC 20007 and 2 U C L A, Los Angeles, CA 90095-1763

Gain control by divisive inhibition in V1 has been shown to account for 
both simple and complex cell non-linear response properties (Heeger, Vis. 
Neurosci. 1992) and recently for hum an psychophysics. We explore in this 
study the sta tistical properties of this norm alization in the presence of noise.

We sim ulate Heeger’s norm alization with a two layer network. The first 
layer, corresponding to  the “underlying linear stage” , is composed of units 
broadly tuned to  orientation and spatial frequency at a  particu lar retinal 
location and linearly gain-m odulated by the contrast. These units project to 
an interconnected layer which pools and normalizes the  activities locally. The 
transfer function on the second layer is assum ed to  be a half-wave rectification 
followed by squaring, as originally proposed by Heeger.

W hen a noisy LGN in p u t-w ith  Poisson or Gaussian noise-is clamped 
transien tly  on the input layer, the ou tpu t is a stable hill whose m aximum 
gives an estim ate of orientation and spatial frequency. We found th a t the 
variance of this estim ate is very close to  the  smallest achievable variance 
given the noise in the  LGN input. Thus, the norm alization is equivalent to 
an ideal observer. Moreover, only one or two iterations are required to  reach 
the m inim al variance m aking this m echanism particularly  fast. Using s tan 
dard  linearization techniques, we have confirmed analytically th a t Heeger’s 
norm alization is indeed a  close approxim ation to  an ideal observer and th a t 
this result generalizes to  a  large class of non linear activation functions. This 
work suggests th a t every layer in the cortex could be an ideal observer of the 
activity  in the  layer below.

AP supported by DOD grant DAMD17-93-V-3018.

59.14

A MODEL OF DIRECTION SELECTIVITY IN MACAQUE V1
BASED ON THE MORPHOLOGY OF THE MEYNERT CELL.
R. P. N. Rao1*, T. J. Sejnowski1, and M. S. Livingstone2. 1Computational Neuro
biology Lab, The Salk Institute, 10010 N. Torrey Pines Road, La Jolla, CA 92037 
and 2Department of Neurobiology, Harvard Medical School, Boston, MA 02115.

A recent physiological study has suggested a relatively simple model for 
the genesis of directional selectivity in V1 of alert fixating macaque monkeys 
(Neuron, Vol. 20, 1998). In this model, which is inspired by the morphology of 
Meynert neurons in layers 5/6, the inhibitory inputs to a direction-selective cell 
are assumed to be located primarily on or near the soma while the excitatory 
inputs are assumed to be located mainly on the elongated basal dendrite(s) of 
the cell. We have constructed a compartmental model based on the structure of 
a Meynert cell described by Valverde (Cerebral Cortex, Vol. 3,1985, p. 244). The 
model neuron included a low density of Na+ channels in the soma, basal and 
apical dendrites and a higher density in the axon. The axon and soma also con
tained fast K+ channels, which were excluded from the dendrites. The dendrites 
contained high voltage-activated Ca2+ channels and slow calcium-dependent 
and voltage-dependent K+ channels. Inputs to the soma were inhibitory, 
involving both fast GABAA and slower GABAB synapses, while inputs along 
the long basal dendrite were excitatory, involving AMPA and NMDA synapses. 
When stimulated, the model neuron generated direction selective responses, 
the preferred direction of stimulation being from the distal end of the dendrite 
towards the soma. Removal of GABAB synapses resulted in the loss of direction 
selectivity, suggesting a role for these synapses in mediating the delayed inhi
bition required by the model. Our current efforts are focused on investigating 
the role of mechanisms such as synaptic depression in explaining the shifting 
excitatory response time course exhibited by some direction-selective neurons. 
Supported by the Sloan Foundation, HHMI and NIH grant RO1 EY10203.
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5 9 .1 5

A MODEL FOR THE DEPTH-DEPENDENCE OF BASIC RESPONSE PROPER 
TIES IN LAYER 4C OF MACAQUE STRIATE CORTEX: ROLE OF INTRACOR 
TICAL RECURRENT CONNECTIONS
U. Bauer1, M. Scholz2, J. B. Levitt3, J. S. Lund3*, K. Obermayer2 1 Neuroinformat 
ics Group, University of Bielefeld;  2 Dept. of Computer Science, TU Berlin; 3 Inst. 
of Ophthalmology, UC London.

Layer 4C in macaque striate cortex is of particular importance since subdivisions 
4Cß  and 4Cα are the principal recipient zones of the parvo- (P) and magnocellular 
(M) thalamic relays. The spiny stellate cells of layer 4C however show a gradual 
increase in receptive field size and achromatic contrast sensitivity from the bottom 
to the top of the layer. Recently we have proposed a model of geniculocortical in 
formation transfer which suggests that the postsynaptic spiny stellate neurons might 
interpolate between the P- and two hypothesized M-channels (M2+M1) in depth of 
layer 4C. The merger of physiological distinct pathways in depth of layer 4C how 
ever is also associated with different intralayer lateral projection patterns of the spiny 
stellate cells accompanied by a change of inhibitory strategy in depth of the layer. 
Using a computational model which is based on realistic afferent input and intracorti 
cal connectivity we now demonstrate that part of the observed changes can also arise 
from differences in the overall balance between recurrent excitation and lateral inhi 
bition. In this respect, lateral recurrent excitation must become more effective with 
rise in depth of layer 4C, and lateral inhibition must have highest threshold and gain 
in upper 4Cα. The anatomical substrate of recurrent excitation are the lateral projec
tions of spiny stellate cells which widen markedly toward the top of layer 4C. As the 
anatomical substrate of differential inhibition we suggest the ’’clutch” cell in lower 
and mid 4C and an identfied wide arbor basket cell in upper 4Cα which replaces the 
clutch cell as a somatic inhibitor.
Supported by a DFG scholarship (GK23l), MRC9408137, Wellcome Trust 
050080/Z/97 and DFG grant Ob 102/2-1.

5 9 .1 7

CELL POPULATION INTERACTIONS AS THE BASIS FOR 
RECEPTIVE FIELDS. Valerie Gremillion.* University Laboratory of 
Physiology, University of Oxford,Parks Road, Oxford 0X1 3PT 
A fundamental concept of neuroscience is that of the single cell receptive 
field as the basis of the feature detection. Here, it is the 'best' response of 
the cell, and the stimulus that induces the cell's highest firing rate, that 
are relevant for information encoding. However, this view is not helpful 
in understanding how the behavior of subsequent cells is generated, 
since the 'best' stimulus for the postsynaptic cell does not usually 
strongly activate the presynaptic cell. Using a realistic 3D model of the 
early visual system of the cat from retina to primary visual cortex, we 
show that the 'best' stimulus is not the only relevant stimulus, either for 
the specific cell in question or for its postsynaptic targets. In fact, for a 
postsynaptic cell to be activated at its maximal firing requires that its 
individual inputs not be firing at maximal - both because they are 
responding to different 'features' and because it is a population, not a 
single cell, response that is required to activate most post-synaptic cells. 
These findings indicate that 1. Below-maximal firing is equally if not 
more important than maximal firing to recipient cells. 2. The spike trains 
of inputs may need to be seen in the context of their neighbors in order 
to understand the information encoding/processing that those cells are 
performing. 3. This context dependence helps define specific 
structu re/function units by their position in the circuitry; such 
populations may have important implications for the interpretation and 
encoding of information in the visual pathway.

5 9 .1 9

TESTING MODELS OF DIRECTION SELECTIVE VISUAL 
CORTEX NEURONS: ANALYSIS WITH DENSE NOISE.
C.L.Baker Jr.* McGill Vision Research, Dept, of Ophthalmology, 
McGill University, Montreal, Canada.

Direction selectivity in visual cortex neurons is conventionally 
understood in terms of a receptive field model having linear 
summation of responses whose latency (or phase) varies with position 
(“space-time orientation”), followed by a threshold and a power-law 
gain factor. This as well as alternative candidate models were 
simulated in comparison to real data from simple type direction 
selective neurons in cat visual cortex (A 17/18), using a dense noise 
stimulus and a cross-correlation analysis method. Results were 
summarized in 2  kinds of plots, 1 st order maps of linear 
spatiotemporal summation, and 2 nd order plots of nonlinear 
interactions. Some neurons showed a corresponding space-time 
orientation in both 1 st and 2 nd order plots, characteristic of 
conventional linear models. However other directional neurons 
showed little or no 1 st order orientation, and their 2 nd order plots 
were inconsistent with a linear model. The pattern of such results 
could be produced by a “linear gating” model in which the responses 
of transient, non-lagged cells are nonlinearly facilitated, or gated, by 
the rectified response of sustained, lagged cells. A variety of other 
candidate models gave 2 nd order plots not observed in cortical 
neurons. Correlation analysis with dense noise stimuli provides a 
powerful “fingerprint” to reveal differing mechanisms of direction 
selectivity in different cortical neurons, which can be matched to 
alternative models.
Supported by Canadian MRC grant MA 9685.

5 9 .1 6

MODELING CONTRAST ADAPTATION IN THE VISUAL 
CORTEX VIA REDISTRIBUTION OF SYNAPTIC EFFICACY
P. Adorján1, J. B. Levitt*2, and K. Obermayer1 1FR2-l, Fachbereich Informatik, 
Technische Universität Berlin 10587, Germany; 2Dept. of Visual Science, Institute 
of Ophthalmology, UCL London, UK

The contrast response function of many neurons in the primary visual cortex sat
urates, and shifts toward higher contrast values following prolonged presentation of 
high contrast visual stimuli. The adaptation has a stronger effect on the unmodulated 
(DC) than on the stimulus modulated (F1) component of the postsynaptic membrane 
potential. Current models assume that lateral inhibition plays a key role in satura
tion and adaptation, while recent experiments indicate that adaptation is due to the 
decrease in tonic excitation rather than the increase in tonic inhibition (Carandini & 
Ferster 1997). We present results of a modeling study, which is consistent with this 
finding, using a recurrent neural network of excitatory spiking neurons with synapses 
exhibiting plasticity which includes a fast and a slow dynamic component. The fast 
component (Tsodyks & Markram 1997) is due to the utilization of a certain ratio of 
the synaptic resources after a presynaptic spike. The slow plasticity component is 
modeled by changing the utilization ratio according to an anti-Hebbian dynamics. 
We show that saturation in the contrast response function is a consequence of short 
term synaptic depression. In contrast to previous approaches, we suggest that contrast 
adaptation is triggered by the redistribution of the synaptic efficacy in the geniculo
cortical synapses, and it is affected only indirectly by short term synaptic depression. 
Our model predicts that the utilization ratio decreases during the presentation of a 
high contrast stimuli, which results in adaptation, i.e. in a decrease of synaptic sensi
tivity to low presynaptic firing rates. It follows that the model predicts that adaptation 
modifies mainly the response to the DC component of the geniculate input, and that 
cortical cells use the background geniculate activity to amplify the stimulus related 
signal at low contrasts. The F 1 component in the postsynaptic firing rate changes due 
to the rectification at the spike generation, and is amplified by the the recurrent con
nections. Thus the recurrent projections change the stimulus modulated component 
of the membrane potential of the cortical cells, and the magnitude of this change can 
give an estimate of the effective strength of the recurrent input to a cortical neuron. 
(Supported by MRCG, Wellcome Trust and DFG grants Ob 102/2-1, G K 120-2.)

5 9 .1 8

SPARSE NEURAL REPRESENTATIONS LEARNED FROM NATURAL IMAGES 
FORM ORIENTATION MAPS SIMILAR TO MAPS IN AREA V 1. D . G o rin ev sk i,
M.A. Giese* Inst. of Neuroinformatics, Ruhr Univers. of Bochum, 44780 Bochum, F.R.G.

Olshausen and Field [Nature 381, 1996] have shown that basis functions of a sparse 
representation learned from natural images are localized and similar to receptive fields 
(RFs) of simple cells in cortical area V 1. The question arises whether the orientation 
maps in primary visual cortex of higher mammals also result from the principle of 
sparse coding. Given a set of Gabor functions as RFs, we show that the learning a 
sparse neural representation of natural images leads to the formation of periodic spatial 
patterns of preferred orientations. These preferred orientations are ordered in iso-orien
tation domains and singularities, similar to “ice-cube” and “pin-wheels” in primary 
visual cortex. Our learning algorithm is based on the following assumptions:
• Neural network defined by the set of RFs;
• Parametrization of RFs by the preferred orientation, the preferred spatial frequency, 

the size of RFs, and the location of their centers;
• Geometrical distribution of the RFs’ centers based on one-to-one retinotipic mapping
• Representation of the visual scene in the network minimizes a cost function that 

measures the approximation error and the sparseness of coded image;
• Adjustment of RFs` parameters by a training procedure minimizing same cost func

tion.
During training phase, a spontaneous formation of ordered orientation maps takes 

place in the random initial distributions of preferred orientations. The establishing of 
order is driven solely by the statistics of the training images and the cost function, it 
does not necessarily presume any lateral interactions in the network. Nevertheless, the 
resulting geometry of the network is optimal for the purpose of sparse coding of natural 
images. These properties make our model of cortical mapping different from those 
based on self-organizing orientation maps, which require ad hoc designed lateral con
nectivity.

Supported by Deutsche Forschungsgemeinschaft, SFB 509.
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60.1

CORTICAL EFFERENTS TO M ONKEY DORSAL PONTINE 
GREY AND/OR NUCLEUS RETICULARIS TEGMENTI PONTIS 
(NRTP). D.A. Suzuk i1*, K.M. G regory,2 R.A. G iolli,3 K.F. 
Betelak,1 and R.H.I. Blanks3. 1Dept. of Ophthalmology, Indiana 
University; 2 Dept. of Biol. Sci., Calif. State Univ. Long Beach; 
3Dept. of Anatomy & Neurobiol., Univ. of Calif., Irvine, CA 92717

Parallel cortico-ponto-cerebellar pathways exist that are components 
of the neural substrate for smooth-pursuit eye movement control. An 
injection of WGA-HRP was made in the pons of Macaca nemestrina in 
order to determine the cerebral cortical sources for efferents projecting 
to NRTP. NRTP location was determined from stereotaxic coordinates 
and 0.1 µl (0.01 mg) of WGA-HRP was injected over 10 min.

The injection site included portions of the dorsal and dorsal medial 
pontine nuclei (DPN, DMPN) and the rostral one-third of NRTP. The 
observed retrograde labeling confirmed the results of others and 
included MST, LIP, FEF, SEF, and motor cortex (MI). Potentially 
new results are associated with the observed labeling in the cingulate 
gyrus and the cortex dorsal to the cingulate sulcus in the area that 
overlaps the SEF and extends rostral to SEF. Additional labeling was 
observed ventral to the principal sulcus and anterior to the FEF. A 
previously unreported subcortical source of input to one or more of the 
WGA-HRP injected pontine structures is the zona incerta (ZI).

The results are consistent with (i) MI, FEF, and SEF projections to 
NRTP, (ii) LIP and MST projections to DPN, and (iii) pre-frontal (area 
9) cortex and ZI projections to either NRTP, DMPN, or DPN. The 
results support the notion of an NRTP role in eye/head gaze control 
and implicate ocular motor related functions for DPN. Support: EY09082

60.3

THE LOCATION OF M O TO N EU RO N S IN N ERV A TIN G  SLOW  
EXTRAOCULAR EY E M U SC LE FIBR ES IN M O N K EY .
J.A.Büttner-Ennever1*, A .K .E .H orn 1 , H -J.S cherberger2 and V .H enn2.  1 Inst 
Anatomy, Univ. M unich, G erm any; 2N eurology, Univ. Zurich; Sw itzerland 

Extraocular eye m uscles contain ‘fa s t’ and ‘s lo w ’ types o f  muscle fibres, 
but the location o f  m otoneurons innervating each fibre-type is not known in 
monkey. The ‘slow ’ fibres are characterized by their long contraction time, 
and multiple small m otor-endplates along the length o f  the fibre up to the 
distal tendon ( ‘en g rappe’term inals). The ‘fa s t’ fibres have large motor- 
endplates more proxim ally, arranged in d iscrete bands across the muscle 

We injected a  small volume o f  retrograde tracer, e.g.cholera toxin (subunit 
B), into each eye m uscle close to the distal tendon, in separate experim ents 
These injections predom inantly  label groups o f  m otoneurons just outside the 
boundaries o f  the classical abducens (VI). trochlear (IV) or oculom otor (III) 
nuclei The lateral rectus m otoneurons lie around the dorsal, medial and 
ventral perimeter o f  VI, those o f  superior oblique lie in a com pact group, 
dorsal to IV. M edial and inferior rectus m otoneurons are m ainly within the 
dorsomedial C-group o f  III, while superior rectus and inferior oblique cluster 
along the midline betw een III. The perinuclear m otoneurons have a sm aller 
diameter than the m otoneurons w ithin the classical VI. IV and III. which are 
labelled by more proxim al m uscle injections. W e suggest that the perinuclear 
motoneuron groups innervate the ‘s lo w ’ ex traocular m uscle fibres, since the 
tracer was taken up by the m ost distal m otor-endplates. The separation o f 
motoneurons controlling ‘slow ’ and ‘fas t’ ex traocular m uscle fibres has 
important implications for their independent control 
(Supported by the G erm an Research Council SFB 462/B3)

60.5

PRE-SACCADIC RETIC U LA R BU RST N EU RO N  O N -D IREC TIO N S 
ROTATE WITH O C U LA R CO U N TER R O LL IN M O N K EY S.
H Scherberger*, J H Cabungcal, K Hepp, Y Suzuki, D Straumann, V 
Henn. Neurology Dept, Univ of Zurich, CH-8091 Zurich, Switzerland.

In primate gaze control, the superior colliculus encodes the motor 
command for head-fixed saccades in retinocentric coordinates. 
However, during head roll the rotation of on-direction exceeds the 
amount of ocular counterroll, i.e. the motor command in Listing’s 
plane is encoded between an eye-fixed and a space-fixed reference 
frame (Frens et al, Exp Brain Res 1998). Here we investigate the 
rotation of on-direction of pre-saccadic reticular burst neurons during 
head roll in order to specify their coordinate frame.

Macaque monkeys were seated with their head fixed in a turntable 
and put in different static roll positions (up to ± 60°). Three- 
dimensional eye position (dual search coil) and single unit activity 
were recorded during spontaneous eye movements in the light.

In 31 pre-saccadic reticular burst neurons recorded (short-lead and 
burst-tonic), we found a rotation of on-direction in the horizontal/ 
vertical plane in the direction of ocular counterroll (gain: 0.33 ± 0.31). 
The effect was significant in 18 cells (p<0.05), 2 cells showed a 
significant rotation to the opposite direction; none of the cells 
exceeded ocular counterroll. Our data suggest that coordinate frames 
of the majority of recorded burst neurons are oriented between an eye- 
and a head-centered reference frame.

Supported by Swiss National Foundation #31-40484.94

6 0 .2

GOAL DIRECTED M OVEM ENTS EVOKED BY ELECTRICAL 
MICROSTIMULATION OF THE PRIMATE MESENCEPHALIC 
RETICULAR FORMATION (MRF) D.M. Waitzman*, S.R. DePalma, and
V.L. Silakov, U of Conn Health Ctr, Dept of Neurol., Farmington, CT 06030.

Electrical microstimulation (MCS) of the caudal superior colliculus (SC) 
generates combined head and eye movements (EMs). MCS of the ventral- 
caudal MRF which receives afferents from the caudal SC produces 
contraversive variable amplitude saccades (Cohen et al, 1985, Silakov et al,
1995). Systematic variation of initial position (IP) in 10° steps at 20 sites in 
the caudal MRF has now been carried out in 3 head fixed monkeys. EMs were 
evoked using bipolar pulse trains (40-100 µamps, 333 Hz) of 40-400 ms 
duration through tungsten microelectrodes. At 5 dorsal and 10 ventral sites 
only fixed vector (0.5° to 15°) saccades were elicited. At the 5 remaining 
ventral sites evoked saccades converged upon an orbital region or “goal”. 
Contraversive IPs were associated with smaller amplitudes (< 10°) and 
ipsiversive IPs were associated with saccades of >45°. Contraction of neck 
muscles during low current stimulation at 2 of these ventral sites was also 
noted. Reversal of saccade direction (i.e. ipsiversive) during EMs originating 
from the most contraversive IP resulted in saccades whose trajectories were 
curved. Evidence for such “goal” directed EMs suggests that previously 
described variable amplitude saccades may represent activation of a gaze 
signal for the coordinated movement of the head and eyes. Alternatively, the 
ventral-caudal MRF could feedback an “eye position in head” signal (efference 
copy) used to recreate target position relative to the head.

Supported by NIH Research Grant EY 09481.

6 0 .4

SACCADE RELATED ACTIVITY IN PRETECTAL OMNIDIRECTIONAL BURST 
NEURONS. M. Missal1*, P. Lefèvre1,2, S. de Brouwer2 and E. Olivier1. 1Lab. of 
Neurophysiology, UCL 5449, 1200 Brussels. 2CESAME, UCL, 1348 Louvain-la- 
Neuve. Belgium.

In the cat, a group of pretectal neurons are known to discharge at high 
frequency during and after saccades in all directions. Their response may represent an 
efference copy of eye displacement. This suggests that there should be a correlation 
between saccade parameters and discharge pattern, which has not been described so 
far. The aim of this study is to investigate the relationship between the response of 
pretectal omnidirectional burst neurons (OBNs) and saccadic parameters during 
attentive orientation towards a visual target.

The activity of nineteen OBNs was recorded extracellularly in the region of 
the nucleus of the optic tract (NOT) in three head-fixed cats trained to fixate and to 
track a moving target (velocity: 5-20 deg/s). Eye position was monitored with the 
search coil technique. OBNs were identified by their typical burst of activity for 
saccades in all directions. Instantaneous and maximum firing frequencies, as well as 
the number of spikes in the bursts (NS), were measured for each cell. The time lag 
between saccade and burst was evaluated by computing the cross-correlation function 
between the instantaneous firing frequency and velocity profile of the saccade.

The burst of activity always started after the beginning of the saccade; the lag 
varied for each cell (median: 54.7 ms; range: 27.8-76 ms; n=19). A positive correlation 
between saccade amplitude and NS was found (median R: 0.66; range: 0.53-0.85; 
n=l9). Saccadic peak velocity was correlated with maximum discharge frequency in 10 
out o f 19 cells (median R: 0.65; range: 0.6-0.68; n=10). In t hese OBNs, the 
instantaneous firing rate was also correlated with the instantaneous velocity of the eye 
(median R: 0.66; range: 0.48-0.74; n= 10). Better correlations seemed to be related to a 
higher attentional level of the animal, as estimated by the number of trials where the cat 
did succeed in tracking the target.

This suggests that a group of pretectal OBNs provides an efference copy of 
instantaneous eye velocity. In addition, saccade amplitude is coded by the total number 
of spikes in a burst. This signal could be used by the visual system to indicate the 
difference between a retinal stimulation due to displacement o f a visual object and a 
similar stimulation due to motion of the eyes.
Supported by FNRS. FRSM and SSTC (Belgium).

6 0 .6
CHEMICAL ORGANIZATION OF THE RODENT’S ZONA INCERTA (ZI). 
A.W. Tutor1, S. Warren1, and T.P. Ma1,2*. D epartm ents of Anatomy (1) and 
Neurology (2), Univ. of Mississippi Medical Center, Jackson, MS 39216.

In prim ates, the zona incerta may participate in the control of saccadic 
eye movements through an inhibitory projection from the ZI to the superior 
colliculus (SC). Studies of the prim ate ZI have revealed GABAergic and 
glutaminergic neurons. Separate studies in rodents have dem onstrated 
GABAergic and glutam atergic incertotectal pathways. However, no study 
compared the organization of the GABA and glutam atergic pathways. We 
examined alternate sections stained for GABA and for glutam ate in rodents 
and found populations of GABA- and glutam ate-im m unoreactive neurons. 
Similar to the monkey, the overall size of GABAergic neurons was smaller 
than glutamatergic cells. However, there was an overlap between the sizes 
of the two groups of cells. That is, the larger GABAergic neurons had the 
same somatic sizes as the smaller glutam atergic cells. When we stained for 
both GABA and glutam ate in the same section, we found both GABA- and 
glutamate-im munoreactive cells. In addition, there was a small population 
of double-labeled cells in every animal. We injected Fast Blue into the SC to 
examine w hether any of these singly or doubly labeled neurons projected 
there. Consistently, we found putative GABAergic incertotectal cells, 
glutam atergic incertotectal cells, and a very small population of potentially 
doubly labeled GABA/glutamate incertotectal cells. In addition, there was a 
population of incertotectal cells th a t were not labeled for GABA or 
glutam ate. These data are suggestive th a t there may be both GABAergic 
and glutaminergic projections to the SC from ZI. In sum, the ZI is unlikely 
to gate the action of the SC in a simple fashion, but rather, there are 
complex integrative functions within the SC to generate a coherent 
tectoefferent signal. Supported in part by NS32924 (TPM) and a Dental 
School Research Fellowship (AWT).
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6 0 .7

INTEGRATOR CALIBRATION AND SYNAPTIC DRIVE FOR OCULAR 
MOTONEURON RECRUITMENT P. Dean* & J. Porrill Dept. of 
Psychology, University of Sheffield, Sheffield S 10 2TP, England.

Modelling studies suggest that recruitment of ocular motoneurons (OMNs) 
requires differential synaptic drive from position-related premotor neurons. 
Since position-related signals are produced by the velocity-to-position 
integrator, the correct drive to individual OMNs might be determined by the 
neural mechanisms used to calibrate the integrator.

Integrator calibration for horizontal eye movements was modelled by a 
simple linear net, with two premotor neurons driving the OMN pools for 
medial and lateral rectus muscles. Each pool contained 100 motor units, with 
strengths derived from the measurements of Meredith and Goldberg (1986). 
The pools received uniform excitatory input from the premotor neuron with 
the same ON-direction (representing position-vestibular-pause cells), and 
inhibitory input from the unit with the opposite ON-direction (cells in the 
nucleus prepositus hypoglossi). A gradient-descent learning rule adjusted the 
inhibitory weights, using a retinal-slip estimate as an error signal.

Firing-rate slopes for the simulated OMNs increased with threshold, as a 
consequence of the push-pull arrangement of premotor inputs: higher 
threshold units received more powerful inhibitory input. Firing-rate threshold 
became related to motor-unit strength when a noise term, consistent with 
experimental data (Goldstein and Robinson 1986), was added to OMN firing- 
rates. The learning rule suppressed those units making the largest contribution 
to the noise-related error, causing the strongest units to have the highest 
thresholds (size principle). Consequently, the system displayed minimum- 
effort control over the central ±30 deg of the oculomotor range (Dean 1996).

These findings indicate that a learning rule for integrator calibration 
applied to a simple architecture is able to generate important properties of 
OMNs and their motor units.

6 0 .9

DYNAMIC CHARACTERIZATION OF ABDUCENS NEURONS’ DISCHARGES 
DURING SACCADES, Pierre A. Sylvestre* and Kathleen E. Cullen, Aerospace 
Medical Research Unit, Department o f Physiology, McGill University, Montréal, 
Québec, Canada.

The discharges o f abducens neurons (ABNs) in relation to horizontal eye 
movements have been well characterized during slow eye movements (pursuit and 
fixation). Here, we use objective computer-based optimization algorithms (Cullen et al.,
1996) to construct dynamic models o f ABN discharges during saccades.

We recorded extracellularly from ABNs in the alert rhesus monkey during fast and 
slow eye movements. For our population o f neurons (N=22), a first order model 
(model 1: FR = bias + k*E + r*E’ ) was a reasonable predictor of ABN discharges 
(mean VAF = 0.36). Interestingly, the parameters estimated for this model during 
saccades were found to be significantly different from those estimated during smooth 
pursuit: the bias term increased during saccades (176 vs 114 sp/s, saccades vs pursuit), 
while both the position sensitivity (3.54 vs 5.55 (sp/s)/deg) and the velocity sensitivity 
(0.39 vs 1.08 (sp/s)/(deg/s)) decreased. The addition o f an acceleration term to model 1 
only slightly improved our ability to fit ABN discharges (mean VAF = 0.37). Similarly, 
the addition of both an acceleration and a postsaccadic slide terms to model 1 
(model 2: FR = bias + k*E  + r *E’ + u*E’’ + Ts * FR’. where initial conditions were 
taken from the data) provided only a modest improvement in our ability to fit neuron 
discharges (mean VAF = 0.41). As was the case for model 1, the estimated bias of 
model 2 increased during saccades relative to smooth pursuit movements, and estimated 
position and velocity sensitivities decreased. We conclude that: (1) a first order model 
provides a useful estimate o f ABNs discharge during saccadic eye movements, that 
(2 ) switching between upstream pathways which generate slow and fast movements 
could account for the difference in parameters that we observe in our study, which 
suggests that (3) non-linearities in the plant may be more pronounced than previously 
described. (Funded by the Medical Research Council of Canada)

60 .11

TASK DEPENDENT EFFECTS ON THE PERI-SACCADIC FIRING RATES OF 
NEURONS IN THE PRIMATE SUBSTANTIA NIGRA PARS RETICULATA P. W. 
Glimcher* & A. Handel. Center for Neural Science, New York University, New York, 
NY 10003.
In a delayed saccade task monkeys were rewarded for making saccades which shifted 
gaze from a fixation LED to an eccentric target. Many nigral neurons decreased their 
firing rates during this movement. However, the firing rates of these same neurons were 
not modulated before spontaneous movements of similar metrics and dynamics. In most 
of these neurons, there was also little or no modulation in firing rate in association with 
the saccadic eye movements that aligned gaze with the fixation LED at the start of each 
delayed saccade trial. To determine whether nigral firing rates were specifically modu
lated before a task-related movement that yielded a reward, we studied these neurons 
during two additional tasks. In our GO task, a central LED (FIX) was illuminated green. 
After the monkey maintained gaze (+/- 3°) on FIX for 200-800 msec, an eccentric target 
LED (T 1) was illuminated yellow. The monkey held fixation for an additional 400-1000 
msec, then FIX was turned off and the monkey made a saccade that aligned gaze with 
T 1 (+/- 4°). After 150 msec, T 1 was turned off and a second eccentric yellow LED (T2) 
was illuminated. The monkey was required to make a second saccade that aligned gaze 
with T2 (+/- 4°) in order to receive a reward. Our NOGO task, which began when FIX 
was illuminated red, was identical to our GO task, except that the monkey made only 
one movement; he was rewarded for maintaining fixation of T 1 for 500 msec and NOT 
shifting gaze into alignment with T2. Thus, the FIX-to-T1 movement was followed by a 
reward in the NOGO task but not in the GO task. We compared the activity of neurons 
during identical FIX-to-T1 movements in both tasks. The firing rates of most neurons 
were equally modulated under both conditions.
Supported by M H11359 and EY 10536.

6 0 .8

TEMPORAL INTEGRATION BY A SLOWLY INACTIVATING POTASSIUM 
CURRENT IN A SUBCLASS OF NUCLEUS PREPOSITUS HYPOGLOSSI 
NEURONS. M. Serafin1*, P. Fort2, N . Vibert3, P.P Vidal3 and M. Mühlethaler1. 1Dept. 
de Physiologie, CMU, 1211 Genève 4, Suisse; 2Dept. de Médecine Expérimentale, 
INSERM, Lyon, France; 3L.N.R.S., CNRS ESA 7060, 75006 Paris, France.

Neurons of the nucleus prepositus hypoglossi (NPHn) convert a velocity signal 
arising from the medial vestibular nuclei into a position signal which is essential in gaze 
stabilization. The mechanism of integration involved in such a transformation remains 
unknown at the cellular level. In a previous study we have demonstrated in vitro the 
presence of four electrophysiologically distinct cell types in the NPH (A (n=22, 11.9 
%), A+clusters (n=42, 22.7 %), B (n=92, 49.7 %) and B+LTS (n=29, 15.7 %) NPHn). 
In the present study, we have injected these different cell types with neurobiotin, and 
described their morphological characteristics and their respective distribution 
throughout the nucleus. We thus found that one type of cells, type A+clusters NPHn, 
which represent the second most important population within the NPH, is distributed 
along a caudo-rostral gradient, being more likely found in the rostral rather than the 
caudal pole o f the nucleus. Interestingly in vivo, such a caudo-rostral gradient has been 
shown for the proportion of position-sensitive cells with respect to velocity-sensitive 
ones (Escudero et al. 1992). In addition, type A+clusters cells possess a slowly 
inactivating potassium current (ID; Storm, 1988) which is highly sensitive to 4- 
aminopyridine (<lOOµM) and which can best be revealed when the cells are 
depolarized by long-lasting current steps delivered from a hyperpolarized holding 
potential. The activation of this current first delays the Firing of the cell then, as it 
progressively inactivates, enables a gradual increase o f their firing frequency. Such a 
property could underlie the mechanism of integration sought at the cellular level in the 
NPHn. The question then arises as to what in vivo could maintain these cells 
hyperpolarized in order to enable the process of integration during waking. 
Pharmacological experiments clearly indicate that during this state of vigilance type 
A+clusters cells might indeed be maintained hyperpolarized, as they are always 
inhibited by serotonin and noradrenaline (supported by Swiss NSF).

6 0 .1 0
RESPONSE PROPERTIES OF NEURONS IN THE PRIMATE SUBSTANTIA NIGRA 
PARS RETICULATA DURING A DELAYED SACCADE TASK A. Handel* & P. W. 
Glimcher. Center for Neural Science, New York University, New York, NY 10003. 
The firing rate of neurons in the substantia nigra pars reticulata (SNr) was recorded 
while monkeys successfully performed 50-400 trials of a delayed saccade task. The 
monkey sat facing a 40 deg by 40 deg grid of LEDs spaced at 2 deg intervals. After the 
monkey fixated the central LED for 200-800 msec, one of the eccentric LEDs, chosen at 
random, was illuminated. After the monkey maintained fixation for an additional 200- 
1000 msec the central LED was turned off. The monkey was rewarded after making a 
saccade that aligned gaze with the eccentric LED. For each trial we measured the hori
zontal and vertical amplitude of the saccade and the firing rate of the neuron during i) a 
200 msec interval before the onset of the target ii) a 100-300 msec interval after the 
onset of the target iii) a 150 msec interval beginning 100  msec before the saccade and 
iv) a 200 msec interval before the onset of reinforcement. From these data we generated 
4 graphs for each neuron that plotted the firing rate during each of the measured inter
vals as a function of the horizontal and vertical amplitude of the saccade. We then fit 
each three dimensional graph with a plane and used the parameters of these fits to sepa
rate the neurons into descriptive clusters. One cluster contained neurons with response 
properties similar to those originally described by Hikosaka and Wurtz (1983): a 
decrease in firing rate after the illumination of a contralateral target and/or before the 
onset of a saccade to that target. However, this cluster was large and diverse; for exam
ple, it also contained neurons that showed decreases in activity on all trials during one 
of our measured intervals. The firing rate of all neurons in a second cluster decreased 
during all intervals, irrespective of the metrics of the movement, and reached a mini
mum just before the time of reinforcement. A third cluster was identified that contained 
neurons whose firing rate typically increased for contraversive movements and 
decreased for ipsiversive movements.
Supported by M H11359 and EY 10536.

6 0 .1 2

RELATIONSHIP OF PEDUNCULOPONTINE TEGMENTAL NUCLEUS 
NEURON ACTIVITY TO SACCADE INITIATION IN MONKEYS. Y. 
Kobayashi*, T. Isa, M. Yamamoto and H. Aizawa. Department of Integrative 
Physiology, National Institute for Physiological Sciences, Myodaiji, Okazaki, 
Aichi 444-8585, Japan.

Our previous experiments showed that microinjection of an acetylcholinergic 
agonist nicotine into monkey superior colliculus (SC) has facilitatory effects on 
saccade initiation, especially on generation of express saccades. The 
pedunculopontine tegmental nucleus (PPN) is known to provide major 
acetylcholinergic input to the SC.
We studied the activity of PPN neurons in two Japanese monkeys (macaca 

fuscata) during visually guided saccade tasks and analyzed their relationship to 
saccade initiation. Monkeys were trained to make two types of visually guided 
saccades toward the targets on the screen after the central fixation; 1) with 170 
ms time gap between the fixation point offset and appearance of saccadic target 
and 2) without time gap.
Two subsets of neurons were found in PPN. One subset of PPN cells showed 

gradually increasing activity during gap period and phasic activity preceding 
saccade execution. During the block in which monkeys made saccades to a 
single target location and produced express saccades, the activity during gap 
period was significantly enhanced. Another subset of PPN cells showed tonic 
discharge at about 100 spikes/s during active fixation and pause during 
execution of saccade. During gap period the discharge rate decreased. These 
cells might be involved in the control of visual fixation or suppression of saccade. 
These results suggest that discharges of PPN neuron control initiation of 
saccade. Supported by grants from Ministry of Education, Science and Culture 
of Japan and CREST, Japan.
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60.13

NICOTINIC FACILITATION OF SIGNAL TRANSMISSION IN THE LOCAL 
CIRCUITS OF THE RAT SUPERIOR COLLICULUS. T. Isa*, T. Endo & Y. Saito. 
Department of Integrative Physiology, National Institute for Physiological Sciences, 
Myodaiji, Okazaki 444-8585, JAPAN

It is well known that the intermediate layer (SGI) of the mammalian superior 
colliculus (SC) receives abundant acetylcholinergic innervation from the 
pedunculopontine and dorsolateral tegmental nuclei, however, its role in the control 
of visuo-motor coordination is not understood. In the present study, we analyzed the 
effects of acetylcholine agonist nicotine on the SGI neurons and signal transmission 
in the local circuits of the SC using whole-cell patch clamp recording technique in 
slice preparations obtained from 17- to 22-day old rats. Bath application of 1 -  100 
µM nicotine induced inward currents and depolarization in the SGI neurons including 
tecto-reticular cells which were identified by retrograde labeling with dextran- 
conjugated Texas Red injected into the contralateral paramedian pontine reticular 
formation 2 - 5 days before the experiment. The nicotine-induced current was 
observed under the presence of 5 µM CNQX, 25 - 50 µM APV, 10 µM bicuculline, 
200 nM strychnine and 0.25 -  1 µM TTX, which indicated that the nicotine directly 
activated the nicotinic receptors in the SGI neurons. The nicotine-induced current 
showed inward rectification and was blocked by 10 µM dihydro-β -erythroidine and 
10 µM mecamylamine, but resistant to 100 nM α-Bungarotoxin and 50 nM 
methyllycaconitine. The IC50 of nicotine was 12.7 µM. Application of 1 -  10 µM 
nicotine remarkably enhanced polysynaptic EPSPs induced in SGI neurons by 
stimulation of the optic tract (OT). Subthreshold EPSPs often started to generate 
bursts of spikes after nicotine application. The EPSPs were known to be mediated 
by neurons in the superficial layers. These results suggested that depolarization of 
SGI neurons caused by nicotine resulted in enhancement of transmission in the 
polysynaptic pathway from the OT to the SGI neurons. In conclusion, the 
acetylcholinergic input to the SGI can enhance the signal transmission in the direct 
visuo-motor pathway in the SC by activation of nicotinic receptors.
Supported by Grants from Ministry of Education, Science, Culture of Japan, and 
CREST, Japan.

60 .15

DISCHARGE OF FASTIGIAL NUCLEUS NEURONS IS ALTERED 
DURING ADAPTIVE MODIFICATION OF SACCADE SIZE. Charles A. 
Scudder*, Dept. Otolaryngology, Univ. Pittsburgh, Pittsburgh, PA. 15213.

Saccade accuracy is known to be maintained by adaptive (plastic) 
mechanisms that are thought to reside in the cerebellum. As part of an effort 
to identify these plastic mechanisms, this study examined the neural 
correlates of the adaptive changes in saccade size by recording from neurons 
in the fastigial nucleus (FN) as saccade size was being modified. Increases 
and decreases in saccade size were induced in trained monkeys over .5-3 hrs 
by weakening the medial and lateral rectus muscles of one eye and patching 
the normal or weakened eye, respectively, on different days.

Saccade-related neurons in the FN exhibit bursts preceding contraversive 
saccades, which are thought to contribute to agonist motoneuron activity, and 
bursts preceding the end of ipsiversive saccades, which are thought to 
promote saccade termination. The most robust changes during adaptation 
were in the time of burst onset for ipsiversive saccades, which occurred 
earlier as saccade size decreased, and later as saccade size increased (1.7 ± 
3.2(SD) ms/deg-change, N=2l). Peak burst frequency changed somewhat, but 
not significantly across units, for saccades of either direction. Number of 
spikes during contraversive saccades changed significantly (0.55 ± 0.4l(SD) 
spikes/deg), but this appeared to be mostly secondary to changes in saccade 
duration. That is, this was not the causal neural change. The primary causal 
neural change, at least in these short-term experiments, appeared to be the 
control of saccade duration by FN-induced modification of saccade 
termination. EY-09210

6 0 .1 7

SACCADES EVOKED BY ELECTRICAL MICROSTIMULATION OF THE 
FASTIGIAL SACCADE-RELATED AREA IN THE HEAD-FIXED MONKEY. 
Laurent Goffart, David L. Sparks & Rimas P. Kalesnykas*. Division of Neuroscience, 
Baylor College of Medicine, One Baylor Plaza, Houston TX 77030, U.S.A.

The caudal fastigial nucleus (cFN) is considered to be the main output nucleus by 
which the cerebellum influences the brainstem saccadic generator. Its inactivation by 
muscimol impairs the metrics, the kinematics and the dynamics of all saccades. The 
electrophysiology shows for some cFN neurons a burst of activity in association with 
the production of a saccade, irrespective of its amplitude and direction. The electrical 
activation of the cFN inhibitory afferents, originating from the vermal cortex, induces 
an ipsiversive saccade whereas excitation of its efferents projecting towards the 
brainstem induces a contraversive saccade. To further understand the influence of the 
cFN activity on the brainstem saccadic system, we studied the effect of manipulating 
the parameters of microstimulation (frequency and duration, current being fixed) on 
the characteristics of saccades evoked by the electrical activation of the cFN.

High frequency (300-800 Hz) microstimulation evokes an ipsiversive saccade with 
an amplitude which depends on both frequency and duration of stimulation. This 
saccade is followed by a rapid eye movement (200-500 deg/s) directed toward the 
opposite side (rebound). For a fixed frequency of stimulation, the interval between the 
two eye movements decreases with shorter stimulation duration. For a fixed 
stimulation duration, the interval decreases with lower stimulation frequencies. This 
interval can be as short as zero ms so that the two movements are fused. At a lower 
frequency of stimulation (100-200 Hz), the ipsiversive saccade is no longer triggered. 
Only a contraversive saccade is produced: its latency follows stimulation offset by 20- 
60 ms and its amplitude, mostly horizontal, can vary considerably (range: 5-25 deg).

Supported by HFSPO LT58/96 & NIH EY0l 189

6 0 .1 4
ROLE OF THE MEDIO-POSTERIOR CEREBELLUM FOR SACCADIC 
a d a p t a t i o n  in HUMan  M. Desmurget1, D. Pélisson2*, C. Urquizar2, C. 
Prablanc2, G.E. Alexander1 and S.T. Grafton1 ( 1Emory University School of 
Medicine. Dept. of Neurology. Atlanta, GA 30322, USA. 2INSERM U94. Espace et 
Action, 16 av du Doyen Lépine 69500 Bron, France). It is known that the saccadic 
system shows adaptative changes when the command sent to the extraocular 
muscles is inappropriate. Despite an abundance of supportive psychophysical 
investigations, the neurophysiological substrate of this process has not yet been 
identified in humans. We addressed this issue with H215O Positron Emission 
Tomography (PET). Two conditions were contrasted in which human subjects were 
required to perform saccadic eye movements toward a visual target that was 
displaced during the course of the initial saccade (due to saccadic suppression this 
displacement was not consciously detected by the subjects). Eye movement 
kinematics were balanced across the different scans for the two conditions. In one 
condition, the target jump was random in direction and magnitude and no variation 
of saccades amplitude was observed. In a second condition, the target jump was 
uniform from trial to trial and a progressive modification of saccades amplitude was 
detected. Difference images that reflected relative changes in regional cerebral blood 
flow (rCBF) attributable to the process of saccadic adaptation showed a selective 
activation of the medio-posterior cerebellar cortex (p <.001, corrected for multiple 
comparisons). Additional analyses indicated that the subjects who presented the 
largest adaptation rate also exhibited the highest increase in rCBF for this area. No 
significant activation was observed in the frontal eye field, the parietal eye field, the 
supplementary eye field, or the superior colliculus, even for analyses involving a 
threshold of p < .005. These results provides the first direct evidence, in healthy 
human subjects, for a major role of the cerebellum in saccadic adaptation. Although 
consistent with neurophysiological observations in monkeys, this finding was not 
self-evident a-priori knowing that adaptive changes in saccades amplitude present 
fundamentally different psychophysical characteristics in humans and animals.
This research was supported by the US Public Health Service.

6 0 .1 6
CEREBELLAR FLOCCULUS AND PARAFLOCCULUS PURKI NJE CELL 

ACTIVITY DURING RIGHT-ANGLE PERTURBATIONS FROM CIRCULAR 
PURSUIT IN RELATION TO EYE AND RETINAL-SLIP KINEMATICS M
Suh1*, H-C Leung2, RE Kettner3. 1Dept Biomedical Engineering, Northwestern Univ, 
Evanston, IL 60208, 3Dept Physiology & Neuroscience Inst, Northwestern Univ 
Medical School, Chicago, IL 60611 and 2Section of Neurobiology, Yale Univ Medical 
School, New Haven, CT 06510.

In past work, Leung & Kettner (Vision Res 1997) showed that smooth pursuit 
corrections in behavior occur 90 ms after right-angle perturbations from ongoing 
circular pursuit. This agrees with results from other paradigms based primarily on ID 
ramp motions. These new experiments used the same paradigm to study the timing and 
nature of neural responses in the flocculus and paraflocculus related to pursuit 
corrections. Correlations between neural firing rate and the kinematics of (1) eye motion 
and (2) retinal slip error were quantified using a kinematic model of firing rate, R(t -  τ) 
= β + p ∙P(t) + v V(t), developed by Suh et al. (1997) with firing rate R, pure delay x, 
baseline firing rate β, position and velocity vectors P and V, and parameter vectors p 
and v. An acceleration term was not used because it had very little effect on the results.

Regressions based on the kinematics of the eye produced good fits (R2=33%±12%. 
N=43) with small values for τ (6±20 ms). Model parameters were similar to those 
obtained for sinusoidal, circular, and sum-of-sines trajectories supporting the generality 
of the model. Partial R2 values were strongest for eye velocity and somewhat smaller for 
eye position. This agrees with results in other paradigms and supports a tendency 
towards velocity control by the pursuit system. Regressions based on the kinematics of 
retinal slip error fit the firing-rate data less well (R2=1 5%±5%, N=43). Interestingly, 
partial R2 values were much larger for slip position than for slip velocity. This is 
compatible with the idea that flocculus and paraflocculus activity is better related to 
retinal position error than retinal velocity error. Comparisons between the eye motion 
and retinal slip analyses indicate that flocculus and paraflocculus output is most strongly 
correlated with the motion of the eye and that retinal slip plays a lessor role in 
determining firing rate in a paradigm designed to generate retinal slip during ongoing 
pursuit. (Supported by grants MH 48185 and IBN 9723846)
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EVALUATING POSTURAL CONTROL WITH MOVEMENT VARIABILITY. 
P.V. McDonald1,2*, G.E. Riccio2. 1NASA Johnson Space Center, Houston, TX 
77058, 2Nascent Technologies Ltd., Dayton, OH, 45420.
We have argued that body configuration and controlled movement are systematically 
related to patterns of spread and asymmetry in subtle fluctuations of the body and 
body movement. Specifically, increases in the spread (standard deviation) of an 
output distribution suggest a decrease in stability of the system, and increases in 
asymmetry (skewness) suggest a departure from equilibrium. Patterns in these 
fluctuations, such as spread and asymmetry, become defined over intervals of time. 
The rate at which the patterns are observable should be based on the bandwidth of 
the control actions to which they are linked. The bandwidth of postural control, 
based on a linear relationship between postural inputs and outputs, is approximately 
2 Hz. Thus, to measure these patterns, the sampling rate for the raw data-channels is 
reduced, by an order of magnitude or more, by computing ordinary summary 
statistics over successive intervals in the raw data. The premise of the our time-scale 
reduction is that individuals can pick up information about the dynamics of their own 
bodies through observation of the distributional characteristics of their own 
movement variability. This methodology was applied to data acquired during the 
performance of a task requiring concurrent postural and manual control. Quadratic 
response-surface regression was used to describe the effect of postural configuration 
on postural stability and equilibrium. The response surfaces indicate that patterns of 
movement variability are observable over systematic changes in body configuration 
and during interactions with the environment. Moreover, the results show that the 
movement variability influences manual control performance. In summary, the 
measures we have developed for postural stability are sufficiently well-behaved to 
provide “cost functions” that can guide the control of postural configuration, and are 
functionally relevant in that they are systematically related to task-specific 
interactions with the environment.
This work was supported by NASA Contract 199 16 11 48.

6 1 .2

SUBJECTIVE PERCEPTION OF BODY SWAY. M. Schieppati1,2, E.

1 Posture and M ovement Lab, Salvatore M augeri Foundation, 
IRCCS, 1-28010 Veruno (NO); 2Dept. of Experimental Medicine, 
University of Genoa, Via L.B. Alberti 2 ,  I-16132 Genoa, Italy.

The relationship between body sway recorded through a 
stabilometric platform and subjective report of steadiness was 
studied in 20 young (Y) subjects, 20 elderlys (E), 20 neuropathic 
(N) patients and 20 parkinsonians (P) standing upright. Trials 
were performed with feet apart (FA) and together (FT) and eyes 
open (EO) and closed (EC). After each trial, subjects scored their 
performance on a scale from 10 (complete steadiness) to 0 (fall). 
For all subjects and patients, the larger the body sway variables 
(area or path) the smaller the score, the function best fitting score 
vs sway being logarithmic. In spite of the greatly different body 
sway produced by the four groups (N>P≥E>Y) under the various 
conditions (EC > EO, FT > FA), the relationship between sway and 
score was superimposable. In all groups except N, the scores were 
just higher during EO than EC for corresponding body sways. 
This was a sign of perception of greater stability when vision was 
allowed. The findings indicate that the evaluation of perceived 
sway is similar in all subject standing with EC, irrespective of 
postural condition, age, peripheral neuropathy and basal ganglia 
disease, and accurately reflects the actual body sway. This points 
to a common mode of subjective sway evaluation, possibly based 
on an integration of several sensorial inputs. In particular, basal 
ganglia integrity does not appear to play a role in this capacity.

Supported in part by the Italian Ministry of Health

6 1 .3

ANTICIPATORY POSTURAL ADJUSTMENTS IN ASYMMETRICAL 
STABILITY CONDITIONS FOR THE TWO LEGS AND DURING 
ASYMMETRICAL ARM MOVEMENTS. T. Shiratori, M.L. Latash*. 
Dept. of Kinesiology, Penn State Univ., University Park, PA 16802.

Commonly, anticipatory postural adjustments (APAs) during standing 
have been studied using fast, bilateral arm movements that induce 
postural perturbations in a sagittal plane. We studied the ability of the 
central nervous system (CNS) to generate asymmetrical APAs in postural 
muscles of the two sides of the body during fast single arm movements 
in different directions and also during symmetrical, bilateral arm 
movements while the subject was standing with a regular shoe on one 
foot and a roller-skate on the other. The latter manipulation introduced 
an asymmetry in the stability conditions for the two legs. Healthy 
subjects were selected based on their inability to roller-skate. Control 
experiments involved bilateral arm movements while wearing either two 
shoes or two roller-skates. During single arm movements, earlier and 
larger APAs were seen in the muscles of the contralateral side of the 
body. During standing with one or two roller-skate, there was a general 
decrease in APAs supporting previous findings in experiments with 
unstable standing. Standing with only one roller-skate was also 
accompanied by earlier and larger APAs in contralateral postural 
muscles. The asymmetries in EMG patterns were accompanied by 
changes in the early shifts of the center of pressure. In particular, visible 
lateral shifts of the center of pressure were seen during all the 
experiments in asymmetrical conditions. We conclude that the CNS is 
able to modify patterns of APAs in two sides of the body relatively 
independently, based on the expected magnitude and direction of a self- 
gencrate postural perturbation 
Supported in part by an NIH grant NS-35032.

6 1 .5

ARE THERE SPECIFIC WORKING MEMORY DEMANDS OF POSTURAL 
CONTROL? J.L. Davis, M. Majors, J.S. Frank* and F. Allard. Dept. of Kinesiology, Univ. 
of Waterloo, Waterloo, Ontario, Canada N2L 3G 1.

The purpose of this investigation was to examine the specific attentional, i.e. working 
memory, demands of maintaining the common posture of 2-foot stance. There is some 
evidence (Kerr et al., J. Exp. Pschol. 1985) that at least difficult stance postures specifically 
tax spatial working memory. Participants (n = 12; age = 19-26 years) stood on a force plate 
and assumed a comfortable two-foot stance posture. Centre of pressure was recorded for 2 
minutes under four performance conditions which taxed different aspects of working 
memory: 1) no competing cognitive task, 2 ) map route navigation (spatial working 
memory), 3) word categorization (verbal working memory), and 4) random number 
generation (central executive controller). Each of the cognitive tasks also were performed 
while seated to remove the competing demands of postural control.

A change in postural control during standing was observed when participants performed 
the word categorization task, the standard deviation of the centre of presssure (COP) 
displacement over 2 minutes significantly increased by 32% and 83% in the anterior- 
posterior and medial-lateral directions, respectively. The change in displacement of COP 
was not accompanied by a change in mean power frequency of the signal. The map route 
navigation and random number generation tasks did not alter measures of postural control 
when performed while standing. Performance (number of choices and errors) on all three 
cognitive tasks remained unchanged for the seated versus standing postures. The findings 
demonstrate that the very common task o f 2-foot standing does tax working memory. While 
the specific demand appears to be on verbal working memory, a viable alternative 
hypothesis is that posture control taxes the central executive contoller and the familiarity of 
the competing cognitive task determines the magnitude of effect on postural control. This 
could explain the differing findings of this and earlier studies.
Supported by a grant from NSERC.

6 1 .4

THE EFFECT OF STANCE CONFIGURATON ON THE ROLE OF THE 
LOWER EXTREMITIES DURING REACHING. T.R. Kaminski* and S. 
Simpkins. Dept. of Biobehavioral Sciences, Teachers College, Columbia 
Univ., New York, N.Y. 10027
Studies that have focused on the relationship between voluntary arm 
movements and postural adjustments have used only one stance 
configuration - feet parallel. In the present study, the base of support (BOS) 
was varied by having seven healthy subjects stand with their feet in a parallel 
or step stance configuration. In addition, we altered the amplitude of mass 
displacement by having subjects reach and transport a dowel placed at four 
locations, two within and two greater than arm’s length which required 
incorporation of trunk flexion. The displacement of the center of mass (COM) 
and the kinematics of the trunk, right arm and legs were analyzed.

Subjects shifted their COM forward in a similar pattern regardless of 
the stance configuration; there was a progressively larger forward shift as 
target distance increased. However, the two stance configurations resulted in 
the use of different lower extremity movement strategies to perform the 
reaches. When the feet were parallel, the pelvis shifted backward to help 
maintain the COM over the BOS. When the feet were in the step stance 
configuration, the pelvis shifted forward, resulting in the entire body moving 
towards the target. Stance configuration had a statistically significant effect 
on the order of movement termination. On average, the pelvis stopped 
moving before the arm when the feet were parallel and progressively later 
than the arm when feet were in step stance.

W e conclude that stance configuration plays a important role in 
determining the function of the lower extremities when reaching. When the 
feet were in parallel stance and the BOS was small, the lower extremities 
were used to maintain stability. Under the step stance configuration, the BOS 
was larger and inherently more stable. This increase in stability permitted the 
lower extremities to assist in transporting the hand to the target.

6 1 .6

SURFACE HEIGHT EFFECTS ON POSTURAL CONTROL: DOES ORDER OF 
EXPOSURE PLAY A ROLE? A.L. Adkin*, J.S. Frank, and M.G. Carpenter Dept. 
of Kinesiology, Univ. of Waterloo, Waterloo, Ontario, Canada N2L 3G 1.

The purpose of this study was to ( 1) investigate the strategy used by the central 
nervous system to control balance when standing at different heights above the 
ground and (2 ) determine if the order of exposure to surface height differentially 
influences postural control. Participants (n=11; age range=21 to 25 years) stood on a 
forceplate for two minutes with their eyes open and fixated on a target located in 
front of them (6  m) at eye level. The same foot position, established within a box 
with a width equal to the participant’s foot length, was maintained for each trial. The 
forceplate was located 30 cm from the edge o f a platform lift, which could be 
positioned at different heights (40, 100, or 160 cm) above ground level. Participants 
were assigned to one of two groups: Group A: exposure order of 40, 100, 160, 40 cm 
or Group B: exposure order of 40, 160, 100, 40 cm. Measures used to quantify 
postural control were: mean position (MP), standard deviation (SD), and mean power 
frequency (MPF) of the centre of pressure signal in the anterior-posterior direction.

Results demonstrated a change in postural set as surface height increased and this 
change was dependent on order o f exposure. First, for both groups, MP was shifted 
away from the edge of the platform as surface height increased. Second, following 
the first 40 cm trial, increases in SD and MPF values were observed for the initial 
exposure to increased surface height for each group (i.e. 100  cm first or 160 cm first, 
respectively). Third, subsequent trials showed a return toward SD and MPF values 
observed for the initial 40 cm trial for Group A (100 cm first), while these values 
remained high for Group B (160 cm first). The results reveal that surface height 
alters postural set. The level of postural set may be related to the confidence level 
established by the initial surface height exposure.

Research supported by a grant from NSERC Canada.
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61.7

PERFORMANCE OF ANTICIPATORY POSTURAL CONTROL IS 
COMPARABLE ACROSS TASKS FOR INDIVIDUAL OLDER ADULTS. J.J. 
Eng*. School of Rehabilitation Sciences and Program in Neuroscience, University of 
BC, Vancouver, BC, Canada, V6T 2B5.

Anticipatory postural control was evaluated to determine whether changes in 
performance could be identified across different whole body functional tasks for 
individual older adults (> 70 years old). It was hypothesized that the extent of 
postural impairment would be similar within subjects across different tasks. The tasks 
were specifically selected to examine anticipatory postural control o f the lower 
extremities when 1) the focal (prime mover) and postural movements both involved 
the lower extremities (rise on toes while standing) and 2 ) only the postural movement 
involved the lower extremities (bilateral arm raise while standing). Data collection 
included electromyography o f the lower extremities and trunk, segment kinematics 
(optoelectronic system), dual forceplate data and a trigger signal timed with an 
auditory cue. The results revealed that performance o f the two tasks were linked for 
individual older subjects. Postural impairments, including greater variability o f 
response and altered timing/sequencing o f muscle activation were similar within 
subjects for the two tasks, despite the fact that in one task the focal movement was in 
the upper extremity and the other in the lower extremity. For example, subjects who 
exhibited more limited activity (small, irregular burst or simultaneous rather than 
anticipatory activity) o f the tibialis anterior prior to the triceps surae in the rise on toes 
task also exhibited more limited lower extremity extensor activity prior to the arm- 
raise. These observations provide further evidence that aging results in changes in the 
neural mechanisms underlying anticipatory postural control. Clinically, it is important 
to recognize that a degradation in performance o f one task will be accompanied by 
similar impairments in other functional tasks.
Supported by Medical Research Council of Canada (MT-14318) and the BC Medical 
Services Foundation

61.9

PERTURBED ARM MOVEMENTS CAUSE SHORT LATENCY POSTURAL 
RESPONSES IN TRUNK MUSCLES. P.W. Hodges1*, A.G. Cresswell2 & A. 
Thorstensson2. 1Prince of Wales Medical Research Institute, Sydney, Australia. 
2Dept. of Neuroscience, Karolinska Institute, Stockholm S 1 14 86  Sweden 

Addition o f an unexpected load to a moving upper limb produces a perturbation of 
the trunk due to transmission o f mechanical forces. This experiment aimed to 
investigate the postural response o f the trunk muscles and movement o f the trunk in 
relation to the limb loading. It was envisaged that the latency to trunk muscle 
activation would provide insight into the neural pathways involved in this response. 
Subjects performed rapid bilateral shoulder flexion in response to a visual stimulus. 
In one third of the trials an unexpected load was added bilaterally to the upper limbs 
early or late in the movement. Trunk muscle electromyography, trunk motion and 
intra-abdominal pressure were measured. A short latency response o f the erector 
spinae and transversus abdominis muscles occurred ~30 ms after the onset o f the 
deceleration of the limbs that resulted from addition o f the load early in the 
movement. Since the timing o f this response was coincident with the onset of the 
observed perturbation at the trunk it is consistent with possible mediation by afferent 
input from the arm but not from the spine. When the loading occurred later in the 
limb movement the resulting disturbance to movement was smaller since it occurred 
when the arm was already decreasing its velocity. In this case no short latency 
response was present, although a response did occur with longer latency at ~65 ms. 
The results provide evidence of initiation o f a complex postural response of the 
trunk muscles (including transversus abdominis which would not be directly 
stretched by the perturbation due to its transverse fibre orientation) as a result of 
afferent input that possibly arose from the arm. O f note was the finding that the 
short latency response to this limb deceleration was not mandatory but appeared to 
be dependent on the outcome o f the perturbation.
Wenner-Gren Foundation, Swedish Council for Work Life Research

61.11

NEUROMUSCULAR RESPONSES TO UNEXPECTED POSTERIOR TRUNK 
PERTURBATIONS DURING TREADMILL GAIT. B.R. McGowan*, S.W. Hill, and 
A.E. Patla Dept. o f Kinesiology, Univ. o f Waterloo, Waterloo, Ontario, Canada N2L 
3G1.

The purpose of this study was to examine how the neuromuscular system preserves 
dynamic stability while encountering perturbations to the trunk during specific phases 
of treadmill gait. Male participants (n=6 ) walked on a motorized treadmill (3.5km/h) 
and were intermittently exposed to unexpected posterior trunk perturbations of 
various magnitudes (70-150N). Perturbations were randomly delivered during two 
distinct phases o f the gait cycle: initial swing (ISw) and terminal swing (TSw). 
Unilateral surface electromyography (EMG) recorded the phasic activity of the rectus 
femoris (RF), vastus lateralis (VL), semitendinosus (ST), medial gastrocnemius (MG) 
and tibialis anterior (TA) muscles.

Results demonstrate that during ISw, there is an absence of swing limb 
neuromuscular responses, indicating that the observed muscles are not involved in the 
perturbation response. The stance limb elicits a reflexive (50-100msec) posterior 
muscle group response (MG and ST activity increases) to counteract the posterior 
perturbation and the subsequent anterior displacement o f the center of mass. During 
TSw, a reflexive swing limb flexor response (TA and ST activity increases) controls 
swing limb foot placement. The stance limb evokes a reflexive knee co-contraction 
response (ST and RF activity increases) to stabilize the lower limb and prevent knee 
collapse. In conclusion, the neuromuscular system must evoke a timely, situation- 
specific (task, perturbation and phase) intervention to effectively elude an undesired 
fall.

Research supported by a grant from MRC Canada.

61.8
INTERDEPENDENT CONTROL LOOPS IN MAINTAINING LIGHT 
FINGER CONTACT DURING STANDING BALANCE. G. Dietrich, 1, 2 A.M. 
Wing,* 1,3 S. Clapp4 and M.I. Nimmo-Smith4. 1Centre for Advanced Studies in 
Sensory Motor Neuroscience; 2School of Sport and Exercise Sciences; 3School 
of Psychology, University of Birmingham, Birmingham B15 2TT;
4MRC Cognitive and Brain Sciences Unit, Cambridge CB2 2EF, UK.
The single-link, inverted pendulum acting around a hinge joint at the ankle 
provides a simple but powerful model for the analysis of human posture and 
balance. It has provided an account of the relation between CoM and CoP 
trajectories in quiet standing and gait initiation. With two links, allowing hip 
and ankle to be represented in an open kinematic chain, the inverted 
pendulum model provides an interpretation of the postural response to AP 
sway due to support base translation. However, contact of the hand with an 
external surface often helps maintain posture (eg reducing sway), either 
through sensory information, provided by light contact with one finger, or 
through forces developed in grasping the support. To investigate sensory 
motor contributions of the hand to balance, we developed a variant of the 
inverted pendulum model in which body, arm and hand complete a closed 
kinematic chain. The relation between body sway and ground reaction forces 
and torques at the foot and at the hand are explicitly modelled through forces 
and torques acting at shoulder, elbow and wrist joints. Simulation studies 
contrasting feedback control of body posture using sensory input from the 
ankle and/or from the hand, suggest that the reduction in body sway in the 
light contact paradigm involves two interacting control loops. One serves to 
correct departures of body posture from a set point, the other to maintain the 
vertical force and horizontal position of the hand within target levels. We 
propose that parameterisation of the hand controller implies knowledge in 
the form of an internal model of the postural controller.

61.10
ANTICIPATORY POSTURAL COORDINATION AND FUNCTIONAL 
MOVEMENT SKILLS BY DEGREE OF CEREBRAL PALSY IN CHILDREN 
AGE 5-12 YEARS. S.L. Westcott,1*C.A. Zaino1, F. Miller2, D. Thorpe1, and R. 
Unanue1. 1Dept. of Physical Therapy, Allegheny Univ. of the Health Sciences, 
Philadelphia, PA 19102; 2duPont Hospital for Children, Wilmington, DE.

Motor coordination patterns (MCPs) of anticipatory postural control in children 
should be directly related to functional motor skills and their identification may 
provide pertinent information for rehabilitation. The objectives of this study were to 
identify and determine differences in anticipatory postural control under two sensory 
conditions, and between children who were typically developing (TD) and who had 
varying levels of cerebral palsy (CP). Postural muscle MCPs were monitored using 
surface electromyography in 62 children as they reached forward for a toy located on 
a shelf at shoulder height while standing on a firm floor surface and a compliant 
foam surface. Onset latencies of postural muscle activity in the anterior tibialis, 
lateral quadriceps, gastrocnemius, and medial hamstrings in the dominant leg were 
recorded. The anterior deltoid of the reaching arm was monitored to signal 
activation of the reach. Onset times of the 4 postural muscles were coded into MCPs 
based on the sequence of activation. Subjects also completed 4 tests of functional 
movement: Bruininks-Oseretsky Test of Motor Proficiency. Functional Reach Test, 
Timed Up and Go. and Pediatric Evaluation of Disability Index. Descriptive. Chi- 
square. and ANOVA statistics were used to explore severity of CP differences for 
the 2 surface conditions. Significant differences were found across severity levels for 
all functional tests. MCPs differed significantly by severity levels in the firm floor 
surface condition but not in the foam condition. Athough frequencies of MCPs 
were different in the firm condition, many children with CP used patterns similar to 
the TD group.

Sources of Support: A .I. duPont Institute. Nemours Foundation, and Section on 
Pediatrics of the APT A

61.12
COMPARISON OF THE PERTURBATION MOMENT TO THE NET RESPONSE 
MOMENT: A TECHNIQUE TO QUANTIFY THE OVERALL BODY RESPONSE.
S. Rietdyk, A.E. Patla*, and D.A. Winter. Dept. of Kinesiology, Univ. of Waterloo, 
Waterloo, Ontario, Canada N2L 3G1.

Conclusions regarding the control of static balance are often derived by monitoring 
the movement of the centre of pressure (COP) and the centre of mass (COM). This 
abstract describes a new technique to quantify the full time course of the perturbation, 
as well as the net response. Displacement of the COM is not only due to the external 
force, but also to gravity once the COM begins to deviate from the vertical. The 
“perturbation moment” therefore includes the external moment and the gravitational 
moment. The “net response moment” is the product of the vertical ground reaction 
force and the COP difference from the initial position. These moments assume an 
inverted pendulum model o f postural control.

For unexpected trunk and pelvis perturbations applied in the medio-lateral (M/L) and 
anterio-posterior (A/P) planes (N=10 subjects), the time course of the net response is 
visually similar irrespective of plane or segment of perturbation. The magnitudes of 
the moments were quantified by the angular impulse (area under the moment curve). 
The angular impulse of the perturbing moment (61.7 ± 1.8 N.m.s) was within 2% of 
the value for the response moment (60.5 ± 1.7 N.m.s). While the response moment is 
primarily due to a change in the COP; and the shape and magnitude of the net 
response is independent o f the level and direction of the perturbation, the mechanism 
for altering the COP is different for the perturbations at different levels and directions. 
Kinetic analyses show that in the M/L plane the response occurs about the 
parallelogram formed by the lower limbs and the pelvis, and that joint moments are 
asymmetrical with the hip and L3/L4 joints (acting at the pelvis) controlling 85% of 
the COP, with the remaining 15% by the ankles. However, in the A/P plane, the 
moments are symmetrical and the ankle is 100% responsible for moving the COP. 
Research supported by a grant from MRC Canada.
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6 1 .1 3

RELATIONSHIPS BETWEEN THE CENTRE OF MASS AND BASE OF 
SUPPORT DURING RECOVERY FROM POSTERIOR TRUNK 
PERTURBATIONS DURING TREADMILL GAIT. S.W. Hill*, A.E. Patla.
B.R. McGowan and M.G. Ishac. Dept. of Kinesiology, Univ. of Waterloo, Waterloo, 
Ontario, Canada N2L 3G1.

The purpose o f this study was to examine how the motor control system maintains 
dynamic stability in treadmill gait following posterior trunk perturbations applied 
during various phases of gait. Traditionally, the dynamic stability of gait has been 
examined through swing limb kinematics and EMG (Eng et al., J. Biom., 1997). We 
examined the kinematic relationships between the centre of mass, leading heel, and 
trailing toe at heel contact, to represent the relationship between the centre of mass 
(COM) and centre of pressure (COP). Six healthy adult males (21-24 years) walked 
on a motorized treadmill at 3.5 km/h. Intermittently, they experienced a posterior 
trunk perturbation o f approximately 100N applied during the following phases of gait: 
double support (DS), initial swing (ISw), or terminal swing (TSw). When the 
perturbation was delivered during DS, step length was increased in the subsequent 
swing phase: this was achieved by appropriate placement of the leading swing limb. 
This has been termed the “reaching strategy”, which would produce an increase in 
deceleration of the COM proportional to the difference between the COP and COM. 
When the perturbation arrived during TSw, step length increased in the second swing 
phase following the perturbation, thus recovery was carried over to two successive 
steps. The response during ISw was graded: the difference between the COP and 
COM was increased moderately during the first step followed by a larger increase in 
the subsequent step. Thus, control o f COM is achieved over two steps. These results 
show that responses to unexpected perturbations to the COM during gait are phase 
and perturbation specific. Supported by a grant from NSERC and MRC Canada.

6 1 .1 5

EFFECTS OF BALANCE TRAINING ON THE SOLEUS H-REFLEX OF 
YOUNG AND ELDERLY SUBJECTS.
R.G. Mynark*, and D.M. Koceja. Motor Control Laboratory and Program in 

Neural Science, Indiana University, Bloomington, IN 47405 
The spinal stretch reflex has been demonstrated to functionally modulate in 

response to environmental stimuli. Down-training of the spinal stretch reflex and 
H-reflex have been demonstrated in young animals (Wolpaw & O’Keefe, 1986) 
and man (Trimble & Koceja, 1992). However, the ability of elderly individuals to 
down-train the reflex has not been examined. The purpose of this study was to 
determine any differences in the ability of young and elderly subjects to 
functionally down-train the soleus H-reflex. Training was performed by 10 young 
subjects (5 females/ 5 males; age = 27.0 ± 4.5), and 10 elderly subjects (5 
females/ 5 males; age = 71.4 ± 5.1). Elderly subjects were all free of neurological 
impairment and were height- and weight-matched to the young subjects. Down-
training of the H-reflex was induced by perturbing each subject with bilateral 
soleus H-reflexes while balancing on a custom made balance board. The board 
had a reduced base of support, and was free to rotate ~ 15° in the sagittal plane. 
Training consisted of an initial control block of 7 H-reflexes, followed by 7 
blocks of 7 H-reflexes while the subject stood on the balance board. A final block 
of 7 control H-reflexes were then collected. Results indicated that both groups 
were able to significantly down-train the soleus H-reflex (young: -20.4%; elderly:
18.5%). The down-training occurred in the absence of significant changes in 
background muscle activity of either the soleus or tibialis anterior during balance 
trials. These findings may provide insight into the capability of elderly subjects to 
respond to preventative or rehabilitation protocols designed to re-train the 
segmental system to improve balance or efficiently modulate the gain of the spinal 
stretch reflex.

Supported by NIH AG13660-02.

6 1 .1 7

M U LTIS EN S O R Y  IN TE G R A TIO N  IN P O S TU R A L C O N TR O L: M O D ALITY  
S W ITC H IN G . Kelvin S O ie *1, John  J J e k a 1, G reαor S chöner2, & T im  K iem e l3. 
1D epartm ent of K inesio logy, U n ivers ity  of M ary land, College Park, MD 20742. 
2Laborato ire  de N eurosc iences C ogn itives, CN R S, M arseilles, France, 
3Departm ent of Zoo logy, U n ivers ity of M ary land, C ollege Park, MD.

H um an postural contro l requ ires the integration o f input from  m ultip le  sensory 
system s specifying in form ation abou t the position o f body segm ents relative to 
the surrounding env ironm ent and to each other. P revious experim ental w ork 
em ploying a parad igm  in which we sim u ltaneously  m anipu late  visual and 
som atosensory stim uli has been used to  establish that this integration is based 
upon the fo rm ation  o f stab le  spatio -tem pora l rela tionsh ips between postural 
sway and m ultisensory in form ation. In the cu rren t investigation, we exam ined 
the process of integration fu rther by “pulling  apart” the two sensory inputs, 
presenting each stim ulus with a d iffe rent tem pora l structure. The coupling 
structure  was studied to observe how  sensory in form ation is fused o r how  a 
single sensory source m ay be se lected.

O scilla tory visual and som atosensory stim uli were presented at d iffe rent 
phase re la tionships with each o ther (0, 15, 30, 45, 90 & 180 degrees) at a 
constant -frequency (0.2Hz). W e observed high spectra l coherence and low  
angu lar deviation of relative phase indicating strong coupling between postural 
d isp lacem ents and stim u lus m otion in a ll conditions. The results provide 
evidence fo r 1) m odality sw itching in which body sway couples to  d iffe rent 
sensory stim uli in d iffe rent phase conditions, and 2) a lack of sensory fusion, 
that is, little evidence of phase averaging.

Supported  by NIH g rant R29 N S 35070-01A 2 (John J Jeka, PI).

6 1 .1 4

POSTURAL ADAPTATION TO INCLINED WALKING IN NORMAL AND SPINAL 
CORD INJURED SUBJECTS A. Leroux*, J . Fung and H. Barbeau School of Physical 
& Occupational Therapy, McGill Univ., Montreal, QC H3G 1Y5.

This study investigated the postural strategies to adapt to uphill and downhill treadmill 
walking (0, 5 and 10%) in 8 normal and 8  incomplete spinal cord injured (SCI) subjects. 
The SCI subjects walked at their self-selected comfortable speed (ranging from 0 04 to 
0 67 m/s) whereas each normal subject walked at one’s comfortable speed and at a low 
speed matching that of an SCI subject. EMG activity of erector spinae (ES) muscles was 
recorded bilaterally at the third lumbar vertebra level and 3D displacements of the trunk 
and pelvis were recorded with a 50 Hz four-camera motion analysis system (ELITE) In 
the sagittal plane, progressive forward inclinations of the trunk and pelvis were observed 
in both normal and SCI subjects at increasing grades of uphill walking This inclination 
was more pronounced in SCI subjects (16.1 º± 6 .8 ) as compared to normal subjects 
(12.2°±4.3). During downhill walking, normal subjects progressively inclined their trunk 
and pelvis backwards In contrast, forward inclinations of the trunk and pelvis were 
observed in SCI subjects. Total sagittal excursions of the trunk or pelvis were not 
influenced by uphill and downhill walking in normal subjects. Augmented excursions of 
the trunk and pelvis were observed in SCI subjects across all walking grades These 
excursions were maintained during uphill but not downhill walking where trunk excursion 
increased and pelvic excursion decreased with progressive downward inclines In the 
transverse plane, increased trunk rotations and decreased pelvic rotations were observed 
in normal subjects during uphill and downhill walking as compared to level walking In 
contrast, both trunk and pelvic rotations decreased in SCI subjects during inclined walking, 
although the magnitude of rotations was much higher than normal subjects across all 
walking grades. In the frontal plane, lateral excursions were maintained similar in the trunk 
but not the pelvis in normal subjects during inclined walking. As the treadmill grade 
decreased from 10 to -10%, the pelvic excursion increased from 6  7° to 14.4°. In SCI 
subjects, trunk and pelvic lateral excursions were generally larger and remained similar 
across all walking grades. EMG amplitude of ES muscles was increased in uphill walking 
and decreased in downhill walking in all normal subjects Similar adaptation of ES activity 
was found in 5 SCI subjects during uphill walking and only 2 SCI subjects during downhill 
walking In conclusion, the normal postural strategy in adapting to inclined walking 
includes stabilization of the trunk in the frontal plane and the pelvis in the sagittal and 
transverse planes, whereas SCI subjects have difficulty stabilizing the trunk or pelvis in any 
planes. (Supported by the Rick Hansen Man in Motion Legacy Fund)

6 1 .1 6

PERONEAL NERVE CONDITIONING OF THE SOLEUS H-REFLEX FROM 
SUPINE TO STANDING IN YOUNG AND ELDERLY SUBJECTS.
D.M. Koceja*, and R.G. Mynark. Motor Control Laboratory and Program in 
Neural Science, Indiana University, Bloomington, IN 47405 

Presynaptic inhibition has been demonstrated to play an important role in the 
modulation of the H-reflex during functional activities. Conditioning of the 
soleus H-reflex via the peroneal nerve has been reported to elicit an inhibition of 
the H-reflex that has been attributed to a presynaptic origin. The inhibition 
elicited by peroneal conditioning is analogous to that produced by tibialis anterior 
tendon vibration. The purpose of this study was to examine differences in 
inhibition between young and elderly subjects from supine to standing. Changes 
in peroneal conditioning from supine to standing were measured in 12 young 
subjects (6 females/ 6 males; age = 26.3 ± 4.7), and 12 elderly subjects (6 
females/ 6 males; age = 71.2 ± 5.4) using a peroneal conditioning protocol as 
described by Iles (1996). Modulation of H-max/M-max ratio between conditions 
was also measured. Subjects were tested at a stimulus intensity which elicited a 
test H-reflex of approximately 20% M-max. The intensity of the peroneal 
conditioning stimulus was maintained at 5% of a tibialis anterior M-max. Results 
indicated a significant group difference in inhibition during the supine condition. 
No difference in inhibition was demonstrated between the groups during 
standing. Young subjects demonstrated 32.7% inhibition supine, and 29.8% 
inhibition standing, whereas the elderly subjects displayed only 20.1 % inhibition 
supine and 28.9% standing. Differences were also seen in H-max/M-max ratios: 
young subjects decreased the ratio 15.2% from supine to standing, whereas 
elderly subjects only decreased the ratio 1.9%. These results support previous 
observations that differences in presynaptic inhibition, as measured by 
heteronymous Ia facilitation, between young and elderly subjects during supine 
testing do not manifest themselves during standing conditions.

Supported by NIH AG13660-02.

6 1 .1 8

AGE DIFFERENCES IN THE USE OF STEPPING STRATEGY DURING 
REPEATED EXPOSURES TO PERTURBED STANCE.
P.-F. Tang,1* R.K.-Y. Chong,2 M.H. Woollacott3. 1School of Physical Therapy, National 
Taiwan Univ., Taiwan, 2Dept. of Physical Therapy, Medical College of Georgia, 3Dept. 
of Exercise and Movement Science, Univ. of Oregon, OR 97403.

Stepping is an important balance strategy in a person's first experience with a 
large stance disturbance. This study investigated whether stepping remains to be the 
primary balance strategy after repeated exposures to large stance perturbations. We 
studied the frequency of using stepping to overcome stance perturbations over 
repeated trials in healthy older and young adults. Twelve older (mean age 75 yrs) and 
twelve young (mean age 26 yrs) adults participated. Subjects were asked to maintain 
an upright posture while standing on a platform which moved forward (FW) or 
backward (BW) for 5, 10, or 15 cm at a velocity of 20, 40, 60, or 80 cm/s. They were 
instructed not to step unless necessary. Three trials were given randomly for each 
perturbation condition. The fastest perturbation tested on a subject was the one in 
which the subject stepped in all three trials of the condition. The total numbers of 
trials in which the subjects stepped in the first, second, and third experience with the 
perturbation conditions were calculated. For the FW perturbations, young subjects 
stepped in 39, 31, and 32 trials of their first, second, and third experience, respectively, 
older subjects stepped in 33, 36, and 33 trials in their first, second, and third 
experience, respectively. Both groups did not significantly changed the likelihood of 
using stepping as the balance strategy over repeated exposures to FW perturbations. 
For the BW perturbations, young subjects stepped in 16, 13, and 8 trials in their first, 
second, and third experience, respectively, older subjects stepped in 33, 27, and 21 
trials, respectively. While young adults significantly (p < .05) decreased the tendency 
of using stepping and switched to other balance strategies over repeated BW 
perturbations, older adults continued to use stepping to overcome such perturbations. 
Stepping plays different roles in young and older adults' balance strategy repertoires. 
In facing large perturbations, older adults rely on stepping strategy regardless of the 
perturbation directions and the number of experiences. (NIH grant AG05317)
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61.19
ALTERED POSTURAL RESPONSES IN SUBJECTS WITH INCOMPLETE 
SPINAL CORD INJURY 1A Gross, 2Henry SM*. 3J Fung*, 1FB Horak. 1RSD 
Neurological Sciences Institute, Portland, OR; 2University of Vermont, Burlington, 
VT 05405; 3McGill University, Montreal, Quebec

This study quantif ied muscle activation patterns and kinematics of automatic 
postural responses to surface translations in subjects with incomplete spinal cord 
injury (SCI) in order to characterize postural deficits in patients with SCI.

Upon clinical exam Subject 1 (S 1) and S2 had impaired sensation in both lower 
extremities(LEs). S 1 had more impaired motor function on the right as compared to 
the left LE, while S2 was the opposite. S3 had absent sensation in both LEs with 
absent motor function on the right and trace motor activity in the left LE. FMG of 12 
bilateral LE and trunk muscles and kinematics of trunk, thigh, and shank segments 
were recorded during translations in 12 different directions, presented randomly, in the 
hon/.ontal plane. EMG integrals in 75 ms epochs were plotted against perturbation 
direction in polar coordinates in order to examine spatial characteristics of muscle 
activation. EMG latencies were determined manually using interactive software.

Generally, postural responses in patients with SCI had decreased segmental motion 
and/or altered joint coordination, and delayed or absent EMG responses. In S 1 and S2 
with impaired sensation in the LEs, muscles with intact motor function responded in 
an appropriate, directionally-specific manner, although delayed approximately 100  ms 
as compared to healthy subjects (Henry et al. Neurosci. Abstr. Vol. 21, 1995). In 
muscles without motor function, there were no postural responses observed. In S3, 
who had both sensory and motor impairments, no appropriate responses were 
observed.

Intact sensory and motor spinal pathways are required for appropriate automatic 
postural responses. Loss of voluntary motor function appears to affect primarily the 
spatial pattern of muscle activation and loss of sensation affects primarily the latency 
and temporal sequencing of muscle activation. (Supported by APTA Post-Doctoral 
Award*, NIA Individual NRSA*, Rick Hansen Man-in Motion Foundation )

62.1
IA AFFERENT DISTRIBUTION TO MOTONEURONS IN HUMAN 
MASSETER. S.D. Scutter and K.S. Türker*. Dept. of Physiology, University of 
Adelaide, Adelaide, South Australia 5005.

The distribution of synaptic input can affect the recruitment order of single motor 
units (SMUs). Cutaneous and Ia afferent inputs have been shown to reverse 
recruitment order in the hand, which, like the jaws, require fast and well controlled 
movements. Recruitment of SMUs in masseter occurs according to the size 
principle during voluntary contractions. The aim of this study was to determine 
whether recruitment order in masseter was affected by Ia input.

The size of the H-reflex response to transmuscular stimulation of the masseteric 
nerve1 was determined in 11 normal subjects. The size of SMU was determined by 
the amplitude of the representation of the SMU in the Macro EMG. The probability 
of a successful reflex response (PSRR) was determined for all H-reflexes.

Twenty four runs were analysed, and H-reflexes were recorded in 21 out of 67 
SMUs followed. The mean PSRR was 0.14. In each run an H-reflex was present in 
the Macro EMG. In 92% of cases, H-reflexes were recorded in the larger SMUs 
followed in the run. Firing frequencies were not significantly different (p>0.05) in 
the large and small SMUs, indicating that this did not cause the differences in 
responses. Cutaneous stimulation over the anterior maxilla did not produce any 
short-latency reflex response in the SMUs. In 6  runs, large SMUs were recruited by 
the stimulus, producing a strong H-reflex at a latency of 4.0 - 4.9 ms. The PSRR of 
the “stimulus-recruited” units was 0.33 - 0.57 (mean 0.45).

It was concluded that Ia afferent input was preferentially distributed to the large 
motoneurons, in the anterior region of the human masseter. This may explain the 
strong tonic vibration reflex in the human masseter.
1. Scutter and Türker (1997) Archs oral Biol. 42,371-376
Funded by the National Health and Medical Research Council of Australia.

62.3
RESPONSE TO PERTURBATIONS OF THE HEAD DURING QUIET 
STANDING: IS IT STIFFNESS REGULATION? L.A. Vallis*, A. E. Patla 
Dept. of Kinesiology, Univ. of Waterloo, Waterloo, Ontario, Canada N2L 
3G1.

We are interested in the role of the vestibular system in the control o f upright 
stance. A unique apparatus was used to provide randomly ordered perturbations 
to the head in the anterior/posterior (A/P) and transverse planes via blasts of 
compressed air (90 PSI, 1.5 s duration). Participants (n=6 ) were instrumented 
with 21 IREDS, fitted with the head air-jet apparatus and asked to stand 
comfortably on a force plate. Participants were instructed to remain as still as 
possible for each trial with the head stationary, eyes closed and arms resting 
comfortably at their sides. Participants were required to open their eyes and 
fixate on a target located in front of them between trials. Data is reported for A/P 
perturbations.

If vestibular sensory input resulting from head perturbation was interpreted 
as a consequence of perturbation to the center of mass (COM), one would 
have expected center of pressure (COP) to shift in the appropriate direction to 
corral COM. This was not observed; rather the COP and COM profiles did 
not show any phasic response to this perturbation. Recently, researchers have 
suggested that during quiet standing, balance COM regulation is achieved via 
stiffness regulation (Winter et al, J. Neurophys, 1998 in press). We 
calculated the stiffness before, during and after perturbation and found a 
significant increase in ankle stiffness following A/P perturbation. The higher 
stiffness would provide a tighter regulation o f COM and is therefore an 
appropriate response to these unexpected head perturbations.

Research supported by a grant from MRC.

6 1 .2 0

TEST-RETEST RELIABILITY OF FORCE PLATE MEASUREMENTS DURING 
A STANDING REACH TASK IN CHILDREN. C, A. Zaino* and S. L. Westcott. 
Department of Physical Therapy. Allegheny University of the Health Sciences. 
Philadelphia, PA 19102 U SA
The calculation of the location and movement of the center of pressure (COP) has 

been routinely used to express the motor control of posture. However, the test-retest 
reliability in one legged and quite standing range from poor to good (Pearson 
correlations of 0.11 to 0.85). In addition, no investigations into the test-retest 
reliability during voluntary movements were found. The objective of this study was 
to determine the test-retest reliability of force plate measurements in children during 
a standing functional reaching task. M ETHODS: Five children age 9 to 14 years 
old participated in this study. Force plate measurements were recorded while the 
children reached forward to touch a target at a uniform distance ( 120% of arm 
length) while paced to a metronome (0.55 Hz reaching cycle). Average anterior- 
posterior (A-P) and medial-lateral (M-L) forces and COP velocities and total COP 
path lengths were used. Following several practice trials, 15 test and 10 retest 
reaching trials were recorded. A 10 minute rest separated testing sessions. The 
middle three trials of each the test and retest sessions were averaged. RESULTS: 
A-P force. COP velocity and COP path length were the most reliable (ICC (3.3)
0.93. 0.63 and 0.90 respectively). The M-L force, COP velocity and COP path 
length were lower (ICC (3.3) 0.64. 0.50. and 0 .；>0 respectively). CONCULSIONS: 
A-P force plate measurements during a standing reaching task demonstrated fair to 
excellent test-retest reliability. However, these results need to be followed by test- 
retest reliability across several days.

Sources of Support: 1.) Institute for Neuroscience Research, Allegheny Health, 
Education and Research Foundation, 2.) Section on Pediatrics for APTA. 3.) US 
Department of Health and Human Services, PHS 5-T32-HDo7467-04. and 4.) Foundation 
for Physical Therapy Doctoral Scholarship

:  A X IA L

6 2 .2

STABILITY AND CONTROL OF LATERAL BALANCE IN HUMAN 
WALKING. A. D. Kuo*, C. E. Bauby, and S. Park. Dept. Mechanical Engineering & 
Applied Mechanics, University of Michigan, Ann Arbor, MI 48109-2125.

Planar bipedal walking is passively stable, meaning that the natural dynamics of 
two legs are coupled such that small perturbations are dissipated without need for 
external control. We studied the dynamics of three-dimensional walking, in which 
the planar constraint is removed and the body can rock laterally. We found that this 
system retains the stable modes of the planar case, but one mode corresponding 
predominantly to lateral motion is unstable and therefore requires active control for 
stabilization. This mode can be stabilized by a variety of methods, including lateral 
adjustment of foot placement at heel strike, use of arm motion, and lateral motion of 
the trunk.

We hypothesized that a significant portion of active control by the central nervous 
system (CNS) is achieved through lateral foot placement, and that the CNS is less 
concerned with control of the passively stable modes of walking. To test this 
hypothesis, we measured variability of fore-aft and lateral foot placement in eyes- 
open and eyes-closed conditions for four human subjects. Loss of visual information 
should affect active CNS control, but not passive dynamics, meaning that eye closure 
should result in an increase in lateral but not necessarily fore-aft foot placement 
variability.

Subjects performed 100 to 400 steps of free, unconstrained gait at self-selected 
speed for each condition. We used a magnetic tracking device mounted on a mobile 
cart to measure foot placement. Subjects exhibited an average increase of 0.64 in2 in 
lateral variability, and an increase of 0.24 in2 in fore-aft variability. These results are 
consistent with our hypothesis that the CNS actively controls lateral balance during 
gait, while the fore-aft dynamics are passively stable.

This work was supported in part by NIH grant 1R29DC02312-01A 1, NSF grant 
IBN-9511814, and the Whitaker Foundation.

6 2 .4

MUSCLE ACTIVATION PATTERNS AND BIOMECHANIC OUTCOMES 
DURING SKILL ACQUISITION IN CHILDREN. L. Pelland*and P. A. 
McKinley School of Physical and Occupational Therapy, McGill University, 
Montreal, Quebec, Canada H3G 1Y5

The acquisition of movement skills unfolds gradually during childhood. The 
objective of this study was to define and characterize modifications of muscle 
patterns associated with the development of skill in landing from a jump, and 
to associate those changes with biomechanic outcome. Nine children (6-12yrs) 
jumped down from an adjustable platform (height set at the tibial plateau) onto 
a rigid floor. Using standardized techniques, EMG from six right leg muscles 
(Tibialis Anterior, Gastroenemious, Vastus Lateralis Biceps Femoris and Rectus 
Femoris) was collected off-line and synchronized with kinematics of the trunk, 
hip, knee and ankle, which were video taped (PEAK) in the right sagittal plane 
(60Hz). Both were subsequently digitized, then elaborated using 
EXCEL(Microsoft) and MATLAB(MathWorks). Pre-landing muscle activity 
was superimposed with kinematic data for each jump. Three types of muscle 
activation patterns were defined; a) discrete burst boundaries (Burst),
b)sustained activity with no maximum (Tonic) and c) sustained activity with an 
embedded burst (Tonic Burst). A gradual change from Tonic to Burst EMG 
pattern was associated with a shift from end-range joint extension to a more 
flexed position. A more flexed lower limb is found more typically in the older 
child, where post-landing oscillations are minimized when using this position. 
It is suggested that different mechanisms for stiffness control may be used 

dependent on a child’s ability to anticipate the effect of impact forces on the 
control of post-landing position. Supported by NSERC (PMc), FRSQ and 
Eileen Peters McGill Major (to LP).
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6 2 .5

RELATIVE WEIGHTING OF VESTIBULAR AND PROPRIOCEPTIVE SENSORY 
INFORMATION WHEN STANDING AT DIFFERENT HEIGHTS ABOVE 
GROUND. M.S. Amos* and J.S. Frank. D ept. o f Kinesiology, Univ. o f Waterloo, 
Waterloo, ON, Canada N2L 3G1.

Information from the vestibular and proprioceptive sensory systems is used in 
combination with visual information to control upright stance. Comparison is made 
between the input from each of these systems to create an understanding o f a person’s 
environment and their movement in it. To resolve conflicts, each system is “weighted” 
based on its reliability under similar environmental conditions in the past.

In this study twelve young adults were exposed to galvanic vestibular stimulation and 
tibialis anterior muscle vibration to create consistent “error signals” to the vestibular 
and proprioceptive systems, respectively. The galvanic stimulation was designed to 
cause a center o f pressure (COP) response to the right while the muscle vibration 
evoked an anterior COP response. To alter the environment, participants stood with 
their toes or right foot at the edge o f a force plate positioned at three different heights: 
0.4 m, 1.0 m, and 1.6 m. Relative sensory weightings were determined by measuring 
maximal COP shifts in the a-p & m-1 directions over a 4 second duration for each 
stimulation type: galvanic, vibration, galvanic + vibration, and no stimulation.

As height increased, a decrease in the COP shift in the a-p direction for vibration and 
concurrent stimulations was observed. In the m-1 direction decreases were observed 
for the galvanic and concurrent stimulations. These support the findings of an earlier 
study done in our laboratory showing either a stiffening response or a decreased gain in 
the sensorimotor loop when an individual is placed at a height. To address the relative 
weighting o f the vestibular and proprioceptive systems, a resultant shift vector was 
calculated from the a-p and m-1 shifts o f the concurrent trials and the direction of this 
resultant vector was determined. This vector moved more toward an a-p orientation as 
height increased suggesting an increase in the relative weighting o f proprioceptive 
information. Research supported by NSERC.

6 2 .7

INTERACTION OF GALVANIC VESTIBULAR STIMULATION WITH TONIC 
NECK REFLEXES: IMPLICATIONS FOR POSTURAL CONTROL. P,M. 
Kennedy and J.T. Inglis*. School of Human Kinetics, University of British 
Columbia, Vancouver, BC, Canada V6T 1Z 1.

Previous studies have demonstrated that galvanic stimulation of the human 
vestibular system (GVS) leads to changes in body sway that are associated with the 
rapid onset of postural musculature (Inglis et al. 1995, J. Neurophysiol. 73:896- 
901). However, the interpretation of the altered vestibular information that results 
from GVS depends on the configuration of somatosensory information about head- 
on-body alignment. In this study, the effect of descending vestibulospinal inputs 
onto the motoneuron pool of the soleus muscle was evaluated by monitoring the 
amplitude of the H-reflex during periods of GVS. Head position was manipulated 
to investigate the interaction of tonic neck reflexes with GVS. Subjects (n = l0) lay 
in a prone position with their Right ankle secured at approximately 90 degrees. 
Electrical stimulation of the Right posterior tibial nerve (15-20% M-Max) elicited 
H-reflexes at a rate of 0.2 Hz in the soleus and medial gastrocnemius muscles. 
Following a control H-Reflex, a test H-Reflex was elicited during GVS (3-4 
milliamperes) applied mono-aurally to the Right mastoid process (duration 2 
seconds, square wave pulse). With the head in a neutral position, anodal 
stimulation created an inhibition while cathodal stimulation excited the 
motoneurons as assessed by H-reflex amplitude. There was an interaction effect 
with varying head position such that the greatest facilitation was observed during 
cathodal stimulation with the head rotated to the Left. Likewise, anodal stimulation 
with the head turned to the Right produced the greatest inhibition. By pairing 
opposite stimuli such as head-Right with cathodal stimulation, a cancellation of 
effects was observed. These results demonstrate that GVS activates rapidly 
descending vestibulospinal pathways that interact with tonic-neck reflexes at the 
level of the human soleus motoneuron pool. Supported by NSERC

6 2 .9

Cutaneous mechanoreceptors may serve as muscle receptors for orofacial movement 
control. Nadine P. Connor1* and James H. Abbs2. 1Dept. o f Surgery,  2Dept. of 
Neurology, University o f Wisconsin Medical School, Madison, WI 53792.

For facial movements, proprioception must be provided exclusively by cutaneous 
mechanoreceptors because this region has been shown anatomically and 
physiologically to lack muscle spindles, tendon organs and joint receptors. Since the 
muscles of the face insert directly into the facial skin and oral mucosa, without 
connective tissue, lip muscular forces must necessarily deform the skin and drive 
cutaneous mechanoreceptive afferents. This study examined whether cutaneous 
afferents may provide information relative to the status o f muscle contraction in a 
fashion parallel to spindles for skeletal motor control.. Three-dimensional skin 
deformation was recorded in four adult males during natural movements and during 
active and passive lower lip (LL) depression, along with electromyographic (EMG) 
signals from indwelling hooked-wire electrodes in 4 facial muscles. Movement 
signals were converted into 18 separate segments o f orofacial skin strain. Results 
indicated that: ( 1) EMG activity preceded the onset of LL movement by an average of 
100 ms across subjects, (2) strain onset occurred 20-77 ms (mean = 45 ms) prior to 
LL movement onset across subjects, (3) EMG onset in at least one o f the four muscles 
preceded strain onset by 29 to 124 ms (mean = 75.5 ms) across subjects and 
movement types, and, (4) muscular contraction served to increase skin strain 
magnitudes in regions nearest the movement source, as compared to strain observed 
with passive displacements. These results suggest that orofacial contractile forces 
generate and modulate skin strain, and thus yield muscle-contraction-related 
cutaneous mechanoreceptor discharge. Thus, these afferent signals may provide the 
principal proprioceptive signal for motor control of the face. Pre-movement 
stimulation of cutaneous mechanoreceptive afferents also provides a potentially 
useful trigger for multi-movement sequencing or coordination, as we have 
hypothesized previously.

6 2 .6

S O M A T O S E N S O R Y  LO S S  IN C R E A S E S  R ES P O N SE S  T O  
G A L V A N IC  V E S T IB U L O S P IN A L  S T IM U L A T IO N .
C. Shupert1*, F. Hlavacka2, and F.B. Horak1. 1Neurological Sciences 
Institute, Oregon Health Sciences University, Portland, OR 97209 and 
2Slovak Academy of Sciences, Bratislava, Slovakia.

To test the hypothesis that the vestibular loop gain for postural control is 
increased by somatosensory deficits, we applied bipolar galvanic 
stimulation to subjects with somatosensory loss in the feet due to diabetic 
peripheral neuropathy and age-matched controls, standing either on foam 
or on a fixed surface. The galvanic vestibular stimulus was varied in 
intensity from .2-1 mA and was applied both during quiet stance and 
during platform translations. Responses to each stimulus intensity were 
plotted and the slope (gain) of the relationship between galvanic stimulus 
intensity and center of pressure movement was determined for each 
subject. Diabetic patients showed larger changes in body alignment in 
response to galvanic stimulation than controls in all conditions, resulting 
in higher slopes for patients than controls. Slopes were highest for 
patients with severe neuropathy. Control subjects standing on foam also 
showed increased galvanic response gains compared to stance on a fixed 
surface. Combining galvanic stimulation with platform translations also 
produced higher slopes. Thus, loss of somatosensory information due 
to neuropathy and stance on compliant or moving surfaces all increase 
vestibulospinal gain. These results suggest that the postural control 
system may adapt to decreased or unreliable sensory information from 
the support surface by increasing vestibulospinal gains.
Supported by NEDCD (R01-DC01849).

6 2 .8

GAZE DIRECTION EFFECTS  ON KINESTHESIA. W.G. Darling*, J.M. Hondzinski, J.G. Harper. 
Motor Control Laboratory, Dept. of Exercise Science, University of lowa, lowa City, lA 52242

Perceptions of earth-fixed vertical by both the visual and upper limb kinesthetic systems are 
highly accurate (Darling and Hondzinski 1997, EBR  216:185; Darling et al., submitted). However, 

kinesthetic perceptions of verticality may be influenced by available visual information (e.g., 

viewing a tilted room -  Bock 1997, EBR 115:507). Such visual scenes are not usually 
encountered under normal conditions, but variations in gaze direction to view external targets are 

common events. Thus, relevant questions are whether direction of gaze influences the accuracy 
of kinesthetic perceptions of verticality or use of kinesthetic cues to guide movement and whether 
control of gaze by head or eye movement differentially affects kinesthetic processing.

We investigated effects of varying gaze direction on positioning the unseen forearm in a vertical 
orientation and of performing vertical motions of the unseen fingertip. Five subjects were 
instructed to direct their gaze using either eye motion (head fixed) or head motion (eyes centered 
in head) at 11 different targets in random order. Targets were arranged to vary gaze elevation (5 
targets in the mid-sagittal plane) and eccentricity (6 targets -  3 each in para-sagittal planes to the 
left and right of center). While gazing at each target the subject aligned the forearm to vertical in 

one experiment. Each target was viewed 12 times (6 with head motion, 6 with eye motion) with 
the arm unsupported and, in a separate set of trials, 8 times with the arm supported. In another 
experiment, subjects moved the finger vertically up and down while viewing the targets.

Gaze direction had very small effects on mean (constant) errors for aligning the forearm to 

vertical (p < 0.05). Errors were smallest when viewing central targets and larger when gaze was 
directed upward or downward. Variable errors were higher in the frontal plane and under 
unsupported conditions, but were not influenced by gaze direction. Both types of perceptual 
errors were similar whether eye or head motion was used to control gaze direction.

Kinesthetically guided vertical fingertip movements were curved, especially near the endpoints, 
and clearly tilted forward in the sagittal plane. However, variations in gaze direction had only 

small influences on these movements. These data show that gaze direction has little influence on 
kinesthetic perceptions of forearm orientation and guidance of fingertip motion.

Partially supported by PHS  grant NS34895

6 2 .1 0
SIMULTANEOUS FEEDFORWARD AND FEEDBACK CONTROL GOVERNS 
SITTING MOVEMENTS. S.N. Robinovitch*, K. Kursa, J. Cortez, Biomechanics 
Lab, Dept. Orthopedic Surgery, San Francisco General Hospital/ University of 
California San Francisco, San Francisco CA 94110.

An important but little-explored component of balance is one’s ability to recover 
from erroneously programmed movements. The act of sitting provides a useful 
experimental model for studying such responses, since it is well-learned but strenuous 
in its strength and balance requirements, and elicits a rather severe impact if 
programmed based on an incorrect estimate of chair height. In the present study, we 
examined sits in which the subject overestimated the height of the chair. In such cases, 
we expected that after passing the preprogrammed sit height, a sudden increase would 
occur in the downward velocity of the pelvis, and that this would be accompanied by a 
decline and then re-establishment (following a specific “reaction time” interval) of 
quadriceps EMG activity. Five subjects participated. Each underwent three sets of 12 
repeated sits onto a rigid surface, rising and descending at a natural pace signaled by a 
metronome. Between sits, the chair height was randomly varied between knee height, 
(knee height+7.6 cm), and (knee height-7.6 cm). Control trials involved relaxed sits, 
where subjects made no attempt to control their downward velocity and complete 
absence of EMG activity was observed, and natural sits onto constant-height chairs. 
During the latter, the downward velocity of the pelvis always peaked in mid-descent 
and declined before contact, and EMG activity persisted until after contact (mean “turn-
o f f” time = 155 ± 97 (SD) ms). In all but one of the 43 trials in which the chair was 
unexpectedly lowered, pelvis velocity exhibited a similar initial profile, but ended with 
an abrupt increase (unloading reflex), commencing, on average, 190 ± 90 ms before 
contact. However, EMG activity did not decrease during descent; rather, it persisted for 
378 ± 186 ms beyond unloading, and 191 ± 149 ms beyond contact (no different than 
in control trials). This unexpected result suggests that, during sitting, a feedback-based 
component overlies the feedforward component of motor control. Further studies are 
exploring whether this compensates for inaccuracies inherent in the programmed end 
point of sits and other weight transfer tasks, and is sensitive to age and 
neurodegenerative changes. Funded by a grant from the Whitaker Foundation.
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LIGHT FINGERTIP TO UCH SU PR E S SE S  P O S TU R A L FLU C TU A TIO N S  
DURING RAPID HEAD M O VE M EN TS  IN N O R M AL A N D  LABYR IN TH IN E 
DEFECTIVE SUBJECTS. E. Rabin, P. DiZio, J.R . Lackner, S.B. Bortolam i*. 
Asthon Graybiel Spatial O rientation Laboratory and V olen  C ente r fo r C om plex 
Systems, Brandeis University, W altham , M A 02254

We measured w hether fingertip  con tact w ith  a stab le  su rface  a t non- 
mechanically supportive leve ls stab ilizes posture  during vo luntary head 
movements. Two subjects w ith  com ple te  b ila tera l labyrin th ine  loss (BLL) and 
four controls participated. W e m easured cen te r o f p ressure  (CPx, CPy) 
deviation sway on a force p latform  and head ve locity w ith  rate  sensors. In each 
24 s trial, control subjects gazed le ft o r righ t on com m and every 3 s; BLL 
subjects moved as frequently as possib le  w ithou t hav ing to  rely on safe ty rails. 
The control subjects did eyes open and c losed tria ls, w ith  and w ithou t touch, in 
the standard (eyes closed only) and tandem  R om berg s tances. BLL sub jects 
could only do the standard stance. C ontro l sub jects  m ade yaw  m ovem ents 
about 130° and 250°/s average am plitude  and peak ve loc ity) every 3 s. One 
BLL subject matched the head m ovem ent frequency and am plitude o f the 
controls; the other moved abou t every 5 sec, w ith  a low er ve locity and 
amplitude. For control subjects, C P x and C py w e re  a lw ays reduced by touch 
for all combinations o f stance and vision. For BLL sub jects  in the s ide-by-side 
stance, CPx was reduced by touch in the  light. In darkness neither BLL 
subject could stand fo r m ore than a few  seconds w ithou t touch but w ith  it they 
had CPx values com parable to eyes open w ithou t touch. In conclus ion, 1) the 
hand can be used a sensory guide to  stab ilize  postu re  during rapid, transien t 
perturbations produced by vo luntary  m ovem ent and 2) fingertip  con tact in 
darkness is as good as v ision a lone fo r BLL sub jects.

Supported by NASA grants N A G 5-6056 , N A G 5-6100  and N AG 5-4836.

62.13
TRUNK MUSCLE ACTIVITY DURING THE SIMULTANEOUS
PERFORMANCE OF A TRUNK HOLDING TASK AND A PULSED 
EXPIRATION TASK. B.G. Farley1*, G.F. Koshland2,  and J.D. Hoit3. 1Program 
in Neuroscience, 2Dept. Physiology, 3Dept. Speech & Hearing Sci., Univ. Arizona. 
Tucson. AZ 85724

A unique feature of trunk muscles is that they often participate in movement and 
breathing-related tasks simultaneously. Few studies have focused on the changes in 
trunk muscle activities when they are required to combine two mechanical goals. 
This study recorded the EMG from trunk flexors (upper & lower obliques) and 
extensors (medial & lateral erector spinae) in sitting during an individual trunk 
holding task (±20° or 30°), an individual forced expiration task (2 pressure pulses), 
and finally, during the performance of the two tasks combined. We predicted that 
the combined muscle pattern would represent a strict addition of the individual 
patterns in amplitude and timing of EMG for all muscles. Qualitatively, 4/6 
subjects showed both patterns in the combined task; 2 sharp coactive (flexor + 
extensor) EMG bursts corresponding to the 2 pressure pulses, on top of tonic 
isometric activity in one muscle corresponding to the direction of the trunk holding 
task. Quantitatively, this superimposition of bursts in the holding muscle was not 
true addition. Instead, the breathing-related bursts were concealed in the tonic 
holding muscle EMG. As long as the tonic activity in the holding muscle did not 
exceed the amplitude of the breathing-related EMG bursts, the remaining portion of 
the breathing-related EMG burst could be distinguished. This explains why in 2/6 
subjects, who exhibited greater tonic activity in the holding task, the two sharp 
coactive EMG bursts for breathing could not be detected in the combined task. This 
suggests that recruitment of additional muscle activity is not necessary for 
mechanical requirements of the combined task. Because the two breathing-related 
bursts continue to occur in the non-holding muscle, it suggests that coactivity of 
trunk flexors & extensors is important to the performance of the breathing-related 
task. These findings may be similar to the blends seen in combined tasks in turtle 
and cat hindlimb behaviors. (Supported by APTA, Marshall Foundation, NIDCD 
Grant DC-01409)

62.15
EFFECTS OF LO CA TIO N  OF HEA D  C E N TER  OF RO TATIO N ON N ECK  
FUNCTION DU RING RA M P RO TA TIO N S. C.A. Pattin and E.A. K eshner* . 
Sensory M otor Perf. Program , Rehab. Inst. o f  Chicago, Chicago, IL 60611 

The neck is treated as a rigid rod when m odeling head-trunk stabilization 
(Peng et al. 1996). But the neck is actually  a flexible, richly innervated spine 
with multiple degrees o f  freedom  for m otion. W e have investigated how a 
flexible spine m ight be controlled to support head stabilization. Four healthy 
subjects were subjected to a series o f  unpredictable ±10° forward (F) and 
backward (B) 60°/s ram ps in pitch w ith the trunk fixed and head and neck free 
to move. Subjects perform ed a m ental task in the dark to m inim ize voluntary 
and visual control. Head, neck, and trunk position in the sagittal plane were 
derived from video-analysis before and during two ram ps in each direction. 
Head and trunk centers o f  rotation (C O R ) w ere calculated, and points on the 
head [hn] and trunk (nt] around w hich the neck appeared to articulate were 
measured. These w ere used to determ ine the effective radii o f  the trunk (rtr) 
and the head (rhd) acting on the neck. One subject consistently m aintained a 
head COR superior and anterior to the trunk CO R in both F and B ram ps, thus 
indicating that rotation occurred m ostly about the upper cervical spine with 
r hd < r tr. In this case, changes in trunk angle and less change in head angle 
imply even sm aller changes in neck angle thereby suggesting counter-rotation 
at both (hn] and [nt]. Ram ps with head angles greater than the trunk also had 
an increased rhd. A nother subject consistently  held head CO R inferior and 
anterior to trunk CO R, and rhd < r tr. Relative C O R  placem ent and radii 
minimized the effect o f  a head in space angle larger than trunk in space [nt], 
so that all m otion appeared to occur at the upper spine. O ther subjects varied 
both location and radii o f  head CO R, usually adopting counter-rotation in F 
ramps. In B ram ps, increased rotation about the lower cervical spine was 
prevalent. Supported by DC00015, DC02072, and DC0I 125.

6 2 .1 2

HEAD MOVEMENTS DURING CIRCULAR LOCOMOTION IN NORMAL 
SUBJECTS. E.Hirasaki, S.Moore, TRaphan, J. Weinberger*, B.Cohen, Depts. of 
Neurol., Mt. Sinai Sch. of Med., NY, 10029 and CIS, Brooklyn College, CUNY.

The purpose of this study was to obtain quantitative information about head 
movements during circular walking in humans. Seven normal subjects (24-34 years 
old) walked around the perimeter of the circular treadmill (NeuroKinetics, Inc), 120 
cm diameter, in light at three walking velocities: slow (≈  40°/s), moderate (≈ 60º/s) 
and fast (≈ 90º/s; 1.4 m/s). Head rotation and translation were determined using a 
video-based, 3-D motion analysis system (OPTOTRAK 3020, Northern Digital). 
Yaw and pitch eye movements were measured using a video pupil tracker (ISCAN). 
Experiments were performed with the platform stationary and while counter-rotating 
at three velocities with the subjects walking in place. The biomechanical 
characteristics of head and trunk translation and pitch were maintained during 
walking on the stationary and rotating platform as during linear walking. When 
walking on the stationary treadmill, the gravito-inertial acceleration vector (GIA) 
tilted from 3 to 11°. In response, the mean roll position of the head tilted inward from 
2 to 5° as walking velocity increased from 40 to 90°/sec. The trunk also tilted during 
walking on the stationary platform, but body tilts were smaller (1 to 3°) and less 
influenced by walking velocity. Differences between head and body tilt and the tilt of 
the GIA were significant No significant head or trunk tilt in roll plane was observed 
when subjects walked in place. This suggests that the head tilts during circular 
walking were induced by tilts of the GIA. Yaw rotation of the head was closely 
related to stride frequency, and did not show clear nystagmus-like characteristics. 
However, the sum of angular velocities of the head yaw rotation and the slow phases 
of nystagmus was almost zero, indicating that both of them functioned in conjunction 
to maintain gaze stable in space.
Supported by DC03284, EY01867, NSBRI Award (NASA), NY State HEAT Grant.

6 2 .1 4

R O L E  O F  V E S T IB U L A R  A N D  V IS U A L  S Y S T E M S  IN  
C O N T R O L L IN G  H E A D  A N D  T R U N K  P O S IT IO N  IN  S P A C E .
J. J. Buchanan* and F.B. Horak. Neurological Sciences Institute, Oregon 
Health Sciences University, Portland, OR 97209.

How is head and trunk position in space controlled by the CNS? 
Six bilateral vestibular-loss subjects and six age matched controls were 
required to maintain balance (without stepping) while standing on a 
sinusoidally translating support surface (amp. = 12 cm). Without vision, 
control subjects stabilized the position of the head and trunk in space for 
low frequencies (< 0.5 Hz), but showed large-amplitude slow-sway 
motion of the head and trunk for fast frequencies (> 0.75 Hz). With 
vision, three vestibular-loss subjects controlled head and trunk position 
in space for slow translation frequencies, with more variable head and 
trunk position in space for fast frequencies compared to controls. Three 
vestibular-loss subjects with the eyes open suffered a loss of balance for 
slow frequencies from 0.1 Hz to 0.5 Hz. Without vestibular and visual 
information (eyes closed), all vestibular-loss subjects had problems 
controlling the position of the head and trunk in space for frequencies > 
0.25 Hz, resulting in a loss of balance. Oscillatory ankle, hip and knee 
motion was observed for fast frequencies (> 0.5 Hz) to dissipate the 
forces generated by the platform. In this task, fixing the head and trunk 
in space accomplishes three things: 1) stabilizes the position of the CoM 
within the support surface; 2) stabilizes the visual field; and 3) minimizes 
forces acting on the trunk. Our results show that vestibular information 
is very important for the CNS to control the position of the head and 
trunk in space. Supported by NIDCD/ NASA (P60-DC02072).

6 2 .1 6

HUMANS INCREASE VESTIBULOCOLLIC REFLEX GAIN AND STIFFNESS TO 
COM PENSATE FOR INCREASED HEAD INERTIA. K.J. Chen*, T .C  Hain, 
E.A. Keshner, and B.W. Peterson. Northwestern University, Chicago, IL 60611 

Head stability is determined by mechanical properties of soft tissue (inertia, stiffness 
and viscosity), and neural controllers (VCR, CCR, voluntary). In our past work we 
developed a mathematical model that suggested that mechanical properties dominate 
the control of horizontal (yaw) head stabilization, with a minor role for the VCR and 
even less of a role for the CCR (Peng, 1996; Peng et al, 1996).

To improve our estimates of stiffness, viscosity, and VCR and CCR open loop gain 
parameters, we have now used optimization methods to fit our model to experimental 
data. Healthy human subjects were rotated in the horizontal plane in darkness while 
performing mental arithmetic to minimize voluntary influences. Head angular velocity 
responses were measured in two paradigms, unweighted and weighted head.

For the unweighted paradigm, a similar response pattern was observed in all subjects, 
though somewhat shifted in frequency. Optimal model fits accounted for 85-96% of the 
experimental response variances. Stiffness ranged from 1.6 to 5.5 N/m, and VCR gain 
ranged from 39 to 79. Viscosity and CCR gain were best fit by 0. These results suggest 
that the CCR and viscosity play an insignificant role in yaw head stabilization.

For the weighted paradigm, head inertia was doubled using a 10 lb sandbag strapped 
to the subjects head. With increased inertia, using the parameters fitted to unweighted 
data, our model predicts substantial changes in head movement from the unweighted 
paradigm. However, experimentally measured head movement changed relatively little 
in this situation, implying compensation by neural controllers to maintain constant head 
response dynamics. Optimal fits to the weighted data accounted for 94-98% of the 
experimental response variances. Stiffness increased 2-163% and VCR gain increased 
77-226% compared to the unweighted model. Viscosity and CCR were again best fit by 
0. Results suggest that subjects adjust stiffness and VCR gain to maintain constant head 
dynamics despite large changes in head mechanics.

Supported by NS22490. D C 02072 , DCO1125.
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DIFFERENTIAL CONTROL OF MASSETER MUSCLES FROM IPSI- AND 
CONTRALATERAL MOTOR CORTEX IN HUMANS. S.L. Butler1,  M.A. 

Nordstrom1*, T.S. M iles1 and P.D. Thompson2 . Departments of Physiology1 and 

Medicine2, University of Adelaide, Adelaide, South Australia. 5005.
Corticobulbar projections are bilateral to trigeminally innervated human jaw muscles, 

but little is known about their functional role. Jaw muscles are usually activated 
bilaterally in unison, but there is a capacity for differential activation of jaw-closing 
muscles on each side during unilateral biting. We have used transcranial magnetic brain 
stimulation (TMS) to assess indirectly the extent of motor cortex involvement in the 
descending command for unilateral vs. bilateral activation of human masseter muscles.

TMS was delivered to one hemisphere with a figure-eight coil to elicit a muscle 
evoked potential (MEP) in the surface EMG of contracting masseter muscles during 
three different voluntary isometric biting tasks in 17 subjects. Task 1 was a bilateral 
bite with both masseters activated to 10% of maximum. Task 2 was a unilateral bite, 
activating the masseter contralateral to the stimulus to 10% of maximum, while 
keeping the ipsilateral masseter EMG as low as possible (< 5% of maximum). In task 
3, the ipsi/contralateral muscle activations were reversed. Averaged MEPs (n=50) were 
obtained from masseter rectified EMG. TMS delivered during task 1 evoked a MEP in 
the masseter contralateral to the stimulus in all subjects, with a mean (±SE) onset 
latency of 7.0 ± 0.3 ms. In 11 of 17 subjects a response was seen in ipsilateral masseter 
with a mean onset latency of 6 .6  ± 0.4 ms. The ipsilateral response was significantly 
smaller (mean 37% lower; paired t-test, P<0.01). The contralateral MEP was 
significantly smaller during task 2  compared with task 1 (16% reduction; paired t-test, 
P<0.01). Size of the ipsilateral MEP did not differ between tasks 1 and 3. These results 
suggest that 1) the crossed corticobulbar projection to masseter is stronger than the 
ipsilateral projection, and 2 ) there are separate populations of contra- and ipsilateral- 
projecting corticotrigeminal neurons controlling masseter, which are activated 
differentially in unilateral and bilateral biting. (Supported by NH&MRC of Australia.)

6 2 .1 8

COORDINATION OF BREATHING AND OBJECT MANIPULATION. J.H. 
Mateika1,2, S. Catalano1 and A.M. Gordon1,2*. 1Dept. of Biobehavioral Sciences. 
Teachers College, Columbia Univ.; 2Dept. of Rehabilitation Medicine. Columbia 
Presbyterian Med. Center; New York, NY, 10027

In the present investigation we examined the coordination of breathing and 
manipulation of a small object with a precision grip. Healthy subjects were seated in 
front of a table with their dominant hand resting on the edge of the table. The 
subjects breathed room air through a face mask that was connected to a 
pneumotachometer which measured inspiratory and expiratory airflow. The 
measured airflow served as a trigger to an auditory signal that was activated in 
response to 4 conditions which were imposed randomly. The conditions included: (i) 
the transition from inspiration (I) to expiration (E), (ii) the transition from E to I, (iii) 
midway through I and (iv) midway through E. In response to the signal, the subjects 
reached forward 2 0  cm, grasped and lifted a 1 kg instrumented object to a height of 
15 cm above the table surface, at their own pace. Position of the wrist and 
instrumented object, fingertip forces applied to the object, and the inspiratory (T1) 
and expiratory time (TE) of the breathing cycle associated with the onset of the signal 
were recorded. The preliminary results showed that the subjects were in the 
expiratory phase during lifting of the object in the majority o f the 1 to E, E to 1 and 
midway through l trials that were completed. Although the majority of lifts in the 
midway through E trials were not completed in expiration, these trials and the 1 to E 
trials were characterized by an increase in TE and decreased movement time 
compared to the other two conditions. These findings suggest that alterations in 
motor and respiratory control may be coupled in an attempt to lift small objects 
during the expiratory phase o f breathing.

Supported by the VIDDA Fo undation and NSF-lBN-9733679 (A.M.G)
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ENTRAINMENT OF BREATHING BY MENTAL GROUPING OF PIANISTIC 
FINGER MOVEMENTS. 1D. Ebert, 2F. Binkofski, 2H Hefter, 2J. Volkmann*, 2H.-J. 
Freund. 1Carl-Ludwig-Institute of Physiology, Univ. of Leipzig, Germany, 2Dept. of 
Neurology, Univ. of Duesseldorf, D-40225, Duesseldorf, Germany.

Entrainment of breathing by rhythmical motor activity, which exists in several 
motor subsystems, may also play a role in finger movements of musicians. The 
musical meter was selected to investigate interactions between a musical rhythmical 
performance and respiration. Six pianists (aged: 22-43y.) performed a simple finger 
exercise at a spontaneous tempo with either hand and with both hands in unison. 
Five repetitions of the exercise, quotated in quarter notes, were subdivided into 
different types of meters, as follows: (1) 3/4; (2) 4/4; (3) 5/4; (4) 6/4 and (5) 7/4 
time. Onsets of finger strokes were measured by means o f a Yamaha-Disklavier. 
Airflow of respiration was recorded by means of a thermistor placed at the dominant 
nostril. Mean meter rate, mean breathing rate, their ratios and relationships of 
instantaneous breathing and meter rates were calculated. Phase coordination between 
breathing and musical meter was evaluated by sequential cross-interval-plots between 
the starting points of first finger stroke in each meter and the onsets of inspiration. In 
relation to the performed meter following observations were made: 1. The meter-rate 
was faster for 3/4 and 4/4 meter (around 1 Hz), slower for 5/4; 6/4 and 7/4 meter 
(around 0.5 Hz). The finger beat rate was almost constant in all trials at about 3 Hz.
2. Mean breathing rate during playing was significantly higher than at rest. 3. 
Pooling the data of all subjects the ratios of instantaneous meter and breathing rates 
are clustering around different integer values, depending on the meter. Individual 
data revealed integer ratios between instantaneous meter and breathing rates. 4. 
Periods of constant time relations of different length between meter onset and 
inspiration onset could be detected. The data present evidence for a mutual frequency 
approximation between meter rates and breathing. We conclude that mental grouping 
of a piece of music at various musical meters leads to a correlated entrainment of 
breathing, despite constant motor performance.

______ _________________________________________IN V E R T E B R A T E  M O T O R  A N D  SEN SO R Y SYS TEM S  I
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CALCIUM DYNAMICS AND REGULATION OF CHAOTIC 
BEHAVIOR IN STOMATOGASTRIC NEURONS. M. P. Maher*, 
P. Varona, J. J. Torres, R. C . Elson, H. D. I. Abarbanel, M. I. 
Rabinovich. Institute for Nonlinear Science and Departments of 
Biology and Physics, UCSD, La Jolla CA 92093.

We have studied the regulatory effects of different stimuli on the 
chaotic behavior observed in isolated stomatogastric neurons using a 
two compartment model. Our simulated neuron incorporates six active 
ionic channels and realistic calcium diffusion. The bursting chaotic 
behavior arises in the model from the nonlinear description of calcium 
dynamics controlled by an IP3 receptor in the endoplasmic reticulum. 
Under periodic driving consisting of excitatory and inhibitory current 
pulses injected to the soma-neuropil compartment, the burst oscillations 
become regulated. We have studied the influence of pulse intensity and 
frequency on the size and shape of the slow oscillations. In most cases, 
strong enough negative pulses end the plateau oscillations while positive 
pulses start these slow oscillations. Failures to start or end the plateau 
phases can be explained by oscillations in the calcium concentration and 
its immediate effect on ionic currents. Important results can be derived 
from the model for a better understanding of the influence of calcium 
dynamics and other subcellular processes in the generation and control 
of chaotic behavior in single neurons.

Supported by grants from ORD (MPM, RCE, HDIA), Granada 
University (JJT), and DOE (HDIA, MIR).

METABOTROPIC GLUTAMATE RECEPTOR AGONISTS AFFECT 
RHYTHM GENERATION IN THE LOBSTER STOMATOGASTRIC 
GANGLION
W.D. Krenz, N. Perez, D. Nguyen, S. Ramirez, A.I. Selverston*. Institute 
of Neurobiology, University of Puerto Rico, 201 Blvd. Del Valle, San 
Juan, PR 00901, USA.
In the stomatogastric ganglion (STG) of lobsters acetylcholine (ACh) and 
glutamate mediate intercellular communication via ionotropic receptors. 
Preliminary results indicate that not only ACh, but also glutamate is 
contained in descending fibers and acts on metabotropic receptors. The 
mGluR agonists ACPD (50-150 µM) and quisqualic acid (50-100 µM) 
were found to activate the gastric mill pattern generator in blocked 
preparations. Bursting was induced in all gastric motoneurons from either 
a silent or a tonically firing state. The antagonistic phase relationships of 
neurons LG, MG, GM versus DG, AM, LPG were largely conserved, but 
ACPD-evoked rhythms normally had longer cycle duration than the 
normal rhythm. This suggests that although mGluR agonists can initiate 
bursting, they are not sufficient to initiate a normal gastric rhythm. The 
characteristics of individual bursts was complex and variable with respect 
to duty cycle and spike frequency. This variability suggests that ACPD 
acts on multiple targets and that its action may depend on the activity of 
other modulatory inputs. Quisqualic acid appeared to act more efficiently 
than ACPD at the same concentration (50 µM), especially in neurons DG 
and AM. The action of both agonists was dose-dependent and reversible. 
Preliminary data suggest that the effects of mGluR agonists can be 
blocked by the mGluR antagonist MCPG. Application of the antagonist 
onto combined cycling preparations resulted in slowing of the rhythmic 
activity. Together these data suggest an important role for mGluRs in 
generation of the combined rhythm in the STG. Preliminary results show 
that mGluRs participate in control not only of the gastric but also of the 
pyloric rhythm generator. Supported by grant # NS09322.
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63.3
P O S T S Y N A P T IC  C A 2+ A C C U M U L A T IO N  IN D U C E S  S H O R T -T E R M  
DEPRESSION O F T H E  C E R C A L-T O -G IA N T  S Y N A P SE  IN TH E  C R IC K E T. J± 
Ogaw a*1), Y. B aba2) and K. O ka .3) 1) D ept. B io l., S a itam a  M ed. Sch., S a itam a 
3500436, Ja p an . 2) N e u ro -C yb e rn . Lab ., R es. In s t. fo r  E le c tro n ic  S c ien ce , 
Hokkaido U n iv., S appo ro  0600812, Japan . 3) D e p t. o f S ystem  D esign E ngin ., 
Fac. of Sci. and Tech., K eio  U niv., Y okoham a  2238522, Japan.
Identified w in d -se n s itive  g ian t in te rn e u ro n s  in th e  c ricke t's  te rm ina l abdom ina l 
ganglion integrate cercal a fferent s ignals and trigger an escape response. Tetanic 
stim ula tion o f the  p re sy na p tic  s e n so ry  neu rons  in duces  a tte n u a tion  o f EPS P  
amplitudes o f the  postsynaptic g iant in terneuron. To understand the postsynaptic 
m echanism  u nde rly ing  th is  s h o rt- te rm  syn a p tic  dep ress ion , w e exam ined  the  
cytoso lic  C a 2+ c o n c e n tra tio n  ( [C a 2+]i) ch a n g e s  in d u ce d  by th e  p re s y n a p tic  
stimulation. A fte r the te tan ic  stim u la tion  o f the  ipsi-la te ra l ce rcal nerves induced 
Ca2+ accu m u la tio n  in the  g ian t in te rn e u ro n , th e  E P S P  evoked  by the  c o n tra 
lateral nerve s tim ula tion a lso a ttenuated. The  EPSP am plitude w as not changed 
by subthreshold synaptic stim ula tion w hich caused no s ign ificant [Ca2+]i elevation, 
and m icro in jection  o f 50 mM B A P T A  in to  th e  p os tsynap tic  neuron  suppressed  
the syn a p tic  d e p re s s io n . T h e s e  re s u lts  in d ic a te  th a t th e  p o s ts y n a p tic  C a 2+ 
accumulation regulates the short-term  depression at the  cerca l-to-g iant synapses. 
Furtherm ore, w in d -se n s itiv ity  o f th e  g ian t in te rneu ron  dec reased  fo llo w in g  the  
Ca2+ accum ula tion  induced by con tinuous a ir-pu ff s tim u la tion. Th is  observa tion  
suggests tha t the dendritic Ca2+ dynam ics m ay take  a role in tun ing the  directional 
sensitivity to  a ir cu rren t in the g ian t in terneuron.

63.5
MODULATION OF CARBACHOL-INDUCED BUCCAL MOTOR PROGRAMS BY 
GUT STIMULI IN A REDUCED PREPARATION IN APLYSIA. R. Thorne*, A. 
Malik, & A.J. Susswein. Dept. Life Sciences, Bar Ilan Univ., Ramat Gan, Israel.

Consummatory feeding movements in Aplysìa are organized by a central pattern 
generator in the buccal ganglia, which is driven by command-like neurons in the 
cerebral ganglion. Application of carbachol ( l 0-3 M) to the cerebral ganglion 
depolarizes command-like neurons and induces repetitive consummatory movements. In 
intact animals, the form and frequency of consummatory movements is both excited and 
inhibited by stimuli from the gut. We examined the effects of gut stimuli on carbachol- 
induced, as well as on spontaneous buccal motor programs. Motor programs were 
monitored by recording extracellularly from the 12 and radula nerves, and from buccal 
nerve 2, as well as via intracellular recording from B3l/B32. The gut was stimulated 
with a rubber balloon inserted from the back of crop, which was inflated to 5-10% of 
the animal’s volume.

In the absence of carbachol, gut fill evoked cycles o f two or three bursts in 
succession approximately every 3-4 minutes. Each burst lasted 10-15 sec. The bursts 
were ingestion-like, since radula nerve activity corresponded with the retraction phase. 
In preparations in which the gut was absent, these bursts were not seen.

As reported previously, carbachol elicited ingestion-like buccal motor programs. In 
the presence of gut stimulation, bursts were of >50% shorter duration, and occurred at 
approximately 3X higher frequency (~ 8  per minute) than in preparations in which the 
gut was not present. Intracellular records o f B3l/B32 and computer simulation models 
suggest that sensory input from the gut may be modulating carbachol-induced buccal 
motor programs by strengthening the B64-mediated hyperpolarization that terminates 
protraction in B3 1/B32.

These data indicate that gut stimuli can modulate buccal motor programs in a 
reduced preparation, as they do in intact animals.

63.7
REMODELING OF THE LEG SENSORY SYSTEM DURING 
METAMORPHOSIS OF MANDUCA SEXTA. C. Consoulas* and R. B. 
Levine. Division of Neurobiology, University of Arizona, Tucson AZ 85721 

The small larval thoracic legs of the moth Manduca sexta are replaced 
by large, fully articulated, legs in the adult. Changes in form are accompanied 
by changes in locomotor behavior (Johnston and Levine, 1996). This changing 
behavior may be reflected in part by changes in sensory feedback during 
metamorphosis. Larval and adult legs bear several classes of internal and 
external sensory organs (Kent and Griffin, 1990; Kent et al., 1996). The larval 
sensory neurons die in two waves, late in the last larval instar and during the 
early pupal stage. Some sensory cells, including the femoral and tibial 
chordodonal organs and hair sensilla neurons, however, survive metamorphosis. 
As assessed with bromodeoxy-uridine (BrdU) incorporation, adult sensory 
neurons have their origin during two days early in the pupal stage. The sensory 
neurons are bom in a proximal-to-distal fashion within the developing leg. The 
persistent larval cells are associated with the developing adult leg epidermis. 
Their axons undergo an extensive elongation during adult leg formation, and are 
used as a scaffold by the axons of the adult sensory neurons to reach their targets 
in the CNS. Other adult sensory neurons are bom early, and navigate to a larval 
nerve to form a new pathway for the later adult neurons. Surgical manipulations 
and immunostaining with an antibody against fasciclin II revealed that persistent 
larval sensory axons are not required for the generation of the adult sensory 
neurons but may be necessary for their navigation to and within the CNS. 
Supported by NIH (NS 24822; R.B.L.) and Fogarty Center (TWO 4898; C.C.)

6 3 .4

M OD U LA TIO N  BY G USTATORY INPUT OF THE ACTIVITY IN 
THE PROCEREBRU M  OF THE SLUG BRAIN. Y . Suzuk i, S. 
K aw ah ara , S. W atan ab e* , and Y. K irino. L aboratory  o f 
N eu rob iophysics, School o f P harm aceu tical Sciences, The 
U niversity  o f Tokyo, B unkyo-ku, Tokyo 1 13-0033, Japan

The te r re s tr ia l slug, L im ax m a rg in a tu s , has potent ab ility  of 
o d o r-ta ste  asso c ia tiv e  learn ing . The o lfacto ry  inform ation 
(cond itioned  stim ulus) p rocessing , assum ed to occur in the 
procerebrum  (PC ) o f the ce reb ra l gang lion , has been extensively  
studied . On the o ther hand, few attem pts have been made at 
e luc id a tin g  the gusta to ry  inform ation  (unconditioned stim ulus) 
p rocessing . We exam ined the m odulatory effec ts  o f gustatory  input 
on the PC o f an iso la ted  ce reb ra l ganglion  w ith in tac t lips. O ptical 
record ing  revea led  tha t quin id ine app lica tion  to the lip induced 
h y p erp o la riza tio n  in PC. The h y p erpo la riza tion  was more prom inent 
in the ce ll m ass than in the neuropil region o f PC. N ext we used 
patch  clam p record ing  techn ique to study sing le cell responses. The 
m em brane p o ten tia ls  o f bu rs ting  and nonbursting  neurons, which 
are the two know n types o f neurons p resen t in the PC, did not 
respond to gusta to ry  stim ulus. H ow ever, we found tha t another type 
o f  ce ll, denoted  nonspik ing  ce ll, hyperpo larized  in response to 
g u sta to ry  stim ulus. The tim e course o f the response was consistent 
w ith tha t observed  by op tica l recording . The nonspiking cell 
show ed period ic  sm all d ep o la riza tio n s , but no spikes. In jection  of 
su lfo rhodam ine B through a patch p ipe tte  revealed  tha t the 
nonsp ik ing  cell has p rocesses extending  over the cell mass. These 
resu lts  suggest tha t gusta to ry  input acts on the PC through 
h y p erp o la riza tio n  o f nonspik ing  ce lls  ra th er than o f bursting  or 
nonbursting  neurons.

Supported  by a G ran t-in -A id  (#0729105) from M ESSC, Japan, 
and a g ran t from Program  for P rom otion o f B asic R esearch  A ctivity  
for Innovate B ioscience. Y.S. is a rec ip ien t o f R esearch Fellow ship 
o f the Japan  Society  for the P rom otion o f Science for Young 
S cien tis ts .

6 3 .6

PRESUMED MOTONEURONS IN THE LARVAL CNS OF THE ASCIDIAN 
CIONA: PATHWAYS AND SYNAPTIC CONNECTIONS. S. Stanley, D. N icol1 
& LA. Meinertzhagen*. Life Sciences Centre, Dalhousie University, Halifax, NS, 
Canada B3H 4J1; 1Dept. Zoology, University of Tasmania, Hobart, 7001 Australia.

The CNS of the larval ascidian Ciona intestinalis comprises ~ 300 cells which 
constitute a nervous system with chordate affinities. We have analysed the visceral 
ganglion (VG) of the larval CNS, containing only 60 cells, and commenced analysis 
of its circuits. Two larvae, 1 hr post-hatching, were serially sectioned at 70 nm for 
approximately 80 µm, commencing at a level containing the nerve cord, anterior 
notochord and muscle bands, and proceeding rostrally through the visceral ganglion 
into the neck region connecting to the sensory vesicle (SV). At the neck, the centrally 
located neuropile region contains ~ 80 axon profiles, some descending from sensory 
receptors and interneurons in the SV. Caudally, the number of profiles decreases and 
the neuropile separates into two ventrolateral bundles that run down the nerve cord, 
each containing 10-12 fibres. Our analysis first concentrated on output pathways 
provided by > 7 pairs of presumed motoneurons with 5 µm somata and 0.3-2 µm 
axons. Axons originating from these cells first enter the central neuropile region at 
the level of the VG and then descend in the ventrolateral tracts. The fibres of the 
anteriormost pair decussate, but the axons of the remaining cell pairs do not, 
descending in the ipsilateral tracts. Fibres from these cells conserve their relative 
positions within the central neuropile region. No other fibre tracts pass between the 
interior of the VG and the nerve cord. Axons from each tract innervate the dorsal and 
middle muscle bands, forming neuromuscular junctions, implying that the tracts are 
motor, at least in part. Neuromuscular junctions on the middle muscle band have not 
hitherto been reported. All synaptic contacts of VG neurons thus far analysed have a 
single postsynaptic element; many are axonal inputs onto the soma; and there are 
different classes of synaptic vesicles. Non-neuronal ependymal cells occupy 
postsynaptic sites at some contacts. Axonal decussations of presumed motor axons, 
their ventral location, and axosomatic synapses, all find parallels in the nervous 
systems of vertebrates.

Supported by NSERC grant OGP0000065 to IAM.

6 3 .8

LOCAL CUES INFLUENCE REORGANIZATION OF MOTOR 
TERMINALS DURING METAMORPHOSIS OF THE MOTH, 
MANDUCA SEXTA. Laura M. Wilson* and Karla S. Kent. 
Department of Biological Structure and Function, Oregon Health 
Sciences University, Portland, OR 97201.

During metamorphosis of the moth Manduca sexta, an identified leg 
motor neuron, the femoral depressor motor neuron (FeDe MN), 
undergoes dramatic reorganization of its dendritic arbor and its motor 
terminals in response to changes in the titer of the steroid hormone, 2 0 - 
hydroxyecdysone (20-HE). Dendritic regression and MN terminal 
retraction occur at the end of larval life, while dendritic growth and MN 
terminal growth occur during the pupal stages. Previous studies in our 
lab have shown that injection of Juvenile Hormone (JH) into the larval 
leg prevents degeneration of the larval muscle and retraction of the FeDe 
MN terminals, indicating that 20-HE action on the MN cell body is not 
sufficient to cause retraction of motor terminals in the periphery, and 
that local cell-cell interactions may be involved. We have extended these 
studies to include injection of JH into the metathoracic ganglia of larvae 
to determine if 20-HE action on the MN cell body is necessary to cause 
either retraction or adult-specific growth and specialization of the FeDe 
MN terminals. We have found that 20-HE action on the FeDe MN cell 
body is not necessary for either motor terminal retraction or adult- 
specific specialization. Our results suggest that local interactions in the 
periphery influence the reorganization of the MN terminals and that 
central and peripheral changes in the same MN are regulated 
independently. Supported by NSF Grant #IBN-9604334
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6 3 .9

THE PHYSIOLOGICAL ORGANIZATION OF CRICKET AUDITORY 
RECEPTORS RESPONDING TO DIFFERENT BEHAVIORAL RELEVANT 
FREQUENCY RANGES

K. Imaizumi* and G. S. Pollack Department of Biology, McGill University, 
Montreal, Quebec, Canada, H3A IB l

Auditory receptor fibers (ARFs) in the Australian field cricket, Teleogryllus 
oceanicus, are classified into three populations based on characteristic frequency 
(CF ≤ 5.5 kHz, = 10 kHz, and ≥ 25 kHz) (Imaizumi and Pollack, 1997, Soc. 
Neurosci. Abstr. 23. 1571 and in preparation). In order to learn how populations of 
ARFs encode behaviorally relevant stimuli over a wide intensity range, we analyzed 
relationships between threshold and three other physiological parameters (dynamic 
range, slope in the rate-intensity function, and spontaneous rate) focusing on the two 
populations (low frequency, CF ≤ 5.5 kHz, and ultrasound ARFs, CF ≥ 25 kHz), 
most directly involved in acoustic behaviors.

In general, correlations between threshold and these other parameters are weak 
or absent (for spontaneous rate) for low frequency ARFs, while strong for 
ultrasound ARFs. The strong correlation seen for ultrasound ARFs is similar to the 
relationships found in mammalian and avian auditory nerve fibers, and may be 
related to their role in predator avoidance behavior. Based on the morphology of the 
axon terminals, low frequency ARFs comprise 2-3 distinct sub-populations, while 
ultrasound ARFs are anatomically more homogeneous (Imaizumi and Pollack, 
1998, Proc. 5th Int. Cong. Neuroethol. in press). The weaker correlations among 
physiological variables of low frequency ARFs may, in part, result from pooling 
these distinct sub-populations. The apparently more complex anatomical and 
physiological organization of low frequency ARFs may be related to the more 
complex behavior they support, namely recognition of intraspecific signals.

Supported by NSERC Canada and The Whitehall Foundation (G.S.P.) and in 
part by The Government of Canada Award (K.I.).

63.11

SEROTONIN AND OCTOPAMINE HAVE OPPOSITE MODULATORY 
EFFECTS ON CERCAL SENSORY NEURON TO GIANT INTERNEURON 
SYNAPSES OF THE FIRST INSTAR COCKROACH. E.S. Hill* and J.M. 
Blagbum. Institute of Neurobiology, University of Puerto Rico, Medical Sciences 
Campus. San Juan, PR 00901.

The cercal sensory system of the first instar cockroach, Periplaneta americana, 
provides an elegant model for the study of synaptic transmission. Four sensory 
neurons (L and M on each cercus) form monosynaptic connections with seven 
pairs of giant interneurons (GIs) in the terminal abdominal ganglion (TAG). 
Modulation of these synapses could potentially affect the output of the GIs to the 
thoracic portion of the escape circuit. To determine the effects of serotonin and 
octopamine, intracellular recordings were made from the soma of GI3 which 
received input from only the ipsilateral L sensory neuron (the contralateral cercal 
nerve was crushed). Perfusion of 10-3M serotonin resulted in a reversible 40% 
decrease in EPSP amplitude. Perfusion of 10-4M octopamine resulted in a 
reversible 40% increase in EPSP amplitude, and a 4 to 5 mV slow depolarization. 
Analysis of the rise time of EPSPs indicate that there is no change in the input 
resistance of GI3 due to the neuromodulators. Immunocytochemistiy has shown 
that both serotonin and octopamine are present throughout the neuropil of the 
TAG. Additionally, the dendritic fields of several immunopositive neurons have 
been characterized. The present experiments provide evidence for aminergic 
modulation of synapses which are vital to the escape response of the cockroach, 
and appropriately located, naturally releasable stores of these modulators have 
been identified.
Supported by NIH grant NSO7464, and an NSF EPSCoR grant.

6 3 .1 3

PERIPHERAL MODULATION OF MUSCLE PROPERTIES PERMITS A WIDE 
RANGE OF MOTOR COMMANDS TO PRODUCE BEHAVIORALLY 
APPROPRIATE CONTRACTIONS: EXPERIMENTS IN THE APLYSIA ARC 
NEUROMUSCULAR SYSTEM. I. V. Orekhova, V. Brezina and K.R. Weiss*. Dept. 
Physiology & Biophysics, Mt. Sinai School of Medicine, New York, NY 10029.

Muscles convert the motor commands of the nervous system into behavior. Most 
behaviors are capable of wide variations in their parameters; furthermore, the same 
muscles oft en participate in multiple behaviors. Muscles must therefore be able to 
produce behaviorally appropriate contractions from a wide range of motorneuron 
firing patterns. With fixed muscle properties, however, this is not generally possible. 
During rhythmic behaviors commanded by repetitive bursts of motorneuron firing, 
for instance, the peak level to which the muscle contracts with each burst, and the 
minimum level to which it relaxes between bursts, will always be in some fixed 
relationship to each other. But this relationship may need to change as the behavior 
speeds up or slows down, or switches to a different behavior.

This can be accomplished by modulating the properties of the muscle. 
Complementing previous theoretical work (Brezina et al., PNAS 94:10444; Soc. 
Neurosci. Abstr. 23:767), we have now carried out an experimental study in the ARC 
neuromuscular system of Aplysia. The ARC muscle participates in several rhythmic 
feeding behaviors. We stimulated the muscle to contract by firing its motorneurons in 
various patterns, and applied physiological modulators (5-HT, SCP, myomodulins, 
and buccalins). These modulators had characteristic, pattern-dependent effects on the 
relationship between the peak and the minimum contraction produced with repetitive 
bursts of motorneuron firing. Modulators that depress contractions, and those that 
accelerate their relaxation rate, changed the relationship, so as to make the 
contractions more phasic; those that potentiate contractions so as to make them more 
tonic. Physiologically, the ARC muscle is likely to be exposed to a mixture of 
modulators with combinations of these effects that change as the behavior changes. 
We suggest that such modulation permits the ARC muscle, and many other muscles, 
to dynamically adjust contraction shape appropriately for functional behavior over a 
wide range of motor output. Funded by NIMH.

6 3 .1 0

RECONSTRUCTION OF A STRETCH STIMULUS IN THE CRAB 
NERVOUS SYSTEM IN DIFFERENT NEUROMODULATORY 
CONDITIONS. J.T. Birmingham*, L.F. Abbott, and E. Marder. Dept. 
o f Biology & Volen Center, Brandeis University, Waltham, MA 02254.

Decoding techniques have been used successfully to reconstruct 
sensory stimuli from spike trains in several different biological systems; 
however, there is still little understanding o f how decoding might be 
modified in different neuromodulatory environments. The gastropyloric 
receptor (GPR) cells in the stomatogastric nervous system o f the crab 
Cancer borealis provide an ideal preparation for such studies. GPR2 
responds to stretch in muscles gm9 and cpv3a primarily in a tonic 
fashion with a firing rate that is proportional to muscle movement or 
tension. We previously found that bath application o f serotonin or the 
peptide allatostatin-3 dramatically reduces the firing rate of GPR2 in 
response to prolonged stretches of the muscles. To determine decoding 
filters, we stretch the muscles using a long duration (40 minute) white 
noise stimulus and measure the resulting spike train. The first half o f the 
spike train is used to generate a linear filter that describes the average 
stimulus associated with a single spike. The filter is used to reconstruct 
the second half o f the waveform from the spike train, and the 
reconstruction is compared to the actual waveform. The process is 
repeated during bath applications o f serotonin and allatostatin-3. This 
approach will help us understand if and how modulators alter the 
features of muscle stretch detected by the sensory neuron. Supported by 
NS07292 and the Alfred P. Sloan Foundation.

6 3 .1 2

DYNAMIC MODEL OF COMBINATORIAL PEPTIDE MODULATION IN 
THE ARC NEUROMUSCULAR SYSTEM OF AP L Y S IA  IN DIFFERENT 
BEHAVIORS. V. Brezina* and K.R. Weiss. Dept. of Physiology and 
Biophysics, Mt. Sinai School of Medicine, New York, NY.

The ARC neuromuscular system of A p ly s ia , which participates in 
consummatory feeding behaviors such as biting, swallowing and rejection, 
contains numerous modulators that shape the contractions of the muscle. We 
believe that this happens dynamically so that, as feeding accelerates with food- 
induced arousal and then slows down with satiation, or when the animal switches 
between different feeding behaviors, the changing motor output of the nervous 
system continues to be converted into behaviorally appropriate contractions 
(Orekhova e t  a l ,  these abstracts). In previous work (Brezina e t  a l., S c ie n c e  
273:806) we analyzed the core of this modulation—how two families of peptide 
cotransmitters released from the muscle’s two motorneurons, the SCPs from 
neuron B15 and the MMs from neuron B16, combinatorially modulate, through 
a network of intermediate effects, the size and the relaxation rate of the 
contractions. That work, however, was static, done only in the steady state. We 
have now added the dynamical element. Using available data on the patterns of 
firing of the motorneurons in the three feeding behaviors, release of the peptides, 
and the dynamics of the various intermediate effects, we have constructed a 
dynamic model of the modulation. In this model, we can follow the temporal 
evolution of the modulatory state of the system during an entire hour-long meal 
incorporating multiple switches between the three feeding behaviors. We find, 
indeed, continuous dynamic adjustment of contraction shape of the sort needed to 
maintain functional behavior. Furthermore, because the various effects of the 
peptides have very different time scales, switches in behavior are accompanied 
by dramatic changes in contraction shape that would not be predicted simply 
from the steady-state analysis. Thus, the dynamic dimension further expands the 
range of contraction shapes that the system can generate. Funded by NIMH.

6 3 .1 4

VISUALIZATION OF OSCILLATORY REGION IN THE ANTENNAL 
LOBE OF INSECTS BY OPTICAL RECORDING METHODS. 
K .O karia*l, R.Kanzaki.1,2 1Institu te  of Biological Science, U niversity  
of Tsukuba, 1-1-1 T ennodai,T sukuba, Ibaraki 305-8572, Japan, 
2PRESTO Jap an  Science and Technology Corporation (JST), Japan.

It is well know n that oscillation signal w as observed in an tennal lobe 
(AL), optic lobe, and  m ushroom  body of an  insect brain. In this s tudy  
we presen t the m ethod w hich visualize spatial d istribution  of 
oscillation signal in the AL of insects by using an  optical recording  
m ethods coupled w ith  the Fast Fourier T ransfer (FIT) analysis. We 
acquired responses of voltage-sensitive dye from the AL during  ca. 3 
second by single sw eep. Recording rate  w as 2.4 m s/fram e. The 
optical im age data  w ere  analyzed by F IT  in ou tpu t of every  pixel of 
recording  device respectively. We obta ined  som e specific oscillatory 
frequency in a certain  area in the AL and  regions depended  on 
olfactory stim ulation. The oscillating regions w ere appeared  in 
g lom erular area during  stim ulation. The frequency of pow er peak was 
ca 30Hz. The cell cluster area of AL had spon taneous oscillation in 
also ca.3OHz. No pow er peak w as observed w ithin 0-100Hz except ca. 
30Hz We will d iscuss the possibility of obtaining new ly inform ation 
by this m ethod. Supported  by g ran ts  from PROBRAIN and PRESTO, 
JST.
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63.15
PROGRAMMED ODOR-ORIENTING BEHAVIOR BASED ON FLIP-FLOP 
NEURAL SIGNALS IN A MALE SILKWORM MOTH.
R.Kanzaki*1,2 and T.Mishima1. 1Institute of Biological Sciences, University of 
Tsukuba, Tsukuba, Ibaraki 305-8572, Japan, 2PRESTO, Japan Science and 
Technology Corporation (JST).

In walking moth species, B om byx m ori, the walking toward the pheromone source 
was controlled by a self-generated zigzag program which was triggered by 
intermittent pheromonal stimulation applied to the antennae. This program 
consisted of a straight-line walking, zigzag turns and following looping behavior 
(turns of more than 360 degrees). Males began to turn to the same direction of the 
antenna where the stimulation was applied. Inter-turn interval time of the zigzag 
turns increased turn by turn. The programmed sequence of the movements was 
'reset' and 'restarted' from the beginning in response to pulsed stimulation. Using 
such a self-generated zigzag program and reset mechanisms of the program, B om byx  
males could orient toward the odor source without using a complex memory and 
learning. Under circumstances which change every moment such a statistical 
searching method might be a useful algorithm for insects which have a small 
number of neurons in the brain. In B om byx  males, specific subset of descending 
interneurons (DNs), which connects a brain and a thoracic ganglion, shows flipflop 
activities (similar response property to that of electric flipflop) in response to 
sequential pheromonal stimulation of antennae. We identified two groups of 
olfactory DNs (i.e., Group-I and Group-13) morphologically and physiologically. 
Some Group-I DNs showed flipflopping activity pattern by pheromonal stimuli. 
The flipflop DN had dendritic arborizations restricted in the lateral accessory lobe 
(LAL) in the protocerebrum. Group-0 DNs which had branchings partly in the LAL 
showed only a phasic activity pattern. We will demonstrate that these two types of 
activity patterns descending the ventral nerve cord coordinate the odor-orienting 
behavior of a male Bombyx.

Supported by grants from the PROBRAIN and PRESTO, JST

63.17
REVERSE ENGINEERING BEHAVIOR IN  THE LOBSTER BY 
FINITE STATE ANALYSIS. Joseph Aye rs*, Lars Schlichting & 
C ricket W ilb u r , M a r in e  S c ie n c e  C e n te r ,  N o r th e a s t e r n  
University. East Point. N ahan t, M A 01908

We are developing neu ra l circuit-based  con tro llers for bio- 
mimetic underw ater robots. The control a rch itectu re  is based  
on central com m and, coord ina tion  and  cen tra l p a tte rn  genera 
tor objects which pass m essages asynchronously . This archi
tecture supports an extensible library  of behav io ra l acts w hich  
are based on rev e rse  k in e m a tic  a n a ly s is  o f b e h av io r . We 
catagorize the state of the d ifferent task  g ro u p s  (w alk ing  legs, 
chelipeds, abdom en) into a set of states. For exam ple, the  che- 
lipects are held in an ex tended  postu re , a rest postu re , a m eral 
spread posture and  a la te ra l sp read  p o s tu re . To deco m p o se  
behavioral sequences in to  these  s ta tes  w e  v id eo  tap e  sp ec i
mens in two planes and  co n stru c t d ig ita l m ovies. A m o tion  
analysis p ro g ram  s te p s  th ro u g h  th e  m o v ie  a n d  o sc il la te s  
between adjacent fram es w hile  m e investig to r categorizes the 
state of the different ta sk g ro u p s  u s in g  a p an e l of rad io  b u t
tons. These state changes can  be v isu a lized  on  a s tate  d iag ram  
which allows read y  id e n tif ic a tio n  o f s te re o ty p e d  p a tte rn s . 
Using this technique w e are an alyzing  the acts fu n d am en ta l to 
complex behavior such  as investigation , feed ing  and  ad ap ta
tion to current and  surge. The aim  of th is analysis  is to con
struct a library of fundam en ta l action p a tte rn s , the ir sequenc
ing d u rin g  b e h av io r , th e ir  o v e ra l l  t im e  c o u rs e s  a n d  th e  
releasers and contingencies w hich  evoke choices in sequences. 
This library forms the behav ioral set of the robots.

Supported by DARPA/DSO through ONR Grant N00012-98-1-0381

63.16
SPATIO-TEMPORAL ACTIVITIES IN THE ANTENNAL LOBE ANALYZED 
BY ELECTROPHYSIOLOGICAL AND OPTICAL RECORDING METHODS IN 
THE MALE SILKWORM MOTH B O M B Y X  M O RI. H. Ai*1, K. Okada1 , R 
Kanzaki1,2 .  1 Inst. of Biological Sciences, Univ. of Tsukuba; 2PRESTO, Japan 
Science and Technology Corporation (JST); Tsukuba, Ibaraki 305-8572, Japan.

A certain response pattern in the antennal lobe (AL) was recorded by using 
voltage-sensitive dye after electrical stimulation of the antennal nerve (AN). To 
investigate whether these optical responses are presynaptic responses or 
postsynaptic ones, recordings were made under Ca2+ free conditions. In the 
macroglomerular complex (MGC) twin peak depolarization was usually observed at 
4.8-5.4 ms and 6.0 ms after the onset of the electrical stimulation of the AN. 
Although the perfusion of the Ca2+ free saline had no effect on the amplitude of the 
first depolarization, the second depolarization consistently decreased the amplitude 
than that observed in the normal saline conditions. This indicates that the early 
depolarization was of the presynaptic and the second one was of the postsynaptic. 
Since we demonstrated that many GABA-like immunoreactive neurons existed in 
the AL, recordings were made under GABA blocker conditions. Bicuculline (0.1 
mM) consistently increased the amplitude of the second depolarization in the whole 
MGC. No significant differences were observed in the first depolarization. This 
result indicates that the second depolarization originated partly from GABAergic 
secondary responses. The AN bifurcates into the medial nerve (MN) and the lateral 
nerve (LN) in the antenna. The area responding to the electrical stimulation of the 
MN was at the medial half of the MGC and the edge of the lateral side of the MGC, 
which corresponds to the MGC-4. The area responding to electrical stimulation of 
the LN was restricted to the lateral half of the MGC. Some functional differences 
between the MN and LN in the responsibility to pheromonal and mechanical stimuli 
to the antenna were observed by electroantennogram. Our histological results 
demonstrate that the differences in the projection area in the AL by the MN and the 
LN reflects the topology of the antenna. We will also report the spatio-temporal 
distribution of neural responses in the AL evoked by odor stimulation of the 
antenae. Supported by grants from PROBRAIN and PRESTO, JST.

C O M P A R A T IV E  N E U R O A N A T O M Y

64.1
ORGANIZATION OF THE DESCENDING OCTAVAL NUCLEUS IN TELEOSTS.
C.A. McCormick*. Dept. Biology, Oberlin College; Oberlin, OH 44074 

The dorsomedial zone of the descending octaval nucleus (DON) o f jawed fish 
appears to process acoustic information. In most species, the DON is described as a 
“crescent-shaped” nucleus located in the ventral part o f the alar plate. However, the 
dorsomedial DON is specialized in some teleosts such that many cells are proximate 
to the cerebellar crest (CC). Dorsal dendrites of these cells extend into the CC while 
ventral dendrites/somata receive primary acoustic input. HRP and cytoarchitectonic 
studies investigated whether this anatomical feature is a general one for teleosts. 
Projections of the saccule and lagena to the DON were determined in Esox, Chanos, 
and Astronotus. Locations of cells that project to acoustic and mechanosensory areas 
of the toms semicircularis (TS) were also determined. The DON of the 3 species 
includes a few dorsomedial cells that are proximate to the CC and have dorsal 
dendrites that penetrate the CC. Long ventral dendrites extend into the terminal field 
of the saccule and lagena which lies in the dorsal part of the crescent-shaped division 
of the DON. The DON thus includes the crescent-shaped division as well as a small, 
segregated division containing the dorsomedial cells. Cell bridges are present between 
the two divisions at some levels. Projections to the acoustic TS arise both from the 
dorsomedial cells and from cells in the dorsomedial part of the crescent-shaped 
division. These studies also revealed another small group o f dorsomedial cells with 
dorsal dendrites that penetrate the CC. Based on previous studies in otophysans, these 
neurons are probably the dorsal division o f a second-order acoustic population (SO). 
The primitive organization o f the teleost DON and SO thus appears to include dorso
medial neurons with dorsal dendrites that are proximate to, and potentially influenced 
by, the CC. This primitive organization may underlie the many similarities in the 
specialized morphologies of the DON and SO exhibited by teleosts from divergent 
taxa. Support: NSF IBN-9309977 & a Howard Hughes grant to Oberlin College.

6 4 .2

EXTRINSIC AND INTRINSIC CONNECTIONS OF THE DORSOMEDIAL (DM) 
TELENCEPHALON IN A TELEOST FISH, Xenomystus nigri. M. R. Braford, Jr.* 
and B. N. Mathur. Biology Dept. and Neuroscience Program, Oberlin College, 
Oberlin, OH, 44074

Following a cytoarchitectonic analysis of DM, small injections of horseradish 
peroxidase were targeted at various specific subdivisions of DM. Injections in the 
caudodorsal and caudomedial periventricular portions o f DM resulted in labeled 
axons in the lateral forebrain bundle and labeled somata in the lateral preglomerular 
nucleus, which receives auditory input, and the medial preglomerular nucleus--both  
ipsilaterally. These connections were confirmed by injections in the preglomerular 
nuclei. Injections in nearly all periventricular portions o f DM, resulted in very dense 
terminal labeling in the large-celled, migrated portion o f DM, DC-M. Injections in 
DC-M resulted in labeled somata and terminals in DC-M contralaterally and labeled 
terminals in the dorsal part o f the area ventralis of the telencephalon, ipsilaterally. 
Extra-telencephalic fibers from DC-M were seen to enter the medial forebrain bundle 
and could be traced to terminal fields in the rostrodorsal thalamus, the dorsal hypo
thalamus, and just ventral to the medial preglomerular nucleus. Terminal labeling in 
the midbrain tegmentum ventromedial to the torus semicircularis and in the toms 
semicircularis was seen after injections involving the medial periventricular portion 
o f DM and DC-M. No evidence was seen for afferent or efferent connections of DM 
or DC-M with other portions of the area dorsalis--including the olfactory-recipient 
dorsoposterior (DP) zone. The differences in our results and those of Murakami et al. 
(1986) in another teleost, Sebasticus, with respect to DP could be due to species 
differences but are more likely the result of different placements of the border 
between the area dorsalis and the area ventralis along the medial telencephalic wall. 
(Support: NSF Grant to MRB; HHMI Grant to Oberlin College; Oberlin College.)
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6 4 .3

INTRINSIC CONNECTIONS OF THE VISUALLY-RELATED DORSAL 
TELENCEPHALON OF SQUIRRELFISH. Leo S.Demski*, Joel A. Beaver, Jason T. 
Deignan and Claudia L.Lukas, New College, Univ. South Florida, Sarasota, F1 34243.

The topography and main extrinsic connections of the area in Holocentrus rufus and 
ascenciones have been reported (Demski and Beaver, Neurosci. Abstr. 1996/1997). A 
large celled area (Dc-d) projects to the tectum. Dc-d is covered dorsolaterally by a zone 
o f columns o f smaller cells (Ds-dl) which receive indirect input from the tectum via n. 
prethalamicus (n.PTh) and medially by a thin layer o f larger cells (Ds-dm). The Ds areas 
are separated from the Dc-d by a fiber capsule. We have hyothesized connections such 
that information processed in Ds-dl could influence tectal function via Dc-d output. To 
test the idea small iontophoretic injections and implants o f biotinylated dextran amines 
were made in Ds-dl, Ds-dm and Dc-d. The observations were augmented by other 
studies o f normal tissue. Ds-dl column cells send unmyelinated axons into Dc-d where 
they branch and become beaded. The system diverges; e.g. the innervation area in Dc-d 
is c.a. four times greater than implant area in Ds-dl. A second connection involves a 
novel cell type (bridge cells, BC) characterized by a large ( 16-20µm) soma with one to 
two large ribbon-like “dendritic” processes (2.5-4µm in diameter). BC are scattered 
within and just above the capsule in Ds-dl. Smaller “axon-like” processes extend from 
the soma or large process across the columns o f Ds-dl cells. The thick processes run 
toward the capsule where they divide into figures either o f similar configuration or into 
processes with large beads connected by thin straight segments. The processes fan out 
in the capsule forming a complex network. Some branches o f both types enter Dc-d; the 
non-beaded divide repeatedly into branches covered with long finger-like “spines”. 
Thus the BC could potentially feed back information to Ds-dl. Injections into Ds-dm 
indicate that many fibers o f the capsule originate from cells in the area. Some of the 
axons enter Ds-dl where they branch repeatedly. It is thus likely that the major afferents 
to Ds-dl are contributed by n.PTh, Ds-dm and the BC. Supported by NSF Grant IBN 
9724144RUI and the Florsheim Endowment to the New College Foundation.

6 4 .5

THE NUCLEUS ACCUMBENS IN A LIZARD: CHEMOARCHITECTURE AND 
CORTICAL AFFERENT CONNECTIONS. S. Guirado1, J.C. Dávila1, M.A. Real1 

and L. Medina2*. 1Dept. Biología Celular y Genética, Univ. de Málaga, Málaga, 
29071 Spain; 2Dept. Ciencias Morfológicas, Univ. de Murcia, 30100 Murcia, Spain.

To better understand the organization and evolution of the basal ganglia of 
vertebrates, we have analyzed the chemoarchitecture and the cortical input to the 
nucleus accumbens in the lacertid lizard Psammodromus algirus, by means of either 
immunohistochemistry (IHC) or injections of bitotinylated dextran amine (BDA) in 
the reptilian limbic cortex. Our IHC results indicated that the nucleus accumbens 
contains many GABA-positive neurons and calbindin-positive neurons, the majority 
of which may be spiny projection neurons, and a few dispersed neuropeptide Y - 
positive neurons that likely represent aspiny interneurons. Our results also show that 
the nucleus accumbens contains two chemoarchitectonically different fields: a rostral 
and medial field that stains heavily for substance P, dopamine, GABAa receptor, and 
a lateral field that stains only light- to moderately for them appearing more similar 
to the adjacent striatum. Our results on BDA injections showed that the medial and 
the dorsal cortices, but not the dorsomedial cortex, project heavily to the rostral and 
medial field of the accumbens, whereas they project light- to moderately to the lateral 
field. Ultrastructural observations indicated that cortical terminals make asymmetric, 
presumably excitatory synaptic contacts with distal dendrites and the head of spines, 
and no difference could be observed between medial and lateral aspects of the nucleus. 
Our results indicate that hippocampal-like projection to the nucleus accumbens is 
similar between mammals and reptiles in that cortical terminals make mainly 
excitatory synapses on spiny, putatively projection neurons. However, our results 
and results from previous investigations indicate that important differences exist 
between the nucleus accumbens of mammals and reptiles regarding local modulatory 
interactions between cortical, dopaminergic and cholinergic elements.
Supported  by Spanish D G ES, PB 96-0715.

6 4 .7

DOES MESENCEPHALIC CYTOMORPHOMETRY IN LIZARDS 
REFLECT PHYLOGENY OR BEHAVIOR? L.N. Irwin* and A. Ruiz- 
Velasco. Dept. Biol. Sci., Univ. of Texas at El Paso, El Paso TX 79968.

Neuroanatomy is the product of both historical and proximate factors.
We have attempted to distinguish between evolutionary and behavioral 
determinants of the cytomorphometry of the optic tectum in lizards from 
three families. Brains from adult representatives of the Teiidae (active 
diurnal foragers), Iguanidae (diurnal sit-and-wait predators), and 
Gekkonidae (nocturnal foragers) were fixed by cardiac perfusion with 
10% formaldehyde, embedded in paraffin, sectioned, and stained with 
hematoxylin-eosin or cresyl violet. The average thickness of each layer of 
the optic tectum was measured through a Zeiss Axioskop using Optimas 
software. In the nocturnal gecko, fiber layers 6 and 7 were reduced 
compared to those of the two diurnal lizards. The teiid had a thicker layer 
11 (zone of terminal optic fiber arborization) but a thinner layer 5 (cellular 
zone) than either the more distantly related but diurnal iguanid or the 
nocturnal gecko. Overall, the optic tectum of the actively foraging teiid 
was more distinctive than that of the less active iguanid or gecko. Thus, 
behavioral use of visual information appears to influence neural 
architecture as much as the nature of visual input in lizards. S u p p o r te d  b y  
N I H - R C M I  grant G 1 2  R R 0 8 J 2 4  a n d  a n  e n d o w m e n t  f r o m  J. E d w a r d  a n d  
H e le n  M . C. S te m .

6 4 .4

RECIPROCAL CONNECTIONS BETWEEN DORSAL TELENCEPHALON 
AND DIENCEPHALIC REGIONS PROCESSING MULTISENSORY 
INFORMATION IN A WEAK ELECTRIC FISH, G ym n o tu s  carapo . S A L. 
Corrêa*, A.S.F. Pereira and A. Hoffinann. Lab. of Neurophysiology, University of 
Sâo Paulo, Ribeirão Preto SP 14049-900 Brazil.

in the present report  we describe the pattern of connectivity between the 
dorsolateral region (=dorsal portion, DLd) of the telencephalon and the diencephalic 
preglomerular nucleus (=lateral portion, PGI) in G ym notus carapo. Electrophoretic 
injections of biotinylated dextran amines (BDA) were made into the different 
transverse plans of the DLd and PGI After injection in PGI, retrograde labeling 
was found in the area dorsalis pars mediaiis (DM2d and DM2v) and pars 
centralis (DC), nucleus preopticus periventricularis (PPp), ventromedial and 
ventrolateral thalami, ventral hypotalamus and nucleus tuberis anterior (TA). 
Anterograde labeling was detected in DLd, contralateral PGI and TA. We observed 
that the DLd receives inputs from the PGI, wich in turn receives inputs from 
DC, DM2v and DM2d. PGI is involved in the processing of multisensory 
information (auditory, gustatory, visual and electrosensory). This nucleus receives 
electrosensory information via the TSd and the nucleus electrosensorius (nE) and 
projects toward caudal regions of the DLd, that is interconnected with DC and 
DM. In a previous study in G y m n o tu s  c a r a p o  we observed that fibers from 
rostral and medial DC planes reach the PGI, TSd and TeO, structures that in 
gymntiformes are related to the processing of electrosensory information. Thus, 
in gymnotiform fish, the neuronal link PGI-DLd-DC,DM-PGI may be potentialy 
envolved in processing electrosensory information.
Supported by FAPESP (96/0548-9), and FAEPA (1221/97).

6 4 .6

EARLY DIENCEPHALIC DEVELOPMENT IN ALLIGATOR EMBRYOS.
M.B. Pritz*, Sect. of Neurol. Surg., Indiana U. Sch. of Medicine; Indianapolis, IN 
46202-5124

The development o f the diencephalon was investigated in Alligator embryos 
between Ferguson stages 2 and 16/17. Forebrains were stained with cresyl violet, 
peanut agglutinin, or antibodies to acetylated tubulin or calretinin and examined in 
sagittal or longitudinal planes. At the earliest stage, stage 2, only a single 
diencephalic division was identified. By stage 3, 2 diencephalic segments were 
seen. At stage 5/6, 4 diencephalic units were noted. At stage 14, subdivisions 
within a given diencephalic segment were observed. Nevertheless, the 4 
diencephalic divisions could still be seen at this stage and could be identified even 
in the oldest embryos examined, stage 16/17. Diencephalic units were oriented 
transversely and their identity and boundaries were marked by peanut agglutinin 
positivity, fibers immunoreactive to acetylated tubulin, and calretinin 
immunoreactivity. Unlike the hindbrain where rhombomeres are transiently 
identified by these same methodologies, diencephalic units remain visualized 
despite internal differentiation into further subdivisions. The presence of a 
segmental organization in the diencephalon o f Alligator coupled with similar 
descriptions in chick and mammals suggests that this pattern of development is a 
feature common to all amniotes and possibly to all vertebrates.

Partly supported by the Project Development Program, Research and Sponsored 
Programs, Indiana University at Indianapolis

6 4 .8

DISTRIBUTION OF IMMUNOREACTIVE GONADOTROPIN 
RELEASING HORMONE (GnRHir) IN A G A M A  A G A M A :  FURTHER 
SUPPORT OF AN OLFACTORY-GnRHir CORRELATION G.J. Rosen*. 
Dept. of Environmental, Population, and Organismic Biology, Univ. of 
Colorado; Boulder CO 80304-0334.

The forebrain immunoreactive gonadotropin-releasing hormone 
(GnRHir) system and the vomeronasal, olfactory (VO) systems appear to be 
correlated in iguanian lizards. That is, the green anole A n o lis  c a r o lin e n s is  
has an anatomically reduced VO and lacks GnRHir in the VO and forebrain 
(Rosen et al., 1997). In contrast, the western fence lizard S c e lo p o r u s  
u n d u la tu s  has a well-developed VO and also has GnRHir in the VO. In 
addition, this species has an extensive GnRHir forebrain system. To 
determine if the apparent VO-GnRHir correlation also exists in species from 
the iguanian family Chamaeleonidae, the immunohistochemical distribution 
of GnRHir was examined in the rainbow lizard A g a m a  a g a m a . The results 
were compared with those from a previous study (Bennis et al., 1989) of the 
chameleon C h a m a e le o  c h a m a e le o n . Although both A g a m a  and C h a m a e le o  
have an anatomically reduced VO, the VO of A g a m a  is not as reduced as 
that of C h a m a e le o . The distribution of GnRHir neurons in A g a m a  was very 
similar to that of C h a m a e le o . However, unlike C h a m a e le o , GnRHir fibers 
were observed in the VO (i.e., olfactory tract) of A g a m a . Thus, the VO- 
GnRHir correlation also exists in species from the iguanian family 
Chamaeleonidae. To allow conclusions about the evolutionary history of 
this correlation, future work will involve phylogenetic analysis of the VO- 
GnRHir correlation in iguanian lizards. Supported by a grant from Sigma 
Xi to G.J. Rosen.
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64.9
HOMOLOGOUS M O R PH O LO G IE S IN ID EN TIFIE D  RETIC U LA R 
NUCLEI IN TH E CA U D A L R H O M B E N C E PH A LO N  O F RAT, 
REPTILES, FROG, AND C A R TILA G IN O U S FISHES. S. Stuesse 1*, W. 
Cruce 1, D.S.H. A dli2, D.B. N ew m an 3 and R.G. N o rth c u tt4. 2 Zoology 
Dept, Univ. o f  M alaya, 3Dept. o f  A natom y, U S U H S , 4N eurobiol. Unit, 
Scripps Inst. o f  O ceanography and D ep t.o f N eurosci., U CSD, La Jolla,
CA, 92037 and 1N eurobiol. D ept., N E O U C O M , Rootstow n, OH 44272.

A comparison o f  caudal rhom bencephalic  reticu lar nuclei in four groups 
of vertebrates allow ed the identification  o f  putative hom ologous nuclei. 
The identification was based on position , cell m orphology, orientation o f 
soma and dendritic processes, pro jections to the spinal cord, and im m uno- 
histochemistry. Ten reticu lar nuclei w ere identified in cartilag inous fishes 
and in frogs but only four in rep tiles (w hich w ere analyzed  first and in 
which im m unohistochem istry w as not done). R eticu laris (r.) 
magnocellularis (RM ), r. g igan tocellu laris  (RG ), r. paragigantocellu laris 
lateralis (Rpgcl), and raphe m agnus (R aM ) w ere identified in all groups. 
RM consists o f  flattened cells w ith horizontally  orien ted  som a and 
processes. RG contains very large m ultipo lar cells beside the m idline. 
Rpgcl contains som ata o f  varied shapes including fusiform  and triangular. 
RaM, on the m idline, contains sm all to m edium -sized  cells, round or 
polygonal, with processes orien ted  vertically  or horizontally . All four 
nuclei project to the cord and contain cells that are im m unopositive for 
serotonin and enkephalin . The constancy  o f  cell shape, projections, 
immunohistochemistry, and dendroarch itecton ics across disparate 
vertebrate groups indicates that these reticu lar nuclei are hom ologous and 
that the reticular form ation has evolved conservatively .

64.11
LO C A LIZA TIO N  OF N IT R IC  O X ID E  S Y N T H A S E  IN T H E  P IG EO N  
BRAIN A N D  S P IN A L  C O R D . G. B rün ing * 1 , A . H a u s w e d e ll,1 B. 
Mayer2. 1 D e p t. o f A n a to m y , Free U n iv e rs ity , D - 1 4 1 9 5  Berlin, 
Germany, and 2 D e pt of P h arm a c o lo g y  and T o x ic o lo g y , Karl- 
Franzens-U niversity , G raz, A u s tria .

The d is tribution  p a tte rn  of n itric  o x id e  s yn th a s e  (N O S ) w a s  
investigated in th e  p ig eon  C N S  by im m u n o flu o re s c e n c e  and N A D P H  
diaphorase h is to c h e m is try . In th e  fo re b ra in , N O S -p o s itiv e  neurons  
were m ost a b u n d a n t in th e  n u cleu s o f th e  d iag o n al ban d , th e  v en tra l 
paleostriatum , th e  la te ra l h y p o th a la m ic  n u cleu s and th e  m a m illa ry  
region. M a n y  nuclei o f th e  m e s e n c e p h a lo n  w e re  e n rich ed  in s tro n g ly  
stained neurons: th e  o p tic  te c tu m , s u b s ta n tia  grisea  cen tra lis , 
ventral te g m e n ta l a rea , su b s tan ia  n ig ra, in te rp e d u n c u la r n ucleus, 
pedunculopontine te g m e n ta l n uc leus and th e  dorsa l te g m e n ta l a rea . 
Further c au d ally , s ta in ed  n eurons o c c u rre d  around th e  fas c ic u lu s  
longitudinalis m ed ia lis , in th e  m ed ia l v es tib u la r n u c leu s , th e  nucleus  
solitarius and th e  s u b s ta n tia  g e la tin o s a  R olandi tr ig e m in i. In th e  
spinal cord, N O S -p o s itiv e  cells  w e re  c o n c e n tra te d  in th e  su p erfic ia l 
part of the dorsal horn and th e  c o lu m n  of T e rn i. P re lim in ary  d o u b le -
labeling e xp erim e n ts  in d ic a te d  th a t a m in o rity  o f n eurons co -ex p re s s  
choline a ce ty ltra n s fe ra s e  (C h A T ). T h e s e  w e re  lo c a ted  in th e  
pedunculopontine and dorsa l te g m e n ta l n u c leu s . S u rpris ing ly , 
coexpression of N O S  and C h A T  in p u ta tiv e  preg an g lio n ic  
sym pathetic  spinal n eurons lik e w is e  a p p e ared  lim ited  to  ra th e r fe w  
cells. T hese resu lts  p o in t to  d is c re te  sp ecies  d iffe re n c e s  in th e  
distribution o f N O S  and its c o -ex p re s s io n  w ith  o th e r tra n s m itte rs .

64.13
PRESENCE O F NEURONS IN TH E ADULT RAT ANTERIOR M EDULLARY 
VELUM REVEALED BY IM M UNOHISTOCHEM ICAL LABELLING FO R 
BINDING PROTEINS PARVALBUMIN, CALRETINÏN AND CALBINDIN- 
D28K M. Ibrahim, P-A. Menoud* and M.R. Celio Inst. of Histology & Gen. 
Embryology, Univ. of Fribourg, Switzerland.

The anterior medullary velum (AMV) is situated between the inferior 
colliculi and cerebellum, roofing the rostral part of the IVth ventricle. Although the 
AMV has been studied in relation to axon (mainly IVth cranial nerve) and glial 
populations there has been no studies with respect to the presence of neurons. 
Calcium-binding proteins (CaBPs), parvalbumin (PV), calretinin (CR) and calbindin- 
D28k (CB) have been shown to be excellent markers of specific neuronal populations 
and have therefore been used in this study to address whether neurons are present in 
the AMV. Immunohistochemical labelling against CaBPs and confocal microscopic 
analysis of whole mount AMV revealed not only the presence of neurons but showed 
a heterogeneous pattern of distribution. C R +  neurons in the most rostral region of 
the AMV were bipolar in morphology, having somata diameter ranges of 10-20µm, 
with beaded dendritic processes running in a rostro-caudal manner. CR labelled 
neurons were absent from the IVth cranial nerve region. The caudal region of the 
AMV showed the most varied morphological forms of C R +  neurons having somata 
diameter ranges of 10-25µm, with process extensions running both laterally and 
rostro-caudally. Caudally situated C R +  neurons had highly thickened (up to Í5µm) 
unipolar regions emanating from the somata and showed less beading. In contract, 
the PV + neurons had a more homogenous morphology with multipolar dendritic 
arbours emanating from somata having diameter ranges of 15-20µm. However PV + 
neurons were fewer in number in the rostral region of the AMV and tended to be 
found in greatest numbers in the IVth tract region. CB +  labelling was only found in 
the caudal region of the AMV, and the cells had large somata (35-50µm diameter) 
and a ‘Purkinje-like cell’ (PLC) morphology with spines along process arbours. 
Double immunohistochemical labelling with the CaBPs showed C R +  fibres in close 
contact with enlarged punctate, pericellular, labelling around both PV +  and CB+  
somata. In some instances C R +  somata or thickened process extensions were in 
apposition to or even surrounding P V +  somata, respectively. These findings show, 
for the first time, the presence of different subtypes of neurons in the AMV of adult 
rats.

6 4 .1 0

DISTRIBUTION OF CHOLINERGIC AND MONOAMINERGIC CELLS IN THE 
BRAINSTEM OF MONOTREMES. P.R. Manger, J. Czapkowicz, H.M. Fahringer, 
J.D. Pettigrew1 and J.M. Siegel*. Sepulveda VAMC, North Hills, CA. 91343, Dept. 
Psychiatry, UCLA, and VTHRC, Univ. Queensland, Brisbane, 4072 Australia1.

The distribution of cholinergic, serotonergic, and catecholaminergic perikaryia in the 
brainstem of two species of monotreme, the platypus (Ornithorhynchus anatinus) and 
the short-beaked echidna (Tachyglossus aculeatus), were investigated using standard 
immunocytochemical labelling. Cholinergic cell groups were defined using antibodies 
to choline acetyltransferase; serotonergic groups were defined using antibodies 
conjugated to serotonin; and the catecholaminergic cells groups were defined using 
antibodies to tyrosine hydroxylase. Cholinergic cell groups were seen to form a 
continuous column throughout the antero-posterior extent of the brainstem. Most 
anterior were the third and fourth cranial nerve nuclei, followed, in order, by the 
cholinergic cells of the pedunculopontine and lateral-dorsal tegmental nuclei, the fifth, 
six, and seventh cranial nerve nuclei, nucleus ambiguus, and finally the tenth and 
twelfth cranial nerve nuclei. Cholinergic cells were also found in the ventral horn of 
the spinal cord and scattered in the tegmentum medial to nucleus ambiguus. 
Serotonergic cells were found in mesopontine and medullary groups. The mesopontine 
group consisted of the dorsal raphe nucleus (comprised of four subdivisions), the 
median raphe nucleus, and the supralemniscal nucleus. The medullary cell groups 
could be assigned to the raphe magnus nucleus, the raphe pallidus nucleus, and the 
raphe obscurus nucleus. TH immunochemistry revealed several cell groups. In antero- 
posterior order, these included A8 , A9, A91, A9v, A 10, A 10dc, and A10c (in the region 
of the substantia nigra); A6 (locus coeruleus) and A7 (subcoeruleus) in the 
mesopontine region; and A5, C l, C2, A 1, and A2 in the medulla oblongata. The 
topology and distribution o f these cell groups show a mammalian pattern, and also has 
some resemblance to that reported for reptiles. The distribution and number of cells in 
these groups provide important data bearing on the evolutionary development of these 
cell groups, which are thought to be involved in motor control, information processing, 
and the control of sleep-wake states. Source of Support: NS32819

6 4 .1 2

THE ANATOMICAL ORGANIZATION OF THE LOCUS COERULEUS OF THE 
ZEBRAFISH. P. M. Ma* Marine Science Center, Northeastern University, East 
Point, Nahant, MA 01908

In fishes, the locus coeruleus (LC) is an adrenergic nucleus that contains a small 
number of neurons. In the zebrafish, this nucleus contains 6 .8  ± 1.5 (range 3 - 10) 
neurons. Retrograde tracing experiments show that LC neurons project rostrally, but 
do not appear to have caudal projections. Injection of retrograde tracers into rostral 
target sites do not label all the neurons in the LC. Since the number of neuron is 
low, each neuron must project to several target sites, and each must project to 
different combinations of targets. The functional organization of the LC must be 
reflected in part in the number of neurons that has specific combinations of target 
sites. The low number of LC neurons in the zebrafish suggests that it is possible to 
elucidate the functional organization of the entire nucleus. As a first step towards 
this end, we applied the carbocyanine dyes, Dil and DiA, into various combinations 
of five target sites --- olfactory bulb, telencephalon, optic tectum, hypothalamus and 
cerebellum --- in the adult fish brain. The number and distribution of single- and 
double-labelled neurons are analyzed. Double-labelled neurons are ones that project 
to both labelled sites. Counterstaining sections with thionin reveals the total number 
of cells in the LC and hence the proportion of neurons projecting to each target site. 
Several important features are observed in these studies. (i) No target site receives 
input from all neurons in the LC, (ii) In all nuclei, ipsilateral projections 
predominate, (iii) Double-labelled neurons are observed after all combinations of 
target site labelling, (iv) Dye application to the olfactory bulb or telencephalon 
produces the largest number of and most intensely labelled LC neurons, suggesting 
that these are the major target sites, which is corroborated by the density of 
dopaminer-β-hydroxylase-containing terminals at these two sites. (v) The 
proportion of LC neurons innervating the optic tectum or the cerebellum is generally 
low. Studies aiming to quantitate the proportion of LC neurons innervating each 
target site are currently underway. (Supported by NIMH.)

6 4 .1 4

DIFFERENTIAL EXPANSION OF NEURAL PROJECTION 
SYSTEMS IN PRIMATE BRAIN EVOLUTION J.K. Rilling, T.R . 
Insel*. Yerkes Regional Primate Research Center and Department of 
Psychiatry and Behavioral Sciences, Emory University, Atlanta, GA 
30322.

As the forebrain expanded in primate evolution, the maintenance of 
interhemispheric communication required an increase in the number and 
length of fibers within the corpus callosum. We used whole brain MRI 
scans from 11 species of anthropoid primates (n = 43 subjects) to 
determine if the corpus callosum keeps pace with the growth of the 
forebrain. MRI scans were acquired with a 1.5 tesla magnet using a 
gradient echo protocol (slice thickness=1 .2  mm, slice interval = 0 .6  mm, 
TR = 19.0 msec, TE = 8.5 msec, FOV = 180 mm, NSA = 8 , matrix = 
256 X 256). Each scan was reformatted to obtain a true mid-sagittal 
section in order to measure corpus callosum area. In addition, whole 
brain volume, neocortical surface area, and cerebral white matter volume 
were measured from each scan using “Easyvision” (Philips Medical 
Systems, The Netherlands). The logarithmic regression of corpus 
callosum area on brain volume revealed that corpus callosum area does 
not keep pace with increases in overall brain size (slope = 0.70). Nor 
does corpus callosum area keep pace with increases in neocortical surface 
area, an indirect estimator of neocortical neuron number (slope = 0 .8 8 ). 
In contrast, cerebral white matter volume, with at least ten times as many 
intrahemispheric as interhemispheric fibers, increases at the 1.38 power 
of neocortical surface area. These results suggest that the evolution of 
larger brain size is associated with a reduction in interhemispheric 
connectivity and an augmentation in intrahemispheric connectivity. 
Support from L.S.B. Leakey Foundation and NIH (RR 00165)
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64.15

BRAIN LANGUAGE AREA EVOLUTION I: ANATOMIC EXPRESSION OF 
HESCHL'S GYRUS AND PLANUM TEMPORALE ASYMMETRY IN GREAT 
APES, LESSER APES AND OLD WORLD MONKEYS. P.J. Gannon1*, D. C. 
Broadfield2, N.M. Kheck1, P.R. H of3, A.R. Braun4, J.M. Erwin5, and R.L. Holloway6. 
Dept. 1Otolaryngology and Dept. 3Neurobiology, Mount Sinai School of Medicine, 
New York, NY 10029-6574; 2Dept. Anthropology, City Univ. New York; 4National 
Institutes of Health - NICD; 5Bioqual. Inc, Dept. Anthropology, Columbia Univ.

A human-like pattern with anatomic expression of Heschl's gyrus (Hg) and left 
hemisphere predominant asymmetry of the planum temporale (PT) in chimpanzees was 
recently reported (Gannon et al„ Science, 279:220-22, 1998). Since chimpanzees are 
our closest living relative, it was proposed that the common ancestor we shared around 
eight million years ago may also have expressed this pattern (previously thought to be 
unique to humans). We have now assessed the morphology of this brain "language" 
region in our more distant relatives of great apes, lesser apes and macaques.

The immersion/perf usion fixed cadaver brain specimens studied included: gorilla 
(Gorilla gorilla, n=6 ); orangutan (Pongo pygmaeus, n-12); gibbon (Hylobates lar, 
n= 12); siamang (Symphalangus syndactylus, n=6 ); macaque (Macaca fascicularis, 
n=2O). The sylvian fissure was spread widely and the morphology o f the superior 
surface of the posterior, superior temporal gyrus observed on both hemispheres.

The Hg and Heschl's sulcus were expressed robustly on both hemispheres in all of 
the great ape brains. PT was larger in the left hemisphere in 7 orangutans and 5 gorillas 
and larger on the right in 4 and 1 brains respectively. In the lesser apes, Hg or PT was 
not evident in 12 cases but Hg showed some regional bulging in 6 , but with no inter
specific distinction. In no case did macaques show evidence o f Hg or PT.

The classic human pattern of a pronounced Hg with L>R - PT asymmetry may have 
been expressed evolutionarily, at least as early as our common ancestor with 
orangutans, around 12-14 million years ago. Whether these left hemisphere brain 
"language" regions are also used for communication-related tasks in great apes is 
currently being investigated by use of functional imaging methods.
Research supported by NSF- SBR 9617262 (PJG) and NIH-AG14308 (JME)

6 4 .1 7

NEURONAL CLASSES UNIQUE TO THE ANTERIOR CINGULATE CORTEX 
OF HOMINOIDS. P.R. Hof1*, E.A. Nimchinsky1, J.M. Allman3, E. Gilissen3, F. 
Rohinzadeh1, D. Gimmel1, D.P. Perl1,2, J.M. Erwin4. 1 Neurobiology of Aging Labs 
and 2Dept of Pathology. Mount Sinai Sch. Med., New York. NY 10029, 3Div. of 
Biology, Caltech. Pasadena. CA 91125, 4Bioqual Inc., Rockville. MD 20850.
Anatomic studies in human brain have revealed two unusual cell types in the anterior 

cingulate cortex. The first, located in layer Vb. is distinguished by its elongate 
morphology, is referred to as the spindle cell. The other is a typical pyramidal cell in 
layer Va that is characterized by unusually high levels of the calcium-binding protein 
calretinin. These two neuron populations are not observed in the macaque monkey. In 
order to investigate whether these cell populations are specific to a particular branch 
of the hominid lineage, samples of the anterior cingulate cortex in representative 
genera of all primates superfamilies were analyzed. Spindle cells were not found in 
monkeys or lesser apes. They were sparse but definitely present in the orangutan, and 
more abundant in the gorilla. In the bonobo and common chimpanzee they were 
nearly as abundant as in the human. Calretinin-containing layer Va pyramidal cells 
were also not found in monkeys and lesser apes. They were occasionally found in 
orangutan, were more common in gorilla, and were as abundant in chimpanzee as in 
human. These observations suggest that both these neuronal classes have evolved 
around the time of the common ancestor of all Pongidae and Hominidae. which might 
point to a key period for the evolution of the anterior cingulate cortex ca. 16 million 
years ago. These represent two rare examples of a morphologically recognizable 
neuronal subpopulation showing evidence of having evolved in some, but not all 
genera in the hominoid superfamily. This region of the anterior cingulate cortex is 
involved in autonomic regulation and vocalization in carnivores, human and 
nonhuman primates, and might have evolved further functions related to speech and 
emotion processing in the human. Functional evolution of this cortical area is highly 
likely in the setting of such cellular specialization, especially of cell types that have 
since been conserved across genera and may represent useful evolutionary brain traits. 
Supported by NIH grants AG 14508 to JME and CA/MH08944 and EY11759 to JMA.

6 4 .1 9

ANTERIOR COMMISSURE AND CORPUS CALLOSUM SIZE INCREASE 
DISPROPORTIONATELY WITH ADVANCING AGE IN RATS.
M, Noonan*, K. Sion, M. Viksjo & K. Wescott 
Canisius College. Buffalo. New York l4208.

In the present study, we examined midsagittal area for the anterior 
commissure (AC) and corpus callosum (CC) in male and female rats ranging 
from 2 to 12 months of age. This is the third study from our laboratory which 
revealed a significant malc-greatcr-than-fcmale sex difference when AC area 
was assessed alone. However, when examined allometrically as a proportion of 
brain weight, the differences between the sexes failed to achieve statistical 
significance in the present sample.

Not surprisingly total brain weight, and the area of both commissures, showed 
significant increases with age. However commissure area (expressed as a 
proportion of brain weight ) did not grow linearly with brain size across the 
older age groups. Total brain weight tended to level off at the older ages, 
whereas the midline area of both commissures continued to increase steadily. 
Moreover, the two principal subcomponents o f the AC did not increase evenly. 
Nearly all of the age related changes in total AC area derived from increases in 
the pars anterior, the AC’s "olfactory " component.

6 4 .1 6

BRAIN LANGUAGE AREA EVOLUTION II: HUMAN LIKE PATTERN OF 
HEMISPHERIC ASYMMETRY IN PLANUM PARIETALE OF CHIMPANZEES.
N.M. Kheck1*, P.J, Gannon1, P.R. Hof2, A.R. Braun3 J.M. Erwin4, D.C. Broadfield5, M  
Yuan6 and R.L. Holloway6. Depts 1Otolaryngology and 2Neurobiology, Mount Sinai 
School of Medicine, New York, NY 10029; 3N ational Institutes of Health-NIDCD; 
4Bioqual, Inc.; 5Dept Anthropology, CUNY; 6Dept Anthropology, Columbia Univ.

In humans, anatomic left hemisphere predominance of planum temporale (PT) has 
been reported to complement a right hemisphere asymmetry of the ascending limb of 
the posterior sylvian fissure (aSF) and associated inferior parietal intrasylvian cortex 
(Witelson and Kigar, 1992; Loftus et al, 1993). Jancke et al., (1994) designated this 
region as the planum parietale (PP), and conversely demonstrated that the anatomic 
hemispheric asymmetries of PT and PP are independent. Recently, Gannon et al. (1998) 
reported a human-like pattern of Heschl’s gyrus and left hemisphere predominance of 
PT in the chimpanzee brain (Science, 279:220-22). Within this same sample, we 
assessed aSF length to determine in the chimpanzee brain whether: 1) human-like 
patterns of morphology and asymmetry are present ; 2 ) inter-hemispheric expression of 
PT and PP predominance are correlated.

The morphologic characteristics of the aSF were studied in both hemispheres of 
immersion fixed cadaver brain specimens of chimpanzees. Pan troglodytes (n=23).
The 3-D contours of aSF were traced with braided silk suture material, originating 
inferiorly at the sylvian point to the superior termination of aSF. After straightening of 
the suture material, linear measures were made with metric calipers.

As previously reported for humans (Steinmetz et a. ,  1990; Ide et al., 1996), aSF 
morphology in chimpanzees shows remarkable variation. However. aSF was 
significantly larger on the right hemisphere (p< 0.03). Further, our comparison of co
occurrence of enlarged left PT and right PP demonstrated no correlation. Our data 
suggest that in the chimpanzee brain, as in humans, these two structures appear to be 
independent markers of hemispheric laterality .
Research supported by NSF- SBR 9617262 (PJG) and NIH-AG14308 (JME).

6 4 .1 8

DISTRIBUTION OF THE El-GLYCO-EPITOPE IN THE ADULT MAMMALIAN 
BRAIN. W. Zuschraner1, A. Zimmermann2, K. Richter1* and H. Scncich2 . 1Fed. Inst. 
for Neurobiology. P.O. Box 1860, D-39008 Magdeburg, Germany; 2Zemralinsa tut für 
Seelische Gesundheit. P.O. Box 122120. 68072 Mannheim. Germany

The distribution pattern of the glyco-epitope E 1 was investigated in the central 
nervous sy stem of various mammalian species. Double- or triple-immunocvtochemical 
staining techniques in combination with confocal laser scanning microscopy and 
electron microscopy were applied to characterize neurons carrying E 1 giycosylation in 
mice. rats, gcrbils. cats, monkeys and humans In adult brains. E 1-immunoreactivity 
(E 1-IR) was frequently found as fine spots within the cytoplams of distinct neurons 
and in the extracellular matrix between neurons and glial cells. Moreover it was pres
ent on the cell surface of a subset of neurons, mainly characterized by the expression 
of the calcium-binding protein parvalbumin. In the hippocampal formation of adult 
rats, strong E 1-IR demarcated the CA2 pyramidal cell layer from CA 1 and CA3. in 
which only a subset of interneurons was covered by E 1-positive perineuronal nets. By 
contrast, monkeys and humans showed a more dispersed distribution of the E 1-gly- 
coepitope throughout the neuropil of the hippocampal formation from which promi
nent perineuronal nets could not be distinguished. A conspicuous staining was found 
in the striatum of rats where particular neurons showed a strong punctuate intracellu
lar E 1-IR. In cortex. E 1-IR staining patterns varied between cortical fields and lami
nae of different species. In rats, for instance, prominent perineuronal nets were found 
through laminae II to VI of various cortical fields with maxima in laminae II/IV. 
Colocalization studies with calcium binding proteins revealed that frequently E 1- 
positive perineuronal nets outlined the contours of parvalbumin positive cell bodies 
including their proximal dendrites. However, some PV-IR cells in the rat and 
numerous in the gerbil exhibited only weak or no E 1-IR. On the other hand we found 
E 1-positive nets in the hippocampus and cortex (mainly in laminae VI) that outlined 
PV-negative neurons.

6 4 .2 0
A C E TY LC H O LIN E S TE R A S E  (A C h E ) P O S IT IV E  FIB ER S IN TH E  
SEA TU R TLE  LEPYD O C H ELYS O U V A C E A  EM B R YO N IC  GONADS: 
A N A TO M IC A L S U R VEY BY 3D V IS U A L IZ A T IO N . F.A. B a r r io s 1* , 
R .. F a v i la 1, L. G onza lez1, F. J im é n e z - T r e io 2, G. G u t ié r re z -O s p in a 1, S. 
D ia z - C in t r a 1 and H. M e rc h a n t - L a r io s 2. 1C e n tro  de N e u ro b io lo g ía , 
U N A M , C am pus J u r iq u i l la  U N A M , Q ro  7 6 2 3 0 . and 2ln s titu to  de  
In e s tig a c io n e s  B io m é d ic a s , U N A M , M é x ic o  D .F . 0 45 1 0 .

In th e  sea tu r t le  L. o liv a c e a , as in o th e r re p t ile  s p e c ies , gonads sex 
d if fe re n t ia t io n  is tr ig g e re d  by in c u b a tio n  te m p e ra tu re . The p re c is e  
m e c h a n is m  by w h ic h  th is  h a p p e n s  is n o t c o m p le te ly  u nde rs tood . T h e re  
is som e e v id en ce , h o w e v e r, th a t s u p p o r ts  a  p o s s ib le  p a r t ic ip a tio n  o f 
th e  n e rv o u s  s ys te m . In th is  s tu d y  w e  d e m o n s tra te  th e  p re se n ce  o f AChE 
f ib e rs  in th e  gonads p a re n c h y m a  d u r in g  th e  p e rio d  o f gonad 
d if fe re n t ia t io n , w ith  th e  a id  o f an a n a to m ic a l s u rv e y  by 3D  im age 
v is u a liz a t io n , s u p p o r t in g  th e  p a r t ic ip a t io n  o f th e  n e rv o u s  sys te m  in  
gonads d if fe re n t ia t io n . C o lle c ted  tu r t le  eggs w e re  in cu ba te d  a t 
fe m in iz in g  (32°C ) a n d  m a s c u lin iz in g  (27 °C ) te m p e ra tu re s , s a c r i f ic e ,  
f ix e d , c u t and s ta in e d  fo r  AChE h is to c h e m is try .  F lu o re sce n ce  and 
b r ig h t fie ld  h igh  re s o lu tio n  im ages fo r  s e r ie s  o f gonads s e c tio n s  w e re  
d ig it iz e d  and a rra n g e d  in  s tacks . U s ing  im a ge  a lig n m e n t based on 
m in im u m  e n tro p y  and s ta t is t ic a l p a tte rn  re c o g n itio n  se g m en ta tio n  
im age  s e r ie s  o f 2 D  f ib e r  w e re  gen e ra ted  to  be used as b u ild in g  b lo c k s  
fo r  th e  3D  p ro je c tio n s  o f AChE p o s itiv e  f ib e rs . O u r re s u lts  show  th e  
p re se n ce  o f AChE p o s itiv e  f ib e rs  ru n n in g  a long  bo th  the  c o rte x  and 
m e d u lla  o f d if fe re n t ia te d  gonads in e m b ry o s  in cu ba te d  a t bo th  
te m p e ra tu re s .
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64.21

MULTIRESOLUTION APPROACHES TO IDENTIFICATION AND QUANTI
FICATION OF ANATOMICAL STRUCTURES. Y. Xiang1, J.A. Buettner- 
Ennever2, T. Raphan1*. 1Dept. of Computer and Information Science, The 
Brooklyn College of the City Univ. of New York, Brooklyn, NY 11210; 2Dept 
Anatomy, University of Munich, Munich, Germany.

Automatic identification of anatomical structures from brain sections would 
be an important tool for neuro-anatomists working to describe nuclear and sub- 
nuclear groups. Since texture is a function of the arrangement of gray scales, it is 
a natural way to characterize cellular organization from anatomical images. We 
have developed a technique of identifying and quantifying anatomically 
meaningful structures in an automatic way by characterizing their appearance as 
texture variation based on Gabor wavelets. The Gabor wavelets are frequency and 
orientation selective and the filtered image using the wavelet expansion is a good 
representation of local texture characteristics. A multi-resolution texture feature 
vector is constructed which consists of localized texture energies under different 
scales. In addition, the position of the pixels associated with a given wavelet 
expansion is included as components of the feature vector. The position is utilized 
as a spatial constraint to help in the segmentation process. Based on the position 
and texture energy features, it was possible to segment images of Nissl stained 
tissue using partitional clustering in the feature space. Cluster centers, 
representing the mean value of the texture of a particular segmented region can 
represent nuclei and subnuclei. We have applied our algorithms to identifying the 
abduce ns nucleus and some of its subnuclei from brainstem Nissl stained images. 
Comparison with segments identified by standard anatomical methods shows a 
correspondence. The system is potentially an important tool for identifying, 
segmenting and quantifying anatomical structures.
Supported by EY 04148, DC 03284, and PSC-CUNY 774119

6 4 .2 2

3D BR A IN  IM A G E RESO U RCE D A TA BA SE (3D BIRD ): A DIGITAL 
A TLAS OF TH E BRAIN OF TH E C H IC K  (G allus dom esticus). K.M. 
Hamilton and W J. Kuenzel*. Dept. o f Animal and Avian Sciences, Univ. of 
Maryland, College Park, MD 20742.

The 3D Brain Image Resource Database (3D BIRD) project is an electronic avian 
brain atlas based on a printed stereotaxic atlas o f the chick brain (Kuenzel, W. and 
M. Masson. 1988. Johns Hopkins Press, Baltimore). Central to the project is the 
production of several imagesets of original atlas drawings (coronal, sagittal and 
horizontal brain slices) of known distance from a zero reference point. Imagesets 
include digitized original drawings, full-width bitmapped drawing composites and 
full-width vector based outline drawings featuring up-dated nomenclature. A 
standardized axis scale has been applied to all sections in each of the three planes 
across all imagesets. All are available as labelled and unlabelled drawings in print 
and screen resolutions. Print file output matches the original atlas scale at 300 dpi 
and all file images print on letter-sized paper. Screen display files are available in 
thumbnail (300 x 250 pixels) and enlarged image (550 x 450 pixels) sizes. Product 
components will be available in stages and the full product will be stored on CD- 
ROM.

Primary uses of this new atlas format include avian neuroanatomical learning and 
data illustration. Both labelled and unlabelled images can be readily retrieved to 
learn and review avian brain anatomy. Researchers can download images for 
electronic or hardcopy presentation of data collected from chickens or other bird 
species. Outline drawings are especially useful to show neurons and terminal fields 
as they are phenotyped, and to show neural structures and landmarks such as fiber 
tracts, circumventricular organs, ventricles and laminae. The electronic nature of 
this format allows flexibility for future nomenclature and neural structure updates. 
Supported in part by MAES Competitive Grant: POUL - 96/97- 40.

64.23

NEURONAMES AND A TEMPLATE ATLAS OF THE MACAQUE BRAIN
D.M. Bowden*, R.F.Martin, J.E. Robertson, and J.G. Dubach. Reg. Primate Res. Ctr. 
and Dept. of Psychiat. and Beh. Sci., Univ. of Washington, Seattle, WA 98195-7330.

Analysis of primate brain function has been limited by lack of a systematic 
description of the brain for computerized database management. NeuroNames 
provides a standard terminology and the Template Atlas a stereotaxic map for this 
purpose.

The NeuroNames brain hierarchy comprises nested substructures down to a finite set 
of primary structures. It extends the hierarchy of Nomina  Anatomica based on 
information from >20 neuroanatomic texts and atlases. It has parallel English & Latin 
terms for all structures and names morphologic homologs in the human, macaque and 
rat. It is a source vocabulary of the National Library of Medicine's Unified Medical 
Language System (UMLS) and core of a website where structures are illustrated by 
name and by image. NeuroNames (©UW, 1991) applies the standard hierarchy names 
of its ~500 primary structures to define a semantic network of ~7,000 synonyms and 
related terms. When visitors to http://rprcsgi.rprc.washington.edu/neuronames/ 
submit a term, the search engine (WebGlimpse) displays a list of names that match, or 
have synonyms that match, the search term. Clicking the most relevant-appearing 
name yields opportunities to view the structure, to see its place in the hierarchy, to see 
its synonyms and to obtain a unique abbreviation for use in labeling.

The linked Template Atlas based on the longtailed macaque (Macaco fascicularis) is 
the first primate brain atlas segmented so that every point in the brain belongs to a 
named structure. Used with imaging techniques to reveal internal landmarks it can 
reduce stereotaxic error by 40 to 80%. Used with cranial landmarks it provides the 
same accuracy as conventional atlases. It can be applied to the rhesus macaque (M. 
mulatta) by increasing dimensions 7-10%. Drawings are presented in two formats:
1) for navigation from section to section to see specific structures; and 2 ) to download 
images (with Adobe Acrobat) for recording the location of histologic markers, gene 
expression, lesions, electrode tracks, and other information for lab use or publication.

Support: NIH grants RR-00166 and LM/OD-06243 to University of Washington.
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A DYNAMIC NEURAL FIELD THEORY OF LOCATION MEMORY.
J. P. Spencer1* & G. Schöner.2 1Department of Psychology, University of Iowa.
2Centre de Recherche en Neurosciences Cognitives, CNRS, Marseille, France.

One of the fundamental problems in cognitive neuroscience is how humans 
remember the locations of objects when they are no longer in view. During the past 
decade, a categorical model of location memory has emerged as the dominant solution 
to this problem. Recently, studies by Spencer and Thelen (1998) identified three 
limitations of this account: 1) the categorical model does not account for systematic 
shifts of location memory as a function of delay; 2 ) the model does not provide an 
account of how spatial categories are formed as a function of task-specific experience; 
3) the model does not provide an a priori account of where participants should impose 
category boundaries as visible landmarks are manipulated. Here, we propose a new 
theory of location memory that attempts to overcome these limitations.

Our dynamic neural field theory extends work by Schöner & colleagues 
investigating the dynamics of movement planning in reaching tasks. In this approach, 
locations are represented in memory relative to movement plans and their associated 
movement parameters— abstract variables such as movement direction and distance 
which specify movement to a particular location. Along these dimensions, “neural” 
activation functions capture the likelihood of selecting each possible parameter as the 
movement goal. Importantly, these activation functions are dynamic. They change 
through time relative to L) interactions between excitation and inhibition in the neural 
field, and 2) specific inputs to the field. In the context of this framework, we propose 
that pointing errors in location memory tasks arise from systematic changes in 
movement plans as a function of delay. We account for a variety of empirical findings 
from tasks with and without visible landmarks using three specific types of input: a cue 
input which specifies the target location, a task-space input which specifies the 
locations of visible landmarks, and a preshape input which captures a participant’s 
previous experience acting in the memory task.

**Supported by a CIFRE grant to J.P. Spencer from the University of Iowa.

THE DEVELOPMENT AND EVOLUTION OF COGNITIVE FLEXIBILITY IN 
HUMANS: THE CASE OF TWO SPATIAL MEMORY TASKS. L. Hermer.* 
Department of Psychology, Cornell Univ., Ithaca, NY, 14853

Humans and other mammals share many cognitive traits including similar memory 
systems and spatial cognition. The following experiments made use of humans' 
detailed similarities with other mammals in navigation and spatial memory to 
elucidate which cognitive traits give rise to the commonalities in. as well as 
distinctive flexibility for. two spatial memory processes in human adults: spatial 
reorientation and conjunctive moving object search. Past work had shown that adult 
rats (Cheng, 1986; Margules & Gallistel, 1988; Biegler & Moms. 1993. 1996) and 
young children (Hermer & Spelke, 1994, 1996) required hundreds of trials to leant or 
never learned to combine multiple sources of information together to solve these 
tasks; in contrast, human adults learned to do so in one trial (Hermer & Spelke. 1994. 
1996). The present experiments tested children aged 5-7 years in the same tasks and 
in several other tests of navigation, memory, language and intelligence, and found that 
individual children's ability to conjoin the relevant information together through 
language production, but not their related language comprehension, other spatial 
memory abilities, spatial or verbal working memory span, IQ, or age correlated with 
human adultlike success at the spatial memory tasks Moreover, a senes of 
interference tasks run with human adults indicated that specific language production 
capacities cause adultlike performance on both types of task by facilitating the 
conjunction of information that would not initially be combined together by the 
phylogenetically older capacities. These experiments suggest that human adults' 
distinctive cognitive flexibility arises through language's making some representations 
more far more accessible than they would otherwise be, permitting the efficient 
construction of novel representations.

Funded by an NIH predoctoral fellowship to L.H. (1 F3l MH10607) and an NIH 
grant to E. Spelke (R37 HD23103).
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6 5 .3

SPATIAL MEMORY IN THE HUMAN MEDIAL TEMPORAL 
NEOCORTEX. C.J. Ploner1,2, B. Gaymard2, N. Ehrlé3, S. Rivaud-Pechoux2, M. 
Baulac3, S. Clémenceau4, S. Samson3, C . Pierrot-Deseilligny2,3*. 1 Klinik fur 
Neurologie, Charité, D-10117 Berlin, Germany; 2INSERM U 289, 3Service de 
Neurologie I, 4Service de Neurochinirgie, Hôpital de la Salpctrière. F-75651 
Paris Cedex 13, France.

Lesion studies in monkeys suggest that neocortical (perirhinal and 
parahippocampal) subregions of the medial temporal lobe (MTL) carry memory 
functions independent of the hippocampal formation. We investigated possible 
differential contributions of MTL subregions to spatial memory in humans. Eye 
movements towards remembered spatial cues (memory-guided saccades) with 
unpredictable memorization delays of up to 30 s were recorded in patients with 
postsurgical lesions of the right MTL, either restricted to the hippocampal 
formation (hippocampus + entorhinal cortex, n = 3) or including adjacent 
neocortical areas along the banks of the collateral sulcus (hippocampus + 
entorhinal cortex + perirhinal/parahippocampai cortex, n = 5) and in ten 
controls.

Saccadic targeting errors of patients with selective lesions of the hippocampal 
formation did not differ from controls. Saccadic targeting errors of patients 
with additional neocortical involvement were normal for short delays but 
showed a significant increase at memorization delays above 2 0  s, 
predominately contralateral to the lesion side (right; p = 0.03, left: p = 0.004).

These results provide the first evidence for autonomous spatial memory 
functions of the medial temporal neocortex in humans. It appears that these 
memory functions are independent of the hippocampal formation and distinct 
front spatial short-term memory.

Supported by the Deutsche Forschungsgemeinschaft (Grant Pl 248/1-1)

6 5 .5

A CHARACTERIZATION OF PROCESSES INVOLVED IN HUMAN 
PERFORMANCE IN A VIRTUAL MORRIS WATER TASK. R.S. Astur*, N. 
Brown, E. Price, & R.J. Sutherland. Depts. of Psychol & Neurosci., UNM, 
A B Q  NM 87131
To examine whether individual differences in performing a virtual Morris 
water task are related to subjects’ abilities to rotate objects mentally in 3D, 
undergraduates at the University of New Mexico were placed in a virtual 
circular pool in a room with various distal cues but no local cues. Subjects were 
asked to escape from the water as quickly as possible by using a joystick to 
navigate to a platform hidden under the surface of the water. In addition, all 
subjects were tested on a timed Vandenberg mental rotation task in which they 
were asked to choose two stimuli rotated from a target stimulus from two 
stimuli which were not rotated from the target stimulus. We observed that 
mental rotation ability correlates significantly with time to find the platform in 
the virtual pool (r = 0.44), but not with performance during a no-platform 
probe trial in which the platform was removed from the water (r = 0.09). 
However, after using both mental rotation ability and computer experience as 
covariates, men spent significantly more time than women during the probe 
trial sw imming in the quadrant of the pool that previously contained the 
platform. These data suggest that our previously reported sex differences in this 
task are not due solely to mental rotation ability or computer experience factors. 
We also report preliminary data from seven patients with selective unilateral 
medial temporal lobe excisions on the virtual Morris water. The results suggest 
their performance is impaired in the hidden-, but not visible-, platform versions 
of the task. Supported by UNM’s SRAC, RAC, QUAD-L, & MBRS funds.

6 5 .7

PET-CO RRELA TES O F PA IR A SSOCIATE LEARNING. B.
Suehan1, K.M. Stephan2, R.J. Seitz2, C  Melde1, M. Kramer2, L. 
Tellmann4, L. Yáag ü 1*, H. Herzog4, V. l lömberg1. Neurological 
Therapy Centre1, Dept Neurology2, Düsseldorf Heinrich-Heine 
University, Germany and Institute of Medicine, Research Centre 
Jülich4.

We studied regional cerebral blood flow (r(’BF) using [15 O] butanol 
in a conditional motor learning task in 10 healthy right handed 
subjects. EEG was recorded simultaneously with the PET scans. 
Subjects had to press a left or right response button according to the 
side indicated by an arrow which followed the stimuli. In the baseline 
condition these stimuli could easily be associated with a response 
direction whereas in the learning and overlearned condition cues 
consisted of non direction indicating abitrary mosaics. This pair 
associate learning process was reflected in a decrease in decison 
times, i.e. the time elapsed from the onset of the arrow and the release 
of the home button.

PET results showed an increase of rCBF in frontal cortex and visual 
association areas during the learning condition. The overlearned 
condition was associated with a further increase of anterior cingulate 
activity and a relative decrease of rCBF in visual association areas. 
This may reflect the top-down processing mode in the overlearned 
condition.
(supported by the DFG, SFB 194. A3).

6 5 .4

H U M A N  S E X  D IF F E R E N C E S  IN S E N S IT IV IT Y  TO  G E O M E T R IC  
C U E S  W H E N  N A V IG A T IN G  IN V IR T U A L  E N V IR O N M E N T S . N .J . 
S a n d s tro m * , S .A . H u e tte l, a n d  J . K a u fm a n . D e p a rtm e n t o f P s y c h o lo g y : 
E x p e r im e n ta l, D u ke  U n iv e rs ity , D u rh a m , N C  2 77 0 8 .

V irtua l e n v iro n m e n t a n a lo g s  o f th e  M o rris  w a te r  m a ze  (v M W M ) 
h a v e  re c e n tly  b e e n  u s e d  to  s tu d y  h um an  s p a tia l n a v ig a tio n a l a b il i ty  
a n d  its  neu ra l s u b s tra te s . W h ile  s o m e  re s e a rc h e rs  re p o rt m ore  rap id  
a c q u is it io n  b y  m a le s  th a n  fe m a le s  (e .g ., A s tu r  e t a l., 1 9 9 8 ), o th e rs  find  
no  s e x  d iffe re n c e s  (e .g ., J a c o b s  e t a l., 1 99 8 ). In th e  p re s e n t s tu d y , 
w e  e x a m in e  th e  in flu en ce  o f d iffe re n t ty p e s  o f d is ta l c u e s  on 
p e rfo rm a n c e  in th e  v M W M . A d u lt m a les  a nd  fe m a le s  n a v ig a te d  to  a 
h idd e n  ta rg e t in a  v M W M  in th e  p re s e n c e  o f e ith e r L an d m a rk  or 
G e o m e tr ic  cu e s . In th e  Lan d m a rk  co n d itio n , th e  v M W M  w a s  p la c e d  in 
th e  ce n te r o f an  o c ta g o n a l room  w h ic h  p ro v id e d  m in im al geom e tric  
in fo rm a tion  b u t d id  c o n ta in  a  n u m b e r o f f ix e d  la nd m a rk s . In th e  
G e o m e try  co n d itio n , th e  v M W M  w a s  in a  room  w ith  no  landm arks  
p re s e n t b u t th e  room  h ad  a  u n iq u e  g e o m e try  ( tra p e z o id a l)  w h ic h  
p ro v id e d  s u ff ic ie n t in fo rm a tion  to  a c c u ra te ly  lo ca te  th e  ta rg e t. N o  s e x  
d iffe re nce  in th e  rate  o f a c q u is it io n  w a s  p re s e n t in  th e  Landm ark  
c o n d itio n , b u t m a les  e x h ib ite d  m ore  ra p id  a c q u is it io n  th a n  fe m a le s  in 
th e  G e o m e try  c o n d itio n . P ro b e  tr ia ls  in d ica te  th a t m a le s  q u ic k ly  learn  
th e  s p a tia l lo c a tio n  o f th e  h id d e n  ta rg e t in th e  G e o m e try  co n d itio n  w h ile  
fe m a le s  in it ia lly  re ly  on  n o n -s p a tia l s tra te g ie s  to  lo ca te  th e  ta rge t. 
P e rfo rm a n c e  on  th e  v M W M  ta s k s  w e re  n o t c o rre la te d  w ith  p e rfo rm a nc e  
on  a  M e n ta l R o ta tio n  T e s t (M R T ), s e lf-p e rc e iv e d  n a v ig a tio n a l a b ility , 
o r p rio r e x p e r ie n c e  w ith  s im ila r c o m p u te r-g e n e ra te d  e n v iro n m e n ts . 
T h e s e  re s u lts  d e m o n s tra te  th e  d iffe re n tia l u s e  o f c u e s  b y  m a les  a nd  
fe m a le s  n a v ig a tin g  in v ir tu a l e n v iro n m e n ts  a n d  s u g g e s t th a t M R T  a nd  
v ir tu a l n a v ig a tio n , w h ile  b o th  s p a tia l in n a tu re , a re  n o t n e c e s s a rily  
re la te d . S u p p o rte d  b y  N S F  p re d o c to ra l fe l lo w s h ip s  to  N J S  a n d  S A H .

6 5 .6

DEVELOPMENTAL CHANGES IN LOCATION MEMORY AS A FUNCTION 
OF TASK-SPECIFIC EXPERIENCE. E. Thelen1*, J.  P. Spencer2, & A. M. Hund2 
1Dept. of Psychology. Indiana University: 2Dept of Psychology. University of Iowa.

In location memory tasks, participants must remember a target location during the 
delay between target disappearance and movement initiation. Previously, we 
demonstrated that memories for a single location shift away from the memory of 
other possible target locations as the delay increases. To explain these data, we 
proposed a dynamic model based on competition between "target" and "task" 
memories. Here, we test this model by manipulating task experience.

Twelve 6 -year-olds, 12 11-year-olds, and 12 adults participated in a spatial 
memory task in which they pointed to 1 of 3 possible target locations (left, center, 
right) on a horizontal tabletop with no visible landmarks 2 0 ° separated adjacent 
targets. On each trial, a target appeared for 2 sec, disappeared, and after a variable 
delay, a “go” signal prompted participants to move to the target location We used 
three age-appropriate delays (0 , short, long) that revealed systematic biases in our 
previous experiment. Participants moved to the left target on 2/3rds of all trials. We 
analyzed participants' directional error at the end of each pointing movement

In our previous study, participants made systematic outward errors when moving 
to the left and right targets. We predicted similar results in this study for movements 
to the left. Our results were consistent with this prediction. We also predicted an 
increase in outward directional error for movements to the right relative to errors in 
our previous study. Results from the 11-year-olds were consistent with this 
prediction; however, 6 -year-olds’ movements to the right target were very accurate.

Thus, when 6 -year-olds’ task memories of the left target were strengthened, their 
movements to the right target were pulled toward this target By contrast, 11-year- 
olds’ movements to the right target were repelled away from the biased target. Thus, 
the cooperation and competition between target and task memories change 
qualitatively across development.

"Supported by NIH ROl HD22830 and NIMH KO5 MHO 1102

6 5 .8

APPROXIMATE LOCALIZATION OF ENTORHINAL CORTICAL ACTIVITY 
USING EEG DURING PAIRED ASSOCIATE LEARNING. T Musha1, WR 
Shankle2*, V Konychev1, J Hara3. 1Brain Functions Laboratory, Sakado, Kawasaki, 
Kanagawa; 2Cognitive Science Dept., SSPB, U. Cal. Irvine, CA 92697-5100; 
3Bioinformatics Laboratory, Keio U., Japan.

There is considerable debate whether the EEG dipole localization method can 
pinpoint deep brain sources. Since it is known that paired associate learning tasks 
activate the entorhinal cortex (EC) and generate P300 evoked potential waveforms, we 
examined whether dipole localization methods could localize EEG activity to the EC 
during paired associate learning. Using the standard 10-20 system of scalp EEG 
electrode positioning, 5 subjects learned 10, randomly generated digit pairs displayed 
on a computer. After each of 3 learning trials of the same 10 digit pairs, they received 
an immediate recognition trial consisting of 32 to 37 digit pairs, of which the learned 
pairs were shown 10 to 12 times (randomly interspersed among digit pairs not 
previously learned). Each subject tapped a button to indicate whether the pair was one 
of those presented during the learning trial. Subjects showed improvement over the 3 
immediate recognition trialsand 1 delayed recognition trial. A visual P300 waveform 
was obtained for 4 of the 5 subjects. Using a single shell conductivity model of scalp, 
skull, and brain, dipole localization methods applied to the P300 waveform showed a 
deep, somewhat anterior, midline source on all 4 subjects. When superimposed on their 
MRIs, these sources were within 1.5 cm of the EC. These P3OO-derived dipole 
moments progressed in a posterior-to-anterior direction along the EC. A 3 shell 
conductivity model of scalp, skull, and brain would localize the source even closer to 
the EC. These preliminary studies warrant further investigation of the ability of the 
dipole source method to localize EC activity during paired associate learning. This 
work was supported by the Brain Functions Laboratory.
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65.9

NEURONAL RESPONSES IN HUMAN HIPPOCAMPUS 
DURING PAIRED ASSOCIATE LEARNING.
K.A. MacDonald*, I. Fried, C.L.Wilson. Division of Neurosurgery, 
Departments of Neurology and Psychiatry & Biobehavioral Sciences, 
UCLA School of Medicine, Los Angeles CA 90095 

Bilateral damage to the hippocampus and adjacent medial temporal 
lobe (MTL) structures in humans produces a profound deficit in 
declarative memory. We recorded MTL neuronal activity in awake 
human subjects during paired associate (PA) learning, a task sensitive to 
declarative memory impairment. Bilateral electrode implantation in 13 
patients with intractable epilepsy undergoing intracranial 
electrophysiologic monitoring to identify a resectable seizure focus 
yielded recordings of single units in the amygdala (19), hippocampus 
(6 6 ), and entorhinal cortex (43). Patients were shown 20 word pairs; 10 
semantically related and 1 0  unrelated, then tested for retrieval of the 
second word of each pair upon presentation of the first, for 7 trials. Of 
128 MTL neurons, 54% demonstrated significant changes in activity 
during the encoding or retrieval phases of the task. There were 15% 
more responses during retrieval than encoding in the hippocampus and 
entorhinal cortex. Neurons in the hippocampus responded with 
significantly more decreases than increases in firing rate, whereas the 
opposite pattern was observed in entorhinal cortex. Decreases in 
neuronal activity began during stimulus presentation and were 
maintained after stimulus offset. MTL neurons were also found to alter 
their activity with learning. At the time of word pair presentation, MTL 
neuronal activity differentiated pairs which would later be correctly 
recalled, from those which would not, especially in the hippocampus 
(18%). This research was supported by NIH grants NS-33221, NS- 
02808 and an Epilepsy Foundation of America grant.

6 5 .1 0

NEURONAL ACTIVITY IN THE HUMAN HIPPOCAMPUS DURING 
DELAYED NON-MATCH TO SAMPLE PERFORMANCE.
S.Yashar, K.A. MacDonald, R. Fong, C.L. Wilson, I. Fried.* Division of 
Neurosurgery, Departments of Neurology and Psychiatry & Biobehavioral 
Sciences, UCLA School of Medicine, Los Angeles, CA 90095

The hippocampus and its associated structures have long been 
implicated in human memory function. In primate and rat models of 
amnesia, lesions of medial temporal lobe (MTL) areas have shown 
behavioral deficits on delay non-match to sample (DNMS) tasks. Here we 
report on the activity of neurons during DNMS performance in awake 
human subjects. Bilateral electrode implantation was performed in patients 
with intractable epilepsy undergoing intracranial electrophysiologic 
monitoring to identify a resectable seizure focus. Extracellular recordings in 
12 patients yielded 123 single units from the MTL (hippocampus, 
entorhinal cortex, amygdala) and mesial frontal (orbitofrontal, anterior 
cingulate, supplementary motor) areas. Analysis of variance of spike events 
showed that 42% of the neurons altered their activity during particular 
phases of the DNMS task (stimulus presentation, delay, distracter, choice, 
or response). Preferential responses to the type of stimulus, (words or 
faces), were found in 11 % of the units. There were some neurons, 
especially in the hippocampus (39%), which responded selectively to 
conjunctions of stimulus type and task phase. These results suggest that 
human hippocampal neurons code both stimulus and task variables, as well 
as their conjunctions. This research was supported by NIH grants NS- 
33221, NS-02808 and an Epilepsy Foundation of America grant.
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66.1

IMPAIRED FEAR POTENTIATED STARTLE FOLLOWING 
UNILATERAL TEMPORAL LOBECTOMY. E. S. Funavama1, C. 
Grillon2, M. Davis2, * and E. A. Phelps1. 1Dept. of Psychology, 
Yale University;  2 Dept. of Psychiatry, Yale University School of 
Medicine; New Haven, CT 06520.
Animal models of the neural basis of fear and anxiety have focused 

on medial temporal lobe structures, particularly the amygdala. One 
measure of acquired fear in animals, which is blocked by amygdala 
lesions, is fear-potentiated startle (Davis, 1989). The present study 
examined fear-potentiated startle in patients with unilateral temporal 
lobectomy that included lesions of the amygdala. Previous work in 
our lab has shown that these patients fail to acquire conditioned fear 
responses as measured by skin conductance (LaBar, et al., 1995).

The eyeblink component of the acoustic startle reflex elicited by 
100 dB bursts of white noise was examined during safe and threat 
periods signaled by lights of different colors. Subjects were told 
they could receive unpleasant shocks during threat but not during 
safe periods.

Normal control subjects and patients did not differ in baseline 
startle. Normal controls showed large potentiated startle eyeblink 
during threat periods relative to safe periods. Patients with unilateral 
temporal lobectomy failed to demonstrate potentiated startle 
eyeblink. Consistent with animal models, these results suggest 
structures within the human medial temporal lobe, including the 
amygdala, play a critical role in fear-potentiated startle.

[This research was supported by NIMH M50812 (EAP); 
MH47840, MH0004, MH57250 (M.D.); R01 MH53618 (CG).]

66.2
HUMAN NATURALLY ACQUIRED ANTICIPATORY EYEBLINKS: THE 
KINESTHETIC THREAT RESPONSE L. Zhao, K.B. Irwin, J.R. Bloedel and
V. Bracha*. Barrow Neurological Institute, Phoenix, AZ 85013.

Humans have an excellent ability to learn and to produce protective eyeblink 
responses (ERs) to events signaling a harmful stimulation of the face. This 
type of learning traditionally has been studied using a classical conditioning 
paradigm. In spite of an extensive use of ER conditioning in laboratory 
settings, very little is known about natural anticipatory ERs which are acquired 
during normal daily experiences. However, the knowledge about naturally 
acquired anticipatory ERs is required in studies investigating the process of 
conditioned response retention in patients with brain pathologies.

One of the common situations in which normal subjects generate anticipatory 
ERs is when thrusting their hand rapidly toward their face. The present study 
reports results of experiments examining which sensory cues trigger this form 
of ER and whether these responses have conditioned response-like features in 
normal subjects. Each subject was tested in three tasks which combined active 
voluntary movements and passive movements performed in the presence or 
absence of vision. In these experiments, we discovered that kinesthetic 
information derived from an arm passively moved in the direction of the 
subject’s face is sufficient to trigger the anticipatory kinesthetic threat ER. 
The kinesthetic threat ER has conditioned response-like properties, because it 
requires reinforcing facial stimulation for its repetitive execution. The 
kinesthetic threat eyeblink response is likely a naturally acquired anticipatory 
ER which can be used in studies investigating the storage of conditioned 
response memory traces in patients with brain lesions.
Supported by NIH Grants P01NS30013 and R01NS21958.

66.3

THE EFFECT OF A SHORT VERSUS LONG INTERSTIMULUS 
INTERVAL ON HUMAN EYEBLINK CLASSICAL 
CONDITIONING TO AN OLFACTORY STIMULUS. A. Bacon 
Moore1* & C. Murphy2,3. 1SDSU/ UCSD Joint Doctoral Program,
San Diego. CA 92120-4913 2Dept. Psychology, SDSU, San Diego, 
CA 92120, 3UCSD Medical Center, San Diego, CA 92103.

We have previously reported that humans will demonstrate a 
conditioned eyeblink response (CR) to an olfactory stimulus. Given 
that exploration of eyeblink classical conditioning to odors in humans 
is a new area of study, examination and description of the effect of 
experimental manipulations have yet to be explored. The aim of the 
present study was to examine what effect variations in interstimulus 
interval (ISI) would have on conditioning in a delay paradigm. In a 
between subjects design, we tested participants in a short (550ms) or 
a long (750 ms) ISI. The olfactory stimulus (CS) was presented 
monorhinically in a heated, humidified airstream, via an olfactometer. 
The olfactometer allows precise presentation of discrete amounts of an 
odorant without auditory, visual, or additional sensory cues to the 
participant. Participants were healthy, older adults who were screened 
for a history of traumatic brain insult, psychiatric disturbance, and 
cognitive decline associated with dementia. A CR was defined as an 
eyeblink occurring 150 ms after onset of the odor and prior to US 
onset. Older adults exposed to the longer ISI (750 ms) demonstrated 
significantly more CRs than those exposed to the shorter ISI (550 
ms) These findings are consistent with the literature on EBCC to 
auditory stimuli demonstrating that conditioning is enhanced in older 
adults with a longer ISI. Supported by NIH grants AG04085 and 
DC02064 to CM.

6 6 .4

CONVERGING MODELS: CORRELATING HUMAN EYEBLINK CONDITIONING 
PERFORMANCE WITH NEUROPSYCHOLOGICAL MEASURES. T.L. Greer* and
L.T. Thompson. Cognition and Neuroscience Program, School of Human Development, 
University of Texas at Dallas, Richardson, TX 75083.

Eyeblink conditioning is a model used to investigate the neurobiology of associative 
learning in humans and other species. Neuropsychologists examine human learning 
and memory via specialized psychometric tests. Unfortunately, few studies directly 
attempt to integrate these two separate avenues of neuroscientific research. If meaningful 
relationships can be made between a simple associative learning task and 
neuropsychological means of cognitive assessment, the predictive utility of each will 
be strengthened. Currently, eyeblink conditioning is not used clinically as a diagnostic 
tool, but its potential utility could be enhanced by comparing performance on eyeblink 
tasks with neuropsychological diagnostic measures that assess, for example, age- 
associated learning and memory deficits.
Young and aging populations of human subjects were tested on pseudoconditioning, 

acquisition, and extinction of 500 ms trace and/or 600 ms delay eyeblink conditioning. 
Eyeblink conditioning involved presentation of an 85 db, 1 kHz tone, followed by a 
150 ms, 3-6 psi corneal airpuff. In the trace task, the 100 ms duration CS’s offset was 
followed by a 500 ms trace interstimulus interval; in the delay task, CS onset preceded 
the overlapping US by 600 ms. Eyeblink conditioning performance was correlated 
with neuropsychological measures used to assess temporal or frontal lobe function. 
The battery included the Mental Control, Digit Span, Logical Memory, and Paired 
Associates subtests of the Wechsler Memory Scale, the California Verbal Learning 
Test, the modified Wisconsin Card Sorting Task, the Trail Making Test, and a Verbal 
Fluency Task. All measures have been shown to be sensitive to normal age-related 
cognitive impairments, and to dementia. Comparisons of this nature may be helpful in 
multiple investigations of the normal aging process. In addition, determining the 
predicitve value of the eyeblink measures relative to other cognitive measures should 
strengthen the validity of this widely used experimental model system.
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6 6 .5

VARIABILITY IN EYEBLINK CLASSICAL CONDITIONING AND TIMED- 
INTERVAL TAPPING OVER FIVE INTERSTIMULUS INTERVALS. J. T.
Green*1, R. B. Ivry2, and D. S. Woodmff-Pak1. 1Dept. of Psychology, Temple 
Univ., Phila., PA 19122. 2Dept. of Psychology, University of California, Berkeley, 
CA 94720.

The cerebellum is required for both eyeblink classical conditioning (EBCC) and 
timed-interval tapping, in which the participant must synchronize his or her 
responses to a series of evenly-spaced tones. One common feature of both tasks is 
that they require precise timing of responses. Timing in EBCC and timing in timed- 
interval tapping can be assessed by examining peak latency variance of conditioned 
responses (CRs) during EBCC and inter-tap interval variance in timed-interval 
tapping. Twenty-three college-aged adults were tested in five sessions, one per 
week. In each session, each participant was tested separately in the delay paradigm 
of EBCC and in timed-interval tapping. The tone-airpuff interval for EBCC and the 
target interval for timed-interval tapping were the same within a session but 
decreased between sessions as follows: 625-ms in session 1; 550-ms in session 2; 
475-ms in session 3; 400-ms in session 4; 325-ms in session 5. Both the variance 
of CR peak latency and the variance of inter-tap intervals decreased with decreasing 
intervals. A Pearson correlation coefficient was calculated between the variance of 
CR peak latency and the variance of inter-tap intervals across sessions. A significant 
positive relationship was revealed between the variance of CR peak latency and the 
variance of inter-tap interval. These results suggest that the timing mechanism 
required for EBCC is the same as the timing mechanism required for timed-interval 
tapping.

6 6 .7

IMPAIRED TIMING OF CONDITIONED RESPONSES IN A 
TEMPORAL DISCRIMINATION TASK IN BITEMPORAL AMNESIA 
R. McGlinchey-Berroth*1,2  C. Brawn2, J.F. D isterhoft3 .  1Geriatric 
Research, Education and Clinical Center, Brockton/West Roxbury 
VAMC, W. Roxbury MA ; 2 Memory Disorders Research Center, Boston 
VAMC, Boston, MA; 3 Northwestern University, Chicago, IL.

This study investigated whether the hippocampal system plays a 
modulatory role in the timing of conditioned responses (CRs) in 
human eyeblink classical conditioning. Participants were 7 severe 
amnesics with bitemporal lesions and 7 matched controls. There 
were two conditioned stimuli (CSs); C S 1 was an 85dB 1kHz tone 
and CS2 was an 85dB 5kHz tone. The unconditioned stimulus (US) 
was a 100 ms corneal airpuff that occurred either 350 (ISII ) or 750 
(ISI2) ms following tone onset and coterminated with the tone CS.

Results indicated that amnesic patients’ CRs occurred 
significantly earlier (M=523; SE=23.80) than control participants 
(M=593; SE=30 .69) at the longer ISI (p<0.05). There was a 
tendency for CR onset latency to follow a similar pattern (amnesics 
approximately 55 ms earlier than controls; p<0.08), and amnesic 
patients (M=9.43; SE=2.56) produced significantly more non- 
adaptive CRs than control participants (M =l.43; 0.81) (p<0.01). 
Amnesics’ overall level of acquisition (M=46; SE=4.55) was less 
than controls (M=6 0 ; SE=4.66) after equating for ISI (p<0.05), and 
they did not show extinction at the longer ISI. These data suggest a 
role of the hippocampal system in controlling the precise timing of 
CRs, and in acquiring and extinguishing responses within the 
context of a temporal discrimination task. Supported by NINDS 
1P50NS26985, NIAAA 00187, and MH47340 .

66.6
CEREBELLAR CORTICAL DEGENERATION DISRUPTS 
DISCRIMINATION LEARNING BUT NOT DELAY OR TRACE 
CLASSICAL EYEBLINK CONDITIONING. C.M, Brawn1 * ,  R. McGlinchey- 
Berroth1,2, L.S. Cermak1, J.F. Disterhoft3.
1 Memory Disorders Research Center, Boston VAMC, Boston, MA; 2 
Geriatric Research, Education and Clinical Center, Brockton/W. Roxbury 
VAMC, W. Roxbury MA ; 3 Northwestern University, Chicago, IL.

Classical eyeblink conditioning was investigated in a rare patient (B.R.) 
with extensive cerebellar cortical atrophy and marked sparing of the dentate 
nucleus. First, patient BR’s ability to acquire and extinguish conditioned 
responses in a series of delay and trace conditioning tasks was examined.
BR’s performance fell within normal confidence limits in acquisition 
(%CRS=71.67) and extinction (%CRS=13.00) using a 750 ms delay paradigm 
(100 ms tone CS). Using a 500 ms trace paradigm (100 ms tone CS), BR was 
also within normal limits in both her left and right eye for conditioning (%CRs 
on right=7l.67, left=6l.67) and extinction (%CRs on right=23.00, left=10.00).

BR’s ability to learn more complex associations was examined in the 
context of a temporal discrimination task and a simple discrimination task. The 
temporal discrimination task used two inter-trial intervals (CS1-350 ms delay; 
CS2-750 ms delay), and the simple discrimination task consisted of reinforced 
(CS1-USC) and nonreinforced (CS2-no UCS) trials with a 750 ms delay 
period. Unexpectedly, BR demonstrated a complete inability to learn 
associative discriminations. In the temporal discrimination task she did not 
achieve greater than 22.22 percent CRs, even after 2 testing sessions.
Similarly, in the simple discrimination task, BR did not achieve greater than 
23.22 percent CRs. In neither task was there evidence of differential 
responding. These data suggest that the cerebellar cortex plays an important 
role in classical eyeblink discrimination learning. Supported by NINDS 
1P50NS26985, NIAAA 00187, MH47340.

66.8
IM P A IR E D  E Y E B LIN K  C O N D IT IO N IN G  IN A M N E S IC S  A F T E R  
A N T E R IO R  C O M M U N IC IA T IN G  A R T E R Y  A N E U R Y S M  R U P TU R E  
A N D  B AS A L FO R EB R A IN  D A M AG E  B.R . E rm ita*, C .E . M yers, S.G. 
W arren , B.J. D iam ond, J. D eLuca , M. G luck . C e n te r fo r M o lecu la r 
and B ehavio ra l N eurosc ience , R u tgers U niv.; N ew ark, NJ 07305

D escrib ing  the  p rec ise  neura l and behav io ra l fu n c tio n s  th a t are 
dam aged in basal fo rebra in  a m ne s ic  pa tien ts  has been  e lus ive. 
M o to r-re flex  cond ition ing  o f the  e ye b lin k  re flex  is a w e ll-s tu d ie d  form  
o f im p lic it learn ing . S tud ies  have  show n the  ce reb e llum , 
h ippocam pus and the  basa l fo rebra in  to  be invo lved  in e yeb link  
co n d itio n in g . In rabb its , les ions o f the  basa l fo re b ra in -h ipp o ca m p a l 
ax is  resu lt in a lea rn ing  d e fic it tha t is d is tin c t from  norm a l learn ing  
seen in h ippocam pa l lesions. In A C oA  patien ts , rup tu re  o f the 
an te rio r co m m un ica ting  a rte ry  resu lts  in basa l fo re b ra in  dam age. 
H ippocam pa l am ne s ic  p a tien ts  show  no d e fic its  in c o n d itio n in g . 
H ow ever, in sco p o la m in e  m ode ls  o f am nes ia , im pa ired  c h o lin e rg ic  
fu nc tion ing  resu lts  in s lo w e r ra tes o f cond ition ing .

In th is  study, a subse t o f patien ts  w ith  basal fo rebra in  dam age  and 
m em ory im pa irm ents  (the se ve rity  o f w h ich  is s im ila r to  h ippocam pa l 
am nesics) dem onstra ted  a lo w er ove ra ll am oun t and s lo w e r rate  o f 
learned responses. No o ther changes in response  am p litude  or 
u ncon d itio ne d  re flex  tim ing  w e re  seen. The  sp e c ific  im p a irm e n t in 
cond ition ing  is in co n tra s t to resu lts  repo rting  th a t o th e r im p lic it 
learn ing  tasks are  in tac t in basal fo rebra in  am nes ics  (Bond i e t al., 
1993, Bra in  and C ogn ition , 22, 213 -239). O ur resu lts  a re  presen ted  
in the  co n te x t o f a c h o lin e rg ic  d is rup tio n  m ode l th a t leads to 
im p a irm e n t (no t com p le te  abo litio n ) o f c o n d itio n in g  and  are  
ind ica tive  o f a ro le  fo r the  hum an basa l fo rebra in  in the 
n e u ro m od u la tion  o f le a rn ing .
Supported by N IM H  B -ST A R T Award M H -058208  (CM ) and O N R  
Cognitive and Neural Sciences Aw ard 4 -20015  (M G).
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67 .1

RIGHT HEMISPHERE DOMINANCE FOR SPATIAL WORKING MEMORY 
IN SPLIT-BRAIN PATIENTS. A.C. M iller and P.A. Reuter-Lorenz*. 
Department of Psychology, University of Michigan, Ann Arbor, MI 48109.

Studies of split-brain patients provide important insights into the 
hemispheric contributions to various cognitive processes. However, to date 
relatively little is known about working memory performance in this 
population. Some lesion evidence and neuroimaging work (Jonides et al, 1996, 
Handbook of Learning and Motivation) suggests right hemisphere dominance for 
spatial working memory. Our goal was to provide converging support for 
hemispheric asymmetry in the retention of location information over a delay 
period.

We examined the spatial working memory abilities of the disconnected 
hemispheres in two split-brain patients, J.W. and V.P. If the hemispheres differ 
specifically in the ability to retain spatial information, then performance 
asymmetries should increase over a delay. The task required subjects to 
remember the location of a single dot, presented unilaterally to the left or right 
visual field, and to decide whether or not a probe circle presented either 
immediately (200 msec) or after a delay (3 sec) appeared in the exact same 
location. Results for both patients demonstrated a clear accuracy advantage for 
the right hemisphere compared to the left hemisphere in the immediate 
condition. Furthermore, the magnitude of this hemispheric asymmetry was 
significantly greater in the delay condition.

These results indicate that the hemispheres are differentially specialized for 
the formation of spatial representations. Furthermore, the increased right- 
hemisphere advantage with delay suggests that the processes that maintain these 
spatial representations in working memory may also be lateralized to the right 
hemisphere.

Supported by NSF Graduate Fellowship and Rackham Faculty Fellowship

6 7 .2

EFFECTS OF DORSOLATERAL AND ORBITOFRONTAL BRAIN LESIONS 
ON SPATIAL AND OBJECT WORKING MEMORY IN HUMANS.
N. G. Müller1, L. Machado2*, and R. T. Knight2.
1Tagesklinik für kognitive Neurologie, Universität Leipzig, Germany;
2Dept. of Neurology and Center for Neuroscience, University of California at Davis, 
95616 and Veterans Administration Medical Center, Martinez, CA 94553, USA

The contribution of subregions of frontal cortex (PFCx) to working memory is of 
increasing interest. Dorsolateral PFCx has been implicated in working memory, with 
the degree of dorsolateral PFCx activation correlating with the manipulation demands 
on the contents of working memory. Conversely, orbitofrontal cortex has been linked 
to emotional regulation, and recent evidence suggests it may play a role in object 
working memory. We tested normal controls and patients with lesions centered in 
either the dorsolateral (areas 6 , 9, 46) or orbitofrontal (areas 11, 12, 45, 47) PFCx in 
four tasks: a delayed-matching-to-sample object task (DMSO), a delayed-matching-to- 
sample spatial task (DMSS), a 2-back object task and a 2-back spatial task. The 
DMSO and DMSS tasks required memory maintenance of either the shape or the 
location of an abstract 2-dimensional object. In the 2-back tasks, participants had to 
decide whether the shape or the location of an object matched the object seen two 
items earlier in the sequence. The 2-back tasks involved manipulating memory 
content, including temporal sequencing, directed forgetting and simultaneous 
encoding and retrieval. Patients with dorsolateral PFCx lesions were impaired in all 
tasks with more impairment observed for the 2-back tasks. Patients with orbitofrontal 
cortex damage were as accurate as controls in all tasks. The data support dorsolateral 
PFCx involvement in working memory and suggest that dorsolateral PFCx is 
particularly crucyal for tasks requiring manipulation of memory content. Orbitofrontal 
PFCx does not seem to be necessary for either object or spatial working memory. 
This work was supported by NIH grant NS 21135 and DFG grant Mu 1364.
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67.3
10-12 HZ OSCILLATIONS INCREASE WITH MEMORY LOAD IN A 
SHORT-TERM MEMORY TASK.
O. Jensen*1, J. Gelfand2, J. Kounios3, and J.E. Lisman1 
1Volen Center for Comp. Sys., Brandeis Uni., Waltham, MA 02254; 2Dept. 
of Psychol., Princeton Univ., Princeton, NJ08544; 3IRCS, UPENN, 3401 
Walnut St., Philadelphia, PA 19104

Previously we have suggested a physiological mechanism for short-term 
memory (STM) in which 5-10 Hz brain oscillations (theta/alpha band) are 
responsible for active maintenance of memories. To test our hypothesis we 
recorded the EEG in humans performing a modified Sternberg task in which 2, 
4 or 6 items had to be maintained in STM for 3 sec until a test probe arrived. 
Power spectral analysis reveals that the 10-12 Hz oscillations (alpha band) 
STM in parietal regions increase in power with the number of items in. The 
increase is statistically significant in 6 out of 10 subjects. A time-frequency 
analysis shows that the effect is present during the full 3 sec retention interval. 
By calculating the “phase-locking factor” (Tallon-Baudry et al., JNS 16, 4240,
1996), oscillations in the 10-12 Hz and 4-6 Hz band are found to be 
synchronized (possibly phase reset) with the onset of the probe. This 
synchronization is seen most strongly in frontal brain areas. The data 
demonstrate the involvement of oscillations in memory processes. 
Furthermore, the findings suggest that 10-12 Hz oscillations are important for 
maintenance and retrieval of short-term memory, rather than just being an 
“idling” rhythm. Grants: NIMH MH57501-02, NSF IBN9723466, A.P. Sloan 
Foundation.

67.5
EFFECTS OF SPATIAL AND COLOR DISTRACTION ON VISUOSPATIAL 
WORKING MEMORY TASK PERFORMANCE. P. Rämä 1*, V. Vuontela1, H. 
Aronen2 and S. Carlson 1. 1Inst. Biomed., Dept. Physiol., Univ. Helsinki; 
2Dept. Radiol., Helsinki Univ. Central Hospital, Helsinki, Finland.

Visual cortical areas have been suggested to be organized to the ventral and 
dorsal visual pathways devoted to object identification, that is, to coding of 
features such as shape and color and to spatial characteristics o f  visual stimuli, 
respectively (Mishkin et al. 1982). It has been suggested that also separate frontal 
cortical areas are involved in mnemonic processing o f spatial and object 
information (Wilson et al. 1993, McCarthy et al. 1996) but there is also evidence 
that the prefrontal cortical area integrates visual information concerning location 
and identity o f an object (Rao et al. 1997). The aim o f the present study was to 
investigate the effects o f spatial and color distraction presented during the delay 
phase of visuospatial n-back (1- and 2-back) working memory tasks. N-back tasks 
have been previously used in working memory studies using verbal stimuli 
(Braver et al. 1997, Cohen et al. 1997). In the 1-back task the subject pressed 
the left button whenever the stimulus occurred in the same location as the 
previous stimulus whereas in the 2-back task whenever the stimulus was in the 
same location as the one two back. The subjects were instructed to ignore 
distractive stimulation. The results showed that spatial distraction presented 
during the 2-back task but not during the 1-back task caused significantly more 
incorrect responses than the task performance without distraction whereas color 
distraction did not affect the accuracy o f either task performance. The result that 
visuospatial - not color - distraction impairs visuospatial working memory 
processing is in line with an earlier study by Hecker and Mapperson (1997) 
supporting on behavioral level the idea o f dissociation o f spatial and nonspatial 
visual information processing.
The study was supported by Helsinki University Grant 1127/62/96.

67.7
STRUCTURAL EQUATION MODELLING OF CORTICAL INTERACTIONS IN 
WORKING MEMORY. A. Meyer-Lindenberg*, J.D. Van Horn, G. Esposito, J. Holt,
D.R. Weinberger, K.F. Berman. Unit on Integrative Neuroimaging, CBDB/IRP, 
National Institute of Mental Health, Bethesda, USA

The cortical network underlying working memory was investigated by structural 
equation modeling (path analysis) of H215 O PET data from 86 right-handed healthy 
participants performing the Wisconsin Card Sorting Test (WCST) and a sensorimotor 
control task. After reorientation, normalization to Talairach space, and smoothing 
with a 10-10-6 mm Gaussian kernel, blood flow averages were obtained from regions 
corresponding to BA 44, 9, 45/46, 10, 23, 24, 17, 18, l9d, 21, 37, and the 
hippocampus. Subjects were split into two matched groups for statistical analysis. 
Optimal path models were constructed, using LISREL, for both hemispheres 
separately. Interhemispheric connections were assessed between homologous areas 
only. Omnibus tests of task-control differences used the “stacked models” approach. 
Inferential tests indicated a good fit of both hemispheric models (left: χdiff 
(H9)=135.6; right: χ diff (110)= 128.9). Left-right and task-control differences were 
significant. Connectivity of visual areas was similar in task and control conditions. 
Main projections to the frontal lobe were derived from ventral visual processing areas 
37 and 21. During the WCST, a marked increase of functional connections of the 
frontal lobe regions was seen in both hemispheres, especially between area 45/46 and 
the hippocampus and BA 44. Significant interhemispheric connections were between 
areas 18,21 and 37 during the control task. In the WCST, they were more anterior 
(BA 10,44 and 37.). More extensive connections of areas 44 and 9 on the left 
accounted for most of the laterality difference. Path analysis confirms the existence of 
an extensive network of frontal lobe connectivity underlying working memory 
function. Of special interest is the finding of a prominent interaction between the 
dorsolateral prefrontal cortex and the hippocampus, with possible implications for the 
pathophysiology of working memory impairment in schizophrenia. Interhemispheric 
differences were apparent and are possibly related to language specialization.

67.4
EVOKED BRAIN POTENTIALS WHILE PROCESSING WORDS IN A 
MEMORY TASK: THE SCRABBLE PARADIGM. S. Cansino1*, A  Ruiz1 and V. 
López-Alonso2. 1Laboratory o f Cognitive Psychophysiology, Psychology Faculty, 
National Autonomous University of Mexico, Mexico City, 04510; 2National 
School of Professional Studies Iztacala, National Autonomous University of 
Mexico.

The main purpose of this investigation was to explore the event related potentials 
associated with processes involving short and long term memory simultaneously. 
The present study introduces the scrabble paradigm, a short-long term memory task 
consisting o f finding a word from a set of letters presented in random order. Task 
difficulty was manipulated by varying the number of letters (3, 4 and 5) presented 
to the subject.

Behavioral data reveal that this task is performed serially. Each letter added to the 
memory set increased time processing in 378 ms. Codification of the stimulus and 
response organization consumes about 493 ms. The presence of event-related 
potentials previously recorded in short and long term memory studies provide 
evidence that both memory processes are activated in the scrabble paradigm. Short 
term memory procedures were reflected by the N200 and P300 components, while 
a negative slow wave (NSW) and a positive slow wave (PSW) indicated the 
presence of long term memory processes. The amplitude of the N200 component 
increases with task demand, whereas the amplitude of the P300, NSW and PSW 
decreases with task difficulty. This decrement might be due to a deficit in stimulus 
information transmission when more letters have to be encoded to solve the task.

Founding sources: Grant from CONACYT, Mexico (4511-H) and from DGAPA, 
National Autonomous University of Mexico (IN300495).

67.6
AUDITORY W ORKING M EM O RY AND SPEE C H  C O M P R E 
HENSION IN C O CH LEAR  IMPLANT USERS. I. M. Dise 
Dunn,* Dept. of Psychology, Chicago State Univ., Chicago, IL. 
60628

This study asked whether auditory working memory (AWM) 
in cochlear implant recipients is related to speech comprehen
sion ability. We were interested to know whether cochlear 
implant (Cl) users have AWM impairments and if such impair
ments impede the ability to understand speech.

Eighteen C l users and a group of age matched normal 
hearing listeners participated in the study. All subjects were 
administered tests to evaluate AWM and speech comprehen
sion. The C l users’ performance was compared to the normal 
group and the relationship between AWM and speech compre
hension was examined.

The pattern of performance on the AWM tests was similar in 
many respects between the C l users and normal subjects, but 
C l users received significantly lower scores on measures of 
phonological and semantic AWM ability. Semantic ability was 
highly correlated to speech comprehension but phonological 
ability was not related to speech understanding. We conclud
ed that C l users suffer AWM impairments. Some but not all of 
their AWM limitations impact the ability to communicate in spo
ken language.

67.8
A Brain Model of the Relationship Between Semantic Memory, and 
Prefrontal W orking Memory in Semantic Cognitive Tasks, J. 
Gelfand1 * and A. Newberger2, Dept. of Psychology1 and Dept. of 
Philosophy2, Princeton University, Princeton, NJ 08544.

We have simulated the brain mechanisms involved in semantic 
processing tasks requiring recalled semantic features. The model is 
consistent with the anatomy and physiology of the component brain 
circuits. A projection from posterior perceptual areas to prefrontal 
cortex serves to represent the stimulus input to working memory. A 
projection from working memory to semantic memory excites 
semantic features associated with the input stimuli. We assume that the 
cortical areas involved in the task are organized as cortical columns. 
Oscillations in corticothalamic loops sustain activity of prefrontal 
cortex neurons for the duration of the task and subserve the working 
memory function. The semantic representation of a concept is encoded 
as a constellation of features over cortical columns. We use phase 
information to bind concepts excited in working memory with their 
component semantic features (Singer, Ann.Rev.Physiol, 55:349-374, 
1993). Groups of neurons representing concepts in prefrontal cortex 
oscillate in distinct phase in a mechanism similar to that proposed by 
Lisman & Idiart (Science.267:1512-1515,1995). Through excitatory 
pro jections, sem antic m em ory neurons are driven to fire 
synchronously and in phase with the neurons that excite them. A 
process of phase comparison is used to select task appropriate 
responses. The properties of the model are in agreement with a 
number of observable behavioral and neural phenomena.

Supported by NSF and the NJ Center for Multimedia Research.
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67.9
W O R K IN G  M E M O R Y  A N D  T H E  S E L E C T IO N  O F S E M A N T IC  
K N O W L E D G E  IN P R E F R O N T A L  C O R T E X : A C O M P U T A T IO N A L  
APPRO ACH . D. Y. K im berg1,2, S. L. T hom pson-S ch ill1 and M. J. F arah1*. 
D e p t. o f  1P sy ch o lo g y  and 2N eu ro lo g y , U n iv e rs ity  o f  P ennsy lvan ia , 
Philadelphia, PA 19104.

The hypothesis that the left inferior frontal gyrus subserves semantic 
m em ory retrieval, originally form ulated on the basis o f  neuroim aging results, 
has recently been questioned. Recent research with neuroim aging and focally 
brain-dam aged patients suggests that this brain region is instead involved in 
se lec tio n  o f  p a rticu la r  rep resen ta tio n s  from  am ong  the to tal sem an tic  
knowledge evoked by a task (Thom pson-Schill et al., 1997; 1998). In order to 
cast the hypothesis  o f  selection  in m ore ex p lic it m echan istic  term s (cf. 
K im berg & Farah, 1993), and to relate it to the established w orking memory 
functions o f  prefrontal cortex, we carried out sim ple com puter sim ulations o f  
the three sem antic m em ory tasks used in the previous research, including high 
and low selection versions o f  generation, com parison, and classification tasks, 
and explored the effects o f  sim ulating w orking  m em ory dam age. In all three 
tasks, d am age a ffec tin g  w ork ing  m em ory  d isp ro p o rtio n a te ly  im paired  
perform ance in the high selection conditions o f  the sem antic m em ory tasks. 
This Finding suggests that the role o f  the inferior frontal gyrus in these tasks 
m ay be well characterized in term s o f  the contribution  o f  w orking mem ory 
processes to semantic selection rather than in term s o f  retrieval processes.
This research was supported by NIH grants R01N S34030 and R01AG 14082 
to M. J. Farah and by a James S. M cDonnell Foundation grant and NIH grant 
F32AG05743-01 to S. L. Thom pson-Schill.

67.10
A "THEORY OF RELATIVITY" FOR PARADOXICAL TIME SPAN 
FLEXIBILITY OF LIMITED ITEM-CAPACITY WORKING MEMORY. 
INVOLVEMENT OF HARMONICS AMONG ULTRADIAN CLOCKS? R. B. 
Glassman*. Dept. of Psychology, Lake Forest Col., Lake Forest, IL 60045 

The capacity of working memory (WM) is about 7±2 ("the magical number"; 
Miller, 1956, Psychol. Rev.) for serially organized simple verbal items. There 
is about the same capacity for sense of familiarity (SOF) of recently 
encountered places, observed in radial maze performance both of lab rats 
and of humans (Glassman, et al., Brain Res. Bull., 1994). Moreover, both 
species show a peculiar capacity for retaining WM of place SOF over delays 
(Beatty & Shavalia, Anim. Learn. & Behav., 1980; Glassman, Leniek & 
Haegerich, Neurosci. Abstr., 1996). Certain bird species have comparable 
capacity for delayed recall of about 4 to 8 food caches in a laboratory room 
(Shettleworth & Krebs, J. Exp. Psychol: Anim. Behav. Proc., 1986). The 
literature also describes paradoxes of extended time duration in certain 
human verbal recall tasks. One conjectural neural code for WM item- 
capacity is in binding-by-synchrony by means of more than one frequency of 
gamma band brain electrical rhythms, each marking a WM item. Copresent 
sinusoids that bear harmony-like ratios within a single octave have fast 
temporal properties, while avoiding spurious difference rhythms (Glassman, 
Neurosci. Abstr., 1997). Similar logic of periodic signals may hold for slower 
ultradian rhythms which contribute to time-tagging and fresh SOF of a day’s 
event memories. SOF restricted to about seven items might involve 
allocation of attention based on assessment of task-event duration. This may 
exploit summations across ultradian rhythm generators, which help orient the 
organism in time and permit it certain freedoms of WM time span while more 
strictly containing WM item capacity.
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68.1
P R A C T IC E  R ELA TED  CH A N G ES D U RING M A Z E  LEA R N IN G  IN 
C H IL D R E N  M EA S U R E D  BY fM R I . H . van Mier * , I.G . Ojem ann, B.  
Gopalan, R. Deuel, and S.E. Petersen. Washington University, School o f Medicine, 
Box 8111, St. Louis, MO 63110.

In a previous PET and fMRI study healthy adult subjects were scanned during 
naive and practiced performance on a maze task. Subjects were instructed to move a 
pen with their right hand continuously in a clockwise direction through a cut-out 
maze as quickly and accurately as possible with their eyes closed. It was found that 
right premotor and parietal cortex, as well as left cerebellum were more activated 
during naive performance, while supplementary motor area (SMA) showed higher 
activations during practiced performance.

The present study was performed to determine if  similar results could be 
obtained in healthy children. Children between the ages of 7 and 12 were scanned 
during initial unpracticed maze tracing (NAIVE) and after practice on the same maze 
(PRAC). To control for effects of movement speed, brain activations were also 
measured while the children traced a simple square at high speed (SQ. FAST).

Using a Siemens l.5T  vision scanner with contiguous-slice BOLD-weighted 
whole brain asymmetric spin echo echo-planar imaging, the children were scanned 
during above mentioned conditions. Each condition consisted o f four 30 sec. control 
sessions (holding the pen without moving it) and four 30 sec. tracing sessions. 
Difference images were created after realignment and normalization across time.

As an effect of practice, an increase in movement velocity and a decrease in 
stops and errors was observed. These behavioral changes were accompanied by 
BOLD signal decreases in right premotor and parietal areas and left cerebellum, 
while signal increases were found in supplementary motor area (SMA), suggesting 
that this maze task activates the same practice-related areas as seen in adults.

Supported by N IH  grant NS 32979, N IH  training grant NS 07205, Leda J. Sears 
Trust, Charles A. Dana Foundation, and McDonnell Center fo r Higher Brain Function.

68.2
TIME COURSE OF CORTICAL ACTIVATION WHILE LEARNING AN 
UNFAMILIAR VISUOMOTOR TASK; AN fMRI STUDY
F.X. Graydon,1 J S. Gati,1 V.B. Brooks,2* a n d  R.S. Menon1.
1Lab. for fMRI, Advanced Imaging Labs., Robarts Res. Inst., a n d  2Dept. 
of Physiology, Univ. of Western Ontario, London, ON, N6A 5K8, Canada.

We examined the time course of activation in frontal, parietal and hippocampal areas 
during visuomotor learning using fMRI. Whole brain imaging (Varian/Siemens 4T, 
EPI, TR=2600ms, TE=l5ms, 8 mm slices) was performed while subjects (n=4) learned 
a rate control task that involved learning a new rule and scaling it for task success.

The learning session consisted of 80 trials in which subjects controlled a joystick to 
move a cursor from a start circle to a target circle that appeared in a random location on 
a screen. Each target position defined the start position for the subsequent trial. A 
kinematically based sigmoid learning curve (Brooks et al, 1995, Learning & Memory 
2:225-42) was used to determine the early learning stage (to first trial success) and the 
learned stage for each subject (trials 70 to 80).

Comparison of signal changes between the two stages revealed that activation of the 
dorsolateral prefrontal cortex (bilateral), cingulate gyrus (BA 24 & 32) and the medial 
parietal cortex was significantly greater in the early learning stage, while activation of 
right hippocampus and the left intraparietal sulcus was greater in the learned stage.

The results are consistent with other imaging studies that have found differential time 
courses of activation as procedural skill is stored in memory. The time course in the 
dorsolateral prefrontal cortex is consistent with early involvement in learning as 
working memory processes predominate, while that o f the right hippocampus is 
consistent with a role in the creation of long-term memory from working memory.

Supported by the McDonnell-Pew Foundation for Cognitive Sciences.

68.3
MODULAR ORGANIZATION OF M ULTIPLE INTERNAL MODELS FOR 
VISUOMOTOR LEARNING: A FUNCTIONAL MRI STUDY. H. Imamizu*1, S. 
Miyauchi2, T. Tam ada1, Y. Sasaki2, R. Takino3, B. Pütz1, T. Yoshioka1 and M. 
Kawato.1,4 1ERATO KDB, Kyoto, Japan; 2Com m unications Research Labs., Hyogo, 
Japan; 3Shiraume Gakuen College, Tokyo, Japan; 4ATR Human Information 
Processing Research Labs.

Humans can manipulate many kinds of objects and tools without confusion. A 
computational theory (Kawato & Wolpert, 1998) has proposed that there exist multiple 
models for sensorimotor transformation in the cerebellum, and that each of them 
represents a different type of transformation. To examine this, we investigated if 
different rules for visuomotor transformation evoke activities in different locations of 
the cerebellum. A task for subjects was to move a computer mouse so that the cursor 
would follow a randomly moving target on the screen. The subjects used three 
different computer mice: a rotated mouse, a velocity-controlling mouse, and a normal 
mouse. The cursor position was rotated 120° around the center of the screen for the 
rotated mouse while the cursor velocity was determined according to the positions of 
the mouse for the velocity-controlling mouse. After extensive training of the task 
using each of the mice, functional echo-planar images were scanned using a 1.5 T 
Siemens scanner. There were two experimental sessions: a rotational session and a 
velocity-controlling session. Test and baseline periods were alternately repeated in the 
sessions. The subjects used the rotated mouse or the velocity-controlling mouse in the 
test periods of each of these sessions while they used the normal mouse in the baseline 
periods. The target velocity in the baseline periods was changed so that performance 
errors became the same as those in the test periods. We used a correlation analysis to 
find regions that produced higher MR signals during the test periods than during the 
baseline periods (p <.0 0 l). In both of the sessions, activities were found near the 
superior posterior fissure in the lateral cerebellum. However, the activated locations in 
the rotational session were clearly segregated from those in the velocity-controlling 
session even at a marginally significant level. This result demonstrates that different 
rules for visuomotor transformation evoke activities in different locations, hence 
suggesting the existence of multiple internal models in the cerebellum.

68.4
TRANSITIVE INFERENCE WITH AND WITHOUT TASK AWARENESS: 
SEQUENCE FORMATION WITH NON-VERBAL STIMULI IN HUMANS.
J. A. Dusek1*, A. J. Greene2, H. Eichenbaum1, & W. B. Levy2. 1Boston 
University, Boston MA; 2University of Virginia, Charlottesville, Virginia.

The term "transitive inference" signifies the ability to infer a relationship 
between items that have not been previously experienced together, based on 
previous learning of the relations between overlapping subsets of the items. 
Previous studies on humans have largely been limited to the use of verbal 
stimuli where syllogistic inferences are explicitly implied. Conversely, studies 
on animals must use non-verbal stimuli for which the animal has no explicit 
awareness of the logical rule. In an attempt to compare the results of 
transitive inference across human and animal subjects, we have designed a 
non-verbal task for humans that closely parallels the protocol used with 
animals. An additional goal was to examine whether awareness of the overall 
hierarchical relationships among stimuli during training provides the 
organizational framework necessary for the subsequent inferential judgments.

Our version of the task includes the presentation of a set of four 
overlapping premise pairs (A+ vs B-, B+ vs C-, C+ vs D-, D+ vs E-) that may 
be encoded separately or as a sequential hierarchy (A > B > C > D > E). Prior 
to training, participants randomly assigned to an "aware" condition were 
informed that the task required an inference made from premise pairs. In the 
"unaware" condition, participants were simply told that they were to learn the 
premise pairs by trial and error. After reaching criterion on the set of premise 
pairs, participants were subsequently tested with the non-adjacent pair, BD, 
to assess capacity for transitive inference. Preliminary results suggest that 
awareness of the syllogistic nature of the task reduces the number of trials 
required to learn the premise pairs and moderately improves accuracy on the 
inferential pair BD. Supported by F32-MH11979-01 and MH52090.
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68.5
IMPLICIT TEMPORAL SEQUENCE LEARNING. J. Salidis* 
and D. B. Willingham. Dept. of Psychology, Univ. of Virginia, 
Charlottesville, VA 22903.

Although temporal information seems to be important for 
skilled sequential behavior, there has been little research on 
people's ability to learn temporal sequences in tasks which do not 
have explicit temporal requirements. Two experiments addressed 
this issue. Experiment 1 showed that RTs to a 6 unit sequence of 
response to stimulus intervals were faster than RTs to the same 
randomly ordered intervals, even for participants showing no 
explicit knowledge of the sequence. Experiment 2 examined the 
relative contribution of temporal information to learning a 
combined spatial-temporal sequence. Participants were much 
slower when only the location of the stimuli were random than 
when only the intervals were random, indicating a greater 
contribution of spatial learning to performance. These results 
pose a challenge for theories of motor skill learning that propose 
a large role for temporal learning.

68.7
EVIDENCE FOR EFFECTOR INDEPENDENT AND DEPENDENT 
COMPONENTS IN MOTOR SEQUENCE LEARNING. R. S. Bapi*, K. Doya. 
Kawato Dynamic Brain Project, ERATO, JST. Seika, Kyoto, Japan 619-0288.

To investigate the representation of motor sequence, we tested transfer effects in a 
motor sequence learning paradigm. It is hypothesized that sequence representation is 
mediated by two components—effector independent and dependent. Six subjects 
were tested in a modified 2 × 10 task (Hikosaka et al., 1995). Subjects learned to 
press two keys (set) successively on a keypad in response to two lighted squares on 
a 3x3 display. Ten such sets called a hyperset was used. Training was given in the 
NORMAL condition and sequence recall was assessed during test blocks in the early 
and late stages in three conditions— NORMAL, VISUAL, and MOTOR. In 
VISUAL condition access of the arm to the keypad was rotated 90° while the 
keypad-screen mapping kept identical to NORMAL. In MOTOR condition the 
keypad-screen mapping was also rotated 90°, resulting in an identical finger-screen 
mapping as in NORMAL. Reaction time (RT) and errors during recall were 
recorded. Errors did not significantly differ based on position showing that effector 
movements did not affect recall accuracy. With training, RTs in NORMAL and 
MOTOR conditions became similar and significantly lower than in VISUAL 
condition. Using RTs for single button pushing in different conditions as baseline 
indices, it was observed that RTs improved significantly in NORMAL & MOTOR 
conditions (from 26.5% & 22.8% in early stage to 46.5% & 42.6% in late stage, 
respectively). In contrast RTs in VISUAL condition improved slowly (from 21.3% 
to 33.3%), supporting the hypothesis that MOTOR condition benefits more than 
VISUAL because it uses identical effector movements to the NORMAL condition. 
Together these results extend the "effector independent sequence representation 
hypothesis," originally proposed for implicit sequences to explicit sequences. These 
results also support an effector dependent component in motor sequence learning 
which develops relatively slowly. The difference in the time course of learning may 
account for the differential involvement of brain areas in early and late learning 
phases found in lesion and imaging studies. (Internally funded)

68.9

INTERMANUAL TRANSFER OF TACTILE LEARNING.
S. J. Chevalier*, K. Sathian. Department o f Neurology, Emory University 
School o f Medicine, Atlanta, GA.

Previous work has shown that tactile learning effects transfer 
between fingers o f the same or opposite hand (Sathian and Zangaladze, 
Percept Psychophys 1997, 59:119-28; Exp Brain Res 1998, 118:131 -4.). In the 
visual system, perceptual learning o f easy but not difficult tasks was 
found to transfer across retinal position (Ahissar and Hochstein, Nature 
1997, 387:401-6). We tested whether intermanual transfer in the tactile 
system could be eliminated by increasing task difficulty. Subjects 
discriminated gratings with relatively small differences in ridge 
width, using a single rapid sweep with the right index finger (RD2) in 
the absence o f non-tactile sensory cues. In one group o f subjects, the 
left hand was inactive. Learning in this group transferred virtually 
completely between hands. Another subject group ran the left index 
finger (LD2) over task-irrelevant Braille patterns while discriminating 
gratings with RD2. This demanded spatially focussed attention.
When tested subsequently on LD2, initial difference limens (DLs) 
were comparable to initial DLs on RD2 but declined sooner to final 
levels, consistent with substantial intermanual transfer masked 
initially by difficulty in switching the locus o f attention. It appears 
that tactile learning shows considerable propensity for intermanual 
transfer even in difficult tasks. (Supported by NINDS.)

68.6
A POSSIBLE OUTPUT PATHWAY OF THE CEREBELLUM RELATED TO 
LEARNING TO USE A NEW TOOL. T. Tamada1*, S. Miyauchi2, H . Imamizu1,
T. Yoshioka1, & M. Kawato1,3. 1KDB, ERATO, JST, Kyoto, 619-0288. 2CRL, 
Hyogo. 3ATR HIP, Kyoto, Japan.

A computational theory and its related neurophysiological findings predict that an 
internal model of a new tool is aquired through learning for its proper use. Imamizu 
et al., using a tool of a rotated computer mouse in which the relationship between 
the mouse and cursor positions was rotated, found that a region near the posterior 
superior fissure in the cerebellum was the likeliest canditate for the internal model 
of this tool (Imamizu et al., NeuroIm age, 1997). In order to investigate the input 
and output pathways of this model, we obtained functional MR images of the 
cerebellum and the cerebral cortex related to learning to use this tool. We adopted, 
as a laterality index, laterality o f activation: (R - L) / (R + L). Here, R denotes the 
number of pixels showing a significantly higher activation in the right hemisphere 
and L that in the left hemisphere within a specified region of interest (ROI). The 
correlation of these indices between the cerebellum and cerebral cortex was utilized 
to explore their functional connectivity. We expect a significant negative correlation 
between the laterality of activation in the cerebellar ROI and that of a cerebral ROI 
having direct functional connection with the cerebellar ROI because the neural 
connections between them are contralateral. The experimental procedure was the 
same as that in Imamizu et al. (1997). We found that the activities of four cerebral 
ROIs (extrastriate cortex, depth of the precentral sulcus, middle frontal gyrus, and 
pars opercularis and pars triangularis) were modulated by the learning, according to 
an ANOVA (p  < .05) based on the number of pixels that showed significantly 
higher signal intensity under the test condition (p < .0001). However, by further 
analyses of these ROIs, the significant negative correlation of laterality with the 
cerebellar ROI was observed only in the pars opercularis and pars triangularis (the 
Broca's area), and only after learning (r = - .409, p < .01). In macaques, this region 
receives outputs from the medial part of the dentate, which is the output nucleus of 
the lateral part of the cerebellum (Strick, Hoover & Mushiake, Role of the 
Cerebellum and the Basal Ganglia in Voluntary Movement. 1993). Therefore, our 
results suggest that the internal model involved in the use of a rotated mouse might 
send its outputs to the region around the Broca’s area. (Supported by HFSP)

68.8
IN TERFEREN CE OF CONSOLIDATION OF A MOTOR SKILL BY A 
COMPETING TASK. C. Rey-H ipolito , G. Bertin i* , and L.G. U ngerleider 
Laboratory o f Brain and Cognition, NIMH, Bethesda MD 20892

Previous studies in our laboratory have shown that a few minutes of daily practice on 
a sequence of finger movements induce large, long-lasting gains in performance that 
are specific for the trained hand and sequence. The skill evolves through distinct 
phases: “fast” learning, a dramatic improvement occurring within the first practice 
session, and “slow” learning, revealed by smaller, incremental gains in performance 
emerging over the course of daily practice sessions (Kami et al., PNAS, 1998). 
Observation of the time course and specificity of learning as well as the behavioral 
effects of manipulations of training parameters may provide insight into the basic 
neuronal mechanisms subserving skill learning. In the present study, we test the 
hypothesis that consolidation occurring during the early stages of sequence learning 
can be disrupted by training on a different, competing sequence.
Young adult subjects (n=36) were instructed to perform, as fast and accurately as 

possible, two different 5-element sequences of finger taps on a computer keyboard, 
using their non-dominant hand, for a period of 30 seconds. The number of correct 
sequences executed within each of these test periods was taken as a measure of 
baseline performance. One of the two sequences was then practiced in a paced manner 
(2 taps/sec) for 12 minutes. At variable times (0-6 hrs) following this initial training 
session, subjects were given an identical amount of training on the other 
(“interfering”) sequence. Control subjects did not practice this sequence. To assess the 
degree of learning, 30-second performance measures were taken for both sequences 
the following day. We found that subjects who received training on the “interfering” 
sequence showed smaller overnight performance gains for the initially practiced 
sequence relative to the control subjects. This interference effect was greatest for 
shorter time intervals between the two training sessions. These results suggest that 
training initiates specific neural processes that continue to evolve after practice has 
ended. During this consolidation phase of skill learning the neural representation of 
the task remains vulnerable to behavioral interference effects.

Society for Neuroscience, Volume 2 4 ,19 98
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69 .1

MISMATCH-NEGATIVITY IN CAT -  IT IS GENERATED IN 
THE NONTONOTOPIC A II AREA. G. Karmos*, Zs. Pincze, P. 
Lakatos and I. Ulbert. Institute for Psychology of the Hungarian Academy of 
Sciences, P.O. Box 398, Budapest, H-1394, Hungary

The purpose of the present study was to investigate the origin of the 
mismatch-negativity (MMN) and its relation to the tonotopically organized 
early positive components of the auditory cortical evoked potential (AEP) in 
cat. A matrix of 30 epidural electrodes was chronically implanted above the 
auditory areas. After the full recovery of the animal, the tonotopic amplitude 
distribution of the early positive component of the AEP was mapped by 
different frequency tone bursts, presented through an earphone. Following 
this, two sequences of standard and deviant stimuli were given in a passive 
oddball paradigm: one of them consisted of low frequency tones and the other 
high frequency ones. The frequency difference between the standard and the 
deviant stimuli was 20  percent in both cases.

The first exogenous positive component of the AEP, reflecting the early 
activation of the primary auditory cortex, displayed frequency-depending 
amplitude distribution on the AI area, the negative component following the 
early positive one also had a similar tonotopic amplitude distribution. The 
longer latency negative component elicited by the standards had an amplitude 
maximum above the AII area. The amplitude maximum of the MMN 
appeared also above the AH area and did not show tonotopic distribution. 
The data indicate that the MMN is generated in the nontonotopic auditory 
cortex.
Supported by HFSP (RG25/96B), OTKA (T18452) and MAKA (J.F.444)

69 .3
ELECTROPHYSIOLOGICAL INDICES OF ATTENTIONAL DEFICITS IN 
POSTTRAUMATIC STRESS DISORDER. J. Shucard1*, D. McCabe1, J. Sparks1, A. 
Tekok-Kilic1, H. Szymanski2 . 1Dept. O f Neurology, 2Dept. O f Psychiatry, SUNY @ 
Buffalo Sch. of Med. and Biomedical Sciences, 100 High St. (D-6 ), Buffalo, NY 14203. 
Posttraumatic Stress Disorder (PTSD) is defined by characteristic symptoms that include 
disturbances in attention, such as increased arousal, difficulty concentrating, 
hypervigilance, and an exaggerated startle response. Animal studies o f the effects of 
stress support neural mechanisms and neurochemical alterations as factors contributing 
to the etiology and maintenance o f symptoms associated with PTSD. The present study 
examined the P300 component of the event-related potential during auditory and visual 
continuous performance tasks (CPTs) used to measure sustained attention. The CPT 
incorporated a Go/NoGo design in which target detection (Go) and response inhibition 
(NoGo) were included. The P300 to NoGo stimuli has been shown to have a more 
frontal-central scalp distribution and is thought to be associated with executive 
functioning o f the frontal lobes. Hypervigilance would be expected to interfere with 
normal filtering of nontarget stimuli and with response inhibition to NoGo stimuli during 
the CPT. It was hypothesized that amplitude and latency of P300 at the midline scalp sites 
would differ for the PTSD group as compared to controls for the NoGo responses and for 
nontargets. Subjects included Vietnam Veterans with combat exposure who were 
diagnosed with PTSD at the time o f the study. All subjects were free o f neurological 
disorders, and were not using alcohol or drugs for at least six months. Findings revealed 
that the latency o f P300 for the PTSD group at the frontal, central, and parietal midline 
sites was significantly delayed for the NoGo condition compared to the Go condition. 
This difference in latency between conditions was present for both the auditory and visual 
CPTs. The topographic pattern for P300 amplitude to the nontargets for the PTSD group 
was similar to that seen for the NoGo condition, suggesting heightened frontal 
involvement in this group. These findings seen for the PTSD group differ from those seen 
in previous studies in our laboratory with nonveteran males.
Supported in part by NIMH grant #MH5558O

6 9 .5

EFFECTS OF CAFFEINE ON EVENT-RELATED POTENTIALS OF 
SCHIZOPHRENIC PATIENTS : COMPARISON W ITH H EALTHY SUBJECTS.
N. K a w a m u ra , K .M o r ita  * , H. Y am a g u c h i, J. N a k a m u ra , H .M aeda.
D e p a r t . o f  P s y c h ia try , K u ru m e  U n iv . S ch . o f  M e d ., K u ru m e , 8 3 0 , 
Ja p an .

W e in v e s t ig a te d  th e  a c u te  e f fe c ts  o f  c a ffe in e  ( 5 0 0  m g ) on  e v e n t -  
re la te d  p o te n t ia ls  (ERPs) in 1 0  h e a lth y  s u b je c ts  and  12 s c h iz o p h re n ic  
p a t ie n ts  u s in g  s ta n d a rd  o d d b a ll and  s in g le - to n e  p a ra d igm s . 
S c h iz o p h re n ic  p a t ie n ts  w e re  fu r th e r  c la s s ifie d  in to  p a ra n o id  g ro u p  
(N = 4 )  a nd  n o n -p a ra n o id  g ro u p  (N = 8 ) .  ERPs w e re  re c o rd e d  b e fo re  and  
3 0  m in  a nd  2 1 0  m in  a f te r  o ra l in g e s t io n  o f  c a ffe in e  o r  p lac eb o . 
In fo rm e d  c o n c e n t w as o b ta in e d  fro m  all s u b je c ts  b e fo re  s ta r t  o f  s tu d y .

In ca se  o f  o d d b a ll p a ra d ig m , h e a lth y  s u b je c ts  sh o w e d  th a t  th e  P 3 0 0  
a m p litu d e  a nd  th e  a rea  w e re  s ig n if ic a n t ly  in c re a s e d  3 0  m in  a f te r  
in g e s tio n  o f  c a ffe in e  a nd  re tu rn e d  to  th e  c o n tro l va lu es . B u t, 
s c h iz o p h re n ic  p a t ie n ts  d id  n o t sh o w  a n y  s ig n if ic a n t c h a ng ie s  o f  th e s e  
P 3 0 0  v a lu e s . S u b tra c te d  v a lu e s  ( th e  v a lu e s  o b ta in e d  a f te r  c a ffe in e  
in g e s t io n  m in us  th e  v a lu e s  o b s e rv e d  a f te r  p la c e b o  a d m in is tra tio n )  o f  
th e s e  P 3 0 0  p a ra m e te rs  in n o n -p a ra n o id  g ro u p  w a s s ig n if ic a n t ly  
d e c re a s e d  b y  th e  e f fe c ts  o f  c a ffe in e  b u t th e s e  p a ra m e te rs  in p a ra n o id  
g ro u p  w a s  n o t c h a n g e d . S in g le - to n e  p a ra d ig m  s h o w e d  no s ig n if ic a n t 
c h a n g e s  o f  th e s e  p a ra m e te rs  in b o th  h e a lty  s u b je c t  and  s c h iz o p h re n ic  
p a t ie n ts  a f te r  c a ffe in e  a d m in is tra tio n . T h e re  w a s  a lso  no  s ig n if ic a n t 
c h a n g e s  a f te r  c a ffe ie n  a d m in is tra tio n  o f  th e  s u b tra c te d  va lu es  in b o th  
p a ra n o id  a nd  n o n -p a ra n o id  g ro u p s .

T h e se  re s u lts  in d ic a te  t h a t  a c t io n s  o f  c a ffe ie n  on  ERPs m a y  be 
d i f fe r e n t  b e tw e e n  h e a lth y  s u b je c ts  and  s c h iz o p h re n ic  p a t ie n ts . 
F u r th e rm o re , th e re  a re  s ig n if ic a n t d i f fe re n t  m e ch a n ism s  e x is tin g  
b e tw e e n  p a ra n o id  g ro u p  a nd  n o n -p a ra n o id  g ro u p .

6 9 .2

ATTENTIONAL TRADEOFFS IN PIGEONS LEARNING TO 
DISCRIMINATE COMPLEX VISUAL STIMULI. J.M. Wilson1,2 *.
M.E. Young1, and E.A. Wasserman1,2. 1Dept. of Psychology, 
Neuroscience Program, Univ. of Iowa, Iowa City, IA 52242.

Theorists have proposed that animals have limited attentional capacity; 
thus, attention to one feature of a complex stimulus should come at the 
expense of attention to other features. To date, there is little empirical 
support for an attentional tradeoff effect in nonhuman animals. Here, we 
report the first convincing evidence for such tradeoffs. Pigeons (n=8) 
discriminated among sixteen complex visual stimuli based on dimensions 
(color, size, line orientation, and shape) which they learned one at a time in 
four phases. In each phase, the task required that pigeons attend to all 
previously learned dimensions, so that the attentional load increased from 
one phase to the next. Learning of new dimensions interfered with memory 
for previously learned dimensions in five of the pigeons. This interference 
occurred primarily in the last two phases, suggesting that pigeons have 
difficulty attending to three or more dimensions at a time. Tradeoffs were 
significantly greater for more recently learned dimensions than for 
dimensions learned earlier. The neural mechanisms that underlie this 
phenomenon should be explored. At the molecular level, disruption of 
previous learning could involve transcription factors that can repress protein 
synthesis and memory consolidation, analogous to Drosophila dCREB2-b 
or Aplysia ApCREB2.

Supported by NIH MH47313, MH51562

6 9 .4

SCHIZOTYPAL TRAITS AND SPATIAL ORIENTING. A. L. 
Larrison, K.A.Briand, C.F. Ferrante and A.B.Sereno. * Rutgers 
University; Center for Molecular and Behavioral Neuroscience, Newark, 
NJ 07102.

We have previously reported abnormal attentional processing in 
medicated schizophrenics. Specifically schizophrenics demonstrate 
impaired performance on tasks of voluntary attention, whereas 
performance on tasks of reflexive attention are normal, or enhanced. 
These studies were performed to determine if subjects showing traits of 
schizophrenia as measured by a standardized scale of schizotypy, show 
the same attentional patterns as schizophrenics.

Subjects were college students administered the Rust Inventory of 
Schizotypal Cognitions (RISC), a commercially available scale of 
positive symptoms schizotypy. Subjects were selected based on their 
scores on the RISC, and selected subjects were administered attention 
tasks of spatial orienting, including a saccade task and an anti-saccade 
task.

Performance on the anti-saccade task was significantly impaired in 
subject scoring high on the RISC (demonstrated by increased errors), 
whereas performance on the reflexive saccade task showed no 
impairment.

These results are consistent with the patient data and suggest that 
schizotypy is associated with reduced voluntary processing.

Support: McDonnell-Pew, NARSAD, Scottish Rite.

6 9 .6

IDENTIFYING AND VISUALIZING INDEPENDENT COMPONENTS 
IN ARTIFACT-FREE SINGLE-TRIAL EVENT-RELATED POTENTIALS.
T-P Jung†*, S. Makeig‡ and T.J. Sejnowski†. †Salk Institute, La Jolla CA and 
Howard Hughes Medical Institute. ‡Naval Health Research Center, San Diego 
CA.

Event-related potentials (ERPs), the portions of EEG signals that are both 
time- and phase-locked to some experimental events, are usually averaged to in
crease their signal/noise ratio relative to non-phase locked EEG activity regard
less of the fact that in single stimulus epochs response activity may vary widely 
in both time course and scalp distribution. This study proposes a new visual
ization method (ERP-image) for investigating the latencies and amplitudes vari
ability of event-evoked responses in spontaneous EEG by sorting single-trial ERP 
epochs in order of a relevant performance measure (e.g. reaction time) and plot
ting the potentials in a 2-D space. This method makes visible the single-trial con
tributions to averaged ERPs and can clearly display relationships between phase, 
amplitude and timing of ERP components and performance. This study applies 
a new linear decomposition method, Independent Component Analysis (ICA), 
to single-trial ERPs recorded at multiple scalp electrodes to derive spatial filters 
that decompose complex EEG data into a sum of temporally independent and 
spatially fixed components. We have explored applications of ERP-image and 
ICA decomposition to single-trial ERPs in a visual selective attention task involv
ing, (1) removing eye and muscle artifacts that interfere with EEG analysis, while 
preserving the underlying brain activity in the EEG; (2) extracting event-related 
responses from spontaneous EEG; (3) identifying spatially-overlapping patterns 
of coherent activity rather than focusing on single scalp channels or channel pairs 
as in all current analysis methods; (4) separating oscillatory EEG activity into sev
eral components with distinct frequency contents.

Research supported by the Howard Hughes Medical Institute and the Office 
of Naval Research.
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69.7
RESPONSES OF SIMULATED LGN RELAY NEURONS AND V1 
CORTICAL COLUMNS IN A BIOLOGICALLY PLAUSIBLE NEURAL 
NET. M. Bernstein, S. Stiehl, R. Graham*, and I. Bickle. Focused Research 
Program in Computational Neuroscience, Brewster A-327, East Carolina 
University, Greenville, NC 27858-4353.

We report experimental results with a computer-implemented neural network 
mimicking cell properties and connectivities in mammalian lateral geniculate nucleus 
(LGN), primary visual cortex (V1), and thalamic reticular nucleus (TRN). Computer 
implementation permits detailed analysis o f activity in simulated neural circuits under a 
variety of stimulus conditions. Previous results with our model suggest that LGN-V1- 
TRN circuitry is part o f a mammalian mechanism for stimulus-driven selective visual 
attention. In a typical experiment we activate simulated LGN cells to reflect the variable 
salience (luminance) of stimuli across the visual field. Owing to the excitatory 
feedforward and feedback connections between simulated LGN relay neurons and V1
cortical columns and the inhibitory effects of TRN, V1 cortical columns whose 
receptive fields contain stronger stimuli maintain high activity levels. Columns whose 
receptive fields contain moderate or weaker stimuli fall toward resting levels despite 
continuous external input.

This model also allows us to explore response properties in LGN relay neurons 
and V1 cortical columns under a variety of processing parameters. These parameters 
include scaling values for external and internal input to individual units, excitatory and 
inhibitory. Results suggest functions for puzzling anatomical and physiological features 
of thalamic relay cells. In the study reported here, we estimated effects o f numbers and 
locations of excitatory and inhibitory inputs to LGN relay cell dendrites (based on 
published electron microscope studies). We then implemented a variety of these 
estimates into our network simulation by varying input scaling parameters appropriately. 
Resulting activity patterns can be compared to electrophysiological recordings o f actual 
LGN relay and V1 neurons to determine the relative influence of excitatory and 
inhibitory input to thalamic relay cells.

69.9

IMPROVEMENTS IN DISCRIMINATION REVERSAL PERFORMANCE 
FOLLOWING CHOLINESTERASE INHIBITION IN THE COMMON
MARMOSET. N.G.Muggleton1, A.P.Bowditch1, H.S.Crofts2, P.C.Pearce1,
E.A.M.Scott1. 1Biomedical Sciences Dept., CBD Potion Down, Salisbury, Wiltshire, 
UK. 2Psychopharmacology Unit, University of Bristol, UK. SPON: British 
Neuroscience Association.

The involvement of the cholinergic system in learning and memory has long been 
a matter of discussion. In conditions such as Alzheimer’s Disease, where learning 
and memory deficits are apparent, the degree of cholinergic degeneration has been 
shown to be correlated with the degree of dementia. Recent evidence, however, 
suggests that the cholinergic system may be of greater significance in attentional 
function, by modulating the signal-to-noise ratio, rather than in learning and 
memory. It has frequently been suggested that administration of cholinesterase 
inhibitors should lead to cognitive enhancement. Recent observations in this 
laboratory have leant support to this view.

Marmosets, previously trained to perform repeated discrimination reversals at a 
touch sensitive VDU, were administered the organophosphate soman (l,2,2- 
trimethylpropylmethylphosphonofluoridate) 4.5 µg.kg-1 i.m.

24h following dosing, when the minor signs typical of soman exposure and 
resulting motivational impairment had disappeared, a statistically significant 
improvement (approximately 2 0 %) in discrimination reversal performance was seen 
(p<0.05). Analysis of the distribution of errors on the last control and first post
soman discriminations suggested that this improvement was due to an increased 
ability to attend to the now correct stimulus rather than a more rapid disengagement 
from the stimulus previously relevant.

These findings further support a role for cholinergic transmission in attentional 
function and an involvement of this system in modulation of the signal-to-noise ratio.

This work has been carried out with the support of the UK Ministry of Defence.

6 9 .8

ACTIVITY OF NEURONS IN THE NEOSTRIATUM AND FRONTAL 
CORTEX IN MONKEY WITH DIFFERENT LEVELS OF ATTENTION. 
V.T.Shuvaev*, V.I.Chefer. Lab.of Higher Nervous Activity, Pavlov Institute 
of Physiology, St.Petersburg, Russia.

The neuronal activity in monkey (Macaca rhesus) neostriatum and frontal 
cortex have been studied during spatial delayed response task performance, 
including both simple response to visual signal (low level of attention) and 
complex task performance requiring high level of attention concentration. 
Neurons in the head of the caudate nucleus (nCd) during simple response 
were divided, according to their activities, in three group: I) cells, which did 
not respond to visual signal presentation; 2) and 3) neurons specifically 
responded to the left (LP) or right (RP) signal presentation. In the left nCd, 
14% of neurons changed their activities to LP. In the right nCd, 9% of cells 
showed excitatory and 11% of ones inhibitory responses to LP; activation in 
14% of neurons and inhibition in 5% of ones were observed with RP. During 
complex task performance, the first group of cells was characterized by more 
than 50-90% discharge rate decrease at the first delay; the second group was 
characterized by more than 200-300% increase of mean discharge rate at the 
same period. Moreover, responses of neurons to LP and RP were recorded 
and were characterized by: 1) discharge rate increase at early delay followed 
by activity decline at late delay; 2) gradual increase of discharge rate during 
period including first signal presentation and motor performance.

The analysis of cell discharge pattern in frontal cortex has shown that 
9.6% of neurons did not change activities neither to conditioned signal 
presentation, nor during delay periods. 27.2% of cells were spatially 
selective to conditioned signal location; 20% were spatially selective at first 
delay; 9% of neurons showed activation during both first and second delays, 
regardless of signal location. During complex task performance, the pattern 
of discharges was still retained, however, it was more expressed.

The data obtained substitute the assumption that attenuation can be 
described by two parameters: matrix (arousal level) and vector, the direction 
of which determined by activity of neurons in different brain structures.
G.R.F.F.I. 97-04
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CORRELATED FIRING PATTERNS OF NEIGHBORING NEURONS 
WITHIN THE RAT MEDIAL PREFRONTAL CORTEX DURING 
SUSTAINED VISUAL ATTENTIONAL PROCESSING. T.M. Gill*, J. 
Masters, M. Sarter, and B. Givens. Department o f Psychology, Ohio State 
University, Columbus, OH 43210.

Neural activity recorded from the prelimbic sector o f medial prefrontal cortex 
(mPFC) in male Long-Evans rats has recently been identified to exhibit 
significant relationships to sustained visual attentional processing. Cholinergic 
input from the basal forebrain provides a substantial modulatory influence 
upon mPFC neural activity, attentional performance, and the correlation 
between mPFC neural activity and attentional performance. Examination o f 
the cross-correlations between neighboring mPFC neurons has revealed the 
presence of complex firing patterns involving both coactivation and inhibition. 
The majority o f mPFC neurons isolated from the same stereotrode displayed 
varying patterns of temporal coactivation coupled with very brief periods of 
inhibition (±4 msec) around the firing o f a closely neighboring neuron. In 
contrast, the majority o f mPFC neurons isolated from separate stereotrodes, 
and thus more distant from one another, displayed a larger degree of 
coactivation. Increases in the attentional demand during behavioral 
performance altered the firing relationships between mPFC neurons in only a 
small number of instances. The selective removal of basal forebrain cortical 
cholinergic input produced a significant disruption in the firing relationships 
between closely neighboring and more distant neurons within mPFC, 
suggesting that the cholinergic input may help to coordinate correlated firing 
patterns among,mPFC neurons.

This work was supported by MH19936 to TMG and ABMRF to BG.

EFFECTS OF GLUTAMATERGIC MODULATION IN THE BASAL 
FOREBRAIN UPON SUSTAINED ATTENTION PERFORMANCE IN RATS.
J.Turchi* and M. Sarter. Department of Psychology & Neuroscience Program, 
The Ohio State University, Columbus, OH 43210.

Our studies on the effects of basal forebrain NMDA receptor stimulation on 
cortical acetylcholine (ACh) efflux revealed that NMDA did not affect efflux in 
freely moving but passive animals; however, infusions o f NMDA augmented 
activated cortical ACh efflux. As performance in a sustained attention task 
activates basal forebrain cholinergic corticopetal projections, the present 
experiment assessed the effects of NMDA receptor stimulation and blockade in 
the basal forebrain on sustained attention performance. Conversely, NMDA 
receptors were hypothesized not to be involved in the performance of a simple 
visual discrimination task which is not associated with activation of cortical 
cholinergic inputs (Himmelheber et al. 1997). Rats were trained in a sustained 
attention task (McGaughy & Sarter 1995) which required the animals to 
discriminate between unpredictably occurring visual signals (of 25, 50 or 500 
msec duration) and non-signals. A different group of animals was trained in a 
visual discrimination task until they reached high and stable levels of response 
accuracy. Rats were implanted with bilateral chronic guide cannula for the 
administration o f drugs into the area of the nucleus basalis of Meynert and 
substantia innominata. The effects of infusions of N-methyi-D-aspartate (NMDA;
0.5, 1.8 nmol in 0.5 µl/hemisphere) and the NMDA receptor antagonist D-2- 
amino-5-phosphonopentanoic acid (AP5; 15, 50 nmol) were tested in different 
animals. Basal forebrain NMDA receptor stimulation contributes to the 
performance in task taxing attentional functions.
Supported by NS 32938 and MHO 1072.
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7 0 .3

SIMULTANEOUS ASSESSMENT OF SUSTAINED ATTENTION 
AND MOTIVATION IN A NOVEL OPERANT TASK IN RATS.
J.-B. Mao* and J. K. Robinson. Dept. of Psychology, SUNY at Stony 

Brook, Stony Brook, NY 11794-2500.
While signal-detection theorists have studied the effects of various 

response consequences (relative reinforcement contingencies) on response 
bias in signal detection, little effort has been directed to the issue o f how 
changes in motivation caused by drugs affect performance on sustained 
attention tasks. The objective o f the present experiment was to dissociate 
changes in motivation from changes in sustained attention. We employed 
an operant stimulus discrimination task where presentations o f a visual cue 
at one o f two locations varied in duration. Response accuracy measured 
sustained attention. In addition, the subjects were trained to initiate each 
trial with multiple presses made on a cued rear lever, which ensured that 
sustained attention was assessed only when the motivation level was high. 
Subjects acquired the task within 15 sessions, and initiated approximately 
100 trials per 30-min session. Accuracy at the shortest stimulus durations 
exceeded 90%, and latency to initiate trials was less than 5 sec. Following 
acquisition, behavioral and pharmacological validation experiments, 
including site microinjection into the dorsal extent of the hippocampus, 
were conducted to examine the independence o f the attention and 
motivational measures. In conclusion, this task promises to be a sensitive 
paradigm for assessing sustained attention while taking motivational factor 
into consideration.

7 0 .5

ATTENTIONAL ORIENTING IN THE RAT IS IMPAIRED BY UNILATERAL 
LESIONS IN THE THALAMIC RETICULAR NUCLEUS
D. Weese* and V.J. Brown. School of Psychology, University of St. Andrews, St. 
Andrews KYI6 9JU, Scotland, U.K.

The thalamic reticular nucleus has been implicated in attentional processes on the 
basis of its anatomical, electrophysiological and neurochemical relationships with the 
sensory nuclei of the thalamus and corresponding sensory areas of cortex. This study 
used a test of covert orienting of attention to assess the possibility that the thalamic 
reticular nucleus is involved in such processes as disengagement, movement, 
engagement or maintenance of attention. Attention can be summoned to a spatial 
location in the absence of an overt orienting response. The reaction time to a visual 
target is speeded when attention has been drawn to the location of the target by a 
preceding cue in that location (valid cue); correspondingly, reaction time is slowed 
when the cue misdirects attention (invalid cue) away from the location of the subsequent 
target. This reaction time difference is referred to as the ‘validity effect’.
Rats were trained to perform such a visual reaction time task. They were trained to 

maintain a nose-poke in a central location while visual cues and targets were presented 
in poke-holes to either side of the rat’s head. On every trial, a cue (a dim light on for 0.2 
secs) preceded a target (a bright light which extinguished when a response was initiated) 
by a variable foreperiod of either 0.2, 0.3, 0.4 or 0.5 secs from cue onset. The time to 
withdraw from the central location (reaction time) and report the location of the target 
(movement time) was recorded.
Unilateral lesions were made by injection of ibotenic acid directed at the thalamic 

reticular nucleus. After surgery, there was no response bias: rats were as likely to 
initiate responses and were equally accurate in their responses to either side. Reaction 
times were generally lengthened, but there was a complete abolition of the validity 
effect for responses to contralateral targets. The data are discussed in terms of a role for 
the thalamic reticular nucleus in attentional processing.
(Supported by The Wellcome Trust, project grant, # 051945/Z/97/Z)

7 0 .7

ATTENTIONAL ORIENTING IN THE RAT IS ENHANCED BY NICOTINE
V.J. Brown*, J.M. Phillips and W.G.K. Robb. School of Psychology, University of 
St. Andrews, St. Andrews KYI6 9JU, Scotland, U.K..

Attention can be summoned to a location in space in the absence of an overt 
orienting response. The reaction time to a visual target is speeded when attention has 
been drawn to the location of the target by a preceding cue in that location (valid 
cue); correspondingly, reaction time is slowed when the cue misdirects attention 
(invalid cue) away from the location of the subsequent target.

Rats were trained to perform such a reaction time task. They were trained to 
maintain a nose-poke in a central location while cues and targets were presented in 
poke-holes to either side of the rat’s head. On every trial, a cue (a dim light on for 0.2 
secs) preceded a target (a bright light which extinguished when a response was 
initiated) by a variable foreperiod of either 0.2, 0.3, 0.4 or 0.5 secs from cue onset. 
The time to withdraw from the central location (reaction time) and report the location 
of the target (movement time) was recorded. In normal rats, reaction time speeds as a 
function of the time before the target (i.e., the foreperiod) which is believed to reflect 
motor readiness. Reaction time is also faster when a valid cue precedes the target 
compared to when the cue is invalid, but this attentional ‘validity’ effect dissipates 
over the foreperiod, such that it is greatest at a foreperiod of 0.2 seconds from trial 
onset and there is typically no validity effect by 0.4 seconds.
Nicotine was administered by sub-cutaneous injection of 0.2, 0.4 or 0.8mg/kg, 15 

mins prior to a session lasting no longer than 45 mins. Nicotine was found to decrease 
the validity effect dose-dependently. Nicotine resulted in generally faster reaction 
times, but the reaction time to a target following an invalid cue was particularly faster. 
These data demonstrate in the rat an effect which has previously been reported in 
primates (Witte et al. 1997 Psychopharm. 132:324-334), namely, that attentional 
reorienting following an invalid cue is facilitated by cholinergic stimulation. 
(Supported by The Wellcome Trust, project grant, # 040551/z/94)

7 0 .4

DIFFERENTIAL EFFECT OF SKF81297 IN RATS EXPOSED TO 
COCAINE PRENATALLY AND CONTROLS: EVIDENCE FOR 
THE ROLE OF DOPAMINE IN ATTENTIONAL FUNCTION 
AND DYSFUNCTION.
L.E. Bayer*, A. Brown, C.F. Mactutus, R.M. Booze & B. J. 
Strupp. Dept. of Psych. & Div. Nutr. Sci., Cornell Univ., Ithaca. 
NY 14853, & Dept. Pharm., Coll. Med., Coll Pharm., THRI, Univ. 
of Kentucky, Lexington, KY 40546

The present study was conducted with a dual objective: (1) to test 
the hypothesis that prenatal exposure to cocaine causes enduring 
changes in the dopaminergic system & (2 ) to examine the role of 
dopaminergic activity in attentional function. Rats exposed to cocaine 
prenatally and controls were administered the D1 agonist SKF81297 
( 0, 0.3, 0.1, 0.03 mg/kg) and tested on a distraction task. This task 
assessed the ability of the S's to monitor an unpredictable light cue of 
either 300 or 700 msec duration, and maintain performance when 
presented with olfactory distractors. Preliminary analysis revealed a 
specific and differential effect of SKF81297 in cocaine-exposed and 
control S's. SKF81297 increased errors of omission in both groups, 
but cocaine-exposed S's showed an increased sensitivity to this 
attention impairing effect. These results provide evidence for the 
hypothesized role of dopamine in attentional function and support the 
hypothesis that prenatal cocaine exposure causes enduring changes in 
dopamine neurochemistry.

Supported by NIDA grants DA07559 and DA09160.

7 0 .6

ASSESSING VISUOSPATIAL ATTENTION IN RATS BY CUED TARGET 
DETECTION: EFFECTS OF d-AMPHETAMINE AND CLONIDINE. P.J. 
Bushnell* and W.M. Oshiro. Neurotoxicology Division, National Health and 
Environmental Effects Research Laboratory, U.S. Environmental Protection 
Agency, Research Triangle Park, NC 27711.

A rat analogue of Posner’s covert orienting procedure for humans has been 
used to study potential effects o f organic solvents and drugs on visuospatial 
attention. Young adult male Long-Evans rats (n ≈ 8/group) were exposed via 
inhalation to the solvent trichloroethylene (TCE) at 0, 800, 1600, or 3200 ppm, 
6 hr/day for 30 days. Beginning 4 months later, they were trained to perform a 
cued target detection task which required accurate detection of a visual target 
light presented in either visual hemifield. Targets were preceded by either a 
valid cue (in the same visual hemifield as the target), an invalid cue (in the 
opposite visual hemifield), or no cue. After reaching a stable baseline, each rat 
was challenged with single s.c. doses of d-amphetamine (1.0 mg/kg), 
haloperidol (56 µg/kg), clonidine (30 µg//kg) and idazoxan (8 mg/kg) (Euro. 
Behav. Pharm. Soc., 1998). Because idazoxan did not affect behavior, dose- 
effect functions were then determined for the other three drugs. In control 
animals, d-amphetamine (0.1 -  1.0 mg/kg) decreased accuracy under all cue 
conditions, but particularly for invalid cues; it also shortened response 
latencies, but only for invalid cues. Clonidine (3 -  30 µg/kg) reduced accuracy 
and increased latency equivalently for all cue conditions. Haloperidol did not 
affect performance at any dose which did not inhibit responding.

7 0 .8

APOMORPHINE PRODUCES ACUTE RECOVERY FROM NEGLECT FOLLOWING 
UNILATERAL DISCONNECTION OF MEDIAL AGRANULAR AND POSTERIOR 
PARIETAL CORTEX IN RATS. J. V. Corwin*, K. J. Burcham, A S. Denedios, T.M. Van 
Vleet. Psychology Dept., Northern IL., DeKalb, IL 60115.

Unilateral lesions of either the medial agranular prefrontal cortex (AGm) or the 
posterior parietal cortex (PPC) produce multimodal neglect of the contralesional side of 
space. Previous research has indicated that apomorphine (APO) has an acute therapeutic 
effect on neglect induced by unilateral destruction of either AGm or PPC, suggesting that 
neglect may result from a disruption of dopaminergic mechanisms. Unilateral transection 
of the connections between these areas, without damaging either structure, produces 
neglect that is virtually identical to that found following destruction of either area. In the 
present study, we examined whether APO administration would be effective in rats with 
severe neglect induced by unilateral disconnection of AGm and PPC.

After extensive handling, male Long-Evans hooded rats received surgery in which 
AGm and PPC were disconnected via unilateral transverse knife-cuts through cortical 
layers I-VI. Behavioral testing for neglect was done by rating the degree of orientation 
to visual, tactile and auditory stimuli. Subjects were tested 3 times/week for 3 weeks. At 
variable times during the testing regimen, subjects which met the criterion for severe 
neglect (defined by a ratio of responsiveness of the neglect side:non-neglect side of <
0.33) were injected with either saline or 0.5 mg/kg APO 1-4 hours after behavioral 
testing. Retesting was administered 18 minutes post-injection. All testing was done with 
the experimenter “blind” with respect to drug (saline or APO) administration.

There was a significant reduction in the severity of neglect following APO (p < 0.01), 
but not in the subjects that were injected with saline. These results indicate that APO 
produces an acute therapeutic effect on multimodal neglect produced by disconnection 
of AGm and PPC. As found for AGm and PPC, neglect produced by this disconnection 
may be a result of a disruption of dopaminergic mechanisms.

Supported by funds from the NIU Psychology Department.
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70.9

REMOVAL OF CHOLINERGIC INPUT TO POSTERIOR 
PARIETAL CORTEX DISRUPTS INCREMENTS IN 
CONDITIONED STIMULUS PROCESSING. D.J. Bucci* 1, P.C. 
Holland2, and M. Gallagher3. 1Curriculum in Neurobiology, University of North 
Carolina, Chapel Hill, NC 27599, 2Department of Psychology: Experimental, Duke 
University, Durham, NC 27708, and 3Department of Psychology, Johns Hopkins 
University, Baltimore, MD 21218.

Recent anatomical studies have identified a region of cortex in the rat that may be 
homologous to the posterior parietal cortex (PPC) of primates, based on its pattern 
of thalamic and cortical connectivity. In primates, this region has been shown to be 
critically involved in the regulation of attention. In the present study, the 
cholinergic immunotoxin, 192 IgG-saporin, was infused directly into the PPC of 
male, Long-Evans rats, to selectively remove cholinergic input to that region of 
cortex. Control and PPC-immunolesioned rats were tested in an associative learning 
paradigm. In this procedure, known as unblocking, attention to an auditory 
conditioned stimulus (a tone) is increased when the introduction of that cue coincides 
with an unexpected reduction in the value of the unconditioned stimulus. Unlike 
control rats, lesioned rats failed to exhibit unblocking, indicating that removal of the 
cholinergic input to PPC impaired the ability to increase attention. Together with 
the results of previous studies, using different behavioral procedures and different 
stimulus modalities, these findings support the idea that the cholinergic projections 
to PPC play a particularly important role in the regulation of attention. These data 
also provide further evidence that the PPC of rats is distinct from surrounding 
unimodal sensory regions, and has functions that are similar to associational regions 
in primates.

(Supported by NIH grants F31-MH11247 to DJB, R01-MH53667 to PCH, and 
K05-MH01149 to MG).

7 0 .1 0

A NEW FIVE-ARM MAZE PROTOCOL FOR TESTING BOTH ATTENTION 
AND EPISODIC MEMORY IN M ICE: DIFFERENTIAL ROLES FOR 
CENTRAL NICOTINIC AND MUSCARINIC CHOLIN ERG IC RECEPTORS ?
L. Leblond, T. Mavielle and T.P. Durkin* Lab. Neurosciences Comportementales et 
Cognitives, CNRS UMR 5807, Université de Bordeaux 1, 33405 Talence. France.

We have developed a new maze which is a hybrid of the existing 5-choice serial 
reaction time task (sustained visual attention) and the radial maze (spatial memory) in 
rodents. The maze comprises a start box with a transparent sliding door placed opposite 
to 5 goal arms (35 cm) which radiate in an angle of 120° from one segment of a circular 
platform (30 cm dia). Arms can be lit individually by a 4W light bulb housed in a PVC 
roof which covers the arms and closed by a vertical sliding door. We have trained 
C57BL/6 mice on a task in which, on each trial, only one, randomly selected, arm 
(chance level = 20%) is lit and baited. With only 4 trials per session, mice attained a 
criterion of at least 80% correct with a choice latency <5 sec in 15-20 sessions. Mice 
were then trained (same criterion) over 5 more sessions when the arm was lit for 2 sec 
only and then underwent 4 further sessions wherein signal durations of 2, 1 and 0.5 sec 
were intermixed to establish a reference curve for attentional performance. To evaluate 
the roles of central nicotinic and muscarinic receptors in attention, mice were submitted 
to 4 sessions of 4 trials (Latin square) with the latter protocol, starting 20 min after i.p. 
injection of either saline, mecamylamine (4.0 mg/kg), scopolamme-HCI (0.8 mg/kg), or 
mecamylamine + scopolamine. Results show significant effects (decreases in % correct 
responses and increased choice latencies) over the first hour post-injection. Whereas 
mecamylamine has only a slight effect, scopolamine, and, in particular scopolamine + 
mecamylamine produce significant performance deficits. Results provide evidence for a 
role of both central nicotinic and muscarinic cholinergic receptors in modulating 
attentional performance (immediate response) in mice. Mice will now be tested for their 
ability to effect a delayed response in this task, thus enabling a concomitant evaluation 
of their episodic memory performance in the task and to dissociate these parameters. 
Supported by the CNRS, UMR 5807

70.11

BEHAVIORAL CHANGES AND ELECTRO-OSCILLOGRAPHIC UNCOUPLING 
BETWEEN DORSAL RAPHE NUCLEUS, NEOCORTEX AND HIPPOCAMPUS 
AFTER LOCAL INJECTION OF 8-OH-DPAT. G. Ballester*, E.T. Fonoff, C P C. 
Silva and C. Timo-Iaria. Functional Neurosurgery Laboratory, School of Medicine, 
University of São Paulo, São Paulo, SP, Brazil, 01246-903 
Theta rhythm characterizes wakefulness and desynchronized sleep in many 
structures of most sub-primate mammalian brains. In close relation to behaviors, 
theta frequency and voltage undergo a fine modulation. In the present work we 
intended to assess the influence on this process of the large fiber contingent from 
dorsal raphe nucleus (DR) to neocortex, where its laminar distribution 
hypothetically controls formation and stability of spatially distributed functional 
cortical modules, thus providing its temporal organization. From digitized electro- 
oscillograms we studied instantaneous frequency variation of theta waves occurring 
in cortical areas 10, 3 and 17, in hippocampal CA1 and in DR, during normal 
wakefulness and after injection in DR of the serotonin efference inhibitor 8-OH- 
DPAT. During wakefulness theta rhythm shows great regularity but if behaviors 
become more energetic such regularity may be briefly interrupted by wide 
oscillations or desynchronization. After injection of the drug there occurs an intense 
motor agitation, with enlargement of the frequency variation band, without relation 
to behaviors. There was rising of the voltage but the synchrony between structures 
was clearly lost. CA1 recordings display instantaneous frequency patterns closer to 
normal. With the repetition of injections regular potentials disappear, remaining 
just frequencies above 20 Hz. The suppression of spectral coupling between studied 
areas after serotoninergic inhibition points to the influence of dorsal raphe nucleus 
projections to the neocortex in local genesis and synchronization of potentials. This 
conclusion supports the hypothesis of a codifying function of theta rhythm for the 
organization of behaviors.
Supported by FAPESP, CNPq, FFM, HCFMUSP

7 0 .1 2

S IG N AL D E TEC T IO N  A N D  S IG N AL E VA LU ATIO N  AS R E LE V AN T 
C O M P O N E N T S  O F AN A V O ID A N C E  LEA R N IN G  - A  B E H A V IO R A L S TU D Y 
O F G ER B ILS  IN A  S H U TTLE  BOX M O D EL. A. B ischof, H. Stark, A. H ess*,
H. S ch e ich ; Leibn iz  Institu te  fo r N eurob io logy (IfN ),
B renneckestr. 6, D -39118 M agdeburg

A vo idance  learn ing in a shu ttlebox - the escape from  punishm ent (e lectric  
foo tshock) by a spec ific  m oto r response - rests on find ing  a con flic t-so lv ing  
behavio ra l stra tegy (BS). P re requ is itien  o f such behavio r is the announcem ent 
o f US (footshock) by an in itia lly  irre levant tone  s tim u lus (CS). W e 
d is tingu ished  the  ‘a ttention responses’ in itia ted  by the  tone as a m arker fo r 
detection  tha t the  tone  is a re levan t signal (CS) fo r  the anim al and the  
‘learn ing perfo rm ance ’, w h ich includes the  correct encod ing o f a BS on a CS.

Three  g roups o f gerb ils  w ere tra ined  w ith  d iffe ren t preexperiences on the 
1st day: a) ‘R egu la r Learner’ (RL): The an im a ls  were hab ituated to  the  shuttle  
box on the 1st day w ithout any experiences o f tone  o r foo tshock. b) ‘Inhibited 
Lea rner’ (IL): A fte r 15 m in o f hab ituation the an im a ls  were sub jected to  a 
com bina tion  o f tone  stim u li fo llow ed by an inescapable  foo tshock a fte r 20 sec. 
c) ‘Latent Inh ib ition ’ (LI): an im a ls  w ere hab ituated to  the shu ttle  box fo llow ed 
by a session o f tone s tim u li a lone (la te r CS) w ithout any re in fo rcem ent. The 
fo llow ing  tw o  days, all g roups were tra ined  using the  ‘regu la r’ parad igm  (RL) : 
A fte r onset o f acous tic  stim ulus, a foo tshock fo llow ed w ith  a de lay o f 5 sec. 
CS  and US could be te rm ina ted  by changing shuttle  box com partm ents.

In com parison  to  R L-group  the L l-g roup  and espec ia lly  the IL-group 
showed a delayed  aqu is ition  o f the  BS. But all g roups showed instant a ttention 
responses to  the  tone i.e. a ll an im a ls  detected  the tone stim u lus as a s ignal. 
The d iffe rences  in learn ing perform ances indica te  the tim e  consum ing 
reeva luation  o f a s igna ls  m eaning (re learn ing) caused by d iffe ren t 
p reexperiences.
S upported by D FG  S TA  4 64 /1 -1
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EEG ACTIVITY DURING PERFORMANCE OF A DECISION MAKING TASK 
IN THE MENSTRUAL CYCLE IN WOMEN. S. Solís-Ortíz & M. Corsi-Cabrera*. 
Instituto de Investigaciones Médicas, Universidad de Guanajuato, León, Guanajuato 
and Facultad de Psicología, U .N .A .M ., México, D.F. México.

Psychophysilogical studies have shown deficits in performance of some spatial 
and verbal cognitive tasks and significant oscillations in EEG activity during the 
menstrual cycle. In contrast, very little work has been conducted assessing executive 
functions of frontal lobes despite the presence of progesterone receptors in this 
region of the cortex. We investigated EEG activity during the performance of a 
decision-making task (Wisconsin Card Sorting Test) during four sessions: ovulatory 
phase, early luteal phase, late luteal phase and during menstruation.

Nine young women with regular menstrual cycles were evaluated. EEG was 
recorded with eyes open at F3, F4, C3 and C4. Absolute power of EEG activity and 
perseverative and non-perseverative errors were obtained.

Performance was significantly worse during late luteal phase, particularly non- 
perseverative errors increased significantly and perseverative errors showed the 
same trend, together with a significant decrease in absolute power of theta, alpha2 , 
beta1 and beta2 .

The present findings indicate unsuccessful search for solutions during the late 
luteal phase, suggesting either a failure to suppress random decisions and/or a deficit 
in working memory associated to lower activation of frontal regions during this 
phase of menstrual cycle.

7 1 .2

Mµ RHYTHM AND ITS RELATIONSHIP TO ALPHA EEG ACTIVITY, 
READINESS POTENTIALS, AND THE DECISION TO MOVE. J. A. 
Pineda*, A. Vankov, J. L. Hughes, A. Amoldussen. Departments of 
Cognitive Science and Neuroscience, University o f California, San Diego, 
La Jolla, CA 92093.

The human mµ EEG rhythm is recorded in the 8-13 Hz range from the 
central region o f the scalp overlying the sensorimotor cortices. It has been 
hypothesized to be an “idling” rhythm of motor cortex that is "blocked" or 
substantially attenuated by an actual movement. We have found that the 
amplitude or power o f the mµ rhythm is attenuated when a subject observes 
an experimenter moving or when the subject “imagines” making a 
movement. Mµ rhythms can be spatially dissociated from alpha activity, 8- 
12 Hz oscillations that occur mainly over occipital cortex. Furthermore, in 
contrast to alpha oscillations, mµ rhythms are not inhibited when eyes are 
open. In the present study, we examined the relationship between mµ 
rhythm, the readiness potential (an event-related potential that indexes 
voluntary attention in preparation for movement), and the decision to move. 
Subjects were asked to make self-paced deliberate finger movements at any 
time o f their choosing while looking straight ahead at a simulated clock. 
They were instructed to attend very closely to when they made the decision 
to press the button. At that instant, they were to switch attention to the clock 
and report to the experimenter where the second hand was when the decision 
to press the button was made. Preliminary analysis o f the data shows that 
mµ rhythms are correlated with the onset of readiness potentials and that mµ 
desynchronization may provide an objective measure to pinpoint when the 
decision to move occurs. J.A.P. was supported by NIMH (MH 54231-02).
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7 1 .3

A NEURAL NETWORK MODEL OF PREFRONTAL CORTEX 
INVOLVEMENT IN RULE LEARNING. D.S. Levine1* and J.D. 
Kant2. 1Dept. of Psychology, Univ. of Texas at Arlington, Arlington, 
TX 76019. 2LORIA, Univ. of Nancy, France.

A neural network model for rule formation and learning, the RALF 
(Reinforcement and Attentional Learning Framework), is presented 
here. It is applied to the specific example of a monkey learning to 
associate novelty with reward. A variant of the model is now being 
used to model delayed nonmatching-to-sample data (Bachevalier and 
Mishkin, 1986). The network combines a reinforcement (reward) 
mechanism with an attentional priming mechanism that influences the 
decision process. This helps the network to selectively pay attention to 
those features, whether spatial or temporal, that are strongly correlated 
with reward. The action rules that are generated and learned can be at 
varying levels of abstraction.

This research is supported by a grant to Dr. Kant from the French 
agency, INRIA (Institut National de Recherche en Informatique et 
Automatique).

7 1 .5

BEH A V IO R A L A N ALY SISO F A  P ATH -F IN D IN G  T A S K  P E R FO R M E D  
BY JA PA N E SE  M O N KEYS H. M ushiake * 1 , 2 Y. S ato  1 T. Ish ikaw a ∙1 
N. Saito  1 K. Sakam oto 1 and J. T a n ji1 1D epa rtm en t o f P hysio logy, 
Tohoku U nivers ity School o f M edic ine, S endai 980-8575 , JA P A N 2 
PR EST, JS T
To investigate  m onkeys ability  to  p lan  m u lti-s tep  m ovem en ts to  create  

a goa l-oriented path, w e  tra ined  m onkeys to  reach a g oa l in a m aze. W e 
also stud ied the m onkeys‘ ability  to  change p lans to  dea l w ith  a ltered 
conditions. The anim als w ere  sea ted  in a prim ate  ch a ir facing  a com pute r 
screen. A  checkerboard-like  m aze w as d isp layed  on th e  screen. The  cha ir 
w as equ ipped w ith  tw o  con tro ls (m an ipu landa), so  th a t each hand could 
m ove trie  cu rsor on the  screen. The  righ t-hand  con tro l m oved the  cursor 
one b lock to  the  right o r left by pronatinα o r sup ina ting  the  righ t hand. The 
le ft-hand contro l m oved the cu rso r one b lock upw ard  o r d ow nw ard  by 
pronating o r sup inating the  left hand. To d issoc ia te  the  m ovem ents o f the 
Bands and the  m ovem ent o f the  cursor, h and -cu rsor a ss ignm en ts  w ere  
occasiona lly reversed. A  tria l began w hen the  an im a l held  the  tw o  con tro ls  in 
the neutra l position fo r one second, and the  cu rso r then  appeared  in the 
m aze. O ne second la ter the  goa l w as d isp layed  on the  screen  fo r one 
second. The pos itions o f the  cu rso r and the  goa l w e re  se lected  in a pseudo
random  m anner in every tria l. There w e re  m any poss ib le  paths to  reach a 
g iven goa l. The anim als w ere  a llow ed to  take  an un lim ited  num ber o f steps 
to  reach the  g oa l, a lthough the  shortest paths requ ired  o n ly  a few  steps.

W e found tha t the m onkeys deve loped  pre ferred  sh o rt-cu t paths to  reach 
the goa l. Furtherm ore, w hen obs tacles b locked th e  pre ferred  path, the  
anim als w ere able to  se lect an a lte rna tive  sho rt cu t to  reach  the  goa l. Th is 
w as true  even when an obstacle  w as p laced nea r the  goa l. In th is  case, the 
anim al w as required to  th in k  a few  steps ahead to  avo id  th e  obstacle .
W hen the goa l w as turned o ff before  the  firs t m ovem ent, the  an im a l w as still 
able to  reach it. In th is  m em ory-gu ided  condition , the  anim a l w a s still able to 
se lect a co rrect path to  reach the goa l, even though  the  pos ition  o f the  goal 
rela tive  to the curren t cu rsor position changed w ith  each  m ovem ent. O ur 
results suggest tha t non-hum an prim ates are able  to  so lve  path-find ing 
prob lem s in a flexib le  m anner.

7 1 .7

SEQUENTIAL EFFECTS IN COUNTERMANDING PERFORMANCE OF 
MACAQUE MONKEYS. J.D. Schall* & T.L. Taylor, Vision Research Center, 
Department of Psychology, Vanderbilt University, Nashville TN 37240 

The countermanding paradigm probes subjects' ability to control behavior by 
requiring them to cancel a planned movement. On n o  s ig n a l  trials macaque monkeys 
shifted gaze to fixate a target that jumped to either side of the fixation spot that 
disappeared. On ¼, ⅓, or ½ of trials the fixation spot reappeared at unpredictable 
intervals following the target jump. On these s t o p  s ig n a l  trials monkeys were 
rewarded for canceling the planned movement and maintaining fixation. While 
investigating the functional roles of neurons in macaque frontal eye field (Hanes et al., 
1998, J  Neurophysiol 79:817) and supplementary eye field (Patterson & Schall, 1997, 
Soc Neuro Abstr 23:474), we noticed that the monkeys' performance seemed to be 
influenced by what happened on preceding trials. Here we report a systematic analysis. 
Reaction time in n o  s ig n a l  trials was elevated significantly with increasing number 
of preceding s t o p  s ig n a l  trials but was influenced to a small and variable extent by 
the number of preceding n o  s ig n a l  trials. The probability of canceling a planned 
movement did not vary with the number of preceding NO s ig n a l  trials. One of two 
monkeys analyzed was more likely to cancel the planned movement on trials preceded 
by a s t o p  s ig n a l  trial especially if he failed to cancel the movement on that trial. The 
increased likelihood of canceling the movement may have occurred because this 
monkey exhibited significantly longer reaction times in n o  s ig n a l  trials if he failed to 
cancel the movement in a preceding s t o p  s ig n a l  trial. Idiosyncratic differences 
between monkeys may be explained by differences in the range of stop signal delays 
and the fraction of s t o p  s ig n a l  trials. These findings demonstrate that monkeys can 
adapt their performance in the countermanding paradigm according to the history of 
trials and their performance. (Supported by R01-MH55806 and an NSERC PDF)

7 1 .4

EEG MEASURES OF EXECUTIVE FUNCTION. A. Robinson* and
E.J.Lauber. Dept. of Psychology, Univ. of Georgia; Athens, 
GA 30602.

Executive functions can be measured with psychophysio- 
logical techniques employing EEG recording apparatus and 
ERP methods of data analysis. Executive functions can be 
invoked by requiring subjects to rapidly alternate between 
two simple tasks. In this study, task switching was used 
to investigate the brain areas involved in several 
executive functions. It was predicted that association 
cortices, principally prefrontal and superior parietal 
areas, would show differential activity related to task 
switching. The results supported this prediction.

Subjects alternated between two digit classification 
tasks: low/high and odd/even judgements. Behavioral 
analyses showed that subjects took significantly longer on 
the switching trials than on the pure trials. Response 
locked analyses showed greater positivity over parietal 
cortices approx. 300ms post-response, and greater negativ
ity over frontal cortices approx. 800ms post-response. 
Stimulus locked analyses showed a bilateral back of the 
head negativity approx. 90ms post-stimulus and a large 
difference in the amplitude and morphology of the P300/ 
Late Positive Complex. The results are interpreted as 
confirming our recent multi-stage task switching model 
including 'response checking', 'attention re-focusing', 
and goal shifting' as subcomponents.
Funded by the University of Georgia Research Foundation.

7 1 .6

C H A N G E S  IN R E I N F O R C E M E N T  D E N S IT Y  P R E D I C T S  S E Q U E N T I A L  
O R G A N IZ A T I O N  O F  C H O I C E  B E H A V I O R  IN H U M A N S .  M a rtin  P  P a u lu s* , 
N ik k i, H o z a c k , C o lin  N o rth cu tt, an d  L in d a  S h e u , D ep t. P s y ch ia try , Un iv . 
C a lifo rn ia  S a n  D ie g o , L a  Jo l la  C A  9 2 0 9 3 -0 6 0 3  

W ith  a  re n e w e d  in te re s t in th e  n e u ro b io lo g y  o f c h o ic e  b eh a v io r, re cen t 
in v e s t ig a t io n s  h a v e  sh o w n  a  d o u b le  d is s o c ia t io n  o f th is  fron ta lly  m ed ia ted  
b e h a v io r  from  p e r fo rm a n ce  on  w o rk in g  m e m o ry  ta s k s  in p a t ie n ts  w ith  lo c a liz e d  
fron ta l c o r t ic a l le s io n s . T h is  in v e s t ig a t io n  a n d  th e o re t ic a l a n a ly s is  w a s  a im e d  to 
c la r ify  w h e th e r  th e re  is  a  d ire c t re la t io n s h ip  b e tw e e n  th e  p re d ic ta b ility  o f c h o ic e  

s e q u e n c e s  a nd  the  d e n s ity  o f re in fo rce m e n t o f d iffe re n t c h o ic e  a lte rn a t iv e s . 
T w e n ty - f iv e  n o n -p sy ch ia tr ic  con tro l s u b je c ts  w e re  a s k e d  to  c o m p le te  a s im p le  
b in a ry  c h o ic e  ta s k  on  a  com p u te r . In th is  ta s k , s u b je c ts  a re  a s k e d  to  re p ea te d ly  
p re d ic t an  e v e n t tha t is g e n e ra te d  ra n d o m ly  b y  th e  com p u te r . M o reo v e r , the re  
a re  fo u r b lo c k s  o f tr ia ls  w ith  re in fo rce m e n t p ro b ab ility  e q u a l to  0 .5  (1 28  tria ls), 
0 .2  (64 tr ia ls) , 0 .8  (64 tr ia ls) , a nd  0 .5  (64  tr ia ls) , re sp e c t iv e ly . T h e  d y n a m ic a l 
en tro p y , b ia s  c o e ff ic ie n ts  tha t q uan tify  the  am o u n t o f w in -s ta y / lo se -sh ift  
b eh a v io r , an d  th e  c ro s s -m u tu a l in fo rm a tio n  w e re  c a lc u la te d  fo r e a ch  b lo ck  to 

a s s e s s  the  s e q u e n t ia l o rg a n iz a t io n , th e  s tra teg y , a nd  the  d e p e n d e n cy  on 
p re v io u s  re in fo rcem en t. M o re o v e r , the  th e o re t ic a lly  e x p e c te d  v a lu e s  fo r the 
m u tua l an d  c ro s s -m u tu a l in fo rm a tio n  fu n c t io n  w a s  co m p u te d  b a se d  on  w in - 

s ta y / lo se -s h if t  b ia s  c o e ff ic ie n ts . A s  p re d ic te d  b y  th e  th e o re t ic a l a n a ly s is , 
c h a n g in g  the  re in fo rce m e n t p ro b ab ilit y  h ad  a  s ig n if ic a n t  e ffe c t on  the  s u b je c ts ’ 

se q u e n t ia l o rg a n iz a t io n  a s  in d ic a ted  b y  an  in c r e a s e  in the  m u tua l in fo rm a tion  
fu n c tio n . T h e s e  b e h a v io ra l c h a n g e s  w e re  a c c o m p a n ie d  b y  d is t in c t p a tte rn s  o f 
re sp o n d in g  c h a ra c te r iz e d  b y  s ig n if ic a n t ly  in c re a s e d  (d e c re a se d )  sw itch in g  
d u rin g  low - (h igh -) re in fo rce m e n t w ith o u t s ig n if ic a n t  c h a n g e s  in the  w in- 
s ta y / lo se -s h if t  s tra teg y . T h e s e  re su lts  su p p o rt  the  h y p o th e s is  tha t c h a n g e s  in 
the  se q u e n t ia l o rg a n iz a t io n  c a n  b e  s ig n if ic a n t ly  a ffe c te d  b y  the re in fo rcem en t 
d en s ity .

7 1 .8

USE OF A NOVEL AMBULATORY MONITORING TECHNOLOGY TO ASSESS 
THE EFFECTS OF SUPPLEMENTAL CARBOHYDRATE ON VIGILANCE AND 
MENTAL PERFORMANCE. C. Amendola*, S. Slade and H.R. Lieberman. Military 
Nutrition and Biochemistry Division, U.S. Army Research Institute of Environmental 
Medicine, Natick, MA. 01760 & *Geo-Centers Inc., Newton Centre, MA. 02159 

Assessment of mental and physical performance in a minimally intrusive manner is 
critical for the conduct of applied research in behavior and neuroscience. In this study 
we employed a wrist-worn vigilance monitor, developed in our laboratory, to 
continuously monitor and record patterns of activity o f the wearer as well as key 
environmental conditions (temperature, ambient light and noise levels). The device also 
assessed vigilance and reaction time by presenting the wearer with auditory and visual 
stimuli and recording response latency. The monitors were employed in a military field 
study conducted with U.S. Army Rangers (n=143) to compare the ability of 6 and 12% 
carbohydrate (CHO) beverages to sustain mental and physical performance in soldiers 
engaged in strenuous, combat-related activities. Using a placebo-controlled design, 
subjects were randomly divided into 3 groups, and all received 6 doses of either 
placebo, 6% CHO or 12% CHO beverages, at regular intervals. For approximately 14 
hours subjects performed various strenuous tasks, e.g., a 12-mile road march and two 3- 
mile runs, interspersed with periods of rest. A subset of subjects (n=93) wore vigilance 
monitors programmed to randomly emit auditory stimuli approximately 20  times an 
hour. Analysis of mean response scores indicated that the vigilance performance of the 
group receiving the 12% CHO beverage was consistently better than either the 6 % CHO 
or placebo beverage groups (F2,： 90 = 7.94, p=.00 l). Data from a standardized self-report 
mood questionnaire (Profile of Mood States) administered to all subjects corroborated 
the data from the monitors, with subjects receiving CHO beverages reporting higher 
levels of Vigor (F2,l40= 3.85, p=.024) as well as less Confusion (F2,140 = 2.37 ,p=.05) 
throughout the experiment. This study demonstrates the utility of a new ambulatory 
monitoring technology for continually assessing mental performance, and that 
supplemental CHO beverages enhance mental performance during extended periods of 
intense physical activity.
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71.9

RELIABLE SHORT-TERM MEMORY IN THE TRION MODEL: TOWARD 
A CORTICAL LANGUAGE AND GRAMMAR GL Shaw1*, M Sardesai1, C 
Figged M Bodner3, TA Ouillfeldt4, S Landau5, A Ostling6. 1Physics Dept 
and CNLM, Univ of California, Irvine, CA 92697; 2Physics Dept, Oberlin 
College; 3Dept of Psychiatry and BRI, Univ of California, Los Angeles; 
4Dept of Psychology, Wesleyan Univ; 5Inst of Biophysics, Univ of Rio 
Grande of Sul 6Dept of Physics, Univ of Illinois

It has previously been shown that the inherent memory patterns for a 
single column in the trion model (a mathematical realization of 
Mountcastle’s columnar cortical organization) learn by selection. Here we 
combine von Neumann’s multiplexing (of cortical columns) with Hebb 
intercolumnar couplings to achieve dramatic enhancements in reliability in 
firing of connected columns. In order for these enhancements to occur, 
specific temporal phase differences must exist between the same inherent 
spatial-temporal memory patterns in connected columns. We then 
generalize the criteria of large enhancements in the global firing of the 
entire connected columnar network to investigate the case when different 
inherent memory patterns are in the columns. Only certain combinations of 
inherent patterns meet these criteria. This yields the first higher level 
architecture of a cortical language and grammar within the trion model. 
The implications of this result with regard to an innate human language 
are discussed.

Supported by REU program of the NSF, Ralph and Leona Gerard 
Family Trust, Marjorie Rawlins, and Edward and Vivian Thorp.

71.11

EVALUATION OF THE SUPERVISORY SYSTEM IN ELDERLY 
DISINHIBITED SUBJECTS. P.H. Robert *, E.Gokalsin, V. Lafont, I.Medecin, 
C. Baudu, D.Pringuey. Memory Center, Department of Psychiatry, University of 
Nice Sophia Antipolis, FRANCE
The working hypothesis for this study was that disinhibited behaviors are 
associated with a cognitive alteration of control processes because of the 
dysfunction of a general executive component known as the supervisory 
attentional system (SAS). A total of 28 elderly subjects with mild cognitive 
impairment were recruited and divided into 2 groups using the Neuropsychiatric 
Inventory. 14 subjects were allocated to the Disinhibited/Irritable (D/I) group 
(mean Mini Mental score = 27.9; mean age = 69.3) and 14 subjects to a D/I-free 
control group (mean Mini Mental score = 28.7; mean age = 69.3). Two tasks 
were designed to stress the SAS. 1/ A verbal sentence arrangement task where the 
construction of 10 sequences had to be done by using familiar routine 
associations (valid conditions) and 10 other sequences required the overriding 
selection of familiar routine associations, which were inappropriate within the 
general context of the task (invalid conditions). 2/ The Continuous Performance 
Test (CPT) with evaluation of 4 aspects: sustained, selective, preparation and 
suppressive attention. Results indicated that in comparison to the control group 
the D/I group was only significantly impaired; 1/ during the sentence 
arrangement task for the invalid conditions parameters 2/ during the CPT in the 
"suppressive attention" paradigm. These results suggest that subjects with 
disinhibited behaviors have an impaired supervisory system functionning.

71.13

LEFT HEMICEREBRECTOMY: V IS IO N , O L F A C T IO N  A N D  
M E N T A T IO N  4 5  Y E A R S  L A T E R . J. B o g e n * ,1 ,2 ,5  E .  Berker, D. 
Van Lancker3, S. Sudia, B. Lipstad, A. Sadun,2,4 and N. 
Weekes5. 1Dept. of Biology, Calif. Inst. Technology; 2Dept. 
of Neurologic Surgery and 3Dept. of Neurology, Univ. of 
Southern California; 4Doheny Eye Clinic; 5Dept. of 
Psychology, Univ. of California at Los Angeles; Los 
Angeles, CA 90024.

The pt. of Smith and Sugar Neurology 25:813,1975 on re- 
exam in 1997 had left anosmia, acuity 20/200 OD, 20/40 OS 
corr., full EOM, slight fixation nystagmus, mild bowtie 
pallor of disc OD, a right homonymous hemianopsia sparing 
6° to right midline, intact facial sensation & motion, intact 
taste, excellent each ear acuity but 50/1 left ear advantage 
with dichotic CV pairs, and excellent articulation & 
phonation. He is a self-supporting, mid level-executive with 
WAIS scaled scores ranging from 10 BD to 16 Sim & 17 
Info. A 4 minute video will show his gait, and sociability. 
MRI shows right hemisphere hypertrophy but essentially 
empty left hemicranium. Hence one hemisphere suffices for 
fully human consciousness and the mechanisms for 
awareness are double. Supported by NIH award NS-20187.

7 1 .1 0

PREMOTOR ERPS PRECEDE CONSCIOUS VOLITION
J. L. Hughes,1 D. Simard,1 A. Vankoy*,2 J. A. Pineda1
1 Dept. Of Cognitive Science, 0515, University of California, San Diego;

9500 Gilman Dr., La Jolla, CA 92093-0515
The first stage of this experiment replicates results reported by Libet in 1985. 

Subjects reported becoming aware of their decision to voluntarily initiate a simple 
finger movement at least 300 ms. after the onset of the readiness potential (RP) asso 
ciated with the movement. We also observed mu rhythm desynchronization prior to 
the subject's reported awareness of the decision to move. These results support 
Libet's contention that conscious awareness of a decision to move is preceded by cor
tical activity related to the movement. We conclude that cortical processing of a 
simple voluntary decision is not causally dependent upon consciousness of the deci
sion. We also describe a significant divergence between the EEG waveforms re
corded at C3 and C4, beginning at about the same time as the subjects reported first 
becoming conscious of the decision to move (approx. 200 ms prior to the move
ment). The goal for the second stage of the experiment (currently in process) is to 
identify EEG correlates of the conscious awareness of voluntary decisions. Libet’s 
original research was sharply criticized for its reliance upon subjective, introspective 
reports of the timing of conscious awareness. The second stage of our experiments 
will attempt to improve upon Libet’s original paradigm by eliminating the depend
ence on subjective reports. We conclude by discussing some philosophical implica
tions for the role of consciousness in voluntary control, volition, and free will.
JAP was funded by NIMH (MH5423l-02)

7 1 .1 2

THE PHENOMENA OF PERCEPTUAL CONSTANCY: A TOOL FOR 
SPECIFYING THE NEURAL CORRELATE OF CONSCIOUSNESS (NCC).
K. Kirschfeld*, Max-Planck-Institut für biologische Kybernetik, Spemannstr. 38, 
D-72076 Tübingen, Germany.

As we approach a visual object, its image in retinotopic (point to point con
nected) cortical areas becomes larger. In our perception, however, the size of the 
object stays more or less the same (size constancy). This means that before objects 
represented in retinotopic maps of this type reach our awareness, at least one further 
computational step must be carried out, in which information about the distance of 
the object is taken into account to generate a size-constant representation. If we 
assume that such a computation has to be performed in the neuronal substrate (the 
mind itself being unable to compute) it follows that all such retinotopic cortical 
areas are excluded as NCC. Equivalent arguments hold for constancies of verticality 
and position of objects in spite of eye-torsion or rotation. A similar argument con
cerning color constancy has already been used by Crick and Koch (Nature 375, 121- 
123, 1995) to exclude cortical area V 1 as NCC.

Whereas retinotopic cortical areas as defined above are too low in the cortical 
hierarchy to serve as NCC, areas in which object-specific neurons are activated (so 
called cardinal cells such as face-specific neurons in area IT, Perret D.I. et al., Phil. 
Trans. Roy. Soc. B 335 (1273) 23-30, 1992) seem to be too high within this hier
archy. These neurons no longer have information about particular properties of 
objects, such as their shape. Without additional information from other (lower) areas 
they would be unable to generate a veridical representation of objects. Thus al
though the activity of cardinal cells, like that of the retinal ganglion cells, may be 
necessary for us to become aware of seen objects, their activity by itself (again, like 
that of retinal ganglion cells), is insufficient. Supported by Max-Planck-Society.

7 1 .1 4

DO W E H A V E FREE W ILL? B. L ibet,* Dept o f  Physiology, Univ. 
O f  California, San Francisco 94143-0444

I have taken an experim ental approach to this question. Freely 
voluntary acts are preceded by a specific electrical change in the 
brain (the “readiness potential” , RP) that begins 550 ms before the 
act. A fast “clock” m ethod was developed to obtain the su b jec t’s 
report o f  when he/she was first aware o f  the wish or intention to 
act. Hum an subjects becam e aw are o f  intention to act 350-400 ms 
after RP starts, but 200 m s before the m otor act. The volitional 
process is therefore initiated unconsciously. But the conscious 
function could still control the outcom e; it can veto that act. Free 
will is therefore not excluded. These findings put constraints on 
views o f  how free will m ay operate; it would not initiate a 
voluntary act but it could control perform ance o f  the act. The 
findings also affect view s o f  guilt and responsibility .

But, the deeper question still rem ains: Are freely voluntary acts 
subject to m acro-determ inistic laws or can they appear without 
such constraints, “ truly free”? I shall argue, from an experim entalist 
view , that the second o f  these options is as good or better than the 
first one.

Society for Neuroscience, Volume 24, 1998
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72 .1

M O T O R  S E Q U E N C E  L E A R N I N G  IN M O N K E Y S .  Y . M a t s u z a k a , N . P ic a rd  and
P .L . S t r ic k *. R e s e a r c h  S e rv ic e , V A M C  a n d  D e p ts . o f N e u ro su rg e ry  an d  
N e u ro s c ie n c e  / P h y s io lo g y , S U N Y - H S C ,  S y ra c u s e ,  N Y  1321 0 .

W e  e x a m in e d  the  p ro c e s s  o f m o to r s e q u e n c e  le a rn in g  in fo u r m o n k e y s  tra in ed  
to perform a va ria n t o f the  s e r ia l re a c t io n  t im e  (S R T )  ta s k  o f N is s e n  an d  B u lle m e r 
(1 987). T h e  m o n k e y s  fa c e d  a  to u c h -s e n s it iv e  m o n ito r tha t d is p la y e d  outlines of 
f iv e  ta rg e ts  a r ra n g e d  in a  h o rizo n ta l row . O n e  o f the  ta rg e ts  w a s  f ille d  w ith a  c o lo r 
o n  e a c h  tr ia l a n d  th e  m o n k e y  w a s  re q u ire d  to to u ch  th e  f ille d  ta rg e t a s  ra p id ly  a s  
p o ss ib le . T h e  lo ca tio n  o f th e  ta rge t e ith e r v a r ie d  ra n d o m ly  b e tw ee n  tr ia ls  (R a n do m  
m od e ) o r  fo llo w e d  a  re p ea t in g  s e q u e n c e  3  e le m e n ts  in leng th  (R e p e a t in g  m ode ). 
A ll m o n ke y s  w e re  in itia lly  tra in ed  on  the  R a n d o m  m od e . O n  a v e rag e , R T s  fo r th is 
m o d e  d e c re a s e d  to  77%  o f th e ir  m a x im u m  v a lu e  in th e  f ir s t 6  tra in in g  s e s s io n s .  
P e r fo rm a n c e  in th is  m o d e  c o n t in u e d  to  d is p la y  g ra d u a l im p ro v e m e n t until it 

r e a c h e d  a n  a sy m p to te  a fte r ~ 3 0  s e s s io n s .  N ex t, th e  a n im a ls  w e re  in tro d u ced  to 
the  R e p e a tin g  m od e . W ith in  the first tra in ing  s e s s io n , R T s  fo r the R ep ea t in g  m od e  
s h o r te n e d  to  80%  o f th o s e  fo r th e  R a n d o m  m od e . B y  th e  2 0 th  tra in in g  s e s s io n , 
6 0%  o r m o re  o f the  re s p o n s e s  w e re  "p red ic tive " ( i.e „  R T s  < 150  m s). B y  the  40th  
tra in ing  s e s s io n , 60%  o r m o re  of the re s p o n s e s  w e re  m a d e  p rio r to  the  a p p e a ra n ce  
o f th e  v is u a l c u e  (i.e ., n e g a t iv e  R T s ) . B y  th e  8 0 th  tra in in g  s e s s io n ,  the  m o n ke y s  
w e re  pe rfo rm ing  the  R ep ea tin g  m o d e  a lm o s t en tire ly  ( ≥ 80% ) w ithout c u e s . T o  test 
re ten t io n  w e  in te rrup ted  tra in in g  o n  th e  R e p e a t in g  m o d e  fo r 2 -3  w e e k s  w h ile  the  
m o n k e y s  c o n t in u e d  to  p ra c t ic e  th e  R a n d o m  m o d e . T h e  in te rrup tion  had  o n ly  a  
tra n s ie n t  e ffe c t  o n  R T s  d u rin g  th e  R e p e a t in g  m o d e  a n d  a ll m o n k e y s  re tu rn ed  to 
th e ir p re v io u s  le ve l o f p e r fo rm an ce  w ith in  the  first re tra in ing  s e s s io n . T h e s e  re su lts  
in d ic a te  tha t m o n k e y s  c a n  le a rn  to  p e r fo rm  s im p le  m o to r s e q u e n c e s  w ith ou t 
s e n s o ry  g u id a n c e  a n d  tha t th e  c e n tra l re p re s e n ta t io n  o f the  s e q u e n c e  b e c o m e s  
ro b u s t th ro u g h  lon g -te rm  p ra c t ic e . S u p p o rt: U S P H S  N S  2 4 3 2 8  (P L S )

7 2 .3

IMPAIRMENTS IN SPATIAL LEARNING AFTER DORSAL AND 
VENTRAL STRIATAL LESIONS. F. Alonso-Onofre, C. Mejía-Viggiano, A. 
Gutiérrez de la Barrera, J. Mena-Segovia, and M. Giordano*. Centro de 
Neurobiología, Campus UNAM-UAQ Juriquilla, Qro. 76001 México.

The striatum receives cortical input which is organized in a topographical 
fashion. The ventromedial striatum in rats has been shown to receive input from 
piriform and entorhinal cortices while dorsolateral striatum receives input from 
sensorimotor cortex (McGeorge and Faull, 1989). This differential pattern of 
innervation could be related to striatal function. Male Sprague-Dawley rats 
(300 g) received bilateral infusions of kainic acid (5.0nmoles/0.5µl) into the 
dorsal (AP +0.2, ML±3.6, DV-4.5) or ventral (AP +0.2, ML±2.0, DV-5.6) 
striatal regions. Sham animals received vehicle infusions in the same 
coordinates. Food and water intake were monitored three weeks after the lesion 
for 7 days, locomotor activity was recorded twice and animals were trained on 
an 8-arm radial maze task (allocentric) and on a modified T-maze task 
(egocentric). Significant differences in food but not water intake were found 
between KA-lesioned and control animals. Twenty-days after lesion increases in 
locomotor activity were observed in lesioned groups, while rearing behavior 
increased in ventrally lesioned animals compared to sham and dorsal lesioned 
rats. Lesioned animals showed lasting impairments in the allocentric task and a 
transient impairment in the egocentric task. These results support previous 
findings regarding striatal involvement in locomotor and learning tasks but fail 
to demonstrate functional heterogeneity within this structure. This work was 
supported by a grant from DGAPA-UNAM.

7 2 .5

NUCLEUS ACCUMBENS LESIONS BLOCK THE MEMORY-
ENHANCING EFFECTS OF IMMEDIATE POST-TRAINING 
SYSTEMIC INJECTIONS OF DEXAMETHASONE. B. Setlow,* B. 
Roozendaal, and J.L. McGaugh. Center for the Neurobiology of Learning 
and Memory and Department of Psychobiology, University of California, 
Irvine, CA 92697-3800.

Considerable evidence indicates that the basolateral complex of the 
amygdala (BLC) is critically involved in integrating modulatory influences 
(such as emotional arousal and stress hormones) on memory storage in 
other brain regions such as the hippocampus. It is not known, however, 
how modulatory information from the BLC reaches brain areas involved in 
memory storage processes. One possible way in which this may be 
accomplished is through BLC projections to the nucleus accumbens (NA) 
via the stria terminalis. In order to examine this possibility, male Sprague- 
Dawley rats with NMDA or sham lesions of the NA were trained in a one- 
trial inhibitory avoidance task. Immediately following training, rats were 
given an injection of the synthetic glucocorticoid dexamethasone (0.3 or 1.0 
mg/kg s.c.) or vehicle. Retention was tested 48 hours later. Sham lesioned 
rats which received 0.3 mg/kg dexamethasone had significantly longer 
retention latencies than those which received vehicle, indicating a memory 
enhancing effect of dexamethasone. Lesions of the NA did not impair 
retention performance by themselves, but completely blocked the effects of 
dexamethasone on retention. The results show that the NA is necessary for 
the memory-enhancing effects of dexamethasone, and suggest that it forms 
part of a neural system (together with the BLC) involved in the modulation 
of memory storage.

This material is based upon work supported under an NSF Graduate 
Fellowship (BS) and NIMH/NIDA research grant MH12526 (JLM).

72 .2

A DOUBLE DISSOCIATION BETWEEN THE HIPPOCAMPUS AND 
CAUDATE NUCLEUS ON TWO VARIANTS OF A SEQUENTIAL 
LEARNING TASK. W.E. PeCoteau*, R.P. K esner. University of 
Utah, Salt Lake City, UT 84112.

Rats received either hippocampal, caudate or control lesions and were then trained 
on one of two novel radial-maze tasks. In each task, subjects were presented repeatedly 
with their own unique sequence of six different maze arms. In one version of the task, 
declarative learning was examined by measuring correct vs incorrect orienting responses 
to successive arm doors in the sequence. In the other version of the task, procedural 
learning was assessed by opening maze doors to correct arms in the sequence prior to 
the arrival of the rat. Rather than an increase in correct orienting responses, learning in 
this task was revealed as a decrease in latency to negotiate the maze. Rats on the 
second task were additionally placed on a block of trials where a random sequence of 
arms was presented daily. This was followed by a final block of trials where subjects 
were returned to their original, repeating sequence. The random trials provided baseline 
measures of running speed and evaluated the contribution of maze familiarization to 
decreased latencies. The final block of trials assessed whether animals retained what 
they learned during the initial block of trials. Results indicated that rats with 
hippocampal lesions were impaired when sequential learning required explicit orienting 
responses but were not impaired when sequential learning involved skillfully running 
through open maze arms. Rats with caudate lesions displayed the opposite set of 
results. These findings suggest a double dissociation between the hippocampus and 
caudate nucleus in processing declarative and procedural sequential information, 
respectively. Supported by NIH RO1 NS2077-13.

7 2 .4

MODELING SENSORYMOTOR LEARNING IN STRIATAL 
PROJECTION NEURONS R.E. Suri and M. Arbib* USC Brain 
Project, University of Southern California, Los Angeles, CA 90089- 
2520, suri@rana.usc.edu

Activities of midbrain dopamine neurons seem to code deviations between the 
predicted reward and the actually occurring reward. The immediate effect of dopamine 
on evoked activity in striatal projection neurons seems to depends on then 
membrane potential (Hemandez-Lopez et at: 1997). This membrane potential 
switches every 0.5 sec spontaneously between about -70 mV (down state) and -55 
mV (up state).

Based on standard reinforcement learning algorithms, a neural network was 
implemented which learns a dopamine-like internal reinforcement signal and uses 
this signal for learning and planning of real valued action outputs. Associative 
weights of the sensorymotor neurons change according to the reinforcement signal 
and a pseudo-random bias signal. The reinforcement signal is computed from 
stimuli and from output neuron activity. The loop between the internal 
reinforcement signal and the output neurons drives output neuron activity to values 
with best reward prediction (planing).

The pseudo-random bias signal is comparable to the mysterious fluctuations of 
striatal membrane potentials. In addition, reinforcement of an activation pattern 
using the internal reinforcement signal is comparable to the excitatory (inhibitory) 
effect of dopamine on neurons in up (down) state.

The model suggests that corticostriatal synapses change their associative strengths 
according to the product of presynaptic activity, membrane potential and dopamine 
activity.

If the internal reinforcement signal was set to a constant negative value, planing 
times were prolonged. This suggests that dopaminergic cell death in Parkinson’s 
disease prolongs planing times which might contribute to bradykinesia. (Supported 
by the Swiss NSF)

7 2 .6
MESOACCUMBENS DOPAMINE MODULATES AMYGDALA INPUTS 
TO THE VENTRAL STRIATUM DURING FORAGING ON A RADIAL- 
ARM MAZE. Stan B. Floresco* & Anthony G. Phillips, Dept. of Psychology, 
Univ. of British Columbia, Vancouver, B.C., Canada V6T1Z4 

It has been proposed that the hippocampus and the amygdala can compete for the 
expression of certain patterns of behavior, and that this competition can take place 
at the level of the nucleus accumbens (NAc). Moreover, it has been suggested that 
mesoaccumbens dopamine (DA) transmission may mediate these competitive 
interactions, attenuating the influence that some inputs exert over the NAc, while 
augmenting others. The present study tested the hypothesis that mesoaccumbens 
DA transmission attenuates the competitive influence that the amygdala exerts 
over foraging behavior which normally requires intact serial transmission between 
the hippocampus and NAc (Floresco et al., 1997). Rats were well-trained on the 
random foraging variant of the 8-arm radial maze task. Rats were required to 
locate 4 pellets placed at random on 4 of the 8 arms of the maze, and visit arms in a 
non-repetitive manner. Bilateral infusions of the DA antagonist hal operidol into 
the NAc (0.25µg/0.5µl) significantly disrupted foraging behavior (X ̄=3.1 errors), 
replicating our previous finding (Floresco et al., 1996). However, bilateral 
inactivation of the lateral amygdala via infusions of lidocaine alleviated the 
impairment in foraging behavior caused by haloperidol infusions into the NAc 
(X ̄=1.0 error). Bilateral inactivations of the amygdala alone had no effect. These 
data suggest that the deficits in foraging behavior following DA receptor blockade 
in the NAc are due in part to an increase in the disruptive influence that the 
amygdala has on goal-directed behaviors that require approach to novel spatial 
locations. It appears that mesoaccumbens DA transmission can serve to attenuate 
the competitive influence that the amygdala exerts over foraging behavior 
dependent upon hippocampal-ventral striatal circuits. Future experiments will 
examine whether lesions of the amygdala improve learning during this type of 
behavior. Funded by NSERC Canada.

Society for Neuroscience, Volume 2 4 ,19 98

mailto:suri@rana.usc.edu


SUNDAY AM LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—BASAL GANGLIA 175

72.7

ROLE OF INTRACELLULAR PROTEIN KINASE C WITHIN NUCLEUS 
ACCUMBENS SUBREGIONS IN SPATIAL LEARNING. C.S. Maldonado- 
Vlaar*, E. Betancourt, R. Gonzalez, I. Cintrón and S. Peña de Ortiz Department 
of Biology, University of Puerto Rico, Rio Piedras P.R. 00931-3360.

Previous studies have shown that Protein Kinase C (PKC) actions within 
hippocampal neurons plays an important role in modulating learning and memory 
processes. However, little is known about the function PKC plays in learning 
mediated by the nucleus accumbens. The following experiments investigated the 
effects of intracerebral microinfusions of either H-7, a PKC antagonist and a PKC- 
γ phosphorothioate antisense oligodeoxynucleotide into the core and shell 
subregions of the nucleus accumbens and dorsal striatum of rats on the acquisition 
and retention phases of a food search paradigm. In this spatial learning task, 
hungry rats were required to learn a specific pattern of food-baited holes in a large 
open field. Parameters measured were total time spent searching for food and visits 
to empty and baited holes (errors). For both experiments, separate groups of rats 
were used for each treatment. In the first experiment, animals were infused with 
vehicle or H-7 (30nmol/0.5µ) into either of the three striatal regions selected. 
Results showed that pretreatment with H-7 into the nucleus accumbens core and 
shell and not the dorsal striatum impaired the training of the animals in the food 
search task. In Experiment 2, the effects of microinfusions of either PKC-γ sense 
or antisense in the acquisition and retention phases were tested. Antisense 
pretreatment into the core and shell subregions impaired behavior in both of the 
learning phases tested when compared to the sense groups. The present studies 
suggest that PKC function within both nucleus accumbens subregions play a crucial 
role in the acquisition and retrieval of information necessary for spatial learning. 
(S.P.O. supported by NSF EPSCoR grant, IBN 9706664 and NIH grant MBRS- 
NIGMS SOGGMO 8102-26S1)

72.9

DEVELOPMENT AND EXTINCTION OF CONDITIONED INHIBITION: 
IMPLICATIONS FOR THE EXPRESSION OF LOCOMOTOR 
SENSITIZATION. P. Vezina*, D. Meeker and C. Jake-Matthews. Department 
of Psychiatry, The University of Chicago, Chicago, IL 60637.

We previously reported that prior exposure to amphetamine (AMPH) had no 
effect on the subsequent development of sensitization of the locomotor effects of the D2 
DA receptor agonist quinpirole (QUIN). Exploiting the lack of cross-sensitization 
between these two drugs, a first experiment determined that cues (activity measuring 
boxes) specifically unpaired with AMPH (1.5 mg/kg, i.p., given in rats’ home cages the 
day following a saline injection in the activity boxes) during a conditioning phase could 
subsequently prevent the development of locomotor sensitization to QUIN. This 
conditioned inhibition of the development of locomotor sensitization was observed over 
36 days of repeated QUIN injections (0.5 mg/kg, s.c.; 10 injections, one given every 
four days in the activity boxes; no injections were given in the home cages during this 
phase). Rats having received AMPH or saline paired with the activity boxes and, the 
following day, saline in their home cage during conditioning displayed the same 
unperturbed development of locomotor sensitization to quinpirole. In a second 
experiment, an extinction procedure was used in an attempt to remove this conditioned 
inhibition. Noting that no home cage injections accompanied the repeated QUIN 
injections in the above experiment and that conditioned inhibition was observed in rats 
having received AMPH injections in their home cage (and saline injections in the activity 
boxes), the above experiment was repeated and this time ensured that the day following 
each QUIN injection, all animals were injected with saline in their home cage. This 
procedure, mimicking others known to be effective at extinguishing conditioned 
inhibition, enabled the expression of locomotor sensitization to quinpirole in the presence 
of cues previously unpaired with AMPH. These findings suggest that conditioned 
inhibition can exert powerful and enduring influences on the expression of locomotor 
sensitization to DA agonists. Supported by USPHS grant # DA-9860 to P.V.

72.11

RADIAL ARM MAZE PERFORMANCE AFTER EXCITOTOXIC 
LESIONS OF THE PEDUNCULOPONTINE TEGMENTAL NUCLEUS 
IN RATS: IL THE DELAYED SPATIAL WIN SHIFT TASK. P. Winn* 
and G.L. Keating School of Psychology, University of St Andrews, Fife, 
KY16 9JU, Scotland.

The pedunculopontine tegmental nucleus (PPTg) has input from a variety 
of sites associated with frontostriatal activity, including the motor cortex, 
striatum, pallidum, subthalamic nucleus and substantia nigra. We have 
examined the effects of PPTg lesions on a variety of motor and reward- 
related tasks associated with striatal function. In the present experiments we 
examined the performance of rats with excitotoxic PPTg lesions in a delayed 
spatial win-shift task that assesses rats' ability to acquire information and use 
it to guide behavior after a delay. Rats are tested on an 8 arm radial maze and 
are required to retrieve 4 × 45mg food pellets, one from each of 4 arms baited 
randomly, the remaining 4 arms being blocked. Rats are then removed from 
the maze and returned after a 5min delay. Rats were then required to retrieve 
pellets from the previously blocked and unbaited arms, with all 8 arms open. 
Bilateral PPTg lesions were made using ibotenic acid; control lesions were 
made using phosphate buffer vehicle. The acquisition and retention of this 
task was assessed in separate groups of rats. In acquisition tests, PPTg 
lesioned rats made significantly more errors than controls. Lesioned rats 
made more across phase (visiting currently unbaited arms) than within phase 
(revisiting currently baited arms) errors. Lesioned rats tested in retention did 
not show the same pattern of error. These data show that PPTg lesions 
impair the ability to acquire spatial information and use it prospectively to 
plan action.
Supported by the S ir H a ro ld  M itc h e ll Studentship, University o f  St Andrews.

7 2 .8

INHIBITION OF PROTEIN KINASE A IN THE NUCLEUS ACCUMBENS 
IMPAIRS AMPHETAMINE-PRODUCED ENHANCEMENT OF 
RESPONDING FOR CONDI TIONED REWARD. J.K. Westly,1 B. Ormerod,1 and 
R.J. Beninger1,2：*. 1Depts. of Psychology and 2Psychiatry, Queen`s University, 
Kingston, Ontario, Canada, K7L 3N6.

Previous studies have shown that inhibition of cyclic adenosine monophosphate 
(cAMP)-dependent protein kinase (PKA) impairs conditioned place preference and 
conditioned activity produced by injections of amphetamine into the nucleus 
accumbens (NAcc). Intra-NAcc injections of amphetamine enhance responding for 
conditioned reward. The present study examined the actions of PKA inhibition on this 
effect During pre-conditioning (5 40-min sessions) rats were exposed to a chamber 
outlined with two levers; one produced a tone and the other a lights-off stimulus (3 s) 
Conditioning involved pairing the lights-off stimulus with food with the lovers 
removed (4 sessions of 80 presentations) The two levers were again present in the test 
(2 40-min sessions). Rats (n=16) receiving histologically confirmed intra-NAcc 
amphetamine (20 µg/0 5 µl/side) show ed an enhancement (p<0.02) of responding for 
conditioned reward compared to vehicle (n=l6) Rats (n= 15) co-injected with 
amphetamine and the PKA inhibitor Rp-cAMPS (250 ng/0.5 µl/side) showed no 
amphetamine enhancement for responding (p>0. 10), however the average response 
rate for this group compared to the average response rate for the vehicle group was 
higher (p<.000). Thus, animals showed an increase in general responding following 
amphetamine-Rp-cAMPS co-injection: how ever responding for conditioned reward 
was attenuated Previous results have suggested that the enhancement of responding 
for conditioned reward produced by amphetamine is mediated by dopamine. Our 
results suggest that activation of the cAMP-PKA second messenger pathway 
stimulated by dopamine released in association with the presentation of reward 
contributes to the acquisition of responding for conditioned reward 
This research was supported by NSERC of Canada.

7 2 .1 0
BLOCKING NITRIC OXIDE IMPAIRS LEARNING OF NEGATIVE 
PATTERNING IN TURTLES. C. Yeh and A. S. Powers*. Dept. of 
Psychology, St. John’s University, Jamaica, NY 11439.

Nitric oxide (NO), a retrograde intercellular messenger in the central nervous 
system, has been found to play an important role in learning and memory in 
mammals. Lesions of the basal forebrain impair learning in turtles, and NO- 
positive neurons have been identified in the basal forebrain. The present study 
investigated whether a NO synthesis inhibitor, Nω-nitro-L-arginine methyl ester 
(L-NAME), would influence learning in turtles (Chrysemys picta). We chose to 
study the acquisition of negative patterning, a task in which animals are given 
two stimuli that are reinforced and the compound of those two stimuli, which is 
unreinforced. Pilot data showed that a dose of 80 mg/kg L-NAME, which has 
been shown to impair learning in rats, had no effect in turtles. Furthermore, a 
dose of 800mg/kg was found to affect turtles’ general activity. Therefore, we 
used a dose of 400mg/kg L-NAME. The turtles’ general activity (the time to 
turn over after being placed on their backs and activity in an open field) was not 
affected by this dose. We used appetitive classical conditioning (autoshaping) 
and trained the turtles first for 20 trials per day using a key illuminated with a 
solid red disk or white stripes on a black background, both reinforced with beef 
baby food. Starting on Day l9, the turtles were injected intraperitoneally with 
400mg/kg L-NAME 30 minutes before the start of the discrimination learning 
task, and 40 trials per day were given: 10 each with the red and stripes stimuli 
and 20 with the nonreinforced compound stimulus, white stripes on a red 
background. Training continued for thirty more days. The results showed that it 
took longer for turtles to learn the discrimination task in the L-NAME group 
compared to the control group (turtles given no drug or 80mg/kg). These 
findings thus provide evidence that nitric oxide is involved in learning in turtles.

7 2 .1 2

RADIAL ARM MAZE PERFORMANCE AFTER EXCITOTOXIC 
LESIONS OF THE PEDUNCULOPONTINE TEGMENTAL NUCLEUS 
IN RATS: L THE RANDOM FORAGING TASK G.L. Keating* and P. 
Winn School of Psychology, University of St Andrews, Fife, KY16 9JU, 
Scotland.

The pedunculopontine tegmental nucleus (PPTg) has input from a variety 
of sites associated with frontostriatal activity, including the motor cortex, 
striatum, pallidum, subthalamic nucleus and substantia nigra. We have 
examined the effects of PPTg lesions on a variety of motor and reward- 
related tasks associated with striatal function. In the present experiments we 
examined the performance of rats with excitotoxic PPTg lesions in a random 
foraging task that assesses rats' ability to sequence behavior on-line. In this 
task rats are tested on an 8 arm radial maze and are required to retrieve 4 × 
45mg food pellets, one from each of 4 arms baited randomly in each test 
session. Rats must use spatial cues to remember which arms have been 
visited and visit each arm only once. Bilateral PPTg lesions were made using 
ibotenic acid; control lesions were made using phosphate buffer vehicle. The 
acquisition and retention of this task was assessed in separate groups of rats. 
In both acquisition and retention tests, PPTg lesioned rats made significantly 
more errors than controls. Lesioned rats made equal numbers of both types of 
error: they re-visited both baited and unbaited arms. The time taken to make 
the first arm entry, the time to make subsequent choices of arm entry and the 
time taken to retrieve (and eat) all 4 pellets were all unaffected by PPTg 
lesions, indicating that there was no motor impairment present in lesioned 
rats. These data show that PPTg lesions impair the ability to acquire and 
retain spatial information relating to the on-line planning of action.
Supported by the S ir H a ro ld  M itc h e ll Studentship, University o f  St Andrews.
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7 2 .1 3

EXCITOTOXIC LESIONS OF THE PEDUNCULOPONTINE 
TEGMENTAL NUCLEUS DISRUPT THE TEMPORAL CONTROL 
OF BEHAVIOR IN RATS. A.M. Benson* and W.H. Meck. Department 
of Psychology: Experimental, Duke University, Durham, NC 27708.

The cholinergic neurons of the pedunculopontine tegmental nucleus 
(PPN) have been shown to be involved in arousal, cognition, motor 
function, and reward. The PPN receives its primary input from the basal 
ganglia and outputs to the thalamus, frontal cortex, and substantia nigra 
pars compacta. Because cortico-striatal circuits have been shown to be 
critically involved in interval-timing behavior, the effects of bilateral PPN 
lesions in adult male rats were evaluated using the “T ri-Peak” 
procedure. In this task, the rat is required to time three fixed-intervals of 
10, 30, and 90-s during a single trial. Each interval is associated with a 
spatially distinct response lever and only one signal modality (e.g., 
sound) is used. On each trial, either one of the intervals is primed with 
food reinforcement or a non-rewarded probe trial is initiated. Once 
asymptotic responding was achieved, half of the rats underwent bilateral 
ibotenic acid lesions of the PPN, while the remaining rats underwent a 
sham operation. Comparison of pre-surgery peak functions to post-
surgery peak functions for the three intervals revealed that lesions of the 
PPN resulted in increased variability in responding, as assessed by the 
spread of the psychophysical functions. In addition, PPN lesions tended 
to result in a horizontal shift of the peak functions such that the 10, 30, 
and occasionally the 90-s functions would superimpose. These results 
have important implications for human degenerative disorders in which 
damage to the PPN is often documented (e.g., Parkinson’s disease) and 
lend support to the hypothesis that the PPN is able to modify interval 
timing behavior via its cholinergic input to cortico-striatal circuits. 
(Supported by MH54799 to WHM).

7 2 .1 4

TH E EFFECTS O F C LO ZA PIN E ON IN TERV AL TIM ING  
USING TH E TRI-PEA K  PROCEDURE. M.S. Matell*, H.M. Manos, 
& W.H. Meck., Dept. of Psychology: Experimental, Duke Univ.
Durham, NC, 27708.
The “Tri-Peak” procedure, a modified version of the peak-interval timing 
procedure, allows the determination of multiple peaks of temporal 
responding within a single trial without relying on different signal 
modalities. Three times of possible reinforcement (10, 30, & 90 s) are 
mapped to three spatially distinct response levers allowing separate 
responding for each duration during a single trial. 1 of 4 randomly 
selected trial outcomes could occur, either a fixed interval trial (10s FI, 
30s FI, 90s FI) or a 270s probe trial in which no reinforcement was 
delivered. In order to assess the effects of clozapine on temporal 
perception, male Sprague Dawley rats (n=10, 5 mo of age) were trained 
and tested. After reaching criterion levels of peak time responding, 0.6,
1.2, 2.4 mg/kg clozapine or vehicle was administered every fourth day 
via IP injection for 12 days. Saline was injected on all other days. 
Preliminary data indicate that clozapine has differential effects on clock 
speed that are dose-dependent. These data can be interpreted in terms of 
changes in clock speed, as within-dose horizontal shifts are proportional 
to the duration being timed. These results are consistent with the 
hypothesis that dopaminergic drugs play a role in modulating the speed 
of an internal clock. (Supported by MH54799 to WHM and DA05838 to 
MSM).

LEARNING AND M EM ORY: SYSTEMS AND FUNCTIONS— DEVELOPM ENT

73 .1

EFFECTS OF PRENATAL SIDESTREAM-SMOKE EXPOSURE ON 
WORKING MEMORY. J.J.Boitano,* M.J.Saganich, P.F. 
Golden, J.Guedes, and K.Schock. Neuroscience 
Program, Fairfield Univ., Fairfield, CT 06430.

Gestating DBA/Z mice were exposed from con
ception to parturition for 1 hr/day to sidestream 
smoke. Of the litters that were born after ciga
rette-smoke exposure, there was an infant mortal
ity rate of 38.4% with an average litter size of 
3.25 pups. This contrasted with the litters from 
the control non-exposed females who had a mortal
ity rate of 12.5% with a mean litter size of 8 
pups. After weaning, Ss were chosen from each of 
the two conditions for testing in a working mem
ory version of the Morris Water Task. All mice 
had to find a submerged platform located in one 
of the 4 quadrants of a 1.5m pool. Each S was 
tested for 5 days with daily testing consisting 
of a single training trial, followed by 2 reten
tion trials. The results indicated that the smoke 
exposed mice took significantly longer to locate 
the hidden platform and swam further than the 
control Ss. The observed decrements were inter
preted as a result of cell loss encountered in 
the frontal cortex, striatum, and hippocampus due 
to nicotinic vulnerability, CO exposure, and de
creased oxygen availability incurred during 
fetal development.

7 3 .3

THE EFFECTS OF EARLY EXPERIENCES ON FUNCTIONAL 
LATERALIZATION AND LEARNING. Y. W u*1, L. Alvarado1, and
A.C. Tang1,2,3. Department of Psychology1, Computer Science2, and 
Neurosciences3. University of New Mexico, Albuquerque, NM 87131 

Functional lateralization has been intensively studied in both humans 
and animals. Previous literature has shown that manipulating early 
rearing environments (enriched: Nature, 386, 493-495, or handled: 
Science, 201, 1150-1152) can result in both an improvement in water 
maze performance and an increased cerebral lateralization in rodents.
We investigated the effects of early handling (postnatal day l— day21) 
on 3 learning and memory tasks and 4 lateralization tasks in 12 Long 
Evan Hooded rats. We found that early handling induced higher rate of 
learning in the Morris Water Maze task (d f= l0 , t=2.252, p<.025) and in 
paw reaching task, where the rat learned to use its paws to retrieve food 
reward (df=10, t=2.354, p<.05). However, the same manipulation did 
not affect habituation to visual-olfactory stimuli in an open field, a 
simpler form of learning. In all four lateralization tasks, we found only a 
significant effect in reaching (df=10, t=3.180, p<.05) and the differences 
in T-maze, balance-beam, and open-field were present but did not reach 
p=.05. These results suggest that the effect of early rearing 
environments on learning is not limited to water maze performance but 
can be extended to other forms of learning (operant conditioning), and 
that the early environmental effect on lateralization can be detected in a 
simple paw-reaching task without using lesion (as in Science, 201, 1150- 
1152).

7 3 .2

M a te r n a l c a r e , c o g n it io n  a n d  h ip p o c a m p a l  
d e v e lo p m e n t  in  r a ts
D. Liu*, J. Diorio, J. Day, D. Francis, S. Sharma and M. J. 
Meaney
Dept. o f Neurol/Neurosurg., Douglas Hospital Res. Ctr.,
McGill Univ., Mtl, Canada, H4H 1R3.
Variations in maternal care can induce individual differences in 
the development of the hypothalamic-pituitary-adrenal axis 
(HPA) in rats. (Liu et al, 1997, Science) Since the hippocampus 
plays an important role in both emotion and cognition, we 
examined whether differences in licking and grooming in the 
neonate affects the cognitive behavior as adults. The offspring 
which received higher frequency of licking and grooming (HLG) 
during the first 10 days of life, showed superior spacial memory 
as tested using the Morris water maze task compared with the 
offspring of LLG mothers. Similarly, the HLG animals 
demonstrated elevated pre-pulse inhibition, enhanced ChAT 
activity within the hippocampus, and increased concentrations of 
synaptic proteins, such as synaptophysin and GAP-43 
concentrations, in C A 1 and CA3 regions. These measures were 
significantly correlated with the frequency of maternal licking and 
grooming. Our findings suggest that licking and grooming from 
mothers in the first 1 0  days of life permanently alters 
hippocampal synaptic development, which contributes to the 
differences among individuals in cognitive functioning, 
(supported by MRCC to M.J.M.)

7 3 .4

IM PA IRED  PER FO R M A N C E ON AN O B JEC T R ECO G N ITIO N  TA SK  IN 
AD ULTS PR EV IO U SLY  STR ESSED  AS N E O N A TES. K. W eingartner1, P. 
K ehoe ,1* C M . M cC orm ick .2 N euroscience Program , T rin ity  C o lleg e1, 
H artford. C T ,06106; Dept, o f Psychology, Bates C ollege2, Lew iston, M aine.

Prior studies indicate that adult rats that had been isolated daily  for short 
periods as infants dem onstrate d ifferences from  controls when challenged 
pharm acologically  with psychostim ulants or environm ental stressors. This 
same neonatal isolation paradigm  caused a prolonged long-term  potentiation 
follow ing hippocam pal tetanization in both adult male and fem ale rats. In 
order to exam ine the m em ory perform ance o f rats having been subjected to 
this infant stress, we used an object-recognition task that capita lizes upon the 
preference o f normal rats to investigate novel over fam iliar objects. As 
neonates, the pups were isolated from  the nest, dam  and siblings for one hour 
each day from postnatal (PN) days 2 to 9. The control anim als were non- 
handled except for cage cleaning. On PN day 25 pups were w eaned and 
housed with sam e-sex litterm ates. All adult rats were habituated in the test 
cham ber before the testing began. Each test session consisted  o f two 3-min 
trials separated by a predeterm ined intertrial interval. In the first trial, two 
identical objects were placed in the arena. In the second trial the objects were 
replaced by one that was identical to an object found in the first test and one 
that was novel. In general, the rats show ed the greatest preference for the 
novel object when the intertrial interval was short and least preference when 
the interval was long (24hr). Previously isolated rats show ed significantly  less 
preference for the novel object com pared to the controls. These results 
indicate that effects of neonatal isolation endure into adulthood and can im pair 
perform ance on an object-recognition task.
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73.5
EFFECT OF NEONATAL CRYOANESTHESIA IN MALE AND FEMALE RATS 
ON HIPPOCAMPAL ANATOMY AND WATER MAZE PERFORMANCE. J .  M. 
Ju ra sk a* , J .  L . Nuñ e z , W. A. K oss and A. M. C h r is to p h e r .  
N euroscience P rogram  and D ep a rtm en t o f  P sy c h o lo g y  
U n iv e rs ity  o f  I l l i n o i s ;  Cham paign, IL  61820.

Recent w ork from  o u r  l a b  i n d i c a t e s  t h a t  c r y o a n e s t h e s ia 
in  n e o n a ta l r a t s  le a d s  t o  a  d e c r e a s e  i n  th e  volum e o f  
the p rim ary  v i s u a l  c o r t e x  i n  a d u l th o o d  (Nuñ e z , Kim, 
McFarland and J u r a s k a ,  1 9 9 7 ) . The e x t e n t  t o  w hich  
neo n a ta l c r y o a n e s th e s ia  a l s o  a f f e c t s  th e  m orpho logy  o f  
the hippocam pus and p e rfo rm a n c e  on  b e h a v io r a l  t a s k s  a r e  
in v e s t ig a te d  i n  t h e  p r e s e n t  s tu d y .  R a ts  w ere  ex p o sed  to  
c ry o a n e s th e s ia  f o r  0 , 15, 30 and 60 m in u te s  on p o s tn a t a l  
day 1 and t h e i r  b r a i n s  w ere  a s s e s s e d  in  a d u l th o o d . We 
observed a s i g n i f i c a n t  n e g a t iv e  e f f e c t  o f  n e o n a ta l  
c ry o a n e s th e s ia  on th e  volum e o f  th e  d e n t a t e  g y ru s  
(p= .01) and a t r e n d  i n  th e  CA f i e l d s  o f  th e  hippocam pus 
(p= .05 7 ) . To a s s e s s  th e  p o s s i b l e  a f f e c t s  o f  c o ld  
exposure on b e h a v io r a l  p e r fo rm a n c e , a n o th e r  s e t  o f  
male and fem a le  r a t s  w ere  e x p o sed  t o  c r y o a n e s th e s ia  
fo r 0 o r  60 m in u te s  on p o s t n a t a l  day  1 and a t  120-130 
days o f age w ere t r a i n e d  on th e  M o rris  w a te r  m aze. 
P re lim in a ry  r e p e a te d  m e a su re s  a n a l y s i s  i n d i c a t e s  t h a t  
c ry o a n e s th e s ia  had  a d e l e t e r i o u s  e f f e c t  on 
w ater maze e s c a p e  l a t e n c i e s  and p a t h le n g t h  i n  b o th  s e x e s  
(p= .006 f o r  b o th  m e a s u re s ) .  More a n im a ls  w i l l  be  ad d ed . 
Funded by NSF 9723918 t o  JMJ and  NIGMS 1 F 3 l 17209 to  
JLN.

73.7
THE DURATION OF TASTE RECOGNITION M EM ORY 
(TRM) IN PERI-NATAL RATS G.A. Mickley*, D. Remmers- 
Roeber, and C. Walker. Department o f Psychology, Baldwin-Wallace 
College, Berea, OH 44017-2088.

Fetal and neonatal rats exhibit an increase in orofacial movements 
(e g., gapes, mouth movements, or licks) upon tasting saccharin (SAC) 
if it was experienced previously (Mickley et al., Soc. Neurosci. A bstr., 
Vol. 23/2, p. 2129, 1997). In the current study we sought to determine 
the origins and duration o f this response. Fetuses o f embryonic ages 
E l7, E l8 , E19 or E20 received an oral injection o f l 0µl, 0.3% SAC 
while in utero. These animals were then re-exposed to SAC on post 
natal day 3 (P3) and observations o f motor responses were recorded. 
Only neonates that first experienced SAC on E19 or E20 exhibited a 
SAC-induced stimulation o f gaping on P3. These data suggested that a 
TRM may be maintained for up to 5 days (i.e., E19 to P3). However, 
in this paradigm, the youngest fetuses also have the longest retention 
interval. Could these data also reflect the limitations of the E17 and 
E18 fetuses to sense the SAC? In a second study, we shortened the 
taste exposure - re-exposure interval to 2  days in an attempt to detect 
the TRM in younger fetuses. As expected, E19 rats exhibited the TRM 
when tested on E 21. However, neither the E17 nor the E 18 fetuses 
showed SAC-induced increases in gapes when tested 2 days (E19 or 
E20) following their initial exposure. The data indicate that E19 and 
E20 rat fetuses can acquire this TRM and retain it for 2-5 days while 
E 17 and E 18 fetuses cannot.

Supported by NSF Award 9514799.

7 3 .6

LEARNING OF A SYMMETRICALLY REINFORCED ALTERNATING 
GO/NO-GO TASK IN NEWBORN RHESUS MONKEYS. K. Kubota* 
Dept. of Behavioral and Brain Sci., Primate Res. Inst., Kyoto 
Univ., Inuyama, Aichi 484-8506, Japan.
To obtain evidence that the inhibitory synapses produced 
abundantly in the monkey prefrontal cortex in the first 3-4 
months after birth are actively involved in performance, 
two infant monkeys were trained to perform the GO/NO-GO 
task, which requires activity of the GABA inhibitory 
interneurons of the prearcuate area. Separated from their 
mothers on the day of birth, they were trained gradually to 
pick up and eat, using single hand, a small piece of apple 
hidden underneath a small opaque bottle cap. Thereafter, 
from 65-69 d of birth, training for a GO/NO-GO task with 
no delay period was started. After a visual go signal, the 
monkeys took the piece of apple in GO trials or refrained 
from opening the bottle cap in NO-GO trials. GO and NO- 
GO trials were given alternately. Correct responses were 
reinforced. From 98-104 d of birth, after 1668-1956 trials, 
the monkey performed with a correct performance rate of 
80% over 2 consecutive days. Thus, the monkeys learned 
the GO/NO-GO task in 3-4 months after birth. It is inferred 
that inhibitory synapses, as well as excitatory ones, are 
active during the hypersynaptogenetic period.

7 3 .8

BEHAVIORAL INHIBITION IN INFANT RATS: DEVELOPMENT OF
FUNCTIONAL COUPLING BETWEEN SEPTAL, HIPPOCAMPAL AND 
VENTRAL TEGMENTAL REGIONS. H.P. Nair*, A. Amsel, F. Gonzalez-Lima. 
Inst. Neuroscience and Dept. of Psychology, Univ. of Texas, Austin, TX 78712 
Learning of a behavior at a particular age during the postnatal period 
presumably occurs when the functional brain circuit mediating the behavior 
matures. The inability to express a learned behavior, such as inhibition, may be 
accounted for by the functional dissociation of brain regions comprising the 
circuit. In this study we tested this hypothesis by measuring brain metabolic 
activity, as revealed by fluorodeoxyglucose (FDG) autoradiography, during 
behavioral extinction in 12 and 17 day old rat pups. Subjects were first trained 
on a straight alley runway task known as patterned single alternation (PSA), 
wherein reward and nonreward trials alternate in a predictable fashion. They 
were then injected with FDG and given 50 trials of continuous nonreward (i.e. 
extinction). Pups at postnatal day (P)12 demonstrated significantly slower 
extinction rates compared to their P17 counterparts, despite the fact that both 
reliably demonstrated the PSA effect, i.e. both age groups distinguished 
between reward and nonreward trials during acquisition. W e found significant 
correlations between extinction rates and metabolic activity in the lateral septum 
(LS), ventral tegmental area (VTA), and dentate gyrus (DG) in P12 pups. 
Specifically, the rate of extinction was inversely related to FDG levels in these 
regions. Covariance analysis revealed that the DG, hippocampal fields CA1-3, 
subiculum, and LS were significantly correlated in P17 but not P12 pups. 
Significant correlations were also found between LS, VTA and medial septum 
in P17 pups. Similar correlative patterns were not found in P12 and P17 
handled control animals. Taken together these results suggest that septal, 
hippocampal, and mesencephalic regions may be functionally dissociated at 
P12 and the subsequent maturation of functional connectivity between these 
regions allows for the more rapid expression of behavioral inhibition during 
extinction at P17. Supported by NSF IBN9222O75 to FGL.

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—ACETYLCHOLINE

74.1
CORRELATION BETWEEN A WORKING MEMORY DEFICIT AND LESION 
EXTENT OF THE CHOLINERGIC BASAL FOREBRAIN IN THE RAT. C .C  
Wrenn1*, D.A. Lappi2, R.G. Wiley3. 1Department o f  Pharmacology, Vanderbilt 
Univ., Nashville TN, 2Advanced Targeting Systems, Carlsbad CA, 3Department of 
Neurology and Pharmacology, Vanderbilt Univ., Nashville TN 37232.

The cholinergic basal forebrain (CBF) is known to degenerate in Alzheimer’s 
Disease (AD) and the degree o f this degeneration correlates with the degree of 
dementia. To model this feature o f AD, we trained rats in a six-arm radial maze 
working memory task and then intraventricularly injected them with various doses 
(sham, 1,2, or 4 µg) o f the CBF-selective immunotoxin 192 IgG-saporin (192- 
sap). After a two week recovery period, the working memory capabilities o f the 
rats were then tested in the radial maze. At the end o f behavioral testing, the rats 
were sacrificed and the extent o f CBF lesion was assessed by 
immunohistochemical staining for p75 and counting of the p75+ neurons. We 
found that rats having greater than 75% loss o f p75+ neurons had significantly 
impaired working memory while rats with less extensive lesions did not differ from 
the sham injected controls. These data are consistent with the hypothesis that high 
grade lesions o f the entire CBF are necessary to produce learning and memory 
deficits and that the CBF functions as a unified entity to modulate learning and 
memory. Currently, we are expanding the findings reported here by attempting to 
manipulate the radial maze performance o f CBF lesioned rats through the 
administration of cholinergic drugs. (Supported by The Center for Molecular 
Neuroscience, Vanderbilt Univ. and the Department o f Veterans Affairs).

7 4 .2

INTERACTIONS BETWEEN THE EFFECTS OF CHOLINERGIC 
DEAFFERENTATION, OVARIECTOMY AND ESTROGEN
SUPPLEMENTATION ON SUSTAINED ATTENTION. J. McGaughy* and
M. Sarter. Department of Psychology and Neuroscience Program, The Ohio State 
University, Columbus, Ohio 43210.

Previous findings from our laboratory suggested that following the 
achievement of asymptotic performance in an operant task designed to assess 
sustained attention, the performance of intact female rats varied in a manner that 
coincided with the phase of the estrous cycle. Specifically, attentional 
performance was improved in diestrus relative to proestrus. However, the 
neuronal mechanisms mediating steroid-induced changes in attention remain 
unknown. A series of experiments was conducted to test the hypothesis that the 
effects of estrogen on sustained attention are based on interactions with basal 
forebrain cholinergic corticopetal neurons. Sham-ovariectomized (SHAM-OVX) 
and ovariectomized (OVX) female rats were trained to asymptotic performance. 
Thereafter, they received bilateral infusions of either the immunotoxin 192 IgG- 
saporin (0.37 µg/µl) or its vehicle into the area of the substantia innominata to 
produce partial loss of cortical cholinergic inputs. Following determination of 
post-surgery performance, the effects of acutely administered 17 β-estradiol (5 
and 20 µg s.c.), followed by a period of chronic administration of 17 β-estradiol 
(5 µg/day) for 10 days, were assessed. The available data indicate that, compared 
to our previous studies in male rats, the lesion resulted in a delayed recovery of 
task performance in female rats, and that the lesion-induced performance 
impairment interacted with the effects of ovariectomy and estradiol 
administration.
Supported by PHS grant AG 10173.
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74.3
IM PAIR ED  LEAR N IN G  OF 5-C H O IC E R EAC TIO N  TIM E TA SK  IN RATS 
G IVEN LESIO N S OF TH E C H O LIN ER G IC  BASAL FO R EBR AIN  
NUCLEI. J.J. W a ite* and M.L. W ard low  Depts o f N eurosciences & 
Neurology, U CSD & VAM C, San Diego, C A  92161.

192 IgG -saporin  w as adm in iste red  in traparenchym ally  into the m edia l 
septum  (75 ng b ila tera l) and nuc leus basalis (150 ng b ila tera l) to  se lective ly 
destroy cho line rg ic  neurons in m ale F-344 rats. Acquis ition  o f the 5-cho ice 
reaction tim e task w as g ross ly im paired in lesioned anim a ls com pared  to 
naïve and phosphate -bu ffered  sa line -in jected  anim als. O nly 29%  o f the toxin- 
lesioned group  a tta ined crite rion o f 85%  correct. O m iss ions w ere s ign ificantly 
increased, but accuracy in se lecting the correct cho ice  w as not d iffe rent from  
the o ther tw o  groups. E xperim ental cha llenges w ere conducted  w ith  accu
racy as the re levan t variab le . Accuracy o f lesioned an im a ls  w as im paired by 
reduction o f stim u lus intensity, shortened in tertria l in tervals, and a w hite  noise 
d istraction ju s t before  stim u lus onset. Adm in is tra tion  o f the a ce ty lcho lineste r
ase inhib ito r phenserine (0.25, 1.0, 2.5 m g/kg) did not im prove the perform
ance o f lesioned anim als. The h ighest dose im paired all groups. Physostig-
m ine w as used to  dete rm ine  if th is lack o f im provem ent w as genera lizab le  to 
cho lineste rase  inhib itors. Physostigm ine  (0.05, 0.075, 0.10) a lso did not 
a llevia te  the  perform ance  deficit. The  genera l lack o f e ffect o f these inhib itors 
w as hypothesized to be due to insu ffic ien t cho line rg ic  te rm ina ls rem ain ing in 
the lesioned anim als. Therefore , the d irec t cho line rg ic  agon ists n icotine (0.1, 
0.2, 0.3, 0.4 m g/kg) or areco line (0.5, 2.0 m g/kg) w ere adm in istered prior to 
testing. N e ither agon is t was e ffective  in im proving the perform ance  o f any 
g roup. Lesion assessm ent by assay o f cho line  ace ty ltransfe rase  indicated 
tha t h ippocam pal term ina l loss w as 90% ; cortica l te rm ina l loss w as 70% - 
80% . Lack o f e ffect o f any cho line rg ic  pharm aco log ica l enhancem en t m ay be 
due to  the duration o f the lesion and /or the  acute  trea tm ent protocol. 
S upported by A lzhe im er's  Assn. FSA94019 and NIH NS33371.

74.5
TRANSIENT IMPAIRMENT OF LAMB RECOGNITION MEMORY 
FOLLOWING SPECIFIC BASAL FOREBRAIN CHOLINERGIC LESION IN 
SHEEP. G . Ferreira1*, R. Gervais2, N. Ravel2, M. Meurisse1 & F. Lévy 1 1Dept. of 
Animal Behavior, INRA/CNRS URA 1291. 37380 Nouzilly, France. 2Cognitive 
Sciences Institut. CNRS UPR 9075, 69675 Bron, France.

Within four hours after parturition, ewes recognize the odor of their offspring. To 
investigate the involvement of basal forebrain cholinergic nuclei in this olfactory 
learning, ewes received, six weeks before parturition, saline (n=9) or 150 µg of 
specific basal forebrain cholinergic immunotoxin, p75-IgG-saporin (n=8 ; for details 
Lévy et al., present meeting), into lateral ventricles. Lamb recognition was tested at 
2 and 4 hours post-partum. A ewe was considered selective if she did not accept 
alien lamb at suckling and butted it. At 2 hours post-partum, whereas 7 out of 9 
sham ewes were selective, only 2 out of 8 lesioned ewes did so (7/9 vs 2/8; p=
0.057). However, at 4 hours the inter-group difference vanished (treated 7/8 vs 
sham 8/9). The treatment did not alter olfactory sensitivity since lesioned ewes, as 
control, showed clear repulsive behavior towards the odor of dog feces. In order to 
test whether this memory deficit was specific to this type of olfactory learning, ewes 
were also trained on a visual discrimination task. Again, both groups managed the 
task although treated ewes took significantly more trials to reach the 12/15 correct 
choice criterion (52.5±8 vs 3l.7±3; p< 0.05). The immunotoxin injection induced a 
loss of choline acetyltransferase positive neurons in the four nuclei (Ch1-Ch4) of the 
basal forebrain of about 75-85%. These results provide evidence that these 
cholinergic nuclei contribute to early phases of olfactory and visual learning with no 
detectable effect on motor, attentional, motivational or perceptual processes. 
Supported by INRA/AIP N°92488l.

74.7
IM PAIRED CONFIGURAL BUT NOT SIM PLE ASSOCIATION 
LEARNING IN RATS W ITH  BILATERAL NUCLEUS 
BASALIS M AGNOCELLULARIS LESIONS. A. E. Butt*, R. 
Benson, T. Bowman, J. Brown, C. Helt, T. Lambert, R. McGlothlin, M. 
Morse, S. Novotny, S. Priest, T. Smith, and S. Williams. Department 
of Psychology, Indiana State University, Terre Haute, IN, 47809.

Animal models of Alzheimer’s disease involving selective damage 
to the nucleus basalis magnocellularis (NBM) have suggested that this 
cholinergic brain structure is involved in learning and memory or in 
attention. The current experiment tests the hypothesis that the NBM 
is necessary for complex or configural association learning, but not for 
elemental or simple association learning. Rats with bilateral IgG- 
Saporin lesions of the NBM (n = 6 ) or sham controls (n = 6 ) were 
tested in a water maze version of the transverse patterning problem. In 
this task, rats were trained in phases to concurrently solve three 
different simultaneous visual discriminations. In the first phase of 
training, NBM-lesioned rats learned to solve a simple discrimination 
(A+ vs. B-), performing as well as controls. However, NBM-lesioned 
rats did not learn the configural discriminations presented in the second 
(B+ vs. C-) and third (C+ vs. A-) phases as well as controls (p < .05). 
Additionally, when the second and third discriminations were 
introduced, performance on the first discrimination (A+ vs. B-) 
suffered in the NBM-lesioned group but not in controls (p < .05). 
Results suggest that the NBM is involved in the acquisition of 
associative problems requiring a configural solution but not in 
problems that can be solved with unambiguous or simple associations.

74.4
NEONATAL 192 IgG SAPORIN LESIONS OF THE MEDIAL SEPTAL AREA 
AND NUCLEUS BASALIS MAGNOCELLULARIS DIFFERENTLY AFFECT 
REPONSE TO SPATIAL NOVELTY. L.Ricceri1,  A. Usiello1, G. Calamandrei1,
K. Frick2 and J. Berger-Sweeney2 (SPON: International Behavioural and Neural 
Genetics Society) 1Sect. Comparative Psychology. Lab. FOS. ISS, 1-00161 Rome: 
2Dept. Biol. Sciences, Wellesley College, 02181, MA.

We have shown previously that cholinergic depletion in neonatal rats (using 192 IgG 
Saporin. SAP) impairs acquisition of a passive avoidance task on postnatal day (PND) 
15. In this experiment, we examined how neonatal cholinergic depletion affects 
behavior at later ages. On PND 7 rats received SAP or saline injections in the medial 
septal area (M SA)--choIinergic projections to hippocampus, nucleus basalis 
magnocellularis (NBM)-cholinergic projections to cortex, or the lateral ventricle (LV)- 
-affecting hippocampal and cortical projections. Rats were tested on a spatial open field 
on PND18, and spatial navigation learning on PNDs 22-27. There were no differences 
between control and lesioned rats on the navigation tasks. There were differences, 
however, in the open field in which reactions to spatial and object novelty were 
measured. All groups reacted to object novelty. There were different reactions among 
the groups to spatial novelty (increased time in contact with familiar objects in a novel 
spatial arrangement). Control and NBM-lesioned rats did not react to spatial novelty, 
whereas MSA- and LV-lesioned rats did react to spatial novelty. Neurochemical assays 
confirmed cholinergic hippocampal decreases in the MSA group, cortical decreases in 
the NBM group, and combined hippocampal/cortical decreases in the LV group relative 
to controls. Neonatal cholinergic depletion affects behavior on some, but not all. 
spatial behavioral measures. Rats with hippocampal and combined 
hippocampal/cortical cholinergic depletion respond to spatial novelty on PND18 
(similar to adult performance), but not control or cortically-depleted rats. The results 
suggest that neonatal decreases in cholinergic input to hippocampus, but not cortex, 
promote the appearance of adult-like reactivity to spatial rearrangements in weaning 
rats. (Supported by Italian National Public Health Project; "Prevention of risk factors in 
maternal and child health". Whitehall Foundation and NSF IBN9458101).

74.6
INTERACTIONS BETWEEN 192-IgG SAPORIN (SAP) AND INTRASEPT AL 
DRUGS: EVIDENCE FOR INVOLVEMENT OF CHOLINERGIC MEDIAL SEPTAL 
NEURONS (MSA) IN SPATIAL WORKING MEMORY. K. Pang* and R. Nocera. 
Dept. of Psychology, Bowling Green State University, Bowling Green, OH 43403.

Recently, the role of cholinergic MSA neurons in memory has been questioned 
because selective cholinergic lesions by SAP have not impaired memory. Intraseptal 
scopolamine (SCOP), muscimol (MUS) and oxotremorine (OXO) are less selective than 
SAP; each have actions on both cholinergic and non-cholinergic MSA neurons. If 
these drugs alter memory solely through their actions on the non-cholinergic MSA 
neurons, then SAP should not alter their effects on memory. In contrast, if these drugs 
alter memory solely through the cholinergic MSA neurons, then SAP should eliminate 
their effects on memory. Finally, if these drugs alter memory by a combined action on 
both cholinergic and non-cholinergic MSA neurons, then the effects of SAP and 
intraseptal drugs should interact. In the present study, the role of cholinergic and non- 
cholinergic MSA neurons in spatial working memory (WM) was investigated by 
examining the pattern of interaction between intraseptal SAP and intraseptal SCOP, 
MUS and OXO. WM was assessed in a T-maze alternation task. Performance of SAP 
and vehicle treated rats (VEH) did not differ (choice accuracy for VEH: 91%; SAP: 
85%). Following SCOP (2µg), VEH rats were not impaired (accuracy with saline 
infusion: 8 6 %; scop infusion: 89%), but SAP rats were impaired (saline: 83%; scop: 
6 8 %). Similarly, MUS (90 ng) did not impair VEH rats (saline: 87%; mus: 87%), but 
did impair SAP rats (saline: 94%; mus: 80%). OXO (0.5 & 2µg) also impaired 
performance, but SAP did not alter file effectiveness of OXO. The enhanced effects of 
intraseptal SCOP and MUS following SAP lesions of the cholinergic MSA neurons are 
consistent with the hypothesis that both cholinergic and non-cholinergic MSA neurons 
are involved in memory  processes. The interaction between cholinergic and non- 
cholinergic MSA neurons in age-related and disease-related memory impairments will 
be discussed. Support by NS35389 and 97013FRCB.

74.8
SPATIAL MEMORY-IMPAIRED AGED F344 RATS SHOW A DEFICIT IN THE 
DISTRIBUTION OF PKC-γ AS IT RELATES TO G-PROTEIN COUPLING OF THE 
M1 RECEPTOR. M.A . Rossi2*, L. deToledo-Morrell1.  1Dept Neurol. Sciences, Rush 
Med. College, Chgo, IL 60612; 2Dept. Neurology, U. of Chicago, Chgo, IL 60637.

The ability of acetylcholine and other full agonists to stimulate postsynaptic M1 
muscarinic receptor-mediated phosphoinositide (PI) signaling is important for 
memory function. The present study demonstrates in the F344 rat, that the extent 
of G-protein uncoupling of the high agonist affinity state of the M1 receptor 
influences the neuronal soma-to-dendrite distribution of hippocampal PKC-γ
(sdPKC-γ). Moreover, these alterations of interacting substrates in the PI cascade 
are directly related to the degree of spatial memory impairment in aged rats. 
Following testing in the eight-arm radial maze task, 7 young (5 mos. old), and 12 
aged (27 mos. old; 5 memory-intact, and 7 memory-impaired), were sacrificed and 
the brains rapidly frozen. Ten micron coronal tissue sections were taken through 
the dorsal hippocampal formation (HF). The consecutive frozen sections were 
placed on both gelatinized slides for in situ receptor-binding autoradiography and 
nitrocellulose (NC) coated microscope slides (Grace BioOncology, Ml) for 
immunohistochemical (IHG) labeling of PKC-γ. The high and low agonist affinity 
states of the M1 muscarinic receptor were measured in the HF with competition 
binding studies. These were generated using the M1 receptor antagonist 
[3H]pirenzepine (2.5 nM), with increasing concentrations of carbachol (103-102 
M), the competing agonist, in the presence of guanylyl imidodiphosphate, a G- 
protein uncoupler. Avidin-biotin peroxidase IHC was then carried out on NC slides 
using affinity purified anti-PKC-γ (GIBCO-BRL). Purified PKC-γ protein calibration 
ladders were prepared and processed on NC film-coated slides concurrently with 
the tissue. All slides were quantified using image analysis software. In dentate 
gyrus (DG) and CA3 subfields of the HF, the data demonstrate a significant inverse 
relationship between the absolute concentration of the M1 receptor in the low 
affinity state (Ki) and sdPKC-γ, (DG:r=-0.604, p<0.05; CA3:r= -0.916, p<0.004). In 
CA1, an inverse nonlinear relationship exists between Ki and sdPKC-γ. 
Furthermore, there was a significant relationship between choice accuracy and 
sdPKC-γ in CA1 (r=0.729, p<0.05) with a trend in DG and CA3.

Supported by grants AGO8794 & PO AG9466 from NIA.
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74.9
CORTICAL AND HIPPOCAMPAL GRAFTS OF ACh-PRODUCING CELLS 
ARE SUFFICIENT TO IMPROVE WATER MAZE PERFORMANCE OF AGE- 
IMPAIRED RATS. H. Dickinson-Anson*, L.J. Fisher, F.H . Gage. The Salk 
Institute. Laboratory of Genetics. La Jolla CA, 92037.

The basal forebrain cholinergic system (BFC) plays a crucial role in cognitive 
processes. During aging, this system is one of several (dopaminergic, noradrenergic, 
serotonergic) that often display degenerative changes. Some aged rats show 
impairment on a variety of cognitive tasks. Several of these deficits are linked to the 
neurodegeneration of the BFC. Recently, we reported that cells engineered to produce 
ACh attenuated water maze (WMZ) deficits produced by non-specific lesions of the 
fimbria-fornix or nucleus basalis when grafted in BFC target regions. These findings 
indicate that ACh is sufficient to mediate functional improvements in animal models 
in which a variety of transmitter systems are disrupted. In the current study we 
examined whether selective augmentation of ACh in the brain of impaired aged rats is 
also sufficient to ameliorate learning and memory deficits. Following pre-testing in a 
WMZ, aged (24 mo.) impaired and unimpaired rats received grafts of either ACh- 
producing (ChAT) or control fibroblasts in the neocortex and hippocampus. After 1 
week, spatial learning and memory was retested in the WMZ. The acquisition of all 
aged groups was significantly impaired relative to young controls. However, the 
ChAT-impaired group performed significantly better than impaired controls, and did 
not differ from any of the aged unimpaired groups. Additionally, a spatial probe 
revealed that the memory performance of ChAT-grafted rats was significantly better 
than that of control cell-grafted rats and did not differ from that of young controls. 
These data indicate that tonic delivery of ACh in BFC target areas is sufficient to 
improve WMZ performance in age-impaired rats in which a number of 
neurotransmitter systems are undergoing neurodegeneration. Taken together with 
recent findings that site specific delivery of ACh is sufficient to attenuate WMZ 
deficits produced by non-specific BFC damage in young rats, these results provide 
evidence that supplementation of ACh alone in BFC target regions of the damaged 
brain has a significant impact on disrupted cognitive function. Supported by 
NIHAG10435

74.11
Increased Expression of Hippocampal Cholinergic Neurostimulating Peptide-related 
Components and their mRNA in the Hippocampus of Aged Senescence-Accelerated Mice 
Noriyuki Matsukawa1,2, Ikuo Tooyama3, Hiroshi Kimura3, Takayuki Yamamoto2 , 
Yasukuni Tugu1,Yutaka Oomura4 and Kosei Ojika1*
lSecond Department of Internal Medicine, Medical school, Nagoya City University, Nagoya 
2Choju Medical Institute, Fukushimura-Hospital, Toyohashi 441. 3Devision of 
Neuroanatomy, Institute of Molecular Neurobiology, Shiga University of Medical Science, 
Otsu 520-21 4lnst. of Bio-act. Sci., Nippon Zoki Pharm. Co. Hyogo 673-14, Japan

Hippocampal cholinergic Neurostimulating Peptide(HCNP) stimulates cholinergic 
phenotype development by inducing ChAT in the rat medial septal nucleus in vitro. 
SAMP8 , a substrain of senescence-accelerated-prone mouse, shows a remarkable 
age-accelerated deterioration in learning and memory. In situ hybridization revealed that 
the highest expression of the precursor protein mRNA was in hippocampal pyramidal 
neurons. Compared with a strain of senescence-accelerated-resistant mouse, adult SAMP8 
showed increased expression of both the precursor mRNA and the neurostimulating 
peptide-related immuno-deposits in the hippocampal C A 1 field. The deposits were 
intensely and diffusely precipitated in neuropils throughout the strata orients and radiatum 
in SAMP8 , but not in control mice. The neurostimulating peptide content in the 
hippocampus was higher in SAMP8 than in control mice, while its precursor protein 
itself was not different between the two strain. Further, our Former and present data 
disclosed that the medial septal and hippocampal ChAT activity was significantly lower 
in SAMP8 than in control mice. The data suggest that hippocampal neurons in adult 
SAMP8 , the production of HCNP-precursor protein in neuronal somata, which is 
associated with an increased expression of its mRNA in the CA 1 field, occurs as a 
consequence of a low activity in their pre-synaptic cholinergic neurons. This is followed 
by accelerated processing to generate bioactive peptide, and transport to its functional 
fields. However, certain mechanisms reduce the release of the peptide and lead to its 
accumulation in neuropil. These disturbances of the septohippocampal cholinergic 
system might be the biochemical mechanism underlying in the characteristic 
deterioration of SAMP8 .

74.13
EFFECTS OF ENVIRONMENT ON RADIAL M AZE 
PERFORMANCE AND ON M2 MUSCARINIC RECEPTOR 
BINDING IN HIPPOCAMPAL AND BASAL FOREBRAIN 
REGIONS. J. M . Daniel*, Z. Hruska, S. C. Wolff, A. L. Spencer, and
G. P. Dohanich. Department o f Psychology and Neuroscience Program, 
Tulane University, New Orleans, LA 70118.
The effects o f exposure to environmental complexity on working 

memory performance in a radial maze and on M2 muscarinic receptor 
binding were assessed in female rats. When tested between 65 and 90 
days of age, females reared in EC made significantly more correct arm 
choices than females reared in IC during acquisition o f an 8 -arm radial 
maze. A second sample o f females were sacrificed at 65 days of age and 
frozen coronal sections ( 2 0  µm) were taken through the hippocampus 
and basal forebrain. Sections were incubated with [3H] AF-DX 384 (2 
nM) in order to selectively label M2 receptors. Quantitative 
autoradiography revealed a significant downregulation o f M2 receptor 
density in the dentate gyrus and C A 1 in females reared in EC. No 
significant effects were revealed in CA3, medial septum, or horizontal 
limb of the diagonal band. If  most hippocampal M2 receptors are 
presynaptic autoreceptors as has been proposed, a decrease in M2 
receptors in the dentate and CAl following exposure to EC could 
enhance acetylcholine release in the hippocampus which could 
contribute to the positive effects o f EC on radial maze performance.

NSF awards IBN-9514816

74.10
SPATIAL LEARNING DEFICITS IN AGED RATS CORRELATE WITH 
DEGENERATIVE CHANGES IN CHOLINERGIC BASAL FOREBRAIN 
NUCLEI. U. Greferath1, A. Bennie1, P. Bartlett1, S. Murphy3* and G. Barrett2 
1Walter and Eliza Hall Institute, Victoria 3052, Australia; 2Dept. of Physiology, 
University of Melbourne; 3Dept. of Anatomy, University of Melbourne. Victoria 
3052, Australia

Degeneration of cholinergic neurons in the basal forebrain of humans has been 
closely linked to deficits of memory due to aging and to neurodegenerative 
diseases such as Alzheimer’s disease. Cholinergic neurons in the medial septum, 
horizontal nucleus of the diagonal band, preoptic nucleus and the basal nucleus of 
Meynert of the basal forebrain strongly express the low affinity nerve growth 
factor receptor, p75NGF. It was suggested that cholinergic neurons in the basal 
forebrain participate in the process of spatial learning. To test this hypothesis we 
examined aged rats (20-30 months) for impairments in spatial learning and 
memory using a circular platform maze (Barnes Maze). 60% of Sprague Dawley 
(SD) and 52% of Dark Agouti (DA) displayed markedly impaired spatial learning. 
In contrast, none of 3-6 months old control rats showed any impairment. After the 
test the rats were perfusion fixed, their brains were frozen and cut into 50 µm 
sections. Sections through the basal forebrain were then stained for p75NGF or 
choline acetyl transferase (ChAT) and the number of p75NGF/ChAT+ cells was 
compared between young learner and aged learner and non-learner. There was only 
a minor difference in cell number (5-11%) in young learner compared to aged 
learner. However, in aged non-learner an overall loss of p75 NGF7ChAT+ cells up 
to 40% was observed in different regions of the basal forebrain. Moreover, in 
some non-learner, ChAT/p75NGF- staining intensity was decreased, and in some the 
morphology of the basal forebrain cells looked abnormal.

74.12
NEUROSTEROID INFUSIONS INTO THE NUCLEUS BASALIS AFFECT 
PARADOXICAL SLEEP IN A WAY THAT IS COM PATIBLE WITH THEIR 
MEMORY PROPERTIES IN RAT. M. Damaudéry, J.J. Bouyer, M, Pallarés, M. Le 
Moal and W. Mayo*. Lab. Psychobiologie des Comportements Adaptatifs, INSERM 
259, 33077 Bordeaux Cedex, France.
The neurosteroids pregnenolone sulfate (Preg-S) and allopregnanolone (AlloP) are 
endogenous steroids synthesized in the brain. Both affect memory processes but in an 
opposite manner since Preg-S is a potent memory-enhancer whereas AlloP induces 
memory impairments. Processes underlying these memory properties have yet to be 
elucidated. Our hypothesis is based on the well-known relationships between memory 
and paradoxical sleep. Paradoxical sleep increases after a successful learning, and a 
post-learning deprivation of paradoxical sleep impairs memory. Memory and 
paradoxical sleep processes are cholinergic-modulated processes, especially those 
issued from the basal forebrain systems. The question under investigation was whether 
these neurosteroids affect paradoxical sleep. Sleep-wakefulness cycle was studied in 
rats using electroencephalograph recordings. The first 24 hr of recordings were used as 
control, Preg-S (5ng) and AlloP (2ng) were then infused into the nucleus basalis 
magnocellularis and recordings were continued for a further 24 hr. Results show that 
Preg-S increased paradoxical sleep (+22 ± 5%) whereas AlloP decreased it (-16 ± 6 %). 
Since Preg-S inhibits the GABAa receptors whereas AlloP stimulates them and, since 
cholinergic neurons of the nucleus basalis are GABA-modulated, one may postulate 
that Preg-S and AlloP modify paradoxical sleep by acting on the basalo-cortical 
cholinergic system. Opposite effects on paradoxical sleep of Preg-S and AlloP are 
compatible with their effects upon memory processes. In conclusion, paradoxical sleep 
changes induced by these neurosteroids may account, at least in part, for the memory 
properties of these compounds. This work was supported by INSERM and University 
of Bordeaux II.

74.14
P 75NGFR-DEFIC IENT MICE SHOW  FASTER LEARNING BUT 
DECREASED W ORKING MEMORY IN HEBB-W ILLIAM S MAZE
L. Stanford*1, N.L. Ward2, R.E. Brown1 &T. Hagg2 1Psychology & Neuroscience 
2Anatomy & Neurobiology, Dalhousie University, Halifax, NS, B3H 4J1, Canada 

Mice deficient (-/-) in the p75 low affinity nerve growth factor receptor 
(p75NGFR) have more cholinergic basal forebrain neurons and more 
septohippocampal projections than controls. Also, p75NGFR has a death- 
inducing role during development of various neural cells. Thus, we assessed 
whether p75NGFR-/- mice have modified memory-related behaviors and whether 
their cholinergic neurons are more vulnerable during aging. The Hebb-Williams 
Maze (HWM) is an open field with moveable barriers, providing a series of 
increasingly difficult problems for testing learning and memory. Animals are 
trained until they meet the criterion of traversing 9 practice mazes in 60 s on two 
consecutive sessions. They are then tested on 12 novel mazes (5 trials per 
maze; Rabinovitch & Rosvold, Can. J. P sych ., 5, 122). Using a mouse version 
of the HWM (Meunier et al., Physiol. B ehav., 37, 909), we tested male p75NGFR-/- 
and 129/SV mice (one of the control DNA strains) at 7 (young) and 14 (middle- 
aged) months. During the training phase, p75NGFR-/- mice met criterion 5.8  
sessions earlier than controls, showing faster development of reference 
memory. Young mice completed the training task 4.3 sessions earlier than 
middle-aged mice. During the testing phase, p75NGFR-/∙ mice made more errors 
than controls, revealing a working memory deficit. Young and middle-aged 
mice did not differ in error scores within each mouse strain. We are now 
finalizing testing of aged (>19 months) mice. Histological analysis of the 
forebrain cholinergic neurons and septohippocampal projections is ongoing 
and will be correlated to the behavioral patterns.
Support: Alzheimer Society Canada (TH), NSERC Can. (#A7441, REB).
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74.15
ACETYLCHOLINE RELEASE IN THE RAT AMYGDALA DURING 
PERFORMANCE OF A HIPPOCAMPUS-DEPENDENT TASK. C.K.McIntyre*,
L.K.Marriott, and P.E.Gold. Department of Psychology, University o f Virginia, 
Charlottesville, VA 22903.

Lesions of the hippocampus but not the amygdala impair performance on 
spontaneous alternation tasks in rats. Recent findings from our laboratory indicate that 
acetylcholine (ACh) release in the hippocampus is positively correlated with 
performance on the hippocampus-dependent spontaneous alternation task and 
negatively correlated with performance on the amygdala-dependent conditioned place 
preference task in rats. Such findings suggest that changes in ACh output in specific 
brain areas may reflect activation o f that area during learning. According to this view, 
ACh release in the amygdala may not increase during spontaneous alternation tests, and 
might correlate negatively with alternation scores. To investigate this question, in vivo 
microdialysis was used to assess extracellular ACh levels in the amygdala during 
spontaneous alternation testing. All rats were well handled for 3 days prior to testing 
(10 min/day). 135 min prior to testing, microdialysis probes (1 mm membrane length) 
were inserted into the amygdala via previously implanted guide cannulae. Dialysis 
samples were collected every 25 min (1 µl/min) and were assayed for ACh content via 
HPLC. Baseline measurements were taken during three samples (25 min each) 
immediately before the rat was placed on a 4-arm (plus-shaped) maze. The rats were 
allowed to freely explore the maze for 25 min while microdialysis continued. 
Preliminary results indicate that ACh content in samples taken during spontaneous 
alternation was 168.3 ± 26.8% of baseline. The extent o f the increase in ACh release in 
the amygdala during spontaneous alternation is comparable to that seen in the 
hippocampus under similar conditions. These findings therefore indicate that, although 
involvement o f the amygdala is not necessary for good performance in this task, ACh is 
released within the amygdala while a rat is participating in a spatial working memory 
task. Supported by NIA (AG07648) and NINDS (NS32914).

LEARNING AND MEMORY: PHYSIOLOGY—OTHER

75.1
C A LC IU M  IM A G IN G  O F O LF A C T O R Y  R E SPO N SE S IN T H E  
M U SH R O O M  BOD Y REG ION  O F W IL D -T Y PE  A N D  M U TA N T  A D U L T  
D R O SO PH ILA  .
N.J.D.Wright*, Y.Wang and Y.Zhong.
Cold Spring Harbor Lab.,1 Bungtown Road, Cold Spring Harbor,
New York 11724.

Mushroom body, (MB), neurons in the insect brain are known to be involved 
in olfactory information processing and olfactory-related learning. Olfactory 
information is first encoded by sensory neurons in the antenna and sent to the 
antennal lobes which in turn project into the MB's. We have developed a 
preparation which allows the direct monitoring of MB activity using calcium 
imaging in a living adult fly. We are able to access the dorsal surface of the fly 
brain through a "window" in the top of the head and apply short "puffs" of odors 
onto the antennae. It appears that each odor tested induces a distributed response 
throughout the MB region with "hot spots" specific to each odor independent of 
concentration. Different odors appear to induce spatially different responses. A 
study of the dose-dependancy of the response to ethyl acetate revealed that at 
low concentrations, (< 10-5), at which the odor is attractive to flies, only very 
small changes in MB activity could be detected. This was also found to be the 
case when high concentrations, (> 1 0 -2), were applied at which flies are normally 
repulsed by ethyl acetate. Interestingly, however, large increases in intracellular 
calcium, and presumably neuronal excitation, are observed when intermediate 
concentrations, (10-3 and 10-4), of ethyl acetate are applied. Therefore we 
propose that in this latter situation the olfactory information is analyzed further 
in the MB's when odors are not clearly perceived as repulsive or attractive. We 
are currently using drosophila mutants to examine this theory further.
Source of support: NIH grants 1-R01-N53477-02 and 1-P01-HD33098-01.

75.3
RESPONSE LATENCY IN DISHABITUATION OF THE BRANCHIAL 
DEFENSIVE REFLEX IN GOLDFISH RELATES TO PRIOR HABITUATION 
TRAINING. A.C. Kalyva1, K.C. Stylianopoulos1, N.N. Naska1, A. Guzik2*, and
M.M. Nikolctseas1. 1Psychol. Dept., Deree, The American College of Greece, 
Athens, Greece; 2Anatomy & Neurobiology Dept., Allegheny Univ. of the Health 
Sciences, Philadelphia, PA.

Muscle potentials from the opercular region of goldfish, Carassius auratus, show 
modified amplitude, firing rate and duration upon stimulation. These changes define 
the Branchial Defensive Reflex (BDR), a modulation in the topography of respiratory 
activity. In the present study, two groups of fish were used in a dishabituation 
paradigm. Group 1 (n=4) received 5 presentations of a weak stimulus (WS, flashing 
light, 5s, 6 Hz, 19×106 lumens, LSI, interstimulus interval, 300s). Group 2 (n=4) 
received 5 presentations of WS (LSI, 150s). After the last WS presentation, a strong 
stimulus (SS, constant current shock, 100ms, 50 mA) was delivered within the LSI 
;md fish were then tested for dishabituation. EMGs of an abductor respiratory muscle 
(dilator operculi) and BDR were concurrently recorded through tungsten electrodes and 
displayed on a computerscope. BDR decrement was observed (p<.05). No difference 
was found between groups. Muscle filing rate suppressed due to stimulation and 
showed fast habituation (e.g. 2 trials), returning to patterns close to normal 
breathing. Muscle burst duration increased due to stimulation ;md showed slower 
habituation (e.g. more than 2  trials), returning to normal breathing duration. 
Dishabituation was more prominent in muscle burst duration. Dishabituated BDRs 
showed latencies close or shorter than alpha responses (p<.05) ;md were comp;ued 
with dishabituated responses that showed longer latencies after more training trials 
(unpublished data). Findings are discussed in terms of inhibition and prior training in 
the development of dishabituation, as well as differential innervation of muscle rate 
;md firing duration. (.Supported by Deree College funds)

75.2
MODULATION OF THE ACTIVITY OF RESPIRATORY MUSCLES 
DURING THE BRANCHIAL DEFENSIVE REFLEX IN GOLDFISH, 
C A R A S S IU S  A U R A T U S . M. M. Nikoletseas*, E. G. Antzoulatos, D. D. 
Fioravante, A. C. Kalyva, N. Naska, and K. C. Stylianopoulos. Psychology 
Dept., The American College of Greece, Athens, Greece.

The branchial defensive reflex (BDR) consists of any modulation of the 
goldfish respiratory baseline in response to a stimulus. This reflex has 
been repeatedly used in associative and non-associative learning 
paradigms. In response to weak stimuli, BDR involves deceleration or 
complete suppression of breathing. In this study, EMGs from respiratory 
muscies were recorded in order to examine muscle coordination during 
both normal breathing and BDR elicited by a weak stimulus (flashing light, 
2s, 6Hz, 20×106 lumens). Recordings were obtained through tungsten 
electrodes placed near the insertion of the muscles. It was found that a 
typical respiratory cycle starts with adduction of the lower jaw and of the 
opercula carried out by adductor mandibuiae 3 and adductor operculi 
respectively. Adduction is followed by simultaneous abduction of jaw and 
opercula, with almost synchronous activity of levator operculi, dilator 
operculi, and levator hyomandibulae. During BDR, longer bursts of lower 
amplitude are recorded, correlating with respiratory deceleration. BDR 
onset takes place during the adduction phase, resulting in prolonged and 
incomplete adduction. The adductors are known to be primarily controlled 
by cranial nerve VII, which, in humans, innervates muscles of facial 
expression. Implications concerning the role of CN VII on emotional 
expression are discussed. (Supported by American College of Greece 
funds)

75.4
CELLULAR AND NETWORK MECHANISMS OF PERSISTENT NEURAL 
ACTIVITY UNDERLYING THE MEMORY OF EYE POSITION. E. Aksay*1,2, R. 
Baker2,  D. Lee*, B. Mensh1, S.S.-H. Wang1, H.S. Seung1, D.W. Tank1. 1Bell Labs, 
Lucent Tech., Murray Hill, NJ 07974; 2NYU Med. Ctr., New York, NY 10016.

Proposed mechanisms of short-term memory can be tested in vivo in the goldfish 
oculomotor velocity-to-position integrator, where current eye position is stored for tens 
of seconds in the persistent firing pattern o f integrator neurons. We performed dual 
single-unit extracellular recordings in the integrator of the awake restrained goldfish 
(Carassius auratus) while monitoring spontaneous saccades and fixations with the 
scleral search coil method. One ACSF-filled recording electrode contained lidocaine. 
Small injections (0.5 nL) silenced neurons recorded at the injection site without affecting 
the waveform of action potentials of integrator units at a second electrode 2 0 0  microns 
away. However, both eye position and the firing rate of single units recorded at the 
distal site were no longer persistent. Both showed pronounced decay at comparable 
rates. After several minutes, neurons near the injection site recovered from inactivation, 
and persistence both in the eye position and in the firing rates of distal neurons was 
restored. The effects of partial inactivation we observed are consistent with a distributed 
network mechanism of short-term memory, such as tuned positive feedback, and 
inconsistent with many models based solely on intrinsic single cell properties.

The amount of recurrent synaptic excitation necessary to produce the elevated firing 
rates during gaze holding was estimated from intracellular recordings. Elevated 
integrator firing rates (80-100 Hz) observed during large amplitude ipsilateral gaze holds 
were accompanied by sustained depolarizations o f up to 25 mV. Summating excitatory 
PSPs (2-3 mV, 3-5 msec duration) were observed during gaze-holds. Large transient 
(+/-) 5-20 mV deviations of Vm were recorded during (on/off) direction saccades. We 
estimate that an increase in synaptic drive of several thousand of these fast PSPs per 
second would be required to maintain the 20 mV depolarizations observed at eccentric 
eye positions. (Supported by Lucent Technologies.)
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75.5
DYNAMIC PROPERTIES OF TASK-RELATED ACTIVITY RECORDED IN THE 
RAT STRIATUM DURING DISCRIMINATIVE PROCEDURAL LEARNING IN A 
T-MAZE. Y. Kubota1*, M.S. Jog2, C. Connolly3, D. Iyengar1, A.M. Graybiel1. 1Dept. of 
Brain and Cognitive Sciences, MIT, Cambridge, MA; 2University o f Western Ontario, 
London Ont. N6 A 5A5 Canada; 3SRI International, Menlo Park, CA.

Behavioral and imaging experiments have implicated the basal ganglia in procedural 
learning, but what plasticity in neuronal coding occurs in the basal ganglia during 
training on a procedural task, a more direct indication o f their role, has not been 
demonstrated clearly. We recorded ensemble neuronal activity in the mid-dorsolateral 
caudoputamen with 6  tetrodes while rats learned to run in a T-maze and enter the right or 
left choice arm upon hearing one of two tone stimuli (1 or 8 kHz) indicating the 
availability of food reward at the goal at the end of either arm. We examined the activity 
of more than 2 0 0 0  striatal single-units and searched for changes in firing rate time- 
locked to distinctive events (start [gate opening], tone onset, turning, and goal reaching) 
in the task. We found such task-related activity in all stages of training and found major 
changes during training. First, the proportion of units with task-related activity increased 
(from 55 % of recorded units before to 90% after training) and units showing activity in 
relation to 2 or more task events increased (from 14% to 45%). Second, the proportion 
of units exhibiting activity in relation to particular task events changed during acquisition 
of the behavior. Start-related and goal-related activity increased dramatically (from 34% 
of task-related units to 74% and from 28% to 53%, respectively). Tone responses also 
increased, but by a smaller amount (from 3% to 19%). By contrast, there was a striking 
decrease in turn-related activity (from 57% to 22%). These data suggest that during the 
course of procedural learning, the sensorimotor/associative striatum may come to code 
behavioral sequences making up a procedure (beginning, end and salient intermediates) 
so that the procedure can be executed as a single performance unit. This coding may be 
an integral part of neural processes underlying "motor readiness." Supported by Tourette 
Syndrome Association and NIMH grant 1-RO3-MH57878-01. 

75.7
NEURONAL AC TIV ITY  IN THE RAT S U P E R IO R  C O L L IC U L U S  
DURING SPATIAL M EM O RY TASK P E R FO R M A N C E . D. A.
Weldon*, R. R. Edwards, T. J. Green, S. I. Arbouet, and T. L. Kocivar. 
Department of Psychology, Hamilton College, Clinton, NY 13323.

The involvement of the superior colliculus in visuomotor mechanisms 
suggests that neuronal activity in this location might be correlated with 
behaviors in tasks that require spatial processing. We investigated this 
possibility by recording the activity of neurons in the deep layers of the 
superior colliculus of male Long-Evans rats during their performance in a 
spatial matching-to-sample task. Animals received pairs of sample and 
match trials in an elevated T-maze. In the sample trial, a door was opened to 
permit the animal to enter one of the two goal boxes for food 
reinforcement. On the subsequent (match) trial, the animal was given a 
choice, and he received a reinforcement if he entered the same goal box 
that was used in the sample trial.

Of the 37 collicular neurons that we examined, 32 (86%) were inactive 
as the animals traversed the maze but then showed a burst of activity when 
the rats entered the goal boxes. For 45% of these cells, the burst of activity 
was more pronounced during the match than during the sample trials. Most 
of the collicular cells responded to tactile stimulation. The results indicate 
that neurons in the rat superior colliculus show different patterns of activity 
when behaviors are guided by spatial memory than when they are not.

This research was supported by General Electric Foundation, Pew 
Program for Undergraduate Science Education, and Ralph E. Hansmann 
Science Student Support Funds.

75.9
TEMPORAL LOBE FUNCTION IN PANIC DISORDER PATIENTS 
Dantendorfet*k.Maierhofer D. Anderer P. Schugens M . Daum I 
University Hospital Vienna. Department of Psychiatry. Austria 
*University of Bochum. Dep. of Neuropsychology. Germany 

An eyelid conditional discrimination (ECD) learning task, which has been 
shown to selectivly test temporal lobe function, was used to examine 
unconscious discrimination learning capacity in panic disorder (PD) patients to 
test the hypothesis that in PD the ability to differentiate between significant (ie 
dangerous) and unsignificant stimuli could be impaired. 37 PD patients 
diagnosed according to DSM-III-R criteria and matched healthy controls (HC) 
underwent an ECD experiment (as described by Daum et a l) . The response 
frequencies to reinforced (CRR) and unreinforced trials (CRU) were quantified. 
As predicted by our hypothesis the response ratio of CRR to CRU was reduced 
in PD patients as compared to HC (CRR ±SE / CRU ±SE: PD 20.2±3 /
17.2+3.2: HC 33.8±8 / 11.2±3). This is the first experimental study showing, 
that there is an impaired ability to discriminate between signifcant and 
insignificant stimuli in PD patients. As suggested by brain imaging studies, 
showing functional and morphological brain abnomalities in PD our study 
points out the possibility of temporal lobe dysfunctions at least in subgroups of 
PD patients.

supported by grant P 10930-Med FWF

75.6
MONKEY VENTRAL STRIATAL NEURONAL RESPONSES CODE 
PROGRESS THROUGH A MULTIPLE-TRIAL SCHEDULE TASK 
AND REWARD VALUE AT DIFFERENT TIMES. M. Shidara* & B.
J. R ichm ond. N euroscience Sect., E lectro techn ical Lab., 1-1-4 
U m ezono, T sukuba-sh i, Ibaraki 305-8568 , Japan* , & Lab. o f 
Neuropsychology, NIMH, Bethesda, MD20892, USA.

Ventral striatal neurons were recorded during a task wherein 
monkeys were required to release a bar when a visual target changed 
color. 1, 2 or 3 trials had to be completed to obtain a reward. A cue, 
located above the target, signaled progress through the current schedule 
by brightening in 1 to 3 steps as the trials are completed successfully. 
The monkeys’ behavior is sensitive to the cue. Neuronal responses to the 
cue, the bar-release, and/or the rew ard delivery were m odulated 
according to progress in the current schedule.

The task schedule can be abstracted into 2 states for reward vs. 
non-reward, 4 states for the proximity to the reward, and 6  states for all 
the states of the schedule. Information theoretic analysis using spike 
count as the neuronal response code for 2 ,  4, and 6  states showed 0.075,
0.178, and 0.313 bits for the cue-related responses, 0.176, 0.201, and 
0.206 bits for the bar-release-related responses, and 0.191, 0.198, and 
0.203 bits for the reward-related responses, respectively. Thus the cue- 
related responses carry information to discriminate the schedule states, 
and although not the reward itself, whereas the bar-release-related and 
reward-related responses inform only about the reward. A temporal 
code of the cue-related responses (3 principal components) about 6  states 
almost doubles (0.313 -> 0.591 bits) that information; thus the temporal 
pattern of the neuronal responses would help the animal decode the cue 
state. Support: AIST/MITI and IRP/NIMH/NIH.

75.8
EFFE C TS O F E X T R EM ELY  L O W  F R E Q U E N C Y  M A G N ET IC  
FIELD S O N M E M O R Y  AN D  SLEEP.

Díaz-Ruiz O .1,  Schwanke E.1, Navarro L.1, Méndez-Díaz M .1, Mercado- 
Reséndiz M .1, Drucker-Colín R.12, Próspero-García O . 1 and Verdugo-Díaz
L.1* 1Grupo de Neurociencias, Depto. de Fisiología, Fac. de Medicina. 2 
Depto. de Neurociencias, IFC. UN AM. AP 70-250, CP 04510.

The effects of extremely low frequency magnetic fields (MF) on brain 
functions have been poorly studied. Since it is known that these fields can 
influence cellular processes, it was interesting to determine if MF have an 
effect on memory and sleep. Memory study, twenty two male rats were 
trained in the footshock passive avoidance task (1 mA, 10 s, 100 V). 
Immediately after training half of the rats received MF by a pair of 
Helmohltz coils (30 cm × 32 cm, 1 mT, 120 V, 60 Hz) for two hours. 
During the next seven days the retention of memory was tested. Sleep 
study, an independent group of seven rats were used. The first day of sleep 
recording this group was housed in the MF chamber without receiving 
magnetic treatment (control record) and on the second day the same rats 
were exposed to the MF for two hours. Immediately after either conditions 
sleep recordings were taken for four hours. Results, this indicated that no 
differences were observed during evocation o f the behavior (first day) and 
the memory extinction was delayed in the MF group up to 6 days. In the 
same way, MF produced changes in all sleep phases. Waking and slow 
wave sleep (SWS) 1 were reduced while SWS2 and rapid eye movement 
sleep were increased compared to control. Our results suggest that the MF 
could affect a mechanism underlying both memory and sleep.
This work was partially supported by a grant from FUNSALUD to OPG.

75.10
IMPAIRMENT OF HIGH MENTAL FUNCTIONS OF CHILDREN WITH 
SPECIAL NEEDS. Dr.Prof. L.M;Shipitsina*. Dept. of Special Psychology. St. 
Petersburg State Univ.: Instit. of Special Education and Psychology, Russia.

The purpose of work was the research of mechanisms of High Mental functions 
and comparative analysis of their similarity and distinctions at children of early 
school age with impairments of hearing, speech, intellectual development, delay 
of psychological development and also the children from the «risk groups» (with 
learning difficulties).

For the assessment of High Mental functions of the schoolchildren there were 
used the neurophysiological and neuropsychological methods.

The analysis of mechanisms of High Mental functions of children with hearing, 
speech impairments, delay of psychological development and problems in intel 
lectual development reveals the common law that the disontogenesis of a child of 
early school age is connected to a dominant impairment of functional activity of 
the left (dominant for speech) hemisphere of brain and interhemisphere influences 
of it's associative (frontal and lower pariental) structures. The more significant 
the pathology (severe impairment of hearing, speech, intellectual development) 
the more interactions of the left hemisphere are impaired and the more the func
tional activity of the right hemisphere grows.

In conditions of deficiency of functions of the left hemisphere the hyperfunction 
of the right hemisphere and especially the inclusion into the synchronous activity 
of symmetric centers of the motor analyzer and associative zones provide the 
compensative abilities of a brain in the processes of gnosis, pracsis, cognitive and 
other kinds of activity of a child with special needs.

We have got the neuropsychological and neurophysiological criterion which can 
be used for diagnostics and evaluation of the results of remedial work in dynamics 
of education of children with the impaired development as well as for screening 
the children of «risk groups» (with learning difficulties) and for preventive work.
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75.11
ENHANCED MEMORY CAPACITY IN MODULAR NETWORKS 
WITH STRUCTURE-ACTIVATION CORRELATION
Carlo Fulvi Mari*and Alessandro Treves SISSA - Cognitive Neuroscience, via 
B eirut 2-4, 34014 Trieste, Italy

Inspired by neocortex, we consider a  system  constitu ted  of a  large num ber 
of in teracting  autoassociators (realized as densely connected recurrent nets) 
required to  store many different p a tte rns of d istributed  neuronal activity and 
to  perform  cued retrieval of any one of these, so as to function as a m odular 
mem ory system . If the sparse connections among the neurons belonging to 
different m odules are d istributed  uniformly a t random , it can be shown th a t 
the  resulting whole netw ork has the  desired a ttrac to rs  th a t correspond to the 
stored memories as well as d isturbing a ttrac to rs  corresponding to m ixtures of 
memories. In the la tte r  a ttrac to rs , each m odule retrieves a  distribution  of local 
neuronal activity  experienced during learning one of the p atterns, bu t differ
ent m odules retrieve fragm ents of different global pa tte rns. Thus, the  m odular 
netw ork cannot function as a  mem ory store, since a given cue may drive it 
into m eaningless steady sta tes as well as into a  correct global d istribution of 
activity. We show the ingredients required to  enhance the storage capacity 
and to suppress the  undesired sta tes affecting the perform ance of such a  net
work. The main steps to  this results are (1) reducing the average num ber of 
active modules per p a tte rn , and (2 ) introducing correlations between the set 
of inter-m odular connections and the activations of the modules. In paral
lel w ith analyzing the retrieval behaviour of the network, the self-consistency 
of such sta tistics of m odular activity  m ust be verified. We generate consis
ten t sta tistics introducing a fictitious stochastic dynam ics of m odular activities 
whose asym pthotic probability  d istribution satisfies the relations required for 
our model to  be meaningful. We also estim ate the bound on the correlation 
of the activity  of connected m odules as a function of the average m odular ac
tivity  and of the num ber of long-range projections per module. In conclusion, 
efficient m emory storage in a m odular network appears to be associated with a 
non-zero correlation between connectivity s tru c tu re  and p a tte rn  of activation.

75.13
LEA RN IN G  AND M EM ORY M O D EL DEM O N STRA TED  W ITH D IG ITA L 
M EM ORY-BASED HARDW ARE. H. Y am ada*,  J .  T ak eu ch i, J .  S h in . G. 
M atsu m o to  an d  M. Ich ik aw a  B ra in w ay  Gr., B ra in  Science In s t i tu te  of 
R IK EN , W ako 351-0198 J a p a n . http://brainw ay.riken.go.jp

I t  is g en e ra lly  th o u g h t th a t  m em ory  co n te n t in b ra in  is e x p ressed  by 
sy n ap tic  connection  of n e u ra l  c ircu its  im p lem en tin g  an  assoc ia tive  m em ory. 
H ow ever th e  d e ta ile d  n e u ra l  a rc h ite c tu re  u n d e rly in g  such  a m em ory  is s till 
u nkn o w n . In  p rin c ip le  assoc ia tive  m em ory  specifies re la tio n sh ip . If  
d ig ita l m em ory-based  h a rd w a re  sy stem  can  m an ag e  re la tio n sh ip  b e tw een  
co n te n ts  au tom atica lly , it  m ig h t im p le m e n t on asso c ia te  m em ory. S uch  a 
sy stem  we w ould te rm  a “b ra in w ay  neo-cortex” com puter.

We in v es tig a te d  an  a rc h ite c tu re  in w hich  each  m em ory  c o n te n t is 
a d d re sse d  by a d ynam ic  “key”. T h is  key is g e n e ra ted  from  in p u t  
in fo rm a tio n  by a  rap id  “ev a lu a tio n ” ne tw o rk . In p u t  in fo rm a tio n  for w hich  
no p rev io u s  in fo rm a tio n  ex is ts  will force th e  “e v a lu a tio n ” n e tw o rk  to 
g e n e ra te  a new  key. T herefo re  th e  m em ory  r e p re se n ts  ex perience, access 
in fo rm a tio n (h isto rica l key tab le) an d  copy of in p u t  in fo rm ation .

D u rin g  op era tio n , in p u t  in fo rm a tio n  force th e  e v a lu a tio n  n e tw o rk  to 
g e n e ra te  a  “key”. T h is key is t ra n s la te d  in to  th e  physica l a d d re s s  in  
m em ory  space. If  th is  ad d re ss  p o in ts  to  a m em ory  co n ten ts  w hich  is 
com patib le  w ith  th e  in p u t  in fo rm atio n , th e  key is confirm ed in  th e  h isto rica l 
key tab le . If  th e  ad d ressed  m em ory  is n o t co n s is ten t w ith  th e  in p u t  
in fo rm atio n , it  is tra n s fe r re d  to th e  m em ory  space an d  asso c ia ted  w ith  a 
new  key. R ep etitiv e  o p e ra tio n  w ill asso c ia te  in p u t  in fo rm a tio n  in  th e  
“h is to ric a l key ta b le ”. T h is h isto rica l in fo rm a tio n  w ill a llow  th e  sy stem  to 
p red ic t th e  fu tu re  dev e lo p m en t of th e  in p u t  in fo rm atio n . T he m ost c ritica l 
com ponen t of th is  system  is th e  “e v a lu a tio n ” n e tw o rk  w hich  in  th e  p re s e n t  
im p le m e n ta tio n  w as designed  w ith  refe ren ce  to  th e  lim bic-system . A 
p ro to ty p e  sy stem  w as im p lem en ted  on a field  p ro g ram m ab le  ga te  a rra y  
(FPGA).

75.12
MEMORY FOR FACES WITH BASIC NEURAL NETS
A. Treves*. SISSA - Neuroscience, via Beirut 2, 34014 Trieste.

Three fundamental memory processes may underlie the formation of neu
ronal representations of objects from combinations of features in the temporal 
lobes. They are: (i) the ability to extract prototypes from experiencing only 
their variations; (ii) the ability to reconstruct known configurations of features 
from partial cues; (iii) the ability to recall stored associations of objects with 
unrelated percepts. Each process can be implemented by simple matrix mem
ory networks, using distributed representations and Hebbian plasticity to pro
duce: (i) competitive learning; (ii) autoassociation: (iii) pattern association. To 
demonstrate the capability of even rudimentary networks in a quasi-ecological 
situation, three tasks involving memory for faces were designed to be adminis
tered to both human subjects and neural nets.

In each task 7 prototype faces, each specified as a configuration of features 
from among ≈ 1 0 6 possible combinations, were to be recalled from, respec
tively, (i) statistically clustered variations (ii) partial cues and (iii) previously 
associated cues. Each task could be varied from easy through intermediate to 
difficult for both humans and nets, and nets with 2,401, with 9.604 and with 
29,600 storage locations (connection weights) were used. The performances ob
tained were from 65% correct (the smallest net at the most difficult, task level) 
to 86% (the largest net at the easiest task) for the extraction of prototypes, 
from 51% to 92% for the recall from partial rues, and from 68% to 97% for het
eroassociations, in each case in the range of the (rather variable) performances 
of human subjects.

These results demonstrate the ease with with such elementary memory pro
cesses can be implemented once inputs are appropriately preprocessed; th e y  
suggest that faces pose no special requirements different from the general ob
ject category, other than the exact nature of the information required: and th ey  
suggest order-of-magnitude estimations of the neural resources that have to be 
associated with memory for a specific class of objects.

L E A R N IN G  A N D  M E M O R Y : P H A R M A C O L O G Y — A C E T Y L C H O L IN E

76.276.1
SCH57790, A SELECTIVE M2 RECEPTOR ANTAGONIST, RELEASES 
ACETYLCHOLINE AND PRODUCES BEHAVIORAL EFFECTS CONSISTENT 
WITH COGNITIVE ENHANCEMENT.
V.L. Coffin*, G.J. Carey, M. Cohen-Williams, J Lachowicz, W. Billard, H. 
Binch, G. Crosby, C.Morgan, D. Lowe.  CNS/CV Biological Research, 
Schering-Plough Research Institute, Kenilworth NJ 07033, USA.

SCH5779O, is a novel piperazine which has < 10nM affinity for 
muscarinic M2 receptors, and displays 50 fold selectivity for M2 over other 
muscarinic receptors. In-vivo microdialysis studies show that SCH57790 
(0.1-10mg/kg) produces dose dependent increases in acetylcholine (Ach) 
release from both rat cortex and striatum when injected p.o. or i.p. In 
behavioral studies, SCH57790 improves cognitive performance in both 
rodents and primates in the absence of drug induced deficits. For instance, 
SCH57790 (0.003-1.0mg/kg) increased retention times in a model of 
reference memory, namely young rat passive avoidance responding (PAR) 
when given either before or after training. Also, SCH57790 (0.003-
0.3mg/kg) enhanced spatial memory in rodent water maze when 
administerd once a day for five days. In an operant task in squirrel 
monkeys, administration of SCH57790 (0.01-0.03mg/kg) once a day for 
four days potentiated working memory by improving performance under a 
schedule of fixed-ratio discrimination with titrating delay. The effects 
observed were quantitatively similar to the effects produced by the 
clinically used cholinesterase inhibitor Aricept, under the same 
experimental conditions. Additionally, observational studies in rats 
revealed that signs of muscarinic M1 receptor blockade (mydriasis) were 
not observed until doses >1 0 mg/kg were administered. Together, these 
data suggest that blockade of M2 autoreceptors by the 50 fold selective M2 
antagonist SCH57790, increases Ach release resulting in improved 
cognitive performance in both rodents and primates working in a variety of 
behavioral tasks.

MEMORY FUNCTION AND MUSCARINIC RECEPTORS IN 
ZEBRAFISH. F.E. Williams and W.S. Messer. J r .*, Department of 
Medicinal & Biological Chemistry, College of Pharmacy, The 
University of Toledo, Toledo, OH 43606

Due to its size, short gestation period, rapid maturation, and ease 
of handling, the zebrafish (Dαnio rerio) is an ideal organism for 
studying the genetic basis of behavior in vertebrate animals. We 
initiated a series of studies to examine learning and memory function 
and muscarinic receptors in zebrafish.

Fish were fed twice daily on alternating sides of a divided fish 
tank, with one side marked using red colored paper. The number of 
animals present on the correct side of the tank was recorded at cue 
(light tap on the tank), five seconds after cue as food was delivered, 
and five seconds after food delivery. Data were collected from three 
separate experiments with five or six fish in each group. Within three 
weeks, 1 0 0  % of the fish entered the correct side of the tank within 
five seconds of food presentation.

Despite the utility of zebrafish as a model organism for vertebrate 
development, relatively little information exists about zebrafish signal 
transduction systems, especially for G protein-coupled receptors. 
Preliminary studies identified a PCR product from zebrafish genomic 
DNA of the same size as that amplified from the human m 1 muscarinic 
receptor gene. A partial sequence comparison revealed remarkable 
similarities with cloned mammalian m l muscarinic receptors. 
Together, these data will form the basis for molecular studies on the 
role of muscarinic receptors in learning and memory function in 
zebrafish. This work was supported by NS 31173.
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76.3
EFFECTS OF S I T E - S P E C I F I C  IN J E C T I O N S  O F  G A L A N I N  
ANTAGONIST M 40 W ITH  A M U S C A R IN IC  M 1 A G O N IST ON 
DELAYED N ON -M ATCHIN G  TO POSITION CHOICE ACCURACY 
IN 192-IgG -SAPORIN-LESIONED RATS.

M. P. M cDonald* 1, K. R. L. A rau jo 1, L. B. Willa rd2, G. L. W enk2, &
J. N. C raw le y1. 1Sect ion on Behavioral  N e uropharmacology,  ETB, 
NIMH, Bethesda, MD 20892. and 2Division of  Neural Systems, M em  
ory and Aging, University of Arizona, Tucson. AZ 85724.

Galanin is a 29-amino acid neuropeptide that inhibits evoked acetyl
choline release in the rat septohippoc ampal pathway and impairs perfor
mance on learning and memory tasks, including delayed non-matching to 
position (DNMTP). Galanin is overexpressed in the basal forebrain in 
Alzheimer's disease, which may contribute to the memory deficits char
acteristic of the disease. M4O, a peptidergic galanin receptor ligand, 
blocks galanin-induced impairment on DNM TP. Intraventricular (icv) 
M4O alone docs not improve performance in rats with cholinergic lesions 
induced by l92IgG-saporin, but icv M4O co-injected with intraperitoneal 
(ip) TZTP. a specific M| muscarin ic agonist,  significantly improves 
DNMTP choice accuracy in lesioned rats more than TZ TP aíone. In the 
present experiments, the effects of ip TZTP co-administered with M40 
were evaluated in site-specific micro-injections into the medial septum, 
ventral hippocampus, or nucleus basalis magnocellularis,  or com bina  
tions of these sites. The ameliorative effects of a galanin antagonist in 
combination with a muscarinic agonist on D N M T P  choice-accuracy 
deficits in chol inergically-lesioned rats suggests a potential therapeutic 
benefit for the treatment of  A lzhe im er 's  disease. Supported by the 
NIMH IRP and the Alzheimer's Association (TIRG-95-004 to GLW).

76.5
NICOTINE FACILITATES CONTEXTUAL FEAR CONDITIONING AND 
LATENT INHIBITION IN C57BL/6 MICE. T.J. Gould1*, A C. Collins1 and J.M. 
Wehner1. 1Institute for Behavioral Genetics, Univ. of Colorado; Boulder. CO 80309.

The present series of experiments investigated acute effects of nicotine on learning 
and attention as measured in fear conditioning and latent inhibition. Latent inhibition 
measures decremental attention. C57BL/6 (B/6 ) male mice were pre-exposed to 
conditioned stimulus (CS) (i.e., a 5 sec. 80 dB, 6  cps train of clicks) before pairing the 
CS with a 0.35 mA 1 sec foot-shock unconditioned stimulus (US). Pre-exposure of the 
CS decreased the strength of the CS-US association. Mice were initially tested with
0.5 mg/kg ip nicotine given before 40 pre-exposures to the CS but nicotine at this dose 
had no effect. However, reducing the number of pre-exposures from 40 to 10 
increased the difficulty of the task and mice treated with nicotine (0.25 mg/kg & 0.5 
mg/kg) before 10 pre-exposures showed more latent inhibition than control mice 
(F(4,65)=7.9581; p < 0.001). Thus nicotine enhanced latent inhibition when the 
difficulty of the task increased. Fear conditioning measures both the ability to 
associate a context with a US (which is hippocampal-dependent) and the ability to 
associate a CS with a US (which is hippocampal-independent). During a session, two 
30 sec auditory CS (i.e., a 80 dB, 6  cps train of clicks) were terminated with the 
presentation of a 0.35 mA 1 sec foot-shock US with a 120 sec ISI. The effects of 0.1. 
0.25 and 0.5 mg/kg of nicotine on contextual fear conditioning were tested in B/6  
mice. Nicotine administered on training, testing or both days had no effect on 
learning the hippocampal-independent part of the task (i.e., the CS-US association). 
Nicotine (0.5 mg/kg) did strengthen the context-shock association when nicotine was 
given both on training and testing days (t(28)=3.78; p < 0.001). Thus, nicotine effects 
on learning were specific to contextual learning. In sum. nicotine facilitated the 
ability to decrease attention to irrelevant stimuli as measured by latent inhibition and 
increased learning of the hippocampal-dependent segment of fear conditioning, 
demonstrating nicotine influences on learning processes. (Supported by DA10156, 
AA00141, DA00197).

76.7
AVAILABILITY OF CHOLINE MODULATES APOPTOSIS AND 
NEUROGENESIS IN FETAL RAT BRAIN. A Y. Tsai1, C.D. 
Albright1, M .-H. Mar1, E. Brown1, C.L. Williams2*, and S.H. Zeisel1. 
1Department of Nutrition, University of North Carolina, Chapel Hill, 
NC 27599 and 2Department of Psychology: Experimental, Duke 
University, Durham, NC 27708.

Previous, we have shown that cells in fetal brain die by apoptosis 
during choline deficiency (CD), and that apoptosis occurs in a hot spot 
located near the developing dentate gyrus in embryonic day 18 (ED 18) 
hippocampus. To understand the process of apoptosis, it is important to 
know when the apoptotic cells are born and whether the availability of 
choline during embryogenesis changes the location of the apoptosis hot 
spot. An in-vivo model was used. Timed pregnant rats were fed the 
AIN-76 diet with or without choline for 6  days, and, on ED 18, fetal 
brain sections were collected and analyzed for mitosis and apoptosis. In 
addition, we studied neurogenesis by injecting rats with 
bromodeoxyuridine (BrdU) on E16 and collecting their brains on E 18 . 
We found that CD increased apoptosis in the lateral septum but not the 
medial septum; no effect of CD was seen on apoptosis within the 
hippocampal apoptosis hot spot. CD also decreased the rate of mitosis 
in the neuroepithelial layer adjacent to the hippocampus and septum. On 
the other hand, dietary choline changed the distribution and migration of 
BrdU-positive neuronal precursor cells born on ED 16 in the 
hippocampus. These data show that choline alters apoptosis, cell 
proliferation and migration in critical brain regions involved in the 
acquisition of short-term memory. Supported by NIH grant AG09525.

76.4
ANTIAMNESIC ACTIVITY OF THE NOVEL NICOTINIC AGONIST 
DBO-83 B. Caldari, D. Barlocco, N. Galeotti, C. Ghelardini, C. Vinci 
and A. Bartolini Dep t .  of Pharmacol. Univ. of Florence and º Inst. o f 
Pharmaceutical and Toxicol. Chem., Univ. of Milan,Italy, SPON: EBBS* 

Accumulating preclinical and clinical data suggest that compounds 
that selectively activate neuronal nicotinic ACh receptor subtypes may 
have therapeutic utility in the treatment of cognitive deficits. The current 
study was to characterize the cognitive-enhancing potential of the novel 
nicotine agonist 3-[6-Cl-pyridazin-3-yl]-diazabicyclo[3.2.1]octane sigled 
DBO-83. The effect of DBO-83 was detected in the mouse by using the 
passive-avoidance test performed according to the method described by 
Jarv ik  and Kopp (1967). The am nesic agents used were the 
antim uscarinic drug scopolamine (1.5 mg k g -1 i.p.), the nicotinic 
antagonist mecamylamine ( 2 0  mg k g -1 i.p.), the α 2 agonist clonidine 
(0.125 mg kg-1 i.p.) and the GABAB agonist baclofen ( 2  mg k g -1 i.p.). 
All drugs were injected immediately after the training session while 
clonidine was administered 40 min before the punishment consisting of a 
fall into cold water +10°C). In all experimental conditions DBO-83 (5-10 
mg k g -1 i.p.), administered 2 0  min before the training session, was able 
to protect mice from amnesia but not to improve learning and memory in 
unamnesic mice. A similar protective action against all amnesic agents was 
exhibited by the well known nootropic drugs piracetam (30 mg k g -1 i.p.) 
and aniracetam (100 mg k g -1 p.o.), used as reference compounds. DBO- 
83 did not impair motor coordination and spontaneous motility at the 
antiamnesic doses as revealed respectively by the rota-rod and hole-board 
tests. The present results demonstrate the ability of DBO-83 to prevent 
pharmacologically induced amnesia.
This work was supported by grants from MURST.

76.6
AR-R 17779, AN α7 NICOTINIC AGONIST IMPROVES 
LEARNING AND MEMORY IN RATS. E.D. Levin1*, C. 
Bettegowda1 J Gordon2 and J. B losser2. 1Psychiatry Department, 
Duke University Med Ctr, Durham, NC 27710; 2Astra Arcus USA, 
Inc, Three Biotech, One Innovation Dr. Worcester, MA 01605.

Nicotinic cholinergic systems have been found to be important for 
learning and memory function. The specific involvement of α7 
nicotinic receptors was assessed in this project using a novel α7 
nicotinic agonist, AR-R 17779. Repeated doses (sc injection 20 
minutes before testing) of the racemic mixture AR-R 13489 and its 
active isomer AR-R 17779 were assessed in adult female Sprague- 
Dawley rats using the 8 -arm radial maze. AR-R 13489 (2 mg/kg) 
caused a significant (p<0.05) learning improvement of long-term win- 
shift acquisition after three weeks of training (N =10/group). The same 
dose of AR-R 17779 also caused a significant improvement (p<0.05) 
in repeated acquisition within each daily session in the radial-arm 
maze. In another study, the active isomer AR-R 17779 significantly 
improved radial-arm maze working memory function in rats with 
lesions to the septohippocampal projection (N=10-12/group). 
Fimbria-fornix lesions significantly impaired working memory 
performance (p<0.05) and AR-R 17779 (1 mg/kg) significantly 
(p<0.05) reversed that impairment. This project showed that α7 
nicotinic agonist treatment improved learning in two radial-arm maze 
tasks and reversed working memory impairment caused by fimbria- 
fornix sections, providing evidence for α7 involvement in learning 
and memory and the potential therapeutic use of AR-R 17779.
(This research was supported by the Astra Arcus, USA.)

76.8
M O D IF IC A T IO N S  O F PR EN A TA L C H O L IN E  A V A ILA B ILIT Y
A LTER V ISU O SPA TIA L ABILITY  O F RA TS AC RO SS TH E
L IF E S P A N . W,H. Meek1*, C. Vipperman1, R.W. Wong1, J.M. Cermak2, J.K. 
Blusztain2, & C.L. Williams1. 1Department of Psychology: Experimental., Duke 
University, Durham, NC 27708 and 2Department of Pathology, Boston University 
School of Medicine, Boston, MA 02118.

Previous work from our laboratory has demonstrated that prenatal choline 
supplementation during embryonic days (ED) 11-17 (4.5 times the choline 
normally found in AIN76A chow; 35.6 mmol/kg) improves visuospatial memory 
of the adult offspring compared to control fed rats. We used both a cross-sectional 
and a longitudinal design to determine the duration of prenatal choline effects on 
memory and to assess the effects of prenatal choline deficiency (choline chloride 
removed from AIN76A chow on ED 11-17). In the cross-sectional study, prenatal 
choline supplemented rats trained for the first time at 26 months on a 12-arm radial 
maze made fewer working memory errors than control or prenatal choline deficient 
rats. For the longitudinal study, rats were trained at 2.5, 14.5, and 26.5 months of 
age. At all ages, the prenatal supplemented group outperformed control rats and did 
not show any age-related memory decline, seen in both deficient and control rats. 
Although prenatal deficient rats were no worse than control rats in maze 
performance when one trial/day was given, a massed-trials procedure (5 trials/day) 
revealed significantly greater proactive interference in prenatal deficient rats, and 
significantly less proactive interference in prenatal supplemented rats compared to 
controls. When these aged rats were sacrificed we found reductions of tissue ACh 
content in rats made choline deficient during ED 12-17 relative to the choline- 
supplemented and control rats, and an inability of choline-deficient rats to sustain 
depolarization-evoked ACh release relative to the choline-supplemented animals. 
These data are the first to report that alterations in the prenatal diet can have 
lifelong effects on memory and cholinergic function. (Supported by AG09525).
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P R E N A T A L  C H O L I N E  S U P P L E M E N T A T I O N  I M P R O V E S  
R A D IA L -A R M  M A Z E  P E R F O R M A N C E  O F  C 5 7 B L 6 /J  M IC E .
E.G. Mohler*, R.W. Wong, W.H. Meck, and C.L. Williams. Dept. of 
Psychology: Experimental, Duke University, Durham, NC 27708.

Work from our laboratory has shown that prenatal choline 
supplementation improves visuospatial memory of rats. Specifically, 
treatment with choline during embryonic days (ED) 12-17 (at which time 
neurogenesis of cholinergic cells in the basal forebrain occurs), results in 
fewer working and reference memory errors during both acquisition and 
steady-state performance on a 12-arm radial maze with 8 baited arms. The 
present study was designed to determine if the memory enhancing effect 
of prenatal choline can be generalized to another species. To do this we 
examined the effects of prenatal choline supplementation on the 
visuospatial memory of male and female C57BL6/J mice. Dams were 
supplemented with choline (35.6 mmol/kg in AIN76A diet; 4.5 times 
control levels) during ED 9-birth or not supplemented and pups were 
cross-fostered to control dams. Starting at 5 months of age, the offspring 
were trained daily on an 8 -arm radial maze with 5 baited and 3 unbaited 
arms. To discourage use of response biases prevalent in mice, our maze 
was modified so that mice could be detained on the central platform for 5 
sec. between arm choices. Preliminary data indicate that prenatal choline 
supplemented mice make significantly fewer working memory errors 
during acquisition than control mice, but both groups eventually reach 
similar levels of performance. This effect is significantly larger in male 
than female mice. These data suggest that prenatal choline may improve 
memory of mice as well as rats. Differences between rat and mouse data 
may be due to differences in the sensitive period of choline action and/or 
differences in task demands. (Supported by AG09525).

76.11

SYNERGETIC EFFECTS OF CORTICAL CHOLINERGIC DEAFFERENTATION AND 
AMYGDALA LESIONS UPON ACQUISITON OF CONDITIONED TASTE AVERSION H 
Qutiénez, L Ramirez-Trejo, M.I . Miranda, C . Ormsby and F Bermúdez-Rattoni*. Depto. 
Neurociencias. Insti uto de FisiologíaCelular, UNAM, México D.F. 04510.

Excitotoxic lesions of the basal forebrain cholinergic system produce a strong rnemory 
impairment in various learning paradigms in rats. Mnemonic deficits of this kind of 
lesions have been classically attributed to the resulting depletion of cortical acetylcholine 
activity. However, immunotoxin IgG-saporin (IgG-S) induced lesions have repeatedly 
failed to reproduce the kind of memory deficits normally found with the use of excitotoxic 
induced lesions. Interestingly, it has been reported that microinjections of IgG-S into the 
nucleus basalis magnocellularis (NBM) produce a selective deaferentation of the rat 
neocortex and hippocampus but not amygdala. In this study we have performed a detailed 
analysis of the cholinergic status in the insular cortex following local injections of IgG-S 
directly into the NBM By means of in vivo microdialysis and a retrograde fluorescence 
analysis we have found that immunotoxin lesions result in a strong reduction of 
extracellular acetylcholine release and clear deafferentation of the cortex. In a second 
experiment we found that in spite of the extensive cholinergic depletion induced by IgG-S, 
no detectable deficit could be found in the acquisition and performance of conditioned taste 
aversion. In a third experiment, we have found that combining n-methyl-D-aspartate 
(NMDA) lesions into the basolateral amygdala with IgG-S injections into the NBM result 
in a strong disruption of taste aversion learning when these treatments separately did not 
produce detectable impairments in this learning task. The double lesion effect was only 
similar to those produced by simple NMDA-induced lesions when applied into the NBM. 
These results suggest that the learning deficits associated to excitotoxic lesions of the NBM 
is the result of the simultaneous destruction of the corticopetal and basoamygdaloid 
cholinergic input A model is proposed according to which the cholinergic modulation of 
learning processes exerted by the basal forebrain can be alternatively and facultatively
carried out by cither the basal cortical or basoamygdaloid pathway. Supported by Conacyt 
3260-P-N-9608.

7 6 .1 3

AN ADJUSTING-DELAY OPERANT DELAYED NONMATCHING-T0- 
POSITION (DNMTP) TASK DISSOCIATES EFFECTS OF AMNESTIC 
DRUGS C.J. Han, J. Pierre-Louis, A. Scheff and J.K. Robinson* . 
Dept. of Psychology, S.U.N.Y. at Stony Brook; Stony Brook, NY,
1 1794-2500 .

Operant DNMTP tasks have been widely used as tests of 
working memory in rats, but have lost sensitivity to 
differentiating selective mnemonic from non-mnemonic deficits 
due to floor and ceiling effects. A solution, employed here, is to 
adjust the retention interval on a trial-by-trial basis to hold 
performance accuracy at an intermediate value. After 
pretraining, the rats were administered (i.p.) NMDA antagonist 
MK-801, muscarinic antagonist scopolamine, or cannabinoid 
agonist delta-9-THC. A t high doses, both MK-801 (0.12- 
0 .25mg/kg) and scopolamine (0 .25mg/kg) produced deficits 
not selective to working memory. However, at a low dose, MK- 
801 (0 .06mg/kg)produced a deficit consistent with a selective 
working memory impairment. At low doses (0.06-0.12 
mg/kg), scopolamine produced no deficits in any mnemonic or 
secondary measures. Delta-9-THC produced no deficits at the 
2.0 mg/kg dose, and only mild mnemonic deficits, accompanied 
by a reduction in trial completion rate, at a 4.0 mg/kg dose. 
These experiments suggest that this procedure is a sensitive test 
for differentiating working memory from other non-mnemonic 
performance deficits in rats.

7 6 .1 0

TIM E-DEPENDENT EFFECTS OF CH OLIN ERG IC STIM ULATION ON 
ACQUISITION OF TASTE AVERSION LEARNING IN RATS. G. Roldán1, A. 
Salas-López1,_H.  González-Sánçhez1, C. Castellanos1 and G. L. Ouirarte2*. 
1Neuroscience Group, Dept. Physiology, Faculty o f Medicine and 2Center of 
Neurobiology, U.N.A.M., Mexico D.F. 04510, Mexico.

Taste aversion learning (TAL) is an adaptive behavior that protects animals against 
repeated ingestion of toxic food. This type o f learning proceeds even when the 
interval between the CS (taste) and the US (visceral malaise) lasts for several hours, 
suggesting the existence of a short-term gustatory memory (STGM) trace. The 
involvement of acetylcholine in acquisition of TAL has been proposed, therefore in 
this study we analyzed the effects o f cholinergic stimulation on the formation o f the 
STGM and its association with the US. Water deprived male Wistar rats were 
habituated to drink water for 10 min on Days 1 and 2; the third (acquisition) day, rats 
were exposed to a 0.1 % saccharin solution and received a subsequent ip injection of 
LiCl (0.15 M) at intervals of 30, 60, 120, 240, and 480 min. On Day 4, animals had 
10 min water access again, and on Day 5 (retrieval), they were allowed to drink 
either saccharin or water. A significant decay of TAL was observed with intervals 
longer than 60 min. Arecholine administration (0, 0.4, 0.8, 1.6 and 3.2 mg/kg, ip) 15 
min after the CS induced a dose-dependent recovery o f TAL in animals trained with 
a 240 min CS-US delay, however the opposite effect was observed when the drug 
was injected 15 min before the US, ie, an aversion decrease with higher doses. 
Learning deficits induced by using a 70 min delay between stimuli, were reversed by 
arecholine ( 1.6 mg/kg); scopolamine (1 mg/kg) and biperiden (3 .8  mg/kg) 
antagonized this effect. These results suggest that cholinergic stimulation is 
necessary for the formation and maintenance o f a STGM trace during acquisition of 
TAL and that the M 1 muscarinic receptor subtype may by particularly involved in 
this process.
Supported by DGAPA-UNAM grants IN202696

7 6 .1 2

MICRODIALYSIS IN FREE-MOVING RATS REVEALS DIFFERENTIAL RELEASE OF 
ACETYLCHOLINE DURING CONSUMPTION OF A FAMILIAR, NOVEL, OR AVERSIVE 
TASTE STIMULUS. M. I. Miranda*, L. Ramírez-Lugo and F. Bermúdez Rattoni. 
Depto. Neurociencias. Instituto de Fisiología Celular, UNAM, México D.F. 04510.

A number of studies have related cholinergic activity in the mediation of learning 
and memory. However, recently acetylcholine (ACh) participation has been 
implicated in the early stages of learning but not during memory retrieval. The aim 
of the present study is to evaluate ACh release in the insular cortex (IC) during 
presentation of a different taste stimulus by means of free-moving microdialysis 
technique. We evaluated the changes in ACh release when a novel taste was 
presented to the rat and when the stimulus became familiar after several 
presentations. In addition, we examined ACh release with an aversive stimulus 
during memory retrieval. Unilateral microdialysis was performed in the IC, one hour 
before and after presentation of; 1) a familiar stimulus (water), 2 ) a novel taste 
(saccharine), 3) a second presentation of saccharine that was previously paired with 
either i.p. injections of NaCl or LiCl. The volume consumed by the animals was 
registered as a behavioral parameter. The ACh levels were analyzed from the 
microdialysates by a HPLC-ED system. Biochemical results showed a significant 
increment in the cortical release of ACh when a novel taste was presented as 
compared with the release induced by a familiar stimulus (water). ACh release 
observed when the taste became familiar (during the second saccharine presentation) 
was similar to that induced by water. Presentation of an aversive stimulus resulted in 
a significant decrement in cortical ACh release as compared with the release induced 
by water consumption. Significant decrement in ACh release during memory 
retrieval could be involved in the identification of a previously learned aversive 
stimulus. These results suggest that the cholinergic system plays an important role in 
the identification and characterization of different kinds of stimuli. Supported By 
Conacyt 3260-P-N9608.

7 6 .1 4

COMPARISON OF THE ANTICHOLINESTERASE EFFECTS OF BIS-THA 
AND THA IN VITRO AND IN VIVO H. Wang, W.L. Ho, N.T.K. Lee, P.R. 
Carlier, 1 Y.P. Pang,2 and Y.F. Han (SPON: The Hong Kong Society of 
Neurosciences). Dept. of Biochemistry and 1Chemistry, Hong Kong Univ. of 
Science and Technology, Hong Kong; 2Mayo Foundation for Medical Education 
and Research. Rochester, MN, USA

Bis-THA(l,7-A-Heptylene-bis-9,9’-amino-l,2,3,4-tetrahydroacridine) is a 
novel dimeric derivative of tetrahydroaminoacridine (THA) developed as a 
potential therapeutic agent for Alzheimer’s disease (AD) via the cholinesterase 
(ChE) inhibition approach (J. Biol. Chem. 271:23646,1996). In this study, we 
compared the effects of bis-THA with THA on ChE in vitro and in vivo. 
Compared with THA, the dimeric analog was, in a reversible manner, up to 150- 
fold more potent and 250-fold more selective for acetylcholinesterase (AChE) 
over butyrylcholinesterase (BChE) based on IC50 ratios. Using Lineweaver- 
Burk plots, it was revealed that AChE inhibition by bis-THA fell into the 
category of mixed type, which was different from the non-competitive type of 
THA. The apparent AChE inhibition constant (Ki value) for bis-THA was 24 
times more potent than that of THA (3.7 nM and 89 nM, respectively). 
Corresponding results were also found in vivo. Following a single oral 
administration, both bis-THA and THA produced dose-dependent inhibitions of 
AChE in rat brain, but bis-THA exhibited higher efficacy than THA. In 
addition, THA was less selective for AChE over BChE. Furthermore, it was 
shown that the anti-AChE efficacy of bis-THA was almost similar following 
oral or intraperitoneal administration, but THA administered orally showed 
much lower efficacy than that given intraperitoneally. These Findings suggest 
bis-THA, a highly potent and selective inhibitor of AChE, can probably be used 
as a superior substitute for THA in the palliative treatment o f AD. [Supported 
by grants from the Research Grant Committee, Hong Kong, and the 
Biotechnology Research Institute, Hong Kong Univ. Sci. & Tech.]
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76.15
EFFECT OF SELECTIVE IM M U N O TO X IC LESIO N  O F TH E 
SEPTAL CHOLINERGIC CELLS ON  H IPPO C A M P A L PLA CE 
CELLS. S. Ikonen1*, H. T an ila1, P. R iekkinen J r1, R . M cM ahan2,
M.Gallagher2, H. Eichenbaum 3. 1Dept. Neurology and Neuroscience,
Univ. Kuopio, 70211 Kuopio, F inland; 2Dept. Psychology, Johns 
Hopkins Univ., Baltimore, M D, USA; 3Dept. Psychology, Boston Univ., 
Boston, MA, USA.

Degeneration of hippocam pal cholinergic innervation is one o f the best 
documented age-related changes in the brain. A ge-associated impairm ent 
of spatial memory has been accounted for by this deficit. How ever, recent 
findings with selective cholinergic im m unotoxin IgG -saporin have called 
this concept into question. H ippocam pal place cells w ere recorded from  
young male Long-Evans rats, 5 sham -operated and 7 with im m unotoxin 
lesions of the septal cholinergic neurons. A nalysis was perform ed for 50 
+ 52 cells that had place fields in the standard recording environm ent, a 
walled cylinder with three prom inent cue cards. A geom etric change 
(cylinder-square), a com plete change o f the test arena, or a new task in 
the familiar environm ent resulted in rearrangem ent o f  the place fields in 
both groups to the same extent. The ability to m aintain sim ilar field 
distribution in repeated sessions in the fam iliar environm ent was also 
preserved in the lesioned anim als. H ow ever, cells in the lesioned rats 
showed more stable localization o f place fields across successive 
sessions in the new environm ent. W e conclude that degeneration of 
cholinergic innervation o f hippocam pus alone does not d isrupt the place 
fields of hippocampal cells neither in a fam iliar or a new  environm ent. 
(Supported by NIA A G 09973).

7 6 .1 6

T H E  EFF EC TS O F α 2-A D R EN O C E PTO R  A G O N IST AND 
A N TA G O N IS T  ON H IPPO C A M P A L PLA C E CELLS.
H. Tanila* and P. R iekkinen J r . Dept. N euroscience and N eurology, Univ. 
Kuopio, 70211 Kuopio, Finland.

N oradrenaline has been suggested to increase the signal-to-noise ratio in 
neural netw orks. The aim  o f the present study was to determ ine w hether a 
change in the noradrenerg ic  tone in the rat hippocam pus w ould alter the 
spatial tuning o f hippocam pal pyram idal cell firing. Seventeen interneurons, 
82 C A 1 and 39 CA3 pyram idal cells w ere recorded  from  eighth freely 
m oving rats in a rectangular environm ent that was highly fam iliar to the 
rats. Intervening recordings in o ther environm ents divided the experim ent 
into early  and late sessions. α 2-agonist dexm edetom idine (D EX , 5 µg/kg, 
s .c .)  increased firing rate o f interneurons, w hereas α 2-antagonist 
atipam ezole (ATI, 0 .2  m g/kg , s .c .)  increased firing rate o f  pyram idal cells. 
The effect on firing rate was independent o f  session. No effect by either 
drug was observed on place field area, m ean field firing rate, o r spatial 
tuning. In 1/3 o f  the sessions, adm inistration o f either drug  resulted in a 
ro ta tion  o f the place field. In early  sessions, a rotation was seen in 27%  of 
the sessions after DEX and 48%  after ATI, w hereas in late sessions the 
p roportions w ere opposite (D EX  54% , ATI 13% ). C hanged noradrenerg ic 
tone (at least by α 2-adrenergic drugs) does not m odulate the spatial tuning of 
hippocam pal place cells but induces rotational instability in the fields in a 
com plex m anner depending on the ra t’s recent experience. (Supported by 
the A cadem y o f Finland).

76.17
DIFFERENTIAL D O SE-D E PEN D EN T EFFECTS O F SC O PO LA M IN E ON 
REVERSAL OF A SPA TIA L D ISC R IM IN A TIO N  IN RA TS. W. J. W ilson*,
K. S. Bobay, & S. A. G ilbert. D ep t. o f  P sychological Sciences, Indiana-Purdue 
University, Fort W ayne, IN 46805 USA.

We examined the effects o f  the w ell-estab lished  am nestic  agent scopolam ine 
on reversal o f  a spatial d iscrim ination task in the phi-m aze. 8  fem ale 
Sprague-Dawley rats (85%  ad-lib  w eight) received daily  48-trial spatial 
discrimination sessions until criterion was m et; reversal occurred  on the next 
day. In reversal, the first 12 trials w ere reinforced  as before, and the opposite 
arm was reinforced for the rem aining 36 trials. This sequence o f  training-to- 
criterion followed by reversal occurred 5 tim es. A habituation  i.p. injection o f 
saline occurred 15 m in prior to the first reversal, then 4 d rug  conditions (0, . 1, 
.3 mg/kg scopolam ine & .3 m g/kg m ethyl scopolam ine) w ere delivered (in a 
Latin-square d igram -balanced design) prior to  the rem ain ing  4 reversal 
sessions.

Spatial discrim ination in the first 
12-trial block was unaffected by any o f  
the drugs, although effects on various 
latency m easures w ere noted. Reversal 
performance was disrupted by scop-.3: 5 
rats failed to com plete the session, and the 
performance o f  those that did was w orse 
than that when saline was given. Scop-. 1 
facilitated reversal: m ean accuracy at the 
end o f the session was com parable to 
initial accuracy, and better than that 
following saline. Perform ance under
methyl scopolam ine was com parable to that w hen saline w as given. The 
mechanism by w hich a low dose o f  scopolam ine facilitates reversal will be 
addressed in further studies.
[Support from IPFW  Psychological Sciences]

76.19
ESTROGEN ENHANCES LEARNING OF A SPATIAL MEMORY TASK. R.B. 
Gibbs*. University of Pittsburgh School of Pharmacy, Pittsburgh, PA, 15261.

Effects of ovariectomy and estrogen replacement on learning and memory were 
assessed using a delayed matching-to-position (DMP) T-maze task. Ovariectomized, 
Sprague-Dawley rats were used (n=24). All animals received guide cannulae 
implanted bilaterally into the dorsal hippocampus. One week later, half of the 
animals received 3 mm silastic capsules containing 17-ß-estradiol crystals (E) while 
remaining animals received sham surgery.

Training began 9 weeks after capsule implantation and consisted of trial pairs with 
one forced choice (randomized and balanced) followed by one open choice. Food 
reward was presented during the forced choice and again when animals re-entered the 
same arm on the subsequent open choice. Animals received 8 trial pairs/day until 
they reached a criterion of 15/16 correct choices over two consecutive days. 
Performance was then assessed (1) with increasing delays between the forced choice 
and the open choice, (2) in response to i.p. administration of saline vs. scopolamine 
(administered 30 min. prior to testing), and (3) in response to intrahippocampal 
administration of saline vs. scopolamine (administered 5 min. prior to testing).

E-treated animals required significantly fewer days to reach criterion than non-E- 
treated controls (11.0± 1.1 vs. 15.0 ±1.1, p=0.01). After reaching criterion, a delay- 
dependent impairment in choice accuracy was observed in both E-treated and non-E- 
treated animals (p=0.03). Likewise, choice accuracy was significantly impaired in 
both E-treated and non-E-treated animals following either systemic (p<0.01) or 
intrahippocampal (p<0.01) scopolamine administration. Effects of intrahippocampal 
scopolamine were slightly attenuated in the E-treated animals; however, preliminary 
results were not statistically significant.

These data demonstrate that continuous estrogen replacement enhances acquisition 
of the DMP spatial memory task. The relationship to changes in basal forebrain 
cholinergic parameters and attentional processes is currently being evaluated. 
Supported by NIH grant #ROl-NS28896.

7 6 .1 8

ESTROGEN ATTENUATES SPECIFIC LEARNING AND MEMORY DEFICITS 
INDUCED BY SCOPOLAMINE AND LORAZEPAM. A.M. Burke1, D.A. 
Johnson1*, and R.B. Gibbs2. 1Dept. of Pharmacology-Toxicology, Duquesne Univ; 
2Dept. of Pharm. Sci., Univ. of Pittsburgh Sch. of Pharm.; Pittsburgh, PA 15282.

Estrogen has been shown to enhance the functional status of cholinergic 
projections to the hippocampus and cortex. In the present study, a multiple trial 
passive avoidance (PA) paradigm was used to evaluate the ability for estrogen 
replacement to attenuate learning and memory deficits associated with 
pharmacological manipulation of central cholinergic and GABAergic systems.

Ovariectomized, Sprague-Dawley rats were used. Animals received either 
silastic capsules containing 17-ß-estradiol crystals (E) or empty capsules implanted 
s.c. Ten days later, animals received a single i.p. injection of either scopolamine (1 
mg/Kg), lorazepam (0.375 mg/Kg), or vehicle injected 20-30 min. prior to training. 
Training consisted of placing an animal into the lighted chamber of the apparatus 
and then delivering footshock (1 mA, 1 sec.) when the animal moved into the 
adjacent darkened chamber. Animals were trained to avoid the dark chamber for 2 
consecutive trials of 5 min. duration. Acquisition was assessed by the number of 
shocks necessary  to reach criterion. Retention (latency to enter the dark chamber) 
was tested 1 week later.

The results indicate that E treatment significantly attenuated a scopolamine- 
induced deficit on PA acquisition (but not retention) in animals with circulating 
levels of E <200 pg/mL. E-treatment also significantly attenuated a Iorazepam- 
induced deficit in PA retention. Additional studies revealed that the ability to 
prevent the lorazepam-induced deficit in retention was associated specifically with 
the administration of E prior to and during acquisition, and was not due to estrogen- 
mediated effects on lorazepam kinetics. These results suggest that estrogen can 
influence specific aspects of conditioned avoidance behavior via effects on 
cholinergic and GABAergic systems. Supported by NSF grant # IBN-9630851.
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77 .1

REVERSE NEUROETHOLOGY: HOW DOES BEHAVIOR INFLUENCE THE 
NERVOUS SYSTEM? II. A. Hofmann*, Stanford University, Department of 
Psychology, Jordan Hall, Bldg. 420, Stanford, CA 94305.

Historically, most studies of behavior focused on how the nervous system 
generates behavior. However, the relation between brain and behavior is not a one- 
way street, as has been known for a long time (e.g. Lehrman, 1965).

One context for studying this influence is to discover "behavioral modulators". 
These are defined as behaviors of an animal that lead to a change in a specific 
behavioral motivation or responsiveness in that animal or corresponding changes in 
oilier animals. Understanding such behavioral modulators and the context in which 
they have an effect may help delineate mechanisms responsible for complex 
behavioral patterns including aggression and courtship where the traditional forward 
neuroethological approach can lead to sometimes paradoxical results and hypotheses.

Two examples of behavioral modulators are: 1) The change of aggressive 
motivation in subordinate crickets caused by short periods of flight motor activity, 
presumably mediated by neuromodulator action. 2) The socially controlled growth 
rate in an African cichlid fish, where the loss of territorial status results in a 
significant reduction of growth. This in turn changes gene expression patterns and 
endocrine function that likely produce long-term physiological and behavioral 
consequences.

Whether and how social behavior may influence the brain also depends on the 
life history and social context and current state of an animal. In particular, the study 
of behavioral phenomena like aggression, sexual behavior and learning & memory 
may profit from considering the behavioral modulation - with either fast or slow 
temporal dynamics - in the study of natural behavior.

Supported by the Deutsche Forschungsgemeinsch;ift

7 7 .3

BLOCKING GAP JUNCTIONS IN THE ELECTRIC FISH PACEMAKER N U 
CLEUS ALTERS THE FREQUENCY A N D  SYNCHRONY OF OSCILLATIONS.
K. T. M oortga t1, 2*, T. H. Bullock2, and  T. J. Sejnow ski1,2. C o m p u ta tio n a l 
N eurobiology Laboratory, The Salk Institu te  and  2U niversity  of California at 
San Diego, La Jolla, CA 92037.

The m edu llary  pacem aker nucleus (Pn), w hich com m ands the electric or
gan  discharge of a w ave-type gym notiform  electric fish, is the m ost regular bi
ological oscillator know n. We have investigated  the relative im portance of its 
ne tw ork  and  cellular m echanism s in setting  its tem poral regularity. The ca. 150 
Pn neurons, w hich fire synchronously  and  com m and the EOD on a cycle-by-
cycle basis, are though t to be coupled  only electrotonically, w ith  no chemical 
synapses intrinsic to the Pn. To investigate the m echanism  of the electrom o
tor oscillations and  their extrem e regularity, w e blocked gap  junctions in an 
in vitro p repara tion  of the Pn. Norm ally, the n eurons of the Pn are both fre
quency and  phase-locked, an d  fire every cycle of the constant-frequency oscil
lation though  w ith  phase differences of up  to ca. 250 µs as m easured  w ith dual 
intracellu lar recordings. A fter application  of ha lo thane (2 -  5%), a gap junc
tion blocker, the frequency of intracellu lar and  local field potential oscillations 
decreased  steadily  to ca. 50% of their original. A t the sam e tim e, the cells re
m ained  synchronized , possibly d u e  to incom plete block. H ow ever, the-relative 
phase betw een cell pairs  o r betw een a cell an d  a field potential shifted, even to 
the po in t of changing  sign. Further h alo thane application  silenced the Pn n eu
rons' spikes. Both the long and  short term  effects are reversible. Thus we find 
that regularity  and  frequency locking to som e degree su rv ive p artial b lock and  
cannot be entirely  d ep en d en t on netw ork  integrity. We fu rther com pare the ef
fects of halo than e to those of o ther gap  junction  blockers. Support: N IH M  fel
low ship to KTM; and  HH M I to TJS.

7 7 .5

Rate coding of sound features in second and third order auditory 
nuclei is computed from temporally structured first order spike trains.
J. K oz tosk i1*, J.D . C raw ford1,2. 1Institute  o f N euro log ica l S c iences & 2Dept. 
o f Psycho logy, U niv. O f Pennsylvan ia , Philade lph ia , PA 19104.

The aud ito ry  periphery o f the  fish Pollimyrus is s im p le  and shows little  
specia liza tion  fo r m echan ica l frequency analysis . Th is an im a l uses a 
reperto ire  o f tem pora lly  structured son ic com m unica tion  s igna ls  in its 
courtsh ip  behavior. W e hypothesized the refore  tha t se le c tiv ity  to  tem pora l 
properties o f sound stim u li is derived  in th is  system  from  non-se lec tive  
inputs. The ana tom y o f the aud ito ry  pathw ay has been traced  from  ear to 
d iencephalon. W e  have shown tha t neurons in the  m idbra in  aud ito ry 
nucleus MD show  sharp sp ike rate tun ing  both to  tone  frequency  and to 
particu la r in te r-c lick  in tervals. Both o f these se lec tive  response types show 
poor tem pora l representation o f the  fine  structure  o f period ic  s tim u li. There 
are two types o f neurons in the  m edulla  w hich appear to  represent critica l 
steps in the  process ing o f aud ito ry  in fo rm ation . The  firs t type  shows 
chopper-like  responses and se lec tiv ity  to  the 200-600  Hz band w ith  regu la r 
in ter-sp ike in te rva ls  w hich do not corre la te  to  the  s tim u lus  period; these 
responses appear to  be cha racteris tic  o f second o rde r o c tava l nuc le i. The 
second type  shows broad tone -frequency se le c tiv ity  in th e  100 to  1000 Hz 
band, has steep, satu ra ting  ra te -leve l functions, and generates a s ing le  
sp ike per s tim u lus cyc le  o ve r a w ide range o f frequencies; these  ce lls show  
excep tiona lly  strong phase-locking and have  been assigned to  the  firs t 
order nucleus dzD. Q uan tita tive  com parison  between these  response types 
have dem onstra ted  tha t se lec tiv ity  to  tone  frequency and in te r-c lick  in te rva l 
is com puted in th is  system  and em erges w ith  increasing  spe c ific ity  and 
com p lex ity  at each synap tic  leve l w ith in  the  ascending  aud ito ry  pathway. 
[N IH  R 01  D C 01252-04, N IH 1F31 M H 11270-01A 1 ] .

7 7 .2

Robustness of am plitude modulation encoding by P-receptor 
afferent spike trains of weakly electric fish.
G ab rie l K re im a n 1*,Fabrizio G a b b ia n i1, W alte r M e tzn e r2,C h ris to f  K o c h 1

1C o m p u ta tio n  an d  N eural S y s tem s ,C a ltec h .P a sad e n a ,CA 91125
2D e p t. o f B iology,U C R ,R iv ers id e ,CA  92521

P -ty p e  tu b e ro u s  recep to rs  in w eakly e lec tric  g y m n o tifo rm  fish en
code changes in e lec tric  field am p litu d e . S ingle rec e p to r affe ren ts t ra n s
m it high  in fo rm a tio n  ra te s  a b o u t  ran d o m  a m p litu d e  m o d u la ted  stim u li 
(W essel e t al. 1996, J. Neurophys. 7 5 :2280-2293). We c h a rac te rized  
th e  ro b u stn ess  o f en co d in g  a n d  its  re la tio n sh ip  to  th e  v a riab ility  o f P- 
recep to r afferents spike tra in s . R an d o m  a m p litu d e  m o d u la ted  electric
fields were p resen ted  to  cu ra rized  fish w hile reco rd in g  e x tra c e llu la rly  
from  P -re c e p to r  afferents. R e co n s tru c tio n  tech n iq u es  were used  to  e s ti
m ate  th e  s tim u lu s  from  th e  spikes. B y ad d in g  ran d o m  tem p o ra l j i t te r  to  
th e  spikes, we exp lo red  th e  t im in g  precision  req u ired  for a c cu ra te  e n co d
ing. T h e  ro b u stn ess  o f en co d in g  d ep en d ed  on s tim u lu s  cu t-o ff frequency 
( f c) an d  c o n tra s t. T h e  a m o u n t o f j i t t e r  req u ired  for a  50 % d ro p  in 
cod ing  frac tio n  was 3 m s for high  f c (8 8 Hz) b u t  it was h ig h er th a n  20 
m s for low f c (less th a n  10 Hz). S im ila r resu lts  were o b ta in e d  by ra n
dom  de le tio n s  an d  a d d itio n s  o f spikes. By re p e a tin g  th e  sam e ’fro zen ’ 
s tim u lu s  10  tim es, we an a ly zed  th e  tim e  w indow s over w hich th e  spikes 
a re  rep ro d u c ib le  using  sp ike m etrics  (V icto r e t al. 1996, J .Neurophys. 
76:1310-1326). V ariab ility  decreased  for high  cu t-o ff frequencies b u t  we 
d id  n o t observe spike a lig n m en t a t  th e  ms level in ra s te r  p lo ts . In  sp ite  
o f th is , th e  in te r tr ia l  variance  versus m ean sp ike co u n t c lu s te red  n ea r th e  
curves o f m in im u m  variance. O u r  resu lts  suggest th a t  P -re c e p to r  affer
e n ts  use an  a d a p tiv e  cod ing  schem e. A ccu ra te  an d  ro b u st in fo rm a tio n  
can  be ca rried  for low f c w ith o u t sp ike tim e re liab ility  a t  th e  m s level 
w hile a t  high  f c th e  code is no t ro b u s t to  j i t te r in g  a t  th e  3 m s level.

S u p p o rte d  by N SF an d  E R C

7 7 .4

PARTICIPATION OF THE TORUS SEMICIRCULARIS DORSALIS IN THE MODULATION 
OF BEHAVIORS THROUGH ACTING OF GABAERGIC SYSTEM IN AN ELECTRIC 
FISH. Gymnotus carapo. T.T. Duarte*, SAL. Corrê a , A .S.F. Pereira and A Hoffmann. Lab. of 
Neurophysiology. University of ã o Paulo, Ribeirão Preto. SP 14049-900 Brazil.

The torus semicircularis dorsalis (TSd) of Gymnotiform fish is an enlarged laminated 
midbrain structure which receives direct electrosensory input from the posterior lateral line lobe 
and indire t electrosensory input via the caudal lobe of the cerebellum. TSd projects to the 
diencephalic nucleus electrosensorius (nE), that in turn, projects to the central posterior/ 
prepacemaker complex (CP/PPn). This complex modulates the frequency of electric organ 
discharge (EOD) via its unique input to the medullary pacemaker nucleus. The nE and CP/PPN 
together compose a sensory-motor interface in the control of modulation of EOD rate. In view of 
the above considerations the purpose of the present study was to investigate the possible 
participation of TSd and the GABAergic system in the modulation of EOD. For the surgical 
procedure, the animals were anesthetized by submersion in an aerated solution of MS222 
(Sandoz, 0.22g/liter) and after, stainless steel guide cannulae were implated for later 
microinjection of saline (0.lµl), GABAA blocker bicuculine (0.1 µl) and GABA agonist 
muscimol (0.lµl). For the experimental procedure, the animal were placed in a box containing a 
pair of electrodes for monitoring the EOD before and after the microinjection of the drugs. EOD 
was registered with a Tektronix Storage Oscilloscope and a AT-XT microcomputer, which was 
equiped with an acquisition board. The results showed: 1) after microinjection of GABA blocker 
bicuculine the animals had long interruption of EOD, and increases in the somatic and 
neurovegetative excitability. 2) Baseline EOD and the excitability of the animals did not differ 
before and after administration of GABA agonistic muscimol and saline. Ours results suggest 
that TSd controls EOD arrests which occurs in agonistic encounters, throught the tonically active 
GABAergic system.
Supported by FAPESP (97/01815-3)

7 7 .6

A U D IT O R Y  T E M P O R A L  C O M P U T A T IO N : A S IM P L E  
N E T W O R K  M O D E L  F O R  F E A T U R E  E X T R A C T IO N  F R O M  
C O M M U N IC A T IO N  SO U N D S. R.H. C udm ore1, E.W . Large2, J.D. 
C raw ford2*. 1D ept. o f  C om puter and Inform ation Science; 2Dept. o f  
Psychology, University o f  Pennsylvania, Philadelphia, PA 19104.

Tem poral features o f  sounds carry inform ation in hum an speech 
and in the com m unication system s o f  a variety  o f  anim al species. 
Tem poral m easurem ents on the scale o f  one to  hundreds o f  ms are required 
o f  the auditory nervous system  for the analysis o f  com m unication sounds. 
A num ber o f  authors have postulated a  role for inhibition, and inhibitory 
rebound excitation, in circuits that function as tem poral filters for 
extracting salient features from  sounds (e g. M argoliash 1983; Olsen and 
Suga 1991; Casseday et al 1994). W e have been investigating the role o f  
inhibitory gating m echanism s in auditory m idbrain circuits that yield 
sensitivity to  tem poral features o f  com m unication sounds used by the fish 
Pollimyrus. W e have developed a  dynam ic com putational m odel that 
takes spike trains highly synchronized to  an auditory stim ulus as input, and 
produces tem porally  tuned output based on the tem poral dynam ics o f  
excitation, inhibition, and inhibitory rebound excitation, in a  feed-forw ard 
netw ork. In its sim plest form , the m odel requires one inhibitory and one 
excitatory presynaptic neuron w hich converge onto a  postsynaptic 
tem porally  selective neuron. The m odel successfully  captures the 
physiological properties o f  tem porally  selective neurons in this anim al's 
auditory m idbrain. The kinetics o f  both the inhibitory postsynaptic 
potential and the rebound excitation determ ine the tuning o f  the selective 
neuron. [NIH R O 1 D C 01252-04].
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77.7
MEDIAL AND DORSAL CORTEX FUNCTION IN NON-SPATIAL 
SOLUTIONS TO A SPATIAL MAZE IN LIZARDS. L. B. Day*, D. Crews, W. 
Wilczynski. Institute for Neuroscience, Univ. of Texas, Austin, TX 78712.

In mammals and birds, hippocampal lesions impair spatial memory and other 
tasks that require pliancy, flexible use of stored associations, while simpler 
learning is unaffected. Similarly, species whose niches require spatial memory 
show hippocampal expansion. In reptiles, the function of medial and dorsal cortex, 
putative hippocampal homologues, is less clear. In turtles, dorsal cortex but not 
medial cortex lesions affect both tasks requiring pliancy and simple operant tasks. 
In lizards, we have found that, Acanthodactylus boskianus, an active forager has a 
larger medial and dorsal cortex and is better on the reversal of a non-spatial visual 
discrimination than a congeneric sit-and-wait predator, A. scutellatus. On a spatial 
task these species did not differ, but neither species developed a spatial strategy to 
solve the task. Recently, we trained medial cortex (n=7), dorsal cortex (n=6 ), and 
sham lesioned (n=6 ) Cnemidophorous inornatus, an active foraging lizard, for 54 
days, 3 trials a day in a spatial maze. Lizards were placed in the center of a circular 
sand filled arena (1.5m D) in a cold (23°C) room where they could escape to a hot 
rock (4O°C) that was identical to 3 other unheated rocks spaced evenly along the 
perimeter of the arena. If lizards used distal, spatial cues to locate the hot rock 
rather than praxis, taxis, or random search then, during probe trials conducted at the 
middle and end of training when all hot rocks were off, lizards would search the 
goal area preferentially. Although all three groups showed learning by decreased 
latency to the goal, no group showed evidence of a spatial strategy during probe 
trials. However, both dorsal cortex and medial cortex lesioned lizards had longer 
escape latencies (Lesion effect: F(2,98)=7.9, p<.05) and learned the task slower 
than controls (Day * Lesion effect F(98,637)=2.l, p<.05). These results suggest 
that, like turtles, lizard dorsal cortex plays a more general role in learning than does 
the mammalian and avian hippocampus, and unlike in turtles, the medial cortex 
also plays a role in learning in lizards. Supported by MH 41770 to D. C., NIMH 
MH 45696 to W. W. and NIMH 1F31MH11228 to L.B.D.

77.9

SPECTRAL ANALYSIS OF A NOVEL IMAGING SYSTEM, THE 
PYTHON INFRARED-SENSING PIT ORGAN. M.S. Grace1*, C. 
Kelley2, W.F. Lynn3, T.M. Cooper4; 1Dept. of Biology, Univ. of  
Virginia, Charlottesville, VA; Dept. of Engineering, 2Wright State Univ., 
Fairborn, OH; 3Systems Research Labs., Fairborn, OH; 4Materials and 
Manufacturing Direct., AFRL, Wright-Patterson AFB, OH 

Boid and crotaline snakes posses pit organs used to target endothermic 
prey even in complete absence of visible light. Pit organ sensory 
neurons are structurally and biochemically distinct from retinal 
photoreceptors (M.S. Grace, in press, and Soc. Neurosci. Abstr., 
23:250, 1997). The pit organ is assumed to be infrared (IR)-sensitive, 
but there has never been a systematic investigation of spectral sensitivity 
in any IR-sensing snake. We performed fourier-transformed IR 
spectrometry (FTIR) on isolated intact pit organs and shed epidermis 
from Python molurus and P. regius. Transmission spectra of pit organ 
shed epidermis were significantly different from those of not-pit organ 
epidermis. Pit organ samples were highly transmissive in the range oí 
l0µm. Intact pit organs were highly absorptive across the IR spectrum 
(1µm-25µm). We also imaged pit organs in living P. molurus and P. 
regius using IR-sensitive digital video cameras. Pit organs were 
significantly more absorptive and/or emissive than surrounding tissues in 
both 3-5µm and 8-12µm wavelength ranges, but exhibited greater 
absorption/emissivity in the 8-12µm range than in the 3-5µm range. 
These results indicate that 10µm IR radiation is transmitted through 
epidermis to pit organ receptor neurons, and that the Python pit organ 
absorbs IR radiation in two major atmospheric transmission windows, 
one of which (8 - 12µm) matches emission of targeted prey (maximal 
emission ≈ 10µm). Support: AFOSR grant F49620-96-1-0049 to MSG.

77.11

FROG PREY ORIENTING BEHAVIOR: FURTHER ANALYSIS OF A 
SENSORIMOTOR DEFICIT. P. Grobstein*, J. Oristaglio, A. Baum, and J. 
McCallum. Dept. of Biology, Bryn Mawr College, Bryn Mawr, PA 19010.

In the frog, lesions of the ansulate commissure or of a midbrain descending tract 
result in forwardly directed prey orienting movements in response to eccentric stimuli. 
Additional aspects of the behavior suggest that these abnormally directed movements 
reflect disturbance of a localization signal rather than of motor patterns themselves. 
Recent work has shown that “forwardly directed movements” in normal frogs may 
involve both rightward body displacements with associated leftward rotations of bead 
and body and leftward body displacements with associated rightward rotations of head 
and body. We here report studies using this response variability to further explore the 
earlier described behavioral syndrome and the suggestion that it represents a localization 
deficit

In ansulate commissure lesioned frogs, we have found that both rightward and 
leftward displacements and rightward and leftward body rotations persist in response to 
both frontal and eccentric stimuli. All four movement types are present as well in 
response to frontal stimuli following descending tract lesions. These findings are 
consistent with earlier observations suggesting that observed forwardly directed 
movements do not result from loss of a relevant asymmetric motor capability. In 
ansulate commissure lesioned frogs, we have also found that the distribution of 
movements made in response to repeated presentations of an eccentric stimulus is 
comparable to that for repeated presentations of a frontal stimulus. This finding, like 
earlier observations, suggests that abnormal responses to eccentric stimuli result from 
disturbed localization rather than to a motor disturbance.

An additional set of findings, however, raises new questions. Both ansulate 
commissure and descending tract lesioned frogs exhibit in their responses to frontal 
stimuli unexpected disturbances of the normal reciprocity of displacement and rotation. 
Whether these disturbances relate to the nature of the hypothetical localization signal or 
reveal some additional or alternative aspects of the behavioral syndrome is under 
continuing investigation.
(Supported by the Whitehall Foundation and the Bryn Mawr College Tide Pool)

7 7 .8

EFFECTS OF SEX, SEASON, AND TESTOSTERONE ON DEWLAP 
MOTONEURONS IN THE GREEN ANOLE. E. L. O’Bryant* and J. Wade. Dept. 
of Psych. Neuroscience Program, Michigan State University, E. Lansing, MI 48824.

During the breeding season, male green anoles (Anolis carolinensis) court females 
by extending a red throat fan, called a dewlap. Motoneurons controlling this sexually 
dimorphic behavior are located in the vagal portion of nucleus ambiguus (AmbX) and 
the region containing the glossopharyngeal portion of nucleus ambiguus and the 
ventral motor nucleus of the facial nerve (AmbIX/nVIImv). To investigate the effects 
of season on and androgen regulation of the number and soma size of dewlap 
motoneurons, two experiments were conducted: ( 1) intact males and females were 
sacrificed in May and June (breeding season) or in October (non-breeding season); (2) 
during both seasons males were gonadectomized and implanted with a Silastic capsule 
either containing testosterone propionate (TP) or left empty (BL). Animals from both 
experiments were perfused two weeks after treatment. The brains were sectioned at 
20µm and stained with thionin. Motoneurons from the intermediate portion of the 
oculomotor nucleus (III) were measured as a control. No significant differences were 
found in motoneuron number in any of the three brain regions. In the breeding 
season, subtle male-biased sex differences in soma size existed in AmbX, 
AmbIX/VIImv, but not in III, consistent with a specific effect of motoneuron size on 
the behavioral dimorphism. However, when considering the two seasons together, 
males had larger motoneurons in AmbIX/VIImv and III, but not AmbX because the 
neurons appeared to increase in females in the non-breeding season. TP treatment had 
no significant effect on motoneuron size in any of the three brain regions. In AmbX 
only, motoneurons were larger in the non-breeding season compared to the breeding 
season in both groups of treated males. Overall, these results suggest that
motoneuron number and soma size are probably not important mechanisms for 
regulating the impressive sex and seasonal differences in behavior. Supported by NSF 
IBN9733O74.

7 7 .1 0

FROG PREY ORIENTING BEHAVIOR: THE PROBLEM OF MULTIPLE 
DISTANCE CUES. J. Oristaglio*, P. Grobstein, N. Biemat and E. Vero. 
Department of Biology, Bryn Mawr College, Bryn Mawr, PA 19010.

Previous studies indicate that both stereopsis and lens accommodation provide 
distance cues used in frog prey orienting behavior. There is reason to believe additional 
cues may be used as well, raising the question of bow the frog brain is organized to 
make use of multiple available cues. To explore this issue, we have studied orienting 
behavior in Rana pipiens after successive removal of stereoptic and accommodative cues 
by respective sectioning of optic and oculomotor nerves.

With increasing stimulus distance for both frontal and lateral stimuli, normal frogs 
show a pattern of increasing snap amplitudes, a switch from snapping to hopping, and 
increasing hop amplitudes. The same general pattern was observed for both frontal and 
lateral stimuli following unilateral optic nerve section, bilateral oculomotor section, and 
the combination of both. We conclude that at least one additional cue to distance must 
be available. Studies to determine whether contextual cues are involved are in progress.

While normal and lesioned frogs are qualitatively similar, we observed quantitative 
differences between them. Hop amplitudes were generally reduced by the lesions both 
alone or in combination, while snap amplitudes were little affected. Oculomotor section 
alone variably affected hop amplitudes for lateral but not frontal stimuli. Unilateral 
optic nerve section alone most prominently affected responses to frontal stimuli, and 
produced a reduction in the snap/hop transition distance while oculomotor section tended 
to increase the switch distance. Combined lesions produce effects which to a first 
approximation appear to be combinations of those produced by each lesion alone.

While our findings suggest that different cues may have differing significance for 
different stimulus locations, they also clearly show that several cues are simultaneously 
available for any given location and that the nervous system cannot be simply summing 
or averaging these cues in generating movement. We are currently using back 
propagation networks to develop models of more realistic ways in which 
simultaneously available cues might be combined.
(Supported by the Whitehall Foundation and the TidePool at Bryn Mawr College)

7 7 .1 2

U N IL A T E R A L  L O S S  O F  R E S P O N S E  TO  L O O M IN G  V IS U A L  
ST IM U L I IN  R A N A  P I P I E N S  W IT H  IN J E C T IO N  O F CADM IU M  
C H L O R ID E  O R  T E T R O D O T O X IN  IN T O  T H E  O P T IC  N ER V E.
J.G. King, Jr. and E.R. Gruberg*. Biology Dept., Temple Univ., Phila., 
PA 19122.

Leopard frogs respond to visually presented looming stimuli by 
jumping away from the stimulus. Conversely, they respond to visually 
presented prey stimuli by turning to, approaching and/or snapping at 
the stimulus. Our laboratory has previously shown that when half of 
the optic chiasm is cut sagittally frogs do not respond to looming stimuli 
anywhere in their visual field (Waldeck & Gruberg, Brain Behav Evol 
1995; 46:84-94). Nonetheless, the frog is able to respond to prey stimuli 
everywhere. In order to show that the loss of responsiveness to looming 
stimuli is not systemic but a selective visual deficit, we have unilaterally 
injected frog optic nerves with 0.5 to 1.5 µl of either 0.3 mM tetrodotoxin 
or 10 mM CdCl2. For approximately one week post-injection, frogs no 
longer respond to looming stimuli ipsilateral to the injected nerve but 
respond to looming stimuli contralateral to the injected nerve. These 
frogs respond to prey stimuli everywhere in the visual field and are 
equally responsive on both sides. Furthermore, these frogs avoid 
collision with stationary objects on both sides as well as normal frogs. 
Tectal recordings of frogs with an optic nerve injected with CdCl2 show a 
selective absence of “dimming units” in layer G of the contralateral 
tectum. This layer receives input from type IV retinal ganglion cells. 
Units recorded in the ipsilateral tectum are normal throughout the 
neuropil. Our findings suggest that different classes of behaviorally 
relevant visual information may be carried by different sets of optic 
nerve fibers. Supported by NIH Grant EY04366 and Temple Univ.
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7 7 .1 3

HIGH SPEED VIDEO ANALYSIS OF WALKING PHONOTAXIS IN A 
DIPTERAN.
M.L. Oshinsky*, A.C. Mason and R.R. Hoy.
Neurobiology and Behavior, Cornell University, Ithaca, NY 14853-2702.

We studied the phonotactic response of freely walking flies using high speed 
video analysis. Gravid female flies (Ormia ochracea, Tachinidae, Diptera) localize 
singing male crickets in the field (calling song ≅ ≅ 4.5 kHz) using acoustic cues. The 
classical cues for sound localization such as interaural time and interaural intensity 
differences are vanishingly small in the fly. The flies possess a novel mechanically 
coupled hearing organ with which it encodes interaural mechanical time and 
intensity differences (Robert et al., J. Comp. Physiol. 1996).

In this study, we characterized the behavior of stationary flies to near threshold 
and suprathreshold synthetic cricket song at 4 kHz. The intensity threshold required 
for the animal to correctly orient to a sound was 55 ± 6  dB SPL (n=10). All animals 
tested with near threshold stimuli responded by orienting toward the speaker and 
then flying. At suprathreshold intensities the animals rarely initiated flight behavior 
(n=25). We propose that the flies initiated flight to low intensity stimuli due to a 
perceived large distance between them and the synthetic cricket song.

Flies with a single lesioned tympanum always circle toward the intact ear in 
response to sound stimuli. Flies with both tympana lesioned do not orient toward 
synthetic cricket song.

Flies can correctly orient significantly better than chance to a speaker displaced 
from the midline by 10° - 20°. Using neurophysiological data from afferent 
recordings, we propose that the animal can resolve a 100  µs interaural mechanical 
time difference.

Support: NIGMS-5T32GMO7469 (MLO) and NINDCD-5R01DC00103 (RRH)

7 7 .1 5

A PO SS IBLE  BEHAVIORAL R O LE FO R THE PRO LO N G ED  R E S P O N SE  O F  L3 IN THE 
PHONOTACTIC THRESH O LD  O F FEM ALE  CR IC KE TS  (ACHETA DOMESTICUS). M. 
Bronsert, J. Stout*, and G. Atkins. B iology Dept., Andrews Univ. Berrien Springs, Ml 

49104.
Female crickets (Acheta domesticus) recognize and respond phonotactically to the calling 

song (CS) of conspecific males in an age related matter with phonotactic thresholds 
dropping between days 2-4 following the imaginal molt.

The ascending prothoracic interneuron L1, encodes the temporal structure of male’s CS  
and is tuned to its carrier frequencies (4-6 kHz). Since L1 ’s response is necessary and 
sufficient for phonotaxis to occur at low C S  intensities (65 dB or lower) it has been 
proposed that phonotactic thresholds are regulated by L1 ’s sensitivity to CS. Recently we 
have shown that in some 1-day-old females with high behavioral thresholds (above 70 dB), 
L i ’s thresholds could be 30 dB or more below their phonotactic thresholds. This poor 
correlation between behavioral thresholds and L1 thresholds in some females suggests the 
possibility of other neurons being involved in the regulation of behavioral thresholds.

Another ascending prothoracic interneuron L3, has two different responses to model CS: 
an immediate response that encodes the syllables of the chirp, and a prolonged response 
which does not correlate with syllables of a chirp (see adjacent abstract). The threshold of 
L3’s prolonged response is significantly lower than the threshold of the immediate response 
at 5 kHz and is typically absent at higher frequencies. Thus the tuning of the prolonged 
response in L3 matches the tuning of phonotaxis for the species. Our model proposes that L1 
and the prolonged response of L3 together, could control phonotactic thresholds. Low 
phonotactic thresholds would require that both L1 and the prolonged response of L3 be low. 
If L3’s prolonged response is necessary for phonotaxis then fem ales with increased 
phonotactic thresholds (1-2 days old) would have high thresholds for the prolonged 
response in L3 while females with decreased phonotactic threshold would exhibit prolonged 
responses with low thresholds. Preliminary results show that clear prolonged responses by 
L3 do not appear in young female crickets (0-2 days old).

Funded by: N SF - IBN 92-22127 and Andrews University faculty grants.

7 7 .1 7

DEVELOPM ENT OF SW IM M IN G  BEHAV IOR IN  LARVAL PA CIFIC 
BO N ITO  (Sαrdα chiliensis). M. B. M cFarlane1*, C  Reilly1, D. T- C ripe2, E. R. 
H su 1, L. M. N evin1 and  S. H. T hom pson1. 1Biological Sciences, H opkins M arine 
Station of Stanford Univ.; Pacific Grove, CA 93950; 2Life Sciences, M onterey 
Bay A quarium ; M onterey, CA 93940.

We are  in the process of developing  a m odel system  in w hich  to stu d y  the 
anatom ical, m echanical and  behavioral processes u nderly ing  the acquisition of 
sw im m ing in teleost fishes. Bonito (Order: Perciform es, Family: Scom bridae) 
are highly m igratory pelagic fishes characterized  by pro longed  periods of 
rap id , pow erful sw im m ing. D eveloping bonito  em bryos, like the w ell-studied  
zebrafish, are transparent, b u t unlike the zebrafish, bonito hatch  w ith in  2  days 
post fertilization (dpf) a t 22-23°C. In fact, all aspects of bonito  locom otor 
developm ent are m arkedly  accelerated w hen com pared  w ith  the zebrafish. The 
larval stage is lim ited to a 1 1 -1 2  d p f period, d u rin g  w hich  anim als acquire and 
repetitively execute stereotyped m otor behaviors, such as tu rn ing , rolling, 
continuous sw im m ing and hovering. Behavioral changes ap p ear to be 
associated w ith specific skeletom uscular changes, in particu la r body shape and 
trunk  stiffness. D uring the latter stages of the larval period  (6-11 dpf), it is 
possible to rem ove the sp inal cord intact from  the trunk, m aking  it feasible to 
investigate the physiological properties of either single or ne tw orked  spinal 
cord neurons. Shortly after the larval stage, anim als u n d e rg o  a strikingly rapid 
m etam orphosis to the juvenile stage —in w hich the size of an ind iv idua l 
increases 2- to 3- fold in a 12-24h period. Juvenile anim als exhib it m any behav
ioral and m orphological characteristics observed  in a d u lt bonito. W e believe 
that our studies of the bonito, a teleost optim ized  for pro longed  efficient 
sw im m ing, will yield fruitful insights into the deve lopm ent an d  n eural control 
of locom otor activity in fishes.

[Supported  by gran ts from  A H A and NSF]

7 7 .1 4

TWO TEM P O R A LLY  AND S P E C T R A LL Y  DISTINCT AUDITO RY R E S P O N S E S  BY 
THE L3 NEURON MAY BE N E C ESSA R Y  FOR PHONOTAXIS BY FEM ALE CR ICKETS 
{ACHETA DOMESTICUS). G. Atkins*, H. Bingol, B. Navia, D. Bennett, C. Bailey and J. 
Stout Dept. of Biology, Andrews University, Berrien Springs, Ml 49104.

L3 is an auditory interneuron in female crickets, Acheta domesticus, that exhibits 
two kinds of responses to the male’s calling song and may play a role in two different 
aspects of phonotaxis. The immediate response encodes the syllables of the chirp and is 
temporally selective for the syllable period of the calling song of conspecific males. The 
temporal selectiveness of the immediate  response is  age-related and is correlated with 
and involved in the age-related changes in phonotaxis by these females. The prolonged 
response is not temporally selective and does not encode the syllables of the chirp. The 
onset of the prolonged response requires 3-5 seconds of stimulation with a calling song, to 
reach its maximum spiking rate and 7-10 seconds to decay once the calling song ceases. 
This response matches the frequency selectivity and threshold (50 dB at 5 kHz) of 
phonotaxis (spiking rates during the prolonged response increase to a maximum with 
increasing intensities of 5 kHz calling songs, whereas increasing intensities of 16 kHz 
calling songs results in the suppression of the response).

Whether the prolonged response is necessary for phonotaxis is the subject of 
current experiments. Preliminary data suggest that unattractive calling songs, such as 
one with correct temporal features but with a carrier frequency of 16 kHz, can be made 
attractive by adding a 5 kHz tone between the chirps. This combination should cause 
spiking in the interval between the immediate response to the chirp by L3 and thus mimic a 
prolonged response. In other experiments, attractive calls which induce the prolonged 
response in L3, can be made less attractive by adding 16 kHz tones which should decrease 
the prolonged response in L3. Ongoing experiments are attempting to evaluate the 
effects of two-tone stimulation on the prolonged response of L3 and on phonotaxis of the 
same females.

Supported by NSF IBN 92-22127 and faculty grants from Andrews University.

7 7 .1 6

Looming-Sensitivity in Hummingbird Hawkmoths: Neurons and Models.
M. Wicklein*1,2, NJ Strausfeld1, T Seinowski2, P Sαbes2, L Wiskott2, 1ARLDN, Tucson AZ 
85721 and 2The Salk Institute, San Diego, CA, USA

Intracellular recordings in Manduca sexta (Sphingidae, Lepidoptera) identified a 
class of wide-field neuron that responded selectively to looming or receding stimuli. 
Clockwise and counter-clockwise rotating spirals and expanding or contracting discs 
simulated looming and anti-looming. Both spirals and discs provide the eye with 
outwardly or inwardly moving edges, while the spiral simulates looming or anti-looming 
maintaining a constant area, perimeter length, and luminance on the retina. Type 1 cells 
are activated only by the disc and not the spiral, effectively distinguishing expansion 
from contraction by measuring perimeter length. The cell class is further divided: Type 
la neurons responded to looming and were inhibited by image size decrease (anti
looming) whereas type lb neurons were activated by anti-looming and inhibited by 
looming.

The proposed model for type 1 neurons requires them to be mutually inhibited, while 
being fed by two systems of retinotopically organized directional insensitive and motion 
sensitive edge-detectors through an intermediate level of elements that either preserve or 
invert the signal. The first of the two systems provides an excitatory output on the type 
la  neuron, the latter inhibits the type lb neuron. As the edge of the looming stimulus 
expands on the retina there is a recruitment of sequentially stimulated edge detectors 
increasing the depolarization of the class 1a cell and increasing the inhibition of the class 
lb cell. The opposite occurs with reversed stimulus: excitation of the class la cell 
diminishes, while the class lb cell is gradually released from inhibition. Reciprocal 
inhibition occurs between the class la and class 1b neurons to provide the observed 
responses of excitation to looming and inhibition to anti-looming or the reverse. We 
implemented the proposed model comparing the performance of the real circuit with the 
model. The model proves to be able to simulate the essential features of the neuronal 
circuit.

Funded by the NIH, HHMI, ONR, and the AvH Stiftung.

7 7 .1 8

WHY ARE TOADFISH SONIC MUSCLES SO FAST? M.L. Fine*, K. 
Malloy, S. Mitchell. Dept. Biology, Va. Commonwealth University, 
Richmond, VA 23284-2012.

Paired toadfish sonic muscles, situated on the lateral surface of the 
swimbladder, contract at 200 Hz to produce the boatwhistle advertisement 
call. Although there has been extensive work on its anatomy and 
physiology, the muscle’s functional contribution to sound generation has not 
been considered since Skoglund (1961) determined that muscle contraction 
rate generates call fundamental frequency. In this study we electrically 
stimulated the sonic nerve and monitored contraction with emg electrodes, a 
laser vibrometer to measure bladder displacement, and a microphone to 
relate sound to movement. The muscle fibers are curved like a diaphragm, 
and a twitch generates a complicated bladder displacement: the sides are 
pushed in, increasing internal pressure, which then pushes the bottom of the 
bladder out. The acoustic waveform of contraction mirrors this movement 
with a small rapid peak of negative pressure (sides in) followed by a larger 
positive peak (bottom out). The peak of acoustic pressure occurs at the 
midpoint of contraction when velocity is maximal and acceleration is zero. 
When stimulating with trains, peak sound amplitude increases to almost 200 
Hz, indicating a specialization for the boatwhistle, is still obust at 400 Hz, 
and does not completely tetanize at over 500 Hz. The bladder produces more 
acoustic pressure per displacement at higher frequencies, indicating that 
peak amplitude at boatwhistle frequencies is caused by optimal muscle 
contraction rather than bladder acoustics. Since sound amplitude is 
proportional to bladder velocity, we suggest that fast sonic muscles in 
teleosts evolved to produce louder sounds. Supported by NIH DCO 1083.
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77.19
EFFECT O F  P R E L IM IN A R Y  T E S T IN G  IN  N O V E L T Y  O N  T H E  
PLU S-M A ZE B E H A V IO R : S T R A IN  D IF F E R E N C E S .
D.F. A v g ustinov ich ,  T .V . L ip in a , N .P . B o n d a r . In s titu te  o f  C y to lo g y
& Genetics S D  R A S , N o v o s ib irsk , 630090, R u ssia
Spon: In te rn a tio n a l B eh av io u ra l a n d  N e u ra l G en e tic s  Society

M any in v es tig a to rs  use the sam e e x p e rim en ta l an im a ls  in d iffe ren t 
consecutive b e h a v io ra l tests. T h e  a im  o f  p resen t s tu d y  w as to  reveal the  
effects o f  p r io r  tes tin g  in o p en  Field o n  th e  p lu s-m aze  b e h a v io r  o f  m ale 
mice o f C 5 7B L /6J (C 57) a n d  C B A /L ac  (C B A ) s tra in s . In ta c t an im als  
differed on  p lu s-m aze  b eh av io r: C 57 m ice h a d  th e  decreased  o p en  a rea  
time and increased  enclosed  a rm s tim e in co m p a riso n  w ith  C B A . P r io r  
exposure o f  m ice to  th e  o p en  field  tes tin g  (no v elty ) in fluenced  in m ore  
extent on  p lu s-m aze  b e h a v io r  o f  C 57 th a n  o f  C B A . Such p ro ce d u re  
induced an x io ly tic -lik e  effect in C 57 m ice e lev a tin g  b o th  o p en  a rm s tim e 
and open a rm s en tries  a n d  low ering  enclosed  a rm s tim e  a n d  enclosed  
arms entries. Besides, th e  d ecreased  d e feca tio n  w as o b serv ed  in C57 m ice 
after open field  c o m p a re d  to  in ta c t in d iv id u a ls . P re lim in a ry  o pen  field 
testing o f  C B A  d id  n o t ch an g e  th e  o p en  a re a  tim e  as well as enclosed  
arms tim e in p lu s-m aze  increasing  on ly  th e  n u m b er  o f  op en  a rm s en tries 
and the n u m b er  o f  head -d eep in g s , d ecreasin g , how ever, less th a n  in C57 
mice, the d efeca tio n . P ro b a b ly , th e  p re lim in a ry  ex p o su re  C57 m ice to  the  
brightly lit o p en  field cau sed  a ro u sa l-lik e  s ta te  an a ly zed  in fo llow ing  
plus-maze testing . It w as co n c lu d ed  th a t  p re lim in a ry  tes tin g  o f  an im a ls  in 
the one test in fluences on  th e ir  b e h a v io r  in o th e r  test d iffe ren tly  in 
dependence o n  h e re d ita ry  defined  fea tu re s  o f  n e rv o u s system  (s tra in  o f  
mice).
Supposed by R u ss ian  S ta te  P ro g ra m  “ F ro n tie rs  in G e n e tic s ’’ (2.071). 

7 7 .2 0

NOCICEPTIVE-LIKE RESPONSES IN FERRET SUPERIOR COLLICULUS L.R. 
Dehnerand M.A. Meredith*. Dept. Anatomy, Virginia Commonwealth U., Richmond, VA.

Nociceptive neurons have been identified in the superior colliculi (SC) o f rodents, but 
appear to be absent in the colliculi o f other orders o f animals, such as carnivores and 
primates. Possible explanations for this discrepancy include the genetic composition of 
animal orders, their specific behavioral repertoire, or the anesthetics used to examine the 
colliculi o f different species. It has been suggested that nociception plays an important 
role in avoidance behaviors exhibited by rodents, particularly as an adaptation to the 
method by which they explore their environments. If this is true, then non-rodents that 
employ similar behavioral strategies, such as the ferret (Mustela putorius furo; order: 
Carnivora), should also possess nociceptive neurons within their SC.

Adult ferrets (n=1 0 ) were anesthetized with the same anesthetics as used to investigate 
rodents (urethane; 1.5 mg/kg). Standard recording techniques were used to identify 
responses of neurons in the SC to innocuous (visual, auditory, somatosensory) and noxious 
(pinch, 52-55°C water) stimuli. A total o f 155 neurons were identified, the majority of 
which responded to innocuous stimuli. However, 13 neurons, found in the intermediate 
and deep layers, were activated by noxious stimuli. Most (8/13) were also responsive to 
low threshold tactile stimulation (e.g., wide-dynamic range), but none were activated by 
short duration noxious stimuli, such as brief pinches. For these 13 neurons, noxious 
stimuli were effective only when applied for a long duration (> 6  seconds) and were 
considered 'nocifensive' after the description of Redgrave et al., (Exp. Brain Res. 109:197- 
208, 1996).

These data suggest that nociceptive responses may be preserved or facilitated by the 
presence o f urethane, an anesthetic not normally used for carnivores or primates. In 
addition, if there is a direct correlation between nociceptive and nocifensive responses, 
then these data also suggest that the functional properties of neurons may be more closely 
linked to a species' behavioral niche than to its phylogenetic relations. Supported by grant 
J-399 from the Jefffess Foundation.

N E U R O E T H O L O G Y : A U D IT O R Y  P H Y S IO L O G Y  

7 8 .278.1
DOPPLER-SHIFT COMPENSATION BEHAVIOR IN HORSESHOE BATS 
REVISITED: INDICATION OF AN EXCITATORY RATHER THAN INHIBITORY 
AUDIO-VOCAL CONTROL MECHANISM?. W. M etzner*. Dept. Biology, Univ. 
California at Riverside, Riverside, CA 92521-0427 

Horseshoe bats control the frequency of their echolocation calls by monitoring the 
characteristics of the returning echo. They compensate for flight induced Doppler- 
shifts in the echo frequency by adjusting the frequency of the subsequent vocalization 
calls. Echo frequencies above the bat’s resting frequency (RF) (positive frequency 
shifts) yield a lowering of vocalization frequencies. Echoes returning at frequencies 
below the bat’s RF (negative frequency shifts), where auditory thresholds are up to 30 
dB higher than for sound frequencies above RF, were previously assumed not to have 
any effect on this Doppler-shift compensation (DSC) behavior. Hence, only the 
lowering of the vocalization frequency would require auditory feedback and the return 
to RF would be a passive process occurring without it. Results from recent 
behavioral experiments, however, show that artificial echoes with negative frequency 
shifts, when presented at similar intensity levels above threshold as positively 
frequency shifted echo mimics, also elicit DSC behavior. During this “inverse” DSC, 
call frequencies followed the time course of experimentally induced, slow (0.1 to 0.3 
Hz) sinusoidal changes of the echo frequency (-1.5 to -3 kHz) and increased up to 1 
kHz above RF. In another experiment, frequencies of echo mimics were suddenly 
raised to a constant value (positive step), causing lower call frequencies, and then 
lowered to zero shift again (negative step), resulting in echo frequencies to suddenly 
fall below RF and call frequencies to return to RF. The time courses of DSC after 
both positive and negative steps became significantly faster with increasing echo 
intensity. Hence, during DSC both the lowering of call frequencies and the return to 
RF are affected by auditory feedback. This might be behaviorally relevant during final 
target approach when the bat reduces its flight speed and call repetition rates and echo 
intensities are high. The neuronal basis for audio-vocal control of DSC, therefore, in
volves a significantly larger neuronal population with different tuning properties than 
previously thought. This might also indicate an excitatory rather than inhibitory 
audio-vocal control mechanism. Support from NIH and Whitaker Foundation

78.3
LOCAL INHIBITION MODULATES SONG-SELECTIVE AUDITORY 
RESPONSES WITHIN THE SONG NUCLEUS LMAN. M.J. Rosen* and R.
Mooney. Department of Neurobiology, Duke University, Durham, NC 27710

The anterior forebrain song nucleus LMAN has been implicated in both song 
learning and song discrimination, two processes likely to involve auditory neurons 
that respond selectively to birdsong. LMAN neurons display such song-selectivity, 
firing more strongly to forward as opposed to reverse playback of the bird’s own song 
(BOS; Doupe, 1997). However, this selectivity also is detected in areas presynaptic to 
LMAN, such as nucleus HVc, raising the question as to whether additional song- 
related auditory processing is performed within LMAN. Our previous experiments 
suggest that some non-selective LMAN neurons with high spontaneous firing rates 
display song-selectivity when hyperpolarized by tonic current injection. An 
endogenous source of such hyperpolarization could be the GABAergic inhibitory 
circuitry that is local to LMAN (Livingston & Mooney, 1997). To determine if this 
local inhibition contributes to song-selectivity, we reversibly blocked GABAa 
receptors with bicuculline while recording intracellularly from LMAN neurons in the 
zebra finch, and measured their responses to song playback. Bicuculline treatment 
induced a dramatic rhythmic bursting in LMAN neurons. In two o f eight cells thus far 
tested, this treatment did not abolish song-selectivity, which is consistent with the idea 
that such responses are generated extrinsic to LMAN. However, in the remaining six 
cells, song selectivity was abolished by bicuculline treatment; in three o f these cells 
that were held for prolonged periods, selectivity reemerged as the bicuculline-induced 
bursting disappeared. These pharmacological results and those obtained from 
hyperpolarized control neurons are consistent with a role of local inhibition in 
modulating song-selectivity. Future experiments will address whether reducing 
inhibition within LMAN simply masks a persistent afferent selectivity by raising the 
baseline firing rate, or disrupts local network processes that enhance song-selectivity. 
Funded by NIH R01 DC02524, and the McKnight, Sloan and Klingenstein Foundations.

SPECTRA L AN D TEM PO R A L RESPO N SE C H A R A CTERISTICS IN 
T H E OW L'S NUCLEUS LA M IN ARIS. J. L. Peña and S. V iete*, 
D ivision o f Biology 216-76, C alifornia Institute o f  Technology, 
Pasadena, U.S.A.

Bam  owls as nocturnal predators use inte raural time d if fe re nce 
(ITD ) to determ ine the location o f  a ；sound in the horizontal plane. 
Processing o f ITDs in the ow l’s nucleus lam inaris (N L) occurs in 
separate frequency bands and relies on the ex istence o f phase locking . 
M atches in frequency am ong the m ultiple afferent fibers innervating a 
single nucleus lam inaris neuron  and betw een its left and right inputs 
are im portant, because ITDs arc derived from  tem poral d ispari； ties in 
phase-locked im pulses arriving from the two ears. We studied b o th  
frequency tuning and phase locking properties.

M onaural frequency tuning curves o f som e nucleus lam inaris 
neurons were d ifferent betw een the ipsilateral and contrala teral sides. 
However, these disparities were not correla ted  with the ITDs to which 
the neurons were tuned. This and o ther lines o f evidence indicate that 
the processing  o f ITDs by coincidence detection  does not involve 
coch lear delays but only neural delays.

NL neurons show better phase-locking  (greater vector strength, VS) 
and sm aller angular dispersion  (AD ) than their afferent fibers from  
nucleus m agnocellu laris (NM ). This im provem ent is expected, 
because NL neurons respond better to coincident im pulses in their less 
synchronized  afferent spike trains. M oreover, NL m onaural 
stim ulation evokes responses with value s o f  VS and AD in term ediate  
betw een NM and NL for binaural em ulation . These results are 
consisten t with the idea that NL neurons respond not only to 
co incidence o f impulses from the two sides but also to that betw een 
different fibers com ing from the sam e side.

7 8 .4

STRUCTURE AND FUNCTION OF INHIBITORY CIRCUITS IN A 
FOREBRAIN NUCLEUS CRITICAL FOR PRODUCTION OF LEARNED 
SONG. J.E. Spiro* and R. Mooney.
Dept. of Neurobiology, Duke Univ. Med. Center, Durham, North Carolina, 27710.

The zebra finch song control nucleus RA is a central element o f the pattern generator 
for learned song. Syllable-centered vocal premotor activity from the song nucleus 
HVc is transformed within RA into a highly precise note-centered pattern that is then 
transmitted to vocal (i.e., syringeal) and respiratory motoneurons. Because both note 
structure and duration are learned, RA is hypothesized to be a locus for synaptic 
changes that underlie song learning. Little is known, however, about the intrinsic 
circuitry of RA. To examine this intrinsic circuitry, we recorded from RA 
interneurons (INs) intracellularly in a brain slice preparation, and then filled these cells 
with neurobiotin. Compared with RA projection neurons, RA INs have a steep 
current-frequency relationship (ca. 86  vs. 290 Hz/nA, respectively). INs are 
synaptically activated by stimulation of fibers originating from HVc and LMAN, as 
well as by stimulation of the local axon collaterals o f RA projection neurons. INs 
have small somata, and thin aspinous processes that extend throughout large portions 
of the nucleus without exiting it. These characteristics distinguish them from 
projection neurons, which have thick spinous dendrites, more restricted local 
collaterals, and an axon that exits the nucleus. Based on their small soma size, which 
resembles that of GABA-immunoreactive cells in RA, we believe these fast-spiking 
cells are GABAergic INs. Given their sources of excitatory inputs, these INs can 
provide fast feedforward and feedback inhibition to RA projection neurons, and 
therefore could help create the pattern of bursts and pauses that characterizes RA 
output during singing. Because these inhibitory INs extend across areas o f RA that 
control either breathing or syringeal muscles, they could also serve to coordinate 
breathing with syringeal control.
Supported by NIH F32 DC00333, NIH R01 DC02524, and the McKnight and 
Klingenstein Foundations.
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78.5

SYNCHRONIZATION OF AUDITORY RESPONSES IN THE SONG 
CONTROL NUCLEUS HVc. M. F. Schmidt* and M. Konishi. Division of 
Biology, California Institute of Technology, Pasadena, CA 91125.

Nucleus HVc is the first structure in the song system where neurons become 
selectively tuned to the bird’s own song (BOS). This auditory representation of song 
has been suggested to be globally distributed across the nucleus since cumulative 
auditory responses show a high degree of similarity across HVc (Sutter and 
Margoliash (1994) J. Neurophys.72 :2105). A striking feature of higher level 
auditory structures, such as HVc, is the high degree of inter-trial variability, the 
potential significance of which is lost when analyzing cumulative auditory 
responses. In the present study, using pairs (separated by 350-400 µm) of electrodes 
implanted in different regions of HVc, we examined the degree of similarity between 
multiunit auditory neural responses recorded simultaneously from each electrode 
pair. All experiments were performed in anesthetized adult male zebra finches. In 
agreement with Sutter and Margoliash (1994), we observed a high degree of 
similarity in the cumulative auditory response (peri-stimulus time histogram 
(PSTH)) between electrodes. In all cases (6 electrode pairs, 6 birds), cumulative 
auditory responses Were most selective to BOS and showed only weak responses to 
conspecific song or BOS reversed. We observed tight synchrony of individual 
auditory responses between electrode pairs despite the high degree of inter-trial 
variability. The similarity between electrode pairs for a given auditory presentation 
was much greater than that observed for a given electrode across trials. Our results 
suggest that the underlying dynamics of ongoing activity in HVc is highly 
synchronized across the nucleus and helps shape auditory responses. Because HVc is 
innervated by many different structures, we hypothesize that many of these inputs 
may play an important role in shaping and/or modulating auditory responses. This 
work was supported by NIH grant RO3DC0304 l .

78.7

RESPONSES TO AUDITORY STIMULI IN A BUDGERIGAR VOCAL CON
TROL NUCLEUS. T.K. Plummer*, G.F. Striedter. Center for the Neurobiology 
of Learning and Memory, UC Irvine, Irvine, CA 92697-4550.

Budgerigars posses forebrain structures, similar to those of songbirds, that 
enable them to learn new vocal patterns throughout adulthood. There have been 
no published reports of auditory responses in any budgerigar vocal control struc
tures. We recorded single and multi-unit responses to playback of conspecific 
contact calls in nucleus NLc (which is similar to songbird HVc) of birds that were 
lightly anesthetized with isoflurane gas. Small electrolytic lesions were made to 
confirm the location of the recording sites in NLc. Increases in neural activity 
were consistently observed during the period immediately following the audi
tory stim ulus (n=6). These re
sponses were typically in the form 
of bursts that followed the stimu
lus in roughly half of the trials. One 
example of such a multi-unit audi
tory response in ventral NLc is 
shown in the accompanying histo
gram (29 trials). This is the first re
port of auditory activity in the fore
brain vocal control system of bud
gerigars. F u rther s tud ie s  are 
needed to determine the anatomi
cal source of these auditory inputs 
to NLc. Supported by a training 
grant fellowship (#MH14599-21) to 
T.P. and NIH grant (DC03223) to 
GS.

78.9

COMPLEX RESPONSES TO AUDITORY STIMULI IN THE BUDGERIGAR OVAL 
NUCLEUS OF THE VENTRAL HYPERSTRIATUM (HVo). Sarah E. Durand* and 
Steven E. Brauth. Department of Psychology, University of Maryland, College Park, MD 20742.

Anatomically defined connections of the oval nucleus of the ventral hyperstriatum 
(HVo) in the budgerigar, a parrot that learns vocalizations throughout life, are similar to 
connections of the oscine high vocal center (HVC). HVo projects axons throughout a 
region comparable to the oscine Area X and throughout a neostriatal nucleus of the 
principle vocal-motor pathway, with which it forms both direct and indirect feedback 
circuits. Retrograde tracing has implicated lemniscal and thalamo-telencephalic 
auditory populations as potential sources of input to HVo. Should HVo function 
similarly to HVC, then auditory stimuli should influence activity of HVo neurons. As an 
initial test of this prediction, we used single and multi-unit extracellular recording to 
assess responses of HVo units in anesthetized birds to playbacks of bird's own 
contact calls (learned vocalizations, continuously modified on the basis of social 
experience), calls of other individuals, reverse calls and noise bursts.

Simple on-off responses to noise bursts could be generated as background activity 
within a narrow range of penetration through HVo and were judged to indicate 
passage of the recording pipette through the dorsolateral fiber lamina of the nucleus. 
Such simple responses have not been observed for single unit recordings, which thus 
far form two classes of response types: phasic units that initially entrain to the effective 
stimulus (own contact calls or noise bursts) and low firing rate cells (0.1-0.4 
spikes/sec), which exhibit a 5 to 10 fold rate increase to effective stimuli (own contact 
calls). Rapid habituation to stimulation characterizes both response types. These 
results are consistent with a role of HVo in the processing auditory information related 
to the production of learned contact calls. Supported by NIDCD 5 F32 DC 00105-03 to 
SED&MH 40698 to SEB

78.6

SONG-SELECTIVE AUDITORY RESPONSES IN NIF: EXTENDING THE 
SENSORIMOTOR INTEGRATION HIERARCHY. Petr Janata* & Daniel 
Margoliash. Dept. Organismal Bio. & Anat.. Univ. of Chicago. Chicago. IL 60637.

Birdsong is a model system for understanding how motor and sensory information 
interact to coordinate behavior. Attention has focused on sensorimotor integration in 
HVc, but here we investigate the auditory responses of n. interfacialis (NIf). which 
projects to HVc and shows motor-related activity during singing, but is apparently not 
necessary for singing in adult zebra finches. Auditory responses were recorded from 
22 single neurons in NIf o f 11 birds. These were compared with 30 single neurons in 
the adjacent L I region of the Field L complex, the avian auditory cortex analog. NIf 
responses were significantly stronger during playback of the bird's own song (BOS) 
compared to either BOS played in reverse (REV) or the songs of conspecifies (CON). 
LI neuronal responses were not statistically different comparing BOS. REV. or CON.

Multiunit activity in HVc was recorded simultaneously with NIf single units in 9 
of the birds. Simultaneous activity in HVc and LI was recorded in 4 birds as a 
control. The spontaneous activity of NIf and HVc. but not LI and HVc. exhibited 
correlated bursts, with NIf typically leading. The correlation of spontaneous activity 
may arise from common Uva input. Compared to spontaneous activity, the maximum 
correlation relative to background was not as prominent during responses to auditory 
stimuli, nor did the degree of correlation in the spontaneous activity predict the degree 
of NIfs song selectivity. Overall, song selectivity was stronger in HVc than NIf. 
Thus, HVc song selectivity may arise in part from NIf input, but is further refined by 
local integrative mechanisms presumably involving additional auditory inputs to 
HVc.

Our results place NIf as the earliest known site of auditory/motor interactions in 
the song system, and establish it as the first confirmed source of auditory input to 
HVc. This is the first evidence that the high degree of song selectivity seen in HVc - 
a representation of a song “object” -  arises gradually within a sensorimotor hierarchy. 
Song selectivity in the bird forebrain may only emerge when auditory input directly 
interacts with pattern generating circuitry for song. (Supported by NIH NS 10395-02)

78.8

VOCAL AND ACCESSORY AUDITORY PATHWAYS OF THE BUDGERIGAR 
(MELOPSITTACUS UNDULATUS) EXHBIT CALCITONIN GENE RELATED 
PEPTIDE IMMUNOREACTIVITY. Naheed F. Vatcha1, Sarah E. Durand1, Cheryl A. Kitt*2 
and Steven E. Brauth1. 1Dept. of Psychology, University of Maryland, College Park, MD 20742, 
National Institute of Neurological Disorders and Stroke, Bethesda, MD. 20892

Calcitonin gene related peptide (CGRP) and methionine enkephalin (MENK) 
immunoreactive fibers form prominent terminal fields within telencephalic vocal control nuclei in 
oscine songbirds. In the diencephalon of both oscine and non-oscine species, CG R P  and 
MENK reactive fields delineate the shell of the auditory nucleus ovoidalis (Ov), recently 
demonstrated in doves to be a direct source of pathways mediating physiological responses to 
vocalizations (M-F. Cheng and JP  Peng, J. Neurosci., 1998, in press).

Although telencephalic vocal control nuclei are believed to have evolved independently in 
oscines and parrots, vocal nuclei in budgerigars have also been shown to contain distinctive 
M ENK immunoreactive fiber fields. We now report that budgerigar telencephalic vocal nuclei 
contain prominent CG R P  fiber fields and that these fibers show similar morphology and 
distribution as MENK fibers including perikaryal baskets in the central nucleus of the lateral 
neostriatum and abundant plexuses in the oval nuclei of the hyperstriatum ventrale and anterior 
neostriatum. Both the Ov shell and its projection fields in the caudal medial neostriatum also 
contain prominent CG R P  fiber fields. The pattern of CG R P  in the budgerigar, a bird that can 
learn vocalizations throughout life, differs from that of the zebra finch, a "closed-ended 

learner," in that C G R P  in budgerigars is not restricted to pathways of the anterior neostriatum.
CG R P  fibers in both oscines and budgerigars are conspicuously abundant in both 

"accessory" auditory pathways derived from the Ov shell and in telencephalic vocal control 
nuclei. Correspondence of neuropeptide features in these systems suggests possible 
functional correspondence as well. It is notable that in oscines multisynaptic pathways 
interconnect neurons in the Ov shell with the high vocal center. Investigation of comparable 
pathways in the budgerigar is ongoing and is guided by the working hypothesis that evolution 
of vocal learning systems in this species may also have involved elaboration of accessory 
auditory pathways. Supported by NIDCD 5 F32 DC 00105-03 to SED & MH 40698 to SEB

78.10

RESPONSE SELECTIVITY OF NEURONS IN THE 
FOREBRAIN SONG CONTROL NUCLEUS OF THE ZEBRA 
FINCH REARED IN ABNORMAL ACOUSTIC ENVIRONMENT.
M. Maekawa* Dept. of Physiology, Dokkyo University School of 
Medicine, Tochigi 321-0293, Japan.

Auditory information is important for the normal song learning 
of the zebra finch. Most auditory responsive neurons in the 
forebrain song control nucleus (LMAN) respond selectively to the 
bird’s own song. To find the mechanisms underlying the 
development of the selective responses, I recorded auditory 
responses in the LMAN of the zebra finches which did not 
acquire the normal song model. Birds were isolated acoustically 
or they have heard only the artificial song over the song learning 
period. The neuronal responses were recorded after birds 
crystallized their songs. In these birds, unlike the normal bird, 
the percentage of neurons responding to their own songs was 
small as compared with the percentage of neurons responding to 
the conspecific songs. The responses to the bird’s own song 
were not significantly greater than those to the reversed bird’s 
own song. These results suggest that most LMAN neurons in 
the bird reared in the abnormal acoustic environment are not 
selective to the bird’s own song. (Supported by a Grant-in-Aid 
for Scientific Research (05206109) from the Japanese Ministry of 
Education, Science and Culture)
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78.11
SINGING-RELATED ACTIVITY OF ADULT ANTERIOR FOREBRAIN SONG 
NUCLEI AND ITS MODULATION BY SOCIAL CONTEXT N.A. Hessler,*M . Kao, 
& A.J. Doupe. Keck Center for Integr. Nsci., UCSF, San Francisco, CA 94143-0444

The song control system consists of two distinct circuits: the "motor" pathway, which 
includes the nuclei HVc and RA, is essential for normal song production throughout a 
bird’s life, while a second circuit, the anterior forebrain (AF) pathway, has not been seen to 
be necessary for crystallized song production in adult birds. We previously reported that 
neurons in AF nuclei LMAN and Area X (X) fire vigorously during undirected singing in 
adult zebra finches. To investigate this activity further, we removed auditory feedback by 
deafening adult birds. In four birds, multi-unit responses during singing did not change 
markedly from before to several days after deafening. Thus, a large component of AF 
activity during singing does not require auditory feedback, and may represent an efference 
copy signal originating in the motor pathway. Smaller and reversible alterations of feedback 
may be required, however, to reveal an influence of auditory input during singing.

In addition, we found that social context, which strongly influences singing behavior and 
song learning in many species, had a pronounced effect on AF activity in zebra finches. 
Males of this species are known to sing an intense, highly aroused "directed" song upon 
introduction to a conspecific female or male, and an "undirected" song, with similar 
acoustic structure, when isolated from other birds. We therefore compared, within 
recording sessions, AF activity during undirected song with that occurring during directed 
song. When another finch was present, excitation over background levels was consistently 
of lower magnitude than that present when birds sang alone (for 6/7 birds in L-MAN, and 
4/4 birds in X). For all AF recordings, the pattern of neural activity during a song motif was 
also less variable across song renditions for directed than for undirected song. Despite the 
distinct difference in neural activity, no difference in song structure was evident in the two 
social contexts. Moreover, in preliminary multi-unit recordings from the premotor nucleus 
RA (n=3 birds), we saw no such clear differentiation between activity during the two types 
of singing. These results provide evidence that the AF pathway may function in 
motivational/social aspects of singing in adult birds, and raise the possibility that it has a 
similar function during song learning, as well.

Supported by NIMH 55987 and EJLB

78.13

DEVELOPMENTAL CHANGES IN THE CORRELATION OF FIRING BETWEEN 
AUDITORY NEURONS OF SONG NUCLEI LMAN AND RA. R.R.Kimpo*,
F.E.Theunissen, and A.J.Doupe. Neuroscience Graduate Program, Keck Center for 
Integrative Neuroscience, UCSF, San Francisco, CA 94143.

The songbird anterior forebrain pathway (AFP) may provide auditory feedback 
crucial to song learning, but little is known about how the AFP modulates the song 
motor pathway at any age. To investigate this, we have simultaneously recorded 
auditory neurons from the output nucleus of the AFP, LMAN, and from its target 
premotor nucleus RA, in juvenile zebra finches undergoing song learning (45-55d) and 
in adults (>120d). We calculated cross correlograms between the occurrence of RA 
spikes relative to LMAN spikes during both spontaneous and evoked activity (in 
response to the bird’s own song) in anesthetized juvenile (n=11 sites in 6  birds) and 
adult finches (n=25 sites in 6  birds). The cross-correlograms showed three peaks of 
synchronized activity: two with narrow widths (mean=24ms) and significant delays 
(N1: -60 ms, N2: +7ms, RA firing relative to LMAN spike) and one with with a much 
wider width (W: 332ms) and a delay not significantly different from zero. N 1 peaks 
may be due to direct activation of RA neurons by song nucleus HVc, while the N2 
peaks could be LMAN-driven, since the conduction time directly from HVc to RA is 
likely to be shorter than that from HVc to RA via the AFP. A process potentially 
underlying the correlation with the long time scale has not been described. All three 
peaks were observed in juveniles and adults, and often simultaneously in the same 
cross-correlogram. The two narrow peaks were observed simultaneously in 
approximately half the cases. There were also differences between the adult and juvenile 
cross-correlograms. In marked contrast to the juveniles, no significant long time scale 
peaks were observed in the adults during evoked activity. In addition, the strength of 
the correlation for N2 and W peaks tended to be lower in adults than in juveniles, and 
the N2 peaks were significantly narrower in adults. These results suggest that 1)
LMAN neurons drive RA neurons more strongly in juveniles than in adults and 2) that 
the long time-scale synchronization of activity in the two nuclei is more important 
during than after song learning. Further experiments will determine the effects of 
transient inactivation o f LMAN on RA activity and cross-correlations of spike trains. 
Supported by NIMH 55987 and the Markey Charitable Trust

78.15

ELECTROPHYSIOLOGICAL SIMILARITIES BETWEEN AREA X NEURONS IN 
THE ZEBRA FINCH AND NEURONS OF THE MAMMALIAN STRIATUM.
M.A. Fames and D.J. Perkel*. Dept. o f Neuroscience, Univ. of Pennsylvania, 
Philadelphia, PA 19104-6074.

Area X is the first nucleus of the anterior forebrain pathway (AFP), a component of 
the passerine song system that is required for song learning, but not singing perse.
Some neurochemical and anatomical evidence suggests that area X is a component of 
the avian striatum, but little is known about the intrinsic physiological characteristics of 
its neurons.

We studied the intrinsic physiological properties of area X neurons in zebra finch 
brain slices via whole-cell recordings in current clamp mode. Some electrodes 
contained neurobiotin, and all labeled cells were small (6-9 µm diameter) and spiny. 
These cells (n=14) had a resting potential of approximately -70  mV, an input resistance 
of about 650 MΩ, and did not fire spontaneously. They exhibited a cesium-sensitive, 
time-independent inward rectification in response to hyperpolarizing current pulses. 
When injected with depolarizing current, these neurons responded with a slow, ramp-
like potential that terminated in a delayed action potential at threshold current. Stronger 
depolarizing current produced a steeper ramp potential, shorter latency to firing, and 
more action potentials. Weak accommodation was sometimes present.

The physiological properties of area X neurons studied here are strikingly similar to 
those of medium spiny neurons (MSNs), the primary cell type of mammalian striatum. 
However, MSNs are the projection neurons o f the striatum, while the small neurons of 
area X studied here are not known to project outside of the nucleus. Instead, the only 
known projection neurons of area X are large, sparsely distributed, GABAergic cells 
that project to the thalamic nucleus DLM. We suggest that area X may in fact be a 
mixture of striatum-like and globus pallidus-like components, with the large projection 
neurons playing the role o f the globus pallidus. If true, this would make the architecture 
of the AFP consistent with the direct pathway o f the mammalian basal ganglia. 
Supported by an NSF Graduate Research Fellowship.

7 8 .1 2

DEVELOPMENTAL CHANGES IN TEMPORAL DYNAMICS OF SYNAPTIC 
RESPONSES IN THE SONGBIRD NUCLEUS LMAN. C.A. Boettiger* and A.J. 
Doupe. Neuroscience Graduate Program, Keck Center for Integrative Neuroscience, 
Depts. of Psychiatry and Physiology, UCSF, San Francisco, CA 94143-0444.

The lateral portion of the magnocellular nucleus of the anterior neostriatum 
(LMAN) of songbirds plays a vital role in song learning, possibly by encoding sensory 
information and providing auditory feedback to the vocal motor system. As song 
learning progresses, LMAN auditory neurons evolve from a broadly tuned initial state 
to a state of strong preference for the bird's own song and acute sensitivity to its 
temporal pattern. We examined short-term synaptic plasticity in LMAN that could 
contribute to the acquisition of such temporal selectivity using an acute slice 
preparation of LMAN from zebra finches at three developmental stages: i) during 
sensory learning prior to the onset of singing (~3 wks), ii) in the early phase of 
sensorimotor learning (~6  wks), and iii) at the close of sensory learning, when 
sensorimotor learning is still underway (~9 wks). We assessed the temporal properties 
of two excitatory inputs to LMAN neurons: afferents from the medial portion of the 
dorsolateral thalamus (DLM), and recurrent axon collaterals from other LMAN 
neurons. Responses of LMAN neurons to paired-pulse stimulation of either input 
changed over this period of development. Responses to DLM inputs showed a 
developmental decline in paired-pulse depression at intervals < 400 ms, which 
contributed to a developmental increase in temporal summation of these responses for 
intervals < 200 ms. In contrast, responses to intrinsic inputs showed a decline in 
temporal summation in response to pairs of stimuli at intervals < 2 0 0  ms, despite an 
increased incidence of paired-pulse facilitation of these responses at the same intervals. 
The changes in responses to thalamic afferents are consistent with the increasing 
strength of auditory responses observed in LMAN as vocal learning proceeds. 
Moreover, since the recurrent network within LMAN may transform extrinsic input to 
the nucleus, the altered temporal dynamics of responses to recurrent collaterals suggest 
that, as song selectivity increases and vocal plasticity declines, any such 
transformations of thalamic input also change.

Supported by the Merck Fund. NIH #MH55987, and predoctoral NRSA #M HI 1896.

7 8 .1 4
DEVELOPMENTAL REGULATION OF NMDA RECEPTOR-MEDIATED 
SYNAPTIC CURRENTS IN NUCLEUS RA OF THE ZEBRA FINCH. L.L. Stark* 
& D.J. Perkel. Dept. Neurosci., Univ. Pennsylvania, Philadelphia, PA, 19104, USA.

Vocal learning in songbirds is characterized by two sensitive periods: a sensory 
phase in which the fledgling memorizes the song o f a tutor, and a sensorimotor 
phase in which the juvenile bird gradually matches his vocal output to the memory 
o f the tutor song. In the song-control system, nucleus RA receives convergent input 
from HVc, which is necessary for song production, and from IMAN, which is 
necessary for song learning. NMDA receptors (NMDAR), widely implicated in 
synaptic plasticity, contribute to synaptic transmission in these two pathways. In 
other vertebrate systems, NMDAR-mediated EPSCs are composed o f both fast and 
slow components; often, sensitive periods for developmental plasticity end with a 
decrease in the percent contribution of the slow component (% slow) to the total 
excitatory post-synaptic current (EPSC).

In coronal brain slices, we recorded whole-cell synaptic currents from RA 
neurons by stimulating the afferent pathways from HVc and IMAN. EPSCs were 
recorded at a holding potential o f +50mV in the presence o f high-divalent cation 
solution to reduce polysynaptic input. The NMDAR-mediated component was 
isolated using the AMPA receptor antagonist CNQX and the GABAÄ antagonist 
picrotoxin. The NMDAR-mediated EPSC decay phase was fitted with a double 
exponential function, and % slow was calculated. NMDAR-mediated EPSCs elicited 
by HVc afferent stimulation showed a developmental decrease in % slow between 
fledglings (20-40 days post-hatch) and adults (> 100 days); n= 10, p<.05. A similar 
effect was seen with EPSCs elicited by IMAN afferent stimulation. These results are 
consistent with developmental changes in NMDAR-mediated EPSCs recorded in 
IMAN (Livingston & Mooney, 1997). Thus, functional changes in NMDAR- 
mediated synaptic transmission in RA may contribute to transitions between 
sensitive periods for learning. Supported by NIH grant 1 F32 DC00330-01 to LLS.

7 8 .1 6

NMDA RECEPTOR-MEDIATED EPSCs WITHIN TWO SONG NUCLEI ARE 
TESTOSTERONE-SENSITIVE DURING EARLY SONG DEVELOPMENT. F.S. 
Livingston*,  S .A. White and R. Mooney. Department o f Neurobiology, Duke 
University, Durham, NC 27710
Song learning in zebra finches is restricted to an early developmental period that is 
sensitive to both hormonal factors and auditory experience. Previous work has shown 
that NMDA receptor-mediated EPSCs (NMDA-EPSCs) become faster over 
development in LMAN, a brain nucleus critical to song development. One hypothesis 
is that as NMDA-EPSCs become faster, the resultant decrease in Ca++ entry into 
neurons limits the capacity for synaptic modification required for behavioral 
plasticity, thus limiting sensitive periods for song learning. A prediction o f this model 
is that if  changes in NMDA receptor activity govern sensitive periods for song 
learning, then treatments that disrupt or delay song development should also alter the 
development o f NMDA-EPSCs. To test this idea, we altered androgen levels in 
young birds at times when such manipulations are known to affect song development, 
and then tested whether the development o f NMDA-EPSCs was altered within 
neurons of two forebrain song nuclei, LMAN and RA. NMDA-EPSCs became faster 
over development in both nuclei. Exogenous androgens accelerated the pace of 
NMDA-EPSC development within song nuclei but were without effect in the Wulst, a 
non-song related forebrain region. In contrast, early castration and chronic flutamide 
(an anti-androgen) treatment did not prevent normal maturation o f NMDA-EPSCs. 
These findings show that developmental changes in NMDA receptor activity are 
androgen-sensitive during the same time that song learning is susceptible to hormonal 
perturbation, but suggest that the transition to faster NMDA-EPSCs ultimately 
depends on other factors, such as auditory and/or social experience. Supported by the 
McKnight Foundation and NIH ROl DC02524 to R.M. and NIH 5T32 NS07370 to S.W.
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79 .1

PHOBIA TO FOOD STIMULI CHARACTERIZE ANORECTIC RESTRICTORS 
AND NOT BULIMICS. A .J. Strohmayer*, V . Fornari, L .M . Hasty and D. 
Greenberg. Depts of Psychiatry and Neruology, North Shore Univ Hsp 
NYU School of Med, and Dept of Psychiatry, Cornell Univ Med Col; 
Manhasset NY 11030 .

Patients with Anorexia Nervosa (AN) avoid food or restrict intake. 
Patients with bulimia (BN) may binge and purge but accept food. We 
hypothesized that AN patients may treat food as a phobic focus. To 
examine this hypothesis we compared the autonomic nervous system 
(ANS) reactions of AN and BN patients. W e measured responses to a 
standard cognitive stress psychophysiological profile (PSP) and responses 
to the presumed stress of food stimuli.

AN and BN patients diagnosed using the SKID were subjects. Food 
stimuli were pictures of food items. W e recorded Galvanic Skin Response 
(GSR) and other ANS measures. Both AN and BN patients showed a 
similar slight arousal response to the standard cognitive stimuli (PSP). In 
contrast, ANs showed a dramatic and significant increase in GSR (52%  
p < . 0 5) in response to food stimuli while BNs showed no such elevation.

These results are consistent w ith a phobic response to food in AN and 
not BN patients. Thus, specific behavioral treatm ents (systematic 
desensitization) may be beneficial in treatm ent of AN patients.

Supported by: The Herman Goldman Foundation (AS) and D K -38757  
(DG).

7 9 .3

G L U C O SE REPO N SIV E NEU RO N S A R E P O TEN T IA L EN ERG Y  
H O M EOSTASIS REG U LA TO RS. A .A . D unn-M eyn e ll1*, N .R aw son2, E.M. 
Parker3, M .S. R udinski3 and B.E. L ev in 1. 1VA M ed. C tr., E. O range 
N J07018; Dept. N euroscience, NJ M ed. Sch., N ew ark N J07103, 2M onell 
Chem ical Senses Institute, Philadelphia, PA, 19104, 3Schering-P lough Res. 
Inst., Kenilw orth, NJ 07033.

G lucose responsive neurons increase their firing rate and/or release o f 
transm itters like GA BA  from  axon term inals w hen am bient glucose levels 
rise. An A TP-sensitive K+ (K Atp) channel com posed o f a pore-form ing unit 
(K ir6.2) and sulfonylurea binding site m ediates this effect. U sing double-
label in situ hybridization and/or im m unocytochem istry, we exam ined the 
phenotype o f neurons which express K ir6.2 m RNA in S prague-D aw ley rat 
brain areas known to both contain glucose responsive neurons and be 
involved in energy hom eostasis. K ir6.2 m RNA was seen in cells expressing 
neuron specific enolase (neurons) but not in astrocytes (glial fibrillary acidic 
protein) or oligodendrocytes (carbonic anhydrase). In the substantia nigra, 
both GA BA (GA D65 m RNA ) and dopam ine neurons (tyrosine hydroxylase 
im m unoreactivity) contained K ir6.2 m RNA . G A D 65 m RN A  was also co
localized with K ir6.2 in neurons o f the dorsom edial, ventrom edial and 
arcuate hypothalam ic nuclei. In the arcuate n., K ir6.2 m RN A  was highly co 
localized in NPY neurons which also expressed  agouti-related  peptide 
m RNA. Thus, dopam ine, G A BA  and N PY neurons know n to be involved in 
energy hom eostasis all contain the KAtp channel. This m akes them  potential 
integrators and effectors o f energy hom eostasis. Funded by the Research 
Service o f the VA , N ID DK and S chering-P lough Res.Inst.

7 9 .5

A M PLIF IC AT IO N  OF m R N A  P O P U LATIO N S  W ITH IN  D ISCRETE C E LL 
G RO U PS IN RAT NTS DURING T A STE  A V E R S IO N  LEA R N IN G  M.W. 
S w a n k *1, C.M. Spencer2, and T .A .H o u p t1. Bourne Laboratory, Cornell Univ. 
M edical College, W hite Plains, NY 106051; Dept o f Pharm acology, UConn 
Health C e n te r, Farm ington, CT 06030.

Taste aversion learning is m edia ted by transient changes∙in  gene 
expression w ith in d iscrete cell popu lations in the in term ediate nucleus tractus 
so lita rius (NTS) and several o ther key brain regions. c-Fos im m unohisto- 
chem istry has been used to identify relevant cells w ith in  NTS, and antisense 
experim ents have shown that th is im m edia te-early gene product is necessary 
for taste  aversion learning. In the present experim ent w e com bine c-Fos 
im m unohistochem istry w ith aR N A am plification, thus a llow ing identification o f 
o ther regulated genes w ith in im m unohistochem ically-defined cell 
populations.

Rats w ere injected w ith e ither saline or lithium  ch loride (0.15M, 12.5 m l/kg 
ip); one hour later anim als were perfused w ith paraform aldehyde and brains 
post-fixed overnight. A lternate  40 µm sections through interm ediate NTS 
w ere taken, and m ounted on slides e ither im m edia te ly or fo llow ing c-Fos 
im m unohistochem istry. Approxim ately 100 µm2 sam ples o f NTS were 
scraped from  slides and processed for m R N A am plification. Using an 
o ligo(dT)-T7 prim er linked to m agnetic g lass beads, cD N As were generated 
and used as tem plates for antisense RNA am plification. The num ber and 
length o f 32P-labelled aRNAs from  im m unohistochem istry-processed tissue 
were found to be com parab le  to fixed frozen tissue. These results are a 
prelude to subsequent expression profiling o f d iscre te  cell popu lations during 
taste aversion learning. (Supported by NIH M H 18390 and DC03198)

7 9 .2

L IC K -M IC R O S TR U C TU R E  AN D  IN TAKE R E SP O N S E S  TO  P H YS IO LO G IC A L 
C H A LLE N G E S  AND L IC K -V O LU M E  C O N STR A IN T. J.P . Baird, H.J. G rill & 
J.M . Kap lan*. Dept. Psycho logy, U n ivers ity  o f Pennsylvan ia , P hila ., PA, 19104.

W e  reported tha t rats w orked to  m a inta in  constant m eal size  when the 
am ount o f 12.5% g lucose de live red  per lick  from  a spout (lick  vo lum e) was 
exp lic itly  va ried  ove r a range o f vo lum es across da ily  in take tests. Th is intake 
s tab ility  was accom plished through s ign ificant and often p ro found e ffects  on a 
range o f m icrostructu ra l variab les. To test the  general re levance  o f th is stab le- 
in take result, we applied the  lick -vo lum e  test parad igm  (4 & 8 ul) to  rats tha t 
received e ithe r 22 .5-h food depriva tion  (vs. no dep riva tion ) or a 9m l 12.5% - 
g lucose gas tric  preload (vs. no preload), p rio r to  in take testing. O ur in itia l 
find ings w ere rep lica ted under contro l cond itions (no dep riva tion /no  preload) 
w here rats doubled th e ir  lick  count w hen lick vo lum e  was halved, the reby 
conserv ing  intake. W hen rats were food-deprived  or pre loaded, ove ra ll intake 
was respective ly  increased or decreased. These adjusted in take va lues, 
how ever, were not s ign ifican tly  a ffected  by lick vo lum e; rats a lso doubled the 
trea tm ent-m od ified  lick count when lick vo lum e  was halved, apparen tly  to 
se rv ice  a conservation o f the adjusted intake va lue. The doub ling  in lick output 
was exh ib ited  various ly  through flex ib le  adjustm ents to  m eal duration, average 
burst dura tion, or in itia l/average  ingestion rate. The dep riva tion  and preload 
trea tm ents a ffected only the m eal duration and the num ber o f bursts in the 
m eal, in an opposing m anner fo r each param eter. G iven  th e  agreem ent 
between studies, the phenom enon o f stab le  m eal size  across lick  vo lum es 
m ay be reasonably regarded as general in scope. These results are 
consistent w ith  the  hypothesis tha t the behavio ra l fle x ib ility  observed  reflects 
an active  defense o f a m eal size ta rget tha t is p re -estab lished, in part, by 
stim u lus and state variab les. S U P P O R T E D  by NIH D K42284.

7 9 .4

RETRIEVAL OF CONDITIONED TASTE AND ODOR AVERSIONS 
ARE IMPEDED AT A 1-DAY RETENTION INTERVAL. 
G .Y . Paschall1, B. Clancy2*, W.R. Batsell, Jr.1, 1Dept. o f Psychology 
Southern Methodist Univ., Dallas, TX 75275; 2Comell Univ., Dept. o f 
Psychology, Ithaca, NY 14853.

Previous research has reported that in single-element conditioned taste 
aversion paradigms, animals reliably exhibit increased consumption o f 
an aversive taste conditioned stimulus (CS) when tested 1 day following 
conditioning relative to animals tested at 3, 7, 14, and 21 days. This 
paradoxical result has been termed the short-term retention interval effect 
and appears to interfere with an animal’s expression o f a learned taste 
aversion 24 h postconditioning. Manipulations o f nonassociative factors 
such as the aftereffects o f illness, differential hydration, or the absence of 
replacement fluids have proven ineffective in obviating the effect, as have 
manipulations o f the unconditioned stimulus (US) intensity. The present 
study found this phenomenon is also manifest in single-element odor 
aversions, suggesting that the short-term effect is not specific to taste.
Rats presented with an almond odor CS paired with lithium chloride 
(LiCl) exhibited the same pattern o f increased consumption 24 h 
postconditioning. Because the effect is observed in both taste and odor 
aversions, nonassociative interference by the novelty o f the US at 
conditioning may be a causal factor in the retrieval disruption detected 
at the short-term test. Therefore, analyses o f tests administered 24 h 
postconditioning should be cautiously interpreted.

7 9 .6

LOW DIETARY PROTEIN INCREASES FOOD INTAKE AND 
DECRASES THE IN VITRO RELEASE OF LABELED GABA 
AND GLUTAMATE FROM THE LATERAL HYPOTHALAMUS.
B.D. White*, F.Du, & D.A. Higginbotham. Dept. of Nutrition and 
Food Science. Auburn University, AL 36849.

We have previously shown that low dietary protein is associated 
with an increase in food intake. We hypothesized that low dietary 
protein would decrease the release of GABA and/or glutamate from 
the hypothalamus. Twenty-four rats were fed either a control diet 
(20% casein) or low-protein diet (10% casein) for four days. Rats 
were decapitated and the lateral and medial hypothalamus isolated. 
Tissues were incubated with 3H-GABA and 14C-glutamate, washed, 
and placed in a perifusion system. Tissues were perfused with basal 
and K+-enriched buffers either in the presence or absence of 
extracellular calcium. The effluent was collected in two-minute 
fractions and the radioactivity determined. Rats on the low dietary 
protein ate approximately 25% more calories than control rats 
(p<0.000l). These rats showed a decrease in both 3H-GABA and 
14C-glutamate release in the lateral hypothalamus. No difference in 
neurotransmitter release was found in the medial hypothalamus. 
Results suggest that alterations in neurotransmitter release in the 
lateral hypothalamus may play a role in dietary-induced 
hyperphagia. (Supported by USDA/NRICGP #9704044)

Society for Neuroscience, Volume 24 ,19 98



SUNDAY AM in g e st γ v e  b e h a v io r  i 193

79.7
CIRCADIAN CYCLE OF DIETARY RESTRICTION AND OVEREATING 
INDUCES DOPAMINE RECEPTOR AND TRANSPORTER CHANGES
C. C o lun tuon i1, J. S c h w e n k e r 3, B. L a d e n h e im 2, J-L. C adet2, G.J. 
Schw artz1, T.H. M o r a n 1, and B.G. H o e b e l3* . 1Dept. of Psychiat. & 
Behav. Sci., Johns Hopkins Univ. Med. Sch, Baltim ore., MD 21205; 
2Molec. N europsychiat. Sect., NIH/NIDA, Addiction Res. C tr., 
Baltimore, MD 21224; 3Dept. of Psychol., P rinceton  U n iv ., 
Princeton, NJ 08544

A feeding schedule was designed for rats to mimic s e lf -  
imposed behaviors observed in bulim ia nervosa. In prior w o rk  
a 30-day circadian cycle of food deprivation  followed by c h o w  
and 25% glucose solution resulted in b inge-like  eating a n d  
increases in m u-opioid b inding in the nucleus a c c u m b e n s , 
cingulate, h ippocam pus, and locus coeruleus. N ew  
autoradiography results show changes in dopam ine sy s te m s  
using [3H]-SCH 23390 (D 1), [ 125I]-su lp iride  (D2) and [l2 5 I]-R T I-  
121 (tran sp o rte r)  applied to adjacent brain sections. I n 
experimental anim als, vs. ad lib fed contro ls, D 1 b inding w as 
increased th roughou t the stria tum  (STR), particu la rly  th e  
nucleus accum bens. In contrast, D2 binding  was decreased in  
the STR. DA transporter binding was unchanged in the STR, b u t 
increased in the ventral tegm entum . Given that D 1 r e c e p to r s  
mediate some of the re in fo rc in g  and ce llu lar effects o f  
psychostim ulants, the observed increases in mu-opioid and Dl 
binding may reflect neu rochem ica l adaptations to th e  
reinforcing effects of palatable foods that could help perpetuate 
the disordered behavioral pattern o f eating in bulimia.

Supported in part by USPHS grant D A -10608

79.9
INCREASED t RNA CHARGING IN RESPONSE TO AMINO ACID 
IMBALANCED DIETS IN RATS. M.A. Hickman, M.R. Kreiter, L.J. Magrum* 
and D.W. Gietzen. Dept. of Anatomy, Physiology and Cell Biology, School of 
Veterinary Medicine, University of California, Davis, CA 95616.

Neural recognition of an amino acid imbalanced diet (IMB) is achieved in 
response to a decrease in the concentration of the limiting amino acid (LAA) in the 
brain. The area considered the primary chemosensor of LAAs is the anterior 
piriform cortex (APC). We hypothesize that a change in tRNA aminoacylation 
and subsequent effects on protein synthesis in the APC may be part of the 
mechanism whereby LAA is recognized. tRNA aminoacylation was measured in 
liver, whole brain and APC from rats fed either basal diet (BAS), isoleucine (ile) 
IMB or corrected diet (COR). Following tissue homogenization and phenol 
extraction, tRNA was either reserved as a control or treated with periodate to 
inactivate non-esterified tRNA. Periodate-treated esterified tRNA was then 
deacylated. Esterification of control and periodate-treated tRNA with [14C]lysine 
or [14C]isoleucine was performed in vitro with rat liver homogenate as the source 
aminoacyl-tRNA synthetases. Samples were subjected to PAGE and bands 
corresponding to labeled tRNA were quantitated by phosphorimage analysis. 
Aminoacylation was calculated by dividing the radioactivity in the periodate- 
treated t RNA by that in the non-treated tRNA. Ile-labeled tRNA in all tissues 
examined from rats fed ile IMB was increased above that from rats fed BAS (2.5-, 
3.2- and 4.5-fold increases for liver, whole brain APC respectively) and was higher 
in both whole brain (1.3-fold) and APC (2.4-fold) from IMB-fed rats than from 
COR-fed rats. Neither whole brain nor APC tRNA showed an increase in lysine 
labeling in response to ile IMB or COR. It remains to be determined whether this 
increase in ile-charged tRNA in the APC is essential for or the result of neural 
recognition of IMB. Supported by NIH grants DK50347 and DK35747.

79.11
EXERCISE FAILS TO PREVENT ADIPOSITY IN RATS BRED FOR DIETARY 
OBESITY. P.F. Aravich*, N. Hawkins, A. Gililland, R. Sterling, L. Phan, T.L. 
Bailey, & C.N. Boozer. Eastern Virginia Med. Sch., Norfolk, Va 23501; VAMC, 
Hampton, Va 23667; Hampton Univ., Hampton, Va 23668; Obesity Res. Ctr., St. 
Luke's-Roosevelt Hosp., New York, NY 10025.

Obesity is related to many factors, including genetics, high-fat (HF) feeding and a 
sedentary lifestyle. An important model is the dietary obesity syndrome in rats. We 
determined the impact of freely induced wheel running on female Sprague-Dawley 
rats bred to be resistant (DR) or vulnerable (DV) to dietary obesity. Each group was 
tested with nutritionally complete HF (34%) and low fat (LF) (6%) diets according 
to a 2x2 factorial design (8  rats/gp). All rats had free access to running wheels for 
32 days. Data were analyzed in 3, 5-day phases (beginning, middle and end phases). 
It was found that DV rats ran less than DR rats throughout the entire experiment 

(regardless of diet). A phase-dependent HF-diet effect on running also occurred:
HF feeding increased running (regardless o f strain) in the middle phase only. 
Likewise, caloric intakes showed phase-dependent effects: DV rats (regardless of 
diet) overate compared to DR rats in the beginning and middle phases but not the 
end phase. Finally, HF exercising rats (regardless of strain) ate more calories than 
LF rats in the beginning phase, did not differ in the middle phase, and actually ate 
less than LF rats in the last phase. Exercising DV HF rats gained more weight than 
DR HF rats and had increased parametrial and brown fat weights compared to all 
other groups. The adiposity was associated with reduced adrenal weights. It is 
concluded that voluntary wheel-running exercise failed to protect fat-sensitive rats 
from adiposity on a HF diet even though it increased energy expenditure and 
ultimately reduced caloric intake. While various abnormalities (glucocorticoid, 
sympathetic, leptin) may contribute to this effect, these data suggest that a simple 
change in diet may be more efficacious than a caloric restriction and exercise 
program in patients with a trait for fat-sensitivity. VA Minority Train. Grant

7 9 .8

DIETARY SALT LEVELS HAVE NO EFFECT ON THE INTAKE PATTERNS OF 
FEMALE RATS DURING PREGNANCY. Derek J. Snyder*, Robert J. Contreras, 
Donna L. Wong, and James C. Smith. Program in Neuroscience, The Florida State 
University, Tallahassee, FL 32306-1270.

In our continuing study of the effects of perinatal salt (NaCl) experience on adult 
intake behaviors, we have shown that offspring raised on a high salt diet during the 
perinatal period produce elevated adult salt intakes over those reared with medium or 
basal salt exposure. This effect is correlated with long-term alterations in 
physiological state. While there are several mechanisms by which information about 
salt could be passed from the mother to her young, it is unclear which is most 
important since the perinatal period is so long. In an early effort to define more 
precisely the critical period for the transfer of salt cues, we examined food and water 
intake in female rats during pregnancy and lactation. At 66 days of age, female 
Sprague-Dawley rats were housed individually with ad lib access to deionized water 
and diets containing 0.1,1.0,3.0, or 6.0% NaCl (BA, MD, HI, SU). 24-hour patterns 
of food and water intake were measured throughout the experiment After a week of 
baseline measurements, males were introduced for 7 days. Offspring were bom ~3 
weeks later and weaned at postnatal day 21. Data were collected from the mothers 
until 9 days after weaning. Despite the large difference in dietary salt content, there 
were no group differences in food intake. However, the HI group drank considerably 
more water than the MD or BA groups during lactation; a variety of ingestive 
strategies were used to compensate for salt load. Data on the SU group remain to be 
analyzed. Only during pregnancy did varying salt concentrations not produce related 
differences in water intake. We believe that group differences in salt load are maximal 
during pregnancy and that salt load exerts a critical influence on developing offspring 
during this time. Pattern analysis reveals that the period before conception may also 
play a role; further study is required. Our data suggest that pregnancy represents a 
critical period for the development of adult salt appetites. (NIH grant DC 02641.)

7 9 .1 0

GREATER INTEREST IN GASTRONOMY COULD LEAD TO 
DECREASED SNACKING AND LOWER BMI.
L.A. Kukstas*1, L.J. Kuliukas2 and J.D. Vincent1 1IAF CNRS Ave de 
la Terrasse 91198 Gif/Yvette cedex France 2 Midwifery Education 
Dept., Luton Univ. Herts GB

Each country has a particular socio-cultural attitude to food and 
eating, often leading to characteristic body fat data for its population. 
In France and England the differences in eating habits are of common 
repute, with much more importance being paid to the preparation, 
presentation and appreciation of food in France than in England. We 
propose that the national preoccupation with food observed in France 
leads to greater satiety induced by tasteful and equilibrated main meals 
and thus less unhealthy snacking and a lower BMI.

139 mothers aged 29 to 43 in France and in England were 
asked what percentage of their daily food intake was taken in snack 
form. Each subject was measured for height and weight and the BMI 
was calculated for each subject.

100% of English subjects, vs 26% of French subjects said that 
snacking made up some part of their daily food intake. The quantity of 
total food intake taken in snack form was estimated on average to be 
22.4% for English and 8.2% for those french subjects who did take 
snacks (p<0 .000 l).
The average BMI was 23.31 (SD 3.99) for English and 20.83 (SD 
1.56) for French subjects (p<0.05).

We propose that the higher BMI observed in the English 
population could be at least partly due to the greater propensity for 
inter-meal snacks typically observed in English social habits.

7 9 .1 2
VULNERABILITY TO MODELS OF ANXIETY AND DEPRESSION AND 
PREDISPOSITION TO A MODEL OF ANOREXIA NERVOSA. N. Hawkins, V. 
Willis, J. Broccoletti, R. Graham, L. Phan, G.E. Goode,* & P.F. Aravich. VAMC, 
Hampton, Va 23667; Eastern Virginia Med. Sch., Norfolk, Va. 2350; Hampton 
Univ., Hampton, Va 23668.

Anorexia nervosa is a serious disorder linked to anxiety and depression. Each of 
these disorders is related to changes in brain serotonin. Wistar-Kyoto rats are highly 
vulnerable to animal models o f anxiety and depression and have brain serotonin 
abnormalities. This experiment will test the hypothesis that Wistar-Kyoto rats will 
also be predisposed to an animal model o f anorexia nervosa. The model involves 
free access to running wheels combined with a restricted food access schedule. 
Compared to animals on either treatment alone, simultaneous exposure to each 
variable dramatically increases running and promotes weight loss. This exercise- 
stress syndrome models the freely induced hyperactivity and weight loss that occurs 
in anorexia nervosa. A second purpose of this experiment will be to determine if a 
high-fat diet (34% of calories) differentially affects vulnerability to the exercise- 
stress syndrome compared to a low-fat diet (6 % of calories). Fat diets mitigate 
vulnerability to animal models of anxiety. One prediction is that WKY rats will 
benefit more from high-fat feeding when subjected to the exercise-stress syndrome 
compared to Wistar strain controls. An alternative prediction is that the high caloric 
content o f the fat diet will protect against the syndrome irrespective of diet.
US Dept. Veterans Affairs Minority Training Grant
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79.13
FEEDING DYNAMICS: HOW RATS REGULATE EATING WITHIN AND 
BETWEEN MEALS. B.S. Zanutto1*, J.E.R. Staddon2, 1Facultad de Ingeniería, 
Universidad de Buenos Aires, 1063 Buenos Aires, Argentina; 2Deparment of 
Psychology: Experimental, Duke University, Durham, NC 27708, USA.

We describe a real-time homeostatic model that can explain many aspects of feeding 
dynamics. We assume that feeding behavior is turned off and on by a satiation signal 
(SA) which is a delayed after-effect of eating. Eating occurs (if food is available) only 
when the SA falls below a set point. The predictions of this model, which agree with 
published data, are: i) Free-feeding rats eat a single large meal after an interruption 
(first-meal effect), but if it is more than 24 hours, the cumulative food intake never 
recovers to the value it would have had absent the interruption, ii) When rats are 
feeding freely with different minimum interpellet spacings, daily intake is regulated if 
the interpellet delay is less than about 64 seconds, iii) When rats had to make 
between 1 and 5128 lever presses to start a meal (ratio schedule), they regulate total 
meal time and meal amount, but meal duration increased with lever-press requirement 
and meal frequency decreased, iv) When the lever-press requirement was changed up 
and down and back every few days, daily intake is regulated and rats cat more 
frequent and shorter meals when the cost is lower, v) When feeding is interrupted, 
there are positive correlations between the intermeal interval and the size of the 
following (first-meal effect), but correlations are negligible under either free feeding 
or ratio schedules. By introducing low-frequency variation in the set-point, the free- 
feeding model yields correlations between meal size and the following intermeal that 
are moderately positive, but intermeal-meal correlations are close to zero, a pattern 
that has been sometimes reported, vi) We also show experimentally in rats and in the 
model the effects on subsequent eating of making food unavailable for unpredictable 
amounts of time. Although learning is involved in many aspects of feeding behavior, 
the basic dynamics of both free-feeding and feeding in closed economies in rats are 
well explained by a simple regulatory model in which the satiating effects of food are 
delayed after ingestion.

79.15
SUBSTRATE OXIDATION AND POST-EXERCISE FOOD SELECTION IN 
LEAN, OBESE, AND POST-OBESE WOMEN. P.J, Geiselman*, A.M.
Anderson, M.L. Dowdy, D. Dorsey, J . Zachwieja, R.A. Plum, L. Womble, K. Park, 
and T. Stewart. Pennington Biomedical Research Center/LSU. Baton Rouge. LA 
70808.

The specific aims of this study were: to determine the effect of an acute bout of 
moderate-intensity exercise on subsequent macronutrient self-selection in a single 
meal; and to determine the relationship between substrate oxidation during 
exercise and subsequent macronutrient choices in lean, obese, and post-obese 
women. In the exercise condition, subjects pedaled a stationary cycle ergometer for 
one hour at 60-65% of peak VO2. In the rest condition, subjects sat quietly on the 
cycle ergometer without pedaling. Resting metabolic rate was measured for 20 min 
during the pre-exercise period and substrate oxidation was calculated. Repeat 
measurements of metabolic rate were made for 10 minutes starting at 20  and again 
at 50 minutes of exercise. Following a one-hour recovery period, each subject was 
served a test meal in a private room. Carbohydrate (CHO) expenditure and total 
energy expenditure during exercise were significantly correlated with subsequent 
complex CHO and total caloric intake, respectively, in lean, but not obese, women. 
There was no relationship between CHO expenditure during exercise and 
subsequent sugar intake nor was there between fat expenditure and fat intake for 
either the lean or the obese subjects. Patterns of macronutrient self-selection in the 
obese and the post-obese women did not differ between the exercise and rest 
conditions, but lean women significantly increased their intake of complex CHO’s 
following exercise. These results suggest that CHO expenditure and CHO intake 
arc more strongly coupled in lean women than in obese women. Supported by 
Louisiana State funds.

79.17
REPEATED 2DG -INDUCED G LUCO PRIVATIO N ATTENUATES  
FEEDING AND BLOOD GLUCO SE RESPO NSES AND FOS  
IM M UNO REACTIVITY (-ir). N .M . S a n d e rs *  a nd  S. R itte r . D e pa rtm e n t 
o f V e te rin a ry  a nd  C o m p a ra tiv e  A n a to m y , P h a rm a c o lo g y  a nd  P hys io logy , 
W a sh in g to n  S ta te  U n ive rs ity , P u llm a n , W A  9 91 6 4 -6 5 2 0 .

H yp o g lyc e m ia  n o rm a lly  res u lts  in th e  a c tiva tio n  o f g lu c o re g u la to ry  
m e ch an ism s  th a t se rve  to  res to re  b lood  g lu c o se  leve ls . H ow ever, rec en t 
a n te c e d e n t h yp o g lyce m ic  b ou ts  re s u lt in a tte n u a te d  g lu c o re g u la to ry  
res po n se s , a co n d itio n  kn o w n  a s  H y p o g ly c e m ia -A s s o c ia te d  A u to n o m ic  
F a ilu re  (H A A F ). P re v io u s  res u lts  in o u r lab  have  fo u n d  reduced  F o s -ir  in 
th e  a d re n a l m e du lla  a nd  h in d b ra in  s ite s  in re s p o n se  to  in su lin - ind u ce d  
h yp og lyce m ia  a s  a re s u lt o f  se ve ra l p rio r h yp o g ly c e m ic  bou ts . In th e  
p re se n t e xp e rim e n ts , w e  used  a n o th e r g lu c o p riv ic  a gen t, 2D G , to  
d e te rm in e  th e  sp e c ific ity  o f th e  g lu c o p r iv ic  s t im u lu s  by e lim in a tin g  the  
in su lin  fa c to r. W e  a sse sse d  b lood  g lu c o s e  a nd  fe e d in g  res po n se s and  
F o s -ir  a fte r  10 d ay s  o f d a ily  sa line  (R S ) (1 m l/kg ) o r  2D G  (R 2D G ) (200  
m g /kg ). -B ase line  b lood  g lu c o se  a nd  fe e d in g  res po n se s  to  sa line  and  
2 D G  w e re  ta ke n . O n d a y  11, ra ts  (n = 1 2 ) w e re  ch a lle n g ed  w ith  200  
m g /kg  2 D G  a nd  b lood  g lu c o se  le ve ls  w e re  a ssa ye d  (G lu co se  O x ida se  
M e th o d ) o v e r a 2 -h r  p e riod  o r  fo o d  in ta ke  m e as u re d  o v e r a 3 -h r period  
(n=6 ). O n d a y  12, th e  ra ts  in th e  fe e d in g  g ro u p  w e re  c h a lle n g ed  aga in  
w ith  2 00  m g /kg  2D G  a nd  sa c rifice d  2 h rs  la te r fo r  im m u no h is to ch e m ic a l 
d e te c tio n  o f F os in th e  b ra in  a nd  a d re n a l m e du lla . R e pe a te d  g luc op riv ic  
b ou ts  s ig n if ic a n tly  red u ce d  2 D G -in d u c e d  fe e d in g  a nd  b lood  g luc ose  
res po n se s  a t 30, 60 , 90  and  120  m inu tes , a s  co m p are d  to  RS  and  
c o n tro l ra ts . R e su lts  a re  d iscu sse d  in re la tio n  to  ch a n g e s  in Fos-ir.

P H S  D K  404 9 8 .

79.14
CHARACTERIZATION OF GLUCOSE SENSING NEURONS OF THE 
HYPOTHALAMUS
G.R. Sutherland, V.L. Sutherland, V.A. Tucker, G. Wenk*, R.M. Lynch, A.J. Yool. 
Dept. of Physiology, Univ. of Arizona, Tucson, AZ 85724.

A complex network of neurons in the hypothalamus integrates afferent signals 
concerning energy balance and storage to regulate feeding behavior. We have 
observed the expression of factors required for glucose sensing in the pancreatic beta 
cell, (GLUT-2, glucokinase, KATP) in cultured neurons isolated from the 
hypothalamus. We are distinguishing neurons that respond to glucose by measuring 
changes in calcium levels using fluo-3 imaging, then characterizing these neurons by 
electrophysiology. Preliminary data indicate that one to five percent of hypothalamic 
neurons respond to an increase in glucose (from 1 to 2 0 mM) with either an increase or 
decrease in intracellular calcium concentration. Some responses are sustained while 
others are transient, moreover, the concentration which initiates a response may be 
unique for a given neuron. Whole cell current clamp measurements were acquired at 
37°C in a HEPES buffered saline solution containing 1mM glucose for control 
conditions, and held at -60 to -65 mV. Hyperpolarizing currents evoked negative 
voltage responses with a time-dependent sag. The neurons were heavily networked as 
evidenced by abundant EPSPs that disappeared after 898 ± 6.7ms, n = 46. Membrane 
resistances of healthy neurons ranged from 33MΩ to 275MΩ. In preliminary studies 
neurons have been observed to exhibit a biphasic response to glucose, beginning with 
a slight hyperpolarization, followed by a rapid depolarization. Further characterization 
o f the electrical responses of these cells is in progress. Knowledge gained from this 
study will help identify the cellular mechanisms responsible for hypothalamic 
regulation of body weight and feeding behavior. Supported by Arizona Disease 
Control Research Commission.

79.16
TH E EFFECTS OF CH O LECY STO K IN IN  AND BACTERIAL 
LIPO PO LY SA C CH A RID E ON SU CRO SE INTA KE AND PALATA BILITY 
IN TH E RAT. S.K. Cross*, K. Sullivan, K.-P. O ssenkopp, M . K avaliers. 
N euroscience Program , U niversity o f  W estern Ontario; London, Ontario, 
CA NA DA N 6 A 5 C 2

A dm inistration o f  both bacterial lipopolysaccharide (LPS) and 
cholecystokinin (CCK ) have been shown to have anorectic effects in several 
species. W e exam ined the effects o f  both LPS and CCK on sucrose intake in 
rats. Follow ing habituation to a .3 M sucrose solution, rats were food 
deprived for 24 hours and sucrose intake was subsequently  recorded 
follow ing adm inistration o f  LPS (200 µg/kg, i.p.) and/or CCK (8  µg/kg, i.p.) 
on several days. Both LPS and CCK caused a reduction in sucrose intake, 
w ith the anorectic effects o f  CCK being m ore pronounced. A second study 
assessed the palatability  o f  sucrose using the taste reactivity test, which 
allow s for a quantification o f  orofacial and som atic responses produced by 
in traorally infused tastants. Four groups o f  m ale rats (n = 8 /grp), fitted with 
intraoral cannulas, were injected first with either LPS or NaCl (0.15 M, 
vehicle) and tw o hours later received a second injection o f  either CCK or 
NaCl. Five b rie f intraoral infusions o f  a sucrose solution were then 
adm inistered at 3 min intervals and behavioral responses were videorecorded 
and later analyzed for response frequency. Rats injected with CCK showed 
depressed levels o f  ingestive responses w hereas rats injected with only LPS 
exhibited increased levels o f  ingestive responses relative to control anim als. 
These results suggest that LPS does not produce its anorectic effects by 
altering palatability. (Supported by NSERC)

79.18
G R P SYN ER G IZES  W ITH  PRIOR P R EG A S T R IC  FOOD  
ST IM U LA T IO N  TO  INHIBIT S H A M  FEED ING . L . A sa r ia n ,
J .G . G ibbs and N. G eary *. Bourne Labora to ry , Co rne ll Univ. 
M ed ica l Co llege , W h ite  P la ins, N Y  1 0605 .

Periphera lly  adm in istered gastrin -re leas ing  pep tid e1-27 (GRP) 
inh ib its feed ing in in tac t rats, but not sham  feed ing  in rats w ith  
gas tric  cannu las. G R P 's  inh ib ito ry  e ffe c t on real feed ing is 
enhanced by a prefeed 3 0  m in before the te s t meal, suggesting  
tha t it syne rg izes  w ith  prior food s tim u la tion  to  inh ib it feed ing . 
W e tested  w hether prior p regastric  food  s tim u la tion  is su ffic ien t 
to  reveal an inh ib ito ry  e ffe c t o f G R P  on sham  feed ing . M ale 
Sp rague-D aw ley  rats w ith  ch ron ic  gas tric  cannu la s  sham  fed a 
h igh -carbohydrate  liqu id d ie t fo llow in g  17-h food  deprivation . 
G R P  (16 µ g/kg) w as  in jected IP at the on se t o f sham  feed ing (0) 
or 5 or 15 min after the onse t o f the sham  feed ing . A s  
prev ious ly , GRP  in jected at tim e 0  had no e ffe c t on sham  
feed ing . In c o n t ra s t, G R P  in jected at + 5  or + 1 5  m in reduced 
sham  feed ing during the 3 0  m in a fte r in jec tion  by 3 0  and 
50  %, p 's  < 0 .0 5 , re spective ly . W e  co n c lu d e  th a t a synergy  
betw een  G R P and prior pregastric , p resum ab ly  ora l, food 
stim u la tion  is su ff ic ie n t to  inh ib it sham  feed ing . Th is  syne rg is tic  
e ffect, how ever, w as  not s u ff ic ie n t fo r th is  dose  o f GRP  to 
term inate sham  feed ing . Suppo rted  by NIH M H 5 1 1 3 5  and 
D K 33 24 8 .
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79.19
IMPAIRED GLUCOSE-INDUCED HYPOTHALAMIC NEURONAL 
ACTIVATION IN DIET-INDUCED OBESE RATS. B.E. Levin*, E.K. Govek 
and A.A. Dunn-Meynell. Neurology Service., VA Med. Ctr., E. Orange, NJ 
07018 and Dept. Neurosciences., NJ Med. School, Newark, NJ 07103.

Intracarotid infusion of glucose causes sympathetic activation 
selectively in rats predisposed to develop diet-induced obesity (DIO). Similar 
infusions also increase the expression of Fos-like immunoreactivity (FLIR), an 
index of neuronal activation, in about half the infused animals in their 
hypothalamic paraventricular (PVN), ventromedial (VMN) and dorsomedial 
(DMN) nuclei. Here we used inbred strains of DIO or diet-resistant (DR) rats 
to determine if a differential glucose responsiveness in the hypothalamus of 
these weight gain phenotypes might be responsible for both the bimodal 
sympathetic and neuronal activation to glucose. DIO and DR rats were infused 
via the carotid arteries with glucose (4 mg/kg/min) or equiosmolar mannitol 
over a 1 h period and killed 2 h later. Resultant FLIR expressing neurons were 
counted in various hypothalamic nuclei. Glucose-infused DR rats had greater 
FLIR expression than mannitol-infused DR rats in the parvicellular PVN 
(71%), the VMN (258%), DMN (116%) and arcuate n. (ARC; 72%). Within 
the PVN, increased FLIR was seen in glucose-infused DR rats only in the 
dorsal cap (116%), ventral (81%) and posterior (147%) subnuclei. Glucose- 
infused DIO rats showed no activation above controls. Instead there was a 45% 
decrease in FLIR in the ARC when compared to mannitol-infused rats. Thus, 
the differential sympathetic activation to glucose might be explained by the 
differential sensitivity to glucose in the brains of DIO vs. DR rats. Funded 
by the Research Service of the VA and NIDDK.

7 9 .2 0
Olfactory-induced locomotion in the lamprey
R.H. Thompson and S. G rillner* Nobel Institute for Neurophysiology, Karolinska 
Institute, S-171 77 Stockholm Sweden

Motor responses in the lamprey can be elicited by the specific olfactory stimulus 
isoleucine methylester (IME), a component of fish skin. This response is a component 
of ingestive behavior (Kleerekoper, 1972). However, it is unknown whether olfactory 
stimulation per se is sufficient to elicit locomotion. Therefore, an analysis of 
locomotion induced either by olfactory stimulation directly, or within a behavioral 
context has been performed. These data show that locomotion can be directly initiated 
by both stimulation of the olfactory nerve, that connects the olfactory mucosa with the 
olfactory bulb, and by KCI injection into the naris, to depolarize olfactory receptors. 
While the threshold for activation varies by animal in olfactory nerve stimulation, short 
latency, long-lasting bouts of swimming could be repeatedly induced to low intensity 
electrical stimulation (150-225µA, 2 msec, 10Hz, 15sec). Swim time and latency are 
positively and negatively correlated, respectively, with stimulus intensity. KCI 
injection also reliably produced long-lasting swimming bouts, whereas saline injection 
did not. In this case, the animals responded to .5M KCI in 80% of the trials and 100% 
to lM  KCI with bouts o f swimming greater than 30 sec. Olfactory nerve transection 
completely abolished locomotor responses in both sets of experiments.

The IME data presented here confirm previous findings that IME initiates a foraging 
like behavior in young adult lamprey, as indicated by time and rate measures of 
swimming, and preference for (increased time in and number of visits to) the region of 
administration, as compared to the distribution o f baseline activity. Generally, in 
response to IME, the lamprey increase swimming activity in and around the region of 
administration, while significantly reducing the time spent in areas of the test aquarium 
most distant from IME administration (p<.05 and p<.01, respectively).

The olfactory bulb projects to forebrain sturctures including pallium and the ventral 
thalamus. The later contains neurons with descending axons capable of activating the 
spinal locomotor network via reticulospinal projections. These results are discussed 
relative to recent evidence for a basal ganglia circuit in the lamprey and the role of the 
forebrain in the expression of goal-directed behavior. Supported by MFR 3026 and 
Fogarty/MFR International Fellowship K97-04VS-12368-01.
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80.280.1

COLOCALIZATION OF IMMUNOREACTIVITY FOR FOS AND 
TYROSINE HYDROXYLASE IN THE VENTRAL TEGMENTAL 
AREA OF MALE RATS FOLLOWING SEXUAL ACTIVITY. S.
Centeno*, J.G. Pfaus. CSBN, Department of Psychology, Concordia 
University, Montréal, QC H3G 1M8 CANADA.

Double label immunocytochemistry was used to localize the protein 
product of the immediate early gene c-fos and tyrosine hydroxylase (TH) in 
the ventral tegmental area (VTA) of intact male rats after sexual interaction 
(mounting, intromitting and ejaculating) with receptive females. Intact male 
rats (n=21) acquired baseline rates of sexual activity during five 30-min 
sessions in bilevel chambers with a receptive female. Following sexual 
training, males were assigned randomly to one of three groups according to 
the amount of physical interaction they were permitted to have with receptive 
females. Males were allowed either to copulate to two ejaculations or to only 
intromit a total of 6  times, at which point the female was removed from the 
chamber. A third group of males, which is currently being examined, was 
restricted to mount-thrust behavior (following applications of lidocaine 
anaesthetic to the penis). The number of labeled cells which were 
immunoreactive to both Fos and TH was significantly greater in the anterior 
VTA of rats which copulated to ejaculation compared to rats which were only 
permitted to intromit. These results are in agreement with previous studies 
suggesting a correlation between mesolimbic dopamine release and increasing 
amounts of physical contact achieved through intromission and ejaculation. 
Colocalization of Fos and TH is currently being examined in the posterior 
VTA. Supported by a grant from the Medical Research Council o f Canada 
(MT-13125) to JGP.

80.3

THE ROLE OF THE POSTEJACULATORY INTERVAL IN THE 
DEVELOPMENT OF OLFACTORY CONDITIONED MATE 
PREFERENCES IN THE MALE RAT. T. E. Kippin*, S. Talianakis, and 
J. G. Pfaus. Center for Studies in Behavioral Neurobiology-Department of 
Psychology, Concordia University, Montréal, QC., Canada H3G 1M8.
Male rats allowed to copulate repeatedly with sexually-receptive females 
bearing a neutral odor (almond or lemon) display a subsequent ejaculatory 
preference for a female bearing that odor over one that does not (Kippin et 
al., J. Comp. Psych., in press). We examined what components of copulation 
are necessary for the development of this preference. L' Experiment 1, male 
Long-Evans rats were given 9 copulatory trials with almond scented 
receptive females in which a divider was inserted to separate the male from 
the female immediately following the fifth intromission, the first ejaculation, 
or the second ejaculation. Only the males that were allowed to ejaculate 
developed a preference for an almond scented female. In Experiment 2, male 
rats were given 9 copulatory trials with almond scented receptive females in 
which the female was removed immediately following the fifth intromission, 
the first ejaculation, the first postejaculatory interval, or the second 
ejaculation. Only the males that were exposed to the female during the 
postejaculatory intervals displayed a preference for an almond scented 
female; no preference was seen when the female was removed immediately 
following ejaculation. These results demonstrate that a scented female must 
be present during the postejaculatory interval for the development of 
olfactory conditioned mate preferences. Supported by NSERC o f Canada 
grant (OGP-0138878) to JGP and MRC o f Canada Studentship to TEK.

INDUCTION OF FOS FOLLOWING OPIOID AGONIST 
INJECTIONS INTO THE LATERAL VENTRICLES OF 
FEMALE RATS. M. R. Taube* and J. G. Pfaus. CSBN, Department of 
Psychology, Concordia University, Montréal, QC, H3G 1M8 CANADA.

Infusions of selective δ- or к- opioid receptor agonists into the lateral 
ventricle facilitates lordosis and proceptive behaviours in female rats, whereas 
infusion of a selective µ-opiate receptor agonist inhibits these behaviours 
(Pfaus & Pfaff, 1992). We used immunochemical detection of Fos protein to 
investigate regions of the brain that are activated following infusions of these 
opioid receptor agonists. Sexually experienced Long Evans female rats were 
implanted stereotaxically with cannulae aimed at the right lateral ventricle. 
Females were infused with the µ-receptor agonist DAMGO, δ-receptor agonist 
(DPDPE), к-receptor agonist (U50-488), or saline into the lateral ventricle. 
All drugs enhanced Fos-immunoreactivity (ir) in the basolateral amygdala, and 
in the anterior and lateral aspects of the medial preoptic area. DPDPE and 
U50-488 enhanced Fos-ir in the paraventricular nucleus, lateral habenula, 
ventral premammillary nucleus, and the ventral tegmental area. DAMGO and 
DPDPE enhanced Fos-ir in the mediodorsal thalamus, septohypothalamic 
nucleus, and in the medial and lateral aspects of the ventromedial 
hypothalamus. Both drugs enhanced Fos-ir in the medial amygdala, although 
it was higher following DPDPE infusions. Because these regions have been 
shown to mediate different aspects of female sexual behaviour, the differential 
induction of Fos may have important implications for opioid control of female 
sexual behaviour.
Supported by NSERC of Canada grant (OGP-0138878) to JGP.

80.4
COMBINED TESTOSTERONE AND VASOTOCIN TREATMENT AFFECTS 
BEHAVIORAL RESPONSES TO A PHEROMONAL SEX-STIMULUS IN AN 
AMPHIBIAN. R.R. Thompson,* C.F. Richardson, & F.L. Moore, Department of 
Zoology, Oregon State University, Corvallis, OR 97331.

Previous work has shown that andorgenized female newts (Taricha granulosa) 
selectively clasp other females when injected with vasotocin (VT). This study 
investigated whether androgen and/or VT treatments modify females’ behavioral 
responses to the pheromonal cues that normally elicit male courtship clasping.
Female newts were ovariectomized and implanted with silastic capsules containing 
testosterone (ovx-T), 5alpha-dihydrotestosterone (ovx-D), estradiol (ovx-E) or with 
blank capsules (ovx-B). Beginning 56 days after implantation females were injected 
with saline or VT and tested behaviorally. Chemosensory responses were assessed 
by measuring the differential amount of time spent in proximity to a female-scented 
rubber newt model vs. an unscented model and the number of clasps of the scented 
model compared with the unscented model. Sexually active males spend more time 
near female-scented models and preferentially clasp them in this choice test. There 
were no differences between any of the steroid-implanted groups and the ovx-B 
group in the differential amount of time spent near a female-scented model vs. an 
unscented model when injected with saline, nor were there any differences in the 
number of clasps of the models. However, ovx-T animals spent significantly more 
time near the scented model relative to the time they spent near the unscented model 
when injected with VT than did ovx-B animals (mann whitney U=83, p=.007, one- 
tailed) and they clasped the scented models significantly more often (matin whitney 
U=94.5, p=.023, one-tailed). There were no differences between any of the other 
steroid implanted groups and the ovx-B group on this measure when injected with 
VT. Thus, testosterone interacts with the VT system to influence behavioral 
responses to a pheromonal sex-stimulus in roughskin newts. Data is currently being 
analyzed to assess the influences of testosterone and VT on responses to visual 
sexual stimuli. Supported by NSF #IBN-9319633 and NIH #F32 MH11549002.
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8 0 .5

TESTOSTERONE TREATMENT PLUS SEXUAL EXPERIENCE ALTER 
PLASMA MEMBRANE BINDING SITES FOR PROGESTERONE IN THE 
PREOPTIC AREA AND HYPOTHALAMUS OF MALE RATS. D.M.Witt1*,
L.A. Douglas1, G. Gao2, and J.D. Caldwell2. 1Behavioral Neuroscience Program, 
Binghamton University (SUNY), Binghamton, NY 13902-6000 2Dept. of 
Pharmaceutical Sciences, North Dakota State University, Fargo, ND 58105-5055.

We have demonstrated binding sites for progesterone conjugated to bovine serum 
albumin (P-3-[125I-BSA]) in the medial preoptic area (MPOA) and hypothalamus of 
female rats. These binding sites have a high affinity, demonstrate heterogeneity, and 
have a very high density in these areas, which respond to steroid treatments. Because 
of the evidence that P-3-BSA affects sexual behavior in male rats P-3-[125I-BSA] 
specific binding was examined in brain regions associated with sexual behavior. 
Males were either androgenized (gonadally intact or gonadectomized and testosterone 
primed) or gonadectomized without hormonal treatment. Androgenized males were 
permitted sexual experience or remained sexually naïve. Following these behavioral 
conditions homogenate binding assays were done on plasma membrane fractions (P2) 
from select brain regions of these males, as previously described (Caldwell et al., 
1995, Brain Research). Specific binding ranged from 1 to 20 pmols/mg protein / 
brain region. In the dorsal medial basal hypothalamus (dMBH) (PVN included) and 
the dorsal medial preoptic (dMPO) binding was significantly increased in sexually- 
experienced, testosterone-implanted males suggesting that sexual experience 
(combined with testosterone) is correlated with increased plasma membrane binding. 
In the vMPO binding was significantly reduced in gonadectomized males indicating a 
suppression of binding sites in this area after androgen withdrawal. Amygdala 
binding was significantly elevated in castrated males, but no change in specific 
binding in the vMBH. T-BSA only minimally displaced P-3-[125I-BSA] binding, so it 
appears that these represent specific binding sites for P-3-BSA. Therefore, steroid 
hormone status, as well as sexual experience, selectively changes P-3-[125I-BSA] 
binding sites in male rats. These findings parallel those previously demonstrated for 
steroid-mediated changes in P-3-binding for females and suggest functionality for 
these membrane binding sites in males that are sexually active. Funded by: NIH 1 
R03MH57638-01 (to DM Witt) and Whitehall Foundation (to JD Caldwell)

8 0 .7

SEXUAL BEHAVIOR DEFICITS IN MALE PRKO MICE: EFFECTS OF 
EXPERIENCE AND TESTICULAR ANDROGENS.
S. M . Phelps1, S. Wooley 1, J. Lydon2, B. W. O ’Malley2, and D. Crews1*. 1Dept of 
Zoology, Univ. of Texas, Austin, TX 78712, 2Dept of Cell Biology, Baylor College 
of Medicine, Houston, TX 77030.

Recent data indicate that male mice heterozygous for a targeted deletion of the 
progesterone receptor (PR) show impaired responses to T replacement therapy, 
suggesting that variation in P sensitivity may be responsible for individual 
differences in male sexual behaviors. We sought to understand whether PR 
interacts with another source of variability, sexual experience, to alter the 
transduction of plasma androgens into male sexual behaviors in 129 SvEv/C57BL6 
mice. We used 20 male mice that were homozygous for a wildtype PR (WT) and 
19 male mice that were homozygous for a targeted disruption (PRKO). Five mice 
of each genotype were castrated while sexually naive. The remaining mice were 
left intact and sex-tested for 20 minutes on 4 consecutive days prior to castration. 
Experienced and naive mice were then tested at 3 weeks following castration. This 
design enabled us to compare the effects of experience on intact and castrated males 
of both genotypes. We measured the frequencies and latencies of mounts, 
intromissions, and ejaculations. We found significant differences between WT and 
PRKO mounting frequencies when the two genotypes were intact and naive 
(p<.05), but no such differences were apparent when the mice were intact but 
experienced. Experienced male WT mice were able to maintain high levels of 
behaviors 3 weeks following castration. Experienced PRKO males, in contrast, 
quickly ceased sexual behavior upon castration. Naive castrates of both genotypes 
showed no sexual behavior. Genotype and experience effects were seen in all 
dependent measures of castrates’ sexual behavior (p<.01). The data support the 
Finding that PR modifies male sexual behavior in mice, and suggests that it may 
mediate experience-induced changes in T sensitivity. Supported by NIMH F 3 1 
M H11194 to S.M.P., NIMH RO1 MH41770 to D.C., and NICHD to B.W.O.

8 0 .9

REGULATION OF NONCONTACT ERECTION IN RATS BY 
GONADAL STEROIDS. J. Manzo, 1 M.R. Cruz, 1 M.E. Hernández, 1 P. 
Pacheco1,2 and B.D. Sachs3*. 1lnst. Neuroetología, Univ. Veracruzana, 
Xalapa, Ver.; 2Inst. Invest. Biomédicas, UNAM, México, DF, México; 
3Dept. of Psychology, Univ. o f Connecticut, Storrs, CT 06269-1020 

Male rats exhibit erections in the presence o f inaccessible estrous 
females. In order to determine which gonadal steroids regulate these 
noncontact erections (NCEs), sexually experienced Wistar males 
(n≥ 8 /group) were tested for NCE four times (every 3 days) before 
castration, after castration, and after being implanted sc with 1 cm 
Silastic capsules that were empty (EC) or were filled with testosterone 
propionate (TP), dihydrotestosterone (DHT), estradiol benzoate (EB), 
or DHT+EB (1 cm each). Before castration, males responded with NCE 
in approximately 50% of tests. No males responded after castration, 
beginning 3 days after surgery. Also, no males responded after 
treatment with EC or EB. After receiving TP implants, 50% o f males 
responded, beginning with the first test 3 days after treatment. Males 
treated with DHT or DHT+EB had intermediate levels o f response. In 
its profile o f response to gonadal steroids (T+, DHT+, E-), NCE 
behaves more like reflexive erection than like copulation. Among the 
sexual responses of male rats, NCE appears to respond more rapidly 
than other behaviors to changes in gonadal condition.
Support: CO N A CY T Fellow ship Reg 96343 (M R C); IBN -9603917 (BD S)

8 0 .6

SEXU AL EXPER IEN C E A LTER S FUN C TIO N AL BRAIN R ELA TIO N S H IP S  
IN MALE RATS. J.T. Sakata*, D . C rew s, H.P. Nair, and F. G onzalez-Lim a. 
Inst. N euroscience  and Dept. Zoo logy, Univ. o f Texas, A us tin  78712.

In rats, the  primary circuit underly ing  male sexual behavio r invo lves th e  
vom eronasa l organ (VNO), medial amygdala (MeA), bed nuc leus o f th e  
stria term inalis (BNST) and the  medial p reop tic  area (M PA )-anterior 
hypotha lam us (AH) con tinuum . S exually experienced  m ales are less 
d isrupted by lesions o f the  VN O  o r M eA than naive males, wh ile  lesions o f 
the  M PA-AH con tinuum  severe ly d isrup t copu la to ry  behavio r in b o th  
experienced  and naive males. W e pred ic t that these  d iffe rentia l les ion  
e ffects  are due  to  exp e rie nc e -d e pe n d en t changes in fu n c tio n a l 
re la tionsh ips. In th is light, the  lesion stud ies suggest that th e  activity o f 
the  MPA-AH con tinuum  is m ore in dependent from  areas in the  primary 
circuit in sexually experienced  males. Because corre la tions in m etabolic 
activ ity m ay reflect functional re la tionsh ips, w e investigated the  patte rns o f 
covariance in m etabolic capacity, as revealed by cytochrom e  oxidase (CO) 
activity, in sexually naive and experienced  male rats. CO is a rate-lim iting 
enzym e in oxidative  m etabolism  and a marker o f m etabolic poten tia l. 
Sexual experienced  m ales do not have s ign ificantly  d iffe rent CO activity in 
areas in the  primary circuit com pared to  naive males. How ever, while th e  
corre la tions betw een BN ST-M PA, AH -M PA, BN ST-AH , and M eA-AH are 
sign ificantly pos itive  in naive males, only that betw een  BN ST-M P A  is 
s ign ificant in experienced  males. These  results support the  h yp o the s is  
that w ith sexual experience  the  M PA-AH becom es m ore in d e p e n d e n t 
from  other areas in th is circuit. Furtherm ore, s ince  experienced  males 
d isplay sexual behavior longer a fter cassation, w e will a lso ana lyze how th e  
re la tionsh ips betw een these  nuclei and o the r nonstero id  sensitive  areas 
change w ith experience. S uppo rted  by U niversity Fe llow ship  (JTS), 
M H 41770 and M H00135 (DC), and N S F IBN9222O75 (FGL).

8 0 .8

N IT R IC  O X ID E  P R O D U C T IO N  IS IN C R E A S E D  IN T H E  
PA RAV EN TRICU LA R NUCLEUS O F  T H E  HY PO TH A LA M U S O F MALE 
RATS D U RIN G  N O N CON TACT PEN ILE ER ECTIO N S A N D COPULATION.
M.R. Melis*, S. Succu, M.S. Spano & Antonio Argiolas. Bernard B. Brodie Dept. 
Neurosci., Cagliari Univ., 09124 Cagliari, Italy.

Male rats put in the presence of a receptive, but not o f a nonreceptive female rat 
that they can see, hear and smell, but not touch, show penile erection episodes. 
These noncontact erections occur concomitantly with an increase in nitric oxide 
production in the paraventricular nucleus of the hypothalam us, as detected by the 
increase in the NO 2 and NO3 concentration in the paraventricular dialysate 
obtained from these males by in vivo microdialysis. N O 2 concentration increased 
from 0.81 ±  0.12 µM  to 2.51 ±  0.43 µM  and that o f NO 3 from 4.50 ±  0.73 µM 
to 8.31 ±  2.3 µM . The N O 2 increase was prevented by the nitric oxide synthase 
inhibitor NG-nitro-L-arginine m ethylester (20 µg) given unilaterally in the 
paraventricular nucleus, which also prevented noncontact erections. In contrast, the 
nitric oxide scavenger hemoglobin (20 µg) prevented the N O 2 increase, but not 
noncontact erections; while the guanylate cyclase inhibitor m ethylene blue (2 0  µg) 
was ineffective on either response. NO 2 and NO3 concentration was also increased 
in the paraventricular dialysate of male rats during in copula penile erections, that 
is, when sexual activity was allowed with the receptive females. As found with 
noncontact erections, NG-nitro-L-arginine m ethylester prevented NO2 increase and 
impaired copulatory behaviour; hemoglobin prevented NO 2 increase only; and 
m ethylene blue was ineffective on either response. The present results confirm that 
nitric oxide is a physiological m ediator of penile erection at the level of the 
paraventricular nucleus of the hypothalamus.
Supported partially by M URST and RAS grants to  A.A.

8 0 .1 0
NEURONAL FOS ACTIVATION IN THE CHEMOSENSORY PATHWAY OF RATS 
EXHIBITING NONCONTACT PENILE ERECTIONS K.R. Kelliher*, Y.C. Liu, M.J. 
Baum and B.D. Sachs. Department of Biology, Boston University, Boston, MA 02215; 
Department of Psychology, University of Connecticut, Storrs, CT 06269 

Volatile pheromones from estrous female rats induce "psychogenic" or noncontact 
penile erections (NCEs) in male rats. It is not known whether these volatile pheromones 
are detected and processed by the accessory olfactory (AOS) or the main olfactory 
system (MOS). Using nuclear Fos immunoreactivity (IR) as a marker of neuronal 
activation, we asked how the processing o f volatile pheromones which elicited NCEs 
compares with the processing of sensory cues associated with mating or exposure to 
soiled estrous bedding? Sexually experienced males were divided into 4 groups. One 
group displayed NCEs when exposed to the smell, sight and sound of an estrous female 
restrained behind a barrier. A second group was placed on estrous bedding. A third 
group was allowed two ejaculations with an estrous female. A fourth group was placed 
on clean bedding. All males were perfused transcardiaily with 4% paraformaldehyde 
after 2 hours. Coronal brain sections were processed for Fos-IR. NCEs were observed 
only in males that were exposed to volatile odors from an estrous female but not in males 
placed on estrous bedding. Significant increments in neuronal Fos -IR was observed in 
the granule and mitral cell layers of the accessory olfactory bulb (AOB) in males which 
that were either mated or exposed to estrous bedding. No AOB Fos response was seen 
in males which showed NCEs. Males which displayed NCEs or which were exposed to 
estrous bedding showed significant increments in neuronal Fos-IR in the anterior and 
posterior medial amygdala, the bed nucleus of the stria terminalis and the medial preoptic 
area. Even greater Fos responses occurred in these regions in mated males. Although 
they failed to stimulate significant neuronal Fos-IR in five main olfactory bulb (MOB) 
sites examined, the pheromones responsible for NCEs are likely detected via the MOS 
and are subsequently processed by the same limbic and hypothalamic circuit which 
responds to a different set of pheromones (not capable of eliciting NCEs) present in 
estrous bedding. (Supported by HD 21094 and MH 00392 and IBN-9603917)
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80.11
SEXUALLY DIMORPHIC PROFILE OF NEURONAL FOS IN THE MAIN 
OLFACTORY SYSTEM OF FERRETS EXPOSED TO ODORS OF MALES IN 
BREEDING CONDITION. M.J. Baum*, Y-M. Chang, and K.R. Kelliher. Dept. of 
Biology, Boston University, MA 02215

The ferret, a carnivore, possesses a vomeronasal organ (VNO) and an accessory 
olfactory bulb (AOB); however, it is not known whether they are functional. Previous 
work in our laboratory demonstrated that odors in soiled bedding from estrous females 
augmented neuronal Fos immunoreactivity (Fos-IR; a marker of neuronal activation) 
in the main olfactory bulb (MOB), medial amygdala (MA), and bed nucleus o f the stria 
terminalis (BNST), but not in the AOB, o f gonadectomized, testosterone propionate 
(TP)-treated ferrets o f both sexes. Estrous female odors also stimulated neuronal 
Fos-IR in the medial preoptic area (mPOA) of female, but not o f male subjects. We 
asked whether odors from males in breeding condition elicit a similar, sexually 
dimorphic pattern o f neuronal Fos-IR in hypothalamic sites which receive olfactory 
inputs? Gonadectomized ferrets o f both sexes which received TP showed increased 
neuronal Fos-IR in the MOB, MA, and BNST, but not in the AOB, after exposure to 
male odors. Again, only females showed significant neuronal Fos-IR responses to male 
odors in the mPOA. Additionally, only females showed a neuronal Fos-IR response to 
male odors in the ventrolateral portion o f the ventromedial hypothalamic nucleus, an 
area previously implicated in the steroidal control of feminine sexual behavior. Our 
results show that the processing of pheromones by the main olfactory projection to the 
hypothalamus is sexually dimorphic in ferrets.
(Supported by HD21094 and MH00392).

80.13
FOS EXPRESSION IN PELVIC GANGLIA ASSOCIATED WITH THE 
AMOUNT OF SEXUAL STIMULATION IN RATS. J. Fang, Y.-W. Chung and
L.G. Clemens*. Department of Zoology and Neuroscience Program, Michigan 
State University, East Lansing, MI 48824.

The goal of this project is to determine the role of the pelvic ganglia (PG) in 
sexual behavior. The PG provide parasympathetic and sympathetic innveration 
to the genitalia. To examine if neuronal activation of the PG, as detected by Fos- 
like immunoreactivity (FOS-IR), is related to the sexual stimulation, males and 
females were tested under different conditions. PG were analyzed in males, (1) 
without any sexual stimulation, (2 ) with visual and oflactory sensory stimulation 
from the female but no body contact, (3) after 6-7 intromissions,( 4) after multiple 
intromissions plus 1 ejaculation. Analysis revealed that FOS-IR expression in the 
PG was positively related to the amount of genital stimulation and with 
noncontact stimulation.

The PG of females were analyzed following four treatments: (1) without any 
sexual stimulation, (2) following 6-7 intromissions, (3) following 1 ejaculation 
preceded by 0-1 intromission, (4) following 1 ejaculation preceded by multiple 
intromissions. There was no significant difference in FOS-IR expression between 
Treatments 1, 2 and 3, only ejaculation preceded by multiple intromission 
induced a significant increase in FOS-IR. The ejaculation duration was 
significantly longer when preceded by multiple intromissions (Treatment 4) than 
following 0-1 intromission (Treatment 3). Additional experiments supported the 
idea that ejaculation duration is the key factor inducing FOS-IR. Since the 
conditions required for expression of FOS-IR are identical to those associated 
with sperm transport (Adler 1969 J. Comp. Physiol. Psychol. 69:613-22), we 
suggest that sperm transport is regulated by autonomic outflow from the PG 
following copulation.

Supported by NSF grant IBN-9511971 to LGC.

80.15
OLFACTORY PREFERENCE IN COPULATING AND NON 
COPULATING MALE RATS. W. Portillo, V. López, E. 
Dominguez, E. Talavera and R .G . Paredes*. Centro de 
Neurobiología, UNAM, Querétaro and Psychology Department, 
Universidad Anáhuac. México.

It is commonly observed that several apparently normal 
rats will not copulate despite being tested on repeated occasions 
with receptive females. Plasma testosterone levels as well as erectile 
and ejaculatory mechanisms are not impaired in these animals and 
testosterone treatment fails to elicit sexual activity. In the present 
experiment we asked if investigatory behavior or neural fos 
responses to estrous bedding is different between non-copulating 
(NC) and copulating (C) male rats. Adult male rats were tested in 3 
different occasions with receptive females and subdivided in C 
(ejaculated in each of the 3 tests) and NC (displayed no coital 
behavior in any of the tests). Subjects were then castrated and 
tested for their preference to investigate bowls containing estrous 
as opposed to anestrous or clean bedding. Coital tests were also 
performed. C male rats had a clear preference to investigate the 
bowl containing estrous as opposed to anestrous or clean bedding. 
While the NC rats did have a preference for the estrous bedding, 
this preference was significantly less than the one seen in C rats. 
This pattern of preference was not modified after the subjects 
received 10 days of treatment with testosterone propionate (5 
mg/kg). These results suggest that an altered processing of the 
chemosensory sexually relevant cues produced by the estrous 
female might explain why a male rat remains as a non copulator. 
Supported by CONACYT (0508P-N) and DGAPA (IN201796).

8 0 .1 2

LOSS OF ASYMMETRY OF FOS IMMUNOREACTIVITY IN MEDIAL ZONA 
INCERTAL DA NEURONS RESULTED IN CHANGES IN FEMALE-PACED 
SEXUAL BEHAVIOR IN POLYCHLORINATED BIPHENYL-TREATED RATS. 
Y.-W. Chung1, C.E. Osborn2* and L.G. Clemens1. 1Dept. of Zoology, Michigan 
State Univ.; 2Dept. of Anatomy, Michigan State Univ., East Lansing, MI 48824.

We examined the effect of postnatal exposure to Aroclor 1254, one of the 
commercial polychlorinated biphenyls (PCBs), on sexual behavior of laboratory rats. 
Since Aroclor 1254 was reported to decrease dopamine (DA) content in the brain, we 
also investigated the Fos immunoreactivity (Fos-IR) in medial zona incertal (mZI) 
DA neurons in post mortem brain tissues from copulated rats of this study. After 
parturition, 12 lactating rats were treated with Aroclor 1254 by intraperitoneal 
injection for one week, thus exposing pups to PCBs through the dam’s milk. 
Control females were treated with sesame oil only. At the age of 60 days, female 
offspring were ovariectomized, primed with estrogen and progesterone and tested for 
female sexual behavior. When tested in a situation where the female could escape 
from the male after a copulatory event, PCB-treated females returned to the male with 
shorter latencies after intromission (IRL) than did control females. We found 
significant asymmetry in the cell number of mZI DA neurons at two sides of the 
brain (p<0.005). The number of Fos-IR positive mZI DA neurons showed even 
higher asymmetry (p<0.0005). The decrease of IRL coincides with the loss of 
asymmetry of Fos-IR positive mZI DA neurons in the PCB-treated rats (p<0.05). 
Correlation analysis shows that IRL is positively correlated with the asymmetric 
index of the Fos-IR positive mZI DA neurons (r=0.597, p<0.005). Strong correlation 
was found between approach latencies and the Fos-IR positive mZI DA neurons at 
the major side (r=0.905, p<0.01), whereas the percentage of females leaving males 
after mounts was highly correlated with that at the minor side (r=-0.894, p<0.05). 
These results suggest that the approaching component of female-paced sexual 
behavior is associated with the dominant side of mZI DA system while the avoidance 
component is associated with the minor side. This research is supported by NIEHS 
grant P42 ESB4911-09.

8 0 .1 4

MATING INDUCES C-FOS EXPRESSION IN ESTROGEN RECEPTOR 
CONTAINING NEURONS IN THE FEMALE MACAQUE BRAIN. R,P. Michael*,
D. Zumpe and A. N, Clancy. Department of Psychiatry & Behavioral Sciences, 
Emory University School of Medicine, 1256 Briarcliff Rd., Atlanta, GA 30306.

We previously found high levels of Fos expression in the brains of unmated as well 
as of mated male and female macaques; a finding differing from that in nonprimate 
species. We are therefore examining the co-localization of estrogen receptor 
immunoreactivity (ER-ir) and c-fos immunoreactivity (Fos-ir) in the brains of female 
cynomolgus monkeys (Macaca fasicularis) . Females were mated to ejaculation 
during 30-min behavior tests with a male (mated female), paired with a male for 30 
min in the absence of ejaculation (social control), or not paired with a male 
(unmated control). One hour after ejaculation (mated females) or testing (social and 
unmated controls), animals were killed by an overdose of sodium pentobarbital and 
perfused transcardially. Free-floating, frozen, coronal brain sections (30 µm) from a 
mated, a social control and an unmated control female were incubated concurrently 
in the same immunoreagents and mixture of two primary antibodies: the 1D5 
monoclonal mouse anti-estrogen receptor antibody (undiluted) (Zymed Laboratories) 
and the c-Fos(4) polyclonal rabbit anti-c-fos  antibody (1:4800) (Santa Cruz 
Biotechnology). 1D5 nuclear labeling was visualized by the ABC immuno- 
peroxidase method using diaminobenzidine as the chromogen, and c-Fos(4) labeling 
was visualized by incubation with a 5 nm silver-reduced, gold-conjugated secondary 
antibody. In mated females, the majority of ER-ir labeled neuronal nuclei in brain 
regions which regulate sexual behavior were dual-labeled and contained Fos-ir. Few 
single-labeled ER-ir or Fos-ir neurons were found. In contrast, there were few dual- 
labeled neurons in social and unmated controls, but many that contained either ER-ir 
or Fos-ir alone. These preliminary results demonstrate that mating induces Fos-ir in 
ER-ir labeled neurons in the brain of the female macaque. (Supported by USPHS 
Grant MH 19506 and the Whitehall Foundation).
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81.1

CONNECTIVITY BETWEEN THE CAUDAL SEPTAL AREA CONTAINING cGnRH-I 
NEURONS AND OTHER BRAIN AREAS IN MALE JAPANESE QUAIL; NEURAL 
TRACING STUDY USING A FLUORESCENT DYE, Dil. R. Teruyama1, J.F. Rodriguez- 
Sierra2*, M.M. Beck1. 1Dept. of Animal Science, Univ. of Nebraska-Lincoln; Dept. of Cell 
Biology and Anatomy, Univ. of Nebraska Medical Center; Lincoln, NE 68583.

It has been known for a long time that reproduction in animals is largely regulated by 
environmental information. Because C`mRH system appears to play a central regulating role 
in reproductive physiology and behavior in animals, it seems reasonable to assume that the 
GnRH system may be a functional site integrating environmental factors and reproduction. 
Despite these facts and speculation, the mechanism in the central nervous system which 
controls the environmental regulation of reproduction is still largely unknown. A 
comprehensive understanding of the ways in which environmental factors regulate 
reproduction seems to require the verification of the connections between the GnRH system 
and other areas of the brain. The current study was conducted to investigate such linkages of 
cGnRH-I cells and other areas using a neural tracing technique with a fluorescent dye, Dil, 
in male quail brain When Dil was implanted in the caudal septal area, where cGnRH-I cells 
were found to be most abundant, retrogradely labeled cells were found in the septum; in the 
hypothalamic structures including n. preopticus medialis, n. periventricularis hypothalami, n. 
paraventricularis magnocellularis, in the infundibular area; in the ventral basal ganglia 
especially in and about n. accumbens; in the hippocampus; n. taeniae of archistriatum; and in 
the dorsal thalamus. Extensive labeling of fibers was also seen in these brain areas listed 
above, the piriform cortex, the substantia grisea centralis, and olfactory bulb. In addition, 
major fluorescent fibers appeared to terminate in the ependyma of the ventral aspect of the 
lateral ventricles and aqueductus mesenoephali. Many of these areas are known to be parts of 
the limbic system or the area closely associated with limbic system, and known to involve in 
the reproductive behaviors. Considering that the telencephalic limbic system receives vast 
sensory projections directly or indirectly, the cGnRH-I system appears to receive 
environmental information via the limbic system to coordinate reproduction in male quail.

8 1 .3

ONTOGENY OF PROGESTERONE RECEPTOR EXPRESSION IN 
GALANÍNERGIC CELLS OF THE BED NUCLEUS OF THE STRIA 
TERM INALS AND MEDIAL AMYGDALA. G J. De Vries* and T . M. Han. 
Neuroscience and Behavior Program, and Center for Neuroendocrine Studies, and 
Department o f Psychology, University o f Massachusetts, Amherst, MA 01003-7710.

Sex differences in progesterone receptor (PR) expression during a perinatal 
period in development may cause the development sex differences in the brain 
(Wagner et al„ 1997, Soc. Neurosci. Absts). Because PR is expressed in the sexually 
dimorphic arginine vasopressin (AVP) system of the bed nucleus o f the stria 
terminalis and centromedial amygdala in adulthood we tested the hypothesis that sex 
differences in PR expression influences the sexual differentiation of AVP expression 
by examining the degree o f colocalization o f PR in cells containing galanin (GAL) in 
development. GAL expression in the BST/CMA is likely to represent an equipotent 
set o f cells that may be induced to express AVP. We determined the proportion o f 
GAL-immunoreactive (-ir) cells that were colocalized with PR-ir in the BST and 
CMA postnatal day 2 (P2), P7, P 10, and P90 in intact male and female rats. We 
found that overall, the pattern o f PR-ir colocalization with GAL-ir in early postnatal 
life differed from that in adulthood. From P2 through P 10, the percentage o f GAL-ir 
cells coexpressing PR-ir in either the BST or MA did not exceed 50%, whereas in 
adulthood, GAL-ir cells o f both males and females showed near complete 
colocalization Coexpression o f PR-ir and GAL-ir differed by sex, most notably at 
P7 in both the BST and CMA; males exhibited a greater degree o f coexpression than 
did females. Hence, this sex difference in the coexpression o f PR in GAL cells 
supports a role of PR in the development of sex differences in AVP expression.
This research was supported by NIH grant MH47538 and NSF grant IBN 9421658 
to GJD.

8 1 .5

SITE SPE C IFIC  IN JEC T IO N  O F EN D O M O RPH IN -1 IN TH E M EDIA L 
PR EO PT IC  AREA O F T H E H Y POTHA LAM US IN H IB ITS LO RD O SIS 
IN SEXUALLY RE C EPTIV E FEM A LE RATS. D. Hendricks, K. Sinchak, 
R. Gorski*, and P. E M icevych. Dept. o f Neurobiology & Lab. o f 
Neuroendocrinology, Brain Res. Inst., UCLA School o f  Medicine. Los 
Angeles, CA 90095.

In estrogen and progesterone (P) primed sexually receptive females, icv 
administration o f a µ-opioid receptor (OR) agonist inhibits lordosis. Since 
estrogen regulates the activation of the µ-OR system in the medial preoptic area 
(MPO) in a manner that correlates with its role in regulating lordosis, we tested 
the hypothesis that µ-OR activation in this region inhibits lordosis. 
Ovariectomized rats were implanted with bilateral cannulae aimed at the MPO. 
Females were treated with 2 µg estradiol benzoate (EB) and 26 h later with 
5OOµg P once every 4 days for three ‘cycles’ which produce maximally 
receptive animals 3Oh after EB treatment. Females received bilateral 
microinjections o f either artificial cerebrospinal fluid, 1, 5, or 25nmol 
microinjection endomorphin-1 (Endo-1; 0 .5µl volume) approximately 30 h 
after EB. Animals were tested for lordosis 10 and 60 mins after microinfusion. 
The lordotic responses o f each female to 10 mounts by a reproductively 
vigorous male were used to calculate a lordosis quotient. At 5nmol 
(48.0± 17.72) and 25nmol (58.0±9.52), Endo-1 inhibited lordosis compared to 
aCSF control (90 .7±5.02). The effect o f Endo-1 was undetectable 1 h after 
microinjection. 1 nmol o f Endo-1 had no effect on lordosis (99.0± 1.0; 
100± 0.0, 10 & 60 min, respectively). These data demonstrate that activation 
o f µ-OR in the MPO inhibits lordosis in estrogen and progesterone primed 
females. Supported by NS21220, HD07228.

8 1 .2

Distribution of gonadal steroid receptor containing neurons in the 
preoptic-periaqueductal gray-brainstem pathway: A unique circuit 
for male sex behavior.
Anne Z. M urphy* and Gloria E. Hoffman. Departm ent of Anatomy & 
Neurobiology, Univ. M aryland Sch. M ed., 68 5  W . Baltim ore St., 
Baltimore, M D 21201
The  m edial preoptic to periaquedu cta l gray (P A G ) to n u c le u s  
paragigantocellularis (PGi) circuit is thought to play a central role in 
male sex behavior. As copulation is a steroid dependent behavior, we 
examined the distribution of estrogen receptor containing neurons within 
the PAG in reference to M P O  inputs, and PGi outputs, and copulation- 
induced Fos expression. A large population of E R + (alpha) neurons 
w ere located within the caudal two thirds of PAG. At mid PAG levels, 
E R + neurons w ere located prim arily within the lateral column; 
anterograde labeling from the M P O  terminated heavily within the lateral 
PAG, in close proximity to ER+ neurons. Within the caudal third of PAG, 
a large num ber E R + neurons w ere located in both the lateral and 
dorsolateral PAG; interestingly, anterogradely labeled fibers from M PO  
did not preferentially term inate among these neurons. The retrograde 
tracer Fluorogold (FG) was used to identify PAG neurons projecting to 
the PGi. Within the rostral third of PAG, FG + labeled neurons w ere co
distributed, but not colocalized with E R + neurons. At m id-PAG levels, 
over 50%  of lateral PAG neurons projecting to the PGi were ER+. This 
percentage decreased for caudal PAG. The distribution of ejaculation 
induced Fos+ cells overlapped with the location of E R + neurons. 
Together, these results indicate that the M P O -P A G -P G i circuit contains 
receptors for gonadal steroids, and may m odulate m ale sex behavior. 
Supported by N S F9753015.

8 1 .4
ANDROGEN RECEPTOR-IMMUNOREACTIVITY WITHIN 
VASOPRESSIN AND SEROTONIN NEURONS IN GOLDEN 
HAMSTERS. Yvon Delville*. Program in Neuropsychiatric Sciences, 
Psychiatry Department, Univ. of Mass. Med. Ctr., Worcester, MA 01655.

In golden hamsters, aggressive behavior performed towards intruders is 
facilitated by vasopressin (AVP) and inhibited by serotonin (5-HT). The 
behavior is also inhibited after castration and restored after treatment with 
androgens. Immunocytochemical procedures were used to determine 
whether AVP and 5-HT neurons in golden hamsters are capable of 
responding to androgens. The distribution of androgen receptor- 
immunoreactivity (AR-IR) was observed in sections of the hypothalamus 
and midbrain. Interestingly, AR-ir cells were found within AVP and 5- 
HT neuronal groups suspected to be involved in aggressive behavior. 
These neuronal groups included the supraoptic nucleus, nucleus 
circularis, dorsal raphe nucleus and median raphe nucleus. Additional 
sections were double-labeled to test the presence of AR-IR within AVP 
and 5-HT neurons within these nuclei. Up to 30% of AVP neurons 
within the supraoptic nucleus and nucleus circularis were found to contain 
AR-IR. Similarly, about 50% of 5-HT neurons within the dorsal and 
median raphe nuclei were found to contain AR-IR. These data suggest 
that androgens are capable of affecting aggressive behavior through a 
direct action on AVP and 5-HT neurons.

8 1 .6

INTRACEREBROVENTRICULAR INSULIN ADMINISTRATION CAN 
M AINTAIN ESTROGEN-FACILITATED REPRODUCTIVE BEHAVIOR IN 
DIABETIC FEM ALE RATS. G.B. Karkanias* and J.C. Morales. Dept. 
Neuroscience, Albert Einstein Coll. Med., Bronx, NY 10461 

These studies determined whether deficits in reproductive behavior observed in 
streptozotocin(STZ)-induced diabetic female rats can be prevented by 
intracerebroventricular (ICV) infusion of insulin. To test this hypothesis female 
Sprague-Dawley rats were ovariectomized to remove the primary source of estrogen 
and progesterone and randomly divided into two groups. One group received STZ to 
induce diabetes while a second group served as a nondiabetic control group. During 
the same surgical session rats from both groups were chronically implanted with an 
infusion cannula into the third ventricle. The non-diabetic (n=16) and diabetic 
(n=25) groups were further subdivided into two groups those receiving either insulin 
or saline. Both saline and insulin (100 µUnits/hr) were administered ICV to rats by 
an Alzet minipump implanted s.c. set to deliver 0.5 µl/hr starting at the same time as 
STZ or vehicle treatment. Reproductive behavior was measured 10 days after the 
onset of hyperglycemia (diabetes), following the injection of estrogen and 
progesterone in doses known to restore reproductive behavior in non-diabetic rats. 
Saline-infused rats in which STZ produced diabetes showed significantly reduced 
estrogen-facilitated reproductive behaviors. However, ICV insulin maintained 
estrogen-facilitated reproductive behavior in diabetic rats. Interestingly, ICV insulin 
modestly increased estrogen-facilitated reproductive behaviors in non-diabetic rats 
as well. These findings suggests that insulin acts directly in the brain to maintain 
estrogen facilitation of reproductive behavior. The data also confirm our previous 
observation that hypoinsulinemia and not hyperglycemia is the causative agent in the 
diabetes-induced loss of estrogen facilitation of reproductive behavior. Supported by 
American Diabetes Association Grant 2376 to GBK and the Dept. of Neuroscience, 
Albert Einstein College of Medicine.
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81.7
FOREBRAIN STEROID RECEPTOR IMMUNOREACTIVE CELLS 
IN NEONATAL AND PREPUBERTAL ESTROGEN RECEPTOR-α 
GENE DEFICIENT (ERKO) MICE Sonoko Ogawa1 *, C.J. Krebs1, K. S. 
Korach2, & D.W. Pfaff1 1:Lab. Neurobiol. & Behav., The Rockefeller 
University, New York, NY10021, 2 Lab. Reprod. & Develop. Toxicol., 
NIEHS, Research Triangle Park, NC 27709

Previously, we found that a number of behaviors (sexual, aggressive, and 
parental) are greatly modified in a sex-specific manner in estrogen receptor 
(ER)-α deficient (ERKO) mice (Ogawa et al., Neuroendocrinology. 64:467, 
1996; PNAS. 94: 1476, 1997). Male ERKO mice were almost completely 
devoid of offensive attacks, whereas female ERKO mice showed increased 
aggression and infanticide, regardless of gonadal state. To elucidate 
underlying mechanisms of behavioral masculinization in female ERKO mice, 
we examined postnatal developmental changes of brain androgen receptors 
(AR) and ER-ß. Male and female ERKO mice and their wild-type (WT) and 
heterozygous (HZ) littermates were assessed on postnatal days 3, 6, 12, 21, 
and 30 (day of birth = day 0). AR immunoreactive (IR) cells were not 
detected in neonatal (days 3-6) female brains, whereas abundant AR-IR cells 
(especially in the ventral premammillary nucleus, PMV) were found in male 
brains of all three genotypes. On days 12, 21, and 30, there was a great 
increase of AR-IR cells in female ERKO brains (especially in PMV and 
medial preoptic area) compared to WT and HZ female brains. In males, there 
were no obvious genotype differences in developmental changes of AR-IR 
cells. ER-β-IR cells were detected in the bed nucleus of stria terminalis in 
neonatal (days 3-6) brains of both sexes of ERKO mice similar to WT and 
HZ littermates. These results offer the possibility that developmental changes 
in AR, but not ER-β, contribute to the behavioral effects of ER-α gene 
disruption in females but not males.
(Supported by H. F. Guggenheim Research Grant and NSF IBN-9728579 to 
SO.)

81.8
ESTRO G EN  AN D PR O G ESTER O N E EN H A N CE TH E EX PRESSIO N OF 
TH E 73 KD HEA T SHOCK CO G N A TE PROTEIN (HSC 73) IN TH E RAT 
H Y PO TH A LA M U S. C. J. K rebs* , E. D. Jarvis, and D. W. Pfaff. Lab. o f  
N eurobio. and Behavior, The Rockefeller University; N ew  York, NY 10021.

Through the use o f  the differential display technique, we have discovered 
that the heat shock cognate protein gene (H sc73) experiences changes in 
expression  over the course o f  the estrus cycle in the hypothalam us and other 
reproductively im portant tissues. Q uantitative in situ hybridization analysis o f 
brains from naturally  cycling fem ale rats show ed that Hsc73 expression 
throughout m any parts o f  the brain was constant; however, a significant 
increase o f  approxim ately 30%  w as found in the ventrom edial hypothalam us 
(V M H ) and arcuate nucleus o f  fem ales during the afternoon o f  proestrus versus 
fem ales at diestrus-1. To determ ine if  this increase was steroid horm one 
dependent, we com pared vehicle treated ovariectom ized (ovx) fem ales with ovx 
fem ales given physiological doses o f  estrogen (E) and progesterone (P). Hsc73 
expression in the ventrolateral and central aspects o f  the VM H was responsive 
to E, while the dorsom edial aspect rem ained unaffected. In contrast, expression 
in the arcuate nucleus was not responsive to E alone, but showed a sim ilar 
increase in Hsc73 m essage follow ing the subsequent treatm ent with P. Hsc73 
expression in the neocortex did not change, regardless o f  horm one treatm ent or 
stage o f  the estrus cycle. Hsc73 has been show n to be associated with a variety 
o f  cellu lar trafficking events, including the im port o f  proteins into the lysosom e 
for their degradation and the transport o f  vesicles to the synapse. W e are 
currently  investigating the involvem ent o f  Hsc73 in these events in the 
hypothalam us and their potential influence on fem ale sexual behavior. 
Supported by HD08389 to CJK.

81.9 81.10
ADULT ANDROGEN AFFECTS VOLUME OF RAT DENTATE GYRUS: A 
SEXUALLY DIMORPHIC RESPONSE. Loic S. Villeneuve, Bradley Cooke and 
S. Marc Breedlove* Dept. of Psychology, Univ. California; Berkeley, CA 94720 

The effect of androgens on hippocampal dentate gyrus volume was tested in three 
different treatments of 60 day old Long-Evans rats. The first cohort o f 5 males and 4 
females were sham operated (SO), the second cohort consisted of 6 gonadectomized 
males and 7 gonadectomized females with no hormone treatment (GXB), and the last 
cohort of 6 males and 7 females were gonadectomized and implanted with Silastic 
capsules (I.D. 0.062” O.D. 0.125”, 40mm) filled with crystalline testosterone 
(GXT). Serial coronal slices of 60 µm were made through the dentate gyrus and 
these slices were NissI stained with thionin. Brain slices were examined with a 
Nikon SMZ-10A microscope at 13.8 magnification. Pictures were taken with a 
digital camera and Adobe photoshop. Volume was reconstructed with NIH Image 
software. A significant main effect of SEX was found across SO and GXB animals 
(F(l,36) = 8.058, p < .01); females had a significantly smaller dentate gyrus than 
did males. A significant interaction of SEX by HORMONE TREATMENT was 
found in castrated animals (F(l,44) = 17.979, p < .001). Testosterone implants 
augment volume of the dentate gyrus in gonadectomized females and reduce the 
volume of the same structure in gonadectomized males (see figure).

This research was made possible by a 
fellowship from the Natural Sciences 
and Engineering Research Council of 
Canada to L.S.V. and NIH grant # 
NS2842l.

SEX DIFFERENCE AND HORMONE MODULATION OF ANDROGEN 
RECEPTOR lMMUNOREACTIVITY IN RAT HIPPOCAMPUS AND MEDIAL 
AMYGDALA *Li Xiao, Cynthia L. Jordan, and S. Marc Breedlove, Department of 
Psychology, University o f California, Berkeley, CA 94720-1650.

Sex differences and effects of acute steroid treatment on androgen receptor 
immunoreactivity (AR-ir) in the CA 1 region o f the hippocampus and the medial 
amygdala were examined. Adult male rats were either castrated or sham-operated at 
least two weeks prior to sacrifice. Vaginal cytology o f females was monitored daily 
to determine the stage of estrous cycle, and females were sacrificed on the day of 
proestrus. The castrated males and the females received an injection of testosterone 
propionate (TP, 2mg, s.c.) or vehicle (sesame oil) 2 hrs prior to sacrifice. Androgen 
receptors were visualized using the PG-21 antibody (a gift from G. S. Prins) on 40- 
µm coronal sections, and both the density o f AR-positive cells and the intensity of 
staining were measured. In the sham males, AR-ir revealed intense and high density 
of nuclear staining in the CA 1, whereas castration led to a reduction on both 
measures, which was accompanied by apparent cytoplasmic distribution o f AR-ir. 
The overall ranking of staining intensity was: sham males > female+TP > castrated 
males+TP > female > castrated males. Acute androgen treatment increased the 
density o f AR-positive cells in both males and females, although only significantly in 
males as indicated by our preliminary analysis. In addition, the density o f  AR- 
positive cells was higher in females than in castrated males, regardless o f hormone 
treatment, indicating a sex difference in AR-ir levels. Furthermore, our data 
suggested a higher density of cells that were AR-positive on the left than on the right 
side of hippocampus, predominately in the sham males. Data obtained from the 
medial amygdala are currently under analysis. Thus, there is a sex difference in the 
pattern of AR-ir, and adult androgens appear to modulate AR-ir within the 
hippocampus.

This research was supported by grant NIH NS2842l to SMB, NSF IBM-9309856 
to CLJ, and a postdoctoral fellowship from UCB to LX.

81.11
ACTIVATIONAL EFFECTS OF ADULT ANDROGEN ON THE 
SEXUALLY DIMORPHIC MEDIAL AMYGDALA. Bradley M. Cooke 
& S. Marc Breedlove . Dept. Psychology, Univ. of California, Berkeley 
CA 94720-1650.

The effect of adult hormone manipulations on medial amygdala cell 
sizes and sub-nucleus volumes was investigated in Long-Evans rats. The 
volume of the posterodorsal component of the medial amygdala (MePD) 
was greater in males than in females. Mean neuronal soma size was also 
sexually dimorphic. However, these sexual dimorphisms could be 
completely reversed by androgen manipulations in adulthood. Castration 
of adult males reduced the size of the MePD nucleus and its neurons to 
those seen in female controls. T-treated castrates of either sex had soma 
sizes and MePD volumes equivalent to those of male shams. In another 
sub-region of the MeA, the posteroventral component (MePV), no sex 
differences were observed in nucleus volume or soma size, nor did 
androgen treatment affect these measures.

81.12
MK-801 BLOCKS THE ACTIVATIONAL EFFECT OF TESTOSTERONE ON 
SNB MORPHOLOGY. Scott E. Christensen* & S. Marc Breedlove. Department of 
Psychology, University of California, Berkeley, CA 94720-1650.

The spinal nucleus o f the bulbocavemosus (SNB) in rats is a sexually dimorphic 
nucleus that innervates striated perineal muscles. In the adult male rat, these 
motoneurons shrink after castration and are enlarged after androgen treatment. 
Genes encoding the NMDA receptor are expressed throughout the ventral horn of 
the adult rat lumbar spinal cord (Tölle et a l., 1995), suggesting that this receptor may 
mediate the response o f SNB motoneurons to androgens.

60 day old male Spraque-Dawley rats were castrated and implanted with s.c. 
Silastic capsules containing testosterone (T) or nothing, and osmotic mini-pumps 
infusing MK-801 (.36 mg/kg per day), a noncompetitive NMDA receptor antagonist, 
or saline. Twenty five days after castration and implantation, bulbocavemosus 
muscles were injected with the retrograde tracer, CT-HRP. Animals were sacrificed 
3 days following injection. The lower lumbar region o f the spinal cord was 
processed for visualization o f CT-HRP. The soma areas o f CT-HRP stained SNB 
motoneurons were measured by a “blind” observer using NIH Image software. As 
predicted, among saline-treated rats, somata of T-treated castrates were significantly 
larger than those o f animals receiving blank capsules (p<.000l). However, T did not 
significantly affect SNB size among MK-801-treated rats.

SNB Soma Area (um 2) Saline infusion MK-801 infusion

Blank Capsule 800±44.43 SEM (n=6) 890.09+46.25 (5)
T-Treated 1160±35.35 (6) 1008.65+34.76 (7)

Thus, MK-801 appears to block testosterone’s effect on SNB soma size, 
suggesting that the NMDA receptor may mediate androgen’s activational effect on 
SNB motoneurons in adulthood. Supported by NIH NS28421
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The MePD is thus a mammalian brain region in which adult circulating 
androgen concentration seems to account entirely for the observed sexual 
dimorphism.

Supported by NIH NS2842l

MePD volume (mm3×10-1)
Sh +BI GnX+T GnX + B

Male 3.64 ± 0.34 3.82 ± 0.48 294 ± 0.34
Female 2.53 ± 0.31 329 ± 0.22 258 ± 0.17
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8 1 .1 3

GESTATIONAL PHOTOPERIOD AFFECTS PERINATAL 
DEVELOPMENT OF REPRODUCTIVE SYSTEMS IN MALE 
SIBERIAN HAMSTERS. Carol D. Hegstrom* & S. Marc 
Breedlove. Department Psychology, University of California, 
Berkeley CA 94720-1650

Siberian hamsters (Phodopus sungorus) breed seasonally in 
response to photoperiod. Hamsters born in autumn, at the end of the 
breeding season, delay puberty until the following spring. We show 
here that prenatal photoperiod exposure also affects reproductive 
development. Exposure during gestation to short-photoperiods 
(8L:16D) resulted in a difference at birth in the sexually-dimorphic, 
androgen-sensitive bulbocavernosus and levator ani muscles 
(muscles involved in male copulation). The BC/LA muscles from 
animals gestated under short photoperiods were significantly 
smaller than those of counterparts gestated under long photoperiods 
( 15L:9D; p’s<0.05 on day of birth (d0), d2 and d 18), even though 
body weights were not different at these stages. Although only 
approaching significance at d2 (p<0.08), by d 18 the testes from 
animals gestated and raised under short photoperiods were 
significantly smaller than their long-day counterparts (p<0.02). We 
suggest that melatonin cues from maternal circulation may 
modulate fetal development.

Supported by NIH NS28421.

8 1 .1 5

SEX DIFFERENCES IN COPULATORY BEHAVIORS IN RESPONSE TO 
ANDROGEN AND ESTROGEN TREATMENT. C.E. Roselli1* and K.C. Chambers2, 
1Dept. of Physiology & Pharmacology, Oregon Health Sciences Univ., Portland, OR 
97201; 2Dept. Psychology, Univ Southern California, Los Angeles, CA 90089.

Adult male and female rats differ in their behavioral responsiveness to testosterone (T) 
treatment. Males exhibit higher levels of copulatory behavior than females in response 
to identical T treatment. Since T acts on the brain, in part, through local conversion to 
estradiol (E2) by the P450 enzyme aromatase, it is possible that gender differences in brain 
estrogen synthesis could constitute a sexually dimorphic mechanism that limits the action 
of T in females, and enhances its effect in males. To test this hypothesis, the present study 
determined the effect of treatments with equivalent levels o f either T or E2 on olfactory 
behavior and mounting in age-matched sexually naive male and female rats (n=4-9 
rats/treatment group). Lidocaine paste was applied in order to minimize the contribution 
o f sexually dimorphic somatosensory inputs to the expression o f copulatory behavior. At 
the end of testing the brains were taken to measure steroid hormone receptor levels and 
trunk bloods were collected for hormone determinations. We found that after T treatment: 
mount frequencies were significantly higher in males than in females; mount latencies 
were significantly shorter in males initially, but were equalized by the 3rd week of testing; 
and the frequencies of genital sniffing in males and females were not different. In 
contrast, after E2 treatment: mount frequencies were similar in males and females; mount 
latencies were significantly shorter in males initially, but were significantly shorter in 
females by the final test; and males exhibited significantly greater frequencies of genital 
sniffing than females. No gender differences were observed in the hypothalamic levels 
of nuclear androgen and estrogen receptors or in serum steroid concentrations. These 
results support the view that the capacity for brain estrogen synthesis contributes to, but 
is not solely responsible for, behavioral sex differences in androgen responsiveness in rats. 
(Supported by NSF IBN9421759).

8 1 .1 7

CO-IMMUNOLOCALIZATION OF ANDROGEN RECEPTOR AND 
AROMATASE IMMUNOREACTIVITIES IN THE MUSK SHREW BRAIN. 
Sean L. Veney* and Emilie F. Rissman. Biology Department, University of 
Virginia, Charlottesville, VA 22903.

Aromatase enzyme catalyzes the conversion of testosterone (T) into estradiol 
(E2). This process is important for the activation of male and female sexual 
behavior in many species. We have examined the role of estrogen (ER) and 
androgen receptor (AR) in the regulation of aromatase enzyme. In the musk 
shrew preoptic area, few cells co-express ER and aromatase enzyme; suggesting 
that other steroids regulate aromatase. In this study we describe the distribution 
of neurons that are immunoreactive for androgen receptor (AR-ir) and aromatase 
enzyme (AROM-ir) using standard immunocytochemistry techniques. Adult 
male and female musk shrews were gonadectomized and given a T implant (1 
mm ID × 2.125 mm OD s.c., 10mm and 5mm respectively). In addition, they 
received a daily injection of an aromatase inhibitor (vorozole 5mg/kg: 
generously provided by Janssen Research Foundation) for 1 week. Previous 
studies have demonstrated that vorozole enhances the staining of AROM-ir 
neurons (Rissman et al., 1996). After perfusing and sectioning the brain tissue, 
AR-ir was localized with PG-21 polyclonal antibody (graciously supplied by Dr. 
G. Prins). AROM-ir neurons were visualized using the polyclonal antibody R-8- 
1 (kindly supplied by Dr. Y. Osawa). Three neural regions were examined for 
the occurrence of dual-labeled neurons: the medial preoptic area, bed nucleus of 
the stria terminalis and ventromedial nucleus of the hypothalamus. Within each 
region we found a substantial population of neurons that contain both androgen 
receptor and aromatase enzyme. These data suggest that androgens regulate 
aromatase enzyme, and the resultant estrogen binds to receptors in nearby cells.

This work was supported by NSF grant IBN-9412605, NIH grant MHO 1349 
(EFR) and NIH training grant HD072323 (SLV).

8 1 .1 4

ANTIANDROGENIC VS. ANDROGENIC EFFECTS ON NEURAL ANDROGEN 
RECEPTOR REGULATION. S. Lu and N. G. Simon.* Dept of Biological 
Sciences,Lehigh Univ. Bethlehem, PA 18015.

Antiandrogens block androgenic effects in target cells by competing with androgen 
for the ligand binding site on the androgen receptor (AR). This antiandrogen-AR 
binding interaction results in a functionally inactive receptor complex. In vitro 
studies with recombinant AR expressed in COS cells demonstrated that 
antiandrogens could promote translocation to nuclear binding sites but could not 
stabilize AR, suggesting that receptor bound to antiandrogen is more sensitive to 
enzymatic degradation than androgen-AR complexes. Previous studies established 
that AR is upregulated by androgen and that the increase in receptor levels results 
from ligand-induced stabilization. In this study, quantitative immunocytochemical 
and Western blot analyses were used to compare the effects of flutamide (FLU), an 
antiandrogen, and testosterone (T) on AR levels in mouse brain to further 
characterize the mechanisms regulating neural AR. All procedures fully complied 
with PHS guidelines for the care and use of animals. Adult male CF-1 mice, aged 
60-90 days, were gonadectomized and 3 days later were given a single S.C. 
injection with FLU (5, 50, 500 ug), T (SL doses), or FLU+T (100:1). Western 
analyses showed that while T produced a dose-dependent increase in AR, FLU 
treatment did not increase total AR content in comparison to gonadectomized males 
and inhibited upregulation by T. However, ICC results showed that FLU increased 
nuclear staining as effectively as T. These results suggest that the regulation of 
cellular AR content through receptor stabilization may constitute one mechanism 
through which androgens and antiandrogens exert their biological effects.

Supported by NSF IBN 95-12015 and the H. F. Guggenheim Foundation.

8 1 .1 6

A N DRO GENIC REGULATION OF HYPOTHALAM IC AROMATASE ACTIVITY  
IN PREPUBERTAL AND ADULT MALE GOLDEN HAM STERS. R. D.
Rom eo*, J. W ade, J. E. Venier, and C. L. Sisk. Department of Psychology, 
Neuroscience Program, Michigan State University, East Lansing, Ml, 48824.

Testosterone (T) is converted to estradiol (E2) intracellularly in peripheral and 
central tissues by the aromatase enzyme. In the brain, estrogenic metabolites 
of T  play a major role in the expression of male sexual behaviors. Doses of 
exogenous T  that fully activate male reproductive behavior in castrated adult 
male hamsters fail to elicit mounting and intromissions in castrated juveniles, 
even when circulating levels of T  are equivalent in the two age groups. W e  
tested the hypothesis that T-induced increases in aromatase activity (AA) in 
the hypothalamus, which contains several cell groups important in mediating 
male reproductive behavior, may be greater in the adult compared to the 
prepubertal male, thereby facilitating the greater amounts of mating behavior 
observed in adulthood. AA, as measured by the conversion of 3H-T to 3H-E2, 
was compared in hypothalamic homogenates of castrated adult and 
prepubertal male hamsters that had either received T  or a blank pellet. 
Castrated adult and prepubertal males (67 or 28 days of age, respectively) that 
had been implanted with a 2 .5 mg pellet of T  for one week had over a two-fold 
increase in hypothalamic AA compared to their age- matched castrated 
controls. Furthermore, castrated adult and prepubertal males treated with a 
2.5 mg pellet of T  for one week had equivalent levels of hypothalamic AA 
activity. These data indicate that hypothalamic aromatase enzyme is similarly 
regulated by T  in both the adult and prepubertal male golden hamster, and 
shows that the differential behavioral responsiveness to T  observed in 
prepubertal and adult male hamsters is not mediated by the efficacy by which 
T is aromatized to E2 in the hypothalamus. (Supported by NSF IBN9602169, 
NIH N S07279, and NSF IBN9733O74)

8 1 .1 8

EFFECTS OF GENITOFEMORAL NERVE LESION ON FERTILITY 
OF MALE RATS. RA Lucio*1, F, Aguilar1, R, Zempoalteca1, G, Flores- 
Rojas2, J, Velázquez-Moctezuma J2 and P, Pacheco3. 1CIF-Univ. Autón. 
Tlaxcala, CP 90000; 2 Biol. Reprod.- UAM-I; 3Inst. Invest. Bioméd, UNAM 
e Inst. Neuroetol, Univ. Veracruzana. México.

In male rats, the somatomotor branch of the genitofemoral nerve 
innervates the cremaster muscle, which in turn completely covers the 
testicles. Thus, the contraction of this muscle brings the testicles close to the 
abdominal cavity, while its relaxation does the opposite. The movement of 
the testicles is related to the thermoregulation of spermatogenesis. Previous 
observations have reported that lesion of the genitofemoral nerve does not 
alter masculine sexual behavior. In the present study, we analyzed the effects 
of the genitofemoral surgical lesion on the fertility of male rats. Each of the 
24 adult, sexually experienced males used was kept in a cage with 3 females 
during 15 days in order to assess his fertility potency. Then, all subjects 
were randomly submitted either to surgical or a sham lesion and different 
groups were tested at 10, 25 or 38 days after surgery, following the same 
procedure. Percentage of pregnancies was determined as well as the 
gestation day. Before surgery, more than 90% of females became pregnant 
during the first 5 days in the presence of the male. After surgery, only 50% 
of females kept with the experimental males become pregnant during the 
first 5 days, while the other 50% become pregnant between the 6th and the 
10th day. Sham operated animals kept the initial proportion of pregnancies. 
These data suggest an impairment of male rat fertility induced by 
genitofemoral lesion.
CONACyT (RAL) 2283PN; (JVM) 970045
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81.19
NEURAL CONTROL OF SPERMATHECAL CONTRACTIONS IN 
THE AFRICAN MIGRATORY LOCUST
J. Clark, A.B. Lange and I. Orchard* Dept. of Zoology, University of 
Toronto; Mississauga and Toronto, Ontario, Canada, L5L 1C6 and 
M5S 1A1

The spermatheca of Locusta migratoria is innervated by nerves 
brandling from the sternal nerve of the VIIIth abdominal ganglion. Cobalt 
and neurobiotin backfills of the receptaculum seminis nerve, the nerve 
which innervates the spermathecal sac, has revealed the presence of 
4 - 6 centrally located dorsal unpaired median neurons and a group of 
mid-lateral motor neurons in the VIIIth abdominal ganglion. Two 
posteriorly situated dorsal unpaired median neurons in the VIIth abdominal 
ganglion are also backfilled. Stimulation and recording from the 
receptaculum seminis nerve, and the ductus seminalis aperature nerve 
which innervates the straight duct of the spermatheca, supports the theory 
that spermathecal contractions are under neural control.
This work was funded by a grant from the Natural Sciences and 
Engineering Research Council of Canada

N E U R O P E P T ID E S  A N D  B E H A V IO R  I 

82.282.1
ANXIETY-LIKE AND COGNITIVE B EH A V IO R A L P H EN O TY PE S  IN MICE 
LACKING THE C O R TICO TROPIN-RELEASING  FACTOR R EC EPTO R 1. A.

Gold*. The Scripps Research Institute, D ep t. o f N europharm aco logy, and 
1Clayton Foundation Laboratories fo r Pep tide  B io logy, The  Salk Institu te , 
La Jolla, CA 92037.

Several stud ies suggest tha t C o rtico trop in -re leas ing  factor (CRF) may be  
involved in the pa thophysio logy o f anxiety, dep ress ion, cogn itive  and 
feeding d isorders. Two d is tinct CRF recep tor sub types, CRFR1 and 
CRFR2, are though t to m ediate CRF actions. How ever, the  role for each 
receptor subtype in the e tiopa thogenes is  of neu ropsych ia tric  d iso rde rs  
remains to be determ ined. Using CRFR1 de fic ien t m ice, the  p resen t s tud y  
investigated the functional s ign ificance o f th is recep tor in anx iety and 
learning and m em ory p rocesses. CRFR1 knockou t m ice d isp layed  an 
increased exp lora tory behavior in both the  E levated P lus-m aze (EPM) and 
the Black and W hite  (B-W) test box m odels of anx iety, indicating an 
anxiolytic-like e ffect of the CRFR1 gene d isrup tion . C om pared to wild ty p e  
control mice, m utant m ice spent m ore tim e and v is ited m ore frequen tly  th e  
open arms of an EPM apparatus. Moreover, m utant m ice spent m ore tim e in 
the brightly illum inated area and made m ore exp lora to ry  trans itions 
between the two cham bers of a B-W test box than wild type  mice. In 
contrast, during the retrieval trial o f a two-trial spatial m em ory task wild ty p e  
mice made more visits to  and spent m ore tim e in the  novel arm as o p p o s e d  
to the two familiar ones of a Y-maze apparatus. No increase in the  level o f 
exploration of the novel arm by the  CRFR1 d e fic ien t m ice was obs e rve d . 
This indicates that CRFR1 knockout m ice are im paired in spatial rec og n itio n  
memory. These results dem onstra te  that gene tic  de le tion  of the  CRFR1 
receptor can lead to im pairm ents in anx iety-like  and cognitive  behavio rs , 
supporting a critical role fo r th is recep tor in anx iety and cognitive  b io log ical 
processes. S upported  by DK 26741. #Partially suppo rted  by a Grant 
"Attivita' di Perfezionam ento all' Estero" from  the U nivers ity of Padova, Italy.

82.3
EFFECTS OF A CRF, RECEPTOR ANTAGONIST ON SHOCK- 
ELICITED STARTLE, A NOVEL MODEL FOR ASSESSING 
ANTISTRESS ACTIVITY OF COMPOUNDS. C.K. Cain, D.C. 
Hoffman, J.V. Cassella, and J.H. Kehne*. Dept. of Behavioral 
Biology, Neurogen Corporation; Branford, CT 06405.

CRF, receptor antagonists may be useful in the treatment of anxiety, 
depression, and stress disorders. In the present study, the C RF1 
receptor antagonist C P-154,526 and reference compounds were 
evaluated in a novel stress model in which startle responses were elicited 
in male Sprague-Dawley rats either by brief footshocks or by intense 
acoustic stimuli. Both types of stimuli were presented in an alternating 
fashion within the same test session. Antistress potential was assessed 
by the magnitude of the reduction of footshock elicited startle responses 
whereas side effect liability such as sedation, motor impairment and 
muscle relaxation was measured by the magnitude of the reduction of 
acoustically elicited startle. Dose response analyses indicated that the 
benzodiazepine agonist diazepam and the C RF1 receptor antagonist CP- 
154,526 were each capable of producing a preferential reduction of 
shock-elicited startle. Other compounds with antistress properties but 
notable side effects such as alcohol and the opiate agonist morphine also 
effectively reduced shock-elicited startle, but concomitantly produced 
significant reductions of acoustic startle. Compounds that preferentially 
decreased acoustic startle included the α 1-adrenergic antagonist 
prazosin, the dopamine antagonist haloperidol, and the α2-adrenergic 
agonist clonidine. These data support other findings that CRF, receptor 
antagonists may be useful as antistress agents, and more generally 
support the utility of the alternating shock/acoustic startle paradigm for 
assessing the therapeutic potential of antistress agents.
- - Funded by Neurogen Corporation

OFQ KNOCK-OUT MICE: BEHAVIORAL PHENOTYPE SEEMS TO INDICATE 
HOMEOSTATIC COMPENSATION OF OFQ FUNCTIONAL DEFICITS.
F. Jenck*, E. Borron i, A. M. C e su ra , D. A lbe rati-G ian i, J. L. M o reau , M. P au ly-E ve rs , H. 
B luethm ann, A. Koeste r - R O C H E  C N S  R esearch , C H  4070 Base l, Sw itzerland

The neuropeptide O rphanin FQ /Nociceptin  (O FQ ) p lays an important role in the 
adaptative re sponses to stress by acting in lim bic and sp inal reg ions to d ec rea se  stress 
reactions. The effect of d isrupting the gene encod ing  O F Q  w as investigated in m ice by 
inserting the neom ycine resistance gene into the cod ing  region for O F Q  within the 
p recursor gene. Null mutants (-/-) were com pared to w ild-type (+/+) and heterozygote 
(+/-) littermates of F2 and F3 generations. G ende r effects at s im ila r ages  w ere contro lled 
(n>12 m ice for each genotype and sex). Parenta l s t a ir s  (C57BL/ 6 and 129) were a lso  
tested under the sam e experim enta l conditions in a  standard  battery of neurobehaviora l 
tests a im ed at exam in ing genera l health, senso ry  functions, spon taneous and forced 
motor perform ances and pain.

No O F Q  imm unoreactiv ity w as detected in the brain of -/- m utants as  com pared to 
the ir +/+ littermates. Yet -/- m ice show ed good genera l health, norm al fertility and 
growth, no sta tistica lly s ign ificant alterations in senso ry  functions, in e ither spon taneous 
or forced m otor functions, in tactile reactivity or nociception and in therm oregulation. 
They  a lso  d isp layed norm al nocturnal and diurnal c ircad ian  activ ity and show ed no 
distinct s ign s of altered exploration or acoustic  startle. H ete rogeneous response 
patterns were recorded with the parental stra ins in m any of the behavio ra l tests used in 
th is study. 3[H]O FQ  b inding param eters and O FQ -stim u lated  G T P γ35S  bind ing w as 
com parab le  in the brain of -/- mutants and their +/+ littermates; no d ifferences were 
observed in their sensitiv ity to ic v O F Q  in locom otor and nociceptive b ioassays 
suggesting  that O F Q  receptor function w as unaffected by the null mutation. Surrogate 
m echan ism s presum ably com pensa te the O F Q  deficit either d irectly at the O F Q  
receptor (e.g. Noc II) or indirectly via functiona lly re lated physio log ica l system s (e.g. 
CR F ). Represen tative transcripts for Nociceptin  II were not detected in the -/- mutants 
and C R F  or urocortin peptide levels were not sta tistica lly d ifferent from those of +/+ 
littermates. O ther neuropeptiderg ic system s (i.e. N PY , C C K , opiate, nocistatin) m ay be 
involved in the hom eostatic regulatory m echan ism s that com pensa tes the O F Q  defic it to 
ensure that essentia l adaptative responses to stress are functional.
Supported by Hoffm ann-La Roche Ltd - Neurob io logy Research

82.4
EFFECTS OF A CRF1 RECEPTOR ANTAGONIST IN THE 
PORSOLT FORCED SWIM TASK, A MODEL OF DEPRESSION. 
S.J. Ward, J.V. Cassella*, J.H. Kehne. Dept. of Behavioral Biology, 
Neurogen Corporation; Branford, CT 06405.

CRF, receptor antagonists are potentially useful in the treatment of 
anxiety, depression, and other stress disorders. In the present study, 
the effects of C P-154,526, a selective C RF1 receptor antagonist, were 
examined in the Porsolt Forced Swim Task procedure. This paradigm 
is commonly used as a model for depression with sensitivity to 
established antidepressants, including the tricyclics, MAO inhibitors, 
and serotonin uptake inhibitors. Rats are exposed to a 15 minute 
preswim and then brought back a day later for a five minute test session. 
Animals exposed to this swim stress will reliably assume an immobile 
posture for approximately 70% of the test session. Antidepressants 
significantly decrease this immobility, but drugs must be administered in 
a subchronic schedule of three injections in a 24 hour time period. CP- 
154,526 decreases immobility after subchronic and acute dosing 
schedules. In comparison, antidepressants in this study do not decrease 
immobility with acute administration. Subchronic or acute 
administration of the antidepressants or C P-154,526 did not increase 
activity levels, suggesting that the decrease in immobility is not 
attributable to a general stimulant effect. These data support the 
potential therapeutic effects of a small molecule CRF, receptor 
antagonist in stress disorders such as depression. The data also suggest 
a faster onset of clinical antidepressant activity relative to currently 
available treatments.
— Funded by Neurogen Corp.
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82.5
EFFECTS OF A CRF1 RECEPTOR ANTAGONIST IN THE 
SEPARATION-INDUCED VOCALIZATION MODEL OF 
ANXIETY IN RAT PUPS. S. Coverdale, T.C. McCloskey*, J.V. 
Cassella, and J.H. Kehne. Dept. of Behavioral Biology, Neurogen 
Corporation; Branford, CT 06405.

CRF1 antagonists may be useful in the treatment of anxiety, 
depression, and stress disorders. In the present study, the C RF1 
receptor antagonist C P-154,526 was evaluated in an animal model of 
anxiolytic activity, the separation-induced vocalization assay. In this 
model, a pre-weaning rat pup separated from its litter emits a series of 
ultrasonic vocalizations that can be dose-dependently suppressed by 
benzodiazepine and non-benzodiazepine anxiolytics (e.g. Kehne et al., 
Eur J Pharmacol 193:283, 1991). Measurement of side-effect 
potential in the model is carried out using a modified inclined plane 
test. In the present study, both the benzodiazepine agonist diazepam 
and the CRF, receptor antagonist C P -154,526 demonstrated 
anxiolytic activity as measured by a dose-dependent reduction of 
separation-induced vocalizations. However, whereas diazepam at the 
higher doses produced motor impairment as measured by an 
impairment on the inclined plane test, C P-154,526 was without effect 
on this side effect measure. These results are consistent with other 
lines of evidence suggesting that CRF, receptor antagonists may be 
potentially useful as anxiolytic/antistress agents.
— Funded by Neurogen Corporation.

82.7
OLFACTORY BULBECTOMY INCREASES PREPRO
ENKEPHALIN mRNA LEVELS IN THE OLFACTORY TUBERCLE 
IN RATS. P.V. Holmes,* R.C. Davis, C.V. M asin i, and S.D. 
Primeaux. Biopsychology Program, Psychology Department, The 
University of Georgia, Athens, GA, 30602 

The olfactory tubercle (OT), nucleus accumbens, and portions of 
the ventromedial caudate putamen comprise the ventral striatum. 
The direct and dense innervation of the OT by olfactory bulb 
neurons distinguishes this structure from the remainder of the 
ventral striatum. The OT contains a high density of enkephalin-like 
immunoreactive neurons. The enkephalinergic neurons in the OT 
also contain GABA, preferentially express D-2 receptors, and 
receive dense dopaminergic input from the ventral tegmental area. 
The effects of bilateral olfactory bulbectomy (OBX) on prepro-
enkephalin mRNA levels in the striatum  were examined by in situ 
hybridization histochemistry. Prepro-enkephalin mRNA levels were 
significantly increased in the OT but not in the remainder of the 
striatum 14 and 28 days following OBX. No changes were observed 
at earlier time points. OBX did not alter prepro-thyrotropin- 
releasing hormone mRNA in the OT or neighboring piriform cortex at 
any time point. The results suggest that deafferentation and the 
subsequent loss of excitatory input in the OT produces long-lasting 
compensatory upregulation of enkephalin. Altered enkephalinergic 
and dopaminergic function in the OT may be particularly relevant to 
the "anhedonia" that has been associated with olfactory 
bulbectomized rats and may provide an etiological basis for the 
olfactory bulbectomy model of depression.
Supported by NIMH grant #MH56415-01 to P.V.H.

82.9
IMPAIRED SOCIAL RECOGNITION BY OXYTOCIN PEPTIDE 
NULL MUTANT MICE. James T. Winslow*, Larry J. Young, 
Elizabeth Hearn, Qiuxia Guo1, Martin M. M atzuk1,2,3, Thomas R. Insel. 
Dept. Psychiat Behav. Sci. and Yerkes Primate Res. Ctr., Emory U. 
School of Med., Atlanta GA, 30322; Depts 1Pathology, 2Molec and 
Human Genetics, and 3Cell Biol, Baylor Coll. of Med., Houston, TX 
77030.
We previously reported (Nishimori et al. PNAS 1996) the development of 
an OT null mutation in mice (OT-KO) by homologous recombination. 
OT-KO mice appear to have intact reproductive and parental behavior but 
fail to lactate. Tests of affective behaviors indicate that the intermale 
aggressiveness of OT-KO mice is elevated while measures of fear and 
anxiety are reduced compared to wild-type (WT) control mice. In recent 
experiments we discovered an apparent impairment of social recognition 
by male OT-KO mice measured in repeated pairings with an 
ovariectomized companion. OT-KO mice failed to show a decline in 
olfactory investigation of a stimulus animal while WT males showed a 
species-typical reduction. Olfactory perception appears to be intact in 
OT-KO mice as measured in a simple olfactory-foraging task as well as 
resident-intruder aggression tests. Spatial memory also appears to be 
intact as measured in a Morris water-maze task. These data indicate that 
social and spatial recognition may involve different neurochemical 
mechanisms (This work was supported in part by PHS Grant MH-56538).

82.6
NALTREXONE PREVENTS THE EFFECTS OF STRESS ON 
MASCULINE SEXUAL BEHAVIOR IN RATS. S. Retana-Marquez, H. 
Bonilla-Jaime, G.Vazquez-Palacios and J. Velazquez-Moctezuma*.Dept. of 
Biology of Reproduction. Univ. Autonoma Metropolitana. México, D. F. 
Mexico.

Studies in our laboratory have shown that stress by immersion in cold 
water (ICW) and stress by electrical foot shocks (EFS) impairs masculine 
sexual behavior and these effects are not mediated by corticosterone. On the 
other hand, it is known that endogenous opioids are released in brain in 
response to these stressors. The aim of this studt was to analizc the 
participation of endogenous opioids, specifically Beta-endorphins, in the 
effects of stress on masculine sexual behavior. Male adult Wistar rats, 
sexually experienced, were assigned to one of the following groups (n = 10): 
l)rats injected with saline stressed by EFS; 2) rats injected with naltrexone 
(NTX; 1.5 mg/Kg); 3) rats injected with saline and stressed by ICW; 4) rats 
injected with NTX (1,5 or 3 mg/Kg) stressed by ICW; 5) control rats, 
injected with saline. Injections were made ip 15 min. before stress sessions. 
Stress were applied during 20 consecutive days. One hour after stress, 
sexual behavior was assessed in days 1, 4, 8 , 12, 15 and 20.
Stressed rats injected with NTX showed no alterations in masculine sexual 
behavior. The reversal of stress effects was more effective with high doses 
of NTX (3 mg/Kg). These data suggests that the effects of stress could be 
centrally mediated by endogenous opioids.
CONACyT (JVM) 1789PM

82.8
INVOLVEMENT OF NEUROTENSIN IN LATENT INHIBITION.
E. Binder*, M.J. Owens, R.E. Gross, C.D. Kilts, C.B. Nemeroff. Dept. of 
Psychiatry and Behavioral Sciences, Emory Univ. Sch. Med., Atlanta, GA 30322 

Despite the fact that receptor occupancy by antipsychotic drugs (APD) is 
immediate, clinical improvement is often seen only after days or weeks of 
treatment. It has been posited that this temporal dissociation is due to slowly 
adaptive and long lasting changes in neuropeptide systems, such as neuro ensin 
(NT), produced by APDs. To determine whether NT neurotransmission is 
necessary for the behavioral effects of APDs, we examined whether blocking NT 
neurotransmission with NT receptor (NTR) antagonists, SR 142948A or SR 
48692, alters latent inhibition (LI) or the effects of APDs on LI, a validated animal 
model of APD action. First a dose-response curve for the effects of SR 142 948A 
and SR 48692 on the LI effect of 20 pre-exposures to the “to be conditioned 
stimulus” (house light) was established. Doses of 0, 0.1, 1.0, 10.0, 100.0 µg/kg SR 
148298A or 30, 56, 100 or 180 µg/kg SR 48692 or the corresponding vehicle were 
administered to adult Sprague Dawley male rats one hour before the animals were 
placed in the behavioral box for stimulus pre-exposure and conditioning. At each 
dose level, rats were divided into two groups, receiving either 0 or 20 pre-
exposures to house light. Both NTR antagonists dose dependently blocked the LI 
effect of 20 pre-exposures while having no effect at the 0 pre-exposure level. 
Secondly, the effects of SR 148298A on LI were examined at different pre-
exposure levels. Adult male rats were split into 8 groups receiving 0, 10, 20 or 40 
pre-exposures and received either 10µg/kg SR 148298A or vehicle one hour prior 
to the pre-exposure and conditioning session SR 148298A (10 µg/kg) blocked the 
LI effect of 20 as well as 40 pre-exposures. These findings support a major role for 
NT-containing neurons in the expression of LI. Preliminary data suggests that at a 
dose of 10 µg/kg, this NTR antagonist also partially blocks the LI ennancing 
effects of haloperidol. (NIH MH-39415)

82.10
MICROINJECTIONS OF OXYTOCIN INCREASE SUBORDINATE 
BEHAVIOR IN MALE HAMSTERS. T .O. M oore*1, A. Harmon2, K. Price2, N. 
Mickley2 and H.E. Albers2. 1Neuroscience Institute, Morehouse School of Medicine, 
Atlanta, GA 30310 and 2Departments of Biology and Psychology, Georgia State 
University, Atlanta, GA 30303.

In mammals, oxytocin (OXT) influences a wide range of social behaviors. For 
example, administration of OXT into the medial preoptic - anterior hypothalamus 
(MPOA-AH) can stimulate grooming, flank marking and social investigation. In this 
study, the behavioral effects of OXT were investigated in subordinate hamsters. 
Male Syrian hamsters were stereotaxically implanted with a guide cannula into the 
MPOA-AH. Behavioral testing begin one week post-surgery. Experimental 
hamsters were exposed to larger, isolated aggressive male hamsters in a neutral cage 
arena for five minutes a day over a three day period. Subordinate behavior was 
established over three days of testing. On days 4-6, hamsters were divided into either 
a saline treatment group (n=8) or an OXT treatment group (n=9). A daily 
microinjection of 0.3 microliters of OXT (900 µM) or saline was administered on 
days 4, 5 and 6. To test the effects of OXT on social behavior, hamsters were 
exposed to a smaller, nonaggressive intruder for five minutes in a neutral cage arena. 
Behavioral testing for OXT effects occurred during two different time periods: 24 
hours post-injection and seven days post-injection. When the number of retreats from 
the opponent (i.e., flight frequency) was recorded 24 hours post-injection, OXT 
treatment (21.22±4.26) significantly elevated flight behavior relative to saline 
treatment (9.5±3.72), t(15)=2.05; p=.05. The effect was profound in that flight 
behavior remained elevated seven days post-injection for OXT-treated hamsters 
(20.7±4.98) versus saline-treated hamsters (4.5±l.4), t(15)=2.95; p<.01. In 
summary, repeated administration of a high dose of OXT into the MPOA-AH 
enhances submissive behavior in subordinate hamsters.
(Supported by NINDS 1U54NS34194 and NSF IBN-9514802)
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82.11
EXPRESSION OF PRAIRIE VOLE VASOPRESSIN RECEPTOR IN 
TRANSGENIC MICE: NEUROANATOMICAL DISTRIBUTION AND
BEHAVIORAL CONSEQUENCES. L.J. Young1*, R. Nilsen1, L.J. Pitkow, K.G. 
Wavmire2,  G.R. MacGregor2, and T.R. Insel1. 1Dept. of Psychiatry and Behavioral 
Sciences, 2Center for Molecular Medicine, Emory University, Atlanta Ga 30322.

Arginine vasopressin (AVP) modulates several species-typical social behaviors 
including pair bonding and paternal behavior in monogamous voles. The 
distribution of central vasopressin (V1a) receptors differs markedly among vertebrate 
species. Comparative studies in monogamous and non-monogamous vole species 
suggest a link between V 1a receptor distribution and social organization. We have 
characterized the vasopressin receptor gene in the monogamous prairie vole and the 
non-monogamous montane vole. Although the coding sequence of the receptor is 
conserved, the 5 ' flanking region of the gene shows considerable sequence variation 
between the species. A 450 bp expansion of a highly repetitive sequence is found 
just 800 bp upstream from the transcription start site of the prairie vole but not the 
montane vole V 1a receptor gene. Transgenic mice were created using a transgene 
containing 2.2 kb of 5’ flanking region, the coding sequence and 2.4 kb of 3’ flanking 
region from the prairie vole V 1a receptor gene. The resulting mice express functional 
V1a receptor in several brain regions in which the receptor is not found in wildtype 
mice. Intense V 1a receptor binding is detected in the cortex, thalamus and central 
amygdala of the transgenic mice, a pattern which is similar, but not identical to that 
found in the prairie vole. These transgene receptors are apparently functionally 
coupled to appropriate second messenger systems since exogenous AVP differentially 
affects autogrooming and locomotor activity in transgenic and wild-type mice. These 
results demonstrate that the transgenic approach is a feasible tool to investigate the 
relationship between central neuropeptide receptor expression and social behavior in 
rodents and suggests a possible molecular mechanism by which behaviors may 
evolve. This research was supported by MH56897 to LY and MH56539 to TI

82.13
SYMPATHOSTIMULATORY EFFECTS OF OREXIN: DOSES WHICH 
STIMULATE SUCROSE FEEDING ELEVATE BLOOD PRESSURE IN 
CONSCIOUS RATS. W.K. Samson1*, T .C. Murphy1, J.K. Chang2 and B. A. 
Gosnell3. Physiology1 and Neurosciences3, UND School of Medicine, Grand 
Forks, ND 58202, Phoenix Pharmaceuticals2, Mt. View, CA 94043 and 
Neuropsychiatric Research Institute3, Fargo, ND 58101.

The orexins/hypocretins are post translational products of a single 
gene. Produced primarily in the lateral hypothalamic area with major 
projections to the neighboring paraventricular nuclei and the brain stem, these 
peptides are potent orexogenic factors. We verified their orexogenic action in a 
model of sucrose feeding in which rats consumed significantly more sucrose 
(p<0.01) following lateral cerebroventricular (icv) injection of 1 nmol orexin B 
than rats receiving vehicle control injections over a 1 hr testing period. In 
another group of conscious, unrestrained animals, icv infusion of 2 nmol orexin 
A significantly elevated mean arterial blood pressure (p<0.01) with a latency of 
onset of only 1 -2  min and a duration of action of minimally 2 0  min.
Preinjection pressure averaged 141+/-3.5 mm Hg over the 15 min period prior 
to orexin injection and 147.8 +/-2.5 mmHg over the 15 min postinjection 
interval. The peak elevation in blood pressure was approximately 60% of that 
observed in response to 0.1 nmol angiotensin II. No significant effect of saline 
vehicle injection was observed (136+/-2.2 vs 132.2+/-2.2 mm Hg; pre- versus 
postinjection intervals). These results suggest that in addition to their potent 
effects on appetite, the orexins/hypocretins may interact with brain systems 
controlling sympathetic tone and therefore may have a broader spectrum of 
action than previously hypothesized. (Supported by Max Baer Heart Fund.)

82.15
IN SITU  HYBRIDIZATION DETECTING NK1 mRNA IN THE MEDIAL 
HYPOTHALAMUS OF THE CAT. R. Yao1, J. W. Cheu1, P. Rameshwar3 and A. 
Siegel1,2*. Departments of Neurosciences1, Psychiatry2 and Medicine3, University of 
Medicine & Dentistry, NJ Medical School, Newark, NJ 07103.

Behavioral pharmacological studies in our laboratory have demonstrated the 
importance of SP NK1 receptors in the medial hypothalamus in mediating defensive 
rage behavior in the cat. These pharmacological observations prompted us to attempt 
to determine the anatomical distribution of NK1 receptors in the hypothalamus and in 
other regions of the forebrain related to the control of rage behavior.This objective 
required the cloning of cat NK1 partial cDNA (650 bp) as a riboprobe in order to 
facilitate localization of the NK1 receptor mRNA in cat brain. Double-stranded cDNA 
was synthesized using oligo(dT) as primer for the first strand, and polymerase chain 
reaction using human NK1 specific primer for the second strand. The PCR product was 
cloned into PCR cloner vector (pNoTA/T7). The specificity of cDNA for NK1 was 
comfirmed by nucleotide sequence determination (92% homology). In situ 
hybridization detecting cat NK1 mRNA was carried out by using a digoxigenin labeled 
riboprobe which was synthesized by T7 RNA polymerase. The results showed that cat 
NK1 mRNA signals were specifically localized to the cytoplasm but not nuclei of the 
cell bodies. In contrast, controls utilizing RNA pretreated sections displayed no signal. 
To date, moderate labeling was visualized in the anterior medial hypothalamus — the 
region which receives significant input via the stria terminalis from the medial amygala 
and which is associated with the expression of defensive rage behavior. Weaker 
labeling was seen over the posterior medial and lateral hypothalamus. Interestingly, 
strong labeling was observed in the basal amygdaloid complex. The data provide 
anatomical evidence for the presence of SP NK1 receptors in the anterior medial 
hypothalamus and further suggests its likely role in the regulation of feline aggression. 
[Supported by: NIH grants NS 07941-27 and HL57675-01 and the Alcoholic Beverage 
Medical Research Foundation.]

82.12
THE EFFECT OF ADRENALECTOMY AND CORTICOSTERONE 
REPLACEMENT ON NPY INDUCED CHANGES IN SEROTONIN 
METABOLISM. T. Habash1, R.L. Eskay2, and T.W. Castonguay1*.
1Department of Nutrition and Food Science, University of Maryland College 
Park; College Park, MD 20742; 2National Institute of Alcohol Abuse and 
Alcoholism, National Institutes of Health; Bethesda, MD 20892.

Intracerebroventricular (ICV) injections of Neuropeptide Y (NPY) stimulate 
eating behavior in intact sated rats. However, ICV NPY is not effective in 
bilaterally adrenalectomized (ADX) rats. Corticosterone (CORT) replacement 
restores the ability of NPY to stimulate intake in ADX rats. The present study 
was conducted to examine some of the changes in serotonin (5HT) 
metabolism in response to NPY in ADX, sham operated, and CORT replaced 
rats. Four discreet regions of the brain that play a role in the control of food 
intake were assessed: the paraventricular hypothalamic nucleus (PVN), the 
ventromedial hypothalamic nucleus (VMN), the arcuate nucleus (ARC), and 
the locus coeruleus (LC).

Male Sprague-Dawley rats were bilaterally ADX or sham operated and 
fitted with ICV cannulae. Half of the ADX rats were also fitted with CORT 
implants. Upon recovery from surgery, animals were injected ICV with either 
5ug/10 uL NPY or 10 uL artificial cerebrospinal fluid and decapitated after 15 
minutes. Brains were dissected and frozen. The brain nuclei were removed 
and assayed for 5HT using HPLC with electrochemical detection. Aliquots of 
samples were also analyzed for protein content.

NPY promoted a 100% increase in 5HT in the PVN, the LC, and the VMN in 
intact animals. By comparison, NPY in ADX rats resulted in no increase in 
5HT in any of the areas examined. When compared to intact controls, 
ADX resulted in significant decrease in VMN 5HT. No other differences 
between ADX and sham operated controls were observed. NPY precipitated 
a significant decrease in the LC and VMN in CORT replaced animals.

82.14
NEUROPEPTIDE Y INJECTED INTO THE NUCLEUS ACCUMBENS OR 
THE PERIFORNICAL HYPOTHALAMUS PRODUCES A CONDITIONED 
PLACE PREFERENCE. C.M. Brown*1, P.J. Fletcher1, and D.V. Coscina1,2. 
Biopsychology Section, Clarke Institute of Psychiatry, Toronto, ON M5T 1R81 
and Dept. of Psychology, Wayne State Univ., Detroit, MI 482022.

Neuropeptide Y (NPY) has previously been shown to produce a conditioned 
place preference (CPP) when injected in a low dose into the nucleus accumbens 
(N.Acc), an effect that is blocked by antagonism of the mesolimbic dopamine 
(DA) system. It is unknown whether NPY's rewarding effects are distinct from 
its well-known orexigenic properties, which are particularly evident following 
injection into the perifornical hypothalamus (PFH). The present experiments 
examined this question by measuring both CPP and food intake following NPY 
administration in the N.Acc or the PFH. Adult male Sprague-Dawley rats were 
implanted with bilateral guide cannulae in either structure. Following three 
daily 15 min pre-conditioning sessions, subjects received eight daily 30 min 
conditioning sessions wherein they were confined to one side or the other of a 
two-chambered apparatus with different sensory cues: four were preceded by 
an injection of 0, 24, or 156 pmol of NPY and four preceded by saline 
administration. Treatment order was counterbalanced across subjects. On the 
ninth day, subjects were given free access to both sides of the test chamber for 
15 min and their movements between them recorded. There was a significant 
main effect of dose (F(40=7.02, p<.05), showing that rats receiving 24 pmol of 
NPY in either structure (N=23) spent significantly more time on the NPY-paired 
side (p<.05). This effect was comparable to that produced by 2.5 mg/kg (i.p.) of 
amphetamine (t=6.99, p<.001). Increases in food intake (rat chow) were evident 
only after NPY administration into the PFH. These data suggest that NPY's 
rewarding effects on CPP may result from distinctly different neurochemical 
mechanisms within each structure. Supported by funds from NSERC of Canada.

82.16
R O L E  O F C H O L E C Y ST O K IN IN B R E C E P T O R S IN  TH E  
R E G U L A T IO N  O F D E FE N SIV E  R AG E B E H A V IO R  IN  T H E C AT. P.
Sitthisomwong3,4, S. Weiner 3,4*, T. R.Gregg1,3, S. Reisman1 and A. Siegel1,2. 
Departments of Neurosciences1, Psychiatry2, and Oral Biology4, University of 
Medicine and Dentistry of New Jersey, NJ Medical School and Graduate 
School of Biomedical Sciences3, Newark, NJ 07103.

Cholecystokinin (CCK) receptors have been implicated in mediating anxiety 
reactions in both rodents and humans. Recently, preliminary evidence from our 
laboratory suggested that activation of CCKB receptors in the rostral midbrain 
periaqueductal gray (PAG) also potentiates defensive rage (DR) in the cat. In 
order to further examine the role of CCK receptors in mediating DR, CCK 
compounds were administered intravenously to cats and DR was elicited by 
stimulation of the medial hypothalamus (MH). In a group of adult cats (N=5), 
the selective CCKB agonist, pentagastrin, in doses of 0.8 and 1.9 µg/kg, 
significantly reduced the latency of the DR response. However, a higher dose 
of pentagastrin (3.8 µg/kg) significantly suppressed DR, while vehicle control 
(0.9% saline) had no effect. Consistent with these observations, administration 
of the CCKb antagonist, LY 288513, (6.5 µg/kg) significantly suppressed DR. 
In contrast, opposing effects of these drugs upon the mean power frequency 
of EMG responses recorded from the masseter muscle were observed in which 
pentagastrin significantly decreased and LY 2888513 increased EMG activity. 
This finding suggests that CCKB receptor activation has differential effects 
upon the mechanisms mediating rage and masseter muscle activity. Ongoing 
studies are examining the role of CCK receptors in different regions of the 
PAG in modulating DR.
[Supported by NIH grant RO1 NS07941-27].
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82.17
EFFECT OF THE SUBSTANCE P ANTAGONIST CP-096,345 UPON 
ETHANOL’S ENHANCEMENT OF HYPOTHALAMIC ALLY-INDUCED 
DEFENSIVE AGGRESSIVE BEHAVIOR IN THE CAT. T. R. Gregg* and
A. Siegel. Departments of Neurosciences and Psychiatry, MSB H-512, 
University of Medicine and Dentistry of New Jersey, NJ Medical School and 
Graduate School of Biomedical Sciences, Newark, NJ 07103.

Ethanol affects aggression in a variety of species studied. In cats, ethanol 
enhances defensive rage behavior (DR) elicited by electrical stimulation of the 
medial hypothalamus (MH), but also enhances amygdala-stimulation-induced 
suppression of predatory attack (PA) elicited from lateral hypothalamus (LH). 
Previous work showed that this latter effect is mediated through Substance P 
(SP) receptors in MH and GABA receptors in LH. Our hypothesis is that 
ethanol acts through SP receptors in MH to enhance DR and suppress PA. 
Therefore, we tested whether SP receptors mediate the facilitatory effects of 
systemically administered ethanol on MH-elicited DR.

Of 5 cats tested to date, 3 exhibited facilitation of MH-elicited DR 1 hr after 
intraperitoneal injection of 6% ethanol solution. In these 3 cats, ethanol (0.3 
mg/kg) reduced the latency of occurrence of hissing by 27% +/- 14% S.E.M., 
and treatment with the SP antagonist CP-096,345 (1 mg/kg, i.p.) reduced this 
ethanol-induced facilitation to 14% +/- 8.7% S.E.M. Thus, these results 
suggest that systemic administration of the SP antagonist CP-096,345 partially 
reverses the aggression-heightening effect of ethanol in this feline model of 
aggression, supporting the hypothesis that SP receptors mediate ethanol’s 
effect on defensive rage.
[Supported by NIH grant R01 NS07941-27 and the Alcoholic Beverage 
Medical Research Foundation.]

82.18
INTRAPERITONEAL LIPOPOLYSACCHARIDE INTERACTS WITH 
SUBJECT EXCITABILITY IN AFFECTING SPONTANEOUS MOTOR 
ACTIVITY IN FEMALE RATS. K. A. Boss-Williams*, M. K. Demetrikopoulos 
and J. M. Weiss. Laboratory of Behavioral Neuroscience, Georgia State Univ. &  
Emory Univ. School of Med., Atlanta, GA 30306.

Lipopolysaccharide (LPS), extract of gram negative bacteria, injected 
intraperitoneally (i.p.) in low doses (5-20µg/kg) decreases spontaneous activity in 
Sprague Dawley rats. Decreased dark-cycle spontaneous activity is seen 
beginning 2-3 hours after an LPS injection and continuing for 4-5 hours. The 
purpose of the present experiment was to test whether the effects of i.p. LPS on 
motor activity would be influenced by the level of excitability of the animals. 
Excitability was manipulated by handling animals prior to i.p. injection; 
nonhandled animals will be more excitable than previously-handled animals when 
the injection is given.

Female Sprague Dawley rats were individually housed in a 12/12h light-dark 
cycle (lights on at 0700h) in cages where their motor activity was continuously 
recorded. Activity scores were used to divide the animals into 2 groups of similar 
activity. Animals in one group were then handled for 3 days (1.5 min./day) while 
the second group was left undisturbed. These 2 groups (handled, nonhandled) 
were further divided into groups and received either vehicle or one of three doses 
of LPS (5,10 or 20µg/kg). An i.p. injection was given 20 min. prior to lights out 
(l840h), and activity then measured l2hrs. post injection.

All doses of i.p. LPS decreased dark-cycle spontaneous motor activity. 
However, the lowest doses of LPS (5 and 10µg/kg) decreased activity to a greater 
extent when given to the nonhandled animals than when given to previously 
handled rats.

In summary, i.p. LPS decreased dark-cycle spontaneous motor activity in 
handled and nonhandled animals; however, the effects of LPS on motor activity 
were more pronounced in animals having a greater level of excitability as 
represented here by the nonhandled group. This suggests that LPS interacts with 
the subject’s excitability in producing its effects related to “illness behavior”.

(Supported by NIMH Grant MH50420)
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83.283.1
DIFFERENTIAL EFFECT OF FE65 AND X11 ON CELL 
ASSOCIATED β AMYLOID PRECURSOR PROTEIN AND ON 
SOLUBLE ßAPP SECRETION. M. Sastre*, and E. Levy. Departments 
of Pharmacology and Pathology, New York University Medical Center, 
New York, NY 10016.

β amyloid precursor protein (βAPP) is an integral transmembrane 
glycoprotein whose proteolytic processing results in the generation and 
secretion of soluble ßAPP amino-terminal peptides (sßAPP) as well as 
amyloid-ß protein, the major constituent of the amyloid deposited in 
the brain of Alzheimer’s disease patients. The protein interaction 
domain of X11 and one of the protein interaction domains of Fe65 bind 
to the YENPTY motif within the cytoplasmic domain of ßAPP. The 
effect of X11 and Fe65 binding on ßAPP processing was studied in 
mouse neuroblastoma N2a and human embryonic kidney 293 cell lines 
transiently transfected with wild type or mutated ßAPP cDNAs. We 
previously demonstrated that secretion of soluble ßAPP via α-secretase 
activity (sßAPPα) increased significantly in cells transfected with ßAPP 
variants containing mutations that impair interaction with X11 when 
compared to cells transfected with wild-type cDNA. We now show that 
cotransfection of either Fe65 or X11 with ßAPP results in decreased 
secretion of sßAPPα into the culture media. However, while 
cotransfection of X11 with ßAPP results in accumulation of cellular 
ßAPP, retention of intracellular ßAPP was not observed following 
cotransfection with ßAPP and Fe65.

Thus, while the interaction of the protein interaction domains of X11 
and Fe65 with ßAPP utilize different modes of regulation of ßAPP 
processing pathways, both result in reduced secretion of soluble ßAPP 
peptides.

83.3
THE X 11 AND FE65 PROTEINS: PTB-BEARING PROTEINS THAT 
INTERACT WITH THE ALZHEIMER’S DISEASE AMYLOID PRECURSOR 
PROTEIN. D.M. McLoughlin1,2, N. Irving1*, C.C.J. Miller1. 1Dept. o f  Neuroscience 
and 2Section o f Old Age Psychiatry, Institute o f  Psychiatry, London SE5 8 AF, UK.

Re-internalisation o f APP, mediated by an NPTY motif in its cytoplasmic 
domain, directs APP toward a processing pathway that leads to production o f β-  
amyloid peptide (Aβ), the major constituent o f  neuritic plaques in Alzheimer’s 
disease. We and others have reported that APP interacts with members o f the X 11 
and Fe65 protein families. The interactions are mediated via phosphotyrosine 
binding (PTB) domains in these proteins and sequences encompassing the NPTY 
re-intemalisation motif in APP. Therefore, these proteins may modulate the 
processing o f APP and hence the generation o f Aβ.

X 11 and X 11-L display close homology in their C-termini, comprising one PTB 
domain and two PDZ domains, but diverge in their N-termini. The presence o f 
both PTB and PDZ domains in the X 11 proteins (and PTBs in the Fe65s) suggests 
that APP may be part o f a multimeric signalling complex. X 11, X 11-L and Fe65 
cDNAs were cloned from human and mouse cDNA brain libraries. The genes for 
human X 11 (APBA1) and Fe65 (APBB1) are located on chrs 9 and 11, respectively. 
Using radiation hybrids we have localised the genes for X 11-L (APBA2) and Fe65- 
L (APBB2) to chrs 15 and 4. Northern blot analyses o f murine tissues indicate that 
both X 11 and X 11-L are CNS specific; this has been confirmed by Western blot 
analyses using a rabbit antiserum for X 11-L. Immunohistochemistry reveals that 
X 11-L is expressed in the CA3 region o f the hippocampus and also in Purkinje cells 
in the cerebellum. Transfection o f COS-7 and CHO cells with the X 11s and Fe65 
demonstrates cytoplasmic distribution and are being used to investigate the effects 
of these proteins on processing o f APP.
Acknowledgements: This work was supported by the Wellcome Trust, the 
Alzheimer’s Disease Society and the MRC.

CHARACTERIZATION OF A POLYCLONAL ANTIBODY AGAINST FE65:
A NEURONAL PROTEIN THAT BINDS TO THE C-TERMINUS OF APP. 
S.L. Bressler*, 1L-W Jin , S. Fatemie-Nainie and 
G.M. Martin. Dept. of Pathology, 1Dept. of Neuropathology, 
Univ. of Washington, Seattle, WA 98195.

FE65 is a 711 amino acid protein that binds to the C- 
terminus of the beta-amyloid precursor protein (APP). It 
is enriched in brain and testis and is found in normal 
and Alzheimer's diseased brain. We are studying the inter
action between FE65 and APP and whether this interaction 
affects the processing of APP. FE65 is believed to 
function as an adaptor protein that contains two distinct 
types of protein binding motifs, a WW and two phospho- 
tyrosine-interacting domains (PIDs). It is the second of 
the two PID domains that interacts with the C-terminus of 
APP.

Preliminary studies show that affinity purified FE65 
polyclonal antibody stains diffuse and neuritic plaques 
in AD brain in addition to neuronal cytoplasm. In the 
neuritic plaques the antibody stains dystrophic neurites 
but not the amyloid core.

Endogenous expression from mouse P19 cells treated 
with retinoic acid show FE65 immunoreactivity in the 
cytoplasm and in the processes but only after differen
tiating into neuronal-like cells.

This work was supported by AG10917 (GMM) from NIA.

83.4
H E M E  O X Y G E N A S E S  IN T E R A C T  W IT H  A M Y L O ID  
P R EC U R SO R  PR O T E IN  FA M ILY  M EM BER S.
M. T ak ah ash i1, S. Do re1, C. D. F erris1, A. Saw a1, J. B orjig in 1*, G . 
T h in ak aran 1,3, S. S. Sisodia1,3 and S. H. Snyder1,2. 1Depts Neuroscience, 
2Pharmacology and Molecular Sciences, Psychiatry and Behavioral Sciences, 
3Pathology, and Division of Neuropathology, Johns Hopkins University School 
of Medicine, Baltimore, MD, 21205.

Heme oxygenases (HO) consists of two major isoforms: the oxidative stress 
inducible protein HO-1, and the constitutive isozyme HO-2. These proteins 
mediate the conversion of heme to iron, a gene regulator, biliverdin, an 
antioxidant, and carbon monoxide, a putative neuronal messenger molecule.

For further characterization of the functions of HOs and their products in 
brain, we screened interacters to rat HO-2 from a rat hippocampus/ cortex library 
by a yeast two hybrid technique, and isolated a positive clone encoding the 
amyloid precursor like protein-1 (APLP-1). HO2 interacted with the N-terminal 
region of APLP-1. The interaction was further confirmed by in vitro binding 
experiments using GST-fusion proteins and in vivo co-immunoprecipitation 
assay. Both human HO-1 and HO-2 bound to all of the human amyloid precursor 
protein (APP) family members including APP695, APP770, and APLP-2 with a 
relative similar affinity. Functional analysis of these interactions are in progress. 
This interaction between HOs and APPs can help us to better understand the role 
of APPs and/or HOs in neurodegenerative conditions such as Alzheimer disease.
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83.5
60 kDa N-TERMINAL APP FRAGMENT CROSS-LINKED WITH APP 
THROUGH DISULFIDE BOND(S). J. Shioi1*, G. Boehosian1, H. Cai1, H. -C. 
Li2 and N.K Robakis1. 1Dept. of Psychiatry and Fishberg Res. Ctr. for 
Neurobiology, and 2Dept. of Biochem., Mount Sinai Med. Ctr., New York, NY 
10029.

Alzheimer’s amyloid precursor protein (APP) is a single transmembrane 
protein containing a characteristic cysteine rich sequence at its N-terminal 
region. This sequence is a part of the secreted APP (designated as sAPPα) 
derived after full length APP is cleaved by a putative α-secretase. The 
significance of this cysteine rich region is not clear. We report here that a 60 kDa 
N-terminal APP fragment is covalently linked with sAPPα through disulfide 
bond(s). This fragment is co-eluted with sAPPα, when conditioned medium from 
C6 glioma cell cultures is subjected to ion-exchange column chromatography. 
The 60 kDa APP peptide is dissociated from sAPPα following β- 
mercaptoethanol treatment, and is detected by both a polyclonal antibody which 
recognizes the Kuniz-type protease inhibitor domain of APP and by monoclonal 
antibody 22C11 against the N-terminal region of APP. This APP fragment, 
however, does not react with antibody 6E10 directed against the C-terminal 
region of sAPPα, indicating that this region is not present. The 6OkDa molecule 
is produced at higher levels in serum-free cultures than in cultures growing on 
serum, suggesting that an unidentified serum factor inhibits its production. 
Among several cell lines screened, this semi-homodimer is detected in 
neuroblastoma N2a and HY-SY5Y, neuroendocrine AtT2O, and neuroglial C6 
cells, but not in CHO, 293 or PC 12 cells. Although only a small fraction of the 
secreted medium APPα is cross-linked to this fragment, a higher fraction of this 
complex is detected in extracellular matrix. These data raises the possibility that 
this disulfide APP dimer may be involved in a receptor function. We are 
currently investigating the expression of this molecule in cell surface. (Supported 
by NIH grants AG08200 and AG05138).

83.7
ANALYSIS OF PROTEIN DOMAINS REQUIRED FOR THE 
BINDING OF CTCF TO THE AMYLOID 0β-PROTEIN 
PRECURSOR PROMOTER. W.W. Quitschke* and A.A. Vostrov. 
Department o f  Psychiatry, State University o f  New York at Stony Brook, 
Stony Brook, N Y  11794.

The proximal promoter of the amyloid ß-protein precursor gene contains 
the binding site for transcription factor CTCF, which is also a regulator of 
c-myc and lysozyme gene expression. The protein is composed of 727 
amino acids and it contains a central domain of 310 amino acids with 11 
putative zinc fingers. The zinc finger domain is flanked by an N-terminal 
region of 267 amino acids and a C-terminal region of 150 amino acids.

The protein was expressed by in vitro transcription-translation and its 
ability to bind to the APBß domain was analyzed by mobility shift 
electrophoresis. Deleting 152 or 248 amino acids from the N-terminal end 
resulted in a considerable improvement in binding activity compared to 
the full length protein. Conversely, deleting 110 amino acids from the C- 
terminal end had no effect on binding activity. Preliminary analysis on 
internal deletions of each of the first seven zinc fingers indicated that the 
first four zinc fingers are dispensable for factor binding whereas deletion 
of zinc fingers five through seven completely abolish factor binding.

These results are consistent with the notion that CTCF is able to bind 
diverse sequence motifs by employing different combinations of zinc 
fingers, [supported by NS30994]

83.9
REGULATORY SEQUENCES THAT CONTRIBUTE TO 

INCREASED EXPRESSION OF AMYLOID PRECURSOR PROTEIN 
DURING PRIMARY NEURON DEVELOPMENT. Yaxiong Yang1, 
Wolfgang W. Quitschke2 and Gregory J. Brewer1*. 1Southern Illinois 
University School o f Medicine, Springfield, IL 62794; 2State University of 
New York, Stony Brook, NY 11794-8101.

Growing evidence suggests that the amyloid precursor protein 
(APP) is involved in neuronal development and synaptogenesis. In this 
study, we transfected human APP promoter constructs into primary 
hippocampal neurons to determine the 5'-sequences that are required for 
the observed increase in APP expression during neuronal differentiation in 
culture. Our results demonstrate that the upstream fragments -2830, -1359, 
-488, -303 and -204 bp are all able to confer a 32-fold increase in APP 
promoter activity in transfected neurons from day 1 to day 7 culture, as 
indicated by the reporter activity o f chloramphenicol acetyltransferase. 
However, an approximate 60% decrease in promoter activity was observed 
in APP -94 and -77 transfected neurons compared to those from the longer 
promoter fragments. These results are different from those previously 
reported in HeLa and PC-12 cells in which the -94 bp sequence is 
sufficient for full APP promoter activity, and deletion to -77 bp results in 
a 70-90% decrease in promoter activity. It suggests that primary neurons 
may use a distinct regulatory mechanism for APP transcription (NIH 
AG013435).

83.6
Evidence that the human homologue of the D r o s o p h i l a  
t r a n s f o r m e r - 2  protein interacts with the amyloid β 
precursor protein. B.L. Sopher*, C.B. Ahn, J. Zhang, and
G.M. Martin. Dept. of Pathology, University of 
Washington, Seattle, WA 98195.
A two-hybrid screen for proteins which interact with a 

domain (amino acids 552-695) of the amyloid precursor 
protein (βPP) has identified t r a n s f o r m e r - 2  ( t r a - 2 )  as a 
candidate βPP-interacting protein. T r a - 2  interacts 
strongly and specifically with βPP within the context of 
the two-hybrid system but extremely weakly in co-
precipitation studies which has prompted us to explore 
the mechanistic basis of this interaction (which could 
be dependent on a third protein or RNA).
In D r o s o p h i l a  t r a - 2  has been shown to influence sex 

determination by regulating alternative splicing of the 
sex-lethal RNA. It appears that the mechanistic role of 
t r a - 2  in regulating alternative splicing has been 
evolutionally conserved between flies and mammals 
(Dauwalder et al., 1996, PNAS 93:9004). Recent findings 
have suggested that t r a - 2  might play a physiological 
role in the mammalian brain by marshalling responses to 
oxidative injury (Matsuo et al., 1995, JBC 270:28216) 
which has prompted us to explore the role of tra-2 in 
protecting mammalian neurons from oxidative stress.
Supported by grants from the Alzheimer's Association 

and the National Institute of Health (AG10917).

83.8
PDGF INDUCES NEURONAL DIFFERENTIATION AND EXPRESSION 
OF AMYLOID PRECURSOR PROTEINS. H.S. Hong,2 Y.K. Kwon,2 S.A. 
Jo,3* T.Y. Koh1 and I. Mook-fung1, 1Department of Neurology, Ulsan 
University, College of Medicine; 2Department of Biology, Kyunghee 
Univeisity, 3Division of Degenerative Disease Research, National Institute 
of Health, Seoul, Korea, 138-040.

Previous studies have shown that expression of amyloid precursor 
proten (APP) is enhanced in the developing brain and during neuronal 
differentiation. These results suggest that APP might be important for 
the regulation of neurite outgrowth and synaptogenesis in the developing 
brain. Interestingly, APP expression is induced by various cellular 
mediators that induce neurite outgrowth such as NGF, bFGF, EGF, 
interleukin-1 , retinoic acid and phobol ester, suggesting a possibility that 
APP mediates effects of these factors.. We report here that neurotrophic 
effects of the BB isoform of platelet-derived growth factor (PDGF) on 
HiB5 and B103 cell lines are associated with expression of APP. 
Exogeneously applied PDGF BB transformed cultured HiB5 and B103 cells 
into typical neuron-like morphology and induced phosphorylation of PDGF 
ß receptors. At the same time, mRNA expression of APP75l and 
APP695 was increased as revealed by a semiquantitative RT-PCR 
method. The expression of APP770 mRNA was not detectable even after 
PDGF treatment. The present results show an association between 
PDGF-induced neuronal differentiation and expression of certain forms of 
APP, suggesting a possibility that the PDGF effect is mediated by APP.

This work was supported by Biotechnology 2000 grant of the Korean 
Ministry of Science and Technology, Kyungi Pharmaceutical Research 
Center grant and Creative Research Initiatives of the Korean Ministry of 
Science and Technology.

83.10
CHARACTERIZATION OF THE 5 ' -FLANKING PROMOTER REGION OF THE 
HUMAN β- AMYLOID PROTEIN PRECURSOR LIKE PROTEIN 2 GENE.
S .Nagumo1, M. In o 1, Y.  Okawa1, H .H asegawa1, A .A dach i1. A .S a to 1,
N. H ay a sh i2, R .K uw abara2, T . H iro i2 , S . T a tsu n am i2, H. Kouy ama2,
H .N ish ik aw a2,  A .A oba1 and H .M a tsu i1, 2*. 1D ep .o f N e u ro p s y c h ia t ry  
and 2R a d io is o to p e  Res. I n s t i t u t e ,  S t . M arianna U n iv . S ch . M ed., 
Kanagawa 2 1 6 -8 5 1 1 , JAPAN

The a p p a re n t  s i m i l a r i t i e s  in  th e  s t r u c t u r a l  o r g a n i z a t i o n  
and i n t r a c e l u l a r  p r o c e s s in g  o f  th e  APP and th e  APLP 2 (APP 
hom ologous p r o t e i n ) ,  r a i s e s  a p o s s i b i l i t y  t h a t  an  a l t e r e d  
e x p r e s s io n  o f  APLP 2 c o u ld  i n f lu e n c e  on th e  d e p o s i t i o n  o f  
β-a m y lo id  p r o t e i n s  i n  th e  b r a i n .  In  t h i s  p r e s e n t a t i o n ,  we 
d e s c r i b e  t h e  f u n c t io n a l  a n a ly s i s  o f  th e  human APLP 2 gene 
p ro m o te r . The 3 .6 -k b  human APLP 2 gene 5 '- f l a n k i n g  r e g io n  was 
i s o l a t e d .  T r a n s c r i p t i o n  i n i t i a t i o n  s i t e s  w ere d e te rm in e d  by 
5 '-RACE. The p ro m o te r  a c t i v i t i e s  w ere a s s a y e d  by u s in g  th e  
5 ' - f l a n k i n g  s e q u e n c e - lu c i f e r a s e  fu s io n  gene c o n s t r u c t s .  The 
p ro x im a l r e g io n  ( t o  -500  bp r e l a t i v e  t o  th e  t r a n s l a t i o n  s t a r t  
s i t e )  la c k s  a t y p i c a l  TATA box , i s  v e ry  r i c h  i n  G+C c o n te n t  
and h as  i n v e r t e d  CAAT b o x es  and m u l t ip l e  b in d in g  s i t e s  f o r  
t r a n s c r i p t i o n  f a c t o r  Sp-1 and AP-2 . A p r i n c i p a l  t r a n s c r i p t i o n  
i n i t i a t i o n  s i t e  i s  a t  -86  b p . The b a s ic  p ro m o te r  a c t i v i t y  
r e s i d e s  i n  th e  s e q u en ce  up to  -600  bp . The d i s t a l  r e g io n  
c o n ta in s  c o n s e n s u s  se q u e n c e s  f o r  t r a n s c r i p t i o n  f a c t o r  AP-1 and 
S I F ( s i s - i n d u c i b l e  f a c t o r ) .  T h is  w ork was s u p p o r te d  by a 
G ra n t- in -A id  f o r  S c i e n t i f i c  R e s e a r c h ( c ) (09671013) .
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83.11

A PROTEASE SELECTIVELY INACTIVATES TRANSCRIPTION 
FROM THE AMYLOID ß-PROTEIN PRECURSOR PROMOTER
A.A. Vostrov1, W.E. Van Nostrand2*, and W.W. Quitschke1. Departments 
o f  1Psychiatry and 2Medicine, State University o f  New York at Stony 
Brook, Stony Brook, N Y  11794.

A proteolytic activity with unusual specificity was detected in bovine 
and human serum. The protease cleaves the CTCF protein, a major 
regulatory factor of the APP gene promoter, at three sites. Of the resulting 
CTCF fragments, those that contain the zinc finger domain retain the 
DNA binding activity. Digestion of nuclear extract proteins indicated that 
only a small number were cleaved by the protease.

When nuclear extract was treated with partially purified protease, in 
vitro transcription from the APP promoter was abolished. Most strikingly, 
transcription from the β-actin promoter was left intact, suggesting that 
general transcription factors as well as specific regulators of ß-actin 
promoter expression were not affected by the protease. These observations 
could imply the possibility of a novel mechanism of transcriptional 
regulation through selective proteolysis. Indeed, mobility shift assays with 
nuclear extracts suggest that the serum protease may have a cellular 
counterpart. The role of this protease in serum is as yet unknown. 
Remarkably, the protease activity is efficiently inhibited by the KPI 
domain of the APP protein molecule. This may suggest one of the 
functions of the APP protein, [supported by NS30994]

83.13

A X O N  A N D  D E N D R I T E  G R O W T H  A R E  D IR E C T L Y  M O D U L A T E D  
BY  S E C R E T E D  F R A G M E N T S  O F  T H E  β-A M Y L O ID  P R E C U R S O R  
P R O T E I N  I N  V IT R O . R.G. P erez1*, I. Barskaya1, P. A hn2, E .H . Koo3, D.B. 
Teplow 2, and D.M. W alsh2. C ntr for Neurosci Res, Allegheny Univ o f  the Health 
Sci1, P ittsburgh, PA  15212; C n tr for N eurologic D iseases, H arvard Medical 
School, Boston, M A 021152, D e p t. o f  N eurosci, U CSD, La Jolla, CA3.

The β-amyloid precursor protein (βPP) is an integral transmem brane protein 
expressed on the surface o f  a num ber o f cell types including neurons and glia. Secreted 
N-term inal fragments o f  βPP (sβPP), which are produced by cleavage within or 
N-terminal to its Aβ domain, reportedly play a role in cell growth and adhesion. To 
further assess βPP functions we are comparing neurons from knockout (KO) mice, 
which are entirely deficient in βPP, and wild type (WT) mice in the same genetic 
background. O u t recent data using hippocampal neurons from W T and KO mice 
show that minor process (dendrite) outgrowth and branching are enhanced for 
neurons grown with W T astrocytes, which secrete sβPP (Perez et al., J Neurosci 
17:9407, 1997). To determine if these observations were due to sßPP in WT 
astrocyte-conditioned media we examined the effects o f  exogenous sßPP on low- 
density W T and KO hippocampal neurons in vitro. sßPP purified from conditioned 
media o f  CH O  cells stably overexpressing human βPP751 was added to cultured 
hippocampal neurons (0nM -  30nM). A dose response was observed for W T and KO 
neurons at 1 day after plating with m inor processes being m ore affected than axons. 
M inor process num ber was greatest at 10 nM sßPP but diminished thereafter. Most 
o ther neurite responses increased with sßPP concentration. By 3 days, neurites grew 
so extensively that m ost neurons contacted one another. The data confirm that sßPP 
enhances both axon and dendrite growth from W T and K O  neurons with W T 
neurons exhibiting a more linear dose response. Support by AUHS Award 97-017-3P to RGP.

83.12

EVALUATION OF THE ROLE OF AMYLOID PRECURSOR PROTEIN 
IN ALZHEIMER’S DISEASE USING ADENOVIRUS-MEDIATED APP 
GENE TRANSFER. J.J. Luo, W.C. Wallace, #T. Riccioni. ¶D.K. Ingram. 
¶G.S. Roth and J.W. Kusiak*, Molecular Neurobiology Unit, Lab. of 
Biological Chemistry, #Lab. of Cardiovascular Sciences, ¶Lab. of Cellular and 
Molecular Biology, National Institute on Aging, NIH, Baltimore, MD 21224.

To test the hypothesis that Familial Alzheimer’s Disease (AD) mutant 
APP expression in neurons will result in cell death and promote the 
development of AD neurodegeneration, we constructed adenoviral vectors 
containing human APP695 wild type (AdxWT), V6421 and V642F mutations, 
and introduced these constructs into cell cultures and animals. About 90% of 
PC12 cells stained positive for ß-galactosidase activity when using AdxLacZ 
as a reporter gene, indicating high-efficiency of infection. HEK293 and PC12 
cells infected with AdxWT, AdxV642I or AdxV642F APP had approximately 
a 15-fold increase in intracellular and a 20-fold increase in secreted APP as 
measured by Western immunoblots, while only trace levels of APP were 
observed in the cultures infected with either antisense APP or null virus. 
PC12 and primary cortical neuron cultures infected with adenovirus containing 
mutant APP genes had increased numbers of apoptotic cells measured by 
Sytox fluorescent nuclear labeling. Neurofilament positive cells were also 
positive for ß-galactosidase in hippocampus of 6 mon. old rats (Wistar 
H34T4) five days after injection of AdxLacZ, indicating a neuronal uptake of 
viral particles. APP levels were increased about three fold versus control 
AdxLacZ in hippocampus of 8 mon. old mice (C57BL/6J) six days after 
injection with AdxWT or AdxV642F. Adenovirus-mediated APP-gene transfer 
provides a useful in vitro and in vivo tool to study mechanisms of neuronal 
cell loss in AD. Supported by Intramural Program, NIA, NIH and a National 
Research Counci 1-NIA/NIH award to JJL.

83.14

STR ESS, H O R M O N ES, O X ID A TIV E DA M AG E, AND 
N E U R O D E G EN ER A TIO N  J ia n k a n g  L iu*, Ann F ischer, Paola S. 
T im iras and Bruce N. Ames Division of Biochemistry and Molecular 
Biology, University of California, Berkeley, CA 94720-3202

Does accumulation of oxidant by-products play a role in 
stress-induced acceleration of aging and age-related diseases? 
Stress is shown to cause extensive oxidative damage in the brain of 
rats, and antioxidant treatment prevents the brain from this damage. 
In neuronal cell culture (HT-4), glucocorticoid exacerbates, while 
dehydroepiandrosterone (DHEA) inhibits, oxidants (H2 O2, 
glutamate, and NO)-induced cytotoxicity. In human kidney 293 
cells (transfected with DNA encoding the beta-amloid precursor 
protein), glucocorticoid enhances, but DHEA, like estrogen, 
inhibits, the production of beta-amyloid, which is the main 
component of senile plaque in the brain of Alzheimer's patients. 
Based on these results and also on the evidence that oxidative 
damage caused by normal metabolism is a major contributor to 
normal aging, we propose that the increased oxidative damage 
caused by stress, including the inbalances between stress & anti 
stress hormones and oxidants & antioxidants, can contribute to 
age-related neurodegenerative diseases, such as Alzheimer's. 
(Supported by National Cancer Institute Outstanding Investigator 
Grant CA39910 and National Institute of Environmental Health 
Sciences Center Grant ESO 1896 to B. N. A.)

D E G E N E R A T IV E  D IS E A S E : A L Z H E IM E R ’S — B E T A  A M Y L O ID : A P P  P R O C E S S IN G  II

84.1

INVOLVEMENT OF CASPASES IN PROTEOLYTIC CLEAVAGE OF 
ALZHEIMER’S β AMYLOID PRECURSOR PROTEIN AND 
AMYLOIDOGENIC β-PEPTIDE FORMATION.

F. Gervais1, J.P. Vaillancourt1, A. Leblanc2, D. Smith3, M. Rigby3, H. 
Zheng4*, L.H. Van Per Ploeg4, S.C. Ruffolo5, S. Xanthoudakis1, N.A. 
Thornberry6, R.J. Zamboni7, S. Roy1, and D.W. Nicholson1. 1Dept. of 
Biochemistry and Molecular Biology, 1Dept. of Medicinal Chemistry,
Merck Frosst, Quebec, Canada; 2Dept. Neurology and Neurosurgery, Lady 
Davis Institute, Quebec, Canada; 3Dept. of Pharmacology, Merck Sharp and 
Dohme Research Laboratories, Essex, U.K.; 4Dept. of Biochemistry and 
Physiology, 6Dept. of Enzymology, Merck Research Laboratories, New 
Jersey, USA; 5Dept. of Biochemistry, McGill University, Quebec, Canada.

Amyloid β-peptide formation and the apoptotic loss of neurons appear to 
be intimately linked processes in the pathogenesis of Alzheimer’s disease. 
The potential contributory role of apoptotic proteases, the caspases, in direct 
ß-APP cleavage and biogenesis of amyloidogenic ß-peptide species was 
examined. The β-amyloid precursor protein contains multiple caspase 
consensus sites, three of which were efficiently cleaved by caspase activity in 
extracts from apoptotic cells, by recombinant caspases, and in 
neuroblastoma cells transfected with β-APP. In addition to these 
endogenous caspase sites, the “Swedish” familial mutation of ß-APP 
introduced an improved caspase site in the β-secretase region with 
substantially elevated susceptibility to caspase-6  in particular. Caspases thus 
appear to play a dual role in proteolytic processing of ß-APP and the 
resulting propensity for ß-peptide formation, as well as in the ultimate 
apoptotic death of neurons in Alzheimer’s disease.

F.G. holds a fellowship from the Medical Research Council (MRC) of 
Canada

84.2

CHARACTERIZATION OF AN APP-PROTEASE INTERACTION. S. 
Guénette*, A. Ferland and R.E. Tanzi. Genetics and Aging Unit, 
Department of Neurology, Massachusetts General Hospital,
Charlestown, MA 02129.

Increased release of the 39-43 residue ß-amyloid peptide (Aß) from 
the amyloid precursor protein (APP) is one of the consequences of 
mutations in the three early onset familial Alzheimer's disease genes, 
APP, PS1 and PS2. The ß- and γ-secretases responsible for this 
processing event are unknown. However, analysis of APP fragments 
accumulating in the presence of protease inhibitors indicate that 
generation of the N-terminus of Aß is due to a serine protease activity, 
while generation of the C-terminus of Aß, particularly for Aß40, is due 
to a cysteine protease activity. In order to identify proteins that 
modulate APP processing we performed the interaction trap/two hybrid 
screen for different domains of APP. Using this approach we isolated a 
putative serine protease (NHSP) that binds the cysteine-rich region of 
APP but not that of its closest homologue, APLP2. Northern blot 
analyses show expression of a 2.0 kb message corresponding to NHSP 
in all human tissues and cell lines tested. Analysis of four overlapping 
cDNA clones has provided 1.5 kb of DNA sequence coding for a 448 
amino acid open reading frame bearing the "catalytic triad", His, Asp, 
Ser residues, characteristic of serine proteases. Sequence comparisons 
have shown that NHSP is a member of the stress-activated HtrA class of 
serine proteases that are highly conserved throughout evolution. The 
HtrA proteases are characterized by the presence of a signal peptide and 
a PDZ motif. We will present the results of biochemical studies testing 
the binding of NHSP to APP and the consequence of its putative activity 
on APP.
Supported by the American Health Assistance Foundation.
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84.3

NOVEL PCR-CLONED HUMAN CHYMOTRYPSIN-LIKE ENZYME 
AFFECTS APP PROCESSING. Edward M. Johnstone* and Sheila P. 
Little. Neuroscience Research Division, Lilly Research Laboratories, 
Indianapolis, Indiana 46285

It is hypothesized that a chymotrypsin-like enzyme may be involved 
with Amyloid Precursor Processing (APP) because of the observation that 
the P1 site in APP is a methionine and Cathepsin G and chymotrypsin are 
examples of proteases which are capable of cleaving synthetic substrate 
representing the N-terminus of the Beta-peptide. We have designed 
minimally degenerate primers representing the active site homologous 
regions of chymotrypsin-like enzymes to search for protease cDNAs in 
Alzheimer’s disease brain. One PCR product encodes a novel 
chymotrypsin-like enzyme. The novel enzyme is 63% identical to human 
chymotrypsin at the nucleic acid level and 69% similar at the amino acid 
level. The novel enzyme cDNA differs in encoding the aspartic acid 
active site region by a conservative amino acid change; novel: DVTLLK 
and human chymotrypsin: DITLLK. To determine if this enzyme affects 
APP processing, antisense oligonucleotides were designed and used to 
treat 293 cells transiently transfected with APP cDNA. Anti-Beta 
Peptide C-terminal polyclonal antibody, Bx6 was used in a Western blot 
analysis to show that APP processing is severely altered when anti-sense 
oligonucleotide is present. These experiments suggest that this novel 
chymotrypsin-like enzyme may have a critical role in APP processing.

84.5

CALPAIN INHIBITOR I UP-REGULATES AMYLOID β PEPTIDE 
PRODUCTION BY STABILIZING THE SUBSTRATE OF γ- 
SECRETASE. L. Zhang*, L. Song and E.M. Parker, CNS Dept., 
Schering-Plough Research Institute, Kenilworth, NJ 07033 
The longer form of the amyloid β peptide (Aβ), Aβ 42, plays a central 
role in the pathogenesis of Alzheimer’s disease. In cultured cells, calpain 
inhibitors modulate Aβ production by increasing the Aβ42:Aß4O ratio. 
We investigate the mechanism involved in the stimulation of Aβ42 
production mediated by a calpain inhibitor N-acetyl-leucyl-leucyl- 
norleucinal (ALLN). In cells expressing either full length amyloid 
precursor protein (APP) or the C-terminal 100 amino acids of APP 
(C100), low concentrations of ALLN increase both Ab40 and Ab42 
secretion and also cause accumulation of C 100, the substrate of γ- 
secretase. Aβ42 production is stimulated much more dramatically that 
Aβ4O production, and hence, the Aß42:Aß4O ratio is increased. In a 
pulse-chase experiment with 35S-methionine, ALLN decreases C 100 
turnover and increases Aβ production simultaneously. Our data suggest 
the existence of two metabolic routes for C 100. In addition to cleavage 
by γ-secretase, C 100 also undergoes a rapid, ALLN sensitive 
degradation. Stabilization of C 100 by ALLN leads to the increased 
substrate availability for γ-secretase and thus enhances Aβ production. 
Because stabilization of C 100 by ALLN increases Aβ42 more than Ab40, 
the data also imply that substrate availability is a more critical determinant 
of Aβ42 production.

84.7

EFFECT OF PROTEASE INHIBITORS ON BETA AMYLOID (Aß) PROTEIN 
CLEARANCE IN  V IVO  AND IN  V ITR O . T. Chu, G.M. Cole, F.Yang, P. 
Chen, T. Tran, L.A. Adams, W. Beech, X.Y. Sun* and S.A. Frautschy . 
Sepulveda VAMC, GRECC and Depts. Med. & Neurol., UCLA, CA 90095 

In the development of amyloid plaques in Alzheim er’s disease, the 
degradation and clearance of beta-amyloid protein (Aß) is inherently  
as crucial as its production. Our results have shown that leupeptin  
significantly blocks Aß inhibition in  v it r o .  As an inhibitor fo r  
calpain and lysosomal cysteine proteases, leupeptin was capable of 
blocking extracellular Aß degradation in conditioned medium from  
microglia and enhancing intracellular accumulation of exogenous Aß 
in the microglia. The effect of leupeptin on acute Aß degradation was 
tested next in  v iv o . When leupeptin was co-injected with Aß 
stereotaxically into the mouse brain, the remaining Aß level (a f te r
2.5 h) was significantly higher (P < 0 .05 ) compared to the group 
receiving Aß only. The average level of Aß was 2 .7 ß±0.13 ng/mg 
protein for the group receiving Aß only and 3.78±0 .20 ng/mg protein 
for the group receiving both Aß and leupeptin. Metalloproteases have 
been reported to be the major proteases secreted by primary cultured  
microglia and the predominant extracellular enzymes for degrading 
Aß in  v itro . However, the role of metalloproteases on Aß degradation 
in vivo has never been investigated. At concentrations between 1 0 0 -  
500 µM, FN -439, a tetrapeptidyl hydroxamic acid-based m atrix  
metalloprotease inhibitor, effectively blocked extracellular Aß 
degradation in the conditioned media from the microglia. The effect of 
this and other metalloprotease inhibitors on Aß degradation and 
clearance will be addressed. Supported by AG10685 (SAF), VA M e r it  
(SAF) and VA Merit (GMC).

84.4
NOVEL APPROACHES TO IDENTIFY THE AMYLOID β PROTEIN 
PRECURSOR SECRETASES. T. E. Golde*, M. M. Hulihan, T. E. Smith, H. A. 
Lookingbill, C. W. Dominiak, and M. P. Murphy. Department of Pharmacology, 
Mayo Clinic Jacksonville, Jacksonville, FL 32224.

In order for the amyloid β peptide (Aß) to be generated, two proteolytic 
cleavages must occur. None of the proteases that cleave the amyloid β  protein 
precursor (APP) to generate Aß have been identified; however, the activities that 
cleave the APP at or near the amino and carboxyl terminus of Aß are referred to as 
ß- and γ-secretase respectively. In addition the protease that cleaves within the Aß 
sequence that is referred to as α-secretase has not been identified. We have 
developed three novel strategies that could potentially identify these secretases. 
The first referred to as “Secretase Trap Cloning” utilizes a novel genetic trap in 
yeast. This strategy specifically selects for proteases that cleave in the secretory 
pathway. The second involves retroviral gene trap mutagenesis of CHO cells 
followed by brute force screening of individual CHO lines for altered Aβ 
production. To facilitate screening in these lines we have expressed a his tagged 
APP in the CHO cells which enables rapid and precise high throughput 
measurements of sAPP in order that Aβ production can be normalized to sAPP 
production. By identifying clones with altered ratio o f Aβ/sAPP novel genes that 
play a role in APP processing are likely to be identified. Finally a third strategy 
involves the use o f recombinant α2-macroglobulins (α2M) in which the bait region 
o f the wild-type α2M is totally or partially replaced by APP sequences that contain 
the sites o f α, β, or γ cleavage. Since α2M inhibits proteases that cleave within its 
bait region by a molecular trapping mechanism, modified α2M in which the bait 
region is replaced by a potential secretase site may not only inhibit the secretase 
but enable its purification as proteases trapped after they cleave the bait region of 
α2M can be isolated by co-purification with α2M. Results obtained with these 
screens will be presented.

84.6
THE EFFECTS OF PROTEASOME INHIBITORS ON THE SECRETION 
OF Aβ FROM CELLS. G. Christie1, R. Markwell1, C.W. Gray1, L. Smith1, F. 
Godfrey1, E.H. Karran1, R.V. W ard1, D.R. Howlett*, T. Hartmann2, K. 
Beyreuther2, A. Tamaoka3, R. Gardner4, A.J. Rivett4 and D. Allsop1 
1SmithKline Beecham Pharmaceuticals, New Frontiers Science Park, Harlow, 
Essex CM 19 5AW, U.K.; 2Center of Molecular Biology, University of 
Heidelberg. Im Neuenheimer Feld 282, D-69120 Heidelberg, Germany; 3 
Institute of Clinical Medicine, University of Tsukuba, Japan; 4Department of 
Biochemistry, School of Medical Sciences, University of Bristol, Bristol BS8 
lTD, U.K.

Proteasomes are mainly cytomplasmic, multimeric protein whose primary 
function is to degrade ubiquitin-tagged proteins. The proteosome has trypsin 
like, chymotrypsin-like, and peptidyl-glutamyl hydrolase proteolytic activities. 
The 26S proteosome is capable of degrading not only cytoplasmic proteins, 
but also membrane-spanning proteins, including mutant proteins found in the 
endoplasmic reticulum. The possibility has been raised that the proteasome 
may be involved in degradation/processing of the amyloid precursor protein. 
We have tested a range of potent proteosome inhibitors for their ability to 
influence the production of Aβ, and have found that their ability to suppress 
Aβ secretion correlated with their inhibitory activity on the chymotrypsin-like 
activity of the proteosome.
In conclusion, our data support the hypothesis that proteosome is involved, 
either directly or indirectly, in the production of Aβ.

84.8
IMPLICATION OF INSULIN DEGRADING ENZYME IN THE DEGRADATION 
AND OLIGOMERIZATION OF AMYLOID B-PROTEIN. K. Vekrellis, W. O. Oiu, 
Z- Ye, R. Sperling*, and D. J. Selkoe. Center for Neurologic Diseases, Brigham and 
Women’s Hospital and Harvard Medical School and Boston, MA 02115.

Little is known about how Aβ, once secreted, is degraded and cleared from tissues. 
Defective degradation of Aβ could be a possible risk factor for the development of AD 
in some subjects. We previously reported that the murine microglial cell line BV-2 
releases substantial amounts of Aβ-degrading activity. We partially purified this 
secreted Aβ-degrading protease from BV-2 conditioned medium (CM) and showed it to 
be indistinguishable from the insulin degrading enzyme (IDE). Immunoblotting 
revealed intact IDE in the cytosol and CM of BV-2 cells and in CSF and brain tissues 
of normal and AD subjects. To characterize the possible role of IDE in Aβ degradation, 
we used pM quantities of 125I-labeled Aβ1-40as well as 35S labeled endogenously 
secreted Aβ as a substrate in incubations with a variety of cultured cells or their 
conditioned media alone. Loss of labeled peptide was quantitated by TCA precipitation 
and by ip with a specific Aβ antibody. Whole cultures of differentiated PC12 cells, 

primary rat cortical neurons, and BV-2 cells exhibit significant Aß-degrading activity. 
This activity seems to represent IDE, or an IDE-like protease(s), because it is inhibited 
by several known IDE substrates such as insulin and glucagon. However, unlike that 
in the microglia, the degrading activity we detect in neuronal-type cultures appears not 
to involve a released protease but rather one which is cell-surface associated. 
Immunoblotting confirmed the presence of IDE on the surface of cortical neurons and 
differentiated PC12 cells. In addition to degrading extracellular A β, IDE can augment 
the process of Aβ oligomerization (at least in vitro) under physiological conditions and 
concentrations. Coupled with an earlier report that IDE is the major Aβ-degrading 
activity at neutral pH in human brain tissue (McDermott and Gibson, Biochem Res,
1997), our results suggest that IDE and similar thiol metalloendopeptidases could play 
a principal role in the fate of Aβ after its secretion. (NIA AG06173).
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84.9

AMYLOID ß-PROTEIN PRODUCTION AND SECRETION FOLLOWING 
APOPTOSIS: PROTECTIVE EFFECTS OF ANTIAPOPTOTIC AGENTS 
AND ANTI-Aß ANTIBODIES. A. Piccini1,3, M.T. Ciotti1, P. Calissano1,
D. Zaccbeo3, M. Tabaton2,3*, C. Galli1.1Inst. of Neurobiology, CNR, 00137 
Roma; 2Dep. of Neuroscience, Univ. of Genova; 3Inst. of Human Anatomy, 
Univ. of Genova (Italy).

We have recently showed the amyloidogenic shift of APP metabolism in 
cerebellar granule cells undergoing apoptosis (Galli et al., PNAS, 1998). We 
further investigated this issue studying, in the same experimental model, the 
relationship between amyloid-ß protein (Aß) oversecretion and neuronal 
degeneration and death. In course of apoptosis, that was. induced by KCl 
deprivation, the increase of secreted as well as intracellular total Aß was 
confirmed by quantification performed using a sandwich-ELISA method. 
Simultaneous incubation with 6E10, a monoclonal antibody against Aß, 
increased by 40% the survival of low potassium treated neurons, whereas no 
protective effect using unrelated antibodies was seen. Moreover we observed 
that antiapoptotic agents differently modified levels of intracellular and 
secreted Aß. Type II pyrethroids, which block apoptosis by increasing 
intracellular Ca2+, decreased constitutive Aß secretion. Instead, IGF-1 and 
forskolin, which act on phosphorylation pathways, lowered only the 
depolarisation-stimulated secretion of Aß. These findings suggest that Aß 
overproduction fosters the apoptotic process and that the alteration of Aß 
metabolism in course of apoptosis is underlied by a  complex series of events. 
They further support the concept of toxic loop in which apoptosis is placed 
either upstream or downstream Aß overproduction. Supported by grants from 
Telethon (E579), Nato (CRG940642) and PS. Apotosis

84.11

PH A R M A C O L O G IC A L M O D U LA TIO N  O F A M Y LO ID  PRECURSOR 
PROTEIN (APP) PR O CESSIN G  IN R A T C O R T IC A L  A STRO CYTES. 
S .G o v o n i1,2, M .P ao lillo 1*, M .R acch i2, P .Z an assi1, T .F lo r io 3, S .T h e llu n g 1, 
and G .Schettin i3 1Institute o f  P harm aco logy , U niversity  o f  Pavia; 2IRCSS 
S.G iovanni Di  Dio, Brescia; 3Ist.N azi.R ic.C ane., A dv .B iotechnol.C tr., 
N eurosci.U nit. & Ins. Pharm acol., School o f  M ed., Univ. o f G enoa, Italy.

A derangem ent o f A PP p rocessing  in A lzh e im er’s disease leading  
to an excess o f  beta-am ylo id  release is considered  a key event in the 
pathogenetic  process leading to p laque fo rm ation  and co n tribu ting  to 
neurodegeneration . The various isoform s o f A PP are u b iqu itously  
expressed, in particu lar their presence has been show n in glial e lem ents as 
well as in neurons. W ithin this con tex t we studied  expression  and  
processing o f A PP and its pharm acological m odu la tion  from  cultured  rat 
cortical astrocytes. A strocytes were ob tained  from  2 days old w istar rats 
and cultured  in 10% FCS DM EM . Follow ing three weeks in co ltu re  
confluent plates were used to study ce llu la r expression  and the release o f  
soluble APP deriv ing  from  α -se c re ta se  cleavage (sA P P α  ). sA P P α  was 
m easured by w estern b lo tting in the pooled  co n d itio n ed  m edium  (2 hrs) 
o f  two plates. The am ount o f  sA P P α  released in the m edium  was 
increased by 4 folds fo llow ing direct PK C stim ulation  with p h o rb o l 
dibuiyrate  (PdBu). The effect was co n cen tra tio n -d ep en d en t betw een 
1n M -1µM , reaching  a plateau at 100 nM PdBu. PdBu stim ulation  was 
abolished by 20 nM  staurosporin . The activation  o f cA M P  tran sd u c tio n  
pathw ay by norep in ep h rin e  (10 µM ) o r by forskolin  (1 µM ) was 
ineffective in inducing  sA P P α  secretion. In the adopted  cond itions the 
PK C -independent release o f  sA PPα, dem o n stra ted  in o ther ce llu la r 
system s (Racchi et al. B iochem . J. 330, 197, 1998) did not provide a 
significant contribution  to the release. C om plexively  the results show that 
in astrocytes, as in o ther cellu lar types, A PP m etabolism  is susceptible to 
m odulation through the activation  o f PK C m ediated  m echanism s.

84.13

5-HT POTENTIATES PMA-STIMULATED APP RELEASE IN A PIG KIDNEY 
EPITHELIAL CELL LINE TRANSFECTED WITH THE 5-HTIA RECEPTOR J I  
Alder, K.E. Heslop and P.T. Francis (SPON British Neuroscience Association) 
Dementia Res Lab., Div. Biochem. & Mol Biol., UMDS, London SE1 9RT, UK.

Neurotransmitter receptors coupled to the phospholipase C second messenger system 
increase the secretion of non-amyloidogenic derivatives of amyloid precursor protein 
APP) The effect on APP release of receptors that couple to adenylyl cyclase (AC) is less 

clear Forskolin an activator of AC has been reported to decrease basal and phorbol ester 
stimulated APP release in one study and to inhibit metabotropic glutamate receptor and 
phorbol ester stimulated but not basal APP release in another study. In the present study 
we have examined the effects of phorbol 12-myristate 13-acetate (PMA), forskolin, 5-HT 
and 5-HT1A agonists and antagonists, alone and in combination, on APP release from a 
pig kidney epithelial cell line (LLCPKI) stably transfected with the 5-HT1A receptor 
(IA6) In addition the effects of these drug combinations on AC activity have been 
investigated

Cells were Healed for 3 hums in the presence of dings and APP determined by western 
blotting with antibody 22CI I PMA ( 1 µM) caused a significant 83 % increase an APP 
secretion whereas  forskolin ( 1 µM) and 5-HT ( 1 µM & 10 µM) had no significant effect 
on APP release (t-statistic). However, 5-HT ( 1 µM & 10 µM) significantly increased 
PMA stimulated APP secretion (1 3 7  and 143 % respectively, paired t-lest) This effect 
was not mimicked by 8-hydroxy-2-di-n-propyl-aminotetrahn (DPAT). Forskolin had no 
significant effect on PMA stimulated APP release

cAMP accumulation was stimulated in a dose dependent manner y  forskolin DPA 1 
and 5-HT inhibited forskolin stimulated cAMP accumulation (66 and 37 % inhibition 
respectively) The fact that DPAT inhibits forskolin stimulated cAMP accumulation more 
than 5-HT implies that another 5-HT receptor positively coupled to AC may be present 
Overall these data imply that the 5-HT effect on APP release in these cells may involve 
another second messenger system Supported by Astra ARCUS and The Dunhill Medical 
Trust.

84.10

INHIBITION OF PKC DEPENDENT AND RECEPTOR MEDIATED α 
-SECRETASE CLEAVAGE OF AMYLOID PRECURSOR PROTEIN BY 
YDROXAMIC ACID-BASED ZINC METALLOPROTEASE INHIBITORS
M. Racchi1, D. Solano2, M. Sironi2  and S. Govoni 3*.
1Lab. of Molecular and Cellular. Neurobiology. IRCCS "Centro S. Giovanni di Dio - 
FBF" Brescia, 2Institute of Pharmacological Sciences, Universita' di Milano, Italy; 
3Institute of Pharmacology, University of Pavia, Italy.

The metabolic fate of the amyloid precursor protein (APP) is one of the key 
factors in the pathogenesis of AD. Proteolytic processing of APP by "α secretase" 
occurs within the β amyloid peptide sequence thus precluding its formation. Various 
cellular transduction systems play a major role regulating the rate at which the 
precursor is cleaved by "α secretase" and released as soluble protein in the 
extracellular space. In human skin fibroblasts and in SH-SY5Y neuroblastoma cells 
the direct activation of PKC by phorbol esters can increase soluble APP release 
ranging from 2 to 4 fold above basal. The PKC dependent release of APP by "α 
secretase" resembles the mechanism of activation of the release of a number of other 
membrane bound proteins with soluble counterparts, among which the angiotensin 
converting enzyme, L-selectin and tumor necrosis factor α. A number of compounds 
with the structure of hydroxamic acid-based metalloprotease inhibitors can inhibit the 
basal and phorbol esters stimulated release of these proteins, including APP. 
The.activation of sAPP release can also be obtained by the stimulation of G protein 
coupled receptors, such as the muscarinic receptors by carbachol in SH-SY5Y cells, 
and bradykinin receptors in human skin fibroblasts, with responses ranging from 2 to 
3 fold above basal. The process however is not exclusively linked to PKC activation, 
infact bradykinin stimulation of sAPP release in human skin fibroblasts is independent 
from PKC activation. We now describe the effect of hydroxamic acid-based protease 
inhibitors on the receptor mediated sAPP release driven by carbachol in SH-SY5Y 
neuroblastoma cells and by bradykinin in primary human skin fibroblasts that suggest 
that all pharmacological means of stimulating sAPP release converge to a hydroxamic 
acid-based inhibitor sensitive proteolytic enzyme, (supported by TELETHON grant 
#E6O5 to S.G.)

84.12

A ROLE FOR SRC TYROSINE KINASE IN THE STIMULATION OF 
AMYLOID PRECURSOR PROTEIN RELEASE BY ACTIVATION OF 
MUSCARINIC m3 ACETYLCHOLINE RECEPTORS. B.E. Slack*, 
and B. Berse. Dept. of Pathology and Laboratory Medicine, Boston 
University School of Medicine, Boston MA 02118.

Secretory processing of the amyloid precursor protein (APP) of 
Alzheimer's disease involves cleavage of the protein within its Aβ
domain, and secretion of a large N-terminal fragment (sAPP). This 
process is stimulated by activation of muscarinic receptor subtypes ml and 
m3, which are coupled to phosphatidylinositol 4,5-bisphosphate 
hydrolysis, and is sensitive to inhibitors of protein kinase C and tyrosine 
kinases. The role of Src tyrosine kinase in receptor-mediated sAPP 
release was examined in human embryonic kidney cells stably expressing 
m3 muscarinic receptors. sAPP release was evoked by treating the cells 
with the muscarinic agonist carbachol. The cells were transiently 
transfected with cDNA constructs encoding APP695, together with a 
dominant negative mutant Src protein, or an empty vector. Endogenous 
APP and transfected APP695 migrated as separate bands on SDS gels. In 
cells co-expressing APP695 and the dominant negative Src mutant protein, 
carbachol-stimulated release of sAPP695 was reduced to less than half that 
observed in cells expressing APP695 alone. Release of endogenous sAPP 
was inhibited to a lesser extent, a result that was expected given that the 
mean transfection efficiency was 45%. Carbachol-induced tyrosine 
phosphorylation of the focal adhesion-associated proteins paxillin and 
focal adhesion kinase (FAK) was also significantly reduced by the 
dominant negative Src mutant. The results support a role for Src tyrosine 
kinase in the regulation of sAPP release by muscarinic receptors. 
(Supported by NIH grant NS30791 to BES).

84.14
CH OLESTER O L-D EPEN D EN T GENERATION OF AM YLOIDOGENIC 
β-PRO TEIN IN MDCK CELLS
T. Mizuno1, C . Haass2, and K. Yanagisawa1*. 1Dept of Dementia Research, 
National Institute for Longevity Sciences, Obu, Aichi 474, Japan, 2Dept. of 
Molecular Biology, Central Institute for Mental Health, J5, 68159 Mannheim, 
Germany.

To investigate the implications o f  altered sorting o f the β-amyloid precursor 
protein (APP) in the abnormal generation of amyloid β-protcin (Aβ), we 
characterized Aβ secreted from Madin-Darby canine kidney (MDCK) cells which had 
been stably transfected with a APPcDNA with a truncation of cytoplasmic domain. 
Aβ that is generated from the apically missorted APP in MDCK cells possesses 
unique molecular characteristics, which are  cholesterol dependent, including its 
appearance as a smear on immunoblotting, indicating its strong tendency of self- 
aggre c ation. To investigate if this Aβ species potentially enhances amyloid fibril 
formation of soluble Aβ by acting as a seed, we performed thioflavin T assay of 
a synthetic Aβ solution that was incubated with the Aβ immunoprecipitated from 
the media of the apical or basolateral compartments o f  MDCK cell cultures. The 
fluorescence activity in the mixture incubated with the Aβ immunoprecipitated from 
the apical compartment o f  MDCK cell cultures increased dramatically, while no 
increase in fluorescence activity was observed in the mixture incubated with the Aβ 
from the basolateral compartment. Significantly, the increase in fluorescence activity 
in the mixture incubated with the Aβ from the apical compartment was remarkably 
supressed by treatment of the cells with compactin or filipin. These results strongly 
suggest that amyloidogenic Aβ is secreted from the apical surface o f MDCK cells in 
a cholesterol-dependent manner.
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84.15
N O V E L  A C T IO N  O F  F C C P  O N  A P P  C A T A B O L IS M

B.P. Connop* and P.B. Reiner. Kinsmen Laboratory of Neurological Research, 
University of British Columbia, Vancouver, B.C., Canada, V6T 1Z3.

Accumulation of the β-amyloid (Aβ) peptide - derived from the proteolysis of 
the ß-amyloid precursor protein (βAPP) - has been proposed to play a central role 
in the etiology of Alzheimer’s Disease. The βAPP protein is predominantly 
cleaved within the Aβ sequence (non-amyloidogenic pathway) or processed such 
that the Aβ sequence remains intact (amyloidogenic pathway). Since it has been 
suggested that amyloidogenic processing may occur in acidic compartments of 
the cell, the present study examined the effect of the protonophore, FCCP, on the 
catabolism of ßAPP. The effects of FCCP treatment were assessed through 
Western blot analysis of both cellular and extracellular proteolytic fragments of 
ßAPP in cells stably transfected with either wild-type (K659 cells) or the 
‘Swedish’ mutant of βAPP (K695sw cells). Treatment of K695sw cells with 
FCCP for 4 hours resulted in a potent and relatively selective decrease in 
amyloidogenic processing of ßAPP. In contrast, 4 hour exposure of K695 cells to 
FCCP produced a decrease in both non- and amyloidogenic processing of ßAPP. 
Interestingly, treatment of both cell lines with FCCP did not appear to alter 
intracellular levels of ßAPP or its maturation Quantitative analysis of endosomal 
function with fluorescently labelled transferrin and putative lysosomal function 
with the probe, Lysosensor™, showed that a 4 hour exposure of K695 cells to 
FCCP did not alter endocytotic processing of transferrin but led to a decrease in 
lysosomal function. However, the effects of FCCP on lysosomes was not as 
pronounced as that observed with bafilomycin A 1, a vacuolar ATPase inhibitor, 
which has been reported to not reduce ßAPP processing in these same cells. The 
results from this study suggest that FCCP inhibits βAPP catabolism but not 
maturation by either 1) causing subtle deacidification of an acidic compartment 
distinct from those detected by these endosomal/lysosomal markers or by 2) 
acting through a novel mechanism. (Supported by the Alzheimer Society of 
Canada and the Louise Brown Chair in Neuroscience)

84.17
DETECTION O F A NO VEL, IN TR A N EU R O N A L PO O L O F 
INSOLUBLE A β TH A T  A C CU M U LA TES W ITH  TIM E IN  CU LTU RE. 
D.M. Skovronsky*, R.W. Doms, and V.M.-Y. Lee. Center for Neurodegenerative 
Disease Research, Dept. of Pathology and Laboratory Medicine, University of Pennsylvania 
School of Medicine, Philadelphia, Pennsylvania 19104.

The amyloid-β peptide (A β) is produced at several sites within cultured 
human NT2N neurons with A β1-42 specifically generated in the 
endoplasmic reticulum /interm ediate com partm ent (ER/IC ). S ince A β is 
found as insoluble deposits in senile plaques o f the A lzheim er’s disease 
(AD) brain, and the A β peptide can polym erize into insoluble fibrils in 
vitro, we examined the possibility that A β1-40 and particularly  the more 
highly amyloidogenic A β1-42 accum ulate in an insoluble pool w ithin 
NT2N neurons. Rem arkably, we found that form ic acid extraction o f the 
NT2N cells solubilized a pool o f  previously undetectable A β that accounted 
for over half o f the total intracellular A β. A β1-42 was m ore abundant than 
Aßl-40 in this pool, and m ost o f the insoluble A ß l-4 2  was generated in the 
ER/IC pathway. High levels o f insoluble A β also were detected in several 
non-neuronal cell lines engineered to over express the am yloid-β precursor 
protein (APP). This insoluble, intracellular pool o f  A β was exceptionally  
stable and accum ulated in NT2N neurons in a tim e-dependent m anner, 
increasing 12-fold over a 7 week period in culture. These novel findings 
suggest that A β am yloidogenesis m ay be initiated w ithin living neurons, 
rather than in the extracellular space. Thus, the data presented here require a 
re-examination o f the prevailing view  about the pathogenesis o f A β
deposition in the AD brain.

84.19
INTERFERONS REGULATE DEPOSITION OF A L Z H E IM E R ’S AM Y LO ID -ß 
PROTEIN IN C U LTU RED  V A SCU LA R M Y O CY TES. J. Frackow iak*, B. 
M azur-Kolecka, J. Krzeslow ska, H.M. W isniew ski. NY S Institute for Basic 
Research in D evelopm ental D isabilities, Staten Island, NY 10314, USA

Production o f  am yloid and neurodegeneration in AD results, at least in part, 
from im proper function o f  im m unocom petent cells. A ctivated m icroglia and 
perivascular cells are involved in the production o f  am yloid, and secrete neurotoxic 
mediators and reg u la to ry  c y to k in e s , in c lu d in g  in te rfe ro n s  ( IF N s). In th is  
study we investigated the influence o f  IF N -α , - β, and - γ  on the vascular 
amyloidogenesis, using a culture system  o f  prim ary cultures o f  vascular smooth 
muscle cells isolated from hum an AD and non-A D  autopsy brains. Sm ooth m uscle 
cells were shown previously to produce vascular am yloid-ß  in AD. The cells 
isolated from am yloid angiopathy (but not normal vessels) also secrete am yloid-ß 
peptide (Aß) and accum ulate Aß as intracellular deposits in culture. W e tested the 
effects o f  hum an recom binant IFN -α , and -β (concentrations betw een 5 and 500 
U/ml) and IF N -γ  (0.1 to 100 ng/m l) for up to five days. T reatm ent with IFNs did 
not induce form ation o f  intracellular deposits o f  Aß in non-accum ulating cells. 
However, in cultures that accum ulate Aß spontaneously, low doses o f  IFN -α , -β
and - γ  increased the percentage o f  cells with Aß deposits, while high doses 
decreased the percentage o f  A ß-positive cells. We found previously that treatm ent 
o f non-accum ulating cells with physiological concentrations o f  apolipoprotem  E4 
induced Aß accum ulation. This induced accum ulation o f  Aß w as affected by IFNs 
sim ilarly as the spontaneous one. C ellu lar levels o f  Aß precursor protein (AßPP), 
were increased, particularly  after low levels o f  IFN -β and - γ  (up to 80% ), while 
secretion o f  AßPP was stim ulated by high doses o f  IFNs. These data indicate that 
IFNs m ay affect vascular am yloidogenesis; their effect is dose-related.

84.16

STUDIES OF THE SUBCELLULAR LOCUS OF PRESENELIN 
ENDOPROTEOLYSIS AND OF THE ROLE OF THE APP TRANSMEMBRANE 
SEQUENCE IN γ-SECRETASE CLEAVAGE. J. Zhang*, D. Watson, D. J . Selkoe. 
Center for Neurologic Diseases, Brigham and Women’s Hopsital and Harvard Med. 
Sch., Boston, MA 02115.

Presenilin proteins appear to be major regulators of the γ-secretase mediated 
cleavage of APP. We have used subcellular fractionation to show that full-length PS 1 
and PS2 are principally distributed to ER-rich fractions, whereas their N- and C- 
terminal fragments are localized predominantly in Golgi-rich fractions. In cells 
expressing the PS 1 mutant lacking exon 9 (ΔE9), only full length molecules were 
present in the ER and Golgi fractions. To determine in which subcellular compartment 
the endoproteolysis of presenilins takes place and compare the turnover of wt and ΔE9 
PS 1, we carried out pulse-chase experiments in transfected 293 cells. The N-terminal 
fragment of the wt protein was initially detected in ER-rich fractions and accumulated 
in Golgi-rich vesicular during a 4 h chase. The turnover rate of the ΔE9 holoprotein 
was considerably slower, apparently due to its decreased proteolysis within the ER. 
These results suggest that wt PS holoprotein undergoes endoproteolysis in large part 
within the ER. The fragments are subsequently transported to the Golgi compartment, 
where they have longer half-lives than does the holoprotein in the ER. Mutations in 
presenilins are known to increase selectively the cleavage of APP by a γ-secretase that 
cuts after residue Aβ42 within the APP transmembrane (TM) domain. Also, we and 
others have reported that small amounts of presenilins and APP can participate in 
protein complexes within cells. To learn more about whether γ-secretase cleavage and 
interaction of APP with PS depends on the APP TM sequence, we have begun to 
generate chimeric APP molecules containing an EGF receptor TM domain. Studies of 
the role of the transmembrane domain of APP in Aβ generation and formation of 
complexes containing APP and PS will be presented. (Supported by NIH grant 
AG 12749).

84.18

THE PRESENCE OF Aß IN THE TRITON-INSOLUBLE 
FRACTION OF SH-SY5Y CELLS. M . M o rish im a -K a w a sh im a *  and  
Y. Ihara. Department of Neuropathology, Faculty of Medicine, 
University of Tokyo, Tokyo 113-0033, Japan.

One of the hallmarks of Alzheimer’s disease (AD) is the extracellular 
deposition of amyloid ß-protein (Aß) throughout the cortex. To 
investigate the process of Aß deposition, we quantitated Aß levels in 
brains from many autopsied subjects by sensitive two-site ELISA and 
found that Aß accumulation in the brain precedes the appearance of 
immnocytochemically-detectable senile plaque. To better understand 
the mechanism of Aß deposition, the generation and transport of Aß 
within the cells should be elucidated. Recent reports on cell-associated 
Aß indicated that at least a fraction of Aß42 is produced in the 
endoplasmic reticulum. Aß4O may be generated in the trans-Golgi 
network and/or endosome. These studies were performed with cultured 
cells overexpressing APP. In the present study we sought to localize 
intracellular compartments for Aß using SH-SY5Y human 
neuroblastoma cells and two-site ELISA. We have found that Aß is 
present in the Triton-insoluble fraction as well as Triton-soluble 
fraction. Immunoaffïnity purification followed by Western blotting 
from the former fraction confirmed the presence of a band at 4 kD, 
immunoreactive for Aß4O and Aß42. An extra band at ~ 6  kD was also 
immunoreactive for Aß. Because this band was labeled with BA27 
which is end-specific antibody to Aß4O, a fraction of the protein was 
likely to terminate at Val-40. These results indicate that there is a 
distinct, Triton-insoluble, compartment for Aß within the cells. 
(Supported by a Grant-in-Aid for Scientific Research from the Ministry 
of Education, Science and Culture, Japan and CREST)

84.20
IN C R E A S E D  C E LLU L A R  O X ID A T IV E  P R O C E S S E S  E N H A N C E  
A C CU M U LATIO N OF Aß IN CELLS EN GA GED IN ß-A M Y L O ID O SIS IN 
CU LTU RE. B. M azur-K olecka*, J. Frackow iak, T. Haske a, H. Le V in e a, J. 
Krzeslow ska, and H.M. W isniewski. Institute for Basic Research in 
Developm ental D isabilities, Staten Island, NY 10314, a Parke-D avis 
Pharm aceutical Research, Ann Arbor. MI, USA 

Aging is a significant risk factor for late-onset A lzheim er’s d isease (AD). Age- 
related phenom ena, such as cellular dam age related to the elevated oxidation in 
relevant brain regions as well as altered activities o f  antioxidant enzym es were 
show n in AD. Sym ptom s o f  cell senescence were also observed in cultured 
sm ooth m uscle cells (SM Cs) isolated from ß-am yloid affected brain vessels. 
SM Cs produce am yloid in vivo and form deposits o f  am yloid-ß protein (Aß) in 
culture. The A ß-accum ulating  cells revealed a reduced proliferative activity, 
nuclear degeneration, weak adherence to plastic, a d im inished activity  o f  
m itochondrial enzym es and eventually  die. N ow we found that the sym ptom s o f 
cellu lar aging observed in cultures o f  SM Cs could be reduced by treatm ent with 
vitam in E (vit E ) -  a potent antioxidant. In the vit E-treated cultures there was a 
significantly  lower secretion o f  Aß into m edia, as determ ined by ELISA, and a 
significantly  reduced acum ulation o f  Aß as determ ined by im m unocytochem istry 
and ELISA in cell lysates. The treatm ent with vit E also partly reduced the ability 
o f  apolipoprotein E4 to induce the deposition o f  Aß in SM Cs; and com pletely 
blocked the induction o f  Aß accum ulation by iron ions. These results suggest that 
accum ulation o f  Aß in cultured SM Cs is associated with generation o f  reactive 
oxygen species which m ay dam age cellu lar m acrom olecules that participate in 
production and processing o f  Aß.
Supported in part by funds from  the N YS/O M R D D  and grants from the National 
Institute on Aging, RO3 A G 14165-01 and PO l AG 04220.
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85.1
A L Z H E IM E R ’S D IS E A S E  A N D  SP E C T: 3 -D IM E N S IO N A L B R A IN  
S U R FA C E  D IS P LA Y S  (B S D s) R E F L E C T  D E M E N TIA
S E V E R ITY , W H ILE  C O N S E C U TIV E  S TU D IE S  S H O W  
P R O G R E S S IO N  O F IN D IV ID U A L  A B N O R M A L IT IE S .
J.W.Ashford*, W.-J.Shih, M.Mendiondo. V.Stipp, J.J.Coupal.

A.AIeem, B. Aleem, F.A.Schmitt. Depts. of Psychiatry, Neurology, 
Nuclear Medicine, & Medicine, University of Kentucky and VA 
Medical Centers, Lexington, KY 40536-0226.

SPECT scans in patients with Alzheimer’s disease (AD) show blood 
flow losses, predominantly in the posterior temporal and inferior parietal 
lobes, that correspond to the severity of dementia. In a previous study of 
30 probable AD patients, blood flow ratios in these regions correlated 
with severity ( r  = 0.78). This study reviewed scans of 18 of these 
patients (mean age: 75.6, range: 66 to 87 years), with a broad range of 
initial dementia severity, who had second studies done 5-23 months later 
(and 1 at 60 months). Patients underwent brain SPECT 30 minutes after 
IV injection of 25-30 mci Tc-99m ECD, with a three-head Picker gamma 
camera. BSDs were constructed using a threshold of 50% of the 
maximum pixel count. Each BSD was graded semiquantitatively (normal 
= 0, profound = 8) depending on the extent of the perfusion defects in the 
cerebral cortex, particularly in the temporal and parietal areas.

BSD scores correlated with dementia severity (r = 0.71, p < 0.001). 
BSD score changes also correlated with the time-interval between scans 
(r=  0.71, p < 0.001). There was considerable inter-individual variation of 
the topography of the deficits between patients, though consecutive 
scans of the same patient showed consistent patterns of deterioration.

These data suggest that AD pathology manifests partially variable 
patterns of attack between patients. (ECD was a gift of DuPont Pharma)

85.3
PREDICTIVE VALUES OF APOLIPOPROTEIN ε4 AND α1-ANTICHYMOTRYPSIN 
TYPE A ALLELES AND LEVELS OF CEREBROSPINAL FLUID TAU AND 
AMYLOID BETA PROTEINS FOR DISEASE PROGRESSION IN PATIENTS 
WITH ALZHEIMER’S DISEASE. M. Higuchi3, H. Arai3, S. Matsushita1*, S. Higuchi1,
T. Matsui3, N. Okamura3, M. Kodama2 and H. Sasaki3. 1Department of Psychiatry, 
National Institute on Alcoholism, Kurihama National Hospital, Kanagawa, 2Kodama 
Hospital, Ishinomaki and 3Department of Geriatric Medicine, Tohoku University 
School of Medicine, Sendai, Miyagi 980-8574, Japan

Recent identification of several distinct genes associated with Alzheimer’s disease 
(AD) suggests that the neurodegenerativc process in AD is likely to be modified by these 
genetic factors, resulting in a heterogeneity of the clinical progression. The genotypes of 
these genes are thus possible predictors of the progression. To seek relationships between 
the genetic risks of AD and disease progression, 4 1 patients with probable AD were 
genotyped for apolipoprotein E (APOE) and α 1-antichymotrypsin (ACT), and followed 
up for an interval of 783 ± 531 days (mean ± SD). The rate of cognitive decline was 
estimated with a change in Mini-Mental State Examination (MMSE) score divided by the 
interval. In addition, levels of cerebrospinal fluid (CSF) tau and amyloid beta (Aβ) 
proteins were measured in these patients in order to see if these biological markers are 
useful predictors of the progression. In a simple regression analysis and analysis of 
variance, the APOE ε4 allele was associated with slowing down the cognitive decline in a 
dose-dependent manner. In contrast, the decline rate of MMSE score was shown to 
increase with the gene dose of the ACT type A allele. Further, the ‘protective’ effect of 
the APOE ε4 allele and ‘deleterious’ effect of the ACT type A allele were observed also 
in a multiple linear regression analysis. Either the levels of tau or Aβ in CSF were not 
associated with the cognitive decline. These results indicates that the clinical progression 
in AD patients is predictable at least partially by genotyping of APOE and ACT, and that 
monitoring the levels of tau and Aβ in CSF does not appear to be informative for 
prediction of the disease progression, despite their diagnostic usefulness.

85.5
A RELIABLE METHOD FOR THE MEASUREMENT OF CINGULATE 
CORTEX VOLUME. C.A.McGahuey1,A.Uecker1, S. Lewis2, E.Reiman1,3* 
1Dept Psychiatry, Univ Arizona Tucson, AZ 85724, 2VA Hospital,
Albuquerque,NM, 3Good Samaritan Regional Medical Center, Phoenix, AZ.

The cingulate cortex is a paralimbic area that has been implicated in a 
wide variety of normal behaviors and behavioral disorders. Cingulate cortex 
morphometry was measured using magnetic resonance images of 
contiguous 1.5 mm horizontal slices (obtained using a 1.5 T Signa system) 
that were reformatted into 2 mm sagittal sections. Although the cingulate 
cortex region is readily definable in the sagittal plane, precise measurements 
prove to be challenging and difficult due to neuroanatomical variability in 
the regions anterior and posterior to the marginal ramus. For example, in the 
14 hemispheres (7 brains) for which reliability data were calculated, 5 had a 
single cingulate sulcus that was continuous, 2 had a single cingulate sulcus 
that was segmented, 2 had a double cingulate sulcus that was continuous, 
and 5 had a double cingulate sulcus that was segmented. To measure 
cingulate cortex volume, its boundaries were manually defined in the 
sagittal plane, a semi-automated algorithm was used to threshold for pixels 
representative of both gray matter and cerebrospinal fluid, and then, using 
the marginal ramus as a reference for division, it was separated into an 
anterior and a posterior section. Inter-rater reliabilities (intraclass 
correlation coefficients) were calculated for each of these measurements. 
For entire, anterior and posterior cingulate cortices, the values were 0.99,
0.99, and 0.95, respectively. Intra-rater reliability for the entire cingulate 
cortex was 0.97. These results indicate that measurements of cingulate 
cortex volume can be standardized and measured reliably, enabling the 
capacity to correlate this region’s neuroanatomy with disease and/or 
behavior states. Supported by the Robert S. FI inn Foundation.

85.2
ALZHEIMER RELATED NEURON LOSS IN CA 1 CORRELATES WITH MMSE 
M.J. West1*, C. H. Kawas2, L.J. Martin2, and J.C. Troncoso2 
1Department of Neurobiology, University of Aarhus. 8000 Aarhus C. Denmark 
2Neuropathology Laboratory, Johns Hopkins University, Baltimore. MD

The number of neurons in each of the major subregions of the hippocampal 
formation have been estimated in groups of subjects with clinical and pathological 
diagnoses of Alzheimer’s disease (AD) and age matched controls (AMC) 
Comparisons of group means indicate the presence of significant AD related 
neuronal loss in the dentate lulus (29%), C A 1 (54%). and subiculum (31%). but not 
in the dentate gyrus or CA3-2. The regional pattern and the extent of the neuronal 
loss are essentially the same as those reported earlier by West, et al.. (1994) and 
different from that described more recently by Simic. et al., (1997). All material used 
in the study was obtained from the Alzheimer's Disease Research Center at Johns 
Hopkins University. All individuals in the AD group had a clinical diagnosis based 
on NINCDS-ADRDA criteria and a pathological diagnosis based on CERAD criteria 
In contrast to the two earlier studies, all estimates of neuron number were carried out 
on paraffin sections with the optical fractionator method. The results of this study 
once more indicate that the extent of neuron loss related to AD varies among 
hippocampal subdivisions and is most pronounced in CA 1. where over half of the 
neurons are lost. A preliminary examination of psychometric correlates of neuron 
loss in the various hippocampal subdivisions of subjects diagnosed as having AD and 
controls, indicates that there is a highly significant correlation between the number of 
neurons in CA 1 and the Mini Mental State Examination (MMSE) score (r > 0 74.
p < 0.02, n =  21).

West, M.J. et al. (1994) The Lancet .344:769-772.
Simic, G . et al. (1997) J. Comp. Neurol. 379: 482-494.
Supported by: The ADRC at Johns Hopkins University, NIH Grant AG 05146

85.4
WHOLE BRAIN, VENTRICULAR, AND FRONTAL LOBE CEREBRAL 
SPINAL FLUID VOLUMES IN APOLIPOPROTEIN E TYPE 4 
HOMOZYGOTES BEFORE THE ONSET OF ALZHEIMER’S DEMENTIA. A 
Uecker1*, S. Lewis2, C.A. McGahuey1, M.C. Newman1, R.J. Caselli3, M.J. deLeon4,
E. Reiman1. 1 Dept. Psychiatry, Univ of AZ, Tucson, 85724 2 VA Hosp, Abq, NM, 
3Mayo Clinic, Phnx, AZ,  4 NYU NY, NY 5Good Sam Regional Med Cntr, Phnx, AZ 

Subjects homozygous for the apolipoprotein E type 4 (e4) allele have 
significantly lower rates of glucose metabolism using positron emission tomography 
(PET) in the same regions (i.e. posterior cingulate, parietal, temporal and prefrontal 
cortices) as patients with Alzheimer’s dementia (Reiman et al., New Engl J Med, 
1996). These same subjects also have nonsignificant trends for reduced 
hippocampal volume using magnetic resonance imaging (MRI). In this study, 
normalized whole brain, ventricular, and frontal lobe cerebral spinal fluid (CSF) 
volumes were characterized in the same cognitively normal 11 ϵ 4 homozygotes 
and 22 non-carrier controls previously studied using T1-weighted volumetric MRIs. 
Whole brain, ventricular, and frontal lobe CSF volumes were measured using a 
manually-defined region-of-interest approach and semi-automated thresholding. 
Test-retest reliabilities were 99%, 98% and 96% respectively. There was a 
nonsignificant trend (0.05<p<0.10; one-tailed) for increased CSF in frontal lobe 
CSF in the ϵ 4 homozygotes. There were no significant differences between groups 
in whole brain and ventricular CSF volumes. Ventricular CSF but not whole brain 
or frontal lobe CSF was significantly correlated with age in both the ϵ 4 
homozygotes and the aggregate group, but not in the non-carrier control group. In 
addition, each of the CSF volumes was significantly and inversely correlated with 
tests sensitive to verbal memory in the e4 homozygotes and the aggregate group, 
but not in the non-carrier control group. Measures of regional and whole brain CSF 
volume are likely to reflect brain atrophy and may contribute to the understanding 
of the brain changes associated with Alzheimer’s disease and normal aging.

85.6
BEHAVIORAL SYMPTOMS IN ALZHEIMER’S DISEASE (AD) PATIENTS 
ARE ASSOCIATED WITH THE WORD RECOGNITION TEST SCORES AND 
NOT WITH SCORES OF DEPRESSION OR WORD LIST GENERATION 
TEST. A. Baskys* and C.W. Cotman. Institute of Brain Aging, Univ. California 
Irvine and Dept. Physiol., Univ. Toronto, The Toronto Hospital (W. Div.), Toronto, 
Ont.M5T 2S8, Canada.

Behavioral symptoms such as psychomotor agitation or slowing, impaired 
concentration, wandering, hallucinations and delusions are noncognitive 
manifestations of AD. We studied their relationship to memory and language 
impairment in patients diagnosed with probable AD, with an average mini mental 
status examination (MMSE) score (±sd) of 18.0 ±7.6. Neuropsychological testing and 
behavioral symptom data from 23 patients (without personal identification) were 
obtained from the Institute database. Nineteen (82.6%) patients presented with a 
total of 145 symptoms, which were separated into the following categories (in % of 
total): motor (39.7), personality (37.0), delusions (12.3), illusions (6.9) and 
hallucinations (4.1). The most common symptoms in each category (in % of total) 
were: psychomotor slowing (10.3%), reduced concentration (10.3%), delusions of 
stealing (5.5%), illusions of mistaken identity (5.5%) and visual hallucinations 
(2.7%). Correlation analysis revealed that the number of symptoms recorded in an 
individual patient was negatively associated with the number of correctly identified 
words (true positives) in the word recognition test (r = -.68, p<.001, and r = -.65, 
p<.01,1st and 2nd attempts respectively) and the MMSE score (r = -.52, p<.005) but 
not with category naming or depression (CERAD scale) scores. It only weekly 
correlated with word repetition scores (r = -.50, -.52, -.53, p<.05, three attempts) and 
did not correlate with word recall scores. These data suggest that noncognitive 
symptoms are common in AD, and may result from impaired recognition rather than 
reduced ability to memorize new or recall recently acquired information.
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85.7
VISUAL SEA RCH IN H E A L T H Y  A G IN G  AND A L Z H E IM E R  
DISEASE. P. M. Greenwood*, G. F. Alexander & R. Parasuraman. Cognitive 
Science Lab., Catholic University, Washington, DC and Lab. of Neurosciences, 
NIA, Bethesda, MD.

Based on evidence that the ability to use precue precision to guide visual search 
undergoes a decline in Alzheimer Disease (AD) (Greenwood et al., 1997), we 
hypothesized that increasing numbers of target relevant distractors would differentially 
slow visual search in individuals with AD. 15 young (aged 18-22), 12 young old 
(aged 65-74), 10 old old (aged 75-85) and 8 individuals with probable AD (NINCDS- 
ADRDA guidelines) searched a display of 15 letters for a target defined as the 
conjunction of color and letter (a pink "R") surrounded by 0, 2, 4, 6, 8 or 10 target 
color (pink) items, remaining distractors being blue and green. Under search 
conditions when target presence and location were unpredictable, RT was 
differentially slowed by age and by AD (p<0.01). The effect of the number of 
distractors sharing a property with the target was greater in the two elderly groups and 
the AD group compared to the young group, but the AD group showed an effect 
similar to the elderly whether the target was present or absent. Under a separately 
presented non-search condition with a centered target, the groups also differed 
(p<0.002) with young unaffected but the elderly slowed by increased numbers of 
target color distractors. The AD group showed a pattern unlike either healthy young 
or old, with RT particularly slowed when the number of distractors possessing the 
target color equaled the number with each non-target color. These results suggest. (1) 
processes of visual search are slowed in healthy elderly and individuals with AD 
compared to the young but are not additionally slowed by AD compared to aging; (2) 
while processes of non-search discrimination are vulnerable to distraction in aging, 
the effect is not increased further in advanced aging; (3) AD spares the ability to 
conduct an orderly search among distractors but selectively impairs the ability to 
suppress processing of distractors in non-search discrimination.

Supported by NIA grants AG 12387 to P. Greenwood, AG07569 to R. 
Parasuraman and the NIA IRP.

85.9
CLINICAL FEATURES AND CHANGES IN THE INFERIOR HORN 
SIZES IN LATERAL VENTRICLE IN ALZHEIMER’S PATIENTS 
WITH DIFFERENT APOE GENOTYPE IN JAPANESE 
POPULATION. H. S a ito , H. Y a m a za k i, T. S a k a i. Y. I w a b u c h i@, S .  
Yoshida@, Y. Numachi@, H. M atsuoka@, and M. S a to @*. M inam ihanam aki 
National Hospital, H anam aki, 025-0033 JA PA N , D epartm ent o f P sychiatry, 
Tohoku University School o f M edicine, Sendai, 980-8574 JA P A N @.

Recent s tu d ie s  su g g e s te d  th a t A lz h e im e r 's  d ise a se  (A D ) w ith  
apolipoprotein E (A poE ) ε4  a lle le  had early  age o f onset, and severe  
cognitive dysfunction , but it is still con troversia l as to A poE ε4  alle le  is 
related to brain m o rpho log ica l changes. T his s tudy  exam ined  1) A poE 
genotype on norm al v o lu n tee r (n= 38) and AD (n= 32), 2) a sso c ia tio n  
between clinical features (age o f onset, H D S-R , and M M SE) and the ε4  
allele of ApoE in AD (n=32), and 3) association  betw een changes in sizes 
of inferior horn in lateral ven tricle  (LV ) and the A poE  ε4  a lle le  in AD 
(n=13). AD patients w ere d iagnosed  accord ing  to the D SM -IV . M RI was 
performed tw ice w ith in terval vary ing  from  h a lf  to  one and h a lf  year. 
Transverse section o f brain MRI was analyzed  using NIH im age to exam ine 
alterations in the in fe rio r  horn s izes in LV. T he A poE  gen o ty p e  was 
determined by the m ethod o f W enham  et al (1991).

The ε4  alle le  o f  A poE  frequency  w as h ig h er in AD  than in norm al 
volunteer. T here w ere no s ign ifican t d iffe rences in age o f onset, H D S-R  
and M M SE be tw een  AD  w ith  ε4  a lle le  and  AD  w ith o u t ε4  a lle le . 
Alterations in the inferior horn sizes in LV w ere not d ifferent betw een AD 
with ε4 allele and AD w ithout ε4 allele. O ur results suggest that 1) the ε4 
allele of ApoE is one o f  risk factor o f  AD, but 2) the ε4  a lle le  o f  ApoE 
does not relate to the clin ical or brain m orphological features in Japanese 
population. [S upported by M inam ihanam aki N ational Hospital]

85.11
NEUROANATOMICAL CORRELATES OF VISUAL AGNOSIA IN 
ALZHEIMER’S DISEASE: A CLINICOPATHOLOGICAL STUDY P.
Giannakopoulos1*, G. Gold1, M. Duc1, J.-P. Michel1, P.R. Hof2 and C. Bouras 
1Departments of Geriatrics and Psychiatry, University Hospitals of Geneva, 1225 
Geneva, Switzerland;  2Departments of Psychiatry and Neurobiology, Mount Sinai 
Sch. Med., New York, NY 10029, USA.

To examine the neuroanatomical correlates of visual agnosia in Alzheimer’s 
disease (AD), we performed an anterograde clinicopathological study of 21 patients 
with clinically and neuropathologically confirmed AD. Apperceptive visual gnosis 
was assessed using the Ghent’s overlapping figure test, and the Gottschaldt’s hidden 
figure test Associative visual gnosis was examined using the conceptual items of 
the Columbia mental maturity test Correlations between neurofibrillary tangle and 
senile plaque densities and visual gnosis test performance were studied using 
forward stepwise logistic regression. A statistically significant relationship was 
found between NFT densities in Brodmann’s areas 18, 19 and 37 and associative 
visual agnosia, whereas NFT densities in the areas studied did not correlate with 
the presence of apperceptive visual agnosia. Senile plaque counts did not correlate 
with any of the neuropsychological parameters. These results support the existence 
of a dichotomy between associative and apperceptive agnosia, and show that only 
the former is related to the damage of secondary and high-order visual association 
areas in AD. In addition, they suggest that SP densities do not represent a valuable 
pathological correlate of visual agnosia in this disorder.Supported by FNRS grant 
31.52997-97.

85.8
IMPAIRMENT OF EMOTIONAL MEMORY IN DEMENTIA OF THE 
ALZHEIMER TYPE J.G. Abrisqueta; O.F.A Bueno*; M.G.M. Oliveira; 
R.A.Ueta; P.H. Bertolucci. Departamento de Psicobiologia, Universidade 
Federal de São Paulo

The amygdala, a structure of the mesial temporal lobe innervated by 
cholinergic projections from the nucleus basalis of Meynert, is severely 
damaged in Alzheimer's disease. The amygdala is thought to confer emotional 
significance to mnemonic events. Fourteen midly to moderately impaired 
patients with dementia of the Alzheim er type (D A T) and 14 normal controls, 
matched for age and years of education, were the subjects of this study. 
Sixteen pictures (slides of photos of children, couples lovers, natural scenes, 
slaughter and war scenes, sexy postures of men and women, surgery scenes , 
geometric figures etc. selected from magazines and other sources ) were 
presented individually to the paraticipants. Thirty minutes later, a recognition 
test was applied with the target pictures dispersed among 34 others of similar 
content. The subjects were also intstructed to rate them in three categories 
according to their emotional content ( pleasant or unpleasant or indifferent). 
Indexes of remembrance were obtained for each subject by dividing the 
number of pictures recognized in each category by the total number of pictures 
rated in that category.
DAT subjects were able, as the controls, to rate pictures according to their 
content. Recognition of normal subjects was enhanced for pictures rated as 
pleasant or unpleasant, whereas for DAT subjects emotional significance 
atttached of the pictures by themselves was of no benefit to enhance 
recogntion. These results suggest that emotional memory is impared in 
Alzheim er’s patients.
Financial S u p p o rt: A FIP , CAPES.

85.10
NEUROPATHOLOGICAL MEASURES AND COGNITIVE 
FUNCTIONING IN SEVERE ALZHEIMER’S DEMENTIA. G. M. 
Peavy, W. Samuel*, D.P. Salmon, C.R. Hofstetter, L. Hansen, and 
E. Masliah. Dept. of Neurosciences. University of California. San 
Diego; La Jolla, CA 92093.

The objective was to examine associations between 
neuropathological and neuropsychological measures in severely 
demented patients using multiple regression analyses. Twenty-four 
severely demented patients with a neuropathologically confirmed 
diagnosis of Alzheimer’s Disease (AD) were tested on the Severe 
Cognitive Impairment Profile (SCIP), with a mean interval between 
testing and death of 12.3 (s.d.= 6.1) months. Synapse counts and 
neuritic plaques in the midfrontal region, tangles in the midfrontal and 
hippocampal regions, brain weight at autopsy, and the interval 
between test administration and death were chosen for inclusion in 
the analyses on the basis of their significant correlations (Pearson) 
with the SCIP total and subscale scores. Brain weight and midfrontal 
synapse counts were able to account for a significant proportion of 
the variance in the SCIP total score (54%) and the SCIP Language 
(57%), Memory (41%), Motor (55%) and Arithmetic (50%) 
subscales. Synapse counts, midfrontal neuritic plaque counts, and 
brain weight accounted for a significant proportion of the variance in 
the SCIP Comportment (66%) and Attention subscales (58%).
Lower brain weights and synapse counts, and higher midfrontal 
neuritic plaque counts were associated with greater cognitive deficits. 
The finding that synapse counts are strongly and consistently 
associated with global, as well as specific measures of cognitive 
functioning when the interval between testing and death is taken into 
account, is in keeping with results of previous studies.

85.12
FRACTAL DIMENSION OF MINIATURE EYE MOVEMENT IN ALZHEIMER’S 
DISEASE. S.Hayashi*, Y.Hatakeyama, N.Nakano, M.Murakami, M.Fujii, and R.fukatsu. 
Dept. ofNeuropsychiarty, Sapporo Med. Univ., Sch. of Med., Sapporo, Japan 060-0061

It is well known that a patients with Alzheimer’s disease(AD) has visuo-spatial 
dysfunction from early stage of this disease. We have reported the characteristic and 
disorganized eye movements in AD. These disorganized eye movements may  be involved 
in higher visual information processing abnormalities and visual inattention On the 
other hand, miniature eye movements, are observed when we gaze at a fixed point, are 
assumed to be essential for obtaining visual cognition. Recently, it has been suggested 
that miniature eye movement drift components(MMDC) might be a kind of deterministic 
chaos. In this paper, we present the results of fractal dimension analysis under some 
condition showed some characteristic findings in Alzheimer's disease.

Eye movements were measured by a binocular movement analyzer (Takei Co.LTD) 
with six probable AD, two pick disease(PD), three multiple infarction dementia 
patients(MID) and ten healthy subjects. These subjects were to gaze the target, and these 
subject’s head was fixed on a chin rest while measuring. The target was blinking or kept 
on , and these subjects were examined both in the dark and in the light. Then, we applied 
bandpass filter to the data of miniature eye movements of right eyes from the results of 
tests carried out on the patients with AD, PD, MID and HC and obtained the drift 
component. We then carried out fractal dimension of the miniature eye movement drift 
components using a newly developed software on personal computer.

The result of this fractal dimension analyses ofMMDC in two patients with AD, who 
gazed at the blinking LED target in the light, these fractal dimension ofAD were about 
1.7 .But, fractal dimension of other AD, PD and HC were very high dimension. These 
suggest that the difference in the analytical results for these two diseases 
may also reflect the difference in the nature o f  the recognition deficit and 
attention function between AD and others
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E V O K E D  P O T EN T IA L  BY V ISU A L M O TIO N  IN A L Z H E IM E R 'S  
D IS E A S E  A N D  O T H E R  D E M E N T IA
S.Saito, S.Murakami, M.Fujii, S.Hayashi, N.Nakano, R.Fukatsu and  M.Watanabe* 
Dept. of Neuro-psychiatry, School of Medicine, Sapporo Medical University, Sapporo 

060-0061 JAPAN
Recently, it was revealed that the visual information were processed in two separate 

ways, which were the occipito-temporal way and the occipito-parietal way. The former 
way relates to process the object recognition and the occipito-parietal way is to make 
the orienting visual space (Mishkin 1990). The experimental reports of functional MRI 
and PET suggested that the function of visual motion sense was located in middle 
temporal area(MT area). This area had a sign of little blood flow by single photon 
emission computed tomography study in Alzheimer's disease(AD) . So that we 
supposed that patients with AD would have a dysfunction of visual motion sense. In 
this experiment, we studied the function of visual motion sense in AD with the 
methods of visual evoked potential by motion trigger.
<Methods> The subjects were 4 patients with AD, 3 with multi infarction dementia 
and 11 normal age matched volunteers. The visual motion stimuli was to move 80 
circle dotes of 0.75 degree from center to right and left with 5,10,15,20,25 degree/scc. 
The motion triggered visual evoked potential was recorded to add 128 times and be 
averaged.
<Results> In normal and MID subjects, motion triggered visual evoked potential 
appeared at the latency of 100 msec positive and 150 msec negative wave( N150). The 
topography of N 150 located around MT area. However, those potential of N 150 was 
small or not observed in the patient with AD. These patients with AD had normal 
visual evoked potential on occipital visual area. These results mean that these N150 
disappear is due to dysfunction of information process about visual motion in MT area 
and motion triggered visual evoked potential N150 is useful to diagnose AD.

8 5 .1 4

A N A L Y S I S  O F  E Y E  H E A D  H A N D  C O O R D IN A T IO N  IN  
A L Z H E I M E R ’S D IS E A S E
Yoshihisa Hatakeyama,Mitsuru Fujii*,Shuichiro Hayashi,Satoshi Saito,Norihito 
Nakano,Shinji Murakami,Ryo Fukatsu 
Dept.of Neuropsychiat.,Sapporo Medical Univ.
School of Medicine, S 1W 16,Chuoku Sapporo,060,JAPAN
Studies using an apparatus that combines a vision analyzer and magnetic sensors 
have shown that abnormalities in eye hand coordination occur from the early stage 
of Alzheim er’s disease(AD). By m odifying this apparatus and using new software, 
we developed a new apparatus for detecting eye head hand coordination sequences, 
and we carried out preliminary trials using this apparatus on dementia patients. 
The subjects include five aged healthy controls, three AD patients (one early stage 
patient, two moderate stage patients ) and three dementia patients (two cases of 
multi-infarct dementia and one case of P ick’s disease). W e measured and analyzed 
eye head and eye head hand coordination sequences while the subjects viewed 
targets from a distance o f 1.4m. The following characteristic findings were seen in 
AD patients. In the early stage patients, the head movement in the head movement 
in the eye head c o o rd in a tio n  sequence was slow, but when the targets were 
pointed to, the head movement in the sequence of eye head hand coordination was 
similar to that of the aged healthy controls. However, the moderate stage AD 
patient showed poor head movement and a disrupted sequence o f eye head hand 
coordination. At present, the cerebral site associated with the sequence of eye 
head hand coordination has not been identified, and the neural mechanisms o f such 
complex coordination sequences are not known. Objective analysis of coordination 
sequences in patients with brain damage using our newly developed apparatus may 
lead to a new theory on behavioral science and cognitive rehabilitation for the 
dementia patients.

8 5 .1 5

P3a and P3b EV EN T-RELA TED  PO TEN TIA L C H A N G ES IN DEM ENTIA. 
S. Y am aguchi*, S. Y am agata, H. Tsuch iya, G. Toyoda, and S. Kobayashi. Dep. 
o f  Internal Med. III, Shim ane Med. Univ., Izum o, 693, Japan.

Cognitive deterioration in dem entia has been electrophysiologically indexed 
by changes in event-related evoked potentials (ERPs). Difficulties in recording 
ERPs are often encountered in som e patients due to behavioral deteriorations 
D elivery o f an unexpected deviant stim ulus with no particular task relevance 
generates a P3a potential. W e recorded ERPs to task-relevant stimuli (P 3b) and 
task-irrelevant novel stimuli (P3a) in an auditory oddball task in patients with 
dem entia o f Alzheim er type (SDAT, n = 16, 69 y.o.) and m ulti-infarct dementia 
(M ID, n=16, 69 y.o.), and in age-m atched controls (n = 18, 70 y.o.). The degree 
o f m em ory disturbance was m ild to m oderate and com parable between SDAT 
and MID. The am plitude of P3b was significantly reduced in both patient groups 
and the reduction was com parable betw een the groups. The scalp topography 
of P3b was not different among three groups. The am plitude of P3a was reduced 
m arkedly in M ID, but not in SD AT Its scalp topography was different among 
three groups; it was maximal at the frontal site in controls, at the central site in 
SDAT, and at the parietal site in MID. The P3b latency was prolonged in both 
M ID and SD A T, w hereas the P3a latency was prolonged only in M ID . The 
score o f the dem entia scale was well correlated with the P3b latency, but not 
w ith the P3a latency. These results suggest clinical usefulness of recording a 
P3a po ten tia l in add ition  to a c o n v en tio n a l P3b for e le c tro p h y s io lo g ica l 
assessment o f dementia with different etiology. Supported by Japanese M isnistry 
o f Health and W elfare.

8 5 .1 6

A  POSSIBLE FR O N TAL V A R IA N T  OF A L Z H E IM E R ’S DISEASE: 
C L IN IC O P A T H O LO G IC A L  C O R R ELA TIO N . JK Johnson*, E Head, &
CW Cotman. Institute for Brain Aging & Dementia, UC-Irvine, Irvine, CA 92697.

Recent studies have identified atypical presentations of Alzheimer’s disease (AD) 
who have disproportionate impairments in one cognitive domain, suggesting that 
regional differences in pathology may have consequences on clinical presentations. 
From a sample of clinically well-characterized and pathologically confirmed AD cases, 
we identified a subgroup who presented with a disproportionate impairment in tests of 
frontal lobe function (e.g., Trails A & FAS fluency) during mild dementia (Folstein 
MMSE >18). A series of typical AD cases, matched for age and education, served as 
the comparison group. Despite statistically significant differences between groups on 
frontal dependent tests (t-test, p < 0.05), performance on other neuropsychological 
tests was similar. We predicted that the subgroup of cases with a disproportionate 
impairment on tests of frontal lobe function would exhibit a greater degree of frontal 
pathology than the typical AD cases. Brain tissues (frontal and entorhinal cortex) 
were obtained from the UC-Irvine Institute for Brain Aging Tissue Repository and 
immunostained for neurofibrillary tangles (NFT) and plaques (ß-amyloid). NFT and 
ß-amyloid “loads” were obtained using NIA Image analysis yielding the proportion of 
area occupied by both tangles and plaques, respectively. There were no significant 
differences between groups in entorhinal NFT or ß-amyloid pathology. While there 
were no significant differences between groups on frontal ß-amyloid, the Frontal AD 
group had significantly higher frontal lobe NFT loads (t-test, p < 0.05) when 
compared to the Typical AD group. The Frontal AD cases had an approximately 
9-fold greater accumulation of NFT pathology in the frontal lobe when compared to 
Typical AD cases. This subgroup of cases may represent a frontal variant of AD in 
which the frontal lobes have a selective vulnerability for NFT pathology. These cases 
suggest the presence of an another subgroup of AD with distinctive behavioral and 
neuropathological features. (NIA grants AG-00032, AG-05142, & AG-00538)

8 5 .1 7 8 5 .1 8

RECOGNITION MEMORY AND FMRI IN AGING AND DEM ENTIA. J. P. 
Kesslak1,2*, L. T. Muftuler3 and O. Nalcioglul3 .  Institute for Brain 
Aging and Dementia1, Departments of Neurology2 and, Radiological 
Sciences3, University of California, Irvine, CA 92697-4540.

Functional Magnetic Resonance Imaging (fMRI) provides a means to 
examine brain activity with high spatial and temporal resolution by 
changes in the Blood Oxygen Level Dependent (BOLD) contrast. Brain 
areas activated by specific cognitive function can be precisely mapped to 
determine which areas are involved and chages associated with 
dementia, such as Alzheimer's disease. Verbal learning and memory 
tasks activate specific brain that can be assessed with echo planer 
imaging (EPI). Scanning was done on a 1.5 Tesla GE Signa Magnet, 
with a SMIS head coil and data acquisition system with EPI. Subjects 
were presented word lists followed by tests for recognition memory. 
Pixels that highly correlated with the stimulus function were delineated 
in functional EPI images and superposed on high resolution Spin Echo 
images. Activation was observed predominantly in the areas of frontal 
cortex and medial temporal region. The observed activation of the 
temporal and parietal cortex by simple verbal recognition memory tasks 
corresponds to the current neuro-psychological understanding of the 
neural circuitry involved in verbal learning and memory. This provides 
a functional and anatomical index of areas that are involved in normal 
verbal learning, which is essential to understand basic processes 
involved in this cognitive function, how the neural circuit responds with 
age, and dysfunction in pathological conditions such as dementia.

BRAIN ENERGY M ETABOLISM  IN ALZHEIM ER’S DISEASE (AD) : 
PHYSIOPATHOLOGICAL INSIGHTS BASED ON SPECT IMAGING AND ON 
THE CELLULAR MECHANISMS OF HMPAO RETENTION

H errm an n 3, J .-P. M ichel3 ,  J.-M. Annoni4 , C. Bouras5 , L. Pellerin1 and D. 
S lo sm an 6 Insiitut de Physiologie, Université de Lausanne1, FAPSE2 and 
Départements de Gériatrie3, Neurologie4 , Psychiatric5 et Radiologie6, Université de 
Genève, Switzerland

The central hypothesis of this study is that perturbations of brain energy 
metabolism are critically involved in the neurodegeneration occurring in AD and that 
they may correlate with early cognitive dysfunctioning. In the present 
multidisciplinary study we have set out A) to monitor brain energy metabolism 
using FDG-PET and HMPAO-SPECT imaging and B) to study correlations between 
energy metabolism and cognitive functioning, in a cohort o f individuals over 60 
years of age, drawn from the general population. HMPAO-SPECT is performed under 
basal conditions and during the performance of a cognitive task (verbal fluency test). 
Each subject entering the study undergoes a FDG-PET, an HMPAO-SPECT and a 
battery of neuropsychological tests which assess various aspects of cognitive 
functions, including working memory. To date, 45 subjects have entered this 
longitudinal study and completed the imaging and neuropsychological procedures. As 
a complement to the clinical study, the cellular and molecular mechanisms that 
underlie the retention of HMPAO, the tracer used for SPECT imaging, have been 
examined in vitro in purified preparations of neurons and astrocytes. Both cell types 
take up HMPAO through a time- and temperature-dependent saturable process, the 
uptake into astrocytes being three-times higher than for neurons. Experimental 
evidence suggests that the concentration of reduced glutathione, which is tightly 
linked to the energy status o f the cell, is correlated with the degree of HMPAO 
retention. HMPAO-SPECT may therefore provide a useful in vivo index of the 
metabolic status of the brain and of its vulnerability to oxidative stress. Supported by 
FNRS grant 4038-044074 (PNR 38)
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85.19
IS KNOWLEDGE OF UNNAM ED PICTURES SPARED IN  ALZHEIM ER'S 

DISEASE? N.-Askari1*, J.M. Ford1, J.R. H offm an1, J.J. W u 1, V. M en o n 1, 
I.D.E. Gabrieli2. 1 Dept. of Psychiatry & B ehavioral Science, S tanford 
University School of Medicine and  V eterans Affairs H ea lth  C are System ,
Palo Alto, CA , 2Dept. of Psychology, S tanford U niversity.

One of the earliest manifestations of sem antic m em ory  problem s 
associated with aging and dem entia is w ord  find ing  difficulties, o r anom ia, 
which may reflect degraded know ledge or retrieval of sem antic know ledge. 
Successful priming by previously u n n am ed  p ictu res w ou ld  indicate som e 
preserved knowledge about those p ictures. P rim ing can be m easured  
behaviorally, with reaction tim es (RTs), or electrophysiologically , w ith  the 
N400 component of event-related potentials. A t CNS in A pril 1998, we 
reported N400 evidence for p rim ing  by p ictu res th at cou ld  no t be correctly 
named, suggesting spared know ledge. H ere w e rep o rt RT evidence for no 
priming by these pictures. Item  know ledge w as assessed  in  a prescreening  
session in which 13 AD p atien ts w ere asked  to  nam e 102 p ictu res that 
varied in familiarity. One w eek later, p rim ing  w as assessed  in a picture-to- 
word matching task using p ictures that could  and  could n o t be nam ed  
correctly. Patients were asked to p ress one b u tto n  to w o rd s  th at m atched  
the picture and another to w ords that d id  not. P ictures th at could  n o t be 
named correctly showed no RT evidence of p rim ing  an d  w ere associated 
with more button press errors. A dditional analyses revealed  p ictu re  
familiarity effects could not account for the effects of anom ia on  RTs. The 
dissociation between N400 an d  behavioral p rim ing  effects as indices of 
spared knowledge suggests the differential sensitiv ity  of neurophysio logical 
and behavioral assessments of n orm al and  abnorm al m em ory  function. 
Supported by NIMH(MH40052, MH40041, and MH30854), CA Alzheimer's 
Disease Program, DVA.

IS C H E M IA : N E U R O P R O T E C T IO N  I

86.1
DECREASE IN THE HEMORRHAGE TRANSFORMATION BY 
MDL 100,002 IN A RABBIT EMBOLIC STROKE MODEL. Justin 
A. Zivin*, Chunli Liu and Bingren Hu. D epartm ent of 
Neurosciences, University of California, San Diego, CA 92093- 
0624.

It has long been known that brain ischemia is often followed 
by intracerebral hemorrhage (ICH). The mechanism underlying this 
type of hemorrhaging is not completely understood. To test whether 
free radicals are involved we studied effects of a free radical 
scavenger, MDL 100,002 in a rabbit embolic stroke model. In this 
model, the incidence of ICH is about 65%. Time course study 
showed that the incidence of grossly detectable hemorraging was 
about 40% at 5 hrs and reached to maximum (about 65%) at 24 and 
72 hours after embolization. The incidence of infarction in this 
study is about 90%. MDL 100,002 given i.v. at 5 min after 
emblolization significantly decreases the incidence of ICH. It 
improved the behavior score relative to vehicle treated rabbits and 
decreased the incidence of death. We conclude that the beneficial 
effect of MDL 100.002 may be due to inhibition of free radical 
production in the vessel and/or brain tissue. This study is supported 
by NIH grant NS28121 to J.A.Z.

86.3
PROTECTION OF ISCHEMIA-INDUCED NEURON CELL DEATH BY 
GRAPE POLYPHENOLS. J. Xu, J. Xia*, A. Simonyi, L. A. Miller and 
G Y. Sun Biochemistry Dept., Univ. Missouri, Columbia, MO 65212.

Polyphenolic compounds are known for their antioxidant properties and 
they have been regarded as the key compounds in wine in lowering the risk 
for coronary heart disease. However, their role as antioxidants on oxidative 
events in the brain has not been examined sufficiently. In this study, adult 
male Mongolian gerbils (70 g) (11 per group) were given the AIN-93 diet 
with or without the polyphenols (GP, 500 mg/kg diet) extracted from grape 
skin and seeds for 22 days. Animals were subjected to a 5 min transient 
global ischemic insult induced by ligation of both common carotid arteries 
(CCA). Ischemia and sham groups were killed at 2 and 5 days after the 
surgery and frozen brain sections were prepared for (1) staining with cresyl 
violet to assess neuron cell death, (2) measuring apoptotic DNA 
fragmentation using the TUNEL assay, and (3) in situ hybridization to 
examine mRNA expression of genes encoding oxidative defense enzymes 
and those involved in cell death mechanism. Examination of cresyl violet 
stained sections from brains after 5 day ischemic insult indicated a 
significant protection (67%) of neurons at the hippocampal CA1 region due 
to GP treatment. GP treatment alone did not alter cell number in the CA1 
region in the sham-operated groups. This study is the first to demonstrate 
ability of GP to protect neuron cell death due to cerebral ischemic insult. 
(Supported in part by AA 06661 from NIAAA).

86.2
MELATONIN BLOCKS  ISCHEMIA-REPERFUSION INDUCED NEURONAL 
DAMAGE. H. Nishino1*, M. Kumazaki1, T. Sakurai1, P.R. Sanberg2, and C.V. 
Borlongan3. 1Dept. Physiology, Nagoya City Univ. Med. Sch., Nagoya, Japan; 2Div. 
Neurol. Surg./Neurosci. Prog., Dept. Surgery, Univ. South Florida Coll. Med., Tampa, 
FL 33612; 3Cellular Neurobiol. Branch, IRP/NIDA/NIH, 5500 Baltimore, MD 21224.

Cerebral ischemia injury is precipitated by increased free radical formation, and 
pharmacologic interventions designed to halt aberrant accumulation of free radicals 
have been shown to significantly reduce ischemia-induced neuronal damage. Recent in 
vitro and in vivo studies have demonstrated that melatonin is an effective free radical 
scavenger, and thus may be a neuroprotective agent against ischemia. In the present 
study, adult male Wistar rats (250g) were treated either with saline or melatonin (oral 
administration, 6 mg/day/rat) starting on the day just prior to a one-hour unilateral 
occlusion of the middle cerebral artery and continuing for the next 18 days. All animals 
exhibited biased elevated body swing asymmetries and spontaneous rotations during the 
one-hour occlusion indicating successful ischemia. Examination of brains from 
ischemic animals treated with saline revealed histological disturbances at both acute (9 
days post ischemia-reperfusion) or chronic (28 days) stage, characterized by infarction 
(tissue disappearance), loss of GFAP and MAP-2 positive cells, infiltration of IgG and 
leukocytes in ischemic striatum and cortex. Adjacent (i.e., penumbra) to the latero- 
dorsal cortex, which was identified as the core of infarction, GFAP positive glia were 
not visible and IgG was extravasated, but pyramidal neurons could still be detected. 
Strong reactive gliosis was noted along the outside lining of the penumbra (GFAP 
positive astrocytes wall). Antibody against aquaporin-4, which is a marker for the end- 
feet of astroglia in intact brain, positively labeled the soma of these reactive astroglia. 
Brains from melatonin-treated rats showed no observable histological damage at all 
(HE, MAP-2, GFAP, IgG, AQP), except for extravasation of IgG in subfornical organ 
and at the edge of lateral ventricle. This blockade of ischemia-reperfusion injury by the 
free radical scavenger melatonin offers an alternative venue for treatment of stroke. 
(Supported by Japan Monbusho International Collaborative Research Grant 08044314)

8 6 .4

LO N G -TERM  BEN EFICIA L EFF EC T OF D EXA NABIN OL (HU -211) IN 
RA T BRAIN TR A N S IEN T FOCAL ISCH EM IA . A. Bar-Joseph*, V. Lavie, A. 
Weksler, Y. Berkovitch, and A. Biegon. Pharmos. Kiryat Weizmann. Rehovot 76326, 
Israel

Dexanabinol (HU -211) is a nonpsychotropic cannabinoid which acts as a 
noncompetitive N M D A  receptor antagonist It also has anti-oxidant and 
cytokine-inhibitory properties. The compound was previously shown to be 
neuroprotective in models o f  head traum a, rat optic nerve injury, global and focal 
ischemia. The purpose o f  the present study was to investigate long-term effects o f  
single and m ultiple doses o f  Dexanabinol and MK-801 on prevention o f 
degeneration and on sprouting in transient focal ischemia induced by middle 
cerebral artery (M C A ) occlusion. The M CA was occluded for ninety m inutes in 
male Sprague Dawley rats by intralum inal suture. Dexanabinol (5mg/kg i.v.) or 
M K-801 (1 m g/kg s.c.) and their vehicles were administered seventy-five minutes 
after the initiation o f  the ischemic insult once or once daily for seven days. The 
success o f  the M CA occlusion was clinically tested sixty minutes post insult 
initiation. Eight weeks later, brains were fixed, serially sectioned and stained with 
Hem atoxyline and Eosin. The infarct volumes, evaluated by a blind investigator, 
were m easured using a  computerized image analyzer. Parallel sets o f  sections 
were imm unocytochemically stained with anti GAP-43 to evaluate sprouting. 
Results dem onstrated that the mean infarct volume o f  the single Dexanabinol 
treatm ent anim als was reduced by about 70%  in comparison to the vehicle 
treated anim als. The effect o f  repeated treatm ents with Dexanabinol and MK-801 
as well as the GA P-43 staining is still undergoing analysis. Thus, a single dose o f  
Dexanabinol given more than an hour after M CAO. produced a long-term (eight 
weeks) neuroprotective effect on infarct volume. This finding further support the 
clinical development o f  Dexanabinol for stroke.
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DESMETHYL TIRILAZAD REDUCES THE SEVERITY OF HYPOXIC ISCHEMIC 
BRAIN INJURY IN THE NEWBORN PIGLET. Y.Z. Feng*1, M.H. LeBlanc1, C.C. 
Parker1, J.D. Fratkin2, Dept.of Pediatrics, 2Dept. o f Pathology, Univ.of Mississippi 
Medical Center, Jackson, MS 39216.

Free radical inhibitors have shown promise in several hypoxic ischmic brain injury 
models, and we wished to see if this work could be extended to our newborn piglet 
model using desmethyl tirilazad (U-74389G), a 21-aminosteroid. Thirty 0 to 3 day old 
piglets had carotid snares and arterial and venous catheters placed under 1.5% 
isoflurane anesthesia. While paralyzed with succinycholine under 0.5% isoflurane, 
50% nitrous oxide, they were randomly assigned to receive either 20 mg/kg o f U- 
74389G at -15 min followed by 8 mg/kg/hr for 90 min or vehicle. At time 0, both 
carotid arteries were clamped and blood was withdrawn to reduce the blood pressure to 
two-thirds normal. At time 15 min inspired oxygen was reduced to 6%. At time 30 min 
the carotid snares were released, the withdrawn blood was infused, and the oxygen was 
switched to 100%. Plasma malonaldehyde (MDA) was measured at -15, 0, 60 and 150 
min. On the third day after the hypoxic ischemic injury, the piglets were killed by 
perfusing their brains with 5% formalin. Neurologic exam scores by blinded observer 
at 24, 48, and 72 hour after injury were 14.3 ± 0.6 SE, 15.4 ± 0.6, and 16.4 ± 0.8 in the 
control group and 16.7 ± 0.6 (p<.01), 17.2 ± 0.7, and 18.5 ± 0.5 (p<.05) in the U- 
74389G group (20 is normal, 5 is brain dead). Pathologic examination scores by 
blinded observer on cerebral cortex were 4.3 ± 0.9 in the control group and 7.5 ± 1.1 in 
the U-74389G group (p < 0.05) (10 is normal, 1 is total necrosis, path completed in 
only  ½ of pigs). Plasma MDA at -15, 0, 60 and 1510 min were 31 ± 5, 44 ± 7, 111 ± 15, 
and 159 ± 21 nmol/ml in control group and were 24 ± 3, 37 ± 5, 75 ± 11 (p < 0.05) and 
101 ± 12 (p < 0.05) nmol/ml in the U-74389G group, respectively. U-74389G improves 
neurologic function and reduces pathological injury when given prior to brain injury in 
the piglet.

8 6 .7

CARBOXYFULLERENE PROTECTS NEURONS FROM NMDA-INDUCED 
DENDRITIC INJURY. MJ Hasbani*, LL Dugan, GA deErausquin, and MP 
Goldberg. Dept. o f  Neurology, Center for the Study o f  Nervous System Injury, Washington 
Univ. Sch. o f  M ed., St. Louis. MO 63110.

Dendritic degeneration is a hallmark of glutamate excitotoxicity. In culture, 15 
day old cortical neurons derived from murine embryos are susceptible to glutamate 
toxicity and undergo reversible dendritic beading in response to sublethal oxygen- 
glucose deprivation or NMDA receptor activation (Neurobiol.Dis.3:2l5,l996). 
Here, we examined the role of free radicals in NMDA-induced injury. Dendritic 
morphology was assessed using Dil and immunocytochemistry against MAP2. 
Exposure of neurons to 300 µM glutamate for 10 min resulted in widespreaed 
dendritic beading which was partially blocked by 10 µM MK-801 and fully blocked 
by 10 µM MK-801 and 30 µM NBQX, indicating that glutamate-induced varicosity 
formation was largely mediated through NMDA receptors. Application of 30 µM 
NMDA for 10 min resulted in varicosity formation which could be blocked by co-
application with the free radical scavenger derivative o f C60 (buckminsterfullerene), 
carboxyfullerene (30 µM; Dugan et al., PNAS.94:9434, 1997), but not by other free 
radical scavengers, including trolox (30 µM) or PBN (100 µM). Application of 30 
µM NMDA for 10 min resulted in mitochondrial free radical formation in the cell 
bodies and dendrites of neurons as assessed by the mitochondrial free radical sensor, 
dihydrorhodamine. In addition, FCCP (1 µM, 60 min)-induced uncoupling of the 
mitochondrial electron-transport chain, a maneuver known to induce mitochondrial 
free radical formation, resulted in the formation of dendritic varicosities in neurons 
bathed in NMDA and non-NMDA receptor antagonists. The results raise the 
possibility that NMDA-induced alterations in dendrite morphology are mediated, in 
part, through the formation o f toxic mitochondrial free radicals. Supported by NIH  
NS32140, N S32636, AG 00599, and American Heart Association.

8 6 .9

TAURINE PROTECTS PC12 CELLS FROM HYPOCHLORUS ACID 
TOXICITY. S. Kearns, B. Eppler* and R. Dawson. Jr. Dept. 
Pharmacodynamics, Coll. of Pharmacy, Univ. of Florida; Gainesville, FL 
32610.

Hypochlorus acid (HOCl) is a chemically reactive oxidant released from 
neutrophils. Neutrophils are thought to play an important role in the 
neurotoxicity associated with ischemia/reperfusion injury. Taurine has 
previously been shown to scavenge HOCl and protect the myocardium from 
neutrophil-induced reperfusion injury. The aim of the present study was to 
determine if taurine could prevent the neurotoxicity of HOCl using the PC12 
cell model. HOCl was tested at 50, 100 and 150 µM for its ability to kill 
PC12 cells using a tetrazolium-based (MTT) assay of cell viability. 
Experimental treatments and protection assays were replicated 4-6 times. 
HOCl at 50 µM produced about a 50% decrease in cell viability and 150 µM 
HOCl reduced viability to about 25% of control levels. Taurine at 20 mM 
provided complete protection from all three HOCl eoncentrations. Taurine 
(0.5-20 mM) was tested against 150 µM HOCl and 0.5 mM taurine increased 
cell viability significantly (p<0.05) from 30% to 80%. Taurine 
concentrations above 1 mM provided complete protection. Taurine 
concentrations in the physiological range were effective in scavenging HOCl 
and protecting a neuronal model against oxidative damage. Taurine release is 
known to be increased during peroids of ischemia and this may serve to 
reduce neuronal damage mediated by neutrophils.

86.6
DEFEROXAMINE DOES NOT AFFECT THE SEVERITY OF HYPOXIC 
ISCHEMIC BRAIN INJURY IN THE PIGLET. M.H. LeBlanc*1, Y.Z. Feng1, C.C. 
Parker1, J.D. Fratkin2. 1Dept. o f Pediatrics, 2Dept. of Pathology, Univ. o f Mississippi 
Med. Ctr., Jackson, MS 39216.

Free radical inhibitors have shown promise in several hypoxic ischemic brain injury 
models, and we wished to see if this work could be extended to our newborn piglet 
model using deferoxamine, an iron chelator. Twenty-eight 0 to 3 day old piglets had 
carotid snares and arterial and venous catheters placed under 1.5% isoflurane 
anesthesia. While paralyzed with succinylcholine under 0.5%, 50% nitrous oxide, 
they were randomly assigned to receive either 100 mg/kg of deferoxamine or vehicle 
at time -15 min. At time 0, both carotid arteries were clamped and blood was 
withdrawn to reduce the blood pressure to two-thirds normal. At time 15 min 
inspired oxygen was reduced to 6%. At time 30 min the carotid snares were released, 
the withdrawn blood was reinfused, and the oxygen was switched to 100%. Plasma 
malonaldehyde (MDA)was measured at -15, 0, 60, and 150 min. On the third day 
after the hypoxic ischemic injury, the piglets were killed by perfusing their brains 
with 5% formalin. Neurologic examination and brain pathology were scored by 
blinded observers. Neurologic exam scores at 24 hours, 48 hours, and 72 hours after 
injury were 14.5 [13.0, 16.4], 16.0 [14.5, 17.0], and 17.0 [15.8, 17.9] (median [25%, 
75%]) in control group and were 15.0 [10,.7, 16.0], 15.5 [14.2, 16.3] and 16.0 [14.1, 
17.5] in the deferoxamine group (p>0.05) (20 is normal, 5 is brain dead), respectively. 
Pathologic examination scores in the piglets surviving the full 3 days were 14.5 [7.0, 
24] in the control group and 9.0 [7.5, 18.0] in the deferoxamine group (p>0.05) (30 is 
normal, 3 is near total necrosis, path completed for only ½   of pigs). Plasma MDA at 
-1 5 ,0 , 60, and 150 min were 31.1 ± 5.0, 43.8 ± 7.0, 110.7± 14.8, and 158.7 + 21.2 
nmol/ml in control group and were 33.96 ± 3.6, 47.4 ± 6.6, 93.8± 13.1 and 124.9 ± 
19.0 nmol/ml in deferoxamine group (p>0.05), respectively. Deferoxamine, when 
given at a dose o f 100 mg/kg, does not affect the severity of hypoxic ischemic brain 
injury in the newborn piglet.

86.8
VERATRIDINE-INDUCED AXONAL BEADING IN CORTICAL NEURONS. 
MP Goldberg*, MJ Hasbani, and JD Shields. Dept. of Neurology, Center for the Study 
of Nervous System Injury, Washington Univ. Sch. of Med., St. Louis, MO 63110.

Glutamate excitotoxicity contributes to neuronal degeneration after 
hypoxia. We described a model of dendritic injury and recovery in cultured 
neurons exposed to sublethal oxygen-glucose deprivation or NMDA receptor 
activation (Neurobiol.Dis.3:215,1996). Here, we examined whether axons were 
also susceptible to injury mediated by NMDA or non-NMDA receptor activation. 
Dendrite and axon morphology was assessed using the lipophilic membrane tracer, 
Dil, together with immunofluorescence against MAP2 (dendrites) or SMI 31 
(axons). In response to 10 min, 30 uM NMDA or 10 min, 100 uM kainate, 15 day 
old cortical neurons underwent segmental dendritic beading; however, axon 
morphology was unchanged. Immunocytochemistry using Ab SMI 31 directed 
against axon-specific neurofilaments was unaltered in response to NMDA or 
kainate. Beading along dendritic processes was blocked in solutions containing 
reduced Na+ (N-methyl-D-glucamine substitute) or Cl- (Na methylsulfate 
substitute). Sodium entry triggered by veratridine (10 min, 10 uM) application also 
induced the formation of dendritic varicosities. Suprisingly, over-activation of 
voltage-gated sodium channels with veratrdine also led to varicosity formation in 
axons, which could be blocked in reduced Na+ buffer or by co-application with 
TTX (1 uM). Axonal neurofilaments were substantially disrupted after exposure to 
veratridine. Our results suggest, first, that dendritic and axonal injury can be 
initiated through activation of two different sets of channels, and, second, that both 
processes are dependent on extracellular sodium. Morphologic alterations in axons 
initiated by veratridine application may mimic those seen after CNS trauma or 
ischemia. Supported by NIH NS32140 and American Heart Association.

86.10
NICOTINAMIDE REDUCES INFARCT VOLUMES IN A PERMANENT MODEL 
OF FOCAL CEREBRAL ISCHEMIA IN WISTAR RATS. I.A.Ayoub, C.S.Ogilvy 
and K.I.Maynard*. Department of Neurosurgery, Massachusetts General Hospital, 
Boston, MA 02114

Nicotinamide (NICO) a NADH precursor, is a substrate for the electron transport 
chain and dehydrogenase enzymes. It blocks poly(ADP-ribose) polymerase (which is 
associated with cell death). It also protects against malonate-induced neurotoxicity 
and increases neuronal ATP concentration.

Since ischemia is caused by an imbalance between cellular demand and supply of 
ATP, we tested whether NICO could protect against focal cerebral ischemia.

Male Wistar rats (270g-300g) were injected I.P. (one hour before Middle Cerebral 
Artery occlusion(MCAo)) with either saline, 50 mg/kg, 500 mg/kg, or 1000 mg/kg 
o f NICO. After inducing anesthesia (4% halothane in N2O and O2) a femoral artery 
was catheterized to monitor the blood pressure, heart rate, blood gases, glycemia and 
hematocrit. Normal rectal temperature was controlled. Permanent MCAo was 
induced using the suture model (Belayev et al, 1996). One day later, the animals 
were anesthetized, the brains removed, sliced and stained using 2% 
triphenyltetrazolium chloride. Infarction volumes were measured, and % infarction 
calculated on a computerized imaging system. The data was analyzed using ANOVA 
followed by Dunnett posthoc comparison.

There were no differences in the physiologic conditions o f the groups o f animals. 
NICO reduced the infarction volume in the 500 mg/kg treated group (26.5±13.2%) 
(p=0.05), but not in the 50 mg/kg treated (40.4±12.4%) or 1000 mg/kg treated 
(33.4±10.l% ) groups, relative to the controls (38.9±7.9%). We conclude that NICO 
protects against focal cerebral ischemia in Wistar rats. Further studies are needed to 
clarify the mechanism of action o f the neuroprotection observed, and the therapeutic 
window for this treatment.

CSO supported by NIH and KIM by AHA.
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86.11
PS-519, A NOVEL PROTEASOME INHIBITOR, REDUCES INFARCTION IN A 
RAT MODEL OF ISCHEM IA/REPERFUSION BRAIN INJURY. J.B. Phillips1*, A. 
Williams1, J.R. Dave1, P. Elliott2 and F.C. Tortella1. 1Div. Neurosci., Walter Reed Army 
Inst. Res., Washington, D.C. 20307 and 2ProScript, Inc., Cambridge, MA. 02139.

One of the most important factors determining the progression and extent of an ischemic 
injury is the degree of neutrophil infiltration and/or invasion of cytotoxic or inflammatory 
cytokines to the site of injury. The molecular expression of this process is under the control 
of the transcription factor NF-kB, which itself is regulated via the intracellular ubiquitin- 
proteasome pathway. Proteasome inhibitors (e.g. PS-519), by virtue of selective blockade 
of NF-kB activity, would potentially reduce ischemic injury by attenuating the expression 
of cytokines and adhesion molecules. This possibility was tested in a rat model o f focal 
ischemic brain injury (i.e. stroke) using the filament method o f middle cerebral artery 
occlusion (MCAo) and reperfusion. Rats were subjected to 2 hrs of right MCAo. Body 
temperature was monitored and maintained nonnothermic throughout the MCAo surgery 
and the initial 4 hrs of reperfusion. Neurological examinations (a graded 0-10 scale, 0 = 
normal) were performed throughout the study and immediately prior to euthanasia, 
following which brains were removed and sectioned for infarct assessment using TTC 
staining and computer-assisted image analysis. In vehicle treated rats, MCAo produced a 
core infarct volume in the ipsilateral cerebral hemisphere measuring 282 ± 20 mm3 which 
was associated with severe neurological deficits (neuro score = 8.0 ± 0.6). In rats treated 
2 h post-MCAo (or immediately after reperfusion) with a single i.v. injection of 0.1 or 0.3 
mg/kg PS-519 there was a significant decrease in core infarction o f the injured hemisphere 
to 121 ± 31 mm3 and 138 ± 31 mm3, respectively, representing 50-60% neuroprotection 
efficacy. Likewise, upon clinical examination significant dose-dependent improvements 
in neurological function were measured: 0.3 mg/kg group, neuro score = 4.4 ± 1.0; 0.1 
mg/kg group, neuro score = 5.4 ± 1.2. These results demonstrate potent neuroprotective 
actions of PS-519 in a rat model o f focal ischemia/reperfusion injury, suggesting an 
important role and possible drug development target for proteasome activity and NF-kB 
signaling processes in brain trauma. CO M M ERCIAL FUNDING

86.13
DP-BAPTA AS A NOVEL M EM BRANE-TARGETED NEUROPROTECTIVE 
AGENT IN GLOBAL FOREBRAIN ISCHEM IA Krakovsky M * ., Polvak M,, 
Kozak A.., D-Pharm Ltd., Kiryat Weizmann Science Park, Rehovot, 76123 Israel.

Sustained increase of intracellular Ca2+ is a well known phenomenon in excitatory 
cell damage. Recently, it was suggested that alteration of Ca2+ homeostasis is 
particularly dangerous in the vicinity o f the cell membranes.

In this study, we have examined the neuroprotective properties of a 
membrane-targeted DP-BAPTA derivative, particularly active in lipophilic 
environments. Global forebrain ischemia (GFI) of 10 or 20 minutes duration was 
induced in Mongolian gerbils. DP- BAPTA was administered, at 5,10 or 20 µg/kg i.p. 
immediately following GFI or 3 hours after the beginning of reperfusion. After 20 
minutes GFI, the mortality rate and survival time were selected as the criteria of drug 
efficacy. Alternatively, after 10 minutes GFI, we used the serum level of Neuron 
Specific Enolase (NSE) as a marker o f neuronal damage.

Twenty minutes GFI caused 80% mortality during the first 48 hours and total 
mortality during 240 hours postischemic period. Serum level of NSE in the sham 
operated group of animals was 15-20 units. Ten minutes GFI caused 4 and 6 fold 
increase of NSE activity following 24 and 72 hours respectively. DP- BAPTA 
(10µg/kg) showed significant decrease in the animals’ mortality rate (more than 35%) 
and an increase the survival time (more than 2 fold) compared with the vehicle group 
in the 20 minute model GFI. The survival rate and survival time are dose-dependent 
(ED50 = 15µg/kg) with DP- BAPTA administration. DP- BAPTA significantly 
reduced the serum level of NSE following 10 minutes of GFI from 85 units to 35-45 
units during 24 hours postischemic period. Maximal protection has been observed at 
10-20 µg/kg i.p. Comparable results were obtained at 72 hours after brain ischemia. 
Neuroprotection was evident also when DP-BAPTA was administered 3 hours after 
the ischemic period.

We conclude that new membrane-targeted DP-BAPTA derivatives demonstrate 
preventive and curative neuroprotection in the gerbil model of global forebrain 
ischemia The study was funded by D-Pharm Ltd.

86.15

UPREGULATED EXPR ESSIO N  OF E C T O -N U C LEO TID AS ES  FO LLO W IN G  
CEREBRAL ISCHEM IA. H. Z im m e rm a n n *, N. B raun1, Y. Z hu2 and J. 
Kriegistein2. 1B iozentrum  der G oethe-U niversitä t, D -60439 F rank fu rt am  Main, 
Germany and 2lnstitu t fü r Pharm akolog ie  und Toxiko log ie , Fachbere ich 
Pharmazie und Lebensm itte lchem ie, P h ilipps-U niversitä t, D -30052 Marburg, 
Germany.

The effect o f perm anent focal and o f trans ien t g loba l ischem ia on the  reactive  
expression o f ecto-nucleotidases w as studied in rat brain. P erm anent focal 
ischemia induced by m iddle cerebra l artery occlusion resulted in a tim e- 
dependent and intense upregula tion o f ecto -5 ’-nucleo tidase  w ith in  a d iscre te  
band surrounding the in farc ted tissue  co localiz ing w ith  a band o f the  m icroglia l 
marker 0 X 42 . The upregula tion w as less in tense in the ipsila tera l tissue  vo lum e 
more d istant to the s ite o f in farc tion and corre la ted w ith  the  im m unoreactiv ity fo r 
the astrocytic m arker G FAP. T rans ien t g lobal ischem ia w as induced using a 
two vessel occlusion m odel o f trans ien t forebra in  ischem ia (10 m in). N orthern 
hybridization revealed a h ippocam pal upregula tion o f ecto-ATP  
diphosphohydrolase (C D 39) and ec to -5 ’-nuc leo tidase  and thus o f the entire  
chain for the extrace llu la r hydro lysis o f ATP. A  strong pos tischem ic increase in 
ATP, GTP, AD P  and AM P hydro lysis w as detected in the CA1 subfie ld  as w ell 
as in the hilus region o f the dentate  gyrus. T im e course  and m icroscopic 
localization corresponded w ell to  the pattern o f m icroglia l activa tion as identified 
by 0 X 4 2  im m unoreactiv ity. O ur results im ply a considerab le  d irect re lease o f 
ATP fo llow ing ischem ic neuronal cell death. A  local increase in activ ity o f ecto- 
nucleotidases fo llow ing ischem ia could p lay an im portan t role in term ina ting  the 
function o f extrace llu la r A TP  including its potentia l cy to tox ic  e ffects. In addition, 
the extrace llu la r adenosine form ed could exe rt its neuropro tective  actions on 
adjacent cells. Supported by DFG, SFB269, A4 and EU, B M H 4-C T96-0676.

86.12

NEUROPROTECTIVE EFFECTS OF INTRAVENOUS MAGNESIUM 
SULFATE IN FOCAL ISCHEMIA RATS AND ITS INFLUENCE UPON THE 
EXPRESSION OF c-fos AND BDNF mRNAs. Y. K inoshita*, T. Ueya m a , 
E. S enba, N. N akao, K. N akai, T. Itakura  D ept.of N eurological 
Surgery, D ept. o f A nat.& N eurobiol, W akayam a Med.Coll, 7-27 
W akayam a city ,640,Japan
N eu ro p ro tec tiv e  p ro p e rtie s  of m agnesium  su lfa te  (MgSO4  ) has 

been  know n in n e u ro n a l tissue  cu ltu re . We investigated  the  
effec ts  o f in trav e n o u s  MgSO4  on in fa rc t size in ra ts  w hen 
ad m in is te red  d u rin g  rev e rs ib le  focal ischem ia, an d  a lso its 
in fluence  upon  the  exp ression  of c-fos and  BDNF mRNA. 
Sprague-D aw ley ra ts  (n= 32)w ere sub jected  to 2 hours of m iddle 
c ereb ra l a r te ry  occlusion  (MCAO) by th e  in tra lu m in a l filam en t 
te ch n iq u e . D uring  2 hours MCAO, MgSO4  in t h e  am oun t of 
0 .lm M /K g (n =16 ), o r an  equal volum e of saline (n = 16) , w ere 
in fused  in trav en o u s ly . V olum etric  m easu rem en ts  of 2',3', 5’- 
tr ip h en y l- te tra zo liu m  ch lo ride - s ta in ed  co rona l b ra in  sec tions 
dem onstra ted  a s ta tis tic a lly  s ign ifican t d ecrea se  in in fa rc t size 
for MgSO4  tre a tm e n t g roups co m p ared  to saline  con tro ls . After 
30 m in. of 2 hou rs  MCAO, we investigated  the  expressions of c-fos 
an d  BDNF mRNAs in th e  ischem ic p e n u m b ra  using in situ  
h y b rid iza tio n  h is to ch em is try . We found  th a t the  up -reg u la tio n  
o f these  mRNA levels in  the  ischem ic p en u m b ra  w ere a tte n u a te d  
in MgSO4  tre a tm en t g roups com pared  to saline con tro ls . We 
suggest th a t the  n eu ro p ro tec tiv e  effect o f MgSO4  in this m odel 
a re  no t re la ted  to the up -reg u la tio n  of c-fos an d  BDNF mRNA 
levels.

8 6 .1 4

NCC161, A NOVEL NEURONAL CALCIUM ANTAGONIST W ITH 
NEUROPROTECTIVE EFFECTS IN GLOBAL AND FOCAL CEREBRAL 
ISCHAEM IA. I.A. Pullar, M .J. O 'Neill, J. Gilmore, L. Palombo, J. Harvey, C. A. 
Hicks, M. A. Ward, A. Martin, M. Kemp, E. Sher and J. R. Boot. (SPON: British 
Neuroscience Association). Eli Lilly & Co., Lilly Research Centre Ltd., Erl Wood 
Manor, Windlesham, Surrey GU 20 6PH, United Kingdom.

It has been shown that selective blockade of neuronal calcium channels with ω- 
conotoxin MVIIA (SNX-111) is highly effective in reducing the neocortical infarct 
volume in rat models of focal cerebral ischaemia.

In the present studies we have examined the effects of NCC161, a novel, small 
molecular weight, non-peptide neuronal calcium channel blocker on KCl-induced 
Ca2+ flux in HEK293 cells expressing human α 1A, α 1B and α 1E calcium channel 
subunits and on KCl- and veratridine-induced glutamate release in vitro. 
Electrophysiological studies on N-type voltage-dependent Ca2+ channel currents (ICa) 
expressed in HEK293 cells and P-type voltage-dependent Ca2+ channel currents (ICa) 
in isolated Purkinje cells were also carried out.

In global ischaemia experiments male Mongolian gerbils (60-80g) were rendered 
ischaemic by clamping both common carotid arteries for 5 min under halothane 
anaesthesia. Focal ischaemia was induced in male Sprague Dawley rat (280-320g) 
by occlusion of the middle cerebral artery under halothane anaesthesia. NCC161 
was administered at 15 mg/kg i.p. 30 min before and 2hr 30 min after occlusion.

Results indicated that NCC161 provided significant (54%) protection against 
ischaemia-induced hippocampal damage in global cerebral ischaemia. NCC161 also 
produced a significant reduction in the infarct volume following middle cerebral 
artery occlusion in the rat when administration was initiated 30 min prior or 
immediately after occlusion.

In conclusion in the present studies we have reported the in vitro profile of a new 
calcium channel blocker with good bioavailability which protects against neuronal 
damage caused by both global and focal cerebral ischaemia.

8 6 .1 6

THE PROTECTIVE EFFECTS OF ADENOSINE IN RAT 
BRAIN AFTER CARDIAC ARREST AND RESUSCITATION.
K. Xu, Y. Zhou, W. D. Lust* and J. C . LaManna. Departments of 
Neurology and Neurosurgery, Case Western Reserve University, 
School o f Medicine., Cleveland, OH 44106

In this study we investigated the effects o f adenosine (ADO) 
treatment on cerebral recovery following global ischemia induced 
by 12 minute cardiac arrest and resuscitation. Male Wistar rats 
(250-350 g) were divided into untreated (n=13) and ADO-treated 
(n=7, 8 0 ug/min/kg i.v. for 90 min) groups. CA1 neurons were 
counted in the hippocampus of rats that survived for 4 days. Edema 
was evaluated by the wet/dry weight ratio method at 1 , 6 , 24, and 
48 hours of resuscitation after cardiac arrest. ADO-treatment 
improved 4 day survival (6/7) compared to untreated rats (7/13). 
In addition, ADO-treated rats showed significantly more CA1 
neurons remaining (86±5, n= 6  vs. 23±7, p<0.05, ANOVA) and 
significantly less edema than did the untreated animals. The 
present findings indicate that post-ischemic infusion o f adenosine 
improves survival, preservation o f CA1 neurons and decreases 
cerebral edema.
Funded by NIH NS-37111
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8 6 .1 7

CORRELATIONS BETWEEN STRIATAL AMINO ACIDS AND ADENOSINE 
EFFLUX, HISTOPATHOLOGICAL OUTCOME AND NEUROLOGICAL 
DEFICIT FOLLOWING MIDDLE CEREBRAL ARTERY OCCLUSION IN RAT.
F. Pedata1, A. Melani1, C. Corsi1, L. Pantoni2, A. Colivicchi1 and G. Pepeu1*. 1Dept. 
of Pharmacology, Univ. of Florence, Florence, Italy; 2Dept. of Neurological and 
Psychiatric Science, Univ. of Florence, Florence, Italy.

In vivo brain microdialysis technique was used to study adenosine, glutamate, 
aspartate, GABA and taurine efflux in a model of focal brain ischemia. Microdialysis 
probes were inserted bilaterally into the rat striatum 24 h before permanent middle 
cerebral artery occlusion (MCA-0), which was performed by the intraluminal 
filament technique. Neurological deficit and histological damage were evaluated 24 
h after MCA-0. Transmitters were assayed by HPLC. Ischemia elevated the 
dialysate contents of all amino acids and adenosine in the MCA-0 rat group (n=16), 
while in the control group (contralateral hemisphere to the occlusion side) and in the 
sham-operated rat group (n=4) extracellular levels of all transmitters were 
unchanged. The largest increase occurred for the inhibitory transmitters GABA and 
adenosine (peak value: 40 and 15 fold of basal efflux) and then for taurine, glutamate 
and aspartate (peak value: 7, 6 and 2 fold of basal efflux). The mean percent efflux 
of all transmitters of the MCA-0 rat group was significantly different in comparison 
to the pre-ischemic values (p<0.05) and versus the control and the sham-operated rat 
groups (p<0.000l). The MCA-0 rat group showed large ischemic damage in the 
striatum and cortex of the occluded hemisphere (mean±S.E.: 37±4% of hemispheric 
volume) and a mean neurological score of 10±l. Sham-operated rat group had a 
mean neurological score of 18±0 and no cerebral ischemic damage. Statistically 
significant correlations were found between transmitter efflux and neurological 
score, between transmitter efflux and histological damage and between neurological 
score and histological damage.

University of Florence and National Program of Research on Drugs.

8 6 .1 9
PERMANENT ENDOVASCULAR MIDDLE CEREBRAL ARTERY OCCLUSION IN 
THE RAT - EFFECT OF DIFFERENT ANESTHETIC AGENTS ON INFARCT 
VOLUME. R . T . F . Cheung* and H .T .S . Ho. Dept. of Medicine, 
Faculty of Medicine, Univ. of Hong Kong; Hong Kong, SAR, 
China.Animal focal ischemic stroke models are useful in 
studying the potential benefits of neuroprotective agents. 
Choice of anesthetic agents is important because 
barbiturates may protect against cerebral ischemia and 
since anesthetic agents could affect the hemodynamic 
parameters. The present study is aimed to compare the 
infarction volume and hemodynamic parameters in a permanent 
model of endovascular middle cerebral artery occlusion 
(MCAO) rats when different anesthetic agents are used in 
adult male Sprague-Dawley. Groups of 6 rats were 
anesthetized with i.p. boluses of sodium pentobarbital, 
fentanyl-midazolam, or propofol. The right-sided MCAO was 
achieved by passing a monofilament suture to permanently 
occlude the middle cerebral artery. Arterial blood 
pressure, heart rate, and ECG were monitored. Rectal 
temperature was maintained constant during anesthesia.
Three days after recovery, all rats were killed by 
decapitation, and their brains were stained with 2% 
tetrazolium chloride to determine the infarct volume. The 
latter was quantified by computer-assisted image analysis. 
When sodium pentobarbital or fentanyl-midazolam was used, 
the mean (±SEM) infarct volume was, respectively, 2l2.l±3.8 
mm3 or 2l5.5±2l.2 mm3. There was no significant difference 
in the hemodynamic parameters. Results of rats anesthetized 
with propofol are being analyzed. We conclude that either 
pentobarbital or fentanyl-midazolam may be used in our 
reversible MCAO rat stroke model. (Supported by the CRCG 
Research Grant 335/041/0071 of the University of Hong Kong)

8 6 .1 8

Neuroprotective Effects o f Intravenous ATP-MgCl2 Infusion Following Forebrain 
Ischemia in the Rat. A. Khan, P .T .C han, L . Sunwoo, C.E. Johanson, C.E. 
Doberstein*. Program in Neurosurgery, Brown University and Rhode Island 
Hospital, Providence, R.I. 02903.

Beneficial effects of adenosine triphospate-magnesium chloride (ATP-MgCl2) on 
ischemic cell damage have been documented in other organ systems. During 
hepatic and renal ischemia, ATP-MgCl2 has been shown to ameliorate acidosis 
and restore normal cellular function. Because of the potential for use following 
cerebral ischemia, we investigated the neuroprotective effects of ATP-MgCl2 in 
transient forebrain ischemia (TFI).

Normothermic, male Sprague-Dawley rats (250-350g), fasted overnight, were 
anesthetized with 3% halothane/80% N2O/27%O2 before undergoing 6 min of 
transient bilateral carotid occlusion with hypotension. Thirty min post ischemia, 
300µg/kg ATP-MgCl2 was infused I. V. for 20 min, and animals were allowed to 
recover for 48 and 72 hr and 5, 7, and 14 days (n=5 per group). Untreated and 
saline infusion sham treatments were also performed. Animals were sacrificed, 
and brains were fixed, and paraffin embedded before being sliced into 8µm 
sections; slides were stained with cresyl violet and TUNEL histochemistry.

Compared to untreated animals, subjects infused with ATP-MgCl2 
demonstrated reduced neuronal loss in the CA-1 region of the hippocampus. 
TUNEL staining was evident in ischemic animals and treated animals, but intact 
CA-1 neurons could be seen. Cell counts of viable neurons in 3 400µm intervals 
along the CA-1 (by 3 blinded observers, averaged) gave the following results at 5 
days post TFI: control-62.6, untreated-7.8, treated-44.5 (p<. 001). Our results 
indicate that ATP-MgCl2 infusion provides potent neuroprotection following 
ischemia.

86.20
THE EFFECTS OF 17α-ESTRADlOL ON MICROVASCULAR
REPERFUSION AND CORTICAL DAMAGE DURING MIDDLE
CEREBRAL ARTERIAL OCCLUSION. L. Stubley*, S. Yang, J. Shi, A.L. 
Day, J.W. Simpkins. Center for Neurobiology of Aging, University of Florida 
Health Science Center, Gainesville, FL 32610, USA.

Stroke is the third leading cause of mortality in the U.S. and there are currently 
no neuroprotective therapies available. The present study examined the effects 
of 17α-estradiol (l7α-E2) on cerebral blood flow (CBF) and neural 
degeneration during and after acute middle cerebral arterial occlusion (MCAO). 
Female rats were ovariectomized (OVX) and assigned to 1 of 3 groups. Six 
days later, all were implanted with Silastic pellets according to treatment: 17α- 
E2 (n=5), 1:2 17α-E2:Cholesterol (n=3), or sham (n=4). 24 hours later, rats 
underwent MCAO using a 3-0 silk suture, which was removed after 1 hour 
allowing for reperfusion. CBF was measured via laser doppler flowmetry prior 
to and during MCAO, and immediately and 24 hours following the ischemic 
episode. Baseline CBF readings did not differ among groups and ranged from 
700-900 blood perfusion units (BPU). Significantly reduced left hemisphere 
CBF was demonstrated during MCAO where BPU levels ranged from 80-200 
for all three groups. During reperfusion, sham-treated rats showed increases in 
CBF to approximately 50% of pre-MCAO levels, where CBF remained through 
24 hours. In contrast, animals treated with l7α-E2 exhibited a prompt return of 
CBF to pre-MCAO levels, where they remained stable 24 hours later. The 1:2 
17α-E2:Cholesterol group showed a response intermediate to that of sham and 
l7α-E2 animals. The observed changes in CBF were associated with a 
protection by l7α-E2 from the large infarcts seen in the sham-treated animals. 
Therefore, l7α-E2 may act as a neuroprotective agent and appears to normalize 
reperfusion of CBF. (Supported by NIH grant AG 10485 and Apollo 
BioPharinaceutics, Inc.)
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A SINGLE EPISODE OF CORTICAL SPREADING DEPRESSION 
INDUCES NEURONAL TOLERANCE TO ISCHEMIA IN THE 
CEREBRAL CORTEX OF RATS. J. Keller, Y.M. Rangel, F.A. 
Welsh*. Deptartment of Neurosurgery, University of Pennsylvania, 
Philadelphia, PA 19104.

Previous studies have demonstrated that multiple episodes of cortical 
spreading depression (CSD) induce neuronal tolerance to a subsequent 
interval of ischemia. The objective of the present study was to 
determine whether a single episode of CSD is sufficient to induce 
tolerance. Male Wistar rats were anesthetized with halothane/N2 O, and 
a single CSD was evoked in one hemisphere by applying a heated 2-mm 
metal rod to the intact skull over the frontal cortex for 3-4 sec. This 
method consistently evoked a single episode of CSD in the ipsilateral 
parietal cortex, while CSD was not detected in the contralateral cortex 
(n=14). After recovery for 24 hr, the animals were subjected to an 8-min 
interval of forebrain ischemia using bilateral carotid artery occlusion 
combined with systemic hypotension (50 mm Hg). Following recovery 
for an additional 6 days, the animals were perfusion-fixed with FAM, 
the brains embedded in paraffin, and 6-µm sections were stained with 
acid fuchsin and thionin. Necrotic (acidophilic) neurons were counted in 
several sections from the parietal cortex of each hemisphere. In the 
ipsilateral cortex, the number of necrotic neurons was reduced to 44% ± 
31% (mean ± SD, n=6) of that in the contralateral cortex (p<0.01). 
There was also a small heat-induced lesion in the frontal cortex of the 
ipsilateral hemisphere. These results indicate that a single episode of 
CSD is sufficient to induce neuronal tolerance to ischemia. However, 
the results do not exclude a contribution of the heat-induced lesion to the 
neuronal tolerance.

Supported in part by NIH Grants NS-29331 and NS-08803.

CEREBRAL FREE RADICALS GENERATED BY HYPERBARIC OXYGEN 
INDUCE TOLERANCE AGAINST PERMANENT FOCAL CEREBRAL 
ISCHEMIA IN THE RAT Ahrens M., Wiegand F*, Liao W., Megow D. and Dirnagl U. 
Dept of Neurology, Humboldt University, Berlin, Germany

Recently we demonstrated that generation of reactive oxygen species (ROS) by 
mitochondrial respiratory chain inhibition is critically involved in inducing cerebral 
tolerance against focal cerebral ischemia. Hyperbaric oxygen (HBO) which is in 
broad clinical use represents a save way of generating ROS. During a 5 day pre-
treatment period Wistar rats were repeatedly exposed to a HBO-environment (pure 
oxygen at 2 or 2.5 atm. gauge, 1h per day). This did not cause any detectable brain 
damage. One day later permanent focal cerebral ischemia was achieved by middle 
cerebral artery occlusion (MCAO) and infarct volumes were evaluated by standard 
histology 4 days thereafter. Preconditioning reduced infarct volumes by 25% and 
29%, respectively. Tolerance induction abolished when ROS were exogenously 
scavenged during the HBO by pre-treating animals with the ROS-scavenger di- 
methylthiourea (DMTU) prior to each HBO- 
preconditioning. DMTU alone, or 
pretreatment with 100% oxygen under 
normal pressure resulted in infarct volumes 
not significantly different from controls.
Using a method to detect thiobarbituric acid 
reactive substances (TBARS) we 
demonstrate that cortical tissue probes 
harvested immediately after HBO showed a 
two fold increase in ROS content which was 
blocked by DMTU, underlining the fact that 
HBO induced ischemic tolerance is mediated
by nontoxic doses of ROS. Supported by DFG and Deutsche Schlaganfall Stiftung.
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87.3
ANOXIC PRECONDITIONING IN HIPPOCAMPAL SLICES: ROLE OF 
NITRIC OXIDE. T.J. Sick* ,  J. Centeno, M. Orti, J.B. Salom and M.A. Pérez- 
Pinzón. Dept. of Neurology, U. of Miami Sch. of Medicine, Miami, FI. 33101 

Sublethal hypoxic/anoxic/ischemic insults may protect against subsequent 
insults in intact brain or hippocampal slices. We tested the hypothesis that 
anoxic preconditioning (APC) improves electrical recovery in hippocampal 
slices and that preconditioning involves nitric oxide (NO). Control slices were 
given a single anoxic insult followed by reoxygenation after 2 min of AD. 
Hippocampal slices were preconditioned (APC) by 3 short anoxic insults of 1 
min separated by 10 min of reoxygenation. Thirty min after the third 
‘conditioning’ insult, slices underwent a ‘test’ anoxic insult o f 2 min of anoxic 
depolarization (AD). Slices were reoxygenated. Evoked potentials (EPs) and 
NADH were recorded throughout the experiment. APC was emulated with the 
NO donor, DEA. To examine the role of NO during APC, a NOS inhibitor (7- 
NI) was given during APC. We found that EP amplitudes recovered 
significantly better after reoxygenation in preconditioned slices and in NO- 
emulated preconditioning (90.0 ± 17.7 and 89.7 ± 21.3, n = 9, ** p < 0.01). 
Inhibition of NOS during ‘conditioning’ insults blocked APC protection (6.8 ± 
6.8, n = 9). No significant differences were found among groups on the degree 
of NADH hyperoxidation following ‘test’ anoxia. These data confirm that 
preconditioning by anoxia improves electrical recovery after anoxia in 
hippocampal slices. Evidence supports that NO may be involved in the 
neuroprotection afforded by preconditioning. These studies were supported 
by PHS grants NS34773 (MAPP) and NS14325 (TJS).

87.5
SHORT LASTING SPINAL ISCHEMIA INDUCES A BIPHASIC TOLERANCE 
AGAINST INJURIOUS ISCHEMIA: A POTENTIAL ROLE OF ADENOSINE A1 
RECEPTOR. K.Yamamoto1*, D.Cizkoya2, Y.Taira3 and M.Marsala2, 
lDept. of Orthoped., Univ of Yamaguchi, Ube, Japan, 2Anesth. Res. Lab., Univ. of 
California, San Diego, 3Dept. of Anesth., Univ of Rykyus, Okinawa, Japan.
Current work has shown that ischemic preconditioning of the brain can induce a state 
of ischemic tolerance against subsequent ischemic insult. It has also been 
demonstrated that this effect is mediated in part by activation of adenosine A1 receptor. 
In the present study we characterize the effect of transient non-injurious interval of 
spinal cord ischemia on the development of ischemic tolerance and the effect of spinal 
adenosine A1 receptor agonism or antagonism on the development of this ischemia- 
tolerant state. In halothane anesthetized rats polyethylene PE-10 catheter was 
implanted intrathecally (IT) into the lumbar intrathecal space. Two days later spinal 
cord ischemia was induced for 3 min (preconditioning interval). 30 min, 2 hrs or 24 
hrs after preconditioning a 10 min ischemia was induced. After second ischemia 
animals were allowed to recover and survived for 7 days at which point all animals 
were perfusion fixed for histopathological analysis of the spinal cords. In treatment 
studies, adenosine A1 antagonist DPCPX (10µg) was injected IT 10 min before 
preconditioning ischemia or CPA (10µg; A1 agonist) was administered IT instead of 
ischemic preconditioning. Sham-operated animals (no preconditioning) developed a 
spastic paraplegia (5/6) which lasted for 7 days of survival. In preconditioned group 
maximum protection was seen at 30 min after preconditioning (5/6). This protective 
effect was lost when reflow was extended to 120 mm. Partial, but significant 
protection was again observed at 24 hrs after preconditioning. Pretreatment with CPA 
provided partial protection while DPCPX partially blocked ischemia-tolerant state at 
30 min after preconditioning. This data demonstrates the development of biphasic 
ischemia-tolerant state after short-lasting preconditioning ischemia and also indicates 
that the acute tolerant state is mediated only in part by activauon of adenosine A1 
receptor. Work supported by NIH (NS32794).

87.7
ISCHAEMIC TOLERANCE IS BLOCKED BY NMDA ANTAGONISM. S.G. 
Sydserff, A.R. Borrelli, G.C. Palmer* and A.J. Cross. Dept. of Pharmacology, 
Astra Arcus USA, PO Box 20890, Rochester, NY 14602.

Tolerance to an ischaemic insult can be produced by prior 
administration of a stimulus such as mild hypoxia or mild ischaemia. The 
mechanism whereby tolerance is achieved is unknown but may be linked to 
regulation of a gene product involved in ischaemic cell injury, but to an extent 
which does not lead to cell death. The NMDA receptor is known to be involved 
at an early stage of cellular damage and several different modes of NMDA 
antagonism have been shown to reduce ischaemic damage. In the present 
study we examined the effect of NMDA antagonism on the development of 
ischaemic tolerance.

We used a model of ischaemia /  hypoxia (I/H) in 28 day old rats 
which produces immediate and long lasting neurological impairment as well 
as histological damage. Pre ischaemic conditioning (PIC) was produced by 
administering a non lethal (no neurological or histological changes) hypoxic 
exposure 24 hours prior to I/H.

Animals given PIC had significantly less neurological impairment and 
histological damage following I/H compared to non conditioned animals (11 
vs. 26%). Dextrorphan (20mg/kg) administered 15 minutes after I/H gave a 
similar degree of protection. Administration of dextrorphan (20mg/kg) or 
MK-801 (lmg/kg) 30 minutes prior to PIC prevented the development of 
ischaemic tolerance. In these animals neurological and histological damage 
was equal to I/H alone. Delaying the administration of dextrorphan to 12 
hours after PIC still reduced the effectiveness of tolerance.

In conclusion we have demonstrated that PIC and post ischaemic 
administration of NMDA antagonists provide a similar degree of 
neuroprotection. In addition the beneficial effects of PIC can be blocked by 
administration of NMDA antagonists during the conditioning phase.

87.4
AN EXCITATORY PATHWAY FOR ANOXIC PRECONDITIONING 
NEUROPROTECTION IN HIPPOCAMPAL SLICES. M.A. Pérez-Pinzón*, J. 
Centeno and J. Bom. Dept. of Neurology, U. of Miami Sch. of Medicine, Miami, FI. 
33101

We have previously demonstrated that anoxic preconditioning protects against a 
subsequent ‘lethal’ anoxic insult in hippocampal slices. We tested the hypothesis 
that anoxic preconditioning (APC) improves electrical recovery in hippocampal 
slices and that mild excitation emulates preconditioning neuroprotection. Control 
slices were given a single ‘test’ anoxic insult followed by reoxygenation. 
Hippocampal slices were preconditioned (APC) by 3 short anoxic insults of 1 min 
separated by 10 min of reoxygenation. Thirty min after the third ‘conditioning’ 
insult, slices underwent a ‘test’ anoxic insult, and then slices were reoxygenated. 
Evoked potentials (EPs) were recorded throughout the experiment. APC was 
emulated by inducing spreading depression with KCL and with the excitatory agents 
tolbutamide (Tb) and 8-cyclopentyl-1,3-dipropylxanthine (DPCPX) (an ATP- 
sensitive potassium channel and an adenosine A1 receptor blockers, respectively). 
To determine the role of calcium during APC, extracellular CaCl2 was decreased to 
0.5 mM during APC. We found that EP amplitudes recovered significantly better 
after reoxygenation in preconditioned slices, and in KCl- and DPCPX-treated slices 
(147.2 ± 33.6 ** p < 0.01, 71.7 ± 13.7 ** p < 0.01 and 117.8 ± 33.9, ***p < 0.001, 
respectively). No significant differences were found in the Tb-induced 
preconditioning. Decreases in extracellular CaCl2 blocked APC neuroprotection. 
These data confirm that preconditioning by anoxia improves electrical recovery after 
anoxia in hippocampal slices, and that mild excitation can emulate APC. These data 
also demonstrate that calcium plays a role in APC neuroprotection. These studies 
were supported by PHS grant NS34773.

87.6
ACUTE ISCHEMIC PRECONDITIONING CAUSES FUNCTIONAL 
DOWNREGULATION OF NMDA RECEPTOR THROUGH THE ACTIVATION 
OF ADENOSINE A 1 SITE. M.Marsala1*, K.Yamamoto2, L.C.Yang,3 
Y.Taira4, and T.L.Yaksh1, 1Anesth. Res. Lab., UCSD, San Diego, 2Dept. of 
Orthoped., Univ. of Yamaguchi, Japan, 3Dept. of Anesth., Chang Gung Memorial 
Hospital-123, Taiwan, 4Dept. of Anesthesiol., Univ of Rykyus, Okinawa, Japan.

In previous study we have demonstrated that transient short-lasting (3min) spinal 
ischemia causes the development of acute ischemic tolerance 30 min alter a 
preconditioning ischemia. We have shown that this tolerance is attenuated by spinal 
adenosine A1 receptor antagonism. To characterize the mechanism of this effect, the 
functional status of spinal NMDA receptor (as measured by secondary amino acid 
release after intrathecal (IT) injection of NMDA) and the role of the adenosine A1 
receptor in the modulation of NMDA receptor activity during this period was 
studied. In halothane anesthetized rats, loop dialysis catheter and a PE-5 catheter for 
drug delivery was implanted IT. Two days later, spinal ischemia was induced for 3 min 
(preconditioning) by placing and inflation of a 2F Fogarty balloon catheter in the 
descending thoracic aorta. Before and after ischemia, dialysate samples were collected 
and analyzed for glutamate (Glu) by HPLC. At 30 min after preconditioning, NMDA 
(1µg) was injected IT under light (0.7% halothane) anesthesia and 4 dialysate 
samples (8 min duration each) were collected. In separate rats, adenosine A1 receptor 
agonist (CPA; 10µg) or antagonist (DPCPX; 10µg) was injected 30 min before IT- 
NMDA. In control non-ischemic animals IT-NMDA injection caused a significant 
(190±39% of baseline) Glu release. In animals with ischemic preconditioning a 
complete block (98±8%) of NMDA evoked Glu release was measured. Similarly, 
pretreatment with CPA caused complete block (89±l 1%) of NMDA evoked release, 
while pretreatment with DPCPX potentiated (288±44%) Glu release after NMDA 
injection. This data show that the mechanism of acute ischemic tolerance seen at 30 
min after preconditioning includes in part adenosine A1 receptor mediated 
suppression of NMDA receptor activity. Work supported by NIH (NS32794).

87.8
CHEMICAL ISCHEMIA ATTENUATES EXCITOTOXIC INJURY AND 
MODIFIES NMDA RECEPTOR PROPERTIES. K.A. Hartnett,* J.C. 
Brimecombe, G.A. Herin, J.D. Sinor, and E. Aizenman. Dept. of Neurobiology. 
University of Pittsburgh School of Medicine, Pittsburgh, PA 15261.

Sub-lethal ischemic challenges can protect brain tissue against second, more severe 
ischemic insults. We report here that non-lethal chemical ischemia is neuroprotective 
against subsequent excitotoxic injury in rat cultured cerebral cortex. Neurons 
incubated with 3 mM KCN in glucose-free media for 90 min were significantly 
protected from a 1 hour or overnight treatment with 100-200 µM NMDA. Neuro- 
protection was apparent within 24 hours of the hypoxic challenge and decreased when 
the excitotoxic treatment occurred 48-72 hr post-KCN exposure. The presence of 
NMDA and non-NMDA receptor antagonists during the cyanide exposure had no 
effect on the degree of neuroprotection observed. Analysis of NMDA receptor unitary- 
events in patches excised from KCN-treated neurons after 24 hr revealed a significant 
increase in the number of open channel amplitude distributions that could be best fit 
by more than one component, when compared to control patches. The new component 
corresponded to a smaller single-channel conductance. Whole-cell recordings 24 hr 
following cyanide exposure revealed a significant decrease in current amplitudes, as 
well as a significant increase in voltage-dependent extracellular Mg2+ block in 
comparison to untreated neurons. Mg2+ block reverted to control levels 48 hr after the 
hypoxic challenge, although overall whole-cell current amplitudes remained 
diminished. Message levels for the NMDA receptor subunits NR1, NR2A and NR2B 
were not different between the chemically-challenged neurons and control cells, as 
determined by an RNase protection assay. NR2C message was barely detectable in 
both groups. These alterations in receptor properties following hypoxia were not 
responsible for the reduced excitotoxic vulnerability, as neurons were still protected 
from NMDA-induced injury in Mg2+-free solutions. NIH NS29365 and AHA.
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87.9
K+-INDUCED GABA RELEASE IS ENHANCED FOLLOWING “ISCHEMIC 
PRECONDITIONING” IN CORTICAL CELL CULTURES. M.C. Grabb*, D. 
Lobner and D.W. Choi. Center for the Study of Nervous System Injury and 
Dept. o f Neurology, Washington Univ. School o f Medicine, St. Louis, MO 
63110.

Sublethal transient bilateral carotid artery occlusion increases brain tissue 
GABA content and attenuates subsequent drug-induced seizures (Sieklucka et 
al., J  Neural Transm 88:87, 1992). We have developed a cortical cell culture 
model o f ischemic tolerance, in which preconditioning with sublethal oxygen- 
glucose deprivation or exposure to high K+ reduces the vulnerability o f the 
cultured neurons to death induced subsequently by longer periods o f oxygen- 
glucose deprivation (Grabb and Choi, Soc. Neurosci. Abstr. 22: 1673, 1996). 
Here we examined the possibility that one mechanism underlying such 
preconditioning might be enhanced GABA release.

Murine cortical cell cultures containing neurons and glia were exposed to a 
preconditioning stimulus (45 mM K+for 15 min, sufficient to reduce neuronal 
death induced by a lethal period o f oxygen-glucose deprivation 24 hr later), and 
then 24 hrs later were exposed to 60 mM KCl for 60 s in the presence o f 1.8 
mM Ca2+ to induce GABA release. This K+-evoked GABA release, as 
measured in the bathing medium by HPLC, was approximately doubled by 
prior preconditioning exposure to high K+. In contrast, K+-evoked glutamate or 
adenosine release was not increased by preconditioning. This finding suggests 
that enhanced depolarization-evoked GABA release, and presumably 
consequent reduced circuit excitability, may contribute to the phenomenon of 
ischemic tolerance. Supported by NIH grants NS32636 (DWC) and NS10291 
(MCG).

87.11
CHANGES IN PROTEIN KINASE C AND MAP KINASE ACTIVITES IN 
HYPOXIC PRECONDITIONING OF CULTURED RAT CORTICAL NEURONS.
J.S- Tauskela1, B. Chakravarthy1, C. Murray1, Y. W ang1, M. Hogan2*, A. Hakim2 
and P. Morley1. 1Institute for Biological Sciences, National Research Council, 
Ottawa, ON, Canada, K IA  OR6; 2Neuroscience Research Institute, U. of Ottawa, 
Ottawa, ON, Canada, K IH  8M5.

Activation of protein kinase C (PKC) and mitogen-activated protein kinase 
(MAPK) during nonlethal ischemic preconditioning (PC) have been implicated in 
the protection of the heart against subsequent potentially lethal ischemic injury. 
We determined if PKC and MAPK also mediate preconditioning-induced 
protection in neurons. PC by exposure of primary cultures of E18 rat cortical 
neuronal/glial cells to 90 min of nonlethal oxygen-glucose deprivation (OGD) 24 
hr prior to 180 min of lethal OGD was neuroprotective. MAPK activity did not 
change and PKC activity decreased by 50% relative to normal baseline levels at 0 
and 24 hrs following PC. This PKC decrease was not due to a loss of enzyme as 
determined from immunoblots using pan and ε-, β- and ζ-specific PKC antibodies. 
Neuroprotection was maintained with pharmacological inhibition of PKC activity 
by staurosporine, chelerythrine and calphostin C and MAPK activity by PD 98059 
during PC, indicating that activation of these enzymes during PC was not 
necessary for protection. Pharmacological inhibition of PKC and MAPK initiated 
immediately prior to 180 min OGD in non-preconditioned cultures was also not 
neuroprotective. In summary, in contrast to cardiac tissue, PC induces a decrease 
in PKC activity in neurons. However, reductions in PKC and MAPK activites are 
not sufficient for neuroprotection against lethal OGD. Further experiments are 
required to determine if this loss of PKC is essential for neuroprotection. 
Supported by a research grant from the Heart and Stroke Foundation of Ontario 
(#T-3379).

87.13
HEAT SHOCK PROTEIN INDUCTION PROTECTS STRIATAL 
NEURONS FROM HEATSTROKE-INDUCED ISCHEMIC CELL DEATH 
BY REDUCING DOPAMINE OR SEROTONIN RELEASE 

Y.-L. Yang1, W .H.T. Pan*2, and M.-T. Lin3 Department of 1 Physiology, 
Medical College, National Cheng-Kung University, Tainan, Taiwan and 
Department of 2Pharmocology and 3Physiology, National Yang-Ming 
University, Taipei, Taiwan, R.O.C.

The 72-KDa heat shock protein (HSP 72) in brain was induced by 
elevating the colon temperature of anesthetized rats to a level of 42-43 °C. 
The HSP72 could be detected in all of the brain structures tested obtained 4 h 
after heat treatment and reached its peak level at 16-24 h. In order to 
determine the importance of HSP 72 during heatstroke, we compared the 
temporal profile of the survival time (interval between onset of heatstroke and 
death), cerebral blood flow (CBF), striatal dopamine, serotonin 
norepinephrine and neuronal damage score during heatstroke in rats with or 
without HSP 72 induction in brain. Heatstroke was induced by exposing the 
urethane-anesthetized rats to a high ambient temperature (43°C); the 
moment at which both MAP and CBF decreased remarkably from their peak 
levels were taken as the onset of heatstroke. The strategy of heatstroke 
induction itself did not induce HSP 72 formation. Compared to those of rats 
with HSP 72 induction, rats with HSP induction in brain had higher values of 
mean arterial pressure, local cerebral blood flow and survival time, striatal 
dopamine, serotonin accumulation and a lower value of neuronal damage 
score after onset of heatstroke. The data indicate that HSP 72 induction 
attenuate the arterial hypotension, cerebral blood flow, cerebral ischemia, 
striatal dopamine, serotonin release and neuronal damage score during rat 
heatstroke.

87.10
ISCHEMIC T O LE R A N C E  D E P R E S SE D  IN TR AC E LLU LA R  CALCIUM 
ELE V ATIO N  IN GERBIL H IPPO C AM PU S. K. S him azaki1* , T. Nakamura2,  K. 
Nakamura2, M. Hirata2, K .O g u ro 1, T . M iyawaki1,3, T. M asuzawa1, Y. K ud o 2 and N. 
Kawai1. 1D ept o f P hys io logy and N eurosurgery, Jichi M edical S choo l 
M inam ikawachi-m achi, T och ig i-ken  3 29 -0 43 1 , Japan; 2L a b o ra to ry  o f Cellular 
N eurob io logy, Tokyo  U niversity o f Pharm acy and Life Sc ience , H orinouchi, 
Hachioji-shi, Tokyo  1 92 -0392 , Japan; 3Haga R e d  Cross Hospital M oka-shi, 
Toch ig i-ken  321 -4 30 6 , Japan.

In the  gerb il h ippocam pus, a short (2m in) sub le tha l ischem ic e p is od e  
p re ced ing  lethal (5min) ischem ia is know n to  increase to le rance  against dea th  
in CA1 pyram ydal neu rons . Intracellular calcium e levation  level a fter e xp os in g  
to the  anoxic-ag lycem ic m edium  (95% N 2/5 % C O 2, g lucose -free ) in the  rhod-2- 
loaded h ippocam pa l slices was com pared  b e tw een  ischem ia-to lerant and non - 
to le ran t gerb ils. In n on -to le ran t gerbils, a fter sw itching th e  normal ringer to  
anoxic-ag lycem ic m edium  an abrup t increase in flu o re sc en ce  in th e  CA1 area 
was seen. Therea fter, a s teady increase in in tracellu lar calcium took  place w ith 
the  peak flu o re sc en ce  in tens ity  at nearly 3 tim es o f the  base line. In ischem ia- 
to le ran t gerb ils, how ever, the  flu o re sc en ce  increase stayed at s ign ificantly 
low er level than n on -to le ran t gerbils. To lerance  for isch e m aw a s known to be 
acquired from  1 to  7 days a fter 2 min ischem ia b u t a fter 14 days no p ro tec tive  
e ffe c t was observed . P re trea tm ent w ith 1 min ischem ia was fo u n d  to be to o  
b rie f to  induce  to lerance. In agre e m en t w ith these  data, m agn itude  o f 
flu o re sc en ce  e levation  in gerb ils at 14 days a fte r 2 min ischemia and at 2 days 
a fter 1 min ischemia w ere a lm ost the  same as in the  n on -to le ran t gerbils. O ur 
results s u g ge s t that co n d itio n in g  sub letha l ischem ia in du ce d  to to le rance  fo r 
ischem ic neurona l death  w hich is d eep ly  re lated to  acute  increase in 
in tracellu lar calcium.
(R efe rence  ; K. Shimazaki et.al. N euroR epo rt vol 9. 1 June  1998)

87.12
ISCHEMIC PRECONDITIONING AND CELL
SIG N A LIN G . M. S h a m lo o 1 *, A. R yt t e r 1 , K. B lo m g re n 2, T .
W ie lo c h 1. 1Lab. fo r Exp. B rain R esearch , 221 85 L und, S w ed en . 
2lnst. fo r Anatom y and cell B iology, Box 420, 405 30 G o th e n b u rg , 
Sw eden.

Brains exposed to a short period of sub lethal ischemia are resistant 
to a subsequent period of lethal ischemia, a phenomenon termed 
ischemic preconditioning. Ischemic preconditioning was established in 
rat by 2-VO model of global cerebral ischemia. We studied protein 
tyrosine phosphorylation, protein kinase C (PKC), Calcium 
Calmodulin kinase II (CaMKII), and mitogen-activated protein kinase 
(MAPK) regulated signal transduction pathways in the rat hippocampus 
during ischemic tolerance. Tyrosine phosphorylation which increases in 
the recovery phase following 9-10 ischemia normalizes to control levels 
in the preconditioned brains at 24 hours of recirculation. The CaMKII-α 
translocated to membranes and autophosphorylated at Thr 286 during 
and following ischemia. The autophosphorylation is persistent during 
recovery but normalize to control level in the preconditioned brains at 
one day of recirculation. PKC (γ) is down regulated in the 
preconditioned brains possibly through proteolytic degradation during 
ischemia and recovery presumably by calpains. The MAPK and MAPK 
kinase are phosphorylated following a short sublethal ischemia and 
normalize in the preconditioned brains following the second ischemic 
insult. We concluded that preconditioning leads to transient activation of 
the pathological cell signaling, which in turn activate negative feed back 
links downregulating signaling following the lethal insult. This work 
was supported by the Swedish Medical Research Council (grant nr 
8644) and European Union (BIOMEDII grant BMH4-CT96-0851).

87.14
RETINAL ISCHEMIC PRECONDITIONING REQUIRES 
ADENOSINE AND INVOLVES HSP70. S. Roth*, B. Li and K. 
Houamed. Dept of Anesthesia and Critical Care, University of 
Chicago, Chicago, Illinois 60637.

We previously showed that 5 min of ischemia can induce 
profound tolerance to subsequent prolonged, damaging ischemia in the 
rat retina in vivo, i.e., ischemic preconditioning (IPC). IPC completely 
prevented functional and histological damage when it preceded severe 
ischemia by 24-72, but not 168 h (1). In the present study, we examined 
some of the mechanisms that might be responsible for IPC. IPC (5 min 
ischemia) was induced 24 h prior to 60 min of ischemia produced by 
ligation of the central retinal artery in anesthetized rats. The 
electroretinogram (ERG) was measured to assess retinal function for up 
to 7 days later (1,2). Prior to or immediately after IPC, rats received i.p. 
injections of the adenosine A1 receptor antagonist DPCPX (0.45-4.5 
mg/kg), the A2a antagonist CSC (0.1-1.0 mg/kg), or vehicle. Western 
blotting was used to examine the time course of heat shock protein 
(HSP) expression following IPC. DPCPX 4.5 mg/kg either before or 
immediately following IPC completely eliminated the protective effect 
of IPC. CSC at the highest dose, 1.0 mg/kg, partially inhibited the IPC 
effect, resulting in 49% recovery of the baseline b wave compared to 
97% in vehicle. HSP70 was increased after IPC and ischemia. We 
conclude that adenosine, most likely acting via the A1 receptor, is an 
essential mediator for the initiation of IPC protection in the retina. The 
events downstream from adenosine that are responsible for IPC remain 
to be elucidated, but HSP may be an important component. References: 
1) S. Roth et al: Invest Ophthalmol Vis Sci, 39:775, 1998. 2) P. Ostwald 
et al: Vis Res 37:3453, 1997. 3) S. Roth et al: Curr Eye Res 16:875, 
1997. Grant support: NIH EY10343
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87.15
CHLORMETHIAZOLE-INDUCED NEUROPROTECTION AGAINST ISCHEMIC 
INSULT IS NOT ACHIEVED THROUGH INDUCTION OF HSP25, Hsp4O or 
Hsp7O. K.L. Gilby* and H.A. Robertson. Lab. o f Molecular Neurobiology, Dept. 
Pharmacology, Dalhousie Univ.; Halifax, Canada, B3H 4H7.

The involvement of heat shock proteins in the ability o f a post-hypoxic 
injection of chlormethiazole (Zendra, CMZ) to completely protect against severe 
hypoxic-ischemic (H-I) insult was investigated. We used 25 day old male rats in the 
Rice-Vanucci model in which ligation of the left common carotid artery and a 60 min 
episode of 8% oxygen causes a unilateral global ischemic insult. Experimental 
animals received i.p. injections of either vehicle, 100 mg/kg or 200 mg/kg CMZ at 3 
hrs post-hypoxia. Control animals included CMZ-injected (i.p.) animals that 
received either 100 mg/kg or 200 mg/kg o f CMZ but did not undergo H-I, ligated 
only animals, hypoxia only animals and naïve animals. Levels o f Hsp 25, 40 and/or 
70 mRNA and protein were analyzed using in situ and immunohistochemical 
techniques. H-I animals that received a vehicle injection 3 hrs post-hypoxia 
demonstrated high levels of both hsp 40 and 70 mRNA at 12 and 24 hrs post-
hypoxia. H-I animals that received 100 mg/kg CMZ, which does not offer consistent 
or complete protection in this model, also showed high levels o f  these transcripts at 
these time points. In contrast, animals that received the fully-protective dose of 
CMZ (200 mg/kg) showed no expression of either transcript at these time points. 
Interestingly, these transcripts would already have achieved high levels in these 
animals at the time o f CMZ injection. Similar results were noted using 
immunohistochemical analysis where animals that received either vehicle or 100 
mg/kg CMZ showed high levels of Hsp 70 and 27 while animals that received 200 
mg/kg showed no expression o f these proteins at any time point investigated. Thus it 
is unlikely that CMZ-induced neuroprotection is achieved through the induction of 
any of the Hsps examined. In fact, it seems as though CMZ actually suppresses the 
induction of these allegedly protective proteins. (Supported by Astra Pharmaceuticals 
Inc. and the MRC of Canada).

87.17
PRIMARY TRANSGENIC MURINE CELLS EXPRESSING THE HUMAN HEAT 
SHOCK PROTEIN 70 ARE PROTECTED FROM OXIDATIVE AND ISCHEMIC 
STRESS. J.E. Lee*. M.R. Emond. R.G. Giffard. Dept. o f Anesthesia, Stanford Univ. 
Med. Sch.; Stanford, CA 94305.

Overexpressing hsp7O in primary astrocyte culture using retroviral vectors results in 
clear protection from oxidative and ischemia-like injury. However, viral infection can 
provoke a stress response itself, so in this study we prepared primary astrocyte cultures 
from heterozygotic transgenic mice constitutively expressing the human heat shock 
protein 70 from a beta-actin promoter, to test their vulnerability to injury. First, we 
compared the level o f hsp7O protein in the heterozygotic transgenic astrocytes with 
astrocytes from wild type animals under normal growth conditions and after heat stress. 
In the heterozygotic astrocytes, hsp7O expression was 2 fold more than that o f wild 
type astrocytes. After heat treatment stress for 1 hr at 43 °C, hsp7O was induced to 
higher levels in the heterozygotic astrocytes. We then determined the extent of 
protection in heterozygotic astrocytes compared to wild type when exposed to 
hydrogen peroxide (H2O2). Heterozygotic astrocytes suffered less than half the injury 

seen in wild type astrocytes after exposure to 200 µM H2O2 and less than a third when 
the dose was increased to 400 µM (p<0.05). Heterozygotic astrocytes were protected 
by 44% compared to wild type astrocytes deprived o f glucose for 24 hr (p<0.05) and 
by 34 % after 7 hr combined oxygen-glucose deprivation followed by reoxygenation 
and refeeding for 24 hr (p<0.05). Since both H2O2 exposure and glucose deprivation 
injury are dependent on glutathione (GSH) levels, we investigated whether the chronic 
overexpression o f hsp7O in heterozygotic astrocytes was associated with a change in 
astrocyte GSH levels under normal growth conditions. There was no significant 
difference in GSH levels between heterozygotic and wild type astrocytes. We then 
grew wild type neurons on either wild type, transgenic, or retrovirally infected 
astrocytes to directly compare the effect o f these two different ways o f overexpressing 
hsp7O. When exposed to 300 µM glutamate for 10 min, only neurons grown on hsp7O- 
retroviral infected astrocytes were protected. In contrast, when these different mixed 
cultures were deprived of both oxygen and glucose, mild protection was found for 
neurons on transgenic astrocytes, compared to wild type astrocytes (p<0.05). The level 
of hsp7O overexpression seen in heterozygotic astrocytes was able to provide 
protection against oxidative and ischemia-like injury, and these transgenic astrocytes 
provided protection of neurons from the ischemia-like injury. Funded in part by GM 
49831 toRGG.

87.19
INCREASED HSP7O mRNA AND GADD45 mRNA SIGNALS AFTER 
TRANSIENT FOCAL ISCHEMIA IN RATS: CORRELATION WITH 
LOCAL BLOOD FLOW AND INFARCTIVE HISTOPATHOLOGY BY 
PIXEL CO-MAPPING.
R. Schmidt-Kastner*. J. Truettner. W. Zhao, L. Belayev, R. Busto and M.D. 
Ginsberg. Cerebral Vascular Disease Research Center, Dept. o f  Neurology (D4- 
5), University o f Miami School of Medicine, Miami, FL, 33101.

Stress genes such as HSP7O and GADD45 are expressed after focal brain 
ischemia as visualized by in situ hybridization (ISH). Variability o f ischemia 
obscures an interpretation of early mRNA changes. Image-averaging techniques 
were used to generate maps of mRNA localization, which were co-mapped with 
local cerebral blood flow (LCBF) and infarction frequency in a reproducible 
model o f focal brain ischemia. Rats were subjected to 2h o f transient middle 
cerebral artery occlusion (MCAo) by using a poly-L-lysine coated intraluminal 
suture. After 0, 1, 3, 6, and 24 h, and 3 and 7 d, brains (n=4 each) were 
processed for ISH, using [35S]-labelled probes. Film autoradiograms o f HSP7O 
and GADD45 mRNAs were digitized and section boundaries delineated. 
Computer-assisted image-averaging was performed using a template and 
algorithms established in this laboratory. Maps o f mRNAs at different time 
points were compared to data sets of intraischemic LCBF (14C-iodoantipyrine 
method, n=5) and infarction frequency (n=15) obtained in the same model. High 
pixel numbers for HSP7O mRNA co-mapped with high infarction frequency 
(>75%) and low LCBF (<0.35 ml/g/min) between 0 and 24 h after ischemia. 
GADD45 expression also coincided with low LCBF and high infarct frequency 
at 1 and 3 h after ischemia, whereas data were scattered at 0 and 24 h. HSP 
mRNA reflects the severity of ischemia and serves as a predictor of infarction. 
By contrast, dynamic expression of GADD45 might contribute to neuronal 
survival, since GADD45 serves in the repair o f DNA damage.
Supported by NS 05820 and DFG (Heisenberg, Schm 776/4-2).

87.16
IMMUNOSUPPRESSANT FK506 ALTERS HSP72 EXPRESSION AND 
PREVENTS DELAYED NEURONAL DEATH IN THE GERBIL HIPPOCAMPUS 
Tatsusi Kamiya*, Y. Katavama, H. Muramatsu, M. Ueda and A. Terashi. Second 
Department of Internal Medicine, Nippon Medical School, Tokyo, 113, JAPAN

The aim of this study was, therefore, to investigate the effect of FK5O6 on global 
ischemia, and to clarify the mechanism of delayed neuronal death in gerbils. Forebrain 
ischemia was produced by occlusion of the bilateral common carotid arteries for 5 
minutes in adult male Mongolian gerbils. Treated animals received a single injection 
of 3mg/kg FK5O6 intravenously immediately after reperfusion, while control group 
received a vehicle. Gerbils were sacrificed at reperfusion intervals of 3h and 24h for in 
situ hybridization processed with [36S]-labeled probes selective for c-fos, junB and 
hsp72 and immunocytochemistry for Fos and hsp72 and 7 days for histological 
analysis. Although, 5 min ischemia (vehicle-treated group) caused severe neuronal cell 
death (13±3/mm), FK506 (FK-treated group) significantly ameliorated neuronal 
injury of CAl (203±45/mm, p<0.001). In gerbils subjected to 5 min ischemia followed 
by 24 h recirculation, hsp72 mRNA was strongly induced in CA1 and CA3, although it 
was noted in only CAl in the FK-treated group. FK506 also did not alter Fos and 
hsp72 immunoreactivity in DG and CA3 at 24 h of recirculation, although hsp72 
immunoreactivity was observed in CAl in the FK-treated group. The present results 
demonstrate that FK506 alters hsp72 mRNA expression after global ischemia, leading 
to an increase in hsp72 mRNA translation into protein in CAl after 24 h recirculation 
and ultimately prevents delayed neuronal death. Therefore, the neuroprotective effect 
of the immunosuppressant FK506 involves not only the reduction of NO production by 
inhibition of calcineurin, but also alteration of the expression of hsp72.

87.18
EFFECTS OF PERMANENT FOCAL CEREBRAL ISCHEMIA IN TRANSGENIC 
MICE WHICH OVEREXPRESS HSP7O. Yenari M A*1,2,4, Lee JE3,4, Sun GH2,4, 
Emond M R3,4, Steinberg GK2,4, Giffard RG3,4 Depts. of Neurosurgery1, 
Neurology2, Anesthesiology3; & Stanford Stroke Center4, Stanford University 
Medical Center, Stanford, CA.

The 70 kD heat shock protein, HSP7O is expressed during a variety of central 
nervous system insults such as cerebral ischemia, seizures, neurotoxin exposure and 
other metabolic stresses. Its role has been debated, but it is thought to act as a 
chaperone protein. During ischemia, it may prevent protein unfolding and enhance 
cell survival. It has also been implicated in the phenomenon of ischemic tolerance. 
We recently showed that Hsp70 overexpression via viral vector mediated gene 
transfer is neuroprotective against ischemia-like insults in cultured astrocytes as well 
as in vivo models o f stroke and epilepsy. We now use transgenic mice which 
overexpress inducible Hsp70 to further examine whether infarct size is altered after 
experimental stroke. Transgenic mice (FVB/N background) were engineered by 
Radford et al. (Proc. Natl. Acad. Sci. 93:2339, 1996) using a full length human 
inducible hsp70 cDNA under the control o f a b-actin promoter. Genotyping was 
performed by Southern blots o f extracts from tail or liver DNA. Male heterozygote 
transgenic mice which overexpress Hsp70 were compared to wild type littermates. 8 
mice weighing between 29-33 gms. underwent permanent middle cerebral artery 
(MCA) occlusion using a 5-0 suture which was advanced 8 mm from the carotid 
bifurcation. A femoral artery catheter was placed to measure mean arterial pressure 
(MAP), arterial blood gases. Heart rate, respirations and body temperature were 
monitored. 24 h later, brains were harvested and stained with triphenyl tetrazolium 
chloride (TTC) to delineate regions o f infarct. There were no differences between 
heterozygote and wild type animals in terms of the different physiological 
parameters. Among heterozygote animals, infarct size was 32.8 ± 14% (n=3) o f the 
ipsilateral hemisphere versus 41.8 ± 7.6% (n=5) among wild type (mean±SEM). 
HSP70 may be involved in a cascade o f events leading to neuroprotection, but this 
protection may be lost against the most severe insults.

NINDS

87.20
HSP72 DETECTION IN A HIGHLY CONTROLLED GERBIL 
ISCHEMIA MODEL USING ANTIGEN RETRIEVAL METHODS. 
K. Nishino,* J. B. Harrub and T. S. Nowak Jr., Dept. of Neurology, 
University of Tennessee, Memphis, TN 38163.

We previously identified a cryptic state of hsp72 expression during 
early postischemic recirculation (Neurochem. Res. 23:708, 1998), and 
have since found that the protein can be unmasked in tissue sections by 
heating in citrate buffer. Hsp72 expression is usually prominent in 
surviving neurons after transient global ischemia, and is thought to play 
a role in ischemic tolerance, although its mRNA is minimally induced 
in a highly controlled tolerance model using DC potential measurements 
of ischemic depolarization to monitor insult severity. Hsp72 induction 
after brief ischemia is strongly influenced by postischemic temperature 
(Neurosci. Lett. 243:57, 1998) which is carefully controlled in this 
model. In the present study we employed antigen retrieval methods to 
evaluate hsp72 protein expression in gerbil brain after mild and severe 
insults (2-3.5 min and 6 -8  min depolarization), the latter producing CAl 
loss. Vibratome sections (50 µm) were obtained from perfusion-fixed 
brains at 6  h and 1, 2 ,  4 and 7 d after ischemia, heated 30 min at 8 O°C in 
10 mM citrate, 1 mM EDTA in normal saline, and processed for 
immunocytochemistry. Mild insults showed only slight hsp72 induction 
in dentate and CA3 neurons at 2-4 d, with a moderate signal in CAl at 4 
d. Surprisingly, severe insults generated similarly weak signals, evident 
within 6  h. Occasional intensely stained cells were also seen, especially 
in C A 1 at 4 d. These results indicate that stresses leading to heat shock 
protein induction and cell loss can be experimentally dissociated after 
ischemia, implying the involvement of distinct molecular mechanisms.

Supported in part by USPHS Grant R01-NS32344.
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87.21
HEAT SHOCK PROTEIN 70 IN ISCHEMIC AND REMOTE AREAS IN RAT BRAIN 
FOLLOWING MIDDLE CEREBRAL ARTERY COAGULATION. H. Kanemitsu*,
T. Ishii, M. Aoki, Y. Nagashima,T. Nakagomi, A.Tamura. Department of Neurosurgery, 
Teikyo University School of Medicine, 2-11-1 Kaga Itabashi-ku Tokyo 1738605, Japan.

Heat shock protein is being given attention to as a marker of neural damage following 
cerebral ischemia. The purpose of this study is to evaluate by in situ hybridization and 
immunohistochemistry whether hsp70 mRNA and HSP70 protein express in ischemic 
area and remote area in rat brain following focal cerebral ischemia.
METHOD: Male Wistar rats weighing 280 to 300 g were anesthetized with 2 % halothane 
inhalation and the proximal portion of left middle cerebral artery was occluded by 
microsurgical technique which was modified from our original method for the purpose 
of chronic experiments. The animals were fixed by transcardiac perfusion with saline 
followed by 4 % paraformaldehyde in 0.1 M phosphate buffer (pH 7.4) 4, 24, 96 or 168 
hr following cerebral ischemia. Brains were fixed at for 1 hr at 4 °C, removed and 
transferred to 0.1 M phosphate buffer saline (pH 7.4) including 20 % sucrose overnight 
and stored at -80 °C. Three brain sections (20 µ m) including ischemic core cortex and 
caudoputamen, hippocampuss and thalamus, and substantia nigra were cut on a cryostat 
at -20 °C, collected on silane-coated slides, and processed for in situ hybridization or 
immunohistochemistry.
RESULTS: Hsp70 mRNA expressed in ischemic cortex and surrounding of caudoputamen 
4, 24 and 96 hr following ischemia but almost disappeared 168 hr following ischemia. 
Hsp mRNA could not detect in hippocampus, thalamus and substantia nigra following 
ischemia. On the other hand, HSP70 protein expressed in ischemic cortex and surrounding 
of caudoputamen 4, 24, 96 and 168 hr following ischemia but could not detect in 
hippocampus, thalamus and substantia nigra following ischemia.
DISCUSSION: HSP protein could detect in areas which were directly exposed to ischemia 
but could not detect in areas such as thalamus and sunstantia nigra which were secondarily 
injured by retrograde degeneration or anterograde-transsynaptic degeneration.

87.22
DEGRADATION OF HEME OXYGENASE-1 PROTEIN AS A 
REGULATORY MECHANISM. B.E. Dwyer,1* R.N. N ishimura,2 J.T. 
Laitinen,3 S.-Y, Lu1 and N .L Banik4. 1Research Service (151), VA 
Medical Center, White River Junction, VT 05009-0001, 2Department 
of Neurology, VA Medical Center, Sepulveda, CA, 3Department of 
Physiology, The University of Kuopio, Kuopio, Finland, department 
of Neurology, Medical University of South Carolina, Charleston, SC.

Heme oxygenase (EC 1.14.99.3) catalyzes the O2- and NADPH 
cytochrome c reductase-dependent degradation of heme to 
biliverdin releasing carbon monoxide and iron in the process. 
Biliverdin is subsequently reduced to bilirubin by biliverdin 
reductase. Heme oxygenase-1 (HO-1) is a heat shock or stress 
protein which is found elevated after CNS injury and in some 
neurodegenerative diseases. In the presence of protein synthesis 
inhibitors rapid degradation of HO-1 protein was observed in 
cultured rat forebrain astrocytes. This effect was blocked by 
lactocystin, an inhibitor of proteasome activity. Our data suggest 
that the presence of elevated levels of HO-1 protein may not only 
be a marker of "stress"-mediated induction of synthesis but also 
impaired proteasome activity.

Supported by the Office of Research and Development (R&D), 
Medical Research Service, Department of Veterans Affairs (VA).
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88.1
M olecular Cloning o f  a Cell Cycle-R egulation G ene Cyclin H from  R at 
B rain : Expresses in the N euronal Cells a fte r  C e reb ra l G lobal Ischem ia. KL.
Jin*, J. Chen, T. Nagayama, RA. Stetler, RP Simon, and SH, Graham. Dept. o f  
Neurology, Univ. o f  Pittsburgh School o f  Medicine, Pittsburgh, PA 15261
The cyclin H and its partner Cdk7 (M O 15) have been shown to play an 

important role in the control o f  multiple cell cycle transitions. However, recent 
findings suggest that cyclin H may perform additional functions. Both cyclin H 
and Cdk7 are found to be important components o f  transcription factor TFIIH, 
which is essential for the initiation o f  RNA polymerase class II (pol II)-catalyzed 
transcription, and is also involved in nucleotide DNA excision repair both in 
vitro and in vivo.
To investigating the genetic mechanisms o f  neuronal injury and recovery after 

cerebral ischemia, a rat ischemic subtractive cDNA library was constructed by 
our group. Cycle H, was identified in this cDNA library. To study whether 
expression o f  cyclin H is induced in postmitotic neurons after ischemia, Northern 
and Western blots, in situ hybridization and immunocytochemistry were 
performed. Cyclin H is expressed in normal neuronal cells and upregulated after 
ischemia. Cyclin H mRNA and protein are expressed in the neurons o f 
hippocampus, neocortex and pyriform cortex. The expression o f  cyclin H is 
remarkably increased in dentate gyrus region o f  hippocampus following cerebral 
ischemia. However, expression o f  other cell cycle regulators such as Cdc2, 
cyclin D 1 and cyclin B 1 are decreased following transient global ischemia. Cdk7 
is also expressed in neuronal cells but its expression is not altered following 
ischemia. These data suggest that cyclin H is upregulated in brain neurons by 
ischemia and therefore, may play role in response to ischemia o f  DNA repair or 
transcription regulation in postmitotic neurons o f  brain.

88.2
CH A N G ES O F  T H E  G E N E  E X P R E S S IO N  IN  T H E  RAT BRAIN 
W IT H  P E R M A N E N T  O C C L U SIO N  O F  B IL A T E R A L  COM M ON 
C A R O T ID  A R T E R IE S . M. Tohda* and H. W a tan abe. D ept of 
Pharmacol., Res. In s t. for W akan-yaku, Toyama Med. & Pharm . Univ., 
Toyama 930-0194, Japan .

We have been reported th a t the r a t with perm anent occlusion of bilateral 
common carotid arteries (2VO) is a  useful model of ischemic disorders, 
especially in cognitive deficits and  neuronal dam ages. We found th a t  the 
expression of some genes changed in 2VO ra ts  16 weeks after trea tm en t 
compared with sham  treatm en t using the differential display methods, and 
reported in the la s t year’s this meeting (847.1). In p resen t work, to 
estim ate the physiological roles of this factors, the sequences were identified 
after ligated with pBluescript vector, and the distributions in the brain were 
examined by in situ  hybridization. Two of isolated clones were novel which 
have the sequence, 789 bp and 523 bp, although thay  may be partia l 
sequence in 3’-non∙coding site. After decided which direction w as sense or 
an tisense sequence in each clone by using the dot blot methods, the 
digixigenin-labeled cRNA sense and antisense probes were synthesized by 
T3/T7 RNA polymerase. Both the 789 bp clone which increased by 2VO and 
the 523 bp clone which decreased were widely expressed in brain especially 
in hippocampus (CA4>DG), cortex, hypothalam us, piriform cortex and so on, 
suggesting th a t both clones are essential molecules, like ion-channel, in the 
brain. We are now studying to identify the whole sequence of these clones. 
We also isolated some genes which change the expression in very early stage 
of 2VO trea tm en t (after 4 days) to search the cognitive deficits or neuronal 
dam age inducing molecules. Four clones which molecular size are 260, 
280, 300 and 320 were isolated. We will be able to present the results and 
discuss about this. This work w as supported by a  Grant-in-Aid (No. 
08457634) from the Ministry of Education, Science and Culture, Japan .

88.3
PROVIRUS INDUCTION DURING DELAYED NEURONAL DEATH
Kamme F 1*, Babity J2, Herb A3, Ferrand-Drake M 1, Gidö G 1, Rohertson_H：L 
Wieloch T 1, 1.Lab. for Exp. Brain Research. 221 85 Lund, Sweden, 2.Lab. of 
Mol. Neurobiol. Dep. of Pharm. Dalhousie University Halifax, Nova Scotia, 
B3H 4H7, Canada 3.Dept of Mol. Neurobiol. Max-Planck-Inst. for Medical 
Res. Jahnstrasse 29, 69120 Heidelberg, Germany.

A fter transient cerebral ischem ia, pyram idal neurons in the 
h ippocam pus will undergo  delayed  death and d ie afte r
approxim ately  48 hrs. The m echanism  by which these neurons d ie 
has characteristics o f apoptosis.

Using d ifferential display PCR we have searched for genes 
selectively expressed in neurons destined  to die. In h ip p o cam p al 
C A 1 neurons that selectively undergo delayed neuronal death  afte r 
transient forebrain ischem ia, we found that the m RN A  o f the 
endogenous provirus rat leukem ia virus (R aLV ) was induced  at 1 8 
hrs post-ischem ia, and m aintained until neurons die. T he  
expression  o f RaLV correlated with neuronal death, and brains 
subjected to non-injurious, hypotherm ic, ischem ia exh ib ited  very 
low levels o f induction. A fter ano ther brain insult, severe 
hypoglycem ia, RaLV expression was again seen in C A 1 neurons as 
they degenerated .

W e also found the synthesis o f viral proteins and the fo rm a tio n  
o f viral particles in conjunction  with degenera ting  neurons in the 
C A 1 regon.

This is the first report on the induction o f an en d o g e n o u s  
provirus in association with neuronal degeneration , and m ay 
represent an im portant factor in delayed neuronal death.

This work was sponsored by the Swedish Medical Research Council (grant nr. 
8644). the European Union (BIOMED II grant BM H 4-CT96-0851) and the MRC o f  
Canada.

88.4
CHARACTERIZATION OF GENE INDUCTION FOLLOWING GLOBAL 
ISCHEMIA IN GERBIL BY DIFFERENTIAL DISPLAY Honkaniemi 
J1,2*, Sganga M 1, Solway K1, Murrel M 1, Zhang J1, Sharp FR1. University of 
California1, San Francisco and Dept. of Neurology, Veterans Administration 
Medical Center, San Francisco and Dept. of Neurology and Rehabilitation2, 
University of Tampere, Finland.

Global cerebral ischemia in gerbil leads to several waves of gene 
induction. The first wave occurs within minutes after the onset of the 
ischemia during which several immediate-early genes and stress genes are 
induced. This induction is most likely due to the ischemia induced spreading 
depression Some of the genes induced by the spreading depression continue 
to be expressed up to 24 h after the ischemia. The second wave occurs 12-24 
h after the insult, when several genes associated with apoptosis are induced. 
The third wave occurs within a few days after the ischemia when the 
neurons in the CAl region of the hippocampus have died. This gene 
induction is mainly associated with glial proliferation and reorganization of 
the injured area. To characterize genes possibly involved in mediating the 
delayed neuronal death in the CA 1 region, we used differential display PCR 
to clone genes induced by 10 min global ischemia 24, but not 4 h, after the 
ischemia. The inducibility of the cloned fragments was verified by Northern 
blots and in situ hybridization. The in situ hybridization revealed a delayed 
gene induction not only in the CAl region but also in the dentate granule 
cells. Whether these genes participate in neuronal death, survival or 
reorganization is currently under investigation. Supported by Grants from 
the NIH, VAMC and the Finnish Academy.
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88.5
Novel hypoxia-ischemia-associated gene sequences in neonatal rat brain 
using differential display. S. Packianathan*, L. D. Longo, & M. De León. 
Dept. of Physiol. & Pharmacol., Dept. of Obstet. & Gynecoi., Ctf. tor Mol. 
Biol. & Gene Ther., and Ctr. for Perinatal Biol., Loma Linda University 
School of Medicine, Loma Linda CA 92350-0001.
To test the hypothesis that gene expression patterns vary following hypoxia-ischemia 
(HI), the differential display technique was used in a neonatal rat brain model of HI. 
Under anesthesia, the right common carotid artery in 7 day old Sprague-Dawley rat 
pups was cauterized. After recovery, the pups and dams were subjected to hypoxic- 
hypoxia(10.5% FIO2) for 4 h. Pups were sacrificed 3, 7, 10, and 14 d later. The 
midbrain from the ipsi- and contralateral brain hemispheres was frozen in liquid N2 for 
RNA extraction. Equal amounts of RNA from ipsi- and contralateral midbrain were 
reverse transcribed with one base anchored (A, C, or G) oligo T11 primers, then PCR 
amplified with these same primers together with one of eight random 13-mer oligos, 
fractionated side-by-side on 6 % polyacrylamide sequencing gels, dried, and exposed to 
X-ray film. Ipsi- or contralateral cDNA fragments exhibiting upregulation when 
compared to their counterparts were then cut out and re-amplified. Upregulated 
fragments were cloned and sequenced. Sequences were analyzed using the BLAST and 
ENTREZ programs at NCBI. Utilizing this protocol, 20 upregulated cDNA 
fragments were isolated from the midbrain, cloned, and sequenced. Sequence analyses 
demonstrated that 3 of them represented 18s rRNA genes, 9 represented known 
sequences available at GENBANK, and 8 were unknown sequences. All these 
fragments demonstrated varying levels of upregulation in reversed Northern analyses. 
Three fragments (two known and one unknown), were then selected for confirmatory 
analysis using Northern blotting normalized to levels of cyclophilin mRNA. These 
analyses confirmed the differential expression of these fragments. Although 
demonstrating general downregulation in the ipsilateral hemisphere, the three 
fragments also showed significant 2- to 5-fold elevation in mRNA levels in the 
contralateral hemisphere 14 to 17 d following injury, when compared to naive 
controls. These data confirm the differential expression of several genes in ipsi- and 
contralateral midbrain following HI injury. The temporal pattern of upregulation and 
downregulation of these genes may provide clues as to their role in injury, repair, or 
regenerative processes. This approach may also help identify new therapeutic 
approaches to ameliorating the effects of HI.
[Supported in part by USPHS Grant HD0387 to LDL and Supplement to MDL]

88.7
SUBTRACTIVE HYBRID IZA TIO N  FROM A CH EM ICAL 
HYPOXIA/AGLYCEM IA M ODEL IN A NEU RO N A L CELL 
LIN E.M .E. C la rk , F. M anu, G. B arry, N. L ing* , R. M aki 
N e u ro c rin e  B io s c ie n c e s ,  In c ., San D ieg o , CA 9 2 1 2 1 .

Subtractive hybridization has been used successfully to find 
differentially expressed genes from various cell and tissue models 
including models from the nervous system. We treated a mouse 
catecholaminergic cell line, Cath.a, with media containing 3mM KCN 
and no glucose to mimic the hypoxic and aglycemic conditions 
following stroke. From preliminary experiments we determined that 
30 minutes of treatment resulted in 80% viability if the cells are 
harvested immediately (acute conditions). However if after the 30 
minute treatment the cells are washed and complete media is added 
for 24 hours the viability drops to 32% (delayed conditions). RNA 
from either the acute or delayed treated cells (tester) was subtracted 
from an excess of RNA from control treated cells (driver). Individual 
clones from the subtracted material were sequenced and genes of 
interest were used as probes for Northern blots. One gene that was 
up-regulated in the delayed treatment RNA compared to the control 
RNA was a gene called PC8 which is a cerebellum specific protein 
of unknown function. Another gene that was highly up-regulated in 
the delayed treatment RNA was the FlFo-ATP synthase complex 
subunit f gene which is part of the inner mitochondrial memberane. 
Interestingly the FlFo-ATP synthase complex has been shown to be 
altered during aging in rats. We are investigating this gene further to 
determine its role in ischemic stroke.

88.9
ROLE OF c-JUN IN ISCHEMIC NEURONAL INJURY IN EXPLANT 
CULTURES OF RAT HIPPOCAMPUS. Jason Ross and Cheolsu Shin*. 
Depts. of Molecular Neuroscience, Pharmacology and Neurology, Mayo 
Foundation, Rochester, MN 55905

Delayed ischemic neuronal death appears to be an orderly process whose 
mechanisms may include glutamate receptor activation and subsequent 
induction of immediate-early gene (IEG) expression. We hypothesize that an 
IEG, c-jun, is involved in the process of ischemic neuronal injury. We studied 
the induction of c-jun expression after ischemic insult in vitro and examined the 
effect of antisense oligodeoxynucleotides (ODNs) on neuronal injury.

Hippocampal organotypic cultures from 8 day old rat pups were exposed at 
10-14 DIV to hypoxia and hypoglycemia for 23 minutes. RT-PCR and 
immunohistochemistry (IHC) were performed at various time points for the 
mRNA and protein expression. Propidium iodide fluorescence for neuronal 
injury was quantitated at 72 hours. ODNs (20 µM) were added to the media 
throughout the postischemic period.

c-jun mRNA peaked immediately after the ischemic insult with a second 
peak at 72 hrs. IHC showed cJun immunoreactivity at 72 hrs. Neuronal injury 
was prominent in the CAl pyramidal region by 72 hrs. Nonsense ODN did not 
alter mRNA level and had no effect on damage. Antisense ODN suppressed 
mRNA induction but failed to alter the damage severity overall. However, 
there was a trend for a bimodal response in that antisense ODN protected some 
cultures, while exacerbating damage in others. The results would indicate that 
c-jun may have a dual role in the underlying mechanism in this ischemia 
paradigm.

[Supported by NS37125 and by Mayo Foundation]

88.6
IDENTIFICATION AND CHARACTERIZATION OF AN UP-REGULATED 
ELEMENT IN A RAT MODEL OF TRANSIENT CEREBRAL ISCHEMIA.
X. Liu. J.A.Clemens*. T. Yin. E.M. Johnstone. D.T. Stephenson. B. Smalstig, Jill
A. Panetta, and S.P. Little. Neuroscience Research, Lilly Research Laboratories, Eli 
Lilly and Company, Indianapolis, IN 46225 

Global b ra in  ischem ia cau ses  cell d ea th  in CAl hippocam pal 
neu rons  3-5 days after reperfusion . The biological pathw ay leading 
to such  delayed neu ronal dam age h as  not been well established . To 
identify genes involved in th is  event, we com pared expression levels 
of m essenger RNA (mRNA) in the CAl region of ra t b ra in s  th a t have 
been subjec ted  to four-vessel occlusion (4VO) w ith th a t of sham - 
operated ra ts  by a  differential display technique. One am plification 
p roduct showed up  to a  35-fold increase in the ischem ic 
h ippocam pus a t 24 h  after reperfusion , as  determ ined by N orthern 
analysis. Rapid am plification of cDNA ends (RACE) revealed a family 
of genes (160-540 bp) th a t were sim ilar. Among them , there w as a 
sm all open reading fram e (SMORF) w hich is homologous to an  
apoptotic gene m ud5 (m essage up-regu lated  during  death). M ud5 is 
induced in PC-12 cells by NGF deprivation. In situ hybridization 
dem onstra ted  th a t the elevated expression  of th is  gene w as localized 
predom inantly  to the CAl pyram idal neurons. The level of 
expression  gradually  decreased  in 48 h to 72 h after reperfusion. The 
gene w as also expressed  in en tire  b rain  tissu es  of ra t em bryos, 
suggestive of its  possible involvem ent in program m ed cell death . 
LY231617, an  anti-ox idan t, inh ib its  the up-regulation  of th is  
tran sc rip t. We are investigating w hether these tran sc rip ts  are 
tran sla ted  for the ir function and  the role of these  tran sc rip ts  in 
ischem ia-induced neu ronal dam age.

88.8
G E N O M IC  A PP R O A C H  T O  ID E N TIFY  G EN E S  U P R EG U LATE D  IN 
IS C H E M IC  TO LE R A N C E. X inkang W ang . Frank C. Barone and G iora  Z. 
Feuerste in*. D e p t. o f C ard iovascu lar P harm acology, Sm ithKIine B eecham  
P harm aceuticals, K ing o f P russ ia , PA 19406 

W e have recen tly estab lished  an ischem ic to le rance  (IT) m odel by applying 
10 m inutes occlusion  o f the  m iddle cerebra l a rte ry  (M C AO ) w ith  reperfusion 
(i.e ., p recond ition ing  stim ulus; PC) to  spontaneous ly  hypertensive  rats. A 
s ign ificant reduction (>50% ) o f hem ispheric  in farc t and neuro log ica l defic its 
was observed  w hen perm anent M C A O  w as perform ed a t 1 to  7 days a fte r PC. 
To  e luc ida te  the  m o lecu la r m echan ism s invo lved in IT, we app lied m RNA 
d iffe rentia l d isp lay (D D ) and suppression sub tractive  hybrid iza tion (SSH) 
techn iques and investigated  cortica l sam p les 1 day post-PC . W e have applied 
a to ta l o f 60 ups tream  a rb itra ry  p rim ers in com bina tion  w ith  dow nstream  
anchored  prim ers (w hich cove r about 80-90%  of m R N A  population) fo r DD and 
ana lyzed m ore than  600  clones iso lated by SSH. A  num ber o f PC -induced 
genes have been identified  tha t include hea t shock pro te in  (H SP-70), tissue 
inh ib ito r o f m atrix m eta lloprote inase-1 (T IM P -1), interleukin-1 receptor 
antagon is t (IL -1ra) and novel genes. The  express ion  pattern  (tem pora l and 
spatia l) and pathophysio log ica l roles o f se lected  genes is being exp lored. For 
exam ple, tim e course  stud ies (sham , 1, 3, 6, 12, 24 hours, and 2 and 5 days 
a fte r PC) using N orthern ana lysis revea led tha t TIM P-1 m R N A was 
s ign ificantly  e levated  at 24 hours (3.3-fo ld  increase, p< .0 5, n=5) and 2 days 
(4.3-fo ld  increase, p<.01) a fte r PC. The tem pora l induction o f TIMP-1 
co rre la ted  w ell w ith  the  onset o f s ign ificant IT  induced by PC, suggesting a 
potentia l role o f TIM P-1 in IT perhaps by b locking m atrix m eta lloprote inases 
(M M Ps) activ ities  known to  exacerba te  s troke injury. The  p resent w ork 
p rovides a com prehens ive  ana lys is  o f a lte red gene express ion  fo llow ing PC in 
the  express ion  o f IT and dem onstra tes the  use o f these  genom ic approaches 
to  e luc ida te  the m o lecu la r m echan ism s re la ted to  bra in ischem ic to lerance.

88.10
IND UCTIO N OF IM M ED IA TELY  EARLY G EN ES DURING 
CH EM IC A L HY POX IA IN P C 12 CELLS. H.-M . Huang*, J.-Y .Yu and T. 
Hw ang D ep t. o f  Education and M edical R esearch, T aichung V eterans 
General Hospital, Taichung, Taiwan, R.O.C.

Ischem ia, w hich is defined as the reduced blood flow , can cause tissue 
hypoxia and decreases glucose supply. Calcium  and neurotransm itter 
release have been im plicated in hypoxia/ischem ia-induced  alterations in 
neuronal function and in subsequent tissue dam age. How ever, the 
m olecular m echanism  o f  this hypoxia signal transduction pathw ay is not 
com pletely understood. Thus, effects o f  chem ical hypoxia on the 
expression o f  im m ediately early  genes ( IEGs), and the significance o f  this 
induction with respect to the survival o f  neuronal cells under hypoxia were 
exam ined in PC12 cells. C hem ical hypoxia (i.e. KCN) induced increases o f  
lactate dehydrogenase (LDH ) release in the m edium  was in a time- 
dependent m anner. In addition, nuclear condensation by DAPI (4,6- 
d iam idino-2-phenylindole) staining was not observed, indicating that 
chem ical hypoxia-induced cell death by necrosis rather than apoptosis. 
RNAs from chem ical hypoxia-treated PC12 cells were analyzed by 
N orthern blot hybridization for their expressions o f  IEGs, c-fos, c-jun, 
nur77, and zif268. The IEG m RNA s encoding c-fos, c-jur. nur77, and 
zif268 w ere induced follow ing K C N -treatm ent with d ifferent tim e courses, 
while the gene expression o f  G A PDH was not altered. This study 
dem onstrated that induction o f  IEGs is associated with PC12 cell death 
during hypoxia (supported by NSC 8 7 -2 3 14-B -075A -014 and TCVGH 
87701D).
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88.11

Cloning and genetic analysis of D rosophila  melanogaster HIF1β
homolog, a hypoxia-regulated transcription factor

Enbo Ma and Gabriel G. Haddad* Department o f Pediatrics, Yale 
University School of Medicine, New Haven, CT 06510

Hypoxic injury is a frequent clinical event across age groups. 
The mechanisms underlying this damage are, however, far from 
understood. One o f the 02-sensing mechanisms that has been studied is 
based on the activation o f the hypoxia-inducible factor 1 (H IF1) which 
is isolated from a human hepatoma cell line. This factor belongs to a 
bHLH-PAS family and is composed o f two subunits (α, β). Although it 
has been shown that this factor regulates many hypoxia-responsive 
genes, such as VEGF and G lut1, and is involved in early development, 
its signalling pathways in both development and later in the 
differentiated organism are unclear. This is mainly due to lack o f a 
suitable animal model. Here, we report on using the genetically well- 
studied Drosophila melanogaster to try to dissect the functional 
networks o f this factor at both a genetic and molecular levels. We have 
cloned a Drosophila H IF1β homolog (dHIF1β) and established 
transgenic fly lines. Our preliminary data showed that over-expression 
of this factor in adult flies significantly prolonged the recovery time to 
10 min of anoxia (experimental to control: 859 to 503 sec, P<0.0001), 
indicating that an over-expression o f dH IF1β lessens the resistance of 
flies to anoxia.

8 8 .1 3

BETA-AMYLOID PRECURSOR PROTEIN (β-APP) IMMUNOREACTIVITY 
GRADUALLY EMERGES AFTER TRANSIENT GLOBAL BRAIN ISCHEMIA IN 
RAT. B.Lin,* R. Schmidt-Kastner, R. Busto, and M.D. Ginsberg. Cerebral Vascular 
Disease Research Center, Dept.of Neurology (D4-5), Univ. Miami, Miami, FL 33101 

We previously showed that 10 min o f global ischemia results in damage which 
slowly emerges over 4-10 weeks (Lin et al., Acta Neuropathol. 1998, in press). As 
eosinophilic deposits were noted in injured areas, we explored coronal sections at the 
striatal and hippocampal levels by immunohistochemistry for β-APP. A monoclonal 
antibody to the N-terminal portion of β-APP (22C11, Boehringer Mannheim, 0 .1 
ug/ml) was used. Male Wistar rats (265-370g) were subjected to 10 min ischemia by 
2-vessel occlusion and were perfusion-fixed with FAM (formaldehyde, acetic acid, 
methanol) at the end o f 1 (n=5), 2 (n=4), 4 (n=4), 6 (n=5), 8 (n=5), and 10 weeks (w) 
(n=6) after ischemia. Brains were paraffin-embedded. The immunoreaction for β- 
APP in CAl began at 2 w, with numerous, tiny granular deposits in strata radiatum 
and oriens, but not in the pyramidal cell layer. At 4 w, these granules enlarged, and 
round spots occupied all layers. At 6 w, strong granular deposition was noted only in 
CAl pyramidal cells, and their intensity increased at 8 w. A granular distribution was 
also observed in striatum and thalamus at 4-10 w in cases with severe lesions and 
gliosis. Intracellular accumulation o f β-APP was found at the borders of large striatal 
lesions at 8 w. β-APP immunostaining was increased in the cytoplasm of scattered 
cortical neurons in several cases at 1 and 2 w. An unexpected finding was increased 
extracellular and intraneuronal β-APP deposition in cortex at 4-10 w, especially in 
areas close to rhinal fissure involving layers II, III, V, and VI. At 8 w (n=5), 70±57 
ß-APP plaque-like deposits were counted in neocortex. By comparison, sham rats at 1 
w (n=4) had no deposits, and at 10 w (n=4) had few deposits (6 .5±13). At 8 and 10 w, 
large ß-APP deposits were morphologically similar to plaques observed in 
Alzheimer’s disease. Glial reaction around the deposits was absent. Thus, ß-APP 
metabolism is activated after ischemia, and a complex relationship develops between 
ß-APP deposits and neuronal degeneration. Supported by NS 05820.

8 8 .1 5

MATRIX METALLOPROTEINASES INCREASE AFTER MIDDLE 
CEREBRAL ARTERY OCCLUSION AND REPERFUSION.
J.H. Heo,* J. Lucero, T. Abumiya, B.R. Copeland, G.J. del Zoppo . 
D epartm ent o f  M olecular and Experim ental M edicine, The Scripps 
Research Institute, La Jolla, CA  92037.

Microvascular integrity is lost during focal cerebral ischemia. The 
degradation of the basal lamina and extracellular matrix (ECM) are, in 
part, responsible for the loss of vascular integrity. Among several 
mechanisms that cause basal lamina degradation, matrix metalloproteinases 
(MMPs), capable of degrading a wide range of ECM components, may 
play a primary role. By using sensitive gelatin zymography, we 
investigated the activity of MMP-2 and MMP-9 in 10 µm frozen sections 
of ischemic and nonischemic basal ganglia samples and plasmas of 27 
nonhuman primates after middle cerebral artery occlusion/reperfusion 
(MCA:O/R). The gelatinolytic activity was measured after scanning the gels 
into the NIH Image program and was compared with ischemic zones. In 
the brain, the inactive form of MMP-2 was observed in all ischemic and 
nonischemic samples, while those from the active forms of MMP-2 and 
MMP-9 were observed only in subjects undergoing MCA:0 . The 
integrated density of both MMP-2 and MMP-9 increased by 1 hour after 
MCA:0  and was persistently elevated during all time points thereafter. 
MMP-2 expression was highly correlated with the extent of neuron injury 
in the ischemic zone (r=0.854, 2p<0.0001). However, no clear correlation 
of MMP-9 with neuron injury was seen. In plasma, MMP-2 was present 
constitutively and did not change, whereas MMP-9 increased transiently at 
2 hour MCA:O. These findings highlight the early potential roles of MMP- 
2 and MMP-9 in the degradation of basal lamina leading to neuronal 
injury following focal cerebral ischemia.

88.12
INDUCTION OF PRESENILINS IN THE RAT BRAIN AFTER 
MIDDLE CEREBRAL ARTERIAL OCCLUSION. Keith R. 
Pennypacker1*, Herman Hernandez1, Stanley Benkovic1, David G. 
Morgan1, Alison E. Willing2 and Paul R. Sanberg 2U niversìty of South 
Florida College of Medicine Departments of Pharmacology and 
Therapeutics , Surgery2 and Neuroscience Program Tampa, FL 33612 

Stroke has been implicated in the onset of Alzheimer’s disease (AD) 
and several AD-related genes (amyloid precursor protein and 
apolipoprotein E) are induced in animal models of stroke as well as 
other brain injury models. Mutations in the presenilin-1 and 2 (PS-1 
and -2) genes have been shown to be involved in the early onset of AD. 
Expression of the PS-1 and -2 genes have been reported to be regulated 
in AD, aging, development and brain injury. Although expressed 
primarily in neurons, enhanced levels of PS-1 and -2 have been 
observed in astrocytes activated by neuronal damage. We have examined 
the expression of both presenilins in the rat hippocampus, cortex, 
striatum and cerebellum in an animal model of stroke caused by middle 
cerebral artery occlusion (MCA-0). Overall, the expression of the 
presenilin mRNAs exhibited a similar pattern in the brain regions 
sensitive to this treatment ie., hippocampus, striatum and cortex. The 
mRNA levels were elevated at 4 and 8 days, but not 1 day, in regions 
both ipsilateral and contralateral to the MCA-0 relative to sham- 
operated controls. The cortex showed the greatest increase in PS mRNA 
levels (7-10 fold) at 4 and 8 days post-treatment. PS-1 levels in the 
contralateral cortex were significantly increased 1 day after MCA-O. In 
comparison, PS mRNA content was only modestly affected in the 
hippocampus and striatum at 4 and 8 days after MCA-O (30 to 100% 
changes). These AD-related genes may well be induced in brain injury 
response and a breakdown in this response via cerebrovascular disease 
and/or genetic mutation may contribute to AD pathology.

8 8 .1 4

TYPE IV COLLAGENASES INCREASE IN ISCHEMIC REGIONS AS SOON AS 4 
HOURS AFTER PERMANENT MIDDLE CEREBRAL ARTERY OCCLUSION IN MICE
Y.Gasche1, M. Fujimura1, Y. Morita-Fujimura1, J-C. Copin1, J. Koistinaho* and P.H. Chan1. 
1Departments of Neurosurgery Neurology and Neurological Sciences, Stanford University, Palo 
Alto, CA 94304.

Reperfusion following ischemia has been shown to exacerbate brain injury. 
During this period, the blood-brain barrier permeability is increased and main 
components of the endothelial basal lamina are lost. Matrix metalloproteinases 
(MMPs) are enzymes which can open BBB in vivo and have been shown to increase 
in ischemic regions of the brain. The aim o f our study was to compare the levels of 
pro- and activated forms of MMP-9 and MMP-2, type IV collagenases, in the brain 
of mice subjected either to transient middle cerebral artery occlusion (tMCAO:6O 
min.) or permanent (pMCAO). MMPs were partially purified from each sample 
using their selective affinity to gelatin-sepharose, detected by zymography and 
quantified by densitometric analysis. ProMMP-9 and proMMP-2 were detectable in 
non-ischemic regions (contralateral) of every mice. In the permanent ischemia 
model, proMMP-9 levels were increased dramatically in the ipsilateral region, 
reaching 6.1-fold of the control value as soon as 4h after the artery occlusion and 7.5 
fold after 24h. MMP-9, the activated form of the enzyme was undectable in non- 
ischemic regions but appeared clearly after 4h of pMCAO in ischemic regions and 
was maximal after 24h. ProMMP-2 was also increased after pMCAO, but to a lesser 
extent with a 1.7-fold and 2.4-fold increases at 4h and 24h, respectively. 
Surprisingly, in tMCAO, only mild increases of proMMP-9 and proMMP-2 were 
observed. Our results suggest that, to the contrary of most inflammatory mediators, 
which are known to be triggered by the oxidative stress occuring during the period 
of reperfusion, type IV collagenases expression depends on the time of ischemia 
rather than on the level of oxidation induced at the time of reperfusion. (Supported 
by NS14543, NS25372, NS34167 and N01NS82386).

8 8 .1 6
EXPRESSION OF METALLOTHIONEIN I AND III mRNA AFTER TRANSIENT 
FOREBRAIN ISCHEMIA IN RAT A. Majid, Y. Bessho, T. Beasley, Uta Straßer,* 
D.W. Choi. Dept. of Neurology and Center for the Study of Nervous System Injury, 
Washington University School of Medicine, St Louis MO 63110.

Metallothioneins (MTs) are low molecular weight cysteine-rich proteins that may 
serve as endogenous neuroprotective agents by buffering changes in intracellular zinc 
and by serving as endogenous antioxidants. Three classes of MTs have been 
identified in the CNS. MT I and II are predominately expressed in astrocytes and are 
concordantly regulated; MT III is expressed exclusively in neurons. We have found 
that mutant mice lacking genes for MT I and II (Masters et al. Proc. Nat. Acad. Sci 
(91) 584-588, 1993) exhibit greater neuronal death in the hippocampus compared to 
wild type (Neurology 50, suppl. 4, A 153, 1998). Here we examined the expression of 
MT I and III mRNA after transient global ischemia.

Transient global ischemia was induced in adult male rats for 10 minutes by 
occluding the common carotid arteries and reducing mean arterial blood pressure to 
37-42 mmHg by controlled withdrawal of blood from the femoral artery. Northern 
blotting was used to examine expression of MT I and III mRNA in hippocampus, 
cortex, and cerebellum at 1, 12, 24, 72, and 168 h after ischemia. MT I mRNA levels 
increased within 1 h in all three brain regions and remained elevated for 24 h. In 
cerebellum, expression decreased to basal levels by day 3 with no further change at 
day 7. In cortex and hippocampus, MT I mRNA expression increased further by day 
3, but returned to basal levels by day 7. MT III expression did not change in any 
brain region. Our study shows that MT I, but not MT III, mRNA expression is 
induced following global cerebral ischemia, and raises the possibility that increases in 
brain tissue MT I (and thus presumably also MT II) may reduce neuronal death after 
transient global cerebral ischemia. Supported by NIH NINDS grant NS 30337.
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89.1

HIF-l ACTIVATION BY HYPOXIA AND CATALASE INVOLVES 
PROTEIN KINASE C ACTIVITY
Andy Forbes. Antonella Favit. Susan Beckwith, and A jay Verma*. D e p t . o f  

N eu ro logy  a n d  N e u r o s c i e n c e ,  U n i f o r m e d  S e r v i c e s  U n iv e r s i t y ,  B e th e s d a ,  M a r y la n d .  
Mammalian cells are able to sense and adapt to hypoxia through expression of 
various hypoxia responsive genes. Hypoxia inducible factor-1 (HIF-1) is a 
transcription factor instrumental in the regulation of many of these genes, yet the 
mechanisms involved in HIF-l activation by hypoxia are largely unidentified. 
Given the large body of evidence which supports the role of protein kinase C 
(PKC) in ischemic preconditioning, an adaptive phenomena of cardiac and glial 
cells, we have evaluated the involvement of protein kinase C activity in the 
induction of HIF-l DNA binding activity in U87 glioma cells. Treatment of 
hypoxic cultures with 2-aminopurine, a general serine/threonine kinase inhibitor, 
blocks induction of HIF-l, whereas specific inhibitors o f protein kinase A, protein 
kinase G, and tyrosine kinases are not effective. We provide support for the 
involvement of PKC in hypoxic signaling in U87 cells by demonstrating that: 1) 
chelerythrme chloride (CHEL), a highly selective inhibitor of protein kinase C 
(PKC) dose dependently extinguishes hypoxia inducible binding activity; 2) 
phorbol myristate acetate (PMA) treatment induces HIF-l binding activity which 
can be blocked by CHEL; and 3) hypoxia promotes translocation o f PKC α  from 
cytosolic to membranous cell fractions. Consistent with our previous finding that 
hypoxia stimulates HIF-l in U87 cells by lowering reactive oxygen species (ROS), 
we report that catalase stimulation of HIF-l binding is also blocked by CHEL. 
Furthermore, hypoxia induced partitioning of PKC α is blocked by exogenously 
added H2O2 and catalase treatment induces PKC α  translocation even under 
normoxia. T a k en  t o g e th e r  th e s e  r e s u l t s  i m p l i c a t e  th e  in v o lv e m e n t  o f  P K C  in  U 8 7  
hypox ic  s ig n a l in g ;  a n d  p l a c e  r e d o x  m e d i a t e d  s i g n a l i n g  e v e n t s  u p s t r e a m  o f  P K C  
en zym e a c t i v i t y  in  H I F - l  a c t i v a t io n .  Funding: Defense and Veterans Head Injury 
Program.

89.3

DIFFERENTIAL LOSS OF Ca2+- DEPENDENT PKC ISOFORMS IN C A 1 
REGION OF HIPPOCAMPUS DURING AND AFTER ANOXIA,
J. M. Libien*,T. C. Sacktor, and I. S. Kass. Dept. of Pharmacology,
State University of New York Health Science Center at Brooklyn,
Brooklyn, NY 11203

We investigated the regulation of PKC isoforms during anoxia using 
hippocampal slice preparations from adult Sprague-Dawley rats. Ten min anoxia 
resulted in significant damage to synaptic function, with a population spike 
recovery of 4 ± 2% (mean ± SEM, n=5) at 1 hr reoxygenation. The effect of 10 
min anoxia on PKC isoforms was examined with Western blots of the cytosolic 
and membrane-particulate fractions of C A 1 hippocampal homogenates.
Immediately after the anoxia, there were decreases in the cytosolic levels of 
conventional (Ca2+-dependent) PKCs γ, ß I, and ßII. There were no changes in the 
levels of membrane-bound PKC, but there was an increase in electrophoretic 
mobility of cPKCs α, ßI, ßII, and γ  in the membrane, indicating a relative 
increase in the dephosphorylated state of the enzyme. One hr after reoxygenation, 
the decrease in the cytosol of PKCs ßI, ß II, and γ  persisted, in addition a decrease 
in PKCα and ε was observed. The increased electrophoretic mobility of the 
membrane cPKCs was also present at 1 hr. These results indicate a selective 
downregulation of the cPKCs (α, ßI. ß II, γ), and PKCε, while the novel PKCδ
and the atypical (ζ, ι/λ) isoforms of PKC were spared. Incubation of the slices 
with 10mM Mg2+, 0 Ca2+, a neuroprotective treatment that blocks influx of 
Ca2+, attenuated the changes in cPKC. To test whether the change in 
electrophoretic mobility was due to increased phosphatase activity, we applied 
1µM okadaic acid, a phosphatase 1 and 2a inhibitor, to the slices. Okadaic acid 
blocked the anoxic shift in electrophoretic mobility. Our data suggest that anoxia 
induces a Ca2+ mediated translocation of cPKCs to membrane, followed by 
phosphorylation state-dependent proteolysis, and loss of these isoforms.

89.5

PHOSPHORYLATION OF AKT AND RB INCREASED IN 
HIPPOCAMPAL NEURONS AFTER TRANSIENT CEREBRAL 
ISCHEMIA IN RATS. B. R. Hu*, Y. Tan†. M. Comb† and J. A. Zivin 

†Laboratory of Cell Signaling, New England Biolabs, 32 Tozer 
Road, Beverly, MA 01915. Department of Neurosciences, University of 
California, San Diego, CA 92093-0624.

The phosphorylation of Akt kinase and Rb protein was studied in the 
hippocampus of rats subjected to 15 min ischemia followed by various 
periods of reperfusion using phospho-specifc antibodies by Western 
blotting and laser-scanning confocal microscopy. The level of total Akt 
(including phosphorylated and unphosphorylated forms) was 
unchanged during the postischemic phase. However, phosphorylation 
of Akt at Ser473, a site critical for its kinase activity, was markedly 
increased in hippocampus at 30 min and 4 hrs of reperfuion after 
ischemia. At 24 hrs of reperfuion, phospho-Akt declined to close to 
control levels in the dentate gyrus (DG) area but to below control levels 
in the CA1 region. Similarly, the level of total Rb was unchanged, but 
RB phosphorylated at Ser 795 was markedly increased in both CAl and 
in DG at 30 min and 4 hrs of reperfusion after ischemia. At 36 hrs and 
48 hrs of reperfusion, phospho-Rb declined to below control levels in 
the CAl region. In addition, the magnitude of the increase in Akt and 
Rb phosphorylation was higher in the DG area than in the CAl region. 
Phosphorylation of Akt at Ser-473 is important in delivering a survival 
signal whereas phosphorylation of RB at 795 is important in controling 
the expression of genes involved in cell growth. Differential changes in 
Akt and RB phosphorylation in DG and CAl suggest that the activities 
of these proteins may play are important role in determining the extent 
of neuronal cell death following hippocampal ischemia and reperfuion. 
This study is supported by NIH grant NS36810 to BRH

8 9 .2

INCREASED EXPRESSION OF HIF-l TARGET GENES IN RAT 
BRAIN AFTER FOCAL ISCHEMIA. M. Bergeron1,3*, K.E. Solway1,3, 
D M. Ferriero1,2 and F.R. Sharp1,3 Depts. of 1Neurology and 2Pediatrics, 
University of California at San Francisco and 3Veterans Affairs Medical 
Center, San Francisco, CA 94121, USA.

Hypoxia inducible factor-1 (HIF-l) is a heterodimeric nuclear protein which is 
essential for transcriptional activation of several hypoxia-inducible genes encoding 
proteins such as the glycolytic enzymes and glucose transporters. We have shown 
previously that HIF-lα mRNA and protein are increased in the ischemic penumbra 
after permanent focal ischemia in rat brain (Soc. Neurosci. Abs., 1997). In this 
study, we investigate the effect of focal ischemia on the transcription of H3F-1 target 
genes. Focal cerebral ischemia in adult rats was produced by occluding the middle 
cerebral artery (MCA) using an endovascular suture. Brains were analyzed after 0, 4, 
8, 16 and 24 h of permanent MCA occlusion (n=4 per group). Antisense 
oligonucleotide probes for mRNAs encoding the rat glucose transporter-1 (GLUT-1), 
phosphofructokinase-L (PFK-L), aldolase-A (ALD-A), pyruvate kinase-M (PK-M) 
and lactate dehydrogcnase-A (LDH-A) were used for Northern blot and in situ 
hybridization analyses. Constitutive transcription of all mRNAs was found 
throughout normal brain. Following 8 h of permanent MCA occlusion, only PK-M, 
LDH-A and GLUT-1 mRNAs increased significantly in the ischemic penumbra. 
After >16 h of permanent MCA occlusion, all mRNAs studied were significantly 
increased in the penumbra. These changes parallel the temporal and regional 
increases in HIF-1α expression previously observed after permanent focal ischemia. 
Increased HIF-l target gene expression as a consequence of increased HIF-l 
transcription and activity could determine the fate of viable tissue in the penumbra by 
increasing glucose transport and glycolysis. (Funded by grants from NIH NS28167, 
NS 14543 (FRS) and United Cerebral Palsy R-71 2-97 (DMF)).

8 9 .4

AGE-DEPENDENT DEPRESSANT EFFECTS OF HYPOXIA IN 
RAT SPINAL CORD IN VITRO: POSSIBLE ROLE OF PROTEIN 
KINASE C. F. Wane, S.M.E.Wong. D.L. Tauck* and J.J. Kendig. 
Dept. of Anesthesia, Stanford Univ. School of Med., Stanford, CA 
94305.

To investigate the effects of hypoxia population excitatory 
postsynaptic potentials (pEPSP) were recorded from a lumbar ventral 
root in spinal cords isolated from neonatal (1-3 day) and juvenile (8- 
10 day) rats. After controls in normoxic (95%O2/5%CO2) artificial 
cerebrospinal fluid (ACSF), cords were exposed for 45 min to 
hypoxic (20% O2/75%  N2/5% CO2) ACSF. Glucose and pH were kept 
constant. In neonatal cords hypoxia caused no significant change in 
pEPSP area; in juvenile cords pEPSP area fell to 5±1% of control 
(mean ± SEM (n=5). To probe for a role of PKC we used the PKC 
activator PMA (phorbol 12-myristate 13-acetate) (100 nM) and PKC 
inhibitor GF-109203X (600 nM); neither had a significant effect in 
normoxic conditions. In neonatal cords treated with GF-109203X 
pEPSP fell to 58±10% of control (n=6). This result differed 
significantly (p=0.0051) from non-treated neonatal cords. In juvenile 
cords treated with PMA pEPSP area fell to 4±2% (n=4) of control, a 
value not different from untreated cords. High levels of PKC may 
help prevent hypoxic depressant effects in neonatal rats, but 
stimulating PKC does not improve resistance to hypoxia in juveniles. 
Supported by NIH grants NS 13108 and GM47818 to JJK.

8 9 .6

MITOGEN-ACTIVATED PROTEIN (MAP) KINASE ACTIVITY DURING 
AND AFTER TRANSIENT FOCAL CEREBRAL ISCHEMIA IN RATS 
M Nares, J Kuluz*, J Neary. Y Kang, E Xu, CL Schleien. Dept of Pediatrics and 
VA Medical Center, Univ of Miami School of Medicine, Miami, FL 33101.

MAP kinase plays a critical role in signal transduction after stimulation of 
membrane receptors by neurotrophic factors. To investigate the role of this 
enzyme in stroke, we measured MAP kinase activity in the brain during and after 
transient middle cerebral artery occlusion (MCAO) in rats.

Methods: Fasted, adult male Sprague Dawley rats were anesthetized with 
isoflurane 2-3%, N2O 70% and O2 for induction of MCAO by the intraluminal 
suture method. Rats were allowed to awaken during MCAO. Rats were sacrificed 
after 30 min (n=5) or 2h (n=4) of MCAO without reperfusion, and 30 min 
(n=5) or 60 min (n = 4) after 2h MCAO. Brains were perfused with cold saline 
for 2 min and samples of cortex and subcortex from ischemic and non-ischemic 
hemispheres were assayed for MAP kinase activity (rate of phosphorylation of 
myelin basic protein). Data (mean±SEM) analyzed by Student’s t-test (* p < .05).

Results:. MAP kinase activity was significantly higher in the ischemic cortex 
compared to non-ischemic cortex 30 min after 2h MCAO (ratio of ischemic: non
ischemic brain):
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Conclusion: These findings indicate that cerebral MAP kinase is activated in a 
region-specific manner during early reperfusion after focal brain ischemia. This 
correlates temporally with the expression of neurotrophic factors during early 
reperfusion (Supported by the Department of Veterans Affairs).

30T 2hI 2hI/30’R 2hI/60’R
Cortex 1.07 ±0.13 1. 16 ± 0. 11 2.34±0.65* l .00± 0.2l
Subcortex l.O3±O.22 0.86±0. 10 0.96 ±0.05 1.09 ±0.14
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89.7
U LTRA STRU CTU RA L LO C A L IZ A T IO N  O F  e lF 2 a lp h a (P ) IN TH E 
C A l H IP P O C A M P A L  NEU RO N S D U RING B R A IN  
R E P E R F U S IO N . E.N. Goldstein1, C.R. Owen2, J.A. Rafols1* and B.C.
White2, Departments of Anatomy & Cell Biology1 and Emergency Medicine2, 
Sch. of Med., Wayne St. Univ., Detroit, M I 48 201

During post-ischemic brain reperfusion there is a substantial reduction of protein 
synthesis in selectively vulnerable neurons. Normal protein synthesis requires a 
functional translation initiation complex, a key element of which is eukaryotic 
initiation factor 2 (eIF2), which in complex with GTP introduces the met-tRNA,. 
Phosphorylation of 51ser on the α-subunit of eIF-2 (elF2α(P)] generates a 
competitive inhibitor of elF-2B, thereby preventing the replenishment of GTP 
onto eI F2, thus blocking translation initiation. Srivastava et. al. (1998) have 
shown that conditional expression of an eIF2α mutant (asp substituted for 5lser) 
imitating the negative charge of 51ser (P) induces apoptosis.

During the first 10 minutes of post-ischemic reperfusion, there is an ~20-fold 
increase in eIF2α(P) seen in the cytoplasm of CAl hippocampal neurons, and by 
1 hour there is accumulation of elF2α(P) in the nucleus as well. We utilized 
postembedding EM immunogold methods to examine the localization of elF2α(P) 
during reperfusion. Immunogold panicles (10 nm) were concentrated in the RER 
and in association with the membranes of the nuciear envelope of CAl neurons. 
In the nucleus aggregations of gold particles were concentrated: 1) within and 
around the nucleolus, 2) adjacent to strands of heterochromatin, and 3) along 
nuclear filaments. The presence of elF2α(P) in the nucleolus probably reflects its 
association with nascent ribosomes. The beta-subunit of eIF2 has a zinc finger 
and polylysine blocks analogous to those on other proteins that affect 
transcription. The association of elF2α(P) with chromatin may have important 
implications for transcription. (Supported by NIH grant NS33196)

89.9
INSULIN INDUCES DEPHO SPHORYLATION O F eIF2-a!pha(P) AND 
RECOVERY OF PR OTEIN SYNTHESIS IN SELECTIV ELY  VULNERABLE 
HIPPO CA M PAL NEURONS DURING REPERFUSION. J.M. Sullivan1, S.S. 
Alousi1, D.J. DeGracia1, K.R. Hickade1, C.R. Owen1, Q. Tai , J.A. Rafols2, B .C  
White ,G .S . Krause*. The Departments of Emergency Medicine1 and Anatomy and 
Cell Biology2, Wayne State University School of Medicine, Detroit, 48201.

During post-ischemic cerebral reperfusion, insulin can rescue selectively 
vulnerable neurons by an unknown mechanism independent of hypoglycemia (Voll 
and Auer, 1991). A large increase in phosphorylated eIF 2 α  (eIF2α(P)J and 
inhibition of protein synthesis occurs in vulnerable neurons immediately upon 
reperfusion. Insulin signal transduction mechanisms enhance the activity of the 
protein phosphatase (PPI) that dephosphorylates elF2α(P) and of physiologic 
inhibitors of elF2α kinases. Here we utilized immunostaining for elF2α(P) and 
autoradiography of in vivo 35S amino acid incorporation to investigate the effect of 
insulin on protein synthesis during reperfusion. After resuscitation from 10 min. 
cardiac arrest, rats were given 0, 2, 10 or 20 U/kg IV insulin (N=3 each group). 
Non-ischemic (control) and resuscitated animals received 500 µCi/kg of 35S 
methionine 30 min. prior to sacrifice by perfusion fixation, performed after 90 min. 
reperfusion. Alternate 30 micron brain slices were autoradiographed (60 day 
exposure) or immunostained for elF2α(P). Controls had abundant protein synthesis 
and no elF2α(P) in neurons of the hippocampal CAl and hilus. Untreated reperfused 
brains had intense staining for elF2α(P) and little protein synthesis in these neurons, 
and animals receiving 2 or 10U/kg insulin demonstrated little improvement. 
However, all animals treated with 20U/kg insulin demonstrated nearly complete 
clearing of elF2α(P) and extensive label incorporation in vulnerable neurons. 
Hypoglycemia did not occur during the 90 min. reperfusion. High-dose insulin 
administered at resuscitation causes elimination of elF2α(P) and restoration of 
protein synthesis in vulnerable hippocampal neurons by 90 min. reperfusion. 
(Supported by NIH grants NS33196 and NS02008)

89.8
PK R IS NOT REQUIRED FO R PH OSPH ORYLA TION O F eIF2-alpha 
DURING BRAIN REPERFUSION. D.J. DeGracia1 R.W. Neumar*, J.M. 
Sullivan1, D.L. Scheuner2, L .L. Konkoly1, B.C. W h ite1, R.J. Kaufman2, G.S. 
Krause1.  Department of Emergency Medicine1, Wayne State University School of 
Medicine, Detroit, MI 48201, and the Howard Hughes Medical Institute and 
Department of Biological Chemistry, University o f Michigan, Ann Arbor, MI 48109.

Protein synthesis in vulnerable neurons is immediately inhibited upon 
reperfusion following global brain ischemia, and in these neurons this is associated 
with a large increase in phosphorylated elF 2α  (eIF2α(P)]. We (J. Cereb. Blood 
Flow Me tab., 1997) and Burda et al. (J. Cereb Blood Flow Metab., 1998) suggested 
that PKR might be the elF2α kinase responsible for this. We tested this by utilizing 
an antibody monospecific for elF2α(P) to examine brain homogenates obtained from 
wild-type and PKR0/0 C57BL/6J mice before (n = 3 both WT and PKR0/0) and after 
(n = 3 both WT and PKR0/0) a 5 min. cardiac arrest followed by 5 min. reperfusion. 
Western blotting of the brain homogenates showed after 5 min. reperfusion an 
identical 16-fold increase in elF2α(P) in both WT and PKR0/0 mice. The same 
membrane was also immunoblotted with an antibody against PKR and an antibody 
recognizing both phosphorylated and unphosphorylated elF2α. The immunoblot for 
PKR confirmed the knockout in PKR0/0 mice, and the immunoblot for elF 2α  showed 
that there were no differences in the overall elF 2α  concentrations between WT and 
PKR0/0 animals before and after ischemia and reperfusion. These results contradict 
the hypothesis that PKR activation is responsible for reperfusion-induced 
phosphorylation of e lF 2α and require the involvement of some other kinase. 
(Supported by NIH grants NS33196 (DJD, BCW, and GSK) and AI42394 (RJK), 
and by National American Heart Association Grant 9730257N (DJD)]

NEUROPSYCHIATRIC DISORDERS I

90.1
BLUNTED PROTEIN KINASE A (PKA) ACTIVITY IN HUMAN FIBRO- 
BLASTS FROM PATIENTS WITH MAJOR DEPRESSION R C. Shelton. 
D.H. Manier, T.C. Ellis and F. Sulser*, Depts. o f Psychiatry and Pharmacology, 
Vanderbilt U. Sch. Med., Nashville, TN 37232
Previous studies have demonstrated a blunted beta adrenoceptor-linked PKA 
response in human fibroblasts cultured from patients with major depression (Am 
J Psychiatry 153 1037-1042, 1996; Neuropsychopharmacol 15:555-561, 1996). 
The analysis o f PKA activity in the 900 x g supernatant fractions o f human 
fibroblasts from a larger patient population (n=33) has confirmed the preliminary 
data. It revealed that patients with a diagnosis o f major depression (melancholic 

,subtype) displayed the lowest PKA activity ( 1145 ±  44 compared to 2052 ± 6 8  

pmol/min/mg in fibroblasts from control subjects (p<0.001). Patients with a 
diagnosis of atypical depression showed only a small though significant reduction 
in the activity o f PKA (p< 0.01). [3H]-cyclic AMP binding in the 900 x g 
supernatant fraction of fibroblasts from patients with major depression was 
reduced to 71% of control values with no change in the KD value (p< 0.01). The 
data are consistent with the observation that the maximal stimulation o f PKA by 
cyclic AMP is reduced without a change in the EC50 value. The blunted beta 
adrenoceptor mediated PKA response in fibroblasts from patients with major 
depression is reflected in a significant reduction in the isoproterenol stimulated 
( 1µM, 10 min) phosphorylation o f nuclear CREB thus suggesting consequences 
for CREB dimerization and CREB/CRE mediated gene expression (supported by 
USPHS grants MH-45173 and MH-29228).

90.2
ELEVATED BASAL AND STIMULATED INTRACELLULAR 
CALCIUM OF THE PLATELETS AND LYMPHOCYTES OF 
BIPOLAR DISORDER PATIENTS
C. Hough1, S.-J. Lu1, C. Davis,3 D.-M. Chuang2, and R. M. Post2* 
1Department of Psychiatry, Uniformed Services University of the 
Health Sciences, 2Biological Psychiatry Branch, National Institute of 
Mental Health, 3Biological Endocrinology Branch, National Institute 
of Mental Health.

Elevated basal and stimulated intracellular calcium in the 
platelets or lymphocytes of affective disorder patients has been 
reported by others. It is not yet clear, however, if blood cell 
intracellular calcium correlates with mood or successful 
pharmacological treatment of the disorder. We have developed a 
fura- 2  fluorescence method requiring one-tenth as much blood for 
use in investigating whether patient lymphocyte or platelet calcium 
can be used as a diagnostic for successful treatment of mood 
disorders. Compared to controls and to unipolar patients, bipolar 
patients had significantly elevated basal platelet and lymphocyte 
calcium. Platelets from bipolar patients also responded to thrombin , 
serotonin and thapsigargin with significantly greater calcium 
increases. The responses of lymphocytes were similar but only 
significantly greater than controls when stimulated by thapsigargin. 
We found no significant difference in these calcium measures 
between pharmacologically treated and untreated patients and no 
correlation between calcium measures and severity of depression 
rating. Our data suggest that the cause of calcium elevation is 
downstream of receptor and second messenger mechanisms.
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90.3
FETAL X-IRRADIATION IN MONKEYS IMPAIRS WORKING 
MEMORY AFTER BUT NOT PRIOR TO PUBERTY. S. A. Castner*, 
O. Algan, H. A. Findlay, P. Rakic , and P.S. Goldman-Rakic. Yale Univ. Sch. of 
Med, Sec. of Neurobkol., 333 Cedar Street, New Haven, Connecticut, 06510.

Leading neurodevelopmental hypotheses of schizophrenia posit that a significant 
neurological insult occurs during a critical time in nervous system development. 
However, one of the more perplexing aspects of schizophrenia is that first psychotic 
episodes often do not occur until late adolescence or early adulthood We have had an 
opportunity to follow the postnatal course of cognitive development in a cohort of 
nonhuman primates that were irradiated at two different stages of fetal brain 
development: (E:33-42 and E:70-82) when x-irradiation predominantly reduces the 
number of thalamic neurons and supragranular cortical neurons, respectively. The 
two groups of irradiated monkeys and aged-matched controls were tested both prior to 
puberty (6-18 months of age) and after puberty (3-7 years of age) on delayed 
nonmatch-to-sample (DNMS), spatial delayed response (DR) and visual 
discrimination (VD). No differences between experimental and control groups 
emerged on any of these tasks during prepubertal testing. However, after puberty, 
neither the early nor late fetally irradiated monkeys were able to reach criterion on 
DR or two object DNMS while age-matched controls performed these spatial and 
object working memory tasks without difficulty. In addition, x-irradiated monkeys 
were significantly impaired on an object retrieval task compared to controls. These 
findings suggest that fetal x-irradiation in the developing monkey may not induce 
significant impairment of cognitive function until after puberty, similar to findings 
with dorsolateral prefrontal lesions induced in early  infancy. In conjunction with the 
postpubertal emergence of positive-like and negative-like behavioral abnormalities 
previously reported in the same irradiated monkeys examined here, we suggest that 
the x-irradiated monkey can model the delayed appearance of cognitive and affective 
symptoms in schizophrenia. Furthermore, our results indicate that the behavioral 
sequelae of abnormal early development may be phenotypically similar whether the 
origin of the deficit is thalamic or cortical, structures which have both been 
implicated in neuropathological studies of schizophrenia. [Supported by MH44866]

90.5
LATER AGE AT ONSET OF PSYCHOSES IN FEMALES: EVIDENCE FOR A 
SEX-RELATED ANTI-PSYCHOTIC FACTOR?
G.L. Haas*, M. Escobar, M.S. Keshavan and J.A. Sweeney, Western Psychiatric 
Institute and Clinic, University of Pittsburgh School of Medicine, Pittsburgh, PA 
15213.

In schizophrenia, later age at onset among females as compared to males has 
been consistently reported and has been the focus of considerable speculation for 
decades. It has been proposed that the antidopaminergic properties of estrogen 
may decrease vulnerability to episodes of schizophrenia. Our group recently 
reported evidence for a bimodality in the age at onset of schizophrenia restricted to 
females, along with evidence that the subgroup of later-onset (> 30 years of age) 
females had distinguishing clinical and psychosocial features suggestive of a more 
benign course of illness. Whether this sex-related bimodality in age at illness onset 
is specific to schizophrenia or more broadly characteristic of psychosis in general is 
a question of particular interest in light of contemporary hypotheses regarding the 
possible protective influence of estrogen on dopaminergic function. To begin to 
address this question, we evaluated a series of 82 fi rst-episode non-schizophrenic 
affective and non-affective psychoses. As in schizophrenia, we found a 
significantly later age at onset for females among both the series of non-affective 
psychoses and the series of affective psychotic disorders, with a subgroup (44%) of 
females versus ( 15%) males for whom the first psychotic symptom was not 
manifest until the fourth decade of life or later, X 2 = 7.75, p< .006 . These findings 
suggest that sex-related protective factors may act to influence the timing of onset 
and expression of psychotic symptoms in a broad range of psychotic disorders. 
Supported by NIMH awards MH-43613 and MH 45156.

90.7
ADRENOMEDULLARY FUNCTION DURING COGNITIVE TESTING 
IN ATTENTION DEFICIT/HYPERACTIVITY DISORDER (AD/HD).
M.A. Dover, G.M . Anderson, J .M. Holahan, S.E. Shaywitz, K.E. Marchione 
and B A. Shaywitz*. Departments of Neurology, Pediatrics, and Child 
Psychiatry,  Yale University School o f Medicine. New Haven. CT 06510.

Reported correlations between epinephrine (EPI) excretion and classroom 
performance, long-standing observations of cognitive enhancing effects of EPI 
infusion, reports of decreased EPI excretion in Attention Deficit/Hyperactivity 
Disorder (AD/HD). and increased EPI excretion with stimulants have led to 
suggestions that sympathoadrenomedullary function might be altered in AD/HD 
To assess sympathoadrenomedullary activity in AD/HD, we have measured 
urinary excretion of EPI and norepinephrine (NE). Excretion rates (ng/hour/m2 
body surface area) during a 3-hour cognitive test battery were determined in a 
large group of individuals with AD/HD, with or without co-occurring Disruptive 
Behavior Disorder (DBD) and Learning Disability (LD) A contrast group 
without AD/HD and with or without co-occurring DBD and LD was also 
studied. No diagnostic group differences were seen for NE excretion. However, 
a significant main effect of AD/HD status on EPI excretion was seen (F1,370=5.9 
p=0.016): Mean (+SE) EPI excretion in the AD/HD group (N=286) was
2 11 + 10 ng/hr/m2, compared to 256+ 16 ng/hr/m2 in the control group (N=88). 
Decreased rates of EPI excretion were seen across the AD/HD subtypes 
examined: DBD and LD status did not contribute to the group difference. The 
data replicate and extend several recent studies. Further research is needed to 
determine the specificity, causes and consequences of lower group mean 
adrenomedullary functioning in individuals with AD/HD.

Supported by NICHD and NIMH Grants HD21888. HD25802 & MH30929.

90.4
PERCUTANEOUS ENDOSCOPIC SHUNT RECANALIZATION -  A 
CLINICAL STUDY OF 19 CASES J.V. Pattisapu1, E.R. Tru mble1, K. 
Taylor1, D. Howard, T. Kovach and P.H. Jacobs2* 1Wade's Center for 
Hydrocephalus Research, Orlando Regional Health Research Institute, and 
2Dept of Neurology, Orlando Regional Medical Center, Orlando, FL 32806 
INTRODUCTION: Proximal ventricular catheter obstruction by choroid plexus 
is a frequent occurrence in children with shunted hydrocephalus. In some cases, 
the flow is obstructed due to membranous occlusion by a small amount of tissue. 
Since the cerebral aqueduct is only 0.8mm in diameter, only a few of the 
catheter openings need be patent to maintain shunt function. METHODS: 
Nineteen cases (17 patients) of percutaneous endoscopec recanalization were 
performed under IRB study protocol, the mean age was 32 months, and all the 
children had symptoms of shunt malfunction confirmed by CT/MRI. Shunt taps 
with poor CSF flow verified proximal shunt malfunction. The procedure was 
performed in the operating room under aseptic conditions. The Rickham 
reservoir was entered with a 16-gauge angiocath and endoscopic intraluminal 
dissection using electrocautery was carried out until free CSF flow was 
established. Distal fl ow was evaluated with ventricular catheter obstruction and 
flushing of the valve mechanism. CSF analysis did not identify increased 
protein levels and the cultures were negative. RESULTS: At 8.4 month mean 
follow-up (range 4-15 months), the symptoms have resolved, while 
confirmatory CT or MRI scans identified improvement in the 16 successful 
cases. There were 3 failures in the study. CONCLUSION: The percutaneous 
endoscopic shunt recanalization procedure can be used successfully to treat 
proximal shunt malfunction.
This work is supported through the ORHS hydrocephalus foundation.

90.6
REGULATION OF LIMBIC CIRCUITS BY TRH & RELATED PEPTIDES IN 
DEPRESSION AND SLEEP. A. Sattin,1*, A.E. Pekary2, 1Psychiatry, 
2Medicine (Endocrinology) and 1,2 Research Services, West Los Angeles 
V A , an d  Depts. 1Psychiatry, 2Medicine (Endocrinology) & 1B rain  
Research Institute, UCLA School of Medicine, Los Angeles, CA 9 0 0 7 3 .

The role of TRH as an endogenous antidepressant (AD) is integrated into 
a model that may be used to relate affective regulation to depression and 
sleep. The anatomical core of this model is the sequence of glutamatergic 
(GLU) (in ter- and intraregional) transmission neurons in frontal and 
temporal cortical and subcortical limbic regions. The evidence for TRH 
as an inhibitory co-transm itter with GLU is reviewed. The limbic GLU 
circuit is in t e r n a l l y  inhibited by TRH. A subset of GABAergic 
interneurons e x t e r n a l ly  inhibits the GLU neurons. 5-HT, NE and DA 
activate these GABAergic interneurons. Recent evidence points toward 
pathogenic lesion(s) in depression resulting in hyperactivation of the  
limbic GLU circuitry. AD drug trea tm ent normalizes primarily by 
augmentation of the endogenous biogenic amines. Electroconvulsive 
therapy normalizes primarily by augmentation of TRH co-transmission 
within the GLU core. Either treatm ent modality requires weeks, but 
direct experimental application of huge doses of TRH to  CNS normalize 
within three hours, resembling the rapid AD effects of total sleep 
deprivation. The contrasting latencies of these two experimental vs. 
usual clinical treatm ents is explained by reference to  recent PET results 
in REM sleep in normal humans, and EEG data. In normals, REM sleep is 
adaptive, but in depressives, REM further decompensates the 
hyperactive limbic circuit, delaying the results of AD treatm ent. 
Agents/lesions th a t induce limbic GLU hyperactivity should be 
depressogenic and should create new m odels/targets for AD treatments. 
Supported by Research Service, US Department of Veterans Affairs.

90.8
CHARACTERIZATION OF TARGET PROTEINS RECOGNIZED 
BY AUTOANTIBODIES IN TO U RETTE’S SYNDROME. S.A. 
M orshed1, S. Paul1, L. Scahill1, B. Peterson1, D. Bessen2, M.T. 
Mercadante3, J. Leckman1 and P. Lom broso1* . 1Child Study Center, 
and 2Dept. of Microbiology, Yale Univ. Sch. of Med., New Haven, CT, 
and 3Dept. of Psychiatry, Sao Paulo Med. Sch., Sao Paulo, Brazil.

Autoimmune processes may be involved in Tourette’s syndrome (TS). 
Antecedent infection with group A streptococcus ß hemolyticus (Strepß) 
has been proposed to lead to an acute onset of tics in a subgroup of 
patients with this disorder. The present study examined this hypothesis 
among patients with TS comparing to Sydenham’s chorea (SC), Strepß 
without movement disorder, and normal controls (NC). Sera from all 
patients and controls were analyzed for autoantibodies and for Strepß 
infections by immunofluorescence, ELISA and immunoblot assays.

A dramatic increase of antibodies to cytoskeletal proteins was found 
in TS (60%), SC (60%), and Strepß (41%) patients when compared to 
NC (10%). Antibodies to nuclear antigens were present at lower 
frequencies in TS (15%), SC (20%), Strepß (18%) and NC (0%). Sera 
from patients with SC recognized more cytoskeletal proteins than TS 
sera. TS (with or without Strepß) and SC patients recognized several 
protein bands enriched in membrane fractions of rat brain. These 
proteins were not recognized by sera from patients with Strepß infection 
alone or the NC group. Antibodies to multiple self reactive intracellular 
proteins in TS patients may be driven by streptococcus infection which 
may play a role in the evolution of the disease. (Supported by NIMH)
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90.9

DOPAMINE D4 RECEPTOR EXON III POLYMORPHISM  AND 
AFFEC T IVE  DISORDERS. S.Tomitaka*, K. Kim, Y. Otsuka H. Matsuki, 
M. Tomitaka, S. Nakadaira, K. Sakamoto. and A. Tanaka. Dept. of 
Psychiatry, Tokyo Women's Medical College, Tokyo, Japan. 162

The human Dopamine D4 receptor (DRD4) is highly polymorphic in 
the number of 48 nucleoside repeat in the exon III encoding the DRD41s 
putative third cytoplasmic loop. There has been reports on associations 
between this polymorphism and alcoholism, novelty-seeking behavior 
and opiate abuse. We conducted an association study between DRD4 gene 
polymorphism and affective disorders, including bipolar disorder and 
major depression.

DNA was collected from 59 affective disorder patients (29 major 
depressive patients and 30 bipolar patients) and 98 controls with 
informed consents. The 48 bp repeat polymorphism of DRD4 exon III 
was examined by the method of Nanko et al (Lancet 341,689,1993). 
Differences in allele and genotype frequencies were tested for 
significance among the major depressive patients, the bipolar patients 
and the controls, using the chi square test.

The frequency of the 4-repeat allele was significantly lower in the 
major depressive patients (62.1%; p=0.013) than that in the controls 
(79.6%). The frequency of the 2-repeat allele was higher in the major 
depressive patients (24.1%; p=0.006) than that in the controls 
(11.2%). However the allele frequency did not differ significantly 
between the bipolar patients and the controls. Our results suggest DRD4 
polymorphisms may be implicated in the pathophysiology of major 
depression.

90.11

CONFIRMATION OF BIPOLAR AFFECTIVE DISORDER 
SUSCEPTIBILITY LOCUS ON CHROMOSOME 12
N. Barden,*1 J. Morissette,1 E. Shrink,1 D. Rochette,2 B. Gagné,1 L. 
Bordeleau,1 A. Villeneuve,3 A. Sher,4 S. Shaw ,4 P. Hopkins,4 & R. 
Sherrington4 1Neuroscience, CHUL, Québec, Canada GIV 4G2.
2Complexe Hospitalier de la Sagamie, Chicoutimi, Québec. 3Clinique 
Roy-Rousseau, Québec. 4 AxyS Pharmaceuticals, La Jolla, CA.

Although the population of Saguenay-Lac-St-Jean area of Québec is 
relatively genetically homogeneous, it is apparent that more than one 
susceptibility locus for Bipolar Affective Disorder (BP) may be 
segregating in this sample. To take account of this heterogeneity, we used 
a model with a high phenocopy rate and a total prevalence of 1.6 % for 
parametric analyses. An extremely large pedigree was divided in 5 nuclei 
to facilitate analysis. People with diagnosis of BP I, recurrent unipolar 
and BP II were considered as affected, those with single episode major 
depression were classified as unknown and all other diagnoses as 
unaffected. Linkage, SimIBD, and Sib-pair analyses were performed. 
With a dominant model, several markers in the 12q24.1 region gave Lod 
scores above 3 as well as significant SimIBD and Sib-pair p-values. Most 
Lod scores increased under a heterogeneity model and the assumption of 
homogeneity was rejected in the case of the marker giving the highest 
Lod score. The largest nucleus alone (n~93) strongly suggests that a 
susceptibility locus for bipolar disorder is linked in this region. Six 
markers in this neighbourhood gave Lod scores greater than 3 and Lod 
scores close to 5 were given by two different markers. Non-parametric 
studies strongly supported this conclusion of a susceptibility locus in the 
neighbourhood of the Darier Disease gene.

90.13

MISSING LEFT-HEMISPHERIC DOMINANCE OF THE AUDITORY MAG
NETIC FIELD TO RIGHT-EAR STIMULATION IN SCHIZOPHRENICS
B,Rockstroh,1 B.Clementz,2 C. Pantev,3 L.Blumefeld, 2 A. Sterr,1 and T. Elbert*1 
Universities o f  1Konstanz, Germany, 2San Diego, California, and 3Münster, Germany 

Schizophrenic disorders have been associated with an absence o f the laterali
zations that typify the human brain. Previous evidence emphasized structural changes 
among schizophrenia patients, particularly reduced asymmetry in extension and sur
face of the Planum temporale, although gross structural deviations occur only in a mi
nority of patients. We observed an absence o f lateralization in schizophrenics on a 
robust functional measure: The auditory evoked magnetic field (N 100m) to 500-ms- 
tones (0.5,1,2, and 4-kHz, 128 averages each, 2.7-3.3 s ISI, 60 dB nHL) presented to 
the right ear was determined for both hemispheres in 10 schizophrenic patients (DSM- 
IV diagnoses) and 10 control subjects using a wholehead neuromagnetometer (BTi). 
Consistent with earlier findings, the N 100m (averaged across all frequencies) occurred 
at an earlier latency over the contra- compared to the ipsilateral hemisphere in both 
groups (p<.0 0 1). In controls, raw signal power (RMS across channels located over the 
temporal area) and dipole moment (Q) showed a larger contra- than ipsilateral magni
tude, while this asymmetry was absent in patients. When expressed as laterality quo
tient (contra- minus ipsilateral divided by the mean of contra- and ipsilateral N 1m), 
the average asymmetry of controls amounted to .46+ . 12, but was .06±.08 in patients 
(p<.00 1). Differences in source locations cannot account for this group difference. In 
both groups, sources were located more anterior in the right than the left temporal lobe 
(p<.01; as expected on the basis of structural asymmetries). In both hemispheres, 
sources were more inferior in patients compared to controls (p<.01). The lack of 
asymmetry in the N 100m in patients adds to reports o f reduced hemispheric asymme
try in schizophrenia and is discussed with respect to its impact for hypotheses about 
the development of schizophrenic pathology as suggested by Crow (1997). 
R e s e a r c h  w a s  s u p p o r t e d  b y  t h e  G erm an R e s e a r c h  
F o u n d a t io n  an d  t h e  V o lk s w a g e n  S t i f t u n g

90.10

POLYMORPHISMS AT THE CALCITONIN/CGRP-α GENE LOCUS: INVESTIGA
TION OF POSSIBLE ASSOCIATIONS WITH NEUROLOGICAL OR PSYCHIA
TRIC DISEASE. R.H. Zetterström 1*, S. Buervenich1. F.O. Xiang2, Z.P. Zhang2, O. 
Sydow3, R. Freedman4, S. Leonard4, M. Anvret5, and L. Olson1 . Depts. of 1Neurosci- 
ence & 2Clinical Genetics, Karolinska Institute, Stockholm; 3Dept of Neurology, Dan- 
deryd Hospital, Stockholm; 4Dept. of Psychiatry, Univ. of Colorado, Denver, USA; 
5Astra Arcus, Södertälje, Sweden.

The gene for calcitonin and the alternative splicing product CGRP is located at the 
short arm of chromosome II ( 11p 15), an area to which bipolar affective disorder has 
been mapped. Although the underlying linkage studies are controversial, genes in this 
genomic area might influence the susceptibility for that psychiatric disorder. While cal
citonin is the predominant gene product in the C-cells of the thyroid gland, CGRP is a 
neuropeptide expressed in the nervous system. CGRP-immunoreactive fibers terminate 
in the frontal brain, the amygdala and hypothalamic areas. These regions are likely to be 
involved in the generation of symptoms o f bipolar affective disorder as well as schizo
phrenia. It has been shown in rats that administration of psychotomimetic drugs such as 
D-amphetamine or phencyclidine increases the release of CGRP. Administration of 
CGRP in turn leads to an increased release of dopamine. Therefore, involvement of 
CGRP in the pathogenesis of schizophrenia has been suggested. The striatum is another 
target site for CGRP projections and administration of CGRP to this area leads to in
creased release of dopamine. A lack of dopamine in striatum is the major cause for 
symptoms in Parkinson’s disease, and loss of function mutations in the CGRP gene 
might lead to a decreased ability to release dopamine from the striatal dopamine neuron 
terminals. We have sequenced the entire gene in 10 patients with bipolar affective dis
order and the transcribed sequence and the promoter region in 10 patients with Parkin
son’s disease. So far, several alterations from the published sequence have been found, 
most of them seeming to be single nucleotide polymorphisms (SNPs), but also one small 
deletion and a missense mutation. We are currently screening a larger number of bipolar 
affective disorder patients (n=40), Parkinson patients (n=50) and schizophrenics (n= 
150) for the presence of these alterations. So far, no significant association of the dis
covered polymorphisms with any of the diseases has been found. Supported by the 
Swedish MRC and USPHS.

90.12

A Q U AN TITAT IV E  R E V IE W  OF N E U R O P S Y C H O LO G IC A L  IM P A IR M E N T 
IN S C H IZO PH R E N IA . K. L. S tacey* and G. M ittlem an. D e p t. o f 
Psycho logy, Univ. o f M em phis; M em phis, TN  38152.

Persons w ith  sch izophren ia  (SCZ) show  a va rie ty  o f neuropsycholog ica l 
im pairm ents includ ing those invo lv ing  a ttention. Th is m eta -ana lys is  sought 
to d iscrim ina te  the degree o f im pairm ent in d iffe re n t spec ific  attentional 
processes. S C Z perform ance  was com pared  to tha t o f psych ia tric  and non-
psych ia tric contro ls in tasks assessing se lec tive  attention, v ig ilance  and 
sustained a ttention. In order to provide  perspective  fo r the degree of 
a tten tional im pairm ent, m ean e ffect s izes from  these tasks were com pared 
w ith those from  the S troop C o lor-W ord  In te rfe rence  Test, w h ich m easures 
the  ab ility  to  inhib it autom atic  responding. Th is  rev iew  also investigated  the 
re la tive  in fluence  o f dem ograph ic, d iagnostic  and c lin ica l va riab les on 
obta ined e ffec t sizes. R esu lts supported the exis tence  o f both v ig ilance  and 
se lective  a ttention d e fic its  in SCZ, but not susta ined a tten tion  im pairm ents. 
E ffect s izes from  com parisons to  non -psych ia tric  con tro ls  w ere s ign ificantly  
la rger than those from  com parisons to  psych ia tric  contro ls , indica ting  a 
unique com ponent o f im pa irm ent in these tasks tha t is spec ific  to 
sch izophren ia . The ana lyses also showed tha t patien ts  w ith  a p redom inance 
o f nega tive  sym ptom s showed g rea te r overa ll im pa irm ents  than o ther 
subgroups. Mean e ffec t s izes from  atten tiona l tasks w ere num erica lly  
sm a lle r than those generated by response inhib ition  tests, and neither 
gender nor length o f illness w ere related to  e ffec t s izes. Im p lica tions of 
these results are d iscussed in the con text o f curren t op in ions o f 
neuropsycholog ica l im pairm ents in SCZ.

90.14

EFFECT OF BUPROPION TREATM ENT ON IMMUNODENSITY OF 
PUTATIVE IMIDAZOLINE RECEPTORS ON PLATELETS OF 
DEPRESSED PATIENTS. H. Z hu1, A. H alaris1,2, S. M adakasira1, P. 
Pazzaglia1, N. G oldm an1, L. Devane4, M. Andrew5 and J . E. Piletz1,2,3*. 
Departm ents of 1Psychiatry and Human Behavior. 2Pharm acology and 
Toxicology. 3Physiology and Biophysics, and 5Preventative Medicine. 
University of Mississippi Medical Center. Jackson. MS 39216: 4Dept. of 
Psychiatry. Medical Univ. of South Carolina, Charleston, SC 29425.

Previous studies have dem onstrated that platelet imidazoline receptors 
(subtype IR1) are elevated in depressed patients. and that desipramine and 
fluoxetine treatm ents downregulate platelet IR 1 sites. However, those studies 
relied on the radioligand binding of clonidine derivatives in the presence of 
micro molar norepinephrine. to mask α2-adrenoceptors. Now. anti-
imidazoline receptor binding protein antiserum  (anti-IR BP) has been used 
to quantity this putative imidazoline receptor protein on platelets of 
depressed patients. before and after treatm ent with the atypical 
antidepressant. bupropion. W estern blotting reveals an increase in IRBP- 
imniunodensity (p = 0.032) in a 33 k Da band. expressed per mg plasma 
m em brane protein, in untreated depressed patients (n = 21) compared with 
controls (n = 17). A reference housekeeping protein, ß3-integrin (CD6l). 
was not changed in the same platelet m em brane samples from depressed 
patients probed with anti-C D61 antiserum . After six weeks of treatm ent 
with burpopion, a downregulation of the 33 kDa band was observed. and the 
extent of downregulation was linearly correlated ( r 2 = 0.524. p = 0.03) with 
the circulating plasma concentrations of the active metabolite, 
hydroxybupropion (306U73). Thus, a 33-kDa IR-related protein on platelet 
mem branes appears elevated in depression and normalized after successful 
antidepressant treatm ent with bupropion. Supported by NIH grant 
MH42859.
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90.15
SEROTONIN UPTAKE-STIMULATING PEPTIDES EXTRACTED FROM THE 
URINES OF AUTISTIC PATIENTS: POTENTIAL SIGNIFICANCE FOR THE 
PATHOGENESIS OF AUTISTIC DISORDER. F. Keller1*, A.M. Persico1, A. Baldi1,
K.L. Reichelt2 and A. Gonzalez3: 1Lab. of Neuroscience, Dept. of Physiology, 
Università “Campus Bio-Medico”, Rome, Italy; 2Dept. of Pediatric Research, Univ. of 
Oslo, Norway; 3Dept. of Pharmacology, Univ. of Cantabria, Santander, Spain.

Deranged neurodevelopmental processes are increasingly viewed as potentially 
playing a pivotal role in the pathogenesis of autistic disorder. Serotonin (5-HT) has 
been shown to play a morphogenetic role in the nervous system of invertebrates and 
mammals. On average, 50% increases in 5-HT blood levels have been consistently 
reported in 30-50% of autistic patients, due to enhanced platelet 5-HT uptake. We 
isolated two oligopeptides from urines of autistic patients, using stimulation of 5-HT 
uptake in platelets as a bioassay. The two peptides were named Serotonin Uptake 
Stimulating Peptide (SUSP) 1 and 2. SUSPl was shown to be active in the femtomolar 
concentration range also in synaptosomes and in human 5-HT transporter (5HTT)- 
expressing CHO.KI cells, where 5-HT uptake was enhanced 2-3 fold above baseline. 
Single aminoacid substitutions completely abolished SUSPl biological activity. Also 
SUSP2 displayed 5-HT uptake enhancing properties, but to a lesser extent (30-50% 
increases). SUSPl was thus selected for in-vivo experiments performed in pups of 
Lewis rats. In a preliminary study, 15 pups were injected subcutaneously on postnatal 
day 7 with either saline or 2 different concentrations of SUSPL One hour after the 
injection, blood 5-HT content appears approximately twice as high in pups injected 
with SUSPl compared with saline-injected pups.

Increased amounts of SUSPl have been found in the urines of 50-80% of autistic 
patients vs 0-10% of normal controls in distinct samples drawn from four different 
countries. If SUSPl and SUSP2 stem from pathologically-enhanced production of a 
common precursor, their sequence could be a cue to a candidate gene for autistic 
disorder. S u p p o r t e d  b y  g r a n t  B M H 4 - C T 9 6 - 0 7 3 0 f r o m  th e  E u r o p e a n  U n io n .

90.17
DOUBLE DISSOCIATION BETWEEN HIGHER THEORY OF 
MIND’ TASK AND FACE AND EMOTION RECOGNITION IN 
SCHIZOPHRENIA PP Shah. P Kuchinska, PJ McKenna, BJ 
Sahakian*, JL Iddon. CeNeS Cognition, Cambridge, CB4 4WS, UK.

Previous studies using a ‘theory of mind’ comic story paradigm have 
demonstrated that schizophrenic patients are impaired at inferring the mental 
states of others (Frith and Corcoran, 1996). High-functioning adults with 
autism have similarly been found to be impaired in their performance on such 
tasks as well as in the recently developed Eyes Task, a forced choice 
judgement paradigm of emotional expression (Baron-Cohen et al, 1997). 
Thus, it was hypothesised that schizophrenics would also be impaired on the 
Eyes Task. Fifty medicated schizophrenic patients and age and IQ matched 
controls completed the Eyes Task. In addition, further tasks o f face 
recognition, emotion recognition and gaze direction were given to ascertain 
more thoroughly the nature o f schizophrenic patients’ ability to process face 
stimuli or detect emotion from the face. The schizophrenics patients were 
significantly impaired in recognising faces and also in detecting emotions 
from the whole face. Conversely, they were not impaired on the Eyes Test or 
in perceiving gaze direction. Interestingly, a double dissociation has been 
demonstrated between emotion recognition and performance in the Eyes Test 
in schizophrenic patients and autistic adults. These results will be discussed 
in terms of the construct underlying this novel task and the implications of 
these findings for a theory of mind explanation for the symptoms of 
schizophrenia. We would like to acknowledge CeNeS Ltd for part-funding this 
research. We would also like to thank Simon Baron-Cohen, Andy Caulder and 
Andy Young for their help and advice in setting-up this study. References: (i) 
Frith CD & Corcoran R. (1996).Psychological Medicine, 26; 3: 521-530. (ii)  Baron- 
Cohen et al. Journal of Child Psychology and Psychiatry (in press).

90.16
ß -E N D O R P H IN  C O N C E N T R A T IO N S  A R E  D E C R E A S E D  IN 
P E R IP H E R A L  B LO O D  M O N O N U C L E A R  C E LLS  O F C H R O N IC  
F A T IG U E  S Y N D R O M E , C O M P A R IS O N  W IT H  D E P R E S S IO N  A N D  
F IB R O M Y A L G IA  P A T IE N T S . A .E .P a n e ra i,*1 P.L .M e ro n i,  2S .S c a ro n  
3G . C a le lla . 3J . V e c c h ie t , P. S a c e rd o te . D e p t . P h a rm a c o lo g y , U n i 
M ila n o ; 2 0 1 2 9 ,  M ila n o ; D ip . M e d ic in a  e S c ie n z e  
d e l l ' I n v e c c h ia m e n to , U n iv . C h ie t i,  C h ie t i,  6 6 1 0 0 ,  I ta ly .

C h ro n ic  F a tig u e  S y n d ro m e  (C FS ) h as  u n c e r ta in  e t io lo g y ,  a nd  
d ia g n o s is  o v e r la p s  w i th  D e p re s s io n  a nd  F ib ro m y o s it is .  S in c e  m o s t 
s tu d ie s  s u g g e s t an  a c t iv a t io n  o f  im m u n e  re s p o n s e s  in  C F S , a n d  t  
o p io id  p e p t id e  ß -e n d o rp h in  (BE) c o n te n t  in  p e r ip h e ra l b lo o d  
m o n o n u c le a r  c e lls  (P B M C ) w a s  s h o w n  to  be  d e c re a s e d  w h e n  th e  
im m u n e  s y s te m  is a c t iv a te d ,  a nd  in c re a s e d  w h e n  i t  is  d e p re s s e d , 
s e e m e d  w o r t h w h i le  to  in v e s t ig a te  w h e th e r  BE c o n c e n t ra t io n s  in  
P B M C  d if fe re d  in  C F S , d e p re s s e d  o r  f ib r o m y a lg ic  p a t ie n ts .  BE PB 
c o n c e n t ra t io n s  w e re  m e a s u re d  in  P B M C  o b ta in e d  f r o m  8  C F S , 8 
f ib r o m y o s it is ,  6  d e p re s s e d  p a t ie n ts ,  a n d  8  c o n tro ls .  T h e  d a ta  
o b ta in e d  in d ic a te  th a t  BE c o n c e n t ra t io n s  a re  d e c re a s e d  in  C FS  
p a t ie n ts  w h e n  c o m p a re d  w i th  d e p re s s e d  p a t ie n ts  a n d  c o n tro ls .  
P B M C  BE c o n c e n t ra t io n s  c o u ld  be  an  u s e fu l in s t r u m e n t  in  th e  
d if fe r e n t ia l  d ia g n o s is  b e tw e e n  C F S  a n d  d e p re s s io n .
T h e  w o rk  w a s  s u p p o r te d  b y  a M .U .R .S .T . g ra n t

90.18
ACUTE MAJOR DEPRESSION INDUCED BY LOCALIZED ELECTRICAL 
STIMULATION IN THE HUMAN UPPER MIDBRAIN
B. Bejjani. P. Damier*, I. Arnulf, A.M. Bonnet and Y. Agid. Centre d 'Investigation 
Clinique -  INSERM U289, Hôpital de la Salpêtrière, Paris 75013, France.

Although the cause of depression is still unknown, there is much evidence in support of 
an anatomical and chemical basis for this syndrome. For several years, deep brain 
stimulation (DBS) of bilateral subthalamus nucleus (STN) has been used as an effective 
treatment for Parkinson's disease (PD). Electrodes used for DBS contain four discrete 
stimulation sites (contacts) over a length of 7.5 mm to allow greater flexibility in 
targeting. While testing posloperatively the effect of each contact to find the best site for 
subsequent therapeutic use, we observed, in a 65 year old patient, an acute depressive 
syndrome when stimulation was applied through the lowest contact of the left electrode, 2 
mm below the antiparkinsonian contact. The patient’s mood returned to normal in less 
than one minute when stimulation ceased or was applied elsewhere. We repeated the 
procedure with the patient’s informed consent. The same state was invariably observed 
whenever stimulation was applied through this contact, whether the patient had been 
without antiparkinsonian medication for 12 hours or had received a dose of levodopa 
suppressing most of PD features.

Analysis of the postoperative magnetic resonance image, superimposed onto the atlas of 
Shaltenbrand, showed that the contact through which stimulation induced depression was 
located within the ventral upper midbrain, a region containing both gabaergic neurons of 
the substantia nigra pars reticulata and dopaminergic neurons of the substantia nigra pars 
compacta. A complementary H215O PET-scan was performed while stimulation was 
applied through the site inducing depression and compared to the state without 
stimulation. Interestingly, there was activation in the anterior thalamus, a nucleus 
receiving projections from the substantia nigra pars reticulata. Possible explanations for 
the other activated regions were more difficult to establish.

The fact that a major depressive syndrome can be induced by the electrical modulation 
of a limited area of the upper midbrain may have implications for the treatment of such 
psychiatric disorders.

NEUROTOXICITY: ENDOGENOUS AND EXOGENOUS MEDIATORS

91.1
MARKERS FOR NEURONAL DEGENERATION IN ORGANOTYPIC BRAIN 
SLICE CULTURES. J. Zimmer *. B.W. Kristensen and J. Noraberg, Dept. of 
Anatomy and Cell Biology, Univ. o f Odense, Denmark.

Hippocampal slice cultures were exposed acutely to trimethyltin(TM T; 0.5-50 µM) 
or kainic acid (KA; 5-25 µM), and chronically to organic solvents like ethanol (50-200 
mM) and the industrially used ketones, acetone (50-200 mM), methyl ethyl ketone 
(10-50 mM) and methyl isobutyl ketone (10-50 mM). Corticostriatal slice cultures 
were exposed acutely to KA (1-24 µM). Resulting neurodegeneration was assessed by 
-a) cellular propidium iodide (PI) uptake, -b) lactate dehydrogenase (LDH) release to 
the culture medium, -c) Nissl staining, -d) Fluoro-Jade (FJ) staining for degenerating 
neurons, -e) microtubule-associated protein 2 (MAP-2) immunostaining for structural 
changes, -f) NeuN immunostaining for neurons, and -g) Timm sulphide silver staining 
for fiber projections. Both hippocampal and corticostriatal slice cultures showed a 
dose- and time dependent increase in PI uptake and LDH release after TMT and KA 
exposure. PI uptake and the LDH release were highly correlated for both type of 
cultures. The hippocampal cultures displayed the same differential neuronal vulnera
bility to TMT and KA as in vivo, demonstrated by PI uptake, FJ staining, Nissl 
staining and MAP-2 immunostaining. Exposure o f corticostriatal slice cultures to high 
doses o f KA resulted in extensive striatal and cortical degeneration as monitored by 
FJ staining and PI uptake. Discolouring o f the neuropil in Timm staining suggested 
the presence o f centrally located necrosis in many control cultures. This was 
confirmed by PI uptake and local loss o f MAP-2 staining. - When 4 week old 
hippocampal cultures were exposed to ethanol or industrially used ketones for 4 
weeks, the PI uptake was inconsistent, but MAP-2 and NeuN showed a dose- 
dependent decrease. - We conclude that under standardized conditions PI uptake and 
FJ staining are feasible and consistent markers for acute, TMT- and KA-induced 
neurodegeneration in brain slice cultures. MAP-2 and NeuN immunostaining can be 
used for both the acute and the chronic neurotoxic insults. - Supported by the Danish 
MRC and the Danish Parkinson Foundation.

91.2
PHENYLPYRUVATE DECARBOXYLASE IN RAT BRAIN 
E. Okuno*, M. Nakamura, T. Hirai1 and K. Sakaguchi 1
Faculty of health and Sport Science, Osaka University 
and Department of Molecular Medicine, Wakayama Medical 
College, Wakayama 64-0-8155, Japan

Phenylketonuria(PKU) is an inborn error of metabolism 
causing mental retardation and seizures in infants and 
young children. While recent neuropathologial studies 
of PKU have shown mostly non-specific cortical changes 
and phenylacetate has been implicated in damages to 
immature brain. Phenylacetate is known to be deaminated 
metabolite of phenylalanine. However, no report has been 
published on the enzyme involved in the production of 
phenylacetate. Here, we found an enzyme in rat brain 
that catalyzes phenylpyruvate to phenylacetoaldehyde. 
Lipoic acid was essentail for its activity. The enzyme 
was partially purified by acid treatment, DEAE-sepharose 
column, butyl-sepharose column and Sephadex G-150 column 
chromatography. Molecular wt. of the enzyme was estimated 
56,000 by gel filtration. Km value for phenylpyruvate 
was about 1 mM. The enzyme also active to indolepyruvate, 
p-hydroxyphenylpyruvate and imidazolepyruve. We propose 
a metabolic pathway to produce phynylacetate; 
phenylalanine phenylpyruvate phenylacetoaldehyde 
phynylacetate.
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9 1 .3

THE ROLE OF BCL-2 FAMILY MOLECULES IN DEVELOPMENTAL 
ETHANOL NEUROTOXICITY 
D. B, Moore*, M . I  Davis, D. W. Walker†, and M. B. Heaton 
Department of Neuroscience, University of Florida College of Medicine, and 
the †Department of Veterans Affairs Medical Center, Gainesville, FL. 32610 

The fact that ethanol is neurotoxic at critical developmental stages has been 
known for some time, however the cellular mechanism through which ethanol 
kills cells remains unknown. We have utilized a rat model of ethanol 
neurotoxicity to examine bcl-2  family molecule expression changes in the 
cerebellar vermis after acute ethanol administration during the first postnatal 
week (a time of cerebellar susceptibility to ethanol) or the second postnatal 
week (a time of cerebellar insusceptibility to ethanol). Male Sprague Dawley 
rats were fitted with a gastrostomy tube on postnatal day 4 (P4) or P7, and 
infused with an ethanol-containing ( 15% v/v; 6 .6  g/kg/day) or control 
solution. A second control group was left with the rat dam. Pups were 
sacrificed two hours after ethanol or control exposure and the cerebellar 
vermis was dissected and prepared for the RNase protection assay. Ethanol 
exposure on P4 significantly upregulated mRNAs for bax and bcl-xs, relative 
to cyclophilin, when compared with both control groups. bcl-xl was 
upregulated as well, though not significantly. In contrast, ethanol exposure on 
P7 produced no significant upregulation in bax, bcl-xs, or bcl-xl. These data 
suggest that the relative temporal susceptibility of the cerebellar vermis is 
related to differential effects of ethanol on the expression of bax and bcl-xs. 
This research was supported by NIAAA F31 AA05502-01 (DBM), NIAAA 
T32 AA07561 (MID), NIAAA AA 00200 and NIAAA AA10480 (DWW), 
NIAAA AA 09128 (MBH), and the Department of Veterans Affairs (DWW).

9 1 .5

LONG-LASTING EFFECTS OF PRENATAL EXPOSURE TO 
DIAZEPAM IN CEREBRAL CORTEX ULTRASTRUCTURE OF 
MICE. M.C. Márquez-Orozco*, A. Márquez-Orozco, M.V. Gazca- 
Ramírez and G. de la Fuente-Juárez. Embryol Dept. School of 
Medicine UN AM, POB 70-553 México 04510 D.F. México.

Diazepam (DZ) accumulation during gestation in the cerebral cortex 
of mice delayed cellular differentiation and induced ultrastructural 
alterations. We investigated if DZ 2.7 mg/kg doses produce long- 
lasting changes. Two gestating CD-I strain mice groups were injected 
daily sc from day 6 to 17. The first group (DZ) was treated with single 
daily DZ doses (2.7 mg/kg) and the second group with saline solution 
(S). A third group was non-treated (NT). The offspring’s were wet 
nursed by non-treated mice weaned and kept for 60 days. All females 
were killed in a CO2 atmosphere; the cerebral cortex fixed in 2.5% 
glutaraldehyde, post-fixed in OsO4 and embedded in epoxy resin. The 
fine sections were contrasted with uranyl acetate and lead citrate and 
observed under a transmission microscope. In the cerebral cortex DZ 
group was demonstrated the presence of coarse and disoriented fiber 
bundles, few fibers in the white matter with irregular myelin sheath. 
The nuclei showed atypical heterochromatin distribution. The rough 
endoplasmic reticulum was frequently dilated and disorganized. The 
smooth endoplasmic reticulum and Golgi complex were abundant. 
The dendrite tree and the neuropile were poorly differentiated. Non- 
ultrastructural differences were found between the S and NT groups. 
These alterations were similar with those showed in the fetal cerebral 
cortex of mice treated during gestation with DZ. The results show 
permanent effects of prenatal exposure of DZ in the cerebral cortex.

9 1 .7

T-588, A NOVEL COGNITION ENHANCER, PROTECTS 
CORTICAL CELL CULTURES AGAINST BOTH ß-AMYLOID- 
AND 4-HYDROXY-2-NONENAL- INDUCED APOPTOSIS. 
S. Ono*, N. Iwakami, M. Shoji, and Y. Sakai. Research Laboratories, 
Toyama Chemical Co. Ltd., Toyama 930-8508, Japan.

T-588 is  u n d er  d e v e lo p m e n t  fo r  th e  tr e a tm e n t  o f  A lz h e im e r 's  d is e a s e  
( A D ). P r e v io u s  s tu d ie s  d e m o n str a te d  that T-588 a m e lio r a te d  th e  m e m o r y  
an d  le a r n in g  im p a ir m e n t  in  e m b o li z e d  a n d  i s c h e m ic  rats, e n h a n c e d  th e  
n e u r o n a l tra n sm itter  s y s te m , an d  p r o te c te d  rat p r im a ry  c e r e b e l la r  g r a n u le  
c e ll  c u ltu r e s  a g a in s t  g lu ta m a te  n e u r o to x ic i ty .  D e p o s it io n  o f  th e  ß -a m y lo id  
p e p tid e  (A ß) is  a  c h a r a c te r is t ic  o f  p a t ie n ts  w ith  A D . A ß  is  th o u g h t  to  c a u s e  
p ro te in  an d  l ip id  o x id a t io n  in  m e m b r a n e s  th r o u g h  a free  rad ica l m ed ia te d  
e v e n t ,  a n d  le a d s  to  fo rm a tio n  o f  th e  n e u r o to x ic  lip id  p e r o x id a tio n  p ro d u ct, 
4 - h y d r o x y - 2 - n o n e n a i  (HNE). HNE l e a d s  t o  in h ib it io n  o f  io n - m o t iv e  

A T P a s e  a c t iv i t ie s ,  lo s s  o f  C a 2 +  h o m e o s t a s is ,  a n d  s u b s e q u e n t  a p o p to t ic  
n e u r o n a l d e a th . U s in g  p r im a r y  rat c o r t ic a l  n e u r o n s , w e  e x a m in e d  th e  
p r o te c t iv e  e f f e c t  o f  T-588 a g a in s t  n e u r o n a l d e g e n e r a t io n  c a u s e d  b y  A ß  2 5 -  
35. T h e  c e ll  v ia b il it y  w a s  q u a n tita te d  b y  th e  M T T  m e th o d . T-588 (1 - 10  
µ M )  s i g n i f i c a n t l y  p r o t e c t e d  n e u r o n s  a g a i n s t  A ß  2 5 - 3 5 - in d u c e d  
n e u r o t o x ic i ty .  T o  d e te r m in e  w h e th e r  s u p p r e s s io n  o f  lip id  p e r o x id a tio n  
c o n t r ib u t e s  to  th e  e f f e c t  o f  T-588, th io b a r b itu r ic  r e a c t iv e  s u b s t a n c e s  
(T B A R S )  te s t  w a s  u se d . T-588 d id  n o t c o u n te r a c t  th e  in c r e a s e  in  T B A R S  
in  A ß  2 5 -3 5  e x p o s e d  c u ltu r e s .  O n  th e  o th e r  h a n d , T-588 ( 1 - 10  µ M )  
p r e v e n te d  b o th  HNE in d u c e d  c e l l  d e a th  a n d  HNE in d u c e d  r e d u c tio n  o f  

N a + /K + - A T P a se  a c t iv i ty .  T h e s e  r e su lts  s u g g e s t  th at th e  p r o te c t iv e  e f f e c t  
o f  T-588 o n  A ß 2 5 -3 5 -in d u c e d  a p o p to s is  m a y  b e  m e d ia te d  b y  in tr a c e llu la r  
io n ic  h o m e o s t a t ic  e f f e c t ,  a n d  in d ic a te  th a t T-588 w o u ld  b e  e x p e c t e d  to  
h a v e  b e n e f ic ia l  e f f e c t s  in  th e  trea tm en t o f  A D .

9 1 .4

HISTOLOGICAL ALTERATIONS IN FETAL CEREBRAL CORTEX 
INDUCED BY DIAZEPAM. A. Márquez-Orozco*, M.C. Márquez- 
Orozco, M.V. Gazca-Ramirez, R. Andrade-Martinez and G. de la 
Fuente-Juárez. Embryol Dept. School of Medicine UNAM, POB 70-553 
México 04510 D.F. México.

We investigated if diazepam (DZ) 2.7 mg/kg dose produces 
histological alterations in the fetal mouse cerebral cortex. Two 
gestating CD-I strain mice groups were injected daily sc from 6 th to 
17th day. The first group (DZ) was treated with single daily DZ doses 
(2.7 mg/kg), and the second with saline solution. A third group was 
non-treated (NT). All the females were killed in a CO2 atmosphere, the 
18th day, and the fetus was removed. The cerebral cortex was fixed 
with 2.5% glutaraldehyde, post-fixed in OsO4 and embedded in epoxy 
resin. The semifine sections were stained with toluidine blue and 
observed under light microscope. The fetal cerebral cortex of the mouse 
fetuses DZ showed a minor average thickness than the fetuses S and 
NT (p < 0.05). Also the subventricular zone, the intermediate zone and 
the molecular layer were thinner in the DZ mouse fetuses (p < 0.05). 
The nuclei and neuropile showed and evident delayed differentiation, 
heterochromatin was seen in clumps scattered mainly in its interior and 
nears of the nuclear envelope. Non-histological differences were found 
between the S and NT groups. Such alterations could be attributed to 
disruption in cell multiplication, to DZ inhibition protein synthesis and 
to the modification, of the metabolic pathways mediated by central and 
peripheral type of benzodiazepine receptors. The results give evidence 
that DZ produces histological changes in the fetal cerebral cortex of 
mice.

9 1 .6

RAGE INTERACTION WITH Aß FIBRILS ACTIVATES SIGNAL 
TRANSDUCTION MECHANISMS AND RESULTS IN APOPTOSIS, 
ACTIVATION OF MAP KINASES AND NUCLEAR TRANSLOCATION OF 
NF-kB. 1A. Zhu*, 1H. Zhu, 1Y. Zhu, 2B. Wolozin, 3A. Roher, and 1D. Stern, 1A-M. 
Schmidt, 1SD.Yan. 1Colum bia University, New York, NY 10032; 2Loyola 
University, Chicago IL; and 3Sun Health Research Institute, Sun City AZ 85351.

RAGE is a member of the immunoglobulin superfamily of cell surface 
molecules, which functions as a receptor for soluble and fibrillar Aß( 1-40/42) on a 
range of cell types, including neurons, microglia, endothelium and vascular smooth 
muscle. Incubation of PC12 cells stably transfected to overexpress wild-type (wt) 
RAGE enhanced binding of preformed Aß( 1-40) fibrils, and recruited signal 
transduction pathways causing activation of MAP kinases (erkl/2) and the 
transcription factor NF-kB, and induction of apoptosis. Blockade of fibril binding 
to the cell surface, using either recombinant full-length extracellular portion of 
RAGE or solely the N-terminal V-domain, or anti-RAGE IgG, prevented activation 
of MAP kinases and NF-kB, as well as induction of apoptosis in a dose-dependent 
manner. In contrast, RAGE C-domain and nonimmune IgG were without effect. 
CHO cells were used to determine whether RAGE was functioning solely to tether 
Aß fibrils to the cell surface or as a true receptor, triggering signal transduction 
mechanisms. CHO cells were transiently transfected to overexpress wt-RAGE or a 
form of RAGE where the cytosolic tail was deleted, termed dominant-negative(DN)- 
RAGE. In the presence of Aß fibrils, overexpression of wt-RAGE in CHO cells 
resulted in fibril binding to the cell surface and activation of MAP kinases (erkl/2) 
and NF-kB, and induction of apoptosis. In contrast, transient transfection of CHO 
cells with DN-RAGE resulted in the same level of RAGE antigen expression and 
fibril binding, but not activation of MAP kinases and NF-kB or induction of 
apoptosis. These data indicate that Aß fibrils engage cell surface RAGE and trigger 
signal transduction mechanisms. (Supported by AG00690, AG 14103)

9 1 .8
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91.9
EXPRESSION OF CHEMOKINE RECEPTORS IN TYPE I RAT 
ASTROCYTES. A. Bajetto1, R. Bonavia1, S. Barbero1 and G. Schettini*1,2— 
Pharmacology and Neuroscience Natl. Inst, for Cancer Res. (IST) and Advan. Biotech. 

Centre (CBA), 2Institute of Pharmacology, Medical School, University of Genova-Italy 
Infection of HIV-1 is frequently associated with neuronal death associated with the 

AIDS dementia complex (ADC). The current opinion supports the hypothesis that an 
indirect mechanism exists to explain the neuronal cell death and that gp120 is one of the 
main candidates as mediator o f HIV-1 neurotoxicity. We demonstrated that the 
treatment of rat cortical neurons, in presence o f cocultures of type I astrocytes, with 
recombinant HIV-lIIIB gp120 induced neuronal damage displaying apoptotic features. 
The neurotoxicity was evident after prolonged exposure (5-7 days) to pM concentration 
of gp120, and was associated with an increase o f [Ca2+]i in cortical neuron. However 
the site of interaction of g p 120, on neurones and astrocytes, to mediate the cellular 
death is still unknown. It has been demonstrated that some members of the chemokine 
receptors may act as coreceptors, with the CD4, to allow the entry of the HIV-1 into the 
cells. These observations, suggest a potential role for these proteins in the pathogenesis 
of the HIV-1 and prompted us to study their expression in the CNS. By RT-PCR 
analysis, we observe the expression o f the CXCR4 on type I rat astrocytes, while no 
amplification was obtained for the CCR5 receptor. We studied, in the same cells, the 
expression of the chemokines hSD Flα, hSDF1ß, M ip1α and M ip1ß, and our results 
shown the transcription of all these proteins. To study if the expression of the CXCR4 is 
linked to a functional state, we estimated by microfluorimetric analysis, the release of 
intracellular calcium induced by the stimulation of the receptor with its natural ligand: 
SDF1α. The results obtained show that the chemokine hSD Flα was able to induce an 
increase of the [Ca2+]i in type I rat astrocytes suggesting that the CXCR4 is able to 
replay to its natural ligand. (ISS-AIDS Grant nº 30A.0.63 to G.S.; A. Bajetto is a 
recipient of an ISS AIDS fellowship)

91.11
EFFECTS OF TRANSFORMING GROWTH FACTORS-BETA (TGF-ß) ON 
REACTIVE OXYGEN SPECIES (ROS)-INDUCED DAMAGE IN NEURONAL 
CULTURES. J. J. Shacka*, R. F. Ren, E. Kim and K. C. Flanders. Laboratory of 
Cell Regulation and Carcinogenesis, NCI, NIH, Bethesda. MD 20892.

TGF-ß has been shown in vitro to attenuate ß-amyloid peptide (Aß)-induced 
neurotoxicity, but the neuroprotective mechanism(s) afforded by TGF-ß are 
unknown. In cardiac tissue TGF-ß has been shown to be protective against 
ischemia in part by inhibiting ROS enzyme function. Since the neurotoxic effects 
of Aß are thought to be mediated in part via ROS generation, it is hypothesized 
that TGF-ß offers neuroprotection against ROS in neuronal cultures. Subsets of 
mouse (CC1-N-2a) and human (SK-N-SH) neuroblastoma cell lines were exposed 
for 24 h to 0.1 to 10 ng/inl TG F-ß1, 2 or 3 in serum-free media, followed by 24 h 
exposure to hydrogen peroxide (H2O2) at concentrations determined previously to 
reduce cell viability by 50%. The MTT reduction assay, a measue of intact 
mitochondrial function, was used to measure cell viability. Compared to vehicle 
controls, treatment of cells with TGF-ß alone increased cell viability, an effect 
that was more pronounced in human versus mouse neuroblastoma cells. Pilot 
studies indicated that pretreatment of SK-N-SH cells with T G F-ß1, 2 and 3 
protected against neuronal damage induced by subsequent exposure to 425 µM 
H2O2. The neuroprotection of TGF-ß against H2O2 in SK-N-SH cells appears to 
be dose-responsive. Pretreatment of mouse neuroblastoma cells with TGF-ßl and 
3 offered minimal protection against subsequent exposure to 50 µM H2O2, 
suggesting that the degree of protection offered by TGF-ß against ROS-mediated 
neuronal damage is cell line-dependent. Ongoing studies will further characterize 
TGF-ß protection against H2O2 and xanthine oxidase-mediated neurotoxicity, in 
neuroblastoma cell lines and primary cultures of rat embryonic hippocampal 
neurons.

91.10
DOWN-REGULATION OF PAF RECEPTOR IN HUMAN TNF 
TRANSGENIC MOUSE. N. Tong#*, S.W. Perry#, J.A. Hamilton#, L G. 
Epstein#, L Prober+, G., Kollias+, and H A. Gelbard#, #Dept. of 
Neurology, Univ. of Rochester, Rochester, NY 14642; +Dept. of 
Molecular Genetics, Hellenic Pasteur Institute, Athens, Greece

Studies have shown that activated HIV-1-infected monocytes 
release high levels of the pro-inflammatory cytokine tumor necrosis 
factor alpha (TNFa) and the phophoslipid mediator platelet activating 
factor (PAF), both of which have been implicated in human 
immunodeficiency virus-1 (HIV-l)-associated dementia. Previous 
experiments from our laboratory have demonstrated that TNFa and 
PAF induce dose-dependent apoptosis in human cerebral cortical 
neurons, and that TNFa-induced neuronal apoptosis can be blocked by 
PAF receptor antagonists and PAF acetylhydrolase, suggesting that 
TNFa can up-regulate PAF levels to induce neurotoxicity in vulnerable 
neurons. To further explore this relationship in vivo, we have attempted 
to localize the PAF receptor in transgenic mouse brain over-expressing 
transmembrane (TM) TNFa by in situ hybridization histochemistry and 
radioligand binding assay. The results of in situ hybridization showed a 
decreased expression of PAF receptor mRNA in the hippocampus, 
cortex and striatum of human TM TNFa brain, compared with normal 
mouse. In addition, radioligand binding assay also showed a very low 
level of PAF receptor binding sites in the mouse brain. These results 
suggest that overexpression of TNFa may down-regulate levels of 
mRNA for the PAF receptor, which in turn may represent a 
compensatory response for up-regulation of PAF levels in brain. 
Studies are in progress to more accurately measure levels of PAF 
receptors in TM TNFa brain by competitive RT-PCR and RNase 
protection assay, in addition to GC-MS determination of PAF levels. 
Supported by RO1 MH56838 to HAG.

91.12
REEVA LUA TION OF TH E N E U RO TO X IC EFFECT OF N EO N A TA L 
CA PSA ICIN TR EA TM EN T ON R A T ’S TRIG A M IN A L SEN SORY 
NEU RO N S J. Szolcsány i1, É. S zöke1, L. Seress2*, lDept. o f  Pharm acology and 
Pharm acotherapy, N europharm acology o f  Hung. Acad. Sci., 2Dept. o f  
Physiology, Univ. M ed. School o f  Pécs H -7624 Pécs, P .O .Box 99, Hungary.

System ic capsaicin (C) treatm ent o f  neonatal rats (CN ) results in a substantial 
loss o f  small dark B-type neurons o f  trigem inal or dorsal root ganglia in adult 
age supposed to be due to an acute excitotoxic cell death. C treatm ent o f  adults 
causes in these B cells selective m itochondrial sw elling lasting for weeks. 
M ethods: 30 W istar neonatal rats on 2nd day were treated with 50 mg/kg s.c.
C., and 30 solvent treated rats served as control. A fter Fixation at the 1st, 5th, 
12th 19th and 40th day after CN the trigem inal ganglia were rem oved and cell 
sizes and cell num bers were determ ined by com puter analysis using 
K önigm ark's correction factor. G anglia from every age were also processed for 
electronm icroscopy. R esults: There was no significant decrease in num bers o f  A 
and B-type cells at the 5th day after C injection. Total num ber o f  neurons and 
that o f  B cells were 2 6 103 ± 16 13 and 191 l5 ± l3 4 4 (n = 4 ), respectively in the 
controls and 24386± 1613 and 18277±1322 (n=6), respectively in the CN group 
o f  rats. At the 19th day the num ber o f  B cells decrease by 39%, cell size 
distribution shifted to larger sizes. In B cells o f  CN ganglia selective 
m itochondrial sw elling with no apoptotic signs were observed up to 40 days. 
Ten tim es daily s.c. injection o f  100 µg/kg nerve growth factor (NGF) starting 1 
day after CN prevented the loss o f  B cells but not the occurrence o f selective 
m itochondrial sw elling. C onclusion : CN induces no significant num ber o f  early 
cell death within 5 days and its later developm ent is due to an impaired uptake 
o f  N G F by the destroyed nerve term inals. Long lasting selective m itochondrial 
sw elling is characteristic for C treatm ent at all ages. Supp. ETT 372, OTKA 016945.
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92.1 92.2
CHANGES IN DOPAMINE-MEDIATED BEHAVIOR PRODUCED BY A GROUND- 
BASED MODEL FOR EXPOSURE TO COSMIC RAYS. B. M. Rabin1*, J. A. Joseph2, 
and B. Shukitt-Hale2 .  1Dept. of Psychology, University of Maryland Baltimore
County, Baltimore, MD 21250 and 2USDA, Human Nutrition Res. Ctr. On Aging at Tufts 
Univ., Boston, MA 02111.

The effects of exposure to cosmic rays on behavior can be modeled by exposing rats 
to heavy particles using an accelerator. Previous research had shown that exposing rats 
to iron-56 (56Fe) particles disrupted dopaminergic functioning and dopamine-mediated 
motor behavior. To determine whether exposure to heavy particles could affect other 
dopamine-mediated behaviors, additional experiments examined the effects of exposure 
on the acquisition of an amphetamine- and LiCl-induced conditioned taste aversion 
(CTA). If exposing rats to heavy particles can affect dopamine-mediated behavior, 
exposure should disrupt the acquisition of an amphetamine-induced CTA which depends 
upon the integrity of the dopaminergic system, but have no effect on LiCl-induced CTA 
learning, which does not.

Rats were exposed to 600 MeV/n (Lawrence Berkeley National Lab) or to 1 GeV/n 
(Brookhaven National Lab) 56Fe particles. For the rats tested three days following 
irradiation, exposure to low doses of both 600 MeV/n (< 0. 1Gy) or 1 GeV/n (>0 .5<l.0 
Gy) 56Fe particles disrupted amphetamine-induced CTA learning, but had no effect on the 
LiCl-induced CTA. When a second group of rats was tested 4-months following 
exposure, there was no effect on the acquisition of an LiCl-induced CTA. In contrast, 
there was an increase in the sensitivity of the rats to the dopamine agonist such that 
injection of amphetamine produced a significantly greater CTA in the irradiated rats than 
in the non-irradiated controls.

These results showing an effect of heavy particles on a dopamine-mediated behavior 
have implications for understanding the possible effects of exposure to cosmic rays on 
astronauts during a proposed mission to Mars.

Supported by N.A.S.A. Grants NAGW-4394 and NAG5-6093

NEUROCHEMICAL EFFECTS OF 1 GEV FE-56 NUCLEI, A MODEL FOR 
GALACTIC COSMIC RAYS. SJ Gatley 1, ME Vazquez1.  B Pyatt1, ND Volkow1,2. A 
Lindgren3, L Cipp2*, Brookhaven National Laboratory, Upton, NY 11973, 2State 
University of New York at Stony Brook, NY 11794, 3Bemidji State University, 
Bemidji, MN 63706.

Future manned space missions (for example, to Mars) will involve exposure of 
astronauts to high energy heavy nuclei such as Fe-56 in galactic cosmic rays. Previous 
studies have documented persistent behavioral and neurochemical deficits after low 
(<100 cGy) doses of 600 MeV/nucleon Fe-56 particles (Radiat. Res. 128: 216-221, 
1991, 130: 88-93, 1992). Since the brain dopamine system might be implicated in 
these deficits, we measured levels of dopamine receptors and transporters after 
irradiation of rats at doses of 50 or 100 cGy using a beam of 1 GeV/nucleon Fe-56 
particles from the BNL Alternating Gradient Synchrotron. Frozen heads from rats 
sacrificed at 120 d post irradiation were thawed, and brains removed as quickly as 
possible. Assays for D 1 and D2 receptors and transporters conducted in striatal 
homogenates using tritiated SCH23390 and N-methyl-spiperone and WIN35,428 
respectively. Binding site levels (mean ± s.d. (n) in pmol per g of tissue wet weight) 
were:

There was a trend (p < 0.06) towards lowered levels of D 1 receptors at 100cGy, but no 
indication of radiation induced reductions of D2 receptor or dopamine transporter. 
Although our data do not provide strong support for effects on dopamine receptors and 
transporters o f relatively low doses o f 1 GeV Fe-56, further studies to compare levels of 
neurorcceptors in control and irradiated animals as a function of time are required to 
rule out this notion. Furthermore, PET studies of astronauts could be used to detect 
neurochemical damage after space missions, and in principle also to identify 
individuals with already low binding site densities before missions who might be at 
particular risk of radiation induced neurodegeneration. Support from DOE & NASA.

Society for Neuroscience, Volume 2 4 ,1998

Binding Site 0 cGy 50 cGy 100 cGv
D 1 Receptor 46 ± 14 (8) 37 ±7 .4  (4) 34 ± 3.9 (6)
D2 Receptor 50 ±19 (8) 56 ±12 (4) 50 ±16 (6)
Transporter 480 ± 150 (6) 500 ± 190 (4) 430 ± 260 (6)
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92.3
EFFECTS OF IONIZING RADIATIONS ON MICROGLIA CYTOTOXICITY. C.N. 
Montero-Menei1, A. Robbe-Petit1, C. Lefebvre d'Hellencourt1, A. Baron-Van 
Evercooren2*, E. Gamelin3, D. Couez1. 1iNSERM XR 298; 3CRLCC Paul Papin F- 
49033Angers; 2CJF 96-08 INSERM, 75651 Paris Cx -13, France.

Brain radiotherapy is accompanied by a series o f subacute and late complications 
involving vascular injury, gliosis, demyelination and finally necrosis. It has been 
recently shown that ionizing radiations (IR) activate microglia which may be involved 
in these secondary effects. To elucidate the molecular events that underly this 
radiation-induced cytotoxicity we have evaluated in vitro the effects o f clinically 
relevant small doses o f IR on the secretion of two cytotoxic molecules, tumor necrosis 
factor (TNF) and nitric oxide (NO), by untreated and activated microglia. The non-virus 
transformed cell lines used in this study, derived from microglial precursors of the 
murine brain, were kindly provided by Dr Walker. Unique or fractionated doses o f 2 or 
4Gy were delivered using a linear accelerator 10MV at a rate of 4Gy/min. These cells 
were stimulated or not by either lipopolysaccharide (LPS) (5-10 µg/ml) or interferon-γ 
(IFN-γ) (50U/ml) + TNF ( 1000U/ml) for different time periods immediately after 
irradiation. Production of TNF and of NO was respectively detected using the L929 
bioassay and by measuring nitrite concentrations by the Griess reaction. We found that 
unique doses o f IR did not induce TNF production by microglia. Nevertheless, 
following LPS stimulation, microglial cells presented TNF secretion which peaked 
between 8h and 12h and returned to basal levels at 48h. This secretion was inhibited 
by unique or fractionated doses of IR. On the other hand, unique doses of IR did not 
stimulate NO production, whereas a fractionated dose (2 x 4Gy) induced a slight NO 
secretion and also increased the LPS-stimulated NO production by microglia. IFN-γ 
and TNF dramatically increased NO secretion and this effect was doubled by unique or 
fractionated doses o f IR. This enhancement by IR of NO production, after LPS or IFN- 
γ/TNF treatment, is correlated with an increased induction o f type II NO synthase. In 
conclusion, this IR-induced-NO increase may have some implications in demyelination 
and vascular damage observed with therapeutic irradiations. Funded by the "Ligue 
Nationale contre le Cancer".

92.5
EFFECT OF 2-DEOXY-D-GLUCOSE ON BODY TEMPERATURE AND 
FENFLURAMINE-INDUCED BRAIN SEROTONIN TOXICITY. J. Yuan*, 
B.T. Callahan. G. Hatzidimitriou and G.A. Ricaurte. Department of Neurology, 
The Johns Hopkins Medical Institutions, Baltimore, MD 21224

Previous studies using 2-deoxyglucose (2-DG) and methamphetamine (METH) 
suggest that METH-induced serotonin (5-HT) neurotoxicity is enhanced under 
conditions of metabolic compromise. Using the amphetamine derivative 
fenfluramine (FEN), the present study was undertaken to fiirther examine the 
effects of 2-DG-induced glucoprivation on the mechanism of substituted 
amphetamine-induced 5-HT neurotoxicity. Rats were treated with FEN alone (10 
mg/kg, every 2h x 4 injections; i.p.) or in combination with 2-DG (330mg/kg, 
every 2h x 6 injections; s.c.), at either room temperature (22±l°C) or at an 
elevated ambient temperature (28±1°C). At 22±1°C, FEN produced significant 
hypothermia and large reductions of 5-HT axonal markers in the striatum, 
cortex, and hippocampus. 2-DG alone also produced hypothermic effects but had 
no effect on regional brain 5-HT axonal markers. 2-DG afforded partial protection 
against FEN-induced 5-HT neurotoxicity, and this neuroprotection was associated 
with profound hypothermia. At 28±1°C, animals given FEN alone or in 
combination with 2-DG experienced a significant hyperthermia. This effect was 
associated with enhanced 5-HT neurotoxicity and loss of neuroprotection in all 
brain regions examined. In contrast to findings with METH, the present results 
suggest that FEN-induced 5-HT neurotoxicity is highly susceptible to 
thermoregulatory influence. The observation that FEN toxicity is not influenced 
by metabolic compromise suggests that the mechanisms underlying METH and 
FEN-induced 5-HT neurotoxicity may be different. [Supported by DA00206 and 
DA00206],

92.7
NON-COPLANAR PCBs KILL CEREBELLAR GRANULE CELL NEURON 
BY NECROSIS, NOT BY APOPTOSIS. Y. Tan, R. Song, A.A. Boldyrev*, D.A. 
Lawrence and D.O. Carpenter. School of Public Health, University of Albany, 
Rensselaer, NY-12144.

There is building evidence that the neurotoxic effects of polychlorinated biphenyls 
(PCBs) are mediated primarily by non-coplanar PCBs, which do not activate Ah 
receptors. We have examined the effects of various PCB congeners on acutely 
dissociated cerebellar granule cell neurons, using flow cytometry to detect 3 
fluorescent probes simultaneously. Fluo-3-AM or H2DCFDA was used for 
estimating intracellular calcium concentration ([Ca++]i) and reactive oxygen species 
(ROS), respectively. A combination of 7-aminomycin-D (7-AAD) and 
phycoerythrin (PE) labeled-annexin-V was used to distinguish between necrotic and 
apoptotic cell death. Toxicity of non-coplanar PCBs showed a time and dose 
dependent relationship. Loss of viability was apparent at 1-10 µM after 1h 
treatment. At a concentration of 100µM, the non-coplanar congeners 2,4,4', 
2,4,2',4', 2,5,2', 5', 2,6,2',6' killed 50% of neurons or more within 10 min. Loss of 
viability was preceded by the apparent increase in granularity and sustained 
increment of intracellular calcium concentration except that 2,6,2',6' induced only 
a transient calcium increase. A slight loss of viability and a slight increase in 
calcium were observed with the dioxin-like congener 3,4,5,3’,4'. No fixed pattern 
of ROS level was seen during exposure to these congeners. In external Ca++ free 
Tyrode's solution similar viability results were observed, however, there was no 
increase in [Ca++]i In both cases, the coplanar congeners 3,4,3',4', 3,5,3',5' had no 
obvious effects on viability and [Ca++]i There was no increase in the percentage of 
the cell population undergoing apoptosis.

We conclude that non-coplanar PCBs kill cerebellar granule cell neurons by 
necrosis and the mechanism is not mediated through an increase of either Ca++ or 
ROS. Further experiments need to be done in order to demonstrate the precise 
mechanism(s) of PCB neurotoxicity. Supported by NIH grant ES04913.

92.4
Effects of Extremely Low Frequency (ELF) Electromagnetic Field 
Exposure on APP mRNA Production in IMR-32 Cells. R.R.Rao2*, 
J.Halper1, and W.S.Kisaalita2 1Dept.of Pathology; 2Dept. of Bio. & Ag. 
Engg, Univ. of Georgia, Athens, GA 30602.
The etiology of the brain lesions associated with Alzheimer’s disease 
(AD) appears to be multifactorial. In vitro experiments have shown that 
increased intracellular Ca2+ increases the production of Aß, a derivative 
of the amyloid precursor protein (APP) and a precursor for the main 
constituent of senile plaques. Recent work from our laboratory using 
differentiating neuroblastoma cells (N 1E-115) exposed to extremely- 
low-frequency (ELF) [<300Hz] electromagnetic fields (EMF) has 
indirectly provided preliminary evidence that Ca2+- channels may be 
involved in intracellular Ca2+ changes due to EMF exposure. Based on 
the epidemiological finding that workers with primary occupation that 
are likely to have resulted in medium-to-high ELF-EMF exposure are at 
increased risk of AD, the hypothesis that EMF exposure may lead to AD 
pathogenesis merits attention. IMR-32 cells are being used as a model 
to study the effect of ELF exposure on APP mRNA production. This 
study uses a custom-made Helmholtz coil setup to generate ELF-EMF 
and measure changes in APP mRNA levels using RT-PCR and Northern 
hybridization under different levels of Ca2+. Results indicating 
differences in APP mRNA levels in response to ELF-EMF [<0.16 mT] 
will be presented. (Supported by UGA CAES State and Hatch Funds)

92.6
POSTNATAL EXPOSURE TO SUB-TOXIC DOSES OF POLYCHLORINATED 
BIPHENYL (PCB) CONGENERS 153 AND 126 MAY PRODUCE 
BEHAVIOURAL HYPERACTIVITY IN RATS. T. Sagvoldcn1. E. Holene2, I. 
Nafstad2, and J. Utne Skaare2,3.  1Inst. Basic Medical Sciences, Univ. of Oslo; 2Dcpt. 
o f Pharmacology, Microbiology and Food Hygiene, Norwegian College of 
Veterinary Medicine, Oslo; 3National Veterinary Institute, Division of Toxicology 
and Chemistry, Oslo, Norway.
SPON: International Behavioural and Neural Genetics Society

Rats were exposed through mother's milk either to the di-ortho-substituted PCB 
congener 2,2',4,4', 5,5'-CB (IUPAC no. 153) or to the non-o r th o -substituted PCB 
congener 3.3',4,4',5-CB (IUPAC no. 126). The different groups of mothers were 
dosed via gavage with com oil vehicle, 5 mg/kg b.w. of PCB 153 or 2 µg/kg b.w. of 
PCB 126 every second day from day 3 to 13 after delivery. The exposure did not 
affect the body weight of the dams or the physical development of the pups. A two- 
component schedule of reinforcement was used to study behavioural effects of the 
PCB exposures in male offspring. One component was operating when the house 
light was turned on. Then a reinforcer, a drop of water, was delivered every 2 min. 
This component is called a 2-min fixed interval (FI) schedule of reinforcement. The 
other component was in effect when the house light was turned off. Then no 
reinforccr was ever delivered. This is called an extinction component. It was shown 
that the PCB-exposed offspring were hyperactive as they had an increased frequency 
o f lever presses. In addition, the PCB-153-exposed male pups showed a behavioural 
pattern similar to that observed in spontaneously hypertensive rats (SHR), an animal 
model of attention-deficit hyperactivity disorder (ADHD). This behaviour is 
characterised by 'burst' of lever presses with short interresponse times (IRT) just 
before the next reinforcer is given. These results show that both PCBs 153 and 126 
may produce significant neurotoxic effects following postnatal exposure through 
mother's milk. G rants: Research Council of Norway

92.8
XENON-ANESTHESIA HAS NO EFFECT ON PROTIEN KINASE C 
SIGNALING IN THE GROWTH CONE. H. Fukura1,2*, Y. KItani2, Y. Komiya3, 
and M. Igarashi3
1Dept. of Anesthesia., Hitachi General Hospital, 2Depts. of Anesthesiology and
3Molecular and Cellular Neurobiology, Sch. of. Med. Gunma Univ.; Maebashi, 
Gunma 371, Japan.

Xenon (Xe) is an inert gas having anesthetic activity. Several other 
anesthetics are reported to have teratogenicity to the nervous tissues, or have 
behavioral abnormalities even without large morphological defects. Although 
Xe is not reported to have any teratogenic effects, whether Xe causes 
biochemical perturbation to prevent normal neural development or not is 
unclear. We previously demonstrated that inhalation of N2O or halothane 
affects on protein kinase C (PKC)-dependent signaling of growth cones, which 
is the most important signaling pathways there. To investigate the effects of Xe 
to neural development, we examined biochemical characteristics of growth 
cones from rat forebrains at different perinatal periods after inhalation of Xe, 
comparing to N2O. Fetal or neonatal rats were exposed to an atmosphere 
containing 70% Xe or 70% N2O, or a control one (30% O2 and 70% N2) for 6 h. 
After the exposure, growth cone particles (GCPs) were isolated from the 
forebrains using a subcellular fractionation method. No apparent change was 
observed in protein composition of GCPs prepared from Xe-exposed rat. After 
exposure to N2O, PKC-dependent phosphorylation of GAP-43 and MARCKS 
protein, and the PKC activity in GCPs were significantly decreased, and the 
PKC degradation in GCPs was significantly increased. In contrast, these 
biochemical properties involving PKC were unchanged between GCPs prepared 
from the Xe group and those from the control. These results suggest that Xe is a 
relatively safe anesthetics for perinatal neuronal development.
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92.9
DOES REPEATED EXPOSURE TO HYDROGEN SULPHIDE (H2S) IMPAIR 
RADIAL ARM MAZE PERFORMANCE? L.A. Partlo,1* R.S. Sainsbury 1 and S.H. 
Roth2. 1Dept. of Psychology, Univ. o f  Calgary; 2Dept. o f Pharmacology and 
Therapeutics, Univ. of Calgary; Calgary, Alberta, Canada, T2N 1N4.

The deleterious effects o f  exposure to high concentrations o f hydrogen sulphide 
(H2S) on the nervous system have been well documented. At low concentrations, H2S 
has been associated with confusion and memory impairment in humans. However, to 
date, few attempts have been made to study the effects o f  low, non-lethal levels of 
H2S. The purpose o f this investigation was to examine the effects of repeated 
exposure to moderate levels o f H2S (125 ppm) on reference and working memory, in 
rats previously trained on a complex 16-arm radial maze task.

Twenty-four adult male Sprague Dawley Rats were food-deprived to 85% body 
weight. Behavioral training consisted o f baiting eight o f the sixteen maze arms with 
reinforcers. Animals were allowed to run freely through the maze until all reinforcers 
were consumed or ten minutes had elapsed. A total o f 56 training sessions was 
conducted. Animals were matched on the basis o f their performance, and randomly 
assigned to either the H2S or control condition. Exposures took place in specially 
designed acrylic chambers. Animals in the H2S group were exposed to H2S for four 
hours a day/fíve days a week. Control animals were similarly exposed to a control gas 
mixture. Exposure took place over five weeks. Following each week o f exposure, 
animals were tested for performance on the previously-leamed radial maze task. No 
differences in the total number o f errors, number o f working memory errors, or 
number of reference memory errors were found between the two groups. These 
findings suggest that repeated H2S exposure has minimal effects on well-learned 
complex memory tasks. A second study, examining the effects of H2S exposure 
during acquisition o f a complex radial maze task, is currently being conducted.

Supported by grants from the University o f Calgary, NSERC, and MRC.

92.11
RESPONSES IN PRIMARY ASTROCYTES AND C6-GLIOMA CELLS 
TO AMMONIUM CHLORIDE AND DIBUTYRYLCYCLIC-AMP. N. 
Haghighat* and D.W. McCandless. Department of Cell Biology and 
Anatomy, Chicago Medical School, 3333 Green Bay Road, North Chicago, 
IL, 60064.

In this study, we have examined the effect of different concentrations of 
ammonium chloride (NH4Cl) and dibutyrylcyclic-AMP (dBcAMP) on primary 
astrocytes and C6-glioma cells. Primary astrocytes were prepared from 
cerebral cortices of 1-2 postnatal day Sprague-Dawley rats. The C6-glioma 
cells were obtained from the American Type Culture Collection (ATCC). 
These cells were treated with 1mM dBcAMP or lmM dBcAMP and 7.5mM 
NH4C1 or 1mM dBcAMP and 15mM NH4Cl. Morphological alterations as 
well as biochemical changes were observed in both cell types. 1mM dBcAMP 
produced both fibrous astrocytes and fibrous C6-glioma cells. Morphological 
changes containing vacuolization of cytoplasm and pyknotic nuclei occurred in 
fibrous C6-glioma following 48 hours treatment with 7.5mM NH4Cl 
compared to untreated fibrous C6-glioma cells. The same morphological 
alterations appeared in fibrous primary astrocytes following 9-10 days 
treatment with 7.5mM NH4Cl compared to untreated fibrous primary 
astrocytes. 1mM dBcAMP induced glial fibrillary acidic protein (GFAP) 
formation in C6-glioma and increased concentration of GFAP in primary 
astrocytes. Ammonium chloride decreased the amount of GFAP in both 
fibrous primary astrocytes and fibrous C6-glioma cells. Alteration of GFAP 
in both primary astrocytes and C6-glioma cells was dose dependent in response 
to dBcAMP and NH4Cl. Grant: U.S.E.P.A.

92.13
HETEROLOGOUS EXPRESSION OF TRANSLIN AND 
TRAX, COMPONENTS OF A SINGLE-STRANDED DNA 
BINDING COMPLEX ENRICHED IN BRAIN. P.M. 
Finkenstadt, E. Taira and J. M. Baraban*. D ept. of 
Neuroscience, Johns Hopkins Univ. School of Med., 
Baltimore, MD 21205.

In recent studies, we have detected a single-stranded DNA 
binding complex that is highly enriched in brain (J. 
Neurochem. 68:2255, 1997). Affinity purification of the 
complex yielded two proteins which were identified as 
Translin and Trax by peptide sequencing. As Translin has 
been reported to bind either mRNA or single-stranded DNA 
in vitro, this complex could play a role in mRNA processing 
or DNA repair. To help define the function of the 
Translin/Trax complex, we have prepared epitope tagged 
expression constructs. Co-transfection of these constructs in 
hEK-293 cells yields a single-stranded DNA complex that 
co-migrates with the endogenous complex in gel-shift assays. 
Furthermore, antibodies targeting epitope-tagged Trax 
immunoprecipitate Translin as well. Taken together, these 
results confirm that Translin and Trax are components of the 
single-stranded DNA complex detected in brain. Current 
studies are aimed at determining the subcellular localization 
of the Translin/Trax complex to obtain clues to its function. 
Supported by NIDA.

92.10
PRENATAL EXPOSURE OF RATS TO AMMONIA IMPAIRS SPATIAL 
LEARNING, BUT NOT RETENTION. M.Muñoz2, M.Romero-Vives1, 
R.lnsausti2, V.FeliPo3 and J.M.Gaztelu1*. 1Neurología Experimental, Dpto. 
Investigación, Hospital Ramón y Cajal, Madrid; 2Dpto Anatomía, Univ. de 
Navarra, Pamplona; 3lnst. Investig.Citológicas, Valencia. Spain.

Children with inborn errors of urea cycle enzymes suffer mental alterations 
proportional to the duration of hyperammonemia (HA). It has been shown 
(Miñana et al. 1995) that prenatal exposure of rats to ammonia impairs NMDA 
receptor function. The aim of this work was to determine if this disfunction 
would be also associated to learning and memory alterations. W e separately 
assessed the acquisition and retention processes. Adult male Wistar rats 
(n=24) were used. Animals with HA (n= 12), bom from rats exposed to 
ammonia after weaning, were fed with a diet rich on ammonium acetate; 
controls were fed the base diet only. They were tested for acquisition and 
retention of spatial information in the Morris water maze. Rats were trained to 
find the platform for 4 consecutive days. After an habituation day to the tank, 
three consecutive days of spatial acquisition consisted of 3 blocks of 6 trials. 
Three parameters were analized. escape latencies (s) (time spent to reach the 
platform), swimming speed (cm/s), and distance taken to find the platform 
(cm). After 5 days, rats were tested for retention, one block of 6 trials was 
used. The last day, a simple navigation test with a visible platform, was made 
as a motivation and sensory-motor control. Ammonia treated and control 
animals showed no significant differences in the habituation block. 
Conversely, ammonia treatment produced a significant but modest increase 
on the escape latency in the acquisition phase of the spatial learning task. The 
effect of group and of trial blocks were significant; no interaction was found. 
Differences in swimming speed were not observed. Interestingly, both groups 
showed very similar escape latencies on the retention test, indicating that only 
spatial learning, but not retention, was impaired after prenatal exposure to 
ammonia. Supported by FIS 98/0062-01 to JMG and FIS 98/0062-02 to Rl.

92.12
CAULERPENYNE, A SEAWEAD BIOTOXIN, PROVOKES THE INHIBITION OF 
THE Na+/K+ ELECTROGENIC PUMP IN NEURONS. M. Brunelli*, M. Garcia-Gil, 
R. Mozzachiodi. M . Roberto. R. Scuri. G. Traina and M.L. Zaccardi. Dept. o f 
Physiology and Biochemistry “G. Moruzzi”, University o f Pisa, 56127, Pisa, Italy.

Caulerpenyne (CYN) is the major metabolite synthesized by the alga Caulerpa 
taxifolia (Vahl) C. Agardh. Its biological activity has been extensively studied on various 
experimental models, but never on nerve cells. We have analyzed the effects o f this 
sesquiterpene on the nervous system of the leech H. medicinalis and on undifferentiated 
neurosecretory PC 12 cells, a rat pheochromocytoma cell line, by utilizing different 
methodologies. Electrophysiological investigations have been carried out onto leech T 
sensory neurons. In these cells the extracellular application o f 50 µM CYN provokes the 
inhibition o f the basal and the stimulated activity o f the electrogenic Na+/K+ pump. This 
effect is reversible and overlaps that one induced by the endogenous neurotransmitter 
serotonin (5HT). Previously, we have demonstrated that 5HT acts via cAMP; our data 
show that this nucleotide messenger is not involved in CYN action. At the behavioral 
level, we have observed that CYN affects elementary forms of non associative learning 
Repetitive application (1/min) o f light electrical stimuli onto the body wail o f  the leech, 
leads to habituation o f swim induction; when 500 µM CYN has been injected in the 
animals, the habituation process is significantly decreased. Furthermore, our data show 
that CYN, like 5HT, mimics sensitization, but CYN action is not prevented by 
methysergide, a serotonergic antagonist. Both 5HT and CYN induce the phosphorylation 
o f bands o f proteins o f 20, 50, 66 and 100 kDa in the leech ganglia. In addition, in PC 12 
cells, fluorimetric measurements have been used to investigate the effects of CYN 
(50 µM - 500 µM) on intracellular free Ca2+ concentration ([Ca2+]i) Preliminary results 
show that the toxin reduces both the basal and the K+-induced [Ca2+]j.

92.14
REPIN INDUCES SIGNIFICANT REDUCTION OF MITOCHONDRIAL 
GLUTATHIONE IN MOUSE LIVER. B. Han, R. C. Kim and B. H. Choi*. 
Depts of Pathology and Community and Environmental Medicine. Univ. of 
California, Irvine, CA 92697-4800.

Repin is a principal ingredient found in Russian knapweed (RK). Chronic 
ingestion of RK by horses causes equine nigrostriatal encephalomalacia 
(ENE) with signs and symptoms similar to those of Parkinson's disease 
(PD). Previous studies in our laboratory have shown highly cytotoxic 
effects of repin in both PC12 cells and mouse astrocytes, accompanied by 
depletion of glutathione (GSH), a rise in superoxide levels and damage to 
cellular membranes (J Neurosci Res 47: 90-97, 1997). We have also shown 
that repin causes apoptosis in PC12 cells, presumably due to oxidative 
stress. As part of an ongoing studies to assess mitochondrial function to 
elucidate the mechanism of repin-induced cell injury, C57BL/6J mice were 
injected (IP) with 10 and 20 m g/kg of repin. Liver mitochondria were 
isolated and GSH levels determined, using HPLC and Tietze methods. 
Results showed a highly significant mitochondrial GSH reduction in 
repin-intoxicated mouse liver as compared to that in controls. Since the 
redox status of mitochondrial GSH plays a critical role in the homeostasis 
of Ca2+ and of thiols, effects of repin on mitochondrial GSH may represent 
one of the crucial and earliest pathogenetic events, leading to oxidative 
stress and eventual degeneration of nigrostriatal pathways in ENE. Since 
repin toxicity appears to be mediated via oxidative stress, and since repin 
is a natural product isolated from a plant in our environment, elucidation 
of the mechanism of repin neurotoxicity may provide new insights into our 
understanding of the mechanism of cell injury in the pathogenesis of PD.
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9 2 .1 5

PK 11195 EXACERBATES THE HYPOTHERMIC EFFECT OF 
LINDANE AND OF RO 5-4864, AND DIRECTLY INHIBITS 
INTESTINAL MOTILITY TO SLOW LINDANE ABSORPTION. R  
Garcia. L . Drummer and D.E. Woolley*, Univ. Calif., Davis., CA 95616.

We have shown previously that the neurotoxicant lindane produces 
hypothermia as well as seizures when administered IP in the rat, and 
produces anorexia in addition when administered PO. PK 11195 is the 
prototypic ligand for the peripheral benzodiazepine receptor, and has also 
been reported to bind to the GABA-A receptor at higher concentrations. PK 
11195 (30 mg/kg ip) alone had no observable effect, yet exacerbated the 
hypothermic and convulsant effects of lindane (10 mg/kg) given IP, as well 
as the hypothermic effects of Ro 5-4864 (4'-chlorodiazepam; 10 mg/kg IP). 
But when lindane was given PO (40 mg/kg in oil), the same dose of PK 
11195 significantly delayed the onset and reduced the severity of toxicity. 
We then determined the direct effects of PK 11195 and lindane on rabbit 
intestinal motility in vitro. PK 11195 and lindane in low µM concentrations 
each reduced the amplitude of spontaneous contractions, without changing 
the baseline tonus; amplitude was reduced to less than 50% of that during 
the pretreatment period. Frequency of contraction was not reduced 
immediately but with time was also reduced. Diazepam, also in low µM 
concentrations, had similar effects, and did not antagonize the effects of 
either PK 11195 or lindane. We hypothesize that such slowing of GI 
motility by PK 11195 was sufficient to reduce absorption of lindane when 
the latter was given PO; this would explain the ability of PK 11195 to 
reduce the toxicity of lindane given PO. The ability of PK 11195 to 
exacerbate lindane-induced hypothermia in vivo, when both are given IP, 
may represent a synergistic interaction at the GABA-A receptor. (Conducted 
under an approved institutional protocol.)

9 2 .1 7

CHANGES IN THE CHARACTERISTICS OF CEREBELLAR GLIAL 
CELLS AFTER IN  VITRO NICOTINE EXPOSURE 
Dong Koo Lim*, Woo jeoung Choi and Sun Hee Park. College of 
Pharmacy, Chonnam National University, 300 Yongbong-dong, 
Buk-gu, Kwangju 500-757 Korea 

Changes in the glutamate uptake and glutamine synthetase (GS) 
activities of cerebellar glial cells were determined after in vitro  
nicotine exposure. Cerebellar glial cells were prepared from 7-day 
old rat pups. After glial cells were treated with 50, 100 and 500 
uM of nicotine either at 10 DIV or from 2 to 10 DIV for the acute 
and subacute experiments, the glutamate uptake, the responses to L 
-pyrollidine-2,4-dicarboxylic acid (PDC, glutamate uptake inhibitor) 
and GS activities were measured using HPLC-ECD and ion- 
exchange chromatogram, respectively. After the acute exposure 
to nicotine, the glutamate uptake was concentration-dependently 
inhibited (13 -  26%). However, the glutamate uptake in the dibutyl- 
cyclic AMP-pretreated glial cells was only inhibited (24%) by the 
50 uM of nicotine. After subacute exposure, the glutamate uptake 
was increased in the low dose nicotine-treated glial cells, but that 
was decreased in the high dose. After 100 uM of subacute nicotine 
exposure, the IC50 of PDC on the glutamate uptake was 2.3 times 
increased compared to the control and the sensitivities of PDC were 
decreased. In addition, responses of PDC became sensitive as the 
exposed concentrations of nicotine were increased. Although the 
activities of GS was not altered after low dose, that of GS was 
decreased by the high doses of nicotine. These results suggest that 
subacute nicotine exposure might modulate the characteristics of 
the glutamate uptakes and the GS activities of glial cells.

(Supported by Chonnam Natl Univ.)

9 2 .1 6

DEGENERATION IN HABENULA AND FASCICULUS 
RETROFLEXUS INDUCED BY DRUGS OF ABUSE: AMPHETAMINE, 
CATHINONE, COCAINE, AND NICOTINE 
B. Armstrong. J. Carlson. G. Ellison*. Dept Psychology, UCLA, Los 
Angeles, CA, 90024.
Two dopamine-related stimulants, d-amphetamine and cocaine, when 

given continuously for several days, induce degeneration extending from 
lateral habenula through the mantle of fasciculus retroflexus (FR) to 
various midbrain nuclei. We now find that (-) cathinone, given at 74 
mg/kg/day via minipump for 5 days, induces this same pattern of 
degeneration. Silver-stained axons in FR (processed by NeuroScience 
Associates), are the most predominant degeneration in brain.

We further find that another drug of abuse, nicotine, also induces 
selective degeneration in FR. In these experiments nicotine was initially 
given at a dose of 28 mg/kg/day via minipump for 5 days. The most 
pronounced degeneration in all of brain was in FR. But in this case it was 
from the medial habenula, through the core of FR, to interpeduncular 
nucleus. This core region of FR is well known to be cholinergic, and in fact 
this tract contains the highest concentration of nicotinic receptors in brain. 
Lesions of interpeduncular nucleus markedly attenuate the effects of 
nicotine on behavior.

FR appears to be a weak link in that it is especially vulnerable to 
degeneration induced by drugs of abuse, (support: NIDA DA07344)
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9 3 .29 3 .1

The Neuroprotective/Neurotoxic Roles of Adenosine Agonists and Antagonists May 
Be Reversed Under Certain Conditions in Mixed Hippocampal Cultures
Sheila M. Brooke* and Robert M. Sapolsky, Department of Biological Sciences, Stanford 
University, Stanford CA., 94305.
It is. now generally accepted that adenosine has a neuroprotective role in the central 
nervous system. It has been shown by many laboratories, in both slice and tissue culture 
preparations, that adenosine inhibits the release of glutamate during potassium and 
electrical stimulation, and EAA’s and ischemia insults. Agonists of adenosine such as 
2,chloroadenosine(2CIA) have been shown to be neuroprotective and antagonists such as 
8- pentyltheophylIine (8PT) to increase neurotoxicity. However, Von Lubitz et al (Europ. J 
of Pharm. 256,161) have reported an anomaly: chronic administration of these compounds 
resulted in reverse results. We have observed similarly contradictory findings with respect 
to 2CIA and 8PT in hippocampal primary cultures basely and during glutamate and 
kainate(KA) toxicity. When hippocampal cultures were exposed to 8PT(5µM) and 
2CIA(2OmµM) for less than 1 hour there was an increase in neurotoxicity with the former 
and neuroprotection with the latter as would be expected. However under similar 
condition, but exposure for 24 hours, 8PT exhibited neuroprotection and 2CIA 
neurotoxicity. Also the concentration of 8PT and the pH at which it was administered 
appeared to be factors in determining neurotoxic properties. Although 8PT is an effective 
antagonist for adenosine receptors up to 10µM, there was a significantly increased 
neuroprotective effect against KA neurotoxicity at this concentration during acute 
exposures. Changing the pH of the 8PT solution from pH 7.3 to 7.9 also caused a 
paradoxical display of neuroprotective properties. Therefore in the study of adenosine 
analogues as neuroprotective or neurotoxic agents, these experiments illustrate that even 
in the relatively simple environment of the mixed culture, because of possible interactions 
with glia and environmental conditions, agonists and antagonists of adenosine can 
produce unpredictable results.
This Research was supported by Cite NIH Grant AG00563

IDENTIFICATION OF GENES DIFFERENTIALLY EXPRESSED BETWEEN HT-4 
CLONES SELECTED FOR RESISTANCE OR SENSITIVITY TO GLUTAMATE 
MEDIATED OXIDATIVE TOXICITY. A.J.L. Barton*, A.D. Medhurst, J. Gray. L 
Smith. S. Topp1 and J.B. Davis. Neuroscience Research and 1Dept. of 
Bioinformatics, SmithKIine Beecham Pharmaceuticals, Third Avenue, Harlow 
CM19 5AW, England.

Oxidative stress has been implicated in the pathogenesis of a number of 
neurodegenerative diseases including Parkinson's disease, Alzheimer's disease 
and stroke. One potential mechanism for generation of reactive oxygen species 
(ROS) in these diseases is via glutamate, which has been shown to influence the 
redox state of neuronal cells and decrease their ability to neutralise ROS. Clones 
of the neuronal cell line HT-4, which are sensitive or resistant to glutamate 
mediated ROS generation and cell death, were isolated. Differential gene 
expression has been analysed between the two cell types by differential display. 
29 differential display bands were taken from 4 categories of hit. Reamplification 
products from these were subcloned and sequenced to assess the complexity of 
each band. 16 of these were chosen for confirmation by Taqman analysis and 
probes designed to the predominant subclone sequence. Differential expression 
of 3 clones was confirmed. Sequence analysis revealed that 3 and 4RC- are 
separate amplicons from Decorin and show a 4x differential expression. 1RC+ 
only shows expression in resistant clones. Work in progress aims to determine 
whether or not these cDNAs contribute to the resistance phenotype but, 
intriguingly, Decorin has been shown to be regulated in peripheral 
neurodegeneration and to be able to control cell cycling, some components of 
which are known to be important in controlling cell death processes. (Supported 
by SmithKIine Beecham Pharmaceuticals).
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93.3

KAINIC ACID-INDUCED NEURONAL .CELL DEATH IN GLUTATHIONE 
PEROXIDASE DIFFICIENT MICE. Dongmei Jiang,*  Julie K Andersen , Division of 
Neurogerontology, Andrus Gerontology Center, and Program of Neurobiology, 
University of Southern California, Los Angeles, CA 90089-0191 

Kainic acid (KA) is a glutamate analog and agonist of the AMPA/Kainate-receptor. 
When administered to rodents, KA evokes stonic-clonic seizures and results in neuron 
damage which is most prominent in the hippocampus, amygdala, and neocortex. The 
intracellular process that mediates this form of neuronal cell death is not totally 
understood. Recently, increasing amounts of experimental data suggest that cell death 
induced by KA occur at least in part via the apoptotic pathway. Because of the 
growing data supporting the link between oxidative stress and apoptosis, it has been 
proposed that free radicals may be important in KA-induced apoptotic cell death. We 
are using genetically engineered mouse models to explore the role of the anti-oxidative 
enzyme glutathione peroxidase (GSHPx) in susceptibility to KA lesioning. Following 
KA administration by intraperitoneal injection to GSHPx knock-out mice and 
129sv/C57Bl hybrid controls at 30 mg/kg, we find that reactive oxygen species (ROS) 
levels are significantly increased compared with the non-treatment group. 
Unexpectedly we also observed that GSHPx knock-out mice are less susceptible to 
KA compared with wild type, as judged by severity of seizures and by apoptotic cell 
death in the hippocampal CA3 region as assessed by TUNEL staining. Supported by 
NIA AG-09793

93.5

THE EFFECTS OF MK-801 ON ASPARTATE AND GLUTAMATE 
LEVELS IN THE ANTERIOR CINGULATE AND 
RETROSPLENIAL CORTICES: AN IN VIVO MICRODIALYSIS 
STUDY
K. Noguchi1, R. Johnson 2*, G. Ellison1,2. 1Dept o f Psychology, UCLA; 
2Brain Research Institute, UCLA; Los Angeles, CA 90024.

There has recently been much research looking into the possible 
mechanisms o f MK-801 induced neurotoxicity. One hypothesis 
suggests that the blockade o f the N-methyl-D-aspartate (NMD A) 
ionophore by MK-801 causes an increased release o f glutamate or 
aspartate back onto effected structures mediated through a negative 
feedback mechanism. This has the effect o f overstimulation o f the 
unprotected non-NMDA receptors which eventually leads to 
excitotoxicity.

To test this theory, microdialysis was used to measure the levels of 
glutamate and aspartate (using percentage o f baseline levels) in an area 
highly resistant (the anterior cingulate) and highly susceptible (the 
retrosplenial cortex) to neurotoxicity after an acute injection o f a 
neurotoxic dose o f MK-801 (0.4 mg/kg i.p.). The results indicated a 
transient increase in aspartate levels in the retrosplenial cortex 
following injection but no other significant effects. This data supports 
a possible excitotoxic role o f aspartate in the retrosplenial cortex 
following MK-801 administration.(supported by NIDA DA07344)

93.7

AGE-DEPENDENT AND DOSE-DEPENDENT BEHAVIORAL RECOVERY FROM 
CHRONIC KAINIC ACID EXPOSURE IN APLYSIA. Q.E. Scott* and S.M. Fredman. 
Department of Anatomy and Physiology, Meharry Medical College, Nashville, TN 37208 

The glutamate analog, kainic acid (KA) is neurotoxic in vertebrate nervous systems. 
InAplysia, single large (100-1000 mg/kg) KA injections cause seizure-like activity and 
behavioral deficits. However, there is recovery within 10 days. We previously reported 
differences in behavioral recovery between young and old Aplysia with repeated KA 
exposure. We now report differences in behavioral recovery in young and old Aplysia 
after chronic KA exposure. Aplysia o f known age were obtained from the National 
Aplysia Resource Facility and maintained at 13° C. The behavioral parameters examined 
included the duration of KA-induced seizures, anterior and posterior tentacle withdrawal 
to mechanosensory stimulation and food-induced locomotion. Prior to the start of testing, 
tubing to connect osmotic mini-pumps were implanted. Animals were tested for 7 days 
using seawater injections through the tubing as a control. Osmotic mini-pumps were then 
attached to the tubing. The pumps delivered KA (50 µM or 500 µM in vivo cone.) 
continuously for 7 days to juvenile ~ 135, adult ~225 and old >365 days post-hatching 
Aplysia, respectively. Chronic exposure was followed by a recovery period of 7-28 days. 
There were no differences between the groups for any of the above parameters during 
control testing. Increases in anterior and posterior tentacle withdrawal duration were age 
and dose-dependent. Recovery in old animals given 500 µM KA was incomplete 28 days 
after mini-pump removal, whereas juvenile and adult recovered completely. Food- 
induced locomotion exhibited similar changes. The higher the KA concentration and the 
older the animal, the more significant was the deficit and the slower the recovery. These 
preliminary results suggest that there are age-dependent differences in the ability of 
Aplysia to recover from neurotoxic insult. We are presently examining the underlying 
cellular mechanisms responsible for these differences. Supported by NIMH training grant 
M H19843 (QES), NINDS grant NS28199 (SMF) and the Meharry NSF/MRCE in Cell 
and Molecular Biology, HRD9233157.

9 3 .4

NAAG  P R O TEC TS A G A IN S T ISC H EM IA  S IM U LATE D  BY NaCN AN D  2- 
D E O XYG LU C O SE IN D ISSO C IATED  R ETIN AL C ELLS. H.D. Hacker, M.K. 
Koen ig , D.L. Y ourick, J .L .M everho ff*. D ivision o f N euroscience, W a lte r 
Reed A rm y Institute o f R esearch, W ashington, DC 20307-5100.

Retinal tissue is sub ject to ischem ia from  d iabe tic  retinopathy and o ther 
conditions tha t a ffect the  retinal vascu la tu re  such as lupus ery them atosus 
and tem pora l arteritis . There  is evidence  tha t in som e anim al m odels o f 
reversib le  ischem ia, a therapeutic  w indow  exis ts  during early recovery w hen 
agents tha t reduce g lutam ate activ ity a t its recep tor s ites can rescue 
neurons from  injury. To m odel ischem ia, w e  used sod ium  cyan ide  (NaC N), 
to inhib it oxidative  m etabolism , and 2 -deoxyg lucose  (2-D G ), to  inhib it 
g lyco lysis. D issocia ted rabb it retina ce lls w ere  stud ied to  eva lua te  the 
potentia l neuroprotective  e ffects o f α  and ß-N -acetyl-asparty l-g lu tam ate  
(NAAG ), w hich com pete w ith  g lu tam ate  as low -potency agon is ts  a t the 
N M D A recep tor com plex. W e found tha t m etabolic inhib ition w ith  N aC N /2- 
DG fo r 1 hour caused 50%  toxic ity w hen viab ility  w as assessed  using the 
te trazo lium  dye assay fo r succinate  dehydrogenase  activity. C o-trea tm ent 
w ith α-N AAG  resulted in dose-dependent p ro tection o f up to  55%  (p <
0.0005, t-test). W hen the non-hydro lysab le  ana log ß-NAAG  w as em ployed, 
dose-dependent protection o f up to  37%  w as observed  (p < 0.001, t-test). 
These  data suggest tha t NAAG may antagon ize  the e ffec t o f g lutam ate at 
the N M D A recep tor com plex in retina. Funded by U SAM R M C .

9 3 .6

NAALADase IN H IBITION AT N EURO PRO TEC TIV E DOSES SPARES 
CO GN ITIO N IN NORM AL RODENTS. B. Potter*1, R. Meyer2, T. Hartman1; L. 
Cook1, D. Ingram2, B. Slusher1. 1Guilford Pharmaceuticals Inc., Baltimore, MD 21224, 
2National Institute on Aging, Baltimore, MD 21224.

High extracellular glutamate levels are critical in ischemia-induced neurotoxicity, 
and compounds that disrupt glutamate transmission protect neurons from excitotoxicity 
during ischemia. However, in normal conditions, disruption of glutamate transmission 
may impair cognitive function. Non-competitive antagonists (e.g., MK-801) that act at the 
ion channel on the receptor complex disrupt cognition in normal animals. We have 
recently reported a novel mechanism to prevent the ischemia-induced rise in extracellular 
glutamate by inhibiting N-acetylated alpha-linked acidic dipeptidase (NAALADase), an 
enzyme that hydrolyzes the neuropeptide N-acetyl-asparty 1-glutamate (NAAG) to N- 
acetylaspartate (NAA) and glutamate. Significantly, extracellular glutamate levels are not 
altered by NAALADase inhibititors in normal animals, suggesting that they may not 
produce the cognitive deficits seen after administration of receptor-mediated antagonists. 
We evaluated the effects of NAALADase inhibition in two diverse behavioral tasks that 
are disrupted by NMDA receptor antagonists. In the first, the NAALADase inhibitor 2- 
(phosphonomethyl)pentanedioic acid (2-PMPA) was given to male rats at a 
neuroprotective dose (50 mg/kg, IP), 30 min before training on an aversively-motivated 
14-unit T-maze. The number of errors (wrong turns) was recorded and when compared 
with a saline-treated group, was not altered by 2-PMPA, although NMDA antagonists 
have been shown repeatedly to disrupt performance on this task. In the second task, 2- 
PMPA was given to male mice at 500 mg/kg (IP), 30 min before retention testing in an 
appetitively-motivated holeboard task. Errors (visits to a non-baited hole) were recorded 
and compared with MK-801- (0.05 mg/kg) and saline-treated groups. Again, GPI-5000- 
and saline-treated groups performed similarly, while the number o f errors was increased 
by M K-801. These results indicate that neuroprotective or greater doses of a NAALADase 
inhibitor do not disrupt performance on tasks that, in contrast, are impaired by compounds 
acting at the NMDA receptor. COMMERCIAL FUNDING

9 3 .8

EFFECTS O F N E O N A TA L M K-801 TR EA TM EN T: P R EV EN TIO N  OF 
N O R M A L C ELL D E A TH  A N D  LA CK  OF EV ID EN C E O F N M D A  
A N T A G O N IS T -IN D U C E D  N E U R O TO X IC ITY .
G. G riesbach*, R.C. Sw itzer I I I 1 & A. A m sel., D ep t. o f  P sychology & 
In st. for N euroscience, U niversity  o f  Texas, A ustin , TX  78712, & 
1N euroS cience A ssociates, K noxville, TN  37922.

A cute and continuous adm in istration  o f  M K -801, a PC P rec e p to r 
ligand and N M D A  recep to r an tagonist, induces neuronal necrosis in th e  
p o ste rio r c ingulate /re trosplenial (PC/RS) co rtex , taen ia  tec ta  and o th e r  
lim bic areas in adult rats. Previous studies have show n th at N M D A  
antagonist-induced  n euro tox icity  progressively  increases w ith age. T h e  
present experim ent show s the neurotoxic  effects o f  daily  ip M K-801 (0 , 
0 .025, 0.25 m g/kg) trea tm en t from  postnatal day (PN D ) 7 to 19, a 
period in w hich the N M D A  recep to r sensitiv ity  and subunit c o m p o s itio n  
is d ifferen t from  that o f  adults rats. P revious studies, from  our 
laboratory , have show n that neonatal N M D A  recep to r blockade by M K- 
801 results in a pronounced non-spatia l learning im pairm en t in a dose 
dependent m anner. A fter treatm ent, rats were sacrificed and sections o f  
th eir brains were im pregnated w ith the am ino cupric silver-degenera tion  
stain o f  deO lm os. N o necrosis was observed in PC/RS or o lfa c to ry  
related areas. N ecrosis was, however, observed in the dentate  gyrus (DG) 
o f  the h ippocam pus in contro l rats, and least in the M K-801 trea ted  
groups. It appears th at M K-801 neonatal trea tm en t inhibited norm al 
cell death in the DG. In addition, inh ibition o f  cell death  appears to be 
inversely related to the afo rem entioned  learning im pairm ent. (Supported 
by NIAAA 2 T32 AA07471 and NeuroScience Associates).

Society for Neuroscience, Volume 24 ,19 98



234 NEUROTOXICITY: RECEPTOR-MEDIATED NEURONAL DEATH SUNDAY AM

9 3 .9

GENES DIFFERENTIALLY EXPRESSED IN QUINOLINIC ACID- 
TREATED RAT HIPPOCAMPAL CELL CULTURES. B. Seidel1. G. 
Keilhoff1,T. Reinheckel2. M.Reiser1* and G. Wolf1. Institutes for 'Medical 
Neurobiology and 2Experimental Surgery, Otto-von-Guericke-University of 
Magdeburg, Leipziger Strasse 44, D-39120 Magdeburg, Germany.

Neurotoxic damage resulting from overexcitation of ionotropic glutamate 
receptors is assumed to be involved in the pathogenesis of neurodegenerative 
diseases such as Huntingtons’s Disease or stroke. There is strong evidence 
that, amongst others, the energy metabolism may be impaired due to the 
unphysiological calcium influx. This should be mirrored in an altered gene 
expression in response to an excitotoxin exposure.
In the present study, we tried to pinpoint genes which appear to get 
upregulated in an established cell culture model of excitotoxicity (primary 
rat hippocampal neurons / quinolinic acid [QA]). Using differential display 
RT-PCR (DDRT-PCR), we investigated more than 20 PCR products which 
showed an apparent increase in expression after the treatment with 1mM 
QA for 6 hours. Among them, the differential expression of seven mRNA’s 
could be confirmed in a dot blot assay, and some of them in Northern 
blotting experiments as well.
After cloning and sequencing all of these cDNA's, we could identify the 
endogeneous protease inhibitor nexin-I, the PDGF-associated protein 
HASP-P28, and the p 112 subunit of the 26S proteasome. In hippocampal 
cultures which were exposed to QA, we could also measure an increased 
ratio of 26S/20S proteasome activity which points to a selective 
rearrangement of proteasome subunits. Hence we speculate that the ATP- 
dependent proteolysis of ubiquitinated proteins is increased in neurons after 
excitotoxin treatment.
This work was supported by a grant of the Deutsche Forschungsgemeinschaft 
DFG Nr. SE 587/3-1 to B. Seidel.

93 .11

GELDANAM YCIN PROVIDES POST-TREATM ENT PROTECTION 
AGAINST BOTH GLUTAMATE-INDUCED OXIDATIVE TOXICITY IN A 
MOUSE HIPPOCAM PAL CELL LINE (I.E. HT22 CELLS), AND 
NEUROLOGICAL DEFICITS IN A RAT MODEL OF CARDIAC ARREST.
D.B. DeFranco.1,2 C.W. Callaway*,3 C.A. Lipinski,3 S.D. Hicks,3 and N. 
Xiao1. 1Dept. of Biological Sciences and 2Pharmacology, Univ. of Pittsburgh; 
3Dept. of Emergency Medicine, Univ. of Pittsburgh School of Medicine; 
Pittsburgh, PA 15260.

The main intracellular target of geldanam ycin (GA), a benzoquinoid 
ansamycin, is the 90 kDa heat shock protein, hsp9O. The binding of GA to the 
ATP-binding pocket of hsp9O disrupts its chaperoning activity. We have 
found that GA is effective at preventing  g lu tam ate-induced oxidative 
toxicity in the HT22 mouse hippocampal cell line. GA prevented oxidative 
toxicity in HT22 cells even if given up to 6 hours following glutam ate 
treatment. In addition to neuroprotective effects observed in this cell culture 
model, GA given during resuscitation improved neurological outcome in rats 
subjected to asphyxia-induced cardiac arrest. In the HT22 cells, GA prevented 
glutamate-induced intemucleosomal DNA cleavage, but did not reverse the 
depletion of glutathione levels brought about by glutamate treatment. Both 
anabolic and catabolic effects were generated by GA treatm ent of HT22 cells, 
as evidenced by the induction of hsp7O expression and degradation of c-Raf-1 
protein, respectively. In addition to destabilization of c-Raf-1, GA treatm ent 
of HT22 cells inhibited phosphorylation and activation of c-Raf-1 that 
occurred as a result of glutam ate treatm ent. Thus, GA may provide an 
effective strategy for manipulating signaling pathways in neuronal cells that 
utilize hsp9O as they proceed through a program m ed cell death pathway in 
response to oxidative stress.
Supported by a grant from the National Institutes of Health (CA43037).

9 3 .1 3

DIFFERENTIAL SENSITIVITY TO THE TOXIC EFFECT OF GLUTAMATE AND 
TETRODOTOXIN IN IMMORTAL CELL LINES DERIVED FROM THE 
CEREBRAL CORTEX OF NORMAL AND TRISOMY 16 MICE, AN ANIMAL 
MODEL OF HUMAN TRISCMY 21. R. Castellón#. C  Arriaεada+ , J. L. Fiedler^*. R. 
Caviedes+ and P. Caviedes+o. +P rogram  of Physiology & Biophysics; ICBM, Fac. of 
Medicine, and ^Fac. of Chemistry, Univ. of Chile, °Centro de Estudios Científicos de 
Stgo„ Chile; and -Section on Dev. & Molec. Pharm., Lab. of Dev. Neurobiol., 
NICHD, NIH, Bethesda, MD, USA.

We have established permanently growing cell lines from various origins of the 
Central Nervous System of normal and trisomy 16 mouse fetuses. Cell lines CNh and 
CTb, derived from cerebral cortex of normal and trisomic animals respectively, 
express neuronal traits in vitro. Considering the early onset of neurodegeneration in 
human trisomy 21, we decided to evaluate the sensitivity of CNh and CTb cells to the 
neurotoxic effects of N-methyl D aspartate (NMDA) and tetrodotoxin (TTX) in 
culture, in relation to cell survival. Cells were seeded in 96-well plates and cultured in 
standard, high serum growth media (GM), or in differentiation media (DM), which 
had low serum and was supplemented with external modulators. Cells were incubated 
for up to 4 days in different concentrations of NMDA or TTX, and the cell number 
was measured* with a colorimetric reaction using the CellTiterAQ kit (Promega). A 
initial seeding in the range of 2000-4000 cells/well proved optimal to observe toxic 
effects of both NMDA and TTX. When cultured in DM for 5 days, CNh and CTb cells 
became less sensitive to both NMDA and TTX, compared to those cultured in SM. 
CNh cells exhibited more death in the presence of NMDA in lower concentration 
ranges (100 n M) compared to CTb. Like NMDA, TTX is more toxic for CNh cells as 
compared to CTb, in concentration ranges of 0.5 - 1 µM. The results indicate that 
NMDA and TTX have toxic effects on CNh and CTb cells. The greater sensitivity of 
CNh cells may be due to a reduced expression o f NMDA receptors and Na+ channels 
in the CTb line, a possibility currently under evaluation.
Supported by Fondecyt 1950485, 1980906, and IBRO Travel grant.

9 3 .1 0

DIFFERENCES IN NEUROTOXICITY OF BOAA APPLIED TO 
PRIMARY NEURONAL CULTURES FROM CORTEX VERSUS SPINAL 
CHORD 
L, Iurato1,2. M, Lautenschlager1, C. Harms’. A, Bergk1, K.Ruscher1, D.
Stennke1. J.Schulz1*. V. La Bella2, F.Piccoli2, U. Dirnagl1.
1Dept. of Neurology, Humboldt University Berlin, Germany; 2Dept. of 
Neurology, University of Palermo, Italy
BOAA (ß-N-oxalylamino-L-alanine), the compound known to be the causative 
agent of neurolathyrism, was compared in its effects on primary serum-free 
cultures from cortex versus spinal chord of the rat. Cortical cultures were 
obtained from E16-18 rat pups, spinal chord cultures from E 14-15 They were 
cultivated in NBM + B27supplement from GIBCO for 11 days and then treated 
with various doses of BOAA (5µM-lmM) at 11-12 d.i.v.: cell viability was 
assessed using MTT assay and LDH release, both after 8, 12, 24. 48. 72 and 
96h. In cortical cultures we observed a dose dependent slow progression of cell 
death as seen in the steadily increasing release of LDH (e g. from 112. 111. and 
103 (% of controls for 10µM, l 00µM and 1mM BOAA respectively) 8h after 
BOAA application, increasing up to 132, 133, and l6 1at 96h after.) In contrast 
the cell death in spinal chord cultures reached a clear maximum at 48h after 
BOAA application (e.g. LDH values of 98, 118, and 103 (% of controls for 
l 0µM. l 00µM and 1mM respectively, n = 15) 8h after. 145. 174. and 228 48h 
after, and 75 99, and 116 96h after). The metabolic activity as assessed by 
MTT assay showed a larger decrease in the spinal chord cultures at low doses 
than in the cortical cultures (e.g. 86 and 73 in spinal chord at 48h after BOAA 
(% of controls for l()µM and lOOµM respectively, n = 9) versus 98 and 96 in 
cortical cultures), indicating a higher vulnerability of spinal chord cultures.

(Supported by DFG and Humboldt University Berlin)

9 3 .1 2

NEUROPROTECTIVE ACTIVITY OF THE GROUP-1 METABOTROPIC  
GLUTAMATE RECEPTOR ANTAGONISTS, LY367385AND LY367366.
V. Bruno1 G. Battaglia1. A. Kingston2 . M.J. O ’Neill2 . M.V. Catania3 *. R. Di 
Grezia1 and F. Nicoletti1 ,4 1I.M.N. Neuromed, Pozzilli, Italy; 2Lilly Res. 
Centre Ltd., Windlesham, U.K.; 3 I.B.F.S.N.C., C.N.R. Catania; and 4 lnst. of 
Pharmacology, University of Catania, Italy.

(+)-2-Methyl-4-carboxyphenylglyclne (LY367385) has been described as a 
potent and selective antagonist of mGlu1a metabotropic glutamate receptors. 
To unravel the role of mGlu1a receptors in neuronal degeneration, we have 
examined the effect of LY367385 in the following experimental models: (i) 
murine cortical cultures transiently exposed to NMDA; (ii) rats infused with 
NMDA in the caudate nucleus (LY367385 was coinfused with NMDA at the 
dose of 200 nmol/0.5 03bcμl); and (iii) gerbils subjected to transient global 
ischemia (LY367385 was injected i.c.v. at the dose of 100 nmol/2.5 ). μn all 
these models, LY367385 exhibited a substantial neuroprotective activity. ln 
culture, LY367385 could also completely revert the potentiation of NMDA 
toxicity by the group-1 mGlu receptor agonist, 3,5-dihydroxyphenylglycine. We 
have compared the neuroprotective activity of LY367385 with that of the 
novel compound (±)-α-thioxantylmethyl-4-carboxyphenylglycine (LY367366), 
which antagonizes both mGlu1a and -5 receptors at low micromolar 
concentrations. Although LY367366 was neuroprotective, it was in general 
less efficacious than LY367385, suggesting that inhibition of mGlu5 receptors 
does not confer additional neuroprotection in the models that we have tested. 
We conclude that endogenous activation of mGlu1 receptors contributes to 
the development of excitotoxic neuronal death.
S u p p o rte d  b y  th e  E u ro p e a n  C o m m u n ity  g rant, B M H 4 -C T 9 6 -0 8 5 1 .

9 3 .1 4

INJURY-INDUCED GLIAL FIBRILLARY ACIDIC PROTEIN
EXPRESSION IS REDUCED IN MICE OVEREXPRESSING
S P E R M ID IN E /S P E R M IN E -N 1-A C E T Y L T R A N S F E R A S E
Kyllikki Kaasinen*, Leena Alhonen and Jari Koistinaho, A.I. Virtanen
Institute, University of Kuopio, P.O. Box 1627, FIN-70211 Kuopio,
Finland.

Spermidine/spermine-N1-acetyltransferase (SSAT) is the key enzyme in polyamine 
metabolism catabolizing the conversion of spermine and spermidine into spermidine 
and putrescine, respectively. Although the polyamine metabolism is very sensitive to 
cerebral injuries, the actual role of polyamines in the brain is still unknown. 
Therefore, a transgenic mouse line overexpressing SSAT mRNA and showing high 
levels of putrescine in the brain (i.e. 10-fold increase in the cerebral cortex and 
hippocampus), was used to study the effects of kainic acid (KA) treatment. The glial 
fibrillary acidic protein (GFAP), a marker gene for early gliosis, was used to monitor 
the KA neurotoxicity.

Both syngenic (sg; 25) and transgenic (tg; 25) mice were injected s.c. with a 
sublethal dose of KA (25 mg/kg). Control animals (5 sg + 5 tg) received saline. After 
Oh, 6h, l2h, 1d, 3d and 7d mice were decapitated, their brains were removed and 
immediately frozen. Section of 10 µm were processed for in situ hybridization using 
35S-labelled GFAP oligonucleotide as a probe.

The syngenic mice showed a considerable increase in GFAP mRNA after KA- 
treatment. There was 9-fold increase in the expression of mRNA in the cerebral cortex 
and 5-fold increase in the hippocampal CAl region after 3 days. In the transgenic mice, 
however, the KA-treatment had only 2-fold effects or no effect at all on the GFAP 
mRNA expression. Therefore, it was demonstrated that in the SSAT overexpressing 
mice, the sublethal KA treatment did not cause any signs of gliosîs suggesting that 
polyamines are either neuroprotective against kainate-induced brain injury, or directly 
inhibit GFAP mRNA induction.

Supported by the Ministry of Education, Finland.
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93.15
INDUCTION OF HEME OXYGENASE IN RAT HIPPOCAMPUS AFTER 
ISCHEMIA AND KAINIC ACID INJECTION. Y. Matsuoka*, Y. Kitamura and T. 
Taniguchi. Department of Neurobiology, Kyoto Pharmaceutical University., 
Yamashina, Kyoto 607-8412, Japan.

The molecular and cellular events responsible for the selective vulnerability 
of the population of neuronal cells to ischemia and kainic acid (KA)-induced 
seizure activity are not yet understood. However, oxidative stress possibly 
participated in these neurodegenerative episodes. Heme oxygenase (HO) is 
oxidation of the heme molecule in concert with NADPH-cytochorome P-450 
reductase followed by the specific cleavage of heme into biliverdin, carbon 
monoxide, and iron. The biliverdin, is rapidly metabolized by biliverdin reductase 
to bilirubin, which is a powerful antioxidant. Therefore HO expression possibly 
showed promise of neuroprotective effects. In this study, we examined the 
changes of HO in ischemia- and KA-induced neurodegenerations. Although 
inducible HO (HO-1) is expressed very limited neurons in the normal brain, 
HO-1 was strongly induced by ischemia and KA-injection. HO-1 was expressed 
in the pyramidal neurons 1 day after ischemia, and in the microglia 3-7 days 
after ischemia and 1-7 days after KA-injection. HO-1 expression in the microglia 
was colocalized with major histocompatibility complex class II antigen. These 
results indicate that: i) HO-1 was strongly induced by oxidative stress; ii) HO-1 
expression possibly participated in oxidative stress-induced neurodegenerative 
episodes; and iii) ameboid microglia, which express both HO-1 and MHC 
antigens, may play a key role in neurodegeneration induced by ischemia and 
KA.

Spported by Grant-in-Aid from Ministry of Education, Science, Sports and 
Culture, Japan.

93.17
DIFFUSION OF GLUTAMATE THROUGH THE SPINAL CORD 
FOLLOWING IMPACT INJURY D.J. McAdoo1,2*, R. de Castro1,2, G.-Y. Xu1, 
M.G. Hughes1 and G. Robak1 1 Marine Biomedical Institute,2 Dept. of Human 
Biological Chemistry and Genetics, University of Texas Medical Branch, 
Galveston, TX 77555.

The volume of damage to the central nervous system enlarges for days to weeks 
following initial trauma. Elevated concentrations of secondary damaging 
substances around the area of primary mechanical damage could be one cause of 
such spread. If this happens, the damaging substances could enter the peri-trauma 
area by diffusion or they could be released in that surrounding area. The 
hypothesis that the spread of damage following spinal cord injury stems from 
increased concentrations of the excitotoxin glutamate in the area of mechanical 
trauma has not been directly tested. To provide such a test in spinal cord injury, 
we a) measured increases in glutamate concentrations as a function of distance 
from the region of immediate damage following impact injury, b) measured the 
amount of glutamate diffusing from its site of administration by one microdialysis 
fiber to another microdialysis fiber inserted into the cord a short distance from the 
first, and c) determined the longitudinal extent of lesions following spinal cord 
injury. The limit of detectable glutamate diffusion following spinal cord impact 
injury (10 g weight dropped 25 mm) was 3 -5 mm from the center of the site of 
injury. Administration of high concentrations of glutamate through one 
microdialysis fiber resulted in a detectable increase only 2-3 mm from the fiber. 
Cavities produced by lesions extended about 3 mm rostral and caudal from the 
center of the lesion when the tissue was examined 21 days after impact injury. 
Thus the extent of the lesion, the distance to which release of glutamate following 
injury is detectable and the distance over which glutamate diffuses longitudinally 
through the spinal cord are similar. This is consistent with increases in glutamate 
concentrations in the region surrounding that of initial mechanical trauma 
extending the zone of damage following spinal cord injury.

Supported by NIH (NSl 1255)

93.16
GLUTAMATE RELEASE UPON SPINAL CORD INJURY REACHES 
NEUROTOXIC THRESHOLDS: DEMONSTRATION BY MICRODIALYSIS AND 
HISTOLOGY G.-Y. Xu1, D.J. McAdoo1 . D. Liu2. G. Robak1. M.G: Hughes1 and B. 
Haber1,2* 1 The Marine Biomedical Institute, University of Texas Medical Branch,2 
Depts. of Neurology and of Human Biological Chemistry and Genetics, University of 
Texas Medical Branch, Galveston, TX 77555.

Damage caused by administering glutamate into the spinal cord in vivo was 
characterized by histological and neurochemical methods. The concentration of 
glutamate that had to be administered by microdialysis to match the concentration 
released upon spinal cord injury was determined by careful calibration procedures. 
Calibration was achieved based on the concentration of glutamate collected in a 
microdialysis fiber in the zone of damage when a known glutamate concentration was 
administered through a parallel fiber. Glutamate destroyed neurons for several hundred 
µm around the administering microdialysis fiber. When glutamate was administered at a 
concentration outside the fiber and for a time period approximating those of glutamate 
release upon spinal cord injury, significant loss of neurons was observed (75%) relative 
to control (47%) (N = 7; P = 0.036, Wilcoxon Rank Sum Test). For neuron loss to be 
evident in response to administration of ACSF or at the glutamate concentration 
released upon injury, animals had to be allowed to survive for 24 h. However, neuron 
loss was evident within several hours of exposure to glutamate at higher concentrations 
and for longer times. Microdialysis sampling during the administration of glutamate into 
the spinal cord revealed detectable release of other amino acids only when glutamate 
concentrations administered were much higher than the threshold for toxicity. This 
work provides a direct demonstration that the levels of glutamate released upon spinal 
cord injury are neurotoxic. It is also consistent with stress sensitizing neurons to 
excitotoxicity.

Work supported by NIH (NSl 1255) and Paralyzed Veterans of America 
Spinal Cord Research Foundation (1025).

93.18
BREVETOXINS INDUCE AN NMDA RECEPTOR-MEDIATED 
NEUROTOXIC RESPONSE IN CULTURED RAT CEREBELLAR 
GRANULE NEURONS. F.W. Berman and T.F. Murray*. Dept, of Physiology 
and Pharmacology, College of Veterinary Medicine, Univ. of Georgia; Athens, 
GA 30602

Brevetoxins (designated PbTx-1 to -10) are potent lipid-soluble polyether 
compounds which are known to bind to and modulate voltage-gated sodium 
channel activity. These toxins have been implicated in massive fish kills and 
human intoxications during ‘red tide’ blooms of the marine dinoflagellate 
Ptychodiscus brevis. In the present experiments, cultured rat cerebellar granule 
neurons were exposed to brevetoxins in Locke’s buffer for 2hrs at 20°C. 
Neuronal injury was quantified by assaying lactate dehydrogenase activity in 
the exposure buffer and in conditioned growth media collected 22hrs post- 
brevetoxin exposure. Brevetoxins produced acute neuronal injury and death in 
neurons with a rank order potency similar to their previously determined 
affinities for binding to recognition sites on the sodium channel. The 
neurotoxic response could be prevented by co-application of the sodium channel 
antagonist tetrodotoxin. Brevetoxin toxicity was also prevented by the co-
application of a variety of competitive and non-competitive N-methyl-D- 
aspartate (NMDA) receptor antagonists. NMDA receptor antagonists afforded 
neuroprotection at potencies comparable to those measured previously for 
protection against glutamate-induced excitotoxic responses. These data indicate 
that brevetoxin-induced injury in cultured rat cerebellar granule neurons is 
mediated by NMDA receptors that are activated indirectly as a consequence of 
PbTx-induced sodium channel activation. (Supported by funds from the College 
of Veterinary Medicine, Univ. of Georgia.)

NEUROTOXICITY: HEAVY METALS

94.1
TEMPERATURE DEPENDENT RELEASE AND TRANSLOCATION OF 
ZINC IN HIPPOCAMPUS IN VITRO AND IN VIVO. C.J. Frederickson2,3*. 
S.W. Suh1,2,3. M.S. Jensen1 D.J. Haves2, and G. Danscher1 'Dept. o f  
Neurobiology, Aarhus University, Aarh us, DK 8000, Denmark. 2Lab. for 
Neurobiology, MicroFab Technologies, 1104 Summit Ave, Plano TX 75074 
institute of NeuroEngineering, UTMB, Galveston, TX 75000.

Hyperthermia aggravates and hypothermia attenuates the neuronal damage 
induced by ischemia and seizures. The release o f Zn2+ from presynaptic vesicles 
is a key mediator o f  neuron death after both ischemia and seizures, thus, the 
possibility arising is that temperature dependency o f  zinc release from axonal 
boutons might account for the temperature dependency o f neuron damage.

In the present study we used gas-AMG and zinc-TSQ fluorescence to study 
the effect o f temperature on zinc release. Release was studied both in vitro in 
hippocampal slices, and in vitro during the release o f vesicular zinc induced by 
mechanical trauma. Within the range o f 26-39 °C, zinc release was strongly 
dependent and positively related with bath temperature in hippocampal slice 
preparations. Zinc release induced by high K+ was almost completely 
suppressed at 26 °C in vitro. In the intact animal, zinc translocation after 
mechanical head trauma also strongly dependent upon body temperature 
(measured at the temporalis muscle). Rats kept at 30 °C showed almost no zinc 
release or zinc translocation in hippocampus after head trauma. Rats kept at 39 
°C showed potentiated zinc release and translocation in hippocampus, thalmus 
and cortex. Neuron sparing therapies combining hypothermia and zinc chelation 
may prove useful in these clinical conditions. Supported in part by NS37658, and 
GM 48894 to CJF.

94.2

MORPHOMETRIC STUDIES OF MYELINATION IN THE SPINAL  
CORD OF MICE EXPOSED DEVELOPMENTALLY TO
ALUM INUM. M .S. Golub*1. R.P.Terara2. 1D ept. o f Internal Medicine 
& 2C alifornia Primate Research Center, Univ. California, Davis; Davis, 
CA 95616.

Swiss-Webster mice were exposed to diets containing 7 or 1000 
µg Al/g as A1 lactate from conception through maturity (45 days o f age). 
This exposure has previously been shown to cause changes in CNS  
myelin composition and peroxidizability (Verstraeten et al., 1997). For 
this project, initially samples o f epon embedded, toluidine blue stained 
cervical spinal cord sectioned at 0.5 µm were examined light 
microscopically. Qualitatively, aluminum exposed animals appeared to 
have a diffuse decreased thickness o f myelin sheaths. Quantitative 
microscopy was performed using images captured with Scion Image 
Dage 1.59 at 1000x with oil. Focus and thresholding were optimized 
manually. Sixty axon perimeters and sheaths were measured with the 
wand tool and select lines tool respectively o f NIH image using a 
standardized sampling pattern in the right dorsal and right ventral regions 
o f the cervical spinal cord (at the junction with the brain stem) in 6 mice 
(3 male, 3 female) per group. Mean myelin sheath widths were 16% 
smaller in the Al treated group (p=.04). There was no effect o f sex or 
region (dorsal/ventral). Axon perimeters were also smaller on the 
average in the Al treated group but this difference was not significant 
(p=.16). N o indication o f myelin structural damage (splitting, 
degeneration) was noted. The data indicate that developmental Al 
exposure can interfere with myelination in the spinal cord. Supported by 
ES04190.
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94.3
METHYLMERCURY NEUOTOXICITY IN HUMAN NEURONS AND 
ASTROCYTES IN CULTURE C. Sanfeliu1-2 and S.U. Kim1*. 1Division of 
Neurology, University of British Columbia, Vancouver, BC, Canada and 
2Department of Pharmacology and Toxicology, CSIC Barcelona Institute of 
Biomedical Research, Barcelona, Spain

Methylmercury is an ubiquitous environmental contaminant with a high 
neurotoxic potential. Since the biochemical and molecular mechanisms 
underlying neuronal damage caused by methylmercury are currently 
unknown, we undertook the investigation to answer these questions using 
human embryonic neurons and glial cells grown in culture. At 24 hr of 
methylmercury treatment, LC50 values were 6.5 µ M and 8.1 µ M 
respectively for neurons and astrocytes, and cytotoxicity increased with 
longer exposure time. Depletion of cellular pool of reduced 
glutathione(GSH) by butionine sulfoximine treatment potentiated 
methylmercury cytotoxicity, being the astrocytes more resistant to the 
cytotoxicity than neurons. The addition of GSH (1-2 mM) totally blocked 
the methylmercury neurotoxicity. Cycteine partially protected both neurons 
and astrocytes from methylmercury neurotoxicity, while catalase, selenite or 
vitamin E were less effective. The beneficial effect of GSH could be 
attributed to its capacity to form conjugates with methylmercury that reduce 
the availability of toxic reactive organometal molecules to the cells and 
facilitate their efflux. The low protection afforded by antioxidants suggests 
that mechnisms other than oxidative stress are involved in the 
methylmercury neurotoxicity.

94.5
THIAMINE AND PYRUVATE ATTENUATE COPPER-INDUCED DAMAGE OF 
CORTICAL NEURONS. C.T. Sheline*, E.H. Choi, L.L. Dugan and D.W. Choi, 
Center for the Study of Nervous System Injury and Dept. of Neurology, Washington 
Univ. School of Medicine, St. Louis, MO 63110.

Copper toxicity contributes to neuronal death in Wilson’s disease, and has been 
recently postulated to participate in the pathogenesis of prion diseases. We studied 
the death of cultured cortical neurons induced by prolonged exposure to moderate 
copper concentrations, in an effort to develop protective strategies.

Exposure of mixed cortical cell cultures (DIV 12-14) containing both neurons and 
glia to 20-40 µM copper resulted after 1 hr in a large increase in hydroxyl radicals 
in the bathing medium, as assessed by electron paramagnetic resonance spectroscopy. 
By 24 hr, there was widespread neuronal death without glial death.

Since copper inhibits several glycolytic enzymes, and oxygen radicals inhibit 
pyruvate dehydrogenase and glyceraldehyde-3-phosphate dehydrogenase, we 
considered the possibility that impaired glycolysis was a contributor to copper- 
induced neuronal death. We hypothesized that thiamine (via its active 
phosphorylated form, thiamine pyrophosphate, TPP) might protect pyruvate 
dehydrogenase from copper and oxygen radical-induced damage. Indeed, adding 1 
mM thiamine to the bathing medium produced a marked reduction in neuronal death 
and a partial restoration of ATP levels following exposure of cortical cell cultures to 
copper. Exogenous addition of TPP (the cell impermeant but biologically active 
form) was ineffective at reducing copper toxicity suggesting that thiamine has an 
intracellular site of action. Since TPP is a required cofactor for pyruvate 
dehydrogenase, transketolase, and alpha-keto-glutarate dehydrogenase; we also tested 
pyruvate for neuroprotective efficacy, and found that at 4 mM, pyruvate added to the 
bathing medium produced a partial reduction in neuronal death. This protective 
effect was mimicked by the pyruvate dehydrogenase activator, dichloroacetate.

Supported by NIH NINDS grant NS 30337 (DWC).

94.7
THE INDUCTION OF INDUCIBLE NITRIC OXIDE SYNTHASE IN 
REACTIVE ASTROCYTES BY TRIMETHYLTIN. H. Kanai*, Y- Takahashi, 
M. Ikeda, T. Himi, A. Masui, S. Jinde, M. Sadamatsu, N. Kato. Dept. of 

Psychiat. Shiga Univ. of Med. Sci., Shiga, and Dept. of Physiol. Chem. Tokyo 
M & D Univ., Tokyo, Japan.

Trimethyltin (TMT) was reported to induce apoptosis in primary cultures 
in vitro This study was undertaken to follow the time-course of 
morphological changes and inducible nitric oxide synthase (iNOS) 
expression of activated glial cells in the TMT-intoxicated rat hippocampus 
The localization and identification of the cellular sources of iNOS were 
investigated with immunohistochemistry. NADPH-diaphorase (NADPH-d) 
staining was adopted to examine pathological changes of nitric oxide (NO) 
producing cells, and then NADPH-d positive cells were double-stained with 
glial markers, glial fibrillary acidic protein(GFAP), vimentin(VIM) and 
0X42, indicating astrocytes, reactive astrocytes and microglia, respectively. 
There was found an initial appearance of a number of hypertrophic and 
NADPH-d-negative microglia, when pyramidal cell degeneration appeared 
only minimal at 5 days post-dosing. The activated astrocytes in the neuron- 
depleted area (CA3 subfield) at 2 weeks post-dosing were VTM-positive. The 
enlarged reactive astrocytes showed iNOS immunoreactivities and strong 
NADPH-d activity, indicating increased levels of NO production. These 
result suggest that the reactive astrocytes expressing iNOS may play a 
critical role in the TMT-induced injury through NO-mediated mechanism.

94.4

W ITHDRAW N

94.6
ENHANCING EFFECT OF ADRENALECTOMY ON TRIMETHYLTIN- 
INDUCED HIPPOCAMPAL DAMAGE IN RATS. H. I m a i1 * , Kato2 and M.
Kabuto1 1Regional Environment Div., Natl. Inst. Environ. Studies, Tsukuba, 
Ibaraki 305-0053, JAPAN. 2Dept. Psych., Shiga Univ. Med. Sci., Ohtsu, Shiga 
520-21, JAPAN.

We previously reported that a single oral administration of trimethyltin (TMT) 
with a dose causing hippocampal damage induces the temporal increase of plasma 
corticosterone (CORT) levels at 3 or 4 days after dosing. The effects of TMT on 
the CORT can be suppressed by intracerebroventricular administration of 
interleukin-1 receptor antagonist (IL-lra) (Imai, H. et al., 1998), suggesting that 
CORT may influence the TMT-induced hippocampal damage. Thus, bilateral 
adrenalectomy (ADX) was performed to rats to evaluate the effects of CORT on 
TMT-induced hippocampal damage using glial fibrillary acidic protein (GFAP) as 
an indicator of gliosis.

Six groups (n=5 to 6 /group) of adult male Sprague-Dawley rats were classified 
according to adrenalectomy (ADX), CORT (50mg pellet) supplement and TMT 
administration of 8 mg/kg (p.o.). ADX and CORT supplement were carried out 7 
days before TMT administration. Rats were sacrificed and hippocampus was 
collected at 14 days after TMT administration. Hippocampal GFAP was assayed 
with the sandwich ELISA method (O’Callaghan, 1991).

The GFAP levels in the group with ADX +CORT supplement +TMT, and of 
the group with sham operation +TMT were significantly increased compared to 
those in three groups with ADX +CORT supplement +vehicle administration,
ADX +vehicle administration, or sham operation +vehicle administration. 
However, the level in the group with TMT +ADX was significantly higher than 
those of the other groups. The present data suggests that CORT has a suppressing 
effect on the TMT-induced hippocampal damage in terms of gliosis as in the case 
of peripheral inflammatory stress which is mediated by IL-1.
(This study was supported by NIES Special Research Grant T-13.)

94.8
NEURONS IN THE RAT HIPPOCAMPUS INCREASE FRA-2 
EXPRESSION AFTER TRIMETHYLTIN-INDUCED BRAIN INJURY. X. 
Xiao*, H. Hernandez, M.N. Gordon. J. O’Callaghan and K.R. Pennypacker. 
Dept. of Pharmacology and Therapeutics, Univ. of South Florida College of 
Medicine, Tampa, FL 33612.

Administration of trimethyltin (TMT) to rats causes neurotoxicity to 
susceptible neurons in specific brain regions including hippocampus. Activator 
protein-1 (AP-1) transcription factor which contains Jun and Fos related antigen 
(FRA) protein families are activated by a variety of stimuli and may play a role 
in the response to neurotoxic insult by regulating genes related to neuronal 
death, regeneration or both. Adult Sprague Dawley rats were treated with a 
single dose of TMT 8.0 mg/kg intraperitoneally and sacrificed at time points 
from several hours to 3 months after administration. The AP-1 DNA binding 
activity in nuclear extract from hippocampus began to increase at 6 hours after 
TMT treatment. Western blot analysis of these nuclear extracts from the 
hippocampi revealed that FRA-2 significantly increased at one week and 
remained elevated for at least two months after TMT treatment. Glial fibrillary 
acidic protein (GFAP), an astroglial marker used as an index for brain injury, 
was also increased in the rat hippocampus after TMT treatment and reached its 
highest level at one month after the TMT treatment. Immunocytochemical 
techniques were used to localize FRA-2 in the brain sections 11 days after the 
TMT treatment. Neuronal damage was mainly found in CA1, CA3 and CA4 
regions in rat hippocampus. FRA-2 immunoreactivity was localized in the 
nucleus of neurons but was not expressed in astroglia. Our data suggests that 
surviving neurons express FRA-2 to regulate the transcription of genes related 
to regeneration and repair after TMT-induced brain injury.
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94.9
ALUMINUM INDUCED OXIDATIVE EVENTS IN CELL LINES: 
GLIOMA MORE RESPONSIVE THAN NEUROBLASTOM A. A , 
Ghadimi2,  S. X. G uo-R oss2 ,  K. N . Prasad1 , S. C. Bondv2*. 
1Dept. o f R adiology, University o f Colorado Center for Health 
Sciences; 2 Dept. o f Occupational and Environmental Medicine, 
University o f California Irvine; Irvine, CA 92697-1825.

Aluminum, a trivalent cation unable to undergo redox reactions, 
has been linked to many diseases such as dialysis dementia. It has 
also been implicated in Alzheimer’s disease although the issue still 
remains controversial. Since cell death due to oxidative injury is 
suspected to be a contributory factor in many neurological diseases 
as well as aluminum neurotoxicity, glioma (C-6) and neuroblastoma 
(NBP2) cells were utilized to assess changes in oxidative parameters 
consequent to a 48 hour exposure to aluminum sulfate. A  500 µM  
concentration o f this salt produced a significant increase in reactive 
oxygen species (ROS) production and a significant decrease in 
glutathione (GSH) content in glioma cells. These effects are similar 
to changes seen in the cortices o f A 1-dosed rats. However, the same 
concentration o f  the aluminum salt did not lead to any significant 
changes in the neuroblastoma cells. Mitochondrial respiratory 
activity in glioma cells was also found to be significantly higher in 
the aluminum treated cells and as judged by morin-metal complex 
formation, aluminum can enter glioma cells much more readily than 
neuroblastoma cells. Thus, it is possible that the .major cerebral 
target following an acute exposure to aluminum may be glial rather 
than neuronal.
This work was supported by NIH grant ES7992.

94.11

LEAD ACTIVATES NUCLEAR TRA N SCRIPTIO N  FA CTO R -kB, 
ACTIVATOR P R O T E IN -1, A N D  R EL A T ED  K IN A SE IN  PC-12 
CELLS. G.T. Ram esh1  , P .G . G unasekar2* and A.L. Jadhav1. 1M inority 
Center for Toxicological Research, College o f  Pharmacy & Health 
Sciences Texas Southern University, H ouston , TX  77004 and 2D ept. o f  
Medicinal Chemistry & M olecular Pharmacology, Purdue University, 
West Lafayette, IN  47907.

Lead (Pb) is reported  to  be an ubiquitous environm ental 
contaminant tha t produces variety o f  effects on the central and 
peripheral nervous system. H ow ever mechanism  involved in these 
effects are n o t clearly understood. Therefore in the present study we 
investigated the mechanism  o f  Pb signaling. O ur results show  that Pb 
activates NF-κB and induces degradation o f  IκB α  in murine PC-12 
cells. Pb induced activation o f  NF-κB is blocked by antibodies for p65 
& p50 but no t c-Rel or nonspecific antibodies such as cyclin D-1 and 
pre immune serum, suggesting that it consists o f  p65 and p50 subunits. 
Similar to its effects on NF-κB, Pb also activates AP-1 in time and dose 
dependent manner. Besides activating these transcription factors, Pb is 
found to activate the related kinases such as MEK and JN K  in a dose 
and time dependent m anner. Thus, these results overall suggest that 
NF-κB, AP-1, M EK and JN K  may be im portant mediators o f  Pb 
induced signaling. Supported by A TSD R  Cooperative Agreement # 
U50/ATU 398948-06.

94.13
SUBCHRONIC LOW LEVEL LEAD EXPOSURE IN POSTWEANING RATS 
PRODUCES SPATIAL LEARNING DEFICITS AS MEASURED IN THE RADIAL 
ARM WATER MAZE. K. L. Haik-Creguer*1, D. A. Shear1, S. Gorzinski3, J. Dupont1, 
E. W, Benson2, V. D. Hulce3, and G. L. Dunbar1, 1Brain Res. Lab., Dept. Psych: 2Dept. 
Chem., Central Mich. Univ. Mt. Pleasant, MI 48859. ''Field Neurosciences Institute, St. 
Mary’s Med. Center, Saginaw, MI 48604.

Children exposed to lead (Pb) exhibit cognitive impairment, hyperactivity, impaired 
postural balance, and a reduced stature. Previous research has shown that chronic Pb 
exposure in rats produces spatial memory deficits (in the Morris water maze task), reduced 
growth (i.e., shorter tail length), and hyperactivity. The aim of this study was to test a 
wider range of doses of Pb exposure using a comprehensive battery of behavioral tests, in 
order to assess whether low doses of chronic Pb produce measurable behavioral deficits. 
Four groups of male Sprague-Dawley rats (20-21 days old) were exposed to the following 
levels of Pb (via their drinking water): (1) 500 ppm; (2) 250 ppm; (3) 125 ppm; and (4) 0 
ppm (control). Lead treatment levels were confirmed through atomic absorption 
spectrometry. Rats were pretrained on a balance beam and tested for noctumal activity in 
an infrared motion detector and an open field task. Rats then received lead treatment for 
42 days and were perfused on day 43. During treatment, rats were tested weekly for 
balance and infrared nocturnal activity, and every other week for grip strength, gait 
characteristics, and noctumal open field activity. Rats’ weights and tail measurements 
were recorded daily. Rats were tested in the radial arm water maze (RAWM) task for one 
week beginning 28 days after the initiation of Pb treatment. Results indicate that 500 ppm 
Pb rats had significantly shorter tail lengths than all other groups. High and middle level 
Pb rats committed significantly more spatial memory errors than the control group in the 
RAWM. There were no significant differences observed on all other tasks. However, a 
qualitative increase in aggressiveness was observed in the 500 ppm Pb group. These 
findings suggest that rats treated with at least 250 ppm Pb show some symptoms similar to 
what is observed in humans and may provide a useful animal model to examine possible 
treatments for chronic Pb exposure.
This project was supported by the Field Neurosciences Institute, St. Mary’s Medical 
Center, Saginaw, Michigan.

94.10
CHRONIC LEAD (Pb) REDUCES THE ABILITY OF MK-801 TO 
SUPPRESS LONG TERM POTENTIATION (LTP) IN RAT DENTATE 
GYRUS. ME Gilbert* and SM Lasley3. 1National Research Council, 2Neurotox. 
Div, US EPA, RTP, NC, Dept. Biomed. Ther. Sci., U. III, Coll. Med., Peoria, IL

Chronic Pb exposure increases the threshold and enhances decay of hippocampal 
LTP in the intact rat. MK-801 and other NMDA antagonists block LTP 
induction in the dentate gyrus. This study demonstrates a reduced capacity of 
MK-801 to suppress LTP in chronically Pb-exposed rats. Pregnant rats received 
0.2% Pb-acetate in the drinking water on GD16. Adult male offspring 
maintained on this solution were prepared with indwelling electrodes in the 
perforant path and dentate gyrus. Several wks later, input/output (I/O) functions 
were collected in awake animals before and after saline or 0.05 mg/kg, MK-801, 
sc. LTP was induced using suprathreshold train stimuli ( 10 4-pulse 400 Hz burst 
pairs at 5 Hz. 1 pair/lOsec) 60 min postdrug. Posttrain I/O functions were 
reassessed 1hr and 24 hr later. Upon full decay of any induced LTP, drug 
conditions were reversed such that each animal was tested under saline and MK- 
801. Following saline, LTP was induced in both control and Pb-exposed 
animals. MK-801 blocked LTP in controls, but not in Pb-exposed animals. A 
broadening of the postsynaptic potential evident in responses evoked by train 
stimuli is NMDA-dependent. Pb attenuated the MK-801-induced reduction in 
area of this NMDA component. A 29% increase in the number of MK-801 
binding sites was evident in hippocampi from chronically exposed animals 
relative to controls. Upregulation of postsynaptic NMDA receptors may produce 
subsensitivity to the inhibitory effects of MK-801 on hippocampal LTP 
following chronic developmental Pb exposure. (13NIH ES06253, 1NRC, l ,2EPA).

94.12
LEAD (Pb+2) INHIBITS THE RAT NMDA RECEPTOR CHANNEL BY BINDING 
TO A SITE DISTINCT FROM THE ZINC (Zn+2) ALLOSTERIC SITE. S.M. 
Lasley1*, M.C. Green1 and M.E. Gilbert2,3. 1Dept. of Biomed. & Ther. Sci., U. Illinois 
Coll, of Med., Peoria, IL 61656; 2Natl. Research Council, 3Neurotox. Div., U.S. EPA, 
Research Triangle Park, NC 27711.

Because of the importance of the NMDA receptor in synaptic plasticity and 
cognitive function, the effect of Pb+2 on this receptor has been one focus of attempts to 
define the bases of exposure-induced cognitive impairments. The following study 
examined the effects on NMDA receptor channel function of acute exposure in vitro 
to concentrations of free Pb+2 and/or Zn+2. Tritonized cortical membranes were 
prepared from adult male non-exposed rats, and binding measured in 50 mM Tris- 
acetate (pH = 7.0) with 3H-MK-801 in the presence of saturating concentrations of 
glutamate and glycine. The potency of Pb+2 to inhibit the receptor channel was 3-fold 
greater than that of Zn+2, though neither ion produced complete inhibition of MK-801 
binding. Hill constants for the two ions were not different and ~ 1.0. To determine 
whether Pb+2 inhibited the receptor channel by binding to the Zn+2 modulatory site 
Pb+2 inhibition curves were determined in the presence of constant concentrations of 
several levels of Zn+2. In contrast to a rightward shift of the inhibition curve expected 
from a competitive interaction, increasing constant levels ofZn+2 produced a 
concentration-dependent downward shift of the Pb+2 inhibition curve, indicating a 
non-competitive inhibition of MK-801 binding by Zn+2 with respect to that of Pb+2. 
Moreover, Pb+2 IC50 values did not significantly change as a function of increasing 
Zn+2 concentrations. However, Scatchard analyses in hippocampal tissue from 
multiple groups chronically exposed to Pb throughout development (0.1-1.0% in the 
drinking water) reflected an increase of MK-801 binding sites that was significant in 
the 0.2% Pb group. These results indicate that Pb+2 and Zn+2 exert their inhibition on 
MK-801 binding via non-interacting independent binding sites, and that inhibition of 
the receptor channel may be one factor in the up-regulation of MK-801 sites in 
chronically exposed animals. (Supported by ES06253, NRC, and US EPA)

94.14
TWO WIDESPREAD ENVIRONMENTAL TOXICANTS, PCBS AND LEAD, 
AFFECT MITOCHONDRIA IN CEREBELLAR NEURONS. V.A. Dyatlov*, R. Song. 
K W. Kinnally, D. A. Lawrence and D.O. Carpenter. Wadsworth Center, NY State 
Dept. of Health, and School of Public Health, Albany, NY 12201.

The findings that mitochondria depolarization is involved in both apoptosis and 
necrosis may indicate a pivotal role for these organelles in cell death induced by 
environmental toxicants. We used flow-cytometric analysis of dissociated cerebellar 
granule neurons of ten-day-old BALB/cByJ mice to determine effects of 
polychlorinated biphenyls (PCBs: Aroclor 1248, 2,4,4'-triCB and 2,4,2',4’-tetraCB) 
and inorganic lead (Pb) on mitochondria membrane potential in living cells (ΔΨ) with 
the fluorescent probe, JC-1, and intracellular free calcium ([Ca2+],) with fluo-3. Dead 
cells were identified with the fluorescent probe, propidium iodide, and excluded from 
analysis. The cells were exposed to Pb acetate (100 nM free Pb in media), Aroclor 
1248 (5 ppm) or each of the PCB congeners (10 µM) for 5 min. 2,4,2',4'-tetraCB 
caused a 37% increase in [Ca2+],in media containing 2 mM CaCl2 and a 23% decrease 
in the JC-1 orange/green fluorescence ratio (F*= F1/F 2, F*~ΔΨ). BAPTA-AM, a 
calcium chelator, as well as cyclosporin and amiodarone, inhibitors of the multiple 
conductance channel in the inner mitochondrial membrane, depressed the effects of 
2,4,2',4'-tetraCB on ΔΨ. Aroclor 1248 and 2,4,4'-triCB mimicked the effects of 
2,4,2',4'-tetraCB, but were less potent. Our data indicate some orthosubstituted PCBs 
cause mitochondrial depolarization by a Ca-dependent pathway and suggest the 
involvement of mitochondrial channels.

Pb caused an 18% increase in F* measured with JC-1 followed by a decrease after 
two hours. Pb also decreased the activity of single multiple conductance channels 
measured with patch-clamp technique in patches from the mitochondrial inner 
membrane. Supported by NIH grant ES04913.
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94.15
REGION-SPECIFIC EFFECTS OF Pb2+ EXPOSURE ON TYROSINE  
HYDROXYLASE ACTIVITY. H. Bielarczyk and J .B Suszkiw  * 
Department o f  Molecular and Cellular Physiology, University o f  
Cincinnati College o f  Medicine, Cincinnati, OH 45265-0576

Our previous study showed that lead exposure o f  perinatal rats from 
E 16 to PN21 results in 50 to 90 % increase o f  the hippocampal TH 
activity without detectable alterations in the septal activity. The 
upregulation o f  TH activity in the hippocampus is rapid as well as long 
lasting (Brain Res. 1996). In this study the effects o f  Pb2+ exposure on 
tyrosine hydroxylase activity were compared in different regions o f  the 
brain, the superior cervical ganglia, and the adrenal glands o f  the PN21 
rat pus. The rats were maternally lead-exposed by giving 0.2 % lead 
acetate in drinking water to dams from one w eek before parturition 
through weaning at postnatal day 21 (PN21). The Pb-exposed rat pups 
showed elevated TH activity in the hippocampus (48% ) and the locus 
coeruleus (137 %) whereas TH activities in the septum, striatum, frontal 
and the parietal cortices were not significantly altered. Pb exposure had 
no effect on the TH activity in the superior cervical ganglia or the 
adrenal glands. These results suggest that the early phase o f  tyrosine 
hydroxylase activity upregulation in perinatally Pb-exposed rats is limited 
to a sub-population o f  the LC neurons which provide innervation to the 
hippocampus. W e are now exploring this phenomenon. Supported by 
NIEHS grant #ES 06365

94.16
TRANSCRIPTIONAL REGULATION OF TYROSINE 
HYDROXYLASE GENE EXPRESSION B Y  INORGANIC LEAD 
IN PC 12 CELLS, X.Tian*, X.Sun and J.B Suszkiw, Department o f  
Molecular and Cellular Physiology, University o f  Cincinnati, 
Cincinnati, OH 45267-0576.

We have previously reported that inorganic lead (Pb2+) causes 
an increase o f  tyrosine hydroxylase (TH) activity in the hippocampus 
o f  rat in vivo and in PC 12 cells in vitro. In the present study we 
investigated the effects o f  Pb on the transcriptional regulation o f  TH 
gene expression in PC 12 cells. The results showed that exposure o f  
PC 12 cells to 0.5 µM Pb2+ for 2 hr resulted in a 90% enhancement o f  
TH gene transcription rate and a 28% increase o f  TH mRNA level. 
The same treatment induced a 240% increase o f  the expression o f  
chloramphenicol acetyltransferase (CAT) reporter gene construct with 
the 5 ’ flanking region o f  the TH promoter ( bases -2 7 2  to +27) but no 
change was observed with the TH promoter region -151  to +27. 
These results indicate that (1) Pb2+-induced increase in TH activity is 
associated with upregulation o f  TH mRNA expression; and (2) the 
enhancement o f  the TH gene transcriptional rate may involve lead 
responsive element(s) in the promoter region o f  TH gene between 
bases -2 7 2  and -151 . This work was supported by NIEHS grants 
ES04090 and ES06365.

94.17
GLUTAMATE INCREASES LEAD NEUROTOXICITY IN GTl-7 CELLS. J. 
Loikkanen, J. Naarala and K.Savolainen*. Dept. of Pharmacology and Toxicology, Univ. 
of Kuopio, P.O.B. 1627, FIN-70211 Kuopio, Finland.

The role of glutamatergic neuronal stimulation, the production of reactive oxygen 
species (ROS) and DNA fragmentation in lead neurotoxicity was studied in mouse 
hypothalamic GTl-7 cells. The cells were stimulated with 1 mM glutamate, 1 mM lead 
acetate (PbAc) and their combination for 3, 6, 12, 24, 48 or 72 hours in a cell incubator. 
The production of ROS and cell viability were measured at each time point in 48-well 
plates by using fluorescent probes, dichlorofluorescin diacetate and propidium iodide, 
respectively. DNA fragmentation was studied by isolating the fragmented DNA from cells 
cultured in 6-well plates. Isolated DNA was subjected to agarose gel electrophoresis in 
which typical DNA ladder formation is seen if DNA fragmentation has occurred.

Glutamate alone increased ROS production compared to control during 72 hours. 
However, glutamate did not have significant effect on cell viability, and did not induce 
DNA fragmentation at any timepoint. PbAc alone or together with glutamate did not 
increase ROS prodution during exposure time of 72 hours. Cytotoxicity of PbAc was seen 
at 24 hours after the beginning of exposure, and thereafter neurotoxicity of PbAc was also 
amplified by glutamate. At this same, and at later time points, PbAc alone, and together 
with glutamate induced DNA fragmentation.

These data suggest that neurotoxic effects of lead are mediated through mechanisms 
other than ROS production, and that glutamatergic neuronal stimulation increases lead 
neurotoxicity. Because lead can mimic calcium in cellular processes, it seems possible that 
lead enters neuronal cells upon glutamate-induced excitation. Thus, glutamatergic receptor 
stimulation can be an important factor in augmented lead neurotoxicity. Moreover, lead- 
induced cell death may partially be mediated through apoptosis. Supported by the 
Academy of Finland and University of Kuopio.

94.18
THE EFFECTS OF LEAD (Pb2+) ON LONG-TERM DEPRESSION (LTD) IN 
CAl AND DG OF HIPPOCAMPUS IN VITRO. D.Y. Ruan*, Y.Z. Xu. and 
W.F. Zhao, J.T. Chen, M. Wang, S.Y. Ge, Dept. of Biology, Univ. of Sci. 
Tech. of China, Hefei, Anhui 230027, P.R.China.

Neonatal Wistar rats were exposed to lead from parturition to weaning via 
milk of dams drinking 0.2% lead acetate solution. Field excitatory postsynaptic 
potentials (EPSPs) were recorded in brain slices to study the alterations of the 
induction of long-term depression (LTD) in CAl and DG of hippocampus 
following chronic lead exposure. The input-output curves before conditioning in 
both areas showed no evident alterations in basic synaptic transmission between 
control and lead-exposed groups. In area CA1, the amplitude of EPSP slope in 
control rats (61 ± 11%, n=15) decreased significantly greater than that in lead- 
exposed rats (78± 8%, n=8, p<0.05) following low-frequency stimulation (LFS, 
1Hz, 15min). With application of the same LFS, the long-term depression of 
EPSP slope was also induced in dentate gyrus in control rats (72± 22%, n=8). 
However, the LTD induced in dentate gyrus was totally blocked in lead-exposed 
rats (100± 26%, n=8). These results showed that the chronic lead exposure 
affected the induction of LTD in both area CA1 and DG of hippocampus. 
Combined with our previous study focused on the effects of lead on LTP, we 
believed that lead exposure can impair the bi-directional regulation of synaptic 
plasticity, LTP and LTD, which may underlie the cognitive dysfunction caused 
by lead. Also, we found that there were different effects caused by lead 
exposure in CAl and DG, which may support the idea that the mechanisms of 
LTD induction are different in CAl and DG. Supported by NNSFC (D.Y. 
RUAN)
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COUNTERPOINT BETWEEN PARSIMONY AND CONJECTURE 
ABOUT NEURAL "VIBRATIONS" FROM 1749 TO 1884: 
PARADIGM GAP AT THE MIND/BRAIN JUNCTION? R. B. 
Glassman,* Dept. Psychol., Lake Forest Col., Lake Forest, IL 
60045-2399.

Theorizing about the material basis of mind has sometimes 
involved excessive positivistic cleansing. Building upon a 
conjecture of Isaac Newton, in 1749 David Hartley published an 
extensive theory of neural vibrations, some of which now seems 
prescient (Glassman & Spadafora, 1996 Neuroscience Abstracts 
and paper in preparation). Joseph Priestley later republished 
Hartley’s theory of psychological associations, but used Occam’s 
razor to justify extirpating the theory of vibrations. In 1867 the 
eminent British physician Henry Maudsley took his turn arguing 
against shallowly speculative physiologizing about the mind (D. N. 
Robinson, An Intellectual History of Psychology, U. of Wisconsin 
Press, 1995); yet in a passage in his 1884 book Body and Will 
Maudsley reached toward a unified conception of mind and matter 
in an analogical way that is quite parallel to Hartley’s qualified 
thoughts about vibrations, their hypothetical corpuscular and 
"subtle" aether-fluid media, and their similarities to light and sound. 
In his 1880 zoology classic The Crayfish, T. H. Huxley similarly 
analogized between vibrations and neural activity.

F. NANSEN AND THE ORIGINS OF THE NEURON DOCTRINE.
John S. Edwards1* and Roland Huntford2, 1Dept. of Zoology, Univ. of 
Washington, Seattle WA 98195; 2Wolfson College, Univ. of Cambridge CB3 
9BB England.

Fridtjof Nansen (1861-1930), arctic explorer, pioneer oceanographer, 
statesman, humanitarian, and Nobel Peace Prizewinner, began his 
professional career as a zoologist. After a brief period as a curator of 
marine invertebrates at the Bergen Museum he developed an interest in 
the histological structure of the nervous system. Along with His,
Kolliker, Lenhossek and Forel he was a pioneer advocate of what came 
to be known as the Neuron Doctrine, denying the existence of nerve 
anastomoses and opposing the then widespread reticular concept.

Working alone in Bergen, and having left behind his brief neural 
studies to make the first crossing of Greenland, he is now generally 
relegated to footnotes of the history of neuroscience. However a 
comparison of his first paper, published in September 1886, 
with the independent parallel papers of Forel and His gives technical 
priority to Nansen’s explicit concept of the nerve cell bound by a 
membrane and not in reticular continuity with others. When Waldeyer, 
in 1891, coined the term neuron, Nansen was among the key citations.

Nansen’s delineation of the reflex arc, based on his concept of the 
membrane-bound nerve cell, was also a pioneering achievement.

Why does the general perception of Nansen’s place in the emergence 
of the Neuron Doctrine give him only a minor role? There are many 
reasons but first among them must be the persistent failure of 
Ramon y Cajal to acknowledge Nansen’s pioneering insights.
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95.3
THE USE OF ANIMALS IN FRANZ GALL'S ORGANOLOGY,
OR WHY BADGERS DON’T PAINT. K. J. R obinson , L. M.
Goff and S. Finger. *D ep't. o f  P sych ology , W ashin gton  
Univ., St. Louis, MO 6 3 130 .

Franz Joseph Gall (1 7 5 8 -1 8 2 8 )  is w id ely  recogn ized  for  
theorizing th at th e sh ap e o f  th e sku ll fa ith fu lly  rep resen ts  
the d evelopm ent o f  the u n d er ly in g  brain . It is o ften  sta ted  
that Gall attem p ted  to  learn m ore ab ou t th e fu n ction s o f  the  
brain by a ssessin g  th e sku ll fea tu res o f  p eo p le  w ith  know n  
talents or by look in g for p eo p le  w ith  u n u su a l cranial 
formations and  learn in g  th eir  ta len ts. O ften o v er look ed  is th e  
fact that Gall a lso  d ev o ted  en d less  h ours stu d y in g  an im als. He 
compared skull fea tu res across sp ec ie s  as w ell as w ith in  a 
species, and h e correla ted  h is m easu rem en ts  w ith  beh av iors. 
For exam ple, w hen  d iscu ssin g  "Love o f  Offspring," he w rote  
about fish fin d in g  a sa fe p lace to lay  eggs, sp id ers carrying  
eggs with them , an d  b irds k eep in g  eggs w arm . U nder  
"Carniverous Instinct," h e n ot o n ly  com p ared  th e sku lls o f  
cats known to be good  or p oor m ousers, b u t in clu d ed  stories  
about his dog. In Gall's w ritings, w e fin d  sta tem en ts  like: 
"Observe the narrow  foreh ead  o f  th e d og, th e ape, th e badger, 
the horse, in  com p arison  w ith  th e squ are foreh ead  o f  m an, 
and you w ill h ave th e so lu tio n  to th e p rob lem  w hy th ese  
animals are n e ith er  m u sician s, n or p a in ters, n or  
mathematicians." In th is  p resen ta tion , w e sha ll show  how  
valuable anim al research  w as to Gall in the d ev e lo p m e n t o f  
his theories.

95.5
CAMILLO GOLGI’S WORK ON THE HIPPOCAMPUS. L.W. Swanson1 
and M. Bentivoαlio2*. 1 Neuroscience Program, Univ. of Southern Calif., 
Hedco Neuroscience Bldg., Los Angeles, CA 90089; 2|nstituté of 
Anatomy & Histology, Med. Fac., Strada Le Grazie, 37134 Verona, Italy.

Golgi first published his work on the hippocampus in 1883, in an Italian 
journal, and it was subsequently reprinted in his book, Sulla fina 
anatomia degli organi centrali del sistema nervoso (1885, 1886), and 
in his Opera Omnia (1902). At the gross anatomical level, Golgi was the 
first to point out that what was then referred to as the hippocampus major 
or Cornu Ammonis actually consists of two very distinct gyri (not one), 
which we now call the dentate gyrus and Ammon’s horn; and that the 
striae of Lancisi contain gray matter as well as longitudinal bands of white 
matter. However, Golgi’s greatest contributions came from his application 
of the silver chromate method to the hippocampal formation of a wide 
range of mammals, all of which showed the same basic fine structure. For 
the first time, he demonstrated 1) the actual shape of neurons here, 2) 
that dendrites do not anastomose (as commonly believed), 3) that primary 
axons generate abundant secondary filaments or collaterals, and 4) that 
glial cells are related to blood vessel walls. Golgi also believed that primary 
axons contribute to a diffuse neural network in the gray matter, and that 
this axonal network contributes (along with primary axons) to fiber tracts 
such as the alveus and fimbria. The structure of this network was not 
illustrated clearly, and its existence was challenged near the end of the 
century by Cajal and others, who instead emphasized the neuron 
doctrine and the concept of functional polarity.

95.7
I. M. SECHENOV: FOUNDING FATHER OF RUSSIAN PHYSIOLOGY.
S. R. Ginn*. Department of Psychology, East Carolina University, 
Greenville, NC 27858-4353.

I. M. Sechenov is considered to be the founder of Russian physiology. 
Following the receipt of his doctorate, he studied with von Helmholtz, 
Bunsen, and Mendeleyev in Heidelberg, Ludwig in Vienna, and Bernard in 
Paris. He then returned to Russia where he worked from 1860-1905 at 
various institutions of higher learning (e.g., the Imperial Medico- 
Chirurgical Academy of St. Petersburg, the University of Odessa, and the 
University of Moscow). His early work was concerned with the control of 
reflexive movements by the cerebral cortex. Sechenov stated that “the 
initial cause of any human action lies outside of the person.” His belief 
that psychic life was impossible without sensory stimulation was so radical 
for the time that he was forced to leave his position in St. Petersburg and 
change his name in order to avoid arrest. Later he became interested in 
locating the physiological bases for so-called psychical processes. He 
believed that spinal reflexes are inhibited by activity of the cerebral cortex 
and did localize an inhibitory area of the brain known as Sechenov’s 
center. Sechenov’s views on psychical processes were subjected to 
experimental verification by Pavlov, among others. Sechenov published 
several books outlining his views on the brain and behavior. Two of the 
better known are The Reflexes o f the Brain (which was banned in Russia) 
and Who M ust Investigate the Problems o f Psychology and How?  
Sechenov believed that the mind is a function of the brain, and we can 
credit him with attempting to show experimentally the connection between 
the mind and brain.

95.4
THE TRIGEMINAL NERVE IN FRIEDRICH ARNOLD'S "ICONES 
NERVORUM CAPITIS" (1860): ANATOMICAL AND
TERMINOLOGICAL ANALYSIS.
OIry R, Martinoli MG*. Department of chemistry-biology, U niversity 
ofQuebecat Trois-Rivières, Canada.

The studies of Johann Friedrich Meckel (1748), Anton B a lth azar 
Raymund Hirsch (1765), and Giovanni Battista Palletta (1784) pointed 
out the extreme complexity of the trigeminal nerve and its 
ramifications. Some decades later, the famous German anatom ist 
Friedrich Arnold (1803-1890) published one of the most wonderfull 
atlases on the nerves of the head: his "leones nervorum capitis", first 
published in 1834, went through a second edition in 1860. This book 
includes nine folio plates, each with outline, engraved by the S tu ttgart 
engraver G. Kiistner after drawings by Max Wieser and Fr. Volck. The 
trigeminal nerve, its ganglion and its branches are depicted on all th e  
plates. Plates I-II depict the ermegence of the trigemihal nerve from 
the ventral surface of the pons and its course towards the superior 
border of the petrous part of temporal bone. Plates III-IX give a 
detailed account of the trigeminal ganglion, and the ramifications of 
the ophthalmic, mandibular and maxillary nerves. The location and 
rami of the ciliary (Schacher, 1705), sphenopalatine (Meckel, 1749), 
otic (Arnold, 1826) and submandibular ganglia are depicted with an 
accuracy which was never surpassed since then. The aims of this study 
are first to compare Arnold's anatomical description of the trigem inal 
nerve with our current knowledge of this cranial nerve, and second to 
analyze the influence of his terminology on the first edition of the 
Nomina anatomica which appeared thirty-five years later (1895).

95.6
SOLOM ON CARTER FULLER, M.D. (1872-1955), A PIONEER  
IN ALZHEIMER'S RESEARCH
M. Kaplan1, A.R. Henderson2 and D. Jiang3*
1Department o f Gerontology, University o f South Florida, Tampa, 
FL 33620; 2U.S. Department o f State, (retired); 3Molecular Neuro-
pharmacology Section, ETB/NINDS/NIH, Bethesda, M D 20892

Alzheimer's disease (AD) was identified by A lois Alzheimer 
(1864 - 1915) in 1906 and to this day this distinctive dementia bears 
his name. As was the German custom, little or no credit was given 
the research assistants and graduate students who traveled to the 
renow ned c lin ica l centers for lack o f  com parable facilities  
elsewhere at the turn o f the Century. The important contributing 
roles o f the foreign students have largely fallen to oblivion. Such 
was the fate of Fuller, a truly African American (born in Liberia) 
w hose technical skill in making histologic slides and developing  
staining techniques enabled his mentor, A lzheim er, to make 
important m icroscopic slides o f his brain specim ens. After 1906 
Fuller returned to the U.S. to practice neuropsychiatry in the Boston 
area and to teach at the Boston University. He was honored as the 
first Negro psychiatrist in the U .S .

Among personal memorabilia exhibited w ill be photographs 
o f Fuller with Alzheimer and with Sigmund Freud, Carl Jung and 
A dolf Meyer, and samples of Fuller's slides and publications.

95.8
HISTORICAL PERSPECTIVES ON THE USE OF MAGNESIUM AS AN 
ANTICONVULSANT. C.A. Stanley and K.D. Andrews. Div. Of 
Physiology, Midwestern Univ., Glendale, AZ 85308.

Despite over 70 years of clinical use, magnesium therapy for seizure 
control remains controversial. Historically, magnesium sulfate was used 
therapeutically for nephrotic seizures in both children and adults, for tetanic 
seizures and as a sedative. It was first used for the treatment of eclamptic 
seizures in 1925, and remains the standard of choice in North America for 
the prevention of eclamptic convulsions, despite lacking a definitive 
mechanism of action. Reports as recent as 1990 and 1992 state that 
magnesium is not anticonvulsant, however a thorough review of the 
literature has uncovered several reports suggesting magnesium’s mode of 
action in seizure suppression. These include vasodilation, antagonizing 
calcium, blocking neurotransmitter release, altering the postsynaptic 
membrane, acting competitively to block NMDA receptors and blocking 
release of acetylcholine from the neuromuscular junction. It appears that 
magnesium’s anticonvulsant effects may depend on the type of seizure 
elicited and where the seizure is centered in the brain. For example, 
magnesium is an effective anticonvulsant against NMDA, quinolate and 
AMPA-induced seizures, hippocampal kindled seizures, porphyric seizures 
and seizures induced by oxygen deprivation. It is ineffective against 
pentylenetetrazol, lidocaine and penicillin-induced seizures, maximal 
electroshock seizures, amygdala kindled seizures and myoclonic status 
epilepticus. Although there is now overwhelming evidence to support its 
anticonvulsant as well as neuroprotective activity, it is currently only used in 
the treatment of eclampsia. Should we begin to reconsider its use to control 
other types of seizures as well?
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95.9

CAN GLIA PLAY A ROLE IN PSYCHIATRIC DISORDERS? PAST AND 
CURRENT PERSPECTIVES. B. Q uinn*, D ept. of Pathology/N europath - 
ology, Northw estern Univ. Med. School, Chicago, IL 60611.

Almost all work in contemporary psychiatric neuropharmacology focuses on 
neural systems. However, a few current studies reveal distinctive effects of 
drugs like lithium and fluoxetine on astrocytes, perhaps opening the possibil- 
ity that clinical psychotropic therapeutic effects might be brought about by 
altering m odulatory interactions between astrocytes and neurons. In the 
1890's, Schleich argued that glia could have an active and dynamic role in 
higher CNS functions. Sixty years later, von M eduna (1956) referred to "the 
torpid glial system in schizophrenia", a system which he posited was in
vigorated by seizure therapy. Most studies of the glia in schizophrenics have 
focused on the presence or absence of gliosis; the history of this endeavor will 
be reviewed, including the comment that "schizophrenia is the graveyard of 
neuropathologists". The range of glial functions potentially pertinent to mental 
illness now extends far beyond gliosis. M odern work on the complexities of 
glial-neuronal interactions opens the possibility of new insights into the 
neurom odulatory basis of mental illness through glial modulation of 
neocortical neurotransmitter production and catabolism. Recently changes in 
glial-neuronal ratios in cingulate cortex in bipolar illness have been reported 
(Drevets, in press); glial-neuronal or glial-capillary interactions m ight play a 
role in changes found in functional PET imaging in this disorder. Papers 
discussed will include a biography of Schleich (TINS 1994 17:449), Smith's "Do 
astrocytes process neural information?" (Prog Brain Res 1992 94:119), and 
Hertz's studies of psychoactive drugs on astrocytes (Brain Res Bull 1995 38:153; 
Adv Exper Med Biol 1991 296:143.) http://pubweb.acns.nwu.edu/~bqu574/ 
bqsn98hist.html.

95.11
WEBB HAYMAKER'S. FOUNDERS OF NEUROLOGY: THE EXHIBITS, THE 
BOOKS AND THE COLLECTIONS. R.A. Johnson1,2*, Ļ.H. Marshall1 , and 
K.E.S. Donahue2. 1 Neuroscience History Archives, Brain Research Institute; and
2History and Special Collections Division, Louise M. Darling Biomedical Library, 
UCLA, Los Angeles CA 90095. <rjohnson@library.ucla.edu>

In 1948, the United States Army Medical Department organized an exhibit on the 
history of neuropathology for the annual meetings of the American Psychiatric As
sociation (Washington, DC) and the American Neurological Association (Atlantic 
City, NJ). Webb Haymaker (1902-1984), the driving force behind those exhibits, 
explained that “it was felt necessary to include not only morbid anatomists but also 
experimentalists and those who set the stage for modem neuropathology by their 
enunciation of the fundamental principles of degeneration or by their discovery of 
staining techniques.” The following year an expanded committee of selected 122 
“most outstanding” deceased clinical neurologists, neuroanatomists, neurophysiolo
gists, and neurosurgeons from 16 countries, for representation by portraits, bio
graphical sketches, and primary publications at the Fourth International Neurologic
al Congress (Paris, France). The Founders o f Neurology, intended as a vade mecum 
to the Paris exhibition, was published by Charles C Thomas in 1953; its 133 entries 
were expanded to 146 in the 2nd edition shepherded by Francis Schiller and Hay
maker in 1970. This presentation traces the development, reception, and impact of 
the exhibits and books, using primary sources from the Webb Haymaker Papers 
(donated to UCLA between 1961 and 1980 after initial contact by Horace W. 
Magoun) and the Haymaker Collection (at the Armed Forces Institute of Pathology, 
where Haymaker was Chief of the Neuropathology Section). Courtesy of the UCLA 
Brain Research Institute and the Louise M. Darling Biomedical Library, viewers are 
invited to visit an extensive exhibit of portraits, rare books, and original letters 
elucidating this theme, at the Biomedical Library on the UCLA campus.

95.13

The Arabic Origins o f Associative Learning’ . G .A . R ussell; I. 
S tee le  R u s s e ll* ,T exas A & M  U n iv ersity  H ea lth  S c ie n c e  
C en ter , C o lle g e  S ta tio n , T X  , 7 7 8 0 3 -1 1 1 4 .
“Associative learning has its origins in the British School o f Empiricism  
and specifically in John Locke‘s Essay on Human Understanding. I 
have previously shown the influence on Locke o f the Latin translation 
o f  an Arabic work, entitled the Philosophus autodidactus . which  
became a best seller in the seventeenth century. Locke w as not only  
familiar with this work but also intimately acquainted with the two  
translators, father and son, at Christ’s Church, Oxford at the time o f  
the preparation o f  the early ‘drafts’ o f his Essay.

Originally written by Ibn Tufayl (d. 1185), a physician-philosopher-in  
Islamic Spain, the narrative describes how a baby, H a w  ibn Yaqzän, 
cast up on a desert island and fostered by a gazelle, survives to gradually 
discover, not only his uniqueness in the animal world, but also the 
biological and the physical sciences, and God. The author in fact gives  
a graphic exposition o f associative learning by describing the emergence 
o f the mind o f a child, in complete isolation from society, solely by 
sensory experience, association, and reason, without innate ideas. It w ill 
be shown that the source for IbnTufayl’s work was in fact Avicenna’s 
psychology in B ook  VI of the Kitāb al-Shifā .  Ibn Tufayl achieves a 
coherent synthesis o f Avicenna’s psychological theories from three 
distinct areas, and brilliantly applies them to H a w  ibn Yacizān to explain 
the development o f the mind without innate ideas.

95.10

LESIONS IN INFANTS VS. LESIONS IN ADULTS: MARGARET 
KENNARD’S RESEARCH ON MOTOR AND NON-MOTOR 
LESIONS IN MONKEYS. J. J. Cooledge* and T. M. Barth. Dept. of 
Psychology, Texas Christian Univ.; Fort Worth, TX 76129.

Margaret Kennard is probably best known for "her" Principle: 
lesions in infancy produce better behavioral outcomes than lesions in 
adulthood. The basis for the Kennard Principle came from her work 
on lesions in the motor cortex in infant (during the fourth week of 
life) and adult monkeys. Kennard found the early lesions produced a 
very transient motor deficit on most behavioral measures. Lesions in 
adulthood, however, produced very noticeable, lasting motor deficits. 
In her first (1936) article on early motor cortex lesions, Kennard did 
not make many theoretical assumptions about her results. In her later 
articles, however, Kennard examined possible mechanisms for her 
results, including reorganization, vicariation, and motor learning.

Kennard also examined the effects o f  early lesions in non-motor 
areas, including frontal association areas, occipital areas, the 
sensorimotor cortex, and the basal ganglia. Kennard readily 
acknowledged that lesions in these areas did not always produce the 
same results as early lesions in the motor cortex. Although Kennard 
will always be known for the Kennard Principle, her own research 
shows exceptions to this principle. Her work on non-motor lesions 
offers insights into possible mechanisms o f recovery o f function after 
early motor cortex lesions.

95.12

IN F L U E N C E S  O F P H Y S IO L O G Y  A N D  B IO L O G Y  O N  
T H E  E S T A B L IS H M E N T  O F B IO P S Y C H O L O G Y  IN T H E  
1 8 8 0 s . Miki Takasuna*. Psychology Laboratory, Yamano College 
o f Aesthetics; Hachiouji, Tokyo, 192-0396 Japan.

It is w ell known that the establishment o f m odem psychology was 
influenced by physiology and biology. In the 1880s, a few psycho
logical textbooks were published which included a lot o f physio
logical and biological findings known by 1890. The actual influence 
o f these findings was determined by the number o f citations referred 
in three main textbooks, namely Grundzüge der physiologischen 
Psychologie by Wundt (1880, 2nd.ed.), Elements o f Physiological 
Psychology by Ladd (1887), and Principles o f Psychology by James 
(1890). These works were all influential at that time, although the 
work o f Wundt had not been translated into English until the fifth 
edition (tr. 1904). The total number o f citations was 3,931, and the 
literature most cited by these authors beside Wundt's Grundzüge was 
Handbuch der physiologischen Optik by Helmholtz ( 1867). In each 
book many pages were allotted to describe the brain in terms of 
functional localization and morphological differences. Moreover, 
Wundt and James, both trained in physiology, wrote under the 
influence o f Darwin and his evolutionary theory. In contrast, Ladd, 
who graduated from Andover Theological Seminary, didn't refer to 
Darwin at all.

95.14

W ATSON A N D  GUTHRIE REVISITED: NEURAL  
MECHANISMS CONTRIBUTING TO CONTIGUITY-BASED  
LEARNING. S. D. Curtis1 and C. R. Goodlett2. 1 Genoa Systems, 
Inc., Salem, MA (Bloomington, IN); 2 Indiana University - Purdue 
University at Indianapolis, Indianapolis, IN.

In 1924 J. B. Watson proposed that learning occurred simply through 
repeated pairings o f stimuli and behavior. E. Guthrie later proposed an 
even simpler theory eliminating the frequency element while emphasizing 
the recency of previous behavior.

Attempts to account for observations of contiguous learning cited by 
Watson and Guthrie will be presented, including a review o f neural 
mechanisms that would predict contiguity-based repetition o f gross motor 
and cognitive behavior patterns. A model o f contiguous learning will 
proposed in which improved efficiency o f neural network synaptic 
transmission with use combines with noradrenergic constraints on normal 
brain blood flow dynamics (i.e., delimited f!ow-follows-function) to 
predispose the expression of well-practiced or often-repeated behaviors. 
Implications for the understanding of stereotyped behavior and obsessive- 
compulsive behavior will also be presented.

Finally, it will be proposed that contiguity theory accounts most 
parsimoniously for underlying behavior biases that can be overridden by 
more complex motivational dynamics/neural mechanisms (e.g., reward).
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95.15
REMEMBERING H U LSEY CASON
D. A. Wood and M. P. Galupo.* Department o f  Psychology, Towson  
University, Towson, M D 21252

The contributions o f  psychologist Hulsey Cason (1893-1951) 
are numerous; however, much o f  his psychobiological work has been 
overlooked. Discussion will focus on 1) Cason’s published research 
and academic career; 2) Cason’s theoretical constructs o f  learning; and 
3) the historical climate in which his w ork w as considered.

Cason received his Ph.D. from Columbia University in 1922. 
That same year he authored tw o important studies concerning the 
conditioned eye blink and pupillary response. He concluded that these 
conditioned responses were due to the strengthening o f  the neural 
connections between the sensory and motor systems. Cason (1925) 
later outlined possible intercellular events which are responsible for 
this associative formation through synaptic alteration. Cason’s 
physiological explanation is centered on synaptic changes, not unlike 
Donald O. Hebb’s w ell received Cell-Assembly model (1949), a 
precursor to our understanding o f  long-term potentiation (LTP).

95.16
NEUROSCIENCE CONCEPTS IN A NEW AGE RELIGION: SCIENTOL
OGY’S MODEL OF THE MIND. D.S. Touretzky*. Computer Science Depart
ment & Center for the Neural Basis of Cognition, Carnegie Mellon University, 
Pittsburgh PA 15213.

The Church of Scientology, founded in 1954 by science fiction writer L. Ron 
Hubbard, is noteworthy among New Age religions for its detailed theory of the 
nature of mind, the mechanisms of memory and consciousness, and the causes of 
mental illness. Scientology builds upon Dianetics, an abreactive therapy technique 
Hubbard introduced in 1950. Its scientific trappings extend even to instrumenta
tion: a skin galvanometer called an E-meter (electropsychometer) is said to allow 
an auditor (therapist) to observe the creation or destruction of “mental mass” by 
reading the needle movement.

Scientology teaches that humans have three parts: a thetan (or spirit), a mind, 
and a body. The mind is also tripartite, consisting of an analytical mind, a 
reactive mind, and a somatic mind. Hubbard speculated that the analytical 
mind might reside in the pre-frontal lobes, and that the reactive mind, which 
records painful events as engrams (“mental image pictures”), relied on a cellular 
recording mechanism and might one day be localized to a specific brain area. But 
in later writings he dissociated mind from body, leaving the brain in charge of 
just autonomic functions and primitive reflexes. On the most advanced levels 
of Scientology, adherents learn that they share their bodies with alien spirits, 
called body thetans, who have suffered traumatic incidents and are too weak and 
confused to control bodies of their own. In the late 1970s, Hubbard wrote in New 
Era Dianetics for Operating Thetans that a person’s body thetans can engender 
physical maladies, including nerve atrophy and conduction blindness or deafness 
caused by “a BT sitting . . .  on a nerve channel.”

The power of other minds to directly affect one’s physical well-being is common 
to many magical belief systems. But Scientology also incorporates the mind-as- 
computer metaphor, and makes explicit reference to neuroanatomical structures.

TEA CH IN G  O F N EUR O SC IEN C E  

96.296.1
BRAIN A W A R E N E SS  A C T IV IT IE S  F O R  Y O U N G  
CHILDREN A N D  P A R E N T S  C.L Mille r 1* &L.M, Miller2 
1Department of Integrative Biology, Pharmacology and Physiology, University of 
Texas-Medical School, Houston, Texas 77030; 2Center for Technology in Teaching 
and Learning, Rice University.

By forming a working relationship between Rice University, UT-Medical School 
and the Houston Children’s Museum, we have created a tradition of Brain Awareness 
Week hands-on neuroscience activities geared toward children age 4-10. This type of 
partnership results in several positive outcomes. The Children’s Museum hosts the 
event which creates an “instant audience” of kids supervised by adults, ready to learn. 
In addition, the museum provides the event advertising, crucial supplies, and staff 
support. Using the resources of the partnering universities we provide the 
neuroscience expertise, and materials such as human brain specimens, that would 
normally be out of the budget range of elementary schools.

Individual hands-on stations provide a optimal learning environment for kids, and 
an opportunity for neuroscience professionals and undergraduate students to interact 
with the public. This year we developed a face-painting station where children could 
choose among different types of neurons and brains to have painted on their face.
This station provided the opportunity to talk to each child individually about the 
neurons and brains their location and function. We introduced the children to the 
three large parts of the brain, the cerebrum, cerebellum and brain stem. Although 
some adults are hesitant to teach young students difficult multi-syllabic words, 
children certainly posses the capabilities to learn, understand and pronounce these 
words as demonstrated by the large number of kids who can list off the names of 
their favorite dinosaurs. These terms were reinforced by stations exhibiting animal 
and human brains and by an interactive poster where students could match the brain 
part to the word. Children were encouraged to express “what they like about their 
brains” by filling out a ballot to win a Brain Awareness Week tee-shirt. Some of 
the activities will be demonstrated at the poster presentation.

96.3
MOVEMENT A N D  MUSIC: A N  INTEGRATED APPROACH TO 
NEUROSCIENCE. R.L. Cromwell1* and P.E. M eyers2. 1Dept. o f  
Physical Therapy, Temple University, Philadelphia, PA 19140; 
Graduate Studies and Sponsored Research, W est Chester University, 
West Chester, PA 19383.

This lesson was designed for first graders as part o f Brain 
Awareness Week activities. It presented a unique opportunity for 
integrating concepts in neuroscience with movement and music. This 
activity was done in conjunction with the elementary school music 
teacher to assist her efforts in promoting music education through 
large body movements. Students were presented with information 
regarding the anatomy of the ear and how sound produces vibrations 
of the tympanic membrane that are interpreted by the brain. Both 
anatomical models and pictures were used to convey information. 
Human brain specimens were then demonstrated to illustrate areas o f 
the brain responsible for both hearing and movement production. 
Explanations were provided for how the brain communicates signals 
to muscles causing muscle contraction and body movements. The 
lesson finished with an exercise where children performed movements 
to classical music selections. This lesson was simple in design, but 
allowed students to integrate a number o f concepts across disciplines. 
These authors encourage collaboration among departments when 
planning Brain Awareness Week activities. Disciplines such as music 
or physical education provide a forum in which neuroscience concepts 
can be presented at the elementary school level. This creates a fun 
learning environment that is especially effective with a young 
audience.

NEUROSCIENCE FOR KIDS? HOW A HANDS-ON SCIENCE FAIR CAN 
TEACH ELEMENTARY SCHOOL CHILDREN IMPORTANT FACTS 
ABOUT THE BRAIN. A. E. Butt*, J. Atkinson, S. Benson, J. Cartwright, R. 
Chrisman, E. Coale, R. Dewell, E. McMahan, S. Williams, C. Parr, S. Mattes, and 
T. Wright. Department of Psychology, Indiana State University, Terre Haute, IN 
47809.

An interactive, hands-on neuroscience fair was developed by a group of 
undergraduate psychology majors and presented to elementary school children in the 
3rd and 4lh grades. The purpose of this neuroscience fair was to expose local school 
children to the scientific study of the brain and to excite them about science in 
general. Additionally, the fair provided the undergraduate students themselves with 
first-hand experience in developing effective teaching techniques for presenting 
scientific concepts to grade school children. Interactive lessons and activities 
centered around the three main themes, each presented by 3-4 undergraduate 
students to small groups of 5-8 children at a time. The “Neurons” presentation 
taught the basic anatomy and function of neurons by using the children themselves; 
each child acted as a neuron in a circuit, where each “neuron-kid” stimulated the 
next to fire by releasing its neurotransmitter (soap bubbles) onto the outstretched 
hand (dendrites) of the next “neuron” in the circuit. “Brain Twister” presented the 
structure-function relationships between the lobes of the brain and their 
specializations (e.g., occipital lobe/seeing, temporal lobe/hearing, etc.) by using a 
variation on the game Twister; instead of different colored spots, children had to 
reach for different colored brain lobes in response to the game-leader’s signals (e.g., 
flashing lights signal the occipital lobe). The “Animal Brains” presentation taught 
about differences in the relative size and complexity of different animals’ brains and 
relates these factors to intelligence; in addition to handling models of different 
animal brains, children demonstrated their grasp of relative brain size by matching 
different brains to different animals in a giant puzzle. The positive reactions to the 
fair suggested that young children can have fun while learning important facts about 
the brain. (Supported by an Instructional Development Grant awarded to A.E. Butt 
by the Indiana State University Center for Teaching and Learning).

96.4
PROJECT BRAINS: TAKING “BRAIN RELATED ACTIVITIES 
INTO NEAR BY  SCHOOLS.” L. Normansell,* A. Burkhardt, and
J. Quinn. Program in Neuroscience, Muskingum C ollege and N ew  

Concord Elementary School, N ew  Concord, OH 43762.
An outreach program to promote brain awareness in area schools 

is being developed by the neuroscience program in this small liberal 
arts college. The first phase o f this initiative was developed this past 
spring and implemented during Brain Awareness W eek in March. 
This initial project involved the cooperative interaction o f our 
neuroscience faculty and students with the art teacher at the local 
elementary school.

Over the course o f successive afternoons, all 4  first grade and all 4 
second grade classrooms were able to participate. Following a brief 
discussion about the source o f human feelings and thoughts, the 
children were given a large sheet o f paper upon which they traced a 
lateral view  o f  the human brain from a cardboard cutout. They were 
instructed to then visually describe what the inside o f the brain might 
look like and what ideas, thoughts and feelings that brain might be 
generating. Follow ing this, the students were allowed to explore in a 
hands-on manner several preserved brain specimens representing a 
variety o f species, and to assemble/disassemble several brain models. 
The enthusiasm o f the students was overwhelming, as was the 
response from the classroom teachers, school administrators and 
parents. Further ventures are already being planned for next year.
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96.5
USING A PHYSICAL MODALITY TO TEACH CHILDREN IN 
GRADES 4 - 6  ABOUT NERVE SIGNALS. C.C. Gulledge*. Dept. of 
Pharmacology and Experimental Therapeutics, Tufts Univ., Boston MA.

Some children have an easier time understanding complex concepts if 
the lesson includes a physical component, rather than only lecture or 
demonstration. The following activity was designed to teach children 
about nerve signals by allowing the children themselves to play the role 
of motor and sensory signals. It requires only a roll of masking tape, a 
few sheets of construction paper, and a large space. A large stick figure is 
made on the floor with masking tape and key brain areas (e.g., primary 
motor cortex, primary sensory cortex, thalamus), represented by labelled 
pieces of construction paper, are placed in the correct general location in 
the head portion of the figure. A child representing a signal for sensation, 
for example, must run from a peripheral area to the “spinal cord”, where 
he/she tells another child the “message”. This child then runs to a child 
standing in the “thalamus” and relays the message. The child 
representing a thalamic neuron runs to the “primary sensory cortex” to 
let a child there know about the sensation. To illustrate the effects of 
spinal cord damage, the instructor tears the piece of tape along the spinal 
cord, then has the children replay the scenario, this time preventing the 
message from crossing the tear in the tape. Other variations can include 
spinal reflexes, in which case the child with the reflex motor signal 
message runs to the periphery before another child tells the message to 
children representing neurons in the brain. The instructor should run 
enough scenarios so that every child participates. The objectives of the 
lesson are to teach children differences between sensory and motor 
signals, that different parts of the brain have different duties, the effects 
of spinal cord damage on sensory and motor signal delivery, and how 
simple reflexes work. This exercise led to successful participation from 
both boys and girls in grades 4-6 , as well as from K-12 teachers in a 
continuing education class.

96.7
AN INTRODUCTION TO NEUROSCIENCE FOR PRE-COLLEGE 
SCIENCE USING RESEARCH, SCIENTIFIC WRITING, AND 
COMMUNICATION. M.C. Fields, A. E. Quillian, R.D.Fields* Sidwell 
Friends School, Washington, D.C. 20016
Undergraduate students benefit from a “hands-on” approach to learning how 
scientific research is conducted and communicated. Students in a research 
oriented class at Sidwell Friends School undertake a three-month laboratory 
investigation. This course exposes students to modern research techniques, 
while promoting student centered critical thinking and problem solving that is 
and teacher facilitated. As a result, students gain an appreciation of scientific 
research while they master key concepts from the core of cell biology and 
neuroscience. Data is analyzed using scientific analysis and imaging software. 
Collaborations occur via e-mail with scientists. Web searches are conducted, 
locating current literature. Students generate Web pages and author a laboratory 
manual that presents the work done throughout the semester. No longer are 
students the passive recipients of knowledge. Instead students are engaged in the 
learning process and collaborate to complete the research and produce a 
scientific poster for presentation at a scientific meeting. Since 1991, classes 
have presented their work at scientific meetings. We have presented at three 
Society for Neuroscience meetings. This poster reviews a history of the past 
work and discusses how such a course can be introduced into a high school 
program. Copies of previous lab manuals will be available as well as the URL’s 
for the websites

96.9
COMBINING BRAINS AND DINOSAURS. A UNIQUE AND EFFECTIVE 
CONCEPT IN THE TEACHING OF NEUROSCIENCE
B.H. Hallas, M.R. Wells and W.D. Maxwell. Dept of Neuroscience, New York 
College of Osteopathic Medicine of NYIT, Old Westbury, NY 11568.

This unique approach to teaching neuroscience makes use of the universal 
fascination that children have for dinosaurs. The project was initiated in order to 
introduce the concept of cranial nerves. Emphasis is made on the special senses, 
with parallels drawn between the sensory abilities of humans and those of dinosaurs 
in order to provide a more encompassing lesson. The introduction of real and 
replicated dinosaur material to the classroom, in addition to human brains, 
stimulates student interest and ensures effective communication of information. 
Application of this novel methodology works well because students can envisage a 
Tyrannosaurus looking for prey, or a Triceratops listening for the approach of a 
predator, and these scenarios, among many others, facilitate an explanation of how 
sensory input is conveyed and processed by the nervous system in humans. The 
lesson also includes a consideration of the morphology of the human cranium, 
concentrating on foramina for the cranial nerves. Comparisons are drawn between 
the human cranium and several examples of dinosaur braincases.

Teachers have reported positively on the effectiveness of this approach. The next 
phase of the project will feature an expansion of the fundamental principles in order 
to educate students further in the basic morphology and function of the nervous 
system, and the brain in particular.

Cooperative agreements are being established with the New York school system 
and other universities in order to make use of distance learning technology already in 
place, thus establishing an enormous audience for the lessons, and alleviating 
potential problems associated with a relative scarcity of dinosaur material.

96.6
NEUROSCIENCE FOR KIDS: A  WORLD WIDE WEB
RESOURCE DEVELOPED BY  NEUROSCIENTISTS A ND  
TEACHERS. E.H. Chudler*1,  L.J. Bleeker2, H.L. Jones3 and S.R. 
Songstad4, 1Dept. o f  Anesthesiology, Univ. o f  Washington, Seattle, 
WA 9 8 1 9 5 -6 5 4 0 , 2Ankeny, IA 5 0 0 2 1 , 3Einstein Middle School and 
4K ellogg Middle School, Shoreline, WA 98155.

"Neuroscience for Kids" is a World Wide Web (W W W ) resource 
that has been developed by a neuroscientist in collaboration with 
middle school science teachers. This Internet resource provides 
supplementary material for students and teachers who are interested 
in learning more about the nervous system. The resource contains 
basic information, lesson plans, graphics, audio clips, photographs, 
worksheets, games, on-line and off-line activities, quizzes, and links 
to other sites to make learning about the nervous system enjoyable. 
Six middle school science teachers have been instrumental in 
providing support to this program. The teachers critically analyze 
each web page for ease o f  understanding and appropriate language 
and grammar. The teachers also determine how  each addition to the 
resource fits with the existing science curriculum. Som e teachers 
have contributed original lesson plans and assignments that have 
been incorporated within the site. Questions posed by students, 
parents and teachers are answered by a "Neuroscientist Network" 
that is formed by a group o f  neuroscientists around the world. 
Answers to these questions are then posted on the Internet resource. 
Feedback regarding the resource is obtained via an on-line survey.

(URL: http:/w eber.u.washington.edu/~chudler/neurok.html) 
(Supported by NIH RR12312)

96.8
A HANDS-ON, NEUROSCIENCE MUSEUM EXHIBIT 
SPONSORED BY TH E PHILADELPHIA CH APTER OF THE 
SOCIETY  FOR N EU ROSCIENCE. J R Hoffman1* and P Verbin2* 
Beaver College, Glenside PA 19038, 2Franklin Institute, Philadelphia PA 

19103.
In preparation for Brain Awareness Week 1998, the Philadelphia 

Chapter of the Society for Neuroscience and the Franklin Institute Science 
Museum organized a hands-on, interactive neuroscience experience for 
children (and adults). Over 50 area scientists and students volunteered to 
staff demonstrations, and the exhibit was attended by 1500 visitors over 
the weekend of March 14 & 15, 1998. A range o f activities were 
presented including a visual display o f micrographs and artist renditions 
of neurons. The concepts of touch sensation, the relationship between 
taste and olfaction, reflexes and reaction time were introduced. Learning 
processes were presented as participants wore Prism goggles and tossed 
bean bags and completed the A-mazed activities (BrainLink ®). Bicycle 
helmet usage was encouraged using a raw egg-drop demonstration. Gross 
anatomical and pathological specimens of human and animal brains were 
available for examination In addition, ongoing research was presented 
using video tapes illustrating motor behavior in mutant strains of mice and 
time-lapse growth cone movement. This session will present a detailed 
description o f the planning and execution of the event, as well as 
information on resources for setting up demonstrations. Provide 
volunteers structure and training, and participation will be higher when 
individuals don’t have to complete all the planning.

96.10
BRAIN BEE. N. R. M vsiinski*. Dept. of Oral and Craniofacial Biological 
Sciences, Sch. of Dentistry, U. of Maryland, Baltimore, MD 21201 

One of the best ways to implement the goals of Brain Awareness 
W eek is to conduct a Brain Bee. This is a live question-and-answer 
contest based on the format of the National Spelling Bee. The benefits 
are to: 1) enhance the awareness and importance of neuroscience in 
the public's eye, 2) increase the knowledge of neuroscience in the 
contestants and other participants, 3) increase the local and national 
press coverage of Brain Awareness W eek, 4) inspire students to 
pursue careers in neuroscience. In 1998 M aryland conducted the 
country's first Brain Bee for high school students. Letters and flyers 
were sent to 150 local high schools, recruiting contestants. Included 
was a copy of Brain Facts, from which all the contest questions came. 
We found this to be a challenging but not overwhelming book for the 
above-average high school student. After the contest the schools kept 
the books as a donation from our sponsors to their school libraries. 
We lim ited the entries to 3 per high school. The prelim inaries and 
finals of the contest were conducted at our Brain Fair along with our 
Brain Essay Contest and Brain Art Contest. The host and judges were 
all neuroscientists who could handle ambiguous questions or answers. 
The entire event, including the books and prizes, cost less than $400. 
The Society for Neuroscience will be notify ing its members of a 
National Brain Bee in 1999. At least 12 local brain bees throughout 
the country will be needed to feed the National Brain Bee. If you are 
interested in conducting one of the local Bees please contact us at 
n rm 0 0 1 @ d e n ta l.u m a ry la n d .e d u . (S p o n so re d  in p a rt by the 
Neuroscience Program. and Ctr. for Persistent Pain at the U. of MD.)
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96.11
INCREASING STUDENT ENGAGEMENT WITH SCIENCE. R .E . 

Lee1*, D.W. Lee2 , & J. Schulte3 . 1NPI, Brain Mapping Division, UCLA; 

90095; 2NPB, UCDavis, 95616; 3Esparto High School, Esparto ,CA, 95627
High school students deepen their understanding of science curriculum 

after taking part in projects that push them to "think like scientists." Many, 
however, do not believe that "thinking like scientists" has any direct 
application and that pursuing a scientific career is not a realistic possibility.

Our project enables rural students to interact one-on-one with 
neuroscientists (male and female) and personalizes the possibility of 
science as a career choice. The project seeks to encourage consortia 
between the scientific community at the university level with local institutions 
of secondary education and in doing so promote the study of neuroscience 
as well as the ethical use of animals in biomedical research. Esparto HS has 
one of the lowest average family incomes in California. Consequently, for 
any project to succeed, it must be financially self sustaining. Our program 
seeks to enhance engagement and understanding of science (embryology, 
genetics, and neuroscience) through participation in a student-run bird 
breeding business in which curricula is enhanced by didactic instruction and 
hands-on demonstrations by members of the University neuroscience 
community.

The project currently utilizes 20 students as bird breeders and handlers. 
Success to-date has been sufficient to support project expansion from a 
beginning of 8 students and their birds, to a program that now supports 20 
students, their bird pairs, and the use of a 144 sq ft free-flight aviary. The 
birds bred in this project are intended for marketing to various neuroscience 
laboratories at UCDavis, with any surplus going for sale to the public. It is 
hoped that continued success will enable future phases of the project to 
include more direct participation of the students in various aspects of 
neuroscience research in which their birds are destined to participate.

Funded by the CRESS Foundation, University of California, Davis, CA.

96.13
UNDERGRADUATE RESEARCH EXPERIENCES IMPACT 
THE MATURITY WITH WHICH STUDENTS PERCEIVE 
KNOWLEDGE. J.A. Czaia1,2*, M. Baxter-M aeolda3 and W.H. 
Rauckhorst1,4. 1Office for the Advancement o f Scholarship and 
Teaching, 2Dept. o f Psychology, 3Dept. Educational Leadership, 
4Dept. of Physics; Miami University; Oxford, OH 45056.

Students’ ways o f knowing were determined using the Measure 
of Epistemological Reflection (MER). The MER categorizes 
respondents as absolute, transitional, independent or contextual 
knowers. In a previous longitudinal study o f 100 Miami University 
undergraduates, responses to the MER showed a progression to 
more mature views o f knowledge across four years o f college. First 
year students were classified primarily as absolute knowers, with 
none classified as independent knowers. The. proportion classified  
as independent knowers increased to 16% by the fourth year.

In the c.urrent study, the MER was used to assess the impact o f a 
10-week faculty-mentored research experience on students 
participating in the University’s Undergraduate Summer Scholar 
(USS) program. USS students (N =50) completed the MER both 
before and then after their summer research experience. The MER 
was similarly completed by control subjects (N=41) who enrolled in 
regular summer classes at the University. A significant change over 
the summer was found between these two groups. The proportion 
of USS participants classified as independent knowers increased 
from 14% to 40% . In contrast, there was no change in the 
proportion o f control subjects classified as independent knowers. 

*Suppported in part by NSF Grant D UE 9652063.

96.12
AN INNOVATIVE WAY OF TEACHING HIGH SCHOOL STUDENTS 
ABOUT NEUROSCIENCE RESEARCH. M.C. Grabb and L.M.T. 
Canzoniero. Center for the Study of Nervous System Injury and Dept. of 
Neurology, Washington Univ. School of Medicine, St. Louis, MO 63110.

We, as neuroscientists, are interested in introducing high school students 
to our vocation, to promote awareness of biomedical research and to 
enhance their scientific interest. In an ideal setting, experiments need to 
yield very positive results in a very short period of time in order to excite 
the students. However, since these students have limited prior experience 
and have limited time to spend in the lab, setting up “the ideal experiment” 
can be difficult. To present the students with a well-rounded experience in 
the lab, we have designed a project that can be accomplished in one 
semester which allows students to observe and experience the entire process 
of a biomedical study.

Students spent roughly four hrs/wk at the lab and eight hrs/wk reading 
background information. The project was divided into 6 stages. They were 
as follows: 1. Introduction and Orientation of the Laboratory 2. An
Introduction to Neurobiology 3. How to Work in a Tissue Culture 
Laboratory 4. How to Grow Brain Cells 5. Background of Brain Diseases 
6. Experimental Design for Studying Brain Diseases 7. Organization and 
Implementation of a Final Presentation.

The final presentation required designing a poster, which outlined their 
project, and presenting it at a poster session at the University.

96.14
AN INTERDISCIPLINARY NEUROSCIENCE MINOR PROGRAM: 
CURRICULUM DEVELOPMENT AND UNDERGRADUATE RESEARCH. 
J.M.COFFIN.* Department of Psychology, King’s College, Wilkes-Barre, PA 
18711.

Since its inception in 1994, the interdisciplinary Neuroscience Minor has 
proven to be an exceptionally attractive program for students with a dual 
interest in biology and psychology. The curriculum includes foundation courses 
in the natural sciences and psychology, a two-semester sequence in 
Introductory Neuroscience, and an additional 12 hours of interdisciplinary 
elective courses from the following list: Neurophysiology,
Neuroendocrinology, Molecular and Computational Neurobiology, 
Psychopharmacology, Drugs and Behavior, Sensation and Perception, and 
Motivation: Biological Perspectives.

The minor also provides students the opportunity to conduct independent 
research with faculty in either discipline. As part of this poster, student research 
in Neuroscience will be presented. Current investigations include the role of 
nicotine in the acquisition and retention of eyeblink classical conditioning and 
word recall; the effects of visual interference on recall and recognition of 
unrelated words; and an investigation of learning and memory in two memory 
systems.

Student interest in the Neuroscience Minor has led to the development of 
a new major in Neuroscience, to be offered in 1999. The curriculum for the 
new major will also be presented.

96.15

W ITHDRAW N

96.16
ANALYTICAL MODEL FOR TEACHING RESEARCH REPORT 
ANALYSIS. W. R. Klemm, *D ept. VAPH, Texas A&M University, 
College Station, TX 77843-4458.

Reading scientific journal articles is a daunting task for young schol
ars. Yet, even undergraduates need early exposure to primary literature. 
Journal articles are the fundamental building blocks o f  the edifice o f  
science. My undergraduates seem to learn better when assigned articles 
are approached as case 
studies, conducted by 
student teams in an 
asynchronous computer 
conference environment 
(FORUM®98). As a 
guide, I developed an 
analytical model that 
specified ordered ana
lytical steps. The model 
describes a tiered 
sequential process o f  
understanding what is 
described in the paper; 
assessing the strategies, 
methods, and experimental results; integrating the paper with the 
general body o f  knowledge; and creating new insights and hypotheses.

Analytical Model for 
Scientific Research
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96.17
MULTIMEDIA NEUROSCIENCE EDUCATION: A N  NSF 
PROJECT TO DEVELOP ANIMATIONS FOR CLASSROOM  
A N D  DORM-ROOM
B. Zimmerberg*, Lance W isniewski, Joshua C . Allen and 
Anthony M. Barnes, Program in Neuroscience, Williams 
College, W illiamstown, MA 01267 

"Multimedia Neuroscience Education" is a new  project 
funded by the National Science Foundation (NSF) to bring 
advances in digital technology to the teaching of neuro-science. 
Central to our approach is the conviction that the neuronal 
processes that are fundamental to brain function constantly  
change in time and space. Two-dim ensional representations in 
textbooks fall far short of communicating the com plexity of 
these phenomena. Eventually w e hope to offer a com plete set 
of four-dimensional animated and interactive multi-media 
resources to support instruction of introductory neuroscience. 
We have produced a pilot program to cover one unit, "Synaptic 
Transmission and Chemical Messengers." The animations, the 
related text, and linkages on our N euroscience pages on the 
World W ide Web will be demonstrated. We envision their use  
by classroom instructors during lectures, and by introductory- 
level students when they study the material individually.

Supported by NSF CCD Program

96.19
AN ON-LINE DATABASE FOR NEUROSCIENCE INFORMATION 
RETRIEVAL AND COMPUTATIONAL MODELING A. Bischoff-Grethe*, 
I. Ovsiannikov, T. H. McNeill, and M. A. A rbib. University of Southern 
California, Los Angeles, CA 90089-2520.

In scientific research one often relies upon published works in order to form 
hypotheses of brain function. With more and more journals becoming 
available on-line, it becomes imperative to provide a mechanism by w hich  
the information these articles provide can be linked in a coherent manner. 
With this in mind, the University of Southern California Brain Project 
(USCBP) has developed a summary database (SDB) with the following 
goals: 1) to ease the search for data by summarizing components of a 
document, model, or experimental results; and 2) allow users to move easily  
from summaries to the original documents, experiments, or models w hich  
produced it. Linked to SDB is Brain Models on the Web (BMW), a database 
housing computational models in a variety of simulation packages. The 
models provide a bridge, allowing comparisons between biological and 
simulated results. Further, both models and documents may be annotated; 
these annotations are then available for later retrieval.

SDB is a particularly useful tool for educating students on neuroscience; 
students can search for general information regarding a particular topic, and 
use this to advance to more detailed publications on the subject. The 
students can then use the material they have learned to develop 
computational models of the interaction of different brain regions, neurons, 
neurochemicals, etc. with their simulator of choice. Finally, BMW models 
can be linked with SDB, allowing students to efficiently document th e ir  
modeling efforts with actual neurophysiological data.
On-line information regarding the USCBP can be found at 
http://www-hbp.usc.edu/
Supported by NIH grant MH52194-04.

96.21
COAST : A MULTIMEDIA AUTHORING SYSTEM FOR PRATICAL 
COURSEWARE. I. Bottemanne, F. Hausman, A. Roucoux*. Lab.of 
Neurophysiology, Univ. of Louvain, NEFY 5449, B-1200 Brussels.

Some experiments, often crucial for the comprehension of fundamental principles 
in physiology, and in particular neurophysiology can not be carried out by the 
students due to material constraints (e.g. cost, risk,...). Such inconveniences can be 
avoided by computer simulations based on mathematical models of the studied 
phenomena. Coupling multimedia materials with animations in simulation tools 
greatly facilitate the comprehension of complex phenomena. The COAST system is 
based on this philosophy.

The core of the COAST system is composed of four environments:
-the modelling environment for the development and fitting of dynamic models 

described by ordinary differential equations.
-the author environment dedicated to the development and edition of 

experiments.
-the tutor environment for building practical scenarios (conditional linking of 

experiments).
-the student run-time

COAST is a simple and flexible author software. Using this software, an author 
without any particular experience in computer sciences can create his own 
multimedia practical course. The author can very easily customize or modify specific 
features (experiments, sequence of experiments, pedagogical rules, adding 
explanations and questions, ...). The flexibility of the system and the integration 
within web technology offers the teacher the possibility to create his own structure of 
course, to distribute and manage it easily. Several examples of courseware, built by 
the COAST system, will be presented during the poster sessions. Student acceptance 
of the software, studied through validation tests, will be commented. More 
information can be found at http://www.md.ucl.ac.be/nefy.
Supported by the EU Telematics Application Program DGXIII, project ET1005.

96.18
THE WORLD-WIDE WEB UNDERGRADUATE BEHAVIORAL 
NEUROSCIENCE RESOURCE SITE PROJECT IN YEAR 3: 
OUTCOMES, EXPECTATIONS AND NEW RESOURCES.
E. P. Wicrtelak*, Department of Psychology 
Macalcster College, St. Paul MN 55105.

The Undergraduate Behavioral Neuroscience Resource Site Project (UBNRP) 
was developed and launched 3 years ago on the world-wide web (WWW) to offer 
comprehensive, yet accessible web resources on a variety of topics related to the 
understanding of neuroscience. The goals of the curricular program examined 
here were to: produce novel and reliable WWW neuroscience web-sites that 
would add to the resources already available on the internet, and to provide 
further opportunity for enhanced learning outcomes in undergraduate 
neuroscience education via student involvement in service-oriented WWW 
projects.

Students were initially trained in web authoring (HTML) through the 
creation of home pages and online diaries. To produce websites for 
undergraduatc-student-cquivalent inquiries related to behavioral neuroscience, 
students worked as part of cooperative groups. In year 1 of the project, 3 
resource sites were completed: Phantom Limb Pain, Monoamine Oxidase, and 
Myasthenia Gravis. In year 2, 4 new sites were added: Split Brain
Consciousness, Current Topics in Alzheimer's Disease, Central Serotonin & 
LSD effects, and Tourette's Syndrome. In year 3 ,7  more sites have been added, 
including: Acupuncture, Brain Imaging, and Synesthesia. To date, our 
experience is that UBNRP has successfully met the goal of enhancing learning 
outcomes, and has provided those visiting these WWW sites with easily 
understood yet comprehensive treatment of their neuroscience-related interests.

96.20
NEW PUBLICATION METHODS AND VIRTUAL EXPERIMENTATION 
THROUGH THE USE OF ON-LINE EXPERIMENTAL DATABASES,
T.S. Grethe*, D.T. King, R.F. Thompson, and M.A. Arbib
Neurosciences Program, Univ. of Southern California, Los Angeles, CA 90089-2520.

In order to address the problems associated with managing increasingly 
large neuroscience datasets collected in laboratories around the world, a 
database for experimental data (NeuroCore™, a component of the  
Neuroinformatics Workbench™) has been developed by the University of 
Southern California Brain Project (USCBP). The USCBP NeuroCore 
database consists of two primary components: 1) The database component, a 
novel extendible object-relational database schema (J.S. Grethe et al. 1996; 
J.S. Grethe et al. 1997) that allows for the storage of experimental da ta , 
along with all the details regarding the protocols used to generate th is  
data; and 2) an on-line notebook that provides a laboratory-independent 
"standard" for viewing, storing and retrieving data across the internet.

Even though this database is designed prim arily to store and access d a ta  
in a laboratory setting, this technology can be used for educational purposes 
as a platform on which one can perform virtual experiments (i.e. 
experiments where the relevant data is collected from existing data sets 
that are stored in the database rather than from a new laboratory 
experiment). These virtual experiments can be used to allow students to 
perform realistic experiments on a particular experimental preparation and 
collect actual data from this preparation through the database. They wi l l  
then be able to explore and analyze this data just as if they had performed 
the actual experiment themselves. Through the use of similar interfaces 
research articles in on-line journals can now become portals through w hich 
students and researchers can explore and view the actual datasets used to 
generate a figure or graph and re-analyze them using their own tools or 
methods.
On-line information regarding the USCBP can be found at http://www-hbp.usc.edu/ 
Supported in part by the Human Brain Project Consortium grant NIMH (MH52194) to 
MAA, and NSF (1BN-9215069) to RFT.

96.22
DESIGN AND USE OF SIMULATIONS FOR NEUROSCIENCE TEACHING. 
N.T. Carnevale*1,3, M.L. Hines2,3, and D.B. Jaffe4. Depts. of 1Psychology and 
2Computer Science, and 3Neuroengineering and Neuroscience Center, Yale 
Univ., New Haven, CT 06520, and 4Div. of Life Sciences, Univ. of Texas, San 
Antonio, TX 78429.

Computer simulations must meet several criteria in order to be effective aids 
for teaching. Ease of use is important, since the effort required should not 
outweigh the insight obtained. At the same time, they must not be cookbook 
exercises that reduce students to button pushers. They should enable users to 
pursue their own spontaneous “what if ’ questions with little or no programming 
effort, allow teachers to create new exercises, and provide a launching point for 
students who wish to undertake independent research projects. To be useful in the 
largest number of classrooms, they must be adaptable to different curricula and 
teaching styles, and they should not be closely tied to any particular textbook. For 
the widest accessibility, they cannot require large expenditures for hardware or 
software, and for maximum portability they must not be restricted to a particular 
computing platform but ought to run in diverse environments.

With the help of feedback from our own students and a special advisory 
panel of experienced neuroscience educators, we have been developing a set of 
simulation exercises that are designed to address these concerns and related 
issues. These exercises run in NEURON [Hines 1993, 1994], a fully- 
programmable simulation environment that is widely used for research, is freely 
available, and runs under UNIX/Linux, MSWindows, and MacOS. We will show 
how we have used these exercises in our own teaching. More information about 
this project is posted at http://www.neuron.yale.edu/labman.html. 
Supported by the Division o f Undergraduate Education at NSF
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96.23
COMPUTER COURSEWARE: ANIMATED SYNAPSES AND VISUALIZING 
BRAIN ANATOMY
David Malin,*Anne Henry and Theresa Strong
University of Houston - Clear Lake, 2700 Bay Area Blvd., Houston, TX, 77058

Entry level behavioral neuroscience students often have difficulty visualizing the 
sequence of events involved in the stimulation and subsequent recovery of the 
biogenic amine synapses involved in regulation of mood and activity levels. We 
have developed computer-based interactive course-ware that presents these pro
cesses in animated form, suitable for class presentation or personal review. The 
screen shows a schematic cross-section of a synapse. One module shows a stylized 
sequence of events involved in stimulating the synapse, from the action potential 
reaching the axon terminal to the effects of phosphorylation on postsynaptic ion 
channels and gene expression. This can be shown as an automated cartoon or at a 
speed controlled by the viewer. Another module animates recovery processes such as 
reuptake and enzymatic destruction of transmitters and cyclic AMP. An interactive 
visual glossary module defines the meaning and role of each graphic element.

Entry-level behavioral neuroscience students often have difficulty in visualizing 
3D structural relationships in the brain as seen from different angles, particularly in 
the case of structures concealed under other structures. A 3D brain image with color- 
coded regions was constructed with outer structures such as the cortex rendered in 
translucent colors. This image can be rotated and viewed from a number of angles.

Students also needed opportunities to practice and review the linkage of brain 
structures with their names, functions and hierarchical relationships. An interactive 
courseware module allows the student to select a schematic coronal section, click 
on a colored structure and see the name (such as caudate nuc.), place in the hierarchy 
of brain structures (for example, part of the basal ganglia, which is part of the 
telencephalon), and a brief summary of its best-known functional roles. Conversely, 
students may select the name of a structure (caudate nuc.) or a group of structures 
(basal ganglia), and the corresponding colored structures are highlighted.

96.25
COMPARATIVE EXCITABILITY: ACTION POTENTIALS IN A 
GIANT ALGAL CELL. B. R. Johnson1 *, R.A. W yttenbach1, R. Wayne2 
and R.R. H oy1. Cornell University, Neurobiology and Behavior1 and 
Plant Science2, Ithaca, NY 14853.

The giant alga Chara corrallina generates action potentials (APs) in 
response to cell injury. These APs spread through the plant's large (up 
to 10 cm) internodal cells, leading to cessation of cytoplasmic streaming. 
This allows cell wall repair while minimizing cytoplasmic content loss. 
Examination of APs in Chara promotes a comparative approach to 
understanding excitability mechanisms. Students examine plant APs with 
standard intracellular recording techniques using low resistance (1-5 
mohm, 1.5M KCl filled) microelectrodes, and bath electrical stimulation. 
Cell impalements are easy compared to neurons; fine manipulators are 
not needed. Students observe dramatically different excitability 
properties than those commonly seen using neural and muscle cells. 
Chara resting potentials (RPs) are very negative (up to [-250] mV), AP 
amplitudes are large (depolarizations to 0 mV), AP durations are 
measured in seconds, and refractory periods are measured in minutes. 
Ca++ entry and Ca++-activated CL efflux are responsible for the 
depolarizing phases of the AP, and K+ efflux is responsible for the 
repolarizing phase. A consideration of Nernst potentials for membrane 
crossing ions leads to hypotheses of ions responsible for the APs. 
Students test these hypotheses using simple ion substitution experiments 
and pharmacological agents. A comparision of excitability mechanisms 
in plant and animal cells emphasizes important concepts of cellular 
neurobiology. Supported by NSF (9051880 and 8809445) and the 
Howard Hughes Medical Institute.

96.27
CO2 ANESTHESIA HAS NO EFFECT ON BRAIN CATACHOLAMINE LEVELS 
AS MEASURED BY HPLC J. Alters, D. Jones, J. Berger-Sweeney*. Dept. of 
Biol. Sciences, Wellesley College, Wellesley, MA USA 02181 

In the past few years, we have observed a dramatic increase in student awareness of 
animal rights issues. In addition, submission of animal care protocols now requires 
that every effort be made to reduce pain and suffering of the animal. Rodent brain 
tissue used for neurochemical assays is typically acquired by guillotining or cervical 
dislocation followed by decapitation - both methods can be stressful for the animal, 
as well as, an instructor and students. However, the use of anesthesia to ameliorate 
stress to the animal (and experimenter) has been avoided due to concerns that 
anesthesia may alter brain chemistry. CO2 is a quick-acting and inexpensive 
anesthetic that does not introduce any chemicals into the body but works by 
depriving the brain of oxygen. We hypothesized that the use of CO2 anesthesia poor 
to euthanasia would not affect levels of catacholamines in brain tissue. Six-month 
old female BALB/cByJ mice were either cervically dislocated and decapitated or 
anesthetized in a CO2  chamber for thirty seconds prior to cervical dislocation and 
decapitation. Brains were removed, immediately dissected on ice, and frozen on dry 
ice. Four regions were dissected bilaterally for analysis: fronto-parietal cortex, 
hippocampus, striatum, and cerebellum. Samples were then subjected to HPLC 
analysis of catacholamines using electrochemical detection. There were no 
significant changes in any of the four regions in levels of norepinephrine, 
epinephrine, dopamine, or serotonin as a result of using CO2 anesthesia. In a 
previous study we have shown that this form of anesthesia also has no effect on 
cholinergic markers m brain tissue. These findings suggest that CO2  anesthesia is 
an effective method of euthanizing animals to obtain tissue for student, as well as, 
basic research experiments. It is more humane and less stressful for both the animal 
and experimenter than decapitation without anesthesia.

96.24
A LABORATORY EXERCISE ON THE AXONAL AND SYNAPTIC 
PROPERTIES OF AN IDENTIFIABLE, CENTRAL VERTEBRATE NEURON 
THAT DOES NOT NECESSITATE SACRIFICING THE ANIMAL. S.J. 
Zottoli*,1 D.S.-Faber,2.J.R. Meyeers., R.C. Lennartz1 and.B.T. Gebrel, 1Dept. of 
Biology, Williams College, Williamstown, MA 01267; 2Dept. of Neurobiology and 
Anatomy, Allegheny University, Philadelphia, PA 19129.

Many laboratory exercises allow students to study physiological properties of 
axons, including conduction velocity, refractory periods and accommodation. The 
classic preparations, such as the compound action potential of the frog sciatic nerve, 
utilize extracellular recordings. We have developed an exercise using intracellular 
recordings from the goldfish Mauthner cell (M-cell). This exercise is unique because 
one can study synaptic and membrane properties of an identified neuron while 
recording from its axon, without sacrificing the animal.

Anesthetized goldfish are placed in a holding chamber and chilled water containing 
anesthetic is recirculated through the mouth and over the gills. The surface of the 
medulla oblongata is exposed, and M-axons, which lie within 150µm of the surface, 
can typically be identified visually. The M-axons are antidromically activated by 
stimulating the spinal cord. Students use intra-axonal recordings to study axonal 
and synaptic properties of the M-cell including: 1) dendritic EPSPs, 2) post-anodal 
excitation of an action potential, 3) passive reflection of an action potential from the 
initial segment caudally to the recording site, 4) nodal contributions to axon spikes, 
and 5) synaptic inhibition at the initial segment The skull can be sealed and the fish 
allowed to recover from anesthesia.

We provide a handout with detailed instructions, sample results and references. 
This is the first in a series of experiments that will allow classroom investigations 
into the neuronal basis of vertebrate behavior.

This work was supported in part by NIH grant 2-P01-NS24707-09, and Howard 
Hughes Medical Institute and Essel Foundation grants to Williams College.

96.26
A DOUBLE-LABELING METHOD FOR IDENTIFYING NITRIC OXIDE 
SYNTHASE-POSITIVE CELLS AND SENSORY PROJECTIONS IN 
INVERTEBRATE PREPARATIONS USING NADPH-DIAPHORASE 
HISTOCHEMISTRY AND DEXTRAN-RHODAMINE TRACING: A 
POSSIBLE STUDENT EXERCISE FOR ADVANCED 
UNDERGRADUATES. H. Itagaki*. Dept. of Biology, Kenyon College, 
Gambier, OH 43022

In the course of developing challenging undergraduate lab exercises that can 
serve as a core for small-scale independent projects, I have been expanding on 
the relatively easy NADPH-diaphorasc histochemical assay for the 
identification of Nitric Oxide Synthase (NOS) positive cells in invertebrate 
preparations. In most NADPH-diaphorasc preparations in invertebrates, the 
cell somata arc quite well-labeled, but the processes may be labeled faintly or 
not at all. As many neurons in invertebrates can be individually identified 
based on the position of its cell soma and its branching pattern, it is possible to 
combine the NADPH-diaphorasc histochemistry with retrograde tracing 
techniques from the peripheral nerves to identify the NOS-positive cells.

In addition, we have found that NOS-positivc sensory projections can also be 
identified using anterograde tracing in combination with NADPH-diaphorasc 
histochemistry. So far. I have used ventral unpaired medial (VUM) cells in 
larval moth Manduca sexta. and olfactory inputs from the antenna and 
maxillary palp in the fly Neobellieria hullala to illustrate this exercise Other 
examples are in the process of being developed. (Supported in part by NSF 
grant IBN-9630943.)

96.28
EXCITOTOXICITY IN CEREBRAL ISCHEMIA: DIFFERENTIAL

PROTECTIVE EFFECT OF NMDA ANTAGONIST D-AP5 AND OF NON- 
NMDA ANTAGONIST DNQX IN A SLICE CULTURE MODEL. G. Capocchi*,
G. Silvestrelli and A. Balducci. Institute of Neurology, University of Perugia 
Italy, 06110

Excessive activation of glutamate receptors has been proved to be involved 
in ischemic-neuronal injury. Glutamate can act on both NMDA and AMPA 
receptors, however it is not clear which subtype is possibly involved in 
ischemic neurodegeneration. In this study, we investigated which subtype of 
glutamate receptors was mainly involved in glutamate-induced neuronal 
damage. Experiments were conducted on rat hippocampal slices. An 
extracellular recording electrode was placed in the stratum radiatum of the 
CA1 region to record EPSPs evoked by low frequency stimulation of two 
different cellular groups, St1 and St2 of the same CA1 region. Hypoxia was 
induced by transient aeration with 95% N2 - 5% CO2 and caused a depression 
in EPSP of both St1 and St2 cellular groups. Therefore, a "theta burst" 
stimulation pattern (TBS) was given in an attempt to increase glutamate 
release from St1 input, while St2 served as a control. After reoxygenation the 
unstimulated input St2 returned to control levels. On the contrary, the EPSP 
recording of the St1 cellular group showed a lack of recovery of synaptic 
potentials, a sign of irreversible damage. The infusion of a selective NMDA 

receptor antagonist, AP5 (100 µM) shortly before hypoxia, revealed a 
neuroprotective effect against excitatory damage. In several experiments we 
infused, a selective non-NMDA receptor antagonist DNQX (5 µM) before 
hypoxia with TBS. In these cases, after reoxygenation, the recovery of St1 
EPSP was unclear.

These results demonstrate that excitotoxic neuronal damage is mainly 
NMDA receptor dependent.

Society for Neuroscience, Volume 24, 1998
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96.29
SIM PLE REACTION TIME DEM ONSTRATIONS FOR AN 
INTRODUCTORY COURSE IN SYSTEMS NEUROSCIENCE IT 
Goldreich*. Occupational Therapy Department, Duquesne University, 
Pittsburgh, PA 15282.

I present three simple reaction time (RT) demonstrations. I have found that 
these demonstrations bring systems neuroscience alive to university students. 
All demonstrations can be performed on (and by) students, encouraging active 
classroom participation. Two of the demonstrations make use of easily-modified 
retail items; the third demonstration, modeled after a neurological diagnostic 
procedure (See Iacoboni, M. & Zaidel, E. Brain 118, 779-788, 1995.), is most 
conveniently performed with a programmable personal computer.

The demonstrations are: 1) Measurement of tactile RTs using a modified 
stopwatch and a simple mechanical switch. RTs are greater in response to 
stimuli applied to caudal body areas, demonstrating that perception requires the 
conduction of electrical activity to the brain, and allowing calculation of 
approximate action potential conduction velocities within the somatosensory 
system. 2) Optical demonstration of RTs during the knee jerk reflex and during 
voluntary movement of the leg following light touch. Modified flashlights 
signal the time of stimulus and of leg movement response. The demonstrably 
shorter RT of the involuntary movement illustrates the speed of monosynaptic 
reflex arcs in comparison with circuits that generate voluntary responses. 3) 
Measurement of RTs in response to computer-generated visual stimuli presented 
on either side of fixation. The response is signalled by finger motion (keyboard). 
Stimuli presented contralaterally to the responding finger result in greater RTs 
(by practiced subjects), owing to the corpus callosum conduction delay.

96.31
ADD R ESSIN G  THE ISSUE OF ANIM AL RESEARCH IN THE 
COLLEGE CLASSROOM. H. E. Heffn er.* Dept. o f  Psychology, Univ. 
o f  Toledo, Toledo, OH 43606.

The generally accepted notion that animals gain no benefit from being 
used in research is incorrect and should not go unchallenged.

Animal research is actually a mutualistic relationship in which  
animals, as w ell as humans, benefit directly. B y being essential to 
research, laboratory animals have becom e spectacularly successful as 
demonstrated by their increased numbers, widespread geographical 
distribution, and greater genetic diversity.

A s in the w ild, most animals in the laboratory do not have the 
opportunity to reproduce directly. However, laboratory animals ensure 
the survival o f  their genes by making use o f  the reproductive strategy 
known as kin selection which, in this case, involves relying on humans 
to maintain their genetic lines. Humans, on the other hand, prefer to 
m inimize kin selection for themselves. Thus, current attempts to 
eliminate the use o f  animals in research represent the im position o f  a 
human reproductive strategy on animals that will lead to their extinction.

It should be noted that there is one ethical principle that can be used in 
evaluating our relationships with animals. It is simply to ask whether w e 
are providing them with a better situation than they w ould encounter in 
the wild where first year mortality rates o f  80-90%  due to starvation, 
predation, and disease are common.

Additional points and a list o f  recommended readings will be provided.

96.33
NEURAL SIMULATION LANGUAGE: A MODELING SIMULATION 
TOOL FOR LEARNING BRAIN FUNCTION. A. A lexander, M. A. Arbib*,
and A. Bischoff-Grethe. University of Southern California, Los Angeles, 
CA 90089-2520.

The University of Southern California Brain Project (USCBP) has created 
N eural Simulation Language (NSL 3.0), a flexible neural network simulator 
that can be used to simulate a variety of biologically realistic as well as 
artificial neural networks. The implementation of models is modular; each 
model is built from a hierarchical collection of submodules connected 
together via ports. Each module is individually maintained and can be 
reused in a variety of different models. To speed the creation of new 
models, we have developed a Schematic Capture System (SCS). W ith SCS 
one only needs to drag and drop icons representing the modules onto a 
schematic sheet and connect them to create a new and interesting model. 
SCS minimizes the amount of code to be written, thus allowing naive users to 
create their own models quickly or re-use previously w ritten modules. 
Models and. modules are stored w ithin Brain Models on the Web (BMW) a 
model database repository. Users can search for previously w ritten code, 
run models, and use BMW to store work in progress.

Students can use NSL to learn how one uses neural networks to represent 
both artificial and biologically-inspired neurons. Its ease of use allows for 
quick model construction; thereby allowing students to easily create models 
in a computer lab or class setting. Since NSL 3.0 is implemented in both Java 
and C++, it runs on most platforms and is easy to install.
On-line information regarding the USCBP can be found at 
http: /  /www-hbp.usc.edu/
Supported by NIH grant MH52194-04.

96.30
AN INTEGRATED UNDERGRADUATE NEUROSCIENCE 
LABORATORY FOCUSING ON THE ROLE OF SENSATION IN 
EXPLORATORY BEHAVIOR. Craik, R.L.1* and Hoffman, J.R.2 
Departments o f  1Physical Therapy and 2Biology, Beaver College, Glenside 
PA, 19038.

It has been shown that student learning and retention o f material is 
enhanced by the use o f problem solving skills. We recently revised the 
laboratory portion of an upper level undergraduate neurobiology course, 
and replaced much o f the “cookbook-style” laboratory sessions with a 
semester long, research based laboratory. Our goal was to challenge 
students to “think as a scientist, rather than a technician,” by involving the student 
in a research group. The laboratory experience began with a discussion of 
experimental design, statistics, and a review of classical literature Conventional 
labs examining anatomy, physiology, and behavior were then provided to allow 
students time to examine current journal articles m preparation for a “journal club
like” presentation. The students then formed research groups and conducted a 
senes of experiments examining the role of rat vibrissae in exploration. Each group 
had a combination of experimental and control animals, and the results were pooled 
for the class to allow statistical analysis. The students completed the experience by 
writing a mock journal short report. The results of the experimental study will be 
presented elsewhere at the meeting (Nicklous D M , et al ). This new laboratory 
experience was assessed using a combination of narrative comments on course 
evaluation forms and a “Views on Science and Technology in society” survey that 
was administered before and after the class.

96.32
SENEX: AN ELECTRONIC RESOURCE FOR MOLECULAR
NEUROPATHOLOGY. S.S. Ball and V.H. Mah* UCSF/Fresno, University 
Medical Center, Dept of Medicine, Fresno CA 93702.

SENEX is an evolving computer resource for molecular medicine and 
pathology. It provides facilities for: 1) collecting and correlating 
information from seminars, publications and other sources, 2) organization 
of these materials for textbook style easy retrieval as well as use in scientific 
presentations and publications, and 3) use as a tool for making predictions 
for possible laboratory experiments. SENEX contains information about 
small molecules, proteins, protein interactions, genes, and diseases as well 
as images and histopathology. Rapid access to data from 1) ProSite 
database of peptide motifs & electronic textbook of biochemistry, 2) Swiss- 
Prot database of protein sequences, 3) Protein Information Resource (PIR) 
database of protein sequences, 4) Enzyme database and 5) Mendelian 
Inheritance in Man is facilitated by links to local copies of the databases. In 
addition SENEX is set up for a user to add proprietary information to the 
application that either modifies existing information or adds new 
information. SENEX currently runs on Macintosh computers and will be 
demonstrated through a general discussion of the pathology of CNS 
neoplasms, genetic alterations in astrocytic neoplasms and some of the 
proteins and genes often affected in these neoplasms, such as p53, RB- 
protein, cyclin dependent kinases, cyclin dependent kinase inhibitors, 
EGF/ EGF receptor and PDGF/ PDGF receptor.

96.34
PhysioLAB edu©, A PHYSIOLOGICAL MULTIMEDIA LABORATORY 
SYSTEM FOR VIRTUAL EXPERIMENTS
G.A. Chauvet*1,2, P. Chauvet3. 1IBT, Fac. Médecine, 10 rue A. Boquel, 49100 
Angers (France); 2BME, Univ. South. Calif., Los Angeles CA 90089; 3Inst. de Math. 
Appl., UCO, rue Rabelais, 49000 Angers (France).
PhysioLAB edu© is a computing system for virtual experimentation in 
Neurophysiology. This system is based on three ideas allowing students to investigate 
the basic mechanisms of physiological phenomena: 1) the understanding of how the 
proposed phenomena emerge, which stems from the hierarchical construction of 
living tissues and from their anatomical location; 2) the discovery of couplings 
between mechanisms through classical experiments as actually made by the original 
authors; and 3) the intensive interaction between the student and the computer 
through a friendly and attractive interface, which allows a good understanding of how 
the brain works. The experiments work as in a real lab on the basis of animations and 
simulations which are all driven by integrated mathematical models. Books in the 
PhysioLAB edu© program correspond to specific parts of the body, mainly the brain 
(cell physiology, nervous tissue, hippocampus and cerebellum), but also the 
respiratory, cardiovascular, and renal systems1. Each book contains 4 or 5 chapters, 
each consisting in 15 to 20 pages which present the phenomenology under the form of 
animations. Most of the pages allow virtual experimentation. The corresponding 
simulations can be used for solving problems given by the teacher. Emphasis has 
been put on the consistency of the state variables and the parameters. All units of 
measurement have been carefully presented. Mathematical equations are provided as 
an optional system such that the program may be readily adapted to the level of the 
students.
1. Chauvet G.A., Theoretical Systems in Biology: Functional and Hierarchical 

Integration, Pergamon Press, Oxford, 1996
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96.35 
INTERACTIVE TEACHING PROGRAM FOR SIMULATION OF EFFECTS OF 
SYNAPTIC PLASTICITY ON THE NETWORK FUNCTIONING USING SELF-
TRAINING PARADIGMS. Litvinov E.G. 1* Sivashov D. 1• Balaban P.M.' 1Dept. 
Psychology, Moscow State University. Moscow. Russia. :Institute of Higher 
Nervous Activity and Neurophysiology, 5A Butlerova Str. Mosco,,· I 17865. Russia. 

Using a novel interactive simulation program NEURO1M1TATOR v -1-.0 which 
allows to simulate properties and connections of up to 10 000 neurons we were able 
to model several types of synaptic plasticity: homosynaptic. hetcrosynaptic, and 
Hebbian The program running under W95 do not use the backpropagation principle 
and is User friendly Default options allow to create on the screen a coloured .. alive·' 
network in several minutes.. but changing options requires from the User 
understanding of meaning for the network functioning of .. synaptic efficiency. 
threshold, delay. refractory period·'. etc. Possibility of usage of synaptic depression 
in some connections simultaneously with facilitation depending on activity in 
another inputs to the same cells allows to simulate practically any pattern of activity 
in the network consisting from hundreds of neurons. Changing the properties of 
several synaptic connections from steady state to one of t11e plasticity types was an 
excellent and relatively simple substitute for complex relations of inhibitory and 
excitatory connections necessary for generation of a specific firing pattern. 
Simulation of effects of drugs on the net\York activity also was simpler using 
plasticity options than changing thresholds, effecti\'ity of synaptic connections, etc. 

Introduction of Hebbian plasticity in one synapse of the simple network containing 
two input cells activated by regular input with differing frequency and one output 
cell allowed to see bursting activity in output neuron. The burst characteristics 
depended more on parameters of the cells than on parameters of the Hebbian 
plasticity. This program is one of the first in the market which allows in a simple 
fonn to demonstrate the difference between network with .. rigid'' connections and a 
plastic ones. The program may be used for simulation of research results. 

96.37 
A TECHNOLOGY BASED CURRICULUM AND LABORATORY FOR 
TEACHING UNDERGRADUATE NEUROSCIENCE. J.D. Griffin•. 
Department of Biology, Sacred Heart University, Fairfield, CT 06432-1000 

U$ing a ca::.e method approach, the la1e:-.1 in multimedia technology and 
physiologic recording ins1rumenca1ion, a technology based curriculum has been 
designed as an inregral pan of the introductory neurobiology course offered to 
undergraduates at Sacred Heart University. All students attend two lecture sessions 
per week where fundamental concepts in neuroscience are presented both in lecture 
and CD-Rom format. Once a week, students meet in small groups to review case 
s!udies which are designed to promote problem solving based discus~ons that 
reinforce the concepts presented in the lectures. Cases are reviewed using a 
laboratory presentation system that incorporates a multimedia compmer with a large 
screen projection system, S-video microscopy, a standard VCR input, and 
connections to the local university network and the Internet. Following discussions 
of each case, students perform both classic neurobiology laboratory exercises, as 
well as more advanced exercises. These advanced exercises include the recording of 
experimental data from fellow students uging a computer based physiology package, 
which is also part of the presentation system. Measurements of autonomic control, 
neuromuscular, cardiac, and brain activity may be recorded follov.,ing predesigned 
lessons. Using the local network, students can quickly downland recorded data files 
10 their individual laptop computers for analysis. In addition, an adjacent advanced 
research lab is linked to the main teaching lab through a network connection. 
Wi1hin this research lab, a small number of students may perform tissue slice 
single-cell recordings and basic neurohistology. The network connection allows for 
any recording or imaging thal is taking place to be simultaneously shown. to a larger 
grol!p of students in the main teaching lab. This provide...;; our undergraduate..~ 
students a wide range of laboratory experiences based in the fondamentals of 
neuroscience. (Supported by NSF, BES-9724544) 

96.39 
MENTAL MODELS OF BRAIN RJNCTION: A STUDY OF 

CONCEF'fUAL CHANGE IN ADOLESCENTS. I Abdulaziz* 
Department of Instruction and Leaming, University of Pittsburgh, 
Pittsburgh, PA 15260. Center for the Neural Basis of Cognition, 
Carnegie Mellon University, Pittsburgh, PA. 15213 

This poster will present results of an experiment in which mental 
models of brain function among adolescents are docwnented and 
undergo dramatic change due to instruction. Many adolescents attempt 
to construct an understanding of how the brain functions because of 
their ever increasing fascination with the brain. However, many 
adolescents have naive theories or fragmented pieces of knowledge 
about brain functioning which resemble previously held theories that are 
chronicled in the history of neuroscience. 

A broad picture of each students current theory of how the brain 
functions is documented and explored in depth via the use of 
questionnaires and interviews, Analogies are drawn between the 
students understanding of brain function and that of previously held 
theories in the field. Classroom instruction provides the students with 
an opportunity to update their current mental model of brain function. 
Change in the structure of the students mental model subsequent to 
instruction is tested for stability at three different time points ( one day, 
one week and one month). 

The use of multimedia versus traditional classroom instruction 
(lecture) may be presented. In addition, mental models, their analog to 
previously held theories and their conceptual change subsequent to 
instruction may be compared in students with and without learning 
disabilities, 
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96,36 
AN INTERACTIVE MULTIMEDIA CD-ROM IN THE FIELD OF 
BEHAVIORAL NEUROSCIENCE. u. Hasson'. and Y. Shavit2:. 
'Design Section for Distance Teaching Methods, The Open 
University of Israel, 16 Klausner Street, Tel Aviv 61392, ISRAEL; 
'Department of Psychology, Hebrew University of Jerusalem, 
Mount Scopus, Jerusalem 91905, Israel. 
The Open University of Israel is currently in the process of 

developing an interactive multimedia CD-ROM in the field of 
Behavioral Neuroscience, designed to facilitate the teaching 
and learning of this field at the undergraduate level. The 
underlying concept of the CD is to illustrate complex processes, 
which are verbally described in textbooks.n The CD-ROM 
contains five segments: Neural Communication, Advanced 
Research Methods in Neuroscience, Structure of the Nervous 
System, Visual Perception, and Control of Movement. Each 
segment consists of: Animations of physiological processes 
(such as action potential generation, neuronal communication, 
light transduction, on/off cells in the retina, etc.); Elaborated 
3-D anatomical models of the brain, brain stem, and the eye; 
Video clips based on classical experiments conducted by 
prominent neuroscientists; and Video clips of patients with 
neurological impairments related to visual perception and 
control of movement. This CD is one of a series of projects 
designed for distant learning of academic material. 

96.38 
TRACKING THE HUMAN BRAIN: AN INTERACTIVE 

MULTIMEDIA PRESENTATION 
I.I McClelland J A Pollock* J.Q. Cohen R. Fisher and I Abdulaziz 

Center for the Neural Basis of Cognition, Biology and Psychology 
Departments and the Studio for Creative Inquiry, Carnegie Mellon 

University, Pittsburgh, PA 15213 
The "Decade of the Brain" is witness to an unprecedented advance in 

knowledge about how the brain works. Popular interest in the brain and 
its functions may be seen in many articles and television programs. With 
the exception of science centers however, few informal educational 
environments are currently able to provide scientifically sound, accessible 
knowledge about the brain to the public. 

The primary goal of this project is to develop an interactive mulri-media 
planetarium presentation that communicates the science of the brain to the 
public. A team of neuroscientists, artists and educators have been 
assembled to create what will be a very informative and exciting 
presentation that will be featured at a number of planetaria across the 
country. 

Basic principles of neuronal function will be conveyed to the audience: 
signal transmission by nerve cells, integration and cooperativity of 
processing and specialization of function. The audience will not be 
passive viewers but will be cast as neurons while participating collectively 
in responding to effectively engaging stimuli that is designed to teach the 
audience about cooperative and emergent properties of the brain. 

The aid of neuroscientists around the world is essential to the 
completion of this project. The goal of this poster is to solicit the help of 
neuroscientists by requesting suggestions concerning content and 
materials that might be incorporated, including graphical images, video 
materials etc ... 

96.40 
STUDENT USE OF MULTIMEDIA IN CASE-BASED VS. INFORMATION 
GATilERING CONTEXTS. J.M. Weidner and M.C. Diamond*. Department of 
Integrative Biology, University of California, Berkeley, CA 94720 

Our study compared the way pairs of university students used the multimedia 
program BrainStorm: An Interactive Neuroanatomy Atlas, to explore a neuroanatomy 
topic under two conditions. In the first condition, the student pairs were presented with 
a case study of a patient who displays symptoms resulting from a lesion to specific 
cranial nerves, and were asked to solve the case by identifying the structures involved 
and proposing a pathological condition to account for them. In the second condition, 
student pairs were given a series of more traditional questions to answer and 
infonnation to gather about these cranial nerves. 

Subjects under both conditions spent approximately the same amount of time to 
complete their assignments. Preliminary analysis of the overall scores on the post-test 
revealed similar outcomes for each condition. However, the case based (CB) subjects 
were more likely to answer correctly items relating structure to function, and subjects 
in the infonnation gathering (JG) condition were more likely to answer correctly 
questions asking for specific delails. Preliminary transcript analysis of audiotapes 
revealed that subjects in the CB condition engaged in more ins1ances of unproductive 
search; whereas subjects in the JG condition exhibited more instances of feeling 
frustrated by the scope of the task. Students in the CB condition appeared to exhibit 
more integration of the.concepts embedded in their lask. This was demonstrated by the 
presence of more inslances of summarization and review in their transcript. Conversely 
JG subjects were more likely to notice delails in the program, including the discovery 
of errors in the diagrams. 

Additional outcomes that were measured included a survey that elicited student 
opinion about the respective !asks. Results of the survey will be discussed in light of 
practical considerations for the incorporation of computer technology as a tool in a 
neuroanatomy laboratory course. 
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96.41

MUSEUM RESOURCES FOR TEACHING OF NEUROSCIENCE.
A.J.Fobbs1 ,_A. Noe1,_ S.  Westbrook1, J . I. Johnson*2,  W.I.Welker3.
B R Walker4 , 1Nat.Mus. Health & Med., Armed Forces Inst. Pathol., 
Washington, DC 20306,2Anatomy Dept.,Mich. State Univ., E.Lansing, 
MI 48824; 3 Dept. Physiol.,Univ. o f Wisconsin,Madison WI 53706, 

4 Dept. Pharmacol.,Georgetown Univ.Med.Ctr.,Washington, DC 20007.
Specimen collections of the National Museum of Health and Medicine, 

Armed Forces Institute of Pathology, can be a significant resource in 
Neuroscience instruction. With new capabilities for electronic delivery of 
images o f specimens, we are testing procedures whereby educational 
institutions can use collection materials in their instructional programs. 
Selected images will be provided to educators, tailored to their requests. 
Sources o f images include pictures of whole brains, and any of hundreds 
of thousands of stained sections through brains, from the Museum 
collections. These include the Yakovlev-Haleem Collection of normal and 
pathological human brain specimens, from Harvard University; and 
comparative mammalian brain specimens of the Meyer-Phipps Collection 
from the Johns Hopkins University, the Welker-W oolsey collection from 
the University o f Wisconsin, and the Johnson collection from Michigan 
State University. Individual images from stained sections can be produced 
at any magnification. Most material on slides consists o f alternate section 
series, one series with Nissl stain, and neighboring sections stained for 
myelin. Additional data, including brain and body measurements, can be 
obtained for some of the specimens. Examples of these materials will be 
displayed on the poster. To participate in this test, contact the addressees

th T auth orM Support: NSF-I B N95- 28326,  9 5 - 528327,9 5-9500706)

96.43
ON LINE RESOURCES FOR A WWW-BASED CONTINUED 
EDUCATION COURSE ON BEHAVIORAL NEUROBIOLOGY
S.H. C ardoso1*, R.M.E. Sabbatin i1 and V. S ardarvanst2. 1 C ente r fo r 
B iom edical Inform atics, Cam pinas SP, 13081-970, B ra z il;2 Un iversity 

o f California, Los Angeles, Los A ngeles CA, 90024.
The educational model used by colleges and universities has largely 

remained static and resistant to changes for many decades. Only recently 
educators began to challenge the adequacy of this model for learning. With 
Internet, new paradigms have appeared and lead educators around the 
world, to rethink the nature of medical teaching and learning.
The aim of the present work is to develop an on-line continued education 
course on human behavioral neurobiology, geared toward the practicing 
clinician (neurologists, psychiatrists, psychologists, etc.), using advanced 
concepts and technologies for delivery and interaction via the World Wide 
Web. The aim of the course is to provide the learner with a review of the 
basic aspects of structure and function of the brain, as well as updated 
information on its clinical implications.

The course is implemented in the form of a set of hypertext pages 
which gives access to its internal structure and sequencing of modules. Each 
module has a set of on-line resources, such as papers, lecture notes, 
electronic journals and multimedia books, lists of WWW sites, slide shows, 
videoclips, downloadable software, Java-based interactive simulations and 
quizzes.

The technical characteristics and educational for the course can be 
considered appropriate and highly effective for providing student-centered 
learning, particularly when the difficulties of offering this course to a large and 
geographically-dispersed audience are considered.

96.45
TH E  N E U R O S Y LLA B U S INTERAC TIVE C D -R O M : A LEARNING  

TO O L FOR N E U R O A N AT O M Y. K.A. M ulligan1*, J.W . S u n d ste n 1, J.R. 

Bolles2, J, Frkonja2  and J.F. Brinkley1. 1Dept. of Biological Structure and 

2Health Sciences Center for Educational Resources, U n ivers ity  of 

W ashington, Seattle, W A 98195-7420.

The NeuroSyllabus Interactive C D -R O M  is a multimedia computer 

application designed to teach human brain and central nervous system  

anatom y to health sciences students. Images (sections, brain s labs, 

d issected specim ens, MRI scans, and com puter-graphic color v iew s of 

the brain) from our earlier CD, Digital Anatomist Interactive Brain 
Atlas, have been annotated with captions and organized into 

functional chapters. In addition, m any new illustrations and numerous 

pa thw ays indicated on slide material from our departm ental teaching 

collection have been added. The CD contains over two dozen new  

Q uickTim e movies of the brain, m ostly of the brainstem  and cerebellum, 

bringing the total num ber of animations to over one hundred.

The application program, Frame Player, is built in Java for e a s y  

cross-platform distribution, and is designed to brow se structurally 

related data. Frame Player is the latest in a series of W eb and s ta n d -

alone interactive atlas client programs, all of which access the same 

information via C D -R O M  and the W eb (Brinkley et al., Com put. 

Biomed. Res., 30: 472-503, 1997). Frame Player is independent of its 

content, and, with its associated authoring tool, Frame Builder, a llows for 

rapid creation of new applications.

96.42
NEUROSCHOLAR: A KNOWLEDGE BASE DESCRIBING THE NEURO- 
ANATOMICAL CONNECTION LITERATURE ON THE WORLD-WIDE- 
WEB. G. A. P. C. Burns. L. W. Swanson*, and M. A. Arbib. Hedco Neuroscience 
Building, University of Southern California, Los Angeles, CA 90089-2520.

A daunting problem facing neuroscientists (and moreover, students who are 
embarking on careers as neuroscientists) is the ‘mountain of facts’ in the 
neuroscientific literature. The quantity of published information describing 
neuroanatomical connections has grown dramatically since the introduction of 
tritiated amino-acids in tract tracing experiments in the late 1960s, so that 
computational databases are required to accurately keep track of published connection 
reports. The structure of this scholastic information requires a computational model 
that can differentiate between reports of connections in the abstract, introduction, 
results section, and conclusions of a paper. The model should be able to accommodate 
a variable, multi-level neuroanatomical nomenclature, and should be based on the 
expert knowledge of its users, since practical experience is required to interpret data 
obtained under different experimental methods of differing quality. The system 
described here (called 'Neuroscholar'), is a combined database and web-site where 
users may compile and organize their interpretations of textual neuroanatomical 
connection reports from published papers. Users of the system will be able to access 
and enter database objects representing published connection reports, citations of 
connections, and their interpretations of this scholastic data in terms of a standard 
atlas parcellation scheme. Users will be able to make confidential judgements of data 
reliability and incorporate these judgements in global meta-analyses. These 
judgements may be shared with other users, providing an opportunity for data- 
exchange and scientific debate. Simple search algorithms will be used to keep track of 
citations and experimental data, so that contradictory data can be highlighted. Users 
may fully annotate data entries with personalized comments and all interpretations are 
explained explicitly.
On-line information regarding the USC Brain Project can be found at http://www- 
hbp.usc.edu/HBP/. Neuroscholar is supported by NIMH Grant MH/DA 52194.

96.44
GRAY MATTER ON MY MIND © : AN INTERACTIVE SELF- 
INSTRUCTIONAL COMPUTER PROGRAM IN NEUROSCIENCE.
G.E. Carvell*. Dept. of Physical Therapy, School of Health and 
Rehabilitation Sciences, University of Pittsburgh, Pittsburgh, PA 15260.

Gray Matter on My Mind (GMOMM) © 1997,1998 is a multimedia, 
interactive computer program to teach nervous system structure and 
function at a systems level. GMOMM is geared to graduate level health 
science and neuroscience students, and to practicing health professionals. 
I have found over the past 23 years of teaching that neuroscience, like 
other basic sciences, can be both intimidating and esoteric to some 
students. Students often think two-dimensionally, have difficulty with 3D 
relationships in neuronatomy, and do not add the 4th dimension of time 
to brain function. With the advent of affordable computer hardware and 
software, it is now possible to present high resolution virtual 3D movies of 
the real brain, and 3D animations of dynamic information flow in 
pathways and cell stations in the nervous system. 2D and 3D movies 
illustrate applied function and “pop-up” text provides information on 
command. Dynamic labeling is used throughout. A Study Buddy button 
provides ready access to questions geared to a rookie and veteran level of 
expertise. This is a non-threatening method of feedback available as the 
information is presented. “Circuit” diagrams are presented in layers that 
can be added or subtracted to show interactions without overwhelming the 
student with a blueprint for disaster. Pop-up text provides functional 
correlates of circuit elements. Audio is used judiciously in movies 
presenting electrophysiological data. Students can cross-link different 
sections within the program, and can learn at their own pace. Information 
and neurological concepts are repeated from one part of the program to 
the next (repetition with a twist). Great care has been taken to be accurate 
and current, and I offer no dogma. This program does offer the user 
control of learning, and provides detailed information with a bit of zing.

96.46
A MULTIMEDIA, COMPUTER-BASED TEXT IN NEUROBIOLOGY: 
"THE ANIMATED BRAIN". T.J. Voneida*, Neurobiology Department, N.E. 
Ohio Universities College of Medicine, Rootstown, Ohio 44272, and R. 
Vardaris, Psychology Department, Kent State University, Kent, Ohio 44242.

This text provides the user with an animated, interactive, selectively narrated 
program for presenting/learning basic neuroanatomy, neurophysiology, and 
behavioral principles. It is appropriate for undergraduate and beginning 
graduate students in biology, psychology and related disciplines, as well as for 
medical, dental, paramedical, physical, occupational, and rehabilitation therapy 
students.
Introductory units include a brief history of biopsychology and major research 
methods, neurocytology, basic neurophysiology, and gross brain structure. 
These are followed by units on sensory and motor systems, each of which is 
introduced by a video of the behavior appropriate to that system. The animated 
anatomy of each system is integrated with a text discussion and animated 
illustrations of fundamental psychological principles. Hypothalamic, limbic, 
and autonomic anatomy is richly illustrated, with an accompanying discussion 
of the roles of these structures in homeostasis and emotionally related behavior. 
The final units are devoted to thalamic and cortical structure, and the 
integrative nature of cortical function. Modem theories of learning and 
memory are presented, along with numerous illustrations of behavioral 
problems resulting from cortical damage. These units also examine right, left 
hemispheric functions, recent theories of consciousness and the mind, and the 
biological bases of mental disorders. Brief audio descriptions accompany each 
of the 175 animated and still images. 175 test items include multiple choice and 
"drag-drop" questions. A special feature allows customization of the program 
for study, review, or in-class presentations. The full text is provided both on-
screen and in hard copy format.

Society for Neuroscience, Volume 2 4 ,  1998
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96.47
WEB-BASED HUMAN BRAIN ANATOMY TUTORIAL WITH PROGRAMMED 
INSTRUCTIONAL COMPONENTS J.T. Cannon*, J.J. Quinn, R.S. Reid. & M.J. 
Mahometa. Department of Psychology and Neuroscience Program, University of 
Scranton, Scranton, PA 18510-4596.

In 1993 we described the development of a computerized Sheep Brain Dissection 
Guide that was created with a DOS-based multimedia authoring system (Myers et al., 
1993). It is available by anonymous FTP (poppy.psych.brown.edu/pub/sheep) and 
runs well on pre-Pentium Intel machines. Later we converted this program to an 
HTML format for distribution on the World Wide Web (Wheeler et al., 1996; 
http://academic.uofs.edu/department/psych/sheep/). Since this guide was intended to 
be run through a modem connection, bandwidth considerations necessitated an 
acceptable reduction in image size and resolution. This conversion greatly increased 
the utility of the program, since it now enjoys wide platform functionality. This 
dissection guide relies heavily on JavaScript, is configured to allow downloading 
through anonymous FTP, and is easily set up to run on a stand alone machine.

Recently, we reviewed literature pertaining to the effectiveness of Programmed 
Instruction (PI) and the Personalized System of Instruction first described by Keller 
(Cannon et a l, 1997). This review suggested that PI, which combines regular 
testing, students moving at their own pace based upon criterion performance, and 
learning in small increments, is an effective tool when relentless teaching/testing of 
fundamental concepts is required. Consequently, we have added some optional PI 
elements to the dissection guide in order to teach anatomical planes of reference and 
basic brain orienting skills.

Here we present a web-based Human Brain Tutorial that combines many of the 
aspects of our Sheep Brain Dissection Guide. It can be used with a modem 
connection, is based on JavaScript and can be anonymously FTP’d for stand alone 
machine use. PI elements are available to teach basic brain landmarks and orientation 
skills. Users can “self-test” by having a delay inserted before labels appear and/or 
having brain views display in random order. Additionally, keywords can be used to 
find views of desired structures. The tutorial emphasizes recognition of basic 
structures from external and coronal views; there is little reference to either function 
or interconnections. A major divergence from the sheep brain tutorial is that this 
program does not assume a concurrent human brain dissection 
(http: //academic. uofs. edu/departmeni/psych/human/).

96.49
AN INTERNET-BASED VIRTUAL REALITY NEUROANATOMY 
LABORATORY. G.S. Frick, J. Kubie,* G. Conyers and Brett Laurance. Program 
in Neural & Behavioral Science, State University of New York Health Science 
Center at Brooklyn; Brooklyn, NY 11230.

Utilizing QuickTime Virtual Reality (VR) technology developed by Apple 
Computing Corp., we developed an internet world wide web (www) site that allows 
a user to directly interact with actual human brain specimens using any standard 
www browser. Several dissections are available including the lateral ventricles, 
hippocampus/fornix and brainstem/fourth ventricle. The user can manipulate these 
photographic-quality brain specimens on-screen using a computer mouse. These 
specimens can be zoomed in and out, rotated and moved. “Hot spots” identifying 
various structures and regions can be clicked on.

Each brain specimen was photographed on a rotating “object rig” (Kaidan Inc.) 
that allowed capturing images from multiple viewpoints. The images were captured 
on a 150MHz PowerComputing Macintosh “Clone” (32Mb RAM) with a video 
capture card and a JVC home video camera. The images were imported directly 
into Apple QuickTime VR Authoring Studio (Apple Computing Corp.) where a 
QuickTime VR “object” was created. Using the Scene Editor, various structures 
and regions were then outlined in several “key views” for each VR brain object. 
Standard HTML coding was employed in building the final www site which is 
cross-platform working on both Macintosh and Windows 3.x/95 computers that 
have the QuickTime 3.0 plug-in installed in a www browser. Utilizing a good 
compression algorithm in building these objects has resulted in considerably small 
files sizes with very little loss in image quality thus allowing for relatively quick 
downloads across the internet.

The new VR technology employed by this www site makes available an 
alternative to actual human brain tissue for individuals who may not have access to 
such resources.

96.51

MODELING SENSORY A N D  MOTOR PATHW AYS OF THE 

NERVOUS SYSTEM. K. Reilly* and P.R. Field. Dept. o f  B iological 

Sciences, Kean University, Union, NJ 07083.

A major component o f  neuroscience education is the mastery o f  sensory 

and motor pathways involving their peripheral and central circuitry. We 

have found that utilizing progressive learning tools enhance student 

ability to (1) visualize the com plex neuroanatomical relationships 

between the PNS and CNS and (2) retain those relationships in order to 

further understand their clinical applications. Initially, students construct 

a simple model o f  the spinal cord and brain stem. As the course 

progresses, students add on to the model to build a complete 

representation o f  the nervous system. In the first phase o f  the project, 

students attach the spinal and cranial nerves to their corresponding spinal 

and brainstem segments. In the second phase, the spinal and brainstem 

tracts are inserted into their respective regions. Upon completion o f  the 

model, each student is assigned a selective clinical deficit and is given  

the task o f  evaluating and presenting the specific sensory and motor 

damage associated with the lesion.

96.48
GETTING THE BRAIN INTO 3D AND ON THE WEB. R.W. Sikes*and C.M. 
Beckman Dept. of Physical Therapy, Northeastern University Boston, MA 02115

One of the most difficult aspects of learning neuroanatomy is developing an 
appreciation of the three dimensional structure of the brain from primarily two 
dimensional instructional materials. The tracts, nuclei and lumina of the CNS 
occupy three dimensional space while chalk boards, atlases and teachings slides 
are generally 2D. Specimens and physical models are invaluable for introducing 
students to the third dimension, but these are often in short supply and expensive. 
While computer generated 3D animations of brain structures are very useful, until 
recently they required high-end computer workstations to view and were 
generally not interactive. A newly revised World Wide Web markup language 
called Virtual Reality Markup Language (VRML) offers a means to distribute 
three dimensional models of the nervous system to students. Furthermore, VRML 
models can be extended with programming languages such as Java and Javascript 
to allow considerable interaction with the students.

The process of creating VRML models of brain structures involves three steps; 
development of the computer model, adding interaction and publishing on the 
Web. The models are normally developed using a computer-aided design (CAD) 
program. Such programs are now commonly available for personal computers. 
Addition of simple interaction to objects in these 3D models can be accomplished 
with only a text editor and knowledge of the VRML language. More complex 
interaction can be developed in the Java language. Publishing models for student 
viewing requires access to a web server and one of several freely available VRML 
browsers. This presentation will describe each of these stages in detail and will 
display examples of VRML brain models we have developed.

These examples can be viewed at http://www.ptd.neu.edu/Neuroanatomy3D/

96.50
A  H igh ly  S u c ce ssful  A ppr o a ch  to  T ea c h in g  N eu r o a n at o m y  Using  A ctive  
Le a r n in g  a n d  “F u ll-S pec tr u m  T e c h n o l o g y”, W hich  is O bje ct iv e- 
O r ien te d , In ter a c tiv e  a n d  T ext  B o o k -B a se d . G.M. Peterson. Dept Anatomy & 
Cell Biology, East Carolina University Sch Med, Greenville. NC 27858-4354 

A professional level course in neuroanatomy is taught to 100+ allied health students. 
The format incorporates: (1) Heavy reliance on a single textbook. (2) Study guides 
prepared by the professor in question format, following the textbook which are given 
to the students prior to the class meeting. The students are expected to complete these 
by reading the book and answering the questions prior to class. (3) Included in the 
study guide are specific learning objectives which are designed to focus the students' 
learning. (4) Small "study clusters" of 4-6 students who help with presentation of the 
day's topic. The students in this group meet with the professor the day before class for 
a “rehearsal.” This serves to build confidence in the students so that they can take an 
active part in the class session. (5) Patient vignettes which bring to life the personal 
and clinical aspects of the day’s topic. (6) Computer-based instruction which is used in 
class with a digital projector and to which the students have access at numerous sites, 
and (7) During the class session lecturing is avoided as much as possible, with 
preference being given to active discussion, following the outline of the study guide. 
The professor leads the discussion with the study cluster providing answers to 
discussion questions. This technique frees the professor from the burden of having to 
cover all topics and permits topics to be brought "to life" with stories and anecdotes 
which help the students "anchor" the concepts. The textbook, computer programs and 
class discussions are equally important resources and are integrated to challenge and 
stimulate the students’ intellectual curiosity. When the course is taught in this manner 
the students are prepared, they know the material, and they enjoy the learning process 
The students perforin better than those from previous years when a more traditional 
lecture format was used, and they enjoy the course more, learn how to learn, how to 
integrate information, and how to think critically and independently  –  all skills 
necessary for health-care professionals.

96.52

PREPARING GRADUATE STUDENTS FOR ACADEMIA.
THE PREPARING FUTURE FACULTY (PFF) PROGRAM AT 
THE UNIVERSITY OF NEW HAMPSHIRE. J.A. Burk*1, M.C. 
Porter1, L.F. Seidel2. 1Dept. of Psych., Univ. of New 
Hampshire, 2Director, Teaching Excellence Program, Univ. of 
New Hampshire, Durham, NH 03824.

One challenge facing Neuroscience is the preparation of 
graduate students for the professoriate. The goal of PFF is to 
prepare students for the demands of everyday academic life. 
Through coursework and practical teaching experience, the 
Teaching Excellence Program at UNH develops skills for 
teaching and provides a broad knowledge of academic 
citizenship. Upon completing requirements, students may 
either add the Cognate in College Teaching to their Ph D. or 
receive the Master of Science for teachers with a major in 
college teaching as a dual degree. In addition, our PFF 
program has developed a relationship with a number of 
partner institutions that allows students to visit and experience 
campus environments that are very different from their own 
university. The programs are not intended to replace the 
research requirements of graduate education, but rather to 
supplement graduate training and further prepare students for 
academic life. Supported by the UNH Graduate School and 
Teaching Excellence Program.
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96.53
TEACHING SURVIVAL SKILLS AND ETHICS IN CONTEXT: TOOLS 
FOR NEUROSCIENCE FACULTY. B.A. Fischer and M.J. Zigmond.* 
Survival Skills & Ethics Program, University of Pittsburgh, Pittsburgh, PA 
15260.

For graduate students in neuroscience to evolve into successful professionals, they 
need to develop proficiency in a variety of “survival skills.” These abilities include being 
able to communicate their work effectively, both orally and in writing; acquire and 
sustain grants and employment; teach, mentor, and supervise others; and behave 
responsibly. Many students learn these skills through trial and error, from their advisors, 
and/or through courses outside of their discipline. We believe that a useful supplement to 
these approaches is for neuroscience faculty to provide their students with formal 
instruction in survival skills and ethics. Indeed, this method has multiple advantages: 
practicing neuroscientists know the norms of the field, the special needs of their students, 
and by providing this instruction in the context of “doing neuroscience” the faculty serve 
as role models. We believe that this approach is particularly useful with regard to 
teaching ethics. To assist faculty in integrating training in survival skills and ethics into 
the teaching of neuroscience, we have developed the following tools: (1) a website with 
an extensive list of resources (www.pitt.edu/~survival); (2) an annual trainer-of-trainers 
workshop that provides the instruction and materials necessary to quickly establish 
workshops in survival skills and ethics; (3) the inclusion of ethics cases in the textbook 
Fundamental Neuroscience (Academic Press, 1998); and a forthcoming textbook for 
students on survival skills and ethics (Academic Press, Fall 1999). [The Survival Skills 
and Ethics Program is supported by NSF (EVS-9620004), NIMH (MH56194-01), and 
the University of Pittsburgh.]

96.55

TRAINING NEUROSCIENTISTS IN ETHICS FOR THE 21st 
CENTURY: AN INTERDISCIPLINARY CHALLENGE
A.M. Issa*1,2 and E.W. Keyserlingk2. 1Dept o f Neurology and 
Neurosurgery; 2Biomedical Ethics Unit, Faculty o f Medicine, McGill 
University, Montréal, Québec, Canada H3A 1W9

There is now a greater awareness of issues concerning scientific 
misconduct and research ethics. However, the majority o f neuroscience 
graduate students do not have adequate formation regarding the broader 
implications o f their scientific work on society and public health. The 
advances in neuroscience, particularly in molecular genetics are raising 
ethical and social questions. Scientists are increasingly being called upon 
to participate in drafting consensus statements and assist in the 
regulation of new biomedical technologies. It is therefore, clearly 
important for graduate students as the next generation o f neuroscientists, 
to receive adequate training in the social and ethical aspects of scientific 
research, and to obtain a deeper understanding of issues concerning the 
social and ethical responsibilities o f scientists, the ethics o f conducting 
research on human subjects, the ethics of technology transfer, and how 
to be a panelist on a commission or public policy forum. We argue that 
for this training to be effective it needs to be done in the context of an 
interdisciplinary environment with full participation by individuals 
trained in law, medicine, philosophy, and health policy, as well as 
scientific researchers. We present examples o f curricula for ethics 
education and present a proposal for implementing interdisciplinary 
ethics formation into the typical graduate education in neuroscience 
departments.

96.57

THE MOCK SCIENCE MEETING: AN INTRODUCTORY EXPERIENCE 
FOR STUDENTS WHO HAVE NOT HAD AN OPPORTUNITY TO 
PARTICIPATE IN A SCIENCE MEETING. B.L. Mania-Farnell*.
Department of Biological Sciences, Purdue University Calumet, Hammond, 
IN 46323.

Many science students will eventually have an opportunity to attend a 
science meeting, some of these students will attend their first meeting as 
presenters others as attendees. For some students it may take several years 
before they are afforded this opportunity. In order to give students a basic 
idea o f what is involved in a science meeting, a mock meeting was set up. 
Students in Endocrinology 595A, an introductory course for upper level 
undergraduates and master’s candidates at Purdue Calumet, where given the 
opportunity to present posters to fellow students from other courses.

Endocrinology students each choose a hormone as the topic for their poster 
presentation. The topic was chosen several months before the poster date and 
a paper was due in conjunction with the poster. Students were given a 
general outline o f the elements of a poster and shown several representative 
posters prepared by faculty. On the assigned date the students presented their 
posters in a poster session to students from other courses. Students from 
Anatomy and Physiology, Introductory Biology, Cell Biology, and 
Biochemistry were invited to attend. Overall, the poster session stimulated 
student interest and enthusiasm in their topic, because they had an 
opportunity to share the information they had gained with fellow students; it 
gave the presenters a chance to learn how to put a poster together; and it gave 
beginning undergraduates, who attended the session, an opportunity to 
experience the format of a science meeting.

96.54
PROBLEM-BASED ETHICS CASE STUDIES FOR TEACHING 
NEUROSCIENCE. A. M. Zardetto-Smith1* and K. H. Brown2. 
Creighton Univ., 1Dept. of Physical Therapy and 2The Center for 
Health Policy and Ethics, Omaha NE, 68178.
In an undergraduate occupational therapy neuroscience course, problem- 
based learning was used to engage students in applying concepts taught in 
neuroscience lectures, with the added dimension of addressing the ethical 
dilemmas often encountered in treating neurological disorders which are 
incurable or for which treatment methods are limited. Students were 
assigned to work in groups and were given scenarios o f patients and their 
families dealing with Parkinson’s disease, Tay-Sachs disease, bipolar 
disorder, aggression, anencephaly, brain death, amyotrophic lateral 
sclerosis, heroin addiction, Huntingdon’s Disease, and schizophrenia. The 
scenarios were personalized such that the OT student was involved in the 
case either as a family member or as a friend. Prior to distribution of the 
case studies, students received an introduction to ethical dilemmas and 
identifying ethical commitments in opposition. Students gave oral 
presentations summarizing the pathology involved in the disorder, 
treatment strategies currently available, and the ethical commitments 
involved. The students then had to list the options they thought were 
available and give their reasoning using consequentialist or deontological 
arguments. The use of this “test” of applying neuroscience to life 
encouraged the OT students to reflect on the treatment of an individual’s 
disease, the ethical dimensions involved, and helped them place the factual 
information learned in a larger context of meaning.

96.56
NORTH EAST UNDER/GRADUATE RESEARCH ORGANIZATION FOR 
NEUROSCIENCE (N.E.U.R.O.N.): A MODEL CONFERENCE TO PROMOTE 
NEUROSCIENCE TRAINING, C. Frye1*, P. Kehoe2 and C. McCormick3, Depts of 
Psychology, SUNY Albany1, Albany, NY, 12222,Trinity College2, Hartford, CT, 
06106,, Bates College3, Lewiston, ME. 04240

N.E.U.R.O.N.is committed to improving neuroscience training and education by 
enhancing communication and collaboration among neuroscience researchers and 
educators. N.E.U.R.O.N. has created an open forum for neuroscience undergraduate and 
graduate students to present and discuss their work with those of similar interests at a 
conference, which has as the focus the development of neuroscientists in training. 
Preliminary data from an inaugural conference suggests that this is a worthwhile venture 
and has provided specific input about the need for additional training on neuroscience 
pipeline issues. A second N.E.U.R.O.N. conference was held on May 3, 1998 at Trinity 
College. This one day conference took a multifaceted approach to enhancing 
development of neuroscientists in training. The conference provided a means for 
undergraduate and graduate students to present and gain feedback from peers and faculty 
on the research they have engaged in during the academic year. Students and faculty 
participated in workshops that discussed important topical and pipeline issues in 
neuroscience. The conference keynote speaker Dr. Patricia Goldman-Rakic from Yale 
University School of Medicine, gave a talk entitled, “Cortical memory systems”. The 
diversity of the agenda provided a well rounded experience for all attendees to engage in 
rigorous science, while promoting and encouraging the development of neuroscientists 
in training. Future N.E.U.R.O.N. conferences will enhance the training of existing 
junior neuroscientists (e.g. graduate students) and encourage those who are just 
beginning to pursue their interests in the discipline (e.g. undergraduates) to follow 
through their interests to the next level. This second N.E.U.R.O.N. conference 
solidifies N.E.U.R.O.N.’s role in neuroscience development and training in the 
Northeast, which will hopefully serve as a model for other geographic regions and 
disciplines. Supported by Trinity College, a R13 grant from NIH, and CAREER grant 
9514463 from NSF
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97

SYMPOSIUM. NEW INSIGHTS INTO THE ROLE OF 
RECEPTOR TRAFFICKING IN NEURONAL SIGNALING.
L. S. Brady, NIM H (Chairperson), A. Beaudet, Montreal Neurological 
Instit., J. L, Benovic , Thomas Jefferson U niv., R. Blakely, Vanderbilt Univ.,
M. Von Zastrow, Univ. o f  California, San Francisco

Recent discoveries have been made in understanding the biochemical and 
cellular mechanisms by which neurotransmitters or psychoactive drugs 
modulate receptor processing and signal transduction. Differences in receptor 
trafficking properties— internalization, recycling, or degradation— are 
apparent within the G-protein coupled receptor superfamily. The aims o f  
the symposium are to describe the cellular components, receptor domains, 
and target proteins that mediate and regulate receptor trafficking, and the 
functional roles o f  trafficking in modulating signaling. Beaudet will describe 
advances in techniques to visualize and assess mechanisms underlying 
internalization and trafficking o f  neuropeptide receptors. Benovic will 
discuss the role o f  key proteins such as G-protein receptor kinases (GRKs) 
and arrestins in mediating trafficking and subcellular localization o f  G-protein 
receptors. Blakely will report on mechanisms o f  polarized expression o f  
transporters, pathways for acute regulation, and the role o f  transporter- 
associated proteins on phosphorylation and trafficking o f  N E and 5-HT  
transporters. Von Zastrow will describe the role o f  novel protein interactions 
in regulating subtype- and ligand-specific endocytosis o f  opioid receptors and 
the physiological significance o f  trafficking in this system.

98
SYMPOSIUM. THE NEURAL BASES OF WORKING MEMORY.
J.D. Cohen, Princeton Univ. and Univ. o f Pittsburgh (Chairperson);
R.W. Engle, Georgia Institute o f Technology; E.K. M iller, 
Massachusetts Institute o f Technology; S.M. Courtney, NIMH. NIH.

The purpose o f this symposium is to review, compare and synthesize 
neurobiological and cognitive research on working memory function. 
Convergences have begun to emerge across these approaches. At the 
same time, there have been significant differences, both empirically and 
theoretically. An important objective o f this symposium will be to 
compare approaches and the findings that have emerged from human 
and non-human studies. By doing so, we hope to develop an integrated 
view o f what we currently know about the mechanisms underlying 
working memory function —  both the commonalties and also the 
possible differences across species. Cohen will provide a brief 
introduction. Engle will follow with an overview o f theories of 
working memory function from a cognitive and neuropsychological 
perspective. Miller will present data from electrophysiological studies 
of non-human primates, that address both the mnemonic and integrative 
functions o f the prefrontal cortex in working memory. Courtney will 
present data from human neuroimaging studies addressing the 
topographic organization o f information in human prefrontal cortex 
related to working memory function. Cohen will conclude by reviewing 
computational modeling studies of working memory function, which 
highlight some o f the important questions that remain about the 
underlying neural mechanisms.

TRAUM A

101.1
OPTICAL IMAGING OF NEURONAL AND CEREBRAL VASCULAR 
RESPONSIVENESS ACUTELY FOLLOWING TRAUMATIC BRAIN 
INJURY. G. K. Wong*, D. A. Hovda, and A. W, Toga. Laboratory of 
Neuroimaging, Department of Neurology, UCLA School of Medicine, Los 
Angeles, CA 90024.
Introduction: Previous in vivo work using tandem evoked recordings and
imaging of optical intrinsic signals (OIS) provided real time simultaneous 
measurements of neuronal and vascular responsiveness before and following 
traumatic brain injury (TBI). Power curves correlating vascular and neuronal 
responsiveness illustrated that 24 hrs following lateral fluid percussion (LFP) 
injury, a 66% drop in vascular activity occurred inspite of stimulation intensities 
that evoked equivalent neuronal activation within pre-injury and post-injury time 
points. This study measured changes in neuronal and cerebral vascular 
responsiveness with respect to stimulation induced barrel cortex activation during 
the four to six hours following TBI.
Results: Neuronal activation and corresponding increases in optical signals 
within neuronally activated regions for pre-injury vascular maps illustrated 
normal physiological coupling following direct stimulation of the infraorbital 
branch of the trigeminal nerve. Four to six hours following TBI, trigeminal nerve 
stimulation elicited neuronal responses that increased by 20 to 166% of pre-injury 
levels following mild (n=2) or moderate (n=2) LFP injuries. However, 
concomitant cerebral vascular responses, as measured by OIS, illustrated 
decreases of 45 to 67%. The significance of this finding may be interpreted as the 
loss of vascular autoregulation and a significant uncoupling between neuronal 
activation and cerebral blood flow during the acute period following TBI. 
Funding: NS32308, Lind Lawrence Foundation, MH/NS520831.

101.3
CASPASE-3 IS ACTIVATED AFTER TRAUMATIC BRAIN INJURY IN RATS.
RSB Clark*, M Chen, PM Kochanek, SC Watkins, K Jin, JE Loeffert, and SH Graham. 
Dept. of Anesthesiol./CCM, Ped., Cell Biol. & Physiol., & Neurol., the Safar Center for 
Resuscitation Research & Brain Trauma Research Center, U. of Pittsburgh, PA 15213.

Caspase-3 is a cysteine protease that promotes programmed-cell death (PCD). 
Activated Caspase-3 cleaves proteins important in DNA repair and maintaining 
cytoskeletal integrity, and activates endonucleases. PCD occurs after traumatic brain 
injury (TBI) and caspase inhibitors reduce DNA fragmentation and improve neurologic 
function after fluid percussion injury1. We sought to determine whether Caspase-3 is 
activated after controlled-cortical impact (CCI) with secondary hypoxemic insult in rats.

Rats were subjected to severe CCI injury to the left parietal cortex followed by 30 
min of hypoxemia (PaO2=35-45 torr). Rats were killed at 6, 8, 24, or 72 h. Naive rats' 
were used as controls. Brains were removed and assessed for caspase enzyme activity 
(n=4/group), Caspase-3 expression and cleavage into active fragments using Western 
analysis (n=3/group), and cellular localiztion at 24 h using immunocytochemistry. Two 
downstream markers of caspase activition, DNA fragmentation (using TUNEL) and 
cleavage of DNA-dependent protein kinase (DNA-PK), were also examined.

Caspase activity was increased in traumatized cortex vs. control, peaking at 24 h 
(24.0±11.7 vs. 0±7.2 U/mg, respectively). Activity was reduced by 70% with the ex vivo 
addition of the caspase inhibitor DEVD. Western analysis showed that the relative 
protein levels of Caspase-3 increased slightly at 72 h vs. control (5200±1259 vs. 
3191±1170 ROD, respectively), and that the cleaved 12 kD fragment was increased and 
sustained from 6-72 h vs. control (393±106 at 6h, 322±132 at 72 h, 58±163 control). 
Immunocytochemistry at 24 h showed that Caspase-3 was located primarily in neurons 
and endothelium. Caspase-3 colocalized with TUNEL in neurons in the CA3 
hippocampus, a region selectively vulnerable to delayed neuronal death in this model2. 
Furthermore, DNA-PK was also cleaved in rats after TBI but not in controls.

These data show that Caspase-3 is activated in our model of TBI, and support 
further development of treatments targeting caspase-mediated PCD after brain injury. 1J 
Neurosci 17:7415; 2J Neurosci 17:9172; Support: K08 NS01946 and P50 NS30318

101.2
EXPERIMENTAL SPINAL CORD INJURY: CHARACTERIZATION OF 
AXONAL ELEMENT AND WATER PERTURBATION. A.R. Blight1 and
R.M. LoPachin2* . 1Division of Neurosurgery, University of North Carolina 
School of Medicine, Chapel Hill, NC 27599; 2Dept. Anesthesiology, 
Montefiore Medical Center, Bronx, NY 10467.

Regulation of Na+, K+, Ca2+ and other ions during axon injury following 
spinal cord trauma is not well characterized. X-ray microanalysis was used to 
measure water content and concentrations of Na, K, Mg, Ca and other 
biological elements in axons from in vitro compression injured guinea pig 
spinal cord white matter. In the trauma zone of severely injured cord, axons 
and mitochondria exhibited early (5’ post-injury) decreases in K and Mg 
concentrations and increased Na. At 15’ and 60’ post-compression, these 
elemental changes progressed and were associated with increased intraaxonal 
Ca. Axonal water content decreased initially (5’) and then returned toward 
normal. Swollen axons were evident at all post-injury times and were 
characterized by marked element and water deregulation. Axons and 
mitochondria in trauma zone of moderately injured cord exhibited early 
(10’ post-compression) element and water disruptions which included 
increased Ca content. However, 60’ after compression, element and water 
composition recovered. Regardless of the level of injury, axon elemental 
changes in regions outside immediate trauma zone were modest and did not 
involve increases in Ca. Thus, experimental compression injury of spinal 
cord appears to be spatially limited and produces two types of axon damage: 
immediate disruption leading to severe swelling and elemental derangement; 
and slower developing deregulation characterized by early Na, K and Mg 
changes with later Ca increases. Moderately injured axons can restore 
normal elemental distributions. These data provide a baseline for subsequent 
studies of mechanical spinal cord axon injury and the pathophysiologic role 
of ion fluxes. (sponsored by NIH NS33687).

101.4
UPREGULATION OF CASPASE FAMILY GENES AND 
ACTIVITY EARLY AFTER SPINAL CORD INJURY (SCI).
B.W , Festo ff*, R.M. S a lcedo , C. S e bastian1, P.M. A rn o ld l1 and B.A. 
C itron . Neurobio logy Research Laboratory, D epartm ent o f Veterans 
A ffa irs  M e d ica l C e n te r, K a n sa s  C ity , M isso u ri 64 1 2 8 , and 
D e partm ents of N euro logy and S urgery (N eurosurgery), Un iversity 
of Kansas M edical Center, Kansas City, Kansas 66103 1.  

W e used the NYU Im pactor to  deliver a contro lled contusion in jury 
(25 g c m) to exposed dorsal cords o f fem ale rats a fte r pentobarbita l 
anesthesia . Using RNA extracted  from  segm ents a t (T10), be low  
(T12) and above (T8) the  lesion, we perform ed d iffe ren tia l m R N A 
d isp la y  (DD ) us ing  the  G enom yx H ie ro g lyp h  sys te m  and long 
sequencing gels. Caspase fam ily-spe cific  p rim ers w ere genera ted 
and used instead o f a rb itra ry  prim ers. S evera l upregu la ted  bands 
were re-amplified and found, after sequencing, to represent caspase- 
3 and others. These bands am plified  betw een 1 and 3 days a fte r 
SCI. In add ition , extracts w ere  obta ined from  the sam e segm ents 
and assayed fo r caspase-3  and o ther ac tiv ity  using fam ily-spe cific  
ch rom ogenic  substrates. C onfirm ing the  DD results, these assays 
also found increased caspase activ ity  fo llow ing a s im ilar time course. 
S ince o u r p re v io u s  d a ta  show ed  pea k a p o p to s is  in neu ron a l, 
astrocytic and m icroglial populations at 3 days a fter SCI, upregulation 
o f c a sp a se -3  and  o th e r m R N A s a nd  a c tiv itie s  s u g g e s t th e ir  
involvem ent in cell death w ith in  these com partm ents. Further work 
will focus on m echanism s involved in caspase sub-fam ilies a fter SCI 
and opportunities for intervention.
(S upp orted  by M edica l R esearch  S e rv ice  o f the  D e p a rtm e n t o f 
V e te ra n s  A ffa irs , A L S /S p in a l C o rd  R e search  Fund, A m e rica n  
Paralysis Society, and Defense and V e terans Head Injury Program , 
U n iform ed S e rv ices U n ivers ity  o f the  Health  Sciences, Bethesda, 
M D ).
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101.5
EFFICACY OF CASPASE INHIBITION FOR INTRACEREBRAL 
HEMORRHAGE IN RATS. K.Matsushita1, W.Meng2, M.Yamada1, 
M.A.Moskowitz1, E.H.Lo*2. 1Stroke and Neurovascular Regulation, 
2Neuroprotection Research Laboratory, Massachusetts General 
Hospital, Harvard Medical School, Charlestown, MA02129, USA.

Compared with ischemia, the mechanisms that underlie neuronal 
damage following intracerebral hemorrhage remain relatively 
unexplored. Parenchymal ischemia accompanying hemorrhage is 
typically mild (CBF 50-75% of baseline); therefore this may favor 
apoptotic pathways of neuronal cell death. The aim of the present 
study is to characterize the spatial and temporal profile of apoptosis 
after hemorrhage and evaluate the therapeutic efficacy of caspase 
inhibition. In vitro experiments confirmed that collagenase per se 
was not toxic in cultured neurons. Intrastriatal hemorrhage was then 
produced in rats by the intracerebral injection o f collagenase (0.5u  
in 1µL). Nissl and TUNEL staining at 24, 48 and 72 hrs post-
hemorrhage demonstrated that TUNEL positive apoptotic cells were 
distributed more in the periphery than in the center between 24 and 
48 hrs, and then declined in number at 72 hrs. Pre-treatment with 
the caspase inhibitor, z-VADfmk (80ng, icv), significantly reduced 
the number o f TUNEL positive cells at 24 hrs.

These findings suggest that apoptosis is an important pathological 
mechanism following intracerebral hemorrhage and caspase 
inhibition may have a therapeutic effect.

Supported by Uehara Memorial Foundation (KM), NS 10828 
(MAM), NS32806 (EHL), and NS37074 (EHL).

101.7
AXONAL PROTECTION WITH HYPOTHERMIA FOLLOWING 
TRAUMATIC BRAIN INJURY IN THE RAT. H. Koizumi, J.T. Povlishock*. 
Dept. of Anatomy, Medical College of Virginia, Virginia Commonwealth 
University, Richmond, VA 23298.

The protective effects of mild hypothermia following traumatic brain injury 
(TBI) have been demonstrated in multiple studies within the last decade. 
However, while this protection has been evaluated in relation to the preservation 
of neurons and/or the blunting of behavioral abnormalities, little consideration has 
been given to any potential protection afforded to TBI-induced axonal injury, a 
known feature of human TBI.

To this end, we evaluated the protective effects of mild hypothermia on axonal 
injury following TBI in rats. Male Sprague Dawley rats weighing 380-400 grams 
were subjected to experimental TBI induced by impact acceleration. These rats 
were also subjected to hypothermia either prior to injury or up to 1 hour 
postinjury, with their temporalis muscle and rectal temperature maintained at 
32°C for an 1 hour period. After this 1 hour period of hypothermia, gradual 
controlled rewarming to normothermic levels was accomplished over a 90 minute 
period. Twenty-four hours later, the animals were perfused and semiserial sagittal 
sections of the brain were reacted for the visualization of the amyloid precursor 
protein (APP), a known marker of axonal injury. The density of APP/damaged 
axons within the corticospinal tract at the pontomedullary junction was calculated 
for each animal.

In all hypothermic animals, a significant reduction in APP/damaged axonal
density was found. With pre-injury, immediate postinjury, and delayed 
hypothermia, the density of damaged axons was dramatically reduced in 
comparison to the non-treated controls (p< 0.05). These findings indicate that 
early as well as delayed post-traumatic hypothermia result in considerable 
protection of those axons injured by the traumatic episode. (supported by NS 
20193)

101.9
ALTERED EXPRESSION OF ENDOTHELIN-1 AND THE ENDOTHELIN B 
RECEPTOR SUBTYPE (ETB) AFTER SPINAL CORD INJURY. J. A. Ellison, 
A. E. M. Mautes, H, Minehart, R. Willette, and L. J. Noble*. Depts. o f 
Neurosurgery, University o f California at San Francisco and Saarland 
University Medical School, Homburg/Saar, Germany, and Dept. of 
Cardiovascular Pharmacology, SmithKIine Beecham Pharmaceuticals.

Glial activation is a prominent feature of the injured spinal cord. 
There is increasing evidence tha t ET-1 may participate in glial 
activation via the ETB receptor. In this study, we begin to  address this 
putative role o f ET-1 in the contused spinal cord o f the rat.

A t 3 hours to  3 weeks after a moderate spinal cord injury or after 
sham surgery, a 3 cm length of cord, centered over the impact or sham 
surgery, was removed and divided into proximal, injury, and distal 
segments. Sections were prepared for immunolocalization of ET-1 and 
in situ hybridization analysis o f ETB mRNA expression. Levels o f mRNA 
expression were quantitated by optical density analysis o f the xray film 
exposed to  slides hybridized with the ETB probe. The data were analyzed 
using Kruskal-Wallis, followed by Mann-Whitney U.

There is enhanced ]  of ET-1 at all time points and a 
significant increase in ETB mRNA signal along the axis o f the injured 
cord at 1 to  3 weeks post injury as compared to  sham surgery. ET-1 is 
localized in reactive glia, bordering central and dorsal column cavities, 
and macrophage-like cells. There is pronounced ETB mRNA in similar 
phenotypes in the lesion and bordering the penumbra of the injury from 
1 to  3 weeks post injury.

The enhanced expression o f ET-1 and ETB mRNA in glial and 
macrophage phenotypes suggest that local ET-1 may influence both glial 
reactivity and macrophages. Supported by NS23324.

101.6
INHIBITION OF INTERLEUKIN 1β CONVERTING ENZYME FAMILY 
PROTEASES REDUCES COLD INJURY-INDUCED BRAIN TRAUMA AND 
DNA FRAGMENTATION IN MICE. Y. Morita-Fuiimura,2 M. Fujimura,2 M. 
Kawase,2 K. Murakami,2 L. Litt* and P. H. Chan2 . 1Dept. of Anesthesia, Univ. of 
California, San Francisco; 2Dept. of Neurosurgery, Neurology and Neurological 
Sciences, Stanford Univ., School of Medicine Palo Alto, CA 94304.

The interleukin 1β converting enzyme (ICE) family, a protease family implicated 
in apoptosis, has been reported to be activated after brain injury such as ischemia and 
trauma, and its inhibitors reduce ischemic brain infarction (Hara et al., 1997, 
Yakovlev et al., 1997). We examined the effect of z-VAD.FMK, a relatively 
nonselective inhibitor that blocks both ICE-like and CPP32-like caspases, on cold 
injury-induced brain trauma in which apoptosis appears to play a role (Tominaga et 
al., 1992). The vehicle alone or with z-VAD.FMK was intracerebroventricularly 
administered to mice 15 min before and 24h and 48h after cold injury. At 4h after 
cold injury, infarction volumes in z-VAD.FMK-treated animals were significantly 
smaller than infarction volumes in vehicle-treated animals, which were further 
decreased at 24h and 72h (0.92± 1.80 mm3; z-VAD.FMK-treated animals, 7.46±3.53 
mm3 ; vehicle-treated animals, mean ± S.D., n=8). The amount of apoptotic cell 
death was significantly decreased in z-VAD.FMK-treated animals compared with 
vehicle-treated animals, as shown by TUNEL staining and DNA gel electrophoresis. 
Although further investigation is necessary to elucidate mechanisms of ICE inhibitor 
effects on cold injury-induced brain trauma, these data suggest that ICE inhibitors 
might be of therapeutic benefit in brain trauma. The ICE family of proteases appears 
to contribute significantly to cold injury-induced brain trauma. Blocking ICE activity 
increases neuronal survival by reducing apoptosis. Supported by grants NS 14543, 
NS25372, NS36147 and NOINS82386.

101.8
DNA DAMAGE IS TEMPERATURE DEPENDENT EARLY AFTER 
TRAUMATIC BRAIN INJURY IN RATS M. Whalen, M. Chen*, R. Clark, K. Jin, 
P. Kochanek, P. Marion, _S, Graham. Safar Center for Resuscitation Research and 
Brain-Trauma Research Center. University of Pittsburgh. Pittsburgh. PA 15260 

Hypothermia applied before or shortly after traumatic brain injury (TBI) attenuates 
while hyperthermia exacerbates neurologic damage in experimental TBI (Dietrich et 
al., 1996). DNA damage occurs in neurons undergoing necrosis and apoptosis after 
TBI (Clark et al., 1997). One mechanism by which hypothermia might mitigate 
neurologic injury is suppression of neuronal DNA damage. We hypothesized that 
neuronal DNA damage after TBI would be temperature-dependent within a clinically 
relevant range. Anesthetized male adult Sprague-Dawley rats were subjected to 
controlled cortical impact and maintained at brain temperature 32, 37, or 39°C ( ± 
0.5°C; n=8/group) for 4 h. Coronal (6 µm) cryostat brain sections were then obtained 
through the center of the contusion. DNA damage was assessed using biotinylated 
dATP and the Klenow fragment of DNA polymerase I. DNA damage was quantified 
by light microscopy as the number of positively-labeled cells/100x field in cortex 
and hippocampal regions. Data are expressed as mean ± SEM. Results were 
analyzed by ANOVA and Student-Neuman-Keuls test. DNA damage was evident in 
many cells in the ipsilateral cortex, dentate, and CA3 hippocampus, but was rarely 
detected in CA1 or the contralateral hemisphere. DNA damage was temperature- 
dependent in the dentate gyrus (9.8 ± 5.0 vs 31.0 ± 8.3 and 63.6 ± 18.1)( 32°C vs 
37°C and 39°C, respectively; p < 0.05) and CA-3 (4.1 ±2.1 vs 13.0 ± 2.2)(32°C vs. 
39°C; p < 0.05), but not in CA-1 or regions of the cortex adjacent to the impact site. 
DNA damage in regions of hippocampus vulnerable to delayed neuronal death seems 
to be temperature-dependent early after TBI. One beneficial effect of hypothermia 
may be inhibition of DNA damage after TBI. Funding: Charles Schertz Fellowship 
Grant from the Univ. Pitt. Dept. Anesthesiology/CCM, NS303I8, KO8NS0I946

101.10
THE ROLE OF C ALP AIN-MEDIATED SPECTRIN PROTEOLYSIS (CMSP) IN 
TRAUMATICALLY INDUCED AXONAL INJURY (AI).
A. Büki1,  J.T. Povlishock1,  R. Siman2 and C.W. Christman1* 1Dept. of Anatomy, 
Medical College of Virginia; Virginia Commonwealth University, Richmond, VA 
23298-0709, 2Cephalon, Inc., West Chester, PA 19380

Traumatic brain injury (TBI) has long been associated with generation of AI. Such 
axons are not mechanically severed at impact, instead showing progressive changes 
that lead to axonal disconnection. In severely injured axons, it has been shown that the 
axolemma is perturbed, suggesting the influx of Ca2+ and the unleashing of Ca2+- 
mediated overt proteolytic degradation. Experimental studies, however, have failed to 
confirm this assumption, suggesting that alterations in axonal permeability trigger 
more discrete and evolving cytoskeletal changes.

To explore the role of Ca2+-induced proteolysis in AI, this study was undertaken in 
an animal model of TBI coupled with antibodies targeting both CMSP and focal 
neurofilament compaction (NFC). Rats were subjected to impact acceleration TBI and 
allowed to survive for 15 min to 2 h, when the brains were prepared for the 
visualization of double label reaction products related to the presence of CMSP and 
NFC. Using LM and EM, these strategies revealed that TBI consistently evoked focal 
CMSP immunoreactivity (IR). This focal IR was also correlated with concomitant 
change in the underlying cytoskeleton reflected in NFC. These changes were seen at 
15 min postinjury and continued over the entire 2 h observation period. We confirmed 
these changes at the EM level. At 15 min post injury, IR associated with CMSP was 
confined primarily to the subaxolemmal network. With increasing survival, its 
distribution became more widespread moving from the subaxolemmal compartment to 
fill the axoplasm.

These findings suggest that, in moderate to severe TBI, CMSP occurs and impacts 
upon concomitant cytoskeletal change. While these studies further implicate Ca2+ in 
the demise of severely injured axons, they do not imply an all or none effect, rather 
they show evidence for progressive change that may be amenable to rapid therapeutic 
intervention. This work is supported by grants NS 20193 and The Martin Rodbell Fellowship.
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101.11
EXCITOTOXICITY AFTER SEVERE TRAUMATIC BRAIN INJURY (TBI) 
IN INFANTS AND CHILDREN: THE ROLE OF CHILD ABUSE R. Ruppel,
P. Kochanek*, P.D. Adelson, M, Rose, S. Wisniewski, M. Bell, R. Clark, M . 
Whalen, C. Robertson, D. Marion, S. Graham, Safar Center for Resuscitation 
Research. & Children’s Hospital. Univ, of Pittsburgh Sch, of Med.. Pgh, PA. 1.5260 

Excitotoxicity is implicated as a key mechanism of secondary damage in 
experimental and clinical TBI. Posttraumatic increases of excitatory amino acids 
(EAAs, glutamate [GLUT], aspartate [ASP], and glycine [GLY]) have been reported 
in adults, using CSF analysis or microdialysis. Evidence for excitotoxicity after TBI 
in infants and children, however, is lacking. We hypothesized that EAAs would be 
increased in CSF of infants and children after severe TBI and, based on the 
established association between child abuse and poor outcome (Levin et al, 1992), 
that increases in EAAs would be associated with the abuse mechanism. EAA levels 
were measured (HPLC) in 66 samples of ventricular CSF from infants and children 
(n=18) during the initial wk after severe TBI (GCS<8). Lumbar CSF samples 
(n=19) were also analyzed from age-appropriate controls. Standard neuro-intensive 
care was used in patient management. Demographics, including age, sex, 
mechanism of injury, intracranial hemorrhage, and outcome (GOS) were also 
collected. Data were analyzed using dichotomous or multivariate regression 
methods. Mean (ASP, GLY) and/or peak (GLUT, GLY) concentrations of EAAs 
were increased after TBI vs control (all p<0.05). Age (<4 y) and the diagnosis of 
abuse were strongly associated with increases in CSF GLUT (both p<O.OOl). 
Median (25-75%tile) CSF GLUT was 2.86 (1.66-6.09) vs 10.91 (7.86-48.64) µM in 
non-abuse vs abuse victims, respectively. To our knowledge, this is the first report 
of increased EAAs after TBI in infants and children. Associations between 
increased CSF GLUT and both age < 4 and child abuse agree with the established 
high-risk status of these groups. A marked and sustained excitotoxic response in 
pediatric TBI is supported. Funding: CDC-Center for Injury Research
&ControI, Laerdal Fdn and KO-8-NS-01809-01

101.13
THE ROLE OF NITRIC OXIDE IN TRAUMATIC BRAIN INJURY IN THE RAT.
K. Wada , K. Cha tzipa nteli*, R. Busto, W. D. Dietrich. Neurotra uma  Research 
Center, Department of Neurology and Neurological Surgery, University of 
Miami School of Medicine Miami, FL 33136.

In this study, we investigated alterations in constitutive nitric oxide 
synthase (cNOS) activity after TBI and the histopathoiogical response to 
pharmacological manipulations of NO. Male Sprague-Dawley rats underwent 
moderate (1.7-2.2 atm) parasagittal fluid percussion (F-P) brain injury and were 
decapitated 5 mins, 30 mins, 1-d, 3-d or 7-d later, and regional cNOS enzymatic 
activities measured. After F-P brain injury, cNOS activity increased significantly 
within the ipsilateral parietal cerebral cortex at 5 mins after TBI (234.5± 60.2 % 
of contralateral value; m eans± SEM: p<0.05), returned to control values by 30 
mins (114.1 ± 17.4 %). We found reduced cNOS activity at 1-d (50.5± 13.1 %: 
p < 0.01) and remained reduced for up to 7-d after TBI (3-d: 31.8± 6.0 %: p <0.05, 
7-d: 20. l±  12.7: p <0.01). Pre-treatment with 3-bromo-7-nitroindazole (7-NI; 25 
mg/kg), a  relatively specific inhibitor for neuronal NOS (nNOS), significantly 
decreased contusion volume (1.27 ± 0.17 mm3: p <0.05) com pared to control 
(2.52 ± 0.35 mm3). However post-treatment with 7-NI, or pre or post-treatment 
with nitro-L-arginine-methyl ester (L-NAME; 15 mg/kg), a  non-specific inhibitor 
for NOS, did not affect the contusion volume com pared to control (1.87 ± 0.46 
mm3, 2.13 ± 0.43 mm3 2.18 ± 0.53 mm3, respectively). Post-treatment with L-arginine 
( l.l0± 0.30 mm3: p <0.05), but not 3-morpholino-sydnonimine (SIN-1) (2.48 ± 
0.37 mm3), significantly reduced contusion volume com pared to control. Thus, 
cNOS activity is affected after TBI in a  time-dependent manner. Inhibition of 
activated nNOS and/or enhanced endothelial NOS activation may represent a  
potential therapeutic strategy for the treatment of TBI. Supported by NIH Grant 
NS 30291.

101.12
INDUCTION OF STRESS PROTEINS AFTER SPINAL CORD HEMISECTION 
IN THE RAT. A. E. M. Mautes*, S. S. Panter, M. Bergeron, F. R. Sharp, 
and L. J. Noble. Departments of Neurology and Neurosurgery, 
University o f California and the Veterans Administration Medical 
Center, San Francisco, CA, and Department o f Neurosurgery, Saarland 
University Medical School, Homburg/Saar, Germany.

We have reported induction o f hemeoxygenase-1 (HO-1) in 
degenerating pathways after spinal cord hemisection (Soc. Neurosci. 
Abstr., 1997). The HO-1 gene contains a heat shock element which 
renders it responsive to  stress. We have hypothesized tha t HO-1 
induction after hemisection may be in part a stress response. To 
begin to  test this hypothesis, we have immunolocalized HO-1 and 
HSP70, an established marker o f cell stress, in the intact spinal 
cord, and at 1,7, and 42 days after a thoracic hemisection. HO-1 or 
HSP70 was co-localized w ith either glial fibrillary acidic protein or 
the complement receptor type C3bi. The immunocytochemical 
findings were confirmed by Western immunoblot analyses.

HO-1 and HSP70 were co-localized in neurons in the intact cord and 
induced in the ipsilateral cord from 1 -42 days post hemisection in 
microglia, astrocytes, and vascular associated cells near the injury 
and along the axis o f the cord. These proteins were also co-localized 
in large, macrophage-like cells tha t accumulated near the injury site.

In summary, we demonstrate co-localization of HO-1 and HSP70 in 
diverse cell types in the degenerating neuroaxis. This co-localization 
suggests that induction of HO-1 at least in part reflects a stress 
response. This stress response may be due to  multiple 
factors/conditions that exist in the hemisected cord, including the 
presence o f denatured proteins, free radicals, and inflammation. 
Supported by NS23324 and BMBF-01K09405/4 .

ISC H EM IA : TO LER A N C E A ND  NO  

102.2102.1
BCL-2 ANTISENSE TREATMENT BLOCKS INDUCED TOLERANCE TO 
FOCAL CEREBRAL ISCHEMIA IN THE RAT R.P. Simon, S. Shigetoshi, R. Zhu,
S.H. Graham, D.C. Henshall, J.R. Goss*. Department of Neurology, University of 
Pittsburgh, Biomedical Science Tower S5, Pittsburgh, PA 15213.

The phenomenon of ischemic tolerance, whereby brief ischemic challenges confer 
protection against subsequent episodes of more severe ischemia, has recently been 
demonstrated in focal cerebral ischemia. In the present studies, we have investigated 
the role of Bcl-2 and BclXL in ischemic tolerance, using a rat model of middle cerebral 
artery (MCA) occlusion.

Male Sprague-Dawley rats (280-310g) were anesthetized with isoflurane, maintained 
normothermic and artificially ventilated with 70% N2O/30% O2. Ischemic tolerance 
was induced by intraluminal filament occlusion of the MCA for 20 minutes, followed 
1-7 days later by MCA occlusion for 60 minutes. Infarct volume was quantified 72 
hours after the second ischemic event. In additional experiments, an antisense 
oligodeoxynucleotide against Bcl-2 was infused intracerebroventricularly after the 20 
minute ischemic preconditioning stimulus, with 60 minutes of MCA occlusion 3 days 
later. Total protein was extracted for Western blot analysis using antibodies against 
Bcl-2 or BclXL.

Twenty minutes of transient focal cerebral ischemia performed 3, 5 or 7 days before 
the second ischemic insult (60 minute MCA occlusion), significantly reduced 
(P=<0.05) the volume of infarction by ~50% compared to control animals receiving no 
ischemic preconditioning. Intracerebroventricular administration of an antisense 
oligodeoxyneucleotide against Bcl-2 blocked the protective effect of ischemic 
tolerance. Western blot analysis determined that Bcl-2 and BclXL protein were 
expressed in the caudate nucleus ipsilateral to the MCA occlusion in animals receiving 
preconditioning. Furthermore, Bcl-2 antisense treatment reduced levels of Bcl-2 
protein in animals receiving preconditioning.

The present study confirms the protective effect of ischemic preconditioning in focal 
cerebral ischemia. These data also support the involvement of Bcl-2 and BclXL proteins 
in the underlying mechanism of ischemic tolerance.

3-Nitropropionic Acid |3-NPA] Induces Tolerance Against Global Brain 
Ischemia in Rats. A.M.Brainbrink1*, RNoppcns1, W.F.Pick1. A. Heimann2, 
O.Kempski2; 1 Department of Anaesthesiology and 2Institute for Neurosurg. 
Pathophysiology, Joh.Gutenberg-Univ.. D-55131 Mainz, Germany.

Neuronal ischemic tolerance can be induced by pretreatment with 3- 
nitropropionic acid [selective inhibition of mitochondrial succinat dehydrogenasc]. 
We tested, whether tolerance can also be induced against in-vivo global ischemia 
and what time treatmant/insult-interval is optimal. Adult Wistar-rats (n=55) were 
treated with 3-NPA (20 mg/kg, i.p. in 0.9% sodium cloride) 3hr (n=10), 12hr 
(n=12) and 24hr (n=10) or carrier (n=23) before global brain ischemia (15 min, 
bilateral carotid artery occlusion + hypotcnsion[MAP=35mmHg]). Laser-Doppler- 
Flow (“scanning” technique), SEP’s, neurologic deficit, food and water intake, 
body weight and neuropathology 6 days after the insult were recorded to asses 
outcome. With 3hr-pretreatment regional CBF showed more sustained 
hyperperfusion and less hypoperfusion. SEP-recovery in this group was improved 
at 30. 45, 60, 75 and 90min of rccovery. (55±10[|SEM]%. 69±9%, 78±13%, 
76±7%, 90±11% of baseline amplitude. p<0.05) compared to untreated controls 
(23±5%. 32±3%, 42±4%, 48±5%, 58±6%. respectively) or with 24hr- 
pretreatment. Despite favorable early functional recovery with 3hr-pretreatment 
longterm neuronal survival (6 days) in neocortex and CAl was not better 
(36±12%, 65±14%, respectively) than controls. In contrast, with 24h-pretrcatment 
significant more neurons in neocortex (77±16%. p<0.05) and in CA1 (92±14%, 
p<0.001) had suvived the 6-day-periode. The sustained SEP-recovery with 3hr- 
pretreatment may have been related to the improved rCBF. However, reactive 
oxygen species (ROS) early after 3-NPA treatment [1], thus at the time of brain 
ischemia, may have rendered more neurons to delayed cell death (apoptosis) 
during later recovery. The longer (24h) pre-treatment/insult interval seems to give 
enough time to activate intracellular defence mechanisms (gen- and protein 
induction), leading to a profound long term tolerance against global brain 
ischemia. Ref.: [ 1] Soc Neurosci Abstr 1997, 23: 2185
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102.3
Focal Ischemic Preconditioning (IPC) Induces Rapid Tolerance to M iddle 
Cerebral Artery Occlusion (MCAO) in Mice
Nancy E. Stagliano1*, Miguel A. Pérez-Pinzón3, Michael A. Moskowitz2, Paul
L. H uang1 1Cardiovascular Research Center, Department of Medicine, 2Stroke 
and Neurovascular Regulation Laboratory, Massachusetts General Hospital, 
Harvard Medical School, Charlestown, Massachusetts, and 3Department of 
Neurology, University of Miami School of Medicine, Miami, Florida, USA 
Ischemic preconditioning is the phenomenon whereby a brief, sublethal 
ischemic insult protects tissue from a subsequent, more severe ischemic 
injury. There are two types of IPC: rapid and delayed. Most of the protection 
described in the brain requires hours to days to be effective. This research 
demonstrates the ability of the brain to become tolerant to focal ischemia only 
minutes after preconditioning. Wild-type mice (male C57B1/ 6) weighing 18- 
25 g were subjected to permanent or transient intraluminal filament MCAO 
preceded 30 min earlier by one or three 5 min cycles of focal ischemia or 
sham IPC. Three cycles of IPC provide significant histopathologic protection 
from both permanent and transient MCAO at 24 h after injury, although a 
trend toward diminished injury was seen with one cycle. Infarct volumes 
(control V . IPC), as assessed by morphometric analysis of 2 mm TTC-stained 
brain sections, were as follows (MEAN+SE): permanent ischemia - 111.6+10.9 
mm3 V . 66.5+6.2 mm3, 40% decrease and transient ischemia - 111.3 +6.4 mm3 
V . 80.1 + 7.4 mm3, 28% decrease. Protection was localized to the three most 
caudal coronal levels. Laser Doppler flowmetry in the ischemic core did not 
reveal differences between preconditioned and non-preconditioned groups, 
indicating that the primary blood flow insult may not have changed. 
Although the mechanisms of IPC are largely unknown, further study of this 
model will be useful in the understanding of naturally occurring protection 
in the brain. FUNDING SOURCES: MGH Fund For Medical Discovery

102.5
PEROXYNITRITE PROMOTES LEUKOCYTE ADHERENCE AND 
BLOOD-BRAIN BARRIER BREAKDOWN FOLLOWING CEREBRAL 
ISCHEMIA. J,M. Gidday1, T.P. Misko2, S.S. Kaplan1, E.R. Gonzales1, R.S. Perez1, 
A.R. Shah1, D. Salvemini2, T.S. Park1* 1Dept. of Neurosurgery, Washington Univ. Sch. 
of Medicine, and St. Louis Children’s Hospital; and 2Searle/Monsanto, St. Louis, MO 

A growing number of studies implicate leukocytes in vascular and parenchymal 
injury following stroke. We recently provided evidence that superoxide radicals and 
nitric oxide are important regulators of leukocyte adherence to piglet cerebral venules 
following asphyxia (Stroke, 1998 in press). These findings suggest that peroxynitrite 
(PN), formed secondary to asphyxia-induced increases in superoxide radical reacting 
with basal levels of nitric oxide, may promote leukocyte-endothelial adherence 
following cerebral ischemia. To test this hypothesis, we superfused FeTMPS, a novel 
PN decomposition catalyst which exhibits peripheral cytoprotective and anti-
inflammatory effects by converting PN to the harmless nitrate anion (PNAS 95:2659, 
1998), through cranial windows of newborn piglets subjected to 9 min asphyxia and 2 h 
reperfusion. Rolling and adherence dynamics of rhodamine-labeled leukocytes in 
cortical venules, and vascular leakage of sodium fluorescein, were imaged and 
quantified by epifluorescence videomicroscopy (AJP 272:H2622, 1997). Cortical super- 
vision of 20µM FeTMPS beginning 0.5 h before asphyxia completely blocked (p<0.05) 
asphyxia-induced elevations in adherent leukocytes at 0.5 and 1.0 h of reperfusion, and 
significantly attenuated (p<0.05) the number of adherent leukocytes at 2.0 h of 
reperfusion. The number of rolling leukocytes, however, was significantly greater 
during reperfusion in FeTMPS-treated asphyxic animals relative to untreated asphyxic 
controls. Moreover, FeTMPS significantly attenuated sodium fluorescein leakage at 2 
h of reperfusion. These findings indicate that PN is an important mediator of the acute 
inflammatory response to ischemia, perhaps by regulating the expression of endothelial 
(ICAM) or leukocyte (CD 18) adhesion molecules responsible for firm leukocyte- 
endothelial adherence. Support: NIH NS 21045.

102.7
PROTECTIVE EFFECTS OF ONO-2506 ON NEUROLOGICAL DEFICITS AND 
BRAIN INFARCT VOLUME FOLLOWING 1 WEEK OF PERMANENT 
OCCLUSION OF MIDDLE CEREBRAL ARTERY IN RATS. T. Matsui1*, 
N.Tateishi2,  Y.Kagamiishi2, S.Satoh2, K Kondo2, E.Morikawa1, T .Taniguchi1,
T.Mori3, T. Asano1. 1Department of Neurosurgery, Saitama Medical Center/School 
1981, Kamoda, Kawagoe, Saitama 350, Japan, 2k inase  Research Institute, Ono 
Pharmaceutical Co , Ltd, Osaka 618, Japan, 32nd Department of Internal Medicine, 
Saitama Medical Center/School. 1981, Kamoda, Kawagoe, Saitama 350, Japan.

A novel pharmacological agent ONO-2506 was shown to ameliorate the brain 
damage following transient focal ischemia in rats, being accompanied with suppression 
of the overexpression of S1 0 0 β and the induction of iNOS. The present study aimed at 
investigating the therapeutic possibility of this agent in the neurological deficits and the 
infarct volume following middle cerebral artery occlusion (MCAo) in rats. A total of 
46Sprague-Dawley rats were blindly assigned into the vehicle and ONO-2506 (i. v. bolus 
administration, 10 mg/kg, started immediately after MCAo)groups. Administration of 
vehicle or ONO-2506 was repeated once a day until a sacrifice at 168 hour of MCAo 
Neurological scores were significantly better in ONO-2506 treated group than in the 
control group The total volume of infarction was calculated by summation of the 
damaged volume of the brain slices stained with H&E and Nissle and also TUNEL. 
ONO-2506, at a dosage of 10 mg/kg, showed significantly smaller corrected infarct 
volume (63 76±4.74 mm3) than controls (92.63±5.07 mm3, p<0.01, unpaired t-test). 
There was a significant reduction in the number of TUNEL-positive nuclei in ONO- 
2506 treated groups, compared with the control group. (p<0.001, unpaired t-test). These 
results empathizes the cytoprotective effects of ONO-2506 on cerebral infarct at one 
week of MCAo

102.4
VULNERABILITY TO ISCHEMIC INFARCT IS ASSOCIATED WITH 
REGIONAL NOS ACTIVITY IN SHR W.J. Pearce 3,4,5, B . Tone1,
H.R. Tian2 , D .J . Cole2, & S Ashwal1 . (SPON: L.D. Longo,*Depts. of 
1Pediatrics, 2Anesthesiology, 3Physiology, 4Biochemistry, and 5Center 
for Perinatal B iology, LLU School o f M edicine, Loma Linda, CA 92350 

To examine the hypothesis that the distribution o f focal ischemic injury 
and nitric oxide synthase (NOS) activity are associated, we measured 
neuronal NOS activity and concentration (Western Blots) in anatomically 
well defined areas previously shown to be prone to become either core or 
penumbra following middle cerebral artery occlusion (MCAO). Using a 
unilateral SHR filament model o f ischemia, we studied 4  experimental 
groups: (1) controls; (2) 1.5 hrs MCAO with no reperfusion (RO); (3) 1.5 
hrs MCAO with 0.5 hrs reperfusion (R0.5); and (4) 1.5 hrs MCAO with 
24 hrs reperfusion (R24). Control core NOS activity for combined right 
and left hemispheres was 129% greater than penumbral NOS activity 
(p<0.05). In the MCAO groups, ischemic and non-ischemic core NOS 
remained higher than penumbral regions (p<0.05). However, NOS 
activity was lower in the ischemic compared to the non-ischemic core in all 
3 groups: RO (29% lower), R0.5 (49%) and R24 (86%) (p<0.05). 
Addition o f 1 0 µM  BH4, 3 µ M  FAD, and 3 µM  FMN increased NOS 
activity in all groups and reduced decreases in ischemic core and 
penumbral NOS activity after 24 hrs of reperfusion. Greater NOS activity 
in core regions could, in part, explain the increased vulnerability o f these 
regions to ischemia and could theoretically contribute to the progression of 
the infarct over time. The data also suggest that NOS activity during 
ischemia and reperfusion could be influenced by the availability o f  
cofactors. Supported by NIH grants H D 31226 & HL54120.

102.6
TREATMENT WITH NITRIC OXIDE DONOR DECREASES ISCHEMIC 
GLUTAMATE RELEASE AFTER SUBARACHNOID HEMORRHAGE (SAH). 
F.A. Sehba, I. Chereshney, W. Dine, and J.B. Bederson*. Dept. of Neurosurgery, Mt. 
Sinai School of Medicine, New York, NY 10029.

Ischemic brain injury after SAH is mediated in part by glutamate release 
(Neurosurgery, 42:352-360, 1998). Acute vasoconstriction appears to contribute to 
this ischemia and may be mediated by decreased availability of nitric oxide. In this 
study we sought to determine if intraarterial infusion of the nitric oxide donor, S- 
nitrosoglutathione (GSNO) could attenuate ischemic glutamate release associated with 
SAH. SAH was induced by the endovascular suture method developed in our 
laboratory (Stroke. 26:1086-1092, 1995) and arterial and intracranial pressures and 
glutamate release (microdialysis/HPLC) were determined serially for 60 min after SAH. 
GSNO (1µM/ml/kg, n=8) or saline (n =6) were injected through the internal carotid 
artery 5 min after SAH. GSNO infusion was associated with increased CBF vs 
controls. Immediately after GSNO injection there was a transient decrease in blood 
pressure and cerebral perfusion pressure, but no change in intracranial pressure. In 
control rats, extracellular glutamate concentration increased to 3409±1091% (mean ± 
s c., p<0.05) peaking 30-40 min after SAH. In GSNO-treated rats extracellular 
glutamate elevations were significantly reduced 312.3 ± 76.1% compared to control 
rats (p<0.05).

SAH causes acute vasoconstriction, leading to decreased CBF and global cerebral 
ischemia. Pharmacologically induced vasodilatation could attenuate vasoconstriction 
and subsequent ischemic neuronal injury in this setting. The observations that 
administration of the nitric oxide donor GSNO increased CBF and reduced glutamate 
concentration provide further evidence that acute vasoconstriction contributes 
significantly to ischemic injury after SAH and is amenable to pharmacological 
treatment.
Supported by NIH grant R29 NS35904-02

102.8
STROKE PROTECTION BY HMG-COA REDUCTASE INHIBITORS BY 
UPREGULATION OF VASCULAR ENDOTHELIAL (TYPE III) NO SYNTHASE.
M. Endres, U. Laufs, Z. Huang, P.L. Huang, J.K. Liao, and M.A. Moskowitz* 
Stroke and Neurovascular Regulation, Massachusetts General Hospital, Harvard 
Medical School, 149 13th St., Rm 6403, Charlestown, MA 02129

Prophylaxis of ischemic stroke is limited to agents which block platelet function or 
the clotting cascade. HMG-CoA reductase inhibitors (statins) reduce the incidence of 
strokes in man by mechanism(s) in addition to cholesterol reduction. We studied the 
mechanism in vitro and in an animal ischemia model.

In human endothelial cells in vitro, pretreatment with simvastatin (Sim) or 
lovastatin (Lov) prevented hypoxia-mediated downregulation of endothelial Type III 
NO synthase (eNOS) expression and activity via mechanism(s) involving increased 
eNOS mRNA stability but not gene transcription. To test the effects of statins in 
vivo, normocholesterolemic 129/SV and C57/B6 mice were treated with Sim for 3 or 
14 days. In a dose- and time-dependent manner, Sim increased eNOS expression and 
activity in aorta and brain as measured by quantitative PCR and [14C]arginine-citrulline 
conversion, augmented absolute cerebral blood flow in normal and ischemic brain, and 
reduced cerebral infarct size and neurological deficits after 2h middle cererbal artery 
occlusion and reperfusion. The neuroprotective effects of statins did not correlate with 
serum cholesterol levels, were independent of changes in physiologic parameters 
including temperature, and were completely absent in eNOS-knockout mice indicating 
that eNOS upregulation is the predominant if not the only mechanism by which these 
agents reduce stroke size and functional deficits.

Our findings suggest that statins are a prophylactic treatment strategy for increasing 
cerebral blood flow and reducing brain damage after experimental stroke which should 
be evaluated for use in man.
Supperted by NIH (NS10828, MAM) and DFG (En 343/1-1, ME)
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102.9
INCREASES IN ENDOTHELIAL NITRIC OXIDE SYNTHASE (eNOS) 
AND CYCLOOXYGENASE (COX)-2 IN PIGLET CHOROID PLEXUS 
(CP) AFTER ISCHEMIA. D. W. Busija,1 N. Thrikawala,1 G. Robins,1 F. 
Bari,1 F. Domoki,1 C. Thore,1* R. Veltkamp1 and T. M. Louis2. 1Dept. of  
Physiol. /Pharmacol., Wake Forest U. Med. Sch., Winston-Salem, NC 
27157; 2Dept. o f Anat., East Carolina Med. Sch., Greenville, NC 27858.

We examined effects o f  ischemia on expression o f eNOS and COX-2 in 
piglet CP. Ten minutes o f ischemia was induced by increasing intracranial 
pressure. Whole CP was removed and fixed and/or frozen after 1, 2, 4 and 
8 hours o f recovery from anoxic stress. In addition, tissues were obtained 
from untreated animals or from time control animals. Tissues were 
analyzed for mRNA, using RNase protection assays or RT-PCR, and for 
proteins, using immunohistochemical and/or western blotting approaches. 
Limited, but detectable COX-2 immunoreactivity was present in CP under 
normal conditions, and there was no difference between time control and 
non treated animals. Further, COX-2 mRNA increased by 2-4 hours after 
ischemia, and enhanced immunoreactivity for COX-2 was present at 8 
hours after ischemia (n=10). Enhanced immunoreactivity for COX-2 was 
present in vascular endothelial cells as well as cuboidal epithelial cells and 
macrophages. mRNA for eNOS was detectable 1 hour after ischemia and 
protein levels via western blotting were increased over baseline values for 
whole CP by 26±10 % (n=8) by 8 hours. We conclude that COX-2 as well 
as eNOS are present under normal conditions and that levels o f both 
proteins increase in CP after ischemic stress. Supported by HL-30260, HL- 
46558, and HL-50587.

102.11
NITRIC OXIDE PRODUCED BY INDUCIBLE NITRIC OXIDE  
SYNTHASE M ODULATES C YC LO O XY G EN A SE-2 A CTIV ITY  
FOLLOWING FOCAL CEREBRAL ISC H EM IA . S. Nogawa, F. 
Zhang*, M. Nagayama, C. L. Forster, T ._Aber,  M .E. Ross and C. Iadecola. 
Dept. of Neurology, Univ. of Minnesota, Minneapolis, MN 55455.

Focal cerebral ischemia is associated with expression of both inducible 
nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2), enzymes 
whose reaction products contribute to the evolution of ischemic brain 
injury (J. Neurosci. 17:2476, 1997; 17:9157, 1997). We tested the 
hypothesis that, following cerebral ischemia, NO produced by iNOS 
enhances COX-2 activity thereby increasing the toxic potential of this 
enzyme. Cerebral ischemia was produced by middle cerebral artery 
occlusion in rats or mice. Twenty-four hours after ischemia in rats, iNOS- 
immunoreactive neutrophils were observed in close proximity (<20 µm) to 
COX-2-positive cells at the periphery of the infarct. In the olfactory bulb, 
only COX-2 positive cells were observed. Cerebral ischemia increased the 
concentration of the COX-2 reaction product PGE2 in the ischemic area 
and in the ipsilateral olfactory bulb. The iNOS inhibitor aminoguanidine 
(200 mg/kg; i.p.) reduced PGE2 concentration in the infarct (-43%; 
p<0.05), where both iNOS and COX-2 were expressed, but not in the 
olfactory bulb (p>0.05), where only COX-2 was expressed. Post-ischemic 
PGE2 accumulation was significantly reduced in iNOS null mice (-32%; 
p<0.05; n=12) compared to wild-type controls (C57BL/6 or SV129; 
n=12/group). The data provide evidence that NO produced by iNOS 
influences COX-2 activity following focal cerebral ischemia. Pro- 
inflammatory prostanoids and reactive oxygen species produced by COX- 
2 may be a previously-unrecognized factor by which NO contributes to the 
late stages of ischemic brain injury. (Supported by NS35806)

102.10
INCREASES IN CYCLOOXYGENASE (COX)-2 IN PIGLET 
CEREBRAL ARTERIES OCCUR RAPIDLY AFTER 
ISCHEMIA/REPERFUSION (I/R). F. Domoki,1 D. W. Busija,1 N. 
Thrikawala,1 F. Bari,1 C. Thore,1 G Robins,1 R. Veltkamp1 and T. M. 
Louis2*. 1Dept. o f Physiol./Pharmacol., Wake Forest U. Medical School, 
Winston-Salem, NC 27157; 2Dept. o f Anatomy and Cell Biology, East 
Carolina Medical School, Greenville, NC 27858.

Our previous immunohistochemical evidence indicates that COX-2 but 
not COX-1 levels in large cerebral arteries are increased by 2-4 hours after 
I/R (Microcirculation 3:379, 1996). To extend this study, we examined 
effects o f I/R on expression o f COX-1 and -2 mRNA in piglet cerebral 
arteries. Ischemia o f 2.5, 5, and 10 min was induced by increasing 
intracranial pressure. The circle o f Willis, basilar artery, and branches o f  
the middle cerebral arteries were removed and frozen after 1, 2, 4 and 8 
hours after ischemia (n=20). In addition, tissues were obtained from 
untreated or time control animals (n=12). Tissues were analyzed for 
mRNA using an RNase protection assay. After 10 min o f ischemia, COX-2 
mRNA increased by 30 min and peaked at 1-2 hours. Shorter periods of  
ischemia showed similar levels o f COX-2 mRNA expression. Increases in 
COX-2 mRNA were potentiated by arterial hypoxia (inhalation o f 8.5% O2; 
pO2≈25-26 mmHg) for 10 minutes immediately prior to ischemia (n=2), 
although hypoxia by itself had minimal effects on mRNA. In contrast to 
findings for COX-2 mRNA, ischemic stress had no significant effect on 
COX-1 mRNA. Thus, ischemic stress leads to rapid, selective activation of 
COX-2. Supported by HL-30260, HL-46558, and HL-50587.
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103.1 103.2
ALPHA-2 MACROGLOBULIN:A NOVEL ALZHEIMER’S DISEASE GENE ON 
CHROMOSOME 12. D. Blacker1,4, L. Rodes2,3, M. Wilcox4, B. Hyman3,

Dept. Psychiatry., 2Genetics and Aging Unit, 3Dept. Neurology., Mass. General Hospital, Harvard Medical School; 
4Depts. Epidemiology and 5Biostatics., Harvard School of Public Health. 
Alpha-2-macroglobulin (α2M) is a serum pan-protease inhibitor which inhibits all 
four classes of proteases by a unique steric trapping mechanism. In brain, α2M is 
upregulated during injury along with its major receptor, the low density lipoprotein 
receptor-related protein (LRP). Recently, α2M has been implicated in Alzheimer’s 
disease (AD) based on its ability to tightly bind the Aβ peptide, the major component 
of Alzheimer-associated β-amyloid. α2M attenuates fibrillogenesis and neurotoxicity 
of Aβ and mediates its clearance via endocytosis through LRP. In view of these 
findings, we tested for genetic association between the α2M gene (A2M) on 
chromosome 12 and AD in a large sample of AD families. Analysis of an exon 2 
splice site deletion revealed that inheritance of the “2” allele (A2M-2) confers 
increased risk for AD (Mantel-Haenzel odds ratio=3.6 [95% C.I.={1.86, 6.95}; 
p=.001]). The Sibling Disequilibrium Test (SDT) revealed a highly significant 
association between A2M and AD (p=.00009). In contrast to APOE-4, a known AD 
risk factor, A2M-2 did not affect age of onset. A2M maps within 30 cM of 
chromosome 12 markers recently reported to be linked to AD (Pericak-Vance et al, 
JAMA, 1997). However, the association of A2M with AD does not appear to account 
for the previously published chromosome 12 linkage, nor could we confirm the 
previous finding in our data set. Our data suggest that A2M  is a novel AD gene which 
confers susceptibility for onset of AD, but, unlike APOE-4, does not modify age-of- 
onset. Thus, A2M joins LRP and the genes for two other known LRP ligands, APOE, 
and the amyloid β-protein precursor (APP), all of which have been genetically linked 
to AD. Together, the genetic and biochemical findings suggest that LRP-mediated 
clearance of α2M, Aβ, apoE, and APP may play a role in the etiology and/or 
pathogenesis of AD. This work was supported by the NIMH.

ASSOCIATIO N OF DLST  POLYM ORPHISMS WITH FAMILIAL 
ALZHEIMER’S DISEASE. L, Lilius,1 K.-F.R. Sheu,2 L. Lannfelt1 and J.P. 
B lass2*. 1 Karolinska Institute, Huddinge University Hospital, Stockholm, 
Sweden and 2Burke Medical Research Institute, Cornell University Medical 
College, White Plains, N Y  10605.

The DLST  gene encodes the core [E2k] protein o f  the α-ketoglutarate 
dehydrogenase complex (KGDHC), and KGDHC has been robustly shown to 
be impaired in Alzheimer’s disease (AD). Association o f  the A 1 9 , l 17G and 
T19,183C polymorphisms o f  DLST  have been found in Japanese (Nakano et 
al, Lancet 1997;350:1367-1368) and “old-old” Ashkenazi Jewish populations 
(Sheu et al, J Neurochem 1998;70:S47D; and submitted). W e now  report an 
association between these polymorphisms and familial AD (FAD) in a 
Swedish cohort. D N A  was obtained from 52 FAD patients (mean age at onset 
63 ±9 years), w ho had previously been shown to be free o f  mutations in the 
APP and PS1 genes. The 50 controls were age and sex matched, and included 
clinically unaffected members o f  the same families. The tw o DLST 
polymorphisms segregated with FAD in this series, both that in intron 13 
(A 19,117G ;P = 0.0369) and that in exon 14 (T19,183C; P = 0.0109). These 
data from relatively early onset FAD in Sweden extend the data from “old- 
old” Ashkenazi Jews and from Japanese, indicating that these loci in the DLST 
gene are associated with AD. The molecular genetic results are consistent 
with a pathogenic defect in either DLST  or a neighboring gene, but the 
combination o f  the biochemical and the genetic data suggests that closer study 
o f  the DLST  gene itself is indicated. [Supported in part by N IH grant 
A G 09014, and Overbrook and W.M. Burke Foundations.]
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103.3
BUTYRYLCHOLINESTERASE K VARIANT (BCHE-K): ASSOCIATION 
WITH LATE-ONSET ALZHEIMER’S DISEASE. R. Sandbrink*1,2, A. Gasperi- 
na3, R. Zerfass3, B. Weber3, C.L. Masters4, K. Beyreuther2, I. Heuser3. 1Institute of 
Human Genetics, University of Heidelberg, Im Neuenheimer Feld 282, D-69120 
Heidelberg, Germany, 2Center for Molecular Biology Heidelberg (ZMBH), Univer- 
sity of Heidelberg, Germany, 3Central Institute of Mental Health (ZI), Mannheim, 
Germany, 4Dept. of Pathology, University of Melbourne, Parkville, Australia

Recently, it was reported that the K variant of the butyrylcholinesterase gene 
(BCHE-K) is associated with late-onset Alzheimer’s disease (LOAD) among APOE 
ε4 carriers (Lehman et al, 1997). We therefore performed BCHE genotyping in 153 
AD patients (medium age 72.5 years) and 53 age matched controls (72. 1y ). In our 
group, 22.6% of controls, 24% of EOAD and 41% of LOAD were BCHE-K carriers, 
and the BCHE-K allele frequency was 13.3% in controls, 13.6% in EOAD and 
21.8% in LOAD. These findings suggest an association of BCHE-K with LOAD 
which was even more pronounced within the probable LOAD group: there, both 
BCHE-K allele carriers (45%) and the BCHE-K allele frequency (25%) were 
statistically significantly elevated (χ2-test, p<0.05). The odds ratio for probable 
LOAD, based on carriers, was 2.8 (confidence interval (C.I.) 1.14 - 6.8), even 
higher than previously reported. For LOAD patients with an age at onset >75 y , we 
observed a trend towards a further increase in BCHE-K carriers (52%), while 
among controls no age-effect was observed (21.4% carriers among controls >75 y.)

As expected, the APOE ε4 allele frequency was significantly increased in both the 
EOAD and LOAD group. For probable LOAD patients, the odds ratio confered by 
APOE ε4 was 4.2 (C.I. 1.7-10.5). When we reanalysed the BCHE-K data in regard 
to the presence of the APOE ε4 allele in this group, no major interaction between 
BCHE-K and APOE ε4 was observed. By taking subjects who had neither APOE 
ε4 nor BCHE-K as the reference, the odds ratio for probable LOAD patients 
carrying both the APOE ε4 and the BCHE-K alleles was 14.4 (C.I. 2.7-77.9)

In conclusion, BCHE-K was significantly associated with LOAD but not with 
EOAD in our study, but there was no major interaction with APOE ε4. As we could 
show, if both APOE ε4 and BCHE-K alleles are present, a high risk for LOAD will 
be the consequence, making further studies of BCHE-K allele effects indispensable.

Support: DFG (SFB258), Förderungsprogramm der Medizin. Fakultät Heidelberg

103.5
INCREASED CORTISOL PRODUCTION RATE A N D  ALTERED  
GLUCOCORTICOID M ETABOLISM  IN W OM EN WITH EARLY  
ALZHEIMER'S DISEASE T. O lsson*, S. R asm uson1, R Andrew2, B. 
N äsm an1, B .R. Walker2 and J.R. Seckl2. Dept Med, U m eå University 
Hospital, Sweden, 1Dept Geriatric M ed, U m eå University Hospital, 
Sweden and 2Dept Med, Western Gen Hosp, Edinburgh, Scotland.

Chronic g lu cocortico id  ex cess  may contribute to neuronal 
dysfunction/death in Alzheimer's disease (A D ). Despite biochem ical 
evidence o f hypercortisolism in A D, clinical features o f glucocorticoid  
excess are lacking. This could be explained if enhanced cortisol secretion 
were 'driven' by enhanced metabolic clearence o f cortisol in AD, eg by 
conversion to A-ring reduced metabolites or to cortisone. W e studied 10 
untreated fem ale outpatients (m edian 81, range 69-87  yrs) with  
mild/moderate AD by N IN C D S-A D R D A  criteria (without depression). 
Extensive clinical investigations included neuroradiology. Controls were 
7 age-matched (74, 66-83) and 7 young (26, 23-30) women. Cortisol 
metabolites were measured in 24-h urine by gas chromatography/mass 
spectrometry. Cortisol production rate decreased in healthy aging but 
was increased in A D  (sum o f metabolites 7269, 6 0 0 5 -15335, p<0 .01 vs 
2009, 1828-4201 in age-matched controls and 9315, 3613-16244 in 
young controls). Ratios o f cortisol to cortisone did not differ but total A- 
ring reduction (5alpha+5beta reduction) was markedly increased in AD  
(4-6 fold for cortisol and cortisone, p<0.01 vs age-matched controls). 
W e conclude that activation o f the cortisol axis in AD may, at least in 
part, be secondary to enhanced cortisol clearence by A-ring reduction. 
Importantly, A ring reduction is not prominent in the brain, which may 
put neurons at risk o f  adverse effects o f  elevated  glucocorticoid  
production in early AD.

103.7

AN ABNORMAL ISOFORM OF THE MUTANT PRION PROTEIN IN 
GSS Q217R0 IS BOUND TO THE CHAPERONE Bip. T. Jin, G. 
Zanusso, Y. Jing , R.B. Petersen, P. Gambetti, and N. Singh*. 
Division of Neuropathology, Department of Pathology, Case Western 
Reserve University, Cleveland, Ohio 44106.

In a previous study, we demonstrated that in a cell model of a 
variant of Gerstmann-Staussler-Scheinker syndrome (GSS) Q217R, 
a significant proportion of the mutant prion protein (PrP) contained 
the uncleaved C-terminal signal peptide, and did not acquire the 
glycosylphosphatidyl inositol (GPI) anchor. This abnormal isoform 
(PrP32) was aggregated, and retained in the endoplasmic reticulum. 
Other glycoforms of the mutant protein were retained in post-ER 
compartments, and were aggregated and proteinase-K resistant 
under mild conditions of protease digestion. Only the non-aggregated 
isoforms were detected on the cell surface (Singh et al., J. B io l. 
C h e m . 272:28461, 1997).

We now show that the PrP32 form is associated with the 
chaperone Bip in the endoplasmic reticulum. This association is 
maintained at 24°C, a temperature that promotes the proper folding 
and transport of other aggregated forms of PrPQ217R (Singh et al., 
ibid). Moreover, a potentially pathogenic fragment of ~8kDa of PrP is 
also associated with Bip. We will discuss the kinetics of association 
of these abnormal fragments with Bip, and the possible sub-cellular 
site(s) of their degradation.
This research was supported by NIH grants to P. Gambetti and N. 
Singh.

103.4
ARGYROPHILIC GRAIN DISEASE: A DEGENERATIVE
DISORDER DISTINCT FROM ALZHEIMER’S DISEASE. °M. Tolnay,*

R. Egensperger, °°A.U. Monsch, °°H.B. Staehelin and °A. Probst. °Institute of 
Pathology, Division of Neuropathology and °°Geriatric Clinic, Basel University, 
Switzerland, and *Laboratory of Molecular Neuropathology, Hannover Medical 
School, Germany

Argyrophilic grain disease (AgD) is a neurodegenerative disorder of late onset with 
unclear nosological status because patients exhibit some morphological features 
similar to Alzheimer's disease (AD), e.g. neurofibrillary tangles and senile plaques. 
We decided to investigate this issue using both a clinico-pathological approach, and 
by analyzing the apolipoprotein E (ApoE) allele frequencies in AgD and AD.

Brains from 35 AgD cases (19 demented and 16 non-demented according to DSM-IV 
criteria for dementia) were investigated. Galiyas stained sections from the anterior and 
posterior parahippocampal cortex and the hippocampus were examined on both sides. 
Genomic DNA was extracted from paraffin-embedded tissue blocks of the liver, kidney 
or cerebellum, and ApoE genotypes were determined by polymerase chain reaction.

High density of ArGs was observed in the anterior part of the CA1 subfield in all 
cases. However, the posterior part of CA1 was significantly more often and more 
severely affected in demented than in non-demented patients (p<0.01), independent of 
the presence or absence of additional changes of the AD-type. Moreover, the 
distribution of ArGs in the anterior and posterior parahippocampal cortex was more 
widespread in the group of demented patients (p<0.05). In AgD, ApoE allele 
frequencies of 0.10 ε2, 0.83 ε3 and 0.07 ε4 were found, which differed significantly 
from allele frequencies reported in AD (0.04 ε2, 0.58 ε3, 0.38 ε4; p<0.0001).

Our results show that the cognitive status of patients with AgD is related to the 
extent of ArGs in the limbic cortex, and not associated with changes of the AD-type. 
Furthermore, we have found significant lower incidence of the ApoE ε4 allele in AgD 
compared to AD. These observations strongly suggest that AgD is a nosological 
entity distinct from AD.

M.T. is supported by the Swiss National Science Foundation

103.6
The Prevalence of Dementia of the Alzheimer Type (DAT) is High in 
Israeli Arabs.R.P.Friedland*, A. Bowirrat, T.Treves, J. Chapman, A.D. Korczyn. 
Lab of Neurogeriatrics, Case Western Reserve University, Cleveland, OH 44106, USA, 
email rpf2@po.cwru.edu; Depart. of Neurology, Tel Aviv University.

Identification of high prevalence foci of disease may offer valuable clues to 
pathogenic mechanisms. We have performed a population based prevalence study of 
DAT in the Arab community of Wadi Ara, in northeast Israel, with a population of 
46,000. Using data obtained from the Israeli Social Security Office all people 60 years 
or older on prevalence day were later examined in the home by an Arabic-speaking 
neurologist. The evaluation was conducted in Arabic and included medical and 
neurological exams and cognitive assessments. Dementia was diagnosed using DSM- 
IV criteria and DAT using those of the NINCDS-ADRDA, with consensus conferences 
attended by 2 neurologists for evaluation of inter-rater reliability. The refusal rate was 
1%. There were 821 subjects examined (459 F, 362 M), age 71.5 (8.3) (mean, SD), 
with 72% having no schooling. DAT was found in 20.5%. The prevalence of DAT 
increases with age from 5.3% of those aged 60 years or over to 60.5% among those 85 
years or older. Women are more likely to have DAT [25% vs. 15%, OR 1.9 (95% CI 
1.3-2.8)]. 49 cases of vascular dementia were detected and are included in the base 
population. These prevalence rates of DAT are over 3 times higher than those found in 
other studies of equivalently uneducated people in China or Israel, following 
standardization for age, gender and education. Illiteracy is common and is associated 
with DAT [no years vs. one year or more of formal education, 27% vs.4%, OR 9.0 
(95% CI 4.4 - 19)]. Apolipoprotein E-e4 allele frequency is .05 in controls, .08 in age 
associated memory impairment, and .14 in DAT (n=43) (all lower in prevalence in this 
population than in Whites). The high prevalence of AD in this community may be 
related either to autosomal recessive genes enhanced by inbreeding or to other genetic or 
environmental factors. Supported by the Joseph and Florence Mandel Foundation.

103.8
NF-κB (p50/RelA) LEVELS IN AGING AND SPORADIC ALZHEIMER’S 
DISEASE (AD) TEMPORAL LOBE NEOCORTEX: RELEVANCE TO
NEUROINFLAMMATION AND CYCLOOXYGENASE-2 (COX-2) GENE 
EXPRESSION 1W. J. Lukiw*, 1P.K. Mukherjee, 2D. Dixon, 2S.M. Prescott 1H.J. 
LeBlanc, 1L.A. Carver and 1N. G. Bazan, 1LSU Medical Center, Neuroscience 
Center, New Orleans LA 70112-2272; 2University of Utah, Eccles Institute of 
Human Genetics, Salt Lake City Utah 84112-9454.
We have previously shown that the proinflammatory mediators interleukin-1 β (IL- 

1 β) and PAF strongly induce transcription factor NF-κB (p50/RelA)-DNA binding 
and COX-2 (E.C. 1.14.99.1) gene transcription in cultured human cells and in brain 
[PNAS 91:1994; JBC 271:1996; PNAS 95:1998]. As analyzed by gel shift assay 
in age-matched control and AD temporal lobe neocortical tissues, a strong positive 
correlation was found between NF-κB-DNA binding and elevated COX-2 RNA 
levels (p=0.001, ANOVA; manuscript submitted). Systematic deletion of the distal 
NF-kB-DNA binding site in human COX-2 promoter constructs (-452 to -433 bp) 
attenuates COX-2 transcriptional induction by inflammatory mediators to near 
basal levels. Strong NF-κB-DNA binding has also been shown to temporally 
precede COX-2 gene transcription in A549 (human epithelial), HIT-T15 (hamster 
B-cell), HUVEC (human endothelial), IM9 (human lymphoblast), IMR90 (human 
fibroblast), NG108-15 (rat glioma/mouse neuroblastoma), NHEK (human 
keratinocyte), NIH 3T3 (mouse fibroblast), in SH-SY5Y (rat neuroblastoma) cell 
lines and in mouse and rat brain hippocampus, indicating a highly conserved 
inflammatory signaling pathway common to diverse species and cell types. The 
mouse, rat and human COX-2 immediate promoters, despite 7.5 x 107 yr of DNA 
sequence divergence, each retain multiple recognition sites specific for NF-kB- 
DNA binding. These data suggest that basic gene induction mechanisms conserved 
over long periods of evolution, which increase NF-kB-DNA binding, may be 
fundamental in driving transcription from inflammation-related genes, such as 
COX-2, that operate in oxygen-stressed tissues, in normally aging cell lines and in 
neurodegenerative disorders including AD. (Supported by the EENT Foundation.)
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103.9
Role of the  T r a n sc r iptio n  Fa c to r  NF-κB in O x id a t iv e  N e rve  C ell 
Death
C. Behl*, S. Heck and F. Lezoualc’h
Max Planck Institute of Psychiatry, 80804 Munich, GERMANY 

Free radicals and oxidative stress-induced neuronal cell death can be 
involved in various neurodegenerative disorders including Alzheimer’s 
disease (AD). Oxidative cell death in neurons is induced by the AD- 
associated amyloid β-protein (Aβ) and by glutamate in neuronal cell 
models, such as clonal hippocampal cells or primary cerebellar granular 
neurons. In the course of oxidative cell death, the redox sensitive 
transcription factor NF-κB can be induced. In selected neuronal oxidative 
stress-resistant cells, NF-κB activity is constitutively increased and a 
suppression of its activity by glucocorticoids or by the overexpression of 
IκBα protein, the specific inhibitor of NF-κ B, leads to a reversal of the 
resistant phenotype, indicating that high NF-κB activity levels may 
mediate protection against oxidative stress. On the other hand, the 
induction of the NF-κB activity by neurotoxins and apoptotic stimuli (e.g., 
Aβ, glutamate, staurosporine) can be suppressed by various 
neuroprotective antioxidants, such as melatonin, suggesting that the 
suppression of NF-ƙB’s activity and, therefore, low NF-κB activity levels 
might be beneficial for neuronal cell survival during oxidative challenges. 
These data indicate that depending on the cellular model and the toxicity 
paradigm used, the base line activity of NF-κB and its toxin-induced 
activation might play different roles in neuronal cell death and 
neuroprotection.

103.11
DEVELOPMENT OF ANTAGONISTS FOR STUDYING S100A1 FUNCTION IN 
NEURONAL CELLS AND NEUROLOGICAL DISEASES. D.B. Zimmer1*, A. L  
Landar1, R.R. Rustandi2, and D.J. Weber2, 1Dept. of Pharmacology, Univ. South 
Alabama, Mobile, AL, 36688; Dept, of Biol. Chem., Univ. of Maryland School of 
Med., Baltimore, MD, 21201.

Numerous studies have indirectly implicated the neuronal calcium-binding 
protein S100A1 in neurological diseases such as Alzheimer’s disease and 
cancer. However, direct elucidation of S100A1 function has been hindered by 
the lack of S100A1 specific antagonists. Since S100 proteins have no known 
enzymatic activity and function by modulating the activity of other proteins 
(target proteins), agents that interfere with S100A1-target protein interactions 
should selectively inhibit S100A1 function. In the present study, point and 
deletion mutants of S100A1 were used to investigate the contribution of 
carboxy terminal amino acids to S100A1-target protein interaction. First, 
proteins encoding wild type rat S100A1 (recS100A1), lacking the carboxy- 
terminal residues (Δ85-93), and containing alanine substitutions at Phe 88 
(F88A), Phe 89 (F89A), or Trp 90 (W90A), both Phe 88 and Phe 89 (F88/89A), 
or all three aromatic residues (F88/89A-W90A) were recombinantly expressed 
and purified. Fluorescence studies showed that the Δ85-93 protein exhibited 
reduced calcium-dependent interaction with the CapZ peptide, TRTK. In 
contrast, all mutant proteins including the Δ85-93 protein, activated the 
calcium-independent target protein aldolase A. Altogether, these results 
indicate that S100A1 utilizes distinct mechanisms for interaction with calcium- 
independent and calcium-dependent target proteins. These studies 
demonstrate the feasibility o f designing antagonists that selectively interfere 
with calcium-dependent and/or calcium-independent functions of S100A1 and 
using these agents to elucidate the contribution of S100A1 to nervous system 
development and disease.
(Supported by grants from NIH and the Pine Family Foundation)

103.13
COMMON REGULATORY ELEMENTS IN THE PROMOTERS OF GENES 
LINKED TO FAMILIAL OR SPORADIC ALZHEIMER'S DISEASE (AD) E.I. 
Rogaev1*, N.G. Bazan2 and W.J. Lukiw2, 1Laboratory of Molecular Brain Genetics, 
National Research Center of Mental Health, Academy o f Medical Sciences of 
Russia, Moscow 113152, Russia, 2LSU Medical Center, Neuroscience Center, New 
Orleans, Louisiana 70112-2272, USA.

We undertook a comparative analysis o f transcription factor binding consensus 
sequences, DNA sequence characteristics, secondary structures and protein-DNA 
binding elements in the promoters of 8 genes which have been implicated in either 
familial or sporadic Alzheimer's disease (AD). Gene promoter sequences were 
analyzed for the familial AD genes apolipopfotein E (APOe; chr 19q 13.2), amyloid 
precursor protein (APP; chr21q21), presenilin-l(PS1; ch r14q24.3), presenilin-2 
(PS2;chrlq42.1) and the sporadic AD genes neurofilament light chain (NFL; 
chr8p21), synaptobrevin (SYNb; chrl2p), synapsin (SYNs; chrX p11.23) and 
synaptophysin (SYNp; chrXp11.23) from -1000 bp to +1 bp, the start of 
transcription. Each gene implicated in AD originates from a diverse set of 
chromosomes and represents both inducible, TATA-box-containing and GC-rich 
housekeeping gene promoters. Linkage to diverse chromosome elements indicates 
that, as in cancer, the genetic basis for AD etiopathology is markedly 
heterogeneous. All familial and sporadic AD genetic determinants are related by 
the fact that each possesses common activator/stimulatory protein A P1 or AP2, 
SP1 and SNN (synapsin, neurofilament light chain, nerve growth factor) regulatory 
elements. AP1/AP2, SP1 and/or SNN driven gene promoters may, therefore, 
represent one subset of genes targeted for aberrations or dysfunction in the 
molecular genetics of the Alzheimer process. (Supported by the EENT 
Foundation.)

103.10
CHARACTERIZATION OF FAC1 DNA BINDING AND ITS ROLE IN 
ALZHEIMER'S DISEASE. K L. Jordan-Sciutto*, J. Dragich, J. L. 
Rhodes, and R. Bowser. Dept. of Pathology, Univ. of Pittsburgh Medical 
Center, Pittsburgh, PA.

A growing number of proteins have been found to be alternatively 
expressed during Alzheimer's disease (AD) progression. One such protein 
is the novel, developmentally-regulated FAC1 protein, which is expressed 
at increased levels in AD, amyotropic lateral sclerosis, neuronal 
regeneration, and cortical development. FAC1 co-localizes with 
pathologic features of AD including amyloid containing plaques, Hirano 
bodies, and dystrophic neurites. We hypothesize that FAC1 functions as a 
transcriptional regulator and acts to alter gene expression during AD 
progression. Using the PCR assisted binding site selection assay we 
determined that the zinc finger motif in FAC1 binds the sequence 
CACAACAC in a specific manner. We have shown by electrophoretic 
mobility shift assay that recombinant FAC1 binds this site with increased 
affinity after incubation with nuclear extracts from cultured cells, 
suggesting post-translational modification is needed for high affinity 
binding. Nuclear FAC1 specifically recognizes the FAC1 binding element 
(FBE) in FAC1 transfected NIH3T3 cells, MSN2 cells, and PC 12 cells. 
When PC 12 cells are induced to differentiate into neurons via NGF, there 
is a change in both the affinity and size of the FAC1:DNA complex 
suggesting that other proteins are regulating FAC1 DNA binding. 
Promoters of several genes implicated in AD including the Amyloid 
Precursor Protein (APP) and Presenilin 1 contain multiple FBE’s. A 
double stranded oligonucleotide containing the FBE in the APP promoter 
context is specifically recognized by both recombinant and native FAC1. 
Studies are underway to demonstrate that FA C1 regulates transcription 
from the APP promoter which would further implicate FAC1 in AD 
pathogenesis and CNS development. NIH AG05133; AG13208; NS10572.

103.12
ENHANCED BRADYKININ(BK)-INDUCED CA2+ RESPONSES IN PC 12 
CELLS EXPRESSING THE C-100 FRAGMENT OF APP. A. Pascale1.
S.Bhagavan1, R. L. Neve2, D. L. McPhie2 and R. Etcheberrigaray1*. 1Lab. Appl. 
Neuroscience, Inst. for Cognitive and Computational Sciences, Georgetown 
University, Washington, D.C. 20007. 2Dept. of Genetics, Harvard Med. Sch., 
McLean Hospital, Belmont, MA 02178.

Several lines of evidence have implicated the amyloid precursor protein (APP) 
and some of its metabolic products as key players in Alzheimer’s disease (AD). The 
ca.100 amino acids C terminus fragment (C-100) of APP has been shown to 
accumulate intracellularly and to cause neurodegeneration in cultured neuronal 
cells. Transgenic animals expressing this fragment also exhibit some 
neuropathological and behavioral AD-like defects. Here, we present evidence that 
PC 12 cells expressing the C-100 fragment show alterations in Ca2+ handling on day 
3 and 7 in culture. Similar alterations have been previously shown in fibroblasts 
from AD patients. BK, a peptide that primarily causes intracellular Ca2+elevations 
via the IP3 pathway, consistently elicited discernible Ca2+ elevations, at 10, 100, 500 
& 1000nM concentrations, in a significantly larger proportion (p < 0.0001, one-way 
ANOVA) of two different transfectants (B17 and B11 cell lines) expressing the C- 
100 fragment compared to the parental PC 12 cell line (control). B17 and B11 cell 
lines had a similar proportion of responders. However, cell line B11 had a larger 
proportion of cells with large magnitude responses (> 2-fold elevation from base 
line) than B17 cells. This phenomenon was also exhibited by transfected (B17) 
PC 12 cells induced to differentiate (treated with nerve growth factor, NGF) i.e., the 
overall proportion of responders, at the same four concentrations of BK tested, was 
significantly higher (p < 0.0001, one-way ANOVA) than in the control group of 
cells. In summary, the data strongly suggest that C-100 causes intracellular calcium 
regulation derangements that may have relevant pathophysiological implications for 
Alzheimer’s disease.
Partially supported by D.O.D. grant.
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104.1
NEURAL CORRELATES OF THE EXPERIENCE OF EMOTIONS A.R. Damasio1*, 
T.J. Grabowski,1 A. Bechara,1 H. Damasio,1 L.L. B. Ponto2 and R.D. Hichwa2. 1Dept. 
of Neurology;2 PET Imaging Center; Univ. of Iowa; Iowa City, IA 52242.

Our working account for the neural systems underlying emotion and feeling, 
specifies that the experience of primary emotions should involve differential activity in 
a collection of specific subcortical and cortical structures including: dorsal nuclei in 
pons and midbrain; hypothalamus; amygdala; cingulate cortices; insular and SII 
cortices; and ventromedial prefrontal cortices. The account is distinguished by its 
emphasis on structures involved in the representation and regulation of body states, at 
both subcortical and cortical level. We investigated this hypothesis using [15O]H20 PET 
on a GE 4096B tomograph in 14 normal, right-handed subjects scanned after the 
induction of recall-based emotional experiences. Data were acquired after subjects 
signaled that they had achieved the target emotional state. Skin conductance responses 
and heart rate were recorded as measures of performance. Six injections were 
performed. Each subject achieved a neutral state and 2 target states (anger, fear N=8; 
happiness, sadness N=6). We analyzed the two groups independently with pixelwise 
ANCOVA and used Bonferroni corrections for multiple t-tests.

Experience of anger activated L ventral striatum (3.97), L anterior insula (3.78), 
dorsal midbrain (4.47), and dorsal pons (6.04); the R amygdala was deactivated. 
Experience of fear activated R and L (3.82 and 4.67) thalamus, dorsal midbrain (3.95), 
dorsal pons (4.91); the R posterior cingulate was deactivated. Experience of sadness 
activated L amygdala (t=4.24), L ventral striatum (4.98), L anterior insula (7.78), 
hypothalamus (4.53), ventromedial frontal cortex (4.10), R posterior cingulate (4.75), 
and dorsal midbrain (4.30). Experience of happiness activated L ventral striatum 
(3.88), L anterior insula (3.84), R SII (5.14), ventromedial frontal cortex (3.81), 
hypothalamus (3.70), R posterior cingulate (4.78).

The results support the notion that structures concerned with the representation 
of body state are critical for mapping the substrate of feelings. Moreover, each primary 
emotion and related feeling has a distinctive profile of system activity. (Supported by 
The Mathers Foundation.)

104.2
THE HUMAN AMYGDALA IN SOCIAL JUDGMENT
R. Adolphs*, D. Tranel, A.R. Damasio. Div. of Cognitive Neuroscience,
Dept, of Neurology, University of Iowa, Iowa City, IA 52242.

Studies in animals implicate the amygdala in emotional and social 
behaviors. Lesion studies in humans have demonstrated the amygdala's 
participation in recognizing emotional facial expressions, and in social 
judgments of individuals. Here we explored the preferences for visual 
stimuli in 3 subjects with bilateral amygdala damage. We asked subjects to 
judge faces of unfamiliar people with respect to two attributes important 
in real-life social encounters: approachability and trustworthiness. 
Furthermore, we asked subjects to rate the likeability of unidentifiable 
line drawings, colored spheres, and synthetic landscapes. All subjects 
with bilateral amygdala damage judged unfamiliar individuals to be more 
approachable and more trustworthy than did control subjects. Subjects 
were disproportionately impaired when judging faces normally 
considered most unapproachable or untrustworthy. Additional 
investigations suggested that the impairment does not extend to judging 
verbal descriptions of people. The subjects also endorsed higher 
preferences for the other classes of visual stimuli. The data suggest that 
bilateral damage to the human amygdala results in two separate 
impairments: (1) a specific inability for social judgments of 
untrustworthy and unapproachable individuals, and (2) a general 
positive bias towards all visual stimuli, social or otherwise. The amygdala 
appears to be an important component of the neural systems which help 
retrieve socially relevant knowledge on the basis of facial appearance.
This study was supported by NINDS grant NS 19632.

104.3
PERFORMANCE OF PATIENTS WITH DEMENTIA OF ALZHEIMER’S TYPE 
ON RELATIONAL REASONING TASKS SENSITIVE TO PREFRONTAL 
CORTICAL DAMAGE. J.A. Waltz,*B.J. Knowlton1,4, K.J. Holyoak1,4. D. 
Masterman2, T. Tom2, K.B. Boone3, and B.L. Miller2. 1Depts. of Psychology, 
2Neurology, and 3Psychiatry, and 4Brain Research Institute, University of California, 
Los Angeles, CA 90095.

Previous results have revealed a critical role for prefrontal cortex (PFC) in relational 
reasoning. In the present study, 13 patients with dementia of Alzheimer's type (DAT), 
which produces degeneration of medial temporal lobe structures and regions of 
neocortex, were administered measures of on-line relational reasoning and declarative 
memory. Results indicate that DAT patients showed performance on a test of 
transitive inference (M=62±7%; chance=7%) that was impaired relative to seven 
normal controls (M=88±12%) and a group of five patients with degeneration of 
anterior temporal cortex (M=87±13%) but superior to a group of five patients with 
prefrontal cortical damage (M=20±20%). On a test of visuospatial matrix problems, 
DAT patients showed performance (M=25±7%; chance=17%) that was impaired 
relative to normal controls (M=86±5%) and patients with anterior temporal cortical 
damage (M=89±5%) but not significantly different from that of patients with PFC 
damage (M=11±5%). As was the case with patients with PFC damage, patients with 
DAT performed normally on variants of these reasoning tasks that did not require the 
integration of relations (M>80%). On a two-item forced-choice recognition test of 
declarative memory, DAT patients demonstrated a trend towards impairment 
(M=76±4%) relative to patients with degeneration of prefrontal cortex (M=96±4%). 
These results are consistent with the idea that DAT affects both medial temporal lobe 
and prefrontal cortical function, although the degree of prefrontal involvement is less 
than that which occurs in focal frontal dementia.

This research supported by an Ursula Mandel Fellowship from the UCLA Graduate 
Division.

104.4
AN FMRI STUDY OF WISCONSIN CARD SORTING TEST: ROLE OF 
ABSTRACT REASONING IN SHIFT-RELATED ACTIVITY. S. Konishi1*, M. 
Kawazu1, I. Uchida1, K. Nakajima1, H. Kikyo1, M. Kameyama1, K. Sekihara2, Y. 
Miyashita1,2,3  1Department of Physiology, The University of Tokyo School of 
Medicine, Hongo, Tokyo 113, 2Japan Science and Technology Corporation, 
Yushima, Tokyo 113, 3National Institute of Physiological Sciences, Okazaki, 
Aichi 444, Japan

We previously isolated the brain activity related to set-shifting of the Wisconsin 
Card Sorting Test (WCST) by using the method of event-related fMRI (Konishi et 
al., Nature Neurosci 1998). In the present study, we further analyzed the shift- 
related activity by reducing the load of abstract reasoning when the subjects shifted 
cognitive sets. In our computerized WCST, the subjects continued to sort card 
stimuli with respect to one of three possible dimensions (color, form and number). 
Intermittently, the dimension was changed, and, in the original version of our 
computerized WCST, the subjects had to identify the new dimension by trial and 
error using feedback stimuli (correct: O, incorrect: X) to shift cognitive set. On the 
other hand, in the present version, we introduced the instruction cues that explicitly 
informed the subjects of the new dimension (visual presentation of the word “color”, 
“form” or “number”). One of the instruction cues was presented after the 
dimensional change, and the subjects were not required to identify the new 
dimension by trial and error when they shifted cognitive set. But we still observed 
reproducible transient activity in the posterior part of the bilateral inferior frontal 
sulci (BA45/44) that is mainly activated during set-shifting with trial and error. 
The results suggest that the activation of these regions can not necessarily be 
explained only by the mental processes during abstract reasoning.

S. K. is supported by JSPS Research Fellowships for Young Scientists. This work 
was supported by a Grant-in-Aid for Specially Promoted Research (07102006) to Y. 
M. from the Japanese Ministry of Education, Science and Culture.

104.5

COHERENT EEG DURING AMBIGUOUS FIGURE PERCEPTION. 
W. R. Klemm,* J.L.  Hernandez, and T. H. Li. Dept. VAPH, Mail Stop 
4458, Texas A&M University, College Station, TX 77843-4458.

We tested the hypothesis that perception o f  an alternative image in 
ambiguous figures would be manifest as high frequency (gamma) 
components that become synchronized over multiple scalp sites as a 
“cognitive binding” process occurs. For 19 electrodes and each o f  63 
wavelet packets, we calculated average correlation coefficients for all 
possible electrode pairs from a data set o f  17 subjects and 10 replicates. 
A NO VA  o f  the coefficients revealed numerous P values <  0.05 for 
packets representing certain low and high frequencies in the ambiguous 
figure data, but not in tw o kinds o f  control data. Because o f  the difficulty 
o f  establishing decision criteria for P values in such a large data set, for 
the lowest P values we performed a linear decomposition on correlation 
coefficients that were first normalized, followed by subtracting 
coefficients for data when the ambiguous figure was first presented from 
those for data at the moment that the alternative perception was 
recognized. Analysis o f  the distribution o f  decomposition results 
confirmed that certain low- and high-frequency wavelet packets showed 
significant correlation change during ambiguous figure perception.

104.6
THE FUNCTIONAL NEUROANATOMY OF MISMATCH DETECTION. D.E.J. 
Linden*12, T. Dierks2, D. Prvulovic2, E. Formisano34, H. Lanfermann3, W. Singer1 and 
R. Goebel1. 1Max-Planck-Institut. für Hirnforschung, Frankfurt. Germany, 2Depts. of 
Psychiatry I and 3Neuroradiology, University of Frankfurt, Germany. 4Dept. of Electr. 
Engineering, University of Naples, Italy.

In natural environments, sudden change often spells danger. The rapid detection of 
mismatches can therefore be crucial for survival. In a laboratory setting, mismatch 
detection is studied with “oddball” paradigms. We used event-related fMRI (EPI at 1.5 
Tesla; Siemens Magnetom Vision) to determine the pattern of brain activation during a 
visual oddball task. Analog clocks were presented for 800ms with a SOA of 16s. Both 
the angle between the hands and the colour of the face varied for each stimulus 
presentation. The frequent non-target stimuli (60%) showed a wide angle (> 60°) and a 
white face. For each session, one of the rare stimuli (small angle or yellow face) was 
defined as target (20%) and the other as distractor (20%). Subjects (n=5) had to 
respond by different button presses for targets and non-targets or by counting the 
targets. In separate EEG sessions, this stimulus paradigm was confirmed to produce 
significant P300 effects for targets vs. non-targets and for distractors vs. non-targets. 
Correlation analysis of the fMRI signal showed a significant increase of the BOLD 
signal for targets vs. non-targets and for distractors vs. non-targets bilaterally in the 
superior parietal lobe (SPL), intraparietal sulcus (IPS), precuneus, supramarginal gyrus, 
cingulate, pre-SMA, and parahippocampal gyrus. The signal increase in the SPL and 
IPS was more marked for angle than for colour mismatches. When the subject’s 
response consisted in button presses, additional areas were recruited for response to 
targets, including the caudate nucleus and regions of the cerebellum. Activity in the 
precuneus was most strongly associated with the presentation of distractors. Keeping 
the physical stimuli constant and varying only the cognitive task and response 
requirements, we were able to differentiate the cortico-subcortical subsystems 
subserving the response to mismatches embedded in series of visual events. Supported 
by the Max Planck Society and the Alzheimer Research Centre, Frankfurt am Main
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104.7
MODULATION OF CINGULATE ACTIVATION TO INFREQUENT VISUAL 
TARGETS BY KETAMINE: A FUNCTIONAL MRI STUDY. J.H. Krystal*, A. 
Belger, E. Kirino, S. Madonick, C.J. Gatenbv, J.C. Gore, G. McCarthy. Cognitive 
Neuroscience Lab., VAMC, West Haven CT 06516 USA, and Departments of 
Psychiatry, Diagnostic Radiology, and Neurosurgery, Yale University School of 
Medicine, New Haven CT 06510 USA.
McCarthy et al. (1997) demonstrated activation of prefrontal cingulate and parietal 
cortex in response to infrequently presented visual target stimuli of which subjects 
were keeping a mental count. A follow-up study (Belger et al, 1998) indicated that 
schizophrenic subjects failed to activate prefrontal and anterior cingulate regions to 
infrequent targets during an identical oddball task. We propose that this deficit may be 
linked to abnormal NMDA receptor functions in these regions in schizophrenia. We 
examined the effects of NMDA receptor function modulation by ketamine on the 
prefrontal, cingulate and parietal activation associated with target detection in healthy 
subjects during an oddball task. Subjects viewed a series of squares (90-94% of 
trials) and circles (random 6-10% trials per run) presented 1/1.5 s , during a placebo 
and a ketamine infusion phase. Subjects responded with a button press to the circles 
only. Gradient echo, echoplanar images were acquired on a 1.5 T MR system. During 
each of 10 experimental runs, 128 images (TR=l.5 s, TE=45 ms, α=60°, 7mm slice 
thickness) were acquired for each of 8 axial slices extending dorsally from 8mm 
below AC-PC. Segments consisting of the 6 images preceding and the 9 images 
following each target were excised and the time course of each voxel was convolved 
with the average activation time course obtained in the prior study. Focal activation 
of the middle frontal gyri (MFG), anterior cingulate (ACG) and posterior parietal 
regions was obtained for the targets. Activity in the MFG and ACG only were 
selectively modulated by ketamine administration. Thus, ketamine produced focal 
impairments in ACG and MFG functions, suggesting NMDA/glutamate system 
involvement in prefrontal dysfunction in schizophrenia. Supported by VA Merrit Review

104.9
CEREBRAL ACTIVITY RELATED TO PREDICTION AND ANTICIPATION 
DURING DECISION-MAKING. J. Quintana1 *, S. Bookheimer, J. Kroger, M. Cohen, 
and J. Mazziotta. Brain Mapping, UCLA Sch. Medicine, Los Angeles, CA 90024.

Electrophysiological studies in monkeys performing visuo-motor delay tasks have 
revealed anticipatory and predictive unit activity during the memory (delay) period. 
Such activity has been identified (a) in motor-set related units, linked to the 
predictability with which an initial visual cue indicates a preferred direction at a 
subsequent choice time, and (b) in a subset of neurons whose delay activity seems to be 
solely related to the certainty or uncertainty of the future choice. Both types of units 
have been identified in dorsolateral prefrontal (areas 9 and 10 of Brodmann) and in 
posterior parietal cortex (areas 5 and 7). The current experiments were designed to 
characterize the presence of equivalent predictive and anticipatory activity in the 
human brain, using a similar task structure and fMRI. Decision-making, stimulus- 
response visuo-motor tasks with different degrees of contingency strength between a 
central visual cue and a subsequent (7 sec) positional choice (right-left) were 
performed by ten normal right-handed volunteers (ages 20-35; 6 males, 4 females). 
Blood oxygenation was measured in a 3Tesla GE system using EPI (GRE, TR/TE= 
2000/4.5; FOV= 40; Matrix= 128×64; 14 axial slices, 4 mm, 1 mm gap). The visual 
cues used were colored circles as in the monkey studies, and also written words and 
facial expressions. The results show that specific cerebral activations related to 
anticipation and prediction can be detected in humans. The activations show 
variability between individuals, but appear prominently in frontal (bilateral 
dorsolateral and orbito-frontal areas), superior parietal (left hemisphere), and temporal 
association areas. In addition, activations in visual areas, language areas, and motor 
areas can also be seen. With regards to the type of visual information used, specific 
cortical activation pattern differences can be detected between prediction based on 
“emotional” (ventral and dorsal frontal, limbic, and anterior cingulate), or “logical” 
stimuli (ventral and dorsal frontal, Brocca’s area, anterior cingulate, and left temporal 
cortex for word stimuli; orbito-frontal, left temporal and left superior parietal areas for 
color stimuli). These data suggest that humans use cortical networks for prediction 
during decision-making which are equivalent to those used by monkeys. In addition, 
humans specifically use other cortical areas for prediction during decision-making 
based on information of verbal or emotional nature. (1) NARSAD Young Investigator.

104.11

AN E X P L IC IT  M O D E L  O F P R E F R O N T A L  E X E C U T IV E  
C O N T R O L . T.A. Polk1, R.L. Lew is2, J.P. Hamilton1, and E.E. 
Smith1* .  1 D ept. o f Psychology, Univ. o f Michigan; 2Dept. of  
Computer and Information Sciences, Ohio State University; Ann 
Arbor, MI 48109.

A number o f theories have been proposed to explain the function 
of prefrontal cortex in humans. Cohen & Servan-Schreiber (1992) 
have proposed an explicit, computational model in which parts o f  
prefrontal cortex serve the role o f context memory. Goldman-Rakic 
(1987) has proposed that an important function o f prefrontal cortex 
is working memory. Kimberg & Farah (1993) have proposed a 
particular hypothesis about how prefrontal damage affects working 
memory and have developed a computational model based on that 
hypothesis that accounts for a variety o f prefrontal deficits. Perhaps 
the most common function associated with prefrontal cortex is that 
of executive control (Norman & Shallice, 1986), but theories based 
on this idea have not been made as explicit as have these alternative 
theories.

We present such an explicit model o f prefrontal executive control. 
We show how executive control could be implemented in a 
computational architecture and how damage to such a system could 
lead to a variety o f behavioral impairments that are associated with 
prefrontal damage. We also outline some empirical and theoretical 
differences between the new model and existing theories of 
prefrontal cortex.

Supported by the O ffice o f Naval Research.

104.8
NAMING PICTURES WITH HIGH VERSUS LOW NAME AGREEMENT: 
AN fMRI STUDY. J.E. Desmond*1, J.D.E. Gabrieli,1 C.A. Seger,1 A.T. Tran,1 
and G.H. Glover2. Departments of 1Psychology and 2Radiology, Stanford 
University, Stanford, CA 94305.

Prior functional imaging studies have revealed that for a given task, such as 
verb generation (Thompson-Schill et al., Proc Natl Acad Sci USA, 94:14792. 
1997) or stem completion (Desmond et al., Neuroimage, in press), greater left 
frontal activation is observed when more response selection is required. The 
present study addresses whether a similar pattern occurs when subjects name 
pictures for which there is low name agreement, and hence, MANY possible 
alternative names from which selection can occur, compared to pictures with high 
name agreement and FEW possible alternatives. A set of 144 pictures, half with 
MANY alternatives and half with FEW, was selected from the standardized set of 
Snodgrass & Vanderwart (J Exp Psych: Hum Learn Mem, 6:174, 1980). These 
two sets were equated with respect to familiarity, complexity, and word frequency 
of the most common name. Subjects received alternating blocks of pictures with 
MANY or FEW names (18 pictures/block, 8 blocks, 2.5 s/picture), and pressed a 
switch when they thought of an appropriate name. Functional MRI (fMRI) was 
obtained with a T2*~weighted gradient echo spiral pulse sequence (1.5T, 
TR=1800 ms, TE=40 ms, flip=85°, inplane resolution=3.5 mm, thickness=6
mm). Results from 6 subjects show greater activation for MANY in BA 24/32, 
left thalamus, left BA 45, 46, 8, right BA 47, 6, and right lateral cerebellar cortex. 
Greater activation for FEW was observed in left BA 21, 22, 37 and right BA 45, 
46. The increase in left frontal areas during the MANY condition is consistent 
with analogous experiments with verb generation and stem completion. In 
contrast with results from stem completion, however, increased cerebellar 
activation occurred in the MANY, relative to FEW, condition. This difference 
may be due to greater search difficulty in the FEW condition for stem completion 
than for picture naming. Supported by NIA (AG 12995) and NIAAA (AA10723).

104.10
DISSOCIATING MEDIAL PREFRONTAL AND POSTERIOR 
CINGULATE/PRECUNEOUS DEACTIVATIONS DURING MOVEMENT 
SEQUENCING. A. Pfefferbaum*, V. Menon, G.H. Glover. Departments of 
Psychiatry & Behavioral Sciences and Radiology, Stanford University; VA Palo Alto 
Health Care System and SRI International. Stanford, CA 94305.
Deactivation of the medial prefrontal cortex (mPFC) and posterior 
cingulate/precuneous (pCing/preCun) have been observed in a number of experiments 
(Schulman et al., 1997). We examined decreases in task related activity during 
externally and self paced movement sequencing. 21 subjects were imaged using fMRI 
during an experiment consisting of 12 alternating 40s epochs of rest and a motor 
sequencing task. 11 subjects (Group 1) performed an externally paced sequencing 
task and 10 others (Group 2) performed a self paced sequencing task. The data were 
analyzed using the random effects model implemented in SPM96. Clusters of 
deactivation with significant height (p < 0.01) and extent (p < 0.01) were determined. 
Group 2, but not Group 1, subjects showed significant TASK -  REST deactivations in 
mPFC and pCing/preCun. In Group 2 subjects, we then decomposed the REST state 
to a RESTpre state (preceding the first movement epoch) and RESTpost state 
(average of rest epochs following the first movement epoch) after taking into account 
the haemodynamic lag and dispersion. TASK -  RESTpre deactivations were observed 
in the mPFC and pCing/preCun; TASK -  RESTpost deactivations were observed in 
mPFC, pCing/preCun and left parahippocampal gyrus; RESTpost -  RESTpre 
deactivations were observed in the mPFC but not the pCing/preCun; no regions 
showed significant RESTpre -  RESTpost deactivations. These observations suggest 
that (1) the deactivations observed are not due to the motor component of the tasks, 
(2) the mPFC is, at least partly, modulated by processes related to intemal/self 
monitoring, and (3) pCing/preCun deactivation may arise from inhibitory processes 
related to cognitive components of the self paced sequencing task. Supported by NIH 
(AA05965, MH30854, RR09784), DVA and Norris Foundation.

104.12
P R O B L E M -S O L V IN G  A N D  M E M O R Y  M E C H A N IS M S  
IN  A  S Y S T E M S -L E V E L  M O D E L  O F T H E  P R IM A T E  B R A IN .
Alan H. Bond*,
California Institu te  of Technology 136-93, Pasadena, California 91125.

By using a com puter science analysis, we have developed a com puta
tional architecture for the brain in which each cortical region is represented 
by a com putational module with processing and storage abilities. M odules 
are interconnected according to the connectivity of the corresponding cor
tical regions. We developed com putational principles for designing such a 
hierarchical and parallel com puting system. It was not necessary to make 
postulates concerning detailed neural activity or neural encoding of infor
m ation. We dem onstrated this approach by designing and im plem enting a 
specific causal functioning model of the prim ate brain.

We here report the extension of this model to problem-solving behav
iors, using move tasks such as the Tower of Hanoi and Tower of London. 
This involves extending the planning module to allow the setting and mon
itoring of working goals. It agrees w ith experim ental da ta  from cognitive 
psychology experim ents at CMU on Tower of Hanoi and imaging da ta  on 
Tower of London tasks.

Memory used in problem solving is represented by episodic memory, 
ra ther than  postu lating  the existence of a stack. An episodic memory 
module was defined based on hippocam pal architecture. This module cre
ates episodic memory records which are stored in the neocortical modules 
in a  d istributed  manner.

R outinization of problem-solving action is achieved by a  module whose 
action is based on tha t of the basal ganglia. Routinized rules are created 
on a frequency basis and stored in planning modules, to be evoked by a 
context m anaged by the routinization module.

The model is applicable to clinical modeling of patien ts w ith frontal, 
h ippocam pal and basal ganglia pathologies. (Laboratory of P ietro  Perona, 
NSF N euromorphic Engineering Research Center a t Caltech)
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105.1
PROPERTIES OF DISPARITY-TUNING CURVES GENERATED  
BY  A BACK-PROPAGATION NETWORK. H. Wagner* an d  J. 
Lippert, Institut für B iologie II, RWTH Aachen, D -52074 Aachen, 
Germany

The mechanisms underlying stereovision were investigated by simu
lations with a backpropagation network. Here, the response profiles 
observed in the hidden units and the output layer o f the network are 
compared with response profiles obtained in neurophysiological recor
dings. The teachers in the simulations were either tuned-excitatory, 
tuned near, or tuned far functions. These profiles were observed in the 
output o f  the network. In the hidden layer, additional response types 
like tuned-inhibitory or untuned functions were found as well.

Ohzawa et al. (Science 249: 1037, 1990) have characterized the 
binocular receptive field properties o f disparity-sensitive neurons in the 
cat. These authors reported a distinct difference between the response 
profiles o f simple and complex cells. W e did a similar analysis with the 
model cells in the hidden and output layers o f our network. As 
expected, the response profile o f the output neuron resembled those of 
complex cells. Interestingly, however, in the hidden units, response 
profiles similar to those found in simple cells were obtained. This 
suggests that simple-cell-response profiles are an intermediate step in 
the establishment o f com plex-like response profiles - at least in 
disparity tuning. Supported by DFG (W a-606/6-2)

105.3
DYNAMICS OF DISPARITY TUNING OF CORTICAL CELLS IN THE 
CAT’S STRIATE CORTEX. M. Menz, A. Anzai, I. Ohzawa, R.D. Freeman*. 
Group in Vision Science, School of Optometry, University of California, 
Berkeley, CA 94720-2020

Disparity tuning of visual cortical cells has been studied extensively. However, 
dynamic properties, which provide insights into the signal processing and 
mechanisms generating disparity selectivity, are largely unknown. In this study 
we have examined disparity tuning as a function of time.

Extracellular recordings were made from simple and complex cells in Area 17 
of anesthetized, paralyzed cats. The stimulus, consisting of a one-dimensional 
noise pattern generated according to a binary m-sequence, is presented 
dichoptically at the optimal orientation for each eye’s receptive field. The cell’s 
response is cross-correlated to this stimulus to obtain a binocular interaction map 
at various correlation delays. The map represents responses due to nonlinear 
binocular interaction. The disparity tuning function is obtained by integrating the 
map along a constant disparity axis.

In many complex cells, disparity tuning changes shape with increasing 
correlation delay, becoming sharper continuously while maintaining nearly the 
same preferred disparity. The decrease in tuning width is typically between 10 
and 33 percent over 50 ms around the optimal delay. This can be accounted for 
by an increased preferred spatial frequency of the underlying subunits. Many 
simple cells, which are thought to be the subunits of complex cells, demonstrate a 
similar increase in preferred spatial frequency with time.

The functional value of this process could be that narrower disparity tuning over 
time enhances the ability to discriminate between different disparities. (EY01 175)

105.5

EXPERIMENTAL STRABISMUS REDUCES METABOLIC ACTIVITY IN 
OCULAR DOMINANCE COLUMNS SERVING THE DEVIATED EYE.
J.C. Horton*, D.R. Hocking. Beckman Vision Center, UCSF, San Francisco, 
CA 94143-0730.

Misalignment of the ocular axes induces diplopia. Under some 
circumstances, subjects fixate preferentially with one eye and suppress the 
deviated eye. To explore the mechanism of visual suppression, the ocular axes 
were exodeviated in 5 normal adult M. fascicularis by disinserting the medial 
recti. After 5-7 weeks, animals were chaired to assess ocular fixation preference 
using the Hirschberg test and the cover-uncover test. Each animal had a strong 
fixation preference and a large exodeviation (10°-15°). Next, striate cortex was 
labelled with cytochrome oxidase (CO) and Zif268. After dark-adaptation 
overnight, the fixating eye of each monkey was enucleated in darkness using 
infrared night-vision goggles. The animal then recovered from anesthesia to 
receive 5 hrs of natural visual stimulation through the (formerly) deviated eye. 
This approach produced robust Zif268 columns without corrupting CO activity, 
because the latter requires more than 5 hrs to change after monocular enucleation. 
The same result was obtained in all 5 monkeys. In layer IVc, we observed a faint 
pattern of thin dark CO columns alternating with wide pale CO columns, 
resembling that seen after monocular suture (Horton & Hocking, J. Neurosci. , 
1998). The wide pale CO columns coincided with the dark Zif268 columns 
labelled in alternate sections. Therefore, CO activity was reduced in ocular 
dominance columns serving the deviated eye. The dark CO columns were slightly 
narrower than ocular dominance columns, suggesting that experimental strabismus 
also reduced CO along the binocular border strips of the open eye's ocular 
dominance columns. These metabolic changes may result from visual suppression 
and loss of binocularity. Supported by NEI.

105.2
C H A N G E S  IN  P E R C E P T U A L  ST A T E  A R E  N O T  A SS O C I- 
A T E D  W IT H  T H E  O SC IL L A T O R Y  R E S P O N S E S  O F V I  N E U - 
R O N S  T O  S T E R E O S C O P IC  R A N D O M -D O T  S T IM U L I
A.J. Parker* and B.G. Cumming. University Laboratory of Physiology, 
Parks Road, Oxford, OX1 3PT, UK

An anticorrelated random dot stereogram (aRDS) is constructed with 
a mixture of black and white dots, so that each black dot in one eye is 
paired geometrically with a white dot in the other eye. Disparity-selective 
neurons in V 1 are excited by these stimuli but aRDS do not provide a 
coherent percept of stereoscopic depth when examined psychophysically 
(see Nature 389:280-3). Given that correlated random dot stereograms 
(cRDS) also excite V 1 neurons and lead to a strong sense of stereoscopic 
depth, we examined whether synchronized oscillatory activity is associ- 
ated with this evident difference in perceptual state. Two monkeys were 
trained to fixate and, when required, to indicate the depth relationship in 
the stereo stimulus. Binocular eye position was monitored using scleral 
search coils. Individual spike times of single neurons and multi-neuronal 
background activity were measured at over 70 sites in V 1 to dynamic ver- 
sions of both cRDS and aRDS (2 sec duration) with a single-electrode 
recording technique and spike-sorting by waveform. The overall spec- 
tral power in a narrow band (40-60Hz) and a broad band (30-90Hz) of 
7 frequencies was computed for both isolated single neurons and back- 
ground activity, as well as the spectral coherence between single- and 
multi-neuronal activity. None of these measures revealed any differences 
between the responses to aRDS and cRDS in V 1. We conclude that the 
perceptual appearance of depth in random dot stereograms is unrelated 
to changes in the oscillatory pattern of neuronal activity.

Supported by the Wellcome Trust and the Royal Society.

105.4
The Role of Depth In Contextual Interactions in Cortical Areas
V 1 AND V2. J.S. Bakin*, K. Nakayama, and C.D. Gilbert, The Rockefeller 
University, New York, New York 10021.

Depth is an important cue for surface segmentation and contour integration, 
and conversely, depth perception is strongly influenced by context. These 
interactions were explored at the level o f neurons in areas V 1 and V2 in the 
alert Macaque. The disparity selectivity o f neurons was determined with and 
without contextual stimuli presented within and outside o f the receptive field 
(RF). Adding contextual stimuli altered the disparity selectivity, and this 
influence depended on the position in depth o f the added stimuli.

The role o f depth cues on contour integration and surface segmentation was 
explored in several ways: First, the facilitatory effects o f contours extending 
beyond the RF, which are ordinarily blocked by orthogonal lines intersecting 
the contours, are preserved when the orthogonal line is in front o f the contour. 
This is consistent with the perception of a line continuing uninterrupted behind 
an occluder. Second, the percept of illusory borders is also influenced by 
depth — two orthogonal intersecting surfaces o f the same luminance form an 
illusory border belonging to the nearer surface. Cells respond to the illusory 
border created by the near surface even when there is no luminance boundary 
and no disparity cues within their RFs. Third, neurons are tuned to the 
disparity of the remote features of a stimulus array in which disparity cues are 
presented only at the array’s ends, at locations well outside o f the RF. This is 
consistent with the perceived depth capture of all the elements of the array. 
Taken together, these results show at early levels o f visual cortical processing, 
an integral role of disparity in visuospatial integration.

Supported by EY07968, EY06842, and the HFSP.

105.6
COMPLEX CELLS AS CORTICALLY AMPLIFIED SIMPLE CELLS. 
F. S. Chance*, S. B. N elson , & L. F. Abbott Dept. o f  B iology & Volen 
Center for Complex Systems, Brandeis University, Waltham, M A 02254

Complex cells demonstrate selectivity for stimulus orientation and 
spatial frequency (like simple cells), but not for spatial phase. The 
temporal frequency o f  complex cell responses to counterphasing gratings 
is double that o f  the stimulus while the response to drifting gratings is 
relatively unmodulated. Hubel and W iesel (1962, J. Physiol. 160: 106) 
proposed a hierarchical model in which com plex cells receive inputs 
from simple cells with overlapping receptive field locations but different 
spatial phase preferences. However, evidence contradicts this model. 
Although complex cells do not appear to receive strong monosynaptic 
excitatory input from simple cells (Toyama, Kimura, and Tanaka, 1981, 
J. Neurophysiol. 46: 202), they can receive input directly from the LGN 
(Ferster and Lindström, 1983, J. Physiol. 342: 181). A lso, com plex cells 
continue to respond in the absence o f  simple cell responses (Malpeli, 
Lee, Schwark, and Weyand, 1986, J. Neurophysiol. 56: 1062).

Using a computational model, we show that com plex cell response 
properties can arise through interactions within a recurrent network o f  
cortical cells. With weak or absent recurrent connections the model cells 
in the network demonstrate responses similar to simple cells. Strong 
recurrent connections result in the complex cell response characteristics 
described above. Moderate recurrent connections result in response 
characteristics similar to those o f  cells typically classified as 
intermediate between simple and complex cells. Our results suggest that 
simple and complex cells represent the weakly and strongly coupled 
regimes o f  the same basic neural circuit. Supported by NIH, NSF, and 
the Sloan Foundation.
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105.7
THE DEVELOPMENT OF THE CAT LAYER 4 ORIENTATION CIRCUIT: 
ORIGINS OF COLUMNAR ORGANIZATION AND CONTRAST INVARI- 
ANCE. A.S. Kayser* and K.D. Miller. W.M. Keck Center for Integrative Neu- 
roscience and Dept. of Physiology, UCSF, San Francisco CA 94143.

Columnar organization -  vertical invariance of receptive field (RF) properties 
-  is a striking aspect of cortical physiology. In visual cortex, retinotopic position, 
preferred orientation (OR), and ocular dominance have columnar organization, 
while other properties -  at least preferred spatial phase (SP) -  do not. What is 
the origin of this columnar organization of some, but not all, RF properties?

Our approach is inspired by our previous work (this meeting, 1996-7), which 
proposed a mature circuit model for the contrast invariance of orientation tuning 
in cat primary visual cortex. We now investigate the hypothesis that this mature 
circuitry arises from an activity-dependent developmental process, and that 
columnar organization develops because interactions are stronger vertically than 
horizontally: excitatory cells become as correlated as possible, and inhibitory 
cells become as anticorrelated as possible, with the cells to which they vertically 
project. Such development should yield our model mature circuit within a 
column, ensuring the vertical invariance of OR, but variation of SP.

To test this idea, we study development of a 3-D model cortex in which 
there is simultaneous Hebb-like plasticity of both thalamocortical and intracor- 
tical synaptic weights. (Previous developmental models typically considered a 
2-D cortex lacking a vertical dimension; thus, columnar organization was as- 
sumed.) We assume input from two sets of cells (i.e. ON and OFF neurons 
in LGN) with input activity correlations tha t produce Hubel-Wiesel thalam- 
ocortical connectivity (as shown in our previous work). Initial intracortical 
connectivity is uniform and unbiased, except stronger in the vertical than hor- 
izontal dimensions. Our hypothesized contrast-invariant circuit develops for 
appropriate parameters, with vertical invariance of OR and variation of SP. 
Nearby columns develop nearby OR. We are exploring the conditions on initial 
lateral connectivity that achieve lateral periodic variation of preferred OR.

Supported by NIH grant EY11001-01 and by a grant from the Searle Schol- 
ars’ Program.

105.9
CORRELATION-BASED INTRACORTICAL CONNECTIVITY IN STRIATE 
CORTEX CAN ACCOUNT FOR TEMPORAL FREQUENCY TUNING AND 
“CROSS-ORIENTATION” INHIBITION. A.E. Krukowski*, A. Hoffman & K.D. 
Miller, Graduate Group in Biophysics, W.M. Keck Center for Integrative Neuro
science, and Department of Physiology, UCSF, San Francisco, CA 94143-0444.

We have previously presented (this meeting, 1996) a model circuit for layer 
IV simple cells in cat primary visual cortex that can robustly account for the 
contrast-invariance of orientation tuning. This circuit uses “correlation-based” 
or “push-pull” intracortical connectivity: anti-phase inhibition, which eliminates 
the untuned LGN input component, and same-phase excitation, which amplifies 
the well-tuned input component. Last year our group showed that this circuit, 
with short-term synaptic depression, can also account for the effects of contrast 
on temporal response properties. We now show that same-phase excitation can 
account for the low pass shift in temporal frequency (or velocity) tuning from the 
LGN to the cortex, while anti-phase inhibition can account for “cross-orientation” 
inhibition in response to double grating (or plaid) visual stimuli.

Local intracortical excitatory connections appear to have a strong NMDA- 
mediated component. In our model, the slow time constant of NMD A synapses in 
the same-phase excitatory connections selectively amplifies slowly drifting stim
uli. Together with spike-rate adaptation, which favors fast stimuli, this produces 
the desired band-pass temporal tuning curve.

The suppression of response to one grating by the presence of an additional 
grating at the null orientation has been interpreted as evidence for “cross-orien
tation inhibition” : inhibitory connections between cells preferring different ori
entations. Anti-phase inhibition in our model can account for this suppression by 
converting the extra input of the additional grating into extra inhibition, despite 
the fact that these inhibitory connections are only between cells that prefer simi
lar orientations. We predict that the contrast invariance of orientation tuning to 
the original grating should be broken by the presence of a high contrast grating 
at the null.
Supported by a Howard Hughes Predoctoral Fellowship (A.E.K.) and by grants from 
the Whitaker Foundation and the Searle Scholars’ Program.

105.11
FAST, STIMULUS-SELECTIVE HABITUATION IN  

MACAQUE V 1 James R. Müller1, Andrew B. M etha1, John  
K rau sko p f2 , Peter Lennie*l  Center for Visual Science, University of 
Rochester1; Center for Neural Science, N ew  York U n iv e rs ity 2

Habituation in visual cortex has normally been studied using 
long stimulus presentations. Natural view ing of scenes (by an 
unmoving observer) brings about a series of brief exposures to 
stationary images. Exposures of this kind evoke transient 
responses in cortical neurons. Are these decaying responses an 
expression of the habituation phenomena typically studied with  
longer stim ulus presentations? To explore this question, w e asked 
(1) Do recoveries from short and long habituating stimuli have the 
same timecourses? (2) Do short presentations of habituating 
stimuli bring about changes in stimulus selectivity of the kind 
reported follow ing longer periods of habituation?

In anesthetized m. fascicularis w e recorded from non-direction- 
selective V 1 neurons habituated to stationary, unm odulated  
sinusoidal gratings of optimal orientation, spatial frequency, and 
spatial phase, presented for 1.25 or 10 sec. We also habituated to 
counterphase-modulated gratings. We recorded responses to brief 
probe gratings presented at different times and in different 
orientations.

Short and long stimuli bring about similar levels of habituation, 
as measured by a probe 100 msec after the offset of the habituating 
stimulus. Brief stimuli bring about stimulus selective habituation, 
often exerting their strongest effects on test stimuli of similar 
orientation.

Supported by NIH EY04440, EY07125, EY01319, and EY06638.

105.8
HEBBIAN PLASTICITY INDUCED IN SOME NEURONES OF THE 
VISUAL AREAS OF THE ADULT CAT BY MANIPULATING AFFERENT 
VISUAL INPUT AND LOCAL PHARMACOLOGICAL MILIEU.
T,R.Vidyasagar1 and E.Wieniawa-Narkiewicz2 1Div. of Psychology, Aust. 
National Univ., and 2Univ. of Canberra; Canberra, ACT 2601, Australia.

The potential for plasticity was investigated in the responses of neurones 
in the striate and extrastriate areas o f the adult cat under circumstances 
that would selectively stimulate specific afferent pathways and also 
directly influence the state o f activation of postsynaptic channels, in 
particular GABA and NMDA channels. The experiments were performed 
under nitrous oxide and barbiturate anaesthesia and gallamine induced 
muscular paralysis. The pharmacological environment around the 
recorded cell was altered by the iontophoretic application of NMDA, 
GABA or the GABAa antagonist, bicuculline methiodide. Such activation 
o f specific channels was combined with simultaneous presentation of 
visual stimuli designed to stimulate one o f the specific visual inputs to the 
cell. For example, iontophoretic application o f bicuculline and NMDA 
was combined with activation of the cell through the non-dominant eye of 
a binocular cell that had a strong input from one eye and a weaker input 
from the other. Changes were brought about in a subset of neurones both 
in striate and extrastriate areas that were consistent with long-term 
potentiation and long-term depression at specific synapses. In general, 
such changes could be brought about only in cells that had significant 
NMDA receptors.

Funded by Austr. Res. Council and Nat. Health & Med. Res. Council.

105.10
WHAT ARE THE LAYERS OF CORTEX FOR? A NEURAL MODEL OF 
ATTENTION, PERCEPTUAL GROUPING AND LEARNING IN V 1 AND V2. 
(R.D.S. Raizada and S. Grossberg*) Department of Cognitive and Neural Systems, Bos- 
ton University, Boston, MA, 02215.

A functional theory of the laminar structure of cortex is proposed, using identified cir
cuits in V 1 and V2 to explain neurophysiological and psychophysical data on perceptual 
grouping, top-down attention, and perceptual learning, and addressing what we call the 
Preattentive-Attentive Interface Problem; namely, how visual cortex reconciles two 
apparently contradictory properties: (1) visible perceptual boundaries can form over 
scenic positions that receive no bottom-up inputs, as in illusory contours; (2) top-down 
attention cannot form visible percepts over positions that receive no bottom-up inputs, 
but instead causes subliminal priming. Top-down attentional processes can stabilize per- 
ceptual learning only if they satisfy property (2) (Grossberg, Psych. Rev., 1980, Ahissar 
& Hochstein, PNAS, 1993). Why then, is this learning not destabilized by perceptual 
groupings, which coexist with attention in V 1 (Nielsen, Watanabe & Miyauchi, ARVO, 
1998), but which complete over regions lacking bottom-up support, as in property (1)? 
In the proposed answer, preattentive perceptual groupings form in layer 2/3, mediated 
by monosynaptic long-range horizontal excitatory and short-range disynaptic inhibitory 
connections (Grossberg et al., TINS, 1997). These groupings then provide interlaminar 
feedback into a layer 6-to-4 on-center, off-surround circuit, which is also the target of 
attentional feedback from V2 (Bullier et a l ., J.Physio.(Paris), 1996), this going from V2 
layer 6 into layer 1 apical dendrites of V 1 layer 5 cells (Cauller and Connors, J.Neuro- 
sci., 1994), and from layer 5 into the 6-to-4 path. Strong 6-to-4 surround-inhibition sup- 
presses the on-center into being only subliminally excitatory in layer 4. Thus, both top- 
down attention and preattentive perceptual groupings can inhibit inconsistent bottom-up 
input and suppress weaker groupings, while they only subliminally prime their own 
selected locations. As well as producing several Gestalt grouping properties, the laminar 
structure of this circuit also simulates physiological data, including the effects of atten- 
tion in V2 (Reynolds et al., Soc. for Neuro., 1995), and contrast-dependent facilitation 
and inhibition by collinear flanking stimuli. (Polat et al., Nature, 1998). DARPA/ONR 
N00014-95-1-0409, ONR N00014-92-J-1309, NSF IRI-94-01659, NSF IRI-97-20333.

105.12

RECOGNITION OF IMAGES FROM COMPLEX CELL RESPONSES 
C. von der Malsburg1,2, L. Shams1, U. Eysel2*, Dept. of Computer 
Science and NIBS, University of Southern California, Los Angeles, CA 
90089-25201, Ruhr-University Bochum2.
The response profile of cortical complex cells can be modeled by the 
amplitude of Morlet (i.e., Gabor-based) wavelets. We show that com
plex cell responses can be interpreted as components of local Fourier 
transforms. It is currently believed that Fourier phases are more impor
tant than their amplitudes for the characterization and representation 
of images. This seems plausible, as phase relationships are essential 
to characterize perceptually relevant structures such as edges and lines. 
Contrary to this intuition, it has been shown that images can be re- 
constructed from Fourier amplitudes, leaving ambiguity only in terms 
of position, point-mirroring and contrast inversion. We present an algo
rithm for reconstructing images from Morlet wavelet amplitudes in the 
absence of any phase information, leading to ealily recognizable images. 
Apparently, the interaction between neighboring components in the im
age and spatial frequency domains is sufficient to partially recover phase 
relationships. In fact, leaving out phase not only does not impair percep
tion, but can rather be advantageous by automatically providing several 
invariances. There is neurophysiological and psychophysical evidence 
suggesting that the visual system does indeed rely on amplitude infor
mation for recognition tasks. An amplitude code provides robustness to 
spatial shift, background and illumination changes—features which may 
explain why evolution may have adopted such a representation scheme 
for the visual system.
(Supported by NSF’s Integrated Media Systems Center at USC.)
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106.1
VESTIBULAR RESPONSE DYNAMICS IN MACAQUE POSTERIOR PARIETAL 
CORTEX NEURONS. F. Klam, J.-R. Duhamel, S. Ben Hamed and W. Graf*. Lab. 
Physiol. Percep. Action. CNRS - Collège de France, 75270 Paris Cedex 06, France.

The presence of vestibular signals in cortical areas involved in motion processing 
seems to be more widespread than anticipated earlier. We had previously described 
vestibular signals in the macaque ventral intra-parietal area (VIP). The investigated 
neurons also carried visual and somatosensory signals that were co-directional with 
reference to the vestibular on-direction. We have now further analyzed the vestibular 
responses of neurons in area VIP and the adjacent cortex of the intraparietal sulcus.

Single cell responses were recorded extracellularly in one awake macaque monkey 
(Macaca fascicularis) who was trained to perform a visual fixation task. Visual 
stimuli were backprojected onto a translucent tangent screen. Vestibular stimuli were 
delivered as random (e.g., non-sinusoidal) vertical axis rotations in darkness or in 
light. An LED was fixed to the turntable to test neuronal responses under VOR- 
suppression conditions. Neuronal discharges were plotted as a function of turn-table 
angular position, velocity and acceleration. A total of 52 neurons was recorded, of 
which 37 underwent full testing and analysis.

Several types were found regarding vestibular parameters. A minority of neurons 
coded a single signal dimension, either acceleration or velocity. Most cells carried 
two or more parameters including a possible head-in-space position signal. A given 
cell, coding position and velocity in light, could display the same response under 
VOR-suppression in darkness. In some other cases, the position response was 
extinguished in darkness. Neurons in the posterior parietal cortex my thus carry 
information about head position, presumably as a result of an interaction between 
visual and vestibular signals. Such signals may contribute to the processing of 
constant spatial coordinates during movement via population coding. A final answer 
to these questions has to come from recordings in head-free animals.

Supported by HCM grant CHRXCT930267 from the European Community and 
Human Frontier Science Program (RG71/196B).

106.3
THE PARIETAL REACH REGION (PRR) ENCODES REACHES TO 
AUDITORY TARGETS IN AN EYE-CENTERED REFERENCE FRAME.
Y. E. Cohen* & R. A. Andersen. Div. Biology, 216-76 Caltech, Pasadena, CA 
91125, USA.

In an accompanying abstract, Batista et al. reported that cells in the PRR 
encode reaching plans to visual targets in an eye-centered reference frame (RF). 
Do these cells encode reaches to auditory targets in a similar RF? Since sound 
location is encoded relative to the head, there is no a priori reason to believe that 
reaching plans are in an eye-centered RF. To study this question, we examined 
the RF of PRR cells that were involved in the planning of reaches to auditory 
targets. A rhesus monkey, while in the dark, fixated a LED and reached and 
pressed an illuminated button. A noise burst (300 ms), from 1 of 9 different 
speakers, indicated the location of an upcoming reach. After a 1.0 s delay, the 
monkey, while maintaining fixation, reached and pressed a button located at the 
remembered location of the noise burst. To examine whether neural activity 
was in an eye- or arm-centered RF, we varied the monkey’s eye and initial arm 
position, respectively. About half (47/90) of the PRR neurons recorded had 
significant (p <0.05) spatially-tuned activity during all epochs of the trial. Of 
these cells, a cross-correlation analysis indicated that 40% (n=19) had delay- 
period activity that was aligned in an eye-centered RF. A bootstrap analysis 
demonstrated that this proportion was significantly (p < 0.001) more than ex
pected by chance. 26% (n=12) of cells were aligned in an arm-centered RF while 
the remaining 34% (n =  16) were aligned in a head-, body-, or world-centered 
RF. Both of these proportions were significantly (p < 0.05) less than expected by 
chance. PRR cells had an average gain modulation of 2.1 and 1.8 when eye and 
arm position differed by 44°, respectively. These results support the hypothesis 
that the parietal cortex encodes movement plans in a common RF. Supported 
by NIH.

106.5
RESPONSE OF NEURONS IN AREA LIP DURING A REACTION-TIME 
DIRECTION DISCRIMINATION TASK. J. D. Roitman* and M. N. Shadlen, Dept. 
of Physiology and Biophysics, Univ. of Washington, Seattle WA 98195 

We recorded from single neurons in the lateral intraparietal area (LIP) of the rhesus 
monkey as it performed a direction discrimination task. The response of LIP neurons 
is known to correlate with the monkey's judgment of direction, suggesting that it may 
be a neural correlate of the decision process. However, it is not known when the 
monkey actually arrives at its decision because prior experiments used a fixed period 
of motion viewing. We therefore allowed the monkey to report its decision as soon as 
it liked. Although rewarded only for correct discriminations, the monkey was naturally 
inclined to perform this task as quickly as possible. We used a memory-guided saccade 
task to select neurons with spatially selective response fields. In the motion 
discrimination, the monkey indicated its judgment by initiating a saccade to one of 
two targets, in or out of the neuron’s response field. The discharge of LIP neurons was 
modulated 150-200 ms after onset of random dot motion, predicting the monkey's 
choice 80-300 ms before saccade initiation. The response modulated more intensely as 
the viewing period ensued, and was affected by the strength of the motion. In the final 
80-100 ms before the saccade, the response to stimuli of all motion strengths became 
stereotyped, suggesting that the monkey had committed to a behavioral response by 
this point. We observed an inverse relationship between reaction time and stimulus 
strength. Reaction times were approximately 250-300 ms on the easiest 
discriminations, increasing to 400-800 ms on the more difficult trials. Longer reaction 
times were associated with clear improvement in performance, especially near 
threshold, indicating that the monkey benefits from the integration of weak motion 
cues over time. These results suggest that LIP activity evolves in the appropriate time 
frame to reflect the decision process. The response resembles the accumulation of 
motion information, presumably from area MT, toward a decision.
Supported by EYl1378, RR00166, EY07031 and the McKnight Foundation

106.2
THE PARIETAL REACH REGION (PRR) EMPLOYS A PREDOMINANTLY 
RETINAL REFERENCE FRAME WHICH UPDATES ACROSS SACCADES, 
AND ENCODES ONLY THE IMPENDING REACH. A.P. Batista*, C.A. Buneo, 
L.H. Snyder, R.A. Andersen. Computation and Neural Systems program and 
Division of Biology, Caltech, Mail Code 216-76, Pasadena, CA 91125.

The Parietal Reach Region (PRR) in the posterior parietal cortex of monkeys, 
medial and posterior to area LIP, is more active during a delayed reach without sac- 
cade task than during a delayed saccade without reach task. Since PRR responds to 
visual stimuli when they are targets for a reach, the region might encode target lo
cation in an eye-centered or in a limb-centered reference frame. Animals performed 
the delayed reach task with various fixation positions and initial hand positions, so 
that the eye-centered and limb-centered positions of the target were varied indepen
dently. A correlation analysis determined that activity during the delay period was 
better correlated in an eye-centered than in a limb-centered reference frame for 86% 
of the reach-selective neurons tested (56 cells in two monkeys). Information about the 
location of the reach target in limb- and head-centered reference frames was repre
sented in PRR as gain influences of initial hand position and eye position on neurons’ 
eye-centered receptive fields. What if an animal should saccade while maintaining a 
reach plan? Unless PRR can compensate for the change in the retinal location of the 
target, its representation will not be usable for guiding the reach. Ten of 12 neurons 
tested (Mann-Whitney, p≤0.05) became active once a saccade brought the remembered 
location of the reach target into the receptive field. Thus, PRR does compensate for a 
saccade. When a monkey is required to perform reaches to two targets, does PRR rep
resent both targets, or only the target for the impending reach? Thirteen of 15 neurons 
tested (Mann-Whitney, p≤ 0.05) in a memory double reach task were active only when 
the impending reach, and not a subsequent reach, was planned into the receptive field. 
Thus, PRR is involved more strongly in motor planning than in the memory of reach 
target locations. The above findings show that there is a stage in the neural pathway 
for reaching to visual targets that encodes the motor plan in the reference frame of 
the sensory input, with other reference frames encoded in a distributed manner as gain 
modulations of eye and limb position. Supported by the Sloan Foundation and the NEI.

106.4
FRAMES OF REFERENCE FOR REACH-RELATED ACTIVITY IN TWO 
PARIETAL AREAS. C.A. Buneo*, A.P. Batista, R.A. Andersen. Computation and 
Neural Systems Program and Division of Biology, Mail Code 216-76, Caltech, 
Pasadena, CA, 91125.

We are currently exploring the reference frames for reach-related activity in two 
parietal areas: area 5 and the parietal reach region (PRR), located posterior and 
medial to LIP. Single-cell recordings were obtained from one monkey trained to 
perform an instructed-delay reaching task. Initial eye position and hand location 
were independently varied in four, randomly interleaved, subtasks. Reaches were 
made to an average of 8 locations on a two-dimensional grid of push-buttons. Cells 
active during the time of movement generation (PRR: 38/64, 59%; area 5: 19/26, 
73%) were analyzed using two methods: 1) by quantifying the variability in the 
location of the peak response (across subtasks) in the eye-, hand- and 
body/head/world-fixed reference frames, and 2) by cross-correlating the tuning curves 
obtained for subtasks with different initial eye positions or hand locations.

In PRR, the activity associated with reaches to different locations was most 
consistent when described in the eye-centered reference frame. Variability in the 
location of the peak response with respect to the eye was small (< 20°) and 
significantly less than that observed for either the hand- or body/head/world-fixed 
reference frames (P<0.05). Similarly, the tuning curves for different subtasks tended 
to be best correlated when aligned relative to the initial eye position. In contrast, 
reach-related activity in area 5 was highly variable across subtasks in all reference 
frames, when either the peak response or the entire tuning curve was considered. 
These results suggest that reach-related activity in PRR is fixed to the eye and reflects 
primarily spatial aspects of reach planning. Reach activity in area 5, however, is 
more consistent with a reference frame that is at least partially fixed to the arm, co- 
varying with arm posture on a trial by trial basis. Thus, PRR and area 5 subserve 
very different roles in the control of reaching. Supported by an nih Training Grant.

106.6
MONKEYS MAKE REMEMBERED SACCADES AS THOUGH THEY 
PERCEIVE THE DUNCKER ILLUSION A.Z. Zivotofsky*, K.D. Powell, 
M.E. Goldberg. Laboratory of Sensorimotor Research, NEI, NIH, Bethesda, 
MD 20892.

When a human is shown a target moving horizontally across a background of 
vertically moving random dots there is a compelling illusion, known as the 
Duncker illusion, that the target is moving with a diagonal trajectory. The 
perceived vertical component o f this trajectory is in the opposite direction to 
that of the background motion. Despite the compelling nature of this illusion, 
humans accurately pursue the target, although believing that they are engaged 
in diagonal pursuit. If, while engaged in this relatively accurate pursuit, a 
human is shown a flashed target to which he will have to make a saccade 
following the pursuit, the saccade will be grossly inaccurate.

We have presented this type o f stimulus to two Rhesus monkeys trained to 
perform smooth pursuit and saccades to remembered targets. Except for the 
expected vertical optokinetic nystagmus (OKN), which had a smooth 
component in the same direction as background motion, their smooth pursuit 
accurately followed the target. In the remembered saccade task the errors were 
qualitatively the same as those made by humans. Thus, if the background was 
moving up and an upward saccade was called for the saccade was hypermetric, 
while if the background was moving down the saccade was hypometric. These 
results are consistent with the monkeys “perceiving” the illusion. In the first 
case the inaccuracy would be due to his compensating for “perceived” 
downward eye movement since the target had flashed. and in the second case 
compensating for “perceived” upward tracking.
Supported by the National Eye Institute.
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106.7
LIP NEURONS REPORT PERCEIVED AND NOT ACTUAL SPATIAL 
LOCATIONS OF VISUAL STIMULI. K.D. Powell*, A.Z. Zivotofsky, M.E. 
Goldberg. Laboratory of Sensorimotor Research, NEI, NEH, Bethesda, MD 
20892.

Neurons in the lateral intraparietal area (LIP) respond when a smooth or 
saccadic gaze shift moves their visual receptive fields to the spatial location of a 
vanished stimulus. This remapping has been postulated to result from a 
discharge corollary to the gaze shift. When humans pursue a target moving 
orthogonally to a linear flow field, they perceive both the target trajectory and 
their pursuit to be distorted in the direction opposite the flow field, (the Duncker 
illusion), although paradoxically their performance is actually accurate. Human 
and monkey saccades made to a target flashed before the pursuit epoch are 
distorted by the dimension of the human illusion. We recorded from LIP neurons 
to study the effect of this illusion on remapping. Monkeys made pursuit 
movements that brought the spatial location of a briefly flashed target to the 
border of the receptive field of LIP neurons, and then made a saccade to that 
location. Depending on flow field direction, the perceived target location moved 
into or out of the receptive field, and the monkeys’ saccades varied accordingly. 
For LIP neurons there is little or no initial response to the flashed stimulus. 
However, as the monkey pursues the fixation point, if the perceived spatial 
location of the flashed stimulus entered the receptive field of the neuron its 
activity significantly increased, but if the perceived spatial location of the flashed 
stimulus moved away from the neuron’s receptive field there was no response, 
even though target location and smooth pursuit were identical in both cases. This 
indicates LIP neurons shift their receptive fields to a perceived spatial location, 
not the actual spatial location as would be expected if they were simply adding the 
retinal error of the flashed stimulus to the corollary discharge of the smooth eye 
movement. Supported by the National Eye Institute.

106.9

C O NTRIBUTIO NS O F PO ST E R IO R  PA R IE T A L  C O R TEX  TO  
VISUOSPATIAL D ISC R IM IN A T IO N  FU N C T IO N S IN CAT.
S.G. Lomber* and B.R. Payne, Laboratory for Visual Perception and 
Cognition, Department o f  Anatomy and Neurobiology, Boston  
University o f  School Medicine, Boston, M A 02118.

The purpose o f  the present study was to examine the contributions 
made by cat posterior parietal cortex to the perception and cognition o f  
objects in visual space. After training on a landmark task, cooling 
probes were bilaterally implanted over tw o adjacent regions o f  posterior 
parietal cortex: 1) cortex along the crown o f  the posterior-middle
suprasylvian gyrus (area 7), and 2) cortex bounding the posterior-middle 
suprasylvian sulcus (pMS sulcal cortex). A third pair o f  bilateral 
cooling probes was also place in contact with ventral posterior 
suprasylvian (vPS) cortex in the inferior temporal region. In a landmark 
task, four cats learned to localize a black and white checkered box as 
closer to a reward locus on the right or left side o f  the testing apparatus. 
Three positions were used to the right and three positions to the left o f  
the midline were used. Bilateral deactivation o f  pMS cortex resulted in 
a profound impairment at all object positions. In contrast, bilateral 
cooling o f  area 7 or vPS cortex did not yield any deficits. Visual 
orienting performance was highly proficient during bilateral cooling o f  
each o f  the cortical regions, and w e conclude that the deficit identified 
in the landmark task during cooling o f  pMS cortex is one o f  spatial 
localization, and it is uncontaminated by any cooling-induced neglect. 
Supported by NINDS.

106.8
D Y N A M IC  & PLA STIC  PR O PER TIES O F V ISU O PA R IETA L  
N E T W O R K S. B . R. Payne* & S. G. Lomber. Anatomy and 
Neurobiology, Boston Univ. School o f  Medicine, Boston, M A 02118.

Emerging evidence suggests that visuoparietal circuits are more dynamic and 
exhibit considerable lesion-induced plasticity compared to visuotemporal circuits. We 
have started to investigate some of the dynamic and plastic properties of visuoparietal 
circuits. We use permanent (lesion) and temporary (cooling) deactivation techniques 
and a detection and orienting paradigm in the cat. So far, we have shown: 1. In intact 
cats, unilateral cooling deactivation of posterior Middle Suprasylvian (pMS) cortex, 
but cooling of neither anterior MS (aMS) nor ventral Posterior Suprasylvian (vPS) 
cortices, induces a neglect of stimuli presented in the contralateral visual field. Thus, 
pMS cortex is an essential component in the visual network for guiding orienting 
movements. 2. Additional deactivation of contralateral pMS, but not aMS, cortex 
reverses this neglect and restores orienting to the previously neglected hemifield. 
Thus, there are dynamic interactions in the network and two deactivations cannot be 
predicted from the sum of two individual deactivations. 3. Unilateral ablation of pMS 
cortex induces a contralesional neglect that mimics the effect of unilateral cooling, 
and this neglect can be reversed by contralateral deactivation as in the bilateral 
cooling paradigm (#2 above). However, over subsequent days the contralesional 
neglect attenuates and high orienting proficiency is eventually regained. 
Contemporaneously, temporary deactivation of contralateral pMS induces an 
incremental contracooled neglect, which reaches asymptote concurrently with full 
contralesional restitution of orienting. Thus, lesions induce deficits that mimic 
cooling deactivation. However, lesions are accompanied by neural compensations 
that serve to diminish the lesion-induced deficits. 4. Subsequent, cooling deactivation 
of ipsilesional aMS cortex reintroduces the contralesional neglect and counteracts the 
temporary pMS-induced neglect. Thus, nearby circuits not normally contributing to 
orienting behavior can be recruited to the network in response to lesions and 
contribute to functional compensations. However, because there is insufficient time, 
the lesion-induced compensations likely occur in the absence of overt rewiring of 
pathways. Supported by NINDS.

106.10
OBJECT-CENTERED DIRECTION SELECTIVITY IN MACAQUE SEF 
PERSISTS ACROSS CHANGES IN OBJECT ORIENTATION 
S.N. Gettner*and C.R. Olson. Center for the Neural Basis of Cognition, 
Carnegie Mellon University, Pittsburgh, PA 15213.

W e have previously shown that neurons in the supplementary eye 
field (SEF) o f the rhesus monkey fire differentially during the 
preparation and execution o f eye movements to the right or left end o f a 
horizontal target bar. The direction selectivity of these neurons is 
‘object-centered’ in that it persists across translation o f the target bar. 
W e have now asked whether it is also invariant across rotation. W e 
recorded from SEF neurons while monkeys made eye movements to 
points on a reference object with a clearly defined canonical orientation, 
a digitized image o f a monkey face. At the beginning o f each trial, a cue 
spot was flashed on the right or left eye o f an upright face. Then the 
display was extinguished and a delay ensued. At the end o f the delay, a 
target face was presented at an orientation rotated 90° clockwise or 
counter-clockwise from upright. Following a second delay, the monkey 
was required to make a saccade to the previously cued eye. We 
characterized the activity o f each neuron during the period following  
presentation o f the rotated face by means o f a two-factor ANO VA, with 
the post-rotational vertical location o f the target eye (top or bottom) and 
its object-centered location (left or right) as factors. Significant 
selectivity for relative retinal location (top or bottom) was present in 
24/34 neurons, while selectivity for object-centered location (left or 
right) was present in 14/34 neurons. The latter observation indicates 
that SEF neurons carry signals reflecting the object-centered location of 
a saccade target even after the object has been rotated.

(EYl1506; EY08098; NS09452; McDonnell-Pew 95-44)
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107.1
ANTT-β-SHEET PEPTIDE INHIBITOR OF ALZHEIMER’S AMYLOIDOGENESIS 
WITH INCREASED BBB PERMEABILITY AND RESISTANCE TO PROTEOLYTIC 
DEGRADATION IN PLASMA Joseph Poduslo1*, Geoffry Curran1, Blas Frangione2, 
Claudio Soto2, 1Mayo Clinic, Rochester, MN 55905 2NYU Medical Center, NY, NY 10016.

Short synthetic peptides homologous to the central region of Aβ but bearing proline 
residues as β-sheet blockers (anti-β-sheet peptides) were shown in vitro to bind to Aβ with 
high affinity, inhibit Aβ fibrillogenesis, and redissolve preformed fibrils (Soto et al., BBRC, 
226:672, 19%). While short peptides have been used extensively as therapeutic drugs in 
medicine, two important problems associated with their use in CNS diseases have to be 
addressed: (1) rapid proteolytic degradation in plasma and (2) poor BBB permeability. 
Recently, we have demonstrated that the covalent modification of proteins with the 
naturally-occurring polyamines dramatically increases their permeability at the BBB 
(Poduslo and Curran, J. Neurochem 66:1599, 1996). We have extended this technology to 
YiAβ11, an 11-residue anti-β-sheet peptide that inhibits Aβ fibrillogenesis, by covalently 
modifying this peptide with putrescine (PUT) and evaluating its plasma pharmacokinetics 
and BBB permeability. After a single i.v. bolus injection, both 125I-YiAβ11 and 125I-PUT- 
YiAβ11 showed rapid degradation in plasma as determined by TCA precipiation and paper 
chromatography. By switching to the all D-enantiomers of YiAβ11 and PUT-YiAβ11, 
significant protection from degradation by proteases in plasma was obtained with only 1.9% 
and 5.7% degradation at 15 min after i.v. bolus injection, respectively. The permeability- 
coefficient surface area product at the BBB was 5-7 fold higher in the cortex and 
hippocampus for the PUT-D-YiAβ11 compared to the D-YiAβ11, with no significant 
difference in the residual plasma volume. In vitro assays showed that PUT-D-YiAβ11 
retains its ability to inhibit Aβ fibrillogenesis and dissolve preformed amyloid fibrils. 
Because of its 5-7 fold increase in permeability at the BBB and its resistance to proteolysis 
in plasma, this polyamine-modified anti-β-sheet peptide may prove to be an effective 
inhibitor of amyloidogenesis in vivo and, hence, an important therapy for Alzheimer’s disease 
(NS 35074).

107.2
GENETIC ELEVATION OF PLASMA AMYLOID ß PROTEIN IN TYPICAL 
LATE ONSET ALZHEIMER’S DISEASE. S.G. Younkin*, C.B. Eckman, N. 
Ertekin Taner, T. Kawarabayashi, D. Yager, M. Baker, J. Perez-Tur, H. Houlden, M. 
Hutton, L.H. Younkin, and N.R. Graff-Radford. Mayo Clinic Jacksonville, 
Jacksonville, FL 32224, USA

We previously showed that plasma Aß (Aß42 or both Aß40 and Aß42) is increased 
in subjects with the APP, PS1, and PS2 mutations linked to early onset familial AD. 
Similar increases occur in only a small % of patients with typical late onset AD 
(LOAD), but there is a substantial, highly significant decline in plasma Aß in the 
Hsiao transgenic mouse model of AD (Tg2576) that occurs when Aß is deposited in 
the brain (see Kawarabayashi et al., these meetings). If human plasma Aß also 
declines as Aß is deposited in the brain, then analysis of symptomatic LOAD 
patients could miss those who have relatively modest, genetically driven increases in 
the presymptomatic period. To assess this issue, we analyzed plasma Aß in 180 first 
degree relatives of LOAD patients and in 82 age-matched controls. This analysis 
showed highly significant increases in plasma Aß40 (p=0.002) and Aß42 (p=0.005) 
in the LOAD relatives as compared to the controls. We then analyzed five families 
of LOAD relatives with high Aß. In each family, multiple members in three 
generations had elevated plasma Aß levels. Overall, plasma Aß40 and Aß42 were 
both highly significantly increased in the 66 members of these 5 families as 
compared to the 82 controls in our original series and to 13 spouses who married 
into these families. The coding region of PS1, PS2, and APP (exons 16 and 17) was 
sequenced in the 5 probands, and no mutations were found. Conservative analysis of 
the 5 pedigrees using Simlink indicates that linkage analysis of the single largest 
family or the group of five families is likely to be successful. These results suggest 
that genetically driven increases in Aß may play a seminal role in a substantial 
percentage of LOAD patients, and that genetic analysis of plasma Aß may be an 
effective way to identify the genes that are responsible. (Support: NIA AG06656)
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107.3
LONGITUDINAL STUDY OF CEREBROSPINAL FLUID LEVELS OF TAU, Aβ1-40 

AND Aβ 1-42(43) IN ALZHEIMER’S DISEASE. M. Kanai1*, E. Matsubara1, Y. Igeta1, 

Y. Tomidokoro1, M. Shizuka1, Y. Harigaya1, K. Okamoto1 and M. Shoji1. 1Dept. of 

Neurology, Gunma Univ , Maebashi, Gunma, 371-851 1, Japan.

To clarify the alterations of tau, amyloid β protein (Aβ) 1-40 and Aβl-42(43) in the 

cerebrospinal fluid (CSF) accompanying normal aging and the progression of Alzheimer's 

disease (AD), the CSF samples of 97 AD patients, 33 longitudinal subjects of these 97 

AD patients, 33 patients with non-AD dementia, 59 with other neurological diseases, and 

61 normal control subjects from several independent institutes were analyzed by sensitive 

enzyme-linked immunosorbent assays. Although the tau levels increased with aging, a 

significant elevation of tau and the correlation between tau levels and the clinical 

progression were observed in the AD patients. A significant decrease of the Aβ1-42(43) 

levels and increase of the ratio of Aβ1-40 to Aβ1-42(43) (Aβ ratio) were observed in the 

AD patients. The longitudinal AD study showed continuous low Aβ1-42(43) levels, and 

an increase of the Aβ ratio before the onset of AD. These findings suggest that CSF tau 

may increase with the clinical progression of dementia and that the alteration of the CSF 

level of Aβ1-42(43) and the Aβ ratio may start at early stages in AD. The assays of CSF 

tau, Aβ provided efficient diagnostic sensitivity (71%) and specificity (83%) by using the 

production of tau levels and the Aβ ratio, and an improvement in sensitivity (to 91%) was 

obtained in the longitudinal evaluation.

107.5

NEUROPATHOLOGICAL STUDY OF AD BRAIN WITH X-34, A 
NEW, HIGHLY FLUORESCENT DERIVATIVE OF CONGO RED
WE Klunk1*, RL Hamilton2, SD Styren1, G Styren1, and ML Debnath1 
1Dept. of Psychiatry, WPIC and 2Dept. o f Pathol., Div. Of Neuropathol., Univ. of 
Pittsburgh, Pittsburgh, PA 15261

Congo red has long been used to tinctorially define amyloid deposits. In our 
studies to develop Congo red derivatives as brain-penetrant in vivo probes for amyloid 
deposition in the CNS of AD patients, we found that 1,4-bis(2-(3-carboxy-4- 
hydroxyphenyl)ethen-1-yl)-benzene (referred to as X-34) was an amyloid dye with high 
fluorescence intensity. In this study, we describe the use of X-34 to demonstrate AD 
neuropathology and compare X-34 to several other commonly used AD stains. We found 
that X-34 was highly sensitive and selective. The staining procedure is very simple and 
rapid. Solutions of X-34 as low as 100 nM clearly demonstrated AD neuropathology. 
Fluorescence was optimally visualized with Violet filter sets, but UV sets also were good. 
Little fluorescence could be appreciated using the FITC (blue) set and no fluorescence 
was seen with the Rhodamine (green) filter set. X-34 stains amyloid plaques, 
cerebrovascular amyloid (both of which co-label with the 10D5 anti-Aβ antibody), 
neurofibrillary tangles and neuropil threads (both of which co-label with anti-Tau 
antibody). The sensitivity of X-34 is greater than Thioflavin-S and appears essentially 
equivalent to the Aβ and tau antibodies. Comparison to Bielschowsky silver stains 
showed a good correspondence of both plaques and tangles. X-34 labeled diffuse 
amyloid deposits in the cerebellum as well as anti-Aβ antibodies. However, X-34 staining 
was abolished by formic acid pretreatment at the same time anti-Aβ staining was 
enhanced. This suggests that X-34, like Congo red, appears to have an absolute 
requirement for beta-sheet fibril structure. It further suggests there is significant fibrillar 
structure in diffuse amyloid deposits.

(Support: Alzheimer’s Association & HMR, Inc.)

107.7
FRAMESHIFT MUTATIONS IN AMYLOID PRECURSOR PROTEIN PRECEDE 
NEUROPATHOLOGY IN YOUNG DOWN SYNDROME PATIENTS. F.W. van 
Leeuwen1*, D.M. Mann2, M.A.F. Sonnemans1 and E.M. Hoi1. 1Netherlands Institute for 
Brain Research, Amsterdam, The Netherlands; 2Department of Pathological Sciences, 
University of Manchester, UK.

Recently we reported on a novel type of mutation in amyloid precursor protein (APP) 
and ubiquitin (Ubi-B) transcripts (Science 279, 242-247, 1998) in Alzheimer (AD) and 
Down syndrome (DS) patients. These mutations resulted in the accumulation of aberrant 
APP and Ubi-B protein (i.e. APP+1 and Ubi-B+1) in the neurpathological hallmarks of AD 
(neuritic plaques, tangles and neuropil threads). APP+1 and Ubi-B+1 proteins were also 
present in aged (>72 years) non-demented controls with initial neuropathology. Thus, 
frameshift mutations may be a very early event in neurodegeneration of the AD type. To 
assess whether frameshift mutations are the cause or consequence of AD neuropathology, 
we generated transgenic mice overexpressing these aberrant transcripts. This work is 
presently in progress.

Meanwhile, we addressed this question in post-mortem material of young non- 
demented DS patients devoid of the neuropathological hallmarks of AD. We have 
indications that frameshift mutations are promoted by the overexpression of the genes, 
which is clearly the case in DS. In these patient APP mRNA levels are much higher than 
would be expected on the basis of gene dosage alone. In formalin-fixed vibratome 
sections of an age series of DS patients (ranging from 17 days postnatal up to 50 years 
of life) APP+1 immunoreactivity was present in apparently unaffected neurons and in their 
neurites in the frontal and temporal cortex and hippocampus, whereas no hyper- 
phosphorylated Tau (as seen with the antibody MCI) or Aβ deposits were visible. The 
present data show that the production of APP+1 is an early event in DS patients, which 
clearly indicates that dinucleotide deletions in APP transcripts (exons 9 and 10) precede 
the onset of AD neuropathology in DS patients. Supported by NWO-GPD, Internationale 
Stichting Alzheimer Onderzoek en de Hersenstichting.

107.4
KINETICS OF SOLUBLE AMYLOID BETA PEPTIDE FROM THE CENTRAL 
NERVOUS SYSTEM (CNS) Monro OR1, Mackic JB1, Yamada S1, Segal MB2, 
Ghiso J3, Frangione B3* Calero M3 and Zlokovic BV1 ( 1998) 1Dept. of 
Neurosurgery, University of Southern California, Los Angeles. 2Dept. of Physiology, 
St. Thomas’ Hospital, London. 3Dept. of Pathology, University Medical Center, NY.

Amyloid ß peptide (Aß) is the major constituent of parenchymal and 
cerebrovascular deposits, which are the cardinal histopathologic abnormalities in 
Alzheimer’s Disease. Although brain uptake of circulating Aß, free and/or 
complexed to apolipoproteins has been demonstrated, little is known about the 
mechanisms involved in Aß transport out of the CNS. This study examines Aß1-40 
clearance from the CSF and transport kinetics out of the CNS employing the 
ventriculo-cistemal perfusion method in anesthetized guinea-pigs. In this model, 
both lateral ventricles are perfused with an artificial CSF solution containing a 
physiological concentration of Aß1-40(lnM), and l4C-inulin (an extracellular space 
marker). The CSF outflow is collected from the cisterna magna and analyzed over 
100 mins. of perfusion. The steady state CSF ratios for 125I-TCA precipitable Aß1-40 
radioactivity and l4C-inulin in the cisternal outflow were 29.7% and 82.6% of their 
respective inflow concentrations. The rate of Aß1-40 clearance from the CSF was 3.35 
fold higher than that of inulin. There was no degradation of Aß1-40 in the CSF. Total 
loss of Aß1-40 from the CSF was 70.3% with 50.2% lost to the blood and 20.1% 
taken up by the brain. There was a remarkable accumulation of intact peptide by the 
choroid plexus, with a volume of distribution of 2900 µl/g. A significant amount of 
Aβ1-40 was found in the leptomeningeal vessels compared to barely detectable levels 
in the vessels of the Circle of Willis. It is concluded that Aß1-40 is rapidly transported 
out of the CSF and CNS, most likely by the choroid plexus across the blood-CSF 
barrier (i.e., in apical to basolateral direction), and is taken up by the leptomeningeal 
vessels from the CSF in the subarachnoid space. (NS 34467 and AG 05891)

107.6
HIPPOCAM PAL MORPHOM ETRY IN DEM ENTIA OF THE 
ALZHEIMER TYPE B Y  COMPUTER ALGORITHM J. G. 
Csernansky *, L. W ang, D. K ido, M. Gado, J. C. M orri s , and M . I  
Miller. Depts. o f  Psychiatry, Neurology, R adiology and Electrical 
Engineering, Washington University, St. Louis, MO 63110  

W e have developed computerized methods for the high dimensional 
analysis o f  brain substructure anatomy. These methods involve 
construction o f  an magnetic resonance (MR) template containing 
neuroanatomical information, w hich is transformed through general 
pattern matching to assume the anatomies o f  MR target images. W e 
have previously demonstrated the favorable reliability o f  these 
methods as compared to conventional manual outlining techniques 
(Haller, et al, 1997), and used them to characterize hippocampal 
deformations in subjects with schizophrenia (Csernansky, et al, 1997). 
In the present study, the hippocampus was studied in 10 subjects with 
very mild dementia o f  the Alzheim er type (CDR 0.5) and 10 controls, 
matched for age and gender. A  repeated measures, tw o-way A NO VA  
indicated significant effects for d isease (F = 8.21, d f = 1, p = .010) and 
hemisphere (F = 60.46, d f =  1, p < .0001), but no disease by hemiphere 
interaction. The demented subjects showed a 17-18% reduction in left 
and right hippocampal volum e, and the left hippocampus was 
generally smaller (~ 20%) than the right across all subjects. These 
results suggest that at a time when clinical signs o f  dementia are 
minimal in patients with dementia o f  the Alzheim er type, damage to 
the structure o f  the hippocampus may be considerable. Supported by 
the Center for Imaging Science, PHS grants A G 03991, A G 05681, 
N S34050, and the Gregory B. Couch Endowment at W ashington  
University.

107.8
INCREASED CURVATURE AND CURVILINEAR LENGTH OF DENDRITES 
ASSOCIATED WITH PHF TAU AND Aß DEPOSITS IN ALZHEIMER’S 
DISEASE. R.B. Knowles1, C. Wyart1, M.C. Irizarry*1, S.V. Buldyrev2, L. Cruz2, B. 
Urbane2, M.E. Hasselmo3, H.E. Stanley2, B.T. Hyman,1. 1Alzheimer’s Research 
Center, Mass. General Hosp.; 2Center for Polymer Studies and Dept. of Physics, 
Boston Univ.; 3Dept. of Psychology, Harvard University; Boston, MA, 02215.

The role of the two major pathological markers of Alzheimer’s disease (AD), ß- 
amyloid peptide (Aß) containing senile plaques, and paired helical filament (PHF) tau 
containing neurofibrillary tangles in disrupting neuronal function is a central question 
in AD research. The effects of AD and the relative contributions of extracellular Aß 
and intracellular PHF-tau on the morphology of a population of dendrites is unknown. 
Using 3 dimensional triple immunofluorescent confocal microscopy of Aß, PHF tau, 
and neurofilament proteins, we examined three dendritic morphological parameters: 
widths, curvature and curvilinear length. While widths of dendrites in AD are  
preserved, the dendrites have increased curvature and a decrease in the ratio of the end to 
end distance to the curvilinear length. Moreover, these morphological changes are due 
specifically to the presence of intracellular PHF tau and extracellular Aß deposits. 
Dendrites containing PHF tau have 4-fold increase in their curvature and 31 % increase 
in their curvilinear length. Dendrites that are PHF tau negative but traverse Aß 
deposits have a 3-fold increase in their curvature and a 17% increase in their curvilinear 
length. Non-demented control cases that had Aß deposits did not exhibit any 
morphological changes in their dendrites. Applying these morphological data to the 
Genesis cable simulation suggests that the type of change in dendrite morphology we 
observe in AD could delay dendritic spike timing from a synaptic input by 45% (e.g. 
delay of 4 msec over 100 µm distance) in affected dendrites. While it is uncertain to 
what extent precise temporal firing patterns encode information in cortical networks, 
repeated delays in the firing of action potentials as a result of the change in dendritic 
morphology could be a direct cause of impairment of cognitive abilities in AD.

Supported by NIH Grant AG08487
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107.9
A 28 BP REGION (-75 TO -48) UPSTREAM OF THE APP GENE REGULATES 
ITS PROMOTER ACTIVITY IN A CELL TYPE-SPECIFIC MANNER.
D. K. Lahiri*, W. Song and C. Ghosh. Institute of Psychiatric Research, Dept. of 
Psychiatry, Indiana University School of Medicine, Indianapolis, IN-46202.

In order to study the transcriptional control we have cloned and characterized a 7.9 
kb fragment of the 5’-flanking region of the APP (beta-amyloid precursor protein) 
gene from a primate (Song and Lahiri, 1998). We constructed a series of chimeric 
plasmids containing serial deletions from the upstream region to the transcription 
start site (+1) of the APP gene linked to a reporter gene, chloramphenicol acetyl 
transferase (CAT). Promoter activity was tested by transfection in different cell types 
and assayed by CAT activity. Transfection studies with deletion constructs indicate 
that each cell type regulates the promoter activity of upstream regions differently. 
For example, the minimum region that was sufficient to drive basal promoter 
activity in neuronal PC12 and neuroblastoma SK-N-SH cells was -75/+104 and - 
47/+104 bp, respectively. We report that serial deletion analysis from -3416 to -1 bp 
of the promoter reveals interesting transcriptional control elements in the SK-N-SH 
cells: promoter constructs (in bp) corresponding to -3416/+104, -2542/+104, 
-2105/+104, -1131/+104, -490/+104, -309/+104, -204 /+104, -143/+104, and - 
75/+104 displayed a significantly lower promoter activity than -47/+104. Since the 
-47 to +104 construct displayed the highest promoter activity than others tested, the 
-75 to -48 region acts as a-negative regulatory element. In the PC12 cells deletion of 
this region resulted in a significant drop in promoter activity, suggesting that the -75 
to -48 region acts as a positive regulatory element there. We are currently 
investigating whether any cell type-specific protein (s) could interact with this 
region and whether the protein is related to the upstream stimulatory factor. Our 
results indicate that the basal level of promoter activity is dependent on the 
interaction of cell-type specific nuclear factor(s) which may be important for tissue 
specific expression of APP seen in Alzheimer disease subjects. Supported by NIH.

107.11
PROTEOLYSIS OF BETA-AMYLOID BY BACTERIAL THERMOLYSIM.P.S. Fishman*, 
P.M. Figueiredo, D.A. Parks, C.M. Matthews and K.D. Collins. Departments of 
Neurology and Biochemistry. University of Maryland School of Medicine and the 
Baltimore VAMC, Baltimore MD 21201

Strategies to reduce the putative toxicity of beta-amyloid in Alzheimer's Disease 
have included enhancing enzymatic cleavage of APP by the unidentified alpha secretase. 
Such an enzyme activity would also be expected to cleave the beta-peptide into non- 
amyloidgenic fragments. Early studies of the specificity of the bacterial protease 
thermolysin from B. thermoproteolyticus predicted that this enzyme may cleave the beta- 
amyloid peptide at two sites including the alpha secretase site. We evaluated the capacity 
of thermolysin to degrade the beta-peptide in vitro. Partial to complete degradation of 100 
mgm/ml of unaggregated beta-peptide (1-40) was obtained within 1 hour at 37°C by 
solutions of 0.1 to 1.0 mgm/ml of thermolysin. Unaggregated beta-peptide 1-42 required 
10 fold higher concentrations of thermolysin for complete degradation, as assessed by loss 
of the intact peptide with gel electrophoresis. As expected, beta-peptide that was allowed 
to aggregate (as assessed by fluorescence with thioflavin S) was relatively resistant to 
proteolysis. Thermolysin was substantially more active in degrading beta-peptides when 
directly compared to previously evaluated proteases such as trypsin, cathepsin D,and 
gelatinase A. Thermolysin did not produce cytotoxicity when incubated for 24 hours with 
fetal murine cortical neuronal cultures at comparable concentrations. Thermolysin may 
provide a model for testing the role of proteolysis in protecting neurons from amyloid 
related toxicity. Supported by the VA Research Service and the N.I.A. (PSF).

107.13
INCREASED AMYLOID β-PEPTIDE (Aβ) IN RABBIT CEREBRAL CORTEX 
AFTER IMMUNOTOXIN-INDUCED CHOLINERGIC DENERVATION.
T.G Beach*, P. E. Potter, Y.-M. Kuo, K .Kokjohn, D.G. Walker, L.Sue, S. Scott and 
A.E.Roher. Sun Health Research Institute. Sun City, AZ 85351 

Deposition of Aβ is a central event in the pathogenesis of Alzheimer's disease 
(AD). Theoretically. Aβ deposition could be a result of increased production or 
decreased clearance. Both mechanisms appear to be at work in the inherited forms 
of the disease, but most cases of AD are not inherited and in these the cause of Aβ 
deposition is not known. The mechanism of Aβ deposition in normal aging is also 
unknown. We have hypothesized that these most common forms of Aβ deposition 
are due to the loss of the normal cholinergic regulation of β-APP metabolism 
consequent to age-related cortical cholinergic denervation To test this hypothesis, 
we used an animal model to determine the effect of cortical cholinergic denervation 
on cortical Aβ concentration. New Zealand White rabbits were given i.c.v. 
injections of either saline (sham) or IgG192-saporin (8.6-14.4 µg/kg). an 
immunotoxin which selectively lesions cholinergic neurons of the nucleus basalis 
magnocellularis (nbm). After five weeks survival, the lesion was verified using p75 
immunohistochemistry to demonstrate loss of the cholinergic nbm neurons, 
acetylcholinesterase enzyme histochemistry to demonstrate loss of the cortical 
cholinergic fiber network, and choline acetyltransferase enzyme assay, which 
showed a 50% reduction of cortical enzyme activity in immunotoxin-treated 
animals. An Europium immunoassay (EIA) for Aβ was developed using the 
monoclonal antibodies 6E10 (capture) and 4G8 (reporter). Temporoparietal cortex 
was extracted in 20mM Tris buffer with protease inhibitors and separated into 
membrane (pellet) and soluble (supernatant) fractions by centrifugation at 100.000 
g. Immunotoxin-treated animals had a 1.85-fold increase in soluble Aβ relative to 
sham-treated animals (2.5 vs 1.35 ng/g wet wt. p = 0031). These results indicate 
that cortical cholinergic denervation leads to potentially amyloidogenic elevations of 
Aβ. Funded by Sun Health Research Institute, a non-profit corporation.

107.10
OVEREXPRESSION OF β-AMYLOID PRECURSOR PROTEIN (βAPP) IN 
CULTURED HUMAN MUSCLE FIBERS (CMFs) PREVENTS INNERVATION 
AND FORMATION OF NEUROMUSCULAR JUNCTIONS (NMJs). J. McFerrin, 
W.K. Engel and V. Askanas*. USC Neuromuscular Center, Univ. of Southern 
California Sch. of Med.; Los Angeles, CA 90017.

In normal adult human muscle, βAPP and its mRNA are present only 
postsynaptically at the NMJs. Vacuolated muscle fibers of sporadic inclusion-body 
myositis(s-IBM) and hereditary inclusion-body myopathy(h-IBM) contain abnormal 
accumulations of βAPP, βAPP-mRNA and other Alzheimer-characteristic proteins. 
Because denervation of muscle in both s- and h-IBM is evidenced morphologically 
and electrophysiologically, we investigated whether abnormally accumulated βAPP 
may be partially responsible for denervation of muscle fibers.

Cultures were established from 5 h-IBM and 8 normal muscle biopsies. In 8 other 
experiments, a 3kb human 751-βAPPcDNA was transferred, using adenovirus vector, 
into cultured normal myotubes immediately after myoblast fusion. In all experiments, 
CMFs were co-cultured with fetal rat spinal cord, as we described.

Compared to negative controls, greatly increased accumulation of βAPP epitopes 
occurred in h-IBM CMFs and in CMFs after βAPP-gene transfer. Innervated normal 
CMFs were continuously and rhythmically contracting, were fully cross-striated, and 
had AChE and AChRs accumulated only at the NMJs. By contrast, both groups of 
βAPP-overexpressing CMFs: a) were not contracting or had very slow irregular 
contractions, and were not cross-striated; b) had AChE only in large non-junctional 
diffuse patches; c) had AChRs mainly diffusely distributed, only 2-3% having 
junctional AChR clusters. Thus, 1. Experimental or genetic overexpression of βAPP 
in CMFs inhibits their innervation; 2. The accumulation of βAPP in vivo may be 
responsible for muscle fibers of both h- and s-IBM not becoming or remaining 
properly innervated or reinnervated, i.e. a “myogenous-dysinnervation” mechanism; 
3. A similar postsynaptic mechanism may cause synapse loss in Alzheimer brain.

Supported by NIH grant NS 34103 and grant from the MDA (both to V.A.).

107.12
DEPOSITION OF ß-AMYLOID PROTEIN IN PERIPHERAL ORGANS OF 
TRANSGENIC MICE OVEREXPRESSING THE C-TERMINUS OF ß-AMYLOID 
PRECURSOR PROTEIN. K. Fukuchi,* L. Li, M. Hart, D. Pham, A. Smith, and 
J. R. Lindsey. Dept. of Comparative Medicine, Univ. of Alabama at Birmingham, 
Birmingham, AL 35294

Increasing evidence suggests that ß-amyloid protein (Aß) and its precursor protein 
(ßPP) play causative roles in the pathogenesis of Alzheimer’s disease. We previously 
established four founder lines of transgenic mice overexpressing the signal sequence 
and the 99 amino acid C-terminus of the ßPP under the control of a cytomegalovirus 
enhancer/ß-actin promoter. Each founder line showed a distinct Southern blot pattern. 
Progeny from one founder line (11430) had approximately 3 copies of the transgene 
and developed ß-amyloidosis in the lamina propria of the small intestine as evidenced 
by immunohistochemistry, Congo red birefringence, and electron microscopy. 
Progeny from another founder line (13592) had approximately 5 copies and showed 
fibrillar ß-amyloid deposits in acinar cells of the pancreas, which were demonstrated 
by immunohistochemistry, thioflavine T fluorescence, and electron microscopy. 
13592 mice also showed amyloid accumulation in the epithelial cells of the stomach. 
The transgenic mice had extraordinarily high levels of Aß in the plasma. By Western 
blot analyses, the level of transgene protein product in the intestine was greatest in 
tissues of 3-month-old 11430 mice. In comparison, the pancreas showed the highest 
level of transgene expression in 3-month-old 13592 mice. Both the 4 kDa Aß and 
the 12 kDa C-terminal fragment were identified in a SDS-insoluble, formic acid- 
soluble fraction extracted from ß-amyloid deposit-bearing organs. These results 
suggest that the C-terminal region may be involved in ß-amyloid fibril formation and 
that locally expressed Aß and its precursor may play a predominant role in ß- 
amyloidosis in transgenic mice. Supported in part by the National Institute of Health 
(AG 12850, RR07003, and RR11105).
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108.1
INOSITOL TRISPHOSPHATE-DEPENDENT CALCIUM SIGNALING AND GAP 
JUNCTIONAL COUPLING IN AND BETWEEN ASTROCYTES AND ENDOTHE
LIAL CELLS. L. Leybaert1*, K. Paemeleire1, K. Dherde2 and M.J. Sanderson3. 1Dept. 
of General Physiology and of Human Physiology and Pathophysiology, 2Dept. of 
Human Anatomy, Embryology and Histology, Univ. of Ghent, Belgium and 3Dept. of 
Physiology, Univ. of Massachusetts Medical Center, Worcester, MA 01655, USA.

Astrocytes (A) are in very close contact with capillary endothelial cells (EC) but little 
is known concerning the nature of the signaling molecules between these two cell 
types. Previous work has demonstrated evidence for inositol trisphosphate (IP3)- 
mediated A-EC calcium (Ca2+) signaling, whereby IP3 diffuses through gap junctions 
between both cell types. We have further investigated this signaling pathway making 
use of Ca2+ waves induced by flash photolysis of caged-IP3, the spread of fluorescent 
gap junction-permeable dyes and electron microscopy (EM) of the A-EC interface. A- 
EC co-cultures were prepared from primary rat cortical astrocytes and the EC-line 
ECV304. Co-cultures were loaded with caged-IP3 by electroporation. Flash photolysis 
of a single A caused an intercellular Ca2+ wave that propagated in a radial way. In three 
experiments these Ca2+ signals stopped at the A-EC interface and in another three we 
observed Ca2+ signal propagation to one or two EC. Flash photolysis of a single EC 
caused an intercellular Ca2+ wave in EC, just as observed in A. In five experiments 
these endothelial Ca2+ signals propagated to multiple surrounding A, and in only one 
experiment the Ca2+ wave stopped at the interface with A. Injection or scrape loading 
of lucifer yellow (LY), 6-carboxy fluorescein or biocytin showed strong dye spread in 
the A (space constant 143±19 µm for LY) and no dye spread between EC or between A 
and EC. EM findings were similar, in that many gap junctions were observed between 
A but no gap junctions were found between EC or between A and EC. We conclude 
that IP3-mediated Ca2+ signals propagate between A and EC in the two directions. The 
absence of dye spread and of gap junctions on EM, both in EC and between A and EC, 
indicate a low degree of gap junctional conductivity and density. IP3-mediated Ca2+ 
signals do however propagate between EC and also between A and EC, illustrating that 
the caged-IP3 approach is well suited to study gap junctional coupling between poorly 
coupled cells. Research supported by NIH Grant HL49288, Small Grants Program at 
UMMC and FWO Grant nos. 31508696, 3G002696, 31552098 and 31511695.

108.3
ASTROCYTES REGULATE BRAIN CAPILLARY ENDOTHELIAL 
TISSUE PLASMINOGEN ACTIVATOR AND THROMBOMODULIN 
EXPRESSION VIA TRANSFORMING GROWTH FACTOR-β. N.D. 
Tran, J. Correale, S.S. Schreiber, M.J, Fisher*. Dept. o f Neurology, 
University o f Southern California School o f Medicine, Los Angeles, CA 
90033.

We recently demonstrated that astrocytes regulate brain capillary 
endothelial expression o f  the fibrinolytic enzyme tissue plasminogen 
activator (tPA) and the antithrombotic molecule thrombomodulin (TM) 
in vitro (J Cerebral Blood Flow & Metabolism, In Press). In order to 
study the mechanism o f this process, we examined the hypothesis that 
astrocyte regulation o f endothelial tPA and TM is mediated via 
transforming growth factor-β (TGF-β). Confluent brain capillary 
endothelial cells were incubated for 24 hours with astrocyte-conditioned 
media (ACM). ACM-incubated endothelial cells demonstrated a 
substantial reduction in tPA and TM mRNA that resulted in reduced tPA 
activity (p<0.02) and TM activity (p<0.02). ACM demonstrated 
significantly higher TGF-β1 and TGF-β2 compared to non-conditioned 
media (p<0.003). Exogenous treatment with TGF-β yielded dose- 
dependent reductions in tPA and TM that were comparable in magnitude 
to that o f ACM. Finally, ACM-induced effects were blocked by TGF-β 
neutralizing antibody. These data indicate that astrocytes regulate 
endothelial hemostasis function in vitro via TGF-β.
Supported by NIH NS-20989

108.5

COMPARISON OF BLOOD-BRAIN BARRIER (BBB) GLUT1 GLUCOSE 
TRANSPORTER EXPRESSION IN HUMAN BRAIN INSULT AND 
NORMAL PRIMATE BRAINS. E. M. Cornford1,2,3,*S. Hyman2, M. E. 
Cornford4, R. T. Damian5 and M. J. Raleigh1,6 1Brain Research 
Institute, Depts of 2Neurology, 4Pathology, and 6Psychiatry, UCLA 
School of Medicine, Los Angeles, CA 900 9 5 ; V e te ra ns  A ffairs 
West Los Angeles Medical Center, Los Angeles, CA 90073 ; 4Harbor- 
UCLA Medical Center, Carson CA 90059 ; and 5Dept of Cellular 
Biology, Univ of Georgia, Athens, GA 30602 .

In traum atically injured (J Neurotrauma 13:523 , 1996) and epilep
togenic human brain resections (J Cerebr Blood Flow Metabol 
18:26, 1998), tw o  BBB configurations of endothelial GLUT1 
transporter were observed. Smaller capillary profiles displayed low 
GLUT1 im m unoreactivity. Adjacent and even contiguous larger 
endothelial cells expressed a 5- to  10-fold more GLUT1 transporter 
protein. In the present study, we compared capillary GLUT1 
expression in normal (necropsied) non-human primate brain, and 
pathological resections. A single capillary GLUT1 transporter 
configuration was observed in the cortex of rhesus, squirrel and 
vervet monkeys, as well as in baboons. Regional brain differences in 
BBB endothelial membrane GLUT1 expression (cortex >  hippocampus 
> cerebellum) were observed. We conclude a single, uniform GLUT1 
transporter distribution characterizes the normal primate BBB. The 
appearance of high- and I0W-GLUT1-expressing endothelia in 
surgical resections is hypothesized to  be a pathologic response to 
human brain insult. [Supported by NIH Grant P01 NS 25554].

108.2
IN VITRO MODELS of THE HUMAN BLOOD BRAIN- and BLOOD CSF 
BARRIER to STUDY BINDING and TRANSPORT OF AMYLOID-β PEPTIDE.
M. F. Stins#@, J.B Mackic@, J.G. Mc Comb$, D. Stern, S.D. Yan, J. Ghiso*, M Calero,
B. Frangione, KS. Kim# and B.V. Zlokovic @.
@Dept. of Neurosurg, USC, Los Angeles, CA 90033; #Divs. of Infect. Dis. and 
$Neurosurg of Childrens Hospital of Los Angeles, CA; Dept Path. New York Med. 
Center, NY; Dept. Path. Columbia Univ. New York, NY.

In vitro models of the human brain-vascular endothelial and epithelial barrier 
were developed to study pathogenesis of brain diseases with significant involvement of 
the cerebrovascular components. Brain microvascular endothelial cells (HBMEC) and 
choroid plexus epithelial cells (HCPEC) were isolated from postmortem control and 
Alzheimer Disease (AD) patients. HBMEC displayed typical brain endothelial charac
teristics e.g. Factor VIII-Rag, uptake of acetylated low density lipoprotein (AcLDL) 
and gamma glutamyl transpeptidase. HCPEC were positive for transthyretin a marker 
for choroid plexus epithelium. HBMEC or HCPEC were seeded onto semi-permeable 
transwell inserts and binding, transport and metabolism of amyloid-β (1-40) peptide 
(Aβ) were studied. Both binding and transport across control HBMEC were
initiated at the apical (blood) side but were not detectable from the basolateral side. In 
contrast, in AD significant binding was observed at both sides. Two specific acceptor 
BBB luminal sites mediated Aβ binding to control HBMEC. Antibody against the 
Receptor for advanced glycosylation products (RAGE) and AcLDL inhibited binding. 
Transport of intact Aβ across HBMEC was sensitive to RAGE. HBMEC from AD 
patients retained and transported 60-80% more intact Aβ than adults. Aβ binding to 
and transport across HCPEC was specific to the apical (CSF) side and RAGE 
dependent. We conclude that both RAGE and scavenger receptors participate in 
binding and cellular uptake of Aβ at the HBMEC on the luminal side BBB, while 
RAGE participates in binding and transport across HCPEC. RAGE and/or specific 
transporter might be responsible for Aβ transcytosis in both HBMEC and HCPEC. 
Grants NS 34467, AG 14526 and AG05891

108.4
C O O PERA TIVE EFFECTS OF 5'- A N D  3 -U N T R A N SL A T E D  
R EGIONS OF B L O O D -B R A IN  BA RR IER  G L U T 1 G LU C O SE  
TR AN SPO R TER  m R NA  INC R EASE GENE EX PR ESSIO N . R.J. 
Boado* and W .M . Pardridge. Department o f M edicine and Brain 
Research Institute, UCLA School o f Medicine, Los Angeles, CA 90095.

The blood-brain barrier (B B B ) G LU Tl glucose transporter is 
modulated at the post-transcriptional level in different pathophysiological 
conditions such as glucose deprivation and brain tumors. Cis-regulatory 
elements located at either 5'- or 3'-untranslated region (UTR) o f G LU T1 
m R NA  increase the expression  o f  G L U T 1 reporter genes in an 
independent manner. The aim of the present study was to investigate the 
p ossib le cooperative effec ts  o f  5 ’- and 3'-G L U T 1 U TRs on the 
expression o f a G L U T 1-luciferase reporter gene in brain endothelial 
cultured cells (ECL). The follow ing reporter genes were prepared in the 
pG L2-luciferase vector: clone 734, control (no G L U T 1 regulatory 
sequence); clone 736, containing control elements in nucleotides (nt) 1- 
171 o f G L U T 1 5'-UTR; 753, containing nt 2100-2300 of G L U T 1 3'- 
UTR; and clone 833, containing the cis-elem ents o f both clones 736 and 
753. Transfection o f ECL was performed with Lipofectam ine:DNA  
(20:1). Reporter genes 736 and 753 produced a marked increase in the 
expression o f the luciferase reporter gene compared to the control vector 
con tain in g no G L U T 1 regulatory seq uences (10- and 6-fo ld , 
respectively). A ssociation o f both cis-regulatory elements in clone 833 
increased 59-fold  the activity o f luciferase compared to controls. Data 
presented here demonstrate that cis-regulatory elements located at both 5'- 
and 3’-UTR o f G L U T 1 m R NA  exert a cooperative effect to increase 
expression o f a G LU T1 reporter gene, which may be useful in the design 
of new expression vectors for gene delivery.
Supported by NIH N S-25554 and Research Initiative EBEWE.

108.6
CEREPORT (RMP-7) TRANSIENTLY INCREASES INULIN PERMEABILITY 
ACROSS HUMAN BRAIN MICROVASCULAR ENDOTHELIAL CELL 
(HBMEC) MONOLAYER . J. B. Mackic1*, M.F. Stins2, S. Jovanovic1 , R.T. 
Bartus3 and B.V. Zlokovie1. 1Dept. Neurosurgery and 2Divn. of Infectious Diseases 
Children’s Hospital, USC Sch Med, Los Angeles, CA 90033 and 3Alkermes Inc., 
Cambridge MA, 02139.

Bradykinin analog Cereport (RMP-7) increases the permeability of the vascular 
barriers in the central nervous system (CNS) and in particular is effective on the 
blood-brain-tumor-barrier. Enhanced delivery of chemotherapeutics to brain 
tumors by Cereport has been shown in animal models. In this study, we examined 
the effects of Cereport on vascular endothelial permeability using an in vitro 
HBMEC transport model. In this in vitro model the HBMECs grown on the 
transwell membrane filter separate the upper from the lower chamber allowing 
selective exposure to Cereport to either apical or basolateral surface of HBMEC. 
Transport of l4C-inulin (MW 5,200) across HBMEC monolayer was studied during 
1-60 min exposure to Cereport at 10 nM. This concentration of Cereport was 
chosen for its previously demonstrated permeabilizing effects on the vasculature in 
brain tumors. Cereport at 10 nM added to the basolateral side of HBMEC 
significantly increased the permeability of the endothelial monolayer to l4C-inulin. 
Opening of the endothelial monolayer started at 5 min, with the maximal effect at 
15 and reclosure between 15 and 30 min, and complete restoration of the barrier 
function at 60 min. An increase in the HMBEC permeability to l4C-inulin was 
observed over a range of Cereport concentrations (0.05 to 10 nM) only if added to 
the basolateral side, but not from the apical side. Our results suggest that Cereport, 
applied at the concentrations shown to cause opening of the vascular barriers in the 
CNS in vivo, elicited a transitory increase of the permeability in an in vitro model 
of a human vascular endothelial barrier, acting on the basolateral side. (Alkermes)
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108.7

GLYCOSYLATION IMPROVES THE BLOOD-BRAIN BARRIER (BBB) 
PERMEABILITY OF AN ENKEPHALIN ANALOG. R.D. Egleton*1, S.A. 
Mitchell2, R. Polt2, V.J. Hruby2 and T.P. Davis1. Departments of Pharmacology1 
and Chemistry2, University of Arizona, Tucson AZ 85724.
The potential of peptides as neuropharmaceuticals in the treatment of 

neurological disorders is significant. However, the BBB prevents the entry of 
most peptides into the brain. A number of strategies have been used in an 
attempt to improve uptake into the brain including cationization and increased 
lipophilicity. Glycosylation of opioid peptides has been shown to improve 
analgesia compared to parent compounds (Polt et a l ., 1994. Proc. Natl. Acad. Sci. 
91: 7114-7118; Tomatis et αl., 1997. J. M ed Chem. 40:2948-2952). However, the 
authors had no direct evidence for increased permeability of glycosylated peptides 
compared to non-glycosylated peptides.
In this study we have investigated the effect of α  and β-D-glucose additions to 

serine of the cyclic enkephalin analog Tyr-D-Cys-Gly-Phe-D-Cys-Ser-Gly 
(DCDCE-Ser-Gly) on in situ BBB permeability. Adult rats were anaesthetized, 
carotid arteries cannulated and the animal was perfused with oxygenated 
mammalian Ringers at 70-90 mmHg. The jugular veins were sectioned and 
[I125]DCDCE-Ser-Gly was infused into the perfusion medium. At 20 minutes the 
rat was decapitated, brain and perfusate samples were taken for radioactive 
counting. The above experiments were repeated for [I125]DCDCE-Ser(α-D- 
glucose)-Gly and [I125]DCDCE-Ser(β-D-glucose)-Gly. Results show that addition 
of either α  or β-D-glucose to DCDCE-Ser-Gly leads to a significant increase in rat 
brain uptake by 46 % and 42 % (p<O.Ol and p<0.05). This indicates that the 
addition of D-glucose leads to a significant improvement in BBB permeability not 
via the glucose carrier (Williams et al., 1996. Biology and Physiology o f the BBB, 
Plenum New York, 69-77) but by an as yet unidentified mechanism.

This work was supported by NIH grants #DA-06284 and DA-11271.

108.9

ANALYSIS  OF IM M U N O LO G IC  FACTORS REGULATING THE 
BREAKDOWN OF THE BLOOD BRAIN BARRIER (BBB) DURING 
VIRAL ENCEPHALITIS. C. S. R eiss1,2,3,#, A . D o ré , J r 1. , S. Roy1.
N. C hen1, N. C h u n g 1, D. Ire la n d 1, and T  K o m a tsu 1. 1Biology 
Dept., 2Ctr. for Neural Sci., and 3Kaplan Comprehensive Ca. Ctr., 
New York Univ., New York NY 10003.

In tranasal in fe c tio n  o f m ice w ith  ve s icu la r s to m a tit is  v iru s  
(VSV) leads to  in fe c tio n  o f th e  o lfa c to ry  bu lb  and 
d issem ination  o f v iru s  in th e  CNS. In som e m ice , th e  innate 
and acqu ired  im m une responses su cce ss fu lly  lim it in fe c tio n  to  
more rostra l reg ions and u ltim a te ly  c lear th e  v iru s . H ow e ve r, 
in o the r in fe c ted  h osts , th e  d isease progresses to  m o rta lity .

W e observed th a t Evans Blue dye  is n o t exc lu d ed  fro m  CNS 
tissues and began an in ve s tig a tio n  o f th is  b re a kd o w n  o f the  
BBB. C yto k in e  tre a tm e n t (IL -12) can s u b s ta n tia lly  p reve n t 
b reakdow n o f th e  BBB v ia  a m echan ism  o f early  lim ita tio n  o f 
vira l g ro w th  by a c tiva tio n  o f Typ e  1 N itric  O xide  Syn thase  
(NOS-1). U sing k n o c k o u t m ice d e fic ie n t in N O S-1, NO S-3, 
IFN-y, and e xam in ing  th e  role o f cyc lo o xyg e n a se -2  w ith  
inh ib ito rs , w e  have eva lua ted  th e  role o f  these  d is tin c t p a th
w ays a t b o th  a dye  exc lu s io n  leve l and a lso a t an u ltra s tru c
tura l level (brain m ic ro ca p illa ry  changes and a lte ra tio n s  o f the  
choro id  p lexus). S upported  by D C 0 3 5 3 6  to  CSR.

108.11
EVIDENCE FOR ENDONEURIAL FLUID FLOW FROM ENDONEURIAL 
HYDROSTATIC PRESSURE MEASUREMENTS IN TRANSECTED AND 
CRUSHED RAT SCIATIC NERVES. A. Weerasuriya* S.L. Nelson and N. R. 
Crowley. Mercer University School of Medicine, Macon, GA 31207.

Endoneurial hydrostatic pressure (EHP) was measured in rat sciatic nerve from 
90 minutes to 12 weeks after it was either transected and ligated, or crushed. 
EHP was measured with a micropipette using the servo-null technique at sites 
both proximal and distal to the site of trauma (midthigh). There were 5 or 6 
measurements at each time point for each type of lesion. The objective of this 
study was to obtain data to assess the relative contributions of endoneurial fluid 
flow (EFF) and alterations in blood-nerve interface permeability to the dynamics of 
EHP in traumatized nerves. The largest increases in EHP were observed within 4 
days of the lesion. Twenty-four hours after transection, EHP in the proximal 
segment was 21.9 ± 2.8 (S.E.M.) mm Hg, and 8.5 ± 1.3 mm Hg in the distal 
segment. This proximo-distal difference in EHP persisted through the 8th day after 
transection. EHPs in crushed nerves did not exhibit similar proximo-distal 
differences. Furthermore, EHP in the distal segment of crushed nerves, peaked 
one day after crush (15.7 ± 2.8 mm Hg) and the corresponding peak in transected 
nerves was at two days after transection (12.8 ±  1.9 mm Hg). Changes in EHP 
were not noticed during nerve regeneration, but EHP in the distal segment at 12 
weeks after transection (2.9 ± 0.5 mm Hg) was lower than normal (3.7 ± 0.4 mm 
Hg). EHP in the distal segment 12 weeks after crush was 3.4 ± 0.5 mm Hg. It is 
concluded that obstruction of EFF by ligatures in transected nerves is responsible 
for (1) the highest EHP in the proximal segment of transected nerves, (2) the 
proximo-distal EHP gradient present in only transected nerves, (3) the lower peak 
of EHP in the transected distal segment when compared to the EHP of the 
crushed distal segment, and (4) the later rise of EHP in the transected distal 
segment compared to the crushed distal segment. The changes in EHP in the 
transected distal segment can be viewed as being produced by permeability 
changes in the blood-nerve interface (MedCen # 23750).

108.8
A NEW BLOOD-BRAIN BARRIER MODEL: CO-CULTURING OF
SEROTONERGIC NEURONS WITH ENDOTHELIUM AND GLIA. K,A. 
Stanness1, T. Sexton2, J.F. Neumaier2, D. Janigro1* Dept. of Neurosurgery1 and 
Dept. of Psychiatry2, Harborview Med. Ctr. Univ. of Washington, Seattle, WA.

The blood-brain barrier (BBB) participates in brain ion homeostasis by shielding 
neurons from potentially neurotoxic molecules. This mechanism, however, also 
excludes from the brain parenchyma putative therapeutic agents, such as 
antineoplastics, antiretrovirals, and antibiotics. Rational CNS drug discovery has 
relied on numerous in vitro models of the BBB; these tissue culture models 
typically display abnormally high permeability to substances that are normally 
excluded by BBB endothelial cells. A new generation of BBB models based on 
dynamic culturing of endothelial cells in the presence of flow and glia (DIV-BBB; 
Brain Res.771, 329-42, 1997) has been recently developed to closely mimic 
permeation across in situ BBB. We now report that the DIV-BBB can also be used 
to co-culture differentiated 5-HT releasing neurons in the presence of a BBB 
(endothelium + glia) characterized by negligible permeability to sucrose (~10-6 
cm/sec) and stereoselective transport of aminoacids (L- vs. D-Asp). Mesencephalic, 
undifferentiated neurons were seeded above rat neocortical astrocytes, allowed to 
differentiate into a serotonergic phenotype, loaded with 3H-5-HT, and challenged 
with high K+. Depolarization induced a time dependent release of 3H 5-HT 
(22%±5% above baseline); this synaptic release was enhanced by the serotonin- 
specific uptake inhibitor fluoxetine (1 µM; 62% ±7% above baseline). These results 
suggest that the DIV-BBB is a suitable model for culturing of neurons in a quasi- 
physiological microenvironment and in the presence of a high-resistance blood- 
brain barrier. Further studies are being performed to test the usefulness of this BBB 
model for testing permeation of drugs into the CNS, and target-specific efficacy 
following intraluminal injection. [NIEHS. ES 07033 NIH-NS 51614],

108.10
CONCENTRATION-DEPENDENT EFFECTS OF NO ON THE BLOOD-BRAIN 
BARRIER UNDER NORMOXIC AND HYPOXIC CONDITIONS. I.E. Blasig,* D.I. 
Utepbergenov, M.L. Schroeter, A. Sporbert, and R.F. Haseloff. Inst. Mol. 
Pharmacol., 10315 Berlin, Germany.

There are contradictions on the role o f  NO and the ’NO-dependent signal trans
duction in the blood-brain barrier (BBB) formed by brain capillary endothelial cells 
(BCEC) under the influence of astrocytes (AC). These contradictions may reflect a 
concentration-dependent phenomenon and interactions with reactive oxygen species 
(ROS), such as O2. To prove this hypothesis, a cell culture model of the BBB con
sisting of rat BCEC and rat AC cultivated separately on the two sides of a filter was 
exposed to various concentrations of 'NO and ROS using different incubation times. 
Micromolar concentrations of 'NO were determined (ozone-mediated chemilumines
cence) to be formed by BCEC 24 h after the addition of cytokines (TNFα, IL-1ß) or 
within some min after cytosolic influx of Ca2+ (ionophore A23187). Micromolar 
authentic 'NO added at 20 µM/h to the BBB model increased the paraendothelial 
permeation of low molecular-weight compounds several-fold within 90 min. When 
the ‘NO liberator DETA NONOate releasing nanomolar amounts o f  'NO per min was 
incubated for 48 h, the permeability decreased by 50%. Nanomolar concentrations of 
authentic NO were without any effect within 90 min, however, they prevented 
paraendothelial opening of the model after 60 min hypoxia and 30 min reperfusion. 
‘NO also prevented ROS-induced lipid peroxidation (malondialdehyde) due to hyp
oxia/reoxygenation, indicating an antioxidative mode of action. A protective effect 
was also seen after the administration of superoxide dismutase, demonstrating a 
pathogenic role of O2' in the disruption of the BBB, caused by hypoxia. It is con
cluded that continuous exposure of nanomolar concentrations of 'NO assumed to be 
formed physiologically by BCEC can maintain the integrity of the BBB. Nanomolar 
amounts of 'NO may prevent ROS-induced membrane disturbances deteriorating the 
function of the BBB. When higher amounts of 'NO are released in the presence of 
O2, the BBB is disrupted.
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109.1
SUBCELLULAR LOCALIZATION OF STRESS ACTIVATED PROTEIN 
KINASE 1 (SAPK1) ISOFORMS IN NEURONS. D.J. Fink*, C. Zhu, X. Hu, and 
M. Mata. Dept. of Neurology, University of Pittsburgh, and Pittsburgh VA Medical 
Center, Pittsburgh, PA 15213.

SAPKs are a family of serine threonine kinases also known as JNKs or Jun terminal 
kinases, that are known to function in signal transduction cascades (involving rho- 
like small GTPases and the phosphorylation of SAPK by dual specificity kinases) 
resulting in the phosphorylation and activation of transcription regulatory proteins. 
In order to begin to investigate the role of the SAP kinases in neurons, we performed 
light microscopic (LM) immunocytochemistry on cortical neurons in culture, and 
electron microscopic (EM) immunogold localization studies on brain, spinal cord, 
and peripheral nerve.

JNK1, recognized by a monoclonal antibody that binds the protein independent of 
its phosphorylation state appeared predominantly cytoplasmic, extending into the 
processes in a distribution similar to that seen after staining with antibodies to 
microtubule associated protein 2 (MAP2). By EM, JNK1 immunostaining was 
prominent in mitochondria and along microtubules. An antibody directed against 
phosphorylated JNK1 (which also cross reacts with phosphorylated JNK2) showed 
prominent staining within the nucleus. Lesser amounts of immunoreactivity was also 
detected in mitochondria and along microtubules in the cytoplasm. Both of these 
antibodies recognized proteins in similar distributions in neurons and glia.

The distribution of JNK suggests multiple roles for the kinase in neurons. The 
nuclear localization of phosphorylated JNK is consistent with known activity in 
regulating transcription. The mitochondrial localization of non-phosphorylated JNK 
is consistent with the reported activity in vitro in phosphorylating bcl-2, and may play 
a role in the induction of apoptosis. The prominent localization of 
nonphosphorylated JNK1 along cytoskeleton suggests a novel activity of these 
kinases in phosphorylation of cytoskeleton or cytoskeleton associated proteins.
This work was supported by grants from the VA (MM and DJF) and NIH (DJF).

109.3

SIGNALING PATHW AYS ACTIVATED B Y  ANA N DA M ID E, A N  
ENDOGENOUS LIGAND OF C B I CANNABINOID RECEPTORS, IN 
HIPPOCAM PAL SLICES P. Derkinderen, M. Tautant,_A. Costa, P . 
Ezlan, J.-M. Studler, and J.-A. Girault* .  INSERM  U 114, Chaire de 
Neuropharmacologie, Collège de France, Paris, France.

C B I receptors are coupled to PTX -sensitive GTP binding proteins o f  
the Gi family, and are highly expressed in hippocampus. Although C B I 
receptors have profound effects on synaptic plasticity in hippocampus, 
little is known about the signal transduction pathways that they activate. 
W e have demonstrated previously that stimulation o f  C B I receptors by 
anandamide in hippocampal slices increased tyrosine phosphorylation o f  
several proteins including FAK+, a splice isoform o f  focal adhesion 
kinase preferentially expressed in brain (Derkinderen et al. Science, 
1996, 273:1719). This effect o f  anandamide was prevented in the 
presence o f  cAM P analogues. U sing phosphorylation state-specific 
antibodies, w e showed that anandamide increases the phosphorylation o f  
Tyr-397 the critical autophosphorylation site o f  FAK. It also stimulated 
tyrosine phosphorylation o f  p 130-Cas, an adaptor protein associated with 
FAK in many cell types. In addition, anandamide increased the active 
form o f  the MAP-kinases ERK-1 and ERK-2, which may be activated 
downstream o f  FAK or o f  other signaling pathways. Our results suggest 
that activation o f  tyrosine phosphorylation pathways, including FAK, is 
a major mode o f  action o f  endogenous cannabinoids in mature brain.

109.5
MODULATION OF MICROTUBULES BY G PROTEIN α  SUBUNITS 
M. M. Rasenick* and N-F Chen Depts. of Physiology & Biophysics and 
Psychiatry, U. Illinois Chicago, Col. of Medcine, Chicago, IL 60612

Heterotrimeric G proteins transfer extracellular signals from cell surface 
receptors to intracellular effector molecules. These G proteins also 
interact with the cytoskeleton. Gsα, G iα1, and Gqα bind tubulin with a Kd 
of 130nM while other G protein α  subunits, including transducin(Gt), do 
not bind. Furthermore, formation of a complex with tubulin results in the 
transfer o f GTP (or a GTP analog such as AAGTP) from tubulin to Gα, 
transactivating the later molecule. Chimeras o f G iα 1 and transducin were 
made and it appeared that the region (237-270) in G iα 1 was critical for 
tubulin-G iα1 interaction. To test this, the chimeric G protein: G ia 1( 1- 
237)-Gtα (237-270)-Giα1(270-354)(NC1) was constructed in pHis6Giα1, 
and transformed to E. coli cells. While the purified N C 1 bound tubulin in 
vitro with high affinity, it was not activated by transfer of the photoaffinity 
GTP analog, AAGTP, from tubulin. Furthermore, N C 1 blocked the 
activation of G iα l by tubulin, in vitro. This suggested that NC1 might act 
as a dominant negative mutant which could elucidate the role of tubulin- 
Gα interactions in cells. COS1 cells were transfected with G iα l and several 
transducin-Giα1 chimeras, all bearing a 6-His tag on their amino terminal. 
Dual immunofluorescence localization was carried out with anti tubulin 
and anti 6 His. G iα l and a chimera which interacted normally with 
tubulin were localized throughout the cell and into the ends o f the long 
cellular processes. A chimera which did not bind to tubulin, but did not 
block the normal interaction between G α and tubulin, did not migrate into 
the cell processes, but did not prevent those processes from forming. NC1
transfection actually blocked cells from sending out processes. These 
results suggest that a "fruitful" communication between tubulin and G 
proteins may be important for microtubule directed events, such as 
regulation of cell proliferation and neurite outgrowth.
Supported by PHS grants MH 39595 and AG 15482

109.2
THE MIXED LINEAGE KINASE DLK UTILIZES MKK7 AND NOT MKK4 AS 
SUBSTRATE, AND TRANSLOCATES WITH MKK7 TO THE NUCLEUS 
FOLLOWING NEURONAL INJURY. M. Mata1*, C. Zhu1, X. Hu1, S.E. Merritt2, 
D. Nihalani2, and L.B. Holzman2. 2Dept. of Internal Medicine and VA Medical 
Center, U. Michigan, Ann Arbor MI and 1Dept. of Neurology and VA Medical 
Center, U. Pittsburgh, Pittsburgh, PA 15213.

Mixed lineage kinases (MLK) dual leucine zipper kinase (DLK) and MLK3 have 
been proposed to function as mitogen activated protein kinase (MAPK) kinase 
kinases in pathways leading to stress activated protein kinase (SAPK)/JNK 
activation. Differences in primary protein structure place these MLK enzymes in 
separate subfamilies and suggest that the perform distinct functional roles. DLK and 
MLK3 associated with, phosphorylated and activated MKK7 in vitro and in vivo. 
MLK3 but not DLK phosphorylated and activated recombinant MKK4 in vitro.

By immunocytochemistry, MLK3 appeared predominantly in cells of the choroid 
plexus and ependyma, but both DLK and MKK7 were detected predominantly in 
neurons. In rat cortex and in primary cortical neurons in culture DLK and MKK7 co
localized in a nuclear and perinuclear distribution. The nuclear localization of MKK7 
and DLK was confirmed in subcellular fractionation studies.

Following axotomy of sciatic nerve DLK, MKK7 and SAPKβ/JNK3 accumulated 
in the nuclei of neurons beginning within 5 minutes of injury; this effect persisted for 
at least 24 hrs. Neuronal injury had no effect on the subcellular distribution of 
MKK4.

These results suggest that DLK, MKK7 and SAPKβ/JNK3 form a distinct signal 
transduction module that participates in cellular responses to axonal injury involving 
the nucleus. The dissimilar cellular and subcellular compartmentalization and 
differential substrate utilization of DLK and MLK3 provide evidence that specific 
mixed lineage kinases participate in unique signal transduction events leading to 
distinct cellular responses.

109.4
PHOSPHORYLATION OF APLYSIA EIF4E IS TIGHTLY CORRELATED TO 
THE RATE OF TRANSLATION IN PLEURAL GANGLIA. W. S. Sossin*, J. 
R. Dyer and A. M. Pepio . Dept. of Neurology and Neurosurgery, Montreal 
Neurological Institute, McGill University, Montreal, PQ Canada H3A-3B4 

5-HT-mediated facilitation of Aplysia sensory-motomeuron synapses requires 
translation at that synapse (Martin et al 1997; Cell 91:927-938). Moreover, 5-HT 
increases the translation rate in pleural ganglia of Aplysia and this increase can be 
inhibited by rapamycin (Yanow et al, 1998; J. Neurochem 70:572-583). The 
translation initiation factor, eIF4E, is an important regulator of translation that is 
also regulated by a rapamycin-sensitive pathway. To investigate whether eIF4E 
regulates translation in Aplysia, we have cloned eIF4E from Aplysia. Aplysia 
PKCs phosphorylate eIF4E in vitro at the same site used by mammalian PKCs. A 
phosphopeptide antibody raised to this site recognizes eIF4E phosphorylated either 
in vitro by PKC or in vivo. However, activation of PKC by phorbol esters does 
not increase levels of phosphorylated eIF4E in vivo. We find a tight correlation 
between the rates of translation measured in pleural ganglia and the level of 
phosphorylated eIF4E, but no correlation between the rate of translation and the 
levels of total eIF4E. This correlation holds true in the presence or absence of 5- 
HT. Phosphorylated eIF4E can be found at the synapse using 
immunocytochemistry. Thus, we propose that phosphorylation of eIF4E at the 
synapse can regulate translation at the synapse. Identification of the in vivo eIF4E 
kinase(s) will be important in determining how eIF4E is regulated at the synapse. 
This work is supported by the EJLB foundation and MRC operating grant MT- 
12046

109.6
IN VIVO BINDING OF R-[11C]ROLIPRAM IN RAT BRAIN FOLLOWING 
TREATMENTS WITH AGENTS AFFECTING cAMP LEVELS. C.M. Valente1*, J.N. 
DaSilva1,2, A.A. Wilson2 and S. Houle2. PET Centre, Clarke Institute of Psychiatry, 
Depts. of 1Pharmacology & 2Psychiatry, Univ. of Toronto, Toronto, Canada, M5T 1R8.

Phosphodiesterase-4 (PDE4) plays a major role in cAMP-mediated signaling by 
hydrolyzing the cAMP produced during β-adrenergic, A2-adenosine and H2-histamine 
receptor stimulation. Previous studies have shown that PDE4 activity and density are 
regulated by endogenous cAMP levels. Short-term regulation (within ~ 15 min) is via 
phosphorylation and long-term (2-4 h) is via de novo protein synthesis. cAMP levels 
have been reported to be disrupted in several neuropsychiatric disorders. The selective 
PDE4 inhibitor R-rolipram, labeled with C-11, demonstrated high binding selectivity 
for PDE4 across all brain regions in rats, and has potential for positron emission 
tomography. To assess the ability of R-[11C]rolipram to detect in vivo changes in PDE4 
levels in the brain, rats were pre-treated with drugs that differentially augment cAMP 
formation, including: noradrenaline re-uptake inhibitor desipramine (DMI, indirect 
adrenergic agonist: 5 and 10 mg/Kg, i.p., 30 min prior to radioligand; 10 and 25 mg/Kg, 
i.p., 4.5 h prior); H3-histamine antagonist thioperamide (increases synaptic histamine 
levels; 10 mg/Kg, i.p., 4 h prior); A2-adenosine agonist CGS 21680 (2 mg/Kg, i.p., 3 h 
prior); α2-adrenoceptor antagonist yohimbine (10 mg/Kg, i.p., 15 min prior); adenylyl 
cyclase activator forskolin (6.5 mg/Kg, i.v., co-injection; 15 mg/Kg, i.v., 3 h prior); and 
the dopamine D1 agonist SKF 81297 (10 mg/Kg, i.p., 3 h prior) as a negative control. 
Control (receiving vehicle only) and treated rats were injected with R-[11C]rolipram via 
lateral tail vein, and killed 45 min later. Yohimbine, thioperamide, and CGS 21680 
enhanced R-[11C]rolipram uptake by 17-81% in the brain regions assayed, while SKF 
81297 had no effect. DMI increased (up to 21%) radioactivity retention in a dose- and 
time-dependent manner, with the greatest effect observed with 10 mg/Kg, 4.5 h prior. 
Higher R-[11C]rolipram binding was observed with 6.5 mg/Kg (co-injection) of 
forskolin as compared to 15 mg/Kg (3 h prior) of forskolin. These results suggest that 
compared to controls, in vivo R-[11C]rolipram binding in rat brain is increased by agents 
enhancing endogenous cAMP levels. Supported by Connaught Fund, Univ. of Toronto.
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109.7
REPEATED ADMINISTRATION OF DEXAMETHASONE INCREASES 
PHOSPHOLIPASE C (PLC) ACTIVITY AND EXPRESSED LEVELS OF PLC β1 
PROTEIN IN THE RAT BRAIN.
Y. Dwivedi* and G.N. Pandey. Dept of Psychiatry, Psychiatric Institute, University 
of Illinois at Chicago, IL 60612.

Altered hypothalamic-pituitary adrenal (HPA) function has been shown to be 
associated with mood and behavior. In-vitro and in-vivo studies suggest that 
dexamethasone (DEX), a synthetic glucocorticoid, alters the metabolism of 
phosphatidyl inositol (PI). PLC, a crucial enzyme of the PI signal transduction 
system, plays a major role in mediating various physiological functions. In the 
present study, we investigated the effects of a single and repeated (0.5 or 1.0 mg/kg) 
administrations of DEX on PLC activity and on the expression of PLC isozymes (β1, 
δ1 and γ1) in the rat cortex and hippocampus. It was found that the repeated 
administration of DEX (1.0 mg/kg) caused a significant increment in PLC activity 
and in the expression of the PLC β1 isozyme in both membranal and cytosolic 
fractions of the cortex and the hippocampus. In addition, the lower dose of DEX (0.5 
mg/kg) caused a significant increase in PLC activity and in the expression of the PLC 
β1 isozyme in membranal and cytosolic fractions of the hippocampus but failed to 
change either parameter in the cortex. In contrast, a single administration of DEX (0.5 
or 1.0 mg/kg) did not change either PLC activity or the expression of PLC β1, δ1 or γ1 
isozymes in the cortex or the hippocampus. Taken together, these results suggest that 
the modulation of the HPA axis by the administration of DEX to rats alters the 
activity and level of PLCβ1 isozymes, which in turn suggests a role for PLC in HPA 
axis-mediated changes in mood and behavior.

109.9
DEVELOPMENTAL EXPRESSION OF CALCINEURIN IN THE MOUSE BRAIN.
1L.M. Eisenman*, 2J.A. Eisenberg, 2G . Weisbach, 2M.J. Moritz, 2V.T.
Armenti, 1Dept. of Pathology, Anatomy and Cell Biology, and 2Dept. of
Surgery, Thomas Jefferson Univ., Philadelphia, PA 19107 

Calcineurin is a Ca2+-calmodulin dependent protein phosphatase 
which is enriched in the brain. Prior studies indicate that T -ce ll 
proliferation and activation are inhibited by immunosuppressive 
drugs, cyclosporine and FK506 via a pathway that involves inh ib ition 
of calcineurin. However, the function of calcineurin in the nervous 
system is still unclear. The expression of calcineurin in the brain is 
heterogeneous, but little is known about its developmental expression. 
Immunohistochemical techniques (polyclonal antibody against 
calcineurin) were utilized to localize calcineurin in the brains of 
C3H/HeJ mice ages postnatal day 0 through adult. In the adult, there is 
strong expression of calcineurin in the hippocampus, striatum , 
cerebral cortex, cerebellum and substantia nigra, and other regions. 
Expression within each of these structures is heterogeneous. For 
example, the CA3 region of the hippocampus exhibits three levels of 
expression which correlate with afferent terminal zones to the apical 
dendrites of pyramidal cells. Developmental analysis indicates 
calcineurin immunoreactivity is detectable during the second postnatal 
week. Initial immunoreactivity is more commonly localized to neuronal 
somata but during further development it is more commonly associated 
with neuronal processes. In conclusion, calcineurin expression in the 
developing mouse brain is prim arily postnatal and exhibits spatio- 
temporal specificity.

109.8
RAPID PHOSPHORYLATION OF CYCLIC AMP RESPONSE ELEMENT 
BINDING PROTEIN BY ESTRADIOL IN SK-N-SH NEUROBLASTOMA 
CELLS. P.S. Green*, E.K. Monck, K.S. Panickar, and J.W. Simpkins. Center 
for the Neurobiology o f Aging and Department o f Pharmacodynamics, 
University o f Florida, Gainesville, FL 32610.

Increasingly, effects of estrogens are being described which are independent 
o f estrogen receptor (ER) mediated gene regulation. Our laboratory has 
previously observed that hypoglycemic seizures decrease cAMP response 
element binding protein (CREB) immunoreactivity in the hippocampus that was 
prevented by estrogen treatment suggesting a correlation between estrogen 
neuroprotection and CREB signaling. The purpose of this study was to 
determine the effect of short term estradiol treatment on expression and 
phosphorylation o f the transcription factor CREB. Exposure of SK-N-SH cells 
to 17β-estradiol (βE2) at doses ranging from 1 nM to 10 µM for up to 2 h did 
not alter CREB expression as determined by Western blot analysis. βE2 
exposure resulted in a dose-dependent increase in phosphorylated-CREB (P- 
CREB) immunoreactivity with doses as low as 1 nM o f the steroid significantly 
increasing P-CREB and a 10 µM dose increasing P-CREB by up to 4-fold 
above baseline levels. Further, βE2 exposure increased specific cAMP 
response element DNA (CRE) binding with a similar dose-response as 
determined by modified southwestern analysis. The βE2-induced increase in P- 
CREB was seen within 15 minutes o f steroid exposure and persists for at least 
1 h . A single dose (1 nM) o f the weak estrogen, 17α-estradiol (αE2) was 
evaluated and increased P-CREB immunoreactivity as well as specific CRE 
binding determined by electromobility shift analysis. These results indicate that 
estrogens may regulate gene transcription independent of the ER through 
phosphorylation and subsequent activation o f the transcription factor CREB. 
(Supported by NIH AG 10485 and Apollo Biopharmaceutic, Inc.)

HPG REGULATION I

110.1
OREXIN-B: A NOVEL NEUROPEPTIDE ACTIVATES HYPOTHALAMIC 
AXES REGULATING APPETITE AND REPRODUCTION. M.R. Jain1,S. Pu2 
andS.P.KaIra2*, Depts. o f 1 Physiology and 2Neuroscience, University of Florida 
College of Med., Gainesville, FL 32610.

Orexin-A and -B, two structurally similar peptides synthesized in the lateral 
hypothalamic area stimulate food intake after intracerebroventricular (icv) 
injection. Since hypothalamic regulation of reproduction and energy intake are 
neurochemically linked, we tested the hypothesis that orexins may affect 
feeding and the release of luteinizing hormone (LH), a pituitary gonadotropin. 
Orexin-B (3 , 10 or 30 nmol in 5 µl PBS) was injected icv to male rats fitted with 
permanent cannula in the lateral cerebral ventricle. Only 10 and 30 nmol, but 
not 3 nmol orexin-B significantly stimulated 2-h food intake (P<0.05). The 
control rats consumed 1.5±0.4 g in two hours whereas the corresponding 
values for 3 ,  10 and 30 nmol orexin-B-treated rats were 1.6±0.5, 3.7±0.4 and 
4.8±0.7 g respectively. To evaluate the effects on LH release, ovariectomized 
rats pretreated with ovarian steroids received orexin-B icv (3 , 10 or 30 nmol in 
5 µl PBS) and plasma LH levels were analyzed by RIA. All doses of orexin-B 
stimulated LH release with maximal effect seen at 10 min post-injection 
(P<0.05 vs initial values and control) and by 60 min plasma LH levels returned 
to the basal range. LH stimulation lasted for 30 min after 3 nmol and for 10 min 
after 10 and 30 nmol orexin-B. These results demonstrate for the first time that 
orexin-B can stimulate feeding and gonadotropin secretion and thus, the orexin 
producing neurons in the hypothalamus are part of the common network that 
regulates both reproduction and energy homeostasis (Supported by NIH 
HD08634)

110.2
INSULIN ACTIVITY MODULATES LH PULSE FREQUENCY: THE 
DIABETIC SHEEP MODEL. D.C. Bucholtz1,2,* A. Chiesa1,3, Wm. Pappano1, 
S. Nagatani1, T.Tanaka1, H. Tsukamura5, K-I. Maeda5, and D.L. Foster1, 3,4
1 Reproductive Sciences Program, and Departments of 2Physiology, 3Biology, 
4Obstetrics and Gynecology, University of Michigan, Ann Arbor, MI 48109-0404;
5School of Agricultural Sciences, Nagoya University, Nagoya 464-01, Japan.

LH (GnRH) secretion is influenced by the general availability of metabolic fuel. . 
However, we remain fundamentally ignorant about how energy metabolism 
interfaces with neural centers governing GnRH secretion. Our working hypothesis is 
that energy metabolism, as reflected by insulin-dependent changes in glucose 
availability, is transduced by glucodetectors into neural signals modulating GnRH 
release. The purpose of the present study was to determine if hypoinsulinemia and its 
associated impairment of glucose uptake modulates LH (GnRH) secretion. Our 
model was the gonadectomized, male lamb made diabetic by Streptozotocin (200 
mg/kg iv, in two divided doses, 3d apart), and then maintained on twice daily insulin 
treatment (Lente Iletin I, Eli Lilly & Co., 30U per dose) until the time of the study. 
Our approach was to monitor LH secretion under such diabetic conditions, with or 
without insulin supplementation. Jugular blood was collected (every 10 min for 6h) 
for LH, glucose, insulin, and non-esterified fatty acid (NEFA) determinations on a 
day of insulin supplementation, 24h and 96h after insulin withdrawal, and 24h and 
96h after insulin re-supplementation. Insulin withdrawal acutely increased glucose, 
NEFA's, and urinary ketones. Under such metabolic conditions, LH pulse frequency 
decreased (8.1±0.26 pulses/6h to 6.7±0.24 pulses/6h after 24h, to 6.0±0.6 pulses/6h 
after 96h insulin withdrawal, p<0.05). Insulin re-supplementation acutely decreased 
glucose, NEFA's, and urinary ketones. Under these metabolic conditions, LH pulse 
frequency increased (after 24h) to levels comparable with those before insulin 
withdrawal (p>0.05). Collectively, these Findings indicate that insulin activity 
influences LH pulse frequency, and are consistent with the hypothesis that GnRH 
secretion is modulated by the bioavailability of glucose. (Supported by NIH HD- 
18394 and 18258).
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110.3
ROBUSTNESS OF THE HUMAN FEMALE GONADOTROPIC AXIS TO THE 
METABOLIC STRESSOR OF SHORT-TERM FASTING IN THE MID-LUTEAL 
MENSTRUAL PHASE: PRESERVATION OF PULSATILE, ENTROPIC, AND 
NYCTOHEMERAL LH RELEASE. M. Bergendahl1, W.S. Evans2, C. Pastor2, A. 
Patel2, A. Iranmanesh3, J.D. Veldhuis2*. 1Dept. Peds. & Physiol., Univ. Turku, 
Turku, Finland; 2Dept. Int. Med., Univ. Virginia, Charlottesville, VA; and 3Salem 
VA Med. Hosp., Salem, VA.

Stressors suppress GnRH pulse generator activity, but relative vulnerabilities 
to stress-induced hypogonadotropism across the menstrual cycle are unknown. 
We studied LH release in (N=8) women in the mid-luteal phase during the 
metabolic stressor of fasting for 2.5 days (versus eucaloric intake) by sampling 
blood at 10-min intervals for 24 h, followed by a single i.v. pulse of GnRH 10 
µg. Deconvolution, approximate entropy (ApEn), and cosinor analyses were 
used to quantify the pulsatility, orderliness, and 24-h rhythmicity of LH release. 
Fasting triggered ketonuria, a rise in 24-h serum GH and cortisol (2-3-fold), and 
a fall in leptin (3-fold). The LH interpulse interval (II) and mass secreted per 
pulse were unchanged; II: 133 ± 8.3 fed vs 132 ± 11 min fasting; and mass 2.7 
± 0.54 fed vs 2.1 ± 0.73 lU/L fasting. ApEn of LH release fell in 7 of 8 fasting 
women, suggesting more organized LH secretory patterns. Whereas 24-h LH 
mesor, phase, and amplitude were unaffected by fasting, the calculated LH 
secretion rate declined from 27 ±5.1 to 18 ± 5.1 lU/L/day (P < 0.01). Pituitary 
responsiveness to the GnRH stimulus rose; viz. LH secretory pulse amplitude
1.6 ± 0.49 fed versus 3.4 ± 0.92 lU/L/min fasting (P < 0.05). In summary, 
despite marked fasting-induced metabolic stress (hypoleptinemia, ketonuria, 
hypercortisolemia, and GH hypersecretion), mid-luteal phase women maintain 
normal 24-h LH rhythmicity, orderliness of release, LH pulse frequency and 
amplitude, and show only a modest decline in LH secretion rates with unvarying 
serum progesterone and estradiol concentrations. Hence, during the mid-luteal 
phase of the menstrual cycle, the human female reproductive axis is robustly 
resistant to a potent metabolic stressor. [Supported: # U54 HD96008]

110.5
FSH-RELEASING FACTOR IS LAMPREY LHRH-III OR A CLOSELY RELATED 
PEPTIDE. W.H. Yu*, S. Karanth, A. Walczewska, S.A. Sower, J. Hiney, W.L. Dees, 
A. Parlow and S.M. McCann. Pennington Biomedical Research Center (LSU), 6400 
Perkins Road, Baton Rouge, Louisiana 70808.

Previous studies have indicated that lamprey (I) LHRH-III, an analog of mLHRH, is 
a highly potent and specific FSH-releasing peptide in vivo and in vitro. The specific 
FSH-releasing activity is conferred by the fact that I-LHRH-III is dissimilar from 
mLHRH in amino acids 5-8 of the molecule. It has a more specific FSH-releasing 
activity than any other analog of LHRH expressed in non mammalian species in vivo 
and in vitro. In this study, we evaluated the FSH and LH-releasing activity of 
purified hypothalamic fractions in hemipituitaries of adult male rats. Rat 
hypothalami (1,000) were purified as previously described on Sephadex G-25 and the 
fractions were evaluated by bioassay for FSH and LH release, and by RIA for 
mLHRH and I-LHRH-III. Immunoreactive I-LHRH-III and bioactive FSHRF 
emerged with a peak in fraction 116 that was completely separated from the 
immunoreactive and bioactive mLHRH. Incubation of fraction 116 with I-LHRH-III 
antiserum (1 to 500) completely blocked the FSH-releasing activity of this fraction. 
I-LHRH-III also possesses LH-releasing activity, albeit at much higher concentrations 
than those required to induce FSH release. The LH-releasing activity of fraction 116 
was also abolished by the antiserum. This antiserum was used for 
immunocytochemistry. Immunoreactive I-LHRH-III neurons were localized to the 
anterior medial dorsal hypothalamus in the vicinity of the paraventricular nucleus, an 
area previously shown to cause selective FSH release on stimulation and to block 
pulsatile FSH release when ablated. These data provide further strong evidence that 
I-LHRH-III may indeed be FSHRF. (This work is supported by NIH Grants 
DK43900 and MH51853).

110.7
SUBPOPULATION SPECIFICITY IN THE CAPACITY OF RHESUS MACAQUE 
GnRH NEURONS TO EXPRESS GluR1. H.F. Urbanski,* V.T. Garyfallou, S.M. 
Rodrigues and S.G. Kohama. Division of Neuroscience, Oregon Regional Primate 
Research Center, 505 N.W. 185th Avenue, Beaverton, Oregon 97006.

In the rhesus macaque forebrain gonadotropin-releasing hormone (GnRH) neurons 
exist in two discrete subpopulations, differing not only in terms of their location but 
also in terms of perikaryal size, perikaryal morphology, and in their capacity to 
express mRNA coding for GnRH (10th Int Congress o f Endocrinology, 1996:P2-496). 
To help elucidate the pathway by which glutamate stimulates GnRH secretion in 
primates, the expression of GluR1 (an AMPA receptor subunit) was examined in 
GnRH neurons of three infantile (7-month-old) and three adult (12-13-year-old) male 
rhesus macaques (Macaca mulatto). Brains were perfusion-fixed with 4% 
paraformaldehyde and sections (25 µm) processed for double-label fluorescence 
immunocytochemistry (ICC), using a mouse monoclonal antibody to GnRH (HU4H) 
tagged with FITC and a rabbit polyclonal antibody to GluR1 (Chemicon) tagged with 
TRITC. As noted previously, immunopositive GnRH neurons were detected in two 
distinct forebrain regions. One subpopulation was located in a predominantly medial 
region, extending from the preoptic area to the medial basal hypothalamus. The other 
subpopulation was located at the lateral periphery of the hypothalamus, between the 
globus pallidus and amygdala. In total, more than 1,000 immunopositive GnRH 
neurons were examined from each of the two locations. Regardless of the age of the 
animal, none of the medially-located GnRH neurons showed immunopositive labelling 
for GluR1, whereas all of the laterally-located GnRH neurons did. This clear-cut 
difference between the capacity of medially and laterally-located GnRH neurons to 
express GluR1 corroborates our earlier finding using ICC (for GnRH) combined with 
in situ hybridization (using a 35S-labelled antisense cRNA probe to GluR1). Taken 
together, these data emphasize that in primates GnRH neurons exist in discrete 
subpopulations. Moreover, they suggest that these subpopulations differ markedly in 
their capacity to respond directly to glutamatergic excitation. Grant Support: NIH 
HD-29186 & RR-00163, NSF 93-09368 and Medical Research Foundation o f Oregon.

110.4
THE ROLE OF CA2+ IN INTRACELLULAR CA2+ OSCILLATIONS IN 
CULTURED LHRH NEURONS DERIVED FROM EMBRYONIC 
OLFACTORY PLACODE OF THE RHESUS MONKEY. D.L. Fernandez*, 
K.L. Keen, L.L. Luchansky, and E. Terasawa. Wisconsin Regional Primate 
Research Center, University of Wisconsin, Madison, WI 53715.

Previously, we reported that cultured LHRH neurons derived from the 
olfactory placode of monkey embryos release LHRH in a pulsatile manner 
at approximately 50-minute intervals, and individual LHRH neurons exhibit 
spontaneous intracellular Ca2+, (Ca2+)i, oscillations. As a step in studying the 
mechanism of LHRH pulse generation, we examined the role o f Ca2+ in 
(Ca2+)i oscillations using cultured LH R H  neurons derived from embryonic 
olfactory placode. 1) Exposing cells to K+ (28 & 56mM) stimulated (Ca2+)i 
oscillations in a dose responsive manner; 2) Exposing cells to low Ca2+ (20 
nM) buffer solution or Ca2+ chelator, EGTA, suppressed (Ca2+)i oscillations; 
3) (Ca2+)i oscillations were stimulated by the L-type Ca2+ channel stimulant, 
Bay K 8644 (1 µM), while they were suppressed by the L-type Ca2+ channel 
blockers, nifedipine (1 µM) and nimodipine (1 µM), but not by the N-type 
channel blocker, co-conotoxin (1 µM); 4) The intracellular Ca2+ stimulant, 
ryanodine (1 µM) stimulated (Ca2+)i oscillations; 5) Carbonyl-cyanide-P- 
trifluoromethoxy-phenyl hydrazone (FCCP, 1 µM), a mitochondrial Ca2+ 
mobilizer, stimulated (Ca2+), oscillations; 6) Different types of K+ channel 
blockers induced different changes in (Ca2+)i oscillations. These results 
indicate that 1) depolarization with K+, induces (Ca2+), oscillations, 2) (Ca2+)i 
oscillations are influenced by the presence of extracellular Ca2+, 3) Ca2+ 
enters the cell via L-type channels, but not N-type channels, 4) mobilization 
of intracellular Ca2+ is important for (Ca2+)i oscillations, and 5) different 
types of K+ channels may play a specific role in the (Ca2+)i oscillations. It is 
concluded that influx of Ca2+, through L-type Ca2+ channels, activated by K+ 
channel opening, generates (Ca2+)i oscillations, but mobilization of 
intracellular Ca2+ also appears to contribute to (Ca2+)i oscillations in cultured 
LHRH neurons. (NIH grants HD15433, H D 11355, and RR00167).

110.6
PUBERTAL CHANGES IN HYPOTHALAMIC GnRH AND 
RELATED PEPTIDE GENE EXPRESSION IN THE MONKEY. M. 
El Majdoubi, A. Sahu and T .M. Plant*. Dept. o f Cell Biology and 
Physiology, Univ. o f Pittsburgh Sch. o f  M ed., Pittsburgh, PA 15261.

To further examine pubertal changes in hypothalamic GnRH gene 
expression in primates, RNase protection assay was used to compare 
GnRH mRNA levels in agonadal animals before and during the pubertal 
re-augmentation o f GnRH release. Changes in mRNA levels o f  TGFα 
and NPY, hypothalamic peptides previously implicated in the initiation 
o f  puberty, were also examined. Eight monkeys were orchidectomized 
at 15-19 months o f age: 4 monkeys were killed 1-2 months later, before 
onset o f the pubertal GnRH increase, and 4 were killed at 32-34 months 
o f  age, after establishing initiation o f  this critical developmental event. 
For numerical analysis, mRNA levels were normalized to those of 
cyclophilin. GnRH mRNA levels increased in the MBH from
0.33± 0 .06  (mean relative od±SD ) before the pubertal initiation of 
GnRH release to 0.58±0.17 after the onset o f  this critical developmental 
event (p<0.05; Mann Whitney). The 75% pubertal increase in GnRH 
gene expression was associated with a 30% increase in TGFα mRNA  
(0.25±0.04 vs 0.33±0.03; p<0.05) and a 30% decrease in NPY mRNA  
(0.98±0.21 vs 0 .68±0.08; p<0.05). Changes in gene expression were 
not seen in POA. Past failures to identify a pubertal increase in GnRH 
gene expression in primates are probably due to earlier use o f gonadally 
intact models where amplified steroid feedback resulting from 
hypothalamic puberty may be anticipated to limit developmental changes 
in mRNA levels. The other new finding, namely that NPY gene 
expression decreases during the peripubertal transition, suggests that 
this neuropeptide may be involved in triggering primate puberty. 
Supported by H D 13254 and H D 08610.

110.8
ENHANCED SPLICING OF FIRST INTRON FROM THE PRIMARY 
TRANSCRIPT OF GONADOTROPIN-RELEASING HORMONE (GNRH) IS A 
PREREQUISITE FOR MATURE GNRH mRNA. J.Y. Seong, S. Park and K. 
Kim*. Department of Molecular Biology and Research Center for Cell 
Differen- tiation, College of Natural Science, Seoul National University, Seoul 
151-742 Korea

The rat gonadotropin-releasing hormone (GNRH) gene consists of four 
exons (denoted 1, 2, 3, and 4) and three introns (A, B, and C). All three 
intro ns are spliced from the primary transcript resulting in a mature mRNA 
synthesis. Northern blot analysis and RT-PCR showed that GNRH primary 
transcripts and its splicing intermediates are more prevalent than the mature 
GnRH mRNA in a variety of non-GNRH-producing tissues. The mature GnRH 
mRNA is abundant in GNRH-producing tissues such as the preoptic area. To 
delineate the possible splicing mechanism of introns, in vitro splicing assay 
with HeLa nuclear extracts was used. Introns B and C, but not intron A were 
efficiently spliced. There are two base mismatches of the 5' splice site and 
three bases on the pyrimidine tract and one anchoring site in the 3' splice site 
based on the consensus sequence. The retention of intron A was relieved when 
the 5' and/or 3' splice sites of intron A were point mutated and the splicing 
activity was even more strengthened when a branching point site was moved 
to the upstream region of the pyrimidine tract within the intron A. Sequence 
analysis revealed that there exist two putative exonic splicing enhancers in the 
exon 3 and exon 4. These exonic splicing enhancers actively participated in 
splicing of intron A when nuclear extracts from the GNRH-producing GT1-1 
neuronal cells were added into in vitro splicing system, indicating that there 
exist putative regulatory splicing factor(s) in GNRH neuons which may 
specifically interact with exonic splicing enhancers. Collectively, it is evident 
that excision of intron A from the primary transcript is a prerequisite for the 
mature GNRH mRNA synthesis in GNRH neurons.
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110.9

DIFFERENTIAL ACTIVATION OF STAT SIGNALING PATHWAYS BY 
GROWTH FACTORS IN CULTURED GNRH EXPRESSING 
NEURONAL CELLS. S. Zhen, S. Wray * and J.H. Pierce. Lab. of Cell & 
Molecular Biology, National Cancer Institute, Bethesda, MD 20892.

In the present study, we demonstrated that the GnRH-expressing neuronal 
cells (NLT) express receptors for PDGF-AA, PDGF-BB, EGF and IGF-1. 
PDGF-BB, and to a lesser extent PDGF-AA induced rapid tyrosine 
phosphorylation of Stat3, Stat5A, Stat5B, and Stat6 , whereas no tyrosine 
phosphorylation of these Stat proteins was observed in response to IGF-1 and 
EGF. Sequence analysis of the human GnRH gene promoter revealed a SIE- 
like element located between nucleotide -976 to -984. Gel-mobility shift 
assays using radiolabeled consensus SIE element or the SIE-like element as 
probes demonstrated that PDGF induced similar DNA binding activities, 
which can be competed by unlabeled consensus SIE sequence. Antibody 
specific for Stat3 also supershifted PDGF-induced DNA binding to both the 
consensus SIE or the SIE-like probes. In contrast, no specific DNA binding 
activity to the SIE or SIE-like element was observed in response to IGF-1 or 
EGF. In cells transfected with DNA constructs containing the human GnRH 
promoter which includes the SIE-like element and a AP-1 binding site fused 
to the luciferase reporter gene, a significant increase in reporter activities was 
induced by IGF-1, whereas PDGF-AA and BB induced only a moderate 
increase in the reporter activity. In contrast, PDGF-BB and AA were more 
potent than IGF-1 and EGF in inducing the proliferation of the NLT cells as 
demonstrated by thymidine incorporation study. In conclusion, these results 
demonstrate that: 1). PDGF receptors are expressed on GnRH-expressing 
NLT cells; 2). Activation of the PDGF receptors induces potent mitogenic 
effect; 3). PDGF-BB and AA but not IGF-1 nor EGF activate Stat signaling 
pathways; 3). a SIE-like element is present in the hGnRH gene promoter 
which can bind to Stat3; 4). PDGF and IGF-1 stimulate hGnRH promoter 
activity.

110.11

GnRH AND NMDA RECEPTOR GENE EXPRESSION IN THE 
PREOPTIC AREA (POA) CHANGE DURING REPRODUCTIVE 
SENESCENCE. R.A. Flagg and A.C. Gore.* Neurobiology of Aging Labs, 
Mount Sinai School of Medicine, New York, NY 10029.

The preovulatory GnRH/LH surge that causes ovulation has been reported to be 
accompanied or preceded by an increase in GnRH mRNA levels and the activation of 
GnRH gene transcription. Because reproductive senescence in rats is characterized by an 
attenuation in the magnitude and timing of the preovulatory LH surge, and a decrease in 
preovulatory fos expression in GnRH neurons, in the present study we tested whether 
alterations in GnRH gene expression play a role in the transition to acyclicity in 
middle-aged (MA) rats. Furthermore, the ability of the neurotransmitter glutamate, 
acting via its NMDA receptor, to stimulate the GnRH system has been reported to 
undergo age-related decrements. We therefore also examined changes in several NMDA 
receptor subunit mRNAs (NR1, NR2a, NR2b) that are prevalent in the POA and which 
together can constitute functional NMDA receptors. Methods: Female Sprague-Dawley 
rats aged 4-5 mo (young) or 13-14 mo (MA) were monitored by daily vaginal smears, 
and killed at 1000h or 1500h on proestrus (P) or diestrus I (DI) in cycling rats, and on 
persistent estrus (PE) or persistent diestrus (PD) in acyclic rats. The POA-anterior 
hypothalamus was dissected out, and RNA extracted. RNase protection assays of 
GnRH, NR1, NR2a and NR2b mRNAs were performed. Results: GnRH mRNA levels 
increased at 1500h compared to 1000h on P but not DI in young rats. In MA cycling 
rats, the proestrous afternoon increase in GnRH mRNA levels was obliterated. This is 
interpreted to mean that the normal diurnal "drive" on GnRH neurons is attenuated by 
MA and may represent a possible substrate for the subsequent failure of reproductive 
cyclicity. For the NMDA receptor subunits, NR1 mRNA levels did not vary with age 
or state of reproductive cyclicity. However, NR2a and NR2b mRNA levels, while 
similar between young cycling and MA cycling rats, were significantly decreased in MA 
acyclic rats. We believe that these are the first mRNA biomarkers that segregate on the 
basis of reproductive status independent of age. In subsequent studies we will test 
whether the responsiveness of the GnRH system to glutamate input is diminished in 
acyclic vs. cycling animals. (Supported by a Brookdale Found. Fellowship to ACG).

110.13

GALANIN IN THE ANTERIOR PITUITARY: RELATIONSHIP TO DIETARY FAT, 
GONADAL STEROIDS AND BODY WEIGHT REGULATION. J. Wang* and S.F. 
Leibowitz. The Rockefeller University, New York, N. Y. 10021.

In the hypothalamus, the peptide galanin (GAL) is believed to have a role in the 
control of eating behavior and body weight. This peptide stimulates fat and 
carbohydrate ingestion, reduces energy expenditure and increases body fat, and the 
consumption of high-fat diet stimulates GAL production in specific hypothalamic 
neurons of the paraventricular nucleus in both male and female rats and the medial 
preoptic area only in female rats. In addition to these neuronal populations, both of 
which project to the median eminence, evidence described here suggests that GAL- 
containing cells in the anterior pituitary (AP) may be similarly related to fat intake 
and body fat deposition, specifically in female subjects. Experiments in Sprague- 
Dawley rats, maintained on a single mixed diet or a choice of pure macronutrient 
diets, demonstrate that: 1) GAL is heavily expressed in cells and terminals in the 
AP of female rats but is at very low levels in male subjects; 2) female rats, 
compared to males, show a stronger preference for fat and have greater % body fat 
(relative to body weight); 3) female rats that naturally choose fat ("high-fat eaters", 
HFEs), compared to low-fat eaters (LFEs), have higher circulating levels of the 
gonadal steroids, progesterone (PROG) and estradiol (E2), and exhibit greater AP 
GAL mRNA and GAL-immunoreactivity (ir); 4) this relationship is not detected in 
male subjects; 5) consumption of an obesity-promoting high-fat (60%) diet, 
compared to a moderate (30%) or low-fat (10%) diet, enhances circulating PROG 
and AP GAL gene expression and GAL-ir in females but not males; 6) PROG 
replacement in E2-primed, ovariectomized rats enhances both GAL mRNA and 
GAL-ir in the AP, while stimulating fat as well as carbohydrate intake; and 7) 
obesity-prone female rats, but not males, show higher AP GAL expression and 
circulating PROG compared to obesity-resistant rats. Thus, GAL in cells of the 
AP, similar to neuronal GAL in the hypothalamus, may function in close 
association with dietary fat and gonadal steroids to potentiate body fat in female 
subjects.

110.10
PRIMING EFFECT OF GnRH REDUCED BY ANTISENSE 
OLIGODEOXYNUCLEOTIDES TO HIP-70. G. Fink, R.C. Dow, 
F. Antoni*, M Kaplitt1, D. Pfaff1 and C.V. Mobbs2. MRC Brain 
Metabolism Unit, Department of Pharmacology, 1 George Square, 
Edinburgh EH8 9JZ, UK; Rockefeller University and 2Mount Sinai 
School of Medicine, New York, New York, USA.

The priming effect of gonadotropin releasing hormone (GnRH), the 
ability of the decapeptide to increase pituitary responsiveness to itself, is 
crucial for the occurrence of the ovulatory surge of luteinizing hormone 
(LH)1. GnRH priming depends upon the synthesis or post-translational 
modification of proteins, one of which, termed hormone-induced protein- 
70 (HIP-70)2, is an isomer of protein disulfide isomerase (PDI). Here we 
have used antisense oligodeoxynucleotides to determine whether HIP-70 
is crucial for the occurrence of GnRH priming. Hemipituitary glands (two 
per flask) from adult proestrous Wistar rats were preincubated in minimal 
essential medium (MEM) for 10 hours3 in the presence or absence o f  
antisense oligonucleotides followed by incubation with 17pM GnRH for 
two separate one hour periods. In pituitary glands incubated with either 
"scrambled” oligonucleotide or MEM alone the LH response to GnRH 
was more than 2-fold greater-during the second compared with the first 
incubation hour. This GnRH priming was greatly reduced by incubation 
with oligonucleotides complementary to the putative HIP-70 translation 
start site and a 15 base region 13 bases upstream to the start site. 
Incubation with oligonucleotides complementary to the equivalent sites 
on PDI mRNA had no effect on GnRH priming. These findings suggest 
that the priming effect o f GnRH depends in part upon HIP-70.
1. Fink (1995). Front. Neuroendocrinol. 16, 183-190.
2. Mobbs et al. (1990). Science 247, 1477-1479.
3. Speight & Fink (1981). Mol. Cell. Endocrinol. 24, 267-281.
Supported by the MRC and Royal Society of Edinburgh.

110.12
AMPA RECEPTORS ARE PRESENT IN SUBSTANCE P (SP)-, 
NEUROPEPTIDE Y (NPY)-, AND GALANIN (GAL)-CONTAINING 
NEURONS, BUT NOT IN DOPAMINE (DA)-PRODUCING CELLS OF 
THE RAT ARCUATE NUCLEUS. Zsarnovszky A1, TL Horvath1, and 
Leranth C*1,2. Dept. of 1Obstetrics and Gvnecoloαv and 2Section of 
Neurobiology, Yale University, Sch. of Med. New Haven. CT 06520

Our previous studies have demonstrated that arcuate nucleus SP, 
NPY, GAL and DA neurons are functionally connected to β-endorphin (β- 
END) cells which, in turn, terminate on medial preoptic area GnRH 
neurons. Furthermore, estrogen treatment results in an increased 
expression of AMPA receptors.

Experiments and Results. Experiments using the "mirror" 
colocalization technique demonstrated that: 1) GluR1 and GluR3 AMPA 
subunits are colocalized in this brain area; 2) 100% of SP-; 79.41% of 
NPY- and 56.19% of GAL-containing neurons are immunoreactive for 
AMPA receptors; 3) AMPA receptor-immunoreactive cells do not contain 
dopamine.

Conclusion. These studies indicate a glutamatergic influence on 
neurons involved in the regulation of gonadotropin release via AMPA- 
gated channels that are highly permeable to calcium. Since estradiol 
increases glutamate release in the arcuate nucleus on the morning of 
proestrus, the activation of the opiate pathway to the GnRH neurons may 
underlie the increased tonic inhibition of these cells during this period. On 
the other hand, the lack of AMPA receptors in DA cells supports the notion 
that glutamate is not involved in the regulation of prolactin release. 
Supported by NIH grant HD23830 (C.L.).
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111.1
SEGREGATED DOMAINS OF ACETYLCHOLINE RECEPTORS AND 
β1 INTEGRIN SUBUNIT AT SPONTANEOUSLY-FORMED AND 
AGRIN-INDUCED CLUSTERS. M.W. Cohen*. Dept. o f Physiology, 
McGill University, Montreal, QC H3G 1Y6.

Recent evidence has implicated β1 integrins in agrin-induced clustering of 
acetylcholine receptors (AChRs). In the present study the distribution o f the 
β1 integrin subunit relative to AChRs was examined in cultures o f embryonic 
Xenopus myotomal muscle cells. In untreated cultures, immunofluorescent 
staining (antibody kindly supplied by S. Carbonetto) revealed a widespread 
punctate distribution o f β 1 integrin on the dorsal (upper) surface o f the muscle 
cells. Most of these punctate sites bound exogenous laminin-1. At the large 
clusters o f AChRs that form spontaneously on these cells, the β 1 integrin 
subunit was also clustered but exhibited a unique distribution with respect to 
the AChRs. Most o f the clustered β 1 integrin was restricted to AChR-free 
domains which were often contiguous with, but more extensive than, the 
AChR-containing domains. Patterns o f segregated though closely associated 
domains of clustered AChRs lacking β1 integrin and o f clustered β 1 integrin 
lacking AChRs were also observed 1) following treatment with an active 
fragment o f rat agrin (kindly supplied by M. Ferns) and 2) when muscle cells 
contacted former neuritic pathways o f endogenous neural agrin. It may be that 
during the clustering o f AChRs a signal is produced which can act beyond the 
limits o f the aggregated AChRs to cluster β 1 integrin.

Supported by MRC of Canada.

111.3
A novel approach to study synapse formation between identified 

Lymnaea neurons
Woodin, M.A*. Lukowiak, K. and Syed,N.I. Respiratory and Neuroscience 
Research Groups, Faculty of Medicine, University o f Calgary, Calgary, 
Alberta, T2N 4N1 Canada.

Our laboratory has previously shown that brain conditioned medium 
(CM) is required for the development of excitatory but not inhibitory synaptic 
connections between soma-soma paired Lymnaea neurons. To explore cellular and 
molecular mechanisms by which CM differentially regulated this synaptogenesis, 
we develop a three-cell-synapse (triage) model. Specifically, the presynaptic 
neuron visceral dorsal 4 (VD4) was isolated and maintained in cell culture for 12- 
18 hrs, and subsequently paired with freshly isolated somata of both right pedal 
dorsal 1 (RPeD1) and left pedal dorsal 1 (LPeD1). To determine the time course 
of synaptogenesis between the paired cells, simultaneous intracellular recordings 
were made at various time points during synapse formation. When paired in CM, 
the appropriate inhibitory (VD4→RPeD1) and excitatory (VD4→ LPeD1) 
synapses developed within 4 (43%, n=7) to 8 hrs (100%, n= 4) of cell pairing. 
These synapses were similar to those in seen in vivo, and they required de novo 
protein synthesis. In DM however, VD4 synapsed only with its inhibitory partner 
(RPeD1). The three-cell approach used here had several advantages over our 
previously utilized soma-soma synapses. For instance, 1) pairing L and RPeDl 
with VIM was relatively easy, because VD4 was already firmly attached to the 
Poly L. Lysine substrate. 2) Synapses formed only between VD4 and its target 
cells, and not between the targets themselves. 3) Synapses developed reliably 
within hrs of contact. Our three-cell model system now provides us with an 
excellent opportunity to explore cellular and molecular mechanism by which 
brain-derived trophic molecules regulate excitatory synapse formation between the 
identified Lymnaea neurons.

111.5
HIGHWIRE, A NOVEL GENE THAT CONTROLS SYNAPTIC GROWTH 1

1 Howard Hughes Medical Institute, Dept. of Molecular and Cell Biology, 
Univ. of California, Berkeley, CA 94720; 2Max-Planck-lnstitut, Tuebingen, 
Germany.

We have identified a novel gene, highwire (hiw), that controls synaptic 
growth at the neuromuscular junction (NMJ) of Drosophila. Highwire 
(hiwEMS)was identified in a secondary anatomical screen for mutants with 
structural defects at the larval NMJ in a collection of viable X-chromosome 
behavioral mutants. In highwire mutants, synapses at NMJ are greatly 
expanded. We observe a two-fold increase in the number of type I synaptic 
boutons, as well as an increase in the complexity of these synapses. This 
extra-growth phenotype is 100% penetrant, i.e., every synapse in every 
mutant abdominal segment is affected. However, the specificity of synapse 
formation does not appear to be altered. Initial path-finding and target 
recognition appears quite normal. A second allele (hiwEP) of highwire was 
identified subsequently. An insertion of a P-element at hiw locus produces 
a hypomorphic hiw phenotype. This P-element carries Gal4 binding sites 
and allows spatially and temporally targeted expression of the downstream, 
endogenous transcript when a Gal4 source is provided in the flies. Post- 
synaptic expression of the downstream, endogenous transcript, 
presumably hiw, rescues the hiw structural phenotype, suggesting that hiw 
function is normally required in postsynaptic muscles. Currently, we are 
trying to identify hiw molecularly, and investigating the physiological 
consequences of the increased synaptic structure observed in hiw larvae. 
Supported by NIH #HD21294 to CSG

111.2
REWIRING OF CERE BELLAR CIRCUITRY BY ELECTRICAL 
ACTIVITY: AN ULTRA-STRUCTURAL STUDY. L. Morando, F. 
Rossi, R.J. Harvey, P. Strata* Dept of Neuroscience, University of Turin, I- 
10125 Italy

Electrical activity plays a basic role in the architecture of the brain during 
development. Recent experiments showed that block of electrical activity in 
the mature cerebellum induces atrophy of the climbing fiber (CF) terminal 
arbor impinging upon the proximal dendrites of the Purkinje cells (PCs). 
Such atrophy is accompanied by a remarkable increase of PC dendritic spine 
density (Bravin et al., Eur J Neurosci suppl 9, 20.15, 1996). A similar 
hyperspiny transformation has been previously described following the 
inferior olive lesion and the new spines become innervated by sprouting 
parallel fibers (PFs) (Sotelo et al., Brain Res 98:574, 1975; Rossi et al., J 
Comp Neurol 308:536, 1991). Therefore, in the experiment with the block of 
electrical activity, we aimed at seeing whether the new spines were formed 
as a consequence o f CF withdrawal. In addition, we also studied whether 
PFs were becoming atrophic as a consequence of the electrical activity 
block.

Following a 3 days tetrodotoxin (80µM) treatment of adult rat cerebellum, 
new spines appeared in the proximal dendrites before the complete CF 
synapse withdrawal. In addition, we found that, at this time, new PFs already 
formed synaptic contacts onto the new spines. Thus, in the absence of 
electrical activity, PFs are able to establish new ultrastructurally normal 
synapses on PC spines formed in the dendritic domain that is normally 
occupied by CF.

Supported by a grant from  the EC Biotechnology Programme (ERBB104- 
CT96-0774)

111.4

A GROWTH CONE SUMMATES TWO 
ANTAGONISTIC CUES TO ARRIVE AT A 
NET DECISION D. Rose,* J. Cho & A. Chiba Dept.

Cell & Struct. Biol., Univ. of Illinois, Urbana, IL 61801.

In D r o s o p h i la  em bryos, the m uscle  ce ll su rface  m olecules 
Fasciclin III (Fas III) and Toll act as a ttractive  and inhibitory 
ta rg e t re cog n itio n  m o le cu le s , re sp e c tive ly , fo r  th e  RP3 
m otoneuron grow th cone. Fas III ectop ic  expression , driven 
by a m uscle-specific prom oter, leads to RP3 being attracted to 
a lte rna tive  ta rge ts, as scored  by in tra ce llu la r dye injection. 
C onversely, Toll m isexpression via the sam e p rom ote r leads 
to  RP3 sta lling  and a lack o f innerva tion  en tire ly . To test 
w hether these tw o m olecu lar pathw ays converge  in the RP3 
grow th cone, we concurren tly  m isexpressed both Fas III and 
Toll at s im ila r levels. W e found tha t RP3 takes the  “middle 
ro a d ” and ada p ts  a w ild typ e  p a tte rn  o f in n e rva tio n . In 
addition, phenotyp ic severity varies w ith the  re la tive dosages 
of Fas III and To ll, w ith  e q u iva le n t a m ou n ts  o f the  two 
m o lecu les  lead ing  to  a phe n o typ e  in d is tin g u ish a b le  from  
w ild type  patterns. W e suggest that a g row th cone is a “bio- 
p roce sso r” , capab le  of sum m ating  a ttra c tive  and inh ib itory 
cu es  in re a l-tim e  as it n a v ig a te s  th ro u g h  its m o le cu la r 
m icroenvironm ent. Supported by NIH and NSF.

111.6
A GENETIC SCREEN FOR RETROGRADE SIGNALING 
MOLECULES REVEALS TWO NOVEL MUTATIONS THAT 
INFLUENCE SYNAPSE FORMATION, GROWTH AND PLASTICITY. 
Graeme W. Davis* and Corey S. Goodman. Dept. of Molec. Cell 
Biology, UC Berkeley 94720.
Retrograde and anterograde trans-synaptic signaling is fundamental 
to the formation, development and plasticity of synaptic connections 
throughout the nervous system. It has been previously 
demonstrated that a retrograde signaling system influences synaptic 
development at the Drosophila NMJ. We have initiated a genetic 
screen to identify putative retrograde signaling molecules at the 
Drosophila NMJ. Here we describe two novel mutations, high-strung 
(hst) and strung-out (stout) that are putative muscle factors involved 
in presynaptic structural and functional development. In hst mutant 
embryos motoneuron target recognition is impaired at a stage after 
growth cones have entered their appropriate muscle fields. These 
errors are generally corrected during larval development. During the 
development of the larval synapse, hst loss of function causes an 
increase in motoneuron bouton number while hst over-expression in 
postsynaptic muscle causes a target-specific reduction in bouton 
number, stout loss of function causes a reduction in motoneuron 
branching while postsynaptic stout over-expression causes a 
dramatic increase in motoneuron branching (bouton number is 
conserved). Thus, hst and stout potentially identify muscle factors 
involved in the regulation of synapse formation, growth and 
development. Supported by NIH#R37HD21294 to CSG. GWD is an 
HHMI research fellow.
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111.7
REGULATION OF SPATIAL ORGANIZATION OF SYNAPTIC BOUTONS 
IN A HIPPOCAMPAL NEURONAL CULTURE SYSTEM.
Ege T. Kavalali*, Jürgen Klingauf and Richard W. Tsien. Dept of Mol. and Cell. 
Phys., Stanford University School of Medicine, Stanford, CA 94305.

Synaptic density is a critical anatomical parameter that influences the properties of 
postsynaptic response as well as possible intersynaptic communication. We studied 
regulation of synaptic density in dentate gyrus-CA3 co-cultures from rat hippocam
pus, which proved to be a strikingly plastic and highly reproducible system for such 
investigation. Formation of synapses in these cultures could be detected using the 
styryl dye FM1-43 after 6 days in vitro (d.i.v), in contrast to the appearance of syn
apses in CA3-CA1 co-cultures at 11 d.i.v. Furthermore, DG-CA3 cultures showed 
extensive clustering of synaptic boutons, which could be prevented by addition of 1 
µM tetrodotoxin (TTX) to the culture medium. At 8 d.i.v., the mean number of syn
aptic boutons within a 10 µm radius from a given bouton was 9.6 in control cultures, 
and fell to 6.2 in the presence of TTX (4 d.i.v. onwards)(n=1379 boutons in control, 
n=l395 in TTX, p<0.02). From 9 d.i.v onward, these initial synaptic groupings devel
oped further into tight circular clusters which were clearly distinguishable under DIC 
optics, with diameters between 21.7±6.5 µm (9 d.i.v.) and 32.8±8.8 µm (16 d.i.v.). 
These large clusters were not detectable in CA1-CA3 cultures or in DG-CA3 cultures 
treated with TTX or with NMDA receptor blockers (50 µM AP-5 or 20 µM R-CPP). 
In contrast, AMPA/KA receptor blockers (20 µM CNQX or 20 µM NBQX) were 
significantly less effective. We found evidence that local cAMP-dependent signaling 
influenced the targeting of synapses to these clusters. Elevation of cAMP levels with 
forskolin (10 µM) or inhibition of PKA activity with Rp-cAMPS (20 µM) and 
KT5720 (1 µM) substantially reduced the number of synaptic clusters. Exposure to 
neurotrophic factors BDNF or GDNF (50 ng/ml) did not produce a significant effect. 
None of the above treatments significantly altered the gradual emergence of synaptic 
vesicular turnover at ~6 d.i.v. as monitored with FMl-43. Supported by NIMH 
MH48108, American Heart Association and Boehringer Ingelheim Fonds.

111.9
SYNCHRONOUS NERVE EVOKED ACTIVITY IN NEWLY ESTABLISHED RAT 
NEUROMUSCULAR SYNAPSES INHIBITS ELIMINATION OF MULTIPLE INPUTS. G. 
Busetto, M. Buffelli, E. Tognana, F.Bellico and A. Cangiano*. Dip. Scienze 
Neurologiche e Visione, Sez. Fisiologia Umana, Strada le Grazie 8, Verona, Italy.

The importance of synchronous activity in inputs converging on cortical 
neurons, has long been established for the development of binocular visual 
connections in newborn kittens (Hubei and Wiesel, J.Neurophysiol., 
28:1041,1965). To study these developmental mechanisms in a simplified 
model, we attempted their reproduction in the newly formed ectopic synapses of 
an adult rat muscle. In fact, the foreign fibular nerve transplanted on the 
synapse-free surface of the soleus muscle, readily forms new junctions when the 
original soleus nerve is cut. At various days thereafter (9-23), synapse 
elimination was determined by counting the number of inputs converging on 
muscle fibers, by intracellular recording EPPs evoked by foreign nerve graded 
electrical stimulation under curare.

Synapse elimination in the soleus muscle reinnervated by the normally active 
fibular nerve, was compared with that of the contralateral soleus whose nerve 
had been chronically stimulated with trains of supramaximal impulses for the 
entire period. In addition the fibular axons were blocked central to the 
stimulation site, using a TTX delivering cuff around the sciatic nerve, to obtain a 
complete substitution of the spontaneous motoneuronal activity with our 
synchronous activation. At all times examined, the percentage of polyinnervated 
fibers per muscle was significantly higher on the stimulated than on the non- 
stimulated side: pooling up all data, values were respectively 58±6.7 (n = 13 ) 
and 23±3.7 (n=21), p<0.001.

These experiments offer a relatively simple model for studying the role of 
synchronous activity in synapse competition. Furthermore, the possibility of 
transient motoneuronal synchronisation during development and regeneration, 
becomes a matter of considerable interest for further investigations.
The financial support of TELETHON-ltaly is gratefully aknowledged.

111.11
SIZE, STRENGTH AND ACTIVITY RELATIONSHIPS AT 
POLYNEURONALLY INNERVATED NEUROMUSCULAR JUNCTIONS IN 
REINNERVATED RAT LUMBRICAL MUSCLE. R.R. Ribchester, E.M. Costanzo 
& J.A. Barry. (SPON: British Neuroscience Association) Centre for Neuroscience, 
University Medical School, Edinburgh EH8 9AG, Scotland, UK

Many muscle fibres in reinnervated adult rat muscle become transiently 
po!yneuronally innervated. Two sets of experimental findings which distinguish this 
from similar phenomena in neonates are: a) some elimination of synapses occurs when 
reinnervated muscles are completely paralysed (Ribchester, 1993, J.Physiol. 466,421- 
441); b) when activity resumes, some muscle fibres maintain a persistent polyneuronal 
innervation (Barry & Ribchester, 1995, J.Neurosci. 15,6327-6339). We have 
extended these findings by recording from identified polyneuronally and 
mononeuronally innervated junctions in rat lumbrical muscles vitally stained with the 
activity-dependent styryl dyes, FMl-43 and RH414; and confocal microscopy of 
neurofilament/ SV2/ TRITC-α-Bungarotoxin stained preparations. Our results show 
first, that following minor partial denervation and complete muscle paralysis some 
junctions become exclusively reinnervated by regenerating axons. Secondly, small 
synaptic inputs to persistently polyneuronally innervated junctions are not 
disproportionately weak: synaptic efficacy is correlated with fractional occupancy with 
a unity slope (n=13 muscle fibres), even when fractional occupancy by the minor input 
is less than 20%. The data suggest that polyneuronal innervation is not an inherently 
unstable state; and that differences in size, synaptic strength and activity only partly 
influence competition/co-existence of nerve terminals, at least in reinnervated adult 
muscle. Supported by the MRC, Action Research and the Wellcome Trust.

111.8
DIFFERENTIAL REGULATION OF NMDA RECEPTORS BY 
ACTIVITY AND NEUREGULIN: STUDIES ON NR2\ß-GAL 
KNOCK-IN MICE. A. Buonanno*, J. Cheng, T. Wynshaw-Boris and 
M. Sasner LDN, NICHD, NIH, Bethesda, MD 20892-4480.

The expression of NMDA receptor (NR) subunits is differentially regulated 
during cerebellar development. Shortly after neurons migrate into the internal 
granule cell layer of the cerebellum, where granule cells are innervated by mossy 
fibers, expression of the NR2C subunit is dramatically upregulated and of the 
NR2B subunit repressed. We have proposed that this NR2B/NR2C subunit switch 
is regulated by mossy fiber inputs. To understand the mechanisms controlling this 
switch, we are characterizing the DNA sequences that regulate transcription of the 
NR2B and NR2C genes. Sequences directing expression of the NR2B gene were 
studied in transgenic mice and in transfected cultured neurons. A region of 150 bp 
was found to confer neuronal specificity, and the down-regulation of NR2B 
transcription in response to neural activity. To study the regulation of the NR2C 
gene, NR2C/β-gal knock-in mice where generated by homologous recombination 
of the lacZ gene downstream of the NR2C promoter. Heterozygote mice express 
the β-gal reporter in regional and temporal patterns that coincide with NR2C 
mRNA expression; in the cerebellum expression is confined to granule cells and is 
highest in the adult. During postnatal development, expression proceeds in a 
gradient from the posterior to anterior lobules. Furthermore, the β-gal reporter is 
transiently expressed in a series of parasagittal bands in patterns that coincide with 
mossy fiber afferents. When grown in organotypic cultures, slices made from the 
NR2C\β-gal mice fail to express the NR2C gene unless they are grown in presence 
of pontine explants which provide the mossy fiber inputs. These results are 
consistent with our finding that neural activity and neuregulin (i.e., ARIA), a factor 
that accumulates in mossy fiber pre-synaptic terminals, upregulate NR2C 
expression specifically (Ozaki et al., Nature 390:691, 1998).

Supported by the NICHD intramural program.

111.10
A B N O R M A L  P R E S Y N A P T I C  D E V E L O P M E N T  OF 
NEUROMUSCULAR JUNCTION (NMJ) IN erbB2-DEFICIENT MICE.
W. Lin, H. Sanchez and K.-F. Lee*. The Clayton Foundation Laboratories for Peptide 
Biology, The Salk Institute, La Jolla, CA 92037.

ErbB2, a receptor tyrosine kinase for the neuregulin (NRG) family, is expressed at 
the synaptic sites of developing NMJ. Several lines of in vitro evidence have shown 
that NRGs stimulate acetylcholine receptor (AChR) gene transcription in cultured 
muscle cells, suggesting an important role for NRG in the development of the NMJ. 
Here we study the role of erbB2 in the development of mouse NMJ in vivo, by 
examining NMJ development in an erbB2-deficient mouse model. Previously, we 
generated a strain of erbB2 null mutant mice. These mice were shown to have a cardiac 
defect resulting in death at E 10.5, a stage prior to NMJ formation (Lee, et al., Nature, 
1995, 378:394-398). We have now rescued the cardiac defect by restoring a cardiac 
specific expression of erbB2 using the α-myosin heavy chain promoter. These rescued 
mice survived up to birth, which allows us to examine the early stages of NMJ 
development. Our results have demonstrated that peripheral nerves become markedly 
defasciculated in the erbB2-deficient embryos. The phrenic nerves project aberrantly 
onto the diaphragm muscle at stage E13.5. At E14.5, the phrenic nerves begin to 
withdraw, and by E 16.5, the phrenic nerves were completely absent from the 
diaphragm. Interestingly, acetylcholine receptors became progressively clustered at the 
same locations as in the wildtype. No ectopic AChR cluster are observed, although 
numerous nerve branches project to areas outside of the endplate zone. In situ 
hybridization analysis has demonstrated that there are similar levels of AChR mRNA 
localized at synaptic sites in the erbB2-deficient embryos as those in the wildtype 
embryos. This finding suggests that other erbB receptors may compensate for the 
erbB2 deficiency. In addition, Schwann cells are absent in peripheral nerves, indicating 
a potential role for Schwann cells in maintaining proper fasciculation of the nerve 
trunk and stabilizing newly-formed NMJ. This study is supported by NIH grant 
HD34534 and the PEW Trust.

111.12

OBSERVING NATURALLY OCCURRING SYNAPTIC WITHDRAWAL 
AT DEVELOPING NEUROMUSCULAR JUNCTIONS AT HIGH SPATIAL 
AND TEMPORAL RESOLUTION W.B. Gan*, D. Bishop, S.G. Turney, J.W. 
Lichtman. Dept. Anat. & Neurobiol. Washington Univ. Sch. of Med. St Louis MO.

Our previous studies have shown that the transition from multiple to single 
innervation at developing neuromuscular junctions is due to the stepwise atrophy 
and removal of individual branches of each motor axon leading eventually to the 
complete withdrawal of one input. The branch loss is spatially regulated such that 
axon branches near the territories of competing axons undergo atrophy and 
withdrawal before more distant branches. To better understand the details of this 
branch removal, we have developed a high resolution vital staining technique to 
directly observe the dynamic behavior of nerve terminals and their underlying 
receptors in the living animal. Iontophoretic deposition of Dil at the site of one 
endplate allows dye transfer over the entire arborization of a motor axon and 
staining of that axon’s terminal branches at many endplates. With this staining 
technique, we have been able to view neuromuscular junctions multiple times in 
living neonatal mice. We observed that branches at singly innervated 
neuromuscular junctions at P7 generally appear quite stable over 24 hours. In 
contrast, at multiply innervated junctions of the same age, branches near a 
competing axon’s territory retract completely within 18 hours. Consistent with 
spatial regulation of the branch withdrawal, branches situated farther from the 
competing axon appear more stable--they are less affected over 18 hours although 
sometimes they are lost over 48 hours. Interestingly, three-dimensional confocal 
reconstructions show that branches in the process of withdrawal are not only 
markedly atrophic but sometimes also lifted several microns above the underlying 
postsynaptic membrane. To obtain an ultrastructural picture of the withdrawal 
process we have photoconverted withdrawing axons and begun to serially 
reconstruct them using electron microscopy. Supported by NINDS
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111.13
BLOCKING SYNAPTIC TRANSMISSION IN ADULT RAT 
HIPPOCAMPAL SLICES INDUCES SPINE-LIKE PROTRUSIONS. S. A. 
Kirov*, K. M. Harris. Div. Neurosci., Dept. Neurology, Children’s Hospital 
and Harvard Medical School, Boston, MA 02115.

Preliminary evidence from serial electron microscopy showed more 
spines on hippocampal CA1 dendrites in slices, than in perfusion-fixed 
brain from adult rats (Sorra et al. SFN Abs., 1995). Here we tested two 
alternative hypotheses, 1) that the new spines arose from excessive 
activation, which might occur during slicing, or 2) from reduced 
spontaneous activity in vitro. Hippocampal slices were prepared from 
adult male rats and maintained in an interface chamber at 32°C. The 
CA1 pyramidal cells were labeled with Dil at 3 locations. We used 4 
slice conditions. Tetanized slices received a pair of tetani for 1 sec at 
100 Hz every 5 minutes for 3-4 hours, control slices received test 
stimulation only, other slices were maintained either in zero Ca2+ 8 mM 
Mg2+; or in block (50 µM APV, 1 µM TTX, 5 µM nimodipine, 20 µM 
CNQX, 500 µM MCPG, 0 Ca2+, 8 mM Mg2+). At the end of each 8 hour 
experiment, all slices were fixed in 0.1% glutaraldehyde and 4% 
paraformaldehyde in 0.1 M phosphate buffer during 8 sec of microwave 
irradiation. The fixed slices were re-sectioned at 100 µm, mounted on 
glass slides, coded, and photographed at a Noran Confocal Microscope. 
18-20 well-isolated dendrites in stratum radiatum of hippocamal area 
CA1 were photographed at the tips or middles of each dendrite and 
scored for spines. A total of 895 coded dendrites from 6 animals were 
analyzed. The dendrites were more spiny (p<0.001) in the zero calcium 
and block conditions than in either the control or tetanized conditions, 
suggesting that an increase in spine number results from reduced 
synaptic transmission. Supported by NS21184, NS33574, MH/DA57351 
(KMH), P30-HD18655 (J.VoIpe, PI).

111.14
ONTOGENY OF SYNAPSES IN AREA CAl IS FILOPODIA->SHAFT→SPIN1
J.C. Fiala*, M. Feinberg, and K.M. Harris. Dept of Neurology, Children’s Hospital 
and Harvard Medical School, Boston MA

Filopodia are active along dendrites in the developing brain and often persist in 
cases of mental retardation, but their role in synaptogenesis is still poorly understood.

Male rat pups from postnatal days 1, 4, 6, and 12 (PN1-12) were perfused with 
2.5% glutaraldehyde and 2% paraformaldehyde in buffer. Hippocampi were dissected 
out and embedded in Epon/Spurr’s. Tissue blocks taken from area CA1 between the 
cell body layer and the obliterated fissure were serial sectioned at 0.07µm thickness. 
Sixteen series of 52-135 sections were photographed at 6000x on an electron 
microscope. A set of central sections of each series was systematically searched for 
all synapses intersecting the volume. Synapse locations were identified by tracing the 
postsynaptic process through the series to its origin from a microtubule-filled 
dendrite.

Filopodia, actin-filled vermiform processes without microtubules, protruded from 
dendrites at all ages, but most frequently during PN1-6. During PN1-6, 22±6% of 
1132 sampled synapses occurred on dendritic filopodia. Filopodia often (41%) had 
more than one synaptic contact and had synapses at their bases or along their length 
with equal frequency. Most asymmetric synapses (56±12%) were found on dendrite 
shafts during PN1-6, while few were found on spines (4.8±4.5% at PN1, 4.9±3% at 
PN4, 19±4.1% at PN6). The statistically significant increase in spine synapses 
continued through PN12 (39±12%), accompanied by a decrease in filopodial 
(7.5±5%) and shaft synapses (33±12%) at this age.

There were insufficient spines in PN1-6 for every filopodium (average lifetime: 10 
min) with a synapse to have become a spine. However, shaft synapses predominated 
and appeared concurrently with filopodia, suggesting that synapses on filopodia were 
consolidated to shaft synapses which could later give rise to spines.

Supported by NS21184, NS33574, and MH/DA 57351 which is funded jointly by 
NIMH, NIDA, and NASA (KMH), and P30-HD18655 (J. Volpe, PI).

N EU R O N A L DEATH I

112.1
LOW RESTING POTENTIAL AND UPREGULATION OF NMDA 
RECEPTORS: A POSSIBLE MECHANISM FOR CAJAL-RETZIUS (CR) 
CELL DEATH? Jean-Marc Mienville*,The Psychiatric Institute, Dept of 
Psychiatry, UIC, Chicago, IL 60612 USA.
CR cells virtually disappear from layer I of the neocortex around the end of 
the second week postnatal in the rat. Hypothesizing that this disappearance 
might be due to necrosis and subsequent death, we have followed, with in 
situ patch-clamp techniques, the development of physiologic and 
pharmacologic properties of CR cells that might be instrumental in their 
demise. From E18 to P 11, NMDA-mediated current density increased 
almost 9 fold, while no response to kainate could be recorded at any stage. 
Throughout this period, CR cell resting potential (RP) was around -40 mV, 
which corresponds to the "trough" of the IV curve for NMDA-mediated 
inward current in the presence of Mg2+ (2 mM). We have begun to 
investigate the possible origin of this low RP, including the depolarizing 
action of GABA acting on GABAA receptors, which in CR cells persists 
well into postnatal life. However, since bicuculline fails to affect RP 
whereas Na ion removal hyperpolarizes CR cells, we are currently 
contemplating the electrogenic effect of a Na/Ca exchanger. Thus, CR cells 
might be exposed to the constant and indiscriminate activation, by ambient 
glutamate, of an increasing density of NMDA receptors. In contrast, layer 
II pyramidal neurons display a higher RP ( ~  -60 mV) and robust kainate 
responses, consistent with the classical model of sequential activation of 
AMPA and NMDA receptors. Confocal imaging experiments are currently 
in progress to study both basal and NMDA-induced changes in [Ca2+]i in 
CR and layer II cells during development.

112.2
NMDA ANTAGONISTS INDUCE MASSIVE APOPTOTIC 
NEURODEGENERATION IN THE DEVELOPING RAT CNS: C. 
Ikonomidou*, F. Bosch, P. Bittigau, M. Miksa, L. Turski1, J W. Olney2. Humboldt 
Univ., Berlin: 1Eisai London Res. Lab., UK. 2Washington Univ.. St. Louis. MO.

In the first two weeks of neonatal life, NMDA receptors in the rat brain undergo 
a period of hypersensitivity, during which they are exquisitely sensitive to over- 
stimulation, which can lead to excitotoxic neurodegeneration. During this period 
(the brain "growth spurt" period), they are also the primary mediators of 
glutamatergic synaptic transmission, and are thought to promote neuronal 
differentiation, migration and plasticity . We now report that pharmacological 
blockade of NMDA receptors for only a few hours during this period triggers a 
wave of apoptotic neurodegeneration deleting large numbers of neurons from 
several major regions of the developing rat CNS. Neuronal populations deleted by 
this mechanism appear to be those that are heavily innervated by glutamate 
through NMDA receptors. Our evidence suggests that during synaptogenesis 
many neurons depend on NMDA receptor stimulation for survival, and transient 
interruption of this input triggers neuronal suicide. Both competitive (e g. CPP) 
and non-competitive (e.g. MK801) NMDA antagonists and major drugs of abuse 
(e g. PCP and alcohol) trigger neuronal suicide by this mechanism. Our evidence 
indicates that during the growth spurt period, NMDA receptor-bearing neurons 
are not only dependent on stimulatory input from glutamate, but their survival 
depends on that input being regulated within narrow bounds - either too much or 
too little can be lethal. We propose that similar mechanisms may govern survival 
of neurons in the developing human brain, and dysfunction of such mechanisms 
my cause neuronal loss, and subsequent neuropsychiatric disorders. Supported in 
part by 01KO95151TPA3, AG 11355, DA  0 5072, EY 08089 and RSA 
MH38894(JWO).

112.3
DIFFERENTIAL INVOLVEMENT OF A CASPASE-3-LIKE PROTEASE IN 6- 
HYDROXYDOPAMINE AND MPP+ MEDIATED NEURONAL CELL DEATH

R. C. Dodel1*, Y. Du2, K.R. Bales2, S.M. Paul1,2: 1Department of Pharmacology and 
Toxicology, Indiana University School of Medicine, Indianapolis, IN 46285, Neuro- 
science Discovery Research, Eli Lilly, Indianapolis, Indiana 46285; USA.

1 methyl-4-phenylpyridinium (MPP+) and 6-hydroxydopamine (6-OHDA) selectively 
destroy substantia n igra neurons in vivo and vitro. Neurotoxicity induced by MPP+ 
and 6-OHDA is believed to be due in part to an inhibition of mitochondrial function 
and/or the production of reactive oxygen species (ROS). However, little is known 
about the ensuing intracellular events which ultimately result in cell death. Here we 
show that exposure to relatively low concentrations of both MPP+ and 6-OHDA 
induce apoptosis of cultured rat mesencephalic dopamine neurons (VMN) and 
cerebellar granule neurons (CGN). Apoptosis of CGN following MPP+ and 6-OHDA 
is associated with an activation of a caspase-3-like protease, detected by cleavage of 
Ac-DEVD-pNA. This activation can be attenuated by the irreversible cell permeable 
tetrapeptide inhibitor of caspases, zVAD-FMK, but not by the ICE (caspase-1) 
inhibitor, Ac-YVAD-CHO. Western blots of cytosolic extracts from 6-OHDA or 
MPP+ treated CGN reveal a translocation of cytochrome c from mitochondria to the 
cytosol. In addition, DNA laddering induced by 6-OHDA and MPP+ was inhibited by 
co-incubation with zVAD-FMK. Cell death following MPP+ was also attenuated by 
Ac-DEVD-CHO and zVAD-FMK. These inhibitors, however, had only a significant 
death attenuating effect within 4-12 h following exposure to 6-OHDA. At later time 
points there was no difference in viability between 6-OHDA/zVAD-FMK and 6- 
OHDA treated cells. Our data suggest that MPP+ and 6-OHDA-induced apoptosis of 
CGN involves activation of a caspase-3-like protease. However, since caspase-3-like 
inhibitors had only a time-limited effect in preventing/delaying cell death of CGN 
following 6-OHDA, it appears that additional caspase-independent mechanisms are 
also involved.

112.4
APOPTOSIS-ASSOCIATED MEMBRANE PHOSPHOLIPID 
PEROXIDATION AND GLUTATHIONE HANDLING IN NEURAL  
CREST CELLS. N. F. Schor1,3*, V. E. Kagan2,3, Y. Y. Tyurina2, V.
A. Tyurin2, J. P. Fabisiak2,3, C. B. Thompson4, C. Rudin4, and A.-R. 
Hartmann4. 1Depts. o f Peds. and Neurol.; 2Dept. o f  Envir. and Occupat. 
Health; 3Dept. o f Pharmacol.; Univ. o f Pittsburgh, Pittsburgh, PA  
15213; and  4Dept. o f Int. Med. and HHMI, Univ. o f  Chicago 60637.

PC12 cells transfected with bcl-2 exhibit paradoxically enhanced 
apoptosis induced by the antimitotic agent, neocarzinostatin (NCS). This 
is presaged by the selective peroxidation and potentiated extemalization 
o f  phosphatidylserine, early events in commitment to apoptosis. NCS 
treatment also results in a 3-fold increase in glutathione (GSH) turnover 
in bcl-2-overexpressing cells; GSH turnover remains unchanged in 
similarly treated mock-transfected cells (p < 0.03, Student’s t test). This 
alteration in GSH handling is reflected in a 5-fold increase in GSH  
accumulation after 4 h exposure o f bcl-2-transfected PC 12 cells to N- 
acetylcysteine (p < 0.02, Student’s t-test). This suggests that the 
paradoxical potentiation o f  NCS-induced apoptosis by Bcl-2 is related to 
the requirement for reductive activation o f  NCS by GSH. This is further 
supported by our finding that apoptosis induction by the reduction- 
independent enediyne, C 1027, is not potentiated by bcl-2 overexpression 
in PC12 cells. Finally, similarly transfected MCF-7 breast cancer cells 
exhibit neither potentiated apoptosis nor altered GSH handling, 
suggesting that the relationship o f bcl-2 expression to GSH metabolism  
may be unique to neural cells.

(Supported by grant C A74289 from the NIH and a 
Breast Cancer IDEA grant from the Dept. o f the Army)
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112.5
THE ANTIAPOPTOTIC CLN3 GENE IS DIFFERENTIALLY EXPRESSED IN 
DEVELOPMENT AND CANCER AND EXERTS ITS EFFECT BY MODULATING 
CERAMIDE FORMATION DOWNSTREAM. R-M Boustany*, J Chang, W-X Guo,
M Pane and K Puranam. Departments of Pediatrics and Neurobiology, Duke University 
Medical Center, MSRB, Box 2604, Durham, NC 27710.

Overexpression of CLN3, the gene defective in the apoptotic neurodegenerative disease 
Batten (juvenile neuronal ceroid lipofuscinosis or JNCL) in NT2 neuronal precursor cells, 
293 epithelial cells and HL-60 lymphoid cells, protects from apoptosis induced by serum 
starvation and treatment with etoposide, staurosporine and vincristine. CLN3 
overexpression also enhances their growth and proliferation. Elevated levels of ceramide 
in brains from patients with JNCL suggested a link between CLN3 and the ceramide 
apoptotic signaling pathway. An adenoviral construct bearing the antisense CLN3 gene 
efficiently reduced the expression of CLN3 as seen by Northern blotting and significantly 
inhibited NT2 cell proliferation in a titer-and time-dependent manner providing further 
evidence that CLN3 is a neuronal survival gene. During the development of NT2 cells 
into fully differentiated, nondividing hNT cells over a 7week period, it was noted that 
CLN3 expression was 400 fold in neurons in week 6 just before they exited the cell cycle 
as seen by RT-PCR. CLN3 levels dropped drastically in week 7. This was echoed by 
immunocytochemistry suggesting that CLN3 is involved in regulation of neuronal cell 
development. We tested whether the following hypothesis is true. CLN3 is upregulated 
in cancer, and that this upregulation correlates with degree o f malignancy. CLN3 was 
overexpressed 2-20 fold in a series of colon cancer and breast cancer cell lines, and 
this upregulation was highest in the very malignant SW-1116 and SW-480 colon cancer 
cell lines. Stable overexpression of CLN3 in NT2 cells dropped endogenous ceramide 
levels by 77% and completely blocked activation of ceramide by vincristine. This was 
independent of protein kinase Cα translocation or activation. This suggests that 
ceramide is a downstream target for CLN3.
This work was supported by funds from RO-1 NS30170-06

112.6
C2 CERAMIDE PROTECTS AGED NEURONS DURING NGF 
WITHDRAWAL- AND TNFα-INDUCED APOPTOSIS. H  Sheng1,2, S. 
Srinivasan1,2, J. Shayman1, J.W. Wilev1,2 and K.E. Hall1,2*. Dept. Internal 
Medicine, Univ. of Michigan, and VA Medical Center Ann Arbor, 48105.

Withdrawal of nerve growth factor (NGF) triggers apoptosis in sensory 
neurons, however it is unclear whether ceramide signaling (implicated in other 
models of apoptosis) is involved. To determine whether decreased neuronal 
ceramide in aging (Hall et al., Soc. Neurosci. 23: 533, 1997) could be injurious, 
dorsal root ganglion (DRG) neurons from young (Y:4-6 mo), middle-aged (M: 10- 
14 mo), and old (O :22-28 mo) Fisher/Brown Norway hybrid rats were plated on 
culture dishes. After 24 hr in 100 ng/ml NGF-containing serum-free medium, 
neurons were pre-treated with 20 µM C2-ceramide or dihydro-C2 analog x 24 hr, 
then NGF withdrawn x 48 hours. Neurons incubated in medium+NGF served as 
controls. Percent apoptosis in methanol-preserved neurons (200/dish) was 
assessed using TUNEL staining and fluorescence microscopy screening (n= 
#experiments). Percent apoptosis in NGF+ neurons (Y:0.35± 0.2;n=2, M:0.45; 
n=1, O:0.54±0.02;n=2) was increased by NGF withdrawal (Y: 1.4±0.2; n=2; 
p<0.01, M:1.3;n=1), particularly in O neurons (3.12±0.9;n=2,p<0.01). C2 
ceramide pre-treatment decreased % apoptosis in all groups (-NGF +C2:Y:0.8± 
0.05;n=2, M:0.3; n=l; O:1.51±0.25; n=2). Dh-C2 was not protective in Y (1.35 
±0.08;n=2) and M (1.9;n=1), and significantly increased apoptosis in aged 
neurons (4.22±0.66;n=2 ;p<0.005). C2 treatment also decreased apoptosis in aged 
neurons exposed to 20 µM TNFα during NGF withdrawal (+NGF:5.5 ±2.5; 
-NGF :12.0± 1.5;p<0.01;-NGF +C2: 6.75± 0.25;-NGF+dh-C2:11.25±2.75; 
p<0.01];n=2). Treatment with C2 ceramide significantly decreased apoptosis in 
neurons from aged animals induced by NGF withdrawal +/- TNFα, suggesting 
that reduced neuronal ceramide in aging may have pathophysiologic implications. 
Support: Nathan Shock Pilot Award, ADHF Industry Scholar Award (KEH)

112.7
SURVIVAL FACTORS WITHDRAWAL-INDUCED 
NEURONAL APOPTOSIS ACTIVATE THE JNK  
PATHWAY AND INDUCE FAS-LIGAND. 1E.
Bonfoco*, 2H . Le-Nicolescu, 2M. Karin, 1D. R. Green. 1La 
Jolla Institute for Allergy & Immunology, San Diego 92121 CA 
and 2Dept. Pharmacology, UCSD, La Jolla 92093 CA.

Withdrawal o f survival signals from neurons induces 
apoptosis, and this occurs via activation o f the JNK pathway 
and modulation of AP-1 activity. W e used cerebellar granule 
(CGCs) and PC12 cells to investigate this cell death pathway 
tri ggered by KCl or NGF withdrawal. In both cases JNK  
activation was followed by c-jun phosphorylation and induction 
of Fas-ligand (FasL). Pretreatment with FasFc, a competitive 
inhibitor o f Fas/FasL interactions, inhibited apoptosis in both 
systems. In addition, CGCs derived from gld m ice, defective in 
FasL function, were less sensitive to survival factor withdrawal- 
induced apoptosis. Protection was also conferred by 
overexpression o f a c-jun mutant lacking the JNK  
phosphoacceptor sites and a small molecule inhibitor o f  p38 and 
JNK, both o f which inhibited FasL expression and apoptosis. 
Thus, cell death induced by withdrawal o f neurotrophic factors 
in these systems is dependent on JNK and c-Jun activation and 
at least in part, oh expression o f  FasL.

112.8
S E R IN E  P R O TE A S E  AND P R O T E A S E -A C T IV A T E D  
RECEPTOR REGULATION AFTER SPINAL CORD INJURY 
(SCI). B.A. Citron*, R.M. Salcedo, P.M. Arnold#, and B.W. Festoff. 
Neurobiology Research Laboratory, VA Med. Ctr., Kansas City, MO 
64128, and Depts. of Neurology, and Surgery (Neurosurgery)#, 
Univ. Kansas Med. Ctr., Kansas City, KS 66103

Two molecules involved in the death of motor neurons include 
throm bin and its ta rge t, the p ro te ase -a c tiva te d , seven 
transmembrane domain receptor for thrombin (PAR-1), present on the 
cell membranes of neuronal soma and processes. We have 
generated a set of family specific primers to identify trypsin family 
genes expressed in the injured spinal cord. With the aid of differential 
mRNA display with these primers, we have found elevated serine 
protease mRNA levels and have followed these over time after 
controlled contusion SCI, while evaluating cell loss due to injury 
induced apoptosis. We observed an approximate 5 fold elevation in 
prothrombin and PAR-1 mRNA levels during the first few days after 
injury, immediately preceding maximum induction of apoptosis. 
These results correlate with evidence of thrombin/PAR-1 participating 
in motor neuron apoptosis in culture, and with peak apoptosis in 3 
cell compartments at 3 days after SCI. (Supported by Medical 
Research Service of the Department of Veterans Affairs, The 
Midwest Biomedical Research Foundation, The Research Institute, 
Univ. of Kansas Medical Center, The Kansas University Endowment 
Association and Defense and Veterans Head Injury Program, 
Uniformed Services University of the Health Sciences, Bethesda, 
MD).

112.9
PROTECTION AGAINST BRAIN ISCHEM IA INDUCED  
APOPTOSIS MEDIATED B Y  THE CD95 LIGAND SYSTEM  IN 
lpr MICE. A.Martin-Villalba1*, I.Herr2, I.Jeremias2, J.Voge l1, 
R .Brandt3, C.Winter1, T .Herdegen1, K.-M .Debatin2, J Schenkel1, 
M.Zimmermann1. 12nd Institute o f  Physiology, University o f  
Heidelberg, 2German Cancer Research Centre, Heidelberg, 
3Institute o f  Neurobiology, University o f  Heidelberg, Germany. 
(SPON: European N euroscience Association)

Neuronal apoptosis plays an important role in the pathogenesis o f  
cerebral ischemia, but the underlying mechanisms are not fully 
understood. Here w e examined, in vivo and in vitro, whether 
ischemia-induced neuronal death involves the death-inducing 
ligand/receptor CD95 system. Following reversible middle cerebral 
artery occlusion in rats, CD95-L was expressed in the apoptotic 
areas o f  the postischemic rat brain. Further, recombinant CD95-L  
protein induced apoptosis in rat primary cortical neurons and human 
model neurons (N T2-N ) and neuroblastoma cells in vitro. M ost 
importantly, in lp r  mice expressing dysfunctional CD95, reversible 
middle cerebral artery occlusion resulted in infarct volumes 
significantly smaller than those found in wild-type animals. These 
results suggest an involvement o f  CD95-L in the pathophysiology o f  
postischemic apoptosis and offer alternative strategies for the 
treatment o f  cardiovascular brain disease.
Supported by D eutsche Forschungsgemeinschaft

112.10
POTENTIAL INVOLVEMENT OF THE PLASMA MEMBRANE 
CALCIUM ATPASE IN CALCIUM MEDIATED CELL DEATH IN 
PC12 CELLS.
M. L. Garcia*, E. E. Strehler, A.J. Windebank. M ayo Clinic and M ayo  
Foundation, Molecular Neuroscience Program, Rochester, M N 55905 
USA.

Many pathological conditions which lead to neuronal death, such as 
seizures and A lzheim er’s disease, are believed to involve a loss o f  
intracellular calcium homeostasis. The intracellular site which may be 
affected by these various pathological conditions is not well established. 
We have previously shown that seizure activity decreases expression o f  
the plasma membrane calcium ATPase (PM CA) mRNA in vulnerable 
cell populations. In order to determine the physiological significance o f  
altering the expression o f  PM CA, PC12 cells were transfected with an 
antisense (pCIneo-antiPM CA4) construct to decrease endogenous 
PM CA4 expression. The antisense construct was directed to the five 
prime region o f  the gene which included 97 base pairs o f  5 ’ UTR and 
276 base pairs o f  coding sequence. In addition, PC12 cells were 
transfected with a full length sense (CM V-hPM CA4b-neo) construct to  
overexpress (human) PM CA4b. Clonal cell lines carrying these 
constructs have been established. These cells will be incubated in 
hypoxic conditions and in suramin both o f  which are know to induce 
calcium mediated cell death. Cells will also be deprived o f  serum, a 
condition which induces cell death but does not have a clear link to  
calcium. We have demonstrated that NGF treatment induces a rapid and 
transient increase in PMCA 4 expression in PC12 cells. NGF treatment 
is also known to protect from cell death induced by hypoxia, suramin 
and serum withdrawal. We have altered the expression levels o f  PM CA  
4 in an attempt to establish a causative relationship between N G F ’s 
ability to protect cells and to increase PM CA 4 expression (Support: 
N S 10436 and M ayo Foundation).
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112.11
IGF-I PREVENTS LOSS OF MITOCHONDRIAL INTEGRITY IN 
HYPERGLYCEMIC NEURONAL CELL DEATH. J.W. Russell*, K. Sullivan, 
D. Herrmann, and E.L. Feldman. Dept. of Neurology, Univ. of Michigan, Ann 
Arbor, MI 48109.

Depolarization and disruption of mitochondrial (Mt) membranes is an early 
event in programmed cell death (PCD) leading ultimately to activation of caspases 
and downregulation of Bcl PCD regulators. We find that high glucose activates 
caspase-3 and -7 and results in downregulation of Bcl proteins, but IGF-I 
ameliorates these changes. In order to study PCD in diabetic sensory neuropathy, 
we examined changes in vivo and in vitro in dorsal root ganglia (DRG) and in SH- 
SY5Y human neuroblastoma cells. Flow cytometry with rhodamine 123 (Rh 
123) and propidium iodide showed an increase in the number of apoptotic neurons 
with 20 mM extra glucose, and a decrease in Mt membrane potential in pre- 
apoptotic neurons. In contrast, 10 nM IGF-I decreased the % apoptotic neurons 
and preserved Mt membrane potential. In DRG from streptozotocin (STZ) treated 
4 week diabetic rats, hyperglycemia induced typical apoptotic changes in DRG 
neurons and Schwann cells (SCs). The % apoptotic neurons positively correlated 
with the level of hyperglycemia (R2 = 0.98, P<0001). In addition ballooning of 
Mt and disruption of the Mt cristae were frequently seen in diabetic DRG neurons 
and SCs but only rarely in control neurons. Similar Mt changes were observed in 
cultured E15 DRG and SH-SY5Y cells after exposure to 20 mM excess glucose, 
but not when treated with IGF-I. In summary, we find both in vitro and in vivo 
that elevated glucose levels result in Mt membrane depolarization, Mt swelling 
and disruption. These changes in Mt are consistent with early apoptosis and are 
prevented by IGF-I. These results suggest that PCD is important in 
hyperglycemia induced neurotoxicity and that IGF-I may help to ameliorate this. 
Supported by the Veterans Administration, NIH NS01938 (JWR); NIH T32 
NS07222 (DH); NIH NS32843, Juvenile Diabetes Foundation, American Diabetes 
Association, (ELF).
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113.1
NOREPINEPHRINE TRANSPORTER KNOCKOUT MICE: 
ALTERATIONS IN DEPRESSION TEST AND COCAINE 
REW ARD. F. Xu , Y-M. Wang, R. R. Gainetdinov, S. R. Jones, G. W. Miller 
*, J. Holt and M. G. Caron. Howard Hughes Med. Inst., Dept. of Cell Biology, 
Duke Univ. Medical Center, Durham, NC 27710.

Norepinepherine transporter (NET), a member of the Na+/Cl- dependent 
transporter family which includes the dopamine and serotonin transporters, is the 
target of antidepressants, such as desipramine, and drugs of abuse including cocaine 
and amphetamine. Using homologous recombination, we have generated a NET 
knockout (NET KO) mouse line in which exon 2 of NET is fused in frame with the 
green fluorescent protein gene followed by the neomycin resistance gene. Southern 
analysis and 3H-desipramine/nisoxetine binding assay demonstrates that the NET 
gene has been disrupted and the functional NET is absent in the NET KO mice. 
The homozygous NET KO mice are viable to adulthood but display lower body 
weight. Similar to wild type mice treated with desipramine, the NET KO mice 
exhibit prolonged escape attempts in an automated tail suspension test widely used 
as a behavioral screen for antidepressants. NET KO mice also habituate faster in a 
novel environment. In addition, NET KO mice display lower body temperature in a 
cold tolerance test, an impairment consistent with the regulatory role NE plays in 
thermoregulation. Interestingly, cocaine and amphetamine produce enhanced 
locomotion in the NET KO mice. Moreover, NET KO mice show significantly 
increased behavioral reward in the cocaine conditioned place preference test. In 
summary, we have created a NET KO mouse line which exhibits various functional 
deficits as a result of alterations in norepinepherine systems, which may have an 
effect on dopamine systems (Gainetdinov et al. Soc. Neurosci. Abstr. 1998). 
Understanding the biochemical basis of these effects on mice lacking the functional 
NET may help to delineate the mechanisms underlying NET involvement in the 
biological responses to psychoactive drugs and stress. Supported by NIH grant 
SI9576, Bristol-Myers Squibb Unrestricted Neuroscience Award and Zeneca 
Pharmaceutical Neuroscience Award to M.G.C.

113.2
R E G U L A T E D  A S S O C IA T IO N  O F  S Y N T A X IN  I W IT H  
N O R E P IN E P H R IN E  T R A N S P O R T E R S  1S. A pparsundaram*, 
1U. Sung, 2D. Kendall and 1R.D. Blakely 1Dept. o f  Pharmacology & 
Ctr. for Mol. Neurosci., Vanderbilt Univ. Sch. o f M ed., Nashville, TN 
37232 and Nottingham Univ, U.K.

Active reuptake o f norepinephrine (NE) into presynaptic neurons via 
antidepressant-sensitive transporters (NETs) localized on the neuronal 
membrane is the primary means o f  termination o f  NE action at 
noradrenergic synapses. Acute activation o f protein kinase C (PKC) 
alters transport activ ity , surface exp ression  and steady-state  
phosphorylation o f  NETs in noradrenergic neuroblastomas o f  PNS and 
CNS origin (Apparsundaram et al., in press). PKC-mediated regulation 
o f GABA transporter GAT 1 has been shown to require co-expression of 
the t-SNARE protein, syntaxin I (Quick et al., J. N eurosci. 17:2967, 
1997). W e sought evidence for a role o f syntaxin I in PKC-mediated 
modulation o f NET function in vitro and in vivo. In rat vas deferens, 
immunoprecipitation o f NETs with either NET-immune sera or affinity- 
purified NET-selective antibodies revealed co-precipitation o f syntaxin I. 
Acute pretreatment o f vas deferens with ß-PMA reduces the magnitude of 
syntaxin I co-precipitation. Similarly, treatment o f the tissue with the 
protein phosphatase 1/2A inhibitor okadaic acid also reduces co - 
precipitation o f syntaxin I. These findings indicate the possibility that 
protein kinases and phosphatases regulate cell-surface expression of 
NETs as a consequence o f modulated NET/t-SNARE associations. 
(Supported by NIH N S33373)

113.3
PROLONGED ADMINISTRATION OF THE SELECTIVE 5-HT REUPTAKE 
INHIBITOR PAROXETINE DECREASES THE SPONTANEOUS FIRING 
ACTIVITY OF NOREPINEPHRINE LOCUS COERULEUS NEURONS.
S.T. Szabo, C. de Montigny* and P. Blier. Neurobiological Psychiatry Unit, 
McGill University, Montréal, Québec, H3A 1A1, Canada.

Several lines of evidence have revealed an inhibitory role of the serotonin 
(5-HT) system on the firing activity of locus coeruleus (LC) norepinephrine 
(NE) neurons. For instance, we have shown that lesioning 5-HT neurons with 
a selective neurotoxin produces an increase of firing rate of LC NE neurons (Br 
J Pharmacol 120:865,1997). Since long-term administration of a selective 5- 
HT reuptake inhibitor (SSRI), such as paroxetine, enhances 5-HT 
neurotransmission in the forebrain, it was deemed interesting to assess the 
effect of such a treatment on the spontaneous firing rate of LC NE neurons. 
Using in vivo extracellular unitary recording performed in chloral hydrate 
anesthetized rats, the effect of short-term (2-day) and long-term (21-day) 
paroxetine administration (10 mg/kg/day, s.c. using osmotic minipumps) on the 
spontaneous firing activity of LC NE neurons was examined. After a 2-day 
treatment, which was previously shown to decrease 5-HT neuronal firing 
activity by 75% (Neuropsychopharmacology 15: 349, 1996), that of LC NE 
neurons was within the normal range (control: 2.62 ± 0.08 Hz; n= 90; 
paroxetine group: 2.50 ±0.18 Hz; n= 47). In contrast, a significant decrease 
was observed in the 21-day treated rats (1.25 ± 0.09 Hz; n= 107). In 
conclusion, it appears that enhancing 5-HT neurotransmission by sustained 
and prolonged SSRI administration leads to a reduction of the firing rate of NE 
neurons. The SSRI paroxetine therefore alters the activity of NE neurons with 
a delay that is consistent with its therapeutic action in depression and panic 
disorder. Supported by MRC grants MA-6444 and MT-11014.

113.4
IDENTIFICATION OF AN ENDOGENOUS Zn2+ BINDING SITE IN THE 
DOPAMINE TRANSPORTER UNCOVERS DOMAINS CRITICAL FOR 
SUBSTRATE TRANSLOCATION
L. Norregaard1, 2, E.Ø. Nielsen2* and U. Gether1. 1 Department of Medical 
Physiology, The Panum Institute, Univ. of Copenhagen, DK-2200 Copenhagen, 
2Department of Neurochemistry, NeuroSearch A/S, DK-2600 Glostrup, Denmark.

Little is known about molecular mechanisms regulating the activity of the human 
dopamine transporter (hDAT), and the structural basis for dopamine translocation 
remains elusive. In this study, we show that Zn2+ can modulate hDAT function in a 
reversible manner through an endogenous Zn2+ binding site. Micromolar 
concentrations of Zn2+ potently inhibited 3H-dopamine uptake in COS-7 cells 
expressing the hDAT. Moreover, we found that binding of the cocaine analogue, 3H- 

1WIN 35,428 was markedly potentiated by Zn2+. These effects were not observed in 
the closely related human norepinephrine transporter (hNET). By mutating non- 
conserved histidines between the hDAT and hNET, we identified a single 
non-conserved histidine residue in the large second extracellular loop (ECL2) as 
responsible for the distinct Zn2+ sensitivity of hDAT and hNET. This was confirmed 
by the observation that Zn2+ susceptibility could be conveyed to the hNET by 
mutational transfer of only this residue. In addition, we identified a conserved histidine 
in the fourth extracellular loop (ECL4) as a second major coordinate in the Zn2+ 
binding site. These data provide evidence for spatial proximity between these two 
histidine residues, representing the first experimentally demonstrated proximity 
relationship in a Na+/Cl- dependent transporter. Since Zn2+ did not prevent dopamine 
binding, but only inhibited dopamine translocation, our data suggest that Zn2+ by 
restraining movements of ECL2 and ECL4 restricts a conformational change critical 
for the transport process.
Supported by the Danish Natural Science Research Council and the Danish Academy 
of Technical Sciences.
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113.5
IDENTIFICATION OF A NOVEL COCAINE BINDING SITE IN BRAIN 
MEMBRANES PREPARED FROM DO PAM INE TR ANSPO RTER
KNOCKOUT MICE. R.B. Rothman*1, C.M. Dersch1, G.R. Uhl1, F.J. Carroll2 
and D.L. Rowley3, D. Donovan3. 1IRP. NIDA, NIH, Baltimore, MD, 2RTI, 
Research Triangle Park, NC and 3TKFS, RRB, GRC, NIA, NIH, Baltimore, MD.

Previous work suggested that the cocaine analog [125l]RTI-55 labels a 
novel binding site in rat brain membranes, termed DATsite2, which is not 
associated with the dopamine (DA), serotonin (5-HT) or norepinephrine (NE) 
transporters (JPET 274:385-395, 1995). Here we tested whether DATsite2 
is a product of the DA transporter (DAT) gene. A T-antigen knockin at the 
DAT gene that results in an effective DAT KO, originally developed in Dr. 
Uhl's laboratory by Dr. Donovan and now bred at the GRC, were used. Lack of 
the DAT gene was confirmed by southern blots. Brain membranes were 
prepared from frozen whole brain minus caudate of swiss-webster (SW) mice, 
+/+ mice, +/- mice and -/- mice. KO mice were used at approximately 23 days 
old. Binding surface analysis of [125l]RTI-55 binding to SW membranes, with 
100 nM citalopram to block binding to the 5-HT transporter (SERT), revealed 
two binding sites: DAT (Bmax = 0.63, Kd = 1.8 nM, Ki of RTI-113 = 18 nM) 
and DATsite2 (Bmax = 1.48, Kd = 28.3 nM, Ki of RTI-113 = 2299 nM), 
replicating studies conducted with rat brains. [125l]RTI-55 binding blocked 
with 100 nM citalopram (DAT binding condition) was reduced by 82% in the -/- 
mice compared to the +/+ mice. [125l]RTI-55 binding in the presence of 100 
nM GBR12935 (SERT binding condition) was reduced by 40% in the -/- mice 
compared to the +/+ mice. With SERT blocked by 100 nM citalopram, 100 nM 
RTI-113 inhibited [125l]RTI-55 binding by 64% in +/+ mice, 49% in +/- mice 
and 17% in -/- mice, consistent with an elimination of DAT in the -/- mice. In 
contrast, the inhibition produced by benztropine (400 nM), which has equal 
affinity for DAT and DATsite2, was similar in +/+, +/- and -/- mice. Viewed 
collectively, these data support the hypothesis that DATsite2 is not a product 
of the DAT gene. The DAT knockout mouse will be a useful system for 
characterizing DATsite2. (Supported by NIH.)

113.7
CHRONIC COCAINE AND D-AMPHETAMINE EFFECTS ON 
hDAT FUNCTION AND INHIBITOR BINDING SITES: 
MECHANISTIC STUDIES 
Karley Y. Little *, Lian Zhang
Department of Psychiatry, University o f Michigan, and Ann Arbor 
VAMC

Previous experiments have demonstrated that cocaine treatment 
increases hDAT uptake in neuronal culture, complementing human brain 
studies with the cocaine congener [3H]WIN 35428. However, 
experiments in brain samples from these same individuals, and 
experiments performed by other investigators indicate that differing results 
are obtained using different DAT radioligands. In the present 
experiments, we modeled the effects o f cocaine and d-amphetamine on 
DAT function, including differential regulation of binding sites.

Wild type hDAT cDNA (inserted in the pcDNA3 vector) was expressed 
in a mouse neuroblastoma neuronal culture (neuro2A), as previously 
described (Soc. Neurosci. Abs. 23:690, 1997). Cocaine, 10-6 M, 
consistently increased uptake 30-40%, while d-amphetamine at the same 
dose decreased uptake 15-20%. [3H]WIN35428 binding was regulated to 
a similar degree, but binding o f [125I]RTI-55 was altered to a lesser 
degree. Binding o f the dissimilar radioligand [3H]mazindol was not 
different compared to controls. Other experiments also indicated that the 
changes induced in the DAT by cocaine were not the result of a simple 
increase in number of DAT molecules. Mechanistic experiments testing 
both conformational and trafficking explanations are underway, 
specifically evaluating cocaine’s effects on DAT [32P]incorporation, DAT 
protein size, and DAT intracellular localization using immunofluoresence. 
(NIDA 09491)

113.9
HEK-293 CELLS EXPRESSING THE HUMAN DOPAMINE 
TRANSPORTER ARE SUSCEPTIBLE TO LOW CONCENTRATIONS OF 1- 
MHTHYL-4-PHENYLPYRID1NE (MPP ) VIA IMPAIRMENT OF ENERGY 
METABOLISM. Alexander Storch*, Albert C. Ludolph, Sigrid Schwarz, 
Johannes Schwarz. University of Ulm Medical School, Department of 
Neurology. Oberer Eselsberg 45. 89081 Ulm.

The. dopamine transporter may play a crucial role in the selective 
vulnerability of dopaminergic neurons in respect to l-Methyl-4- 
phenylpyridinium ion (MPP ) toxicity. We stably expressed the human 
dopamine transporter in human embryonic kidney cells (HEK-293 cells) to 
investigate MPP -induced cytotoxicity as well as changes of cellular energy 
metabolism by measuring the intracellular adenine and pyridine nucleotide 
content using HPLC. The permanent ektopic expression of the human 
dopamine transporter in HEK-293 cells conferred time and dose-dependent 
cytotoxicity at nanomolar concentrations of MPP' with an IC50 value o f 740 nM 
after 48 h MPP initially induced a fast increase of cellular NADH content 
within the first 6 . hours, followed by a slow reduction of intracellular ATP 
content ( IC50 value of 690 nM after 48 h) as well as reduction of intracellular 
ATP/ADP ratio. These changes of cellular energy metabolism preceded the 
reduction of cell viability. The toxic effects of MPP' were blocked by the 
dopamine transporter inhibitor GBR 12909 with EC50 values of 110 nM and 60 
nM for cytotoxicity and ATP depletion, respectively. Antioxidants such as d-α- 
tocopherole and ascorbic acid had no significant protective effect against MPP' 
toxicity This study provides evidence that cellular damage induced by low 
concentrations of MPP (i) is mediated via transmembrane uptake of MPP' by 
the dopamine transporter and (ii) is primarily due to cellular energy depletion, 
probably caused by inhibition of mitochondrial complex I activity.

113.6
MOLECULAR BASIS FOR MONOAMINE UPTAKE INHIBITOR 
SELECTIVITY
Huailing Zhong*, Lian Zhang, Karley Y. Little
Department of Psychiatry, University of Michigan, and Ann Arbor
VAMC

Numerous high affinity ligands inhibit dopamine or serotonin uptake with 
varying selectivity. Certain putative transmembranal regions (TM ’s 1, 7,
12) may contribute to selective ligand binding. In the present experiments, 
potentially informative single or double amino acid residues were mutated 
from a DAT residue to the corresponding SERT residue(s). The goal was to 
identify spatial elements explaining pharmacophore-selective binding.

Site-directed mutagenesis was performed using thermal cycling with Pfu 
DNA polymerase extension, and subsequent parental lysis by DpnI  
(QuickChange kit, Stratagene, Inc). After sequence confirmation, wild type 
or mutant hDAT cDNA (inserted in the pcDNA3 vector) was expressed in a 
mouse neuroblastoma neuronal culture(neuro2A), as previously described 
(Soc Neurosci Abs 23:690, 1997). Mutated proteins were labeled with a 
non-selective radioligand, [125I]RTI-55, followed by competition with the 
highly SERT-selective compound citalopram (105 × selective). Among 
fourteen DAT/SERT mutations screened, three mutations F367V, 
S354C/L355M, F543P/R544P, displayed increased affinities for citalopram 
(~ 10 x), which were replicated in imipramine and fluoxitine competition 
studies. RTI-55 saturation data revealed decreased Kd’s and lower Bmax’s, 
the latter a feature previously reported in SERT- vs DAT-expressing cells. 
These results suggest that this strategy may be useful in understanding 
ligand selectivity, as well as other distinctive features of DAT versus SERT . 
expression. (NIDA 09491)

113.8
IMMUNOLOCALIZATION OF THE DOPAMINE TRANSPORTER  
IN HUM A N  BRAIN. B .J . C iliax1,*, G.W. Drash1, J.K. Staley2, C.J. 
M obley1, D.M . Mash2, and A.I. L evey1. 1Dept. Neurology, Emory 
University School o f  Medicine, Atlanta, GA 30322, 2Dept. Neurology, 
University o f  Miami Brain Endowment Bank, Miami, FL 33136

The dopamine transporter (D AT) was localized in normal human 
brain tissue by light microscopic immunocytochemistry, using highly 
specific monoclonal. Mesencephalic D AT staining was enriched in the 
dendrites and cell bodies o f  neurons in substantia nigra pars compacta 
and ventral tegmental area. Dense, heterogeneous punctate labelling 
was found throughout striatum and nucleus accumbens. Scattered 
varicose fibers were the predominant structures found in various motor, 
limbic, and visual cortical regions as w ell as in various subnuclei o f  
amygdala. TH-positive hypothalamic neurons were not DAT-positive, 
though there were many fine D AT-positive axons scattered throughout, 
particularly concentrated along the medial border. Double-labelling 
studies combining DAT- and tyrosine hydroxylase- (TH) 
immunostaining in ventral mesencephalon revealed two subpopulations 
o f  dopaminergic neurons differentiated by the presence or absence o f  
DAT-immunoreactivity in the A 9 and A 10 cell groups, with a slight 
concentration in medial VTA. D AT localization in human 
dopaminergic circuits provides a basis o f  comparison for future 
anatomical studies examining dopaminergic circuitry in 
neuropsychiatric disease. Supported by R01 D A 09484, R29 N S34861, 
and Tourette Syndrome Association.

113.10
COCAINE ANALOGS INHIBIT THE DENDRITIC RELEASE OF DOPAMINE IN 
THE RAT SUBSTANTIA NIGRA. K. L. Barstow* and I.M. Mintz. Dept. of 
Pharmacology. Boston University Medical School. Boston MA 02118.

Dopaminergic neurons of the substantia nigra (SN) receive a 
monosynaptic input from the subthalamic nucleus (STN) which controls the 
dendritic release of dopamine.

To assess dopamine release, we have used rat parasagittal slices and 
whole-cell current-clamp recordings of identified dopaminergic neurons that 
respond to the train stimulation of the STN (5 to 7 stimuli at 20 Hz) with 
summating EPSPs, followed by a dopamine-mediated sulpiride-sensitive 
hyperpolarization.

Microdialysis studies in the SN have shown that dopamine dendritic 
release depends upon activation of L-type Ca channels and glutamate NMDA 
receptors. Although nimodipine (5 uM) and APV (50 uM) significantly 
reduced the subthalamic response of dopaminergic cells, APV blocked a 
large component of the EPSP that is mediated by NMDA channels and 
nimodipine prevented the amplification of the EPSPs by active L-type Ca 
conductances, these blockers did not affect the dopamine-mediated 
hyperpolarization. Similarly, block of glutamate non-NMDA channels with 
CNQX (5 uM) decreased the subthalamic EPSPs by more than 60% without 
affecting the cell response to dopamine.

To test whether the dendrite depolarization by subthalamic afferents 
reverses dopamine transport, we next investigated the effects of dopamine 
transporter blockers, GBR12909 (10 nM), GBR 12935 (10 nM), and (20 uM) β- 
CFT (or WIN-35,428), and found that each cocaine analog reduced the 
hyperpolarization evoked by STN stimulation. To confirm that classic 
exocytosis is not involved, we are currently studying whether local application 
of glutamate triggers dopamine release in zero extracellular calcium.
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113.11
NONAMINES: A NEW GENERATION OF MONOAMINE REUPTAKE 
(DOPAMINE, SEROTONIN TRANSPORTER) INHIBITORS
B. K. Madras*1, G. M iller1, S. George2, B. O'Dowd2, P. C. Meltzer3 
Dept. o f Psychiatry, Harvard Medical School, Southborough, MA, 01772*1, 
University of Toronto, Toronto, Ontario2, Organix Inc., Woburn, MA3.

The premise that monoamine reuptake (transporter) inhibitors require an amine 
nitrogen, corresponding to the amine of neurotransmitters, guided drug design for 
over 40 years. The precept was invalidated by nonamines, non-selective but potent 
inhibitors of the dopamine and serotonin transporters in which the amine nitrogen 
was replaced by an oxygen atom. (Madras et al., Synapse 24:340, 1996). We now 
report four novel findings with nonamines:  ①It is feasible to develop highly 
selective nonamines, as the 8-oxa nonamine O-1059 (IC50: 4.59 ± 0.57 nM; > 450- 
fold selectivity for the dopamine (DAT) over the serotonin transporter (SERT)), 
displayed comparable affinity and DAT: SERT selectivity to its monoamine analog 
0-1109 (IC50: 1.16 ± 0.15 nM; > 700-fold selectivity for DAT:SERT. ② Hydrogen 
bonding is not necessary for conferring high affinity transporter blockade as a 
racemic 8-carba analog o f 0-1059 also bound the DAT with similar affinity (IC50: 
5.50 ± 0.72 nM) and > 900-fold transporter selectivity. ③ The binding domain of 
the nonamine [3H]O-1059 is virtually identical to that of the monoamine [3H]WIN 
35,428 (CFT), a high affinity dopamine transporter probe.④ A nonamine, O-1072 
raised extracellular dopamine levels in striatum 200% above basal levels within 30 
minutes, similar to the effects o f the amine cocaine. Nonamines necessitate a 
revision o f prevailing models o f how drugs bind to and block monoamine 
transporters. Their biological activity indicates that they are a promising new 
generation of therapeutic drugs.
Supported by: DA11558, DA09462, DA06303, RR00168, DA00304, DA4-8309.

113.12
TH E DISTRIBUTIO N O F A "N O N A M IN E " T O  D O P A M IN E-R IC H  R E G IO N S O F M O N K EY  BRAIN  

IS SIM IL AR  TO  T H A T OF T H E M ON OA M IN E [3H ]-C F T . R. De La Garza II*, P. C. Meltzer, and 
B.K. Madras. Harvard Medical School, New England Regional Primate Research Center, 
Division of Neurochemistry, Southborough, MA 01772-9102.

For decades, drug development in psychopharmacology has adhered to the unwritten 
precept that compounds targeting the dopamine transporter (DAT), as well as other 
monoamine transporters, must contain an amine nitrogen in the molecular structure. We 
challenged this rationale by unveiling a series of non-nitrogen bearing aryloxatropanes 
(nonamines) that are potent inhibitors of the DAT (Madras et al., 1996, Synapse 24: 340- 
348). The binding domain of a nonamine, [3H]-O-1059, in monkey striatum homogenates 
revealed that several DAT inhibitors displayed the pharmacological specificity of the 
selective transporter ligand [3H]-WIN 35,428 ([3H] -CFT). The present study investigated 
whether the distribution pattern for [3H]-O-1059 was similar to that for monoamines. 
Coronal brain sections from rhesus (Macaco, mulatta) monkeys were incubated with [3H]- 
0-1059 (0.1 nM) to measure total binding, and cocaine (30 µM) to measure nonspecific 
binding. Analysis of the distribution of [3H]-O-1059 was subsequently performed in several 
distinct nuclei located along 8 anterior to posterior planes. The most dense labeling was 
detected in the putamen (19.1±1.8 pmol/g) and caudate (18.4±.l pmol/g), with significant 
levels also observed in the nucleus accumbens (7.9±1.6 pmol/g) and substantia nigra 
(4.2±0.5 pmol/g). Low or non-detectable levels were noted in the hypothalamus, amygdala, 
ventral tegmental area, and thalamus. The results correlate well with the distribution 
observed with selective monoamine radioligands for the DAT (e.g., [3H]-CFT and [125I]- 
altropane). The distribution map of [3H]-O-1059 is restricted to regions containing the 
DAT. Importantly, this is the first study to show a distribution profile for the DAT in brain 
using a radiolabeled compound that does not contain an amine nitrogen. The results support± 
our contention that an amine nitrogen is not necessary in compounds which bind to the 
DAT, and therefore elevates interest for drug development with compounds which lack 
nitrogen in the molecular structure.

S u p p o r t e d  b y  DA 11558, DA 06303, DA 00304, MH 14275, RR 00168

EXCITATORY AMINO ACIDS

114.1
SECRETONEURIN INDUCES THE RELEASE OF SEROTONIN AND AMINOACI D 
TRANSMITTERS FROM THE HIPPOCAMPUS OF THE AWAKE RAT. E. Agneter, A. 
Hötzl, S. Boehm*,E.A. Singer. Institute of Pharmacology, Univ. of Vienna (A-1090, Austria).

Secretoneurin (SN) is a 33 amino acid cleavage product of secretogranin II. The 
aim of the present study was to determine the influence of SN on serotonin (5-HT) and 
aminoacid (aspartate, glutamate, serine, glutamine, glycine, GABA) release from the 
hippocampus of awake rats utilizing in vivo microdialysis adding SN and the test drugs 
to the artificial cerebrospinal fluid (aCSF). The dialysate was collected in 15 min frac
tions and the content of 5-HT and the aminoacids quantified by HPLC.

SN induced an increase of the 5-HT concentrations in the dialysate. The area under 
the 5-HT-concentration vs. time-curve (AUC) amounted to 183 ± 79, 460 ± 129, 948 
± 175 arbitrary units for 3, 10, and 30 µM, respectively. The non-NMDA-antagonist 
GAMS (D-γ-Glutamyl-Aminomethanesulfonic-Acid) reduced the SN-effect (10 µM) 
on 5-HT efflux (AUC: 456 ± 80, 346 ± 98, 172 ± 70, and -134 ± 109 units for 10, 30, 
100, and 300 µM, respectively). The NMDA-antagonist D-AP5 (D(-)-2-Amino-5- 
Phosphopentanic-Acid) had no effect on the SN-induced (10 µM) 5-HT release. SN 
(10 and 30 µM) also induced an increase of glutamate (AUC: 3307 ± 1101 and 4297 ± 
1505, respectively), GABA (746 ± 290 and 1390 ± 565, respectively) and aspartate 
(559 ± 319, 1302 ± 355, respectively). SN had no or only marginal effects on the di
alysate levels of serine, glycine and glutamine. The glutamate uptake-inhibitor trans-4- 
carboxy-l-proline/l-trans-pyrrolidine-2,4,dicarbonicacid (PDC, 100 µM) potentiated 
the effect of 10 µM SN on glutamate by a factor of 2.6 versus the effect of SN alone.

The results show that SN may posses an indirect effect on 5-HT release via excitatory 
amino acid release. Together with recently reported data, showing that SN induces a con
centration-dependent release of dopamine from the striatum of awake rats, the present results 
add to the growing evidence that SN may act as a neurotransmitter in the central nervous 
system stimulating the release of glutamate.
The study was supported by the Austrian Science Foundation (P9988).

114.2
STIMULATED RELEASE OF GLUTAMATE FROM NON-SYNAPTIC 
REGIONS OF AXONS: IMPLICATIONS FOR AXON-SCHWANN CELL 
INTERACTIONS. E M. Lieberman*1, A. Urazaev1, R. Boyle1, and R.M. Grossfeld2. 
1Dept. of Physiology, East Carolina U., S.O.M., Greenville, NC 27858, 2Zoology 
Dept., NC State. ,  Raleigh, NC 27695.

Studies of the interactions between crayfish and squid axons and their associated 
Schwann cells (SC) have suggested that glutamate (GLU) released from axons during 
action potential (AP) generation is the chemical signal that initiates metabolic and 
electrical responses of SC. These responses appear to modulate the adaxonal chemical 
and ionic microenvironment (Prog, in Neurobiol., 4:333-376, 1994). Previous attempts 
to directly measure the stimulated release of GLU from invertebrate axons were 
unsuccessful.

We have now succeeded in measuring the stimulated release of [14C]-GLU from 
crayfish nerve fibers by pretreating them with competitive GLU transport inhibitors to 
reduce GLU reuptake. Using HPLC and/or electrophoresis we compared release of 
GLU and GLU metabolites, i.e., glutamine (GLN), aspartate (ASP) and GABA, as well 
as total radiolabel release pre- and post-AP generation. We found that D-ASP and L- 
cysteate were effective in increasing the appearance of radiolabel in the nerve 
superfusate but only occasionally was a significant increase in radiolabel release seen 
during and following stimulation. Nonetheless, when pre- and post-stimulation samples 
of superfusate were compared, GLU release was greatly enhanced during and 
immediately following AP generation, despite the absence of an increase in total 
radiolabel release. Coupled with the increase in GLU were changes in the release of 
ASP, GLN and GABA. GLU release returned to pre-stimulation levels by 6 min post-
stimulation. Release of GLU and its metabolic products into the superfusate in the 
absence of GLU uptake inhibitors was below HPLC detection levels. These results 
support our hypothesis that GLU is the mediator of axon-Schwann cell interactions.
This work was supported by NIH grant 1-R01-NS34799 to EML and RMG.

114.3
DEPLETION OF PERIPHERAL MACROPHAGES BY LIPOSOME 
ENCAPSULATED CLODRONATE ATTENUATES QUINOLINIC 
ACID ACCUMULATION DURING CNS AND SYSTEMIC 
INFLAMMATION.  L . A .  
Koennecke, M.G. Proescholdt, M.A. Zito, N. van Rooijen and M.P. Heyes*. Lab. of Neurotoxicology, NIMH, MD 
20892 U.S.A. and Dept. of Cell Biology, Free University, Amsterdam, 
The Netherlands.

Quinolinic acid (QUIN) is a neurotoxic tryptophan metabolite 
produced locally in brain during inflammation. In the present study, we 
tested our hypothesis that QUIN originates predominantly from 
invading macrophages and activated microglia during CNS-localized 
inflammation. We also evaluated the role of macrophages in QUIN 
production during peripheral immune stimulation. An intravenous 
injection of liposome-encapsulated clodronate (LEC) into female 
gerbils depleted blood monocytes (by 87%; CBC Diff), and 
macrophages in spleen and liver, but not in lung (lectin histochemistry). 
In a model of CNS inflammation, (an intrastriatal injection of 
lipopolysaccharide (LPS) 5 µg), QUIN levels in striatum and CSF were 
markedly elevated on day 3 after LPS (479-fold and 30-fold 
respectively). These increases were significantly attenuated by LEC 
(striatum: by 59 %; CSF 69 %) given 1 day before LPS. Conversely, a 
systemic injection of LPS (450 µg/Kg) produced increases in blood 
(30-fold), lung (25-fold), liver (21-fold) and spleen (12-fold). LEC 
significantly attenuated the increases in QUIN levels in blood (by 
80%), liver (by 93%), spleen (by 90%) and striatum (by 70%), but had 
no effect on the increases in QUIN levels in lung. We conclude that 
activated macrophages are important local sources of QUIN in brain 
and systemic tissues during local inflammation.

114.4
ANALYSIS OF AMPA RECEPTORS IN HIPPOCAMPAL ASTROCYTES DURING

Experimental Neurobiology, Neurosurgery, University of Bonn; D-53105 Bonn, 
Germany; 2Div. of Neurosurgery, Albany Medical College

Hippocampal astrocytes express various types of voltage and ligand gated ion 
channels, including glutamate receptors of the AMPA-subtype. To better understand 
their functional significance, we compared electrophysiological properties of AMPA 
receptor channels in astrocytes of 3 to 35 days old mice after acute isolation from the 
hippocampal CAl region. The overall efficacy of glutamate and kainate responses 
differed between postnatal days (p) 5 and 12. While the efficacy of kainate was almost 
the same at all developmental stages, a steep rise in the glutamate efficacy was observed 
with increasing age. Between p5 and p12, there was an increase in the potentiation of 
AMPA receptor currents by cyclothiazide (CTZ) while the dissociation kinetics of CTZ 
was delayed. These changes in the pharmacological properties suggested a variation in 
splice variant expression.

The Ca2+ permeability of glial AMPA receptors remained constant during 
development. In solutions with Ca2+ as the sole charge carrier, Joro spider toxin, a 
blocker of Ca2+ permeable AMPA receptors, produced a shift in reversal potential at p5 
but not in the pl2 cells. Moreover, in high Ca2+ solutions, the glutamate responses of p5 
cells declined more rapidly as compared to the corresponding control responses, 
suggesting the expression of a mosaic of Ca2+ permeable and Ca2+ impermeable 
receptor complexes early in development (p5).

These functional differences were probably not produced by a developmental switch 
in splice variant expression since a subsequent single-cell RT-PCR analysis revealed 
that both at p5 and p12, most cells expressed mRNAs encoding GluR1 flip, GluR2 flip 
and flop, and GluR4 flip splice forms. It is rather possible that they reflected alterations 
in the astrocytic AMPA receptor subunit assembly.

Supported by BMBF, DFG, and the Fonds der Chemischen Industrie.
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114.5
INTERACTIONS BETWEEN Na+ AND Ca2+ IN RECOMBINANT NMD A 
RECEPTORS CHANNELS. A. Auerbach* and L, S. Premkumar Dept. Physiol. & 
Biophys. SUNY, Buffalo, New York, NY 14214.

The QRN site in the M2 segment of NMDA receptor channels influences 
Ca2+ permeation and Mg2+ block. We have previously shown that an N-to-Q 
mutation of this residue in NR1 and NR2B subunits produces a receptor with a 
subconductance level that is blocked by extracellular Ca2+at a site that is close to the 
extracellular margin of the electric field (Neuron 
16: 869-880). The Kd for this block is 4.8 µM at - 
80 mV in 100 mM symmetric NaCl. In outside-out 
patches, increasing the external Na+ from 20 to 
150 mM reduces the IQ for Ca2+ block. This could 
occur because high external [Na+] decreases the 
Ca+2 ‘on’ rate constant, and/or increases the Ca2+
‘off rate constant from the pore. To distinguish 
between these possibilities, we examined the noise 
spectrum of the sublevel current as a function of 
extracellular [Na+]. At 3.1 µM [Ca2+] the noise 
cutoff frequency (fc) decreased from 7994 Hz to 5275 Hz when the extracellular 
[Na+] was increased from 50 mM to 100 mM. Since fc is proportional to the sum of 
the ‘on’ and ‘off rates, this result indicates that one or both of the rates decreases 
with high external [Na+]. One possibility is that high external [Na+] decreases the 
Ca2+ association rate constant and does not increase the net ‘off rate of Ca2+ from 
the pore. This possibility could arise from a direct competition of Na+ and Ca+2 for a 
site in the permeation pathway, but is not consistent with an electrostatic repulsion 
between the two ion species in the channel. We will use this method to probe the 
nature of interactions between other monovalent and divalent ions in the NMDA 
receptor ion permeation pathway. Supported by NS-23153 and NS-36554.

114.6
A SINGLE-CHANNEL STUDY OF EXTERNAL Mg2+ BLOCK AND 
PERMEATION IN RECOMBINANT NMDA RECEPTOR CHANNELS. Y.Zhu1*, 
T.Kuner2, L. Wollmuth2 and A. Auerbach1. 1Dept. Physiol.&Biophys. SUNY, Buffalo, 
NY. NY 14214; 2Max-Planck-Institut fur medizinische Forschung, Heidelberg, Ger.

Single-channel currents from rat NR1-NR2A recombinant NMDA receptor 
channels expressed in Xenopus oocytes were recorded from outside-out patches in 
symmetric 100 mM NaCl. Parameters for a 2 barrier 1 well model of Mg2+ permeation 
and block were estimated by fitting I/V curves, open channel noise spectra, and 
single-event kinetics (-60 to -140 mV). In wild type receptor, at -80mV the Mg2+ 
association rate constant (k+) is 3.5×107 M -1s -1, the dissociation rate constant (k-) is 
1150 s-1, and the permeation rate constant (kp) is 120 s-1, i.e. the equilibrium 
dissociation constant for Mg2+ (Kd) is 36 µM. The first barrier is at δB1=0.38. the 
Mg2+ binding site is at δW=0.62, and the second barrier is at 8B2=0.91. In 
NR2(N596Q) the conductance in divalent-cation free solution drops from 68 to 40pS. 
This mutation dramatically increases all three rate constants (k+ 40-fold, k. 50-fold, 
and kP 140-fold) but only modestly increases Kd to 48 µM. The apparent positions of 
the barriers and well were similar to the wt: δB1=0.26, δW=0.52, and δB2=0.94. 
NR1(N598Q) decreases the main level Na+ conductance to 63 pS, increases k+ 5-fold, 
does not change k., and increases kp 31-fold (Kd = 29 µM). The apparent position of 
the Mg2+ binding site shifts, with δB1=0.20 and δW= δB2 =1.1. These results are 
consistent with whole-cell studies (Wollmuth et αl., J Physiol. 506:12, 1998) that 
suggest M g2+ block is not determined by steric occlusion of the channel lumen and 
that NR2(596) is a key determinant of external Mg2+ block. The significant increase in 
k+ in NR2(N596Q) and the shift of δW in NR1(N598Q) are remarkable. One 
hypothesis we are considering is that in wild type receptors, after Mg2+ binds there is a 
voltage-dependent event that results in a reduction of the mobility of the cation in the 
pore. In addition, these mutations may change the shape of the electric field or move 
the Mg2+ binding site within the field. Supported by NS23513 and NS36554.

114.7
MOLECULAR CLONING AND DISTRIBUTION OF THE NEW VARIANT 
OF THE NR-L SUBUNIT OF THE NMDA RECEPTOR. L-X. Sun*1, M. T. 
Shipley2,3 and M. S. Lidow1,3 1Department of Oral and Craniofacial Biological 
Sciences, 2Department of Anatomy and Neurobiology and 3Program in 
Neuroscience. University of Maryland, Baltimore, MD 21201.

NR-L (χ -1) is a recently-cloned NMDA receptor subunit which does not by 
itself generate agonist-activated current. However, NR-L decreases receptor 
activation current when it is combined into a receptor complex with NR1 and 
NR2 subunits. Here, we report the cloning of a new variant of this subunit which 
we named NR-L1. The previously-cloned variant we propose to call NR-Ls. The 
newly-discovered NR-L1 differs from the previously-cloned NR-Ls protein by the 
presence of an additional 20-amino acids situated in the C-terminal between the 
amino acid residues 1002 and 1003. The amino acid sequence of this insert is 
SRWRRWTCKTEGDSELSLFP. Within this sequence, there are three potential 
sites for phosphorylation by cAMP-dependent kinase, protein kinase C and CaM- 
Kinase II. A direct phosphorylation of NMDA receptor subunits is known to be a 
major mechanism involved in modulation of the NMDA receptor current. 
Therefore, the above-mentioned putative phosphorylation sites may play 
important role in regulation of functioning of the NR-L1-containing NMDA 
receptor complexes. RT-PCR demonstrated that mRNA encoding NR-L1 protein is 
present in multiple regions of the rat CNS. These include: the spinal cord, 
thalamus, striatum, hippocampus, entorhinal, piriform and visual cortices and the 
olfactory bulb. In contrast, no NR-Ll mRNA was detectable in the cerebellum and 
the motor cortex. We found the regional distribution of the NR-L1 mRNA to be 
very similar to that of the NR-Ls mRNA. However, the levels of the NR-L1 
mRNA were about 90% lower than those of the NR-Ls message. This study 
demonstrates that the NR-L subunit of the NMDA receptor exists as at least two 
isoforms. Supported by the NIH and US Army grants.

114.8
DORSAL ROOT GANGLION AND SPINAL CORD NEURONS EXPRESS 
THE NR2D SUBUNIT OF NMDA RECEPTORS. J. C. Marvizón*, J. Goliger, 
E. F. Grady, E. Stefani, and E. A. Mayer. Neuroenteric Diseases Program, 
CURE: Dig. Dis. Res. Ctr., Dept. of Medicine, UCLA, Los Angeles, CA 90073.

Presynaptic NMDA receptors mediate the release of substance P from primary 
afferent terminals. In an initial attempt to characterize the subunit composition of 
these receptors, we used goat antibodies against rodent NR1 and NR2D subunits 
(Santa Cruz Biotechnology) to study their presence in dorsal root ganglion (DRG) 
and spinal cord neurons. Young rats (15-40 days) were fixed intracardially and the 
brain, a lumbar segment of the spinal cord and lumbar DRGs were frozen and cut 
into 25 µm sections. Sections were transversal for the spinal cord and sagittal for 
the brain. NR2D immunoreactivity was found in numerous DRG, spinal cord and 
brain stem neurons, but was largely absent in other areas of the brain. In contrast, 
NR1 immunoreactivity was found in most areas of the brain, including cortex, 
hippocampus and cerebellum, as well as DRGs and spinal cord. In individual 
neurons, labeling with either antibody was found in the membrane and cytoplasm, 
but not in the nucleus. In DRGs, the NR2D antibody stained brightly small 
diameter cells, and faintly or not at all larger diameter cells; whereas the NR1 
antibody stained most DRG cells. In the spinal cord, both antibodies stained 
numerous small neurons in the dorsal horn, but also in other areas of the spinal 
cord, including large ventral horn neurons. No stained cells were found in spinal 
cord or DRG sections incubated only with secondary antibody (rabbit anti-goat 
FITC), or with the NR2D antibody in the presence of immunizing peptide, 
suggesting that the labeling was specific. RT-PCR detected the presence of mRNAs 
encoding the NR1 and NR2D subunits in extracts from freshly dissociated DRGs. 
These results show that NMDA receptors in primary afferents and in the dorsal 
horn contain the NR2D subunit.
Supported by NIH grants DK40919, DK43207 and GM52203.

114.9
IDENTIFICATION OF NMDA RECEPTOR DOMINANT MUTATIONS AND 
STUDY OF RECEPTOR APOPTOTIC FUNCTION. G. Rameau* Y. Akaneya 
and E. B. Ziff. Department of Biochemistry, Howard Hughes Medical Institute, 
NYU Medical Center, New York, NY 10016 

To investigate the mechanism of NMDA receptor (NMDAR) mediated cell death, 
CHO cells were co-transfected with plasmids encoding the NMDAR subunits, NR1 
and NR2A, together with a firefly luciferase expression plasmid. The effect of the 
NMDAR on cell viability was determined by measuring changes in luciferase 
activity. Cell killing depends on the formation of a functional receptor, since 
expression of single subunits do not affect cell viability, and toxicity can be 
blocked by antagonists of the NMDARs. NMDAR pore mutations NR1(N616R) 
and NR1(S617Q) which had been shown to block Ca2+ flux, partially block cell 
killing and display dominant negative function when co-expressed with wild type 
receptor subunits. In primary cultures of hippocampal neurons and in the CHO cell 
assay, cell death was accompanied by DNA fragmentation and Annexin-V binding. 
These changes correlate with apoptosis in many systems and suggest an apoptotic 
mechanism for NMDAR-mediated death. We measured the effect of ICE- 
protease/caspase inhibitors on NMDAR-CHO cell survival. In the CHO cell assay, 
the baculovirus derived p35 protein arrested NMDA-dependent cell death entirely and 
the pox-virus CrmA protein provided lower levels of cell protection. We have also 
employed the CHO cell system to examine the role of Ca2+-dependent processes and 
receptor binding proteins in excitotoxicity. Preliminary data show that expression 
of an activated form of calcineurin increases NMDAR dependent cell death and that 
killing is potentiated further by co-expression of the NMDAR-binding protein, 
PSD-95. These results suggest involvement of both Ca2+ and calcineurin and 
possibly receptor clustering in the NMDAR-dependent cell death mechanism. 
*Supported by an Aaron Diamond Foundation Postdoctoral Fellowship

114.10
D EV E L O PM E N T A L  C H A N G E S IN N M D A  R EC EPTO R  AND  
FOS  C O -L O C A L IZ A T IO N  PA TTER N S IN TH E N UC LEU S  
T R A C T U S SO L IT A R H  (nTS) O F TH E C O N SC IO U S RAT  
FO L L O W IN G  H Y PO X IA . David Gozal* and Ying-Dan X ue. 
Constance S. Kaufman Pediatric Pulmonary Research Laboratory, 
Tulane University School o f  M edicine, N ew  Orleans, LA 70112.

N M D A  glutamate receptors within the nTS mediate critical 
components o f  the hypoxic ventilatory response (HVR) in adult rats. 
In contrast, administration o f  an N M D A  receptor antagonist to 
neonatal rat pups does not m odify the magnitude o f  HVR. To further 
study these issues, N R 1 and fo s co-expression were assessed in the 
nTS by immunohistochemistry after exposing rat pups at post-natal 
ages 2, 5 ,1 0 , and 20 days, and adult rats to room air or 10% O2 for 4 
hours. Although N R 1 expression was abundant in the hypoglossal 
nucleus at all ages, it was virtually absent in the nTS o f  2-d pups and 
increased with advancing post-natal age reaching adult-like levels by 
10-d. Similarly, increased fo s expression occurred in older rat pups 
with hypoxia in the nTS and paralleled the maturational changes o f  
N R 1, such that >85% o f  cells co-localized for both N R l and fos in this 
region. We conclude that increased neuronal recruitment o f  the nTS 
during hypoxia exhibits close dependency on developmental changes 
in N M D A  receptor expression.
(Supportedby HD-01072, MCJ-229163, and the American Lung Association CI- 
002-N)
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115.1
CONNEXIN EXPRESSION IN THE VENTRICULAR ZONE OF THE 
DEVELOPING MOUSE NEOCORTEX. James L. Eubanks and William I  
Moody*, Department of Zoology and Graduate Program in Neurobiology 
and Behavior, University of Washington, Seattle, WA 98195.

Cells within the ventricular zone, the primary site of cell proliferation in 
the developing neocortex, are extensively coupled by gap junctions.
Because gap junctions mediate the direct passage of ions and small 
molecules between neighboring cells, they are likely to play an important 
role in intercellular signaling during development Functional gap junctions 
are formed by two hemichannels in the apposed membranes of adjacent 
cells. Each hemichannel is comprised of 6 connexin subunits with the 
subunit composition determining the properties of the resulting pore. 
Previous studies in rat have shown that connexins 32 and 43 are the 
predominant isoforms expressed in the ventricular zone during neurogenesis 
while connexin 32, absent during embryonic development shows increased 
expression during postnatal cortical maturation. Here we report evidence 
for connexin 32 expression in the ventricular zone of mouse neocortex at 
embryonic day 14, midway through neurogenesis. We also observe 
connexin 26 immunoreactivity in the ventricular zone, suggesting the 
possible formation of connexin 26/32 heteromeric channels. This 
possibility warrants further investigation in light of a recent report showing 
that assembly of connexins 26 and 32 into homomeric or heteromeric 
channels determines selectivity with respect to the passage of the second 
messengers, cyclic AMP and cyclic GMP.

This work was supported by NSF SGER grant IBN-9708656 to WJM and 
NIH training grant 5T32GM07108 to JLE.

115.3
GAP JUNCTIONS EXERT A DEVELOPMENTALLY REGULATED 
MITOGENIC EFFECT UPON NEOCORTICAL PROLIFERATIVE 
EPITHELIUM. T. Goto1,2*, T. Takahashi1,2, S. Miyama1,2, P. G. Bhide1, and V. S. 
Caviness. Jr.1 1Department of Neurology, Massachusetts General Hospital and 
Harvard Medical School, Charlestown, MA 02129, 2Department of Pediatrics, Keio 
University School of Medicine, Tokyo 160, Japan.

Gap junction blockade by 1-octanol has been demonstrated to block S-phase entry 
of proliferative cells in slice cultures of mouse embryo neocortical proliferative 
epithelium (Bittman et al., J Neurosci 1997). We have examined this phenomenon 
in murine embryonic day 13 cerebral wall explants where we have previously 
established that in vivo the fraction of cells which exits the cycle after mitosis (Q) 
is lower medially than laterally (developmentally more advanced). A cohort of 
neurons exiting S phase over 1.5 hr was marked in utero as labeled only with 3H- 
TdR by sequential exposure to tritiated thymidine (3H-TdR) followed in 1.5 hr by 
exposure to 5-bromo-2’-deoxyuridine (BUdR). After 2 hr, when all cells of the 
cohort were in early G1 phase, full thickness explants of the cerebral wall, separated 
into two sets, were cultured in DMEM/F12 medium for 12 hr, that is a time 
sufficiently long to allow all cells of the cohort to pass through G1, either to re-
enter S phase (P fraction) or to leave the cycle as Q. 1-octanol (1.0 mM, final 
concentration) was added to the medium of one set but not to the other (control). 
Both control and octanol exposed sets were divided into two subsets. BUdR (10 µM) 
was added to one subset (for determination of the number of Q cells of the 3H-TdR- 
only cohort) while no BUdR was added to the other (for determination of the number 
of Q + P cells of the 3H-TdR-only cohort). After harvest explants sectioned 
coronally at 4 µm were processed for combined autoradiographic and BUdR 
immunohistochemisty. In the control set, the Q fraction was about 0.6 and 0.7 in 
the medial (1000 µm from the caudato-pallial angle) and lateral (300 µm) cortical 
zones, respectively, reflecting the lateral to medial gradient in Q previously 
recognized in vivo. The effect of octanol was to increase Q laterally by about 20% 
but there was only a minor advance of Q induced medially. These findings suggest 
that gap junctions exert a developmentally regulated mitogenic effect upon the 
murine neocortical proliferative epithelium. Supported by NIH grants NS12005 and 
NS32657.

115.5
PACAP SIGNALING IN VIVO REGULATES CEREBRAL CORTEX 
NEUROGENESIS J. Suh*, N. Lu and E. DiCicco-Bloom. Graduate Program in 
Physiology and Neurobiology, Rutgers University and UMDNJ/Robert Wood 
Johnson Medical School, Piscataway, NJ 08854.

The generation of neurons during cerebral cortex development is regulated 
primarily by two dynamic mechanisms; 1) proliferation of neuronal precursors, 
and 2) cell cycle withdrawal (Caviness et al ' 95). Although mitogens controlling 
proliferation have been identified, little is known about factors regulating exit 
from the cell cycle. We previously found that pituitary adenylate cyclase 
activating polypeptide (PACAP) and PACAP receptor mRNA and protein are 
expressed in the embryonic cortex. PACAP and the downstream second 
messenger, cAMP, inhibited DNA synthesis and cell proliferation, and enhanced 
neuronal differentiation in cultured cortical precursors. Moreover, since 
antagonists of the PACAP ligand/receptor system increased mitosis and 
proliferation, we proposed that PACAP serves as an autocrine/paracrine mitotic 
inhibitor. To define the role of PACAP in vivo, we microinjected ~l µl of 
vehicle or a solution containing factors through the uterine wall into the cerebral 
ventricles of embryonic day 15.5 rat fetuses and assessed DNA synthesis using 
[3H]thymidine ([3H]dT) incorporation at 5 hrs. PACAP (10-5M) treatment reduced 
[3H]dT incorporation by 23±6 % (P<0.02), suggesting that the factor inhibited 
mitosis, as observed previously in vitro. Similar though more pronounced 
inhibition of [3H]dT incorporation, 34±5 % (P<0.0001), was also observed after 
injection of a cAMP agonist, 8-Br-cAMP (3×10-4 M), suggesting that the cAMP 
pathway is one second messenger system restraining precursor mitosis. 
Conversely, blockade of PACAP receptors using a specific antagonist, PACAP6-38

 (10-4 M), increased [3H]dT incorporation by 19±3 % (P<0.008), suggesting that 
interruption of ongoing PACAP signaling in vivo enhances DNA synthesis. Our 
in vivo studies suggest that PACAP ligand/receptor/cAMP signaling tonically 
restrains precursor mitosis. Consequently, the control of neuron numbers in the 
cerebral cortex may depend on a balance of factors stimulating proliferation and 
signals inducing cell cycle withdrawal, (supported by NIH ROl NS32401)

115.2
RADIAL GLIAL CELLS ARE COUPLED TO NEOCORTICAL 
PRECURSORS BY GAP JUNCTIONS
K. Bittman* and J.J. LoTurco. Department of Physiology and 
Neurobiology, University of Connecticut, Storrs, CT 06269

During neocortical neurogenesis, progenitor cells couple together into 
clusters. Cells uncouple as they become post-mitotic and then migrate 
out of the ventricular zone (VZ) to the cortical plate (CP). Previous 
reports have demonstrated that gap junction proteins, connexins (Cx), are 
found in the developing rodent neocortex. Of the thirteen known rodent 
Cx’s, Cx43, Cx26 and Cx45 protein have been identified in the VZ of 
developing neocortex. Cx43 is known to be expressed by neocortical 
precursors, oligodendrocytes, and astrocytes and has been suggested to 
participate in cell migration. Precursor cells as well as some post-mitotic 
neurons express Cx26. In this study we used confocal microscopy and 
double fluorescence immunohistochemistry with antibodies to connexins 
and a marker to radial glial cells, RC2. We demonstrate that both Cx26 
and Cx43 are expressed on RC2 positive cells. In dissociated cell 
culture approximately 50% of RC2 positive cells express Cx26, and 
nearly 70% of RC2 cells express Cx43. In addition, dye transfer 
experiments combined with immunohistochemistry for radial glial cell 
markers indicate functional coupling between clusters of VZ cells and 
radial glial cells. These results show that neural precursors prior to there 
migration out of the VZ interact directly with radial glial cells through 
gap junction channels.

Supported by NIH grant MH56524 to J.J.L., the Klingenstein 
fund to J. J.L. and in part by research grant HD20806, NIH.

115.4
DISTINCT ULTRASTRUCTRUAL LOCALIZATION OF GABAa RECEPTOR 
SUBUNITS IN MITOTICALLY ACTIVE NEURAL PRECURSOR CELLS OF 
THE MONKEY CEREBRAL VENTRICULAR ZONE. F. Wang*, P. Rakic, M.L. 
Schwartz. Section of Neurobiology, Yale Medical School, New Haven, CT 06510

GABA has been implicated in the regulation of cell proliferation via GABAA 
receptors during corticogenesis, but it is unclear whether GABA acts directly on 
precursor cells or secondarily through more differentiated cells within the proliferative 
zone. To assess these possibilities we examined the distribution of GABAA receptor 
subunits at the ultrastructural level using two antibodies, E9 and 62-3G1, specific for 
α and β  subunits, respectively. The ventricular zone of the fetal monkey cerebrum 
was examined during the peak of neurogenesis between embryonic (E) ages E55 and 
E75. We observed strong immunolabeling of E9 antibody in numerous cells 
throughout the ventricular zone, whereas 62-3G1 immunoreactivity was present in 
only a subset of cells near the ventricular surface. At the ultrastructure level, many 
immuno-possitive cells for both subunits were localized at the ventricular surface. 
Some exhibited clearly condensed chromatin, characteristic of cells during M-phase, 
including pro-, ana- and telo-phases. Both α and β2/3 subunits could be detected on the 
plasma membrane and cytoplasm of M-phase cells, but the ultrastructural distribution 
of the subunits was quite distinct. Plasma membranes exhibiting β2/3 immuno
reactivity were usually abutted by membrane structures from adjacent cells. In contrast, 
reaction product for the α subunit was often found on membranes directly contacting 
intercellular spaces and the lateral ventricle, with no apparent attachment to other 
membrane structures. The differential localization of the α and β2/3 subunits in 
cortical neural progenitor cells suggests they may play distinctive roles in allowing 
progenitors to respond to different sources of GABA signal and may exert different 
actions in regulating neurogenesis. [Supported by PO1 NS22807]

115.6
THE ROLE OF THE BASIC HELIX-LOOP-HELIX PROTEINS IN NEURONAL 
DETERMINATION H. El-Bizri & F.D. Miller*, Center for Neuronal Survival, 
Montreal Neurological Institute, McGill University, Montreal, PQ H2A 2B4 

We investigated the role of bHLH proteins, in collaboration with retinoblastoma 
suppressor protein (pRb), in causing committed neurons to exit the cell cycle and to 
induce panneuronal genes. In these experiments, we inappropriately expressed the 
inhibitory bHLH protein Id-2 in neuronal progenitor cells, and examined its effects 
on terminal mitosis and the induction of neuronal phenotype. The experiments were 
performed in primary cultures of E12.5 cortical progenitors. Over five days in 
culture, these progenitors exit the cell cycle and express neuron-specific genes. To 
inappropriately express Id-2 in these cultures, we generated an adenovirus 
overexpressing a myc-tagged-ld-2 from the CMV promoter. Our experiments 
indicated that progenitors in which Id-2 was overexpressed undergo apoptosis 
concomitant with terminal mitosis, and that a coinfection of sister cultures with an 
adenovirus overexpressing pRb resulted in partial rescue from this cell death. In 
another set of experiments, cortical precursors were derived from T α 1 :nLacZ marker 
gene mice, generated in our laboratory, that express β-galactosidae panneuronally 
(Gloster et al.. 1994). The reporter gene is induced at the point of commitment to a 
neuronal fate. When these cultures were infected with the Id-2 adenovirus, the level 
of β-galactosidase expression was reduced and was not detected in any of the cells 
that did or were undergoing apoptosis. This finding confirmed that Id-2 
overexpression induced death in these cortical precursors at the time of terminal 
mitosis, and prior to the expression of the early neuronal gene. Finally, when Id-2 
was overexpressed in cultures derived from E16.5 postmitotic cortical neurons, no 
effect on cell survival or morphology was detected. These experiments indicated that 
Id-2 plays an essential role in terminal mitosis and differentiation of cortical neurons 
and this role is partially due to its inhibitory interaction with pRb.
Supported by grants from MRC (FDM) and an NSERC fellowship (HEB)
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115.7 115.8
BMP'S PROMOTE NEUROGENESIS IN DEVELOPING NEORCORTEX.
W. Li*, J. J. LoTurco. Department of Physiology and Neurobiology, 
University of Connecticut, Storrs, CT 06269.
BMPs play important roles in many aspects of embryonic development. We 

have studied the role of BMPs in the process of neurogenesis of embryonic 
cortex. BMPs rapidly promote neuronal differentiation of neocortical 
precursors both in dissociated cell culture, and in explant cultures. In cultures 
of dissociated neocortical neuroepithelial cells, BMPs increase the number 
of MAP-2 positive cells within 24 hours of treatment, and in explant 
cultures, BMP-4 induces increased expression of the early neuronal marker 
TUJ1 within the ventricular zone. In addition to promoting differentiation, 
BMPs also reduce the number of neocortical precursors that re-enter the cell 
cycle. A replication incompetent retrovirus containing a truncated, dominant 
negative, BMP type I receptor was used to block endogenous BMP signaling 
in neocortical precursors. This virus inhibits neuronal differentiation and 
inhibits their migration out of the ventricular zone. Immunocytochemistry 
with an antibody to BMP-2/4 indicates that BMP protein is present within  
the ventricular zone. Since BMPs have been found to downregulate BF-1 
expression in forebrain development and reduction of BF-1 levels may gate 
the differentiation of neocortical neurons, we also tested the hypothesis 
that BF-1 down-regulation regulates neurogenesis. A replication 
incompetent retrovirus containing mouse BF-1 was used to infect neocortical 
precursors. BF-1, similar to the truncated BMP receptor, inhibits neuronal 
differentiation of precursors and inhibits their migration out of the 
ventricular zone. These results are consistent with the hypothesis th at 
BMPs regulate the generation of neocortical neurons by regulating the 
expression of BF-1 in ventricular zone cells.
Supported by NIH grant MH56524 to J.J.L.

Neurons comprising the multi-layered cerebral cortex are generated sequentially 
from fetal ventricular zone precursor cells. While individual factors regulating 
proliferation and differentiation have been identified, it is likely that multiple signals 
interact to coordinate neurogenesis. We now report that bone morphogenetic 
proteins (BMP-7,-2), regulate rat precursor proliferation, survival and differentiation 
differentially, as a function of bFGF exposure.

Cultures of dissociated E13.5 precursor cells were incubated for 24h in defined 
medium containing BMP in the absence and presence of bFGF. Proliferation was 
assessed by incorporation of [3H]thymidine (3HdT) and BrdU, and cell counting. 
3HdT incorporation was increased 2-fold by BMP, 5-fold by bFGF and 6-fold by 
combined BMP+bFGF, indicating that individual factors elicited mitogenic effects 
that were partially additive. Increased 3HdT incorporation reflected increased cells in 
mitotic S-phase, defined by BrdU nuclear labeling (Con=39±l%, 
BMP+bFGF=55±3%, p<0.001), as well as increased cell number at 24h.

To assess differentiation, we estimated process-bearing cells at 24h. In contrast to 
mitogenic effects, individual factors failed to elicit process outgrowth 
(BMP=bFGF=Con~4%). On the other hand, in the presence of BMP+bFGF, 15% 
of precursors bore processes. Thus factors differentially effect proliferation and 
differentiation.

Potentially, increased process outgrowth depends on enhanced survival of a specific 
subpopulation. To examine possible survival promotion, cells were cultured for 24h 
without factors, allowing factor-dependent cells to die. Nonetheless, combined 
factors still elicited process outgrowth when added from 24-48h, without altering cell 
number, suggesting that process outgrowth does not depend on survival 
mechanisms. Moreover, combined factors, in fact, stimulated neurite outgrowth, as 
>95% of process bearing cells were MAP2 and NSE positive.

In summary, BMP and bFGF individually increase mitosis in neuronal precursors 
while combined factors enhance process outgrowth and survival in independent 
subpopulations. Thus, BMPs play multiple roles in mitosis, survival and 
differentiation depending upon the embryonic micro-environment.
(†was a HHMI medical student research training fellow)

115.9

ACTIV ATED  N O T C H 1 A F F E C T S  R E G IO N A L  F A T E  
AND T H E  D E C IS IO N  B E T W E E N  N E U R O N  A N D  G L IA  
FO RM ATIO N  D U R IN G  M A M M A L IA N  F O R E B R A IN  
D EV ELO PM EN T Y. Peng, H. N guyen, J.S. N ye* Molec. 
Pharmacol, and Pediatrics. Northwestern Univ. Med. School, 
Chicago, IL 60611

Notch signals have been found to inhibit neurogenesis in fruit fly , 
xenopus embryos and the mammalian retina, and are thought to 
regulate the number o f cells which choose a primary neuronal fate. 
In order to explore Notch function during later decisions in 
mammalian telencephalon neurogenesis, w e infected ventricular 
zone cells o f E 14.5 mice with retroviral vectors that deliver the 
intracellular domain o f Notch (activated Notch 1-IC) along with a 
tau-beta -galactosidase fusion protein. We then followed the ultimate 
fate o f the infected cells and their progeny. Activated Notch1 can 
inhibit ventricular precursor cells from migrating out o f ventricular 
zone and differentiating into cortical neurons early in neurogenesis. 
Development o f precursors to maturity (P21) following infection 
with activated Notch1 at E14.5 results in a marked reduction in 
numbers o f progeny in the olfactory bulb, with an increase in 
descendants in the hippocampus. Additionally, a substantially 
higher percentage o f progeny cells which are derived from activated 
Notch1 retrovirus-infected precursors exhibit a glial phenotype and 
are found in the white matter. These cells were identified using 
double immunostaining with markers for neurons, astrocytes, and 
oligodendrocytes along with beta-galactosidase. These data suggest 
that Notch signals may play a key role in determining the ultimate 
regional fate and neuron-glia decision o f cortical precursors. 
(Supported by HHMI Resources Award and NIH N S35566).

115.11

DOES FIBROBLAST GROWTH FACTOR SIGNALING GOVERN 
NEUROGENESIS IN VIVO?
R.Raballo1* , D.Coffin3, LS.Rhee1, M .L.Schwartz2 and F.M. V accarino1,2. 
1Child Study Center and 2Section of Neurobiology, Yale University School 
of Medicine, New Haven, CT 06520: 3M cLaughlin Research Institute, 
Great Falls, MT 59405.

Little is known about the role of FGF2 and congeners in regulating 
neurogenesis in vivo. We have previously reported that the microinjection 
of FGF2 into the lateral ventricle of E l 5.5 rat embryos increases the 
volume and total cell number of the cerebral cortex by promoting the 
division of neuronal progenitor cells. In situ hybridization revealed a 
strong expression of FGF2 and FGFR1 mRNAs in the germinal epithelium 
of the dorsal telencephalon at the beginning of neurogenesis. FGF2 and 
FGFR1 mRNAs are progressively down-regulated in concert with neuronal 
differentiation, suggesting that a decrease in FGF signaling may allow 
neuroblasts to become post-mitotic. In order to establish the role o f 
endogenous FGF2 in cortical development, the brain of FGF2 knock-out 
mice has been analyzed using stereological morphometric methods. 
Preliminary results suggest a 14% decrease in the volume of the cerebral 
cortex. Similar results have been obtained by microinjecting a neutralizing 
antibody to FGF2 into the lateral ventricle of rat embryos during 
neurogenesis. Taken together, these data suggest that FGF2 may function 
as a regulator of cortical neurogenesis but also that other factors cooperate 
with FGF2. This possibility will be examined by investigating the pattern 
of expression and the in vivo action of other ligands of the FGF family. 
The characterization of transgenic mice carrying a dominant negative 
mutant FGFR1 will allow us to test the biological role of the FGF system in 
the regulation of neurogenesis.
Supported by the NSF #IBN -9514283 and NIH #NS22807 and #NS35476.

115.10
Exploring the role of FGF signaling in CNS progenitor cells using a Cre/lox 
transgenic mouse system. Jean M. Hébert and Susan K. McConnell. *

The effects of signaling molecules on neural progenitor cells have been explored 
primarily in culture. To complement this approach, we have engineered transgenic 
mice that enable the conditional expression of a gene of interest in rostral regions of the 
developing CNS. In this system, expression of the gene of interest-is dependent on 
Cre-mediated DNA recombination of upstream lox sites. The 'activatable' gene and the 
Cre gene are carried in separate mouse lines. Expression of the gene of interest occurs 
only in the progeny of a cross between the two lines. Tissue specificity of expression 
is achieved by 1) using tissue specific regulatory sequences to drive expression of the 
gene of interest and 2) restricting the expression domain of the Cre recombinase.

To direct the expression of Cre to the rostral CNS, and in particular to the 
telencephalon, the Cre open reading frame has been targeted to an endogenous gene 
locus, the Brain Factor 1 (BFl) locus. In situ hybridization analysis of mice carrying 
the BF1-Cre gene indicate that Cre expression matches the telencephalon-specific 
expression pattern of BF1. Furthermore, when the BF1-Cre mice are crossed to mice 
carrying lox sites, Cre recombination in embryos occurs primarily in the developing 
telencephalon, although recombination in other tissues increases with developmental 
age. Thus this mouse line will be useful in addressing the function of a variety of 
genes in telencephalic development.

We are using these mice to investigate the role of FGF signaling in the 
development of the telencephalon. Previous studies have shown that FGFs stimulate 
the proliferation of neural progenitor cells in culture. In situ hybridization reveals that 
progenitors express FGF receptors (FGFRs) 1, 2, and 3 (but not 4) throughout neural 
development. These findings suggest that FGF signaling is required for the 
proliferation of neural progenitors during development. This hypothesis will be tested 
in vivo by generating mice in which FGF signaling is disrupted in a Cre-dependent 
manner. [JMH supported by MRC of Canada Fellowship, SKM supported by NIH, 
March of Dimes, and McKnight Foundation]

115.12
LINEAGE AND NON-LINEAGE SPECIFIC EFFECTS OF 
FIBROBLAST GROWTH FACTOR (FGF2) ON PROGENITOR CELLS 
IN THE DEVELOPING CEREBRAL CORTEX J.S. Rhee1, R. Raballo1,
M.S. Schwartz2 and F.M. V accarino1,2* . Child Study Center1 and Section 
of Neurobiology2, Yale University School of Medicine, New Haven, CT 
06520.

Genetic and microenvironmental factors control the proliferation and 
differentiation of precursors into different CNS lineages. One of the 
candidates is Fibroblast Growth Factor 2 (FGF2). We have previously 
shown that microinjection of FGF2 into the lateral ventricles at E 15.5 
increased the surface area and total cell number of the cerebral cortex 
(Vaccarino et ah, in press). The over 80% increase in total cell number 
induced by FGF2 is due to an increase in neurons, suggesting a 
preferential effect of FGF2 on the neuronal lineage in the developing 
cerebral cortex. This increase is permanent, since it persists in adult rats 
microinjected with FGF2 during embryogenesis. Immunocytochemical 
analyses have shown that FGF2 induces an approximate two-fold increase 
in both glutamate- and GABA-containing neurons compared to vehicle- 
injected controls. These increases were not confined to any cortical layer 
but were generalized throughout the entire cortical mantle. These data 
indicate that FGF2 does not restrict its actions to either the glutamate or 
the GABA lineage in vivo. Thus, FGF2 may target multipotential 
neuronal progenitor cells of the cerebral cortex, before their commitment 
into different neuronal lineages. Alternatively, FGF2 may increase cell 
divisions of both glutamate- and GABA-restricted progenitors. To 
differentiate among these possibilities, the action of FGF2 at early and 
late stages of neurogenesis is being investigated in conjunction with a 
lineage tracer. To confirm the lack of effect of FGF2 on glial cell 
lineages, the in vivo action of FGF2 during stages of peak gliogenesis 
(E20.5) will be further examined. Supported by NSF #IBN-9514283.
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BMP IS A MULTIFUNCTIONAL REGULATOR OF CEREBRAL 
CORTICAL DEVELOPMENT C.A.Gerhardt†, S.Elkabes*, E.DiCicco-Bloom. 
Dept. Neurosci. & Cell Biol. UMDNJ/Robert Wood Johnson Med. Sch., 
Piscatawav NJ.
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115.13
A FACTOR PRESENT IN CELLS OF THE CAUDAL CEREBRAL 
WALL PROMOTES THE SURVIVAL OF NEURONS IN ROSTRAL 
CORTICAL REGIONS. S. A. A li, B. Nadarajah and J. G. Parnavelas 
(SPON: ENA) Dept. Anatomy and Devel. Biol., University College 
London, London W C 1E 6BT, U.K.

The ventricular zone (VZ) of the developing cerebral cortex is 
composed of neuroepithelial cells that are similar in appearance. Here, 
we tested the hypothesis that there are differences in the survival and 
growth of cells in the VZ destined for different areas of the cortex. We 
have prepared separate dissociated cell cultures from caudal and rostral 
regions of the cerebral wall of rat embryos at different stages of 
corticogenesis (E 14-E 19). We have analysed the survival and extent of 
cell death using an MTT assay and TUNEL histochemistry, respectively. 
We found that cultures prepared from rostral regions showed shorter 
survival and significantly more cell death than cells derived from caudal 
regions. The extent of survival and cell death was related to the age of 
the rats from which the cultures were prepared. However, when we 
cultured cells from rostral regions together with cells taken from caudal 
areas, we found that the former survived for significantly longer periods. 
A similar result was obtained when separate coverslips of cells taken 
from the two regions were cultured in the same well. These observations 
suggest that a diffusible factor derived from cells in the caudal region 
promotes the survival of cells in the rostral cerebral wall, and argues for 
the heterogeneous nature of the VZ.

115.15
THE MEDIAL GANGLIONIC EMINENCE IS A SOURCE OF THE EARLY 
NEURONS OF THE DEVELOPING CEREBRAL CORTEX. A. A. Lavdas,1 M. 
Grigoriou,2 V. Pachnis 2 and J. G. Parnavelas 1 (SPON: BNA) 1 Dept. Anatomy & 
Dev. Biol., University College London, London WCIE 6BT, UK. and 2 National 
Institute for Medical Research, Mill Hill, London NW7 1AA, UK.

It is widely accepted that all neurons of the cerebral cortex arise in the ventricular 
zone (VZ), a layer of neuroepithelial cells lining the telencephalic ventricles. 
However, recent studies (Anderson et al., 1997) have shown that a subpopulation of 
cortical neurons are generated in the lateral ganglionic eminence. Here, we used in 
situ hybridization and immunohistochemistry to study the expression of the novel LIM 
homeobox gene lhx-6 (Grigoriou et al., 1998) in rats and mice at different stages of 
corticogenesis. We found that labelling for the gene and the transcription regulating 
protein first appeared in the medial ganglionic eminence (MGE; the pallidal 
primordium) and subsequently extended into the cortical primordium, first in the 
marginal zone (MZ) and later in the subplate. No staining was found in the VZ of 
either the MGE or the developing cortex. To test whether this staining pattern is 
indicative of a migratory route, we placed crystals of Dil in the MGE of slices of 
embryonic rat brains cultured between the stages of E14 and E19. When examined 
after 2 days in vitro, slices were found to contain labelled cells that had migrated 
away from the site of the crystal insertion into the developing cortex. In E14 slices, 
cells showing morphologies typical of Cajal-Retzius cells were found in the MZ, 
whereas in cultures prepared at later stages labelled cells were also found in the 
subplate. These findings suggest that the MGE is a source of the early neurons of the 
developing cortex that have been shown to regulate neuronal migration, laminar 
formation and the establishment of connections.

Anderson et al. (1997) Science 278: 474-476 
Grigoriou et al. (1998) Development (in press)

115.17
INFRAGRANULAR VERSUS GRANULAR/SUPRAGRANULAR LAYER 
SEPARATION IS NOT MODIFIED BY CELL DEATH. T. Takahashi1, 2* ,
T. Goto 1,2 and V.S. Caviness. Jr.1 1Department of Neurology, Massachusetts 
General Hospital, Harvard Medical School, Boston, MA 02114, 2Department of 
Pediatrics, Keio University School of Medicine, Tokyo 160, Japan.

The neurons of corresponding layers of the lateral region of the neocortex arise 
earlier than those formed dorsomedially. In mouse it has been determined that either 
dorsomedially or laterally the full set of neocortical neurons arises in the course of 11 
cell cycles and cohorts of neurons formed through the early to late sequence of cell 
cycles are distributed in deep to superficial laminar order neurons of the infragranular 
layers (V-VI) arise from cycles 1-8 whereas those of the granular (TV) and 
supragranular layers (II-III) arise from cycles 9-11 (Takahashi et al. 1996 Neurosci 
abstr). An analysis conducted at postnatal day (P) 22, that is after histogenetic cell 
death is complete, established that neurons arising in corresponding cycles have the 
same laminar distribution in both regions with substantial overlap within the 
infragranular layers and also within granular-supragranular layers. However, there is 
dramatic separation of neurons bom from cycles 1-8 and those bom from cycles 9-11 
at the boundary between infragranular and granular/ supragranular layers.

Here we consider whether or not this same separation exists at PO before 
substantial number of neurons become eliminated by histogenetic cell death. At issue 
is whether the separation observed at P22 is a happenstance of a systematic bias in 
the laminar distribution of cell death as opposed to some more fundamental 
distinction in the histogenetic origin of infragranular and more superficial layers. 
Cohorts of neurons arising over a 2 hr interval of cycle 8 and of cycle 9 were marked 
by a double S-phase labeling (tritiated thymidine and bromodeoxyuridine) method 
(Takahashi et al., 1996, PNAS). Both in the dorsomedial and lateral regions, 
regardless whether before (at PO) or after (at P22) cell death, there is sharp segregation 
of cohorts arising from cycle 8 to infragranular layers and those arising from cycle 9 
to more superficial layers. Thus, neuronogenesis with respect to infragranular layers 
appears to run its course completely before that concerned with granular-supragranular 
layers is initiated. Supported by NIH grant NS12005.

115.14
THE ORIGIN OF THE SECONDARY PROLIFERATING POPULATION 
(SPP) IN THE SVZ: ANALYSIS OF NUCLEAR MOVEMENTS ACROSS 
THE VZ/SVZ BORDER IN DEVELOPING MOUSE NEOCORTEX. L  
W ang, N.L. Hayes and R.S. Nowakowski*, Dept. o f Neuroscience and Cell 
Biol., UMDNJ-Robert W ood Johnson Medical Center, Piscataway, NJ 
08854.

The fate o f the proliferating cells in the subventricular zone (SVZ) of 
mouse neocortex has been extensively investigated, however, little is 
known about the origin of these cells. To investigate this question double 
labeling using bromodeoxyuridine (BUdR) and tritiated thymidine (3H-TdR) 
was used. Either BUdR or 3H-thymidine was injected into E14 mice 
(Charles River) and the other m arker was injected subsequently after an 
interinjection interval ranging from 0.5 to 3 hours. After an additional 0.5 
hours, the fetuses were harvested and fixed in 4% paraformaldehyde. The 
fetal brain was then embedded in paraplast and sectioned at 4 µm. The 
sections were processed immunohistochemically and autoradiographically. 
The proportions of singly and doubly labeled cells were then assessed 
separately fo r the VZ and SVZ. In both areas the proportions of nuclei 
labeled with the first m arker (indicating nuclei leaving S between the 2 
injections) increased approximately linearly indicating little or no net 
movement o f nuclei during G2 and M. Similarly, the proportions of nuclei 
labeled only with the second m arker (indicating nuclei entering S between 
the 2 injections) also increased approximately linearly indicating little or no 
net m ovem ent o f nuclei during the first half of S. Additional interinjection 
intervals are now being used to assess net nuclear movements during the 
other phases of the cell cycle. (Supported by grants from  NIH (NS33443) 
and NASA (NAG 2-950).)

115.16
CELL GENERATION AND MIGRATION IN HAMSTER VISUAL CORTEX: A 
BRDU STUDY. D.M .Chari*, I.D.Thompson and A .L .Sm ith. University 
Laboratory of Physiology, Parks Road, Oxford OX1 3PT, U.K.

This study was undertaken to determine the birthdates and migration times 
of cells destined to form visual cortex in the Syrian hamster. Cycling cells 
were labelled in S-phase by intraperitoneal injection of 5-bromo-2'- 
deoxyuridine (BrdU, 5mg/ml in sterile saline) into pregnant hamsters between 
embryonic days 10 and 15 (E10 to E15, birth is at E16) or into neonatal 
hamster pups. Labelled cells were visualized immunocytochemically in either 
adult animals ( > 6  weeks) or neonates using a monoclonal antibody directed 
to BrdU. Investigation of adult animals reveals that layers 5 and 6 are mainly 
generated on E11 and E12, w ith no neurons destined for layer 4 being 
labelled until E13. Neurogenesis appears to peak at E14, w ith dense labelling 
of cells in layers 2/3, 4 and 5. Cells in layers 2/3 and 4 continue to be 
generated until the day of birth (E16). A few  cells in layer 1 were labelled on 
every day throughout the period of study. These results broadly parallel 
those of an earlier autoradiographic study in the hamster.1 We have also 
used BrdU labelling to study the migration pattern of newborn cortical cells. 
Following BrdU injection at E15, the positions of labelled cells were traced 
for 8 consecutive days in litter mates. We find that cells take up to 7 days 
to reach their destinations in cortex, almost tw ice as long as previously 
reported.1 We also observe labelled cells in the ventricular neuroepithelium 
which appear not to migrate at all during the period studied. A m inority of 
BrdU + ve cells in neonatal layer 1 can be double-labelled 
immunocytochemically for GFAP, indicating that they are astrocytes. 
1Crossland, W .J. and C.J.Uchwat (1982) Brain Research 281:99-103. 
Supported by The Wellcome Trust, UK (045508/Z/95). DCM is a British 
Council Felix Scholar.

115.18
NEURONAL VERSUS GLIAL CELL FATE IN THE DEVELOPING 
MOUSE NEOCORTEX T.E.Levers, J.M.Edgar & D.J.Price*. Dept. of 
Physiol., Univ. Med. Sch.,Univ. of Edinburgh, Edinburgh, EH8 9AG, U.K.

The mammalian neocortex develops from a sheet of undifferentiated 
precursor cells. Both neurones and glial arise from this proliferative 
population. During neurogenesis, neuronal precursors proliferate in the 
ventricular zone and migrate out to form the primordial plexiform layer and the 
cortical plate (future neocortex). As neurogenesis declines, a second wave of 
cytogenesis occurs in the subventricular zone. This gives rise to the glial 
precursors which will later differentiate into mature astrocytes and 
oligodendrocytes of the cortex and underlying cortical wall. The process of 
neurogenesis is well characterised whereas the timing and location of glial cell 
types are not well understood

We followed the fate of 3 different populations of cells bom at the end of 
neurogenesis beginning of gliogenesis (E18, E19 and E20/P0) by using 5- 
bromo-2-deoxyuridine (Brd-U) as a marker for proliferating cells. Our data 
suggest that cells labelled on E18 give rise to both neuronal and glial 
precursors whereas cells labelled on E19/E20 give rise solely to glial 
precursors. Furthermore double labelling experiments with glial fibrillary 
acidic protein (GFAP) show that E19 labelled cells do not differentiate into 
GFAP positive astrocytes whereas a small number of E20 labelled cells do 
differentiate into GFAP positive astrocytes.

To begin to elucidate the factors (extrinsic and/or intrinsic) that determine 
neuronal versus glial cell fate, we will transplant such cells into an 
environment in which neurogenesis predominates.

This work was funded by the Wellcome Trust and the MRC
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115.19
DEVELOPMENTAL EXPRESSION OF VOLTAGE-GATED ION CHANNELS 
IN THE EMBRYONIC MOUSE NEOCORTEX. H.L. Picken Bahrey, M.M. 
Bosma*, and W.J. Moody. Department of Zoology, University of Washington, 
Seattle, WA 98195.
At least three cell types are present in the ventricular zone (VZ) of the embryonic 
day 14 mouse neocortex: proliferating neuroblasts, presumptive neurons that have 
exited the cell cycle and begun migration, and radial glial cells. The whole cell 
patch clamp technique and concurrent fills with either neurobiotin or a 3,000 MW 
biotin dextran were used to investigate the degree of dye coupling and electrical 
coupling in these cells. These techniques also allowed us to identify the voltage- 
gated currents present in these cells and to correlate current profiles with the 
morphology of the recorded cell. We found that most cells in the VZ are extensively 
dye coupled, with clusters often including radial glial cells as well as proliferating 
neuroblasts. These cells are not, however, strongly electrically coupled. Treatment 
with octanol dramatically reduced dye-coupling, but had no effect on capacitance 
measurements, input resistance, or current density. Voltage clamp experiments 
showed that the majority of cells in the VZ had delayed outward potassium currents, 
and many also exhibited an inward sodium current that was blocked by bath 
application of TTX. Identified radial glial cells had a higher resting conductance 
than cells lacking processes to the pia.
Supported by NSF SGER grant IBN-97D8656 to WJM and NIH Training Grant 
5T32GM07108 to HLPB.

115.21

EFFECTS OF GRAVITY ON CELL PROLIFERATION AND NEURONAL 
MIGRATION IN THE DEVELOPING CEREBRAL CORTEX. N.L. Hayes and 
R.S. Nowakowski. Dept. o f Neuroscience and Cell Biol., UMDNJ-Robert 
Wood Johnson Medical Center; Piscataway, NJ 08854.

The role of gravity in cell proliferation and neuronal m igration in the 
developing cerebral cortex was evaluated by comparing the brains of fetal 
mice which developed on Earth with com parably staged fetuses that 
experienced between 2 and 5 days of weightlessness on the Neurolab flight 
of the Space Shuttle Columbia. A  total o f 18 ICR mice (Taconic Farms) at 
three gestational stages (E8, E10 and E12) were housed in NASA's Animal 
Enclosure Module (AEM) and placed into orbit on April 17, 1998; 36 
matched controls were maintained at Kennedy Space Center: 18 were 
housed in an AEM, and 18 were housed in standard vivarium  cages. After 
2 days (15 mice) or 5 days (3 mice) dams were injected first with tritiated 
thymidine and then after 2 hours with bromodeoxyuridine; after an 
additional 0.5 hours (for cell proliferation) or 3 days (for neuronal migration) 
fetuses were collected by hysterotomy and fixed by immersion in 4% 
paraformaldehyde. A fte r 3 days at 4°C the tissue was transferred to 70% 
ethanol and returned to storage at 4°C. Earth-bound control specimens 
were treated identically but w ith a 48 or 96 hour delay. Fetuses were then 
photographed and staged before being embedded in paraffin, sectioned at 
4µm, and processed for the immunohistochemical demonstration of 
bromodeoxyuridine and autoradiographic demonstration of tritiated 
thymidine. Sections were counterstained with thionin. Results of gross 
anatomical and histological analyses and prelim inary results from cell 
proliferation and migration analysis will be presented. (Supported by grants 
from NIH (NS33443 and NASA (NAG 2-950).)

115.20
STIM ULATION OF GLIAL FIBRILLARY ACIDIC PROTEIN GENE 
EXPRESSION BY CYCLIC AMP IN NEURAL PRECURSOR CELLS 
DERIVED FROM EMBRYONIC CORTEX. M. Vallejo*, M. M cM anus,
L.-C. Chen, and B. Pérez-Villamil. Reproductive Endocrine Unit, Mass. 
General Hospital, Harvard Medical School, Boston, MA 02114.

In the developing CNS, phenotypic changes that occur as a result of the 
differentiation of neural precursors into neurons and glial cells are triggered 
by neurotrophic factors acting on the cell membrane. As phenotypic 
transitions are a consequence of changes in gene expression, it is likely that 
extracellular neurotrophic factors signal the phosphorylation-dependent 
activation of transcription factors acting on target genes. We have 
investigated whether cAMP-dependent transcriptional transactivation triggers 
differentiation, using conditionally immortalized RC2.E10 neural precursor 
cells derived from the cerebral cortex of E 16 rat embryos. Treatment of 
RC2.E10 cells with 8Br-cAMP (1 mM) or with forskolin (10 µM) resulted in 
a decrease in proliferation accompanied by morphological changes consisting 
of a reduction in cell body size and development of neurite-like processes. 
Immunocytochemical staining and RT-PCR analyses indicated that these 
changes are concomitant with a decrease in nestin expression and an increase 
in GFAP expression. Transfection of an expression vector encoding ICERγI, 
an inhibitor of cAMP-dependent transcription, prevented these differentiative 
changes. Consistent with this result, treatment of RC2.E10 cells with 8Br- 
cAMP resulted in phosphorylation of CREB and induction of the expression 
of Fos-related antigens. In addition, 8Br-cAMP inhibited both basal and 
bFGF-induced phosphorylation of the MAP kinases ERK-1 and ERK-2. 
Finally, cotransfection of GFAP-luciferase reporter genes with an expression 
vector encoding the catalytic subunit of cAMP-dependent protein kinase A 
resulted in activation of the GFAP promoter. These results support the notion 
that cAMP-dependent transcriptional transactivation is a mechanism by 
which neural precursor cells undergo astrocyte differentiation. Supported by 
NIH and Whitehall Foundation.

C ELL D IFFER EN TIA TIO N  AND  M IG R A TIO N  II

116.1

GLIAL CELL G RO W TH  A RREST DEPENDS ON TH E RELATIVE 
LEVELS OF CDK2 AND p27. R. Tikoo*, P. Casaccia-Bonnefil, D.J. 
Osterhout, M.V.Chao, Dept. Mol. Neurobiol. Skirball Inst., NYU Med. 
Ctr., NY, NY 10016.

Cyclin dependent kinase 2 (CDK2) is required for progression 
through the G 1-S phase transition. Cell cycle inhibitors such as p27 
oppose this proliferative action of CDK2. Furthermore, modulation of 
CDK2 and p27 are key regulatory events which are involved in the 
differentiation of glial cells. Previous studies have indicated that CDK2 
activity and protein levels decrease upon oligodendrocyte differentiation, 
while p27 levels increase.

As thyroid hormone has been proposed to be an important 
physiological inducer of oligodendrocyte differentiation in vivo, we have 
examined how this hormone regulates the cell cycle. In the presence of 
PDGF, oligodendrocyte precursors continue to proliferate and express 
abundant levels of CDK4 and CDK2, and low levels o f p27. In the 
presence of PDGF and thyroid hormone, the precursor cells undergo 
growth arrest and differentiation. This process is accompanied by a 
decline in the levels of CDK2 protein, yet the levels of CDK4 and p27 
remain unchanged.

We have further examined whether Schwann cells, the myelinating 
cells of the peripheral nervous system, undergo a similar mechanism of 
cell cycle arrest. We compared proliferating Schwann cells to confluent, 
growth arrested Schwann cells maintained under the same culture 
conditions. In this model, CDK2 protein levels and activity declined in 
growth arrested Schwann cells, while p27 protein levels increased.
CDK4, Cyclin E and Cyclin D1 levels remained unchanged. Together 
these data suggest that the overall balance of positive and negative cell 
cycle signals govern growth arrest during glial development. (Support by 
NINDS K 08-NS01943-02)

116.2

CHARACTERIZATION OF P39, A NEURONAL ACTIVATOR OF CYCLIN- 
DEPENDENT KINASE 5 (CDK5). S. Humbert, P.T. Tsai, D.S. Smith* and
L.-H. Tsai. Department of Pathology, Harvard Medical School and Howard 
Hughes Medical Institute, Boston MA 02115.

p35 was isolated as a brain specific activator of cdk5. Mice lacking 
p35 display improper cortical lamination and fiber tract formation in addition 
to a variety of other more subtle neural defects. cdk5 -/- mice exhibit a 
more severe phenotype in the CNS including defects in cortical and 
hippocampal lamination, cerebellar defoliation and fiber tract formation. 
The discrepancy between the two mutant strains suggests the existence 
of other cdk5 regulators in vivo. p39, one such regulator has beèn found. 
We examined p39’s temporal and spatial expression patterns by in situ 
hybridization and immunostaining and compared them with those of p35. 
These expression studies of p39 reveal that p39 might play distinct role 
from p35. Particularly, a role of p39 in the development of the cerebellum 
and PNS is speculated.

To gain further insight into p39’s role, we performed biochemical 
characterization of this protein. p39 binds to cdk5 to form an active histone 
H1 kinase. Like p35, p39 is an unstable protein with an half life of 20 
minutes. Its degradation is facilitated by cdk5 activation and appears to be 
processed by the ubiquitin-proteasome pathway. Finally, p39 is localized 
to the plasma membrane, another property that is shared with p35. p39 
protein as well as its associated H1 kinase activity are upregulated in p35 - 
/- mice suggesting a compensatory effect of p39 in these animals.
(This research is funded by Howard Hughes Medical Institute and an NIH 
grant).
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116.3
ISOLATION OF PROTEINS THAT INTERACT WITH THE CYCLIN- 
DEPENDENT KINASE 5 (CDK5) ACTIVATOR P39, BY TWO-HYBRID 
SCREENING IN YEAST. A. Backstrom*, S. Humbert and L.-H. Tsai. Dept. of 
Pathology, Harvard Medical School and Howard Hughes Medical Institute. Boston, 
MA 02115.

Cyclin dependent kinase 5 (cdk5) has been shown to play a pivotal role during 
neurogenesis. Two regulatory partners for the cdk5 kinase have been isolated, p35 
and p39 which display different temporal and spatial expression patterns in the 
central (CNS) and peripheral nervous system (PNS). This indicates that the 
cdk5/p39 complex might have a different role from that of cdk5/p35. Evidence that 
this might be the case comes from gene-targeting experiments in mice where the 
corresponding genes for cdk5 and p35 have been eliminated by homologous 
recombination in embryonic stem cells . While the cdk5 -/- mice show more severe 
deficits in the CNS, such as lamination defects in the cortex and hippocampus and 
defoliation in the cerebellum, the p35 -/- mice show a more restricted phenotype 
with laminar defects in the cortex and subtle morphological changes in other CNS 
areas. In our lab, several proteins have been isolated and characterized that influence 
the kinase activity of the cdk5/p35 complex. However, little is known about the 
regulation of the cdk5/p39 complex. We set out to identify potential regulators and 
targets of the cdk5/p39 kinase by the two-hybrid interaction screen method in 
yeast. We have made a cDNA expression library in yeast from mouse postnatal day 
7 to 10 (P7-P10) brain, when the expression of p39 peaks, to enrich for proteins 
that might interact with p39. We are also in the process of characterising candidate 
proteins that are likely to reveal the biological activity of the cdk5/p39 complex. 
(This research is funded by Howard Hughes Medical Institute and an NIH grant, and 
a postdoctoral fellowship from the Wenner-Gren Center foundation to A. 
Backstrom)

116.5
NeuroD/BETA2 IN MITOTIC AND POSTM ITOTIC CELLS 
DURING DEVELOPMENT OF NERVOUS SYSTEM. J.H. Cho, W. 
S. Hwang, S.H. Kim2*, Y.D. Lee, H.Y. Suh. Depts. of Anatomy and 
2Pharmacology, Ajou Univ. Med. Sch.; Suwon 442-749, Korea.

NeuroD and BETA2 is a member of the basic helix-loop-helix 
transcription factor family. It was reported that NeuroD/BETA2 was 
expressed postmitotic neuronal precursor cells which were ready to 
differentiate into neurons, its temporal and spacial expression was 
not clearly determined. Thus, we investigated the expression sites of 
NeuroD/BETA2 in mouse brain during embryonic and postnatal 
period.

Expression of NeuroD/BETA2 was first detected in cerebellum 
anlagen and became high in the whole region of external granular 
layer (EGL) as cells in EGL proliferated during development of 
cerebellar cortex. Granule cells in the internal granular layer (IGL) 
exhibited high expression of NeuroD/BETA2 as granule cells in EGL 
migrated to IGL. To distinguish mitotic cells from postmitotic cells 
in EGL, we used anti-bromodeoxyuridin (BrdU) antibody. BrdU 
immunoreactivity was localized in EGL where NeuroD/BETA2 
mRNA was highly expressed.

Our result indicates that NeuroD/BETA2 is expressed in both 
mitotic neuronal precursor cells and postmitotic differentiating cells. 
This result suggests that NeuroD/BETA2 play important roles not 
only in differentiation and maintenance of neuronal cells but also in 
proliferating neuronal precursor cells of cerebellum.

116.7
DEVELOPMENTAL CHANGES IN THE EXPRESSION OF THE V-1 
PROTEIN IN MURINE BRAIN.
S.-Y. Song * and T. Yamakuni. M itsubishi Kasei Institute of Life 
Sciences, Machida, Tokyo 194-8511, Japan 

V-1 is a 12 kDa soluble protein, 73 % of which is occupied by two and a half 
tandem repeats of the cdc 10/SWI6 motif (alternatively, ankyrin repeats), a motif 
shared by a group of proteins such as Notch, ankyrin and IκB family. Western 
blot analysis revealed more strong V-1 expression in postnatal than in embryonic 
rat brain. Weak to moderate V-1 immunoreactivity was detected in postmitotic 
cells of the various regions of the mouse brain, while not so significant in the 
neuroepithelia nor cells of the germinal layer. During the course of development 
from embryonic to postnatal stage, V-1 immunoreactivity tends to increase and 
becomes to be detected not only in cytosol but also in neuronal processes. In situ 
hybridization histochemical analysis of postnatal rat brain revealed strong V-1 
mRNA expression in the olfactory bulb, cerebral cortex, hippocampus and pontine 
nucleus at birth. During postnatal day 0 -1 4  (PO - P14), V-1 mRNA expression 
transiently increased in some regions, with a peak around P3-7 in the cerebral 
cortex and around P14 in the cerebellar cortex. At P14, V-1 mRNA was widely 
distributed in the brain with the prominent expression in the hippocampus, 
piriform cortex, cerebellum, locus coeruleus. Thereafter the V-1 mRNA 
expression decreased with a lower, but significant expression level maintained 
through the adult stage. The V-1 mRNA expression was strong in a variety of 
neurons of different size and transmitter phenotype, while it was not significant in 
oligodendroglia , nor in astrocytes with an exceptional expression in cerebellar 
Bergmann glia. These results suggest that the V-1 protein is involved in the early 
stage of postmitotic differentiation of various subtypes of neurons.

116.4
CABLES, A NOVEL ADAPTOR PROTEIN WHICH FACILITATES 
TYROSINE PHOSPHORYLATION AND KINASE UP- 
REGULATION OF CDK5 BY C-ABL. L.-H. Tsai*, L. Zukerberg , M. 
Nikolic, and R. Dhavan. Department of Pathology, Harvard Medical School and 
Howard Hughes Medical Institute, Boston MA 02115.

Cyclin dependent kinase 5 (cdk5) is a small protein serine/threonine 
kinase that plays a pivotal role during development of the nervous system. 
When associating with its regulatory subunit p35, the cdk5 kinase is required 
for proper neuronal migration during cortical development. In particular, it 
enables the later born neurons to migrate past their predecessors and allows 
the inside-out packing order of cortical neurons, a process essential for the 
normal lamination pattern of the cerebral cortex. To study the molecular 
pathway mediating the activity of cdk5, we isolated cdk5 interacting proteins. 
Cables is a novel protein that is highly expressed in the CNS during 
development. It directly interacts with cdk5 in the brain lysates and can be 
phosphorylated by the p35/cdk5 kinase. Cables also binds to the non- 
receptor tyrosine kinase c-AbI which results in tyrosine phosphorylation of 
itself. When coexpressed with Cables and c-AbI, cdk5 becomes tyrosine 
phosphorylated by the c-AbI tyrosine kinase in a Cables dependent manner. 
Phosphorylation of cdk5 by c-AbI occurs on the tyrosine 15 residue, a known 
regulatory site for the cdk family of kinases. However, while tyrosine 15 
phosphorylation of the other cdks is inhibitory for their kinase activity, it is 
stimulatory for the p35/cdk5 kinase activity. Endogenous cdk5 tyrosine 
phosphorylation can be readily demonstrated in the brain lysates made from 
embryonic cortices. These data suggest that Cables serves as an adaptor 
which allows cdk5 to be phosphorylated and positively regulated by c-Abl. 
(This research is funded by Howard Hughes Medical Institute and an NIH 
grant).

116.6
IN VITRO EXPOSURE TO LEAD INHIBITS PROLIFERATION AND 
STIMULATES DIFFERENTIATION. A. Hilliard*, T. C rum pton, O. 
Arman, R. Sharan and NH Zawia. D ep t. o f  P h arm aco logy , 
M eharry M edical C ollege, N ashville, TN 3 7 2 0 8 .

W e h a v e  p rev io u s ly  reported  that in vivo ex p o su r e  to lead  
se le c tiv e ly  altered  the ex p ress io n  p rofile  o f  markers 
n o r m a lly  p resen t in  d ifferen tia tin g  brain  ce lls  and  
s t im u la te d  ce lls  to d ifferen tia te in vitro. Furtherm ore, lead  
exp osu re  d ecreased  total D N A  con ten t in  v a r io u s brain  
r e g io n s  exam in ed  and p ro d u ced  a tran sien t su rge  in  R N A  
conten t. To v a lid a te  th ese  a lteration s in  m acrom olecu lar  
sy n th esis , n erve  gro w th  factor (N G F) s tim u la ted  and  
u n stim u la ted  PC 12 ce lls  w ere  cu ltu red  in  th e p resen ce  or 
ab sence o f 0.1 µM  Pb. 3H -th y m id in e  and  3H -u r id in e  uptake  
in to  b oth  D N A  and  R N A  w ere  m easu red . It w a s  observed  
th at 3H - th y m id in e  in c o r p o r a t io n  in to  D N A  w as  
s ig n if ic a n tly  d ecreased  fo llo w in g  Pb ex p o su r e  w h ile  3H- 
u rid in e  u p tak e in to  R N A  w a s  tran sien tly  m o d u la ted . These 
data su g g e st that lead  ex p o su re  m a y  in h ib it cellular  
p roliferation  and lead  to a tran sien t s tim u la tion  of  
t r a n s c r ip t io n a l e v e n t s  w h ic h  m a y  fa v o r  c e llu la r  
d iffer en tia t io n .

116.8
E2F4 EX PRESSION IS SPECIFICALLY  U PREGULATED DURING 
CNS DEVELOPM ENT. S. P. Persengiev and D. L. Kilpatrick*, Dept. of 
Cell. Mol. Physiology, University o f Massachusetts Medical Center, Worcester, 
MA 01655

The decision o f neuroblasts to exit mitosis and terminally differentiate 
is a critical event in the formation and plasticity o f the nervous system. The 
E2F and Rb protein families have been shown to play a critical role in the 
control of transcription during the G1 to S-phase transition. We examined the 
pattern of E2F and Rb regulation in developing rat cortex and cerebellum. 
Expression of E2F1, E2F5 and the E2F-target gene cyclin A was 
downregulated and pRb remained unchanged in rat ceribral cortex between E17 
and P3 when cortical neuroblasts become postmitotic. In contrast, E2F4 and 
p130 protein expression was considerably increased during this period. Similar 
analysis in the developing rat cerebellum revealed a substantial increase in 
E2F4 expression between P5 and P 16. pRb expression also was upregulated 
between P5 and P 12, with phosphorylated pRb predominating in mature 
cerebellum. Expression of E2F2 and p 130 remained unchanged, while E2F1 
and E2F5 proteins were barely detectable. Thus, E2F and Rb family members 
are differentially regulated in a region-specific manner as CNS neuroblasts 
become posmitotic. In particular, upregulation o f E2F4 is generally associated 
with terminal neuronal differentiation. These results, together with the 
demonstrated ability o f E2F4 to promote neuronal differentiation (S.P. 
Persengiev and D.L. Kilpatrick, Soc. for Neurosci. 1997, Abst. 667.6) suggest 
that E2F4 plays a key role in postmitotic neuron formation. (This work was 
supported by NIH grant to D.L.K. DK 36468)
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116.9
NEGATIVE R E G U L A T IO N  O F T H E  M A S H 1 P R O M O T E R  IN  
NEURAL D E V E L O P M E N T . A.L. Meredith and J.E Johnson*, 
Center for Basic Neuroscience, University o f  Texas Southwestern 
Medical Center, Dallas, TX 75235.

In the vertebrate nervous system, regulation o f  gene expression is 
critical for a number of developmental processes. Mash1 is a member o f  
the bHLH family o f transcription factors and is expressed transiently in 
the developing CNS and FNS. A  null mutation in the Mash1 gene 
demonstated its essential role in the formation o f  multiple neural lineages. 
βgal activity in Mash1/lacZ transgenic embryos, which express lacZ 
under the control o f regulatory sequence flanking the Mash1 coding 
region, was compared in the Mash1 +/+ versus % background to 
investigate the possibility o f transcriptional autoregulation. A Mash1/lacZ 
line with 36 kb o f regulatory sequence displays a dramatic upregulation o f  
βgal activity in mutant embryos. Thus in the absence o f  M ash1 protein, 
the Mash1 sequences driving lacZ expression are more active, suggesting 
a role for M ash1, either directly or indirectly, in repressing transcription 
via these sequences. Six independent mouse lines representing 4 different 
Mash1/lacZ transgenes demonstrate that the cis-regulatory sequences 
mediating this upregulation o f  βgal expression are contained within a 1.2 
kb interval. Furthermore, deletion o f  the last 100 bp o f  this sequence 
upregulates βgal expression in the wild type background, indicating the 
presence o f repressor activity in this smaller piece. These findings 
suggest that negative regulation o f  the Mash1/lacZ  transgene in this 
context could be mediated by a silencer element within the last 100 bp o f  
this 1.2 kb. The identity o f  proteins that bind these cis-regulatory 
sequences are currently being pursued in a yeast one-hybrid system in an 
attempt to understand the mechanism o f the negative regulation o f Mash1 
transcription. Additionally, a non cell autonomous negative feedback on 
Mash1 expression may occur via lateral inhibition, analagous to sensory 
organ precursor specification in Drosophila. A  chimeric mouse strategy 
is being used to investigate this possibility and its relevance to M ash1's 
role in neural development. Supported by NIH R01NS32817. JEJ is an 
established investigator of the AHA.

116.11
NEURONAL MIGRATION A N D  A XO N  DEFECTS IN MICE 
DEFICIENT FOR CYCLIN-DEPENDENT KINASE 5. E.C. 
Gilmore1, T. Oshima2, A. G offinet3, A. Kulkarni2, K. Herrup*1,4. 
Dept. o f Neuroscience1 and Neurology4, Case Western Reserve 
Univ. Sch. o f Med. Cleveland, OH 44106. Gene Targeting Res. and 
Core Fac.2, NIDR, NIH, Bethesda, M D 20892. Dept. Human 
Physiol. Fndp.3 Sch. Med. Bruxelles, Belgium.

Cyclin-dependent kinase 5 (Cdk5) has been shown to be intimately 
involved in central nervous system development. Cdk5-deficient 
animals die at or before birth with abnormalities apparent in cerebral 
cortex, cerebellum and other areas. Although in vitro activated Cdk5 
has been shown to phosphorylate a number o f substrates including 
neurofillaments, tau and others, the endogenous protein targets 
responsible for the defects in the cdk5-/- mouse remain unknown. 
Studies of the mutant cerebral cortex show that the first neurons o f the 
cortical plate migrate from ventricular zone normally, separating 
preplate into subplate and marginal zone. Subsequent migrants from 
ventricular zone, however, appear to stall in a position below the 
subplate. D iI injections into thalamus show that many o f the neurons 
that are present between subplate and marginal zone have a pyramidal 
morphology as would be expected o f Layer VI corticothalamic 
neurons. The results suggest a Cdk-5-dependent migration step is 
blocked in the mutants. In vitro migration assays have been 
developed to investigate the reason for these abnormalities.

This work was supported by grants from the NIH (NS20591 to 
KH) and by NIDR, DIR and N IN D S, DIR (AK)

116.13
LEAD INTERFERES WITH CELLULAR DIFFERENTIATION 
THROUGH DIRECT AND INDIRECT INTERACTIONS WITH SP1 . T. 
Crum pton*, A. H illiard, D. Atkin s  ,_ a n d  NH_Z_awia. D ep t. o f  
Pharm acology, M eharry M edical C ollege, N ashville, TN 3 7 2 0 8 .

S tudies h a v e  sh o w n  that in vitro  ex p o su r e  to  lead  (Pb) 
altered the activ ity  o f the z in c  fin ger tran scrip tion  factor SP1 
and d isru p ted  ce llu lar d ifferen tia tion . In an effort to 
u nderstand  the m ech an ism s b y  w h ich  Pb m a y  perturb SP1, 
w e h ave exam in ed  b oth  d irect an d  in d irect m ech an ism s. To 
d eterm ine w h eth er  Pb in teracted  w ith  th e Z n  grou p  o f SP1, 
w e d ia ly z ed  ou t Z n  from  a p u r ified  SP 1 p rote in  and  
sub stitu ted  it w ith  Pb. U sin g  the G el Shift A ssa y , w e  fo u n d  
that the n a tive  p rote in  m ain ta in ed  its D N A -b in d in g  activ ity  
w h ile  the P b -recon stitu ted  o n e  d id  not. A ltern a tively , w e  
stu d ied  the effec t o f PKC in h ib itors o n  N G F -stim u la ted  PC 12  
cells ex p o sed  to Pb. N G F  in d u ces  SP1 activ ity  an d  PKC m ay  
be an  in term ed ia te  in  th is  tran sd u ction -tran scr ip tion  
cou p lin g . W e ob served  that in h ib ition  o f PK C, a ltered  SP 1 
levels  and the activ ity  o f th e SP1-regu la ted , N G F -in d u cib le  
gen e p rod u ct, orn ith in e d ecarb oxy lase . O ur data s u g g e st  that 
Pb m ay  perturb th e d ifferen tia tion  p rocess  b y  in terferin g  
w ith  S P 1 b oth  d irectly  and  in d irectly .

116.10
LOCALIZATION OF CELL CYCLE MOLECULES DURING 
DIFFERENTIATION AND APOPTOSIS IN THE RAT RETINA. 
S.K. Rehen*, L.Fragel-Madeira and R.Linden. Instituto de Biofisica da UFRJ, 
Rio de Janeiro, Brasil, 21949-900. E-mail: rehen@ibccf.biof.ufij.br 

Retinal cells derive from a population of ventricular cells, the nuclei o f which 
migrate back and forth across the neuroblastic layer (NBL) during the cell cycle. 
D-type cyclins are short lived proteins involved in the control o f cell cycle 
progression through the restriction point late in G1. p27 blocks the cell cycle by 
inhibiting active cyclin-CDK complexes. We investigated by immuno- 
cytochemistry the location o f cell cycle molecules during interkinetic 
migration, differentiation and apoptosis in the rat retina. Proliferating cell 
nuclear antigen (PCNA), was found throughout the NBL but not in 
differentiated ganglion cells (RGCs). Cyclin D1 was restricted to within and 
immediately below the S phase stratum, consistent with the G1/S transition in 
this tissue. Unexpectedly, cyclin D1 was also found in the cytoplasm of 
terminally differentiated RGCs and amacrine cells. Apoptosis triggered in RGCs 
by axotomy was accompanied by the expression of PCNA and a decrease in the 
staining for cyclin D 1. Inhibition of protein synthesis rescued RGCs from 
apoptosis, accompanied by the preservation of cyclin D 1 labeling. Blockade of 
protein synthesis induces apoptosis in recent postmitotic cells. These apoptotic 
cells also stained for PCNA. p27 was restricted to quiescent Muller glial cells. 
The results suggest that PCNA is involved in retinal apoptosis. The stratum of 
the NBL labeled with cyclin D 1 may contain extracellular mitogenic factors that 
drive the cells past the restriction point. Besides their classical role in the cell 
cycle, cyclin D 1 may be also related to resistance to apoptosis in post-mitotic 
cells. (CNPq, FINEP, FAPERJ, FUJB-UFRJ, PRONEX-MCT).

116.12
NRP/B, A NOVEL NUCLEAR MATRIX PROTEIN, ASSOCIATES WITH 
p110RB AND IS INVOLVED IN NEURONAL DIFFERENTIATION. T. Kim*, J. 
Lim, S. Ota, S. Raja, H. Avraham and S. Avraham Divisions of Hematology/ 
Oncology, Beth Israel Deaconess Medical Center,Harvard Institutes of Medicine,4 
Blackfan Circle, Boston, MA 02115

The nuclear matrix is defined as the insoluble framework of the nucleus and has 
been implicated in the regulation of gene expression, the cell cycle and nuclear 
structural integrity via linkage to intermediate filaments of the cytoskeleton. We 
have discovered a novel nuclear matrix protein, NRP/B (nuclear restricted 
protein/brain), which contains two major structural elements:a BTB domain-like 
structure in the predicted N-terminus, and a "kelch motif" in the predicted C- 
terminal domain. NRP/B mRNA (5.5 kb) is predominantly expressed in human 
fetal and adult brain with minor expression in kidney and pancreas. During mouse 
embryogenesis, NRP/B mRNA expression is upregulated in the nervous system. 
The NRP/B protein is expressed in rat primary hippocampal neurons, but not in 
primary astrocytes. NRP/B expression was upregulated during neuronal 
differentiation. Overexpression of NRP/B augmented neuronal process formation. 
Treatment with antisense NRP/B oligodeoxynucleotides inhibited the neurite 
development of rat primary hippocampal neurons as well as the neuronal process 
formation during neuronal differentiation of PC-12 cells. Since the 
hypophosphorylated form of retinoblastoma protein (p110RB) is found to be 
associated with the nuclear matrix and overexpression of p 110RB induces neuronal 
differentiation, we investigated whether NRP/B is associated with p110RB. Both in 
vivo and in vitro experiments demonstrate that NRP/B can be phosphorylated and 
bind to the functionally active hypophosphorylated form of the p110RB during 
neuronal differentiation of SH-SY5Y neuroblastoma cells induced by retinoic acid. 
Our studies indicate that NRP/B is a novel nuclear matrix protein specifically 
expressed in primary neurons, it interacts with p 110RB and participates in the 
regulation of neuronal process formation.

116.14
Clues to LIS1 protein function: differential cytoskeletal co-localization in neurons 
and glia, and rescue of LIS-deficient migration phenotype by PAF in vitro.
R. McNeil1,G.J.Bix5,T.Wynshaw-Boris2,M. Mizuguchi3,J.W.Swann1,5,G.D. Clark1,4,5*. 
Depts. of Pediatrics1, Neurology4, & Neuroscience5, Baylor College of Medicine., 
Houston, TX 77030; National Human Genome Res. Inst., NIH; Bethesda, MD 20892; 
3Dept. of Pediatrics, Jichi Med. Sch.; Tochigi, Japan 329-04 

The defects in cortical lamination observed in cases of Miller-Dieker Lissencephaly 
(MDL) arise from hemizygous deletions or mutations of the LIS1 gene, and suggest an 
impairment of neuronal migration during brain development. The LIS1-encoded 
protein is a 45 kDa molecule known to function as a β- regulatory subunit of platelet- 
activating factor acetylhydrolase (hence termed βLISl), and has also been reported to 
function as a microtubule-associated protein (MAP) involved in microtubule (MT) 
stabilization.1 To better characterize the cytoskeletal arrangement of βLIS1, we 
performed double labeling with fluorescent probes for βLIS1, actin and microtubules in 
dissociated rat hippocampal cultures. Observations revealed a differential cytoskeletal 
co-localization of βLIS1 in neurons and glia. The pattern of βLIS1 staining in neurons 
indicated a cytoskeletal association with MTs, supporting a MAP-like function for 
βLIS1. However, βLIS1 labeling in glia revealed a predominate association with actin 
filaments, particularly stress fiber formations, suggesting that in glia βLIS1 may 
function as or interact with an actin-binding protein, such as spectrin.2 In addition, 
βLIS1-deficient neurons in cultured cerebellar reaggregate clusters displayed an 
impaired migrational phenotype that was rescued by exposure to a platelet-activating 
factor (PAF) analogue, suggesting that PAF-βLlS1 interaction regulates neuronal 
migration. These observations indicate that βLIS1 may possess different functions in 
neurons and glia, and that βL1S1 regulation of neuronal migration involves an interaction 
with PAF. (Supported by NIH NINDS NS 37146 & Epilepsy Foundation of America.) 
1Sapir T, Elbaum M, Reiner O (1998) EMBO J. 16(23):6977-84
2Wang DS, Shaw R, Hattori M, Arai H, Inoue K, Shaw G(1995)Biochem Biophys Res Comm 209(2):622-29
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116.15
IM M UNOLABELLING OF SPLICEOSOMES IN THE HUM AN  
FETAL BRAIN. N. U lfig ,1* M. Setzer1 and V. Briese2. 1Dept. o f  
Anatomy, 2Dept. o f  G ynaecology and Obstetrics, Univ. o f  Rostock, 
18055 Rostock, Germany.

Splicing o f  pre-mRNA takes place in nuclear spliceosom es which 
consist - among others - o f  splicing factors, such as SC35. This study 
aims at determining the intranuclear distribution o f  SC35-immuno- 
reactive (ir) structures in human fetal CNS tissue in vivo and in vitro. In 
the allocortical entorhinal region showing a precocious development o f  
cytoarchitecture the number, size and distribution o f  SC35-ir speckles 
varies considerably between the laminae in the fifth gestational month. 
In the globus pallidus coarse nuclear speckles are found in a subset o f  
neurons, whereas in the putamen small speckles in high packing density 
are seen in the bulk o f  neurons. A  moderate number o f  glial cells 
evenly distributed within the white matter exhibit SC35-ir speckles. 
Cultured human astrocytes reveal numerous speckles occupying a large 
portion o f  the nucleoplasm; no subpopulations o f  astrocytes can be 
distinguished. The results show that neuronal SC35-ir speckles show  
lamina- and area-specific characteristics in vivo which enable one to 
define architectonic borders in the immunosections. The appearance o f  
specific labelling o f  speckles may reflect neuronal differentiation at the 
pre-translational level. The in vitro finding indicates that anti-SC35 can 
w ell be used as a tool to study possible alterations o f  the morphology o f  
spliceosom es after, for example, the application o f  growth factors.

A X O N  G U IDA N CE M EC H A N ISM S AND PATHWAYS: A DH ESIO N  M O LECU LES A ND  O TH ER  G R O W TH  SUBSTRATES

117.2117.1
DEVELOPMENT OF THE CORTICOSPINAL TRACT IN L1 MUTANT MICE.
N.R. Cohen1*, N.K. Mather1, H. Yeomans2, A.J. Furley2 and J.S.H. Taylor1.
Dept of Human Anatomy, University of Oxford. 0 X 1 3QX. 2 Krebs Institute, University 
of Sheffield. SN10 2TN

The corticospinal tract has been shown to be abnormal in adult mice with a null 
mutation of the adhesion molecule L1 The deficit is seen at the level of the corticospinal 
decussation where there is an apparent random segregation of corticospinal axons to 
both the ipsilateral and contralateral sides of the brain. To determine whether this 
abnormality is a consequence of abnormal pathfinding or of secondary fasciculation by 
late growing corticospinal axons we have used HRP tracing in neonatal mutant mice to 
examine the course of the developing corticospinal axons.

In contrast to control mice in which axons have grown into the spinal cord by the day 
of birth, in three mice there were no axons at the decussation, but evidence for growth 
cones of the leading wave of corticospinal axon in the pyramid. In all other cases from 
P1 through to P7 (n=12) a spectrum of abnormalities was seen which fit closely to the 
range of defects found in the adult, including bilateral projections to the dorsal columns, 
and a complete U turn by axons entering the contralateral pyramid and growing rostrally. 
In vivo and in vitro both the corticospinal axons and dorsal column cell axons express 
L 1 at an equivalent time of development of the decussation. In vitro cortical axons 
reliably show fasciculation with dorsal column axons.

We conclude that the L1 mutation causes a primary pathfinding deficit in the 
development of the corticospinal decussation rather than errors of fasciculation by late 
growing axons. The likely interaction that is disturbed is the pathfinding by 
corticospinal axons along the previously grown dorsal column projection. Further that 
in the absence of L1, axon growth may be slowed.

This work is supported by the Wellcome Trust.

117.3

THE NEURAL CELL ADHESION MOLECULES L1 
AND NCAM ACTIVATE PHOSPHATIDYLINOSITOL 
3-KINASE. W.R. Morse*, R. Graff, K. Hodgin, R.-S. Schmid 
and P.F. Maness. Dept. of Biochemistry, University of North Carolina 
School of Medicine, Chapel Hill, NC 27599-7260.

Homophilic binding of the neuronal cell adhesion molecules 
L1 and NCAM modulates intracellular signaling pathways 
through protein tyrosine phosphorylation. Phosphatidyl- 
inositol 3-kinase (PI 3-K) has been implicated in the regulation 
of neuronal cell survival. Antibody-mediated clustering of cell 
adhesion molecules in B35 rat neuroblastoma cells stably 
expressing L1 or NCAM was used as a model of homophilic 
stimulation. Extracts of stimulated B35 cells exhibited a rapid 
and transient increase in tyrosine phosphorylation of the 85 kD 
regulatory subunit of PI 3-K. Transient phosphorylation was 
also observed in myosin light chain. In vitro kinase assays of 
phosphotyrosine immune complexes analyzed by thin layer 
chromatography showed an increase in PI 3-K kinase activity 
after L1 or NCAM stimulation. These results suggest that L1 
and NCAM stimulation induces the tyrosine phosphorylation 
and activation of PI 3-K, initiating a signaling cascade that may 
modulate the cytoskeleton and regulate neuronal cell survival.

Supported by NIH grants NS26620 and HD 35170.

THE NEURAL CELL ADHESION MOLECULE L1 
ACTIVATES MAP KINASE AND CREB SIGNALING 
PATHW AYS.
R.-S. Schmid*, R. Graff, and P.F .Maness Dept. of Biochemistry, 
University of North Carolina School of Medicine, Chapel Hill, NC 27599-7260.

L1 stimulates axonal growth by homophilic and heterophilic 
binding interactions. Mutations of L1 in humans cause mental 
retardation and hydrocephalus. In B35 neuroblastoma cells 
and cultured cerebellar neurons antibody-mediated clustering 
of L1 antibodies or L1 protein caused rapid and transient 
activation of MAP kinases ERK1 and ERK2 but not of c-Jun 
kinase (JNK). Chelators of Ca2+ and inhibitors of cAMP 
activated protein kinase A (PKA) disrupted MAPK activation. In 
contrast, neither dominant negative mutants of neither p125fak, 
Ras nor Rho interfered with MAPK activation. These results 
indicate that the proximal steps of L1 signaling pathway are 
different from the previously reported pathway of NCAM140 but 
converge on the level of MAPK. L1 stimulation in B35-L1 cells 
and cultured cerebellar neurons also induced activation of the 
transcription factor CREB, (cAMP response-element binding 
protein), which has been implicated with learning and memory. 
Thus, L1 stimulation may influence both neuronal growth and 
axonal guidance during development, as well as synaptic 
plasticity, learning and memory. Supported by NIH grants 
NS26620 and HD 35170.

117.4

A X O N S  C R O SSIN G  IN BO TH  D O R SA L  A N D  V EN TR A L  
COM M ISSURES EXPRESS L 1 A N D  G A D 65 DUR ING  SPINAL  
C ORD D EVELO PM EN T. E.N. O rlino, Jr.*, T.S. Tran, and P.E. 
Phelps. Dept. o f Physiological Sci., UCLA, Los A ngeles, CA 90095.

During development, axons navigate across the spinal cord in both 
dorsal and ventral commissures. A dhesion m olecules on the surface o f  
axons may play a role in their outgrowth (Lemmon et al., ‘89) and 
fasciculation  (S toeck li et al., ‘95). U sing  im m unocytochem ical 
methods, the axonal glycoprotein L 1 was detected on axons crossing in 
the dorsal commissure in locations similar to fiber bundles illustrated 
by Ramón y Cajal. L 1-labeled dorsal commissural axons were first 
detected on E 17, more numerous by E 19, and still apparent by P7. 
M assive bilateral axon bundles crossed in the central part o f  the dorsal 
com m issure and extended to the dorsolateral marginal zone. In 
horizontal sections, L 1-labeled axons formed ladder-like patterns o f  
crossing fibers. Bundles o f  GA D 65-positive axons also were observed 
crossing the dorsal commissure between E 18-20. Results from double-
labeling experiments demonstrated an overlapping pattern o f GAD65 
and L 1-positive fibers in the dorsal com m issure. This coincident 
pattern o f  L 1 and G A D 65 expression also was observed in the ventral 
commissure, but at younger ages. A  subset o f  axons crossing ventrally 
were labeled with L 1 im m unocytochem istry betw een E12.5-P0 and 
with G A D 65 between E 12 -E 16. These results suggest that axons o f  
som e G A BA ergic neurons cross in the spinal cord commissures and 
may express the L 1 antigen. Additionally, the presence o f  L 1 on fiber 
bundles in both dorsal and ventral commissures suggests that L 1 may 
have a developmental role associated with axons crossing the midline. 
Supported by Jennifer Jones Simon Foundation & UCLA Faculty Senate.
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117.5
THE EFFECTS OF ANTIBODIES AGAINST DM-GRASP/SC1 AND L1 ON 
AXON OUTGROWTH INTO THE CHICK HINDLIMB. M.G. Honig*, S.J. Camilli & 
N. Boehm. Dept. of Anat. & Neurobiol., Univ. of Tenn., Memphis TN 38163.

To examine how axonal interactions influence sensory axon outgrowth into 
the chick hindlimb, we have been using function-blocking antibodies against 
various cell adhesion molecules. We have previously shown that injecting anti
bodies to DM-GRASP/SC1 (provided by S. Chang) starting at St. 25 delays the 
intermixing of sensory and motoneuron (MN) axons in the proximal spinal 
nerves. More distally, sensory and MN axons intermix and sensory axons de- 
fasciculate extensively so that in the plexus they are found in smaller bundles 
than normal. To test whether earlier injections completely block sensory/MN in
termixing, we started injections at St. 20, when the first sensory axons begin to 
extend into the spinal nerves. Surprisingly, the effects of the earlier injections 
on sensory/MN intermixing and sensory axon defasciculation were similar to 
those of the later injections. However, the early injections produced several 
additional changes: the crural plexus tended to be shorter than normal along 
the anterior-posterior axis of the limb; sensory axon bundles often followed a 
wavy trajectory in the plexus: areas of the plexus occupied by cutaneous axons 
and the numbers of retrogradely labeled cutaneous neurons were smaller than 
normal. Together, these changes indicate a decrease in the rate of axonal out-
growth and in the extent of fasciculation. As DM has been shown to bind ho
mophilically and also to L1, we compared these effects to those caused by an 
antibody that blocks homophilic binding of L1 (provided by U. Rutishauser). 
With anti-L1, the shape of the plexus was altered and sensory axon bundles 
appeared wavy, as with anti-DM, but slower axonal growth and increased defas
ciculation were not obvious. Moreover, combined injections of anti-DM and 
anti-L1 did not appear to be more effective than either antibody alone. These 
results show that DM-GRASP/SC1 and L1 are both involved in axon growth 
into the limb, but they do not act synergistically. (Supported by NS-34404 to MGH)

117.7
ULTRASTRUCTURAL OBSERVATIONS ON THE EXPRESSION OF AXONIN-1 
AND NgCAM ON AXONS IN THE DEVELOPING CHICK HINDLIMB. Y. Xue* 
and M.G. Honig . Dept. of Anatomy and Neurobiology, University of Tennessee 
College of Medicine, Memphis TN 38163.

We have previously shown using confocal microscopy that axonin-1 labeling 
can be used to identify sensory axons projecting into the chick hindlimb at St. 
30 and that sensory axons typically travel in bundles together. EM confirmed 
that sensory axons form discrete bundles. Interestingly, at the periphery of 
these bundles, axons tend to be labeled only partway around their circumfer
ence, such that axonin-1 is expressed on membranes apposing other labeled 
axons but not on those facing unlabeled axons. To determine the identity of 
the partly labeled axons, we have now combined labeling for axonin-1 with ei
ther retrograde labeling of cutaneous axons or anterograde labeling of mo
toneuron (MN) axons. The results show that both MN and sensory axons can 
be partly labeled. We also observed previously that axonin-1 expression is 
sometimes restricted to points of contact between 2 or 3 otherwise unlabeled 
axons. Here we find that, although occasionally sensory axons are labeled in 
this way, labeling at contact points is usually observed between MN axons. As 
axonin-1 is expressed on MN axons at high levels early in development and is 
then down-regulated, the partial axonin-1 labeling of MN axons may represent 
residual labeling that is important in allowing some axons to travel together.

We also used EM to examine the expression of NgCAM. Unlike axonin-1, the 
distribution of NgCAM on individual sensory and MN axons tends to be uni
form. This contrasts with Sonderegger’s findings, showing that in tissue cul
ture, axonin-1 and NgCAM redistribute to surfaces where they can bind togeth
er, forming heterodimers in the plane of the membrane. Thus, our EM observa
tions suggest that axonin-1-mediated adhesion may be important for axon out-
growth into the developing chick hindlimb but the significance of clustered ax
onin-1-NgCAM heterodimers is unclear. (Supported by NS-34404 to MGH)

117.9

FUNCTION OF T-CADHERIN AS A NEGATIVE GUIDANCE CUE 
IN THE POSTERIOR SOMITIC SCLEROTOME: RETROVIRUS- 
MEDIATED MISEXPRESSION IN CHICK EMBRYOS.
M. E .T . B oyle* and B. Ranscht The Burnham Institute, La Jolla, CA  
92037

Developing motor neurons project in a segmental pattern through 
the anterior somitic sclerotome avoiding the posterior half. T-cadherin, 
a GPI linked member o f the cadherin adhesion molecule family, is 
expressed in the posterior sclerotome and is suggested to act as a 
negative guidance cue for extending motor axons (Fredette and Ranscht, 
1994). Consistent with this suggestion, in vitro studies have 
demonstrated that T-cadherin acts as a negative substrate for motor axon 
growth (Fredette et al, 1996). The function o f T-cadherin as a negative 
guidance cue is being tested in vivo by misexpression o f T-cadherin in 
the anterior somite region o f developing chick embryos. T-cadherin is 
being delivered via retrovirus-mediated gene transfer using the avian 
specific replication-competent RCAS-A and B retroviruses. The virus is 
injected into the three most posterior somites at embryonic stage 16-17. 
After 48 hours o f infection, the embryo is prepared for 
immunohistochemical analysis. T-cadherin and viral expression are 
monitored using polyclonal anti-T-cadherin antibodies and monoclonal 
antibodies against the viral gag-protein. Motor axon extension is 
assessed using the neurofilament antibody RMO270. The results o f  
these studies w ill be presented.
(NIH 1F32EY06792 to METB and NIH HD 25938 to BR)

117.6
AN IN VITRO ASSAY  SYSTEM FOR THE STUDY OF MIDLINE GUIDANCE 
EVENTS IN THE DEVELOPING MOUSE SPINAL CORD. R. Imondi* and Z. 
Kaprielian. Departments of Pathology and Neuroscience, Albert Einstein College of 
Medicine, Bronx, NY 10461.

We describe here an in vitro paradigm that appears to mimic the in vivo pathfinding 
of commissural axons (CAs) in the developing spinal cord. Open-book preparations of 
E 11 mouse spinal cord (consisting of short rostrocaudal segments of spinal cord which 
include floor plate at their midlines and commissural neurons at their dorsolateral edges) 
were cultured within a collagen gel. After 48 h in culture, explants were fixed and 
commissural neurons were anterogradely labeled with DiI. At O h in culture, many 
CAs reached the ipsilateral floor plate margin, but had not yet crossed the midline. In 
contrast, most axons crossed the midline and turned sharply at the contralateral margin 
of the floor plate in explants cultured for 48 h. Whole-mount immunohistochemistry 
was also performed on cultured explants using antibodies to TAG-1 and L 1, cell-surface 
molecules expressed on commissural neurons/axons. During CA pathfinding in vivo, 
CAs extending toward the midline express TAG-1, but not L 1; conversely, axonal 
segments that lie within, or on the contralateral side of (within the ventral funiculi) the 
floor plate express L 1, but not TAG-1. In E11 explants taken at 0 h in culture, TAG-1 
expression is observed on CAs extending toward the midline, whereas L 1 expression is 
undetectable. In E11 open-book preparations cultured for 48 h in collagen, commissural 
neurons maintain TAG-1 expression on ipsilateral axonal segments. Conversely, in 
similar explants, L1 is highly expressed on either side of the floor plate, suggesting the 
formation of ventral funiculi in vitro. To exclude the possibility that L l-positive 
labeling corresponds to expression on CAs that have aberrantly turned into the 
ipsilateral ventral funiculus, we removed one-half of the explants and cultured the 
remaining halves containing an intact floor plate for 48 h. No L 1 labeling was ob
served in these explants after 48 h in culture. Taken together, these observations 
suggest that the trajectory of CAs and the spatial regulation of CA markers in cultured 
spinal cord explants recapitulate those observed in vivo. This in vitro paradigm is 
thus ideally suited to studies examining midline guidance events in the developing 
spinal cord. (Supported by American Paralysis Association KB2-9701)

117.8
NEURITE OUTGROWTH STIM ULATED BY NCAM  REQUIRES 
G A P-43 FUNCTION, A N D  IS A SSO C IA T ED  WITH G A P-43  
PHOSPHORYLATION IN GROWTH CONES. K. F. Meiri 1 * ,_J. 
L. Saffell 2, F. S. Walsh 2 and P. Doherty 2. Dept. Pharmacology, 
1SUNY Health Science Center, Syracuse 13210. 2 Dept. Experimental. 
Pathology, G uy’s Hospital Medical School, London S E 1 9RT.

The mechanisms whereby cell adhesion molecules (CAM s) promote 
axonal growth and synaptic plasticity are poorly understood. Here we 
show that the neurite outgrowth stimulated by NCAM -mediated FGF 
receptor activation in cerebellar granule ce lls  is associated with 
increased GAP-43 phosphorylation on serine41. In contrast NCAM  
was unable to stimulate neurite outgrowth in similar neurons from mice 
in w hich the G A P-43 gene had been deleted by hom ologous  
recombination. Both neurite outgrowth and rapid phosphorylation o f  
GAP-43 in isolated growth cones required the first 3 Ig domains o f a 
NCAM -Fc chimera and were m axim ally stimulated at 5µg/m l (~ 
50nM). Likewise, both neurite outgrowth and NCAM-stimulated GAP- 
43 phosphorylation were inhibited by antibodies to the FGF receptor 
and a DAG lipase inhibitor (RHC8067) that blocks the production of  
arachidonic acid in response to activation o f the FGF receptor. Direct 
activation of the FGF receptor and the arachidonic acid cascade with 
either basic FGF or melittin also resulted in increased GAP-43  
phosphorylation. These data suggest that stim ulation o f neurite 
outgrowth by NCAM  requires GAP-43 function and that GAP-43  
phosphorylation in isolated growth cones occurs via an FGF receptor- 
dependent increase in arachidonic acid. Supported by NS 26091, NS 
33118 (K.F.M) and the W ellcom e Trust (P.D.& F.S.W .).

117.10
SPATIAL AND TEMPORAL DISTRIBUTION OF NEUROTRIMIN DURING 
CEREBELLAR DEVELOPMENT. S. Chen1 *, O, Gil2, Y.Q Ren1, J. Salzer2, D. 
Hillman 1. 1 Dept. of Otolaryngol, and Physiol./Neurosci. and 2 Dept. of Cell Biol., 
New York Univ. Med. Ctr., New York, NY 10016.

Neurotrimin (Ntm) is a member of the differentially expressed family of 
neural cell adhesion molecules (Gil et al, Soc. Neurosci. Abst, 1998). In situ 
hybridization studies revealed that Ntm mRNA is expressed at high levels in the 
developing cortical subplate, forebrain cortex, pontine nucleus, internal granule 
cells and Purkinje cells (Struyk et al, 95). In this study, rats between ages 0-30 
days were processed for Ntm monoclonal antibody, IB I (1:3000) as described 
previously (Hillman et al., 1966). Both the pontine and inferior olive nuclei, 
which send climbing and mossy fibers to the cerebellum respectively, revealed 
high levels of immunoreactivity before postnatal day 15 (P15). The external 
granular layer lacked the immunoreactivity, while Purkinje cells, deep cerebellar 
nuclei, granule cells and white matter were moderately labeled during this period 
but declined substantially after P15. Ntm was highly expressed in the molecular 
layer at all ages. The highest expression occurred during the rapid expansion of 
the molecular layer within the first two weeks of postnatal development. 
Ultrastructural analysis demonstrated neurotrimin labeling on parallel fibers and 
their boutons at P6-P15, however, there was a shift of reactivity to spines and their 
synapses by P21. This study agrees with in situ hybridization findings and 
supports the role of Ntm in axonal fasciculation and guidance to target sites for a 
specific system. In addition, this protein appears coincident with synaptogenesis 
and the continued stabilization of synapses on into adulthood. Supported by NIH- 
NINCDS NS-13742.
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117.11
ECM MOLECULES AND NEUROTROPHINS IN DIRECTIONAL 
GROWTH AND POSITIONING OF TRIGEMINAL AXONS IN THE 
EMBRYONIC WHISKERPAD. A.Haeberle*, E. Ulupinar, R. Erzurumlu. 
Dept. Of Cell Biology and Anatomy, and Neuroscience Center, Louisiana State 
University, New Orleans, LA 70112.

Embryonic trigeminal axons invade the whiskerpad (WP) in a caudal to rostral 
direction, and form a patterned array in congruence with five rows of whisker 
follicles. In cocultures of embryonic day (E)15 WP and trigeminal ganglion (TG) 
explants, a similar axon growth pattern is seen only when the TG explant is 
placed next to the caudal edge of the WP (their normal orientation). When WP 
explants are rotated 180° and the ganglion explant now is adjacent to the rostral 
edge of the WP, TG axons grow only a short distance and stop without forming 
circular patterns around follicles (Günhar-Agar and Erzurumlu, Soc. Neurosci. 
Abs., 1997). The preference of TG axons for caudal over rostral WP explants 
can be further demonstrated by bisecting the WP explants and placing the 
ganglion between rostral and caudal halves.

In search of potential target-derived directional and patterning cues, we 
examined the distribution of ECM molecules and neurotrophins in correlation 
with trigeminal axon growth by double labeling immunohistochemistry. 
Trigeminal axons grow only in regions of the whiskerpad where chondroitin 
sulfate proteoglycan and fibronectin are expressed. However, directional 
growth preference of TG axons (caudal to rostral) does not correlate with the 
distribution of these ECM molecules. Neurotrophins (NGF, NT-3) are also 
heavily expressed in regions of high TG axon growth. To further examine the 
putative role of neurotrophins in directional growth of trigeminal axons, we are 
now culturing ganglia with rotated WPs in the presence of exogenously added 
neurotrophins. All antibodies were obtained from commercial sources. 
Research supported by NIH grant NS32195 (R.E.)

117.12
REGULATION OF LAMINA-SPECIFIC BRANCHING OF THALAMO
CORTICAL AXONS.
N. Yamamoto*, K. Inui, Y. Matsuyama, A. Harada, F. Murakami and K. Hanamura 
Division of Biophysical Engineering, Graduate School of Engineering 
Science, Osaka University, Toyonaka, Osaka 560, Japan.

Our previous studies have demonstrated that thalamic axons begin to 
form branches mainly in layer 4 in cocultures of cortical slices with 
thalamic explants regardless the orientation of thalamic axon ingrowth 
(Yamamoto et al., 1997), suggesting that some molecular signal which 
regulates axonal branching is localized in the target layer. In the present 
study, we examined characteristics of the possible branching molecule 
using cocultures of fixed cortical slices with living thalamic explants in 
combination with enzymatic treatment. Cortical slices were dissected from 
1-week-old rats when cortical lamination is nearly mature, followed by 
light fixation in paraformaldehyde solution. Several enzymes such as 
chondroitinase, heparitinase, neuraminidase and trypsin were applied to 
cortical slices before or after fixation. Thalamic blocks dissected from E15 
embryos were cocultured with enzyme-treated or untreated cortical slices. 
After 7 days in vitro cocultures were fixed, and diI-labeled thalamic axons 
were observed by confocal microscopy. Thalamic axons were found to form 
branches in both untreated and treated cortical slices. A quantitative 
analysis of individually distinguishable labeled axons showed that 
branching points were located mostly in layer 4. Enzymatic treatment did 
not appear to change the layer-specific branching pattern except that 
trypsin treatment considerably reduced branching. On the contrary, the 
number of branches per axon was apparently increased by chondroitinase 
treatment without changing the laminar distribution. These results 
suggest that membrane-associated proteins localized in layer 4 induce 
branching of thalamic axons whereas sugar residues of chondroitin 
sulfates inhibit the branch formation. Supported by M ESSC and CREST.

117.13
cD N A  CLONING A N D  CHROMOSOMAL LOCALIZATION OF THE 
NOVEL NEURAL ADHESION MOLECULE, N B -2, IN HUM AN.
Y. Kamei*1,2, O. Tsutsumi1, Y . Taketani1, and K. Watanabe2. 1D ept. o f  
Obstetrics and Gynecology, University o f Tokyo, Bunkyo-ku, Tokyo 113- 
0033, JAPAN. 2Dept. o f Cell Recognition, Tokyo Metropolitan Institute o f  
Gerontology, Itabashi-ku, Tokyo 173-0015, JAPAN.

Neural adhesion molecules in the immunoglobulin superfamily (IgSF) 
are know n to play key roles in axonal guidance during development, 
plasticity and maintenance o f  synaptic connections in the adult brain. 
Previously, w e reported two novel adhesion molecules, N B -2 and N B -3, 
in the contactin/F3 subgroup o f  IgSF from rat brain. Here, w e have 
isolated cD N A  encoding human N B -2 (hN B -2). The hN B -2 cDNA  
contains an open reading frame o f 3300 nucleotides encoding 1100 amino 
acids. It shares 85% identity in nucleotide sequences and 91% identity in 
amino acid sequences with rat N B-2. Northern blot analysis o f mRNA  
from various adult human tissues show ed that the hN B-2 m R NA  was 
detected in brain, thyroid, and placenta. In various regions o f adult human 
nervous system , hN B -2 m R N A  content w as regionally different by 
dozens-fold. In addition, w e identified a splicing isoform. The isoform , 
in which 222 nucleotides encoding 74 amino acid residues are spliced out, 
has approximately the same length o f  N-terminal region with the other 
contactin/F3 subgroup members. The chromosomal localization o f  hNB- 
2, using fluorescense in situ hybridization, proved to be localized on 
H q 21-q 22 .2 .

This study was supported in part by a grant-in-aid for scientific research from the 
Ministry of Education, Science, Sports and Culture, Japan.

117.15

C E R E B E L L A R  D E F E C T S IN T H E  C O N T A C T IN  
K N O C K -O U T  M O U S E
E.O. Berglund* ,K. Murai, B. Fredette, B. Marturano, L. W eber,
E. Mugnaini†, and B. Ranscht. The Burnham Institute, La Jolla, CA 92037. 
Northwestern Univ., Inst. for Neuroscience, Chicago, II 60611, USA.

We have generated a targeted mutation in the mouse contactin gene by 
homologous recombination in ES cells. The phenotype o f knock-out mice 
establishes the crucial role o f contactin in the formation or maintenance of 
neuronal circuits controlling motor functions. The knock-out mice show  
severe ataxia, with defects in controlling posture, balance, and voluntary 
movements. The mutation is lethal by postnatal day 17. By light and  
electron microscopic methods several cellular alterations were noted in the 
cerebellar cortex. As contactin is abundantly expressed by Golgi and 
granular neurons in wildtype mice, we focused on the hypothesis that one 
o f contactin’s functions is to control recognition events that lead to the 
proper extension o f processes o f these cells. Immunohistochemistry 
revealed a notable loss o f neurofilament-positive fibers in the cerebellar 
molecular layer. Large and small apoptotic nuclei were noted by TUNEL  
staining and EM, predominantly in the IGL; from their size and placement 
we infer that these are Golgi and granular neurons. Histochemical 
analysis for defective neuron types showed that Golgi neurons in the IGL 
were reduced in number or had altered Nissl substance and remarkably 
fewer and aberrant dendritic arbors in the molecular layer. In preliminary 
EM examinations, Golgi cell synapses in the glomeruli were scarcely 
developed. The impairment o f Golgi, and presumably also granular cell 
functions is consistent with the disruption o f cerebellar circuitry and could 
contribute to the ataxic phenotype. Swedish Society for Medical Research and 
Medical Research Council, Sweden to EOB. NSF IBN-9723934 to BR.

117.14
ABERRANT HIPPOCAMPAL M O SSY FIBER PROJECTIONS IN 
MICE WITH DISRUPTED CONTACTIN GENE FUNCTION.
K. Murai,† E.O. Berglund, L. Weber,†, B. Ranscht,*.
The Burnham Institute, La Jolla, CA 92037; †Department of Neurosciences, 
University of California at San Diego, La Jolla, CA 92093.

In order to understand recognition events mediated by cell adhesion 
m olecules during the development o f  the central nervous system, we 
have generated a knockout for the immunoglobulin superfamily 
molecule contactin through homologous recombination in embryonic 
stem cells. The contactin mutants show a severe neurological 
phenotype that is first noticeable 10 days after birth. The behavioral 
phenotype is characterized by severe ataxia (failure to control 
posture, balance, and motor coordination), and apparent disorientation 
during open-field and swimming tests. This progressively worsens 
until death at postnatal day 17. We therefore initiated investigation 
on the role o f  contactin in the development o f  hippocampal circuitry. 
In preliminary experiments, we have found that contactin is highly 
expressed on the m ossy fiber projections from the dentate gyrus to 
area CA3 at 8 and 16 days postnatal. M ossy fibers in the contactin 
knock-out mice appear unfasciculated in vivo and contactin-deficient 
dentate granular neurons show signs o f  apoptosis. Thus, we 
hypothesize that contactin is essential for the establishment and/or 
maintenance o f  the mossy fiber pathway and granular neuron survival. 
Swedish Society for Medical Research and Medical Research Council, Sweden to 
EOB. NSF IBN-9723934 to BR.

117.16
cDNA CLONING OF CHICKEN NEUROCAN AND ITS ROLE IN 
REGULATING N-CADHERIN FUNCTION IN EMBRYONIC CHICKEN 
RETINA. H. Li1, T. Leung2, J. Balsamo1, S. Hoffman3 and J. Lilien1*. 
1Department o f Biological Sciences, Wayne State University, Detroit, 
Michigan 48202; 2Department of Developmental Biology, Institute Biology 
I, University o f Freiburg,Hauptstrasse 1, D-79104 Freiburg, Germany; 
3Department o f Medicine, Division of Rheumatology and Immunology, 
Medical University of South Carolina, Charleston, South Carolina 29425- 
2229.

Cadherins are Ca++- dependent cell adhesion molecules which mediate 
homophilic cell-cell interactions. One of the mechanisms regulating N- 
cadherin function is the interaction of a unique ligand-receptor pair present in 
em bryonic tissues: a 250kD  proteoglycan (PG) ligand and its 
glycosyltransferase (GalNAcPtase) receptor. This interaction initiates a signal 
cascade, culminating in loss o f N-cadherin function. Our working 
hypothesis is that the temporal and spatial regulation of the 250kD PG and 
the GalNAcPTase brings them into apposition at specific times and places 
allowing their interaction. This interaction results in loss of cadherin 
function, and thus directs the course of axon guidance and morphogenesis. 
cDNA cloning and sequence analysis show that the 250kD PG is the chick 
homologue of mouse and rat neurocan. The deduced amino-acid sequence 
shows an Ig-like and a HA-binding domain at the N-terminus, and two EGF- 
like, a lectin-like and a complement regulatory-like domains at C-terminus. 
Bacterial fusion protein and COS cell-expressed recombinant neurocan are 
recognized by an antibody raised against tissue-derived chicken neurocan. 
Immunohistochemistry of retinal sections shows that neurocan is localized in 
the plexiform layers, while GalNAcPtase is seen predominantly in the 
ganglion cell layer. Moreover, in retinal cell culture, while most cells 
express GalNAcFTase on their surface including cell bodies, neurites and 
growth cones, only certain subsets of cells express and secrete neurocan.
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117.17
A MONOCLONAL ANTIBODY SPECIFIC FOR THE IgCAM NEUROTRIM- 
IN STAINS SENSORIMOTOR AND OLFACTORY PROJECTIONS IN THE 

RAT CNS. Q. D. Gil*1, S. Chen2, Y.Q. Ren2, A. Pimenta3, D . Hillman2, P . 
Levitt 3, and J. Salzer1 1Dept of Cell Biology, NYU Medical Center, New 

York, NY, 10016; 2Dept of O tolaryngol, and Physiol./Neurosc, NYU 

Medical center; and 3Dept of Neuroscience, University of Pittsburg, PA.
Neurotrimin (Ntm), the opioid binding cell adhesion molecule, (OBCAM), 

and the limbic system-associated membrane protein (LAMP) constitute a 
subfamily (the Ig-LON family) of GPI-anchored neural cell adhesion mole
cules. Previous studies of Ntm mRNA expression, together with in vitro 
adhesion and neurite outgrowth assays, suggest that Ntm promotes the for
mation of specific neuronal circuits. To more precisely map the temporal 
and spatial pattern of Ntm expression in the CNS, we have generated a 
monoclonal antibody, 1B1, against a Ntm-Fc chimera. 1B1, a monoclonal 
of the lgG1 subclass, specifically recognizes Ntm, and not other members 
of the Ig-LON family. Double staining of the adult rat CNS with 1B1 and 
with 2G9, a monoclonal antibody to LAMP of the lgG2a subclass (Levitt,P., 
84), demonstrated that Ntm and LAMP have a largely complementary dis
tribution in cortical and subcortical regions, being expressed in sensory-
motor and limbic systems respectively. In preliminary studies of the devel
oping forebrain, we have found that Ntm is expressed in a developmentally 
regulated pattern on subpopulations of neurons in the olfactory and sen-
sori-motor regions (see also S. Chen, et. al., Soc. Neurosci. Abstr., 1998). 
These studies provide further support for the notion that Ntm promotes the 
formation of system specific neuronal circuits. Supported by NIH grant 
R01NS33165 and NS26001.

117.19
NEURITE OUTGROWTH ON A POPULATION OF SCHWANN CELLS 
ORIENTED BY MICROPATTERNED SURFACE D.M. Thom pson* and H.M. 
Buettner. Department of Chemical and Biochem ical Engineering, Rutgers 
University, Piscataway, NJ 08854

Despite the regenerative capabilities of the peripheral nervous system, 
the prospects for functional recovery of a nerve transection remain dismal. 
The extent of regeneration is affected by numerous factors including the 
severity of the injury, formation of scar tissue, involvement of support cells, 
and the ability of the axons to span the site of injury. Following nerve 
injury, Schwann cells proliferate as well as up-regulating many m olecules 
(i.e. NCAM, L1) on their surface that promote neurite outgrowth. In studies 
in which guidance channels were pre-seeded with Schwann cells, 
Guénard et al (J. Neurosci., 12, 3310, 1992) observed the formation of an 
oriented cellu lar cable bridging the nerve stumps. Regeneration in these 
channels was enhanced, and exhibited a dependence on the Schwann 
cell seeding density. This suggests that an oriented Schwann c e ll 
substrate may be an important factor in treating nerve injury. To date, the 
possible effects of Schwann cell alignment on neurite outgrowth have not 
been systematically examined. To address this question, primary Schwann 
cells isolated from neonatal rat sciatic nerve were cultured on a tw o - 
dimensional m icropattemed culture surface. Culture surfaces were 
created using photolithography to place stripes of laminin onto a glass 
coverslip. Schwann cell orientation was examined in response to 
variations in m icropatterning and seeding density at multiple time points to 
determine the time course of the orientation response. Neurite outgrowth 
in response to both oriented and unoriented Schwann cell cultures was 
evaluated. Understanding real-time cellu lar interactions that occur 
following nerve injury is important to the development of appropriate 
microenvironments for promoting and controlling peripheral nerve 
regeneration.

117.21

GENETIC ANALYSIS ON THE ROLE OF 
INTEGRIN DURING AXON GUIDANCE B.
Hoang & A. Chiba* Dept. C ell & S truct. B iol., Univ. of 
Illinois, Urbana, IL 61801.

H e te ro d im e ric  ce ll su rfa ce  re ce p to r in te g rin  is w id e ly  
expressed in the nervous system , but its specific  ro le during 
axon deve lopm ent has not been d irec tly  tes ted  in v ivo. W e 
show  th a t the  D ro s o p h i la  n e rvo u s  sys te m  e xp re sse s  low  

levels o f α P S 1 , a P S 2 , and βPS  in te g rin  s u b u n its  durin g  
em bryon ic  a xog e n es is . F u rth e rm ore , ce rta in  su b se ts  o f 
neurons express h igher leve ls o f in tegrin  m R N A s than the 

rest. Null m uta tions in e ithe r αPS1 o r α PS2 su bu n it gene 
cause w id e sp re a d  axon p a th fin d in g  e rro rs  th a t can  be 
rescued by supp ly ing  the  w ild typ e  in teg rin  su bu n it to  the  
m utant nervous system . In contras t, m ise xp re ss in g  e ith e r 

(αPS1 or α P S 2  in tegrin  subun it in all n eurons  leads to  no 
obvious a x o n  p ath find ing  errors. W e propose  th a t in tegrin  
does not itself serve as e ither a "clutch" constitu ting  m olecule  
or a specific grow th cone "receptor" as proposed previously, 
but rather, as part o f a m olecu la r netw ork tha t coopera tive ly  
guarantees accurate  axon guidance. S upported  by NIH and 
NSF.

117.18
PERMISSIVE ASTROCYTES GUIDE NEURITES BY FORMING 
BOUNDARIES, E. M. Powell*, S. R. Thornton and H. M. Geller, 
Department of Pharmacology, UMDNJ-Robert Wood Johnson Medical School, 
Piscataway, NJ 08854.

Neurites are believed to be guided by astrocyte boundaries during 
development. We have previously shown that astrocyte boundaries can be 
generated by combining astrocytes which are inhibitory to neurite outgrowth 
(Neu7 cells) with those that permit extension (A7 cells). In the A7/Neu7 
boundary model, less than 10% of the neurites crossed onto the inhibitory Neu7 
cell. Further analysis demonstrated that the extracellular matrix (ECM) 
molecules tenascin-C, chondroitin sulfate proteoglycans (CSPGs) and keratan 
sulfate proteoglycans (KSPG) were expressed by the Neu7 cells, but not the A7 
cells. We have continued these studies with additional astrocyte cell lines which 
have varied potential to permit neurite extension and ECM expression. T34-2 
cells express high amounts of tenascin-C, but very little CSPG. The 
combination of A7/T34-2 does form boundaries to neurites, and these 
boundaries are greatly reduced in the presence of blocking anti-tenascin-C 
antiserum. On the other hand, 27A1 cells are permissive to neurite extension 
and express CSPG and KSPG, but has very little tenascin-C. However, the 
combination of A7 and 27A1 cells did form boundaries to neurites, without 
affecting overall neurite extension. Treatment with chondroitinase ABC 
demonstrated that CSPG is a major component of the A7/27A1 boundary. These 
results demonstrate that astrocyte tenascin-C and CSPGs are distinct components 
of astrocyte boundaries. More importantly these results suggest that growing 
neurites may be guided to their targets in the absence of molecules which 
regulate their rate of process extension.

Supported by NIH R01 NS-24168 to H.M.G.

117.20
a x o n a l  g u i d a n c e  o n  m i c r o -s c a l e  p r o t e i n  p a t t e r n s

L. Kam1,2, R.C. Davis3, C James3, G. Withers4, H.G. Craighead3, M. 
Issacson3, G. Banker4*, J.N. Turner1, and W. Shain1, 1Wadsworth Center, 
Albany, N Y  12201, 2Dept. O f Biomedical Engineering, RPI, Troy, NY, 
3School o f  Applied & Engineering Physics, Cornell Univ., Ithaca NY, 
4Oregon Health Sciences University, Portland OR 97201.

Methods for directing axonal growth o f  neurons in vitro may be useful for 
studies o f  neurite formation, for the establishment o f  defined neural 
networks, and for the development o f  biosensors. We have developed novel, 
microcontact printing techniques that can be used to produce micro-scale 
features on glass coverslips or silicon oxide wafers. M olds for stamps were 
fabricated from silicon wafers using photolithographic techniques 
traditionally used for fabrication o f  integrated circuits. Such molds can be 
used to produce elastomer stamps o f  virtually any pattern, with features as 
small as 0.75 µm. (Once molds are fabricated, elastomer stamps and 
proteins for pattern formation can be prepared in most cell biology 
laboratories.) W e have used such stamps to prepare patterned laminin 
surfaces by either by allowing laminin to bind to surfaces stamped with poly- 
L-lysine or by stamping laminin-poly-L-lysine conjugates. Embryonic rat 
hippocampal neurons attach selectively on such surfaces and send out 
neurites that faithfully follow the contours o f  the patterns. These techniques 
should permit the production o f  complex, micrometer-scale patterns o f  a 
wide range o f  bioactive proteins. This work was supported in part by NIH  
(R R-10957 and RR-10219) and DARPA/O NR (9706563).
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118.1
DEXAMETHASONE DECREASES P75NTR EXPRESSION IN INJURED SPINAL 
CORD. C. Brandoli, B. Pflug, J.R. Wrathall and I. Mocchetti*. Dept. Cell Biology, 
Division of Neurobiology, Georgetown Univ., Sch of Med., Washington DC 20007 

Synthetic glucocorticoids such as dexamethasone (DEX) and methylprednisolone 
(MP) have been shown to exert a positive therapeutic effect in patients with spinal 
cord injury (SCI). It is believed that these glucocorticoids improve recovery of 
function by reducing secondary events associated with the injury, such as peroxidative 
damage due to free radicals. However, as the effective dosages used in therapy are 
very high, other mechanisms of action may be also involved. We have previously 
documented that DEX reduces the expression of p75NTR, a 75 kDa cell surface 
glycoprotein, designated as the low affinity neurotrophin receptor, in the brain and 
cultured glial cells. Moreover, our data have shown that SCI elicits a dramatic 
increase in the expression of p75NTR. Because p75NTR has been implicated in 
apoptosis, a form of cell death known to occur in SCI, we have hypothesized that DEX 
(and MP) may improve recovery of function by decreasing the expression and 
therefore availability of p75NTR in the spinal cord. Contusive spinal cord injury was 
produced at T8 in female rats. DEX (20 mg/kg or 1 mg/kg, s.c.) was injected 6 hr 
after the injury for 7 days in SCI or laminectomized rats. Behavioral analysis of 
functional deficits was then examined. In rats treated with high doses of DEX (20 
mg/kg), recovery of hindlimb function was significantly improved at 7 days. Analysis 
of p75NTR mRNA and protein revealed that high doses of DEX also decrease 
p75NTR expression. These results correlated with a decrease in the number of 
apoptotic cells (TUNEL staining) in both the gray matter (~30%) and white matter 
(~26%) compared to untreated rats. Our data suggest that DEX by reducing p75NTR 
may inhibit apoptosis. This mechanism may account in part for the therapeutic effect 
of DEX in SCI. Supported by NS 32671.

118.3
CHANGES IN p75 AND TRUNCATED trkB RECEPTOR EXPRESSION 
FOLLOWING SPINAL HEMISECTION AND SPINAL HEMISECTION PLUS 
NEUROTROPHIN TREATMENT. J.V. Priestley1, V. King1,2, E. Bradbury2, and 
S B. McMahon*2. 1Dept. Anatomy, Queen Mary and Westfield College, London, E1 
4NS. 2Dept. Physiology, United Medical and Dental Schools, St. Thomas’ Campus, 
London SE1 7EH. Several recent studies have examined the effects of neurotrophin 
treatment following spinal cord damage. However, changes in the expression of the 
neurotrophins and their receptors resulting from spinal cord damage and its 
treatment with neurotrophins has received little attention. We examined the 
expression of the neurotrophins and their receptors following spinal cord hemisection 
and hemisection plus neurotrophin treatment.

Adult rats received spinal cord hemisection at the midthoracic level and survived 
for from 3 days to 6 weeks. Animals were perfused and transverse sections were 
taken from all spinal cord levels. The distribution of neurotrophins and their 
receptors then were determined using in situ hybridization and immunocytochemical 
techniques. Results showed little change in the expression of the neurotrophins at 
any level of the spinal cord. Similarly, no change in expression was seen for the full- 
length trkA, trkB or trkC receptors. In contrast, there was a significant increase in 
the immunocytochemical expression of low-affinity p75 receptor at the lesion site 
that was presumably occurring on Schwann cells and around blood vessels. In 
addition, in situ hybridization showed an increase in the expression of the truncated 
trkB receptor in the white matter caudal and ipsilateral to the hemisection. BDNF 
applied via minipump beginning at the time of damage resulted in a greatly increased 
expression of the p75 receptor at the lesion site. In contrast, truncated trkB recepter 
expression caudal and ipsilateral to the lesion decreased so that it was similar to that 
seen in normal spinal cord. NT-3 treatment had no detectable effect on either p75 or 
truncated trkB receptor expression. This work was supported by St. Thomas’ 
Hospital Research Endowments

118.5
NERVE GROWTH FACTOR RELEASE IS FACILITATED BY LONG 
TERM POTENTIATION AND PRIMED BURST POTENTIATION 
INDUCING STIMULI IN THE RAT HIPPOCAMPAL SLICE.
D.S. Albeck1,3 and M.H. M esches* ,2,4. Depts. of 1Basic Science, 
2Pharmacology, 3Neuroscience Training Program, University of 
Colorado Health Sciences Center and 4VAMC Denver, CO 80262.

In the mature mammalian brain, nerve growth factor (NGF) is 
synthesized and released by cortical and hippocampal neurons. NGF 
then binds with NGF receptors on the axonal boutons of cholinergic 
afferents. Activated NGF receptors initiate multiple signals that travel 
in a retrograde fashion to the cholinergic somas located in the basal 
forebrain nuclei. The mechanisms controlling NGF release have not 
yet been well characterized. Two types of NGF release have been 
described, a low basal level and a significantly increased level 
following chemical stimulation of the releasing neurons (Blöchl and 
Theonen 1995 Eur. J. Neurosci. 7.1220-8). Because neurotrophins 
have recently been implicated in neuroplasticity, we tested the effect o f 
both long term potentiation (LTP) and primed burst potentiation (PB) 
inducing stimuli on NGF release levels. Using the in vitro 
hippocampal slice preparation, we stimulated Schaffer’s collaterals and 
recorded the resulting field potential response in the C A 1 pyramidal 
neurons. Artificial CSF (1.0 ml/min) was washed over the slice and 
collected on ice. NGF levels were determined from 10 min fractions, 
before and for 40 min following PB or LTP stimulation. NGF levels 
increased significantly following induction of either LTP or PB in the 
C A 1 neurons. These data suggest NGF might have a role in 
neuroplasticity in the hippocampus. Further studies are currently 
being conducted to examine the mechanisms underlying neurotrophin 
release in the hippocampus.
Supported by USPHS grants AG04418, and AG12122.

118.2
THE ROLE OF P75NTR IN THE SURVIVAL RESPONSE OF 
DEVELOPING MOUSE MOTONEURONS TO NEUROTROPHINS. M. 
Sendtner*, F. Metzger, B. Holtmann and S. Wiese. Klinische 
Forschergruppe Neuroregeneration, Dept. o f Neurology, University of 
Wurzburg, 97080 Wurzburg, Germany.

During development, motoneurons express high levels o f p75NTR. In 
order to investigate how p75NTR is involved in mediating and/or modulating 
the neurotrophin responses in these developing motoneurons, we have 
tested the effects o f NGF on developing mouse motoneurons in cell culture 
and in vivo after facial nerve transection. Local application o f NGF to 
axotomized motoneurons in newborn mice leads to reduced survival o f 
these cells to levels lower than in the absence o f any added factor. In cell 
cultures o f  isolated mouse motoneurons, NGF antagonizes the survival 
effect o f BDNF. These effects are not seen with motoneurons from p75 
knockout mice. However, CNTF- or GDNF-mediated motoneuron survival 
in cell culture is not reduced by NGF. Determination o f the dose-response- 
relation o f the BDNF survival effect in wildtype and p75NTR-deficient 
motoneurons indicates that p75NTR increases the affinity o f BDNF to its 
cellular receptor on motoneurons. Thus we conclude that p75NTR does not 
primarily function as a cell death receptor on developing motoneurons, but 
is a component o f  the high affinity BDNF receptor complex on 
motoneurons. Therefore, occupation o f  p75NTR by NGF could make 
motoneurons less responsive to BDNF and thus lead to enhanced cell death 
after axotomy o f  facial motoneurons in newborn mice.

Supported by the Deutsche Forschungsgemeinschaft.

118.4
HIGH CONCENTRATIONS OF NEUROTROPHINS INDUCE CELL 
DEATH IN P75NTR-POSITIVE MOTONEURONS.C-T. Chu, D. Benoit, R. 
Grimes and E. F. Wheeler*. U. of Texas at San Antonio, San Antonio TX. 78249 

The p75NTR receptor and one of the neurotrophins, NT-3, are expressed by 
developing motoneurons during rat embryonic development. To elucidate the role 
these molecules play in motoneuron development, the levels of NT-3 and p75NTR 
were measured by in situ hybridization and morphometry in the L1-L5 motor 
neurons of embryos from stage E13.5-E20.5. Both NT-3 and p75NTR were expressed 
as early as E13.5. The levels of expression of NT-3 peak at E18.5 and p75NTR 
expression peaks at E 16.5. The expression times (E13 to El 9) include the period of 
programmed cell death of the motor neurons. To test whether or not p75NTR and the 
neurotrophins have a role in motor neuron cell death, p75NTR  positive motoneurons 
were isolated and cultured in the neurotropliins. The neurons were cultured in 
NGF, BDNF, NT-3 or NT-4 in concentrations ranging from 100ng/ml to 1000ng/ml. 
As previously reported, the neurons survive best in BDNF. Regardless of whether 
the cells were cultured at high or low numbers, and regardless of the neurotrophin 
used, increasing concentrations of neurotrophin cause an increase in cell death. 
Interestingly, the p75NTR -positive cells survive better in low concentrations of bFGF 
than they do in any of the neurotrophins. In at least two separate experiments, NT-3 
induced cell death at lower concentrations than the other neurotropliins. Motor 
neurons co-cultured with 100ng/ml of BDNF and increasing concentrations of NT-3 
showed a significant decrease in the rate of cell death. The results indicate that NT- 
3 and BDNF, respectively, may promote and regulate cell death of p75NTR motor 
neurons. To further test the biological significance of the results , statistical 
correlation between the expression patterns of NT-3, p75NTR and the rate of apoptosis 
will be presented. Supported by NIH-MBRS GM8194-16. The neurotrophins were 
provided by AMGEN Inc.

118.6
ENDOGENOUS NERVE GROWTH FACTOR (NGF) mRNA INDUCING 
FACTORS. K. Dethleffsen, M. Meyer*. Dept. of Neurobiochemistry, Max- 
Planck-Institut of Neurobiology, D-82152 Martinsried, FRG.

The expression of NGF during development and after lesion of peripheral 
nerves has previously been analysed in detail. However the mechanisms 
responsible for this precise control are only poorly understood. In the 
periphery NGF mRNA expression increases when sympathetic and certain 
sensory neurons reach their target fields and this increase is independent of 
ingrowing neural crest derivatives. After sciatic nerve lesion there is a 
biphasic increase of NGF mRNA and here II-1 secreted by invading 
macrophages is responsible for most of the second, slow increase. Here we 
tested the hypothesis that endogenous factors present in intact tissues might 
be important for NGF regulation. To examine this we investigated various 
tissues and medium conditioned by sciatic nerves for NGF mRNA inducing 
activities measured in vitro in a fibroblast and sciatic nerve based assay. 
Marked inducing activities are present in several tissues including nerve 
tissue and nerve conditioned medium. This activity is protease- and heat- 
sensitive. In addition to the characterisation of this endogenous activity 
results from a candidate approach using recombinant growth factors and their 
antibodies will be presented. Our results suggest the involvement of potent 
novel growth factors in rapid lesion-induced and, possibly also, in 
developmental NGF expression.
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118.7
EXPRESSION OF MATRIX METALLOPROTEINASES AND NEUROTROPHIN 
GENES IN THE RAT VISUAL SYSTEM.
M-A. Tran-Dang 1,2*, A M. Butt2, A. Logan3, N. Gregson4, A. G. Howd2 and M. 
Berry1
Divisions of 1Anatomy & Cell Biology, 2Physiology, and 4Neurology, UMDS, 
London, and 3Department of Biochemistry, University of Birmingham, U.K.

Recent evidence indicates that the regeneration of CNS neurons may be dependent 
on neurotrophic factors and matrix metalloproteinases (MMPs). To elucidate the 
role of these factors in vivo, we studied their expression in the rat visual system, a 
system which normally does not regenerate. The expression of the Trk receptors and 
their cognate neurotrophins was studied using RT-PCR. The expression of the 
gelatinase members of the MMP family was investigated using specific antibodies to 
MMP-2 and MMP-9. Adult Fischer rats were sedated under CO2 and anaesthetised 
using i.p Hypnorm/Hypnovel. One optic nerve was crushed in all experimental 
animals and untreated rats were used for controls. At 8 days post-lesion, when 
degeneration is under way, animals were killed under CO2 narcosis and the retinae 
and optic nerves removed for RT-PCR and immunohistochemical analyses.

Messenger RNAs encoding for all the Trk receptors (TrkA, TrkB and TrkC) and 
their ligands (NGF, BDNF, NT-3, and NT-4), the low-affinity p75 receptor, and the 
trophic factor CNTF and its receptor, were expressed in the visual system of normal 
adult rats. Following optic nerve crush, there was expression of MMP-2 and MMP-9 
in the retina and optic nerve. We are currently investigating the cellular localisation 
and expression patterns of these MMPs as well as neurotrophin mRNA expression 
following optic nerve crush. Our results suggest that the postulated machinery 
required for axonal regeneration is present in the degenerating visual system. 
Supported by the Trustees of Guy’s and St.Thomas’ Hospitals, London.

118.9
GROWTH FACTOR EFFECTS ON mRNA EXPRESSION, CALCIUM 
SENSITIVITY AND APOPTOSIS IN RAT NEUROSPHERE CULTURES M. 
Haak-Frendscho, R.L. Hoffman, M. O’Brien* and R. Learish. Immunology and 
Neurobiology R&D, Promega Corporation, Madison, WI 53711.

As a model of cell development in the nervous system, rat neurosphere cultures 
from the subventricular zone striatum of P2 rats were established. Previous studies 
by others have demonstrated that these cells are early progenitors of both neuronal 
and glial cell types. Survival and differentiation of such cells and their progeny 
are mediated by a plethora of signaling molecules in a combinatorial-, spatial- and 
temporal-dependent manner. In the present study we characterized neurospheres 
cultured in a defined medium containing EGF and bFGF. Immunohistochemical 
analysis showed that the vast majority of cells were nestin-positive and negative or 
weakly positive for PDGFα receptor and A2B5 antibody, suggesting a non- 
differentiated phenotype. Sphere formation invariably resulted in a cluster of dead 
cells at the center of the sphere, as determined by a condensed nuclear morphology 
and TUNEL staining. Cells that migrated away from the sphere remained viable 
and, following multiple passages, differentiated into GFAP-positive astrocytes and 
βlll tubulin-positive neurons thereby indicating the pluripotentiality of the parent 
cultures. A profile of neurotrophic factor/cognate receptor expression was 
determined using RT-PCR. Growth factor-depleted cultures had no detectable 
EGF, PDGFα receptor, CNTF, p75, BDNF, TrkC and NT-3 message in contrast to 
those cultures treated with exogenous recombinant EGF and bFGF. Depletion of 
growth factors also resulted in cell loss due to detachment from the poly-ornithine 
substrate, reduced mitochondrial activity and increased apoptosis in the remaining 
cells. Similarly, these depleted cultures, when treated with micromolar amounts of 
CaCl2, exhibited increased numbers of apoptotic cells suggesting that the absence 
of trophic support may result in a loss of calcium homeostasis.
Supported by Promega Corporation.

118.11

NGF PROMOTER REGIONS DRIVING NEURONAL EXPRESSION IN 
TRANSGENIC MICE. T.Timmusk,1,4 * K. Palm,1 N .  Belluardo,2 U. 
Lendahl3 and M. Metsis1.
Depts of 1Medical Biochemistry and Biophysics and 3Cell and Molecular 
Biology, Karolinska Institute, Stockholm, Sweden;, 2Institute of Human 
Physiology, University of Catania, Catania, Italy; 4Dept. of Neuroscience, 
Uppsala University, S-751 23 Uppsala, Sweden.

We have analyzed the potential of the regulatory regions of the rat NGF 
gene to drive expression of a reporter gene in transgenic mice. Tissue- 
specific, integration site independent and high level expression of the 
bacterial reporter gene chloramphenicol acetyl transferase in correct 
neuronal populations of transgenic mice was achieved by using 7.5 kb of 
genomic sequences covering the promoter regions and by including 
sequences of NGF introns with splice donor and acceptor sites and 3 ' 
untranslated region in the construct. This NGF promoter construct also 
recapitulated the in vivo upregulation of NGF expression in the 
axotomized sciatic nerve. In the adult brain the highest expression levels 
of reporter gene were seen in scattered neurons of hippocampus and 
cerebral cortex and in several nuclei o f thalamus which all are known to 
express endogenous NGF. Lower levels of reporter gene expression were 
seen in the neurons of several other brain regions (deep cerebellar nuclei, 
olive nuclei of pons, trapezoid nucleus) suggesting novel sites of NGF 
expression. Our data also suggest that this NGF promoter construct may 
be useful for targeted expression o f heterologous genes to specific 
regions of the central and peripheral nervous system.
Supported by Swedish Medical Research Council and Cancer Foundation.

118.8
COMPARISON OF RAT A LPH A -1-MACROGLOBULIN A N D  
ALPHA-2-M ACROGLOBULIN IN THEIR EFFECT ON NGF- 
PROMOTED INDUCTION OF TRKA
AUTOPHOSPHORYLATION, IMMEDIATE EARLY GENES,
A ND DELAYED RESPONSE GENES. P.-G. Lee and P.H. Koo*. 
Dept. o f  M icrobiology and Immunology, Northeastern Ohio 
Universities College o f  M edicine, P.O. box 95, Rootstown, OH 44272  

A lpha-1-macroglobulin (α1M) is a constitutive protein found in 
various tissues in the rat, whereas α2M is a acute-phase protein. Both 
can be activated by amino-neurotransmitters and inflammatory 
amines. Our laboratory has reported previously that α1M and α2M  
respectively enhances and inhibits in vivo regeneration o f  lesioned  
sciatic nerve. To study their mode o f  action, w e have tested the effect 
o f  α 1M and α2M on nerve growth factor (NGF)-promoted trk- 
autophosphorylation and expression o f  immediate early genes and 
delayed response genes in PC12 cells. Addition o f  serotonin-activated 
α 1M (5HT-α1M) and 5HT-α2M to PC12 cells in culture containing 
NGF (6.25 ng/ml) respectively resulted in stimulation and inhibition 
o f  neurite outgrowth. 5H T -α1M and 5HT-α2M also dose-dependently 
stimulated and inhibited trkA autophosphorylation, respectively. By 
Northern blotting assays, 5H T-α1M and 5HT-α2M respectively  
stimulated and inhibited N GF-promoted induction o f  immediate- 
early genes (c-jun and TIS8) and delayed-response genes (GAP-43 
and peripherin). This data suggest that activated-a1M and α2M, a 
ying-yang pair, may regulate nerve growth and regeneration via their 
direct effect on neuronal signal transduction and gene expression.

118.10
In c re ased  High M olecular  W eight N erve  Growth  Factor  in  A lzheim er’s 
D isease Br a in . D . Durigon, S. Yablonsky, D. Hanna, N. Jetté and M. Fahnestock*. 
Depts. of Psychiatry and Behavioural Neuroscience and Biology, McMaster 
University, Hamilton, ON L8N 3Z5, Canada.

Nerve growth factor (NGF) is important for the regulation, differentiation, and 
survival of basal forebrain cholinergic neurons (BFCN) which degenerate or die in 
Alzheimer’s disease (AD). In BFCN, NGF regulates its own high-affinity receptor, 
trkA, as well as choline acetyltransferase, both of which decrease in AD. NGF mRNA 
levels are similar in control and AD, whereas NGF protein, measured by ELISA, is 
increased in AD in human BFCN target regions such as the hippocampus and cortex. 
Mature NGF protein has a molecular weight of 13 kDa and is processed from larger 
precursors which are thought to be biologically inactive. The characterization of NGF 
precursors and intermediates is important in understanding NGF availability. Murine 
high molecular weight (HMW) NGF precursors of 53, 34 and 27 kDa, as well as 
glycosylated proNGF of 42.5 kDa have been reported. However, human HMW NGF 
has not been characterized. Using western blotting, we have found HMW NGF forms 
in human parietal cortex. Immunoreactive species of 81 kDa and a 30 kDa precursor 
were detected in control and AD tissue. Surprisingly, no mature NGF was detectable 
in control or AD cortex. In contrast, we demonstrate that there is a significant increase 
(n=6, p<0.01) of the 30 kDa NGF precursor band in AD parietal cortex compared to 
control. This is consistent with the ELISA data, and suggests that the increase in NGF 
precursor is due to a decrease in its processing in AD compared to control. The lack of 
accumulation of mature NGF in cortex does not support the hypothesis of defective 
retrograde transport by BFCN in AD. Our results suggest that a decrease in processing 
of NGF precursors, and hence a decrease in production of mature NGF, may 
downregulate trkA and choline acetyltransferase in AD, contributing to retrograde 
degeneration of basal forebrain cholinergic neurons.
(Supported by grant #MT-13463 from the Medical Research Council of Canada)

118.12
NGF AND α-SMOOTH MUSCLE ACTIN EXPRESSION IN SKIN WOUND 
OF DEVELOPING RATS. W.Hasan, R.Zhang, M. Liu, and P G.Smith*. Dept. 
of Physiology, Kansas Univ. Med. Center, Kansas, KS 66160-7401.

Sensory nerves innervate cutaneous wounds, and denervation impairs wound 
healing. Although Nerve Growth Factor (NGF) is present within wounds, it is 
unclear which cell types are responsible for its synthesis. The present study was 
conducted to determine sites o f NGF synthesis. Sprague-Dawley rats cm PND 7 
received a circular 4-mm diameter full thickness excision wound on the dorsal 
surface. Tissue was harvested 2 through 10 days post-wounding, cryosectioned, 
hybridized with digoxigenin-labelled cRNA probes to NGF and α-smooth muscle 
actin (α-SMA, a marker for wound contractile cells with smooth muscle-like 
phenotype) and visualized with an anti-digoxigenin antibody conjugated to alkalin 
phosphatase. α-SMA immunoreactivity (IR) was assessed by 
immunofluorescence.

In control skin, α-SMA mRNA and IR were strongly expressed in vascular 
smooth muscle and hair root sheath cells. NGF mRNA was expressed strongly in 
keratinocytes, hair root sheath cells and weakly in fibroblasts, blood vessels, and 
adipocytes. At 2-3 days post-wound, the lesion was negative for α-SMA, and 
adjacent skin was unchanged. However, NGF mRNA was expressed strongly in 
macrophages and endothelial cells at the wound site. Between 4 and 10 days post-
wound, both SMA mRNA/IR and NGF mRNA were strongly expressed by 
macrophages, myofibroblasts, and adipocytes, and less so by skeletal muscle.

Our results indicate that, following wounding, NGF expression is markedly 
upregulated, particularly in mesenchymally derived cells including fibroblasts, 
macrophages, and adipocytes, and occurs in association with enhanced α-SMA 
expression. Funded by NIH 550759.
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118.13
DISTRIBUTION OF NERVE GROWTH FACTOR IN EMBRYONIC 
CHICK SKIN. S.M. Cahoon* and S.A. Scott. Program in Neuroscience and 
Neurobiology & Anatomy Department, University of Utah School of 
Medicine, Salt Lake City, UT 84132

In birds, unlike mammals, cutaneous innervation is largely restricted to 
the dermis, with few axons penetrating into the epidermis. This pattern is 
maintained in vitro, where sensory neurites grow readily on dermis but 
avoid epidermis. The restriction of sensory innervation to dermis has been 
attributed to the presence of inhibitory molecules, such as chondroitin 
sulfate proteoglycans, in epidermis. Another possibility is that epidermis 
may lack permissive molecules. For example, in mammalian skin nerve 
growth factor (NGF) is more abundant in epidermis than in dermis (Davies 
et al., 1987), and the density of epidermal innervation is correlated with 
(Harper and Davies, 1990) and dependent on (Lewin et al., 1992) NGF levels 
in that tissue. Previous studies (Ebendal and Persson, 1988) have shown 
that NGF message peaks in chick skin at E8, but the relative distribution of 
NGF message between dermis and epidermis has not been described. Thus, 
the possibility exists that neurites may be restricted to dermis in birds 
because the epidermis lacks NGF. To test this, we have assayed levels of 
NGF protein in E8 chick whole skin, dermis and epidermis using ELISA 
immunoassay. Surprisingly, we found that NGF was approximately 3 times 
more abundant in epidermis than in dermis. Thus, contrary to our 
expectations, the lack of epidermal innervation in birds cannot be attributed 
to a lack of epidermal NGF. Future experiments will include determination 
of NGF levels at other stages of embryonic development, as well as an 
evaluation of the site of NGF synthesis using in situ hybridization to 
visualize NGF mRNA. Supported by University of Utah Graduate 
Fellowship to SMC and NS16067 to SAS.

118.15
DOWN-REGULATION OF NGF AND NGF-LIKE ACTIVITY IN REGEN
ERATING NERVE BY PULSED ELECTROMAGNETIC FIELDS (PEMF). 
BF Sisken*, FM Longo, T Yang, J Walker, JF Hyde and R Stach. Center for 
Biomed Engr & Dept Anat & Neurobiol., Univ. of Kentucky, Lexington, 
Kentucky 40506 USA; Dept. of Neurology, UC San Francisco, CA 94143 
USA; Div. Orthop. Surg., Univ. of Kentucky, Lexington, Kentucky 40506 
USA; Dept.Chemistry, Univ. of Mich-Flint, Flint, Michigan 48502 

Sciatic nerve regeneration can be enhanced by hormones, growth factors, 
drugs and PEMF. To determine the mechanisms underlying PEMF effects, we 
studied NGF content and NGF-like activity in lesioned nerves and corre
sponding DRG. Sciatic nerves of adult male rats were transected and segre
gated equally into control and treated groups. Control animals were re
strained for 4 hours/day; treated animals were restrained and exposed to very 
low levels of PEMF. Six, 24, 48 and 72 hours after lesioning, DRG and 
segments of proximal and distal portions of transected nerves, and segments 
of contralateral unoperated nerves were frozen. Uninjured rats were also 
separated into control and PEMF-treated groups to test for treatment effects 
alone. NGF content ( ELISA assay) and NGF-like activity (chick DRG bioas
say) were determined in coded extracts. PEMF caused a significant overall 
decrease in NGF and NGF-like activity in distal nerve segments at 6, 24 and 72 
hrs post-transection. No significant PEMF effects were detected in DRG tissue 
or on unoperated animals. It appears that PEMF does not accelerate regenera
tion by upregulating NGF (content or trophic activity). The PEMF-induced 
decrease in neurotrophic activity that occurs primarily within the first 72 hrs 
may act to promote early sprouting and regrowth of axonal endings since an 
abundance of NGF has been found to retard initial axonal regeneration by 
"turning-down the axonal reaction in the cell body". Such inhibition (of 
neurite outgrowth) has been observed in vitro when high concentrations of NGF 
are added. Supported NIH NS 29621, NIH AG 09873 and the V.A.

118.17
Lampetra fluviatilis NEUROTROPHIN HOMOLOGUE (L f-NT), A 
NEUROTROPHIN PRECURSOR, DISCLOSES THE EARLY MOLECULAR 
EVOLUTION OF NEUROTROPHINS IN THE VERTEBRATE SUBPHYLUM 
Klas Kullander* (1,3), Lars-Gustav Lundin(2) and Finn Hallböök(l). 1 Department of 
Neuroscience, 2Department of Medical Biochemistry and Microbiology, Uppsala 
University, S-751 23 Uppsala, Sweden. 3Present address: EMBL, 69117 Heidelberg, 
Germany.

We have isolated a neurotrophin from the lamprey which permitted us to perform a 
phylogenetic analysis of the neurotrophin gene family that dates back 460 million 
years to the early vertebrate ancestors. The results show that lamprey neurotrophin 
represents a precursor to neurotrophins in higher vertebrates and that the neurotrophin 
gene family was originally formed by two duplications. The duplication that formed 
nerve growth factor, neurotrophin-3, brain-derived neurotrophic factor and 
neurotrophin-4 occurred after the split of lampreys but before the split of cartilage fish 
from the main vertebrate lineage. Compilation of chromosomal gene maps around the 
neurotrophins show that they are located in paralogous chromosomal regions 
suggesting that the genes were formed at major duplication events such as complete 
genome doubling. Analysis of the Trk receptors show similar results; lamprey Trk 
receptors represent precursors to TrkA, B and C genes with locations in paralogous 
chromosomal regions. Multiple neurotrophins and Trks, including neurotrophin-6 and 
-7, have been found in fish and we suggest that the extra genes were formed by an 
additional duplication in the bony fish lineage. We analyzed the expression of Lf -NT 
and Trk receptors which are expressed in all regions of the brain so far analyzed as well 
as in the otic system. Together, the results suggest that the duplications of ancestral 
neurotrophin and Trk genes at an early vertebrate stage have permitted evolution to 
bring about differential neurotrophin and Trk expression and thereby allowing the 
formation of specific functions in selective neuronal populations. Grant sponsor: 
Swedish Medical Research Council (11098; KK, 12X12187; FH) Swedish Natural 
Research Council (08904-305, FH), Göran Gustavssons Research Foundation (FH).

118.14
THE 1α,25(OH)2D3 ANALOG CB 1093 INDUCES NERVE GROWTH 
FACTOR IN NON-HUMAN PRIMATE BRAIN. L.D. Aimone*, P. Dobrzanski, 
S. Carswell, L  Binderup1, J.T. Mortensen1 and M.S. Miller. Cephalon, Inc., 
West Chester, PA 19380 and 1Leo Pharmaceutical Products, DK-2750, 
Ballerup, Denmark.

NGF has therapeutic potential for the treatment of Alzheimer’s 
disease because it maintains the survival and enhances the function of basal 
forebrain cholinergic neurons in the CNS. Oral administration of CB 1093, a 
low calcemic analog of 1α,25(OH)2D3, has been shown to induce mRNA for 
NGF in the CNS in rats and to have efficacy in a rat fimbria fornix lesion 
model. This study examined whether CB 1093 could induce NGF in the brain 
of a non-human primate. CB 1093 (10 and 30 ug/kg/day, n=4/group) was 
administered to young adult male cynomolgus monkeys via oral gavage for 
nine consecutive days. The animals were sacrificed five hours after the last 
dose and the septal region was rapidly dissected and quick frozen. Total RNA 
was prepared and gene expression was assessed by semiquantitative rtPCR. 
Results obtained from multiple PCR reactions using 2 separate regions of the 
septum demonstrated that CB 1093 administration (10 ug/kg/day) produced a 
60% increase in NGF mRNA in the septum. Synaptobrevin2, a protein 
involved in neurotransmitter release, and S100β (an astroglial marker), which 
served as internal controls, were not induced by CB 1093. Clinical 
chemistries, including serum calcium, were not affected by doses of CB 1093 
which induced NGF. In summary, we have shown that a low calcemic analog 
of 1α,25(OH)2D3, CB 1093, can induce NGF mRNA in non-human primates 
when administered at oral doses that are well tolerated. These data provide 
further support for the potential utility of low calcemic vitamin D analogs for the 
treatment of NGF-responsive neurodegenerative disorders.

118.16
COEXPRESSION OF NEUROTROPHIC GROWTH FACTORS AND THEIR 
RECEPTORS IN HUMAN FACIAL MOTOR NEURONS AND A PATIENT 
WITH PARTIAL FACIAL PARALYSIS AND SYNKINESIS J-M. LI1 , D. 
Brackmann1, W. Hitselberger1, F. Linthicum1, Q. Yan2*, and D. Lim1. 1Dept. of 
Cell & Molecular Biology, House Ear Institute & Clinic, LA, CA 90057, 2Dept. 
of Neuroscience, Amgen Inc., Thousand Oaks, CA 91320 

Neuronal development and physiological maintenance is assumed to be regulated 
by neurotrophic growth factors. We immunolocalizited eleven neurotrophic factors 
and their receptors in human brain stem facial nuclei in celloidin embedded 
sections. Four brain stems from normal subjects, and one brain stem from patient 
with partial facial paralysis and synkinesis were used for present study. In normal 
subjects positive immunoreactivity of neurotrophin-4 was observed in facial motor 
neurons. The high affinity neurotrophins receptor trk gene family including trk, 
trkB, trkC were examined in this study. No trkA immunoreactivity was found in 
facial motor neurons. A moderate immunoreactivity of trkB and strong 
immunoreactivity of trkC was seen in facial neurons. A positive immunoreactivity 
against C-ret, the receptor shared by glial cell-line derived neurotrophic factor 
(GDNF) and neurturin was also observed in facial motor neurons. In a case of 
patient with partial facial paralysis, the facial nuclei were mostly degenerated and 
the surviving cells failed to show immunoreactivity against neurotrophins. 
However, immunoreactivity of acidic fibroblast growth factor was relatively up- 
regulated in both neuronal and non-neuronal cells in the patient. Taken together, 
since trophic factors are survival factors for facial motor neurons, this study 
suggest that these trophic growth factors could be used in a proper combined 
regime in the early stage after surgery to protect facial nuclei from secondary 
degeneration after axotomy. This study may also have potential clinic benefit for 
alleviating synkinesis. (Supported by House Ear Institute)

118.18
Regulation of Nerve Growth Factor production by Nitric Oxide in Central Nervous 
System
H. Xiong1, H. Jourdi1, K. Yamada2, D. Han2, T. Nabeshima2, and H. Nawa*. 
1 Department of Molecular Neurobiology, Brain Research Institute, Niigata 
University, 2Department of Neuropsychopharmacology and Hospital Pharmacy, 
Nagoya University School of Medicine, Japan.

Both nerve growth factor (NGF) and nitric oxide (NO) play many important roles 
of neural signalling in central nervous system. In the present study, the regulation 
of NGF production by NO was analyzed in the primary culture of glial cells. It was 
found that LPS induced NOS gene expression resulting in the production of NO. Its 
costimulation with IFN-γ greatly enhanced NO production, but LPS-induced NGF 
production was significantly suppressed. When NMMA was added to the culture at a 
dose for the complete blockade of NO synthesis, the suppression of LPS-induced 
NGF production was reversed. SNAP, a NO donor, was able to inhibit both LPS- 
induced NGF expression and basal NGF production at a dose-dependent manner. It 
was also revealed that second messenger cGMP inhibited basal NGF production, but 
cAMP had no effect. To testify whether it is the same case in vivo, we directly 
injected NO synthase inhibitor, L-NAME into rat cerebroventricle for the inhibition 
of endogenously NO production, then NGF protein was determined 28 hours later: 
L-NAME significantly elevated NGF protein level. Taken together, it may be 
concluded that NO downregulates NGF production at the transcriptional level in the 
central nervous system, the mechanism of this regulation maybe depend upon 
cGMP pathway. This study was, in part, supported by the Japan Society for the 
Promotion of Science (RFTF-96L00203)
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118.19
MODULATION OF NEUROTROPHIN AND NEUROTROPHIN  
RECEPTOR mRNA EXPRESSION IN RAT LOCUS COERULEUS  
FOLLOWING ACUTE STRESS. L. Zhang, J.P. Herman*, K.H. 
Lundgren, and K.B. Seroogy. Department of Anatomy & Neurobiology, 
University of Kentucky, Lexington, KY 40536.

Acute or chronic stress is thought to precipitate or exacerbate affective 
disorders involving the locus coeruleus-norepinephrine (NE) system, 
including anxiety and depression. In the present study, the expression of 
mRNAs for the neurotrophins brain-derived neurotrophic factor (BDNF) and 
neurotrophin-3 (NT-3), which are expressed within the locus coeruleus and 
known to promote the survival and/or differentiation of locus coeruleus 
neurons, and their respective high affinity receptors trkB and trkC, was 
examined following acute restraint stress. Rats were restrained for 30 min in 
plastic restraint cages and sacrificed 4 and 24 hr following restraint initiation. 
Control animals were unstressed. Cryostat-prepared tissue sections through 
the locus coeruleus were subsequently processed for the detection of 
BDNF, NT-3, trkB and trkC mRNAs using in situ hybridization with 35S-labeled 
cRNA probes. Expression of BDNF mRNA was significantly increased in 
locus coeruleus at the 4 hr survival time, returning to control values by 24 hr. 
In contrast, NT-3 mRNA levels significantly decreased at both the 4 and 24 hr 
time points. Whereas no change was found for trkC, hybridization for trkB 
mRNA declined significantly at 4 and 24 hr following the restraint stress. 
These data demonstrate that neurotrophins and their receptors are 
differentially modulated in locus coeruleus following acute stress. Moreover, 
these findings raise the possibility that stress-associated dysfunctions of the 
locus coeruleus-NE system may involve acute neurotrophic responses in 
locus coeruleus somata. Supported by NS35164, NARSAD and AG 12962.

118.20
DOWN REGULATION OF NGF CONTENT AND mRNA IN RAT 
UTERUS DURING PREGNANCY. A.M. Duchemin*, F. G. Varol, N. H. 
Neff, and M. Hadjiconstantinou The Ohio State University College of 
Medicine and Public Health, Columbus, Ohio 43210.

The rat uterus is innervated by adrenergic, cholinergic and 
peptidergic neurons. During pregnancy, the uterus in several species 
undergoes a profound denervation within all layers. A decrease of 
adrenergic and cholinergic immunoreactive fibers is associated with 
a decrease of catecholamine content and choline acetyltransferase 
activity. Hormonal changes during pregnancy, particularly progester
one, have been implicated in uterine denervation. In this study, we 
assayed NGF content (ELISA) and NGF mRNA (Northern blot) in 
uterus and cervix of virgin and timed-pregnant Sprague-Dawley rats. 
NGF was detected in the uterus of non-pregnant rats, and it 
decreased progressively during pregnancy with a 30% fall during the 
early stage of pregnancy (day 3), and more than an 80% fall during 
the mid (day 14) and late stages of pregnancy (day 20). At seven 
days post partum, the content of NGF returned to 70% of the non-
pregnant values. Northern blots revealed the same pattern of changes 
for NGF mRNA with a sharp decrease during the second half of 
pregnancy. Levels of NGF protein and RNA in the cervix were lower 
than in the uterus, but did not show significant alterations during 
pregnancy. These observations suggest that the down-regulation of 
NGF expression may be related to the pregnancy-induced uterine 
denervation. The mechanisms for the regulation of neurotrophic 
factors in the uterus remain to be investigated.

BIO LO G IC A L EFFECTS O F NEUR O TR O PH INS II

119.1

REGULATION O F N ITR IC  O X ID E SY N T H A SE  A C TIV ITY  BY  
BRAIN-DERIVED N E U R O T R O P H IC  FA C TO R
Nikolaj Klöcker *, Pawel Kenner, Marc Gleichmann, and Mathias Bähr 
Dept of Neurology, University of Tubingen, 72076 Tubingen, Germany.

We have recently demonstrated that brain-derived neurotrophic 
factor (BDNF) upregulates nitric oxide synthase (N O S) activity in the 
adult rat retina, thereby limiting its neuroprotective potential on 
axotomized retinal ganglion cells (RGCs). For further investigation o f  
the interaction o f  BD NF and NOS, w e compared mRNA expression o f  
neuronal NOS (nNO S) in control retinae with its expression in retinae 6 
days after transection o f  the optic nerve, and after intraocular BDNF  
treatment. Axotomy induced an increase in nNOS mRNA expression. 
BDNF treatment, however, did not elicit any change in nNOS  
expression on the transcriptional level. Since BD NF is known to increase 
glutamatergic neurotransmission and since the activity o f  nNOS can be 
regulated by calcium, w e then investigated whether BDNF increases 
nNOS activity on the post-transcriptional level by modulating N M DA  
receptor activation. Whereas specific inhibition o f  N OS with L-NAM E  
potentiated the neuroprotective effects o f  BD NF in promoting the 
survival o f  axotomized rat RGCs in vivo, the N M DA open-channel 
blocker memantine did not. These data suggest that NM DA receptor 
activation might not be involved in BD NF mediated upregulation o f  
NOS activity. Whether other pathways regulating nNOS activity are 
modulated by BD NF or whether BD NF increases the activity o f  
inducible NOS is currently under investigation. (supp. by bmbf Neurotraumatology).

119.3

Regulation of reactive oxygen species by NGF but not by Bcl-2 
as a novel protection from superoxide-induced death of PC 12 
cells. Hiroshi Hatanaka1*, Takumi Satoh1,2, Tomoko Yamagata1, 
Masashi Yamada1, Yasuvuki Ishikawa1, and Yasuo Uchiyama3. 
1Devision o f Protein Biosynthesis, Institute for Protein Research, 
Osaka University, Osaka, Japan. 2 Department o f Neuroscience, 
Osaka B ioscience Institute, Osaka, Japan. 3Department of 
Anatomy, Medical School o f Osaka University, Osaka University, 
Osaka, Japan

Although neurotrophins were reported to protect PC12 
cells and neurons from oxidative stress-induced death, the 
molecular mechanism respnsible for the protection is largely 
unknown. Xanthine(XO)+xanthine oxidase (XO) increased 
production o f  superoxide anion (O2-) , hydrogen peroxide (H2O2) 
and the death o f PC12 cells. Catalase (CAT) but not superoxide 
dismutasse (SOD) or a NO scavenger protected PC12 cells from 
the death, indicating that main effector for the death is H2O2.
Both NGF and Bcl-2 protected PC12 cells from the O 2 --induce 
toxicity. NGF enhanced production o f O2- and supressed that o f  
H2O2, indicating that it inhibited the conversion from O2- to 
H2O2. W hile, Bcl-2 did not have such a effect. These results 
suggest that NGF but not Bcl-2 protected the cells from oxidative 
stress through alternating the composition o f ROS without 
affecting the total level o f ROS.

119.2

N E R V E  G R O W T H  F A C T O R  R A P ID L Y  S U P P R E S S E S  
N IT R IC  O X ID E  P R O D U C T IO N  IN R A T H IP P O C A M P U S.
H.H.D. Lam 1*, A. Bhardwaj2, M.T. O ’C onn ell1, D.F. Hanley 2., R.J. 
Traystman3 and M.V. S ofron iew 1. 1 MRC Cambridge Centre for 
Brain Repair and Dept. Anatomy, Cambridge CB2 2PY, UK; Depts. 
2Neurology, 3 Anesthesiology and Critical Care Med., Johns Hopkins 
University School of Medicine, Baltimore, MD 21287, USA.

NGF signalling in neural tissue is generally thought to occur 
after internalization and retrograde transport o f trkA receptor by 
neurons, and be mediated through the nucleus. The rapid regulation 
of NGF expression in hippocampus by synaptic activity suggests that 
NGF may exert local effects more rapidly than is possible through 
retrograde transport to distant neuronal perikarya. We investigated  
whether NGF rapidly modulates nitric oxide (NO) production. Using 
in vivo microdialysis we measured conversion of [ 14CJL-arginine to 
[14C JL-citrulline as a reflection o f nitric oxide synthase (NOS) 
activity in adult rat hippocampus. NGF significantly reduced NOS 
activity to 61% of basal levels within 20 min., and maintained NOS 
activity at less than 50% of baseline throughout 3 hours o f delivery. 
This effect was not seen with control protein (cytochrome C). NGF 
also prevented the significant increases in NOS activity triggered by 
the glutam ate receptor agonists N M D A  and AM PA. Rapid 
suppression by NGF of basal and glutamate-stimulated NOS activity 
may regulate neuromodulatory functions of NO or protect neurons 
from NO toxicity, and suggests a novel mechanism for rapidly 
mediating functions of NGF and other neurotrophins. Supported by 
the MRC (UK) and NIH (USA).

119.4
NERVE GROWTH FACTOR (NGF) TREATMENT PREVENTS THE 
INCREASE IN SUPEROXIDE PRODUCED BY EPIDERMAL 
GROWTH FACTOR (EGF) IN PC12 CELLS E.M. Mills,1 Y. 
Kataqiri,1 H. Jiang ,1 Z. Yu,2 T. Kazuyo ,2 V. 
Ferrans,2 M. Lavigne,3 T. Leto,3 and G. Guroff1* 
1Section on Growth Factors, NICHD, 2Pathology 
Section, NHLBI, and 3Laboratory of Host Defenses, 
NIAID NIH, Bethesda, MD 20892

PC12 cells treated with the mitogen EGF show an 
increase of intracellular reactive oxygen species 
(ROS). Brief pretreatment with NGF suppressed the 
EGF-mediated ROS increase. EGF did not produce 
elevations in ROS in a PC12 variant expressing a 
dominant-negative Ras construct (PC12-N17), or in 
cells pretreated with the MEK inhibitor PD098059. 
NGF failed to suppress the increase in ROS in the 
PC12 variant nnr5, which lacks pl40trk receptors. 
The suppression of the increase in ROS was 
restored in nnr5 cells expressing pl40trk (nnr5- 
trk) , but not in nnr cells expressing mutant pl40trk 
receptors that lack binding sites for Shc and 
phopholipase Cγ . Nordihydroguaiaretic acid, an 
inhibitor of lipoxygenase, reduced EGF-mediated 
ROS formation. The inhibitory action of NGF on ROS 
production was blocked by a nitric oxide 
synthetase inhibitor, L-nitro arginine methyl 
ester. These data suggest a mechanism for the 
rapid interruption of mitogen signaling by NGF.
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119.5
NERVE GROWTH FACTOR INHIBITS INTRACELLULAR 
OXIDATIVE STRESS VIA PROTEIN KINASE C IN PC12 CELLS 
AFTER EXPOSURE TO EXPERIMENTAL HYPOXIA.
X. Sun*, J. L. Podratz, and A. J. Windebank. Mayo Clinic and Mayo 
Foundation, Departments o f Neurology and Pharmacology, Rochester, 
MN 55905 USA.

Diabetic neuropathy involves a combination of sensory, motor, and 
autonomic nerve fiber abnormalities. The prevalence o f diabetic 
neuropathy in patients increases with both age and duration o f diabetes 
mellitus. There is extensive evidence that decreased endoneurial blood 
flow and local hypoxia contribute to this process. Autopsy data 
suggests that diabetic neuropathy may be associated with loss o f dorsal 
root ganglion neurons. Mechanisms o f diabetic neuropathy and 
neuronal death are still unknown. In the present investigation we 
hypothesized that nerve growth factor which has been shown to rescue 
PC12 cells and DRG neurons in anticancer drug research may rescue 
cells after exposure to experimental hypoxia. The results showed that 
nerve growth factor rescues PC12 cells after exposure to 3 hours o f  
hypoxia (4.7 ± 3.0%) in comparison to the cells exposed to hypoxia 
alone (23.1 ± 1.7%). We also observed that PKC inhibitor reversed 
NGF protection (19 .6±  1.02%). Oxidative stress was assessed using the 
fluorescent marker dichlorofluorescein. Oxidative stress was 
significantly increased after hypoxia; this increase was not prevented by 
NGF. In conclusion, nerve growth factor is a potential candidate for 
preventing hypoxia-induced cell death through an intracellular 
PKC-mediated pathway. Support: Mayo Foundation and NS 10282.

119.7
TROPHIC FACTORS IN COM BINATION, BUT NOT  
INDIVIDUALLY, RESCUE rd  MOUSE PHOTORECEPTORS IN 
RETINAL ORGAN CULTURES J. M osinger O gilvie*, J.D. Speck, 
J.M. Lett Central Institute for the Deaf, St. Louis, MO. 63110  

Rod photoreceptors in the rd mouse retina undergo apoptosis during 
the first 4 weeks in vivo or in organ culture. We have examined the 
effect o f  different families o f  trophic factors on the survival o f  rd mouse 
photoreceptors in organ culture. Retinas were harvested from rd  mice at 
postnatal day 2 and grown in organ culture for 4 weeks in DMEM with 
10% fetal ca lf serum. Ciliary neurotrophic factor (CNTF), brain-derived 
neurotrophic factor (BD NF), glial-derived neurotrophic factor (GDNF), 
neurturin, and persephon were added individually or in combination to 
the media at a dose o f  50ng/ml or less. Photoreceptor degeneration is not 
blocked by any o f  the trophic factors added individually. However, 
CNTF added in combination with either BD NF or GDNF results in 
extensive photoreceptor survival, comparable to that seen in normal 
retinas grown in organ culture for 4 weeks. The degree o f  rescue is 
dependent on the trophic factor dose. These results demonstrate that the 
trophic factors promote photoreceptor survival through a complex 
interaction. Increased understanding o f  receptor interactions and signal 
transduction pathways may lead to a potential therapeutic role for 
combinatorial trophic factors in treatment o f  photoreceptor dystrophy. 
Supported by NIH N S01756 and the Foundation Fighting Blindness.

119.9

IN TRA OCU LA R B D N F  A PP L IC A T IO N  PRESERV ES T H E  
IPSILATERAL RETINOTECTAL PROJECTION IN C H IC K  
R.W. Davenport*, E. Thies and P.G. Nelson
Laboratory of Developmental Neurobiology, NICHD, NIH, Bethesda, MD 20892 

Nervous system development depends both on the elimination of extraneous 
connectivity and on the preservation of functional circuits. A number of reagents 
such as the neurotrophic factors have been implicated in synaptic elimination and 
cell survival. Brain derived neurotrophic factor (BDNF) appears to serve critical 
roles in activity-dependent synaptic competition in the developing visual system 
and to promote cell survival of retinal ganglion cells. To determine whether 
exogenous BDNF can preserve a normally transient projection in the CNS, the 
ipsilateral retinotectal projection in embryonic chicks was evaluated in the presence 
or absence of added BDNF. Intraocular injections of BDNF between embryonic 
days 12-16 were able to prevent elimination of the ipsilateral retinotectal projection 
when assayed on E17. Intratectal injections of BDNF, however, were not effective 
in preventing or delaying elimination. Measurements of the morphology of the 
chick embryo and brain were unaffected by either method of BDNF application, 
suggesting a restriction of the action of BDNF. Thus the ipsilateral retinotectal 
projection in chick can be maintained by exogenous BDNF to the eye (afferent 
nucleus), but not to the tecta (target). These results suggest that levels of 
neurotrophic factors within the afferent nucleus itself may serve an important role 
in preserving CNS projections from that nucleus. Additionally, the results suggest 
that levels of neurotrophic factors within the target nucleus may not be directly 
involved in the elimination of certain projections. Together the results suggest a 
reinterpretation of the classic neurotrophic hypothesis.

119.6
PROTECTION OF RETINAL GANGLION CELLS AFTER  

RAT OPTIC NERVE TRANSECTION BY A DEN O VIRA LLY  
ADMINISTERED CNTF IN  V IV O
J W eise*, S. Isenmann, N Klöcker, C. G ra ve l1 and M. Bähr. 
Department of Neurology, University of Tubingen Medical School, 
Germany; Centre de Recherche, 1Université Laval, Quebec, 
Canada
Intraorbital transection of the rat optic nerve leads to apoptotic cell 
death of more than 80%  of all retinal ganglion cells (RG Cs) within 
14 days after lesion. Repeated intraocular injections of ciliary 
neurotrophic factor (CNTF) have been show n to be efficient in 
increasing the number of surviv ing RG Cs follow ing optic nerve 
axotom y.
To avoid infections and inflam mation as possible consequences of 
multiple intraocular injections, we em ployed the adenovirus- 
mediated gene transfer technique to test the effect of adenovira lly  
delivered CN TF on axotom ized RG Cs in vivo. Single intraocular 
injection of Ad-C NTF enhanced RGC surviva l 14 days after 
axotom y by 263% , resulting in survival of about 42%  of the entire 
RGC population. Intraocular applicaton of other adenovirus- 
expressed neurotrophic factors (i.e. Ad-BDNF) also leads to an 
increased number of surviv ing RGCs, which are, how ever, 
significantly lower than after Ad-C NTF delivery.
These results demonstrate that adenovirus-m ediated transfer of 
neurotrophic factors to the vitreous body is a suitable approach 
for reducing axotom y-induced RGC death. Furthermore, it m ay 
constitute a relevant strategy for future treatm ent of traumatic brain 
injury in humans.
Supported by grants from  the DFG and the IKFZ (BM BF).

119.8
BDNF GENE TR ANSFER TO THE RETIN A  R ED U C ES LIGHT- 
INDUCED DAM AGE TO PH O TO R EC EPTO R  C ELLS. A. Di Polo, 
L.J. Aigner*, G.M. Bray and A.J. Aguayo. Center for Research in Neuroscience, 
Montreal General Hospital Research Institute and McGill University, Montréal, 
Canada.

We have previously demonstrated that adenovirus-mediated BDNF gene 
transfer into Muller cells enhances the survival o f retinal ganglion cells after 
axotomy (PNAS 95:3978, 1998). Because Muller cells span the entire 
thickness o f the retina, we investigated if this approach could be extended 
to rescue photoreceptor cells. Photoreceptor damage was induced by 
exposure to constant light for 5 days ( 150-180 foot candles). Two days prior 
to light exposure, adult female Sprague-Dawley rats were injected 
intravitreally with recombinant adenovirus containing the BDNF cDNA 
linked to a c-myc tag under control o f the CMV promoter (Ad.BDNF), 
control adenovirus (Ad.LacZ), or vehicle. To avoid the immune response 
triggered by the viral vector, animals received daily doses o f the 
immunosuppressant FK-506 throughout the study. The survival effect of 
Ad.BDNF, Ad.LacZ or vehicle was analyzed by measurements o f the 
photoreceptor layer and by anti-rhodopsin immunocytochemistry. Our 
results show that adenovirus-mediated gene delivery to Muller cells can 
reduce light-induced damage to photoreceptors.

Supported by the Canadian Medical Research Council and Neuroscience 
Network.

119.10
ROLE OF TRKB LIGANDS IN THE DEVELOPMENTAL DEATH OF 
HAMSTER RETINAL GANGLION CELLS. D.O. Frost1 *, Y .-T. Ma1, G. 
Pollock1, R. Robichon1, W.E. Lyons2 R. Ambalavanar3  and D.R. Kaplan4 . 
1 Dept. Pharm., Univ. of MD Sch. Med., Baltimore, MD 21042; 2NCI, 
Frederick, MD; 3NIDCD, Bethesda, MD; 4Montreal Neurological Institute, 
Montreal, Que. H3A 2B4 Canada.

The rate of developmental death of hamster retinal ganglion cells (RGCs) 
on postnatal day 4 (P4) is reduced 15-fold by injection of pharmacological 
concentrations of BDNF into the superior colliculus (SC) 20h previously 
(Ma et al., J. Neurosci., 18, 2097, 1998). This effect is most likely mediated 
by trkB receptors on RGC axon terminals. In order to study the role of 
physiological concentrations of trkB ligands on RGC death, we depleted 
these ligands by injecting trkB-Fc fusion protein (Regeneron) into the SC on 
P4. Surprisingly, trkB-Fc (25.4pM/SC) reduced  the rate of RGC death 2.7- 
fold whereas trkA-Fc had no effect.

In order to understand this paradoxical result, we are studying the effect 
of various treatments on trkB phosphorylation in the retina and SC. Trk 
receptors immunoprecipitated with pantrk Ab were analyzed on Western 
blots to identify trkB and phosphorylated trk receptors. As expected, BDNF 
(0.1 µg/SC), but not vehicle, increased trkB phosphorylation in the SC at 3h 
and 12h post-injection. TrkB phosphorylation in the retina (presumably due 
to a retrogradely transported trkB-BDNF complex) was increased at 12h but 
not 3h. We are now studying the effects of trkB-Fc and trkA-Fc on trkB 
phosphorylation. We are also studying the effects of other trkB-Fc and 
trkA-Fc fusion proteins (Genentech) that differ in the extent of their 
glycosylation from the Regeneron fusion proteins.

Support: NIMH - MH49568 and NIH - EY11434. Fusion proteins and 
BDNF are gifts of Regeneron Inc., Amgen, Inc. and Genentech, Inc.
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119.11
EXPRESSION OF NEUROPEPTIDES IS REDUCED IN THE 
RETINA OF b d n f-/- MICE A ND  IS RESTORED BY POSTNATAL  
TREATEMENT WITH EXOGENOUS BDNF.
A.Cellerino*, B. Arango-Gonzalez and K. Kohler. Experimental 
Ophthalmology, University Eye Hospital, University o f Tuebingen, 
Tuebingen, Germany.

BDNF is known to regulate neuropeptides expression in cortical and 
hippocampal interneurons. We have recently shown that BDNF also 
regulates the development o f some amacrine cell subtypes in the 
rodent retina1. As neuropetides are expressed by some amacrine 
neurons, we examined effects o f BDNF on neuropeptide expression in 
the retina. Retinae of bdnf -/- mice showed a clear reduction of 
Vasoactive Intestinal Peptide (VIP) immunoreactivity. On the other 
hand, intraocular injections o f BD NF increased VIP-, but not 
Substance P-immunoreactivity in rats. Intraocular injections of 
exogenous BDNF during the second postnatal week restored a normal 
level of VEP-immunoreactivity in retinae o f bdnf-/- mice. As this 
rescue effect was observed after the end o f programmed amacrine cell 
death, we conclude that VIP-amacrine cells are still present in the 
retina of bdnf-/- mice and can re-express a normal phenotype if BDNF  
is provided.
] Cellerino A, Pinzòn-Duarte G, Carroll P, Kohler K (1998) J. Neurosci. 18. 3344- 
3350
Supported by the ForTüNe programme, University of Tubingen

119.13
BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) PREVENTS 
RETINAL GANGLION CELL DEATH IN THE CAT RETINA AFTER 
OPTIC NERVE CRUSH. H. Chen and A.J. Weber*. Department of 
Anatomy, Michigan State University; East Lansing, MI 48824.

Glaucoma is a disease of the visual system characterized by pressure- 
induced damage to the optic nerve and retrograde degeneration o f ganglion 
cells (RGC) in the retina. While studies have shown that BDNF slows RGC 
death in small rodent eyes following optic nerve damage, its potential use as a 
neuroprotectant in larger mammalian eyes remains unknown. We examined 
the effect that two different levels o f BDNF treatment have on the survival of 
RGC’s in the cat eye following controlled crush o f the optic nerve. Using 
sterile procedures, one nerve was exposed and clamped for 15 seconds at a 
distance 2-3mm posterior to the globe. Three animals received no treatment 
and 4 received single injections of either 30 or 60ug o f BDNF into the vitreal 
chamber at the time o f nerve crush. Pre- and post-surgery fundus photography, 
and at the time of sacrifice ( 1wk), was used to monitor effects on intraretinal 
vasculature. Cell size, number and density were measured in matched regions 
(1.7mm2) o f each cresyl-stained retina. For both doses, significantly fewer 
neurons (18%) were lost from BDNF-treated than untreated (53%) eyes, with 
similar percent differences measured for ganglion cell density. Mean soma 
size reduction for neurons from untreated eyes was 19%, while that from 
treated eyes ranged from 1-19%, the main difference being whether the largest 
ganglion cells were saved. The data indicate that BDNF is a suitable candidate 
for use as a neuroprotectant in primate-sized eyes. Ongoing studies are aimed 
at determining optimal dose and delivery schedule. Supported by NIH grant 
EY11159 and an MSU Strategic Partnership Grant. (BDNF: Regeneron, Inc.)

119.12
RETINAL DEVELOPMENT IN THE BDNF KNOCKOUT MOUSE. D.W. 
Rickman1*, A. Orris1, T. DeChiara2 and G. Yancopoulos2. 1Department of 
Ophthalmology and Visual Sciences, University of Iowa, Iowa City, IA 52242 and 
2Regeneron Pharmaceuticals, Inc., Tarrytown, NY 10591.

Considerable understanding of the role of neurotrophic factors in the survival and 
differentiation of neuronal populations has come from the analysis of mice with a 
targeted deletion of neurotrophins or their receptors. We have exploited a BDNF 
knockout (BDNF-/-) model (C57/B16, Conover et al., Nature, 375:235) to examine the 
role of this neurotrophin in the development of retinal neurons and their 
interconnections. Retinas from early postnatal wild-type and BDNF-/- mice were fixed 
in 2% paraformaldehyde + 2.5% glutaraldehyde, embedded in Epon and processed for 
light and electron microscopic analyses. Gross histological observation suggested that 
retinas from wild-type and BDNF-/- mice matured similarly. Particularly, the number 
of retinal ganglion cells did not appear to be significantly altered in BDNF-/- retinas. 
This was substantiated in preliminary counts of fibers in the optic nerves at PND-15. 
However, the degree of myelination of ganglion cell axons was substantially reduced. 
At PND-15, 19.35% of fibers were myelinated in wild-type optic nerves vs. only 
11.55% in BDNF-/-. Ultrastructurally, the outer plexiform layer of wild-type and 
BDNF -/- retinas displayed immature photoreceptor terminals at PND-10. These were 
more well-developed at PND-15, showing distinct ribbon densities, clear synaptic 
vesicles and postsynaptic triad configurations. In the inner plexiform layer (IPL), many 
terminals with clear synaptic vesicles (presumed amacrine cells) forming conventional 
synapses were observed at PND-10 in both wild-type and BDNF-/- retinas. Occasional 
immature ribbon (bipolar cell) synapses were also present. At PND-15, both 
conventional and more-mature ribbon sysnapses were present in the IPL. These 
observations agree, in part, with those from BDNF gene deletion in other wild-type 
backgrounds, suggesting that BDNF targeted deletion prevents or delays the 
myelination of optic axons. Furthermore, these studies show that BDNF gene deletion 
does not significantly alter retinal synaptogenesis.
NIH: EY11389 and Regeneron Pharmaceuticals, Inc.

119.14
NGF ANTISENSE OLIGONUCLEOTIDE BLOCKS PROTECTIVE EFFECTS 
OF CLENBUTEROL AGAINST GLUTAMATE-INDUCED EXCITOTOXICITY 
IN VITRO AND FOCAL CEREBRAL ISCHEMIA IN VIVO
C. Culmsee*, I. Semkova and J. Krieglstein Institut für Pharmakologie and 
Toxikologie, Philipps-Universität, D-35037 Marburg, Germany

The delivery of neurotrophic factors is one of the large obstacles against their therapeutic 
usage, since these proteins are unable to cross the blood-brain-barrier. In our laboratory, 
clenbuterol was found to protect neurons from excitotoxic damage in mixed primary 
cultures of hippocampal neurons and astrocytes due to an increased NGF expression. In 
vivo, the protective effect of clenbuterol in a rat model of permanent focal ischemia was 
accompanied by increased NGF- and bFGF-mRNA synthesis in cortical tissue. Based on 
these findings, we used an NGF antisense oligonucleotide to knock down NGF expression 
in vitro and in vivo. The effects of NGF antisense oligonucleotide were studied in primary 
cultures of rat cortical astrocytes and in mixed hippocampal cultures damaged by 
glutamate-induced excitotoxicity. Further, we attempted to block the protective effect of 
clenbuterol against ischemic brain damage in a rat model of permanent MCA occlusion by 
antisense knock down of NGF. NGF protein levels in the medium of cultured rat 
astrocytes were reduced concentration-dependently after NGF antisense incubation (0.1-1 
µM, 3d). A similar decrease of NGF protein levels to 50% (p< 0.05 compared to vehicle or 
random oligonucleotide treated sister cultures) was observed in the medium of mixed 
hippocampal cells by NGF antisense (1 µM, 30 h). Eighteen hours after glutamate 
exposure the percentage of damaged neurons was found to be reduced to control levels by 
clenbuterol (1-100 µM). This neuroprotective effect of clenbuterol against excitotoxic 
damage was still evident in random oligonucleotide treated hippocampal cells while NGF 
antisense abolished clenbuterol-mediated neuroprotection. In vivo, the reduction of the 
infarct volume after MCA occlusion by clenbuterol was blocked by NGF antisense 
oligonucleotide injected directly into cortical tissue. In conclusion the present data clearly 
indicates that both the neuroprotection by clenbuterol in vitro and the clenbuterol-mediated 
protective effect against ischemic brain damage in vivo are mediated by NGF. 
Furthermore, the NGF antisense oligonucleotide could be a useful tool to investigate 
effects of reduced NGF synthesis in vitro and in vivo. (Supported by DFG grant Kr. 
345/16-1)

119.15

BDNF IMPROVES GLUCOSE M ETABO LISM  IN OBESE 
DIABETIC MICE.
M. Ono, J. Ichihara, T. Nonom ura, Y. Itakura, T. Ishiyama,
M. Taiji*, C. Nakayama and H. Noguchi.
Sum itom o P harm aceu tica ls  R esearch  C enter, 3-1-98, 
Kasugadenaka, Konohana-ku, Osaka 554-0022, Japan 

We demonstrated that BDNF reduced blood glucose level 
in diabetic db/db mice with obesity and hyperinsulinemia, in 
contrast to no effect on blood glucose level in aged db/db 
mice, strep tozotocin -induced type I d iabetic  m odel and 
normo-glycaemic db/m mice (Biochem. Biophys. Res. Comm. 
238, 633-637, 1997). Through more intensive studies, we 
have obtained novel interesting evidence on pharmacological 
profiles and action mechanism  o f BDNF. BDNF reduced 
fasted blood glucose level and prevented the elevation of 
blood glucose level in oral glucose tolerance test with db/db 
mice. The effect o f BDNF on blood glucose level was dose- 
dependent. The effective dosage of BDNF in db/db mice was 
observed to be low er than those in neurodegenera tive  
models. To our surprise, the BDNF blood glucose effect 
lasted for at least 3-4 weeks, even after cessation of BDNF 
administration. This long-lasting action was also confirmed 
given once a w eek. 2 -[14C ]deoxyg lucose  uptake was 
increased in the muscle of B DNF-treated db/db mice. This 
indicates that BDNF regulates glucose metabolism possibly 
through ameliorating insulin resistance in muscle tissue.
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120.1
GDNF RESCUES SYMPATHETIC PREGANGLIONIC NEURONS  
FROM TARGET-DEPRIVED CELL DEATH IN VIVO. A. Schober*1, 
R. Hertel1, U. Arumäe2, K. Krieglstein1, and K. Unsicker1. 
1Neuroanatomy, University o f  Heidelberg, INF 307, D -69120
Heidelberg, Germany, and 2Institute o f  B iotechnology, University o f  
Helsinki, Helsinki, FIN-0014, Finland.

GDNF is a potent neurotrophic factor for several populations o f  
CNS and peripheral neurons. Its presence in and secretion from adrenal 
chromaffin cells suggests roles o f  GDNF in adrenal functions and/or in 
the maintenance o f  spinal cord neurons that innervate the adrenal 
medulla. Unilateral adrenomedullectomy in adult rats caused 
degeneration and led to ipsilateral disappearance o f  25% o f  sympathetic 
preganglionic neurons, which are mainly located in thoracic spinal cord 
segments T7-T10. These disappearing neurons represent the full set o f  
neurons that innervate medullary chromaffin cells. Administration o f  
GDNF (rec. human; 1µg) in gelfoam s implanted into the 
medullectomized adrenal gland rescued all FluoroGold-labeled 
preganglionic neurons after four weeks. Cytochrome C applied as a 
control protein was not effective. Thus, GDNF shares a capacity with 
several cytokines expressed by chromaffin cells (FGF-2, CNTF, TGF- 
ß2, N T-4) to protect preganglionic sympathetic neurons from target- 
deprived cell death. Studies in progress aim at revealing expression o f  
GDNF receptors and mechanisms underlying the protective action o f  
GDNF. Supported by German Research Foundation, SFB317/D 4.

120.3
EXCESS GDNF CAUSES HYPERINNERVATION BUT DOES NOT PREVENT 
SYNAPSE ELIMINATION AT THE DEVELOPING NMJ. A.Sh.Parsadanian*1,
O.T.Nguyen2, C.R.Keller-Peck1, J.W.Lichtman2, W.D.Snider1. Departments of 
Neurology1 and Anatomy & Neurobiology2, Washington Univ. Sch. of Med.,
St.Louis, MO 63110, USA.

We have shown previously that muscle-specific overexpression of GDNF in 
transgenic mice causes dramatic hyperinnervation of NMJs during development such 
that 80% of muscle fibers are innervated by two or more axons at postnatal day 10 
(vs. 5% in controls). However, nearly all muscle fibers in transgenic mice are singly 
innervated at postnatal day 22-23. To test whether there is a correlation between 
synapse elimination and time course of GDNF transgene expression we analyzed the 
GDNF mRNA and protein levels in Myo-GDNF transgenic and wild-type mice at 
postnatal days P4-P28 and in adults. Surprisingly, semi-quantitative RT-PCR showed 
that GDNF mRNA levels in muscles of transgenic mice are not significantly different 
between P4 and adult animals. Similarly, GDNF protein measurements using ELISA 
showed only a slight decrease in transgenic GDNF protein levels in muscle extracts 
between P4 and adulthood. In order to produce even higher levels of GDNF we 
injected hrGDNF (5µg/g subcutaneously; twice a day) into Myo-GDNF transgenic 
and wild-type animals from P 10 through P22. Analysis of NMJs showed that most 
muscle fibers in these GDNF treated mice were also singly innervated. Interestingly, 
although the NMJs in the transgenic and GDNF treated animals were mostly singly 
innervated by P22, they were abnormally small and simple. Terminal branching was 
reduced and there was a corresponding reduction in the size and complexity of the 
postsynaptic receptor sites. Because the process of synapse elimination is known to be 
associated with a permanent disappearance of the postsynaptic sites, we suggest that 
the extra axon elimination necessary to bring hyperinnervated junctions to a singly 
innervated state leads to excessive synaptic sculpting. Our results demonstrate that the 
process leading to single innervation at the NMJ ultimately occurs even in the face 
of elevated levels of a powerful motor neuron trophic factor. Under these conditions 
however, NMJs are reduced in size and complexity suggesting deleterious 
consequences of the excessive competition. Supported by NINDS and MDA.

120.5
REGULATION OF THE EFFICACY OF SYNAPTIC TRANSMISSION AT 
THE DEVELOPING NEUROMUSCULAR SYNAPSES BY GDNF FAMILY 
NEUROTROPHIC FACTORS. C.-Y. Wang1, X.P. He1, L. Feng2and B. Lu1*. 
1Unit on Synapse Development and Plasticity, Lab of Devel. Neurobiol., 
NICHD/NIH, Bethesda, MD 20892, Shanghai Res. Ctr. Life Sci., Shanghai, China.

In addition to its role in neuronal survival and differentiation, GDNF has 
recently been shown to postpone synaptic elimination and to promote nerve 
terminal sprouting at the developing neuromuscular junction in vivo. However, the 
mechanism by which GDNF regulates the development of neuromuscular synapses 
remains unclear. Here we studied the effects of GDNF and its family member 
neurturin on synaptic transmission, using the Xenopus nerve-muscle co-culture. We 
show that GDNF or neurturin promotes the maturation of neuromuscular synapses. 
In cultures treated with either GDNF or Neurturin for 1 day, the frequency and 
amplitude of spontaneous synaptic currents (SSCs) were significantly higher than 
those in controls. The amplitude of stimulus-evoked synaptic currents (ESCs) was 
also markedly increased in cultures after GDNF or neurturin treatment. 
Interestingly, the delay of onset of the ESCs was much shorter in cultures treated 
with these factors, suggesting a more efficient mechanism for transmitter release. 
To address how GDNF/Neurturin exert their effects, we overexpressed these genes 
in either presynaptic motoneurons (N+) or postsynaptic muscle cells (M+) by 
injecting GDNF/Neurturin mRNA into Xenopus embryos. Green fluorescence 
protein (GFP) mRNA was co-injected to help localize the site of GDNF/Neurturin 
expression. Surprisingly, we found that the frequency and amplitude of SSCs were 
increased not only when GDNF/Neurturin was expressed postsynaptically (N'M+), 
but presynaptically as well (N+M-). Thus, the trophic factors could act in either 
autocrine or target-derived fashion. We are currently investigating whether 
GDNF/Neurturin achieve their effects by regulating [Ca++] or the expression of 
synaptic proteins in nerve terminals.
This work was supported by NICHD Intramural Research Program.

120.2
OVEREXPRESSION OF GDNF IN MUSCLE INCREASES THE 
SIZE, BUT NOT NUM BER, OF SENSORY N EU R O N S. M. Zw ick, 
J.E. Springer, and B.M . Davis*. Dept. o f Anatomy and Neurobiology, 
University o f Kentucky, College o f Medicine, Lexington KY 40536.

Glial cell line-derived neurotrophic factor (GDNF) is expressed 
normally in developing muscle. To examine the role o f  GDNF in the 
developing nervous system, we isolated transgenic mice overexpressing 
GDNF under the myosin light chain-1 promoter (MLC). This promoter 
becomes active ca. E 16-17 and remains active in the adult. GDNF  
expression under the MLC promoter produced a 3 -fold increase in 
GDNF in the lateral gastrocnemius muscle. Sensory neurons are known 
to express the GDNF receptors cRet and GDNF receptor alpha, and 
thus, w e analyzed the effect o f GDNF overexpression on sensory 
neurons. A modified Abercrombie protocol was used to estimate 
neuronal numbers. N o difference was observed in the number of 
sensory neurons in C7 (control mean = 5,924 ±  1,113, n=4; transgenic 
mean = 5,931 ±  1,094, n=3) or L4-L5 (cell counts in L4 and L5 were 
combined; control mean =17,242 ±  692, n-=4; transgenic mean = 
15,491 ±  1,921, n=3) dorsal root ganglia. However, analysis o f  lumbar 
dorsal root ganglia using the NIH IMAGE program (Rasband, NIH) 
found significant changes in cross sectional area o f  sensory somata. 
GDNF-transgenic mice exhibited a rightward shift in size frequency 
distribution histograms indicating that sensory somata were 
hypertrophied. In addition to having more large neurons (neurons < 
500µm 2), GDNF transgenic mice had a significant number o f neurons 
that were larger than any control sensory neurons. This work supported 
by N S-30248 (JES), N S-31826(BM D ) and N SF REU (BM D).

120.4
MOTOR AXONS ARE INSENSITIVE TO GDNF AFTER THE FIRST 
POSTNATAL WEEK. C.R. K eller-Peck*1, Q. Yan3, J.W. Lichtman2, 
W .D. Snider1. 1Dept. o f  Neurology, CSNSI and 2Dept. o f Anatomy & 
Neurobiology, Washington Univ. Sch. o f M ed., St. Louis, MO 63110  
USA. 3 Amgen Inc, Thousand Oaks, CA 91320 USA.

Glial cell line-derived neurotrophic factor (GDNF) is known to have 
potent survival-promoting effects on motor neurons in embryonic and 
early postnatal life, but its effects on motor neuron morphology remain 
poorly characterized. Recently, we showed that overexpression o f  
GDNF by muscle in transgenic mice (Myo-GDNF  mice) induced tremor 
and hyperinnervation o f neuromuscular junctions (NMJ) during 
development (Science, 1998). However, whether motor neurons are 
equally responsive to GDNF during embryonic, postnatal and adult life 
is unknown. To determine the developmental time frame over which 
G DNF can influence innervation at the NMJ, we have injected human 
recombinant (hr)GDNF subcutaneously (5-40µg/g ) every 12 hours 
starting at various stages o f postnatal development (PO, P2, P4, P6, P8). 
Remarkably, systemically-administered GDNF replicates the tremor o f  
Myo-GDNF  mice and induces marked hyperinnervation o f NMJs. For 
example, in pups injected at PO, P2, or P4, greater than 80% of  
stemomastoid NMJs are multiply innervated at P8. However, the ability 
o f motor neurons to respond to exogenous GDNF is restricted to the first 
postnatal week. Accordingly, less robust effects were produced when 
mice were treated at P6 or P8, and little effect on NMJ innervation was 
seen in mice treated from P 10 - P22. We conclude that the ability o f  
motor neurons to respond to GDNF with NMJ hyperinnervation defines 
a critical period of motor neuron development. Supported by NINDS and 
MDA.

120.6
POSTNATAL GROWTH FAILURE IN MICE LACKING GDNF FAMILY 
RECEPTOR GFRα-2. M.S. Airaksinen*, T. Laakso, J. Rossi, K. Luukko,
M. Lakso, H. Rauvala and M. Saarma. Institute of Biotechnology, 00014 
University of Helsinki, Finland.

GDNF and neurturin signal via multicomponent receptors that consist of 
the Ret receptor tyrosine kinase and one of the two structurally related GPI- 
linked receptors GFRα-1 and GFRα-2, respectively. In vitro studies suggest 
some promiscuity in their ligand specificity. To assess the function GFRα-2 
in vivo and the physiological relevance of its ligand specificity, we have 
produced mutant mice lacking this receptor.

GFRα-2 mutant mice appear normal at birth, but by weaning age, they 
weigh 30~50% less than their wild type littermates. This difference seems to 
remain in adulthood. Gross anatomy and innervation of the enteric nervous 
system appears intact. However, subtle anatomical or possible functional 
defects leading to malnutrition have not yet been excluded.

Neurturin induces a prominent neurite outgrowth of embryonic trigeminal 
ganglion explants from wild type animals; in contrast, the response of 
explants from mutants is virtually absent. Their response to GDNF is under 
study. Like mice lacking neurturin, GFRα-2 mutant mice have mild ptosis 
but are fertile and lack obvious defects in strength or coordination. Thus, 
GFRα-2 does mediate neurturin responses in vivo. However, since neurturin 
deficient mice have been reported to grow well, our results suggest that 
GFRα-2 may also mediate in vivo biological responses of other factors, 
possibly other GDNF family members.

Supported by grants from the Academy of Finland and University of Helsinki.
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120.7

INFUSION OF GDNF INTO THE CEREBRAL SPINAL FLUID  
THROUGH TWO DIFFERENT ROUTES: EFFECTS ON BO D Y
WEIGHT AND CORTICOSPINAL NEUR O N  SURVIVAL.
P. Mestres*1, C.M. Schacht1, Q. Yan2, and K.M. G iehl1.
1Department o f  Anatomy, University o f  Saarland, D-66421  
Homburg/Saar, Germany; 2Amgen Inc. Neurobiology Program, 
Thousand Oaks, CA, USA.

Survival o f  axotomized adult rat corticospinal neurons (C SN ) is 
supported by glial cell line-derived neurotrophic factor (GDNF). We 
have evaluated the trophic effects o f  intrathecally applied GDNF on 
CSN survival and rat body weight. Body weight reduction is the major 
side effect o f  intracerebral neurotrophic factor treatment. GDNF was 
tested at total doses o f  30, 100, and 300 µg over 7 days after axotomy 
via two different application routes: intracerebroventricularly (i.c.v.) 
and cisternally (cis). The i.c.v. route displayed severe body weight 
reduction at all doses tested but CSN rescue only at the highest dose. In 
contrast, cis-infusion o f  GDNF promoted CSN survival at all doses and 
only the highest dose reduced the body weight. These results show that 
intracisternal, but not intraventricular, GDNF infusion at low  doses can 
promote CSN survival without negatively affecting rat body weight. 
This finding may have implications for the clinical use o f  GDNF.

Supported by DFG (to K.M.G. and P.M .) and Amgen (to K.M .G.) 
grants.

120.9

THE S P E C IF IC A T IO N  OF T H E  C H O L IN E R G IC  
TRANSMITTER PH ENOTYPE OF CHICK SYM PATHETIC  
NEURONS. M. Geißen, S. Heller, D. Pennica# , U. Ernsberger and 
H. Rohrer* M ax-Planck-Institut für H irnforschung, D -60528  
Frankfurt/M. 71, F.R.G.; # Genentec, South San Francisco, CA  
94080,USA°.

There is considerable evidence to indicate that cholinergic  
differentiation o f sympathetic neurons is controlled by interactions 
with the innervated target. Neuropoietic cytokines, i.e. LIF, CNTF, 
GPA, OSM, CT-1 induce in vitro  the expression  o f  choline  
acetyltransferase (ChAT) and the neuropeptide vasoactive intestinal 
peptide (VIP) that are co -exp ressed  in mature ch olinergic  
sympathetic neurons.

To investigate the physiological role o f  these cytokines for the 
development o f cholinergic sympathetic neurons w e interfered with 
the expression o f cytokine receptors. Expression o f antisense RNA  
for gp 130, the signaltransducing subunit o f  cytokine receptors in 
cultured sympathetic neurons inhibited the action o f  all tested 
neuropoietic cytokines. Expression o f g p 130 antisense R NA in vivo, 
using an RCAS retroviral vector, lead to a strong reduction o f VIP 
expression in d eveloping sym pathetic ganglia. T hese results 
demonstrate the importance o f  g p 130-m ediated cytokines for the 
specification o f the transmitter phenotype o f sympathetic neurons.

Supported by DFG (SFB 269) and Fonds der Chem ischen  
Industrie.

120.8
SURVIVAL OF MERKEL CELLS IN CULTURE BY GDNF AND  
N T3. Jun Fukuda*, Shingo Tsukada and Kazuko Keino-Masu. 
Department o f Physiology, National Defense Medical School, 
Tokorozawa, Saitama 359, Japan.

We have previously reported that Merkel Cells (sensory cells 
that transmit signal o f skin pressure to the primary sensory nerve fibers) 
in monolayer culture underwent apoptosis during incubation in a serum- 
free medium. We report here that the apoptosis o f Merkel cells in culture 
was inhibited by addition o f GDNF into the serum-free medium. Merkel 
cells were isolated from whisker follicles o f new-born rats and were 
grown on coverslips coated with poly-L-lysine. Viable Merkel cells 
were identified by uptake o f quinacrine that emits green fluorescence by 
UV light illumination. Merkel cells were identified by immuno- 
histological stains against chromogranin A, neuron specific enolase, 
neurofilaments 68 kD and 150 kD, cytokeratin 8,18 and 20; these 
proteins have been known to be present in Merkel cells. During the 
serum-free culture, Merkel cells reduced population by cell death. 
Nuclear fragmentation in dying cells was detected by the TUNEL stain, 
indicating that the cell death was due to apoptosis. Addition o f GDNF  
(20 ng/ml) or NT-3 (20 ng/ml) increased the number o f viable Merkel 
cells and reduced the number o f TUNEL-stained cells. N G F, BDNF, 
CNTF, bFGF or EGF showed did not rescue Merkel cells from the cell 
death. Immunostains o f  Merkel cells in culture showed the presence o f  
ret; a protein that is involved in reception o f GDNF. The Merkel cells 
were also showed to express p75 and trkC, the receptor proteins for 
NT3. Altogether, it is likely that Merkel cells receives GDNF and NT3 
released from the surrounding cells.

120.10
TRANSFORMING GROWTH FACTORS DIFFERENTIALLY 
REGULATE DEVELOPMENT OF SUBPOPULATIONS OF 
SEROTONERGIC NEURONS
D. Gaiter, M. Böttner* and K. Unsicker. Neuroanatomy, University o f  
Heidelberg, INF 307, D-69120 Heidelberg, Germany 
The hindbrain serotonergic (5-HT) system is one o f the phylogenetically and 
ontogenetically oldest parts of the brain, and has been implicated in major 
psychologic and autonomic disorders. Relatively little is known, however, on 
factors that control differentiation and plasticity of various subgroups o f 5-HT 
neuronsat different developmental ages in vivo and in vitro. Members of the 
TGF-β superfamily have been shown to be important factors in controlling 
survival and differentiation o f other aminergic neuron populations in the 
developing hind brain. We have studied the effects o f several members o f the 
TGF-β superfamily on the expression o f serotonergic markers in embryonic rat 
raphe cultures. At E14 saturating concentrations o f BMP-6 and GDF-5 
increase numbers of tryptophan hydroxylase (TPOH)-positive neurons in a 4- 
day culture 2-3-fold as compared to controls. The number o f cells taking up 
5,7 dihydroxy-tryptamine (5,7 DHT), a fluorescent analog o f 5-HT, also 
increases 2-fold. BMP-7 selectively increases the number of cells taking up 5,7 
DHT withou affecting TpOH. BMP-2, BMP-4, and BM P-12 have no effect. 
BM P-11 affects both markers (50-70% increase).TGF-β 1 /3 show a different 
pattern of activa-tion: they increase both serotonergic markers, but only in 
cultures of the caudal raphe subgroup. These data suggest an important role of 
TG F-βs in the regula-tion o f the phenotype in distinct regional subgroups of 
5-HT neurons.
Supported by Deutsche Forschungsgemeinschaft (Un34/19-1, TPA1)

NEUROTROPHIC FACTOR RECEPTORS AND CELLULAR MECHANISMS I

121.1
THE NEUROIMMUNOPHILIN LIGAND GPI 1046 PROTECTS 
MOTOR NEURONS FROM CHRONIC EXCITOTOXICITY 
J.P. Steiner†*, T. Ho, M Lai, C. Coccia, J . Griffin, S. Snyder and 
J.D. Rothstein. Johns Hopkins Univ., Dept of Neurology and 
Neuroscience, Baltimore, MD 21287; † Guilford Pharmaceuticals 
Inc., Dept. of Research, Baltimore, MD 21224.
Studies in vivo and in vitro suggest that chronic excitotoxicity may contribute to 
amyotrophic lateral sclerosis (ALS). Chronic excitotoxicity, due to the loss of 
glutamate transport, can be modeled in vitro using and organotypic spinal cord 
culture, and has been shown to produce slow motor neuron degeneration 
(PNAS, 1993;90:6591-5). This system has been used as a preclinical screen to 
evaluate potential neuroprotective agents; for example, riluzole and gabapentin 
were protective, while CNTF and BDNF failed to protect against chronic motor 
neuron degeneration, in close agreement with clinical trial results of these 
agents. We have recently shown that member of TGF ß family of trophic factors 
including GDNF, TGFß1, neurturin, persephin and nodal can protect 
motoneuron from chronic glutamate toxicity. In present study, we have tested a 
novel nonimmunosuppressive immunophilin ligand, GPI-1046 (3-(3-pyridyl)-l- 
propyl(2S)-1 -(3,3-dimethyl-1,2-dioxopentyl)-2-pyrrolidinecarboxylate+ ++) in 
our model. GPI-1046 was found to exert a potent neuroprotective effect on 
motor neuron survival against chronic excitotoxicity. The mechanism of this 
effect appears to be mediated through FK506-binding protein 12 and induces an 
up regulation of. glutamate transporter subtypes (GLAST and GLT-1). Unlike 
GDNF or neurturin, GPI-1046 does not induce motor axon outgrowth. Our 
results suggest that GPI-1046 may potentially be useful as new treatment for 
ALS.

121.2
VASCULAR ENDOTHELIAL GROWTH FACTOR MEDIATES CORTICAL 
ANGIOGENESIS IN DEVELOPING BRAIN W.B. Stewart1*, J.A. Madri2,
J. Broder1, and L.R. Ment3, Depts. of Surgery1, Pathology2 and Pediatrics3 and 
Neurology3, Yale Univ. Sch. of Med., New Haven CT 06510

Vascular endothelial growth factor (VEGF) mediates reactive cerebral angio
genesis and is found in both neuronal and glial populations in mature brains. We 
noted VEGF-like immunoreactivity in cortical neurons in developing brains and 
hypothesized that VEGF may induce angiogenesis in the developing cortex. Rat 
pups were anesthetized and systemically perfused on P5, 8 ,  11, 13, 15 , 18, 22, 24, 
25 and 33. Brains were removed and prepared for immunostaining with antibod
ies to VEGF, glial fibrillary acidic protein (GFAP), and fibroblast growth factor 
(bFGF) or measurement of cortical capillary density.

Immunostaining for VEGF was detected in cortical neurons in a laminar 
distribution in deep layer 6 at P5 and progressing to layer 1 by P15. After P15, 
VEGF immunostaining declined in cortical neurons. VEGF immunostaining was 
not prominent in cortical 
astrocytes until P22.
Cortical immunostaining 
for bFGF had a similar 
early time course but 
persisted through P25.
GFAP staining became 
prominent in the cortex 
beginning at P 15 when 
glial end feet surrounded 
microvessels vessels.

These data suggest that 
neuronal VEGF mediates 
angiogenesis in the 
developing brain. This 
work was supported by 
NS35476.
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121.3

EFFECTS OF VEGF ON M ESENCEPHALIC EXPLANTS  
W. F. Silverman*, J.M. Krum, N. Mani and J.M. Rosenstein, 
1Zlotowski Center for Neuroscience, Ben-Gurion University, Beer 
Sheva, Israel and Department o f Anatomy and Cell B iology, George 
W ashington University School o f M edicine, Washington, D.C., U SA  

Vascular endothelial growth factor (VEGF) is believed to mediate a 
number o f critical developmental processes exclusively related to the 
vasculature. Recent preliminary studies have indicated that VEGF may 
have effects on both endothelial and non-endothelial cells in cortical 
explants. We employed serum-free, organotypic rat explants to assess 
the effects o f VEGF on embryonic ventral mesencephalon (V M ). 
Immunohistochemistry demonstrated a robust, dose-dependent effect 
o f VEGF resulting in increased vessel neogenesis, branching, and 
lumen size that was blocked by addition o f an anti-VEGF antibody. At 
higher doses o f  VEGF, the effect was attenuated, and an increase in 
both astrocyte and neuronal density observed. Strong immuno- 
expression for GFAP and nestin was present and in situ hybridization 
showed VEGF transcripts in numerous astrocytes. M AP-2 immun- 
ostaining demonstrated extensive growth and maturation o f neuronal 
processes whereas control cultures had a modest astroglial population 
and sparse MAP-2 expression. Dopaminergic (D A ) neurons, 
moreover, exhibited increased survival compared to those in control 
explants. VEGF was mitogenic for endothelial cells and astrocytes, but 
not neurons, as demonstrated by [3H] thymidine incorporation. While 
VEGF is widely believed to act exclusively on vasculature, these 
unexpected findings suggest that it may also promote growth/survival 
o f glia and neurons in the VM. Supported by Grant N S-17468 (JMR)

121.5

TRKA EXPRESSION REDUCES THE IN VIVO AGGRESSIVENESS OF 
C6 GLIOMA CELLS. M.B. Lachya n ka r*, A. H Ross1, N.S. Litofsky2, P.J. 
Condon4, P.J. Quesenberry5, and L.D. Recht3. Depts. of 1Pharmacology, 
2Surgery, 3Neurology, 4Biochemistry, 5Medicine, Univ. Mass. Med. Ctr., 
Worcester, MA 01655.

Glioma is the most invasive and fatal human brain tumor. The rat C6 
cell line mimics the highly invasive phenotype of human glioma in rat 
model, both in vivo and in vitro. We established permanent C6 cell lines 
expressing trkA (C6trkA). We observed that C6trkA cells, in vivo, were less 
invasive and had many more apoptotic cells compared to parental line, 
increasing the survival of the rats after tumor cell inoculation. We also 
found that trkA reduced the rate of C6 cell invasion through extracellular 
matrix as well as in brain cell aggregates, in vitro. This reduced rate of 
invasion correlated with reduced metalloprotease activity. We are 
currently investigating the signal transduction pathways controlling 
expression and activation of metalloproteases.

This work was supported in part by National Institutes 
of Health Grants NS-21716 and NS-28760 and by the 
Stork Foundation and the Fortin Foundation.

121.7

AGGREGATION PROMOTES NEURONAL DIFFERENTIATION IN 
A H U M A N  EMBRYONAL CARCINOM A CELL LINE NT2. 
W.M.W. Cheung*, W.S. Hui, W.Y. Fu and N.Y. Ip. D ept. of Biology 
and Biotechnology Research Institute, The H ong Kong University of 
Science and Technology, Clear Water Bay, H ong Kong, China.

The cell fate of neuronal precursor cells in a vertebrate system is 
controlled by a complex interaction between the intrinsic program and 
extrinsic factors. As a soluble extrinsic factor, retinoic acid (RA) is 
believed to play a crucial role in neurogenesis. When treated with RA, a 
human embryonal carcinoma cell line NTera2 cl. D1 (NT2) differentiates 
into several morphologically distinct cell types which include terminally 
differentiated postmitotic CNS neurons. We examined the importance o f  
cell-cell interaction on the RA-induced neuronal differentiation o f NT2 
cells. We demonstrated that cell aggregation reduced not only the time for 
the induction o f neuronal differentiation, as revealed by the early 
expression of neuronal markers, but also the dependence on RA. 
Interestingly, when compared with the monolayer culture, aggregation 
induced a higher expression o f the neurotrophin receptor trkB. This is 
consistent with our previous hypothesis that RA-induced neuronal 
differentiation o f NT2 cells might be mediated through the coordinated 
up-regulation of the neurotrophin receptors. Taken together, our findings 
demonstrated that aggregation promotes RA-induced neuronal 
differentiation of NT2 cells. (This study is supported by the
Biotechnology Research Institute of HKUST and the ITDC Industry 
Support Fund, Hong Kong).

121.4
ERYTHROPOIETIN PROTECTS NEURONS FROM OXYGEN/ GLUCOSE 
DEPRIVATION INDUCED CELL DEATH. K.Ruscher, L. Iurato. C.Busch, G. 
Trendelenburg. J. Priller. A, Bergk, M. Lautenschlager, A.Meisel*. U. Dirnagl. Dept, 
of Neurology, Humboldt Univ., Schumannstrasse 20/21, D-10117 Berlin, Germany 

Previous studies revealed that the erythropoietin receptor (EPO-R) is expressed in 
neuronal cell lines. However, the effect of erythropoietin receptor activation is poorly 
understood in neurons. The aim of our studies was to examine the involvement of 
EPO-R and EPO in protection of neurons in an oxygen/glucose deprivation model 
(OGD) of cerebral ischemia.
Neurons from whole cerebral cortex of fetal rats were grown in a humidified 
normoxic atmosphere. After 10 days in vitro cells were stimulated with lOOU/1 EPO 
for different time periods (5min, lh, 3h, 24h, 48h, 72h) prior to incubation in a 
nitrogen atmosphere for 120 min. We found that even short incubation times are 
sufficient to protect neurons from OGD. The largest protection was observed by 
stimulation with EPO for 24h and 48h prior to hypoxia.Use of different 
concentrations (lOOU/1, lOU/1, lU/1) of EPO prior OGD revealed a significant 
protection only with 100 U/1 EPO. The effects of EPO were blocked by anti EPO-R 
antibody in a concentration dependent manner.______________________________

We speculate that EPO, which is produced by astrocytes in hypoxia, may be an endo
genous protector of neurons in cerebral ischemia. Supported by DFG ME 1562/1 -1.

121.6
CLONING AND EXPRESSION OF NOVEL GENES THAT ARE 
DIFFERENTIALLY REGULATED DURING RETINOIC ACID INDUCED 
NEURONAL DIFFERENTIATION OF A HUMAN EMBRYONAL CARCINOMA 
CELL LINE. Apple H. Chu, William M.W. Cheung, and Nancy Y. Ip. Dept. of 
Biology and Biotechnology Research Institute, The Hong Kong University of Science 
and Technology, Clear Water Bay, Hong Kong, China.

(SPON: The Hong Kong Society of Neurosciences)
Retinoic acid (RA), a derivative of vitamin A, induces differentiation 

of many cell types, such as epithelial and cancer cells. A human 
embryonal carcinoma cell line, NT2/D1, can be induced by RA to 
differentiate into several morphologically distinct cell types, including the 
postmitotic CNS neurons. It has been suggested that RA plays an 
important role in brain development; however the molecular mechanism by 
which RA induces neuronal differentiation is not yet clearly understood. A 
panel of RA-regulated candidate genes was identified from RA-treated 
NT2/D1 cells using RNA fingerprinting by arbitrarily primed PCR (RAP- 
PCR). Northern blot analysis demonstrated that the mRNA expression o f  
one o f the four novel sequences isolated (clone 8.31) was down-regulated, 
while that of another novel gene (clone 1.31) was transiently induced 
during the course of RA-induced neuronal differentiation. Complete 
cDNA sequences of clone 8.31 and clone 1.31 were obtained by screening 
a cDNA library prepared from undifferentiated NT2/D1 cells. Neuronal 
precursor cell lines overexpressing the cloned novel sequences or antisense 
sequences were constructed to examine the roles o f these novel genes in 
RA-induced neuronal differentiation. (This study is supported by the 
Research Grants Council of Hong Kong HKUST 529/94M and the 
Biotechnology Research Institute of HKUST).

121.8
LENTIVIRAL VECTOR-MEDIATED EXPRESSION OF PIGMENT 
EPITHELIUM-DERIVED FACTOR (PEDF) IN RAT CEREBELLAR 
GRANULE CELLS T. Nomura1, H. M ochizuki2, J. Reiser2, S. P. 
Becerra3, B .B .Kaplan* 4, J. P. Schwartz1 1 Neurotrophic Factors 
Section, National Institute o f Neurological Disorders and Stroke 
(NINDS), NIH, Bethesda, MD 20892, 2Developmental and Metabolic 
Neurology Branch, N IN D S,NIH, 3Laboratory o f Retinal Cell and 
Molecular Biology, National Eye Institute, NIH, 4Unit on 
Neurobiology, National Institute o f Mental Health, NIH  

We previously reported that PEDF is a survival factor for cerebellar 
granule cells (CGCs) in culture (J. Neurochem 64:2509, 1995), 
apparently by blocking apoptotic death. PEDF also protects these cells 
against glutamate-induced neurotoxicity. In preparation for gene therapy 
studies, we have prepared pseudotyped H IV -1-based lentiviral vectors 
containing the PEDF gene. One day after preparing primary cell cultures 
o f CGCs from postnatal day 8 rats (DIV 1), the cells were infected with 
the vector encoding PEDF. Western Blot analysis confirmed that 
infected CGCs secrete PEDF protein to the medium. Assays for cell 
survival (MTS assay) demonstrated that PEDF infected cells were 
significantly more protected compared with mock infected controls for at 
least 8 days in culture. In addition, this vector apparently can protect the 
cells against glutamate toxicity. These results demonstrate that the 
lentiviral vector expressing PEDF is as neuroprotective as the pure 
protein for CGCs. However, this system should provide long-lasting 
expression o f PEDF protein, which will be more effective in in vivo 
studies. The present results suggest that this system w ill be useful for 
gene therapy for neurodegenerative disorders.
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121.9

Bone M orphogenetic Protein Receptors are Expressed in the Adult 
Mouse Brain: BMPs are Candidate Mediators of Synaptic Rem odeling. 
D. Zhang*, M. F. M ehler, and J. A. K essler. Depts. o f Neuro logy and 
Neuroscience, A lbert Einstein College o f M edicine, Bronx, NY 10461.

Bone morphogenetic protein (BMP) fam ily m em bers play an important 
role in neural development, and we have previously reported that BMP 
receptors (BMPRs) are abundantly expressed in the developing m ouse 
brain. In this study we have used in situ hybridization to define the 
detailed spatial pattern of expression of BM PRs in the adu lt brain. 
BMPR-IA mRNA is abundantly expressed in hippocam pus, layers IV-V 
of the cerebral cortex, cerebellar Purkinje cells, and the deep cerebellar 
nuclei. It is also expressed less abundantly in num erous o ther areas 
including som e nuclei in the thalam us and hypothalam us, am ygdala, 
substantia nigra, red nucleus, and several bra instem  nuclei. Double 
label neurofilam ent im m unocytochem istry and BM PR -IA  in situ 
hybridization indicated expression in brain parenchym a only by neurons. 
By contrast, BMPR-IB and BMPR-II are expressed in m ore lim ited areas 
including the anterior olfactory nucleus (IB) and the h ippocam pus and 
cerebellar Purkinje cell layer (II). W e have found that the BMPs 
stimulate neurite (dendrite) e laboration by cultured hippocam pal 
neurons and that they induce expression of trkC  by a num ber of 
populations of neurons. In view  of these physio logic effects of the 
BMPs, our findings regarding receptor expression suggest that the 
BMPs may subserve im portant roles in adu lt brain functions such as 
synaptic p lasticity and remodeling.

Supported by NIH NS35320 (MFM) and NS20778, NS20013 (JAK).

1 2 1 .1 1
A u r i n t r i c a r b o x y 1 i c  a c i d  i n d u c e s  n e u r i t e  o u t - 

g r o w t h  i n  human n e u r o b l a s t o m a  S H- S Y5Y c e l l s

S e i j i  Hori*,  N o r i k o  O k a d a ,  and  S h i n i c h i  K o i z u m i

A u r i n t r i c a r b o x y 1 i c  a c i d  (ATA) h a s  b e e n  known  
t o  p r o t e c t  n e u r o n a l  c e l l s  f r o m  c e l l  d e a t h .  In 
our  p r e v i o u s  r e p o r t s ,  we  f o u n d  t h a t  ATA t r e a t -  
ment  i n d u c e s  t y r o s i n e  p h o s p h o r y l a t i o n  o f  i n t r a
c e l l u l a r  s i g n a l i n g  m o l e c u l e s  a s  t h e  t r e a t m e n t  
w i t h  g r o w t h  f a c t o r s  d o .  In t h i s  r e p o r t ,  we  
p r e s e n t  t h a t  l o n g - t e r m  t r e a t m e n t  w i t h  ATA d i f f
e r e n t i a t e s  t h e  S H- S Y5Y c e l l s  m o r p h o l o g i c a l l y .  
P r o m i n e n t  t y r o s i n e p h o s p h o r y 1a t i o n  o f  t wo  p r o t e i n s  
,m o l e c u l a r  w e i g h t s  o f  100  an d  1 8 0 k D a ,  w a s  d e t e c t
ed i n  t h e  A T A - d i f f e e r n t i a  t e d  c e l l s .  A f t e r  d e p
r i v a t i o n  o f  ATA f r o m  A T A - d i f f e r e n t i a t e d  c e l l s ,  
t h e s e  p r o t e i n s  b e g a n  t o  b e  d e p h o s p h o r y 1a t e d , a n d ,  
e v e n t u a l l y ,  t h e  n e u r i t e s  d e g e n e r a t e d .  T h e s e  
t y r o s i n e - p h o s p h o r y 1a t e d  p r o t e i n s  m i g h t  p l a y  a 
key r o l e  i n  t h e  d i f f e r e n t i a t i o n  o f  S H- S Y5Y c e l l s  
i n t o  n e u r o n a l  p h e n o t y p e .  T h e  i n t e r a c t i o n  o f  ATA 

w i t h  g r o w t h  f a c t o r  s i g n a l i n g  p a t h w a y  w i l l  be  
d i s c u s s e d .

1 2 1 . 1 0
RECEPTO RS FOR SO NIC HEDG EHOG  AR E EXPR ESSED IN BOTH 
TH E  DEVELOPING  AND AD U LT M OUSE BRAIN. S .Y .YU N G , D. 
ZH ANG , and J. A. KESSLER*. Depts. of N eurology and Neuroscience, 
A lbert Einstein College of Medicine, Bronx, NY 10461.

Sonic Hedgehog (Shh) is an im portant regulator of patterning and 
grow th during vertebrate em bryogenesis. It is expressed in multiple 
embryonic tissues including floorplate, notochord, ventral forebra in, limb 
bud and hindgut endoderm. In the central nervous system, Shh has been 
shown to be involved in the specification of ventral cell types and in the 
induction of floorplate cells, m otor neurons and oligodendrocytes from 
progenitor cells. W e therefore used in situ hybridization to exam ine the 
distribution of the receptors for Shh, Patched (Ptc) and Sm oothened 
(Smo) in the developing and m ature m ouse central nervous system. In 
em bryonic day (E) 17 brains, Ptc and Sm o were both abundantly 
expressed in subventricu lar zone, as well as in the cerebellum . At E19, 
Ptc and Smo expression were also detectable in the cortex. At postnatal 
day (P) 0, Ptc and Sm o expression both declined in subventricu lar zone 
but continued to be expressed in the cerebe lla r Purkinjie cell layer. 
Furthermore, at PO, both Ptc and Smo expression were detectable in the 
hippocam pus, and by P27 expression in the h ippocam pus increased. 
Both Ptc and Sm o expression in the cerebellar Purkinjie cell layer 
continued to be strong at P27. These data suggest that in addition to its 
early roles in vertebrate em bryogenesis, Shh continues to be active in 
later central nervous system  deve lopm ent and in the adult.

Supported by NIH CA09060 (SYY) and NIH NS 20013 and 20778 (JAK).

121.12
FACAP RECEPTORS IN THE DEVELOPING MOUSE CNS. S.K. McCune1*, C.Y. 
Spong2, D.E. Brenneman2 and J.M. Hill2. 1Dept. of Neonatology, Children’s National 
Medical Center, Washington, D.C. and 2Section on Developmental and Molecular 
Pharmacology, LDN, NICHD, Bethesda, MD 20892.

Pituitary adenylate cyclase activating peptide (PACAP) is a member of the secretin, 
glucagon and vasoactive intestinal peptide (VIP) family of peptides which act as 
neuroendocrine hormones and neurotransmitters. There are two types of PACAP 
receptors and five splice variants of the type 1 PACAP receptor. Type 1 PACAP 
receptors have been shown to be present in the embryonic brain by PCR but the 
cellular localization and subtype differentiation have yet to be examined.

Oligonucleotide probes for the type 1 PACAP receptors as well as for the short, hip 
and hop2 splice variants were designed and synthesized. In situ hybridization was 
performed on embryonic day 7 (E7) through postnatal day 0 (PO) tissues as well as P7 
and adult mouse brains. Type 1 PACAP receptors were not apparent until E9 when 
they appeared in the floor plate of the developing neuroepithelium. By E 13, moderate 
expression was observed in all CNS tissue with greatest abundance in the floor plate 
and circumventricular germinal epithelium. Between E18 and PO, additional 
expression was detected in the superficial cortical layers and hypothalamic nuclei. By 
P7, the expression remained moderate in all CNS tissues but the adult pattern was 
becoming apparent. In the adult CNS, the expression was abundant in the olfactory 
bulb, hippocampus, hypothalamus, cortex and cerebellum. The short variant was 
responsible for the signal in the floor plate and the germinative neuroepithelium. 
Expression of the hip and hop2 slice variants was not apparent until E13, after which 
time, they were expressed throughout the CNS but not in the floor plate.

Splice variants of the PACAP 1 receptor are expressed early in the postimplantation 
embryo with differential regulation and ontogenic localization. The presence of 
PACAP receptors in the floor plate and germinative neuroepithelium indicates an 
important role for PACAP in the regulation of growth and development of the nervous 
system.
Supported by the NICHD Intramural Program
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12 2 .1
Analysis of Dp71 expression in the brain and the role of its deficiency 
using Dp71 null mice. O. Bar-Peled*, R. Sarig, U. N udel and D. Yaffe. 
Dept. of Molecular Cell Biology, Weizmann Institute of Science, Rehovot, 
Israel.

Duchenne muscular dystrophy (DMD) is a lethal X-linked recessive 
disease, characterized by a progressive degeneration of muscles. The 
product of the gene which is defective in DMD is dystrophin which is 
expressed in muscle. The DMD gene also codes for a num ber of smaller 
proteins each controlled by a different promoter. Dp71, one of the DMD 
gene products, is the most abundant product of the DMD gene in the brain 
and its expression is regulated by a housekeeping type promoter. In order 
to study the role of Dp71, a mouse model in which Dp71 was specifically 
inactivated by introducing the the β-galactosidase (β-gal) gene was 
prepared (Sarig et al., submitted). The inserted β-gal gene enabled to 
monitor with high sensitivity the expression of Dp71 in various cell types 
and brain regions. High Dp71 expression was found in the dentate gyrus 
and CA3 field of the hippocampus, temporal and entorhinal cortex, and 
olfactory bulb. Low expression was found in basal ganglia, cerebellar 
cortex, thalamus and brain stem. Dp71 expression was localized mainly to 
neurons as determined by immunohistochemistry. In vitro system has the 
advantage of studying the neuronal function in controlled in vitro 
conditions. Therefore, cultured neurons derived from wild type and Dp71 
null mice were prepared from hippocampus and spinal-cord and the effect 
of Dp71 deficiency on neuronal viability was determined. Similar to the 
adult brain, Dp71 expression in cultured neurons was restricted mainly to 
selective populations of neurons with no expression in motor neurons and 
astrocytes. In summary, although Dp71 expression is determ ined by a 
housekeeping type promoter, its expression was highly regulated and was 
restricted to specific brain regions and cell types both in vivo and in vitro.

122.2
MYOSIN HEAVY CHAIN MESSAGE IN MOUSE MA.SSETER UNDERGOES 
TRANSITIONS DURING AGING. J. A. Morris-Wiman1, E. Basco1 and C.G. 
Widmer2*. Depts. of 1Orthodontics and 2Oral Surgery, University of Florida, 
Gainesville, FL 32610.

The adult mammalian masseter is comprised of multiple myosin heavy chain 
(MyHC) isofonns that have a distinct distribution within muscle partitions. Messages 
for specific MyHCs have previously been shown to be differentially distributed among 
layers of the mouse masseter at 2-3 months of age; the pattern of distribution is gender 
dependent. The purpose of this study was to examine the distribution of MyHC 
message within an early adult masseter (postnatal day 28) and to evaluate transitions in 
myosin phenotype in the adult over time.

Masseter muscles were dissected from male and female postnatal day 28 (P28) CD- 
1 mice to harvest superficial, intermediate and deep layers. Each layer was then divided 
into anterior and posterior portions and frozen on dry ice. Soleus, diaphragm, ventricle 
and atrium were also harvested as controls. Total RNA was extracted from muscle with 
TRIzol reagent for use in RT-PCR using primers designed for neonatal, slow (type I), 
types IIA, IIB, and IIX, embryonic and α-cardiac MyHC. RT-PCR conditions were 
tailored for each target message and resultant gels analyzed using Gel Pro (Media 
Cybernetics) software.

Messages for MyHC neonatal, α-cardiac. types I, IIA, IIB, and IIX were detected 
within the mouse masseter at P28. No embryonic message was detected in the masseter 
of either gender. Distinct gender differences were found in the expression of four 
MyHCs: types IIB, IIA, α-cardiac. and neonatal. The most profound difference was the 
absence of type IIB in the female at P28; in contrast, type IIB was prominent within the 
posterior compartments in the male. The remaining three MyHCs were present in both 
genders at P28 but demonstrated spatial distributions that were distinct for each gender. 
Generally, few changes were observed in the expression of MyHC isoforms between 
P28 and 2-3 month old males. In contrast, changes in expression are more pronounced 
with age in the female. Whereas type IIB message was absent in the maturing female 
masseter, it is expressed within the posterior masseter of the 2-3 month old female. 
Neonatal message is found in all compartments within the older adult female masseter, 
but has a limited expression at P28.

These findings indicate that the expression of MyHC message is not a steady state 
but changes during aging in the mouse masseter muscle. These changes are more 
pronounced in the female and may represent an estrogen-dependent process.

Supported by NIDR/NIH DE 12207.
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122.3
MYOCYTES REGULATE THE DEVELOPMENT OF ELECTRICAL 
EXCITABILITY IN XENOPUS MOTONEURONS. T.A. Nick* and A.B. Ribera. 
Dept. Physiol. & Biophysics, Univ. Colorado Health Sci. Ctr.; Denver, CO 80206 

We are examining the role of target tissues in controlling neuronal excitability and 
ion currents using whole-cell patch clamp in co-cultures of Xenopus embryonic spinal 
neurons and myocytes. Excitability of neurons with functional neuromuscular 
junctions (NMJs) differs from that of neurons without functional NMJs: (1) The action 
potential t1/2 recovery from peak of neurons with NMJs (WJs) is half that of those 
lacking NMJs (NoJs; p=0.054); (2) Potassium current densities (Iκs) of WJs are 4.1 - 
fold larger than those of NoJs (@ -20mV, p<0.01); (3) The resting potential of WJs is 
hyperpolarized compared to NoJs (∆ 8mV, p<0.002); and (4) The membrane 
capacitance of WJs is 3.1-fold larger than that of NoJs (p<0.001). Myocyte 
contractions timed with current injections delivered to the neuron determined the 
presence of a functional NMJ. To examine whether differences seen are due to 
intrinsic differences between neuronal subtypes versus signals from the myocyte, we 
chronically apply 50µM curare to cultures. By blocking neuron-to-myocyte 
communication, curare may prevent subsequent release of putative retrograde signals. 
Curare-treated cells with NMJs have action potentials that exhibit a similar t1/2 recovery 
to those of non-treated NoJs and twice that of non-treated WJs (p=0.058). Preliminary 
data suggest that cells with NMJs exposed to curare do not show an increase in Iκ 
compared to NoJs but instead express smaller Iκ than that of WJs not treated with 
curare. Neurons lacking functional NMJs cultured in curare do not show an increased 
action potential t1/2 recovery nor decreased Iκ relative to non-treated NoJs, which 
suggests that curare acts through specific block of acetylcholine receptors. Further, 
curare does not affect the resting potential or capacitance of cells with or without 
NMJs. Collectively, these data suggest motoneuron electrical excitability is regulated 
by signals, perhaps neurotrophins, from the target myocyte that are initiated following 
activation of the myocyte by the neuron. This study was supported by NIH grants 
NS 10331 (to TAN) and NS25217 (to ABR).

122.5
ELECTROMYOGRAPHIC ACTIVITY IN THE HINDLIMB 
DURING L-DOPA-INDUCED AIR-STEPPING IN DEVELOPING RATS. 
L.B. Tucker* and D.J. Stehouwer. Department o f Psychology, University of 
Florida, Gainesville, FL 32611.
The aim o f the present experiment is to describe the neural output resulting in 
developmental changes in coordination observed within the hindlimb during 
L-DOPA-induced air-stepping. Rat pups at post-natal days (PN) 5 and 20 
were injected with L-DOPA (100 mg/kg, sc) and suspended in harnesses within 
an incubator. Electromyograms were recorded from biceps femoris (hip 
extensor), vastus lateralis (knee extensor), gastrocnemius (ankle extensor), and 
tibialis anterior (ankle flexor) during episodes o f coordinated air-stepping. The 
frequency, duration, and phase relationships o f muscle activity were calculated 
using electromyograms integrated with a time constant o f 10 msec. As step 
rate increased from PN5 to PN20, burst durations o f gastrocnemius and vastus 
lateralis decreased, corresponding to the decrease in the retraction phase o f the 
step cycle previously described kinematically. In contrast, there was no change 
in the mean duration o f activity o f biceps femoris across development. 
Contractions o f vastus lateralis led those o f gastrocnemius and biceps femoris 
at both ages studied, although the difference in timing was greater at PN5. 
This differs from limb kinematics, which showed that the difference in timing 
between extension o f the joints was greater at PN20. Differences between 
muscle activity and limb movements suggest that biomechanical factors, such 
as inertia or increasing mass o f the limb, contribute to developmental changes 
in overt behavior observed during air-stepping.
(Supported by Department o f Sponsored Research, University o f Florida)

122.7
EVIDENCE FOR AN ADAPTIVE RANGE OF MOTOR UNIT PROPERTIES AFTER 
CHRONIC STIMULATION OF REINNERVATED CAT MEDIAL 
GASTROCNEMIUS (MG) MUSCLES. Gordon, T., TyremanN., Munson, J.B*. Div. 
of Neuroscience., Univ. of Alberta, Edmonton, Canada T6G 2S2 and Univ. of Florida, 
Gainsville, Florida 32610-0244.

To examine the role of neuromuscular activity in rematching of motoneurons and 
muscle unit properties in reinnervated muscles, we crushed or cut and surgically 
repaired the MG nerve and chronically stimulated regenerating axons via implanted cuff 
electrodes. Daily 20Hz stimulation in a 50% duty cycle commenced immediately and 
continued throughout the period of muscle reinnervation and the 8-9 month period 
during which rematching normally occurs. Recovery of muscle force and the effects of 
stimulation were monitored at 10 day intervals using the cuff electrodes and a force 
tranducer to evoke and record isometric twitch and tetanic contractions, respectively. 
Stimulation hastened reinnervation of muscles and was associated with slowing of 
muscle contractions and higher than normal endurance during a Burke type fatigue test. 
Motor unit properties were characterised in a final acute experiment using intracellular 
stimulation and recording . In a total of 20 or more motor units per cat, we found that 
1) motoneuron and muscle unit properties were shifted toward the S-type, consistent 
with stimulation effects on intact motor units (Gordon et al., 1997: J. Neurophysiol. 
77:2585; Munson et al. 1997 J. Neurophysiol.77:2605) and 2) motoneuron-muscle unit 
rematching occurred despite the stimulation. Most noteably, the 1/2 decay time of 
motoneuronal after-hyperpolarization correlated directly with the time to peak twitch 
force. We did not observe the further narrowing of the range of properties which would 
be expected if the adaptability of the "dedifferentiated" motor units was greater than 
the plasticity of normal intact motor units. Our findings support the developmental 
evidence of clonal determination of motor unit properties and indicate an adaptive range 
in which neuromuscular activity can modulate these properties in the adult. (Supported 
by MRC of Canada).

122.4
VASOPRESSIN INCREASES THE RATE OF FUSION OF CULTURED 
HUMAN MYOBLASTS BY ACTIVATING V1a RECEPTORS. C. Haenggeli, 
L. Bernheim, C.R. Bader* and E. Tribollet. Dept. o f Physiology, University 
Medical Center, 1211 Geneva 4, Switzerland.

Mitogenic and growth-promoting effects of arginin vasopressin (AVP) have been 
well demonstrated in a variety of peripheral cell types either in culture or in vivo. In 
particular AVP influences some aspects of the differentiation process of rat L6 
myoblasts and mouse satellite cells. We report here the effect of AVP on cultured 
human myoblasts and the presence of AVP receptors on the same cells. 
Experiments were performed on proliferating myoblasts obtained from clonal 
cultures of satellite cells.

Our results demonstrate that AVP increases significantly the rate of fusion of 
confluent myoblasts when added to the differentiation medium. This effect is 
mediated by a V1a AVP receptor since it is inhibited in the presence of two AVP 
antagonists selective to this receptor subtype and a selective V2 agonist did not 
affect fusion. To assess further the presence of V1a receptors on human myoblasts, 
we performed binding studies with a radioiodinated V1a selective compound which 
revealed the presence of high affinity specific binding sites. Altogether, our results 
suggest that AVP may be involved physiologically in the differentiation process of 
human myoblasts. The question then would arise of the origin of the active 
endogenous AVP .
(supported by the Swiss Research Foundation for Muscular Diseases)

122.6
REINNERVATION OF THE THYROARYTENOID MUSCLE BY 
CONTRALATERAL MOTOR NEURONS OF THE NUCLEUS AMBIGUUS. R. 
Ambalavanar*, R. Strominger, S. Bielamowicz, L. Purcell and C. L. Ludlow. VSS, 
NIDCD, 10 Center Drive MSC 1416, Bethesda, Maryland, MD 20892-1416.

The thyroarytenoid (TA) muscle is innervated by the motor neurons in the 
ipsilateral nucleus ambiguus (NA) via the recurrent laryngeal nerve (RLN). 
Clinically, following RLN injury, patients have variable reinnervation patterns. We 
investigated whether the contralateral motor neurons were involved in innervation of 
the TA muscle following unilateral RLN axotomy. Three groups o f adult hound 
dogs were used. The first group was anesthetized and implanted with Peterson type 
electrodes into the TA muscles bilaterally. For 1-3 months the TA muscles were 
stimulated with a 100ms pulse. Dogs were reanesthetized and their RLN was 
sectioned on one side with physiological confirmation. The muscle distal to the 
nerve injury was then stimulated for 6-8 months intermittently for 7h a day for 5 
days per week with a 1250ms pulse. The second group had unilateral RLN axotomy 
only. The third group were unoperated controls. Six to 8 months after nerve injury, 
the TA muscle distal to the injury was injected in multiple sites (9x3µl) with 1 %  
cholera toxin B subunit (ChTB; List Biological) in the first and second groups. The 
third group was also injected with this tracer on one side. Three days after the 
injection, the dogs were deeply anesthetized with pentobarbital sodium and 
perfused. The brain stems were postfixed and serial transverse sections were cut and 
incubated in an antibody to ChTB (1:10,000; List Biologicals). The sections were 
then washed and incubated in antigoat-FITC conjugate (1:50; Jackson laboratories). 
ChTB labeled neurons were found bilaterally in the nucleus ambiguus with an 
ipsilateral predominance following nerve injury and reinnervation. Therefore axons 
from both ipsilateral and contralateral motor neurons in the NA are involved in the 
reinnervation o f the TA muscle of the dog following unilateral axotomy. 
Intermittent chronic muscle stimulation did not block this reinnervation process. 
Supported by NIDCD, NIH.

122.8
MUSCLE FIBER DIFFERENTIATION AFTER NEONATAL REMOVAL OF 
BOTH VESTIBULAR LABYRINTHS. M.S.Shall*, D.J.Lanzino Dept.of 
Physical Therapy, MCV/ VCU, Richmond, VA 23298-0224, USA.

An animal model was used to examine the influence of the vestibular 
system on muscle fiber type development and the proportion of slow myosin 
heavy chains in postural and extraocular muscles. Both vestibular labyrinths 
were surgically removed from 18 ferrets (BL) at postnatal day 3 (P3). Fifteen 
ferrets received sham surgeries at P3. Their mothers then nurtured all ferrets 
until age P30 or P60. Three muscles were chosen for analysis to represent 3 
different reflexes mediated by the vestibular system: 1) lateral rectus (LR) 
muscle / vestibulo-ocular reflex; 2) semispinalis capitis (SC) muscle / vestibu- 
locollic reflex; and 3) soleus (SOL) muscle / vestibulospinal reflex. Muscles 
from the left hemibody were sectioned for either type I identification (using 
slow and fast myosin heavy chain (MHC) monoclonal antibodies), for SOL 
and SC or slow MHC identification for LR. An image analysis system was 
used to count and measure the diameter of type I muscle fibers (SOL and SC) 
or fibers with slow MHC (LR). SDS-PAGE was used to separate MHCs from 
muscles from the right hemibody, which were quantified using a densitometer.

Results: The BL group had fewer type I muscle fibers in both the orbital and 
global layers of the LR at P60. There was significantly less slow (50%) MHC 
content in LR at P60. Surprisingly, there was also less developmental (75%) 
MHC (dMHC) content in LR at P30 and P60. The average diameters of the BL 
group SC and SOL muscle fibers were significantly below normal (58-70%) at 
P30 but were equal to the normal group at P60. However, there was less slow 
MHC and more dMHC than normal in both of these muscles at P60.
It appears that vestibular sensation is important to timely development and 
differentiation of type I muscle fibers in postural and extraocular muscles. 
(Supported in part by the James A. Shannon Director’s Award, NIDCD grant 
1R55DC/OD03211-01A 1 to MSS)
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122.9
BRAIN PLASTICITY AND MOTOR RECOVERY IS LESION ONSET-TIM E 
DEPENDENT. A. Benallou. Y. Burnod. M. Duffosé?'Institut des Neurosciences, 
ưniversité Pierre et Marie Curie, 9 quai st Bernard BP 23 75005 Paris France, e-шail: 
benallou @ moka.ccr ,j ussieu.fr

The aim of this study was to compare and to understand why lesions occurring in 
adulthood are followed by the lost of skilled finger movements while brain injured 
infants grew up with no apparent motor deficit. Using functional MRI, we compared 
the changes in activation location in patients with lesions that occurred late in life such 
as stroke and tumors and the ones occurring early in life such as neonatal aгteгioveinous 
malformations (AVM). The fMRI data of the follow-up study in sưoke patients showed 
that the activation location in the motor cortex varied in coưelation with the recovery of 
proximal movements but also with the degree of the motor task difficulty. The results 
show that AVM lesions result in no apparent motor deficit and that the affected hand is 
conưolled by the ipsilateral non affected motor cortex. In case of stroke patients, the 
sudden onset of the lesion may not allow enough time for functional reorganization to 
the ipsilateral motor cortex. Surprisingly in patients with slow developing tumor (in 
which the development of the tumor is slower than the kinetic of physiological 
processes), no ipsilateral activation was observed which could indicate that the non 
affected motor cortex is taking in charge the control of ipsilateral movements despite 
the evolving motor deficit because the activated area was only displaced at the periphery 
of the lesion. In sưoke patients the recovery of proximal joint movements is not 
accompanied by recovery of skilled finger movements. This partial recovery may occur 
because proximal joint movements are also conưolled by the direct corticospinal and 
reticulospinal tracts. So why only partial recovery if any is achieved in adults although 
they can imagine skilled movements with the hemiplegic hand. It is known that after 
birth and during the development of motor skills, there is a important reduction in the 
number of corticospinal neurons projecting to the cord. A possible explanation is that 
the establishment of more efficient and performant neuron networks lead to the 
elimination of basic networks nessessary to motor skills learning and these networks 
which are lacking in adults but present in infants, could allow the non affected areas of 
the motor cortex to rebuilt new motor networks and assume limb functions.

122.11
MID-THORACIC SPINAL CORD COMPRESSION ALTERS L-DOPA- 
INDƯCED AIR-STEPPING IN NEONATAL RATS. M L. McEwen» and
D.J. Stehouwer. Department o f Psychology, University o f Florida, Gainesville, 
FL 32611.

Compression/contusion injury o f the adult rat spinal cord is used to model 
spinal cord injury in adult humans. Although the human infant population is 
not exempt from spinal cord injury, the compression/contusion model has not 
been applied to neonatal animals. In preliminary experiments, overground 
walking o f neonatal rats, whose spinal cords were compressed to 10% o f their 
initial width, was similar to that o f control rats. Presently, kinematics were 
used to quantify the limb movements o f neonatal rats that received spinal cord 
compression or sham surgery. The mid-thoracic spinal cord o f 4-day-old rats 
was compressed to 5, 10 or 100% (sham surgery) o f its initial width for 15 s 
with forceps. On post-operative day (POD) 1 or 11, rats were administered L- 
DOPA (100 mg/kg, sc), suspended in harnesses and tested for air-stepping. 
The amount o f hindlimb alternation was reduced on POD 1 following 
compression o f the spinal cord to 10% o f its original width, but was reduced on 
both PODs following compression to 5%. During episodes o f forelimb and 
hindlimb alternation, the air-stepping o f rats whose spinal cords were 
compressed to 10% was surprisingly similar to that o f controls, despite 
significant spinal cord damage. In contrast, the hindlimb steps o f rats whose 
spinal cords were compressed to 5% were much slower and shorter than the 
steps o f control rats on both PODs. Forelimb air-stepping was not 
significantly altered by mid-thoracic spinal cord compression. These results 
demonstrate that severe spinal cord injury is required to alter L-DOPA-induced 
air-stepping in neonatal rats. (Supported by NRSA MH15737)

1 2 2 .13
EXPRESSION OF AMPA RECEPTORS IN NEONATAL TRIGEMINAL 
neurons. JE, Turnш. Jr.*1. A. S. MacDonald'JŒW. Pawl1, P. Bringas2⅛jшd
S.H. Chяnrilei3. ’University of Southern California, Dept, of Biokinesiołogy and 
Physical Therapy, 2University of Southern California, Center for Craniofacial 
Molecular Biology, Los Angeles, CA 90033; and 3University of California, Los 
Angeles, Dept, of Physiological Science, Los Angeles, CA 90095.

Trigeminal motoneurons (Mo5), mesencephalic trigeminal neurons (Me5), 
supratгigeminal (Su5), and intertrigeminal (15) neurons are important constituents of 
the neural circuitry responsible for jaw movements. Understanding the composition 
and expression of glutamate receptors provides insight into mechanisms which 
conưol the excitability of these neurons during development. AMPA receptors are 
critical in mediating the rapid neuronal depolarization following glutamate 
application. Receptor immunohistochemistry was used to demonsưate the expression 
and subunit composition of AMPA receptors in Mo5, Me5, Su5, and 15 neurons of 
rats at postnatal day (P)l, 3, 5, 10, 15, 25, and 32-35. Affinity purified polyclonal 
antibodies directed against G luRl, GluR2 and GluRЗ combined, and GluR4 
(Chemicon, Inc.) subunits along with a monoclonal antibody which recognizes the 
GluR2 subunit (Chemicon, Inc.) were used. Mo5 neurons displayed a positive 
immunoreactivity to all antibodies across the time frame sampled. Caudal Me5 
neurons displayed an intense immunoreactivity to all antibodies at P I, whereas 
rostral Me5 neurons were void of labeling until weeks 4-5. Su5 and 15 neurons 
displayed a positive immunoreactivity to GluR2 at P I, immunoreactivity to the 
polyclonal antibodies emerged at P3 and was maintained, except for GluR4 
immunoreactivity in 15 neurons. Results demonsưate differences in AMPA receptor 
subunit expression and composition within and between these neonatal ưigeminal 
neurons. The positive immunoreactivity to GluR2 also suggests that these neurons 
are not permeable to calcium during this time period. Supported by a USC James H. 
Zumberge Grant.

1 2 2 .1 0
THE ENHANCEMENT OF MOTOR RECOVERY AFTER RAT 
SPINAL CORD INJURY BY THE APPLICATION OF 
ALTERNATIVE ELECTROSTATIC FIELDS. S .T .O h n ish i* 1 r

J .H .M ullen J r 1 . S .H idaka2 and Y.Okamoto2 . 
^ P h ila d e lp h ia  B iom ed ica l R esearch  I n s t i t u t e ,  King 
o f  P r u s s ia ,  PA 19406, and 2Fukuoka D en ta l 
C o lle g e ,  Fukuoka 8 1 4 -0 1 , JAPAN

28 r a t s  w ere g iv e n  c o n tu s io n  s p in a l  in ju r y  by 
a "Free F a llin g "  w eig h t-d ro p  method (5 .6  g X 6 
cm; See R e f ) . The reco v e ry  o f  motor fu n c t io n  o f  
in ju r e d  r a t s  was a s s e s e d  by th e  motor sc o r e  which  
e v a lu a te s  th e  a b i l i t y  t o  w alk , t o  s ta y  on a 
in c l in e d  s u r f a c e ,  and t o  grab a rod by h ind  l e g s .  
The m otor s c o r e  ranged from O(com p lete p a r a ly s is )  
t o  9 (n o r m a l) . A l l  anim al were co m p le tly  p a ra ly zed  
on Day 1 . C on tro l r a t s  reco v ered  t o  th e  average  
m otor s c o r e  o f  5 .25±O .94 SD (N=I4) on Day 35 . 
A lte r n a t iv e  e l e c t r o s t a t i c  f i e l d s  (800 V, 60 Hz) 
w ere a p p lie d  from a ZZIP-Mat (L ife -C r e a t iv e  C o ., 
Yokohama, Japan) through a p l a s t i c  cage t o  th e  
r a t s  housed  i n s i d e .  The d u ra tio n  was 2 hours a 
day s t a r t in g  from Day 1 fo r  th e  e n t ir e  p e r io d .
The e l e c t r o s t a t i c  f i e l d  enhanced motor r eco v e ry  
o f  in ju r e d  r a t s .  The sc o r e  reached  7 .O 7 ± l.2 8  SD 
(N=I4) on Day 35 . The d i f f e r e n c e  was s i g n i f i c a n t .  
R ef. S .T .O h n ish i, in  "C entral Nervous System  
Traumaî Re se a r c h  T echniques" CRC P r e s s , p . 297(1995)

1 2 2 .1 2
EXPRESSION OF GABAa RECEPTOR SUBUNITS AND GAD IN 
NEONATAL TRIGEMINAL MOTOR AND MESENCEPHALIC NEURONS. 
R.A· Rich. J.E. Turman, J r . and S.H. Chandler*. University of Southern 
California, Dept, of Biokinesiology and Physical Therapy, Los Angeles, CA 
90033; University of California, Los Angeles, Dept, of Physiological Science, 
Los Angeles, CA 90095.

GABA plays an important role in the developing nervous system, acting both as 
a neurofransmitter and neurotrophic factor. Little is known about the role of 
GABA in the production of neonatal jaw  movements. In order to begin to 
understand the role of GABA in neonatal oral-motor neuronal circuits, we 
performed a series of studies examining the ontogeny of GABAa receptor subunits 
and GABAergic terminals associated with ưigeminal motoneurons (Mo5) and 
mesencephalic trigeminal neurons (Me5) during early postnatal development. A 
monoclonal antibody directed against the B2 and B3 subunits of the GABAa 
receptor (Chemicon, Inc.) was used to mark GABAa receptors and a polyclonal 
antibody directed against GAD (Chemicon, Inc.) was used to mark putative 
GABAergic terminals. Neurons in Mo5 and Me5 from rats at postnatal day (P)l, 5, 
15, and 25 were analyzed to determine the expression of B2/B3 subunits and GAD 
in these nuclei. There was minimal GAD terminal expression in either nuclei at PI. 
Tire intensity of tins expression increased in Mo5 and remained stable in Me5 
during development. The intensity of B2/B3 subunit expression increased in both 
nuclei and in Mo5 the labeling became more dendritic through P25. Ɗresc results 
suggest that there is a simultaneous increase in the GABAergic innervation of Mo5 
along with an increase in B2/B3 subunit expression. Whereas, in Me5 an increase 
in B2/B3 expression is not accompanied by an increase in putative GABA terminal 
labeling. Ib is  suggests that the ontogeny of the GABAergic system differs 
between these two trigeminal nuclei. Supported by a USC James H. Zumberge 
Grant and NIH-NIDR DE06193.

122.14
IN V O LV EM EN T OF C ľ  IONS IN THE PERIODIC SPONTANEOUS BURST 
A C T IV IT Y  IN  THE SPINAL CORD OF RAT FETUSES ¡N VITRO 
H. N IS H IM A R U 1. Ҝ . N A K A Y A M A ‘ ·2. N. K U D O 1*.
'Department o f Physiology, Institute o f Basic Medical Sciences, University o f 
Tsukuba, Ibaraki 305-8575 and 2Centeг for Medical Sciences, Ibaraki Prefectuгal 
University o f Health Sciences, Ibaraki 300-0394, Japan 

Periodic spontaneous bursts mediated by glycine and G ABA could be observed in the 
lumbar ventral roots in an isolated spinal cord preparation from rat fetuses at 
embryonic day (E) 14.5-El7.5 (Nishimaru et. al.. Journal o f Physiology (1996).
497.1, 131-143). To investigate the ionic mechanisms o f the generation o f these 
bursts at cellular level, blind patch clamp recordings were performed using isolated 
spinal cord preparations from E l 5.5 rat fetuses. Most o f the recorded lumbar ventral 
horn neurones had depolarization and inward current under voltage clamp synchronous 
to the periodic spontaneous bursts observed in the ventral roots. Removal o f Ca2+ 
ions from the superfusate or bath-application o f TTX (1 µM ) abolished the activity, 
indicating that synaptic inputs are important for the generation o f the spontaneous 
activity. In conventional whole cell recordings, most o f the neurones recorded with 
high C ľ  (55 mM) pipette solutions depolarized periodically and fired in bursts. When 
the membrane potential was clamped to -60 mV, the amplitude o f the inward current 
synchronous to the periodic spontaneous burst in cells recorded with high C ľ  pipette 
solutions were 3-4 fold larger compared to that o f cells recorded with low C ľ  (6 mM) 
pipette solutions. In gramicidin perforated patch clamp recordings, these synaptic 
inputs caused action potentials superimposed on depolarizations up to -20 mV in the 
spinal neurones. After rupturing the membrane and perfused with low C ľ  pipette 
solutions, depolarizations were reduced to less than -40 mV, with no action potentials 
were superimposed. These results suggest that high intracellular concentration o f C ľ  
plays an important role in generating the spontaneous motor activity in the spinal cord 
o f rat fetuses.
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122.15
TESTING BIAS AND PAW PREFERENCE IN MICE WITH TOTAL AND 
PARTIAL CALLOSAL AGENESIS. A.C. Manhäes» and S.L. Schmidt 
Laboratório de Neuroſisiologia da Universidade do Estado do Rio de Janeiro, RJ. 
Brazil 20551-030.

Highly lateralized mice are less affected by a testing bias favoring one side 
than mice with low degree o f lateralization. In the present study, 93 adult male 
mice (including 31 with partial or total callosal agenesis) were tested for paw 
preference in biased and unbiased testing conditions. The testing apparatus 
consisted o f a cubicle with a transparent front wall where a feeding tube could be 
positioned either in the center of this wall (unbiased condition) or next to one of 
the side walls (biased condition). Prior to a testing session, the animals were 
deprived of food for 24h. In the first two sessions, the animals were tested in the 
unbiased condition (25 reaches were counted on each session) and the preferred 
paw was determined based on the pooled results o f these sessions. In the third 
session (50 reaches), the tube was placed contralateraly to the prefeưed paw. The 
first two sessions were highly coưelated (r = 0.86; p < 0,0001) and the analysis of 
laterality indicated that 89% of the normal mice and 84% of the acallosal mice 
were lateralized. No directional bias was found in the normal lateralized group. In 
contrast, 81% of the lateralized acallosal mice were left pawed. In the normal 
group, 64% of the mice (irrespective of side preference) did not change their paw 
preference in the biased session. In the acallosal group, 63% of left pawed mice 
did not change their preference, while only 11% of right pawed and non- 
lateralized mice did the same. The results on the first two tests are in accordance 
with our previous study (Brain Res., 545 [1991] 123-130) and give further support 
to the hypothesis that the development o f the corpus callosum is related to the 
establishment o f directional laterality. Additionally, it suggests that non-lateralized 
and right-pawed acallosal mice tend to follow the testing bias as opposed to 
normal and left-pawed acallosal mice.
Supported by: FAPERJ/ƯERJ.

122.17
THE GROWTH OF THE FELINE BRAIN  FROM LATE FETAL INTO A D ULT 

LIFE 1 THE CAUDATE NUCLEUS. J R, Villabla∩ca», T P . Schmaπke and H.A 
Crutcher. Depls. o f Psychiatry and Ncuгobiology, Mental Retardation Research 
Center, Brain Research Institute, UCLA, Los Angeles, CA 90024 

We used 66 cat brains divided into 11 age groups, fetal day (E)59, postnatal days (P) 
1,7,15,30,45.60,90,120,180 and adult (N= 6-7 per group; b irth is at E63-65) to estimate 

the rate o f growth o f the caudate nuclei. Frozen, stained coronal sections 2Oµm thick 
and ranging between 28 and 57 per brain, were projected upon paper and the outline o f 
the nucleus was drawn. The drawings were digitized w ith  computer software to 
calculate mean cross-sectional areas and volumes. The means were compared between 
groups and hemispheres as well as correlated to the weight and sex o f the animal In 
terms o f the mean cross-sectional area o f the left nucleus, the caudate size for the E59, 
P L P7 and PI 5 groups was only 29.6% (P <O l), 51.6% (P<.01), 63.5% (P<.01) and 
69.4% (P<.OI) respectively relative to the caudate sizefor adult cats A t PЗOthecaudate 

size had reached adult levels ( 100. l% ). Thereafter, there was a tendency to a further 
grow lh ranging from 111 8% to 121.8% relative to adult cats with the latter values, at 
P I80, being the only significant increase (P<.05, for volume). There were no right 
versus left differences. There were no correlations w ith body weight (w ith in  age 

groups) or gender. Thus, ( I )  the bulk o f the growth o f the feline caudate n. occurs 
rapidly between the last w'cck o f gestation and one month o f age, which is long before 
the cat reaches adult body weight (about P I80); (2) there arc no side asymmetries 
occurring during development or in adulthood, (3) the growth is independent o f body 
w eight (w ith in groups) and gender. USPHS Grants 2P01 N S -1554 and FID-04612.

122.19
IN VITRO RECONSTRUCTION OF THE CORTICOSPINAL PROJECTION IN 
ORGANOTYPIC SLICE COCULTURE H. Takuma*. M. Sakurai and I. 
Kanazawa. Dept, of Neurology, Div. of Neuroscience., Graduate Sch. of Med. 
Univ, of Tokyo, Tokyo 113-8155, Japan

We tried to reconstruct the corticospinal projection in vitro using organotypic 
slice culture technique.

The slices of the cerebral cortex and the spinal cord were prepared from newborn 
rats and cocultured on the pored membrane for 14-21 days. Neural connections were 
studied morphologically with biocytin (anterogгadely), horseradish peroxidase and 
Dil (retrogradely). Substantial neural connections were formed between the cortex 
and spinal cord slices. Cortical neurons extended axon to the spinal cord were 
located mainly in the deeper layer of the cortex.

In electrophysiological study, a stimulating electrode was placed in the deeper 
layer of the cortical explaut extracellular or intracellular and recordings were made 
from the gray matter of the spinal explant with glass microelectrode. When the 
deeper layer of the cortex was stimulated, the field potential consisted of early sharp 
and late slow components was recorded from the spinal cord. The late component 
but not early one disappeared in low calcium-high magnesium medium, suggesting 
that the early component was presynaptic volley and the late one was post-synaptic 
response. The amplitude of the field potentials were examined among the four 
coculture combination of the cortical area (forelimb or hindlimb) and the spinal cord 
level (cervical or lumber), however there was no significant difference among them. 
In some cells biocytin solution was injected through a recording electrode after 
EPSP was recorded,. One thirds of them were thought to be the spinal
motoneurons from their morphology.

To our knowledge, this is the first work to reconstnict the corticospinal 
projection with functioning synapses in the coculture preparation. This system 
would be a useful in vitro system for studying normal development and 
pathophysiology of this system.

122.16
TAIL SUSPENSION TEST: A M ETH O D  FOR STUDYING THE 
ON TO GEN ESIS O F BEHAVIORAL LATERALITY. E. M. Caparelli-Dáquer».

Laboratório de Neuroſisiologia - Universidade do Estado do Rio de Janeiro, RJ, 
Brazil 20551-030

In order to be valid, a behavioral test must present high inter-rater reliability. 
Here, we checked the inter-rater reliability of an adapted version of the tail 
suspension test (TST). Originally devised for screening antidepressants in mice, the 
TST was adapted in order to allow animals of different ages to be tested in the 
same experimental condition. The setup consists of a two stage cylindrical 
chamber (diameter = 29cm). The lower stage (height■= 23.5cm) has no floor and 
displays a circular viewing window (diameter = 6.7cm) at 16cm height, through 
which the test can be videotaped. The chamber is fixed over a source of red light 
(wave length >  62Onm). During the test, the tail was gently tied with an adhesive 
tape to a shaft located at the axis of the cylinder. Then, the shaft was retracted 
until the tail came into the upper stage, with the stomach facing the camera. The 
animal hanged free from the ceiling of the lower chamber for a total period of 6 
minutes and all the movements were continuously recorded. We scored every 
discernible right or left trunk contraction. Ten mice from both sexes were 
submitted to TST on alternate days from P2 (PI is the day of birth) until P4O. The 
tests at P2, P10, P2O and P4O were analyzed by two independent experimenters 
blind of the results obtained by the other. The laterality scores, based on trunk 
contractions for each side, were used to evaluate inter-rater reliability for each age. 
O u r results indicated that the test has acceptable inter-observer agreement during 
mouse development.
Supported by FAPERJ/UERJ

122.18
THE GROWTH OF THE FELINE B RAIN  FROM LATE FETAL INTO ADULT 

LIFE II. THE TH A LAM U S  T D. Schmanke*, J R VillaЫanca and A.C. Sung 
Depts o f Psychiatry and Ncuгobiology, Mental Retardation Research Center, Brain 
Research Institute, UCLA, Los Angeles, C A 90024 

We used 65 eat brains div ided into 11 age groups, fetal (E) day 59 (N=5, birth is at 
E63-65), postnatal (P) days 1,7,15,30,45,60,90,120,180 and adult (N=6 per group) to 
estimate the rale o f growth o f the thalamus. Frozen, stained coronal sections 2Oµm 
thick and ranging between 22 and 41 per brain, were drawn and then digitized to 
calculate mean cross-sectional areas and volumes. The means were compared 
between groups and brain sides as well as correlated to weight and sex o f the animals. 
Mean cross-sectional areas per age group were (mm2):
Age___Ľ59 ľ l  P7 PI 5 P30 P45 P6O P9O PI 20 PI 80 Adult

Left 15 2 27.7 35.0 42.2 59.8 60.4 56.9 56.9 54.0 57.6 55.5

Right 14.6 26.1 34.6 40.8 66.0 64.5 56.8 59.9 61.1 60.3 59.2
Therefore, as for the caudate n , at P30 the thalamus had reached adult size and there 
were no correlations w ith body weight (w ith in  each group) or with the gender o f the 
cals. But, at difference with the caudate, (1) there was no further growth after the 
thalamus reached adult size, and (2) starting at P30 the right thalamus tended to be 
larger than the left by a margin o f 4.6% to 13.1% (p<.05 for volume, PI 20). We have 
reported this asymmetry in other cohorts o f adult eats The volume values showed the 
same time course and pattern o f growth. These results suggest that different forebrain 
structures may grow at a sim ilar pace but may diHer in other features o f their 
dev elopment USPHS Grants 2POl NS-15654 and HD-04612

12 2 .2 0
A C T IV IT Y -D E P E N D E N T  P O S T N A T A L  D E V E L O P M E N T  O F 
C O R T IC O S P IN A L  T E R M IN A T IO N S .  S u sa n  J. L ee *. L au ra  
Donarum m o and John  H. M artin. C ente r fo r N eurob io logy and B ehavior 
and NYS Psychiatric Institute, Colum bia University, New  York, N.Y. 10032.

In the  deve lo p ing  co rtico sp in a l (CS) sys tem  o f the  ca t, the  
w idespread  b ila te ra l p ro jections p resen t a t postnata l day 20 (PD) are  
la rge ly  e lim ina ted  by PD 50 to  p roduce the  m ature p redom ina te ly  contra  
lateral term ination pattern. Previously, w e  have shown tha t neural activity 
is required fo r the  postnatal re finem ent o f CS term inations (Nѳurosci Abst 
23:1401, 1997). O ur cu rrent study exam ined the  ana tom ica l pro file  o f the 
sensorim oto r (SM) cortica l axons in the  sp ina l cord fo llow ing  continuous 
u n ila te ra l in fus ion  o f m uscim o l (Ю m M ). T race rs, P haseo lus V u lga ris  
L eu coagg lu tin in  (PhaL) and B io tiny la ted  D extran  A m in e  (BDA), were  
iontophoret¡cally in jected into defined reg ions o f the  SM cortex, fo llow ing 
inactiva tion from  PD2O to  PD5O.

As we have  p rev ious ly  shown, term inations from  the  active  (πon- 
infused) cortex remained bilateral, s im ilar to  PD 20 animals. O ur prelim inary 
f ind ings  ind icate  tha t axons in the  con tra la tera l sp ina l g ray  m a tte r had 
few er branches com pared w ith axons in the  ipsila teral side. Term inations 
from  the  in fused (s ilenced) s ide  w e re  sparse. W e are  a lso  investigating 
re fin em e n t o f CS  axon  te rm in a tio n s  in an im a l re ce iv ing  b ila te ra l SM 
in fus ion . A c tiv ity -d ep en d en t p run ing  o f the  SM  te rm in a l fie lds  in the  
sp ina l cord m ay contribu te  to  the  form ation  o f the  m ature  CS term ination 
pattern. (NS36835 and the  United Cerebral Palsy Foundation).
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122.21
STIFFNESS, SPASMS AND STARTLE: PHYSIOLOGICAL AND 
BIOCHEMICAL FEATURES OF CLINICALLY RELATED 
SYNDROMES WITH PUTATIVE DEFECTS IN CENTRAL 
INHIBITION. C. Stayer.1* N. Miiani,2 S, Khasani,1 S. Maile.1 W. 
Scheгbaum.3 C¯M. Becker,2 H-M. Meinck1. 'Dept, o f Neurology, Univ, o f 
Heidelberg, ¾stitute of Biochemstry, Univ, o f Erlangen, 3Dept. o f Internal 
Medicine, Univ, o f Leipzig

Stiffness, spasms and exaggerated startle are common symptoms in a 
number of acquired and congenital diseases with putative defects in central 
inhibition. Over 80% of patients with stiff man syndrome liave auto
antibodies against the GABA synthesizing enzyme, GAD65, suggesting an 
autoimmune defect o f GABAergic inhibition; patients with congenital 
hyperekplexia may have mutations of the alpha-1 subunit o f the glycine 
receptor - leading to impaired glycinergic inhibition. Clinical differentiation 
between syndromes is difficult, but neurophysiological studies revealed 
definitive distinctions: patients with stiff man syndrome exhibited myoclonic 
reflex spasms in response to median or tibial nerve stimulation (1-3 
synchronous EMG bursts (latency: 50-80ms) followed by tonic dccrescendo 
motor activity over 1-3 seconds); while only patients with hyperekplexia 
showed head retraction jerks - hypersynchronous reflexes in the neck muscles 
(latency < 20ms) - in response to taps on the glabella. These investigations 
allow differentiation between phenomenologically related syndromes and may 
contribute to our understanding o f their pathogenesis.
Support from the VW Foundation

122.23
THE P O S T N A T A L  D IS T R IB U T IO N  O F  T H R E E  S Y N A P T IC  
MARKERS IN  T H E  S P IN A L  C O R D  E N L A R G E M E N T S  O F T H E  
OPOSSU M  M O N O D E L P P H IS  D O M E S T IC  A . J .  G ingrras* an d  T. 
C abana. Sc. Biol., U niv , de M o n tréa l, M o n tréa l, C a n a d a  HЗC ЗJ7 .

As p a r t  of a  s tu d y  of m o to r s y s te m s  d ev e lo p m e n t in  M onodelph is  
domest¿ca, a  m a r s u p ia l  b o rn  v e ry  im m a tu re ,  w e h a v e  in v e s t ig a te d  
syn ap to g en esis  by  lo o k in g  fo r th e  p re s e n c e  o f th e  s y n a p tic  p ro te in s  
synaptophysin , s y n a p to ta g m in -I , b o th  a sso c ia te d  w ith  sy n a p tic  vesicles, 
and S N A P -25, a s so c ia te d  w i th  th e  p r e s y n a p t ic  m e m b ra n e , u s in g  
im m u n o h is to ch em istry  on t ra n s v e rs e  se c tio n s  of th e  b ra c h ia l  (BE) an d  
lum bosacral (LE) e n la rg e m e n ts . A t p o s tn a ta l  d ay  (P) 1, lab e llin g  for a ll 
th ree p ro te in s  is observed  in  a ll fun icu li of th e  p re su m p tiv e  w h ite  m a tte r  
in both  e n la rg e m e n ts ,  e x c ep t fo r th e  s y n a p to p h y s in  a n d  SN A P-25 
labelling w hich  is  a b s e n t  in  th e  d o rsa l fu n icu li of th e  LE u n til  P3. S can t 
labelling is seen  in  th e  v e n tro la te ra l  v e n tra l  h o rn  of th e  BE a t  P I  and  LE 
a t P3, an d  in  th e  c e n tra l  d o rsa l h o rn  o f th e  BE by  P5 an d  LE by P7, 
o b se rv a tio n s  w h ic h  a r e  co n firm e d  in  e le c tro n  m icro sco p y . By P10, 
labelling for a ll th re e  p ro te in s  is dense  th ro u g h o u t th e  g ray  m a tte r  in  both 
en la rg em en ts, e x cep t fo r th e  d o rsa lm o s t  g ra y  an d  a ro u n d  th e  c e n tra l 
canal, w h e re  i t  is  s e e n  only  a ro u n d  P 15  for th e  sy n a p to p h y s in  an d  
sy n a p to ta g m in -I ,  a n d  P2O fo r th e  S N A P -2 5 . L a b e lle d  v a r ic o s it ie s  
ab u ttin g  p resu m e d  m o to n e u ro n a l cell b od ies an d  p ro x im al d e n d rite s  a re  
seen a t  P Ī5  in  th e  BE an d  P18 in  th e  LE. S ta r t in g  a ro u n d  P2O, labe lling  in 
the w hite  m a t te r  d ec reases  g ra d u a lly  over th e  n e x t  few w eeks, following 
a v e n tro d o rsa l  g r a d ie n t ,  th e  S N A P -2 5  la b e l lin g  b e in g  th e  l a s t  to 
d isap p ear. In  conc lusion , in  th e  s p in a l  cord  o f M onodelphis domest¿ca 
th e  th re e  s y n a p tic  m a rk e rs  a re  f ir s t  e v id en ced  in  th e  w h ite  m a tte r ,  
p resu m ab ly  in  g ro w in g  axons, a n d  th e n  in  th e  g ra y  m a t te r  accord ing  to 
ro stro cau d al a n d  v e n tro d o rsa l g ra d ie n ts .  (S u p p o rted  by N SER C )

122.25
G EN ETIC  A R C H IT E C T U R E  O F N O R M A L  V A R IA T IO N  
IN C E R E B E L L A R  SIZ E .
D-C- A irev1*. R-C- Strom2. R.W. W illiam s?
departm ent o f Psychology, Cornell University, Ithaca, NY 14850
2Center for N euroscience, Univ, o f Tennessee, M emphis, TN 38163

The cerebellum  is an excellent candidate for quantitative genetic 
dissection because it is a well characterized and discrete part o f the CNS 
that has undergone major evolutionary modifications in neuron number 
and total size. Our aim is to map and characterize polymorphic genes that 
control cerebellar developm ent. Fixed cerebella o f  447 F2 progeny 
generated by crossing A/J and B X D 5 were dissected  and weighed. 
Average weight was 61.3 mg with a standard deviation o f 4.77 mg. A 
multiple regression procedure was employed to produce a set o f normally 
distributed cerebellum measures (residuals) appropriate for quantitative 
trait loci (QTL) analysis. Brain weight (minus cerebellum), body weight, 
sex, and dissector identity explain 55% o f the F2 cerebellar variance. 
Litter size, parity, and age have no important effect. F2 progeny were 
genotyped at 60 loci on all autosomes. Three novel QTLs specifically  
responsible for residual variation in cerebellar weight were mapped to 
chromosomes 2, 7, and 19. Genom e-wide probabilities o f a Type I error 
were assessed by permutation and are < 0.05. The most important of 
these cerebellar weight QTLs is Cb2  on distal Chr 19 near P axб. This 
QTL has a high LOD score (6.0), additive allelic effects, and accounts 
for 6-10% o f the total genetic variance.

[Supported by N IR O IN S35485]

1 2 2 .2 2
MULT!POTENT SPINAL NEUROEPITHELIAL PRECURSORS CAN GENERATE 
FUNCTIONAL SPINAL MOTONEURONS IN VITRO. S.C. MacDonald*. S. 
Hochman, K.W. Cheng, and L.M. Jordan. Dept, of Physiology, University of 
Manitoba, Winnipeg, MB, RЗE ЗJ7

Neuroepithelial stem cells derived from spinal cord can proliferate in vitro in the 
presence of EGF and bFGF for multiple passages while retaining multipotency, and 
upon removal of these mitogens, can differentiate into neurons and glia (J. Neurosci. 
16: 7599). No specific population of neurons has been generated and identified to 
date from spinal neuroepithelial cells. It was our goal to selectively generate spinal 
motoneurons by adding specific growth factors to the extracellular environment.

Neuroepithelial precursors were generated from embryonic and adult mouse spinal 
cord and grown in culture in the presence of mitogens. Resulting cell clusters were 
capable of multiple passages and cryopreservation. Individual clusters could be plated 
in the absence of mitogens and with added growth factors to promote differentiation.

Subsequent immunostain¡ng for choline acetyltransferase and the specific 
motoneuronal marker, Islet-1, demonstrated the existence of large diameter 
cholinergic cells with Islet-1 positive nuclei in cultures treated with BDNF and CNTF. 
Further staining with the specific motoneuronal marker Reg-2 also labeled large 
diameter cells with Islet-1 positive nuclei.

Co-culture of stem cell clusters with dissociated skeletal myocytes appear to result 
in the formation o f functional neuromuscular junctions because local perfusion of 
kainate elicited myocyte contraction. Kainate receptors are not expressed on 
myocytes, therefore kainate-evoked contractions are due to kainate’s action on 
motoneurons innervating myocytes.

These results demonstrate that spinal neuroepithelial stem cells can be directed to 
generate a specific population of functional spinal cord neurons. Further, the 
generation of spinal motoneurons from adult spinal precursors provides another 
example of neurogenesis in the adult central nervous system.

Supported by Canadian Neuroscience Network and Medical Research 
Council o f  Canada.

122.24
Functional MRI of Motor and Sensory Cortex in Patients with Brain Tumors

S.R.Browd*, R.W.BriggŁ B £ lΏ Sm  P Q B¢yer$dorf, R L,Gilmore, Ş.R, Rņpçr,
L.M. Maron. C M  Leonard. I diversity o f  Florida Brain Institute, Gainesville.
Florida, 32610.
We performed several fMRI motor and sensory stimulation paradigms on patients 
presenting for brain tumor resection. All patients presented with right hemisphere tumors 
invoking the motor homunculus Studies were designed to evaluate the specific area of 
homunculus involvement. Motor activation was achieved using unilateral finger tapping, 
bilateral adduction-abduction movements of the tongue anďor great tœ  flexion 
Somatosensory stimulation was achieved by brushing the palmar surface of the hand 
anďor plantar surface of the great toe. Images were obtained using a 1.5 Tesla GE Signa 
and quadrature birdcage radio frequency head coil with a 4-spiral gradient echo sequence 
w ith the following parameters: 9 contiguous axial 6.9 mm thick slices. 180mm FOV, 
voxel size = 1.4 x 1.4 x 6.9 mm. TR/TE/FA =8OOms/4Oms/45dcg. temporal resolution 
= 3.2 s, 5 images or 16 s per half-cycle. 6.4 rest-task cycles per experiment Functional 
images were obtained using a voxel-by-voxel correlation of spiral scan image intensities 
with a family of phase-shified sinusoidal reference waveforms, using the AFNI package. 
Motor studies elicited strong activ ation in normal left cortex during performance of right 
sided tasks. Variable activation was noted within/adjacent to the distorted right motor 
homunculus during left body motor and sensory stimulation. One subject demonstrated 
a less intense, focal area of activation in the left motor cortex when performing left 
finger tapping. This activity may represent cortical reorganization A second patient w ith 
prior cranial irradiation demonstrated finger tapping activation that was not elicited 
during awake intraoperative cortical stimulation mapping (A1CSM). Two and six month 
follow up scans are planned. fMRI offers the possibility of longitudinal studies of brain 
recovery and plasticity following traumatic brain injury and disease fMRI may be more 
sensitive than AICSM in locating eloquent cortex that resides deep to the cortical surface. 
Support: American Heart Association Medical Student Fellowship
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123.1
AGE RELATED CHANGES IN THE SHAPE OF TEM PO RA L AND FRONTAL 
LOBES: AN MRI STUDY OF CHILDREN AND ADOLESCENTS
D. Louis Collins. Tomáš Paus. Alex Ziidenbos. Keith Worslev. Jonathan Blumenthal, 
Jay Giedd. Judith Rapoporť. and Alan C. Evans. Montreal Neurological Institute, McGill 
University, Montreal, Quebec, Canada and Child Psychiatry Branch, NIMH, Bethesda, 
MD, USA.

Our previous work suggests that the size of the brain changes little after the age o f five 
years (Giedd et al. Cerebral Cortex 6:551-560,1996). Here we seek to evaluate the 
possibility that, after this age, the human brain continues to grow in a region-specific 
fashion. Tl-weighted MRls (1.5mm axial slices, TR=24ms, TE=5ms, flip angle=45º) of 
113 subjects (4-6yr: 13 boys, 6 girls; 7-9yr: 13 b, 9g; 10-12yr: 14b,I3g; 13-15yr: 2lb,Юg; 
16-18yr: 5b,9g) were acquired and automatically processed for correction of 
image-intensity inhomogeneities, linear transformation into standardized stereotaxic space, 
and non-linear (NL) transformation to match a single "template" volume (FWHM=4mm). 
The NL transformations represent local differences at each voxel between the subject and 
template, and are indicators of individual anatomical variability. These transformations 
were used in voxel-wise multivariate linear regression analysis to identify regions in which 
age coưelated with a local change in X, Y and/or Z vectors; the effect o f gender was first 
removed. Hotelling's T2 was employed to evaluate statistical significance o f such 
correlations, with the threshold set at F> 12.6 (3,108 d .f, p<0.05, corrected for whole-brain 
search). Significant correlations were found around both the temporal lobes and the ventral 
aspects of the frontal lobes. Analysis of the X,Y and Z vectors indicates a possible overall 
growth o f the temporal lobes and/or their downward and lateral "movement". 
Fronto-orbital cortex appears to move upwards, outwards and forwards. These findings 
suggest that, in the range between 4 and 18 yrs, the brain continues to change its shape 
locally. It remains to be determined what underlies such changes in the brain’s gross 
anatomy.
Supported by the NIH funded International Consortium for Brain Mapping.

123.3
AGE-RELATED CHANGES IN W HITE M ATTER DENSITY ALONG M AJOR 
FIBER PATHWAYS: AN MRI STUDY O F CHILDREN AND ADOLESCENTS.
Tomâŝ Paus*. Alex Ziidenbos. Keith Worslev. D. Louis Collins. Jonathan Blumenthal. Jay 
Giedd. Judith Rapoport. and Alan C  Evans. Montreal Neurological Institute, McGill 
University, Montreal, Quebec, Canada and Child Psychiatry Branch, NIMH, Bethesda, 
MD, USA.

Post mortem studies suggest that myelination of axons constituting major fiber tracts in 
the human brain begins in the first year of life and continues until adulthood. Here we seek 
to determine whether such age-related changes in white matter (WM) can be detected in 
vivo using computational analysis of MRIs. We acquired 113 Tl-weighted MRls (1,5-mm 
axial slices, TR=24 ms, TE=5 ms, flip angle=45º) in a group of normal children and 
adolescents (4-6 yr: 13 boys, 6 girls; 7-9 yr: 13 b, 9 g; 10-12 yr: 14 b, 13 g; 13-15 yr: 21 
b, 10 g; 16-18 yr: 5 b, 9 g). Images were processed by an automated pipeline that included: 
correction of image-intensity inhomogeneities, linear transformation into standardized 
stereotaxic space, classification o f brain tissue into grey matter (GM), WM, and 
cerebrospinal fluid (CSF), and blurring of the GM, WM, and CSF binary masks with a 
Gaussian filter (FWHM: 10 mm). Using age as a regressor, voxel-wise linear regression 
was carried out on the blurred "density" image after removing the effect of gender. 
Significance of the correlations was tested by calculating ţ-statistic maps, with the threshold 
set at ţ>5.0 (110 d .f, p<0.042, two-tailed, corrected for whole-brain search). The 
regression analysis revealed a significant effect of age on WM density along the putative 
corticospinal pathway: these changes were bilateral, starting at about 2 cm below the cortex 
and becoming highly significant (t>8.0) at the level of the internal capsule (both anterior 
and posterior limbs). We also observed positive correlations between age and WM density 
around the dorsal aspect of the splenium and in the depth of the left parietal operculum 
(arcuate fasciculus). Overall, the results of our study show the potential o f MR-based 
computational anatomy for the study of brain development.
Supported by the NIH-funded International Consortium for Brain Mapping.

123.5
THE CORRELATIONAL STRUCTURE OF THE LAMINAR DISTRIBUTION OF 
NEURON NUMBER IN THE DEVELOPING POSTNATAL HUMAN CORTEX 
J Hara1 , WR Shankle2. J Fallon3. BH Landing4. R Fukuda1. K Yamauchi1. M 
TomitaV 'Bioinformatics Laboratory, Keio U , Japan ,2 Dept of Cognitive Science, 
3Dept Of Anatomy and Neurobiology, U Cal., Irvine 92697-5100,4U So. Cal Sch 
O f Med

To search for relations between the laminar distribution o f neuron number and 
circuit function, we compared the postnatal laminar distributions o f the number o f 
neurons in columns o f cross-sectional area, I mm2 (nplp¢), for 32 cytoarchitectuгal!y 
distinct cortical areas at 8 age points from birth to 72 months in humans. These data 
have very little noise (Shankle et al, PNAS, 1998, 95:4023-8). At each age point, for 
each pairing of the 32 cortical areas (49о́ pairs), vv? computed the pair’s correlation 
coefficient by comparing the nplpc for each layer o f  one area to the tφlpc o f the 
corresponding layer o f the other area o f the pair. A neuroanatomist assigned the 
appropriate cortical areas to the functional systems o f language, motor, and vision, 
and grouped the 496 cortical area pairs into those belonging to the same functional 
system or to different functional systems

For each functional system, cortical areas close to the primary cortical area 
showed the highest correlations at early age points while those farther away showed 
higher correlations at later ages These correlations were consistently higher than 
those for cortical pairs belonging to different functional systems. This proximal-to- 
distal progression o f increasing coưelations within a functional system, from birth to 
72 months, mirrors the progression o f increasingly complex abilities within a 
functional system This pattern only appeared to be violated when cross-modal 
behaviors developed early those areas related to the cross-modal behavior increased 
their correlations at the age o f the behavior's onset. For example, head and eye 
coordination develops along with primitive vision within the first 3 postnatal months 
(i e., Brodmann areas 8 and 17). Areas 8 and 17 develop high correlations by age 3 
months, which is earlier than other vision-related areas near area 8 (Self supported 
work)

123.2
MRI ANALYSIS OF THE RELATIONSHIP BETWEEN REGIONAL 
CORPUS CALLOSUM AREA AND CEREBRAL LOBAR VOLUME. W. 
Kwok, L.M. Gatzke, T.L. Jeгnigaπ*. Brain Image Analysis Lab 0949, 
University o f California San Diego, La Jolla CA 92093; DVA Med. Ctг., 
San Diego CA 92161.
Total and regional (5 subregions, genu to splenium) areas of the corpus 
callosum (CC) were measured on midsagittal high-resolution MR images 
in 28 young subjects (9F, 19M) ranging in age from 7-34 years(M=14.6, 
SD =7.1). CC measures were compared to quantitative morphometric 
lobar volumes. Age effects on CC measures were examined and 
compared to age-related effects on the lobar morphology of the cerebral 
hemispheres. Total area of the CC was positively correlated with age 
(г=0.51, p<0.01). All 5 CC regions showed age-related increases. 
However, the more posterior regions showed significantly larger age- 
related increases than did anterior regions. In addition, total CC area was 
strongly correlated with the volume of cerebral white matter (r=0.60, 
p<0.01) but not with the volume of cerebral gray matter (г=-0.11, 
p>0.50). The pattern of intercorrelation between lobar white matter 
volumes and regional CC areas will be presented. Whether or not age was 
controlled, these coưelations provide little evidence that CC shape is 
related to sizes of the lobar regions to which the specific parts of the CC 
project. Giedd (1996) previously reported that the size of the genu does 
not change after age 4 while the remaining callosal regions continue to 
increase in area. Our results suggest that increases in the genu continue 
well beyond this age but confirm that age-related increases are greatest in 
posterior regions. In other words, there are subtle age-related changes in 
the shape of the CC over the age range of 7-34. These CC changes 
proceed in parallel with ongoing myelinization throughout the cerebral 
hemispheres but are most pronounced in dorsal regions.
Supported by: DVA Medical Research Service, NIH P01 DC01289, P5O NS22343.

123.4
STATISTICAL PARAMETRIC MAPPING OF STRUCTURAL BRAIN CHANGES 
BETWEEN CHILDHOOD AND ADOLESCENCE. E. R. Sowell12, P.M. Thompson1. 
C·J, Holmes1*, T.L. Jeгnigaπ \  R.K. Batth1, S. Naravan1, and A.W. Toga1. 'UCLA, 
Laboratory of Neuroimaging, and 2 Division of Child and Adolescent Psychiatry, Los 
Angeles CA, 90024; `UCSD, Department of Psychiatry and DVA Medical Center, San 
Diego CA, 92093.

Volumetric studies have consistently shown reductions in grey matter volume between 
childhood and adolescence, with the most dramatic changes occurring in the more 
dorsal cortices of the frontal and parietal lobes. The purpose of this study was to further 
examine the spatial location of changes in grey matter between childhood and 
adolescence using methods typically used to analyze functional imaging data. High 
resolution (1.2mm) Tl-weighted structural MRI data were analyzed for 9 normally 
developing children (aged 7 to 10) and 9 normal adolescents (aged 12 to 16). Tissue 
segmentation and spatial linear normalization of the brain volumes were accomplished 
for statistical parametric mapping (SPM). A simple contrast of average grey matter 
differences between the 2 age groups revealed 35 significant clusters (height threshold p 
< .001, extent threshold = 50, F distribution). The pattern or distribution of differences 
is consistent with earlier findings from the volumetric assessment of the same subjects. 
Specifically, more differences were observed in dorsal frontal and parietal regions (p < 

.05) with relatively few differences observed in more ventral cortices of the temporal 
and occipital lobes. To assess the overall significance and validity of the parametric 
maps, 20 statistical parametric maps were created with subjects randomly assigned to 
groups. None of the random SPMs approached the number of significant clusters 
observed in the age difference SPM (mean number of significant clusters = 5, range 1 to 
18 clusters). The age effects observed appear to result from regions which consistently 
segment as grey matter in the younger group, and consistently segment as white matter 
in the older group. These results suggest that continued myelination may play a more 
prominent role in changing morphology than regressive factors when this age range is 
examined. Supported by NIH Grants P0Ĵ DC01289 and P5O NS22343.

123.6
POSTNATAL DOUBLING OF HUMAN CORTICAL NEURON NUMBER FROM 
BIRTH TO 72 MONTHS WR Shankle1. BH Landing2. J Fallon3*, J Hara4 ; 'Dept of 
Cognitive Science, Univ O f Calif, Irvine; 2Dept. OfPed Path., Univ Of So Calif 
Sch. O f Med.; 3Dept Of Anatomy and Neurobiology, Univ. Calif, Irvine 92697-5100, 
'School of Media and Governance, Keio Univ , Japan

This is the only large survey o f the changes in the number o f neurons in the 
postnatal human cerebral cortex from birth to 72 months The data, derived from the 
work o f J L. Conel (1939-1967), have not been previously analyzed We have already 
shown that the data have little noise (Shankle et al., PNAS, 1998, 95:4023-8) 
Previously, we derived the numbers oťcortical neurons (corrected for tissue shrinkage 
and for stereological counting eưoгs) under 1 mm2 of cortical surface for each o f 35 
cytoarchitecturally distinct areas for each age point Conei studied (0. 1. 3. 6, 15. 24. 48, 
and 72 postnatal months) These values decreased postnatally to a mean of 46% of the 
birth value at 15 months, then from 24 to 72 months, increased by 72% (Shankle et a l, 
JTheorB iol, 1998, 190,m press) Using shrinkage-corrected surface area estimates 
derived for the entire cortex and for the 35 cortical areas studied, we estimated the total 
number o f cortical neurons and the number for each of the 35 cortical areas at each age 
point 32 of 35 cortical areas show postnatal increases (mean increase = 195%) with 
the largest increase, 368%, occurring in prefrontal cortical area, FDFMa (Brodmann 
area 46). Cingulate cortical areas, LA (24), LC (23, 31), and LD (30), are maximal at 
birth. Postnatally, cortical neuron number changes sinusoidally from term birth to 3 
months, total cortical neuron number increases 23-30%, then from 3 to 24 months, 
declines back to the birth value, then from 24 to 72 months, increases by 60-78% 
Sinusoidal changes in the number o f neurons also occur in most of the 35 cortical areas 
studied The previous generalization, to humans, of the finding of no postnatal 
neurogenesis in rhesus macaques, a species belonging to a superfamily that diverged 
from that o f Homo sapiens more than 25 million years ago, is not warranted The data 
of the present study support the existence of substantial postnatal neurogenesis in 
humans, and waưants a search for the neuronal fate determining factors that may 
explain such a sinusoidal regulation o f cortical neuron number. (Self supported work)
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123.7
GENE EXPRESSION OF DOPAMINE RECEPTORS IN THE 
HUMAN PREFRONTAL CORTEX DURING POSTNATAL 
DEVELOPMENT. S.B . Metzger*. M. Akil. M.M. Herman. C. 
Shannon Weickert. T.M. Hvde. and J.E. Kleinman. Clinical Brain 
Disorders Branch, NRP, NIM H, Washington DC 20032.

Dopamine (DA) neuroưansmission in the human prefrontal cortex 
(PFC) is thought to play a critical role in normal cognition and has 
been implicated in the pathophysiology o f neuropsychiatric disorders 
such as schizophrenia. DA receptors constitute an important link in 
cortical DA function. Understanding the development o f DA receptors 
can provide insight into the formation o f  normal and abnormal 
functional circuitry in the PFC. Little is known about the regulation o f  
DA receptor gene expression during postnatal development in the 
human PFC. In this study, we used in situ  hybridization with 
riboprobes to detect transcripts o f  D l, D2 and D4 receptors in area 46  
of the PFC in 31 postmortem human specimens. We studied four age 
groups: infant (n=9, 2-11 months), adolescent/young adult (n = lЗ , 14- 
24 years), adult (n=5, 34-43 years) and aged (n=4, >60 years). Only 
subjects with no history o f  neuropsychiatric disorders or substance 
abuse were included. All three receptors were expressed in area 46 and 
exhibited bilaminar or trilaminar patterns o f distribution. Messenger 
RNA levels were low in the infant group and increased gradually to 
adult levels. In addition, levels o f  all three ưanscripts were markedly 
reduced in the aged group compared to adults. This pattern o f  
developmental change was similar in all cortical layers. Our 
preliminary findings suggest that both postnatal development and 
aging alter gene expression o f DA receptors in the human PFC.

123.9
EARLY REGIONAL DIFFERENCES IN TH E HUMAN CORTICAL PLATE 
REVEALED BY NADPHd/NOS¯I REACTIVITY BEFORE TH E INGROW TH 
OF THALAMOCORTICAL AFFERENTS. N. Sestan M.. Judaš. I. Kostović*. 
Croatian Institute for Brain Research,School of Medicine. Zagreb, Croatia 

Our study of prenatal appearance and distribution of nitrinergic neurons in human 
fetal neocortex revealed unexpectedly early and prominent regional differences in 
NADPHd/NOS-I reactivity within the cortical plate (CP). Paraformaldehyde fixed 
brains of 13 fetuses (15 to 40 weeks of gestation, WG) were cut frozen and stained 
by means of NOS- I-immunocy tochemistry and NADPH-diaphoгase- and ACҺE- 
mstochemistry. ACҺE-reactive thalamocortical fibers accumulate in the subplate 
zone from 15 to 23 WG and invade the CP from 24 to 28 WG. However, 
NADPHd-rcactive and NQ5-J-immuлopositive cells, fibers, and neuropil bands are 
present in neocoгtical anlage already at 15 WG, whereas immature pyramidal 
neurons appear within the CP at 16 WG and already at 18 WG display clear regional 
differences. For example, at 18 WG one set of NADPHd/NOS-I-reacüvc pyramidal 
neurons is present in superficial CP of anterior cingulate and dorsolateral fronto
parietal region, whereas another set is present exclusively in the middle part of the 
CP of frontoparietal operculum. No such neurons were found in temporal, prefrontal 
and occipital CP. Because NADPHd/NOS-I-reactive pyramidal neurons are present 
within CP six weeks before it is invaded by thalamocortical fibers, it seems that 
these afferents do not have direct instructive role in the early paгcellation of 
corresponding cortical regions. The presence of niưinergic CP neurons one month 
before the onset of significant synaptogenesis within CP (Molliver et al 1973, Brain 
Res 50:403-7) suggests that NO probably has nonsynaptic function(s) in the early 
CP.
Supported by Croatian Ministry of Science grant No. 118.

123.8
POSTNATAL DEVELOPMENT OF DOPAMINE AND SEROTONIN 
INPUTS TO PREFRONTAL NEURONS IN RHESUS MONKEY.
E-Ҟ- Lam⅛», Ļ.Ş. Ƙгimeг. and P S. Πolrfman-Ҟяl¡Hг Section o f NeuroЫology, Yale 
University School o f  Medicine, New Haven CT 06510.

Dopamine and serotonin systems o f the brain modulate excitatory transmission in 
cortical circuits, accounting for fluctuations in mood, attentional state, and capacity 
for information processing. The same neurotransmitters have been implicated in the 
pathophysiology of a large number o f devastating neurological and psychiatric 
conditions. Given the powerful functions o f these neurotransmitters, and their 
putative etiologic role in several serious illnesses with poβtpubertal onset, it is critical 
to understand the normal development o f these systems in order to discover how 
abnormalities can lead to a disease state.

A novel quantitative approach explores the developmental changes in dopamine 
and serotonin at the level of the inputs to single neurons. Briefly, pyramidal cells and 
intemeшons in lightly-fixed slices of prefrontal cortex are injected with Lutiſer 
Yellow. After resectioning, the luciferase and either dopamine (TH) or serotonin (5- 
HT) intermediates are visualized. Dendritic trees are then reconstructed, and TH or 5HT 
appositions can be counted and mapped.

Preliminary results in adult monkeys indicate that the TH input to the dendrites o f  
pyramidal neurons is four times greater than the 5HT input (O.8±O.l versus O.2±O.l 
appositions per 100 µm). On interneurons, the TH input is two times that for 5HT 
(O.4±O.2 compared with O2±O.l appositions per 100 µm).
To date, the postnatal changes in TH inputs have been explored. The TH apposition 
density on pyramidal cells appears to mature slowly, reaching only half the adult level 
by 6 months o f age. By contrast, the TH apposition density on interneurons 
approaches an adult level much earlier in development. Preliminary findings suggest 
that developmental changes in dopamine circuitry may alter the balance between 
excitation and inhibition in the prefrontal cortex. Supported by MH 44866.

123.10
REELIN-IMMUNOREACTIVE NEURONS IN THE FETAL HUMAN 
HIPPOCAMPUS. G.Mever», Dept. Anatomy, Faculty o f Medicine, Univ. La 
Laguna, Tenerife, Spain.

In the fetal human neocortex, the ECM-like glycoprotein reelin is expressed 
by Cajal¯RetzĴus (CR) cells and derivatives o f the subpìal granular layer 
(SGL) (Meyer and Goffinet,l998). SGL cells migrate tangentially into the 
cortical marginal zone (MZ), and differentiate into reelin-immunoгeactive (ir) 
neurons which complement the early CR population during cortical growth. 
Here we examine the development o f reelin-iг cells in the fetal human 
hippocampus by using monoclonal antibodies against reelin, from 10 to 40 
gestational weeks (GW). From 10 to 12 GW, reelin-ir cells are generated in a 
specific sector o f the hippocampal neuroepithelium, at the level of the free 
border o f the ammonic plate, and migrate into the wide MZ o f the 
hippocampal pгimordium. From 13 to 17 GW, reelin-ir granule cells are 
continuously released into the MZ of cornu ammonis (CA) and subiculum 
along the hippocampal fissure. Around 16/17GW, reelin-ir granule neurons 
form a dense cell layer around the hippocampal fissure, resembling the 
neocoгtical SGL. A few reelin-ir neurons are also present in the intermediate 
zone o f CA. After midgestation, reelin-ir granule cells differentiate into small 
neurons o f the MZ of all hippocampal subfields. However, the derivatives of 
the hippocampal SGL do not assume the CR¯like phenotype characteristic o f 
the neocortex. At birth, only a few reelin-ir cells remain in the hippocampal 
fissure and MZ. We propose that an archicoгtical counterpart o f the 
neocoгtical SGL provides the growing hippocampal fissure and the expanding 
MZ of the hippocampal formation with reelin-ir granule cells during the 
critical period o f neurogenesis and migration. Grant PB94-0582, Spain.

VISUAL SYSTEM : D EVELO PM EN T AND PLASTICITY O F CON NEC TIO N S

124.2124.1

MONOCULAR ENUCLEATION IN FETAL MONKEY DURING THE 
BINOCULAR OVERLAP PERIOD DOES NOT CAUSE AN  
INCREASE IN THE SIZE OF RETINOGENICULATE TERMINAL 
ARBORS OF THE REMAINING EYE. C. J. Snider. C. Dehav. M. 
Berland. H. Kennedy. & L.M. Chalupa* Ctr. for Neuroscience, UC 
Davis, CA 95616 and INSERM Lyon, France.

In fetal primates there is initial intermingled in the dorsal lateral 
geniculate nucleus (dlgn) o f the projections from the two eyes pπor to the 
formation o f eye-specific layers. This developmental process involves 
binocular competition since removal o f one eye results in a widespread 
projection from the remaining eye (Rakic, 1976, 1981). To examine the 
cellular basis o f this phenomenon, we quantified the morphological 
characteristics o f retinogeniculate axons o f an E l 10 cynomologous 
monkey that had an eye removed at E69, near the peak o f binocular 
overlap. Dil was implanted into the optic tract, ipsilateral and 
contralateral to the remaining eye, and labeled fibers were assessed using 
confocal microscopy and computerized morphometries. This revealed 
that the number o f side branches, branch points within terminal arbors, 
and total length o f processes within the arborizations were not 
appreciably different in the fetal enucleate than in normal monkeys o f an 
equivalent age (Snider et al., 1997). This was the case for terminals 
innervating both the parvo and magno segments o f the dlgn. Since the 
size o f retinogeniculate terminals in the prenatally enucleated monkey is 
not significantly increased, this suggests that the widespread retinal 
projection, shown by intraocular injection o f tracers (Rakic, 1976), is 
due to the maintenance o f retinal fibers normally eliminated from 
inappropriate layers o f the dlgn. (Supported by NIH, NSF, HFSP, & 
INSERM).

DARK-REARING STUNTS THE DENDRITIC DEVELOPMENT 
OF LAYER 4 SPINY STELLATE CELLS C.J Pace. S B Tieman 
and D G Tieman*. Neurobiology Research Center and Department of 
Biological Sciences, SUNY, University at Albany, Albany, NY 12222.

Patterned neuronal activity is critical for the normal development of 
the visual system. Dark-rearing decreases patterned neuronal activity 
in the visual system and has profound effects on visual development 
To determine the effects of activity on dendritic development we have 
reared kittens in the dark from birth until six weeks and compared the 
dendritic morphology of spiny stellate cells in layer 4a and 4b with 
those of normally reared kittens Dendritic morphology was 
demonstrated by intracellular injection of biotinylated Lucifer yellow 
into thick (0.7 - 1 0 mm), fixed slices. Complete dendritic arbors were 
reconstructed in three dimensions and analyzed with a computer 
program developed in house. We found that dark-rearing decreases 
the extent, but not the number, of dendritic branches of stellate cells in 
both layer 4a and 4b These effects are small, but Sholl analysis reveals 
that the dendrites of normal stellate cells are longer and extend over a 
greater area suggesting that activity enhances the growth and 
elongation of dendrites during development.

Supported by NSF grant IBN 9212426 to SBT.
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124.3
EF F E C T  O F LA TERA L SU PRA SY LV IA N  LESIO NS ON N E U R O N S  
IN EA RLY VISUAL C O RTICA L AREAS OF TH E CA T. K. R. 
Huxlin*. M. Flvnn and T. Pasternak. Center for Visual Science and Dept. 
Neurobiology & Anatomy , University of Rochester, Rochester, NY 14642.

Lesions of lateral suprasylvian (LS) cortex of adult cats lead to deficits in the 
perception of complex motion that decrease with behavioral training (Rudolph and 
Pasternak, 1996). The improvement in motion thresholds is particularly prominent at 
smaller spatial scales, suggesting increased contribution to motion processing of 
visual cortical areas with smaller receptive fields (eg. areas 17 and/or 18). With the 
aim to characterize some of the neural alterations involved in behavioral recovery, we 
examined the effects of lesions in LS cortex on the inhibitory neurochemistry of 
areas 17 and 18. We hypothesized dial decreased inhibitory activity may be needed for 
Hebbian-style plastic changes to occur in these areas following LS cortical lesions. 
To test this hypothesis, two untrained cats received large unilateral lesions of LS 
cortex limited primarily to its major subdivision, PMLS. Several months later, their 
brains were processed and stained with antibodies against Calbindin, a marker for a 
subset of inhibitory intemeurons. Although both areas 17 and 18 provide significant 
inputs to PMLS, only neurons in area 18 were affected by the lesion: the proportion 
of Calbindin-positive neurons was reduced by half as compared to corresponding 
cortical regions of normal cats. Not all populations of inhibitory cells were affected 
equally by the lesion since there was no accompanying decrease in the expression of 
Parvalbumin or GABA. These results support the hypothesis that a reduction of 
inhibitory activity occured even in the absence of post-operative training, and may 
facilitate plastic changes after LS cortical lesions. That only area 18 exhibited such 
post-operative changes could reflect its closer association with LS cortex and may 
support a particularly important role for area 18 in post-operative motion perception. 
Future work will examine how behavioral retraining alters these cellular dynamics. 
Sponsored by grants EY06175, EY01319

124.5
EX PR ES SIO N  O F R-C A D H ER IN  IN  Z E B R A FIS H  SU G G ESTS A 
R O LE IN GU IDAN CE O F R E TIN A L AXONS. Q. L iu1*" K. L. Sanborn2 , J. 
A. Marrs^. and P. A. Raymond^ 1. Department o f Anatomy and Cell Biology, 
University of Michigan, Ann Arbor, MI 48109; 2. Department o f Medicine, Indiana 
University Medical Center, Indianapolis, IN 46202.

Cadherins are Ca44- dependent adhesion molecules involved in development and 
maintenance o f tissue organization. R-cadherin, first isolated from chick retina, exhibits 
a restricted distribution in developing chicken brain, and it has been implicated in 
segregation and formation of functionally separate brain nuclei and circuits. A zebrafish 
retinal cDNA library was screened using an antibody raised to the cytoplasmic domain 
of mouse E-cadherin. Several cadherin cDNAs encoding distinct members of this gene 
family were identified, one of which showed extensive sequence homology with chick 
and mouse R-cadherin. The spatiotemporal expression patterns o f this putative R- 
cadherin gene were examined in zebrafish embryos and adults. A 4.9 kb message was 
identified by Northern blotting of zebrafish brain RNA, and RNase protection showed a 
low level of expression of message at 37 hours post-fertilization (hpf). Expression 
levels then increased, and with the highest levels detected at 80 hpf. Distribution of the 
putative zebrafish R-cadherin in the visual system of developing and adult zebrafish was 
determined by in situ hybridization. Signals were found in primary visual structures 
including retina, optic tectum, nucleus isthmi and pretectum, and many other brain 
regions. In the retina, ganglion cells and some cells in the amacrine cell layer expressed 
R-cadherin. Double labeling experiments combining in situ hybridization and 
anterograde labeling of retinal axons in zebrafish embryos with the fluorescent tracer 
Dil, showed that clusters of cells expressing R-cadherin message in the diencephalon 
and midbrain were located in close proximity to or in contact with Dil-labeled retinal 
ganglion cell axons. Our results suggest that pathfinding of retinal axons and/or the 
maintenance of synaptic connections in the zebrafish visual system may be mediated by 
the homophilic binding of R-cadherin expressed on both growing retinal axons and their 
synaptic targets. Supported by EYO43I8(PAR), EY 11365 (JAM), and NRSA EYO6892 
(QL).

124.7
EFFECTS OF FIXATION AND NOS-GENE DISRUPTION ON PATTERNS OF 
NADPH-DIAPHORASE LABELING IN THE MOUSE BRAIN. R. J. Cork*.
M. L, Perrone. C, A. Scheiner and R. R. Mize . Dept, of Cell Biology and Anatomy 
and the Neuroscience Center, LSU Medical Center, New Orleans, LA 70112.

NADPHd (nicotinamide adenine dinucleotide phosphate diaphorase) histochemistry 
is commonly used to label cells in fixed brain sections that contain nitric oxide 
synthase (NOS) activity. During our ongoing studies on nitric oxide in brain 
plasticity we have noted patterns of NADPHd staining that are inconsistent with 
published accounts of nitric oxide’s role in different regions of the brain. In particular 
it is difficult to reconcile the patterns of NADPHd labeling in the hippocampus and 
cerebellum with the proposed roles of nitric oxide in plasticity in these regions. It has 
been reported that the correlation of NADPHd activity with NOS expression is 
dependent upon the quality of the tissue fixation. To study these questions we have 
used two fixation protocols (4.0% paraformaldehyde-0.2% gluteraldehyde (PA) or 
2.5% gluteraldehyde-0.1% paraformaldehyde (GLUT)), and have labeled brains from 
normal mice and mice in which either the neuronal, or the neuronal and endothelial, 
NOS genes have been disrupted. We have also used neuronal (n) and endothelial (e) 
NOS antibodies to more selectively label the different NOS isoforms. In general, 
background neuropil staining is reduced in GLUT fixed tissue, lessening the chance of 
falsely assigning NOS content to some cell groups. For example, with PA fixation the 
molecular (ML) and granular (GL) layers of the cerebellar cortex are both strongly 
stained with NADPHd. In particular, the GL is densely labeled although it is not 
possible to resolve many individual labeled cells. Using GLUT fixative, cerebellar 
neuropil labeling is practically absent and individual profiles of lightly labeled granule 
cells can be resolved. Also, GLUT fixation reveals a population of labeled cell bodies 
in the inner third of the ML, and immunocytochemistry shows these cells to be the 
major cell type containing nNOS We therefore conclude that fixation quality is 
critical when trying to assess NOS expression using NADPHd histochemistry. 
Supported by USPHS NIH EY02973 and NS36000, and a Howard Hughes 
Undergraduate Fellowship (M.L.P.)

124.4
VISUAL NEURONS IN AUDITORY CORTEX O F HAM STERS WITH 
NOVEL RETINAL PR OJECTIO NS TO THE M EDIAL GENICULATE 
NUCLEUS. J.-F. Giguèгe‘. A. Desautels‘. M. Ptito1, D.O. Frost2, and C. 
Casanova*1. 'School of Optometry, Univ, o f Montreal, Qc.; ⅛chool of Medicine, 
Univ, of Maryland, Baltimore, MD 21201.

When the superior colliculus and the lemniscal pathways to the auditory 
thalamic (medial geniculate, MG) nucleus are ablated in newborn Syrian hamsters, 
the retina forms permanent novel projections to the MG. We investigated the visual 
response properties of single neurons in the auditory cortex o f operated hamsters 
and in the primary visual cortex (area 17) of normal hamsters. The animals were 
anesthetized with urethane, artificially ventilated and paralyzed. Receptive fields 
(RFs) were characterized with stationary or moving bars, flashes, and drifting sine- 
wave gratings.

A total of 83 cells were recorded in area 17 of normal hamsters and 64 of those 
were fully characterized with bar stimuli. Thirty-one of 64 neurons were orientation 
selective and preferred movement in one or both directions along the axis 
perpendicular to the optimal orientation. Eleven of these neurons were 
unidirectional and 20 were bi-directional. Thirty-three o f 64 neurons were 
“symmetric” i.e., their mean responses did not vary with orientation nor with 
direction. Only a subset of cells (38/64) responded to drifting gratings. The mean 
optimal spatial frequency for gratings was 0.14 cpd. All units exhibited low-pass 
tuning functions with a mean high frequency cut-off of 0.77 ± 0.5 cpd. In normal 
hamsters, the auditory cortex was not visually responsive. A total o f 37 cells were 
recorded in the auditory cortex of operated hamsters and 28 of those were visually 
responsive. Twelve of 28 units were sporadically responsive to visual stimulation 
and had indistinct visual RFs. Nine of 28 units responded only to diffuse flashes. 
The remaining 7 neurons had well-defined visual RFs. Five were orientation 
selective, and two of these were also direction selective. Two o f the 7 visually 
responsive neurons had symmetrical RF. Four of the 28 units were activated by both 
auditory and visual stimuli. The visually responsive neurons in the auditory cortex 
o f operated hamsters may underlie the visual pattern discrimination abilities of 
similarly operated animals (Ptito et al., Soc. Neurosci. Abstr.: 23, 1997). Support: 
MRC, Canada and NiMH #MH49568.

124.6
HIERARCHICAL OR PARALLELED: AN ANATOMICAL
PERSPECTIV E OF T H E  O N TO G EN Y  O F T H E  TECTOFUGA L AND 
THALAM OFUGAL SYSTEMS DU RING EM BRYOGENESIS. C-C. \V·.· 
and H.l. Ҝ іiγt℮h . Dept, of Neuroscicnces, Univ, of California, San Diego, La lolla. 
CA 92093.

In birds, the tecto-ronindo-ectostriatal pathway is homologous to the mammalian 
tecto-pulvino-exrrasfriate (TPE) pathway and the thalamo-hyperstriatal pathway to 
the gemculo-striate (GS) pathway. Utilizing the easy access to the embryos, the 
present study investigated the temporal order of development of the TPĽ and GS in 
chicks during embryogenesis. A 1% cholera toxin subunit B (CTЂ) was injected into 
either the eye, optic tectum (TeO), core region of the cctosfπatum (Ec), or 
wulst/hyperstnatum (HA) of the embryos ranging from embryonic days (E) E5.5 to 
E l6. After survival, the CTЂ-immunoreactivity in the TPE and GS was examined.

Following intraocular injections, retinal axons penetrated into layers 2-4, 5b and 7 
by E8. The retmorectal pathway became fully established by E10. After unilateral 
injections 〇t (ЛЂ into the TeO, tectal axons innervated the ipsilateral n. Rotundus 
(Rt) by E7.5-8 and the contralateral Rt by E8-8.5. Moreover, following CTb 
mļccnons of the Ec a few retrogradely labeled neurons in the Rt were seen by Ľ7.5- 
8. Increased labeling was seen throughout the Rt by EH). These data indicated that 
the TPE was established by E8-10.

Moreover, following intraocular injections, retinal axons progressively innervated 
n. dorsolateralis anterior thalami (DLA) between E8 and E10. Heavy labeling was 
seen in the DLA by El 1-12. Following unilateral injections of CTb into the HA, 
retrogradely labeled neurons were found ipsilaterally in the DLA by Ь`7.5 and 
contralaterally by E8 and Eli). Heavily labeled neurons were seen bilaterally in the 
DLA by El 2. These data indicated that the GS system was established by E8-10.

In conclusion, unlike the previously proposed hierarchical model of the 
development of the stnate and extгastгiate systems, the present study suggests that 
the avian TPĽ develops in parallel with the GS during embryogenesis.
Supported by Nil 1/NlNDS NS2456O (H|Ƙ).

124.8
INHIBITION OF NITRIC OXIDE SYNTHASE ALTERS THE REFINEMENT OF THE 
IPSILATERAL RETIN O COLL ICULAR PROJECTION IN THE MOUSE. S.F. Davis*. 
A. Datwani. H,W. Wu. and R.R. Mize. Dept. Cell Biology and Anatomy and Neuroscience 

Center, LSU Medical Ctr, New Orleans, LA 70112.
During development, the visual system lays down a coarse topographic map of the retina 

in the superior colliculus (SC) in a largely activity-independent fashion. As development 
proceeds, a mainly activity-dependent refinement of the original connections occurs which 
involves pruning of inappropriate synapses and a strengthening of correctly located 
connections. In chick, Wu et al (1994) have shown that the free-radical nitric oxide (NO) 
plays a role in this refinement of the ipsilateral retinotectal projection. Thus, the pathway, 
which is normally transient, was partially preserved by inhibition of nitric oxide synthase 
(NOS), the synthetic enzyme of NO. In this study, we have determined if inhibition of NOS 
also alters the refinement of the ipsilateral retinocollicular pathway in the mouse. NOS was 
inhibited using daily systemic injections o f  0.1 µmol(0.02 mg)/10 µl saline/ gm body wt or 
0.3 µmol(0.06 mg)/10 µl saline/ gm body wt doses of Nω-nitro-L-arginine from postnatal 
day 1 (P1) to P 14. If animals weighed less than 5g they were given a standard dose of 0.5 
µmol(0.1 mg)/50 µl or 1.5 µmol(0.3 mg)/50 µl. Controls included saline injected mice and 
untreated mice. The anterograde tracer Dil was injected intraoculaгly on PI 3 and the animals 
were sacrificed 48 hours later. Tissue was examined with a fluorescence microscope and 
the label mapped by producing a digital montage of its distribution. In NOS inhibited 
animals there was less refinement of the ipsilateral retinocollicular projection. At PI 5 in 
inhibited animals the projection extended further laterally in the rostral SC, and more 
caudally in the medial SC, than was seen in control animals. We therefore conclude that 
nitric oxide can alter or delay the retraction of the ipsilateral retinocollicular projection, 
possibly by weakening synapses in which there is no correlated activity.
Supported by USPHS NINDS Grant NS 36000 and NEI Grant EY-02973.
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124.9
REFINEMENT OF THE IPSILATERAL RETINOCOLLICULAR PROJECTION IS 
DELAYED IN DOUBLE ENDOTHELIAL AND NEURONAL NITRIC OXIDE 
SYNTHASE GENE KNOCKOUT MICE. H. H. Wu’, B. Wilson. R. J. Cork. D. 
Shuman and R. R. Mize. Dept, of Cell Biology and Anatomy and the Neuroscience 
Center, LSU Medical Center, New Orleans, LA 70112 

The pattern of retinal axon connections in the visual system is produced by an 
activity dependent refinement process that occurs during the first three weeks after 
birth. Nitric oxide (NO) appears to be involved in this process in both the chick optic 
tectum and the ferret lateral geniculate nucleus. In the present study, we have 
examined the refinement of the ipsilateral retinocollicular projection in mice in which 
the genes for both endothelial and neuronal isoforms of nitric oxide synthase (NOS) 
have been dismpted (double e,nNOS knockout). Normal C57-BL/6 mice were 
examined as controls. The anterograde tracer l,ľ-dioctodecyl-3,3,3',3'- 
tetramethylindodocarbocyanine perchlorate (Dil) was injected into the right eye of 
animals aged between postnatal day 1 (PI) and P4O. The mice were perfused 48 hrs 
after Dil injection. The labeled superior colliculi (SC) were examined with a 
fluorescence microscope, and images of the distribution of label were captured with a 
digital camera. From these images we produced montages which illusfiated the 
disưibution of label throughout the SC. Our results show that the refinement of the 
ipsilateral retinocollicular projection pattern is delayed in double e,nNOS knockout 
mice compared to that in control mice. In confiol animals this projection was diffuse 
at early postnatal ages, extending throughout the medial two-thirds and within at least 
the rostral one-half of the SC. By P15 to PI 8, the ipsilateral retinocollicular projection 
had reưacted to the most rostral and medial SC. In double e,nNOS knockout mice, in 
contrast, the ipsilateral retinocollicular projection still extended for a considerable 
distance across the medial-lateral and rostral-caudal extent of SC at P15 and P I8. By 
P2I the projection in the double e,nNOS knockout mice was less extensive, and it 
was essentially identical to that of normals by P42. These results suggest that NO is 
involved in the refinement of the ipsilateral retinocollicular projection, and that both 
endothelial and neuronal NOS are involved in this refinement process. Supported by 
USPHS NIH EYÜ2973 and NS36000.

124.10
EXPRESSION OF NADPH-D IN THE DEVELOPING MOUSE SUGGESTS A 
ROLE FOR NITRIC OXIDE IN THE TOPOGRAPHICAL REFINEMENT OF 
PROJECTIONS TO THE SUPERIOR COLLICULUS. C. A. Scheiner* , R. J. 
Cork, B. Wilson, M. L. Perrone, J. L. Wandell, and R. R. Mize. Dept, of Cell 
Biology and Anatomy and the Neuroscience Center, LSU Med. Ctr., New Orleans, 
LA 70112.

Nitric oxide (NO) has been shown to play a role in axonal pattern formation in the 
developing CNS. In chick, for example, NO is maximally expressed in tectal cells 
during refinement of the retinotectal pathway and inhibition of nitric oxide synthase 
(NOS) partially blocks that refinement. Refinement of the ipsilateral retinal 
pathway to the superior colliculus (SC) is also altered in e,nNOS double knockout 
mice. In this study, we examined the development of NOS expression in the normal 
mouse SC to determine where it is expressed during the period of axonal 
refinement. We focused on the postnatal development of two systems which may 
have NO dependent refinement processes: the ipsilateral retinocollicular pathway 
and the patch-cluster system in the intermediate grey layer (IGL). The later consists 
of clusters of neurons which project to the cuneiform region which overlap with 
cholinergic fiber patches originating from the parabrachial brainstem. NOS was 
labeled using NADPH diaphorase (NADPH-d) histochemistry. We examined 
C57/BL6 mice at a variety of ages between birth and adult. The distribution of all 
labeled cells in P5, P8, P I2, and P I5 mice was mapped and analyzed with a 
computer-based microscope plotter. Expression of NADPH-d proceeded in a ventral 
to dorsal sequence. The earliest labeling in SC was found at P5, where neurons were 
well labeled in what will become the deep grey layer of SC. By P8, labeling was 
found in the IGL with a few labeled neurons appearing in the optic layer. Many 
neurons in the IGL were labeled by P12, an age at which fibers in the IGL were also 
labeled. By P I5, extensive labeling was seen in the SGL. There was also a 
rostrocaudal pattern of development, with the earliest cellular labeling seen caudally 
in each layer of SC. The developmental expression of NADPH-d in the SGL 
parallels the final stages of refinement of retinocollicular axons in mouse, which 
supports our results showing that inhibition of NOS can delay the refinement of this 
pathway. Supported by USPHS Grant NINDS NS-36000.

124.11 124.12
INDUCTION OF c-fos PROTEIN BY PATTERNED VISUAL STIMULATION 
IN THE UNCROSSED VISUAL PATHWAYS FOLLOWING CALLOSAL 
TRANSECTIONS IN THE RAT WITH MONOCULAR ENUCLEATION AT 
BIRTH.
E. Y a g l l lM . S aka i2, F· Q ⅛uta ∩ j3. $ , T a kahashi? a ocł Y J keda4 1 Behav. 
Neurosci. Lab.,3 Dept, of Physiol., Kochi Med. Sch, Nankoku, Kochi 783-8505, 
Japan. 2 Neuropsychol. Lab., Saga Med. Sch., Saga 849-8501, J a p a n .4 Dept, 
of Psychol., Saga Univ., Saga 840-8502, Japan

Our previous e lectrophysio log ical stud ies have dem onstrated  tha t m onocular 
enucleation a t birth in rats resu lts in an expansion o f the uncrossed visual 
pathways (UXVPs) to the v isual centers ipsila teral to  the  rem ain ing eye, both 
via the dorsal la teral gen icu la te  nucleus and via  the superio r co llicu lus-the 
lateral posterior nucleus of the  tha lam us. In the p resen t experim ent, patterned 
visual stimulation was used to investigate  the feas ib ility  of stim u lus-dependent 
induction of the  im m edia te  early gene c-fos  in neurons o f the  UXVPs fo llow ing 
callosal transections both in rats with m onocular enucleation at birth (OEB) 
and in rats with one eye rem oval a t m aturity (O ET). The  5 0 д m -th ic k  coronal 
sections were incubated with the  prim ary antiserum  raised in sheep aga inst 
the Fos prote in, and then w ith b iotinyla ted rabbit anti-sheep  secondary 
antibody, and w ith the  avidin b iotinyla ted horserad ish perox idase  com plex. 
The DAB reaction was in tensified w ith nickel am m onium  sulfate. In the 
expanded UXVPs of the O EB rat, the  Fos-like  im m unoreactive  (FLI) ce lls were 
substantially detected in the  stra tum  griseum  superf¡cia lѳ (SG S) o f the 
superior collicu lus and the v isual co rtex (VC), w hereas patterned visual 
stimulation induced only few  FLI neurons in the  SGS and the VC of the 
regular UXVPs of the O ET rat.

Supported by a G rant-i∩-A id  for Scientific  Research (C) [#08610089] from  
The Ministry of Education, Science, Sports and Culture  o f Japan.

EFFECTS OF PRENATAL IRRADIATION ON THE DEVELOPMENT OF THE 
DORSAL LATERAL GENICULATE NUCLEUS OF THE MOUSE Y. Abreu- 
Villaya and S,L. Schmidt* DCF - UERJ, RJ, 20551030, Brazil.

In adult mice, a previous study showed that exposure to gamma radiation on the 
16th day o f gestation (E l6) with ЗGy produces a nearly complete degeneration of 
layer IV in the primary visual cortex and a 75% reduction in the number of neurons in 
the dorsal lateral geniculate nucleus (Dlgn). No abnormalities were reported in the 
Vlgn and the superior colliculus (SC). The SC, Vlgn, and Dlgn should not be directly 
affected by iưadiation on E16 because their neurons are generated before the day of 
the irradiation. However, the animals were allowed to survive to adulthood and, as a 
consequence, secondary effects on the Dlgn could not be distinguished from direct 
ones. Here, we report the time course of the effects on the Dlgn after irradiation at 
E16 with ЗGy. Offspring o f control and irradiated mothers were obtained at E l7 
(⅞oл∏ai“ 4, n¡rrj(jįз,¢(j-̂  4), E19 (n ôm,̂ -  4, n,·∏.j¿⅛,g<j— 4), PNƊ1 (n^o^— 4; nlπa<ļıated-  4), 
PND5 ( i ⅛ =  3; i⅛ *,,e,ř 4), PND10 (⅝omıal= 3; ⅛ =  4), and PND15 ( i ⅛ =  3; 
irradiated"3). The brains were fixed with Bodian, coronally sectioned and stained with 
cгesyl-violet. One day after irradiation, the subventricular zone appeared disrupted, 
and pyknotic figures were seen in the germinative zones, cortical plate, but not in the 
thalamus. In particular, the Dlgn seemed normal. At E l9, there was a decrease in cell 
number in the cortical plate, but the thalamus did not present any anomalies. In 
contrast, at PND5 a significant reduction in the volume of the Dlgn (67%) was found 
in the irradiated animals as compared to the controls. From PND 10 to PND 15 the 
volumetric reduction (75%) reached the values observed in adults. From PND5 to 
PND 15, the marked reduction in the volume of the Dlgn was not combined with any 
significant change in neuron density. It was concluded that there was a reduction in 
the number o f neurons in the Dlgn of the irradiated animals associated with the 
volumetric shrinkage. The absence o f pyknotic debris in the Dlgn at E17 suggests that 
the shrinkage o f this thalamic nucleus is a secondary or indirect effect of radiation. 
We conclude that the effect upon the Dlgn is secondary to the damage to layer IV of 
the visual cortex that is the major target o f geniculocortical axons. In the present 
study, a possible interpretation for neuronal loss in the Dlgn is that geniculate cells do 
not survive simply because they fail to establish cortical arbors after major target loss. 
Another possible interpretation is that the effect on the Dlgn might be the result of 
loss o f trophic support. Supported by FAPERJ/UERJ

124.13
COMPETITION FOR TARGET SPACE ALTERS THE DYNAMICS OF ADULT 
GOLDFISH OPTIC FIBERS DURING REGENERATION: AN IN VIVO IMAGING 
STUDY. A.J. Dawson and R.L. Mever. Dept. Dev. and Cell Biology, University of 
California, Irvine, Irvine, CA 92697

Regenerating optic fibers in adult goldfish initially form a grossly гѳtinotopic 
map which then becomes more refined with time. Using in vivo imaging, we previously 
reported that axons were highly dynamic showing both growth and retraction and 
exhibited very little branching during early regeneration. The signals that regulate these 
behaviors are poorly understood. In the present study, we asked if competition for 
target space might be involved. One eye was removed to dѳneverate one tectum and a 
small number of fibers equivalent to less than 20% of the normal number was surgically 
deflected from the innervated tectum into the denervated tectum. After 15 to 27 days, 
the deflected fibers were labeled by microinjѳcting Dil into the corresponding region of 
retina. Four to six days later, the tectum was exposed and labeled fibers in the dorsal 
tectum of living fish were imaged by fluorescence using a cooled CCD camera. Images 
were collected every hour for 5 to 7 hours. Distinct differences were observed between 
low-density and normal-density projections. Branches were detected much more 
frequently in low-density (62 branches observed) than in normal-density (7 branches). In 
21 instances, new branches formed during the imaging period in low-density projections, 
where none were formed in normal-density projections. The growth dynamics also 
differed. In low-density, fibers grew more frequently (64%) in contrast to normal-density 
(36%) but for shorter distances (an average of 19.5 µm compared to 73.3 µm for 
normal-density). Retractions were also frequently seen and were comparable to those 
in normal-density projections. These results suggest competition stimulates axonal 
translocation and, when competition is low, fibers remain highly dynamic but spend 
more time exploring a smaller region of tectum.
Supported by NIH EY6746

124.14
EFFECTS OF CONSTANT DARK ON EARLY RETINAL 
DEVELOPMENT OF THE ZEBRAFISH. S. Saszik,1 J. Bilotta,1* and 
C- G ivin1. ’Dept, o f  Psychology, Western Kentucky Univ., Bow ling  
Green, KY 42101

Anatomical and electrophysiological studies have shown that the 
zebrafish retina develops in a sequential manner. The purpose o f  this 
study was to assess the effects o f  constant dark on early retinal 
development. Subjects were zebrafish, Danio rerio, exposed to either 
constant dark (CD) or normal cyclic (LD) light rearing conditions from 
fertilization to 6 days postfertilization (dpi). Increment threshold 
functions were obtained by measuring ERG a- and b-wave responses for 
8 days (6-13 dpi) following the light rearing condition. Test stimuli 
consisted o f  200 ms flashes o f  white light superimposed on a white 
background at various levels o f  illumination. Visual thresholds at each 
background illumination were determined by deriving the stimulus 
intensity required to elicit a criterion response. The results showed that 
the LD group thresholds did not change over the 8 day testing period. 
However the CD group, tested immediately following the constant dark 
exposure (6-9 dpf), had higher threshold values than the LD group. At 
the end o f  the testing period (11-13 dpf), the CD group thresholds were 
no different than the LD group thresholds. These results demonstrate 
that the lighting environment can influence zebrafish retinal 
development, and that constant darkness appears to delay normal visual 
development. Supported by KY NSF/EPSCoR (OSR9452895).
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124.15
MATURATION OF THE OCULAR RETARDATION EYE: 
RETINAL LAMINATION AND DEGENERATION. M.H Hankin* 
Dept. Anat. & Neurobiol., Medical College o f Ohio, Toledo, OH 43614.

Ocular retardation (o /) ,  a murine mutation caused by a null allele of 
the ChxlO homeobox gene, is characterized by microphthalmia, a lack of 
differentiated bipolar cells, and optic nerve aplasia. This study describes 
the maturation o f o /  eye structures. Although the mature o r  eye is 
profoundly microphthalmic, typical eye structues could be distinguished 
by P14, including the neural retina, ciliary body and iris. Overall, the o /  
retina occupied a smaller portion of the eye cup than normal and the 
extent to which the retina was present varied according to the relative 
central-to-peripheral position in the eye cup. Typically, retinal laminae 
were thinner and less organized than normal. Lamination was more 
complete in the central portion of the eye cup. The peripheral retina 
consisted o f a single neuroepithelial layer (poorly differentiated or 
undifferentiated) connected to a rudimentary ciliary body and iris. With 
increasing age the mutant retinal laminae showed signs of degeneration. 
At early postnatal ages the inner limiting membrane (ILM) appeared to 
break down, allowing small portions of the ganglion cell and inner 
plexiform layers to be extruded to its vitreal side. At later stages the 
laminae became further attenuated or, in the case of the outer nuclear 
layer, lost completely. Finally, a variety o f immune cells, including 
neurtrophils and mast cells, were observed in the vitreous and corneal 
stroma. These observations demonstrate that although the ChxlO  
homeobox gene is expressed only in the retina, its absence affects not 
only the retina, but also other eye structures. Although the etiology of 
the apparent autoimmune response in the mutant eye is not known, the 
presence of immune cells may account for its gradual degeneration.

Supported by the Ohio Lions Eye Research Foundation.

124.17
DEVELOPMENT OF CYTOCHROME-OXIDASE BLOBS IN CAT VI. 
Kevin R. Duffy*, Michael I. Eckert, G. Björn Christianson, Donald E. 
Mitchell, David G. Tones & Kathryn M. Murphy. Depts of Psychology 
and Computer Sciences, McMaster University, Hamilton, ON; Dept, 
of Psychology, Dalhousie University, Halifax NS. 
Cytochrome-oxidase (CO) blobs are central to our understanding of 
the columnar organization and parallel pathways in the visual cortex. 
For example, blobs are associated with the arrangement of ocular 
dominance columns, as well as cortico-cortical and intra-cortical con
nections. In primates, development of blobs and their spatial relation
ship with features of the visual cortex begins prenatally, before visual 
experience. In kittens, the supragranular layers differentiate postna- 
tally, after eye-opening, raising the possibility that visual experience 
may influence the development of blobs in cat VI. We have examined 
the development of blobs in unfolded and flattened sections through 
the visual cortex of normally reared and dark-reared kittens. Blobs 
were apparent in superficial layers of VI of normally reared kittens as 
early as 2 weeks of age, although at this age the overall CO staining in 
VI was lighter than in V2. The staining intensity and contrast of the 
blobs continues to develop throughout the early critical period. A dis
tinct pattern of blobs was found in the superficial layers of VI of 
dark-reared kittens. Thus, blobs appear in the superficial layers of kit
ten VI early in postnatal development and their expression is inde
pendent of visual experience.

Sponsored by gran ts from  NSERC & MRC

124.19
ORGANIZATION AND TARGET-AIMED GROWTH OF VISUAL CALLOSAL 
AXONS. R. Bressoud1 and G. M. Irшocenti 1,2̄ . ⅛ C M  Lausanne Medical School, CH 
a n d 2 Dept, of Neuroscience Karolinska Institutet, S -17177 Stockholm.

The corpus callosum interconnects both corresponding (homotopic), and non
corresponding (heterotopic) cortical sites of the two hemispheres. We have studied the 
axons that establish heterotopic connections from visual areas 17 and 18 (E axons) 
using anterogradely transported biocytin and three-dimensional reconstructions from 
serial sections in adult cats, and in kittens. Four types of axons were distinguished 
according to their sites of termination. Type El ends near the border between areas 
19/2 la or 7, and type Eli near the PMLS/PLLS border. Types EIII and EIV terminate 
the first near the PMLS/PLLS and PM LS/2la borders, and the second near the 
PMLS/PLLS and 19/2la  or 7 borders. Taking into account the previously studied 
homotopic axons (O axons) (Houzel et al. Eur. J. Neurosci., 1994), areas 17 and 18 
result to be inter-hemispherically connected by at least five types of axons, three of 
which (types O, El and Eli) terminate near one areal border, the other two (types EIII 
and EIV), near two areal borders. All the sites which receive callosal axons represent 
portions of the visual field near the vertical meridian. Axon that have grown selectively 
towards the targets mentioned above can be identified already during the first postnatal 
week, before they have entered the gray matter. At this age, unlike in the adult, they 
originate not only near the 17/18 border, but also in area 17. The differentiation of the 
axons involves several growth stages: elongation, subcortical branching, cortical 
ingrowth, intracortical branching and formation of boutons (synaptogenesis). Most of 
the stages are characterized by exuberant growth, and the axons are subsequently 
reshaped by regressive events. The growth is increasingly constrained in its topography 
to the sites of adult termination; The elimination of boutons, which occurs during the 
phase of synaptic regression, refines modestly if at all, the laminar and columnar 
organization of the projection.
Swiss National Science Found. Grant n. 3100-050566.97

124.16
POSTNATAL DEVELOPMENT OF THE LAMINAR ORGANIZATION IN THE 
LGN OF THE SHORT-TAILED BRAZILIAN OPOSSUM, MONODELPH¡S 
DOMESTIC A.
M,Ħ, W est Greenlee* and D.S. Sakaguchi. Neuroscience Program, Signal 
Transduction Training Group and Dept, of Zoology and Genetics, Iowa State 
University, Ames, IA 50011.

We have examined the development of the laminar organization of the dorsal lateral 
geniculate nucleus (dLGN) in the Brazilian opossum, Monodelphis domestica. The 
retinogeniculate projection was labeled with the anterograde tracer choleratoxin B 
subunit (CtB). A 1% solution was injected into one eye and the fibers from that eye 
were identified with an antibody directed against CtB. In the adult opossum, the 
laminar organization of optic fibers terminating in the dLGN was apparent. Within the 
dLGN, CtB-immunoreactive (CtB-IR) fibers terminated in distinct regions forming 4 
laminae contralaterally, and what appeared to be 3 complimentary laminae in the 
ipsilateral dLGN. To examine the time course of segregation of optic fibers in the 
dLGN, the projection from one eye was labeled with CtB at postnatal ages 15, 25, 30, 
35 and 45. At 15PN, labeled fibers were observed and appeared to be innervating the 
contralateral dLGN. Fewer labeled fibers were observed in the ipsilateral dLGN, though 
most appeared superficial to the developing nucleus. At 25PN, both the contralateral 
and ipsilateral nuclei were innervated with CtB-IR fibers. However, the labeling 
appeared relatively uniform, thus segregation of optic inputs was not yet apparent. At 
35PN (the approximate age of eye opening), CtB-IR terminals in the dLGN were 
concentrated in 4 laminae on the contralateral side and 3 in the ipsilateral side, though 
these laminae did not appear as discrete as those observed in the 45PN or adult dLGN.

In most mammals, segregation of LGN inputs occurs at about two-thirds gestation; 
significantly earlier than eye opening. However, in Monodelphis segregation of RGC 
axons appears to occur much later and coincides approximately with eye opening. 
Further examination of development and the delayed time course of lamination in the 
dLGN in Monodelphis may reveal important mechanisms involved in maturation of 
the mammalian optic projection.
Supported by: NSF, NIH, Whitehall Foundation, Carver Trust, ISU Biotech. Council.

124.18
AGGREGATION AND INNERVATION OF KONIOCELLƯLAR 
NEURONS IN MACAQUE LGN: INITIAL EVENTS IN LAMINAR 
ORGANIZATION. M. T Ty1, A E. Hendrickson2 and S. H, C  Hendry1* . 
'Krieger Mind/Brain Institute, Johns Hopkins Univ., fealtimore, MD 2İ210, 
2Dept. Structural Biology, Univ. Washington, Seattle, WA 98195 

Layers are formed in the macaque lateral geniculate nucleus (LGN) 
during the third fetal trimester (Rakic, 1977; Phil Trans Roy Soc Lond B 
278: 245). Details of this lamination, in which neurons of each 
magnocellular (M) and parvocellular (P) layer aggregate together and 
segregate themselves from other layers, are well-recognized, but the signal 
that triggers this process is not. Separating M and P layers from one 
another are chemically-distinct neurons o f the koniocellular (K) layers 
(Hendry and Yoshioka, 1994; Science 264: 575), which express the 
protein, calretinin, early in fetal development (Yan et al., 1996; J Neurobiol 
31: 189). In predicting that development of K layers is the earliest event in 
LGN lamination, we followed the maturation o f K cells in macaques and 
of axons that innervate them. The latter were localized by the 
histochemical activity for acetylcholinesterase (ACҺE). By embyronic day 
(E) 80, the first sign of laminar organization is the distribution of ACҺE- 
positive axons in a series of thin bands. That is followed within ten days 
by aggregation of K cells into discernible layers that overlap precisely the 
AChE-positive axons. By E l06, when M and P layers are still 
incompletely segregated, both ACҺE and calretinin staining reveal a well- 
developed, adult-like organization of K layers. Formation o f M and P 
layers and their separation by cells of K layers is complete by E120. These 
data suggest that invasion by an afferents specific for K layers and 
maturation of neurons in those layers are events that begin the lamination 
o f macaque LGN. Supported by EY 06432.

124.20
The development of PBR projections to the visual thalamus of the cat. 
W. B. Carden*1. A. Datskouskaia1. W. Guido2. D. W. Godwin3. and M. E. Bickford1 
Anatomical Sciences and Neurobiology, Univ, of Louisville1, Cell Biology and 
Anatomy, LSU Medical Center2, Neurobiology and Anatomy, Wake Forest Univ.3

In the adult cat, a projection from the parabrachial region of the brainstem 
(PBR) to the visual thalamus contains both acetylcholine (ACҺ) and the brain isoform 
o f nitric oxide synthase (BNOS). To study the development of this projection, we 
examined staining patterns of antibodies to choline acetyl transferase (CҺAT) and 
BNOS at a variety of postnatal ages. At birth (P0), PBR cells express CҺAT and BNOS, 
but in the thalamus, few if any fibers stain for CҺAT or BNOS. At postnatal day 14 
(PI4), CҺAT fibers are apparent and electron microscopic examination reveals that they 
contain vesicles and form synaptic contacts. The density oí'CłiΛT terminals increases 
gradually until about P35, when fiber density approximates adult levels. At this point, 
BNOS begins to be expressed in PBR axons innervating the thalamus. Prior to P35, 
BNOS fiber staining is absent, but cells in the pulvinaг/LP complex and the lateral 
geniculate nucleus (LGN) show a transient expression o f BNOS (PO to P35). In the 
developing LGN, BNOS appears to be expressed specifically in X cells; BNOS stained 
cells display class II morphology, and they are significantly smaller than cells stained 
with the SMI-32 antibody (a Y cell marker). Our results suggest that the time course of 
development of the PBR innervation of the thalamus coincides with a period o f dynamic 
refinement of retinogeniculate connections. From PO to P35, there is a slow ingrowth 
o f cholinergic fibers. This is followed by a rapid switch from BNOS expression in 
thalamic cells, to BNOS expression in PBR fibers. Thus, nitric oxide (NO) may be 
released in a retrograde manner while the synaptic circuitry o f the thalamus is maturing, 
but the anterograde release of NO from PBR fibers occurs only after appropriate 
synaptic connections have been established. Supported by NINDS 1R29NS35377 and 
NSF 9728089 to MB, and NEI EY11695 to DG.
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124.21
EFFECT OF THE GINKGO BILOBA EXTRACT ON POSTNATAL DEVELOPMENT OF RAT 
VISUAL CORTEX. C. Chapperť. C. ₣onta‘. M. Imbeгt1. and M.T. Drov-Lefaix2*. ‘Centre 
de Recherche Cerveau et Cognition, ƯMR5549 - CNRS/UPS/EHESS, Faculté Médecine 
Rangueil, F-31062 Toulouse cedex; Tnstitut IPSEN, F-7578l Paris cedex 16.

The early postnatal development represents a high anatomical and functional 
plasticity period for visual system. As Ginkgo biloba extract (EGb 761) has been 
shown, in particular, to have neurotrophic and neuritogenic effects and influence 
neurotransmisssion, we hypothesized that the administration of EGb 761 during this 
period might induce morphological changes of the visual cortical cells.

We performed immunohistochemical experiments to analyze the distribution of 
glutamate ionotropic receptors and cytoskeleton proteins, ₣evious studies had shown 
that these markers were developmentally regulated and responsive to visual 
environment modifications (Chappert et al., P roc . Зíme Coll. Soc. Neurosci . 
Bordeaux, France :74, 1997 ; Fonta et al., J. Comp. Neurol. 386 :26O-276, 1997). 
We analyzed AMPA-, Kainate- and NMDA receptors, and MAP2a/b 
immunoreactivity in the different layers of the visual cortex in pigmented rats Long 
Evans, either EGb 761 stuffed (100mg/kg/j) for 4 weeks (P3-P28 or P2l-P49), or 
control animals (P=postnatal day). Two postnatal ages were studied, inside (P28) or 
outside (P49) the critical period (that extends between P14 and P35).

We observed that EGb 761 treatment can increase Kainate receptors and MAP2 
immunoreactivity in layer V pyramidal cells. Thus kainate receptors and MAP2 
distributions at P28 in treated animals are similar to those at P49 in control animals. 
This occurs if treatment is realized early in postnatal development, including the first 
part of the critical period which corresponds to a phase of high synaptogenesis. 
AMPA and NMDA receptors are not affected by the treatment. The results suggest 
that developmental plasticity might be shifted to earlier postnatal ages, mainly in 
large pyramidal cells, with EGb 761 treatment.
Work supported by grants from Institut IPSEN, France.

124.23
AXON POPULATION MATCHING IN COLLATERAL SPROUTING AFTER 
ŅEONATAL LESIONS. G W. Su* and G.E. Schneider. Dept, o f Brain &
Cognitive Sciences, M.I.T., Cambridge, MA 02139.

Following unilateral tectal lesions in neonatal hamsters, retinal axons grow into 
the damaged region and cross abnormally at the tectal midline, innervating the 
superficial layers o f the undamaged tectum (the superior colliculus, SC). The extent 
of their innervation o f the wrong side o f the brain is restricted to the medial third of 
the superficial gray layer o f SC, unless the axons normally innervating the tissue, 
from the other eye, are eliminated. In that case, the recrossing retinal axons spread 
over the entire superficial gray layer.

Since the tectum also receives major corticotectal inputs from layer 5 o f the 
visual cortex (VC), we examined the projection patterns o f  the cortical axons in 
relation to the retinal axons. Additional neonatal VC lesions were also performed to 
investigate effects on the retinal and cortical axon distributions.

On postnatal day 1, rSC lesions and rSC + left VC lesions were performed on 
Syrian hamster pups. After 4-5 months, these hamsters were injected with various 
combination o f tracers (FΊuro Ruby, W GA-HRP, CT-B, BFITC) to label the 
гetinotectal and corticotectal axons. In the rSC lesion cases, the corticotectal axons 
from the rVC projected to the damaged rSC and crossed the tectal midline, 
matching the distribution of the retinal axons within the medial third of the intact 
left SC. In the rSC+left VC lesion cases, both the гetinotectal axons from the left 
eye and the corticotectal axons from the rVC innervated the ablated rSC and 
formed an abnormal decussation, reaching about h a lf o f the intact left SC.

The results suggest that the corticotectal axons m atch the corresponding 
гetinotectal distributions w ithin the SC after neonatal lesions. Axon-axon 
competitive interactions and activity dependent mechanisms have been proposed to 
explain this matching phenomenon. Support: NIH grants EY 00126, EY02621.

124.22
IM M EDIATE EFFECTS O F EARLY MONOCULAR ENUCLEATION ON 
AXON ROUTING AND ARRANGEMENTS OF SPECIALIZED CELLS IN 
THE CHIASM  OF MOUSE EMBRYOS K.Y. Chung and S.O. Chan* Department 
of Anatomy, Chinese University of Hong Kong, Shatin, N.T., Hong Kong, P.R. 
China.

In order to define the immediate effects of early monocular enucleation on the 
development of the retinofugal pathway, time-mated C57 pigmented mice were 
anaesthetized (with ketamine 100mg/kg, and xylazine 10mg/kg, i.p.) and one eye was 
removed from the embryos at embryonic day (E) 13. The subsequent changes (from 
El 4-El 6) in the uncrossed pathway from the remaining eye were examined by 
retrograde filling of the ipsilaterally projecting ganglion cells with Dil. The early eye 
removal showed no obvious effect on the number of labelled cells in the early 
uncrossed component from the central nasal retina (from El 4-El 6), but produced a 
significant reduction in the number of labelled cells in the late component from the 
ventral temporal retina. This reduction was seen when the late uncrossed component 
first appears at E l5.

Using immunocytochemical techniques, we have examined the immediate changes 
on the specialized cells resident in the chiasm of E14 embryos after an early 
monocular enucleation in E13 mice. The RC-2 positive radial glial cells showed no 
obvious change in configuration after the early eye removal. Similarly, the specialized 
group of neurons stained with anti-SSEA-1 antibody maintained its characteristic V- 
shape arrangement in the chiasm. There is no obvious loss of these chiasm cells after 
the early eye removal.

We conclude that the elimination of binocular interaction causes a severe reduction 
in the late uncrossed component from the ventral temporal retina, but has no apparent 
effect on the early nasal component in the period examined. This reduction in the 
uncrossed retinofugal pathway is apparently not caused by an alternation of known 
cell types at the chiasm, as shown in this study, but is likely caused by an elimination 
of interaction of fibers from two eyes.
Supported by a RGC earmarked grant (Ref. No. CUHK 239/94M) to S.O. Chan.

124.24
R E M A P P IN G  OF R E T IN A L  AXO NS A F T E R  S U P ER IO R  CO LLIC U LU S  
CUTS. A. Karne*, P.M. Cordery, I .P . Thom pson. O xford  University, Laboratory 
o f Physiology, Parks Road, O xford, 0 X 1  ЗPT, U K .

In  rodents, the re tinoco llicu la r topographical map appears to develop by a 
process o f diffuse re tina l pro jections refin ing in to  t ig h t predictable term ina l zones, 
p a rticu la rly  along the rostrocaudal axis o f axonal grow th. We are exam ining the 
extent to  which m edio-lateral cuts in the superior collicu lus (SC) perturbed the 
refinement and whether innervation caudal to a cut reflects regrowth o f transected 
axons or axons undergoing the norm al process o f topographical rearrangement. 
O ur previous studies have shown sm all in jections o f la tex fluorescent microspheres 
(labelling  around O.5%-l.4% o f collicu lus) resulted in labelled ganglion cells scat
tered across the retina. A fte r in jections at postnatal day 2 (P2), 82% o f the retina 
contained some labelled cells and the area labelled at a f ifth  or more o f peak den
s ity  was 38%. A t P6, these values dropped to 49% and 8.2% respectively; decreas
ing fu rthe r to  47% and 1.6% at P12. Extensive m edio-latera l cuts made in the 
collicu lus at P2 in it ia lly  denervated the caudal pole (injections o f tracer made ju s t 
a fter the cut failed to  label ganglion cells). In jections o f a second tracer showed 
tha t axons had invaded the caudal SC two days after the transection. When the 
caudal in jection was made at P6 and a t P12, the labe lling  o f the re tina l ganglion 
cells was focused as in norm al animals. Cuts were also made in the SC at P6. 
As in the P2 animals, a tracer in jection was made at the tim e o f the SC cut to 
ensure tha t the axons had been transected. A subsequent P12 in jection, caudal to 
the cut, labelled ganglion cells in the appropria te  region o f the retina. I t  appears 
tha t extensive transection o f the collicu lus at P2 has l it t le  effect on the accuracy 
o f axonal targeting. Experim ents are underway to  see whether the axons tha t 
grow in to  the deafferented caudal pole after P2 cuts were axons th a t had been 
transected. Because a гe tinotecta l map exists at P6, we know tha t transected 
axons at this age can regenerate in to  caudal SC. Th is  research is supported by 
the EU Biotechnology Program and the Fu lb righ t Commission.

REGENERATION: FU N CTIO N A L CHANG ES

125.1
BEHAVIORAL RECOVERY OF FAST STARTLE RESPONSES AFTER SPINAL 
CORD CRUSH IN GOLDFISH CAN OCCUR IN THE ABSENCE OF 
MAUTHNER CELLS. S J . Zottoli*,1 D.G. Feiner,1 J.R. Hering,1 and D.S. Faber2. 
'Dept, of Biology, Williams College, Williamstown, MA 01267; ⅜)ept. of 
Neurobiology and Anatomy, Allegheny University, Philadelphia, PA 19129.

The Mauthneг cell (M-cell), found in many fish and amphibians, is the most 
thoroughly studied identified neuron in the vertebrate central nervous system (CNS). 
This reticulospinal neuron is located in the medulla oblongata, and its axon extends 
down the length of the spinal cord after crossing the midline, contacting intemeuгons 
and motoneurons that innervate trunk and tail musculature. The M-cell initiates fast 
startle responses (C-starts) in goldfish. After spinal cord crush at the spinomedullary 
level (SML), goldfish regain lost motor functions including C-starts (Zottoli et al., 
Prog. Br. Res.,103: 219,1991). M-cells were selectively ablated to determine whether 
these neurons are necessary for behavioral recovery of C-starts after spinal cord crush.

Thirty fish were anesthetized, their M-cells were selectively ablated and then their 
spinal cords crushed at the SML. Four fish recovered C-starts and had double M-cell 
ablations as judged histologically by the presence o f M-cell axon caps but the absence 
of somata. A second group of 44 goldfish had their spinal cord crushed at the SML 
under anesthesia. Five of these fish recovered C-starts. Comparison of C-starts 
between the two groups of fish between 9 and 14 months postoperatively indicates 
that some fish with M-cells have more robust responses than those without M-cells.

These results indicate that the M-cell is not necessary for the recovery o f C-starts 
after spinal cord crush and that other neurons subserve this role. However, the presence 
of the M-cell correlates with increased performance at long postoperative intervals in 
some fish. We propose that the M-cell contribution to recovery o f the C-staгt is 
minimal initially but increases at longer postoperative intervals.

This work was supported in part by NIH grant 2-P01-NS24707-09, and Howard 
Hughes Medical Institute and Essel Foundation grants to Williams College.

125.2
CLENBUTEROL IMPROVES BEH AVIO RAL RECOVERY AFTER SPINAL CORD 
INJURY. S. Savers'*. Y. Lucero2. R. M rkvika1. N. Khan1, V. Chhangani‘. N. 
Chauhan1 and T. Khan1 'Research Service and ⅛pinal Cord In jury Service, Hines VA  
Hospital, Hines, 1L 60141.

Clcnbuterol, a ß2-adrcnergίc agonist, has been shown to increase protein content and 
mass in muscles o f all fiber types, whether they are innervated or denervated. In addition, 
clenbuterol has also been found to have a direct effect on spinal cord neurons, promoting 
neuron survival after injury. In the present study, we report the beneficial effect o f 
clenbuterol on behavioral recovery after spinal cord injury.

Rats sustained a severe spinal cord contusion injury at the T8 level. Clenbuterol was 
administered orally through liquid food at doses o f 10 µg/kg/day (low-dose), 1 mg/kg/day 
(mid-dose), or 10 mg/kg/day (high-dose) for a ten-week period fo llow ing injury. The 
control group received no clenbuterol. Behavioral recovery was determined using the 
fo llow ing  tests: open field, where the animal is scored for spontaneous activity o f the 
hindlimbs using a modified Tarlov scale; placing response, where upon contact w ith a 
surface, a normal animal lifts it ’ s hindl¡mb and places it on the surface; and toe sp read  
response, where a normal animal spreads it ’ s toes when held upside down by the tail.

The most dramatic behavioral recovery was observed in the toe spread response; 
animals which sustained a contusion injury and received a low-dose o f clenbuterol scored 
the same as control animals, however, animals which received a mid-dose scored 
considerably better, and animals which received a high-dose scored almost the same as 
normal animals. In addition, animals which received a mid- or high-dose o f clenbuterol 
scored belter in the open field test, and on the placing response, than did control animals 
or animals which received a low-dose o f clenbuterol.

These results indicate that the administration o f clenbuterol at a dose o f 1 mg/kg/day or 
higher aided in behavioral recovery follow ing spinal cord injury.
(Supported by the American Paraplegia Society Seed Grant Program)
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125.3
STRUCTURAL REPAIR AND FUNCTIONAL RECOVERY FOLLOWING 
COMPLETE SECTION BY CUTTING OF THE SPINAL CORD IN 
NEONATAL OPOSSUMS. N.R. Saunders*, K.M. Dziegielewska, E. Fry,
G.W. Knott, A Potter, T. Smith. Anatomy and Physiology, University o f  
Tasmania, GPÖ Box 252-24, Hobart, Tasmania, Australia, 7001.

We have previously shown that a complete crush lesion of the spinal 
cord in neonatal opossums (Monodelphis domestica) is followed by a 
remarkable degree of structural and functional development and recovery 
(Saunders etal, 1998, J. Neuroscience 18, 339-335). In this study we have 
investigated the response to complete spinal transection produced by 
cutting the spinal cord at one week of life (P7) in the opossum. Mothers 
were anaesthetised with im pentobarbitone and inhaled metofane as 
required; the young were anaesthetised with inhaled metofane. Under 
sterile conditions the skin over dorsal spinal column (T4-5) was incised, 
spinal cord exposed and sectioned with fine ophthalmic scissors. 
Completeness o f the lesion was checked under a dissecting microscope 
and by removing one young from the litter at random immediately after 
operation for histological examination. Early (1-2 weeks) and late (3 and 
8 months) post operation and control groups of animals were examined 
morphologically and behaviourally using a standard battery of tests. The 
results show that the morphological repair following cutting of the cord 
compared with the previous experiments using crushing is more variable. 
The behavioural experiments showed that for most tests impairment was 
not significantly different when compared with either unoperated controls 
or the crushed animals; the cut operated animals were able to walk, run, 
cross a grid and all but one could climb a bar. These findings suggest that 
substantial recovery is possible even following complete section of the 
cord by cutting at one week of age.

Supported by Motor Accident Insurance Board, Tasmania; Motor 
Accident Insurance Commission, Queensland; Quality Access 
International; Australian Research Council.

125.5
RETINAL REGENERATION AND VISION: CORRELATION BETWEEN 
RETINAL STRUCTURE AND VISUAL FUNCTION. M.K. Powers.12
J.R. Darst.1 A.C. Palmer' and M.W. Pospichal3*. 'Department of Psychology, 
2Vision Research Center and 3Center for Molecular Neuroscience, Vanderbilt 
University; Nashville, TN 37240

The teleost retina, unlike mammals, can regrow in vivo in adulthood. The 
structure o f the regenerated retina approximates that o f normal fish, although 
layers are thinner and cells may not be connected in precisely normal synaptic 
relationships. We have been investigating the functional capabilities of the 
goldfish retina (Carassius auraîus), both normally and regenerated, for a 
number o f years. Here we report that a regenerated retina supports visual 
function in the spatio-temporal domain, and that the level o f visual function 
appears to be related to the amount of retinal tissue regenerated and re
connected with the brain. Adult goldfish (N=l 1) were injected intraocularly 
with 30 µM ouabain, which destroys retinal function. Rapid eye movements 
in response to a cylindric squarewave field were recorded in order to test for 
optokinetic nystagmus (OKN) visual function. Responses from right (treated) 
eyes were compared with those from control (untreated) eyes from the same 
animals. We found that over 70% of the fish showed improvement in OKN 
response to both wide and thin squarewave stimuli as the retina regenerated. 
Fish with regenerating retinas responded better to the wide-striped stimuli than 
to the thin-striped stimuli. Those with the best vision had the most retinal 
tissue regrown. Those with the least did not see. We conclude that a 
regenerated retina in adulthood is capable o f supporting visual function, and 
that the quality of visual function may be related to the quantity as well as the 
quality of retinal regeneration.
Sources of support: Undergraduate Honors Fund (Department o f Psychology, 
Vanderbilt University), P30EY08126 (National Eye Institute)

125.7

W ITHDRAW N

125.4
COMPARISON OF DIFFERENT ESTIMATES OF POOR FUNCTIONAL RECOVERY 
IN PROLONGED DENERVATION. O. A. R. Sulaiman. R. B. Stein* & T. Gordon. Div. 
of Neuroscience, Univ, of Alberta, Edmonton, Canada T6G 2S2 
Poor functional recovery after chronic denervation has generally been attributed to non

viability of denervated muscles for reinervation but a direct observatory method of 
counting the number of motoneurons that regenerated their axons after chronic 
denervation used in this experiment, demonstrates that failure of motoneurons to 
regenerate their axons through chronically denervated nerve stump is more responsible 
for poor recovery. The common peroneal (CP) nerve was cut and its distal stump 
subjected to chronic denervation of 2 days, 1, 4, 12 and 24 weeks in different animal 
groups respectively, followed by a nerve-nerve (N-N) suture of freshly cut proximal 
stump of tibial (TIB) nerve and the denervated CP nerve stump. Numbers of motoneurons 
which regenerated their axons into the CP nerve stump (MN#) were enumerated after 
retrograde labelling with neuroanatomical tracers (flourogold and fluororuby). MU# 
declined as a function of the duration of chronic CP denervation. For example, MU# 
(±SE) was 221 ±34 after 12 weeks CP denervation as compared to 955±58 after 2 days 
denervation. This 77% reduction accompanied a corresponding but smaller reduction in 
the recovery of reinnervated muscles [tibialis anterior muscle:4l±Ю/9O±3 (55%); and 
extensor digitorium longus: 66±9/96±l (31%)] owing to ability of the regenerated axons 
to form enlarged motor units (Fu & Gordon, J. Neurosci. 15:3886-3895,1995). These 
findings are consistent with Fu and Gordon (see ref.) data where motor unit number was 
used as a measure o f reduced regenerative capacity and reinnervation with prolonged 
denervation. Thus, this experiment reaffirms that, with prolonged denervation, as a result 
of deterioration of trophic and substrate support for regenerating axons, motoneurons fail 
to regenerate their axons despite viable denervated muscle fibers which are receptive to 
reinnervation. The mechanisms underlying the progressive failure of regeneration in 
chronically denervated distal nerve stumps are yet to be fully understood. These are the 
objectives of ongoing experiments in our laboratory. (Supported by MRC of Canada).

125.6
GAINS & LOSSES OF THE “EABYSΓΠΈR” PROCEDURE: A 
MORPHOMETRIC ANALYSIS
J.KTerzis *and B. Kalantarian. Dept of Microsurgery, Eastern Virginia 
Medical Center, Norfolk, VA 23501

7ħe classic hypoglossal transfer to the facial nerve is invariably followed by 
complications caused by tongue atrophy. In 1984 Terzis introduced the 
“Babysitter" procedure which involved a formal cross facial nerve graft 
procedure in addition to partial neurectomy of the hypoglossal nerve and an 
end to side neurorrhaphy with the ipsilateral facial nerve. This study will 
provide for the first time, quantitation o f the num ber o f hypoglossal motor 
fibers needed to successfully restore eye sphincter function using an end to 
side ooaptatio∩ with preservation of the tongue.

Thirty adult Sprague-Dawley rats were divided into six groups: A = control, 
B= denervated, C= peri∩eurial window (PW), D= 20%  partial neurectomy 
(PN), E= 40%  PN, F= 80%  PN. The procedure involves interposing a 
nerve graft (saphenous) between the partially severed hypoglossal nerve 
(e∩d-to-side) and the upper zygomatic branch o f the facial nerve (end-to- 
end coaptation).

Behavioral evaluation (blinking reflex) revealed good to superb return of 
blinking mechanism in the 40%  group at 6  weeks. Electrophysiolog¡c data of 
the subjects in the 40%  group was also superior to other groups. Axonal 
morphometry o f nerve biopsies and motor end plate study o f the orbicularis

125.8
REDUCTION OF IFENPRODIL SENSITIVE NMDA  
RESPONSE AFTER THE AXO NAL INJURY IN THE VAGAL  
MOTONEURONS. Y. Fuгuka⅝va*. J. Nabckura and N. Akaike. 
Dept, o f Physiol., Fac. o f Med., Kyushu Univ., Fukuoka 812- 
8512, Japan.

The post-traumatic change of voltage-dependent M g-+ block of 
NMDA response was investigated on the dorsal vagal 
preganglionic neurons freshly dissociated from the rats at 1 to 10 
days after the vagal nerve crush at the neck. The M g-+ block was 
reduced in the neurons o f <3 days after the axonal crush, but the 
reduced M g-+ block was recovered by Юdays after the 
operation, during which periods the axon re-growth was not 
observed from the crushed site. The M g -+ block was not affected 
by the local application o f an inhibitor of retrograde fast axonal 
flow, colchicine, to the vagal axon. The result suggests that the 
neuronal trauma such as axonal crush is responsible for the 
change o f the sensitivity o f NMDA receptor to extracellular 
M g-+ . In addition, the reduction o f Mg^+ block by the nerve 
injury could persist in the applications o f PKC modulators, such 
as staurosporine, chelerythrine and calphostin C, indicating that 
an alternation o f PKC activity was not involved in the reduction o f  
M g-+ block. Since ЗµM ifenprodil sensitive currents decreased 1 
toЗ  days after axonal crush, the result may suggest that the ratio 
of NMDA receptor including NR2B subunit reduces after axonal 
injury. Possible cellular mechanisms for the alternation of the 
NMDA response by the neurotrauma will be discussed.
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125.9
GROWTH CONES AND NEURITES FROM REGENERATING ADULT 
SENSORY NEURONS HAVE FUNCTIONAL GABAд RECEPTORS. D.L. Eng.⅝ 
Dept, of Pathology, Stanford University Sch. Med. Stanford, CA 94305.

We have taken two approaches to study the expression of G ABAд receptor 
expression in regenerating adult rat dorsal ganglion neurons. GABAд expression 
during neuronal development has been shown to be part of a mechanism which 
mediates calcium entry and facilitates growth cone stimulation. This leads to 
developmental growth. A similar mechanism probably exists during neurite 
extension of neural regeneration. Initial experiments established the fact that the 
growth cones and neurites of adult DRG neurons have functional GABAд receptors. 
Inward currents were measured at the soma using whole cell recording. ЮOuM 
GABA was focally applied with a micropipet and a General Valves Picospritzer to the 
distal tips of regenerating neurites within several hours of growth cone extension. In 
the adult DRG, the Cl  ̂gradient is directed outward, which leads to the escape of C ľ 
when the Cl  ̂permeability increases due to GABAд receptor activation. In electrical 
convention this is measured as inward cuưent. These inward currents may depolarize 
the growth cone cell membrane sufficiently to activate voltage gated calcium 
channels and allow increases in the intra-growth cone calcium levels. Elevations of 
calcium (from 50 to 2OOnM) will stimulate growth and facilitate neurite guidance. 
We have done RT-PCR experiments and found that there is an up-regulation of 
several GABAд receptor subunits, and a distinct increase in the delta subunit. This 
means that the newly expressed GABAд receptors might have altered sensitivity to 
GABA and GABAд pharmacological agents. We are currently performing single cell 
RT-PCR experiments to determine the precise subunit expression during neural 
regeneration of DRG neurons. Supported by the Veterans Administration and the 
CTR.

125.11
REGULATION OF NEUROTRANSM ITTER GENE EXPRESSION IN AN 
ID EN TIFIED  M O LL U SC A N  N EU RO N  D U RIN G  FU N C T IO N A L 
REGENERATION. C.J. Koert1. R.E. van Kesteгen*1. A.B. Smit1. G.E. Spencer2.
N.I. Syed 1 and W.P.M. Geгaeгts1. ’Research Institute Neurosciences Vrije 
Universiteit, De Boelelaan 1087, 1081 HV Amsterdam, The Netherlands. 
2Neuгoscience Research Group, Faculty of Medicine, Health Sciences Centre, 
University of Calgary, Calgary, AB T2N 4N1 Canada.

The two cerebral giant cells (CGCs) in the central nervous system of the 
freshwater snail Lymnaea stagnalis form a pair of electrically coupled neurons which 
are involved in the modulation of feeding behavior. The CGCs project one major 
axon to the buccal ganglia via the cerebro-buccal connectives. Following a crush of 
the left cerebro-buccal connective, and a lesion of the right cerebro-buccal 
connective, the left CGC displays functional recovery within 10 days. We have 
characterized the different phases of CGC regeneration in Lymnaea using whole- 
mount immunocytochemistry, electгophysiological techniques, and recovery of 
feeding behavior. Using MALDI-mass spectrometry, HPLC, amino-acid sequencing, 
and immunocytochemistry, we established the presence of serotonin, various 
myomodulins, and two novel neuropeptides, named SPTR and ERYM, after their N- 
terminal amino acid sequences. cDNA cloning revealed that those latter two peptides 
are encoded by a single prohormone, named the SPTR prohormone. In order to study 
the functional role of the CGC neurotransmitters during functional regeneration, we 
employed in situ hybridization to quantify myomodulin, SPTR, and tryptophan 
hydroxylase transcript levels during axonal regeneration and synapse formation. The 
functional implications of tryptophan hydroxylase gene regulation were investigated 
by testing the effects of locally applied serotonin, and of released serotonin during 
spontaneous or evoked electrical activity, on CGC growth cones in vitro.

125.13
LOW FREQUENCY ELECTRICAL STIMULATION INCREASES NUMBER AND 
SPECIFICITY O F REGENERATING M OTO R AXONS Al-Maied. A.A.. Brushaгt. 
T.M*.,& Gordon, T. Dept of Pharmacol., Div. o f Neurosci, U. of Alberta, Edmonton, AB 
Canada T6G 2S2, and Johns Hopkins Orthopedics, Baltimore, Washington 21287.
We have recently reported that 20Hz continuous stimulation for 2 weeks accelerates 

reinnervation of appropriate muscle nerves (MN) by regenerating femoral motor axons in 
preference to reinnervation of inappropriate cutaneous sensory nerves (CSN) (Neumann et 
al. Neurosci Soc 22:591.4, 1996). Our question is whether short periods of electrical 
stimulation of axotomized motoneurons via implanted bipolar electrodes may be as 
effective, particularly as shorter periods of functional electrical stimulation would be more 
clinically feasible. In 41 rats, femoral nerves were cut and surgically apposed, 20 mm from 
the bifurcation o f the MN and CSN. Effects o f short-term (lhr, 1 day) and long-term (7 and 
14 days) electrical stimulation, initiated immediately after surgical repair, were compared 
3 weeks later by exposing regenerated axons to either fluorogold or fluororuby and 
enumerating backlabelled motoneurons. Application of the 2 dyes to each branch was 
randomized amongst animals. There was no preferential motor reinnervation in the 
unstimulated group: there was no significant difference between mean (+S.E) number of 
labeled motoneurons which regenerated their axons correctly into the MN and incorrectly 
into the CSN branches in the unstimulated control (M :I2O+I2;S:I15+8) and the sham 
stimulated (M :l 15+12;S:l 10+9)groups. Significantly more motoneurons regenerated their 
axons preferentially into MN when axotomized motoneurons were stimulated, irrespective 
o f the duration of stimulation: lhr (9+19;S: 125+12), Id (M:2l8+28;S:l 16+15), 7d 
(M:222+22;S:l l9:+26) and l4d (M:226+22;S:121+23). In every case, preferential motor 
reinnervation occurred concurrent with a significant increase in the total number of 
motoneurons which regenerated their axons. These findings demonstrate that 1) electrical 
stimulation o f axotomized motoneurons promotes regeneration o f their axons across the 
surgical gap to preferentially reinnervate motor pathways and 2) short-term stimulation is 
as effective as long-term stimulation (Supported by MRC o f Canada).

125.10
FUNCTIONAL RECOVERY AFTER LESION OF THE 
CULTURED VENTRAL CORD IN CRAYFISH. I. Espí∩ola- 
Alvarado and B. Fue∩tes-Pardo*. Depto. de Fis¡ología, Fac. de 
Medicina, UNAM. Mexico, D.F. 04510 México.

Electгophysiological evidence of neural regeneration after 
tissue injury has been obtained in cultured ventral cords of 
crayfish. Both intact and injured abdominal nerve cords were 
obtained from adult crayfish Procаmbаrus clаrkii. Lesion 
consisted in crushing by forceps of interconnectives between 3rd 
and 4th abdominal ganglia. Spontaneous electrical activity of 
tonic motor axons in the third root between 4th and 5th ganglia 
was recorded. Evoked electrical activity elicited in the tonic 
motor axons of the third root as consequence of electrical 
stimulation (4mA, 0.5ms, 10Hz.) in the interconnective between 
3rd and 4th ganglia was also recorded. In the injured ventral 
cords the electrical stimuli were applied before the lesion site. 
Results showed that spontaneous electrical activity was similar 
in intact and injured ventral cords and sustained throughout the 
culture time. Evoked activity was lost immediately after lesion 
and it is partly recovered few days after lesion. These results 
suggest that the nerve cord in crayfish is able to recover its 
function lost as consequence of a lesion.
Supported by DGAPA IN-214796 DGAPA grant.

125.12
EFFECTS O F M AGNESIUM ON GLUTAM ATE EXCITOTOXICITY AND 
NEURITE REGROW TH IN CULTURED RAT RETINAL GANGLION 
CELLS. D.B. Yan1 and A.M Lozano2*. 'Dept, of Ophthalmology and 2Div. of 
Neurosurgery, University of Toronto, Toronto, Ontario, Canada M5T 2S8.

Preferential loss of the larger retinal ganglion cells (RGC’s) is believed to occur in 
glaucoma. Previous studies have shown that intraocular glutamate levels are 
increased in glaucoma, and intraocular administration o f glutamate induces selective 
degeneration o f RGC’s. Magnesium may modulate glutamate excitotoxicity in 
RGC’s because of its role in terminating calcium entry into cells via activated 
NMDA channels. To study the effects o f extracellular magnesium on glutamate- 
induced cell death, RGC’s were cultured with varying concentrations o f glutamate 
and magnesium. RGC’s were backlabeled with a fluorescent neuronal tracer and 
cultured at P2. Mixed retinal cell suspensions were plated on poly-L-lysine/laminin 
substrate, and cultured for 24-48 hours in serum-free media with neurotrophic factor 
supplementation. Media concentrations o f 0, 0.8 or 2.OmM were tested for Mg2\  
and ЮµM, ЮOµM or 1 mM for glutamate. The length o f the longest neurite and 
soma area were measured from digitized images o f RGC’s. In the absence of 
glutamate, neurite length was doubled in O.8mM Mg2+ (p<0.001) or 2.OmM Mg2ł 
(p<0.01) compared to Mg2+-free media. Compared to Mg2+-free, O.8mM Mg2+ had 
no effect on RGC survival, but 2.0 mM Mg2+ decreased survival by 42±7% 
(p<0.001). The addition o f ЮOµM glutamate had no effect on RGC survival in 
media with O.8mM Mg2+, but decreased RGC survival by 50 ± 4% (p<0.001) in 
Mg2+-free media. Glutamate in Mg2+-free media may be more toxic to larger RGC’s, 
as average soma area decreased from 323 ± 7lµm 2 to 208 ± 62µm2 in ЮOµM 
glutamate (p<0.05), while having no effect on neurite growth. Similar results were 
seen at ImM added glutamate, but the effects were not significant at ЮµM. These 
results suggest that magnesium has the paradoxical effects o f enhancing neurite 
growth while decreasing survival in cultured RGC’s. Glutamate may be 
preferentially toxic to larger RGC’s, consistent with selective RGC death in 
glaucoma. Supported by the Medical Research Council of Canada grant #CL-28213-AP007566.

125.14
RAPID SILENCE-INDUCED POTENTIATION OF THE OPTIC FIELD 
POTENTIAL IN GOLDFISH RETINOTECTAL PROJECTION. K.C.Rieele and
R.L.Mever* Dept. Dev and Cell B iol, University o f California, Irvine, CA 92717 

It is largely unknown how tectal cells adjust to very different effective input 
levels such as occur during the formation of the retinotectal projection when 
spatial convergence is very low. To explore this problem, we monitored the 
extracellular field potential (FP) evoked in the main optic innervation layer o f the 
tectum by electrical stimulation of the optic nerve in intact goldfish. Spontaneous 
activity in optic fibers was eliminated by intraocular injection of TTX. The FP 
began increasing in magnitude immediately after the retina was silenced, peaking 
60 minutes later at 180% of baseline and remaining potentiated for at least four 
hours, the duration of the longest recording. To determine ft potentiation 
persisted for longer periods, one eye was injected with TTX and the other with 
buffer (control). FPs recorded in tecta innervated by TTX-treated retinae were 
still greater than controls 24-48 hours post-injection. To determine ft the 
potentiation was specific to the retinotectal synapse, optic input was blocked by 
intraocular TTX injection while FPs evoked by stimulation of torus longitudinalis 
(TL) projection to the tectum were recorded. The evoked TL field potential 
exhibited potentiation similar to that evoked by optic nerve shock. Thus, 
elimination of spontaneous optic input caused potentiation of both optic and non
optic synapses indicating that this potentiation is postsynaptically mediated.
These results suggest that tectal cells which initially receive weak or no optic 
input during formation of the retinotectal projection may exhibited enhanced 
responsiveness to synaptic input. To test this idea, spontaneous optic input to 
tecta was blocked in fish with regenerating optic fibers during the activity- 
dependent refinement period. This treatment did not result in potentiation of the 
tectal FP suggesting the tectal cells were already maximally responsive.

This work was supported by NШ EY6746 to R,L.Meyer
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125.15

TRANSIENT PHYSIOLOGICAL, BUT NOT ANATOMICAL, ORGANISATION 
OF THE RETINOTECTAL PROJECTION DURING OPTIC NERVE 
REGENERATION IN THE LIZARD. L.D. Beazlevf R.V. Stirling and S.A. Dunlop. 
Department o f Zoology, The University of Western Australia, Nedlands 6907.

After unilateral optic nerve crush in adult lizard Ctenophorus ornatus, axons 
regenerate to the visual centres within 1-2 months, form a pronounced projection 
between 3-5 months and regress somewhat thereafter. At one year, the retinotectal 
projection lacks topographic order, presumably explaining why animals are blind via 
the experimental eye (1). Here we have assessed the extent o f retinotopicity throughout 
regeneration both electrophysiologically and anatomically. Unilateral optic nerve crush 
was performed under Halothane anaesthesia (4%); terminal anaesthesia was induced 
using sodium brietal (0.05 mg/Юg body wt, ip). Multiunit responses were recorded 
from the contralateral tectum folloŵing stimulation o f the experimental eye using an in 
vitro preparation (2). At 1-2 months, responses were inconstant and lacked 
topographic order; thereafter, they habituated easily and receptive fields were 
abnormally large. However, in some animals between 4 and 6 months, there was a low 
fidelity map with the ventro-temporal to dorso-nasal retinal axis projecting rostro- 
caudally across the tectum. Between 8-12 months, this modest order was lost and each 
tectal locus received input from multiple retinal sites. Anatomical mapping using 
application o f Dil to localised retinal regions showed, however, that retinal projections 
were disorganised throughout regeneration. Thus, a physiological retinotectal map 
exists transiently within a consistently disorganised anatomical projection. We suggest 
that, transiently, electrical activity can be recorded from appropriately located axon 
terminals, or regions thereof, but not from inappropriately located ones. After the 
transient period, activity can be elicited from inappropriately located terminals whilst 
appropriately located terminals are either removed or are indistinguishable from 
inappropriate ones.
1. L.D. Beazley, P.W. Sheard, M. Tennant, D. Starac & S.A. Dunlop (1997) J. Comp. 
Neurol. 377:105-120.
2. R.V. Stirling, S.A. Dunlop & L.D. Beazley (1997) J. Neurosci. Methods (in press).

N EU R O G LIA  AND M Y ELIN  I

126.1

FGF FAMILY MEMBERS REGULATE CONNEXIN(CX)43 EXPRES
SION IN A BRAIN REGION SPECIFIC FASHION. B. Reuss and K. 
Unsicker*. Neuroanatom y, Univ. Heidelberg, INF 307, D-69120 
Heidelberg, G erm any.

A strocytes form  a functiona l ce llu la r network by estab lish ing gap 
junctions which p redom inantly consist o f cx43. W e  have recently 
dem onstrated that fib roblast growth fac to r (FG F)-2  downregula tes 
cx43 m R NA and prote in as w ell as dye spreading in cortica l and 
stria ta l astrog lia l cultures, whereas coupling o f m esencephalic 
astroglia is unaffected (Reuss et al., G lia  22,19-30, 1998). W e  show 
now tha t FG F-5 and FG F-9, two o ther m em bers o f the FG F fam ily , 
also in fluence astrog lia l coup ling in v itro . Confluent cortica l, striatal, 
and m esencepha lic cu ltures from  newborn rats m ain ta ined fo r two 
days in low  serum  m edium  were treated fo r ano ther 48 h r w ith FG F-5 
o r FG F-9 (10 ng/m l), respective ly. W estern b lot and dye spreading 
ana lysis dem onstrated tha t FG F-5 reduced cx43 expression and 
function only in m esencepha lic astroglia. C ortica l and s tria tal cultures 
d id not respond. In contrast, FG F-9 downregula ted cx43 prote in and 
astrog lia l dye spreading in cu ltures from  all th ree  brain regions. O ther 
growth factors, as e.g. BDNF, G DNF, TGF-ß1 and -ßЗ had no 
sign ifican t ac tiv ity  on cx43 expression and function. Toge ther w ith 
our p revious results these data indicate  tha t fib rob last growth facto rs 
are potent brain reg ion-specific  m odula tors o f astrog lia l cx43 
expression and function. Th is raises questions regarding expression 
patterns o f high and low a ffin ity  FG F receptors in d iffe ren t astrogia l 
subpopulations. Supported by DFG/Un34/19-1

126.3

CALCIUM WAVE PROPAGATION IN SINGLE MÜLLER 
CELLS IN  SITU  IN RETINAL SLICES. Y. Li», L. H oltzclaw  and 
Į. T. Russell, LCMN, NICHD, NIH , Bethesda, MD 20892. 
Cytoplasmic Ca2+ w ave generation and propagation within single 
Müller cells in isolated retinal slices were investigated using Ca2⅜ 
imaging techniques. Using an eyecup loading method, Müller cells 
were preferentially loaded with calcium green-1 and could be 
readily distinguished in the tissue based on their unique 
morphology. Stimulation of the slices with bath perfusion of P- 
and P2γ purinoceptor agonists, elicited unitary calcium spikes 
that propagated as w aves through Müller cells. High resolution 
analysis revealed that the w aves propagated from initiation sites 
in a saltatory fashion by regenerative amplification at specialized  
Ca2ł release sites. Waves could be observed to propagate in either 
direction from or towards end feet. EC5O of the peak response 
amplitude for 2-methylthio-ATP w as O.44±O.27 µM 
(mean±SEM). These agonist evoked w aves persisted in the 
absence of extracellular Ca2ł and were abolished after 
thapsigargin treatment, suggesting that they are supported by 
release of Ca2+ from intracellular stores and are not due to influx 
of extracellular Ca2⅜. These data provide direct evidence 
supporting the possible existence of glial cell signaling in the 
retina.

126.2

G AP JUNCTIONS IN HUMAN C N S  B IO P S IE S
T. J. Manning Jr.*, L. Soroceanu. and H. Sontŉeimer. Department of 
Neurobiology, University of Alabama Birmingham, Birmingham, AL, 
35294.

Several lines o f evidence suggests that the degree o f gap junctional 
coupling correlates directly with the proliferative state o f cells. For example, 
stimulation by growth factors and tumor promoters, and transfection of 
oncogenes can lead to down regulation o f gap junctional communication. We 
had the opportunity to study in vitro, the coupling o f cells obtained directly 
from CNS biopsy tissues in patients exhibiting an array o f CNS pathologies. 
These ranged from highly malignant glioblastoma multiforme (GBM) to low 
grade tumors and epilepsy biopsies. Imunohistochemical analysis o f dissociated 
cells as well as tissue sections indicates that connexin 43 is expressed in most 
high grade astrocytomas albeit to a lesser extent than in non-tumorous epileptic 
tissue. Comparative tissue staining for PCNA indicates an apparent reverse 
correlation between the proliferative status o f the cells and connexin 43 protein 
expression. We have also directly observed differences in cell coupling using 
fluorescence recovery after photobleach (FRAP). Cells were uniformly loaded 
with the membrane permeant form of the small molecular weight dye 5- 
carboxyfluoresceine. Single cells were photobleached by a pulse o f intense 
light delivered by an argon laser. The rate o f fluorescence recovery as the dye 
returns from adjacent cells via gap junctions was used as a direct measure of the 
extent o f coupling. Both tumor cell lines and cells obtained from tumor biopsy 
tissue display significantly less intercellular communicationin than cells o f non
tumor origin. (Supported by NIH R01-NS36692 and P50-HD-32901)

126.4

ATP RELEASED FROM ASTROCYTES MEDIATES GLIAL CALCIUM  
W A V ES. P.B.Guthrie*1. J.Knappenberger1. M .Segal2. M .V.L.BennettЗ.
A. C. C harles4. and S.B. KaterL lUniv.Utah, Salt Lake City, UT 84132; 
2The Weizman Inst., Rehovot 76100, Israel; 3 Albert Einstein Col. Med., 
Bronx, N Y  10461; 4UCLA, Los A ngeles, CA 90024

Calcium w aves appear to represent an intercellular communication  
mechanism o f widespread distribution. Although astrocytes are known to 
release and respond to numerous neurotransmitter substances, glial 
calcium wave propagation has long been thought to be mediated by gap 
junction communication.

W e recently demonstrated that an extracellular communication system  
provides a dominant path for calcium wave propagation. Calcium waves 
can propagate between physically separated cells. Calcium wave extent and 
direction are significantly altered by local perfusion.

The messenger largely underlying this extracellular communication  
pathway has now been identified as ATP. Medium collected from mouse 
cortical astrocyte cultures during calcium waves (but not before) contains 
ATP, as measured using the sensitive luceriferase biolum inescence assay. 
This "conditioned" medium evokes rises in Ca. This excitatory activity, as 
w ell as the effect o f  ATP itself, is blocked by purinergic receptor 
antagonists (suramin and PPADS) or by pretreatment o f the samples with 
the degradative enzyme apyrase. In addition to being released by astrocytes 
during a calcium wave in amounts sufficient to cause rises in calcium, ATP 
plays a direct role in wave propagation since the same purinergic receptor 
antagonists almost completely block evoked calcium waves.

These data extend our finding o f  extracellular mediation o f calcium  
waves and further implicate ATP as an important transmitter in the CNS.

Supported by development funds from the University o f  Utah.
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126.5
MECHANISMS OF INITIATION AND PROPAGATION OF INTERCELLULAR 
CA2+ WAVES IN GLIA. A. Strahonia* and M. J. Sanderson. Dept, of 
Physiology, University of Massachusetts Medical School, Worcester, MA, 01655.

Video image microscopy of [Ca2+], changes in glial cells in culture under variety of 
conditions was used to study the initiation and propagation o f mechanically-induced 
Ca2ł waves. The distances that Ca2+ waves propagate were decreased by exposure 
of cells to phospholipase C inhibitors U73122 (5µM) and neomycin sulfate (30 min, 
200 µM). Similar effects occurred after exposure to the inositol monophosphatase 
inhibitor LiCl (30 - 45 min, 10 mM). The increases in [Ca2+]¡ associated with the 
initiation of a Ca2+ wave were suppressed in cells loaded by electroporation with 
heparin, an antagonist of the IP3 receptor. Following stimulation of a heparin- 
loaded cell, Ca2+ waves propagated from a near by border between loaded and non- 
loaded cells into non-loaded cells. Ca2+ waves initiated in non-loaded cells failed to 
propagate Ca2+ changes across the electroporation border into heparin-loaded cells. 
In contrast, ruthenium red, a ryanodine receptor antagonist, did not prevent Ca2+ 
wave initiation or propagation. Mechanical induction of Ca2+ waves generates an 
intercellular gradient of [IP3]¡. However, [Ca2+]| increases induced by photolysis of 
caged-Ca2+ within a cell that had participated in the Ca2+ wave propagation did not 
generate a secondary Ca2+ wave from that cell. Similar increases in [Ca2+]¡ induced 
by photolysis of caged-Ca2+ or exposure to muscarinic agonist acetyl-ß- 
methylcholine did not initiate Ca2+ waves. From these data, we suggest that Ca2+ 
waves in glial cells are a) dependent on IP3, but not ryanodine receptors, b) 
initiated by the generation of IP3 in the stimulated cell and do not require Ca2+- 
dependent regeneration of IP3 and c) are not mediated by intercellular Ca2+ 
diffusion, even in ihe presence of increased [IP3]¡. Supported by NIH grant 
HL49288 to MJS.

126.7
CALCIUM WAVES IN OC-TRANSFECTED C6 GLIOMA CELLS ARE 
MEDIATED BY RELEASE OF ATP. M. Nedergaaгd*. J. Kang. L. Jiang, and NT 
L. Cotrina. Dept, of Cell Biology and Anatomy, New York Medical College, 
Valhalla, NY. 10595.

Intercellular calcium wave propagation is in several cell types mediated by a 
release of ATP or a related compound to the extracellular space and subsequent 
activation of purinergic receptors. However, communication-deficient cell lines, 
including C6 glioma cells, can propagate calcium waves only after transfection 
with connexins (Cx) genes suggesting that diffusion of intracellular messengers 
through gap junctions channels may particiate in calcium signaling. We have here 
evaluated the effects of agents that interfere with the ATP signaling cascade in Cx- 
transfected C6 glioma cells to test the hypothesis that calcium waves also in this 
system may be transmitted by an extracellular pathway.

Confluent monolayers of Cx43 or Cx32 transfected C6 cells (Cx43+ or Cx32+) 
were loaded with the calcium indicator fluo-3 and viewed by confocal microscopy. 
Calcium wave radius was reduced to less than 30% of control values in the 
presence of suramin (100 µM), an antagonist of both P2X and P2Y purinergic 
receptors, but not in presence of PPADS (100 µM), a specific blocker of the P2X 
receptors. Extracellular addition of apyrase (40 U/ml), a hydrolase that cleaves ATP 
and ADP, reduced calcium wave propagation to 40% of control values in Cx43+ 
cells and to 10% in Cx32+ cells. Pretreatment with either 10 µM ATP or its 
analog, 2MeSATP, completely blocked calcium waves. Wave radius was reduced to 
6% and 4% of control values, respectively. In contrast, 30 minutes incubation in 
either 0.5 mM octanol or 10 µM 18 alfa-glycyгrhetinic acid, two gap junction 
blockers, did not affect calcium wave propagation despite coupling was reduced to 
<4% of control values.

These data indicate that calcium waves are mediated by release of ATP in a cell 
line that aquire signaling capability only following forced expression of gap 
junction proteins. The fact that native C6 cells are not capable of transmitting 
calcium waves in the absence of gap junction proteins suggest that Cx’s may 
regulate ATP release.

126.9
MODULATION OF MECHANICALLY INDUCED CALCIUM WAVES IN 
HIPPOCAMPAL ASTROGLIAL CELLS. TWO MECHANISMS BEHIND THE 
INHIBITORY ACTION OF α , -ADRENERGIC STIMULATION.
H. Muvderman.1 M. Nilsson,1* F. Blomstrand,1 S. Khatibi.2 T, Olsson.2 E. Hansson1 
and L. Rŏnnbäcƙ1. ’institute o f Clinical Neuroscience, Department o f Neurology and 
Institute of Neurobiology, Göteborg University; departm en t of Applied Electronics, 
Chalmers University o f Technology, Göteborg; Sweden.

The effects o f different adrenoceptor agonists were investigated on mechanically 
induced Ca2+ waves in astroglial cells in astroglial-neuronal mixed cultures from rat 
hippocampus. The results show that the initiation of the Ca2+ wave was not critically 
dependent on extracellular Ca2+ but both the calcium signal and the propagation area 
of the wave was significally reduced in Ca2+-free m edia Inhibiting phospholipase C 
(PLC) (U-73122, 1 µM) and the gap junction conductance (octanol, 1 mM), showed 
that the Ca2+ wave propagation required PLC activation and functional gap junctions. 
Further, the protein kinase C (PKC) activator phorbol-12-myristate-13-acetate (PMA 
150 nM) reduced the spreading of the waves. The adrenoceptor agonists isoproterenol 
(iso; ß), phenylephrine (phe; oц) and clonidine (cion; o½) were evaluated for their 
short-time (<30 s) effects on the wave propagation. The propagation area was 
persistently decreased 1, 3 and 5 minutes after removal of phe. No significant effects 
were observed after incubation with iso or c lo a  Furthermore, using U-7312 or PMA 
together with phe, shbгtly incubated, the experiments showed that PLC was a central 
regulator in the initial phase of the initiation procedure of wave propagation. It 
appeared that PKC exerted its inhibitory action on Ca2+ waves in a latter phase, after 
prolonged phe exposure. Taken together, the results show that the propagation of Ca2+ 
waves between astroglial cells in primary cultures can be inhibited/regulated in two 
principally different ways which involve a pronounced temporal component. The 
results also further point out the adrenergic signaling system as an important mediator 
of dynamic neuron-astroglial information exchange.

126.6
PHENOTYPIC TRANSFORMAΉON OF C6 GLIOMA CELLS FOLLOWING 
OVEREXPRESSION OF GAP JUNCTION PROTEINS. M. L. Cotrina*. J. Lin.
S. Liu. E. Bueno, and M. Nedeгgaaгd. Departments of Cell Biology and Anatomy 
and Pathology, New York Medical College, Valhalla, NY. 10595.

Forced expression of connexin 43 (Cx43), enables the communication-deficient 
cell line, C6 glioma cells, to propagate intercellular calcium waves. Transfection 
with cDNA for Cx43 results not only in increased functional coupling, but also in 
dramatic morphological alterations: wildtype C6 are compact cells with few 
cellular contacts, whereas the same cells following Cx-expression, flatten and 
increase the number of cell-to-cell contacts, resulting in formation of epithelioid 
appearing cultures. To understand how gap junction proteins contribute to this 
phenotypic transformation, we evaluated the organization of actin in Cx-transfected 
and null-transfected C6 cells. Texas Red Phalloidin staining of control cells, 
devoid of junctional coupling, visualized that actin localized in small patches under 
the plasma membrane. In contrast, actin was in Cx43 transfected (Cx43*) cells 
organized in parallel arrays of fiber bundles, that transveгsed the entier cell body. 
Also, myosin light chain reorganized and co-localized in parallel with actin. C6 
cells transfected with genes for the neuronal gap junctional protein, connexin 32, 
(Cx32), underwent similar phenotypical transitions. The highly organized pattern 
of actin fibers in Cx-transfectants resembles the cytoskeletal arrangements in 
primary cortical astrocytes.

We also quantified the extent by which Cxł cells adhere to each other using a 
short-term aggregation assay. While only 5-20% of native C6 cells were capable of 
forming aggregates, the percentage of Cx43+ and Cx32+ cells in aggregates 
increased by 3-10 fold.

These data indicate that expression of gap junction proteins is associated with 1) 
aquisition of an epitheliod phenotype, 2) in reorganization of the actin cytoskeleton 
and 3) in an increase of adhesive properties.

126.8
INTERCELLULAR C O M M UNICATIO N BETWEEN MOUSE SPINAL CORD 
ASTROCYTES UNDER STRESSFUL CONDITIONS. E. Scemes1 S. Zhao1 and D. 
C. Sprayf 'Dept. Neuroscience. AĽCOM . NY. 10461 and :Dept Physiology. 1BUSP. 
Brazil.

Changes in gap junction expression/localization have been reported to result from 
spinal cord injury (Theiiault et a l„ . / ( 'mrφ.,\ŉrro/..ЗĴ<S: I99.'97). Because o f the 
importance o f astrocytic coupling in dissipating ionic gradients and clearance o f 
substances through the syncytium resultant from brain insults, we examined the effects 
o f two stressful conditions (hyposmotic shocks and high levels o f glutamate) on 
astrocytic intercellular communication by measuring junctional conductance and the 
velocity o f calcium wave propagation between spinal cord astrocytes. Differently from 
cortical astrocytes, cultured mouse spinal cord astrocytes are not highly coupled to 
each other as is shown by the sparse distribution o f Cx43 immunostaining. low levels 
o f dye coupling and low junctional conductance (3.3-⅛l.3 nS: N=27). When exposed 
to a 20% and 35% hyposmotic shocks or to 100 µM glutamate there was no change 
(P 0.005) in junctional conductance. However, the velocity o f calcium wave 
propagation increased from I 1.4 ь 0.77 to 25.66 ÷ 4.03 µm sec w hen the cells were 
exposed to 20% h\ posmotic shock and from 16.66 ·í： 1.26 to 34.31 ⅜ 4.09 µm sec when 
bathed in a solution containing 100 µM glutamate. The increased velocity o f Ca: wave 
propagation, however, was prevented by 100 µM suramin (a P2 purinergic receptor 
antagonist), indicating that this mode o f glial signaling is gap junction independent. 
These results indicate that under stressful conditions there is an expansion o f the glial 
communication compartment through a gap junction-independent mechanism thereby 
increasing glial signaling, which is like ly to provide coordinated cell activity 
throughout the coupled astrocytic syncytium.
(Supported, in part, by a grant from the American Paralysis Association (ES) and N il I 
(DCS)).

126.10
GLIAL SPIKES THAT ARE DIFFERENTIALLY MODULATED BY 4- 

AMIN OPYRIDINE AND B a 2+
A. Bordev* and H. Sontheimer Dept, of Neurobiology, University of Alabama at 
Birmingham. Birmingham, USA.

Primary cultures of spinal cord glial cells were examined using 
whole-cell voltage- and current-clamp recordings. Cells had a mean resting 
potential of -76 mV and a mean input resistance of 280 MΩ. When stepped 
from -70 mV, cells displayed a well known pattern of complex currents 
composed of sustained and transient outward potassium currents (I〇 and IA, 
respectively), inwardly rectifying potassium (Kir) currents and inward 
sodium currents (INa)· In current-clamp, depolarizing current injections from 
-70 mV yielded action potentials overshooting 0 mV. These spikes were 
composed of 3 phases : a TTX (100 nM)-sensitive depolarizing phase, a 4- 
AP (1 to 8 mM)-sensitive repolarizing phase and a long lasting 4-AP (100 
µM)-sensitive depolarizing phase. Increasing concentrations of 4-AP 
differentially affected the spike shape and whole-cell K+ cuưents. 100 µM 4- 
AP blocked I〇 selectively, 1-8 mM 4-AP additional inhibited IA resulting in 
both cases in spike inhibition. In contrast, in non-spiking cells displaying a 
large Kir currents, 4-AP (8 mM) depolarized the cell and induced the cell to 
spike (from -70 mV) due to inhibition of both outward K+ and Kir channels. 
Selectively blocking Kir channels by Ba2+ (10 µM) led to an increase of 
spike amplitudes. In conclusion, glial cells are able to generate Na+ channel- 
dependent spikes which overshoot 0 mV and include a repolarizing phase 
dependent upon the activation of 4-AP-sensitive outward K+ channels. In 
cells expressing sodium channels glial spikes and spike waveforms depend 
on the synergistic activity of both sustained and transient outward K+ and 
inward K+ channels. (Supported by R01-NS-31234)

Society for Neuroscience, Volume 24 ,1998



314 NEUROGLIA AND MYELIN I SUNDAYPM

126.11
Differential Effects of Cľ and K+ Channel Blockers on Migration and 

Invasion of Human Glioma Cells.
L. Soroceanu* and H. Sontheimer. Department of Neurobiology, Univ, of Alabama at 

Birmingham, Birmingham, A L  35294.
Gliomas cells are highly motile and frequently invade brain tissue. Glioma migration 

through narrow extracellular spaces requires shape changes and may be accompanied 
by cell shrinkage. Since volume changes require secretion of K+ and Cľ and H20 , we 
investigated the role of ion fluxes through K+ and Cľ channels in glioma cell migration 
and invasion. Using transwell invasion assays, we show that application of ImM TEA, 
5µM chlorotoxin, or 200 µM DIDS each resulted in marked (>50%) inhibition of 
U251MG cell migration, while margatoxin (ЮOnM) and charybdotoxin (lOOnM) were 
without effect. These drugs did not impair overall cell motility as determined by a 
scrape-migration assay. TEA and chlorotoxin were also effective in preventing invasion 
of fetal rat brain aggregates by spheroids of human glioma cells that contained either 
LαcZ or fluorescent markers. Monitored by fluorescence time lapse video microscopy, 
untreated glioma cells invaded and completely disintegrated fetal brain aggregates 
within 48h, while TEA or chlorotoxin treatment prevented deep invasion of glioma 
cells into healthy brain tissue. The effects of TEA and chlorotoxin could be mediated 
through inhibition of Cľ fluxes. Fluorescence imaging of glioma cells loaded with the 
chloride sensitive dye MEQ, and subsequently induced to undergo volume changes by 
hypoosmotic (190mOsm/kg) challenges show that Cľ fluxes that accompany volume 
changes are inhibited if TEA is added to the hypotonic medium. These data suggest that 
migration of glioma cells in restricted extracellular spaces is accompanied by shape and 
volume changes that are facilitated by the secretion of Cľ and K+ through ion channels. 
(NIH NS36692 and ACS RPG-97-083).

126.13
NEURO TENSIN  RE G U LATE S  IN T R A C E LLU LA R  C A LC IU M  IN V EN TRAL 
TE G M E N T A L  A R E A  A STR O C YTE S : EVIDENC E FOR THE INVOLVEM EN T 
OF M U LTIP LE  RECEPTORS. L.-E. T rudeau!* Depts. o f Pharm acology and 
Psychiatry, Faculty o f Medicine, Univ, de Montréal, Montréal, Q uébec HЗC ЗJ7.

Neurotensin (NT) receptors are strong ly expressed in the ventral tegmental 
area (VTA). A lthough evidence suggests that high affin ity NT receptors are 
located d irectly on dopam ine neurons, recent w ork has shown that both high 
and low affin ity NT receptors can be expressed by astrocytes (Hösli et al., 1995; 
Nouel et a ľ,  1997). The functiona l role o f these glial receptors has not been 
determ ined. In order to explore the function o f NT receptors in astrocytes we 
have exam ined the e ffect o f NT(8-13), an active NT fragm ent, on intracellular 
Ca2+ dynam ics in m ixed neuronal/gl¡al cu ltures prepared from  neonatal rat VTA. 
W e find that NT (1-1000 nM) induces a b iphasic rise in in tracellular Ca2+ 
([Ca2+]i) in a subset o f G FAP-positive  glial cells. A  first, rapid com ponent of the 
[Ca2+]¡ accum ulation m ay be caused by an IP3-dependent release of Ca2+ from 
in tracellu lar stores. It is still p resent when NT is applied in the absence of 
extrace llu lar Ca2+ and is b locked by p re treatm ent w ith the phospholipase C 
inhibitor U-73122. A  second, s lower com ponent o f the NT-induced [Ca2+ļ¡ 
accum ulation appears to be dependent on Ca2+ influx from  the extracellu lar 
medium . It d isappears in Ca2+-free saline and is b locked by gadolinium , a 
triva lent cation known to block various ca tion ic and Ca2+ channels. The 
sensitiv ity o f the NT response to SR 48692 and SR 142948A, two selective NT 
receptor antagonists, suggests that the two phases o f the NT-induced [Ca2+]¡ 
accum ulation are mediated by activation o f d iffe rent subtypes o f receptors. 
W hereas SR 142948A blocked both com ponents, SR 48692 selectively blocked 
the fast com ponent. Considering that recent w ork has provided strong evidence 
for an active role o f astrocytes in regulating centra l neurotransm ission, this 
works suggests that the involvem ent o f g lia l-neuronal signaling in some of the 
actions o f NT on dopam inergic transm ission should be further investigated. 
W ork supported by the MRC, the FRSQ and the EJLB Foundation.

126.15
RAT SPINAL CORD GLIAL TAIL CURRENTS ARE AFFECTED BY THE 
SIZE OF THE EXTRACELLULAR SPACE. A. Chvátal*. M. Anděrová. D. 
Žiak. E. Svková. Department of Neuroscience, 2nd Medical Faculty, Charles 
University and Institute of Experimental Medicine AS CR, Vídeňská 1083, 142 
20 Prague, Czech Republic

Oligodendrocytes in slice preparations express, in contrast to astrocytes, 
decaying passive currents evoked by de- or hyperpolarizing voltage steps and 
large tail currents (Iы) after the offset of the voltage jump. It was shown that 
the size of Itaįi coincides with the extracellular space (ECS) volume fraction 
during development (Chvátal et al., J. Neurosci. Res. 49:98-106, 1997). Here 
we characterize the properties of Iuи in astrocytes and oligodendrocytes in spinal 
cord slices from 5- to 11-day-old rats, using the whole-cell patch clamp 
technique. The reversal potential o f I⅛i (Vrev) evoked by membrane 
depolarization was significantly more negative in astrocytes (-57.9±2.4 mV, 
mean±S.E.M, n=2l) than in oligodendrocytes (-Зl.7±2.6 mV., n=53). Changes 
in Vrcv revealed significantly larger changes in extracellular K+ concentration, as 
calculated from the Nemst equation, around oligodendrocytes than around 
astrocytes Application of 50 mM K+ evoked a smaller shift of Vrev to more 
positive values in oligodendrocytes (ΔVrev=20.3±5.4 mV, n=4) than in 
astrocytes (ΔVrev=50.0±3.2 mV, n≈5). An increase in ECS volume due to cell 
swelling during the application o f hypertonic solution evoked in 
oligodendrocytes a shift of Vrev to more negative values, while a decrease of 
ECS volume in hypotonic solution evoked in astrocytes a shift to more positive 
values.

We conclude that the larger accumulation of K+ in the vicinity of the 
oligodendrocyte membrane indicates the presence of a smaller ECS volume 
around oligodendrocytes than around astrocytes. The oligodendrocytes therefore 
might contribute more efficiently to K+ homeostasis.

Supported by GACR 309/96/0881 and VS 96 130.

126.12
F u r t h e r  c h a r a c t e r iz a t io n  o f  v o l t a g e -a c t iv a t e d  o u t w a r d

CURRENTS IN HUMAN GLIOMA CELLS.
C. B. Ransom and H. Sontheimer. Department of Neurobiology, The 
University of Alabama at Birmingham, Birmingham AL, 35294.

We recently described the expression of outward Cľ and K+ currents and 
inward Na+ currents in acute slices of human gliomas. Using primary cultures 
of several established human glioma cell lines, we further characterized out
ward currents in glioma cells by whole-cell and single channel patch clamp 
recordings. In whole-cell recordings with KC1 containing pipettes we consis
tently observed expression of outward currents that activated at very positive 
potentials (>5OmV) and that increased sharply with increasing voltage. Cur
rents were largely (80-90%) inhibited by 100 µM TEA and by 100 nM 
Charybdotoxin but were insensitive to 100 nM Margatoxin. Currents persisted 
if Ca2+ was removed from both sides of the membrane. Cell-attached and out
side-out patch recordings suggest that these currents were mediated by chan
nels of ~ 100-200 pS conductance. Identification of the ionic species mediating 
these currents by tail-current analysis on whole-cell traces was hampered by 
large current transients at the termination of a conditional prepulse. This made 
interpretation of shifts in tail current reversal potential after ion replacement 
difficult to evaluate. However, data gathered thus far including potentiation of 
currents by Γ and high K+, as well as inhibition by intracellular Cs+ suggest 
that outward currents were due to a channel of mixed conductance for either 
Na+ and K+ or a mixed anion/cation conductance. These currents are poten
tially important in cell shape and volume changes that are associated with 
glioma cell migration since pharmacological inhibition of outward currents by 
TEA greatly reduced glioma cell migration (see Soroceanu and Sontheimer, 
NS abstract 1998). Supported by NIH NS36692 and ACS RPG-97-083.

126.14
INTRACELLULAR SODIUM REGULATION IN CULTURED RAT CORTICAL 
CELLS OF OLIGODENDROCYTE LINEAGE. M. N. Rand*. T. Möller. and B. R. 
Ransom. Department of Neurology, University of Washington School of Medicine, 
Seattle, WA 98195-6465.

The Na+ gradient in glial cells is the primary driving force for a variety of transport 
mechanisms regulating the homeostasis of other ions and uptake of neurotransmitters. 
This gradient is generated by activity of Na+,K+-ATPase which, in addition to being 
regulated by [Na+]į, is also regulated by changes in [K+]〇. We used fluorescence ratio 
imaging of the dye SBFI to study [Na+]į homeostasis in cultured rat oligodendrocyte 
lineage cells. Cortical oligodendrocytes were obtained from neonatal (PO-P2) rats and 
maintained on astrocyte monolayers for 24-36 days; during this time they were 
periodically removed by shaking and plated onto coverslips. Cells were studied within 
10 days of plating and were identified by their characteristic morphology; post-hoc 
peanut agglutinin staining of the ratio-imaged cells was also performed to confirm 
their identity as oligodendrocytes or oligodendrocyte precursors. Cells were bath 
perfused at 37°C with normal bicarbonate/C02-buffered phy siological saline for 10 
minutes followed by 10 minutes of 2 mM ouabain, 10 minutes of wash in normal 
solution, 10 minutes of zero K+ solution (in equimolar substitution with Na+), and 
20 minutes of wash in normal solution, and then given a 3-point Na+ calibration 
series. Bath application of 2 mM ouabain caused an increase in [Na+]į of 3.4 ± 1.7 
mM minute'Ґ; the switch back to normal solution caused [Na+]į to decline at 2.5 ±
1.1 mM minute' L Bath application of zero K+ solution caused [Nâ *̂ ]j to increase at
11.1 ± 6 .6  mM m inute'Ь  20 minutes wash in normal solution failed to reduce the 
elevated levels of [Na+]¡ to baseline. In comparison to [Na+]į measurements in rat 
hippocampal astrocytes (Rose and Ransom, J. Physiol. 491:291), cortical 
oligodendrocytic cells had higher [Nâ ·̂ ]į resting levels with more rapid elevations and 
greater peak values in response to ouabain and zero K+ application. These preliminary 
results indicate basic differences in [Na+]į regulation within oligodendrocytic cells and 
astrocytes which may be mediated by differences in Na+,K+-ATPase subunit 
expression/activity.

Supported by NIH R01 NS 15589-20.
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127.1
YAC TRANSGENIC MICE EXPRESSING MUTANT HUMAN 
HUNTINGTON SHOW DEFICITS IN HIPPOCAMPAL LONG-TERM  
POTENTIATION. G. Hodgson1. N. Agcmvan2. D. Sm iths F. LePiane1,
K. McCutcheo∏l , J.R. O’kuskИ, N. Bissada ,̂ L. Jamoť .̂ J. Roder^*, E.M. 
RubiņЗ, and M.R.. Hayden L Medical Genetics, University o f British 
Columbia, Vancouver, B.C> Canada (1); 4 Lawrence Berkley Labs, Berkely, 
California (3);Faculty of Pharmacy, University o f Toronto (2) & SLRI, 
Mount Sinai Hospital (4), Toronto, Ontario, Canada;

Huntington’s disease (HD) is an autosomal dominant neurodegenerative 
disorder characterized by selective loss o f neurons, primarily in the caudate 
and putamen. The underlying mutation associated with HD is a CAG 
trinucleotide repeat expansion, which is translated into a polyglutamine tract 
within the HD protein (huntingtin). In an attempt to understand the 
mechanisms involved in neuronal death we have generated and characterized 
YAC transgenic mice expressing normal (18 CAG repeats: Tg-18) and 
mutant (46 CAG repeats; Tg-46) human huntingtin. Transgene derived 
human protein is expressed and processed in a manner identical to that o f the 
endogenous mouse protein. Behavioural analyses show no obvious signs of 
a neurological phenotype upto and including 16 months of age. 
Morphometric analysis of mouse brain tissue at 1 year o f age revealed no 
obvious evidence o f malformation, neuronal loss, or gliosis. 
Electrophysiological studies, however, revealed that long term potentiation 
at the CA1-CAЗ synapse o f hippocampal slices from Tg-46 mice is 
significantly reduced, while long term depression and paired pulse 
facilitation was not altered.

127.3
DETERMINING THE ACTIVE SITE OF HUMAN MONOAMINE OXIDASE 
(MAO) BY SITE-DIRECTED MUTAGENESIS. R. M. Geha*. K. Chen, J. C. Shih. 
Dept. Mol. Pharmacol. & Toxicol., School of Pharmacy and Dept, of Cell and 
Neurobiology, School of Medicine, University of Southern California, Los Angeles, 
CA 90033.

Monoamine oxidase (MAO) exists in two forms, A and B, having a 70% amino 
acid identity and different substrate and inhibitor preferences. The objective of this 
study is to identify amino acid residues in the active site of the enzyme that could be 
responsible for enzyme activity or for conferring these preferences. Several point 
mutants were constructed on MAO B using oligonucleotide directed mutagenesis. The 
enzyme kinetic parameters were then determined following expression of the mutant 
enzymes in Saccharomyces cerevisiae. We have identified a tyrosine residue located in 
a highly conserved hydrphobic region which when mutated to alanine results in a 
drastic reduction in MAO B activity. We have also identified another tyrosine residue 
that is close to the covalent FAD attachement site which also results in an inactive 
enzyme when mutated to alanine. We postulate that the former amino acid may be 
important for binding the substrate at its hydrophobic portion while the latter may be 
involved in the catalytic mechanism of the enzyme. A model of the active site will be 
presented. We have also constructed two chimeric MAO enzymes in which an internal 
portion spanning amino acids 159-214 in MAO A and its corresponding portion 
spanning residues 150-205 in MAO B have been switched resulting in chimerics ABA 
and BAB. A significant increase in Km values for ABA relative to MAO A wild type 
were observed indicating the presence of important residues between amino acids 159 
and 214 in MAO A. However, no changes in activity were observed between BAB and 
MAO B wild type suggesting that the active sites of MAO A and B may be located at 
different positions. (Supported by NIMH grants R01 MH37020. R37 MH39085 
(MERIT Award), Research Scientist Award K05 M H00796, and the Welin 
Professorship).

127.5
IDENTIFICATION OF A  NOVEL N UC LEA R  GTPASE, RING-1, 
WHOSE EXPRESSION IS LOCALIZED TO NERVOUS SYSTEM, 
HEART A N D  TESTIS. M.J. Pecot. T.B. Saafiг. and H.D. Soares.* 
Depart o f  Anatomy, M orehouse School o f  Medicine, Neuroscience 
Institute, MRC Rm223, 720 W estview Dr. S.W ., Atlanta, GA 30310.

Previous studies in the laboratory identified a novel nuclear GTPase 
called RING-1 (Regeneration Induced Nuclear GTPase). RING-1 was 
found using a differential display screen for genes involved in cell death 
and neuronal regeneration. RING-1 m R NA  levels are up-regulated in 
axotomized adult sciatic motor neurons. Follow ing reinnervation o f  
muscle, mRNA levels return to basal values. Thus, it was hypothesized 
RING-1 may be involved in signaling pathways mediating neuronal 
regeneration. The present study used northern and in situ  analysis on 
E8.5 -E l 8.5 m ouse embryos to determine whether RING-1 was also 
expressed during development. RING-1 expression was high in 
differentiating and migrating fields o f  the nervous system, but not in 
neuroepithelial zones. Expression was also prevalent within developing 
dorsal root ganglia. Interestingly, cardiac, but not skeletal, muscle 
showed strong RING-1 expression during embryogenesis. RING-1 
mRNA was not detected in any other organs o f  the body except in testis. 
Thus, RING-1 is localized to nervous system, cardiac muscle and testis 
and may participate in a signaling pathway com m on to each.
This work w as supported by U S N Ш /N IN D S U 54N S34194.

127.2
EXPRESSION OF NA+,K+-ATPASE CX SUBUNIT AND DOMINANT NEGATIVE 
MUTANT D369N IN DROSOPHILA MELANOGASTER. B. Sunľw . Wang and P. M. 
Salvaterra. Division of Neurosciences, Beckman Research Institute of the City of Hope, 
1450 E. Duarte Rd„ Duarte, CA 91010

We have isolated a new Drosophila Na+,K+-ATPase α  subunit cDNA clone (PStt), 
and demonstrated expression of functional Na+,K+-ATPase activity when PS(X mRNA 
was co-injected into Xenopus oocytes along with the Drosophila Na+K+-ATPase ß 
subunit mRNAs (Nervana, Nrv). We have also demonstrated that heat induced 
expression of our new form of α  subunit transgene in homozygous 2206 mutant flies (a 
regulatory mutant of the a  subunit gene) can rescue the mutant phenotypes. In this 
study, over expression of α  subunit (determined by RNase protection assay and 
Western blots) was achieved by increasing the number of copies of the transgene and/or 
the number of heat shock treatments in transgenic flies. Flies carrying four copies of 
wild-type cc transgene are relatively inactive and more resistant to ouabain (a specific 
inhibitor of Na+,K+-ATPase) after heat treatment. These flies, reared at 25°C, are also 
less viable, as a result of some non-heat inducible expression (leaking) of the CL 
transgene. Using site-directed mutagenesis, we have prepared a loss of function mutant 
in the α  subunit: D369N, which interferes with the ATP dependent phosphorylation 
site and is known to produce a stable, inactive protein in vertebrate Na+,K+-ATPase CL 
subunits when expressed in several in vitro expression systems. Flies carrying four 
copies of mutant CL transgene have reduced viability, and are infertile when reared at 
25°C. This infertility results from a defect in female transgenic flies, since their eggs 
did not develop into larva when crossed to wild-type male flies. Wild-type females 
crossed to male transgenic flies produced progeny. The mutant CL transgenic flies are 
also inactive and extremely sensitive to ouabain after heat treatment, and are killed by 
increased numbers of heat shock. These results indicate that over expression of wild- 
type CX or dominant negative mutant CX subunit can modify Na+,K+-ATPase activity in 
intact living Drosophila. (Supported by NIH and Beckman Foundation)

127.4
IDENTIFICATION OF TWO NOVEL BRAIN-SPECIFIC GENES FROM XQ27.3, 
A CANDIDATE REGION FOR X-LINKED MENTAL RETARDATION 6 
(XLMR6) SYNDROME. E. Redolfi1. M. Affer1. M. Cimino2. S. Mumm3. C. 
Montagna1. L. Susani1. R. Reinbold3. R.C. Melcangi4. L. Martini4*. P. Vezzoni1 
and 1. Zucchi1. 'ITBA.CNR Via Cervi 93 20090 Milan Italy, institute of 
Pharmacology University of Urbino Italy. *Division of Bone arid Mineral Diseases 
and Center for Genetics in MedicineWashington University School of Medicine 
St.Louis Mo. 4Depaгtment of Endocrinology University of Milan Italy.

We identified and characterized two novel, brain-specific human genes, they both 
map to the long arm of the X chromosome between the DXS369 and the DXS181 
loci, approximately 2.5 Mb centromeric to the FMR1 gene locus in Xq27.3. This 
chromosomal region has not been well investigated as it is considered to be of 
extremely low gene density. Our interest in this portion of the chromosome stems 
from its association with several mental disorders. Both these genes are located 
within 1.2 Mb of DXS 369, the closest marker showing linkage to X-linked mental 
retardation 6 (MRX6) and also lie within broader candidate regions for several other 
mental retardation syndromes. One gene, CXoгfl (HUGO approved symbol) is 
conserved in primates, cow and horse, but not in mouse and rat. Northern blot 
analysis revealed two transcripts, one ubiquitously expressed, the other present only 
in the brain and in the G36l melanoma cell line. In situ hybridization experiments 
performed on sections of human hippocampus show a clear, uneven localization of 
the CXoгfl mRNA in specific subfields of this brain area. In particular CXoгfl is 
localized in the granular cell layer of the dentate gyrus and in the CA2-CAЗ subfields 
of the Ammon's horn.

The second gene is conseverd in apes and rodents. Northern analysis revealed also 
two brain-specific transcripts of 4.4 and 6 kb. These genes are two of the few genes 
to be studied in detail and on the basis of their chromosomal localization, brain 
specificity and expression pattern, they may be likely considered candidates for X- 
linked mental retardation disorders.

127.6
T he expression  profile of the novel copper  hom eostasis g en e , rA T X I, in 
THE RAT BRAIN. A.M. Vana, J. Eggold, G.S. Kelner, D. Macieiewski, R. Maki.
E.B. DeSouza*, A.C. Foster, G.S. Naeve. Neurocrine Biosciences, Inc., San 
Diego, CA, 92121.

In humans the regulation of cellular copper homeostasis is essential for proper 
organ development and function. Imbalances in this tightly regulated system can 
cause anemia, neutropenia, bone abnormalities, and severe neurodegeneration. 
CNS diseases associated with defects in metal metabolism include Menke’s and 
Wilson’s disease and recent studies indicate that alterations in metal homeostasis 
may play a role in Alzheimer’s and Parkinson’s pathology. A novel cytosolic 
protein, named ATX1, was recently identified in yeast and functions in shuttling 
intracellular mononuclear copper (Cu(I)) to copper-requiring proteins. ATX1 and 
its human homolog, HAH1, are members of an emerging family of proteins 
termed copper chaperones. Northern blot analysis demonstrates that ATX1 is 
widely expressed at varying levels in a variety of rat tissues including brain. 
Using in situ hybridization histochemistry, we characterized the expression profile 
for the rat homolog of ATX1 in the normal adult rat brain. Although there is 
widespread expression within the brain, the highest level of message appears to be 
in neurons and is predominantly found in the neurons of cortical layer V as well 
as the pyramidal and granule cells of the hippocampus. Previous studies that have 
characterized the distribution of metals in brain show that there are distinct 
neuronal subtypes that contain high levels of metals like copper, iron, and zinc. 
We demonstrate that the highest expressing ATX1 neurons are also associated 
with these metal containing neurons. The high levels of a metal chaperone like 
ATX1 in subsets of neurons that also sequester metals suggests that these 
molecules may be important in maintaining the functionality of metal requiring 
enzymes such as ceruloplasmin and the superoxide dismutases.
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127.7
ISOFORM SPECIFIC EXPRESSION OF NA+,K+-ATPASE ß SUBUNITS 
IN DROSOPHILA MELANOGASTER. P. Xu. B. Sun and P. M. Salvaterra*. 
Division of Neurosciences, Beckman Research Institute of the City of 
Hope, 1450 E. Duarte Rd, Duarte, CA 91010.

Two Na+,K+-ATPase ß subunit genes, with tissue specific expression 
patterns, are present in Drosophila and called Nervana I and 2 (/Vrv; Sun 
and Salvaterra, Proc. Natl. Acad. Sci. USA 92:5396-5400). NrvJ produces a 
single ß subunit isoform while Nrv2 codes for 2 different isoforms (2.1 and 
2.2). Both genes have been mapped to position 27B on the left arm of the 
2nd chromosome by in situ hybridization,. We have now determined the 
complete genomic organization for both Nrvl and Nrv2. Our results 
indicate that both genes are within approximately 3 kb of each other in the 
genome. A detailed restriction map has been generated for both genes and 
all intron-exon junctions have been confirmed by direct sequencing.

The genomic DNA in the 5 ’ flanking region of each Nrv gene has also 
been tested for tissue specific transcriptional regulatory activity using 
transgenic fly technology. P-element transformation vectors were 
constructed which contained either 7.7 kb of Nrv2 upstream sequence or 3.6 
kb Nrvl upstream sequence driving expression of the E. coli lacZ reporter 
gene. Multiple transgenic fly lines were established for each construct and 
analyzed for their ß-galactosidase expression pattern using X-gal staining. 
The results show that most if not all of the cis-DNA regulatory elements 
necessary for correct tissue specific expression are present in the 5 ’ flanking 
DNA. The Nrv2 5 ’ flanking DNA directs expression almost exclusively to 
the nervous system while Nrvl expression is more diffuse and found in 
muscle, digestive system and only lightly in nervous system, (supported by 
the Beckman Foundation)

127.9
THE DISTRIBUTION OF THE hnRNP A2 AND B1 PROTEINS IN THE 
RAT FOREBRAIN. K. Mizukaгm*. H, Kamma. H. Shiraishi. Dep. of 
Psychiatry and Pathology, Univ, of Tsukuba, Ibaraki 305, Japan.

The hnRNP A2 and Bl, which are produced by alterative splicing, are the 
among the most abundant pre-mRNA-binding proteins of vertebrates. These 
proteins are believed to play important roles in the splicing and transport of 
mRNA. We have produced specific antibodies recognizing A2 and Bl proteins 
and investigate the localization of them in the rat forebrain. In the cerebral 
cortex, caudate-putamen. olfactory tubercle, hippocampus and subiculum, the 
majority of nerve cells demonstrated intense immunoreactivity for A2. In 
contrast, in the nucleus accumbens, globus pallidus, bed nucleus of stria 
terminalis and hypothalamus the nerve cells were very weakly labeled. Intensely 
B l-labeled neuron is widely distributed throughout the forebrain, although in the 
endopiгiform nucleus and the lateral nucleus of amygdala a number of nerve cells 
were unlabeled. In the hypothalamus and habenula nucleus of thalamus both 
intensely labeled and unlabeled nerve cells were evenly distributed. In the 
granular layer of the hippocampus inner portion was intensely labeled with B l .
In the majority of nerve cells immunoreactivity was localized in the nucleoplasm, 
but in some nerve cells cytoplasm was modestly immunolabeled with both 
antibodies. Neither A2 or Bl immunoreactivity was detected in glial elements. 
Our study suggest that the immunoreactivity for A2 and Bl are not constant 
throughout the brain and this diversity may have important effects on the post- 
transcriptional regulation of cell-specific gene expression.

127.8
S U B T R A C T IV E  c D N A  A N A L Y S IS  O F  G E N E  E X P R E S S IO N  IN R A T  
D O R S A L  S P IN A L  C O R D . H .-Y . T . Y a n a *. S. W ilk e n in a . M . J. 
lа d а ro lа . P N M B . N ID R , N IH , B e th e s d а  M D  2 0 8 9 2 -4 4 1 0 .

T h e  p r im a ry  a ffe re n t in n e rv a tio n  o f s e c o n d  o rd e r s p in a l c o rd  
n e u ro n s  re p re s e n ts  th e  firs t c r itic a l s y n a p tic  c o n n e c tio n  in 
s o m a to s e n s o ry  in fo rm a tio n  tra n s m is s io n . In o rd e r  to  u n d e rs ta n d  the  
m o le c u la r b a s is  o f th is  c o n n e c tio n , w e  h a v e  u s e d  a s u b tra c tiv e  
c D N A  c lo n in g  m e th o d  to  se a rc h  fo r  g e n e s  th a t a re  d iffe re n tia lly  
e x p re s s e d  in th e  d o rs a l s p in a l c o rd . R a t s p in a l c o rd s  w e re  d is s e c te d  
in to  2  p a rts , th e  s u p e rfic ia l la y e r o f d o rs a l c o rd  a n d  th e  v e n tra l co rd  
in c lu d in g  th e  re s t o f th e  s p in a l c o rd . T h e  d o rs a l c o rd  w a s  s u b tra c te d  
fro m  th e  v e n tra l c o rd  b y  P C R  b a s e d  s u p p re s s io n  s u b tra c tiv e  
h y b r id iz a tio n  (L. D ia tc h e n k o  e t a l., P N A S , 9 3 :6 0 2 5 , 199 6 ). T h e  
s u b tra c tio n  e ffic ie n c y  w a s  e x a m in e d  b y  P C R  a n a ly s is  o f th e  G З P D H  
m e s s a g e  b e fo re  a n d  a fte r  s u b tra c tio n  a n d  re la tiv e  a b u n d a n c e  o f th is  
m e s s a g e  w a s  fo u n d  to  be  m a rk e d ly  re d u c e d  a fte r  s u b tra c t io n . T h e  
s u b tra c te d  c D N A s  w e re  th e n  d ire c t ly  c lo n e d  in to  p T -A d v  u s in g  a  T /A  
c lo n in g  k it (C lo n e te c h ). D N A  s e q u e n c in g  w a s  c a rr ie d  o u t a t the  
N ID R  C o re  F a c ility  a nd  n u c le ic  a c id  h o m o lo g y  s e a rc h e s  w e re  
p e r fo rm e d  u s ing  th e  B L A S T  p ro g ra m . T h e  c D N A  s e q u e n c e s  in o u r 
s u b tra c te d  lib ra ry  w a s  fo u n d  to  c o n s is t o f 46  %  k n o w n  g e n e s , 37  %  
u n k n o w n  g e n e s  w ith  m a tc h e s  in th e  E S T  d a ta b a s e  a n d  17  %  n ove l 
g e n e s . B y R T P C R  u s ing  p r im e rs  b a s e d  on  ten  s e le c te d  c D N A  
s e q u e n c e s  a nd  R N A  o f the  d o rs a l a nd  v e n tra l s p in a l co rd , a 
tra n s c r ip t, w h ic h  is re la tiv e ly  e n r ic h e d  in th e  d o rs a l co rd , w a s  
id e n tif ie d .

127.10
FERRITIN  H CHAIN m R NA IS ENRICHED IN SYNAPTO SOM E AND 
DENDRITE OF R A T CEREBRAL NEURONS. T.lshimσtoi·2, M.Kasa¡2 and
T .T a g u c h i1* . TLab. o f Neurotechnology, O saka  N ationa l Research 
In s titu te  A IS T , Ikeda 5 6 3 -8 5 7 7 : 2D℮v. of B iophysical Engineering, O saka  
U n ive rs ity  G ra du a te  School o f Engineering Science, Toyonaka  5 6 0 -8 5 3 1 , 
Ja pa n

It has become clear th a t  som e popu la tions of m R N As are selectively 
so rted  in to  dendrite  a nd  t ra n s p o rte d  to  syn ap tic  te rm in a ls .T he  
tra n s la tio n  o f d endritic  m R N A  w a s  re p o rte d  to  be im p o rta n t to  induce th e  
syn ap tic  p las tic ity . To e luc ida te  th e  m echan ism  of syn ap tic  p las tic ity , it is 
the re fo re , requ ired  to  in ves tig a te  th e  subce llu le r localization a nd  th e  
so rtin g  m echan ism  of m R NA. S ynap tosom al m R NA w a s  p re pa re d  fro m
3 -w e e k s  old ra t  co rtex . cDNAs syn thes ized  fro m  synap tosom e m RNA 
w a s  com pared  w ith  t h a t  fro m  co rtex  to ta l m R NA b y  th e  d iffe re n tia l 
d isp lay  m ethod . A lth o u g h  m o s t o f th e  m R N As enriched  in synap tosom e 
w ere o rig ina ted  fro m  m ito ch on d ria , we obta ined  tw o  syn ap toso m e - 
enriched  m R N As o rig in a te d  fro m  n uc le a r genom e. These  are fe rr it in  H 
cha in  m R NA and  unknow n  m R NA. N o the rn  b lo t show ed th e  selective 
localization o f th e  m R NA of fe r r it in  H cha in  in th e  synap tosom e. Dendritic  
so rtin g  o f th e  fe r r it in  H cha in  m R N A  w a s  revealed b y  in s itu  h yb ridyza tion  
in cu ltu re d  dissociated neurons. F e rritin  is an  iron s to rag e  p ro te in  and  
know n fo r  its  unique tra n s la tio n a l regu la tion . Im aginab le  roles o f syn ap tic  
fe r r it in  are re g u la tin g  e nzym atic  a c tiv ity  a n d /o r  p ro te c tin g  a g a in s t the  
o x ida tive  s tress.

127.11

W ITHDRAW N

127.12
PARTIAL CLONING AND EXPRESSION OF L-HISTIDINE DECARBOXYLASE 
IN ZEBRAFISH BRAIN. N. Tuominen1, K. Karlstedť, J. Kaslin1, K.S. Eriksson1, 
and P. Paπula1*. 'Department of Biology, Åbo Akademi University, 20520 Turku, 
Finland.

L-Histidine decarboxylase (HDC) has an important functional role being the 
enzyme catalyzing the decarboxylation o f L-histidine to histamine. The suitability of 
zebrafish brain for functional and developmental studies on the CNS motivated us to 
characterize and clone the zebrafish HDC.

The cDNA for zebrafish HDC was partly cloned from total RNA isolated from 
adult zebrafish. This was done by using degenerate primers for RT-PCR 
amplification and then by PCR amplification with zebrafish specific internal primers 
resulting in a 214 bp zebrafish specific fragment. This fragment was used as a probe 
for screening a zebrafish λZAPII library. In situ hybridizations with an 
oligonucleotide probe were made to map the expression of HDC in the zebrafish 
brain. The expression of HDC mRNA in different parts of zebrafish is elucidated 
with RNase protection assay.

The 214 bp PCR amplified sequence was compared to the corresponding sequences 
from mammalians and drosophila and the identities were between 61 and 70%. The 
identities for the deduced peptide were 67 -72%. The library screening resulted in the 
isolation of a HDC positive clone with a ATG site located 24 bp upstream from the 5' 
end o f the 214 bp probe. Expression of HDC mRNA was detected only around the 
posterior recess of the diencephalic ventricle in the zebrafish brain with in situ 
hybridization. This is supported by earlier results that claim that the same region is 
the only region with HA-storing neurons in the zebrafish brain. Total RNA samples 
from zebrafish peripheral tissues did not show any positive signals with RNase 
protection assay. The results suggest that the zebrafish HDC is expressed 
predominantly in the brain and displays significant homology with mammalian HDC. 
The work was supported by the Academy o f Finland.
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127.13
IDENTIFICATION OF A NOVEL, PROBABLE CALCIUM-TRANSPORTING 
ATPASE IN DROSOPHILA. J. Niemann. K. Maгkopoulou and B. A. Chase*. 
Department of Biology, University of Nebraska at Omaha, Omaha NE 68182.

Cytoplasmic Ca4* levels are maintained through the activity o f P-type ATPases 
present in the plasma membrane and the endoplasmic or sarcoplasmic reticulum. 
In insects, there appears to be a single gene for the sarco(endo)plasmic reticulum- 
type Ca^-ATPase (SERCA) at cytological position 6OA [Lockyer et al. (1988) 
BBA 1369:14-18; Vaгadi et al. (1989) FEBS Let. 258:203-7]. We report the 
identification of a novel gene for a probable calcium-transporting ATPase in 
Drosophila melanogaster. A cDNA (10-1) for this gene was identified during a 
screen of a Drosophila cDNA-expression library with monoclonal antibody 
27.1A. 16.42, which strongly cross-reacts with Drosophila neuropil and some 
sensory elements. Although this antibody was generated against the ß-subunit of 
the Torpedo nicotinic acetylcholine receptor [Chase et al. (1987) Neurosci. 
21:959-76], the epitope with which it cross-reacts appears on multiple proteins 
expressed within the CNS. Sequence analysis of cDNA 10-1 reveals an open 
reading frame with strong homology to plasma membrane, calcium-transporting 
ATPases, and distinct from the previously identified Drosophila SERCA. That 
cDNA 10-1 represents a novel gene for a calcium-transporting ATPase is 
supported by screens of the Drosophila PI library, which do not detect PI clones 
at 6OA. In situ hybridization to third-larval instar tissue-sections reveals 
substantial expression in the CNS cortex, as well as in imaginal discs, consistent 
with the pattern of antibody staining. Additional molecular analysis of this gene 
will be presented. Supported by NIH (1R15GM49461).

127.15
CHARACTERIZATIO N OF TW O  A D D ITIO N A L M U R IN E L P A  
RECEPTOR GEN E H O M O LO G S: lpA2 and  lpAг. J.J.A. Contos*. J. A. 
Weiner, and J. Chun. Department of Pharmacology, School of Medicine, 
University of California at San Diego, La Jolla, CA 92093-0636.

Ventricular zone gene-1 (vzg-l\; now referred to as lysophospholipid receptor 
A l, lpAÌ) is the first identified G-protein coupled receptor (GPCR) for the ligand 
lysophosphatidic acid (LPA). Expression of lpAt in E12-E18 embryos is restricted 
to the emerging cerebral cortex, while adults most highly express the gene in 
brain, lung, heart, and testes,with moderate expression levels in skeletal muscle, 
spleen, and kidney. The possibility that other LPA receptor genes exist was 
suggested by the finding of two distinct genes that encode proteins approximately 
53% identical to lpAl. One of these (/pA2) existed as a human chromosome 19 
genomic sequence entry in GenBank. The other gene (lpAÌ) was amplified from 
neocortical cell line cDNA in the same manner as lpм (by using degenerate 
oligonucleotide primers to GPCRs). Both cDNA and genomic clones were isolated 
for łpA2 and lpAĩ. Genomic clone analysis indicates that each member of this 
subfamily has its coding region divided into 2-3 exons, with one strictly conserved 
intron location in the middle of transmembrane domain VI, and the other near the 
beginning of the ORF. Comparative expression patterns of each receptor are 
distinct: a 2.8 kb lpA2 transcript is detectable in embryonic brain, while the 3.2 kb 
lpAĨ transcript is most abundant in lung, kidney, and testes, with moderate but 
detectable levels in heart, thymus, intestine, and late embryonic/early postnatal 
brain. Each is expressed in various cell lines. A second transcript of different size 
is detectable for both lpA¦ and lpA2. The identity of the ligand for the two novel 
receptors is being determined by heterologous expression in hepatocyte cell lines 
that have no endogenous response to LPA nor expression of any known lpA gene. 
In addition, the in vivo function of eachreceptor is being investigated by generating 
mice lacking one or more of these genes. Supported by the NIMH.

127.17
NEURONAL DIVERSITY REVEALED BY A NOVEL CADHERINS, 

CNRS, EXPRESSED IN NEURONS AT SYNAPTIC COMPLEX.
K. Senzaki.1 K. Hamaguchi-Hamada?2 S. Hamada.2 N. Kai.1 and T. Yagi-1. ‘Lab. of Neu
robiology and Behavioral Genetics, National Institute for Physiological Sciences, 

Myodaiji, Okazaki 444; 2Dept. of Anatomy, Tsukuba University School of Medicine, 

Tsukuba 305, Japan.
In mammals neurons are highly differentiated and play distinctive functions even in 

the same brain region. To understand these, we need to gain insight into the molecular 
mechanisms that produce the enormous numbers of cell-cell interactions in mammalian 
brain that yield highly organized patterns. Protein kinase are candidates for involvement 
in signaling pathways that regulate cell-cell interactions. Particularly Fyn has a crucial 

molecular function in building brain networks and determining patterns of behavior. To 

search for receptor molecules coupled to the Fyn-signaling pathway in the mammalian 

brain, we attepted to isolate molecules that associated with Ftn noncatalytic domain. We 

found a novel cadherin-related neuronal receptor (CNR) gene family by studying Fyn- 
binding activity in mouse brain. CNR1 protein is located in the synaptic junction and 
forms a complex with Fyn. Sequence analysis of 8 CNR products of approximately 20 

genes indicates that these comprise a novel cadherin family of the cadherin superfamily. 

The expression patterns of each member of this new family were grossly similar to each 
other but restricted to subpopulations of neurons of the same type. The diversity of the 
CNR family genes suggests that there are molecular mechanisms which govern highly 

differentiated neural networks in the mammalian CNS.

127.14
THE G-PROTEIN ß l SUBUNIT GENE. Junichi Kitanaka*1. 
Nobue Ki⅜anaka1. Xiao-Bing Wang2. Ichiro Sora1 & George R. 
Uhl.123 Mol Neurobiol, IRP-NIDA/NIH1, & Depts Neurol3 & 
Nsci2, JHUSM2 Baltimore, MD 21224.
Although psychostimulant-induced gene regulation is a major 
candidate processes for establishing addictions to these 
substances, little is known about the exact molecular mechanisms 
involved. In investigating the changes of brain mRNA expression 
found after acute psychostimulant administration, we identified 
a novel cDNA encoding a G-protein ß l subunit (G -ßl) that was 
increased up to 4-fold after psychostimulant treatments. To 
enhance understanding of possible molecular and cellular 
mechanisms that could underlie this upregulation, we have 
cloned sequences and studies the genomic structure of the rodent 
G -ßl gene. Each exon/intron boundary of the mouse gene 
conforms perfectly to the GT/AG rule, and is conserved between 
mouse G -ßl and the human G¯ßЗ cloned by others. Seven Trp- 
Asp (WD) repeat domains are encoded by one to three exons, and 
the exon/intron boundaries are not conserved among each 
repeating WD domain. Further analyses of this gene, including 
its 5' flanking sequences, will help to determine potential 
regulatory mechanisms, including those that could be implicated 
in psychostimulant-induced upregulation.
Supported by NIDA Intramural Research Program.

127.16
C H A R A C T ER IZA T IO N  AND CO M PA R ISO N  O F T H R E E  M U R IN E 
PU TA TIV E S P H IN G O S IN E -1-P H O S P H A T E  R E C E P T O R  G E N E S : 
Ip вı, /p в 2> and Ip™- G Zhang, JJ .A . Contos. J. A. Weiner, and J. Chun*. 
Department of Pharmacology, School of Medicine, University of California at San 
Diego, La Jolla, CA 92093-0636.

The identification of ventricular zone gene-1 (vzg-l\ now referred to as 
lysophospholipid receptor A l ,  lpм) as the first G-protein coupled receptor 
(GPCR) for a lysophopholipid (lysophosphatidic acid, LPA) led several groups to 
test homologous genes for lysophopholipid responsiveness. Three orphan GPCRs 
were subsequently characterized as high affinity receptors for the related ligand 
sphingosine-1-phosphate (SIP). These receptors (human edg-1, human edg-3, and 
rat H218/AGR16) share 32-36% amino acid identity with vzg-1 and 47-51% to one 
another. They thus appear to be in their own subclass within the lysophospholipid 
receptor family. We isolated coưesponding murine genomic clones for each of 
these genes and named them in a systematic manner: lpBļ, lpЪ2, and lpъъ for eđg-1, 
H218/AGR16, and edg-3, respectively. Similar to a previously characterized 
murine edg-1 genomic clone, sequence analysis indicates that the ORF for lpB2 and 
lpBĨ is contained within a single exon. For all three genes, an intron is located just 
upstream of the initiation codon, separating one or more 5’ exons containing UTR 
from the coding region. A conserved intron within TMD VI of lpA genes is not 
conserved amongst lpв subfamily members. Comparative expression patterns of 
each lpв gene, determined by northern blot and in situ hybridization, are distinct 
throughout the organism. We have confirmed previous findings of brain 
expression of lpBÌ (edg-1) and lpB2 (H218), show that lpBĨ is also expressed in 
brain, and extend this analysis to different stages of development. Experiments are 
in progress to 1) confirm S IP  as the ligand for these receptors and 2) determine the 
in vivo function of these receptors in brain function and development using 
targeted deletion. Supported by the NIMH and Allelix Biopharmaceuticals.

127.18
ISOLATION OF TWO DIFFERENT cDNAs OF GLYCERALDEHYDE-3- 
PHOSPHATE DEHYDROGENASE FROM RAT BRAIN BY A RAPID PCR- 
BASED CLONING METHOD. J. Zheng.* R. Kink & V. D. Ramirez. Dept. Mol. 
& Integrative Physiol. & Neurosci. Program, Univ, of Illinois, Urbana, IL 61801 

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), a key house-keeping 
enzyme involved in glycolytic pathway, has been shown to have other functions such 
as involvement in neuronal apoptosis and interaction with neurodegenerative disease- 
related proteins such as ß-am yloid precursor protein and huntingtin. Many 
mammalian species have multiple copies (up to 300 copies in rat) of GAPDH genes, 
although most of them are considered pseudogenes. Functional, full-length GAPDH 
cDNAs in rat have been cloned from liver and muscle before, with differences in 
several bases. We report here the isolation of two different cDNAs from rat brain 
using a rapid PCR-based method with two specific PCR primers for GAPDH. One 
rat brain GAPDH cDNA had a 1203 base insert encoding a functional, full-length 
GAPDH of 333 amino acids. This cDNA had 13 and 6 bases different from 
previously published liver and muscle GAPDH cDNAs. One base in the coding 
sequence was different from both previous cDNAs, resulting in a change from alanine 
to serine at position 30 of the protein sequence. The other brain GAPDH cDNA was 
longer (about 2 kb) and is a novel clone because it has an extra 0.8 kb of sequence in 
the 5’-end, which does not show any significant homology to sequences in the DNA 
data bank. Partial sequencing of the 3’-end of this clone revealed an almost identical 
sequence to the functional GAPDH cDNAs. RT-PCR using a specific primer from 
the 0.8 kb region and an other specific primer in the GAPDH coding sequence, 
revealed that this novel GAPDH cDNA was clearly expressed in rat hippocampus and 
less in olfactory bulb. The study indicates that there are alternative, functional or 
novel GAPDH cDNAs in the rat brain.
Supported by NIH to VDR
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127.19
ISOLATION AND CHARACTERIZATION OF RAT GLIAL GROWTH FACTOR 
cDNA AND GENOMIC CLONES. M. S. Stonecypheг1*. T. Cheng2 and S, L. 
Caưoll1,3. Depts. o f ‘Neurobiology and ⅜athology, Univ, o f Alabama at 
Birmingham Sch. Med., Birmingham, AL 35294; Dept, of ⅛athology, Washington 
Univ. Sch. Med., St. Louis, MO 63110.

The neuregulin-1 (NRG-1) family o f growth and differentiation factors is a 
structurally diverse group o f proteins translated from alternatively spliced mRNAs 
transcribed from a single gene. Further structural variability is thought to be 
generated by the probable use of three distinct promoters; transcription from each of 
these putative promoters results in mRNAs which encode distinct amino termini and 
allows the NRGs to be divided into three subfamilies defined by their unique N 
termini and known as the mesenchymal, glial growth factor (GGF) and sensory and 
motor neuron-derived factor (SMDF) subfamilies. To explore the range and basis of 
NRG structural variability, a GG Fßla cDNA was isolated from a rat spinal cord 
library and the complete sequence o f this 3085 bp cDNA determined. Comparison 
o f this rat cDNA to a previously reported human cDNA demonstrates two distinct 
structural features in the rat cDNA: a) the presence of a glycosylation domain 
identical to that previously seen in mesenchymal isoforms and b) a 50 amino acid 
region in the kringle domain which diverges markedly from the equivalent region in 
the human cDNA. Probes derived from the GG Fßla and other NRG cDNAs were 
used to isolate twenty rat genomic (λ) clones. Three partially overlapping clones 
(λNRG24, 25 and 26) within this collection hybridized to a kringle domain probe. A 
4.0 kb EcoRI fragment containing the kringle domain was subcloned and sequenced, 
demonstrating that the rat kringle domain is contained in a single exon. This 
fragment also contains an estimated 2.2 kb o f 5' flanking sequence containing 
potential GGF promoter elements. The ability o f this 2.2 kb of 5’ flanking sequence 
to direct appropriate cell-type specific expression of a reporter gene is currently 
being investigated. Supported by the American Cancer Society.

127.21
CHARACTERIZATION OF A STE2O-LIKE PROTEIN KINASE THAT IS 
EXPRESSED DIFFERENTIALLY IN THE NERVOUS SYSTEM. M.-ī. 
Farm*. C.-Y. Chen. C.-î. Wang, Y.-Y. Tzau, and S.-D. Lin. Institute 
of N euroscience, National Yang-M ing U niv., Taiwan, R. O. C. 11221.

Cells communicate each other by transmitting extracellularsignals. 
Protein kinases are important factors to elaborate these signals. To 
explore their possible functions in the nervous system , w e first 
identưied undefined protein kinases w hich are specfiically expressed  
in the nervous system. Taking advantage of a conserved catalytic 
dom ain in all protein kinases, w e had cloned a novel protein kinase 
by PCR. mRNA of the cloned kinase is predom inantly expressed in  
the nervous system , therefore w e nam ed it as neural specific protein 
kinase 1, NSK1. Com parison of NSK1 kinase dom ain w ith  know n  
sequences indicates that NSK1 belongs to mem bers of Ste2O family. 
NSK1 can phosphorylate itself and m yelin  basic protein in an in vitro 
assay. To characterize further this kinase, tw o partial fragments were 
chosen to generate fusion proteins that w ere used as antigens for 
antibody production. Two m onoclonal and tw o polyclonal 
antibodies were obtained. W hen NSK1 proteins w ere overexpressed  
in 293T cells, a band w ith  the predicted m olecular w eight w as  
detected by Western using these antibodies. A nalysis of NSK1 
protein distribution in adult rat brain by im m unochem istry show ed  
that there are strong signals in cell bodies and processes of neurons in 
cerebral cortex and hippocam pus. Lower levels of expression were 
also observed in other brain regions, but not in striatum. W e are 
currently investigating functions o f NSK1 using cells that overexpress 
this protein. Supported by DOH87-HR-732.

127.20
MOLECULAR CLONING AND ANALYSIS FOR Ca27CALMODULlN- 
DEPENDENT PROTEIN KINASE II FROM CHICKEN BRAIN. G.Y. Li1, N. Liu1,
O.L. Liu2, R. Gregg2,3, N.G.F.Cooper1,2*. 'Dept, o f Anatomical Sciences and 
Neurobiology, 2Dept. of Ophthalmology and Visual Sciences, 3Dept. of Biochemisty, 
Univ, o f Louisville Med. Sch.; Louisville, KY 40202.

Ca27calmodulin-dependent kinase II (CaMK II) is a multifunctional kinase 
important to brain function. Several CaMK II isoforms( α, ß, ß ’,γ and δ) have been 
cloned from mammalian (rat) brain and Northern analysis shows a 5.1-kb mRNA of 
CaMK II α-subunit and a 4.0-kb of CaMK II ß-subunit. However, in chicken forebrain 
a larger α-subunit (6.6kb) and smaller ß-subunit (З.Okb) are detected. To examine the 
CaMK II gene structure, a chicken forebrain cDNA library was constructed by oligo- 
(dT) priming and directional cloning in Uni-ZAP XR vector. Library screening using 
a mouse monoclonal antibody (Mab) 6G9 specific to the CaMKII α-subunit and Mab 
CBß-1 that for the CaMKII ß-subunit. Two unique clones (clone-lα  and clone-2α) 
from 10 positive screened clones were identified as containing the entire coding region 
of a putative CaMKII α-subunit. Deduced amino acid sequence for Clone-lα (478 
amino acids) is highly homologous to the rat CaMKII α-subunit (97%) and has a 
molecular size consistent with the rat coding region. Clone-2α is similar to Clone-lα 
but contains an 11-amino acid insertion (residues 329-339). 9 of 12 positive clones 
screened by Mab CBß-1 are identical to the rat CaMKII ß-subunit. From 9 positive 
clones, a unique sequence of 1623 base pairs was determined. This sequence contains 
a single open reading frame encoding a protein o f 541 amino acids which is 
homologous to the rat CaMKII ß-subunit (96%). The difference is accounted for by a 
reduction in 2-amino acids in the chicken as compared to the rat. Differences in amino 
acid sequences between species (or clones) are accounted for by a variable region 
between the calmodulin binding domain and the association domain, whereas the other 
functional domains are highly conserved. Differences in non-coding region are also 
likely. Supported by NSF-EPSCoR Grant OSR9452895

PRESYNAPTĨC MECHANISMS ï  

128.2128.1

LAYER SPECIFIC AND DEVELOPMENTALLY REGULATED 
SHORT-TERM MODIFICATION OF UNITARY EPSPS IN 
NEOCORTICAL PYRAMIDAL NEURONS. A.D. Reves* and B. 
Sakmann. Max-PIanck-Institut fur Medizшische Foгschung, D-69028 
Heidelberg, Germany

In pyramidal neurons, successively evoked excitatory postsynaptic 
potentials (EPSPs) either depress or facilitate. To assess whether short 
term modification of EPSPs was determined by the pre- or postsynaptic 
neuron, we performed simultaneous whole-cell recordings (34°C) from 3 
connected and identified layer 2/3 and layer 5 pyramidal neurons in slices 
of rat sensorimotor cortex. The triplets consisted of: 1) a presynaptìc layer 
2/3 neuron that divergently projected to a layer 2/3 and a layer 5 neuron; 
or 2) a layer 2/3 and a layer 5 neuron that convergently innervated the 
same postsynaptic layer 5 neuron.

In juvenile cortex (P14), short term modification of EPSPs varied with 
the identity of the presynaptìc pyramidal neuron, as defined by its location 
at the different cortical layers. In divergent circuits, the EPSPs evoked 
following ÎOHz stimulation of the presynaptìc layer 2/3 neuron depressed 
weakly in both targets. In convergent circuits, the EPSPs evoked by 
stimulation of the presynaptìc layer 5 neuron depressed significantly more 
that those evoked in the same neuron by stimulation of the presynaptìc 
layer 2/3 neuron. In mature cortex (P28), there were no layer specific 
differences: the EPSPs evoked in both layers facilitated regardless of the 
identity of the pre- or postsynaptic cells, ₣esynaptic mechanisms seem to 
underlie both facilitation and depression of EPSPs.

The layer specific differences and the developmental switch in short 
term modification of EPSPs in pyramid-to-pyramid commections suggest 
differential maturation of nerve terminals at each layer.

Supported by the von Humboldt Foundation

SY NAPTIC DYNAMICS W ITH SHORT-TERM  FACILITATION AND DEPRES
SION: A STOCHASTIC MODEL. V. Matveev* and X.-J. Wang. Dept, of Physics 
and Volen Center for Complex Systems, Brandeis Univ.; W altham, MA 02254.

We explore the im pact of short-term  plasticity  on synaptic transmission by 
studying the response of a stochastic model synapse to  input spike trains of dif
ferent tem poral structure. Analyzing the case of a  constant-frequency stimulus 
we find th at: (i) steady-sta te  probability of release (PR) is inversely proportional 
to  stim ulation rate  as in other existing models; (ii) coefficient of variance of the 
response diverges with increasing input rate  as \frātē\ (iii) Correlation between 
two successive release events is negative when P R  is proportional to the num
ber of available synaptic vesicles (SV) and can be positive when PR  depends 
non-linearly on SV pool size, as is the case when a t m ost one release per action 
potential is assumed. Further, we test the hypothesis th a t short-term  facilitation 
can enable synapses to  filter out single spikes and favor bursts of action poten
tials; driving the synaptic model with burst-containing spike trains we find that, 
given a  fixed firing rate, transm ission is m ost efficient when the input is orga
nized into clusters of spikes. An opposite result holds for a strongly depressing 
synapse. We also show th a t  the  tem poral correlations present in the input sig
nal are significantly reduced by the synapse. Experim ental recordings exist for 
cortical synapses revealing more than  two-fold depression in response to a paired- 
pulse stimulus; we conclude th a t this effect cannot be accounted for by vesicle 
depletion, and propose mechanisms th a t would explain this fast initial phase of 
depression, including inactivation of release machinery, and introduction of an in
term ediate “prim ed” vesicle state. Lastly, we explore the possible role of delayed 
inhibitory feedback to  vesicle release by incorporating model GABAß autorecep
tors into our synaptic scheme, and find the dynamic range of the synapse to be 
significantly increased due to  reduction of satu ration  of synaptic response at high 
stim ulation rates. (Supported by the Alfred P. Sloan Foundation and ONR grant 
N00014-95-l-0319).
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128.3
SHORT TERM PIΛSTICITY AND COOPERATIVE CΛ2‘ DEPENDENCE OF 
CA2* REMOVAL AT PRESYNAPTIC TERMINALS OF THE SPINY LOBSTER 
NEUROMUSCULAR JUNCTION K. Ohiiuina1. T. Kazawa1. S.··Qgawa1. I . 
Takcuchi1. N. Suzuki1, A. Miwa2, and H. Kijima1* 'Dept. of Physics, Sch. of 
Science, Nagoya Univ., Nagoya 464-8602, Japan. 2Dcpt. of Neurobiology, 
Tokyo Metropolitan Institute of Neuroscience, Fuchu 183-8526, Japan.

We studied post-tetanic short term plasticity of transmitter release with 
electrophys¡ological methods at the spiny lobster excitor motor nerve terminals. 
We found three components of facilitation with decay time constants about 15, 200 
and 1000 ms. The short term plasticity could be described by 3 4th power of the 
sum of underlying components but not by simple additive or multiplicative 
models.

We also studied stimulation-induced changes of free calcium concentration 
([Ca2*],) in presynaplic terminals with Ca2* imaging. We analyzed the Ca2* 
dynamics under the assumption that the Ca2* removal rate from the terminal 
cytoplasm is proportional to «-th power of [Ca2*];. During 100 stimuli at 10-100 
Hz, [Ca2*]¡ increased and reached a plateau. ΊЪc plateau value increased in a 
less-than-linear way with stimulation frequency, and n was about 2. After 100 
stimuli at 10-100 Hz, [Cľa2*j¡ decayed rapidly in initial high [Ca2*]¡ but slowly in 
low ļCa2*]¡, and n was also about 2. These results suggest that a certain 
cooperative Ca2t-dependcuce of Ca2* removal mechanism (n = 2). such as 
mitochondria, may play an important role in the terminal. In the analysis of 
decay time course, n increased with the number of stimuli from 1.4 (after 10 
stimuli) to 2 (after 100 stimuli) but independent of its frequency (10-100 Hz). 
The change in n could not be explained by simple activation of the removal 
mechanism.

Grant-in-aid for Scientific Research from the Ministry of Education, Science,
Sports and Culture.

128.5
PLASTICITY AT INHIBITORY SYNAPSES ENHANCES SIGNAL 
PROCESSING IN A FEED-FORW ARD INHIBITORY CIRCUIT. S.A. 
Fisher* and T.J. Carew. Yale University, Departments o f Psychology & Biology. 
New Haven, CT 06520.

Short-term plasticity (STP) is a common feature o f most synapses, and feed
forward inhibition (FFI) is a fundamental architecture of many neural circuits. Using 
a computational model based on identified synapses in Aplysia (Fischer & Carew, 
1995; Fisher et al., 1997), we examined how STP can act to enhance information 
processing within FFI circuits.

We constructed a model circuit consisting o f a single excitatory neuron (EN) 
and a single inhibitory neuron (ΓN). Five synaptic inputs onto each neuron were 
independently (randomly) activated at the same average rate. All input synapses 
could temporally summate; STP was restricted to the IN to EN synapse, which 
containedЗ different enhancement processes (frequency facilitation, augmentation and 
post-tetanic potentiation) and 1 depression process. Circuit output was measured as 
the synaptic output of the EN. A signal was defined as infrequent input that was at a 
higher level than noise; noise was defined as repetitive input to the circuit. We 
found that a circuit configured in this manner automatically adjusts its signal 
detection threshold. For example, when there is no background input, any transient 
input is processed as a signal. However as the input persists, the level of FFI 
progressively increases, reducing the circuit’s response to the input, thereby 
redefining the input as noise. If a stronger input now occurs, it surpasses the FFI 
and the circuit again responds. As the inputs decrease, so too does the level of FFI, 
resetting the noise threshold.

Thus STP at an inhibitory synapse in a FFI circuit can act to improve and 
automatically regulate the signal-to-noise ratio through a reduction in the circuit’s 
response to background or sustained activation. Such a mechanism could also serve 
to mediate short-term habituation, in which a signal, upon repetition, might be 
redefined as noise in the network.
(Supported by NIH grant ROl MH48672 to TJC and NIMH grant 1F31MH11358- 
01A1 to SAF)

128.7
THE MECHANISM OF LATE PAIRED-PULSE DEPRESSION.

Toxicology, Medical College o f  Georgia, Medical Research Service, 
Augusta VAMC, Augusta, GA 30912.

Short-term, activity-dependent depression o f synaptic transmission (e.g. 
paired-pulse depression; PPD) is often attributed to depletion of readily- 
releasable synaptic vesicles. We have performed experiments and 
simulations to determine the mechanism o f late ( 1 s interval) PPD of 
population synaptic responses in brain slices (medial perforant pathway) 
and in hippocampal microisland cultures. In both preparations the second 
response o f pairs evoked Is apart was depressed by 20-50%. A simple 
model of release predicts that depletion can account for this much PPD 
only at release sites that possess 1 or 2 releasable vesicles, if at most a 
single vesicle is released per release site per action potential. Allowing 
multivesicular release allows for greater PPD due to depletion if the 
probability o f release is high. Late PPD decreased when the probability of 
release was lowered by decreasing the external calcium concentration.
The dependence o f late PPD on release was the same at Is and Зs 
intervals, suggesting synaptic facilitation had decayed completely by Is. 
Responses evoked at 1Hz reached a steady state quickly; no additional 
depression was observed after the third response. These results suggest 
that depletion o f readily-releasable vesicles alone can account for PPD at 
these synapses only if most release sites have very few releasable vesicles 
to begin with, and the rate o f replacement o f released vesicles increases 
greatly after release. Additional experiments will examine alternative 
mechanisms o f late PPD at these synapses.
Supported by a VA Merit Review Award, and NS36455.

128.4
SHORT-TERM PLASTICITY BETWEEN IDENTIFIED INHIBITORY 
INTERNEURONS AND PYRAMIDAL CELLS IN HIPPOCAMPAL 
SLICE CULTURES. G.B. Aaron Ч  K.S.Wilcox 2. and M.A. Dichter 123 
David Mahoney Institute for Neurological Sciences and Depts. Of 
Neurology 2 and Pharmacology 3, University o f Pennsylvania, Philadelphia, 
PA 19104

Paired whole-cell patch-clamp recordings were obtained between 
monosynaptically connected intemeurons and pyramidal cells in 
hippocampal slice cultures. Intemeurons and pyramidal cells were identified 
by their physiology, pharmacology, and morphology as revealed by biocytin 
staining. Inhibitory postsynaptic currents (IPSCs) were recorded in 
pyramidal cells and evoked by depolarizing current pulses in current- 
damped intemeurons in the presence o f glutamate antagonists APV and 
DNQX, and they were judged to be monosynaptic by their consistent, short 
latencies. IPSCs were GABAA receptor-mediated and contained no 
GABAB components at stimulation frequencies o f 10 Hz or lower. Results 
of paired-pulse stimulation demonstrated significant paired-pulse depression 
(PPD) of IPSC amplitudes: at interstimulus intervals ranging from 75 to 
1000 msec, the second IPSCs were depressed 10 to 30%. 10 Hz tetanic 
stimulation in the same cell pairs did not result in additional consistent 
depression o f consecutive IPSC amplitudes. These results indicate that 
IPSCs undergo short-term depression, but this depression may be limited 
during sustained stimulation. Short-term plasticity at these inhibitory 
synapses has important consequences with relation to the functional 
architecture of the hippocampus and for the spread o f seizures in epilepsy.

128.6
MINIMAL STIMULATION AND PAIRED PRESYNAPTIC CELL STIMULATION 
PRODUCE SIMILAR MEASURES OF PAIRED PULSE FACILITATION IN RAT 
HIPPOCAMPUS IN VITRO. B.N.Johnson ', K.S.Wilcox 2 *, and M.A. Dichter l,2·3. 
David Mahoney Institute for Neurological Sciences ', and Depts. o f Neurology 2 and 
Pharmacology 3, University o f Pennsylvania, Philadelphia, PA 19104

Many recent studies o f  both short and long term plasticity have utilized the technique 
of minimal stimulation of the input pathway. However, to our knowledge, this method 
of stimulation has not been validated by direct comparison with the effects of 
presynaptic stimulation in dual recordings o f monosynaptically connected pairs o f neu
rons. In the current set o f experiments, minimal stimulation of the Schaeffer collaterals 
was compared to presynaptic cell pair stimulation in the CAЗ, as a means o f producing 
paired pulse facilitation (PPF) in the CA1 o f organotypic slice cultures o f  the postnatal 
rat hippocampus. In slice cultures, the relative ease o f obtaining paired recordings from 
monosynaptically connected neurons allowed us to compare directly, in the same 
preparation, the PPF produced by these two different stimulation paradigms. In 15 CA1 
neurons studied, pathway stimulation at a 100 ms interstimulus interval (ISI) produced a 
PPF ratio o f 1.32 ± 0.08. PPF was also observed for IS ľs up to 1000 ms. These results 
are similar to an earlier finding o f 1.24 ± 0.14 by DeBanne et al., 1996 for cell pair 
stimulation, and also to our own preliminary cell pair stimulation results, suggesting that 
minimal pathway stimulation may indeed be producing reliable stimulation o f the same 
synapse (or the same few synapses). However, in the cell pair stimulation experiments, 
the narrower range of the response latencies, the ability to more accurately distinguish 
failures in neurotransmission from failures o f action potential generation, and the much 
lower incidence of multiple peaks in the responses, all greatly simplified the data 
analysis. In the pathway stimulation experiments, by contrast, 70 - 80 % o f the 
recordings were subsequently discarded as having waveforms too complex to interpret. 
We conclude, therefore, that paired cell recording will be a more robust experimental 
paradigm for investigating the mechanisms underlying short and long term synaptic 
plasticity. [Supported by NS2426O (M.A.D.)]

128.8
PAIRED PULSE DEPRESSION OF EXCITATORY AND INHIBITORY NEURONS 
RESULTS FROM A PRESYNAPTIC MECHANISM INDEPENDENT OF CALCINEURIN 
ACTIVATION. M.P. Kaplan3, K.S. W ilcox1, and M.A. D ichter1 ·2 3̀f  Depts. ot 
N euro logy1, Pharmacology2, and the David Mahoney Institute of Neurological 
Sciences3, University of Pennsylvania, Phila. PA 19104

Most synapses display short term changes in efficacy when the presynaptic cell is 
fired at high frequencies. In the simplest case, pairs of action potentials occurring at 
short interspike intervals (50 ms-4 sec) may result in either paired pulse facilitation 
(PPF), or paired pulse depression (PPD). While PPF is generally attributed to residual 
calcium, there is less agreement on the cause of PPD, which is attributed to one of 
two types of presynaptic mechanism: a depletion of a finite “readily releasable pool" 
of vesicles, or a reduction in the probability of release by one of several possible 
calcium-activated ’’brakes" such as calcineurin and other enzymes. Using hippocam
pal neurons in low density tissue culture, we compared the paired-pulse plasticity of 
excitatory and inhibitory neurons, and the effects of the phosphatase inhibitor 
okadaic acid on PPD and PPF. Nearly all inhibitory pairs tested displayed PPD 
(avg.=0.68 ±0.13, n=25 ), while excitatory pairs were somewhat more diverse, dis
playing PPD, PPF, or a mixture of both effects (avg.= 0.68 ± 0.23, n =1 6 ). Addi
tionally, excitatory pairs showed greater variability from trial to trial, while inhibitory 
pairs where much more consistent in their responses. Analysis of these fluctuations 
revealed no correlation between PPD and the size of the first pulse, arguing against 
the depletion hypothesis, which predicts that PPD should be proportional to the num
ber of vesicles released. Calcineurin is a Ca+2-activated phosphatase which reduces 
the efficacy of many synapses, and which has been implicated in the regulation of 
several forms of synaptic plasticity. To determine whether calcineurin may play a 
similar role in the mechanism or regulation of PPD and PPF in hippocampal neurons, 
the widѳ-spectrum phosphatase inhibitor okadaic acid (OA) was applied to both 
excitatory and inhibitory pairs. OA at concentrations up to 5 µM produced changes 
in the duration of the postsynaptic waveform of both IPSCs and EPSCs. However, 
OA produced no change in the paired pulse behaviour of either cell type. We 
conclude that PPD results from a presynaptic mechanism independent of calcineurin 
activation. [Supported by NS246O (M.A.D.)]
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128.9
HIGH-FREQUENCY FIRING FACILITATES REPLENISHMENT OF THE 
READILY -RELEASABLE POOL OF SYNAPTIC VESICLES. L.-Y. Wang1* 
and L. K. Kaczmaгe⅛2. łDiv. of Neurology & Program in Brain and Behavior, 
The Hospital for Sick Children and Dept, of Physiology, Univ, of Toronto, 555 
University Ave., Toronto, ON, Canada M5G 1X8; ⅛ept. of Pharmacology, 
Yale Univ. Sch. of Med., 333 Cedar St., New Haven, CT 06520, USA.

Synapses in the mammalian central nervous system (CNS) exhibit various 
forms of short- and long-term changes in their sưength, but it is often difficult 
to distinguish clearly whether presynaptic or postsynaptic mechanisms account 
for these changes. Using patch-clamp recordings from giant presynaptic 
terminals, known as the calyx of Held, and postsynaptic principal neurons of 
the medial nucleus of the trapezoid body in the mouse auditory brainstem, we 
show here that short-term synaptic depression is independent of desensitization 
of postsynaptic glutamate receptors or inactivation of presynaptic Ca2+ currents. 
Instead, it can be largely attributed to rapid depletion of a readily-releasable 
pool of vesicles. Replenishment of this pool is highly dependent on the recent 
history of synaptic activity. High-frequency stimulation of presynaptic terminals 
significantly enhances the rate of replenishment. Broadening the presynaptic 
action potential with the potassium channel blocker tetraethylammonium 
(TEA), which results in elevated Ca2+ entry, further enhances the rate of 
replenishment. Since this enhancement can be suppressed by the Ca2+ channel 
blocker, Cd2+ or the slow Ca2+ buffer, EGTA, we conclude that Ca2+ influx 
through voltage-gated Ca2+ channels is the key signal that dynamically 
regulates the refilling of the releasable pool of synaptic vesicles in response to 
different patterns of inputs.
Supported by the Eppley Foundation for Research, Inc., NIH and MRC o f  
Canada.

128.11
RECOVERY OF SYNAPTIC DEPRESSION IS ACCOMPANIED BY A 
REDUCTION IN THE RELEASE PROBABILITY OF VESICLES IN 
THE REFILLED RELEASABLE POOL. L.-G. Wu*, J.G.G. Borst and B. 
Sakmann Dept, o f Cell Physiology, Max-Planck-Institute for Medical 
Research, Heidelberg, Germany.

We have studied vesicle pool dynamics in the medial nucleus o f  
the trapezoid body by making simultaneous whole-cell voltage clamp 
recordings from large presynaptic terminals (the calyces o f Held) and 
principal cells in rat brainstem slices. A 10 ms depolarization o f the 
terminal to 0 mV evoked an excitatory postsynaptic current (EPSCstep), 
which reached its peak about 3-7 ms after the onset o f depolarization. 
The EPSC did not increase when the step duration was lengthened from 
10 to 30 ms. We therefore define the vesicles released by a 10 ms step to  
0 mV as the releasable pool at the calyx o f Held.

At various intervals after depleting the releasable pool, we 
measured the EPSC and the presynaptic Ca2+ current evoked by voltage 
clamping the terminal with an action potential waveform (EPSCap), or 
by a step depolarization. The EPSCap recovered much slower than the 
EPSCs(ep, although both recovered fully within 30 s. The presynaptic Ca2+ 
current decreased by less than 15%. During recovery from synaptic 
depression, the EPSCstep started later and had a longer 20-80% risetime. 
These results suggest that vesicles that have just entered the releasable 
pool take a few seconds to obtain their final Ca2+ sensitivity. As a result, 
action potentials release a much smaller fraction o f the releasable pool 
during recovery from synaptic depression.

L.G.W. was supported by the Human Frontier Science Program.

128.13
REGULATION OF CAЗ BURST LENGTH BY THE SUPPLY OF RELEASABLE 
GLUTAMATE. J.S. Bains*. M.A. Longacher. A. Yee and K.J. Staley. Dept, of 
Neurology and Pediatrics, U.C.H.S.C., Denver, CO 80262 

The simultaneous discharge o f hippocampal CAЗ pyramidal cells is a widely studied 
in vitro model o f physiological and pathological network synchronization. The rapid 
activation of this network is made possible by extensive positive feedback mediated by 
recurrent axon collaterals. The process that terminates burst activity and prevents the 
continuous activation o f the CAЗ population, however, remains unresolved.
We considered the idea that burst termination is due at least in part to a decrease in the 
positive feedback mediated by glutamatergic recurrent collateral synapses. Whole-cell 
recordings were performed from CAЗ neurons o f the adult rat hippocampus in 400 µm 
thick hemibrain slices at 35 °C. The rate of increase in the ability o f the CAЗ network 
to support a burst was measured by triggering a second burst at random time intervals 
after a spontaneous burst. The length o f the evoked burst increased in proportion to the 
time elapsed since the end of the last spontaneous burst with a time constant of 0.6 -  2 
seconds (n= 12). To assess the role o f desensitization o f postsynaptic glutamate 
receptors in burst termination, we measured the current induced by glutamate 
application to the dendrites of bursting CAЗ pyramidal cells. There was no correlation 
between the amplitude of the initial glutamate-induced current and the time elapse 
since the end o f the burst (n=26). To assess the supply o f releasable glutamate available 
at the end o f a burst, glutamate release was evoked by application of mannitol. Despite 
blocking all inhibitory processes, the EPSC frequency during the 2 seconds preceding 
the burst was 6.5 ± 0.8 times the frequency during the 2 seconds immediately following 
a burst (n=18). The time constants describing the rate o f change in EPSC frequency 
( 1.8 - 5 s) were similar to the time constants for the change in evoked burst length.
Our findings suggest that during a burst, synaptic strength is limited by a presynaptic 
mechanism. The depletion of glutamate is the primary determinant o f burst termination. 
Support: NS34436O, NS34700, Epilepsy Foundation o f America 
JSB is supported by a fellowship from the Human Frontiers Science Program

128.10
DESYNCHRONIZATION OF GABA RELEASE DURING HIGH 
FREQUENCY SYNAPTIC ACTIVITY. T. Lu» and L.O. Trussell. Dept 
o f Physiology, UW-Madison, Madison, WI53706 
The avian n. magnocellularis (nMAG) receives GABAergic innervation 
from the superior olive. Rapidly-rising, depolarizing IPSPs generated by 
stimulation o f these fibers reflect synchronous release o f GABA from 
multiple sites, activating postsynaptic GABAa receptors. Using patch 
clamp techniques in brain slices, we have investigated the response o f these 
synapses to repetitive stimulation. At 35°C, each IPSC rises within 0.2-0.3 
ms and decays with a major exponential component o f about 25 ms, 
slightly slower than mini IPSCs in nMAG. Several lines o f evidence 
indicated that upon repetitive stimulation, asynchronous transmitter release 
became a major contributor to total GABA-evoked current. With 0.2-1 sec 
trains o f stimuli at 100Hz or higher, the IPSCs in the latter part o f the train 
occurred at any time during the stimulus interval. Following the train, 
current decayed with a time constant up to 90 ms, during which delayed 
quantal release was prominent. Replacement o f extracellular Ca↔ with Sr++ 
produced little or no current at low stimulus frequency, but nearly 
equivalent current plateaus during trains. Application of EGTA-AM 
reduced the current amplitude during trains, and accelerated the decay time 
and reduced the delayed quantal release after the train. We suggest that 
calcium accumulation during trains o f presynaptic spikes favors 
asynchronous release o f GABA. This desynchronization may serve to filter 
the postsynaptic response, thus producing a steady conductance increase. 
Supported by DC02004.

128.12
FREQUENCY OF CAЗ POPULATION BURSTS IS REGULATED BY 
SYNAPTIC STRENGTH AT RECURRENT COLLATERALS K.J. Staley* M.A. 
Longacher J.S. Bains and A Yee Neurology and Pediatrics, UCHSC, Denver, CO 
80262. The simultaneous discharge of hippocampal CAЗ pyramidal cells is a widely 
studied in vitro model of network synchronization. The rapid activation of the entire 
network is made possible by extensive positive feedback mediated by recurrent axon 
collaterals. CAЗ bursting in vitro is strongly periodic, and we found that this 
periodicity is only modestly affected by blockade o f all inhibitory mechanisms. We 
therefore examined the supply of releasable glutamate at recurrent collaterals as a 
mechanism for limiting positive feedback and CAЗ excitability. CAЗ burst 
frequency was measured after blocking calcium-dependent afterhyperpolarizations 
and postsynaptic inhibitory GABAa and GABAв conductances. In 8.5 mM K \, the 
probability o f glutamate release (PR) was very high and the membrane potential of 
CAЗ pyramids was just below spike threshold. The probability of a burst was 
strongly correlated with the supply o f releasable glutamate at recurrent synapses, as 
assayed by the amount of glutamate that could be released by hyperosmotic media. 
Decreasing PR and increasing the membrane potential by lowering Kł0, or adding 
baclofen or adenosine increased the average interval between bursts by a factor of 2 
to 4 and their variance. Decreasing synaptic strength postsynaptically with the 
AMPA antagonist DNQX (100 - 400 ∏M) increased the interval between bursts by a 
factor o f 2-3 and the variance. Thus presynaptic determinants of the strength of 
recurrent synapses such as the number of releasable vesicles and PR, as well as 
postsynaptic determinants of synaptic strength such as the number of available 
receptors, strongly modulate CAЗ· burst frequency. Statistical models support the 
hypothesis that synaptic strength is a determinant of the number of simultaneous 
EPSPs necessary to trigger an action potential in the postsynaptic pyramid, so that 
the probability of occurrence of this number o f EPSPs regulates the interval between 
bursts. Support: NS3436O, NS347OO, the EFA, and the HFSP.

128.14
F R E Q U E N C Y -D E P E N D E N T  S Y N A P T IC  D E P R E S S IO N  A T  
E X C IT A T O R Y  A N D  IN H IB IT O R Y  U N IT A R Y  S Y N A P T IC  
C O N N E C T IO N S  IN T H E  R A T  N E O C O R T E X .

M a rio  G a la r re ta *  &  S h a u l H e s tr in . D e p t. A n a to m y  a n d  N e u ro b io lo g y , 
C o lle g e  o f M e d ic in e . U n iv e rs ity  o f T e n n e s s e e , M e m p h is . T N  3 8 1 6 3 .

T o  c o m p a re  th e  f re q u e n c y  re s p o n s e  o f e x c ita to ry  a n d  in h ib ito ry  
s y n a p s e s , s im u lta n e o u s  w h o le -c e ll re c o rd in g s  w e re  p e r fo rm e d  fro m  
s y n a p t¡c a lly  c o n n e c te d  e x c ita to ry  p y ra m id a l n e u ro n s  (P ) a n d  in h ib ito ry  
fa s t-s p ¡k in g -c e lls  (F S ). E x p e rim e n ts  w e re  p e r fo rm e d  in the  
s o m a to s e n s o ry  c o rte x  ( la y e r V ) o f ra t (1 4 -1 7  d a y -o ld ) b ra in  s lic e s  a t 
3 2 -3 3  °C . T h e  p re s y n a p tic  n e u ro n s  w e re  s t im u la te d  in c u rre n t c la m p  
m o d e , w h ile  p o s ts y n a p tic  c u rre n ts  w e re  re c o rd e d  u n d e r v o lta g e  c la m p . 
In re s p o n s e  to  p a irs  o f a c tio n  p o te n tia ls  (A P s , 50  m s  in te rv a l)  and  
t ra n s ie n t h igh  fre q u e n c y  s t im u la t io n  (5 5  A P s  @ 2 0  H z), e x c ita to ry  a nd  
in h ib ito ry  p o s ts y n a p tic  c u rre n ts  e x h ib it  s im ila r  d e g re e  o f d e p re s s io n . 
H o w e v e r, s u s ta in e d  s tim u la tio n  (s e v e ra l h u n d re d  o f A P s ) re v e a le d  a 
m u c h  s tro n g e r d e p re s s io n  a t e x c ita to ry  s y n a p s e s  (P -> P , n = 4  a n d  P- 
> F S  n = 1 1 ) c o m p a re d  to  in h ib ito ry  o n e s  (F S -> P , n = 7 ). S im ila r 
e x p e rim e n ts  o v e r a  ra n g e  o f s t im u la t io n  fre q u e n c ie s  (5 -4 0  H z) s h o w e d  
th a t s y n a p tic  d e p re s s io n  a t s te a d y -s ta te  is f re q u e n c y -d e p e n d e n t. T h is  
fo rm  o f fre q u e n c y -d e p e n d e n t s y n a p tic  d e p re s s io n  w a s  a s s o c ia te d  w ith  
an  in c re a s e  in th e  n u m b e r o f re s p o n s e  fa i lu re s  a n d  w a s  n o t a ffe c te d  
b y  c y c lo th ia z id e  (a  b lo c k e r o f A M P A  re c e p to r  d e s e n s itiz a t io n ), 
s u g g e s tin g  p re s y n a p tic  m e c h a n is m s . T h e s e  re s u lts  in d ic a te  th a t 
in h ib ito ry  s y n a p s e s  (F S -> P ) a re  b e tte r e q u ip p e d  th a n  e x c ita to ry  o n e s  
to  s u s ta in  tra n s m itte r  re le a s e  a t h ig h  fre q u e n c y  s t im u la t io n .

S u p p o rte d  b y  N IH  G ra n t-E Y 0 9 1 2 0  (S H ) a n d  S p a n is h  D G IC Y T  (M G ).
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128.15
SYNAPTIC FACILITATIO N AND D EPRESSIO N DUR IN G  γ-B U R S T A C TIVA 
TION OF INPUTS TO  NEO C O R TIC A L LAYERS 1 AND 2/3. E lisabeth  C. 
Walcott* and Ronald B. Lanαdon. The Neurosc iences Institute, San Diego, CA 
92121.

Bursts of γ-frequency unit activ ity occur natu ra lly  in the neocortex, and  in  vitro  
studies have shown that such activation  has pow erfu l short-te rm  effects  on 
synaptic e fficacy at short-range exc ita to ry  inputs to  pyram ida l ce lls  in layers 2/3 
and 5. Less is known, however, regard ing the  p lastic ity  o f long-range  cortico- 
cort¡cal connections. B ecause layer 1 is a m a jo r locus o f long-range  input to 
pyramidal cells, we have com pared, fo r synapses in layers 1 and  2 /3  in rat 
neocortical slices, postsynaptic response am plitude  d is tributions during  γ-fre- 
quency activation of excitato ry inputs (5 to 10 stim uli at 40 Hz).

EPSCs were obta ined by whole-ce ll recording from  layer 2 /3  of som atosen
sory cortex (S1, n = 7), and fie ld  EPSPs were recorded from  layers 1 and 2/3 of 
S1 (n = 6), occip ita l (n = 4), and pre frontal co rtex (n = 18), w ith  stim u li app lied 
alternately to layer 1 (isola ted by appropria te  cuts) and  to layer 4, to activate  
ascending /recurrent (a/r) inputs in layer 2/3. A  facilita tion /depress¡on  index 
(M) was ca lculated from  the cente r-o f-m ass of the firs t 5 am p litudes in each 
response tra in (range, 0 to 100). As a contro l, it w as observed  tha t M  va lues 
were consistently above 50 when s lices were  bathed in low -[C a++] (n = 10). In 
normal [Ca++], however, synaptic depression dom ina ted  γ-burst responses, and 
M was always less than 50, regard less o f the neocortical layer o r brain region. 
The overall m ean of M  was 41.3  ± 4.6, as dete rm ined  from  fie ld  potentia l 
recordings, and 44.7  ± 5.0 from  whole-ce ll data. C om paring  layers 1 and 2/3, 
the means of M  were 39.7  ± 1.2 and 43.8  ± 1.6, respective ly  (based on fie ld  
potential data only). These data  im ply tha t synaptic depress ion  is like ly  to be at 
least as im portant in the m odula tion of long-range as short-range  exc ita to ry  
connections in the neocortex.

Supported by Neurosciences Research Foundation.

PRESYNAPTIC MECHANISMS II

129.1
SELF-EXCITATION OF MITRAL CELLS IN THE RAT  
OLFACTORY BULB: ROLE OF NM DA AUTORECEPTORS l 2Paul 
Satin*. 'Serge Charpak. 'Laboratory of Physiology, ƯMR 7637, ESPCI, 10 rue 
Vauque!in, 2NETS, UPR 9081, 16 rue Claude Bernard, 75005, Paris, France.
In mitral cells, odorant stimulation induces a series of excitatory and inhibitory 
responses with different time courses. Blockade of the dendrodendritic inhibition 
during antidromic and orthodrc：；.ic stimulation of mitral cells unmasks a slow 
excitation. We investigated the mechanisms underlying the slow excitation, using 
whole-cell recordings of mitral cells, in young rat olfactory bulb slices. In the 
presence of picrotoxin, a single action potential fired by miưal cells evokes a slow 
excitatory post synaptic response which has several components: one which depends 
on the integrity of the olfactory bulb network and is depressed by NBQX (an AMPA 
recept ì antagonist), and one which persists after section of the primary dendrite and 
in the presence of NBQX. The latter response is mediated by NMDA receptors since 
it is enhanced in the absence of Mg and blocked by the antagonist D-APV. We then 
analyzed whether this NMDA self-excitation results from activation of NMDA 
dendrodendritic network interactions or from activation of NMDA autoreceptors. 
We pt rformed voltage-clamp recordings with pipettes containing cesium gluconate 
and in conditions where no glutamateгgic network would be functional (NBQX, 25 
αM: T ǐ X, 1 µM and Mg 1.5-2 m M l Under such conditions, activation of a calcium 
current vvas followed by a small inward voltage-dependent and D-APV sensitive 
c,nap'. cuπent. This suggest-: that glutamate released by secondary dendrites 
activates NMDA autorecepto; ■>. The ю!e of NMDA self-excitation was assessed 
using current-clamp recordings performed in the presence of NBQX and Mg. 
Application of MK 801, depressed the cell firing induced by a depolarizing step 
demonstrating that action potentials release glutamate at the secondary dendrite and 
re>¡i·v. the Mg bhxT in order to enhance cell firing.

129.3
REDUCED C a 2+ SENSITIVITY OF THE NEUROTRANSMITTER RELEASE 

MACHINERY BY MEMBRANE HYPERPOLARIZATION
I. Paгnas\ R. Ravin. H. Parnas and M.E. Spira The Otto Loew i 
Minerva Center for Cellular and Molecular Neurobiology, Department 
of Neurobiology, The Hebrew University, Jerusalem, Israel 

W e attempted to experimentally dissociate the contribution o f [Ca2+]ss 
and transmembrane voltage to the release process. We found that when 
a single bouton was depolarized by a train o f brief pulses, [Ca2+]ss 
increased to different levels according to the frequency o f stimulation. 
The quantal content and the rate o f asynchronous release, recorded 
from the same bouton, increased in a sigmoidal level as a function o f 
[Ca2+]ss. W hen each o f the depolarizing pulses was follow ed by an 
hyperpolarizing pulse (zero delay), [Ca2+Jss did not increase to the 
same level as in the control (depolarizing pulses), the quantal content 
was reduced and release terminated sooner. The rate o f  asynchronous 
release, was also reduced, and this reduction was more than expected  
from the reduction in [Ca2+]ss. When Ca2+ entry was reduced by increasing 
[M g2+]0, the decrease in asynchronous release rate was as expected  
from the reduction in Ca2+ entry. In addition, while M g2+ decreased 
both [Ca2+]ss and the quantal content, it did not accelerate the termination 
of release. These results indicate that post-pulse hyperpolarization has 
at least two effects: reduction in Ca2+ entry and a direct effect on the 
release machinery rendering the latter less sensitive to Ca2+.

129.2
ROLES OF ACTION POTENTIAL PROPAGAΉ ON, PRE- AND 
POSTSYNAPTIC NMDA RECEPTORS IN THE ACTIVATION OF 
OLFACTORY DENDRODENDRITIC RECIPROCAL SYNAPSES.
W .R. Chen*, M. Ma, C. Jia and G.M . Shepherd. Section o f  
Neurobiology, Yale Medical School, N ew  Haven, CT 06520.

Dendrodendritic reciprocal synapses on miưal cell secondary dendrites 
are a major feature o f olfactory bulb local circuits. Based on our previous 
work on action potential initiation and propagation in mitral cell primary 
dendrites (Chen et al., Science 278: 463, 1997), w e have extended dual 
patch-clamp analysis to the secondary dendrites. The results show that 
action potentials also propagate actively in these dendrites and play a 
critical role in activating the dendrodendritic reciprocal synapses under 
physiological conditions. Following single action potentials recorded in 
the secondary dendrites at distances up to 300 um from the soma, a large 
and long-lasting feedback IPSP was observed in 0 Mg ACSF but not in 
normal ACSF. The persistence o f the IPSP in TTX solution suggested 
that it was not mediated by a possible feedback circuit through miưal cell 
axon collaterals, but rather by the dendrodendritic reciprocal synapses. 
This feedback IPSP was completely blocked by NMDA receptor 
antagonists whereas non-NMDA antagonists had little effect. When the 
feedback IPSP was blocked by bicuculline, a prominent long-lasting 
depolarization was often observed. This depolarizing potential appeared 
to be a recurrent EPSP as it was blocked by APV. These results suggest 
that NMDA receptors are present at both pre- and postsynaptic sites o f 
mitral-to-granule cell synapses, and that postsynaptic NMDA receptors 
mediate feedback inhibition whereas presynaptic receptors conưibute to 
self-excitation o f the miưal cells. Supported by NIDCD, and NIMH, 
N ASA  and NIDCD (Human Brain Project).

129.4
PRESYNAPTIC FUNCTION OF KAINATE RECEPTORS EXPRESSED BY RAT SENSORY 
NEURONS. C. Justin Lee*. H. S. Enqelman, and A. B. MacDermott. Dept, of Physiology & Cell. 
Biophys. and Center for Neurobio. & Behavior, Columbia University, New York, NY 10032 

Acutely dissociated dorsal root ganglion (DRG) neurons have been shown to express kainate 
receptors (Huettner, 1990), but their role in synaptic transmission in nociceptive pathways 
remains uncertain. In acutely prepared P7-10 rat spinal cord slices, perfusion of ЮµM kainate 
induced a 2 to 10 fold increase in frequency of spontaneous EPSCs (sEPSCs) in 5 of lamina II, 
dorsal hom (DH) neurons tested in the presence of O.5µM tetrodotoxin. 212 of the neurons with 
increased sEPSC frequency in response to kainate also had large increases (>10 fold) in sEPSC 
frequency in response to ЮµM capsaicin, indicating that nociceptive primary afferent terminals 
were synapsing onto the neurons under study. Kainate-evoked whole cell currents were 
recorded from DRG neurons grown on microisland co-cultures with DH neurons to investigate 
possible mechanisms underlying kainate-enhanced glutamate release. Application of 1-100µM 
kainate to DRG neurons caused inward, desensitizing currents that were blocked by CNQX, 
enhanced by pretreatment with 300µg/ml Con A, and persisted in the presence of ЮOµM GYKI 
53655, a selective AMPA receptor antagonist. At a holding potential of -53 mV, kainate-induced 
currents were decreased by 30% (n=6) in bath containing 2OµM Ca2+, and by 23% (n=4) in the 
presence of 5OµM niflumic acid, a blocker of Ca2+ induced chloride (CiCI) currents, suggesting 
that CiCI channels may be activated secondary to kainate-induced current. In current clamp, 
ЮOµM kainate induced a sustained depolarization accompanied by action potential firing. The 
action potentials appeared to be generated far from the cell body because comparable 
depolarization by direct current injection produced only a few action potentials at the onset of the 
current step. These results suggest that kainate receptors are expressed by DRG neurons at 
sites remote from the soma, possibly including the nerve terminals. Kainate action on DRG 
central terminals may account for the increased transmitter release in spinal cord slices. These 
results support the hypothesis that kainate receptors play a functional role in nociceptive 
transmission at primary afferent terminals. Because kainate activation on DRG neurons causes 
action potential firing and may function synergistically with CiCI channels, kainate receptor 
regulation of transmitter release may be mechanistically complex. Funding: NIH
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129.5
M ULTIPLE POTASSIUM CHANNELS REGULATE NEUROTRANSM ITTER 
RELEASE FROM  SINGLE BOUTONS O F INHIBITORY HIPPOCAM PAL 
SYNAPSES IN CULTURE. Svetlana A. Fedulova1, Dmitry V, Vasilyev*. Elena V, 
Isaeva'. Michael E. Barish*2 and Nickolai Veselovsky', 'international Center o f  
Molecular Physiology and A.A. Bogomoletz Institute o f Physiology, Ukranian Academy 
o f Sciences, Kiev 24, Ukraine, and Division o f Neurosciences, Beckman Research 
Institute o f  the City o f Hope, Duarte, CA 910 JO.

Inhibitory postsynaptic currents (IPSCs) between synaptically connected cultured 
rat hippocampal neurons were recorded at a holding potential o f -75 mV, and were 
generated by direct extracellular electrical stimulation o f single visually identified 
presynaptic boutons by short current pulses delivered in TTX-containing external 
solution. Amplitudes o f stimulus evoked IPSCs varied from a minimum o f about 7-8 
pA to more than 150 pA. They were sim ilar in amplitude and waveform to 
spontaneously occurring postsynaptic currents, and reversed at ECı- The amplitudes o f 
stimulus-evoked IPSCs fluctuated, with a mean spacing o f 20 pA.

Three voltage-gated potassium currents were pharmacologically separated. A- 
current was sensitive to 4-aminopyridine (4-AP; 20% reduction at 1 mM and 75% 
reduction at 5 mM), and insensitive to tetraethylammonium (TEA). D-current was more 
sensitive to 4-AP (reduction o f 43% at 1 mM and 78% at 5 mM ) and also to TEA 
(reduction o f 55% at 10 mM). A  delayed rectifier cuưent was insensitive to 4-AP (up 
to 5 mM), but sensitive to TEA (70% reduction by 10 mM).

Local application o f 5 mM 4-AP increased the mean amplitude o f evoked IPSCs 
by 90 ± 30% (mean ± s.e.m., n = 6), while application o f 10 mM TEA resulted in a 20 
± 7% (∏ = 5) increase. Neither 4-AP nor TEA affected the single quantum amplitude. 
We suggest that 4-AP is more effective because it blocks two transient potassium 
currents. A- and D-current, and thus that both A - and D-current participate in regulation 
o f the presynaptic action potential and Ca2ł entry at inhibitory hippocampal synapses.

Supported by Ukrainian Academy o f Sciences and by grant UB2-232 from the 
Civilian Research and Development Foundation to N. V. and M.E.B.

129.7
D E P O L A R IZ A T IO N  INCREASES Q U A N T A L  SIZE IN  A D R E N A L  
C H R O M A F F IN  CELLS V IA  V E S IC U LA R  A C ID IF IC A T IO N . K.P. L iu 1. E ,N . 
P othos1,2. W. S e t l ik 3. M .D . Gershon\  M .M . R a p p o rt*4. H . T a m ir23 and LĻ 
S u lze r1,2. 'D iv  N eurosci, NYS Psych Inst, 2Depts N e u ro l &  Psych, 3A na t C e ll 
B io l, C o lum b ia , N Y , N Y  10032,4N e uro l, E inste in  C o ll M ed , N Y , N Y  10461. 
Both  ve s icu lar a c id ific a tio n  and secretion in  sheep th y ro id  p a ra fo l l ic u la r  
cells are m ed ia ted  by a c tiv a tio n  o f a C a2+-sensitive  ce ll surface receptor 
tha t promotes p h o s p h o ry la tio n  o f the p64 C ľ  channel in  membranes o f 
secretory vesicles. C ľ  channel p h o s p h o ry la tio n  enhances ves icu la r C ľ  
en try , a c id ific a tio n , and serotonin uptake  (T a m ir, J.B io l.C hem . 271:6441- 
50). D e p o la riz a tio n  v ia  ves icu la r a c id ific a t io n  m ay thus p o te n tia te  
neuro transm iss ion  by e leva ting  quanta l size. In  PC12 cells, exposure to 30 m M  
Ю  fo r 5-10 m in  s ig n ific a n tly  elevates dopam ine  quan ta l size in  the presence 
o f L -D O P A  (L iu , Soc.N eurosc i.A bs tr., 1997, 46.1). In the present s tudy, we 
used am perom etry  to measure the quanta l size o f monoamine release by 
ch ro m a ffin  cells before and a fte r a 40 m in  exposure to 50 m M  K \  The  
average quan ta l size per cell rose to 2 ll± 3 7 %  o f contro l levels (p<.O l, n=7 
cells) fo llo w in g  Î [ K +]℮ exposure. The increased quan ta l size was c o m p le te ly  
abo lished b y  the V „*-A T P ase  in h ib ito r  b a filo m y c in  (0.5 µM , n=Ю  cells), by 
the C ľ  channel b locker NPPB (30 µM , n=6 ce lls), or by exposure to ↑[K +]℮ in  
C a2t-free m edia  (n=4 cells). A na lys is  o f vacuo la r a c id ific a t io n  by th e  
in tra c e llu la r p a r tit io n in g  o f the w eak base a crid in e  orange confirm ed th a t  
h ig h  K + increased ves icu la r a c id ific a tio n . W h ile  b a filo m y c in , C a 2+-fre e  
sa line, and NPPB b locked ↑[K +]e-induced  a c id ific a t io n , they  d id  not cause 
collapse o f p re v iou s ly  ex is ting  ve s icu la r p ro ton grad ien ts . Ca2+ in f lu x  and 
g a ting  by p64 C ľ  channels seem to be required fo r d e p o la r iz a tio n -in d u c e d  
increased quan ta l size. Fund ed  dy A aron  D ia m o nd  Fo u n d a t io n , 
N A R S A D , Pa rk in so n 's D isease Fo u n d a t io n , N ID A , N IH , a n d NYSPI.

129.9
RAPID INCREASE IN THE EXCITATORY GLUTAM ATERGIC DRIVE TO 
DENTATE INTERNEURONS FOLLOW ING HEAD TRAUMA J.Jeng». Z.Toth 
and I.Soltesz. Department o f Anatomy and Neurobiology, University o f California, 
Irvine, CA 92697-1280.

Intemeurons o f the adult dentate gyrus play a central role in regulating the 
input-output functions of granule cells. The perisomatic, feed-forward inhibitory 
control of granule cells has been shown to be compromised following fluid 
percussion head injury (Lowenstein et al., 1992; Toth et al., 1997). This study was 
designed to test whether the excitatory drive onto the dentate inhibitory system 
changes after head trauma.

Adult male Wistar rats were anesthetized and given moderate (2.0-2.2atm) 
lateral fluid percussion injury as described (McIntosh et al., 1989), and others were 
used as age-matched, sham-operated controls. One week after injury, the animals 
were anesthetized, the brains were removed, and in vitro slices prepared for 
electrophysiology. Whole-cell patch clamp recordings o f spontaneous IPSCs were 
obtained from granule cells with Cs-gluconate pipettes at 0 mV.

In agreement with previously published data, application o f the glutamate 
receptor antagonists APV and CNQX did not change the frequency o f the sIPSCs in 
granule cell? from age-matched, sham-operated control animals. By contrast, one 
week after head trauma, APV and CNQX caused a dramatic reduction in the 
frequency o f the sIPSCs in granule cells from fluid percussion injured animals (sIPSC 
frequency in APV and CNQX: 57.4±4.l%  o f control, n=6 cells). These data show 
that the excitatory drive onto intemeurons supplying the inhibitory innervation to 
granule cells o f the dentate gyrus is increased following head trauma, similarly to 
what has been reported to take place after kindling (Buhl et al., 1996). In addition, 
these results indicate that the increase in excitatory drive onto intemeurons can 
appear surprisingly rapidly after head trauma.

Supported by the NIH (NS35916-01 Al to I.S.).

129.6
USE- A N D T E M P E R A T U R E  - D E P E N D E N T  D E P R E S S IO N  OF 
A C T IV IT Y  B Y  M Y O  IN O S IT O L  A T  T H E  C O R T IC O  - H IP P O C A M P A L  
R E G IO N . A.E. Talpalar*  and Y. G rossm an. Dept. Physiology, Fac. o f Health 
Sciences, Zlotow ski C enter for N euroscience, Ben-Gurion Univ, of the Negev, 
84105 Beer-Sheva, Israel.

M yo-inositol, a substrate for the phosphatidyl inositol cycle, is effective in 
treating depression  and other m ood disorders. The m echanism s underlying its 
therapeutic effects were studied using electrical recordings in raťs  cortico- 
hippocam pal slices. P opulation EPSP (pEPSP) and antidrom ic action potentials 
(AA P) were evoked at CA1 and dentate gyrus regions. At 36° C, 50 min 
treatm ent with exogenous m yo-inositol (1-2 m M ) depressed the amplitude of 
pEPSPs by 52 % (n=7, p<0.0005) and AA Ps by 47 % (n=6, p=0.04). This 
stim ulation - dependent effects suggested a use - dependent process. In fact, 
long exposures to m yo-inositol (3 hrs) w ithout stim ulation was ineffective 
(n=3). The effects o f  m yo-inositol at 24° C were weaker: Single pEPSPs were 
not depressed even during  long exposures, but a potentiation of the pEPSP, 
observed after stim ulation at 50 Hz, was im peded by the treatm ent (n=l2). 
S im ilar concentrations o f  m annitol, as a control, were ineffective (n=3). 
B ecause these effects suggested the involvem ent o f a m etabolic pathway, 
cholinergic m odulation was assessed. M yo-inositol was effective in 
strengthening the depressing  effects o f  the m uscarinic agonist pilocarpine (1-20 
µM ) on pE P S P ’s and A A P ’s am plitudes. In contrast, the antagonist atropine (1- 
10 µM ) delayed the effects o f m yo-inositol. In conclusion, myo-inositol 
depressed synaptic and spike activity in the hippocam pus in a use- and 
tem perature - dependent m anner. This effect may be partially mediated by 
m uscarinic responses. S upported by the N ational Institute for Psychobiology in 
Israel.

129.8
DEPO LARIZATIO N AFFECTS NEUROMUSCULAR JUNCTION OF 
STREPTOZOTOCIN-DIABETIC MICE. W. B. Alshuaib* and M.A. Fahim l.

Department o f Physiology, Faculty o f Medicine, Kuwait University, Kuwait,
1 Department o f  Physiology, Faculty o f  Medicine and Health Sciences, UAE 
University, United Arab Emirates.

The effect o f  increasing extracellular calcium concentration on spontaneous 
transmitter release was studied at both soleus and extensor digitorum longus 
(E D L) nerve terminals o f control and streptozotocin-induced diabetes (STZ-D) 
in young (7 month) C57 BL mice depolarized by high (20 mM) extracellular 
potassium. Diabetes was induced by i.p. injection with a single dose o f 
streptozotocin (200 mg/kg) at age 5 month and electrophysiological studies 
were carried out after 8 weeks. By using intracellular recording, miniature 
endplate potentials (MEPPs) were first recorded in a normal [K ]〇 Krebs 
solution. Subsequently, MEPPs were recorded in high [K ]〇 Krebs solutions 
w ith 4 different Ca2+ concentrations: Ca2+-free/EGTA, 0.5, 1.5 and 2mM Ca2+. 
MEPP frequency was lower at STZ-D than control nerve terminals in EDL (fast) 
but not soleus (slow). However, MEPP frequency was progressively higher at 
both EDL and soleus o f STZ-D than control w ith increasing Ca2+ concentration 
in Krebs that contained 20 mM [K ]〇. In STZ-D soleus, depolarization produced 
0.7, 4.2, 41.6 and 62.7 vs 0.9, 2.1, 20.4 and 30.2 Hz for control in the 4 different 
Ca2+concentrations. In STZ-D EDL muscle, depolarization produced 0.5, 4.9, 
48.2 and 65.3 vs 1.3, 2.5, 36 and 68.1 Hz for control in the 4 different Ca2+ 
concentrations. Bimodal and unimodal MEPP amplitudes were present at both 
slow and fast nerve terminals. However, depolarization increased the 
percentage o f  bimodal MEPP amplitude in STZ-D compared to control 
(P < 0.01) mice in EDL but not soleus. The results revealed that nerve firing 
pattern may provide a protective effect against depolarization-induced increased 
transmitter release o f  STZ-D mice.

129.10
EFFECT OF PRESSURE ON PARALLEL- AND CLIMBING FIBERS 
SYNAPTIC INPUTS TO THE CEREBELLAR PURKINJE CELLS. Y. Etzion and 
Y. Grossman *. Department of Physiology, Faculty of Health Sciences, and 
Zlotowski Center for Neuroscience, Ben-Gurion University of the Negev, Beer- 
Sheva 84105, Israel.

Cellular studies of invertebrate single synapses revealed that high pressure 
markedly depresses synaptic transmission, probably by reducing calcium influx into 
the presynaptic terminals. We studied the effect of pressure on CNS excitatory 
synapses of parallel (PF)- and climbing fibers (CF) inputs to the cerebellar Purkinje 
cells in guinea pigs. Biplanar and sagittal cerebellar slices (respectively) were 
placed in a pressure chamber and were constantly perfused with 5 mM KC1 
Ringer’s solution at 30 °C, equilibrated with 95% 〇 2，5% C〇 2 at atmospheric 
pressure. PF and CF field potential responses were recorded in the dendritic layer 
to stimulation of pia matter and white matter respectively. Pressurization up to 
10.1 MPa was achieved with compressed helium. High pressure significantly 
reduced the maximal amplitude of the PF input volley to 75.0 ±6.71 % (mean ± 
SD, n = 4, p< 0.05), the maximal postsynaptic cuưent to 58.1 ± 13.2 %, and 
decreased the slope of the graph depicting synaptic ’cuưenť as a function of the 
input volley to 75.9 ± 9.0 %. In contrast, pressure increased paired pulse 
facilitation (PPF) to 144 ± 8.9 %. Similarly, pressure significantly decreased the 
maximal CF synaptic cuưent to 66.2 ± 11.9 % (n = 4). However, paired pulse 
depression (PPD), a characteristic feature of this synapse, was not affected by 
pressure. These results indicate that pressure depresses synaptic transmission in 
both PF and CF pathways, although to a lesser extant than that observed for single 
invertebrate synapses. However, whereas the increased PPF of PF is in agreement 
with previous studies and may reflect pressure induced reduction of calcium influx 
into the presynaptic terminals, the insensitivity of PPD of CF suggests a different 
mechanism for pressure effect on this synaptic input. Partially supported by 
Goldman foundation, Faculty of Health Sciences, Ben-Gurion University.
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129.11
TRACHYNIL Y SIN STIMULATES EXOCYTOSIS OF DENSE CORE 

VESICLES IN CHROMAFFIN CELLS OF THE ADRENAL GLAND. C. 
Colasante* F.A. Meunier2, G. Lawrence2 C. Mattei3, P. Chameau3, A. Kгeger^
O.Dolly2 and J. Molgó3. 1 Centro de Microscopía Electrónica, Univ. Los Andes, 
M¿rida, Venezuela. 2Dept. Biochemistry, Imperial College, London, 
UK.3Laboratoiгe de Neurobiologie Cellulaire et Moléculaire, C.N.R.S., 91198 Gif- 
suг-Yvette, France. 4Univ. Maryland, School o f Medicine, Baltimore, USA.

Trachynilysin (TLY), a 159 kDa toxic protein purified from stonefish (Synanceia 
trachynis) venom, greatly increases spontaneous quantal acetylcholine release from 
motor nerve terminals and induces depletion o f clear synaptic vesicles without 
affecting large dense core vesicles (LDCVs) containing neuropeptides and 
possesing CGRP-like immunoreactivity. The aim o f the present study was to 
determine whether TLY could induce the release o f LDCVs containing 
catecholamines. For this purpose, primary cultures o f chromaffin cells from bovine 
adrenal glands were exposed to TLY (6-120 nM) for 5, 10, and 20 min in the 
presence of an extracellular medium containing Ca2+. The cells were then fixed 
with 2.5% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4), postfixed with O s04, 
dehydrated and embedded in Spurr resin. After 20 min of exposure to TLY, 
chromaffin cells released 15-25% o f their total catecholamine content as 
determined using a conventional fluorometric assay. Ultrastructural examination 
revealed a marked reduction in the number o f LDCVs. Most o f the remaining 
vesicles were located near the cell’s periphery. After 5 to 20 min o f exposure to 
TLY large number of LDCVs in various stages o f exocytαsis were observed. It is 
concluded that TLY stimulates exocytosis of catecholamine-containing LDCVs 
from chromaffin cells, in contrast to its inability to induce release o f neuropeptides 
from motor nerve endings. These results suggest different pathways in the calcium- 
regulated exocytotic release of LDCVs contained in neurons and chromaffin cells. 
Partially supported by the CDCHT (M-590-97), Univ. Los Andes, Mérida, 
Venezuela.

129.13
PROPO FOL FA CILITA TIO N  OF [¾ ]G A B A  RELEA SE FROM  
SY NAPTOSO M ES. K.D. Murugainh* and H.C. Heinmings Jr. Department of 
Anesthesiology, Cornell University Medical College, New York, NY 10021.

Several intravenous general anesthetics enhance KCl-evoked [3H]GABA release 
from synaptosoшes. We examined the effects of propofol (PRO) on basal 
(unstimulated) and high KCl-evoked [¾]GABA release from rat cerebral cortical 
synaptosoшes (SYN). SYN (100 µg protein) preloaded with [⅜ļGABA (0.04 µM, 
70-100 Ci/nunol; 37°C for 15 min) were superfused with HBM (in mM: NaCI 140, 
NaHCOз 5, KC1 5. CaCl2 1.3, MgCI2 1, NaH2P 0 4 1.2, glucose 10, HEPES 20, pH 
7.4) plus 50 µM aшino¯oxyacetic acid and 10 µM nipecotic acid. [¾]GABA 
release was evaluated as % fractional release; drug effects were calculated as % 
(±SEM) of control values. PRO (2-45 µM) enhanced basal (EC5〇=7.1 µM) and 15 
mM KCl-evoked release (ECs〇=5.4 µM) in a dose-dependent manner. Bicuculline 
(10 µM) inhibited PRO (11 µM) facilitation of basal (from l54±l4%  to П6±I2% ; 
p<0.05) and KCl-evoked (from 39O±ЗO% to 1I6±I2%; p<0.05) release. Picrotoxin 
(10 µM) also inhibited PRO facilitation of basal (to П 6±I2% ; p<0.05) and KCl- 
evoked (to Ю8±I7%; p<0.05) release. Substitution of CΓ in HBM with gluconate 
inhibited PRO facilitation of basal (from l53±lб%  to Ю2±5%; p<0.01) but not 15 
mM K-gluconate-evoked (from 375±I7%  to 323±5l% ; p=0.38) release. Omission 
of C 0 2/HC〇 з̂  from HBM did not affect PRO facilitation of basal or KCl-evoked 
release, but addition of ethoxyzolamide (50 µM), a membrane peπneable carbonic 
acid anhydrase inhibitor, prevented facilitation of both basal (from l5 9 ± ll%  to 
П8±8%; p<0.01) and KCl-evoked (from 4I6±34%  to 245±I8%; p<0.01) release. 
CaCl2 omission, BAPTA-AM (100 µM) and dantrolene (50 µM) also inhibited 
both effects of PRO. Facilitation of basal and KCl-evoked [⅜]GABA release by 
PRO is Ca2+-dependent and requires intracellular HCOз^ availability and 
intracellular Ca2+ release, while facilitation of basal release also requires 
extracellular Cľ availability. Supported by NIH Grant GM 52441.

129.15

E N H A N C E M E N T  OF S Y N A P T IC  T R A N S M IS S IO N  BY  A 
PHORBOL ESTER A T THE C A LY X  OF HELD. T. Hori and T. 
Takahashi* Department o f  N europhysio logy, U niversity o f  Tokyo 
Faculty o f  M edicine, Hongo 113-0033 Tokyo, Japan 

Effects o f  phorbol esters on excitatory postsynaptic currents (EPSCs) 
were studied using w hole-cell recordings from the giant presynaptic 
terminal, the calyx o f  Held, and its postsynaptic target cell in the medial 
nucleus o f  trapezoid body in rat brainstem slices. A  brief application (2 
min) o f  a phorbol ester, phorbol 12,13-dibutyrate (PD Bu, 500 nM), 
produced a marked potentiation o f  EPSCs, which lasted for more than 
30 min, whereas the inactive analogue 4α-PD Bu (500 nM) had no such 
effect. PDBu had no effect on the mean am plitude o f  spontaneous 
miniature EPSCs recorded in the presence o f  tetrodotoxin, suggesting  
that the potentiation o f  EPSCs by the drug was caused presynaptically. 
PDBu had no effec t on the presynaptic calcium  current directly  
recorded from the calyx o f  Held. In paired pre- and postsynaptic whole
ce ll recordings, the magnitude o f  EPSC potentiation by PDBu was 
greater w hen the presynaptic pipette contained less EGTA. We 
conclude that phorbol ester may activate the exocytotic  machinery 
through activation o f  protein kinase C or other Ca2+ -dependent 
presynaptic proteins.

129.12
LAMOTRIGINE ATTENUATION OF EXCITATORY SYNAPTIC 
RESPONSES IN HIPPOCAMPUS. A.R. Parent* and M .A. Rogawski. Neuronal 
Excitability Section, Epilepsy Research Branch, NINDS, NIH, Bethesda, MD 
20892-1408.

Lamotrigine (LAG) is an antiepileptic agent that is believed to act via use- 
dependent block of voltage-activated Na+ and Ca2+ channels to reduce synaptic 
glutamate release. This hypothesis was examined in rat hippocampal slices and 
cultures of dissociated embryonic hippocampal neurons. Population responses 
evoked by Schaffer collateral stimulation were recorded in the CA1 area of 
hippocampal slices. Evoked antidromic spike (AS), population spike (PS) and 
field excitatory post-synaptic potential (fEPSP) responses were monitored 
simultaneously. Bath application of LAG (100 µM) in picrotoxin-containing 
ACSF produced a rapid decrease in the AS amplitude (>40%); recovery occurred 30 
min after drug washout. In addition, LAG produced a decrease in the fEPSP slope 
(>40%) and PS amplitude (>60%). The decreases in the fEPSP and PS were more 
persistent than the effect on the AS, but both returned to baseline 90 min after drug 
perfusion. The observed decrease in AS suggests LAG directly affects axonal 
conduction or threshold. The longer lasting depression of the fEPSP and PS 
indicate that there are inhibitory effects on excitatory synaptic transmission. To 
further support these observations, we measured spontaneous AMPA receptor 
mediated EPSCs from pyramidal neurons in dispersed hippocampal cultures using 
whole-cell patch-clamp recording. Isolation of spontaneous AMPA-EPSCs was 
accomplished using Cs+/QX-314-containing internal solution, and external 
solution supplemented with picrotoxin and CPPene. Application of LAG (50 µM) 
produced a rapid (>50%) decrease in the frequency of spontaneous AMPA-EPSCs 
that rapidly recovered after drug washout. Additional longer lasting effects were 
also noted. Taken together, the results demonstrate that LAG can inhibit 
excitatory synaptic transmission in hippocampus by a presynaptic mechanism.

129.14
P RO TEIN  K IN A S E  A  A C T IV A T IO N  INCREASES Q U A N T A L  SIZE IN  
P C I2 CELLS A N D  M ID B R A IN  D O P A M IN E  N E U R O N S . E.N. Pothos». Y. 
S chm itz  and D. Su lzer. Depts. o f N e u ro l, and P sych ia try ., C o lu m b ia  Un iv ', 
and Dept, o f N e urosc i.,·N ew  Y o rk  State Psych. Inst., N Y , N Y  10032 

U p re gu la tion  o f second-messenger p a th w a y s  in  the m eso lim b ic  dopam ine  
(D A ) system o f in tac t an im als  po ten tia tes  D A  release. We p re v io u s ly  
showed tha t increased cytoso lic  D A  o r a c tiva tio n  o f D2 auto recep tors  alters 
quan ta l size and release frequency (Pothos 1998, JNeurosci; S chm itz , th is  
m eeting). In  the present s tudy , w e exam ined the effects o f p ro te in  kinase A  
(P K A ) ac tiva tio n  on D A  quanta l release. Exposure o f PC 12 cells to the P K A  
ac tiva to r Sp-8-Br-cAM PS (2m M ) fo r  40 m in  increased average quan ta l size 
o f s tim u la tion -d e pe nd e n t D A  release from  2OO,OOO±49,OOO (m ean±sem ) 
molecules (o n ly  2 o f 18 cells recorded d isp la ye d  q uan ta l release) to 
l,293,OOO±2l9,OOO m olecules (18 o f 18 cells showed q ua n ta l release, p < .O l) 
In cu ltured  m id b ra in  D A  neurons, S p-8-B r-cA M P S  (100 µM , 30 m in ) 
increased quanta l size from  3,OOO±ЗOO molecules (n=2O re leasing contro l 
sites, average o f 1 event per h igh  K ł  s t im u la tio n ) to l4,OOO±3,4OO molecules 
(n=8 releasing sites, average o f 1 event per stim ). S u lp ir id e  (20 µ M , 30 m in ), 
w h ic h  increased bo th  q uan ta l size (lЗ,8OO±2OOO m olecules) and th e  
frequency o f release (n=6 re leasing sites, average o f 10 events per s tim ). 
Exposure to both  S p-8-B r-cA M P S  and s u lp ir id e  was a d d it iv e , increasing 
quan ta l size to 27,8OO±3,7OO moiecules (10 re leasing sites, average o f 13 
events per s tim ). The present fin d in g s  dem onstrate  a form  o f p o te n tia te d  
synap tic  release in  m eso lim b ic  D A  neurons tha t appears p resynap tic  in 
nature  and results from  re g u la tio n  o f both  quan ta l size and the number of 
quanta released per s tim u la tio n . Fu nd ed  by Γhe A aron  D ia m o nd  
Fo u n d a t io n , N A R S A D , P a rk in so n 's D isease Fo u n d a t io n , N ID A  10154 &  
07418

129.16
IDENTIFICATION OF ECTO-PROTEIN KINASE IN PRIMARY  
NEURONS BY PHOTOAFFINITY LABELING.
M.V. Hogan1*. A. Babinska2. E. Komecki2. and Y.H. Ehrlich1.
’CSI/IBR Center for Developmental Neuroscience, City University o f New York, 
Staten Island, NY 10314. ⅛ ept. o f Anatomy and Cell Biology, SUNY Health 
Science Center, Brooklyn, NY 11203

We had previously identified an ecto-protein kinase present in chick primary 
neurons (J. o f Neurochem 65(5) p2022-2030). This ecto-protein kinase was found to 
be a target for ß-amyloid peptide and may play a role in the etiology of Alzheimer’s 
disease. We also demonstrated that the activity o f this neuronal ecto-protein kinase is 
highest during the onset o f neuritogenesis, which suggests that it may play a role in 
neuronal development. Procedures for identifying and isolating this enzyme were 
developed. Since this enzyme is located on the outer surface o f intact cells it is 
necessary to use a non-permeable probe which can bind to ecto-protein kinase. Intact 
chick primary neurons were incubated with radiolabeled 8-Azido-ATP (which is 
activated by UV light). With this photoaffinity labeling method we identified a major 
43K protein. The labeling o f this protein was inhibited when a monoclonal antibody 
against the catalytic domain o f PKC (Mab. 1.9) was added prior to the addition of 
label, suggesting that the labeled protein belongs to the PKC family. We also tested 
other PKC antibodies and inhibitors o f PKC. An antibody prepared by P. Parker 
against the 11 amino acid sequence at the C-terminus in the catalytic region o f the 
isozyme PKC-Ő specifically inhibited the labeling o f the 43K protein. The PKC 
pseudosubstrate peptide (19-36) also inhibited labeling o f this 43K protein. When the 
intact neuronal cells were incubated with trypsin (0.001%) before the addition o f 8- 
Azido-ATP the labeling o f the 43K protein was significantly reduced. This 43K 
labeled protein was further characterized by 2D gel electrophoresis and western 
blotting. We conclude that this 43K surface-ATP binding protein has the properties o f 
ecto-PKC. The purification of this protein will verify its catalytic activity as a kinase.
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129.17

G L U T A M A T E -I N D U C E D  P H O S P H O R Y L A T I O N  O F  
M A R C K S  IN  C U L T U R E D  R A T  H I P P O C A M P A L  
N E U R O N S . K. Fukunaga*. M. Ohmitsu and E. M ivam oto. Dept, o f  
Pharmacol., Kumamoto U niv. Sch. o f  M ed., Kumamoto 860-0811 , 
Japan

The activation o f  protein k inases play a crucial role in the 
molecular mechanisms that have been proposed to contribute to long-term 
potentiation (LTP) in the hippocampus. Induction o f  LTP in CA1 
regions o f hippocampal slices was associated with activation o f  CaM  
kinase II, protein kinase C (PKC) and MAP kinase. Phosphorylation of 
m yristoylated alanine-rich C kinase substrate (M ARCK S), a major 
substrate for PKC, was investigated in cultured rat hippocampal neurons. 
In 32P-labeled hippocampal neurons, exposure to 10 µM glutamate 
caused a long-lasting increase in MARCKS phosphorylation. Similarly, 
treatment with 50  µM N M D A  induced a persistent increase in the 
phosphorylation. The increased phosphorylation o f MARCKS induced 
by 50 µM AM PA or 500 µM ACPD was relatively small and transient. 
W e tested effects o f  protein kinase inhibitors on the glutamate-induced 
phosphorylation  and determ ined its p hosp h orylation  sites  by 
phosphopeptide mapping analysis and with antibody recognizing the 
PKC-dependent phosphorylation. The PKC-dependent phosphorylation 
was transient, peaked at 1 -3 min following the stimulation and returned 
to the basal levels within 10 min. Interestingly, M AP kinase activation 
largely  accounted  for the persistent in crea ses  in M A R C K S  
phosphorylation induced by glutamate. These results suggest that PKC 
and M AP kinase are sequentially involved in the glutamate-induced  
phosphorylation o f MARCKS in the hippocampal neurons.

129.18
MECHANISMS OF ACTION OF NITRIC OXIDE (NO) ON SYNAPTIC 
TRANSMISSION AND DEPRESSION AT THE FROG NEUROMUSCULAR 
JUNCTION. S.Thomas* and R·Robitaille. Dept, of physiology, Université de 
Montréal, Montréal, Canada, HЗC ЗJ7

At the frog neuromuscular junction (nmj), exogenously applied NO reduces 
transmitter release (Lingren & Laird, 1994). This work aimed at studying the synaptic 
mechanisms by which NO modulates transmitter release and synaptic depression at the 
frog nmj. Intracellular recordings revealed that bath applications of S-nitroso-N- 
acetylpenicillamine (SNAP,5OµM), an NO donor, reduced the amplitude of end-plate 
potentials (EPPs) by 47±I8%  (n=6). This reduction in fransmitter release was not 
caused by a reduction in Ca2+ entry in nerve terminals as shown by the lack of effects 
of SNAP (5OµM) on Ca2+ responses evoked by brief nerve stimulations (100Hz, 100ms) 
(Control: l75±6l% ; SNAP: l86±66%,n=Ю; p>0.05, Student’s paired t test). In 
addition, SNAP had no effect on Ca2+ responses elicited by prolonged stimulations 
(100 Hz,10s) (Control: 2lO±4O%,n=5; SNAP:2l9±62%,n=6; p>0.05, Student’s t test). 
The effects of NO on EPP amplitude were mimicked by 8-bгomo cGMP (ЮOµM;n=3), 
a membrane permeant cGMP analog, and the administration of LY-83583 (2OµM), an 
inhibitor of soluble guanyl cyclase, prevented the reduction of EPPs by SNAP. N0- 
dependent mechanisms do not appear to be involved in adenosine- and high frequency- 
induced depression since adenosine’s effects on EPP amplitude were unchanged 
following application of SNAP and since synaptic depression induced by high 
frequency stimulations (ЮHz,ЗOs), was unaffected after the blockade of guanyl cyclase 
with LY-83583 (2OµM). Taken together, these results show that the mechanism by 
which NO causes depression of transmitter release is cGMP-dependent, does not 
involve a reduction of Ca2+ entry in nerve terminals and, finally, that it is not 
implicated in the adenosine- and high frequency-induced synaptic depression.

This work was supported by MRC and FCAR grants.

PO STSY NA PTIC  M EC H A N ISM S: GLUTAM ATERG IC TR AN SM ISSIO N

130.1
THETA-LIKE MEMBRANE POTENTIAL OSCILLATIONS INDUCED BY 
NMDA-RECΈPTOR ACTIVATION IN CA1 PYRAMIDAL CELLS IN  VITRO
W. Buño*C. Bonansco. P. Gonzales Alegre. A. Gonzales de la Vega and L M Garcia- 
Seguгa. Instituto Cajal, CSIC, Av. Dr. Arce 37, 28002-Madnd, SPAIN.

The activation o f N M D A  receptors in CA1 pyramidal neurons induced 
rhythmic theta-like membrane potential oscillations topped by action potential bursts. 
Oscillations were evoked by N M D A  microiontophoresis in control conditions in all 
cells tested. However, glutamate microiontophoresis and Schaffer collateral stimulation 
only evoked oscillations in CA1 pyramidal neurons situated close to the midlme in 
control ringer. Lateral cells also oscillated following glutamate microiontophoresis and 
Schaffer collateral stimulation but only after non-NM DA channels were blocked by 
CNQX. Oscillations were voltage-dependent, increasing in frequency up to 10Hz with 
depolarization between -95 and -6OmV. Oscillations were insensitive to TTX, 
disappeared in Mg2+-free solution and when APV was added. Ca2+-free and 
carbamilcholine solutions, and BAPTA-loading prevented oscillations. The presence 
o f oscillations evoked by glutamate microiontophoresis and Schaffer collateral 
stimulation in midline but not in lateral C A 1 pyramidal neurons correlated well with 
the higher N M D A  receptor density in the former as determined by 
immunocytochemical methods. In conclusion, oscillations were originated by 
modifications in intrinsic properties due to the voltage-dependent block by Mg2+ of 
NM D A  channels, the resulting Ca2+ inflow and the subsequent activation o f the slow 
Ca2+ -dependent K + current. N M D A  oscillations were essentially identical to the 
“ intracellular theta” , suggesting that the natural rhythm may result from interactions 
between intrinsic and network oscillators, with N M D A  receptors playing a key role.

Supported by DGICYT/MEC and HCM/CEC grants to W.B.

130.3
EFFECTS OF NITROUS OXIDE (LAUGHING GAS) ON EXCITATORY 
AND INHIBITORY NEUROTRANSMISSION. S. Mennerick*. V. Jevtovic- 
Todorovic. S.M. Todorovic. J.W. Olney. & C.F. Zorumski. Depts. of Psychiatry 
& Anesthesiology. Washington University School o f Medicine, St. Louis, MO 63110. 
Despite widespread clinical use for over a century, the molecular targets of 
nitrous oxide (N20 )  have remained elusive. We recently suggested that N20  is 
a non-competitive NMDA receptor antagonist. Using whole-cell recordings, 
we explore the specificity of this effect and N20  effects upon neural 
communication in microcultures of hippocampal neurons, a preparation that 
permits straightforward assessment of presynaptic and postsynaptic actions of 
volatile anesthetics. We find that 80 vol% N20  inhibits NMDA excitatory 
synaptic cшгents (EPSCs) by 49 ± 6%. In addition, we detect weak inhibition 
of AMPA receptor mediated EPSCs (13 ± 5%). Both effects appear to arise 
postsynaptically because no effect o f N,O could be detected on paired-pulse 
depression o f EPSCs or upon miniature EPSC frequency. In addition, 
responses to exogenous applications of selective NMDA or AMPA receptor 
agonists were inhibited by N20 . The N20  block o f NMDA EPSCs affects the 
peak amplitude without significantly altering the EPSC time course. 
Surprisingly, the N20  block of NMDA currents (but not the block o f AMPA 
receptors) exhibits significant voltage dependence, although the voltage 
dependence is weaker than that o f ketamine, another NMDA receptor 
antagonist/anesthetic. We detect no evidence for an effect of N20  upon 
glutamate transporter mediated currents in astrocytes. Finally, N20  elicits a 
weak potentiation o f IPSC decays, consistent with reports o f weak effects of 
N20  at GABAa receptors. We conclude N20  has several postsynaptic effects 
but little or no presynaptic effect. Support: NIH grants DA 05072, MH 45493.

130.2
A B SEN C E O F D Y S T R O P H IN  IN C R E A S E S  NM DA RECEPTOR 
AC TIVA TIO N IN M IC E H IPPO C A M P A L CA1 AREA. C .Vaillendm .
J.M. Billard*(2l. and A. UngererfD. (1) URA-CNRS 1295, ULP, Strasbourg, 
France; (2) INSERM U159, 75014 Paris France.

Despite its concentration on postsynaptic densities, the contribution of the 
submembraneous cytoskeletal protein dystrophin in neuronal properties remains an 
open issue. We previously reported that long term synaptic plasticity induced by a 
conditioning stimulation of afferent fibers was not altered in hippocampal CA1 field 
of dystrophin-deficient (mdx) mice whereas short term plasticity might be facilitated. 
In the present study, the possible mechanisms of this facilitation were investigated 
by recording extracellular field excitatory postsynaptic potentials (fEPSPs) in CA1 
hippocampal slices. No significant difference in basal neurotransmission was found 
in wild-type and mdx mice. By contrast, the magnitude of short-term potentiation 
(STP) of fEPSPs induced by a conditioning stimulation was significantly greater in 
mutant mice. This difference lasted for 2 to 5 minutes depending on the strengtht 
(10, 30 or 100Hz) of the tetanic stimulation. On the contrary, the magnitude of 
posttetanic potentiation (PTP) induced by 100 Hz tetanic stimulation in the presence 
of the NMDA receptor (NMDAr) antagonist D-AP5, was not not affected in mdx 
mice indicating that the enhanced STP in these animals was predominantly of 
postsynaptic origin. NMDAr-mediated fEPSPs were isolated in a low-magnesium 
medium in the presence of the non-NMDAr antagonist CNQX. These synaptic 
responses were not altered in mice lacking dystrophin. Besides, the enhanced STP in 
mdx mice was normalized relative to wild-type mice by increasing the extracellular 
magnesium concentration from 1.5 to 3 mM. Furthermore, the depolarizing effect of 
bath-applied NMDA (50 µM for 30s) inducing a transitory depression of fEPSPs, 
was more sensitive to extracellular magnesium in wild-type than in mdx mice.
The present study shows that the absence of dystrophin induces an enhanced NMDAr 
activation in CA1 hippocampal area which might be due for part to a reduction of 
the receptor block by magnesium.
Supported by a grant from  AFM (Association Ғancaise contre les Myopathies, 
France)

130.4
ZINC AND COPPER AFFECT NEURONAL EXCITABILITY BY MULTIPLE 
MECHANISMS. M.S Horning. L.J. Blakemore. and P.O. Trombley* Department 
of Biological Science, Florida State University, Tallahassee, FL 32306 

The olfactory bulb contains among the highest concentrations of zinc (Zn) and 
copper (Cu) in the CNS. We have previously demonstrated that Zn and Cu are 
effective modulators of NMDA, GABA, and glycine receptors on olfactory bulb 
neurons. Whole-cell cuưent- and voltage-clamp electrophysiology were used to 
examine the effects of Zn and Cu on the excitable properties of rat mitral/tufted 
(M/T) cells in primary culture. Under current-clamp conditions, both Zn and Cu 
(100 µM) were effective antagonists of inhibitory synaptic transmission mediated 
by GABAa receptors. However, although Zn and Cu had similar effects on NMDA 
receptors, they had quantitatively different effects on excitatory synaptic 
transmission. During high frequency spontaneous excitatory synaptic transmission, 
100 µM Zn reduced EPSPs and altered the pattern of activity from asynchronous 
spiking to synchronized bursting. In contrast, much lower concentrations of Cu (3- 
30 µM) dramatically reduced or completely eliminated postsynaptic potentials.

Because the block of synaptic transmission by Cu was more robust than 
predicted by its effects on NMDA receptors, we examined direct effects of Zn and Cu 
on neuronal excitability. In response to 150 ms, 100 pA depolarizing current 
injection, M/T cells would often fire a burst of 8-10 action potentials. Zn (100 µM) 
reduced the number of action potentials in the burst by 30-40%. In contrast, 30 µM 
Cu, prevented burst firing, and usually only one action potential could be evoked. 
We examined the underlying mechanism further by testing the effects of Cu on 
voltage-gated potassium cuưents. Under voltage clamp, M/T cells were step 
depolarized from -90 mV to +20 for 150 ms in the presence of 1 µM TTX to isolate 
outward potassium cuưents. Under these conditions, most M/T cells generated 
outward potassium cuưents with transient and sustained components. In most 
neurons, 30 µM Cu dramatically reduced or eliminated the transient cuưent. These 
results suggest that, in addition to modulation of amino acid receptors, Cu, and 
perhaps Zn, can influence neuronal excitability through modulation of voltage-gated 
membrane cuưents. Supported in part by a grant from the NIH/NIDCD.
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130.5
CANNABINOID ENHANCEMENT OF NM D A-E V OKED CA2+ 
SIGNALS IS RECEPTOR-MEDIATED IN CEREBELLAR GRANULE  
NEURONS IN CULTURE. J.G. Netzeband*. S.M . Conrov. C. Trotter 
andD.L. Gruol. Dept. Neuropharmacol., The Scripps Research Institute, 
La Jolla, CA 92037.

Cannabinoids inhibit voltage-sensitive Ca2+ currents in a variety o f cell 
types and it has been suggested that decreased cellular Ca2+ may underlie 
some of the physiological and psychopharmacological actions of  
cannabinoids. However, few studies have examined cannabinoid actions 
on other aspects o f Ca2+ homeostasis such as Ca2+ influx through ligand- 
gated channels or Ca2+ release from intracellular stores. Previously, we 
found using fura-2 Ca2+ imaging that the cannabinoids R(+)-W IN and 
R(+)-methanandamide (30 nM; applied acutely to the bath) enhanced Ca2+ 
signals evoked by rapid (< l s) microperfusion o f  NMDA (200 µM) in 
cultured cerebellar granule neurons (5-15 days in vitro). We now report 
that these actions o f the cannabinoids are receptor mediated because the 
cannabinoid enhancement was dose-dependent (5-30 nM), was 
stereoselective for R(+)-WIN over the inactive analogue S(-)-W IN , was 
blocked by the C B 1 receptor antagonist SR 141716A (10-20 nM), and was 
blocked by the Gi/Go protein inhibitor pertussis toxin (200 ug/ml; 18 hr). 
R(+)-WIN or R(+)-methanandamide (10 nM) also enhanced Ca2+ signals 
elicited by K+ (50 mM, <1 s application by rapid microperfusion) 
stimulation, indicating that activation o f NMDA receptors is not necessary 
to obtain cannabinoid enhancement o f Ca2+ signals. In contrast, caffeine 
(20 mM) and thapsigargin (1 µM), agents that modulate Ca2+ release from 
stores, blocked the cannabinoid modulation o f NMDA-elicited Ca2+ 
signals in the granule neurons. These data suggest a role for intracellular 
Ca2+ stores in cannabinoid regulation o f neuronal function. Because o f 
the importance o f Ca2+ as an intracellular second messenger, our data

S est that the endogenous cannabinoid system serves a critical 
iilatory role in the central nervous system. Supported by DA 10187.

130.6
PO STSY N A PTIC  CU RR EN TS IN DEEP CEREB E LLA R  NU CLEI
D. Anchisi, B. Scelfo, P. Strata and F. T ernp ia* . Dept, o f  N euroscience. 
U niversity  o f  Torino , Ï-1Ö İ25 Torino , Italy 

The cerebellum  has a m ajor role in m otor learning and m em ory. D eep 
cerebellar nuclei (D CN ) neurones are the principal output o f  the  
cerebellum  and the m ajor target o f  the signals w hich leave the cerebellar 
cortex. In addition, they receive colla terals  from  all the input fibres to  
the cerebellum . D espite DCN play a key role in the in tegration o f  
signals and in cerebellar function , little is known on the synap tic  
properties o f  their neurones. These ex perim en ts were aim ed a t 
characterising  the p ost-synap tic  currents in DCN neurones DCN 
neurones were whole-cell recorded in acute cerebellar slices o f  5 to 8 
days old mice. Spontaneous inhibitory p o st-synap tic  currents had an 
average tim e constan t o f  13.6 ms (s.d. 3.2, n=7) and were com pletely  
blocked by the G A B A a antagonist bicuculiine (40 µM ). E xcita tory  p o st- 
synaptic currents (EPSC s) were evoked by electrical stim ulation  within 
tne DCN. The EPSCs com pletely  disappeared adding to the bath 
solution N B Q X  and D -A P5 together, which are respectively  th e  
an tagonists or AM PA and N M D A  receptors. The cu rren t-v o ltag e  
relationship o f  N M D A  EPSCs, recorded in the presence o f  N B Q X . had"a 
reversal potential o f  +1.6 mV (s.d. 2.8, n=5) and the m axim um  inward 
current was at -34.3 mV (s.d. 8.0, n=5). This I-V relation was fitted with 
the fo llow ing function: l=a gmax(V -V rev) /(a + [M g ^ Ίӵ·eьv ). The K(ļ o f  M g' 
block calculated from the best fitting  curve for this function was 154.3 
µM  (s.d. 68.1, n=5). N M D A  EPSCs had a double exponen tia l decay with 
tim e constan ts o f  194.7 ms (s.d. 75.5, n=3) and 33.6 ms ( s .d /  10.4. 
n=3). U sing N B Q X  or D-AP5 the AM PA and NM D A co m ponen ts were 
isolated. At a holding p o ten tia l o f  -60 mV the am plitude o f  NM D A 
EPSCs was 83.2%  o f  AM PA EPSCs (s.d. 21.2, n=5). These data indicate 
that in DCN neurones, even at the resting  m em brane potential o f  -60  
mV, exc ita to ry  synaptic signals include a strong NM D A  co m p o n e n t, 
that could provide a basis for synaptic plastic ity  in DCN. Funded bv 
M URST

130.7 130.8
OPTICAL QUANTAL ANALYSIS. Z. F. Mainen*. R. Malinow and K. Svoboda. 
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724.

To study synaptic function at individual central synapses, we are using two-photon 
Ca2+ imaging in CA1 pyramidal neurons of acute hippocampal slices. Under what 
conditions can fluorescence signals be used as quantitative indicators of postsynaptic 
glutamate receptor activation?

Subthreshold, synaptically-evoked [Ca2+] transients localized to individual 
postsynaptic spines (or dendritic point-like sources) could be measured in voltage 
clamp under physiological conditions (-60 mV, 2 mM Ca2+, 1 mM Mg2+, 35 °C, 100- 
400 µM Oregon-Green-BAPTA-1). The [Ca2+] transients showed variable 
longitudinal spread within dendrites but showed no indication of glutamate spillover 
between even the most closely spaced spines (<O.5 µm) on the same or different 
parent dendrites. Signals were enhanced by manipulations that increase NMDA 
receptor activation (0 to +40 mV holding potential or 0.1 mM Mg2+) and were 
blocked by NMDA receptor antagonists (D-CPP). Depolarized holding potentials 
also reduce possible ambiguity of Ca2+ sources by eliminating Ca2+ influx due to 
voltage-gated Ca2+ channels. However, high affinity dyes were sometimes saturated 
by single quantal synaptic release. This non-linearity may complicate efforts to 
quantify NMDA receptor activation (e.g. I-V relationships or receptor occupancy), 
and distort spatial profiles of [Ca2+] signals.

Under our experimental conditions, quantal [Ca2+] signals could be monitored at 
individual synapses for hundreds of stimulation trials. At many sites, failures and 
successes could be classified, allowing direct measurement of presynaptic release 
probability and postsynaptic quantal amplitude. Quantal responses showed high 
variability of peak amplitude from ưial to trial. This suggests either opening of very 
few NMDA receptors with high consequent single channel fluctuations and/or non
saturation of postsynaptic receptors with fluctuations of vesicular glutamate content. 
Consistent with electrophysiological studies, our measurements directly demonstrate 
wide heterogeneity in basal release probability, from near zero to almost one. 
Additional information on receptor occupancy and presynaptic release was obtained 
by paired-pulse protocols.

Support: NIH, Mathers and Pew Foundations, and Burroughs Wellcome Fund.

A SEN SITIV E M ETH O D  FOR TH E D E TER M IN A TIO N  O F  S T A T E  
TR A N SITIO N  RA TES O F AM PA R E C E P T O R S  U S IN G  
R E P E T IT IV E  AG O N IST PER FU S IO N  IN PU R K IN JE  C E LLS.

of Toronto, Ontario, Canada, and departm ent of Physiology, Northwestern 
University Medical School, Chicago, IL, 60611 U.S.A.

Rapid application of glutamate to excised membrane patches has proved* a useful 
method of fitting multi-state kinetic schemes for ionotropic receptors. The 
parameters of the kinetic scheme are adjusted to produce a current waveform that 
matches the time course of single or paired responses of the patch to brief agonist 
application. We have developed a mathematical formalism that can be used to predict 
how a multi-state receptor with Markovian kinetics will respond to a train of signals 
that gate the receptor. The model predicts that the occupancy vector characterizing the 
receptor status is determined both by the kinetic model employed and by the timing 
and intrinsic characteristics of the stimulus train. Thus, a more sensitive method for 
distinquishing between rival kinetic models may instead be achieved by the 
application of trains of brief agonist applications. Excised outside-out patches were 
obtained from Purkinje cells in rat cerebellar slices (plO-2ü) with patch pipettes (6- 
10 MΩ). A piezoelectric rapid perfusion system, using a double-barreled perfusion 
pipette pulled from theta tubing, was used to apply 10 mM glutamate to patches for 
brief (1 ms) or long (100 ms) durations, and in trains of 10 or more brief 
applications with interstimulus intervals ranging from 10 to 80 ms. Both single and 
paired responses were best fit by the AMPA receptor kinetic model presented by 
Häusser and Roth (1997). However, for trains of brief agonist application, the 
model deviated significantly from experimental observations. By fitting currents 
measured in responses to trains of brief agonist application, the state transition rates 
for a multi-state kinetic model were refined to fit responses to both pairs and trains 
of agonist, resulting in an improved model of AMPA receptor kinetics. Supported 
by a Human Frontier Award to V.V.U. and DCOO2764 & NS3484O to N.T.S.

130.9
GLUTAMATE SEN SITIV ITY  O F  N E O C O R T IC A L  PY R A M ID A L 
NEURONS IN V ESTIG A TED  W IT H  IN F R A R E D -G U ID E D  LA SER 
STIMULATION. A. Frick*, W. Zieglgänsbĉrger and H.-U. Dodt. M ax-Planck- 
Institute of Psychiatry, Kraepelinstr. 2, 80804 M unich, FRG.

Infrared-guided laser photostimulation was used to micromap the glutamate 
sensitivity of single rat neocortical layer V pyramidal neurons. Slices were bathed 
in saline containing 1 mM “caged“ glutamate. Neurons were visualized with 
infrared videomicroscopy and whole-cell patch clamp recordings were obtained 
from the somata o f cells filled with biocytin. B rief flashes o f  UV-light (2-5 msec) 
from a laser, focused to a 1 µm-spot by the objective, were delivered to various 
sites of the neuron to uncage glutamate. Our experiments show that apical 
dendrites of neocortical pyramidal neurons possess membrane areas o f  high (“hot 
spots‘1) and low glutamate sensitivity (n=ЗO). The voltage amplitude decreased as 
the light spot was moved along the first 50-80 µm o f the apical dendrite away from 
the soma. Responses evoked at “hot spots‘1 were up to several fold larger than 
those evoked at neighbouring locations or at the soma. Often, these large responses 
tnggered spikes which could be blocked with TTX (1 µM) and C d¿+ (100-500 
µM). The apparent threshold, amplitude and shape o f the Ca2+ spikes varied as a 
function of stimulation distance from the soma (n=6). The pattern o f  glutamate 
sensitivity along the apical dendrite persisted in the presence o f blockers o f 
voltage-gated sodium and calcium channels. The most pronounced “hot spots‘1 for 
glutamate were found 'in a membrane area 157 ± 39 µm from the soma (mean ± 
SD; n=l7). The specific AM PA receptor antagonist NBQX (1 µM) reduced the 
evoked responses but did not change the overall glutamate sensitivity pattern 
(n=7). The decay kinetics o f  the glutamate-evoked responses became faster as the 
site of (dendritic) stimulation was moved farther from soma. The data suggest a 
nonuniform distribution o f glutamate receptors along the apical dendrite as it 
ascends through the different cortical layers. “ Hot spots‘1 may serve as dendritic 
tπgger zones for regenerative spikes or as current amplifiers for distal synaptic 
events. (Supported by SFB 391)

130.10
USE-DEPENDENT BLOCK OF MOSSY FIBER EPSCS ONTO STR. LUC1DUM 
INTERNEURONS BY PHILANTHOTOXIN K.TО́th* and C.J. McBain Lab of 
Cellular & Molecular Neurophysiology, NICHD. NIH, Bethesda MD 20892

Previously we have shown the afferent specific innervation of philanthotox¡n (phtx) 
-sensitive (presumably Ca2*-permeable) and phtx-insensitive (presumably Ca2 - 
impermeable) AMPA receptors on single stratum lucidum interneurons. Mossy fibers 
were shown to synapse onto phtx-sensitive receptors while CAЗ pyramidal cell axon 
collaterals terminated exclusively on phtx-insensitive AMPA receptors.

Phtx blocks currents through recombinant GluR6(Q) receptors by a use-dependent 
mechanism (Bähring and Mayer 1998). Here we have studied the phtx block of mossy 
fiber synaptic currents to determine whether a similar blocking mechanism exists at 
native AMPA receptors underlying synaptic transmission. Mossy fiber inputs onto 
interneurons were evoked by low intensity stimulation o f either granule cells or the 
hilar region at a frequency of 0.5-2 Hz. Then in the absence of stimulation, slices 
were preincubated in 1 µM phtx for 10 minutes. The presence of phtx. in the absence 
of stimulation, was without effect on the amplitude of the EPSCs. On resumption of 
continuous stimulation the EPSC was progressively blocked and reached a maximum 
over course of several minutes. -200 stimuli were required for maximal block by phtx 
(I µM), this value was independent of the stimulus frequency. In the presence o f phtx, 
an increase in the stimulus intensity recruited previously silent axons. Continuous 
stimulation of the newly recruited terminals resulted in their progressive block by 
phtx. Evoked mossy fiber EPSCs were blocked in a use-dependent manner indicating 
that phtx also acts as an open channel blocker of native receptors. The effect o f phtx 
was reversible, but the relief from block was apparently not use-dependent. In 
contrast EPSCs evoked by the stimulation of CAЗ pyramidal cell collaterals were 
unaffected by phtx under similar conditions. In this study we have demonstrated that 
synaptically evoked mossy fiber EPSCs onto str. lucidum intemeurons are blocked by 
phtx in a use-dependent manner.
This work was supported by NIH.
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130.11
USING GluR2 NULL MICE TO VISUALIZE AM PA SYNAPTIC  
ACTIVITY AT SINGLE CNS SYNAPSES. S. Wang* and T.H. Murphy. 
Kinsmen Lab., Dept, o f  Psychiatry, Univ, o f  British Columbia, Vancouver, B.C. 
Canada, V6T 1ZЗ.

Our laboratory has exploited the Ca2+ permeability o f  the NMDA receptor to 
monitor synaptic transmission by C a2+ imaging from a single synapse in 
networks o f  cultured cortical or hippocampal neurons. Current hypotheses suggest 
that AMPA and NMDA receptors may be regulated independently and 
recruitment o f  a previously “silent synapse” is one o f the mechanisms to enhance 
synaptic transmission. Under normal conditions, AM PA-type glutamate receptors 
are Ca2+ impermeable due to the expression o f  the GluR2 receptor subunit. Using 
recently developed GluR2 null animals (Jia et al„ Neuron 17:945-56,1996) which 
have Ca2+ permeable AMPA receptors we were able to detect Ca2+ transients 
associated with AM PA-type glutamate receptor mediated miniature synaptic 
currents at single synapses. Primary cortical cultures were made from postnatal 
day 2-3 homozygous GluR2 null animals. Spontaneous miniature synaptic 
responses (in the presence o f 0.3 µM TTX) were recorded and Ca2+ transients 
were monitored under AMPA conditions (100 µM D,L-APV, 20 µM 
cyclothiazide) and NMDA conditions ( 0 M g2+, 3 µM  CNQX, 20 µM 
cyclothiazide). The cells were perfused alternatively in these two conditions. 
Preliminary results from four cells indicate that 44%  o f the synapses contain 
miniature Ca2+ transients mediated by both AM PA and NM DA receptors, 31% 
have only NMDA receptors and 25%  have only AM PA receptors. AM PA-type 
miniature Ca2+ transients were generally smaller (-5 0 %  at peak) and had a more 
rapid rise-time and decay than transients associated with NMDA receptor 
dependent miniature activity. (Supported by MRC Canada and EJLB foundation).

130.13
SPONTANEOUS EXCITATORY AND INHIBITORY POSTSYNAPTIC 
CURRENTS IN HIPPOCAMPAL NEURONS FROM GLUR2 KNOCKOUT 
MICE D.T. Ip1*, J. Schneiderman2, J.F. MacDonald3, J. Roder4, and B A. Orser1,3. 
'Dept. Anaesthesia, Sunnybrook Health Sciences Centre, Toronto, ON, Canada, M4N 
ЗM5, Dept. 2Medicine and 3Physiology, Univ. Toronto, ON, Canada, M5S 1A8; 4Dept. 
Immunology, Mt. Sinai Hosp., Toronto, ON, Canada, M5G 1X5.

Although studies of recombinant AMPA receptors in Xenopus oocytes suggest that 
the exclusion of the GluR2 subunit decreases the sensitivity of the receptor to 
barbiturates, we recently showed that GluR2 knockout (-/-) mice were behaviourally 
more sensitive to pentobarbital anaesthesia. Concordantly, hippocampal slice from -/- 
mice demonstrated decreased evoked excitatory postsynaptic potentials when compared 
to normal litteπnate mice. To further study synaptic events, we examined miniature 
excitatory and inhibitory postsynaptic currents (mEPSCs and mIPSCs) in postnatal 
cultured hippocampal neurons from -/- (n=5), heterozygous (+/-) (n=5), and wildtype 
(+/+) (n=3) mice. Whole-cell currents were recorded from neurons voltage-clamped at 
-60 mV. Preliminary results suggest that mEPSCs, recorded in the presence of 
bicuculline 10 µM, tetrodotoxin (TTX) 0.3 µM, and NMDA receptor inhibitors (MgCl2 
10 µM and AP5 10 µM), were similar in the peak amplitude, decay (τ), and frequency: 
-/- (23.7±4.6 pA, 4.O±O.6 ms, O.5±O.З Hz); +/- (22.6±4.7 pA, 4.7±O.4 ms, O.2±O.l Hz); 
and +/+ (33.9±Ю.4 pA, 2.9±O.З ms, O.2±O.l Hz) neurons. As well, mIPSCs, recorded 
in the presence of an AMPA receptor inhibitor (CNQX 10 µM), TTX, MgCl2, and 
AP5, were similar in the peak, decay, and frequency: -/- (19.3+3.5 pA, 34.l±3.5 ms
O.9±O.6 Hz); +/- (l5.O±3.l pA, 34.l±3.5 ms, O.2±O.l Hz); and +/+ (25.4±8.6 pA, 
l9.8±8.5 ms, O.7±O.4 Hz) neurons. These findings suggest that changes in mEPSCs 
and mIPSCs in GluR2 knockout neurons may not contribute to the increased 
behavioural sensitivity of the GluR2 knockout mice to barbiturates.

(Supported by the MRC-CAS Fellowship, IARS Frontiers in Anesthesia Award, 
MRC, and MOH grants).

130.12
C A L C IU M  P E R M E A B L E  A M P A  R E C E P T O R s M EDIA TE 
S Y N A P T IC  P L A S T IC IT Y  IN IN T E R N E U R O N S  IN RAT 
A M Y G D A LA . N. K, M ahanty* and P. S ah . D ivision o f Neuroscience, 
JCSM R , A ustralian National University, A C T 0200, Australia.

W e investigated the excitatory synaptic physiology o f the input from the 
ex te rn a l cap su le  (e.c) to in te rn eu ro n s in the baso /la te ral (BLA) 
am ygdala. Rats (18-26 day old) were anaesthetised with intraperitoneal 
nem butal and decapitated . Coronal slices (4OOµm) containing the LA 
and BL A  w ere cu t. R ecord ings w ere m ade from  neurons in the 
am ygdala  using the “b lind” whole cell patch technique. Interneurons 
w ere identified  by the lack o f spike frequency adaptation and faster 
kinetics o f spontaneous glutam atergic synaptic currents.

G lu tam aterg ic  inputs to aspiny neurons had no detectable NMDA 
com ponen t. The A M PA  com ponent in these ce lls  show ed marked 
rectification and was reduced by 8O℅ follow ing application of NHPP- 
Sperm ine. Tetanic stimuli delivered to the inputs at hyperpolarised (-80 
mV holding potential) intem eurons resulted in a long lasting increase in 
synaptic efficacy o f the synapse. This long term  potentiation (LTP) was 
blocked by postsynaptic BA PTA ( but not by application o f the NMDA 
recep to r a n tag o n is t APV  , or by the L type V SCC antagonist 
nicard ip ine). T hese results indicate that in terneurons in the LA/BLA 
express a form  o f  L T P requ iring  p o stsynap tic  calc ium  entry. This 
calcium  entry is not via through NM D A or V oltage Sensitive Calcium 
Channels..

Supported  by grants from  the National H ealth & M edical Research 
Council and the Sylvia and Charles V iertel Foundation.

130.14
LONG-TERM DEPRESSION OF AM PA RECEPTOR-MEDIATED SYNAPTIC 
TRANSMISSION BY INSULIN IN HIPPOCAMPAL CA1 NEURONS. H.Y. Man*. 
L.E. Becker and Y.T. Wang.. Research Institute. Hospital for Sick Children, University 
o f Toronto, Toronto, M5G 1X8, Canada

Both insulin and insulin receptors are expressed at high levels in discrete regions and 
associated w ith neurons in the central nervous system (CNS). As glucose utilization in 
neurons is not insulin-dependent, the CNS insulin system may have neuronal functions 
other than glucose homeostasis. Consistent w ith this idea, insulin has been shown to 
have an important role in mediating neuronal differentiation and survival. We have 
recently reported that insulin potentiates G AB A Λ receptor-mediated currents, and hence 
strengthens synaptic transmissions at G ABA-ergic synapses. This work suggests that 
insulin may also be involved in regulating synaptic efficacy in the CNS. In the present 
study, we have investigated effects o f insulin on excitatory synaptic transmission 
mediated by AM PA receptor, a subtype o f glutamate receptor, using hippocampal CA1 
neurons in brain slice preparations. We found that bath application o f insulin (0.5 µM; 
10 min) produced a 50% reduction in the amplitude o f AM PA receptor-mediated 
excitatory postsynaptic currents (n=8). This inhibition is long lasting and no recovery 
was observed even 1 hour after insulin washout. This inhibition can be largely blocked 
by the tyrosine kinase inhibitor genistein (50 µM ; n=4), and prevented by inclusion of 
10 mM BAPTA, a Ca2" chelator, in the intracellular recording solutions (n=7), 
suggesting that the insulin effect requires tyrosine kinase activity and depends on 
intracellular Ca2+. Intracellular perfusion, through the recording pipette, o f an antibody 
which neutralizes insulin receptor tyrosine kinase activity (n=6), but not a control IgG 
(n=4), blocked insulin-induced inhibition, suggesting that the insulin effect is mediated 
through activation o f  insulin receptor tyrosine kinase on the postsynaptic neurons. These 
data indicate that insulin modulates AMPA-receptor mediated synaptic transmission in 
a tyrosine phosphorylation- and calcium-dependent manner. As the AMPA receptor is 
the principal receptor mediating vast majority o f excitatory synaptic transmission in the 
CNS, insulin, by modulating receptor function, may be important in mediating brain 
function and dysfunction. (Supported by HSFO and Canadian MRC)
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131.1

POSTSYNAPTIC INDUCTION AND PRESYNAPTIC EXPRESSION OF 
BOTH LTP AND LTD IN THE LATERAL AMYGDALA. Y.-Y. Huang* 
and E. R. Kandel. Ctr. Neurobiol. & Behav., Columbia Univ., HHMI, New 
York, NY 10032.

W e have used brain slices contain ing  the am ygdala to exam ine the 
m echanism s underlying LTP and LTD  in the cortico-lateral amygdala 
pathw ay. W e found that postsynaptic injection o f C a2+ chelator blocked 
both LTP as induced by 100 Hz (IS )  tetanus and LTD induced by l Hz 
(1 5 -2 0  m in) stim ulation. These results indicate that a postsynaptic m ech
anism  is involved in the induction o f both LTP and LTD . By contrast, the 
expression  o f  LTP was associated with a profound depression o f paired- 
pulse facilitation (PPF), and the expression o f LTD  was associated with a 
facilitation  o f PPF. The inverse changes o f  PPF  for the expression of LTP 
and LTD  suggest that a presynaptic m echanism  may be involved. The 
postsynaptic induction and presynaptic expression  o f LTP and LTD in turn 
im plies that a retrograde signal m ight be required from  the postsynaptic 
site o f induction to the presynaptic site for expression. As a first step in 
search o f possible retrograde signals, we exam ined the possible role of 
nitric oxide (NO ). W e found that two inhibitors o f  NO  synthase —  NAM E 
and N O A rg —  com pletely blocked the expression  o f LTP. These inhibit
ors also blocked the expression o f LTD . T hese results indicated that both 
LTP and LTD  in the lateral am ygdala involve a hybrid m echanism , pre- 
and postsynaptic, and that NO  is a possib le candidate for a retrograde m es
senger m ediating both form s o f synaptic p lasticity  in the lateral amygdala. 
(Supported by a grant from  N A R SA D  and H H M I.)

131.2
M O DELLING  THE CONDITIONS UNDER W HICH A BACK-PROPAGATING 
ACTIO N POTENTIAL CAN INCREASE C A 2ł IN FLU X  THROUGH NMDA 
CHANNELS. KR Neville ', WW L y tto n '2* . 'Neuroscience Training Program, Univ, of 
Wisconsin-Madison; ^`Dept. o f  Neurology, Univ, o f Wisconsin-Madison.

Recent investigations in hippocampus and neocortex have demonstrated that action 
potentials initiated in the axon initia l segment can propagate actively back into the 
dendrites. This might provide a means o f removing the voltage-dependent Mg2+ block 
o f N M D A  channels, thereby allowing Ca2ł influx, an event known to be important for 
synaptic plasticity in many cortical systems. We have used a detailed compartmental 
model o f a layer II pyramidal cell from the piriform  cortex to investigate the ability of a 
back-propagating action potential to increase the influx o f Ca2ł through NMDA 
channels. In particular, we have sought to determine optimal conditions under which 
an action potential w il l effect the greatest increase in Ca2+ influx, and to identify 
parameters upon which this phenomenon depends sensitively, which may direct future 
quantitative biophysical investigations·or suggest like ly mechanisms o f regulation. We 
have found that (1) Ca2+ influx is greatest when the depolarization at the post-synaptic 
membrane has a long duration and a peak amplitude lim ited to ~O mV. Less 
depolarization fails to unblock the channels fu lly, while greater depolarization reduces 
the driving force on the Ca2т ions. (2) The most critical parameter determining the 
ability o f an action potential to increase Ca2‘ influx is the density o f Na* channels in the 
dendritic membrane. There is an optimal density, below which the action potential 
decrements too much as it propagates, and above which it maintains a high peak 
amplitude and short duration. Interestingly, under a variety o f conditions (K+ channel 
type and distribution, etc.), this optimal Na+ channel density is sim ilar to experimental 
values reported for pyramidal cells o f the hippocampus and neocortex (~4-6 mS/cm2). 
(3) Increasing the density o f  dendritic K + channels generally reduces the duration of the 
action potential and therefore its effectiveness. K + channels are needed, however, to 
prevent synaptic depolarization from initiating a dendritic Na* spike.

KR Neville is a Howard Hughes Medical Institute Predoctoral Fellow and was a 
Wisconsin WARF Fellow. WW Lytton is supported by N IH  grant # R29 NS32187.

Society for Neuroscience, Volume 24 ,1998



SUNDAY P M LONG-TERM POTENTIATION: PHYSIOLOGY I 327

131.3
LONG-TERM POTENTIATION IN SUBICULUM. G.Dölen and
J.A.Kauer*. Dept, of Neurobiology, Duke University Medical Center, 
Durham, NC 27710

The subiculum is one of the major output regions of the hippocampus, 
receiving strong input from CA1 pyramidal cells; its efferent targets 
include limbic cortical structures, the mammillary nucleus and the 
amygdala. Using 400 µm horizontal slices cut from the ventral third of 
the hippocampus of 4-6 week old rats, we recorded extracellularly in 
subiculum from the external plexiform layer, a region roughly 
corresponding to s. radiatum in CA1 and containing mostly apical 
dendrites and a few cell bodies. S. pyramidale in area C A lc (close to 
subiculum) was stimulated at 0.1 Hz. We recorded a mixed field 
EPSP/population spike response that generally exhibited paired-pulse 
facilitation (PPF) at a 50 msec interval. Synaptic inputs exhibiting PPF 
were given 2 trains of theta burst stimulation (train: 4 pulses at 100 Hz 
repeated every 200 msec, repeated ten times) at test stimulus intensity. 
Post-tetanic potentiation was observed for the first minute after tetanus 
(249+18% control values, n = 7), followed by LTP (field potential 
amplitude 20 min post-theta: 164 +  12%, n =7). However, unlike LTP in 
hippocampal regions, subiculum ΊľΓP after theta stimulation returned to 
baseline values within about an hour (field potential amplitude 60 minutes 
post-theta: 115+5%, n=6). 50 µM D,L-APV prevented the potentiation 
following theta¯¯Ьurst; after washing out APV a subsequent theta burst 
produced decremental LTP as described above. In some experiments, 
afferent stimulation produced field potentials exhibiting only paired-pulse 
depression (PPD). In these experiments, LTP was not observed after 
theta burst stimulation (field potential amplitude 20 min post-theta: 
П5_+7%, n=4). Our results indicate that synapses in this important 
output target of hippocampal neurons can support NMDA receptor- 
dependent LTP. Supported by NIH grant N S30500.

131.5
NMDA RECEFΓORS ARE REQUIRED FOR INDUCTION, BUT NOT 
EXPRESSION OF LON G-TER M  PO TEN TIA TIO N  IN RAT
ENTORHINAL CORTEX. S.H. Y un1. K. Huh*. M.W. lu ng 1'. 
Neuroscience Lab, Institute for Medical Sciences , Department of 
Neurology, School of Medicine', A jou University, Suwon 442-749, 
Korea.

Previous studies have shown that N M D A  receptors are necessary 
for induction of long-term  potentiation (LTP) but not involved in 
expression of LTP in hippocampus and piriform  cortex under 
physiological conditions. A  previous study in entorhinal cortex, 
however, reported that NM DA receptors are important for both 
induction and expression of LTP. D L-AP5, an NM D A  receptor 
antagonist, blocked not only induction but also expression of LTP  in 
entorhinal cortex of the rat (Alonso et al., PNAS USA, 87：928O-9284, 
1990).

We reexamined the role of NM DA receptors in induction and 
expression of LTP in entorhinal cortex. Since baseline responses in 
olfactory piriform cortex are reduced by DL-AP5, but not by D AP5, 
and entorhinal cortex can be regarded as olfactory cortex, we used 
D-AP5 in the present study. Horizontal entorhinal cortical slices of 
the rat were cut at 400pm tickness and maintained in an interface 
chamber. Monosynaptic field potential was recorded in the superficial 
layer of entorhinal cortex in response to electrical stimulation of layer 
∏-Ш. LTP was induced by applying theta burst stimulation D-AP5 
blocked induction of LTP  but had no effect on expression of LTP. 
The evoked response was completely blocked by CNQX, indicating 
that it consists of non-NM DA receptor-mediated responses. The 
present results show that NM DA receptors are necessary for 
induction but not for expression of LTP  in entorhinal cortex as in 
hippocampus and piriform cortex.

This work was supported by Korean Science and Engineering 
Foundation Grant 971-0708-068-2.

131.7
GENOMIC IDENTIFICATION OF LAG, ENCODING FO R A FLP-LDKE 
SITE-SPECIFIC RECOM BINASE IN RAT A SSOCIATED W ITH  SPATIAL 
LEARNING. W.J. Meiłandt* S. Peña de Ortiz †, B.E. Derrick, G.J. Villareal, E.J 
Barea-Rodrieuez, J.L. Martinez. Jr. Div. of Life Sciences, Univ, of Texas, San 
Antonio, TX. 78259 and † Dept, of Biology, Univ, of Puerto Rico, Rio Piedras, PR 
00931.

We previously reported the isolation and characterization of an LTP associated 
gene (LAG), whose expression is upregulated following induction o f mossy-fiber 
LTP, spatial learning in the Morris water maze, and exposure to an enriched 
environment, (D.T. Rivera et al., Soc. Neurosci. Abstr., 1994; S.Peña de Ortiz et al.,
S.A. Brooks et al., Soc. Neurosci. Abstr., 1996). LAG is >95 % identical to the yeast 
two-micron plasmid of Saccharomyces cerevisiae, and contains two repeating open 
reading frames encoding for an LTP Associated Recombinase (LAR) and a 
Glyoxalase I Activity-enhancing protein (GAC). LAR encodes for a predicted protein 
>90% homologous to the carboxy-terminal region of the FLP site-specific 
recombinase, while GAC is 99% identical to the yeast homologue. In situ 
hybridization studies of Long-Evans rats trained for 3 consecutive days in the Morris 
water maze, reveal that LAG mRNA expression remains elevated up to 24 hours after 
behavioral training, classifying it as a late-effector gene. Southern blot analysis o f rat 
genomic DNA suggests that LAG is a multi-copy gene. To characterize the structure 
of the LAG gene, we performed PCR amplification of rat genomic DNA using 
specific primers against LAG cDNA spanning the LAR-GAC open reading frames; 
this produced a 759bp fragment. Sequence comparison o f the amplified genomic 
fragment with LAG cDNA proved them to be identical. Furthermore, Genebank 
searches of recently published human major histocompatability complex class I DNA 
(T. Shiina et al, Genomics, Feb. 1998) showed high sequence homology (>96%) with 
regions of LAG spanning the LAR-GAC open reading frames suggesting that LAG is 
conserved within the mammalian genome. Supported by DA0419S (JLM) and the 
Ewing Halseil Endowment

131.4
N M D A  RE C EPTO R -D E PEN D EN T SH O RT A N D LO NG-TERM  
SY NAPTIC PLA STICITY  IN TH E PER IR H IN A L CO RTEX  IN VITRO. 
Z.I. Bashir, Z. Ziakopoulos, Ƙ. Cho* and M .W . Brown. Dept, o f  Anatomy, 
U niversity o f  Bristol, BS8 1TD, UK.

The perirhinal cortex is crucial in several form s o f  m em ory but little is 
known o f  the synaptic physiology and plasticity  o f  this region o f  transitional 
cortex. W e have investigated the role o f  N M D A  and mGlu receptors in 
d ifferent form s o f  synaptic plasticity  in the perirhinal cortex in vitro.

Experim ents were carried out using standard extracellular recording 
techniques with the recording electrode in layer I and stim ulating electrodes in 
layers II/IΠ on either side (entorhinal or tem poral) o f  the recording site. 900 
stimuli were delivered at 1Hz (LFS) to induce synaptic depression. Four trains 
(100 Hz, Is) o f  tetanic stim ulation were delivered to induce LTP. LFS to 
either stim ulating electrode induced hom osynaptic depression which returned 
to baseline within 60 min. Tetanic stim ulation to either input resulted in stable 
hom osynaptic LTP (22 ± 6% and 25 ± 5%; tem poral and entorhinal, 
respectively). LFS delivered 60 min after LTP induction resulted in stable and 
long-lasting depotentiation. The m agnitude o f  LFS-induced depression in the 
tem poral, but not the entorhinal, input was reduced by the NM D A receptor 
antagonist AP5 (m axim um  depression: 22 ± 5 and 38 ± 5 %, AP5 and 
w ashout, respectively). Both LTP and depotentiation were reversibly blocked 
by AP5. The m Glu receptor antagonist M CPG had no significant effect on 
either LFS-induced depression or on the induction o f  LTP.

M echanism s underlying the above form s o f  synaptic plasticity may be 
utilised by m em ory processes dependent on the perirhinal cortex.
Supported by the M RC and W ellcom e Trust.

131.6
MOSSY FIBER CONTRIBUTION TO PLASTICITY OF THE PERFORANT 
PATH SYNAPSE IN HIPPOCAMPAL AREA CAЗ D. B. T. McMahon*. N. N. 
Urban, and G. Barrionuevo Department o f Neuroscience, University o f Pittsburgh 
and Center for the Neural Basis o f Cognition, Pittsburgh, PA 15260.
The stratified organization of afferent inputs onto pyramidal neurons in area CAЗ of 
the hippocampus provides a model system in which to study the interactions 
between distal and proximal synapses. We have previously demonstrated that 
stimulation of the proximally terminating mossy fiber pathway reduces the efficacy 
of subsequently evoked EPSPs from the distal perforant path synapse (Urban and 
Barrionuevo, 1997). This phenomenon is due to activation of dendritic potassium 
channels and is observable on the time scale of < 1 second. Here we examine the 
effects of mossy fiber stimulation on perforant path efficacy on the time scale of 
minutes and hours. Specifically, we evaluated the contribution of the mossy fibers to 
cooperativity and associativity of long term potentiation (LTP) at the perforant path 
synapse using extracellular field potentials. Low intensity stimulus trains to the 
perforant path (15 trains of 20 pulses at 10 Hz, delivered every 10 seconds), which 
by themselves were not sufficient to induce LTP, did result in potentiation when 
paired with simultaneous mossy fiber trains (on the order of 50% increase in 
amplitude over baseline, n=3). We also observed that transient depression of 
perforant path pEPSPs was induced by preconditioning trains of mossy fiber 
stimulation. This depression persisted on the order of 5 minutes, and in most cases 
exceeded 50% of the baseline pEPSP amplitude (n = 4).
This work was supported by NS24288 and a Howard Hughes Medical Institute 
predoctoral fellowship (to NNU).

131.8
AGRIN mRNA EXPRESSION DURING MOSSY FIBER-CAЗ 
LONG-TERM POTENTIATION. |λ  Villarreal,* J. Pizarro, E. Barea- 
Rodгiquez. Div. O f Life Sciences, Univ, o f Texas at San Antonio, San Antonio, TX 
78239

Previously we showed an increase in Timm’s staining after LTP inducing high - 
frequency stimulation at the mossy fiber-CAЗ synapse (Escobar et al., Brain. 
Res., 1997). Timm’s staining is used as a marker for synaptogenesis. This increase in 
Timm’s staining, however, may be associated with an increase uptake of extracellular 
zinc into terminal boutons. The investigation o f transcription factors associated with 
synaptogenesis is a more direct method to study the formation of new synapses that 
may occur with LTP induction. Agrin, a molecular marker for synaptogenesis, is a 
postsynaptic protein that has been implicated in trafficking o f acetylcholine receptors 
at the neuromuscular junction (Nastuk, Trends Neurosci, 1993). Studies done show 
agrin protein and mRNA present in neuronal cells with levels rising after induced 
epileptiform seizures (O’Connor et al., Soc. Neurosci. Abstr., 1992).

In the present study we report agrin mRNA expression after the induction of mossy 
fiber- CAЗ synapse long term potentiation from non-seizure inducing high frequency 
(2x, 100Hz, 20s ITI) stimulation in vivo anesthetized Sprague-Dawley adult rats. 
Twenty-four hours following the induction at the mossy fiber-CAЗ LTP, brains were 
harvested and prepared for in situ hybridization. An increase was observed in 
hippocampal areas CA1, CAЗ and dentate gyrus when compared with low-frequency 
stimulation control animals (0.05Hz, 0.2ms duration, 20s ITI). Supported by GM 
089194 (EJBR).

Society for Neuroscience, Volume 2 4 ,1998



328 LONG-TERM POTENTIATION; PHYSIOLOGY I SUNDAY PM

131.9
PRESYNAFΠC CALCIUM SIGNALS ASSOCIATED WITH MOSSY FIBER 
LTP IN HIPPOCAMPAL CAЗ AREA. C.M  Matias2 and M E. 〇ıиn⅜я-Fenreita1* 
1Dept. o f  Physics and Cento: for Neuroscieцces o f Coimbra, Univ, o f  Coimbra, 3000 
Coimbra, Portugal; ⅝ħysics Section, UTAD, 5000 Vila Real, Portugal.

The mossy fiber long-term potentiation (LTP) o f area CAЗ of the hippocampus is 
mediated by a rise in presynaptic calcium and is independent o f  NMDA receptors. 
Different studies suggest a presynaptic nature for this form o f LTP which involves an 
increase in cAMP and a long-lasting enhancement of transmitter release. We have 
measured induced presynaptic calcium changes to investigate if  the increased 
gtutamate release is caused by larger calcium accumulations, or by modifications of  
the synaptic vesicle release system occurring after calcium entry. The studies were 
performed in transverse hippocampal slices (400 µm) from Wistar rats (4-6 weeks 
old) я∏d the calcium changes detected using the calcium indicator Fura-2/AM 
pressure-injected in tiie mossy fiber pathway. LTP was synaptically induced with two 
tetani o f  100 Hz for 1 s, applied to the afferent mossy fibers and evaluated through 
extracellular field potentials from CAЗ pyramidal cells. The presynaptic calcium 
signals evoked by one stimulus, either before the induction or during the maintenance 
phases o f  LTP, had sim ilar amplitudes and time courses, reaching a peak at about 20 
ms. The corresponding field potentials were, as expected, larger after the formation of 
LTP. The calcium signals recorded during the induction o f L IP  had larger peaks and 
were longer than those evoked by single stimuli. Identical observations were made in 
the presence o f the NMDA and GABAa receptor antagonists, D-APV (50 µM) and 
picrotoxin (50 µM), respectively. The similarity between the pre- and post¯tetani 
calcium signals, suggests that tetanisation does not cause significant modifications of  
the presynaptic calcium mechanisms that are activated during the expression of LTP. 
The increased transmitter release may thus be due to a persistent modification of some 
part of the synaptic vesicle release complex, evoked by the large tetani-induced 
calcium accumulations.

Supported by PRODEP and Plurianual o f CNC.

131.11
H IP P O C A M P A L  S L IC E S  IN  V IT R O : A  T O O L  F O R  T H E  S T U D Y  O F  
G E N E  E X P R E S S IO N  D U R IN G  L A T E -L T P  ?  T . A h m e d . J. T. 
F ra e n z e r*  a n d  U. F re v . Gene R egula tion and P lastic ity, Leibn iz-lnstitu te  
fo r Neurob io logy, D -39008 M agdeburg, G erm any.

Long-term  potentia tion is the m ost prom inen t m odel to  investigate  
processes underlying learning and m em ory form a tion  at the  ce llu la r level. 
The pro longed m a in tenance o f LTP beyond 4 hours (late-LTP) depends on 
the  activa tion  o f a short-lasting 'synap tic  tag ' and the a va ilab ility  o f 
p lastic ity -re levan t pro te ins during the early expression o f LTP (early-LTP , < 
4 hrs). Pharm aco logica l stud ies revealed  tha t la te-LTP  can be prevented if 
a prote in, o r an m R N A-synthesis inh ib ito r w as present during LTP 
induction, whereas the  la tte r inh ib ito rs  were less a ctive  in blocking 
la te-LTP . These s tud ies have shown tha t an in itia l phase requires 
trans la tiona l m od ifica tions whereas the  expression o f genes m ight be 
a ltered at la ter tim e  points. N um erous experim ents, e.g. transgenic 
anim als support th is  hypothesis. For a m ore deta iled  investiga tion  o f 
prote ins and genes spec ifica lly  invo lved  in LTP we have m odified 
m ethodolog ies which fac ilita te  the  use o f h ippocam pa l s lice preparations 
fo r m o lecu lar b io log ica l studies. W e show  tha t h ippocam pa l s lices in vitro  
can be used as a good m odel in these studies. W e  have constructed cDNA 
lib ra ries from  single non-treated h ippocam pa l contro l slices, a fte r 
low -frequency contro l s tim u la tion  and induction o f la te-LTP . Using 
d iffe ren tia l hybrid isation screening we present our firs t results indicating 
tha t the expression o f d iffe ren t genes in h ippocam pa l s lices in v itro  a fte r 
spec ific  e lectrica l stim u la tion  and recording.

Th is w ork was supported by DFG , S FB426 'L im b ic  s tructures and 
Functions'.

131.13
REVERSAL IN CONCENTRATIONS OF ACTIVED CaMKII AND 
CALCINEUR1N AT VERY STRONG OR LONG LASTING STIMULATION
K.l¢hikawa*, H.·Qkam〇.t〇 and I.YamagЦÇ⅛, Foundation Research Lab. Fuji Xerox Co., 
Ltd., 430 Sakai Nakaimachi Ashigarakamigun Kanagawa, 259-01 Japan

It is suggested that in the hippocampus large and moderate rise in [Ca2T¡ lead to 
LTP and LTD, respectively. In the previous study, we have constructed a kinetic model 
for Ca27CaM-kinase II (CaMKII) and calcineurin (CaN), and found that the 
concentration o f activated CaMKII (CaMKII*) was larger and smaller than that of 
activated CaN (CaN*) at large and moderate rise in [Ca2+]¡,. In the present study, we 
have extended our model and analyzed dynamic nature o f CaMKII* and CaN*.

In the present model, chemical reaction schemes for calmodulin (CaM), CaMKII 
and CaN were constructed. The affinity o f activated CaM (CaM*) to activated and 
autophosphorylated CaMKII was assumed to be extremely high. The simulation 
results showed that at moderate rise in [Ca2+]¡ the [CaMKII*] was lower than [CaN*], 
while [CaMKII*] was higher than [CaN*] at large rise in [Ca2+]¡ as was expected. 
Interestingly, however, very large increase in [Ca2+]¡ reduced the difference between 
[CaMKII*] and [CaN*], and further increase in [Ca2+]¡ resulted in the smaller 
[CaMKII*] than [CaN*] again. The analysis o f  the dynamics o f the present model 
revealed the crossover between [CaMKII*] and [CaN*] was transient, and the model 
predicted that the prolonged stimulation exclusively resulted in higher [CaN*] than 
[CaMKII*]. This transient nature o f the model was largely due to the transient trapping 
o f CaM* to autophosphorylated CaMKII*. Therefore, trapping o f CaM* to 
autophosphorylated CaMKII* has a role not only o f the o f available CaM but also of 
the transient activation o f CaMKII.

131.10
SYNAPTICALLY-RELEASED GLUTAM ATE M ONITORED WITH 
TRANSPORTER CURRENTS IN HIPPOCAM PAL ASTROCYTES. 
J.S. Diamond*. D.E. Bergles and C.E. Jahr. V ollum  Institute, Oregon 
Health Sciences University; Portland, OR 97201.
L ong-term  potentiation  (LTP) o f  synaptic transm ission  in the 
hippocampus is thought to result from either increased transmitter 
release, heightened postsynaptic sensitivity, or a com bination o f the 
two. Interpreting many experiments is complicated by the necessity to 
distinguish between presynaptic and postsynaptic changes with a single 
measure, the postsynaptic response. W e have m easured evoked 
glutamate release from Schaffer collateral fiber terminals in CA1 and 
m ossy fiber terminals in CAЗ by recording synaptically-activated  
glutamate transporter currents in hippocampal astrocytes located in 
stratum radiatum and stratum lucidum, respectively. In C A1, several 
manipulations o f release probability -  paired-pulse facilitation, post- 
tetanic potentiation, and changing extracellular calcium concentration -  
caused parallel changes in extracellular field potentials and synaptically- 
activated transporter current amplitudes. However, induction o f LTP 
with high-frequency stimulation failed to alter transporter-mediated 
responses. These results are consistent with a m odel in which LTP in 
CA1 alters neither release probability nor the number o f  active release 
sites. In CAЗ m ossy fiber stimulation elicited predominantly an inward 
potassium current in astrocytes located in stratum lucidum. Application 
o f forskolin (50 µM ), which greatly potentiates release from mossy 
fiber terminals, revealed a small transporter current. Activation with 
DCG IV ( 1 µM ) o f Group II mGluRs, which inhibit release at mossy 
fiber terminals, blocked this transporter current. This work supported 
by NIH grants N S10041 (J.S.D.) and N S21419 (C.E.J.).

131.12
IDENTIFICATION OF COMPONENTS OF A TRANSLATIONAL SIGNALING 
PATHWAY AT SYNAPTIC SΓΓES IN THE HIPPOCAMPUS. S. J. Tang*. W. B. 
Smith and E. M. Schuman. HHMI, Division of Biology 216-76, Caltech, Pasadena, 
CA91125

Protein synthesis is required for the expression of late phase LTP, but the molecular 
basis for this activity-regulated translation is not well understood. Recent studies 
revealed a rapam ydn-sensitive signaling pathway that plays a key role in the 
translational control of distinct classes of eukaryotic mRNAs. Important components 
in this pathway include the cap-binding protein elF-4E, eIF-4E binding proteins (4E- 
BPs), and mammalian target of rapamydn (mTOR). To obtain insight into the 
mechanism of translation regulation during LTP expression, we are investigating 
whether these proteins are present in the hippocampus, particularly at synaptic sites. 
Immunofluorescent confocal microscopy studies have shown that elF-4E, 4E-BP1, 
4E-BP2 and mTOR are expressed in the rat hippocampus, in the cell body layer as 
well as in dendritic regions. In cultured hippocampal neurons, these proteins are 
detected in the soma and the dendrite. Dendritic staining appears punctate, likely 
reflecting synaptic localization as revealed by double labeling with synapsin I. These 
data suggest the presence of the rapamycin-sensitive signaling pathway in 
hippocampal neurons, at the postsynaptic site where translation machinery is known 
to exist. Importantly, pharmacological disruption of this pathway by rapamydn leads 
to impairments in BDNF-induced synaptic potentiation (Kang & Schuman, 
unpublished observation). Therefore, we have identified a ưanslational signaling 
pathway that may be important for synaptic plasticity in the hippocampus; this 
pathway may provide a mechanism regulating local protein synthesis at the 
postsynaptic site following LTP induction.

131.14
MICE OVEREXPRESSING A CONSTITUTIVELY ACTIVE PKMζ DERIVED 
TRANSGENE IN BRAIN UNDER CAMKII PROMOTER CONTROL SHOW 
D E FEC T S IN M EM O R Y  AND IN C R E A S E D  IN C ID E N C E  OF 
NEUROFIBROM AS. M. B arad1. R. Orman2 . S. Ħrabetova2 . T. Abel3 . M. 
O sm an L E. Y apingL E. Kande∏ and T. C. Sacktor^*. ⅛ tr .  for Neurobiol. & 
Behav., Columbia Univ., HHMI, NY, NY 10032; ⅜ e p t .  〇f Physiology, 
Pharmacology, and Neurology, SUNY Health Sci. Ctr. at Brooklyn, Brooklyn, NY 
11203; % ep t. Biology, Univ, of Pennsylvania, Philadelphia, PA 19104.

PKC activity is necessary for the persistence of LTP beyond the first few minutes 
after stimulation, but absence of isoform-specific inhibitors of PKC have slowed the 
further definition of the contribution of PKC to LTP and to behavioral memory. 
Previously we have shown that the constitutively active truncated form of PKCzeta, 
PK M ζ, is persistently increased in the hippocampus for at least 2 hours following 
tetanic stimuli that generate LTP. We have now generated several lines of transgenic 
mice overexpressing an enzymatically active truncation of rat PKCζ under control of 
the CamKIIalpha promoter in order to test the hypothesis that excess ζ activity may 
occlude LTP and interfere with behavioral memory. These mice express the transgene 
widely through the forebrain, although not in the cerebellum, as shown by in situ 
hybridization. Transgenic mice express the expected novel PKMζ immunoreactive 
protein of 42 kD on Western blots of hippocampal protein, approximately doubling 
the expression of PKMζ. Transgenic mice show normal open field behavior and 
nociceptive responses, but have significantly reduced memory in tests of freezing to 
context at both 1 and 24 hours after training. In addition, they show an increased 
frequency of neurofibromas, intriguing since neurofibromatosis is associated with 
cognitive deficits in humans. These results support an important role for PKMζ in 
long-term behavioral memory from at least 1 hour after training, either independently 
or through activation of MAP kinase. (Supported by NARSAD, HHMI, and NIMH.)
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131.15
INITIAL TRANSLOCATION OF CONVENTIONAL PKC ISOFORMS AND 
PERSISTENT DO W N -REG U LA TIO N  OF PK M ζ IN LONG-TERM  
DEPRESSION. S. Hrabetova*. T. C. Sacktor. Dept, of Physiology, 
Pharmacology, and Neurology, SUNY Health Science Ctr. at Brooklyn, 450 
Clarkson Avenue, Brooklyn, NY 11203.

Long-term depression (LTD) is a form of activity-dependent synaptic plasticity 
that persistently decreases the efficacy of synaptic transmission. Considered 
together with its functional counterpart, long-term potentiation (LTP), LTD is a 
candidate for the cellular basis of learning and memory. Persistently enhanced 
phosphorylation has been implicated as a m olecular m echanism of LTP 
maintenance. In contrast, persistent dephosphorylation may underlie the 
maintenance of LTD.

In a search for the critical molecular events of synaptic plasticity, we focused on 
the regulation of the protein kinase C (PKC) family during LTP/LTD in the rat 
hippocampal CA1 region. Previously we found the increase in the level of protein 
kinase Mζ (PKMζ), the constitutively active catalytic fragment of a single PKC 
isoform, ζ, in the maintenance of LTP and the decrease of 3 PKC species, PKMζ, 
PKCγ, and PKCε, 30 min after the induction of LTD (Hrabetova and Sacktor, J. 
Neurosci.16:5324, 1996). We now report a time course of changes in PKC 
isoforms in LTD. Surprisingly, 1 min after the LTD-inducing 3 Hz afferent 
stimulation, there was a transient translocation of conventional (Ca2+-dependent) 
PKC isoforms to the membrane-particulate fraction, similar to that previously 
reported in LTP's induction phase (Sacktor et al., PNAS 90:8342, 1993). In the 
maintenance phase of LTD, PKCs γ  and ε had returned toward baseline by 2 hr. In 
contrast, PKMζ was persistently decreased for 2 hr, the longest time point 
measured.

We conclude that PKC isoforms are regulated in distinct ways during the 
induction and maintenance phases of LTD. PKMζ is the only PKC isoform 
persistently down-regulated during the maintenance phase of LTD and may 
contribute to the maintenance of decreased phosphorylation. Supported by NIMH.

131.17
PKMζ, THE INDEPENDENTLY ACTIVE DOM AIN OF PK Cζ, IS THE PRE
DOMINANT FORM OF ζ  IN RAT HIPPOCAMPUS. I. Hernandez*. J. M. Libien. 
G. Weinstein. D. Mahajan. R Serrano and T. C. Sacktor. Depts. o f Physiology, Phar
macology, and Neurology, SUNY at Brooklyn, Brooklyn, NY 11203.

The atypical isoform, PKCζ, has been implicated in long-term synaptic plasticity 
in the hippocampus. By using an antibody raised against the C-terminus o f ζ, we 
have observed that, while PKMζ, the constitutively active catalytic domain of PKCζ, 
increases and decreases during the maintenance of LTP and LTD, respectively, the 
pool of PKCζ does not change in relation to PKM. However, the discovery of the 
new atypical isozyme, PKCt/λ, which would be recognized by the C-terminal anti
serum, and the generation of a ζ-specific antiserum prepared to a hinge domain of 
PKCζ had lead us to propose that PK M ζ is the predominant form of ζ in hippocam
pus, and that the higher m olecular weight band, which has previously been identi
fied as PKCζ, is instead PKCt/λ. In order to confirm this finding we have prepared 
a battery of antisera directed against different domains o f PKCζ: the N-terminal, 
two regions of the hinge domain, and two regions of the catalytic domain. All anti
sera detected PKCζ expressed in the Sf-9/baculovirus system by Western blot. In 
contrast, in rat hippocampus, the C-terminal hinge and the two catalytic domain 
antisera detected PKMζ, but the N-terminal and N-terminal hinge antisera detected 
no prominent PKCζ species. Thus PK M ζ is far more abundant than PK Cζ in hip
pocampus. Interestingly, a form of ζ  mRNA has been observed to be expressed 
specifically in brain that has the information to translate PKM ζ. This PK M ζ mRNA 
has been shown to be more abundant than PK Cζ mRNA in brain, in parallel with 
our observations at the protein level. We are investigating if there is a contribution 
of this potential PKM ζ-specific mRNA in the up- and down-regulation o f PKM ζ 
during synaptic plasticity in hippocampus. Supported by NIM H (T.C.S.).

131.16
PROTEOLYTIC PROCESSING OF PROTEIN KINASE Çζ MAY INVOLVE THE 
UBIQƯШN-PROTEASOME PATHWAY. N. Blace1*. A. Hegde2. J, H. Schwartz2 and
T. C. Sacktor1. 1 Depts. of Pharmacology and Neurology, SUNY Health Science Center 
at Brooklyn, Brooklyn, NY 11203; ⅜ enter for Neurobiology & Behavior, Columbia 
University, NY, NY 10032

PKMζ, the constitutively active catalytic fragment of PKCζ, is increased during 
long-term potentiation (LTP) and decreased during long-term depression (LTD), two 
opposing forms of synaptic plasticity (Sacktor, et al., PNAS, 90:8342, 1993;
Hrabetova, et al., J. Neuroscience, 16:5324, 1996). Recent findings suggest that PKC 
down-regulation by phorbol esters involves the ubiquitin-proteasome pathway, the 
principal mechanism for turnover of both short- and long-lived proteins in eukaryotic 
cells. Protein turnover by this pathway involves substrate targeting, via the covalent 
ligation of polyubiquitin chains. The tagged substrate is usually degraded completely 
by a multiprotease complex, the proteasome. Occasionally, however, certain substrates 
may undergo limited proteolysis. Thus, we are interested in examining the role of the 
ubiquitin-proteasome pathway in the formation and down-regulation of PKMζ.

In order to determine if PKCζ or PKMζ may undergo proteasomal targeting, we 
examined Sf-9 expressed PKCζ. Proteolysis of PKCζ by calpain II yielded a 47 kDa 
PKMζ product. An immunoblot of PKCζ and PKMζ with anti-ubiquitin antibody 
revealed the co-migration of both forms of the kinase with major ubiquitin-immunore- 
active bands, suggesting that the catalytic subunit of ζ expressed in Sf-9 cells is 
ubiquitinated. Addition of either full-length PKCζ or the calpain-generated PKMζ to a 
reticulocyte ubiquitination-proteasomal assay system showed that additional 
ubiquitination of both proteins occurred. These findings suggest that PKMζ formation 
and degradation may involve the ubiquitin-proteasome pathway, and that ubiquitination 
of ζ might involve ligation of mono- and/or di-ubiquitin. The processing of ζ by the 
ubiquitin-proteasomal pathway may be important in the formation and degradation of 
PKMζ as seen during LTP and LTD, respectively. Supported by NIMH.

131.18
W H Y  A C TIV E D E N D R IT E S  C A N  R E M E M B E R  M O R E . Poirazi*,
P. and Mel, B.W., Biomedical Engineering, USC, MC 1451, LA, CA 90089.

In previous modeling studies, we have shown that active dendrites can 
provide location-dependent multiplicative synaptic interactions, which could 
significantly boost the memory capacity of the neuron relative to a passive cell 
(Mel, B.W., Neural Comp., 4, 1992). Given the locality of voltage-mediated 
interactions in a dendritic tree, only a few of the N  = O(đ2) possible product 
terms (for d synapses) are effectively available to the neuron. In this work, we 
have modeled an active dendritic neuron as a “sparse quadratic” (SQ) classifier, 
i.e. a linear classifier augmented by a few second-order product terms model
ing the boosting interactions between pairs of nearby synapses. The memory 
capacity of an SQ classifier is given by the relation between the number of 
patterns to be learned and the error rate on an old-new discrimination task. 
The form of these nonlinear capacity curves depends on the number of input 
dimensions d, and the number of quadratic terms available to the classifier, k. 
Our goal has been to characterize these curves for all d and k. Using analysis 
and simulations we show that any two SQ classifiers with Aq and A⅞ product 
terms in dimensions d↨ and ⅛ , respectively, produce isomorphic performance 
curves whenever Aq and A⅛ represent equal percentages of the available second- 
order terms in their respective dimensions (i.e. k↑/K↨ = A⅛/A2). The scaling 
factor, however, is given by the total number of trainable bits available to 
the classifier. We show that it is possible to characterize the performance of 
any SQ classifier in any dimension by scaling a reference curve in a reference 
dimension. In a neurobiological context, our results confirm that (I) a sig
nificant capacity boost is available to neurons whose dendrites provide even 
short-range multiplicative synaptic interactions, and (2) the spatial arrange
ment of synaptic contacts onto a dendritic tree could contain a large fraction of 
the neuron’s memory-related state information. Supported by NSF and ONR.

131.19
CELL ASSEMBLIES A N D  T H E  P L A S T IC IT Y  OF IN H IB IT O R Y  A N D  
EXCITATO RY NEURONS A N D  SYNAPSES - A C O M P U T E R  M O D E L 
Andrea B ibbig*. Un iversity o f U lm , Departm ent o f Neural In fo rm a tion  Pro
cessing, D-89069 U lm , Germany. andrea@ neuro.inform atik.uni-u lm .de

Here we show how p lastic ity  o f recurrent exc ita to ry  synapses combined 
with ’interneuron p la s tic ity ’ (here p las tic ity  o f exc ita to ry  synapses onto in 
hibitory cells, E -> I, and vice versa, I -> E ) could result in reliable feature 
binding but also in  pattern  separation.

Therefore we modelled a topographic area consisting o f 200 Es and 200 
Is, with local E- and I-inputs, local I -> I ,  I-> E , far-reaching E -> L  and local 
or far-reaching E -> E  connections. As a learning rule we tested the same 
two-threshold Hebbian LTD - and LTP-ru le  at none to a ll o f the above men
tioned recurrent connection types and a dd itio na lly  cell po te n tia tion ', a lion- 
synaptic form  o f p lastic ity  ( =  firing-induced enhancement o f firing  p robabi
lity) [1], Learning paradigm: D uring  learning different pairs o f two d istant 
groups o f each, Es and Is, sim ultaneously received ton ic, theta-m odula ted 
input (=  each 2 features o f 1 object). Learning goal was feature completion, 
feature b inding (here stable gamma synchrony o f feature pairs presented to 
gether during learning) and object separation (asynchrony o f others).

Best results were received w ith  E ->E , E -> I, and I-> E  p las tic ity  and also 
cell potentia tion o f Es which stabilized learning as E -> I and I-> E  p lastic ity  
tends to switch o ff more and more Es: In  essence after the above learning 
mechanism a sub-assembly representing one feature o f an object is coded by 
synchronous gamma-range firing  w ith in  a local cell group brought about by 
mutual recurrent E ->Es, whereas the whole object is coded by gamma-range 
synchrony between the involved sub-assemblies made possible v ia  far-reaching 
E->Is. 1->E p las tic ity  is im po rtan t to keep I-a c tiv ity  in bounds The entire 
learning mechanism prevents m e lting  o f d ifferent sub-assemblies after several 
simultaneous presentations and so enables feature b ind ing bu t also pattern 
separation. [1] B ibbig , Soc. Neurosci. Abst，r. 23. 508 (1997).

Supported by DEG Pa 268/8-1, and R.D. Traub. W .A . W ickelgren. G. 
Palm, T . Wennekers, R. Eckhorn, and A. Frien by valuable discussion.

131.20
THE STATISTICAL VARIABILITY OF A CONDITIONING INPUT 
CAUSES A DYNAMIC SHIFT OF THE LTD/LTP THRESHOLD IN 
A MODEL SYNAPSE. M, M igliore1*, P Lansky2, ‘Inst, for Interdis
ciplinary Applications o f Physics - Natl. Res. Council, Palermo Italy; 
2Inst. o f Physiology and Center for Theoretical Studies, Academy of 
Sciences of the Czech Rep., Prague, Czech Republic.

Protracted presynaptic activity can induce Long-Term Potentiation 
(LTP) or Long-Term Depression (LTD) o f  the synaptic strength. How
ever, virtually all the experiments testing how LTP and LTD depend 
on the conditioning input are carried out with trains o f  stimuli at con
stant frequencies, whereas neurons in vivo  most likely experience a 
stochastic variation o f interstimulus intervals We used a computa
tional model o f synaptic transmission to test if  and to what extent the 
statistical properties o f an input signal could alter the probability to 
change the state o f a synapse. We found that, even if  the mean stimu
lation frequency is maintained constant, the probability to induce LTD 
and LTP increases with the temporal variation o f the input activity. 
Since this effect depends only on the statistical properties o f the input, 
and not on the onset o f additional biochemical mechanisms, we suggest 
that a new and faster operating mode for a synapse could also be in 
effect to process those input patterns that may require immediate and 
transitory attention. (Supported by C N R . )
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132.1
SUSTAINED LONG-TERM POTENTIATION IN MICE LACKING THE MAS 
PROTOONCOGENE: D. Balschun1. Th. W alther. W. Zuschratter1* and M. Bader. 
’Department of Neurophysiology, Leibniz Institute for Neurobiology, Brenneckestr. 6, 
POB 1860, D-39008, Magdeburg. Germany; 2Max-Delbгück-Center for Molecular 
Medicine , Bcrlin-Buch, Germany.

The Mas protooncogene is a maternally imprinted gene encoding for an orphan G- 
protein coupled receptor with seven transmembrane domains. Its expression in the 
brain is developmental^ regulated being high during embryogenesis and decreasing 
after birth. Mas and the product of the V/αv-related gene (Mrg) have been shown to 
specifically stimulate intracellular signalling of angiotensin II. In areas where long
term potentiation (LTP) has been observed such as the hippocampal formation and 
the piriform cortex. Mas is colocalized with angiotensin II and the angiotensin II 
receptor ATI. Angiotensin II was reported to inhibit LTP in the dentate gyrus via the 
ATI receptor. Here we show that in the same region, targeted disruption of the Mas 
protooncogene leads to a pronounced increase of the durability of long-term 
potentiation (LTP). In addition. Mas-/- mice show alterations in the onset of 
depotentiation. These changes in dentate LTP and depotentiation are not a 
consequence of an altered excitability or changed presynaptic function since both I/O- 
curve and paired-pulse depression (PPD) were identical in mutants and controls. 
Moreover, the cytoarchitectonical distribution patterns of specific subpopulations of 
interneurons and principal cells, which were assessed by histochemical Timm 
staining as well as immunohistochemistry of calcium-binding proteins (e g. 
parvalbumin. calretinin, calbindin), indicated a normal hippocampal morphology of 
Mas deficient animals. Thus, the observed changes in dentate synaptic plasticity 
appear to be the functional consequences of a specific disruption of signalling 
cascades involved in LTP and depotentiation.

132.3
EVIDENCE THAT NERVE GROW TH FACTOR PLAYS A ROLE IN 
LONG-TERM POTENTIATION IN PERFORANT PATH-GRANULE CELL 
SYNAPSES.
Á. Kelly and M.A. Lvnch* Dept, of Physiology, Trinity College Dublin, Ireland.

It has been proposed that nerve growth factor (NGF) and arachidonic acid (AA) 
may act as retrograde messengers in expression of long-term potentiation (LTP) 
in dentate gyrus. A retrograde messenger is required to act presynaptically 
therefore modulation of presynaptic function by NGF and AA was examined in 
hippocampus and dentate gyrus. Neither NGF nor the mGluR agonist, 
ưans-1 -amino-cyclopentyl- 1,3-dicarboxylate (ACPD) alone significantly affected 
KCl-stimulated glutamate release or intracellular calcium concentration in 
hippocampal synaptosomes, but interacted to induce significant increases. These 
effects were mimicked by AA and ACPD. The effects of NGF and ACPD and 
AA and ACPD were examined on these parameters in synaptosomes prepared 
from untetanized dentate gyrus and from dentate gyrus in which LTP had 
previously been induced \n vivo by delivery of three high frequency trains of 
stimuli (250 Hz for 200ms) at 30 sec intervals to the perforant path. In 
synaptosomes prepared from untetanized dentate gyrus, NGF and ACPD in 
combination significantly increased KCl-stimulated glutamate release and 
intracellular calcium concentration, as did AA and ACPD, but these effects were 
occluded in synaptosomes prepared from tetanized tissue. This study provides 
evidence that both NGF and AA play a role in the generation of LTP. Evidence 
suggests that the effects of both agents are mediated through activation of 
tyrosine kinase. While NGF acts through its receptor, trk A, it is likely that AA 
acts through activation of a non-receptor tyrosine kinase.
(Supported by Trinity Foundation and Forbairt, Ireland).

132.5
ANALYSIS O F TH E EFF EC T O F TY ROSIN E KINASE IN H IB ITO R 
T Y R PH O ST IN  AG 879 ON L O N G -T E R M  P O T E N T IA T IO N  IN 
DENTATE GYRUS. C. Maguire *. M. Casev and M.A. Lynch. Dept, of 
Physiology, Trinity College Dublin, Dublin 2, Ireland.

Evidence suggests that long-term potentiation (LTP) is associated with an 
increase in tyrosine kinase activity. To further investigate this we analysed the 
effect of the tyrosine kinase inhibitor Tyrphostin AG879 on LTP in perforant 
path-granule cell synapses. Rats were anaesthetised with urethane (1.5 g/kg 
intraperitoneal injection) and placed in a head holder in a stereotaxic frame. 
Stimulating and recording electrodes were inserted into the perforant path 
(4.4mm lateral to Lambda) and the granule cells of dentate gyrus (2.5mm 
lateral and 3.9mm posterior to Bregma) respectively. The data showed that 
LTP was associated with an increase in phosphorylation of Trk A and an 
increase in activity of the m itogen-activated protein (MAP) kinase. 
Pretreatment with Tyrphostin AG879 (intraventricular injection 0.4mm 
posterior to Bregma, 0.2mm lateral to Bregma; 5 µl; 500 µM in 10 µl) 30 
minutes before tetanus, inhibited LTP. In the last 5 minutes of the experiment 
the percentage change in the epsp slope was 90.5% ±  3.0 (SEM) compared to 
150.4% ± 5.3 in saline-treated rats. Tyrphostin also inhibited the 
LTP-associated increase in Trk A phosphorylation and MAP kinase activity. 
In vitro analysis indicates that nerve growth factor (NGF) increases Trk A 
phosphorylation and MAP kinase activity. These data suggest that NGF may 
play a role in LTP in the perforant path-granule cell synapses. (Supported by 
Forbairt, Ireland. )

132.2
THE ROLE OF ANGIOTENSIN IV IN HIPPOCAMPAL DENTATE 
GRANULE CELL LTP. S. Dceda.1 M.J. Wavner.1* D.L. Armstrong.1 JΛУ. 
Wright.2 J.W. Harding2 and B.G. Smith1. ’Division o f Life Sciences, The 
University o f Texas at San Antonio, San Antonio, ΊΠX 78249-0662 and 2Dept. of 
Psychology, Washington State University, Pullman, WA 99164-4820.

In 1991 we reported that angiotensin ∏ (Ang ∏) when administered to the rat 
hippocampus inhibited long term potentiation (LTP) induction in medial perforant 
path-dentate granule cell synapses and that the inhibition is mediated by the AT, 
receptor because it can be blocked by pretreatment with losartan, an AT, 
antagonist. We have also shown that ethanol and diazepam inhibit dentate granule 
cell LTP and that the inhibition can be blocked by pretreatment with losartan. 
Ang II, ethanol, and diazepam all impair learning and the memory process; and, 
in the rat, the impairments can be prevented or reduced, dependent upon dose, by 
pretreating the animals with losartan. These results are difficult to reconcile with 
more recent data in support o f Ang II as a precursor molecule to Ang III, Ang II 
(1-7), and Ang IV and the fact that Ang ΓV receptor density is clearly very high 
in the hippocampus; whereas, the AT, receptor has not been observed in the adult 
rat hippocampus. Since we found that Ang III administered in the same way as 
Ang IV in the rat did not inhibit granule cell LTP induction, we decided to 
determine the effects of Ang IV under the same experimental conditions and 
compare them to Ang II in the modulation o f LTP. Results will be presented on 
a comparison o f the effectiveness o f equivalent doses o f Ang II and Ang ΓV and 
results on the time dependency o f the Ang ΓV. The significance o f these results 
will be discussed in terms o f the role angiotensins and other peptides have in the 
memory process. This research was supported by a grant from The Council for 
Tobacco Research-U.S.A., Inc., #4038.

132.4
ENDOGENOUS NEUROTROPHINS AND LTP IN THE 
DENTATE GYRUS IN VIVO: EFFECT OF THE BDNF- 
SCAVENGER TгkB-IgG.
C.R, Bramham*. K, Bårdsen and E, Messaoudi. Dept, of Physiology, 
University of Bergen, Årstadveien 19, 5009 Bergen, Norway.

Previous in vivo studies in the medial perforant-granule cell pathway have shown 
1) that BDNF infusion induces long-lasting potentiation of synaptic tran n ission 
(Messaoudi et al., J. Neurophysiol., 79:496-499, 1998), and 2) that teta us-L TP 
leads to late (6 and 24 h) increases in BDNF gene expression (Bramham \  al., J. 
Comp. Neurol., 368:371-382, 1996). Here the role o f endogenous neurotrophins 
in tetanus-LTP was investigated using TгkB-IgG, a neurotrophin-scavenging fusion 
protein generated from the extracellular domain o f TrkB and the Fc domain of 
human IgG. Medial perforant path-evoked field potentials were recorded in the 
dentate hilus o f urethane-anesthetized rats, and TгkB-IgG (10 µg, 2 h) was infused 
into the CA1 region immediately above the dentate m olecular layer. High- 
frequency stimulation (HFS; 400 Hz) was delivered 90 min after starting infusion 
and infusion was continued for 30 min post-HFS. Controls received phosphate- 
buffered saline only. HFS induced LTP in the TгkB-IgG treated group. Mean 
increases in fEPSP slope (41 %) and population spike amplitude (302 %) were not 
significantly different from control and remained stable over a 4 h recording period 
post-HFS. Similar results were obtained using strong and weak LTP induction 
protocols. The results indicate a lack o f effect o f TгkB-IgG on the induction and 
early maintenance LTP. Current experiments are focussing on a possible role for 
endogenous TrkB ligands in late phase LTP, corresponding to the late increase in 
BDNF gene expression. Funded by the Norwegian Science Council. TгkB-IgG 
was provided by Regeneron pharmaceuticals.

132.6
PD98059, A p42/44 MAP KINASE INHIBITOR, BLOCKS SEVERAL 
FORMS OF LTP IN THE RAT DENTATE GYRUS IN VITRO 
Andrew N. Coogan. Deirdre M. O’Leary and ĩohn I. O'Connor*. Department 
of Human Anatomy & Physiology, University College, Earlsfort Terrace, 
Dublin 2, Ireland.

Previous stud ies h av e  in d ica ted  th a t ac tiv a tio n  of the  p42/44 MAP 
kinase cascade is a requirem ent for the  induction of te tan ica lly  induced 
long-term  p o ten tia tio n  (LTP) in the CA1 h ippocam pus. In the p resen t 
s tu d y  w e exam ine the effect of the p 4 2 /4 4  M AP kinase inhib itor, PD98O59, 
on NM D A R dependen t and ind ep en d en t forms of LTP in the  ra t d e n ta te  
gyrus in vitro. Experim ents w ere perform ed in slices of d en ta te  gyrus 
(35OµM) of young ad u lt W ista r ra ts  (70-150g). Recordings of f ie ld  
excita to ry  post-synap tic  p o ten tia ls  (EPSPs) w ere m ade  from the m e d ia l 
perfo ran t p a th w a y  using s tan d a rd  m ethods. PD98O59 (5OµM) ap p lied  for 
l h  p rio r  to a p p lica tio n  of tetan ic  stim u la tio n  s ign ifican tly  in h ib ited  LTP 
( ll l± 5 %  a t 90 m in post te tanus com pared w ith  controls of l44±5%; n=6-7; 
P<0.01). PD98O59 d id  not affect the  m ain tenance p h ase  of e s ta b lish e d  
LTP, baseline synap tic  transm ission  or NM D A R m ed ia ted  transm ission . 
P re-trea tm en t of slices w ith  PD98O59 (5OµM) in h ib ited  both  a mGluR 
group I m ed ia ted  LTP by (S)-DHPG (4OµM) as w ell as the  induction of a 
synap tic  p o ten tia tio n  b rought about by a p p lica tio n  of the  K+ ch an n el 
blocker te trae th y lam m o n iu m  (TEA; 25mM; l25±4%  control EPSP slope a t  
l h  TEA w ash o u t com pared to 8l±4%  in the presence of PD98O59; n=6; 
P<0.01). Both of these forms of p o ten tia tio n  h av e  p rev io u sly  been shown 
to be NM D A R independen t. This s tu d y  therefore  indicates th at the p42 /4 4  
M AP kinase in h ib ito r  PD98O59 p reven ts the  induction of b o th  N M D A R 
d e p en d en t and  ind ep en d en t form s of LTP in the ra t d en ta te  gyrus.
We acknowledge financial support from the Health Research Board (HRB), Ireland, 
and University College Dublin (Travel Grant Fund and The President’s Prize).
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132.7

CORRELATION B E TW EE N  D E N D R IT IC  SPIN E M O R PH O L O G Y  
AND THE ABILITY O F A G ED  R A TS TO  SU ST A IN  LT P IN TH E  
DENTATE GYRUS. T.M. Dhanraįan1, M.G.Stewart1, M.A. Lynch2,
A. Kelly2; 'Dept, of Biology, The Open University, Milton Keynes,
MK7 6AA and 2Dept. of Physiology, Trinity College, Dublin 2, Ireland. 
(SPON: British Neuroscience Association)

Long term potentiation (LTP) was induced unilaterally in the dentate 
gyrus of aged (22months) rats by tetanic stimulation of the peɗorant 
path (3 trains of 250Hz for 200 millisec). Test shocks (1/30 sec were 
delivered for 10 min before, and 45 min after tetanic stimulation). Four 
rats maintained LTP (~ 20% above baseline EPSP) whilst four showed 
no increase above baseline level. At the end of the recording period 
animals were perfused with 2% glutaraldehyde/ 2% paraformaldehyde 
and 1mm slabs were cut transversally to the septo-hippocampal axis and 
Golgi-impregnated. Spines were analysed in the medial molecular layer 
using computerised image analysis and a tilting dissector method 
(Rusakov, & Stewart, 1995, J. Neurosci. Method. 60, 11-21).

Mean dendritic spine density was ~25% lower in both potentiated and 
non-potentiated hemispheres of those rats which sustained LTP, than in 
the corresponding hemispheres of rats which did not. In contrast 
dendritic spine length was higher (>lЗ%)in both left and right 
hemispheres of those which sustained LTP. However, the percentage of 
branched spines was found to be 2-3 times higher in the potentiated 
hemisphere compared to the control hemisphere of the aged rats, 
whether or not they sustained LTP.

These data suggest that in aged rats LTP is sustained better in those 
animals with fewer but longer dendritic spines, but potentiation does not 
cause morphological changes per se. In contrast spine branching is 
caused by the process of high frequency stimulation and is not a result 
of the occurrence of LTP. Supported by BBSRC grant S02085

132.9
A N O V EL N E U R A L  T IS S U E  S P E C I F I C  G E N E . N O R B IN , 
IN C R EA S ED  BY T R E A T M E N T  O F  T E T R A E T H Y L A M M O N IU M  
IN RAT H IP P O C A M P U S  S L IC E  A N D  A C C O M P A N IE D  W IT H  
N E Ư R IT E -O U T G R O W T H  IN  N E U R O  2A  C E L L S .
K. M aruyam a*. K. S h inozak i. H. K um e. H. K u z u m e . N. K an b ara  an d  K. 
Obaſa
Lab. of N eurochem istry , N atl. In st, for Physiol. Sci., O kazaki. Aichi 444-85 
85. Japan

T etrae th y lam m o n iu m  (TEA) induces long-te rm  p o ten tia tio n  (LTP)- 
like synaptic en h an cem en t in r a t  h ippocam pal slices. To find  th e  genes 
related to th is  phenom enon, su b trac tio n  screen in g  w as perform ed betw een 
the mRNA of T E A -trea ted  slices an d  th a t  o f u n tre a te d  w hole b rain . O ne of 
the clones induced  by the  TEA tre a tm e n t, nam ed  a s  norb in , w as expressed  
only in neu ra l t issues. T he p red ic ted  p ro te in  sequence o f norb in  consisted 
of 729 am ino acids an d  no hom ologies in  th e  sequence w ere found w ith  
known genes o r p ro teins. I t  is p red ic ted  to be w a te r  so luble an d  acidic. 
Im m unohistochem istry  of t is su e  slices o r c u ltu red  cells w ith  th e  an tibod ies 
against norbin revea ls it  to be a  cytosolic pro te in . I ts  expression  w as 
observed early  s tag e  (ea rlie r  th a n  a t  em bryonic day  11.5) o f developm ent. 
Overexpression o f norb in  in cu ltu red  N euro  2a cells by cDNA tran sfec tio n  
induced n eurite-ou tg row th . S ince in th e  course  o f n e u ra l  p las tic ity  th e  
formation o f new synapses should  occur, th e  neu rite-o u tg ro w th -re la ted  
protein, norbin. m ight p lay  an  im p o rta n t ro le in n e u ra l p lastic ity .
This work w as su p p o rted  by a G ran t-in -A id  for Scientific R esearch  from  
the M in istry  o íΈ d u ca tю n , Science an d  C u ltu re . Ja p a n .

132.11
CLONING AN D  CHARACTERIZATION O F P AR TIAL cD N A ’s  WITH A 
D FFE R E N TIA L E XPRESSIO N IN H IP PO C A M P A L S UBFIELDS. P.J. 
French1. V. O 'C o nn o r1. T .V .P  B liss1*. A. Hicks2. A. G ønin2. J. MałłetžΓ s ľ  
Davis⅛ V. D ovère3. S. Laroche3. S .P . H unt4. A. M ed hurst* D. Carpenter*.
G. Sanαer*. M. MarounЧ W. J ian6 G. R ich ter-Lev in6 Ή IM R . Mill Hill. NW7 
1AA, UK; ¾ N R S , 7 50 13  Paris, France; *CNRS, Univ. Paris S ud , 9 1 4 0 5  
Orsay, France; *LMB, C am bridge C B 2 2QH , UK; ⅞ m ŕthk line  Beecham , 
Harlow, UK; ®University of Haifa, Haifa  31905, Israel.

We have iden tified  a  n um be r o f h ippocam pa l transcrip ts  wh ich  appeared 
to  be d iffe ren tia lly  am plified 2 4  h rs  a fte r LTP  induc tion  in th e  d en ta te  gym s. 
In s itu  hybrid ization failed to  reveal d iffe ren tia l regula tion, b u t h igh ligh ted  
express ion  pa tte rns  tha t warranted fu rth e r investiga tion . O ne  o f the  c loned  
g e n e s  is h o m o lo g ou s  to  E ch inode rm  m icro tubu le  associated pro te in  
(EMAP). A t th e  p ro te in  level, rat E M A P  is approxim ately 3 9 %  conserved. 
Interesting ly, th e  leve l o f conse rva tion  be tw e en  th e  hum an and rat EM AP is 
o n ly  44% , which su g g e s ts  it is a  n ove l E M AP h om olo g ue . N orthern b lo t 
analysis revealed a major transcrip t size  o f ~ 9 .5  kb. In s itu  hybrid ization 
show s h igh  leve ls  o f rat E M AP mRNA expressed  in th e  d e n ta te  g ym s  o f 
th e  h ippocam pus, th e  o lfacto ry  b u lb  a id  th e  cerebe llum . More m oderate  
mRNA leve ls  are fo u n d  in th e  C A 1-3  re g ion s  o f th e  h ipp o cam pu s and in 
cortical a e a s . Two o th e r partially c lo ne d  g e n e s  (AG 5C  and AG 2B ) show  
h igh  express ion  leve ls  in th e  de n ta te  g y m s  o f th e  h ippocam pus. M o d e гa e  
express ion  leve ls  c a i  be  o bse rve d  in th e  o lfacto ry  b u lb  (AG5C) and as a 
d isc re te  band in th e  superfic ia l layers o f th e  co rtex  (AG2B). T h ese  two 
c lo n e s  d isp lay v irtually no express ion  in o th e r brain reg ions. A very h igh 
express ion  th ro u g h o u t m ost areas  in th e  brain was o bse rve d  fo r  a no the r 
c lone , AG 2A. T h e  p ro du c t is e xpressed  in neu rona l ce ll layers and, at a 
low er level, in w h ite  matter, th o u g h  it is  a bsen t from  stra tum  гadiatum o f th e  
h ippocam pus. N orthern b lo t analysis revealed an a bundant ~4 .4  kb 
tra is c r ip t in brain, b u t we cou ld  n o t in any o th e r tissue  exam ined. We are 
cu rre n tly  a ttem pting  to  obta in  fu ll le ng th  s e q u e n c e s  and to  investiga te  the  
ce llu la r and deve lopm enta l expression  o f these  fou r clones.

Supported  by the  EU B iotech program m e, grant 4CT 960478.

132.8
SYNAPTIC STRUCTURE DURING THE M A IN TE N A N C E  OF LTP: DEGREE 
OF POTENTIATIO N IS ASSOCIATED W ITH  THE NUM BER OF SYNAPSES 
PER NEURON. A.C.W. Weeks*. T.L. Ivanco, J.C. LeBoutillier. R.J. Racine and 
T.L. Petit. Dept, o f Psychology and Program in Neuroscience, University o f Toronto, 
1265 M ilita ry  Trail, Scarborough, Ontario, C A N A D A , M IC  1A4.

There is a considerable degree o f variation in the amount o f  potentiation displayed 
by different animals fo llow ing the induction o f long-term potentiation (LTP). This 
variation provided the opportunity to determine what types o f synaptic change were 
associated w ith the degree o f  induced potentiation. Following an in itia l analysis o f 
between group differences, we examined the relationship between the degree o f 
potentiation and a series o f synaptic structural measures in only the LTP animals. 
Synapses in the middle third o f  the molecular layer (M M L ) o f the rat dentate gyrus 
were examined fo llow ing repeated high frequency tetanization o f the perforant path. 
LTP was induced over a 4 h period, and the animals were sacrificed 24 h after the 
final stimulation. Synapses from the ipsilateral inner third o f the dentate molecular 
layer (IM L ) were examined for comparison w ith in the LTP group and implanted 
control animals were analyzed for the between group comparisons. Ultrastructuгal 
quantification included the total number o f  synapses per neuron, synaptic curvature, 
the presence o f  synaptic perforations, and the maximum length o f the presynaptic 
active zone and the postsynaptic density. The only structural aspect that was 
significantly associated w ith the degree o f  potentiation was a positive correlation 
between the degree o f LTP and the number o f synapses per neuron. Therefore, 
synaptic number, while not appearing to be significantly different between LTP and 
control animals, was important for the degree o f LTP expressed.
Research Supported by grants from the Natural Sciences and Engineering Research 
Council o f Canada to T.L.P. and R.J.R.

132.10
POSTSYNAPTIC L O C A L IZ A T IO N  OF THE VESL/HOM ER F A M IL Y  OF PDZ 
PROTEINS IN  THE R AT HIPPOCAMPUS DURING LTP. Y. Fukazawa, Y. Saitoh.
F. Ozawa. M . Sato R. Matsuo. A. Kato and K. I∩okuchi* M itsubishi Kasei Inst. L ife 
Sci, Tokyo 194-8511, Japan.

Vesl-S/Homer is a unique PDZ protein in that its mRNA level in the brain is 
influenced by a wide variety o f neuronal activities such as LTP and seizure. Currently 
we have identified two related proteins, Vesl-L  and Verg, which also bind type I 
mGluRs through their PDZ domain. Vesl-L is a splicing variant o f Vesl-S, and Verg is 
encoded by a homologous gene. The mRNA levels o f vesl-L and verg are not affected by 
neuronal activities. We raised two polyclonal antibodies, anti-Vesl-S antibody that 
specifically recognized Vesl-S but not Vesl-L and Verg, and anti-Vesl/Verg antibody 
that recognized all three members, to investigate im m unohistochem ically the 
distribution and expression profiles o f this fam ily o f proteins. Dentate gyrus LTP was 
employed in which repeated high frequency tetanic stimuli were delivered to the 
perforant path o f unanesthetized freely moving rats. Vesl-S immunoreactivity (IR) was 
detected in the molecular layer o f the dentate gyrus 45 min after the last tetanic 
stimulus. In situ hybridization analysis showed no vesί-S hybridization signal in the 
neuron o f the entorhinal cortex, suggesting a postsynaptic expression o f the Vesl-S 
protein. The expression was transient as the IR was no more detected 6h after the 
tetanus. On the other hand, Vesl-S IR was not detected in any area o f the contralateral 
hippocampus, where no tetanic stimuli were delivered, at any time points examined. In 
contrast to Vesl-S IR, Vesl/Verg IRs were not affected by the LTP-inducing tetanus at 
45 min. These were predominantly observed throughout the stratum orience, stratum 
lucidum and stratum гadiatum o f both C A I and CAЗ region and were relatively low 
abundance in the dentate gyrus. Immunoelectron microscopic study revealed that the 
Vesl-S IR localized at the postsynaptic density (PSD) o f dendritic spiny synapses but 
did not localize at presynaptic terminals in the molecular layer o f the dentate gyrus at 45 
min fo llow ing  LTP induction. It further showed that Vesl/Verg IRs localized 
constitutively at the same region having more PSD specificity. These results suggest an 
involvement o f the Vesl/Homer fam ily in the mechanisms o f postsynaptic neuronal 
plasticity. Supported in part by Yamada Science Foundation.

132.12
HIPPOCAMPAL LONG-TERM POTENTIATION IS NOT 
CONSTRAINED BY THE SAME RULES OF CONSOLIDATION FOUND 
IN THE NEOCORTEX. R.A. Hodgson* and R.J. Racine. Department of 
Psychology, McMaster University, Hamilton, ON, Canada, L8S-4K1. 
Hippocampal long-term potentiation (LTP) in the chronic preparation is 
characterized by rapid induction and a rapid to moderate rate of decay. In 
contrast, neocortical LTP in the chronic preparation is characterized by 
slow induction and a slow rate of decay. In the neocortex, the requirement 
for an interval between LTP-inducing stimulation sessions suggests a \  
consolidation-like process. Spacing stimulation sessions too closely disrupts 
the induction of neocortical LTP. The hippocampus is thought to be 
adapted for rapid acquisition and, therefore, should not be prone to the 
same disruptive impact of closely spaced stimulation sessions. To investigate 
this possibility, stimulating and recording electrodes were chronically 
implanted into the perforent path and dentate gyrus respectively. Animals 
were matched on the basis of baseline responses and randomly separated 
into two groups. One group received one stimulation session an hour for 
10Һ (the lh  group); the other group received one stimulation session a day 
for 10 days (the 24h group). Stimulation sessions consisted of sixty 8-pulse, 
24ms trains (pulse frequency: 300Hz; pulse intensity: 759uA; train 
frequency: 0.1 Hz). Animals in the lh  group demonstrated significantly 
greater peak potentiation than animals in the 24h group. In the 
hippocampus shortening the interval between stimulation sessions 
facilitated LTP. This is in marked contrast to the disruptive effect short 
intervals between stimulation sessions had in the neocortex. These data 
support the hypothesis that the hippocampus is governed by different rules 
of consolidation compared to the neocortex. Supported by NSERC
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132.13
INTENSITY-DEPENDENT BIDIRECTIONAL PLASTICITY AT THE 
PERFORANT PATH-DENTATE GYRUS SYNAPSE. E. Torres. S. Sacdalan. and
J.A. Reves* Dept, o f Biology, San Francisco State University, San Francisco, CA 94132 

Bidirectional modification (LTD and LTP) of synaptic strength is observed in 
a number o f neocortical and archicortical synapses, suggesting that NMDA receptor- 
dependent LTP and LTD display different induction thresholds dependent on the level 
o f postsynaptic activity, and perhaps the degree o f postsynaptic depolarization. We have 
demonstrated that the lateral perforant path-dentate gyrus synapse also displays 
bidirectional plasticity. However, both LTP and LTD at this synapse appear to be 
dependent on opioid receptor activation. Previous reports have determined that 
homosynaptic lateral perforant path-dentate gyrus LTP is dependent on perforant path 
activity and the activation o f opioid receptors. However, the dependence o f stimulation 
intensity (cooperativity) on the induction o f homosynaptic LTD and LTP has not been 
investigated in this pathway. In anesthetized adult rats, we used a stimulation paradigm 
(five, 100-msec bursts of 400 Hz stimulation trains) that reliably elicits lateral perforant 
path LTP, and varied the intensity o f perforant path stimulation. Current intensities 
eliciting lateral perforant path field EPSPs 25%, 33%, and 40% of the maximum 
response amplitude produced a homosynaptic LTD of the lateral perforant path field 
EPSP slope. Stimulation at current intensities eliciting responses 50% and 75% of 
maximum response amplitude elicited LTP of lateral perforant path responses. These data 
suggest that homosynaptic lateral perforant path-dentate gyrus LTD and LTP display 
mechanisms o f induction that display different thresholds of intensity. This data is 
consistent with the BCM model, for this cooperative effect likely is related to the level 
of postsynaptic activity, and possibly postsynaptic depolarization. Investigation into 
parameters for homosynaptic LTD and LTP induction at the medial perforant path-dentate 
gyrus synapse are in progress. Supported by RIMI RRl 1805-02(JAR) and MARC NIH 
1T34 GM 08574-0 l(E.T. and S.S.)

132.14
NOVELTY-INDUCED FACILITATION OF LTP: INDEPENDENCE FROM 
A  PRECEDING  ATTENUATION EFFECT AND BRAIN TEMPERATURE
C. D а v is -H а rt* . K. B а ilev . 7̄ . H e a th  & B .E . D e rr ic k  D iv. O f Life Sciences, 
T h e  U n iv e rs ity  o f T e xas , S an  A n to n io  7 8 2 4 9

Previously, we reported that LTP induced at the medial perforant path-dentate 
gyrus synapse during the initial exploration period o f a novel environment 
increases the probability and the magnitude o f LTP. In addition, LTP induced in 
a novel environm ent persists fo r weeks follow ing a single stimulation session 
(novelty-induced facilitation o f LTP, NIF). Exposure to novel environments also 
produces a short-lived attenuation o f the magnitude o f evoked synaptic 
responses (Davis- Hart, SFN, 1997). Here we report that (1) this attenuation 
e ffect is short-lived, lasting 5-10 min; (2) the attenuation o f field EPSPs is not 
necessary for novelty-induced facilitation o f LTP; NIF is observed even when 
tra ins are delivered once synaptic responses return to baseline levels; (3) 
although exploratory activity was corre lated with brain tem perature, both the 
attenuation o f EPSPs and NIF were independent from  brain temperature.

Support: GM 08194 and a UTSA Faculty Research Award (BED).

ACETYLCHOLINE RECEPTORS: NICOTINIC—PHYSIOLOGY AND FUNCTION I

133.2133.1
LACK O F EFFECT O F ACUTE AND CH RONIC NICOTINE 
ADM INISTRATION ON OPIO ID PEPTID E mRNA EXPRESSION IN THE 
RAT STRIATUM. H.S. Oliff* and F.M. Leslie. Department of Pharmacology, 
College o f Medicine, Univ, of Calif, Irvine, CA 92697-4625

It has been reported that amphetamine-stimulated dopamine release causes 
dynorphin expression and release in the striatum. This alteration in the levels of 
dynorphin may be important in amphetamine’s mechanism of reward. Nicotine and 
amphetamine are similar in that both drugs directly release dopamine and cause 
behavioral sensitization. Thus, the purpose o f this study was to determine whether 
nicotine also influences opioid peptide expression.

Male Sprague-Dawley rats were injected acutely with either 0.175 mg/kg or 0.50 
mg/kg nicotine free base or saline, and locomotor behavior was examined. Rats were 
killed at 15 min, 30 min, 45 min, 1 hr, 2 hr, 3 hr and 24 hr post-injection. Other 
rats were injected chronically with 0.5 mg/kg nicotine free base or saline for 12 days 
and challenged with either 0.50 mg/kg nicotine free base or saline on day 13. After 
the challenge injection, the locomotor behavior was examined for 15 min and the rats 
were killed 3 hr post-injection. All brains were rapidly removed, cut into transverse 
sections (2Oµ), paraformaldehyde fixed and processed for in situ hybridization. 
Expression o f prodynorphin and proenkephalin mRNA in the caudate putamen (CPu) 
or nucleus accumbens (nAcc) was measured by quantitative autoradiography.

Acute nicotine administration significantly increased locomotion. However, there 
was no significant differencein prodynorphin or proenkephalin mRNA expression in 
the CPu or nAcc of rats treated acutely with either dose and sacrificed at any 
timepoint. Furthermore, there was no significant differencein prodynorphin or 
proenkephalin mRNA expression in the CPu or nAcc o f rats treated chronically with
0.5 mg/kg nicotine or saline even though chronic nicotine followed by nicotine 
challenge caused a significant increase in locomotion, i.e. behavioral sensitization. 
Thus, it appears that the opioid peptides, dynorphin and enkephalin, do not play a 
key role in nicotine’s mechanism of addiction. Supported by the Tobacco Related 
Disease Research Program grant 6RT-0416.

PHYSIOLOGICAL RELEVANCE OF ENDOGENOUS D-SERINE IN THE ACTIVATION OF 
N M D A  RECEPTORS IN THE CEREBELLUM OF YOUNG RATS. J.-P. Mothet. R. 0. 
Bradv. H. Wolosker, M.E. M o llive r* and S. H. Snyder. Department of Neuroscience, 
Johns Hopkins School o f Medicine, 725 North Wolfe Street, Baltimore, MD, 21205- 
2185, USA.

N-methyl-D-aspartate (N M D A ) receptors play important roles in 
physiological processes as well as in neurodegenerative disorders in the vertebrate 
cenưal nervous system. One important issue concerns the factors that regulate the 
activity o f this ionotropic receptor. The activation o f the N M D A  receptors requires 
both binding o f glutamate and stimulation o f an allosteric site by glycine. Recently, 
severals groups reported the presence o f endogenous D-serine in nervous system from 
invertebrates to vertebrates, raising the possibility that D-serine may also be a co
agonist o f the N M D A  receptors as this D-amino acid can m imic the effects of glycine. 
However, the physiological relevance o f D-serine in glutamatergic transmission has 
not been determined. We investigated the functional relevance o f D-serine in NMDA 
receptors activation by using sagittal cerebellar slices o f PN9-11 days old rats. In this 
preparation, stimulation o f N M D A  receptors induces the conversion o f L-argίnine to 
NO and L -citru lline  through activation NO-synthase (NOS). Thus, it is possible to 
monitor the activity o f N M D A  receptors by fo llow ing the conversion of [3H]L- 
arginine into [3H]L-citru lline. The addition o f D-amino acid oxidase (DAAOX), an 
enzyme that specifically degrades D-serine reduces by -50%  the NMDA-induced NOS 
activation in slices. HPLC measurements confirmed that D-serine content was reduced 
in slices treated with D A AO X while glycine content was not affected. D-serine 
reversed the decreasing effect o f D A A O X  on glutamatergic transmission suggesting 
that the action o f D A A O X  was due to the catalytic degradation o f endogenous D- 
seгine. These data suggest that D-serine is an endogenous co-agonist for NMDA 
receptors subtypes. Supported by USPHS grant MH18501 to S.H.S. and by an Elf 
Aquitaine Inc. fellowship to J.-P.M.

133.3
D IF F E R E N T IA L  E F F E C T S  O F ETH A N O L ON  N IC O T IN IC  
ACETY LCH O LIN E CH A N N ELS IN  RAT CO RTICA L N E U R O N S.
G. L. A is tru p . W. M arszalec . J .  Z. Yeh*. & T. N a ra h a s h i . D e p a r tm e n t 
of M olecular Pharm aco logy  & Biological C h em istry , N o rth w e s te rn  
U n iv ers ity  M edical School, Chicago, IL  60611.
E th an o l w as found to  affect b o th  α -b u n g aro to x in -sen s itiv e  c u rre n ts  (α- 
BuTX-SCs) an d  α -B uT X -insensitive  c u rre n ts  (α-BuTX -IC s) in d u ced  by 
acety lcholine (ACҺ) from  c u ltu red  r a t  co rtica l n e u ro n s  a s  e x am in ed  in  
s ta n d a rd  whole-cell p a tc h  clam p e x p e rim en ts . α-B uTX -SCs, w hich  
w ere doub tless ascribab le  to α 7-sub type  n ico tin ic  acety lcho line  
recep to r c h an n els  (NnA ChRs), w ere m odestly  in h ib ite d  8-34 % by 30- 
300 mM e th an o l co-applied w ith  1000 µM ACҺ, w ith  no d e tec tab le  
change in  onse t or decay  k inetics . In  co n tra s t, α-B uTX -IC s, w hich  
w ere m ost probab ly  a ttr ib u ta b le  to α4ß2-sub type N nA C hR s, w ere 
s ign ifican tly  p o ten tia te d  3-400 % by 1-1000 mM e th a n o l  co-applied  
w ith  3 µM ACҺ, w ith  no co n s is ten t ch an g e  in  o n se t o r d ecay  k inetics . 
E th an o l-in d u ced  p o ten tia tio n s  of α-B uTX -IC s w ere n o t m ax im al even  
a t  a co n cen tratio n  of 1000 mM. T he e th a n o l c o n c en tra tio n -p o te n tia tio n  
re la tio n sh ip  for α-B uTX -ICs is b e tte r  describ ed  by a  s igm oida l m odel 
a t  low er concen tratio n s  (1-30 mM), an d  a  lin e a r  or e x p o n en tia l m odel 
a t  th e  h ig h er co n cen tratio n s  (>30 mM). E th a n o l c au sed  sm a ll 
dec reases  in  the  ECso for ACҺ ac tiv a tio n  of α-B uTX -ICs, a n d  in creased  
th e  m ax im um  response. P o te n tia tio n  of N nA C hR s by 1-30 m M  e th a n o l 
w ould  seem  to im plicate  th e ir  im p o rtan ce  in  e th a n o l m ed ia tin g  m an y  
of its  b eh av io ra l effects. The larg e  p o ten tia tio n s  of N nA C hR s by 100- 
300 mM e th an o l m ay be re le v a n t to a sp ec ts  of a lcoholism . (S u p p o rted  
by N IH  g ran ts  R01 AAO7836 an d  F 32 AAO5447)

133.4
ANTINOCICEPTIVE EFFECT OF SUBTYPE SELECTIVE 
NICOTINIC ACETYLCHOLINE RECEPTOR AGONISTS IN RAT 
MODELS OF PAIN. A. T. Hama*, J. M. Hittner, K.T. Whelan. V. B. 
Risbrough, S.M. Stemfeld, G.K. Lloyd and F. Menzaghi. SIBIA 
Neurosciences, Inc., La Jolla, CA 92037.

Nicotinic acetylcholine receptor (nAChR) agonists currently are 
being investigated as a novel class o f non-opioid antinociceptive 
agents. Epibatidine, an alkaloid isolated from Epipedobαte tricolor, 
has been demonstrated to reduce nociception, mediated by activation 
o f пACҺRs, in rat models o f acute pain; however, the antinociceptive 
dose is only slightly lower than the toxic and lethal dose. The toxic 
effects o f epibatidine, likely related to its lack o f nAChR subtype 
selectivity, preclude its use as a therapeutic agent. On the other hand, 
the diversity o f пACҺRs makes it possible to develop novel subtype 
selective agonists with an improved safety profile and better efficacy, 
as compared to epibatidine. The aim o f the study was to evaluate the 
antinociceptive effects of a series o f novel subtype selective nAChR 
agonists in rat models o f acute and chronic pain. Our results confirm 
that nAChR subtype selective agonists possess antinociceptive 
properties. In addition, these data suggest that agonists with a 
particular nAChR subtype selectivity profile exhibit different 
antinociceptive activity in models of acute and chronic pain in rats.

Society for Neuroscience, Volume 24 ,1998



SUNDAY PM ACETYLCHOLINE RECEPTORS: NICOTINIC—PHYSIOLOGY AND FUNCTION ĩ 333

133.5
COMPARATIVE STUDY BETW EEN NICO TINE, DONEPEZIL AND SIB- 
1553A, A  N O V EL SUBTYPE-SELECTIVE nAChR AGONIST BEING 
EVALUATED FOR THE TRE A TM E N T OF A LZH E IM E R ’S DISEASE. F. 
Menzaghi1*, B. Bontempi1, R.T. Reid1, K.T . Whelan1 V .B. Risbrough1. S. 
McCunnev1. J.J. Buccafusco2, and G.K. L lovd 1. 1 SIB IA  Neurosciences, Inc., La 
Jolla, CA, 92037; 2Medical College o f Georgia, Augusta, G A 30912.

Increasing evidence for an involvement o f nicotinic cholinergic systems in 
neurodegenerative disorders has stimulated the search for subtype-selective 
neuronal nicotinic acetylcholine receptor (nAChR) agonists. SIB-1553A, a novel 
nAChR agonist with selectivity for ß4 subunit-containing human пACҺRs, 
stimulates the release o f various neuroưansmitters involved in cognitive processes 
including the release o f acetylcholine, dopamine and norepinephrine in the 
hippocampus and frontal cortex in rats. SIB-1553A was found to attenuate cognitive 
deficits induced by aging or cholinergic dysfunction in rodents and non-human 
primates, suggesting a potential usefulness for the symptomatic treatment o f 
Alzheimer’ s disease (AD). The purpose o f the present study was to extend the 
characterization o f S IB -1553A by comparing the cognitive effects and safety profile 
o f this compound to nicotine, a non-selective nAChR agonist. The cognitive effects 
o f SIB-1553A were also compared to donepezil, the acetylcholinesterase inhibitor 
recently approved by the FDA for the symptomatic ưeatment o f AD. In comparison 
with nicotine, SIB-1553A exhibited a broader range o f activity and was more 
efficacious in reversing deficits in spatial and non-spatial working and reference 
memory, with an improved safety profile  in rodents and Rhesus monkeys. SIB- 
1553A was also as active or more active than Donepezil in improving working 
memory performance in scopolamine-treated mice, aged mice and aged Rhesus 
monkeys after acute administration.

The present data support the hypothesis that subtype selective nAChR agonists, 
such as SIB-1553A, may be useful for the symptomatic treatment o f cognitive 
disorders associated w ith AD.

133.7
INHIBITION OF NITRIC OXIDE SYNTHASE (NOS) BY L-NAME 
PREVENTS GTS-21-MEDIATED RESTORATION OF INHIBITORY 
AUDITORY GATING IN RAT HIPPOCAMPUS. C.E. Adams2*. K.E. 
Stevens2. W.R. Ƙem‘ and R. Freedman2. 'Dept. Pharm. and Therap., Univ, 
of Florida Col of Med.; 2Dept. Psychiatry, UCHSC, Denver, CO 80262.

In rat, presentation o f an auditory stimulus produces an evoked potential m 
the hippocampus whose most prominent component is a negative-going wave 
at 40 msec following the tone (N4O wave). When a pair o f tones (500 msec 
apart) is presented, the amplitude of the second (test) N4O wave is less than 
that o f the first (conditioning) wave, leading to a low ratio between the 
amplitudes of the test and conditioning waves (low T/C ratio) -  an example of 
inhibitory gating o f auditory response. Following lesions o f the 
fimbria/fomix, the amplitudes o f the test and conditioning waves are similar 
(high T/C ratio), indicating that auditory gating has been disrupted. Systemic 
administration of either nicotine or GTS-21 (aka DMXB), an agonist at the α7 
subtype of nicotinic receptor, restores auditory gating in fimbria/fomix- 
lesioned rats. The nicotine-mediated restoration o f auditory gating in 
fimbria/fomix-lesioned rats is blocked by icv infusion of the NOS inhibitor L- 
NAME. The goal o f the present study was to determine if GTS-21 -mediated 
restoration of auditory gating in fimbria/fomix-lesioned rats is also dependent 
upon release o f nitric oxide. Icv infusion o f L-NAME (5 mg/ml) resulted in 
an increased T/C ratio in the presence o f systemic injections o f GTS-21 (10 
mg/kg) which had previously been found to restore auditory gating in 
fimbria/fomix-lesioned rats. These results support the hypothesis that 
hippocampal auditory gating is mediated by α7-stimulated release of nitric 
oxide. Supported by USPHS Grant 5P50 MH44212.

133.9
N IC O T IN E -S T IM U L A T E D  R E LEASE O F [⅛ JN O R E P IN E P H R IN E  
FRO M  D E V E LO P IN G  R A T  N E O C O R TE X  A N D  H IP PO C A M P U S  K.A. 
Gallardo*, and F.M. Leslie. Department o f  Pharmacology, College o f Medicine, 
University o f California, Irvine, CA 92697.

Perinatal nicotine exposure results in profound central nervous system 
disruption, which persists into adulthood. This early nicotine insult has been 
shown to alter the development o f  central noradrenergic neurons; however, it is not 
known whether this effect is direct or indirect. The evidence for early nicotinic 
acetylcholine receptor (nAChR) expression in brain has prompted investigation 
into nicotine’s action at this protein. We have previously shown that nicotine 
stimulates [3H]NE release from cultured fetal locus coeruleus neurons. In the 
present study we have examined the ontogeny o f nicotine-stimulated [3H]NE 
release from developing neocortex and hippocampus using slice and synaptosomal 
preparations. Brain slices, cross-chopped to 250 µm in size were prepared from 
animals o f  different ages, pre-loaded with [3H]NE, then examined for the e ffectof 
nicotine (0.1-300 µ M ) on [3H]NE release. Our data indicate that nicotine 
stimulates [3H]NE release from both cortical and hippocampal slices during the 
early postnatal period. This efifectis dose-dependent and requires the presence o f 
extracellular calcium. Nicotine-stimulated [3H]NE release from hippocampal slices 
was first detected on the day o f  birth, reached peak levels by PND 10, and remained 
constant into adulthood. In contrast, while nicotine-stimulated [3H]NE release 
from cerebral cortex was also detected at birth, it reached peak levels by PND4 
then quickly declined to adult levels. To further understand the mechanism 
behind this release we prepared synaptosomes and examined release in the presence 
o f tetrodotoxin (TTX ; 50 nM). Nicotine-stimulated [3H]NE release from cortical 
synaptosomes was comparable to that from cortical slices, and was largely blocked 
by TTX. These data indicate that пACҺRs may play a critical role in cortical 
development, and suggest that nicotine is acting directly on noradrenergic 
terminals to cause [3H]NE release.
Supported by PHS grant DA 10612.

133.6
EFFECTS OF S IB -1553A, A  N O V EL SUBTYPE SELECTIVE nAChR 
AGONIST, ON COG NITION IN  CHRONIC MPTP-TREATED MONKEYS. Ļ  
T inker1, M . Van Velson*. G.K. L lovd *2, F. Menzaghi2 and J.S. Schneider*. 'Dept. 
Pathology, Anatomy and Cell B iology, Thomas Jefferson Univ. Philadelphia, PA 
19107; S IB IA  Neurosciences, Inc., La Jolla, C A  920372.

SIB-1553A, a novel neuronal n icotinic acetylcholine receptor (nAChR) agonist 
with selectivity for ß4 subunit-containing human пACҺRs, preferentially induces 
the release o f ACҺ in the hippocampus and frontal cortex, and to lesser extents, 
norepinephrine (NE) and dopamine (D A) in cortical and subcortical regions. 
Previously, we have shown that SIB-1508Y, another nAChR agonist selective for 
the α4ß2 subtype (which exhibits a different neurochemical profile), improves 
variable delayed response and delayed matching-to-sample performance in chronic 
low dose MPTP-ưeated monkeys (Van Velson et al., Soc. Neurosc. Absư. 23, 
1997). This study examined the effects o f SIB-1553A on these same behaviors in 
the same animals. A fter chronic administration o f MPTP, 5 monkeys developed 
deficits in variable delayed response performance and 2  monkeys trained to perform 
delayed matching-to-sample developed deficits on that task. S IB -1553A caused a 
dose-dependent-improvement in performance o f the variable delayed response task, 
but did not affect performance on the delayed matching-to-sample task. Effects 
were evident within 30 min after intramuscular administration and lasted for 24 hrs. 
On the variable delayed response task, SIB-1553A preferentially improved 
performance on short delay trials, suggesting preferential effects on attentional 
function. Administration o f nicotine, the prototypic non-selective nAChR agonist, 
did not affect cognitive performances o f these MPTP-ưeated monkeys. In 
comparison w ith SIB-1553A, SIB-1508Y improved performance on both tasks, 
caused longer-lasting improvements and required higher doses to achieve these 
effects. The different effects o f these drugs on cognitive functions in MPTP-ưeated 
monkeys may be related to their different subtype selectivity profile and different 
pharmacological profile. Supported by S IB IA  Neurosciences, Inc., and N IM H  grant 
MH-46531.

133.8
C HRONIC COCAINE A DM IN ISTR A TIO N  PRODUCES  
A BN O R M A L SENSO RY  IN H IBITIO N  IN C ЗH M IC E, W H IC H  IS 
N O R M A LIZED  BY N IC O TIN IC  A G O N ISTS K.E. Stevens1*. W R 
K em 2 and R. Freedman1 'Dept. Psychiatry, Univ. Colo. Health Sci. Ctr, 
Denver, CO 80262 and 2Dept. Pharmacol, and Therapeut, University o f  
Florida Col. Med., Gainesville, FL 32610.

Chronic cocaine abuse produces psychotic-like symptoms which can 
persist after detoxification. Abnormal sensory inhibition, which is 
associated with psychosis, was assessed in CЗH m ice after 7 days of 
cocaine treatment. Unmedicated CЗH m ice show  normal sensory 
inhibition. Chronic cocaine administration (15 mg/kg/day, sc) produced a 
stable loss o f  sensory inhibition as assessed in a paired-stimulus 
hippocampal auditory evoked potential paradigm. Injection o f  nicotine (1.5 
mg/kg, sc) or DMXB (also known as GTS-21, 3.33 mg/kg, sc) produced a 
transient period o f normal sensory inhibition. A second identical injection 
o f  either agonist, 40 min after the first, produced a second period o f  normal 
sensory inhibition only with DMXB. These data demonstrate a cocaine- 
induced loss o f sensory inhibition, in an animal model, which is similar to 
that observed in humans, and suggest that stimulation o f nicotinic 
acetylcholine receptors can transiently reverse the deficit. Further, they 
indicate specific activation o f  the α7 receptor as the critical subtype, since 
DMXB is an agonist at the α7 subtype and an antagonist at the α4. Finally, 
they suggest that this drug may not induce behavioral desensitization, and 
thus may be o f therapeutic interest. Supported by NIMH grant 
M H 51931-04 to K.E.S.

133.10
NICO TIN E -M E D IA TE D  PRESYNAPTIC REG ULATIO N OF G LU TAM ATE  
RELEASE IN THE VENTRAL TEG M ENTAL AREA B.Schilsưöm1. G. G. Nomikos1. 
M. V. Fagerquisť. X. Zhang2. P. Hertel1, G. Pana¢is1. A. Nordberg2. T. H. Svensson 
'Dept, o f Physiology and Pharmacology, 2 Dept, o f C linical Neuroscience and Family 
Medicine, Karolinska Institutet

We have previously shown that the stimulatory action o f nicotme on dopamine function 
initiated in the venưal tegmental area (V T A ) is largely due to an indirect, presynaptic 
mechanism. Thus, we have found that blockade o f N M D  A receptors in the VTA  
attenuates the enhancing effect o f nicotine on dopamine release in the nucleus 
accumbens. We have also shown that the nicotine-induced dopamine release in the 
nucleus accumbens is blocked by adminisfration o f methyllycaconitine (M L A ) in the 
V TA, indicating a role o f α7 nicotinic receptors in this mechanism. Given that (i) 
nicotine increases burst firing o f dopamine neurons (ii) burst firing in dopamine neurons 
is conưolled by N M D A  receptors and ( i ii)  physiological and pharmacological 
manipulations o f  the prefrontal cortex (PFC) affects the firing pattern o f dopamine 
neurons we hypothesized that nicotine exerts its effects in the V TA  through stimulation 
o f α7 nicotinic receptors on cortico-tegmental glutamatergic afferents. Therefore, in this 
study, we measured exưacellular concenưations o f glutamate (GLU) and aspartate (ASP) 
in the V TA  in response to systemic nicotine, with or without concurrent infusion o f  M LA  
in the VTA, using microdialysis in anaesthetized rats. We also compared the density o f 
α-bungarotoxin binding sites in the V TA  by quantitative autoradiography between rats 
lesioned bilaterally in the PFC with ibotenic acid and sham lesioned rats. We found that 
nicotine (0.5 mg/kg, s.c.) increased both ASP and G LU levels in the V TA. M L A  (1.0 
mM ) infused locally in the VTA, which by itse lf did not affect the basal levels o f  G LU 
and ASP, prevented the nicotine induced increase in G LU but not ASP. Ibotenic acid 
lesions o f the PFC (5ng/side) decreased the density o f α-bungarotoxin binding sites in 
the V T A  by about 30%. These data show that nicotine through stimulation o f α7 
n icotin ic receptors increases glutamatergic ưansmission in the VTA, in support o f our 
previous findings, and indicate, in line w ith our hypothesis, that the receptors are 
localized on glutamatergic neurons orig inating in the PFC. This work was supported by 
the Swedish Medical Research Council, grants 4747 and 11026, Karolinska Institutet, the 
Council for Tobacco Research, USA, Inc., the Femö Award and the Swedish Match, Inc.
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133.11
N IC O TIN IC  RE C E P TO R  D IS TR IBU TIO N  IN THE PO R C IN E AD R E N A L MEDULLA.
M. Jorgensen, P. W agner, S. Phipps, D. Speck*, J. Pauly and B. Jackson. Dept, o f 
P hys io logy and College  o f P harm acy, Univ, o f Kentucky, Lexington, KY 40536-0084.

Epinephrine (E) and norepinephrine (NE) are synthesized in and secreted from two 
separate populations o f adrenal m edullary chrom affin cells. There is increasing 
evidence to  suggest that m em brane receptor distribution and intracellular signaling 
system s d iffe r between the E and NE cells. Prelim inary studies from this laboratory for 
exam ple have identified two d istinct populations o f porcine chromaffin cells in which 
cyclic A M P  analogues e ither significantly potentiate voltage-gated Ca2+ current (Δ +25.0 

±  5.1%; p<0.05) o r have no effect. Positive identification o f each individual cell was not 

possible however in these experim ents. O ne recent study has dem onstrated that α - 

bungarotoxin (Bgt)-sensitive n icotin ic receptors are located on E but not NE cells in the 
bovine adrenal (Criado e t al., J. Neurosci 17:6554,1997). The aim o f the present study 
was to determ ine w hether a sim ilar co-localization exists in the porcine adrenal medulla, 
so that fluorescently labelled α-B gt-b ind ing  could be used in future experim ents to 

quickly identify E ce lls post hoc. Adrenal g lands obtained from 60-80 lb male crossbred 
H am pshire  x Y orkshire  p igs w ere  rap idly frozen  in d ry  ice -isopentane prior to 
section ing. Consistent with previous reports, phenylethanolam ine Д/-methyltransferase 
(PNM T) im m unoreactivity was prim arily restricted to the oute r one-third o f the medulla 
c losest to the cortex. [125l] α-B gt-b ind ing  w as localized to approximately 50% o f the 

chrom affin cell population, however these cells were distributed in clusters throughout 
the medulla. In contrast, the non-selective n icotin ic receptor agonist [125l] ep¡batidine 
bound to essentia lly all ce lls within the medulla. These data suggest that unlike the 
bovine adrenal, α-Bgt-b inding  is not restricted to E (PNM T-positive) chromaffin cells in 

the porcine adrenal m edulla. (Supported by USDA Grant #9602365).

133.13
PROPERTIES OF SUPER IO R C E R V IC A L  G A N G L IO N  NEURO NS IN  
A LP H A  3 K N O C K O U T  M IC E . S.E. G elber*1. W. Xu2 A. O rr-U rtreger\ A .L. 
Beaudet2, L.W. Role '. 'C tr for Neurobiology and Behavior, Columbia University 
NY , NY . 10032 2Molecular and Human Genetics, H H M I, Baylor College o f 
Medicine, Houston, TX  77030 and 3Te l-A v iv  Sourasky Med. Ctr, Israel.

Neuronal nicotinic acetylcholine receptors (пACҺRs) are ligand-gated ion 
channels composed o f combinations o f alpha (α2-α9) and beta (ß2-ß4) subunits. 
The agonist and antagonist pharmacology as well as the conductance and kinetic 
properties o f  nAChƙs depend on the subunit composition o f the complexes. The 
αЗ subunit participates in functional nAChR complexes expressed in 
heterologous systems as well as in some primary neurons. For example, 
treatment o f chicken sympathetic neurons w ith antisense oligonucleotides 
targeted against the αЗ subunit mRNA decreases the number and alters the profile 
o f expressed ACh-gated channels compared w ith the пACҺRs in sibling controls.

We have characterized the biophysical properties o f пACҺRs from mice 
genetically engineered to lack the gene encoding the αЗ nAChR subunit (see Xu, 
et al.). Single channel nAChR currents from αЗ mutant mice and l¡ttermate w ild  
type (w t) controls were examined. While 100% o f  wt mice express multiple 
classes o f ACh-gated channels, 40% o f  recordings from mutant mice lack 
detectable ACh-elicited currents. The properties o f the ACh-gated channels that 
are detected in the remaining -/- mice d iffe r from w t in overall opening frequency 
as well as in their conductance and kinetic profile. ACh-gated (Ю µM ) channels 
in w t mice have relatively long opening durations (τ„=2.4-13.2), a relatively high 
P„(> 0.2), and show little  desensitization. In contrast, recordings in -/- mice 
under identical conditions reveal faster (τ0= 0.74-2.836) пACҺRs that open with a 
tenfold lower Po(<0.02) and have burst kinetics consistent w ith desensitization. 
(Funded by NS22061, LW R)

133.15

D E SE N SIT IZ A T IO N  O F N IC O T IN IC  R E C E P T O R -M E D IA T E D  
M O D U L A T IO N  O F SP O N T A N E O U S  G A B A  R E L E A S E ? P.J.O.
Covernton and R,A.J. Lester*. Department o f  Neurobiology, University 
o f Alabama at Birmingham, Birmingham AL 35294.

Enhancement o f synaptic transmission in the CNS by presynaptically 
localized  neuronal nicotinic acetylcholine receptors (пACҺRs) may 
underlie the rewarding properties o f  nicotine. Tolerance to nicotine and 
up-regulation o f  nAChR number may arise from prolonged receptor 
desensitization ⁄  inactivation caused by chronic nicotine. W e have 
addressed the relationship betw een the elevation in neurotransmitter 
release and presynaptic nAChR desensitization using tobacco-related  
concentrations o f nicotine. W hole-cell patch clamp recordings were 
obtained from interpeduncular nucleus neurons in thin brain slices. At 
positive holding potentials, bath application o f  low  concentrations o f  
nicotine (100 nM - 1 µM; 1-20 min) caused an increase in the frequency 
o f  spontaneous GABAergic inhibitory postsynaptic currents (sIPSCs), 
with little or no effect on sIPSC amplitude. The enhancement was not 
observed in the presence o f  TTX (500 nM). In 2 out o f 3 cells analyzed 
in detail, the frequency o f sIPSCs increased ≈ 3-fold  from a baseline 
level o f  1.53 ±  0.01 Hz to 3.97 ±  0 .32  Hz im m ediately (1-2 min) 
follow ing the introduction o f nicotine. The augmentation o f sIPSCs 
was not maintained during continuous exposure to nicotine and the 
frequency had fallen to 1.90 ±  0.33 Hz after 9-10 min. In the remaining 
cell sIPSC frequency was also enhanced by nicotine, with a slow er 
onset (≈ 5 min) and was maintained throughout a 20  min application. 
Thus, presynaptic enhancement o f transmitter release may be a transient 
phenomenon. Supported by PHS NINDS NS31669

133.12
AC U TE  EFFEC TS OF DEXAM ETH AS O N E  (DEX) ON NICO TIN IC  RECEPTOR 
D E P EN D EN T C A TE C H O LAM IN E  SEC R ETIO N  IN PORCINE ADRENAL 
M E D U LLAR Y  C H R O M AFFIN  CELLS. P. W agner*, M. Jorgensen. W. Arden, and B. 
Jackson. Dept, o f Physiology, Un iversity o f  Kentucky, C ollege o f Medicine, 
Lexington, KY 40536-0084.

P revious stud ies from  th is labora tory have estab lished tha t long-term  (48 hr) 
exposure  to DEX sign ifican tly  increases vo ltage-ga ted  C a2+ current and the 
am plitude  o f KC I-induced in trace llu la r Ca2+ trans ien ts  in porcine adrenal m edullary 
chrom affin  (PAM C ) ce lls m a intained in p rim ary cu lture  (Fu lle r e t al., J. Neurosci. 
Res. 4 9 :4 1 6 ,1 9 9 7 ). However, n icotine  (N IC) and acetylcholine  (ACH)-induced Ca2+ 
trans ien ts  were  unchanged under these  cond itions, suggesting tha t in addition to the 
C a2+ channe l, DEX m ay have effects on o the r upstream  com ponents o f this 
s igna ling  pathway. Severa l stud ies have dem onstrated  tha t even acute exposure to 
DE X  and o the r stero ids can a ffect n icotin ic receptor function. Using a combination 
o f Fura-2-based fluorescence im age ana lysis and carbon fiber am perom etгy, the aim 
o f the  p resent study w as to  dete rm ine  w hether acute DEX treatm ent a ffects NIC 
recepto r-dependen t in trace llu la r Ca2+ trans ien ts  and single-cell catecholam ine 
secre tion  in PAM C cells. A cute  (2.5 m in) exposure  to 10 µM DEX significantly 

reduced the  am plitude  o f 50 µM NIC-induced C a2+ transien ts by 22.6 ±  3.6% 

(p<0.05), and s ign ifican tly  decreased N IC -induced ca techolam ine  secretion by 17.6 
±  2 .8%  (p<0.05). In contrast, th is trea tm en t paradigm  had no s ign ifican t e ffect on 35 

m M  KCI-induced Ca2+ trans ien ts  o r on ca techolam ine  secretion. These data 
dem onstra te  tha t w h ile  acute DEX exposure  has no e ffect on voltage-gated Ca2ł 
channe l activity, th is  syn the tic  g lucocortico id  can inh ib it N IC receptor function, 
resu lting in d im in ished agonist-induced in trace llu la r Ca2+ transients and 
ca techolam ine  secre tion . (Supported by USDA Grant #9602365).

133.14
PO STN A TA L LETH A LITY , A B SEN CE O F BLA D D ER CO N TR A C TIO N , 
A N D  A U TO N O M IC  D Y SFU N CTIO N  IN M ICE D E FIC IEN T IN TH E αЗ 
SU BU N IT OF N E U R O N A L N IC O TIN IC  A C ETY LCH O LIN E RECEPTORS.
W. X u 12. S.E. G elber3, A. O rr-U rtreger4. J. P a trick 1. D. A rm strong1, M. 
D eB iasi1, L. R ole3, and A.L. B eaudet12*. ‘Baylor College o f  M edicine and 
2H ow ard H ughes M edical Institute, H ouston, Texas; 3C olum bia University, 
N ew  York, N ew  York; 4T℮1 Aviv Sourasky M edical C enter, Tel-A viv, Israel.

G ene targeting  was used to prepare a null m utation by deletion o f  exon 5 o f 
the αЗ subunit o f  neuronal nicotinic acety lcholine receptors (пACҺRs). 
H om ozygous (-/-) m ice lack m RNA on N orthern blotting. The -/- m ice are 
present in the expected  ratio at birth, but ~  50%  die before w eaning, and the 
rem ain ing  m ice grow  poorly and die over the next 8 weeks. The m ost obvious 
phenotypic feature  is extrem e bladder d istention, dribbling urination, bladder 
infection, and extensive stone form ation in the bladder. B ladder m uscle strips 
contract norm ally  in response to electrical stim ulation  o r carbachol, but they  are 
com pletely  defic ien t in contraction in response to n icotine as com pared to  wild 
type (+/+) m ice. E lectrophysiological studies o f  the superior cervical ganglia 
(SC G ) dem onstrate abnorm alities in -/- m ice w ith few er classes o f  ACҺ- 
sensitive channels, less channel opening events, and decreased m ean opening 
tim e com pared to  +/+ litter m ates (see G elber, et al. abstract). These m ice have 
other sym ptom s o f  autonom ic dysfunction including abnorm al ocular pupillary 
responses. The results indicate that the αЗ nA C hR  is essential for normal 
au tonom ic function, and the m ouse phenotype m ay be analogous to the hum an 
condition o f  m egacystis, m icrocolon, hypoperistalsis syndrom e.
This w ork has been supported by the H ow ard H ughes M edical Institute.

133.16
STIMULATO RY EFFECTS OF NICOTINE A N D  M E C A M Y LA M IN E  UPON THE 
SEROTONINERGIC NEURONS OF THE DORSAL RAPHE NUCLEUS 
S. Mihailescu. M. Palomero-Rivero. P. Meade-Huerta. A. Maza-Flores and R. Drucker- 
Colín*. Departamento de Fisiologia, Facultad de Medicina, U N A M , 04510 Mexico 
D.F., Mexico

Systemic nicotine administration induces both disappearance o f the ponto- 
geniculo-occipital (PGO) spikes o f REM sleep, and improvement o f mood . Since the 
stimulation o f the dorsal raphe nucleus (DRN) or serotonin administration produce 
similar effects, we studied the possibility that nicotine administration releases serotonin 
from the DRN. Midbrain slices (350 µm), obtained from Wistar rats (140-160 g), 
anaesthetized w ith chloral hydrate (400mg/kg), were superfused w ith Yamamoto buffer 
(1 ml/min, pH=7.40, 35.5°C), containing noradreanaline 50 µM  . The electrical 

activity o f a total number o f 72 DRN neurons was recorded extracellularly w ith glass 
microelectrodes (4-8 MΩ), while serotonin levels in the perfusate were measured by 
HPLC. Nicotine (1-200 µm ol), administered in perfusion, induced a dose-dependent 
increase in serotonin release (2-5 times),.associated with both increases ( in  67.5% o f 
neurons) and decreases (in 37.5% o f neurons) o f the firing rate The nicotine-induced 
changes o f both neuronal firing rate and serotonin release were most often oscillatory, 
with the neuronal firing rate decreases coinciding with serotonin concentration 
increases. The sustained decreases o f neuronal firing rate were associated with 
sustained baseline increases o f serotonin concentration in the perfusate. Mecamylamine 
( 1 -2 0  µmol),induced an in itial reversal o f nicotine’s stimulatory effects, followed by an 
increase o f both firing rate and serotonin release . Administered alone, mecamylamine 
induced only a stimulatory effect on both firing rate (+ 1 0 0 - 1 2 0 %) and serotonin release 
(3-5 times). The present study confirms the hypothesis that nicotine stimulates the 
serotoninergic neurons o f the DRN. Additionally it shows that mecamylamine also 
stimulates the same neurons by an as yet unknown mechanism.
Supported by D G APA-UNAM  grant IN2O7396 and Fideicomiso to RDC.
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133.17
INTERACTIO N OF N ICO TINE W ITH  N IC O TIN IC  C H O LIN E R G IC  R E C EPTO R S 
IN FETAL RHESUS M O NKEY LUNG. H.S. S ekho∩3. Y. J ia 3. A. K urvatov1, L. 
Cole3. R. Raab3. J.A. W h itse tΐ2. J. L inds trom 1. E.R. S p inde l3*. 1Dept. of 
Neuroscience, Univ, of Pennsylvania Medical S chool; 2Div. of P u lm onary B io logy, 
Children's Hospita l M edical Center, C incinnati, O hio; 3Div. o f Neurosc ience, 
Oregon Regional Prim ate Research Center; Beaverton, O R 97006.

Sm oking during p regnancy leads to a ltered  pu lm onary function  at birth and 
increased incidence of low er resp ira to ry  illness. Th is  m ay resu lt from  n icotine 
interfering w ith the norm al role o f n icotin ic  cho line rg ic  innerva tion  in lung 
developm ent. As a first step in studying  the  role of n icotin ic  innerva tion  in 
primate lung deve lopm ent and how  sm oking during  p regnancy m ay im pact this, 
we have begun to characte rize  the norm al patterns o f n icotin ic  recepto r 
expression in deve loping prim ate lung. Im m unochem ¡stry w as perfo rm ed on feta l 
m onkey lung using antibod ies to the hum an n icotin ic recepto r subtypes. RT-PCR 
analysis and in s itu  hybrid ization w as perfo rm ed using cD N A s and 
o ligonucleotides to the rhesus m onkey n icotin ic  recepto r subtypes p repared by 
PCR from  m onkey genom ic DNA or by RT-PC R. In deve lop ing  m onkey lung, 
three main patterns of receptor express ion  were  observed. A lpha  7 appears to 
predom inate in the large a irways and a round la rger b lood  vesse ls . A lpha  3, 6 
and 7 were found in ce lls lin ing prim itive  a lveo li, and a m ix o f m ultip le  subtypes 
were present in pulm onary m acrophages. S om e of the  ce lls  express ing  αЗ, 6 
and 7 in deve loping a lveo li exhib ited the  m orpho logy of su rfactant-secre ting  type 
II ce lls o r type  II cell p rogenitors. The presence  of α 7  w as confirm ed  by 
autoradiography w ith  125l-α -bunga rotox in . C onsis ten t w ith  this, treatm en t of 
pregnant m onkeys w ith  n icotine led to a ltered structu re  of deve lop ing  a irspaces 
and to sm all increases in leve ls  of su rfactant A  and B in am n io tic  flu id. The 
expression of αЗ, 6 and 7 in prim itive  a lveo li m ay underlie  the  a b ility  o f n icotine 
to stim ula te  surfactant expression in deve lop ing  lung, and po ten tia lly  to a lter 
normal lung deve lopm ent. S upported  b y  N IH  gran ts  R R 00163  & HL56387.

ACETYLCHOLINE RECEPTORS: NICOTINIC—PHYSIOLOGY AND FUNCTION II

134.1
ACTIVATION OF NICOTINIC ACETYLCHOLINE RECEPTORS 
ENHANCE INHIBITORY SYNAPTIC TRANSM ISSION IN THE 
CA1 OF RAT HIPPOCAM PUS. Y ,J ia  and Ҟ. Sumikawa*. Dept, of  
Psychobiology, Univ, o f  California, Irvine, CA 92697.

It has been reported that acetylcholine (ACҺ) activates an α- 
bungarotoxin-sensitive current in rat hippocampal intemeurons. The 
response to ACҺ was also blocked by methyllycaconitine (MLA), but 
not by dihydro-ß-erythroidine (DHßE), suggesting that hippocampal 
intemeurons express α7-containing nicotinic acetylcholine receptors 
(nAChRs).

Using w hole-cell patch-clamp recording techniques in visually 
identified CA1 pyramidal cells in rat hippocampal slices, we have 
observed that rapid bath application o f  nicotine (20 µM) increased both 
the frequency and amplitude o f the spontaneous inhibitory postsynaptic 
current (sIPSC). The effects o f nicotine were maintained during the 
application o f nicotine, suggesting that nAChRs responsible for the 
effects were not desensitizing. The effects o f nicotine on sIPSC were 
blocked by DHßE (10 µM), but not by the α7-containing пACҺR- 
selective antagonist MLA (1 µM), and were also inhibited by the 
sodium channel blocker tetrodotoxin (1 µM). In addition, the nicotine- 
mediated effects were mimicked by the α4ß2 nAChR ligand A 85380 (1 
µM). These results suggest that rat hippocampal intemeurons express 
both α7-containing nAChRs and non α7-containing nAChRs, and that 
the activation o f non α7-containing nAChRs, presumably the α4ß2 
type, enhances inhibitory synaptic transmission in the CA1 area o f rat 
hippocampus.
(Supported by UC-TRDRP and Smokeless Tobacco Research Council, 
Inc.)

134.3
THE LOCUS COERULEUS IS A POTENTIAL SITE OF ACTION  
FOR ANTINOCICEPTION PRODUCED BY THE NICOTINIC 
AGONIST A-85380: C-FOS INDUCTION AND DSP-4 LESION
STUDIES IN THE RAT. A.L, Nikkei*, R.S. Bitneг, D, Zhu, P. Cuгzon 
and M.W. Decker. Neurological and Urological Disease Research, Abbott 
Laboratories, Abbott Park, IL

We previously described broad-spectrum, non-opioid antinociceptive 
activity by selective modulation of neuronal nicotinic acetylcholine 
receptors (nAChRs), possibly through activation o f supraspinal nuclei 
involved in descending antinociceptive pathways, such as the nucleus raphe 
magnus (NRM), (Science, 279:77, 1998). In addition to the NRM, the 
locus coeruleus (LC) is a brainstem nucleus that projects to spinal dorsal 
horn and may function to inhibit afferent nociceptive transmission. The 
purpose o f the present study was to examine the LC as a potential site of 
antinociception produced by the nicotinic agonist A-85380. Using 
induction of the immediate early gene c-fos as a biochemical marker of 
neuronal activation, a dose of A-85380 (0.56 µmol/kg i.p.) effective in a 
thermal model of pain was shown to produce over a 500% increase in Fos 
protein expression in the LC as compared to saline-treated control rats. 
A-8538O Fos expression was blocked by central nAChR antagonism 
produced by chlorisondatnine (10 µg i.c.v.). A non-antinociceptive dose 
of A-8538O (0.1 µmol/kg i.p.) that was effective in nicotinic drug 
discrimination, did not produce a significant induction o f Fos expression in 
the LC. Finally, rats treated with the noradrenergic neurotoxin DSP-4 (50 
mg/kg i.p. 2X), an alkylating agent that destroys adrenergic axon terminals 
originating from the LC, did not show an antinociceptive response to 
A-85380 (0.56 µmol/kg i.p.) in the rat paw withdraw model of acute 
thermal pain. Together, these results suggest that the LC plays a role in 
mediating antinociception produced by nicotinic agonists such as 
A-85380. (Supported by Abbott Laboratories)

134.2
REGULATION OF CHOLINERGIC INTERNEURONAL SYNAPSES. M 
Chen, XH Yu, and JF Margiotta* Department of Anatomy & 
Neurobiology, Medical College of Ohio, Toledo, OH 43614-5804.

The potential for regulation at cholinergic neuronal synapses is poorly 
understood. Here we report that nicotinic synapses between chick ciliary 
ganglion neurons in culture (Margiotta and Berg, 1982) are sensitive to 
changes in intracellular Ca. Excitatory postsynaptic currents (epscs), 
identified as nicotinic and nerve-evoked by their sensitivity to block by 
either d-tubocurarine (dTC) or TTX, occurred spontaneously in the 
neurons at two amplitude classes of roughly -30 and -55 pA, and with a 
combined frequency of 0.35 ± 0.05 sec^‘ (n = lЗ l). A >7-fold increase in 
epsc frequency (to 2.52 ± 0.49 se c 1; n=ЗO) was observed after neurons 
were incubated in medium containing 1-2 mM IBMX for 10-24h, without 
detectable changes in epsc amplitude or sensitivity to dTC or TTX. The 
ability of IBMX to increase epsc frequency did not appear to depend 
primarily on elevation of cAMP, or involve acute inhibition of adenosine 
receptors since incubations in 2 mM 8Br-cAMP (6-24h) produced only a 
small increase in epsc frequency (40%; n=ЗO), and no change was 
detected following acute IBMX treatments (<=2h; n=Ю). Because IBMX 
activates Ca-induced Ca release (CICR) in neurons (Verkhratsky and 
Shmigol, 1996) we tested the ability of reagents targeting CICR to alter 
IBMX-induced Ca release and stimulation of epsc frequency. Imaging 
and photometry experiments revealed that IBMX produced robust 
intracellular Ca release in ciliary ganglion neurons that could be blocked 
by pretreatment with either thapsigargin (50 ∏M) or ryanodine (50 µM), 
drugs at concentrations that block the Ca pump or the Ca-release channel, 
respectively. Furthermore, when neurons were pretreated with either drug, 
subsequent IBMX incubation was ineffective in changing epsc frequency. 
These findings implicate a CICR mechanism in regulating cholinergic 
neuronal synapses, possibly by promoting presynaptic growth or the 
efficiency of evoked ACҺ release. Supported by NIH # NS24417.

134.4
A-8538O-INDUCED ANTINOCICEPTION IN MODELS OF 
PERSISTENT CHEMICAL AND NEUROPATHIC PAIN: THE 
EFFECTS OF SELECTIVE NORADRENERGIC DEPLETION.
D,X,D, Zhu*. P. Cuгzon, A.L. Nikkei. R. S. Bitneг & M.W. Decker. 
Neurological & Urological Disease Res., D-47W, AP9A, Pharmaceutical Products 
Div., Abbott Laboratories, Abbott Park, IL 60064-3500.

Interactions with the norepinephrine (NE) system play a role in the 
antinociception of nicotinic acetylcholine receptor (nAChR) ligands in a rat acute 
thermal pain model (tail flick) (Rao et al., Neuropharm., 35:393, 1996). A recent 
study showed that the antinociceptive effects of A-85380, a novel cholinergic 
channel ligand (Sullivan et al., Neuropharm., 35:725, 1996), were at least partially 
dependent on NE in a similar pain model (paw withdrawal) (Nikkei et al. this 
meeting). The object of the cuưent study was to characterize the nACҺR-NE 
interaction in models of persistent chemical pain (formalin test) and neuropathic 
pain (Chung model) by assessing A-85380 antinociception after NE depletion. A- 
85380 significantly decreased the rats' response to the formalin stimulation at 0.3 
and 1.0 µmol/kg (i.p) in both acute and persistent pain phases. A-85380 effects 
were attenuated in rats with DSP-4 pretreatment (50 mg/kg, i.p, 2 injections) in 
the acute pain phase, but not in the persistent pain phase. In the Chung model, A- 
85380 increased the pain threshold in a dose dependent manner. A significant shift 
in the dose response curve in NE depleted rats was not observed. The NE depletion 
was confirmed by HPLC assay. The concentrations of NE in the DSP-4-pretreated 
rats were significantly diminished in forebrain (-74%), brain stem (-47%), and 
spinal cord dorsal horn (-84%) compared to the control rats. Our results suggest 
that nACҺR-NE interaction plays a more important role in the acute pain phase 
than in the persistent pain phase of formalin test. The results from the Chung 
model indicate that this interaction may not play an important role in the 
antiallodynia effects of the compound. [Supported by Abbott Laboratories]
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134.5
I.C.V. INFUSION OF AN ANTISENSE OLIGONUCLEOTIDE 
AGAINST THE ALPHA-4 SUBUNIT OF THE NICOTINIC 
ACETYLCHOLINE RECEPTOR ATTENUATES ANTINOCICEPTION 
PRODUCED BY THE NICOTINIC AGONIST A-85380 IN RAT. R.S. 
Bitner*. D. Ponnellv-Roberts. A.L. Nikkei. P. Curzon and M.W. Decker. 
Neurological and Urological Disease Research, Abbott Laboratories, Abbott Park, IL 

We recently reported that pharmacological activation of neuronal nicotinic 
acetylcholine receptors (пACҺRs) can result in broad-spectrum, non-opioid analgesic 
activity in rodents (Science, 279:77, 1998). Although the α4ß2 subtype is considered 
the major neuronal nAChR, the cloning of seven α (α2-α7, α9) and three ß (ß2-ß4) rat 
neuronal subunit genes raises the possibility that nicotinic mediated antinociception 
may involve a subunit combination other than the α4ß2 pentamer. To assess if α4- 
containing пACҺRs mediate antinociception produced by nicotinic agonists, an in vivo 
antisense strategy to reduce α4 expression was used in the present study. An antisense 
oligonucleotide against nucleotides 2-21 of the previously reported rat α4 sequence 
(Goldman et a l, Cell 48:965, 1987), was infused i.c.v. (0.75 nmol/hr) in rats for 7 
days using osmotic mini-pumps. In a cross over design, rats were tested in the paw 
withdraw model of acute thermal pain on days 6 and 7 of the infusion period and 
received either the nicotinic agonist A-85380 (0.56 µmol/kg i.p.) or saline (1 ml/kg
i.p.) on each of the two test days. Animals infused with either saline or a missense 
oligonucleotide showed a significant antinociceptive response to A-85380 (83 and 68% 
increase in paw withdraw latency vs control). However, the antinociceptive effect of 
A-85380 in the antisense-infused rats was significantly attenuated (28% increase in 
paw withdraw latency vs control). Preliminary immunohistochemical and 
immunoprecipitation experiments using mAb 299 revealed a decrease in α4 expression 
in the brainstem of antisense-heated rats. These results may suggest that α4- 
containing пACҺRs expressed in brainstem nuclei involved in descending 
antinociceptive pathways mediate nicotinic analgesia. However, these data do not 
eliminate the possibility that other subunit combinations may also play a role in 
antinociception produced by nAChR activation. (Supported by Abbott Laboratories)

134.7
EVOKED POLYSYNAPTIC GABA RESPONSES RECORDED IN THE 
CHICK LATERAL SPIRIFORM NUCLEUS (SPL) ARE ATTENUATED 
BY DIHYDRO-ß-ERYTHROIDINE E.M. Sorenson*. P.-J. Zhu and V.A. 
ChiappineШ Dept, o f Pharmacol., The George Washington Univ. Sch. of 
Med. and Health Sci., Washington, D.C. 20037 

In the SPL of the chick, exogenous nicotinic agonists produce both a direct 
inward current and an increase in the frequency o f spontaneous GABAergic 
postsynaptic currents as measured by whole cell recording in the brain slice. 
We now report that stimulation o f the afferent cholinergic fiber tract lateral to 
the SPL produces evoked GABAergic postsynaptic currents in SPL neurons 
through a polysynaptic mechanism. No direct nicotinic neurotransmission 
was observed. DHßE (30 µM) blocked 55 ± 4% (n=Ю) o f the evoked 
polysynaptic response. CNQX/AP5 (4OµM/5OµM) also blocked 56 ± 13.8 % 
(n=4) o f the evoked response. DHßE does not appear to produce any 
additional blockade o f the evoked response in the presence o f CNQX/AP5. 
Immunohistochemical colocalization o f choline acetyltransferase and the 
α5/αЗ nicotinic receptor subunits, using mAb35, indicates thąt the 
cholinergic fibers interact predominantly with mAb35 positive fibers lateral 
to the SPL rather than the SPL cell bodies themselves. In conclusion, 
apparent stimulation of cholinergic afferents to the SPL evokes GABA 
postsynaptic currents through an indirect action on GABAergic fibers 
innervating SPL neurons. Supported by NIH grant 17574 to V.A.C.

134.9
D esensitization o f N icotinic Agonist-Stim ulated [3HJ-GABA Release Is 
Produced by Activating and Subactivating Concentrations o f Agonists. L u f  
Y., M arks, M .J. and Collins, A.C. Institute for Behavioral G enetics, Univ 
Colorado, Boulder, CO 80309

Nicotinic receptors (nAChR) desensitize quickly following activation. 
Desensitization occurs following receptor activation but it can also be 
produced by pre-exposure to agonist concentrations that are subactivating. 
R ecently, w e have dem onstrated that nicotine w ill stim ulate [3H ]-GABA  
release from synaptosom es obtained from  m ultiple brain regions. The 
receptor that m odulates G ABA release m ay be the sam e one that we have 
successfully  measured using an ion (**Rb*) efflux assay (M arks et al., JPET  
277:13 8 3 -1 3 9 6 ,1 9 9 6 ). The densitization o f nicotinic agonist-induced [3HJ- 
G A BA  release from synaptosom es w as determ ined and com pared with the 
desensitization of the 86R b+ efflux response. N icotine stim ulation results in an 
increase in [3H]-GABA release which decreases to zero w ith a first order rate 
constant o f 0.02 sec'1. Desensitization w as also produced by pre-exposure to 
subactivating concentrations o f nicotine. The nicotine concentrations that 
produced half-maximal inhibition o f [3H ]-G A BA release (IC 50) w ere virtually 
identical in striatum, thalamus and cortex. The ICδ0 values for desensitization  
w ere determ ined for 15 different agonists using w hole brain synaptosom es. 
A correlation of 0.96 w as obtained between the IQ ,, values obtained with the 
GABA release assay and the IQo values obtained for these sam e agonists with 
the 86Rb+ assay. Since the 8бRb+ assay seem s to m easure the function of an 
α4ß2 nAChR, it seems likely that an α4ß2 receptor m odulates [3H]-GABA  
release. Supported by DA-03194 and DA-00197.

134.6
INHIBITION OF THE NICOTINIC RECEPTOR-MEDIATED 
ENHANCEMENT OF GABA RELEASE BY OPIOID MU AND 
DOPAMINE D2/D3 RECEPTORS IN CHICK LATERAL SPIRIFORM 
NUCLEUS. Y. Nong* and V.A. Chiappinelli. Dept. Pharmacol., The George 
Washington Univ. Sch. Of Med. and Health Sci., Washington, D.C. 20037 

Whole cell recordings in brain slices were used to investigate the 
interaction of nicotinic acetylcholine receptors (пACҺRs) with other 
receptors. A previous study showed that activation o f пACҺRs enhanced 
the frequency of spontaneous GABAergic IPSCs in chick lateral spiriform 
(SpL) neurons (Neurosci. 59:689,94). We have also observed that an increase 
in evoked GABAergic IPSCs in the SPL is mediated by пACҺRs. We now 
report that activation of mu opioid, D2 or D3 receptors inhibits the nAChƙ- 
mediated effects on both spontaneous and evoked events. Leu-enkephalin (L- 
enk, lµM) and DAMGO (ЗOOnM) significantly reduced the nicotine-induced 
increase of spontaneous GABAergic IPSCs. Similarly, L-enk (lµM  ) and 
DAMGO (300 nM) blocked the nACҺR-mediated increase in evoked 
GABAergic IPSCs. Naloxone (ЮOnM) and CTOP (ЗOOnM) blocked all these 
effects o f L-enk and DAMGO. Lisuride (ЮµM), a D2 receptor agonist, and 
R-7-OH-DPAT (ЮµM), a D3 receptor preferring agonist, also inhibited the 
nACҺR-mediated enhancement of both spontaneous GABAergic IPSCs and 
evoked GABAergic IPSCs. Together these results indicate that пACҺRs play 
an important role in modulating neuronal activity, and that a variety of other 
receptors may regulate these nACҺR-mediated effects in SPL.

Supported by NIH Grant NS 17574 and NS 33135 to V.A.C.

134.8
N-TYPE CALCIUM CHANNELS MEDIATE THE NICOTINIC 
ENHANCEMENT OF GABA RELEASE IN CHICK BRAIN. T.L. Tredwav*.
J.-Z. Guo, and V.A. Chiappinelli. Dept. Pharmacol., The George Washington 
Univ. Sch. of Med. and Health Sci., Washington, D.C. 20037

We investigated the role of voltage-dependent calcium channels (VDCCs) in 
the nicotinic acetylcholine receptor (nACҺR)-mediated enhancement of 
spontaneous GABAergic IPSCs in chick brain slices. Whole cell recordings in 
the lateral spiriform (SpL) and ventral lateral geniculate (LGNv) nuclei showed 
that Cd↔ (50-100 µM) blocked the carbachol-induced increase in spontaneous 
GABAergic IPSCs indicating that VDCCs might be involved. To conclusively 
show a role for VDCCs, we examined the presynaptic effect of carbachol in the 
presence of selective VDCC subtype antagonists. α>Conotoxin GVIA (ω-CgTx 
GVIA; 0.5 µM), a selective antagonist of N-type channels, significantly blocked 
the nACҺR-mediated enhancement of GABA release in the SpL by 78% 
compared to controls (n = 6 cells; P<0.05). ¢o-Agatoxin-TK, a P/Q-type 
blocker, and nifedipine, an L-type blocker did not eliminate the carbachol 
responses. In the LGNv, a higher concentration of o>CgTx GVIA (1.0 µM) was 
required to block the presynaptic effect of carbachol; [73% reduction, (n = 4 
cells); P<O.O5]. Thus there appears to be a difference between the SpL and 
LGNv with regard to α>CgTx GVIA sensitivity. Together these results show 
that N-type channels are central in controlling GABA release in the SpL and 
LGNv and that the nACҺR-mediated enhancement of spontaneous GABAergic 
IPSCs requires activation of these N-type channels.

Supported by NIH Grant NS 17574 to V.A.C.

134.10
COMPARISON OF REGIONAL BR AIN  ⅜ N IC O T IN E  BINDING  
A ND NICOTINE STIM ULATED 8бRb+ EFFLUX IN 11 STRAINS OF 
INBRED MICE. P Dobelis. J Calcaterra.T Tritto. MJ Marks. AC 
Collins*. Institute for Behavioral Genetics. University o f  Colorado, 
Boulder, CO 80309

Previous studies reveal differences among inbred mouse strains in behavioral 
responses to nicotine administered systemically. In the present study, mouse 
strain and brain regional differences in brain nicotinic receptor number and 
function were assessed.

Eleven strains o f inbred mice were compared for brain region and strain 
differences in ⅜ nicotine binding to and nicotine-stimulated 8бRb+ efflux from 
P2 (synaptosomal) preparations.

A strong regional correlation (r2 -  0.85) between ⅜ nicotine binding and 
8бRb+ efflux was detected among strains. Both ⅜ nicotine binding and 8бRb+ 
efflux were consistently highest in the thalamus and lowest in the cerebellum.

Comparison o f ⅜ nicotine binding and 86Rb+ efflux between strains revealed 
no correlation (r2 = 0.03). C57BL/6J mice showed the highest amount of ⅜  
nicotine binding while A mice showed the greatest responŝe for nicotine 
stimulated 8бRb+ efflux.

These results indicate that strain-dependent differences in behavioral 
response to nicotine are not readily explained by differences in nicotinic 
receptor function.
Supported by DA 03194, DA 00197, and AA 07464-21
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134.11
AGE-DEPENDENT NICOTINIC EN H A NC EM EN T OF N M D A - 
RECEPTOR M ED IATED  S Y N A PT IC  T R A N S M ISS IO N  IN  
NEOCORTEX. V. B. Aгamakis*. and R. Metherate. Department o f  
Psychobiology, University o f California, Irvine, CA 92697.

Previously we reported that activity at α7 nicotinic ACҺ receptors 
(пACҺRs) selectively enhances the N M D A  receptor mediated late- 
EPSP recorded from layer III/IV pyramidal neurons in juvenile (8-16  
day old) rat auditory cortex. Here, w e further describe the effects o f  
nicotine on auditory cortical neurons. In juvenile rats, a brief pulse o f  
nicotine (0.5-25 µM) applied from a pipette placed adjacent to the 
neuron’s proximal apical dendrite enhanced the late-EPSP recorded 
from 69/118 neurons. The locus o f  nicotine's action is likely  
presynaptic because iontophoretic N M D A -induced  postsynaptic  
depolarizations, elicited in a low  Ca2+/high M g2+ solution to block  
synaptic transmission, were not enhanced by nicotine pulses (6/ 6 ). 
Prior exposure to low nicotine doses via superfusion (0.3-0.5 µM , 5/5) 
precluded enhancement o f the late-EPSP by pulsed nicotine in juvenile 
rats. Also, the late-EPSP was unaltered by bath application o f  nicotine 
(0.3-10 µM; 9/10). In contrast, nicotine had no effect on the late-EPSP 
recorded in neurons from 19-24 day old rats (17/18). This was not due 
to maturation o f cortical inhibition because pharmacological blockade of 
inhibition and isolation o f N M D A  receptor-mediated EPSPs revealed 
no effect of nicotine (3/3). Together the data suggest that ACҺ acts at 
rapidly desensitizing presynaptic пACҺRs to enhance N M D A  receptor 
dependent synaptic transm ission in d eveloping, but not mature, 
auditory cortex. Prolonged exposure to nicotine could prevent NM DA  
response enhancement and disrupt synaptic plasticity during this critical 
period. Supported by NSF and NIDCD.

134.13
DIFFERENTIAL RESPONSES OF MYENTERIC NEURONS TO 
NICOTINIC RECEPTOR AGONISTS. D.A. Schneider. J.J. Galligan*. Dept. 
Pharmacol.& Tox., and the Neuroscience Program, Michigan State Univ.; E.Lansing, M l 
48824.

The objective of this study was to determine i f  AH-and S-type myenteric neurons exhibit 
differential responses to nicotinic cholinergic receptor (nAChR) agonists. Agonist 
responses were studied using intracellular electrophysiological methods to record from 
myenteric neurons in longitudinal muscle/myenteric plexus preparations from guinea pig 
ileum. Tissues were maintained in a recording chamber perfused with oxygenated Kreb’s 
solution (37C). Fast and slow excitatory synaptic potentials were evoked by focal 
stimulation of intergangliomc fiber tracts. Drugs were applied by superfusion or pressure 
ejection from a pipette positioned near the impaled neuron. The amplitude o f fast, but not 
slow, excitatory synaptic responses was reduced during supcrťusion with nicotine. In S- 
neurons, pressure application o f nicotine or cytisine caused a rapid depolarization 
associated with decreased resistance often followed by a hyperpolarization with a decreased 
resistance. Nicotine-induced depolarization in AH-neurons were smaller in amplitude than 
in S neurons and AH neurons did not respond to cytisine. Nicotine responses in AH 
neurons were frequently biphasic with a similar fast depolarization but followed by a slow 
depolarization associated with increased resistance; these responses were unaffected by 
tetrodotoxin (300 nM) or methallycaconitine but w;ere inhibited by mecamylamine ( 10 
uM). In conclusion, AH- and S-type myenteric neurons exhibit different responses to 
nAChR agonists. Nicotine supeiŵsion inhibited fast neurotransmission in S-neurons but 
did not change slow excitatory neurotransmission in AH-neurons. S but not AH neurons 
were excited by cytisine; this difference may be due to differences in receptor number or 
nAChR subunit composition. Nerve terminals releasing the mediators o f slow synaptic 
responses may express presynaptic πACҺR`s. (Supported bv T32 NSO7279, NS01738, and 
NS33289)

134.15
INHIBITION OF NICOTINE-INDUCED HIPPOCAMPAL NOREPIN
EPHRINE RELEASE BY CONOTOXINS MICROINJECTED INTO 
THE LOCUS COERULEUS. Y. Fu,‘* S G. Matta,1 J.M. McIntosh,2 and
B.M. Sharp1. ‘Endocrine-Neuгosci. Lab., Minneapolis Medical Res. 
Fndn„ Minneapolis, MN 55404; 2Dept. o f Biology, Univ, of Utah, Salt 
Lake City, UT 84112

Nicotinic receptors (NAchRs) located in the locus coeruleus (LC) are 
involved in hippocampal norepinephrine (NE) release in response to i.v. 
nicotine. However, the receptor subtype(s) mediating this process is not 
well defined. α-Conotoxins, isolated from the marine snail Conus, have 
been shown to target specific subtypes o f NAchRs. These studies 
determined the relative potencies and efficacies o f two conotoxins: M il 
and Aul B. First, nicotine (6-600 pmol in 200 nl over 60s) was directly 
infused into the tissue immediately adjacent to LC, and NE release in the 
hippocampus (HP) was measured by in vivo microdialysis. Nicotine, at 
60 pmol or higher, dose-dependently stimulated NE release in the HP 
(74% increase for 60 pmol and 619% for 600 pmol; p< 0.01). In the 
second set of studies, conotoxin MH (0.025-25 pmol) or conotoxin Aul 
B (1-25 pmol) were infused into the LC region, 5 min prior to nicotine 
60 pmol. Conotoxin M il, at doses o f 0.25 pmol or higher, reduced 
nicotine-stimulated NE release in the HP (maximal inhibition=67%; 
F=3.01, p=0.03). In contrast, 25 pmol Aul B inhibited by 44% 
(p<0.05). The approximate ICs〇s were 0.15 pmol for M il and 2.2 pmol 
for Aul B; these values correspond to estimated tissue concentrations o f  
150 nM for Mil and 2.2 µM for Aul B. At transfected αЗß2 NAchRs, 
the Kds for MH and Aul B are 0.5 nM and 5-50 µM, respectively. In 
contrast, αЗß4 NAchRs show Kds o f 200-400 nM for MH and 500 nM 
for Aul B. Therefore, the 1C*, values o f these two conotoxins indicate 
the involvement of LC αЗß4 NAchRs in hippocampal NE release by 
nicotine. In addition, the efficacy o f MH at concentrations <150 nM 
suggests that αЗß2 NAchRs are involved. (Supported by DA-03977)

134.12
COMBINED EFFECTS OF CHRONIC ETHANOL CONSUMPTION 
AND AGING ON α4 AND ß2 SUBUNITS OF BRAIN NICOTINIC 
RECEPTORS. J.L. Eriksen2*, L, Petrucelli1 , J.M. Lee3, and M.J. Druse- 
M anteuffel1. ’Dept, o f Molecular and Cellular Biochemistry, Loyola Univ. 
Chicago, Sffitch School o f Med.; 2Neuroscience Program, Loyola Univ. 
Chicago, Stritch School o f Med.; 3Dept. o f Neuropathology, Loyola Univ. 
Chicago, Stritch School o f  Med.; Maywood,IL  60153.

Chronic alcoholism potentiates age-related loss o f  CNS function, and there is 
substantial evidence which suggests that the impact o f alcohol consumption is 
more severe on the elderly than on younger individuals. However, little 
information is available regarding the combined effects o f aging and chronic 
ethanol consumption on nicotinic receptors in the brain. The α4-ß2 receptor is 
the most abundant nicotinic subtype in the CNS, and is thought to be involved 
with memory consolidation and to play a neuromodulatory role. In the present 
study, we examined whether age or a chronic ethanol diet could alter levels o f 
α4 and ß2 mRNA subunit transcripts in young versus aged rats. 6 and 24 month 
old rats were pair-fed 6 .6 % ethanol or liquid control diets for 6 weeks. After 
sacrifice and serial sectioning, brains were assayed using in situ hybridization, 
and autoradiographic changes were quantitated by densitometry analysis. Our 
results suggest that ethanol significantly increases levels o f the α4 subunit in 
young rats, but that there is no ethanol effect in the aged animals. Elderly 
animals had greater levels o f α4 mRNA compared w ith young rats, indicating 
an independent aging effect. Neither ethanol nor aging appeared to alter ß2 
mRNA levels. These results support earlier findings that chronic ethanol diets 
may transiently enhance spatial memory in adult animals, and also suggest that 
there are alterations in α4 mRNA production in aged animals that are not 
affected by ethanol consumption. Supported by NIH grant USPHS-AA03490-Ĵ4.

134.14
LOCAL α-BUNGAROTOXIN-SENSIΉVE NICOTINIC RECEPTORS 
MODULATE HIPPOCAMPAL NOREPINEPHRINE RELEASE BY 
SYSTEMIC NICOTINE. S.G Matta, ♦ Y. Fu, and B.M. Sharp. 
‘Endocrine-Neurosci. La6ľ¦ Minneapolis Medical Res. Fnđn„ 
Minneapolis, MN 55404

Previous studies have shown that nicotinic receptors (NAchRs) 
accessible from the cerebral aqueduct of the brainstem mediate the 
hippocampal norepinephrine (NE) release induced by i.v. nicotine. 
The present study was designed to investigate the role of 
hippocampal NAchRs in this process. Nicotinic antagonists were 
microinjected or microdialysed into the hippocampus (HP) before 
administering nicotine (0.09 mgƒkg over 60 sec, i.v.) to freely 
moving rats. α-Bungarotoxin (α-BTX, 0.3 nmol by microinjection) 
blocked nicotine-induced hippocampal NE release by 47% (p<0.05) 
and abolished the effect o f nicotine 0.065 mgƒkg. Methyllycaconitine 
(1.4-5.6 mM in the dialysate) inhibited the stimulatory effect of 
nicotine by 48-75% (p<0.05). In contrast, mecamylamine (2.9 to
5.8 mM) and dihydro-ß-erythröidine (7 to 14 mM) were completely 
ineffective. The role of hippocampal NAchRs was demonstrated 
further by selectively desensitizing these receptors prior to the 
systemic infusion of nicotine. To do so, the HP was pretreated with 
nicotine (0.1 mM) delivered through the microdialysis probe. 
Dialyzing this concentration of nicotine into the HP inhibited the NE 
response to i.v. nicotine by 34% (p<0.05), and 1.0 mM nicotine 
reduced the response by 40%. These studies indicate that α-BTX- 
sensitive hippocampal NAchRs, probably containing α7 subunits, 
modulate hippocampal NE release due to systemic nicotine. 
(Supported by DA-03977).

134.16
IN  VIVO E LE C T R O C H E M IC A L  STUDIES OF N IC O T IN E -IN D U C E D  
RELEASE O F N IT R IC  O X ID E  IN  TH E  R A T  H IPPO CAM PUS. D.J. David l 2̂■3̂  
D.A. Smith4, C·E. Adams2, G.A. Gerhardt1,2,3. Departments o f ‘Pharmacology &  
2Psychiatry, and the 3Neuroscience Training Program, University o f Colorado Health 
Science Center, Denver, CO 80262 and 4Neuroscience Program, Oberlin College, 
Oberlin, OH 44074.

Previous studies suggest that nicotine activation o f  cholinergic receptors in the 
hippocampus may be responsible for short-lived cognitive improvements in 
schizophrenic patients. However rapid desensitization o f the cholinergic receptors 
implies that another longer-lived modulator may be responsible for the therapeutic 
effects o f nicotine in schizophrenic patients. Colocalization o f  the nicotinic α7 receptor 
and nitric oxide synthase in cells o f the CA1 o f the hippocampus suggests that nicotine- 
induced release o f nitric oxide (NO) may play a role in these cognitive improvements, in 
vivo electrochemical recordings were performed in the CA1, CAЗ, and dentate gyrus o f 
the hippocampus o f anesthetized rats in order to investigate whether nicotine produces 
the release o f NO. Recordings were made with o-phenylenediamine treated, Nafion- 
coated carbon fiber electrodes that are very selective and sensitive for measurements of 
NO in the brain. Solutions (1 mM nicotine or 200 µM NO dissolved in PBS) were 
pressure-ejected from a pipette positioned 275-325 µm from the recording electrode. 
Single applications o f nicotine pressure-ejected into different areas o f  the hippocampus 
induced NO release (average amplitudes; CA 1 (n= 13) 1.46 ± 0.22 µM, CAЗ (n= 11) 1.35 
± 0.20 µM, dentate (n=Ю ) 1.59 ± 0.37 µM). These signals were long lasting with 90% 
decay times (T9U) averaging 499 ± 80 sec in the CA 1, 587 ± 39 sec in the CAЗ, and 481 
± 151 in the dentate. Interestingly, the duration o f  electrochemical signals o f locally 
applied NO dissolved in PBS (200 µM ) was considerably shorter (202 ± 27 sec). These 
results in conjunction with results o f experiments conducted in rat brain slices suggest 
that nicotine evokes long lasting increases in NO levels in the hippocampus which may 
be responsible, in part, for the therapeutic effects o f  cigarette smoking in schizophrenic 
patients. (Supported by grants AGO6434 and MHO 1245.)
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134.17
NICO TINE-EVO KED NITRIC O XIDE (NO) RELEASE IN THE RAT 
HIPPOCAMPAL SLICE. D.A. Smith2*, D.J. David1. A.F. Hoffm an1, G.A. Gerhardť. 
‘Department o f Pharmacology and Neuroscience Training Program, University o f 
Colorado Health Sciences Center, Denver, CO 80262; 2Neuroscience Program, 
Oberlin College, Oberlin, OH 44074.

Recent studies by Adams and Freedman (1997) have reported α-bungarotoxin 
binding on NO synthase (NOS)-containing interneurons, suggesting that nicotinic 
cholinergic systems may regulate NO release. The present study was conducted to 
determine the effects o f cholinergic agonists on NO release in hippocampal slices from 
male Sprague-Dawley rats (50-75 grams). NO was measured using Nafі́on and o- 
phenylenediamine-treated carbon fiber electrodes, which are h ighly selective for NO 
versus other electroactive compounds (e.g. nitrite and ascorbic acid). Acetylcholine 
(Ach; 2OOmM) containing neostigmine (10 mM), or nicotine ( l  mM), was delivered 
by pressure ejection from pipettes placed w ith in ЗOOµm o f the NO sensors in different 
regions o f the slice. Both Ach and nicotine evoked 0.2-3.0 µM  changes in 
extracellular NO levels in the CA1, CAЗ, and dentate gyrus o f  the rat hippocampus. 
Superfusion o f slices w ith the NOS inhibitor L -N A M E  (100 µ M ) or hemoglobin (30 
µM ), attenuated the responses to Ach and nicotine. Ach-evoked NO responses were 
smaller in amplitude and shorter in duration as compared to nicotine-evoked signals, 
which is consistent with the known high activity o f acetylcholinesterase. Responses to 
Ach were not antagonized by bath application o f atropine (50 µM ). However, 
responses to nicotine were partially antagonized by α-bungarotoxin, suggesting that 
nicotine-evoked NO release may involve the activation o f α7-containing nicotinic 
receptors. This work, together with our work in anesthetized rats, supports the 
hypothesis that nicotine is capable o f producing prolonged NO release in the 
hippocampus and may relate, in part, to nicotine’ s effects on sensory gating. 
Supported by grants MH01245 and NS09199.

134.19
RO BUST AND P RO TRACTED SEN SITIZATIO N TO THE LO COM OTOR 
EFFECTS OF INTERM ITTENT N ICO TINE ADM IN ISTRATIO N : LACK OF 
A NTAG O NISM  BY MECAM YLAM INE. L.P. Dw oskin1*. L.H. W ilk ins1. T.P. 
T o lle r1. M.T. Bardo2. and P.A. C rooks1. College o f Pharm acy, and Dept, o f 
Psychology, Univ. O f Kentucky, Lexington, KY 40536.

Rats were habituated to both s.c. saline in jections and locom otor activity 
cham bers fo r 3 days. (-)N icotine d i-tartra te  (NIC, 1 m g/kg) was then injected 
im m edia tely prior to a 50-m in session, and m ecam ylam ine HCI (MEC, 1.5 
m g/kg) 20 min prior to NIC. Drugs were injected once/wk fo r 6 wks, with 3 
saline injection days prior to each drug adm inistration day. Acutely, NIC 
produced hypoactivity 'during the first 10 min o f the session and hyperactivity 
during the last 30 min o f the session. A ctivity during the firs t 10 min o f the 
session returned to saline contro l levels (to lerance) by w k 2 and was 
significantly above contro l (sensitization) by w k 4. The hyperactivity, 
exhib ited la ter in the session which was evident a fte r a single NIC injection, 
was not altered follow ing repeated NIC injection. A fte r 6 w ks o f testing, rats 
rem ained in the ir hom e cages fo r an additional 3 wks. On wk 9, when rats 
were again injected w ith NIC, robust sensitization was exhib ited early in the 
session and hyperactivity occurred la ter in the session. MEC com plete ly 
b locked both the hypoactive and hyperactive e ffects o f acute NIC injection. 
On wk 1 thru 5, activity o f the group in jected with both MEC and NIC was not 
d iffe rent from  that o f the saline contro l group. On w k 5, when MEC was 
adm inistered to rats previously injected w ith NIC once/wk fo r 4 wks, MEC 
blocked the hyperactivity late in the session, but M EC failed to block the 
sensitization during the first 10 min o f the session. On wk 6, when NIC was 
adm inistered in the absence o f MEC, hyperactivity was restored. Thus, a 
robust and long-lasting sensitization deve lops to in term ittent NIC 
adm inistration which is not m ecam ylam ine sensitive and involves a d iffe rent 
m echanism  than that responsib le fo r the NIC-induced hyperactivity. 
(Supported by USPHS grant DAO8656 and DA10934)

134.18
REGULATION OF N ICO TIN IC  RECEPTO RS IN SU PERIO R CERVICAL 
GA N G LIO N , RETIN A  A N D PINEA L: EFFECTS OF CHRONIC 
EX PO SU RE TO  N ICO TIN E. M .I. Dávila-G arcía* and K.J. Kellar. 
Georgetow n U niversity  School o f  M edicine, W ashington DC. 20007. USA.

Chronic exposure to nicotine increases the num ber o f  nicotinic acetylcholine 
recep to rs (nAChRs) in brain. One o f  the receptors that is increased is 
com posed o f  α4  and ß2 subunits, which appears to be a predom inant nicotinic 
receptor subtype in brain. Nicotinic receptors in peripheral ganglionic neurons, 
adrenal gland and pineal seem  to not contain m R N A  for the α4 subunit, and 
the predom inant receptors in these tissues appear to be ones containing the αЗ 
subunit. Retina, on the other hand, contains m RN A  for both αЗ and α4 
subunits. Recently, we investigated the effects o f  chronic nicotine on adrenal 
gland and found that the receptors in this tissue are not increased by chronic 
n icotine (Flores et al., 1997).

In the present study, the effects o f  chronic n icotine on nAChR numbers in 
cerebral cortex, superior cervical ganglion, pineal and retina were studied. 
M ale Sprague Dawley rats were exposed to n icotine (4 or 12 mg/Kg/day) or 
saline through A L ZET m ini osm otic pum ps. Exposure to either 4 or 12 
m g/K g/day o f  n icotine increased nA C hR  binding  sites in cerebral cortex by 
≈4O%, as m easured by [¾ ]epibatid ine or [,25I]epibatıdine; in contrast, neither 
treatm ent a ltered the num ber o f  nA C hRs in superior cervical ganglia, pineal 
o r retina. This differential regulation is probably  determ ined by several 
factors, including the receptor subunit com position and the intrinsic turnover 
rate o f  the receptors.
This w ork was supported by NIH grants AG 09973 and DAO6486.

EXCITATORY A M INO  A CID R ECEPTORS: EX PR ESSIO N

135.1

IM M U N O C Y TO C H E M IC A L EVIDENCE OF S ILENT SYNAPSES IN  THE 
HIPPOCAMPUS DURING DEVELOPM ENT. R.S. Petralia,‘ * J. Esteban,2 Y .-X. 
Wang , 1 J.G. Partridge,3 H.-M . Zhao, 1 R. M a linow ,2 and R.J. Wenthold.‘ ‘Lab. o f 
Neurochemistry, NIDCD, N IH , Bethesda, M D  20892; 2Cold Spring Harbor Lab,
N Y  11724; 3Dept. Pharmacol., Vanderbilt Univ., Nashville, TN  37232.

Physiological studies indicate that many synaptic events in the hippocampus and 
other brain regions are mediated by activation o f only N M D A  receptors. The 
prevalence o f such functionally silent synapses decreases during development (P2- 
P15). This suggests that N M D A  receptors are present in these synapses before 
AM PA receptors. However, alternative theories include 1) the presence o f A M PA 
receptors that are functionally silent and 2 ) low concentrations o f glutamate (e.g. 
spillover from nearby synapses) sufficient to activate only N M D A  receptors. This 
controversy could be resolved by direct morphological determination o f changes in 
N M D A  and A M PA receptors at these synapses during development. We have used 
immunogold to test the hypothesis that N M D A  receptors exist at most synapses 
while A M PA receptors exist at few synapses during development (i.e., when silent 
synapses are prevalent), but in most synapses in adults. We used several A M P A  and 
N M D A  receptor antibodies (Abs) and examined rat hippocampus from P2, P10 and 
adults. For Abs to NR1 and NR2A/B, the # gold particles/synapse and µm o f 
postsynaptic membrane, and the % labeled synapses, were generally sim ilar at all 
ages studied. In contrast, for the A M P A  receptor Abs, these values were low at P2 
and P10 and high in adult. Furthermore, we maximized A M P A  receptor detection by 
combining 5 A M P A  receptor Abs and by modifying several steps in the 
immunolabeling procedure. In this case, A M P A  receptor Abs labeled only 51 % o f 
synapses at P10 compared to 91% in adults. Even after a llowing for low  detection o f 
the immunogold technique (see Esteban et al.), these data support the presence, early 
in development, o f many established synapses that lack A M P A  receptors, and thus 
would coưespond to the silent synapses revealed by physiological studies.
(Supported by the NIDCD, NINDS and Mathers Charitable Foundation)

135.2
ESTIM ATING  SILENT SYNAPSE PREVALENCE FROM IM M U NO G O LD DATA 
USING LOW  DETECTION CORRECTION. J.A. Esteban*1. R.S. Petralia2, Y.-X. 
Wang2, R.J. Wenthold2 and R. M alinow1. ’Cold Spring Harbor Lab, N Y  11724; 2Lab. 
o f Neurochemistry, N IDCD, N IH , Bethesda, M D  20892 

In order to determine whether NMDA-containing, AM PA-lacking synapses exist, 
and how their abundance may vary during development, we have carried out an 
electron microscopy study using immunogold labeling o f  several N M D A  and AMPA 
receptor subunits in rat hippocampus from P2, P10 and adult animals (see Petralia et 
al.). The presence o f  N M D A  and/or A M PA receptors in a particular synapse can be 
determined very accurately with this technique. However, proving the absence o f a 
particular receptor type in a synapse is a much more d ifficu lt problem for any 
technique. This is because a negative immunolabeling can be due to the absence o f the 
antigen or to a detection failure. We have developed a method to estimate the number 
o f detection failures o f the technique from the distribution o f synapses that do contain 
immunolabeling. Then, the fraction o f  synapses that tru ly lack A M P A  or NMDA 
receptors can be calculated by subtracting the detection failures from the observed 
distributions. Monte Carlo simulations verify the robustness o f  this method for various 
in itia l distributions and levels o f detection. We apply this method to immunogold data, 
and estimate that the fraction o f synapses lacking N M D A  receptors is sim ilar and less 
than 10% at all ages studied. In contrast, 75% o f  the synapses lack A M P A  receptors at 
P2, this fraction decreasing to 50% and less than 20% at P10 and in adults, 
respectively. These data indicate that there is a large fraction o f N M D A  receptor- 
containing, A M PA receptor-lacking synapses early in post-natal development, and that 
this fraction gradually decreases as the animal matures. Interestingly, our analysis also 
indicates that the average number o f A M PA receptors in the AMPA-positive synapses 
is sim ilar at the three ages studied. We have obtained physiological support for these 
anatomical data by observing that the mean amplitude o f  miniature spontaneous 
currents in CA1 hippocampal cells is v irtua lly invariant from P2 to adulthood. 
(Supported by the NINDS, Mathers Charitable Foundation and N IDCD )
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1353
CELL SURFACE EXPRESSION OF THE NM D A RECEPTOR NR1 SUBUNIT. 
S.Okabe*. Lab. of M olecular N eurobiology, N ational Institu te  of Bioscience 
and Human-Technology, Tsukuba, Ibaraki, 305 Japan.

The functional NM DA receptors are  com posed  of NR1 and NR2 
polypeptides. The NR1 su b u n it has e igh t splice v arian ts and  these v arian ts 
have differential expression p a tte rn  in the  CNS. The subcellu la r localization 
ofNRl splice forms was s tud ied  by transfecting  eight splice varian ts and  
their epitope-tagged derivatives into ЗTЗ fibroblasts. The am o u n t of NR1 
molecules expressed on the cell surface varied  betw een form s w ith  d ifferent 
carboxyl-terminal cytoplasm ic dom ains. In contrast, the am ino-term inal 
splicing did not have major effect on the cell surface expression. The splice 
forms with the longest carboxyl-term inal cytoplasm ic tail (N R l- la  and  b) 
showed the lowest am ount of the cell surface expression  and  the splice form s 
with the shortest carboxyl-term inal cy toplasm ic tail (N R l-4a an d  b) show ed  
the highest cell surface expression.

When the NR1 su bun it w as expressed  together w ith  NR2A or NR2B 
subunit, cell surface expression of NR1 w as enhanced . H ow ever, the  difference 
of the amount of NR1 on the cell surface betw een the splicing varian ts w as 
preserved. G lutam ate-induced increase of [Ca++] w as m easured  by Fura-2 
fluorescence ratio imaging in ЗTЗ cells transfected  w ith  each NR1 splice form s 
together with NR2B and GFP. The increase of [Ca++] a fter stim ula tion  w ith  
glutamate had positive correlation w ith  the am o u n t of NR1 m olecules 
expressed on the cell surface. W hen ep itope-tagged  NR1 splice varian ts w ere 
transfected into prim ary neurons, the d ifferential expression  on the cell 
surface between splice forms w as also observed.

These results suggest th a t the sp licing of the  carboxyl-term inal 
domain of the NR1 subun it regulates the  cell surface expression  of the 
functional NMDA receptors.

135.5

GLUTAMATE RECEPTOR SUBUNIT EXPRESSION IN CULTURED 
CORTICAL NEURONS TRANSFECTED WITH GREEN FLUORESCENT 
PROTEIN. J. H. Li*. J.F. Wang and S. Vicini. Department o f Physiology & 
Biophysics, Georgetown University Medical Center, Washington DC 20007.
We used a modification of the calcium-phosphate precipitation based transfection 
procedure to transfect cDNA encoding green fluorescent protein in primary 
cultured cortical neurons from postnatal day 1 rats maintained in 25 mM KC1 
containing growth medium. After replacing the original growth medium, cells 
were transfected at DIV4 in Basal Eagle Medium with Hanks salt with additional 
HEPES buffer for 30-60 minutes. At the end of the transfection cells were placed 
bade in the original growth medium. After 12-24 hours several neurons displayed 
bright fluorescent staining that was maintained for the life of the culture. The 
percent cell successfully ưansfected was variable from 0.1 to 3% and the number 
of fluorescent cells decreased with age in culture proportionally to a decrease in 
total cell number. Transfected cells displayed a normal growth, with extensive 
dendritic arborization, spines growth and with axons that could be followed for 
several millimeters until a pronounced growth cone could be easily identified. 
ElecUophysiological recording in GFP transfected cells indicated that the cells 
produced action potentials and received spontaneous synaptic inputs. We 
performed immunocytochemical analysis in GFP ưansfected cells using antibodies 
against NR1, NR2A and NR2B subunit of the NMDA receptors and against the 
GluRl subunit of AMPA receptors, to investigate the distribution of these receptor 
subunits in distinct anatomical compartments. As previously reported glutamate 
receptor subunit clusters were observed for all subunits investigated although in a 
few neurons only diffuse microclusters were observed. Our results provide a direct 
evidence that the various glutamate receptor subunits studied clusterize on both 
dendritic shafts and spines although the expression and distribution o f specific 
subunits was cell dependent. (Supported by grant MH58946).

135.7

CHARACTERIZATION O F H U M A N  N M D A  R E C E P T O R  2A  A N D  2B 
MONOCLONAL ANTIBODIES. P. V issa va įjha la .* , P. R. Hof, T. Moran, Y. He, D. 
G¡mmel and J.H. Morrison. Neurobio logy of Aging Labs and Fishberg Research 
Center for Neurobiology, M ount S inai School of M edicine, New York, NY 10029 
Though the subunit s to ich io m e try  o f the  na tive  N M D A  re ce p to rs  (NR) 

mediating the excitatory cu rren ts  in the  bra in  is ye t unknow n, it is w ide ly  
assumed that a varie ty of NR2 subunits  (A -D ) form  fun c tio na l hete rom eric  
channels in com bination w ith  the  o b liga to ry  su bu n it NR1. So, in o rd e r to 
characterize NMDA receptors at a subunit and spec ies-spec ific  level in the 
CNS, we raised and characterized monoclonal antibod ies (M Ab) aga inst human 
NR2A and 2B subunits. Fusion p ro te ins linked to  g lu ta th ione  trans fe rease  
corresponding to putative am ino acid sequence  reg ion of NR2A (1099-1213 
residues), and NR2B (1033-1161 residues) were used as antigens. Tw o MAbs 
(2F8 and 6B10) identify a 175 kDa prote in  co rresponding  to hum an, but not 
rat, NR2A following im m unoprecip ita tion w ith a M Ab (2D10) and subsequent 
Western blot analyses of HEK (293) cell lysates. The ce lls  w ere  cotransfected 
either with human or rat NR2A cDNAs with respective  NR1s in the presence of
3-(2-carboxypiperaz¡n-4-yl)propyl-1-phosphon¡c acid (CPP), a b locking  agent 
for calcium influx. However, the MAb (13A11) ra ised aga ins t hum an NR2B 
identified both the prote ins of hum an as w ell as rat from  s im ila rly  transfected  
cells in direct Western analysis. The species specific ity  and u tility  fo r anatom ic 
localization of these  MAbs w ere  a lso  co n firm ed  by im m un o fluo re scen ce  
studies in transfected HEK (293) cells. The species specific  characte ris tics  of 
the MAbs is not surpris ing g iven the 100%  iden tity  o f am ino  acid  residues 
between human and ra t fo r NR2B reg ions o f fus ion  p ro te in -a n tig e ns , as 
compared to the 85%  identity between the tw o  species fo r NR2A. Currently, 
we are using these an tib od ie s  to  s tudy  N R 2A  and 2B  s u bu n it reg iona l 
distribution and co localization {viz., neocortex and h ippocam pus) and electron 
microscopic studies of the ir subce llu la r localization  in rat, m onkey and hum an 
brains. Supported by NIH grants AGO6647 and AG 05138.

135.4
VISUALISATION OF A KAINATE-TYPE GLUTAMATE RECEPTOR BY 
FUSION WITH GREEN FLUORESCENT PROTEIN
S.P. Braithwaite1. J.M.Henlev1. E.J. Coan1*. D. Lodge2, and G.L. Collingridge1. 
'Department of Anatomy, University o f Bristol, School of Medical Sciences, Bristol, 
BS8 1TD, UK;⅜li Lilly & Co., Lilly Corporate Center, Indianapolis, IN, 46285, USA 

Although a role of kainate receptors in synaptic transmission has recently been 
demonstrated, the physiological and pathological implications of such receptors are 
still to be determined. It is possible that the regulation of kainate receptor expression 
may be a mechanism for changes in synaptic efficacy. Gaining an understanding of 
the subcellular distribution and trafficking of these receptors may therefore give 
further insights into their functions. To investigate this, a fusion protein of GluR6 and 
green fluorescent protein (a GFP triple mutant) has been generated. The stop codon of 
GluR6 was removed and GFP attached to the C-terminal end of the subunit. An 11 
amino acid linker region was inserted between the two proteins in order to limit 
possible steric hinderance which may result from the attachment of GFP and which 
may affect the assembly, interactions and functions of the GluR6 subunit which are 
mediated by its C-terminal domain. Transient transfection of human embryonic 
kidney (HEK) 293 cells using the calcium phosphate technique, with the DNA 
encoding this construct, showed GFP fluoresence. The distribution of GFP fluoresence 
is different for GluR6-GFP, which shows a purely extranuclear localisation, and GFP 
alone which is diffusely distribted throughout the cell including the nuclear 
compartment. Expression of wild-type GluR6 in HEK 293 cells gives homomeric 
receptors with large currents which desensitise rapidly, this desensitisation being 
eliminated by pre-incubation with Concanavalin A.The function and targeting of this 
GluR6-GFP fusion is being investigated initially in HEK 293 cells, with comparison 
to wild-type GluR6. The use of such constructs should be of interest in looking at 
regulation and distribution of kainate receptors in living neurones.
Supported by the BBSRC and Eli Lilly.

135.6
STRUCTURAL INVESTIGATIONS OF SEQUENCES IN GLUTAMATE 
RECEPTORS IMPORTANT FOR ANTIBODY-BINDING AND MODULATION OF 
RECEPTOR FUNCTION. S. W . Rogers1* S. M cD on a ld . N,G. Carlsoń . L C . 
Gahri∏q1. K.R. Ely2 .'S a lt Lake C ity VA-G R EC C and University o f Utah School o f 
M edicine, S.L.C., UT 84112 and 2TҺ℮ Burnham  Institute, LaJolla CA 92307

Neurological d isorders exhib it rem arkable  specific ity in afflicting precise 
brain regions. O ur studies o f certain neurological d isorders (Rogers et a l,  Science 
265:648-652, 1994; Gahr¡ng et al., Molec Med. 3:245-253,1995; and Neurology 
48:494-500,1997) have identified highly specific autoantibodies to certain neuronal 
g lu tam ate  receptors (G luR) that a lter the function o f these receptors in normal 
neurotransm ission. To better understand how an agonist-like  antibody interacts 
with GluRs, we have developed a structural model o f the region in GiuRЗ bound by 
agonist-like antibodies (termed GluRЗB; Twym an et al., Neuron 14:755-762, 1995; 
Carlson e ta l., JBC 272:11295-11301,1997). The model has been tested using a 
com bination o f mutagenesis, com pute r modeling and im m unoreactivity 
measurements. Com puter modeling suggested that G luRЗB forms a tightly packed 
structure. Key residues im portant for antibody recognition and receptor activation 
are arranged in an a lm ost linear array on the surface o f this structure except I385 
which is in a hydrophobic core. Distances between essential surface residues are 
17 Å  by 12 Å which is consistent with the size range o f typical antibody epitopes. 
Introducing cysteines a t key positions in G luRЗB predicted to be adjacent in this 
m odel and oxidizing them  to form  a d isulfide bond did not interfere with 
im munoreactivity. These studies have provided evidence that residues involved in 
anti-G luRЗB antibody binding m ay fall into two classes, those that dem onstrate 
direct interaction with the antibody binding site and those that stabilize folding o f the 
G luRЗB sequence. The model is evaluated in term s o f the underlying structural 
e lem ents that could be involved in receptor activation by this novel antibody agonist 
and how these features may provide key insights into the specificity o f agonist-like 
anti-G luR  antibodies. S up p orte d  b y  N IH  N S 3 5 181

135.8
D IF F E R E N T IA L  S Y N A P T IC  L O C A L IZ A T IO N  OF TH E  G L U T A M A T E  
TRANSPORTER EAAC1 A N D  G LU TA M A TE  RECEPTOR SUB U N IT GLUR2 
IN  THE RAT HIPPOCAMPUS Y. H e * l.  W .G .M . Jansse∏l J.D. Rothste iгǺ  
J.H. Moưison·I .  !.Neurc>biol. o f Aging Labs, M t. Sinai Sch. o f Med., New York, 
N Y  10029. 2_ Dept, o f Neurology, Johns Hopkins University, Baltimore, M D  
21287.

EAAC1, a neuron-specific glutamate transporter, is like ly  to play an important 
role in regulation o f glutamate levels at the excitatory synapses. Ultrastructural 
studies have demonstrated that the glutamate receptor subunit proteins (e.g., GluR2) 
are generally located w ith in  the post-synaptic density o f asymmetric synapses. 
While the glutamate/glutamate receptor interaction is like ly  to be impacted by the 
activity and location o f the transporter molecules, their spatial localization relative 
to each other is not well-delineated. Thus, we analyzed the cellular, ultrastructural, 
and synaptic distribution o f EAAC1 in the context o f the disưibution o f AM P A  and 
N M D A  receptor subunits in the hippocampus. G luR2 and NM DAR1 are both 
colocalized with EAAC1 in hippocampal projection neurons. Ultrastructural studies 
showed that while EAAC1 was predominantly present in dendritic shafts and spines, 
both labeled and unlabeled spines were seen to emanate from a given labeled shaft, 
and EAAC1 was also present in a subset o f axonal p ro files and terminals. 
Furthermore, post-embed double label immunogold localization demonstrated that 
EAAC1 is not intermingled w ith GluR2 w ith in  the synaptic complex, but rather is 
generally present peri-synaptica lly, often im m ediately outside the synaptic 
specialization. Thus, EAAC1 is ideally situated to restrict the site o f action o f 
glutamate w ith respect to ionotropic receptors w ith in  the synaptic cleft, as well as 
regulate glutamate levels in the peri-synaptic domain, the ultrastructural site that 
has been associated with metabotropic receptor localization.
Supported by N IH  grant AGO6647 and The Dana Foundation.
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135.9
P O S T S Y N A P T IC  J U N C T IO N A L  L O C A L IZ A T IO N  O F  
P S D /S A P  P R O T E IN  F A M IL Y , A S R E V E A L E D  B Y  P O S T 
E M B E D D IN G  IM M U N O G O L D  A N D  P R O T E A S E -  
P R E T R E A T E D  IM M U N O H IS T O C H E M IS T R Y . M. Fukava.
M. Watanabe*. Y. Inoue. Dept, o f Anat., Hokkaido U niv. Sch. o f  
Med, Sapporo 060-8638, Japan.

PSD -95, S A P -102, and PSD-93 are members o f synapse-associated  
protein (SAP) family, containing the PDZ domain which binds to the C- 
terminal tail of NM DA receptor subunits to cluster into channel complex 
at synaptic sites. However, their subcellular localization differ from 
report to report: some show in the cell body and stem dendrites, while 
other do in the presynaptic site. Recently, protease pretreatment and 
post-embedding immunogold are proved to be effective for light- or 
electron-microscop|c detection of synaptic m olecules, respectively. Here 
w e re-examined synaptic localization of the PSD /SA P protein family. 
Section pretreatment by pepsin resulted in drastic changes of 
immunostaining patterns. Without the pretreatment, high concentration 
of primary antibodies was necessary to obtain immunostainings, in 
which cell bodies and stem dendrites were strongly and similarly labeled 
for PSD -95, SA P102, and PSD-93. However, pepsin pretreatment 
reduced the antibody concentration and visualized distinct punctate 
stainings in the neuropil, but not in or around cell bodies and stem 
dendrites,' whose overall distribution in the adult brain was consistent 
with that of respective mRNAs. By post-embedding immunogold, the 
post-synaptic density in axo-spinous synapses was labeled in the 
hippocampus. Therefore, the PSD /SAP protein family is actually an 
constituent of postsynaptic molecular matrix, primarily, at excitatory 
synapses.

135.11
NEURONAL A N D  G L IA L  LO C ALIZAT IO N  OF NR1 A N D  NR 2 A/B SUBUNITS 
OF THE N M D A  RECEPTOR IN  THE HU M AN  CEREBRAL CORTEX. Ł  
C o n ti1. M . Melone*. S. DeBiasi2*. and A. Ducati\ Ίnst. o f Human Physiology, 
Un iv , o f Ancona, Ancona, Italy: 2Dept. o f Physiology and Biochemistry, Univ, of 
M ilano, Milano, Italy; and 3Dept o f Neurosurgery, Univ o f Ancona, Ancona, Italy.

N-methyl-D-aspartate (N M D A ) receptors play a critical role in many cortical 
functions and are implicated in several neuropsychiatric diseases. In this study, the 
cellular expression o f NM DAR1 (NR1) and NM DAR 2A and B (NR2A and B) 
subunits was investigated in the human cerebral cortex using light and 
electronmicroscopic immunocytochemical techniques with antibodies that recognize 
the NR1 or the NR2A and B subunits o f the N M D A  receptor. Human cortical tissue 
came from the surgical specimens o f three patients with deep brain tumors and was 
devoid o f any appreciable histological abnormality.

In temporal association (area 21) and cingulofrontal transition (area 32) 
cortices, NR1 and NR2A/B immunoreactivities (ir) were sim ilar and were localized to 
numerous neurons in all cortical layers. NR1- and NR2A/B-positive neurons were 
mostly pyramidal cells, but some nonpyramidal neurons were also labeled. Electron 
microscopic observations showed that NR1 and NR2A/B ir  were similar. The 
outstanding feature o f neuronal staining was the intense labeling o f dendrites and 
dendritic spines. In addition, both NR1 and NR2A/B were consistently found in the 
axoplasm o f some axon terminals and in distal astrocytic processes.

This investigation revealed that N M DA receptors are preferentially localized 
to dendritic spines, and that they are also localized to axon terminals and asưocytic 
processes. These findings suggest that the effects o f cortical N M D A  activation in 
human cortex do not depend exclusively on the opening o f N M D A  channels located 
at postsynaptic sites, and that the localization o f N M D A  receptors is similar in a 
variety o f mammalian species.
(Funded by Ministero dell’Università e della Ricerca Scientifica e Tecnologica)

135.13
N M D A  RECEPTORS IN  DEVELO PING  R AT R E TIN A L G ANGLION 
CELLS: PATCH-CLAM P STUDIES CO M BINED W ITH  Q U A N TITA T IV E  
ANALYSIS OF SINGLE-CELL RT-PCR, IN  SITU  H Y B R ID IZATIO N  AND 
IMMUNO HISTO -CHEM ISTRY. S, Fauseг. S. Schmid. A. Kaletta. T. H. 
Wheeler-Schilling, M, Munz, E. Guenther*. Dept. Exp. Ophthalmology, Univ. 
Eye Hospital, Roentgenweg 11, D-72076 Tübingen. Germany

During development retinal ganglion cells (RGCs) are subject to large 
synaptic rearrangements and dendritic refinement. As N M D A  receptors are 
crucial for synaptogenesis and syaptic plasticity we investigated the expression 
o f N M D A  receptors on mRNA and protein level and their function in rat RGCs 
during pre- and postnatal development.

Patch-clamp recordings in the perforated patch mode o f RGCs in situ were 
combined w ith  single-cell RT-PCR o f NR1 and NR2A-D subunits. The PCR 
product was quantitatively analyzed for the relative content o f different NR2 
subunits. These studies were paralleled by in situ hybridizations and 
immunohistochemical detection o f different N M D A  receptor subunits in retinal 
sections o f different pre- and postnatal stages.

In situ hybridizations and immunohistochemistry revealed an onset o f NM DA 
receptor expression between E 2 l and E23, and a strong upregulation between 
P2 and P12, followed by a strong downregulation until P6 O. 
Electrophysiological experiments confirmed these results showing largest 
N M D A  receptor current amplitudes during the firs t two postnatal weeks but 
almost no detectable N M D A  receptor currents at P6 O. Single cell RT-PCR 
showed distinct expression patterns o f the NR2 subunits at different stages, 
resulting in the upregulation o f NR2A, the downregulation o f NR2D and an 
developmental increase in the number o f different NR2 subunits expressed in 
an individual RGC.
Supported by DFG. SFB 430

135.10
Cellular Neuroanatomy of NMDA NRI Splice Variants
Tanaka. M „  Caudle. R .M Λ  Benoliel, R „ Finegold, A .A „  and Iadarola, M.J. Pain and 
Neurosensory Mechanisms Branch, National Institute o f Dental Reseach, National 
Institute o f Health, Bethesda, M D  20892

The primary transcript o f the N M D A  N R I subunit undergoes alternative splicing 
at exons 5, 21 and 22, also called N1 cassette, C l cassette, C2 cassette respectively. 
The alternative splicing leads to different sets o f  subunits with different physiological 
properties. In order to study the distributions and the function o f these splice variants 
in vivo, we generated polyclonal antibodies against exons 5 
(SKKRNYENLDQLSYDNKRGPC), 21 (DRƘSGRAEPDPKKKATFRAC), 22 
(PRRAIEREEGQLQLC), and the alternative C-terminus (QYHPTDITGPLNLSDPS) 
when the exon 22 is spliced out. Each antibody was antigen affinity purified. 
Immunocytochemical staining w ith these antibodies against the splice variants 
showed distinct localization. The immunoreactivity o f  N1 cassette was restricted to 
the perikarya and the proximal dendritic shaft both in spinal cord and brain. N1 
positive cells were located throughout spinal cord and motomeurons were stained 
strongly. Subunits w ith the alternative C-terminus (C2-) showed a sim ilar subcellular 
distribution: the cell bodies and proximal dendrites. However, in spinal cord the C2- 
positive cells clustered around the central canal and the motomeurons did not show 
immunoreactivity. In contrast, C2 containing subunits exhibited a wide spread 
localization throughout reactive cells. This was especially evident in the purkinje cells 
in cerebellum where immunoreactivity was observed in the perikarya to the ends of 
the dendritic arbor. Subunits containing the C l cassette were nearly exclusively 
expressed in the dendrites o f the brain and very low to absent in spinal cord. These 
data suggest a selective recruitment o f N R I subunits to specific and generalized 
subcellular compartments in neurons that may be determined by alternative splicing 
o f  exons 21 and 22. Support by N IDR Intramural Research Program.

135.12
VISUALIZATION OF NATIVE AMPA RECEPTOR COMPLEXES. Maria E. Rubio1*. Fabienne 
Beuron2. Alasdair C. Steven2 and Robert J. Wenthold1. 1Lab. Neurochemistry, NIDCD, 
2Lab. Structural B io lo g y , N IA M S , N IH , B e th e s d a  M D , 2 8 0 9 2 .

Molecular cloning has identified four AMPA receptor subunits, termed GluR1-4 or 
GluRA-D (Hollmann and Heinemann, 1994, Annu. Rev. Neurosc¡., 17:31), which 
assemble in different combinations to form functional heteromeric or homomeric 
complexes. Several studies have suggested that the final mature form of AMPA receptor 
complexes is made up of 4 to 6 subunits (Wenthold et al,, 1992, J. Biol. Chem., 267:501; 
Ferreг-Montiel and Montal, 1996, Proc. Natl. Acad. Sci., 93:2741), but the number of the 
subunits forming one receptor complex still remains uncertain. The objective of this study 
was to analyze native AMPA receptor complexes and determine the number of subunits 
that compromise a single receptor complex. Rat forebrains were solubilized with 1% 
Triton X-100 following a protocol that was shown to retain 3H-AMPA binding (Hunter et 
al., 1990, J. Neurochem., 54:118). AMPA receptor complexes were immunopur¡f¡ed from 
detergent solubilized membranes with antibodies to the carboxy terminus of GluR1 or 
GluR2/3. The purity of the preparation was confirmed by SDS-PAGE followed by western 
blotting or silver staining. The morphology of the AMPA receptor complex was analyzed 
using negative staining and image processing based on correlation methods using the 
PIC program (Frank et al., 1978, Ultramicroscopy, 3:283; Trus et al., 1996, J. Struct. Biol., 
116:61). In the purified receptor preparation obtained with either antibody, we observed 
three major structures: (1) a large spherical structure with an average diameter of 80 Á 
(2) a small spherical structure with an average diameter of 50 Å and, (3) a dumb-bell 
shaped structure with an average length of 140 Á and a variable width. Such shapes 
would be consisted with views of the receptor complex from different orientations. This 
was confirmed using an antibody to GluR2/3 to which nanogold was directly conjugated 
and showing that all three structures bind the antibody. Our preliminary results support a 
pentameric organization as the predominant structure of native AMPA 
receptors.(Supported by NIDCD and NIAMS, Intramural Programs).

135.14
E X P R E S S IO N  O F  G L U T A M A T E  R E C E P T O R S  IN  MOUSE 
B R A IN S T E M  N U C L E I A N D  S IN G L E  N E U R O N S  AS R EVEALED 
B Y  P C R  A N A L Y S IS . I. P a a rm a n n 1. D . F re rm a n n 2 . D .W . R ic h te r2. 
B.U. Keller2, and M. H o llm ann*1. Glutamate Receptor Laboratory, Hermann-Rein- 
Str.3, D-37075 G öttingen1, and Center for Physiology &  Pathophysiology, 
University o f Göttingen, Humboldtalle 23, D-37073 Göttingen2.

Glutamate receptors (G luRs) are c ritica lly  involved in excitatory synaptic 
transmission in the nervous system, particularly in higher brain function such as 
learning and memory. Excitatory signal transduction in defined brainstem nuclei is 
much less understood, notably the functional role o f specific GluR subtypes.
To analyze GluRs in the brainstem, the parvocellular nucleus tractus solitarius 
(NTS), nucleus ambiguus (NA), nucleus hypoglossus (NH) and the inferior olive (IO) 
o f 5 to 8 days old mice were investigated by a combination o f electrophysiological 
and molecular biological techniques. The RNA from mechanically isolated brain stem 
nuclei was reverse transcribed and amplified by the polymerase chain reaction (PCR) 
using a multiplex PCR technique. Four A M P A  receptor subtypes (GluR1-GluR4) 
and five N M D A  subtypes (N R I, NR2A-NR2D) were detected in all nuclei, as well as 
three out o f five K A  receptor subunits, w ith KA2 being the least prominent. In the 
IO, but not in the other nuclei, preferentially the flop splice variants o f the AMPA 
receptors GluR1, GluR2, and GluR4 were expressed. In the NTS, NR2C was more 
abundant than in the NH, the IO, and the NA.
Respiratory interneurons located in the preBötzinger complex close to the NA display 
spontaneous calcium oscillations during rhythm ic excitatory activity. Single cell 
PCR was used to investigate their underlying G luR composition. K A  receptors 
GluR6 and GIuR7 were present at the single cell level, KA1 was rarely expressed, and 
KA2 was not detectable. A ll four A M PA receptors were expressed, GluR2 being the 
most prominent. Since GluR2 determines Ca2+ permeability o f A M P A  receptors, 
h ighly calcium-permeable A M P A  receptors are unlikely to contribute to calcium 
oscillations in respiratory interneurons. Supported by the Graduίertenkolleg 
"Organization and Dynamics o f Neuronal Networks", and SFB 406.
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135.15
POTENTIAL TARGET/EFFECTOR SITES FOR EXCITATORY 
NEUROTRANSMISSION AND EXCITOTOXICITY. S. S. Gill. O. M. 
Pulido*. R. W. Mueller and P. F. McGuire. Bureau of Chemical 
Safety. Food Directorate, Health Canada, Ottawa.KIA OL2.

Glutamate receptors (GluRs) are ubiquitously present in the CNS, 
as the major mediator of excitatory neurotransmission and 
excitotox¡city. Neural injury associated with trauma, stroke, 
epilepsy, and many neurodegenerative diseases such as 
Alzheimer's, Huntington's, Parkinson's and amyotrophic lateral 
sclerosis (ALS) may be caused by excessive activation of GluRs. 
Neurotoxicity associated to excitatory amino acids encountered in 
food, such as domoic acid and monosodium glutamate, has also 
been linked to GluRs. Less is known about GluRs outside the CNS. 
Recent observations suggest that they are widely distributed in 
peripheral tissues. Using immunochemical and molecular 
techniques, we demonstrated the presence of various GluR 
subtypes in the rat and monkey heart, with preferential distribution 
within the conducting system, nerve terminals and ganglion cells. 
Here we show that GluRs are also present in testes, kidney and 
the pituitary gland. Further investigations will be needed to assess 
their role in peripheral tissues, and their importance in drug 
development and toxicological assessment. Neurobiotechnology 
focusing on drug development designed to interact with GluRs, 
should consider these tissues as a potential target/effector site.

EXCITATORY AMINO ACID RECEPTORS: PHYSIOLOGY, PHARMACOLOGY AND MODULATION III

136.1
A N T IB O D IE S  T A R G E T E D  TO  T H E  P U T A T IV E  G LY C IN E -B IN D IN G  
D O M A IN  O F  A  G L Y C IN E /T C P -B IN D IN G  P R O T E IN  (G L Y /T C P -B P ) K .N . 
K um ar*. J. H unt. C. Learv. J. S tran g e . R. P al. A. A l Y ahva . M .L. M ichae lis . 
and  E .K . M ic h a e lis . D ept. P ha rm aco l. &  To x ico l. &  C tr N eurob io l. & 
Im m uno l. R es., Un iv. K ansas , L aw ren ce , KS  6 6 0 4 5  

A  co m p le x  o f p ro te in s  pu r ified  fro m  ra t b ra in  syn ap tic  m e m b ra ne s  has 
ligand  b ind in g  s ite s  fo r  ago n is ts , a n ta go n is ts , a nd  ion  ch an ne l m o d u la to rs  o f 
N M D A  recep to rs , and  fo rm s  N M D A -ac tiva ted  ion ch a n n e ls  upon  
re co ns titu tion  in to  p la n a r lip id  b ila ye rs  (K u m a r e t.a l., J. B io l. C hem . 269, 
2 7384 ; A is tru p  e t a l., F E B S  Lett. 394 , 141). O ne  o f the  su b u n its  o f th is  
co m p lex , the  (G ly /T C P -B P ) w a s  p u rified  fro m  s yn a p tic  m e m b ra n e s  and  the  
c D N A  fo r  th is  p ro te in  c lo ne d . T w o  re g ion s  in the  G ly Я C P -B P , a m in o  a c ids  
(aa) 142 -1 55  a nd  3 13 -328 , w e re  id en tifie d  as h av in g  m o d era te  to  h igh  
h om o lo g y  to  the  g lyc in e -b in d in g  d o m a in s  o f  th e  N M D A  re ce p to r s u bu n it 
N R 1. W e  h ave  ra ised  po lyc lon a l A b s  a g a in s t the  pu r ified  b ra in  G ly /T C P -B P , 
the  e xp resse d  G ly /T C P -B P , a nd  a a1 42 -1 5 5  and  313 -3 28 . A ll a n tise ra  re a c t 
w ith  both  n a tive  and  re c o m b in a n t G ly /T C P -B P  in E L IS A  a ssays, re co gn ize  
an ~6O kD a  p ro te in  on W e s te rn  b lo ts  o f b ra in  s yn a p tic  m e m b ra ne  p ro te ins, 
and  im m u n o p re c ip ita te  a 60  kD a  p ro te in  fro m  so lu b ilize d  syn ap tic  
m e m b ra ne  p ro te in  e x trac ts . T h e  A b м 2-155 has  tite rs  up  to  1 :11 ,000  d ilu tion , 
h a lf m a x im a l t ite r re a c tiv ity  a t 1 :900, and  d e te c tion  lim its  o f 2OOng o f 
syn a p tic  m e m b ra n e  p ro te ins . A b 142-155 la be ls  s tro n g ly  p y ra m id a l n eu ro ns  o f 
th e  co rtex  and  h ipp o cam pu s , and  g ra n u le  ce lls  o f the  d e n ta te  gyrus. A b 3ı3- 
э28 e xh ib ite d  s im ila r ch a ra c te ris tics  in te rm s  o f tite rs  and d e te c tion  lim its. 
T h e se  a n tib od ie s  a re  cu rre n tly  b e ing  u sed  to  d e te rm in e  w h e th e r th e y  re a c t 
w ith  m e m b ra n e  p ro te in s  fro m  the  e x tra c e llu la r d o m a in  o f th e  m e m b ra ne  and  
h ave  e ffe c ts  on n eu ro na l re sp on ses  to  N M D A  o r g lyc in e , such  as C a 2+ 
in flux . [S u p po rte d  by N IA A A  g ra n ts  A A  0 47 32  and A A  11419]

136.3
ALLOSTERIC M O D U LA TIO N  O F N M D A  RECEPTO R C H A N N E L S  ŁП 
GLUTAM ATE A N D  GLYCINE AGONISTS. R. N a h u m  an d  M· B envenisttΛ  
Dept, of Physio logy an d  Pharm acology, Sackler School of M edicine, Tel Av¡v 
U niversity , R am at Aviv, 69978, Israel.

Both g lu tam ate  an d  g lycine ag o n is t b in d in g  is req u ired  for ac tiva tion  ot 
N M D A  channels. W hen 100 µM N M D A  is p u lse d  for 1.5 s at -60 m V u n d er 
voltage clam p to ra t h ip p o cam p al n eu ro n s  in  d issoc iated  cu ltu re , an  inw ard  
cu rre n t is ob serv ed  w h ich  d esen sitizes  to a lo w er a m p litu d e  stead y -sta te  
response. The degree  of this type of desen sitiza tio n  is d ep e n d en t on  glycine 
c o n c en tra tio n  w ith  a lm o s t n o  d e s e n s i tiz a tio n  o b se rv e d  a t s a tu ra tin g  
co ncen trations of glycine (see J. Physiol. 4 2 8 :3 1  3 -3 3  1 1990)). From  these 
s tu d ie s , a cyclic reac tion  schem e c o n ta in in g  h ig h  an d  low  affin ity  glycine 
b in d in g  reactions w as postu la ted . If such  a cyclic m ech an ism  is valid , then 
the law  of m icroscopic  rev ers ib ility  req u ires  th a t h ig h  an d  low  g lu tam ate  
agonist b in d in g  reactions also be present. W hen low  affinity  glycine agonist, 
150 µM L-Alanine, is ap p lied  in the  p resence of su b sa tu ra tm g  concentrations 
of g lu tam ate , d e sen sitiza tio n  is ag a in  ob serv ed . T w in  p u lse  ex p e rim en ts  
w ere  u sed  to show  the p resence o f sta tes  in  w h ich  g lycine an d  g lu tam ate  
w ere b o u n d  w ith  h igh  affinity  in the absence of their respective co-agonists. 
G lu tam ate  dissociation in the absence of glycine co-agonist had  an  exponential 
decay  tim e τ = 1.5 s in  com parison  to the  ap p a re n t d issociation  tim e constan t 
of g lu ta m a te  in  th e  p resen ce  of L -a lan ine  w h ic h  w as ~O 19 s. G lycine 
dissociation in  the absence of glu tam ate  co-agonist h ad  a τ = 1.8 s in com parison 
to the ap p aren t dissociation time constant of glycine in the presence of N M D A 
of ~ 0.32 s. These s tud ies suggest th a t g lu tam ate  an d  glycine b ind  w ith  high 
affinity in the absence of co-agonist and  th at glycine b ind ing  causes a decrease 
in g lu tam ate  a p p a ren t affinity an d  that g lu tam ate  causes a decrease in glycine 
a p p a ren t affinity. P ertinen t reaction  schem e m odels w ill be p resen ted . 
Supported by Israeli Ministry of Health #3765.

136.2
FUNCTIONAL CONSEQUENCES O F REDUCTION IN NMDA RECEPTO R 
GLYCINE AFFINITY IN M ICE CARRYING PO IN T MUTATIONS IN 
AM INO ACIDS CONTRIBUTING TO THE GLYCINE BINDING SITE
J.N.C. K ew Ч  J.A, Kemp1. A. Bouгson1. V. Mutel1. J·G. Richards1. G. Tгube1. G. 
Fischer1. A. Montkowski2. W. Hundt2. R.K. Reinscheid2. M. Paulv-Evers1, A. 
Koester1 & H. Bluethmann1 *F. Hoffmann-La Roche Ltd, Preclinical CNS Research, 
CH-4070 Basel, Switzerland. 2University of Hamburg, D-22529 Hamburg, Germany 
The NMDA receptor is unique amongst ligand-gated ion channels in its requirement 
for two co-agonists, acting at the glutamate and glycine recognition sites, for 
receptor activation. We have used site-directed mutagenesis in conjunction with 
homologous recombination in mouse embryonic stem cells to generate two mouse 
lines carrying point mutations in the glycine binding site of NMDAR1. Glycine 
concentration-response curves from hippocampal neurones acutely dissociated from 
neonatal mice revealed a 5- and 86- fold reduction in receptor glycine affinity in 
mice carrying NMDAR1 D481N and K483Q mutations, respectively, whilst receptor 
glutamate affinity remained unaffected. Homozygous mutant D481N animals are 
viable and fertile and appear to develop normally. However, homozygous mutant 
animals of the line K483Q are significantly lighter at birth and die within a few days. 
Administration of the glycine site agonist D-cycloserine (i.p.) significantly extends 
the life span of these animals, however, they fail to gain weight and survive only for 
a maximum of -20  days. D481N mice exhibited a deficit in hippocampal theta 
burst-induced LTP relative to wild-type controls consistent with a reduced activation 
of NMDA receptors, suggesting that the glycine concentration within the slice is 
subsaturating. Preliminary behavioral analysis of the D481N mice revealed a deficit 
in spatial learning, and in an exploratory field test D481N mice spent an increased 
time in the centre of the cage relative to wild type animals. Interestingly, in situ 
hybridisation and Western blot analysis revealed changes in the expression levels of 
NMDA receptor mRNAs and proteins in D481N mice relative to wild type that may 
represent a compensatory response to the reduction in receptor glycine affinity.

136.4
GLYCINE UPTAKE M ECH AN ISM S GO VERN GLYCINE SITE 
OCCUPANCY AT NMDA RE C EPTO R S O F  C N S EXCITATORY 
SY NAPSES. A .J . B erger* , S . D ie u d o n n é  a n d  P. A s c h e r . L ab o ra to iгe  
d e  N eu ro b io lo g ie , É cole  N o rm ale  S u p é r ie u r e ,  7 5 0 0 5  P a r is ,  F ra n ce .

I t  i s  a g re e d  t h a t  a c tiv a tio n  o f  N-m e th y l-  D -a s p a r t a t e  r e c e p to rs  
(NM DA-Rs) r e q u i r e s  o c c u p a n c y  o f  t h e i r  g ly c in e  b in d in g  s i te s ,  b u t  
w h e th e r  t h e s e  s i t e s  a re  n o rm a lly  s a tu r a te d  a t  e x c ita to ry  s y n a p s e s  
i s  n o t  k n o w n . U s in g  a n  in vitro s lic e  p r e p a r a t io n  w e  in v e s t ig a te d  
th i s  q u e s t io n  in  n e o n a ta l  r a t  h y p o g lo s s a l  m o to n e u ro n s .  
S p o n ta n e o u s  m in ia tu r e  e x c ita to ry  p o s ts y n a p t ic  c u r r e n ts  (m EPSCs) 
w e re  re c o rd e d  in  th e s e  n e u r o n s  a n d  w e  fo u n d  t h a t  t h e  NMDA-R- 
m e d ia te d  c o m p o n e n t  o f  th e  m E P S C  c o u ld  b e  p o te n t ia te d  by  
e x o g e n o u s ly  a p p lie d  g ly c in e  a n d  b y  D -s e r in e . G ly c in e  p o te n t ia te d  
NM DA-R-m e d ia te d  c u r r e n ts  a t  c o n c e n t r a t io n s  o f  10 0  µM o r  m o re , 
tw o  o rd e r s  o f  m a g n i tu d e  g r e a te r  t h a n  i t s  a p p a r e n t  d is s o c ia t io n  
c o n s ta n t  fro m  NM DA-Rs. In  c o n tr a s t ,  D - s e r in e ,  a  n o n - t r a n s p o r te d  
g ly c in e  s ite  a g o n is t ,  w a s  effec tive  a t  c o n c e n t r a t io n s  a s  lo w  a s  1 µM,
i.e . a t  c o n c e n t r a t io n s  s im ila r  to  th o s e  fo u n d  to  b e  e ffective o n  
is o la te d  c e lls  o r  o n  o u ts id e -o u t  p a tc h e s .  A p p lic a t io n  o f  th e  iso m e r, 
L -se r in e  (1 µM), w a s  w i th o u t  e ffect. S a rc o s in e ,  a  b lo c k e r  o f  g ly cin e  
u p ta k e  b y  G L Y T lb t r a n s p o r te r s ,  a ls o  c a u s e d  a  s ig n if ic a n t  in c re a s e  
in  th e  NMDA c o m p o n e n t  o f  m E P S C s. W e c o n c lu d e  t h a t  a t  th e  
e x c ita to ry  s y n a p s e s  s tu d ie d  a  p o t e n t  g ly c in e  t r a n s p o r t  m e c h a n is m  
h e lp s  to  s e t  th e  g ly c in e  c o n c e n t r a t io n  b e lo w  th e  c o n c e n tr a t io n  
r e q u ir e d  to  s a tu r a te  th e  g ly c in e  s i te  o n  NM D A -Rs. (S u p p o rte d  by  
th e  CN RS (URA 1857), AFM, U n iv e rs i ty  P ie rre  a n d  M arie  C u rie  a n d  
NS 14857)
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136.5
M O D U L A T IO N  O F T H E  N M D A  RECEPTO R FU N C TIO N  BY G LY C IN E  
AND G LY C IN E  TRANSPORT. R. Bergeron.* T.M. Mever. J.T. Covle and R.W. 
Greene. Dept.of Psychiatry, Harvard Medical School and V AM C  Brockton, MA, 
02401.

Modulation o f the N M D A  receptor function occurs at a number o f sites that are 
distinct from the glutamate binding site. One o f these sites is the strychnine- 
insensitive binding site where glycine acts to a!losterically facilitate NM D A  receptor 
function. Glycine is a necessary co-agonist, augmenting N M D A  receptor function in 
a wide variety o f preparations. The recent molecular and biochemical characterization 
o f  a class o f glycine transporter proteins in the brain suggests that the glycine 
concentration in micro-domains may be regulated by these transporters. O f these, the 
glycine transporter type 1 (GLYT1) is expressed primarily in glia and neurons o f the 
neocortex and archicortex in association with regions o f high NM D A  receptor 
expression. We examined the role o f glycine and GLYT1 antagonist on synaptic 
currents elicited by stimulation o f the CAЗ-CA1 Schaffer collateral axons in 
hippocampal slices o f the rat in vitro.

Whole cell patch clamp recordings were obtained from pyramidal neurons o f the 
CA1 region o f the hippocampus. Patch electrodes (5-10 tπΩ) were tilled with a K- 
gluconate recording solution. Data was acquired using Axopatch 200A and analyzed 
with pClamp 6 software. Our results demonstrate that exogenous glycine and G L Y ΊΊ 
antagonist selectively enhance the amplitude o f the N M D A  component o f a 
glutamatergic EPSC. The effect was blocked by APV and by the 7-chloro-kynurenic 
acid but not by strychnine.

On the basis o f these results, we conclude that under control conditions, the glycine 
site is not saturated. An increase in glycine concentration proximal to the glycine site 
augments NM D A  receptor function. Regulation o f the local glycine concentration at 
the synapse could be an important means to modulate the NM DA receptor component 
o f glutamatergic transmission.

136.7
OPEN C H A N N EL BLO CK A N D  A LTE R A TIO N  OF N M D A  RECEPTOR G ATIN G  
BY AN  A N A LO G  OF PCP. J. G. D ilmoгe* and J. W. Johnson. Department o f 
Neuroscience, University o f Pittsburgh, Pittsburgh, PA 15260.

The inhibitory actions o f a channel blocker depend on how it affects receptor 
operation (channel gating and/or agonist binding) while bound in the channel. To 
determine whether phencyclidine (PCP)-like channel blockers affect receptor operation, 
we utilized a structural analog o f PCP termed Blocker #5 (Kozikowski &  Pang, Mol. 
Pharm. 37:352, 1990). Blocker #5 is a high a ffin ity  (IC „, = 0.51 µM  in 5 µM  N M D A  
at -67 mV) trappable, open channel blocker o f the N M D A  receptor. A  kinetic model 
o f the inhibition was developed and constrained using single-channel recordings o f 
Blocker #5 action and published data from other laboratories. The model was fit to 
whole-cell current traces recorded during inhibition by Blocker #5 o f currents activated 
by 5 µM  N M D A. The results demonstrated that Blocker #5 alters receptor operation 
while bound. However, we could not discriminate between a model that predicted an 
effect on channel gating (Gating model) and a model that predicted an effect on agonist 
binding/unbinding (B inding model) using data measured in 5 µM  N M D A .

Additional experiments provide strong support for the Gating model. The two models 
were used to predict block and trap o f Blocker #5 in 300 µM  N M D A . The Gating 
model predicted that 6  µM  Blocker #5 would inhibit the response by 93.5±O.З% and 
that 85.5±l.2℅  trap would occur. On the other hand, the B inding model predicted 
53.3±4.2% inhibition and l2.4±3.3% trap. Experimentally, application o f 6  µM  
Blocker #5 inhibited 92.7±l.6%  and resulted in 7l.5±4.9%  trap. Neither o f the 
experimentally obtained values were significantly different from the Gating model 
predictions, while both were different from the Binding model predictions (P<0.001). 
The failure o f the B inding model to accurately predict these experimental data coupled 
with the clear success o f the Gating model strongly suggest that inhibition o f N M D A  
receptors by Blocker #5 involves a modification o f channel gating as well as block o f 
current flow  through the open channel. Supported by N IM H .

136.9

Q /R /N  S IT E  M U T A T IO N S  IN  T H E  M 2 R E G IO N  O F  
N M D A R 1 /N M D A R 2 A  R E C E P T O R S  R E V E A L  A N O N 
S P E C IF IC  S IT E  F O R  M E M A N T IN E  A C T IO N . H.-S. V incent 
Chen.* Mala R astogi and Stuart A. Lipton. CNS Research Institute, 
Brigham & W omen's Hospital, and Program in Neuroscience, Harvard 
Medical School, Boston, MA 02115.

W e previously reported that low  m icrom olar concentrations o f  
memantine (MEM ) act as an uncompetitive open-channel blocker on 
NM DA-gated receptors (Chen & Lipton, J. Physiol. 1997). Two recent 
kinetic studies o f  MEM block, using higher concentrations o f MEM, 
reported a possib le second site for MEM action (Blanpied et al., J. 
N europhysiol. 1997; Bresink et al, J. Pharmacol. 1996). Here we used 
site-directed mutagenesis and two-electrode voltage-clamp recording o f  
N M D A -evoked currents in the X enopus  oocyte expression system to 
investigate the site o f  MEM action on N R 1/N R 2A  receptors. We 
replaced the negatively-charged asp (N) residue at the Q/R/N site in the 
M 2 region o f  NR1 or N R2A  with a positively-charged arg (R) or a 
negatively- charged gin (Q) which has a longer side chain than N. Each 
o f  these mutations reduced the potency o f MEM antagonism. The R 
substitution shifted the dose-response curve more than the Q mutation, 
and substitutions in the NR1 subunit shifted the curve more than the 
equivalent substitution in N R2A . In N R I(N 6I6R )/N R 2A  channels the 
IC50 for MEM shifted from ~ l µM to -3 0 0  µM , which is close to the 
IC50 for non-specific block by large, polar organic cations o f comparable 
size (e.g. Tris and NM DG; Villarroel et al., Biophys. J. 1995). The 
electrical distance (δ) for the voltage-dependent action o f MEM on these 
mutant channels approaches 0 .5 , and suggests non-specific channel 
blockade on the basis o f size alone.

Supported by P01 H D 29587 and R01 EYO5477.

136.6
A C TIO N S  OF 4 -P H E N Y L -1 -(4 -P H E N Y LB U T Y L)P IP E R ID IN E  (PPBP) 
A N A LO G S  C O R R E LA T E D  W IT H  IN H IB IT IO N  A T  N R lл /N R 2 B  N M D A  
RECEPTORS OR S IG M A  B IN D IN G  SITES. L. L. Coughenour, 1 E. R. 
W hittemore,2 B. M . B aư ,l G. W. C am pbell,  ̂ M . Tran,2 A. G uzikowski,2  R. M. 
W oodward,2 and P. A. Boxer, 1*. 1 Neuroscience Therapeutics, Parke-Davis 
Pharmaceutical Research, D iv is ion  o f  W arner-Lam bert Company, Ann A rbor,
M I 48105; 2CoCensys, Inc. Irvine, C A  92618.

PPBP is neuroprotective in models o f  ischemia and is a potent sigma site 
ligand. To investigate other possible mechanisms o f  action, we tested PPBP and 
2  closely related structural analogs using electrophysiological assays in oocytes 
expressing cloned N M D A  receptors, N M D A  b ind ing, a glutamate-induced 
neurotoxicity assay in vitro, and a mouse m aximal electroshock (M ES) assay. 
PPBP moderately inhibited N R lл /N R 2 B  receptors expressed in Xenopus oocytes 
(IC 5 0  = 2 µM ). The 4 -[l-(4-phenyl-bu ty l)-p iperıdm -4-y l]-pheno l analog (Co 
101314) was s ignificantly more potent in this regard (IC 5 0  = 0.03 µM ), w hile  the 
methoxy substituted analog, Co 101313 (4-(4-m ethoxy-phenyl)-l-(4-phenyl- 
buty l)-p iperid ine, was v irtua lly  inactive (IC 5 0  = 170 µM ). Inh ib ition  o f  the high 
a ffin ity  fraction o f  [⅜ ]T C P  bind ing and o f  [⅜ ]Ife n p ro d il b ind ing to native 
receptors in rat brain membranes correlated w e ll w ith  the inh ib ition  at 
N R lл /N R 2 B  receptors. The same rank order o f  potency to in h ib it glutamate- 
induced L D H  release in rat cerebral cortical cells in culture was observed for all 
o f  these agents. A ll three agents bound w ith  low  nanomolar a ff in ity  to sigma 
sites in rat brain membranes radiolabeled w ith  [⅜ ]D T G  and were h igh ly 
effective in the MES test. The present study suggested that the in vitro 
neuroprotection was due to subtype selective action at N M D A  receptors, while 
additional mechanisms may be effective in vivo.

136.8
M U T A T IO N S  IN  TH E  M 3 S EG M ENT OF N M D AR 1 S E LE C TIV E LY
A FFECT OPEN C H A N N E L  B LO C K
K.S. Jones*, H .M .A  VanDongen and A .M .J. VanDongen.
Dept o f Pharmacol &  Cancer B io l, Duke Univ. Durham, NC 27707

The N-methyl-D-aspartate (N M D A ) receptor is a member o f the ionotropic 
glutamate receptor (iG luR ) fam ily. Recent topological models o f the iGluRs 
predict three hydrophobic membrane spanning domains (M l,  M 3, and M4), 
wh ile  M 2 lines the pore as a hairpin loop. Functional N M D A  receptors are 
m ultim eric complexes assembled from  heterologous NR1 and NR2 subunits. 
A m ino  acid alignment o f N M D A R  subunits w ith  other iG luRs displays a 
perfectly conserved stretch o f 10 amino acids w ith in  M3. The purpose o f this 
study is to investigate the function o f M 3 in the open channel block o f N M D A  
receptors. To address this question, two-electrode voltage clamp experiments 
were performed on Xenopus oocytes expressing mutant N M D A  receptors. 
Activated N M D A  receptors are susceptible to open channel blockers including 
Ketamine, M g 2+, Zn2+, and dizocilp ine maleate (M K-801). Most o f the 
compounds block in a voltage dependent manner, suggesting that their binding 
sites reside at least partia lly  w ith in  the membrane fie ld. Additiona lly , 
competition between these blockers is observed during co-application, 
suggesting that they share the same binding site. M K -801, however, can 
e ffectively block w ith in  a w ide range o f hold ing potentials. Mutations w ith in  
the C-term inal portion o f M3 drastically alter M K-801 induced block, but not 
that o f ketamine, M g 2+, or Zn2+. These results indicate that M 3 may contain 
residues involved exclusively in MK-801 mediated block, suggesting the 
existence o f unique open channel b locker sites.

Supported by N IN D S  Grant NS31557 to A M J V D  and an American 
Psychological Association’ s M FP Grant to KSJ.

136.10
T H R E E  P A IR S  O F  R E D O X -S E N S I T I V E  C Y S T E IN E  
R E S I D U E S  A R E  I N V O L V E D  IN  H I G H -A F F I N I T Y  
IN H IB IT IO N  O F N M D A R 1 /N M D A R 2 A  R E C E P T O R S  BY  
Z n2+. Y un-Beom  Choi.* H.-S. V incent Chen and Stuart A. Lipton. 
CNS Research Institute, Brigham & Women's Hospital, and Program in 
Neuroscience, Harvard Medical School, Boston, MA 02115.

Redox modulatory sites on the N M D A  receptor are functionally 
defined by the effect o f  the sulfhydryl reducing agent, DTT, which  
enhances N M D A -evoked responses, and by the sulfhydryl oxidizing  
agent, D T N B , w hich decreases N M D A  responses. Heteromeric 
recombinant NR 1/N R 2A  receptors display a rapid/reversible component 
o f  redox modulation in addition to a slower/persistent component seen  
also in other heteromeric receptors (Köhr et al., Neuron 1994; Sullivan et 
al., Neuron  1994). Recently Paoletti et al. (J. Neurosci. 1997) suggested  
that the rapid/reversible component unique to NR1/NR2A receptors can 
be explained by a second action o f DTT —  as a Zn2+ chelator. Here we 
performed site-directed m utagenesis o f  cysteine residues on NM DA  
receptor subunits and two-electrode voltage-clamp recording o f N M DA- 
evoked currents in the Xenopus oocyte expression system to investigate 
the molecular determinants o f  redox modulation in NR1/NR2A receptors. 
The rapid/reversible component o f potentiation o f NM D A  currents by 
DTT (3 mM) was abolished in receptor subunits bearing mutations in one 
or both  m em b ers o f  three pairs o f  c y s te in e  residu es:  
N Rl[(C79S,C ЗO 8S)/(C 744A ,C798A )]/N R 2A(C 87A,C 32O A ). Potentia
tion o f NM DA-evoked currents by the zinc chelator, tricine (10 mM), and 
inhibition by DTNB (0.5 mM) were also abolished in the same mutated 
N M D A  receptors. These results suggest that these 3 pairs o f cysteine 
residues are involved in both redox modulation and Zn2+ inhibition.

Supported by P01 HD29587 and R01 EYO5477 (to S.A.L).
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136.11
EXTERNAL PERMEANT CATIONS AFFECT IN H IB IT IO N  OF NM D A- 
ACTIVATED CURRENTS BY E XTERN AL M g2+. A. Q ian* and J. W. Johnson. 
Department of Neuroscience, University oť Pittsburgh, Pittsburgh, PA 15260

Evidence from single channel studies suggests that external sodium ions (Na+e) 
influence channel block o f native N M D A  receptors by extracellular M g2+ (M g2+C). 
Here we studied the effects o f Na+e and external calcium ions (Ca2+e) on inhibition 
by Mg2+e of whole-cell NMDA-activated currents.

Currents activated by 10 µM  N M D A  and 30 µM  glycine were recorded in the 
whole-cell patch-clamp configuration from cultured rat cortical neurons. N M D A- 
activated currents in the absence o f M g2+e and in the presence o f M g2+e concentrations 
from 1 µM to 300 µM were used to estimate M g2+ IC 5() from -103 to -13 mV. The 
voltage dependence o f Mg2+ ICЯ) was measured in control external solution (w ith 140 
mM Na+e), and in a low Na+ external solution (w ith 70 mM Na+e; sucrose was added 
to maintain osmolarity). When results from control and low Na+t. solutions were 
compared, we observed that: (1) the M g2+ IC5() was decreased by lowering [Na+]cat 
all voltages tested; (2 ) the effect was approximately voltage-independent.

In the presence o f 140 mM Na+e and 8 mM Cs+¡, we observed no change in M g 2+ 
ICj„ when [Ca+ļe was varied between 0.2 mM and 2 mM. When we studied the 
possible effect o f Ca2+e by lowering [Na+]e and [Cs+], to 70 mM and 8 mM 
respectively, we observed that: (1) increase in [Ca2+]e resulted in an increase in the 
Mg2+ IC<¦(, at all voltages tested; (2) the effect o f raising the [Ca2+] e was voltage 
dependent; the increase in M g2+ IC5() increased with hyperpolarization.

These results show that both mono- and divalent external permeant cations can 
affect inhibition by Mg2+e o f NMDA-activated responses. The data support at the 
whole-cell level the hypothesis that Na+e can bind to an external site on the N M D A  
receptor and prevent Mg2+e from entering the channel. These data further suggest that 
Ca2łf may exhibit a similar but higher a ffin ity action. Supported by N IM H .

136.13
WEAKLY VOLTAGE-DEPENDENT IN H IB IT IO N  OF N M D A  RESPONSES BY  
NICKEL. M.A. Desai. J.G. Dilmore, and J. W. Johnson. Department o f Neuroscience, 
University of Pittsburgh, Pittsburgh, PA 15260.

Nickel ion (N і2+) is commonly used as a high a ffin ity  inhib itor o f T-type voltage- 
activated calcium currents. However, the specificity o f N i2+ fo r T-currents over other 
ionic currents has been incompletely characterized. Previous studies have suggested 
that extracellular N i2+ also inhibits N M D A  receptors, and that the inhibition is voltage 
dependent.

We investigated inhibition o f N M D A  responses by extracellular N i2+ using whole-cell 
patch-clamp recordings from cultured cortical neurons from neonatal rat. Currents were 
activated by application o f 10 µ M  N M D A  + 10 µ M  glycine using a fast perfusion 
system. Ni2+ was applied at concentrations ranging from 10 µM  to 500 µM  over a wide 
voltage range (-120  mV to +50 mV) and the percent inhibition was measured. N i2+ 
rapidly and reversibly inhibited the N M D A  response with high a ffin ity. In some cells 
the effects o f N i2+ exhibited substantial voltage-dependence at hyperpo lari zed voltages. 
However, in population data the inhibitory effect o f N i2+ showed very weak voltage 
dependence. The IC5I) for N i2+ was 47.7 µM  at +50 mV, 38.0 µM  at -6 0  mV, and 30.3 
µM at -100 mV. The H ill coefficient was surprisingly large and had a value o f 1.36 
at +50 mV, 2.02 at -6 0  mV, and 1.52 at -100  mV. In addition to inhibition, a subset 
of cells exhibited potentiation o f N M D A  responses o f up to 20% immediately follow ing 
the removal o f N i2+-containing solutions. Potentiation was observed at both positive 
and negative voltages, suggesting that it was not simply recovery from  receptor 
desensitization.

The effects o f N i2+ are similar to those displayed by other transition metals and stand 
in contrast to the strongly voltage dependent inhibition by extracellular magnesium. 
The weakly voltage dependent inhibition, possibly due to a combination o f voltage- 
dependent and voltage-independent actions, is reminiscent o f the actions o f zinc and 
cadmium. Supported by N IM H .

136.15

ACUTE EFFECTS OF ETHANOL ON NMDA, AMPA AND 
KAINATE RECEPTOR FUNCTION IN CULTURED CEREBELLAR 
GRANULE CELLS. C.F. Valenzuela*. R.A. Cardoso. R.A. Harris. 
P.L. Hoffman. B. Tabakoff, and S. Bhave. Dept, of Neuroscience, U. 
of New Mexico Medical School, Albuquerque, NM 87131 and 
Dept, of Pharmacology, U. of Colorado HSC, Denver, CO 80262.

We examined acute ethanol's effects on the function of native 
glutamate receptors expressed in cerebellar granule cells after 6-7 
DIV. Ethanol (25, 50, 75, 100, and 2 0 0  mM co-applied with 
agonist) significantly inhibited whole-cell currents gated by 100 µM 
NMDA and 5 00  nM glycine in Mg2+-free recording buffer by 10 +
2 .15  + 1, 35 + 1, 42 + 1, and 62  + 2% , respectively. Currents 
gated by 100 µM kainate were inhibited by 5 + 2, 7 + 1 , 1 3  + 
1, 19 ± 2, and 33 ± 3 %, respectively. Currents gated by 100 
µM kainate in the presence of the AMPA selective blocker 
LYЗOЗO7O ( 10 µM) and 1 µM of con A were inhibited by 3 + 1, 
9 ± 2, 14 + 2, 22 + 3, and 38 + 3 %, respectively. We are 
cuҥentiy testing ethanol's effects on NMDA receptors activated by 
higher glycine concentrations, and on non-NMDA and kainate 
receptors activated by lower kainate concentrations. In conclusion, 
the ftinction of the three subtypes of ionotropic glutamate receptors 
that we studied in these cells is inhibited by clinically relevant 
concentrations of ethanol. Supported bv N1H grants AAOO227 and 
AAO9OO5. LYЗOЗO7O was generously provided bv E. Lilly at Co.

136.12
NM DA AND GLYCINE REGULATE THE AFFINITY OF THE 
M AGNESIUM  BLOCK SITE IN NM D A  RECEPTOR CHANNELS.
G. von Euler1*. Y. Liu2. R. Hill2 and P. Århem2. ‘Dept, o f Clinical 
N euroscience, Section o f Neurosurgery, Karolinska Hospital, and 
2Dept. o f  Neuroscience, Karolinska Institutet, S -17177 Stockholm, 
Sweden.

It has previously been shown that glutamate and the required 
coagonist glycine, in the presence o f M g2+, reduce the affinity o f  
[¾ ]M K -8Ol binding to NM DA receptors in membrane preparations 
from the rat. Mutagenesis studies have shown that the binding site for 
MK-801 overlaps that o f  M g2+. We have in the present study 
investigated whether NM DA and glycine can modulate the affinity o f  
the M g2+-block site in N R1/NR 2A  subunits expressed in X enopus  
oocytes. W e found that N M DA and glycine regulate the affinity o f  the 
Mg -block site in N R1/NR 2A  subunits, by a mechanism that is not 
dependent o f  the gating o f  NM DA receptor channels. At high pH, or 
in the absence o f Ca2+, NM D A  increased the affinity o f  the M g2+-block 
site. Increasing H+ and Ca2+ to physiological concentrations or above 
lead to a reversed effect, so that NMDA instead decreased the M g2+- 
block. These findings suggest that glutamate and glycine regulate the 
affinity o f  the M g2+-block site on NM DA receptor channels and that 
H+ and Ca2+ regulate the direction o f this effect. This regulation may 
be o f  both physiological and pathophysiological importance. Further 
understanding o f  the affinity regulation o f  the Mg2+-block site could 
possibly facilitate development o f NMDA-гeceptor-acting drugs with 
less side-effects. Supported by the Swedish MRC (06552, 12593).

136.14
A L C O H O L S  IN H IB IT  N M D A -G A T E D  IO N  C H A N N E L S  BY  AN 
A C T IO N  A T  A N  E X T R A C E L L U L A R  S IT E . R.W . Peoples.*  U nit on 
C ellu lar N europharm acology, Laboratory  o f  M olecular and C ellular 
N eurobiology, N ational Institute on A lcohol A buse and A lcoholism , 
N ational Institutes o f  H ealth , Bethesda, M D 20892.

The (V-methyl-D-aspartate (N M D A ) receptor-channel is w idely 
im plicated as an im portan t target o f  alcohol action in the CN S. The site o f  
action o f  a lcohols on N M D A  receptor-channels, how ever, has rem ained 
elusive. This study w as perform ed to  determ ine w hether the site o f  action o f  
alcohols on N M D A  receptor-channels is intracellu lar o r ex tracellu lar using 
w hole-cell patch-clam p recording in CHO-K1 cells transien tly  transfected 
w ith N R la /N R 2 B  N M D A  receptor-channel subunits. E thanol, 100 mM , 
inhibited current activated by 25 µM  N M D A  and 10 µM  glycine by 
approxim ately  45% , and 1-pentanol, 25 m M , inhib ited  N M D A -activated  
current by approxim ately  80% . In tracellu lar application  o f  1-pentanol via 
inclusion in the patch-pipette solution did not alter the e ffect o f  externally  
applied 100 m M  ethanol or 25 m M  pentanol on N M D A -activated  current, 
and did not change the concentration-response curve for e thanol inhibition 
o f  N M D A -activated  current. These results appear to  be best explained by an 
action o f  alcohols on the ex tracellu lar reg ion  o f  N M D A  receptor-channels. 
This w ork was supported by the intram ural program  o f  N IA A A , NIH .

Society for Neuroscience, Volume 2 4 ,1998



344 GABA RECEPTORS: STEROIDS SUNDAYPM

137.1
SUBUNIT DEPENDENT MODULATION OF GABAa RECEPTOR FUNCTION BY 
NEUROACΉVE STEROIDS. R. Maifra* and J.N. Reynolds. Dept. Pharmacology & 
Toxicology, Queen’s University, Kingston, Ontario, Canada, K7L ЗN6.

Neurosteroids are known to be potent endogenous modulators of GABAΛ receptor 
function in the CNS. The endogenous progesterone metabolite allopregnanolone (ALP) 
and the synthetic steroid compound alfaxalone (AFX) have been shown to both directly 
activate and potentiate GABA-activated membrane current (Igaba)· Th℮ effects o f these 
neuroactive steroids are dependent on the type o f GAB Aa receptor subunits present in the 
receptor complex. The role of different« and γ subunit subtypes in modulation of Iqдba 
by ALP and AFX was investigated using recombinant GABAa receptor isoforms 
expressed in Xenopus oocytes and the two-electrode voltage-clamp recording technique. 
ALP and AFX potentiated Iqaba in all receptor isoforms examined. Changing or removal 
of the α subunit altered the efficacy of both ALP and AFX (α 2 ß lγ2 L > α lß lγ2 L » ß lγ2 L )  
to potentiate Iqaba,but failed to alter the potency of these agents at these receptor isoforms. 
The efficacy o f ALP to enhance іGABa was dependent on the γ  subunit subtype (α lß lγ З  
> α lß lγ 2 L = α lß lγ l) .  AFX also had higher efficacy in the α lß lγ З  receptor isoform 
compared to α lß lγ l .  AFX showed similar efficacy to potentiate GABA response in 
α lß lγ З  and α lß lγ2 L  receptor isoforms. In contrast to ALP, the potency of AFX was 
marginally higher in the α lß lγ З  compared to the α lß lγ2 L  receptor isoform, but was 
similar in both α lß lγ l  and α lß lγЗ  receptor isoforms. This study provides evidence that 
the α subunit subtype determines the efficacy, but not potency, of these neuroactive 
steroids. In addition, the γЗ subunit subtype increases maximal efficacy of neuroactive 
steroids compared to other γ  subunit subtypes. In a previous study (Maitra and Reynolds, 
Soc. Neurosci. Abstr. 21'. 960, 1997) we found that omitting the γ2L subunit decreased 
the potency for ALP, but not AFX, to potentiate IGABA, whereas the ß subunit subtype 
determined the efficacy for AFX potentiation of Iqaba ⅛  conclusion, it appears the α and 
γ  subunit subtypes determine the efficacy o f ALP, whereas the potency is determined by 
the γ subunit. AFX efficacy on the other hand, is determined by all three subunits (α, ß 
& γ), and the potency of the drug is relatively unchanged across all the receptor isoforms 
tested. (Supported by MRC, Canada)

137.3
RING A-REDUCED STEROID METABOLITE INDUCES A DELAYED- 
ONSET, BICƯCULLINE-SENSľΠVE Cľ CURRENT IN CULTURED 
EMBRYONIC RAT HIPPOCAMPAL NEURONS. O.Y. Liu*. A.E. 
Schaffner. Y.H. Chang and J.L. Barker. Laboratory of Neurophysiology, 
National Institute of Neurological Disorders and Stroke, NIH, Bethesda, MD 
20892.

Our previous studies have shown that astrocytes promote the growth and 
expression of amino acid-induced currents in cultured embryonic rat 
hippocampal neurons and that these aspects of astrocyte-mediated neuronal 
differentiation may involve the activation of neuronal glutamate and GAB Aa 
receptor/channels (Liu et al. J  Neurosci 1996, 16:2912-2923; Liu et al. J  
Neurobiol 1997, 33:848-864). It is also known that steroid-metabolizing 
enzymes exist in astrocytes (Akwa et a l  J  Cell Biol 1993, 121:135-143). To 
test whether steroid metabolites are involved in the astrocyte-mediated 
neuronal differentiation, we first acutely applied a ring A-reduced metabolite 
(Зα-OH-DHP) to cultured neurons to see if any current could be evoked. At 
a holding potential of -80 mV and symmetrical Cľ concentrations across the 
membrane, Зα5α induced an inward current in most neurons, but this response 
developed -3 0  seconds after the onset o f application. These results indicate 
that Зα-OH-DHP did not directly activate membrane conductance but may 
have induced the release of active substances from the neurons. The current 
lasted as long as the application continued without obvious fading. It reversed 
polarity at ~O mV, Eα under these conditions, and was blocked by bicuculline, 
a specific GABAa receptor antagonist. Eliminating the current by holding the 
membrane potential at 0 mV or by applying bicuculline simultaneously did 
not alter the onset time course of the current. Astrocyte-derived steroid 
metabolite may induce the tonic release of GABA.

137.5
ANDROGENIC STEROIDS DIFFERENTIALLY MODULATE GABAд- 
MEDIATED TRANSMISSION IN THE VMN AND THE mPOA OF THE 
FEMALE RAT BRAIN. J, C  Joгge-Riveгa1’ and L. P. Henderson12. *Depts. of 
Physiol, and 2of Biochem., Dartmouth Medical School, Hanover, NH 03755-3833.

The GABAa neurotransmitter system within the ventromedial nucleus o f the 
hypothalamus (VMN) and the medial preoptic area (mPOA) plays a critical role in the 
expression of steroid-dependent sexual behaviors. Over 90% of neurons in both 
regions express functional GABAдreceptors, but there exists structural diversity in 
receptor subtypes. While α2 and ßЗ subunit mRNAs are prevalent in the VMN and 
the mPOA, the expression of the γ  transcripts is region-specific: abundant levels of 
γ2long mRNA are detected in the VMN, while γ l transcripts predominate in the 
mPOA. Regulation of subunit composition is known to impart different biophysical 
properties to the receptor and varied sensitivity to allosteric modulators, including 
benzodiazepines and progesterone/corticosterone neurosteroid derivatives. In addition, 
androgenic steroids have been proposed to have allosteric actions on forebrain GABAa 
receptors (Frye et al., 1996; Bitran et al., 1996), but the effects of these steroids on 
GABAergic synaptic transmission has not been examined. We have assessed the 
effects o f three synthetic androgens on the biophysical properties o f spontaneous 
inhibitory postsynaptic cuưents (sIPSCs) in slice recordings from the VMN and the 
mPOA. We found that 10 µM 17α-methyl testosterone, stanozolol and nandrolone 
modulated sIPSCs in both brain regions, but that each modulator had diametrically 
different effects in the VMN versus the mPOA. 17α-methyl testosterone enhanced 
peak current amplitude in the VMN by 34 ± 6% (n=l4), but decreased the amplitude 
of sIPSCs recorded in the mЮ A by 25 ± 4% (n=l4). Similar dichotomous effects in 
the VMN versus the mPOA were also observed for stanozolol (n=l 1) and nandrolone 
(n=Ю). Our results suggest that androgens have highly specific modulatory effects on 
GABAergic ưansmission in two brain regions essential to the production of steroid- 
dependent sexual behaviors, and that subunit differences in GABAa receptor structure 
may contribute to these distinct pharmacological profiles. Supported by the NSF 
(IBN-9412203 and DBI-9707828) and the NIH (R01-NS28668).

137.2
ONTOGENY OF NEUROSTEROID MODULATION OF GABAa RECEPTOR 
FUNCTION IN THE GUINEA PIG CEREBRAL CORTEX. C D.CBailev. J.F. Brien. 
and J.N. Reynolds*. Department of Pharmacology & Toxicology, Queen’s University, 
Kingston, Ontario, Canada, K7L ЗN6.

The objective of this study was to identify developmental changes in 5α-pregnan-3α- 
ol-20-one (allopregnanolone; 5α-Зα-P) potentiation of GABA and benzodiazepine 
binding to the GABAд receptor in the guinea pig cerebral cortex. Radioligand binding 
experiments were performed on a cell membrane preparation of the guinea pig cerebral 
cortex at five selected developmental ages. 5α-Зα-P potentiation of [¾]muscimol and 
[¾]flunitrazepam binding to the GABAa receptor was determined. Also, zolpidem, a 
GABAд receptor subunit cci-selective agonist, was used in a [¾]fluniưazepam binding 
competition study to examine the ontogeny o f α t subunit expression. The potency of 
5α-Зα-P potentiation of [¾]flunitrazepam binding was lowest at gestational day (GD) 
50 (ECs〇=95.1 + 15.2 nM, n=6) (term, about GD 68), and increased to adult levels by 
GD 63 (ECs〇=32.8 ± 5.5 nM, n=6) (p<0.001). Efficacy was greatest at GD 50 
(E„,ax=177.2 + 5.1% of control, n=6) and decreased to adult levels by GD 63 
(E∏,ax= 137.5 ± 4.0% of control, n=6) (p<0.001). 5α-Зα-P potentiation of [¾]muscimol 
binding was least potent at GD 50 (EC5〇=258.2 ± 68.5 nM, n=6) compared to all other 
ages (EC5〇 range from 43.9 to 62.7 nM) (p<0.01). The efficacy of 5α-Зα-P to 
potentiate [3H] muscimol binding was greater at GD 50 and GD 63 than at any postnatal 
age. Zolpidem competition of [3H]flunitrazepam binding was best fit to a two-site 
model at all ages. The percentage of high-affinity binding sites (putative αı subunit- 
containing receptors) was lowest at GD 50 (51 + 1.1%, n=5) and increased to adult 
levels by GD 63 (70.0 + 3.4%, n=5) (p<0.05). These data suggest that a change in α 
subunit expression occurs late in gestation in the guinea pig cerebral cortex, and is 
temporally related to changes in neurosteroid modulation of GABAд receptor function. 
Supported by the Medical Research Council of Canada, MT-8073.

137.4
ENHANCEMENT OF DESENSITIZATION OF GABAд 
CURRENTS BY PREGNENOLONE SULFATE
W¯X Shen*. DF C ovev and CF Zorumski. Departments o f  Psychiatry 
and Pharmacology, Washington U niversity School o f  M edicine, 4940  
Children's Place, Saint Louis, MO 63110

The G A BA д receptor is a primary target for the nongenom ic action o f  
neurosteroids in the nervous system. Neurosteroids either potentiate or 
depress G A BA д-gated chloride currents. Recently, it has been shown  
that THDOC (Зα, 21dihydroxy-5α-pregnan-20-one), a positive allosteric 
modulator, potentiates inhibitory transmission via prolongation o f  
deactivation and alteration o f  kinetics o f  desenstized states o f  the 
G A B A д channel. Here w e studied the mechanisms underlying the 
modulation o f  G A B A д receptors by pregnenolone sulfate (5-pregnen- 
Зß-ol-20-one sulfate, PS), a negative allosteric modulator. Application  
o f  ImM  GA BA  for 5 ms via a piezoelectric translator to nucleated 
patches excised from cultured hippocampal neurons elicited currents 
exhibiting fast rise times and apparent biexponential decays. The decay 
reflects visits to desensitized states o f  the channel. At a concentration o f  
10 µM, PS produced a marked blocking effect on the peak current 
(1014.41 ±  309.06 pA in control; 404.78 ±  149.96 pA  in PS, mean ±
S.E.M., n=6) and a speeding o f  the 10-90% decay time (221.95 ± 44.92  
ms in control; 57.3 ±  10.03 ms in PS). The slow  component o f  the 
biexponential decay was disproportionately accelerated. PS prolonged 
recovery from desensitization, as estimated by paired-pulse GA BA  
applications. Additional experiments w ill be performed to investigate the 
microscopic mechanisms involved in the enhanced desensitization. 
(Support: NIH grant, GM 47969)

137.6
FUNCTIONAL PROPERΉES OF γl-CONTAINING GABAa RECEPTORS IN THE mPOA

Depts. of Physiol.1 and Biochem.2, Dartmouth Medical School; Dept, of Psychology3, 
Dartmouth College, Hanover, NH 03755.

Gamma-aminobutyric acid type A (GABAд) receptors expressed within the medial 
preoptic area (mPOA) are known to play a critical role in regulating sexual and 
neuroendocrine functions. In the adult rat brain, high levels of expression of the γl 
subunit mRNA of the GABAд receptor are restricted to a limited number of regions that 
mediate sexual behaviors, including the mPOA. The biophysical and pharmacological 
profiles o f native γ l -containing receptors in neurons have not been described. We have 
characterized the properties of GABAд receptor-mediated inhibitory postsynaptic 
currents (sIPSCs) and currents elicited by fast perfusion o f GABA to isolated mPOA 
neurons. No significant differences were evident in the amplitudes, kinetics of current 
decay or the frequency of spontaneous events between the two sexes. The sensitivity of 
native receptors in mPOA neurons to zolpidem, ß-CCM and diazepam, allosteric 
modulators that act at the benzodiazepine (BZ) site o f the GABAд receptor, was in 
agreement with that reported previously for recombinant γ l -containing receptors in 
heterologous cells. These data suggest that mPOA neurons from both sexes express 
functional γ l -containing receptors, however we also found significant sexual 
dimorphism in the ability of zolpidem to modulate sIPSCs. Zolpidem was found to 
reversibly induce negative modulation o f both sIPSCs and currents elicited by rapid 
perfusion o f GABA to mPOA neurons isolated from male rats, but to have no effect in 
mPOA neurons from female rats. Concentration-response analysis indicated an IC50 of 
58 nM with maximal decreases of approximately 50% of control peak current amplitude. 
Assessment of γ l subunit mRNA expression by in situ hybridization techniques 
demonstrated that this transcript is strongly expressed in the mPOA of both sexes, but 
at significantly higher levels in males than in females. These results suggest that native 
γ l-containing receptors are expressed in primary neurons o f the mPOA, and that sex- 
specific differences in the expression of this subunit may contribute to sexual 
dimorphism in GABAд receptor modulation by compounds acting at the BZ site. 
Supported by the NSF (IBN-9412203 and DBI-9707828) and the NIH (R01-NS28668).
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137.7
EFFECT OF CHRONIC ETHANOL ADMINISTRATION ON THE 
MODULATION OF BINDING CHARACTERISTICS OF VARIOUS 
RADIOLIGANDS OF G A BA д AND NM DA RECEPTORS BY 5α- 
PREGNAN-Зα-OL-2O-ONE. A.K. Mehta* and M.K. Ticku. Dept, of 
Pharmacology, Univ, o f TX Hlth. Sci. Ctr., San Antonio, TX 78284.

In this study, we investigated the modulatory effect o f 5α-pregnan-3α- 
ol-20-one (5αЗα), a neurosteroid, on the binding characteristics of 
[¾]flunitrazepam (2 nM), [¾ ]m uscim ol (5 nM), [35S]TBPS (4 nM) and 
[¾]MK-801 (4 nM) in cerebral cortex, cerebellum, and hippocampus of 
control, ethanol-dependent, and ethanol-withdrawn rats. 5αЗα  
potentiated the binding o f  [¾]flunitrazepam, [¾ ]m uscim ol and 
[¾]MK-801 in all the rat brain regions investigated in this study. There 
was a significant increase in the potentiation o f [¾lflunitrazepam (92.6 ±  
4.1% vs 66.3 ±  5.5%, p < 0.025) as w ell as [¾ ]m uscim ol (61.3 ±
0.7% vs 33.9 ±  3.2%, p < 0.005) binding (E„^) in the ethanol- 
dependent rat cerebellum as compared to control group. Furthermore, 
5αЗα elicited a biphasic response, i.e., it potentiated the binding of 
[”S]TBPS at lower concentrations (< 100 nM) and inhibited the binding 
at higher concentrations (> 100 nM). There was a significant higher 
inhibition o f [35S]TBPS binding (-Emax) by 5αЗα in the hippocampus of 
ethanol-dependent (64.2 ±  2.4% vs 45.2 ±  5.1%, p < 0.025) as well as 
ethanol-withdrawn (80.0 ±  6 .6 % vs 45 .2  ±  5.1%, p < 0.005) rats. 
However, the potentiating effect o f 5αЗα on [¾ ]M K -801 binding was 
not altered in the ethanol-dependent or ethanol-withdrawn rat brain 
regions. These observations suggest that the neurosteroid binding site 
associated with G A BA д receptors in cerebellum and hippocampus plays 
an important role during ethanol-dependence and ethanol-withdrawal.

Supported by NIH-NIAAA grant #A A 04090-15.

137.9
PHARMACOKINETICS AN D  EEG EFFECT OF ALLOPREG NANO LONE (AP) 
AND DHEA (D), W ITH  AND W ITH O U T M ID A Z O LA M  (M DZ), IN  THE RAT. B.E. 
Lauriissens3, S.E. Corev1. M.A. Zemaitis1, C.M. Portas2*. P.D. Kroboth1 and D.J. 
Greenblatt3. *Dept. o f Pharmaceutical Sciences, Univ, o f Pittsburgh; in s titu te  o f 
Neurology, Univ, o f London; 3Dept. o f Pharmacology and Experimental Therapeutics, 
Tufts Univ. Sch. o f Med., Boston, M A  02111.

Plasma levels o f the neuroactive steroids AP and D have been shown to vary during 
specific physiological states (AP) and aging (D). Presumably they can modulate the 
action of GABA at its receptor either positively (AP) or negatively (D). GABAд 
receptor modulation by benzodiazepines (BZ) is well reflected in the EEG. This study 
was designed to determine the concentration- EEG effect relationships o f AP and D, 
and their potential to change the effect o f MDZ, a benzodiazepine, in order to gain 
insights in the significance o f endogenous AP and D levels. Three indwelling cannulas 
(2 venous and 1 arterial) and cortical EEG electrodes were surgically implanted in male 
Sprague Dawley rats (350 g) 6  days before a vehicle (VEH) experiment. A fter that, on 
2 separate days (VEH or M D Z infusion), 5 days apart, each animal received on top o f 
the infusion, in a balanced sequence, IV  doses o f AP, the Зß isomer o f AP, and D (all 3 
mg/kg), pregnenolone (P, 5 mg/kg) and VEH. During the experiment the rats were free 
moving and multiple EEG and blood samples were taken over 7 hours. EEG was 
analyzed for %change over baseline o f activity in the ß-band (13-30 Hz) and M D Z 
concentrations were determined by gas chromatography. Levels o f the steroids are 
presently being analyzed. Animals gained weight over the duration o f the study. Initial 
analysis of the data showed that M D Z steady state plasma concentrations were about 30 
ng/ml, producing about 40% increase over baseline in EEG effect. When given alone, 
only AP produced an increase in EEG effect, o f about 200% over baseline. This effect 
was blunted when M D Z was present.

Supported by grants MH-34223, DA-05258 and M H -19924

137.11
SYNAPTIC M EM BRANE FREEZING AFFECTS B AR BITUR ATE A N D  
NEUROSTEROID M O D U LA TIO N  OF G AB A Λ RECEPTORS IN A V IA N  CNS. Ş, 
Fiszer de Plazas*. M. S. Viapiano. D. J. Rodriguez G il. A. M. M itridate de Novara. 
Instituto de Biología Celular y Neurociencias. Facultad de Medicina. Univ, de 
Buenos Aires. Paraguay 2155. 1121. Buenos Aires. Argentina.

An attempt was made to determine whether barbiturates and ncurosteroids share 
common recognition sites at the G ABAΛ receptor complex in  avian CNS. by 
evaluating the effect o f freeze-thawing on synaptic membranes enriched in G ABA 
binding sites.

Both the barbiturate (pentobarbital 250 nM-1.25 mM ) and the neurosteroid (5α- 
pregωn-Зα-〇I-20-one 25 nM-15 µM ) assayed were able to stimulate GABA binding 
in fresh and frozen membranes, but differed markedly when added jo in tly to 
differentially treated tissue. In frozen membranes they acted synergically and were 
differentially displaced w ith  picrotoxin in (10 nM-10 µM). while this additivity was 
absent in fresh membranes, where both were inhibited by the convulsant drug.

Post-freezing wash supernatants were collected and used as a source o f putative 
endogenous factors, involved in  the observed differences between membrane types. 
Addition o f supernatant protein fraction to frozen synaptic membranes led to an 
inhibition o f barbiturate and neurosteroid potentiation and a loss o f their additive 
effect.

Our results indicate that modulation by barbiturates and neurosteroids is affected 
by synaptic membrane treatment, sharing a common site in  fresh membranes but 
not after a freeze-thawing procedure, when distinct sites seem to become operative 
There may also be endogenous factors involved in  modulatory sites overlapping, 
which would thus regulate GABAд receptor functionality by direct interaction w ith  
ligand sites in the complex.

Supported by grants from Universidad de Buenos Aires and CONICET. Argentina.

137.8
INCREASED EXCITABILITY IN  CORTICAL SLICES DUE 
TO W ITH DRAW AL FROM GABAERGIC DRUGS. 
Calixto. E.. Casasola. G . Baгgas. L. Brailow sk y , S*. 
Instituto de F isio logía  Celular, U N A M , 04510 M éxico
D.F., MEXICO.

An hyperexcitable state has been elicited in various brain 
structures after withdrawal from GABA infusion; this 
phenomenon has been called the "GABA-withdrawal syndrome 
(GWS)"; a comparable condition has been found in cortical slices. 
In this preparation, we applied GABA (5 mM), or progesterone 
U 〇чM), or flunitrazepam (60 µM) for 120 min, or GABA (5 
mM), progesterone (10 4M), or GABA+progesterone for 60 min. 
Upon withdrawal, GABA or flunitrazepam, applied for 120 min, 
induced an increase (150 and 110 % over control values, 
respectively) in the amplitude of the field potential obtained by 
synaptic stimulation, whereas 60 min of GABA infusion had no 
rebound effect. Progesterone alone had no such effects; however, 
when given with GABA, a 125 % increase in the response was 
recorded. These results indicate that GWS induction depends on 
the exposure time and the intrinsic activity of agonists to the 
GABAд receptor. This may be a mechanism involved in 
withdrawal syndromes to GABAergic agents, such as 
barbiturates, benzodiazepines or ethanol.

Supported in part by D GAPA-UN AM  and CONACYT (Mexico)

137.10
E N D O G E N O U S  D E H Y D R O E P IA N D R O S T E R O N E  (D H E A ), D H E A -S  A N D  
S A C C A D IC  E Y E  M O V E M E N T  (S E M ) F U N C T IO N  IN  O L D E R  A D U L T S . 
M . F o lan * , 1 P. K ro bo th . 1 R. Stone ,2 R .F rve , 1 F. K ro b o th . 3 and J. Sweeney4. 
'Departm ents o f  Pharm aceutical Sciences, ⅛ ios ta tis tics , 3M ed ic ine , and 
4Psychiatry, U n ive rs ity  o f  P ittsburgh, P ittsburgh, P A  15261.

M onkey and human data indicate that ve loc ity  (V E L ) o f  visua lly -gu ided  SEMs 
is altered by agonists and antagonists o f  the GABAд receptor com plex (GABA- 
RC). D H E A  and its sulfate, D H E A -S , are negative non-com petitive  modulators 
o f  the G A B A -R C  in vitro. The purpose o f  this study was to evaluate the 
re lationship between S E M  parameters and endogenous concentrations o f  D H E A  
and D H E A -S . Between 7:30 and 8:00 A M , SEM s were assessed and a venous 
blood sample was obtained fro m  healthy men ( 1 1 ) and women (13) between the 
ages o f  65 and 79 years. D H E A -S  was substantia lly low er in  women (191 ±  109 
ng/m l) than in  men (1014 ±  726 ng/m l; p<0.0001). Unexpectedly, D H E A  also 
tended to be low er in  women (4.56 ±  2.47 n g/m l) than in  men (6.35 ±  5.94 
ng/m l; p=0.18). D H E A -S  was related to D H E A  in  women (r=0.71) and in  men 
(r=0.58). S EM  parameters evaluated included peak saccade V E L , latency, gain, 
d r if t  duration o f  saccades, and duration o f deceleration. In men, gain and d r if t  
duration were inversely related to D H E A -S  (r=  -0.64 and -0.69, respectively; 
p<0.04). N e ither D H E A  nor D H E A -S  expla ined va ria b ility  in  S E M  parameters 
in women, though there was a sm aller range o f  D H E A -S  (37.4 to 361 ng/m l). 
D H E A  was not related to SEMs. W hy D H E A -S  was related to on ly  selected 
parameters is unclear. These data suggest e ither a d iffe ren tia l gender e ffect o f 
D H E A -S  on SEM s or that a broader range o f observations is needed in women to 
discern a relationship. This research was supported by MH-55756, M H  45156, 
MH42969, MH-52247 and by NIH/NCRR/GCRC grant 5 M01 RR00056.

137.12
CHANGES IN GABAд RECEPTORS AND NEUROSTEROID 
CONCENTRATIONS IN THE RAT BRAIN INDUCED BY 
CORTICOTROPIN RELEASING FACTOR (CRF) A. Concas*. M .C  
M ostallino. P. Porcu. M .L . Barbaccia*. R.H. Purdv§ and G. B iggio  Dept. Exp. 
B io l., U n iv, o f  Cagliari, 09123 Cagliari, Ita ly; #Dept. Exp. Medic., Univ, o f 
Rome “ Tor Vergata” , 00133 Rome, Ita ly, ⅛ ept. Psych. UCSD, San Diego 
92161 CA, USA.

The time-related changes in  brain GABAд receptor function and 
cerebrocortical concentration o f  neurosteroids induced by intracerebroventricular 
in jection o f CRF was investigated in  rats. CRF (5 to 20 µg /5µ l) resulted in a 
dose-dependent increase in  [35S]/-butylbicyclophosphorothionate (TBPS) binding 
to cerebrocortical membrane preparations from  rats k illed  5 min after injection. 
A t doses o f  5 and 10 µg, this peptide had no significant effect on [35S]TBPS 
binding, whereas 15 µg induced a 27% increase. A  greater effect (+48 ± 6 % ) was 
apparent at a dose o f  20 µg, w h ile  h igher doses (25 to 50 µg) failed to further 
increase this parameter. The effect o f  CRF was maximal 5 m in after injection, 
was s till present (+  20% ) at 10 m in and returned to control value by 15 min. The 
short-lasting effect o f  CRF is inhib ited by a pre-administration o f abecamil, an 
anxio lytic ß-carboline derivative. IC V  in jection o f  CRF increased markedly brain 
progesterone and allopregnenolone which were m axim ally increased (+  84 and 
110%) 10 and 15 min fo llow ing  CRF in jection and declined thereafter. Finally, 
the effect o f  CRF on [35S]TBPS b inding as w e ll as that on neurosteroid 
concentrations is not detected in adrenalectomised/orchietomised rats. The 
relationship between the activation o f  H PA axis and the changes in G AB A erg ic  
transmission and brain and plasma neurosteroid concentrations w il l be discussed.
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137.13
SOCIAL ISOLATION STRESS REDUCES PLASMA AND BRAIN 
CONTENT OF NEUROACTIVE STEROIDS AND THE FUNCTION 
OF GABAд RECEPTOR COMPLEX M. Serra*. M. Caddeo, M.F. 
Chessa, M L. Barbaccia, R.H. Purdy and G. Biggio Universities o f Cagliari, 
Roma, San Diego, Italy-USA.

The relationship between changes in cerebral and plasma concentration 
o f neuroactive steroids and GABAд receptor function after social isolation 
was investigated in rat. Male rats were isolated immediately after weaning 
(at 25days) for 1 month. Spontaneous exploration o f an elevated plus maze 
was used as a behavioral measure o f anxiety. Isolated rats spent less time in 
and made fewer entries into the open arms o f the maze than animals housed 
in group. Social isolation stress elicited a selective decrease o f neuroactive 
steroid concentrations in rat brain and plasma. The levels o f pregnenolone, 
progesterone and allopregnanolone, were decreased of about 40% and 55% 
in the cerebral cortex and in the hippocampus, respectively. Plasma levels of 
these neuroactive steroids and corticosterone were also significantly 
decreased. In contrast, brain and plasma concentrations of  
dehydroepiandrosterone, formed metabolically by side chain cleavage of  
pregnenolone, was not affected by social isolation stress. This treatment 
significantly increased [35S]TBPS binding in the hippocampus (+50%), in 
the hypothalmus (+ 83%) but not in the cerebral cortex. These results 
suggest that the decrease in the level o f neuroactive steroids with the ability 
to modulate GABAд receptor complex may play an important role in the 
social isolation-induced anxiety .

137.15
INTERACTION BETWEEN NEONATAL STRESS AND THE 
NEƯROACΉVE STEROID ALLOPREGNANOLONE ON 
SUBSEQUENT EMOTIONAL BEHAVIORS IN RATS.
B. Zimmerberg* and Sharon H. Rackow, Program in Neuroscience, 
Williams College, Williamstown, MA 01267

The neuroactive steroid allopregnanolone (Зa-hydroxy-5a- 
pregnan-20-one) has been shown to be involved in the neurochemical 
stress response via its positive modulation of the GABAд receptor 
complex. This experiment investigated whether response to the 
neuroactive steroid allopregnanolone, a positive modulator of the 
GABAa receptor, would be altered in rats previously exposed to a 
chronic stressor - daily six hours of maternal separation. Rats were 
tested as neonates (one week) and as adults using measures of both 
emotional behavior and activity. In neonates, allopregnanolone, as 
previously reported by this laboratory, decreased the number of 
ultrasonic vocalizations after brief maternal separation. Non- 
sepaгated pups vocalized more and were more active than separated 
pups but were not more sensitive to AP on either measure. As adults, the 
previously separated rats had a greater grooming response to a ten 
minute cold water test than non-separated subjects; again, there was no 
difference in the anxiolytic effect of allopregnanolone. These results 
suggest that while early maternal separation stress does produce an 
habituation response in neonates and a possible long-term sensitization 
response to later novel stress in adults, behavioral differences may not 
be due to the neurosteroid system.

Supported by NIAAA AA08605.

137.17
B R A IN  ALLO PREG NANO LONE REGULATES THE POTENCY OF THE GABAд 
RECEPTOR AGONISTS M U SCIM O L A N D  PEN TO BARBITAL G. Pinna, V. 
Uzunova, J. M. M ienville . J. Larson. E. Costa, and A. Guidotti*. The Psychiatric 
Institute, Dept, o f Psychiatry, UIC , Chicago, IL  60612.

Allopregnanolone (A LLO ), a potent positive allosteric modulator o f the 
action o f G AB A  at GABAд receptors, is synthesized in brain from progesterone by 
the sequential action o f two enzymes: 5α-reductase and Зα-hydroxysteroid 
oxidoreductase. The concentration o f A LL O  in mouse brain varies substantially; 
from 0.5-1.0 pmol/g in cerebellum and 2-5 pmol/g in frontal cortex to 15-20 pmol/g 
in olfactory bulb. Such distribution poses the question: does brain-synthesized A LLO  
have a physiological role in the regulation o f  G ABAergic tone?

To test this hypothesis, we reduced A LL O  content in mouse brain by 75% 
w ith  systemic injections o f  the Types I and I I  5α-reductase inhibitor, l7 ß - l7 [b is ( l-  
methylethyl) amino carbonyl] androstane-3,5-diene-3-carboxylic acid (SKF 105,111) 
(20 mg/kg, i.p.). The duration o f  righting reflex loss elicited by muscimol (MUS: 1-2 
mg/kg, i.v.) or pentobarbital (PTB: 30-50 mg/kg, i.p.) was inhibited by SKF 105,111 
in these ALLO-depleted mice. The drug had no effect on MUS or PTB metabolism 
or on brain levels o f  pregnenolone and progesterone. Adm inistration o f  A LLO , at a 
dose (15 µmoľ/kg, i.p.) that by itse lf did not alter M US- or PTB-induced loss o f 
righting reflexes, completely blocked the effects o f SKF 105,111. In situ patch-clamp 
recordings from primary cultures o f  cortical neurons o f  newborn mice revealed that 
SKF 105,111 (50 µM ) failed to alter the amplitude o f  GABA-evoked currents or their 
potentiation by PTB. Moreover, SKF 105,111 (50 µM ) failed to alter the PTB 
enhancement o f  GABA-mediated inhibitory synaptic currents in hippocampal slices 
from adult rats. These data indicate that SKF 105,111 regulates GABAergic function 
indirectly, most like ly  by inhibiting A LL O  synthesis, and suggest that brain A LLO  
content plays an important physiological role in the modulation o f GABAergic tone in 
vivo. Grant: A.G. 56890-02.

137.14
INCREASED ACOUSTIC STARTLE RESPONDING FOLLOWING 5α- 
PREGNANE-3,2O-DIONE ADMINISTRATION: A GABA PARTIAL 
AGONIST EFFECT. Wm. J. Pizzi* and R. D. Andrews. Northeastern 
Illinois University, Chicago, IL 60625.

The neuroactive steroids include the pregnanediols which interact with 
the GABAa-R and have been shown to be synthesized by both peripheral 
endocrine organs and the brain itself. In this experiment we administered 5α- 
pregnane-3,2O-dione (PREG-A) at several doses (0, 5, 10 mg/kg, i.p.) and 
tested the acoustic startle response (ASR) at 15, 30, & 60 minutes post drug 
administration. Our hypothesis was that a neuroactive steroid (NAS) working 
at a membrane receptor would produce behavioral effects at the earlier times 
of testing and diminish or be absent at the later time periods. We further 
hypothesized that the NAS would work to enhance inhibitory mechanisms and 
thus reduce the ASR. The first hypothesis was confirmed with significant 
behavioral changes occurring at the 15 minute test period but not the others. 
The second hypothesis was not confirmed in that the NAS potentiated the 
ASR and decreased prepulse inhibition The 5 and 10 mg/kg doses increased 
ASR by 31% and 57%, respectively (F= 4.89, p<0.03). This surprising 
reversal o f the expected inhibitory effect o f a NAS working at the GABAa-R 
suggests that the form o f the hormone being used may be less potent than 
naturally occurring metabolites and thus acting as a partial agonist. These 
behavioral findings would seem to be supported by, and to be a behavioral 
confirmation of, the report by Belelli & Gee (1989) that demonstrated a partial 
agonist effect in the modulation o f GABA-stimulated chloride ion uptake by 
synaptoneuгosomes.

137.16
FLUO XETINE NORM ALIZES THE SOCIAL ISO LATIO N-INDUCED 
DECREASE OF PEN TO BARBITAL SLEEPING T IM E  B Y  INCREASING 
B R A IN  ALLOPREGNANOLONE (A LLO ) CONTENT K  Matsumoto 2* V. 
Uzunova, 1 G. Pinna, 1 K. Taki.2 D. Uzunov. 1 H. Watanabē? A. Guidotti. 1 &  E. 
Costa.' 'T h e  Psychiatric Institute. Dept, o f  Psychiatry, UIC, Chicago, IL  60612. 
^ĎēptΓof Pharmacology, Res. Inst, for Wakan-Yaku, Toyama Medical and 
Pharmaceutical Univ., 2630 Sugitani, Toyama 930-01, Japan.

In mice, social isolation shortens pentobarbital (PTB) sleeping time, and 
this is normalized by the administration o f  neurosteroids, which positively 
modulates the γ-aminobutyric acid (G A BA ) gating o f C ľ  channels (Brain Res 
708:1-6, 1996). To clarify whether neurosteroids have a role in the social 
isolation-induced desensitization o f PTB action, we measured brain neurosteroid 
content by negative ion chemical ionization-mass fragmentography (N IC I-M F) 
and found that A LLO  content in the cerebral cortex o f socially isolated mice (6  to 
10 weeks) was approximately 50% lower than that o f group-housed mice. The 
social isolation failed to change brain pregnenolone or progesterone content. 
Fluoxetine (1.45 or 2.9 µmol/kg i.p.), which increases brain A LLO  content in rats 
(PNAS 93, 12599-12604, 1996), normalized both the shortened PTB sleeping 
time and the decreased brain A LLO  content o f socially isolated mice. These 
fluoxetine doses "per se” failed to increase PTB sleeping time or brain A LLO  
content in group-housed mice. The above-described fluoxetine-induced 
normalization o f PTB sleeping time and A LLO  brain content was also observed in 
socially isolated mice that were pretreated w ith p-chlorophenylalanine ( 1 .2  
mmol/İcg i.p. at 72, 48, and 24 hours before the experiments), which inhibits brain 
serotonin synthesis and thereby reduces this amine's content to about 2 0 % o f 
normal (Eur J Pharmacol 317:75-81, 1996). These results suggest that (1) the 
social isolation-induced shortening o f  PTB sleeping time might be related to the 
concurrent decrease in brain A LLO  content, and (2) social isolation may decrease 
GABAergic transmission tone, via a reduction o f A LLO  availability and the 
consequent down-regulation o f G AB A  action at GABAд receptors.
Grants: E.C. MH5600-02. A.G. M H  56890-02. K .M . M inistry Education, Science, 
Sport, Culture, Japan.

137.18
GANAXOLONE: EVALUATIONS OF GANAXOLONE PLASMA LEVELS IN 
HEALTHY VOLUNTEERS AND MIGRAINE HEADACHE PATIENTS
F.B. W eihmuller*. K. Ramu, K.D. Britch, G.N. Lam, J.L. Data and E.P. Monaghan 
CoCensys, Inc., Irvine, CA  92618, U.S.A.

Ganaxolone is a member o f a novel class o f neuroactive steroids, called epalons, 
that allosterically modulate the GABAд receptor complex via a unique recognition 
site. Ganaxolone potently inhibits trigeminal-evoked neurogenic inflammation o f 
meninges in a rat model o f migraine headache, and a recent Phase II  clinical study in 
migraine patients has suggested ganaxolone’s clinical u tility  in the treatment o f 
migraine headache.

Most clinical exposures to ganaxolone have utilized a ß-cyclodextrin formulation 
which demonstrates rapid absorption w ith a T max = 1.5 hours (range 1 -  2 hours), 
Cщax= 130.2 + 21.4 ng/mL, and AUC〇.48= 678.9 + 330.2 ng·h/m L fo llow ing a 500 mg 
dose administered after a standard breakfast. Administration o f ganaxolone to healthy 
volunteers, under fasted conditions, significantly reduces bioavailability (4-5 fold) 
fo llow ing a 500 mg dose. A  recently developed tablet formulation o f ganaxolone 
demonstrated pharmacokinetics comparable to the ß-CD suspension when 500 mg 
was administered to healthy volunteers fo llow ing a meal.

M igraine patients who were treated with a 500 mg dose o f ß-CD suspension 
during a migraine attack demonstrated higher plasma levels than would have been 
expected based on their feeding state, i.e., their levels at 2 hours were mid-way 
between those seen in fasted and fed healthy volunteers. Ongoing studies using a 
tablet formulation w ill further evaluate the pharmacokinetics o f higher doses o f 
ganaxolone in both healthy volunteers and patients experiencing a migraine. 
(Supported by CoCensys, Inc.)
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137.19
EFFECTS OF PERIPHERAL-TYPE BENZODIAZEPINE RECEPTOR ANTISENSE 
KNOCKOUT ON MA-10 LEYDIG CELL PROLIFERATION AND 
STEROIDOGENESIS
M. Gavish,1'2* R. Weizman, 3,⅛ I. Spanier,1 S. Leschiner,1 M. 
Lahav,1 G. Weisinqer,1 and E. Kelly-Hershkovitz1. ⅛ruce 
Rappaport Fac. of Med., Technion-Israel Inst, of Technology, 
31096 Haifa; ⅜appaport Family Inst, for Research in the Med. 
Sciences, 31096 Haifa; 3T℮1 Aviv Community Mental Health 
Center, 97197 Tel Aviv; ^Sackler Fac. of Med., Tel Aviv 
Univ., 69978 Tel Aviv, Israel

We stably transfected cultures of MA-10 Leydig cells with 
either control or 18-kDa peripheral-type benzodiazepine 
receptor (PBR) antisense knockout plasmids. The antisense 
knockout vector was driven by the human enkephalin promoter, 
which contains two cAMP response elements, such that cAMP 
treatment of transfected cells could superinduce 18-kDa PBR 
antisense RNA transcription and, hence, down-regulate 
endogenous 18-kDa PBR mRNA levels. Control and knockout MA-10 
cell lines were then compared at the level of receptor 
binding, thymidine incorporation, and steroid biosynthesis. 
Eighteen-kilodalton PBR knockout reduced the maximal binding 
capacity of tritium-labeled PBR ligands, and the affinity of 
receptors to the ligands remained unaltered. Additionally, 
24-h accumulation of progesterone was lower in the knockout 
cells. At the level of cell proliferation, reduction of 
18-kDa PBR mRNA showed no effect. Thus, we conclude that the 
18-kDa PBR may have a more important role in steroidogenesis 
than in proliferation in this Leydig cell line.

GABA: G A D  A ND  G A BA  STU D IES

138.1
M O L E C U L A R  P H Y L O G E N Y  O F  C H O R D A T E  G L U T A M A T E  
D E C A R B O X Y L A S E  (G A D ): E V ID E N C E  FO R A  T H IR D  G A D  F A M IL Y . 
P.T. Bosm a,4 M . B lázquez,4  M . C o llin s , 1 J.D .D . B ish op ,2 G. D rou in ,3  I.G. 
P rie de J  K . D o che rty ,4  and V .L . T ru d e a u З *. lD e p t. Z o o lo g y , U n iv , o f 

Aberdeen; 2 M arine  B io l. Assoc. U K , P lym o u th ; ⅛ e p t.  B io lo g y , U n iv , o f 
O ttawa, Canada K IN  6N 5; 4D ep t. M o le c u la r and C e ll B io lo g y , U n iv , o f 
Aberdeen, U K .

W e studied the e vo lu tio n  o f  chordate  G A D , the enzym e ca ta lyz ing  the 
synthesis o f  G A B A  fro m  g lutam ate. P rio r to our studies, m o lecu la r data 
o f  G A D  had been restricted  to m am m als, w h ich  express tw o  d is tinc t form s 
o f  th is  enzym e, G A D 6 5  and G A D 6 7 . T o  enable  a co m p reh e ns ive  
p hy lo g en e tic  a na lys is , m o le c u la r in fo rm a tio n  o f  G A D  fo rm s  in o the r 
ve rteb ra te  classes was essen tia l. U s in g  R T -P C R , p a r tia l n u c le o tid e  
sequences o f  G A D 6 5  and G A D 6 7  were cloned  fro m  bra ins o f  zebra finch , 
tu r tle , g o ld f is h , ze b ra fis h , and the  deep-sea fis h  C o r y p h a e n o ίd e s  
(N em atonurus) arm atus. O n ly  a s ingle  G A D  c D N A  w ith  equal s im ila ritie s  
to  both  vertebra te  G A D  fo rm s  was fou n d  in  the p ro to ch ord a te  Ciona  
in testinalis, a tun ica te . O u r results there fore  ind icate  that a dup lica tio n  o f 
the vertebrate  G A D  gene was lik e ly  to  have occurred  between 400 and 
600 m i ll io n  years ago. P hy log en e tic  a na lys is  o f  G A D 6 5  and G A D 6 7  
sequences shows a top o log y  that is congruen t w ith  the know n e vo lu tiona ry  
re la tionsh ips o f  the vertebrate classes. A  th ird  G A D  fo rm  (G A D З ), w h ich  
is equa lly  d ive rge n t fro m  both G A D 6 5  and G A D 6 7 , was expressed in  C. 
(N .) arm atus. The b ra in  d is tr ib u tio n  o f  G A D З  is s im ila r to the o ther tw o  
G A D s . R e la tive  rate tests p e rfo rm ed  a cco rd in g  to  the one -deg ree -of- 
freedom  m ethod  o f  T a jim a  (G enetics  135, 599 -607 , 1993) showed that 
the three C. (N.) arm atus  G A D  genes evo lved  at the same rate. Therefore , 
the G A D 6 5 , G A D 6 7 , and G A D З  fa m ilie s  p ro ba b ly  d iverged  close to the 
onset o f  vertebrate e vo lu tio n . Supported by W e llco m e  T rust (U K ) , N E R C  
(U K ) and N S E R C  (Canada).

138.3
GABAergic neuron-specific expression of the m ouse  
glutamate decarboxylase 65 gene promoter in transgenic  
m ice . Y Yanagawa*1, T. Kobayashi1, K. ĭsh ii1, K. Makinae ,̂ H . 
Sakagami2, H. Kondo2, F. Tashiro3, J. Miyazaki3, S. Tamura1.

⅛ s .  Development, Aging and Cancer, ⅜ ch oo l o f Medicine, Tohoku 

Univ., Sendai, 980, Japan; ⅛ ch ool o f Medicine, Osaka Univ., Suita, 
565, Japan.

Mouse glutamate decarboxylase 65 (mGAD65) is primarily expressed  
in G A BA ergic neurons o f  the mamalian C N S . To elucidate the 
regulatory mechanisms o f mGAD65 gene expression, we have initiated 
a characterization o f  its promoter. We used transgenic mice to examine 
the expression pattern confeưed by a 9.2-kb 5'-flanking sequences o f  
the m G A D 65 gene fused to the lacZ reporter gene. The transgene 
expression was observed in neurons o f restricted brain regions such as 
olfactory bulb and cerebellar cortex, in w hich high G A D 65 gene 
expression levels have been observed. These results suggest that the 
9 .2 -k b  fragment contains cis-acting elem ents essentia l for its 
GABAergic cell-specific expression in the brain. Sequence analysis o f  
the 5'-flanking region o f  the m GAD65 gene revealed the presence o f  
neuron-specific cis regulatory elements such as CCAGGAG neuronal 
motif.

This study was supported by Grants-in-Aid for Scientific Research 
from the Ministry o f  Education, Science, Sports and Culture o f  Japan.

138.2
GABA CONTENTS AND HISTOGENESIS OF FETAL AND NEWBORN MICE 
LACKING TWO ISOFORMS OF GLUTAMIC ACID DECARBOXYLASE.
F.Y,Ji. N.Kanbaгa. H.Asada and K.Obata*. Lab. of Neurochem., Natl. Inst. Physiol. 
Sci., Okazaki 444-8585 Japan

Roles of GABA in neural functions and development can be investigated by gene 
targeting of GABA-synthesizing enzyme, glutamic acid decarboxylase (GAD), which 
has two isoforms, GAD65 and GAD67. GAD65-deficient mice can grow without 
severe phenotype and GABA contents in their brain are not much reduced (BBRC 
229:891,1996) On the other hand, GAD67-deficent mice can be ban with the 
expected frequency but die soon after birth due to cleft palate (PNAS 94:6496,1997). 
GABA content of their cerebral cortex at birth is reduced to 7% of the wild-type but 
histological examination has not revealed any remarkable defects. Recent 
investigations on the rat fetus and cultured cells have suggested that GABA is 
intimately involved in neural cell differentiation and histogenesis, and it may possible 
that remaining GABA is sufficient for the neural development in GAD67-deficient 
mice. In the present study, double knockout mice were produced by mating of 
GAD65+/- & 67+/- mice. In conưast to the mendelian frequency of 1/16, only few 
GAD65-/- & 67-/- mice were obtained. GABA content in their brain was less than 1% 
of the wild-type. This indicates that other pathways for GABA synthesis, e.g., through 
ornithine decarboxylase, is not so active. Histologically, however, the brain of doubly 
GAD-deficient mice was not much different from die wild-type brain, suggesting that 
GABA is dispensable or replaceable with other substances in neural development

138.4
IN DUC IBLE CRE RECOMBINASE IN GABAERGIC INTERNEURONS: IN 
VIVO TARGETING BY HOMOLOGOUS RECOMBINATION INTO THE G AD 67 
GENE M .C o rs a ro L  A. C a p u ti1. E. C. Fuchs1. F. H e id inα a 1. U. K ru th 2. C. 
K e lle n d o n k 3, P, H. S eeburα2* and H. M o n v e r1. 1Z M B H , U n iv , o f 
H e id e lb e rg ; 2Dept. N e u ro b io lo g y , M ax P la nck  Inst. Med. Res.; 3D K FZ; 
H e id e lb e rg , D -6 9 1 2 0  G e rm a n y .

G AB A erg ic  in te rn e u ro n s  are  o f fu n d a m e n ta l im p o rta n c e  fo r the  
s y n c h ro n iz a tio n  o f a c tiv ity  in d if fe re n t b ra in  a reas. So fa r  no gene 
d e le tion  app ro ach  has been  u tilized  to  ch a rac te rize  the m . T he  C R E -lo x  
re co m b ina se  sys tem  is the  p re fe rre d  m ethod  to  de le te  genes in a 
se lected  ce ll p op u la tio n . F u rth e rm o re , p h a rm a c o lo g ic a l in d u c tio n  is  
p oss ib le  by m ak ing  CRE a c tiv ity  dependent on the  s y n th e tic  s te ro id  
R U 486. T h is  a llo w s  te m p o ra l c o n tro l o f gene d e le tio n , a vo id in g  
u n d es ira b le  s ide  e ffec ts  d u r ing  deve lo pm en t. To th is  end a C RE-cD NA 
co ns tru c t fused  w ith  a m u ta ted  p ro ge s te ro n e  b ind in g  d om ain  w h ich  in  
v i t r o  responds e x c lu s iv e ly  to  R U 486  (R U 4 8 6 -C R E ) (K e lle n d o n k  e t 
al. 1 9 9 6 ), is u tiliz e d . A  gene ta rg e tin g  a pp ro ach  is used, and, in  
o rd e r to  lim it the  e xp re ss io n  to  G A B A e rg ic  in te rn e u ro n s , th e  R U 4 8 6- 
CR E  co ns tru c t has been  inserted  in to  the  G A D  67  gene. A n a lys is  o f the  
tra nsg e ne  e xpress ion  and  o f the  a c tiv ity  o f CRE re co m b ina se  in these 
m ice  w il l be p resen ted . E xpress io n  o f R U 4 8 6-C R E  in in te rn e u ro n s  
w ill p ro v id e  a u se fu l too l to  “ k n o c k o u t” d if fe re n t n e u ro t ra n s m it te r  
re c e p to rs  s p e c if ic a lly  in th is  ce ll p o p u la tio n  to  s tu d y  th e ir  ro le  in the  
fu n c tio n  o f in te rn e u ro n a l n e tw o rk s .

S up p o rte d  in p a rt by TM R  “ M a rie  C u r ie ” g ra n t, DFG and the  
S c h illin g  F o un d a tio n .
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138.5
S T R U C T U R A L  F E A T U R E S  O F  B R A IN  G L U T A M A T E  
D E C A R B O X Y L A S E . H . L iu . C . H a u e r. K. Q u . C . E. L a w re n c e , a n d  D . L. 
M a r t in * W a d s w o r th  C e n te r, N .Y .S . D e p t, o f  H e a lth , A lb a n y , N Y  1 22 01 .

T h e  s m a lle r  is o fo rm  o f  th e  G A B A -s y n th e s iz in g  e n z y m e  g lu ta m a te  
d e c a rb o x y la s e  (G A D 6 5 ) w a s  e x p re s s e d  in  S f9  c e lls  w ith  th e  b a c u lo v iru s  
s y s te m . T h e  e n z y m e  w a s  a c tiv e  w ith  a  tu rn o v e r  n u m b e r c lo s e  to  th a t o f  
w ild  ty p e  G A D . T h e  N -te rm in u s  w a s  p ro c e s s e d  b y  re m o v a l o f  th e  in itia l 
m e th io n in e  a nd  a c e ty la t io n  o f  th e  p e n u ltim a te  a m in o  a c id  a la n in e . 
A m o n g  th e  15 c y s te in e s , 6  fo rm e d  d is u lf id e  b o n d s , a n d  9  e x is t a s  fre e  
S H  g ro u p s . A ll o f  th e  d is u lfid e  b o n d s  a re  in th e  N - te rm in a l d o m a in . T h e  
m o n o m e r a v e ra g e  m o le c u la r  w e ig h t w a s  6 5 3 1 0  ± 12 D a  a s  d e te rm in e d  
by  m a s s  s p e c tro m e try ; th e  p re d ic te d  a v e ra g e  m a s s  is 6 5 3 1 3  D a  (c y s  = 
S H ). W e  re p o rte d  p re v io u s ly  th a t c y s 3 5 4  w a s  fo u n d  w ith  b o th  187  Da 
a nd  120  D a c o v a le n t a d d u c ts . F u r th e r  e x p e r im e n ts  s h o w e d  th e  187  D a 
a d d u c t re s u lte d  fro m  a c h a n g e  in try p s in  c le a v a g e  s p e c if ic i ty  a t th e  
s e c o n d  o f  a p a ire d  ly s in e  s e q u e n c e  fo llo w in g  a lk y la tio n  w ith  
¡o d o a ce ta te . T h e  120  D a a d d u c t, w h ic h  h a s  th e  m a s s  o f  d is u lf id e  lin ke d  
c y s te in e , ca n  be  re m o v e d  w ith  d ith io th re ito l,  b u t th e  a b u n d a n c e  o f  th is  
a d d u c t is v a r ia b le  a m o n g  b a tc h e s  o f  re c o m b in a n t p ro te in . N a tiv e  
re c o m b in a n t G A D 6 5  is a d im e r th a t  ca n  be  d is s o c ia te d  w ith  S D S  
in d ic a tin g  th a t d im e riz a t io n  d o e s  n o t in v o lv e  in tra m o le c u la r  d is u lfid e  
b on ds . H o w e v e r, o x id a tio n  w ith  g lu ta th io n e  p ro d u c e s  la rg e r  m u ltim e rs , 
in d ic a tin g  th a t s o m e  o f  th e  fre e  S H  g ro u p s  a re  on  th e  s u rfa c e . A  
m o le c u la r  m o d e l b a s e d  on  s tru c tu ra l h o m o lo g ie s  w ith  o th e r  p y r id o x a l-P  
d e p e n d e n t e n z y m e s  in d ic a te s  th a t d im e r ic  G A D  is fo rm e d  by 
a s s o c ia t io n  b e tw e e n  th e  c a ta ly t ic  d o m a in s  o f  th e  p ro te in , n o t th e  N - 
te rm in a l d o m a in . T h is  w o rk  w a s  s u p p o r te d  b y  g ra n t M H 3 5 6 6 4  fro m  
N IM H .

138.7
MEMBRANE ASSOCIATED BRAIN GLUTAMATE DECARBOXYLASE: 
ACTIVATION BY ATP THROUGH PROTEIN PHOSPHORYLATION. C.C. 
Hsu. C. Thomas. W.Q. Chen, K .M . Davis. T. Foos. J.L. Chen. E. Wu, E. Floor*, and 
J.Y. Wu. Dept, o f Biochemistry, Cell, and Molecular Biology, University o f Kansas; 
Lawrence, KS 66045.

Previously we have shown that the regulation o f the soluble form o f the γ- 
aminobutyric acid (G ABA) synthesizing enzyme, L-glutamate decarboxylase 
(SGAD), is regulated by protein phosphorylation. Contrary to the inhibition o f 
SGAD by ATP, here we demonstrate that the membrane form o f GAD (M G A D ) is 
activated by conditions favoring protein phosphorylation, and inhibited by treatment 
w ith protein phosphatases. In the presence o f pyridoxal kinase inhibitor, theophyl
line, ATP increased M G AD activity in synaptosomal pellet (P.M) by as much as 
230%. When a non-hydrolyzable ATP, adenosine 5’-[beta,gamma- 
im ido]triphosphate (AMP-PNP) was incubated w ith P2M  instead o f ATP, M G AD 
activity was unaffected. Direct in corporation o f [32P] into M G AD was obtained 
when P2M  was incubated w ith [γ-32P]ATP, but not w ith [α -32P]ATP. ATP lowers the 
K m o f M G AD for glutamate from 2.1 m M  to 0.9 mM. Bared on these results, we 
propose that activation o f M G A D  by ATP is through protein phosphorylation. 
Furthermore, the specific kinase that is responsible for the activation o f M G AD is 
membrane bound as extensive washing w ith high salt solutions do not effect ATP 
mediated activation. The identity o f protein kinase and protein phosphatase 
involved in the regulation o f M G AD activity is currently under investigation. 
(Supported, in part, by NSF grant IBN-9723079, Office o f Naval Res., N00014-94- 
1-04572 and the General Research Fund, University o f Kansas)

138.9
DISTRIBUTION OF G A B A -L IK E  IM M UNO REACTIVITY IN THE TE R M IN A L 
ABD OM IN AL GANGLION OF THE CRICKET, GRYLLUS BIM ACULATUS. Y. 
Baba1,2*  and T. S h im ozaw a2. ’ D e p t o f  B io lo g ic a l Sc ience , U n iv , o f  
I l l in o is  a t Chicago; Chicago, IL , 6 0 6 0 8 ;  2N e u ro -C y b e rn e tic s  Lab ., 
Research  In s t, f o r  E le c tro n ic  S c i., H okka ido  U n iv . S apporo , Japan.

G a m m a -a m in o b u ty r ic  ac id  (G A B A ) is kn ow n  t o  o ne  o f  th e  m o s t 
f re q u e n t ly  o c c u r r in g  n e u ro t ra n s m itte rs  in th e  c e n tra l n e rv o u s  
s y s te m . Using an a n tis e ru m  a g a in s t a G A B A -p ro te in  c o n ju g a te , th e  
d is tr ib u t io n  o f  th e  p u ta t iv e  G A B A -like  im m u n o re a c tiv e  n eu ro ns  
(G LIN s) w a s re v e a le d  in th e  te rm in a l a b d o m in a l g a n g lio n  (T A G ) o f  
th e  c r ic k e t .  T h e re  w e re  8 0 0 -1 2 0 0  GLINs in th e  TAG . T h e  n u m b e r 
w as one  th ird  t h a t  o f  all neu rons  in th e  TAG . T h e  c lu s te rs  o f  th e  
s o m a ta  w e re  lo c a te d  on  th e  la te ra l- v e n tra l,  la te ra l,  a nd  la te ra l-  
do rsa l su rfa ce  o f  th e  TAG. The  g ia n t  in te rn e u ro n s  and dorsa l u npa ired  
m ed ian  neu rons w e re  n o t  s ta ine d . T h e  m o s t ty p ic a l o f  th e  d ia m e te rs  
o f  th e  so m a ta  w e re  1 0 -1 5  µ m  and th e  b ig g e s t d ia m e te r w as b e lo w  5 0  
µ m . T h is  d is tr ib u t io n  is s h if te d  to  s m a lle r s ize  th a n  d is t r ib u t io n  o f  
th e  all neu rons in th e  TAG . T h e  m o s t dense  GABA re a c tiv e  n eu rop ile  
w a s o b se rve d  in th e  area w h e re  axons o f  w in d  s e n s o ry  neu rons  
o v e r la p p e d  w ith  d e n d r ite s  o f  w in d  s e n s it iv e  in te rn e u ro n s . Som e 
id e n t if ie d  n o n s p ik in g  in te rn e u ro n s  w e re  s ta in e d  in th is  a rea . The  
m o s t dense  GABA re a c tiv e  t ra c ts  w e re  th e  dorsa l in te rm e d ia te  t ra c t  
and  th e  do rsa l m ed ian  t r a c t  in th e  TAG. In th e  v e n tra l n erve  co rd , 
th e re  w e re  8 0 -1 0 0  axons  o f  GLINs. The  la rg e s t axona l d ia m e te r  o f  a 
GUN w as less th a n  7 .5  µm . A x o n s  o f  GLINs in th e  p e r ip h e ra l n e rve s  
w e re  n o t  obse rve d .

138.6
C O L O C A L IZ A T IO N  O F C O R T IC O T R O P IN  R E L E A SIN G  
H O R M O N E  W ITH G L U T A M A T E  D E C A R B O X Y L A S E  AND  
C A L C IU M  B I N D I N G  P R O T E IN S  IN  IN F A N T  RAT 
NEOCORTICAL INTERNEURONS. C. E. Ribak,* X .-X . Yan, A. 
Gerth, L. Sch ultz and T. Z. Baram . D ep ts. o f  A natom y & 
Neurobiology and Pediatrics, Univ, o f  California, Irvine, CA 92697.

Corticotropin releasing hormone (CRH) has been localized to inter
neurons o f the mammalian cerebral cortex, but these neurons have not 
been fully characterized. The present study determined the extent of 
co localization  o f  CRH with glutam ate decarboxylase (G A D ) and 
calcium -binding proteins in the rat neocortex using immunocyto- 
chemistry. CRH-immunoreactive (ir) neurons were classified into two 
major groups. The first group was larger and consisted  o f densely 
CRH -immunostained small bipolar ce lls , predominantly localized to 
layers II-III. The second group o f CRH-ir ce lls was lightly labeled and 
included m ultipolar neurons found m ainly in deep cortical layers. 
C olocalization  studies indicated that the vast majority o f CRH-ir 
neurons, in clud ing both b ipolar and m ultipolar types, was co- 
im m unolabeled for G A D -65 and G A D -67. M ost multipolar, but only 
som e bipolar, CRH-ir neurons also contained parvalbumin while CRH- 
ir neurons rarely contained calbindin  or calretinin. These results 
indicate that virtually all CRH-ir neurons in the rat cerebral cortex are 
GA BA ergic. Furthermore, since parvalbumin is expressed by cortical 
basket and chandelier cells, the colocalization o f  CRH and parvalbumin 
suggests that som e cortical CRH-ir neurons may belong to these two 
cell types.
Supported by NIH grants NS 15669 and N S 28912.

138.8
HUM AN GLUTAM ATE D E C A R BO X Y LA SE65 AND G LU T A M A T E  
D E C A R B O X Y L A S E 6 7 : LA RG E SC A L E  P U R IFIC A T IO N  AND 
REGULATION BY PROTEIN PH O SPH O RY LATIO N K .M . Davis .1 

C.S. Bates. 1 T. Foos . 1 E. T u cke r . 1 W.Q. Chen . 1 C.C. Hsu . 1 J.V. Schloss7яηΛ 
J.Y. W u 1* Чľ>ept. o f B iochemistry, Cell and Molecular B io logy, Univ, o f Kansas; 
2Dept. o f Medicinal Chemistry, Univ, o f Kansas; Lawrence, KS 66045.

L-Glutamate decarboxylase (G AD ; EC 4.1.1.15) catalyzes the biosynthesis of γ- 
aminobutyric acid (G ABA). The cDNAs which encode both human (H ) G AD 65 and 
H G A D 67 were isolated and sequenced by A. J. T ob in ’s group at UC LA . Each o f the 
H G A D  cDNAs were subcloned into a bacterial expression system [Bu, D-F el al 
(1992) Proc. Natl. Acad. Sci. USA 89, 2115-2119], Using these clones, we have 
achieved large scale expression and purifica tion  to homogeneity o f enzymatically 
active HG A D 65 and HG AD6T The purification o f H G A D 65 and HG A D 67in large 
quantity w il l enable us to fu l ly  characterize and elucidate the mechanism of 
regulation o f these two distinct forms o f G AD . Currently we are studying the 
regulation o f G AD  by phosphorylation.

₣ ev ious ly , we have reported that the activ ity o f a porcine soluble G AD (SGAD) 
is inhibited by protein kinase A  (PKA) mediated phosphorylation, and enhanced by 
calcineurin mediated dephosphorylation [Bao J. el al (1995) J. Biol. Chem. 270, 
6464-6467]. Preliminary results indicate that HG A D 65 and H G A D 67 are regulated by 
phosphorylation but in a way opposite to SGAD. PKC mediated phosphorylation 
increased H G A D 6S activ ity  whereas PICA mediated phosphorylation increased 
H G A D 67 activity. H G AD 65 and HG A D 67 activities were inhibited by calf-intestinal 
phosphatase (C IP) treatments. D irect incorporation o f p 2P] in to  HG A D 6S and 
H G A D 67 was obtained when H G AD 65 and H G A D 67 were incubated in  the presence 
o f [γ-32P] ATP w ith PKC and PKA, respectively. Replacement o f [γ-32P] ATP 
w ith  [α-32P] ATP did not show labeled H G A D 6S or H G A D 67. These results suggest 
that G AD  activity is regulated by protein phosphorylation. [Supported in  part by 
grants from NSF, IBN-9723079, and O ffice o f Naval Res., N 00014-94-1-0457]

138.10
G A B A  L E V E L S  A R E  A L T E R E D  IN  T H E  R A T  S P IN A L  CORD  
F O L L O W IN G  S P IN A L  T R A N S E C T IO N . R L. Benton*1. K E. Miller1 
and C D. Ross2. Depts. o f  ’Anat. Sci. and 2O torhinolaryngol., University of 
O klahom a Health  Sciences Center, Oklahom a City, OK. 7319Ü.

The com pound γ-am inobutyric acid (GA BA) has been show n to be a major 
inhibitory' neurotransm itter in the CNS. This study was undertaken to 
determ ine i f  spinal cord injury results in changes in spinal levels o f this 
inhibitory’ neurotransm itter. Rats were anesthetized, spinal transections were 
m ade at T4-T5 spinal segm ents and anim als survived for 7 days. Tissue 
sections (20-40µm ) from  spinal segm ents both rostral and caudal to the injury 
were freeze-dried and m icrodissected into discrete areas o f  white matter 
(dorsal, ventral and lateral funiculi) and gray m atter (dorsal and ventral horns, 
interm ediate gray). M icrodissected sam ples w ere then processed for HPLC 
analysis o f  G A BA  concentrations. At 7 days follow ing spinal transection, 
G A B A  levels are significantly  increased in spinal w hite m atter o f cervical and 
thoracic spinal segm ents rostral to the injury' site. Sim ilar increases arc 
observed in spinal gray m atter o f  the cervical enlargem ent. No significant 
changes in spinal cord G A B A  levels w ere observed caudal to the lesion. 
Studies are currently underw ay to address these changes in spinal GABA 
levels by exam ining g lutam ic acid decarboxylase (GA D) activities in the 
spinal cord follow ing spinal transection. These increases in spinal GABA 
levels rostral to the lesion could contribute to pathological spinal processing 
o f  ascending and descending inform ation.

Supported by NIH# - NS 27213, H L 52986 (KEM )
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138.11
HALOTHANE ENHANCES PR ESYNAPTIC SPO NTANEO US GABA  
RELEASE BY INCREASING CALCIUM  RELEASE FROM  
RYANODINE SENSITIVE STORES V. A. Doze* and M. B. Macĭver. 
Neuropharmacology Laboratory, Department of Anesthesia, Stanford University, 
Stanford, CA 94305.

General anesthetics such as halothane increase synaptic inhib ition in the central 
nervous system (CNS) by enhancing γ-amino-butyric acid (G ABA) receptor-mediated 
synaptic inhibition. Part o f this effect occurs presynaptically via the calcium- 
dependent release of GABA. This study used whole-cell recordings in rat brain slices 
and specific modulators o f intracellular calcium stores to determine the source of 
calcium and the mechanism involved in the presynaptic halothane action. Hemisected 
brain slices 500 µm thick were prepared from male Sprague-Dawley rats (50-100 gm) 
using an experimental protocol approved by the institutional use committee. 
Hippocampal CA1 pyramidal neurons were voltage-clamped to measure the frequency 
of miniature inhibitory postsynaptic currents (mIPSCs). These events, which are 
recoded in the presence o f the Na+ channel blocker tetrodotoxin to eliminate action 
potentials, arise from the spontaneous release o f G AB A  from presynaptic terminals of 
GABAergic intemeurons. Halothane at 1.2 vol. % (1 rat M A C ) increased the 
frequency of mIPSCs recorded from pyramidal cells by >50%. This effect persisted in 
the presence of cadmium, which blocks external calcium entry, but was attenuated by 
dantrolene which blocks intracellular Ca2+ release. Furthermore, neither thapsigargin 
nor cyclopiazonic acid, which selectively deplete the IP3-sensitive Ca2+ pool, altered 
the halothane action. However, ryanodine, which blocks Ca2+-activated release 
channels (CaRCs), antagonized the effect o f halothane. These results confirm  that the 
presynaptic effect o f halothane did not arise from external Ca2+ in flux, but was 
dependent on the release o f Ca2+from internal stores. These data further suggest that 
halothane releases intracellular Ca2+ by selectively activating ryanodine-sensitive 
CaRCs in intemeuron terminals. These effects would contribute significantly to the 
CNS depression associated w ith halothane anesthesia by increasing the amount of 
GABA present at inhibitory synapses.

This study was supported by N IH  GM56308.

138.12
THE EFFECT OF AGE, G ENDER AND RACE ON PLASMA GABA  
LEVELS IN NORMAL HUMAN VOLUNTEERS. DE Schmidt*1. MG Butler2. 
A-Asamoah3. MG Carlson4. MH Ebert1. T Thompson5.Departments of 
Psychiatry1 Genetics2 and Medicine4, Vanderbilt University School of 
Medicine, John F Kennedy Center for Research on Human Development5, 
Vanderbilt University, Nashville, TN. 37232 and Department of Pediatrics , 
Meharry Medical College, Nashville, TN 37208.

The majority of free GABA in plasma originates in the brain and there is 
a significant correlation between CSF  and plasma GABA levels in humans. 
Therefore, plasma GABA levels may be used as an indirect means of 
assessing central GABAergic activity. Little information exists about the 
possible effects of age, gender or race on plasma GABA levels. This 
information is required to avoid confounds in interpreting data from clinical 
studies. We measured plasma GABA levels in a group of healthy 
volunteers, consisting of 60 male and 61 female subjects, ranging in age 
from 21 to 69 years (mean = 37y, median = 35y) of which 42 were 
Caucasian, 51 were African-American and 26 were Asian. Protein-free ultra 
filtrates were prepared by centrifugal filtration of blood plasma using 10,000 
molecular weight cutoff filters (Amicon, Inc). Plasma GABA levels in the 
ultrafiltrate were measured using the method of Donzanti and Yamamoto 
(Life Sci 43;913,1988). Race had no effect on plasma GABA levels. Male 
subjects had significantly higher GABA levels than female subjects (male = 
2H.З±8.2 pmoles/ml, female = I79.4±9.O pmoles/ml, p=0.006). There was 
a modest, but statistically significant negative correlation of plasma GABA  
levels and age (corr. coef. = -0.249, p = 0.003). These data indicate that 
the effects of age and gender must be considered when interpreting 
studies of plasma GABA levels in human subjects. Supported by NICHHD  
grant number PO-1 H030329-01A2

CATECHOLAMINES: PHYSIOLOGY I

139.1

D·AMPHETAMINE INDUCED EXCITATION OF MIDBRAIN DA NEURONS: 
AN EFFECT MEDIATED BY α1 RECEPTORS. W .-X. Shi*. C.-L. Pun, M.
Jones and B.S. Bun∩ev. Dept of Psychiatry, Yale Univ Sch of Med, CT 06510.

Many drugs thought to act through dopam ine (DA) receptors to produce the ir 
clinical effects also affect the adrenergic system . The possib le  presence of an 
adrenergic influence on DA cells suggests that these drugs may affect DA- 
mediated transmission, both d irectly and indirectly, via the adrenergic input to 
DA cells. To test this possib ility, we studied the effects of d -am phetam ine on 
nigral DA cells using extrace llu lar s ingle unit recordings in both anesthetized 
and non-anesthetized rats. d-Am phetam ine increases the re lease and blocks 
the re-uptake of both DA and NE. In contro l rats, d -am phetam ine (1 mg/kg, 
ί.v.) inhibited DA cells, an effect reversed by the D2/D3 antagonist raclopride. 
However, in rats pretreated w ith raclopride, d-am phetam ine  consistently 
excited DA cells. This excitation was expressed as an increase in the firing 
rate and/or the num ber of bursts and the tota l num ber of sp ikes n burst. The 
selective α 1 antagonist prazosin com plete ly b locked the excitation, whereas 
SCH2339O, yohimbin and propranolol, antagonists for D1, a2 and ß receptors, 
respectively, were ineffective, suggesting that the e ffect is m ediated by α1 
receptors. Part of the excitation may be due to activation of α1 receptors in 
the nigra because local nigral infusion of prazosin partially b locked the effect. 
The typical antipyschotic drug haloper¡dol, m im icking the e ffect of raclopride, 
enabled d-amphetamine to induce an excitation of DA cells. However, in rats 
pretreated with clozapine, an atypical antipsychotic drug known to b lock both 
D2 and α1 receptors, d-am phetam ine failed to excite DA cells.

Supported, in part, by the Scottish Rite Benevolent Foundation ’s 
Schizophrenia Research Program (W .-X. S), a NASAR D Young InveU igator 
Award (W.-X. 3), USPHS grants M H52686 (W .-X. S) and M H 28849 (B.S.B), 
and the State of CT. MJ was an ACNP Upjohn M inority Sum m er Fellow.

139.3
DOPAMINE PRESYNAPTICALLY INHIBITS N . ACCUMBENS  
GABA SYNAPSES VIA D1- A N D  D2-LĨKE RECEPTORS: 
VISUALIZATION BY FM1-43 DESTA G IN G  IN POSTNATAL CELL 
CULTURE. I.G. Feldman and S. Rayport*. D epts. Psychiatry, 
Anatomy & Cell Biology, Ctr. Neurobiology & Behavior, Columbia 
Univ.; Dept. Neuroscience, NYS Psychiatric Institute, NY 10032.

Dopamine (DA) m odulates nucleus accumbens (nAcc) GABA  
synapses by both post- and presynaptic mechanisms. We used the 
method of FM1-43 destaining (viz. Isaacson & Hille, Neuron, 1997) to 
examine presynaptic modulation in postnatal nAcc culture. FM1-43 
(10 µM) w as loaded by field stimulation (20 hz; 30 s), then w ashed, 
and destained by 4 h z  stimulation during which m odulators were 
applied by local perfusion. The intensity of staining at 9 synaptic sites 
was measured in CCD images acquired every 2 s. A s w ould  be 
expected from its ability to com pletely inhibit GABAergic IPSCs (Shi & 
Rayport, ƒ Neurosci, 1994), the GA BA в agonist baclofen (50 µM) 
completely arrested destaining. The D1 agonist SKF38393 (1 µM) (n = 
4 of 4 experiments) or the D2 agonist quinpirole (1 µM) (n = 5 of 5) 
each slowed or arrested destaining at about half of synapses in every 
experiment. Since D A  agonists produce about a 50% inhibition of 
GABAergic IPSCs (Geldwert & Rayport, SFN, 1996), this suggests that 
DA receptors are heterogeneously distributed on the synapses of nAcc 
GABA neurons. As a control, SKF38393 had no effect on destaining in 
VTA dopamine neuron cultures (n = 3 of 3) that lack D1 receptors. 
Consistent with fluoroprobe labeling (W ong et al., Neuroscience, 1998), 
both D1- and D2-like receptors appear to be present presynaptically  
and are thus positioned to modulate intrinsic nAcc GABA synapses.

Supported by NIDA DAO8675 and the Burroughs W ellcom e Fund.

139.2
DOPAMINE SELECTIVELY CONTROLS THE PERFORANT PATH 
CORTICAL INPUT TO THE CA1 HIPPOCAMPAL REGION: IMPLICATIONS 
FOR SCHIZOPHRENIA
Nonna A. Otmakhova*. John E. Lisman. Department o f  Biology and Volen Center 
fo r  Complex Systems, Brandeis University, Waltham, MA 02254.

The direct peгforant path input (pp) is a major specific sensory input for the CA1 
hippocampal region. Using simultaneous field EPSP recording from two CA1 inputs in 
rat hippocampal slices in vitro we found that dopamine (DA) strongly inhibits the 
response to pp stimulation (IC 5〇=3.5 µM ; Imax= 41.3 %; n=23), but not the response to 
the Schaffer collateral stimulation (sc). This effect does not depend on the G ABA a 
inhibition since it does not change in the presence o f picrotoxin. Under normal 
conditions, the pp field EPSP has a much larger N M D A  component (18 %) compared to 
sc (n/s). In pp D A  reduces both the N M D A  and the A M P A  components and increases 
paired-pulse facilitation, suggesting a least in part a presynaptic action. However, the 
N M D A  response was inhibited stronger (65 %) than the A M PA (37 %; p<0.03), so a 
postsynaptic site o f action is also possible. In sc, only the N M D A  component is 
decreased (by 25 %). Both D l(S C H  23390) and D2 (eticlopride) antagonists reduced the 
effect o f DA, but even a mixture o f the two did not fu lly  inhibit it. This suggests the 
participation o f the other monoamine receptors in D A  action. Serotonin and 
noradrenaline were candidates since they also suppressed the pp responses. The typical 
neuroleptic haloperidol, like D2 antagonist, eticlopride, only partially inhibited DA 
action. The less receptor-selective atypical neuroleptic, clozapine, completely blocked 
the D A  effect in pp and partially inhibited the serotonin and noradrenaline effects. We 
suggest that D A  hyperactivity and/or N M D A  hypofunction in schizophrenia might 
isolate CA1 from the sensory input and cause abnormalities in information processing.

Supported by 2R01 NS27337/09, 1R01 NS35083/0Ĵ NIH, and RGЗ-96-015 Alzheimer 
Association Grants to J. L ;  1F32 MH11720-01 NIMH ¡NRSA, NARSAD Young 
Investigator Award, and the Scottish Rite Schizophrenia Research Program, N. M. J., U. 
S. A., grants to N. O. The authors appreciate the support from W. M. Keck Foundation.

139.4
PERTUSSIS TO X IN  TREATM ENT D IFFE R E N TIA LLY  AFFECTS 
CHOLINERGIC A N D  DOPAM INERGIC RECEPTOR S T IM U LA T IO N  OF 
M ID B R A IN  DOPAM INERGIC NEURONS. K. Rasmussen* &  B. Gronieг 
Neuroscience Research, L il ly  Research Laboratories, L il ly  Corporate Center, 
Indianapolis, IN  46285

Extracellular single-unit recording and iontophoresis were used to compare the 
effect o f a single administration ( lµ g )  o f  pertussis toxin (PTX), a protein which 
inactivates Gi/Go proteins, in the midbrain dopamine (D A) nuclei (A9 and A10 
regions) on the responses o f midbrain D A  cells to muscarinic and D A  receptor 
stimulation in the anesthetized rat. Stimulation o f  D A  autoreceptors induced by the 
iontophoretic application o f  DA, or by administration o f  apomorphine (50 µg/kg, 
i.v.), markedly reduced the firing activity o f  D A  cells in control rats. In PTX- 
treated rats, these inhibitory responses were absent in both A9 and A10 cells, 
confirming that D A  autoreceptors are coupled to Gi/o proteins. In  parallel w ith  the 
loss o f D A  receptor function, the number o f active cells per track decreased 
significantly. The number o f cells per track returned tq baseline 5 weeks after the 
lesion, at a time the inhibitory effects o f  iontophoretic D A  only partially 
recovered. Administration o f a low current (3 nA) o f the selective muscarinic 
agonist oxotremorine M  (OXO M ) produced a potent increase in  firing rate o f 
most D A  neurons tested in control rats. In rats treated w ith PTX, D A  neurons were 
s till responsive to OXO M  application, although their sensitivity to the agonist was 
partially reduced. This alteration persisted for 5 weeks after the lesion. These data 
suggest that muscarinic activation o f D A  cells involves mainly a M l- lik e  
muscarinic receptor, not coupled to Gi/Go proteins, but also the m inor 
participation o f a PTX substrate. In addition, i.c.v. administration o f the 
phospholipase C inhibitors neomycin and E T O I8 -CHЗ reduced the activation 
induced by OXO M, suggesting that muscarinic activation o f  D A  cells may 
involve phospholipid turnover, indicative o f a coupling to Gq proteins.
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139.5
N ITR IC  O X ID E M O D U L A T IO N  O F D O PA M IN E  N EU RO N S IN RAT 
M ID B R A IN  SLICE . B .A . Cox*, and S.W . Johnson, Dept, o f  Physiology 
& P harm acology, O H SU , Portland, OR, 97201.

D opam ine (DA) neurons in the ventral tegm ental area and substantia 
nigra pars com pacta  o f rat brain slices w ere induced to fire in bursts with 
the a p p lica tio n  o f 0 .02  m M  N M D A  and 100 nM  apam in . W hile  
record ing  intracellu larly  with m icroelectrodes, we found that nitric oxide 
synthase inhib itor N -n itro -L -arg in ine  m ethyl es te r (L-N A M E, 0.1 m M ) 
caused  the neurons to sw itch  to sin lge sp ike firing  (n = l4 ) . L-arg in ine 
(0.1-3 m M ) reversed  this L -N A M E  effec t causing  the DA neurons to 
sw itch  back  to burst firin g  (n = l5 ) .  L -a rg in in e  (0 .1 -3  m M ), applied  
alone, e ither had no effect (n=6) o r enhanced  (n=4) DA neuronal burst 
firing . W hen record ings w ere done w ith patch  p ipettes in w hole cell 
configuration , L -arg in ine (10 m M )caused  a sm all increase in m em brane 
conductance (0.27 +/- 0.13 nS, n=5) w ith a reversal potetntial o f -90 mV 
(voltage clam ped at - 60 m V). This conductance increase by L -arginine 
occu rred  in only h a lf  the neurons and w as 90%  abo lished  w ith the 
a p p lica tio n  o f  G A B A  rec e p to r b lo ck e rs  C G P 35348  (0.3 m M ) and 
b icucu lline  (0.03 m M ; Shen et al., N euroscience, 79: 649-658, 1997). 
A pp lication  o f n itric oxide donor d iethy lam ine  n itric oxide (D EA -N O , 
0.3 m M ) also caused an increase in m em brane conductance ( 5.7 +/- .12 
nS, E rev @ -105 m V), w hich was reduced by only 24%  in the presence 
o f C G P 35349  and b icucu lline  (n=4). T hese  resu lts  suggest that n itric 
oxide m odu lates burst firing  in D A  neurons possib ly  via a potassium  
c o n d u c tan ce  and  en d o g en o u s L -a rg in in e  lev e ls  m ay in te rfe re  w ith 
effects  seen w ith applied  L -arg in ine. This research  w as funded by NIH 
gran t M H 40416 (S .W .J. and B .A .C .) and by the N ational A lliance for 
Research on Schizophrenia  and D epression  (B .A .C .).

139.7
ROLE OF S TRIATAL N ITR IC  O XIDE SIG NALING  IN THE CO RTICAL AND 
STRIATAL REGULATION OF M IDB R A IN  DOPAM INE NEURONAL A CTIVITY . 
Anthony R. West* and Anthony A. Grace. Departments o f  Neuroscience and 
Psychiatry, University o f Pittsburgh, Pittsburgh, PA 15260, U.S.A.

Recent studies suggest that a component o f  cortical regulation o f striatonigral 
pathways may be mediated via n itric oxide synthase (NOS)-containing intemeurons 
within the striatum. To investigate the potential modulatory role o f NOS activation in 
striatal efferent-mediated regulation o f  dopamine (D A ) neuron activity, single unit 
recordings o f electrophysiologically identified DA neurons were performed 
concurrently with striatal microdialysis in chloral hydrate-anesthetized rats. The mean 
population firing rate (basal), cells/ track, and response to electrical stimulation o f  the 
prefrontal cortex (PFC) and striatum o f  DA  cells recorded in the substantia nigra was 
determined in rats receiving intrastriatal a rtific ia l CSF or drug infusion. Intrastriatal 
infusion o f NOS substrate increased basal firing  rate from 3.5 (controls, n=48) to 4.5 
(n=52) spikes/sec (p<0.05). Infusion o f  the NOS inhibitor 7-nitroindazole (7-N I) via 
d ialysis did not affect basal firing  rate but increased the percentage o f DA neurons 
responding to striatal stimulation from 70% (control) to 97 % and increased the 
percentage o f cells responding to stimulation with an in itia l inhibition followed by a 
rebound excitation from 40% to 74% (p<0.05. n=ЗO). In single neurons in which the 
effects o f electrical stimulation were observed before and after drug delivery, 
intrastriatal n itric oxide (NO) donor infusion attenuated the in itia l inhibitory effect o f 
PFC stimulation on DA cell firing pattern, whereas 7-NI enhanced the inhibitory phase. 
These studies indicate that striatal NO signaling facilitates DA  neurotransmission via 
modulation o f corticostriatal and striatonigral efferent pathways involved in regulating 
D A neuron activity.
Supported by USPHSM H18273 (A.R.W.) and MH 45156, MH5744O (A.A.G.).

139.9
P O S TN A T A L  D E V E L O P M E N T  O F A D E N Y L A T E  C Y C LA S E  A C T IV IT Y  
IN  N IG R A L  D O P A M IN E  NEURONS: E L E C T R O P H Y S ĨO L O G IC A L  
STUDIES. M a rk  W . Lewis,*Roh-Yu Shen and David K . P itts . Dept. 
Pharm aceutical Sciences, C oll, o f Pharm acy & A llied  Health Professions, 
Wayne State University, D e tro it, M I  48202.

The development o f  adenylate cyclase activity in nigral dopamine (D A) neurons 
was studied using electrophysiological recording techniques. Experiments were 
conducted in midbrain slices obtained from male rats aged 1 -day- to 6 -weeks-old. 
Previous postnatal studies by this laboratory have show that there is an age- 
dependent increase in  the spontaneous discharge rate o f nigral D A  neurons both in 
vivo and in vitro. Forskolin is known to stimulate adenylate cyclase activity. In 
extracellular recordings, forskolin has been found to e lic it concentration-dependent 
excitatory and inhibitory effects on nigral D A  neurons. In vitro, 5 uM  forskolin 
increased the discharge rate in  most o f  the D A  neurons recorded extracellulaгy in an 
age-dependent manner. The maximum effect was observed in animals greater than 
1-week-old (contrast analysis, p<0.05). Whole-cell patch-clamp experiments were 
carried out to further examine the mechanism underlying the forskolin-induced 
excitation in 3- to 5-week-old brain slices. Forskolin exerted variable effects: 1) In 
neurons excited by forskolin, there was a depolarization and an increased 
membrane resistance; 2) Forskolin was capable o f in itia ting spontaneous discharge 
at hyperpolarized membrane potentials (<60 mV.); and 3) In neurons showing a 
decrease in discharge rate, there was a small membrane hyperpolarization. 
Membrane currents in nigral D A  neurons that are fundamental to the development 
o f pacemaker activity may be modulated by adenylate cyclase activity. These 
studies suggest that the age-dependent increase in spontaneous activity may, in part, 
be mediated by an increase in adenylate cyclase activity. [MH47857]

139.6
N IT R IC  O X ID E  A N D  P O T A S S IU M  C H L O R ID E -F A C IL IT A T E D  
S T R IA T A L  D O P A M IN E  E F F L U X  I N  V IVO : R O L E  O F  C A L C IU M - 
D E P E N D E N T  R E L E A S E  M E C H A N IS M S . Matthew P. G allow ay* and 
Anthony R. West. CCN Program, Psychiatry and Behavioral Neurosciences, 
Wayne State University, School o f  M edicine, Detroit, M L  48202. U.S.A.

Previous studies investigating the calcium-dependency o f  n itric  oxide (NO)- 
facil¡tated striatal dopamine (D A ) e fflux  have produced conflic ting  results. In 
the current study, we have investigated the role o f  extracellu lar calcium in NO 
and potassium chloride (ƘC l)-evoked striatal D A  e fflu x  in vivo using 
m icrodialysis. Dia lysis probes were implanted in the anterior dorsal striatum o f 
chloral hydrate-anesthetized rats. Intrastriatal infusion (20 min fraction) o f the 
N O  generators sodium nitroprusside (2OOµM, 5OOµM, or 1 mM) or 3- 
morphol¡nosydnon¡m¡ne (S IN-1, Im M ) increased extracellu lar DA levels. The 
facilita to ry effects o f  SIN-1 and ƘC1 on D A  e fflu x  were attenuated follow ing 
pretreatment ( 1 0 0  m in) and co-infusion o f  calcium free a rtific ia l cerebral spinal 
flu id  containing magnesium chloride. Local KC l-¡nfusion (ЮOmM) 
administered alone elevated striatal DA  e fflu x  to a s im ilar degree as KC1 
(Ю O m M ) delivered 60 min after SIN-1 infusion. These results demonstrate 
that like  ƘC1, NO  facilitates striatal D A  e fflux  in vivo via a mechanism largely 
dependent on extracellular calcium. Also, as intrastriatal ƘC1 infusion evoked 
sim ilar increases in extracellular D A  levels in controls and subjects receiving 
pretreatment w ith  the NO-generator S IN-1, it is unlike ly  that the functional 
in tegrity o f  D A  nerve terminals is compromised via a neurotoxic disruption o f 
plasma membrane potential fo llow ing  enhanced striatal NO production. 
Supported by grants from  the National Institute on Drug Abuse DA-04120 
(MPG), DA-05767 (ARW) and the Joe Young Sr. Research Fund.

139.8
D O P A M IN E  INCREASES T H E  E X C IT A B IL IT Y  O F FAST-SPIKING  
IN TE R N E U R O N S  IN  R A T  M E D IA L  P R E F R O N T A L  C O R TE X  VTA D l/5  
REC E P TO R  A C T IV A T IO N . 'N . Gorelova* , 1'2 C.R.Yang. Dept, o f  'Psychology, 
&  ⅛sychiatry, Univ, o f  British Columbia, Canada, V 6 T 1Z4.

Mesocortical dopaminergic fibres innervate pyramidal cells and intemeurons in rat 
medial prefrontal cortex (mPFC) and dopamine (D A ) may functionally modulate 
pyramidal neurons indirectly via its actions on intemeurons. The direct effects o f DA 
on visualized intemeurons recorded in layer II-V  o f  rat mPFC slices were studied 
using whole-cell patch-clamp technique under DIC-infrared videomicroscopy. Four 
types o f  intemeurons were electrophysiologically and morphologically characterized 
(according to Kawaguchi, J.Neurosci 1995, 15:2638). Only the “ fast spiking “  (FS) 
intemeurons which exhibit non-adapting firing  responses to depolarizing current 
pulses and have multipolar ‘beaded’ dendrites, were depolarized reversibly (2-5mV) 
by bath application o f  D A  (10-40 µM , n=16/18). This response persisted in TTX 
(O.5µM), suggesting a direct action o f  D A  on the FS intemeurons. D A  also increased- 
the number o f  spikes evoked by threshold depolarizing pulses. The membrane 
depolarizing effects o f  D A  was significantly reduced by D l/5  receptor antagonist 
SCH23390 (5 µM ) and not affected by the D2 receptor antagonist (-)sulpiride (10 
µM ), or a D4 antagonist (10 µM ). Bath-application o f  D l/5  agonist SKF 81297 (3- 
10 µM ) induced a slow onset and prolonged depolarization in FS intemeurons. In 
contrast, D2 agonist quinpirole (2-4 µM ) alone did not change the membrane 
potential but when applied at the peak o f the SKF 81297-induced membrane 
depolarization, quinpirole hyperpolarized, the FS cell. This suggests that D2 
receptors may be involved in shaping the response duration o f  FS intemeurons to 
DA. Mechanisms o f D l-D 2  interaction at the levels o f second messenger systems 
and the ionic channels involved in FS intemeurons remains to be clarified. (Funded 
by EJLB Foundation and MRC o f  Canada).

139.10
EFFECTS OF PO STN ATAL INO RG AN IC LEAD EXPOSURE ON THE 
EL EC TRO PH YSIO LO G ICA L PROPERTIES OF M IDBRAIN DA 
NEURONS IN VTVO. Am y J. B arron*. Jie Chen, Thom as M . Whitenight 
and David K. Pitts. Dept. Pharm aceutical Sciences, Coll, o f  Pharmacy & 
Allied H ealth Professions, W ayne State University, D etroit, M I 48202.

Previous studies o f the rat have shown that postnatal exposure to inorganic lead 
(Pb) m ay decrease dopamine (DA) release in the forebrain. The decrease in DA 
release could be due to: 1) an inhibition o f transmitter release, 2) an alteration in 
m idbrain DA neuron discharge rate or pattern, or 3) a loss o f midbrain DA 
neurons. Rats were exposed to Pb either during the first 3 postnatal weeks via the 
dam ’s milk (pre-weaning exposure) or by consumption o f drinking water 
containing Pb for 3 to 6 weeks after weaning (post-w eaning exposure). For the 
pre-w eaning exposure dams with newborn litters were given drinking water 
containing 1000 ppm  of either Pb acetate or Na acetate. For the post-weaning 
exposure 3-week-old animals were given either 250 ppm  Pb or Na acetate in their 
drinking water. The physiological properties o f the m idbrain dopamine neurons 
were determined using standard extracellular recording techniques in chloral 
hydrate anesthetized rats A trend (P~ 0.051) o f a decreased number of 
spontaneously active cells per electrode track was found for Pb exposure in both 
pre- and post-weaning treatments (Pre-weaning: 0.71+0.09, n=9; Post-weaning: 
0.60+0.07, n = lЗ )  relative to controls (Pre-weaning: 0.85+0.06, n=8; Post- 
weaning. 0.78+0.08, n= lЗ ). In addition, there was a significant decrease 
(P<0.005) in the discharge rate o f DA neurons from the Pb-preweaning group 
(3.8+0.2 spikes/s) relative to controls (4.7+0.2). ΊΉ  immunohistochemistry is 
being used to  count cells and examine neuron morphology. [P 30  ESO66394]
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139.11
DOPAMINE INFLUENCES THE MATURATION RATE OF RAT CEREBRAL 
CORTEX IN VITRO: ELECTROPHYSIOLOGICAL AND MORPHOLOGICAL 
OBSERVATIONS. E. Rizzo. E.PгaĴong and J.P. Homung*. Institut de biologie 
cellulaire et de шorphologie, University of Lausanne, 1005 Lausanne, Switzerland.

Dysfunction of the dopaminergic system is implicated in numerous psychiatric 
disorders in which a developmental component is suspected. Organotypic culture 
system was used to study the contribution of dopamine (DA) to the synaptic 
maturation of the cerebral cortex. Slices of fronto-parietal cortex of 2-3 day-old rats 
were maintained in MEM medium supplemented with horse serum, with or without 
(controls) 10 µM DA. Intracellular and patch-clamp recordings, biocytin filling, 
parvalbumin (PV) immunostaining and electromicroscopy (EM) were performed.

In presence of DA, the temporal pattern of parvalbumin expression in soma, 
dendrites and axon terminals, was advanced as compared to control conditions. At 
15 DIV, electron microscopic examination revealed a  higher proportion of large, 
mature, synaptic terminals in DA-treated cortex. W hile paroxysmal discharges 
were present sooner (10 DIV) in DA cultures compared to conưol (14 DIV), cell 
membrane characteristics of control and DA treated culture cells were not different 
between 10 and 20 DIV, the resting membrane potential, input resistance, action 
potential amplitude and ascending time from threshold being -73 .2± l.6  mV, 
6O.З±3.8 M Ω ; 8l.3±6.4 mV and l.5±O.2 ms (n= 12) for control and -68 .9± l.2  
mV, 6l.7±7.8 MΩ ; 82.9±2.l mV and l.2±O.l ms (n= 17) for DA treated cultures. 
Spontaneous synaptic currents (SSC) appear after 8 DIV, the frequency of SCCs 
being 0.18 and 0.06 Hz between 8 and 12 DIV and 0.67 and 0.33 Hz after 12 DIV 
for DA and NHS respectively.

In our experimental conditions, our data suggest that DA increases the rate of 
synaptic maturation in the cerebral cortex. We could therefore hypothesize that the 
amount of DA release during development could set the temporal differentiation of 
cortical connectivity. Support: SNF 31-50565.97 to JPH.

139.13
DOPAMINE ENHANCES INTERNEURON EXCITABILITY BUT  
DOES NOT AFFECT mIPSCs OR mEPSCs IN RAT CEREBRAL 
CORTEX. Fu¯Ming Zhou* and John J. Hablitz, Department o f  
Neurobiology, University o f  Alabama at Birmingham, Birmingham, AL 
35294, USA.

Dopamine (D A) is an endogenous neuromodulator in the 
mammalian brain. However, it is still controversial how D A  modulates 
excitability and input-output relations in cortical neurons. It has been 
suggested that D A  innervation o f  dendritic spines regulates 
glutamatergic inputs to pyramidal neurons, but no experiment has been 
done to test this idea. By recording individual neurons under direct 
visualization, w e found that D A  enhanced inhibitory neuron excitability 
but decreased pyramidal cell excitability, through depolarization and 
hyperpolarization, respectively. Accordingly, D A  also enhanced 
spontaneous inhibitory postsynaptic currents (sIPSCs). In the presence 
o f  tetrodotoxin, D A  did not affect the frequency, amplitude, or kinetics 
o f miniature(m) IPSCs and mEPSCs in inhibitory neurons and 
pyramidal neurons. Our results suggest that D A  can directly excite 
cortical interneurons, but there is no detectable D A  gate to regulate 
spontaneous GABA and glutamate release or the properties o f  
postsynaptic GABA and glutamate receptors in cortical neurons. 
Supported by NIH grants N S 18145 and N S 22373.

139.15

PLASTICITY OF EXCITATORY R ESPO N SE S TO  SYN A PTIC  
INPUT IN RAT V E N TR A L ST R IA T A L  N E U R O N S A F T E R  
R E PEA TED  A D M IN IST R A T IO N  OF T H E D O PA M IN E  D2 
A N T A G O N IS T  R A C L O P R ID E . D .M . F in c h .* Brain Research  
Institute, University o f California, Los A ngeles, CA 90095-1761.

Rats were divided into three groups: a Water group, an Acute 
Raclopride group and a Repeated Raclopride group. Rats in the Water 
and Acute Raclopride groups received an ip injection o f water vehicle or 
raclopride (4 or 8 mg/kg) on the day o f recording. Rats in the Repeated 
Raclopride group received ip raclopride injections (4 or 8 mg/kg) daily 
for 7  days (or 10 or 13 days, one rat each) and on the 8th (or 11th or 
14th) day, on which recording was conducted. For recording, rats were 
anesthetized with chloral hydrate, extracellular recording pipets sampled 
cells in the nucleus accumbens and overlying caudate/putamen, and 
stimulating electrodes were placed in the entorhinal and perirhinal 
cortices, medial thalamus and prelimbic cortex. The spontaneous firing 
rates o f  ventral striatal neurons, the proportions o f cells that showed  
spontaneous bursts and the proportions o f cells that showed responses 
were similar for all three groups. In contrast to these basic similarities 
was the presence o f burst responses (>2 spikes). So-defined, no burst 
responses were seen in the Water Group [0/6 rats, 0/33 (0%) cells]. 
Only two burst responses were seen in the Acute Raclopride group [2/6 
rats, 2 /40  (5%) cells]. However, nine burst responses were seen in the 
Repeated Raclopride group [(6/7 rats, 8/46 (17%) cells]. Accordingly, 
this apparent functional change may have had a delayed action. This is 
consistent with a genom ic effect and could be related to the delayed 
action o f antipsychotic medication. Supported by NIH Grant DAO9543.

139.12
D O P A M IN E  M O D U L A T E S  T H E  H Y P E R P O L A R IZ E D  S T A T E  O F  
P R E F R O N T A L  C O R T IC A L  N E U R O N S  A. Lavin* and A.A. G race. 
Depts. o f Neuroscience and Psychiatry, Univ, o f P ittsburgh, P ittsburgh, PA 
15260

O ne o f the m ost striking characteristics o f the prefrontal cortical (PFC) 
neurons recorded in vivo is the presence o f a b istable m em brane potential. 
This consists o f  a depolarized phase lasting 200-800 m sec during which 
action potentials may occur, and a more hyperpolarized phase during which 
the cells do not fire. A lthough PFC neurons recorded in vitro do not exhibit 
this bistable pattern, this pattern may be m odeled in current-clam p 
experim ents through the controlled injection o f current. In a series of 
experim ents using  in vitro in tracellular recordings in 400 µm  thick PFC 
slices, we studied the effects o f  bath-applied dopam ine (DA, 5OµM) on a 
current injection-induced m odel o f the b istable state o f  neurons located in 
the deep layers o f the PFC. The basic electrophysio logical characteristics 
were analyzed at resting  m em brane potential (RM P), at a depolarized 
m em brane potential ( th e  average depolarized m em brane potential founded 
during in vivo experiments, i.e.-58 mV), and at a hyperpolarized m em brane 
potential (the average hyperpolarized m em brane potential founded during 
in vivo experiments, i.e.-90 mV). At RM P (n=Ю ), DA caused  a significant 
depolarization o f the m em brane potential w ithout a ltering the input 
resistance, current threshold, spike am plitude or spike threshold. At 
hyperpolarized m em brane potentials, DA also depolarized the m em brane 
potential. In contrast, when the cells were held in the depolarized state, DA 
did not affect any o f the variables studied. Therefore, D A  exerts state- 
dependent m odulatory effects on neurons in deep layers o f the PFC. 
Supported by MH45I56, MH5744O and Stanley Foundation.

139.14
HIG H  FR EQ U EN C Y  PO W E R  B E ST-PR ED IC TS PO PU LA TIO N  
FIRIN G  RATE. B.A. F ield*. A .R. Pico. & R.T. M arrocco. Inst, o f 
N euroscience, Univ, o f  O regon, Eugene, OR, 97403-1254.

W e previously found that the  pow er in h igh-frequency (>ЮO Hz), 
m ulti-unit potentials recorded  from  low -im pedance (~ l  M Ω ) 
electrodes was m ore predictive o f  the pattern  o f neural responses to 
local infusion o f g lutam ate and noradrenaline than the overall 
spectrum  or low er frequencies. W e report here on w hat m ay be the 
origin o f  this h igh-frequency effect. W e infused g lutam ate and 
noradrenaline (10-100 m M ) at 53 locations in the frontal cortex o f 
anaesthetized hooded and alb ino  rats. D ata w ere co llected  at Ю KHz, 
then zero-phase bandpassed  betw een 20 and 4  KH z. W e analyzed 
each record w ith pow er spectral density  analysis. W e also determ ined 
the spike rate for each  record  by counting  the num ber o f  action 
potentials whose am plitudes exceeded  a  variable voltage threshold. 
W e found that as the voltage thresho ld  was decreased, the correlation  
betw een the high frequency pow er (200-250 Hz) and the spike rate 
increased to h ighly-significant values. This was not true for the total 
pow er or for lower frequency ranges in the pow er spectrum . W e 
conclude that h igh-frequency m icro-EE G  correspond to the firing rate 
o f  a neuronal population. They do so better than the w hole spectrum  
or o ther frequencies. Supported  by N IH  N S32973, NIH GMO7257, 
and H ew lett-Packard C haritab le G ift 31890.

139.16
CC K -8 EN H A N CES TH E C A TIO N  C U R R EN T Ih IN M ES-23.5 CELLS.
L.-X . Liu, L.A. C hiodo and A.S. F reem an*. Dept, o f  Pharm acology, Texas 
Tech Univ. H ealth Sci. Ctr., Lubbock, TX  79430.

The M ES-23.5 cell is a m ouse neuroblastom a X rat em bryonic 
m esencephalic cell hybrid that synthesizes dopam ine. CC K  octapeptide 
(CCK -8) coexists in m idbrain dopam ine neurons, and m obilizes intracellular 
C a2+ in M ES-23.5 cells. D opam ine neurons disp lay  the hyperpolarization- 
activated inward cation current Ih. In this study, Ih was identified in M ES-
23.5 cells and the effects o f  CCK-8 on this current w ere characterized.

W hole-cell patch-clam p recordings were obtained  from  M ES-23.5 cells. 
From  a hold ing  potential o f  -60 m V, hyperpolarization  elic ited  a voltage- 
dependent inw ard current. E levation or reduction  o f  ex tracellu lar potassium  
enhanced or attenuated  this current, respectively, w hereas it w as attenuated by 
low sodium  or by 1 m M  cesium . These properties are characteristic  o f  Ih. 
CCK-8 (0.01-5 µM ) enhanced Iһ· This effect o f  CC K -8 was blocked by 
inclusion o f  heparin, BA PTA  (10 m M ) or an tibody to  Gqα in the patch pipette, 
and by addition o f  U -73122 ( lµ M ; inhibitor o f  phospholipase C) o r the CC K A 
antagonist lorglum ide (10 µM ) to the recording m edium . The CC K B 
antagonist PD 135308 did not block the C C K -8 effect. Thapsigarg in  (50-500 
nM ) m im icked the effect o f  CCK-8. These results show  that M ES-23.5 cells 
d isplay lh and th at CC K -8 enhances Ih in a calc ium -dependent m anner. This 
effect o f  CCK-8 m ay involve stim ulation o f  Gq-linked C C K A receptors to 
activate phospholipase C, generation o f  IP3, and liberation o f  intracellular 
calcium . (Supported by Texas Tech U niversity  H SC.)
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139.17
EFFECTS OF NOREPINEPHRINE ON STIM ULUS EVO KED RESPONSES IN 
A COMPUTER M O DEL OF THE RAT TR IG E M IN A L SYSTEM. K .A . Moxon, 
J. K. Chapin and B. Waterhouse* Allegheny U. Hlth. Sci., Depart, o f  Neurobiol. 
and Anat., Philadelphia, P.A. 19129.

Previous data from our lab have shown that local application o f 
norepinephrine (NE) or activation o f  the locus coereleus (LC ) can enhance 
excitatory and inhibitory responses o f  individual sensory neurons to afferent 
synaptic inputs. These data suggest that global release o f endogenous NE in 
sensory relay circuits cause a net facilitation o f  signal transmission through sensory 
networks. In order to further understand the effects o f  NE on whole network 
processing o f  sensory signals, we developed a computational model o f  the rat 
trigeminal somatosensory system. The model simulates individual cells using a 
two-compartment equivalent circuit representation Separate populations o f 
modeled cells represented each o f  six thalamic barreloids and six cortical barrels. 
Each cell in the thalamus projects to cells w ith in its own barreloid, and to its own 
barrel in layer IV  cortex. A  population o f reticular nucleus cells projects inhibition 
to thalamic relay cells. Cortical pyramidal cells feed back to thalamic barreloids in 
a topographic manner. The effects o f NE were simulated by increasing the 
amplitude o f excitatory and inhibitory post-synaptic potentials (EPSPs and IPSPs). 
In the model, increases in the EPSP amplitude decreased the latency o f sensory 
responses. Moderate increases in IPSP amplitude generally decreased the non
stimulus related activity (NSRA) in the system. Modest increases in brainstem 
activation o f  the thalamus was most effective at decreasing thalamic NSRA, 
presumably due to synchronization o f  cellular responses in barreloids. Increases in 
local cortical inhibition most effectively decreased NSRA throughout the system 
due to a reduction in recurrent activation and feedback from the cortex to the 
thalamus. Overall, the model predicts network wide changes in sensory response 
patterns follow ing NE-like changes in cellular response properties. Supported by 
NS26722. NS62352.

139.19
Dopamine depresses excitatory transmission in the rat parabrachial nucleus via 
phospholipase C activation. X. Chen and Q.J. Pittman* Neuroscience Research 
Group, University o f Calgary, Calgary, Alberta, Canada

Dopamine (DA) depresses evoked EPSCs in the parabrachial nucleus (PBN) 
through inhibition o f glutamate release from the presynaptic terminals. This 
response has been found to be directly mediated by DA receptors, 
predominantly the D,-like subtype. As the coupling mechanisms for this action 
are unknown, we therefore examined the major signalling pathways using 
coronal pontine slices and the nystatin perforated-patch recording technique.

Evoked EPSCs were pharmacologically isolated (50 µM picrotoxin present 
throughout). Preincubation o f slices with 1 µg/ml cholera toxin (CTX, activates 
Gsα) or 0.5 µg/ml pertussis toxin (PTX, blocks G¡α and Goα) (for about 20 
hrs) did not affect DA-induced (50 µM) effects on the EPSCs as compared with 
that in control slices incubated in ACSF for the same time period. PTX 
treatment was effective as it abolished the post- (but not the pre-) synaptic 
effects o f 10 µM baclofen. Forskolin (directly activates adenylyl cyclase, 10 
µM) increased the EPSCs in both control and CTX treated slices; the increase 
could be blocked by the preferential protein kinase A inhibitor H-7 (10 µM). 
DA induced similar EPSC depressions in the presence o f forskolin or H-7 (both 
at 10 µM). The phospholipase C inhibitor, U-73122, blocked DA’s synaptic 
actions at 10 µM, whereas its inactive analogue, ư-73343, did not. Calcium 
influx through the NMDA channels was not involved as blockade o f these 
receptors with 100 µM APV did not change DA’s effects.

DA therefore depresses excitatory synaptic transmission in this nucleus by 
coupling to CTX- and PTX-resistant G-proteins and phospholipase C.

Supported by MRC (Canada) and AHFMR.

139.18
IN TR A C E R E B R O  V E N T R IC U L A R  NO RE P IN EP H R IN E  IN  TH E  A W A K E  
R A T  P O T EN T IA TE S  TH E  PER ҒO R A N T PATH E V O K E D  P O T E N T IA L  
TH R O U G H  ß-ADRENO CEPTO RS A N D  ENHANCES FREQ UENCY- 
IN D U C ED  LTP. S G Walling and C. W. Harley* Behavioural Neuroscience, 
Department o f  Psychology; Memorial University o f Newfoundland, St. John’s, NF 
Canada A 1B ЗX 9

The perforant path input to the dentate gyrus has been used as a model system for 
neuronal plasticity by those studying the effects o f tetanic stimulation (LTP) In vitro 
and acute in vivo preparations have demonstrated that norepinephrine (NE) is also 
capable o f producing long lasting changes in synaptic strength (NE-LTP) at this 
synapse. There has however, been little  investigation on the effects o f  NE in the awake 
animal

Male Sprague-Dawley rats were chronically implanted with stimulating and 
recording electrodes in the perforant path and dentate gyrus respectively 
Norepinephrine (50 µg in 4 µL  saline) was infused through a ventricular cannula alone 
or 15 minutes follow ing 30 µg o f  phentolamine or propranolol In the majority o f 
animals NE produced consistent potentiation o f population spike amplitude (≡25O%). 
Though this effect was transient (15-30 mins ), the duration was enhanced when NE 
was preceded by the α-receptor antagonist phentolamine (>З.O hrs.) When NE was 
preceded by the ß-adrenergic receptor antagonist propranolol, NE potentiation was 
attenuated Potentiation o f EPSP slope was also typical after some infusions though 
the enhancements were not consistently related to spike increases. Preliminary results 
suggest NE significantly increases both the initial EPSP potential and the duration o f 
decremental LTP (LTP alone < 1 hour, LTP &  NE = 24 hours)

These results are consistent with NE effects in vitro and in vivo with anesthetized 
rats confirming ß-adrenergic mediated potentiation o f  spike amplitude in the dentate 
gyrus o f  awake rats At 50 µg, NE potentiation appears transient but can facilitate 
longer lasting frequency-mediated changes Supported by NSERC

CATECHOLAM INES: PHYSIOLOG Y II

140.1

A  NEW  M ETHO D TO MEASURE L-DO PA &  M ETABO LITES IN  PLASM A. J,L. 
Carl, J.S. Perlmutter*. Depts o f Neurology &  Radiology, Washington Univ. School o f 
Medicine., St. Louis, MO

We modified an HPLC method by Baruzzi et al [1986] to permit quantification o f 
plasma L-DOPA and its metabolites in a single step. We used Cat-a-phase modified 
w ith acetoniưile and pH adjustment as the HPLC buffer. Standards were diluted in 
perchloric acid containing sodium metabisulfate and prepared to give a final 
concentration range across two orders o f magnitude. We added an internal standard 
o f 3,4-dihydгobenzylamine solution to each tube. We used a Coulochem II HPLC 
system with an ESA Model 580 Solvent Delivery Module, a Rheodyne 9125 Sample 
Injector and an ESA catecholamine HR-80 Column protected by a Newguard 
Carưidge, RP-18 Aquapore. The conditioning cell was ESA Model 5021 (450 m V) and 
the analytical cell was ESA model 5011 (1st electrode at 50 mV, 2Dd elecfrode at -400 
mV). The system operated in redox mode. We varied the fu ll scale gain from 5OnA 
to 2 µA  and output from the 2nd analytical cell was recorded on a ChromJet integrator. 
A flow  rate o f 0.7 ml/m inute was used. EGTA, reduced glutathione, and heparin were 
added to blood samples; plasma separated by centrifugation and stored at -60° C. 
Standards &  patient samples were mixed and perchloric acid was added to each tube, 
mixed again &  spun. Perchlorate was precipitated w ith ciưate buffer and HPLC was 
run that day, otherwise caгbidopa levels were unreliable. A ll calibration curves were 
linear across a 100-fold concenưation range: L-DO PA (r=.99), 3-O-methyldopa 
(r=0.99), DOPAC (r=0.99), dopamine (r=0.99), &  caгbidopa (r= 0.99). Recoveries 
ranged from 77% for DOPAC to 107% for dopamine, the others fell between 85-90%. 
Coefficients o f variation over three months (n = l2 ) were: L -D O P A - 10.5%, 
dopamine-9.0%, 3-O-methyldopa-10.9%, DOPAC-IO.9% , &  carbidopa-7.5%. This 
method is simpler than alumina based methods, and eliminates the possibility o f 
overloading alumina aliquots w ith high levels o f L-DOPA. A  standard curve and six 
to eight samples may easily be analyzed in a day. Ref: Barгuzzi, et al (1986) J  
Chromato 375, 165-169. Support: NS32318, the Greater St. L  Chapter -A P D A , the 
Dana Foundation, McDonnell C tr for Higher Brain Function.

140.2

P H A R M A C O D Y N A M IC S  &  P H A R M A C O K IN E T IC S  O F  E X O G E N O U S  
L -D O P A  IN  S T R IA T U M  O F 6 -O H D A -T R E A T E D  R A T .
A. Pangilina∩ and E.D. Abercrombie*. Center for Molecular &  Behavioral Neuroscience, 
Rutgers University, Newark, NJ 07102.

Fo llow ing administration o f L-DO PA (50 mg/kg, i.p.), the extracellular levels o f 
dopamine (D A) attained in striatum are greater, in absolute terms, in DA-depleted striata 
than in intact striata (Abercrombie et al., 1990). The present experiments determined 
whether differences in the pharmacokinetics o f exogenous L-DOPA in DA-depleted striata 
accompany this pharmacodynamic difference in D A  response. Since D A  terminals 
account for approximately 80-85% o f all aromatic amino acid decarboxylase activity in 
striatum, the loss o f the D A  innervation to striatum may therefore be accompanied by 
alterations in the local pharmacokinetics o f L-D O P A  in that structure. Extensive 
unilateral lesions (>95%) o f nigrostriatal D A  neurons were created by injection o f 6 - 
O HDA (6  µg) into the medial forebrain bundle. A  m icrodialysis probe was implanted 
into the ipsilateral striatum 2 weeks fo llow ing the lesion. Extracellular levels o f DOPA 
were assessed using an HPLC-EC assay optimized for the detection o f this compound 
(Castro et al., 1996). Under basal conditions, extracellular DOPA was not detectable in 
striatal dialysates from either intact or 6 -OHDA-treated rats. In response to systemic 
administration o f L-DOPA (50 mg/kg, i.p.), the extracellular level o f DOPA obtained in 
striata o f intact rats was significantly less than that measured in the 6 -OHDA-treated rats. 
Extracellular levels o f DOPA in striatum o f intact rats reached a peak o f 605 ± 125 pg/20 
µ l dialysate sample (n=7). The extracellular levels o f DOPA in striatum o f 6 -O HDA- 
treated animals reached a maximum o f 1072 ±  274 pg/20 µ l dialysate sample (n=8 ). The 
temporal profile o f DOPA appearance in striatal extracellular flu id  did not d iffe r between 
the two groups. The greater increase in extracellular DA  observed in severely DA-depleted 
animals after exogenous L-DOPA may be attributable not only to passive processes such 
as loss o f high a ffin ity  DA  uptake but also to increases in extracellu lar DOPA 
availability. [Supported by NS 19608 and the National Parkinson’s Foundation]
- Abercrombie etal., (1990) Brain Research. 525:36-44.
- Castro et al., (1996) J. Neurochem.. 66:824-833.
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140.3
MODULATION OF DOPAMINE RELEASE IN STRIATUM BY 
HYDROGEN PEROXIDE. B.T. Chen. J.J. Schulman. J. Kume¯Kick. 
and M.E. Rice*. Depts. Physiology & Neuroscience and Neurosurgery, 
NYU Medical Center, 550 First Avenue, New York, NY 10016.

Both Parkinson’s disease and metħamphetamine toxicity have been 
linked to oxidative damage o f dopaminergic pathways. We have 
investigated the effects of oxidative stress induced by hydrogen peroxide 
(H2〇 2) on evoked dopamine (DA) release in slices of guinea pig striatum. 
It has been previously reported that H2〇 2 can reversibly inhibit evoked 
field EPSPs in slices of guinea pig hippocampus (Neurosci. 23:447,1987). 
A postulated mechanism for this result is that H20 2-induced oxidative 
stress inhibits transmitter release from Schaffer collaterals. In the present 
studies, electrically evoked DA release was monitored with carbon-fiber 
microelectrodes used with fast-scan cyclic voltammetry. Application of 
H2O2 had a concentration-dependent effect on stimulus-evoked 
extracellular DA concentration ([DA]〇). Lower levels of H20 2 (0.003- 
0.01%), sufficient to inhibit evoked field EPSPs in hippocampus, only 
altered evoked [DA]〇 slightly. Complete, reversible blockade of release 
required much higher levels of H20 2 (0.03%). Maintenance of stimulus- 
evoked [DA]〇 in the presence of H2〇 2 might reflect competition between 
inhibited release and decreased uptake from inhibition of the redox 
sensitive DA transporter. These data support the hypothesis that oxidative 
stress can have multiple effects on dopaminergic neurotransmission. 
Funded by NШ grants NS 36362 and 34115.

140.5
THE INCREASE OF DO PAM IN E IN  THE R AT B R A IN  AFTER IN S TR IATAL 
INJECTION OF LIPOSOME-ENTRAPPED TYROSINASE. F. A m icaгe lli1. A. 
Gasbarri2*, L. Masciocco2. A. Pompili2, C. Pacitti2. A. Sulli2. G. Caгlucci3. G. 
Palumbo4. M. Miranda1. ’Dept, o f Basic and Applied B io l.;2 Dept, o f Sciences and 
Biomedical Technologies;3 Dept o f Chemistry, Chemical Engineering, and Materials; 
4Dept. o f Internal Medicine. Univ, o f L Ά q u ila , Coppito, 67100 L Ά q u ila . Italy.

Parkinson’s disease (PD) is a neurodegenerative disorder which is mainly characterized by 
degeneration o f the dopamine (DA) cells in the nigro-striatal system, due to a lowered tyrosine 
hydroxylase (TҤ) activity, so that L-tyrosine is not sufficiently transformed to the DA precursor 
L-DOPA To date, the commonest therapy for PD is the administration o f L-DOPA, which has 
severe side effects. Therefore the substitution o f the lacking TΉ with tyrosinase might represent 
a novel experimental therapeutical approach that would generate specifically L-DOPA from L- 
tyrosine. We have previously shown that liposome-entrapped tyrosinase is able to modulate 
the levels o f blood catecholamines when systemically administered. We present here evidence 
that intrastriatal injection o f liposome-entrapped tyrosinase is able to significantly increase the 
levels o f brain D A  Four groups o f 4 Wistar male rats were used as control, sham-operated, 
injected with liposomes, injected with liposome-entrapped tyrosinase. The present results show 
that ⅛e delivery o f liposome-entrapped tyrosinase significantly increases D A  content, not 
only within the sector o f injection, but also in the other sectors. This indicates diffusion and/or 
transport o f the neurotransmitter i f  compared to the controls, sham-operated and liposomes 
without tyrosinase treated groups. The increase o f DA, showed in the liposomes injected 
group, may be attributed to the catalytic action o f liposomes per se. L-epinephrine and L- 
norepinephrine levels do not show significant differences in the rat brains treated with 
liposome-entrapped tyrosinase, when compared to those treated with liposomes without 
tyrosinase or sham-operated; the differences evidenced in the control group may be ascribed 
to the trauma o f injection. The L-DOPA level is quite the same under the different conditions. 
In conclusion, these findings show that intrastriatal injection o f liposome-entrapped tyrosinase 
is able to significantly enhance D A  levels o f rat brain, while it increases blood L-DOPA 
content when systemically delivered.
This work was supported by grant M.U.R.S.T. from the Italian Ministry o f Research.

140.7
DIFFERENTIAL EFFECTS OF G ABAPENTIN  A N D  PREGABALIN ON 
STIM ULATIO N-EVO KED C A TECHO LAM IN E RELEASE FROM RAT BRAIN 
SLICES. C.A. Helmer, D.J. Dooley*. Department o f  Neuroscience, Parke-Davis 
Pharmaceutical Research, D ivision o f Warner-Lambert Co., Ann Arbor, M I 48105 

The mechanism(s) o f  action o f  gabapentin (GBP; Neurontin®), a therapeutically 
effective anticonvulsant, antihyperalgesic, and anxio lytic drug, remains to be 
elucidated. GBP has previously been shown to inhibit K '-evoked [3H]-noradrenaline 
([3H ]-N A) release from rat neocortica! slices in a concentration-dependent manner 
(ICад = 9 µM ) w ith a submaximal inhibition o f  33% at 0.1-1 mM (Soc. Neurosci. 
Abstr. l996;22:l992). Pregabalin (PGB; S-(+)-3-isobutylgaba), which possesses 
similar a ffin ity  to the α 2δ-subunit o f Ca2+ channels as GBP, was compared with GBP 
for effects on both electrically- and K'-evoked [3H ]-N A  and [3H]-dopamine ( [3H]- 
DA) release from rat neocortical and striatal slices, respectively. The stimulus 
parameters ranged from 15-50 mM for K +- and 0.3-30 Hz for electrically-evoked 
[3H]-catecholamine release. GBP (100 µM ) inhibited K '-evoked [3H ]-N A  release by 
34% and electrically (3 Hz)-evoked release by 24%; moreover, the inhibitory effects 
o f GBP (3-300 µM ) were greatest (22-47%) under a m ild and prolonged 
depolarization provided by a K + stimulus (15 mM). PGB (100 µM ) decreased K '- 
evoked [3H ]-N A  release by 30%, yet had m inimal effect on electrically (3 Hz)- 
evoked release. . GBP (100 µM ) inhibited K +- and electrically-evoked [3H]-D A 
release both by 23%, whereas the inhibition by PGB (100 µ M ) o f  this stimuli-evoked 
release was less than that o f GBP (K ',  5%; electrical, 18%). These results emphasize 
the complex and differential effects o f GBP and PGB on catecholamine release as a 
function o f brain region (neural circuitry), neurotransmitter, and stimulus parameters. 
Such differences are postulated to underlie the therapeutic profiles o f these drugs. 
(Supported by Warner-Lambert Co.)

140.4
REPRO DUCIBILITY STUDY OF S TRIATAL AM PH E TAM IN E-IN D U C E D  
DO PAM INE RELEASE W ITH  [ 12T ]IB Z M  SPECT IN  H E A LTH Y  SUBJECTS.
L. Keeeles*. Y, Zea-Ponçe, A. Abi-Dargham. J. Rodenhiser, T. Wang. J, Keilp. R, 
Weiss. T, B. Cooper. R. Van Heertum, J. J. Mann. M. Laruelle. Departments o f  
Psychiatry and Radiology, Columbia University, New York, N Y  10032 

SPECT neuroreceptor imaging allows the measurement o f  intra-synaptic dopamine 
(D A) release in vivo in humans by exploiting the binding competition between 
endogenous D A  fo llow ing amphetamine challenge and the D 2 receptor radiotracer 
[ ,23I]Ш ZM . In healthy subjects never previously exposed to psychostimulants, the 
magnitude o f  D A  release fo llow ing amphetamine was positive ly associated w ith  
pleasurable effects o f  the drug (Laruelle et al., J Nuc Med, 1995, 36, 1182-90), w ith  a 
large between subject variability  in the response. We studied the reproducibility o f 
this effect in a test/retest paradigm, to assess whether this response is a tra it possibly 
associated w ith  vulnerability to substance abuse (i.e. characteristic o f  the individual) 
versus state factor (i.e. varying over time). Six healthy subjects (males, 36±Ю y.), 
never previously exposed to psychostimulants, twice ( l 6 ±Ю  day interval) underwent 
measurements o f  striatal amphetamine-induced (0.3 mg/kg, i.v.) D A  release w ith 
SPECT and the [ ,23I]Ш Z M  constant infusion technique. Amphetamine-induced 
decrease in [ l23I]Ш Z M  binding potential (BP) appeared to be stable w ith in  subjects: 
displacement values were (test, retest): subject A : 0%, 2%; B: 8 %, 5%; C: 8 %, 11%; 
D: 15%, 11%; E: 18%, 22%; F: 4%, 4%; infraclass correlation coefficient (ICC) was 
0.89, while baseline BP ICC was 0.74. Reproducibility o f  amphetamine blood levels 
showed ICC o f  0.71. BP change values from the second experiment were well 
predicted by the fisrt experiment (R 2 = 0.76, p = 0.02), suggesting the absence o f 
either sensitization or tolerance w ith  this protocol. In conclusion, these preliminary 
results suggest that the magnitude o f  the amphetamine-induced D A  release m ight be a 
trait rather than a state factor.
Supported by NIDA, the Scottish Rite and the Mathers Foundations

140.6
MONOAM INE A ND AMINO ACID LEVELS IN A RAT BRAIN  
SUBJECT TO TRANSITIONAL ELECTROMAGNETIC FIELD.
K. Hyodo* and K. Homma. Biomechanics division, Mechanical 
Engineering Laboratory, Agency o f  Industrial Science and Technology 
(AIST), Tsukuba City, 305-8564 JAPAN

This study was performed to examine the rapid influence which 
transitional electromagnetic field such as Magnetic Resonance 
Imaging (MRI) has upon rat brain metabolism. The influence o f  MRI 
on metabolism may consists o f  three factors, a strong static magnetic 
field, a dynamic magnetic field and a radio wave. Monoamines and 
amino acids in the striatum were monitored by means o f  microdialysis 
during the application o f  imaging sequences by a 2 Tesla Magnetic 
Resonance Imaging apparatus. 12-18 week old male Wistar rats were 
anesthetized by urethane while monitoring. Microdialysis samples 
were collected every 3 minutes and determined by electrochemical 
detector (monoamines) and fluorescence detector (amino acids). 
During ЗOminutes o f  monitoring, the monoamine and amino acid 
levels were continuously changed. The changes were not so significant 
when compared to normal changes in the absence o f  the sequence. If 
MRI has an influence on the brain metabolism, not only for the 
monoamine or amino acid levels in the rat brain but also other 
metabolism, it may appear after long time/high RF power MR Imaging 
or by using some other monitoring methods.
Supported by AIST, MITI, Japan.

140.8
PRESENCE OF STRIATAL NEURONS ENHANCE DOPAMINE RELEASE 
FROM RAT CHROMAFFIN CELLS IN CO-CULTURE Liraei Zhangr , Carlos 
Blanco1, Aleph A, Corona1, Alfonso Escobar2 and René Drucker-Colín‘ 3. 'Depto. 
Fisiología, Facultad de Mcdicina, 2Depto Fisiología, Instituto dc lnvestigacioncs 
Bioméđicas and 3Depto. Neurociencίas. Instituto dc Fisюlogía Celular, Uníversitad 
Nacional Aulónoma de México. Mexico Ð.F. 04510, M E XIC O

Adrenal chromaffin (AC) cells have been chosen as a possible replacement for the 
substantia nigra (SN) due to the ir catecholamine production A  small percentage o f 
dopamine (D A ) is present in normal AC cells, presumably as an intermediary in 
epinephrine biosynthesis. When AC cells are grown in  culture, they develop an altered 
morphology w ith  ncuritc outgrowth this is accompanied by a decrease in the 
production o f epinephrine. We have recently reported that the AC cells are capable o f 
making synaptic contact when co-cułtuređ w ith  striatal neurons (SN) while also 
increasing D A  release. In this study, we present detailed quantitation o f catecholamine 
contents o f AC cell -SN co-culture medium in comparison w ith  that o f single AC cell 
culture medium, in  order to determine the degree o f changes in  catecholamine 
contents. Co-culture o f newborn rat adrenal chromaffin cells and caudatc-putamcn 
neurons at a ratio o f 1 .1 was made. A fter one week o f culturing, quantitation o f DA, 
epinephrine and norepinephrine in the culture medium was made using high 
performance liqu id  chromatography w ith  electrochemical detection (HPLC-ECD). A 
higher concentration o f D A  in  the co-culture media as compared w ith  that in media o f 
single AC ceils was found. In  the presence o f h igh density o f striatal neuron 
membrane D A  receptors in the surrounding o f AC cells, AC cells can increase about 3 
fold their D A  release This change could be an example o f  use-dependent plasticity.

Supported by DG A PA -U N A M  grants IN 2 11296 to AE and LZ  and IN202792 to 
RDC.
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140.9
M OD ELLIN G  C O N C EN TR A TIO N  A N D  V ESIC LE SIZE FROM
A M PE R O M ET R IC  M O N IT O R IN G  OF D O PA M IN E EX O CY TO SIS. A. G. 
Ew ing*, B. A nderson . K. Kozm inskL Dept, o f  C hem istry, and N euroscience 
and A natom y, Penn State U niversity , U niversity  Park, PA 16802.

O w ing to their rapid response tim e and small dim ensions, voltam m etric 
m icroelectrode techniques such as am perom etry and fast scan voltam m etry 
have m ade it possib le  to m onitor m inute am ounts o f  biological com pounds 
and transiently  occurring  chem ical events in cellu lar system s. The 
application o f  electrochem ical m onitoring to several types o f  cultured cells 
has provided a w ealth  o f  new  inform ation concerning exocytosis. R esults 
obtained from  these studies highlight the potential o f  e lectrochem ical 
techniques in cellu lar analysis to contribute to our understanding  o f  m olecular 
and pharm acological effects on exocytosis.

A m odel has been  developed for calculating the size and neurotransm itter 
concentration  for individual nerve cell vesic les from  electrochem ical data. 
A m perom etric current transien ts resu lting  from  individual exocytosis events 
detected from  single cells contain the inform ation necessary to quantify  
vesicular neurotransm itter am ount and to estim ate the concentration  o f 
neurotransm itter in  each vesicle and the vesicle radius. This analysis has 
been applied to data obtained  at pheochrom ocytom a (PC 12) cells and the 
dopam ine neuron  o f  Planorbis. F itting the m odel to the distribution  o f  PC 12 
cell vesicle size obtained  in electron  m icroscopy, w e can obtain a distribution  
o f  concentrations in the vesicles. A dditionally , this m odel a llow s us to state 
w ith a high  degree o f  confidence that tw o distinct classes o f  vesicle radius 
lead to distinctly  d ifferent d istributions o f  neruotransm itter am ount released 
in Planorbis. S upported by the N ational Institutes o f  Health.

140.11
EFFECTS OF CO CAINE ON THE A C TIVITY  OF DA NEURONS 
IN THE VEN TRAL TEG M ENTAL AR E A  Z.L·. Tana. Z.N. Stowe. 
P.M. P lotskv. C.B. Nemeroff. and T im othy Elv*. Dept, o f 
Psychiatry and Behavioral Sciences, Emory University School o f 
Medicine, Atlanta, G A 30322.

Dopam inergic system s have been im plicated in the 
pathophysio logy o f substance abuse and the action o f cocaine. 
The im pact o f both d irectly applied (iontophoret¡cally) and 
system ¡cally adm inistered (i.p.) cocaine on the activ ity o f 
individual DA neurons in the VTA  were exam ined. Extracellu lar 
recordings were obtained from  spontaneously active, dopam ine 
sensitive  neurons (n=22) in chloral hydrate (400 mg/kg, i.p.) 
anesthetized rats. A ll recording sites were confirm ed via 
postm ortem  histology. D irectly applied cocaine attenuated DA- 
induced inhibition by 33.8 ± I9 .7 %  while  having no significant 
e ffect alone (0 .76±Ю .3% ) at the currents (5-15nA) utilized. The 
i.p. adm inistration o f cocaine at 1 mg/kg, and 10 mg/kg produced 
inhibitory effects, -I6 .6 ±7 .3 %  and -1δ.8±3.7% , respectively, while 
5 m g/kg produced an overall excitation 4 1 .4±29.6% . These 
effects peaked at 30-35 m inutes a fter adm inistration. This 
potential bimodal response to system ic cocaine is consistent with 
previous reports (W aterhouse et al 1991). The d iffe rences noted 
in d irect versus system ic adm inistration underscore the com plex 
ro le(s) tha t DA m ay play in modulating the e ffects o f cocaine.

140.10
EFFECTS OE A  S U B C U TA N E O U S  N A L T R E X O N E  IM P L A N T  ON 
C O C A IN E -IN D U C E D  E X T R A C E L L U L A R  E LE V A T IO N S  OF 
D O P A M IN E  &  D O P A M IN E  M E T A B O LIT E S .
D. Rademacher*. ,L Trim b le . K. Gaeгtner, Moser. L., S. Renner, A, 
S chille r. &  R. Steinpreis. Dept, o f  Psychology. Univ, o f  W isconsin- 
M ilw aukee; M ilwaukee. W1 53211.

The purpose o f  this study was to determine the mechanism through 
w hich the naltrexone im plant (placebo, 240 mg s.c.) blocks the appetitive 
properties o f  systemic cocaine (20.0 mg/kg i.p .) by exam ining the effects 
o f  the im plant on cocaine-induced elevations in extrace llu lar dopamine 
(D A ) &  dopam ine‘ s p rincip le  metabolites, dihycîro\ypheny'i acetic acid 
(D O P A C ) &  h om ovanillic  acid (H V A ) in the ventral tegmental area 
(V T A ), the nucleus accumbens (N A C ). &  the pre frontal cortex (PEC). 
Extrace llu la r levels o f  D A . DOPAC, and H V A  were measured via 
m icrod ia lys is  coupled to h igh performance liq u id  chromatography 
(H P LC ) in awake and freely m oving rats equipped w ith  dual probes 
im planted in one o f  three neuroanatomical structure combinations: (1) 
PEC w ith  N A C . (2) PEC w ith  V T A . &  (3) N A C  w ith  V T A . Systemic 
cocaine produced sign ifican t elevations in extrace llu lar DA , DO PAC. &  
H V A  in a ll three structures, and produced significan t increases in lateral 
locom otor behavior in the placebo condition. The naltrexone im plant 
attenuated both cocaine-induced D A , DOPAC. and H V A  elevations in all 
three structures and cocaine-induced increases in lateral locom otor 
behavior.

Research sponsored by W hiteha ll Foundation grant J96-32 to
R. Steinpreis.

140.12
ALPHA-2 ADRENERGIC AGONISTS DECREASE CGMP LEVEL 
IN THE RAT LOCUS COERULEUS (LC). Y. V ulliem oz. L, Virag,
R.A. W hittington and P.A. Goldstein*. C ollege o f  Physicians & 
Surgeons, Columbia University, N ew  York, N Y  10032.

Dexm edetom idine (D ex) is a selective α 2 adrenergic agonist with 
potent sedative properties. The LC, a small nucleus that regulates the 
sleep-wake cycle, is a site that mediates the sedative effects o f Dex. In 
the CNS, excitatory neurotransmitters or drugs increase cGMP, while 
those that sedate decrease cGM P. To test the hypothesis that the 
sedative effect o f  D ex is associated with a decrease in LC cGMP, 
groups o f rats were treated with D ex, directly into the LC or IP. 
Control rats received saline. For the LC injections, a double guide 
cannula was placed stereotaxically, according to Paxinos, into the left 
and right LC, 3-4 days before the experiment. The drugs were injected 
via an injector extending 1mm beyond the guide. After sacrifice, the 
LCs were immediately dissected out from 1mm thick coronal brain 
slices. The LC biopsies had more than tw ice tyrosine hydroxylase 
immunoreactivity than the surrounding tissues. cGM P was measured 
by immunoassay in deproteinized tissue extracts. D ex, 7 µg/O.2µl in 
each LC, or 100 µg/kg/IP, decreased LC cGMP by 38 and 46% from a 
control value o f  O.74±O.O7 and O.75±O.IO p m ol/m g protein, 
respectively (p<0.05). The α 2 adrenergic antagonist, atipamezole, 
10µg/0.3µl/LC, blocked the cGM P response to Dex, injected into the 
LC or IP. More than 90% o f the rats that received Dex, LC or IP, lost 
their righting reflex, and the effect was prevented by pretreatment with 
atipamezole. The results suggest that the cGM P system  is a signaling 
pathway coupled to the α 2 adrenoceptor in the LC that may play a role 
in the sedative effect o f Dex. (Supported by NIH -GM 49162)
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141.1 141.2

PREFERENCE FOR CONTEXTS PAIRED W ITH PREDICTABLE 
SH OCK A N D  M ESOACCUM BENS D O PA M IN E A C TIVA TIO N 
S, Pųghşi-All.e⅛r,aΓ, ,R·, Vent,ц гq. ,Ç. Qr?ffîǐ í>∩d jĻ.Gaþj⅛, Inst. D ep. 
Psico logia, U n iv e rs ity  "La S ap ien za"an d  P sicobio logia  e 
P sico řarm aco log ia  (C N R ), R om a, Italy

Laboratory an im als show  preference for signaled  shock. M oreover, 
p red ictab ility  over shock onset, d u ra tio n  an d  term ina tion  has been  
show n to d eterm ine the effects of the experience on ongoing 
instrum ental and  consum atory responses, ulcerations and  pain  
reac tiv ity  in d ic a tin g  th a t p red ic ta b ility  m ay in flu en ce  stressfu l 
outcom es of aversive experiences. Stressful events are k n ow n to 
activate m esoaccum bens dopam ine  (DA) transm ission. T hus w e 
evaluated  possible d ifferences in m esoaccum bens DA m etabolism  and  
release in  response to p red ic tab le  an d  un p red ic tab le  footshock. The 
tra in ing  p rocedure  used  for these experim ents prom oted  significant 
preference for the  s id e  of a sh u ttle  box p rev io u sly  p a ire d  w ith  
p red ic tab le  shocks o r no footshocks (sham  condition) over the side 
pa ired  w ith  u n p red ic tab le  footshock. M oreover preference for the  side 
p a ire d  w ith  p red ic tab le  shock  w as in v erse ly  re la ted  to  the  in ten sity  
of u npred ic tab le  shock . Finally a g rad ed  increase of m esoaccum bens 
D A  m etabo lism  an d  release ch arace trized  an im als exposed  to sham , 
p red ic tab le  an d  u n p red ic tab le  shock. T hese resu lts  su p p o rt the  v iew  
th a t p red ic ta b ility  red u ces  the  s tressfu l im p ac t of av ers iv e  
experiences.

IMPACT OF LOCOMOTION ON MONOAMINE RELEASE IN THE RAT DORSAL HORN: 
CHRONIC MICRODIALYSIS STUDY. C. Geriπ*A. Privat . INSERM U-336, C.C.106, Univ. 
Montpellier II, PI. E. Bata¡llon, 34095 Montpellier Cedex 05, France.
This study examines the effect of locomotion on the kinetics of the release of monoamines 
by descending systems in the rat dorsal hom. Microdialysis probes were permanently 
implanted (for 45 days) in layers II, III, and IV of Rexed where corticospinal, raphe magnus 
spinal, coeruleosp¡nal and hypothalamospinal neurons project their axonal terminals.
We developed a method of implantation (Gerin et al., 1994) that leaves intact the 
descending monoaminergic tracts, which send axon terminals to the dorsal hom and the 
dorsal root afferents, intact. Thus, the implantation of the probe does not alter the 
release of monoamines from descending axons terminating in the dorsal horn, nor the 
proprioceptive networks. Histological examinations confirmed that the probes were 
successfully implanted in layers II, III, IV of Rexed. Our results show a significant increase 
(41 %) in the extracellular concentrations of 5-HT during spontaneous running exercise 
as compared to rest conditions. A 8% increase of 5-HIAA was observed under the same 
conditions. The exercise produced a concommitant decrease of 18% in the extracellular 
concentration of MHPG and of 11% of DA. These variations were opposite to those 
observed in the ventral horn (Gerin and Privat, 1998).
Therefore, these contrasting results suggest first, the need to consider the anatomical 
design of monoaminergic systems in both locations and thus the importance of neuron-glia 
interaction on the actual extracellular monoamine concentrations, and second, the specific 
regulation of each monoaminergic system. The absence of any nociceptive stimulus in our 
experimental model allows us to monitor the exclusive influence of spontaneous locomotor 
function on the release of 5-HT, MHPG, or DA. We hypothesize that the release of 
rīю∩oamines from descending fibers terminating in the dorsal hom contribute to the 
proprioceptive control of locomotion. Supported by IRME and AFM.

This research  w as fo u n d ed  by Ita lian  CN R an d  MURST
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141.3
EFFECT OF NE U R O S TIM U LA TIO N  OF THE STN ON THE 
RELEASE OF CATECHO LAM INES IN  THE STRIATUM OF RATS. 
A MICRODIALYSIS STUDY. F.Bertholon-Duverdv, U.Ben-David. A. 
Bertrand. A. Foupard. M .M anier* and C.Feuerstein. INSERM U 318, ćquipe 
LΛFSEN, Univers¡tć J. Fourier, CHU, ß.F. 217, 38043 Grenoble cedex Э, 
France.
The high frequency electrical neurostim ula tion o f the subthalam ic 
nucleus (STN) proves to be a very efficient procedure fo r a lleviating motor 
symptoms of Farkinsonian patients. However, the mechanism of action of 
this neurostimulation in the basal ganglia c irc u itry  is not known.
In order to appreciate the neurochemical changes induced by this type of 
neurostimulation, a microdialysis probe was stereotaxically im planted 
ipsilaterally in the striatum as well as an electrophysiological electrode of 
stimulation in the STN of rats. The striatal extrace llu lar flu id  
catecholamines level, particula rly dopamine (DA), DOPAC and HVA were 
measured before, during  and after the neurostim ula tion o f the STN at 
high (130 Hz) and low frequency (10 Hz). Twenty minutes samples were 
taken during 80 min baseline, 100 min neurostim ula tion o f STN and 
120 min recovery. Sample were assayed by HFLC w ith  electrochemical 
detection. D uring a STN high frequency stim ulation, a biphasic change in  
DA release occured, w ith  an in itia l decrease followed by a strong and long 
lasting increase, whereas during  a STN low  frequency stim u la tion , DA 
release only decreased. Complementary data were obtained w ith  
pharmacological s tim ula tion and in h ib itio n  o f the STN using in situ  
injection o f the GABA~A antagonist muscimol and GABA-A agonist 
bicuculline respectively. Λ microdialysis probe was stereotaxically 
implanted in the striatum and a canulae was im planted in the STN at the 
same position than the one used fo r im planta tion o f the electrode of 
stimulation. Drugs were injected in STN at 200 n l/m in  in 1 m inute. 
Injection of muscimol into the STN at 0.1, 1.0, 10 m M  decreased the 
extracellular striatal concentration o f DA. Injection o f b icucu lline  at 7, 
10, 20 mM increased DA whereas injection or low er concentration o f this 
antagonist (0.23, 0.75 2 mM) decreased striatal DA concentration. These 
results showed that in addition to the effect on the output stations o f the 
basal ganglia, electrophysiological and pharmacological stim ula tion of 
the STN modulated the striatal DA release. Further inves tiga tions  are 
currently in progress to get insights about the mechanisms and long term 
consequences of these modulations.

141.5
STRESS-INDUCED INHIBITION OF MESOACCUMBENS 
DOPAMINE RELEASE MEDIATES BEHAVIORAL DESPAIR'
S. Cabib*. R. Ventura and S. Puglisi-AIIegra, Inst. Psicobiologia e 
Psicofarmacologia (CNR) and Dep. Psicologia, University "La 
Sapienza” , Roma, Italy

Despair and helplessness are considered to model symptoms of 
depression in laboratory animals as the inability to initiate or 
sustain active defensive strategies (escape, avoidance) in aversive 
conditions. These behavioural disturbances are promoted by previous 
exposure to uncontrollable/ unavoidable stress experiences. 
Unavoidable / uncontrollable stressors inhibit mesoaccumbens 
dopamine (DA) release and it has been suggested that this response 
might be responsible of emotional-motivational withdrawal from 
aversive events that cannot be coped with by behavioral means. To 
test the relationship between this response and the help less/despair 
reaction we considered the effects of exposure to the forced swimming 
test (FST) on mesoaccumbens DA metabolism in two strains of mice 
with different susceptibility to develop the immobility response in 
the FST. Our results indicate a strong relationship between strain- 
dependent susceptibility to abandon active attempts to escape and 
inhibition of mesoaccumbens DA release. The strain -dependent 
difference in the central response to the stressor were not due to 
differential motor activation and was prevented by a subchronic 
treatment with a commontype tricyclic antidepressant that enhanced 
active escape in the FST.

This research was founded by Italian CNR and MURST

141.7
SELECTIVE B LO C K A D E  OF SER O TO NIN 2c/2в RECEPTORS ENHANCES 
M ES O LIM B IC  A N D  M E S O S TR IA TA L  D O P A M IN E R G IC  FU N C TIO N : A  
COMBINED IN VIVO ELECTR O P H Y S IO LO G IC A L A N D  M IC R O D IA LY S IS  
STUDY. G. D i G iovanni. P. De Deurwaerdére. M . D i Mascio. V . D i Matteo, 
Sergio A lg e r i* .  E. Esposito and U . Spam pinato . Is titu to  d i R icerche 
Farmacologiche “ M ario  N egri” , Consorzio M ario  Negri Sud, S. M aria  Imbaro 
(Chieti), Italy, and Laboratoire de Neurobiologie des Désadaptations UM R CNRS - 
Université de Bordeaux 2, 33076 Bordeaux, France.

In this study, electrophysiological techniques and in vivo m icrodialysis were used 
to investigate the relative contribution o f central 5 -H T 2c/2в and 5-H T 2a receptor 
subtypes in the control o f mesolimbic and nigro-striatal dopaminergic function. 
Thus, extracellular single unit recordings were performed from  neurochemically- 
identified dopamine (D A ) neurons in the ventral tegmental area (V T A ) and in the 
substantia nigra, pars compacta (SNc), as w e ll as simultaneous m onitoring o f 
accumbal and striatal basal D A  release were performed in anesthetized rats follow ing 
the administration o f 5 -H T 2C/2B (SB 206553), 5-HT2A (SR 46349B) or 5 -H T 2A/2в/2C 
(ritanserin) antagonists. Adm inisưation o f SB 206553 (40-160 µg/kg, i.v.) caused a 
dose-dependent increase in the basal fir ing  rate o f V T A  and SNc D A  neurons, 
reaching its maximum (45.2 and 28.5%, respectively) fo llow ing  160 µg/kg. 
Moreover, burst activity was significantly enhanced by SB 206553 in the V T A  only. 
On the other hand, injection o f SR 46349B (40-160 µg/kg, i.v.), and ritanserin (40- 
160 µg/kg, i.v.) did not cause any significant change in the basal activity o f these 
neurons. Basal D A  release was significantly enhanced in both the nucleus accumbens 
(42%) and the striatum (33%) fo llow ing  the intraperitoneal adm inistration o f 5 
mg/kg SB 206553. In  contrast, SR 46349B (0.5 mg/kg, s.c.) and ritanserin (0.63 
mg/kg, i.p.) failed to affect basal D A  output in both regions. Taken together, these 
data indicate that central 5 -H T  system exerts a tonic in h ib ito ry  contro l on 
mesolimbic and nigro-striatal D A  pathway activ ity  and that 5 -H T 2℮/2в receptor 
subtypes are involved in this effect.

141.4
DECREASED CHAOS OF M ID B R A IN  D O PAM IN ER G IC  NEURONS AFTER 
SEROTONIN DENERVATIO N. E_. EspQsiқ₤  G,_D.i_GİQУaņni,.V· D i Mattęo and,
M. D i Mascio. Istituto di Ricerche Farmacologiche “ M ario  Negri” , Consorzio 
Mario Negri Sud, S. Maria Imbaro (Chieti), Italy.

In this study, electrophysiological techniques and computational methods were 
used to investigate the effects o f selective lesions o f serotonergic neurons on the 
chaotic content o f dopaminergic (D A) neurons in the ventral tegmental area (V TA ). 
Extracellular single unit recordings were performed in vivo on male Sprague Dawley 
rats, anesthetized w ith choral hydrate. D A  neurons in the V T A  were identified by 
their location, waveform, firing  rate and pattern. The non linear prediction method 
combined with Gaussian-scaled surrogate data was used to show the chaotic structure 
in the time series corresponding to the electrical activity o f V T A  D A  neurons. The 
main property o f this method is to differentiate the sequence-behavior emerging from 
stochastic noise and linear oscillations from sequence-dependentt nonlinearity, which 
easily leads to chaotic behavior. The term chaos here is intended to describe a highly 
erratic, yet deterministic behavior. A  decrease in chaos o f V T A  D A  neurons was 
found in a group o f rats lesioned w ith  5,7-dihydroxytryptam ine (5 ,7-DHT), a 
neurotoxin which selectively destroys serotonergic terminals. The chaos content of 
V T A  D A  neuorns in the control group and the decrease o f chaos in the lesioned 
group cannot be explained in terms o f standard characteristics o f neuronal activity 
(firing  rate, bursting activity). Moreover, in the control group a positive correlation 
was found between the density-power-spectrum o f the interspike intervals and the 
chaos content measured by non linear S prediction score; this relation was lost in the 
lesioned group. It is concluded that the impaired serotonergic tone induced by 5,7- 
D H T reduces the chaotic behavior o f  D A  cell firing  pattern, while retaining many 
standard interspike interval characteritics.

141.6
THE EFFECTS OF M ATERNAL SEPARATIO N ON THE 
NEURO NAL A CTIVITY  IN LOCUS CO ERULLEUS AND NUCLEUS 
ACCUM BENS. Z,N. Stowe*. Z.L. Tana. P.M. P lotskv. and C.B. 
Nemeroff. Dept, o f Psychiatry and Behavioral Sciences, Emory 
University School o f Medicine, Atlanta, G A 30322.

The im pact o f early adverse life events has gained increased 
attention in behavioral developm ent. O ne paradigm for assessing 
the im pact o f an early adverse event is the maternal separation 
model (P lo tsky et al). Briefly, Long Evans rats, separated from  their 
m others fo r 180 m inutes (HM Ś180)on postnatal days 2-14 are 
com pared to co-reared contro ls (HMS15). W e sought to 
characterize  and com pare the neuronal activ ity in the LC and 
nucleus accum bens (NAS) using extrace llu lar s ingle unit recordings 
from  spontaneously active neurons in chloral hydrate (400 mg/kg,
i.p.) anesthetized adult anim als. The baseline firing rates in the LC 
were  sim ilar between the two groups. In contrast, the neuronal 
excitation to paw pinch was m arkedly e levated in the HM S180 
(337.6 ± 364.6% ; n=17) com pared to the HM S15 (162.2 ± 120%, 
n=18). The basal firing rates o f neurons (n=36, tota l) in the NAS 
w ere  significantly h igher in the HM S180 com pared to HMS15, 
O.36±O.I7 and 0.1Э±0.07 respectively. These data provide evidence 
to suggest that neonatal maternal separation produces long standing 
a lterations in the respons¡vity and basal activ ity o f prim ary 
neurotransm itter system s. The variability  noted in the HMS180 
group is consistent w ith that observed in num erous other 
neuroendocrine and behavioral tests in this outbred strain.
Supported by grants MH 50113 (PMP).

141.8
DECREASED S TRIATAL DOPAM INE EFFLU X AFTER SYSTEMIC AND 
LO C AL A D M IN IS TR A TIO N  OF THE D I AG O NIST SKF 82958.
J. A. Zackheim* and E. D. Abercrombie. Center for Molecular and Behavioral 
Neuroscience, Rutgers University, Newark, NJ 07102.

The D I agonist SKF 82958 has been shown to have anti-parkinsonian efficacy 
in the MPTP primate model. In contrast the less potent D I agonist SKF 38393 has 
no such efficacy. The differential efficacy o f these compounds could result either 
from the compound’ s differing affinities for D I versus D2 receptors or from the 
greater potency o f SKF 82958 at D I receptors. The v iab ility  o f both o f these 
alternatives, taken together with the conflicting reports o f the effect o f SKF 38393 
on striatal dopamine efflux, currently obscures understanding o f the mechanisms 
underlying the anti-parkinsonian efficacy o f SKF 82958.

In vivo microdialysis in awake behaving rats was used to determine the impact 
o f SKF 82958 on dopamine efflux in the intact striatum. SKF 82958 was 
administered either systemically ( 1 .0  mg/kg i.p.) or locally by reverse dialysis at 
concentrations o f 1, 10 and 100 µM . Systemic administration o f SKF 82958 
significantly (p<0.05) reduced striatal dopamine efflux w ith a maximal decrease of 
42% occurring after one hour. Dopamine efflux remained depressed for over two 
hours. Local administration o f SKF 82958 dose-dependently reduced dopamine 
efflux. Significant (p<0.05) reductions occurred after 10 and 100 µ M  infusions. 
However prior infusion o f the D I antagonist SCH 23390 (100 µ M ) failed to prevent 
or attenuate the reduction in dopamine e fflux seen after local SKF 82958 
administration.

These data suggest that the effect o f SKF 82958 on striatal dopamine efflux is 
not mediated by D I receptors in striatum. The anti-parkinsonian efficacy o f the drug 
may therefore reflect combined action at several different pharmacological classes of 
receptor possibly including the striatal D2 receptor. This hypothesis is consistent 
w ith the observation that combined but not isolated administration o f SKF 38393 
and the D2 agonist quinpirole reduces parkinsonian symptoms in MPTP treated 
primates. [Supported by USPHS Grant D A  08086 (EDA)]
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141.9
DOPAMINE IN DIALYSATE DURING PACING OF SE X U A L  
BEHAVIOR: STIMULUS OR RESPO N SE?. J.B. Becker*. C.N. 
Rudick. W.J. Jenkins and D.L. Hum m er. Dept. Psychology, R eproductive  Sci 
& Neurosci Prog, Univ of M ichigan, Ann Arbor, M l 48109.

Dopamine (DA) increases in dialysate from  the  striatum and the  nuc leus  
accum bens (NAcc) during pacing of sexual behavior in fem ale rats com pared 
w ith fem ale rats engaging in sexual behavior and not pacing (M erm elste in & 
Becker (1995) Behav Neurosci, 109:354). O the r stud ies suggest tha t 
estrogen acts in the stria tum  to enhance sensorim oto r com ponents o f pacing 
and in the NAcc to affect motivational com ponen ts (Xiao & B ecker (1997) 
Horm  Behav, 32:114). The purpose of this s tudy is to fu rthe r determ ine the  
role of DA in the striatum and the NAcc in m odula ting pacing behavior of th e  
fem ale rat.

O var¡ectom ized (OVX) female rats were horm one prim ed (5 µg estrad io l 
benzoate for three consecutive  days fo llow ed by 500 µg p rogesterone  4-6  
hours prior to testing) and pretrained in the pacing cham ber to determ ine th e  
fem ales preferred rate of pacing. Four groups were tested  while u nd e rgo in g  
in vivo m icrodialysis: 1) O ne group was tested  while  pacing sexual behavior 
(Pacing); 2) A  second group was tested while  engaging in sex but not pacing 
(Non-pacing); 3) A third group was tested  during sexual behavior while th e  
investigator in troduced the male at the  fem ale ’s pre fe rred  pace (Preferred- 
Pacing; and 4) The fourth  group was tested  during sexual behavior while a 
vaginal mask was in place (Vaginal Mask). DA in dialysate was assayed by 
HPLC-EC. The pacing behavior was confirm ed from  videotapes.

DA in dialysate from the striatum and the NAcc w as significan tly increased 
in both the Pacing and the  P referred-Pacing groups over the  o ther groups. 
There was no significant d iffe rence  of DA in dialysate betw een the  Pacing 
and the Preferred Pacing groups. [BN S9021900 to JBB  & P30HD18258]

141.11
ESTRO GEN’S SITE OF ACTION IN STRIATUM DURING P A C E D  
MATING BEHAVIOR. W.J. Jenkins* and J. B. B ecke r. Dept. Psych, R eprod  
Sci & Neurosci Progs, Univ, of M ichigan; Ann Arbor, M l, 48109.

Female rats p re fer to prolong, or pace, the  rate of a sexual encoun te r to  
maximize the vag¡nocerv¡cal stim ulation received (i.e., pacing). Pacing is 
com prised of sensorim otor and m otivational com ponents that are measured in 
terms of percent exits (# times a fem ale leaves the male a fter receiving a 
sexual stim ulus ⁄  the num ber of sexual stimuli) and return latency (time to  
return to male). Direct application o f estradio l (E2) to the  striatum e nhances  
percent exits with no e ffect on return latency. This suggests  m odula tion o f 
sensorim otor aspects of pacing by the striatum . It also suggests  that E2 in the  
striatum is im portant for pacing behavior (Xiao & Becker, Horm & Behav (1997) 
32: 114). Extracellular dopam ine (DA) increases during pacing of sexual 
behavior (M ermelste in & Becker, Behav Neurosci (1995) 109: 354). 
Furtherm ore, E2 treatm ent enhances striatal DA release. It is unclear , 
however, w hether E2 is acting on the  DA term inals or on intrinsic striatal 
neurons to p roduce these e ffects.

Ovar¡ectom ized, Long-Evans rats received quino lin ic acid (120 nm oles/ 0.5 µl 
phosphate  buffer) in the striatum. Sexual receptiv ity was induced by 
sequentia l implants to the ventrom edial hypotha lam us of 30%  E2 48 hours 
p rio r to testing and progesterone 4.5 hours prior to testing. 30%  E2 or contro l 
was also implanted directly into the striatum fou r hours prior to  testing . Pacing 
behavior was recorded and com pared to prelesion, pre im plant values.

Preliminary data suggest that estrogen is acting at neurons intrinsic to the  
striatum as there does not appear to be an e ffect of estrogen  treatm ent on 
pacing behavior of lesioned anim als. [BN S9021900 to JBB  and P 3 0 H D 1 8 25 8 ]

141.13
OPPOSITE TO NIC  M O D U LA TIO N  OF DO PAM INE AND ADENOSINE ON c-ƒαv 
mRNA EXPRESSION IN STR IATO P A LLID A L NEURONS

P. Svenningsson'^. L, Fourreau2. B.Bloch2. B. B. Fredholm1, F. Gonotr. C. Lc Moine2

'Dept, o f Physiology and Pharmacology, Karolinska Institutet, S-171 77 Stockholm 
(Sweden), 2UMR CNRS 5541. Bordeaux (France).

There is evidence that endogenous adenosine mediates some o f the behavioural 
and neurochemical responses fo llow ing treatment w ith neuroleptic drugs. This could 
be related to the fact that adenosine A 2a and dopamine D 2 receptors are co-localized in 
striatopallidal neurons. However, adenosine and dopamine might interact also at other 
levels. In the present study we have therefore blocked the impulse flow-dependent 
dopamine release in striatum by unilateral lesion o f the medial ſorebrain bundle (M FB) 
w ith  6 -hydroxydopamine (6 -OHDA). W ith in  45 minutes this disruption reduced the 
striatal extracellular dopamine levels by 80 % as determined by in vivo voltametry. A 
strong induction o f c-ſos mRNA, confined to neurons expressing dopamine D 2 receptor 
mRNA, was detected in the ipsilateral dorsolateral striatum 75 min after 6 -OHDA 
injection. A t this time-point, the dopamine depletion caused no changes in the striatal 
levels o f either tyrosine hydroxylase immunorcactivity or dopamine D 2 receptor 
mRNA. The c~ſos mRNA expression induced by the acute 6 -OHDA in jection was 
strongly reduced by administration o f the selective adenosine A 2Λ receptor antagonist 
SCH 58261 (5 mg/kg).It is concluded that endogenous adenosine, acting via adenosine 
A 2a receptors, induces striatal c-ſos mRNA when the dopaminergic innervation is 
disrupted. Together w ith  earlier findings the present results also suggest that one o f the 
most im portant actions o f postsynaptic dopamine D 2 receptors is to block tonic 
activation o f adenosine A 2a receptors.

Supported by the Region ď  Aquitaine and the Swedish Medical Research Council 
(project no. 2553) and by Karolinska Institutet.

141.10
ESTROGEN REDUCES MPP+ EVOKED STRIATAL 
DOPAMINE RELEASE IN FEMALE, BUT NOT MALE, RATS.
K.A. Disshon* and D.E. D luzen. Dept, o f  Anatomy, NEOUCOM, 
Rootstown, OH, 44272.

The effects o f in vivo estrogen treatment upon MPP+ induced dopamine 
(D A) release were determined using in vivo microdialysis. Ovariectomized 
female rats were implanted or not w ith  a time release estrogen pellet ( .1  mg).
Six days later, a microdialysis probe was inserted into the left striatum. 
Dialysates were collected every 20 minutes for 17 intervals and analyzed for DA 
concentrations using HPLC. A fte r baseline DA release was determined during 
intervals 1 through 6 , 5 mM  MPP+ was infused during interval 7. A t interval 8 , 
perfusion w ith normal CSF resumed for the duration o f the experiment. Total 
MPP+ induced DA release was determined by adding DA release from intervals 
8 through 17 for each animal. A  significant decrease (p= .04) in total DA 
release in response to MPP+ infusion was obtained in estrogen treated (23.5 ±
3.7 ng, N =6 ) compared to non-treated controls (37.4 ± 4.7 ng, N =6 ). This 
experiment was repeated using orchidectomized male rats treated or not with 
estrogen. No difference in MPP+ induced DA release (p= .97) was seen between 
estrogen treated (37.9 ± 5.4 ng, N=5) and non-treated (38.5 ± 12.0, N= 4) male 
rats. These results demonstrate that in vivo estrogen treatment can decrease 
MPP+ induced striatal DA release in ovariectomized female rats as compared to 
controls. A  sim ilar effect was not seen in male rats, suggesting that this effect is 
gender dependent. These results may be related to the gender differences seen 
in Parkinson’s Disease.

This work was partially supported by a Research Challenge Grant from 
NEOUCOM.

141.12
ALTERED IND U CTIO N  OF c -fos  E X PR E SSIO N  FOLLOW ING  
DOPAM INE D ı -RECEPTOR STIM ULA Ή O N  IN MICE LACKING  
D 2 , D з . A N D  D 2/D 3 RECEPTORS. M.-Y. Jung* and C. Schm auss*2. 
^Fishberg Center for Neurobiol., ⅜ ep t. Psychiat & Brookdale Center for 
Developmental and M olecular Biology, Mount Sinai Med. Sch., New York, NY 
10029.

Although the independent activation o f dopamine (D A) D ı and D 2 
receptors leads to a differential and selective modulation o f cytosolic 
second m essenger levels , the com bined activation o f  D ı and D 2 
receptors also produces synergistic responses. Such functional D 1/D 2 
synergism has been shown for one o f the final targets in the signaling 
cascade o f  D A  receptors, i.e ., the induction o f  c -fos ex p re ss io n . 
However, the role o f other D 2-Иke receptors (D 3, D 4) in modulating D ļ- 
receptor-mediated stimulation o f c -fos expression is still unknown.

W e have generated by gene targeting via hom ologous recombination 
m ice deficient for D 2, D 3, and D 2/D 3 receptors and determined with 
Western blots the levels o f c -fos  immunoreactivity expressed in wild  
type and hom ozygous mutants 1 and 1.5 hr fo llow ing  an acute 
administration o f the D ı agonist SK F-82958 (lmg/kg i.p.). At postnatal 
ages P30 and P6O, c -fo s  induction was decreased in striatal and 
extrastriatal tissues o f  D2 single mutants and increased in D 3 single 
mutants when compared to wild type. Results o f  D 2/D 3 double mutants 
further demonstrate that the magnitude o f  enhancem ent o f c -fos  
responses in D 3 mutants is substantially greater than the diminution o f c- 
f o s  responses detected in D 2 mutants. The results indicate that 
expression o f D 2 receptors is required for maximum c -fos induction  
fo llo w in g  D ļ -receptor stim ulation  in vivo  and that, in contrast, 
expression o f Ҧ  receptors is required for attenuating this response.

Supported by NSF IBN-9409772 (C.S.)

141.14
NEONATAL DAMAGE OF THE RAT VENTRAL HIPPOCAMPUS REDUCES 
EXPRESSION OF A DOPAMINE TRANSPORTER B.K. L ipska*, Z .Z . Khaing,
D.N. Lerm an, D.R. W einberger. C lin ica l Bra in  D isorders Branch, IRP, NIMH, 
N euroscience  C enter a t St. E lizabeths, W ash ing ton , DC 20032.

Rats w ith  neonatal (postnata l d ay  7) iboten ic  acid  les ions o f the ven tra l 
h ippocam pus (VH) a re  used as an an im a l m odel o f a va rie ty  o f sym p tom s of 
sch izoph ren ia . A t a postpuberta l age, the  VH les ioned rats d isp lay  m otor 
h yp e ra c tiv ity  in response to stress, dooam ine  agonis ts  (apom orph ine  and 
am phetam ine) and an N M D A  antagonist, N K-801. Despite behaviora l s tim ulation, 
dopam ine  re lease  is s ign ifican tly  attenuated in the  n. accum bens (Acc) in 
response to  am phe tam ine  (as assessed by in v ivo  m icrod ia lys is), in the striatum  
(Str) a t base line  and in the  fronta l co rtex, S tr and A cc  in response to stress (as 
assessed  by 3 -M T concentration). In th is  s tudy, w e  exp lo red  the  e ffects o f the 
neonata l lesion on the express ion  o f genes re la ted to the dopam ine  system . We 
m easured  leve ls  o f m R N A s fo r D1, D2 and D3 receptors, neurotensin  (N T), 
proenkephalin  (pEnk) and dopam ine  transporter (D AT) using in situ hybrid ization  
h is tochem is try  fo llow ed  by  d ens itom etric  a na lys is  o f  film s and m ic rosco p ic  s ilv e r 
gra in  ana lys is  in a du lt rats les ioned as neonates. The  neonata l VH lesion had no 
effect on e xpress ion  o f D3 receptors  in A cc, pE nk  in S tr, NT in A cc o r Str. D1 
e xpress ion  w a s  not s ign ifican tly  a ltered in S tr o r Acc. The  lesion, h o w e v e r, 
s ig n ifican tly  (by 18%, p<0.05) reduced D2 m R N A  in S tr and A cc  and NT in the 
la teral septum  (Spt), p<0.05. D AT m R N A  e xpress ion  w a s  m a rke d ly  reduced in 
the substantia  n igra (by 48% , p<0.01) and ven tra l tegm enta l area (by 60% , 
p=0.055) o f the VH lesioned rats. The  m echan ism  responsib le  fo r the reduced 
express ion  o f DAT fo llow ing  the neonatal V H  lesion  is  unc lear, bu t reduced DAT 
m ay resu lt in p ro tracted  clearence  o f synaptic  dopam ine, behaviora l h y p e ra c tiv ity  
and co m p en sa to ry  dow nregula tion  o f do* am ine  receptors (G iros et a!. 1996, 
Jones e t al. 1998). It needs to be dete rm ined if a ltered express ion  of 
m e sencepha lic  D AT is invo lved  in sch izophrenia .

Society for Neuroscience, Volume 24 ,1998



SUNDAY PM CATECHOLAM INES: PH YSIOLOGY Ш 357

141.15
SYSTEMIC HALOPERШ OL-ΓNDUCED INCREASES IN  DO PAM IN E RELEASE 
IN THE SUBSTANTIA NIG RA: ROLE OF G LU TA M A TE  RECEPTORS. W.S. 
Cobb* and E.D. Abercrombie. Center for Molecular and Behavioral Neuroscience, 
Rutgers University, Newark, NJ 07102.

In Parkinson’ s disease (PD) and in animal models o f PD, the activity o f neurons in 
the subthalamic nucleus (STN) apparently is increased and such a state would produce 
an increased excitatory glutamatergic (GLU) drive to substantia nigra (SN). Animals 
with bilateral 6 -O HD A lesions show sim ilar behavioral alterations as animals treated 
with systemic haloperidol (H A L) suggesting that sim ilar changes in the basal ganglia 
circuitry may occur in both models o f D A  deficiency. Systemic H A L  administration 
has been shown to increase dendritic D A  release in SN. This effect appears to be 
modulated via long loop mechanisms rather than by local autoreceptors (Abercrombie 
et al., 1998) since local perfusion o f H A L  via a microdialysis probe using reverse 
dialysis had no effect on extracellular D A  levels in SN whereas local injection o f H A L 
in striatum was effective in e liciting a significant increase in nigral D A  release. An 
increase in glutamatergic tone in SN due to disinhib ition o f STN may explain these 
observations. Therefore, we explored the hypothesis that acute administration of 
systemic H A L  may m imic the c ircuit changes observed w ith  D A  depletion in PD. In 
vivo microdialysis was used in  order to examine the effect o f G LU  receptor 
antagonism on D A  release evoked in SN in response to systemic H A L  administration. 
GLU receptor antagonists were administered locally through a microdialysis probe in 
SN and D A  release was measured before and after systemic H A L  challenge (0.5 
mg/kg). No significant differences in HAL-induced increases in nigral D A  release were 
observed w ith co-infusion o f APV (Ю 4̂ M ), a competitive N M D A  antagonist. These 
data suggest that N M D A  receptors are not involved in the mechanisms underlying 
HAL-induced increases in D A  release in SN. Preliminary experiments (n=3) using 
CNQX (Ю 4̂ M ), a non-NM DA receptor antagonist, showed no significant increases in 
extracellular levels o f nigral D A  in response to systemic H A L  challenge. These data 
suggest a potential role for non-NM DA glutamate receptors in the effects o f systemic 
HAL on dendritic D A  release in SN. Supported by USPHS Grant NS 19608.

141.16
CARBAM AZEPINE (CBZ) AND VALPROIC ACID (VPA ), MOOD  
STABILIZER S, INCREASE EXTRACELLULAR DOPAM INE (DA- 
ext) LEVELS IN RAT M EDIAL PREFRONTAL CORTEX (m PFC ) 
BUT NOT NUCLEUS ACCUM BENS (NA C). ī. Ich iƙяw я* and H.Y. 
Meltzer. Dep. Psychiatry, Vanderbilt Univ. Sch. Med., Nashville, TN  37212

The increase in DA-ext levels in the mPFC produced by antidepressant drugs may 
be related to their antidepressant effects (Tanda et al. 1994). The effect o f chronic 
antidepressant treatment to increase basal and stimulated DA-ext levels in the NAC 
has been proposed as the basis for the switch from depression to mania which they 
sometimes induce (Ichikawa et al. in press). Clozapine, an atypical antipsychotic, 
produces a greater increase in D A -ext levels in  the mPFC compared to the NAC 
(Kuroki et al. in our laboratory in press) has been reported to be an effective mood 
stabilizer (Calabrese et al. 1996). I t  is hypothesized that D A  activity in  the PFC may 
contribute to mood stabilization. Thus, CBZ and VPA, mood stabilizers, would also 
be predicted to increase DA-ext levels in the mPFC but not NAC. We have examined 
the effect o f CBZ and VPA on DA-ext levels in the mPFC and NAC o f awake rats 
(N=4-7). CBZ (6 , 12.5 and 25 mg/kg, SC) and VPA (250, 500 and 1000 mg/kg, SC) 
significantly increased DA-ext levels in  the mPFC (maximum increase o f pre-drug 
basal levels: l7O ±lO % *, 259±34%* and 233± I9% *, respectively, fo r CBZ; and 
l 8 8± l 6 % *, 237±I6% * and 4O4±48%*, respectively, fo r VPA ) compared to vehicle 
controls (l37±7% ) (*p<0.05). Only high dose VPA (1000 mg/kg) decreased DA-ext 
levels in the N A C  (maximum decrease: 4O±6%*) compared to controls (9O±5%) 
whereas CBZ (6 , 12.5 and 25 mg/kg) and VPA (250 and 500 mg/kg) had no effect in 
the NAC. These results indicate that CBZ and V PA may selectively increase DA 
ưansmission in  the mPFC while decreasing or having m inim al effect in the NAC. 
The ability o f CBZ and VPA to improve depressive symptoms w ithout producing a 
manic switch, or vice versa, may be related, in part, to their ab ility  to facilitate DA 
ưansmission in the mPFC but not NAC. Supported by NARSAD.

141.17
EFFECTS O F IB O G A IN E , N O R IB O G A IN E  A N D  H A R M A L IN E  O N  TH E  
E X T R A C E L L U LA R  L E V E LS  O F D O P A M IN E  A N D  IT S  M E T A B O L IT E S  
IN R A T  S T R IA T U M . B. Gouαh^. W. Slikker. Jr. and S.F. Ali. 
Neurochem¡stry Laboratory, Division of Neurotoxicology, National Center 
for Toxicological Research/FDA, Jefferson, AR 72079.

Iboga¡ne (IBO) is an indole alkaloid which has been proposed as a therapeutic 
treatment for drug addiction. However, the mechanism of action of IBO is still 
unclear. Recently we reported that a single,ip injection of IBO produced time 
dependent neuroendocrine and neurochemical effects in rats. The present study 
is designed to investigate if direct infusion of IBO, its metabolite noribogame 
(NIBO), or harmaline (HAR) into the striatum produced changes in the 
dopaminergic system which may mediate the antiaddictive effects of these 
alkaloids. Adult male rats were used and cannula was inserted into the striatum 
using stereotaxic coordinates. One week after the surgery, each drug was 
infused directly into the striatum (100 uM for 20 min. in artificial CSF) and the 
microdialysate was collected every 20 minutes for 4 hours. IBO, NIBO and HAR 
produced an increase of dopamine (DA) with time that peaked at 40 minutes 
after the drug infusion. Similar increases were found with NIBO and HAR. DA 
metabolites (DOPAC and HVA) exhibited a decreasing trend after each drug 
administration. The potency to release DA was as follows: HAR>NIBO>IBO. 
These data show that direct infusion of IBO or its metabolite NIBO and a 
structurally related compound HAR can produced changes in the dopaminergic 
system which may mediate the antiaddictive properties of these alkaloids. 
Supported by NCTR/FDA.

141.18
NEURO NAL RELEASE OF DO PAM IN E A N D  SEROTONIN IN  THE 
V EN TRAL TEG M ENTAL AREA AN D  NUCLEUS ACCUMBENS. 
A C T IV A T IO N  BY  MUSCARINIC CHOLINERGIC RECEPTORS. B. Gгonier*.
K. Rasmussen &  K. Perry. Neuroscience Research, L il ly  Research Laboratories, 
L illy  Corporate Center, Indianapolis, IN  46285.

Release o f endogenous serotonin (5-HT) and dopamine (D A) was 
simultaneously characterized in the somatodentritic (venưal tegmental area) and 
terminal (nucleus accumbens) regions o f the mesolimbic D A  system in 
anaesthetized rats using dual probe in v ivo microdialysis, before and during the 
inưategmental infusion o f the selective muscarinic agonist oxotremorine M  
(OXO M). Rats were implanted w ith dual microdialysis probes ipsilaterally into 
the ventral tegmental area (V TA ) and nucleus accumbens (NAC). Inưategmental 
infusion o f OXO M  ( 1 ш M ) progressively increased D A  and 5-HT exfracellular 
levels in the V TA  to approximately 100% and 70% over baseline, respectively. 
Both V TA  D A  and 5-HT levels dropped to 50% or less o f  baseline when the 
buffer was replaced by a calcium free buffer containing OXO M  (1 mM), 
indicating that these alterations in neurotransmitter levels were due to changes in 
synaptic release. In the NAC, a sim ilar increase in exfracellular DA , but not 5- 
HT, was observed during OXO M  infusion in the V TA . The removal o f calcium 
in the V T A  did not cause a decrease in NAC D A  levels, indicating that OXO M  
still activated V TA  D A  neurons, probably via a direct interaction. These data 
complement our previous in v ivo electrophysiological observations (1) that V TA  
DA cells possess functional muscarinic receptors involved in the control o f their 
firing  and provide evidence for a concordant response o f terminals and 
somatodendritic release o f DA  to intrategmental infusion o f  a muscarinic agonist. 
These results also suggest that muscarinic receptors may modulate the synaptic 
release o f 5-HT in the VTA.
(1) Gronier &  Rasmussen, 1998, Brit. J. Pharmacol (in press)

141.19

NEWLY-DESIGNED HIGH SPEED VOLTAMMETRY: 
MEASUREMENT OF DOPAMINE AND SEROTONIN. T A IZ Q  
N A K A Z A T O 1* and A K IT A N F  A K IY A M A 2. *Dept. o f  P hysiol., Juntendo 
Univ. Sch. o f  M ed., 2-1-1 Hongo, B unkyo-ku, Tokyo  113-0033, ⅛ e p t. o f 
E lectronic chem., To kyo  Inst, o f  Tech., Yokoham a 226-0027, Japan.

H igh speed in v iv o  vo ltam m etric  system ¡¦¦'Ŝ "onmeoPn«n!«iion0,il' ,0гn’' a5UГ*m‘n,0,<l0pamı 
was new ly designed fo r sim ultaneous 
measurement o f  dopam ine and serotonin.
A pp lied  potentia l p ro file  is shown in  the 
figure. D A  and 5 -H T  currents were 
measured when potentia ls were raised 
from 100 to 250 m V ; 300 to 450 m V , 
respectively. T o  exclude the in fluences o f  D O P A C , H V A  and ascorbic acid 
(A A ) to D A , and o f  5 -H IA A  and u ric  acid (U A ) to 5 -H T , the current observed 
at 100 and 300 m V  was subtracted fro m  the current observed at 250 and 450 
mV. Measurement was perform ed every 250 ms. Carbon fib e r electrode (7 
µ m  in diam eter) was used. In vitro  sensitiv ities o f  D A  and 5 -H T  (Ю^ M ); 
D O P AC , H V A  and 5 -H IA A  ( lO -6 M ); A A  and U A  (1CΓ5 M ) were exam ined. 
D A  and serotonin-current signals were increased dose-dependently. D A  was 
not in fluenced by existence o f  1 0 ňM  D O P A C , but 5 -H T  was in fluence by 5- 
H IA A . 10° M  A A  did not in fluence  D A  current signal. E lectrode could  be 
used fo r more than several months w ith ou t changes in sensitivities. Th is  
new ly designed system carried out a stable and long-te rm  measurement o f  D A  
and 5 -H T  in 250 ms in terva l. In vivo  experim ent was planned in the rat under 
the freely m oving  cond ition.

SI s ,
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T⅛"<m.l

141.20
DOPAMINE RELEASE IN THE SUBSTANTIA NIGRA AND STRIATUM 
ASSESSED BY HIGH-SPEED CHRONOAMPEROMETRIC RECORDINGS IN 
RAT BRAIN SLICES. A. F. Hoffman* and G.A. Gerhardt. Dept, of Pharmacology 
and Rocky Mountain Center for Sensor Technology, Univ, of Colorado Health 
Sciences Center, Denver, CO 80262.

Although the somatodendritic release of dopamine (DA) by neurons of the 
substantia nigra (SN) has been postulated to modulate basal ganglia output, little is 
known about the mechanism(s) of release within the SN. We performed high-speed 
chronoamperometric recordings using Nafюn-coated single carbon fiber electrodes in 
brain slices (300 µm) containing the striatum or SN. Bath superfusion of d- 
amphetamine (500 µM) resulted in detectable DA-like electrochemical signals in both 
brain regions, and the peak amplitude was significantly higher in the striatum (1.18 ± 
0.17 µM; n = 9) than in the SN (0.46 ±0.14 µM; n =6). Similar results were observed 
when d-amphetamine was locally applied via pressure ejection. Pressure ejection of 
KC1 (70 mM) produced detectable signals in striatal slices, but not in the SN. In 
contrast, superfusion of slices with 30 mM KCI produced detectable DA-like 
electrochemical signals in both brain regions. Peak amplitudes were significantly 
higher in the striatum (3.12 ± 0.33 µM; n = 62) than in the SN (0.38 ± 0.02 µM; n = 
73). In order to further characterize KCl-evoked DA release, successive stimuli were 
performed at 30 minute intervals within the same slice. In control slices, the peak 
amplitude of the two signals, expressed as the S2/Sl ratio, was 0.87 ± 0.11 in the 
striatum (n =10) and 0.81 ± 0.09 in the SN (n =10). Tetrodotoxin (500 nM) 
significantly reduced the S2/Sl ratio in both brain regions (0.11 ± 0.05 and 0.31 ±
0.04 for the striatum and SN, respectively). In contrast, cadmium (500 µM) reduced 
the S2/Sl ratio in the striatum (0.04 ± 0.01; n = 8) but not in the SN (0.73 ± 0.05; n 
=8). Superfusion of slices with Ca+2 -free buffer reduced KCl-evoked release to 16 ± 
3% of control in striatal slices, but did not affect release within the SN (85 ± 15 % of 
control). These results demonstrate potential differences in release mechanisms 
between the SN and striatum. Supported by NS09199 and ΛGO6434.
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141.21
ΛMPl·：ROMETRIC DETECTION OF EXOCYTOSIS AT SINGLE ADRENAL 
CELLS FROM THE MOUSE MUTANT COLOBOMA.
T.L· Colliver'¯ 2*, E.J. Hess2. A.G. Ewing1, 2. 'Dept, o f Chemistry, Penn State 
University. University park, PA 16802, 2 Dept, of Neuroscience and Anatomy, 
Pennsylvania State University College o f Medicine, Hershey Medical Center. 
1 łershev. PA 17033

The mouse mutant Coloboma has recently been identified as a unique animal model 
of spontaneous hyperactivity. While the Coloboma mutation has been defined as a 
deletion mutation encompassing several genes on chromosome two. the hyperactivity 
of these mice has been shown to result directly from the depletion o f SNAP-25. This 
protein is associated with the plasma membrane o f presynaptic terminals and plays a 
critical role in neurotransmitter release. In Coloboma mice, it is reasonable to 
conclude that decreased levels o f SNAP-25 give rise to abnormalities in presynaptic 
function that ultimately leads to their hyperactivity. Central to understanding the role 
of SNAP-25 in coloboma hyperactivity is defining, on the single-cell level, the 
changes in neurotransmitter release that result from decreased levels of this protein. 
To investigate these changes, we have exploited the high sensitivity and temporal 
resolution o f carbon fiber micro-electrodes and used them to amperometrically detect 
single exocytotic events from isolated control and Coloboma mouse adrenal cells. In 
contrast to amperometrically recording exocytosis from CNS neurons (Pothos et al., 
Advances in Pharmacology 42: 198, 1997), our results have shown that it is possible 
to record a large number (tens to hundreds) o f well resolved exocytotic events from 
single mouse adrenals cells in culture. Additionally, we have found that 
catecholamine-containing cells in mouse adrenal cultures can be consistently 
identified by their morphology thus eliminating the requirement for labeling methods 
to confirm cell identity. These results demonstrate that, in contrast to CNS neurons, 
cultured mouse adrenal cells are a very tractable preparation and can be used, in 
combination with amperometric techniques, to investigate the changes in exocytosis 
that occur at the single cell level in genetically altered mice.
Supported by the National Institutes o f Health.

TRANSMITTERS IN INVERTEBRATES ĩ ï  

142.2142.1
THE F-ELEMENT INSERTIONAL ALLELE OF THE 
DROSOPHILA M EIΛNOGASTER NM DAR-I GENE
J. Wismar. B. Lenz-Bŏhme. S. Fuchs. M. Völkner. U. Müller*. H. Betz and
B. Schmitt
MPI fur Himforschung, Abt. Neurochemie, Deutschordenstraße 46, D- 
60528 Frankfurt, Germany

In the vertebrate central nervous system most fast excitatory synaptic 
transmission is mediated by L-glutamate acting on postsynaptic receptors. 
These glutamate receptors constitute a family o f receptors that can be 
categorized into ionotropic and metabotropic subtypes. The ionotropic 
receptors are further subdivided into the N-methyl-D-aspartate (NMDA) 
receptors and the α-amino-3-hydroxy-5-methyl-4-isoxazolepropionate 
(AMPA)/kainate (non-NMDA) receptors. Molecular studies have identified 
five subunits o f the NMDA receptor (NMDAR1, NMDAR2A-D) in 
vertebrates. The NMDAR1 subunit is the most important one because it is 
likely to be constituent o f all NMDA receptor subtyps.

The Drosophila melanogaster homolog o f the NMDAR1 gene DNMDAR-I 
is located on the third chromosome in region 83A5-9. Sequence analysis of 
the genomic DNA and the corresponding cDNA revealed a gene consisting o f 
nine introns and 10 exons defining an open reading frame of 2,898 bp. The 
predicted aminoacid sequence shows 46% homology to the NMDAR1 
receptor subunit from rat. We identified a mutant allel o f the DNMDAR-I 
gene containing a F-element insertion in the third intron. The homozygous 
mutant animals are sublethal. The surviving males show abnormal behavior 
during copulation. Olfactory studies indicate that this might be due to a 
reduced response to olfactory signals.

SEROTONIN PRECURSOR TREATM ENT AND BEHAVIORAL TRAINING 
ALTER SWIM M OTOR PATTERN PRODUCTION IN TRITONIA.
D.J. Fickbohm* & P.S. Katz. Biology Dept, Georgia State Univ, Atlanta, GA 30303.

Regulation of transmitter synthesis is a potential site for memory storage. We 
have evidence suggesting that levels of serotonin (5HT) in the nudibranch mollusc, 
Tritonia diomedea, may be adjusted dynamically by experience. 5HT is released 
from the dorsal swim intemeurons (DSIs) and acts as both a neuromodulator and 
neurotransmitter in the central pattern generator (CPG) for escape swimming (Katz 
and Frost, J. Neurophysiol., 74, '95). In an effort to characterize the role of 5HT in 
long-term control of pattern generation, we examined the effect of 5HT precursor 
treatment and intense swim stimulation on swim motor program generation.

We incubated the isolated Tritonia nervous system with 1-2 mM of the 5HT 
precursor, 5-hydroxytryptophan (5HTP), for 40-60 minutes. This treatment appeared 
to increase 5HT levels and nerve-evoked 5HT release as determined by 5HT 
immunolabeling and electrochemical bioamine measurements, respectively. 5HTP 
treatment enhanced DSI synaptic and modulatory strength for over 24 hours. 
Furthermore, the ability of the DSIs to trigger prolonged rhythmic activity was 
enhanced; brief depolarization of a single DSI was sufficient to trigger a swim motor 
program, a situation which rarely occurred in untreated preparations.

An increase in the ability of DSIs to evoke a swim motor program also was 
observed following intense behavioral training of the animals, which consisted of 
repeated bouts of swim stimulation. 3 weeks or more after such training, stimulation 
of a single DSI at spike frequencies much lower than frequencies measured at the 
onset of normal swim episodes was sufficient to evoke a swim motor program in 
isolated ganglia. Furthermore, trained animals appeared to swim more readily.

These results suggest that increased 5HT synthesis in the DSIs enhances their 
actions on other members of the CPG, thereby altering production of the swim motor 
program, and may play a role in memory storage of behavioral experiences.

Supported by NIH grant NS-35371.

142.3
SEROTONIN RESPONSES OF ACUTELY ISOLATED IDENTIFIED 
NEURONS FROM  THE TRITONIA SW IM  CPG. L.B. Popova1-2 and 
P.S. Katz1*. 'Department.of Biology, Georgia State University, Atlanta, GA 30303 
and 2A.N. Belozersky Institute, Moscow State University, 119899 Moscow, Russia.

Serotonin (5HT) plays a dual role as a neuromodulator and a neurotransmitter 
within the central pattern generator (CPG) for escape swimming in the nudibranch 
mollusc, Tritonia diomedea. The dorsal swim intemeurons (DSIs) are serotonergic 
and evoke synaptic and modulatory actions onto themselves and onto intemeuron 
C2. To better characterize the actions o f 5HT, we examined its effects on identified 
CPG intemeurons that were acutely isolated from other neurons.

DSI and C2 were visually identified and impaled with a single microelectrode in 
an enzymatically-treated hemi-ganglion preparation. Discontinuous cuưent clamp 
recordings were made of neurons in situ in the ganglion and following isolation. 
Cells were isolated by moving the recording electrode with the impaled neuron 
away from the ganglion, thereby pulling out the cell body and a large length of 
axon. The isolation procedure increased the input resistance o f the neuron, 
presumably due to loss o f synaptic inputs and axonal processes. After recording 
from the isolated cell, it was transferred to a gelatin solution, fixed with 4% 
paraformaldehyde, and immunohistochemically stained. The DSIs displayed 5HT- 
like immunoreactivity and the C2s showed FMRFamide-like immunoreactivity as 
has been previously reported, thereby confirming the identity o f these neurons.

DSI and C2 had different responses to pressure-applied 5HT. As seen in intact 
ganglia, 5HT depolarized C2 in situ or when isolated. In contrast, 5HT applied to 
the soma of a DSI rarely evoked a response in situ or following isolation. However, 
5HT applied to the bare axon of isolated DSIs elicited a depolarizing response and 
increased DSI excitability. The 5HT-evoked response did not exhibit a reversal 
potential indicating that it may be due to more than one conductance.

These results show that the DSIs are sensitive to 5HT and suggest that their 
serotonergic synapses onto each other and perhaps onto themselves enhance their 
excitability, thus contributing to the production of the swim motor program.

Supported by NIH grant NS-35371.

142.4
OCTOPAMINE: A FEEDING MODULATOR IN THE POND SNAIL LYMNAEA 
STAGNALIS. Á. Vehovszkv. L. Hiripi1. E. Voronezhskava2, K. Elekes1 and C. J. H. 
Elliott*. University of York, Department of Biology, Heslington, York, YOl 5DD UK. 
⅛alaton Limnological Research Institute of the Hungarian Academy of Sciences, 
Tihany H-8237, Hungary, institute of Developmental Biology, Russian Academy of 
Sciences, Moscow, Russia

We have located a pair of octopamine immunoreactive neurons in the buccal ganglia 
and characterised them electrophysiologically and morphologically (N=6). Double 
labelling with Lucifer yellow (N= 3) shows their processes are confined to the buccal 
ganglia. These cells are called OC (Octopamine Containing) neurons.

OC neurons have synaptic connections with known members of the feeding network. 
They are excited during the swallowing (N3) phase of the rhythm. OC neurons are 
strongly electrically coupled to the B4 cluster motoneurons (N= 39). They produce 
modulatory effects on many feeding motoneurons (N= 62) and intemeurons 〇V=12). 
Prolonged (20-30 seconds) intracellular stimulation of OC cells triggers Active feeding 
(N=IЗ), as does 5 x l0 '5M octopamine perfused over the isolated central nervous system 
(N= 23).

In intact snails, injection of the antagonists phentolamine, demethylchlordimeform 
(DCDM) and 2-chloro-4-methyl-2-(phenylimino)-imidazolidine (NC-7) reduced 
feeding behavior. Unlike controls, snails which received 25-50 mg/kg phentolamine did 
not start feeding in lOmM sucrose (χ2 P=<0.01). The same dose of NC-7 also 
significantly (χ2 P=<0.01) reduced the number of feeding snails. Phentolamine and NC- 
7 also significantly decreased the feeding rate (bites per minutes, Student's t test 
P=<0.01) of those animals which still accepted food.

We conclude that octopamine modulates the feeding system of Lymnaea stagnalis and 
the newly identified pair of OC neurons may be part of the mechanism.
This work was supported.by a Wellcome Trust Fellowship to Á.V. and a BBSRC grant 
(currently supporting Á.V), and by Hungarian Scientific Research Fund (OTKA) 
Grants, No 016015 and No 2477to K.E.
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142.5
INTERACTIONS BETWEEN FMRFAMIDE AND FMRFAMIDE- 
LIKE PEPTIDES. T. J. Fort and R. B. Hill*. Dept. Biological 
Sciences, University of Rhode Island, Kingston, R.l. 02881.

The cardioexcitatory tetrapeptide, FMRFamide, elicits a variety 
of responses, in the buccal muscles of Busvco∩ canaliculatum. 
characterized by a delayed development of maintained force 
with slow relaxation. Two N-terminally extended peptides, 
pQDPFLRFamide and N-acetyl-F-Nle-RFamide, appear to 
antagonize the action of FMRFamide. The Helix heptapeptide 
pQDPFLRFamide alone does not induce contracture of the 
buccal muscles, but will relax FMRFamíde-induced contractures 
whilst not relaxing ACҺ or KCI induced contractures. These 
results suggest that pQDPFLRFamide acts as a reversible 
competitive antagonist to FMRFamide receptors and not simply 
as a relaxing agent. N-acetyl-F-Nle-RFamide induced 
contracture in all muscles with a maximal contractile effect 
observed at 9x1〇·℮M, while higher concentrations produce 
reduced force generation. 1〇-5M N-acetyl-F-Nle-RFamide 
induced rapid relaxation of FMRFamide-induced contractions, 
suggesting it acts as a potential FMRFamide antagonist, 
possibly by receptor desensitization, but the mode of the 
antagonism is still to be determined.

142.7
THE MODULATORY ACTIONS OF CCAP ON THE DEVELOPING 
STOMATOGASTRIC GANGLION OF THE LOBSTER HOMARUS 
AMER1CΛNUS. K.S. Richards* and E. Marder. Volen Center, Brandeis 
University, Waltham, MA 02254.

Crustacean cardioactive peptide (CCAP) is a circulating neurohormone in many 
crustacean species. Previous work (Weimann et al., [1997] J. Neurosci. 17:1748) 
showed that CCAP strongly modulates the stomatogastric ganglion (STG) o f the 
crab, Cancer borealis. We now study the effects o f CCAP on pyloric neurons 
during different developmental stages o f the lobster Homarus americanus. In 
particular, we focus on the lateral pyloric (LP) and the pyloric dilator (PD) 
neurons.

In adults, recordings were made extracellularly from the motor nerves, and 
intracellularly from the LP and PD somata. These recordings were made on 
preparations that were both with and without anterior input to the STG. In earlier 
developmental stages (juvenile, larval, and embryonic) we recorded 
intracellularly from the pi muscle which is innervated by the LP neuron, and then 
used the measured excitatory junctional potentials (EJPs) as an assay o f LP 
neuron spike activity. These recordings were done with the anterior input to the 
STG intact. With both o f the developmental and adult measurements, we counted 
the number of spikes in a burst as defined by both the EJPs and action potentials, 
in control conditions and in the presence o f 10'6M CCAP.

In the adult, both the LP and PD neurons respond to Ю̂ *M CCAP with an 
increase in the number of spikes per burst. Blocking the anterior input, leads 
additionally to an increase in the frequency o f the pyloric rhythm. During mid to 
late embryonic, larval, and juvenile stages, the increased activity o f the LP neuron 
is also present. The pyloric frequency is increased in the presence o f CCAP in 
embryonic, and early larval animals. These data suggest that the adult response 
to the modulator CCAP is already present by mid-embryonic development.

Supported by NSO7292 and NS 17813.

142.9
A COMPUTATIONAL MODEL OF NO DIFFUSION
M. O’Shea1. A. Philippides1. P. Husbands2. T. Smith2 and M.R. Elphick3* 'Sussex 
Centre for Neuroscience, Biological Sciences, University of Sussex, Brighton, E 
Sussex BN1 9QG, UK; ⅛ entre for Computational Neuroscience and Robotics, 
Innovation Centte, Science Park Square, University of Sussex, E Sussex, BN1 
9SB, UK; ⅛iological Sciences, Queen Mary & Westfield College, University of 
London, El 4NS, UK

We present a computational model of Nitric Oxide (NO) diffusion in nervous 
systems. The discovery that this freely diffusing molecule acts as a 
neurotransmitter has recently had a major impact on our thinking about 
fundamental neural mechanisms. For the first time, we have modelled diffusion 
from biologically realistic structures and results from our investigation into spatial 
and temporal aspects of NO spread are described. In particular we show that the 
morphology of NO sources in the mushroom bodies of the insect brain can create 
compartments in which NO can attain stable high concemrations with a “memory” 
of past NO synthesis. We also show that in neurons that synthesize NO, the 
highest concentration following activation of NOS are found in the nucleus. In 
addition we explain how this study links to more absưact modelling of the 
modulatory effects of NO in neuronal networks that may have important 
consequences for both neuroscience and engineering. For example we have 
abstracted general principles about how the diffusion of a modulatory ưansmitteг 
changes network properties and applied them to evolving artificial nervous 
systems used to control autonomous robots.

142.6
Convergent m odulatory peptides act on the sam e voltage-dependent 
current in stom atogastric neurons o f  Cancer borealis. A. Swensen* and
E. M arder. Volen Center, Brandeis University, W altham, M A 02254.

A large num ber o f  m odulatory transm itters and hormones are present in the 
stom atogastric nervous system o f  crustaceans. The m odulatory effects o f  these 
substances on the pyloric and gastric rhythms are well documented. Less work, 
however, has been done exam ining the effects o f  these m odulators at the 
cellular level. The purpose o f  this study was to characterize the currents 
directly activated by some o f  these substances.

Cultured stom atogastric ganglion (STG ) cells were recorded 2 to 4 days after 
plating. For in situ recordings, the STG was isolated from higher modulatory 
input using a sucrose block o f  the stom atogastric nerve. N eurons were semi- 
isolated from each other using picrotoxin to block glutam atergic synaptic 
transm ission. Currents were obtained using various voltage-clam p protocols.

We found that the m uscarinic agonist pilocarpine and at least six peptides 
[proctolin, CabTR P (cancer borealis tachykinin-related peptide), CCAP 
(crustacean cardioactive peptide), RPCH (red pigm ent concentrating hormone), 
TN RN FLRFam ide and SD RNFLRFam ide] all activate the same current in 
stom atogastric neurons. This current is the ‘proctolin’ current previously 
characterized by Go!owasch and M arder (1992). It is an inward current 
show ing strong outward rectification with a peak am plitude around -30 mV and 
a reversal potential o f  about + l 〇 mV. Additionally, in low extracellular calcium 
this current shows an increase in am plitude and its I-V curve linearizes. W ork 
is currently in progress to test for cross-desensitization am ong the modulators. 
A lthough the LP neuron responds to all o f  these m odulators, other neurons 
respond to various subsets o f  these substances. Supported by NS 17813.

142.8
GLUTAMATE IS THE FAST EXCITATORY NEUROTRANSMITTER OF PEPTIDERGIC 
MECHANOSENSORY NEURON B21 A.N. Klein. K.R.Weiss. and E.C. Cropper*. Dept of 
Physiology& Biophysics, Mt Sinai School of Medicine, NY, NY, 10029

Recent data have suggested that ingestive feeding motor programs in Aplysiа are modified 
by the activity of a cluster of radula mechanoafferent neurons in the buccal ganglion. This 
cluster, which includes the neuron B21, innervates the subradula tissue. Previous studies have 
shown that the radula mechanoafferent neurons contain the neuropeptides SCPa and SCPb. 
B21 has been shown to make electrical connections to many elements of the buccal CPG, but a 
classical neurotransmitter has not yet been identified. In these experiments, we demonstrate 
that neuron B21 is also glutamatergic. Specifically, we examined the role of glutamate in 
mediating excitation in follower motor neuron B8, a neuron that causes in radula closing. Thus, 
enhancement of B8’s activity will act as a marker for enhacement of the closing/retraction 
phase of the ingestive motor program.

Stimulation of B21 produces monosynaptic EPSPs in B8 that exhibit marked facilitation and 
summation. A previous observation that hyperpolarizing B8 can result in a decrease in PSP. 
amplitude placed doubt on the chemical nature of the connection. We show, however, the 
presence of an inward rectifier current that causes a decrease in resistance on 
hyperpolarization which accounts for the decrease in PSP size while allowing for a chemical 
connection. In further support of a chemical connection, a solution of 0 Ca, 10mM Co blocks 
B21/B8 transmission while a 5x Ca solution amplifies PSP size. That the B21/B8 PSPs are 
glutamatergic is indicated by the fact that bath application of 10 гM glutamate desensitizes 
B8’s resposnse to B21, while microperfusion of glutamate directly onto the B8 soma causes 
excitation. Furthermore, DNQX, a non-NMDA receptor antagonist blocks B21-induced PSPS 
and responses to exogenous glutamate application.

In conclusion, we have shown that peptidergic neuron B21 uses glutamate as its primary 
transmitter. B21 thus has available to it three modalities for synaptic transmission: SCP, 
electrical coupling, and glutamatergic ưansmission. B21 has experimentally advantageous 
features and is likely to be well suited for studies in cotransmission and the role of 
sensorimotor integration in a physiological context.
Supported by NIMH and an award from the Hirschl Foundation.

142.10
IS NITRIC OXIDE A SIGNALLING MOLECULE IN CAENORHABDIT1S 
ELEGANS1
M.L. Hudson. M. O’Shea*. Sussex Centre for Neuroscience, School of Biological 
Sciences, University of Sussex, Falmer, Brighton, East Sussex BN1 9QG, UK

The NO-cGMP pathway is implicated in neuronal signalling and is widely 
distributed in the animal kingdom. We are investigating its presence in C. elegans. 
With virtually the entire genome sequenced, there is still no evidence for a classical 
nitric oxide synthase (NOS) gene; the closest hits using FASTA and BLAST search 
algorithms appear to be either cytochrome P45O or NADPH ferrihemoprotein 
reductase analogues. None of these has the calmodulin binding domain which has 
been found in all known NOS enzymes. However, the genomic sequencing project 
has identified 5 putative subunits of sGC. One of these (C06B3.8) has been cloned 
and sequenced by us, and found to contain an alternative splice site to that predicted 
by the Genefindeг software. This cDNA encodes a 685 residue protein which shows a 
28% homology to the rat soluble guanylate cyclase (sGC) beta-2 subunit. A close 
examination of the amino acid sequence reveals some point mutations in conserved 
histidine residues that may indicate NO insensitivity in the protein. A GFP reporter 
construct for this gene has revealed its expression in 3 neurons in the C. elegans CNS 
(Yu et al 1997). However, the authors did not report co-localisation with any of the 
other subunits; a surprising result for a heterodimeric protein such as this.

A number of behavioural and biochemical assays have been carried out to measure 
NO and cGMP synthesis in the worm. However, none of these experiments have 
demonstrated either NO generation, or NO sensitivity of sGC in the worm. Our 
results indicate either a complete absence of NOS in C. elegans or at the very least, an 
NO generating enzyme that is unlike anything yet discovered. An important question 
for current research concerns the nature of the endogenous activation of sGC in C. 
elegans.
Yu S, Avery L, Baude E, Garbers DL (1997) Proc Natl Acad Sci USA 94:2284-2287
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142.11
NO/cGMP MODULATES THE CRUSTACEAN CARDIAC GANGLION.
J. Labenia. N. L. Scholz. M. F. Gov1, and K. Graubarđ*. Zoology, U. of Washington, 
Seattle, WA 98195 and 1 Physiology- U. of North Carolina, Chapel Hill, NC 27599.

Decapod crustaceans have a neurogenic heart. The motor rhythms that drive heart 
contractions are generated by the cardiac ganglion, a small neural network composed of 
4 interneurons and 5 motomeurons situated in the dorsal lumen of the heart.

In the crab, Cancer productus, the enzyme nitric oxide synthase (NOS) is 
constituitively expressed in all nine cardiac neurons. NOS catalyzes the synthesis of 
nitric oxide (NO), a diffusible gas, from L-arginine. We used the metabolism of 
radiolabeled arginine to measure NOS enzymatic activity, and localized the protein 
using anti-NOS immunocytochemistry.

NO binds to a cytoplasmic guanylate cyclase, stimulating the synthesis of cGMP.
To determine whether NO’s receptor is expressed in the cardiac circuit, we used cGMP 
radioimmunoassays and wholemount anti-cGMP immunocytochemistry to identify this 
enzyme. We found that a high level of cGMP is present in control saline. cGMP is 
further increased by the addition of NO and that increase is blocked by the specific 
inhibitor ODQ, indicating that an NO-sensitive guanylate cyclase is expressed in the 
cardiac network.

To evaluate the physiological effects of NO/cGMP signaling on motor output, we 
recorded spike activity in cardiac motomeurons and applied NO donors (to stimulate 
cGMP synthesis) and ODQ (to block cGMP synthesis). NO donors (e.g. SNP 500 
µM) are inhibitory, reducing motorneuron activity under both tonic and bursting firing 
conditions. By contrast, ODQ (50 µM) is excitatory, eliciting accelerating bursts if 
the cells are firing tonicly and increasing burst frequency in a slowly bursting network.

In conclusion, we suggest that NO, acting via cGMP, serves as an intracellular 
messenger in the inhibitory modulation of the cardiac network.

We thank Jan de Vente for the generous gift of the anti-cGMP antibody. Supported 
by a NRSA predoctoral traineeship (NLS), by grants from the NIH NS 15697 (KG), 
the American Heart Association (MFG) and the HFSPO (KG).

142.13
CHARACTERIZATION OF THE IVERMECTIN BINDING 
COMPLEX FROM DROSOPHILA MELANOGASTER. S. Ludmerer, 
Y. Zheng, M. Smith, J. Warmke, and D. Cully*. Dept, of4 Parasite 
Biochemistry and Cell Biology, Merck Research Laboratories, P.O. Box 
2000, Rahway, NJ 07065-0900.

Glutamate-gated chloride channels, first identified in C. elegans as 
the receptor for the anthelmintic agent ivermectin, have subsequently 
been identified in several other invertebrate species such as Drosophila 
melanogaster and the cat flea Cîenΐocephalides felis. A  member of the 
ligand-gated ion channel superfamily with closest similarity to 
mammalian glycine receptors, they nonetheless are a distinct family of  
ion channels found only in invertebrates. We are characterizing the 
native complex from Drosophila. We have solubilized ivermectin 
binding activity from Drosophila head membranes using a number of 
different detergents, observing 10-20 % solubilization of the ivermectin 
binding sites with Triton, and at times in excess of 5O℅ solubilization 
with both CHAPS and digitonin. Presently we are characterizing the 
properties of the solubilized receptor. We also have developed 
antibodies specific to Drosophila GluCl α. We will use these antibodies 
to immunoprecipitate the native channel, and characterize the subunits 
that co-precipitate with ivermectin binding. Our progress in these areas 
will be presented.

142.15
CHARACTERIZATION OF PUTATIVE PEPTIDERGIC NEURONS IN THE 
APLYSIA CALIFORNICA CEREBRAL GANGLION F-CLUSTER. R.W . Garden/ 
S.S, Rubakhin. L. Li, P.D. Flovd. T.P. M oroz. and J.V. Sweedler. Department ď  
Chemistry and Beckman Institute, University o f Illinois, Urbana, IL 61801.

The cerebral ganglia neurons o f A. californica are involved in the development and 
modulation o f many behaviors. In this study we characterize the cerebral ganglion F- 
cluster using morphological, electrophysiological and biochemical techniques. The 
cluster contains at least three previously uncharacterized neuronal populations. As the 
three subtypes are located in three distinct layers, they are designated as top, middle 
and bottom layer F-cluster neurons (CFTL, CFML, CFBL). The CFTL cells are 
large (92±25 µm), white, nommiformly shaped, and located partially in the sheath 
surrounding the ganglion. These neurons exhibit weak electrical coupling, the 
presence o f synchronized spontaneous changes in resting potential and a generalized 
inhibitory input upon electrical stimulation of the anterior tentacular (AT) nerve. 
Lucifer yellow and biocytin staining reveals the presence of CFTL processes in the 
AT nerve. Similar to the CFTL neurons, the CFML neurons (46±I2 µm) are mainly 
silent but do not exhibit electrical coupling or synchronized changes in membrane 
potential. The processes o f the CFML neurons are distributed in the neuropil of the 
cerebral ganglia. Unlike the CFTL neurons, the CFML neurons exhibit weak action 
potential broadening during constant current injection. Comparison of the peptide 
profiles of CFTL, CFML, CFBL (10-30 µm) neurons using matrix-assisted laser 
desorption ionization time-of-flight mass spectrometry demonstrates distinct peptide 
molecular weights for each neuronal subtype with the masses of these peptides not 
matching any previously characterized peptides from A. californica. The mass 
spectra obtained from the AT nerve are similar to the CFTL neuron mass spectra, 
indicating that the peptides in these cells are transported out o f the cerebral ganglion. 
Taking into account morphology, electrophysiological characteristics and the peptide 
profiles o f the CFTL and CFML neurons, we hypothesize that they are peptidergic 
neurosecretory cells and that the CFTL neurons may be homologous to light green 
cells o f Lymnaea stagnalis.

This research was partially supported by the NIH (NS31609).

142.12
THE EFFECT OF 5,7-DIHYDROXYTRYPTAMINE ON THE 
GROWTH AND DIFFERENTIATION OF THE DORSAL GIANT 
NEURONS IN THE AMERICAN LOBSTER. J. Benton* and B. Beltz. 
Wellesley College, Dept, of Biological Sciences, Wellesley, MA 02181

The olfactory (OLs) and accessory (ALs) lobes are prominent synaptic areas in the 
lobster deuterocerebrum. Early in embryonic development both lobes are densely 
innervated by the paired serotonergic dorsal giant neurons (DGNs). The onset of 
serotonin (5HT) immunoreactivity in the DGNs coincides with the emergence of the 
ALs and formation of glomerular neuropil in the OLs. This coưelation in timing was 
the basis for earlier investigations concerning the role o f serotonergic input in the 
development of the OLs and ALs. After chronic in vivo depletion of 5HT with the 
neurotoxin 5,7-dihydroxytrytamine (5,7-DHT), growth of the OLs and ALs was 
slowed, but neither OL glomerular formation nor emergence of the Als were affected 
(Benton et al [1997] J Neurobiol 33:357).

Since the DGNs send massive inputs to both OLs and ALs, a reduction in growth 
and/or branching of the DGNs could contribute to the growth retardation we see after 
5,7-DHT treatment. In the present study, embryos (at 56% development; E56%) were 
injected with 5,7DHT twice in two weeks and left to develop under normal conditions 
until E8O%. Brains from treated, sham-injected, and normal embryos were dissected, 
visualized with Nomarski optics, and the DGNs iontophoresed with neurobiotin. 
Brains were then processed with avidin-Neutralite-BODIPY. Double-labeling with an 
anti-synapsin antibody (E. Buchner, Wuerzburg, Germany) revealed the spatial 
relationship of the DGNs to targets in the OLs and ALs, and also the location and 
extent of synaptic input to the DGNs. The labeled brains are currently being analyzed 
using confocal microscopy and a Compix-C imaging system. Preliminary analyses 
suggest that normal and sham-injected DGNs and their target regions are 
indistinguishable, while there are qualitative and quantitative differences in the DGN 
innervation of the OLs and ALs in toxin-treated embryos. Dye-coupling between the 
DGN and its neighbors also is seen in 5,7-DHT-injected embryos. Characterization of 
the DGNs and their projections in the OLs and ALs is currently underway. (Supported 
by N SF/IBN  9709514.)

142.14
SEA ANEMONE SPIROCYTES HAVE SYNAPSES. J,A. Westfall*.
D.D. Landers and J.D. McCallum. Dept, of Anatomy & Physiology, 
Kansas State University, Manhattan, KS 66506.

Spirocytes are cells that contain spirocysts having internal tubules in 
the undischarged state. When discharged, spirocyst tubules become 
solubilized and adhere to prey captured by discharged nematocysts 
(stinging capsules) on sea anemone tentacles. Nematocysts are housed 
in nematocytes with ultrastructural evidence of synapses, suggesting 
neural control of nematocyst discharge. This ultrastructural study was 
aimed at locating neuro-spirocyte synapses in sea anemone tentacles. 
Tentacles of Aiptasia pallida were fixed in two different fixatives: 
glutaraldehyde-paraformaldehyde without subsequent 
immunocytochemistry and paraformaldehyde with peroxidase- 
antiperoxidase immunocytochemistry using rabbit anti-Amho- 
RFamide. Five neuro-spirocyte synapses have been found to date. 
Three of the synapses contain 67-81nm-diameter clear vesicles and two 
have 1 l7nm-diameter dense-cored vesicles. None show Antho- 
RFamide immunoreactivity. In the glutaraldehyde fixed tissue we 
observed a pair of sequential neuro-neuro-spirocyte synapses. T his 
ultrastructural study provides the first evidence for neural control of 
spirocyst discharge in sea anemones, animals with first-evolved 
nervous systems.

Supported by NSF grant IBN-9514135.

142.16
PEPTIDES OF THE APLYSIA CALIFORNICA CEREBRAL GANGLION 
F-CLUSTER. INSULIN, ANGIOTENSIN II AND CEREBRIN J.V. Sweedler*1. P 
D. Flovd1. S.S Rubakhin1, L, Li1, T A, Ellis2, N C. Dembrow2. V Y, Alexeeva2, K 
Weiss2. F,S. Vilim2. d epartm en t of Chemistry and Beckman Institute. University of 
Illinois, Urbana, IL 61801. departm en t of Physiology' and Biophysics. Mt. Sinai 
School of Medicine. New York. NY 10029.

The F-cluster of the Aplysia californica cerebral ganglion consists of multiple 
distinct populations of neurons. Based on matrix assisted laser desorption time-of- 
flight mass spectrometry, these cells contain numerous previously uncharacterized 
peptides, and subsets of these peptides are transported to the C 1 and C2 nerves. 
Several peptides have been isolated from pooled F-clusters, separated using microbore 
LC and sequenced. One peptide contained only in the largest neurons in the F-cluster 
has been sequenced; using PCR from an Aplysia cDNA library, the gene has been 
sequenced and encores a 157 amino-acid prohormone that by Northern analysis, is 
only found in the cerebral ganglion. The gene is homologous to Lymnaea stagnalis 
insulin precursors, the first such insulin gene to be characterized in Aplysia. A 
second tetradecapeptide we call cerebrin has been sequenced, and the gene has been 
identified. Cerebrin and its precursor have no significant homology to previously 
characterized peptides, and by northern analysis is also only expressed in the cerebral 
ganglion Lastly, the smallest F-cluster neurons have an intense peak by MALDI at 
1046 Da, this mass is also observed in the Cl nerve, and the identical mass is 
observed in Aplysia vaccaria F-clusters. indicating it is a conserved sequence across 
related species. This peptide has been isolated and shows significant homology to 
mammalian angiotensins. Overall, the F-cluster in Aplysia californica has a complex 
complement of peptides, many of which are still uncharacteπzed. Preliminary 
experiments indicate that the message for insulin decreases when the animal is 
depπved of food for over a week. Future work will focus on determining the biologi
cal roles of these peptides and characteπzing additional peptides from this cluster. 
This research was supported by the NIH (NSЗ1609 to J.V.S. and MH5O235 to K.W ).
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142.17
LOCALIZATION OF RNA A ND  EGG-LAYING HORMONE RNA IN 
NEURITES OF APLYSIA  GANGLIA. L. Bagdasarian. S. ĩvorv. Ł  
Atcha. and J. K. Ono*. Dept, o f  Biological Science, California State 
University, Fullerton, CA 92834.

We have .been investigating the potential functions o f  Egg-Laying 
Hormone (ELH) mRNA localized in neurites o f  the bag cell neurons o f  
Aplysia using reverse transcription coupled to PCR (RT-PCR) and in 
vitro translation o f  total RNA extracted from the pleural visceral 
connectives (PVCs). Measurements o f  ELH mRNA using RT-PCR of  
ELH and actin RNAs in the connectives relative to the bag cell somata 
indicate that there is about a thousand times more ELH mRNA in the 
bag cell cluster compared to the amount in the PVC. Efforts to 
determine whether the ELH RNA extracted from the PVC can be 
translated in vitro have not succeeded and we are currently testing 
whether the RNA obtained by in vitro transcription o f  an ELH clone can 
be translated in commercial translation systems.

We have succeeded in using a digoxigenin-labeled ELH RNA probe 
and amplification with the tyramide signal amplification (TSA) system to 
visualize the ELH RNA localized in the PVCs. As expected from 
previous immunohistochemical localization o f  the ELH peptide, the bag 
cell neurites form a cuff around the main bundle o f  axons within the 
PVC. In addition to localizing a specific R NA, staining sections o f  
ganglia with acridine orange and treatment with different combinations 
of DNAse, RNA se, and proteases indicate that neurites in the neuropil 
and connectives contain RNA.
Supported by N1H M BRS and M SD grants, CSU-m ini grants, and 
CSUF intramural grants to JKO, Departmental Association Council 
grants to LB and FA, and CSUF Research & C reativity A w ard to LB.

142.18
MAPPING OF 5HT-LIKE IM M U N O R E A C T IV E  IN THE CENTRAL NERVOUS 
SYSTEM OF A TROPICAL FRESHWATER PRAWN. M A Sosa* and C M ₧-nя́n<W  
Dept, of Anatomy & Inst, o f  Neurobiology, Univ, o f Puerto Rico, San Juan, PR, 00901.

The giant prawn Macrobrachium rosenbergii shares many characteristics of other 
Decapod Crustacea that make them good model systems in neurobiology, with the added 
advantage o f being better suited than other Crustacea for developmental studies 
(Friedlander & Levinthal, J. Neurosci., 2, 1982). We wish to use this system to study the 
development of circuitry controlling specific behaviors. As a first step we are using 
wholemount immunohistochemical techniques to characterize the distribution of various 
transmitters and modulators in the central nervous system of the prawn. Here we report our 
observations on the distribution o f serotonin-like immunoreactive (SLI) cells. The brain 
contains paired clusters o f medium and small sized SLI cells located at the midline and 
small sized SLI cells scattered more peripherally. Each circumesophageal ganglion 
contains a single SLI cell, which sends its axon anteriorly towards the brain, and extensive 
terminal arborizations of fibers traveling through the connectives. In the subesophageal 
ganglion, small paired SLI cells were found along the paths of SLI midline and lateral fiber 
bundles (MFB and LFB, respectively). A pair of thick SLI fibers that form part of the MFB 
exit the ventral nerve cord through one o f the roots between the subesophageal ganglion 
and the first thoracic ganglion (Tl). Cell bodies of axons traveling in the MFB include two 
pairs of large SLI neurons, one found at the midline in T5, the other in the first abdominal 
ganglion (A l). Each thoracic ganglion (1-5) appears to have at least one pair (in some 
cases two) of small SLI neurons with cell bodies placed laterally and axons projecting 
towards the midline. In addition to these small lateral neurons, T5 also has two pairs of 
large neurons, one in the midline, the other halfway between the midline and the lateral 
edge of the ganglion. The axons o f the latter pair o f neurons project horizontally for a short 
span and then anteriorly between the MFB and LFB. The six abdominal ganglia all seem 
to have a similar pattern of distribution o f SLI neurons (with the exception of A 1): at least 
two pairs of small cells, with fibers going across the midline and traveling anteriorly, with 
a neuropil region located laterally in each hemiganglion. A l appears different only in that 
one pair o f these SLI neurons is large in size. The system of SLI neurons in this organism 
seems well designed to produce widespread control or regulation of motor programs 
and/or behavior. Support: RCMIG12RR03051, NSF IBN9707091, Puerto Rico EPSCoR.
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143.1
RGS 9L: A NOVEL SPLICE VARIANT OF REGULATOR OF G PROTEIN 
SIGNALING (RGS) 9.
I. ENRICHED EXPRESSION IN HUMAN AND RAT DOPAMINE 
TARGET REGIONS. S.A. Burchett. Y. Zhai. M.J. Bannon* and J.G. 
Granneman. Department o f Psychiatry and Behavioral Neuroscience, Wayne 
State University School of Medicine, Detroit, MI. 48201.

A recently identified class o f regulators, termed regulators o f G protein 
signaling (RGS), desensitize transmembrane signaling systems by accelerating 
the intrinsic GTPase activity o f certain Gα subunits. One family member,
RGS 9, is expressed largely in dopamine-rich brain regions, and RGS 9 mRNA 
is rapidly reduced in response to amphetamine. We therefore cloned full- 
length human and rat RGS 9 cDNAs in order to characterize their molecular 
and physiological properties. It was determined that RGS 9 mRNA is 
alternatively spliced to encode small (RGS 9S) and large (RGS 9L) isoforms 
differing in a proline-rich C-terminal domain. Northern blot and nuclease 
protection analyses indicated that RGS 9 gene expression was limited to the 
CNS, where 2 mRNA species were detected: a 2.4 kb species encoding RGS 
9L and a 9 kb mRNA encoding RGS 9S. In both rat and human tissues, RGS 
9S mRNA predominated in pineal and retina, whereas RGS 9L mRNA was 
nearly exclusively expressed within the caudate, putamen, and nucleus 
accumbens. In situ hybridization experiments revealed gradients o f expression 
within basal ganglia nuclei. Double-label experiments in rat striatum also 
localized RGS 9L mRNA predominantly to substance P-expressing neurons, 
which are known to express predominantly D1 dopamine receptors. These 
data as well as physiological studies (accompanying abstract) suggest an 
important role for RGS 9L in the modulation o f dopamine neurotransmission.

Supported by NIH grants DƘ46339, DA06470 and NS34935.

143.2
ALTERNATIVE SPLICE VARIANTS OF RGS9, REGULATOR OF G- 
PROTEIN SIGNALLING 9, IN RAT STRIATUM. E.A. Thomas*. P.E. 
Foye, P.E. Danielson, J.G. Sutcliffe. Department o f  Molecular Biology, 
The Scripps Research Institute; La Jolla, CA 92037.

A clone o f  the mRNA encoding RGS9, a regulator o f  G-protein 
signalling, was isolated from a rat striatum cDNA subtracted library. 
Northern blot analysis detected a transcript o f  1.8 Kb in striatum, but not 
other brain regions or peripheral tissues. During embryonic and early 
postnatal stages o f  development, two RGS9 transcripts o f  approximately
1.4 Kb and 1.8 Kb were detected in whole brain extracts. After postnatal 
day 10, the larger transcript increased progressively until adulthood at the 
expense o f  the smaller, which was undetectable in the adult. The smaller 
RGS9 species was cloned by PCR amplification from a postnatal day 10 
rat brain cDNA library, and the sequence was shown to be lacking a 524 
base pair segment o f  the coding region present in the longer RGS9 clone. 
The long and short RGS9 transcripts encode proteins o f  444 and 298 
amino acids, respectively, both o f  which contain an 118 amino acid RGS 
domain, an evolutionarily conserved domain found in all RGS family 
members. While identical at their amino termini, the shorter protein 
contains 31 amino acids at its carboxy terminus that are not present in the 
longer form o f  the protein. These results suggest that different isoforms 
o f  RGS9 may have different functions during developmental stages 
versus adult. Supported by N ARSAD #MEFA9OTD and N.I.H. 
#GM 32355.

143.3
DIFFERENTIAL DISTRIBUTION OF mRNA FROM EIGHT RGS 
GENES THROUGHOUT THE ADU LT RAT BRAIN E. Grafstein- 
Dunn, S.W . Harnish, M. Betty*, and M.I. Cockett. CNS Disorders, 
W yeth-Ayerst Research, CN 8000, Princeton, NJ 08543  
The Regulators o f G-protein Signaling (RGS) proteins have been 
shown to bind G-protein α subunits o f the Gαi and Gαq subfamilies and 
reduce their signalling capabilities by acting as both GTPase activating 
proteins (GAPs) and effector antagonists in vitro. To date, 17 
mammalian RGS proteins have been described, nine of which have 
been localised by in situ hybridisation (ISH) throughout the rat brain 
(Gold et al, 1997). Here we report the mRNA localisation o f the 
remaining eight RGS proteins in rat brain. RGS1 and RGS-RET  
mRNAs were not detected in brain tissue. RGS 16 mRNA was found 
predominantly in the thalamus. RGS 13 mRNA was found in the 
hippocampus and dentate gyrus (HC) and dorsal raphe (DR). The 
remaining R G S’s are expressed at some level in most brain regions. 
GA1P mRNA was enriched in HC, DR, and the paraventricular nucleus 
o f  the hypothalamus (PVN). RGS2 mRNA is enriched in the reticular 
nucleus o f  the thalamus, HC, DR, and PVN. RGS 14 mRNA is enriched 
in the cerebral cortex, medial habenula, HC, DR, and PVN. RGS 12 
mRNA is expressed at high levels throughout the brain, especially the 
HC, DR, and PVN. The distribution o f  RGS mRNAs in the rat brain and 
an examination o f  RGS gene regulation by fluoxetine treatment will be 
presented.

143.4
CHARACTERIZATION OF THE RGS9 GENE: IDENTIFICATION 
OF MULTIPLE SPLICE VARIANTS THAT SHOW REGION- 
SPECIFIC EXPRESSION PATTERNS IN BRAIN.
Z. Rahman*12. S.J. Gold2. C.W. Cowan3. W. He3. T.G, Wensel3 and E.J. Ne⅛tler2 
Dept of Biology1, Laboratory of Molecular Psychiatry2, Yale University, New 
Haven, CT 06508. Baylor College of Medicine3 Houston, TX 77030.

Regulators of Ģ-protein Signaling (RGS) proteins act as GTPase Activating 
Proteins (GAPs) for Gi, Go, Gq, Gt & Gz α  subunits of heterotrimeric G proteins. 
In situ hybridization analysis of mRNAs encoding RGSЗ-RGS11 revealed region- 
specific expression patterns in rat brain (Gold et al., J. Neurosci. 17:8024, 1997). 
Of these, RGS9 was particularly striking for its almost exclusive enrichment in 
striatum. In a parallel study, RGS9 was identified as the GAP for transducin (Gt) in 
rod outer segments (He et al., Neuron 20:95, 1998). By screening a mouse forebrain 
cDNA library we have identified two other splice variants of RGS9, one of which 
accounts for the striatal-enriched expression. We now refer to the retinal enriched 
isoform as RGS9-1 (which is expressed at very low levels in brain); and the two 
other isoforms as RGS9-2 and RGS9-3. RGS9-2 is at least 100 aa longer than the 
retinal isoform, has a unique 3’UTR and is highly enriched in the striatum. The 
third isoform, RGS9-3, is identical to the striatal isoform but has a much longer 
3’UTR. RGS9-3 mRNA levels are very low in striatum, with moderate to dense 
expression seen in hippocampus, amygdala and hypothalamus. The functional 
activity of these brain isoforms of RGS9 is supported by the finding that RGS9-2 
potently dampens the Gi/o coupled µ-opioid response in vitro (Potenza & Nestler, 
this volume). Characterization of a BAC genomic clone of ~2OO kb indicates that 
these isoforms represent alternatively spliced mRNAs from a single gene. The 
RGS9 gene is proving to be complex; for example, the conserved RGS domain is 
encoded over three distinct exons. Complete genomic characterization is in progress. 
The distinct isoforms of RGS9 presumably contribute to unique regulatory 
properties in the neural and retinal cells in which these proteins are selectively 
expressed. (Supported by DAO8227 to EJN and EY07981 to TW.)
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143.5
REGION- AND SUBTYPE-SPECIFIC REGULATION OF RGS 
ixiRNAs BY CHRONIC ELECTROCONVULSIVE SEIZURES.
S.J. Gold1*. B.D. Heifets' . Z. Rahman12, and E.J. Nestler1. Lab. of Molecular 
Psychiatry1 & Dept, of Biology2, Yale University, New Haven, CT 06508.

The Regulators of Ģ-protein Signaling (RGS) proteins negatively regulate Gi, 
Go, Gq, Gt and Gz signaling by accelerating endogenous G α GTPase activity and 
subsequent reassociation with their corresponding Gß/γ dimers. We have previously 
shown by in situ hybridization (ISH) that RGSЗ-RGS11 mRNAs have regionally 
distinct expression patterns in rat brain. Several of these subtype mRNAs, RGS4, 
RGS7, RGS8 and RGS 10, are prominently expressed in frontal cortex or 
hippocampus, structures implicated in the long term adaptations to chronic 
antidepressant (AD) treatment. To explore whether ( 1) the RGS proteins are 
potential loci of chronic AD treatment-induced plasticity, and (2) RGSs may serve 
as potential novel targets for AD drug development, we are examining if RGS 
mRNAs are regulated in rat brain by 10 days of chronic electroconvulsive seizures 
(ECS). By ISH analysis we have found that 24 hr following the. last ECS, RGS 
mRNA levels are differentially regulated within frontal cortex, hippocampus and 
ventromedial nucleus of hypothalamus (VMH). In frontal cortex, RGS4 and 
RGS 10 mRNA levels were decreased, whereas levels of RGS8 mRNA were 
increased. Chronic treatment appears critical for these alterations in mRNA levels 
in that no reliable changes are observed in paired animals analyzed 24 hr after a 
single ECS. In the dentate gyrus granule cell layer, RGS7 mRNA levels were also 
diminished following chronic ECS. Finally, in VMH, chronic ECS resulted in 
dramatic increases in RGS4 and RGS7 mRNAs. Since increases of lesser 
magnitude were also observed in VMH of a subset of the acutely treated rats, these 
increases may be cumulative in nature. We are now determining whether these 
RGSs are regulated similarly by chronic exposure to tricyclic or serotonin selective 
reuptake inhibitor ADs. Our hypothesis is that adaptations in RGS protein 
expression contribute to alterations in G protein coupled receptor function that are 
associated with chronic AD treatment. (Supported by MH51399.)

143.7
SIGNALING VIA G-PROTEIN COUPLED RECEPTORS IS 
DIFFERENTIALLY REGULATED BY EXPRESSION OF SPECIFIC RGS 
PROTEINS IN A MELANOPHORE-BASED BIOASSAY. M. N. PotenzaИ and
E. J. N℮sÜ℮γL 2 Depts. o f 1 Psychiatry and ^Neurobiology, Laboratory o f 
Molecular Psychiatry, Abraham Ribicoff Research Facilities, Yale University 
School of Medicine, New Haven, CT 06508.

Regulators of G-Pгotein Signaling (RGS) proteins constitute a growing 
family o f related gene products that mediate their physiological effects by 
facilitating the ability of Gα  subunits to hydrolyze bound GTP and thereby 
increasing the rate at which the Gα subunits reassociate with their corresponding 
Gßγ complexes. Evidence has accumulated to support the role o f RGS proteins in 
the suppression or reversal o f G-protein activation for G〇i-, G〇〇-, and G〇q- 
mediated signal transduction. Here we explore the effects o f individual RGS 
proteins on functional responses mediated by the activation of either the human 
D2B receptor (short form) (D2R) or the murine µ opioid receptor (µOR). A stable 
cell line of Xenopus laevis dermal melanophores was employed for the transient 
expression of plasmids encoding cDNAs corresponding to either the D2R or µOR 
in the absence or presence individually of RGS1, RGS2, RGSЗ, RGS4, or RGS9. 
Agonist-induced receptor activation with either quinpirole (D2R) or morphine 
(µOR) led to pigment aggregation which was quantitated with a microtiter plate 
reader using previously described methodologies. The RGS proteins studied 
displayed different abilities to effect reversal of agonist-induced pigment aggregation 
in the D2R- and µOR-expressing melanophores. The results suggest a potential 
role for specific RGS proteins in governing the duration and amplitude of D2R- and 
µOR-mediated responses, and raise the possibility that RGS proteins contribute to 
processes of receptor desensitization and tolerance in vivo.

This work was supported in part by the Biological Sciences Training 
Program (M.N.P.), a NARSAD Young Investigator Award (M .NP.), and 
DAO8227.

143.9
DENDRITICALLY LOCALIZED A R G З .l (ARC) m RNA 
SPECIFICALLY INTERACTS W ITH A KRAB-ZINC FIN G ER  
PROTEIN U.Putz. J. Kremerskothen and D.Kuhľ
Center for Molecular Neurobiology (ZMNH), University of Hamburg, 
Martinistr. 52, D-20246 Hamburg, Germany

The observation that i) argЗ. 1 (Arc) RNA synthesis and protein 
expression is induced following long-term potentiation (LTP) ii) 
argЗ. 1 mRNA is localized to dendrites and iii) accumulations of 
argЗ. 1 protein are apparent at spine like protrusions, suggests 
the possibility that the translation of arg3.1 mRNA within 
dendrites may be locally controlled by synaptic activity. 
Consequently, transport of arg3.1 mRNA into the dendrites 
may play a key role in synapse specific modifications during 
plastic events in the brain. The Tri-Hybrid method is a genetic 
system that allows the in vivo reconstruction of RNA-protein 
interactions. Using this technique we simultaneously screened 
a multiplicity of hippocampal proteins for the interaction with 
an argЗ. 1 mRNA. One of the identified proteins is a novel KRAB 
domain-containing zinc finger protein. The protein interacts 
specifically with arg3.1 RNA and not with non-dendritically 
localized control RNAs. In vivo and in vitro analysis of the 
structural requirements of binding revealed that the interaction 
is dependent on the zinc finger motif in the RNA-binding 
protein and the 3’UTR of the argЗ. 1 mRNA. (Supported by DFG)

143.6
REGULATION OF RGS4 EXPRESSION BY GLUCOCORTICOIDS AND 
STRESS Y. G. Ni*. S. J. Gold. P. A. Iredale. R. Z. Terwilliger. R. S. Duman and
E. J. Nestler. Lab. of Molecular Psychiatry, Yale University, New Haven, CT 
06508

The recently discovered RGS (regulators of G-protein signaling) proteins 
negatively modulate G-protein function by accelerating the GTPase activity of Gα 
subunits. We have previously characterized the distribution of mRNAs encoding 
RGSЗ-RGS11 in rat brain (Gold et al. J. Neurosci. 17: 8024, 1997). Among these, 
RGS4 is particularly abundant in several brain regions involved in the stress 
response, including cerebral cortex, amygdala, thalamus, paraventricular nucleus of 
hypothalamus (PVN) and locus coeruleus (LC). Therefore, we determined by in situ 
hybridyzation whether RGS4 expression is regulated by chronic administration of 
unpredictable stress or corticosterone to adult Sprague Dawley rats. The most 
significant regulation seen to date is a decrease in RGS4 mRNA levels in PVN with 
unpredictable stress and an increase in RGS4 mRNA levels in LC with 
corticosterone. We are currently analyzing the regulation of RGS4 expression in 
other brain regions in these and related treatment paradigms. Furthermore, to 
delineate possible molecular mechanisms of RGS4 mRNA regulation seen in the 
brain in vivo, we studied the regulation of RGS4 expression in a neuroendocrine 
ATt2O cell line and a LC-like CATHa cell line by the synthetic corticosterone 
analog dexamethasone. In ATt2O cells, dexamethasone treatment caused a dose- and 
time-dependent down-regulation of RGS4 mRNA. In contrast, in CATHa cells, 
dexamethasone caused a dose- and time-dependent up-regulation of RGS4 mRNA. 
One functional consequence of altered RGS4 expression could be altered activity of 
adenylyl cyclase, with a decrease in RGS4 leading to a decrease in enzyme activity. 
According to this scheme, it is possible that decreased RGS4 expression in PVN 
could contribute to the stress-induced negative feedback that opposes acute CRF 
activation of this brain region (CRF acts by stimulating adenylyl cyclase). 
Conversely, increased RGS4 expression in LC is consistent with an up-regulation 
of the cAMP pathway known to occur in this brain region after chronic stress. 
(Supported by DAO8227 and MH51399).

143.8
ACTIVITY-DEPENDENT INDUCTION OF A R G З.l (ARC) 
EXPRESSION IN PRIMARY CULTURES OF HIPPOCAMPAL 
NEURONS M. Bundman*. D. Kuhl Center for Molecular 
Neurobiology, UKE, University o f Hamburg, 20246 Hamburg, 
Germany

Arg3.1 (ARC) is an activity-regulated, immediate early gene whose 
mRNA is transported to neuronal dendrites o f hippocampus and cortex 
following plasticity-producing stimuli. Inasmuch as arg3.1 protein has 
also been shown to bind to actin and to share a degree o f  homology with 
the major cytoskeletal protein spectrin, it has been postulated that arg3.1 
plays a role in the morphological changes known to accompany 
physiological plasticity. In order to test this hypothesis, we present 
preliminary experiments examining the activity-dependent induction of 
arg3.1 in primary cultures o f hippocampal neurons. Northern blot 
analysis showed that within 15 min o f picrotoxin-induced increases in 
spontaneous neuronal activity, levels o f arg3.1 mRNA were increased. 
Induction was maximal around one hour and remained only slightly 
increased 24 hr later. This time course was mirrored in in situ 
hybridization studies, where increased arg3.1 mRNA could be seen in 
cell bodies and in proximal dendrites. Immunocytochemistry using a 
polyclonal antibody raised against bacterially-expressed arg3.1 protein, 
revealed increased protein expression beginning 3 hr after the onset of 
increased neuronal activity. Protein levels were maximal at 6 hr and 
returned to near basal levels by 24 hours. Thus, increased neuronal 
activity, which is known to result in significant increases in dendritic 
spine numbers, also leads to increased levels o f arg3.1 mRNA and later, 
to increased protein levels, suggesting that the two processes may be 
related. Supported by SFƁ #1630.

143.10
MORRIS WATER MAZE LEARNING INDUCES EXPRESSION OF 
THE IMMEDIATE EARLY GENE (IEG) ARC . M.D. Temple*, C. S. 
Wallace, P. F. Worley, and O. Steward. Dept, of Neuroscience, Univ, 
of Virginia, Charlottesville, VA 22908.

The mRNA for an IEG known as activity-related cytoskeletal 
associated protein (Arc) is rapidly transported into dendrites after 
induction. Recent studies have revealed that the gene is strongly 
induced in certain populations of neurons by behavioral experience 
(exposure to a complex environment). Here w e evaluate whether the 
cellular patterns of Arc induction are similar following a different sort 
of behavioral experience [learning trials in a Morris water maze 
(MWM)]. Male sprague-dawley rats were trained for 1 or 4 days in 
the MWM. Control animals were left undisturbed in their home cage 
(HC control). Each testing day consisted of four trials. Approximately 
lh r  after the final MWM trial, animals were euthanized and prepared 
for non-radioactive in situ hybridization using a digoxygenin-labelled 
riboprobe for Arc mRNA. Arc m RNA expression was strongly induced 
in select populations of neurons throughought the forebrain in both 
MWM groups. In the hippocam pus, m ost or all pyramidal neurons 
exhibited increased expression. In the dentate gyrus, there w as a small 
number of heavily-labeled neurons in HC animals, and the number of 
labeled neurons was higher in both MWM groups. The overall pattern 
of increased expression appeared qualitatively similar to that seen 
following exposure to a complex environment. These results indicate 
that Arc expression is strongly induced with different types of spatial 
learning tasks, and that the overall pattern of expression is not 
qualitatively different in the tw o tasks. Support: NIH -NS 12333
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143.11
CELLULAR AND SUBCELLULAR EXPRESSION OF THE RNA 
ENCODING THE IMMEDIATE-EARLY GENE (IEG) A R C
(A R G 3 .1 ): A COMPARISON TO OTHER IEG RNAs. L L ·
Guzowski*1. C.A. Barnes2, and P.F. Worlev'. Dept. Neuroscience1, Johns Hopkins 
University, Baltimore, MD 21205 and ARL NM SA2, University of Arizona, 
Tuscon 85724.

Several neuronal immediate-early genes (IEGs) encode cytoplasmic “effectors”, 
proteins that can directly alter cellular function. Arc (also known as ARGЗ.Ĵ), one 
such effector IEG, encodes a novel dendritic protein that is upregulated by LTP- 
inducing stimuli and by natural synaptic activity (Neuron, 1995,14:435-445). Pre
viously, we have compared the expression of Arc mRNA to that of the transcription 
factor IEGs c-fos and z//268 in the brains of rats ưained in different versions of the 
(Morris) water maze task (SFN abstract #822.11, 1997). Those studies showed that 
Arc and the other IEGs are dynamically regulated by limited behavioral training. 
Currently, we are extending those studies using single and double labeling fluores
cent in situ hybridization to gain cellular and subcellular resolution of IEG RNA 
expression under physiologic conditions. Using this technique, we are investigating 
the extent to which different IEG RNAs are coordinately regulated in the hippocam
pus and cortex of rats following exposure to spatial novelty (i.e., learning). Addi
tionally, we are comparing the subcellular distribution of the different IEGs in the 
rat brain. A preliminary finding shows that Arc RNA is found in small discrete 
clusters in the cytoplasm of dentate gyrus granule cells shortly after induction by 
seizure and that within an hour, these clusters decrease in size and are found in the 
molecular layer. In contrast, c-fos RNA appears to be diffusely distributed through
out the cytoplasm. The spatial and temporal expression profile of Arc RNA sug
gests that this may be indicative of a specific process for targeting mRNAs to den
drites.
Supported by AG09219 (CAB and PFW).

143.13
NITRIC OXIDE STIMULATES NF-KAPPA B ACTIVITY IN RAT PRIMARY 
STRIATAL NEURONAL CULTURE. C. S. Simpson and B. J. Morris*. Division of 
Neuroscience and Biomedical Systems, Institute o f Biomedical and Life Sciences, 
University of Glasgow, Glasgow, United Kingdom G12 8QQ.

The Nuclear Factor kappa B (NF-kB) family o f transcription factors have been 
implicated in a several disease states including Parkinson’s Disease (PD). Activation 
of NFkB occurs through its release from an inhibitory subunit, IkBα, in the 
cytoplasm and consequent translocation to the cell nucleus. In this study we used 
iπununohistochemistry to investigate the effect o f the nitric oxide (NO) stimulating 
drug bacterial lipopolysaccharide (LPS !0µg/ml) and the NO releasing drug, S- 
nitroso-N-acetyl penicillamine (SNAP 2OOµM) in rat primary striatal neuronal 
cultures. We have shown using inгmunohistochemistry that both LPS (p<0.05) and 
SNAP (p<0.05) can activate the P5U subunit o f NFkB after 30 minutes, as seen by an 
increase in nuclear P50 immunostaming compared to vehicle. In agreement with this, 
the phosphorylated form of IkBα is significantly increased by both LPS (p<0.05) and 
SNAP(p<0.05) 30 minutes later. Similarly LPS induced NADPH-diaphorase 
(NADPH-d, p<0.05) and inducible NO synthase (NOS2, p<0.05) immunostaining 
after the same time point. Pretreatment o f cultures with a P5O 10-mer 
phosphorothioate antisense oligonucleotide for 2 days significantly decreased the 
LPS-induced NADPH-d (p<0.05) and LPS-induced NOS2 (p<0.05) stain in vitro. 
However pretreatment with a random sequence sense oligonucleotide of the same 
length had no effect on the induction of NADPH-d or NOS2 by LPS. An antibody to 
neurofilament was used as a control to drug treatments. Neurofilament 
immunostaining .vas unchanged by all drug treatments. From this stuc'y it seems 
likely that the effects of NO in the lat striatum may be mediated through NFkB.
This research is funded by the Wellcome Trust.

143.15
ROLE O F G LU TAM ATE ON M AP KIN ASE A C TIVA TIO N  AND 
HYPER PHO SPHO RYLATIO N O F ELK-1 AND CREB IN S TRIATAL 
SLЮES.
P. Vanhoutte ,3 J.V. B arnier1. C .Paαès.3 M.-J. Besson , R .A  H ipskind2, and 
J .Caboche3. ΊA F .  UPR 2212. G if su r Yvette, ⅛ M ,  UMR 5535, M ontpellier, 
3Lab. Neuroch¡m ¡e-Anatom ie, IDN-UM R 7624, Univ. P .et M. Curie, 75005 
Paris, France.

The transcription facto r Elk-1 represents a m a jo r nuclear targe t fo r the 
mitogen activated pro te in  (M AP) k inase cascades: extrace llu la r s ignal- 
regulated kinases (ERK) and c-Jun Ņ -te rm ina l/Ş tress-activa ted  Prote in 
kinases (JNK/SAPK). The resulting phosphoryla tion  of Elk-1 strong ly 
activates transcription  of the  c -fos  p rom oter through the  c -fos  serum  
response elem ent. In this presentation we describe  the  link between 
induction of M AP kinase activity, Elk-1 hyperphosphoryla tion, and c -fos  
mRNA synthesis in an in  vitro  system  com prised of s tria ta l slices.

W e firs t investigated activation of ERK and JN K /SA P K  cascades a fte r 
g lutamate treatm ent leading to c -fos  m R N A  induction. The  robust activation 
of both signa ling networks corresponds kinet¡cally w ith  the  appearance  of 
Ser383 -p hospho ry la ted-E lk -1bu t a lso w ith the  activation of C REB (by its 
phosphorylation on S er133). ERK and Elk-1 phosphoryla tion  is b locked by 
pretreatm ent w ith the MEK inhib ito r PD98O5Э wh ich  in teresting ly  a ffects 
CREB phosphoryla tion too. As expected, PD98O59 does not a ffect 
glutamate induction of the  JNK cascade, which uncouples th is MAPK 
cascade from  Elk-1 and CREB hyperphosphoryla tion  in th is system . In 
conclusion, g lutam ate-induced hyperphosphoryla tion  of Elk-1 and CREB 
occurs via activation of the  ERK s igna ling m odule independently  of o ther 
MAP kinases in s tria tal slices.
This work was supported by CNRS, B¡omed P rogram  (PL962215), Institut 
L illy and M in¡stère de lΈ duca tion  N ationa le  et de ÍΈ nse ignem en t Supérieur.

143.12
INCREASED NITRIC OXIDE RELEASE INDUCES C-FOS EXPRESSION IN 
RAT SPINAL DORSAL HORN. J.Wu‘, Q.Lin, and W.D. Willis. Dept, of Anatomy 
and Neurosciences, UTMB, Galveston, TX 77555-1069.

Nitric oxide (NO) has been verified to be involved in the central sensitization by 
triggering second messenger systems. What may be the further effect of NO is 
intriguing. The relationship between NO and c-fos, an immediate early gene which 
can further activate the production of other substances in the central nervous 
system, was investigated in this study. A microdialysis fiber was implanted in the 
spinal cord dorsal horn in the L5 segment through holes drilled in the lateral sides 
of the T13 vertebra. An Alzet osmotic pump was implanted subcutaneously for 
administration o f a NOS inhibitor, /Vº-nitro-L-arginine methyl ester (L-NAME), for 
4 days at 7mg/day. A nitric oxide donor, 3-morpholino-sydnonimine (SIN-1), or 
artificial cerebrospinal fluid (ACSF) was administered one hour after the surgery. 
Rats were perfused after two hours and the L5 spinal segment was removed for 
frozen sectioning. Sections were incubated with polyclonal antibody for c-fos for 
immunostaining. It was found that c-fos immunostaining was increased with SIN-1 
perfusion compared to that with ACSF perfusion. The c-fos staining was mainly 
distributed within 400 µM from the edge of the microdialysis fiber. There was some 
c-fos immunostaining in the control sections. ACSF was also used to perfuse the 
spinal cord of rats pretreated with L-NAME. It was found that c-fos staining was 
reduced significantly compared to the control sections. These results suggest that 
NO can activate c-fos expression and it is also involved in the c-fos expression 
induced by the surgery. Since c-fos expression is coincident with a subsequent 
increase in prodynorphin expression, which affects nociception, it is suggested that 
NO is not only involved in development o f central sensitization, but it is also 
involved in activation control mechanisms affecting nociception via increased c-fos 
expression. (Supported by NIH grants NSO9743 and NS 11255).

143.14
UP-REGULATЮN OF NEURONAL NITRIC OXIDE SYNTHASE mRNA IN 
DORSAL ROOT GANGLION OF RATS WITH NEUROPATHIC PAIN. ZD 
Luo, BP Scotl, NA Calcutt,TL Yaksh and SR Chaplan*. Depts. o f Anesthesiology 
and Pathology, UC San Diego, La Jolla, CA 92093 

Pharmacological evidence suggests that nitric oxide (NO) may serve as a second 
messenger in the modulation of thermal/inflammatory hyperalgesia. Previous work 
has indicated that such injury is accompanied by increases in mRNA transcription for 
neuronal (nNOS, NOS I) and/or inducible (iNOS, NOS II) NO synthase. The role of 
NO is less clear in pain states resulting from nerve injury. To assess the possible 
role of NO in two models of neuropathic pain, we measured neuronal nitric oxide 
synthase (nNOS) mRNA levels in the spinal cord and dorsal root ganglia of rats with 
allodynia due to tight nerve ligation and painful diabetic neuropathy. To create the 
former, male Sprague Dawley rats (100-150 g) underwent tight ligation of the left 
fifth and sixth lumbar spinal nerves (Chung model), and were allowed to recover fer 
2 weeks prior to sacrifice, during which time marked allodynia was documented. 
RNase protection assays revealed that the expression level of nNOS mRNA in the 
dorsal lumbar quadrants of the spinal cord was higher than that in the ventral 
quadrants, while DRG neurons expressed a low level of nNOS mRNA. However, 
nNOS mRNA levels were increased at least 10 fold in DRG neurons on the nerve 
injury side. Expression levels of nNOS in neurons of ventral and dorsal spinal cord 
ipsilateral to the injury were not changed. In the second model, diabetes resulting in 
tactile allodynia was induced by a single injection of streptozotocin 50 mg/kg, i.p., 
in adult female Sprague Dawley rats. There was no similar upregulation of nNOS 
mRNA in DRG neurons from rats after 8 wks of diabetes. These data suggest that 
NO may play a functional role in central sensitization following specific types ď  
peripheral nerve injury, and that regulation of nNOS controls NO expression. 
Furthermore, abnormalities of signal processing in these two pain states exhibiting 
similar behavioral endpoints (allodynia), but resulting from differing pathologies, do 
not appear to have a uniform molecular basis with regard to the role o f NO.
Support: HHMI institutional grant (ZDL, SRC) NIH NS01769 (SRC).

143.16
A ctivation  o f  NM D A receptors and voltage sen sitive ca lcium  channels  
leads to C R E B -dependent transcription via d istinct sign aling  
m echan ism s. S. C. Hu*, and A. Ghosh; Dept, of Neuroscience, Johns 
Hopkins Medical School, Baltimore, MD 21205.

Recent observations suggest that many of the long term effects of 
glutamatergic transmission on synaptic plasticity involve calcium- 
dependent activation of the transcription factor CREB. Although glutamate 
stimulation can lead to calcium influx via NMDA receptors or via voltage 
sensitive calcium channels (VSCCs), it is thought that synaptic plasticity is 
mediated primarily by calcium entry via the NMDA receptors. The relative 
contributions of these channels to glutamate-induced CREB-dependent 
transcription and the signaling mechanisms involved have not been 
defined. To examine the mechanisms by which glutamatergic stimulation 
leads to CREB-dependent transactivation in neurons, we transfected cortical 
neurons with the transactivator GAL4-CREB and the reporter UAS-CAT. 
Stimulation with ЮOµM glutamate led to a robust increase in CAT activity 
which was inhibited by APV but not Nifedipine, indicating that glutamate 
leads to CREB-dependent trascription primarily via activation of NMDA 
receptors. Stimulation of NMDA receptors or VSCC leads to activation of 
CaM kinase II and CaM kinase IV, as well as MAP kinase, all of which can 
directly or indirectly lead to CREB phosphorylation. Inhibition of CaM 
kinase II by KN62 blocked VSCC-induced transactivation, but did not 
affect NMDA receptor dependent transactivation, suggesting that VSCCs, 
but not NMDA receptors, induce CREB-dependent transcription via CaM 
kinase II. Inhibitors of the Ras-MAP kinase pathway or protein kinase A 
also did not block NMDA receptor-dependent transactivation, suggesting 
that activation of NMDA receptors most likely leads to CREB-dependent 
transactivation via CaM kinase IV. The distinct mechanisms by which 
NMDA receptors and VSCCs induce CREB-dependent transcription may 
be important for the distinct cellular effects of calcium channel activation.

Supported by grants from the EJLB and the Klingenstein Foundations.

Society for Neuroscience, Volume 2 4 ,1998



364 SIGNAL TRANSDUCTION: GENE EXPRESSION AND PLASTICITY I SUNDAY PM

143.17
PRE SE N C E  O F  cA M P  R ESPO NSE ELEM ENT-BIND IN G  PRO TEIN (CREB), 
IN THE P O STSYNAPTIC  SITES O F TH E  BRAIN. S. M itakѳ*1 T. Suzuki2. l·Ļ 
U suda3. H. Ishiαuro4. T. Naαatsu4 and K. O kum ura-N oii5. 1Dѳpt. of 2nd Int.
Mѳd., ⅝)ѳpt. B¡ochѳm., Nagoya C ity  Univ. Med. Sch., M izuho-ku, Nagoya 
4 67 -8 6 0 1 , 2Dѳpt. Neurop lastic ity, Res. C ente r on Aging  and A daptation, 
¾Эѳpt. Anatom y, Shinshu Univ. Sch. Med., 3-1-1 A sahi, M atsum oto  390- 
8621, 4lnst. Compr. Med. Sci., Sch. Med., Fu jita  Health Univ, Toyoakѳ  A ich i 
4 70 -1 1 9 2 , Japan

The  postsynaptic density  (PSD) fraction prepared from  the  ra t forebra in  
conta ined  a transcrip tion  factor, cA M P  response e lem ent-b ind ing  prote in 
(CREB). The occurrence o f C R EB in the PSD w as confirm ed by 
im m unoѳlѳctron m icroscopic exam ination. C R EB in the PSD fraction  was 
phosphoryla tѳd both by pro te in  kinase A  and Ca 7 ca lm o d u lin -d ѳ p ѳ n d ѳ n t 
prote in kinase II (C aM K II) endogenous to  the  fraction, and d issociated from  the 
PSD afte r phosphoryla tion, especia lly under C aM K II-activa tѳd  conditions. The 
fraction  conta ining C REB that was re leased from  PSD after phosphoryla tion 
possessed cA M P  response e lem ent (C RE)-b ind ing activity. Thus, PSD 
anchors functiona lly active CREB. These resu lts suggest that C R EB 
anchored to  the  PSD is libera ted by phosphoryla tion  upon specific  synap tic 
s tim ula tion, trans loca te  into the  nucleus, and then triggers synap tic  activ ity- 
dependent changes in gene expression. [This research w as supported by a 
G rant-in-A id  fo r S cientific  Research from  the Japanese M inistry o f Education, 
S cience and Culture, The Ichiro Kanehara Foundation, and Toyo ta  Physical & 
C hem ica l Research Institute.]

143.18
CAMP RESPONSE ELEMENT BINDING PROTEIN, CREB, MEDIATES NPY Y-1 
RECEPTOR SIGNAL TRANSDUCTION PATHWAY.
S. Sheriff. W. T. Chance. J.E. Fischer. T. A  Rizvi* and A. Balasubгamaniam. Departments of 
Surgery, Cell biology, Neurobiology and Anatomy University of Cincinnati Medical Center, 
Cincinnati, OH-45267.

Activation of NPY receptors either induces the release of intracellular Ca2+ or inhibits the 
production of cAMP. However, the downstream signal transduction pathways involved in NPY 
mediated biological functions are unknown. Our previous findings suggest that CREB is involved 
in the NPY induced feeding signal. To further confirm and elucidate the role of CREB in NPY 
induced signal transduction pathways, we used Y-1 receptor expressing SK-N-MC cell line 
transfected with CREB trans-reporting system™. SK-N-MC cells were transfected with pFR-Luc 
reporter plasmid containing yeast GAL4 binding site and luciferase gene and pFA2-CREB 
expression vector (contains CMV promotor, yeast GAL4 DNA binding domain fused to the 
activation domain of CREB) or pFC-PKA expression plasmid (contains CMV promotor and the 
catalytic subunit of PKA). Twenty four hours after transfection, cells were treated with 100 ∏M of 
LeuЗï-Pro^-NPY, a Y-1 receptor selective agonist. Four hours later, the luciferase gene activity 
was monitored. pFC-PKA co-transfection with pFR-Luc reporter plasmid resulted in a 1.6 fold 
increase in luciferase activity in comparison to pFR-Luc reporter transfected cells (basal). LeuЗi- 
Pr〇34-NPY treatment had no significant effect on basal or PKA stimulated luciferase activity. Co
transfection of reporter plasmid with pFA2-CREB vector stimulated the luciferase activity to 70 
fold. LeuЗi-Pr〇34-NPY treatment significantly attenuated CREB induced luciferase activity to 56 
fold (P=0.031). In contrast, cells co-transfected with reporter plasmid and pFC2-dbd vector 
lacking activation domain of CREB protein did not show any effect on luciferase activity in 
comparison to basal. Furthermore, LeuЗi-Pn〇34-NPY treatment to CHO cells transfected with Y-1 
receptor, pFA2-CREB and pFR-Luc vectors exhibited similar inhibitory effect on luciferase 
activity. These findings suggest that CREB is involved in the signal transduction pathways of 
Y-1 receptor system and the activation domain of CREB is essential for this pathway.
Supported byNIHGM 47122.

HPG REGULATION II

144.1
EFFECTS OF THE MICROINJECTION OF 5,6- 
DШ YDROXYTRYPTAMINE (5,6-DHT) INTO THE MEDIAL RAPHE 
NUCLEUS (MRN) ON PUBERTY AND FIRST OVULATION IN THE 
FEMALE RAT. J.Monroy1, ME. Castro1. ME. Ayala1, R. Chavira2 and 
RD omínguez1*. ’UIBR. FES Zaragoza, UNAM. México AP 9-020 CP 15,000. 
⅛ stitu to  Nacional de la Nutrición “Salvador Zubirán” (Laboratorio de hoπnonas 
esteroides).

There is evidence that the dorsal raphe nucleus (DRN) and the MRN play a 
different role in the regulation of gonadotropin secretion. We have shown that the 
DRN blocks ovulation at puberty. In present study we analyzed the effects of 5.6- 
DHT microinjection into the MRN of 30 days-old rats on puberty (age of vaginal 
opening [V.O.], age of first vaginal estrous [V.E.]), 17ß-estradiol (E2) and 
progesterone (P4) serum concentration. Differences in ovulation rate and number of 
ova shed, were not observed. The results are in the table:_________________________

Group V.O. V.E Ovaries E2 (pg/ml) P4 (ng/ml)
Control 4O.2±O.5 4O.6±O.5 35.6±l.4 32.3±7.O 4.O±O.7
Sham 42.7±O.7* 43.4±O.7* 35.6±2.l l2.9±O.З* 7.7±2.6

Lesion
Outside 44.5±O.6* 45.l±O.6* 35.6±2.l l5.3±2.2* 7 .9± l.l
Partial 4l.8±O.4* 42.6±l.O 29.2±2.1* I3.2±5.7 6.5±2.O
Complete 45.O±l.O* 48.O±3.l* 36.3±4.5 Ю.5±1.0* 9.8±4.5

* p<0.05 vs. control group.
Present results suggest that in the prepubertal rat the serotoninergic innervation 

originating in the MRN plays a stimulatory role on estrogen secretion, and did not 
participate in the regulation of ovulation.
Supported by DGAPA in 208796 and PUIS UNAM

144.2
R E L A X IN ’S EFFEC T O N  T H E  SY N TH ESIS O F  
H Y P O T H A L A M IC  O X Y T O C IN  IN  LA TE P R E G N A N T  RATS. 
PA  H ein e1,3, LL A nderson2,3, S ìeftin iia1’3*. Departm ents o f  
b iom ed ica l Sciences and 2A nim al Science and the 3N euroscience 
Program, Iowa State U niversity, A m es, Iowa 50011.

The objective of this experiment was to  study the effect of relaxin on the 
synthesis of oxytocin (OT). Relaxin is known to affect the release of O T, however 
it is unclear whether relaxin also has an effect on the synthesis of O T. Previous 
studies have shown that relaxin administered to late pregnant rats causes the 
expression of Fos in OTergic cells of the hypothalamus. Fos is a transcription 
factor; therefore its presence in cells indicates that transcription within that cell is 
being altered. The expression of Fos in OTergic cells following administration of 
relaxin suggests that O T  synthesis is affected by relaxin. We used in situ 
hybridization to further investigate this possibility. Four groups of rats were 
studied: ovariectomized late pregnant rats treated with or without systemic relaxin, 
untreated control rats and sham ovariectomized rats. Three different time points 
prior to parturition were chosen to compare the amounts of O T  m RNA present in 
the supraoptic (SON) and paraventricular nuclei in the 4 groups. Oligonucleotide 
probes labeled with 35S were made and used to bind to the O T  m RNA found in 
situ. Following hybridization, slides containing hypothalamic brain sections were 
exposed to radiographic film. Subsequently, the film was developed and image 
analysis was used to quantitatively compare between treatments. Analysis of initial 
data shows a denser population of O T  m RNA in the SO N  of animals with 
circulating relaxin. Further results will be discussed; however, the present data 
indicate that relaxin facilitates the synthesis of O T  during pregnancy. Support for 
this research came from USDA, CSRS, N R IC G P Competitive Grant 93-37203- 
8965.

144.3
SEX UA L DIFFEREN CE IN TH E EFFECT OF M ATING ON 
G O N A D O TRO PIN  RELEASIN G H O RM O N E (G nRH ) NEURONS 
EX PRESSIN G FOS PROTEIN IN TH E RA BB IT FO REBRAIN. M. C a b a 1*,
C. Beyeŗ2, G. G onzález-M ariscaļ2 and R. S ilver^ . 1 Institute) de Invs. 
B iológ¡cas, Universidad V eracruzana, A.P. 114, Xalapa, Ver., ⅜ IR A . 
C IN V ESTA V -U A T (M éxico) and ^C olum bia University  (USA).

The purpose o f  this study was to determ ine, by ¡m m unocytochem istry. the 
expression o f  the im m ediate early gene c-fos as an index o f  neuronal activity 
in relation to m ating in GnRH and non G nRH neurons in rabbits. Mated 
fem ale (n=4) and m ale (n=4) N ew  Zealand rabbits were perfused 90 m inutes 
after copulation and the sections (50 µm ) were sequentially  incubated with the 
polyclonal antibody 0 A -11-824 against fos oncoproteins (G enosys) and the 
m onoclonal antibody HU4H against GnRH (donated by Dr. H. Urbanski). 
Fos nuclear staining (black reaction product) was detected in the preoptic 
area, bed nuclei o f  the stria term inalis, an terior hypothalam ic area, medial 
basal hypothalam us and medial am ygdala in m ales and fem ales. However, 
there was a drastic sex d ifference in relation to GnRH neurons (brown 
cytoplasm ic product) which coexpress fos. In the fem ale, approxim ately 30% 
o f  GnRH neurons also show fos im m unoreactivity  throughout their 
rostrocaudal distribution, though they were m ainly concentrated in the 
preoptic area, near the organum  vascu)osum  o f  lam ina term inalis, and in the 
bed nuclei o f  the stria term inalis. No double labelled cells were detected in 
males. Results indicate that rabbits o f  both sexes express fos protein after 
copulation in the hypothalam us and lim bic system  but the som atosensory 
stim ulation received activates the GnRH system  only in fem ales.
Supported by CO N A CY T 1845P-N to M.C.

144.4
SEASONAL NATURE OF THE ESTRADIOL- INDUCED FOS EXPRESSION IN A 
SUBSET OF ESTROGEN RECEPTOR-CONTAINING NEURONS IN THE 
PREOPTIC AREA OF THE EWE. I. Stefanovic , B.A. Adrian and R.L. Goodman. 
Dept, o f Physiology, West Virginia University, Morgantown, WV 26506 and #Sch Hlth 
Sci, Grand Valley State Univ, Allendale, MI 49401 

In the ewe, seasonal anestrus results from a change in the hypothalamic responsiveness 
to estradiol (E2) negative feedback. Various studies have demonstrated a role of 
hypothalamic dopaminergic cell groups in this seasonally dependent E2 effect. However, 
these neurons do not posses α-estrogen receptors (ER), therefore suggesting existence of 
another neural system mediating E2 inhibition. We have previously reported (Neurosci 
Abstr 21:1891, 1995) that 7 days of E2 treatment during anestrus significantly increased 
the percentage of ER-containing neurons expressing the immediate early gene product, 
Fos (1.7% vs. 17.8%) in the preoptic area (POA), near the OVLT, but not in other 
hypothalamic areas. To test the hypothesis that activation o f these ER-containing 
neurons occurs only in anestrus, we compared the effect of E2 treatment on Fos ⁄  ER 
colocalization, during the breeding season and anestrus, utilizing the newly available 
mouse anti-human ER antibody (Dako Corporation). Ovariectomized (OVX), breeding 
season ewes were bled for 4 hours at 12 min intervals, and implanted with either a blank 
(n=5), or E2 filled (n=5), 0.5 cm Silastic capsule. Seven days later, animals were bled 
again for 4 hours at 12 min intervals, their brains fixed, removed, sectioned and stained 
for ER and Fos using a dual immunofluorescence procedure. E2 treatment failed to 
significantly increase the percentage o f ER-containing neurons expressing Fos (OVX: 
3.47±l.92% vs. OVX+E2: l.8l±O.85%). The same procedure was repeated in another 
group o f 10 animals during anestrus; hypothalamic sections from 2 OVX and 2 OVX+E2 
ewes have been analyzed. Both E2 treated and control animals exhibited ER ⁄  Fos 
colocalization that closely follows our previous findings in anestrous ewes (16.4% and 
10.4% vs. 3.2% and 1.9% respectively). These data suggest that a subset of ER- 
containing neurons in the POA near the OVLT plays a role in the seasonal change in 
response to E2 negative feedback. Support: ROl-HD 17864
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144.5

REGULATION OF ESTROGEN RECEPTOR-α AND ESTROGEN RECEPTOR-ß 
шRNA LEVELS BY PROGESTERONE IN THE ANTERIOR PITUITARY. V. B. 
Mahesh.* L. Chorich. and D. W. Brann. Dept, of Physiology and Endocrinology, 
Medical College of Georgia, Augusta GA 30912.

Previous publications from our laboratory have shown that the administration of 
progesterone to estrogen-primed ovariectomized rats decreased occupied esưogen 
receptors and estrogen receptor mRNA levels in the rat anterior pituitary while no 
change in estrogen receptor (ER) binding took place in the hypothalamus of the same 
animals. An explanation for this difference was not readily available. With the recent 
discovery of ER-ß, this question was reexamined. Twenty-six day old rats were 
ovariectomized and injected with 2µg o f estradiol in ethanol saline vehicle at 1700 h on 
day 27 and day 28. On day 29 they received either vehicle or 1 mg progesterone at 
0900 h and killed at 1000, 1200, 1400, and 1600 h. Vehicle treated ovariectomized rats 
were used as additional controls. RNA was extracted from the hypothalamus and the 
anterior pituitary and subjected to quantitative RT-PCR for ER-α and ER-ß mRNA 
levels. The forward and reverse primers for the two receptors were for non
overlapping C-terminal region giving a 220 bp fragment for ER-α and 292 bp fragment 
for ER-ß. Internal standards were made that amplified 270 bp and 237 bp products by 
using ER-α and ER-ß primers, ß-actin was used to control for RNA transfer. ER 
mRNA from the hypothalamus of randomly cycling adult rats contained 2.4% ER-α 
and 97.6% ER-ß whereas the pituitary contained 60.5% ER-α and 39.5% ER-ß.
Estrogen treatment of immature ovariectomized rats resulted in an increase in ER-α 
mRNA levels in the pituitary (P<0.05) and progesterone treatment in estrogen-primed 
rats resulted in a significant decrease (P<0.05). ER-ß mRNA levels were unchanged by 
estrogen and progesterone treatments. These results indicate that the fall in estrogen 
receptors after progesterone treatment in the pituitary is due to progesterone effects on 
ER-α and the absence of a fall in the esưogen receptor levels in the hypothalamus may 
be due to the low levels o f ER-α present. (Supported by grant # HD 16688)

144.7
PROSTAGLANDINS M ED IA TE TH E IN H IB IT IO N  O F PU LSA T ILE  
LUTEINIZING H O R M O N E S E C R E T IO N  IN D U CED  BY IM M U N E 
STRESS, BUT NO T OVARIAN STERO ID S T.G. Harris . D.F. Battaglia. 
M. Brown. C. Viguie. C.Y. Williams and F.J. Karsch . Reproductive Sciences 
Program, University of Michigan, Ann Arbor, MI 48109.
In the ewe, immune stress inhibits pulsatile GnRH and LH secretion. Although 

prostaglandins (PG) are important for many pathophysiological responses to immune 
stress, for example fever, their mediatory role in the inhibition of pulsatile 
GnRH/LH secretion is unclear. In our first study, we tested the hypothesis that PG 
production is necessary for inhibition of pulsatile LH secretion following endotoxin, 
our model for immune stress. Five ovariectomized ewes were used in this 8h study, 
in which blood was sampled at 6-minute intervals to monitor pulsatile LH secretion. 
At hour 3.5, ewes received either the prostaglandin-synthesis inhibitor, flurbiprofen 
(2mg/kg iv) or vehicle. Thirty minutes later (hour 4), all ewes received endotoxin 
(400ng/kg iv). Two weeks later, treatments were reversed, enabling each ewe to act as 
her own control. Endotoxin suppressed mean serum LH concentrations in controls 
(before endotoxin vs after endotoxin, 2O.8±2.6 vs 15.5± 1.4ng/ml; p<0.02; paired t- 
test) by abolishing pulsatile LH secretion. Flurbiprofen completely prevented this 
inhibition (25.2±4.O vs 26. l± 4 .1 ng/ml). Our second study tested whether PG 
production is required for the inhibition of pulsatile LH secretion induced by the non- 
immune suppressors, ovarian steroids. A similar design to the first study was 
utilized, with the exception that luteal phase progesterone and early follicular phase 
estradiol concentrations were introduced at hour 4, in place of endotoxin. 30 minutes 
after flurbiprofen or vehicle. Mean serum LH concentrations were equally suppressed 
by steroids in both the presence and absence of flurbiprofen (before vs after steroids: 
flurbiprofen, 28.7±7.l vs 22. l±4.7ng/m l, p<0.02; vehicle, 27.3±6.6 vs 
19.5±4.8ng/ml; p<0.02; paired t-test, n=5). This suppression reflected predominantly 
a decrease in LH pulse amplitude. We conclude that PG mediate the inhibition of 
pulsatile LH secretion induced by immune stress, but not ovarian steroids. Thus, PG 
synthesis is not necessary for all inhibitory inputs to pulsatile LH secretion. 
(Supported by an Elizabeth Tuckcπnan Scholarship (TGH) and HD30773).

144.6
ABSENCE OF GONADOTROPIN SURGES IN OVARIECTOMIZED, STEROID- 
PRIMED PROGESTERONE RECEPTOR KNOCKOUT MICE. P.E. Chappell*1. M. 
Xu1. N. Sleiter*. P. Kim1. J. P. Lvdon2. B. W, O ’Malley2, and J.E. Levine1. 'Dept, 
of Neurobiology and Physiology, Northwestern University, Evanston, IL 60208 & 
2Dept. of Cell Biology and Center for Comparative Medicine, Baylor College of 
Medicine, Houston, TX 77030

Previous experiments in this laboratory have demonsưated that progesterone receptor 
knockout (PRKO) mice exhibit a variety of endocrine defects, including the lack of 
spontaneous or pheremonally induced preovulatory gonadotropin surges. This study 
attempted to determine whether PRKO mice are capable of expressing gonadotropin 
surges following priming by exogenous steroids. Wild-type (WT) and PRKO mice were 
ovariectomized (OVX) and half of each group were implanted with 1mm silastic 
capsules containing 1.25 or 2.5µg 17ß-estradiol (I⅛); controls were implanted with 
empty capsules. Six days following OVX, Ej-primed mice were subcutaneously 
injected with lµg estradiol benzoate (EB) in 0.1ml sesame oil. Some E2-pгimed WT 
and PRKO mice were additionally administered an injection of progesterone (P) (5mg) 
at 1000Һ the following day. All animals were sacrificed via cardiac puncture on the 
seventh day post-〇 VX at 1900Һ, and serum samples were collected and analyzed by 
RIA for LH and FSH. Although post-OVX gonadotropin levels of WT and PRKO 
mice were similar, E2-primed as well as Ę  - and P-primed PRKO mice exhibited no 
elevation in LH or FSH in contrast to similarly primed WT mice, which displayed 
robust LH and FSH surges at both doses of 17ß-E2. Interestingly, serum levels of LH 
in E-,-primed PRKO mice decreased significantly in comparison to unprimed OVX 
PRKO mice, suggesting that in the absence of functional PR, estrogen continues to 
exert a negative feedback influence on LH release. We conclude that: 1) PR is 
necessary for the transduction of steroid positive feedback in generating gonadotropin 
surges, 2) no other receptor-mediated mechanism need be invoked to account for the 
action of P in gonadotropin surge induction, and 3) activation of hypothalamic and/or 
pituitary PR is an essential component of gonadotropin surge initiation, even in the 
absence of ligand. (Supported by NIH ROl-HD2O677, P30-HD28048, P01-HD21921).

144.8
IS LEPTIN A SIGNAL TIM ING PUBERTY? S. Nagatani1*. P. Guthikonda1. and
D.L. Foster1,23. ‘Reprod. Sci. Prog., ⅛iology, ^Obstetrics and Gynecology, Univ. 
Michigan, Ann Arbor MI 48109.

Recent reports suggest that leptin could be involved in the timing of puberty. 
Leptin administration was found to advance the onset of puberty in mice (Chehab, et 
al. Science l997;275:88) and to maintain sexual maturation in female rats with 
decreased food intake (Cheung, et al. Endocrinology 1997; 138:855). However, it is 
unclear if leptin is a signal times puberty, because there is less consensus on a 
correlation between plasma levels of leptin and the onset of puberty. One fundamental 
criterion for a blood-borne signal timing puberty is that the amount of the circulating 
substance must change positively or negatively during sexual maturation. To test the 
hypothesis that circulating leptin provides such a signal through rising concentrations, 
we examined the temporal changes of circulating leptin in developing female rats. 
Two litters (Sprague Dawley) were randomly assigned to 3 groups, and blood was 
collected through an atrial cannula every 4 hours throughout the day starting at the 
lights on (08:00; 20:00 off) for the measurement of plasma leptin and LH. In the first 
(n=4) and second (n=4) groups, blood was collected when the females were 28 and 32 
days old, respectively; in the third group (n=6), blood samples were collected one day 
after vaginal opening (35±O.5 days of age). As an adult control (>2 months old, n=4), 
measurements were made on the day of diestrus I. There was no apparent circadian 
changes of leptin and LH in any group. Mean plasma levels of leptin and LH did not 
change between the day before (leptin levels: O.5l±O.O8 ng/ml at day 28; O.24±O.Ol 
ng/ml at day 32) and after vaginal opening (O.2±O.OO ng/ml). However, concentrations 
of leptin, but not LH, were significantly (P<0.05) higher in adult controls (l.l±O.35 
ng/ml) compared to those at 32 days of age or at one day after vaginal opening. These 
findings lead us to reject the hypothesis that changes in circulating leptin constitute a 
signal to initiate puberty. However, it is possible that leptin is a permissive factor and 
could well play a role in the expression of sexual maturity. Alternatively, the 
sensitivity to leptin, or the transport of leptin into the brain could increase during 
development. If this is the case, then the trigger(s) for these changes would be part of 
the important timing mechanism, rather than leptin itself. (Supported by NIH-HD- 
18394.)

144.9

HYPOTHALAMIC NPY Y1 RECEPTOR mRNA LEVELS VARY IN A CYCLE 
STAGE AND STEROID HORMONE-DEPENDENT MANNER. Ming Xu1*. 
Janice Urban2, and Jon E. Levine1. `Dept. of Neurobiology and Physiology, 
Northwestern University, Evanston, IL 60208 2Dept. of Physiology, Chicago Medical 
School, North Chicago, IL 60064.

We have previously demonsưated that neuropeptide Y (NPY) stimulates LHRH 
release from median eminence tissues in vitro, and that this action is most pronounced 
in tissues obtained from female rats prior to preovulatory gonadoưopin surges. These 
experiments were performed to test the hypothesis that increased responsiveness of 
LHRH terminals to NPY at this time is associated with increased expression of mRNA 
encoding the NPY Y1 receptor (Ylr). Experiments were also performed to determine 
if any such increase is steroid-dependent. A competitive RT-PCR method was devised 
to quantitate hypothalamic Y lr mRNA levels in female rats during stages of the 
estrous cycle, and in ovariectomized rats following estrogen (E2) and progesterone 
(P4) ưeatment. Competitor RNA (cRNA) was constructed with different size and 
similar sequence to Y1 receptor mRNA. Standard curve and equation were obtained. 
In the competitive RT-PCR assays, RNA samples were RTed in the presence of the 
same amount of cRNA, and the absolute amount of Y1 receptor mRNA in samples 
was calculated according to the ratio between the RT-PCR products from Y1R mRNA 
and cRNA. Rats were sacrificed at the time points of 1000Һ, 1400Һ and 1800Һ 
grouped according to the estrous stages. Our results demonstrate that hypothalamic 
Ylr mRNA is acutely upregulated prior to preovulatory LHRH and LH surges, and 
that this same increase can be stimulated by steroid priming of ovariectomized 
animals. These observations support the idea that increased responsiveness of LHRH 
terminals to NPY is mediated by steroid-dependent increases in Y lr gene expression. 
Our findings are entirely consistent with the hypothesis that upregulation of NPY Ylr 
expression is an integral component of the neuroendocrine mechanisms governing the 
production of LHRH surges. (Supported by NIH ROl-HD2O677, P30-HD28048, P01- 
HD21921).

144.10
NPY mRNA ASYMMETRICAL CHANGES IN RIGHT AND LEFT SIDES OF POA-AHA DURING 
DIESTRUS-2 AND PROESTRUS DAYS. Arteaαa-Lòpez P1 Mendoza-Rodríαuez A2. Cruz ME1*. 
Ceſbón MA2 and Dominguez R1. 1 Facultad dѳ Estudios Superiores Zaragoza, 2 Facuttad de 
Quím¡ca, UNAM, México City, México.
It has been shown that the right and left sides of preoptic anterior-hypothalamic area (POA-AHA) 
regulate in asymmetrical way the gonadotropin secretion and ovulation. Several studies suggest 
that nepropeptide-Y (NPY) plays a crucial role in the induction of the GnRH preovulatory 
secretion. In present study, the activitiy of NPY mRNA in right and left sides of POA-AHA before 
and during the peak of estrogens is discribed. Total RNA of POA-AHA right and left sides was 
obtained from 6 intact rats. RT-PCR using specific oligonucleotide for NPY gene amplification 
was performed. GAPDH gene was used as a constitutive expression control. Serum levels of 
17ß-estradiol was cuantificated by RIA. Figure shows the results:

i_Л right m  left -←  estradiol

The results shown that synthesis of mRNA NPY between right and left sides of POA-AHA is 
asymmetnc and agree with idea that mRNA NPY increases before the onset of the ovarian 
steroid-induced luteinizing hormone surge. Supported by DGAPAIN2O8996, CONACyT 121846
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144.11
FLUCTUATION OF PROLACTIN LEVELS IN MALE RATS FOLLOWING 
CONSECUTIVE EJACULATIONS. M.E. Hernandez1*. M.R. Toledo'. L. Nicolas'. 
M.R. Cruz'. P. Carrillo1. J. Manzo' and P. Pacheco12, 'inst. Neuroetología, Univ. 
Veracruzana, Xalapa, Ver., and 2Inst. Invest. Biomédicas, UNAM. México.

Prolactin (PRL) is a proteic hormone that participates in several reproductive 
functions. The inhibitory effects of high-tonic levels of PRL on the reproductive 
physiology of males have been extensively analyzed. Thus, it is well know that 
hyperprolactinaemia produces in humans and animals hypogonadism, lost of libido, 
dysfunction of penile erection, impotence, infertility, decrease in testosterone levels, 
among other effects. However, under non-pathologic conditions, PRL levels in males 
during the execution of sexual behavior are not well determinated as might be supposed. 
Then, in this study the peripheral levels of PRL in sexually experienced male rats were 
evaluated before and after they ejaculate up to four times.

Males (n=8) were cannulated in the jugular vein to obtain blood samples (20 µl) 
before copulation and after 1,2,3 or 4 ejaculations. PRL in the samples was separated by 
polyacrylamide gel electrophoresis on 0.75 mm thick slab gels. PRL was trasferred 
electrophoretically onto nitrocellulose at 100 V for 2 h at 4°C. The concentration was 
analyzed by densitometry and expressed as arbitrary units of the area under the curve.

Data showed an early peak elevation of PRL levels after the males participated in 
sexual encounters. Such rapid elevations were of 1.4 and 2.8 times for the respective 
first and second ejaculation, and start returning to basal levels after the third and fourth 
ejaculation, even though males can ejaculate more than 8 times before reaching sexual 
satiety. These data suggest that under normal conditions, an early peak of PRL level is 
necessary to trigger neuroendocrine responses that allow males to have several 
ejaculations in the same sexual encounter. Our hypothesis is that the early PRL peak 
induces the synthesis of LH receptors which, in turn, will promote a long-lasting 
increase of testosterone levels. As it is known, an elevation of testosterone is required 
for the appropriate execution of masculine sexual behavior. Whether PRL itself exerts 
an autoinhibitory feedback or its release is inhibited by increased levels of testosterone, 
is a topic that deserves further research. CONACYT12~324N (MEH) and 96342 (MRT)

144.13

HOW FAST DOES PROGESTERONE ACT TO INHIBIT GnRH SECRETION? 
D.C. Skinner1*. N.P. Evans2. B. Delaleu‘ and A. Caraty1. 'Neuroendocrinologie 
Sexuelle, INRA, PRMD, Nouzilly, France; 2Dept. of Veterinary Preclinical Studies, 
Univ, of Glasgow Veterinary School, Bearsden Road, Glasgow, UK.

Progesterone (P) powerfully inhibits GnRH secretion in several species, but the 
neural mechanisms underlying this effect remain poorly understood. Using an estrogen 
(E2)-free ovine model, we investigated the immediate GnRH and LH responses to acute 
manipulations of circulating P concentrations and whether this response was dependent 
on both P and E2 pretreatment. Simultaneous portal and jugular blood samples were 
collected over a 36h period: 0-12h in the presence of exogenous P (P treatment begun 
8 days earlier); 12-24h, P implant removed; 24-36h, P implant reinserted. The removal 
of P caused a significant rapid increase in GnRH pulse frequency (0-12h: 0.32+0.05 
pulses/h; 12-24h: O.75±O.O8 pulses/h) that was detectable by the time of the second 
subsequent pulse ( l75± l8  min). The speed of inhibition after P insertion on GnRH 
pulse frequency was even greater (24-36h: O.O9±O.O5 pulses/h), the effect detectable by 
the time of the first pulse (49±I2 min). LH pulsatility was modulated identically. A 
further experiment showed that if ewes were not pretreated with P, then although P 
still inhibited GnRH pulse frequency (before P: 1.19+0.08 pulses/h; after P: 
O.72±O.IO pulses/h), the strength of the suppression following the acute P challenge 
was significantly lower (l7±7%  vs 6O±7% of pulses preceding P insertion). We also 
demonstrated that P exerts this acute suppression through an ĭ⅛-dependent system as 
the inhibitory effects of P on LH secretion, lost following long-term E2 deprivation 
(before P: l.O7±O. 17 pulses/h; after P: 1.00+0.12 pulses/h), are restored after two 
weeks of E2 treatment (before P: O.93±O.O7 pulses/h; after P: O.53±O.O9 pulses/h). 
This is the first study to demonstrate that P acutely inhibits GnRH, and consequently 
LH, release through a neuronal system which is both P- and E½-dependent. DCS was 
funded by the Wellcome Trust.

144.15

GONADAL STEROIDS M ODULATE IMMƯNOREACTIVITY  
OF TWO FORMS OF GnRH IN THE FEMALE M USK SHREW  
BRAIN. M, M. Cho. X. Li. and E. F. R issm an* Department o f  
Biology, University o f  Virginia, Charlottesville, V A  22903.

Ovarian hormones regulate mammalian (mGnRH) and chicken-II 
(cGnRH-II) gonadotropin-releasing hormone immunoreactivity in 
the female musk shrew brain. The number o f  immunoreactive 
neurons containing mGnRH and cGnRH-II is dependent on the 
presence o f  the ovaries. Ovariectomized (O V X ) female musk 
shrews have more mGnRH-ir and cGnRH-II-ir cell bodies in the 
forebrain and midbrain, respectively, than do intact females 
(p < 0.05). In addition, the cGnRH-II fibers in the medial habenula 
occupy a greater area in OVX, as compared to intact females 
(p < 0.05). ’ These data suggest that steroid hormones regulate 
production and/or release o f  both forms o f  GnRH present in the 
mammalian brain. Work in progress addresses the relative 
regulatory effects o f  estrogen, androgen and progesterone 
receptors. Supported by N Ш  grants N S35429 and MHO 1349.

144.12
VASOPRESSIN IN THE PREOPΉC AREA INDUCES A LUTEINIZING 
HORMONE SURGE IN SCN-LESIONED, OVARIECTOMIZED, ESTRADIOL- 
TREATED RATS. Ĭ.F.Palm1,2. E.M. Van der Beek2. A.Kalsbeek1, M.G.P. Feenstra'*, 
V.M. Wiegant3. R.M. Buiis1. ‘Neth Inst for Brain Res, Amsterdam;2 Agricult Univ, 
Wageningen; 3Dept Med Pharmacol, Rudolf Magnus Inst Neurosci, Utrecht Univ, the 
Netherlands.
The luteinizing hormone (LH) surge in the female rat is induced by positive feedback 

of estrogen and by a daily neuronal signal from the suprachiasmatic nuclei (SCN). The 
integration and translation of these signals to the gonadotropin-releasing hormone 
(GnRH) system may occur in the medial preoptic area (mPOA), which contains many 
estrogen receptors and is innervated by SCN fibers containing vasopressin (VP) as a 
putative neurotransmitter. Based on previous data we have hypothesized that VP in the 
mPOA, possibly of SCN origin, acts as a stimulatory signal for the timing of the LH 
surge in ovariectomized E treated rats. To test this hypothesis we investigated whether 
VP could induce an LH response in SCN-lesioned animals, which as a result of the 
lesions do not show spontaneous LH surges.

The bilateral SCN of female Wistar rats were thermically lesioned. After the 
establishment of complete behavioral arhythmicity, animals were OVX and 2 weeks 
later implanted with a unilateral microdialysis probe in the mPOA, a jugular vein 
catheter and a subcutaneous E-implant. VP (50 ng/µl) or Ringer solution were applied 
by reverse microdialysis from ZT 7.5-12.5. Hourly blood samples were taken for LH 
determination.

In SCN-lesioned control animals, LH concentrations were around basal levels at all 
times. Animals treated with VP showed a transient rise in LH levels, which started 
immediately after VPhad entered the brain. The LH response was very similar in shape 
and amplitude to the LH surges in SCN-intact, OVX + E rats.

These data support our idea of a stimulatory role for SCN-derived VP in the 
regulation of the LH surge and suggest that exogenous VP can replace the original 
timing signal from the SCN. (Supported by NWO 903-43-120)

144.14
THE RAPID INHIBITION OF GnRH SECRETION BY PROGESTERONE IS 
TRANSDUCED BY ITS NUCLEAR RECEPTOR A. Caratv1*. B. Delaleu‘. R.L. 
Ģoodщan2, P. Bouchard3, and p .Ç , Skinner1. ‘Neuroendocrinologie Sexuelle, INRA, 
PRMD, Nouzilly, France; 2Dept of Physiology and Biophysics, West Virginia 
Univ., Morgantown, West Virginia; ⅛ervice d’Endocrinologie, Hôpital Saint 
Antoine, Paris, France

In several species including humans, progesterone (P) can rapidly inhibit LH 
pulsatile secretion. This suggests that at least part of the inhibitory effects of this 
steroid on LH release may be transduced through a neurally located nongenomic 
system. We investigated a) whether this acute inhibition was mediated by the P 
metabolite and neurosteroid, allopregnanolone, which acts through the GABAa 
receptor and has been implicated previously in the control of LH secretion, or b) 
whether P acted directly on its nuclear receptor. In the first experiment, jugular blood 
samples (l5min) were collected from ovariectomized ewes (6/group) over 9h: 0-ЗҺ, 
vehicle infused iev; 3-9h, P or allopregnanolone infused (both 2.2µg/min in 2.2µl) 
icv. P infused iev caused a significant rapid decrease in LH pulse frequency (0- 
Зh:l.O7±O. 13pls/h; 3-9h:0.28±0.12pls/h) which is similar to the response seen with 
systemic P in other work. In contrast, when allopregnanolone was infused, the pulse 
frequency did not change (0-ЗҺ:1.10±0.10pls/h; 3-9h:1.08±0.08pls/h). In a second 
study, jugular samples were collected from 18 ovariectomized ewes over 12Һ: at hour 
3, either RU486 (2OOmg) or vehicle were injected im and at hour 6, P was inserted 
intravaginally. A further group received only the im RU486. As before, P on its own 
inhibited LH pulsatility (before P:0.75±0.06pls/h; after P:0.20±0.03pls/h). RU486 
alone had no effect (before RU:0.77±0.07pls/h; after RU:0.76±0.08pls/h). However, 
RU486 completely blocked the inhibitory effects of P (before P:0.67±0.08pls/h; after 
P:0.60±0.11pls/h). This study shows that P acutely inhibits LH release through a 
nuclear P receptor system, not via the GABAa receptor-affecting neurosteroid, 
allopregnanolone. DCS was funded by the Wellcome Trust and RLG by a Fogarty 
Senior International Fellowship (FO6-TWO22I9).

144.16

NOREPINEPHRINE (NE) RELEASE IN THE DIAGONAL BAND  
ASSOCIATED WITH THE LUTEINIZING HORMONE (LH) SURGE 
IN YOUNG AND MIDDLE-AGED RATS S J. Legan* and W.H. 
Callahan. Dept, o f Physiol., Univ, o f  Kentucky, Lexington, KY 40536.

To determine whether the pattern o f  NE release associated with LH 
surges changes with age, regularly-cycling middle-aged (n=6 , 7-9 
months) and young rats (n=5, 5-6 months) received estradiol implants sc 
one week after ovariectomy (Day 0). On Days 1 and 2, they were fitted 
with microdialysis guide tubes in the ventral diagonal band o f  
Broca/medial preoptic area, and right atrial cannulae, respectively. On 
Day 3, blood samples and microdialysates were obtained every 30 
minutes (min) from 0900 to 1900 hours (h) for assessment o f  NE by 
HPLC and o f  plasma LH concentrations by radioimmunoassay. In 7 o f  
the 9 rats that had an LH surge (n=4 o f  5 middle-aged and 3 o f  4 young), 
two increases in NE release (> one standard deviation above the average 
release) occurred at least 2 h apart, both lasting less than 1 h. The second 
(later) rises all occurred within 90 min before onset o f  the LH surge. In 
the 2 remaining rats having LH surges, only one NE increase was 
observed either at 0900 or 1130 h. In the 2 rats that did not have an LH 
surge, one rat had an increase in NE release at 1530 h, and in the other, 
two NE rises were observed within 1 h o f  each other (0900 and 1030 h). 
There were no differences between the groups with age. These results 
suggest that NE release near the GnRH neurons may constitute part o f  
the neural signal for the LH surge, and that this signal may have two 
distinct components Supp. by NIH -AG -13454
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145.1
P R O JE C T IO N  FRO M  THE P R E O P T IC  A R E A  FO R THE C O N T R O L  
OF N O N S H IV E R IN G  T H E R M O G E N E S IS  IN R A TS . X .-M . C h e n 1, T. 
H o s o ∩ o 2. T. Y o d a ’ , Y. F u k u d a ’*a n d  K. K a π o s u e 2. ’D e p a rtm e n t o f  
P h y s io lo g y ;  2S c h o o l o f A ll ie d  h e a lth  S c ie n c e s ,  O saka  U n iv e r s i t y  
F a cu lty  o f M e d ic in e ,  Y am ad ao ka  1-7, S u ita , O saka  565 , J a p a n .

In the preopt¡c area (PO) warm- and co ld-sensitive  neurons are considered to  
send efferent signals for heat loss and heat p roduction, respectively. We have 
shown tha t w a rm -sens itive  n eu ro ns  p lay  a m a jo r ro le  fo r sh ivering 
therm ogenesis (Zhang,etal.J.P. 485 ,195-202 ,1995). In the present study, we 
investigate w h e th e r w arm - o r co ld -sen s itive  n eu ro ns  in the  PO contro l 
nonshivering therm ogenesis predom inantly, and where the e fferent signal from 
the PO d esce nd s fo r th is  contro l. M ale w ¡star rats (300-500  g) were 
anesthetized w ith urethane (1.4 g/kg). Electric stim ulation (0 .075-0.2  mA, 33  
Hz, 0.5 ms) of the ventrom edial hypothalam us (VMH) for 2 min elicited a rise in 
tem perature of the  brown adipose  tissue  (Tbat) and th is  response  was 
com plete ly b locke d  by warm ing (41 .5  Ҽ ) the  PO. M icro in jection  o f d l - 

homosysteic acid (0.5 mM ,0.3 ul) into the PO also significantly a ttenuated Tbat 

rise by VMH electrical stimulation, whereas m icroinjection of contro l vehicle had 
no effect. E ither coronal transection of the whole hypothalam us at the level o f 
the paraventricular nucleus, or partial transection including the medial forebra in  
bundle but not the paraventricular nuclei, both induced rapid and large rises in 
Tbat and rectal tem pera ture. This hypertherm ia was not in fluenced  with i.p. 
injection of indom ethacin. Medial knife cut had no effect.

These resu lsts suggest that BAT the rm ogenes is  is contro lled  m ainly by 
inhibitory s igna ls from PO warm -sensitive neurons, ra ther than by excitatory 
signals from co ld-sensitive  one. And this e ffe ren t inhib itory s¡ngal passes via 
lateral, but not medial, hypothalamic pathways.

145.3

THE FEBRILE RESPONSE TO LIPOPOLYSACCHARIDE (LPS)
IS BLOCKED IN COX-2-⁄-BUT NOT IN COX-1-⁄-MICE. S. Lfl* 
Y. Wane1. K. Matsumura2. L. Ballou1. S.G. Morham3. and C.M. 
Blatteis1 . Шniv. of Tennessee, Memphis, TN 38163; 2Osaka 
Bioscience Inst., Osaka, Japan; 3Myriad Genetics, Salt Lake City,
UT 84108

Various lines of evidence have implicated cyclooxygenase-2 (COX-2) 
in fever production. Thus, its expression is selectively enhanced in brain 
after peripheral exogenous (e.g., LPS) or endogenous (e.g., interleukin-
1) pyrogen administration, while selective COX-2 inhibitors suppress 
the fever induced by these pyrogens. In this study, we assessed the 
febrile response to LPS of congenitally COX-1 (COX-l^/^) and COX-2 
(COX-2-/-) deficient C57BL/6J mice. COX-1+/' and COX-2+/' mice 
were also evaluated; controls were wild-type mice (Jackson Labs). All 
the animals were pretrained for 2 wks to the experimental procedures. 
LPS was injected ip at 1 µg/mouse; pyrogen-free saline (PFS) was the 
control solution. Core temperatures (Tc) were recorded using 
thermocouples inserted 2 cm into the colon. The presence o f the COX 
isoforms was determined in cerebral blood vessels
immunocytochemically after the experiments, without knowledge of the 
functional results. The data showed that the wild-type, COX-l+/̂ , and 
COX-1"/" mice all responded to LPS with a 1 °C rise in Tc within 1 h; 
the fever gradually abated over the next 4 h. By contrast, COX-2+/' and 
COX-2'/' mice displayed no Tc rise after LPS. PFS did not affect the 
Tc of any animal. It would appear that COX-2 may be necessary for 
LPS-induced fever production. (Supported by NIH grant NS 34857.)

145.5

IN TR A V EN O U S L IP O P O L Y S A C C H A R ID E  A C T IV A T E S 
NEURONS IN TH E P A R A V EN T R IC U L A R  N U CLEUS O F 
HYPOTHA LAM US P R O JE C T IN G  TO  TH E SPIN A L 
C O R D . Y-H. Zhang1, J.K. Elmquist*12. andC.B. Saper1. 
'Department of Neurology, d epartm en t of Medicine and Division of 
Endocrinology, Beth Israel Deaconess Medical Center, Harvard Medical 
School, Boston, MA 02115.

The paraventricular nucleus of the hypothalamus (PVH) contains 
specific efferent connections to sympathetic and parasympathetic 
preganglionic neurons. Intravenous (i.v.) injection of lipopolysaccharide 
(LPS) produces fever and induces Fos-like immunoreactivity (Fos-IR) in 
several nuclei in the rat brain, including the ventromedial preoptic area 
(VMPO), PVH and the nucleus of the solitary tract (NTS). LPS 
administration also activates neurons in the intermediolateral cell column 
(IML) of the spinal cord that receive a direct innervation from the PVH. 
As LPS-induced fever includes changes in blood flow and autonomic 
regulation, we investigated whether PVH neurons that directly project to 
the IML are activated by LPS. We injected the retrograde tracer, cholera 
toxin-B (CTb) into the IML followed by i.v. injection of LPS (5 µg/kg) 
one week later. Many double-labeled neurons (Fos-IR and CTb-labeled) 
were found in the PVH when CTb was injected into T l-T 4 and T11-Ll 
levels of the spinal cord, while few double-labeled neurons were found in 
the PVH when CTb was injected into other spinal levels. Further, we 
found the double-labeled neurons were predominantly located in the 
ipsilateral PVH, in the dorsal and ventral parvicellular subdivisions. 
These results indicate that LPS-activated PVH neurons directly project to 
the Tl-T4 and T11-Ll levels of the IML and may participate in the 
autonomic regulation of LPS-induced fever in the rat. This work was 
supported in part by USPHS grants NS33987 and MH56537.

145.2
FO S E X P R E S S IO N  IN THE B R A IN  IN D U C E D  BY W ARM IN G  T H E  
P R E O P T IC  A R E A  IN RA TS . K. Y o s h id a ' . M. N is h i ’ . S. L iu 1. T. 
H o s o n o ’ , H. S c h m id 2. R. G e r s tb e rq e r2, E. S im o n 2, a n d  K . 
K a n o s u e ’ . ’D e p t, o f P h y s io l. ,  S ch. o f A llie d  h e a lth  Sc¡., O s a k a  
U n iv ., Fac. o f M ed., S u ita , O saka  5 6 5 -0 8 7 1 , Ja pa n . 2M a x -P la n c k  
In s t., Bad N a u h e im , D -61231 , G e rm a n y .

Homeotherm ic animals regulate their body tem perature by using behavioral as 
well as autonom ic processes, and both kinds of processes are controlled by the  
hypotha lam us, espec ia lly  the p reop tic  area (PO ). The PO works as 
therm osensitive  s ite to produce therm oregulatory e ffector responses. We 
have recently shown that warm-sensitive neurons mainly works for the control o f 
both heat loss and heat production (Zhang et al., J. Physiol. 485, 1995). In the  
present study, to e lucidate pro jection site from  the PO, we exam ined Fos 
expression in the brain by warming the PO. Male W ister rats (300-400 g) 
housed under standard conditions with free access to food and water were 
used in all experim ents. Ten days prior to experim ents, under ketamine 
anesthesia (250 m g / kg, i.p. ) all animals were im planted with a cannula in the  
PO; 1.0 mm lateral to the m idline, 0.5 mm rostral to the bregma with its tip  
protruding 9.0 mm below the surface of the skull. On the day of experiment, a 
therm ode was inserted into the cannula. And the animal was left undisturbed in 
its home cage for approximately 240 min. The animals were divided into two 
groups. In the first group, the PO was warmed to 41 °C in the period from 160th  
to 190th min. In the second (control) group, the PO was not warmed. The  
express ion  o f Fos p ro te in  in the  ra t b ra in  was investiga ted  using 
¡mmunohistochem¡stry. In anim als w hose PO were warmed, Fos were 
expressed  in the  m edian PO, medial and lateral PO, subforn ical organ, 
parvocellulaг region of the paraventricular nucleus, and periaqueductal grey.

145.4

DEVELOPMENTAL PLASTICITY IN SYM PATHETIC OUTFLOW: 
LOW ERED NEONATAL TEMPERATURE ENHANCES 
SYM PATHETIC REGULATION OF BROWN ADIPOSE TISSUE.
S.F. Morrison* and J.B. Young. Depts. o f Physiology and Medicine, 
Northwestern Univ. Med. Sch.; Chicago, IL 60611.

Sympathetic nerve activity (SNA) to brown adipose tissue (BAT) contributes 
to thermoregulation through control o f the metabolic heat production in BAT. 
To determine if  the sympathetic regulation o f BAT could be influenced by 
neonatal exposure to an altered environmental temperature, animals were raised 
from 1 to 60 days o f age at either 18°C or ЗO°C and then, after 30 days at room 
temperature, the responses o f BAT SNA were assessed under 
urethane/chloralose anesthesia and artificial ventilation. In both groups, BAT 
SNA was quiescent at normal body temperature (37°C) and increased markedly 
when body temperature was lowered to 34°C. Both the gain (BAT SNA/°C) 
and the maximum level o f the BAT SNA response to this acute hypothermic 
challenge were significantly (p<0.01) greater in the animals raised at 18°C 
compared to those raised at ЗO°C. Disinhibition o f neurons in the raphe 
pallidus, the medullary site mediating BAT thermogenesis, also elicited larger 
increases in BAT SNA in 18°C- vs ЗOºC-raised animals. Electrical stimulation 
in the same raphe pallidus site evoked potentials o f significantly larger 
amplitude in 18°C- vs ЗOºC-raised animals. We conclude that early postnatal 
exposure to a lowered environmental temperature produces a fixed alteration, 
possibly an increased number or responsiveness o f neurons, that results in 
enhanced thermoregulatory responses in the sympathetic outflow to BAT. 
Supported by NIH DK2O378.

145.6

AMBIENT TEMPERATURE AND FEVER IN YOUNG AND OLD RATS.
M. Florez-Duquet. E,D, Peloso and E. Satinoff *. Department o f Psychology, 
Neuroscience Program, University of Delaware, Newark, DE 19716.

One o f the defining characteristics o f fever is that body temperature reaches 
the same height within a broad range of ambient temperatures (Ta). In a 
previous study we reported that after peripheral injection of lipopolysaccharide 
(LPS, the major pyrogenic component o f Gram negative bacterial cell walls), 
many old rats did not develop fever in their home cages (Ta = 23 ± 1°C). 
However, if  they were allowed to select a Ta in a thermally graded alleyway, 
they chose warm positions (Ta 30-32ºC) and showed good fever responses. In 
the present study we investigated whether old rats maintained at the Ta chosen 
by old rats in the prior study, would develop a fever; that is, does Ta influence 
fever height in old rats? Young (3-7 mo) and old (24-29mo) male and female 
Long-Evans rats were maintained at Ta’s of 20, 30, and 32°C for 2 days. Then 
they were injected with LPS at doses previously found to produce fever (young 
rats: 100ug/kg, old rats: 50ug/kg), or the saline vehicle. All rats were given 
three injections (one at each Ta) at least three weeks apart. As expected, fever 
heights in the young rats were similar at all three Ta’s. However, fever 
production in the old rats was significantly influenced by Ta; none o f the old 
rats developed fever at 2O°C, whereas all of them did so at ЗO°C. At 32°C 
fever responses of old and young rats were indistinguishable. Thus, Ta has an 
important influence in the development o f fever in aged rats.
(Supported by NIH grant MH4l 138 to E.S.)
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145.7

CYTOKINE-INDUCED FEVER IN OBESE (fα /fα) an d  LEAN 
(FA/FA) ZUCKER RATS. E. S atin off, E. P e lo so , M. Zatz* an d  C.R. 
rlata-Salam ć⅛ n. N eu rosc¡. P rog., Univ. D e l., N ew ark  DE 1 9 7 1 6 .

In ear lier  w ork , w e  rep orted  th at o b e s e  (fα /fα) Zucker rats 
exh ib ited  sign ificantly  g re a te r  a n o rex ia  th an  did lea n  (Fa/Fa) 
Zucker rats to  th e  a cu te  ICV m icro in fu sion  o f  IL-1 ß. H ere, w e  
in vestiga ted  th e  fev er  r e sp o n se  o f  o b e s e  a n d  lea n  Zucker rats 
to  ICV m icroinfusion  o f recom b in an t h u m a n  IL-1 ß, recom b in an t  
m u rin e IL-2, recom b in an t m u rin e IL-6, an d  recom b in an t  
m u rin e T N F -a. C ore b o d v  tem p era tu re  w a s  m on itored  by a 
rad io -te lem etry  system  in τreely -m ov in g  rats. T he resu lts sh o w  
that: ¡) both  IL -lß  an d  IL-6 in d u ce fev ers  in o b e s e  an d  lea n  
rats; ¡i) IL -lß  (4 .0  n g /ra t, b e fo re  lights out) in d u ces  a  
sign ificantly  įp <  0 .0 0 0 1 )  h ig h er  an d  lo n g -la s tin g  fev er  
r e sp o n se  in o b e s e  rats (n =  16) th an  it d o e s  in le a n  rats In =  
14); i¡i) IL-6 (1 0 0  n g /rat) in d u ces  a s ign ifican tly  (p <  0 .0Ò 01)  
h igh er  an d  lo n g er -la s tin g  fe v e r  r e sp o n se  in le a n  rats th an  it 
d o e s  in o b e s e  rats; iv) IL-2 (1 0 0  n g /ra t) in d u ces  a fev er  
r e sp o n se  in le a n  (p <  0 .0 0 0 1 ) ,  but n ot o b e s e  rats; v) T N F -a  
(1 0 0  n g /rat) in d u ces  a sim ilar fev er  r e sp o n se  in o b e s e  an d  lean  
rats; an d  vi) th e  fevers  in d u ced  by e a c h  e ffec tiv e  cytok ine h a v e  
d ifferen t t im e co u rses . Thus, o b e s e  an d  le a n  Zucker rats sh o w  
differen tia l r e sp o n s iv e n e ss  to  th e  ICV in fu sion  o f  v ar iou s  
c la ss e s  o f  cy tok in es. This s u g g e s ts  th at g e n e t ic  o b es ity  is 
a sso c ia ted  w ith d ifferential cytok ine action  on  th erm o reg u la to ry  
m ech a n ism s. S u p p orted  by U .D . an d  th e  NIH (grants #  R O l - 
M H 4l 1 3 8  to  ES an d  #  R O l -M H 56O 82 to  CRP-S).

1 4 5 .9

INVOLVEMENT OF NEURONS IN THE INFERIOR OLIVE (IO) IN 
NON-SHIVERING METABOLIC HEAT PRODUCTION. T. Uno, T. 
Kiyohаrа.1* J. Roth2 and M  Shibata. Dept, o f Biometeorology, 
Yamanashi Inst, o f  Environmental Sciences, Fuji-Yoshida, Yamanashi 
403; !Dept. o f Applied Biology, Kyoto Institute o f Technology, K yoto 
606 , Japan; 2Dept. o f Physiology, U niv. Marburg, Marburg, Germany.

We have demonstrated previously that neurons in the area o f the 
midbrain retrorubral field (RRF) tonically inhibit non-shivering thermo
genesis in rats. Disinhibition o f these neurons by procaine results in an 
increased temperature o f the interscapular brown adipose tissue (IBAT) 
and rectum via enhanced central sympathetic outputs. These observations 
suggested the possible existence o f neurons somewhere lower than the 
midbrain that are tonically inhibited. Such neurons, if exist, should 
increase their firing rates during the IBAT and rectal temperature increase 
following disinhibition o f the midbrain neurons by procaine. The aim o f  
the present study was to locate such neurons. For this purpose, w e 
employed the technique o f immunohistochemical staining o f c-fos protein 
that is synthesized in the excited neurons. Urethane-anesthetized male 
Wistar rats were mounted into the stereotaxic apparatus, and 
thermocouple probes were inserted into the IBAT and rectum. Procaine 
solution was microinjected into the area o f the RRF and temperature rises 
o f both the IBAT and rectum were confirmed. Then, brains, were 
perfused, frozen to section, and subjected to immunohistochemical 
staining o f c-fos. Results: (1) Significantly large number o f c-fos 
expressing neurons were found in the principal nucleus of the IO. (2) 
Electrolytic lesioning o f the IO abolished the midbrain procaine-induced 
temperature increase. (3) Electrical stimulation o f the IO increased both 
IBAT and rectal temperatures. These results suggest that neurons in the 
IO posses sympathetic functions and control metabolic heat production.

1 4 5 .8

THE LOWER MIDBRAIN NEURONS TONICALLY INHIBIT  
METABOLIC HEAT PRODUCTION INDEPENDENTLY OF THE  
HYPOTHALAMUS IN RATS. M. Shibata* and T. Uno, Dept, of 
Biometeorology, Yamanashi Institute o f Environmental Sciences, Fuji- 
Y oshida, Yamanashi 403, Japan.

Regions including the retrorubral field (RRF) o f the midbrain contain 
specific neuronal mechanism(s) that tonically inhibits metabolic heat 
production in rats. Our earlier studies revealed that disinhibition o f the 
midbrain mechanism by procaine microinjections increases body 
temperature via the enhanced central sympathetic outflow. The aim o f the 
present study was to examine whether the midbrain mechanism, that 
tonically inhibits metabolic heat production, contains specific neurons, 
and also to examine whether the hypothalamus exerts any influence on 
the midbrain mechanism. Male Wistar rats anesthetized with urethane 
( l . 2g/kg, i.p .) were mounted into the stereotaxic frame, and 
thermocouple probes were inserted into the rectum and the interscapular 
brown adipose tissue (IBAT). Various agents were bilaterally 
microinjected into the area o f the RRF before or after isolation o f the 
hypothalamus from the midbrain by suctioning brain tissues at the level 
o f the mamillary body. Results: (1) Microinjections o f procaine 
increased temperature o f the IBAT by 1.3 °C and the rectum by 0 .6  °C on 
average. (2) Microinjected tetrødotoxin (a Na-channel blocker) also 
increased both temperatures. (3) L-glutamate microinjected into the area 
where procaine increased temperatures earlier decreased both IBAT and 
rectal temperatures. (4) Isolation o f the hypothalamus from the rest o f the 
brain did not affect temperature increases o f the IBAT and rectum after 
procaine microinjections. These results suggest that the area o f the 
midbrain RRF contains specific neurons that operate independently o f the 
hypothalamus and control metabolic heat production.

NEUROENDOCRINE REGULATION: PARAVENTRICULAR HYPOTHALAMIC NUCLEUS AND OTHER

1 4 6 .21 4 6 .1

A FOS-BASED CHARACTERIZATION OF CNS SYSTEMS ACTIVATED IN 
RESPONSE TO LACTATION AND SUCKLING. T. Morales*and P.E. Sawchenko. 
The Salk Institute, La Jolla, CA 92037

In the reproductive cycle of mammals, lactation is often characterized as the most 
complex endocrine phase, whose hallmarks include suckling-induced production and 
ejection of milk. We have used Fos-guided immunohistochemical and axonal transport 
approaches to build upon prior characterizations of systems activated specifically in 
response to lactation and suckling (Fenelon etal. Neuroscience 53:77, 1993, Brain Res. 
662:165, 1994: Hoffman et al. Brain Res. 654:207, 1994: Eriksson et al. 
Neuroendocгinol. 63:356, 1996). Freely nursing diparous dams sacrificed at various 
time points in lactation displayed Fos induction in several brain regions that 
distinguished them from diestrous or pregnant females. This included Fos induction in 
the main and accessory olfactory bulb, in aspects of the preoptic region implicated in 
the control of maternal behavior, the spinal trigeminal nucleus and gustatory regions of 
the nucleus of the solitary tract (NTS). A more moderate activation of magnocellular 
neurosecretory neurons was observed, but this was localized preferentially to 
vasopressin (AVP) rich compartments. To probe the circuitry involved in suckling- 
induced oxytocin (OT) secretion dams at 8-14 days of lactation were reunited with their 
pups after a 4 hr separation, and sacrificed at varying intervals thereafter. Suckling- 
induced Fos-ir in identified OT neurons followed an orderly time course, peaking at 1.5 
hr. At this time point, extrahypothalamic cell groups displaying prominent 
activational responses over and above that seen in controls included: infraîimbic and 
somatosensory cortex, accessory olfactory bulb, intergeniculate leaflet, periaqueductal 
gray parabrachial nucleus, caudolateral NTS, and the midbrain raphé nuclei. To 
identify candidate afferent mediators of the response, the experiment was repeated in 
dams bearing retrograde tracer deposits in the PVH. The most prominent brainstem 
sites of doubly labeled cells included the PAG, lateral parabrachial nucleus and 
caudolateral NTS. These findings provide a basis for exploring experimentally the 
circuitry and mechanisms underlying a number of lactation-specific phenomena, 
including suckling induced OT secretion (Supported by NS-21182, NIH FIC 1F05- 
TW5351-01).

MEMBRANE PROPERTIES OF THE HYPOTHALAMIC PARAVENTRICULAR 
NUCLEUS NEURONS PROJECTING TO THE SPINAL CORD IN THE RAT.
K. Nose'. S. Miyahara2. S. Wakisaka2 and H. Kannan'*. Depts. Physiol.1 and 
Neurosurg.2 Miyazaki Medical College, Miyazaki, 889-16 Japan.

Hypothalamic paraventricular nucleus (PVN) consists of oxytocinergic and 
vasopressinergic magnocellular neurons projecting to the neurohypophysis, 
neurosecretory parvocellular neurons projecting to median eminence and preautonomic 
parvocellular neurons projecting to the autonomic centers in the brain stem and spinal 
cord. Electrophysiological membrane properties of PVN neurons classified based on 
immunohistochemical studies with antibody agonist neurophysin or related peptides 
have been studied extensively, however, the properties of PVN neurons classified 
functionally based on the projecting sites have not reported. Thus, we conducted to 
examine in vitro characteristic electrophysiological properties of preautonomic 
parvocellular PVN neurons projecting to the spinal cord. Wistar rat pups (3 days old ) 
were anesthetized by ether and deep hypothermia and a suspension of fluorescent 
carbocyanine dye Dil was injected into the cervical spinal cord. Seven to 16 days later, 
hypothalamic slices (200 µ m thick) were made from pups (10-19 days old). Individual 
retrogradely labeled neurons were visualized with a water-immersion × 40 objective 
via epifluorescence, and membrane properties were examined with patch clamp mode. 
The neurons labeled Dil showed low threshold potential in the whole cell patch clamp 
method with current clamp mode. Because PVN parvocellular neuron was reported to 
show low threshold potential (Dudek, 1991), it was suggested that PVN neuron 
projecting to spinal cord showed electrophysiological membrane property of the 
parvocellular neuron. This technique will be useful for the study of functional 
identified PVN neurons.
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146.3

PARAVENTRICULAR NUCLEUS HISTAM INE RELEASES 
CENTRAL A N D  PERIPHERAL OXYTOCIN FOLLOWING  
STIMULATION OF α-ADRENERG IC RECEPTORS. S. L.
Bealer* and W,R. Crowley. Depts. Physiology and Pharmacology, 
Univ.,Tenn. Memphis, TN  38163.

These studies determined the role o f α-adrenoreceptor stimulation 
in release o f central and peripheral oxytocin (OT) during 
administration o f histamine (HA) in the paraventricular nucleus 
(PVN) o f conscious, female rats. Animals were implanted with 
microdialysis probes adjacent to the PV N , and catheters in a femoral 
artery and vein. The following day, dialysate and plasma were 
collected before, during, and following dialysis probe perfusion with 
artificial cerebrospinal fluid (ACSF), A C SF containing HA (ACSF- 
HA), or A CSF containing HA and the α-adrenergic receptor 
antagonist phentolamine. Dialysate and plasma were collected and 
evaluated for OT concentration. During perfusion o f PVN dialysis 
probes with A CSF-H A, both dialysate (16 .8± 3 .2  pg/ml) and plasma 
(31.2± 8 .4  pg/ml) concentrations o f OT were significantly greater 
than OT concentrations observed duπng probe perfusion with normal 
ACSF (4.9± 2.3 and 9.4±  2.3 pg/ml, respectively). However, there 
was no significant increase in dialysate (5. l±  1.8 pg/ml) or plasma 
(1 l.O± 1.7 pg/ml) OT concentrations during dialysis probe perfusion 
with ACSF-HA containing phentolamine. These data demonstrate 
that stimulation of α-noradrenergic receptors is necessary for both 
peripheral and intranuclear release o f  OT during HA administration in 
the PVN. (Supported by USPHS grants HD 32156  and HD 20074)

146.5
MECHANISM S OF A C TIO N  INVO LVED IN O T- A N D  A N P - INDUCED 
NATRIURESIS. T.J. Soares1. W .I.C . A lbuQ uerαue-Aгaúio1" T.M. 
Coim bra1, A .L .V  F¯āvaretto1. S.M . M cC ann2 and J. Antunes¯Rodriαues1ľ  
ŉ e p t. o f Physiology, Univ, o f São Paulo, R ibe irão Preto, SP, Brazil; 
2Pennington B iom . Res. C ente r (LSU), Baton Rouge, LO, USA.

Prev ious results dem onstrated tha t the  inhib ition o f n itric  oxide 
synthase (NOS) by n itroarg in ine m ethyl este r (L-NAM E 10m g/kg iv) 
decreases the  natriuresis evoked by oxytocin  (O T 1µg/ra t iv), but not 
that evoked by A N P  (ANP 1µg/rat). The aim  o f th is  study was to 
evaluate the  m echanism s invo lved  in th is  response. For th is  we verified: 
1) the e ffects  o f NO S inhib ition on renal param eters; 2) the n itra te  
urinary excretion (a m arker fo r endogenous NO production) in response 
to L-NAME, O T and ANP; 3) the  e ffects  o f vasopressin  antagonist (V2) 
1µg/100g bw, iv) on the  O T-induced natriuresis. The results showed a 
s ignificant increase in the  fractiona l excretion o f sodium  (FENa+) 
induced by O T (p<0.001) and A N P  (p<0.01) (5.6±O.З% and 2.3±O.7%) 
respectively, when com pared w ith the contro l group (Û.4±0.1%), w ith no 
changes in g lom eru la r filtra tion  rate (G FR) and renal p lasm a flo w  (RFP). 
The urinary excretion rates o f N 0 3' were ve ry  low  (ЗO.72±O.79 
µM/2Omin) in basal conditions. O T induced a gradual and sign ifican t 
increase (p<0.001) w ith a peak at 40 m in (662.5±83.9 I µM/2Om¡n). This 
increase in the  N 0 3̂  urinary excretion, induced by O T, was sign ifican tly  
reduced by p re treatm ent w ith L-NAM E. No s ign ifican t e ffects  on O T- 
induced natriuresis were observed a fte r adm inistration o f a (V2) A VP  
antagonist.The data suggest tha t O T can increase natriuresis by acting 
d irectly on its receptors in the  renal tubu les to  activa te  the  NO S in renal 
tubu lar ce lls  which then induces natriuresis by cG M P.
Technical assistance: C leonice G .A. S ilva , M aria Valc i A. S ilva  and 
Marina Holanda.
Grants from  P R O NEX (324/97), FAPESP (94/03805-7), CAPES.

146.7

HYPOTHALAMIC ACTIONS OF LEPTIN: PHYSIOLOGICAL CONSEQUENCES 
AND CELLULAR CORRELATES. Alastair V. Ferguson*, Pauline M. Smith, Jeff E. 
Powis, Veronique Mollaret, and Jaideep S. Bains. Dept, o f Physiology, Queen’s 
University, Kingston, ON K7L-ЗN6

Leptin, the protein product o f the ob\ob gene, is produced by adipocytes in direct 
proportion to adiposity in rats and humans. Once produced, it is free to circulate in 
the blood stream in both free and protein bound form. Results from studies in which 
leptin is injected intracerebroventricularly provide evidence in favour of a 
hypothalamic site through which leptin acts to regulate feeding behaviour. The 
paraventricular nucleus (PVN) is one such structure that has been implicated in 
regulating feeding behaviour.

Using patch-clamp recording techniques, we examined the direct membrane effects 
of leptin on neurons in a coronal PVN slice. Bath application o f the physiologically 
active leptin fragment (O.lnM-lOOnM) elicited dose-related depolarizations in 82 % 
of the type I cells tested (n=l7) and 67 % of the type II cells tested (n=9). In contrast, 
the physiologically inactive leptin fragment had no discemable effect on membrane 
potential (n=7). Depolarizations were maintained in synaptic isolation (by bath 
application of the sodium channel blocker, tetrodotoxin, n=5). Voltage clamp 
recordings in 6 cells demonstrated that leptin increased a non-specific cationic 
conductance with a reversal potential near -30  mV.

In vivo microinjëction studies revealed that a bolus microinjection of O.5µl 10'6 
leptin into PVN (n=l7) caused significant gastric intestinal mucosal damage (p<.O5, 
Kruskal Wallis test for non parametric data) whereas similar microinjections o f leptin 
into non-PVN sites (n=5) or microinjection of saline (vehicle) into PVN (n=4) did not 
induce such damage.

These findings show that leptin exerts system specific effects on PVN neurons, 
associated with the control of gastrointestinal function.
Support: Medical Research Council o f  Canada

146.4

ROLES OF THE CENTRAL OXYTOCINERGIC SYSTEM AND THE AREA 
POSTREMA IN THE CENTRAL ACTIONS OF ADRENOMEDULLIN.
M. Saita.1 K. K<⅛ς>,1 T. Kunit⅝ke,1 T. HanamorU K, Kitamura,2 T. Eto.2 
Y. Ueta.3* H. Yamashita3 and H. Kannan1. Depts. of 1 Physiol, and 2Medicine, 
Miyazaki Medical College; Miyazaki 889-1692, Japan; 3Dept. of Physiol., Univ, of 
Occup. Environ. Health, Sch. of Med.; Kitakyushu 807-8555, Japan.

We have recently found the biphasic change, a decrease followed by an increase, in 
renal sympathetic nerve activity (RSNA) with increases in mean arterial pressure 
(MAP) and heart rate (HR) following intracerebroventricular (i.c.v.) administration of 
adrenomedullin (AM) in conscious rats (M. Saita et al., Am. ./. Physiol. 274, 1998). 
However, the action sites and mechanism responsible for AM in the central nervous 
system remain to be elucidated. AM has been immunohistochemically shown to 
exist in the hypothalamic paraventricular nucleus neurons like arginine vasopressin 
(AVP) and oxytocin (OXT), and the three peptides are all involved in the central 
regulation of water and sodium homeostasis. In the present study, we explored the 
central interaction among them, using OPC-21268 and vasotocin, which are 
selective antagonists to AVP Vi and OXT receptors, respectively. Pretreatment 
(i.c.v.) with vasotocin but not OPC-21268 significantly diminished the central AM- 
induced cardiovascular and RSNA responses. Since AM microinjection into the area 
postrema (AP), which is a circumventricular organ, has been reported to increase 
MAP and HR, the AP was expected as a potential site for centrally administered 
AM. Therefore, we investigated the central AM-induced responses in AP-lesioned 
(APx) rats. In APx rats, increases in MAP, HR and late phase of RSNA via central 
AM were not abolished but further augmented compared to those in intact rats. In 
conclusion, AM in the brain may act as a neuropeptide on the cardiovascular system 
and RSNA partly through the central OXT receptor. On the other hand, the AP may 
participate in the inhibitory regulation of the central actions of AM.

146.6
ANGIOTENSIN II INFLUENCES TYPE II NEURONS IN RAT 
HYPOTHALAMIC PARAVENTRICULAR NUCLEUS.
K.J. Latchford* and A.V. Ferguson, Dept, of Physiology, Queen’s 
University, Kingston, ON Canada, K7L ЗN6.

The paraventricular nucleus of the hypothalamus (PVN) consists o f the 
magnocellular Type I, and parvocellular Type II neurons, which can be 
differentiated based on electrophysiological properties. PVN is important in 
cardiovascular regulation, sending peptidergic efferents to the locus 
coeruleus, NTS, DMV, and the intermediolateral cell column of the spinal 
cord. Angiotensin II (ANG), has been shown to act as a neurotransmitter 
which plays significant roles in regulating the excitability of PVN output 
neurons (ί.e. Type I cells). Although extracellular recordings have also 
suggested that ANG influences PVN neurons without identified outputs 
(Type II cells?), the mechanisms underlying such effects have yet to be 
directly addressed. We have used whole cell patch clamp techniques to 
examine the effects o f ANG on Type II neurons in PVN slices. O f the 24 
Type II neurons which were tested with ANG [10^7] 50% (n= 12) depolarized 
(8.3±l.OmV; mean±SEM, p<0.01, /-test). These depolarizations were 
associated with decreases in input resistance (-l97.5±7O.4MΩ; n=9, p<0.05, 
/-test). These observations indicate that Type II neurons are sensitive to 
ANG, although the rudimentary changes in membrane property and/or 
synaptic input remain unclear. The decrease in input resistance (increase in 
conductance) accompanied by a depolarization however, suggests that ANG 
mediates the activation of an inward cationic current.

This research was supported by MRC Canada.

146.8
NEURO PEPTIDE Y NEURO NS FROM THE ARCUATE NUCLEUS OF THE 
HYPO TH ALAM US (ARH-NPY) DIRECTLY PRO JEC T TO CO RTICO TRO PIN 
RELEASING HO RM ONE (CRH) NEURO NS IN THE PAR AVENTRICULAR 
NUC LEUS (PVH). C. Li*. P. Chen and M.S. Smith. Dept, o f Physiology & 
Pharm acology, Oregon Health Sciences Univ, and Div. O f Neuroscience, Oregon 
Regional Prim ate Research Center, Beaverton, OR 97006.

The mechanism by which ARH-N PY modulates food intake is thought to 
involve interactions with neurons in the PVH. However, the neuronal system s in 
the PVH which receive input from  the ARH-N PY have not been identified. In the 
present study, an anterograde tracing study com bined w ith trip le label 
im m unocytochem istry was conducted to exam ine the possib le anatom ical 
in teractions between the ARH-N PY and CRH system s. The anterograde tracer, 
P hаseolus vu lga ris  leucoagglutinin (PHA-L), was iontophresed into the ARH of 
fem ale rats. The rats were then perfused transcard ia lly w ith  fixative a fter the 
survival period. Coronal sections (25 µm) were cut through the forebrain and triple 
label im m unofluorescence staining with three d iffe rent fluorophores was 
perform ed to v isualize  PHA-L (FITC), NPY (TR ITC) and CRH (Cy5) w ith the aid 
o f confocal m icroscopy. PHA-L and NPY double-labeled fibers and axonal 
term inals were observed in various areas including the  bed nucleus o f the stria 
term inalis (BST), the organum  vasculosum  o f the lam ina term inalis (OVLT), and 
several hypothalam ic nuclei including the medial preoptic area (mPOA), 
parvoce llu lar region o f the paraventricular nucleus (PVHp), periventricu lar zone 
(Pe), dorsom edial nucleus and arcuate nucleus. CRH positive cells were found 
mostly in the PVHp with some cells scattered along the Pe zone. In the PVHp and 
Pe, NPY- and PHA-L double-labeled fibers were  found in close apposition to the 
CRH positive somas and fibers. Thus, the present study provides morphological 
evidence that ARH-N PY can d irectly modulate the CRH neuronal activity in the 
hyppthalamus. (Supported by NIH grants HD14643 and RR00163.)
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146.9

DOES WHITE ADIPOSE TISSUE (WAT) RECEIVE PHOTIC INFORMATION 
DIRECTLY FROM PROJECTIONS OF RETINAL GANGLION CELLS? M
Bamshad*. G. E. Demas. and T.J. Bartness. Depts. Biol. & Psychol., Georgia State Univ., 
Atlanta, GA 30303.

Siberian hamsters use photoperiod (day length) as a cue to adjust their body weight to 
seasonal changes. In the short days of winter, they lose body fat and in the long days of 
summer, they gain body fat. Seasonal changes in the amount of light stimulation of 

retinal ganglion cells are converted into neuroendocrine responses that trigger changes 
in body fat content. The neural circuitry underlying these neuroendocrine responses is not 
fully understood. The retinal ganglion cells project to the suprachiasmatic nucleus (SCN) 
of the hypothalamus which projects to several forebrain structures including the 
paraventricular nucleus (PVN) of the hypothalamus. Recently, we investigated the brain 
origins of sympathetic nervous system pathways that innervate WAT and brown adipose 
tissue (BAT) using pseudorabies virus (PRV) as a transneuronal retrograde tracer. 
Injections of PRV into either the inguinal, epididymal or interscapular (IWAT, EWAT, 
IBΛT, respectively) pads resulted in infection of neurons in the PVN and the medioventral 
portions of the SCN. These data suggest that WAT and BAT receive direct neural input 
from the PVN and SCN neurons. In the present study, we examined whether SCN 
neurons projecting to WAT and BAT receive efferent projections from the retinal 
ganglion cells. PRV was injected unilaterally into either the left IWAT or IBAT. After 
96 hours, cholera toxin, used as an anterograde tracer, was injected into the vitreous body 
of the ipsilateral eye. The hamsters were perfused 48 hours later and the brains were 
processed immunocytochemically. PRV-labeled neurons were seen in the PVN and the 
medioventral portion of the SCN, whereas cholera toxin-labeled neurons were seen in the 
lateral portions of the SCN. No colocalization was found. These data suggest that WAT 
docs not receive photic information directly from the SCN. The phenotype of SCN 
neurons projecting to WAT will be identified to understand the role of SCN in regulation 
of fat metabolism. (Supported by NШ ROl DK35254 & NIMH KO2 MH00841 to TJB)

146.11

THE CENTRAL CONTROL OF SYMPATHETIC OUTPUT 
TO THE SUBM ANDIBULAR GLAND OF THE RAT
T. Hübschle'·2. M. Jurzak'* and B,J, Oldfield2
'M ax-P lanck-Institu te  for Physiological and Clinical Research, 
K erckhoff-Institute, Parkstr. 1, 61231 Bad N auheim , Germ any.
2TҺ℮ How ard Florey Institute o f  Experim ental Physiology and M edicine, 
University  o f  M elbourne, Parkville, V ictoria 3052, Australia.

There is a lack o f  know ledge about the origin o f  central efferent control 
influencing salivary function via preganglionic sym pathetic neurones in 
the thoracic spinal cord. Recently  a pow erful neuroanatom ical tool has 
been established using transsynaptic retrograde transport o f  an attenuated 
pseudorabies virus strain and its subsequent im m unocytochem ical 
detection in the brain for neuronal track tracing. In this study virus 
injections into the left subm andibular gland were com bined with unilateral 
parasym pathectom y leading to retrograde viral transport only w ithin the 
sym pathetic efferents to the gland. Preganglionic sym pathetic neurones 
within the interm ediolateral cell colum n (IM L) o f  the thoracic spinal cord 
segm ents T l-T 6  were infected ips¡laterally  2 days (55 hours) after 
inoculation. U nilateral rem oval o f  the sym pathetic superior cervical 
ganglion blocked this entry o f  the virus into the central nervous system. 
Besides the viral infection in the IM L the only o ther brain areas infected 
after 55 hours w ere the m esencephalic periaqueductual gray and the 
hypothalam ic paraventricu lar nucleus. Three days postinoculation (66-78 
hours) additional viral infection was detected in m edullary, pontine, 
m esencephalic and forebrain areas know n to influence sym pathetic 
functions suggesting that w idespread central nervous system  areas are 
involved in the sym pathetic control o f  subm andibular gland function. 
Supported by a postdoctoral fellow ship grant o f  the M ax-Planck-Society.

146.13

PARTICIPATION OF AR TE R IAL BAR O R EC EPTO R INPUTS A N D  PER IPH
ERAL VASOPRESSIN IN THE SUPPR ESSIO N O F RENAL SYM PATHETIC 
NERVE A C TIVITY  INDUC ED BY CE N TR A L SALT LOADING  IN C O NSCIO US 
RATS. K. Kato .1 M. Sa ita .1T  K unitake.1 T. H anam ori.1 H. K annan1 and H. 
Yam ashita2* 1Dept. o f Physiol., M iyazaki Med. College, Miyazaki, 889-1692 
Japan; 2Dept. o f Physiol., Univ, o f O ccup. and Environ. Health Sch. o f Med., 
K itakyusyu, 807-8555 Japan.

W e found that renal sym pathetic nerve activ ity (R SNA) is suppressed in 
response to intracerebroventricu lar (i.e.v.) adm inistration o f hypertonic saline 
(HS) in conscious rats (K. Kato e t al., Neurosci. Lett., 242: 41, 1998). To e luci
date m echanism s responsib le  fo r centra l HS-induced change in RSNA, possib le 
involvem ent o f arterial baroreceptors and peripheral arg inine vasopressin  (AVP) 
secreted from  the posterior p ituitary gland were  exam ined using s¡noaortic 
denervated (SAD) rats and non-peptide vasopressin  V i receptor antagonist, 
O PC -21268 (O tsuka, 5m g/kg, ¡.v.).

RSNA was suppressed by i.e.v. adm inistration o f HS (O.67M, 1µl/m in fo r 20 
m in) in conscious Sprague-D aw ley rats. The m axim um  suppression o f RSNA 
(-81.5 ± 5.5% ) was significantly attenuated to -42.5  ± 7.2%  in SAD rats and to 
-55.8  ± 5.7%  in rats pretreated w ith vasopressin  V i receptor antagonist. 
However, in SAD rats, the vasopressin  V i receptor antago ist did not further
m ore a ffect the RSNA inhibition induced by centra l sa lt loading. These results 
suggest tha t the suppression o f RSNA a fte r centra l sa lt loading is m ainly 
dependent on the arterial baroreceptor inputs and via the “add itive ” role o f 
peripheral vasopressin.

146.10
IDENTIFICATION OF CENTRAL NEURAL PATHWAYS INVOLVED IN THE 
REGULATION OF BROWN ADIPOSE TISSUE. USING PSEUDORABIES 
VIRUS
L.M. CQLVILL. S-Y. CHAP AND B J, OLDFIELD. Howard Florey Institute. 
University'of Melbourne. Parkville. 3052. Australia 

The indentification of the ob gene and its protein product leptin. has provided new 
insights into the control of food intake and the metabolism of brown and white 
adipose tissue. However, the central neural pathways which regulate this process 
remain poorly defined. In the present study , the neurotropic virus pseudorabics 
(PRV. Bartha) was used to elucidate polysnaptic pathways to brown adipose tissue 
in combination with the immunocytochemimcal localisation of putative CNS 
neurotiэnsmiîters to identify a possible neurochemical code Nineteen Sprague 
Dawley rats ( 180 — 250 g) were anaesthetised with sodium pentabarbitonc (60 mg 
kg) and 3 x 1 µl injections of PRV (1 x 10s pfu/ml) were made into the left 
interscapular brown adipose tissue (ISBAT) pad Rats survived between 48 hours (n 
-  7) and 72 hours (n = 12) following inoculation They were then perfused with 
aldehydes and neural tissue was processed for the immunocytochemical localisation 
of viral proteins and a range of putative neurotransmitters and enzymes. PRV was 
initially identified within neurons of the stellate ganglion and the intermediolateral 
nucleus of the spinal cord (Tl-T5) after a 48 hour surv ival period After 72 hours. 
PRV was transported to discrete sites in the rostroventral. rostromedial and 
dorsomedial medulla as well as to the pons and hypothalamus Between 25-35% of 
PRV-positive stellate ganglion cells were also immunoreactive for calbindin. A 
similar proportion of neurons in the spinal cord were co-localised with calbindin. 
Variable numbers of catecholamine neurons in different medullary and pontine 
nucleui were PRV positive. In the hypothalamus, some infected neurons contained 
oxytocin and MCH but not CRF. AVP or TH. These results show a central pathway 
with definable chemical content directed to the ISBAT which may regulate its 
metabolism.
This work was supported by NHMRC of Australia.

146.12
CALCIUM RECEPTOR ACTIVATION POTENTIATES SPIKE AFTER
DEPOLARIZATIONS IN RAT SUBFORNICAL ORGAN NEURONS. 
David L.S. Washburn* and Alastair V. Ferguson, Dept, o f Physiology, 
Queen’s University, Kingston, ON Canada, K7L ЗN6.
The subfornical organ (SFO) is a circumventricular structure involved in the 
regulation of autonomic function. In addition to sensing circulating peptide 
molecules, the SFO is also able to sense other ligands, including ionized 
calcium. This study was undertaken to examine the role of the calcium 
receptor (CaR) in modulation of the firing patterns of SFO neurons using the 
whole cell patch clamp technique. In current clamp recordings from 
dissociated SFO neurons, we observed that in response to depolarizing 
current injection, some cells displayed a prominent spike after-depolarization 
(ADP), while others showed monotonic return to baseline membrane 
potential. In order to quantify these responses, we measured both the time to 
return to baseline and the area under the curve (AUC) for the ADP. The 
allosteric CaR activator NPS R-467 (5 µM) increased the time to baseline 
from 1.5 ± 0.3 (n=7) to 3.9 ± 0.7s (n=6; p<0.01, /-test) in cells which showed 
an ADP. Similarly, the AUC for the ADP increased from 12.6 ± 2.2 to 53.6 
± 19.4 (p<0.05, /-test). NPS R-467 also induced phasic firing patterns in 
some SFO neurons. In addition to spontaneous burst firing periods 
characterized by rapid initiation and cessation o f firing responses, brief (100 
ms) depolarizing pulses could initiate these events. We hypothesize that 
activation of the calcium receptor potentiates the current underlying both the 
ADP and phasic firing in SFO neurons. We predict that this current is the 
nonselective cation conductance we have previously reported to be activated 
by NPS R-467. This work was funded by a Medical Research Council o f  
Canada grant to AVF. DLSW is supported by a studentship from NPS 
Pharmaceuticals Inc.

146.14
AUTONOMIC INPUT IS RESPONSIBLE FOR MAMMARY 5'DEIODINASE 
REGULATION. C Aceves. R Roias. N Marina. T Morales. C Clapp* and F Mena. 
Dpto Neuroendocrinología, Centro de Neurobiología, UNAM. AP. 1-1141 Juriquilla 
Qro. 76001. México.

In previous reports we showed that mammary deiodinase type 1 (M-Dl) is 
regulated by suckling through beta-adrenergic receptors. In this work we analyzed 
the role played by the adrenals and the sympathetic innervation of the gland on this 
response. Primiparous lactating Wistar rats (10p/partum days; 10 pups) were 
allocated in the following groups, adrenalectomyzed (Adx-S) and left abdominal 
gland denervated (LD). Control animals included, continuous suckling (CS). 12Һ 
nonsuckling (12ҺNS) or Adx without resuckling (Adx-NS). Prior to any 
experimental manipulation all mothers were separated from their pups for 12 h. Adx- 
S rats were resuckled ad libitum for 4 h and sacrificed. Denervated rats were suckled 
(15 minutes) by one pup on both, the denervated (LD) and the contralateral intact 
gland (RD), and sacrificed 4 hours later. Mammary tissue was collected for the 
analysis of both, D1 activity (rTЗ radioiodide release) and D1 mRNA (RT-PCR). 
Enzyme specific activity (SA) is summarized in the table. Values represent X ± SD 
(n=4) and are expressed as pmol/mg protein/h.

Group CS 12NS Adx-S Adx-NS LD RD
SA 9.O±O.7 l.5±O.4 lЗ±O.8 l.4±O.4 2.3±O.8 I6±O.8

Despite Adx, M-Dl activity was restored by suckling. In contrast denervation 
blocked this stimulatory effect. Elevations in M -Dl activity were paralleled with 
increases in mRNA. These results show that the adrenergic neural input constitutes 
the major regulatory influence upon mammary M -Dl activity and that a 
ưanscriptional regulatory mechanism is involved in these effects.
Partially supported by the grant PAPIIT-UNAM IN2O6496
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EFFECTS OF BARORECEPTOR DENERVATION ON VASOPRESSIN 
SECRETION AND DRINKING EVOKED BY ANGIOTENSIN IN RATS. E.M. 
Strieker*. A.M. Schreihofeг. and A.F. Sved. Department of Neuroscience, 
University o f Pittsburgh, Pittsburgh, PA 15260.

Intravenous infusion of angiotensin II (AngH) in rats elicits drinking and 
neurohypophyseal secretion of vasopressin (VP). AngИ also causes a marked 
increase in arterial blood pressure (AP), and this increase in AP may inhibit VP 
secretion and drinking. If such inhibition does occur, then these responses to 
Ang∏ should be potentiated in baroreceptor-denervated rats. To test this 
hypothesis, AP, drinking, and plasma V P  levels were measured in rats in which 
baroreceptor afferent signals were eliminated by chronic electrolytic destruction o f 
the nucleus tractus solitarius (NTS-X). As previously described, rats with NTS-X 
had normal, though labile, mean AP, normal baseline plasma VP levels, and 
normal 24-hr water intakes. Infusion of 100 ng/kg/min AngИ for 60 min increased 
AP from 112 ± 4  mm Hg to 156 ± 4  mm Hg in control rats (n = 5 ), while heart rate 
decreased, whereas the increase in AP was markedly enhanced in rats with NTS-X 
(from l lO ± 4  mm Hg to 200 + 2 mm Hg; n = 5 , p < 0 .0 1 ) while heart rate 
increased. In other rats injected with 100 ng/kg/min AngИ for 60 min, control rats 
drank 3.5±O.7 ml (n= 7) whereas rats with NTS-X ingested 10.3 ±0 .7  ml (n= 6; 
p<0.01). In contrast to its effects on water intake, AngH-evoked increases in 
plasma VP levels were not enhanced in rats with NTS-X. Similar effects were 
obtained when 250 ng/kg/min Angll was infused for 60 min. These results 
indicate that pronounced Ang∏-induced increases in AP do not attenuate the 
associated increase in VP secretion in baroreceptor-denervated rats. However, 
NTS lesions did potentiate AngH-induced drinking; whether this effect is due to 
removal of baroreceptor afferent signals or some other mechanism requires further 
study. (NIH grants HL-38786 and MH-25140)

146.16
ANGIOTENSIN II RECEPTORS IN LACTATING AND DIESTRƯS 
RAT BRAIN REGIONS R. C. Speth.1 W.T. Barry.1 and K . L. G rove2* 
'P rogram  in Neuroscience, W ashington State University, Pullm an, WA 
99164-6520, O re g o n  Regional Prim ate R esearch Center, Beaverton, OR 
97007

The lactating rat is characterized as having a suppressed stress response and 
reproductive axis, as well as an increase in w ater intake. The brain renin angio
tensin system  in the rat functions to m odulate the above system s. The purpose 
o f  this study was to determ ine if  the lactating rat dem onstrates changes in ex
pression in A ng II receptor binding that m ay help explain these changes in 
hypothalam ic function. The density  o f  angiotensin II (Ang II) receptors was 
determ ined in 17 regions o f  the forebrain o f  6 lactating and 7 diestrus fem ale 
rats. A reas selected included both ATŧ and AT2 containing nuclei. Ang II recep
tors in 20 m icron thick frozen sections o f  the brains w ere labeled by receptor 
au toradiography with l25I-sar’,ile8A ng II and m easured by quantitative densito- 
m etric im age analysis. In the lactating rat brains, the density  o f  Ang II recep
tors in the preoptic area (463±Ю O fm/g) w as significantly  greater (p<0.005) 
than in the diestrus rat brains (292±46 fm/g). There w as a trend for A ng II 
recep to r den sity  to be in creased  in the  m ed ian  p reo p tic  nucleus (44% ), 
subfornical organ (40% ) and paraventricular nucleus o f  the hypothalamus (34%), 
but these increases were not significant. Ang II receptor densities in the other 
brain regions including the rem aining areas o f  the hypothalam us were sim ilar 
in both groups. These observations suggest that A ng II m ediated functions m ay 
be altered in specific hypothalam ic regions and that this m ay contribute to the 
changes in the neuroendocrine axis during lactation.

CARDIOVASCULAR REGULATION: CENTRAL MECHANISMS—RVLM

147.21 47 .1

SYMPATHOINHIBITION EVOKED BY ANGIOTENSIN RECEPTOR BLOCKADE 
IN ROSTRAL VENTROLATERAL MEDULLA IS INDEPENDENT OF ATļ, 
ANGIOTENSIN (1-7) OR GLUTAMATE RECEPTORS. P.D. Potts1. A.M. Allen2*.
J. Horiuchjl and R.A.L. Dampneyl. ⅛ ept. o f Physiology, Univ, o f Sydney, NSW 
2006 and ⅜oward Florey Institute, Univ, of Melbourne, Vic. 3052, Australia.

Bilateral injections of non-selective angiotensin (Ang) receptor antagonists into the 
rostral veirtrolateral medulla (RVLM) cause a profound fall in arterial pressure 
comparable to that observed following sympathetic ganglionic blockade. In this study 
we determined the role of specific Ang receptor subtypes and glutamate receptors in 
mediating this effect. In pentobarbitone-anesthetized rabbits, bilateral injections into the 
functionally identified pressor region in the RVLM of losartan (1 nmol, an AT ļ 
receptor antagonist), or [D-Ala7] Ang(l-7) (1 nmol, a specific Ang(l-7) receptor 
antagonist) had little effect on mean arterial pressure (MAP) or renal sympathetic nerve 
activity (SNA). Furthermore, following combined bilateral blockade of AT ļ and Ang(l- 
7) receptors (as verified by the lack of response to their respective agonists), bilateral 
microinjections into the RVLM of a non-selective Ang receptor antagonist ([Sar*,Thr8] 
Ang II, 1 nmol or [Sar^, He**] Ang II, 1 nmol) caused a profound fall in MAP of 54 ± 5 
mmHg and in SNA of 68 ± 7%. A similar large sympathoinhibitory response to [Sar1, 
Thr8] Ang II was elicited after bilateral microinjections of the glutamate receptor 
antagonist kynurenate (20 nmol) into the RVLM. In control experiments, 
microinjection of [Sar^,Thr8] Ang II into the RVLM did not affect phrenic nerve 
activity, even though this region contains respiratory neurons. Finally, in urethane- 
anesthetized rats, bilateral injection into the RVLM of the high affinity ATļ antagonist 
LI58,8O9 (0.1 nmol, gift from Merck Research Lab.) had little effect on MAP or SNA, 
in agreement with the results obtained with losartan in rabbits. We conclude that the 
tonic activity o f RVLM sympathoexcitatoiy neurons is largely dependent on Ang-like 
receptors, but these are not ATļ or Ang(l-7) receptors, and their effects do not depend 
on an interaction with glutamate receptors. (Supported by the NHMRC of Ausưalia).

147.3

INHIBITORY MODULATION OF CARDIOVASCULAR NEURONS IN THE RAT 
ROSTRAL VENTROLATERAL MEDULLA BY THE NOVEL OPIOID-LIKE 
NEUROPEPTIDE NOCICEPTIN (ORPHANIN FQ). X. Chu1. N. Xu1. P. Li1. L. Mao2. 
R. L. Copeland*2. J. O. Wang2. `Dept. of Physiology, Shanghai Medical University, 
Shanghai 200032, People’s Republic of China; 2Dept. of Pharmacology, Howard 
University College of Medicine, 520 W Street, N.W., Washington, D.C. 20059.

Nociceptin (orphanin FQ) is the newly discovered opioid-like neuropeptide, which 
interacts with the novel opioid receptor like-1 receptor (ORL1) to modulate neuronal 
physiology. ORL1 receptors are densely expressed by neurons in the rostral 
venưolateral medulla (rVLM), a key region in the lower brainstem controlling 
cardiovascular activity. In order to explore putative involvement of this peptide in 
central regulation of cardiovascular activity, a series of in vitro and in vivo experiments 
was conducted. In rat brain slices in vitro, nociceptin perfusion profoundly inhibited 
spontaneous discharges in 64% of neurons recorded in the rVLM. The inhibition was 
concentration-dependent (0.3, 1, 3 and 10 nM) and insensitive to blockade of traditional 
opioid receptors by naloxone. In acutely prepared and anesthetized rats in vivo, 
microinjection of nociceptin into the bilateral rVLM produced marked decreases in 
arterial blood pressure and heart rate by 31% and 15%, respectively. Injection of 
excitatory amino acid glutamate into the nociceptin-sensitive sites in the rVLM elevated 
arterial blood pressure. The nociceptin-induced decreases in the two parameters usually 
started 1 to 5 min, reached the peak approximately 20 min, and returned to preinjection 
level 30 (heart rate) or 40 (blood pressure) min, after drug injection. The inhibition of 
peripheral hemodynamics by intra-rVLM nociceptin was dose-dependent (0.3, 1, 3 and 
10 nM/0.1 µl). Pretreatment with naloxone into the rVLM at the dose that blocked 
enkephalin-induced depressor and bradycardic responses had no significant effect on the 
nociceptin-induced suppression of blood pressure and heart rate. The data obtained in 
vitro and in vivo suggest that the nociceptinergic transmission participates in central 
modulation of peripheral cardiovascular activity by influencing activity of neurons in 
the rVLM, and the nociceptin-induced cardiovascular inhibition was not mediated 
through typical naloxone-sensitive opioid receptors.

EVIDENCE FOR A POWERFUL TONIC DISINHIBITION OF PRESSOR 
NEURONS IN ROSTRAL VLM ORIGINATING FROM NEURONS IN 
CAUDAL VLM. J. Horiuchi and R.A.L. Dampnev*. Dept, of Physiology, 
Univ, of Sydney, NSW 2006, Australia.

In this study we investigated the hypothesis that the tonic activity of 
pressor neurons in the rostral part of the ventrolateral medulla (VLM) is partly 
dependent on inputs from pressor neurons in the "caudal pressor area" in 
caudal VLM (Possas et al., J. Auton. Nerv. Syst. 49, 235-245, 1994). In 
pentobarbitone-anaesthetised rabbits, bilateral injections of the 
neuroinhibitory compound muscimol (2 pmol in 200 nl) were made into the 
caudal VLM at three different rostrocaudal levels, at 0.9, 1.5 and 3.0 mm 
caudal to the obex (referred to as -0.9, -1.5 and -3.0 mm, respectively). At the 
level -0.9 mm, muscimol elicited an initial rise in mean arterial pressure 
(MAP) and renal sympathetic nerve activity (rSNA), after which both MAP 
and rSNA fell gradually, reaching new stable levels after approximately 30 
min that were well below the resting levels (MAP reduced by 40-50 mmHg, 
and rSNA by 80-90%). At the levels -1.5 and - 3.0 mm, muscimol evoked 
similar large decreases in MAP and rSNA, but they occurred more rapidly and 
were not preceded by an initial pressor response. Once the MAP and rSNA 
had stabilised at these reduced levels, rhicroinjection of bicuculline (200 pmol 
in 100 nl) into the rostral VLM pressor region resulted in ä rapid and very 
large increase in MAP and rSNA to levels much greater than the original 
resting levels. In other experiments, bilateral injections of bicuculline (but not 
kynurenate) into the rostral VLM prevented or delayed the hypotensive and 
sympathoinhibitory effect of muscimol injections at all rostrocaudal levels of 
the caudal VLM. The results are consistent with the hypothesis that there is a 
group of neurons, concentrated in the most caudal part of the VLM, that 
exerts a tonic inhibitory influence on other neurons that in turn inhibit rostral 
VLM sympathoexcitatory neurons. (Supported by the NHMRC of Australia).

147.4

TO NIC SYMPATHO INH IBIT ION FROM THE CAUDAL  
VENTROLATERAL MEDULLA (CVLM). M . N a ta r a ia n * a n d  S ,F . M o r r is o n . 

D e p t ,  o f  P h y s io lo g y ,  N o r th w e s te r n  U n iv .M e d .  S c h . ,  C h ic a g o ,  IL  6 0 6 1 1 .
G A B A -e rg ic  n e u ro n s  in  th e  C V L M  e ffe c t  b o th  a  to n ic  a n d  a  b a ro re c e p to r -  

m e d ia te d  in h ib it io n  o f  s y m p a th o e x c ita to ry  n e u ro n s  in  th e  ro s tra l v e n t ro la te ra l 
m e d u lla  (R V L M ). W e  c o m p a re d  th e  s y m p a th o e x c ita to ry  e ffe c ts  o f  in a c t iv a t in g  
s y m p a th o in h ib ito r y  n e u ro n s  in  th e  C V L M  to  th o s e  o f  b lo c k in g  th e  G A B A - 
m e d ia te d  in h ib it io n  o f  R V L M  n e u ro n s  in  u r e th a n e /c h lo ra lo s e - a n a e s th e t iz e d ,  
v e n t i la te d  ra ts  to  a s s e s s  th e  c o n t r ib u t io n  o f  C V L M  n e u ro n s  to  th e  to n ic  
G A B A -e rg ic  in h ib it io n  o f  R V L M . B ila te ra l m ic ro in je c t io n  o f  th e  G A B A a  
a n ta g o n is t,  b ic u c u ll in e  (6 0  n l, 4 m M ) , in to  th e  R V L M  re s u lte d  in  a  m a in ta in e d  
in c re a s e  in  b lo o d  p re s s u re  (B P ; 5 3  ±  5  m m H g )  a n d  s p la n c h n ic  n e rv e  a c tiv ity  
(S N A ; 1 6 3  ±  2 3 %  c o n tro l) .  M ic ro in je c t io n  o f  b ic u c u ll in e  in to  R V L M  c o m p le te ly  
e l im in a te d  th e  s y m p a th o in h ib ito r y  re s p o n s e  to  s t im u la t io n  o f  b a ro re c e p to r  
a ffe re n ts  in  th e  a o r t ic  d e p re s s o r  n e rv e . M ic ro in je c t io n  o f  th e  G A B A Д a g o n is t,  
m u s c im o l (6 0  n l, 1 m M ), in to  C V L M  a ls o  p ro d u c e d  s u s ta in e d  in c re a s e s  in  B P  
(6 9  ±  7  m m H g )  a n d  S N A  (1 9 5  ±  1 8 %  c o n tro l) .  M ic ro in je c t io n  o f  m u s c im o l in to  
th e  C V L M , fo l lo w in g  a p p lic a t io n  o f  b ic u c u ll in e  in to  R V L M , re s u lte d  in  a  fu r th e r  
in c re a s e  in  S N A  (6 6  ±  1 6 % , p < 0 .0 1  a b o v e  p o s t -b ¡c u c u l lin e  le v e ls ) .  T h u s , 
e l im in a t in g  th e  a c t iv i ty  o f  C V L M  n e u ro n s ,  th e re b y  re m o v in g  a ll C V L M -  
m e d ia te d  in h ib it io n  h a s  a  g re a te r  s y m p a th o e x c ita to ry  e f fe c t  th a n  s p e c if ic a l ly  
re m o v in g  th e  G A B A -e rg ic  in h ib it io n  o f  R V L M  n e u ro n s .  W e  c o n c lu d e  th a t,  in  
a d d it io n  to  p ro v id in g  a  to n ic  in h ib it io n  o f  R V L M  n e u ro n s ,  n e u ro n s  in  th e  
C V L M  m a y  a ls o  in h ib it  a  s o u r c e  o f  e x c ita to ry  d r iv e  to  R V L M  n e u ro n s . T h is  
la t te r  in h ib it io n  d o e s  n o t a p p e a r  to  b e  in v o lv e d  in  th e  b a r o re c e p to r  re f le x . 
S u p p o r te d  b y  N IH  H L 5 6 3 6 5 .
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147.5

PRESYNAPTIC EFFECTS MEDIATED BY ALPHA2-ADRENOCEPTORS 
(α2-AR) IN THE RAT ROSTRAL VENTROLATERAL MEDULLA (RVL) 
IN VITRO. A. Havar* and P. Guvenet. Dept, o f Pharmacology, University of 
Virginia, Charlottesville, VA 22908.

The RVL is a major site of action of sympatholytic drugs with α2-AR agonist 
properties including imidazoline compounds such as moxonidine. We 
investigated the effects of noradrenaline (NA, 30 µM) and moxonidine (M, 10 
µM) on retrogradely labeled bulbospinal neurons o f the RVL using the patch 
clamp technique in slices o f neonatal rats (P4 - P2l). Recordings were made 
from Cl and non-Cl RVL neurons (ratio 1/3). Alphal-ARs were blocked by 
prazosin (1 µM). In voltage clamp recordings, NA and M induced modest 
outward currents (4-25 pA) in most of the neurons. No outward current was 
detected in barium (Ba"~\ 300 µM). Excitatory postsynaptic currents (PSCs) 
evoked by focal stimulation were isolated by application of gabazine (3 µM) 
and strychnine (10 µM), and inhibitory evoked PSCs by CNQX (10 µM). NA 
decreased by up to 90% the amplitude of the excitatory and inhibitory evoked 
PSCs in the presence or absence of Ba++. In the presence o f TTX (1 µM), NA 
decreased the frequency of miniature excitatory PSCs by up to 80%. This 
effect was mimicked by UK 14304 (10 µM) and blocked by 2-methoxy- 
idazoxan (1 µM). M mimicked all effects of NA and the effect of M was 
blocked by the specific α2-AR blocker SKF86466 (10 µM). In conclusion, 
both NA and M activate α2-AR located on terminals impinging on bulbospinal 
RVL neurons and they considerably inhibit the release of glutamate and 
GABA. Our data suggest that the antihypertensive action of imidazoline 
compounds in the RVL is mediated mainly via presynaptic α2-AR and 
involves both disfacilitation and disinhibition o f presympathetic neurons.

This work is supported by a grant from the NIH to P.G. (HL 28785).

147.7

a^-A D R E N E R G IC  RECEPTORS IN THE G IG A N TO C E LLU LA R  RETICULAR 
FO RM ATIO N MEDIATE VASO DEPR ESSO R EFFECTS O F C LO N ID IN E  AND ARE 
LOCATED PRIM ARILY A T  P O STSYNAPTIC  DENDR ITIC  SITES. S.A. A icher.1*
C.T. D rake .1 D.L. Rosin2 and T.A. M ilner1. 1Dept. o f Neurol. & Neurosci., Cornell 
Univ. Med. College, NY, NY 10021; 2Pharm. Dept., U n iv.of V irg in ia  Sch. Med., 
Charlottesville, VA  22908.

Clonidine lowers arterial pressure through activation o f α ^ -ad re n e rg ic  receptors 
(α 2A-ARs) located with in the medulla oblongata. P roposed sites o f action for this 
sympatho¡nhib¡tory e ffect include the nuclei o f the so litary trac t and the rostral 
ventro lateral medulla. Ano ther vasoactive  m edullary region w hich may be a site o f 
action for clonidine is a subregion o f the g igantoce llu laг re ticu lar form ation, the 
g igantoce llu lar depressor area (G iDA). The G iDA is a vasodepressor area which 
conta ins reticulospinal neurons tha t synapse with sym pathe tic  preganglion ic 
neurons and G iDA reticulospinal neurons also conta in  α ^ -A R s . W e find that 
m icroinjections o f clonidine into the G iD A  produce dose-dependent (7.5, 75 o r 750 
pmol in 20 nl) falls in arterial pressure. This vasodepressor response w as blocked 
in a dose-dependent fashion by the α 2-AR antagonist 2 -m ethoxyidazoxan, but not 
by the α г AR antagonist prazocin. These findings are consis tent w ith previous 
stud ies suggesting that the G iDA may be an im portant site o f action fo r the centra l 
vasodepressor effects o f α 2-AR agonists. W e also exam ined the u ltrastructural 
localization o f α 2A-ARs in relation to catecholam ine-conta in ing pro files in the G iDA 
with combined im munogold and im m unoperoxidase labeling for tyrosine 
hydroxylase (TH) and the α 2A-AR. W ith in the G iDA, α 2A-ARs were located primarily 
on plasm allem al mem branes o f dendrites. However, these dendrites were n o t 
located postsynaptically to TH-labe led axon term inals in the G iD A  suggesting that 
c<2a-AR s are e ither heteroreceptors o r activated by d iffusion o f ligand to receptor 
sites. These data indicate that som e o f the vasodepressor effects o f clonid ine are 
m ediated through α 2A-adrenerg ic receptors on G iDA re ticu losp ina l vasom otor 
neurons. (Support: NIH HL56301, HL18974 & A H A  E st.Invest.Award to SAA).

147.9

DOSE-RELATED INCREASES IN FOS-LIKE IM M UNOREACTIVITY IN 
CARDIORESPIRATORY REGIONS OF THE RAT BRAINSTEM DURING 
NALOXONE-PRECIPITATED MORPHINE WITHDRAWAL. Gestгeau C. Le 
Gue∩ S. Tell F* and Besson JM . INSERM U 161,2 rue d ’Alésia, Paris, FRANCE.

We sought to identify autonomic areas of the rat brainstem that may contribute to 
the increased autonomic activity seen during morphine withdrawal by using Fos-like 
expression as an index of neuronal activation. Rats (n=36) were treated during 4 
consecutive days with either a sustaincd-relєased preparation of increasing doses of 
subcutaneous morphine (20. 40, 80 and 120 mg) or vehicle, and injected 
intravenously on day 5 with either saline or various doses of naloxone (0.1, 1 and 
2mg/kg). Behavioral signs of withdrawal were evaluated for each rat during lh 
following saline or naloxone injection and all rats were sacrificed lh  after. 
Autonomic areas selected for quantitative analysis of Fos-like immunoreactivity 
(FLI) included the nucleus tactus solitarii (NTS), the area postrema (AP), the caudal 
and rostral ventrolateral medulla (CVLM and RVLM, respectively), the raphe 
pallidus, the locus coєruleus (LC), the Kölliker-Fuse (KF) and the medial 
parabrachial (mPB) nuclei. In controls, including vehicle-treated and morphine- 
treated rats injected with saline, a similar low level of FLI was detected in all regions 
examined. However, when naloxone (2mg/kg) was injected to vehicle-treated rats, a 
slight increase in FLI was observed in the NTS (p<O,Ol) and AP (p<O,O5). In 
contrast, morphine-treated rats withdrew by naloxone exhibited large increases in 
numbers of Fos-positive neurons in the NTS, AP, CVLM, RVLM, LC, KF and mPB. 
In addition, a dose-related increase in FLI was found for the NTS, AP, CVLM, LC, 
KF and mPB but not for the RVLM and the raphe pallidus. For example, mean 
numbers of Fos-positive neurons per hemi-section (60 µm thick) in the LC increased 
from 12.6 ± 7.3 in controls (vehicle-treated rats injected with naloxone) to 38.9 ±13, 
60.3 ± 13.8 and 77.1 ± 17.3 in rats withdrew with increasing doses of naloxone, 
giving a correlation coefficient r = 0.78 (p<0.0002). In conclusion, this study extends 
the results described by Guyenet and coll, and further delineates autonomic regions 
that may be involved in increased sympathetic tone and respiratory drive during 
opiate withdrawal. CG is supported by a Merck Pharmacology fellowship.

147.6

α^-A D R E N E R G IC  RECEPTORS ARE PRIM ARILY P RESYNAPTIC IN THE C1 
AR E A  OF THE RAT R O STRAL V EN TR O LA TE R A L M EDULLA. T.A. M ilne r*1.
D.L. Rosin2. A. Lee3 and S.A. A icher1. 1Dept. N eurol. & Neurosci, C ornell Univ. 
Med. Coll., NY, NY 10021; 2Dept. P ha rm „ Univ. V irg in ia  Sch. Med., 
C harlo ttesville , VA  22908; 3Dept. Pharm ., Univ. W ash, S eattle, W A  98195.

The α 2A-adrenerg ic receptor (AR) is critica l fo r the hypo tensive  e ffects of 
adrenergic agonists (e.g., clonid ine). Th is hypo tensive  response appears due 
to  the  inhibition of sym pathoexc¡ta tory re ticu losp inal neurons in the  rostral 
ventro lateral m edulla (RVL), including C1 adrenergic neurons. To determ ine the 
ce llu lar m echan ism s underly ing th is  inhib ition, the  u ltrastructura l re la tionsh ips 
between pro files w ith α 2AA R -im m unoreactiv ity  (α 2AA R -l) and those  conta in ing 
the  catecholam ine  synthesiz ing enzym e tyros ine  hydroxylase (TH) were 
exam ined. C onsistent w ith previous light m icroscop ic  stud ies, α 2AA R -l was in 
perikarya and large dendrites; the majority of these profiles also had TH-labeling 
(~7O% of 140). However, c⅛aA R - і in these  ce lls w as prim arily  found  w ith in  
endosom es and Golgi com plexes and in c lusters  associa ted  w ith the 
endoplasm ic reticula, probable sites fo r synthesis and/or tra fficking of receptors 
ra ther than functiona l sites. In contrast, m ost α 2AA R -l pro files were axons and 
axon  term ina ls  (~7O% of 646) w hich lacked TH-I. α 2AA R -labe led  axons were 
sm a ll and unm yelinated; α 2AAR -labe led  term ina ls  usua lly form ed sym m etric 
synapses on the shafts of dendrites. Most α 2AA R -labe led  axons were found in 
c lose  p rox im ity  to TH -labe led  p ro files and ~1/5th (17%  of 408) of the α 2AAR- 
labe led axons and axon term ina ls  d irectly  contacted  TH -labe led  profiles, 
prim arily dendrites. These s tud ies suggest that, in add ition to autoreceptors, 
α 2AARs in the C1 area of the  RVL function as hete ro recep to rs  on presynaptic 
non-ca techolam inerg ic axons and term inals, som e of w hich provide synaptic 
input to C1 neurons. Support: HL18974, F31M H11074, Scottish  Rite Schizo. 
Res. Prog and AH A  95011200.

147.8

INCREASED GABAergic INFLUENCE ON ROSTRAL  
VENTROLATERAL M EDULLA NEURONS FOLLOWING HINDLIMB 
UNLO ADING . JA M offitť. CM H eesch2. EM H asseŕ*.' Dept, o f  Vet. 
Biom ed. Sci. and Dalton Cardiovascular Research Ctr., Univ, o f  MO, 
Columbia, MO 6 5 2 1 1 .2Ohio State Univ., Columbus, OH 43210.

Experiments from this laboratory utilizing the hindlimb unloading (HU) 
model o f  cardiovascular deconditioning indicate an attenuation in 
baroreflex mediated increases in renal sympathetic nervous system activity 
(R SN A ). We tested the hypothesis that baroreflex attenuation is due to 
increased GABAergic influences on rostral ventrolateral medulla (RVLM) 
neurons. Rats were either HU (n=4) by attachment o f  a tail harness, or 
served as cage controls (C) (n=6). Follow ing 14 days o f  HU, rats were 
anesthetized with Inactin (100 mg/kg) and instrumented with femoral 
catheters and a renal sympathetic nerve electrode. Rats were ventilated and 
placed in a stereotaxic apparatus. The RVLM was located using typical 
stereotaxic coordinates and by observing a pressor response to 
microinjection o f  glutamate (lOmM, ЗOnl). Changes in mean arterial 
pressure (MAP) heart rate (HR), and R SNA were recorded in response to 
bilateral microinjection o f  the GABA a antagonist Bicuculline (BIC; 5mM, 
9Onl). HU rats exhibited a greater increase in MAP (C: 74 ±  6.2 vs.HU: 100 
±  1.8 mm/Hg; p<.O2) and RSNA (C:25O ±  57 vs. HU: 488 ±  92 %baseline; 
p<.O7) in response to BIC, however there was no difference in the increase 
in HR between groups (C: 32 ±  7 vs HU: 40 ±  9.4 bpm; p<.4). These data 
indicate that the attenuated ability to reflexly increase sympathetic outflow  
following HU may be due to increased G ABAergic influences on RVLM 
neurons. (Supported by: HL-55306).

147.10
HIPPOCAMPAL K OPIOID AGONIST DEPRESSOR AND BRADYCARDIA: 
SYNERGY WITH <X2 ADRENERGIC AGONIST IN THE ROSTRAL 
VENTROLATERAL MEDULLA BUT NOT IN THE LOCUS COERULEUS AND THE 
NUCLEUS TRACTUS SOLITARII. S. Shen* and A.J. Ingenito. Department of 
Pharmacology, School of Medicine, East Carolina University, Greenville, NC 27858-4354.

We have previously found that non-peptide kappa opioid agonists such as U-62,O66E 
(U-62) injected into the dorsal hippocampal formation (HF) of SHR, WKY and 
Sprague-Dawley (SD) rats lowered mean arterial pressure (MAP) and heart rate (HR). 
Based on this and other evidence we proposed a possible antihypertensive use for these 
drugs. Alpha-2 adrenergic agonists such as guanabenz (GUA) are also known to lower 
MAP, possibly via actions on the rostroventrolateral medulla (RVLM), nucleus tractus 
solitarius (NTS) or locus coєruleus (LC). The purpose of the present study was to 
determine whether there might be additive or synergistic effects of kappa and alpha-2 
agonists in lowering MAP and HR in alpha-chloralose anesthetized SD rats. After 
determining dosė-гesponse relationships for unilateral injections of U-62 in the HF and for 
GUA in the RVLM, NTS and LC, given individually, we determined the effects of various 
dose combinations of intra-HF U-62 with simultaneous injections of GUA into either 
RVLM, NTS or LC. Falls in MAP and BP with the doses used of each drug in each brain 
area varied from 0 to 35 mm Hg or beats/min, respectively. In general, the falls in MAP 
and HR observed with intra-HF U-62 alone and with GUA alone given into the RVLM, 
NTS and LC were quantitatively similar to those seen on simultaneous injection of both 
U-62 and GUA into the cited areas. The exception was at the low end of the dose response 
curves for GUA (300 nM) into the RVLM and U-62 (2 nM) into the HF. Each of these 
doses alone elicited no changes in MAP or HR, but when injected simultaneously, they 
produced significant falls in MAP and HR (i.e., synergy). The results suggest that when 
used in low doses of each drug, alpha-2 agonists acting on the RVLM and kappa agonists 
acting on the HF may have synergistic hypotensive and bradycardic effects.

Society for Neuroscience, Volume 24 ,1998



SUNDAYPM CARDIOVASCULAR REGULATION: CENTRAL MECHANISMS—RVLM 373

147.11

D IF F E R E N T IA L  IN H IB IT IO N  O F  R E G IO N A L  S Y M P A T H E T IC  
O U T F L O W S  B Y  S T IM U L A T IO N  O F  5 -H T 1  A R E C E P T O R S  IN  T H E  
R O S T R A L  V E N T R O L A T E R A L  M E D U L L A .  M . B a g o  a n d  C . D e a n * . 
D e p t, o f  A n e s t . ,  M e d ic a l C o lle g e  o f  W l a n d  V A  M e d ic a l C e n te r ,  
M ilw a u k e e ,  W l 5 3 2 9 5 .

A c t iv a t io n  o f  5 -H T 1 a  r e c e p to rs  in  th e  v e n t ro la te ra l m e d u lla  c a n  e l ic i t  
a  d e c r e a s e  in  a r te r ia l b lo o d  p re s s u re .  A g o n is ts  to  5 -H T 1  A re c e p to rs  a re  
th o u g h t  to  a c t  o n  s y m p a th o e x c i t a to r y  n e u r o n s  in  th e  ro s t ra l v e n t r o la te r a l 
m e d u lla  (R V L M )  to  p r o d u c e  th e  h y p o te n s io n .  T h e  p r e s e n t  s tu d y  
e x a m in e d  w h e th e r  a  u n ifo rm  o r  d if fe re n t ia l in h ib it io n  o f  re g io n a l 
s y m p a th e t ic  o u t f lo w  u n d e r l ie s  th e  h y p o te n s iv e  a c t io n  o f  5 -H T 1  A 
re c e p to r  a g o n is ts  m ic ro in je c te d  in to  th e  R V L M . In  c h lo r a lo s e -  
a n e s th e t iz e d  c a ts ,  a r te r ia l b lo o d  p r e s s u r e  w a s  m o n ito r e d  a n d  e f fe r e n t  
s y m p a th e t ic  n e r v e  a c t iv i t y  to  th e  k id n e y  a n d  th e  s k e le ta l  m u s c le  
v a s c u la tu re  w a s  re c o rd e d .  M ic ro in je c t io n s  o f  th e  5 -H T 1  a  r e c e p to r  
a g o n is t  8 - O H D P A T  (5 0  n l,  0 .0 2 M  in  0 .5 %  P o n ta m in e  S k y  B lu e  d y e )  
w e re  m a d e  in to  th e  R V L M . T h e  e f fe c ts  o n  th e  re g io n a l s y m p a th e t ic  
o u tf lo w s  w e re  e x a m in e d  a n d  c o r re la te d  p o s t  m o r te m  to  th e  s ite  o f  
in je c tio n .  M ic ro in je c t io n  o f  8 - O H D P A T  in to  th e  R V L M  e v o k e d  a  
h y p o te n s io n  w h ic h  w a s  a c c o m p a n ie d  b y  s y m p a th o - in h ib i t io n .  A t  s o m e  
in je c tio n  s ite s  a  d e c r e a s e  in  re n a l s y m p a th e t ic  n e r v e  a c t iv i t y  w a s  
e v o k e d  w ith o u t  a n  e f f e c t  o n  s y m p a th e t ic  a c t iv i t y  to  m u s c le .  In  c o n t r a s t  
a t  m o re  c a u d a l s ite s ,  a  d e c r e a s e  in  a c t iv i t y  to  s k e le ta l m u s c le  v a s c u la tu r e  
w a s  e v o k e d  w ith o u t  c h a n g e  in  re n a l s y m p a th e t ic  n e r v e  a c t iv i t y .  T h e r e  
w a s  a ls o  a n  a r e a  o f  o v e r la p  f r o m  w h ic h  d e c r e a s e s  in  b o th  re n a l a n d  
m u s c le  s y m p a th e t ic  e f f e r e n t  a c t iv i t y  w e r e  e v o k e d .  T h e s e  d a ta  s u g g e s t  
th a t  th e  d if fe re n t ia l in h ib it io n  o f  re g io n a l s y m p a th e t ic  o u t f lo w  m a y  b e  d u e  
to  a  to p o g r a p h ic a l a r r a n g e m e n t  o f  s y m p a th o e x c i t a to r y  n e u r o n s  in  th e  
R V L M . S u p p o r te d  b y  th e  N a t io n a l S c ie n c e  F o u n d a t io n .

147.13
MICROINJECTION OF GUANYLYL CYCLASE INHIBITORS INTO THE 
ROSTRAL VENTROLATERAL MEDULLA BLOCKED THE 
CARDIOVASCULAR RESPONSES INDUCED BY L-GLUTAMATE IN 
CONSCIOUS RATS. M.C. Martins-Pinge*1 and O.U. Lopes2. 'Dept. Ciências 
Fisiológicas, Univ. Estadual de Londrina,PR,86O51-970 and 2Dept. de Fisίologia, 
Univ. Federal de São Paulo,SP,04023-060, Brazil.

Nitric oxide (NO) synthesized from L-arginine is a remarkable regulatory 
molecule and play an important role in physiological functions including the 
cardiovascular regulation. A well-known action of nitric oxide is to stimulate the 
soluble form of guanylyl cyclase (GC) , evoking an accumulation of cyclic GMP in 
target cells. The aim of the present study was to examine the effects of GC 
inhibition during cardiovascular responses induced by L-glutamate microinjected 
into the rostral ventrolateral medulla (RVLM) in conscious rats. Unilateral 
microinjections of L-glutamate (5 nmol/100 nl) were made in the RVLM of Wistar 
rats through guide cannulas previously implanted. The cardiovascular responses of 
L-glutamate were evaluated before and 10 minutes after microinjection (Зnmol/200 
nl, in the same site) of methylene blue or oxodiazoloquinoxaline (ODQ), a blocker of 
guanylyl ciclase activity selectively stimulated by NO. The hypertensive effect of L- 
glutamate was attenuated in 74 % after methylene blue (ΔAP= 49±8 mmHg to 
ΔAP=IЗ±4 mmHg ) and 80,5 % after ODQ (ΔAP= ЗO±2 mmHg to ΔAP= 6+2 
mmHg ). Instead of inhibitors we used physiological saline, no reductions in 
glutamate response was observed. The microinjections of the CG inhibitors alone did 
not produce any change in the arterial pressure. These data indicate that the ciclic 
GMP mechanisms are important for glutamatergic neurotransmission in the RVLM 
of conscious rats, and as we have found previously that NO-donors and L-arginine 
produced hypertension in the RVLM, its possible that nitric oxide may participate in 
the glutamatergic sinapses in the RVLM via ciclic GMP mechanisms. Supported by 
FAPESP and CNPq.

1 4 7 .1 5

ACTIVATION OF NEUROPEPTIDE Y NEURONS BY RESTRAINT IN ARCUATE 
NUCLEUS AND BRAINSTEM OF NORMO- AND HYPERTENSIVE RATS. T.L. 
Krukoff*. D. MacTavish. and J.H. Jhamandas. Depts. of Cell Biology & Anatomy, 
and Medicine (Neurology), Univ, of Alberta, Edmonton, Canada T6G 2H7.

Neuropeptide Y (NPY) has been proposed as a co-transmitter in autonomic and 
endocrine pathways in the brain. This study was done to determine (1) if restraint 
stress activates NPY neurons in autonomic centers and (2) if chronic 
hypertension affects these responses. Adult spontaneously hypertensive rats 
(SHRs) and two strains of normotensive (NT) rats (n=4 in each group) were 
exposed to restraint stress according to the following protocol: 1 hour (h) 
restraint, 1 h rest, 1 h restraint, 1 h rest Controls from each strain (n=4) were not 
stressed but were otherwise handled similarly. Brains were prepared for 
combined Fos immunohistochemistry and NPY in situ hybridization to identify 
activated neurons and cells expressing NPY in the arcuate nucleus (AN), nucleus 
of the tractus solitarius (NTS), and ventrolateral medulla (VLM). Image analysis 
showed that in the AN (1) NPY mRNA levels were elevated in unrestrained SHRs 
compared to NT rats, (2) restraint led to decreased NPY expression in all strains 
so that NPY mRNA levels were no longer elevated in SHRs compared to NT rats, 
and (3) about one-third of activated neurons in the AN also expressed NPY In 
the brainstem (1) numbers of neurons activated by restraint and expressing NPY 
in NTS and VLM were not significantly different among strains, (2) about 35% of 
NPY neurons in NTS were activated by restraint, and (3) about 75% of NPY 
neurons in VLM were activated by restraint. The results show that NPY neurons 
in the NTS and VLM are widely activated by restraint. They confirm that NPY 
mRNA levels in the AN are elevated in SHRs and show that SHRs respond to 
restraint with a greater decrease in NPY expression in the AN than NT rats.

Supported by Heart and Stroke Foundation of Canada.

147.12
NITRIC OXIDE IN THE ROSTRAL VENTROLATERAL MEDULLA MODULATES 
CARDIOVASCULAR RESPONSES DURING MUSCLE CONTRACTION.
R.S.Gaitonde. B.J. Freda. R. L illanev. and A. A lly * . Departm ents o f 
Pharm aco logy and B iochem istry, Un ivers ity  o f N ew  England College o f 
O steopathic M edicine, B iddeford, ME 0 4 0 0 5 .

Static muscle contraction evokes increases in mean arteria l pressure (MAP) 
and heart rate (HR) in anesthetized anim als. The rostra l ventro la tera l medulla 
(RVLM) p lays an im po rtan t role in m ed iating  these responses. The present 
study determined the  e ffe c ts  o f adm inistering L-arg¡n¡ne, a precursor fo r the 
synthesis o f n itric  oxide, and L-NM M A (NG-m onom ethyl-L-arg in ine), a n itric  
ox ide  synthase b locker, in to  the  RVLM on the  card iovascu lar responses 
e lic ited during s ta tic  con trac tion  o f the  triceps  surae m uscle. Tw o 
m icrod ia lys is  probes w ere inserted in to  the  RVLM o f anesthetized Sprague 
Dawley rats using s tereo tax ic  guides. S ta tic  m uscle con trac tion , evoked by 
stimulation o f the  tib ia l nerve a t ЗX m otor thresho ld , 0.1 msec duration, and 
4 0  Hz frequency  fo r 30  sec, increased mean arteria l pressure (MAP) and 
heart rate (HR) by 27 ± 3  mm Hg and 47 ± 9  bpm , respective ly  (n = 6 ). 
M ic rod ia lys is  o f L-arginine (1 .0  µM ) fo r 30  min a ttenua ted  the 
contraction-evoked increases in MAP and HR (11 ± 2  mm Hg and 2 0 ± 7  bpm). 
A fte r discontinuing L-arginine, L-NM M A (1 .0  µ M ) w as m icrodia lyzed in to  the 
RVLM fo r  an add itiona l 30  m in fo llow ed  by a m uscle  co ntraction. This 
contraction augmented the  pressor response (36 ± 4  mm Hg) bu t blocked the 
attenuating e ffects on HR (65 ± 13 bpm). Developed tens ions did not change 
during  con trac tions  th roughout the  p ro toco l (798 ± 4 8 , 790  ± 4 2 , and 
802  ± 5 4  g). These resu lts suggest th a t n itric  oxide w ith in  the  RVLM appear 
to  p lay a role in m odula ting card iovascu lar responses during s ta tic  muscle 
con trac tion .

147.14
DIFFERENTIAL EXPRESSION OF IONOTROPIC GLUTAMATE RECEPTOR 
(GluR) SUBTYPES IN VENTROLATERAL MEDULLARY (VLM) NEURONS 
ACTIVATED BY HYPO- VERSUS HYPERTENSION. R.K.W·Chan*and P.E. 
Sawchenko. The Salk Institute, San Diego, CA 92037.

Fast excitatory neurotransmission in central cardiovascular pathways is believed to be 
largely mediated by glutamate. The diversity of GluR subtypes provides for a wide 
variety of physiological actions, ranging from signal transduction to synaptic plasticity. 
To address the role of specific GluR subtypes in brainstem cardiovascular circuitry, we 
used a combined immuno- and hybridization histochemical approach to examine the 
extent with which barosensitive neurons in the VLM express AMPA (GluR 1-3), kainate 
(GluR5-7) and NMDA (NMDAR1, 2A-2D) GluR subtypes. To provoke Fos expression 
in distinct VLM neuronal populations that are involved in the defense of arterial pressure, 
we administered to conscious Sprague-Dawley rats via an indwelling jugular catheter 
either 15% hypotensive hemoưhage which preferentially activates the Cl adrenergic and 
A1 noradrenergic cell groups, or sustained (25 min) phenylephrine (PE)-induced 
hypertension, which preferentially activates GABAergic neurons in the caudal VLM 
(CVLM). Despite robust expression of most GluR subtypes in the medulla, VLM 
neuronal populations bearing distinctive complements of GluRs were activated in the 
two challenge paradigms. PE-sensitive CVLM neurons expressed overwhelmingly 
AMPA (GIuR2, 78%) glutamate receptors, and secondarily the NMDA (NMDA1, 39%; 
NMDA2B, 43%) or kainate subtypes (GluR6, 27%). By contrast, hemorrhage- 
responsive C l neurons predominantly expressed NMDA receptors (NMDA1, 46%), and 
to a lesser extent AMPA (GIuR2, 16%) subtypes. Fos-positive A1 neurons activated by 
hemorrhage showed a very limited degree of NMDA (NMDA1, 17%; NMDA2A, 2%), 
and AMPA (GIuR2, 6%; GluRЗ, 24%) glutamate receptor expression. The differential 
expression of GluR subtypes seen in neurons responsive in the two experimental 
paradigms suggests that multiple modes of glutamate-mediated signal transduction 
mechanisms are operational in the VLM. Furthermore, glutamate may play a dominant 
role in driving CVLM neurons that relay baroreceptor activation information to the 
rostral VLM, and participate in the activation of A1 and C l neurons that relay 
cardiovascular information to the endocrine hypothalamus and/or spinal cord, (supported 
by NIH HL-35137, AHA SDG9730284N)

147.16
DIFFERENTIAL EXPRESSION OF NEUROPEPTIDE Y (NPY) mRNA IN 
TYROSINE HYDROXYLASE (TH) NEURONS OF RAT VENTROLATERAL 
MEDULLA. Ruth L. Stoгnetta*. Shannon M. Wiegmann and Patrice G. Guvenet. 
University of Virginia, Dept, of Pharmacology, Charlottesville, VA 22908.

We sought to determine if the 
inhibitory transmitter NPY is 
expressed by the bulbospinal Cl 
neurons that control sympathetic 
vasomotor tone. The retrograde 
tracer Fast blue (FB) was injected 
at mid-thoracic spinal level in 
pentobarbital anesthetized rats 
(n=4). After 7- 10 days, series of 
30 µm transverse brain sections 
were hybridized with digoxigenin- 
labeled riboprobes transcribed 
from an NPY clone (courtesy S.
Sabol) using the T3 Riboprobe 
System. The NPY cRNA was 
visualized with an alkaline phosphatase tagged digoxigenin antibody. Some sections 
were then reacted for TH immunohistochemistry. Alternate sections were reacted for 
PNMT. Cells were counted using the Neurolucida system. NPY mRNA was detected 
within TH cells in the A l/C l, A2 and C3 areas. In the ventrolateral medulla (A l/C l), 
the proportion of TH+ cells containing NPY dropped off dramatically in the more 
rostral region where bulbospinal Cl (PNMT-IR) cells were found (see graph). This 
data and that of Poison et al. (JANS, 1992) suggest that the bulbo-spinal Cl cells 
believed to be vasomotor and sympathoexcitatory do not contain the inhibitory peptide 
NPY. (supported by SCRF Grant 1737 and HL 28785 from NHLBI)
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C A TEC H O LA M IN E N EU RO N S IN R A T R O STR A L V E N TR O LA T ER A L 
M ED U LLA  ARE C A LBIN D IN  IM M U N O REA CTIV E.
P.M . Pilow sk\^ A.K. Goodchild . E.A. M illar. O-J Sun, and J.P. Chalm ers. 
D ept Physiology, University  o f  Sydney, 2006, D ept N eurosurgery, Royal 
N orth Shore Hospital, Sydney, 2065, Australia.

It has long been thought that distinct chem ical codes in neurons indicate 
functional specificity. W ithin the rostral ventrolateral m edulla a 
subpopulation o f  neurons sensitive to baroreceptor stim ulation contain the 
calcium  binding protein, calbindin (M iura et al. J. Auton. Nerv. Syst. 
61(1996)17-25). O ur aim s were to m ap the distribution o f  tbese neurons and 
to determ ine w hether or not they are spinally  projecting, or i f  they are 
im m unoreactive (IR) for tyrosine hydroxylase (TH), the rate lim iting enzym e 
for catecholam ine synthesis. Bulbospinal neurons in the ventral m edulla were 
labelled by spinal cord (T6) injections o f  cholera toxin B subunit (~2OOnl; 
CTB) under sodium  pentobarbitone anaesthesia (60m g/kg ip; n=4). Tw o 
days later rats w ere perfused w ith 4%  form alin in potassium  phosphate 
buffered (10 m M ) saline (0.9% ), under sodium  pentobarbitone anaesthesia 
(80m g/kg). Serial sections (50 µm) w ere cut and CTB or TH and/or 
calbindin, im m unoreactivity  was revealed either by fluorescence or N i-D A B 
histochem istry. W ithin the rostral ventrolateral m edulla calbindin IR neurons 
were localised to the same region as bulbospinal and TH -IR  neurons. D ouble 
labelling experim ents (n=4) revealed that the m ajority  o f  calbindin IR 
neurons were TH -IR  and that som e calbindin IR  neurons pro jected  to the 
thoracic spinal cord. Thus, calbindin IR  neurons constitute a subpopulation 
o f  spinally  projecting and catecholam ine synthesising neurons w ithin the rat 
rostral ventrolateral m edulla.
Supported by N H & M R C Australia.

1 4 7 .1 8

BARO SENSIT IVE  BULBO SPINAL NEURO NS IN THE RAT ROSTRAL 
VEN TRO LATERAL M EDULLA (RVLM ) MEDIATE THE INCREASE IN 
SYM PATHETIC  TO NE DURING NASAL STIM ULATIO N. P.F. M cCulloch1'.
W .M. P anneton1 and P.G. G uvenet2. 1Dept. Anat. & NeurobL, Saint Louis 
University; ⅜ e p t. Pharm acol., Univ, o f V irg in ia, Charlottesville  VA 22908.

Stim ulation o f the nasal passages with a irborne irritants reflexly produces 
apnea and an increase in sym pathetic vasom otor tone in most animals. 
Neurons with in the m edullary dorsal horn (M DH) o f the spinal trigeminal 
nucleus are the primary relay for this card ioresp ira tory reflex. Anatom ical 
pro jections from  MDH to autonom ic m edullary nuclei include NTS, CVLM and 
RVLM [Panneton et al., Neurosci. Abs. 23:153, 1997], Our goal was to 
determ ine which o f these structures m ediate the sym pathetic component of the 
response to nasal stim ulation. Rats were anesthetized (α-chloralose), 
paralyzed and artific ia lly-ventila ted. Am m onia vapors (NHЗ) drawn through the 
nasal passages produced a 142% increase in sp lanchnic sympathetic nerve 
activity (sSNA), and a large increase in arterial blood pressure (BPa; from 127 
± 5 to 167 ± 5 mm Hg). Bilateral injection o f the EAA receptor antagonist 
kynure∩ic acid (KYN) into NTS or CVLM attenuated or blocked the bəroreflex, 
but did not affect the response to NHЗ. In contrast, b ilateral injection of KYN 
into RVLM reduced the sym pathetic response to NHЗ by >75% without 
changing resting SNA or the baroreflex. The effect o f NHЗ was electro- 
phys¡ologically tested on 29 bulbospinal and barosensitive RVLM neurons. 18 
neurons exhib ited an increased firing rate with NHЗ that produced a 102% 
increase in sSNA and an increase in BPa. Most respiratory neurons within 
RVLM were silenced by NHЗ. W e conclude that 1) stimulation of the nasal 
passages w ith NHЗ activates SND by increasing the discharge o f RVLM 
sym pathoexc¡tatory neurons; 2 ) the stim ulus activates a majority of this cell 
population; and 3) these RVLM neurons may be activated by a direct input 
from MDH to RVLM rather than through a pathway involving NTS or CVLM. 
Supported by AHA-MO.

1 4 7 .1 9

ENDOGENOUS CATECHOLAMINES REGULATE THE DISCHARGE 
PATTERN OF ROSTRO-VENTROLATERAL MEDULLA (RVLM) NEURONS 
IN VITRO. Pascale Pigueť, G. Gombos2* and R. Schlichter1, 'Univ. Louis Pasteur, 
UMR 7519 CNRS and 2UPR 9009, 67084 Strasbourg, France .
Sympathoexcitatory neurons in the RVLM have been shown to exhibit a regular 
discharge pattern in vitro, which was demonstrated to result from the activation of 
pacemaker conductances. However, the pacemaker origin of the sympathoexcitation 
has been controversed as the activity of RVLM barosensitive neurons was not 
confirmed to be auto-active when recorded intracellularly in vivo. We performed 
intracellular recordings in rostro-ventrolateral medulla (RVLM) neurons in medulla 
slices of young rats (11-26 days) to study the discharge pattern of the neurons and 
the influence of endogenous catecholamines on this activity. The activity of 
regularly discharging (RD) neurons was found to be labile and permanently 
fluctuating from a silent state to a regular frequency of discharge in a physiological 
external concentration of K+ ions (3.25 mM). Noradrenaline (NA, 0.1-100 µM) 
induced a predominant excitatory effect which was partly blocked by prazosin and 
abolished in the presence of prazosin + propranolol, indicating the concomitant 
activation o f α2 and ß-adrenergic receptors. In the presence of both blockers, NA 
superfusion induced a cessation of the discharge activity and hyperpolarized the 
neurons. This effect was abolished by yohimbine 0.1-0.3 µM, demonstrating the 
involvement o f α2-adrenergic receptors. Therefore, RVLM RD neurons possess 
functional α l,  α2 and ß-adrenergic receptors. Superftision of prazosin + 
propranolol abolished the spontaneous discharge activity of RVLM neurons, 
whereas yohimbine had no effect. Taken together, our results indicate that the 
discharge activity o f RD neurons is conditioned by the released endogenous 
catecholamines acting predominantly at α l and ß receptors in vitro. The lability of 
the discharge activity suggests that any event imprinted on a conditional regular 
activity might be responsible for the lack of autoactivity observed in vivo.

1 4 7 .2 0

THE HYPOTENSIVE EFFECT OF RILM ENIDINE DEPENDS ON 
FUNCTIONAL N M D A  RECEPTOR IN ROSTRAL VENTRO
LATERAL MEDULLA J. Zhang and Abdel A. Abdel-Rahman* 
Department o f  Pharmacology, East Carolina University. School o f  
Medicine, Greenville, NC 27858

Rilmenidine is a second generation centrally acting antihypertensive 
drug, that acts mainly through imidazoline (Iı) receptor in the rostral 
ventrolateral medulla (RVLM). To investigate the contribution o f  the 
N M D A  receptor to the hypotensive action o f  rilmenidine, experiments 
were undertaken in conscious male spontaneously hypertensive rats 
(SHR). Microinjection o f  cumulative doses o f  rilmenidine (10, 20, 40 
nmol) into the RVLM elicited dose-dependent lowering o f  blood 
pressure and heart rate. Intra-RVLM AP5 (2 nmol), antagonist o f  
N M D A  receptor, abolished the hypotensive (ACSF -24 ± 1 and AP5 
17 ±  7 rnmHg, P < 0.001) and bradycardic (ACSF -72 ±  18 and AP5 - 
24 ±  20 bpm, P < 0.05) responses elicited by subsequently 
microinjected rilmenidine ( 40 nmol, 80 nl). Low  dose (10 pmol, 4Onl) 
NM D A  administrated into the RVLM decreased MAP (-14 ± 3 
mmHg) and heart rate (-21 ±  12 beats/m in). Subsequently 
administrated A P5(2 nmol) counteracted the hypotensive response 
elicited by N M D A  or rilmenidine. The present findings suggest that 
in conscious SHRs, the N M D A  receptor in the RVLM  seems to be 
implicated in L-mediated hypotension, (supported by N Ш  grant AA 
07839)
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MOLECULAR LOCALIZATION OF THE INTRACELLULAR pH- 
SENSING DOMAIN IN Kir 2.3 INWARD RECTIFIER K+ CHANNEL. 
Z. Qu*, G. Zhu, C.X. Liu, S. Chanchevalap, H. X. Xu and C. Jiang. 
Department of Biology, Georgia State University, Atlanta, GA 30302-4010.

C〇 2 sensitivity may be related to certain C 0 2/pH sensitive proteins that 
are expressed in neurons. We have previously observed that an inward 
rectifier K+ channel (Kir2.3 or HIR) is inhibited by C 0 2 (Liu, et. al. 
Neuroscience Abstracts 171.4, 1997). The HIR channel seems to have two 
C 0 2/pH sensors, located on extra- and intracellular sides, respectively. 
Whereas a molecular motif for pH〇 sensitivity has been shown, the 
intracellular one remains unknown. To identify the intracellular sensor, we 
performed experiments in which several chimeras were constructed, and 
their ionic currents and pH¡ sensitivity were studied by expressing them in 
Xenopus oocytes. The pH¡ sensitivity was completely eliminated when the 
N terminal region of HIR was substituted with the corresponding motif of 
IRK1, a pH insensitive K+ channel. Reciprocal chimeric mutation showed 
that the pHį sensitivity o f IRK1 was created by a replacement of N terminal 
region in IRK1 with its counterpart sequence in HIR. Thus it seems that the 
intracellular pH-sensitive domain in HIR is located in an area from the N 
terminus to the beginning of M l domain. Further exchange o f the first half 
of the N terminal region between HIR and IRK1 revealed that this part of 
HIR was unlikely to be the pHį sensor. These results therefore imply that 
the intracellular pH sensitive site may exist in a region o f amino acids 21-60 
immediately before the M l domain in the HIR K+ channel.

Supported by the NШ ROl HL58410-01 and the United Cerebral Palsy Foundation (R-702-95).

ACETYLCHOLINE-INDUCED CURRENTS IN CULTURED CAT 
PETROSAL GANGLION (PG) NEURONS. M. Shirahata* and R.S. 
Fitzgerald. Dept, o f  Environmental Health Sciences, The Johns 
Hopkins Medical Institutions, Baltimore, MD 21205

Our previous pharmacological and immunocytochemical studies 
suggest that ACҺ is critically involved in excitatory process o f  the 
carotid body in the cat. In this study we examined the effects o f  ACҺ 
on membrane currents o f  PG neurons. A  possible influence o f  
decreased 0 2 tension on ACҺ receptors were also tested. PGs were 
harvested from anesthetized adult cats, and cultured for 1-2 weeks. 
During the experiments cells were continuously superfused with Krebs 
solutions. ACҺ (100 µM -2  mM) was applied topically. ACҺ evoked 
fast inward and delayed outward currents in 24 out o f  33 neurons. 
N icotine induced inward current. Inward current was significantly 
reduced by calcium-free Krebs, Krebs with methyllycaconitine, and 
Krebs with dihydro-ß-erythroidine. A decrease in 0 2 in Krebs 
increased inward current in 3 neurons, decreased in 3 neurons, and 
unchanged in 1 neuron. Outward current was not changed. These 
results suggest that the activation o f  nicotinic receptors on PG neurons 
induces inward current; activation o f  muscarinic receptor(s) may 
induce outward current. Further, α4 and α7 subunits o f  nicotinic 
receptors appear to be present in PG neurons. The oxygen sensitivity 
o f  nicotinic receptors may play a role in the carotid body 
neurotransmission. Supported by HL 50712.
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CHEMOSEN SITIVITY OF MEDULLARY RAPHE NEURONS 
INCREASES POSTNATALLY. G B. Richerson and W. Wang* Department 
of Neurology, Yale University School of Medicine, New Haven, CT 06510 
and VA Medical Center, West Haven, CT 06516.

In many neonatal mammals, including humans and rats, there is a 
developmental increase in the ventilatory response to elevated PC02. We have 
examined age-related changes in chemosensitivity of neurons from the rat 
medullary raphe, a putative site for central chemoгeception, using perforated 
patch clamp recordings in vitro. In brain slices from rats younger than 12 
days old, firing rate increased in 3% of neurons, and decreased in 17% of 
neurons in response to respiratory acidosis (n=36). In contrast, in slices from 
rats 12 days and older, firing rate increased in 1.8% of neurons, and decreased 
in 15% of neurons (n=4O). A tissue culture preparation of medullary raphe 
neurons was used to examine changes in chemosensitivity with age from 3 
days in vitro to 74 days in vitro. In cultured neurons younger than 12 days in 
vitro, firing rate increased in 4% of neurons, and decreased in 44% of neurons 
in response to respiratory acidosis (n=54). In contrast, in neurons 12 days in 
vitro and older, firing rate increased in 30% of neurons, and decreased in 24% 
of neurons (n=Ю5). In both types of chemosensitive neuron (“stimulated” and 
“inhibited”), the magnitudes of the changes in firing rate were greater in older 
neurons than in young neurons. These results indicate that chemosensitivity of 
medullary raphe neurons increases with age. This age-related increase in 
cellular chemosensitivity may underlie the development of respiratory 
chemoгeception in vivo. Delays in this maturation process may contribute to 
developmental abnormalities of breathing, such as sudden infant death 
syndrome. This work was supported by VAMC and NIH HL-52539.

1 48 .5

TIME DEPENDENT CHANGES IN DOPAMINE D2 RECEPTOR 
MODULATION OF CAROTID BODY OUTPUT WITH CHRONIC 
HYPOXIA. K.A. Huev and F.L. Powell*. Dept, o f Medicine, Univ, of 
California, San Diego, La Jolla, CA 92093-0623.

Dopamine D2 receptors (D2-R) have been shown to inhibit carotid body 0 2 
sensitivity. However, changes in D2-R modulation o f carotid body output 
may contribute to the time dependent changes in the hypoxic ventilatory 
response (HVR) with chronic hypoxia. Thus, we measured the effects of 
peripheral D2-R blockade with domperidone (1 mg/kg, i.v.) on ventilation 
(Vi) and arterial blood gases in 4 awake, unrestrained rats, on 0, 2, and 8 
days of exposure to chronic hypoxia (PЮ2=70 Torr). Acclimatization was 
evidenced by the increase in ventilation in 30% 0 2 from 380 ml/min/kg on 
day 0 to 910 and 853 ml/min/kg on days 2 and 8, respectively. This 
hyperventilation also decreased PaC02 from 42.8 to 27.3 Torr on days 0 and 
2, respectively. On day 0, in rats breathing 30% 0 2, domperidone increased 
Vi 109 ml/min/kg and caused PaC02 to fall 5 Torr. In contrast, on day 2, 
domperidone decreased Vi 123 ml/min/kg and produced no change in 
PaC02. On day 8, domperidone again increased Vi, but only 30 ml/min/kg. 
These results agree with those from 4 other rats studied after 2 days of 
chronic hypoxia in our lab; however, further experiments are necessary after 
7 days. The data indicates that decreased D2-R carotid body inhibition may 
contribute to the increased HVR in rats after 2 days o f chronic hypoxia, but 
this change is partially reversed by longer exposures. Non-D2-R mechanisms 
may contribute to the increased HVR after 7 days of chronic hypoxia. 
Supported by NIH HL17731 and 07212.

1 4 8 .7

DENDRITIC AND NEURO NAL G AP JUNC TIO N PRO TEINS IN PUTATIVE C 0 2- 
CHEM O SENSITIVE REG IO NS O F THE M EDULLA. M.H. O ’Neal. 111. T.J. Halat.
N.H. Edelman. B. Walcott*, and I.C. Solomon. Dept, of Physiology and Biophysics, 
SUNY at S tony Brook, S tony Brook, NY

C 0 2 chem osensitiv ity in the brainstem  appears to  be w idespread, and has 
been reported in the dorsal m edulla (NTS; nucleus tractus solitarius, DMV; dorsal 
motor nucleus o f the  vagus), the ventro la tera l m edulla  (VLM ) including dendritic 
projections to the ventra l m edullary surface, the retro trapezoid  nucleus (RTN), 
and the caudal raphe (RO; raphe obscurus, RM; raphe m agnus, RP; raphe 
pall¡dus). Recently, ce ll-to -ce ll coup ling has been suggested to p lay a role in 
C 0 2 chem oгeception (Huang e t a l., N eurosci., 80:41-57). Ce ll-to -ce ll coupling 
occurs via gap junctions and provides a m echanism fo r coordination and regulation 
of neighboring ce lls through  the exchange of sm all m olecules and ions. In 
m edullary s lices (15µm  th ick) obta ined from  adu lt Sprague-D aw ley rats, we 
¡m munoh¡stochem ically exam ined the  d istribution o f the  gap junction proteins 
connexin26 (C x26) and connexin32  (Cx32) in puta tive  C 0 2-chem osensitive  
regions of the  medulla. W e found an especia lly dense co llection of dendrites 
expressing Cx26 just beneath the surface of the VLM in the region of the originally 
described site of H+ and C 0 2 chem oгeception. D endritic labeling fo r Cx26 was 
also found in the RTN and m idline raphe. In add ition, perinuclear labeling for 
Cx26 was observed in the NTS, DMV, RTN, RO, and la teral parag¡gantocellu lar 
nucleus of the rostral VLM, and som e astrocytic labe ling was seen in the NTS, 
DMV, and RTN. D iffuse cytop lasm ic labeling fo r Cx32 was found in neurons of 
the dorsal medulla, VLM , and raphe. These  find ings are the first to dem onstrate 
the presence of dendritic  and neuronal gap junction pro te ins in putative C 0 2- 
chem osensitive  regions of the medulla, supporting the  concept that coupling via 
gap junctions m ay play a role in centra l C 0 2 chem oгeception. Supported by 
HL16022, AHA/N J Affilia te.

1 4 8 .4

MEDULLARY RAPHE NEURONS STIMULATED BY ACIDOSIS ARE 
SEROTONERGIC. G.B. Richerson*and W. Wang. Department of Neurology, 
Yale University School of Medicine, New Haven, CT 06510 and VA Medical 
Center, West Haven, CT 06516.

Serotonin stimulates respiratory output in vivo. We have previously 
identified chemosensitive neurons in the rat medullary raphe, and have 
proposed that this site contains central respiratory chemoreceptors. Here we 
used perforated patch-clamp recordings from medullary raphe neurons in 
tissue culture to examine whether there was a correlation between the response 
to acidosis, baseline neuronal properties, and a serotonergic phenotype. The 
firing rate of chemosensitive medullary raphe neuron stimulated by acidosis 
increased to 298% ± 215% (mean ± SD) of control in response to a decrease 
in pH from 7.40 to 7.19. Most stimulated neurons fired with a highly regular 
firing pattern, a prominent afterhyperpolarization and a ramp depolarization 
between spikes, typical of serotonergic neurons in vivo. The coefficient of 
variation of the interspike interval, a measure of regularity of firing, was 
significantly lower in stimulated neurons compared to inhibited neurons 
(p<0.001). Recorded neurons were immunostained with antibodies to either 
serotonin (5-HT) or tryptophan hydroxylase (TH). Of neurons stimulated by 
acidosis (n=l4), 7/7 were immunopositive for 5-HT and 7/7 for TH. In 
contrast, of neurons that were inhibited by acidosis or were not 
chemosensitive, 1/9 were immunopositve for TH. The medullary raphe has 
extensive projections to the major respiratory nuclei. Due to the effects of 
serotonin on respiratory output, it is likely that these serotonergic neurons 
modulate respiration in response to changes in acid/base status. This work 
was supported by VAMC and NIH HL-52539.

1 4 8 .6

THE INVOLVEMENT OF MULTIPLE VASOACTIVE AGENTS IN 
ALTERED RAT CAROTID BODY CHEMOSENSITIVITY INDUCED BY 
CHRONIC HYPOXIA. L. He. J. Chen. B. Dinger and S. Fidone*. Dept, of 
Physiology, Univ, o f Utah Sch. o f Med., Salt Lake City, UT 84108 

Continuous exposure to low ambient 0 2 for multiple days (i.e., chronic 
hypoxia, CH), elicits an increase in chemosensitivity such that the carotid body 
generates a progressively enhanced carotid sinus nerve (CSN) discharge in the 
presence of sustained hypoxemia. In the present study we have investigated 
the role o f 3 agents endogenous to the carotid body, namely, endothelin (ET), 
atrial natriuretic peptide (ANP) and nitric oxide (NO), in altered 
chemosensitivity elicited by CH. CSN activity was recorded in in vitro 
superfused carotid body preparations removed from animals following selected 
periods o f hypobaric hypoxia (380 Torr). In normal animals, or following 24 
h o f hypoxia, the ETд-receptor antagonist, BQ-123 (5 µM) did not change 
CSN activity evoked by a moderate hypoxic stimulus. However, BQ-123 did 
depress evoked CSN activity after 3 days of CH, and this effect progressively 
increased until at days 7 to 14, nearly 50% o f the evoked activity was blocked 
by the drug. Parallel studies using antagonists o f ANP (A 71915, 1 µM) and 
NO (L-NAME, 1 mM) demonstrated a progressive increase o f stimulus-evoked 
CSN activity in the presence of these agents, consistent with the up-regulation 
of inhibitory ANP and NO activity. In separate experiments we have found 
that CH up-regulates mRNA levels for ET, ETд-receptors and ANP in rat 
carotid body. Our findings suggest that altered carotid body chemosensitivity 
elicited by CH results from changes in the expression o f excitatory and 
inhibitory agents in this sensory organ. Supported by USPHS grants NS 12636 
and NSO7938.

1 4 8 .8

EFFECTS OF MUTATIONS OF POSITIVELY CHARGED RESIDUES ON 
ROMK1 CHANNEL ACTIVITY AND C 02/pH SENSITIVITY. H. X, Xu*. S. 
Chanchevelap, G. Zhu. Z. Ou, Y. Zhang, H. H. Havnie & C. Jiang. Department of 
Biology, Georgia State University, Atlanta, GA30302-4010

C 02 can modulate ion channel activity by reducing intra- and/or extracellular 
pH. One of these ion channels that are CCVpH-sensitive is ROMK1 (Kirl.l). We 
have previously shown that intracellular acidification during hypercapnia (pH¡ 6.6) 
produced a marked inhibition of ROMK1 cuưents. This is likely to be mediated by 
an interaction of proton and amino acid residues in the ROMK1 channel protein, 
as a lysine residue (K80) in the N terminal has been demonstrated to play a critical 
role in the modulation of channel activity by pHį (Fakler, et al. EMBO J. 15: 4093- 
4099, 1996). Since the side chain pK value of lysine shows pH 10.8, which is far 
from the physiological pH level, it seems possible that amino acid residues other 
than K80 are also involved. Thereby, we performed experiments to test the 
hypothesis that histidine (His) residues also play a role in the pH sensitivity by 
substituting two His residues with aspartate using the site-directed mutagenesis. 
The mutants were expressed in Xenopus oocytes and whole-cell and single channel 
currents were studied. We found that a replacement of either of these two His 
residues did not have any evident effect on baseline channel activity and pH 
sensitivity, suggesting that neither H23 nor H3l is the receptive residue of H+. To 
test the idea that other positively charged residues adjacent to K80 contribute to 
pH sensitivity by shifting pK of K80 to a lower pH level, we also replaced K76 
and R78 with glutamate. While R78E mutant did not produce any detectable 
inward rectifying cuưents in the oocytes, K76E mutant showed characteristics of 
the baseline channel activity and the pH sensitivity similar to those of the wild- 
type ROMK1. Thus, these results indicate that H23, H3l and K76 may not be 
necessary or sufficient for the C 02/pH sensing of the ROMK1 channel.

Supported by NШ R01 HL584IO-Oland the United Cerebral Palsy Foundation (R-702-95).

Society for Neuroscience, Volume 24 ,1998



376 RESPIRATORY REGULATION; CHEMOSENSORY MECHANISMS SUNDAY PM

148.9
THE NUCLEUS LOCUS COERULEUS PARTICIPATES IN 
THE RESPIRATORY RESPONSE TO CO2. J.C.Chávez*. 
P.Pichiule. J.C.LaManna. M .A.Haxhiu. Departments o f  Anatomy 
and M edicine, Case Western Reserve University, School o f  
M edicine, Cleveland OH 44106 USA.

In this study we investigated the role o f  the Locus Ceruleus (LC) in 
modulating the respiratory response to C 0 2 Experiments were 
performed in urethane anesthetized, vagotom ized and mechanically 
ventilated rats. Electromyographic activity o f  the diaphragm (D EMG) 
was recorded and used to measure the respiratory effect o f  reversible 
inhibition o f  LC by muscimol. Before m uscimol microinjection into 
the LC, the basal respiratory response to hypercapnia (7% C 0 2) and 
to hypoxia (12% 02 ) were tested and used as a control. Bilateral 
microinjection o f  muscimol (40 nmol, 1 OOnl) produced a significant 
reduction in peak D EMG and an increase in expiratory time (Te). N o  
changes in inspiratory time (Ti) were observed. Inhibition o f  LÇ by 
muscimol affected the expiratory time under hypercapnia while the 
peak D emg response and the Ti were similar to the basal levels. In 
contrast, muscimol did not affect the respiratory response to 
hypoxia. These results suggest that the LC neurons are involved in 
regulation o f  respiratory activity and are required for full expression  
o f  ventilatory response to hypercapnia.
Funded by NIH grants HL-50527, HL-42215

148.11
MEDULLARY CHEMORECEPTORS (MCRs) AND MUSCARINIC RECEPTORS 

ACT THROUGH SEPARATE MECHANISMS TO REVERSE NEONATAL 
RESPIRATORY NETWORK DEPRESSION BY OPIOIDS OR PROSTAGLANDIN-E 

P.M. Lallev *. T. Meier . B. Hoch . D.W. Richteг-and K. BaUanvi.
II. Institute of Physiology , University of Goettingen, ERG 

In the adult respiratory network, C〇2 /H+ stimulation of MCRs exerts a 
muscarinic receptor-mediated excitatory drive on brain stem respiratory neurons. 
C〇2/H+ stimulation also counteracts depression of respiration by opioids and other 
depressant drugs. However it is not known whether, in the neonatal respiratory 
network, stimulation by C〇2/H+ also reverses drug-induced respiratory network 
depression. In the present study, whole cell current clamp recordings of medullary 
respiratory neurons and extracellular recordings of cervical (C1 -C4) nerve root 
discharges in brain stem-spinal cord preparations of 0-4 day old rats revealed that 
respiratory depression by opioids or Prostaglandin-E (PGE) is reversed by C〇2/H+ 
stimulation, presumably through stimulation of MCRs. Restoration of respiratory 
activity by C〇2/H+ is not, however, mediated by activation of muscarinic receptors. 
Bath application of the opioids FentanyL DAMGO or Ala-Leu-Enkephalin (0.5-10 µm) 
or RGE (0.1-1.0 µm) hyperpolarized medullary respiratory neurons and abolished 
medullary and spinal respiratory discharges. Lowering bath pH from 7.4 to 7.0 by 
decreasing HCO3 to 10 mm or elevating C<¾ from 5 to 12 % increased excitatory 
synaptic drive potentials and restored respiratory discharges, although membrane 
potential remained hyperpolarized. Physostigmine, neostigmine or muscarine (0.5-10 
µm) reversed opioid- or PGE-induced depression in similar fashion. Atropine (1-10 µm) 
blocked the reversal by cholinergic drugs, but not the restoration of firing by lhigh 
C〇2/.low  pH. Non-respiratory medullary neurons were also severely depressed by 
opioids or PGE, which was reversed by muscarine but not by high C〇2/low pH. 
Hence, muscarinic receptors and MCRs seem to utilize separate mechanisms to reverse 
opioid-and PGE-mediated respiratory network depression in the neonate. (Supported by 
DFG and a U. Wisconsin, Madison Sabbatical Grant).

148.13
MICROINJECTION OF ACETAZOLAMIDE (AZ) WITHIN THE 
FASITIGIAL NUCLEUS (FN) OF THE CEREBELLUM  
FACILITATES RESPIRATION. Z. Zhang. F. Xu. and D. T. Frazier*. 
Dept, o f  Physiol. Univ, o f  KY, Lexington, KY 40536

We have reported that in CO2 exposed rats c-fos  expression in the 
FN increased significantly and destruction o f  FN neurons attenuated 
respiratory responses to hypercarpnia. Microinjection o f  AZ, an 
inhibitor o f  carbonic anhydrase, has been used as a probe to identify 
potential central chemoreceptive areas. In this study, w e investigated 
the possible existence o f  chemoreceptors in the FN in five anesthetized 
Sprague-Dawley rats. Phrenic neurogram (PN) was recorded before 
and after microinjection o f  AZ (10 4̂ M in mock cerebrospinal fluid with 
fluorescein, pH 7.37, 1 or 20 nl in one minute) into the FN. The peak 
amplitude o f  the PN (pPN) was increased 25% by 1 nl and 65% by 20 
nl AZ microinjection with a six-minute latency. The effect persisted 
from several minutes to two hours while the frequency o f  the PN as 
well as the blood pressure was not significantly affected. Repeated 
injections o f  AZ at the same location (after recovery) consistently 
increased the pPN and appeared dose-dependent. Injections o f  vehicle 
caused no noticeable change. The injection site was verified after the 
experiment. These results suggest that some FN neurons are responsive 
to direct C 0 2/H + stimulation and possibly functioned as a part o f  
chemoreceptors in the regulation o f  respiration. (NIH PO l 40369)

148.10
INTRAPULMONARY CHEMORECEPTOR DISCHARGE RATE IS 
INCREASED BY ANION EXCHANGE BLOCKER "D IDS" IN Anas 
płatyrhynchos. J.M. Shoemaker. R.S. Beαav. and S.C. Hempleman.* 
Northern Arizona University, Flagstaff, AZ, 86004.

A v ia n  in tra p u lm o n a ry  c h e m o re c e p to rs  (IPC) sense  lung  P C 0 2 and 
p ro v id e  p has ic  fe e d b a c k  fo r  th e  c o n tro l o f b re a th ing  in b irds. C 0 2 

appears to  c o n tro l IPC d ischa rg e  ra te  v ia  a lte ra tio n s  o f  in tra ce llu la r pHi 
( lo w  pH i in h ib its , h igh  pH i e x c ite s ). W e  h yp o th e s iz e  th a t  pH i re fle c ts  
a ba lance  b e tw e e n  th e  ra te  o f  in tra c e llu la r C 0 2 h y d ra tio n  to  p ro du ce  
H C O 3 and H + , and th e  ra te  o f  a c tiv e  o r co up le d  e x tru s io n  o f  H + and 
H C O 3 f ro m  th e  se nso ry  end in gs . In th is  s tu d y , th e  C I/H C O 3 e xchange  
in h ib ito r 4 , -4 '-D ¡is o th io c y a n a to s t¡ lb e n e -2 ,2 '-d ¡s u lfo n ic  acid  (D IDS) w a s  
used  to  b lock  tra n sm e m b ra n e  tra n s p o rt o f  H C 0 3 f ro m  th e  IPC. W e  
h yp o th e s ize d  th a t  if C I7 H C 0 3 excha ng e  is im p o rta n t, in h ib it io n  by 
D IDS sh ou ld  cause  in tra c e llu la r a c c u m u la tio n  o f H C 0 3 , h igh e r pH i and 
IPC d ischa rg e  ra tes , and perhaps reduced  s e n s it iv ity  to  C 0 2. W e  
m easured  IPC d ischa rg e  ra tes  a t s te a d y  in tra p u lm o n a ry  C 0 2 levels 
ra n g in g  fro m  1 -7 %  (in air) in e ig h t a n e s th e tize d , u n id ire c tio n a lly  
v e n tila te d  a d u lt m a lla rd  d u cks . M e a s u re m e n ts  w e re  repea ted  a t 5 0 //m  
and 1 0 0 //m  c u m u la tiv e  doses  o f Įv  in je c te d  D IDS. C om pared  to  
c o n tro l, average  IPC d ischa rg e  ra tes w e re  n o t s ig n ific a n tly  changed  by 
5 0 //m  DIDS (p j> .0 5 ) ,  b u t w e re  s ig n if ic a n tly  increased  b y  1 0 0 //m  DIDS 
a t P C 0 2 >_ 2 1 .6  to r r  (p<_.O 5). O ur re su lts  in d ica te  th a t  th e  
D ID S -se ns itive  C I-/H C O 3 a n t ip o r t is in vo lve d  w ith  C 0 2 s igna l 
tra n s d u c tio n  in IPC. S u p p o rt: NSF IB N -9 7 2 3 7 8 3

148.12
DISTRIBUTION A N D  FUNCTION OF DOPAM INE D 3 
RECEPTORS IN THE GOAT CAROTID BODY. Z ,-Y . W ane. I. 
Keith. K. OΉ alloran. J. Herman. G. M itchell* and G. Biseard. 
(Dept, o f Comparative Biosciences, Univ, o f  W isconsin-M adison, WI 
53706)

Dopamine (D A) D 2 receptors have been shown to be present and 
have an inhibitory role in the carotid body (CB) function. This study 
seeks to determine the potential presence and functional role o f  D A  
D 3 receptors in the CB. Anesthetized goats were perfused via the 
carotid arteries with heparinized saline, follow ed with 4 % 
paraformaldehyde (pH 7 .4 ). The CBs were removed and immersed in 
Bouin’s fixative for 2 h. Immunohistochemistry was performed on 5- 
µm paraffin sections using a polyclonal antiserum to the D 3 receptor 
(R & D Ab). D 3 receptor-like immunoreactivity was noted on 
individual, unmyelinated nerve fibers located between and surrounding 
type I cell clusters. Moreover, single-fiber carotid sinus nerve 
sensory chemoafferent activity was measured in five anesthetized 
goats. In all cases the D 3 receptor antagonist U H 232 (0 .2 -1 .0  m g/kg, 
i .v .)  increased sinus nerve activity from a control value o f  2.8  ±  0 .9  
(Means ±  SE) Hz to 10.4 ±  3 .8  Hz (P <  0 .05 ). In addition, the D 3 
receptor agonist 7-OH D P AT (10 µg/kg, intracarotid injection) 
depressed chemoafferent activity for more than 180 seconds. Thus our 
data suggest the occurrence o f neural D A  D 3 receptors and an 
inhibitory function for these receptors in the CB o f goats (Supported 
by HL 15473 and HL 07654).

148.14
RESPO NSES OF M EDULLARY RESPIRATO RY NEURAL NETW ORKS 
DURING STRESSO R INPUTS: CARO TID  CHEM O R E C E P TO R S  AND 
COUG H RECEPTORS.
K. F. Morris*. Z. Li. D. M. Baekev, R. Shannon and B. G, Lindsey. 
Physiology & Biophysics, N euroscience Program, Col. Med. Univ. South 
Fla., Tampa, FL 33612.

Carotid chem oreceptor stim ulation (cstim ) resu lts in increased 
respiratory m otor output. Cough receptor stim ula tion p roduces increased 
output in the cough motor pattern (Shannon, et al. J. App. Phys., 84(6)). 
Spike tra ins o f 238 neurons were recorded in the ipsilateral n. tractus 
solitarius, rostra l and caudal ventra l resp ira tory g roup (VRG), and n. 
raphe obscuris (NRO) in 22 recordings from  14 decerebrate, paralyzed, 
ventila ted cats during stim ulation o f carotid chem orecepto rs and tracheal 
cough receptors. The neurons were characterized w ith respiratory cycle- 
triggered histograms, spike triggered average h istogram s o f phrenic, 
lumbar, and recurrent laryngeal nerve m ultiunit activity, and cross- 
co rre logram s. 124 neurons responded with firing rate changes during 
cstim, 119 changed rate during cough and 80 during both stressors. 
Neurons w ith s im ilar firing rate m odulations during eupnea had different 
responses during the stimuli; for exam ple each o f 5 cells in cVRG  with 
decrem enting expiratory firing rates had a d iffe rent com bination o f 
responses. In NRO, 25 o f 50 neurons responded to cstim , 5 o f the 25 
responded sim ilarly during cough, 3 differently. Recordings o f neurons in 
d istributed brain stem regions sim ultaneously during multip le stressors 
will help to d ifferentiate roles in the production o f the resp ira tory motor 
pattern, and provide insight into system s involved in m otor gain control 
and adaptation to stress. Supported by N.I.H. NS 19814 and HL49813
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148 .15

AGE-RELATED CHANGES IN THE VENTILATORY RESPO NSE TO 
INSPIRED C〇г IN NEONATAL RATS: A PO SS IBLE  ROLE FOR NASAL  
CQ, CHEMORECEPTORS IN SUDDEN INFANT DEATH SYNDROME.
E·L. C o a te s *  a n d  M .L . S ilv is .  D e p a r tm e n t  o f  B io lo g y ,  A l le g h e n y  C o lle g e , 
M e a dv¡lle , P A  1 6 3 3 5

P re v io u s  s tu d ie s  s h o w  th a t  th e  d e l iv e r y  o f  C 0 2 to  th e  u p p e r  a irw a y s  o f 
a m p h ib ia n s  a n d  re p t i le s  c a u s e s  a  d o s e - re la te d  d e c r e a s e  in  v e n t ila t io n .  T h e  
re c e p to rs  th a t  m e d ia te  th is  re s p o n s e  h a v e  b e e n  id e n t if ie d  a s  C 〇2 -s e n s it iv e  
o lfa c to ry  re c e p to r  n e u ro n s .  T h e r e  is  a ls o  e v id e n c e  th a t  y o u n g  m a m m a ls  m a y  
e x h ib it  a  d e c r e a s e  in  v e n t i la t io n  in  re s p o n s e  to  t r a n s ie n t  in c re a s e s  in  u p p e r  
a irw a y  C 0 2. T h e  o b je c t iv e s  o f  th is  s tu d y  w e re  to  d e te rm in e  th e  v e n t ila to r y  
re s p o n s e  to  in s p ire d  C 0 2 in  n e o n a ta l ra ts  a t d if fe re n t  d e v e lo p m e n ta l s ta g e s . 
U s in g  p le th y s m o g ra p h y ,  v e n t i la to r y  re s p o n s e s  to  3 0  s e c o n d s  o f  0 , 2 , 4 , 6 ,  a n d  
8 %  in s p ire d  C 0 2 w e re  m e a s u re d  in  ra t  p u p s  f ro m  th r e e  lite rs  (1 0 -1 1  
ra ts /l¡tte r). V e n t i la to r y  re c o rd in g s  w e re  ta k e n  1 ,2 ,3 ,5 ,7 ,9 ,  a n d  12  d a y s  a fte r  
b irth . O n  d a y  1, th e re  w a s  a  s ig n i f ic a n t  d e c r e a s e  in  m e a n  v e n t ila to r y  
fre q u e n c y  fo r  tw o  o f  th e  lit te rs  in  re s p o n s e  to  4 -8 %  C 0 2. B y  d a y  3  in  a ll th re e  
litte rs , th e  v e n t i la to r y  re s p o n s e  to  in s p ire d  C 0 2 w a s  a  d o s e - re la te d  in c re a s e  
in v e n t ila t io n .  T h e  in it ia l in h ib ito r y  re s p o n s e  to  C 0 2 is  th o u g h t  to  b e  d u e  to  
th e  s t im u la t io n  o f  th e  n a s a l C 0 2 c h e m o re c e p to rs  a t  a  t im e  w h e n  th e  c e n tra l 

c h e m o re c e p to rs  a re  n o t y e t  f u l ly  m a tu re .  T h e  in c re a s e  in  v e n t i la t io n  o b s e rv e d  
on  d a y  3  in d ic a te s  th a t  b y  th is  t im e  th e  c e n t ra l c h e m o re c e p to rs  h a d  m a tu re d  
e n o u g h  to  o v e r r id e  th e  in h ib ito r y  e f fe c t  o f  n a s a l C 0 2 re c e p to r  s t im u la t io n .  
T h e s e  re s u lts  s h o w  th a t  in  n e o n a ta l ra ts  th e  v e n t i la to r y  re s p o n s e  to  in s p ire d  

C 0 2 is  a g e - re la te d  a n d  in d ic a te s  a  p o s s ib le  l in k  b e tw e e n  n a s a l C 0 2 
c h e m o re c e p to rs  a n d  S ID S .  S u p p o r te d  b y  th e  H o w a rd  H u g h e s  M e d ic a l 
In s titu te  (# 7 1 1 -9 6 5 -0 2 - 5 0 2 )  a n d  th e  C la s s  o f  1 9 3 9  S e n io r  R e s e a rc h  F u n d .

1 4 8 .1 7

PETROSAL GANGLION RESPONSES TO ACETYLCHOLINE ARE 
MODULATED BY NITRIC OXIDE. J. Alcavaea1* and R. Iturriaga2. 'Lab. 
Neurobiology, Dept. Biology, Fac. Sciences, University o f Chile; 2Lab. 
Neurobiology, P. Catholic University of Chile; Santiago, Chile.

Application o f acetylcholine (ACҺ) to the petrosal ganglion (PG) in vitro 
generates action potentials conducted only along the carotid sinus nerve 
(CSN), showing that neurons projecting through the CSN are selectively 
activated by ACҺ. Since nitric oxide (NO) inhibits carotid chemosensory 
responses and NO synthase (NOS) is present in the PG neurons, we tested the 
effects of a NO donor (sodium nitroprusside; SNP) and a NOS inhibitor (Nω- 
nitro-L-arginine methyl ester; L-NAME) on the responses evoked by ACҺ.

The PGs and its peripheral nerves were obtained from adult cats. Each 
ganglion was desheated, placed in a chamber and superfused with Hanks' 
solution + 5mM HEPES buffer, pH 7.43 at 38°C. The CSN was placed in a 
pair of electrodes and the frequency of action potentials (fcsN  ) was digitally 
counted. ACҺ (0.1-500 µg) was applied to the PG in bolus o f 10 µl, and SNP 
(50 µM) and L-NAME ( 1 mM) were added to the superfusate.

In control conditions, ACҺ induced a dose-dependent increase in fcsы. SNP 
increased the ED 50 o f the ACҺ dose-response curve, but not the sensitivity. 
After the withdrawal o f SNP, the sensitivity to ACҺ was enhanced and the 
ED50 was reduced. Conversely, L-NAME increased the sensitivity to ACҺ, 
remaining increased after the withdrawal o f L-NAME from the medium.

Present results indicate that NO modulates the sensitivity o f petrosal 
ganglion neurons to ACҺ, suggesting that the effects of NO on chemosensory 
activity may be partly due to a direct effect on the sensory terminals.

Supported by grant FONDECYT 198-0965.

1 4 8 .1 9

INVESTIGATION OF THE CYTOARCHITECTURE AND EFFERENT 
PROJECTIONS TO THE RAT RETROTRAPEZOID NUCLEUS (RTN) 
IMPORTANT IN THE CONTROL OF BREATHING
Carlos L. Cream. *Aihua Li and Eugene E. Nattie. Department of Physiology, 
Dartmouth Medical School, Lebanon, NH 03756-0001

The RTN was initially identified in retrograde tracing experiments of efferent 
connections to the dorsal and ventral respiratory groups in the cat (Smith et al., 
1989). Subsequent physiological experiments have supported the role of the RTN in 
respiratory control and indicate the presence o f both muscarinic and excitatory 
amino acid receptors. To date the cytoarchitecture o f the RTN region has not been 
described in detail and its efferent sources have not been investigated. We report 
here the results o f two sets of experiments. The first was designed to describe the 
local neuronal architecture of the RTN region. Neurobiotin (5% in saline) was 
injected into the RTN of 6 male rats and 2-4 hours later the medulla was removed, 
processed and sections examined with a light microscope. The mean neuron count 
was 551 ± 248/RTN (s.e.m.). The neurons were classified by size and shape. Most 
neurons were small (<I9.4 µm diameter) and fusiform or multipolar. There was no 
significant difference in respect to size and shape in the pattern o f distribution. In the 
second set of experiments we sought to determine efferent input to this area. 
Injections were made in the RTN region and the animals were allowed to recover for 
24-hrs prior to brainstem removal and processing. The labeled sites in these animals 
included respiratory nuclei (i.e. Kölliker-Fuse, nucleus ambiguus, nucleus tractus 
solitarius), raphé nuclei (R. Magnus, R. Pallidus, R. Obscurus) and reticular field 
neurons (medullary and pontine). We conclude that the RTN contains a rich 
population o f neurons and that it receives and integrates information from both 
respiratory and non-respiratory sources. This project was supported by HL-28066.

148.16
THE VENTILATORY EFFECTS OF GLIAL IMPAIRMENT IN THE 
RETROTRAPEZOID NUCLEUS (RTN) OF THE AWAKE RAT. J.L. 
Holleran and J.S Erlichman*. Department of Biology, Allegheny College, 
Meadville, PA 16335

The role of glia in the brainstem of the awake animal is uncertain, however 
recent evidence suggests glia may be involved in extracellular pH regulation. 
Previously, we have shown that microperñision of the RTN with glial metabolic 
inhibitor, fluorocitrate (FC) in the anesthetized rat results in a significant increase 
in ventilation that tracked a decrease in extracellular pH. Here we examine the 
ventilatory effects of focal glial impairment with FC in the RTN of the 
conscious, free roaming rat (n = 6). Sprague-Dawley rats were instrumented with 
chronic, indwelling push-pull cannulas (I.D = ЮOµm, O.D.= 2OOµm). Unilateral 
perfusion of 1 mM FC (flow  rate = lµL/min.; duration = 30 minute) resulted 
in a significant increase in steady-state ventilation in room air compared to 
citrate perfused controls. Breathing frequency increased ~23% (p = 0.0076), tidal 
volume increased ~22% (p = 0.011) and minute ventilation increased ~47% 
(p= 0.011) during FC perfusion. The effects of FC were reversible. Animals 

perfused with citrate following FC exposure had breathing frequencies , tidal 
volumes, and minute ventilations that were no different than initial citrate 
controls (p> 0.05 for all factors). In conclusion: 1) glia may play an important 
role in CO2 chemoreceptor function in the RTN 2) the RTN is an important site 
of ventilatory control in the awake rat. (This work was supported by a grant from 
the Howard Hughes Medical Instiutute, 71196502502 and Allegheny Class of 
1939.

148.18
MUSCIMOL DIALYSIS INTO THE RETROTRAPEZOID NUCLEUS 
(RTN) OF THE AWAKE RAT DECREASES VENTILATION.
♦Eugene E. Nattie and Aihua Li. Department o f Physiology, Dartmouth 
Medical School, Lebanon, NH 03756-0001 

Disruption o f  RTN function by neurotoxin injection results in apnea 
and absent C 0 2 sensitivity in anesthetized animals and similar effects, 
but o f  a lesser magnitude, in decerebrates. Surprisingly, in awake rats, 
prior RTN lesions produced by neurotoxin under anesthesia did not 
alter ventilation measured days later. This lack o f  effect was attributed 
to our inability to produce a lesion o f  sufficient size without 
perioperative mortality. Attempts to inject neurotoxins in the awake rat 
were unsuccessful. Here w e report RTN neuronal inhibition by 
microdialysis o f  the G A BA -A  receptor agonist muscimol in awake rats 
with prior implantation o f  dialysis cannula guide tubes. Ventilation 
was continuously measured in a flow-through whole body 
plethysmograph. In awake rats (N =5), dialysis o f  muscimol (1-10 mM; 
40-70 mins; membrane 1 mm in length, 240 um in diameter) decreased 
ventilation by 30.2 ± 1 .9  % (SEM ) at 27 ±  5.4 mins (peak effect). The 
effect was reversible at 46 ±  13.6 mins. In some, the C 0 2 response was 
reduced by a similar amount. W hile measurement o f  oxygen 
consumption and blood gases are needed, these data suggest an 
important role o f  RTN neurons in the control o f  breathing in the awake 
rat. (Supported by HL 28066)
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1 4 9 .1

ADAPTIVE MODULATION OF RESPIRATORY RHYTHM  
BY VAGAL INPUT: EFFECT OF GATING.
D .L . Y oung. M .S . S iniaia and C .-S . P o o n * . H arvard-M IT  D ivision o f 
H ealth Sciences and Technology, C am bridge, MA 02139.

Sustained vagal stim ulation elicited the classic H ering-B reuer reflex 
follow ed by an N M D A  receptor-dependent habituation  and post-stim ulus 
rebound o f the resp iratory  rhythm  (Siniaia et a l., this volum e). To test 
w hether such reflex and adaptive responses to vagal input w ere gated by the 
resp iratory  rhythm , we applied a vagal stim ulus (80 H z, 10-30 µA ) only 
during  the insp iratory  or expiratory  cycles (Sj and SE stim ulus, respectively) 
in a breath-by-breath m anner over 8 m in. E xperim ents w ere perform ed in 
anesthetized, bila terally  vagotom ized, paralyzed , and m echanically  ventilated 
rats before (n =  8) and after (n = 4 )  intravenous injection o f the NM DA 
receptor antagonist M K-801. S i m arkedly  increased phrenic burst frequency 
(f) while SE decreased it. Both stim uli e licited sim ilar adaptive responses in 
ƒ  that w ere rem iniscent o f  the N M D A  receptor-dependent habituation and 
post-stim ulus rebound observed  during  sustained vagal stim ulation. 
H ow ever, ƒ  was decreased (instead o f  increased) by S, after M K-801. 
M oreover, M K-801 treatm ent revealed a short-term  m em ory effect o f  SE 
w hich was opposite to that found in the untreated  anim al, in all cases, the 
adaptation in / w a s  effected prim arily  by changes in expiratory  duration. 
Results suggest that: 1) vagal input to resp ira to ry  pattern  generator was 
gated by the resp iratory  rhythm ; 2) adaptations to vagal input had both gated 
and non-gated com ponents that w ere effected by the expiratory  circuit; 3) 
NM D A  receptor played an im portant role in the gating o f vagal input and 
the adaptations elicited by it. (Support: H L 52925 and N 00014-95-l-0863)

1 4 9 .3

PHRENIC MOTONEURON ELECTROPHYSIOLOGICAL AND DIAPHRAGM 
CONTRACTILE PROPERTIES IN THE PERINATAL RAT. M. Maгtin-Caraballo* 
and J. J. Greer. Dept o f Physiology, U. o f Alberta, Edmonton AB, Canada T6G 2S2 

Previous studies using perinatal rat models have determined that at embiyonic 
day (E) 17, phrenic motoneurons (PMNs) first receive descending inspiratory drive 
transmission and synaptic contacts from spinal afferents. From E17 through to 
~E2O, there are also major development changes in PMN morphology. Further, at 
E 17 the diaphragm musculature becomes fully innervated and primary myotube 
formation is complete. The objective of the present study was to examine PMN 
elecfiophysiological and diaphragm contractile properites prior and subsequent to 
these pivotol changes (E16-P0). PMN elecfiophysiological properties were 
examined via whole-cell patch recordings utilizing a cervical slice-phrenic nerve 
in vitro preparation isolated from perinatal rats. Diaphragm contractile properties 
were measured using a phrenic nerve-diaphragm strip in vitro preparation. The 
following changes were observed as PMNs developed from E16 to P0-1, i) resting 
membrane potentials became more hyperpolarized by -1 0  mV, ii) input resistance 
decreased ~  4-fold, iii) electrical and dye coupling between subpopulations of 
PMNs were found at all ages studied, iv) action potential amplitude (AP) increased 
by ~Ю mV and the duration decreased by ~5O%, v) APs at all ages studied were 
sodium-dependent; however, calcium currents contributed significantly to the 
broadening o f APs at age E16, vi) at E16 the AP spike was followed by a slowly- 
decrementing afterdepolarization (ADP), while a hump-like ADP and a medium- 
duration afterhyperpolarizing potential (mAHP) developed from E18-P0, vii) the 
maximum attainable firing frequency and the frequency-current slope increased 
with age. Concomitant with the changes in PMN properties, diaphragm 
musculature showed age-dependent decreases in twitch contraction time and 
increases in the tetanic fusion frequency and force production. Funded by AHFMR.

1 4 9 .5

DIFFERENTIAL EFFECTS OF CLONĨDINE ON UPPER AIRWAY 
ABDUCTOR AND ADDUCTOR MUSCLES IN AWAKE GOATS.
K.D. OΉalloran*. J.K. Herman & G,E. Bisgard. Department of 
Comparative Biosciences, University of Wisconsin, Madison, WI, 53706.

In awake goats, clonidine and other α2-adrenoceptor agonists induce 
profound dysrhythmic ventilatory patterns that are characterized by 
alternating episodes of tachypnea and prolonged and highly variable 
apneas. In addition, studies have suggested that clonidine administration 
may cause upper airway obstruction. Therefore, we examined the effects 
of clonidine on upper airway abductor and adductor muscles that are 
important in the control of upper airway patency.

Electromyographic (EMG) activity of the posterior cricoarytenoid 
(PCA), cricothyroid (CT), thyroarytenoid (TA), middle (MPC) and 
inferior (IPC) pharyngeal constrictors and stylohyoid (SH) were 
measured simultaneously with ventilation in ten awake goats trained to 
wear a muzzle mask. Clonidine (1.0-11.0 µg/kg IV) decreased tonic PC A 
and CT EMG activity and abolished IPC activity. Mean electrical 
activity of MPC and SH were increased following clonidine. Clonidine- 
induced apneas resulted in prolonged activation of MPC, SH and TA, 
whereas PCA and CT activity was abolished.

We conclude that clonidine-induced apneas result in active laryngeal 
and pharyngeal adduction leading to airway obstruction. The results also 
suggest a role for α2-adrenoceptor pathways in the regulation of central 
respiratory rhythm. Supported by NIH Grants HL-53969 & HL-07654.

1 4 9 .2

PERINATAL CHANGES OF 5-HT-1A AND 5-HT-2 RECEPTOR 
MEDIATED MODULATION OF BRAINSTEM RESPIRATORY 
NEURONS IN THE RAT. A, Pestean. 1 J. Zaįaczek.' G. Fltigge2 and 
S.W . Schwarzacher1*. 'institute of. Anatomy, Univ. Göttingen; 
2German Primate Center, D-37075 Göttingen

Intracellular recordings o f respiratory neurons were combined 
with local ionophoretic application o f Serotonin (5-HT) or agonists 
in medullary transversal slice preparations o f the rat, that included the 
Pre-Bötzinger complex (PBC), the rhythmically active respiratory 
center. At embryonic day 16 (El 6), one day prior to the development 
of spontaneous rhythmic activity, the 5-HT1A agonist 8-OH-DPAT, the 
5-HT2 agonist α-M ethyl-5-HT, as well as 5-HT elicited rhythmical 
discharge when applied to the PBC. At older embryonic stages (El 9- 
21) 5-HT induced an increase in respiratory frequency in combination 
with membrane depolarizations o f inspiratory and expiratory PBC- 
neurons , that were mediated by both 5-H T ]A and 5-HT2 receptors. The 
frequency response of the respiratory network to 5-HT 2 was highest at 
E l 8 and decreased postnatally, whereas responses to 5-H TļΛ were 
lowest around birth and exhibited an early postnatal increase. This 
perinatal suppression is in line with a temporal downregulation of 5- 
HT1A receptors in respiratory brainstem areas, examined by 
autoradiograms of (ЗH)-8-OH-DPAT-binding in the developing 
brainstem of the rat.
The results provide evidence for a direct serotonergic modulation of 
respiratory neurons via 5-HT1A and 5-HT2 receptors during 
embryonal and postnatal development. The perinatal downregulation of 
5-HT1A receptors may result in a higher vulnerability of the 
respiratory network around birth. Supported by DFG, SFB 406

1 4 9 .4

REPEATED BOUTS OF EXERCISE DO NOT INDUCE LONG TERM 
MODULATION OF VENTILATORY CONTROL IN HUMANS. Duncan Turner* & 
D P. Sumners. Dept. Physiology, University of Leeds, Leeds LS2 9NQ, UK 

In a previous report we observed that the ventilatory response to exercise alone was 
augmented following associative conditioning with exercise and dead space induced 
hypercapnia (Turner et al., Soc. Neurosci., 22, 1602, 1996). The present study was 
conducted to test the hypothesis that repeated exercise alone does not elicit long term 
modulation of the exercise ventilatory response (LTM). Ventilation (Vi, L Btps · min‘1), 
carbon dioxide production (Vc<¾, Lstpd  ̂min'1) and end-tidal Pcc½ (mmHg) were 
measured and arterial Pc<⅜ was estimated (Paccь, mmHg; Jones et al., J. Appl. 
Physiol., 47, 954, 1979) at rest and during steady state exercise (5-7 min; 80 watts; Δ 
= exercise - rest) in 8 male subjects. Resting C 0 2 responsiveness (S = δVƯδPaco 2; δ = 
dead space - no dead space) and the feedforward exercise stimulus (GEX =
ΔVƯΔVco2 - fS’(ΔPaco 2/ΔV co2)]) were calculated. Duplicate measurements were 
made 1 week before (PRE) and 1 hour after conditioning (POST) with ten bouts of 
cycling exercise (5-7 min; 80 watts). PRE vs. POST values (mean ± SE) were 
compared by Wilcoxon’s Signed Rank Test (p<0.05).

ΔVƯΔVc<¾ S  ΔPac〇2/ΔVco2 GEX
PRE 22.5 ± 0 .9  6.4 ±2 .1  3.3 ± 0 .9  5.0 ± 6 .0
POST 24.6 ±1 .3  5.7 ± 1 .4  3.1 ±1 .1  13.5 ± 6 .4

There were no significant differences observed for any variable between PRE and 
POST values. The results suggest that LTM induced by repeated exercise with 
hypercapnia may involve mechanisms linked to the associative pairing of sensory 
stimuli and not simply be initiated by exercise related cardiorespiratory responses 
(Supported by The Wellcome Trust 05284).

1 4 9 .6

ACTIVITY OF HYPOGLOSSAL PREMOTOR INSPIRATORY NEURONS DURING 
THE CARBACHOL-INDUCED, REM SLEEP-LIKE ATONĨA. G, Woch. H. Ogawa.
R.O. Davies* and L. Kubin. Dept, of Animal Biology and Center for Sleep and 
Respiratory Neurobiology, Univ, of Pennsylvania, Philadelphia, PA 19104-6046, USA.

Genioglossus (GG), the main muscle of the tongue and an important upper airway 
dilator, has inspiratory-modulated activity. In individuals with anatomically narrow 
and collapsible airways, GG helps prevent upper airway obstructions. During rapid eye 
movement (REM) sleep, both the tonic and respiratory-modulated components of GG 
activity are suppressed in parallel with the characteristic postural atonia. We 
hypothesized that the REM sleep-related reduction in the respiratory activity of GG 
may, in part, result from a reduced inspiratory drive relayed to hypoglossal (XII) 
motoneurons from their premotor medullary inspiratory neurons. In 16 urethane- 
anesthetized, paralyzed, vagotomized and artificially ventilated rats, we recorded 
extracellularly the activity of medulląry inspiratory neurons during microinjections of 
a cholinergic agonist, carbachol, into the dorsomedial pons. Such injections trigger 
REM sleep in chronically instrumented, intact animals, and in anesthetized rats 
produce respiratory and electrocortical changes similar to those of REM sleep (Homer 
& Kubin, Soc. Neurosci. Abstr. 23:794,1997). All studied neurons (n=ЗO) were 
antidromically activated from within or just below the XII nucleus. Following 
carbachol injections (10-20 nl, 10 mM) that depressed XII nerve activity by 
5l%±22(SD), the peak inspiratory firing rate of the neurons was depressed by 7.4% 
±13.8 (from 68.6 to 64.7 Hz; p<0.02). The decreased activity of ventral respiratory 
group neurons (adjacent to the nucleus ambiguus) was not significant, whereas neurons 
in the dorsomedial medullary reticular formation had a small, but significant, decrease. 
Thus, the decrements in activity of medullary inspiratory neurons premotor to XII mns 
are much smaller than those seen in XII motoneurons. Therefore, the REM sleep- 
related decrease in the activity of GG is mainly mediated by non-respiratory premotor 
pathways. (Supported by HL 47600.)
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RESPIRATORY PA TTERN D E V ELO PM EN T IN M IC E W ITH A M U TA N T 
o⅛ -ADRENERGIC RECEPTO R. J.M . B issonnette ~*¯S.J. Knopp1. L.B. M ac 
Millan2 and L.E. L im bird2. 'D ept. Cell and D evelopm ental Biology, Oregon 
Hlth. Sci. Univ., Portland, O R 97201; 2Dept. P harm acology, V anderbilt Univ.

Postnatal developm ent o f  the com ponents o f  the breath cycle in m am m als is 
characterized by an increase in inspiratory tim e (T l) and the fraction o f  the 
cycle (Tt o t ) occupied by Tl. The m echanism s underly ing  this m aturational 
change are not com pletely understood. To evaluate the ro le o f  α 2a-adrenergic 
receptors, m ice with asparagine substituted fo r aspartic acid at the 79th residue 
(D79N) w hich results in failure to inhibit vo ltage-gated Ca2+ currents (PNAS 
94:9950, 1997) w ere studied from  birth to postnatal day 31 (P 3 l) . This 
mutation has been backcrossed against C57B1/6 m ice to establish the D79N 
α 2a-adrenergic receptor on a pure background (in excess o f  10 generations). 
Wild type (w t) C57B1/6 m ice at P l-P 3  had a Tl o f  66±7 (SD) m sec which 
occupied O.22±O.OЗ o f  the breath cycle. By P14-P17 Tl increased to 93±I5  
msec which contributed O.28±O.O2 o f  the cycle and reached O.ЗЗ±O.O2 at P29- 
P3l. D79N m ice as new borns (P1-P 10) dem onstrated  sim ilar Tl (66±IO m sec) 
and fractional contribution to T τ〇τ  (O.24±O.O2). In contrast to wt, m ice with 
mutated α 2a-adrenergic receptors failed to lengthen Tl as they m atured (6O±9 
msec at P 2 9 -P 3 l)  and T l/T τ〇T rem ained shortened (O.23±O.OЗ). These studies 
suggest that absence o f  α 2a-adrenergic receptor m odulation o f  C a2+ entry 
during inspiratory bursts results in an abbreviated  Tl (possibly by earlier 
activation o f  calcium -activated, sm all-conductance K channels) and 
persistence o f  an im m ature resp iratory  pattern. Supported by M RF o f  Oregon, 
American Lung A ssociation, H L 4367l and a N A R SA D  Aw ard to LEL.

1 4 9 .9

PRIMARY CULTURES OBTAINED FROM THE CEREBELLAR  
DEEP NUCLEI OF THE RAT. L. Fuller. F. Xu. Z. Zhang. M. 
Srivatsan*. and D.T. Frazier. Dept, o f  Physiology. Univ, o f  Kentucky, 
Lexington, KY 40536.

Previous studies from this laboratory have demonstrated that cells 
within the cerebellar fastigial nuclei are involved in the chemical 
regulation o f  ventilation. To further characterize the role o f  this region, 
primary cultures from the cerebellar deep nuclei o f  Sprague-Dawley rats 
were obtained. The specific goals o f  the present study are to determine:
1) cell viability o f  cerebellar deep nuclei in the neonatal and adult rat, and
2) the age which exhibits the greatest neuronal viability. Cells were 
isolated from 1 week to 4 month old rats utilizing papain in media 
consisting o f  Neurobasal™, 1 mM glutamine, and 1% 
penicillin/streptomycin. Cells were then plated in a culture medium 
consisting o f  Neurobasal™, 10% fetal bovine serum, 10 µM  cytosine 
arabinose, 1 mM glutamine, and 1% penicillin/streptomycin. Cell viability 
was determined utilizing trypan blue staining. Immediately following the 
isolation procedure, cultures from 1 w eek old animals yielded the highest 
number o f  healthy neurons. These neurons remained viable up to 24 hrs 
after plating. Healthy neurons were also present in cultures from 2 week 
old animals, but not in cultures from 3 week, 4 week, or 4 month old 
animals. Immunocytochemical studies confirmed the presence o f  neurons 
utilizing the antibody neuron-specific enolase (NSE). W hole-cell patch 
clamp demonstrated that these cells exhibited both a normal resting 
membrane potential and action potentials. R esponses o f  these cells to 
physiological stimuli are currently under investigation. (N Ш  PO l 40369)

1 4 9 .1 1

POSTNATAL DEVELOPMENT OF THE RESPIRATORY NETWORK AS 
REVEALED BY MIDLINE MEDULLARY LESIONS (MML) IN RATS
W. A. Janczewski* and M. Aoki. Sapporo Medical School, 060-8556 Sapporo, Japan.

We found a distinct difference in the properties o f the respiratory network of new
born vs. young adult rats. In the newborn, MML placed at the level o f the ventral 
respiratory group and the pre-Bötzinger complex irreversibly abolished respiratory 
movements (eupneic and gasps), while in older rats only the ability to gasp was 
eliminated. Our aim was to determine the time and characteristics of this 
developmental change. We found that the day o f eye opening - typically postnatal day 
(P) 15 was a good reference for our observations. Respiratory effects o f MML were 
studied in 44 Wistar rats divided into three age groups: P4-P13 (n=l5), P13-P14 
(n=l4) and P15-P19 (n=l5). The rats were halothane anesthetized, bivagotomized and 
ventilated with 100% 0 2. Electromyograms o f both halves o f the diaphragm 
(diaEMG) were recorded. We found that in all rats younger than P13 and in 9 from 
the P13-P14 group diaEMG disappeared and could not be restored by chemical stimuli 
(5% C 02 or 4% 〇2 in N2). In the remaining 5 rats from the P13-P14 group diaEMG 
was less than 10% of the control value. All rats with "opened eyes" were able to breath 
after MML, though diaEMG activities on the right and left sides were asynchronous. 
The lesion induced drop of diaEMG amplitude was 78% in PI6 rats but only 26% in 
PI9 rats. Subsequent transverse section of the rostral pons in this P15-P19 group 
eliminated diaEMG in 73% of rats and diminished it by 72-90% in 27% of rats. To 
link our results with the in vitro data we used 9 (P4-P8) rats transarterially perfused 
with oxygenated fluid. MML were performed from the ventral medullary surface cą. 1 
mm in depth. In vivo and in vitro results concurred. We reject the interpretation that 
crossed respiratory pathways dominate in neonatal rats while ipsilateral ones develop 
later. We propose that different sources o f the tonic excitatory drive explain our 
results. We conclude that in neonates tonic excitation to pacemaker and/or respiratory 
motoneurons comes from medullary neurons projecting contralaterally with axons 
crossed close to the ventral medullary surface. In older rats lack o f this excitation can 
be compensated by drives coming from the pons and more rostral structures.

1 4 9 .8

EFFECT OF •OH SC A V E N G IN G  ACTION BY NON-SI 

CO NTAIN ING  ANG IO TEN SIN  CO N VERT IN G  ENZYM E INHIBITO  

IM IDAPRILAT USING  M IC R O D IA L Y S IS  T. O batá*and Y. Yamanal· 

Department of Pharmacology, O ita Medical University, 1-1, Hasama-macl 

O ita  879-5593, Japan.

W e exam ined the e ffect of non-SH -conta in ing angiotensin convertir 

enzym e (ACE) inhibitor im idaprilat on hydroxyl radical (·O H) generation usii 

m icrodialysis. Salicylic acid in Ringer's solution containing sodium salicyla 

(0.5 n  m ol/µ l/m in) was infused d irectly through a m icrodia lysis probe to dete 

the generation of •OH as re flected by the  form ation of 2 ,3 -d ihydroxybenzo 

acid (DHBA) in the myocardium  of anesthetized rats.

We have com pared the ability of two non-SH-contain ing ACE inhibit' 

(im idaprilat and enalaprilat) with an -SH-containing ACE inhibitor (captopπl) 

scavenge the •OH. When iron (II) was adm inistered to animals pretreated wi 

these three ACE inhibitors, a decrease in 2 ,3-D HBA of all three compoun¢ 

was observed, as com pared with the iron (II) only-treated group. All three AC 

inhibitors were able to scavenge •OH generated by the action of iron (I 

However, im idaprilat is a free radical scavenger more potent than enalapril; 

These results suggested that A CE inhibitors are probably not only related 

the  presence of the SH radical.

1 4 9 .1 0

VENTILATION IN SHAKER MUTANT RATS WITH HEREDITARY  
PURKINJE CELL DEGENERATION F. Xu. Z. Zhang. D. T, Frazier.
D. Randall*. Dept. ofPhysiol. Univ, o f  Kentucky. Lexington, KY 40536  

Previous studies have demonstrated that cerebellar fastigial nucleus (FN) 
plays a facilitatory role in respiratory control, especially during hypercapnia. 
Since the FN primarily receives inhibitory afferents from Purkinje cell, we 
hypothesized that degeneration o f  Purkinje cell could increase both eupneic 
and hypercapnic ventilation. Our experiments were carried out on the 
awake normal and shaker rats (in the same litter) with hereditary Purkinje 
cell degeneration. Following the animal adapted to the environment o f  a 
unrestrained whole-body-plethysmograph, ventilatory parameters were 
measured continually. During eupneic breathing (room air, 30 min), Vτ was 
dramatically higher in the shaker rats than those in the normal rats without 
significant changes in ƒ  and minute ventilation (V E). Hypercapnic challenge 
(7%CO2+30%〇 2+63%N2 for 30 min) produced a remarkable elevation in 
Vҭ,ƒ  (decrease o f  ¾  and VE in all rats tested. As compared to the normal 
rats, the increase o f  Vx and VE were profoundly greater in the shaker rats. 
The degeneration o f  Purkinje cell in the shaker rats was confirmed by using 
immunochemistry to assess c-fos  activity in the cerebellum. The high 
density o f fo s  expression observed in normal rats was absent or minimal in 
the shaker rats. These data suggest that although Purkinje cells are not 
critical for control o f  eupneic breathing, they do play an inhibitory role in 
respiratory response to hypercapnia (NIH PO l 40369).

1 4 9 .1 2

PHASIC AND SHORT-TERM DEPRESSION OF PONTINE 
INPUT TO RESPIRATORY PATTERN GENERATOR.
M .S. Siniaia*. D .L . Young and C .-S . Poon. Harvard-MIT Division  
o f  Health Sciences and Technology, M .I .T ., Cambridge, MA 02139.

We have previously demonstrated an NMDA-receptor dependent 
habituation of the vagal Hering-Breuer reflex and post-stimulus rebound of 
the respiratory rhythm (Siniaia et al., Soc. Neurosci. Abstr. ’97). In this 
study we investigated the effects of pontine lesions on such adaptive 
behaviors of the respiratory pattern generator in anesthetized, paralyzed, 
bilaterally vagotomized and mechanically ventilated rats. Lesioning of the 
pontine pneumotaxic center [both parabrachialis and Kölliker-Fuse (KF) 
nuclei, n = 3] or KF alone (n=3) abolished the fast (phase I) component of 
the habituation to sustained (1 min) vagal stimulus as well as the post
stimulus rebound, but had little or no effect on the slow (phase II) 
component of habituation. These effects were reminiscent of those obtained 
after intravenous injection of the NMDA receptor antagonist MK-801 
(n=7). Since both experimental interventions resulted in an apneusis-like 
resting respiratory rhythm, we injected the serotonin 1 A-receptor agonist 8- 
OH-DAPT intravenously in some animals after MK-801 administration 
(n=3). Activation of 5-HT1A receptor subtype restored the normal resting 
respiratory rhythm as previously reported (Lalley et al., 1994) but did not 
reverse the effects of MK-801 on the habituation to the vagal stimulus and 
post-stimulus rebound of the respiratory rhythm. Results suggest that vagal 
stimulation elicited a phasic depression and post-stimulus short-term 
depression of the pontine input to the respiratory pattern generator. 
(Supported by NIH grant HL52925 and ONR grant N00014-95-l-0863).
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149.13
LONG TERM DEPRESSION IS EXPRESSED IN DESCENDING  
SYNAPTIC INPUTS TO RESPIRATORY SPINAL MOTONEURONS 
IN TURTLES. S.M. Johnson* and G.S. Mitchell. Dept. Comp. Biosci., Univ. 
Wisconsin, Madison, WI 53706.

We hypothesize that long-term depression, a type o f activity-dependent 
synaptic plasticity, contributes to plasticity in the respiratory control system.
To test this hypothesis in an identified respiratory neural pathway, descending 
and bulbospinal synaptic inputs to spinal respiratory motoneurons were 
investigated in an in vitro turtle (Pseudemys) brainstem-spinal cord preparation 
with hypoglossal rootlets and intact expiratory (pectoralis) nerves. The in vitro 
chamber was partitioned into three baths that independently superfused the 
brainstem, and spinal segments Cз-4 and C5-10. The brainstem and C5-10 were 
reversibly uncoupled by blocking axonal conduction (with Na+-ťree solution). 
Descending inputs to pectoralis spinal motoneurons were electrically evoked 
by stimulating the lateral funiculus at C5 (0.5 ms, 300 µA). Stable potentials 
were evoked every 2 min for 2 h on pectoralis nerve (л=5), but low frequency 
stimulation (1 Hz, 15 min, и=4) significantly decreased the amplitude o f  
evoked responses 40% initially and 20% 100 min post-stimulation. In contrast, 
no change was observed with high frequency stimulation (100 Hz). When the 
uncoupling was reversed immediately after low frequencý stimulation (n=2), 
the amplitude o f spontaneous expiratory motor output on pectoralis was 
decreased by 20% of baseline 30-60 min later. In contrast, amplitude was 
increased by 70-100% in controls in which no low frequency stimulation had 
been applied (n=3). We hypothesize that long-term depression can be 
expressed in bulbospinal respiratory synaptic transmission. (Supported by HL- 
53319, HL-36780, HL-60028; S.M. Johnson is a Parker B. Francis Fellow in 
Pulmonary Research).

SOMATIC AND VISCERAL AFFERENTS: PAIN 

150.2150.1

VISCERAL NO CICEPTIVE PRO JEC TIO NS CO LLATERALIZE  TO  SPINAL 
CO RD AND MEDULLA. Y.H. Chen. C.-C . W ANG . W .D . W illis*, and K.N. 
W estlund. Dept, o f Ana tom y and N eurosciences, UTM B, Galveston, TX 
77555-1069.

A  visceral nociceptive pathway from  co lon to the  brainstem  was identified 
and characterized by trip le labeling w ith three re trograde fluorescent tracers. 
Male Sprague-D aw ley rats were anesthetized with sodium  pentobarbita l (40 
mg/kg, i.p.). The caudal m edulla  w as exposed and F luorogold  (FG) (5%) was 
in jected into the gгacile nuclei. Fast b lue (FB) (0.1% ) was injected into the 
co lon at the sam e tim e in the sam e rat. A  lam inectom y was perform ed in 
the lum bar spinal cord. F luoruby (FR) (1%) was in jected into the  centra l canal 
area o f the spinal cord at a depth o f 0 .8  m m  from  the  surface o f the dorsal 
spinal cord. A fte r 7-14 days, anim als were transcaгd¡ally perfused with 4% 
buffered paraform aldehyde under anesthesia. The  brainstem , lum bar spinal 
cord, and dorsal root ganglia (L2-S1) were dissected. These tissues were 
em bedded and sectioned (16 µm ) with a cryostat. Three  types (single, 
double, trip le) o f labeled ce lls  were found in the DRG  at L2-S1 levels, and 
trip le labeled ce lls were p rim arily found in the DRG  at lum bosacra l levels (L5- 
S1). In addition, ce lls  double  labe led from  the gгacile nucleus and the central 
canal area were observed. O ur previous studies indicate that the gгacile 
nucle i receive noxious visceral input from  the co lon through a postsynaptic 
dorsal co lum n pathway originating in the centra l cana l region. Together 
these findings provide anatom ical evidence tha t DRG  neurons send 
projections to the gгacile nucleus via co lla te ra ls  to postsynaptic dorsal 
co lum n neurons, as w ell as directly. (Supported by NIH grant NS 11255).

150.3
INTERNALISATION OF VOLTAGE-GATED SODIUM CHANNELS IN 
ADULT RAT DORSAL ROOT GANGLION NEURONES INFECTED WITH 
Herpes simplex VIRUS IN VITRO. N.M Storeyl±2： D.S Latchmanl, and S. 
Beyar¿_. 1 Department o f Molecular Pathology, Windeyer Institute of Medical 
Sciences, The Windeyer Building, 45, Cleveland Street, London. WIA 6DB and 2 
Novartis Institute for Medical Sciences, 5 Gower Place, London. W C1E 6BN

Herpes simplex virus (HSV) is known to affect electrophysiologίcal properties 
of dorsal root ganglion (DRG) neurones in vitro. We have previously shown that 
TTX-resistant (TTXr) and TTX-sensitive (TTXs) voltage-gated sodium currents of 
adult rat DRG neurones infected with HSV are lost or dramatically reduced. HSV 
DNA replication and protein synthesis are necessary for the loss o f sodium 
conductance (Storey, N.M et al Journal o f Physiology495J5P, 1996). A reduction 
o f sodium conductance 24 hours after infection with HSV could be caused by loss 
of voltage-gated sodium channels from the membrane. We examined the effects of 
internalisation inhibitors on voltage-gated sodium currents (Iļsſa) in DRG neurones 
infected with HSV. Whole cell voltage clamp recordings were made from neurones 
isolated from adult rat dorsal root ganglia infected with HSV in vitro. Sodium 
currents were isolated by blocking K^  ̂and Ca2+ currents with appropriate solutions 
and channel blockers. Ijqa was evoked by a 10ms step depolarization from a 
holding potential o f -80mV to +10 mV. The normalised peak I ^ a (max current/cell 
capacitance ± s.e.m.) in control DRG neurons (0.163+0.019nA/pF, n=3l) was 
significantly larger than the normalised current remaining in the HSV infected 
neurons (0.022+0.022nA/pF, n=2O, P<0.05). Addition o f the internalisation 
inhibitors chloroquine (ЮÓµM) or baflinommycin A l (l.6µM ), did not affect the 
normalised peak Iļqa (Iļqa chloroquine 0.153+0.019nA/pF, n=23; baflinommycin 
A, 0.122+0.017nA/pF, n=2O), but did prevent a loss o f IļЧIa 24 hours after infection 
with HSV (Iļqa chloroquine 0.106+0.024nA/pF, n=l6; baflinommycin A, 
0.136±0.023nA/pF, n=2O). These results demonstrate that the loss or reduction of 
sodium conductance after HSV infection in DRG neurones is prevented by 
inhibitors o f internalisation. This suggests that during a HSV infection o f DRG 
neurones the voltage-gated sodium channels are internalised-

PARTURITION-INDUCED NEURONAL C-FOS EXPRESSION IN THE SPINAL 
CORD OF PRIMIPARE FEMALE RATS M.C. Lombard*. B. Touquet. F. Moгain and 
J.M. Besson. INSERM U 161 and EPHE, 2, rue d ’Alésia, Paris, France.

Neuronal c-Fos expression has been extensively used to study nociceptive processes 
at spinal level. In an attempt to assess the nociceptive phenomena related to 
parturition, лve studied c-Fos expression in spinal segments T12 to S2, where 
hypogastric and pelvic nerves, innervating reproductive organs in the female rat, 
terminate. In the present study, 4 groups of animals (n=4-6) were used: the first 2 
groups were made of primipare pregnant animals. In one, term parturition was 
triggered by oral treatment with the steroid compound Mifepristone (RU 486) (5mg/kg 
in 1% CMC suspension, lml/300g body weight) on day 21 post-mating, at 9h am; this 
treatment mimicks the normal process (i.e. parturition on day 22) but results in a 
control of birth timing. In the second group, animals received the vehicle. The other 2 
groups were made of control non pregnant rats of the same age, submitted to similar 
treatments respectively. On day 22. 4 hours after delivery of the lrst pup, pregnant 
rats were deeply anaesthetised and perfused with fixative. Control rats were sacrificed 
between 10 and 12Һ a m. Spinal cords were removed and processed for further c-Fos 
immunohistological study on 4Oµm free floating sections. Fos like immunoreactive 
(FLI) neurons were counted in sets of 8-10 non serial sections per segments.

Four hours after delivery pf the lrst pup, in the 2 groups of pregnant rats, 
parturition induces bilateral c-Fos expression in the segments T12 to S2, clearly 
peaking in L5-L6 (± 50 neurons per hemi-spinal cord sections), whereas, only a few, if 
any, FLI neurons (<5 per section) can be found in non pregnant rats. FLI neurones 
are mainly located in the ventral horn, laminae X and V-VI, and to a lesser extent in 
laminae II-IV and I-II. RU 486 treatment does not modify parturition-induced c-Fos 
expression since no significant difference can be seen between the 2 groups of 
pregnant rats, nor does it induce c-Fos expression per se. This study demonstrates 
that neurons of various regions of the spinal grey matter are activated during 
parturition. Further studies including time-course analysis are in progress to better 
understand parturition-related nociceptive phenomena.

150.4
INTRACISTERNAL TRH-ANALOG EXCITES GASTRIC SPLANCHNIC 
AFFERENT NEURONS VIA VAGAL PATHWAYS. AND INCREASES C-FOS 
EXPRESSION IN THE THORACIC DORSAL HORN. DW Adelson‘. L. Wang and 
Y Taclić. CURE/Digcstivc Diseases Research Center, VA Wadsworth Med. Ctr & 
Dept, of Medicine & BRI, UCLA. Los Angeles, CA 90073.
In rats, the stable TRH-analog RX 77368 injected intracistcrnally (i.c.) increases 
vagal efferent discharge and induces a vagal-dependent gastric hyperemia via CGRP 
release from capsaicin-sensitive afferent fibers. We have shown that RX 77368 (3 ng, 
i.c.) increases afferent discharge by > 20% in a majority of firing splanchnic single 
units with receptive fields in the stomach. To investigate the responsible pathways, 
we recorded afferent impulse activity from splanchnic fibers with gastric receptive 
fields in subdiaphragmalically-vagotomizcd, urethane-anesthetized laparotomizcd 
male SD rats. In contrast to rats with intact vagi, in which 19/24 (79%) of splanchnic 
afferent neurons increased firing by > 20 % (mcdian=l53℅  for units initially firing 5- 
50 imps/min), in initial experiments only 1/7 (14%) units (4 animals) increased its 
activity following i.c. RX 77368 in vagotomized rats. The proportion of units excited 
by i.c. RX 77368 was significantly lower in vagotomized rats (P<0.01, Fisher Exact 
Test) indicating vagal mediation of i.c. RX 77368-cvokcd SAD. To complement the 
demonstration of i.c. RX 77368-cvokcd splanchnic afferent excitation, we quantified 
c-Fos in the dorsal horn (DH) and intcromcdiolatcral column (IML) of the thoracic 
spinal cord in i.c. RX 77368 (3 ng, n=3) or i.c. saline (n=2) treated urethane- 
anesthetized rats. Numbers of c-Fos positive cells in the thoracic IML were not 
different between groups, while the number of c-Fos positive cells in the DH (T8, 
laminae I-V!I.X) was significantly greater (P < 0.002. non-paramctric ANOVA with 
multiple pairwise comparison) in i.c. RX 77368 treated animals (m cdian=ll 
cclls/scction) than in vehicle treated animals (mcdian=9 cclls/scction). Thus, i.c. RX 
73368 increases c-Fos expression in the dorsal horn of segments receiving splanchnic 
afferent input. (Supported by NIH Grant DƘ30110)
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150.5
DRG neurites in co-cultures with smooth muscle express chemo but not 
mechanosensitivity. S.H. Youn^⅛í. S. Ennes, E.A. Mayer. ƯCLA/CURE Neuroenteric 
Disease Program, UCLA Division o f Digestive Diseases, Los Angeles, CA 90024. 
Mechano and chemosensitivity o f distension-sensitive polymodal afferents innervating 
the gastrointestinal tract is thought to be mediated by receptors and mechanosensitive 
cation channels located on peripheral nerve terminals o f these nerves. However, direct 
evidence for the polymodal nature o f these nerve terminals has not been demonstrated. 
Aims: 1. Do DRG neurites express mechanosensitivity? 2. Does neurite mechanical or 
chemical stimulation trigger action potentials (APs) which are propagated into the 
soma? 3. Is this mechanosensitivity modulated by NGF or by inflammatory mediators? 
Methods: Rat DRG neurons were co-cultured with colonic myocytes (SM). Electrical 
activity in response to focal mechanical (light probing) or chemical stimulation [ATP, 
capsaicin(CAP)] o f neurites was recorded from DRG somas with patch clamp technique 
in current- and voltage-clamp mode. In addition, [Ca2+]i responses to the same stimulus 
applied to soma or to neurites were monitored using fluorescent imaging techniques. 
Results:ЗO% o f DRG neurons showed gadolinium-sensitive [Ca2+]i transients in 
response to mechanical stimulation o f the soma, while only 5% showed [Ca2+]ii 
transients in response to neuritic stimulation (n=6O). Electrical responses to mechanical 
neuritic stimulation were assessed in 60 nerve muscle contacts in 30 neurons. The mean 
resting potential was -55 mV. Focal deformation produced APs in 2 neurons. Focal 
application of ATP or CAP to neurites induced APs (single or trains) in the majority of 
somas. Incubations with NGF (200 ng/ml) for 48 hrs or a mix of 
5HT+bradykinin+histamine+PGE2, had no effect on mechanosensitivity. Conclusions: 
1. DRG neurites express ATP and CAP receptors. 2. Activation o f these receptors 
triggers APs that propagated to the soma. 3. Even though mechanosensitive channels are 
expressed on these somas their neurites lack mechanosensitivity under control 
conditions or with inflammatory mediators. Target cells other than SM may be required 
to induced the expression of mechanosensitive ion channels on chemosensitive nerve 
terminals. Supported by NIDDK.4O919

150.7
THE RELATION OF TACTILE AND THERMAL SENSATION TO THE 
PERCEPTION OF DRYNESS/WETNESS. E.Gifford. S.J.Bolanowski* and 
L·Pawson. Dept, of Bioeng. and Neurosci.Syracuse Univ., Syracuse, NY 13244.

One hypothesis regarding somatosensory perceptions states that they arise by a 
combination o f activity carried by the submodalities o f taction, thermal sensations 
and pain. For example, wetness and dryness seem to be a blend of pressure and cold, 
first proposed by the reductionists around 1920. Since the early work on touch blends 
relied mostly on introspective methods, we report here a study using scaling to assess 
the degree o f perceptual dгyness/wetness that physically wet objects produce when 
placed on the skin. In the experiments, subjects (n=6) were asked to rate the dryness 
(category scale: 0, “dry” to 6 , “not dry”) o f objects placed onto the hairy skin of the 
volar forearm. They scaled dryness both with the objects in place for 15 sec and then 
immediately upon removal. Both the skin and stimuli were maintained at 36°C to 
control for the effects of temperature. Since pressure is believed to affect dryness 
perception, the stimuli were applied both with and without a weight (2.2 kg). The 
stimuli consisted of four groups o f hygienic products specifically selected because of 
their ability to first absorb and then release measureable amounts o f fluid onto the 
skin surface as determined by assessing “rewet” defined as the amount o f fluid, in gr 
weight, released from the stimuli weighted by the 2.2 kg load. The results obtained 
were similar across the four groups of stimuli. Even for zero гewet, there was always 
a perception o f some wetness indicating that '.he perception arises without liquid 
flowing onto the skin. Furthermore, there was only a weak relationship between the 
amount o f fluid released onto the skin and perceived dryness despite the fact that the 
most physically wet condition released8 gr. of fluid onto the skin. The results agree 
with the observations of the reductionists: it is most likely not the presence of fluid 
on the skin that signals wetness/dryness, but a blend o f perceived tactile and thermal 
sensations. Supported in part by NШ and Kendall-Confab.

150.9
PACLITAXEL-INDUCED PAINFUL PERIPHERAL NEUROPATHY IN RATS 
R G Polomano2, A,J. Mannes3. G.J. Bennett1*. ‘Department of Neurology, Allegheny 
Univ, of the Health Sciences, Phila., PA 19102; departm en t of Nursing and 
departm en t of Anesthesiology, Univ, of Penn. Medical Center.
Introduction: Paclitaxel (Taxol), an effective antineoplastic agent, interferes with the 
regulation of mitotic spindle activity and critical neuronal functions such as elongation 
of neurites and axonal transport. Painful paclitaxel-induced neurotoxicity, a dose- 
dependent effect which we believe to a dying-back neuropathy, is described in terms 
of paraesthesiae, dysesthesiae. and pain. The aim of this research w as to produce a 
measurable degree of painful peripheral neuropathy in rats, without reaching toxic 
thresholds for motor axon damage, and to demonstrate that thermal- and mechano- 
allodynia and hyperalgesia are early signs of damage to small primary afferents. 
Research M ethods: Sprague-Dawley rats (n=6) were treated with a single dose of 1 
mg/kg, IP every other day, (total dose, 4 mg/kg) and were monitored over 30 days for 
pain-evoked responses in the hind paw and tail. Tests of paw and tail heat-hyperalgesia 
(Hargreaves apparatus), paw mechano-allodynia (von Frey hairs), paw cold-aliodynia 
(acetone test), tail cold-allođynia (immersion in 4°C water), and paw and tail mechano- 
hyperalgesia (Ugo-Basile Analgesy meter) were conducted.
Results: Mechano-allodynia occuưed in both paws with peak symptom severity from 
post-injection day 12 through 27 (p < 0.01, Kruskal-Wallis test). Significant reductions 
in the latency of paw withdrawals to heat were noted during days 15 to 26 (p <0.01. 
Student’s t-test). Tail heat-hyperalgesia and cold-allodynia were evident as early as 
day 8. No measurable changes in mechano-hyperalgesia were detected.
Conclusions: These data support the development of a model of paclitaxel-induced 
neuropathic pain owing to damage to small primary afferents. Further work in animals 
is necessary' to discover the underlying pathology and compare the effects of dosing 
schedules (single dose intensity vs. cumulative dose) on behavioral outcomes in order 
to guide pre-clinical studies for pain prevention and control.

150.6

AN IMMUNOHISTOCHEMICAL STUDY OF NERVE INNERVATION 
OF THE CERVICAL DURA MATER AND THE POSTERIOR 
LONGITUDINAL LIGAMENT AFTER SYMPATHECTOMY.
H. Yamada1. T. Honda2. H. Yaginuma3, S. Kikuchi1 and Y. Sugiura2*
’Dept, o f  Orthop. Surg. and 3Dept. o f  Anat., Fukushima Med. Univ. Sch. o f  
Med.; 1 Hikarigaoka, Fukushima, Ĵapan, 960-1295. 2Dept. o f  Anat., 
Nagoya Univ. Sch. o f  Med.

Sensory and sympathetic innervation o f the cervical dura mater (C- 
DM) and the cervical posterior longitudinal ligament (C-PLL) were 
examined by using immunohistochemical methods. Nerve innervation was 
compared with that after removal o f  the stellate ganglion (STGectomy). 
We observed whole mount preparations and serial sections o f the C-DM 
and C-PLL in male wistar rats. Sensory fibers in the C-DM were 
distributed at the dural sleeves within the segment, and some o f  them were 
directly traced from dorsal root ganglion. Sensory fibers in the C-PLL 
were traced over one segment extension. Sympathetic fibers, which were 
neuropeptide Y immunopositive were distributed forming a dense fiber 
network not only in perivascular area but also in avascular or non-vascular 
area in the C-DM and the C-PLL. The distributional pattern o f 
sympathetic fibers was similar to that o f the sensory fibers. After the 
STGectomy, almost all sympathetic fibers were disappeared at the operated 
side o f both tissues, however no significant changes were observed in the 
distribution o f sensory fibers. In conclusion, the distribution o f sensory 
and sympathetic fibers in the C-DM was segmental and that in the C-PLL 
had over segmental extension, post-ganglionic fibers (sympathetic fibers) 
in the cervical region were originated from/through the ipsilateral stellate 
ganglion.

150.8
N-DESMETHYL-TRIMEBƯTINE PREVENTS VISCERAL PAIN-INDUCED C-FOS 
EXPRESSION IN THE RAT SPINAL CORD. V. Sinhiver2 . M. Chovet3 . C. Lamv1. I. 
Fourneŕ2 . C. Feuerstein1, B. Bonaz*1?2. (1) INSERM Ư318 (2) Dept, of 
Gastroenterology, Grenoble (3) Jouveinal, Parke-Davis, FRANCE.

Irritable bowel syndrome (IBS) is a common disorder producing visceral 
pain in humans. Trimebutine (TMB), used to treat IBS patients, produces a major 
metabolite, N-desmethyl-Trimebutine (NDMTMB). Intraperitoneal injection of 
acetic acid (AA) is a classical model of visceral pain in rats and induces the 
expression of c-fos, a marker of neuronal activation, in the central nervous 
system (CNS). Furpose: to compare the effect of AA-induced c-fos expression in 
the CNS of rats pretreated either with NDMTMB or with memantine, an NMDA 
receptor antagonist. Methods: AA was injected (0.6%; 10ml/kg ip) in conscious 
male fasted SD rats either u n tr e a te d  (n=5) or p r e tr e a te d  30 min before with 
NDMTMB (10 or 30 mg/kg sc; n=5 in each group) or 2h before with 
memantine (10 mg/kg ip; n=5). Control animals (n=5) received the vehicle. 60 
min after ip injections of AA, rats were perfused with 4% paraformaldehyde. 30 
mm frozen sections of the brain and spinal cord were processed for Fos 
immunoreactivity (Fos~IR) using a rabbit antibody against Fos protein 
(Oncogene Science; 1/500). The effect of NDMTMB and memantine alone on 
Fos-IR was also investigated. Results: 1) almost no Fos-IR was observed in 
controls. 2) AA induced pain and Fos-IR in the thoraco-lombar spinal cord 
(laminae I, V, VII, X), nucleus tractus solitarius (NTS), parabrachial nucleus (PB) 
and hypothalamus. 3) NDMTMB alone induced a slight Fos-IR only in the NTS 
while memantine alone induced Fos-IR in numerous brain nuclei (NTS, 
hypothalamus, thalamus, amygdala, locus coeшleus, PB, A l/C l) but not in the 
spinal cord. 4) NDMTMB, at a dose of 10 mg/kg sc had no analgesic effect and 
did not modify AA-induced Fos-IR while NDMTMB, at a dose of 30 mg/kg sc and 
memantin (10mg/kg ip) had an analgesic action and respectively decreased by 
50% and 30% AA-induced Fos-IR only in the thoraco-lombar spinal cord 
(lamina I). Conclusions: NDMTMB (30 mg/kg sc), selectively prevents visceral 
pain induced c-fos expression in the thoraco-lombar spinal cord. This effect is 
comparable to the one observed with an NMDA receptor antagonist (memantine) 
and is in agreement with the fact that NDMTMB most likely modulates the 
nociceptive message through the glutamatergic system.
This research was supported by Jouveinal, Parke-Davis, France.

150.10
DIFFERENCES IN THE SIZE OF THE ACTION POTENTIAL (AP) 
OVERSHOOT BETWEEN NOCICEPTIVE AND NON-NOCICEPTIVE 
DORSAL ROOT GANGLION (DRG) NEURONES. S.N. Lawson L,Diouhri and
L.Bleazard. Dept, of Physiology, Medical School, Bristol BS8 1TD. UK. (SPON:BNA)

Intracellular voltage recordings were made from L6-Sl DRG neurones at 28.5- 
ЗI°C in young guinea pigs deeply anaesthetised with pentobarbitone. Cells were 
classified as C- Aδ or Aα/ß-neurones from their dorsal root fibre conduction 
velocities (CVs) and were classified by their responses to skin stimulation with 
appropriate mechanical and thermal stimuli. Intracellular APs evoked by square 
voltage pulses to the dorsal root (2X threshold for A-fibre units and suprathreshold 
for C-fibre units) were captured and analysed off-line. Only cells with membrane 
potentials of at least -4OmV and AP heights >20 mV were included. Most C and 
A-fibre nociceptive units had overshooting APs (C 95%, A 75%). Also most (70%) 
cutaneous A-fibre non-nocieptive neurones but only 40% of muscle spindle (MS) 
units showed overshooting APs. The size of the AP overshooưundershoot was 
greater in the A-fibre nociceptors (mean, 12 ±2.2mV SE) than non-nociceptive 
units (l.3 ± l.5  mV) (P<0.0001), and greater in cutaneous nociceptors 
(lЗ.З±3.6mV) than in MS units (-3.5±3.lmV). Aδ-non-nociceptive units (D hair) 
usually had APs with a small overshoot (2.5±2.4mV). Electrodes and amplifier 
were tested with square waves and had response times of <0,025ms. Since the rise 
time of the fastest APs was about 0.3 ms. differences seen were not due to failure of 
the system to follow the rising phase, nor were they due to high capacitance of the 
electrodes. Neuronal damage is an unlikely cause of the patterns seen since the 
largest neurones (MS) were least likely to overshoot. Thus AP overshoot is a 
further difference in membrane properties between DRG neurone with different 
receptor properties. Supported by a Wellcome Trust U.K. grant to SNL.

(SPON: BNA)
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150.11

A C T IV A T IO N  O F D IS SO C IA TE D  IB4¯BINDING  D O R S A L RO O T 
G A N G LIO N  (D RG ) NEURO NS B Y  A T P  A N D  C A P SA IC IN  (C APS)
M. Schneider*. V. Hausƙnecht. A. Leffle r. K.V. Tovka. M. K o ltzenburα . Dept, 
o f Neurology, D-97080 W ürzburg, G erm any.

Nociceptive  DRG neurons can be d iv ided  into two categories. O ne group 
conta ins neuropeptides, notably C G RP and the  neuгotrophin receptors trkA  
and p75, the  o ther group o f non-peptίdeгgic neurons b inds the iso lectin  B4 
(IB4) and does not express neuгotrophin receptors, but the ATP receptor 
P2XЗ. Here, we investiga ted  w hether both groups o f neurons also d iffe r 
functiona lly . Using im m unoh¡stochem ical double  staining we first 
dete rm ined  tha t both groups are found in cu ltures o f d issociated m ouse 
DRG in s im ila r proportion as in v ivo . Γne percentage o f IB4 binding DRG 
neurons increases from  13,7% in neonatal anim als  to  30,3%  in cultures 
taken  from  adults. The proportion o f CG RP-conta in ing  neurons is 22,2%  at 
birth and rem ains re la tive ly  stable throughout postnatal life  (24,2% ). O nly  
few  DRG  neurons are pos itive  fo r both m arkers (neonates: 3,6% , adults: 
7,4% ). In short te rm  cu lture  (1-5 days) there are no sign ifican t changes o f 
the re la tive  proportion o f both ce lls  types. W ho le-ce ll patch-c lam p recording 
techn iques were used to  ana lyse the p roperties o f fresh ly  d issociated adult 
DRG neurons. E xtrace llu la r app lica tion o f ATP  (Ю OµM) evoked in 31/46 
neurons persistent or trans ien t inward currents whereas CAPS (1µM ) 
evoked inward currents in 30/46 neurons. About 75%  o f those ce lls that 
were labe lled w ith  IB4-FITC  conjugates CAPS or A TP  induced inward 
currents and 17/25 o f IB4-binding neurons responded to  both s tim uli. By 
contrast only 8/21 IB4-negative neurons responded to both ligands. In the 
IB4-nega tive  population ATP  evoked inward currents in 13/21 and CAPS in 
9/21. W e  conclude tha t pep tiderg ic  and non-pep tidergic DRG neurons can 
be d istingu ished in cu lture. Both populations conta in  capsa ic in -sensitive  
neurons indicating tha t they  have noc icep tive  functions. (Supported by 
DFG, SFB 353)

150.13
UP-REGULATION OF TRK-A RECEPTOR IN PRIMARY SENSORY NEURONS 
AFTER THE INDUCΉON OF PERIPHERAL INFLAMMATION Clifford J. 
Woolf*', Michelle Robinson2, Simona Neumann1, Giles Kendall2 ‘Dept, of 
Anesthesia & Critical Care, MGH and Harvard Medical School, Charlestown, Boston, 
MA 02129 2Dept. of Anatomy and Dev. Biology, UCL, London WC1E 6BT, UK

Peripheral inflammation has been shown to induce profound changes in the function 
and gene expression of dorsal root ganglia (DRG) neurons. During inflammation, a 
variety of chemical mediators including nerve growth factor (NGF) are released. NGF 
acts on Trk-A expressing neurons locally at the terminal to alter the sensitivity of the 
sensory fibers, and is гetrogradly transported to the DRG where it alters gene 
expression including that of substance-P (SP) and calcitonin gene-related peptide 
(CGRP). We have previously shown that while in non-inflamed animals, most SP- 
positive neurons are of small diameter with unmyelinated axons, after inflammation, a 
population of medium-sized neurons with myelinated axons begin to express SP, in 
an NGF-dependent manner (Neumann et. al. Nature 384, 360-364). In control 
animals, the majority of Trk-A-positive neurons are of small diameter. We now wish 
to investigate how an NGF-dependent mechanism induces SP expression in neurons 
with myelinated axons. There are three possibilities; NGF may induce a 
subpopulation of Trk-A positive cells which do not normally express SP to do so; 
NGF may stimulate Trk-A expressing cells to produce a signal which acts on non- 
Trk-A expressing sensory neurons; or the Trk-A receptor may be upregulated.

We have found using comparative polymerase chain reaction (PCR) that Trk-A but 
not Trk-B or Trk-C mRNA is increased in the DRG after inflammation. In addition, 
we found an increase in the size of Trk-A expressing DRG profiles measured 
immunohistichemically, which paralleled a similar change in SP immunoreactivity 
after inflammation. All SP-positive profiles were also Trk-A-positive. We conclude 
that the change in SP phenotype after inflammation is a consequence of the 
upregulation of Trk-A in DRG neurons including those with myelinated axons.
We thank the MRC UK and Wellcome Trust for their support.

150.15

GABAPENTIN REDUCES DORSAL ROOT RFLEXES GENERATED 
IN RESPONSE TO ACUTE COLITIS Y. Feng*. E. Al¯Chaer. and W.D. 
Willis. Department o f Anatomy & Neurosciences, Marine Biomedical 
Institute, University o f Texas Medical Branch, Galveston, TX 77555- 
1069.

It has been proposed that dorsal root reflexes (DRRs) play an important 
role in the maintenance and spread o f peripheral inflammation. 
Gabapentin, a novel anticonvulsant, has recently been used effectively as 
an antinociceptive agent. The aim of this study is to investigate if  acute 
colitis can cause dorsal root reflexes in anaesthetized rats and to test the 
effect o f gabapentin on the generation o f dorsal root reflexes. Dorsal root 
reflexes were recorded from the proximal stump o f T6 or SI dorsal root 
filaments in anesthetized Sprague-Dawley rats. The DRRs were 
spontaneous or evoked by innocuous (2OmmHg) or noxious (8OmmHg) 
colorectal distension. Gabapentin or saline was given 40 minutes before or 
after induction o f acute colitis by acetic acid injection. The spontaneous 
DRRs showed a significant increase following colorectal injection of 
acetic acid and lasted for at least 3 hours. Gabapentin could not only 
attenuate increased spontaneous DRRs but also prevent the generation of 
DRRs induced by acute colitis. The results demonstrate that DRRs can be 
initiated by visceral inflammation. Depression o f the generation o f DRRs 
by gabapentin could be o f use in reducing inflammatory pain.
The research was supported by NIH grants NS 11255 and NSO9743

150.12
CHAOTIC DYNAMICS OF IMPULSE GENERATION IN PERIPHERAL COLD 
RECEPTORS. K. Voigt1, H.A, Braun1*, M. Dewalď. M. T. Huber12, X, Pei3 and F. 
Moss3. 1 Inst, of Physiology and 2Ðept. of Psychiatry, University of Marburg, D- 
35037 Marburg, ERG, 'Center for Neurodynamics, University of Missouri, St.Louis, 
MO 63121, USA.

Temperature encoding in peripheral cold receptors is based on modifications of 
oscillating membrane processes which generate a variety of periodic impulse 
pattern. The most prominent type of patterns consists of impulse groups (bursts) 
which preferably occur at mid-temperatures. However, towards the lower and upper 
temperature range, seemingly irregular impulse patterns occur. Some of them clearly 
indicate essential contribution of noise (e.g. Braun et al., Nature 367: 270-273, 1994) 
but others might also result from chaotic dynamics. Indeed, using recently developed 
algorithms for the detection of unstable periodic orbits (UPOs) in biological data files 
(Pei and Moss, Nature 379: 618-621, 1996) we could demonstrate several 
bifurcations between stable noisy and chaotic behavior of impulse generation.

At high temperatures, the impulse activity might be very noisy but the spike
generating process generally seems to operate at stable limit cycles. The same holds 
true for irregular discharges at lowest temperatures. Highest indications of chaos 
were found in the range of to burst discharges but the UPOs completely disappear 
during dynamic responses on fast temperature changes. These transitions are very 
abrupt and exhibit a striking coincidence between the time course of frequency 
adaptation and the occurrence of UPOs which enter just when the steady state is 
attained. Interestingly, the opposite characteristic was found at the transitions to 
irregular discharges at lowest temperatures where the UPOs enter during the phasic 
response but disappear in the subsequent steady state.

These data indicate that the spike-generating processes in cold receptors pass 
through different dynamic states with the ambient temperature as the control 
parameter.

150.14

THE EFFECTS OF INFLAMMATION ON CUTANEOUS NOCICEPTORS - A RE- 
EVALUATION. D. Andrew* and J. D. Greenspan. Dept, of Oral & Craniofacial 
Biological Sciences, University of Maryland Dental School, Baltimore, MD 21201.

Peripheral inflammation causes profound sensitization of articular afferents 
(Schaible & Schmidt, J. Neurophysiol. 54: 1109-1122, 1985), although evidence of 
similar cutaneous nociceptor sensitization is less convincing. Despite thermal 
sensitization of C-fibeг nociceptors after carrageenan injection (Kocher et al., Pain 
29: 363-373, 1987) there was no evidence of increases in C-fiber mechano-sensitivity. 
Absence of nociceptor sensitization has also been reported after bum- or tupentine- 
induced inflammation (Woolf & McMahon, Neuroscience 16: 395-404, 1985) and 
after complete Freund’s adjuvant (CFA; Hylden et al., Pain 37: 229-243, 1989) 
injection. Failure to find nociceptor sensitization has been attributed to reliance on 
threshold values alone, which is prone to false negatives (Cooper et al. J. 
Neurophysiol. 66: 1280-1290, 1991). Experiments were performed to investigate 
peripheral plasticity of cutaneous nociceptors in the glabrous skin of the rat hindpaw. 
To induce inflammation ЮOµl of CFA (lmg/ml) was injected sub-cutaneously under 
Isoflurane anesthesia. After 24 h. the response characteristics o f single cutaneous 
nociceptors (n=26) were evaluated under pentobarbitol anesthesia. Unitary responses 
to graded mechanical stimuli (5-90g), graded heat stimuli (4O-5O°C) and adaptive 
responses to long duration stimuli were recorded and compared to those of control 
units (л=4O). Although there were no significant differences between the mechanical 
thresholds of units in inflamed or normal skin (PX).05 Mann Whitney ơ-test) both A 
and C-fiber nociceptors supplying inflamed skin showed significant sensitization to 
graded mechanical stimuli ¢P<0.001, ANOVA). Sensitization was also observed in the 
dynamic phase of A-fiber adaptive responses and in both the dynamic and static 
phases of C-fiber responses. Heat sensitization was observed in 20% of A-fibers but 
unexpectedly not in C-fibers. These data demonstrate significant mechanical 
sensitization in cutaneous nociceptors. Supported by NSFgrant IBN-9696127.

150.16

IDENTIFICATION OF COLD CELLS IN
CULTURED DORSAL ROOT GANGLION
NEURONS. H. Gotoh* and K. Suto. D epartm en t of 
B ioengineering, Faculty  o f Engineering, Soka 
U niversity, T angicho 1-236, Hachioji, Tokyo 192 
Jap an

Thermosensitive cold cells were identified in cultured dorsal root 
ganglion (DRG) neurons from new bom rats. The neurons were 
loaded with a calcium indicator, Fura-PEЗ, and the Ca^+ 
concentration ([C a^+]j) changes of the neurons were measured using 
a microfluorometric system, ARGUS-50 (Hamamatsu Photonics) 
with a Nikon TMD-300 microscope. A subpopulation of small cells 
showed a significant increase in [Ca2+]¡ during a cold stimulation; 
17% of the cells responded to the stimulation. The diameter of the 
respnder cells was 14.4 ± 5.9 µ m .  The lowering of the temperature 
from 35°C to 25°C increased [Ca^+jj from approximately 50 nM to 
150 nM. This [Ca2+]į response was dependent on the intensity of 
cold stimulation. The depletion of extracellular Ca2+ diminished the 
Ca2+ elevation. However, a Na+-free condition did not influence the 
response. Cold cells were divided into two groups, one sensitive to 
mild coldness (around 25°C), and the other sensitive to intense 
coldness (lower than 2O°C). The latter group of cells was also 
bradykinin sensitive, so that this cell group correăponds to a 
polymodal nociceptor. We concluded that the cold stimulation opens 
Ca^+ permeable channels in putative cold cells from DRG neurons.
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151.1
EXPERIMENTAL INFLAM M ATION POTENTIATES  
NOCICEPTIVE BEHAVIOUR TO ATP A NALOG UES IN RAT.
S. Hamilton .A·A,A.H. W ade. S.B. M cM ahoníSPO N : B ritish 
Neuroscience Association)., Dept, o f  P hysiology, St T h o m as’ H ospital, 
London, SE1 7EH, UK.

ATP activates ionotropic P2X receptors, six o f  which are expressed by 
primary afferent neurones. O f these, P2X3 is exclusively expressed by 
nociceptors. We have evaluated the behavioural effects o f  free ATP, α,ß- 
methylene ATP and 2-methylthio ATP in normal rats and in rats subjected to 
three models o f  experimental inflammation: subcutaneous injection o f 5Oµl of 
0.25% caưageenan, ЮOµl o f  PGE2 (25 and 25Ong) and UVB irradiation (1 
J/cm2). All ATP analogues were dissolved in PBS and intraplantar injections 
of 1-1000 nmoles were given in one hind paw in restrained animals. All three 
compounds produced a dose-dependent degree o f  hindpaw lifting during the 
10 minutes after injection (significantly m ore than with PBS alone). These 
lifting responses were absent in animals w hich had been treated neonatally 
with capsaicin. Two hours after carrageenan injection, α,ß-m et ATP, (but not 
PBS) produced a greater degree o f paw lifting than that seen in normal animals 
(312 ± 35s compared to 81 ± 22s, using 50 nmoles). The lifting response to 
α,ß-met ATP (10 nmoles) was significantly potentiated when co-ınjected with 
PGE2. (210 ±  5s o f lifting compared to 54 ±  20s). The lifting seen following 
injections o f  α,ß-m et ATP and free ATP was also significantly augmented 
following iưadiation. The lifting response to ATP (1 µmoles) 6 hours after 
iưadiation was more than double that seen in naïve rats.

In conclusion, the nociceptive effects o f  ATP are greatly potentiated in 
inflammatory conditions.
Supported by the Special Trustees o f  St Thom as’Hospital

151.3
DIFFERENTIAL SENSITIVITY OF THERMAL H YPERALG ESIA  AND  
TACTILE ALLODYNIA TO DYNORPHIN ANTISERUM AFTER Ş  LIGATION.
D. B ian*. T .P . M a lan. Jr.. M .H . O ss ip ov , Z. C h e n q m in  and  F. P orreca. 
Departm ents o f P ha rm aco lo gy  and  A n e s th e s io lo g y , U n ive rs ity  o f A rizo na  
Health S c ie nce s  C ente r, T ucson , A Z  8 5724  

L igation o f the  S, o r S 2 sp ina l n e rves  p ro du ces  tac tile  a llo dyn ia  and  the rm a l 
hypera lges ia  o f the  h ind p aw s. A s  a ffe re n t fib e rs  from  the  paw  do  n o t te rm in a te  
in sacra l sp ina l co rd  (S w e tt and W o o lf, J. C om p. N euro l. 231 : 6 6 , 1985), 
periphera l n erve  in ju ry  m ay p ro du ce  n e u ro p a th ic  pa in  s ig n s  e x tra se g m e n ta l 
to the sp ina l te rm in u s  o f th e  in ju red  nerve. W e  h y p o th e s iz e d  th a t a s ta te  o f 
centra l se ns itiza tio n  w a s  in du ce d  and  m a in ta in e d  by in c re ase d  e xp re ss io n  o f 
dynorphin  a cro ss  m u ltip le  sp ina l se gm en ts . M ale , S p ra g u e -D a w le y  ra ts 
underw ent u n ila te ra l S 2 lig a tion  o r sh am  su rg e ry  and  ta c tile  a llo d yn ia  o r 
therm al h ype ra lg es ia  w e re  d e te rm in e d  by m e a su ring  p aw  w ith d ra w a l 
th resho lds to  von  F rey fila m e n ts  o r ra d ia n t hea t, re sp ec tive ly . S 2 lig a te d  ra ts 
deve loped  the rm a l h y pe ra lg es ia  and  ta c tile  a llo dyn ia  o f the  h in d p a w s  w h ich  
w ere b locked  in a t im e -d e p e n d e n t m a n n e r by lid o c a in e  a d m in is te re d  loca lly  
at the in ju ry  s ite ; no c h an ge s  in re sp on ses  o r m o to r a c tiv ity  w e re  se en  in 
sham -ope ra ted  ra ts  fo llo w in g  lid o ca in e . S 2 lig a tion  p ro d u ce d  a s ig n ifica n t 
e leva tion  in d yno rp h in  co n te n t o f th e  sa cra l and  lu m b a r sp ina l co rd . M K-801 
(3 µg i.th.) o r a n tise ru m  to  d yno rp h in  A , . 13 (2 0 0  µg, i.th .) b locke d  S 2 liga tion  
induced the rm a l h ype ra lg es ia  b u t not tac tile  a llo dyn ia . P e riph e ra l nerve  in ju ry  
p roduces m u ltise gm en ta l ch a n g e s  in th e  sp ina l co rd  w h ic h  m a y be m a in ta in e d  
by inc reased  a ffe re n t d rive  a lon g  w ith  e leva ted  e nd o g e n o u s  d yn o rp h in  acting  
at N M D A  recep to rs . E leva ted  sp ina l d yn o rp h in  a c tiv ity  m a y  u nd e rlie  the rm a l 
h ype ra lg es ia , b u t d oe s  n o t se em  to  m a in ta in  n e rv e -in ju ry  in du ce d  ta c tile  
a llodyn ia . (D A  11823).

151.5
CHEM ICAL R E SPO NSIVENESS O F M EC H A N O S E N SIT IV E  AND - 
INSENSITIVE C -NO C IC EP TO R S  IN HUM AN SKIN. M. S chm elz2*.
R. S chm id t1. C. W e idne r2 , H.E. T o re b iö rk 1̄ and H.Q. Handwerker2 .
1 Departm ent of C linical Neurophysiology, University o f Uppsala, Sweden and
2  Departm ent of Physiology and Experim ental Pathophysiology, University of 
Erlangen/Nürnberg, G erm any.

M icroneurography was em ployed to record from  C-fibers in the peroneal 
nerve of hea lthy vo lunteers. The  units were identified  by the ir constant latency 
response to e lectrical s tim ula tion of the ir te rm ina ls  in the  skin. Responsive
ness to physical s tim uli (v. Frey filam ents, feed -back  contro lled radiant heat) 
and sym pathetic provocation tests was dete rm ined  by s lowed conduction ve
locity as previously described. Units were tested w ith iontophoretically applied 
h istam ine (2OmC) and acetyl choline (6 OmC) and in tracutaneous in jections of 
bradyk¡n¡n (2Oµl; 10'5M), prostag land in  E2 (2Oµl; 10'5M) and capsa ic in  (2Oµl;
0 .1 %) in d iffe ren t parts of the ir e lectrically m apped innervation territories 
(transcut. 40m A, 0 .2m s). 10 out of 38 m echanoinsensitive  C-nociceptors were 
v igorously activated by h istam ine but none of 32 m echanosensitive  fibers. 
H istam ine positive  units were also driven by acetyl choline iontophoresis (4/4) 
and w eakly  by prostag land in  E2 (2 / 2 ), but not by bradyk¡n¡n (0 /2 ). In contrast, 
m ost o f the m echanosensitive  a ffe rents  and h istam ine negative 
m echanoinsensitive  units did not respond to  acetyl choline or PGE2, but 
showed shortlast¡ng d ischarges fo llow ing bradyk¡n¡n injection. Capsaicin 
in jections activated v irtua lly all units tested - how ever the response of 
m echanoinsensitive  units were m ore susta ined.

It is concluded, tha t a subpopula tion am ong the m echanoinsensitive  C- 
noc iceptors is driven by chem ica l m ediators according to the ir potency to 
induce itch (h istam ine>acetyl choline>P G E 2).

supported by the Max Plank award (E.T.) and by the DFG, SFB 353

151.2
ALTERATION OF ENDOTOXIN (ET)-INDUCED HYPERALGESIA BY 
CHRONIC AND ACUTE TREATMENT WITH CAPSAICIN (CP). S.J. Jabbur* 
S.F, Atweh2. B. Safieh-Garabedian3. S.F. Kanaan3 and N.E. Saadé14. Departments 
of 'Physiology, internal Medicine, JBiology and 4Human Morphology, American 
University of Beirut, Beirut, Lebanon.

Intraplantar (i.pl.) injection of ET (l.25µg in 5Oµl saline) produces mechanical 
and thermal hyperalgesia in rats and mice (Kanaan et al., Pain, 1996, 66: 773-779). 
In the present study we demonstrate the role of capsaicin sensitive primary afferents 
(CSPA) in the mediation of ET-induced hyperalgesia.

Several group of rats were either neonatally treated with CP (50mg/kg, Day 2) or 
subjected to acute treatment with CP, by perineural application or by intraplantar 
injections. In neonatally treated rats, i.pl. injection of ET produced slight but 
significant decrease in the latencies of the hot plate (7.62±O.24 s in CP treated 
versus 4.6±O.5 s in normal rats, P<0.01) and the paw immersion (l.67±O.OЗ s in CP 
treated versus l.4±O.O7 s in normal rats, P<0.01) tests, but did not elicit significant 
changes in the latencies of the paw pressure (l.74±O.l s in CP treated versus
1.1 ±0.04 s in normal rats, P<0.001) and the tail flick (3±O.O7 s in CP treated versus 
2.4±O.O5 s in normal rats, P<0.01) tests. Similar effects were observed with ET 
injection in rats subjected to perineural treatment of the sciatic and saphenous nerves 
with CP. Furthermore, i.pl. injections of CP (5Oµg-5OOµg) altered the effects of 
subsequent i.pl. ET injection in the same leg for periods of time ranging between 
10Һ to 2-3 days. The levels of interleukin 1-ß and nerve growth factor in the paw 
skin of normal and neonatally treated rats with CP showed comparable baselines. 
Furthermore, i.pl. injection of ET elicited similar upregulation of both cytokines in 
both groups of rats.

We conclude that hyperalgesia induced by i.pl. injection of ET is mediated, at 
least partially, by CSPA fibers.
(Supported by grants from the University Research Board).

151.4
INNERVATIO N TE R R ITO R IE S  O F M ECHANO IN S E N SITIV E  C NO CI
CEPTO R UNITS IN HUM AN SKIN. R. S chm idt1. M. Schm elz2. A. B ickel2.
C. W e idner2. K. M esslinαer*2, H.Q. H a n d w e rk e r and H.E. Torebiĉ>rk1. 
3Dept. of Clinical Neurophysiology, University of Uppsala, Sweden and ⅛ept. of 
Physiology and Exp. Pathophysiology, Univ, of Erlangen/Nürnberg, Germany.

Innervation territo ries of s ingle m echano-¡nsensitive  and m echanosensi
tive a fferent C -units in the skin of the lower leg and foot of healthy vo lun
teers were stud ied by m icroneurography. E lectrical activation thresholds 
tested w ith a 10 mm surface probe were always >10 mA for mechano- 
¡nsensitive units, but <10 mA fo r m echanosensitive  units (CM and 
C M H).The extensions of the e lectroreceptive  fie lds (eRFs) of 10 m echano
insensitive  units were m apped with 50 mA pulses transcu taneously ap
plied through a pointed probe. They consisted of 1 - 5 subfie lds covering 
areas of 1,4 -  14 cm 2 (m ean 6,2 cm 2). The m axim al extension of the skin 
area innervated by single m echano-¡nsensitive  units was 1,5 -  7,2 cm 
(m ean 4,5 cm ). The eRFs of 77 m echanosensitive  C -units mapped with 
pulses of 10 m A were significantly sm a lle r (0 ,16 -  5,1 cm 2, m ean 1,2 cm 2; 
max. extension of the covered area 0,3 -  4,5 cm , m ean 1,6 cm). These 
eRFs of CM Hs and CM s becam e only m arg inally la rger when 50 mA stim 
uli were used fo r mapping. However, m apping m echano-insensitive  units 
with 10 m A instead of 50 m A considerab ly  decreased the ir eRFs. 
M echano-insensitive , but not m echanosensitive  units could in som e cases 
be activated by chem ical s tim uli applied outside the ir ℮RF.

W e  conclude that m echano-insensitive  units are e ither deeply situated in 
the skin o r have thin axon b ranches m aking it d ifficu lt to excite them  with 
transcutaneous e lectrical stim uli. They are chem osensitive, have large 
innervation territo ries and are probably involved in m ediating hyperalgesia.

Supported by MFR, Sweden, Brain Foundation Sweden and the DFG, SFB 353

151.6
DIFFERENT AXO N A L P RO PERTIES OF M E C HANO -SENSITIVE  AND 
M E C H ANO -INSENSITIVE  C N O CICEPTO R UNITS IN HUMANS.
C. W e id ne r1. R. S chm idt2 . M. S chm elz1. B. H ansson2 . *H.O. Handw erker1.
H.E. Toreb¡örk2 . 1 Departm ent of Physiology and Experim ental Patho- 
physiology, University of Erlangen/Nürnberg, G erm any and d e p a r tm e n t of 
Clinical Neurophysiology, University of Uppsala, Sweden.

M icroneurography was used to record from  unm yelinated C nerve fibers in 
cutaneous fascic les of the peroneal nerve in hea lthy hum an subjects. C units 
were identified by the ir long latency responses to low frequency electrical 
stim ula tion of the ir term inals in the skin. The ir responsiveness to mechanical 
©r heat stimuli, o r to sym pathetic reflex provocation tests, was determ ined by 
transien t slow ing of the conduction ve locity fo llow ing activation (m arking 
techn ique). In 47 units la tency increases induced by 20 e lectrical pulses at 
0.125, 0.25 and 0.5 Hz were determ ined. In addition, latency shifts follow ing 
one, two or fou r additional e lectrical s tim uli preced ing the main pulses (1/4 Hz) 
were assessed. Cum ulative  increase in response la tency due to electrical 
stim ula tion at increasing frequencies was m ost pronounced in m echano
insensitive units (36.69±5.69 ms; n=12) as com pared to sym pathetic 
(14.47±1.46 ms; n=27) o r m echano-sensitive  fibers (6.61±1.06 ms; n=8 ). 
Interpolated e lectrical pulses (n = l,2 ,4 ) induced the m ost pronounced latency 
sh ift per extra  pulse in m echano-insensitive  fibers  (1.58±0.21 ms; n=12) as 
com pared to  sym pathetic (1.31 ±0.17 ms; n=27) o r m echano-sensitive  fibers 
(O.65±O.O7 ms; n=8 ). In units show ing unid irectiona l axonal b lock (n=4) most 
of the la tency increase could be a ttributed to the term inal branches of the 
axon. M echanosensίt¡vity of a fferent units can be predicted on the basis of 
the ir conduction ve locity slow ing only.

supported by the Max Plank award (E.T.) and by the DFG, SFB 353
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151.7
AXONAL TRANSPORT OF CAPSAICIN RECEPTOR M ESSENGER RNA IN 
PRIM ARY AFFERENTS OF RATS W ITH HYPERALGESIA INDUCED BY 
CARRAGEENAN. Chihiro Tohda1*. M iwa Sasaki2 and Yasushi Kuraishi2. ‘Anal. 
Res. Center for Ethnomedicines, Res. Inst, for Wakan-yaku, 2Dept. o f Applied 
Pharmacol., Fac. of Pharm. Sci., Toyama Med. & Pharm. Univ., 2630 Sugitani, 
Toyama 930-0194, Japan

Subcutaneous injection o f carrageenan induces hyperalgesia. It may be partly 
due to hyperexcitability of nociceptive primary afferents, most o f which are 
capsaicin-sensitive. Thus, the present experiments were conducted to examine 
carrageenan-induced changes in the level o f capsaicin receptor VR1 (vanilloid 
receptor subtype 1) mRNA in primary sensory neurons and peripheral and central 
sensitivity to capsaicin. Male Sprague-Dawley rats (120-150 g) were used. An 
injection of 1 % carrageenan into the hind paw produced hyperalgesia with a peak 
effect at 4 h. VR1 mRNA was increased in the lumbar cord and decreased in the 
L4-L6 dorsal root ganglia (DRG) 4 h after caưageenan injection. The sum of VR1 
mRNA levels on both sides was little altered by caưageenan injection. In contrast, 
after pretreatment with intrathecal colchicine (120 µg), VR1 mRNA was not 
altered by caưageenan injection compared with contralateral untreated side. Sciatic 
nerve ligation of 2 h duration increased V R 1 mRNA in the proximal part of the 
nerve of caҥageenan-treated side, without apparent alteration on the contralateral 
untreated side. In naive rats, subcutaneous injection of 100 µM capsaicin elicited 
licking response, without effect at lower doses of 1 and 10 µM. However, rats 
treated with caưageenan showed the licking following 1 µM capsaicin. With 
regard to spinal cord, capsaicin-evoked release o f glutamate from the lumbar cord 
was increased by caưageenan treatment. The results suggest that peripheral 
caưageenan inflammation increases peripheral and central axonal transport o f  VR1 
mRNA in primary afferents. The increased axonal transport of VR1 mRNA might 
be partly responsible for capsaicin hypersensitivity of primary afferents.

151.9

CHRONIC CONSTRICTION OF THE INFRAORBITAL NERVE  
IN RATS: BEHAVIORAL, ELECTROPHYSIOLOGICAL A N D  
NEƯROANATOM ICAL CONSEQ UENCES. E.H. Chudler* 1 and
L.C. Anderson2. Dept, o f  A nesthesio logy1 and Oral Biology^ Univ, o f  
Washington, Seattle, W A 98195-6540.

A  chronic constriction injury o f  segmental peripheral nerves has 
been used as a model o f  neuropathic pain with great success. Fewer 
studies have examined the behavioral and electrophysiological effects 
o f  trigeminal nerve injury. In the present study, a chronic constriction 
o f  the infraorbital nerve was performed on adult male rats. Open field  
behavior (exploration, freezing, rearing, and face and body grooming) 
and the evoked behavioral response to mechanical stimulation (von  
Frey testing) o f  the vibrissae region were observed 3, 10, 25, 39 and 
56 days after nerve constriction and sham surgery. Single unit 
recording from the trigeminal ganglion was also performed on days 3 
and 56 after surgery. To date, recordings have been made from a total 
o f  490 trigeminal ganglion neurons. N one o f  the neurons from rats 
with sham surgery exhibited spontaneous activity. However, 12.9% 
and 6 .8% o f  the neurons were spontaneously active in rats 3 days and 
56 day after nerve injury, respectively. There was also a decrease in 
the number o f  neurons with receptive fields incorporating the 
vibrissae and other regions o f  face innervated by the maxillary 
division o f  the trigeminal nerve in those rats w ith infraorbital nerve 
injuries. M ost rats with nerve injuries were unresponsive to 
mechanical stimulation up to day 56. Tyrosine hydroxylase 
immunocytochemistry demonstrated a lack o f  sympathetic nerve 
sprouting in the trigeminal ganglion after chronic constrictive nerve 
injury. (Supported by NIH D E I2338)

151.11

THE VANILLOID RECEPTOR ANTAGONISTS RUTHENIUM RED 
AND CAPSAZEPINE REDUCE HEAT-EVOKED INWARD CURRENTS 
IN RAT DRG NEURONS. T. Kiгschstein1. D. Büsselbeгg2 and R.-D. Tгeede1. 
(SPON: European Neuroscience Association) ‘Institute of Physiology and 
Pathophysiology, Mainz, and ⅛stitute of Physiology, Göttingen, Germany.

Noxious heat activates about half of the small rat DRG neurons. There is also 
a coexpression of heat and capsaicin sensitivity (Kiгschstein et al. 1997, 
Neurosci. Lett. 231: 33-36). The first cloned capsaicin receptor (VR1) has been 
reported to be a heat-activated ion channel (Caterina et al. 1997, Nature 389: 
816-824) suggesting a common transduction mechanism of these stimuli. The 
aim of our study was to determine the effect of the VR1 antagonists capsazepine 
and ruthenium red on heat sensitivity in vitro. Whole-cell patch-clamp recordings 
were performed in small DRG neurons (≤ЗO µm) of adult Sprague-Dawley rats 
(170-270 g) at a holding potential of -80 mV. With depolarizing voltage steps 
the excitability of the neurons was confirmed. The resting membrane potential 
was -45±Ю mV (mean±SD), and the membrane capacitance 2l.9±5.8 pF.

More than half of the small neurons (27.7±2.6 µm) were activated by noxious 
heat (53 °C), and exhibited a heat-evoked inward cuưent of 25O±I5O pA. 
Subsequent application of heated solution containing capsazepine (10 µM) or 
ruthenium red (5 µM) reduced the heat response. Averaged inward cuưents were 
l55±9O pA under capsazepine and l65±5O pA under ruthenium red. After 
application of the heated antagonists, heated solution without any reagents was 
applied a second time, and the heat response was as large as before (24O±I45 
pA). These results show that VR1 antagonists reduce heat responses, and 
provide further evidence for a common pathway of heat and capsaicin sensitivity 
of primary sensory neurons.

151.8
RESIN IFERATOXIN  SEN SIT IV E  PR IM ARY  AFFER EN TS DO NOT 
MEDIATE TACTILE ALLODYN IA  IN L5/L6 L IGATED RATS. M .H . 
O s s tp o v * . D. B ia n . Z. C h e n q m in  a nd  F. P o rre c a . D e p a rtm e n t o f 
P h a rm a c o lo g y , U n iv . A r iz o n a  H e a lth  S c ie n c e s  C e n te r, T u c s o n , A Z  8 57 24 .

T ig h t lig a tio n  o f  th e  L5/L 6 s p in a l n e rv e s  p ro d u c e s  b e h a v io ra l s ig n s  o f 
n e u ro p a th ic  p a in  in c lu d in g  ta c t ile  a !lo d y n ia  a n d  th e rm a l h y p e ra lg e s ia . W e  
h y p o th e s iz e d  th a t ta c t ile  a llo d y n ia  a nd  th e rm a l h y p e ra lg e s ia  a re  m e d ia te d  
b y  d if fe re n t a ffe re n t fib e rs . A  n e u ro p a th ic  p a in  s ta te  w a s  in d u c e d  by Ļ /L 6 

n e rv e  lig a tio n  in m a le , S .D . ra ts . S h a m -o p e ra te d  a n d  n e rv e  lig a te d  ra ts  
re c e iv e d  a s in g le  in je c tio n  (0 .3  m g /k g  s .c . o r  0.1 m g /k g  i.p .) o f 
re s in ife ra to x in  (R T X ). T h e  ra ts  w e re  m o n ito re d  fo r  ta c t ile  a llo d y n ia  by 
m e a s u rin g  w ith d ra w a l th re s h o ld s  to  p ro b in g  w ith  v o n  F re y  fila m e n ts . 
R e s p o n s e s  to  th e rm a l s tim u li w e re  d e te rm in e d  b y  m e a s u rin g  w ith d ra w a l 
la te n c y  to  ra d ia n t h e a t a p p lie d  to  th e  p la n ta r  s u rfa c e  o f  th e  h in d p a w  (R H ), 
th e  5 5 °C  h o t p la te  (H P ) a n d  5 5 °C  ta il f lic k  (T F ) te s ts . R e s p o n s e s  w e re  
m o n ito re d  b e fo re  a nd  fo r  4 0  d a y s  a fte r  R T X  in je c tio n . B o th  s h a m - 
o p e ra te d  a nd  n e rv e  lig a te d  ra ts  s h o w e d  n e a r-m a x im a l w ith d ra w a l 
la te n c ie s  a fte r  e ith e r  i.p . o r  s .c . R T X  in th e  R H , H P  a n d  T F  te s ts . In 
c o n tra s t, th e  p a w  w ith d ra w a l th re s h o ld s  to  v o n  F re y  f i la m e n ts  d id  not 
c h a n g e  in n e rv e - in ju re d  ra ts  th ro u g h o u t th e  o b s e rv a tio n  p e r io d , in d ic a tin g  
th a t  R T X  d id  n o t a ffe c t ta c t ile  a llo d y n ia . T h e s e  d a ta  in d ic a te  th a t ta c tile  
a llo d y n ia  is m e d ia te d  by R T X -in s e n s it¡v e  a ffe re n ts  w h ic h  a re  lik e ly  to  be 
la rg e  d ia m e te r  m y e lin a te d  (A ß ) a ffe re n t f ib e rs  w h ile  th e rm a l h y p e ra lg e s ia  
is m e d ia te d  b y  R T X -s e n s it iv e , s m a ll d ia m e te r  u n m y e lin a te d  (C ) fib e rs . 
S u p p o rte d  b y  D A  0 8 6 5 7  a nd  D A  118 23 .

151.10
HISTAMINE Hi RECEPTOR EXPRESSING SMALL DORSAL ROOT 
GANGLION NEURONS IN GUINEA PIGS ARE NOT IMMUNOREACTIVE TO 
SP/CGRP.E.Senba3* . H .Kashiba *̄̄, H .Fukui3 and Y .Morikawa3X
Dept, of Physiol., Kansai Coll. Orient. Med.; Dept, of 

Pharmacol., Facult. of Pharmaceut. Sciences, Univ, of 
Tokushima ; 3Dept. of Anatomy & Neurobiology, Wakayama 
Med. Coll., Wakayama, 640-8155, Japan

Histamine is well-known as a pruritogen. A subgroup of 
primary sensory neurons is responsive to histamine via the 
histamine Hi receptor (HİR), but neuronal types and nature 
of these neurons are not known. We addressed this issue 
using ISH histochemistry with a cRNA probe for the guinea 
pig HİR mRNA. About 15% of the trigeminal and lumbar 
dorsal root ganglion (DRG) neurons of guinea pigs were 
intensely labeled. The HİR mRNA-positive neurons were 
exclusively small and labeled with isolectin B4, showing 
that they give rise to unmyelinated fibers. Co
localization analysis using consecutive sections revealed 
that HİR mRNA-expressing neurons were not immunoreactive 
to SP/CGRP. Five days after a crush of the sciatic nerve, 
the number of mRNA-positive DRG neurons were markedly 
increased (60%) in L^ 5 DRGs. These positive neurons were 
also small and 70% of SP/CGRP neurons turned to HİR mRNA- 
positive. On the other hand, in neurons which showed 
intense labeling in the normal condition, HİR mRNA signals 
were downregulated. These results suggest that HlRs 
mediate different sensory modalities, probably itch and 
pain, in normal and pathological conditions.

151.12
SEROTONIN INCREASES Iн IN FUNCTIONALLY DISTINCT SUBGROUPS OF 
ADULT RAT DORSAL ROOT GANGLION NEURONS. L.P. Del Mar*. A. 
Vysokanov, P.B. Arnold, D.J. Sunneier, and R.S. Scrogµs. Department of Anatomy and 
Neurobiology. University of Tennessee. College of Medicine. Memphis, TN 38163.

The modulation of the hyperpolarization activated current (Iн) by serotonin (5HT) 
was studied in acutely isolated rat DRG cells using the whole-cell patch clamp 
technique. Small and medium diameter DRG cells were categorized as type 1.2. 3, or 4 
based on the expression of Iн, Iд, capsaicin sensitivity, and T-type Ca2" current 
amplitude (Cardenas et al., 1995, J. Neurophysiol. 74:1870-1879). A group of large 
diameter DRG cells, which were not classified, was also included in the study.

5 FIT (10 µM) increased I∏ in type 4 DRG cells and 66% oflarge diameter DRG cells, 
but had no effect on hyperpolarization induced currents in type 1, 2, or 3 DRG cells. 
This effect of 5FIT on lн was not mimicked by chlorophenylthio-cAMP suggesting that 
activation ofadeny!yl cyclase was not involved.

The effects of 5HT on lн were blocked by spiperone and were mimicked by 5- 
carboxyamidotryptamine but not by 8-hydroxydipropylaminotetralin, consistent with the 
involvement of a 5HT- receptor or a 5HT,D receptor, but not other 5HT receptor types. 
RT-PCR analysis demonstrated that 5HT7 and 5HTЮ receptor mRNA were expressed 
in medium diameter DRG cells, which are nearly exclusively type-4.

In DRG cells held at potentials negative to -50 mV. 5HT produced a large inward 
shift in holding current and instantaneous current evoked by hyperpolarizing voltage 
commands. These effects of 5FIT were blocked by Cs' but not by Ba2' and had a 
reversal potential of -22.5 mV, suggesting that they were mediated by an increase in 
tomcally activated Iн.

The selective effect of 5HT on Iи in some types of DRG cells but not others suggests 
that 5HT may have varied effects on the transmission of different types of sensory 
information.

This work was supported by NSF IBN-9310065 and NIH, NÍNDS, NS-30600
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151.13

INHIBITION OF INTERLEUKIN-1-INDUCED NITRIC OXIDE 
SYNTHASE AND CYCLOOXYGENASE EXPRESSIONS IN 
RAT DORSAL ROOT GANGLIA BY  AN ANTIOXIDANT. O.J. 
Igwe*. Division of Pharmacology, UMKC School o f Pharmacy and 
Medicine; KC, MO 64108.
Reactive oxygen species (ROS) may directly or indirectly mediate 
inflammation and tissue dysfunction associated with arthritis, chronic 
gut inflammation and immune-complex-induced pulmonary injury. 
Interleukin 1 (IL-1) mediates a variety o f processes o f host defenses 
such as inflammation and the cellular response to injury. Recent 
evidence suggests that ROS may play a role in IL -lß  signaling and 
may attenuate gene expression. The effects o f the oxidant scavenger, 
pyrrolidine dithiocarbamate (PDTC), on IL-lß-induced  
immunological nitric oxide synthase (iNOS) and cyclooxygenase-2 
(COX-2) expressions in rat dorsal root ganglia explant cultures were 
studied. PDTC significantly inhibited iNOS expression at the 
transcriptional level since PDTC not only abolished iNOS mRNA 
accumulation but also decreased IL-lß-induced nitrite production in a 
concentration dependent manner. In contrast, PDTC significantly 
inhibited COX-2 expression at the post-translational level, since 
PDTC did not affect IL -lß  induced COX-2 mRNA levels but 
inhibited COX-2 protein expression and prostaglandin E2 production. 
These results indicate that not only transcriptional regulation but also 
posttranscriptional mechanisms are involved in redox-sensitive 
inhibition of cytokine-induced iNOS and COX-2 expression. These 
results further suggest a novel approach for intervention in cytokine- 
mediated inflammatory processes. Supported by USPHS grant AR 
41606.

151.14
DYNAMIC MECHANICAL ALLODYNIA IS NOT MEDIATED BY A CENTRAL 
PRESYNAPTIC INTERACTION OF Aß-MECHANORECEPTIVE AND 
NOCICEPTIVE C-AFFERENTS.
R. Baron1,3, G. Wasner1. H.L. Fields3*. W. Jänig2. *Dept. of Neurology and 2Dept. of 
Physiology, Christian-Albгechts-University, 24105 Kiel, Germany; departm ent of 
Neurology, University of California San Francisco, CA, 94143, USA

Following capsaicin (CAP) administration in human skin light touch within the area 
of secondary mechanical allodynia was shown to induce vasodilatation1. It was 
concluded that low threshold Aß-mechanoreceptive fibers depolarize the spinal 
terminals of nociceptive C-afferents via intemeurons and that the vasodilatation is 
mediated by dorsal root reflex activity conducted antidromically.

To test this idea experiments were performed in eight subjects prior to and after 
intгacutaneous CAP injection (100 µg): Ten mm distant from a laser Doppler device 
the skin was stimulated for 1 min (1) by moving a cotton swab and (2) electrically with 
surface.electrodes (0.3-4 mA, 40 Hz, 0.2 ms). Subjects rated their pain on a numerical 
analog scale (NAS: 0-10).

Light mechanical stimulation of the skin that induced mechanical allodynia after CAP 
was paralleled by an increase in the laser Doppler signal (movement artefacts) that 
mimicked vasodilatation before as well as after CAP. Although painful, electrical 
stimulation in the area of secondary allodynia with intensities that were innocuous prior 
to CAP (Aß-stimulation) never led to an increase in blood flow. When the stimulation 
intensities were increased to levels that were painful before CAP (C-fiber stimulation) 
an axon reflex vasodilatation was induced.

Electrical stimulation of Aß-fibers in allodynic skin does not induce antidromic 
vasodilatation. Therefore, an interaction of Aß-fibers and nociceptive C-fibers at a 
presynaptic level is unlikely to explain mechanical allodynia. Alternatively, Aß-fibers 
may activate spinal nociceptive second-order neurons after central sensitization.
‘Ceгvero, F., Laird, J.M., Mechanisms of touch-evoked pain (allodynia): a new model, Pain. 68 (1996) 13-23.
Supported by the Wilhelm S¡mder-Stiftung and the Alexander von Humłюldt-Stifhmg
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152.1
NITRIC OXIDE SYNTHASE (NOS) ACTIVITY IN SPINAL 
CORD AND DORSAL ROOT GANGLIA (DRG) FOLLOWING 
CAPSAICIN ADMINISTRATION OR NERVE LIGATION. L
Jacobs. D. Zhu. R.S. Bitner. A.L. Nikkei. D. Donnellv-Roberts. and P.S. 
Puttfarcken*. Neurological and Urological Diseases Research, D-47W, Abbott 
Laboratories, Abbott Park, IL 60064-3500 

Nitric oxide (NO), a second messenger generated by the activation of NOS, is 
proposed to be involved in nociceptive transmission. Previous studies have 
linked both the analgesic properties of morphine and the development of 
tolerance to the activation of NOS-2 and NOS-1 respectively (Kolesnikov et al„ 
PNAS 94: 8220-8225, 1997). To better understand the role NO may play in 
nociception in vivo, the present study examined the expression of NOS 
following selective destruction of c-fibers (neonatal injection of capsaicin), and 
after ligation of the fifth and sixth spinal nerve (Chung model). To ensure the 
effectiveness of these treatments, the spinal cord content of substance P 
(capsaicin) and the production of allodynia (Chung model) were evaluated. 
Using Western Blot analysis, NOS expression was characterized in DRGs and 
the lumbar region of the spinal cord. Both isoforms, NOS-1 and NOS-2, were 
detected in spinal cord tissue, whereas only NOS-1 was detected in DRGs. 
Relative to sham animals (N=5), expression of NOS-1, but not NOS-2, 
increased by approximately 45% in spinal cord from Chung animals (N=6) two 
weeks following surgery. No change in the expression of NOS-1 was detected in 
DRGs (N=6). In contrast, relative to control animals, a 50% increase in NOS-1 
expression was detected in DRGs from capsaicin-treated animals (N=6), with a 
more modest change, 28%, in both NOS-1 and NOS-2 detected in the spinal cord 
(N=6). These findings suggest that NO may play a role in both capsaicin- 
induced degeneration and the development and/or maintenance of neuropathic 
pain. The differences in NOS expression suggest that the role of NO may be 
slightly different in each model. [Supported by Abbott Laboratories].

152.3

PATCH CLAMP ANALYSIS OF THE REORGANIZATION OF 
PRIMARY AFFERENT INPUTS TO SUBSTANTIA GELATINOSA  
FOLLOWING PERIPHERAL INFLAMMATION T. Nakatsuka‘.
T. Tam aki2. T. Nishimura3* and M. Yoshimura1
'Dept. Physiol., Saga Med. Sch., S aga849. 2Dept. Ortho. Surg., 

WakayamaMed. Sch., W akayama7-27 and 3Dept. Physiol., Tokai 
Univ. Sch. Med., Isehara259-1193, Japan

Electrophysiological and behavioral studies have shown that 
hyperalgesia due to inflammation is the results in part o f central 
sensitization. However, the cellular mechanism for central sensitization 
is not clear at the moment. The present study is designed to address this 
issue by comparing synaptic inputs to substantia gelatinosa neurons to 
primary afferent stimulation in spinal cord slices obtained from normal 
and inflamed rats induced by intraplanter injection o f complete Freund's 
adjuvant. Blind patch clamp recordings were made to analyze the 
synaptic currents evoked by dorsal root stimulation. In normal rat, large 
number o f SG neurons received monosynaptic Ad (35/41) and 
polysynaptic C afferent inputs. In addition, the amplitude o f Ad afferent 
evoked EPSCs was larger than that o f C afferent responses (ratio = 1.8 ). 
In inflamed rats, however, the number o f neurons receiving 
monosynaptic Ad inputs decreased significantly to 50 %. Furthermore, 
the Ad afferent responses decreased in amplitude and the ratio o f 
amplitude o f responses evoked by Ad and C afferents was reduced to 
0.7. These results suggest that the Ad afferents pathway changes 
plastically to transmit nociceptive information through intemeurons to 
SG following peripheral inflammation and this reorganization o f afferent 
inputs may have an important role in the development o f hyperalgesia 
due to inflammation. Supported by HFSP for Yoshimura.

152.2
LONG-LASTING INFLAMMATION AND HYPERALGESIA EVOKED BY 
SUBCUTANEOUS FORMALIN INJECTION: ASSOCIATED WITH SPINAL 
MICROGLIAL ACTIVATION K. Fu1, A. R. Light2, and W. Maixner1* (Dental 
Research C enter', Dept of Physiology2, UNC-Chapel Hill, NC 27599-7455, USA) 

Subcutaneous formalin injection is widely used as a nociceptive stimulus in the 
rat. This procedure evokes overt behaviors that last about 1 hour. However, little is 
known about the duration of paw inflammation and alterations in pain sensitivity to 
noxious stimuli after 1 hour. We studied the nociceptive responses to thermal and 
mechanical stimulus from 2 hrs to 4 weeks after formalin injection into the dorsal 
or plantar surface of the hindpaw. 30 adult male Sprague-Dawley rats were divided 
into three groups: 50 µl 5% formalin was injected into the plantar surface (N = ll), 
or dorsal surface (N = ll), or 50 µl saline into the dorsal surface of the right 
hindpaw (N=8). Nociceptive responses were recorded to thermal and mechanical 
stimulation on the dorsal and plantar surfaces of the injected and the contralateral 
side. In a separate study, spinal L4-L5 from 32 formalin injected rats were 
evaluated for microglial activation by quantitative analysis using OX-42 antibody. 
The results showed formalin evoked edema in the injected paw for 7-10 days, 
returning to baseline level at 4 weeks. Formalin injected into the dorsal surface of 
hindpaw produced both thermal and mechanical hyperalgesia on the plantar surface 
and produced an initial hypoalgesia on the dorsal surface, which became 
hyperalgesic 1 week post-injection. Formalin injected into the plantar surface 
produced the opposite responses on the plantar and dorsal surfaces. Microglial 
activation (OX-42 expression) was observed in ipsilateral spinal dorsal horn 3 days 
after injection, peaking at 1 week and returning to baseline at 4 weeks. The time 
course o f the hyperalgesic behaviors matched the time course of spinal microglial 
activation. These findings suggest the spinal microglial activation and spinal 
hyperexcitability may contribute to the long-lasting inflammation and hyperalgesia 
evoked by subcutaneous formalin injection. Supported by DE 11661 (W. Maixner).

152.4
PLASTIC CH A N G ES IN PRIMARY AFFERENT  
IN PU T S TO SU BST A N TIA  GELATINOSA DURING  
POST-NATAL DEVELOPMENT: PATCH CLAMP 
STUDY
J-S. Park*. H. Higashi* & M. Yoshimura^ Dept. Physiol., Saga Med. Sch., 
Saga 849 and *Dept. Physiol., Kurume Univ. Sch. Med., Kurume, 830 Japan.

Recently, the sprouting of central terminals of myelinated Aß afferents into 
substantia gelatinosa (SG) from deeper laminae following peripheral nerve injury 
has been reported and this redistribution of the large primary afferents in SG, 
which receives predominantly nociceptive inputs, may be underlying 
mechanisms for neuropathic pain. On the other hand, it has been reported that 
assembly of receptor subunits in mature state alter to immature state following 
nerve injury.

The present study is designed to address the question whether the large Aß 
afferent fibers transmit sensory information to SG in immature state and retract 
to deeper laminae consequent on incoming Aδ afferents during maturation by 
using spinal cord slice preparation with attached dorsal root. Blind patch clamp 
recordings were made from SG neurons in slices obtained from 3 and 7 weeks old 
rats to compare synaptic inputs from the periphery. Conduction velocities and 
stimulus intensities for activation of Aß and Aδ afferents were determined by 
intracellular recordings of the antidromic action potentials from dorsal root 
ganglion neurons. In mature rats, the ratio of EPSCs derived from Aß and Aδ 
afferents was 8 and 68 %, respectively. In contrast, the EPSCs derived from Aß 
afferents were dominant in immature rats and the ratio was 63 and 20 %, 
respectively. These observations suggest that Aß afferents which are prevalent in 
SG in immature state are taken the place by Aδ afferents after maturation and 
this developmental changes in afferents innervating SG reflect the redistribution 
of primary afferents following nerve injury.

# Sported by HFSP for Yoshimura.
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152.5
AFFERENT C FIBRE ACTIVATION DOES NOT ELICIT INHIBITION OF 
DORSAL HORN NEURONES IN THE NEONATAL RAT SPINAL CORD. E,S,L 
Faber, R.H. Evans & PM . Headley. Dept. Physiology, University of Bristol, BS8 
1TD, UK. (SPON: British Neuroscience Association).

A and C fibre evoked synaptic currents were investigated in a preparation of 
dorsal spinal cord containing the insertion zone of L4 or L5 dorsal roots, in 3-7 day 
old unsexed Wistar rat pups. Preparations were superſused at 27°C with ACSF 
containing (mM); NaCl 137; KC1 3; CaCl2 L5; M gS04 0.75; glucose 12; NaHCO⅜ 
24, gassed with 95/5% 0 2/C 0 2. Electrical stimuli to a dorsal root were chosen to 
model non-noxious (twice threshold (2T) for eliciting a compound action potential 
(CAP) in the dorsal root) and noxious (8T) stimuli. The C fibre wave in the CAP 
was absent at 2T and was maximal at 8T. Whole cell recordings were made from 
dorsal horn neurons within 200 µm of the dorsal surface via patch pipettes (4-10 
MΩ) containing (mM); potassium gluconate 130; KC1 10; EGTA 11; HEPES 10; 
CaCl2 1; MgCЬ 2. Evoked whole cell inward currents (EPSCs. holding potential 
-60 mV) and outward currents (IPSCs, holding potential -40 mV) were recorded 
from 8 preparations. The mean maximal integrated area under the curves of the 
evoked EPSCs and IPSCs (AUC, nA.ms) were 98.8 ± 1 and 364.4 ± 4 4  respectively 
The mean input resistance was 100 ± 16 MΩ and the mean membrane potential 
(1=0) was -47 ± 3 mV (n=8). The evoked EPSCs and IPSCs had a mean latency from 
the stimulus artifact of 5.6 ± 0 .1  ms (n=7) and 9.9 ± 0.2 ms (n=3). Increasing the 
stimulus intensity from 2T to 8T had no effect (p=0.4. unpaired t-test) on the AUC of 
the evoked IPSC (mean ratio of 8T/2T=l .l, n=3). However, the AUC of the evoked 
EPSC was significantly (p=0.033, Mann-Whitney) increased (mean ratio 
8T/2T=12.9. n=7). These data indicate that under these conditions maximal activity 
in afferent C fibres does not recruit inhibitory processes in spinal dorsal horn 
neurones whilst it significantly increases excitatory transmission. Supported by the 
Wellcome Trust (grant 047258/Z).

152.7
ACTIVATION OF SPINAL NOCICEPTIVE NEURONS BY INTRA
CUT ANEOUS MICROINJECTION OF NICOTINE. S.L. Jinks and E. 
Carstens*. Neurobiology, Physiology & Behavior, UC Davis, CA 95616.

Nicotine is irritating to the oral and ocular mucosa and skin, but little is 
known about the neural mechanisms underlying these sensations. We 
have therefore investigated the responses o f nociceptive spinal dorsal horn 
neurons to intracutaneous (ic) application o f nicotine.

In pentobarbital-anesthetized rats, single-unit recordings were made from 
lumbar wide dynamic range-(WDR) type dorsal horn neurons. Nicotine 
was microinjected ic in 1 µl volumes into the low-threshold region o f the 
hind-paw mechanical receptive field. Nicotine ic elicited responses in 86% 
of WDR units that increased in a dose-related manner (0.01-10% ). Mean 
responses to 10% nicotine decreased significantly across successive trials 
repeated at 5-min intervals, and showed less tachyphylaxis at 10- and 15- 
;min intervals. All nicotine-responsive units also responded to ic histamine 
( lµ l ,  3%) and did not exhibit tachyphylaxis to repeated histamine. 
However, there was significant cross-tachyphylaxis o f nicotine to 
histamine. Five min after ic nicotine 10%, histamine-evoked responses 
were significantly attenuated compared to the initial histamine-evoked 
response prior to nicotine; cross tachyphylaxis recovered over the ensuing 
15 min. Mechanical receptive fields were mapped using graded von Frey 
filaments, and the lowest-threshold field showed a significant expansion at 
10 and 20 min following ic nicotine 10% indicative of central sensitization.

Nicotine ic excites and sensitizes spinal WDR neurons, and also exhibits 
tachyphylaxis and cross-tachyphylaxis to histamine upon repeated 
application. Activation o f WDR neurons by ic nicotine may contribute to 
irritation and pain when nicotine contacts epithelia.

Supported by NIH N S-35788 and Calif. Tobacco-Related Disease 
Research Program #6R T -0231.

152.9
CELLS IN LAMINAE III AND IV OF RAT SPINAL DORSAL HORN WHICH 
EXPRESS NEUROKININ 1 RECEPTOR RECEIVE A SELECTIVE INPUT FROM 
NEUROPEPTIDE Y-CONTAINING AXONS E. Polear*. S.A.S. Shehab and A.J. 
Todd, Laboratory of Human Anatomy, University of Glasgow, Glasgow G12 8QQ UK

There is a great deal of evidence which suggests that substance P (SP), the most 
abundant tachykinin peptide plays an important role in spinal nociceptive information 
processing. It is released from primary afferents upon noxious stimulation and acts on 
neurons which express the neurokinin 1 receptor (NK1R). Recent immunocyto- 
chemical studies have revealed the distribution of NKIR-immunoreactive neurons in 
the spinal cord. Some of these cells have their somata in laminae III/IV and dendrites 
which penetrate into the superficial laminae. These cells receive numerous synapses 
from SP-containing primary afferents. Further transmission of the incoming 
information is under the control of circuits built up from local excitatory and inhibitory 
interneurons. Neuropeptide Y (NPY) is present in a population of inhibitory 
(GABAergic) interneurons in the dorsal horn, and when injected intrathecally has an 
analgesic effect. Therefore our aim was to determine whether NPY-containing axons 
were presynaptic to NKIR-immunorective neurons with cell bodies located in laminae 
III/IV. Double-labelling immunofluorescence and confocal microscopy revealed that 
all neurons of this type were associated with numerous NPY-immunoreactive axons, 
which formed contacts with both the cell bodies and dorsal dendrites. Combined 
confocal and electron microscopy revealed that synapses were present at points of 
contact. This association between NPY-containing axons and NKIR-immunoreactive 
neurons appeared to be specific, since cells belonging to the post-synaptic dorsal 
column pathway (which have cell bodies in the same laminae but are not NK1R- 
positive) did not have a similar pattern of input from NPY-immunoreactive axons.

This work was supported by the Wellcome Trust.

152.6
NEONATAL PERSISTENT PAIN ALTERS SPINAL NEURAL CIRCUITRY 
O.D. Ling*. M.A. Ruda. Pain and Neurosensory Mechanisms Branch, NIDR, NIH, 
Bethesda, MD 20892

Spinal nociceptive neural circuits develop during both embryonic and postnatal 
times. Painful stimuli are normally absent or limited during this critical developmental 
period. Pain thus represents a unique sensory stimulus, where the pathways are 
programmed to develop without stimulation. This study examined the effect of early 
postnatal persistent pain on development of spinal pain pathways. On postnatal day one 
(PI), male Sprague-Dawley rats received a 25ul injection of complete Freund’s 
adjuvant (CFA, 2;l) unilaterally into the left hindpaw. At eight weeks of age, the left 
and right sciatic nerves were microinjected unilaterally or bilaterally with a horseradish 
peroxidase (HRP) conjugate; wheat germ agglutinin HRP (WGA-HRP) is a marker for 
small diameter mainly unmyelinated primary afferents while choleragenoid HRP (B- 
HRP) labels large myelinated afferents (C. Lamotte et al, 1991). After 48 hours, 
animals were perfused with 4% paraformaldehyde, the L2-S2 spinal cord segments and 
dorsal root ganglia were removed, and cut into ЗOµm sections to be processed for HRP 
histochemistry using the tetramethylbenzidine (TMB) method. No difference in spinal 
cord labeling of large myelinated axons with B-HRP was found between left and right 
sciatic nerves. In contrast, WGA-HRP produced a different pattern of afferent staining 
from the left sciatic nerve which innervated the neonatally injected paw, as compared 
to the untreated paw. On the PI treated side, heavier staining was seen in laminae I and 
II across the medio-lateral extent of the dorsal horn. Some labeling was found in 
laminae III and IV and a band of axons could be traced along the medial edge of the 
dorsal horn to lamina X. More labeled axons were visible in the dorsal columns and 
the density of terminals was greater in n. gracilis. Laminae I and II staining persisted to 
sacral spinal levels only on the PI treated side. These data demonstrate a dramatic 
alteration in spinal pain pathways after neonatal persistent pain. This plasticity in 
nociceptive neuronal circuits may result in differences in the response to painful stimuli 
in the adult. Supported by the NIDR Division of Intramural Research.

152.8
LOCALIZATION OF THE INTERFERON-γ RECEPTOR IN THE RAT DORSAL 
HORN AND LATERAL SPINAL NUCLEUS. B. Robertson. K. Vikman. G. Grant*.
A. Lil⅜eborg and K. Kristensson, Dept o f Neuroscience, Karolinska Institutet, S-171 
77 Stockholm, Sweden.

In a previous study we found immunoreactivity for the receptor for IFN-γ (IFN-γR) 
in the superficial parts of the rat and mouse spinal dorsal horn, and in the lateral 
spinal nucleus (LSpN), as well as the rat dorsal root ganglion. Dorsal root 
ưansections did not, however, noticibly influence the IFN-γR immunoreactivity. The 
regional distribution overlapped with that of neuronal nitric oxide synthase (nNOS). 
Functional studies on mice, in which the gene for the IFN-γR had been deleted, 
suggested that the IFN-γR is involved in spinal nociceptive pathways related to 
neuropathic pain.

The aim of the present study was to examine the cellular localization of the IFN-γR 
at the light and electron microscopic level, and to relate its pattern of distribution to 
that of other well known receptors involved in nociception and, also by confocal 
microscopy, to study possible colocalization with nNOS. In addition, the possible 
contribution of supraspinal projections as source of IFN-γR immunoreactive 
structures was analysed.

Our results suggest that the IFN-γR is localized, at least predominantly, to 
dendrites in laminae I and II, but to axon terminals in the LSpN. In dorsal horn 
regions where the IFN-γR is found, GluR2/3 is also present. The NK1 receptor was 
present only to a minor extent in dorsal horn regions showing IFN-γR 
immunoreactivity. nNOS immunoreactive structures were extensively colocalized 
with IFN-γR immunoreactive structures in the LSpN, but only to a minor degree in 
laminae I and II. Spinal cord hemisections did not seem to alter IFN-γR 
immunoreactivity in the spinal cord, either below or above the hemisection.
This study was supported by the Swedish Medical Research Council (project 553, 
and 4480).

152.10
CELLS IN LAMINAE III AND IV OF RAT SPINAL CORD WITH THE 
NEUROKININ-1 RECEPTOR RECEIVE MONOSYNAPTIC INPUT FROM 
MYELINATED PRIMARY AFFERENTS. A.J. Todd*. M. Naim and S.A.S. 
Shehab. Laboratory of Human Anatomy, Glasgow University, Glasgow, G12 8QQ,
U.K.

We have previously demonstrated that neurons which have cell bodies in lamina 
III or IV of the rat spinal cord, dendrites that enter the superficial laminae and 
which possess the neurokinin-1 receptor receive a major monosynaptic input from 
substance P-containing primary afferents, which are likely to be nociceptors. In this 
study we examined the monosynaptic input to these cells from myelinated primary 
afferents by using transganglionic transport of the B subunit of cholera toxin to 
identify the central terminals of myelinated primary afferents in the sciatic nerve. 
Dual-immunofluorescence and confocal microscopy revealed apparent contacts 
between labelled primary afferent terminals and all of the neurokinin-1 receptor- 
immunoreactive neurons examined. These contacts were present throughout 
laminae III and IV, although they were much less numerous than those which the 
cells receive from substance P-containing primary afferents.

By using a combined confocal and electron microscopic technique we were able 
to confirm that synapses were present at some of the contacts between myelinated 
primary afferents and neurokinin-1 receptor-immunoreactive neurons, however at 
some other apparent contacts which were observed with the confocal microscope, 
electron microscopy revealed that there was a separation between the 
immunoreactive profiles. This means that the density of contacts was over
estimated with the confocal microscope. These results suggest that neurons in 
laminae III and IV with the neurokinin-1 receptor will have wide-dynamic range 
receptive fields, but that their input from nociceptors will be more powerful than 
that from low-threshold mechanoreceptors.

This work was supported by the Wellcome Trust.
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152.11
GLYCINE-LIKE IMMUNOREACTIVE TERMINALS CONTACTING 
SPINOTHALAMIC TRACT NEURONS IN RAT SPINAL CORD. Z. Ye* and K. N. 
Westluπd. Department of Anatomy and Neurosciences, University of Texas Medical 
Branch, Galveston, TX 77555-1069.

Glycine has been shown to have an inhibitory effect on the spontaneous activity 
and nociceptive evoked responses in the dorsal horn neurons in the spinal cord 
including spinothalamic tract (STT) neurons. The relationship between endogenous 
glycine and STT neurons is not clear. Therefore, immunocytochemical study was 
carried out to determine if any of the terminals contacting STT neurons in the dorsal 
horn are immunoreactive for glycine. A retrograde tracer WGA-HRP (Sigma) was 
injected into VPL nucleus of thalamus of rats, after three days survival time and 
perfusion (2.5% glutaraldehyde, ł%  paraformaldehyde, 0.1m PBS), lumber cord 
tissue was cut on a vibratome at 25-50µm. HRP was visualized by 
tetramethylbenzidine and stabilized with ammonium paratungstate and 3,3’- 
diaminobenzidine hydrochloride. This procedure makes the peroxidase reaction 
product assume a large, dense crystalline appearance identifying STT neurons. 
Tissue sections were then immunostained for glycine, biotinylated secondary 
antibody, avidin-biotin-peroxidase complex, and visualization with DAB. After 
treatment with OsO4, embedding in epoxy resin and cutting, thin sections containing 
STT cells were examined under an electron microscope. Immunolabeling for glycine 
was found in cells, myelinated and unmyelinated axons, dendrites, and axonal 
terminals in dorsal horn. No STT neurons were observed labeling for glycine. Upon 
examination of the terminals surrounding STT neurons, about one percent of the 
terminal population were immunolabeled for glycine, some of them had sy naptic 
contacts with STT neurons and were of the symmetric type. Synaptic vesicles in the 
glycine labeled terminals were round or oval clear vesicles. Present data indicate that 
STT cells may receive glycincrgic inhibitory input. (Supported by NIH grant NS 
32778).

152.13
LOCATIONS O F SPIN O TH A LAM IC  A N D  S P IN O H Y P O TH A LA M IC  TRACT 
AXONS IN CERVICAL AND TH O R A C IC  S PIN A L C O R D  W H IT E  M ATTER IN 
MONKEYS. X. Zhana*. H.N. W enk. C.N. Honda and G .J.G ies le r. Jr.. Dept, of 
Cell Biol. & Neuroanat., Neurosci. P rogram , U niv, o f M inn., M inneapolis, MN 
55455.

The sp inotha lam ic (STT) and sp inohypo tha lam ic tra c ts  (SHT) are m ajor 
ascending pathways tha t carry noc icep tive  in form ation  from  the  sp ina l cord to 
the brain. The aim  o f th is study was to  use physio log ica l techn iques to  locate 
STT and SHT axons w ith in  the  sp ina l cord wh ite  m a tte r o f m onkeys. STT and 
SHT neurons in the lum bosacra l cord were a n tid ro m ica lly  activa ted  from  
contralateral tha lam us and hypotha lam us. A fte r dete rm in ing  the  receptive 
fields and som atic  response properties, sys tem atic  a n tid rom ic  m apping 
techniques were used to  locate the  axons o f recorded neurons w ith in  one or 
more levels o f the cord. To date, the  axons o f seven  S TT  neurons and six 
SHT neurons have been studied. F ive  S TT ce lls  w ere classified  as wide 
dynamic range neurons and two as h igh-threshold  neurons. S ix  o f these were 
recorded in the  deep dorsal horn and one in supe rfic ia l dorsal horn. A ll s ix 
SHT cells were c lassified as w ide dynam ic  neurons and were  recorded in the 
deep dorsal horn. Twenty s ix  low thresho ld  poin ts (< 30 uA) were found in the 
white m atter o f the contra la tera l ce rv ica l en la rgem ent and the  upper thoracic 
cord segments. Fourteen low threshold  poin ts were fo r ac tiva ting  S TT axons 
and twelve fo r activating SHT axons. A ll low  thresho ld  poin ts were in the 
lateral funiculus. Most were located at the  dorsa l-ven tra l leve l o f the 
denticulate ligam ent. V ery few  low threshold  poin ts were  found  in the most 
dorsal o r ventra l parts o f the lateral fun icu lus. No c le ar d iffe re n ces  were noted 
in the locations o f STT and S HT axons. Supported by NS25932, DA09461 
and DEO7288.

152.15
THE EFFECTS OF NOXIOUS THERMAL CONDITIONING ON THE 
JAW-OPENING REFLEX AND TRIGEMINAL FOS EXPRESSION IN THE 
FERRET S. Chaisin1*, A.R. Light3. M. Närhi2 and W, M aixner‘ Dental 
Research Ctr1, Dept o f Physiology3, Univ, o f North Carolina at Chapel Hill, 
NC 27599-7455 and Dept o f Physiology2, Univ, o f Kuopio, Finland 

We examined the effects of noxious tooth-pulp heating on the jaw-opening 
reflex (JOR) and trigeminal Fos expression in chloropent-anesthetized ferrets. 
The JOR was quantified by measuring digastric electromyogram responses to 
10 electrical test stimuli [5 msec cathodal pulses 5x threshold (250-500 µA)] 
applied at a frequency o f 0.1 or 1.0 Hz to the right maxillary canine. Ten 6O°C 
contact thermal stimuli were applied to the right maxillary and mandibular 
canines for 1 minute with a 5 minute interstimulus interval for 60 minutes. 
JOR responses were reassessed immediately after tooth heating and at 10 
minute intervals for 60 minutes. Controls received sham thermal 
stimulation(37ºC). Animals were perfused with paraformaldehyde and the 
brainstem processed for Fos-LI. Noxious thermal conditioning produced an 
enhancement in the magnitude o f the JOR to electrical stimuli applied at 1.0 
Hz and 0.1 Hz. In addition, noxious thermal conditioning produced a temporal 
summation o f JOR responses evoked by test stimuli delivered at 1.0 Hz but 
not at 0.1 Hz. Fos-positive nuclei were found in trigeminal caudalis (Vc), the 
transition zone between trigeminal interpolaris and caudalis (Vi/Vc) and 
ưigeminal interpolaris (Vi); also, a few cells were observed in trigeminal 
oralis (Vo), the main sensory nucleus (PгV) and the motor nucleus (Msn). 
However, more Fos positive cells were found in Vc and Vi/Vc when tooth 
pulp heating was included than when electrical stimulation was delivered 
without tooth heating (p <0.05, ANOVA). These results show that 
conditioning the tooth-pulp with a noxious thermal stimulus, which produces a 
preferential activation of C-fibers, produces sensitization and temporal 
summation o f reflex responses to tooth-pulp stimulation. In addition, the Fos 
findings suggest that neurons within Vc and Vi/Vc may mediate sensitization 
and temporal summation to noxious tooth-pulp stimulation. (Supported by DE 
11661; W. Maixner).

152.12
IMMUNOШ STOCHEMICAL IDENTIFICATION OF ASCENDING  
LAMINA I AXO NS IN THE LATERAL SPINOTHALAMIC TRACT.
A.D. (Bud) Craig*. E.-T. Zhang, and A. Blomqvist. D iv. Neurobiology, 
Barrow Neurological Institute, Phoenix, Arizona 85013, and Cell Biol. & 
Anat., Fac. Health Sci., Univ. Linköping, Sweden S-58I 85.

Early anatomical and neurosurgical studies o f ascending spinothalamic 
fibers in humans indicated there are two bundles, a lateral tract associated 
with ‘pain and temperature’, and an anterior (ventral) tract associated with 
‘crude touch and m ovem ent’. Later experience suggested a broader 
distribution in an ‘anterolateral system ’. Recent anatomical studies tend to 
support the earlier findings of two bundles, indicating that lamina I spino
thalamic axons ascend in the middle o f the lateral funiculus, and that 
lamina V-VII axons ascend in the ventral funiculus.

Lamina I axons that terminate in the posterior portion of the ventral 
medial nucleus (VMpo) in primates and humans are immunoreactive for 
calbindin 28kD, and so are their somata (Craig et al, 1994; SN 23:1804). 
Therefore, we examined the C2 white matter of 3 cynomolgus monkeys 
and 5 humans for calbindin immunoreactivity. W e used pre-incubation in 
methanol ⁄  peroxide, calbindin antiserum from Sigma, and an A BC/DAB  
reaction. W e found a dense bundle o f labeled fibers in the middle o f the 
lateral funiculus o f both species. W e also examined C2 in 8 monkeys with 
PHA-L or dextran injections in spinal lamina I (from prior work), and 
found labeled ascending axons in the same location.

These observations are consistent with the view that calbindin-positive 
lamina I axons that project to VMpo ascend in the middle o f the lateral 
funiculus and form the lateral spinothalamic tract, which is important for 
pain and temperature sensation in primates. (NS 25616)

152.14
FOS EXPRESSING NEURONS IN RAT LUMBOSACRAL SPINAL CORD 
INDUCED BY VISCERAL HYPERALGESIA AFTER REPEATED COLORECTAL 
DISTENTION. L. Wang *. M. Million. C. Maillot and Y. Taché. CURE: Dig. Dis. 
Res. Ctr., West Los Angeles VA Med. Ctr.; Dept o f Med. and Brain Res. Inst., UCLA. 
Los Angeles, CA 90073.

In rats, colorectal distention (CRD) induces an increase in c-fos expression in the 
lumbosacral spinal cord {Pain 51:335,1992). We have shown that rats exposed to 2 sets 
o f repeated CRD displays a hyperalgesic response assessed by recording abdominal 
contractions. To identify the related neural pathway in the spinal cord, we studied the 
activated neurons labeled by Fos immunoreactivity and double-stained with NADPH- 
diaphorase or choline acetyltransferase (CҺAT). Under brief Enflurane anesthesia, adult 
female rats were implanted with strain gauges on the external abdominal muscle and a 
balloon (4 cm) was positioned into the rectocolic segment (1 cm rostral the anus). Rats 
were grouped as control (without CRD), 1 set o f repeated CRD (30, 40 and 50 mmHg, 
two times o f each, 3 min on/off,) or 2 sets at 30 min interval. Immunohistochem¡stry 
procedures were processed in the lumbosacral spinal sections. Fos-positive cells induced 
by CRD were increased in L6-Sl in the lamina I and IIo (outer layer), prominently in the 
lateral part, along the lateral collateral pathway (LCP) and in the intermediolateral 
column (IML), as well as Hi (inner layer)-VII and area X. The increases in the laminae 
I-IIo and IML were in an order of control < 1 set < 2 sets of CRD, associated with the 
same order o f increase in abdominal contractions. The majority o f Fos neurons induced 
by CRD in the IML located in the dorsal part and were not positive for NADPH- 
diaphorase or CҺAT. O f the Fos positive cells in the IML, those which were double- 
stained with NADPH-diaphorase were 18.4 ± 2.4% in the 1 set o f CRD and 15.3 ± 3.2% 
in the 2 sets compared with control 3.4 ± 1.7 % (n=5 in each), and those with CҺAT 
positive 16.8% in the 2 sets (n=2). These data indicate that visceral hypersensitivity 
resulted from repeated CRD involves neuronal activation of the spinal cord dominantly 
in the lateral part of visceral afferent pathway and sacral parasympathetic preganglionic 
nucleus where most o f the Fos expressing neurons may be intemeurons.
NIH DK-41301 (center grant, animal core) and Astra Haessle grant.

152.16
PARABRACHIAL NUCLEAR CFOS LABELING CORRELATES TO 
TRIGEMINAL NUCLEUS CFOS FOLLOWING DENTAL EXTRACTION. Vahn A. 
Lewis*. Basic Science Dept. University of Texas, Dental Branch, Houston, TX 77030.

The Spinal /Trigeminal-Parabrachial-Amygdaloid pathway has been identified as a 
pathway for mediation of noxious stimulus information into the CNS. In this study we 
investigated the relationship between trigeminal cell cFos production after dental 
extraction and cFos production in the lateral parabrachial nucleus area. 15 Sprague- 
Dawley derived rats were studied. Rats were anesthetized with pentobarbital and 
maxillary third molar extractions performed on 11 (4 controls). One hour following 
extractions, the animals were sacrificed and their brains prepared for immuno- 
localization of cFos protein by double antibody labeling techniques. Stained sections 
were mounted on glass slides and counts of labeled nuclei were performed using a 
camera lucida. Regional areas were obtained using ImagePro computer area 
integration. Data were expressed as regional Cfos densities (counts/area). Four 
trigeminal regions were defined for counting: lamina 1-2 (L12), lower lamina(LL), 
upper гeticular(UR), lower reticulaг(LR). Caudal-rostral counting regions were the 
subnucleus caudalis (SC), area postrema(AP) and fourth ventricle(IV). The lateral 
parabrachial region was counted in two regions, medial (PA) and lateral (PB). After 
dental extraction the highest trigeminal cFos densities were found in the ipsilateral (I) 
AP-L12-I. There was were significant coưelations between all trigeminal counting 
regions(aveгage Pearson r=0.77). There were significant correlations between 
parabrachial counting regions (areas A,B I) г=.77 and contralateral(C) r=.7l. Relative 
to the extraction site: there were significant (P=>0.05) correlations between trigeminal 
densities and both the I and C parabrachial nuclei. APC > A P 1= SCC > IVI = IVC > 
SC I. The largest correlation was SCI-LR-PAI r=.69. The fewest significant 
correlations were with the LL region. The author thanks Dr. Alan Basbaum and UT 
Dental Branch for support, Margret Mayes, Lam Yu, Sahara LeSage and Pauline Duke 
for their assistance.
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152.17
ELECTRO PHYSIOLOG ICAL EV ID EN C E FOR A SPIN O - 
PA R A B R A C H IO -T H A L A M IC  N O C IC EPTIV E PA T H W A Y  
RELAYING IN THE INTERNAL LATERAL SUBNUCLEUS. 
L·-BflЦCg℮aİSı I- MpņçQnduit⅛„L;. Villa,nuęyą ?nd J.F. Bernard!. 
INSERM U  161,2 rue d A lésia, F-75014 Paris, France.

We have recently suggested  that the parabrachial internal lateral 
(PBil) subnucleus is the relay of a spino-parabrachial-thalam ic  
pathway. Indeed the PBil receives a dense projection from the spinal 
lamina V and projects specifically to the paracentral thalamic (PC) 
n uclei. The aim  of the p resent stud y  w as to determ in e the 
physiological properties of parabrachio-thalamic neurons.

Unitary extracellular recording of neurons antidrom ically driven  
from the PC nucleus and located in and around the PBil subnucleus 
w ere m ade in rats anaesthetized w ith  halothane (0.5%) in nitrous 
oxide and oxygen mixture (2 /3 -1 /3 ) . U nits w ere characterized by 
their responses to cutaneous innocuous and noxious m echanical, 
thermal and electrical stimuli.

N one of the PBil-thalam ic neurons responded  to innocuous  
stim uli whereas, all these units responded to m echanical, thermal 
and electrical noxious stim uli from a receptive field that included  
w idespread cutaneous regions of the body. These neurons encoded  
the intensity of thermal stimuli in a noxious range.

In conclusion, the present study dem onstrated the existence of a 
spino-parabrachio-thalamic nociceptive pathw ay. C onsidering the 
projections of the PC nucleus to striatal and prefrontal cortex, this 
pathw ay could be involved  in arou sal/m otivation al reactions in 
response to noxious events.

152.19

SPINAL TERMINATIONS OF PROJECTIONS FROM THE RAT 
VENTROM EDIAL MEDULLA: AN ANTEROGRADE STUDY.
S.L- Jones1*. A M. Thompson2 and L.M. Engleman1. Departments o f  
Pharmacology1 and Otorhinolaryngology2 , University o f  Oklahoma 
Health Sciences Center, Oklahoma City, OK 73106.

The ventromedial medulla plays an important role in the descending 
modulation o f  spinal nociceptive transmission. The purpose o f  the 
present study was to examine the spinal terminations o f  projections from 
the rat ventromedial medulla in upper cervical, lower cervical, thoracic 
and lumbar spinal cord segments.

Rats were anesthetized with an intraperitoneal injection o f  
pentobarbital. A 0.1 µl injection o f  10% biotinylated dextran amine 
(B D A ) was made into the ventromedial medulla using a Hamilton 
microsyringe stereotaxically directed at the NRM. Following a 3 week 
survival period, the rats were re-anesthetized and perfused. The spinal 
cord and medulla were processed for BDA-like immunoreactivity; 
labeled terminations were mapped using a camera lucida drawing tube.

At all levels o f  the spinal cord, extensive labeling was observed 
throughout the gray matter. To date, it appears that the superficial 
laminae o f  the spinal cord dorsal horn receive fewer terminations at 
cervical levels, and the ventral horn receives fewer terminations at the 
lumbar level. Labeling density in the remaining regions is similar across 
segments. Supported by N ID A  (D A 07196) and AHA, Oklahoma 
Affiliate (9 607719S).

152.18
M asseter in flam m ation-induced Fos protein  expression  in 
brainstem  neurons depends on som atosensory-vagal-adrenal 
in teg ra tio n . H. Imbe*. R. Dubner and K. Ren. Department of Oral and 
Craniofacial Biological Sciences, University of Maryland Dental School, Baltimore, 
MD 21201.

Temporomandibular disorders are often associated with persistent pain involving 
muscles of mastication. In the present study we examined the expression of Fos 
protein, a marker o f neuronal activation, in brain stem neurons following 
inflammation of the masseter in order to further understand the changes in the 
trigeminal nociceptive pathway after orofacial deep tissue injury. Under methohexital 
(50 mg/kg) anesthesia, the masseter was exposed by a small cut and inflammation was 
induced by a unilateral injection of complete Freund's adjuvant (CFA, 0.05 ml, 1:1 
oil/saline suspension) into the masseter. The rats were perfused 2h after the injection 
of CFA and the brain stem tissues from 2 mm rostral to 6 mm caudal to the obex were 
dissected. Serial sections were processed for Fos protein immunocytochemistry. 
Unilateral masseter inflammation induced bilateral Fos-like immunoreactivity (LI) in 
the spinal trigeminal nucleus (Vsp), the nucleus tractus solitarius (NTS), ventrolateral 
medulla (VLM) and medullary reticular formation. The Fos-LI peaked at the periobex 
level. In the ipsilateral Vsp, the Fos-LI was significantly higher than that on the 
contralateral side (p<0.05). This difference was most prominent in the dorsal portion 
of the Vsp. There were no significant differences in Fos-LI between ipsilateral and 
contralateral NTS and VLM. A selective activation of Fos-LI was identified on both 
sides of the medulla by subtracting Fos-labeled neurons that were non-selectively 
activated by skin-cutting or methohexital anesthesia. Results from a unilateral 
vagotomy experiment indicated that a portion of the selective Fos-LI at the periobex 
level was dependent on vagal afferent input. In adrenalectomized rats, the Vsp Fos-LI 
was dramatically decreased while Fos-LI in the NTS and VLM was only slightly 
reduced, suggesting that selective induction of Fos-LI in the Vsp relied on the integrity 
of the pituitary-adrenal axis. These results suggest that inflammation of the masseter, 
an injury of orofacial deep tissue, results in a wide-spread change in neuronal activity 
that depends on integrity of the adrenals and vagus nerve. Supported by DEI 1964.
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153.2153.1
ONTOGENY OF SEXUALLY DIMORPHIC CHOLECYSTOKININ-8- 
IMMUNOREACTIVE AFFERENTS IN RAT LUMBOSACRAL LAMINAE 
VII AND X. D.C. Phan* and B.W. Newton Department of Anatomy, 
University of Arkansas for Medical Sciences, Little Rock, AR 72205.

Afferents containing cholecystokinin-8-like immunoreactivity (CCK-8- 
LI) are prominent in autonomic regions of lumbosacral (L-S) laminae VII &
X. Spinal CCK-8 is thought to regulate nociception and reproductive 
functions. Studies from our lab show that adult male (M) L-S CCK-8-LI > 
female (F). This study was performed to determine the development of 
CCK-8-LI afferent sexual dimorphism in the M and F rat L-S cord. The 
time points examined were: postnatal day (P) 0,1,2,4,6,7,8,10,12,14,21, 
28,35, and 45. The PAP technique was used and the CCK-8 antiserum was 
purchased from INCSTAR. At sympathetic spinal levels (LI,2) few CCK- 
8-LI fibers are seen from P0-P10 in either sex. P12-P14 represents the 
pivotal period where CCK-8-LI increases in M but not F: thus, establishing 
the sexually dimorphic pattern. From P14-P28, a gradual accumulation of 
CCK-8-LI fibers occurs such that the density and distribution of fibers 
approaches the adult appearance. The adult-like sexually dimorphic 
pattern is achieved by P35 for afferents surrounding LI,2 sympathetic 
neurons. For the parasympathetic region (L6-Sl), very few CCK-8-LI 
fibers are seen from PO-P6 in either sex. CCK-8-LI fibers appear on P7 in 
both sexes. From P7-P28, a gradual accumulation of CCK-8-LI fibers occurs 
with M > F. Sexual dimorphism is established by P35. Our results suggest 
that there is a differential maturation of CCK-8-LI afferents between the 
sympathetics and parasympathetics. This differential development of 
sexually dimorphic L-S CCK-8-LI afferents may be partially responsible 
for reproductive maturity and pain perception in developing rats. Funded 
by UAMS CAGSRF to D.C.P. and MREF to B.W.N.

THE DISTRIBUTION OF PACAP38-LIKE IMMUNOREACTIVITY IN 
THE RAT LUMBOSACRAL SPINAL CORD DIFFERS ACCORDING TO 
GENDER AND SENSITIVITY TO ANDROGEN. B.W. Newton*. Ī.L. 
McCoy and D.C. Phan Department of Anatomy, University of Arkansas 
for Medical Sciences, Little Rock, AR 72205 

Neuropeptides are distributed in a sexually dimorphic fashion in the rat 
lumbosacral spinal cord and gonadal steroids modulate the numbers of 
immunoreactive (IR) afferents in laminae VII & X. In general, the male 
(M) spinal cord contains more IR for neuropeptides that suppress pain than 
females (F). This study was performed to determine if PACAP38, a 
neuropeptide thought to enhance spinal nociception, is also distributed in 
a sexually dimorphic fashion and if the distribution of PACAP38-IR is 
"feminized" in androgen-insensitive Tfm rats. 7 M, 8 F and 5 Tfm adult 
rats (60-180 days-of-age) were perfused for the peroxidase, anti
peroxidase technique of Sternberger using a polyclonal PACAP38 
antiserum (Peninsula Labs). The data show that PACAP38-IR is sexually 
dimorphic in lumbosacral laminae VII & X. In contrast to all other 
neuropeptides examined to date, F had more PAPCAP38-IR than M, and 
Tfm rats had PACAP38-IR that was — F. PACAP38-IR was greatest in L6- 
Sl lamina VII, followed by LI,2 and L6-Sl lamina X. PACAP38-IR was 
moderate in the LI,2 intermediolateral cell column, with lesser amounts 
observed in the LI,2 nucleus intercalatus. These data support the 
hypothesis that the M rat spinal cord has a greater amount of IR for 
neuropeptides which suppress pain than F rats; therefore, F PACAP38 >
M. The distinctly feminized PACAP38-IR in Tfm rats suggests that 
androgens down-regulate PACAP38 production. Supported by a UAMS 
Medical Research Endowment Award to B.W.N. and a UAMS CAGSRF 
award to D.C.P.
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153.3
N E O N A T A L  T E S T O S T E R O N E  O R  D IH Y D R O T E S T O S T E R O N E  
IN JE C T IO N S  PER M A N E N TLY  IN C R EA S E C C K -8-L IK E -IM M U N O - 
REACTIVITY IN  THE FEM ALE RAT LUM BOSACRAL SPIN A L CORD.
T.R. N orsw orthy*. D .C  P han  an d  B.W. N e w to n . D ep a rtm en t of A natom y, 
U niversity  of A rkansas for M edical Sciences, L ittle Rock, A R 72205 

Cholecystokin in-8  (CCK-8) is fo u n d  in  sp in a l a fferen ts an d  p lays a role 
in  m o d u la t in g  n o c icep tio n . P re v io u s  s tu d ie s  h a v e  sh o w n  a sex u al 
d im o rp h is m  fo r th e  n u m b e r  o f lu m b o s a c ra l  (L-S) C C K -8-L ike  
Im m u n o reac tiv e  (LI) a fferen ts w ith  m ales (M) > fem ales (F). This s tu d y  
w as p erfo rm ed  to  de te rm in e  if exogenous a n d ro g e n s  co u ld  increase the 
qu a lita tiv e  n u m b er of CCK-8-LI a ffe ren ts in  the  fem ale  L-S sp in a l cord. 
Fem ale  ra t p u p s  w ere  tre a te d  w ith  te s to s te ro n e  p ro p io n a te  (TP) o r 
d ihy d ro T P  (DHTP; bo th  lm g , s.c., in soy  oil) on  p o s tn a ta l d ay s  (P) 0,2,4. 
C on tro ls co n sis ted  of l it te rm a te  p u p s  in jected  w ith  soy  oil, o r  n o rm a l 
litte rm ate  M  an d  F. A ll p u p s  m atu red  u n til P50-70, befo re  p erfu sio n  for 
IHC. The PA P techn ique w as u sed  w ith  the CCK-8 a n tise ru m  p u rch ased  
from  INCSTAR. The n u m b er of CCK-8-LI a fferen ts w ith in  the L-S sp in a l 
cord w as sexually  d im orph ic  (M > F) w ith  CCK-8-LI especially  p ro m in en t 
in  lam in ae  VII & X. The TP- o r D H T P -trea ted  F ra ts  h a d  d ram a tic  
increases CCK-8-LI affe ren t n u m b ers  in  lam in ae  VII & X. N o  d ifferences 
w ere n o ted  b e tw een  the TP o r the  D H T P -trea ted  g ro u p s; in d ica tin g  that 
the  in crease  in  CCK-8-LI w as d u e  to a n d ro g e n s  a n d  n o t a n d ro g e n s  
a rom itized  to estrogens. These d a ta  ind icate  th a t p o s tn a ta l an d ro g en s can 
u p -re g u la te  the  n u m b e r  of CCK-8-LI a ffe ren ts . F u tu re  s tu d ie s  w ill 
d e te rm in e  if in creased  n u m b e rs  o f CCK-8-LI a ffe ren ts  in  T P -trea ted  
fem ales change the p a in  th resh o ld s  of these rats. S u p p o rted  by  a UAM S 
M edical H onors A w ard  to T.R.N., a UAM S CAGSRF A w ard  to  D.C.P. and  
a UAMS M edical R esearch E n dow m ent A w ard  to  B.W.N.

153.5
R E G U L A T IO N  O F  C A N N A B IN O ID  R E C E P T O R S  IN  R A T  S P IN A L  
D O R S A L  H O R N . A.G. H ohm ann* and M. H e rk e n h a m . Section on 
Functional N euroanatom y, N IM H , Bldg. 36 Rm. 2D 15, B ethesda M D 20892.

Cannabinoids m odulate nociceptive processing , in part, th rough  actions at 
the spinal level. Here, in vitro recep to r b ind ing  and quantitative 
autoradiography was used to study regulation  o f cannab ino id  receptors in rat 
lum bar spinal cord. First, rats were treated  as neonates with capsaicin to 
destroy sensory C-fibers. T he densities o f  cannab ino id  and µ opioid recep to r 
binding sites were com pared  in the spinal cord o f the adult rats with age- 
m atched vehicle contro ls. N eonatal capsaicin  p roduced  a m oderate  (16% ), 
reliable suppression o f [¾ ]C P55,94O  bind ing  in the superficial dorsal h o rn . 
By contrast, b inding  o f the µ agonist [¾ ]D A M G O  in near adjacent sections 
was depleted by 60% , consisten t with the localization  o f µ receptors to central 
term inals o f nociceptive prim ary afferents. T hese data  suggest that the 
majority o f cannabinoid  receptor b ind ing  sites in the superficial dorsal horn  
are not localized to the central term inals o f  prim ary  a fferen t C -fibers. We 
subsequently exam ined w hether cannab ino id  receptors in rat lum bar spinal 
cord are regulated in response to neuropa th ic  pain. A chron ic  constric tion  
injury of the sciatic nerve was induced in rats, and the densities o f  
cannabinoid receptors w ere m easured 3, 5, 9 and 21 days post-in jury . Sham - 
operated rats were killed at 9 days. A b ilateral increase in [¾ ]C P 55,94O  
binding was observed in superficial dorsal horn at 5 days p ost-in ju ry  
compared to sham -operated  rats. At 21 days post-in jury , b ind ing  was 
significantly h igher on the ligated side com pared  to the sham -opera ted  side. 
A similar pattern o f  changes was observed in lam inae III and IV. The present 
data dem onstrate that cannabinoid  receptors are localized to central term inals 
of a small percentage o f C -fibers and are up reg u la ted  in response to 
neuropathic pain.
(Supported by the NIMH IRP and a PRAT fellowship from NIGMS to AGH).

153.7
D IF F E R E N T IA L  C O N T R IB U T IO N  O F  S U B S T A N C E  P (S P ) A N D  
NEUROKININ A (NKA) TO SPINAL CORD NOCICEPTIVE PROCESSING.
J. T ra fton1*. C. A bb a d ie 1. R. R iley1. P. M antvh2. A. B asb a um 1. 1A na tom y  

Dept, UCSF; 2VAMC, U of M innesota; San Francisco, CA, 94143.
A lthough  s tud ie s  of the  c o n tribu tion  o f ta c h y k in in s  to  noc ice p tive  

processing in the sp ina l cord have focused on the in teraction  of SP w ith the 
neurokinin-1 recep to r (N K-1R ), NKA w h ich  m ay act at both  NK-1 and 2 
receptors, is co re leased with SP. To  address the  re la tive  contribu tion  of SP 
and NKA, we eva lua ted  tach yk in in -in du ce d  NK -1R  in te rna liza tion . Dose 
response curves fo r induc ing  NK -1R  in te rna liza tion  a fte r in tra theca l (i.t.) 
injection were identica l fo r SP and NKA; NKB did not induce in terna liza tion  
even at 100 µg i.t. GR 205171 (10 mg/kg s.c.), an NK-1R antagonist, b locked 
NKA-induced NK-1R in terna liza tion, but did not a ffect tha t p roduced  by SP. 
GR 205171 also reduced NK-1R in terna liza tion evoked by h indpaw  pinch, by 
80%, suggesting tha t NKA is c ritica l to  noxious s tim u lus-evoked  ac tiv ity  of 
dorsal horn neurons, These results indicate  tha t both SP and NKA act at NK- 
1Rs, but bind the receptor d ifferently. In re lated studies, we found tha t i.t. SP 
or NKA induced Fos express ion  in the  dorsa l horn, in both NK-1R  positive  
and negative lam ina I neurons. H owever, ne ither tachyk in in - nor noxious 
stim ulus-evoked Fos expression was reduced by GR 205171 o r MEN 11420, 
an NK-2R antagonist. Paradoxica lly , com bined  adm in is tra tion  of GR 205171 
and MEN 11420 increased N K A -induced  Fos express ion  in lam ina  I. Th is  
suggests tha t tachyk in ins a lso exert e ffects  on dorsal horn neurons tha t are 
independent of the ir action on NK-1 and 2 receptors. Finally, in anesthetized 
rats we found tha t both i.t. SP and NKA evoked pro found  vasod ila ta tion  and 
salivation tha t w as reduced by NK-1, but not NK-2R  antagonis ts . However, 
NKA, but not SP induced defecation  tha t w as b locked by M EN 11420. W e 
conclude tha t both  SP and N KA act a t the  N K -1R , but tha t N KA has 
independent sp ina l actions at NK-2Rs. W e thank  G laxo-W ellcom e, M ennari 
Research and C. Maggi. Supported by NS 21455 and DEO8973.

153.4
SEX DIFFERENCES IN MORPHINE SENSITIVITY AND AMINO ACID 
RELEASE IN SPINAL TRIGEMINAL NUCLEUS AFTER INJURY TO THE 
TMJ REGION. D.A. Bereiter*. D.F. Bereiteг. A.P. Benetti and J.W. Hu. Depts. 
of Neuroscience & Surgery, Brown Univ./RI Hospital, Providence, RI 02903 and 
Faculty of Dentistry, Univ, of Toronto, Ontario M5G 1G6, Canada

The signs and symptoms of temporomandibular joint disorders (TMD) include 
persistent changes in pain sensation and muscle reflex activity with a greater 
prevalence in females. Possible biological bases for sex differences relevant for 
sensory processing after TMJ injury has not been well described. To determine if 
activation of trigeminal brainstem (Vsp) neurons after TMJ injury and sensitivity 
to morphine was similar in males and females, barbiturate-anesthetized adult rats 
were given morphine (0.03-7 mg/kg, i.v.) 15 min prior to mustard oil (25 µl, 20% 
sol.) injury of the TMJ region (TMJ-MO). Neural activation was estimated from 
the number of Fos-positive neurons in Vsp. Overall, in saline controls, TMJ-MO 
produced greater Fos-LI in Vsp of females regardless of stage of estrous cycle than 
in males. In most Vsp regions, morphine caused a greater decrease in evoked Fos- 
LI in males than in females independent of stage of estrous cycle. However, at the 
trigeminal subnucleus interpolaris/caudalis transition (Vi/Vc), morphine reduction 
of Fos-LI after TMJ-MO was of the order: m ale>female-diestrus>female-
proestrus/estrus. In parallel studies, microdialysis samples collected from the 
Vi/Vc region of males, but not females, showed increased release of glutamate after 
TMJ-MO. Local depolarization of Vi/Vc cells, by perfusing high K+ through the 
dialysis probe, caused a greater release of GABA, but not of glutamate, glycine or 
taurine from males than females. Stage of estrous cycle did not affect amino acid 
release from the Vi/Vc-vl region. The results indicate that the Vi/Vc-vl transition 
region displays sex-related differences in neural activation, sensitivity to morphine, 
and release of amino acid transmitters that may contribute to a biological basis for 
differential processing of noxious sensory input from deep craniofacial structures by 
males and females. Supported by NIH grant DE12758 and RI Hospital.

153.6
IMMUNOCYTOCHEMICAL STUDIES OF THE CAPSAICIN ⁄  VANDLLOJD 
RECEPTOR (VR1) IN THE RAT AND MOUSE A.B. Malmberg1*. M. J. 
Cateгina2. H. Gilbert1. B E. Raumann2. K, Skinner1. D. Julius2. A.I. Basbaum1 , 
'Departments of Anatomy and Physiology and W.M. Keck Foundation Center for 
Integrative Neuroscience, and ¾epartment of Cellular and Molecular Pharmacology, 
University of California, San Francisco, San Francisco, CA 94143.

Cloning of the VR1 (Cateгina et al., 1997) has provided a unique opportunity 
to develop a marker of small diameter nociceptive primary afferents. Here we 
describe results using rabbit antisera directed against the C-terminal of VR1. We 
found VR1 immunoreactivity (ir) in the majority of small diameter dorsal root and 
trigeminal ganglion cell bodies, in axons in peripheral nerve and in the terminals of 
these afferents in the superficial dorsal horn of the spinal cord and trigeminal nucleus 
caudalis. The densest staining is in laminae I and II of the dorsal horn of the spinal 
cord. We only observed a few axons in lamina V; these derive from small bundles 
of axons that penetrate the superficial dorsal horn. By contrast sacral segments 
contained dense VR1 ir in the neck of the dorsal hom. A dense band of labelled 
axons courses along the medial edge of the dorsal hom, and terminates in lamina X; 
some of these axons cross to the opposite side. EM analysis revealed VR1 ir along 
the length of bundles of unmyelinated axons; labelled terminals contained dense core 
and/or round clear vesicles. In double label studies we found that most substance P- 
containing cells were VR1 ir, as were many, but not all small cells that stain for the 
IB4 lectin. The latter results reveal considerable heterogeneity in the population of 
small diameter DRG cells. Interestingly, in-the spinal dorsal hom we found that the 
medial part of lamina II is innervated by axons that double label for VR1 and IB4. 
but V R l-ir was not found in IB4 axons that terminated laterally. Finally, although 
our initial report did not describe VR1 mRNA in the nodose ganglion, we did 
observe dense VR1 ir in the nucleus of the solitary tract, which indicates that both 
visceral and somatic afferent neurons express this subtype. Supported by: NIDR, 
NIGMS, NINDS, ACS, NARSAD and the PҺRMA Foundation.

153.8
CAPSAICIN-INDUCED CHANGES IN SUBSTANCE P (SP) 
SYNTHESIS A ND  THE EXPRESSION OF NEUROK ININ-1 (N K -1) 
RECEPTORS IN THE DORSAL SPINAL CORD: ROLE OF SP N- 
TERM↕NAL METABOLITES. R. A. Velázquez1*, K. E. McCarsorr.
0 .  S hi1, A. M. Evensiö1 and A. A. Larson1. “Neuroscience Graduate 
Program, Univ, of Minnesota, St. Paul, MN 55108. 2Dept. Pharm. 
Tox. Then, Univ, of Kansas Medical Center, Kansas City, KA 66160.

An accum ulation o f SP N -term inal fragm ents appears to m ediate 
som e o f capsaicin 's an tinociceptive effects. For exam ple, pretreatm ent o f  
m ice with S P (l-7 )  i.t. inhibits acetic acid -induced  writhing while D -S P (l-  
7) prevents the an tinociceptive effect of capsaicin  when co -adm in iste red
1. t. Pretreatm ent with S P (l-7 )  also decreases the behavioral response to 
capsaicin, suggesting that N -term inal fragm ents play a role in 
desensitization  to capsaicin. We hypo thesized  that other effects o f  
capsaicin  that are related to an tinociception  m ay be sim ilarly  produced o r 
p revented  by SP N -term inal fragm ents. To test this, we m easured the 
expression  of NK-1 receptors and o f SP, the latter having been widely 
reported  to be inhibited by p retreatm ent with capsaicin. S P ( l-7 )  
p retreatm ent i.t. in rats failed to m im ic the decreased p rep ro tach y k in in  
(PPT) m R N A  in the DRG (6 hr) or decreased  SP-im m unoreactiv ity  in the 
dorsal horn (24 hr) that was produced  fo llow ing capsaicin. P retreatm ent 
with S P (l-7 )  for two days prior to injection o f capsaicin also failed to 
prevent this effect o f capsaicin. In contrast, pretreatm ent (6 hr) with 
e ither capsaicin or S P (l-7 )  i.t., s ignificantly  increased NK-1 m RNA in the 
lum bar spinal cord. H ow ever, neither of these effects led to an increased 
NK-1 receptor im m unoreactiv ity  at 24 hr. These results suggested that 
S P (l-7 )  m im ics the ability of capsaicin to enhance NK-1 m RNA in the 
spinal cord. H ow ever, S P (l-7 )  neither m im ics nor prevents the decreased  
SP in afferents after capsaicin. [Supported  by National Research Service 
A w ard N S 09882 (RAV ) and NIH  G rant D A 04090 (A A L)j.
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153.9
CAPSAICIN-INDUCED DECREASE IN THE DENSITY OF 
THIAMINE MONOPHOSPHATASE (TMPase) STAIN IN LAMINA II 
OF THE DORSAL SPINAL CORD ARE PREVENTED BY 
SUBSTA N CE P N-TERMINAL METABOLITES. A. A. Larson*. O. 
Shi and R. A. Velázquez. Neuroscience Graduate Program, University 
o f Minnesota, St. Paul, MN 55108.

C apsaicin-induced  antinocicep tion  in m ice when tested using the 
w rithing assay is m im icked by substance P ( l-7 )  (S P (l-7 ))  and prevented  
by D -S P (l-7 ). This suggests that an accum ulation  o f SP N -term inal 
m etabolites that accum ulate  in response to depolarization  o f small d iam eter 
prim ary  afferent fibers m ay m ediate the an tinociception  induced by 
capsaicin. P retreatm ent with S P (l-7 )  i.t. also decreases the behavioral 
response to capsaicin, suggesting  that SP N -term inal fragm ents play a role 
in desensitization  to capsaicin. W e h y po thesized  that o ther effects o f  
capsaicin that are related to an tinociception  m ay be sim ilarly  produced o r 
prevented  by SP N -term inal fragm ents. T hiam ine m o n o p h o sp h atase  
(TM Pase) stain, a m arker o f non-pep tiderg ic  small diam eter afferents in 
lam ina II, was decreased  by p retreatm ent (1 week) with capsaicin. 
Pretreatm ent with S P (l-7 )  not only failed to m im ic this effect o f capsaicin, 
but when S P (l-7 )  was adm inistered  for two days prior to the injection o f  
capsaicin, the ability o f capsaicin to decrease TM Pase was attenuated. The 
inability  o f capsaicin to decrease TM Pase stain after pretreatm ent with 
S P (l-7 )  suggests that these fragm ents may play a role in the m ediation o f 
desensitization  to capsaicin. These data also indicate that decreases in 
TM Pase, which are not evident until 1 week, are not necessary for the 
an tinociceptive actions o f capsaicin or S P (l-7 )  which occur w ithin 24 hr o f  
their injections.
[Supported by N ational Research Service A w ard N S 09882 (RA V ) and NIH 
G rant D A 04090 (A A L)].

153.11
NK-1 RECEPTOR IMMUNOSTAINING OF DIFFERENT MORPHOLO
GICAL TYPES OF LAMINA I NEURONS IN PRIMATE SPINAL CORD.
X. H. Yu*1. E.T. Zhang1. R. Shigemoto4, A.D. CraigĻ A. Ribeiro-da-Silva1,2 and
Y. De Koninck1. 'Dept. Pharmacol. & Therap. and ¯Anat. & Cell Biol., McGill 
Univ., Montréal, Quebec, HЗG 1Y6; 3Div.Neurobiol,, Barrow Neurol. Inst., Phoe
nix, AZ 85013; 4Dept. Morphol. Brain Sci., Kyoto Univ., Kyoto 606-01, Japan.

Recent observations have identified three different morphological types o f lam
ina I cells in the primate spinal cord (Zhang & Craig, J.Neurosci., 17:3274, 1997): 
fusiform, pyramidal and multipolar. Intracellular staining evidence suggests that 
fusiform and multipolar lamina I cells are nociceptive while pyramidal lamina I 
neurons are innocuous thermoreceptive (Han & Craig, Soc.Neurosci.Abstr., 
20:547, 1994). It has been shown also that only nociceptive neurons display re
sponses to substance P (SP) in the spinal d>·rsal horn (Henry, Brain Res. 24:114, 
1976) and receive significant SP input (De K >ninck et al., PNAS 89:5073, 1992). 
These findings thus raise the question of which types of lamina I neurons express 
SP receptors (NK-lr).

To address this issue, lamina I neurons were labeled for N K -lr immunoreactivity 
(1R) and counted in serial horizontal sections from the cervical and lumbar en
largements of three monkeys (Macacaſascicuìaris). Although the counts vary for 
individual segments, 35-50% of the N K -lr-IR  cells are fusiform (F), 35-50% are 
multipolar (M), -t-6% are pyramidal (P), and the remainder are unclassified. Cer
vical segments c >ntain more fusiform than multipolar NK -lr-IR cells, but lumbar 
segments contain more multipolar than fusiform cells. These observations contrast 
with the average distribution o f these cell types found for lamina I spinothalamic 
neurons (C8: 42% F, 31% P, 24% M; and L7: 29% F, 33% P, 32% M; Zhang & 
Craig, 1997).

These data indicate that two different morphological types o f lamina I neurons 
express NK-lr, consistent with evidence that both types are nociceptive. In addi
tion, very few lamina I pyramidal neurons display NK-lr-IR, consistent with evi
dence that these cells are non-nociceptive. These findings support the idea that 
there are at least three different types o f lamina I neurons with corresponding 
functional and morphological features.

(Supported by NIH, the Canadian MRC and Quebec FCAR)

153.13
SYNAPTIC V5. NON-SYNAPTĨC GLYCINE AND GABAa RECEPTORS IN 
IDENTIFIED LAMINA I NEURONS OF THE ADULT RAT SPINAL DORSAL 
HORN. N. Chérv* and Y. De Koninck Dept, o f Pharmacology & Therap., McGill 
Univ., Montréal, Québec, HЗG 1Y6

Reports o f extensive co-localization of GABA and glycine in synaptic terminals of 
the dorsal horn suggest that these inhibitory transmitters may be co-released. We have 
recently shown however that within laminae I-II, GABA and glycine mediate separate 
mIPSCs which differ significantly in biophysical properties. More importantly, lamina 
1 neurons were bombarded exclusively by glycinergic mIPSCs. Yet, all neurons re
sponded to exogenous applications o f GABA and glycine, indicating that they all ex
press receptors to both transmitters.

To test whether it was still possible to observe GABA,⅜ receptor-mediated synaptic 
responses in these cells, we studied monosynaptically evoked IPSCs in identified lam
ina I neurons from parasagittal slices o f adult rat spinal cords in the presence of gluta
mate receptor blockers. Large intensity electrical stimulation of inhibitory intemeurons 
evoke IPSCs in lamina I neurons that are largely mediated by glycine receptors. How
ever, in all cases, a small component o f the evoked IPSCs could be blocked by bicu- 
culline. Forcing the vesicular release o f transmitter with hypertonic solutions'produced 
a large increase in the frequency of mIPSCs. In all cases tested, these mIPSCs were 
completely blocked by strychnine. The possibility remained however that GABAa 
mIPSCs occured only at electrotonically distant sites from the cell body such that their 
attenuation by filtering precluded their detection. The difference in rise time between 
minimally evoked (all-or-none) IPSCs using stimuli applied within 2Oµm of the cell 
body v5. those near a dendrite ЗOOµm away indicate that such attenuation could not 
account for the failure to detect distant mIPSCs. Finally, minimally evoked IPSCs were 
also selectively and completely blocked by strychnine. Nevertheless, upon increasing 
the stimulus intensity, an additional bicuculline sensitive component o f the IPSC could 
be evoked. In all experiments, the GABAergic component o f the evoked IPSCs had a 
rise time 2 to 5 fold slower than that o f the glycinergic component.

These result suggest that activation o f GABAΛ receptors may occur only in cases of 
large release o f GABA, involving spillover from synaptic junctions to activate extra- 
synaptic receptors. Thus, while lamina I neurons appear to be under tonic glycine- 
mediated inhibitory control, GABAergic inhibition o f these cells may be effective only 
upon intense synaptic activity. (Supported by NINDS and Quebec FCAR)

153.10
NEUROKININ B DISTRIBUTION IN THE RAT SPINAL DORSAL HORN AND ITS 
RELATIONSHIP WITH SUBSTANCE P: AN ULTRASTRUCTURAL STUDY. A.L. 
McLeod1*. J.E. Krause3 and A. Ribeiro-da-Silva12. 'Dept, of Pharmacology and 
Therapeutics, 2Dept. of Anatomy and Cell Biology, McGill University, Montréal, 
Québec, Canada and 3Neurogen Corporation, Branford, CT.

Previous studies have shown that both neurokinin B (NKB) and its receptor (the NK-3 
receptor) are upregulated following inflammation suggesting a role for NKB in the 
modulation of nociception. However, there was no information on the fine distribution 
of NKB in the dorsal horn, or its relationship with substance P (SP). Segments C3-C5 
of the spinal cord were collected and processed for immunocytochemistry at the light and 
ultrastructural levels. A polyclonal antibody raised against a portion of the NKB 
precursor peptide was applied, followed by a bispecific anti-rabbit IgG/anti-HRP 
secondary antibody. The fine distribution of NKB-immunoreactivity in the superficial 
dorsal horn was investigated using quantitative electron micrsocopy. NKB 
immunoreactivity was distributed in all superficial laminae with the highest density in 
LIIB and the lowest in LИI. NKB immunoreactivity was localized mainly in boutons and 
dendrites. NKB-immunoreactive (IR) boutons were mainly dome-shaped and most 
contained dense core vesicles. However, some contained agranular vesicles only. In LIIB 
and LI1I, some NKB-IR dendrites were associated with the central boutons of synaptic 
glomeruli. As both NKB and SP immunoreactivity occur in the same laminae, a double- 
labeling study was performed at the ultrastructural level to investigate the association 
of NKB and SP. NKB immunoreactivity was demonstrated as above, and SP 
immunoreactivity was demonstrated using a pre-embedding immunogold protocol with 
silver intensification. Little association was observed between NKB and SP positive 
profiles and no profiles double-labeled for NKB and SP were observed. The above 
results suggest that NKB probably does not participate in the modulation of SP-mediated 
pain-related information as virtually no anatomical correlation was found between the 
two neurokinins. (Funded by the Canadian MRC)

153.12
VISUAL lNDENTIFICATЮN OF LAMINA I AND MORPHOLOGICAL 
CLASSIFICATION OF ITS NEURONS IN LIVE ADULT RAT SPINAL CORD 
SLICES. Y. De Koninck* and N. Chérv. Dept, of Pharmacology & Therapeutics, 
McGill University, Montréal, Québec, HЗG 1Y6

The marginal zone of the dorsal horn (lamina I) is a major site for the integration 
and relay of pain-related sensor)' information. Yet, electrophysiological studies of 
lamina I neurons have remained very difficult to achieve because of the very narrow 
thickness of this layer at the edge of the dorsal horn. With in vitro slice preparations 
for example, this layer is very difficult to delineate in live tissue using the conventional 
transverse plane of section.

Most lamina I neurons however have their dendritic tree extending in the rostro- 
caudal orientation (up to 800 µm in this axis). Thus, for their study we developed a 
parasagittal spinal cord slice preparation of adult rats (1 to 3-month old). Typically, 
using a Vibratome, three 400 µm-thick slices were obtained per segment o f excised 
spinal cord. Patch clamp recordings were performed under visual guidance by placing 
the slices in a chamber under a Fixed Stage Zeiss Axioscope equipped with water im
mersion objectives and infrared differential interference contrast. With this approach, 
it was possible to clearly delineate laminae I in the live slices: it was characterized as 
distinctive layer of fusiform shaped longitudinally oriented cells in the parasagittal 
plane that could be easily distinguished from deeper laminae. Although of variable 
wddth depending on where the slice was cut in the medio-lateral axis, lamina I was 
found to have an average thickness of 46±IЗ µm. These slices therefore present the 
advantage over horizontal and transverse slices o f allowing direct delineation o f lamina 
I in live tissue. In addition, placement of stimulating electrodes in deeper layers could 
also be used to study their connections to lamina I. This was not possible in the hori
zontal slice.

Lamina I neurons can be identified on the basis o f their morphology into 4 major 
types in the rat; Lima & Coimbra J. Comp. Neurol. 244:53,1986). Yet, their proper 
morphological identification requires visualization in the horizontal plane. To over
come this limitation of the parasagittal slice, neurons were filled with Lucifer Yellow 
during the recordings and complete 3D reconstructions from serial confocal images 
were obtained. Rotation in space of the reconstructed neurons allowed their visualiza
tion in all three horizontal, parasagittal and transverse planes.

(Supported by NINDS, the Canadian MRC and Quebec FCAR)

153.14
COLOCALIZATION OF µ-OPIOID AND N-METHYL-D-ASPARTATE 
RECEPTORS TO SINGLE NEURONS IN THE SPINAL CORD DORSAL 
HORN OF THE ADULT RAT
L. K eniston1. J. M ao1. D. D. Price2. J. Lu*1. D.J. M aver1.
1Dept. Anesthesio logy, Medical College o f V irg in ia, R ichmond, VA  23298; 
2Health Science Center, University o f Florida, Gainesville , FL 32610.

The antinociceptive  effects o f exogenous opio ids in com m on clin ical use, 
such as morphine, are mediated primarily through µ-opio id receptors (MORs). 
N -M ethyl-D -aspartate  receptors (N M DARs) have been shown to be centra l to 
the deve lopm ent o f opiate to lerance and dependence in rodents. The 
effectiveness o f NM DA antagonists in modulating the antinociceptive  effects 
o f opiates is attributed, in part, to a theoretical in tercellu lar association o f MORs 
with NM DARs with in single neurons. W e believe tha t these dorsal horn 
neurons are involved in the deve lopm ent o f both neuropathic pain, and opiate 
to lerance and dependence.

To determ ine the possib le sites for potential in tercellu lar functional 
in teractions between MO Rs and NM DARs, we exam ined the d istribution and 
localization o f antipeptide antisera raised aga inst M O Rs and the R1 subunit of 
the NM DAR in the dorsal horn o f the adult Sprague-D aw ley rat spinal cord at 
the level o f the lum bosacral enlargement. Im m unofluorescence, confocal laser, 
and electron m icroscopy revealed a population o f neurons staining positive ly 
fo r both M O Rs and NMDARs. These observa tions further our v iew  that 
hyperalgesia and morphine to lo lance  m ay be interrelated by com m on neural 
substra tes that interact at the level o f excitatory am ino acid recepto r activation 
and subsequent related in tracellu lar events. These new  observa tions supply 
a cell population that could subserve  this explanation fo r the interaction o f 
NM DARs and MO Rs in the deve lopm ent o f opiate to lerance and dependence, 
and neuropathic pain states. Supported by PHS grant DAO8835

Society for Neuroscience, Volume 24 ,1998



SUNDAYPM PAIN MODULATION: ANATOMY AND PHYSIOLOGY—SPINAL CORD I 391

153.15
MU-OPIOIDS BLOCK INHIBITORY POSTSYNAPTIC CURRENTS (IPSCs) IN 
DEEP DORSAL HORN NEURONS BY A PRESYNAPTIC MECHANISM.
Y. Yajiri1* and L.-Y. M. Huang1 2 Marine Biomedical Institute1 and Department of 
Physiology and Biophysics2, University of Texas Medical Branch, Galveston, Texas 
77555-1069

We have examined the mechanisms of action of the mu-opioid agonist, DAMGO, 
on inhibitory postsynaptic currents (IPSCs) in deep dorsal horn neurons in rat 
spinal cord slices. The IPSCs were elicited by placing a stimulating electrode 
either on dorsal roots(root stimulation) or on the substantia gelatinosa (SG) (focal 
stimulation). Whole cell currents were measured using the blind patch clamp 
recording technique. Both root and focal stimulations elicited IPSCs in 70% of deep 
dorsal horn neurons. The non-NMDA receptor antagonist, CNQX, completely 
abolished the root-evoked IPSC, but was ineffective in blocking the focal-evoked 
IPSC. This result suggests that IPSCs evoked by root stimulation were 
polysynaptic. Focal-evoked IPSCs were sensitive to both the GAB A-A· receptor 
antagonist, bicuculline, and the glycine receptor antagonist, strychnine. Since 
strychnine blocked the majority (70%) of IPSCs, glycinergic interneurons in the SG 
exert a larger inhibitory influence on the activity of deep dorsal horn neurotis. 
DAMGO (lµM ) reversibly suppressed the amplitude of both glycine-and GABA-A- 
receptor mediated evoked IPSCs by 80%. The inhibitory actions of DAMGO was 
blocked by the opioid-receptor antagonist, naloxone. We also studied the effect of 
DAMGO on spontaneous IPSCs (sIPSCs). Although DAMGO reduced the 
frequency of sIPSCs, but could not abolish TTX-sensitive sIPSCs. Thus, mu- 
opioid receptors appear not to be‘on the somatic or dendritic membrane of inhibitory 
SG interneurons. We then examined the effect of DAMGO on miniature IPSCs 
(mIPSCs). DAMGO reduced the frequency of mIPSCs, but had no effect on the 
amplitude of mIPSCs, suggesting that the action of DAMGO is presynaptic. This 
was confirmed by the observation that DAMGO did not change the amplitude of the 
currents induced by direct application of either glycine and GABA. These results 
have led us to conclude that mu-opioid receptors are located on axonal terminals of 
inhibitory interneurons in the SG. DAMGO blocks IPSCs in deep dorsal horn 
cells not by reducing the excitability of SG inhibitory interneurons but by 
inhibiting glycine or GABA release from synaptic terminals of these cells.

153.17
FORMALIN-INDUCED NOCICEPTION ALTERS LEVELS OF HSC70 IN 
THE RAT SPINAL CORD. R Y. Yukhaπanov*. Z. Guan and G.J. Crosbv1. 
Department of Anesthesiology, University of Wisconsin, Madison, WI 53706. 
'Brigham and Women’s Hospital, Harvard Medical School, Boston, MA

Heat-shock proteins protect cell in response to metabolic and environmental 
insults and in normal, unstressed, cells function as molecular chaperones. The 
members of 70-kD family are the most prominent in the nervous tissues. A 
number of studies indicate the up-regulation of heat-shock inducible protein 
(HSP7O) following injury and heart ischemia in the brain. However, a little is 
known about the regulation of heat-shock cognate protein 70 (HSC7O) in the 
CNS. In this study the level HSC7O mRNA following formalin-induced pain 
has been measured in the dorsal horn using RNase protection assay. Since 
neurons contain not only sense but also antisense transcript of the HSP7O gene, 
we have also checked this possibility for HSC7O using both sense and 
antisense mRNAs. Formalin injection in the hind paw induces ipsilateral 
neuronal activation. The contralateral lumbar part of the spinal cord has been 
used as internal control for the HSC7O mRNA levels. Formalin injection 
significantly increased HSC7O mRNA levels in the ipsilateral part (about 
85%) compare to contralateral. The level of HSC7O mRNA in contralateral half 
of the spinal cord was found similar to the brain level of HSC7O. The level of 
antisense HSC7O mRNA was 10 times lower and was not different between 
ipsi- and contralateral halves of the spinal cord. Considering the present 
finding we suggest that HSP7O may be implicated in the control of neuronal 
response following chronic pain and the level of HSP7O is not regulated by 
alteration of endogenous antisense transcript. (Supported by NIH GM 42466).

153.19
EFFECTS OF MORPHINE AND NALOXANE ON THE INDUCTION 
OF FOS PROTEIN IN THE SPINAL TRIGEMINAL SUBNUCLEUS 
CAUDALIS FOLLOWING EXPERIMENTAL TOOTH MOVEMENT

Orthodontics' and Oral Anat.2, Niigata Univ., Niigata 951-8514, Japan; 
3Dept. o f Oral Anat. & Dev. Biol., Osaka Univ., Osaka 565-0871, Japan.

Experimental tooth movement has been reported to induce the 
appearance of Fos-like immunoreactive (-IR) neurons in spinal trigeminal 
subnucleus caudalis (SpVc). However, it remains unclear whether the 
induction o f Fos-IR neurons is caused by noxious stimuli or the stress. 
In the present study, w e examined the effects of morphine and naloxane on 
the induction of Fos-IR neurons in SpVc following the experimental tooth 
movement. Morphine (3 and 10 mg/kg, i.p.) was administered 30 min 
prior to the insertion o f the elastic band, and the animals were perfused 2 
hours following induction o f tooth movement. Naloxane (2 mg/kg, i.p.) 
was injected 30 min and 5 min prior to the induction of tooth movement. 
Some animals were heated with combined injections of morphine (10 
mg/kg) and naloxane (2 mg/kg) 30 min prior to the induction of tooth 
movement. In normal animals, Fos-IR neurons were rarely observed in 
SpVc. The number o f Fos-IR neurons increased significantly from 1 to 4 
hours after tooth movement, reaching a maximum number at post 2 hours, 
and decreasing gradually. Most o f than were localized in the medial 
portion o f the laminae I-Π o f the SpVc near the obex. Pretreatment of 
morphine significantly reduced the induction of Fos-IR neurons in laminae 
I-Π in a dose-dependent manner, and this effect was reversed by the 
combined treatment o f naloxane. Naloxane treatment enhanced the 
induction of Fos-IR neurons in the SpVc. These findings suggest that 
induction o f Fos-IR neurons is caused by noxious stimuli during tooth 
movement. (Supported by a Japanese Grant #09877406)

153.16
SECOND PHASE OF SUBCUTANEOUS FORMALIN-INDUCED EXCITATION OF 
RAT SPINAL DORSAL HORN NEURONS IN  VIVO IS REVERSED BY LIDOCAINE 
APPLIED TO THE SENSORY NERVE. C.M. Pitcher* and I.L. Henry. Depts. of 
Physiology and Psychiatry, McC¡ll University, Montreal, QC, HЗG 1Y6.

The injection of formalin into the plantar surface of one hind paw in the rat evokes 
a b¡phas¡c increase in firing rate of ipsilateral nociceptive neurons in the spinal dorsal 
horn. This consists of an immediate increase for approximately 5 min followed by 
20 min of decreased firing. The ensuing second phase of excitation begins 
approximately 35 min after injection and persists to at least 80 min. Controversy 
exists on whether the second phase of the formalin test is due to "central 
sensitization" induced by or during the first phase, or to tonic afferent input. 
Therefore, this electrophysiological study was done to examine the effects of block 
of afferent netve conduction during the onset of excitation during the second phase. 
Single unit activity was recorded extracellularly from dorsal horn spinal segments L,- 
L2 using mult¡barrelled electrodes in pentobarbital-anesthetized male Sprague 
Dawley rats (350-375g). The spinal cords were transected at T9. One neuron was 
studied per rat and each neuron was classified functionally on the basis of its 
response to natural cutaneous stimuli. In one group of rats formalin injection into 
the ipsilateral hind paw produced the b¡phasic increase in all neurons tested (8 wide 
dynamic range and 1 nociceptive specific). In another group (n =  6 WDR neurons), 
application of 2% l¡docaίne on the exposed ipsilateral sciatic nerve at 40 min after 
formalin injection reversed the subsequent excitation. When the firing rate was 
normalized to that at 40 min (¡e. the time of administration), that at 50 min was 
12O±7.5% and 31 ±7.4% in the saline- and l¡docaine-treated groups, respectively. 
The firing rate in the lidocaine-treated group remained less than that before formalin 
injection throughout the remainder of the recording, which ended 80 min after 
injection. The data indicate that tonic activity of afferent sensory neurons is 
important in generating and maintaining the second phase of excitation after 
formalin injection. It is suggested that "central sensitization" of dorsal horn neurons 
is not predominantly involved in mediating the second phase of formalin-induced 
nociceptive scores in the formalin test. (Supported by the Canadian MRC, 
FRSQ/FCAR, McGill Faculty of Medicine and Royal Victoria Hospital Research Institute)

153.18
EFFECTS OF GABA AG O NISTS AND A N TA G O N ISTS ON 
C-FOS EX PR ESSIO N  IN THE TRIGEM INAL N U C L EU S  
IN DUCED BY PRIM ARY AFFERENTS ELECTRICAL  
STIM ULATIO N IN  THE R A T .
M. Takemura*. T. Shimada and Y. Shigenaga. Dept. Oral Anat., Osaka 
U niv. Fac. Dent. Suita, Osaka 565-0871 , Japan.

A possible GABA receptor-mediated regulation o f c-fos within the 
trigeminal sensory nucleus (TSN) induced 3 hrs after electrical 
stimulation o f the Gasserian ganglion (GG) was examined in anesthetized 
rats with urethane (1 .3  g/kg). Stimulation o f the GG (square pulses of  
5 ms duration, 5  H z frequencies, 1.0 mA for ten minutes) significantly 
increased in the number o f immunoreactive neurons for c ： Fos (FosIR  
neurons) in the TSN  especially in the superficial layers o f subnucleus 
caudalis compared with the sham-operated animals. The effect of  
stimulation was suppressed by the administration o f GABAв agonist 
(baclofen, 20 mg/kg; i.p .) ten minutes before the stimulation, but was 
enhanced by the administration o f GABAв antagonist (phaclofen, 2 
mg/kg; i. p.). On the contrary, the effect of stimulation was enhanced by 
the administration o f GABAa agonist (muscimol, 1 mg/kg; i.p .), but the 
administration o f GABAa antagonist (bicuculline, 2 mg/kg; i.p .) did not 
reverse this effect These results indicate that the primary afferents’ 
trans-synaptic regulation o f c-fos expression in the TSN  could be 
differentially modulated by the dual GABAergic systems; GABAa and 
GABAв.

Supported by a Grant-in-Aid for Scientific Research (C) from the 
Ministry o f Education, Science/Sports and Culture o f Japan (09671852).

153.20
THE C-RET  PROTO-ONCOGENE PRODUCT IM MUNO
REACTIVE CELLS IN THE SPINAL CORD OF ADULT  
RATS Takashi Hondaand Yasuo Sug⅞ura. D ept o f  Anatomy, Nagoya  
U niversity, School o f  M edicine. 65 Tsuruma-Cho, Showa-Ku, Nagoya 
City, 466-8560 Japan

The c-ret proto-oncogene (c-ret) is a member of the receptor tyrosine 
kinase gene superfamily. The product protein of the c-ret (c-Ret) encodes a 
functional receptor for glial-cell-line-derived neurotrophic factor (GDNF) 
which is structurally related to members of the transforming growth factor- 
beta (TGFß) superfamily. Early studies have described that c-ret plays a 
critical role in development of the excretory system, the enteric and the 
autonomic nervous system of mammalian embryo, but the provided 
information on the central nervous system of adult animals is still a few. 
To clarify whether c-ret expressed or not in the central nervous system of 
adult rats, Ret-immunohistochemistry and immunoelectron-microscopic 
examination for Ret were performed on the spinal cord of the normal and the 
sympathectomized rats. In the cervical, the thoracic and the lumbar spinal 
cord of both normal and sympathectomized adult rats, a significant number 
of c-Ret immuno-reactive cells ( c-Ret cells ) were found in the gray mater 
beneath the ependyma of the central canal. C-Ret cell showed ovoid or 
triangular-shaped appearances and had a well developed single cytoprocess 
which projected centrally to the central canal. The apical part of the central 
cytoprocess had a large clavate swelling and exposed in the lumen of the 
central canal.

Our present results indicated the possibility that c-Ret cells in the spinal 
cord directly reacted with GDNF in cerebrospinal fluid.
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154.1
MODULATION OF PRIMARY-AFFERENT EVOKED RESPONSES IN RAT 
DEEP DORSAL HORN NEURONS WITH SEROTONIN RECEPTOR 
LIGANDS. Shawn Hochman* and Sandra M. Garraway. Dept. Physiology, 
University o f Manitoba, Winnipeg, MB, Canada RЗE OWЗ.

In the rat superficial dorsal horn, serotonin (5HT) can potentiate (via 5HT2) or 
depress (via 5HTj) glutamatergic synaptic transmission (Hori et al 1996). In the deep 
dorsal horn (DDH) o f rat, 5HT usually depresses primary afferent-evoked synaptic 
responses, presumably by activation o f 5HT, receptors (Lopez-Garcia and King 
1996). However, in the cat DDH, Jankowska et al (1997) commonly observed 
facilitatory actions of 5HT on ascending tract neurons including a differential control 
on different populations o f primary afferents.

We tested the actions of 5HT receptor ligands on primary afferent-evoked 
synaptic responses in DDH neurons (laminae III-VI) using whole-cell recordings 
obtained from lumbar spinal cord slices (600 µm) in neonatal rats (P3-P6). All 5HT 
ligands were applied at 100 nM.

In the absence o f agonist, application of NAN-190, a 5HTla receptor antagonist 
could potentiate (2/5 cells) or depress (2/5) the early, presumably AMPA receptor- 
mediated synaptic responses, but only potentiated the late, presumably NMDA 
receptor-mediated response (3/5). In contrast ketanserin, a 5HT2c receptor antagonist, 
was largely without effect (n=6). These results suggest that 5HTla receptors are 
endogenously activated in the in vitro slice preparation, presumably due to their very 
high affinity for residual 5HT (c.p. Wallis et al 1993). Application of 8-OH-DPAT 
strongly potentiated evoked responses (7/10 cells by 61%), possibly by acting on 
5HT7 receptors. DOI, a 5HT2 agonist could also potentiate evoked responses (2/4 
cells). These results suggest that the amplitude o f excitatory synaptic responses in 
the DDH can be modulated by several 5HT receptor subtypes.

Supported by the American Paralysis Association.

154.2
SEROTONIN INCREASES THE INCIDENCE OF PRIMARY AFFERENT- 
EVOKED LTD IN THE DEEP DORSAL HORN OF THE NEONATAL RAT 
SPINAL CORD. Sandra M. Gaưawav* and Shawn Hochman. Dept. Physiology, 
University o f Manitoba, Winnipeg, MB, Canada RЗE 0W3.

5-hydroxytryptamine (5HT) is a neurotransmitter used by descending systems with 
potent neuromodulatory actions in the spinal cord. In particular, 5HT can depress 
nociceptive synaptic activity in dorsal horn neurons. Since primary afferent-induced 
LTP in the dorsal horn may be one mechanism for pain sensitization, we studied the 
effects of 5HT on synaptic plasticity in deep dorsal horn neurons.

Patch clamp recordings o f deep dorsal horn neurons (laminae III-VI) were 
obtained from lumbar spinal cord slices (600 µm) in neonatal rats. High-intensity 
dorsal root stimuli evoked primary afferent excitatory synaptic responses which were 
recorded before and after tetanic conditioning stimulation (CS). The conditioned 
synaptic response was compared in cells where 5HT (10 µM) was applied before, 
during or after CS.

In the majority o f cells (25/33), 5HT caused a synaptic depression of the naïve 
synaptic response (49% ↓ ). CS-induced depression (LTD) could be evoked during 
the 5HT-induced depression (11/14 cells, 51% ↓ of the response in 5HT). Similarly, 
5HT depressed (68%) the excitatory synaptic response in 7/9 neurons tested 
following CS-evoked LTP or LTD. Further, the magnitude of LTD evoked in the 
presence of 5HT was similar to the LTD evoked in control cells (54 vs. 57% ļ ) .  
Significantly, in the presence of 5HT, the incidence o f LTD increased from 50% in 
controls to 88% (p < .01), with LTP observed only once. Hence, in addition to 
depressing primary afferent-evoked synaptic responses, 5HT promotes the induction 
of LTD and helps to prevent LTP. These actions may serve to limit or prevent the 
development of nociceptor afferent-induced hyperalgesia.

Supported by the American Paralysis Association.

154.3
NITR IC  O XID E -P R O D U C IN G  ISLET CELLS M E D IA TE  TH E  RELEASE OF 
SEN SO R Y  NEURO PEPTIDES FRO M  P R IM A R Y  A FFE R E N T E NDING S IN THE 
ABS E N C E  OF D IRECT S YN APTIC  CO N TA C TS . P. A im a r \  L. P asti2. G. 
Carm ¡gnoto2 and A. M erigh i1* . 1D¡p. M orfo fis io log ia  Veterinar¡a, Torino  and 2Dip. 
Scienze B iom ediche e Sperim entali, Padova, Ita ly UE

The substantia gela tinosa o f the  sp ina l cord (lam ina  II) is the  m a jo r site o f 
in tegration fo r nocicep tive  in form ation. A c tiva tion  o f the  N-m ethyl-D -aspartate  
(NMDA) g lutam ate receptor, production o f n itr ic  ox ide  (NO), and enhanced 
release o f substance P and ca lc iton in  gene-re lated peptide (C G R P) from  prim ary 
a fferents are key events in pain perception and centra l hyperexcitab ility . By 
com bining NADPH d iaphorase (N ADPH-d) h istochem istry  fo r NO -producing 
neurons w ith im m unogold  labeling fo r substance P, CG RP, and g lutam ate, we 
show that: /. NO -producing neurons in lam ina ll¡ are is le t cells; //'. these neurons 
rare ly form  synapšes onto pep tide-im m unoreactive  pro files; and Hi. NADPH-d 
positive  dendrites are often in close spatia l re la tionsh ip  w ith peptide-conta in ing 
term inals, and are observed at the  periphery o f type  II g lom eru li showing 
g lu tam ate-im m unoreactive  centra l end ings. By m eans o f confocal fluorescent 
m icroscopy in acute sp ina l cord s lices loaded w ith the C a2ł ind icato r lndo-1, we 
also dem onstrate  that: /. NM DA evokes a prom pt [Ca2+]¡ increase in lndo-1 -loaded 
neurons m orpho log ically s im ila r to  islet cells; //. a d iffe ren t, NM DA-unresponsive 
neuronal population in lam inae l- l l0 d isplays a s ign ifican t [Ca2*]¡ increase upon 
slice perfusion w ith e ither substance P or CGRP and the NO donor S IN -1 ; Hi. the 
responses to substance P and SIN-1 are com plete ly  abolished by the  NK, 
receptor antagonist sendide in most o f these cells. These results provide 
evidence that g lutam ate released at type  II g lom eru li triggers production o f NO 
in islet ce lls w ith in lam ina ll¡ fo llow ing  NM DA recepto r activation. Newly 
synthesized NO then stim u la tes release o f substance P and C G RP from  prim ary 
a fferents. Th is m echanism  is like ly operating in spinal hype rexc itab ility  and 
increased pain perception. [S u p po rte d  b y  the  Ita lian  M U R ST and CNR]

154.4
N E G A T IV E  IN T E R A C T IO N  B E TW EEN  H E T E R O T O P IC  PIN C H - 
INDUCED RELEASE OF MET-ENKEPHALIN-LIKE MATERIAL FROM THE RAT 
SPINAL CORD. F Cesselin. S Bourgoin. AM Clot. L Stinus*. M Hamon and D. Le 
Bars. INSERM U 161 and U 288, Paris, France.

Measurements of the release of endogenous opioids from the spinal cord have shown 
that noxious stimuli can trigger activity in spinal opioideгgic systems. In the rat, 
noxious pinches increase the spinal release of Met-enkephalin-like material (MELM). 
However, the noxious mechanical stimuli do not alter MELM release from spinal 
segments related to the stimulated area of the body, but from other segments. Since 
bilateral lesions of the dorsolateral funiculus completely blocked such stimulatory 
effects, it can be inferred that diffuse heterosegmental mechanisms are probably 
involved in the activation of spinal M et-enkephalinergic neurones by noxious 
mechanical stimuli via a supraspinal loop. Because stimulation of many areas of the 
body could increase MELM release from a given spinal segment, we investigated 
whether some interaction may occur between stimuli-induced release triggered from 
several heterotopic areas stimulated concomitantly. Either the whole spinal cord or the 
cervico-trigeminal area in N2O/halothane-anaesthetised rats was perifused (0.1 ml/min) 
with an artificial cerebro-spinal fluid and fractions were collected. The spontaneous 
release of MELM corresponded to 2.4 ± 0.6 and 1.9 ± 0.2 pg per 5 min in these two 
areas, respectively. Four groups (n= 6-8) were studied during 120 min: a control and 3 
experimental groups where calibrated noxious pinches (10 N/cm2, l 〇 s duration, 3 
times per min) were applied during 30 min either to the right, the left or both hindpaws 
after a 30 min control period. Both whole spinal cord and cervico-trigeminal perifusion 
experiments showed that MELM release increased markedly when pinches were 
applied to either hindpaw (range: 90-140 %) and rapidly returned to the control values 
as the stimulus ceased. When both hindpaws were stimulated simultaneously, no 
significant change in MELM release was observed. The interaction between the two 
factors of variation was found highly significant (F > 24, p <0.001). These results 
confirm  that noxious m echanical stimuli increased the release of MELM 
heterosegmentally in the rat spinal cord via activity in ascending-descending pathways. 
However, such increases do not occur when several painful foci are involved.

154.5

STIMULATION OF SPINAL 5-HT2a /2C RECEPTORS INCREASES 
NOCICEPTION. A. Kiørsvik, A. Tiølsen* and K. Hole. Dept, of 
Physiology, University o f Bergen, Norway.

Stimulation of spinal 5-HT2A/2C receptors in rats elicits pain-like 
behavior. In this study it is assessed whether 5-HT2A/2C stimulation has a 
modulatory effect on afferent nociceptive impulses. The experiments were 
done in the upper thoracic region since the spinal 5HT2A/2C receptors 
have a higher density here than in the lower lumbar region.

After randomized intrathecal administration o f saline, the 5-Ш`2a /2C 
agonist (±)-DOI HC1 (15 µl, 0.01 mM), the 5-ҤĨ`2A/2C antagonist 
ketanserin (l5µl, 1.0 mM) or ketanserin and DOI combined, a formalin test 
was set up. Formalin (50 µl, 1%) was injected subcutaneously in the right 
forepaw 1 min after i.th. drug injection. The time spent licking/grooming, 
favouring or lifting the injected paw during the early phase (0-5 min after 
the injection) and the late phase (20-30 min after the injection) was 
recorded.

In all groups the response curves showed a biphasic pattern. Stimulation 
of 5-Ш`2A/2C receptors by DOI prolonged and intensified the pain 
behavior compared to the control group. The 5-Ш`2A/2C antagonist 
ketanserin alone gave no change in pain-like behavior compared to 
controls, but seemed to block the DOI-induced increase in pain-like 
behavior.

This indicates that spinal 5-ҤI`2A/2C receptors enhance afferent 
nociceptive impulses.

154.6
THE ANTINOCICEPTIVE EFFECT OF CAPSAICIN IN THE GASTROCNEMIUS 
MUSCLE IN THE RAT IS BLOCKED BY REVERSIBLE SPINALIZATION.
J. Gierstad. F. Svendsen, A. Tiølsen and K, Hole*. Department of Physiology, 
University of Bergen, Norway.
Introduction: The nociceptive transmission in the spinal cord is modulated by systems 
involving supraspinal centres. This study was performed to observe if a capsaicin- 
induced nociceptive conditioning could inhibit the neuronal C-fibre responses in the 
dorsal horn by activating inhibitory descending projections.
Methods: Using conventional techniques, extracellular recordings of single cells in the 
left dorsal horn - segments L5-Sl - were performed. All neurons at depths of 250-1100 
µm with both A- and C-fibre mediated neuronal responses driven by electrical 
stimulation of the left sciatic nerve were included in the study, and 2.5 µmol/kg body 
weight capsaicin was injected into the contralateral gasưocnemius muscle as a 
peripheral conditioning stimulus. For reversible spinalization by cold-block a thermođe 
(1 °C) was placed directly on the meninges at the spinal cord, TҺ10 level.
Results: When the descending modulation was 
blocked for 10 min, a highly reversible increase 
in the electrically evoked C-fibre responses in 4 
of 6 wide dynamic range neurones and 1 of 2 
high threshold neurones, was observed. After 
application of capsaicin in the contralateral 
gastrocnemius muscle C-fibre evoked responses 
were significantly inhibited in sham operated 
animals, but unchanged in spinalized animals.
Conclusion: These results indicate that capsaicin 
could inhibit the neuronal C-fibre responses in 
the dorsal horn by activating inhibitory 
descending projections from higher centres.

Capsaicin

Time (min)
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154.7
THE EFFECT OF SPINALIZAΉON AND PERIPHERAL 
NERVE BLOCK ON LTP IN SINGLE WDR NEURONS.
F. Svendsen.* A. Tjølsen and K. H ole Department of Physiology, University 
of Bergen, Ârstadveien 19, N-5009 Bergen, Norway.

In tw o recently published studies1,2 w e  reported LTP in single spinal 
WDR neurons in intact rats. The LTP of A-ß fibre evoked re： .· юnses 
disappeared after neuromuscular blockade.2 It m ay be important to h c і into 
account peripheral changes during the conditioning stimulus.
In the present investigation LTP w as studied in dorsal horn W DR neurons in 
urethane anaesthetized spinalized rats with a com plete lidocain nerve block  
distal to the stimulation electrode as w ell as a neuromuscular block with  
pancuronium. Both blood pressure and heart rate were less increased during 
the short-lasting tetanic stimulation in spinalized rats compared to intact 
rats.2 Such differences m ay indicate that the conditioning stim ulus induces 
nociception at least up to the brain stem  level. The LTP of C-fibre evoked  
responses w as present also after spinalization and peripheral nerve block 
(p<0.0001). Furthermore, after spinalization an increase in evoked responses 
as well as LTP of the post discharge (p<0.0001) w as observed. A n LTP of the 
post discharge has previously not been reported.
We conclude that LTP in the dorsal horn normally probably is under a tonic 
descending inhibiting control. Absence of LTP of the post discharge in 
previous studies in intact rats1,2 m ay suggest that an intact descending  
inhibition m ay inhibit a long lasting increase of nociception.
1. Svendsen F, Tjølsen A, H ole K. Neuroreport 8:3427-3430 (1997)
2. Svendsen F, Tjølsen A , H ole K. Neuroreport 9:1179-1184 (1998)
Supported by grants from the European Com m ission, the Norw egian  
Research Council and the Norw egian Cancer Society.

154.8
CHANGES IN SYNAPTIC TRANSMISSION OF RAT SPINAL DORSAL 
HORN NEURONS AFTER SCIATIC NERVE TRANSECTION. I. Kohama. 
S. Agulian* and J.D. Kocsis. Dept, o f Neurology, Yale Univ. Med. Sch., New 
Haven, CT. 06510, and Neuroscience Res. Ctr., VAMC, West Haven, CT. 
06516.

A number of degenerative and regenerative changes occur in the central 
terminal regions o f primary afferent neurons after their peripheral axons have 
been injured. Characteristic of these changes is a structural reorganization of 
central terminals in the dorsal horn of the spinal cord, which may modify 
sensory input to the central nervous system (Woolf et. al., Nature, 355: 75-78,
1992). To investigate changes in synaptic transmission between primary afferents 
and dorsal horn neurons o f the spinal cord after nerve injury, we systematically 
recorded field potentials (FPs) in the dorsal horn (laminae I-IV) in the spinal 
cord slice (L4-L5) with attached dorsal roots from young (35-40 days) rats with 
or without a previous sciatic nerve transection. In the normal rats, primary 
afferent stimulation elicited FPs with distinct negativities characteristic of action 
potential activity. Response latencies of peak negativities were relatively long 
in lamina II, and short in lamina III. After sciatic nerve transection (2 weeks) 
responses in lamina II displayed later components and the amplitude o f the 
responses in lamina III was reduced. In addition low amplitude early negativties 
became evident in lamina II. In general, the amplitudes of the negativities of 
lamina II and III were reduced after nerve injury. Intracellular recordings from 
lamina II and III neurons exhibit similar shifts in spike latency after nerve 
transection. These observations on changes in dorsal horn field potential profiles 
after nerve injury are consistent with anatomical studies showing reoccupation 
of lamina II synapses by sprouting fibers normally terminating in lamina III. 
Supported by the VA and the NIH.

154.9
LOSS OF DORSAL HORN NEURONS FOLLOWING Aß STIMULATION 
OF TRANSECTED SCIATIC NERVE. H.A. Lekan.2* C.J. Woolf1 and R.E. 
Coggeshall2. *Dept. of Anatomy and Developmental Biology, Univ. College 
London and Dept, of Anesthesiology, Harvard Medical School; 2Marine 
Biomedical Institute, Univ, of Texas Medical Branch, Galveston, TX 77555- 
1069.

Transection of the sciatic nerve results in a predominance of Aß fiber input to 
the spinal cord. This may produce excess glutamatergic input to the cord 
resulting in excitotoxicity and subsequent cell death. To address the issue of the 
effect of Aß input on dorsal horn neuron numbers, we compared neuron and 
glia numbers in animals with sciatic transection alone and those that received 
additional electrical stimulation at Aß fiber strength. The results suggest that 
there is a moderate loss of neurons in laminae I-III with sciatic transection alone 
compared to naives. However, in transected animals receiving Aß stimulation,

lamina I lamina II lamina III
Naïve 6,588 ± 548 29,188 ± 1,680 15,138 ± 1,361
Sciatic 5,575 ± 1,787 21,200 ±2,307 14,225 ± 721
Cut + Aß stim. 2,285 ± 49 12,792 ± 1,828 10,705 ± 7

These results suggest that an increase in Aß fiber stimulation does in fact 
produce a significant loss of neurons in the dorsal hom. The predominant 
transmitter in the surviving neurons is unknown, and the resulting change in 
dorsal hom circuitiy could provide long term imbalances in input to higher 
centers and be a major factor in neuropathic pain syndromes. This work was 
supported by NIH grants NS10161, NS11255 and the Medical Research 
Council, U.K.

154.10
PLASTICITY OF THE C-FIBER-INDUCED EXCITATION IN THE RAT SPINAL 

DORSAL HORN IN SLICE. H. Ikeda. S. T. Saka, T. Muгamoto. S. Terao. T. Asai. K. 
Murase*. Dept. Information Science, Fukui Univ, 3-9-1 Bunkyo, Fukui 910-8507 Japan.

The neuronal excitation in the spinal dorsal horn induced by the activation of 
afferent C fibers with a single-pulse stimulation to A and C fibers in the dorsal root (1.2 

mA, 0.5 ms) was recorded in transverse slices of 2-4-week-old-гat spinal cord by an 
optical imaging method with a voltage-sensitive dye RH-482, and the induction 
mechanisms of the plasticity in regard to the inhibitory mechanisms were investigated.

Conditioning high-frequency stimulation to A fibers in the dorsal root (HFS; three 
tetani of 1 s duration, each at 100 Hz and 10-s interval of 0.1-0.2 mA current pulse with 
0.05 ms duration) induced the long-term potentiation (LTP) of the neuronal excitation in 
the medial half of the substantia gelatinosa (SG), while the long-term depression (LTD) 
in the lateral half. Conditioning low-frequency stimulation to A fibers in the dorsal root 
(LFS; 0.1-0.2 mA current pulse with 0.05 ms duration at 0.5 Hz for 10 min) also 
induced the long-term depression (LTD) in the lateral half, while no change was 
observed in the medial half. In the presence of GABAa and Glycine receptor antagonists 

(Bicucul!ine 1 µM, Strychnine 3 µM), the HFS induced the LTP in both lateral and 
medial parts of the SG, and no LTD was observed in all tested slices. On the other hand, 
the LTD induced by the LFS was not affected by the antagonists, but a treatment with 
the opioid antagonist naloxone abolished it.

Thus, LTDś by the HFS and the LFS were differentially contributed by spinal 
inhibitory mechanisms through GABA and opioid receptors, respectively.

Supported by a grant from Sumitomo Foundation and Grant-in-Aids to KM.

154.11
ISOLATION OF MEDULLARY DORSAL HORN NEURONS AND 
CHARACTERISTICS OF MEMBRANE CURRENTS. T.H. Lee*. 
S.B. Oh. K.P. Park. S.A. Kim, and Ǐ.S. Kiш Dept, of Physiol, 
and Oral Biology, College of Dentistry, Seoul National 
University.;Seoul Korea.

Medullary dorsal hom (MDH) neurons receive noxious inputs 
from the orofacial area, integrate modulatory influences from 
descending as well as local circuits and send the information to 
the thalamus and somatosensory cortex. MDH, containing a
number of putative neurotransmitters, is significantly important in 
orofacial pain transmission. In this study, we attempted to 
establish the isolation and preparation method of MDH neurons 
for studying in in vitro, and identify if the isolated cells preserve 
their electrophysiological activities. Transverse slices (400 µ m) of 
lower brainstem, caudal 2-3 mm to the odex, from neonatal rats 
(1-2 weeks old) were sequentially digested with pronase and 
thermolysin. MDH region was then mechanically dissociated. 
This method yielded multipolar (lamina I), ellipse and bipolar 
(lamina II), unipolar and pyramidal cell (lamina III).
Fura-2-based microfluorometry showed that intracellular calcium 
concentration increased in response to membrane depolarization, 
which indicated the expression of voltage-sensitive calcium 
channel in MDH neurons. Na+ and Ca2+ current were recorded 
by whole cell patch clamp technique and the results were similar 
to those in in vivo or slice preparation. These facts indicate 
electrophysiological activities are well preserved in the acutely 
isolated neurons, and these cells can be used for the biophysical 
and pharmacological studies, including understanding the pain 
modulation mechanism mediated by VCSS in MDH.

154.12
RECIPROCAL CONNECTIONS BETWEEN THE SPINAL DORSAL HORN AND THE 
DORSAL PART OF THE MEDULLARY DORSAL RETICULAR NUCLEUS. A. Almeida*. I. 
Tavares. D. Lima and A. Coimbra. Institute of Histology and Embryology, Faculty of Medicine 
of Oporto and IBMC, 4200 Porto, Portugal.

The dorsal reticular nucleus (DRt) has been attributed a pain-facilitating role based on the 
effect of lesioning or stimulating the nucleus on pain behavior during several nociceptive 
tests. Both ascending and descending pathways connect bidirectionally particular spinal 
laminae with particular regions of the DRt. In order to ascertain whether such reciprocal 
connections may subserve the DRt nociceptive facilitating effects, the synaptic architecture of 
spinal afferents and spinal-projecting neurons in the dorsal DRt is examined by the use of a 
bidirectionally transported neuronal tracer. Axonal boutons labelled anterogradely with 
cholera toxin subunit B (CTb) injected in spinal laminae l-lll or IV-V belonged in two distinct 
types. Type A boutons, which amounted to 82% of all labeled terminals, were small 
(1.44x0.95 µm), presented few mitochondria (1.6 per terminal) and were filled with small 
round synaptic vesicles (28x24 nm). Type B boutons (18%) were larger (2.36x1.33 µm), with 
larger (33x28 nm) round vesicles and numerous mitochondria (6.69 per terminal). Both types 
established asymmetrical synaptic contacts, type A mainly upon small caliber dendritic 
profiles and type B upon large dendritic shafts. Fifteen percent of type A boutons contacted 
profiles retrogradely labelled with CTb from the same spinal laminae, whereas no labelling 
could be observed on profiles postsynaptic to type II boutons. The present data indicate that 
neurons in the dorsal DRt which project both to the superficial or deep dorsal horn receive 
synaptic contacts from neurons located in their target area. They further suggest that there is 
a less numerous population of spinal afferents structurally distinct, which do not contact 
spinal-projecting DRt neurons. Considering the putative excitatory nature of asymmetrical 
synaptic contacts, and taking into account previous data showing contacts of this same type 
between DRt axonal boutons and DRt-pгojecting lamina I neurons, the present findings 
suggest the occurrence of a reverberative circuit connecting lamina I with the dorsal DRt, 
which may underlie the nociceptive facilitating effects elicited from this medullary area. 
(Supported by the European Commission)
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154.13
BDNF INDUCES A PROLONGED INCREASE IN SPINAL REFLEX ACTIVITY 
IN VITRO. Dassan.P.· Trevedi.P.. McMahon. S.B.. Shelton.D2.. Jones.M., 
Swanson,G*. and Thompson.S.W.N. Div. of Physiology. St. Thomas’ Hospital 
Medical School. London, SE1 7EH and 2Genentech, South San Francisco. USA.

Increasing evidence suggests that the neurotrophin Brain-derived 
neurotrophic factor (BDNF) may be involved in the modulation of synaptic events 
within the spinal cord. Thus BDNF protein is synthesized by a subpopulation of 
sensory neurons, is anterogradely transported into the superficial dorsal horn where it 
is co-localised with the secretory granule marker, chromagranin A. Its receptor, trkB 
is also expressed within the dorsal horn. In the present study we have used an isolated 
hemisected spinal cord preparation to study the effects o f exogenous BDNF 
administration upon spinal reflex excitability.

A-afferent and C-afferent fibre evoked ventral root potentials (VRP’s) were 
recorded from in vitro hemisected spinal cords prepared from naive rats (10-12day 
old) or from animals pre-treated 24 hr before with NGF in vivo (1.0mg/Kg). In naive 
preparations, A-fibre evoked responses were significantly increased at l.Ohr (l46±2℅  
of control n=7) but not 2 hrs following bath application o f BDNF (ЗOmins. lµg/ml,). 
C-fibre responses were also significantly enhanced l.Ohr following BDNF treatment 
(2O8±I2% of control n=7) and remained above control values for 3 hrs following 
BDNF. Prior exposure of the spinal cord to trkB-IgG (500ng/ml, lhr) prevented the 
facilitatory effect o f BDNF. In naive animals trkB-IgG alone was without effect. In 
animals pre-treated with NGF in vivo, trkB-IgG (500mg/ml) significantly and 
persistently reduced the amplitude o f the C-fibre evoked response (56±I2%  of control 
n=3, O.5hr: 75±5% of control; 2.5hrs). The A-fibre evoked response was not effected 
by trkB-IgG. Acute bath application of NGF (200ng/ml) had no effect upon A- or C- 
fibre evoked responses.

These data show that BDNF may increase spinal excitability for prolonged 
periods. In inflammatory conditions it is likely that NGF-mediated up-regulation of 
BDNF may have potent effects upon C-fibre mediated spinal reflex excitability 
changes. Work supported by the MRC and Physiological Society

154.15
RESPONSES OF NEURONS IN RAT SPINAL TRIGEMINAL NUCLEUS (STN) TO C〇 2 
STIMULATION OF THE CORNEA AND THE EFFECT OF MORPHINE. H. Hirata* and 
D.A. Bereiteг. Depts. Surgery & Neuroscience, RI Hosp./Brown Univ., Providence, 
RI 02903

Two anatomically and physiologically distinct populations of STN neurons 
receive direct afferent input from the cornea. In this study, neurons from the 
interpolaris/caudalis (Vi/Vc) and caudalis/Cl (Vc/Cl) transition regions were classified 
by responses to natural corneal stimuli (CO2 pulses) and thalamic projection status. 
The effects of systemic morphine on the stimulus-response (S-R) functions were 
assessed across a range of concentrations of CO2. In methohexital-anesthetized and 
paralyzed male rats, 32 Vc/Cl and 19 Vi/Vc corneal-responsive neurons were recorded 
extracellularly. V c /C l: All neurons had a convergent RF on adjacent skin and 
categorized as WDR or NS. None of 30 units were activated antidromically from 
ventroposterior medial nucleus (VPM) of contralateral thalamus, but 9 of 15 units 
were driven from the posterior thalamic region. ~75% of mechanically sensitive units 
responded to a range of CO2 (30-95%) with a linear S-R function. Desensitization 
was seen with repeated series of CO2 stimuli. Systemic morphine depressed the S-R 
function in a dose-dependent (1.5 and 3.0 mg/kg, i.v.) and naloxone-reversible 
manner. Vi/Vc: Neurons had RFs only on cornea or from skin and were classified as 
LTM, WDR or NS. None of 13 units could be activated antidromically from VPM. 
Compared to Vc/Cl cells, the responses of Vi/Vc cells to different concentrations of 
C〇 2 were complex and heterogeneous. Units displayed a linear S-R curve (n=6), a 
complex biphasic (n=2) or triphasic S-R curve (n=3) during C〇 2 stimuli (e.g., initial 
inhibition, linear excitation related to stimulus strength, then inhibition). 
Desensitization to repeated series of CO2 stimuli was often reversed by morphine. In 
some cases (n=3) systemic morphine uncovered an apparent linear S-R function. The 
results indicate that Vc/Cl and Vi/Vc neurons subserve different functions in 
processing natural stimulation from the corneal surface and in mediating the effects of 
opioid analgesics in ocular pain. Supported by NS26137 and RI Hospital.

154.17
Colonic inflammation alters the thoracolumbar (TL) and 
lumbosacral (LS) spinal processing of acute noxious colorectal 
distention (CRD). R .J . T r a u b * .  C  C o r d e s ,  Q .Z .Z h a i .  a n d  A .Z .  M u r p h y 1, 
D e p t .  O C B S ,  D e n ta l S c h o o l a n d  1A n a to m y  a n d  N e u r o b io lo g y ,  M e d ic a l 
S c h o o l,  U n iv e r s i t y  o f  M a ry la n d ,  B a l t im o r e ,  M D  2 0 2 0 1 .

In  h u m a n s , C R D  p a in  is  re fe r re d  to  s u b u m b il ic a l d e r m a to m e s .  T h is  
s u g g e s ts  th a t  w h ile  c o lo n ic  a f fe re n t  in p u t  te r m in a te s  in  b o th  th e  T L  
(h y p o g a s t r ic  n e rv e )  a n d  L S  (p e lv ic  n e rv e )  s p in a l c o rd ,  s e n s o ry  in p u t  a r is in g  
f ro m  C R D  is  p ro c e s s e d  p re fe re n t ia l ly  in  th e  L S , b u t  n o t  T L , s p in a l c o rd . 
H o w e v e r ,  fo l lo w in g  in ju ry  o r  d is e a s e ,  C R D -e v o k e d  re fe r re d  p a in  e x p a n d s  
to  a b d o m in a l a n d  th o ra c ic  d e r m a to m e s ,  s u g g e s t in g  p la s t ic i ty  o f  
v is c e ro c e p t iv e  p ro c e s s in g  in  th e  T L  s p in a l c o rd .  W e  e x a m in e d  th e  ro le  o f  
th e  L S  a n d  T L  s p in a l s e g m e n ts  a n d  d e s c e n d in g  in h ib it io n  in  v is c e ra l 
s e n s o ry  p ro c e s s in g  in  th e  ra t. A c u te  C R D  e v o k e s  a  v ig o r o u s  v is c e ro m o to r  
re f le x  (v m r)  a n d  in d u c e s  s ig n i f ic a n t ly  m o re  F o s  in  th e  L S  th a n  T L  s p in a l 
s e g m e n ts .  C o lo n ic  in f la m m a tio n  in c re a s e d  F o s  e x p r e s s io n  in  th e  L S  a n d  
T L  s p in a l s e g m e n ts  a n d  p ro d u c e d  v is c e ra l h y p e ra lg e s ia  (a  fa c i l i ta te d  v m r ) .  
B ila te ra l le s io n s  o f  p e lv ic  c o lo n ic  a f fe re n ts  re s u lte d  in  > 9 5 %  a t te n u a t io n  o f  
th e  v m r  to  C R D  th a t  w a s  p a r t ia l ly  re c o v e re d  fo l lo w in g  c o lo n ic  in f la m m a tio n .  
H y p o g a s tr ic  a f fe re n t  le s io n s  h a d  n o  e ffe c t .  B i la te ra l le s io n s  o f  th e  D L F  a t 
T 8  re s u lte d  in  fa c i l i ta t io n  o f  th e  v m r  a n d  in c re a s e d  C R D - in d u c e d  F o s  in  th e  
L S  a n d  T L  s p in a l s e g m e n ts  s im ila r  to  c o lo n ic  in f la m m a tio n .  C o m p le te  
s p in a l t ra n s e c t io n  a t  T 8  e l im in a te d  th e  v m r ,  b u t  f u r th e r  in c re a s e d  C R D -  
in d u c e d  F o s . T h e s e  d a ta  s u g g e s t  t h a t  in f la m m a tio n  a lte r s  th e  c e n t ra l 
p ro c e s s in g  o f  h y p o g a s t r ic  a f fe re n t  in p u t,  p o s s ib ly  b y  d e c r e a s in g  th e  
m a g n itu d e  o f  to n ic  d e s c e n d in g  in h ib it io n .  S u p p o r te d  b y  U M  D e n ta l 
R e s e a rc h  F u n d  a n d  U M O C R  o n  P a in .

154.14
EXPRESSION OF PRODYNORPH1N mRNA IN THE FERRET
TRIGEMINAL NUCLEAR COMPLEX FOLLOWING NOXIOUS 
THERMAL TOOTH STIMULATION. E.A. Doutova'*· S. Chaisin'.
K.McNaughtotr, A. Light2, M. Gov2 and W. Maix∩er'. Dental Research 
Center1 and Department of Physiology2, University o f North Carolina, Chapel 
Hill, NC, 27599-7450.

It is known that dynorphin A is involved in the central processing of 
nociceptive information. This study evaluated the spatial expression pattern of 
prodynorphin mRNA in the trigeminal nuclear complex of ferrets following 
noxious thermal stimulation of the right maxillary and mandibular canines. 
Thermal stimulation was performed for 1 minute heating (a 60° C contact 
thermal probe) at 5 minute intervals for a 4 hour period. Eight hours after the 
beginning of thermal stimulation, animals were sacrificed and in situ 
hybridization and northern blot procedures were performed using a 
digoxigenin-labeled riboprobe (215 base-riboprobe homologous to bases 772 
to 983 of the rat prodynorphin sequence). Results of the Northern blot 
procedure showed that the ferret’s prodynorphin mRNA is about 2.40 KB in 
length. Prodynorphin mRNA positive neurons were found ipsilateral to the site 
o f stimulation in the medial and lateral regions o f the superficial layer of 
trigeminal nucleus caudalis (Vc). A subset of neurons was also positively 
labeled ipsilaterally in deeper Vc lamina. A few dynorphin-positive cells were 
localized bilaterally in the NTS and VLM. In control nonstimulated animals, 
prodynorphin-positive cells were not observed. This study shows dynorphin A 
is expressed in regions of the trigeminal complex that are involved in the 
processing of nociceptive tooth-pulp input. Supported by DE 11661 (WM); 
NS 16433 and DA04420 (AL).

154.16
PANCREATIC NOCICEPTIVE INFORMATION IS TRANSMITTED BY THE 
POST-SYNAPTIC DORSAL COLUMN PATHWAY. C.-C. Wang*. A.K. Houghton 
and K.N. Westlund. Department of Anatomy and Neurosciences, University of Texas 
Medical Branch, Galveston, TX 77555-1069.

Our previous study has suggested that a midline dorsal column lesion can block the 
transmission of pancreatic nociceptive information since rearing behavior is similar 
to controls only in rats with pancreatitis and a lesion. The aim of the present study is 
to determine whether pancreatic nociceptive information is transmitted by the post- 
synaptic dorsal column (PSDC) projection neurons in the spinal cord using 
intrathecal administration of morphine. Extracellular recordings were made in the 
thalamus from male Sprague-Dawley rats under deep anesthesia (Nembutal; 22 
mg/kg/hr, iv). Responses of thalamic cells to both somatic stimulation and topical 
application of bradykinin (BK, 10^5M) on the surface of pancreas were characterized. 
Once a cell was found to be excited by BK application, morphine (5-10 mg) was 
injected intrathccally and the responses to each stimuli were tested again. After the 
effects of morphine were tested, naloxone (0.5 mg/kg) was injected intravenously 
and the responses to each stimuli tested again. It was found that 16 of 77 (21%) 
thalamic cells were excited by pancreatic stimulation with BK, 15 (19%) were 
inhibited cells, and 46 (60%) did not respond. The somatic field of these excitatory 
cells were localized in the neck, upper arm, and back side of the lower thorax. The 
locations of these excitatory cells were on the border of VPM and VPL thalamic 
nucleus and in the VPL thalamic nucleus. The firing rate of 8 thalamic cells was 
significantly increased (153% mean increase above baseline) after application of BK. 
Morphine significantly reduced the excitatory effects of BK and naloxone reversed 
the effect of morphine. These results are consistent with previous studies and suggest 
that the PSDC pathway is involved in transmission of pancreatic nociceptive 
information from the spinal cord to the brain. (Supported by NIH grants NS 11255 
and NS32778).

154.18
Effects of an NMDA receptor antagonist on spinal responses to 
noxious and nonnoxious colorectal distention in the rat.
Q .Z .  Z h a i*  a n d  R .J .  T ra u b .  D e p t .  O C B S ,  U n iv e r s i t y  o f  M a r y la n d  D e n ta l 
S c h o o l,  B a l t im o r e ,  M D  2 1 2 0 1

M o s t  p r im a r y  a f f e r e n ts  in n e r v a t in g  th e  lo w e r  b o w e l h a v e  th r e s h o ld s  
to  c o lo r e c ta l  d is te n t io n  ( C R D )  b e lo w  th a t  w h ic h  e v o k e s  b e h a v io r s  
in d ic a t iv e  o f  p a in ,  b u t  e n c o d e  th e  in te n s i t y  o f  d is te n d in g  s t im u l i  w e ll  in to  
t h e  n o x io u s  ra n g e .  T h is  s u g g e s ts  s im i la r  s y n a p t ic  p r o c e s s e s  m a y  b e  
in v o lv e d  in  th e  s p in a l t r a n s m is s io n  o f  n o x io u s  (8 0  m m H g  C R D )  a n d  
n o n n o x io u s  (2 0  m m H g )  C R D . In d e e d ,  b o th  n o x io u s  a n d  n o n n o x io u s  
C R D  in d u c e  F o s  e x p r e s s io n  in  th e  ra t  lu m b o s a c r a l  ( L S )  s p in a l c o rd ,  
a l th o u g h  th e r e  is  s ig n i f ic a n t ly  m o r e  F o s  fo l lo w in g  th e  n o x io u s  v s . 
n o n n o x io u s  s t im u lu s .  W e  in v e s t ig a te d  th e  ro le  o f  N M D A  r e c e p to r s  in  
F o s  in d u c t io n  a n d  d o r s a l  h o r n  n e u r o n a l  r e s p o n s e s  to  a c u te  n o x io u s  a n d  
n o n n o x io u s  C R D . S y s te m ic  M K -8 0 1  ( 0 .5 - 5  m g /K g )  d o s e - d e p e n d e n t ly  
a t t e n u a te d  n o x io u s  (8 0  m m H g )  C R D - in d u c e d  F o s  e x p r e s s io n  in  t h e  L S  
s p in a l c o rd  b y  2 0 - 5 0 % .  O n  th e  o th e r  h a n d ,  5  m g /k g  M K -8 0 1  a t te n u a te d  
n o n n o x io u s  (2 0  m m H g )  C R D - in d u c e d  F o s  b y  o n ly  2 0 % .  L o w e r  d o s e s  
h a d  n o  e f fe c t .  S im i la r  r e s u lts  w e r e  o b s e r v e d  in  s in g le  u n it  r e c o rd in g s .  
0 .1 -1  m g /k g  M K -8 0 1  h a d  n o  e f f e c t  o n  th e  r e s p o n s e  to  2 0  m m H g  C R D , 
b u t  p ro d u c e d  a  d o s e - d e p e n d e n t  a t t e n u a t io n  o f  t h e  re s p o n s e  to  8 0  
m m H g  C R D . T h e s e  d a ta  s u g g e s t  t h a t  N M D A  r e c e p to r s  c o n t r ib u te  to  
t h e  s p in a l r e s p o n s e  to  b o th  n o x io u s  a n d  n o n n o x io u s  c o lo n ic  d is te n t io n ,  
b u t  p la y  a  g r e a te r  ro le  in  t r a n s m it t in g  n o x io u s  c o lo n ic  s t im u li .  S u p p o r te d  
b y  U M  D e n ta l R e s e a r c h  F u n d  a n d  U M O C R  o n  P a in .
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154.19

HIGH THORACIC SPINAL CORD STIMULATION (SCS) ATTENUATES 
INTRINSIC CARDIAC NEURONAL ACTIVITY IN THE DOG: 
IMPLICATIONS FOR TREATING REFRACTORY ANGINA PECTORIS.
R.D. Foreman1*. J.L. Ardell2. J.A. Armour*. K.W. Barron1. M.J. Chandler1. M.J.L. 
DeJongste4. S.S. Hull.Jr1. C.J. JoiT. W.D. Min1. G.J. TerHorsť and B. Linderoth5. 
‘Dept, of Physiology, OUHSC, Oklahoma City, OK, 73190 and Depts. of 
2Physiology, Univ, of South Alabama, 3 Physiology & Biophysics, Dalhousie 
Univ., Halifax, NS, 4Cardiology and 4Biological Psychiatry, Groningen, NT and 
5Neurosurgery, Karolinska Institute, Stockholm, Sweden.

SCS induces pain relief in more than 80% of patients with refractory angina 
pectoris. SCS may interfere with cardiovascular circuits at different levels of the 
nervous system. The objective was to determine at the heart level if SCS 
modulated intrinsic cardiac neuronal activity (ICNA) controlling regional cardiac 
function. 13 male dogs were anesthetized initially with thiopental (15 mg/kg) 
followed by chloralose (75 mg/kg). A 4 pole electrode (Medtronic) was implanted 
epidurally between the T1 -T4 segments; fluoroscopy confirmed the position. 
Stimulus intensity was set at 66% or 90% o f motor threshold, i.e. the stimulus 
strength producing muscle contractions. After thoracotomy, extracellular 
potentials were recorded from a small pool o f neurons in the right atrial ventral 
ganglionated plexus (intrinsic nervous system). SCS for 5 min reduced 
spontaneous ICNA from 490 imp/min to 130 imp/min (P<0.01). Right coronary 
occlusion increased ICNA from 400 imp/min to 550 and SCS reduced it to 180 
imp/min (P< 0.03). Transient ST-segment depressions were seen during the 3-5 
min occlusion. In conclusion, attenuation o f ICNA with SCS suggests that 
intracardiac neuronal function is stabilized during ischemic challenges. This may 
contribute to the anti-ischemic effects o f SCS in refractory angina. (Supp. by 
Medtronic Corp., Europe)
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155.1

ALLODYNIA A N D  IN C R E A S E D  D O R S A L  S P IN A L  
CORD IN T E R L E U K IN -lß  IN D U C E D  B Y  I N T R A 
THECAL (IT ) G P 1 2 0 , A N  H IV -1 E N V E L O P E  
G LY C O PR O TEIN . E. D. Milligan*. K.T. N guven. J, L. Hinde. 
K. Mehmert. M. Bohl. S.F. Maier and L. R. Watkins. Dept. 
Psychology, Univ, o f Colorado, Boulder, CO 80309.

We have recently shown that the human immunodeficiency virus 
type-1 (HΓV-1) coat glycoprotein, gpl2O (10 pM), produces potent 
thermal hyperalgesia in rats after an intrathecal (IT) injection. 
Notably, this was blocked by disrupting gpl2O's 3-dimensional 
structure, supporting the idea that it acts via specific receptor-mediated 
activation of spinal cord microglia &/or astrocytes. The present 
studies examined: (a) whether ΓΓ gpl2O produces mechanical 
allodynia, in addition to its potent thermal hyperalgesic effects; & (b) 
potential mechanisms involved. All experiments were performed in 
rats implanted with chronic IT catheters. Allodynia was assessed  
using vocalization to gentle handling o f the hindquarters. Either 10 
pM gpl2O or equivolume vehicle was given. Allodynia was tested 45  
min later, a time when potent thermal hyperalgesia occurs. gpl2O was 
far more likely than vehicle to induce vocalization in response to light 
touch (80% vs 10%). Given that microglia &/or astrocytes are likely 
mediators, we tested the effect o f gpl2O on glial products in dorsal 
spinal cord. Because the proinflammatory cytokines interleukin-1 
(IL1) & IL6 produce spinal pain facilitation, w e tested the effect o f 10 
pM gpl2O on IL1 & IL6 levels. Compared to controls, gpl2O  
increased Њ l levels at both 45 & 90 min; no change in IL6 was 
detected. These data suggest that dorsal horn IL1 may mediate gpl2O- 
induced pain facilitation. Supported by NIH M H 55283.

155.2
CUTE INFLAMMATION CAUSES SIMILAR MICROGLIAL AND Њ-lß 
XPRESSION AS OBSERVED IN NERVE INJURY: A POTENTIAL UNIFYING 
YPOTHESIS FOR THE GENERATION OF PAIN. S. Sweitzer íaì. R.W. 
glbumia), M,-RtøkQW§ki(b), J,A. P℮L℮Ģ*(aД>), Depts. of Pharmacology(a) and 
nesthesiology(b), Dartmouth-Hitchcock Medical Center, Lebanon, NH 03756.
This lab has previously shown that glial activation (proliferation and hypertrophy 
7 astrocytes and microglia) and increased proinflammatory cytokine expression are 
)served in the spinal cord following nerve injuries in the rat that result in 
îuropathic pain behaviors. In the present study we sought to determine whether 
,ute peripheral inflammation induces similar central glial and cytokine changes seen 
nerve injury models. Two models of peripheral inflammation were used in this 

udy: formalin (5% solution) or zymosan (200 ug/ml) injected subcutaneously into 
e plantar portion of the left hind paw of male Holtzman-strain Sprague-Dawley 
ts. The rats were euthanized at 1 hr, 6 hrs, 1,3, and 7 days post-injection (n≈4 or 
group/time point). As expected, the animals treated with formalin showed a 
phasic spontaneous pain response and mechanical allodynia that lasted about 60 
inutes. The animals treated with zymosan exhibited a low level spontaneous pain 
sponsc. However, the presence of mechanical allodynia was observed until day 3 
ter injection. Immunohistochemistгy for glia and cytokines was performed on L4- 
5 spinal levels in all rats. Antibodies for microglia (OX-42), astrocytes (GFAP), 
id IL-lß (monoclonal anti-rat) were applied to free floating spinal cord sections. In 
)th formalin and zymosan treated animals, microglial activation and IL-lß 
imunoreactivity were highest between 1 and 6 hours and decreased to normal levels 
⁄  3 days. There were no corresponding astrocytic changes in either peripheral 
flammatory model and no development of long-lasting pain behaviors as 
:termined by mechanical allodynia. These findings support the theory that acute 
űn behaviors following peripheral inflammation and nerve injury may have a 
milar etiology but nerve injury appears to also result in astrocytic activation that 
ay be a vital component in the development of chronic pain behaviors. [NIH 
A05731, DA10042, DA11276]

155.3
ELECTROPHYSIOLOGICAL STUDY ON THE SPINAL EFFECTS OF 
INTERLEUKIN- ψ  ON THE RESPONSES OF DORSAL HORN NEURONES. 
A. J. Reeve, A. Fox, M. J. K. Walker*, L. Urban. Novartis Institute for Medical 
Sciences, 5 Gower Place, London, WC1E 6BN.

The effects of spinally administered rat recombinant interleukin-1 b (rrIL-lß) 
were evaluated on the electrically evoked responses o f dorsal horn wide-dynamic 
range (WDR) neurones in the anaesthetized rat.
Male Sprague Dawley rats were anaesthetized with enflurane, and a laminectomy 
performed over the lumbar segments to expose the spinal cord. Transcutaneous 
electrical stimulation, into the peripheral receptive field, was employed to evoke 
Aß-, A$-, C-fibre, post-discharge and wind-up responses of the WDR-neurones. 
rrIL-lb (0.5-500pg/50ωl) was applied intrathecally onto the spinal cord, in a 
cumulative manner.
rrIL-lß application produced a dose related enhancement o f A5-, C-fibre, post
discharge, wind-up and input responses. Thus the Aß-fibre evoked responses 
were facilitated to lЗ l± 8  and l43±Ю  % of control (n=6) with 50 and 5OOpg IL- 
lß  respectively. Marked increases in post-discharge to l88±3l and 2O7±54% of 
control was observed following 50 and 5OOpg IL -lß  respectively. Similarly, 
wind-up showed a facilitation to l37± l7  and l7 6 ± l7  % of control, and input 
responses were increased to l6O±l8 and l9O±32% o f control following 50 and 
5OOpg IL -lß  respectively. In contrast, Aß-fibre evoked responses showed no 
change from controls, so that with the above same doses the responses were 81 ±8 
and 86±IЗ% o f control respectively.
This study demonstrates a potential involvement o f interleukin-1 in the 
processing of noxious inputs in the dorsal horn o f the spinal cord.

155.4
PGE2 ENHANCES CAPSAICIN-ELICITED EPSCs IN RAT SPINAL CORD SLICES.
X. Wu, S.T. Meller1, M.R. Vasko, and G.D. N ico l*. Dept, o f Pharmacology & 
Toxicology, Indiana University School o f Medicine, Indianapolis, IN 46202; 
Φrocter & Gamble Co., Mason, OH 45040.

The roles o f inflammatory prostaglandins and activation of their transduction 
cascades in the regulation o f synaptic transmission in the dorsal horn o f the 
spinal cord are poorly understood. Consequently, we characterized the 
capacity of capsaicin to excite neurons in the dorsal horn and examined if 
prostaglandin E2 (PGE2) modulated the capsaicin-evoked activity. Tissue slices 
(~2OO µm thickness) were obtained from the lumbar region o f spinal cords 
isolated from 8-day old rats. Whole-cell patch-damp recordings were made 
from neuronal cell bodies of various sizes in the superficial layers (laminae I 
and II, L l/ll) or deeper layers (lamina V, LV) o f the dorsal horn. Application of 
capsaicin (0.5-1 µM) elicited excitatory post-synaptic currents (epscs) in these 
neurons; all activity was blocked by treatment w ith a high Mg++-low Ca++ 
Ringers (5 mM MgCl2 + 2 mM EGTA). Capsaicin produced an inward current 
in neurons o f Ll/ll; this shift in the holding current also was prevented by the 
high Mg++-low Ca++ Ringers. In recordings from both Ll/ll and LV, epscs with 
short and long durations were observed. The short-duration epscs were 
blocked by the AMPA/ka¡nate antagonist CNQX, whereas the longer-duration 
epscs were suppressed by the NMDA antagonist APV. Pretreatment o f the slice 
w ith 1 µM  PGE2 significantly enhanced the frequency of spontaneous and 
capsaicin-elicited epscs. These results indicate that capsaicin elicits the release 
o f neurotransmitters from primary sensory afferents and this release is 
modulated by PGE2. The findings support the notion that the spinal cord slice 
is a valid model system in which to investigate the mechanisms of pre-synaptic 
sensitization o f neurotransmitter release and the cellular signalling pathways 
regulating the sensitivity o f post-synaptic receptors in the spinal cord. 
Supported by a grant from Procter & Gamble.
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155.5
EFFECTS OF PROSTAGLANDINS ON BRADYKININ-INDUCED CHANGES OF 
INTRACELLULAR CALCIUM IN A SENSORY NEURONAL CELL LINE 

O.L. Zhou* and G.R. Strichaгtz Pain Research Group, Dept, of Anesthesia, Brigham 
and Women's Hospital, Harvard Med. Sch„ Boston, MA 02115.

Abundant evidence supports the role of prostaglandins in the sensitization of 
sensory neurons to chemical mediators of inflammation and pain, such as bradykinin 
(BK) (J.Neurosci. 14:4987-4997.1994; Brain Res.655:51-60. 1994; Brain
Res.632:321-324. 1993; Neurosci.66:459-466.1995). However, the underlying 
mechanisms are not fully understood although changes of cAMP have been proposed 
as an essential process. We investigated the effects of PGE2 and iloprost, a PGI2 
analogue, on the cellular response to BK, by measuring the changes of intracellular 
calcium ([Ca2+]¡) using fura-2 in a dorsal root ganglia neuron-neuroblastoma hybrid 
cell line (ND7/104). Cells grown on glass coverslips were loaded with 5µg/ml fura-2 
(Molecular Probes) and [Ca2+L changes were determined by dual excitation (340/380 
nm) microfluorometry (Photon Technology International, Deltascan 4000). BK 
increased [Ca2+]į in ND7/104 cells in a concentration (3-1000 nM)-dependent 
manner through the G-protein coupled B2 receptor. At ЗOnM (ca. EC5〇) BK elevated 
[Ca2+]į from 38±Ю nM to 32O±4O nM (n=l7). Pretreating the cells with 10'6M PGE2 
or iloprost for 5 min before agonist addition, resulted in BK-induced increase of 
[Ca2+]į to 458±42 nM (n=l2) or ll22±55 nM (n=6), respectively. However exposure 
of the cells to 10̂ 6M iloprost for 30 seconds followed by a 5 min wash inhibited the 
response to BK by 58%±Ю(n=7). In addition, pre-increase of intracellular calcium 
by transient exposure to ionomycin (5-1000nM) resulted in concentration-dependent 
inhibition of cell responses to BK. These data suggested that (1) prostaglandins act 
on sensory neurons through diverse intracellular mechanisms; (2) intracellular 
calcium plays an important role in BK sensitivity of sensory neurons.. Supported by 
GM 36547 (GRS).

155.6
BEHAVIORAL A N D  ELECTROPHYSIOLOGICAL EVIDENCE FOR 
NOCICEPTIVE ACTIONS OF ISOPROSTANES. H. lu n ge r .  M.R. 
V asko1* and L.S. Sorkin2. !Dept. of Pharmacol. Toxicol., Indiana U. 
Sch. o f Med.; 2Dept. of A nesthesiology, U. California at San D iego, 
La Jolla, CA 92093.

Isoprostanes can be formed independently of cyclooxygenase by  
peroxidation of arachidonic acid. These eicosanoids have recently 
been show n to enhance peptide release from sensory neurons (A. R. 
Evans et al., N eurosci. Abstr. 1997). W e investigated the effects of 
8 -iso prostaglandin E2 (8-isoPGE2) and 8-iso prostaglandin F2α (8- 
isoPGF2α) on nocifensive behavior and receptive field properties of 
primary afferent C fibers. Intradermal injection of lµ g /2 .5 µ l of 8- 
isoPGE2 reversibly reduced both the m echanical and thermal paw  
w ithdraw al thresholds in aw ake rats for 45m in post injection, 8- 
isoPGF2α caused minimal to no changes. Mechanical thresholds and 
ongoing activity were determined for single C nociceptors of the sural 
nerve in pentobarbital anesthetized rats. In all fibers (n=l6), s.c. 
injection of 8-isoPGE2 reduced the mechanical threshold significantly 
(up to 60%) for approximately 1 hour. In contrast, the response to 8- 
isoPG F2α w as more variable (n=l8); 24% of the fibers show ed no 
change in m echanical threshold and in the rem aining cases the 
threshold  w as reduced to a lesser extent (up to 40%). O nly 1 
nociceptor d eveloped  ongoing activity as a result of 8-isoPGF2α 
injection. N either 8-isoPGE2 nor 8-isoPGF2oc had any effect on Aß 
mechanoreceptors. Our findings support the role of 8-isoPGE2 and 
8 - iso P G F 2 α  as putative n ocicep tive agents. This w ork w as 
supported by NS3563O.

155.7
MODULATION OF PROSTAGLANDIN E2 RECEPTORS IN RAT DORSAL 
SPINAL CORD. M.D. Southall* and M.R. Vasko. Department of Pharmacology 
and Toxicology, Indiana University School of Medicine, Indianapolis, IN 46202.

Studies have demonstrated that prostaglandin E2 (PGE2) mediates nociception in 
the dorsal horn of the spinal cord, but direct evidence of the regulation of PGE2 
receptors is limited. Therefore, we characterized PGE2 receptors in the dorsal spinal 
cord and examined regulation of receptor binding during peripheral inflammation.

PGE2 binding was assessed in membranes from dorsal spinal cord in control male 
Sprague-Dawley rats and in rats with inflammation induced by injection of 150 µL 
of Complete Freund's Adjuvant (CFA) into the hindpaw. Studies also examined 
prostanoid binding on membranes isolated from sensory neurons grown in culture. 
PGE2 receptor binding was determined by incubating membrane protein with various 
concentrations of [3H]-PGE2. Non-specific binding was determined using 10 µM 
PGE2. Binding curves were fitted using non-linear regression.

Equilibrium binding of [3H]-PGE2 at 30 C for 60 min on membrane protein from 
spinal cord revealed a saturable binding site with a K d of 23 ± 4.1 nM and a Bmax 
of -700 ± 55 fmol/mg protein (n=3). Treating membranes with 1 mM GTPγS 
decreased specific [3H]-PGE2 binding to spinal cord tissue by approximately 50%, 
suggesting that the PGE2 receptor is coupled to a guanine nucleotide binding 
proteiii. Seventy-two hr after injection of CFA, the maximal PGE2 receptor binding 
was reduced by -30% in membranes from cord tissue ipsilateral to the inflammation 
compared to the contralateral cord. Inflammation did not significantly alter the 
receptor affinity. Because this downregulation could result from enhanced 
prostaglandin production in the spinal cord, we determined whether exposing isolated 
sensory neurons to PGE2, could alter receptor binding. In a manner similar to 
inflammation, preexposing sensory neurons to 1 µM PGE2 for 72 hr decreased PGE2 
binding by 41% without effecting the receptor affinity.

These results demonstrate that peripheral inflammation downregulates PGE2 
receptors in the dorsal spinal cord and suggests that alterations in prostanoid 
receptors could result from chronic exposure to PGE2. (Supported by NS 34159).

155.8
M olecular M echanism  of Neuronal Prostaglandin Release. Jennelle

Harvard Medical School, Boston, MA 02115 
Prostaglandins (PGs) are arachidonic acid-derived neuromodulators which have been 

implicated in a number of disease states including neurodegenerative disorders and 
chronic pain. Unlike classical neurotransmitters, PGs are produced on demand rather 
than being stored until needed. While much is known about the biosynthesis of 
PGs, less is understood about the mechanism of release. It is known, however, that 
most cell membranes are impermeable to PGs (Am. J. Physiol. 229:1580). The 
purpose of the present study is to determine the mechanism by which PGs are 
released from neurons. We have evaluated the hypothesis that PGs are synthesized in 
neuronal synaptic vesicles, which would be consistent with studies in mast cells 
demonstrating that PGs are synthesized and released from secretory granules (J. 
Histochem. & Cytochem. 37:1319). In the present study, rat brains were 
homogenized and crude synaptosomal membranes were fractionated. Standard 
Western blotting techniques were employed to evaluate the subcellular distribution of 
the enzymes responsible for the synthesis of PGs, cyclooxygenase 1 (COX1) and 2 
(COX2), as well as synaptophysin (an integral membrane protein of synaptic 
vesicles) and calnexin (a marker of the endoplasmic reticulum (ER)). Fractionation 
of crude synaptosomal membranes indicated that COX1 and COX2 were not enriched 
in the same fractions as synaptophysin suggesting that PGs are not produced in 
neuronal synaptic vesicles. COX1 and COX2 were, however, enriched in the same 
subcellular fractions as calnexįn, consistent with studies in non-neuronal cells which 
have reported localization of CÒX1 and COX2 to the ER (J. Biol. Chem. 273:9886) 
and with immunohistochemical studies in neurons localizing COX to cell bodies and 
proximal dendrites (Brain Res. 543:15). One interpretation of the localization of 
COX to the ER is that it is subsequently incorporated into classical secretory 
vesicles. Another interpretation is that PGs undergo release from vesicles which bud 
directly from the ER and fuse with the plasma membrane as has been proposed for 
neurotrophins (PNAS 94:13279). This would be consistent with the localization of 
COX to the ER and is currently under further investigation. Funded by NINDS.

155.9 155.10

ARACHIDONIC ACID POTENTIATES THE HYPERALGESIA 
INDUCED BY NOXIOUS THERMAL STIMULATION OF THE TAIL 
AND INTRATHECAL ADMINISTRATION OF SUBSTANCE P AND 
NMDA BUT NOT AMPA IN THE RAT TAIL FLICK TEST. 1. Ritchie. 
G.M. Pitcher. R.B. Malmö* and J.L. Henry. Depts. of Physiology and 
Psychiatry, McGill Univ., Montreal, QC Ш G 1Y6.

Arachidonic acid (AA) has been implicated in synaptic transmission in 
supraspinal structures. However, little is known about its role(s) in mechanisms 
o f sensory transmission at the level o f the spinal cord. The present study 
determined the effects of spinal adminstratюn of AA in 5 paradigms of 
nociception, including one of acute nociception and four o f hyperalgesia, using 
the tail withdrawal reflex. Male Sprague Dawley rats (300-350g) were used. In 
awake rats, intrathecal administration of AA, at 0.06 (n = l2 )  or 6.0 (n = lЗ )  
nmol was without effect on baseline reaction time. However, the transient 
hyperalgesia induced by intrathecal administration of substance P (6.5 nmol; n 
=  12) and of NMDA (1.0 nmol; n =  13) was potentiated by intrathecal 
administration of 6.0 nmol o f AA given immediatelyprior to administration of 
the agonist; 0.06 nmol of AA potentiated the NMDA- (n =  13) but not the 
substance P- (n =  12) induced hyperalgesia. Interestingly, the hyperalgesia 
induced by intrathecal adm¡nstration of AMPA (0.1 nmol) was unaffected by 
preadministration of 0.06 (n =  13) or 6.0 (n =  12) nmol o f AA. Control 
animals given CSF ith. exhibited normal responses to substance P (n =  12), 
NMDA (n =  13) and AMPA (n =  12) administration. In rats anesthetized 
lightly with Na-pentobarbital and chloral hydrate (20 and 120 mg/kg, i.p ., 
respectively), 6.0 (n=Ю ) but not 0.06 (n = l2 )  nmol o f AA potentiated the 
hyperalgesia induced by noxious thermal stimulation o f the tail (90s in 55 *C 
water). The effect was transient as the tail withdrawal reflex returned to 
baseline values measured 3 min later. The data indicate that intrathecal 
administration of AA potentiates the hyperalgesia induced by NMDA or NK-1 
receptor activation in the spinal cord. The time course o f this effect is much 
more transient than that induced by similar administration o f prostaglandins, 
suggesting that AA itself may have direct effects on nociceptive mechanisms at 
the spinal level. (Supported by the Canadian MRC, FRSQ/FCAR, McGill Faculty 
o f  Medicine and Royal Victoria Hospital Research institute)

PROSTAGLANDIN E2 RECEPTOR EP1 SUBTYPE-DEFICIENT MICE 
HAVE REDUCED BLOOD PRESSURE AND ALTERED NOCICEPTIVE 
PAIN RESPONSES.K. Sŉinio'*.J. L. Stock2. K. Tanieuchi V J .Burkhardt¯. T.
M. Coffman4. T. ĭshikawa1 & J. D, McNeish2. 1 Dept, o f Medicinal Biology, 
Pfizer Central Research, Taketoyo, Aichi 470-2393 JAPAN, 2 Dept, of 
Molecular Sciences and 3 Drug Safety Evaluation, Pfizer Central Research, 
Groton, CT 06340, U.S.A., and4 Division o f  Nephrology, Duke University 
Medical School, Durham, N.C. 27710.

Prostaglandin E2 (PGE2) has diverse biological actions in a variety o f 
tissues. These wide-ranging effects are mediated by four cloned receptor 
subtypes (EP1-4). The EP receptor subtypes differ in tissue distribution, 
ligand binding affinity, and coupling to cellular signal transduction. 
However, distinct in vivo functions o f  these receptors have not been 
identified. To delineate the functions o f the EP1 receptor, we used 
homologous recombination in embryonic stem (ES) cells derived from 
DBA/! mice to generate EP1 deficient mice. EP1 -/- mice on an inbred 
DBA/1 background are healthy and fertile without any overt physical defects. 
Blood pressure is significantly reduced in EP1 receptor-deficient mice 
suggesting a role for this receptor in cardiovascular homeostasis. Since 
prostaglandins mediate inflammatory pain, the EP1 receptor-deficient mice 
were tested for nociceptive pain responses. Here, we report that EP1 -/- 
mice demonstrate a 50% reduction in the abdominal constriction test, but no 
change in the formalin test. Thus, the EP! subtype PGE2 receptor plays a 
direct role ¡n inflammatory pain perception. These studies provide 
compelling rationale for EP1 as a therapeutic target for anti-inflammatory 
agents.
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155.11 155.12
PERIPHERAL AND CENTRAL EFFECTS OF ACETYLSALICYLIC ACID ON TRI
GEMINAL NEURONAL ACTIVITY FROM THE RATS DURA MATER Ļ E U r i⅛
K. Schepelmann2, M. Pawlak1, K. Meßlinger\ ‘Inst, of Physiol., Univ, o f Würzburg; 
2Dept. o f Neurol., Univ, of Tübingen; 3Inst. o f Physiology, Univ, o f Erlangen, Germany.

One o f the most frequently used drugs in the treatment o f headache is acetylsalicylic 
acid (ASA). Many studies have proved the therapeutic effectiveness of ASA, but so far, 
there are only very rare data about the effects of ASA on nociceptive processing in the 
trigeminal system, where headache is initiated.

In 16 male Wistar rats the effects o f ASA on central neuronal activity in the subnu
cleus caudalis (SNc) were investigated. The animals were anesthetized by thiopental, 
paralyzed by gallamine and artificially ventilated. A craniotomy was performed to ex
pose the left parietal dura mater. Carbon fiber glass electrodes were inserted into the 
medulla oblongata and 19 units within the SNc with input from the dura mater were 
extracellularly recorded. The dural receptive fields were identified by von Frey fila
ments and found to be located most frequently at the medial meningeal artery. Sponta
neous (SA) and mechanically evoked (MEA) neuronal activities were recorded before 
and after intravenously applied 30 mg/kg ASA and placebo in 13 and 4 units, respec
tively. Neuronal activities were also recorded before, during, and after topical applica
tion of lmg/ml ASA on the parietal dura mater in 5 units.

Within 5 min after systemical application of ASA, SA decreased (p<0.01) and re
mained lowered for at least 30 min, while MEA showed slight inhibition only for the 
first 15 min (p<0.05). SA and MEA in the conưol units remained unchanged. After 
topical application of ASA on the parietal dura mater, SA remained unchanged, while 
MEA was suppressed in all investigated units (p<0.05).

ASA inhibited the nociceptive processing from the rats dura mater to the brainstem. 
The different effects of systemical and topical ASA on trigeminal neuronal activity may 
be due to central and peripheral mechanisms.

Supported by the Deutsche Forschungsgemeinschaft (SFB 353/B3).

SPINAL CYCLOOXYGENASE-2 (COX-2) INHIBITION BLOCKS INTRATHE
CAL SUBSTANCE P-EVOKED THERMAL HYPERALGESIA IN RATS. D M. 
Piŗig*, R. Wagner, PC. Isakson, R.R. Myers, and T L , Yaksh. Depts. of 
Pharmacology and Anesthesiology, Univ, of Calif., San Diego, CA 92093-0818. 
Searle, St. Louis, MO 63198. Support: DAO2llO(TLY) and DAO5726(DMD).

Current studies indicate that spinal cyclooxygenase synthesis of prostanoids is 
involved in nociception and hyperalgesia after tissue injury and inflammation. There 
are now known to be two cyclooxygenase (COX) isozymes with distinct inhibitor and 
regulatory profiles in the CNS. To define the role of these isozymes in spinally-medi- 
ated hyperalgesia, we examined the effects of COX-1 and COX-2 inhibitors on 
intrathecal (IT) Substance P (SP)-evoked thermal hyperalgesia in rats, as assessed by 
reduced paw withdrawal latency (PWL) from a radiant thermal stimulus. 
Immunohistochemical studies demonstrated that COX-1 and COX-2 protein were 
present in neurons within the superficial layer of the dorsal horn. Paw withdrawal 
latencies were reduced by 40% 15 minutes after IT SP. This hyperalgesia was 
reversed in a dose-dependent manner by spinal pre-treatment with S(+)-ibuprofen 
(Ibu) and COX-2 inhibitors, but not by a COX-1 inhibitor or R(-) ibuprofen. Thus, 
spinal NK-1 receptor activation 14ļ 
evokes an acute thermal hyperalge- ^  
sia dependent upon COX-2 activity, 0>12 
demonstrating a constitutive role for *2 * 
spinal COX-2. No spinal COX-1 
component to SP-evoked thermal ^  
hyperalgesia was observed. Figure: g
COX inhibitors were administered 
IT at t=-10min; SP at t=O. PWL 
assessed every 15 min. for 60 min.
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155.13
NON-STEROIDAL, ANTI-INFLAMMATORY DRUGS ATTENUATE 
NOCICEPTIVE RESPONSES TO THE ACETIC ACID TEST IN THE FROG.
P. ī. Puskala. D.T. Hamamoto. and K. C. Kajander*. Departments of Oral 
Science, and Cell Biology & Neuroanatomy, and Graduate Program in 
Neuroscience, University of Minnesota, Minneapolis, MN 55455

Application of acetic acid (AA) to the hindlimb skin of the frog has 
been proposed as a model for the study of chemically induced nociception 
(Stevens, Life Sciences, 50:901-912,1992). In this model, a drop of A A 
evokes a nociceptive wiping response. The skin is washed off with 
distilled water five seconds after the drop has been applied. This model 
has been used to evaluate the anti-nociceptive activity of drugs including 
the opioids. However, this model has not been used to evaluate non
steroidal drugs, which have a different mechanism of action and act at 
the peripheral site. Thus, we evaluated the effects on the wiping response 
of injection into the dorsal lymph sac of naproxen (NAP) and indomethacin 
(INDO). The AA solution to which the frogs responded was recorded at 
baseline. Frogs were then injected with NAP (10,100,300 or 500 m g/kg) or 
INDO (1,3,10,50 or 100 m g/kg) or vehicle and retested, beginning at 30 
minutes, for up to three hours. The AA solution that produced the wiping 
response was significantly different from baseline in the NAP and INDO 
groups at the higher doses (Kruskal-Wallis one-way analysis of variance, 
p<0.05). Vehicle had no significant effect on the behavior. These 
experiments demonstrate that intradermal injection of non-steroidal, anti
inflammatory drugs are effective in attenuating the AA nociceptive 
response in the frog. This research supported, in part, by NIH grants 
NS339O8 and DEOO27O.

155.15
THE NSAID DEXKETO PRO FEN IS A  PO TEN T D E PRESSO R OF 
NO CICEPTIVE REFLEXES AC TIVA TE D  BY N ATURAL AND ELECTRICAL 
STIM ULATIO N (W IND-UP). J. M azarío . C. R oza . F. C ervero* and J.F. H errero . 
Dept. Physiology, University o f A lcala, 28871 Madrid. Spain.

The NSAID Dexketoprofen trom etam ol has been shown to be a potent 
inhibitor o f prostaglandin F2 alpha production in an in v itro  preparation, and to 
have ana lgesic e ffects both in anim als and hum ans. The aim o f these 
experim ents was to assess whether or not Dexketoprofen produces these 
effects at centra l sites and if so, how potent this action is in the depression o f 
spinal cord nociceptive  excitab ility  (w ind-up) when com pared to the µ opioid 
fentanyl. W ithdrawal reflexes, recorded as S ingle M otor Units (SMUs), were 
activated by Зmin cycles o f m echanical and electrical stim ulation (16 pulses,
1 Hz, 2T, 0 .2m s) in m ale .W istar rats (300-350g) under α -C hloralose 
anesthesia. Fentanyl and Dexketoprofen w ere  in jected i.v. in a cum ulative  log2 
regime until responses were  depressed below  25%  o f contro l responses.

Dexketoprofen induced a potent depression o f responses evoked by either 
m echanical stim ulation: ID5O o f 40µg/kg (100∩m ol/kg) or e lectrical stimulation: 
ID5O o f 180µg/kg (500nm ol/kg). These doses were in the sam e nanom olar 
range as those observed w ith the µ opioid fentanyl (ID5Os o f 30 and 40nmol/kg 
respectively), sm aller than the doses required to obtain s im ilar effects with 
other NSAIDs. Dexketoprofen also reduced s ignificantly SMU w ind-up at doses 
of 20µg/kg (50nm ol/kg). In this case, the s lope o f the w ind-up curve did not 
change, in contrast to w hat was observed w ith fentanyl, where the level of 
saturation o f the firing rate was shifted to the right. W e conclude that 
dexketoprofen trom etanol is an NSAID with e ffective  centra l ana lgesic actions 
and a potency sim ilar to that o f µ opioids.
Supported by Laboratorios Menarini, S.A. and M inistry o f Education, Spain, 
CICYT SAF97-0104.

155.14
SUPRA-ADDIΉVE EFFECTS OF CO-ADMINISTRATION OF PARACETAMOL AND 
KETOPROFEN ON CARRAGEENAN INFLAMMATION: A  SPINAL C-FOS PROTEIN STUDY 
IN THE RAT J. Buгitova* and J.-M. Besson. INSERM U.161, 75014 Paris, France.

We have investigated the effects of intravenous co-administration of Prodafalgan 
(PROD), a prodrug of Paracetamol, and Ketoprofen (KETO), a NSAID, on carrageenan- 
evoked peripheral oedema and the associated expression of c-Fos protein in spinal 
neurons in die awake rat. Two hours after intraplan tar injection of carrageenan (6mg in 
l5Oµl of saline), an ipsilateral peripheral oedema was associated with the c-Fos protein 
expression at the spinal cord level. c-Fos-immunoгeactive (Fos-LI) neurons were 
essentially located in the superficial (I-II) and deep (V-VI) laminae (67±3 and 46±3 
neurons per section respectively) of the dorsal horn of segments L4-L5 of the spinal 
cord. This localisation corresponds to the spinal areas containing numerous neurons 
receiving noxious inputs. Systemic pre-administration of PROD (50, 100 and 200 
mg/kg i.v.), 15 minutes prior to inưaplantar carrageenan, did not significantly 
influenced the carrageenan-evoked oedema and spinal c-Fos protein expression. Pre
administered KETO (0.5 mg/kg i.v.) produced a low, but significant, reduction of the 
oedema (2l±5% reduction of the oedema volume, P<0.01) and the number of Fos-LI 
neurons in the superficial and deep laminae (2 l±4  and 26±5% reduction of conưol 
number, P<0.05 and P<0.01 respectively). Prior co-administration of PROD and 
KETO (50+0.5, 100+0.5 and 200+0.5 mg/kg i.v.) dose-гelatcdly reduced both the 
oedema and the spinal expression of c-Fos (r=0.57 and г=0.74, P<0.05 and P<0.001 
respectively). Co-adminisưation of the highest dose of PROD and KETO (200+0.5 
mg/kg i.v.) produced a marked reduction of the oedema (48±5% reduction of oedema 
volume, P<0.001) and the number of Fos-LI neurons in the superficial and deep 
laminae (54±6% and 65±5% reduction of conưol number respectively, P<0.001 for 
both). These results demonsưate that co-administration of an ineffective dose of PROD 
and a low effective dose o f KETO results in a considerable attenuation of the peripheral 
oedema and spinal expression of c-Fos protein. These results suggest that an interaction 
between the effects of paracetamol and NSAIDs can produce supra-additive effects on 
inflammatory nociceptive processes, which are unlikely to be associated with adverse 
side effects. This research was supported by UPSA Laboratories, France.
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156.1
NIGHT VISION IN LÍMULUS
F.A. D odge*. C.L. Passaglia. and R.B. Barlow
M arine B iology Laboratory, W oods Hole, MA. & Center fo r  Vision
Research, SUNY Health Science Center, Syracuse, NY.

Limulus can see about as w ell at night as in the daytime. Circadian 
efferent activity modulates the structure and function o f the retina 
y ie ld in g  an enorm ous increase in photoreceptor sen sitiv ity . 
Underwater at night single photoreceptors fire bursts o f impulses at 
irregular intervals reflecting the statistics o f photon absorption.

U sing a video display simulating a m oving target underwater at 
daytime light levels, we recorded the responses o f a single optic-nerve 
fiber in situ. W e then switched the eye into the nighttime state by 
electrically stimulating the optic nerve containing efferent fibers in the 
dark for 45 min. Attenuating the display intensity with a 4.5 log N.D. 
filter to sim ulate nighttime illum ination levels , we then recorded 
‘nighttim e’ responses from the same single unit. W e found that the 
highly sensitive nighttime state maintained about the same mean spike 
rate as the daytime state but at the expense o f a 50-fold increase in the 
power o f  phototransduction noise. Such noise almost com pletely  
obscures the response to the target.

M odifying our realistic, cell-based model o f the eye to include the 
known efferent effects (higher photon capture, wider acceptance angle, 
longer quantum bumps), we matched the observed unit responses, and 
found that the convergence o f the simultaneous activity from a compact 
cluster o f 12 ommatidia onto a brain neuron w ould give the animal a 
readily detectable signal o f the target.
Supported by N SF (B N S9421359) and NIH (M H 4974l & EY00667).

156.3

Electrical Currents Elicited by a Skate Retinal GABA 
Transporter Expressed in Xenopus Oocytes S. R ohde1. K.
A. A ndersen1. M.R. Al¯Ubaidi1,2, & R.P. M alchow 1,2* Depts. 'Biological 
Sciences, 2Ophthalmology & Visual Science, University o f Illinois at Chicago

The inhibitory neurotransmitter γ-amino butyric acid (GABA) plays a 
crucial role in processing information in the vertebrate retina. Extracellular 
GABA concentrations are thought to be tightly regulated in part by the 
transport o f  GABA into neurons and glial cells. The gene that encodes the 
GAT-1 type GABA transporter in the retina o f  the skate has recently been 
cloned in this lab (Qian et al, Molecular Vision 1998, http://www.emory.edu/ 
molvis/v4/p6). The purpose o f  the present experiments was to detennine 
whether we could examine the functional properties o f  this sGAT-1 transporter 
using the Xenopus laevis oocyte expression system.

Messenger RNA was transcribed in viư〇 using the Stratagene mCAP kit, 
and approximately 0. Юµg was injected into each defolliculated oocyte. 
Seventy-two hours after injection, we measured elicited currents with the dual
electrode clamp technique. Application o f  lmM GABA produced an inward 
current o f  approximately 20-40 nA with the cell voltage-clamped at -8 0  mV. 
No current was elicited when the cells were clamped at +20 mV. Further, the 
GABA-induced current was abolished when extracellular sodium was replaced 
with lithium. The loss o f  current at positive potentials and the dependence o f  
the current on extracellular sodium are consistent with the current model o f  
movement o f molecules via the GABA transporter, in which two sodium and 
one chloride ion are transported along with each molecule o f  GABA.

Our data demonstrate that the sGAT-1 gene codes for a functional GABA 
transporter. Future plans include a comparison o f  the pharmacological 
properties and ionic dependence o f  this transporter with those o f other known 
GABA transporters.
Work supported by N Ш  grant EYO94l 1 and a Campus Research Board Award.

156.5
IMMUNCYTOCHEMICAL EVIDENCE FOR CYCLIC GMP IN 

LATERAL EYES OF LIMULUS. M. Dorlöchter1* and J. de Vente2. ìnst. 
für Biologie II, RWTH Aachen, 52074 Aachen, Germany, and ⅞)ept. Psychia
try and Neuropsychology, Limburg University, The Netherlands.

Invertebrate phototransduction is still not well understood. In the horseshoe 
crab Limulus multiple second messenger pathways appear to be triggered by 
light. One of them involves the production of inositol phosphates, while the 
other pathways seem to operate via cyclic nucleotides (Nagy, 1993, Neurosci. 
Letters 152, 1-4). However, decisive evidence for participation of cyclic nu
cleotides in visual excitation is still lacking.

We employed antiserum against cGMP on frozen sections of Limulus lateral 
eyes. The anti-cGMP antibody was prepared as described earlier (De Vente et 
al., 1987, Neuroscience 22, 361-373). Immunoreactivity (ĬR) was found in the 
photoreceptor rhabdoms, which contain the light-sensing transduction machin
ery. This localization thus agrees with a role of cGMP in photoreception. Some 
IR was also localized to interstitial cells surrounding the ommatidia.

Guanylyl cyclase exists as a particulate and a soluble isoform. The latter is 
activated by nitric oxide (NO) in many tissues. In Limulus photoreceptors 
rhabdom cGMP-IR was not affected by the addition of the NO donor sodium 
nitroprusside in the presence of the phosphodiesterase inhibitor IBMX. Nor did 
photoreceptors stain for NADPH diaphorase, indicating the absence of the 
enzyme NO synthase. Thus, NO appears not to be involved in cGMP synthsis.

Our results support the idea that cGMP is one of the intracellular messen
gers of excitation in the lateral eye of Limulus. We are currently investigating 
the light- as well as calcium-dependence of the IR.

Supported by the DFG and the Fonds der Chemischen Industrie.

156.2
SPO NTANEO US ELECTRICAL A C TIVITY  IN THE ISOLATED 

RETINA-LAM IN A G AN GLIO NARIS  CO M PLEX OF THE CRAYFISH. Ļ  
Rodríquez-Sosa and H. A réch iqa*. Division de Estudios de Posgrado e 
Invest¡gación, Facultad de Medicina, UNAM, 04510 México, D.F.

The crustacean visual pathway is the site o f com plex modulatory 
influences. In intact anim als, a circadian rhythm icity o f retinal activity has 
been described (Arėchiga and Rodríguez-Sosa. J. Mar. Biol. Ass. U.K. 77:17- 
29,1997) but the s ite(s) o f origin o f such in fluences remain unknown. A 
circadian rhythm of light responsiveness has been docum ented in crayfish 
photoreceptors in the isolated re tina-lam ina ganglionaris com plex 
(R odríguez-Sosa and Arėchiga, Soc. Neurosci. Abstr. XXVII: pp 1325, 1997). 
In the present com m unication the existence o f spontaneous electrical activity 
in this region is described.

The retina-lam ina ganglionaris com plex containing the com pound 
eye and the lam ina ganglionaris, thus harboring the firs t synapse o f the 
crustacean visual pathway, was surgically isolated from  the rest o f the 
eyestalk, and kept in culture m edium  (Levovitz 50%, w ith 1% feta l ca lf serum) 
for three days. In preparations kept in continuos darkness, a spontaneous 
activity was present. M ultiunit spiking activity w ith rates ranging from  <1 to 27 
Hz was present at the level o f the lam ina ganglionaris. The firing rate was 
enhanced by local depolarization w ith high K+ solutions. The activity was 
suppressed by applying light pulses to the retina. In preparations kept in 
culture under continuous darkness, a rhythm  o f activity rate w as detected 
along 24-hour cycles, being lower at day-tim e than at night. These results 
suggest the presence in the lamina-ganglionar¡s, o f cells capable o f 
generating an endogenous rhythm of activity.

This work was partly supported by C O NACyT grant No. 0971-PB.

156.4
SOME PROPERTIES OF V ISUAL CELLS IN THE MEDICINAL  
LEECH. Leathern M ehaffev. Ш. Department o f Biology, Vassar College, 
Poughkeepsie, NY 12604.

The photosensitive cells found in the photoreceptors o f the dorsal lip 
o f the medicinal leech have an unusual anatomical configuration. Each 
photoreceptive cell contains a large “vacuole” which occupies most of 
the ce ll’s volume. The microvilli containing the photopigment are on 
the interface between the cytoplasm and the vacuole, which is 
connected to the extracellular space by several specialized canals. This 
anatomy provides unique opportunities for studying the 
phototransduction mechanism as separated from the generation o f  
action potentials, which occurs in the external membrane. I have begun 
this study by quantifying som e general parameters o f the system. 
Responses to light flashes are depolarizing when recorded from the 
cytoplasm and hyperpolarizing when recorded from the vacuole. 
Spectral sensitivity fits a rhodopsin nomogram with a λ max o f 540 nm. 
Response amplitude versus light intensity follow s a typical tanh curve 
over one to one-and-a-half log units. Dark adaptation is rapid, with 
recovery o f the response beginning 10 to 20 seconds from the 
maximum prolonged bright light and reaching completion after an 
additional 20 seconds. Light adaptation is equally rapid, but the 
baseline membrane voltage does not recover fully until lights off. 
Sodium-free bathing solutions rapidly eliminate the response.

156.6
VISUAL FIELD AND DIOPTRIC PROPERTIES OF THE LATERAL EYE OF THE 
JAPANESE HORSESHOE CRAB, TACHYPLEUS TR1DENTATUS. B. W. Dell’Orfano. W. W 
Weiner and S. C. Chamberlain*. Department of Bioengineering & Neuroscience and 
Institute for Sensory Research, Syracuse University, Syracuse, NY 13244-5290.

A precision two-circle goniometer was mounted to the stage of a compound light 
microscope to measure the optical alignment and to determine the entrance aperture 
diameter of individual cuticular cones in the dioptric array of the lateral eye of 
Tachypleus tńdentatus. The measurements were made on individual cuticular cones 
using a combination of conventional light microscopy and a formaldehyde-induced 
fluorescence procedure.

Initial observations of the lateral eye showed that it is much smaller than that of 
the American horseshoe crab, Limuluspolyphemш. Adult Japanese horseshoe crabs 
with a carapace 24 cm across have approximately 350 ommatidia in each eye. This 
number of ommatidia is significantly lower than the 850 ommatidia found in an 
American horseshoe crab of equal size. The general shape of the ľ. tńdentatus eye 
is elliptical and has a monocular field of view that covers 129° vertically and 190° 
horizontally—about the same as in L polyplòemus. Given these data, it is clear that 
the average resolution of the eye in Tachypleus must be lower than in Limulus. We 
are currently measuring the distribution ofresolution across the eye.

We have also found that the diameters of the ommatidia in Tachypleus vary across 
the retinal array with an average diameter of 160 µm compared to an average 
ommatidial diameter of 250 µm in Limulus. This indicates that the entrance aperture 
of each ommatidium in the eye of Tachypleus has less than half the area of that in the 
eye of Limulus, with obvious implications for light gathering ability. The smallest 
ommatidial diameters are found in the anterior retina in both species; however, in 
Tachypleus the maximum diameters are found in the center of the retinal array, 
whereas in Limulus they are found along the posterior margin of the eye. Taken 
together, the smaller ommatidial diameter, fewer total ommatidia, and different size 
distribution pattern in Tachypleus may have implications for how this eye develops. 
Supported by the NSF REU program and by the Department of Bioengineering & Neuroscience at 
Syracuse University.
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156.7
IS CIRCADIAN EFFERENT PRIMING OF PHOTORECEPTOR MEMBRANE 
SHEDDING IN THE LIMƯLUS LATERAL EYE MEDIATED BY A PROTEIN 
PHOSPHATASE INHIBITOR? M.B. Talaat. J. Gupta.' and R.N. Jinks*. Dept, of 
Biology, Franklin and Marshall College, Lancaster, PA 17604-3003.

Photosensitive membrane turnover appears to be a ubiquitous process in species 
living under diurnal lighting. Shedding of the photosensitive membrane (rhabdom) of 
the lateral eye of the horseshoe crab, Limulus, is triggered by light and occurs only once 
a day at dawn. Overnight circadian efferent input (>3-5 h) to the lateral eye is required to 
prime the retina for the daily burst of rhabdom shedding (J. Neurosci. 4:2792). Light- 
triggered shedding is abolished in animals with chronically sectioned lateral optic nerves 
(LON). In intact animals, light triggers rhabdom shedding at dawn via a ßll-like isozyme 
of protein kinase C (PKC). Why, however, does the retina shed its rhabdom in one 
synchronous burst at dawn and not continuously throughout the day?

We propose a model for the regulation of rhabdom shedding in the lateral eye 
whereby PKC phosphorylation of the protein responsible for the initiation o f light- 
triggered breakdown of the rhabdom is kept in check in post-dawn daylight by a tonically 
active protein phosphatase (PP) of type 1 or 2A. In our model, nightly circadian efferent 
input to the retina produces and/or activates a PP inhibitor that allows PKC to achieve 
net phosphorylation of the protein that initiates breakdown of the rhabdom at dawn. 
Light would then deactivate and/or degrade the PP inhibitor, likely via a Ca2+-med¡ated 
mechanism (e.g., calcineurin-mediated dephosphorylation), thereby restoring a zero net- 
phosphorylation balance between PKC and the PP, stabilizing the rhabdom against 
further light-triggered breakdown. Preliminary experimentation supports our model.

Intraretinal injection of 1.0 µM okadaic acid, a potenưspecific PP1 and PP2A 
inhibitor, into overnight dark-adapted lateral eyes 15 min before “ dawn” , restores light- 
triggered shedding in animals with chronically (>16 days) sectioned LONs. Okadaic acid 
in the absence of a significant light trigger, or sham injection with 0.75% DMSO in 
Limulus Ringer’s, is not sufficient to restore the shedding response after LON section.

Supported by Franklin and Marshall College

156.9
INHIBITION OF THE PHOTOTRANSDUCTION CASCADE IN LIMULUS 
VENTRAL PHOTORECEPTORS BY THE PROTEIN KINASE C ACTIVATOR 
INDOLACTAM V. A. Dabdoub* and R. Payne. Department of Biology, University of 
Maryland; College Park, MD 20742.

In Limulus polyphemus ventral nerve photoreceptor cells, light activates the 
phosphoinositide pathway producing inositol trisphosphate (InsP3) and diacylglycerol 
(DAG). InsP3 releases calcium from inưacellular stores, which contributes to excitation 
as well as adaptation. A major target of DAG in many cell types is protein kinase C 
(PKC); however, the role of DAG in these photoreceptors is unknown. We used (-) 
indolactam V, a potent and selective activator of PKC, to probe for PKC in this cascade. 
Exưacellulaг application of (-) indolactam V desensitized the photoreceptors in a dose 
dependent manner. Application of 25 µM indolactam V shifted the intensity-response 
curve along the intensity axis by ca. 3 log units and the peak light-induced current at 
saturating intensities was reduced by ca. 80%. These effects were reversible and 
stereospecific - the stereoisomer (+) indolactam V had no effect. The effectiveness of 
indolactam V was reduced by ca. 10 fold when it was coapplied with selective PKC 
inhibitors 25 µM bisindolylmaleimide I or Go 6976. Bisindolylmaleimide V, used as 
a negative control, did not reduce the effectiveness of indolactam V. These results are 
consistent with indolactam acting on PKC to desensitize the light response.

We used our physiological approach to localize the site or sites of action of 
indolactam in order to determine where it might act in the transduction process. We 
chemically excited the cascade at various stages and tested the effects of indolactam on 
this excitation. Indolactam decreased light-induced elevation of intracellular calcium 
as measured by confocal imaging of calcium indicators. Indolactam had no effect on the 
photoreceptor’s response to inưacellular injection of 10 µM InsP3; however, it strongly 
reduced the excitation caused by GTP-γ-S injection. Accordingly, the PKC activator, 
(-) indolactam V, sưongly inhibits the photoưansduction cascade at the G pгotein/PLC 
stage.

National Institutes of Health Grant EY-07743 supported this work.

156.8
ACTIVITY-DEPENDENT DISTRIBUTION OF SYNAPTIC SITES IN 
PHOTORECEPTOR TERMINALS IN THE FLY MUSCA DOMESTICA (L ).
J. Rybak* &  LA, Meinertzhagen. Life Sciences Centre, Dalhousie University,
Halifax, Nova Scotia, Canada BЗH 4J1.

Structural plasticity exists amongst photoreceptor synapses in the first optic 
neuropile, or lamina, of adult flies. In particular, the chief afferent, or tetrad, synapses 
of dark-reared houseflies, Musca domestica, increase in number after the fly is exposed 
to short light pulses of 2-15 minutes duration. This occurs through a burst of 
synaptogenesis characterised by the appearance of more synaptic profiles, with increased 
numbers of synapses with their T-shaped presynaptic ribbon having a platform width 
smaller than 170 nm. This subpopulation is interpreted to represent small, newly 
formed synapses. Maps of synaptic sites from flies reared under a normal lighting 
regime reveal that the presynaptic sites of the tetrads are distributed non-randomly, with 
a tendency to even dispersion over the surface of the photoreceptor terminals. Even 
dispersion is interpreted to reflect the existence of an interaction between adjacent sites. 
We therefore sought to examine where sites newly formed after light exposure might 
insert at the membrane, relative to existing sites that are evenly distributed. To 
examine the distribution of sites at the highest resolution we used software (NTH 
Image, v 1.4) to measure digital images of 35mm micrographs at a primary 
magnification of 10,000 times, from EM series. We first sought a tetrad cut in precise 
cross section, measured the width of its presynaptic platform, and then measured its 
distance to a neighbouring tetrad. We presume that most short distances were those 
between nearest-neighbour sites. The distributions of all distances were then compared 
for two populations of tetrads, small ones with presynaptic ribbon widths < 170 nm, 
and larger ones. A comparison between the two disưibutions in the same fly showed 
that small synapses lie closer to neighbouring tetrads than do large synapses (p , 0.005, 
n = 68 ). In addition, the nearest-neighbour distances were also shorter for small 
synapses. We therefore conclude that newborn synapses are situated closer to adjacent 
sites than existing ones, and we propose that the interaction between nearest neighbours 
is weaker for small synapses than for large ones.

Supported by NIH grant EY03592 to IAM and by the Killam Trust.

AUDITORY PHYSIOLOGY: CORTEX AND COMPLEX STIMULI

157.1

ЮTAL AND INTERГСTAL CHANGES IN AUDITORY PROCESSING.
D. M. D a l/  Box 210855, Dallas, TX 75211.

Disordered functioning manifest in seizures can also give rise to 
subtle, pervasive interictai changes. We have used sets of synthesized 
acoustic stimuli to evaluate changes in auditory perception1; we report 
aspects of EEG and auditory testing over a three-year period in a 20-yr. 
mate with audiogenic and spontaneous vertiginous complex partial 
seizures. With ictus patient can hear but not comprehend, he may 
become mute and briefly amnestic. Seizures may occur in clusters 
every few months. EEG revealed sharp/sk>w waves over left anterior 
temporal regions with spread to right homologous areas; discharge is 
sleep sensitive. During two days of recurrent spells, performance on 4- 
min sets of auditory testing with дѳ-ye and be-de-дѳ fluctuated from 
well-defined ¢p < 0.001) to near-chance levels. As right ear deteriorated 
he reported me for be, nдe for дѳ, then bleats, and finally buzzes. Left 
ear boundaries might extend 20-30 msec, then deteriorate. Concurrent 
EEG revealed that discharges occurred initially in the 30-sec breaks 
between sets, later occasionally after answering. Neither quiescence 
nor working word puzzles afforded obvious suppression. On other 
occasions frequency and intensity of spells were exacerbated by 
medication-induced somnolence or sleep deprivation, but ameliorated 
briefly by caffeinated coffee. Results require physiologic vigilance 
modulate stability of inhibitory systems diffusely.

J̀ Neurophyskзf (44:1,200,1980)

157.2

Q U A N T IZ E D  B R A IN  RESP O N SES T O  A U D IT O R Y  S T IM U L I 
F R O M  M E G  D A T A  L.C. L iu ,1'* A.A. Ioannides1'2 3 and J.G. Taylor1’4 
in s titu te  of Medicine, Research Centre Jülich, 52425 Jülich, Germany; 2Lab. 
for Human Brain Dynamics, BSI, RIKEN, Hirosawa 2-1, Wako-shi 351-01, 
Japan; 3Physics Department, Open University, M ilton Keynes MK7 6AA, UK; 
departm ent of Mathematics, K ing’s College, Strand, London WC2R2LS, UK.

We have recorded the MEG signal from 5 volunteers using the BTi hel
met system (148 channels). The subjects listened to tones (1 kHz, 200-ms 
duration) w ith different inter-stimulus intervals (ISI), delivered binaurally in 
separate runs. In “passive” runs (6 ISIs: 0.5/1 /2 /4 /  10/14s) there was no task. 
In “active” runs (5 ISIs: 0.5/1/2/4/10s) subjects counted without articula
tion the low probability (5% additional) “odd tones” (300-ms duration). Noise 
measurements were also recorded w ith and without the subject in place. Iden
tical operations (band-pass filtered 1-200 Hz, DC offset removal and averaging) 
were applied to each ISI run separately and the noise runs. At each timeslice 
/, magnetic field tomography (MFT) was used to extract continuous estimates 
of the activity from each average signal and activation traces within regions of 
interest (ROI) were computed. The Kolmogorov-Smirnov (KS) test was further 
used to deterưiine whether the activity w ith in a segment of active condition is 
significantly different from the baseline noise level. The ROI activity was then 
fitted to the A{\ — e r ) function only at t for which at least 4 separate 
ISI runs have the KS-test values lower than 0.005. The function was used to 
describe the ISI dependence of the recorded average MEG signal. Remarkably, 
the same two r  levels were identified in all 5 subjects and in each auditory 
cortex separately: 0.50s and 0.69s. Higher r  values around the M100 occurred 
roughly in multiples of the two “ground state” values and much more frequently 
in the active runs. For other areas, ė.g., frontal and parietal areas, the “ground 
state” values for τ  were the same as those for the auditory cortex.

This study was supported by the Research Centre Jülich GmbH and RIKEN.
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157.3
NEURAL POPULATION ENCO DING  OF THE VO ICE O NSET TIME (VOT) 
PHO NETIC PARAM ETER IN AUDITO RY C O RTEX OF HUM ANS AND A 
M O NKEY MODEL. M S te inschneider*1. D Noh2. D R eser1. I Volkov2, Y 
F ishm an1, H Dam asio2. J A rezzo 1 and M Howard, III2. A. Einstein Coll, o f 
M ed.1, Bronx NY, 10461 and Univ, o f Iowa Coll, o f Med.2, Iowa City IA, 52242.

V O T is a universal phonetic param eter o f speech denoting the time 
separation between consonant onset and the start o f g lottal pulsations.
Voiced consonants are characterized by a short duration VOT, unvoiced 
consonants by a prolonged VOT, and the perceptual change between them 
occurs with in a restricted range o f VO T (i.e., phonetic categorical perception).

W e exam ined the neural encoding o f VO T by recording evoked potentials 
elicited by stop consonant-vow el syllab les from  human auditory cortex using 
intracortical and subdural e lectrodes in 3 patients undergoing evaluation for 
m edically intractable epilepsy. V O T is encoded by responses tim e-locked to 
the onsets o f consonant re lease and voicing. Both noncategorical and 
categorical-iike  response features are observed.

Potential m echanism s underlying these responses were  exam ined by 
analyzing m ultiunit activity and current source density in monkey A 1 . 
Categorical-üke responses are primarily c lustered in the best frequency region 
overlapping the firs t formant. They are shaped by cortical circuitry involving 
excitatory activity to stim ulus onset, follow ed by a period o f neuronal 
suppression that m asks the response to voicing fo r syllables with a short 
duration VOT. Using additional sounds that m odeled VOT, tem poral 
boundaries shifted in parallel w ith results from  perceptual studies.

W e conclude that synchronized response patterns o f neuronal populations in 
auditory cortex likely represent a re levant m echanism  for encoding the VOT 
phonetic parameter, (supported by grants DC001202, DC006571 and the Beth 
Abraham  Hospital Institute for Music and Neurologic Function1)

157.5
ACΉVÀTION WITHIN HUMAN AUDITORY CORTEX CORRELATED WITH 
STIMULUS COMPLEXITY. C.M. Wessineer3. J.E. Van Lare¦. B. Tian¦. J.W. 
Van Meter2. J. Pekar1. J.P. Rauschecker1 *. Georgetown Institute for Cognitive and 
Computational Sciences, Georgetown University Medical Center, Washington, DC 
20007; ⅛ensor Systems, Sterling, VA 20164; Genter for Cognitive Neuroscience, 
Dartmouth College, Hanover, NH 03755.

Using functional magnetic resonance imaging (fMRI) techniques we have 
previously shown that multiple areas in the human auditory cortex participate in the 
hierarchical processing of complex sounds. In separate studies we demonstrated that 
band-passed noise (BPN) bursts produce greater and more widespread activation in 
comparison to pure-tone (PT) stimuli, and that consonant-vowel pairs (CV) produce 
greater and more widespread activation compared to BPN. We now report data 
demonstrating a more detailed hierarchy of processing within human auditory cortex.

A  Siemens Magnetom Vision 1.5 Tesla whole body scanner equipped with a 
gradient booster overdrive enabling echo planar imaging (EPI) was used. Gradient 
echo EPI with a repetition time (TR) of 8000 ms and echo time (TE) of 40 ms was 
used to collect the functional images. In order to accurately assess the processing 
hierarchy associated with simple, constant-frequency stimuli in comparison to more 
complex, time-varying stimuli in the same subjects, we employed a test matrix 
consisting of PT stimuli, BPN bursts, frequency-modulated (FM) sweeps, and CV 
pairs. A ll stimuli were presented at least once in separate functional runs during a 
single scanning session with 12 different subjects. As expected, PT stimuli resulted 
in the least activation, CV pairs in the greatest. PT activation was confined to 
primary and early secondary areas, whereas CV activation spread posteriorly and 
laterally along the superior temporal gyrus. FM sweeps produced greater activation 
than BPN bursts despite containing fewer frequencies at any given point in time. 
This result is likely due to the time-varying nature of FM sweeps which makes 
them inherently more complex. The results are in good agreement with our optical 
imaging and electrophysiological work in monkeys, supporting the notion that 
greater complexity of sounds, both in the spectral and temporal domain, involves 
processing by a hierarchy of multiple cortical areas. A ll studies were performed at 
the Georgetown Institute for Cognitive and Computational Sciences and supported 
by NIDCD grant RO l-DC-03489-01 to JPR and DOD grant DAMD17-93-V-3018.

157.7
E N H A N C E M E N T OF NE U R O N A L RESPONSES IN  SEQUENCES OF PURE 
TONES IN  M A C A Q U E  A U D ITO R Y  CORTEX. M . Brosch*. A . Schulz. E. Budin- 
ger and H. Scŉeich. Leibniz-Institut fü r Neurobiologie, 39118 Magdeburg, Germany.

Behavior-lesion studies and recordings o f neuronal activity have indicated that the 
auditory cortex plays an important role in the processing o f the temporal structure o f 
sounds. A fte r responding to a given segment o f a sound, neurons are typically 
inhibited fo r a period o f about 100 ms, during which they do not respond to any other 
acoustical stimulus. For specific tone sequences, however, occassionally neurons have 
been described which respond more strongly to a sound segment when it occurred 
after another segment. The present study investigated this enhancement o f neuronal 
responses in more detail by assessing how it depends on the spectro-temporal relation 
o f the two tones. Recordings o f  single- and m ulti-unit activity were made from primary 
auditory cortex and caudo-medial fields o f  3 ligh tly  anesthetized macaca fascicularis. 
Acoustical stimuli were pairs o f  two short (100 ms) pure tones at intermediate intensity. 
The frequency o f the second tone was held constant while the frequency o f  the first tone 
and the interval between the two tones was parametrically varied. Enhancement o f the 
response to the second tone was determined by comparing the response to the second 
tone alone w ith  the response to the second tone after presenting the firs t tone. 
Analysis o f 121 units revealed significantly enhanced responses in  about 70% o f the 
cases. In most cases, enhancement was observed in  the latency range o f 40-100 ms 
after the second tone, i. e. when the magnitude o f the response to the second tone was 
weak after the in itia l transient response. Enhancement was mostly at its maximum for 
the shortest intertone interval tested (-100  ms) and i f  the frequency o f the firs t tone 
was about 1 octave above or below the neuron's BF. Results indicate that many 
neurons in the auditory cortex respond more strongly to a tone i f  this tone is part o f 
temporal sequence o f tones w ith  d ifferent frequency content. This poststimulatory 
enhancement, together w ith poststimulatory attenuation, may play an important role in 
the extraction o f information contained in  temporally structured sounds.

157.4
EEG SYN CHRO NIZATIO N PATTERNS E LIC ITED B Y  COMPLEX SOUNDS IN 
THE H U M AN . D. ,,,Çцшc. B Ł ,Coшkan, ₧  K·wan*.Jtnd W, A . MacKav. Dept, of 
Physiology, University o f  Toronto, Toronto, Ontario, Canada, M5S 1A8.

Processing o f  auditory information at the cortical level is known to mainly involve 
right temporal regions for music analysis and le ft temporal cortex for language. 
Moreover, synchronization o f activity in neuronal populations involved in processing 
specific data has been postulated to provide a mechanism for unifying the diverse 
regions into one functional percept. We hypothesized that auditory stimuli o f the same 
type ( e.g. musical ) would e lic it sim ilar patterns o f cortical synchronization, and that 
different classes o f  auditory stimuli would e lic it different patterns o f cortical 
synchronization. Human EEG data was obtained using 36 silver electrode leads 
covering the cortex in  an equidistant (geodesic) montage. Auditory stimulus categories 
included language, instrumental music, vocal music, incomprehensible language, 
miscellaneous sounds, and white noise. Data were subjected to Fast Fourier analysis, 
Laplacian derivations, and chronological cross-coưelation analysis u tiliz ing the 
fo llow ing frequency bands: delta (1-4 Hz), theta (4-8 Hz), alpha (8-13 Hz), beta (13-30 
Hz), and gamma (30-40 Hz). Synchronization was measured by zero-delay cross
correlation coefficients o f 200ms data segments. The “ w indow”  was moved in 100ms 
steps. In  addition, spatial mappings o f power w ith in  a given frequency band were 
mapped over 27 Laplacian sites distributed over the cortex, in  order to look for spatial 
patterns o f  activity indicative o f  cerebral processing. Preliminary results indicated that 
patterns o f synchronous cortical activity did not d iffe r for different categories of 
auditory stimuli. Instead, various auditory stimuli elicited the same pattern o f cortical 
synchrony, predominantly among leads located over frontal areas. This unexpected 
result may have been due to failure to enforce attention to the stimuli. In addition, plots 
o f the scalp distribution o f  power intensity for all stimuli revealed a lateral progression 
o f intensity from the cortical vertex for lower frequencies o f oscillation, to 
predominantly right primary auditory cortical areas for highest oscillatory frequencies 
(gamma). Tentatively, it appears that EEG synchronization patterns do not discriminate 
different classes o f  auditory stimuli.

157.6
TEMPORAL INTEGRATION AND SUPPRESSION OF CALL 
COMPONENTS IN THE AUDITORY CORTEX OF THE MACAQUE. Ļ  
Fritz*2. B. Tian1’2. and J.P. Rauschecker1 ·2. Georgetown Institute for 
Cognitive and Computational Sciences, Georgetown University Medical 
Center, Washington, DC 20007, 2Lab of Neuropsychology, NIMH, NIH, 
Bethesda, MD 20892

Spectral and temporal integration are the major mechanisms for the 
creation of selective responses in the lateral belt areas (AL, ML, and CL) on 
the superior temporal gyrus (STG) of rhesus monkey auditoiy cortex. 
Neurons respond specifically to various types of complex sounds, such as 
band-passed noise (BPN) bursts, frequency modulated (FM) sweeps, and 
monkey communication calls. To further characterize the temporal 
integration properties of lateral belt neurons, we analyzed their responses to 
components of monkey calls from a standard set of vocalizations that were 
representative both in behavioral and phonetic terms (Hauser, 1996).

Temporal combination sensitivity (TCS), in which the response to the 
whole call was better than the sum o f the responses to individual 
components, was found as one type of interaction. In addition, we found a 
significant population of temporal suppression (TS) neurons, whose response 
to individual components of monkey calls was markedly reduced when 
preceded or followed by a second component. TS neurons were clustered in 
the same penetrations, overlapping with the distribution of TCS neurons. 
Both types of temporal interactions , are nonlinear in nature and may 
contribute to increasing the selectivity of lateral belt neurons for certain types 
of complex sounds, including specific monkey vocalizations. TS neurons, 
which apparently respond best to individual call components, can enhance 
the differentiation of vocalizations consisting o f two or more “ syllables” . TS 
may also coưespond to pattern-dependent types of forward or backward 
masking in the auditory domain. By comparison with the lateral belt, there 
is a much smaller proportion of TCS and TS neurons in A L  This supports 
the presence of a processing hierarchy within the STG in which the lateral 
belt is only an intermediate stage.

Supported by NIDCD grant ROl-DC-03489 to JPR, DOD grant 
DAMD17-93-V-3018, and the NIMH-IRP.

157.8
CODING OF THREE-TONE SEQUENCES IN THE AUDITORY CORTEX OF 
AWAKE MONKEYS.
A. Schulz, M. Brosch, H.Scheich* . Leibnizlnstitute for Neurobiology, Brenneckestr 
6 , 39118 Magdeburg, Germany

Several studies have indicated the important role o f auditory cortex for the 
processing o f temporally structured natural sounds including speech. In previous 
studies we have used sequences o f two pure tones to characterize the relevant coding 
capacities of cortical neurons. In order to search for secondary types of temporal 
interactions between responses to sounds we investigated how neurons respond to 
sequences consisting o f more than two segments.

Experiments were carried out in a chronically prepared awake macaque monkey. 
Multiunit activity was recorded in primary and caudal auditory cortical fields. Stimuli 
were sequences o f up to 3 pure tones o f 100 ms duration and a pause of 100 ms 
between consecutive tones. The frequency o f the first tone was varied in seven steps, 
that o f the second tone in three steps, whereas the frequency of the last tone remained 
constant.

Comparisons o f the response to the last two tones alone with the response to these 
tones preceded by another tone (first tone) revealed facilitatory and suppressive 
influences of the first on the last tone in 37 out of 45 units. Facilitatory influences 
were most prominent and were mostly encountered during the latency range 40-100 
ms after the onset of the last tone. Only a few neurons showed suppression of their 
response. The strength and the type of response modulation was dependent on the 
frequency o f the first tone. I f  a neuron had late response components (150 -250 ms 
after onset o f last tone ) the first tone also changes this response components.

Our results demonstrate that response of neurons in auditory cortex is not only 
modulated by sounds segments directly preceding a certain segment but also are 
influenced by segments before. This result provides further support for the proposed 
role o f auditory cortex in processing of the temporal pattern of sounds.

Society for Neuroscience, Volume 24 ,1998
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157.9
PROCESSING OF TEMPORAL SEQUENCES IN THE AUDITORY CORTEX OF 
THE MACQUE MONKEY. M.L. PHAN*. D. C. GUARD. P.G. GEIGER. AND 
GJҺL R E C Δ N Z Ω Ь Ш 2 Center for Neuroscience, and Section of Neurobiology, 
Physiology, & Behavior2, University of California at Davis, Davis, CA 95616.

The perception of the order of rapidly presented acoustic stimuli is important l or 
recognizing complex sounds, such as human speech. Given observed deficits in 
temporal order processing following auditory cortical lesions, we studied the responses 
of single neurons to tone pip sequences that varied in duration and temporal order.

The activity of single neurons were recorded from the left auditory cortex in two 
macaque monkeys performing a sound discrimination task. Stimuli were sequences of 
four tone pips (2msec rise/fall) at 5 different durations delivered directly opposite from 
the contralateral ear in the free-field. Pip durations and inter-pip-intervals ranged from 
6-30 msec, or from 15-75 msec, both with an inter-sequence interval of 600 msec.
The first and fourth pips of each sequence were identical and were presented at the CF 
of the neuron. The frequency of the second and third pip was either higher then lower, 
respectively, than the first pip, or the reverse. The frequency of the second and third 
pip differed from the CF by (+/- CF/5) and (+/- CF/20). Each session consisted of 20 
presentations of each stimulus duration and sequence order on randomly interleaved 
trials. Data were analyzed as a function of the response to each of the four tone pips 
across sequence durations and the order of the second and third pip of the sequence.

At 6 msec pip durations, all neurons showed a unimodal response. The responses of 
approximately one half of the neurons broadened into four distinct peaks beginning at 
tone pip durations of 12 or 18 msec. The remaining neurons maintained a unimodal 
distribution across pip durations up to 30 msec. At pip durations greater than 45 
msec, approximately one half of the neurons showed a difference in either the total 
activity, or the distribution of spikes in time, as a function of the temporal order of 
the sequence. These differences were maintained, or increased, as the pip durations 
increased. These data indicate that approximately one half of the single neurons 
within the macaque auditory cortex accurately process temporal order information. 
Funded by NIH Grant NIDCD DC0271, The Klingenstein Foundation, and the Sloan 
Foundation.

157.11
REPRESENTATION OF SPECIES-SPECIFIC VOCALIZATIONS  
IN THE TEM PO R AL D ISC H A R G E PA TTER N S OF 
AUDITORY CORTICAL NEUR O N S IN ALERT M A C  A C  A 
MƯLATTA. M.J. Traшo*. D. Moraru. & M .D. Hauser. 
D epartm ents o f  N eu ro b io lo g y , N eu ro lo g y , P sy ch o lo g y , & 
Anthropology, Harvard University, Cambridge, M A 02138

Neurons in unanesthetized auditory cortex com m only manifest 
evoked responses that vary dynamically above and below  background 
activity as a function o f time following acoustic stimulation. To date, 
most studies o f neuronal responses to species-specific vocalizations in 
anthropoid auditory cortex: 1 ) have em phasized the magnitude o f  
excitation within a given time w indow  as an index o f  vocalization  
selectivity; and/or 2 ) have been carried out under general anesthesia. 
We are investigating the relationship between acoustic features o f  
species-sp ecific  vocalizations and the tim ing and m agnitude o f  
excitation and inhibition in frequency-selective neurons and neuron 
clusters in rhesus monkey auditory cortex. Our preliminary results 
suggest: 1) neuronal sensitivity to any given vocalization may be 
predicted by the relationship between the neuron's pure tone frequency 
receptive field and the spectral energy distribution o f the vocalization; 
and 2) among sensitive neurons, selectivity for acoustic categories o f  
vocalizations may take the form o f characteristic discharge patterns that 
are distinguished by the tim ing and sequence o f  excitatory and 
inhibitory events.

Supported by NIH DC03382, the McDonneil-Pew Program in Cognitive Neursocience, 
the National Organization for Hearing Research, and NSF SBR-9357976

157.13
MACAQUE MIDDLE AND LONG-LATENCY AUDITORY EVENT- 
RELATED POTENTIALS (ERPS): EFFECTS OF RATE AND FREQUENCY
M.D. Szvmanski1’**, M.L. Phan2. G.H. Recanzone2,3. E.W. Yund1. D.L. Woods1’2, 
and B.J. M cCowanUPept. of Neurology, VA Northern California Health Care 
System, Martinez, CA 94553. ⅛enter for Neuroscience, UC Davis. 3Neurobiology, 
Physiology and Behavior, UCD. 4Behavioгal and Neurobiology Unit, CRPRC, UCD. 
Auditory event-related potentials (ERPs) were recorded in an awake rhesus 
macaque to free-field tone burst sequences, phonemes and monkey calls. An 
epidural 13-channel, bone screw array was used. Tone burst series were six pips 
(50ms duration, 2 ms rise/fall) with varying interstimulus intervals (ISIs). The 
effects of frequency (0.5, 2, 10 kHz), ISI (0.125, 0.350, 1 , 2, 6 s), intensity (40, 60, 
80 dB SPL), and stimulus location were examined on middle- and long-latency 
ERPs. Tones, phonemes and monkey calls also were presented in an oddball 
paradigm. Midlatency responses included Pa (latency ~25 ms), Nb (~45ms) and 
Pb (~7Oms). The Pa response was maximal over central and mid-frontal 
electrodes and showed little frequency-related change in distribution. Pa was 
resistant to rapid stimulation rates, and amplitude increased with loudness. 
Other middle-latency components (NbД*b) showed greater refractoriness. The 
N1 (~ЮO ms) showed the fastest rate of habituation, and became refractory at 
rates faster than 2/s, similar to the human N l. The N1 had frequency-related 
changes in distribution, and also varied with sound complexity. Responses to 
calls and phonemes from the oddball paradigm had components similar to tone- 
evoked ERPs. There is a renewed interest in macaque auditory cortex and these 
ERP data can help establish a baseline to compare with human studies and be 
used to guide future single unit investigations in monkeys. Topographical maps 
of electrical activity projected onto MRI scans from the monkey will be used to 
elucidate sources of epidural ERPs in the macaque. Supported by NS32893, 
NIHRR00169, VA Research Services, Sloan and Klingenstein Foundations.

157.10
NEURAL CORRELATES OF MUSICAL INTERVAL CONSONANCE AND 
DISSONANCE IN PRIMARY AUDITORY CORTEX (A l)  OF THE AWAKE 
MONKEY. Y. Fishman, D. Reser, J. Arezzo* and M. Steinschneider. Dept, of 
Neuroscience, Albert Einstein College of Medicine, Bronx, NY 10461.

Psychoacoustic studies have shown that judgements of musical dissonance correlate 
with the sensation of roughness or “ beats” . Roughness, in turn, is associated with rapid 
amplitude modulations in the envelope of the complex waveform, whose rates 
correspond to the difference in frequency between components. Consonance is defined 
by the absence of such beats. While dissonance decreases as tonal separation exceeds 
the critical bandwidth for intervals composed of two pure tones, for harmonic complex 
tones (as produced by musical instruments), dissonance curves show multiple maxima 
and minima at intervals characterized by large-number frequency ratios (e.g., minor 2nd 
and major 7th) and small-number frequency ratios (e.g., perfect 5th and octave), 
respectively. The difference between pure tone and complex tone musical interval 
dissonance curves is due to the interaction of harmonics that are separated by less than 
a critical bandwidth. Synchronized activity (multiunit activity and derived current 
source density) recorded from neuronal ensembles in A 1 o f awake macaques to 60 dB 
SPL musical intervals composed o f complex tones containing harmonics 1-10 and with 
spectral energy overlapping the best frequency, reflect psychoacoustic judgements of 
consonance and dissonance. On average, dissonant intervals, such as the minor 2nd and 
major 7łh, evoke responses phase-locked to the expected beat frequencies, whereas 
consonant intervals, such as the perfect 5th and octave, fail to elicit neuronal “ beats” . 
This is explained by the fact that the expected beat frequencies o f consonant intervals 
exceed the following range o f most cortical ensembles. These results suggest that 
pooled temporal response patterns across A l are sufficient to account for sensory 
consonance and dissonance. These data also support the hypothesis that the summation 
o f roughness contributed by each within-critical bandwidth pair of frequencies 
constitutes the global perception o f dissonance for large-number ratio musical 
intervals. Supported by grant DC00657 and a grant from the Institute for the Study of 
Music and Neurologic Function of Beth Abraham Hospital.

157.12
RESPONSES OF AUDITORY CORTICAL NEURONS IN THE COMMON 
MARMOSET TO DEGRADED TWITTER CALLS Nagara⅜an S.S.*. Cheung.
S.W.. Bedenbaugh, P., Beitel. R.E„ Schreiner. C.E. and Merze∩ich M.M., 
University of California, San Francisco, CA 94143-0732.

Cortical mechanisms underlying representation of behaviorally relevant complex 
input signals were examined in recordings from primary auditory cortical neurons in 
adult, barbiturate anesthesized marmosets. The robustness of distributed responses to 
natural and degraded forms o f twitter calls, a social contact call comprising several 
quasi-periodic phrases of frequency and amplitude modulations, were studied.

Typical calls from monkeys and their conspecifics were digitally recorded and 
altered using a filter-bank analysis-by-synthesis algorithm. In one form of 
degradation, narrow-band channels were made to have the same envelope as an 
unaltered call. However, within each frequency band o f the filter-bank the carrier 
phase was randomized. In another form of degradation, the envelope was filtered, 
while the carrier frequencies and phases were unchanged. Neuronal responses to 
unaltered and degraded twitter calls were additionally measured at varying amplitudes 
of continuous background noise. Multiunit responses were recorded from 533 units 
with best frequencies ranging from 4-18 kHz in 4 animals. The response entrainment 
to each phrase of the call was characterized by spectral power estimate of the PSTH 
at the phrase frequency of the call.

We observe that spectrotempoгal discharge patterns within an animal's auditory 
cortex predominantly exhibit local synchrony and longer range dispersions, across 
frequency bands that correspond to the acoustic features of the calls. The response 
entrainment to phrases of twitter calls were insensitive to degradations in the carrier 
phase. However, responses were sensitive to envelope frequency modifications 
between 4-30 Hz. Interestingly, noise enhanced responses to unaltered and degraded 
calls in 10-30% of units in all animals. Responses to these various forms of 
degradation are qualitatively comparable to psychophysical reports on the 
intelligibility of degraded speech in quiet and under noisy conditions. [Supported by 
NRSA award DC00285, NIH Grant NS 10414, HRI and the Coleman Fund]

157.14
CAN SENSORY DEFICITS ACCOUNT FOR APHASIA-LIKE BEHAVIOR IN 
JAPANESE MACAQUES AFTER LESIONS OF AUDITORY CORTEX? I. A. 
Harrington &  H. E. Heffner*. Department o f Psychology, University of Toledo, 
Toledo, OH, 43606

Auditory cortex lesions in Japanese macaques (Macaca fuscata) result in an aphasia
like deficit whereby the animals are no longer able to discriminate their 
communication sounds. Specifically, following bilateral ablation of auditory cortex, 
these macaques are unable to discriminate two varieties of their ‘coo’ calls; calls that 
are acoustically similar but appear to have different meanings. The question then 
becomes whether the discrimination deficit involves an inability to perceive the 
meaning of the coos, or can be explained in terms of a sensory impairment.

The two varieties of coos used to demonstrate the aphasia-like deficit, refeưed to as 
smooth late high and smooth early high coos, can be described as tonal signals that 
predominantly rise or fall in frequency. Consequently, the ability to discriminate 
ascending and descending FM sweeps may be essential for the discrimination of their 
coos.

Six normal animals and two with bilateral lesions of auditory cortex were tested in 
FM discrimination tasks using a conditioned avoidance procedure. The operated 
animals were able to discriminate steady tones from FM sweeps with only slightly 
elevated thresholds. However, when required to discriminate ascending from 
descending FM sweeps, they demonstrated markedly elevated thresholds—a deficit 
that appears sufficient to explain the observed coo-discrimination deficit.

These results indicate that the aphasia-like behavior of Japanese macaques can be 
explained by increased sensory thresholds. They also suggest that a similar 
explanation may account for some forms of language deficits observed in humans 
following damage to auditory cortex. (Supported by NIH Grant NS30539)
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157.15
EFFECTS OF FREQUENCIES AND AM P LITU D E  M O D U LA TIO N  
COMPONENTS IN SPECIES-SPECIFIC VOCALIZATIONS OF GUINEA PIG 
AUDITORY CORTEX REVEALED BY OPTICAL IMAGING.
K. Fukunishi*. R. Tokioka. N. Mưrai. and T. Miyashita. Advanced Research Lab., 
Hitachi, Ltd., Hatoyama, Saitama 350-03, Japan 

Cortical evoked responses to species-specific vocalizations of anaesthetized guinea pig 
were optically measured and the spatio-temporal characteristics were analyzed. High 
sensitivity optical recording by a photo-diode array using a dye (RH795) allows 
visualization of the sound-stimulus evoked response in the auditory cortex 
instantaneously and covers 3 mm x 3 mm square of the auditory cortical area (field A) 
with a spatial resolution of 0.22 mm x 0.22 mm. Natural vocals such as "scream" and 
"whistle" , modified natural vocals removed by three predominant frequency bands as 
formant frequencies individually and tones with the sound wave patterns of natural 
vocals call, as well as tone bursts were used as individual stimulus and their spatio- 
temporal response characteristics were compared with each other. The evoked response 
to "scream" vocal which emits an almost constant weak sound before -2 0 0  ms, then 
becomes gradually louder and peaks at -420 ms, and gradually decreases until its 
cessation at 620 ms, shows a sharp onset responses at -30 ms, and a continuous strong 
response at 150 -300 ms shifting dynamically in the wider area of the cortex. However, 
the responses at near the peaks of the loudness were rather weak. Furthermore, a strong 
OFF responses existed -30 ms after the vocal cessation. The ON response and 
beginning of the broad responses corresponded to the dynamical activity originating 
from the dominant frequencies as the 1 st and the 3 rd formant frequencies. The latter 
responses 230-270 ms were sensitive to lack of the 1st formant frequencies. Weak 
responses existed after 300 ms were found to be spatially stable, therefore uncoưelated 
with frequency component of the vocalization, related with sound wave pattern. These 
results show agreement in animals, to other vocalizations , such as "whistle", although 
with different latencies of their responses.

157.17

SPEEC H  D ISC R IM IN A T IO N  C O R R EL A TE D  W IT H  
CO RT IC A L A CTIV ITY  IN TH E PR IM A RY  A U D ITO R Y  
CO RTEX  O F CA TS. S.W.Wong*. S.Kumar. and C,E. 
Schreiner. Coleman Laboratory, W.M. Keck Center for Integrative 
Neuroscience, Sloan Center for Theoretical Neurobiology, University 
of California, San Francisco, CA 94143.

Spectro-temporal features of consonant-vowel (CV) syllables are 
represented in the primary auditory cortex by spatial-temporal activity 
patterns. Multi-unit activity to binaurally-presented CV stimuli were 
recorded from neurons in the low-frequency region of primary 
auditory cortex (CF<4 kHz) of cats at several stimulus levels and 
background noise levels. The spectral content of the speech stimuli 
were manifest by localized and synchronized neural activity along the 
frequency axis and across the isofrequency dimension. The temporal 
content is manifest in increased firing at the onsets of the consonant 
burst and voicing.

Although these spatial-temporal neural activity patterns in the 
primary auditory cortex were dependent upon the signal level, they 
were robust to changes in background noise level. The cortical 
activity elicited by speech sounds in cats, who have been trained to 
make behavioral discriminations of speech syllables using a 
conditioned avoidance task, have been found to correlate with the 
behavioral discrimination thresholds obtained for these animals. It 
was found that a neural network with experimentally-measured spike 
rates as inputs could accurately predict behavioral thresholds.

Supported by NS34835, NSF SBR-9720398, and the Sloan 
Foundation.

157.19
CHARACTERIZING NON-LINEAR ENCODING IN THE ZEBRA FINCH 
AUDITORY FOREBRAIN. Frederic Theunissen'*. Kamal Sen2 and Allison Doupe2. 
‘Dept, o f Psychology, UC Berkeley; 2Dept. o f Physiology and Psychiatry UCSF, CA

The neural recognition of complex natural sounds requires non-linear feature 
detection that is tuned to specific temporal and spectral acoustical structure. Complex 
neurons in the mammalian auditory cortex or in the homologous areas in the avian 
forebrain (field L) have been described qualitatively as being selective for natural 
sounds because they exhibit some degree of specialized non-linear response. We 
developed a methodology that allows us to quantify the linearity (or lack thereof) ď  
such neurons and at the same time to investigate the particular aspects of complex 
sounds that are essential for the neural responses. We applied our methodology to 
areas L I, L2 and L3 in the avian forebrain (zebra finch), with the long term goal ď  
investigating the hierarchical processing in these areas and their contribution to the 
extreme song selectivity found in higher auditory neurons o f the song system nuclei.

Our methodology consists o f calculating the optimal filter that describes the linear 
encoding between the spike trains and the spectrographic representation of sound. 
These linear filters are obtained from a spike triggered average spectrogram that is 
properly normalized. To test the linear hypothesis, we calculated the linear filters for 
three stimulus ensembles o f increasing complexity: random tones, random ripples and 
zebra finch songs. The non-song stimuli had random lengths and intervals, with 
similar statistics to lengths and intervals of song syllables. We found that neurons in 
L I, L2 and L3 exhibited a range o f complex filters with well-defined spectral-temporal 
excitatory and inhibitory regions. Moreover, preliminary results demonstrate the non
linear response properties of many of these neurons in two ways: 1) a comparison of 
the neural responses to sounds predicted by the filters and the actual responses 
revealed systematic errors in the predictions, and 2) the filters obtained from the 
simpler ensemble (random tones) were not sufficient to predict the neural coding o f the 
more complex sounds. A more detailed analysis of the errors in the predicted 
responses w ill further elucidate how natural sounds are represented at this level ď  
auditory processing. Supported by NINDS 34835 and the Sloan Foundation.

157.16
REPRESENTATION OF DYNAMIC BROADBAND SPECTRA IN AUDITORY 
CORTEX. S. A. Shamma.* D. A. Depireux. D. J. Klein. J. Z. Simon. Institute for 
Systems Research, University of Maryland, College Park, MD 20742.
Natural sounds are broadband and dynamic. To understand their encoding in the 

primary auditory cortex (AI), we have characterized the responses of units in AI 
with elementary spectro-temporal representations of such sounds—moving ripples. 
Moving ripples are broadband sounds with spectral envelopes that vary 
sinusoidally in both time and logarithmic frequency; they are particularly useful 
because speech spectra, e.g., can be decomposed into a superposition of many 
ripples with different densities and velocities.

Using specific combinations of ripples as stimuli facilitates simultaneous 
analysis of many aspects of the system response, including the linear and non
linear response properties and the separability of the transfer function. The linear 
response properties of AI units often dominate. The non-linear response properties, 
which are smaller in magnitude, have been characterized. A  particular 
manifestation of the non-linear response is a dynamic, frequency dependent, non
linear rate-level function. Use of such functions can account explicitly for both 
linear and non-linear aspects of the response, and improve the accuracy of the 
response predictions. We discuss the implications of these results, data analysis, 
and prediction procedures, and show examples of predicted and measured 
responses to speech-like ripple combinations, in ferret (Mustela putorius). 
Supported by grants from ONR, NIDCD, and NSF.

157.18
THE RESPONSES OF AI NEURONS TO NATURAL SOUNDS ARE 
NON-LINEARLY AFFECTED BY THEIR AUDITORY SURROUND.
Omeг Bar Yosef and Israel Nelken*. Dept, of Physiology, Hebrew University - 
Hadassah Medical School, Jerusalem, Israel.

The aim of this work was to test the ability of simple linear models to 
explain the responses of neurons in primary auditory cortex (AI) to natural, 
stimuli. The natural sounds were bird chirps taken from field recordings (© 
The Cornell library of natural sounds). Each natural stimulus was separated 
into three components: the main chirp, its echo and uncorrelated background 
noise. We recorded extracellularly the activity of 32 neurons from three 
halothane anesthetized cats. Each neuron was characterized by its Frequency 
Response Area (FRA); in addition, the responses to all natural sounds and 
combinations of their components were obtained.

In the simplest linear model, the spike count in response to a stimulus should 
be positively correlated with the amount of overlap between the FRA of the 
cell and the stimulus power spectrum. A second model tested here predicted 
that the response to a natural sound would be the sum of the responses to its 
components (main, echo and background). Both linear models failed to explain 
the responses to natural sounds. In particular, background noise had a much 
larger weight in determining the responses than predicted by its energy, even 
though it was often 50 dB weaker than the other components near the neuron 
best frequency.

We conclude that small perturbations of sounds, such as the addition of small 
amounts of background noise, can dramatically affect the responses of AI 
neurons. Preliminary analyses suggest that the responses can be explained by 
non-linear interactions between stimulus components combined with the 
dynamics of the neuronal responses and of the stimulus.

This research was supported by a grant from the Israeli Science Foundation.
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158.1
CORTICAL ACTIVITY AT THE SMA IS CORRELATED BETWEEN IMAGINED 
AND EXECUTED MOVEMENTS WITH VARYING FORCE-TIME PROFILES. 
D.H. Romero1. M.G. Lacourse1. M.J. Cohen2*, and K.E. Lawrence1. 'California State 
University, Long Beach; 2Veterans Affairs Medical Center; Long Beach, CA 90822 

Motor imagery (MI) and movement execution (ME) have been found to similarly 
activate the supplementary motor area (SMA; Jeannerod, 1994), however, it is 
unknown whether SMA activation during ME with varying force-time profiles is 
correlated with SMA activation during M I with the same force-time profiles. This 
study investigated the correlations o f SMA activity during ME and MI performed 
under various force-time constraints. Event-related potentials (ERPs) were recorded 
from the SMA (FCz site) during both imagined and executed cued isometric muscle 
contractions performed with a hand dynamometer, while time to percent peak force 
(ballistic: ≤ 250 ms; slow-graded: > 500 ms) and percent peak muscle force (low: < 
20% MVC; moderate: ≥ 60% MVC) were varied. Twenty-six right-handed male (age 
21-37 years) participants also completed a tone-only control condition. Cross- 
coưelations o f task ERP minus tone-only ERP were performed. ME cross
correlations were .61 between ballistic and slow-graded movements, and .90 between 
moderate and low force movements. MI cross-correlations were .72 between ballistic 
and slow-graded movements, and .98 between moderate and low force movements. 
The cross-coưelation was .90 between ME and MI o f ballistic movements, .95 
between ME and MI o f slow-graded movements, .94 between ME and MI o f moderate 
force movements, and .77 between ME and MI of low force movements. SMA 
activity is different during executed ballistic and slow-graded isometric contractions, 
and this same difference is seen during imagined ballistic and slow-graded contrac
tions. It was not possible to differentiate SMA activity during low and moderate force 
MI. The strong correlation in SMA activity between temporally constrained executed 
and imagined contractions provides evidence that a motor image may incorporate 
certain movement parameters. This research was funded by a Dept, o f Veterans 
Affairs medical research grant to Dr. Michael Cohen and Dr. Michael Lacourse.

158.3
Bimanual Movem ents and Population  Ve c t o r s : a c t iv it y  o f Single
Neurons in P rimary  Moto r  C ortex  (M I) and Supplem enta ry  M o to r  Area  
(SMA) OF Both  Hem isph er e s . O. Donchin, O. Steinberg, A. Gribova, S. Cardoso 
de Oliveira, H. Bergman, E. Vaadia*. Dept, o f Physiology, Hebrew University, 
Hadassah Medical School, Jersualem, ISRAEL 91121.

We have been studying the activity o f neurons in M I and SMA during unimanual and 
bimanual movements o f the arms. We previously reported striking differences in the 
activity o f cells during unimanual and bimanual movements which we call ‘bimanual 
related’ activity. Now, we extend these findings to unimanual and bimanual 
movements in eight directions. Surprisingly, despite the differences in the responses in 
different types o f movement, preferred directions are largely preserved across 
movement type. For cells responding during both contralateral and bimanual 
movements, the preferred directions during bimanual movements were usually w ith in 
22.5° o f those the preferred direction during contralateral movements. For cells 
responding during both contralateral and ipsilateral movements, the preferred direction 
during ipsilateral movements was usually with in 45° o f the preferred direction during 
contralateral movements.

Furthermore, it h possible to calculate a population vector during different types o f 
movement. We compare the population vector calculated from cells in M I w ith the 
one calculated from cells in SMA, and also the population vector calculated from cells 
in the left hemisphere with the one calculated from cells in the right hemisphere. In 
addition, we compared the result o f calculating the population vector from 
simultaneously recorded neurons -  whose tria l-by-trial variance m ight be statistically 
related -  with the result o f  calculating the population vector from neurons recorded 
separately.

We conclude that preferred directions represent an important characterization o f the 
activity o f cells in both M I and SMA, as they seem to generalize from the classical 
contralateral movements to ipsilateral and bilateral movements. This lends support to 
the idea that populations o f neurons in both M l and SMA share the burden o f  bimanual 
coordination. Supported by grants from the Is. Acad. Sci. and the US Is. BSF

158.2
ELECTROPHYSIOLOGICAL EVIDENCE FOR MULTIPLE MOTOR OUTPUT 
REGIONS AS A FUNCTION OF VISUOMOTOR REACTION TIME. C.D. Saron*. 
H.G. Vaughan. Jr., J.J. Foxe, and G.V. Simpson, Departments o f Neuroscience and Neu- 
rology, Albert Einstein College of Medicine, Bronx, NY, 10461.

Direct cervical spinal projections have been demonstrated in macaques from medial 
motor regions including the supplementary motor area (SMA) and caudal cingulate mo
tor areas (Dum and Strick, J. Neurosci. 1996, 16:6513-6525). Such findings suggest 
that these cortical regions, as well as the major projection from primary motor cortex 
(M l), may directly contribute to movement generation. This study employed spatio- 
temporal analysis o f high-density event related potential (ERP) recordings to investigate 
the location and timing o f motor output regions during a simple visual reaction time 
(RT) task in humans. We used a large number o f responses (1200-1500 trials/cond.) to 
allow examination o f the effects of 10 ms increments in RT throughout the RT distribu
tion. ERPs from up to 124 scalp sites were recorded from 3 right-handed males using 
checkerboard wedges in the left (L) or right (R) lower visual fields (2 ms dur., 2º-5º 
from fixation, 1-4 s. ISI) in a simple (L or R index finger lift), blocked RT task. Visual 
controls used stimuli without responses. Motor controls were self-initiated finger lifts. 
Data analyses involved spherical spline interpolated scalp current density mapping by 
subject, condition, and RT bin, displayed as ms-by-ms animations. Laplacian wave
forms derived from the center locations o f focal activations and the rectified EMG wave
forms were cross-correlated. Spatiotemporal dipole analysis (BESA) estimated the in
tracranial sources o f these foci. Distinct contralateral M l and medial central (presump
tive SMA) activations were highly correlated with the EMG. Estimated corticomuscular 
delays (CMD) from contralateral M l and medial SMA activations were similar. Earlier 
activations were also observed bilaterally over frontal cortex anterior to M l and SMA 
foci. A ll o f these regions exhibited stimulus-related activations suggesting visuomotor 
integration at these locations. Individual variations in RT were related to differential 
patterns of timing and magnitude o f activation in lateral and medial regions. These pat
terns also differed within individuals for fast vs. slow responses. The fastest RTs were 
related to large coactivations o f lateral and medial motor regions, whereas the slowest 
RTs were associated with small early M l and SMA activations that failed to elicit a mo
tor response. Despite overall similarity in CMD, for a given RT, M l and SMA can con
tribute to different portions o f the EMG burst. The data support the proposal that simple 
visuomotor responses in humans are generated by varied outputs from cortical regions 
that have direct corticospinal projections in monkeys. NIDCD 95261122 andNINDS 27900.

158.4
MOTOR CORTEX AUTOMATICALLY ACTIVATED BY AN EXTERNAL 
INSTRUCTION. H. Endo1’2*. T. Takeda3’1’2, T. Kizuka4 and T. Masuda1’2 ’Dept, of 
Human Informatics, National Inst, o f Bioscience and Human-Tech., 1-1 Higashi, 
Tsukuba, 305 JAPAN; 2Core Research for Evolutional Science and Tech.; ⅜aculty 
of Engineering, Univ, o f Tokyo; 4Dept. o f Human-Environmental System, National 
Inst, o f Bioscience and Human-Tech.

In order to reveal the dynamic characteristics o f the human motor cortex, brain 
activities were investigated by means o f magnetoencephalography (MEG). Our 
previous study revealed an automatic activation in the motor cortex in a unilateral 
simple reaction time task. This activity is dominant contralateral to the movement 
side and starts at same latency despite the reaction time and the movement onset 
condition (Go or Go/NoGo task).

In this study, to clarify the relation between the automatic activation and the pre
decision of the movement side, subjects were asked to react with a right or left 
index finger briskly to a visual Go-stimulus (triangle symbol instructing the 
movement side). The movement onset conditions were: 1) 2-choice task where the 
stimulus is presented on the right or left side o f the fixation point (i.e. right side 
stimulus for the right index finger movement and vice versa), 2) 4-choice task (so- 
called Simon experiment). Brain magnetic fields were recorded using a whole-head 
type MEG system. EMG was also recorded from the first dorsal interosseous 
muscle. A hundred movements per stimulus were performed. Averaging was done 
after off-line elimination of artifact-contaminated trials. The onset of the rectified 
EMG buret and the LED onset were used as a trigger to synchronize the average.

It was found that there was an automatic activation in the motor cortex, even i f  we 
can not decide the movement side in advance. This indicates a direct pathway of 
signals from visual processing to the activation of the human motor cortex. This 
may act to make the motor cortex prepare for the forthcoming movement onset 
automatically regardless of the stimulus instruction.

158.5
FUNCTIONAL GROUPING OF NEURONS OF THE PRIMARY MOTOR CORTEX 
DURING INDIVIDUATED FINGER MOVEMENTS: A CLUSTER ANALYSIS 
STUDY. A. V.Poliakov* and M.H. Schieber. Department o f Neurology, University of 
Rochester, Rochester, NY 14642.

Neurons related to individuated finger movements often exhibit activity modulation 
for more than one o f the movements performed. Hypothesizing that groups of neurons 
with distinct activity patterns might reflect functional organization of the primary 
motor cortex (M l), we implemented clustering techniques to group neuronal activity 
patterns formally. Such analysis could reveal functional groups of neurons related, for 
example, to individual movements, to particular muscles or muscle groups, or to other 
hypothetical movement primitives that the CNS may utilize to compose more complex 
movements from simpler ones.

Activity of single neurons was recorded in the M l hand area while monkeys 
performed twelve individuated finger and wrist movements -  flexions or extensions. 
Cluster analysis o f these neuronal populations in three animals revealed that the 
distribution of neuronal discharge patterns was non-random, and that identifiable 
clusters were indeed present. We consistently found: i) a large cluster of neurons with 
broad field increases in firing rate (i.e. activity increased during most of the twelve 
movements); and ii) a smaller cluster of neurons with broad field decreases in firing 
rate. Other clusters consisted of groups o f neurons with more selective movement 
fields. These varied from animal to animal, suggesting that functional groups of 
neurons related to particular muscles, movements, or other movement primitives are 
not a basic feature of M l organization. Clusters may form, however, in relation to 
movements difficult for that particular animal. Neurons within a distinct functional 
cluster were spread widely across the M l hand area. Cortico-motoneuronal neurons, 
which produce post-spike effects in the spike-triggered averages o f rectified EMG, 
were present throughout the neuronal population, but tended to be less frequent in the 
clusters of broad field firing rate increase, and especially broad field decrease.

Support: NINDS R01 NS27686.

158.6
INTERHEMISPHERIC SYNCHRONIZATION OF NEURONAL AND FIELD 
POTENTIAL A C TIV ITY  DURING B IM AN U AL MOVEMENTS OF MONKEYS
T.Kawashima*1’ 2,T.A.Knight1 and E.E.Fetz 1 .'Dept. Physiol. &  Biophys. and 
Regnl. Primate Res. Ctr., Univ, o f Wash., Seattle, WA 98195; 2Dept. Neurophysiol., 
Inst. Equilibrium Res., Gifu Univ. Sch. o f Med., Gifu 500, JAPAN.

Simultaneous neuronal and field potential recordings were obtained from 
movable microelectrodes in the right and left primary motor cortex (M l)  o f two 
macaca nemestrina performing a bimanual tracking task. Chronically implanted 
electrodes also recorded field potentials at symmetrical sites in the supplementary 
motor cortex (SMA) and parietal cortex (Area 7). The monkeys tracked a target 
moving in two dimensions on a computer display with a cursor whose x- and y- 
coordinates were controlled by two linearly constrained joysticks operated with 
the left and right hands. Field potentials in M l and SMA showed oscillations at 
10-15Hz (monkey 1) or 20-30Hz (monkey 2) that could become bilaterally 
synchronous during the bimanual movements as well as just prior to movement 
onset. In the absence o f bimanual tracking movements the field potentials in 
right and left M l showed no interhemispheric synchrony and could exhibit 
oscillations o f different frequencies. Field potentials in parietal cortex showed 
bilateral synchrony simultaneously with M l or SMA. Parietal oscillations often 
became synchronized with M l and SMA at the same frequency, but could also 
show bilateral synchrony independently o f the bilateral synchrony o f M l and 
SMA. These results suggest that bimanual coordination is accompanied by 
interhemispheric synchronization o f activity in motor cortical areas.
(NIH grants NS 12542 and RR 00166)
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158.7
PARCELLAΉON OF SENSORY AND MOTOR COMPONENTS OF NEURONAL 
POPULATION VECTORS IN CORTICAL MOTOR FIELDS. G.E. Alexander*. G. 
Gaál and L. Shen. Dept. Neurology, Emory Univ. Sch. Med., Atlanta, GA 30322.

The population vector (PV) method o f Georgopoulos et al. describes the combined 
directionality o f sample populations o f neurons whose individual behavior-correlated 
activities show broad directional tuning. When spatial features o f visual instruction 
stimuli (IS) are dissociated from those o f instructed movements, PVs in both motor 
(MC) and premotor cortex (PMC) have been shown to point initially near the IS 
direction and then shift, during the reaction time (RT), toward that of the motor 
response (Lurito et al 91; Wise et al 96). It has been suggested that this shift results 
from progressive neuronal recruitment based on each cell’s preferred direction (PD)— 
cells with PDs near the IS direction being recruited first, those with PDs near the 
intended movement direction recruited last, those with intermediate PDs in between. 
An alternative hypothesis (Whitney et al. 1997) is that the shift in PV direction results 
from two stationary component vectors, one generated by IS-related activity pointing 
toward the stimulus, the other by motor-related activity pointing in the intended 
movement direction—both change in magnitude, not direction, during the required 
sensory-to-motor transformation. To address both hypotheses, we used standardized 
multiple regression to partition the variance in activity attributable to IS direction vs. 
movement direction o f neuronal activity recorded from MC and PMC of monkeys 
performing a visually instructed step-tracking task in which IS location was dissociated 
from the direction o f hand/joystick movement. As in previous studies, PVs pointed 
initially near the IS direction, then shifted during the RT to point in the direction o f limb 
movement. Using regression coefficients calculated for each neuron at 25 ms intervals, 
we computed separate sensory and motor components o f the overall PV for each time 
point over the course o f the task. As predicted by the second hypothesis, each 
component vector in both motor fields remained relatively stationary—continuing to 
point near the IS or movement direction, respectively—as the overall PV was shifting 
from IS direction to movement direction in accordance with the changing lengths o f its 
two components. Supported by ƯSPHS

158.9
RELATIONS OF PRECENTRAL CORTICAL NEURON DISCHARGE 
TO OBJECT AND HAND SHAPE PROPERTIES. J.E. Gomez*. C.R. 
Mason, and T.J. Ebner. Depts. o f Neurosurgery & Physiology, Univ. 
Minnesota, Minneapolis, MN 55455.

While much is known about arm movement representations in the 
motor cortex, much less is known concerning the representations o f hand 
action such as grasp amplitude, shape, orientation, and force. We have 
recorded from two monkeys trained to perform a reach-to-grasp task in 
which the size, shape, and orientation o f grasped objects and target force 
were varied. The monkeys were required to make a reaching movement 
to a target objects [16 objects, presented in blocks] while controlling the 
exerted force [5 window levels, presented pseudorandomly].

Reach trajectories were unaltered by target object, allowing discharge 
modulations during the reach to be interpreted as grasp-related. Grasp 
posture was described using principal component analysis and singular 
value decomposition. The first three principal components o f static grasp 
postures accounted for 81% of the grip variance, while two 
"eigenpostures" accounted for 98.8% of the variance in the dynamic 
posture. The compression suggests a simplifying strategy that can be 
investigated in the neuronal discharge. The discharge was regressed 
temporally to the manipulated parameters as well as static and dynamic 
posture as described above. Analysis suggests that precentral cortical 
neurons represent multiple aspects o f hand action and object properties in 
a temporally complex manner.

Supported by NIH grants NS-18338, N S-31530, and GM-15595.

158.11
OPTICAL RECORDING OF THE MOTOR CORTICAL ACTIVITY DURING 
REACHING MOVEMENT IN THE BEHAVING MONKEY. M . Inase*. T. 
Iijima1. I. Takashima1, T. Takahashi2, M. Shinoda2. H. Hirose3. K. Niisato3, K. 
Tsukada1. 'Electrotechnical Laboratory, 2Japan Science and Technology 
Corporation, 3Tsukuba University Graduate School of Medicine, Tsukuba, Ibaraki 
305, Japan.

Using the real-time optical recording method with a voltage-sensitive dye, we 
recorded neuronal activity in the primary motor cortex (MI) of monkeys (Macaca 
juscata) while they were performing a reaching task. Each task started when they 
pressed a hold button with their hand. After a 1.5-3 sec hold period one of the left or 
right LED turned on (trigger signal). The monkeys were required to release the hold 
button and reach the lighted LED within 0.8 sec to obtain a drop of water. A few 
days before the recording we made a skull opening (18 mm diameter) over an arm 
region in the MI contralateral to the performing arm and attached a cylinder to the 
skull under general anesthesia. On the experimental day we removed the dura to 
expose the cortical surface and stained the cortex with a voltage sensitive dye (RH- 
795) under general anesthesia. After 2 hr staining and recovery period we started the 
recording experiment. During the recording session we always monitored ECG and 
gave the trigger signal time-locked to the monkeys’ heart beats. Following the 
optical recording we applied intracortical microstimulation to identify the 
somatotopical representation in the recorded MI region.

Optical recording revealed an activated spot about 100-150 ms before the 
movement onset in the MI arm region close to the central sulcus. The activated area 
spread medίolaterally and rostrally, and a few more activated spots appeared on the 
central gyrus during the movements. Reaching movements to the left and right 
generated different spatio-temporal patterns in activity. (Supported by the Japanese 
Agency of Industrial Science and Technology and CREST of Japan Science and 
Technology Corporation)

158.8
DIRECTIONAL TUNING FUNCTIONS OF MOTOR CORTICAL CELLS. B.
Amirikian* and A. P. Georαopoulos. Brain Sciences Center, Dept, o f Veterans 
Affairs Medical Center, Minneapolis MN 55417.

Motor cortical cells are directionally tuned. For 2D movements, a cosine tuning 
function with a period o f 360 deg was proposed (Georgopoulos et al., J Neuгosci. 
2:1527-1537, 1982) and has been commonly used. A lthough this particular 
function captures the essential features o f directional tuning and does possess the 
merit o f simplicity, it may not be the best one for every cell. In this study we 
examined systematically other tuning functions and evaluated their goodness of fit 
by calculating the R2 value (i.e. percent of variance explained). We compared 
three tuning functions: (A) a cosine function with a fixed period o f 360 deg, (B) a 
unimodal cosine function with continuously adjustable period, and (C) a Gaussian 
function with continuously adjustable variance. For all three tuning functions, the 
fitting procedure maxim izes R2 . Function A  was fit on the data once, whereas 
functions B and C were fit repeatedly, by varying the period and variance, 
respectively, until the highest R2 was obtained. The width (in deg) at the midpoint 
o f the fitted curve (MW) was taken as an index o f the breadth o f the directional 
tuning. (If the fitted curve predicted negative values, the m idpoint o f the curve was 
calculated between zero and the peak o f the curve.)

We analyzed data from 712 single cells collected in our laboratory during the 
previous years during recordings in the motor cortex o f behaving monkeys 
performing the 2D center-out task described in Georgopoulos et al. (1982) above. 
We found the following. The median MW of cells with R2 >0.7 in the respective 
function, was 90 deg for function A (n≈369 cells), 63.6 deg for function B (n=541 
cells), and 60.5 deg for function C (n=538 cells). These results show that tuning 
functions B and C fit the data much better than the original tuning function A. We 
conclude that motor cortical cells are more sharply tuned than previously thought. 
(Supported by USPHS grant NS17413.)

158.10
TEMPORAL WAVEFORM ANALYSIS OF PRIMARY MOTOR  
CORTEX CELL ACTIVITY DURING A DIRECTIONAL MOVEMENT  
TASK. L. Sergio* and J. Kalaska. CRSN, Dépt. Physiologie, 
Un¡versité de Montréal, Canada.

W e  have  re c o rd e d  th e  a c t iv ity  o f  9 4  c a u d a l p r im a ry  m o to r  c o r te x  
(M l) ce lls  and 16  p rim e  m o v e r p ro x im a l a rm  m u s c le s  w h ile  a m o n k e y  
{m аcа cа  m u lа ΐtа )  m a d e  w h o le -a rm  m o v e m e n ts  to  m o v e  a p e n d u lu m  
f ro m  a c e n tra l to  one  o f  8  p e r ip h e ra l ta rg e ts .  For e ach  ce ll and 
m u s c le , 8  d a ta  w a v e fo rm s  w e re  c o n s tru c te d  as th e  a c t iv ity  in 
s u c c e s s iv e  2 0  m s  b ins  th ro u g h o u t th e  ta s k  in  e ach  m o v e m e n t 
d ire c t io n .  T h e  te m p o ra l m o d u la t io n  o f  a c t iv it y  o f  e ach  ce ll and 
m u s c le  w a s  q u a n tif ie d  u s in g  a p r in c ip a l c o m p o n e n t (PC) a n a lys is  
w h e re b y  a re d u c e d  s e t o f  b a s ic  PC w a v e fo rm s , re p re s e n tin g  th e  
c o m m o n  e le m e n ts  o f  th e  re s p o n s e  s ig n a l, w e re  d e r iv e d  f ro m  th e  
d a ta  w a v e fo rm s . A m o n g  th e  d if fe re n t  m u sc le s  s tu d ie d , c o m m o n  PC 
w a v e fo rm s  w e re  o b s e rv e d , as re p o rte d  p re v io u s ly  (F lan de rs  1 9 9 1 ) , 
a lth o u g h  th e  sh ap e  o f th e s e  b a s ic  w a v e fo rm s  is u n c o n s tra in e d  and 
d e te rm in e d  b y  th e  d a ta  th e m s e lv e s . C o m p a ra b le  PC w a v e fo rm s  
w e re  d e r iv e d  f ro m  th e  a c t iv ity  o f m a n y  o f  th e  M l c e lls . T h is  
s im ila r ity  in te m p o ra l and  d ire c t io n a l a c t iv it y  p a t te rn s  is c o n s is te n t 
w i th  th e  ro le  o f  c a u d a l M l in  th e  t ra n s fo rm a t io n  o f  th e  c o rt ic a l 
re p re s e n ta t io n  o f  lim b  m o v e m e n ts  f ro m  e x tr in s ic  to  in tr in s ic  
c o o rd in a te  fra m e w o rk s .  (S u p p o rte d  b y  th e  M R C  G ro up  G ra n t in 
N e u ro lo g ic a l S c ie n c e s , and b y  an FRSQ  p o s td o c to ra l fe l lo w s h ip  to  
LS.)

158.12
USING BAYESIAN STATISTICAL METHODS TO INTERPRET 
MULTIDIMENSIONAL POPULATION CODES IN MOTOR CORTEX.
T. Sanger * . Dept. Brain and Cognitive Science, MIT, and Dept. Neurology, Boston 
Children's Hospital; Boston, MA 02115.

Bayesian methods for interpreting population codes determine the probability dis
tribution for a single movement parameter given the firing state of neurons in the 
population. I describe an extension of these methods that allows interpretation of 
populations that code for multiple movement variables which can be present 
simultaneously. The statistically optimal estimate of multiple variables such as 
position, force, or direction of movement can be simultaneously computed from a 
population of spiking cells.

I f  the variables to be estimated are represented as a vector, the statistics of the 
input vector x are computed and the Bell&Sejnowski Independent Components 
Analysis (ICA) transform is performed. For each cell, the histogram σ(w)of aver
age cell firing rate relative to each independent component wř· is estimated from a 
subset of the experimental data.

To reconstruct the components w¿ from the firing rates, find the peak of the condi- 

.io„al probability ⅛  (p〇pu|aŧi〇n] = p Ĳ « - Σ · , h  > ∏ σ< ( „ J ,

for each w¿ by taking the product of the tuning curves of each cell that fired. Since 
the w,·'s are independent, the best estimate of the vector of inputs x is found by 
inverting the ICA transform.

This technique allows the analysis of population codes in motor cortex that code 
for multiple movement variables or multi-joint and multi-limb movement 
parameters.

(Support for this research was provided by the Boston Children's Hospital Depart
ment of Neurology.)

Society for Neuroscience, Volume 24 ,1998



SUNDAYPM CEREBRAL CORTEX: MOTOR 405

158.13
NEURONAL PLASTICITY IN  THE MOTOR CORTEX OF MONKEYS 
LEARNING TO ADAPT TO A VISCOUS FORCE FIELD
Ç.-Ş.R, Li*, B· Peņçia, C· Pąçļp⅝ ⅛Ыopp<3, F. Ç⅝pd〇lfp, D,,D іLqγіш zqjш ç⅜.
E. Bizzi Dept. Brain Cogn.Sci. Mass. Inst, of Technology, Cambridge, MA

Previously we showed that neurons in monkey motor cortex changed the 
activities in adapting to a viscous force field(Soc.Neurosci.Abs 23:1556, '98). The 
monkeys performed a delayed visually guided reaching task in three epochs, 
baseline(no force), applied force and washout(no force). Neuronal activities in the 
delay, movement and peripheral hold periods were recorded. Initial evaluation 
identified three classes of cell activities. Kinematic cells maintained uniform 
acitivities over all epochs; dynamic cells were modulated by the applied force; 
memory cells retained the same activities in the washout as in the force field. We 
have in this study developed a more quantitative method to analyze the cell 
behaviors both during and after exposure to the force field.

Of a total of 240 cells recorded, 124 were well isolated and analyzed in detail. In 
72% of these cells, 1/5 did not alter their behaviors throughout the 3 
epochs(kinematic cells); 2/5 changed their behaviors in the force(dynamic cells). A 
majority of these dynamic cells retained the change in the washout (memory cells). 
Another 1/3 of the cells displayed a change only in the washout. The magnitude of 
these changes was highly variable among cells and did not appear to show a 
systematic trend. The remaining 28% of cells developed or lost their tuning in the 
force field, with the change retained in the washout for 3/4 of them. The changes in 
the memory cells and the cells that developed or lost their tuning appeared to reflect 
a history of the brain exposed to the force field. In addition to the movement period, 
cells also demonstrated kinematic, dynamic and memory properties in the delay and 
peripheral hold periods. These changes could be described in terms of the average 
and the dyanmic range of the firing rate, the preferred direction and/or the width of 
tuning. Overall, these results suggested that the activities of single neurons in motor 
cortex were highly plastic, as the internal model of the force environment was 
updated from one moment to the next. Supported by NIH MH481Ĩ85 and ONR 
N0014/95ІĨІ0445.

158.15
RESTRAINT OF THE UNIMPAIRED HAND IS NOT SUFFICIENT TO 
RETAIN SPARED PRIMARY MOTOR HAND REPRESENTATION AFTER 
FOCAL CORTICAL INJURY. K. M. Friel* and R. J. Nudo. Department of 
Molecular and Integrative Physiology, Center on Aging, and Smith Mental 
Retardation Research Center, University of Kansas Medical Center, Kansas City, 
KS 66160.

Previous studies have shown that following injury to the hand representation in 
primary motor cortex (M l), size of the spared hand representation decreased 
dramatically i f  monkeys did not receive postinfarct intervention (Nudo and Milliken, 
1996). However, i f  the unimpaired hand of monkeys was restrained and monkeys 
received daily rehabilitative training using the impaired fingers repetitively in a 
skilled way, the hand area spared by the lesion was retained (Nudo et al. 1996). The 
goal of the present study was to determine if  restriction of the unimpaired hand was 
sufficient to retain spared hand area after cortical injury or i f  retention of spared hand 
representation required repetitive use of the impaired limb. Following an infarct to 
the hand area of M l in adult squirrel monkeys, the unimpaired hand was restrained 
using a jacket with a long mesh sleeve over the unimpaired arm, closed at the distal 
end over the hand. Monkeys did not receive additional rehabilitative training. 
Electrophysiological maps of M l were derived in anesthetized monkeys before 
infarct and one month post-infarct using intracortical microstimulation. One month 
after the lesion, the size o f the total distal forelimb representation and the sizes of 
finger and wrist/foreaгm representations had decreased. Areal changes were 
significantly lower than in animals in a previous study that had received daily 
repetitive training after infarct (p<0.05). Areal changes were not different from 
animals that did not receive rehabilitative intervention or hand restraint after cortical 
injury. Taken together with previous findings, these results suggest that retention 
of hand representational area within M l after cortical injury requires repetitive use of 
the impaired hand after injury.

This work was supported by NIH NS 30853, AG 14635, and the American Heart 
Association (RJN).

158.17
Changes in cerebral blood flow during co-contraction of antagonistic ankle muscles
P. Johannsen, L.O.D. Christensen , T. Sinkjær , A. Gjedde and J. Nielsen*
PET-Center, Aarhus University Hospital, Denmark, ) Dept, of Med. Physiol., University of 
Copenhagen, Denmark, )Center for Sensory-Motor Interaction, Aalborg University, Denmark

The neuronal acitivity in cerebellum (Smith 1981) and primary motor cortex (Fetz & Cheney 
1987) in the monkey has been shown to depend on the involvement of antagonist co-activation 
or extension-flexion movement. Non-invasive electrophysiological experiments in humans have 
also implicated a difference in the supraspinal control of reciprocal inhibition during ankle muscle 
co-contraction as compared to dorsi- and plantar flexion (Nielsen & Kagamίhara 1992; Nielsen 
et al. 1993). We have investigated whether regional cerebral blood flow differs during co
contraction as compared to dorsi- and plantar flexion of the ankle joint in humans.
16 subjects were investigated. EMG-activity was measured by surface electrodes on the soleus, 
tibialis anterior, gastrocnemius lateralis, gastrocnemius medialis, hamstring and quadriceps 
(vastus lateralis) muscles. The right foot was attached to a footplate which was connected to a 
torquemeter. Cerebral blood flow was measured with PET during isometric dorsiflexion, plantar 
flexion or co-contraction at the ankle joint at matched levels of background EMG-activity in the 
tibialis anterior and soleus muscles in the different tasks. Cerebral blood flow was measured by 
i.v. injection of l50 2-labelled water. After anatomical normalization a t-statistic of blood flow 
changes was calculated after subtraction of the rest condition from the active tasks.
Isolated dorsi- or plantarflexion were accompanied by significant activation of partly overlapping 
areas in the medial part of the left primary motor cortex. During co-contraction an increased 
activation was observed in the primary motor cortex as compared to the other two tasks, but there 
was no significant difference. The area of significant activation during co-contraction covered the 
areas activated during dorsi- and plantar flexion. During co-contraction, but not during either 
dorsi- or plantar flexion, activation was observed in the anterior part of the cerebellum.
These data support that the cerebellum plays a significant role in co-contraction of antagonistic 
ankle muscles. Task-dependent changes in the activity of corticospinal cells could not be 
demonstrated with the present method.
Fetz, EE & Cheney PD (1987) Ciba Found Symp 132: 98-117 
Nielsen J & Kagamίhara (1992) J. Physiol. 456: 373-391
Nielsen J, Petersen N, Deuschl G & Ballegaard M (1993) J. Physiol. 471: 223-243 
Smith AM (1981) Can J Physiol Pharmacol 59(7):733-747

158.14
CO NTEXT-DEPEN DENT ACTIVATIO N OF ARM M1 OF THE MO NKEY IN A 
SEQ UENTIAL M O VEM ENT TASK. N. P icard* and P.L. S trick . VAM C and 
Depts. of Neurosurgery and Physiology, SUNY-HSC, Syracuse, NY 13210.

The frontal lobe contains multiple motor areas, in addition to the primary 
motor cortex (M1), that project directly to the spinal cord (Dum and Strick, 1991, 
1996; He et al., 1993,1995). We used the 2-deoxyglucose (2DG) technique in 
behaving monkeys to exam ine the involvem ent of these areas in aspects of 
voluntary movements. Two m onkeys were tra ined to perform  sequences of 
reaching movements generated from m emory (REM task). Two other m onkeys 
perform ed the same m ovement sequences follow ing visual instructions which 
were given ‘on-line ’ (TRACK task). Activation of the motor areas on the medial 
wall shifted from the supplem entary motor area during the TRACK task, to the 
dorsal cingulate motor area (CMAd) during the REM task (P icard and Strick. 
1996, 1997). The arm area of M1 also was d iffe rentia lly  activated during the 
TRACK and REM tasks. Three major differences were observed: 1) During the 
REM task the location  of significant activation was lim ited to the caudal portion 
of M1 in the anterior bank of the central sulcus, whereas during the TRACK task 
activation extended onto the precentral gyrus. 2) The in tensity  of peak 
activation in the caudal portion of M1 during the TRACK task was tw ice that 
seen during the REM task. 3) The area  of significant activation in the caudal 
portion of M1 during the TRACK task was more than tw ice as large as the 
activation there during the REM task. These results suggest that sim ilar 
movements can be generated and contro lled by d iffe rent sets of motor areas. 
Under certain conditions, movem ents can be generated w ith modest 
involvem ent of M1.
Supported by the VA Medical Research and Rehabilita tion Research and 
Developm ent Services, USPHS 24238 (PLS).

158.16
FIRING PATTERNS OF NEURONS IN RAT TONGUE MOTOR CORTEX 
DURING A LICKING TASK. C. Schwarz* and J.P. Welsh. Dept, o f Physiology & 
Neuroscience, NYU Medical Center, NY, NY 10016.

We investigated the firing activity o f a population o f neurons in the tongue 
area o f motor cortex (M l-tng) in rats as they were learning a motor task consisting 
o f protrusion o f the tongue in response to a tone conditioned stimulus. Naïve rats 
underwent surgery for permanent implantation o f a 1x8 or 2 x8 linear array of fine- 
tipped, high impedance tungsten microelectrodes. The placement o f the arrays into 
the M l-tng was verified by eliciting tongue movements with low intensities of 
current (max. ЮOµA). For behavioral training, the rats were placed into a box that 
restrained head movement. Initially, the rats were trained to lick for a water drop 
ejected from a spout that was located 2.5 mm in front o f the mouth during the 
presentation o f a tone (2 kHz, 1.5 s, pseudorandom intertrial interval, 25-35 s). All 
rats learned the task during the first 6 sessions. In subsequent sessions, the rats 
learned to extend their licks up to a maximum of 6 mm. Spiketrains recorded from 
multiple single units were recorded from the electrode arrays throughout the 
procedure and analyzed for rate, synchronization, and oscillatory contents.

The firing rate o f most M l-tng neurons was elevated after tone onset, even 
during the early stages o f conditioning, and showed temporal modulation during the 
movement after learning. The temporal modulation was highly rhythmic and was 
phase-locked to the stereotypic lick rate of 7 Hz. A subset o f neurons displayed 
rhythmic firing with a frequency around 40 Hz. Interval histograms and 
autocorrelograms revealed that the occuưence o f 40 Hz activity was largest but 
constant before tone onset. It decreased 100 ms before the operant lick, 
approximately at movement initiation. The spike trains with the highest rhythmic 
content tended to display high frequency bursts (up to 400 Hz) of 2-3 spikes 
interspersed by 25 ms. The spike trains o f these neurons were used to extract the 
spikes which contributed to the 40 Hz activity and were subjected to a 
crosscorrelation analysis corrected for firing rate. Our preliminary findings using 
jo int peristimulus time histograms indicate that although 40 Hz activity in the M l- 
tng is most robust during the pre-movement stage o f the paradigm, it increases as a 
function o f learning, and may contribute to the synchronization of neuronal activity 
during movement. Supported by DFG Schw577/4-2 andNINDS NS31224.

158.18
PUTATIVE INHIBITORY INTERNEURONS IN THE MOTOR CORTEX: 
ACTIVITY DURING LOCOMOTION. I.N. BeloozerovaC M.G. Sirota, 
H.A.Swadlow. Dep. of Psychology, Univ, of Connecticut, Storrs, CT 06269.

Activity of putative inhibitory interneurons (suspected inhibitory interneurons, 
SINs) was studied during behavioral locomotion in the forelimb representation of 
motor cortex (MC) of the rabbit. These cells were recently described and are defined as 
neurons that respond synaptically to electrical stimulation of ventrolateral thalamus 
(VL) with a burst of spikes at peak frequencies >600 Hz (Swadlow, J. Neurophysiol., 
1994). SINs have a relatively short duration action potential and, in somotosensory 
cortex, respond with a nonadapting high-frequency discharge to an intracellularly 
injected depolarizing current pulse (Swadlow et al., J Neurophysiol., 1998). Thus, 
SINs are believed to be fast spike GABAerget¡c interneurons (e.g. McCormick et ah, J. 
Neurophysiol., 1985). In previous studies SINs demonstrated both lower thresholds 
and the ability to follow much higher frequencies of peripheral stimulation then did 
efferent populations. The goal of the present work was to investigate the response 
properties of SINs during natural behavior.

We have found that activity of all SINs recorded during 20-100 step cycles was 
modulated during locomotion. Activity of SINs responded more readily to changes in 
locomotor behavior then the rest of the MC population. The mean rate of activity in 
most SINs changed with the start of locomotion. The mean rate and the degree of 
modulation in most SINs also changed during transition from locomotion on a flat 
floor to locomotion with overstepping of obstacles. The averaged peak rates of activity 
during locomotion were extremely high in SINs: >100 Hz.

It was concluded that during natural behavior SINs demonstrate higher 
responsiveness and reliability of discharge then the other MC populations. In addition, 
SINs have the highest peak rates observed in the MC during locomotion. These high 
peak rates should be especially effective for release of GABA during short periods of 
the step cycle.

Supported by grants: NIH F32 NS-10314 and NSF IBN-9723967.
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158.19
EFFECTS OF REVERSIBLE COLD BLOCK OF PRIMATE FACE PRIMARY 
SOMATOSENSORY CORTEX (SI) ON MASTICATION AND RELATED 
NEURONAL ACTIVITY IN FACE MOTOR CORTEX (MI). D.Y. Yao. K. Yamamura 
and B.J. Sessle*. Fac. of Dentistry, Univ, o f Toronto, Toronto, Ont. M5G 1G6, Canada 

Since our recent findings in monkeys point to an involvement o f face SI as well as 
M I in the control o f chewing, the aims o f the present study were to test whether unilateral 
face SI cold block could affect chewing and face MI neuronal activity related to chewing 
and other orofacial movements. A cranial chamber was chronically implanted in the 
monkey (M. fascicularis\ to allow for the placement o f a thermode (2.5x7.5 mm) on the 
dura overlying the delineated face SI and for microelectrode recordings o f neuronal 
activity in the ipsilateral face M I (defined by intracortical microstimulation <30 µA). A 
warm or cold alcohol-water solution was pumped, through the thermode while the 
monkey chewed standardized amounts o f fruit or carried out a tongue protrusion task 
during pre-cool (thermode temperature 37°C), cool (O°C) or rewarm (37°C) conditions. 
Electromyographic activity was recorded from masseter, genioglossus, and anterior 
digastric muscles, and jaw movement was also recorded in the vertical and lateral axes 
by a photoelectric transducer that measured the displacement o f a light source attached to 
the monkey’s chin. Only the pre-swallowing phase o f mastication was significantly 
prolonged (ANOVA, p < 0.05) during unilateral SI cold block (mean ± SD, 1.08 ± 0.27 
s) compared to pre-cool (0.82 ± 0.20 s) and rewarm (0.74 ± 0.07 s) conditions; total 
mastication time (TMT), preparatory phase time (PPT), and rhythmic chewing time 
(RCT) were not significantly changed during cold block (TMT: 3.09 ± 0.54 s; PPT: 0.19 
± 0.06 s; RCT: 1.83 ± 0.27 s) compared to pre-cool (TMT: 2.74 ± 0.49 s; PPT: 0.25 ± 
0.14 s; RCT: 1.67 ± 0.34 s) and rewarm (TMT: 2.93 ± 0.22 s; PPT: 0.25 ± 0.07 s; RCT: 
ł .94 ± 0.25 s) conditions. To date, o f a total o f 58 single neurones showing chewing- 
related activity, spontaneous activity was reduced in 3 and increased in 2 during SI cold 
block, and chewing-related activity was decreased in 3 and increased in 2. O f 18 task- 
related neurones, spontaneous activity was decreased in 6 and task-related activity was 
reduced in 6 during SI cold block. These preliminary data suggest that unilateral SI cold 
block has little effect on mastication but that the chewing-related or tongue task-related 
activity o f some MI neurones may be dependent upon an intact SI.
Supported by Canadian MRC Grant MT-4918

158.20
FUNCTIONAL PROPERTIES OF NEURONES IN THE PRIMATE TONGUE 
PRIMARY MOTOR CORTEX DURING MASTICATION. K. Yamamura. D.Y. 
Yao. R.E. Martin* and B.J. Sessle. Fac. o f Dentistry, Univ, o f Toronto, Toronto, 
Ont. M5G 1G6, Canada

Our recent studies o f neuronal activity patterns in monkey tongue primary motor 
cortex (i.e., tongue M I) indicate that tongue M I plays an important role in the control 
o f swallowing as well as trained tongue tasks (Murray et al., J. Neurophysiol., 1991; 
Murray and Sessle, J. Neurophysiol., 1992; Martin et a l, J. Neurophysiol., 1997). 
Our present aim was to determine i f  the activity o f tongue M I neurones also supports 
our earlier intracortical microstimulation (ICMS) data (Huang et al., J. 
Neurophysiol., 1989) indicating a role for M I in chewing. A  cranial chamber was 
chronically implanted to allow for extracellular microelectrode recordings in the 
monkey (M. fasciculariś) o f neuronal activity in tongue M I (defined by ICMS <30 
µA). Electromyographic activity was recorded from jaw-opening (anterior digastric), 
jaw-closing (masseter) and tongue protrusion (genioglossus) muscles. Jaw 
movements were also recorded with a photoelectric transducer that measured the 
displacement o f a light source attached to the monkey’s chin. O f 58 neurones 
studied to date that showed chewing-related activity, 39 (67%) showed a clear 
rhythmicity during stable chewing, 9 neurones (16%) an increased activity only 
when the monkey’s mouth opened to obtain food or just before stable chewing, 6 
(10%) a tonic firing throughout the chewing sequence and 4 (7%) a decrease in 
activity during chewing. O f the 39 neurones that showed rhythmical activity, each 
rhythmical burst occuưed in 18 (46%) during the jaw-opening phase o f each 
chewing cycle and was well correlated with genioglossus and digastric activity, and 
in the remaining 21 (54%) it occuưed during the early part o f jaw closing. 
Interestingly, whereas tongue protrusion was evoked by ICMS at most o f the loci 
(78%) showing jaw-opening and genioglossus-related neuronal activity, tongue 
retraction was evoked by ICMS at most (81%) loci from which the jaw-closing 
related neurones were recorded. These preliminary results suggest that tongue MI 
may play an important role in mastication, including the control o f tongue 
movements that may occur during mastication.
Supported by Canadian MRC Grant MT-4918

C ER EBR A L CO R TEX  I

159.1
PSYCHOPHYSICAL CORRELATES OF LONG-TERM FORCE-FIELD 
ADAPTATION AND MOTOR MEMORY CONSOLIDATION IN MONKEY
ĝ ,í⅛ďo⅞Ǻçhюpßa i  α,.··Sttd.г,-Ç,：.⅞,R·.LL в.,..B℮nŭa.d . p ,į⅛ҥĢņд), ғ , QandoifQ,
and E. Bizzi. Dept. Brain Cognitive Sciences, MIT, Cambridge, MA 02139

Previous work in our laboratory has addressed the effects of force-field 
adaptation, in humans and monkeys (Macaca nemestrina), on psychophysical 
measures and on single-unit activity in primary motor cortex. The experimental 
task required visually-guided reaching while velocity-dependent perturbing forces 
were applied by a manipulandum. Here we describe long-term psychophysical 
changes observed as two monkeys performed this task over many months, 
providing evidence of long-term consolidation of motor learning.

Improved performance was observed within and especially across days of 
training, as quantified by an increase in the correlation between the perturbed hand 
speed profiles and the generally bell-shaped profiles (corresponding to straight-line 
trajectories) observed during preceding null-field baseline trials, and by a decrease 
in the variance of the perturbed speed profiles to match the variance of null-field 
profiles. Further, there was a corresponding decline in the number of trials required 
to reach performance plateau, down to about 1 0  trials.

Preliminary analysis of reaction times indicates they are lower in the force-field 
condition than in the preceding null-field trials and remain lower following return to 
null-field on the same day.

After three to four months of experience with a clockwise force-field, with 
performance plateauing after about 2 0  training days, the force-field was switched 
to counter-clockwise. Immediately following this change, the monkeys' 
performance in the new force-field was substantially impaired, demonstrating the 
specificity of the prior training. However, both within each day of training and 
across days, the magnitude and rate of improvement revealed a substantial 
savings as compared to the earlier trials with the clockwise force-field. We 
conclude that these results suggest the presence and contribution of some more 
general aspect of adaptation training. Supported by ONR grant N0014/95/1/0445 
and NIH grant MH481185.

159.2
SEQUENTIAL EFFECTS ON MOTOR PREPARATION IN CHOICE REACTION 
TIM E TASK: AN H-REFLEX .AND TRANSCRANICAL MAGNETIC
STIM ULATIO N STUDY. M. Akamatsu1. T. Hasbroucq2. H. Kaneko1. S. S. 
Suzuki1*. M. Takita1 and H. Tamura1. 'National Institute o f Bioscience and Human- 
Technology, Tsukuba 305-8566 Japan; Ł Cognitive Neuroscience Research Center, 
CNRS, Marseille 13009 France.

Choice reaction time (RT) at trial N critically depends on the sensory-motor 
association performed at trial N -1. A  repetitive effect is said to occur when the RT for a 
repeated stimulus or response is faster than that for another stimulus or response. An 
alternation effect is said to occur when the RT for a new stimulus or response is faster 
than that for a repeated stimulus or response. These effects have been explained in 
terms o f automatic after effects and subjective expectancy. In the present study, 
electrophysiological indices were analyzed in order to determine whether the sequential 
effects can be observed in advance motor preparation. In the first experimental session, 
we recorded H-reflexes elicited in a prime mover (right flexor pollicis brevis) during 
the foreperiod o f  a two-choice reaction time task in which subjects responded by a 
pressure w ith the left or right thumb to a visual stimulus presented to the left or right of 
a fixation. In the second session, we recorded motor evoked potentials (MEPs ) elicited 
in the same muscle by Transcranical Magnetic Stimulation (TMŞ) o f  the motor cortex at 
the same times as the H-reflexes in4he first session. The amplitude o f H-reflex, that of 
M  wave and the amplitude o f MEP elicited at four different times during the foreperiod 
were analyzed. The amplitude o f  H-reflex and that o f  MEP recorded from the right 
hand were significantly lower when the previous response was made w ith the left hand 
than when it was made w ith the right hand. In contrast, there was no significant 
difference in the amplitude o f  the M  wave. The decrease in cortico-spinal excitability 
and the inhibition o f  the monosynaptics reflexes in the right hand after responding with 
the left hand can be interpreted as enhancement o f  an adaptive mechanism increasing 
the sensitivity o f cortico-spinal tract to the forthcoming voluntary command to perform 
the response w ith  the alternative hand.

159.3

INTER-REGIONAL CONNECTIVITY OF HUM AN BRAIN  
REVEALED B Y  FMRI DURING REST. J. X iong. L. M. Parsons. Y. 
Pu*. J.-Ħ. Gao. P. T. Fox. Research Imaging Center, University o f 
Texas Health Science Center, San Antonio, Texas 78284.

The topographic organization o f neurons is traditionally examined using 
histological procedures. Functional magnetic resonance imaging (fMRI) 
offers the potential to noninvasively detect inter-regional connectivity o f  
human brain. In the brain, there is spontaneous firing o f neurons even in 
the resting state. Such spontaneous firing w ill increase local blood flow , 
cause MRI signal fluctuations in fMRI time course, and affect remotely 
located neurons in another brain area through the efferent output. Thus, 
even in the absence o f  a psychological task, it is possible to detect sets o f  
neurons connected to a selected region by calculating covariance o f each 
voxel referenced to the time course o f  the selected brain region. U sing  
this covariance method, cortical connectivity with primary motor cortex 
was assessed (at 3x3x6 mm3 resolution) during a rest state in three 
healthy right-handed volunteers. S ix bilateral areas covaried (r> .55 , 
p<.0 1 ) with activation in the area o f  primary motor cortex representing 
the right hand, implying that the areas are functionally connected. These 
areas (at least. 18 cc in size) were primary motor cortex, primary 
somatosensory cortex, SM A, dorsałateral premotor cortex, posterior 
parietal somatosensory association area, and dorsal cingulate motor area. 
The detected inter-regional connectivity confirmed almost all the cortical 
connectivity established by other anatomical, histological, and 
physiological techniques. H ow ever, this technique does not indicate the 
direction o f  projections. Nonetheless, this method offers a new means o f  
in v ivo  non-invasive measurements o f  neural connectivity, with potential 
applications in healthy and disease conditions.

159.4
S IG N A L  IN T E N S IT Y  EN H A N C EM EN T A F T E R  VO LO N T A R Y  
BREATH HOLDING DETECTED IN fMRI W HEN PERFORM ING A 
SIM PLE M OTOR TASK PARADIGM  
Borie Bi¢lke*L  Per L an eeL  Anders W enneгberęl
IMR-Center, Karolinska Institutet, Kaгolinska Sjukhuset 171 76 Stockholm, 
Sweden

The aim of the study was to investigate weather an alteration in respiratory 
parameters within a physiological range can effect the MR signal intensity in the 
brain while performing a simple motor tasks. In people being well trained in breath 
holding, up to 3 min, a sensation of mental alertness has been reported in the 
following hours after the breath holding session. The experiment of functional brain 
imaging was performed using a GE Signa EchoSpeed 1.5 T whole body system 
equipped with a 3-axis non-resonant gradient subsystem with a maximum amplitude 
of 22 mT/m rise time of minimum 185 µs at a high duty cycle. A  quadrature birdcage 
head coil was used. After T1 weighted sagital scout images a Single Shot Gradient 
Echo EPI sequence was prescribed with a serie o f 94 images with a time resolution of 
3 s per image. The test person was first recorded under normal breathing when 
performing an acyclic motor paradigm, 42/30 s, alternating resting or finger tapping 
during in total 4 min 42 s. Thereafter the test person performed a 3 min breath 
holding session in the magnet while performing the paradigm. During the finger 
tapping activity an enhanced signal intensity was recorded during the breath holding 
session. Afterwards no significant increase was seen during the activation periods 
compared to activation periods before breath holding. The statistical package Evident 
(National Research Council Canada) was used calculating p-maps from the one-tailed 
student-t test. The pattern of activation was located mainly to the motor cortex both 
before and after breath holding. Thus, a period of extreme voluntary breath holding 
changes the level o f brain excitability which can be detected by fM RI when 
performing a simple motor paradigm. This results shows the importance and need of 
extremely controlled conditions when performing fMRI experiments.
Supported by grants from Swedish Medical research Council (MFR).
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159.5
CORTICAL MOTOR ACTIVATION ASSOCIATED WITH  
MANIPULATIONS OF STIMULUS-RESPONSE COMPATIBILITY.
P. Dassonville*. S. M. Lewis. X.¯H. Zĥu, S.-G. Kim, K. Uguгbil. J. Ashe. Brain 
Sciences Center, VAMC, and Center for Magnetic Resonance Research, University 
of Minnesota, Minneapolis, MN 55417.

In a visually-guided motor task, tire time required for response selection is 
dependent on the relationship between the stimulus and response. This relationship, 
called stimulus-response (S-R) compatibility, can be manipulated either at the level 
of the stimulus and response characteristics (set congruency or dimensional overlap) 
or at the level o f the mapping between individual elements of the stimulus and 
response sets. Using tasks to separately evaluate set congruency, mapping, and their 
interaction, we measured with fMRI the volume of functional activation in 11 
cortical motor areas. Set congruency was manipulated by requiring 8 subjects to 
move a cursor in a direction indicated by either a spatial target or a symbolic 
stimulus (i.e., abbreviation indicating a compass direction: N = North, NE = 
Northeast, etc.). Mapping effects were tested by requiring subjects to move either 
toward the indicated direction, or in a direction rotated by 90° counterclockwise. 
Performance o f the task in response to symbolic stimuli was associated with an 
increased activation in the ventral premotor and parietal (inferior, superior and 
intraparietal sulcus) areas, with these increases lateгalized primarily to the left 
hemisphere. An incompatible mapping between stimulus and response sets (i.e., 
rotated response) resulted in an increased activation in the preSMA, the dorsal and 
ventral premotor, and the parietal (inferior, superior, intraparietal sulcus) areas, with 
these effects lateгalized primarily to the right hemisphere. A combination task (i.e., 
symbolic/rotated) resulted in an additional increase in the volume of activation in 
each of these cortical areas, as well as in the anterior cingulate. We conclude that the 
set congruency and mapping levels of S-R compatibility are differentially reflected 
in the pattern and lateralization of cortical motor activation. (NIH grant NS32437, 
the Dana Foundation and the Dept, of Veterans Affairs)

159.7
SEQUENTIAL H E M O D Y N A M IC  A C T IV A T IO N  IN TH E B R AIN  DURING  
FINGER M OVEM ENTS: RESULTS FROM TW O METHODS APPLIED TO 
FMRI SIGNALS. K. Kansaku12 \  S. Kitazawa1•2，, A. Yamauгa\ and K. Kawano12 
‘Neurosci. Section, E lectrotechnical Lab.; 2CREST, JST, 1-1-4 Umezono, 
Tsukuba-shi, Ibaraki 305-8568; and 3Dept. o f Neurosurgery, Chiba Univ. Sch. 
of Med. 1-8-1 Inohana, Chuoh-ku, Chiba-shi, Chiba 260-8670, Japan

A ctiv ity  during a visually triggered finger opposition task was measured by 
functional magnetic resonance imaging (fM R I) in the human supplementary motor 
area (SMA), primary motor cortex (M I)  and the draining vein o f the motor cortex. 
Ten sequences o f fM R I signals were obtained from  each o f the 3 regions o f 
interest in 10 experiments (5 subjects). Sequential hemodynamic activation in 
these areas was revealed by applying 2 different methods to the fM R I signals. 
First we cross-correlated each signal sequence in M l directly with the other two 
sequences; the calculation was repeated 11 times, as the sequence from M 1 was 
time-shifted (-5 to 5 sec) relative to the other two w ith a step o f 1 sec. Second, 
we compared the times to peak o f fM R I signals in each regions after aligning the 
signal sequences at the visual cue. By using the first method, we succeeded in 
detecting a time delay o f -0.5 sec between the activation o f SM A and M 1, and a 
delay o f ~ 1.3 sec between the activation o f M l and its drain ing vein. Both 
differences were proved to be statistically significant (p<0.05, W ilcoxon signed 
rank test). By using the second method, we detected a time delay o f -0 .5  sec 
between the activation o f SM A and M l,  and a delay o f ~ l.4  sec between the 
activation o f M l and its draining vein. Only the latter was proved to be statistically 
significant (p<0.05). Both results show that hemodynamic activation occurred 
in itia lly  in SM A, then in M l with a delay o f 0.5 sec, and fina lly  in its draining 
vein w ith an additional delay o f 1.3-1.4 sec, and further suggest that the direct 
cross-correlation method is more sensitive in detecting the sequential activation 
than the other. (Supported by A IST and CREST, JST)

159.9
FUNCTIONAL NEUROANATOMY OF MOTOR SEQUENCE LEARNING 
WITH EXPLICIT INSTRUCTIONS. J. C. Eliasscn*. T. F. Della Torre and J. N. 
Sanes. Dept, of Neuroscience, Brown University., Providence, RI 02912

Functional brain activation changes while one learns movement sequences, 
though these changes often depend upon specific task contingencies. For example, 
blood flow increases in prefrontal, premotor and parietal areas occur during explicit 
or trial-and-error learning, but increases in M l and the SMA occur during implicit 
learning, as in a serial reaction time task (SRT). To resolve whether explicit or 
implicit factors are critical for activation of these structures, we investigated learning 
related activation in an SRT task with explicit and implicit conditions.

We obtained BOLD MR signals from human brain (Siemens Vision) after 
informed consent was obtained. Visual stimuli (1/sec, letters “ R” or “ L ” ) were 
presented randomly or in a structured sequence. Volunteers passively viewed random 
stimuli (Watch) or responded compatibly to these stimuli presented randomly 
(Move) or in a structured sequence. For one block of the structured stimuli, 
volunteers were informed that a structure existed (Learn or explicit); for another 
such block, volunteers received no instructions other than to respond (Secret or 
implicit). Reaction time was measured, and MR data were analyzed individually 
across volunteers.

Although variable across volunteers, several motor areas exhibited greater 
activation during both the Learn and Secret tasks in comparison to the Move task. 
For the volunteers showing RT related evidence of learning, SMA and the left 
cerebellum exhibited more activation for the Learn than for the Secret task, whereas 
the reverse occurred in the parietal lobe. For a volunteer that did not exhibit 
learning, no motor task related difference s in activation occuưed.

The difference s in brain activation patterns between informed motor sequence 
learning and uninformed sequence production may arise from differences in strategy 
due to general explicit knowledge that a sequence exists. Supported by NIH 
AG 10634 and NS35376

159.6
CORTICAL ACTIVITY DURING PRECISION GRIP AND POWER GRASP 
STUDIED WITH fMRI. H.H.Ehrsson123, A. Fagereren13, T. Jonssonl3.P. Wallen*2,
G. Westline4. R.S. Johansson4 and H. Forssberg1,3. *MotorikLab, Dept.Woman and Child 
Health, 2 Dept. Neuroscience,3 MR Research Center, Karolinska Institute, 171 77 Stockholm 
Sweden, 4 Dept. Physiology, Umeå University, Umcå, Sweden. From a phylogenetic 
perspective Napier divided prehension in two different grip categories: precision and 
power grips. The former pattern is used for grasping and manipulation of small objects 
with the finger tips, the latter is a palmar grasp in which all fingers and thumb are 
flexed together to provide maximal force. We used fMRI (1.5 T GE Signa scanner 
with EPI, 20 slices, 41.7 mm3 voxels, TR=5 s, 954 volumes) to investigate whether 
different cortical areas were activated for the two grip patterns when 5 right handed 
subjects performed two simple grasping tasks. During precision grip condition 
subjects grasped a non-magnetic instrumented handle between the tips of the thumb 
and index finger. They were instructed to apply a grip force (normal to the grasp 
surface) of 2 N and perceived a small vibration of the object when the target force was 
reached. During power grasp, the subjects closed their fingers and thumb around an 
open plastic cylinder (40mm diameter) in a palmar grasp, yielding a constant force of 
20 N at each contraction. During two rest conditions the subject relaxed with the digits 
and received the same sensory stimuli. The image volumes were spatially normalized 
to the stereotactic space of Talairach and Tournoux and analyzed with SPM96. When 
power grasp were contrasted with precision grp a significant difference in activation 
was seen in contralateral primary sensory-motor cortex. This is in accordance with the 
larger muscle activity being used in the power grasp condition. When comparing 
precision grip to power grasp, a significant increase in activation was seen in the 
frontal mesial cortex in the rostral cingulate zone (Picard and Strick 1996), the 
ipsilateral inferior frontal cortex and in the ipsilateral inferior parietal lobe. Our data 
suggests that these regions play a specific role in tasks requiring precise control of 
finger tip forces. Supported by Axel och Margaret Ax:sson Jonssons stiftelse

159.8
TACTILE INPUT ENHANCES MOVEMENT ACTIVATION PATTERNS IN 
HUMAN CEREBRAL CORTEX. J. T. Baker,' I. Indovina. 2 J, N. Sanes'·2. 
Department of Neuroscience, Brown University Providence, RI 02912; laboratory 
of Functional Neuroimaging, IRCCS Santa Lucia, Roma, Italia 00179.

Prior studies have described tactile input to motor cortical circuits that likely is 
used to regulate voluntary movement. Despite neurophysiological evidence that 
tactile information shapes development and responsiveness of motor related activity, 
a recent report failed to find tactile modulation of functional MR labeling in human 
motor cortex (Jansma et al. Neuroreport 9:501; 1998). We readdressed this issue in 
the context of motor representation patterns and cerebral asymmetry.

We obtained BOLD MR signals from human cerebral cortex (Siemens Vision) 
after informed consent was obtained. Volunteers performed flexion-extension 2 Hz 
fractionated movements of the index, middle and fifth finger using either the 
dominant or non-dominant hand. Periods o f no movement were used for 
comparison. During movements matched for speed and vigor, volunteers either 
tapped or did not tap the distal portion of the thumb on the same hand.

Functional MR labeling occurred primarily in contralateral primary motor cortex 
(MI), lateral premotor cortex, and the superior parietal lobule and bilaterally in the 
medial frontal gyrus. MI activation patterns were patchy and overlapping for the 
different finger movements. Finger lapping yielded more activation in all sampled 
areas independently of the hand used. In some cases, tapping yielded activation of 
areas unlabeled by finger movements performed without thumb contact.

These results support prior evidence of tactile input to primary and non-primary 
motor areas. While the data do not address the functional significance of tactile 
enhancement of functional labeling in motor cortical areas, it is likely that tactile 
inputs modulate movement related responsiveness of neural circuits in these areas.

Support: NS35376; AG 10634; Ministero di Sanità, Italia.

159.10
H A N D  M O T O R  RECOVERY FR O M  STROKE DEPENDS O N  A C T IV A Ή O N  
OF B IL A T E R A L  N ETW O RKS OF C O R TIC A L  A N D  CEREBELLAR CORTEX. 
S. L. S m a ll1'2 *, A . S o lo d k in 1. P. H lu s t ik 1. R. P. G u lla p a lli2. D . Em ge1. S. F u n k1. 
D. C. N o ll3 D e p a rtm e n ts  o f 1N e u ro lo g y  and  ⅛ a d io lo g y ,  U n iv e rs ity  o f 
M a ry la n d , B altim ore, and d e p a r tm e n t o f R adio logy, U n iv e rs ity  o f P ittsburgh.

In  a s tu d y  o f the n e u ro an a to m y  o f s troke  re covery, w e  have p e rfo rm ed  
lo n g itu d in a l fu n c tio n a l assessment and fM R I on  p a tie n ts  re co ve ring  fro m  
m o to r system stroke a ffecting  the hand. We a im  to  unders tand  the changes in  
n e tw o rk  o rgan iza tion  tha t are associated w ith  recovery o f hand  func tion .

Three patients  w ith  stroke have been fo llo w e d  m o n th ly  fo r  three sessions. 
T w o  had  ischem ic in farc ts  restric ted  to the co rtico sp in a l tract, and one had  a 
hem orrhage in  the w h ite  m a tte r u n d e r ly in g  the p r im a ry  and secondary m o to r 
cortices. Patients received s tandard p hys ica l and occupationa l the rapy  d u r in g  
recovery. M o to r assessment in c lu d e d  s treng th  and d e x te rity , m easured w ith  
d yna m o m e try  and a tim e d  fin e  m o to r task. S p ira l k-space g ra d ie n t echo (T2*j 
M R  im ages w ere acqu ired  d u r in g  perfo rm ance  o f f in g e r thu m b  o pp os ition  at 
1Hz. N o rm a l subjects show  contra la tera l p r im a ry  sensorim oto r ( S I / M l)  cortex 
and ip s ila te ra l supe rio r cerebellar (sCRB) ac tiva tion  on  th is  task.

A l l  patients  had the n o rm a l fM R I pa tte rn  in  th e ir u n im p a ire d  hands. O f the 
tw o  w ith  ischem ic lesions, one had  d ram atic  recovery o f fu n c tio n  (9-hole peg 
test: 242, 52, 42 sec) and the o ther d id  n o t (20, 21, 23 sec). The fo rm e r showed 
s ig n ific a n t b ila te ra l a c tiva tio n  in  S I / M l ,  sCRB, and  la te ra l p re m o to r cortex 
(LP M C ). The la tte r showed the n o rm a l p a tte rn  w ith  b o th  hands. The p a tien t 
w ith  the la rger lesion im pro ve d  fu n c tio n a lly  (42,42, 34 sec), and  showed fM R I 
a c tiva tion  in  b o th  S I / M l  regions, both  sCRB, and  the con tra la tera l LPM C.

W e believe  based on these cases tha t recovery fro m  acute co rticosp ina l tract 
lesions m ay depend on re c ru itm e n t o f a la rge  n eu ro na l c irc u it  fo r fine  hand 
m ovem ent tha t incorporates b ila te ra l reg ions o f cerebral and cerebellar cortex.

(Supported by NIH NS 37195)
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159.11

PARCELLATION OF MOTOR CORTICES IN THE HUMAN AS SEEN WITH 
CHEMOARCHITECTONIC AND FUNCTIONAL MAGNETIC RESONANCE 
IMAGING (£MRI) TECHNIQUES. Solodkin. A* and Small. SL. Department of 
Neurology. University of Maryland, Baltimore. Baltimore, MD 21201.
Motor cortex in the hum an is organized in complex networks w ith distinct 
functional roles and complex intrinsic anatomical structure. We combined 
fMRI with post-mortem anatomy to study the structure/function relationship. 
For fMRI, subjects perform ed auditorily  cued index finger-thum b and 
sequential finger-thumb opposition at 2Hz during whole brain spiral gradient 
echo (T2*) fMRI at l.5T. Post-mortem studies involved prim ary (M l), lateral 
prem otor (LPMC), supplem entary (M2), and cingulate (M3) motor cortices. 
Tissue with <6 hr. autolysis time was processed using immunocytochemistry, 
using SMI-32 (l:ЮOK, Sternberger), calbindin, and parvalbum in (l:l25K, 
Sigma). Parcellation of areas was based on the distribution and morphology of 
pyramidal (SMI-32) and local neurons (calbindin/parvalbumin).
FMRI showed different motor cortex recruitment during simple vs. complex 
finger movements. The former activated contralateral M l whereas the latter 
also recruited M2 and M3. The chemoarchitecture of these areas also differed. 
While M l contains Betz cells, M3 also contains very large neurons in layer 5 
(as per Braak). By contrast, M2 differed from LPMC, w ith a higher density of 
pyramidal neurons in both layers 3 and 5. The distribution of calcium binding 
proteins also differed, distinguishing LPMC from M2 and M3 from M2. The 
distribution in M3 highlighted its vertical organization, w hereas neuropil 
staining in LPMC was very high (parvalbumin) and the m orphology of 
neurons in layer 2 (calbindin) included mostly multipolar neurons.
These results show, in accord with Zilles et al., that motor cortices in humans 
can be parcellated at both the functional and cellular levels. Future studies 
should be targeted at the relationship between these functional and structural 
measures. (Supported by NīH NS 37195)

159.13

SUB-REGIONS OF THE SUPPLEMENTARY MOTOR AREA DIFFER IN 
ACTIVATION WITH MOTOR PREPARATION AND EXECUTION USING 
FUNCTIONAL MRI. K.-M. Lee‘ S. H. Lee\ I. C. Song2 and Ƙ. H. Chang2. 
Departments of ‘Neurology and ⅛diology; ^Program in Cognitive Sciences, Seoul 
National University, Seoul, 110-744, Korea

Previous studies have provided evidence that the supplementary motor area 
(SMA) and pre-motor area play a role in the preparation of motor program, while 
the primary motor cortex is mainly involved in its execution. Activation of these 
areas in association with various stages of movement generation was studied using 
a delayed-motor task paradigm and event-related functional MRI. While scanned in 
a 1.5 T GE MR machine with EP1 capability (gradient echo sequence, TR 2 sec, TE 
60 msec, flip angle 90°, ten 4-mm-thick slices along the AC-PC line, in-plane 
resolution 1.9 x 1.9 mm), seven volunteers performed a finger-tapping task. A trial 
began with a cue specifying the hand side of the movement. Then followed a delay 
period of six seconds, after which a second cue signaled the execution period for 
two seconds. Trials were repeated every twenty seconds with the hand side of 
movement chosen randomly. MR scans were aligned with AIR3.0 and analyzed 
with SPM96 in relation to various events of the task.

The pre-motor and primary motor areas contralateral to the moved hand showed 
activation in association with preparation and execution stages, respectively. Within 
the SMA located anterior to the medial primary motor cortex, regions were found 
that had different temporal profiles of activation: The region rostral to the anterior 
commissure showed activation that began during the preparation period and lasted 
through execution, whereas the region caudal to it was not activated during 
preparation, but only with execution.

This observation suggests that the classic SMA is not functionally homogenous 
but comprised of sub-regions with different functions. That is, the anterior SMA, or 
the pre-SMA, is involved in the preparatory stages of a motor program, whereas the 
posterior SMA, or the SMA proper, is involved in its initiation and/or execution.

(Supported by grants from Korea Science and Engineering Foundation and 
Seoul National University Hospital.)

159.12

H U M A N  PRE-SUPPLEMENTARY M OTOR AR EA A C TIV A T IO N  
DURING SELF-PACED FINGER M OVEM ENT: -A  PET STUDY-
R. Kawashima*, K, ĭπoue. M . Sugiura. K. Okada. S. Kinomura. 
and H. Fukuda. ID A C , Tohoku Univ., Sendai 980-8575, JAPAN

The aim o f this study was to investigate the cortica l motor 
areas activated in re la tion  to un ila te ra l self-paced finge r 
movements. Regional cerebral blood f lo w  (rC BF) was 
measured in f iv e  righ t-handed hea lthy male volunteers using 
positron  em ission tom ography (PET) during  repe titive  se lf- 
paced finge r tapping tasks at f ive  d iffe ren t frequencies, and a 
contro l rest state. Subjects were asked to create the ir own 
pace fo r finge r movements, and to keep it  constant during the 
PET measurement. The contra la tera l p rim ary  sensorim otor 
area and the pre-supplem entary m oto r are (p re -S M A ) showed 
s ig n if ic a n t a c tiva tio n  during  self-paced f in g e r tapping tasks 
using the righ t index finger, compared w ith  the rest. A  
positive  corre la tion  between the rC BF and the movement 
frequency was found on ly in the p rim ary sensorim otor area. 
In the pre-S M A , however, a c tiv ity  increased when the subject 
em ployed faster or slower movem ent frequencies than his 
own pace. The results indicate that self-paced finge r 
movements are organized in the p rim ary  sensorim otor areas 
and the pre-SM A, and that one o f the functional roles o f the 
pre-SM A may w e ll be in the generation o f movement 
frequency rather than in the execution o f movement.

This study was supported by JSPS-RFTF(97L00202)

BASAL GANGLIA: CLINICAL DISORDERS AND MODELS

160.2160.1

Study of the connectivity of the basal ganglia and the thalamus in patients implanted 
with chronic stimulating electrodes. P Limousin, P Brown, A Albanese+, E Moro+, J 
Rothwell*. MRC HMBU, UCL, London;+ University La Cattolica, Roma.

Chronic deep brain stimulation (DBS) at several different sites is used to treat 
severe movement disorders. These implanted patients offer a unique opportunity to 
study the connectivity and physiology of basal ganglia and thalamus.

Bipolar electrodes were used to record the scalp potentials evoked by 5 Hz 
stimulation through the implanted electrodes. We present the preliminary results on 
5 patients with PD, 2 implanted bilaterally in the subthalamic nucleus (STN), 3 
unilaterally in the internal pallidum (GPi) and 1 patient with postural tremor and an 
implant in the ventral thalamus (Vim).

Thalamic stimulation evoked (1) an ipsilateral positive-negative complex (peak 
latency respectively 8.0 and 10.6ms) over the fronto-central area, phase reversing 
over the sensorimotor cortex (2) a contralateral negativity (9ms) biggest over the 
cerebellum, (3) a bilateral symmetrical frontal negativity (15.3ms), with no reverse 
in polarity (supplementary motor area (SMA) origin ?). GPi stimulation evoked in 
the 3 patients (1) a bilateral or contralateral posterior negativity (6.3 to 13.5ms) 
(cerebellar origin ?), (2) an ipsilateral and midline positive-negative complex over 
the central area (19.2 to 26.2ms and 27.3 to 42.0ms) which phase reversed over the 
sensorimotor cortex. This was followed in 1 patient by 24 Hz waves with the same 
distribution. STN stimulation evoked in 3 STN a positive-negative complex (8.9 to 
16.3ms and 18.3 to 24.5ms) predominant in the fronto-central area, either bilaterally 
or ipsilateral and midline, which phase reversed in FC in one case and PЗ/4 in 
another case and was followed by a rhythmic activity (20 to 80 Hz). In 1 STN the 
same complex followed by rhythmic activity was recorded later (60.2 and 74.0ms) 
in the same areas.

Future source analysis and correlations with clinical effect of the stimulation 
might help to delineate the connectivity of the basal ganglia and the thalamus and 
help target surgical procedures.

THALAMOTOMY FOR ESSENTIAL TREMOR AND PARKINSON’S DISEASE: IMPACT 
ON POWER DISTRIBUTION IN THE FREQUENCY SPECTRUM OF TREMOR. C_ 
Duval12*. A.F. Sadikoť¯2 and M Panisset12 'Montreal Neurological Institute, 
⅛enter for Studies in Aging. Dept, of Neurology & Neurosurgery, McGill 
University, Montreal HЗA IB9.

Tremor is the predominant symptom in essential tremor (ET) and is common in 
Parkinson's disease (PD). Clinical evaluation confirms that Vim thalamotomy 
provides relief for both types of tremor by drastic reduction of amplitude. However, 
the impact of thalamotomy on power distribution in the frequency spectrum of tremor 
cannot be determined by such evaluation methods. We examined changes of power 
distribution in the frequency spectrum in four patients undergoing thalamotomy for 
tremor Two patients had PD, the other two had ET. Tremor of the index finger was 
recorded using a position laser system (LDS 90/40, DynaVision, Dynamic Control 
System, Vancouver, Canada) before surgery, during progressive lesion generation 
and after surgery. As expected, main peaks of power were located between 3.5-5.5 
Hz for all patients before surgery, although tremor amplitudes varied Results indicate 
that tremor amplitudes were significantly reduced after surgery (Mann-Whitney U, p 
< 0.05). The power spectгums were also greatly modified by the surgical procedure 
the relative percentage of power between 3.5-5.5 Hz was significantly reduced 
(paired t-test; p < 0.05). Moreover, the relative percentage of power between 7.5- 
12.5 Hz did not reappear (p > 0.38), suggesting that normal physiological tremor was 
absent after surgery Interestingly, it is the relative percentage of power related to 
slow oscillations (ejection of blood at cardiac systole) that showed a mild increase 
(paired t-test, p < 0 1). We conclude that Vim thalamotomy drastically reduces the 4- 
5 Hz component of parkinsonian tremor, which is believed to be generated within the 
basal ganglia and/or thalamus. Moreover, the surgical procedure reduces frequency 
components seen in essential tremor and in normal physiological tremor, presumably 
generated within brainstem-cerebellar circuits.
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160.3
HIGH-FREQUENCY STIMULATION OF THE SUBTHALAMIC NUCLEUS 
IMPROVES OROFACIAL CONTROL. IN PARKINSON’S DISEASE. M, 
Gentil*m. P.J. Garcia Ruiz (2Ì. F. Tamma (3). P. Poliak (1). C. Feuerstein (1). 
4.l·. BebaЪid П). (1) INSERM U 318, CHU, 38043 Grenoble cedex 9 (France), (2) 
Dept of Neurology, Fundacion Jimenez Diaz, 28040 Madrid (Spain), (3) 
O$pedales Paolo Alla Barona, 20142 Milano (Italy).

Subthalamic nucleus (STN) stimulations are proposed to treat severe 
Parkinson’s disease (PD) with levodopa-induced motor complications. STN 
stimulations can greatly improve parkinsonian motor disability. The effect o f this 
procedure on movement o f the articulatory organs had not yet been assessed. In the 
present study the relationships among several parameters o f the ramp-and-hold force 
contraction and target force levels were quantified for the upper lip, lower lip and 
tongue in ten patients who had been operated on (STN surgery) within a period from 
three months to three years. Orofacial forces were measured in the presence o f visual 
feedback by means of force transducers after an overnight withdrawal of medication 
under two conditions 1) with both stimulators switched "on", and 2) with both 
stimulators switched "o ff' for 1 hour. The target force levels were 0.25, 0.5, 1 and 2 
newtons corresponding to forces within speech range (< 2 N). For each effector organ, 
10 consecutive contractions were obtained at each o f the 4 target force levels, and 
maximal force was also measured . Moreover, the motor disability o f patients was 
assessed in each condition using the Unified Parkinson’s Disease Rating scale 
(UPDRS part HI). Electrical stimulations o f the STN improved dynamic and static 
force control o f the articulatory organs : maximal strength and accuracy to reach the 
target increased, force reaction time and force rise time decreased, and precision o f the 
hold phase increased. Speech intelligibility was improved, and improvement in the 
stimulated patients’ motor UPDRS score, part III ranged from 42% to 87%. These 
results show that STN stimulations favourably influence orofacial and limb systems.

160.5

ADDITIVE EFFECTS OF L-DOPA AND PALLIDOTOMY ON THE KINEMATICS 
OF WALKING BUT NOT REACHING. AJ Bastian*. JW Mink. V Kelly &  JA Flekal. 
Prog, in Physical Therapy, Dept, o f Anatomy and Neurobiology., Dept of Neurology, 
Washington. Univ. Sch. of Med., St. Louis, MO. 63108.

Ablation o f the globus pallidus (pallidotomy) has been reported to improve 
movement disability in Parkinson’s disease (PD), as measured by clinical rating scales 
(UPDRS) and timed movement tests. The improvement from pallidotomy in patients 
“off”  1-dopa is roughly equal to the improvement that the patients receive from 1-dopa 
(Shannon et al., 1998; Samuel et al., 1998; Lang et al, 1997). When assessed “ on” 1- 
dopa, pallidotomy has not shown consistent additional benefit. The purpose of this 
study was to compare the effects of 1-dopa and pallidotomy on the kinematics o f 
walking and reaching. We used the UPDRS motor subscale and kinematic measures to 
evaluate 10 PD subjects when “ off”  1-đopa overnight and again after taking their 
morning dose o f 1-dopa (“ on” ). Five o f the same subjects were then studied "off" and 
"on" the same dose 4-6 months after pallidotomy. Kinematic data were collected as 
subjects performed slow and fast reaching and walking. Movement measures included: 
reach peak velocity, reach endpoint eưor, reach path curvature, walking velocity, 
cadence, and step length. Repeated measures ANOVAs were used to determine the 
effects of the following factors on all measures: SURG (pre- or post- pallidotomy), 
MED ( "o ff  or "on" 1-dopa), and COND (slow or fast condition).

Reach peak velocity increased due to MED (p=.007) and COND (p=.003) but not 
SURG (p=.64), with no interactions. Reach endpoint error and path curvature were 
unchanged by any factor. Walking velocity increased due to SURG (p=.01), MED 
(p=.009) and COND (p=.008), with no interactions. Stride length also increased due 
to SURG (p=.03), MED (p=.004) and COND (p=.01). Cadence only increased due to 
COND (p=.003). The UPDRS motor subscale and UPDRS gait and posture scores 
showed significant improvement with MED (p=.001) and (p=.0006), respectively.

As expected, reaching and walking were improved by 1-dopa. In contrast, walking 
but not reaching, improved after pallidotomy. The effect o f pallidotomy on walking 
appears to be additive with the effect o f 1-dopa. These results suggests that basal ganglia 
pathways influencing walking may be distinct from those influencing limb movements. 
(NIH 1K01 H D 01199-01, NIH 08 NS01808)

160.7

ACUTE EFFECTS OF PALLIDOTOMY ON BILATERAL REPETITIVE ARM 
MOVEMENTS IN PATIENTS WITH PARKINSON’S DISEASE. R. Lew. W.D. 
Hutchison. A.M. Lozano, and J.O. Dostгovskv*. Depts. o f Physiology and Surgery, 
University o f Toronto, Ontario, Canada.

Parkinson's disease (PD) is characterized by akinesia, brađykinesia, and rigidity. These 
symptoms are thought to be due in part to a loss of dopaminergic innervation of the 
striatum and subsequent overactivity in the internal globus pallidus (GPi) resulting in 
inhibition of the motor thalamus. Pallidotomy involves the ablation of GPi and is believed 
to release the motor thalamus thereby improving the execution o f movements. The ability 
of 9 PD patients to maintain dual bimanual motor tasks before and after unilateral 
pallidotomy was examined using repetitive wrist pronation/supination (PS) for 10 
seconds with and without simultaneous button tapping with the opposite hand. Subjects 
were tested in the operating room immediately before (5 minutes) and after (2-5 minutes) 
the lesion. GPi lesions were found to increase contralateral wrist PS amplitude by 28% 
(2 factor ANOVA /K0.05) but had no effect on the frequency of PS movements. There 
was no significant change in PS performance with the ipsilateral wrist. The ability of 
patients to maintain wrist PS movements with and without button tapping was also 
compared. The increase in wrist PS amplitude when button tapping o f the opposite hand 
was maintained was 61% (2 factor ANOVA p<0.01) for the wrist contralateral to the 
lesion. The side ipsilateral to the lesion showed no significant improvement in either 
amplitude or frequency of PS. In the preoperative condition, with the addition of opposite 
hand button tapping, wrist PS amplitude decreased by 37% contralateral and 25% 
ipsilateral to the lesion side. Following the lesion, the contralateral wrist PS amplitude 
decrease due to tapping was only 20% (p<0.01) while ipsilateral performance was 17% 
(p<0.05). These findings provide the first direct evidence for an immediate effect of 
pallidotomy on motor performance. The results also support the hypothesis that reduced 
GPi output affects structures such as the supplementary motor area which are involved 
in the execution of bimanual tasks. Supported by Parkinson Found, o f  Canada.

160.4
THE PALLIDOTOMY PARADOX: DIFFERENT MOTOR EFFECTS OF GLOBUS 
PALLIDUS LESIONS IN NORMAL AND PARKINSON’S DISEASE BRAINS. J.W. 
M ink.* Y. Karpitskaya, K. Wenger, and J. Flekal Deptartment o f Neurology, 
Washington University School o f Medicine, St. Louis, MO 63110.

Globus pallidus pars interna lesions (GPi; pallidotomy) improve many movement 
abnormalities in Parkinson’s disease (PD). However, GPi lesions also cause movement 
abnormalities in normal monkeys. Many abnormalities caused by GPi lesions in 
normals are similar to those caused by PD. To understand the basis o f this apparent 
contradiction, we investigated kinematics and EMG patterns during wrist movements 
in people with PD and in rhesus monkeys before and after lesion of GPi.

Six subjects with PD and two rhesus monkeys performed a visually guided hold-step- 
hold wrist movement task. The PD subjects were studied when "o f f  1-dopa before and 
3 -9  months after stereotaxic pallidotomy; the monkeys were studied before and after 
injection of muscimol into GPi. A ll subjects performed a wrist flexion and extension 
tasks by moving a wedge-shaped manipulandum in the horizontal plane. The task was 
performed with constant torque loads opposing flexion and assisting extension. Thus, 
flexion was performed by “ turning on" and extension was performed by "turning o f f  
the wrist flexors. EMG was recorded from wrist flexor and extensor muscles. To 
measure wrist posture-holding mechanisms, torque pulses were applied in some trials 
during the initial hold period.

In the PD subjects, pallidotomy produced a significant increase in peak velocity and 
with increased activity of the flexors during flexion. There was no significant change 
in velocity or EMG during extension. In the monkeys, there was no significant change 
in peak velocity during flexion, but there was marked phasic cocontraction o f agonist 
and antagonist muscles. During extension, there was a significant decrease in peak 
velocity with impaired ability to turn o ff the loaded flexors. There was no effect of GPi 
lesion on the ability to maintain wrist posture following torque pulse purturbation in 
either group.

These results demonstrate different effects of GPi lesions in normal and PD brains. 
We suggest that this difference is due in part to reorganization o f basal ganglia circuits 
in PD.

(Supported by NIH K08 NS01808, The McDonnell Center for Higher Brain 
Function, and HHMI Undergraduate Biological Sciences Education Program, The 
Greater St. Louis Chapter o f the APDA).

160.6

IM P A IR M E N T OF REAC TIO N T IM E  PARAMETERS IN  PATIENTS W IT H  
TO RTICO LLIS SPASMODICƯS. Wohlfarth K §, Schubert M , Dinse J, W o lf 
W , Dengler R, T h ilm a n n *A ŝ. Dept.of Neurology, Medical University 
Hannover, Dept, o f  Computer Sciences, Bundeswehr University Munich, 
sCenter for Neurological Rehabilitation Essen, Germany 

In extгapyramidal disorders as Parkinson's disease or Chorea Huntington 
disturbances o f  central signal processing are common. As a consequence the 
reaction time is prolonged and the movement pattern is changed (W o lf 1990). 
In patients w ith focal dystonias sim ilia r clinica l findings are known but not 
experimentally proven. Therefore, we investigated 20 patients suffering from 
tortico llis spasmodicus (age 19-65 years) and 24 healthy subjects (age 24-68 
years). Index finger abduction movements (maximum force) in horizontal 
direction as reaction to 100 randomized visual stim uli were performed. Surface 
EMG and force signals were recorded from the first dorsal interosseous muscle. 
Reaction time, movement time and time to reach the global maximum force 
were determined. In comparison w ith  the findings in healthy subjects the 
patients showed a significant prolongation o f reaction time, movement time 
and the time to reach the global maximum o f  force (p<0.05). Furthermore, the 
patients group did not show a significant correlation between movement time 
and time to reach the global maximum o f  movement which may indicate a 
changed movement pattern in patients. In conclusion, focal dystonias may 
show an impaired central processing o f  stimuli. This may be causally linked 
w ith the described reduction o f the Bereitschaftspotential (M ille r 1992) or w ith  
an additional tremor (Staude 1995)

160.8

DISRUPTION IN  PREDICTIVE FORCE CONTROL FOR PARKINSON’S 
DISEASE PATIENTS J.L. Alberts* C. Ketcham. G.E. Stelmach &  C.H. Adler 
Motor Control Laboratory, Arizona State University, Tempe, AZ 85287.

Previously we have shown that Parkinson’ s disease (PD) patients exhibit a 
breakdown in the coordination between grip and load forces in a bimanual 
prehension task. The objective o f this study was to examine possible mechanisms 
for this breakdown in force coordination. Two experiments were conducted to 
test PD patients ability to: (1) use afferent tactile information about surface 
texture and (2) make predictive adjustments in grip force while load force was 
changing. In Experiment 1 subjects performed a ‘ lift and hold’ action with a 
force transducer (400 g) covered with one o f three surface textures: suede, silk 
or sandpaper. Results indicated control and PD groups displayed a greater rate 
o f force development and a larger safety margin (grip force used -  grip force 
necessary) based on the slipperiness of the surface. These results suggest that PD 
patients are able to use tactile information to adjust force outputs. In Experiment 
2 participants grasped the force transducer and performed continuous cyclic arm 
movements between two points. Both groups produced changes in the load force 
as a result o f the cycling. The control group modulated their grip force in parallel 
with changes in load force, suggesting they were predicting the changes in load 
force and making parallel adjustments in grip force. In contrast, PD patients did 
not show anticipatory modulation o f grip force. Moreover, PD patients appeared 
to employ a strategy of increasing muscle forces, as evidenced by a higher safety 
margin than control subjects during cycling. Thus, suggesting that PD disrupts 
anticipatory or predictive force control during the performance o f internally 
generated movements.
This research supported by the R. S. Flinn Foundation and ¡WINDS NS 17421.
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160.9
LOSING FACE: DIFFERENTIAL BREAKDOWN IN PRODUCTION OF FACIAL 
EXPRESSIONS. J. Kegl* and H. Poizner. Center for Molecular and Behavioral 
Neuroscience, Rutgers, The State University of New Jersey; Newark, NJ 07102

Signed language users provide the perfect opportunity for teasing apart the neural 
substrates of three distinct types of facial expression: 1) affective facial expressions, 
which are universal and automatic (Ekman, 1970); 2) grammatical facial expressions 
characteristic of signed languages (Baker-Shenk, 1983), which are language specific 
and under intentional control; and 3) facial caricature, which is culture specific and 
under intentional control but does not exhibit the abstract, rule-governed 
compositionality characteristic of facial grammar.

Affective and grammatical facial expressions, as well as facial caricatures, produced 
in conversation by four (1 control and 3 neurologically impaired) signers of American 
Sign Language (ASL) were subjected to a frame-by-frame video microanalysis where 
dynamic properties of each category of facial expression were coded and analyzed. The 
neurologically impaired subjects represented three distinct populations: a right 
hemisphere lesioned (RHD) signer, a left hemisphere lesioned (LHD) signer (both 
with temporo-parietal lesions) and a signer with moderate to severe Parkinson’s 
disease (PD). Affective facial expression and facial caricature were impaired in the 
RHD signer, syntactic grammatical facial expression was impaired in the LHD signer, 
and the production of both was damped and interestingly compromised in the signer 
with PD. In contrast with the coupling of the facial components of affect and 
caricature and their even distribution across ASL sentences, the mapping of 
grammatical facial expressions onto the manual tier of ASL sentences typically 
involves a waxing to and waning from a maximum articulation that is linked to that 
position in the sentence where the syntactic feature associated with the grammatical 
facial expression is posited to occur (Bahan (1996)). Signers with PD are impaired in 
their ability to perform this complex mapping (coupling the facial components 
instead), which we argue is related to the sequencing/simultaneous articulation deficits 
characteristic of this disease (Benecke, Rothwell, Dick, Day, and Marsden, 1987).

NSF #SBR-95-13762 and #SBR-97-29065

160.11

A ROLE FOR 5-HT2C RECEPTOR ANTAGONISTS IN THE TREATMENT 
OF PARKINSON’S DISEASE.
S.H. Fox, J.M. Brotchie*. Manchester Movement Disorder Laboratory, School of 
Biological Sciences, University o f Manchester, Manchester, U K.

The neural mechanisms underlying parkinsonian symptoms involve overactivity of 
the output regions of the basal ganglia, the substantia nigra pars reticulata (SNR) and 
the medial segment of the globus pallidus (GPm). Reducing the activity of these 
regions has an anti-parkinsonian action. 5-HT2C receptors are selectively located 
within these output regions of the basal ganglia and are excitatory. Thus, activation of
5-HT2c receptors may contribute to the overactivity of the SNR and GPm in PD. 
Infusion of the selective 5-HT2C receptor antagonist, SB 205553 into the SNR on the 
dopamine-depleted side in the unilateral 6-hydroxydopamine-lesioned rat model of 
PD, induced a significant contraversive rotational response. No effect was seen 
following infusion into the non-dopamine-depleted side. This would suggest that 
overactivity of 5-HT2C receptor transmission is contributing to parkinsonism. This 
effect may be due to an increase in the affinity of the 5-HT2C receptor in the 
parkinsonian SNR, as radioligand binding studies demonstrated a 108 % increase in 5- 
HT2C receptor binding in Parkinson’s disease patients compared to age-matched 
controls. Systemic administration of selective 5-HT2〇 receptor antagonists to the 6- 
hydroxydopamine-lesioned rat and MPTP-marmoset had no anti-parkinsonian action 
alone. However, they were able to potentiate the anti-parkinsonian action of both 
dopamine Dı and D2 receptor agonists in the 6-hydroxydopamine lesioned rat model 
of PD. In particular, co-administration of a subtherapeutic dose of a dopamine D2 
receptor agonist with a selective 5-HT2C receptor antagonist had an anti-parkinsonian 
action. Thus, 5-HT2C receptor antagonists may be useful in the treatment of PD as a 
means of reducing the dose of dopamine-replacement therapy and hence minimising 
long-term problems. Research funded by the Parkinson’s Disease Society (UK).

160.13

ANTICIPATORY ERRORS FOLLOWING UNILATERAL LESIONS OF THE 
SUBTHALAMIC NUCLEUS IN THE RAT: EVIDENCE FOR A FAILURE OF 
RESPONSE INHIBITION
J.M. Phillips*. L.N. Macintvre and V. J. Brown School of Psychology, University of St. 
Andrews, St. Andrews K Y I 6 9JU, Scotland, U.K..

Lesions of the subthalamic nucleus (STN) typically result in an increase in unwanted 
responses. In humans, this might appear as ‘ballismus\ In experimental animals, this can 
be measured as an increase in anticipatory responding in reaction time tasks. It has been 
suggested (Mink and Thatch, 1993, Curr. Opin. Neurobiol, 3:950-957) that the STN 
might inhibit competing motor programs. In terms o f support for this hypothesis, the 
increase in anticipatory responding in reaction time tasks is only circumstantial evidence. 
Therefore, this study was designed as a direct test o f the hypothesis that competing 
responses are less well inhibited following lesions o f the STN. We trained rats to 
perform a reaction time task to visual stimuli. The target stimuli were preceded by cues 
which served to direct attention towards or away from the subsequent target. Reaction 
time to a visual target is speeded when attention has been drawn to the location o f the 
target by a preceding cue (valid cue); correspondingly, reaction time is slowed when the 
cue misdirects attention (invalid cue). In this attentional orienting task, the cue acts not 
just as a stimulus to which attention is directed, but also as a stimulus to which a 
response must be suppressed. Reaction time to the visual target was not impaired by a 
unilateral lesion o f the STN. In particular, the effect o f the attentional cues was entirely 
normal. Furthermore, there was no increase in the percentage o f incorrect responses 
following either valid or invalid cues. These data indicate that responding under stimulus 
control (i.e., responses initiated to the target) remains unaffected by the lesion. There 
was an increase in anticipatory responses prior to target onset. Most o f the anticipatory 
responses were directed towards the side o f the cue light. The majority of these errors 
were elicited by contralateral cue lights. A ll o f the increase in anticipatory errors could 
be accounted for by a failure to inhibit contralateral responses.
(Supported by The Wellcome Trust, project grant, # 051945/Z/97/Z/

160.10
THE ROLE OF o⅛-ADRENERGIC RECEPTORS IN L-DOPA-INDUCED 
DYSKINESIA IN PARKINSON’S DISEASE.
B. Henry, G, Owens, S.H. Fox, D. Peggs, M.P, Hill, A.R, Crossman, J.M. Brotchie 
(SPON: British Neuroscience Association). Manchester Movement Disorder 
Laboratory, School of Biological Sciences, University of Manchester, Manchester,
U.K.

Dopamine-replacement strategies for the treatment of Parkinson’s disease are limited 
by treatment-related dyskinesias. However, co-administration of α2-adrenergic 
receptor antagonists, such as idazoxan. rauwolscine or yohimbine, with dopamine 
replacing agents significantly attenuates treatment-related dyskinesia. For instance, in 
the MPTP-lesioned marmoset model of Parkinson’s disease, idazoxan (0.01-10 
mg/kg, p.o.) resulted in a dose-dependant decrease in peak-dose dyskinesia induced 
by the dopamine precursor L-DOPA (12.5 mg/kg, maximal 78%, P < 0.05, Friedman 
test). Idazoxan had no effect on motor activity' or disability scores during the peak 
anti-parkinsonian action of L-DOPA. However, idazoxan increased the duration of the 
anti-parkinsonian action of L-DOPA (P < 0.001. Friedman test). The mechanism by 
which enhanced o⅛-adrenergic receptor stimulation leads to dyskinesia is at present 
unclear. However, one of the key abnormalities of neurotransmission underlying 
dyskinesia is decreased GABA transmission within the lateral pallidal segment (GPl). 
α 2 adrenergic receptors are localised pre-synaptically on GABAergic inputs to the 
GPl. In the 6-OHDA-lesioned rat model of Parkinson’s disease, repeated dopamine- 
replacement therapy leads to a down-regulation of o⅛-adrenergic receptors, assessed 
autoradiographically using [3Ҥļ-RX821002, in the lateral pallidal segment. Thus we 
speculate that attenuation of o⅛ receptors stimulation in GPl may enhance GABA 
transmission and underlie the anti-dyskinetic effects of o⅛ antagonists. These data 
demonstrate a role of o⅛-adrenergic receptor stimulation in the generation of 
dyskinetic side effects of L-DOPA treatment in Parkinson’s disease. Selective o⅛- 
adrenergic receptor antagonists may provide a useful adjunct to L-DOPA in the 
management of Parkinson’s disease, not only decreasing dyskinetic side effects but 
also extending the anti-parkinsonian actions of L-DOPA. Research funded by MRC 
and the Parkinson’s Disease Society (UK).

160.12
CANNABINOID RECEPTORS AND L-DOPA-INDUCED DYSKINESIA IN 
PARKINSON’S DISEASE.
J.M. Brotchie1, S.H. Fox1, K.A. Sieradzan2, S. Begum1, C. Kobylecki1, Y.P. Maneuf1, 
M.P. H ill1, B, Henry1, J. Dick2, A.R. Crossman1*.
'Manchester Movement Disorder Laboratory-, School of Biological Sciences. University 
of Manchester, Manchester, U.K.; department of Neurology, Manchester Royal 
Infirmary, Oxford Road, Manchester, U.K.

The major complication of dopamine-replacement therapy in Parkinson’s disease is the 
appearance of dyskinesias following long-term treatment. The neural mechanisms 
underlying the generation of dyskinesia in Parkinson’s disease involve underactivity of 
GABAergic transmission in the lateral segment of the globus pallidus (GPl). We have 
previously shown that cannabinoίds reduce GABA uptake in the GPl and so would 
enhance GABA transmission. Cannabinoίds might thus be expected to have anti- 
dyskinetic effects. Here we demonstrate that the cannabinoid receptor agonist nabilone 
reduces [¾]-GABA uptake in rat pallidal slices. We also find that the specific binding 
o f the cannabinoid receptor antagonist [¾ ]-S R I4 l7 l6A  to cannabinoid receptors is 
elevated in the GPl by 20.3+6% in MPTP-lesioned primates with L-DOPA-induced 
dyskinesia. Hence, in dyskinesia, GABAergic terminals may be especially sensitive to 
systemically administered cannabinoίds. In MPTP-lesioned primates, co-administration 
of nabilone (0.03-0.1 mg/kg p.o.) with L-DOPA (12.5 mg/kg) reduces treatment-related 
dyskinesia. At the optimal dose (0.03 mg/kg) nabilone attenuated dyskinesia without 
reducing the anti-parkinsonian efficacy of L-DOPA. In patients with idiopathic 
Parkinson’s disease, pre-treatment with nabilone significantly reduced L-DOPA- 
induced dyskinesia, assessed using the Goetz scale, following an acute challenge with 
Madopar (25Omg) (n=7, placebo-controlled, double blind, cross-over design). In 
addition, it was observed that nabilone reduced off-dystonia in two patients. 
Cannabinoίds thus have potential to modulate GABA transmission in the pallidal 
complex and may prove usefiil in the management of dyskinetic side effects of 
dopamine-replacement therapy in Parkinson’s disease. Research funded by MRC.

160.14
POST -OPERATIVE LIGHT DEPRIVATION INFLUENCES STRIATAL 
ASTROCYTIC RESPONSE TO UNILATERAL FRONTAL INJURY. J.M. 
Vargo*. L.M. Vos and R.A. Grachek. D e p a rtm e n t o f  S u rge ry , H e n n e p in  
C o u n ty  M e d ic a l C e n te r  a n d  D e p a rtm e n t o f  N e u ro s u rg e ry , U n iv e rs ity  o f  
M in n e s o ta , M in n e a p o lis , M N  5 54 1 5 .

Unilateral damage to frontal cortex in rats produces behavioral deficits that 
recover over several weeks. Forty-eight hours o f post-operative light deprivation 
(LD) significantly accelerate this recovery process from attentional, but not 
sensorimotor, deficits. Previous studies o f unilaterally lesioned rats indicate that post
operative LD accelerates the normalization o f striatal immediate early gene response 
to pharmacological stimulation. These findings suggest that post-operative LD may 
somehow lessen the effect o f the frontal injury on the ipsilateral caudate-putamen, or 
it may allow accelerated physiologic “ recovery”  from partial denervation o f striatum.

This study compared striatal astrocytic response to unilateral traumatic brain 
injury in rats exposed or not exposed to postoperative light deprivation. I f  light 
deprivation provides an environment conducive to survival o f corticostriatal 
terminals after frontal injury, then a dampened astrocytic response to the injury might 
be expected. Long-Evans hooded rats were contused (2 mm compression, 2.8-3.0 m/s 
impact) unilaterally over frontal cortex and then exposed to 48 hours LD or normal 
colony lighting (12/12). Astrocytes were labelled with antibody to glial fibriallary 
acidic protein (GFAP). Comparisons between unlesioned controls, 12/12 TBI, and 
LD TBI rats revealed no differences in GFAP immunoreactivity in the unlesioned 
right hemisphere, but both TBI groups had increased astrocytic response in the 
lesioned hemisphere compared to control rats (p < 0.05). Astrocytic response in the 
lesioned hemisphere’s striatum was significantly greater in the 12/12 TBI rats (about 
150% above contralateral values) compared to LD TBI rats (50% above contralateral 
values (p < 0.05). These findings indicate that postoperative light deprivation is 
associated with reduced astrocytic response in striatum after frontal injury.

Society for Neuroscience, Volume 2 4 ,1998
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160.15

C B 1  C A N N A B IN O ID  R E C E P TO R  K N O C K O U T  M IC E  D IS P L A Y  IN C R E A S E D  
N E U R O P E P T ID E  E X P R E S S IO N  IN  S T R IA T A L  O U T P U T  P A T H W A Y S  A N D  AR E  
H Y P O A C T IV E  IN A N  E X P L O R A T O R Y  T E S T . H . S t e in e r 1* . T .  B o n n e r .  A . M . 

Z i m m e r .  S . T . K i t a i 1 a n d  A . Z im m e r 2. ’ D e p a r tm e n t  o f  A n a to m y  a nd  
N e u r o b io lo g y ,  U n iv e r s i t y  o f  T e n n e s s e e , C o lle g e  o f  M e d ic in e ,  M e m p h is ,  
T N  3 8 1 6 3 ;  2S e c t io n  o n  G e n e t ic s ,  N IM H , B e th e s d a ,  M D  2 0 8 9 2 .

C B 1  c a n n a b in o id  re c e p to rs  a re  h ig h ly  e x p re s s e d  in  b o th  s t r i a t o n ig r a l  
a n d  s t r ia to p a ll id a l o u tp u t  p a th w a y s .  C a n n a b in o id s  a ls o  a f fe c t  th e  a c t i v i t y  
o f  n ig r o s t r ia t a l  a n d  m e s o lim b ic  d o p a m in e  n e u ro n s .  W e  h a v e  u se d  g ene  
ta r g e t in g  to  in v e s t ig a te  th e  ro le  o f  C B 1  re c e p to r s  in  th e  r e g u la t io n  o f  
th e s e  p a th w a y s .  A s  fu n c t io n a l m a rk e rs ,  th e  e x p r e s s io n  o f  s u b s ta n c e  P  a n d  
d y n o rp h in  (b o th  in  s t r ia t o n ig r a l  n e u r o n s ) ,  e n k e p h a lin  ( s t r i a t o p a l l i d a l  
n e u ro n s )  a n d  t y r o s in e  h y d r o x y la s e  (d o p a m in e  n e u r o n s )  w a s  m e a s u re d  
w ith  in situ  h y b r id iz a t io n  h is to c h e m is t r y .  C B 1  k n o c k o u t  m ic e  d is p la y e d  
in c re a s e s  in  s u b s ta n c e  P  a n d  d y n o rp h in  m R N A  le v e ls  t h a t  w e re  p o s it iv e ly  
c o r r e la te d  w ith  le v e ls  o f  n o r m a l C B 1  e x p r e s s io n  in  v a r io u s  s t r i a t a l  
re g io n s  ( m a x im a l la te r a l l y ,  m in im a l m e d ia l ly ) .  E n k e p h a lin  e x p r e s s io n  
w a s  in c re a s e d  to  a  s im i la r  e x te n t  in  th e  la te r a l  a n d  m e d ia l s t r ia tu m .  In  
c o n t ra s t ,  in  th e  n u c le u s  a c c u m b e n s  ( m in im a l C B 1  e x p r e s s io n ) ,  t h e r e  
w a s  o n ly  a  m o d e ra te  d e c re a s e  in  s u b s ta n c e  P  e x p r e s s io n .  T y r o s in e  
h y d r o x y la s e  e x p r e s s io n  in  d o p a m in e  n e u ro n s  o f  th e  s u b s ta n t ia  n ig r a  and  
v e n t r a l  te g m e n ta l a re a  (n o  C B 1  e x p r e s s io n )  w a s  u n a f fe c te d .  In  a n  o p e n  
f ie ld  te s t ,  C B 1  k n o c k o u ts  w e re  s e v e r e ly  h y p o a c t iv e ,  w ith  re d u c e d  le v e ls  
o f  lo c o m o t io n  a n d  a lm o s t  n o  re a r in g .  In  c o n t r a s t ,  m o to r  c o o r d in a t io n ,  as 
in d ic a te d  b y  ro ta r o d  te s ts ,  w a s  n o t  a ffe c te d  b y  th e  C B 1  m u ta t io n .  T h e s e  
r e s u lts  in d ic a te  th a t  b o th  s t r ia ta l  o u tp u t  p a th w a y s  a re  u n d e r  i n h i b i t o r y  
c o n t ro l o f  C B 1  re c e p to rs ,  a n d  s u g g e s t  th a t  th e s e  re c e p to r s  a re  im p o r t a n t  
f o r  in i t ia t io n ,  b u t  n o t c o o r d in a t io n ,  o f m o v e m e n t .  (S u p p o r te d  b y  U S P H S  
G ra n ts  N S 2 6 4 7 3 ,  N S 2 0 7 0 2  a n d  N IM H /D IR P ) .

160.16
TIME COURSE ANALYSIS AND COMPARISON OF ACUTE AND 
CHRONIC INTRASTRI ATAL QUINOLINIC ACID 
ADMINISTRATION ON FORELIMB REACHING DEFICITS IN 
THE RAT. E. Lcεnarď. T, Bazzetť * M.Bauteг2 andRAlbin3’4 
’Department of Psychology, SUNY Geneseo, Geneseo NY 14454; 
2Depaгtment of Environmental Medicine, University o f Rochester; 
3Department of Neurology, University o f Michigan; 4Geriatrics 
Research, Education and Clinical Center.

Rats trained in a food pellet retrieval task exhibited > 90% use of a 
preferred limb during baseline testing. Rats were then subjected to 
chronic (18 day) administration, or acute injection, of quinolinic acid 
(QUIN) or vehicle to the striatum contralateral to the prefeưed limb. 
Chronic administration animals were tested 48 hours after implantation 
o f dialytic delivery probes and then retested every 48 hours over an 18 
day period. Likewise, acute administration animals were tested 48 
hours after injection, and then retested every 48 hours over an 18 day 
period. Compared to vehicle, chronic QUIN rats exhibited an increased 
number o f forepaw reach attempts required to meet criteria for the task 
In addition, these animals showed no significant increase in the latency 
to complete the task. Unlike animals exposed to chronic QUIN, a 
significant number of acute QUIN animals switched to exclusive use of 
the ipsilateral limb for the reaching task These findings suggest that 
behavioral manifestations of histopathologically similar lesions may be 
vastly different depending on the method used to produce these lesions. 
NIH-NIA Grant AGO867l

160.17

DIFFERENT DEGREES OF BEHAVIORAL RECOVERY IN SPONTANEOUSLY 
RECOVERED AND GMł-GANGLIOSЮE-TREATED PARKINSONIAN CATS: 
RELATIONSHIP TO NEUROCHEMICAL COMPENSATION VS. STRIATAL 
DOPAMINERGIC REINNERVATION. J. S. Schneider* and D. S. Rothblat. 
Dept, of Pathology, Anatomy and Cell Biology, Thomas Jefferson University, 
Philadelphia, PA 19107.

Cats made parkinsonian by MPTP administration spontaneously recover the ability 
to ambulate, recover sensory responsiveness and grossly appear normal by 6 weeks 
after MPTP exposure. Cats that receive GM1 ganglioside administration beginning 
after the last MPTP dose have an accelerated recovery. The present study was designed 
to assess gross and complex sensorimotor functions in spontaneously recovered and 
GM1-treated parkinsonian cats and to correlate any differences in behavior with 
differences in dopaminergic parameters. Spontaneously recovered (SR) and GM1- 
treated (30 mg/kg, i.m. daily) cats assessed 6 wks. after the last MPTP dose (7.5 
mg/kg, i.m. for 7-10 days) did not differ in the degree of gross behavioral recovery as 
measured by a rating scale that assessed locomotion, sensory responsiveness, 
orienting and akinesia. The groups differed significantly on performance of a 
sensorimotor paw usage task that required cats to reach through an open slot, swipe 
at and retrieve a food reward. SR cats were more inaccurate in paw reach behavior 
than GMl-treated cats and required significantly more attempts to retrieve the food. 
GM1-treated and spontaneously recovered cats had different neurochemical and 
immunohistochemical profiles. GMl-treated cats had a greater density of tyrosine 
hydroxylase-positive fibers and increased ЗH-mazinđol binding in all striatal regions 
compared to spontaneously recovered cats. Spontaneous recovery seemed more 
related to neurochemical compensatory responses and enhanced volume transmission 
of dopamine (DA). These data suggest that recovery o f complex sensorimotor 
behaviors after a severe DA lesion is dependent upon striatal reinnervation, not just 
increased extracellular fluid levels of DA. Supported by NIH grant NS23980.

160.18
DIFFERENCES IN STRIATAL DOPAMINERGIC PARAMETERS IN 
SPONTANEOUS AND GM1 GANGLЮSIDE-INDUCED RECOVERY FROM 
MPTP-INDUCED PARKINSONISM. D.S. Rothblat* and J.S. Schneider. Dept, of 
Pathol., Anat. and Cell Biol., Thomas Jefferson University, Philadelphia, PA 19107.

Spontaneous gross behavioral recovery o f parkinsonian cats involves compensatory 
neurochemical responses of the dopamine (DA) system involving volume 
transmission o f released DA. GM1 ganglioside-induced behavioral recovery in 
MPTP-treated cats appears to involve morphological changes in the DA innervation 
of the striatum. This study provided a detailed comparison of the functional status of 
the presynaptic DA system in spontaneously recovered (SR) and GMl-treated 
parkinsonian cats by using in vivo electrochemistry to measure levels of peak striatal 
DA release and reuptake rates and quantitative гadioimmunohistochemistry (RШ) to 
measure tyrosine hydroxylase (TH) and DA transporter protein (DAT) expression in 
the striatum. Electrochemistry showed peak DA release in both dorsal and ventral 
striatum to be significantly greater and reuptake rates significantly faster in G Ml- 
treated cats vs. SR cats. Redox ratios suggested the predominent electroactive species 
released in the spontaneously recovered dorsal striatum was serotonin while DA was 
the predominant electroactive species released in GMl-treated cats. Quantitative RIH 
showed that TH expression increased minimally in the dorsal striatum and moderately 
in ventral striatum in SR cats while TH expression increased substantially 
throughout the striatum in GMl-treated animals. DAT expression (DAT antiboby 
provided by Dr. A. I. Levey) was extremely low throughout the striatum in SR cats 
but substantial DAT levels were seen throughout the striatum of GMl-treated cats. 
These results show significant differences in the mechanisms underlying gross 
behavioral recovery in these 2 groups of animals. While spontaneous recovery may 
represent a true compensatory or adaptive response to DA cell loss, GM1-stimulated 
recovery may reflect more a reactivation of a developmental program and a rebuilding 
of the natural pattern of DA innervation. Supported by NIH grant NS 23980.
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161.2161.1
LOCALIZATION OF AD EN OSIN E A2a R ECEPTO R mRNA IN 
NEUROCHEMICALLY IDENTIFIED STRIATAL NEURONS IN THE 
HUMAN COMPARED TO THE RAT. R. Moratalla1’2*. M. Sacerdote1. D.M. 
Martin1. B. Cuellar1. J.-F. Chen1 and D.G. Standaert1. ⅛ ept. of Neurology, 
Mass. General Hospital, Harvard Medical School, Boston, MA 02114; ⅜ a ja l 
Institute, CSIC, Madrid, Spain.

Adenosine is an endogenous purine nucleoside that plays a role as a 
neurotransmitter in the peripheral and central nervous systems. Adenosine acts on 
four pharmacologically defined and cloned receptors. The A2a receptor is expressed 
at high density in the striatum, and stimulation of A2a receptors tends to counteract 
dopamine D2-mediated functions.

We compared the localization of A2a receptor mRNA in human and the rat striatal 
neurons, using double-label in situ hybridization histochemistry. In both species, 
A2a mRNA expression was restricted to the caudate nucleus and putamen, with no 
detectable hybridization signal in other areas of the brain. The signal was 
homogeneous throughout the striatum with no apparent striosomal differentiation, 
despite the distinct striosomal expression of A2a mRNA during rodent 
development. A2a mRNA was primarily found in enkephalinergic neurons in both 
species. All enkephalin-positive cells contained the A2a receptor message, but a 
small population of A2a-positive cells did not contain preproenkephalin A mRNA. 
In contrast to the extensive colocalization of enkephalin and A2a receptors, only 5- 
6% of neurons containing substance P expressed A2a receptors in the rat, increasing 
to 10-12% in the human striatum. Striatal intemeurons marked with somatostatin, 
parvalbumin, GAD67 or choline-acetyl transferase did not show any A2a mRNA 
expression in either species. This localization pattern suggests that enkephalinergic 
striatopallidal neurons are the primary if not sole anatomical substrate for the A2a- 
D2 interaction and that the rat provides an accurate model of adenosine-dopamine 
receptor interactions in the human brain. Supported by Grant N SЗI579 and a 
Cotzias Fellowship from  the A.P.D.A. (DGS).

C h a n g e s  in  s t r ia ta l  e n k e p h a lin  a n d  d y n o r p h in  m R N A  le v e ls  d if fe r e n t ia l ly  
a s s o c ia te d  w ith  w h e e l a n d  fo o d  a c c e s s ib i l i t y

E. H. H am id1 *, M. A ltѳm us2 . T. M. H vde1. M. F. Eαa∩ 1

1. NIMH Neuroscience Research Center, W ashington, DC
2. Cornell Un iversity Medical Center, New York, NY 10021

In the current study we exam ine the hypothesis that striatonigral and 
striatopallidal pathways m ay represent com m on sites of action where varied 
stim uli can be integrated and used to adjust the pattern or level of motor 
activity. Four groups of anim als were placed on e ither unlim ited o r restricted 
food diet w ith o r w ithout access to a running wheel fo r 10 days. Brains from 
the diffe rent groups were selected for post-m ortem  studies (n= 9-12 per 
group). The striatal m RNA expression levels of enkephalin and dynorphin 
neuropeptides were m easured in dorsolateral, dorsomed¡al, ventro lateral, and 
ventrom edial aspects of posterior striatal sections using in s itu  hybridization 
h istochem istry. O ur results showed that wheel access w ith o r w ithout food 
restriction produced significant increases in enkephalin gene expression 
levels in the dorsom edia l (p=0.009) and dorsola teral (p=0.005) aspects of the 
striatum . In dorsom edia l striatum , food restriction had a synergetic effect to 
wheel access causing a further increase in enkephalin mRNA levels (p=0.02). 
On the o ther hand, ana lysis showed that a s ignificant decrease in dynorphin 
m RNA levels in the ventro lateral stria tum  was associated with both wheel 
access (p=0.07) and food availability (p=0.008). Data indicated that free 
feeding exacerbated wheel running e ffects and caused a larger drop in 
dynorphin m RNA levels (p<0.02). These findings support previous studies 
that im plicate dynorphin and enkephalin-specia lized mu-opioid receptors in 
mediation of feeding behavior and illustrate how one stimulus, e.g. food 
availability or wheel access, can d ifferentially regulate different neuropeptide 
gene expression levels in a reg ion-specific manner. Funding: IRP, NIMH
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161.3

BEHAVIORAL ACTIVATION IN RATS DEPENDS ON ENDOGENOUS 
ASCORBATE RELEASE IN THE STRIATUM. Z.R. Wang* and G.V. Rebec. 
Program in Neural Science, Department o f Psychology, Indiana University, 
Bloomington, IN 47405

Although forebrain structures like the striatum maintain a high level o f ascorbate 
in extracellular fluid, the functional significance o f this finding remains unclear. 
Ascorbate has been shown to potentiate the response of striatal neurons to both 
dopamine and glutamate (Pierce, RC and Rebec, GV, Neuroscience, 67:313-324, 
1995), and increases in striatal ascorbate are associated with behavioral activation 
(O’Neill, RD et al., Neurosci. Lett., 34:189-193, 1982). We now report that 
intrastriatal application of ascorbate oxidase (AAO), which depletes endogenous 
ascorbate, blocks a wide range o f naturally occurring behavioral responses. 
Compared to vehicle controls, bilateral intrastriatal infusions of AAO (1000 units 
in 5 ml saline) significantly attenuated general motor activity as well as 
interactions with appetitive or aversive environmental stimuli. Social contacts 
with other rats also declined. These AAO-induceđ behavioral deficits persisted for 
the duration of the ascorbate depletion (~2O min) as measured by simultaneous 
voltammetric recording. Control levels of behavior returned in close association 
with the return o f extracellular ascorbate. AAO infusions in overlying cerebral 
cortex or hippocampus had little or no behavioral effect. Collectively, these 
results provide further evidence for the importance of striatal ascorbate in normal 
behavioral activation.

Supported by NINDS (NS 35663).

161.4

A2A ADENOSINE RECEPTORS MODULATE THE SENSITIVITY 
OF D2 RECEPTORS INHIBITING GABA RELEASE FROM 
STRIATOPALLЮAL TERMINALS. Floгan. L.. Sierra. A„ Aceves. 
J·. and Floran. B*. Department o f Neurosciences. CINVESTAV- 
IPN. 07300 México, D.F.

D2 dopamine receptors and A2a adenosine receptors are co
localized in striatopallidal neurons. In striatum, A2A receptors appear 
to modulate the activation o f D2 receptors. Here we have explored 
whether the same type o f  modulation occurs in striatopallidal 
terminals. We explored whether A2A receptors influence the D2 
receptor-mediated inhibition o f GABA release from striatopallidal 
terminals. We studied the effect o f ZM 241385 (A2A antagonist) and 
ofCGS 21680 (A2a agonist) upon D2 receptor-mediated inhibition of 
[3H] GABA release from K+-depolarized pallidal slices. To eliminate 
the effects o f endogenous dopamine, the experiments were done in 
slices isolated from гeserpinized rats. Quinpirole was used as D2 
agonist. Quinpirole inhibited GABA release with an IC50 o f 2 ± 0.14 
µM (calculated from dose-response curves). ZM 241385 decreased 
the IC50 to 0.084 ± 0.013 µM, whereas CGS 21680 increased it to
64.8 ±  13.6 µM. The results suggest that A2A adenosine receptors 
modulate the sensitivity o f  D2 dopamine receptors involved in the 
control o f the striatopallidal transmission.
Supported by a grant (3539P-N) from CONACYT (MEXICO)

161.5
S T IM U LA T IO N  OF O R AL D Y SK IN ESIA BY TH E ENDOGENOUS 
O P IA T E  E N D O M O R P H IN -1  IN  T H E  G LO B U S P A L L ID U S
A. Mehta. G, Bot†. T, ReisineL M.-F. Chesselet*. Department of Neurology, UCLA, 
Los Angeles, CA 90095. departm ent of Pharmacology, University of 
Pennsylvania, Philadelphia, PA 19104.

The recently discovered opiate peptide endomorphin-1 is a selective 
agonist at the µ opioid receptor since it binds to the cloned rat µ receptor with a K¡ 
of 18 nM and inhibits adenylyl cyclase activity in cells expressing this receptor but 
does not bind to the cloned Э or k  receptors. Endomorphin-1 induces a novel central 
behavioral effect. Bilateral administration of endomorphin-1 to the globus pallidus 
(GP) o f rats stimulated oral dyskinesia. The stimulation was concentration 
dependent and blocked by the opiate antagonist naloxone and the µ selective 
peptide antagonist CTOP. Another µ selective agonist, DAMGO stimulated oral 
dyskinesia transiently. In contrast, the stimulation of oral dyskinesias by an 
equivalent concentration o f endomorphin-1 was more stable and sustained. Since 
the full agonist DAMGO has been reported to rapidly desensitize µ receptors, the 
longer lasting effects of endomorphin-1 may indicate that this endogenous peptide 
is a partial agonist and less likely to desensitize the µ receptor than synthetic µ 
agonists. Consistent with this possibility, 3 hours of continuous exposure of the 
cloned µ receptor to endomorphin-1 did not diminish the subsequent ability of 
endomorphin-1 to inhibit adenylyl cyclase activity. Oral dyskinesias are a 
debilitating symptom associated with tardive dyskinesia and drug management of 
Parkinson’s Disease. Clinical studies have shown that naloxone is effective in 
reducing dyskinesias in humans. Our studies suggest that the therapeutic actions of 
µ receptor antagonists in treating dyskinesias may be due to their ability to block the 
activity of endomorphin-1 endogenously released in the basal ganglia. Our findings 
show that the endogenous µ agonist endomorphin-1 may have a critical role in the 
development of dyskinesias by acting on µ receptors in the GP. Supported by PHS 
grants MH44894 and DA 08951.

161.6
COOCCURRENCE OF PREPROTACHYKININ AND PREPRO
ENKEPHALIN mRNA IN HUMAN STRIATAL NEURONS: A DOUBLE 
LA BEL IN SITU HYBR ID IZATIO N STUDY. P.F. Behrens. K.D. 
Küppenbender. G.B. Landwehrmever*. Department, of Neurology, Albert 
Ludwigs-Universität, Breisacherstr. 68, 79106 Freiburg, Germany.

Knowledge of neuroactive substances present in specific populations of striatal 
neurons helps to elucidate the functional organization of the basal ganglia. The 
neuropeptides substance P (SP) and enkephalin (ENK) are widely used as 
markers to identify two populations of striatal neurons distinguished by their 
primary fields of projection, the internal globus pallidus/substantia nigra 
reticulata and the external globus pallidus, respectively. In this study we 
examined to what extent these markers are expressed by separate neuronal 
populations in the human striatum.

Four postmortem brains of donors with no known neurological or psychiatric 
disorder and normal neuropathological examination were examined. The 
colocalization o f both neuronal markers was studied using an doubel-label in-situ- 
hybridization technique. Tissue sections were simultaneously hybridized with 
radiolabeled 35S-prєprotachykinin- and digoxigenin tagged preproenkephalin- 
RNA probes. ENK and SP mRNA expressing neurons were abundant in human 
striatum and accounted for more than 50 % of striatal neurons, respectively. 12 % 
of striatal neurons displaying hybridization signals with the 35S-SP-probe 
simultaneously exhibited hybridization signals with the digoxigenin-ENK-probe 
The percentage of colocalized neurons was similar in ventral and dorsal as well as 
rostral and caudal parts of the striatum.

Our study shows that both neuropeptides cooccur in a sizable population of 
human striatal neurons. The functional properties and the connectivity of neurons 
expressing both peptides simultaneously is at present unknown and requires 
further study. I f  SP and ENK are used to separate different striatal populations a 
cooccurrence of both markers in 12% of striatal neurons has to be considered.

Supported by Deutsche Forschungsgemeinschaſt (SFB 5Ơ5. Be 2084/1-1).

161.7 161.8

PRESYNAPTIC CANNABINOID RECEPTOR ACTIVATION ON 
STRIATAL AFFERENTS TO GLOBUS PALLIDUS. Ŗ. Castro S.J 
⅞ ¾ ⅝ Й l f Ŵ ⅜ ⅞ 3 ^  Psychiatry, School
Cannabinoid receptors, expressed in high amounts in the basal 

ganglia, are primarily located presynaptically on the striatopallidal 
axons (Herkenham et al., 1991, Brain Res. 54v：267). We used an in 
v iv o  electrophysiological technique, the measurement o f electrical 
excitability, to examine presynaptic effects o f cannabinoid receptor 
activation on these striatal afferents to globus pallidus. Antidromic 
action potentials elicited by pallidal stimulation were recorded 
extraceflularly from striatal neurons in urethane-anesthetized, male 
Sprague-Dawley rats. The mean latency o f striatopallidal antidromic 
action potentials was 5.3 ±  0.27 ms, excluding short latency responses 
(<5.O ms). Changes in excitability were assessed as the percent change 
relative to control levels of the current required to elicit an antidromic 
response. Mean conưol pallidal stimulation intensity was 2.19 ± 0.22 
mA ⁄  0.5 ms. Intrapalliďal administration o f the cannabinoid receptor 
agonist R(+)-WIN 55,212-2 mesylate (RBI: 1 u.M/0.3 µl) increased 
striatal excitability relative to pre-drug levels (9.80 ± 1 . 1 3  %). This 
effect could be decreased by subsequent intrapallidal infusion of the 
cannabinoid receptor antagonist SRΓ41716A (RBI; lµM /0.3 µl) (2.11 
±1. 17 %). When administered first, this antagonist slightly increased 
excitability (3.63 ±  0.59 %)  but did prevent the ̂ effect of subsequent 
WIN admimsưation'. The increased excitability to the agonist may 
reflect a direct effect of presynaptic cannabinoid receptor stimulation 
or indirect effects due to changes in transmitter release and stimulation 
of other presynaptic receptors on pallidal axons. Studies are in 
progress to assess these possibilities.
This research was supported in part by grants DAO2854 from N IDA and RSA 

DA00079 to P.M.G and MBRS award SO6GM 47165 to RC.

G L O B U S  P A L L ID U S  N E U R O N S  T H A T  E X P R E S S  E N K E P H A L IN . 
P O P U L A T IO N  C H A R A C T E R IS T IC S  A N D  R E G U L A T IO N  O F  m R N A  B Y  
N IG R O S T R IA T A L  IN J U R Y . B .R . H o o v e r* . J .J . S c h u lle r , a n d  J .F . M a rs h a ll. 
D e p t, o f  P s y c h o b io lo g y , U n iv e rs ity  o f  C a lifo rn ia , Irv in e , C A  9 2 6 9 7 -4 5 5 0 .

T h e  ro d e n t g lo b u s  p a ll id u s  (G P ) n o t o n ly  re c e iv e s  a d e n s e  e n k e p h a lin e rg ic  
in n e rv a tio n , b u t it a ls o  c o n ta in s  n u m e ro u s  c e lls  th a t  e x p re s s  e n k e p h a lin  
m R N A  (E n k +  ce lls ). A n a to m ic a l, n e u ro c h e m ic a l, a n d  e le c tro p h y s io lo g ic a l 
e v id e n c e  in d ic a te s  th e  p re s e n c e  o f  m u lt ip le  s u b p o p u la tio n s  o f  n e u ro n s  w ith in  
th e  G P . P re v io u s  w o rk  in th is  la b o ra to ry  h a s  re v e a le d  a s u b p o p u la tio n  o f  G P  
n e u ro n s  th a t d e m o n s tra te  d o p a m in e  a n ta g o n is t- in d u c e d  e x p re s s io n  o f  F os, 
th e  p ro te in  p ro d u c t o f  th e  im m e d ia te -e a r ly  g e n e  c-fos. T h e s e  n e u ro n s  la ck  
p a rv a lb u m in  im m u n o re a c t¡v ¡ ty  (P V -IR ) a n d  p ro je c t  to  th e  s tr ia tu m  (R u s k in  & 
M a rs h a ll,  Neurosci., 81, 7 9 -9 2 , 1 997).

T h e  p re s e n t s tu d y  s e e k s  to  fu r th e r  c h a ra c te r iz e  G P  s u b p o p u la tio n s  by 
d e te rm in in g  w h e th e r  th e  E n k+  G P  n e u ro n s  c o n ta in  P V -IR  a n d  w h e re  th e ir  
a x o n s  p ro je c t. U s in g  c o m b in e d  im m u n o c y to c h e m is try  a n d  in s itu  
h y b r id iz a tio n , w e  o b s e rv e d  th a t P V - IR  a n d  E n k  m R N A  id e n tify  p re d o m in a n tly  
s e p a ra te  p o p u la tio n s  o f  G P  c e lls . T h e  a x o n a l p ro je c tio n s  o f  E n k+  G P  
n e u ro n s  w ill a ls o  b e  d e s c r ib e d . F u rth e rm o re , w e  fo u n d  th a t u n ila te ra l 6 - 
h y d ro x y d o p a m in e  le s io n s  o f  th e  n ig ro s ŧr ia ta l d o p a m in e  p a th w a y  le d  to  
in c re a s e d  e x p re s s io n  o f  E n k  m R N A  in th e  ip s ila te ra l G P , s u g g e s tin g  th a t th e  
g e n e  e x p re s s io n  o f  th e s e  n e u ro n s  is  d ire c tly  o r in d ire c tly  in f lu e n c e d  by th e  
d o p a m in e  in n e rv a tio n .

P o s s ib ly , th e  E n k+  G P  n e u ro n s  c h a ra c te r iz e d  in th is  s tu d y  c o rre s p o n d  to  
th e  p re v io u s ly  id e n tif ie d  p o p u la tio n  o f  G P  c e lls  th a t  e x p re s s  F o s  a fte r  
d o p a m in e  a n ta g o n is t tre a tm e n t. O u r  re s u lts  c o m p le m e n t a  g ro w in g  b o d y  o f  
e v id e n c e  s u g g e s tin g  a m o re  c o m p le x  o rg a n iz a tio n  o f  th e  G P  th a n  is  re f le c te d  
in m o s t c u rre n t m o d e ls  o f  th e  b a s a l g a n g lia . S upported b y  NRSA grant MH  
14599-22, and N INDS grants NS 22698 and NS 33670.
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161.9
EFFECTS OF ω-CONOTOXINS ON MOTOR BEHAVIOR AND DOPAMINE 
RECEPTOR EXPRESSION. C. K¡ndermann.1* V. FrielingsdoгfV H. Schröder.2 ŞĮ. 
Heŗzįg/ V. Sturm.1 J. Voges.1 Depts. of 'Neurosurgery, -’Anatomy and 
’Pharmacology, Univ, of Köln, 5093 1 Köln, FRG.

We are reporting on the influence of w-conotoxin GVIA application to the rat 
striatum, ω-conotoxins are highly selective blockers of N-type-caicium channels. By 
inhibition of these presynapt¡cally located ion channels in particular the dopamine 
release can be significantly decreased (e.g. Stocker et al. .1. Neurosci., 17: 3002-13, 
1987). We wanted to find out about in vivo effects of ω-conotoxin GVIA, in 
particular during prolonged intrastriatal infusion.

By means of a stereotactic operation an infusion cannula was placed into the right 
rat striatum, which two weeks was infused continuously (0,5 µl/h) with an ω- 
conotoxin 6µM GVIA solution, sham-operated rats as normal controls. Motor 
behavior was rated by observation and computer-based quantification. For 
immunohistochemical detection of D1 and D2 dopamine receptor-positive neurons 
rat brains were fixed at postoperative day 14. Immunopositive neurons are counted 
using the optical disector method (at Dr Schmitz, Aachen, FRG).

Beginning at postop day 5 rats developed a marked and progredient hypokinesia. 
At postoperative day 11 apomorphine injection induced an ipsilateral injection. As a 
preliminary result, the numbers of dopamine D1 receptor-positive neurons within the 
striatum seem to be lower as compared to the non-injected contralateral striatum.

Whereas the behavioral results probably reflect the effect of striatal dopamine 
depletion at the side of infusion, the decrease in dopamine receptor expression seems 
be due to a more complex regulatory phenomena, e.g. an increase of extrastriatal 
dopamine release (Bergquist, Soc. Neurosci. Abstr., Vol. 22,Part 2, 33 1.5. Next steps 
include further molecular biological studies, as theassessment of dopamine receptor 
expression by means of northern blot.

Supported by Köln-Fortune-progľum, Faculty of Medicine, Cologne Univ.

161.10
DYNORPИIN INHIBITS GABAERGIC TRANSMISSION IN RAT GLOBUS 
PALLIDƯS. M. Qgura* and H. Kita. Dept, of Anatomy and Neurobiology, College 
of Medicine, Univ, of Tennessee Memphis, Memphis,TN 38163.

The effects of dynorphin Al-13 (DY13) on GABAergic synaptic transmission were 
examined in globus pallidus (GP) slices by using whole-cell recording method. Rat 
pups (15-21 days old, n=47) were anesthetized with a Ketamine and Xylazine 
mixture and perfused through the heart with cold oxygenated artificial cerebrospinal 
fluid (ACSF). The brains were rapidly removed and parasagittal slices (300 µm) were 
cut on a vibratome. After preincubation, slices were transfeưed to a recording 
chamber and perfused continuously by oxygenated ACSF. DY13 hyperpolarized (3.8 
± 2.4mV) 4 and depolarized (6mV) one of 15 GP cells. However, DY13 did not 
alter their input resistance. Electrical stimulation (up to 200 µA) was applied through 
a bipolar electrode placed on the surface of the slices. Application of glutamate 
receptor blockers (CPP, ЮµM; DNQX, 5OµM) isolated GABAergic IPSPs. DY13 
reduced the amplitude of GABAergic IPSPs in a dose dependent manner (0.1-10 µM, 
n=25). DY13 decreased the frequency of spontaneous GABAergic IPSPs without 
changing their amplitude distributions (n=3). The frequency of Tetrodotoxin (1 µM)- 
resistant miniature IPSPs was reduced by DY13, while the amplitude distributions of 
these events were unaltered (n=3). These DY13 effects were blocked by non- 
selective opiate antagonist Naloxone (5 µM, n=2) and selective ĸ-receptor antagonist 
Nor-binaltorphimine dihydrochloride (Nor-BIN, 1 µM, n=8) respectively. However, 
δ- and µ- antagonist, Naltrindole (1 µM, n=5) and CTOP (lµM, n=4), respectively, 
did not block. We also confirmed that DY13 did not modify responses to 
iontophoretically applied GABA (n=8), indicating the sensitivity of postsynaptic 
GABA receptors was not altered by DY13. These results suggest that DY13 inhibits 
GABA release by activating K-opioiđ receptors at the presynaptic terminals in the 
GP. This work was supported by NIH grant NS-26473 and NS-36720.

161.11
DIFFERENTIAL REGIONAL EFFECTS OF PSYCHOSTIMULANTS ON 
NEUROTENSIN/NEUROMEDIN N mRNA IN STRIATUM. G.R. 
Hanson. R.B. Renden. and K.A. Keefe*. Dept, of Pharmacology and 
Toxicology, University of Utah; Salt Lake City, UT 84112.

We previously reported that a variety of psychostimulants, including 
metham phetam ine (Meth), cocaine (Coc), and MDMA, increase s tr ia ta l 
levels of neurotensin peptide. The present study examined w hether these 
psychostimulants also increase neurotensin synthesis. in situ 
hybridization histochemistry was used to measure the expression of 
neurotensin/neuromedin N mRNA (NT mRNA). Adult, male Sprague- 
Dawley rats were treated with Meth (15 m g/kg , s.c.), Coc (30 m g/kg, i.p .), 
or MDMA (10 mg/kg, i.p.) and sacrificed 3 hours later. All three drugs 
increased NT mRNA throughout the rostral-caudal extent of the striatum. 
Coc increased NT mRNA throughout the rostral striatum, but at more 
caudal levels its effects were prim arily restricted to dorsal regions of the  
striatum. Meth, on the other hand, exerted its greatest effects in ventral 
striatum at more rostral levels, and throughout the dorsoventral extent a t 
more caudal levels. MDMA increased NT mRNA levels significantly in 
both dorsal and ventromedial regions throughout the rostral-caudal extent 
of the striatum. Multiple (4) injections of Coc did not produce effects 
significantly different from those seen w ith a single adm inistration; 
however m ultiple injections of Meth produced greater effects than did a 
single injection. The data suggest that increases in NT synthesis may 
underlie the increases in NT tissue levels caused by treatm ent w ith  
psychostimulants. The findings also demonstrate that psychostimulants 
do not exert uniform effects on striatal neuropeptide function. (Supported 
by DA 09407 and NS 35579)

161.12
G ABA д a n d  GABAb ANTAGONISTS DIFFERENTIALLY A FFECT  
THE FIRING PATTERN OF SUBSTANTIA NIGRA DOPAMINERGIC  
NEURONS IN  VIVO C. A. Paladini* and J. M. Teppeг Center for Molecular and 
Behavioral Neuroscience, Rutgers University, Newark, NJ USA 07102

GABAergic afferents comprise the major class of inputs to nigral dopaminergic 
neurons. Between 70% and 90% of all inputs onto pars compacta neurons are 
GABAergic but relativ⅛ly few studies have investigated the effects of these afferents on 
the firing pattern of dopaminergic neurons in vivo.

The effects of local pressure application of the GABAд antagonists, bicuculline and 
picrotoxin, and the GABAß antagonists, saclofen and CGP-55845A, on the spontane
ous activity of electrophysiologically identified nigrostriatal neurons were recorded in 
vivo in urethane anesthetized rats. Blockade of GABAд inputs by bicuculline 
powerfully and reversibly induced burst firing in dopaminergic neurons regardless of 
their original firing pattern (measured by autocorrelograms, burst analysis, and 
coefficient of variation) along with a modest (25%) increase in firing rate. The increase 
in burst firing was not coҥelated with the increase in firing rate. Picrotoxin also 
produced an increase in burst t■ ¡į ； ■ į ∏i іі n 11 π ииi щ11n π11111 щ n i；iі¡и į įį цįį ∏m į ∏：i；i h∏įį；i;iii 
firing, regardless of the
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Picrotoxin 
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. original firing pattern, without 224- 
an increase in firing rate. In ļ 6〇； 

contrast, application of 
GABAg antagonists did not 
produce bursting but rather 32. 
caused a modest but significant 
shift to a more regular firing 
pattern in 50% of the cases.

These data demonstrate that dopaminergic neurons in vivo are under tonic 
GABAergic inhibition mediated by GABAд receptors and suggest that GABAergic 
afferents to substantia nigra are a major source by which the firing pattern of 
dopaminergic neurons is controlled in vivo. This change in firing pattern is independ
ent of any change in firing rate. Supported by NS 34865.

161.13

DYSFUNCTIONS OF THE GABAERGIC SYSTEM IN GENETICALLY 
DYSTONIC HAMSTERS: AN ELECTROPHYSIOLOGICAL STUDY.
M. Gemeгt. A. Richter. W. Löscher (SPON: European Neuroscience Association). 
Dept, of Pharmacolqgy, Toxicology, and Pharmacy, School of Veterinary Medicine, 
Bünteweg 17, D-30559 Hannover, Germany.

GABAergic dysfunctions may be involved in the pathophysiology of idiopathic 
diskinesias. In mutant dystonic hamsters (d tsz), an animal model of paroxysmal 
idiopathic dystonia that displays attacks of generalized dystonia, i.e. sustained 
twisting movements and abnormal postures in response to mild stress, previous 
pharmacological studies demonstrated antidystonic effects of GABA potentiating 
drugs while the GABA impairing drug pentylenetetrazole (PTZ) aggravated 
dystonia at subconvulsant doses. Recent neurochemical and GABAд receptor 
autoradiographic studies also indicated dysfunctions of the GABAergic system in 
d tsz hamsters, even in the absence of dystonic attacks. Since numerous previous 
findings in d tsz hamsters indicated disturbed neural activity within basal ganglia 
regions, we recorded extracellular single unit activity from non-dopaminergic, 
presumably GABAergic, neurons of the substantia nigra pars reticulata (SNr), a 
main output structure of the basal ganglia. No changes in spontaneous single unit 
activity were found in the SNr of anesthetized mutant hamsters compared to non- 
dystonic controls. However, after i.p. injection of PTZ in a subconvulsant dose 
(25mg/kg), the basal firing rate of SNr neurons clearly increased in d tsz hamsters 
and thus differed significantly from the only slight changes in controls, supporting 
previous findings of disturbed GABAergic function in d tsz hamsters. Within 5min 
after PTZ, the elevation in nigral firing reached about 150% of control values, 
probably resulting from an altered sensitivity of the GABAergic system to pharma
cological manipulation in d tsz hamsters. Since the data of systemically applied PTZ 
do not point to the primary affected brain regions, we decided to locally apply PTZ 
to the SNr by pressure injection during recording of nigral single unit activity. Pre
liminary results revealed a clear increase of nigral firing rate after pressure injection 
of Юmmol PTZ in both animal groups. Investigations of lower PTZ concentrations 
are under way in order to further clarify if the SNr is the responsible structure for 
the intergroup differences in sensitivity to systemic PTZ as described above. 
Supported by the DFG (Lo 274/4-2/3)

161.14
D IF F E R E N T IA L  E X P R E S S IO N  O F  E R B B З  A N D  E R B B 4  N E U R E G U L IN  
R E C E P TO R S  IN  T H E  B A S A L  G A N G LIA  A N D  O T H E R  F O R E B R A IN  A R E A S  CF 
T H E  A D U L T  R A T . P . F e d ¡2. S . T . K i t a ¡ 1*. M . B lu m 3 a n d  H . S te in e r 1. 1D e p t.  

o f  A n a to m y  a n d  N e u r o b io lo g y ,  U n iv ,  o f  T e n n e s s e e , C o lle g e  o f  M e d ic in e ,  
M e m p h is ,  T N  3 8 1 6 3 ;  2D . H . R u t te n b e rg  C a n c e r  C e n te r ;  3F is h b e rg  C e n te r  
fo r  N e u r o b io lo g y ,  M o u n t  S in a i M e d ic a l C e n te r ,  N e w  Y o r k ,  N Y  1 0 0 2 9 .

N e u re g u lin s  c o n t ro l c e ll g ro w th  a n d  d i f fe r e n t ia t io n .  R e c e n t s tu d ie s  
in d ic a te d  a  ro le  fo r  n e u re g u lin s  in  th e  d e v e lo p in g  c e n t r a l  n e r v o u s  
s y s te m . W e  in v e s t ig a te d  th e  e x p r e s s io n  o f  th e  n e u r e g u l in  r e c e p to r s  
e rb B З  a n d  e rb B 4  in  th e  a d u lt  r a t  b r a in ,  w ith  e m p h a s is  o n  th e  b a s a l 
g a n g lia .  G ene e x p r e s s io n  w a s  d e te rm in e d  w ith  in situ  h y b r id i z a t io n  
h is to c h e m is t r y .  A re a s  w ith  c o n s id e ra b le  e x p r e s s io n  o f  e rb B 4  in c lu d e  
c o r te x ,  h ip p o c a m p u s ,  m e d ia l h a b e n u la ,  r e t ic u la r  th a la m ic  n u c le u s ,  
s u b th a la m ic  n u c le u s  a n d  s u b s ta n t ia  n ig r a  p a rs  . c o m p a c ta .  D o p a m in e  
d e p le t io n  b y  6 -O H D A  e l im in a te d  th e  h y b r id iz a t io n  s ig n a l in  th e  
s u b s ta n t ia  n ig r a ,  in d ic a t in g  th a t  e rb B 4  is  e x p re s s e d  in  d o p a m in e  
n e u ro n s .  E rb B 4  e x p r e s s io n  is  m in im a l in  th e  s t r ia tu m  a n d  a b s e n t  in  
g lo b u s  p a l l id u s  a n d  s u b s ta n t ia  n ig r a  p a r s  re t ic u la ta .  H o w e v e r ,  c lu s t e r s  
o f  c e l ls  e x p r e s s in g  h ig h  le v e ls  o f  e rb B 4  m R N A  a re  p re s e n t  a lo n g  th e  
v e n t ra l a n d  m e d ia l b o r d e r  o f  th e  s t r ia tu m  a n d  in  th e  s u b e p e n d y m a l zo n e  
a lo n g  th e  la te r a l a n d  o lfa c to ry  v e n t r ic le s .  In  c o n t ra s t ,  e rb B З  e x p r e s s io n  
is  n o ta b le  in  w h ite  m a t te r  th r o u g h o u t  th e  b ra in ,  in d ic a t in g  g l i a l  
e x p r e s s io n ,  a n d  is  h ig h  in  th e  e p e n d y m a  o f th e  lo w e r  h a lf  o f  th e  t h i r d  
v e n t r ic le .  T h e s e  re s u lts  d e m o n s tra te  t h a t  e x p r e s s io n  o f  e rb B З  a n d  e rb B 4  
re c e p to rs  is  w id e -s p re a d  in  th e  a d u lt  ra t  b ra in ,  a n d  s u g g e s t  a  fu n c t io n  o f  
n e u re g u lin s  in to  a d u lth o o d .  T h e  p re s e n c e  o f  in te n s e  e r b B 4  e x p r e s s io n  in  
th e  s u b e p e n d y m a l z o n e  th a t  is  m ¡ to t ic a lly  a c t iv e  in  a d u lts  s u g g e s ts  a  r o le  
f o r  n e u re g u lin s  in  a d u lt  c e l l  p r o l i fe r a t io n .  (S u p p o r te d  in  p a r t  b y  U S P H S  
G r a n ts  N S 2 6 4 7 3  a n d  N S 2 0 7 0 2 1).
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161.15

R E G U L A T IO N  O F  M IC E  B R A IN  N A D P H -D IA P H O R A S E /N IT R IC  O X ID E  
S Y N T H A S E  A F T E R  C H R O N IC  L -N O A R G  T R E A T M E N T .
E . A . D e l B e l, a n d  F . S . G u im a гã e s * . D e p ts . o f  P h y s io lo g y , F O R P , a n d  
^ P h a rm a c o lo g y , F M R P , C a m p u s  U S P , R ib e irã o  P re to , S P , 1 4 0 4 9 -9 0 0 , B ra z il.

N G-n it ro -L -a гg in in e  (L -N O A R G ), an  in h ib ito r  o f  n it r ic  o x id e  s y n th a s e , 
in d u c e s  c a ta le p s y  in  m ic e  d o s e -d e p e n d e n tly . T h is  e ffe c t, h o w e v e r, s u ffe rs  
ra p id  to le ra n c e , s h o w in g  a s ig n if ic a n t d e c re a s e  a f te r  tw o  d a y s  o f  c h ro n ic  
tre a tm e n t.  T h e  o b je c t iv e  o f  th e  p re s e n t s tu d y  w a s  to  v e r ify  i f  h a lo p e r id o l-  
in d u c e d  c a ta le p s y  w o u ld  a ls o  b e  in f lu e n c e d  b y  c h ro n ic  L -N O A R G  tre a tm e n t.  
In a d d it io n , N A D P H -d ia p h o ra s e  h is to c h e m is try  w a s  e m p lo y e d  a s  a 
v is u a liz a t io n  p ro c e d u re  fo r  n it r ic  o x id e  s y n th a s e  to  in v e s t ig a te  th e  c e llu la r  
p a tte rn s  o f  th e  e n z y m e  e x p re s s io n  in  n e u ro n a l c e lls  a fte r  c h ro n ic  L -N O A R G  
tre a tm e n t.  C a ta le p s y  w a s  e v a lu a te d  b y  p la c in g  m a le  a lb in o ¯ S w is s  m ic e  w ith  
b o th  fo re le g s  o v e r  a  h o r iz o n ta l g la s s  b a r  0 .5  c m  in  d ia m e te r ,  4 .5  c m  h ig h , 
a n d  re c o rd in g  th e  t im e  th e  a n im a ls  m a in ta in e d  th is  p o s it io n  fo r  u p  to  3 0 0  se c . 
C a ta le p s y  in d u c e d  b y  h a lo p e r id o l (1 m g  kg-1  i.p .) ,  w a s  re d u c e d  b y  L -N O A R G  
c h ro n ic  t re a tm e n t (4 0  m g  kg -1 , i.p .,  tw ic e  a d a y  fo r  4  d a y s ) . N A D P H - 
d ia p h o ra s e  h is to c h e m is try  (4 -6  a n im a ls  p e r  g ro u p )  re v e a le d  an  in c re a s e d  
n u m b e r  o f  N A D P H -d ia p h o ra s e  p o s it iv e  c e lls  in  n u c le u s  c a u d a te , a c c u m b e n s  
a n d  te g m e n ta l p e d u n c u lu s  p o n t¡n u s  n u c le u s . In  c o n tra s t, th e re  w a s  a 
d e c re a s e  in  N A D P H -d ia p h o ra s e  n e u ro n  n u m b e r  in  th e  s u b s ta n tia  n ig ra , p a rs  
c o m p a c ta . T h e  re s u lts  s u p p o r t th e  h y p o th e s is  th a t  N O  p la y s  a ro le  in  m o to r  
b e h a v io r  c o n tro l a n d  s u g g e s t th a t  it  m a y  ta k e  p a r t in  th e  n e u ro a d a p ta tio n  th a t 
d e v e lo p s  d u r in g  c h ro n ic  n e u ro le p t ic  tre a tm e n t.
R e s e a rc h  s u p p o r te d  b y  F A P E S P  a n d  C N P q .

161.17

TW O  D IFFERENT ERK M O DU LES C R IT IC A LLY  CO N TR O L 
IM M EDIATE EARLY GENE INDUC TIO N ON CO R TIC O -S TR IA TA L 
STIM ULATIO N. J .Caboche2. V. S αam bato2. C. P ages2. M. Roαard2. B. 
Z a lc1* and M.J. Besson*. *INSERM U495, Hal de la S a lpétriè re , PARIS, 
2Lab. Neuroch¡m ie-Anatom ie, IDN-UM R 7624, Univ. P.et M. Curie, 
75005 Paris, France.

A ctiv ity-dependent changes in neuronal s tructure  and synaptic 
remodeling depend critica lly on gene regulation. In an a ttem pt to 
understand how glutam ate receptor stim ula tion at the  m em brane leads 
to gene regulation in the nucleus, we traced in trace llu la r s ignaling 
networks targeting DNA regula tory e lem ents of im m edia te  early genes 
(lEG s) in an in vivo  model of e lectrical s tim ula tion of the  g lutam aterg ic 
co rtico-stria tal pathway. W e  show  that a trans ien t activation of 
Extrace llu lar s¡gnal-Regulated K inase (ERK) pro te ins (detected by 
im m unocytochem istry using anti-active  antibod ies) is spatia lly  co incident 
w ith the onset of lEGs induction (c -fos, z if  268, M ap Kinase 
Phosphatase-1 (M KP-1) detected by in  s itu  hybrid ization) in the  striatum , 
bilaterally. Both Elk-1 and CREB transcription facto rs  (targeting SRE and 
CRE DNA regula tory e lem ents, respective ly) were hyperphosphoryla ted  
in register with ERK activation and lEG s r∩RNA induction. However, the ir 
hyperphosphoryla tion occured in d iffe ren t subce llu la r com partm ents : the 
cytoplasm  and the nucleus fo r Elk-1 and the nucleus fo r CREB. The 
critical role of ERK signaling cascade in gene regula tion was confirm ed 
after intrastr¡atal and unilateral in jection of the specific  ERK inhibitor, PD 
98059, which com plete ly  abo lished c -fos, z if  268  and MKP-1 mRNA 
induction in the in jected side. Of interest, both Elk-1 and CREB 
hyperphosphorylation was also im paired a fte r PD 98059 in jection.

This w ork was supported by CNRS, B iom ed P rogram  (PL962215), 
Institut Lilly and M inistère de ΓEducation Nat¡onale et de I’Ense ignem ent 
Supérieur.

161.19
REGULATION OF DARPP-32 EXPRESSION BY RETINOIC ACID IN STRIATAL 
CELL CULTURES. F.-C. Liu12*, H.-F. Wang1, T.-W. Wang1, A.M. Graybiel3. 'institute 
of Neurosci. and 2Dept. of Life Science, National Yang-Ming Univ., Taipei, Taiwan 
11221, R.O.C.; 3Dept. of Brain and Cognitive Sciences, MIT, Cambridge, M A 02139.

Retinoic acid (RA) plays an important role in morphogenesis and pattern formation in 
vertebrate development. RAhas been shown to be capable of transforming the identity of 
rhombomeres in the hindbrain. However, little is known about its potential role in the 
development of mammalian forebrain. In the present study, we set out to determine 
whether RA can influence neural development in the striatum, a major structure in the 
ventral forebrain. We cultivated dissociated striatal cells derived from E l5 lateral 
gangliomc eminence (striatal pnmordiшn) in chemically defined medium. Cells were 
plated at density of 60.000 cells/sq cm, and were treated with all-trans RA or 9-cis RA 
for 5 days. Neither all-trans nor 9-cis RA (1 µM) affected striatal cell survival, as the 
total cell numbers in the vehicle-ffeated cultures did not differ significantly from those of 
RA-treated cultures. Immunostaining for dopamine and adenosine 3’ :5- 
monophosphate-regulated phosphoprotein (DARPP-32), a molecule enriched in the 
striatum, showed that the level of DARPP-32 expression was heterogeneous. In vehicle- 
ưeated cultures, the majority of DARPP-32-immunoreactive cells were weakly-stained 
(ca. 44.9% of total cells). Strongly DARPP-32-immunoreactive cells represented only ca. 
0.7% of total cells in the vehicle-ưeated group. Regardless the staining intensity, the 
total numbers of DARPP-32-positive cells were not statistically different between the 
vehicle- and RA-treated cultures. However, both all-trans and 9-as  RA strikingly 
increased (by ca. I2-ſold) the numbers of strongly DARPP-32-positive cells. Thus, RA 
selectively up-regulates DARPP-32 in a subpopulation of developing striatal cells. Given 
that RA signaling molecules are enriched in the developing striatum, our findings 
suggest that RA may play a key role in regulating differentiation of striatal phenotype. 
We thank Dr. J.F. Grippo for providing 9-as  RA. Supported by National Health 
Research Institutes grant DOH87-HR-736, Taiwan, R.O.C., and NIH 1 01 HD2834í

161.16

EXERCISE-INDUCED CHANGES IN  NEUROPEPTIDE mRNA 
EXPRESSION IN  TH E STR IATU M . Ĵ,L. Labandeira-Garcfa*. I. Liste. A. 
Muñoz. J. Rodrfguez. H.J. Caruncho and M.J. Guerra. Dept, of 
Morphological Sciences, Un iv, o f Santiago, Galicia, Spain.

A  number o f drugs, lesions, or electrical stimulations have been shown to 
induce changes in enkephalin and substance P gene expression in striatal 
neurons. In this work, these changes have been studied in rats by in situ 
hibrydization after a physiological stimulation (i.e. motor activity: treadmill 
running at 36 m/m¡n fo r 20 min). Two hours after running, striata showed 
a significant increase in the level o f pгeproenkephalin (PPE) and 
prepгotachykinin (PPT) mRNA expression. The exercise-induced increase 
PPE mRNA expression was prevented by pretreatment w ith the non
competitive N-methy-D-aspartate (N M D A ) glutamate receptor antagonist 
MK-801 (0.1 mg/kg), and enhanced by the D 2 receptor antagonist eticlopride 
(0.5 mg/kg), or 6 -O H DA lesion o f the dopaminergic (D A) afferents. The 
exercise-induced increase in PPT mRNA expression was prevented by 
pretreatment w ith MK-801, or the D, receptor antagonist SCH-23390 (0.1 
mg/kg). The results suggest that during treadmill running corticostriatal 
glutamatergic afferents increase enkephalin and substance P expression in the 
striatum, and DA input constitutes a regulatory component that increases the 
level o f substance P m RNA and decreases the level o f enkephalin mRNA. 
The level o f enkephalin and substance P has usually been considered as an 
index o f the activity o f the striatofugal neurons that form  the indirect and the 
direct pathway, respectively.
Supported by Spanish C IC Y T and XU G A .

161.18
NEUROTROPHIC FACTORS ARE EXPRESSED BY DISCRETE POPULATIONS 
OF STRIATAL INTERNEURONS J.L. Bizon'*. J. C. Lauterhorn2. and C. M. Gallic 
Depts. of 'Psychobiology, and 2Anat. &  Neurobiol., Univ, of CA, Irvine, CA 92697 

In situ hybridization was used to identify the neurotransmitter phenotypes 
o f acidic fibroblast growth factor (aFGF), glia l cell-line derived neurotrophic 
factor (GDNF), and nerve growth factor (NGF) expressing cells in adult rat 
striatum. Tissue from naive or colchicine-infused rats were cohybridized with 
a 35S-labeled trophic factor cRN A and either digoxigenin-labeled (DIG) 
glutamate decarboxylase (GAD67) or choline acetyltransferase (CҺAT) 
cRNAs to identify G ABA erg ic or cholinergic interneurons, respectively. 
A lthough NGF always was coexpressed w ith  GAD67 and never CҺAT 
m RN A, aFGF and GDNF mRNAs were partia lly  colocalized w ith both 
phenotypic markers. In dorsal striatum o f naive rats, 73% o f aFGF+ and 
G DNF+ cells coexpressed CҺAT m RN A whereas in ventral striatum only 
44% o f aFGF-t- and 57% o f GDNF+ cells were CҺAT+. Conversely, 32% of 
aFGF+ and 24% o f GDNF+ cells in dorsal striatum and 55% o f aFGF+ and 
27% o f G DNF+ cells in ventral striatum coexpressed GAD67 m RNA. To 
further assess aFGF and NGF expression in subpopulations o f GABAergic 
intemeurons, these cRNAs were combined w ith those fo r either parvalbumin 
(PAR V) or somatostatin (SOM). O f aFGF-i- cells, 31% and 53% were 
PARV+ in dorsal and ventral striatum, respectively, thereby accounting for 
the large majority o f noncholinergic aFGF+ cells. A t one day post-colchicine, 
50% o f all NGF+ cells were PA R V + but NGF and SOM were never 
colocalized. The extent o f overlap between expression o f these three trophic 
factors was examined. O f aFGF+ cells, 20% and 41% were NGF+ and 67% 
and 83% were GDNF+, in dorsal and ventral striatum, respectively. These 
findings demonstrate that aFGF, GDNF and NGF are synthesized by discrete 
populations o f striatal interneurons and that certain o f these factors are 
coexpressed by the same cells. The capacity to express these putative survival 
factors may contribute to the known resistance o f striatal interneurons to a 
variety o f insults including excitotoxicity. (Support: AG00538 &  F3l MH11142)

161.20
INDUCTION OF C-FOS, SUBSTANCE P AND ENKEPHALIN mRNA IN RAT 
PIRIFORM CORTEX AND VENTRAL STRIATUM BY ORBITAL CORTEX 
STIMULATION. Robert F. Ackemann1*, George Kemp1, Susan E. 
Bachus2, and ~Lewis R. Baxter1, d e p a r tm e n t  o f  P s y c h ia tr y  
and B e h a v io r a l N e u r o b io lo g y , UAB S c h o o l o f  M ed ic in e , 
Birm ingham  AL 35294; and 2C l i n i c a l  B r a in  D is o r d e r s  Branch, 
NIMH a t  S t .  E l i z a b e th s , W ash ing ton  D .C. 20032 .

Human PET radiolabeled deoxyglucose (DG) studies of obsessive-compulsive 
disorder (OCD) have consistently revealed hypermetabolism in orbital cortex and 
striatum, which normalizes upon effective drug or behavior-modification treatment. 
Thus, we and others hypothesized that in OCD there is hyperactivity of the “direct” 
striatal output pathway relative to that o f the “ indirect”  striatal output pathway, and 
such striatal output imbalance acts to release reverberatory thalamo-cortical activity 
that underlies the repetition of thoughts (obsessions) and behaviors (compulsions).
We subsequently demonstrated that electrical stimulation of rat orbital cortex mark
edly increases DG utilization in the striatum and “ direct”  efferent pathway structures 
(entopeduncular nucleus, substantia nigra reticulata), but simultaneously decreases 
utilization in a pivotal “ indirect”  pathway structure (globus pallidus). Here, we repli
cated those DG results, and additionally used autoradiographic and digoxigenín in situ 
hybridization techniques to visualize c-fos, substance P (SUB P), and enkephalin 
(ENK) mRNA induction by orbital cortex stimulation. The resulting images revealed 
prominent c-fos induction in ipsilateral piriform cortex, and striatum; robust SUB P 
induction in ipsilateral ventral striatum (particularly olfactory tubercle); and discern
ible ENK induction in both ipsilateral piriform cortex and ventral striatum. Striatal 
SUB P and ENK neurons are known to inneivate downstream basal ganglia structures 
via the “ direct”  and “ indirect”  efferent pathways, respectively. In these experiments, 
both SUB P and ENK neurons were affected by electrical orbital cortex stimulation. 
Supported by Kathy Ireland Chair, Mr. and Mrs. B. Harvey, and Mr. and Mrs. A. Levinson. 
S.E.B. supported by NARSAD.
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162.1
EXAMINING SEX DIFFERENCES IN MOTION SICKNESS  
SUSCEPTIBILITY. K.-P. Ossenkopp* and R. L. Ladowskv. Neuroscience 
Program and Dept, of Psychology, University of Western Ontario, London, 
Ontario, CANADA N 6A 5C2

We examined a possible sex difference in motion sickness susceptibility (MSS) 
by assessing MSS self ratings (SR), MSS questionnaire scores (QS), and 
responding to provocative vestibular stimulation (PVS). In study 1 we found 
significantly (ps < .001) greater MSS, both in the SR and QS measures, in 
undergraduate females (n=243) relative to males (n=l78). In study 2 
undergraduate female (n=ЗO) and male (n=ЗO) volunteers provided SR and QS 
data and were then tested with PVS which consisted o f rotation about the vertical 
axis while seated on a chair and engaging in side to side head movements. All 
MSS variables showed significant positive intercorrelations in both sexes. 
However, no significant sex differences were obtained on any o f the measures 
in study 2. In a final study SR and QS MSS were significantly greater in 
undergraduate females (n=l 14) relative to males (n=5O). When subjects were 
then asked if they would volunteer for a subsequent study involving either a 
verbal learning task or PVS-induced MSS assessment, females volunteered 
significantly more often for the verbal learning (64%) compared to the PVS 
study (30%), whereas males showed no significant choice bias (53% vs 43%, 
respectively). Female and male SR and QS, for subjects volunteering for the PVS 
study, did not differ significantly. Thus, the failure to observe a sex difference 
in the PVS study likely resulted from a self selection bias in volunteering and, 
on the basis of MSS assessment with SR and QS, one might expect to find a sex 
difference in PVS-induced motion sickness in subjects randomly chosen from the 
general population. (Supported by NSERC)

162.3
15 THE OTOLITH ROLL TILT SENSITIVITY ASYMMETRIC? 
CRITICAL EXPERIMENTS IN HEALTHY SUBJECTS AND 
NEURECTOMIZED PATIENTS. F. Mast1* and A Böhm er. 'Dept, of 
Psychology, Univ, of Zürich; 8032 Zürich/Switzerland; 2Dept. of  
Otorhinolaryngology, University Hospital, 8091 Zürich/Switzerland

In the absence of visual cues, the perception of the vertical is 
dependent on extraretinal references which are primarily mediated by 
the gravity-receptive otolith organs in the inner ear. The present set of 
experiments, using a human centrifuge, allows to uncouple the direction 
of the gravito-inertial force acting on the left and right otolith organs. 
During constant angular rotation (240º/sec), the head’s z-axis was 
oriented 4 cm (in line with left or right otolith organs), 8 cm, 12 cm and
16 cm leftward and rightward respective to the axis of rotation thus 
inducing roll tilt stimulation differences of 8° between the two inner 
ears. The subjects were instructed to adjust a luminous indicator 
apparently vertical. When the axis of rotation was in the midsagittal 
plane (0 cm), the adjustments of healthy subjects (n=2 l)  did not differ 
from stationary precentrifugation values. Patients (n=Ю) with a chronic 
loss of unilateral otolith function reached stationary precentrifugation 
values when the axis of rotation was 5.9 ± 2.5 cm paramedian toward 
the intact side. The determination of this "center of graviception" may 
serve as a clinically consistent test for the assessment of a chronic loss o f  
unilateral otolith function. The extended range of test-positions (16 cm 
left to 16 cm right) did not reveal perceptual asymmetries that could 
possibly reflect an imbalance of otolith-receptive direction specificity in 
the remaining organ. Based on these results, the relation between otolith 
physiology and the perception of orientation is discussed with regard to 
a model of otolith stimulation determining the subjective visual vertical.

162.5
STABILIZATION OF GAZE WHEN TURNING CORNERS DURING 
OVERGROUND WALKING, T.Imai. E.Hiгasa⅛i. S.Moore. T Raphan, B.Cohen*. Dept 
Neurol., M l Sinai Sch. Med, New Yoik, NY 10029 & CIS, Brooklyn College, CUNY.

In this study, we measured head, eye, and trunk movements o f 4 young healthy 
volunteers (3 males and 1 female; mean age 31 years), while they turned comers 
during overground walking. Subjects walked straight for 2 m, and turned in a 90° arc 
with a 50 or a 200 cm radius to the right and then walked straight for 2 m  They 
walked at a moderate ( l .2- l .8 m/s) or slow walking velocity (< l .2 m/s), but stride 
length and stepping frequency were individually determined. The duration of the turns 
ranged from 1-2 s. Head and body (trunk) position in space were measured with a 
video-based motion analysis system (OPTOTRACK 3020, Northern Digital Inc). 
Horizontal and vertical eye movements were recorded with a video pupil tracker 
(ISCAN). We calculated slow phase eye velocity in the head, head and body velocity 
in space, gaze velocity in space and the horizontal component o f VOR gain (hor. eye 
velocity in head⁄ hor. head velocity in space). When the turning radius was 50 cm 
during moderate walking, angular head velocity rose to a peak over 0.75 s and 
declined over about 0.25 s. Maximum head velocity was ~100-150o/s, average head 
acceleration ~200º/s2, and deceleration ~600º/s2. Frequencies o f head velocity ranged 
up to 3 Hz. Maximum centripetal acceleration was 0.4 g, which tilted the gravito- 
inertial acceleration vector (GIA) 21° with regard to the head. This caused a head roll 
of ~2º. When the radius was 200 cm during moderate walking, maximum head 
velocity and acceleration o f the head was lower, but there was still rapid deceleration. 
Maximum centripetal acceleration was 0.3 g, which tilted the GIA ~I7° with regard to 
the head. When subjects walked in light, gaze was stable during the slow phases and 
jumped forward in saccadic fashion during the quick phases. The gain of gaze was 
close to unity in all situations. Gaze gains were lower during turning in darkness and 
varied between 0.6 and 0.8. The magnitude and frequency o f the linear and angular 
accelerations experienced during turning are sufficient to activate both the IVOR and 
aVOR, which together with vision maintain gaze stability.
SUPPORT: DC03284, EY01867, NSBRI (NASA), NY State Heat Grant

162.2
EFFECTS OF ELECTRICAL STIM ULATIO N TO  THE MASTO ID PROCESS 
ON THE G ASTRIC M O TILITY INDUC ED BY CALORIC STIMULATION IN 
NO RM AL ADULTS. B.R. Park*. M.S. Kim, M.Y. Lee, S.H. Lee. K.H. Baek. 
Dept o f Physiology, W onkwang Univ. Sch. o f Med. and MRRC o f W onkwang 
Univ., Iksan 570-749, Korea

To evaluate  the e ffects o f e lectrical stim ulation on the vestibuloautonom ic 
sym ptom s induced by ca loric stim ulation, such as nausea and vomiting, we 
m easured changes o f gastric motility w ith e lectrogastrogгaphy (EGG) in 20 
vo lunteers (male: 11, fem ale: 9) aged 20-30 (average: 25.4) years old. 
E lectrical stimulation with 1 .0 -3 .0  mA, 1.0 ms, 100 Hz was applied using a 
b ipo lar-b iaural method during ca loric stim ulation. Frequency o f EGG was 
analyzed; normal with 3 cpm, bradygastria with lower than 3 cpm. and 
tachygastria with h igher than 3 cpm. In contro l w ithout stimulation, 
percentage o f 3 cpm was 78.7±3.7% , bradygastria 5.0±1 1%. and 
tachygastria I6 .4±3 .7% . Caloric stim ulation w ith warm  water to unilateral ear 
and cold w ater to contra lateral ear elicited the vestibu loautonom ic symptoms, 
accom panying decrease in percentage o f 3 cpm (57.7±4.6% , p<0.01) and 
increase in percentage o f tachygastria (34.8±4.8% , p<0.01) comparing with 
contro l. And cathodal stim ulation to the m astoid process ipsilateral to cold 
w ater irrigation during ca loric stim ulation restored to norm al pattern o f gastric 
motility w ith 3 cpm (7 7 .l± 5 .3 % ) and tachygastria (1Э.З±4.7%) observed in 
control, and relieved nausea, vom iting, vertigo. The present results suggest 
tha t cathodal stim ulation to the inhibited vestibu lar system ameliorates the 
vestibu la r sym ptom s induced by ca loric stim ulation. This work was supported 
by KOSEF.

162.4
PERCEPTION OF TWO CONSECUTIVE WHOLE-BODY ROTATIONS AND 
THEIR CONCURRENT EYE MOVEMENTS
I. Sieeler*. I. Viaud-Delmon, I. Israel. A. Berthoz. LPPA, CNRS-Collège de France,
11 pi M.Berthelot, 75005 PARIS, France

The main aim of this study was to examine how post-rotatory (p-r) effects, induced 
by passive whole-body rotations in darkness, could alter the perception and eye 
movements during a subsequent rotation. Perception of angles was estimated in a 
reproduction task: blindfolded subjects were asked to reproduce the angle of a 
rotation they were first submitted to, by controlling the chair with a joystick. 
Stimulus rotations, ranging from 80° to 340°, were imposed about the earth-vertical 
axis. Subjects were given two delay instructions: after the stimulus, they either had 
to wait the end of p-r sensations before starting reproduction (FD), or to start 
immediately (ND). The delay in FD was used as an incidental measure of the 
subjective duration o f those sensations.

Results showed that, in FD, the measured delay was related to the modeled 
labyrinthine output. In both conditions, subjects were good at reproducing angles, 
though they did not reproduce the stimulus dynamics. Peak velocities reached in ND 
were higher than in FD. Ocular characteristics (variability in nystagmus occurrence, 
gain of the vestibulo-ocular reflex, post-rotatory nystagmus) did not exhibit any 
difference between FD and ND.

Results suggest that 1) p-r effects induced a bias in the perception of angular 
velocity, but no change in ocular reflexes, and consequently that 2) there is a 
dissociation between vestibular induced eye movement characteristics and vestibular 
perception.

This work was supported by HFSP: RG7l/96B

162.6
STATIC OCULAR COUNTERROLL AFTER UNILATERAL VESTIBULAR 
NEURITIS. A. Schmid-Priscoveanu1*. D. Straumann1. A, Bŏhmer2. H Ohzi∩a1 
Dpts. o f ’Neurology and Юtoгhinolaryngology, Univ Hospital Zurich, Switzerland.

Otolith function is usually not assessed during standard vestibular testing. We 
asked whether a subgroup o f patients several months after unilateral vestibular 
neuritis shows a significant asymmetry o f their static torsional eye response at 
different roll head positions.

15 patients were tested. The testing battery included Hindus photography o f both 
eyes with the head upright, and dual search coil eye-head-recordings in a three-field 
magnetic frame, with one dual search coil on the right eye and the other on the 
forehead, the following stimuli were given: ( I)  Head impulses about the vertical, 
horizontal and torsional axes. (2) Static roll positions o f the head up to 20° right- 
and left-ear-down by movement o f the neck. Results were compared with a group o f 
10 healthy subjects.

86% o f the patients had a decreased gain o f the vestibulo-ocular reflex in response 
to horizontal head impulses to the pathological side In all the patients, no significant 
asymmetiy o f static counterroll between 20° right- and left-ear-down head roll 
positions could be found. 33% o f the patients, however, showed a significant 
cyclorotation in fundus photography with the head upright (cyclorotation to the 
pathological side). The absence o f significant asymmetries o f static ocular 
counterroll might be a result o f ( 1) multidirectional sensitivity o f the otolithic organ 
on the unaffected side, (2) spared otolithic function on the affected side, (3) central 
compensation, (4) compensation by the way o f proprioceptive neck afferents

Supported by Swiss National Science Foundation 3231-051938.97.
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162.7
ANXIETY AND INTEGRATION OF VISUAL-VESTIBULAR INFORMATION 
STUDIED WITH VIRTUAL REALITY. I. Viaud-Delmon1’2* Y.P. Ivanenko2. R  
Jouvenť, A. Berthoz2. 'CNRS UMR 7593, Hôpital de la Salpêtrière, 2LPPA, CNRS- 
Collèġe de France, 75005 Paris, France

The aim of this study was to investigate the role o f anxiety in the adaptation of the 
vestibular system to a conflictual visual-vestibular stimulation (W S ). Twenty four 
healthy volunteers contrasted according to their level of anxiety constituted two 
groups o f anxious and non anxious subjects.

Vestibular perception was first assessed by administrating whole-body rotations in 
horizontal plane to blindfolded subjects. They were seated on a rotating chair and 
were asked to use an angular pointer to indicate the perceived angle.

The subjects were then immersed into the centre of a virtual visual square room by 
means of a head mounted display. They were asked to control the rotating chair with 
a joystick in order to perform 90° rotations in the virtual room. However, a gain (0.5) 
was introduced between visual scene and chair rotation so that the subjects were 
submitted to a conflictual situation in which the 90° rotational visual input was 
concurrent with a 180° vestibular input. After 45 minutes of training with the virtual 
reality display, subjects were tested again in total darkness in order to determine 
whether their vestibular system had been reset by false visual signals.

During W S  none of the subjects mentioned any conflict or incoherence despite a 
two-fold difference in the magnitude of visual and vestibular stimulation. After W S , 
we found significant difference in the amount of decrease of vestibular perception 
between the two groups as well as between males and females. The anxious group 
demonstrated larger adaptation than the non anxious one. Our results suggest easier 
transfer from one sensory modality to the other in anxious trait individuals for 
perceptual tasks involving spatial orientation. This might be important for 
understanding the mechanisms underlying pathological anxiety and particularly 
agoraphobia.

Supported by GIS-Sciences de la Cognition and SmithKline Beecham.

162.9
AXIAL SOMATO-OCULAR RESPONSE IN NORMAL AND LABYRINTHINE- 
DEFECTIVE SUBJECTS Y.P. Ivanenko1'3*. I. Viaud-Delmon1. A. Sémonť. V S, 
Gurfinkel3, A. Berthoz1. 'LPPA, CNRS-Collège de France, Paris, France; 2Clinique 
des Soeurs Augυstines, Paris, France; institute for Information Transmission 
Problems, RAS, Moscow, Russia.
The aim of this study was to examine whether the chronic loss of vestibular function 
modifies perceptual and oculomotor responses during changes in body configuration. 
Subjects were 4 patients with complete vestibular loss (LD) and 6 healthy volunteers. 
Stimuli consisted of sinusoidal chair rotations (±30°). We used two conditions: space 
stationary head (neck stimulation) and space stationary shoulders and head (torso 
stimulation). In each of these conditions two velocities were applied: slow sinusoidal 
chair rotations (T=9O s) and fast sinusoidal chair rotations (T=l() s).

Eye movements were similar during neck and torso stimulation. During very slow 
chair rotations (T=9O s) all subjects perceived an illusory head rotation in space. In 
these conditions there was no significant difference in eye movements between 
normal and LD subjects. During higher velocity chair rotations (T=l() s). LD 
subjects had larger eye deviations and larger gain of slow phase of eye movements 
than normals. In these conditions most patients perceived an illusory head rotation in 
space while normal subjects mainly perceived their head as stationary in space.

The proprioceptive messages originating in the neck and torso muscles seem to be 
processed together to control both eye movements and the perception of head 
orientation in space. The results suggest that 1) the well-known cervico-ocular 
response can be considered as a special case of axial somato-ocular response. 2) the 
chronic loss of vestibular function modifies the representation of body segment 
motion relative to space, and 3) perception of head motion in space might explain 
the enhancement of “ compensatory” slow phase of eye movements in LD subjects.

Supported by RFBR/INTAS #95-1327.

162.11
HUMAN VESTIBULO-OCULAR REFLEX DURING LOW FREQUENCY 
TRANSLATION. Y. Wada, H.C. Goltz*, S.H, Seidman, G.D. Paige, Department of 
Neurology and Center for Visual Science, U. o f Rochester, Rochester, NY 14642 

The otolith organs transduce linear accelerations, but cannot distinguish those 
due to tilt relative to gravity from translation. Different ocular and postural 
responses are required to compensate for these two types o f stimuli. It is thought 
that the brain discriminates them by parsing otolith input into low-frequency 
information indicating tilt, and high-frequency input implying translation. We 
recorded binocular horizontal and vertical ocular responses in 6 human subjects 
during 0.01-0.1 Hz head upright sinusoidal inter-aural (IA) and naso-occipital (NO) 
translations on an earth-horizontal linear sled. The sled rotated at a constant 
velocity of l6 lº/s  during linear oscillations, thereby producing peak accelerations 
o f O.4g. Ocular responses (saccades removed) were subjected to harmonic analysis. 
Compensatory horizontal responses to IA translation behaved with high-pass 
dynamics: sensitivities were highest at 0.1 Hz (mean=O.OO36º/cm), and declined 
progressively as frequency decreased. These responses were accompanied by phase 
leads that increased with decreasing frequency. Vertical responses to NO motion, 
presumably compensatory for effective pitch tilt, were analyzed as such, and 
displayed low-pass dynamics; gains were highest at 0,01 Hz (mean=0.27) and 
diminished as frequency increased, while phase was near zero at 0.01 Hz and 
showed increasing lag as frequency increased. Interestingly, subjects also showed a 
disconjugate vertical response during IA trials (max. ~ l.6º = gain: 0.08), with 
relative elevation o f the eye on the side o f the “ tilt” , resembling the "ocular tilt 
reaction." These results are consistent with frequency parsing o f otolith inputs 
during linear accelerations, as demonstrated previously in the monkey.

Supported by NIH grants DC01935, RRO9283 and EY07125

162.8
VESTIBULAR SACCADES IN  LA B Y R IN TH IN E  DEFICIENCY AND 
CEREBELLER DYSFUNCTION. J.-R. Tian*. B.T. Crane and J. L. Demer. Dept, of 
Ophthalmology &  Jules Stein Eye Institute, UCLA, Los Angeles, CA 90095.

Saccades cued by the vestibular system can supplement slow phase eye movements 
to stabilize gaze during head rotation. We delivered random steps of 1,000 and 2,8OÔ 
deg/s·2 acceleration around four different eccentric vertical axes to study the initial VOR 
in 11 normal subjects, 8 subjects with unilateral vestibular deafferentation, and 11 
subjects with cerebellar dysfunction. Eye and head movements were sampled at 1,200 
Hz using magnetic search coils. Subjects fixed targets at either 500 or 15 cm distant 
immediately before unpredictable onset o f rotation in darkness. Under all testing 
conditions, normal subjects exhibited only compensatory vestibular slow phases with 
gain (eye vel./head vel.) averaging 0.92 ± 0.17 (mean ± SD). This behavior was also 
typical of unilaterally vestibulopathic subjects rotated contralesionally. When rotated 
toward the lesioned side, vestibulopathic subjects had slow phase VOR gain reduced to 
0.32 ± 0.18; 5 o f the 8 exhibited saccades in the compensatory direction that we term 
catch-up vestibular saccades (CUVS) augmenting deficient VOR slow phases. CUVS 
had a latency distribution peak (60-100 ms) shorter than classical express saccades (90- 
130 ms), but an amplitude-velocity relationship slightly slower than that of visually- 
guided saccades. The amplitude of CUVS was highly coưelated with gaze position error 
(R=0.74, P<0.001). Subjects with cerebellar dysfunction had bidirectionally variable 
slow phase VOR gain ranging from 0 - 1.67 (0.52 ± 0.28) and exhibited both CUVS 
and anticompensatory saccades. General features o f CUVS were similar in both patient 
groups, but CUVS from subjects with cerebellar dysfunction had a second latency 
distribution peak (130-160 ms). While no combination o f rotation axis and target 
distance was particularly favorable for evoking vestibular saccades, they were more 
common at the higher head acceleration in both patient groups.

We conclude that vestibularly-triggeređ sacfcades can supplement the deficient VOR 
slow phase to stabilize gaze in labyrinthine deficiency and in cerebellar dysfunction 
when slow phase VOR gain is decreased.

Grant support from NIDCD DCO2952, MSTP, and RPB.

162.10
PERCEPTION OF TRANSLATIONAL MOTION IN THE ABSENCE OF NON- 
OTOLITH CUES. S.H. Seidman*1, G. Bush2’3, G.D. Paige1, and D.L. Tomko3, 'Dept 
Neurol, and the Ctr. Vis. Set., U. of Rochester, Rochester, NY 14642, ^Lockheed 
Martin Eng&Sci and the 3Grav. Res. Br., Ames Res. Ctr., Moffett Field, CA, 94035.

The otolith organs transduce linear accelerations o f the head, encountered during 
both head translation and tilt relative to gravity. This inherent ambiguity is thought to 
be partially resolved through a central frequency-parsing mechanism in which high- 
frequency input is interpreted as translation, and low frequency as tilt. Unlike ocular 
motor reflexes, perceptions o f tilt and translation have proven variable and inconsistent 
in their dynamics. One possible explanation for this inconsistency is the presence of 
vibratory and other non-otolith cues that might be interpreted as translation.

This study reevaluated the perception o f translation in human subjects, specifically 
focusing on vestibular (otolith) influences by nearly eliminating other sensory cues 
through the use o f a noiseless and vibrationless linear sled riding on air bearings. A 
bungee mechanism provided transient accelerations of up to 350cm/s2 (O.35G) along 
the inter-aural axis, generating approximately trapezoidal velocity profiles. Following 
initial launch, subjects traveled the available length o f the sled in darkness (~8.3m) at 
speeds exceeding 100cm/s, until decelerated and reversed by the bungee mechanism. 
Motion continued for -70s, with accelerations and velocities gradually decreasing 
(deceleration o f <lcm/s2 due to natural decay). During translation, subjects reported 
their perception of translational velocity using a spring-centered joystick.

Perception of translation was consistently transient (high-pass) in nature. Peak 
motion perception occuưed during the acceleration phases, and typically extinguished 
rapidly during constant velocity. Subjects often reported a reversal in perceived linear 
velocity that preceded the actual change in sled direction. Spectral analysis confirms 
the high-pass dynamics o f translation perception. These data are consistent with the 
frequency-parsing hypothesis, and demonstrate the need to eliminate vibratory and 
other somatic cues during psychophysical studies o f ưanslatюn. Finally, the 
integration of otolith input to yield linear velocity is very “ leaky”  at best, suggesting 
that “path integration” of otolith input during natural navigation is weak.
Supp by DC03365, and NASA ARC Life Sci Div. Task î 99-97-62-14

Society for Neuroscience, Volume 24 ,1998



SUNDAY PM OCULOMOTOR SYSTEM: SUPERIOR COLLICULUS 417

163.1
SUPERIOR COLLICULUS NEURONAL ACTIVITY IN MONKEYS DURING 
PRO- AND ANTI-SACCADE TASKS. S. Everlmg1*. M.C. Dorris1. R.M. Klein2, 
and D.P. Munoz1. 1 MRC Group in Sensory-Motor Neuroscience, Dept. 
Physiology, Queen's University, Kingston, Ont, Canada. 2Dept. Psychology, 
Dalhousie University, Halifax, NS, Canada

The anti-saccade task requires the suppression of a reflexive saccade to a 
peripheral visual stimulus (pro-saccade) and instead the generation o f a 
voluntary saccade to the opposite side (anti-saccade). To investigate how 
reflexive saccades are suppressed, we recorded from single neurons in the 
superior colliculus (SC) in two monkeys during a task with interleaved pro- and 
anti-saccade trials. On each trial, the color o f the initial fixation point (FP) 
instructed the monkey whether to generate a pro-saccade (red FP) or an anti- 
saccade (green FP) upon the presentation of a red peripheral visual stimulus 
which was randomly presented either into the optimal response field o f a neuron 
or on the opposite side o f the horizontal and vertical meridians. Many fixation 
neurons (FNs) had a higher tonic discharge rate during fixation on anti-saccade 
trials compared with pro-saccade trials. Saccade-related buildup neurons (BUNs) 
had reduced low-frequency discharge rate during fixation on anti-saccade trials 
compared with pro-saccade trials. The prestimulus discharge rate of BUNs was 
higher on anti-saccade trials when the monkeys failed to suppress a pro-saccade 
compared with coưect anti-saccades. These findings show task dependent 
fixation activity in the SC and suggest that an increased prestimulus excitability 
of saccade-related neurons leads to failures to suppress reflexive pro-saccades 
in the anti-saecade task. {Supported by the NSERC and MRC o f  Canada and the 
Deutsche Forschungsgemeinschaft, DFG Ev-32/1).

163.3
ELECTRICAL STIMULATION IN THE MONKEY SUPERIOR COLLICULUS 
ACTIVATES MUSCLES INVOLVED IN HORIZONTAL HEAD MOVEMENT. B. D. 
Cornell1*. E. O livier2. F.J. Richmond G.E. Loeb 1. D.P. Munoz 1. ' MRC Group in 
Sensory-Motor Neuroscience, Dept, o f Physiology, Queen’s University, Kingston, 
Canada, laboratory o f Neurophysiology, University o f Louvain, Brussels, Belgium.

To begin to understand the nature o f the neural commands responsible for head 
movements, we have recorded the EMG responses from neck muscles following 
electrical stimulation in the primate SC. EMG electrodes were chronically implanted in 
12 neck muscles, and the monkey was trained using standard oculomotor paradigms. SC 
stimulation in a head-restrained monkey (30 pulses, 300 Hz, 1.5 X threshold for eye 
saccades, 0.3 ms pulse width) evoked a short-latency (8-16 ms) facilitation on obliquus 
capitis inferior (OCI) and splenius capitis (SP) contralateral to the side of stimulation, and 
simultaneously a suppression of ipsilateral OCI and SP. This facilitation and suppression 
lasted for about 40 ms and was followed, 50-80 ms after stimulation onset, by a 
reciprocal pattern of suppression on the contralateral OCI and SP and a facilitation on the 
ipsilateral OCI and SP. These EMG responses could be elicited with a minimum of two 
stimulation pulses. The threshold current required to evoke EMG responses was less than 
the threshold for evoking eye saccades, and these EMG responses were evoked from 
most sites distributed throughout the rostral-caudal and medial-lateral extents of the SC. 
In contrast, SC stimulation did not evoke similar responses in muscles predicted to have 
a role in vertical head movements (rhomboideus, complexus, biventer cervicis and 
trapezius), even when the direction o f the evoked eye movement vector was 
predominantly vertical. These results demonstrate that the SC has short-latency and 
complex effects on the muscles controlling horizontal head movement.

E.O. was supported by a HFSP grant.

163.5
Characteristics o f  sm ooth  eye m ovem ents elicited by electrical
STIMULATION OF THE SUPERIOR COLLICULUS DEPEND ON DEPTH AND STIMULATION 
PARAMETERS IN THE CAT. A. Coimbra1. M. Missal1. P. Lefèvre'2, E. Olivier'*. 'Lab. o f 
Neurophysiology, UCL 5449, 1200 Brussels, ⅛ESAME, UCL, 1348 Louvain-la- 
Neuve, Belgium.

In head-fixed cats, saccades evoked by electrical stimulation of the Superior 
Colliculus (SC) are often followed by smooth eye movements (SEMs, Missal et al., 
1996) that resemble natural post-saccadic SEMs (Olivier et al., 1993; Missal et al.,
1993). However Breznen et al. (1996) suggested that SEMs evoked by SC 
stimulation could result from fusion o f small overlapping saccades due to high 
frequency and intensity stimulation. The aim o f this study was to reinvestigate the 
effect o f stimulation parameters, together with the depth, on the characteristics of SEMs.

Three cats were trained to perform a standard gap saccade task in head-fixed condition. 
During the gap, SC stimulation (400 ms train, 0.5 ms pulse duration) was delivered while 
randomly varying its frequency (200, 300,400, 600 Hz). In addition, for each track (n=39) 
at least 3 different sites at 500 µm intervals were studied. For each site, we determined the 
threshold (T) to evoke a saccade (400 ms train, 200 Hz). To compute eye velocity, 
particular attention was paid to digital filtering procedures.

In most cases, SC stimulation evoked either single or staircase saccades followed by or 
interleaved with SEMs. Even for the lowest stimulation strength there was no evidence that 
SEMs could be fused saccades. For a given site, SEM velocity varied with stimulation 
frequency. It was maximal either for 300 or 400 Hz and usually decreased for higher 
frequency. SEM characteristics also varied with stimulation depth. When a constant current 
(30 µA) was used, evoked SEMs were faster at sites with lower threshold for saccades.

The presence o f SEMs in between ‘steps’ o f electrically evoked staircase saccades 
definitively rules out the hypothesis that these slow movements could be fused saccades. 
This reinforces the hypothesis that the cat SC could also be implicated in the control of post- 
saccadic SEMs. In addition, the correlation between SEM velocity and saccade threshold 
suggests that the same collicular network could be involved in the generation of both types 
of movement.
Supported by FNRS, SSTC, ARC and FRSM  (Belgium); A.C. was supported by CNPq (Brazil).

163.2
NEURAL CORRELATE OF INHIBITION OF RETURN (IOR): VISUAL 
AND MOTOR PREPARATORY SIGNALS IN THE MONKEY SUPERIOR 
COLLICULUS (SC). M.C. Dorris*1. S. Everting1. R. Klein 2. D.P. Munoz '. 
'MRC Group in Sensory-Motor Neuroscience, Dept. Physiology, Queen’s 
Univ., Kingston, ON, CANADA; 2Dept. Psychology, Dalhousie Univ., 
Halifax, NS, CANADA.

Monkeys were trained on two paradigms in which visual stimuli were 
presented in the following sequence: a central location, a peripheral location, 
the central location, and a final peripheral location. In the saccade-saccade 
paradigm , a stimulus was stepped between locations and the monkey was 
required to follow it with saccades. In the stimulus-saccade paradigm, the 
central fixation point, which required constant visual fixation, remained 
illuminated throughout the paradigm until the presentation o f the final 
saccadic target. The activity o f  neurons in the monkey superior colliculus 
(SC) was correlated to final saccadic reaction times (SRTs). In the saccade- 
saccade paradigm, final SRT was slowest when the two peripheral targets 
were presented opposite each other and this was correlated to reduced motor- 
preparatory signals and delayed visual-related signals in the SC. In the 
stimulus-saccade paradigm, final SRT was longest when the first stimulus 
was presented at the same location as the final saccadic target (i.e., IOR) and 
this was correlated to reduced magnitude o f  visual-related signals in the SC 
These findings suggest that preceding saccades and visual events influence 
SRTs through motor preparation and visual processing, respectively, reflected 
in activity o f the SC. Supported by NSERC and MRC Canada.

163.4
Modelling gaze movements evoked by electrical su m m a t io n  of  the Superior 
COLLICULUS. P. Lefèvre'’2*. A. Coimbra', M. Missal1. E. Olivier'. 'Lab. of Neurophysiology, 
UCL 5449,1200 Brussels, ⅛ESAME, UCL, 1348 Louvain-la-Neuve, Belgium.

The metrics of saccades are thought to be topographically coded on the motor map of the 
Superior Colliculus (SC). The accuracy of natural saccades is achieved by a feedback loop that 
compensates for any change in saccade dynamics due to initial position or perturbation effects. 
Freedman et al. (1996) proposed that stimulation of the SC is comparable its normal activation 
and therefore elicits gaze saccades identical to natural movements. In particular, they argued that 
any variation in eye or head movement dynamics during stimulation could be fully compensated 
for by a feedback loop located downstream from the SC keeping constant the metrics of 
electrically evoked (EE) gaze shift. However, this contrasts with the findings that the metrics of 
EE gaze saccades in head-free animals depend on initial gaze position (Coimbra et al., 1997; 
Lefèvre et al., 1997; Segraves and Goldberg, 1992) and on the head momentum of inertia 
(Coimbra et al., 1997).

In order to account for the differences between EE and natural gaze shifts, we developed a 
model of the saccadic system based on the structure proposed by Optican et al. (1996). In this 
model both SC and cerebellum cooperate to provide the drive to eye and head premotor 
structures. Because of this parallel structure, the model is not based on a single feedback loop. 
The prominent role of the displacement integrator (DI) is played by the cerebellum that receives a 
direct gaze velocity feedback. This allows the cerebellum to correct for any variation in saccade 
trajectory or dynamics. In addition, the cerebellum provides a feedback signal to the SC that 
shapes collicular burst of activity during saccades. In this model, eye and head movement 
dynamics are influenced by initial position. When we simulated EE movements, we supposed 
that the collicular drive was constant and that SC stimulation corrupted the action of feedback 
signals on the Dl in the cerebellum.

Our model could simulate accurate natural gaze movements despite changes in gaze 
dynamics induced by variations in initial position or in head momentum of inertia. By contrast, 
for simulated EE movements, the same variations yielded saccades of different amplitude, 
because the feedback loop was altered. In conclusion, this model faithfully simulates gaze 
trajectory of both natural and EE head-free saccades.
Supported by FNRS, SSTC, ARC and FRSM (Belgium); A.C. was supported by CNPq (Brazil).

163.6
3D REFIXATIONS PERTURBED BY CO LLICULAR MICROSTIMULATION: 
EFFECTS ON SACCADES AND VERGENCE. J.A.M. Van Gisbereen and V. 
Chaturvedi. Medical Physics and Biophysics, KUN, Nijmegen, The Netherlands.

So far, studies on saccade-vergence coordination have left open how the brain ensures 
that both subsystems w ill select the same target. Since perturbations in the two systems 
caused by a visual distractor are strongly correlated (Chaturvedi and Van Gisbergen, J. 
Neurophysiol., in press), a shared 3D control stage guiding both systems seems likely. 
The present work has explored whether such a putative stage may involve the superior 
colliculus (SC).

Two monkeys refixated a visual target (V) when it jumped from a central location in a 
far plane to a peripheral-near position. In 20% o f these trials, we applied weak electrical 
stimulation (E) at a caudal site in the deeper layers o f the SC, ensuring that the E- and 
V-related saccades had similar amplitudes but different directions. E-stimulation was 
applied at various times after V-onset. We consistently found that E-control trials 
yielded the expected saccade but no vergence. An E-stimulus soon after V-onset caused 
an E-triggered response with a clear vergence component toward V, along with the 
expected E-V compromise saccade. E-perturbation timed just after the monkey had 
initiated the movement toward V markedly reduced the ongoing vergence component in 
midflight: the 3D movement initially followed the V-control trajectory but then both the 
saccade and the vergence response compromised towards the E-control trajectory.

These data suggest that saccades and vergence share a common gating system. To 
make sense o f the results, we interpret the absence of an overt vergence effect upon E- 
stimulation as a command specifying a zero vergence change, rather than as the mere 
absence of a vergence signal. In the perturbation trials, this zero signal competes with 
the V-related vergence signal, thereby causing a midflight perturbation with averaging 
characteristics. This effect would be expected i f  the population of movement cells at 
each SC site is tuned in 3D, combining the well-known topographical code for direction 
with a nontopograpical depth representation. Upon electrical stimulation, the local 
population would yield a net saccade signal, due to the topography, but the cells coding 
for different depths would be excited equally, causing the vergence change to be zero. 
Supported by the Foundation for Life Sciences (SLW) o f NWO.
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163.7

THE TIMING OF SC ACTIVITY DOES NOT SUPPORT THE 
MOVING HILL MODEL R. SoetedjoLЗ. C.R.S. Kaneko·2,з 
and A.F. Fuchs*2'3 Depts. Bioengineering1 and Physiology & 
Biophysics2 and Regional Primate Research Center3, Box 
357330, University of Washington, Seattle, WA 98195-7330

It has been suggested that the Superior Colliculus (SC) 
sends an instantaneous motor error signal to the saccade 
burst generator and that this motor error is encoded as a 
moving hill of activity in the SC build-up neuron (BUN) 
layer (Munoz and Wurtz 1995). In this model, the peak 
activity at SC sites that encode saccades with small optimal 
amplitudes will occur later during larger saccades at the time 
when saccade error reaches the neuron's optimal amplitude. 
In 2 rhesus monkeys, we identified 20 BUNs that had 8-15° 
optimal amplitudes and open movement fields. We 
measured the timing of the peak discharge during optimal 
amplitude saccades and 40-50° amplitude saccades in head 
fixed animals. In all 20 neurons, we found that the peak 
discharge during 40-50° saccades occurred much earlier than 
the time at which the saccade error reached the neuron's 
optimal amplitude. These results do not support the 
moving hill model of the SC.
Supported by PHS grants EYO6558, EY00745 (NEĨ) and RR00166 (NIH)

163.9
S U P ER IO R  C O LLICULUS INPUTS TO  TH E  LATERAL INTRAPAR IETAL 
A R E A  (LIP) IN THE M O N K E Y. R .A . W est*1. J.C . Lvnch3 and P.L S trick12. 
’ R e s e a rc h  S e r v ic e ,  V A M C , 2 D e p ts .  N e u r o s u r g e r y  a n d  
Neuroscience/Physio logy, SUNY-HSC, Syracuse, NY 13210 and 3Depts. O f 
Anatom y, O phtha lm ology and N eurology, U niversity of M ississippi Medical 
Center, Jackson, MS 39216.

W e  used re trograde transneuronal transport o f the  M cln tyre -B  stra in of 
herpes sim plex v irus  type  1 (H S V 1 ) to  exam ine superior co llicu lus (SC) inputs 
v ia  the  tha lam us to  cortica l reg ions in and adjacent to  LIP in the  cebus 
m onkey. In jections o f v irus  were p laced in sulcal reg ions  o f area 7 in 4 
hem ispheres o f 3 anim als. T h e  re g ion  targeted fo r in jections is known to  
project to  the  Frontal Eye F ie ld  (T ian and Lynch, ‘96). An im als  were allowed 
to  su rv ive  fo r 5-6  days. Th is su rv iva l tim e  p e rm its  v irus  transport in the 
re trograde d irection  from  the  in jection s ite  to  ‘firs t-o rd e r’ neurons in the 
tha lam us, and then, re trograde transneuronal transport o f v irus from  these 
tha la m ic  neurons to  ‘second-orde r’ neurons at subcortica l sites. Each 
in jection  o f HSV1 in LIP  produced m any labe led neurons in the  SC. Most of 
the  iabe led neurons were located in the  SC ipsila teral to  th e  in jection  site. 
However, unilate ra l in jections a lso resu lted  in som e labeled neurons in the 
contra la tera l SC. A ll LIP in jections resulted in labe led neurons in the  caudal 
½  - %  o f the  SC. The  p recise region o f the  ca ud a l SC conta in ing labeled 
neurons va ried  w ith  the  in jection  site. The  labe led neurons in caudal SC were 
located p redom inantly  in the  s tra tum  griseum  superfica le  and the  stratum 
opticum  (SO ). O ne in jection  site in LIP resulted in an add itiona l group of 
labe led neurons in rostra l portions o f SC. These neurons were located 
p rim arily  in SO  a nd  in stra tum  griseum  in term edia te. These results suggest 
tha t the  SC provides a va rie ty  o f d iffe ren t types o f in form ation  to  LIP- v isual, 
a ttent¡onal and  ocu lom otor. S upport: VA  Med. Res. Serv ice  and USPHS 
MH56661 (PLS) and the  Joe W einberg  Research Fund (JCL).

163.11
CORRELATION BETWEEN NEURONAL ACTIVITY OF REACH CELLS IN 
MONKEY MIDBRAIN AND MUSCLES OF THE ARM AND SHOULDER
V. Stuphorn, L.E.Miller, R.Kleiser fc K.-P. Hoffmann* Allgemeine Zoologie u. 
Neurobiologie; Ruhr-Universität Bochum; D-44780 Bochum.

Neurons in the superior colliculus (SC) and the underlying reticular formation 
are involved in visually guided arm movements which require the transformation 
of visual information about the target location into a pattern of muscle activity. 
We instructed two monkeys to make reaching movements to visual targets on a 
screen during recording of the activity of neurons. Synchronously we recorded 
the EMG of up to 11 muscles of the arm and shoulder and the position of a 
marker on the hand of the monkey. We computed cross-correlations between the 
instantaneous frequency, the hand position as well as hand velocity on a trial- 
by-trial basis. We calculated the peak strength of the cross-correlation function 
(p) and its temporal shift (r) for 3364 pairs. The r  value of pairs with a sig
nificant strength was between ±  500 ms. In the majority of pairs the neuronal 
activity leads the muscular activity. The majority of significant p values is pos
itive, although there are also some negative p values. The shoulder and axial 
musculature showed the highest number of significant p values, while the distal 
arm muscles showed the lowest. We also compared the maxшial p values of the 
neuron-muscle pairs and the neuron-hand position/velocity pairs. In the major
ity of cells the correlation of the neuronal activity with the kinematic parameters 
of the hand was slightly better than for the pattern of muscle activity. We are 
currently analyzing, if there is a relationship between the strength of the neuron- 
muscle correlation and the direction in which the hand is moving. Our finding 
of neurons with a significant correlation between their activity and the activity 
pattern of certain muscles of the shoulder and the arm further strengthen the hy
pothesis that this neurons in the SC and the midbrain reticular formation might 
be causally involved in the control of the spatial orientation of the upper arm. 
(Supported by KOGNET and DFG (BA 841/2-1))

163.8
NEURAL CONTROL OF SACCADE PRODUCTION STUDIED WITH THE 
COUNTERMANDING PARADIGM: SUPERIOR COLLICULUS. D P. Hanes* &  M. 
Pare. Lab o f Sensorimotor Research, National Eye Inst., N.I.H., Bethesda MD 20892

A countermanding paradigm was used to assess whether single neurons in the 
macaque superior colliculus (SC) have activity patterns sufficient to control saccade 
production. The countermanding paradigm consists of џ task that manipulates the 
monkeys’ ability to withhold planned saccades combined with an analysis based on a 
race model that provides a reliable estimate of the time needed to cancel the 
movement that is being prepared, stop signal reaction time (SSRT). Using this 
experimental paradigm, frontal eye field (FΈF) neurons with saccade- or fixation- 
related activity have been shown to generate signals that are sufficient to cancel 
saccade production (Hanes et ah, J  Neurophysiol, 79:817, 1998), in contrast to 
supplementary eye field neurons (Patterson &  Schall, Soc Neurosci Abstr, 23:474, 
1997).

In the current study, SC neurons with presaccadic responses were categorized using 
visual and memory delayed saccade tasks. Buildup neurons had low-frequency 
discharges between target and saccade onsets, whereas burst neurons lacked such 
delay activity. In trials when the saccade was inhibited, the activity of both burst and 
buildup neurons, which was growing as the saccades were prepared, decayed within 
the time required to cancel the saccade. Nevertheless, the discharge of these neurons 
reached a considerable rate (> 100 Hz). Fixation-related neurons, which pause before 
saccades, did not decrease their discharge rate when saccade production was 
inhibited. Because their differential activity occurred before the SSRT had elapsed, 
these neurons can play a direct role in canceling saccade production. These findings 
indicate that saccade and fixation-related neurons in the SC, like those in FEF, 
exhibit the necessary discharge characteristics to be directly involved in regulating the 
decision of when and i f  a saccade w ill be executed. Supported by the N.E.I.

163.10
DISCHARGE OF SUPERIOR COLLICULUS FIXATION NEURONS AND 
BRAINSTEM OMNIPAUSE NEURONS DURING MULTIPLE-STEP GAZE 
SHIFTS IN HEAD-FREE CAT. A. Bergeron* and D. Guitton. Montreal 
Neurological Institute and McGill University, Montreal, Quebec, Canada, HЗA 
2B4.

Fixation cells (FCs) o f the rostral superior colliculus (SC) project to brainstem 
omnipause neurons (OPNs). These two classes of cells have some similarities: 
their discharge is tonic during intersaccadic periods and pauses for saccades. FCs 
contribute to an inhibitory gate on the saccade burst generator via OPNs. Recent 
studies in cat and monkey show that some differences exist between the discharge 
properties of FCs and OPNs. The purpose of the present study was to further 
explore the role of FCs in the generation of gaze shifts and to compare their 
discharge with those of OPNs. We tested the hypothesis that the discharge of FCs 
carries a gaze motor error (GME) signal while that of OPNs does not. Cats faced 
an opaque barrier o f variable width and generated horizontal gaze-shifts in 
response to a hidden food target that suddenly appeared on one side. Ambient light 
could be turned off 120 ms after target appearance such that gaze shifts were made 
in complete darkness. RESULTS: During large ipsilateral and contralateral
multiple-step gaze shifts in light and dark, the activity of FCs paused before the 
first step and resumed when the gaze axis was at a specific angle from the stimulus 
(corresponding to a particular GME). The pause generally spanned one or more 
gaze steps, including inter-step plateau phases. This suggests that FCs possess a 
gaze motor error field (GMEF) centered on the horizontal meridian with borders 
that extend into both the ipsilateral and contralateral visual fields. This is clearly 
different from the discharge of OPNs which pause for all steps and are reactivated 
for all plateaus. In conclusion; (1) reactivation of FC discharges during a gaze shift 
is not necessary to break up a gaze shift into multiple steps; (2) FCs are reactivated 
when GME approaches zero independent of the gaze trajectory; and (3) OPNs do 
not code GME, they are concerned with downstream motor events, in particularly 
the gating of the burst generator.

Supported by the Medical Research Council of Canada.

163.12
CORRELATION PATTERNS OF VISUAL ACTIVITY IN THE 
VERTEBRATE TECTUM: A COMPARATIVE STUDY.
M. Brecht*. S. Neuenschwander. G. Nase. W. Singer and A. K. 
Engel. Max-Planck-Institut für Hirnforschung, 60528 Frankfurt, 
Germany

Based on evidence from multi-electrode recordings and coҥelation 
analysis it has been suggested that temporal coҥelation patterns and, in 
particular, zero-phase synchronization might function as a temporal code 
for signifying related information in distributed populations o f neurons. 
However, almost all coҥelation studies have been performed in cats and 
monkeys and consequently very little is known about the phylogenetic 
distribution o f coҥelated activity. To address these comparative issues 
we performed under very similar conditions multi-electrode recordings 
o f visually evoked midbrain activity in anesthetized and awake cats, rats 
and pigeons. Major features of correlation patterns were similar in these 
three species: (1) One third to two thirds o f nearby cell groups were 
correlated. (2) Crosscorrelograms often indicated an oscillatory coupling 
o f neural activity. (3) Correlogram peaks were centered around 0 ms 
phase shift. (4) The probability o f  synchronization increased with the 
overlap o f the RFs and the proximity o f the recording sites. Other 
characteristics o f correlation patterns appeared to be different between 
these species. For example, the oscillation frequencies appeared to be 
lower in pigeons than in cats or rats, and the effects o f anesthesia on 
coҥelation patterns appeared to differ between species. In conclusion, 
our study indicates that oscillatory patterning and response 
synchronization are general features o f visual midbrain activity in 
vertebrate species. Supported by the Max-Planck-Society and by the 
Heisenberg-Program o f the Deutsche Forschungsgemeinschaft.
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163.13
COLLIDING SACCADES FOR THE STEP AND FREQUENCY  
RESPONSES IN THE MONKEY: INTERFERENCE PATTERNS
J.W. Gnadt* & M.E. Jackson. Dept. Neurobiology &  Behavior, SUNY at Stony Brook, 
NY 11794.

Formally, the saccadic system behaves like an underdamped second-order system with 
some biologically interesting departures from linear behavior. Assuming that a prolonged 
train o f microstimulation pulses in the superior colliculus could simulate a frequency- 
encoded input to the saccadic central pattern generator (CPG), we tested the saccadic 
circuit for the combination o f the step and frequency responses. The input was applied 
as a sinusoidally modulated train of pulses between 200 - 600 pulses/sec, which simulates 
a 400 pulses/sec peak-to-peak frequency function added to a 400 pulses/sec step function. 
The frequency modulation (FM) was varied between 5 and 25 cycles/sec. Because both 
the step response and the frequency response produce cyclic oscillations o f eye 
movements, we used numerical simulations from a computational model to predict phase- 
dependent interference patterns of saccade sizes due to constructive/destructivé collisions.

We report that we could produce reliable and predictable patterns o f responses in 2 
Rhesus monkeys. For example, at frequency modulations o f ½ the value o f the frequency 
of movements produced by a simple step input, we found a pattern o f alternate wave 
cancellation (when optimized for phase o f the FM input). For each periodic movement 
that occurred due to the step response, the frequency response alternately added to and 
subtracted from sequential movements. This produced a predictable, regular series of 
alternating large and small movements.

Using this approach, we have addressed several contemporary issues in oculomotor 
physiology, including predictions for dynamic synaptic gains, leaky integration in the 
feedback circuit, cyclic oscillations in a brainstem CPG and evidence that the superior 
colliculus acts as a feed-forward input to a downstream feedback circuit. Supported by 
EY08217 to JWG and T32 NS0737J to MEJ.

163.14
TESTING ASSUMPTIONS OF THE INTERUPTED SACCADE PARADIGM: 
RESET OF THE NEURAL INTEGRATOR
M.E. Jackson* &  J.W. Gnadt. Dept. Neurobiology & Behavior, SUNY at Stony Brook, 
NY 11794.

The neural circuit that controls saccadic eye movements is commonly modeled as a 
feedback circuit in which desired eye displacement is compared with an internal 
representation o f the actual displacement, known as the neural integrator (NI). This 
concept demands that the NI must be reset to a value o f zero at the end of each movement. 
Recently, a controversy has emerged as to whether the NI is reset through an exponential 
decay process (leaky integrator) or i f  it is instantly reset to zero at the end of each saccade 
(active reset). Microstimulation experiments conducted in several laboratories have 
provided evidence for a leaky integrator with a time constant ≈45 ms. However, 
contradictory evidence has emerged from experiments using interrupted saccades. In this 
paradigm, brief stimulation o f the omnipause region interrupts a voluntary saccade in mid
flight and produces two closely spaced saccades. The leaky integrator concept predicts that 
the size o f the second saccade should increase as the duration o f the interruption is 
increased; yet this increase in saccade size is not seen in the monkey.

We recreated the interrupted saccade experiment using numerical simulations from a 
computational model that we have previously used to accurately predict a variety of 
responses in the monkey. This model treats the superior colliculus as a feedforward input 
to a displacement controller having a leaky integrator. Using realistic collicular output 
functions obtained from published data, the model produces outputs that are consistent 
with the interrupted saccade data in the monkey. We found that interpretation of the 
results from this paradigm as an argument against the leaky integrator concept only is 
valid i f  the output of the superior colliculus is constant. Published data has demonstrated 
this is not the case. We conclude that the results o f the interrupted saccade paradigm do 
not preclude the possibility of a leaky integrator, and are predicted by our model 
incorporating a leaky integrator. Supported by EY08217 to JWG and T32NS07371 to MEJ.

163.15
LOCAL EXCITATORY INTERACTIONS IN THE SUPERFICIAL 
GRAY LAYER OF THE SUPERIOR COLLICULUS. G. Ozen. M.H. 
Helms, P.H. Lee, G.J. Augustine & W.C. Hall*. Dept. Neurobiology, Duke 
Medical Center, Durham, NC 27710.

Brief stimulation of the superficial layer of the superior colliculus 
evokes powerful bursts of excitatory postsynaptic currents and action 
potentials in intermediate layer motor cells (PNAS  94, 13299). Because these 
bursts resemble the command signals for saccades, we have performed 
experiments to determine whether the bursts are generated within the 
superficial layer or by recurrent excitatory circuitry within the deeper layers. 
Whole-cell patch-clamp methods were used to record from neurons within the 
superficial layer of colliculus slices from 10-20 day old tree shrews and rats. 
Biocytin within the patch pipette identified these cells as wide- and narrow- 
field neurons that project to the motor layer. Brief extracellular current pulses 
applied to the superficial layer elicited short latency excitatory synaptic 
responses with durations of 20-100 ms. These results indicate the presence of 
local excitatory synaptic circuits within the superficial layer of the superior 
colliculus. Depending upon stimulus intensity (30-160 uA) and initial 
membrane potential (-55 to -3 0  mV), these EPSPs could evoke action 
potentials at frequencies of 1-4 Hz. The modest amount of spiking resulting 
from activation of superficial pathways suggests that intracollicular circuitry 
is responsible for the bursts of synaptic excitation produced in the motor cells 
by activation of the superficial layer. Supported by NШ EY-08233, NS- 
34045, NATO-A2 and Fogarty International Fellowships.

163.16
LOCAL EXCITATORY INTERACTIONS AMONG PREMOTOR 
NEURONS IN THE SUPERIOR COLLICULUS OF THE TREE 
SHREW. M. C  Helms*, D. L. Pettit, P. H. Lee, Ģ. Qzen, G. J, 
Augustine and W. C. Hall. Department of Neurobiology, Duke 
University, Durham, NC 27710.

Saccades are initiated by a high frequency burst of activity in a 
spatially-restricted population of premotor neurons in the intermediate 
layer of the superior colliculus. Theoretical analyses predict that these 
neurons generate such signals by exciting their nearest neighbors while 
inhibiting more distant cells. We have examined local interactions among 
these neurons by using photostimulation methods (PNAS 88, 7661) in 
slices from the tree shrew. This method uses whole-cell-paich-clamp 
recording to detect postsynaptic responses resulting from presynaptic 
activity evoked by localized photolysis of caged glutamate. Uncaging 
glutamate 10-100 µm from premotor neuron somas elicited an inward 
current due to direct activation of glutamate receptors on these neurons 
and briefer inward currents due to activation of presynaptic neurons that 
excite the premotor cells. The synaptic responses had a mean amplitude 
of 56 ± 6 pA and half-maximal durations of 5.2 ± .2 ms. They occurred as 
single currents or bursts with durations up to several hundred ms. Our 
results demonstrate local excitatory circuits among premotor neurons in 
the colliculus and are consistent with proposals that such circuits underlie 
the concerted firing of burst neurons. Supported by NIH EY-08233 and 
NS-34045.

MOVEMENT: REACHING

164.1
D IR EC T IO N A L  B IA S  IN PO IN T -TO -PO IN T  TA B LET O P  
REACH IN G  M O VEM EN T S . Z .M . P in e 1* . M .F . G h ¡la rd i2. M .L. 
C hildress1. R.L. Sainburα3. K.J. Faran4. & C. G hez2. 1 Dept. Rehab. Med., 
2 Ctr. Neurobiol. & Behav., Co lum bia Univ., NY, NY, 10032; 3 Sch. of Health 
Related P rofessions, 4 Dept. Mech. & Aerospace  Engineering, S ta te  Univ, 
of N.Y. at Buffalo, Buffalo, NY, 14260.

D irec tiona l b iases in horizon ta l hand m ovem en ts, a ttribu ted  to  a 
m isrepresentation of in itia l hand position, have p rev ious ly  been reported 
(G hlila rd i et. al, J. N europhys 1995;73:2535-9). In the  p resen t study, we 
characte rize  the  b ias e ffec t using a  less co ns tra in ed  task, and  use a 
com p u ta tion a l m odel to  te s t the  h ypo the s is  th a t the  e ffe c t re fle c ts  
defective  m o to r p lann ing due  to  a system atic  m isrep resenta tion  o f in itia l 
con figura tion . S even  righ t-handed  sub je c ts  ho ld ing  a  cy lin d rica l puck  
made sequentia l tab le top  m ovem ents, such as those  m ade w h ile  m aking 
sequen tia l ju m p s in the  gam e o f checke rs . T h e  u pp e r ex trem ity  was 
b locked from  v iew , and  d ire c tion a l ins truc tions  (16 p oss ib le  d irec tions  
presented in random  order) cam e from  a vertica l d isp lay, w ith  no v isual 
feedback o r know ledge of results g iven. Initial d irectiona l e rro r (m easured 
at 25%  of m ovem en t tim e ) show ed  a s tro ng  lin e a r co rre la tio n  w ith  
m ediolatera l starting  location  in a ll sub jects , and a w e ak re la tionsh ip  to 
a n te ro -p o s te r io r s ta r tin g  lo c a tio n . R e s u lts  fro m  a p ro p rio c e p tiv e  
m is rep resen ta tion  m odel, im p lem ented  us ing  a tw o -se gm e n t dynam ic 
s im ula tion, confo rm ed w ith  the  em p irica l find ings. In th is  m odel, the  initia l 
jo in t ang les w e re  a ltered  by b ias ing  the  true  in itia l jo in t ang les tow ards 
default ang les corresponding  to  the  pos ition  o f hab itua l hand usage. W e 
c o nc lu d e  th a t such  p ro p rio c e p tiv e  b ia se s  can  p ro du ce  s y s te m a tic  
d ire c tion a l e rro rs  in m o ve m en ts  o f th e  u nse en  hand. S upported  by 
HD01018, H D 0118601 and NS22715.

164.2
CHANGES IN EMG DURING LEARNING O F REACHING MOVE
M ENTS. KA Thoroughman* and R  Shadm ehr. Dept, of Biomedical Eng. 
Johns Hopkins Univ. Baltimore, MD 21205

Humans have the capability to adapt their neural output to success
fully make reaching movements in novel dynamic environments. Previous 
theoretical and psychophysical work suggested that with practice, the CNS 
builds an internal model of the environmental dynamics so to predict and 
to compensate for the forces that will be experienced by the hand during a 
movement. The changes that accompany this learning have not been quan
tified at the level of the motor output. Here we recorded EMG from four 
arm muscles (biceps, triceps, anterior and posterior deltoid) of 24 subjects 
who made reaching movements in Field A followed by Field B. Early in 
training, Field A displaced the arm from the intended trajectory, result
ing in activation of the antagonist muscle with a time-scale that suggested 
correction via a stretch-reflex pathway. With training, subjects learned to 
activate the same muscle earlier into the movement. To quantify this be
havior, we mapped each muscle’s activity from -50 to 100 msec into the 
movement as a function of movement direction during training. We cal
culated a resultant vector for this activation function for each muscle and 
found that while the direction of this vector remained constant in the null 
field, it gradually rotated when subjects were exposed to Field A. The 
degree of rotation of each muscle’s resultant vector was consistent with pre
dictions of a computational model. When subjects were exposed to Field 
B, the resultant vector rotated in a direction reverse of that observed in A. 
However, the rate of rotation was significantly higher for subjects who were 
learning Field B at 5.5 hrs vs. at 10 min. This computational framework 
suggests that learning of an internal model can be quantified as changes in 
muscle EMG patterns. Supported by ONR and Whitaker Foundation.
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164.3
THE USE OF ƘINARM TO QUANTIFY AND MANIPULATE THE 
MECHANICS OF MULTI-JOINT ARM MOVEMENTS OF MONKEYS. 
S.H. Scott* and P. Cisek. Dept, of Anatomy and Cell Biology, Queen’s 
University, Kingston, ON, K7L ЗN6 Canada.

A new device, KINARM (Kinesiological Instrument for Normal and 
Altered Reaching Movements), was developed to quantify and manipulate 
planar multi-joint movements involving flexion and extension at the 
shoulder and elbow. Torque motors attached to an exoskeleton allow 
discrete loads to be applied to the shoulder, elbow, or both, during postural 
or movement tasks. A monkey has been trained to perform a variety of 
tasks wearing KINARM such as maintaining constant arm postures and 
reaching movements from a central start position to targets located on the 
circumference of a circle under normal and viscous conditions. The results 
show that a spatially uniform distribution of hand trajectories requires a 
non-uniform distribution of trajectories in torque space. Reaching 
movements with viscous loads at the shoulder and/or elbow joints illustrate 
the monkey’s ability to maintain similar movement kinematics by 
selectively modifying the net muscular torques at the shoulder and elbow 
joints. These results set the groundwork for investigating the function of 
the shoulder and elbow musculature during multi-joint tasks and the role 
of different brain areas to coordinate multi-joint movements.
The present work is funded by an MRC of Canada grant (MT-13462) and 
MRC Scholarship to SHS and NIH Post-Doctoral Fellowship to PC.

164.5
WHAT DETERMINES THE ENDPOINT OF REACHING MOVEMENT TO A 
VISUAL TARGET ? Y. Sakaguch⅛*. Graduate School of Information Systems, 
University of Electro-Communications, Tokyo, 182-8585, Japan.

A series of experiments examined the role of visual information in reaching 
movement, where the endpoint distribution was compared among several conditions.

Subjects sat in front of a horizontal screen, onto which PC’s graphics output was 
projected. Subjects gripped a manipulandum equipped under the screen and moved the 
hand to a target presented on the screen. Visual information of the arm movement was 
not provided through the experiment. Subjects’ eye movements were monitored.

In Exp. 1, subjects started arm movement immediately after a target appeared. 
Target presentation duration was varied as the experimental parameter (150-1000 ms). 
The endpoint distribution did not change irrespective of the duration when subjects 
were asked to fixate at the start position. When subjects were allowed to look at the 
target, however, the endpoint shifted as the duration was prolonged. Moreover, the 
distribution was significantly different between the two conditions (w¡th/without eye 
movements) and, interestingly, this difference was observed even when the target 
disappeared before the saccade onset (i.e. target would be invisible after saccade).

In Exp. 2, subjects moved the hand and eyes at the same time (normal condition), 
or started hand movement after fixating at the target (delayed condition). It was found 
that the amplitude of reaching movement was smaller in delayed condition while the 
direction showed no difference. Several related experiments were also carried out.

The results suggested that the endpoint of reaching movement was determined not 
only by external visual information (i.e. extra-retinal signal and retinal image o f target) 
but also by some internal model related to the oculomotor control. It might be also 
associated with target mislocalization during saccades. Supported by MESSC, Japan.

164.7
SPEED-ACCURACY TRADE-OFFS IN THE PERFORMANCE OF TWO- 
DIMENSIONAL ARM MOVEMENTS IN DIFFERENT DIRECTIONS.
N. Smvmis*. I. Evdokimidis, T.S. Constantinidis, G. Kastrina⅛is. E. Katoulas. 
ENG Laboratory, Neurology Dept., University of Athens, Eginition Hospital, 
Athens GR-11528, Greece.

Ten subjects performed ballistic arm movements to circular targets 
appearing on a computer screen using a joystick that controlled a screen cursor 
(spatial resolution 0,01 mm, 200 Hz sampling frequency). The amplitude, radius 
and direction of the targets on the screen was varied in a pseudorandom order 
with replacement for eưor in performance. Subjects were instructed to reach the 
target accurately and as fast as possible and stay within the target disk for 500 
msec.

The effect of movement amplitude was significant for movement time 
(ANOVA, F=210.62, P<0.01) and mean movement speed (F=172.37. P<0.01). 
The effect of target radius was also significant for movement time (F=8.77, 
P<0.01) and mean movement speed (F=4.15, P<0.01). Movement time and mean 
speed increased with increasing amplitude. Decreasing target radius resulted in 
increased movement time and decreased mean speed. The effect of different 
direction was not significant for neither movement time nor mean speed. We 
analyzed the movement time of the initial velocity peak until the first zero in 
speed and the maximum speed for this peak. The amplitude effect remained 
highly significant for movement time (F=446.51, P<O.()l) and maximum speed 
(F=424.31, P<0.01). The effect of radius of target was insignificant for both 
parameters. The effect of direction of movement was highly significant for this 
initial movement component for both movement time (F= 10.34 , P<0.01) and 
maximum speed (F= 15.84, P<0.01) These results suggest a specific effect o f the 
direction of movement on the in itial ballistic movement component which is 
hypothesized to be centrally pre-programmed.

164.4
COOPERATIVE ACTION OF MONO- AND BI-ARTICULAR ARM 
MUSCLES DURING MULTI-JOINT POSTURE AND MOVEMENT 
TASKS IN MONKEYS. P. Cisek* and S. H. Scott. Dept, of Anatomy 
& Cell Biology, Queen’s University, Kingston, ON K7L ЗN6, Canada.

EMG activity of muscles spanning the shoulder and elbow were 
recorded in a monkey making multi-joint planar reaching movements 
under normal and viscous conditions. Because the kinematics of the 
movement were similar in the two tasks, any changes in EMG activities 
can be attributed to changes in the torque requirements at the shoulder 
and elbow joints. EMG activities were also studied during a static load 
task where the monkey was trained to maintain a central posture against 
perturbations at the shoulder, elbow, or both. Two primary results were 
obtained. First, a muscle’s preferred direction in joint-torque space was 
not simply predicted by its anatomical location. For example, the 
activity of Brachialis, which only spans the elbow joint, is dependent not 
only on elbow torque but also on shoulder torque, to counterbalance the 
coupled action of the bi-articular muscles. Second, the EMG activities 
of muscles during the static load task showed the same kinds of 
preferred directions and interactions as during the dynamic movement 
tasks. These results illustrate that the net muscular torque at a joint 
results from the cooperative activity of all the muscles involved in the 
task, during both posture and movement.
The present work is funded by an MRC of Canada grant (MT-13462) 
and MRC Scholarship to SHS and NIH Post-Doctoral Fellowship to PC.

164.6
THE INFLUENCE OF POSTURAL CONTEXT UPON THE STABILITY OF 
COORDINATION DYNAMICS. R.G. Carson1*. S. Riek1. C.J. Smelhurst1 and
W.D. Byblow^. 1 Department of Human Movement Studies, The University of 
Queensland, Brisbane, Qld, 4072, Australia; ^Department o f Sport and Exercise 
Science, University of Auckland, Private Bag 92019, Auckland, New Zealand.

It has been shown previously that the pronation phase of coordination patterns 
requiring rotation of the forearm is more stable than the supination phase [Byblow 
et al, 1994, Hum. Mov. Sci. 13:3]. These differences have been attributed to the 
relative level of engagement of the muscles that act primarily to flex and extend the 
wrist. The purpose of the present study was to investigate the changes in stability 
that occur as the contribution of these muscles is manipulated, via alterations in the 
axis of rotation of pronation-supination movements.

Twelve subjects each completed 48 trials in which they were instructed to generate 
pronation and supination of the forearm, in time with an auditory metronome. 
During each trial (64 s), the metronome frequency was increased in 8 steps (0.125 
Hz) from a base frequency of 1.75 Hz. On alternating trials subjects were required to 
coordinate either maximum pronation or maximum supination, with each beat of the 
metronome. In each block of trials the axis of rotation of the movement was either 
coincident with the long axis of the forearm, above this axis, or below this axis.

The stability of the pronate-on-beat patterns, as indexed by the number of pattern 
changes, the time of onset of pattern change, and the variability of the temporal 
relation between the movement and the pacing signal, was greatest when the axis of 
rotation of the movement was below the long axis of the forearm (p < 0.05). In 
contrast, the stability of the supinate-on-the-beat pattern was greatest when the axis 
of rotation of the movement was above the long axis of the forearm (p < 0.05). 
These findings are discussed in light of the contribution of specific muscles in the 
forearm to the actions of pronation and supination. The implications for the stability 
of bimanual coordination patterns are also discussed.
Supported by the Australian Research Council

164.8
RANDOM, BLOCKED AND SERIAL ORDER EFFECTS DURING 
ACQUISITION OF MOVEMENT SCALING. C.J. Worringham,1* C.L.
Cross,2 C. Yakut,2 A.L. Smiley-Oyen,3 and G.K. Kerr1 (Queensland 
University of Technology1, Q4O59, Australia, University of Michigan2, & 
University of Pittsburgh3).
M ovem ent s c a lin g -  the production of m otor output (force, velocity, 
d isplacem ent, etc.) of a magnitude scaled to some stim ulus variable is central 
to m otor learning. The acquisition o f m ovem ent scaling was exam ined when 
varying the order of practice of five targets. Ninety subjects practiced linear 
arm  m ovem ents whose extents had to match the lengths of target bars. 32 
practice tria ls w ith error feedback were given fo r each target. Three groups 
practiced the targets in a RANDOM (R) order, a BLO CKED (B) order (i.e. one 
target at a time), o r a SERIAL (S) order (repeated ascending o r descending 
sequences). E rror feedback was w ithdrawn and subjects perform ed 
extrapolation  (all targets beyond the practiced range) and retention  (original 
targets) tests, e ither in the ir original or one of the other orders (a trip le 
transfer design). Constant Error (CE) and slopes and intercepts of the 
regression of actual m ovem ent distance on target d istance were calculated in 
each phase of the study. As expected, the BLO CKED group had significantly 
lower CE, slopes closer to 1 and intercepts c loser to 0 during acquisition (p < 
.05), but its perform ance was worse than R & S groups on extrapolation and 
retention, (the “contextual in terference” effect). In addition, the S group 
slopes and intercepts were s ignificantly better during extrapolation than the 
o ther groups, when tested under S and B conditions. The B group ’s 
perform ance was significantly poorer than the o ther groups under S 
conditions. The results suggest tha t a serial order prom otes additional 
processing beneficial to the acquisition of m ovem ent scaling. Valid accounts 
of the neural basis o f movem ent scaling should be able to explain these 
practice o rder effects.
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164.9
EFFECTS OF NICOTINE ON \ΊSU O M O TO R ADAPTATION. C.E.VanDen  
Heuvel1-2. J. L. Contreras-Vidal1. H. L. Teulines1* and G. E. Stelmach1. ‘Arizona 
State Univ., Tempe, AZ, 85287; *Fгee Univ., Amsterdam, The Netherlands.

Ten regular smokeless tobacco (ST) users and ten age-matched conưol subjects 
participated in a drawing task. Their task was to draw a line from a home position 
to a target stimulus (located at either 45, 135, 225, or 315°) as fast and accurate 
(straight) as possible, without vision o f their hand. During the drawing task, the on
line visual feedback of writing trace could be rotated by 45°. To test how ST affects 
short and long term aspects of visuomotor adaptations, both groups were tested in 
three conditions; a baseline condition (normal visual feedback), a 45° rotated visual 
feedback condition, and an after-rotation condition (normal visual feedback). The 
ST users were tested after a 12 hr abstinence o f tobacco use. Moreover, the ST users 
were tested before (Session 1), 15 min after (Session 2), and 45 min after (Session 
3) ST intake. The conưol subjects were also tested according to this time schedule, 
without using ST. Movement time, root mean square error (a measure of 
straightness error), initial directional error (a measure of movement planning), and 
normalized jerk (a measure o f movement smoothness normalized for both stioke 
length and duration) were measured. Results revealed detrimental effects o f nicotine 
on movement execution after ST intake. First, short term effects o f nicotine were 
indicated by increased levels of root mean square error and o f initial directional 
eưor for the ST users after ST intake than for conưols in Session 2, especially 
during the after-rotation condition. These group differences disappeared in Session
3. Second, a longer lasting nicotine effect was indicated by an increased normalized 
jerk for the ST users than for the controls. These group differences persisted in 
Session 3. Overall, the results suggest that ST, and hence nicotine, may have short- 
lasting detrimental effects on the ability to execute a smooth straight movement 
during a visuomotor adaptation task.

Funded by the Smokeless Tobacco Foundation.

164.11
POOR PERFORMANCE TEMPORARILY INCREASES STIFFNESS DURING 
MULTIJOINT ARM MOVEMENT LEARNING. R. Osu1* and M. Kawato1 >2. 
1 ERATO, KDB, JST, Kyoto. 2ATR HIP. Kyoto, 619-0288, Japan.

Motor learning is associated with a change in stiffness, which temporarily 
increases and decreases, but in the long term decreases with the improvement of 
performance (Osu et al., 1997). The present study focused on the short term 
interaction between joint stiffness and performance during the learning of multijoint 
arm movements. We empirically observe that, the arm is relaxed after continuous 
successful trials, while the arm is stiffened after several unsuccessful trials. 
Through such interaction, the motor system may finally acquire accurate internal 
models that enable good control with low stiffness (Gomi &  Kawato, 1996). These 
observations are computationally attractive because the slow decrease of stiffness 
from domains where the inverse dynamics are easy to learn allows accurate control 
and stable learning even at the beginning of learning (Sanger, 1994; Katayama & 
Kawato, 1993, 1997). It is effective for performance improvement to temporarily 
increase stiffness after unsuccessful trials because high stiffness enables good 
control even with a poor internal model. Successful trials w ill likely be followed 
by low stiffness. These predictions assume a positive coưelation between stiffness 
and preceding performance eưor. We experimentally examined the correlation 
between joint stiffness and preceding performance error in learning planar 2-joint 
(shoulder and elbow) reaching movement that included kinematic and temporal 
constraints. Six subjects were instructed to move a hand together with a reference 
hand trajectory that moved from an initial position to a final position by a curved 
path. The relationship between joint torque and the EMG of six muscles was used 
to estimate the relative jo int stiffness value (Osu et al., 1997). RMS eưor between 
the reference and the actual hand trajectory was used to determine performance eưor. 
After removing the effect of trial number, peak velocity, and movement duration for 
each subject, the moving average of jo int stiffness was linearly regressed from the 
previous moving average of (3-5 trials) the performance eưor using all of the data. 
The jo int stiffness showed a positive coưelation in the 3-6 trials preceding error 
(shoulder p < .01, elbow p < .1). These results suggest that the performance eưor 
can explain future stiffness, and the results support the idea that active stiffness 
control can assist in learning movements. (Supported by HFSP)

164.13
NEURAL NETWORK MODELS OF COORDINATED 
BILATERAL ARM MOVEMENT. D. S, Farrar* and D. Zipser. 
Department of Cognitive Science, University of California, San Diego. 
La Jolla, CA 92093-0515.

Relatively simple neural networks can control the movements of two 
arms for a variety of bilateral coordination tasks. When trained to 
perform ill-posed, non-colliding, goal-directed movements, these 
networks are identification models of the neural mechanisms of bilateral 
coordination. Analysis shows that such networks will sometimes learn to 
divide their resources into functional modules. They move the arms 
correctly by developing internal representations of non-colliding 
intermediary postures and postural deflections. Connections between 
units encode knowledge of body structure in a way that can be used to 
coordinate limb movements.

The networks  ̂ predict the existence of neurons with somatotopic 
receptive fields that are modulated as a function of body posture. Hidden 
unit behaviors predict how neuron activities may vary with both the 
cuưent posture and the goal of the movement. In particular, the networks 
predict the existence of neurons which are active only when interlimb 
collisions are possible. Candidate neural structures for the mechanisms 
predicted by these models include the motor cortices, particularly the 
SMA and pre-SMA, and the frontal cortex.

ACKNOWLEDGEMENTS: Ford Foundation ₣edoctoral Fellowship and NSF 
Training Grant to DSF, and a Systems Development Foundation gift to DZ.

164.10
EMG ADAPTATIONS TO LEARNING AND RETENTION OF A NOVEL MULTI
JOINT MOVEMENT TASK. G. Sarantinos1 V. Vardaxis.'2 and A. C. Eddins3* 
'Department of Physical Education, McGill University, Montreal, Canada, HЗA-2A7; 
¾epartment of Kinesiology, Indiana University at Bloomington; department of 
Speech &  Hearing Sciences, Indiana University at Bloomington

The learning and retention adaptations of muscle activity were studied during a 
novel multi-joint task. Elecưomyographic (EMG) signals were recorded from the 
posterior deltoid (Pdel), lateral and long heads of the tiiceps (LAtri and LOtri), 
pectoralis major (Pec), biceps (Bic) and brachioradialis (BrRad) muscles These data 
were assayed in a pattern recognition analysis o f singular value decomposition (SVD) 
to ascertain the minimum number of "features" required to describe the set of input 
patterns (IP's).

Participants executed fast targeted limb movements in the horizontal plane. An 
experimental and control group were used and evaluated pre- and post learning; both 
groups were reevaluated at 1,2,4,6, and 8 weeks post learning and for the final 
retention interval respectively. The SVD analysis revealed three common features 
(CF's) among the six IP's with the first CF(l) showing a lügher load for the LAtri 
across the levels of both experimental conditions. The second CF(2) demonstrated an 
out of phase relationship between the agonist (AG) and antagonist (ANT) muscles that 
became sfionger with learning. There was a small diminution in the power of the 
relationship across the levels of retention. The third CF(3) described the 
inteưelationships among the muscles of each of the AG and ANT groups. Within the 
ANT group a dissociation between muscles and/or a representation of more than one 
muscle was evident before learning that was transformed to a presentation of a single 
muscle after learning, a pattern not necessarily retained at all levels of retention.

The changes of the power of the out of phase relationship shown in CF2 tended to 
reveal a retention or relative persistence of the motor program consolidated with the 
acquisition of the motor task. Nevertheless, as indicated by CFЗ, the change in 
coordination of the muscles across the retention intervals is an indication of a system 
that is still impressionable to periods of inactivity.

164.12
THE CRITERION OF SMOOTHNESS IS ADOPTED FOR A TIME
MINIMIZING TASK IN HUMAN REACHING MOVEMENTS. Y. Uno1, K. 
Suzuki1 and M. Kawato2* . 'Dept, of Information and Computer Sci. Toyohas¡ Univ. 
ofTech., Toyohashi, Japan; 2ATR Human Information Processing Res. Labs.

It is well known that human hand trajectories in unconstrained reaching 
movements have common spatiotemporal features, namely a roughly straight hand 
path and a bell-shaped tangential velocity profile. It has been confirmed that a 
minimum-torque-change model can predicts these features. In the minimum-torque- 
change model, the central nervous system (CNS) plans trajectories according to the 
criterion of smoothness; the smoothest possible motor command is optimum. In the 
present work, we examined whether the smoothness is always achieved when a human 
is required the most quick motion. This requirement is contrary to the smoothness 
criterion. Using computer simulation, we confirmed that the trajectory to minimize 
the duration ofa movement is concave toward abody and its velocity profile has two 
peaks. In psychophysical experiments, subjects were asked to move their hands from 
a start position to a target position as quick as possible, which is called a time
minimizing task. We observed that the subjects produced approximately straight hand 
paths with bell-shaped velocity profiles; that is, hand trajectories in the time
minimizing task were similar to the minimum-torque-change trajectory rather than the 
minimum-movement-time trajectory. Moreover, we asked the subjects to perform 
reaching movements through a via-point so that hand trajectories come near to the 
minimum-movement-time trajectory. À¢er some adequate instructions were given, 
the subjects generated curved hand paths, which were similar to the minimum- 
movement-time trajectory, and the movement duration of their via-point movements 
was shorter than that ofsimple point-to-point movements. These experimental results 
suggest that the CNS always plans the optimal trajectory on the basis o f the 
smoothness criterion, i.e., the minimum-torque-change criterion.

164.14
DO PROXIM AL & DISTAL ARM SEGMENTS SHARE THE SAME 
REPRESENTATION? R. D. Seidler-DobrinЧ G. E. Stelmach1. &  J. J. 
Bloomberg2 'Motor Control Laboratory, Arizona State University, Tempe AZ 
85287-0404; 2NASA Johnson Space Center, Houston, TX 77058

Evidence exists that arm movements are planned using an arm-centered 
coordinate system. It is unclear, however, whether the proximal and distal 
segments within the arm share the same target representation. We used 
adaptation to a change in the gain of display to recalibrate the reference system of 
a joint. A lack of transfer of this adaptation between joints would indicate that 
separate reference systems may exist for each joint. In contrast, i f  the adaptation 
does not need to be relearned for a new effector, it suggests that both effectors 
share the same map. Two groups of subjects (8 subjects/group) participated in 
this experiment. One group adapted shoulder movements to a 0.5 gain of display 
over 90 trials, consisting of blocks of three movement amplitudes (5.4 cm, 10.8 
cm, &  16.1 cm on the digitizer) and two directions (flexion &  extension). The 
other group adapted wrist movements over the same number of trials (amplitudes 
were 3.8 cm, 5.4 cm, &  7.0 cm on the digitizer). Both groups performed 
movements with the head fixed. Following the adaptation paradigm, the shoulder 
adaptation group performed a Ưansfer block of wrist movements and the wrist 
adaptation group performed a ưansfer block of shoulder movements. The results 
demonstrated that both groups displayed typical exponential performance curves 
during adaptation, initially undershooting the target followed by a return to 
baseline performance. The transfer tests revealed that both groups were able to 
completely transfer the acquired adaptation to the new effector. These results 
suggest that the shoulder joint and the wrist jo int use the same target 
representation for goal directed actions.

Supported by: NASA NGT9-12 awarded to R. D. Seidler-Dobrin
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164.15
REACHING WITH THE HEMIPAREΉC ARM IMPROVES WITH 
PRACTICE. M.C. Ciгstea Ч  B. Leduc 2 and M.F. Levin1-2*. 1 Neurological 
Science Research Centre, University o f  Montreal, 2 Research Centre, 
Rehabilitation Institute o f Montreal, Canada HЗS 2J4.

To understand what aspects o f motor function improve with practice we 
studied repetitive reaching in the hcmiparetic arm of stroke patients. Two groups 
o f subjects participated in the study. The experimental group consisted of right- 
hand dominant left hemispheric stroke patients who scored at least 2/7 on a 
motor function scale. The control group consisted o f right hand dominant, age- 
and sex-matched healthy subjects. Both groups repeated 75 3D pointing 
movements with the right arm in a single session, followed 10 min. later by a 
retention test (20 trials). Movements were made from an initial target located 
ipsilateral to the trunk to a final target located contralaterally in front o f the 
subject Subjects had visual feedback o f the initial hand position mi each trial 
and o f the final hand position on every fifth trial. Kinematic data from the arm 
and trunk were recorded (200 Hz). At the beginning o f practice, hemiparetic 
subjects used a compensatory strategy which was characterized by greater trunk 
sagittal displacement and rotation compared to healthy subjects. After practice, 
movement times and errors decreased, movements were smoother, the range of 
active joint motion of the elbow and shoulder increased and there was a 
tendency for less trunk involvement. These changes were accompanied by 
improvements in inteŗjoint and intersegmental co-ordination and were most 
evident in patients with less severe lesions and in earlier stages of recovery. Our 
results suggest that improvement in several kinematic aspects of reaching in 
stroke patients can occur after only one practice session. Possible mechanisms 
accounting for the improvement are optimization o f residual motor capacity and 
minimization of the role o f compensatory trunk involvement Retention of 
learned skills was more evident in patients with higher initial motor function 
scores. Supported by RRRMOQ, ΠШ  Foundation and FCAR-FRSQ Quebec.

164.17
MUSCLE ACTIVATION PATTERNS CONTROLLING DIRECTION OF 2-JOINT, PLANAR 
ARM MOVEMENT.G ,L,G ottlieb1*' Q.Sonα.2. D. H ong3 G. Almeida4. & D. Corcos5. 
1NMRC, Boston U., 2Graybiel Lab, Brandeis U., Corporate  Research Center, Motorola, 
Inc., 4 U. Estadual de Campinas, 5 School of Kinesiology, U. of III.

The natural movement o f an unconstrained arm in three-dimensional space has been 
characterized by several distinctive kinematic features such as approximate path 
straightness and a bell shaped velocity profile. The muscle torques that produce these 
movements are relatively symmetrical, biphasic pulses that accelerate and decelerate the 
limb segments. The patterns are similar across joints, remaining invariant over changes 
in speed and inertial loading but have with directionally dependent amplitudes.

The question that concerns us here is how these torque patterns are created by the 
coordinated activation o f the muscles that act about the elbow and shoulder joints 
during sagittal plane movements o f the arm. Single jo int studies have shown that 
biphasic accelerating and decelerating jo int torques can be associated with sequential 
activation o f agonist and antagonist muscles in a “ triphasic” EMG pattern.

Studies o f isometric contractions have shown that muscles are most active in the 
direction in which they most effectively generate torque and are silent in the opposite 
directions. At intermediate directions there is a smooth fa ll-off in the amount of EMG .

Studies examining EMG patterns during multi-joint movement found similarities to 
single jo int patterns but all concluded that there are characteristics that cannot be 
explained by extrapolation from what we know of single jo int control.

Here we show torque and kinematic patterns for sagittal plane movements to 12 
targets located on a circle centered at the initial hand position. We describe the EMG 
patterns o f those movements, and relate them to the muscle torques. We find that the 
EMG patterns correspond in amplitude and timing to the requirements for propulsive 
torque. We also find that there is more EMG activity than required for propulsion. 
There are no movement directions in which any muscle is silent, even in those 
directions in which the net jo int torque is nearly zero throughout the movement. We 
discuss this in terms of an addition to the triphasic burst pattern, a coactivating burst, 
that enhances the stability of the limb. Supported by NIH grants ARЗЗ¡89 & AR 44388.

164.16
THE TIMING OF SHIFTS IN THE EQUΠЛBRUM POINT DURING ARM 
MOVEMENTS. M Ghafouri. K. Wallace and A,G. Feldman ♦. Research Center, 
Rehabilitation Institute o f Montreal, University o f Montreal, Canada.

It has been hypothesized (Feldman 1966) that fast arm movements from one 
position to another without corrections are produced by monotonic shifts in the 
equilibrium point (EP). Alternative hypotheses suggest complex, non-monotonic 
patterns o f the EP shift, continuing until (Latash & Gottlieb 1991) or even after the 
end o f the arm movement (Gomi & Kawato 19%). The alternative suggestions have 
been rejected on the basis o f the results o f simulations in the framework of the λ 
model (Gribble et al. 1998) as well as on the experimental analysis o f arm 
movements (Feldman et al. 1995; Won & Hogan 19%). To further characterize the 
timing o f the EP shifts, we asked seated subjects to make fast arm movements by 
sliding a magnetic handle on a smooth table from a common initial position to final 
positions located in sagittal, frontal and left or right diagonal directions. In randomly 
selected trials, the movement was arrested at the initial position by activating an 
electromagnet inlaid in the table. In different blocks of trials, subjects were 
instructed either not to correct the arm position due to the perturbation or to correct 
the position by overcoming the electromagnetic force. 3D arm kinematics were 
recorded together with the force applied to the handle. When the movement was 
arrested, the force acting on the handle rapidly increased and reached a steady-state 
value (plateau) about the time when non-opposed movements reached their peak 
velocity. The corrective responses overcoming the force, indicating a change in 
control signals, usually started after the plateau was reached. This finding implies 
that the control pattern producing EP shifts in non-corrected movements was 
preserved regardless o f the perturbation and thus, the duration o f the transition to a 
steady state in perturbed movements may be an estimate o f the time of shift of the 
EP in non-perturbed movements. The data ate consistent with the λ model in which 
a short-term, monotonic EP shift in fast arm movements is assumed. Our data are 
inconsistent with alternative hypotheses. Supported by NSERC and FCAR

164.18
JOINT CONTROL DURING HORIZONTAL CIRCLE DRAWING. 
N,V.Dou∩skaia^ .  S. P.Swinnen1. K. M. H. Van Goeve1. D. M. Corcos3*.
^Lab. of Motor Control, Dept, of Kinesiology, K.U.Leuven, Tervuurse Vest,
101. 3001 Heverlee, Belgium; ^Russian Academy of Science, Moscow,
Russia; ⅜chool of Kinesiology, University of Illinois at Chicago.

The control strategy that underlies circle drawing is studied in the present paper. 
Our working hypothesis was that mechanical interactions between arm segments play 
a decisive role in organization of circle drawing. The task was to repetitively track a 
circle with an inkless pen. The circle was positioned on a horizontal surface so that 
arm movement, which was confined to shoulder and elbow rotations, was also 
horizontal. Three circle diameters and three levels of cycling frequency were used as 
experimental conditions. Position of the pen, angular positions of the joints and 
elecưomiographic (EMG) activity of biceps, triceps, anterior deltoid and posterior 
deltoid were recorded. It was demonstrated that the shoulder and elbow were 
controlled in principally different ways. In spite of dynamic influence of elbow 
motion on shoulder movement, both kinetic and EMG characteristics of shoulder 
movement were similar to those usually observed during single-joint movements. 
Shoulder accelerations and decelerations were predominantly caused by shoulder 
muscle activity. The latter was bursty and alternating and these EMG characteristics 
became more pronounced as circle diameter and cycling frequency increased. 
Conversely, interactions generated by shoulder motion were included in elbow 
control, and muscular control at the elbow was complimentary to interactive effects. 
Elbow muscle activity was nonmodulated and highly coactivated. It was much less 
affected by experimental conditions than shoulder muscle activity. According to our 
data, muscle torque at the shoulder was responsible for dimensions and frequency of 
the whole movement, whereas the purpose of muscle torque at the elbow was to 
correct elbow movement caused by shoulder motion effects, adjusting it to the task 
requirements and providing accuracy of the movement. Source of support: grant from 
the Research Council of K.U.Leuven. Belgium (Conttact No. OT/94/ЗO).

164.19
SHOULDER AND ELBOW MUSCLE COACTIVATION FOLLOWING MUL
TIJOINT MOVEMENT P.L. Gribble* D.M. Shiller and D.J. Ostry, McGill Uni
versity, Montreal, Quebec.
We examine the possibility that muscle coactivation is modulated in response to 
changes in the direction, amplitude and velocity of multijoint limb movements, 
and that shoulder and elbow muscle coactivation may be specified independently. 
Subjects performed rapid point-to-point movements in a horizontal plane, from 
different initial limb configurations to a single final target. The magnitude and 
direction of shoulder and elbow rotation during movement varied with initial 
limb position. Coactivation of agonist and antagonist muscles was assessed by 
measuring tonic levels of electromyographic (EMG) activity during a 100 ms 
period following the end of movement. EMG associated with six limb muscles 
was measured — single-joint flexors and extensors at the shoulder (pectoralis 
clavicular head and posterior deltoid), at the elbow (biceps long head and triceps 
lateral head), and flexor and extensor muscles that span both joints (biceps short 
head and triceps long head). Tonic EMG levels following movements to the same 
target varied as a function of the amplitude and velocity of shoulder and elbow 
joint motion. Moreover, coactivation of shoulder and elbow muscles appears 
to be independent —- coactivation of single-joint shoulder muscles increased in 
proportion to shoulder rotation, while single-joint elbow and double-joint muscle 
coactivation varied with the amplitude of elbow rotation. In addition, tonic 
EMG levels appear to be higher after movements in which the shoulder and 
elbow joints rotate in the same direction, compared with those in which the 
joints rotate in opposite directions. The coactivation of agonist and antagonist 
muscles may reflect a relatively simple strategy for compensating for the effects 
of perturbations such as those introduced by multijoint dynamics.
Research supported by NIH DC-00594, NSERC-Canada, FCAR-Québec
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165.1
Equilibrium Trajectory Control for Arm Reaching Movement

Frolov A.A.1, Dufoss¿*M. \  Haikin I.1, Rizek S 3 
1- Moscow, Russia, 2- Paris, France, 3- Prague, Czech Republic

Experimental data suggest that nervous system directly control a 
working point (WP) such as the hand during arm reaching movements. 
An equilibrium point (EP) can be defined by the WP position which at 
any time would been attained if supracortical commands were frozen.

Flanagan-Ostry-Feldman (1993) showed that the time course of EP 
trajectory is fast, similar to a ramp function with a slope of 5 m/s. By 
contrast, Gomi and Kawato (1996) measured the values of stiffness 
during a 2-D point-to-point arm movement. Making the implicite 
assumption of a linear relation between muscular torques and angular 
position and velocity, they demonstrated that the time course of EP 
ưajectory is much slower, following the time course of the actual WP 
position, with a complex N-shaped profile. They concluded that the 
brain is more likely to compute the inverse dynamics model of the 
arm than the EP position.

We compared three muscular models: 1- the linear assumption 
made by Gomi and Kawato, 2- the muscle model described by 
Flanagan et al. (1993), 3- the model of Winters and Stark (1987). In 
all cases, parameters were adjusted in order to have the same matrices 
of stiffness and viscosity.

As a result, the three models are equivalent. However the spinal time 
delay is crucial in order to reconcile the results of both groups.

165.2
EFFECTS OF FETAL SPINAL CORD TRANSPLANTS OR EXERCISE 
TRAINING ON SKELETAL MUSCLE OF SPINAL CORD INJURED RATS.
RJL Murphy1. EE Dupont-Versteegden2. KD Phelan*1. CA Peterson2 and JD Houlé1. 
lDepts of Anat. and ⅛гeriaưics, Univ. Arkansas Med. Sci. Little Rock, AR 72205.

Spinal cord injury (SCI) decreases muscle mass and is associated with fiber type 
transformations in skeletal muscles. The present study evaluated the potential of fetal 
spinal cord (FSC) transplants or of exercise training to inhibit or minimize these 
changes in skeletal muscles o f 44 adult female Sprague-Dawley rats after a complete 
transection (Tx) of the spinal cord. The tibialis anterior (TA) and soleus (SO) 
muscles were studied in groups of: 1) uninjured control animals (Con); 2&3) SCI for 
32 or 62 days (Tx32 and Tx62); 4) SCI with 20 days of exercise training, 1 hour/ 
day, 5 days/ week, initiated 5 days after SCI (Tx32Ex2O); 5) SCI with 30 day delay 
before initiation of exercise training (Tx62Ex2O) and 6) SCI with acutely 
transplanted FSC tissue (TxЗOTpЗO). TA and SO muscle to body mass ratios were 
significantly reduced in Tx32 (19 & 32% vs Con, p<0.05). FSC transplants 
minimized the atrophy in the TA but had no effect on the SO at 30 days post SCI. 
Exercise training initiated 5 days after SCI maintained TA and SO muscle to body 
mass ratio (6% & 4% decrease vs Con, NS). The muscle to body mass ratio did not 
significantly change from 32 to 62 days post SCI for the TA, however, SO atrophy 
continued to 47% of Con at 62 days post SCI. Exercise training initiated 30 days 
after SCI increased the ratio of SO weight to body mass (78% vs 53% of Con for 
Tx62). Northern analysis and immunohistochemistry of TA and SO muscles 
revealed a Tx-induced switch in myosin heavy chain (MyHC) isoform expression 
and an increase in fibers expressing more than one MyHC. MyoD mRNA was the 
only myogenic regulatory factor which was significantly induced at 32 days, but 
only in the SO muscles, suggesting it may have a role in the long term adaptations 
in slow skeletal muscle. In conclusion, these results suggest that SCI-induced 
skeletal muscle atrophy can be minimized by an exercise training program applied 
acutely or after a short post-injury period. The short-term benefits of FSC 
transplants were not as remarkable. Supported by NIH grant HD35096 (JDH&CAP).

165.3
MUSCLE FATIGUE DURING NERVE CUFF AND INTRAMUSCULAR 
STIMULATION: IMPLICATIONS FOR FUNCTIONAL ELECTRICAL 
STIMULATION. K. Singh*. F.J.R. Richmond. MRC Group in Sensory-Motor 
Neuroscience, Dept, o f Physiology, Queen’s University, Kingston, ON, K7L 1TЗ.

The use of functional electrical stimulation (FES) to activate paralyzed or paretic 
muscle for functional movements and rehabilitation is hindered by the rapid onset of 
muscle fatigue experienced by patients. The goal o f the present study was to determine 
if  the use o f an intramuscular (IM) electrode is more effective at recruiting fatigue 
resistant muscle fibers than a nerve cuff (NC) electrode. Nine cats o f either sex ranging 
in weight from 2.7 to 5.4 kg were deeply anesthetized to abolish withdrawal reflexes. 
The medial gastrocnemius (MG) was dissected and its tendon attached to a force 
transducer whose signal was displayed on an oscilloscope and recorded by a Macintosh 
data aquisition package. The MG o f one leg was implanted with an IM  electrode and a 
NC was implanted on the nerve of the other MG. Maximal twitch force elicited by 
supramaximal stimulation was determined for each muscle and the stimulus intensity 
required to produce 20% of the maximal twitch force was used during a fatigue test 
consisting o f 330 msec trains o f 100 µsec pulses at 40 pps, once per second. Following 
muscle fatigue, a glycogen depletion protocol was used and the muscles were frozen. 
Histological sections were stained for myosin adenosine triphosphatase (mATPase) 
activity and glycogen content. Fiber types of recruited fibers, which were depleted of 
glycogen, were determined. A rapid and significant drop in force was observed during 
NC stimulation. Stimulation with the IM electrode resulted in a more gradual decline 
in force and maintenance of about 20% o f the initial force for sustained periods of time. 
The histological results showed that NC stimulation recruited type Иb fibers almost 
exclusively, whereas IM stimulation recruited Иb, Иa as well as type I fibers. These 
results suggest that the use o f IM stimulation in combination with compartmental 
stimulation (Boom et al., Progress in Brain Research, 97: 409-418, 1993) may provide a 
method by which fatigue during FES can be substantially curtailed. Supported by The 
Medical Research Council o f Canada.

165.4
RECUR REN T LAR YNG EAL NERVE TRA N S P O S ITIO N  IN THE G UINEA PIG.
J. T. Heaton*. J. B. Kobler. E. A. G oldste in. T. A. McM ahon. D. T. Barrv. &
R. E. H illm an. W. F. Keck Foundation Neural Prosthesis Research Center, 
M assachusetts Eye and Ear Infirmary, Boston, M A 02114.

Improved contro l o f prosthetic voice a ids for la ryngectom ees m ight be 
possib le using residual laryngeal m otor nerve signals. W e were able to recover 
such signals from  the cut recurrent la ryngeal nerve (RLN) by transposing it into 
the ipsilateral denervated sternohyoid  (SH) m uscle  in e ight guinea pigs. 
Reinnervation was tracked using e lectrom yograph ic (EM G ) recordings from 
surface and in tram uscular needle e lectrodes in awake anim als. W ith in 4-14 
weeks o f surgery, all 8  anim als dem onstrated laryngeal-like  m otor activity in the 
re innervated SH. Such activity was not seen in the contra la tera l SH or in the SH 
muscles of 4 contro ls. Many m otor units in the re innervated SH showed 
resp ira tory-re lated d ischarges, w ith most units firing during inspiration. The 
re innervated SH also showed robust activ ity during swallow ing, sniffing and 
vocalization (see figure). A fte r 3-6 months the anim als were re-anesthetized 
and nerve stim ulation verified the RLN as the source o f re innervation in all 
cases. These final experim ents a lso showed that activ ity in the re innervated SH 
was corre lated w ith resp ira tory and re flexive EMG activ ity in contra lateral 
laryngeal muscles. Consistent w ith these observations o f increased activity, 
h istochem istry o f the SH 
m uscles indicated a unilateral 
transform ation from  mostly Type 
II fatigable  to mostly Type ИA 
fa tigue-resistant fibers.

It seem s likely that s im ilar 
procedures in la ryngectom ees 
could make speech-re la ted 
contro l s igna ls accessib le.
Funded by W.F. Keck Foundation.

Vocal-re lated EMG signals recorded from  re 
innervated SH m uscle with needle electrode.

165.5
THE M A N D IB U L A R  N E R V E  A N D  ITS  D IS T R IB U T IO N  IN T H E  H U M AN  
M A S T IC A T O R  S P A C E . M .A . A z iz . R .J. C o w ie *. C .E . S k in n e r and  H. 
M e h rd a d . D e p a rtm e n t o f A n a to m y , C o lle g e  o f M e d ic in e , H o w a rd  
U n ive rs ity , W a s h in g to n , D .C . 2 0 0 5 9 .

Our objective is to test the hypothesis subsumed in conventional 
descriptions of the mandibular nerve (n.). Observations of 25 unilateral en 
bloc dissections of the mandibular n. revealed the following common 
pattern. Below foramen ovale it is a short stump giving rise to a recurrent 
meningeal n. It divides into two main trunks adjacent to the superomedial 
surface of the superior lateral pterygoid muscle (SLPt). The superior, 
horizontal trunk gives rise to the deep temporal and masseteric nn. which 
course laterally between SLPt and the sphenoid. An inferior, vertical trunk 
forms the lingual, inferior alveolar and auriculotemporal nn. The long 
buccal n. originates between these trunks and courses inferolaterally 
between the two lateral pterygoid (LPt) heads. Here, it frequently gives 
rise to a common LPt n. supplying both heads. Other independent LPt nn. 
reach the heads either from the trunks, or from the deep temporal nn. 
Tensor tympani, tensor palati, and the medial pterygoid nn. arise from the 
medial aspect of the inferior trunk. The chorda tympani joins the lingual n. 
medial to the inferior LPt. Significant variations were: a connection 
between the inferior alveolar and the lingual n.; a common origin of tensors 
tympani palati nn.; the medial pterygoid n. arising from the lingual n.; 
and, an ansa pterygoidea bridging the inferior alveolar and lingual nn. The 
deep temporal, masseteric, long buccal, and various LPt nn. pass through 
either the LPt or temporalis muscles and are susceptible to entrapment 
leading to temporomandibular dysfunction. The topographical relations of 
the mandibular n. and the LPt heads suggest the organizing role of the 
latter in the development of the distribution pattern of the mandibular n.

165.6
IMMUNOCYTOCHEM!CAL CORRESPONDENCE TO HISTOCHEMICAL FIBER TYPE 
CHANGES IN THE MASSETER MUSCLE OF MINIATURE SWINE DURING POSTNATAL 
ONTOGENY. F. ANAPOL*. Dept, of Anthropology, University of Wisconsin-Milwaukee, 
Milwaukee, Wl 53201.

Following standard histochemical staining for myosin adenosine triphosphatase (mATPase), 
adult myofibers exhibit a so-called “acid reversal”, ¡.e., fast-twitch fibers are alkaline 
stabile/acid labile while slow-twitch fibers are acid stable/alkaline labile. By contrast, the 
masseter muscles of several early postnatal mammals, including pigs, are composed of a 
significant proportion of fibers that stain positively for mATPase regardless of pre-incubation in 
acid or alkaline media. To further investigate the developmental transition to adult muscle fiber 
types, muscles were sampled from three groups of female Susscrofa. (N) two-week milk-fed, 
14/16-week milk-fed followed (>4 weeks) by a hard (H) diet of pig chow and cracked corn or 
(L) a nutritionally equivalent slop of finely ground chow/corn mixed with water. Individual serial 
sections either were stained for alkaline or acid mATPase, or labeled with horseradish 
peroxidase conjugated monoclonal antibodies (mab) for embryonic, neonatal, and adult slow- 
and fast-twitch myosin heavy chains. Presence (+) or absence (- )  of stain/label was indicated 
on corresponding cells on video hard copies taken for each treatment. Using computerized 
sorting procedures, cells were partitioned into three classes, based upon alkaline/acid 
staining: +/- (F), -/+ (S), and +/+ (FS); mab-labeled cells were sorted within each class.

Pooled results for all pigs within each feeding group— N (n=42OO), L (n=65OO), and H 
(n=96OI)— show almost identical relative percentages of F, S, and FS fibers for H and L 
groups, although each differ from N for F and FS classes. Individual cells are rarely labeled 
by fewer than two mabs. Some sets, ¡.e., the mabs to which a cell reacts, clearly dominate a 
particular fiber type class regardless of diet group. The high percentage of embryon¡c/adult 
anti-slow sets in S and FS classes, coupled with the relative absence of embryonic (only) anti
slow labeled cells in S class, supports a qualitative assessment that S class fibers most often 
react to mabs for both embryonic and adult slow mATPase. These results suggest that the 
adult isozyme must be present for acid reversal of slow fibers to occur. (Supported by DE- 
10648 from NIDR).
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165.7
MOTOR UNIT RECRUITM ENT-DERECRUITM ENT TH R ES H O LD S  
FOLLOW ING FORCE CONTROL TRAINING IN YOUNG AND O LDER A DULTS.
C. P a tten *1, G. Kam en2. 'Rehabilita tion R&D Center, VA Palo A lto Health Care 
System , Palo Alto, CA 94304 and 2Unίversity of M assachusetts Am herst.

In an effort to better understand m echanism s involved in the  neural regulation 
of m uscu lar force, m otor unit (MU) recru itm ent and derecru itm ent thresholds 
were exam ined while  subjects perform ed an isom etric force m odulation task 
involving dors¡flexion between 0  and 60%  of m axim um  (M VC). Subjects (6  

young (m n=19 yrs) & 6  o lder (mn=7O yrs) adults) practiced the  task over 6  

weeks. At three points in tra in ing (Days 0 ,1 4 , and 42) MU activity including 
discharge rate and activation threshold  was observed in the tib ialis anterior 
using a quadrifilar needle electrode. Discharge rate a t each force level and 
m uscular force at recruitm ent and derecru itm ent thresho ld  were exam ined for 
age and tra in ing-related differences. Im provem ents in force accuracy as 
evidenced by decreased root-m ean-square e rro r w ere dem onstrated fo llow ing 
two weeks of tra in ing ((Y-44% , 0 -4 7% ) (p <.0001)). The  predom inant trend 
dem onstrated MU deactivation at forces greate r than recru itm ent threshold. 
This d ifference in recru itm ent-derecru itm ent threshold  was less marked in 
m oderate and high threshold  units (m n=5% ) than low thresho ld  units 
(m n=12% ) (p<.0001). Moreover, rem arkable  age-re la ted d iffe rences were 
evidenced in only the m otor units recruited at h igher force  (p<.O5). Follow ing 
tra in ing w ith the force modulation task (Day 14), MU discharge rates decreased 
significan tly (ρ<.03) and recru itm ent-derecru itm ent thresho ld  d iffe rence  
increased significantly in MUs recruited a t m oderate and high force (30-60%  
MVC). Im provem ents in force variability appear to  be associated w ith neural 
in fluences on force regulation including changes in m otor unit recru itm ent- 
derecru itm ent threshold  characteristics.

Supported by the Foundation for Physical Therapy

165.9
M O TO R UNIT AND CO NTRACTILE PR O P ER T IES  IN ELBO W  
FLEXO RS OF YOUNG AND OLD M EN  J .M . J a k o b i. 12B .L . A l lm a n .12 
a n d  C .L . R ic e  12 3*. C e n tre  fo r  A c t iv ity  a n d  A g e in g 1, L a w s o n  
R e s e a rc h  In s t itu te 2, F a c u ltie s  o f  H e a lth  S c ie n c e  a n d  M e d ic in e 3, 
U n iv e rs ity  o f  W e s te rn  O n ta r io , L o n d o n , C a n a d a , N 6 G  2M З.

T h e  co n tra c tile  c h a n g e s  th a t o c c u r w ith  a g e  a re  w e ll d o c u m e n te d , b u t 
o n ly  a lim ite d  n u m b e r o f  s tu d ie s  (m a in ly  in h a n d  m u s c le s ) h a v e  
in v e s t ig a te d  th e  e ffe c ts  o f  a g e  on  m o to r  u n it  (M U ) p ro p e rtie s . W e  
co m p a re d  in th e  e lb o w  fle x o rs  s e v e ra l n e u ro m u s c u la r  p ro p e r t ie s  in o ld  
(> 75  y) a nd  y o u n g  (< 24  y ) m e n . D u rin g  re p e a te d  te s ts , v o lu n ta ry  a nd  
s t im u la te d  c o n tra c t ile  p ro p e r t ie s  w e re  re c o rd e d . S u r fa c e  a nd  
in tra m u s c u la r E M G  re co rd in g s  a ls o  w e re  c o lle c te d  a c ro s s  th e  ra n g e  o f  
v o lu n ta r y  fo rc e s  (1 0 , 2 5 , 5 0 , 7 5  &  1 00 %  M V C ). T o  d e te rm in e  m o to r  
u n it  (M U ) d is c h a rg e  ra te s , tu n g s te n  e le c tro d e s  w e re  u s e d  to  re c o rd  
in d iv id u a l M U  tra ins . T h e re  w e re  no  d iffe re n c e s  in th e  a b il ity  to  a c tiv a te  
th e  e lb o w  f le x o rs  ( - 9 5 %  o ld , - 9 7 %  y o u n g ), a s  d e te rm in e d  b y  th e  
tw itch  in te rpo la tion  te c h n iq u e , b u t M V C  fo rc e  w a s  6 1 %  le s s  in th e  o ld  
m en. T w itch  te n s io n s  w e re  5 0%  less , a n d  c o n tra c t ile  ra te s  6 0 %  s lo w e r 
in  th e  o ld  m e n . T h e  s t im u la te d  fo rc e  f re q u e n c y  c u rv e  w a s  s h if te d  to  
th e  le ft  in th e  o ld  c o m p a re d  to  th e  y o u n g . M U  d is c h a rg e  ra te s  
in c re ase d  w ith  fo rc e  fo r  bo th  g ro up s , h o w e v e r ra te s  b e tw e e n  10%  a n d  
M V C  in  th e  y o u n g  ( 1 3 - 3 8  H z ) w e re  s ig n if ic a n tly  fa s te r  th a n  th o s e  
fo u n d  fo r  th e  o ld  (1 1 -2 5  H z). T h e  re s u lts  in d ic a te  th a t th e  
n e u ro m u s c u la r  p ro p e r t ie s  o f  th e  e lb o w  f le x o rs  h a v e  b e e n  re m o d e le d  
w ith  a g e .
Supported by NSERC Canada

165.11
SELECTIVE ENHANCEMENT OF MOTONEURON SHORT-TERM 
SYNCHRONIZATION IN AN ATTENTION-DEMANDING MOTOR TASK.
A. Schmied*, S. Pagni, H. Sturm, J.P. Vedel. CNRS, NBM . 13402 
Marseille cedex 20, France

Synchronous activity of human motoneurons during voluntary contraction is 
thought to involve two main processes: short-term synchronization due to last 
order excitatory inputs common and broad peak synchronization due to 
presynaptically synchronized inputs. These heterogenous components are rarely 
dissociable and their origin is far from being clarified. There is, however, a general 
agreement about a major contribution of corticospinal inputs on the basis of 
clinical evidences and on the basis of coherence studies between cortical and muscle 
activity. Recent experiments in chronic monkeys have revealed the existence of 
attention-related changes in the synchronous discharges of neurons tested in the 
motor cortex. In keeping with these data, the present study investigated how the 
presicion and/or attention required in the performance of a motor task might affect 
synchronous activity of human motoneurons. Thirty motor unit pairs were tested 
in the right extensor carpi radialis muscles of 5 right-handed subjects who were 
instructed to keep both motor units tonica!ly firing while trying to maintain the 
extension force output as constant as possible using either a low or a high gain 
visual feedback. Most of the motor unit pairs tested showed more synchronous 
activity when the subjects were monitoring their force output at high gain. The 
preliminary analyses did not reveal any consistent changes in the motor unit firing 
rate nor in the mean force output. Most remarkably, the synchronization changes 
were found to affect selectively synchronous firing occurring within less than 5 
msec. This enhanced short-term synchronization might reflect a specific 
involvement of corticospinal inputs in the high gain motor task which required 
more attention from the subjects.

Supported by grants from the Fondatiυn pour la Recherche Médicale, the 
Association Française contre les Myopathies and the Ministère de la Defense.

165.8
COMPLEXITY OF MOTOR UNIT ACTION POTENTIALS IN CAT SOLE- 
US. IMPLICATIONS FOR EMG SIMULATIONS. M,Hullžger*. A. Ware & 
S J . Day. Dept, of Clinical Neurosciences, Calgary, AB, Canada T2N 4N1.

In earlier studies in this laboratory, when large numbers of soleus motor 
units (MU) were stimulated, a large proportion of MUs revealed complex (poly- 
phasic) action potential waveforms (MUAPs). Given the simple fibre architect
ure of soleus, this seemed surprising. These MUAPs were recorded with a 
surface electrode positioned transversely to the main muscle fibre direction. 
Before considering wider implications, it had to be determined whether wave
form complexity simply arose form electrode orientation.

In four cats, 250 unambiguously single soleus MUs were isolated at ran
dom in ventral root filaments and stimulated at 30/s. MUAPs were recorded 
with an indwelling and two surface patch electrodes (longitudinal and trans
verse orientations). MUAP waveforms were digitized (100 KHz), averaged (32) 
and, for analysis, compressed (5 KHz). Complexity was characterized using 
conventional indices (zero crossings, turns) and a new measure, the mean zero 
crossing count (providing a weighted sum of magnitudes of individual phases).

Judging from the distribution of axonal conduction velocity and MU size 
(tetanic force) the MU sample was unbiased. Polyphasic waveforms (4 or more 
phases) were found in 30% of the MUs, regardless of electrode orientation.

The conventional explanation of MUAP waveform complexity is a close 
juxtaposition of the electrode and the M U’s endplates. Indeed, in the soleus the 
motor endplates of all MUs form a sheath that spans the entire muscle. Thus, 
for a fixed electrode, regardless of its position, an appreciable fraction of MUs 
are bound to have endplates in close vicinity to the electrode. However, inhom
ogeneity of MU territory is likely to contribute, since preliminary evidence 
from a muscle with similar architecture (peroneus brevis) revealed a much 
lower incidence of complex waveforms. The important implication of this obser
vation is that the use of simple bί- or tri·phasic MUAP waveforms in computer 
simulations of EMG may be an unacceptable simplification since, for instance, 
spectral properties are bound to be misrepresented. Therefore, in our own 
simulations, we use M U*Ps taken from the present library of recorded wave
forms. Supported by AHFMR and NSERC Canada.

165.10
RECIPROCAL INHIBITION VERSUS RECIPROCAL EXCITATION ON 
IDENTIFIED MOTOR UNITS IN HUMAN WRIST EXTENSOR MUSCLES 
DURING VOLUNTARY CONTRACTION. J.M. Aimonetti, J.P. Vedel*, 
A. Schmied S. Pagni. CNRS-NBM. 13402 Marseille CEDEX 20, FRANCE.

The la afferent volleys elicited by the contraction o f a muscle inh ib it its 
antagonist fo llow ing a central mechanism, the Sherrington's principle o f  
reciprocal inhibition. We sought to investigate the task dependence o f the 
group I flexor afferent la reciprocal inhib ition on identified motor units 
in the wrist extensor carpi radialis muscles. Six subjects had to perform a 
wrist extension or a cocontraction o f their wrist antagonist muscles by 
clenching their hand around a manipulandum. The activity o f the 
reciprocal la afferent pathway was investigated by comparing the 
probability o f response o f 32 motor units to electrical stimulation o f the 
radial nerve (100 stimuli, 1 ms. 0.3 Hz) with and without a cond ition ing 
stimulation applied to the median nerve 1 ms earlier. The reflex response 
o f motor units with low force threshold, small macro-potential, and long 
contraction time was smaller after the conditioning stimulation, as 
expected due to la reciprocal inhibition. In contrast, the reflex response 
o f motor units with high force threshold, large macro-potential, and fast 
contraction time was larger after the conditioning stimulation, which 
rather suggested a reciprocal excitation. The differentia l effects o f group 
I afferent reciprocal innervation according to motor unit type tended to 
be more pronounced during hand clenching. We suggest that antagonist 
group I afferents might selectively change the excitab ility o f the wrist 
extensor motoneurones depending on the level o f voluntary contraction 
in a sim ilar way to that which has been previously reported fo r cutaneous 
afferents. A reciprocal excitation specifically directed to fast motor units 
might greatly contribute to ensure the wrist jo in t stiffness during 
grasping tasks.

Supported by grants from the Ministère de la Defense (D R ET-DG A) 
and from the Association Française contre les Myopathies (AFM ).

165.12

M O T O R  U N IT  S Y N C H R O N IZ A T IO N  IN Y O U N G  A N D  O L D E R  
A D U L T S  F O L L O W IN G  R E S IS T A N C E  E X E R C IS E  T R A IN IN G . &  
K a m e n *, C. P a tte n  a n d  D. R o w la n d . D e pt, o f  E x e rc is e  S c ie n c e , U n i
v e rs ity  o f M a s s a c h u s e tts , A m h e rs t, M A  0 1 0 0 3 .

T h is  s tu d y  s o u g h t to  d e te rm in e  w h e th e r  th e  te n d e n c y  fo r  m o to r  u n its  
to  d is c h a rg e  a t n e a r-s im u lta n e o u s  in te rv a ls  w o u ld  be  a lte re d  a s  a re 
s u lt  o f a  re s is ta n c e  e x e rc is e  p ro to c o l. M o to r  u n it  (M U ) re c o rd in g s  w e re  
o b ta in e d  fro m  6  y o u n g  a n d  6  o ld e r  in d iv id u a ls  fo u r  t im e s  d u r in g  a  6 - 
w e e k  in v e s tig a tio n . T h e  in it ia l tw o  b a s e lin e  te s t  s e s s io n s  w e re  s p a c e d  
4 8  h o u rs  a pa rt. S u b je c ts  th e n  b e g a n  a  re s is ta n c e  t ra in in g  p ro g ra m  in 
v o lv in g  is o m e tr ic  c o n tra c t io n s  o f  th e  n o n -d o m in a n t h a n d  f ifth  f in g e r  a b 
d u c to r. M U  s y n c h ro n iz a tio n  w a s  a s s e s s e d  a g a in  a fte r  tw o  a n d  s ix  
w e e k s  o f  e x e rc is e  tra in in g . D u rin g  e a c h  o f  th e  fo u r  te s t  s e s s io n s , s u b 
je c ts  p e r fo rm e d  15s  is o m e tr ic  c o n tra c t io n s  o f  th e  fif th  f in g e r  a b d u c to r  
re q u ir in g  5 0%  o f m a x im a l v o lu n ta ry  e ffo rt. In d iv id u a l M U  f ir in g s  w e re  
id e n tif ie d  fro m  re c o rd in g s  o b ta in e d  fro m  th e  a b d u c to r  d ig iti m in im i 
(A D M ) m u s c le . T h e  e x te n t o f M U  s y n c h ro n iz a tio n  w a s  th e n  q u a n tif ie d  
u s in g  m e a s u re s  o b ta in e d  fro m  th e  c ro s s -c o rre lo g ra m  c o m p u te d  fro m  
e a c h  M U  p a ir. A lth o u g h  th e  e x e rc is e  s e s s io n  p ro d u c e d  s ig n if ic a n t in 
c re a s e s  in  is o m e tr ic  s tre n g th  (2 5 %  Y o u n g , 3 3 %  O ld e r, p  < .0 0 1 ), little  
c h a n g e  in M U  s y n c h ro n iz a tio n  in te n s ity  w a s  o b s e rv e d  d u r in g  th e  s ix  
w e e k  e x e rc is e  tra in in g  in te rv a l. F o r th e  o ld e r  s u b je c ts , th e  k ’ m e a s u re  
a v e ra g e d  2 4 0  on  th e  f irs t  tw o  te s t  d a y s , 2 3 6  o n  th e  la s t te s t  d ay .
Y o u n g  ss  s c o re d  2 1 0  on  th e  f irs t  tw o  te s t  d a y s , a n d  2 0 8  o n  th e  la s t te s t 
d ay . T h u s , in  n e ith e r  Y o u n g  n o r  O ld e r  a d u lts , e x e rc is e  tra in in g  h a s  lit
t le  im p a c t o n  th e  fre q u e n c y  o f s h o r t- te rm  M U  s y n c h ro n iz a tio n . 
S u p p o rte d  b y  th e  F o u n d a tio n  fo r  P h y s ic a l T h e ra p y  a n d  N IH  A G -0 9 6 6 2 .
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165.13
FATIGUE-RELATED INCREASE IN P ER IP H E R A LLY  INDUCED SILENT 

PERIOD. I Z i¡dew ind* MJ Zwarts* and D Kem ell. Dept. Med. Physiol., 
University o f G roningen; # Dept. C lin. Neurophysio logy, U niversity o f 
Nijmegen, The Netherlands.

During ongoing contractions, transcran ia l m agnetic  stim ula tion (TMS) 
causes a near-com plete  tem porary d isappearance o f e lectrom yographic 
activity. The duration o f th is  TM S -evoked  "s ilent period" is known to 
increase during fatigu ing  vo lun tary  contractions (e.g. M cKay et al., Muscle 
& Nerve,19:1017-1024,1996; T ay lo r e ta l. ,  J.Phys io l.,49O :5 l 9-528,1997). 
However, little  is known about the fa tigue-re la ted  b ehavior o f the silent 
period which fo llow s periphera l (m otor) nerve stim u la tion  (PNS). W e 
studied this during 2  m in test contractions o f the  firs t dorsal interosseus 
muscle (FDI), perform ed at 50% o f the  m axim a l vo lun tary  contraction force 
(MVC) in norm al subjects. A  series o f three  single  pulses o f 0.1 ms duration 
(interval 2-3 sec) were g iven  every 30 sec to  the u lnar nerve at the elbow. 
Stimulus strength was 150% o f the in tensity needed fo r a m axim a l 
compound m uscle -fiber action potentia l (M -w ave) in the  FDI. In parallel 
experiments, using the  sam e fa tigue  test, "m oto r evoked potentia ls"
(MEPs) were e lic ited by m o tor co rtex activa tion  using TM S. During the 
fatigue test, the P N S -evoked silen t period increased from  102 ± 33 (SD) 
ms to 145 ± 29 ms (on ly c learcut and re la tive ly  "no ise-free" s ilent periods 
included in these m easurem ents). P ercentagew ise, th is  increase was larger 
than that seen fo r the  TM S -evoked  s ilent period (rose from  257 ± 54 ms to 
310 ± 35 ms). The m echanism s fo r the  TM S and PNS evoked silent 
periods are probably la rgely d iffe ren t. P ossible  reasons fo r the increase in 
the PNS-evoked s ilent period include fatigue-associa ted  changes in 
motoneuronal d ischarge rate, in a P N S -evoked dec line  o f excitation via 
muscle spindle a ffe rents  and /or in a P N S -evoked recurrent Renshaw 
inhibition. Source o f support: U n ivers ity  o f G roningen.

165.14
HOW TO IMPROVE THE ABILITY TO MAXIMALLY ACTIVATE THE 
QUADRICEPS MUSCLE( QM) IN YOUNG ADULTS. L. E. TrembIayлL. Didyck. 
Dept, of Physical Therapy. Univ ersity of Ottawa . Ottawa, Ontario. Canada.

Little is known about a subject’s ability to work at their maximal capabilities, 
(to produce a maximal voluntary isometric contraction ( MVIC)). The purpose of this 
study was to determine if some strategies can be used to increase the ability of subjects 
to maximally activate their QM using a twitch interpolation technique (TIT) This 
technique is performed by delivering an interpolated, supra maximal electrical stimulus 
( pulse of one /msec, or a train of pulses at 5ü Hz) to the femoral nerve trunk during an 
MIVC. Two groups of volunteers. 22 women ( 22.6 ± 2.3 yrs) and 15 men (25 ±3.3 yrs) 
performed MViCs of QM oťдoи dominant leg. The women's group received verbal cues 
(VC) consisting of words of encouragement and motivation to produce an MVIC. 
During a ten- sec. MVIC. the second group received a train of interpolated stimuli 
consisting of a tetanic electrical stimulation of bi-phasic symmetrical pulses o f 300 
microsec. at a frequency of 50 Hz and an intensity of 100 шA for 5 sec. The MVIC 
torque o f QM was measured using the KIN-COM 550 at a velocity of 0 "per sec. and at 
70 0 of knee flexion in a standardized sitting position with adequate fixation. 73% of 
subjects in the w omen’s group and 53% of the men were unable to maximally activate 
their QM. In the women`s group, a significant difference o f 7.4 %±2.2 (paired t-test) 
was found between the conưol MVIC of the QM ( 149 Nm ±8.6) and the contraction 
with verbal cuing ( 160.4 Nm ±9.3). In the second group the interpolated, superimposed 
twitches induced an extra recruitment o f9 .8 ± 2 .5% (p< 0.001) during M VIC.. (254.1 
Nm±13.2 vs. 279 N m ±l5). Verbal cuing and electrical stiinulatiou were determined to 
be efficient methods of facilitation to develop a real MVIC of the knee extensors. Also, 
there exists the possibility o f  a difference between women and men ( 73% vs. 53%) to 
maximally activate their QM. These findings suggest that the inability to achieve a full 
muscle activation is transient, plastic and that we can correct this state.

BRAIN METABOLISM AND BLOOD FLOW: OPTICAL METHODS AND LASER DOPPLER

166.2166.1
OPTICAL IMAGING OF NEUROVASCULAR RESPONSES DURING 
HYPERCAPNIA N. Pouratian*. A.S. Bhatt. A.F. Cannestra. A.M. O’Farrell, and 
A.W. Toga Laboratory o f Neuro Imaging, Division o f Brain Mapping, Department ď  
Neurology, UCLA School of Medicine, Los Angeles, CA 90095.

The goal of this study was to characterize optical responses to hypercapnia and 
investigate neurovascular responses under hypercapnic conditions. Carbon dioxide 
(C02) causes diffuse dilatation of neurovasculature. This may influence the sensitivity 
and capacity o f neurovascular responses.

Optical imaging o f intrinsic signals (OIS) was used to investigate optical changes 
over somatosensory cortex to 5% C 02 inhalation. In addition, the neurovascular 
responses to Cl whisker deflection during hypercapnia was characterized. OIS offers 
high spatial (µm) and temporal (ms) resolution to detect subtle changes in 
neurovascular responses which may be influenced by hypercapnia. Rats were 
anesthetized with a combination of halothane and urethane and images using a thin 
skull preparation.

Optical changes associated with the onset of hypercapnia appeared within 2s and 
returned to baseline approximately 7s after C 0 2 termination. Although temporal 
characteristics were consistent across trials, four patterns reflectance changes were 
observed: decreased reflectance (60% of trials), increased reflectance (20%), increased 
reflectance followed by decreased reflectance ( 10%), and decreased reflectance followed 
by increased reflectance ( 10%). Multiple reflectance patterns may represent difference n 
depth of anesthesia. The neurovascular response to whisker deflection during 
hypercapnia was temporally similar to responses observed during normocapnia: 
appears within 2s, peaks between Зs and 4s, and returns to baseline following 
stimulus termination. Interestingly, the magnitude of response during hypercapnia, 
however, was significantly less than that observed under normocapnic conditions.

This study suggests that the cortical vasculature may have a limited capacity to 
vasodilate and respond to neuronal activation under certain conditions. NP and AMO 
are supported, in part, by the MSTP grant (GM08042). AFC is supported, in part, by 
the Training Program in Neuroimaging grant (M H 19950). Funding was provided by 
NIMH (MH/NS52083).

OPTICAL IMAGING REVEALS ACTIVITY RELATED POSITIVE 
REFLECTANCE CHANGES AFTER NITRIC OXIDE SYNTHASE INHIBITION 
A.M. O’Farrell. A.F. Cannestra. N. Pouratian. J.C. Mazziotta*. and A.W. Toga. 
Laboratory of Neuro Imaging, UCLA School of Medicine

Functional activation studies depend upon perfusion related signals to localize the 
source of brain activity. However, the coupling between perfusion and neuronal 
activity is still poorly understood. Nitric oxide is a possible mechanism for 
activation related perfusion changes. We characterized optical intrinsic signals (OIS) 
over somatosensory cortex before and after administration of the competitive nitric 
oxide synthase (NOS) inhibitor, L-nitro arginine (L-NA).

Optical intrinsic signals (85Onm) were measured over the barrel cortex of six 
Sprague-Dawley rats in response to C l whisker deflection. After demonstrating a 
stereotypic negative reflectance change to C l stimulation, L-NA, was administered by 
intravenous injection at 10, 25, 50 and 65 mg/kg. NOS inhibition induced positive 
reflectance changes in response to whisker stimulation in all cases, and transiently 
abolished negative reflectance changes. The optical timecourse after NOS inhibition 
is similar to that of the previously reported optical signals. Before NOS inhibition, 
stimulation induces a decrease in optical reflectance with a minimum 3.5-4.5 seconds 
after the start of stimulation. Signal returns to baseline by 6-7 seconds. After NOS 
inhibition there is a transient decrease in reflectance with a minimum at 1.5-2 
seconds. The signal returns to baseline by 2.5-3 seconds, and then continues to 
increase, peaking at 4.5-6 seconds. The signal then returns to baseline again by 6.5-
7.5 seconds. The spatial distribution of the positive reflectance change also differs 
from the stereotypic optical signal. The signal is more diffuse, and it is shifted 
anterior to the baseline functional signal. This change in localization may represent 
effects on the upstream parent vessels.

Inhibition of nitric oxide synthase not only attenuates, but modifies the functional 
signal. AMO and NP are supported in part by the MSTP grant (GMO8O42). AFC is 
supported, in part, by the Training Program in Neuroimaging grant (MHI995O). 
Funding was provided by NIMH (MH/NS52083).

166.3
THE OSCILLATORY CHARACTERISTICS OF INTRINSIC 
OPTICAL SIGNALS OF NEURAL ACTIVITY. J. Lei * and C. L. 
Baker Jr. McGill Vision Research, Department of Ophthalmology, 
McGill University, 687 Pine Avenue West (H4-14), Montreal,
Quebec, Canada HЗA 1A1.

Intrinsic optical signals (IOS) used to record brain activity are 
contaminated by a large biological noise consisting of a 
spontaneous oscillation of about 0.1 Hz. The temporal frequency 
spectrum of the noise is similar to that of the intrinsic signal.
Using a simple optical recording system, the oscillatory 
characteristics of the intrinsic signal in cat visual cortex, with and 
without visual stimuli (drifting sineware gratings), was investigated.
The stimulus-driven oscillatory response was phase-locked to a 
cyclic stimulus with about 10 sec period, while the spontaneous 
oscillation phase was random. Averaging across trials, the stimulus- 
driven response was clear because its phase was fixed, while the 
spontaneous oscillation was smaller because its phase on individual 
trials was random. The oscillation response frequency was the same 
as the stimulus frequency over a limited range near the spontaneous 
frequency. •When the stimulus frequency extended beyond this 
range, there were two main components in the response, one the 
same as the stimulus frequency and another the same as the 
spontaneous oscillation frequency. The stimulus-driven oscillatory 
response varies with parameters of the drifting grating stimulus in a 
manner consistent with known cortical neurophysiology. Based on 
these observations, simple averaging o f IOS data is sub-optimal, 
particularly when single pulse-like stimuli are used. A much better 
procedure is to use a time series correlational measure and a 
cyclical stimulus with a 0.1 Hz periodicity.
Support: Canadian MRC (MA-9685) grant to C.B.

166.4
NEAR INFRARED SPECTROSCO PY : A SENSITIVE AND RELIABLE 
MEASURE O F VASCULAR CHANGES. E. K o s s l J. LaMannaL S. Mohamed2.
R. Lindsev2. A. Lem erU  G. G o ro d e sk il iD ep t. o f Neurology; 2CWRU Sch. of 
M edicine; ЗReproductive Biol., CW RU; C leveland, OH, 44106.

Near-Infrared Spectroscopy (N IRS) is based on the relative transparency of 
b iological tissue  to light in the  near infrared region. The  techn ique has high 
tem pora l resolution (<  1 sec) com pared to  most non- invasive methods, and 
m ay have value fo r clinical testing of cerebrovascular reactivity.

T h i s  s t u d y  i n v e s t i g a t e d  t h e  s e n s i t i v i t y  o f  N I R S  t o  i n h a l a t i o n  o f  5 %  C O 2 ,  a n d  i t s  

reliability overtim e and across two com parable brain regions (right and left 
fronta l lobes), using the  NIRO-5OO Ham am atsu spectrometer. S ix subjects 
(m ean age: 25 years) breathed a m ixture o f 95%  0 2  ⁄  5%  CO2 through a 
breathing mask for 3 min tw ice separated by a  7 min normal breathing. During 
each session, responses to  hypercapnia  were evaluated from  the  right and 
from  the  left fronta l areas. Each subject was retested a fter 3 weeks. Changes in 
HBO2 and HB were calculated using W ray et al.'s (1988) algorithm. Data were 
sm oothed and curve  fitted, using an asym m etric double  sigm oidal model. 
Mean va lues and SD fo r the  cerebrovascular reactivity index Hb d iff (Hb-HbO2) 
w ere  derived  and significant d iffe rences across conditions were evaluated with 
ANO VAS fo r repeated m easures (p<0.05). T he  system  w as very sensitive to 
hypercapnia, and w ith in each study response to  the  second activation was 
significantly sm aller than to  the  first activation (p<0.008). C erebrovascu lar 
reactiv ity  showed no significan t d iffe rence  between sessions, o r between the 
left and right fronta l areas. Interactions w ere not significant.

Th is  pre lim inary study rep lica tes previous findings showing the  capacity of 
NIRS to  detect changes in Hb oxygenation during brain activation. Further, we 
dem onstra te  the  sensitiv ity o f the  NIRS techn ique to  CO 2 challenge, and its 
excellent test-retest re liability overtim e and across tw o brain regions.
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166.5
SPECTROSCOPIC A N A L Y SIS  OF THE R ESPO N SE TO 

INCREASED N EURAL ACTIVITY IN BRAIN. J. Mavhçwl* . Y. 
Hou.l Y. Zheng2> B.VuksanovicLS. AskewL J. Berwicķl p. Coffev  ̂ 1AIVRU., 
Univ Sheffield. 2ACSE., Univ Sheffield. ЗDept Psychol., Univ Sheffield, 
Sheffield, U.K.

There is some controversy whether active neurons increase their oxygen 
consumption. Malonek (1996) report a transient increase in deoxygenated 
hemoglobin following stimulation but no corresponding decrease in oxygenated 
hemoglobin. Malonek (1996 & 1997) suggest fast local capillary recruitment 
occurring before the delayed increase in cerebral blood flow. The issue centr；il 
to all methods of analysing in vivo optical spectroscopic data is the complication 
introduced by the effects of tissue scattering (Cope, l99l).The difficulty arises 
from the effects of tissue scattering and the non-linearites introduced by the 
confounding of optical path length with wavelength. This is particularly relevant 
in imaging studies of stimulated brain as increased neural activity changes the 
optical properties of the tissue which necessarily changes the path lengths. The 
analysis o f spectroscopic data from rat barrel cortex using a modification of the 
Beer-Lambert Law incorporating terms for path lengths (estimated using Monte 
Carlo Simulations o f light transport in tissue) produce very different results 
compared with the usual linear multicomponent analysis (LMCA) which 
determines the changes in chromophore concentration without concern for the 
confounding of path length and the volume o f tissue sampled at the different 
wavelengths.However, which ever analysis is used the results show no evidence 
for early decrease in oxygenated hemoglobin associated with an increase in 
oxygen consumption immediately following stimulation. We find that the early 
increase in deoxgenated hemoglobin occurs only when using the approbate path 
lengths. Funded by UNISHEFF and Foundation for Fighting Blindness, USA.

166.6
PHARMACOLOGICAL INTERVENTION TO REDUCE VASCULAR NOISE IN 
INTRINSIC OPTICAL IMAGING OF RAT BARREL CORTEX AND FERRET 
AUDITORY CORTEX. J. Berwick'. H. Versnel2*, P. Coffey1, and J. Mavhew'. 
'Dept. Psychology, Univ Sheffield, Sheffield, S10 2TP, U.K.; 2University Laboratory 
o f Physiology, Parks Road, Oxford, 0X1 ЗPT, UK.

Intrinsic imaging measures changes in the optical properties of activated neural 
tissue. There are thought to be 3 primary signal sources that produce this change; light 
scattering resulting from cellular swelling, an increase in blood volume as fresh blood 
flows to the active area and changes in the oxygenation state of the blood (Bonhoeffer 
and Grinvald, in "Brain mapping: The methods", 55-97, 1996). These responses are 
very small and are masked by so called vascular artifacts that are an order of 
magnitude larger. It has been shown recently (Mayhew et al., Neuroimage 4. 183-293, 
1996) that these artifacts contain an oscillation with a frequency of 0.1 Hz; we refer to 
this as the V-signal. This V-signal is comparable to oscillations in blood flow called 
vasomotion. The V-signal is a major source of noise in intrinsic imaging experiments 
as it occurs both in parenchyma as well as the surface microvasculature. It cannot be 
removed by simple smoothing strategies. We show that it is possible to reduce the 
amplitude o f the V-signal by increasing mean arterial blood pressure by 
pharmacological intervention.

In two different preparations, we recorded intrinsic optical activity before and after 
continuous infusion of Angiotensin II. Rats were anaesthetized with urethane, and the 
barrel cortex was imaged using 590-623nm light source and activity recorded with 
CCD camera (12 bit Silicon Mountain Design). The auditory cortex in the barbiturate- 
anaesthetized ferret was illuminated with a 546 nm light source and activity was 
recorded using the Imager 2001 (Optical Imaging, Inc.). In both preparations we 
found that the V-signal amplitude is reduced significantly by infusion of Angiotensin. 
As a result, the quality and spatial resolution of the cortical response improved 
dramatically.
Supported by UNISHEFF, MRC, and Oxford McDonnell-Pew Centre

166.7
HAEMODYNAMIC RESPONSE TO CONTINGENT NEGATIVE VARIATION 
(CNV) OVER PREMOTOR AREAS DETECTED BY NEAR INFRARED 
SPECTROSCOPY H. Obrig¯*F. Thomas. R. Wenzel, J. Steinbrink, M. Kohl. U.Dirnagl 
A. Villringer; Dept, of Neurology Charité. Humboldt-Univ.: 10098 Berlin Germany 

The preparation of voluntary finger movements is 
accompanied by DC-potential shifts over premotor 
cortical areas . When examining these cortical acti
vations with functional imaging methods such as fMRI, 
the problem arises that the latency of the haemodynamic 
response is longer than the expected potential shift 
itself. A recent fMRI study demonstrated that BOLD re
sponse to the readiness potential can be differentiated 
from that of the motor potential1. The present study ex
amines the oxygenation changes over motor and pre
motor areas in response to single finger movements and 
CNV. Methods: Changes in oxygenation were measured 
by a CCD-Spectrometer monitoring attenuation changes 
in the range between 725-940nm (sampling rate of 2Hz). Exp.l: In 4 ss. the haemo
dynamic response to a brisk voluntary finger movement contralateral to probe posi
tioning C3 was assessed. (20 cycles of the single movement followed by 20s of rest). 
Results (fig .l) show an increase in [oxy-Hb] and a decrease in [deoxy-Hb] as previously 
described for block design experiments peaking about 5s after movement execution. 
Exp. 2: To elicit a CNV 10 ss. were examined while watching a screen displaying 
different letters every 4.5s. They had to press a button only when the letter `X` (warning 
stimulus) was followed by an Ό ч (Go-signal). 10 runs of each condition, were analysed 
separated by at least l6s.There is an increase in [oxy-Hb] starting shortly after the 
presentation of the warning stimulus and peaking at the beginning of the execution or 
the suppression of the motor response (fig.2). The experiments demonstrate that 
premotor potentials can be described also by their haemodynamic response using NIRS 
and can be Clearly differentiated from the motor response.! l)Neurosci Lett. 1997 227(3): I6M )

166.8
A CHAMBER SYSTEM FOR SIMULTANEOUS RECORDING OF 
ELECTORICAL, BLOD FLOW AND OPTICAL SIGNALS OF RAT 
BARREL CORTEX. H. FUJITA? T. MATSUURA1, K. YAMADA2 and I, 
KANNOŢ_1 Akita Labo., Japan Science and Technology Corporation; 2Dept. 
Physiology, Akita Univ.; 3Akita Research Institute of Brain and Blood Vessels;
6-10 Senshu-Kubota machi, Akita 010-0874 Japan.

We developed a sealed cranial window ( based on Arieli A. etal, 1995 ) 
coupled to a manipulable electrode and Laser Doppler Flowmetry probe for 
simaltaneous optical recording. The cranial window consists of two chambers 
and temporary funnel. The first chamber is basal part of the window which fixed 
above the skull. The funnel ( Kawamura S. etal, 1990 ) temporarily attaches on 
the first chamber during operation. Third chamber is pressure controllable one 
which is connected to the first chamber and pressure transducer. The chambers 
are filling with liquid pareffin. This maintains a pressure of 4mmHg on the 
brain surface. Under liquid pareffin, craniectomy is performed. After incision of 
the dura, liquid pareffin is replaced by artificial CSF as soon as possible. The 
cover glass is pressed on an O-ring sealing the first chamber. The funnel is 
removed with artificial CSF. The cover glass is held by a metal frame fixed on 
X and Y- manipulators to allow fine X-Y motion of the cover glass relative to 
the brain. Two or three holes in the cover glass are molded with natural rubber 
gasket, flexible enough to be easily penetrated by syring needles.

166.9 166.10
FUNCTIONAL STRUCTURES FROM DIFFERENT COMPONENTS OF INTRINSIC 
SIGNAL IN CAT VISUAL CORTEX
M. Fukuda*, M. Nishizaki, and M. Tanifuji, Lab. for Integrative Neural Systems, 
Brain Science Institute, RIKEN, Saitama, Japan

Imaging of the intrinsic signal has become an important technique for seeing 
cortical functional structures. This signal induced by neural activation is related to 
concentration changes of oxy-hemoglobin (oxy-Hb), blood volume (BV), and change 
in light scattering (LS), as well as concentration change in deoxy-hemoglobin (deoxy- 
Hb). In the present study we investigated spatial patterns derived from these different 
components in anesthetized and awake cat cortices.

We recorded the intrinsic signal at 540, 570, and 620 nm simultaneously by using 
three CCD cameras and decomposed it into the above-mentioned components. A 
flashed grating or moving grating was used for visual stimulation. The average 
response evoked by two orthogonal gratings indicated the global change (GC) for 
each component, and a difference image obtained from the two gratings indicated the 
local difference (LD) of each component.

The LD of both BV (sum of oxy-Hb and deoxy-Hb) and deoxy-Hb showed an 
identical columnar structure. The LD of oxy-Hb showed also a similar columnar 
structure to that of deoxy-Hb, but with opposite signal polarity. Signal intensity of the 
LD of oxy-Hb was only 37 % of that of deoxy-Hb. These small local changes were 
superimposed on a larger global change across the cortex, with increasing GC of BV, 
oxy-Hb, and deoxy-Hb.

These results suggest that, as well as deoxy-Hb, neural activation induces a large 
increase in BV both in active and less active columns, but the amount is larger in 
active colunms. As a result, the difference in oxy-Hb in active and less active columns 
is relatively small because decreased oxy-Hb due to increased conversion to deoxy-Hb 
in active columns is partially offset by increased BV. We hypothesize that there is a 
fine control mechanism of blood flow at the columnar level. Analysis of LS and 
differences in awake and anesthetized condition w ill be also discussed.

STIMULUS INDUCED CHANGES IN CEREBRAL MICROCIRCULATION 
ARE REVEALED BY TWO-PHOTON IMAGING OF BLOOD FLOW IN RAT 
VIBRISSA CORTEX. David.. iαeinfeld1/*. _Partha P. Mitral Fritjof 
Helmchen2. and Winfried Denk2. department of Physics, UCSD, La Jolla, 
CA 92093. 2B℮11 Laboratories, Lucent Technologies, Murray Hill, NJ 07974.

We report direct measurements of the velocity and flux of red blood 
cells (RBCs) in capillaries up to ca. 500 um deep to the pial surface. Sprague- 
Dawley rats were anesthetized with urethane, a craniotomy was prepared 
above parietal cortex, and the blood plasma was labeled with ca. 300 uM 
fluorescein (FITC-dextran). We repetitively scanned along capillaries 
[Dimagl et al. (1991) J. Microscopy 165:147] with the use of two-photon laser 
scanning microscopy [Denk et al. (1990) Science 248:73] and observed the 
movement of blood cells, which appear dark against the labeled plasma. 
The baseline flow of blood cells showed momentary stalls, ocassional 
reversals of direction, and flow variations at ca. 0.1 Hz. The latter 
variations are reminiscent of the 0.1 Hz fluctuations seen in fMRI data [Mitra 
et al. (1997) J. Mag. Res. Med. 37:511] and intrinsic optical imaging data

[Mayhew et al. (1996) 
Neuroimage 4:183], which reflect 
macroscopic changes in cerebral 
blood flow. Stimulation of 
multiple vibrissae (10 Hz for 1 s) 
led to increases in the velocity 
and the flux (cells per unit time) 
of RBCs that, in some cases (Fig), 
were detectable in single trial 
measurements. (Supported by 
Lucent Technologies and UCSD)

Red Blood Cell Velocity 
(0.1 s running average)

Time After Stimulus Onset [s]
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166.11
ULTRA W EAK SPONTANEOUS PHOTON EMISSION FROM BRAIN 
STUDIED IN  VOVO AND IN VITRO RAT BRAIN. M. Kobayashi1. M. Tя⅛eda1. T 
Sato1. Y.Yamazaki2. K.I. ĩto2*. H. Kato2 and H. Inaba1 э. 'Biophotonics Information 
Labs., 2 Dept, o f Physiology, Sch. of Med., Yamagata Univ., 3 Tohoku Inst, o f Tech.; 
Yamagata 990-2473, Japan.

Living organisms are known to emit ultraweak light spontaneously in visible to 
near infrared wavelength region, during general metabolic processes without any 
external excitation. These phenomena are commonly referred to as ‘biophoton 
emission’ . The emission process is generally associated with the production of reactive 
oxygen species underlying oxidative metabolism. Electronically excited states of the 
constituents of living cells via radical reactions lead to biophoton emission, and which 
hence carries the information of metabolic activity and/or susceptibility for oxidative 
damage. Here, we report two-dimensional imaging of biophoton emission from rat 
brain in vivo, and characterization of the emission corresponding to the cerebral 
activity under both conditions in vivo and in vitro.

The measurements were performed by a highly sensitive two-dimensional photon 
counting system incorporated with a 40mm diameter photocathode and a specially 
designed lens system. Wistar rats of male were used for in vivo experiments under 
general anesthesia with isoflurene, and biophoton was observed through parietal bones 
with surgical excision of the skin. For in vitro studies, slices of a hemisphere were 
prepared with thickness of 500 µm, and photon emission intensity was measured by a 
photomultiplier tube under flow culturing.

Coưelation between biophoton emission intensity and elėctroencephalographic 
(EEG) activity were obtained with time integration o f photocounts and theta wave of 
EEG for 10 minutes. The emission also correlates to the concentration o f inhaled 
oxygen. Under in vitro experiments, we observed the temporal changes o f photon 
emission coupled with neural activity. It is suspected that the photon emission 
originates from energy-yielding process combined with the leakage of reactive oxygen 
species. Biophoton imaging on the brain seems to provide a novel method for potential 
to extract the functional information of human brain.

166.13
SIMULTANEOUS BOLD AND CBF ÍMRI OF RAT BRAIN DURING FOREPAW 
STIMULATION: COMPARISON WITH LASER-DOPPLER FLOWMETRY.
A. C. Silva1, S.-P. Lee1, G. Yang2*, C. ĭadecola2 and S.-G. Kim ‘ . ‘Center for Magnetic 
Resonance Research, Dept, of Radiology, and ⅛>ept. of Neurology, University of 
Minnesota Medical School, Minneapolis, MN 55455.

The BOLD contrast mechanism can be modeled as a complex interplay between 
rCBF, rCBV and rCMR02. Positive BOLD signal changes are presumably caused by 
rCBF changes in excess of increases in rCMR02. As this uncoupling between rCBF and 
CMR02 may not always be present, BOLD and rCBF changes may not be always 
coưelated. In this study, we investigated further the relationship between rCBF changes 
and the BOLD mechanism. Electrical stimulation (0.1-2.5 mA; 3 Hz; pulse 0.3 msec) of 
the forepaw was used to increase neural activity and rCBF in the somatosensory cortex 
of chloralose anesthetized rats. Arterial blood pressure and blood gases were monitored. 
The changes in BOLD and rCBF produced by the stimulation were measured 
simultaneously by fMRI. rCBF was also measured by laser-Doppler flowmetry (LDF) in 
separate studies under identical experimental conditions. The fMRI experiments were 
analyzed in terms of spatial distribution, amplitude and response time of the signal 
changes. The LDF data were analyzed in terms of amplitude and response time of the 
rCBF changes. We found excellent agreement between fMRI and LDF. The observed 
BOLD signal changes correlated with rCBF changes over a wide range of rCBF 
increases. Both the fMRI as well as the LDF experiments showed the amplitude of the 
rCBF signal to increase with currents up to 2Ό mA, not increasing further at 2.5 mA. 
The temporal characteristics of the signal changes were similar in all cases. There was 
no noticeable increase in arterial blood pressure with currents up to í.5 mA. We 
conclude that, under controlled physiologic conditions, fMRI provides an estimate of 
rCBF changes similar to that obtained by LDF. fMRI can be used to accurately probe 
the hemodynamic changes associated with increased neuronal activity.

(Supported by NIH Grants RR08079 and MH57180 and NS31318)

166.15
TWO-DIMENSIONAL MAPPING OF CEREBRAL BLOOD FLOW  DURING 
CORTICAL SPREADING DEPRESSION.
A⅛ Шe¡seni& M, L aur itzeдü,
1Institute o f Medical Physiology University o f Copenhagen Denmark, 2*Department o f 
Clinical Neurophysiology, Glostrup Hospital Denmark.

Laser-Doppler perfusion imaging (LDPI) is a new technique which gives recording 
of blood flow maps in rapid sequence. The aim of this study was to determine 
contributions of specific vessel compartments to changes in cerebral blood flow 
(CBF), during cortical spreading depression (CSD) in rat neo-cortex. Using an open 
cranial window in halothane anastezied rats (n=6) we simultaneously applied LDPI 
and a two channel laser-Doppler flowmetry probe (LDF) using two wavelength of 
light (543 nm and 780 nm) that records relative changes of CBF at two cortical depths 
(250 µm and 250-500 µm). The LDPI instrument gives CBF maps in a cortical area 
of 1280x320 µm. In the LDPI maps, arteries (48+24 µm), veins (107+53 µm) and 
capillaries (21+7 µm) could be differentiated, and relative changes in erytrocyte flow 
in the three vessel compartments determined. CSD was elicited by needle stab and 
monitored by DC shift. We found a high coưelation between LDPI and LDF 
(p<0.0001) in upper 250 µm of cortex, while at depth of 250-500 µm no correlation 
was found. Arterioles and venules showed similar patterns of relative CBF increases 
during CSD (39-59 %), while capillaries showed higher flow increases (212 %). The 
area taken up by different vessel compartments increased disproportionally during 
CSD: area taken up by arterioles increased by 38+12 %, veins by 35+34 %, and 
capillaries increased by 342+251 %, mainly due to erythrocyte perfusion of 
capillaries that were not previously perfused with cellular elements. The study 
documents utility of LDPI instrument for detailed studies of cortical microcirculation.

166.12
SINGLE- AND M ULTI-PHOTON EXCITATIO N OF NAD(P)H IN 
SOLUTION, MUSCLE AND HIPPOCAMPAL SLICES M, Büchner*. K, 
Kasischke, M. W. Riepe 1. Department of Neurology, University of Ulm, 89075 
Ulm, Germany.

Multi-photon fluorescence is a promising technique that allows UV-excitation 
with reduced photodamage. Generally, the effectivity of multi-photon absorption 
is much lower than of single photon processes. The goal of the present study was 
to investigate multi-photon absorption of NAD(P)H and the fluorescence 
characteristic upon single photon excitation in solution, muscle and hippocampal 
slices.

A  TiSa Laser was pumped with a 5 Watt solid state laser. Fluorescence was 
measured in a chamber mounted on a Zeiss inverted microscope with objective 
Zeiss C-Apo (63x, N. A. 1,2 water immersion). In standard configuration the 
TiSa Laser was pumped at 4.5 Watts. Dependent on the wavelength the excitation 
power for 60 fs pulse duration is 350 - 800 mW. Single photon excitation was 
performed with a pulsed nitrogen laser (λ exc = 337 nm).

In solution, NAD(P)H fluorescence intensity (λ exc = 785 nm) increases with a 
power of 2.6. In hippocampal slices fluorescence intensity increases with a power 
o f 1.9. The fluorescence maximum for single-photon excitation of NAD(P)H in 
hippocampal slices is shifted to 449 ± 3 nm (solution: 470 ± 1 nm). In muscle it is 
shifted to 465 ± 2 nm.

We conclude that NAD(P)H is excited by three-photon excitation in solution 
while it is excited with a two-photon process in hippocampal slices

Supported by a grant from the University of Ulm to MWR.

166.14
THE DYNAMICS OF CEREBELLAR PERFUSION CHANGES EVOKED BY 
HYPERCAPNIA AND ADENOSINE MEASURED BY LASER-DOPPLER 
PERFUSION IMAGING.
M. Lauritzen1,2 . N. Akgören1 and O. Kiehn1*. ‘Departments of Medical Physiology, 
University of Copenhagen, &  ^Department of Clinical Neurophysiology, Glostrup 
Hospital, Copenhagen, Denmark.

The aim of the study was to examine the dynamics of perfusion changes in response 
to hypercapnia and to a locally applied vasodilator, adenosine in the cerebellar cortex 
of halothane anesthetized rats by the use of laser-Doppler perfusion imaging (LDPI). 
LDPI is a new technique that combines the laser-Doppler flowmetry principles with 
multiple scanning in the two dimensional field. Each line was scanned 128 times at a 
line sampling rate of 4000 Hz (Wavelength, 670 nm; light power 100 µW; data 
acquisition time, 2.04 s). Laser-Doppler shift was calculated by Fourier transformation 
over 128 signal intensities of each point that was proportional to blood cell velocity. 
With these data a two-dimensional map of the cerebellar perfusion maps consisting of 
256x64 pixels over an area of 1.3 x 0.3 mm were created. The brightness of the image 
was coded by the value of the Doppler shift. The perfusion maps were off-line analyzed 
(NIH image software) for the relative intensity changes in relation to controls. The CBF 
increase was measured simultaneously by laser-Doppler flowmetry. Hypercapnia (n= 
5) was induced by inhalation of 5 % CO2 for ten minutes and adenosine (2 mM, n=5) 
in CSF was applied topically. The cerebellar cortex was scanned two times before the 
stimuli and at the start of vasodilation, at 5 minute intervals and at the return of baseline 
measured by LDF.

The time course of the increase in the intensity of signals from both arteriols and 
venules followed the same time course of the CBF increases evoked by hypercapnia 
and adenosine. Both stimuli resulted in the recruitment of the vessels ( 10-30 µm) by 
the time the CBF increased 10 % of the baseline indicating the red cell perfusion of the 
vessels. We conclude that LDPI in a new technique that can be applied to dynamic on
line measurements of cerebral perfusion.

166.16
LASER-DOPPLER PERFUSION IMAGING: TWO DIMENTIONAL MAPPING OF 
ACTIVITY-DEPENDENT PERFUSION CHANGES IN CEREBELLAR CORTEX.
N. Akgören *  and M. Lauritzen: Departments of Medical Physiology, University of 
Copenhagen, &  Department of Clinical Neurophysiology, Glostrup Hospital, 
Copenhagen, Denmark.

Laser -Doppler perfusion imaging (LDPI) is a new technique that combines 
the laser-Doppler flowmetry principles with multiple scanning allowing two- 
dimensional perfusion maps of cerebral circulation. This technique allows to resolve 
flow changes in individual arteriols and venules with an optical resolution of 10 µm on 
the transverse plane with data acquisition time of 2.04 s.

In this study, we used a LDPI instrument (Heidelberg Retinal Flowmeter) to 
examine activity-dependent changes in the vessels in response to stimulation of the 
climbing fibers (CFs) in cerebellar cortex of halothane anesthetized rats. CFs were 
activated by electrical stimulation of inferior olive at 10 Hz for 120 s. The cerebellar 
cortex vermis region was scanned by the LDPI camera two times before the stimuli and 
at 5, 15, 30, 60, 90,120,135,180 and 210 s and cerebellar perfusion maps consisting of 
256 x 64 pixels over an area of 1.3 x 0.3 mm were created. The CBF increase was 
measured simultaneously by laser-Doppler flowmetry .The perfusion maps were off
line analyzed (NIH image software) for the intensity changes that was coded by the 
laser shift corresponding to increased red blood cell velocity. Stimulation of CFs at 10 
Hz evoked CBF increases that correlated with the signal intensity changes in the 
corresponding images (p < 0.0001). The arteriols and venules equally contributed to the 
signal in the area of interest. The relative intensity increased in both vessel 
compartments during stimulation and resulted in the recruitment of the vessels (10-20 
µm) in the first 5 s of stimulation indicating the red cell perfusion of the vessels. This is 
the first study to show that, LDPI can be used for dynamic on-line measurements of 
brain perfusion that w ill help to understand the contribution of different vessel 
compartments during stimulation.
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166.17
LOCAL CBF CHANGE EVOKED BY HIND PAW  
STIM ULATION MEASURED USING LDF IN RAT B R A IN .
T. Matsuura1 *. H . Fujita1. C. Seki1. K. Kashikura1. K . Yamada2 and ĭ .  

Kanno3. 'Akita Lab., Japan Science and Technology Corp., 2Dept. o f  
Physiology, School o f  Medicine, Akita Univ, and 3Akita Research 
Institute o f  Brain and Blood V essels, Akita, Japan.

The aim o f  this study was to examine the hemodynamics o f RBC  
velocity and RFC concentration, and the magnitude o f  the response in 
local CBF (LCBF) to neuronal activation. We measured the change in 
LCBF, RBC velocity, RBC concentration and field potential during 
activation o f the somatosensory cortex o f the rat by electrical stimulation 
o f  the hind paw. Electrical stimuli were given for 2, 5 and 20 s at 0 .2 , 
0.5, 5, 10 and/or 50 Hz (1 -1.5 mA, pulse width 0.1 ms). LCBF, RBC  
velocity and RBC concentration were monitored with laser-Doppler 
flowmetry (LDF) under a-chloralose anesthesia (n = l2 ). From this 
experiment w e obtained the following results: 1) the maximum 
appearance o f field potential and maximum LCBF were both obtained at 
5 Hz stimulation; 2) LCBF rose around 0.5 s after onset o f stimulation 
regardless o f frequency; and 3) RBC concentration (corresponding to 
capillary change) did not rise earlier than RBC velocity (corresponding 
to arteriole change) and LCBF, but peaked earlier than those. These 
results suggested that LCBF increased nearly proportionally to the 
intensity o f  cortical activation, and also suggested the possibility that 
both arteriole diameter change and capillary active change contributed to 
initial LCBF responses.

BRAIN METABOLISM AND BLOOD FLOW: METHODS—OTHER

167.1
VALIDATION OF AN ANALYTIC METHOD OF CALCULATING 
CEREBRAL GLUCOSE METABOLISM USING PET. K. R. Boπson*.
S. J. Grant. E. D. London. Brain Imaging Center, National Institute on Drug 
Abuse, Baltimore, MD.

Quantitative modeling of brain activity using positron emission tomography 
(PET) with the 2-[l8F]fluoro-2-deoxy-D-glucose (FDG) method requires 
calculation of the integral of the time course of radioactivity in arterial 
plasma. Numeric integratation of the plasma curve has typically been used, 
but this method requires 30 or more rapid blood samples during the first 30 
min after injection of the radiotracer. Our laboratory has developed an 
alternative method which fits the values of the plasma samples to an 
analytically integrable function and reduces the effect of missing or incorrect 
data (Phillips et al, J. Nucl. Med. 36: 1668-1679, 1995). This analytic 
method only uses six plasma samples (taken 30-110 min after radiotracer 
injection) to perform the intergration, greatly simplifying the experimental 
procedure. In the present investigation, we validated the accuracy of the 
analytic method compared to the numeric method using data from FDG-PET 
studies that were not used in the development of the analytic method. In PET 
studies from 18 subjects, 30 plasma samples were taken over 110 min and 
modeled using both the analytic and the numeric method. The two sets of 
modeled data representing cerebral metabolic rates for glucose (CMRglc) 
were then compared by assessing global CMRglc and regional CMRglc in 
each of 12 brain slices. The results from this comparison of the two methods 
show a correlation of whole slice values within subjects of > 0.99 and the 
percent differences were < 5%. Since the analytic method requires less blood 
sampling and does not require rapid sampling immediately after the 
radiotracer injection, it simplifies the experimental procedure without a loss 
of accuracy in the data. (The NIDA Brain Imaging Center is supported in 
part by the ONDCP)

167.3
METABOLISM OF NO-CARRIER-ADDED 2-[18F]FLUORO-L-TYROSINE IN FREE MOVING 
RATS. J. Aerts. A. Plenevaux, C. Lemaire, C. Brihave and A. Luxen*. Liege Univ. Cyclotron 
Research Center, Sart Tilman BЗO, B-4000 Liege, Belgium.

Several [18F]-labeled fluoroamino acids have been evaluated as tracers for the quantitative 
assessment of cerebral protein synthesis in vivo by positron emission tomography (PET). 
Among these. 2-[18F]fluoro-L-tyrosine (2-[18F]Tyr) appears to be the most promising due to its 
fast incorporation into proteins and a very simple metabolism. Nevertheless, these evaluations 
were performed with a tracer of low specific activity since an electrophilic pathway was used to 
obtain the fluorinated analog. The present in vivo study was carried out in brain of normal 
awake rats using no-carrier-added (n.c.a.) 2-[18F]Tyr prepared through an enantioselective 
(e.e. > 97%) multistep synthesis starting from (18F]fluoride. Under normal physiological 
conditions, the incorporation into proteins and the metabolism of the n.c.a. 2-[18F]Tyr were 
evaluated The experiments were conducted in vigil (no anesthesia), free moving and 
unstressed animals. 12 Sprague Dawley male rats (230 - 410 g) were injected with about 0.75 
mL of the tracer solution (0.5 - 7 mCi). The metabolism was studied in plasma, cerebellum, 
striatum and frontal cortex at 30, 60, 90 and 120 min. It was observed that the compound 
rapidly passed the blood-brain-barrier. The absolute uptake into the brain tissue was of 0.15% 
ID/g. The elimination of radioactive compounds was observed in plasma. The uptake of 
radioactivity by the bones indicated that a defluorination process was most likely to occur. In 
the brain tissues, the radioactivity associated with proteins continuously increased between 30 
and 120 min to reach about 90% of the total activity at 120 min. This percentage was 
consistently lower in the striatum. The HPLC analyses showed that the percentage of 
unmetabolized 2-[18F]Tyr was smaller in the striatum indicating that a fraction of the 2-[18F]Tyr 
was entering the catecholamine metabolic chain. In striatum, the presence of 6-fluoro-L-dopa 
and of its main metabolites (3-O-methyl-6-fluorodopa, FDOPAC, FDA and FHVA) were 
confirmed. 2-[18F]Tyr is thus a substrate for the tyrosine hydroxylase. These biochemical data 
will be used to establish a model to estimate rates of 2-[18F]Tyr incorporation into brain proteins 
in human with PET. Furthermore, the results obtained are good reasons to evaluate the 
potential of the α-methylated analog of 2-[18F]Tyr as radiopharmaceutical candidate for the 
study of the tyrosine hydroxylase with PET. This problem is currently under development. 
Supported by grants from FNRS Belgium.

167.2
Effect of FDG activity in Harderian gland on quantification of 
cerebral glucose metabolism in rat · animal PET study.
T. Hayashi1, H. Fukuyama2? Y. Katsumi1, Y. Ņagahama2, H. Yamauchi1 and H. 
Shibasaki2. Dept, of 'Neurology and 2Brain Pathophysiology, Kyoto Univ.; 
Kyoto 606-8507, Japan.

Intraorbital rat Harderian gland, located adjacent to brain, often shows 
considerably high accumulation of fluorodeoxyglucose (FDG). Thus, its 
accumulation may affect the brain radioactivity measurement and may influence 
the calculation of cerebral glucose metabolism in rat PET. To assess the effect of 
FDG activity in Harderian gland on cerebral metabolic rate of glucose (CMRG) 
measured by PET for animal use (Watanebe M et al. IEEE Trans Med 1992), we 
performed serial FDG-PET scanning before and after resection of the gland, and 
estimated the spillover radioactivity from the gland and its effect to CMRG in the 
ROI located in the various regions of brain. First FDG-PET scanning for 15 min 
was performed 45 min after FDG injection using anesthetized normal male Wistar 
rats (n=6), and immediately after wards, the rats were killed by overdose 
anesthetics and operated for resection of intraorbital Harderian gland and eye ball. 
Subsequent second PET scanning was performed for another 15 min. We measured 
the radioactivity in circular ROI with a diameter of 2 FWHM, located in the 
frontal, parietal, temporal cortices and cerebellum both in the 1st and 2nd PET 
images and calculated CMRG in each ROI by autoradiographic method using 4 
parameter model. The estimated spillover fraction from the gland was 0-9% of the 
activity in the frontal ROI while it was O.2%±l.2 in the parietal, temporal and 
cerebellar ROI. In the frontal cortex, the calculated CMRG measured by the 1st 
PET was overestimated by 0- 12% compared to that measured by the 2nd PET, 
but to a lesser extent in the other regions of brain. These spillover fractions were 
large especially in rats in which the peak gland radioactivity was much higher than 
that of the brain. These results show that the radioactivity in the Harderian gland 
overestimates CMRG in the frontal ROI to a minimal degree, but not in other 
brain regions, (supported by JSPS-RFTF97L00201 and A08558083)

167.4
SIMPLE QUANTITATIVE EVALUATION OF CEREBRAL BLOOD FLOW 
AND PERFUSION RESERVE WITH H2l50-PET AND AZETAZOLAMIDE.
M. Aгigoni1, S. Kneifel1, C. Burger1, J. Fandino2. F. Knoflach3* and A. Buck1. 
'Division of Nuclear Medicine and 2Dept. of Neurosurgery, University Hospital. 
Zürich; ^*Preclinical CNS Research, Pharma Division, F. Hoffmann-La Roche Ltd., 
CH-4070 Basel, Switzerland

Determining regional cerebral blood flow (rCBF) and the perfusion reserve (PR) 
with H2150-PET in response to acetazolamide is a useful diagnostic tool in 
selecting patients with cerebral ischemia for possible surgery. Quantitative 
determination of rCBF with most methods requires arterial blood sampling, which 
is inconvenient in a clinical setting. In this work, we present a simple method to 
determine rCBF and the perfusion reserve (PR = rCBFazetazolamide ⁄  
rCBFbaseline) non-invasively in one PET session lasting no more than 30 minutes. 
The blood flow of 7 patients with cerebral ischemia was determined with PET and 
bolus injection of H2i50  in baseline conditions and after administration of lg 
azetazolamide using a classical technique involving arterial blood sampling. PET 
scanning was started at the arrival of the bolus in the brain. The accumulated 
activity over 60 s was normalized to injected activity/bođy weight (nAA) and 
compared to the rCBF values obtained with conventional compartmental modeling 
(CM) in 8 different cerebral regions. Linear regression yielded a high correlation 
between the accumulated activity and rCBF in both baseline condition and under 
azetazolamide (nAA = 0.0374 * rCBF + 0.6910, r=0.91). A strong linear 
correlation was also found between the PR values calculated with both methods 
(PR„aλ= 0.8134 PRCM + 0.1487, r=0.90). These results demonstrate the potential 
of the method to determine rCBF and PR quantitatively without arterial blood 
sampling. It may prove useful in the selection of patients for cerebrovascular by
pass surgery.
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167.5
Analysis of Ncuгomagnctic Signals from a Convoluted Cortex during 
Spreading Cortical Depression (SCD). Bo⅜wer, Moran. J.e Λ  Qkada,
Y.cA Teplev. ⅛ept. Neurol., Hemy Ford Hosp., Detroit, M I 48202; ⅛ept. 
Physics, Oakland Univ., Rochester, M I 48307; ⅛epts. Neurol. &  Physiol., Univ. 
New Mexico, Albuquerque, NM 87131

Magnetoencephalography (MEG) has emerged as a technique for the non- 
invasive detection of phenomena related to clinical neurological disturbances, such 
as migraine, epilepsy, head trauma, and ischemia. Since SCD is believed to play 
an important role in the pathogenesis of these disorders, MEG studies of SCD in 
animals may provide further insights into the understanding of this phenomenon. 
We have previously documented the existence of DC-MEG signals associated with 
the propagation of SCD through a sulcus in a gyrencephalic species. These data 
were acquired with a 4-chaıinel µSQUID magnetometer located 3 mm above a 6 
mm wide cortical strip through a sulcus which was isolated by subpial ablation. 
DC-ECoG recordings were made to verify the occurrence and propagation of SCD 
across the cortex. A detailed analysis of the DC-MEG results indicates that MEG 
signals associated with SCD are primarily determined by the cortical geometry, in 
particular, through a sulcus. In addition, the DC-MEG signals can be used to 
reliably estimate propagation rate, initiation site and electric dipole amplitude of 
the SCD wave-front when the cortical geometry is known. A forward MEG model 
of SCD was developed to estimate these SCD parameters. The model incorporated 
the actual sulcus geometry determined from cortical slices. This study provides 
further evidence that MEG can be interpreted and used to resolve spatio-temporal 
electrical activity in the convoluted cortex. Supported by NIH grants P5Q- 
NS32399, RO1-ŇS30914 and ROl-NSЗO968.

167.7
MICROPET - A DEDICATED H IG H RESOLUTION PET SCANNER FOR 
AN IM AL IM AGING . S.R. Cherry*, A. Chatziioannou, A.I. Aπnala. N .K . 
Doshi and M.E. Phelps. Cαưnp Institute for Biological Imaging, UCLA 
School of Medicine, Los Angeles, CA 90095.

MicroPET is a compact, dedicated animal PET scanner developed over the 
past 3 years at UCLA for high resolution functional imaging in laboratory 
animals. This PET system uses novel detector technology to reach an isotropic 
reconstructed image resolution of 1.8 mm, corresponding to a volumetric 
resolution of just 6 µL. The image in tensity is linearly  correlated w ith  
radioactivity concentration, a llow ing the distribu tion of positron-labeled 
tracers to be determined non-invasive ly in animal models. Therefore, 
radiotracer kinetics can be measured repeatedly in the same animal over a 
period of days, weeks or months, a llow ing each animal to serve as its own 
control. This is particularly valuable in studies of development and in studies 
monitoring functional parameters fo llow ing intervention.

Over 100 studies have now been performed on microPET including brain 
imaging in mice, rats and vervet monkeys using tracers such as 18F- 
fluorodeoxyglucose (FDG), lSF-fluoroethylspiperone and nC-W IN 35,428 
(WIN). W ith FDG, cortical and subcortical gray matter structures are easily  
identifiable in the monkey brain. W ith  W IN , caudate and putamen can be 
distinguished in the monkey brain, w hile left and righ t striatum are c lea rly  
visualized in the rat and the mouse brain. W hile  the resolution is s t i l l  
limited compared w ith  autoradiography, high resolution, dedicated an im a l 
PET scanners may be an important new technology in studies of a long itud ina l 
nature, where the a b ility  to repeatedly measure function w ith in  the same 
animal confers a unique advantage.

This work was supported by a grant from the N IH  (NCI CA 69370) and by 
DoE contract DE-FC03-87ER60615.

167.6
IMPROVED ESTIMATES OF CNS BLOOD FLOW BY IMAGE 

REGISTRATION OF ANGIOGRAPHIC VIDEOS
D.H.Grosof1*. J.B. Mulligan1, J.M. Gidday2. ‘NASA Ames Res.Ctr., 
Moffett Field, CA 94035 2Washington U., St.Louis, MO 63110 

Purpose: To improve analysis of videos of retina and brain 
microvasculature by digital processing. Straightforward application of 
conventional methods can be complicated by sensitivity to noise and by 
motion artifacts. However, by spatially registering each frame, one can 
improve and automate the extraction of quantitative image information 
such as blood flow. Method: We applied the techniques of Mulligan 
(1997) to stabilize scanning laser ophthalmscope image sequences of 
fluorescein and indocyanine green rat retinal angiograms that were 
recorded to videotape and later digitized. Image motion was removed 
by a digital registration method. Both vessel diameters and 
fluorescence vs. time curves in all the major retinal vessels near the 
disc were extracted to estimate blood flow. Results: Video fields 
were registered with sub-pixel resolution. Eliminating image motion 
improves both digital subtraction, which enhances estimation of dye- 
filling, and frame averaging, which enhances resolution of stationary 
detail such as vessel geometry. Conclusion: Modern methods to 
stabilize and analyze movies of retinal and brain vasculature can 
automate analyses of large video datasets and aid development of 
further improvements in image quantitation, such as estimation of the 
dynamics of fluorescently dyed blood cells. Supported by
Juvenile Diabetes Foundation Inti. & Foundation for Vision Science 
(IM G), NASA RTOP 505-64-53 (JBM), NRC (DHG).

167.8
CEREBRAL M ICR OVASC ULAR PLASM A VO LUM E AND HEMATO CRIT 
K Davies1*, D M orris2. Z Zhanα3. A  N iαer1. S Eden1. J Fensterm acher1.
1Dept. o f Anesthesia, E m e rg e n c y  Medicine, 3Neurology, Henry Ford Hospital, 
Detroit, Ml 48202

Tracking l125-Albumin and Fe^-R B C  distribution by autoradiography, we have 
shown that brain microvessel hem atocrit (HCT) is less than central arterial HCT 
in aw ake  rats and increases w ith barbiturate anesthesia (1). Since the 
p receding did not involve d irect observation o f the m icrovessels, a technique 
that visualized individual m icrovessels was sought. In a study approved by the 
institutional Care o f Experim ental Anim al Committee, Sprague-Dawley rats 
were anesthetized with halothane, and a bolus o f FITC dextran was injected into 
one internal carotid artery. Fixed tissue specim ens (256µm  x 256µm  x ЮOµm) 
w ere  ana lyzed with a Bio-Rad 1040 laser confocal m icroscope, and the data 
transferred to an image processing system developed by Imaging Research Inc 
(St. Catharines, Canada). Since FITC-dextran filled the plasma space within the  
cerebral m icrovessels, the volum e of fluorescence was a measure o f the plasma 
vo lum e with in the tissue block. Though erythrocytes were not stained, it was 
possib le  to see and outline the contour o f the dark RBC silhouettes within the 
fluorescent plasma. Plasma volum e determ ination was done in 160 contiguous 
areas o f one normal rat cortex and ranged from  0 .0 1 % in avascu lar areas to a 
m axim um  o f 2.2%  in locations containing small venules. The mean value for 
cortical vascular plasma volume was 0.87%, which compares favorably with the 
value o f 0.6-0 7% obtained previously by radiotracers. Intracapillary HCT was 
determ ined in twelve of the above areas and ranged between 33 and 42%  with 
a m ean o f 38.5%. This percentage for the halothane anesthetized rat lies 
between the awake (30% ) and barbiturate anesthetized (45%) HCT values for 
the cortex determ ined by autoradiography, supports the earlie r findings, and 
suggests that halothane raises cortical m icrovesse l HCT modestly.
1). Wei L, J. Cereb. Blood Flow Metab., 13:487-497, 1993.
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168.1
THE E F F E C T  O F  H E M O D Y N A M IC  R E S P O N S E  F U N C T IO N  O N  S IN G L E  T R IA L  
FM R I A N A L Y S IS .  Z .Z h a o * .  J .E .D e s m o n d .  S .B u n α e .  V .P r a b h a k a r a n .  
J .D .E .G a b r ie l i . D e p t,  o f  P s y c h o lo g y ,  S ta n fo rd  U n iv e rs it y ,  S ta n fo rd ,  C A  

9 4 3 0 5 .
In  p a r a m e t r ic  s ta t is t ic a l  a n a ly s is  o f  s in g le  t r ia l  d a ta ,  a n  a priori 

h e m o d y n a m ic  r e s p o n s e  fu n c t io n  (h r f )  c a n  b e  u t i l iz e d  in  c o n s t r u c t in g  
c o v a r ia te s .  H o w e v e r ,  t h e  h r f  m a y  v a r y  a c r o s s  s u b je c t s  a n d /o r  
re g io n s , a n d  m a y  e v e n  v a r y  o v e r  t im e .  In  th is  s tu d y ,  w e  in v e s t ig a te d  
th e  e f fe c t  o f  h r f  w h e n  c o v a r ia te s  a re  u s e d  to  d e c o n s t r u c t  d i f fe r e n t  
s u b p ro c e s s  o f  s in g le  t r ia l d a ta .  A  s im u la te d  S te rn b e r g  v e rb a l w o rk in g  
m e m o ry  p a r a d ia m  w ith  3  c o g n i t iv e  c o m p o n e n ts  ( E - e n c o d in g ,  M -  
m a in te n a n c e , R - r e t r ie v a l)  w a s  u s e d ,  w ith  d i f fe r e n t  h r fs  a n d  d i f fe r e n t  
s a m p le  s iz e s .  M u l t ip le  r e g r e s s io n  w a s  a p p l ie d  to  s t a t i s t i c a l l y  
d e c o m p o s e  te m p o r a l ly  s e g r e g a te d  c o m p o n e n ts .  T h e  a s s u m e d  h r f  
c o n v o lv e d  w ith  th e  c o r r e s p o n d in g  in p u t  w a v e fo r m s  ( b a s e d  o n  th e  
s t im u li o f  E , M  o r  R ) w e r e  u s e d  a s  r e g r e s s io n  v a r ia b le s  a n d  b o th  
fa ls e - p o s it iv e  ra te  a n d  a c c u r a c y  w e r e  c a lc u la te d  f o r  th e  s im u la te d  
d a ta . W e  fo u n d  th a t  (1 )  it  is  p o s s ib le  to  s ta t is t ic a l ly  d e c o n s t r u c t  th e  
w ith in - t r ia l  s u b c o m p o n e n t s ;  (2 )  t h e  m e th o d  is  s e n s i t iv e  to  t h e  
a s s u m e d  d is p e r s io n  o f  t h e  h r f ;  a n d  (3 )  th e  m e th o d  e n c o u n te r s  
d if f ic u lt y  i f  t h e  in t e r - t r ia l  in t e r v a l  is  n o t  lo n g  e n o u g h  to  a l lo w  
s u ff ic ie n t  d e c a y  o f  th e  s ig n a l  a f t e r  th e  t r ia l  is  o v e r .  A n  a l t e r n a t iv e  
m e th o d  th a t  d o e s  n o t  r e q u ir e  h r f  a s s u m p t io n s  in v o lv e s  c a lc u la t in g  th e  
a re a  u n d e r  th e  c u rv e  fo r  e a c h  t r ia l,  a n d  p e r fo r m in g  a  t - t e s t  o n  th e s e  
a re a s  a c r o s s  d i f f e r e n t  t r ia l  t y p e s ;  h o w e v e r  t h is  m e th o d  r e q u ir e d  
la rg e r s a m p le  s iz e s  to  re a c h  th e  s a m e  p o w e r .  S u p p o r te d  b y  N IA  (A G  
1 2 9 9 5 ) .

168.2
S IM U LTA N E O U S M EASUREM ENTS OF CBF AN D  CMRO, CHANGES 
BY fM R I: INCREASE OF O XYG EN CONSUM PTION RATE IN  TH E 
H U M A N  V IS U A L  CORTEX DU RING  V IS U A L  ST IM U LA TIO N . S.-G. 
K im 1*, E. Rostrup2, H.B.W. Larsson2, and O.B. Paulson2 ‘Center fo r  
Magnetic Resonance Research, Univ, o f M inn., M inneapolis, M N  55455 
USA; 2Danish Research Center for Magnetic Resonance, Univ, o f 
Copenhagen, Hvidovre Hospital, DK-2650 Hvidovre, Denmark

The blood oxygenation level dependent (BO LD) effect in fM R I is 
dependent on uncoupling between CBF and oxygen consumption changes 
during mental activity. By measuring CBF and BO LD  simultaneously , 
change o f relative oxygen consumption rate (C M R 0 2) can be determined. 
CBF and B O LD  signal changes were measured using the FA IR  technique at 
a 1.5 Tesla M R I system. Typical parameters were an inversion time o f 1.4 
s, and a gradient echo time o f 50 ms. W ith the known oxygen 
consumption change, the relationship between CBF and BO LD  changes was 
determined during inhalation o f 5% carbon dioxide, which is assumed no 
C M R 0 2 change; a conversion constant from  CBF/BOLD to CM RO z was 
determined fo r each subject. Then, CBF and C M R 02 were measured 
during black/white visual stimulation reversing 8 Hz, which is presumably 
little  CM R02 based on previous PET studies. Ten subjects were studied 
twice. Localized activation was observed in the visual cortex in all studies. 
Increase o f regional CBF in the visual cortex was 44.4 ± 8.9 % (n = 20). 
Interestingly, regional C M R 0 2 increased significantly. Depending on the 
model used fo r calculation o f C M R 02, change o f CM RO? was between 
14.3 ±  8.8 % and 27.1 ±  19.8 % (n = 20). A  strong correlation was 
observed between CBF and C M R 0 2 changes.
Supported by N IH  (RR08079 and MH57180), Whitaker Foundation and 
Univ, o f M inn.
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168.3
THE DEFAULT STATE OF THE AWAKE BRAIN M.E. Raichle*. A.-M. MacLeod,
A.Z. Snvder. M.A. Mintun. W.J. Powers. Washington University, St Louis, MO 
63110.

Functional brain imaging studies with PET and fMRI reveal both task-induced 
increases and decreases in regional activity. These changes are based on comparisons 
between a task state designed to place demands on the brain that are uniquely different 
from control state. For example, a task state involving rapid hand movement produces 
greater activity in motor cortex than a control state involving slow hand movement or no 
hand movement at all. Conversely, o f course, a task state that involves no hand 
movement when compared with a control state involving hand movement yields a 
decrease in motor cortex. While many decreases can be explained this way, there 
remain instances, remarkably similar across paradigms (Shulman et al, JCN 9:648- 
663,1997), in which decreases occur from a passive control state (e.g., eyes closed or 
passively viewing a fixation point). Some have declared these decreases result from 
unrecognized activation in the control state. We tested this hypothesis by examining 
resting (eyes closed) regional cerebral blood flow (CBF), cerebral metabolic rate for 
oxygen (CMR02) and oxygen extraction fraction (OEF) in two regions (medial 
orbitofrontal cortex; posterior cingulate/precuneus) routinely noted to decrease their 
activity during task performance (Shulman et al, JCN 9:648-663,1997). Our objective 
was to determine whether the OEF in these 2 regions differed from the mean for the 
entire brain. Deviations o f the OEF or, equivalently the BOLD signal o f fMRI, from the 
brain mean characterize activated/deactivated brain (Raichle, PNAS 95:765-772,1998). 
CBF, CMR02 and OEF were measured with PET in 19 normals (age range 19 to 77, 
mean 43; 9 females). Results demonstrate that while CBF and CMR02 were 
significantly above the brain mean in these areas, OEF did not differ. Thus, decreases in 
activity during functional activation can reflect decreases from a baseline state definable 
in terms o f metabolic relationships in the cerebral cortex. Further, we identify a 
functionally unique default state o f the brain in which specific regions o f cerebral cortex 
exhibit tonic activity manifest by significantly elevated blood flow and oxidative 
metabolism. Support: Charles A. Dana Foundation, NSO6833 and HLĨ385l.

168.5
BOLD SIG NAL CHANG E WITH APNEA. S. M ad i*S . Vinitski2 
and J. N issanov1. 1 Computer V ision Center for Vertebrate Brain 
Mapping, a NIH Biom edical Technology Resource, Drexel 
University, Philadelphia, PA 1 9 1 0 3 .2 Department o f Radiology, 
Thomas Jefferson University, Philadelphia, PA 19107 and Alfred 
Dupont Institute for Children, W ilmington, DE 19899.

Two opposing processes may affect the fMRI BOLD signal during 
breath holds. The decrease arterial oxygen is expected to lead to 
increased venous deoxyhemoglobin concentration and to signal 
decrement. This should be counteracted by increased blood flow in 
response to the increased pC 02. The possibility that measurement of 
the combined effects may serve as a diagnostic motivated the present 
study.

Contradictory results have been previously published on the 
subject. W e measured the effect using a 1.5 T Echospeed Signa 
scanner (Gradient Echoplanar, TR/TE=2000/29, flip angle=9Oº, 
128x128 matrix axial slices, 6mm slice thickness). Subjects were 
imaged continuously as they breathed normally, inspired deeply and 
then held their breath for 45 seconds. A nalysis was done over the 
entire brain tissue in the acquired slice that during the first 45  
seconds o f  apnea. W e observed an initial signal decrement reaching 
a maximum o f  1.4% approximately 10 seconds after commencement 
o f  apnea. This is follow ed by a gradual partial recovery.

Support: NIH -P41RR01638.

168.7
DATA DRIVEN NONSTATIONARY SPATIOTEMPORAL NOISE MODELS FOR 

fMRI P. P. Mitra* .Bell Laboratories, Lucent Technologies, Murray Hill, NJ 07974.
Stimulus unrelated fluctuations in fMRI data show complex spatiotemporal 

correlations. This poses difficulties in statistical analysis o f the data, particularly in 
obtaining significance levels for the stimulus response. One weakness o f most probabi
listic models used currently is the assumption o f stationarity (cf. temporal autoregres
sive models and spatial random field models). The assumption o f spatial stationarity is 
particularly suspect, since fluctuations such as those o f cardiac/respiratory origin are 
manifestly not invariant under spatial translations. We propose a noise model based on 
stimulus-absent data sets gathered in conjunction with stimulus-applied data sets, sup
plemented by auxiliary measurements o f physiological cycles, o f the form 
N(x,t) = ∑ w k(t)I^(x) + N q ( x , í )  . The short-range stationary noise components are 
subsumed in the second term, while the first piece captures the non-stationary compo
nents. The functions w⅛(r) are fixed basis functions. The functions I¡fx) are learned 
from the data. In the case o f cardiac/respiratory pulsations, /¿(jc) are transfer func
tions, while for low frequency fluctuations, ƒ¿(дг) are learned from stimulus-absent 
data, apart from a normally distributed multiplicative factor. Application o f the noise 
model to respiratory pulsations is shown. (Internal funding, Lucent Technologies)

168.4
THE DEFAULT STATE OF HUMAN VISUAL CORTEX. A.-M. MacLeod*. M.E. 
Raichle. A. Z. Snvder, M. A. Mintun. Washington University, St Louis, MO 63110.

Operationally the baseline state o f the human cerebral cortex can be viewed as a 
tonic, default state to which it returns when not transiently increasing or decreasing its 
activity, locally, in response to specific processing requirements. For any given region 
o f the cerebral cortex in the awake state, this baseline can be distinguished most 
explicitly from a state of transient activation or deactivation by the local metabolic 
relationships. This strategy for defining the default state o f the cerebral cortex arises 
from two facts. First, the amount o f oxygen extracted from circulating blood (i.e., the 
so-called oxygen extraction fraction or OEF) in the resting awake state is remarkably 
constant when regions o f the cerebral cortex are compared to the mean o f the entire 
brain. Regional deviations from this whole brain OEF or, equivalently deviations in 
the blood oxygen level dependent or BOLD signal of fMRI, from the brain mean 
characterize activated/deactivated brain (Raichle, PNAS 95:765-772,1998). By 
measuring the cerebral blood flow (CBF), the OEF and the cerebral metabolic rate for 
oxygen (CMR02) with positron emission tomography (PET) it is possible to identify, 
directly, the activity state o f a given region. We did so in 19 healthy young adult 
subjects (age range 19 to 77, mean 43; 9 females) in the awake, resting state with eyes 
closed. In this state the whole brain CBF and the CMR02 were 46.4 ml ЮOg' 1 min*1 
and 2.94 ml ЮOg' 1 min' 1 respectively. While there was considerable regional 
variability across the cortex in CBF and CMR02 (see Raichle et al, companion 
abstract) their relationship was remarkably constant. This was reflected in a constant 
mean OEF o f 0.40. The only exception to this regional constancy o f OEF within 
cerebral cortex were broad regions of left and right striate and extrastriate visual cortex 
were the OEF was 0.49 and 0.48 respectively (PL ≈ 0.003; PR = 0.007). This resulted 
from a significant decrease in CBF (Ly¡suai cortex = 41, P = 0.014; R^.„.i = 39, P =
0.003) unaccompanied by a change in CMR02. Thus, the baseline state o f human 
visual cortex is not present with eyes closed. Rather, this is a state o f  significant 
deactivation. The default state o f visual cortex may require eyes open. Support: 
Charles A. Dana Foundation, NSO6833 and HLĨ385l.

168.6
TEMPORAL-SPATIAL DIFFERENCES OBSERVED WITH ƒM RI, CORTICAL 
EP’s, AND INTRAOPERATIVE OIS IN HUMANS A.F. Cannestra*. S.Y. 
Bookheimer, N.A. Martin and A.W. Toga. Lab. of Neuro Imaging, Departments of 
Neurology and Surgery, UCLA School of Medicine, Los Angeles, CA 90095

Pre-operative functional MRI (/MRI), cortical evoked potentials (EP’s) and 
intraoperative optical imaging of intrinsic signals (ЮIS) were employed to interrelate 
temporal-spatial responses for perfusion based human brain mapping. ƒM R I (at ЗT), 
EP’s and ЮIS was performed over sensori-motor cortex in patients undergoing 
resection of parietal tumors. Stimulation (2s) was provided either by a 110Hz MRI 
compatible finger vibrator or transcutaneous median nerve stimulation.

Differential spatial localizations and temporal response profiles were 
observed. Spatially, all modalities localized at the level of the superior genu of the 
central sulcus. EP’s and ЮIS activities were observed over the surface of pre- and 
post-central gyri with very similar spatial distributions. ƒM RI, however, primarily 
localized within the central sulcus. ƒM R I failed to detect large signal changes over the 
pre- and post central gyri (areas with ЮIS/EP activity). Temporally, responses to 
single stimuli demonstrated differences between the ƒM R I and ЮIS techniques. 
Response curves were of similar shape and duration, however, the total ƒM R I 
response was delayed by 2-Зs relative to the ЮIS. In contrast, when ƒM R I 
timecourses were examined over gray matter colocalizing with OIS activation, an 
initial dip was observed with temporal response closely related to OIS profiles.

The spatial/temporal differences may be due, in part, to the arterial versus 
venous contributions of ЮIS and ƒMRI, respectively. Additionally, differences may 
result from volumetric versus surface acquisition of ƒM R I and ЮIS/SSEP’s, 
respectively. The temporal/spatial ЮIS/ƒMRI colocalization over gray matter 
suggests small transient signals are closer indicators of cortical activity than the T2* 
BOLD ƒM R I signal. AFC is supported, in part, by the Training Program in 
Neuroimaging grant (M H 19950). Funding was provided by NIMH (MH/NS52083).

168.8
CHANGES IN REGIONAL CMRO2 DURING 25 MINUTES OF VISUAL 
ACTIVATION MEASURED WITH PET. M. A. Mintun* and G. L. Shulman. 
Mallinckrodt Institute of Radiology and Dept, of Neurology, Washington University 
School of Medicine, St. Louis, MO 63110

Studies have demonstrated neural activation produces a regional increase in cerebral 
blood flow (CBF) which is much greater than the change in cerebral metabolic rate of 
oxygen (CMRO2). It has been proposed that the lower magnitude of CMRO2 
increase is temporary and may change during continuous activation as an “oxygen 
debt”  is created in the tissue. To examine whether the CMRO2 change is time- 
dependent we measured CBF and CMRO2 in 8 normal subjects at five time-points: 
baseline; immediately after visual stimulus onset (STIM1); 13 minutes after onset 
(STIM2); 25 minutes after onset (STIMЗ); and again at baseline. Baseline measures 
were done during a simple fixation task. The visual stimulus consisted of a high- 
spatial frequency black-white vertical grating moving horizontally at low speed to 
prevent afterimages. CBF was measured with 50 mCi [l5O]water i.v. and CMRO2 
was measured with 60 mCi [l5O]oxygen by inhalation. Three minutes of arterial 
blood sampling and dynamic PET scanning were collected after tracer administration. 
CBF subtraction images were created to identify areas of peak activation. CBF and 
CMRO2 then were calculated from regions of interest centered at these loci. Visual 
stimulation resulted in a large focal increase in CBF (40.5% for STIM1) and a much 
smaller change in CMRO2 (7.9% for STIM1) compared to baseline. At 25 minutes 
the CMRO2 change was significantly higher (17.4% for STIMЗ) than SΉM1 
(p<0.05, n=l5 total regions). CBF change decreased (to 29.6% for STIMЗ). This data 
suggests that the CMRO2 change from neural activation increases with time and may 
be an adaptation to neural activation. These time effects may be important when 
mapping regional brain function using imaging dependent on alterations in CBF and 
CMRO2, such as BOLD fMRI. This work was supported by NIH grant NS32395.
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168.9
A PARAMETRIC TRIAL-BASED STUDY OF THE LATE UNDERSHOOT IN 
FMRI WITH VISUAL STIMULATION. M. Zeineh1*. S. Bookheimer2. M. Cohen2. 
’Interdepartmental Program in Neuroscience and ¾rain Mapping Division, UCLA 
School of Medicine; Los Angeles, CA 90025.

With fMRI, one can obtain an impulse-response of activation by spacing the trials 
apart adequately. The timecouгse shows a large signal increase with a 5-7 second latency 
to peak that presumably corresponds to the increase in venous oxyhemoglobin after 
brain activation. Several studies of visual stimulation have observed a small signal 
undershoot below baseline after the initial signal increase. This could have relevance not 
only for proper paradigm construction and stimulus analysis but also for understanding 
the physiology of cerebral hemodynamics. Hence, we sought to parametrically 
characterize this putative MR signal intensity decrease.

Six subjects performed 3 runs each of the following paradigm: a block trial with 30 
seconds of a flashing (8Hz) checkerboard flanked by 30 seconds fixation, and a single- 
trial experiment with a flashing checkerboard every 25 seconds o f 1, 2 or 4 seconds 
duration, randomly placed, for a total scan length of 9:00. Functional MRI scanning 
was performed on a GE ЗT Scanner with echo-planar gradient-echo imaging (TE=45ms, 
TR=lsec, Flip=6lº, six 4mm thick/lmm skip axial slices). We used the blocked trial to 
identify pixels that met a coưelation threshold of 0.5 (p=.0004). These were applied to 
the subsequent “ timecouгse”  images, averaged separately for 1, 2 or 4 second duration 
trials. We normalized the timecouгse images to an average resting image based on the 
initial 30 sec. control block and calculated impulse-response graphs for the selected 
pixels. Four of the six subjects exhibited a greater undershoot in the long (4 sec.) 
stimulus conditions compared to the 1 or 2 second trials. Even at a 25 second 
interstimulus interval (ISI), a return to baseline was not consistently evident for the 4- 
second stimulus. This suggests that the late undershoot may be a small but significant 
effect with a physiologic underpinning, and that trial-based studies may need to take this 
into account with either enhanced modeling and/or an increased ISI.
Supported:NIH MSTP Grant GM08042, Aesculapians Fund UCLA School o f Medicine

168.11
CO-REGISTRATION AND COMPARISON OF FUNCTION LOCALIZATION 
USING RESULTS FROM FUNCTIONAL MRI (FMRI), TRANS CRANIAL 
MAGNETIC STIMULATION (TMS), AND ERP WITH BIOELECTRIC ALLY 
MODELED SOURCE LOCALIZATION. C.G. W ib le*'·\ G.F. Potts'2. D M. 
Weinstein4, D. Kacher3, W. Wells' 3, R. Sperling1, G. Cavenaugh2. S.-S. Yυ<r \  
M.E. Shenton1,2, I.A.Fisher2, M.E. Leventon5, L.D. Gugino13. R. Kikims 1 \  F 
Jolesz1’3, and R.W. McCarley1,2. 'Harvard Medical School,⅜ockton VA Medical 
Center, ⅛righam and Woman's Hospital, 4University o f Utah. ^Massachusetts 
Institute o f Technology.

FMRI, TMS, and ERPs are used to localize brain function, but have different 
methodologies and unique sources of eưor. Registration and 3D visualization 
techniques that were developed at our site allow for the co-registration and 
visualization of the results o f functional mapping using disparate techniques. Data 
from the 3 methods for the localization o f the cortical control o f hand movement 
were co-registered with a set o f whole brain MR scans for each subject. 
Comparisons of functional localization are useful for cognitive neuroscience and 
pre-operative functional mapping for surgical planning.

FMRI and ERP mapping were done while collecting response information using a 
hand held squeeze bulb. FMRI scans were registered to MR scans using an iterative 
algorithm that maximizes the mutual information in the two scans. The motor ERP 
was recorded using a 128 channel Geodesic Sensor Net. The cortical distribution of 
the ERP was calculated using an inverse finite-element technique on an anatomically 
accurate conductivity model constructed from the subject's segmented MRI. 
Electrode locations were magnetically digitized. TMS was performed by 
stimulating on the scalp and recording EMG activity until a map of the hand motor 
region was obtained. TMS locations were optically digitized. Co-registration was 
achieved by fitting the digitized facial contours with the MRI face reconstruction. 
Data from the 3 techniques w ill be presented in visual and quantitative comparisons.

168.13
FUNCTIONAL MAGNETIC RESONANCE SIGNAL RESPONSE TO EVENT 
RELATED POTENTIAL IN THE RAT BRAIN. T.M. Lee, R. Stepnosky and S. 
Ogawa*. Bell Laboratories, Lucent Technologies, Murray Hill, NJ 07974 

Evoked eeg signals (ERP) induced by electrical stimulation of a frontal paw of a rat 
sedated by α-ehloralose were monitored by intracranial electrodes during rapid MRI 
data acquisition in 7T magnetic field to measure signal activation at the FL 
somatosensory area. As known from previous studies, BOLD signal (ΔS/S of several to 
10%) at a steady state of activation induced by a long train (20-30 sec) of stimulation 
pulses (0.3 msec long with 1mA current) was essentially proportional to the frequency 
of the stimulation (below 4 Hz) as long as the ERP siganl (appeared 30 msec after the 
stimulation pulse) stayed the same and the pulse interval was shorter than a few second. 
At the low frequency of stimulation, signal showed peaks and valleys. When the 
frequency was too high, ERP was diminished so was BOLD signal. The number of 
neuronal activation in a unit time was thus well represented by BOLD signals as known 
to be the case of rCBF changes. BOLD response to a single stimulus pulse was a peak 
as high as a 2 % signal change, the appearance time of the activation of 1.3 +/- 0.3 sec 
(the time to reach the half height of the peak) and a 3 sec width of the peak. With a 
small number of stimulus pulses at 330 msec interval, BOLD signal linearly increased 
with the number of pulses with a small delay in the half height appearance time as one 
expected. However this signal increase stopped to continue before the number of pulses 
reached the value of (peak width)/(pulse interval). The steady state signal change was 
far below the signal change expected to be for a simple time delayed sum of the single 
pulse stimulus response. It could be due to the lack of steady state establishment o f the 
CBF and the oxygen consumption rate at the capillary level. Attempts to detect, by 
MRI, the coherent current dipole field generated by the regional neuronal activation in 
the cortical area in the coronal slice plane of the rat brain image failed in spite of many 
tens of signal averaging. Occasionally, spikes were observed in the image time course 
at the time of the first pulse only . They were presumably due to an artifact of small 
motion of the brain (local or global). I f  so, it must have happened within the imaging 
time window of 50 msec. Commercial funding of Bell Laboratories.

168.10
CONSISTENCY OF ACΉVATION SIGNAL IN fMRI ASSESSED BY 
NUMBER AND MAGNITUDE OF VOXELS. R. DuBois1*. M.S. Cohen2, 
interdepartmental Program in Neuroscience, Univ, of Calif. Los Angeles; 
2Dept. of Neurology, Univ, of Calif., Los Angeles; Los Angeles, CA 90025.

The observed signal in BOLD fMRI is many levels removed from direct 
observation of neural activity. A model to assess systemic or global variations 
affecting apparent responses during the observation of other interventions 
could enhance the analysis of that data by removing a potentially 
confounding source of variation. The available approaches to determining the 
"activation magnitude" in functional MRI (e.g., the number of voxels above an 
arbitrary statistical threshold) tend to be based as much as on the signal 
variance as on its amplitude. Here, we present tests of a method (Cohen, 
Neuroimage 6,1997) that expresses signal change in "slope" or percent signal 
change, and offers much better stability across both trials and subjects.

Five subjects, two female and three male, underwent a series of fMRI scans on 
two separate days. Echo-planar images were acquired while each subject 
watched a flashing (8 Hz) checkerboard (visual task) or moved the fingers of 
his or her right hand in a given pattern (motor task). Over the 19 total scans 
in the five subjects, during the visual task, from 7 to 252 pixels (mean 81.2 
±65.5) exceeded a correlation of 0.5. The calculated slope of the same pixels 
ranged from 7.4 to 12.7 (9.6% ± 1.4). In the motor task, from 29 to 308 pixels 
(82.5 ± 63.8) were above the same criterion threshold, while their slope 
ranged from 4.1 to 10.5 (6.6% ± 1.6).

We therefore conclude that the calculated slope is a much more consistent 
measure of activation than number of pixels, and may be of use in determining 
systemic changes affecting fMRI activations.
This work was supported by an NIMH training grant.

168.12
QUANTITATIVE DEVELOPMENTAL MRI ANALYSIS IN THE VERVET 
MONKEY DOES NOT EXPLAIN METABOLIC CHANGES AS MEASURED 
BY FDG-PET. A.H. Moore'*. J.P. Villablanca2. S.E. Cherry1. D.B, Pollack4, and 
D,A. Hovda1,3. ’Dept, of Medical and Molecular Pharmacology, 2Dept. t f  
Radiology, 3Div. of Neurosurgery, UCLA, Los Angeles, CA 90095; '‘Nonhuman 
Primate Laboratory, Sepulveda Veterans Administration Medical Center, 
Sepulveda, CA 93733.

Positron emission tomography (PET) is a useful tool in measuring cerebral 
glucose metabolism (lCMRGlc) in developing animal models. Using [ ,8F]-2- 
fluoro-2-deoxyglucose(FDG), we have previously reported that an increase in 
lCMRGlc begins at 2 months, peaks at 8 months and declines thereafter in the 
vervet monkey. Although this pattern is similar to metabolic profiles reported in 
other animal models (including man), it is possible that metabolism, as measured 
by FDG-PET, may be underestimated in smaller structures due to partial volume 
effects. In order to test this hypothesis, we have determined structure volumes for: 
head o f caudate (C), basal ganglia (BG), thalamus (T), cerebellar hemispheres (Cb) 
and cerebral hemispheres (CH) between 1-12 months of age in vervet monkeys 
using magnetic resonance imaging (MRI). MR volumetric quantitation was 
performed using 3-D coronal SPGR sequences and signal intensity-based seed
growing method (ISG-Allegro). A ll structures showed increased volumes over 
time. The range o f structure volumes (crrŕ) and percent change relative to 1 month 
are as follows: C (0.24-0.43) +79%, BG (0.58-0.59) 1%, Ύ(0.3-0.37) +23%, 
CЪ(3.13-5.13) +66%, CH(24.5-28.4) +16%. Relative to lCMRGlc measured at 2 
months of age, glucose metabolism increased 34-47% (40.0+5.0%) by 6 months in 
all structures examined, decreasing to 7-30% (17.7+9.4%) by 12 months of age. 
Consequently, many regions o f the brain have increases and decreases in lCMRGlc 
that are independent of their volumetric change. These data suggest that 
measurements o f metabolism in the developing vervet monkey utilizing FDG-PET 
provide accurate estimations of glucose utilization and cannot be entirely explained 
in terms of partial volume effects. Supported by the Dana Foundation J920605

168.14
EVENT-RELATED OXYGENATION CHANGES AS MEASURED BY NEAR 
INFRARED SPECTROSCOPY, R. WENZEL1, P. WOBST1. M. KO HĽ,
H. o b r ig ‘ . u . d ĭr n a g ľ *. a . v ĭl l r in g e r '. ’d e p t , o f  n e u r o l o g y ,
CHARITÉ, HUMBOLDT-UNIVERSITY, 10117 BERLIN.

Recent developments in the design of functional MRI experiments take 
advantage of high-speed MRI methods by selectively averaging individuals trials 
as opposed to the common blocked paradigm design. Proposed methods for 
analysis assume a linear hemodynamic response function' 2. The assumption of 
linearity greatly simplifies the analysis of these data. Near Infrared Spectroscopy 
offers the advantage of directly and linearly measuring concentration changes 
of oxyhemoglobin [H b02] and deoxyhemoglobin [Hb], which is deemed to be 
the physiological source of signal changes in BOLD-contrast fMRI. To 
determine if the oxygenation response to brief visual stimuli adds up linearly 
across closely spaced trial clusters, subjects (n = 3) were presented clusters of 
one, two or three trials of a Is reversing (10Hz) full-field checkerbord stimulus 
sepera†ed by 2s of blank screen. Clusters were presented randomly and 
counterbalanced 30s apart. Changes of [Hb] and [Hb02] in presumed visual 
areas V1/V2 were calculated from light-intensity changes detected by a CCD- 
spectrometer. We were able to detect a clear oxygenation response in relation 
to each of the trial types, which was temporally more extended with increased 
number of trial types. As a simple test for linearity, the time course of one trial 
clusters was subtracted from the two trial clusters, and those with two trials from 
those with three trials. The striking similarity of these calculated time courses 
suggests that the oxygenation response adds up in a linear fashion supporting 
the assumption of a linear hemodynamic response function at least for brief 
visual full-field stimuli.
’Dale A M . and Buckner R.L., Hum Brain Mapping 5 :329-40 (1997); 7Josephs O., 
Turner R., Friston K., Hum Brain Mapping 5:243-48 (1997)
This work was supported by DFG
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168.15
ASSESSMENT OF L INEARITY OF THE OXYGENATION RESPONSE 

TO VISUAL STIM ULATIO N
P. Wobst1. R. Wenzel1. M. Kohl1. A. Villringeг1*.

1Dept. of Neurology, Charité, Humboldt-Univ., 10117 Berlin, Germany 
In contrast .to other functional imaging methods like fMRI, Near Infrared 

Spectroscopy (NIRS) has the advantage of gauging parameters of the oxygenation 
changes associated with neuronal activation directly as a linear function. Thus, it 
is a suitable tool to measure the relation of neuronal activity and hemodynamic or 
oxygenation response. Assuming a linear transformation, oxygenation responses 
to long duration stimuli can be predicted from responses to shorter duration 
stimuli. To test this hypothesis, we continuously collected data over presumed 
area V l/V 2 of 4 adult subjects in response to visual stimulation with a temporal 
resolution of 250 ms. Concentration changes of deoxyhemoglobin [Hb], 
oxyhemoglobin [Hb02] and redox changes of cytochrome-oxidase [CytOxļ where 
calculated from light-intensity changes detected by a CCD-spectrograph-system. 
Each stimulus cycle consisted of a full-field 10 Hz reversing checkerboard for 4 
different pulse duration times (Зs, 6s, 12s, 24s) alternating with 24s of blank 
screen. Each subject completed 11 cycles for each pulse duration. In accordance 
with previous studies [Hb] decreased and [HbO2] increased respectively during 
visual stimulation. Amplitudes and duration of these concentration changes 
correlated with pulse durations. When comparing oxygenation changes elicited by 
the different pulses, predictions of the responses to longer pulses could reliably be 
obtained from responses to the shorter pulses. For example, the response for the 6s 
pulse was predicted by summing the response to the Зs pulse with a copy of the 
same response delayed by Зs. This is generally consistent with the linear transform 
model as first described by Boynton et aЃ.
1Boynton G. etal. (1996), J Neurosci 16(13):4207-4221
This work was supported by DFG, Klin. Forschergruppe, "Physiologische Grundlagen 
iunktioneller Kernspintomographie”

168.16
DIFFUSION TENSOR IMAGING OF BRAIN IN NORM AL  
HUM AN NEW BORNS. C. R. A lm li>  S.L Shiran, 2 R. C. 
McKinstrv,4 A. Z. Snyder,4 E. Akbudak, 4 J.A. Aronovitz, 4 J. P. 
M iller,3 B. C. P. Lee , 4 T. E. Conturo4 and J. J. N eil2, d e v e lo p .  
Neuropsychobiol. Lab., ⅛>iv. o f Pediatric Neurology, St. Louis 
Children’s Hospital, 3Dept. o f Biostatistics, 4Mallinckrodt Inst, o f  
Radiology, Washington Univ. Med. Sch.; St. Louis, MO 63108.

Developmental changes in the rotationally-invariant water 
apparent diffusion coefficient (D, ‘D-bar’) and diffusion anisotropy 
(A<j) o f newborn human infants with normal brains were assessed  
with Tj- and T2-weighted images and diffusion-weighted multislice 
acquisitions. Brain areas quantified were cortical grey and white 
matter, thalamus, internal capsule, basal ganglia, and cerebellum. 
For both preterm and fullterm infants (31-41 weeks gestational age), 
D and A σ were measured within 36 hours o f birth, followed by 
neurobehavioral studies at 0.5-2.0 years o f age. D  values decreased 
significantly with increasing gestational ages for all brain regions.
Aσ values changed significantly only for the white matter o f the 
centrum semiovale, where they increased sharply near term-age. All 
infants had normal neurobehavioral studies. Results indicate that D  
reflects overall brain water content, and that Aσ is sensitive to 
changes in brain tissue microstructure (e.g., myelination status) for 
normal preterm and fullterm infants. Supported by N S32568.
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169.1
G LU C O S E  H Y P O M E T A B O L IS M  IN  T H E  V IS U A L  V A R IA N T  O F 
A L Z H E IM E R ’S D IS E A S E  (A D + V S ) IS  M A IN T A IN E D  A F T E R  
A T R O P H Y  C O R R E C T IO N  A .L .W . B okde1. P. P ie trin i1*. V. ĩbáñez2 . 
M .L . Fureyl . G.E. A lexander^. N.R. G raff-Radford^ , S.ĭ. Rapoport^. M .B. 
Schapirpl . B. H o rw itz  ̂ ^Lab. o f Neurosciences, N IH , Bethesda, M D , USA 
20892, ⅜ iv .  de Neuropsychiatrie, Belle Idee, Geneve, Switzerland, ^M ayo 
C lin ic Jacksonville, Jacksonville, FL, USA

AD +VS shows decreased resting regional cerebral glucose metabolism 
(rC M R glc) compared to healthy controls in prim ary and association visual 
cortex, w ith sparing o f the frontal and lim b ic regions (P ie trin i et al., 1996). 
Due to lim ited spatial resolution, positron emission tomography measures o f 
regional rCM Rglc are subject to partial volume effects (PVE) resulting in 
artific ia lly  decreased values. Our objective was to determine i f  the decrease 
in rCM Rglc in AD +VS is due to the PVE o f brain atrophy or to synaptic 
dysfunction. An atrophy correction was applied on a voxel-by-voxel basis 
using co-registered M RIs (Ibanez et al., 1998) fo r 10 AD +VS patients (62.6 
± 5.6 yr) and 19 healthy controls (65.4 ± 9.8 yr). Data analysis was 
performed using SPM95 after norm aliz ing to Talaraich space. In the 
uncorrected images compared to the healthy controls, the AD +VS patients 
showed areas o f reduced rC M R glc b ila tera lly in prim ary and association 
visual cortex, the posterior cingulate and cuneus, parietal regions, and 
superior temporal and sensorimotor cortices (p < 0.01). There was no 
reduction in the fron ta l, medial and in fe rio r temporal regions and in 
subcortical structures. A fte r PVE correction, differences in rCM Rglc 
between the two groups remained statistically significant (p < 0.01). Mean 
global CM Rglc increased in the AD +VS group and healthy controls were 
20.7% ( 5.1% to 31.9%) and 15.5% (6.5% to 19.7%) respectively. These 
results suggest that the hypometabolism measured in AD +VS represents 
synaptic dysfunction in the affected regions and is not an artifact o f 
atrophy. (Supported by N IA  IRP)

169.2
PET GLUCOSE METABOLISM FEATURES OF CHILDHOOD
DIAGNOSED INATTENTION, IMPULSIVITY, AND HYPERACTIVITY. 
DL Flowers.* FB Wood. NJ Price. HD Gage. LJ Porrino. Wake Forest 
University Baptist Medicat Center, Winston-Salem 27157-1043.

Research into the underlying brain mechanisms associated with Attention 
Deficit Disorder (ADD) has suffered from an unstable nosology. Thus, rather 
than relying upon a diagnostic manual definition, this study attempts to look at 
the relationship between the individual components of ADD~inattention, 
impulsivity, and hyperactivity-and brain glucose metabolism. A sample of 30 
adults, whose childhood symptoms were identified from archival records, were 
studied with positron emission tomography using the tracer
[18F]2-fluoro-2-deoxy-D-glucose (FDG). Subjects were engaged in a 
continuous performance task during tracer uptake. Dependent measures were 
glucose metabolism in regions of interest, selected a priori, and were subjected 
to a general linear model analysis in which each ADD symptom was controlled 
by the other two (Type III sums o f squares). Results indicate that global, 
uncorrected metabolism is related to impulsivity alone while normalized 
metabolism (regional values adjusted by global metabolic values) is related to 
both impulsivity and inattention. Statistical parametric mapping (SPM) 
validated findings of a left frontal association with impulsivity and a ventral 
caudate association with inattention. A factor analysis o f regions of interest also 
verified the left frontal and ventral caudate mediation of inattentive and 
impulsive features of ADD. In this group, hyperactivity did not contribute 
unique variance to any region of interest measure; however, SPM found 
scattered regions of reduction. (Supported by NICHD grant # 5P01HD21887)

169.3
rCBF CHANG ES AFTE R  AC U TE  A N T IP S Y C H O TIC  M E D IC A TIO N  IN 
PATIENTS W ITH  S CHIZO PH RENIA. A.C . Lahti*. H.H. Holcom b. M.A. 
W eiler, D.R. Medoff, T. M ichaelid¡s. S. Fletcher. C.A. T am m inqa . Maryland 
Psychiatric Research Center, University o f M aryland School o f Medicine, 
Baltimore, Maryland 21228 USA.

In o rder to characterize  the dynam ic tim e course o f neuronal activity 
induced by antipsychotic medication given acutely to sch izophren ic  patients, 
serial regional cerebral blood flow  (rCBF) m easurem ents (using PET and 
H21S0 )  were obtained over time. S chizophren ic patients (n=6 ) w ith a history 
o f partial good response to traditional antipsycho tics were  included in this 
study. They remained free o f all m edications, including antipsychotics, for a 
period o f two weeks prior to receiving a series o f scans fo llow ing a single 
acute  oral dose o f 10 mg o f haloperίdol. Scans w ere obta ined a t baseline 
(2) and at 1 ,2 ,3,4 ,8,9 ,10 & 11 hours post drug. Norm al vo lun teers (n=2) 
who received no medication were  investigated over the  sam e 11 hour 
period in order to contro l fo r the natural rCBF changes occurring over time.

For both populations, average im ages were  constructed by contrasting 
baseline scans with scans obtained a fte r haloperidol and analyzed using 
SPM techniques. Acute  haloperidol adm inistration produced a s ignificant 
increase in rCBF in right and left caudate as well as lingual gyrus. 
Decreases were  noted in right in ferior and superio r fronta l region and in the 
left mesial tem poral area. No s ignificant changes in rCBF w ere  found with 
placebo. Plasma drug levels obtained during each scan w ere corre lated 
w ith rCBF changes. Data were also obta ined in sch izophren ic patients 
(n=2 ) receiving acute o lanzapine during the pharm acokinetic  tim e course of 
the drug. These prelim inary data suggest tha t th is techn ique provides a 
method to study and com pare regional and dynam ic functiona l changes 
induced by various antipsychotics.

169.4
EN D U R IN G  EFFECTS O F C H IL D  ABUSE ON C O R T IC A L  fM R I

Renshaw2. M .H. Teicheг1. 1D evel〇pmental Biopsychiatry Research Program & 
2Brain Imaging Center, Dept, o f Psychiatry, Harvard Medical School & McLean Hospital, 
Belmont MA, 02178; (e-mail: remfract@warren.med.harvard.edu).

A growing body o f evidence supports the v iew  that physical or sexual 
abuse in childhood can result in abnormal cortical developm ent and life
long emotional difficulties. W e studied the effects o f  verbal or sexual 
abuse during childhood, exclusive o f physical trauma, in young adults 
between the ages of 18 and 22, using fMRI as an indirect measure of  
cortical perfusion. M ethods: A series o f  32 “TE stepped” echo-planar 
images (EPI) was collected in 10 axial slices under resting conditions. A 
regional decay curve was generated from median pixel intensity within the 
ROI at each value o f TE examined to calculate true T2-relaxation time, 
relatively immune to partial volum e contamination o f  bordering regions, 
w hite matter and CSF. Under steady-state conditions, paramagnetic 
deoxy-hemoglobin content remains relatively constant and greater blood 
flow  is associated with greater oxyhemoglobin content with consequently 
low er T2 decay. R esu lts: Preliminary results from 12 abuse and 13 
control subjects indicate that adults with childhood abuse have diminished 
coupling between right and left hemisphere T2 measures (slope = .621 vs
1.17 for controls; Fi 22 = 4 .982 , p<0.05). In addition, a striking 
correlation between right or left hemisphere T2 and the dissociative  
experiences scale (D ES) was also observed (r = 0 .800  or 0.759, 
p<0.005). These findings suggest that diminished rightДeft hemispheric 
integration could be more common in adults with a history o f childhood 
abuse, and that decreased hemispheric activity may engender dissociated 
states of consciousness. Supported by NIMH R01-53636-01 Al. (www site: cindy. 
mclean.org:8O8O).
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169.5
FDG PET SCAN STUDY OF TRAUMATIC BRAIN INJURY AND 
CORRELATION WITH PERFORMANCE ON FRONTAL LOBE TASK 
(WISCONSIN CARD SORT) J.C. Wu» A Purisch2. C  Scaelione2 1 Dept, o f 
Psychiatry and Human Behavior, Univ, o f California, Irvine College o f Medine, 
Irvine, CA 92967-3960 2 Private practice

Traumatic brain injury is one o f the leading causes o f neurological disability 
in this country. Damage to the frontal lobe often occurs in this type o f injury and is 
often detectable with neuropsychological measures but not seen with structural 
imaging approaches such as MRI or CAT. PET scan studies and other forms of 
functional brain imaging have been shown to be more sensitive to detecting damage 
to the the brain. The purpose o f this study was to find significant correlations with 
regional metabolism with change in performance o f a classical frontal lobe measure, 
the Wisconsin Card Sort test using statistical probability mapping.

Nineteen subjects with closed head injury were assesses on a NeuroECAT 
PET scanner (FWHM = 7.5 mm) with fluorodeoxyglucose (FDG) scanning during a 
continuous performance test task. The subjects had undergone a WCST task. The 
number of categories correctly identified were correlated on with their regional brain 
metabolism. Significant positive correlations were found between number o f 
categories and right dorsolateral prefrontal cortex (BA46), homologous right sided 
Broca’s area (BA45) and right frontal pole (BA9) as well as with subcortical 
projections from these areas to anterior thalamus.

This study provides additional confirmation o f the clinical relationship 
between regional brain metabolism as assessed by FDG PET scans in closed head 
injury and cognitive behavior as meaured by neuropsychological measures such as 
the WCST.

169.6
RELATION OF DIURNAL BLOOD PRESSURE VARIATION TO 
CEREBRAL METABOLISM IN HYPERTENSIVE PATIENTS
Ķ. Prasad, B. H orw itz , L. B e a so n -H e ld * . E .M . M cM ah on, T.L. 
Strassburger. HC Lee. M.L. Furey. M.J. M entis. P. Pietrini. S .ï. Rapoport. 
M .B . Schapiro. G.E. A lexander. Laboratory o f  N eu roscien ces, NIA, 
Bethesda, M D 20892.

Hypertensive patients without the normal reduction o f  nocturnal blood 
pressure have a higher risk o f  cerebrovascular d isease. (Kario et al 
Hypertension  1996) To investigate whether the degree o f  diurnal blood 
pressure variation is associated with neurophysiological dysfunction in 
well-controlled hypertension, we studied 18 male patients (mean±SD age 
= 65± 1 lyr) with treated essential hypertension using positron emission  
tomography and >8FDG in a resting state (eyes closed, ears occluded) 
follow ing a 2 w eek m edication washout period. D egree o f systolic  
(Sdip) and diastolic (Ddip) dipping (daytime - nighttime blood pressure) 
was assessed with 24 hour blood pressure monitoring. The ratio o f  
resting regional to global glucose metabolism was correlated at each 
voxel with Sdip and Ddip. Both dipping measures were positively  
correlated with cerebral metabolism in the basal ganglia (Sdip: r=0.76, 
p<0.01, Talairach coordinates (T) [-20, -18, 0]; Ddip: r=0.71, p<0.01, 
T [-22, -12, 0]) and in the region around the Sylvian fissure (Sdip: 
r=O.85, p <0.01, T [22, 8, -16]; Ddip: r=0.74, p<0.01, T [18, 6 , -16]). 
Further, these effects remained significant after we controlled for age and 
severity o f MRI white matter hyperintensities. The results suggest that, 
even in well-treated hypertensive patients, less nocturnal blood pressure 
dipping is associated with greater cerebral metabolic dysfunction. Brain 
regions in the basal ganglia and around the Sylvian fissure appear most 
vulnerable to the effects o f  reduced diurnal blood pressure variation in 
hypertensive patients. (Supported by NIA IRP)
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170.1
EFFECTS OF FRONTAL CORTEX LESIONS ON VISUAL AWARENESS IN THE RHESUS 
MONKEY. D.J.Gilman. R.C. Saunders. D. Rickrode*. M. Mishkin. Laboratory of 
Neuropsychology, NIMH, Bethesda, MD 20892 

A previous study (Nakamura and Mishkin, Exp Brain Res 63:173-184,1986) has shown that 
vision in monkeys is critically dependent on cortical tissue outside the occipitotemporal, or 
ventral, visual processing stream. Monkeys that sustained a combined lesion involving right optic 
tract section, forebrain commissurotomy, and a large cortical ablation in the left hemisphere that 
included all of the cortex outside the ventral visual processing stream, appeared to be chronically 
blind. It was recently proposed (Crick and Koch, Nature 375:121-123,1995) that visual 
awareness depends on an interaction between higher cortical visual areas and frontal cortical 
areas. We tested this proposal by removing just the frontal lobe portion of the cortical ablation 
described above, placing the lesion contralateral to the optic tract cut, sparing the parietal lobe 
and the superior temporal, insula, and cingulate gyri. A monkey was trained pre-operatively to 
criterion on a brightness discrimination task (30/30), and on a test of visually guided reaching 
(20/20, within 1 minute). Following optic tract section and commissurotomy, the animal was 
retested to criterion preliminary to removal of the frontal lobe. Immediately following this second 
surgery the monkey appeared to be blind, failing to respond to bright light or threatening visual 
stimuli (e.g., open-mouthed threat, moving a hand towards the monkey’s face) and failing to 
reach for offered food, or to find food, in and on the cage. However, the complete absence of 
visually guided responses continued for only 4 days following surgery. Between 5 and 16 days 
following surgery the monkey showed increasing sensitivity to motion, apparently tracking moving 
objects, and on day 16 scored 15/15 on a simple motion test, directly grasping a moving food 
reward. On day 16 the monkey also scored above chance on a brightness discrimination test, 
and on day 23 reached criterion (30/30) on the brightness discrimination test. Also on day 23 the 
monkey displayed agitated responses to threatening stimuli (staring, looming, and a “frightening" 
mask). These preliminary results indicate that removal of the frontal lobe, unlike the original, 
more extensive cortical removal, does not produce a chronic loss of visual awareness.
(Supported by NIMH IRP and NSF Grant No. SBR-9711468)

170.2
O BJEC T A N D  EY E CO M PETITIO N IN BIN O C U LA R  RIV ALR Y: 
AM BIGUITY RESOLVED AT DIFFERENT LEVELS Y. Bonneh. A. Kami* 
and D. Sagi Dept, o f  Neurobiology, W eizmann Institute o f  Science, Rehovot 
76100, Israel.

The perceptual ambiguity that occurs when the two eyes are presented with 
dissim ilar inputs, is normally resolved by alternated dom inance o f the two  
stim uli (binocular rivalry). Recent evid en ce suggest that coherent inter
pretations rather than the local inputs to the two eyes, may com pete for 
perceptual dom inance. W e investigated the perceptual level at which rivalry 
occurs using the paradigm o f Logothetis et al. (1996) with different stimuli. 
6x6 configurations (textures) o f  Gabor signals (GSs; λ=O.25º) were presented 
to one eye with locally orthogonal GSs presented to the other. Stimuli were 
swapped between the eyes at a 3Hz rate and flickered (on/off) at 30Hz.

Tw o basic percepts were formed: 1) fast (3H z) alternations in local GS 
orientation which reflect eye dominance, and 2) a stable (2-3 seconds) precept 
o f an oriented global texture that reflects a configuration ("object") dominance. 
For sparse spacing (>3λ), as well as for randomized local orientation at dense 
spacing, competition between the eyes (3Hz alternations) was perceived during 
m ost o f  the view ing time. On the other hand, global dominance was perceived 
most o f  the viewing time for dense uniform GS textures. Moreover, a combined 
display made o f w idely spaced GSs and densely spaced uniform GSs o f a 
different w ave length were perceived as local fast alternations o f the sparse GS 
(eye  dom in ance) concurrently with a stable percept o f  the dense GS 
configurations ("object" dominance).

Our results suggest that the perceptual ambiguity that occurs in binocular 
rivalry can be resolved at different levels or scales. For stimuli with no global 
coherence (large spacing or randomized local orientations) the competition  
occurs between the eyes. For globally coherent stimuli, object rivalry may take 
over and perceptual am biguity is resolved at a more global scale. Finally, 
ambiguity can be resolved independently at different levels.

Supported by the Israel Science Foundation.

170.3
Perceptual dominance in binocular rivalry modulates 

steady-state visually-evoked neuromagnet¡c fields

R. Srinivasan. D.P. Russell. G.M. Edelman. and G. Tononi*
The Neurosciences Institute, San Diego, CA 92121

In binocular rivalry, the observer views two incongruent stimuli, one 
through each eye, but perceives only one of the stimuli at a time. Perceptual 
dominance switches between the eyes every few seconds. To investigate the 
neural correlates of conscious perception, we "frequency-tagged" a red 
vertical grating and a blue horizontal grating by flickering each grating at a 
distinct frequency. Each subject viewed the spatially superimposed gratings 
with a red filter on one eye and a blue filter on the other eye and continuously 
reported which grating was perceived. Steady-state neuromagnetic fields 
were recorded with a 148-channel whole-head magnetometer. A  large 
number of sensors, including both posterior and anterior channels, showed 
peaks in the power spectrum at the two stimulus frequencies whether or not 
the subject was consciously perceiving the stimulus. The power was 
modulated by the perceptual dominance, being reduced by 50-85% in some 
channels, including many located outside of visual cortex, when the subject 
was not perceiving the stimulus associated with the frequency tag. At the 
stimulus frequency, coherence between sensors over each hemisphere 
significantly increase when the stimulus is being perceived. The results 
demonstrate a correlation between conscious perception of a visual stimulus 
and the synchronous activity of large populations of neurons as reflected by 
the visually-evoked steady-state neuromagnetic responses. (Supported by the 
Neurosciences Research Foundation)

170.4
ROLE OF SACCADIC EYE MOVEMENTS IN PERCEIVING CONFIGURAL 

ASPECTS OF FACE PERCEPTION
C.L. Marvel2*. B.L. Schwartz123. R. Rosse13 S. Johri1. S. Deutsch13 
Washington DC Veterans Affairs Medical Center; interdisciplinary Program 
in Neuroscience and 3Dept. of Psychiatry, Georgetown University Medical 
Center; Washington, DC 20422.

A topic of debate is whether face perception relies on configural properties 
of facial features. Few studies have investigated this phenomenon in the 
context of visual eye scanning. This study examines the effects of configural 
disruption on fixations and saccadic eye movements in two tasks: emotion 
identification and age discrimination. To test the hypothesis that facial 
distortion affects eye movements during emotion identification, we presented 
faces in three conditions: upright, inverted and scrambled. We recorded eye 
movements while subjects judged the emotion on the faces. Subjects made a 
significantly higher number of saccades, lasting in the range of 50.1 to 167 
ms, for the inverted and scrambled conditions than for the upright condition. 
To test the hypothesis that eye movements for faces differ from those of 
objects, we presented upright faces and houses to the subjects. In these 
conditions, we recorded eye movements while subjects judged the age of the 
faces and houses. Subjects generated a significantly higher number of 
saccades, lasting in the range of 50.1 to 167 ms, for houses than for faces. In 
both studies, presentation conditions did not affect the number of fixations. 
These results show that eye movements are similar for distorted faces and for 
houses and suggest that subjects view distorted faces as objects. Results 
also suggest a distinct scanning pattern for faces with configural integrity. This 
scanning pattern may reflect search strategies involved in perceiving and 
integrating parts of the face into a coherent whole or ge s ta lt .
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170.5
SHAPE DISCRIMINATION FACILITATED BY COLOR IN A CORTICALLY 
BLIND PATIENT E. Bricolo.1* A. Cantagallo.2 S. Aglioti 3 and G. Berlucchr, 
'SISSA, Trieste, 2SRR₣, Arcispedale S. Anna, FE, 3Dept. of Neurological and Vision 
Sciences, Physiology Section, Univ, o f Verona, Italy.

We report a forty year-old patient, SF, who suffered from a grave impairment of 
visual form recognition due to a bilateral parieto-occipital damage consequent to a 
cardio-respiratory aưest. Color and movement discrimination as well as visual 
imagery were preserved. The possible influence o f intact color perception on the 
impaired analysis of shape was assessed by using a letter Sư〇op-like test. The 
patient was asked to respond to upper-case letters presented on the center of a 
computer screen. He had to press, with the right hand, a button in response to a letter 
R (for ‘rosso’ , red in Italian) and another button in response to a letter V (for ‘verde\ 
green in Italian). The patient was asked not to take into any account the fact that each 
letter could be displayed either in red or green. Reaction time (RT) and accuracy 
were recorded. SF showed a great difficulty in choosing the proper response key and 
repeatedly stated that he could barely guess the identity o f the letters. Indeed, his 
overall accuracy (63.3 %, χ2 =3.06; n.s.) was not different from chance. However, 
both accuracy and speed were significantly higher for congruent letter-color pairings 
(red-Rs and green-Vs) than for opposite pairings. Accurate responses for incongruent 
pairings were 50.8 % (chance level 50%); by contrast accurate responses reached 
75.8 % for congruent pairings (χ2 =13.11; p<.001). Average RT (in sec) to correct 
responses was 6.79 for congruent and 8.65 for incongruent pairings (two-sample t- 
test, p=.004). This result shows that the largely spared color system may reduce 
impairments in the shape analysis system. This system interaction may have 
implications for the rehabilitation of visual functions after brain damage.

(Supported by grant from Italian MƯRST)

170.7
IMPROVEMENT IN INTEROCULAR TRANSFER (IOT) IN RABBIT FOLLOWING 
SECTION OF THE OPTIC CHIASMA. I STEELE RUSSELL.T)ept. Anatomy & 
Neurobiology, Texas A&M Univers„ HSC & COM, College Station, Tx. 77843.
It is well established that there is a complete lack of IOT in the rabbit following 
monocular training with visual information. Monocular visual input in the rabbit results 
in the visual information going mainly to the contralateral hemisphere by the 
contralateral optic nerve projections. The small ipsilateral projection is inhibited by 
collateral fibers of the contгaleгal pгojections.This is the usual explanation of this absence 
of interhemispheric communication, which has been shown to result in a unilateral 
memory record in the monocular trained rabbit. An alternative explanation of these 
findings is that the failure of IOT derives not from collateral inhibitory processes, but is 
due to the peculiarities of the retinotopic distribution of retinal ganglion cell projections 
to cortical binocular cells. In rabbit 90% of the ganglion cell projection is monocular via 
the contralateral projection in the optic chiasma. The remaining 10% of ipsilateгally 
projecting fibers constitute almost the only source of of input to binocular cortical cells. 
These fibers also derive from the small lateral anakabatic zone of the retina, which 
represents an image catching area of less than 5% of the total retinal surface. It is 
therefore inevitable that during monocular training the visual information is mainly 
addressed to cortical monocular cells, and that this is the reason for the failure of IOT. To 
test this viewpoint we midsagittally sectioned the optic chiasma in 4 rabbits. This 
removed all projections to the cortical monocular cells - leaving retinal projections only 
to binocular cells. We found that chiasma-sectioned rabbits with only 5% of their retinal 
surface functional, showed no significant loss of acuity for either intensity or orientation 
vision. Monocular training in such animals further resulted perfect IOT. These results 
provide strong evidence against the inhibition theory of the failure of IOT in normal 
rabbits.

170.6
VISUOCONSTRUCTIO NAL PROCESSING IN NORM AL AGING.
F. Guerin. B. Ska. M. Beauregard*. S. B ellev ille . Centre de recherche de 
ľlnstitut universitaire de gériatrie de Montréal, Québec, Canada, HЗW 1W5.

Visuoconstructional abilities decline with age. The present study aims 
to characterize the visuoconstructional processing o f elderly people in a 
copying task. V isuoconstructional abilities have never been directly 
evaluated in aging with tasks specifically constructed for this purpose. 
The characteristics o f visuoconstructional aging have always been 
inferred through the analysis of graphic productions of elderly people and 
conclusive results have not been shown. Recently, cognitive models of 
visuoconstructional processing have appeared, integrating certain 
abilities, such as visual exploration, spatial relations encoding and 
planning.

Two groups o f 24 normal aged subjects and 13 young adults are 
evaluated on nine tasks assessing visuoconstructional abilities including 
copying. Results show that the aged subjects present significantly lower 
performances than the young subjects on all visuoconstructional abilities 
(p<0.05).

Visuoconstructional processing in aging is characterized by a decline 
in all the abilities evaluated: visual exploration, spatial relations encoding 
and planning. It seems the visuoconstructional decline in elderly people 
shown in the present study can be interpreted with Salthouse’s cognitive 
theory o f aging. In this line o f thinking, the cognitive change in elderly is 
assumed to result from a slow ing down o f processing treatment. The 
next step is to correlate age with a reaction time task and the 
visuoconstructional tasks used here.

Fund of Fonds de la Recherche en Santé du Québec.

170.8
CORTICAL SYSTEMS ACTIVATED DURING IMAGINED MUSICAL 
PERFORMANCE
F.J.P. Langheim1, J.H. Callicott1, V,S. Mattav*1, A Bertolino1, J.A. Frank2, D.R. 
Weinberger1 'CBDB. NIMH. NIH. Bethesda. MD 20892 ⅞J)RR. NIH. Bethesda. 
MD 20892

Data from Positron Emission Tomography (PET) studies of musical performance 
have indicated involvement of the cerebellum, primary motor cortex, and superior 
frontal gyrus (Sergent et al., 1992). We have used BOLD fMRI to explore those 
cortical areas that are active during mental rehearsal of musical performance. Five 
subjects (2 men, 3 women, mean age 27, all right handed) were scanned while 
alternating between 30 second rest and imagined musical performance periods for a 
total of four minutes. Participants had eyes closed throughout the scans, and were 
directed to switch tasks by a tap upon the ankle. Two subjects were cellists, two were 
violinists, and the last was a pianist. Musical selections were chosen based on 
technical complexity and familiarity to the musicians. Subjects had been studying 
their respective instruments for more than fifteen years, and each had been actively 
practicing the excerpt during the month prior to scanning. The musicians were 
scanned using fast multi-shot spiral imaging (2000ms effective whole-brain TR. 24ms 
TE, 240mm FOV, 38 slices, 3.75mm cubic voxels). 124 images per paradigm were 
registered and activation was determined by randomization testing using pseudo- 
generalized least squares sinusoidal regression with a threshold of p<.001 (Bullmore 
et al., 1996). BOLD activation was observed in premotor cortex, superior frontal 
gyrus and cerebellum. While replicating earlier findings in active musical 
performance, these data suggest that the conscious experience of rehearsal is closely 
tied to the motor regions active during the motor execution of musical performance.

170.9
PROCESSING OF TONAL VERSUS RANDOM  
MUSICAL SEQUENCES EXAMINED W ITH FM RI. ļ ļ
Bharucha12, A.J. Savkin\ D.V. Peterson1, T.C. Justus', L.A, Gibson1, D- 
Cooke2. C.H. MoritzT and C.M. Wessinger'·2* 'Department of Psychology, and 
2Center for Cognitive Neuroscience, Dartmouth College, Hanover, NH 03755; 
^Department of Psychiatry, Dartmouth Medical School, Lebanon, NH 03756.

The functional organization of low level audition in humans has been well 
characterized. Inverse dipole modeling of electric and magnetic fields (Romani et 
al., 1982; Yamamoto et al., 1992; Pantev et al., 1994), positron emission 
tomography (Lauter et al., 1985), and functional magnetic resonance imaging 
(fMRI) studies (Wessinger et al., 1997) have demonstrated frequency specific 
processing in human auditory cortex. However, recent studies have sought to 
investigate the functional organization of high level audition processing, most 
notably the processing of pitch patterns (Peretz et al., 1994; Tramo &  Bharucha, 
1991; Zatorre et al., 1994; Schlaug et al., 1995; Platel et al., 1997). We now 
report the results of an fMRI study exploring the differential processing of pitch 
patterns that are culturally familiar (tonal) or unfamiliar (random). The stimuli 
were melodies and sequences of chords. The chords were either major or minor, 
synthesized with a Shepard envelope over the frequency domain (Shepard, 1964). 
The tonal melodies were composed from the tones of a major scale, starting and 
ending on the tonic. The tonal chord sequences utilized chords from a major key, 
with transition probabilities based on those of Western music, ending with a 
cadence. The tonic was always tuned to 400 Hz, which was the fundamental 
frequency of the EPI noise. Whole brain volume EPI images were obtained using a
G.E. Signa 1.5 Tesla whole body scanner equipped with an endcapped quadrature 
radio frequency and local gradient coil. For both chord and melody stimuli, random 
sequences resulted in a more diffuse pattern of activation within multiple auditory 
areas than did tonal sequences. Furthermore, a leftward asymmetry is suggested, in 
contrast to earlier work (e.g., Zatorre et al., 1994). This research is supported by a 
National Science Foundation grant #SBR-9601287 to JJB.

170.10
SO M A T O SE N SO R Y  IN PU T  T O  M A C A Q U E A U D IT O R Y  C O R T EX .
R.W . Lindslev. M. Javachandra. D.C. Javitt and C.E. Schгoedeг* Program  
in Cognitive N euroscience an d Schizophrenia, Nathan K lin e Institute,
140 O ld  O rangeburg Rd, Building 35, Orangeburg, N Y  10962.

W e previously reported visual input to the superior temporal plane in 
the macaque, providing evidence o f  multi-modal processing in an area 
considered to be classically auditory in function. In our continuing 
investigation, w e tested for co-localization o f  auditory and somatosensory 
(hand) inputs by sampling laminar activity profiles during penetrations in 
and near auditory cortex w ith linear array multielectrodes. Local patterns o f  
postsynaptic potentials and action potentials were indexed by current source 
density (CSD ), and m ultiunit activity (M U A), respectively. Auditory 
stimulation consisted o f  clicks (7Odb, 100 µs duration), or tones (7Odb,
100ms duration with 5m s o n /o ff  ramps). Somatosensory stimulation was 
provided by m ild electrical stimulation o f  the median nerve at the wrist or 
tactile stimulation o f  the hand. Clear somatosensory responses were found, 
m ainly posterior to A l . In this region, both auditory and somatosensory  
stimulation produced laminar activation profiles consistent with "feed 
forward" inputs, with an initial response in layer 4, followed by infгagranulaг 
and supragranular activation. Som atosensory input arrived slightly later than 
auditory input. Concurrent auditory-somatosensory stimulation produced an 
interaction, in that the combined response exceeded the sim ple sum o f  the two 
separate responses. Our findings indicate that the cross-modal convergence 
which underlies m ultisensory integration begins early in cortical processing. 
(Supported by NIMH MH5562O and McDonnel-Pew Foundation)
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170.11
PARIETAL NEURONS CODING THE IMAGE OF THE INVISIBLE FOREARM.
S. Obayashi1, M. Tanaka1, Y. Iwamura1, and A. Iriki 12 * . 'Dept. Physiol., Toho Univ. 
Sch. Med., 2PRESTO, Jpn. Sci. Technol. Corp., Tokyo 143-8540, Japan.

We can move arms purposefully in the dark without visual feedback o f the arm 
movement. This action necessitates mentally produced image o f the arm; that is, the 
information about the posture, position and movement o f the arm in relation to the 
environmental space. Integration o f somatosensory and visual information is 
indispensable for creating such an image. This most likely takes place in the 
intraparietal region o f the cerebral cortex, where the hierarchical processing o f 
somatosensory information adjoin the information on spatial vision processed along 
the dorsal stream. Bimodal (visual and somatosensory) neurons in this cortical area 
have been postulated to code visual image of the arm (Iriki et al., 1996,1997). This 
study was undertaken to find out i f  visual stimuli near the somatosensory receptive 
fields (RFs) activate these bimodal neurons when it was made invisible; i f  this is the 
case, perhaps by coding mentally produced images o f the arm.

Single unit activities o f bimodal neurons were recorded from the anterior bank of 
the intraparietal sulcus in three awake Japanese monkeys (Macaca fuscatơ).
Recording electrodes were penetrated into the contralateral wrist ⁄  forearm region o f 
the postcentral gyrus. RF properties of bimodal neurons which had both the 
somatosensory RF (identifiedЪy tactile stimuli applied to the skin or manipulation of 
joints in the forearm) and the visual RF (defined as the space in which visual stimuli 
activate the neuron) were analyzed. Visual RFs o f these neurons encompassed, and 
were anchored, to their somatosensory RFs. When the forearm in which both 
somatosensory and visual RFs existed was made invisible covered with a opaque 
plate, visual RF persisted in the space over the plate immediately under which the arm 
remained immobile. When the arm was either passively or actively moved under the 
invisible condition, the visual RF moved accordingly over the plate as i f  anchored to 
the invisible somatosensory RFs. During these procedures, somatosensory RF 
properties of these neurons were not altered. Fifty-seven percent o f bimodal neurons 
responded to the visual stimuli presented around the invisible somatosensory RFs in 
the forearm. These results would imply that monkeys can mentally maintain and 
update visual (extrinsic) images of the arm by referring to somatosensory (intrinsic) 
information, and that they are coded by a group of bimodal neurons in the anterior 
bank of the intraparietal sulcus.

Supported by Japan Society for the Promotion o f Science, and by the Ministry o f 
Education, Science and Culture o f Japan.

170.13
NEAR REAL TIME RECOGNITION OF EEG CHANGES ASSOCIATED 
WITH MOVEMENT B. Z. Allison*. A. Vankov. J. L, Hughes.
A. Amoldussen. and J. A. Pineda. Dept, o f Cognitive Science, UC San 
Diego, La Jolla, CA 92093.

The past few years have seen a significant increase in research involving 
categorization of EEG data in near real time. This sort o f research has 
considerable potential for the design o f new human computer interface 
systems, specifically a brain computer interface (BCI) in which the 
computer receives input directly from the human brain instead o f 
intermediary devices like mice or keyboards. The potential o f such systems 
in interface design, medical monitoring, communication systems for the 
severely disabled, and other fields is considerable. This project drew on data 
from two concurrent research projects which investigated the human mu 
rhythm (Pineda et al., in preparation) and readiness potential (Hughes et al., 
in preparation). These and several other studies (e.g., Pfiirtscheller et al., 
1994; Anderson et al., 1996) have shown two important things. The first is 
that these EEG patterns show systematic changes in normal human subjects 
several hundred milliseconds before they engage in movement. The second 
finding is that these electrophysiological changes can be recognized quickly 
and accurately using artificial pattern recognition systems. Hence we sought 
to explore different methods o f identifying electrophysiological changes 
which indicate that specific movements are imminent. To date, a neural 
network containing 1 hidden layer with 256 units using simple backprop 
learning has been able to distinguish between EEGs prior to a button-press 
and EEGs from the same subject when not pressing a button. With some 
modification, this system, as with others in the literature, is indeed capable 
of performing all necessary stages of EEG preprocessing and identifying a 
subject’s intended movement fairly quickly.

170.15
EFFECTS OF LOCATION AND ORIENTATION ON ACUITY IN 2 POINT 
DISCRIMINATION IN HUMANS AND CATS: RELATIONS TO PROPERTIES 
OF SOMATOSENSORY SYSTEM M. Miller. M. Field. I. Goodman. P. Harton.
L. Hicks. A. Johnson. J. Lawson. R. Millecchia. V. Odom , S. Stephens and P. 
Brown*  Departments of Physiology and Psychology, West Virginia University, 
Morgantown, WV 26505.

Brown and colleagues have demonsưated that the size and shape o f dorsal horn 
cell low-threshold receptive fields (RF) vary as a function of distoproximal location 
on the cat hindlimb. RFs are smaller and more circular distally and are larger and 
more elliptical proximally. Fuchs and Brown (1984) have demonstrated effects of 
location and orientation on 2 point discrimination thresholds which suggest RF 
size and shape may determine acuity. These findings suggest that acuity on a 2 
point discrimination task will be better for more distal locations and for transverse 
orientations. Three humans and three cats were trained on a 2 point 
discrimination task. Thresholds were determined by presenting a range of 
separations for the 2-point stimulus during sessions for humans and across 
sessions for cats. A threshold was defined as the separation (in mm) at which 
performance reached a 75% correct criterion. Thresholds were obtained for 3 
locations (plantar foot, posterior calf, and lateral thigh) and 2 orientations 
(longitudinal and transverse) in the humans, and 2 locations (lateral foot and 
lateral knee) in the cats. For the humans and cats, thresholds increased with 
distance from toes. For the humans, thresholds were much larger for the 
longitudinal orientation at the calf and thigh than for plantar foot. These 
psychophysical findings in cats and humans are consistent with the predictions 
that variations in RF size and shape for different locations on the skin are the basis 
for variations o f acuity with location and orientation. Supported by USHS 
NS29997.

170.12
FINGER IDENTIFICATION LATENCY WITH HANDS PRESENTED IN 
UNCOMMON ORIENTATIONS. R.FZepka*. K Sameshima. School of Medicine, 
Univ. São Paulo; São Paulo SP 01246-903, Brazil.

When detecting features in an uncommonly oriented object there is evidence that 
one mentally rotates it to its most familiar or referential position where pursued fea
tures can be promptly detected. Furthermore, the time required to mentally perform 
spatial rotation of hand picture seems to be highly correlated to the time spent in ac
tually executing the imagined movement of a real hand (J Exp Psychol Hum Percept Perform. 
1994; 2O(4>：7O9-73o). The strategies used by subjects to promote the re-orientation and 
the roles of learning in this process are still unclear. In this work we investigated 
some aspects of mental transformation processes involved in a protocol of finger 
identification with reaction time (RT) measurement. The subject was seated in front 
of computer monitor with his/her hands positioned in the canonical orientation on 
the response box with each finger tip resting on an individual micro-switch button 
throughout the session. At same time hand pictures in both, canonical and inverted, 
orientations were displayed on the computer monitor. Each trial started with a 
warning beep followed by the target stimulus, a square dot pointing to one of the 
twenty randomly selected fingers displayed on the screen; the subject was requested 
to issue a motor response by pushing the button of corresponding to the pointed fin
ger. The latencies between each stimulus presentation and motor response were re
corded. Each subject was submitted to 5 experiment sessions of approximately 45 
minutes per session. Significant differences were found in the RT among fingers, i.e., 
for a given hand orientation, RTs for middle fingers were systematically longer than 
those for other fingers. In addition, the RT to identify fingers presented in inverted 
orientation was significantly longer compared to the canonical orientation in all ses
sions. The protocol evidenced a systematic reduction in the RT as a function of test 
session. However, RT differences between inverted and canonical hands orientations 
remained statistically constant over sessions; possibly reflecting the time required to 
perform either an imagined spatial transformation of the inverted hand to the canoni
cal orientation or other cognitive strategy used by the subjects to identify fingers with 
inverted hand orientation. (Supported by CNPq, FAPESP and PRONEX)

170.14
B L IN D F O L D E D  H U M A N  S UBJEC TS R E L IA B L Y  O V E R - OR 
UN D ER ES TIM A TE  TURN M A G N ITU D E  DURING  LO C O M O TIO N . I. 
Zvskind. Y. Weiss. E. Harris', J.B. Ranck, Jr.!* and J.L.Kubie: . Depts. o f 
'Physiology and ^Anatomy &  Cell Biology, SUNY HSCB, Brooklyn, N.Y. 11203.

Directional information is critically important in navigation. Firing o f single 
cells in the rat postsubiculum correlate w ith particular head directions. Whether 
humans possess sim ilar cells is unknown. We were interested in acquiring 
normative data on human behavior which may be used as evidence for a “ sense o f 
direction.”

We measured 9 subjects’ abilities to reproduce specified angular directions in 
the absence o f visual cues. Subjects were blindfolded and wore a visor on which 
an arrow was centered. Under surveillance o f  an overhead video camera, the 
subjects were faced in a specified “ home”  direction and asked to rotate themselves 
clockwise for 5 complete rotations. The subjects were instructed to pause each time 
they thought they were facing the “ home”  direction and their positions were 
recorded. Subjects were then asked to make 5 complete rotations w ithout pausing 
between each rotation. Their final positions were recorded. Subjects were returned 
to “ home,”  asked to randomly choose a new direction, “ A ,”  and were passively 
placed in 2 new directions, 90° (P I) and 270° (P2) counterclockwise (ccw) from 
home. Subjects, then, were instructed to return to “ A ”  using both clockwise (cw) 
and ccw rotations. Comparisons were made between trials conducted w ith and 
without auditory and visual cues, and with active and passive placement o f  subjects 
at PI and P2.

Results show that subjects made very consistent errors averaging 35° per 
revolution. In addition, most subjects consistently either overrotated or underrotated 
but did not fluctuate with successive rotations. The subjects’ average error with 
respect to both the interrupted and continuous rotations had a correlation value o f
0.89. When placed in either PI or P2, the subjects’ directional error, regardless o f a 
cw or ccw rotation, was found to be a consistent absolute value away from “ A .”  A ll 
subjects made greater errors from P2 to “ A ”  than from PI to “ A.”

170.16
FUNCTIONAL ASYMMETRY AND PRE- AND POSTCENTRAL GYRAL

WĨTELSON1. Depts. o f ‘Psychiatry and2 Radiology, McMaster Univ., 
Hamilton, ON, Canada, L8N ЗZ5.

Approximately 10% o f the population write with their left hand and 35% 
prefer their left hand on at least a few manual tasks. Hand preference is a 
reliable correlate o f the pattern o f functional asymmetry, an aspect of brain 
organization relevant for cognitive function in health and disease. The aim of 
this study was to determine whether the laterality o f hand preference and o f 
associated praxic and language functions is related to gross morphology o f the 
right and left motor and somesthetic regions. Cortical surface area o f the 
precentral and postcentral gyri was obtained for each hemisphere in a sample o f  
82 brains (33 men, 49 women). Measurements were made from images o f CT 
scans o f plaster casts o f the brains using a specially designed computer program 
to reconstruct images at right angles to the cortical surface. Surface areas 
within the precentral, central and postcentral sulci were included. The correct 
sulci were designated by copper wires. (1) Regardless o f hand preference or 
sex, the left postcentral gyrus was larger than the right (means = 22 vs 20 cm2, p 
< .01). (2) For the dorsal third o f each gyrus which includes cortical 
representation o f manual function ("hand region"), as confirmed in functional 
imaging studies, precentral and also postcentral regions were greater in the left 
hemisphere (p = .04, .01). (3) There was a relationship between anatomy and 
hand preference: the larger the right precentral "hand region", the greater the 
degree o f left handedness among non-right-handers (г = -0.4, n = 33, p = .05).
In sum, there was a reliable anatomic asymmetry in favor o f left motor and 
somesthetic regions in most brains, even in strong left handers. Right-sided 
anatomy varied with degree o f left handedness. Supported by NS 18954, MRC.
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171.1
CEREBELLAR STRUCTURAL PLASTICITY FOLLOWING UNILATERAL 
SENSORIMOTOR CORTEX DAMAGE IN ADULT RATS: MOTOR SKILLS 
TRAINING EFFECTS. L.A. Grande; A. A. Zitzka, J. F. Qlavarria* and T.A. 
Jones. Psychology Dept, Neurobiology and Behavior Program, University of 
Washington, Seattle, WA 98195
Unilateral lesions of the forelimb area of the rat sensorimotor cortex (FLsmc) 

result in impairments in the use of the forelimb contralateral to the lesion and 
compensatory reliance on the non-impaiгed forelimb. Previous research has 
shown structural changes in the motor cortex opposite the lesions, including 
dendritic growth and synaptogenesis (Jones et al., 1996), and that these changes 
are enhanced by training on a complex motor skills task, the acrobatic task (Chu 
et al., 1997). In the present study on adult male rats, quantitative light and 
electron microscopy were used to assess whether: 1) unilateral FLsmc lesions 
result in cerebellar structural changes and 2) these cerebellar changes are 
influenced by 27 days of post-injury training on the acrobatic task. We found 
structural changes in the paramedian lobule (PML) of sham-acrobats relative to 
motor controls, including decreased density of Purkinje (Pkj) cells and increased 
Pkj cell body size, consistent with previous findings in intact adult female rats 
(Black et al, 1990). In addition, preliminary data suggest that the lesion alone 
caused similar structural changes. In lesion-acrobats, significant structural 
changes were found in the PML ipsilateral to* the lesion (corresponding to the 
non-impaired forelimb) relative to baseline (the motor control shams), while the 
PML contralateral to the lesion did not show changes in either Pkj cell density 
or cell size. These findings indicate that cerebellar structural changes after 
unilateral Flsmc lesions are influenced by post-injury behavioral experience. 
Synaptic changes w ill be assessed using elecưon microscopy on the same 
animals. Supported by MH55525 and MH5236l.

171.3
LONG-TERM SYNAPTIC-STRUCTURAL PLASΉCITY IN THE MOTOR 
CORTEX OPPOSITE UNILATERAL SENSORIMOTOR CORTEX 
DAMAGE IN ADULT RATS. A. D. Gregory and T. A. Jones*. Psychology 
Dept., Neurobiology and Behavior Program, University of Washington, Seattle, 
WA 98195.

Unilateral lesions of the forelimb area of the sensorimotor cortex (FLsmc) in 
adult rats result in neuroplastic and degenerative changes in the contralateral 
motor cortex. At thirty days after the lesion, an increase in layer V total 
synapses per neuron, perforated synapses, and synapses formed by multiple 
synaptic boutons (MSB) have been detected (Jones, Kleim, &  Gгeenough, 1996; 
Jones, 1996). Dendrites in the contra cortex also respond with increased 
arborization, followed by pruning that is evident by day 30 postlesion (Jones 
and Schallert, 1992). These neuronal-structural changes have been linked to 
lesion-induced changes in forelimb behavior. The present study used 
stereological methods for quantitative light and electron microscopy to assess the 
long term (113 days) synaptic changes in layer V of the motor cortex 
contralateral to FLsmc lesions. In comparison to shams, lesion animals showed 
no significant difference in total numbers of synapses per neuron at day 113. 
However, the lesion group revealed a significant elevation in the proportion of 
perforated synapses and synapses formed by MSBs, synapse subtypes that are 
putatively related to enhanced synaptic efficacy. Together with previous 
findings, these data are consistent with the possibility that the connectional 
resưucturing after brain damage in adult animals can involve an overproduction 
of synapses followed by the selective maintenance of efficacious synapses, 
reminiscent of the establishment of functional connectivity during development. 
Supported by MH55525 and MH5236l.

171.5
SPINE DENSITY IN APICAL AND BASAL DENDRITES INCREASES IN 
PIRIFORM CORTEX PYRAMIDAL NEURONS FOLLOWING ODOR-LEARNING
S. Knafo1,2. Y. Grossman1. E. Barkai2 and G. Benshalom2*.
Dept of Physiology1 and Morphology2, Faculty of Health Sciences, Zlotowski Center 
for Neuroscience, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel.

Odor learning-related modification of dendritic spine density was studied in the rat 
piriform cortex. Water deprived rats were divided into 3 groups: (i) a 'trained' group, 
that was trained in a 4 arm maze to discriminate positive cues in 2 pairs of odors for a 
water reward; (ii) a 'pseudo trained' group, that was randomly rewarded; (iii) a 'naive' 
group, not exposed to training. It was previously shown that 3 days following training, 
paired pulse facilitation of synaptic potentials, evoked by stimulating the intrinsic 
fibers connecting the pyramidal neurons (layer lb), is smaller in ‘trained’ rats. In the 
present morphological analysis, brains were fixed 3 days after training by intracardial 
perfusion and the Golgi impregnation technique employed for identification of 
neurons and estimation of total spine numbers. Images of pyramidal neurons from 
right hemispheres were digitized (NIH Image V 161) using a CCD camera at various 
foci. Spines were counted along segments of secondary branches of layer lb apical 
dendrites, situated 30-105 µm from the cell body, and basal dendrites of the same 
neurons. Total spine number was estimated using the geometrically based method of 
Feldman and Peters (J. Comp. Neurol. 188: 527-542, 1979). Spine density (spines ⁄  
µm2 dendritic surface) along apical dendrites of the 'pseudo trained' rats (0.28+0.09, 
n=l5) and the ‘naive’ rats (O.ЗЗ±O.IЗ, n=l6) was significantly lower (p<0.01, one way 
ANOVA test), than along dendrites from the ‘trained’ rats (O.4l± 0.13, n=l8). Spine 
density of the basal dendrites of the same neurons for ‘trained’ rats (0.41+0.1, n=22) 
was higher (p<0.03, one way ANOVA test) than in ‘naive’ (0.32+0.11, n=9) and 
‘pseudo trained’ rats (0.33+0.12, n=l8). These results suggest that following odor
learning dendritic spine density increases along all dendrites of piriform cortex 
pyramidal neurons. Supported by a grant from the Israeli Science Foundation.

171.2
EVIDENCE THAT DEGENERATION FACILITATES NEURONAL 
GROWTH IN THE MOTOR CORTEX IN THE PRESENCE OF 
BEHAVIORAL DEMAND. S,D, Burv*. J.T, Ishida and T.A. Jones. 
Psychology Dept., Neurobiology and Behavior Program, University of 
Washington, Seattle, WA 98195.

Previous research has suggested an interaction between neuronal degeneration 
and behavioral adaptation following brain injury to the forelimb sensory motor 
cortex (FLsmc). Adult rats with unilateral FLsmc lesions show impairments in 
the use of the forelimb contralateral to the lesion and a hyper-reliance on the 
ipsilateral (non-impaired) forelimb. Dendritic growth and synaptogenesis in the 
motor cortex contra to the lesion have been linked to the enhanced use of the 
non-impaired forelimb (Jones et. al., 1996), but was not reproduced using 
peripheral manipulations of forelimb use in intact animals (Jones & Schallert,
1994). Thus unilateral FLsmc lesions may facilitate the neural plasticity in the 
contra motor cortex associated with behavioral change. The present study 
assessed whether degeneration of the transcallosal projections to the motor cortex 
would be sufficient to facilitate neuronal changes in the presence of peripherally- 
induced reliance on one forelimb. Adult rats with transections of the rostral 
2/Зrd’s of the corpus callosum or sham procedures were placed in either control 
or single forelimb-restricting vests for 18 days. Golgi-Cox was used to measure 
layer V pyramidal neuron dendritic arborization in the motor cortex. Transected 
animals had increased dendritic arborization in the cortex opposite the forced-use 
limb in comparison to transected rats permitted to use both forelimbs normally 
and in comparison to sham rats forced to use one limb. These data support the 
possibility that mild degeneration may facilitate neuronal change when 
accompanied by appropriate behavioral demand. Supported by MH52361.

171.4
BLOCKADE OF PROTEIC SYNTHESIS LEADS TO IMPAIRED ГОST- 
LESIONAL FUNCTION RECOVERY. A.C.Pomarico O.F.A, Buen* and
L.E.AM · Mello' - 'Dept, of Physiology, 2Dept. of Psycobiology - Universidadc 
Federal de São Paulo 04023-900, Brazil

The relationship between synaptic reorganization after a lesion and functional 
recovery in learning and memory has long been established. However, to date 
this relationship rests mostly on indirect evidence. Here, we used the protein 
synthesis blocker (cycloheximide, CHX) to prevent post-lesional synaptic 
reorganization and assessed functional recovery in a T-maze memory task.

Male, adult Wistar rats were subject to training on a T-maze. After the training 
period, animals were stereotaxically injected with colchicine (0.54 µL of for 6 
µg/µL) bilateraly in the hippocampal formation (dentate gyms). Following the 
lesion animals were subject to either CHX (1 mg/kg, s.c.. eveiy other day) or to 
saline (equivalent volume, route and schedule) for 15 days. Thirty two days after 
surgery animals were re-exposed to the T-maze, and the number of trials that 
each animal spent to reach the pre-surgical sucess level (5 trials with success of 
100%) was counted. Saline treated animals required 6,5± 1,1 sessions pre-lesion 
and 10,7± 5.6 sessions post-lesion. CHX-treated animals required 6.4±l.2 
sessions pre-lesion and 2 l,2± 6.8 sessions post-lesion.

Our data allow us to suggest that the 32 days of interval between lesion and 
retest on the T-maze allowed functional recovery in the saline but not in the 
CHX group. We suggest that the CHX-induced functional is due to the impaired 
synaptic reorganization.
Financial Support - FAPESP.CNPq and PRONEX (Brazil); ACP is a FAPESP 
fellow

171.6
EXERCISE INFLUENCES 8-ARM  RADIAL MAZE  
PERFORMANCE. D. Baek‘, D, Rapp1, P. Cobum-Litvak2, D. 
M cCloskey1, J, R obinson1,2, and B. Anderson*1,2, Dept, o f  Psychology  
and Program in Neurobiology and Behavior, SU N Y  Stony Brook, 
Stony Brook, N Y  11794.

Exercise has been shown to influence neurochemicals, receptor binding, 
and growth factor m RNA and protein expression in the hippocampus. 
Support for the idea that these changes influence hippocampal function 
com es from reports o f  improved performance on the Morris Water Maze 
Place Learning-Set task (Fordyce & Farrar, 1991), a spatial learning task 
dependent upon hippocampal ftmetion. Testing rats on an appetitive spatial 
learning task, the 8-arm radial maze (RAM ), could provide further evidence 
that spatial learning is the behavioral aspect changed by exercise rather than 
differences in physical fitness or differences in responding to the aversive 
aspects o f  the water maze.

F ive month old fem ale Long-Evans hooded rats were assigned to a control 
or an exercise condition. The latter had running wheels attached to their 
hom e cage. Rats were in their conditions 7 weeks prior to, and throughout 
m aze testing. Body weight was kept equal across groups at all times by 
yoking the inactive condition’s food consumption to that o f  the exercising 
rats, and by giving additional water to exercising rats when water-restriction 
was necessary for m aze testing. During testing, experimenters were blind to 
the living conditions o f  the animals. Rats were allowed access to all 8 arms 
to obtain a drop o f  water from the end o f  each. Rats in the exercise condition 
took fewer trials to obtain 5 days in a row with 7/8 correct arm entrances 
(p<.O5).
(Supported by NIM H 57845)
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171.7
BEHAVIORAL ALTERATION OF FRAGILE-X M EN TAL RETARDATION 
PROTEIN EXPRESSION. S.A. Irw in *1,2,7. R.A. Sw ain . C.A. Chrisŧmo∏3,7. A. 
Chakravarti4'7. R. Galvez1,7, and W.T. Greenough1'4'5,6'7. ⅛ eurosci. and 

2Med. Schol. Progs., Depts. of ⅜ io l., 4C℮11 & Struct. Biol., ⅛sychol., ⅛sychiat.,

and 7Beckman Inst., Univ, of Illino is, Urbana, IL  61801; ⅛ ept. of Psychol., 
Univ, of Wisconsin-Milwaukee, Milwaukee, W I 53201.

Fragile-X syndrome is the most common form  of inherited mental 
retardation. We have recently found that the prote in absent in  Fragile-X 
Syndrome, the Fragile-X M ental Retardation Protein (FMRP), is synthesized 
near synapses in response to synaptic activity. We have also shown that mice 
lacking this protein exhibit abnormalities in dendritic spine morphology and 
number. Here we examined, using immunohistochemistry, the expression of 
FMRP in the motor cortex of animals that were trained on a series of complex 
motor tasks fo r three or seven days, the visual cortex of animals reared in a 
complex environment for ten or twenty days, and both m otor and visual 
cortices in  animals housed in standard laboratory cages. Anim als that have 
acquired m otor sk ill or have been reared in  a complex environm ent are 
known to undergo synapse addition in  the areas examined in  these studies. 
Animals that were trained for seven days on m oto r-sk ill tasks exhibited a 
significant increase in  expression of FMRP in  the m otor cortex. In addition, 
animals that were reared in a complex environment for twenty days exhibited 
a sim ilar significant increase in expression of FMRP in  the visual cortex. 
While details of the relationship between behavioral experience and FMRP 
expression remain to be determ ined, this is the firs t evidence for the 
behavioral regulation of FMRP expression, and these results provide further 
evidence regarding the potentia l invo lvem ent o f FMRP in  s tructura l 
transformation processes in  the nervous system. Supported by FRAXA 
Foundation, M H  35321, AG 10154, and M H  11272.

171.9

MOTOR ACTIVITY AND NOT LEARNING CAUSES AN INCREASE IN 
SPINE DENSITY IN THE DORSAL LATERAL CORPUS STRIATUM.
R. Galvez.1,5* D.M. McNamee,3 J.A. Kleim.2,3 W.T. Greenough.1,2,3,4 5 'Neuroscience 
Program, Depts. ⅛sychology, 3Psychiatry, 4C℮11 and Structural Biology, and 
⅛eckman Inst., Univ, o f Illinois, Urbana, IL 61801.

Previous work has demonstrated plasticity in the striatum in response to 
deafferentation and chronic drug treatment. Work from this laboratory has 
demonstrated an increased spine density in the dorsal lateral striatum in response to 
enriched rearing. These studies failed to indicate whether plasticity in the striatum is 
a result o f learning or merely a consequence o f neural activity. In the present study 
the "acrobat" paradigm, a task that has been shown to induce morphological changes 
in motor structures o f the brain, was used to determine whether the increased spine 
density observed with enriched rearing was due to learning or motor activity. Rat 
littermates were either trained on the acrobat paradigm for 14 days, three trials per 
day, to ensure motor learning, allowed to run on an elevated runway during the time 
the acrobat rat was being trained, or kept in an inactive condition with periods of 
handling to account for handling factors each day. Using a Golgi Kopsch protocol, 
dendritic arbor and spine density on medium sized spiny type I neurons in the dorsal 
lateral stratum were analyzed. No significant differences were found in dendritic 
arbor across groups; supporting our previous unpublished finding that the striatum 
does not increase in size with motor learning. Spine density on the other hand in the 
motor learning and the motor activity groups differed significantly from the inactive 
condition group but not from each other. This result suggests that motor activity 
rather than learning is sufficient to cause an increase in spine density in the dorsal 
lateral striatum. Supported by AG10154, MH3532l, NICHD07333, and the 
Kiwanis Foundation.

171.11
LOCALIZATION OF LEARNING-INDUCED MODIFICATIONS IN THE RAT 
VIBRISSAL SYSTEM J A. Harris1, R,F, Westbrook1. R.S. Petersen2 and M E. 
Diamond2*. 'School of Psychology, Univ, of New South Wales, Sydney, 2052 
Australia and ⅜ogniţive Neuroscience Sector, International School for Advanced 
Studies, Trieste, 34014 Italy.

How widespread are the modifications that occur during tactile learning? Rats 
were trained in a task known to depend on cortex; they learned to obtain food by 
crossing a gap from one elevated platform to another. Using a single whisker (all 
others clipped) the rats could traverse gaps up to 16 cm, detecting the goal platform 
by projecting the whisker in front of the snout. Once a subject had learned to gap- 
cross reliably, the single whisker was clipped and re-attached by glue to the stub of 
a different whisker. If learning involved topographically widespread networks, 
then the task would be immediately reacquired even if the "prosthetic" whisker was 
implanted far from its original site. But we found the opposite, rats gap-crossed 
without delay ONLY if  the prosthetic was re-attached to its exact original stub. 
The more distant the implantation site, the more trials were necessary to reacquire 
the task. Transpositions between whisker rows forced a greater reacquisition time 
than did transpositions within a whisker row; "diagonal” tгanpositions (shifts in 
both dimensions) were most confounding. This topological learning gradient held 
for implantations to the opposite side of the snout: reacqшsition was more rapid if 
the prosthetic whisker was homotopic to the original one. The results suggest that 
thecortical network that participates in learning the task (or that has access to the 
learned information) is not uniformly distributed. This interpretation is being 
examined by mapping the cortical distribution o f whisker-induced activity using 
100-electrode arrays.

Supported by the Australian MRC, NШ, the Whitehall 
Foundation, and Telethon.

171.8
COMPLEX ENVIRONMENT EXPOSURE AND PHYSICAL 
EXERCISE UPREGULATE BETA-AMYLOID PRECURSOR  
PROTEIN EXPRESSION. T. Briones,1* W. T, Greenough U ,3. iBeckman 
Institute, Depts. of ̂ Psychology & ^Psychiatry, Univ. Illinois; Urbana, IL 
61801.

Neonatal exposure to a stimulating environment has been reported to 
increase beta-amyloid precursor protein (ßAPP) expression [Huber et al., 
N e u ro sc ie n c e , 1997]. However, it is not clear whether physical activity or 
learning cause this ßAPP upregulation. In this preliminary study, we 
independently varied physical activity and complex environment experience 
because it is recognized that the animals' opportunity to leam while in the 
complex environment is confounded by the opportunity to increase activity. 
Fifteen young adult male Long Evans hooded rats (age 35 - 45 days) were 
housed in a complex environment (EC), an inactive condition (IC), or a 
voluntary exercise (VX) condition for 12 days. EC rats were housed together 
in a wire mesh cage (0.85 x 0.85 x 0.85 m) filled each day with a new 
arrangement of toys and objects. In addition, EC rats were allowed to explore 
a novel arrangement of toys and objects in an open field (1.2 m x 1.2 m x 1.2 
m) for 30 minutes daily. IC rats were housed individually in standard clear 
polycarbonate laboratory cages measuring 50 x 27 x 36 cm. with only wood 
shavings at the bottom of the cage. VX rats were housed individually and had 
free access to a running wheel attached to their cage. Quantitative analysis 
using the Western Blot technique showed a significant increase in the density 
of ßAPP immunoreactive bands in the cerebellar and hippocampal regions of 
both EC and VX animals. No significant differences were seen between the 
two groups suggesting that physical and associated neuronal activity may be 
sufficient to upregulate ßAPP expression.
(Supported in partbyNIH, NINR T32NRO7O75, MH 35321 and AG 10154)

171.10
FUNCTIONAL RECOVERY AFTER SENSORIMOTOR CORTEX INJURY 
GENERALIZES TO  SIMILAR BUT HARDER TASKS W ITHOUT NEEDING 
TASK-SPECIFIC PRACTICE. J.S. Sobloskv*. C.L. Parrish. L.L. Colain.
J.F.Dаvidso∩· and M.E. Carev. Neurotrauma Research Laboratory, Dept. 
Neurosurgery, L.S.U. Medical Center, New Orleans, Louisiana, 70112.

We have previously found that some behavioral recovery occurs 
after sensorimotor cortex injury independent o f  task-specific practice, but 
that some task specific practice is required to complete the recovery 
process. In these experiments we investigated if recovery, as measured 
by a specific task, could generalize to other similar but harder tasks or if 
continued task-specific practice was necessary. Rats first received a 
sensorimotor cortex injury. Recovery was evaluated by testing on a 
horizontal ladder beam, with evenly spaced rungs, and counting the 
number of fore- and hindlimb footslips and forelimb misplacements for 28 
days. These rats were then tested on a ladder beam which had unevenly 
spaced rungs (more difficult task). The results indicated that the rats were 
able to generalize to the more difficult task without requiring much task- 
specific practice. In a separate experiment, injured rats were first tested 
on the ladder beam with unevenly spaced rungs, then after 28 days 
switched to another similar ladder beam also with unevenly spaced rungs. 
The results were similar to the first experiment. Both results indicate that 
after task-specific training on a ladder beam with either evenly or unevenly 
spaced rungs, there is no re-learning necessary to perform on similar or 
harder ladder beams. Thus it appears that recovery/adaptation caused by 
task-specific practice on one type of task generalizes to other similar but 
more difficult tasks. Supported by U.S. Army Contract DAMD17-93-3008.

171.12
IMPAIRED LEARNING AND MOTOR BEHAVIOR IN A MOUSE MODEL 
O F TYPE I LISSENCEPHALY. R. Pavlor*. S. Hirotsune. M. Gambello. 
J.N. Crawlev. and A. W vnshaw-Boris. Section on Behavioral 
Neuropharmacology, National Institute of Mental Health, Laboratory of 
G enetic Disease Research, National Human G enom e Research 
Institute, Bethesda, MD 20879.

Heterozygous mutation o r deletion of PafahßL 's1 L IS  1 in hum ans is 
associated with syndrom es of Type I lissencephaly, a severe brain 
developm ental d isorder resulting from  abnorm al neuronal m igration. 
W e have created Lis1 heterozygous m utant m ice by gene targeting. 
Heterozygous mutant m ice are viable and fertile, but d isplay global 
organizational brain defects as a result of im paired neuronal m igration.

To assess the functional im pact of the mutation, Lis1 heterozygous 
m ice and their w ild-type litter mates were evaluated using a test battery 
to assess sim ple neurological function, locom otor activity, acoustic 
s tartle response, prepulse inhibition of the  acoustic startle response, 
and learning and memory. Lis1 heterozygous mice d isplayed abnorm al 
h indpaw  clutching responses and subtle m otor im pairm ents on a 
rotarod test. Lis1 heterozygous m ice were also im paired in the spatia l- 
learning version of the Morris w a ter task. Locom otor activity, acoustic 
startle, prepulse inhibition, and cued-learn ing in the Morris w a ter task 
were all normal.

Impaired motor behavior and spatial learning and m emory in Lis1 
heterozygous mice indicates that im paired neuronal m igration can have 
functional effects on com plex behavioral responses. The behavioral 
findings also support the use of the Lis1 mutant m ice as a model for 
human Type I lissencephaly.
Supported by the IRP of the NIMH and NHGRI
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171.13
Expression and Function o f the Inducible O rphan Nuclear Receptor hzf-3 
in the R at H ippocam pus Are A ssociated W ith Learning and M em ory.
Yarimar Carrasquillo. KeąinRen. Idamer Cintron. Dunia Rodriguez, Sixto Alvarez, 
Carmen S. Maldonado-Vĩaar. and Sandra Peña de Ortiz* Department o f Biology, 
University o f Puerto Rico, Rio Piedras P.R. 00931-3360.

We have been studying the dynamics o f the mRNA induction o f the immediate 
early gene hzf-3 /nurrl during acquisition o f a working and reference memory 
paradigm, the food search task. Following food restriction and habituation, adult male 
rats are required to learn a specific pattern o f food-baited holes in a large open field. 
In situ hybridization and Northern blot analyses show a dramatic increase in hzf-3 
mRNA levels in the brain during acquisition o f the task. Highest hzſ-3 mRNA levels 
are found in the corpus striatum and the hippocampal formation suggesting the 
activation of both motor and spatial learning centers in the brain. A separate set of 
experiments evaluated the levels of NBRE binding during acquisition o f the food 
search task. Gel shift and supergel shift assays show elevated levels of HZF-3 
interaction with NBRE following training in the maze. These results suggest that the 
HZF-3 protein functions during learning and may play an important role during 
acquisition o f the maze. To evaluate this hypothesis, we are using antisense 
oligodeoxynucleotides targeted to the translational start codon o f hzf-3 mRNA. 
Antisense or sense hzf-3 oligodeoxynucleotides are microinjected into the 
hippocampus o f rats prior to training and the effects o f these microinfusions are tested 
during acquisition and retention of the food search task. Results o f these studies w ill 
be presented at the meeting. This work is supported by NSF (S.P.O. grants IBN 
9706664 and EPSCoR-OSR 9452893), by NIH (S.P.O. grant MBRS-NIGMS 
SOGGMO 8102-26S1) and by a F1P1 grant o f the University o f Puerto Rico.

171.14
LONG-TERM MORPHOLOGICAL OBSERVATION OF SYNAPTIC  
CHANGES INDUCED B Y  MATING IN THE M O USE ACCESSORY  
OLFACTORY BULB M. M atsu oka»¿. Ң, Kaba\  Y. Mori*, and NĻ 
I c h ik a w a * 2 'JSPS Research Fellowships for Young Scientists 2T okyo 
Metoropoli. Inst, for Neurosci., Tokyo 183-8526,3Kochi Medical School, Kochi 783- 
8505, 4ưniv. of Tokyo, Tokyo 113-0032, Japan.

Female mice when mated form an olfactory memory to the pheromones 
o f  the partner male. From the previous studies, it has been known that 
this memory lasts for at least 30 days, but has faded by 50 days after 
mating. In the event o f  pregnancy this m em ory fades faster. The 
reciprocal synapses in the accessory olfactory bulb (A O B) have been 
show n to play an important role in this mem ory formation. The 
morphological changes on the glutamatergic excitatory synapses o f the 
reciprocal synapses were exam ined in fem ale m ice after mating. The 
BALB/c female mice were mated with a BALB/c male and exposed to the 
partner's pheromones for subsequent 6 hours. The females were perfused 
at 24 hours and at 50 days at w hich B A L B /c pregnancies had been  
blocked by the exposure to the strange male pheromones after mating. In 
addition, the pregnant females were perfused after parturition. The length 
o f postsynaptic thickenings was measured on the excitatory synapses o f 
the reciprocal synapses in A O B, and was analyzed betw een mating 
fem ales and control fem ales which were exposed to male pheromones 
without mating. At 24 hours after mating, the length o f  postsynaptic 
thickenings was significantly longer in the mating females compared with 
the control. On the other hand, there were no statistical differences 
between the pregnancy females and control, and the mating females at 50 
days after mating and control. These results suggest that the synaptic 
changes o f the AOB were interrelated with the olfactory memory in 
female mice after mating. Supported by CREST o f JST.

171.15
OLFACTORY BULBECTOMY INDUCES FAST ACCUMULATION OF 
INTRANEURONAL LIPOFUSCIN IN MICE. N. V. Bobkova1.

Biophysics, Russian Academy o f Sciences, Pushchino, Moscow Region 142292; 2Sun 
Health Research Institute, Sun City, AZ. 85351.

One of the most prominent changes in the brain during aging is the progressive 
intraneuronal accumulation o f the pigment lipofuscin. These autofluorescent 
lipopigments consist o f a mixture o f proteins, lipids, carbohydrates and heavy metals 
which can be neither further degraded nor secreted. Lipofuscin probably represents the 
accumulation o f normal cellular debris, resulting from normal cellular regeneration 
that can rapidly increase in cases of cellular damage. We have found that bilateral 
olfactory bulbectomy induces rapid accumulation o f lipofuscin in neurons of the 
frontal, temporal and entorhinal cortices as well as in the hippocampus, nucleus raphe 
dorsalis and hypothalamic paraventricular nucleus. Olfactory bulbs were removed by 
aspiration from three month old NMRI mice, and frozen sections were analyzed at 3, 
10, 20, 30 and 50 days post-surgery. Yellow-green autofluorescent granules of 
lipofuscin were profusely observed in the above mentioned cerebral areas at 20-30 
days after surgery. Spectral analyses o f chloroform-methanol cerebral extracts revealed 
that the autofluorescent lipofuscin progressively increased after surgery reaching its 
maximum amount at 20 days post-surgery. At this point the amount of lipofuscin was 
350% higher than in the sham-operated mice. This was followed by a steady decrease 
and by day 50 the amount o f lipofuscin in the bulbectomized mice represented only 
50% of that observed in the sham-operated mice. Behavioral studies demonstrated that 
between days 20 and 30 post-surgery the bulbectomized mice exhibited pronounced 
deficits in spatial learning in the water maze. Our observations suggest that olfactory 
bulbectomy could be used as a model for premature neuronal aging as demonstrated by 
the profuse accumulation of lipofuscin and by deficits in spatial memory.
Funded by the Russian Academy o f Sciences.
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Cognitive Dysfunction In The MPSI Mutant Dog
H.M. Callahan ». P. Chang. W.A. MacKav. D. Tait. T 

Wallani. P. Atkinson, and N.W. Milgгam. Departments of 
Physiology and Psychology, University o f  Toronto, Toronto, 

Ontario. M5S-1A8.

The MPSI dog has a single gene mutation that prevents the synthesis 
o f alpha-L-iduronidase, a lysosomal enzyme. Dogs carrying two copies 
of the mutated gene show various abnormalities, including skeletal 
dysplasias, problems with gait, dwarfism and corneal clouding. There 
are human counterparts o f this disorder that also show mental 
retardation. The MPSI dog is also assumed to show cognitive 
retardation, but this has not yet been empirically demonstrated. To 
study this question, six dogs, two normal, two heterozygote and two 
homozygote mutants were compared on a series o f neuropsychological 
tests. We saw no difference between the groups in simple tests of 
procedural learning, object discrimination learning and discrimination 
reversal learning. In contrast, the mutant dogs showed slower learning 
and poorer performance at longer delays on a test o f spatial memory. 
There was also evidence o f cognitive deterioration on a landmark 
discrimination task in which the dogs had to approach the object closest 
to a movable landmark. This task also distinguished the heterozygote 
from the normals. The absence o f any deficit in visual discrimination 
indicates that the spatial learning and memory deficits are not a result 
o f visual dysfunction. The differences between the heterozygotes and 
the normals on the landmark discrimination task may correlate with 
differences in brain levels o f the affected enzyme.

Support from Ontario Mental Health Foundation.

172.2
FURTHER CHARACTERIZATION OF DIFFERENCES IN LEARNING 
BETWEEN C57BL/6 AND DBA/2 MICE: EXTENDED TRAINING AND
EXTINCTION IN CONDITIONED FEAR TASK AND SPATIAL 
DISCRIMINATION AND REVERSAL. J.M. Wehner1’2’ and S.F. Logue1, ‰ .  
for Behavioral Genetics; 2Dept. o f Psychology, University o f Colorado; Boulder, CO 
80309.

Prior work has established that C57BL/6 (C57) mice are capable of learning both 
complex hippocampal-dependent tasks and simple hippocampal-independent tasks 
while DBA/2 (DBA) mice only demonstrate learning proficiency on simple 
hippocampal-independent tasks (R  Payloг et al., Psychobiology, 21: 11-26; Paylor 
et al., Behav. Neurosci., 108: 1-8; Logue et al., Behav. Neurosci., I l l :  104-113). 
In an effort to further clarify the potential hippocampal function impairments which 
might underlie the learning differences between the C57 and DBA mice, we 
administered multiple training sessions in the conditioned fear task, assessed the 
rate of extinction o f the fear response to the context and the auditory signal, tested 
learning ability on a more complex spatial discrimination task and tested flexibility 
of the hippocampal system by assessing ability to reverse the original spatial 
discrimination. Over extended training, DBA mice show improvement in 
contextual learning, but still freeze significantly less than C57 mice on test day. In 
D B A  but not C57 mice, a single exposure to the context without the shock (i.e., the 
first test session) is as effective in abolishing learned freezing as active extinction 
training (i.e., re-exposure to the context without the shock on a daily basis). Both 
C57 and DBA mice show spatial discrimination after one training session, but the 
DBAs show significantly less discrimination. After three discrimination training 
trials, the strains show equivalent discrimination. On reversal training of the 
spatial discrimination, the DBA mice reversed more quickly than the C57 mice. 
Results are discussed in terms of current theories o f the hippocampus’ role in 
learning. Supported by AA-00141-06 and MH-53668 to J.M.W.
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A BEHAVIORAL ASSESSM EN T OF THE 129/SvEvTac MOUSE  
STRA IN  S .A . B a lo g h *. Ċ .S . M c D o w e ll. V .H . D en en berg  
Biobehavioral S ciences Graduate Program- The U niversity o f  
Connecticut, Storrs, CT 06269-4154

Despite considerable genetic and behavioral variability and a high incidence of 
callosal agenesis (Montkowski et al. 1997; Simpson et al. 1997, Wahlsten, 
1982), the 129 mouse substrains have become an increasingly popular source of 
embyronic stem cells for knockout technology. The current study reports the 
results of behavioral testing on the 129/SvEv strain obtained from Taconic 
Farms. 32 male 129/SvEvTacfBR mice were evaluated for paw preference, 
elevated plus-maze behavior, and activity; and were tested for water escape 
learning, Morris water maze learning, Horizontal/Vertical discrimination, Lashley 
III maze learning, and shuttlebox avoidance conditioning. The animals did not 
perform paw preference. They spent the greatest percentage of their time in the 
center of the plus-maze, with very similar amounts of time in the open and closed 
arms. They engaged in considerable locomotion, but rarely reared in the activity 
chamber. They learned to successfully locate the hidden platform in both water 
escape and the Morris maze. In addition, they learned Horizontal/Vertical 
discrimination to nearly 85% coưect, but were unable to acquire the Lashley III 
maze or learn to avoid in the shuttlebox. These data support previous findings 
that 129J mice exhibit poor avoidance learning (Royce, 1972), and are consistent 
with claims that several 129 strains (129/Ola, 129/SvEv, 129B6F1) are good 
Morris maze learners (Owen et al., 1997; Wehner &  Silva, 1996). Callosal 
dysplasia and its relation to these behavioral measures w ill be presented as well. 
Research supported by the University of Connecticut Research Foundation.

1 7 2 .5

NON-SPATIAL RADIAL-ARM MAZE LEARNING IN BXSB MICE: EFFECTS 
OF NEOCORTICAL ECTOPIAS. L. A. Hvde*. G. F. Sherman and V. H. 
Denenberg. Biobehavioral Sciences Graduate Degree Program, University of 
Connecticut, Storrs, CT 06269; Beth Israel Hospital and Harvard Medical School, 
Boston, MA 02215.

Neocortical ectopias are misplaced clusters of neurons located in layer I of cortex. 
Approximately 40-60% of BXSB mice have ectopias, which are usually located in 
the prefrontal/motor region of cortex. Structurally similar ectopias have been found 
in post-mortem analyses o f dyslexic human brains.

Past studies from our laboratory have demonstrated, using the spatial Moưis water 
maze, that BXSB mice with ectopias had working memory deficits. Additional 
studies have shown that ectopic BXSB mice also had working memory deficits in a 
spatial water version of the 8-arm radial maze. To determine if  the working memory 
deficit was a general phenomenon or related to the spatial requirements of the tasks, 
we tested 52 male and female BXSB mice in a non-spatial water version of the 
radial-arm maze.

Each arm of the maze was covered with a different black/white pattern which 
BXSB mice could easily discriminate. Four o f the 8 arms had hidden escape 
platforms which were removed from the maze once found. After each platform was 
located, the maze was randomly rotated so that the spatial cues of the room would be 
dissociated from the non-spatial cues of the maze. Mice were given one session per 
day for 11 days following 1 day of training. The number of working and reference 
memory errors decreased significantly over sessions. Ectopics did not differ from 
non-ectopics on any measure, except, surprisingly, ectopics made fewer working 
memory eưors than non-ectopics when there was a greater working memory load. 
These findings suggest that the working memory deficits demonstrated by ectopic 
BXSB mice in past studies are specific to spatial tasks. Supported in part by NIH 
Grant HD-20806.

1 7 2 .7

PH AR M ACO LO G IC AL A N D  GENETIC M A N IP U LA T IO N S  OF nNOS 
H A VE DIFFERENT EFFECTS ON B E H A V IO U R A L A N D  CO G NITIVE 
FUNCTIO NING  IN  M ICE.
D. Robbins. K. M . Kendrick and L.S. W ilk inson*. Lab. o f M olecular and 
Cognitive Neuroscience, Department o f Neurobiology, The Babraham 
Institute, Cambridge CB2 4AT, U K

Previous work from  this lab. using an olfactory memory paradigm in 
sheep has provided evidence o f a specific role fo r n itric  oxide in cognitive 
functioning. We are currently assessing the generality o f this find ing by 
extending our investigations into mice, examining the effects o f reducing 
nNOS activity by means o f acute drug injections or by nNOS gene 
“ knockout”  on several behavioural tasks that tax a range o f cognitive and 
behavioural functions, including; visuospatial attention, spatial working 
memory, reversal learning, reactivity to novelty and motor co-ordination. 
The data we have obtained so far supports, in general, the idea that nitric 
oxide may be involved in certain aspects o f cognitive and behavioural 
functioning. However, the pattern o f changes seen in the acute drug 
preparation and the knockout animals are different. Thus, wh ilst there is 
clear evidence o f a specific defic it in spatial working memory in drug 
treated animals, the nNOS knockouts are unaffected, whereas in the case o f 
motor co-ordination both manipulations reveal deficits. The reason for the 
lack o f converging evidence is unknown but may be related, in part, to 
differing degrees o f neurochemical redundancy in different brain regions 
arising from  residual nitric oxide produced by other isoforms o f NOS such 
as eNOS. W ork supported by the BBSRC (U .K.)
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A NEW NON-SPATIAL VERSION OF THE MORRIS WATER MAZE: USING 
INTRA-MAZE PATTERNED CUES, NOT A VISIBLE PLATFORM. A.J. 
Stavnezeг*. L.A. Hvde and V.H. Denenberg. Biobehavioral Sciences Graduate Degree 
Program, University of Connecticut, Stoưs, CT 06269.

Many mouse strains can learn spatial versions of the Morris water maze (MWM), but 
few studies have examined complex non-spatial learning in this maze. Spatial MWM 
learning requires the use o f complex extra-maze visual stimuli, with no physical 
stimuli inside the maze except the hidden platform. The parallel non-spatial version 
should require only the use of complex intra-maze visual stimuli dissociated from 
extra-maze cues, again with no physical stimuli inside the maze except the hidden 
platform. Although current non-spatial versions of the MWM rely upon intra-maze 
cues, many versions are either too easy (visible platform) or the intra-maze cues vary 
on sensory dimensions in addition to vision (flagged hidden platform; two platforms, 
one collapsible; or floating cues). Therefore, these mazes differ from the spatial 
version in ways other than spatiality.

We have developed a non-spatial version of the MWM for mice, which differs from 
the spatial version only in spatiality. The pool (d=Ю6 cm) and platform (d=9 cm) were 
identical to those used for the spatial version, with the exception that each quadrant of 
the internal pool wall was painted clockwise as follows: horizontal stripes, solid white, 
vertical stripes, solid gray. The hidden platform was paired with one of these cues 
throughout testing. Extra-maze cues were minimized by turning off room lights and 
suspending a 6OW bulb over the center of the maze. The internal pool wall was rotated 
after each trial so that residual spatial cues would be dissociated from non-spatial cues.

C57BL/6J and BXSB mice were given 4 trials/day for 5 days, followed by a probe 
trial. Time and distance scores decreased significantly over days and the mice spent 
more time in their target quadrant (versus the others) during the probe trial. Therefore, 
mice can successfully learn this complex non-spatial version of the MWM. Since this 
maze differs only in spatiality, not complexity or other sensory cues, it has valuable 
potential as a more appropriate control for the spatial version. In addition, this maze 
can easily be adapted by researchers interested in studying hippocampal function, sex 
differences, behavior in knock-out mice, etc. Supported by NIH Grant HD-20806.
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DYNAMIC CHARACTERISTICS AND ADAPTABILITY OF REFLEX EYE 

MOVEMENTS IN MICE LACKING GFAP. A. Katoh1. H. Ҟitazawa2. H. Gomi1.

S. Itohara*, and S. Nagao^*. ⅛ IK EN  BSI, Saitama 351-0198, ⅜ ept. o f Physiology, 

Jichi Medical School, Tochigi 329-0498, JAPAN 

Glial fibrillary acidic protein (GFAP) is an intermediate filament protein expressed 

specifically in asưocytes in the CNS. Mice lacking GFAP exhibited both deficiencies 

of cerebellar long-term depression in vitro and impaired eyeblink conditioning in vivo 

(Shibuki et al. Neuron 16, 587-599,1996). To further characterize the role of GFAP 

in cerebellar functions, we here measured the horizontal optokinetic response (OKR) 

and vestibulo-ocular reflex (VOR) in the mutant and wild-type mice by an infrared TV 

camara system. There was no difference in the OKR gain between the wild-type and 

mutant mice, while the VOR gain of the mutant mice was significantly higher than 

that of the wild-type mice. Continuous optokinetic exposure for 1 h induced adaptive 

changes in the OKR gain in both mutant and wild-type mice. Chemical flocculus 

lesions by microinjection o f ibotenic acid reduced the VOR gain in the mutant mice, 

but little affected the OKR gain and die gains of OKR and VOR in the wild-type mice. 

Adaptation of the OKR gain was no longer seen after flocculus lesions in both mutant 

and wild-type mice. These results suggest that GFAP may affect the VOR dynamics 

within the flocculus, and the flocculus is essential for the adaptive control o f the OKR 

in both mutant and wild-type mice.

1 7 2 .8

A ROLE FOR α-CaM KII IN LONG-TERM CONSOLIDATION OF 
SPATIAL MEMORIES. P. W. Frankland* and A. J. Silva. Cold Spring Harbor 
Laboratory, Cold Spring Harbor, New York 11724.

The formation and consolidation o f long-term memories consist o f several 
distinct phases, each of which may be mediated by dissociable biochemical 
processes. Pharmacological and molecular genetic approaches have identified 
many of the cellular and molecular mechanisms mediating the formation o f long
term memories. However, to date, much less is known about the cellular and 
molecular events that are important for later phases o f memory consolidation. 
Here we present the first example of a mutation that affects a later phase of 
memory consolidation, but not initial learning, or formation o f longrte∏n memory. 
Mice heterozygous for a null mutation of α-calcium-calmodulin kinase II (α- 
CaMKП+/) and wild type (WT) littermate controls were trained in the hidden 
platform version o f the Morris water maze (12 trials per day for 5 days). At the 
completion o f training, α-CaMKlΓ'^ and WT mice were tested in a probe trial 
where the platform was removed. Both α-CaMKlU^ and WT mice spent 
equivalent amounts o f time searching in the quadrant o f the pool that previously 
contained the hidden platform. Likewise in a memory test 3 days following 
training CaMKíΓ'^ and WT mice searched selectively in the training quadrant. 
However, when tested 10 or 17 days following training, while WT mice searched 
selectively for the platform, C aM K Iľ7 mice searched non-selectively. These 
results indicate that normal levels o f α-CaMKIl are required for later phases of 
spatial memory consolidation (between 3-10 days post-training). It is proposed 
that α-CaMKII either (a) is critical for the long-term stability o f hippocampal 
synpatic plasticity (e.g., Thomas et al., 1994), or (b) is important for the transfer of 
spatial memories from the hippocampus to the neocortex (e.g., Squire, 1992).

Supported by NIH grant R0I AG 13622 to AJS.
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B R AIN  SPECIFIC D ISR UPΉ O N OF B-RAF GENE EXPRESSION 
W IT H  CRE-LOXP SYSTEM. A. P. Chen1, K. P. Giese1, R. Kuhn2 and A 
J. Silva1*. ‘Cold Spring Harbor Laboratory, Cold Spring Harbor, NŸ 
11724; ¾ s titu t fü r Genetik, Universität zυ Köln, 50931, Köln, 
Germany.

The Ras signaling pathway has been shown to play a role in 
learning &  memory ( L & M ). Raf is a Ser/Thr kinase and a downstream 
effector o f Ras in Ras-Raf-MAPK signaling. B-Raf is a Raf isoform  
preferentially expressed in cerebrum and whose expression is 
upregulated after LTP induction. To test whether B-Raf is involved in 
L & M , we disrupted B-Raf gene expression in mice by using the Cre- 
LoxP recombination system. This system employs CRE recombinase to 
delete the gene flanked by a pair o f loxP sites when a “ flo xe d ”  mouse 
line (target gene flanked by loxp sites) is crossed to a Cre transgenic 
mouse line. We engineered the “ floxed B -R a f’ mouse by inserting a 
pair o f loxP sites into the flanking regions o f the exon o f B-Raf gene, 
which contains the G XG X XG  consensus m otif essential to Ser/Thr 
kinase activity. We generated the Cre transgenic mouse line w ith the Cre 
gene under control o f the alpha-CaM KII promoter, which is specifically 
expressed in adult forebrain. Therefore we expect to achieve a 
forebrain specific disruption o f B-Raf gene expression. Analysis o f B- 
Raf mutants w ill be reported.

This work was funded by the grants from  
the Neurofibromatosis Consortium, Merk, M cKnight, and the 
Neurofibromatosis Foundations.
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ANALYSIS OF ROLE AND FUNCTION OF CREB SIGNALING 
PATHWAY DURING THE FORMATION OF LONG-TERM MEMORY 
(LTM)
S^_Kidł!.: 2*. J, H. K o g a n1. T, Y o k o i2. S. M asush ige2 & A . J. S i lv a 1. 
‘ C o ld  S p rin g  H arbor Lab o ra to ry , C o ld  S p rin g  Harbor, New Y o rk  
11724; 2Dep. o f B iosc ience, F a cu lty  o f A p p lie d  B ioscience, T okyo  
U n i versi ty  o f A g r ic u ltu re , Setagaya-ku, T o k y o 156-8502

The syn thes is  o f new p ro te ins  p lays an essen tia l ro le  in LT M  as 
w e ll as lo n g -te rm  p o te n t ia t io n  (L T P ). B o th  cA M P  and Ca2* s igna l 
tran sduction  pathways are though t to regulate these gene expressions. 
Members o f the C R E B /A T F  fa m ilie s  activa te  cAM P responsive 
elem ent (CR E)-m ediated tra n s c rip tio n  in  response to increases in  the 
in tra c e llu la r  concen tra tion  o f cA M P  and Ca2‘ . We have shown tha t 
C R EB m utant m ice w ith  a targeted d is ru p tio n  o f «  and Δ iso fo rm s o f 
C R EB gene are d e fic ie n t in  L T M . These m utants show tha t CRE Bß as 
w e ll as the C R E M  iso fo rm s are up-regu la ted in  the fo re b ra in . 
A d d it io n a lly ,  in  these m ut ants, i t  is im p o ss ib le  to c o n tro l the onset 
o f C R EB d e fic it.  Therefore, we derived transgen ic  m ice expressi ng a 
C R EB repressor, C R E B S 133A , fused w ith  the m utant (G 521R ) 
estrogen receptor lig a n d  b in d in g  dom ain (LB D -C R E B M ). In these 
transgen ic  m ice, the exp ressi on o f LB D -C R E B M  gene is regulated by 
α C a M K II p rom o te r, and the a c t iv ity  o f LB D -C R E B  is regulated by 
T am ox ifen . Therefore, in  our system , the C R EB repressor becomes 
fun ction  al o n ly  aft er in j ectio  n o f Tam o x ife n , and onl y in  b ra in  regions 
exp ressi ng the αC aM  K II.  Some o f the transgen ic l in  es tha t we derived 
express L B D -C R E B M  in the fo rebra i n, and we are cu rre n tl y e xa m in in g  
the fu n c tio n  o f LB D -C R E B M  in  v iv o .  T h is  in d u c ib le  system  w i l l  be 
app lica b le  not o n ly  to the C R EB study but also to the studies o f the 
ro le  o f o the r tra n s c rip tio n  factors b in d in g  to CRE in  L T M .

We hav e als o des igned a s trategy to id e n t ify  CREB-dependen t gen es 
in vo lve d  in  L T M . We w i l l  present the resu lts  o f th is  screening.
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N C A M  IS ESSENTIAL FOR DIFFERENT FORMS OF PLA S TIC ITY  A T  
TH E C E N TR A L NERVO U S SYSTEM. A. C arleton, H . C rem er1, D, 
Desmaiaons, Ī.-D. Vincent* and P.-M. L ledo. C.N.R.S., I.A.F., 91198 G if-sur- 
Yvette and ΊB D M , CNRS/INSERM, 13288 Marseille, France.

N C A M , the neura l cell adhesion m olecule, regulates ce ll-ce ll 
interactions in  the nervous system. Recent evidence suggests that N C A M - 
mediated neuroplasticity continues in  defined brain regions o f the adult. To 
approach N C A M  function in  the olfactory system and hippocam pus, two 
structures capable of morphological plasticity, we used N C A M  knockout mice 
wh ich have documented deficits in  neural m igra tion  o f o lfactory neuron 
precursors and in  spatial learning. Intracellular and fie ld potential recordings 
were performed on both olfactory bulb and hippocampus slice preparations, 
from  adu lt mice. In  the o lfactory bulb, the level of synaptic in h ib itio n  
m ediated by G ABAergic neurons located in  the granule cell layer, was 
measured by in tracellu lar recordings o f m itra l cells. Two form s o f synaptic 
inh ib ition , a tonic and an evoked form, both sensitive to GABA A antagonists 
were investigated in  N C A M -de fic ien t m ice and compared to w ild -typ e  
animals. Both forms o f in h ib ition  were m odified  in  o lfactory bulbs from  
N C AM -defic ien t mice and those functional changes were correlated w ith  
staining for glutarnate decarboxylase, the lim itin g  step for GABA synthesis. In 
the hippocampus, although a variety o f short-term plasticities were normal, 
long-term  potentation at mossy fibre synapses is abolished in  mice lacking 
N C AM . M orphological studies demonstrated that pa th find ing and lam inar 
grow th o f mossy fibre were strongly affected leading to a num ber of ectopic 
mossy fibre innervation onto CAЗ pyram idal cells from  NC AM -deficient mice.

By prom oting cell m igration, axonal grow th  and pathfind ing, we have 
showed that NC A M  molecules play a key role in rem odeling some regions of 
the mature nervous system involved in learning and memory.

1 7 2 .1 0

TH E LEARN IN G  DEFICITS OF NEUROFIBROM ATOSIS TYPE 1 
M U T A N T  M ICE ARE CAUSED BY A N  INCREASE IN  RAS AC TIVITY. 
Ĭ.H. Kogan*. Ҭ. Stern. T· Coblentz, M. Ohno, E. Friedman, and A.L Silva.
Cold Sŗ >ring Harbor Laboratory, Cold Spring Harbor, NY, 11724

Neurofibromatosis Type 1 (Nfl) is a common inherited disorder that is 
characterized, in part, by learning (disabilities in many of those affected. The Nfl 
gene encodes a protein, neurofmromin, that biochemical studies have shown 
functions as a GTPase-activating protein (GAP) for Ras. Additionally, recent 
studies in Drosophila uncovered evidence that neurofibromin can also regulate the 
activity of adenylate cyclase. To investigate whether the learning deficits of Nfl 
heterozygous mutant mice are caused by abnormally high Ras activity, we used 
genetic and pharmacological approaches to decrease Ras function in the mutants.

Thus, we tested Nfl ĥeterozvgotes, N-Ras heterozygotes, Nfl/N-Ras 
compound heterozygotes, and their wild type littermates in both the Morris water 
maze (a test of spatial learning) and in a social recognition/memory task. As 
previously published, the Nfl mutants showed clear deficits in the spatial version 
of the Morris water maze after 5 days of training (6 trials/day). The N fl mutants 
were also deficient in the social recognition task, as they were unable to remember 
a conspecific juvenile 30 mins after a 2 min social interaction. In contrast, the 
Nfl/N-Ras compound heterozygous mutants performed normally throughout 
training and testing in both memory tasks. Additionally, our results showed that 
the N-Ras heterozygous mutants are not deficient in either task.

In another series of experiments Nfl heterozygotes were treated with the 
farnesyltransferase inhibitor (FTI) ΈMS-191563 (2mgAg, i.p.). This drug inhibits 
Ras function by preventing the anchoring of Ras to the cell membrane. FTI- 
treated mutant mice performed as well as wild type controls in both the Morris 
water maze and in the social recognition tasks. This parallel between the genetic 
and pharmacological rescue of the mutant phenotype suggests that the learning 
deficits observed in the Nfl heterozygotes are caused by abnormally high Ras 
signaling. Current studies are addressing the cellular implications o f  these 
behavioral results.
(Supported by grants from the Neurofibromatosis, Merck and McKnight 
Foundations and the NIMH. B M S-I9 l563 was a gift o f  Bristol-Meyer Squib Co.)
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LP -B M 5 IN F E C T IO N  IM P A IR S  S H O R T-TER M  M E M O R Y  IN  
C57BL/6 M IC E  IN  TH E  M O R RIS W A T E R  M A Z E . B. Lee. J.A. 
English and I. A. Paul*. Dept, o f Pharmacology and Psychiatry, Univ. 
Miss. Med. Center, 2500 N. State St., Jackson, MS 39216, USA 

Previous studies show that the LP-BM5 murine leukemia virus causes 
an Acquired Immunodeficiency Syndrome-like syndrome in C57BL/6 
mice (M AIDS) and impairs learning and memory w ithout gross motor 
impairment. To assess short term memory (STM) impairment after LP- 
BM5 infection and the time course o f this impairment, we tested mice in a 
modified STM version o f the Morris water maze. Twenty mice were 
inoculated w ith LP-BM5; controls received medium (DM EM ). In the test 
procedure, animals had two 60s trials to learn the position o f a randomly 
placed platform. 30s after the 2nd training trial, animals were placed in 
the maze w ith the platform removed, and time spent in each quadrant o f 
the maze was measured. For 9 weeks after LP-BM5 infection, both 
groups spent more time in the target quadrant than the opposite quadrant. 
A t 10 and 11 weeks after infection, infected mice lost this target quadrant 
preference. However, animals in both groups consistently mounted the 
platform faster on the 2nd o f the training trials over the entire course o f 
the experiment. We conclude that LP-BM5 infected mice can learn a task 
requiring short term memory but show a more rapid decay o f information 
in short term memory than do uninfected controls.
Supported by NIH  grant MH53228 to I.A.P.
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EPH RECEPTORS AND M EM O R Y: K E TA M IN E  IN D U C E D
RETROGRADE AM NESIA IS AM E L IO R A T E D  BY H IP P O C A M P A L 
Eplи·inA5-IgG INFUSION IN  M IC E . A. McNamara & R. Geгlai. Genenteeh 
Inc. Neuroscience Dept, South San Francisco, CA 94080, sponsor IBANGS

ĽphA receptor tyrosine kinases and their ephrin-A ligands are involved in axonal 
patterning and establishing topographical connections in the CNS. Previously we 
showed, however, that EphA5 continues to be expressed in the adult CNS, 
predominantly in the hippocampus, and that it plays roles in adult neural plasticity and 
learning. In the present paper we investigate whether EphA5 is involved in memory in 
fear conditioning. In this task mice are presented with a mild electric shock paired with 
a tone cue in a particular environment, the context. The behavioral response to pain or 
fear, which is used to quantify learning and memory, is duration of freezing. Using a 
ketamine anesthesia induced retrograde amnesia model we show that mice anesthetized 
90 min post training exhibit a context specific impairment (reduced freezing) eight days 
later when placed in the context without a tone cue but no abnormalities (high freezing 
responses) when presented with a tone cue in a new context. To test the role EphA5 
may play in memory in fear conditioning, we applied bilateral intrahippocampal 
infusion of eplrrinA5-IgG, an agonist immunoadhesin that activates EphA5. Mice 
infused with this agent 90 min after tπűning exhibited a significant and context specific 
increase in freezing compared to unoperated and vehicle infused mice or to mice infused 
with a control immunoadhesin, CD4-IgG. No alterations in motor/posture patterns or 
geneπil activity were observed in the ephrinA5-IgG infused mice. Furthermore, the 
improvement was specific to the context, therefore it is unlikely to be due to altered 
perfoπn;uice factors. Since infusion was carried out after training, ephrinA5-IgG could 
not affect acquisition. We suggest therefore that it affected memory consolidation 
and/or recall. Our data represent the first pieces of evidence for the involvement of an 
Eph receptor in m；unmalian memory which may open up pharmaceutical research aimed 
at ameliorating memory dysfunction in humans.
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EphA5 AND M A M M A L IA N  LE A R N IN G : P O TE N TIA L
BIOLOGICAL M EC H AN IS M S . R. Gerlai*. N. Shinskv. P. Williams. I. 
Winer. B. Cairns. N, Mendoza. W-O. Gao. H. S. Phillips. Genentech Inc, 
Dep;ưlments of Neuroscience, Pathology, and Antibody &  Bioassay Technology, 
South San Francisco, CA 94080

EphA5 is a member o f the large Eph receptor tyrosine kinase family that plays 
roles in CNS embryonic development. We have demonstrated, however, that EphA5 
also plays roles in adult neural function in vivo. Impairment and improvement of 
receptor function by chronic inưahippocampal infusion of the antagonist (EphA5- 
IgG) or agonist (ephriııA5-IgG) fusion protein led to correlated changes in learning 
and memory performance in mice. Adminisưation of the antagonist led to an 
impairment of long-term potentiation (LTP) in the hippocampal slice. Here we show 
that infusion of the agonist leads to improved expression and maintenance of LTP. 
In addition, we also investigate potential molecular mechanisms underlying these 
phenomena and examine mice with unilateral 7-day intrahippocampal infusion of 
either EphA5-IgG or ephrinΛ5-IgG and compare gene expression (TaqMan RT-PCR) 
or immunostaining changes between the infused and uninfused sides. Our 
preliminary finidngs indicate that EphA5-IgG increases MAP2 (a dendritic marker) 
expression and immunostaining in the hippocampus. EphA5-IgG scavenges the 
endogeneous ligand, ephгin-Λ5, that is a repulsive cue for neurons. The lack of 
accessible ephrin-A5 may lead to increased dendritic outgrowth which in turn may 
contribute to development of abnormal circuitry in the hippocampus leading to 
impaired behavioral performance. We also see increased immunostaining for NMDA- 
R in the hippocampus of mice infused with EphA5-IgG. EphA receptors posses a 
sequence motif (YEDP) which binds src kinases including src and fyn. These kinases 
plюsphorylate NMDA-R and thus mediate its function and potentially its expression. 
NMDA-R is a receptor Ca2ł channel that plays a central role in LTP. Thus EphA5 
may affect LTP also via altering NMDA-R function. Our preliminary findings 
suggest that EphA5 mediates some aspects of adult neural function. Analysis of 
several other genes and markers is in progress.

1 7 2 .1 6

TRANSGENIC MODEL OF MEMORY DEFICIT IN DOWN SYNDROME: ROLE 
OF THE MINIBRAIN KINASE. D. Bartsch, S. Patterson. K.A. Karl. X. Yang. 
A. Chen. M. Chen* and E.R. Ka∩del. Ctr. Neurobiol. &  Behav., Columbia Univ.. 
College of Phys. &  Surg., HHMI, New York, NY 10032.

The recently gained insight into molecular mechanism of memory in Aplysia, 
Drosophila and mammals encouraged us to use genetically modified animals to study 
the memory disorder in Down syndrome. The trisomy of chromosome 21 is the 
major cause of mental retardation in humans. A considerable portion of the Down 
syndrome pathology has been mapped to the 2-Mb region surrounding locus D21S55 
at 21q22.2. Minibrain gene (mnb) identified in this region encodes the minibrain 
kinase (mnbK), a dual specificity serine/threonine and tyrosine kinase. Drosophila 
with mutations in the mnb locus have abnormal neuroblast development which leads 
to smaller optic lobes and central hemispheres, perturbed visual, olfactory and motor 
behavior as well as cognitive defect in odor discrimination learning. Consistent with 
the importance of the mnb locus for human cognition, YAC transgenic mice that 
express the human mnb gene have a learning deficit in the Morris water maze.

To address the specific role of mnbK in brain development, neuronal function and 
memory formation, we have cloned the mouse mnb gene and generated transgenic 
mice with doxycycline regulated mnbK  transgene expression in the forebrain. We 
have also characterized mnbK. expression in the normal mouse hippocampus. Using 
anti-mяbK antibodies and antibodies against the phosphorylated (activated) mnbK , 
we found that mnbK is expressed largely in the cytoplasm in both hippocampal 
neurons and PC 12 cells. In the basal state the mnbK is unphosphorylated but 
following depolarization by K+ it becomes phosphorylated and translocates to the 
nucleus. Metrazol-induced seizures also cause phosphorylation of mnbK in the 
mouse hippocampus. Furthermore, in PC 12 cells, the phosphorylation of mnbK 
changes in the course of NGF induced differentiation. Our results indicate that mnbK 
may play an important role in both developmental and adult synaptic plasticity. 
(Supported by HHMI.)
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PAVLOVIAN CONDITIONING OF THE BRANCHIAL DEFENSIVE 
REFLEX AT A MINIMAL INTERSTIMULUS INTERVAL. D.D. Fiorava∩te.1
E.G. Antzoulatos.1 R. Matsas.2* and M.M. Nikoletseas.1 1 Psychology Dept., 
The American College of Greece; ⅛ept. of Biochemistry, Hellenic Pasteur 
Institute, Athens, Greece.

The branchial defensive reflex (BDR) consists of any modulation of the 
goldfish respiratory baseline in response to a stimulus. Classical 
conditioning of BDR has been reported to occur at interstimulus intervals 
(IS!) ranging between 5-1 Os; the onset latency of a typical conditioned 
response (CR) is approx. 500ms. The Resent study investigated the 
possibility of classical conditioning of BDR at an ISl of 300ms, an interval 
that is too short to allow CR performance during training trials. A delay 
conditioning paradigm was employed, in which die conditional stimulus 
(CS) was a light flashing at 60 Hz, for 300ms (20x106 lumens). The 
unconditional stimulus (US) was constant current shock (50mA, 10ms). In 
one group of goldfish training consisted of a single session of 30 CS-US 
presentations, at an ISl of 300ms and an intertrial interval of 90s, followed 
by 10 CS¯alone extinction trials. A pseudoconditioning control group was 
exposed to an equal number of explicitly unpaired CS, US presentations. 
Results showed that the 300-ms ISl gave stronger CRs during the test 
trials as compared to the pseudoconditionmg control (p<0.05), indicating 
that reliable conditioning of BDR can occur at 300ms ISl. We conclude 
that: (i) BDR, although a branchial motor reflex, can condition at short ISIs 
characteristic of somatic reflexes, and (ii) performance of CR during 
training is not necessary for the acquisition of CR. (Supported by American 
College of Greece)

1 7 3 .2

INHIBITION OF DELAY IN CLASSICAL CONDITIONING OF THE 
BRANCHIAL DEFENSIVE REFLEX IN GOLDFISH. E.G. 
Antzoulatos1 D.D. Fioravante.1 D.l. Xvdea.1 P, Aπoeloαianni.2* and M.M. 
Nikoletseas.1 Vsvcholoαv Dept.. The American College of Greece: ⅛eot. 
of Exp. Physiology, Univ, of Athens, Med. School, Athens, Greece.

The branchial defensive reflex (BDR) is defined as modification 
of the goldfish respiratory baseline upon stimulation. This response 
system lends itself to investigations of associative learning 
phenomena, since it conditions quite fast (in less than 10 trials); 
conditioned BDR involves complete suppression of breathing 
(Conditioned Response; CR). The present study focused on 
inhibition of delay. The conditional stimulus was a light flashing at 5 
Hz, for 5s (20x106 lumens), presented paired with the unconditional 
stimulus (constant current shock, 50mA, 50ms), at an intertrial 
interval of 100s. The interstimulus interval (ISl), was progressively 
increased by 2s, starting from 5s up to 20s, on the criterion of four 
consecutive trials displaying conditioned responses. Our data 
showed that the peak CR-latency increased with the ISl (p<0.05), 
indicating inhibition of delay. A constant current shock (50mA, 
50ms), presented 10s before the last trial, resulted in disinhibition 
of BDR throughout the ISl. However, it was not clear whether the 
disinhibited response reflected shortening of CR-onset latency or 
reemergence of the α-response. Data are discussed in terms of the 
dynamic interplay between inhibition and excitation in Pavlovian 
conditioning. (Supported by American College of Greece)

1 7 3 .3

SENSITIZATION OF THE BRANCHIAL DEFENSIVE REFLEX IN 
GOLDFISH IS PRECEDED BY INHIBITION. D.l. Xvdea.1 D.D 
Fiorava∩te.1 E.G. Antzoulatos.1 P. Anπinos.2* and M.M. Nikoletseas.1 
Psychology Dept., The American College of Greece; ¿Dep. of 
Pharmacology, Med. Div., Democretio Univ, of Thrace.

Sensitization, a non-associative learning phenomenon, has 
been primarily studied in invertebrates. Extending this line of 
research to vertebrates, the present study investigated sensitization 
of the Branchial Defensive Reflex (BDR). BDR involves any 
modification of the goldfish respiratory activity in response to a 
stimulus. Two groups of 5 animals each were employed. First they 
were exposed to a weak stimulus (WS; 10ms, 10mA constant 
current shock) in order for the α-response to be monitored. Five 
minutes later, a strong stimulus (SS; a 50mA, 500ms train of 
constant cuҥent shock at 15Hz) was employed to sensitize the 
animals. The test stimulus (WS) was presented either 30s after SS 
(Group A), or Зmin after SS (Group B). The response elicited by the 
test stimulus was subsequently compared to the α-response for 
each animal. The percent change of the response was significantly 
different between the two groups (ß<O.O5). In group A (tested 30s 
after SS), most animals showed response decrement, whereas in 
group B (tested Зmin after SS), most animals showed response 
increment. These findings suggest that sensitization due to 
exposure to a strong stimulus, is (i) delayed, and (ii) preceded by 
an initial period Of active inhibition. (Supported by American College of 
Greece)
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IMMEDIATE EARLY GENE EXPRESSION Ш THE CEREBELLAR 
CORTEX OF CLASSICALLY CONDITIONED. PSEUDO- 
CONDITIONED. AND NAÏVE RABBITS. S. A. Hauge* and R. F. 
Thom pson. Neurosciences Program, U n ive rs ity  o f Southern  
Ca lifo rn ia , Los Angeles, CA 90089-2520.

The cerebellum  and its  associated c irc u itry  are essentia l fo r 
acqu is ition  and re ten tion  o f the  c lassica lly cond itioned eyeb link 
response in  the ra b b it (Thompson &  K rupa, 1994). Results from  
lesion, recording, and in ac tiva tion  studies ind ica te  th a t the  synaptic 
p la s tic ity  supporting  th is  response occurs w ith in  the  cerebellar 
cortex a n d /o r  the  deep cerebellar nucle i. Cerebellar long-term  
depression m ay be one form  o f synap tic p la s tic ity  th a t supports  the 
fo rm ation  o f the  m em ory trace fo r th is  response. In  the present 
study, levels o f Fos expression were m easured in  the  m olecu lar, 
P u rk in je  cell, and g ra n u la r layers o f the cerebellar cortex in  
c lassica lly cond itioned, pseüdoconditioned, and naïve rabb its  to 
exam ine possible differences in  the  ac tiv ity  o f specific cell 
popu la tions am ong an im a ls in  the  th ree groups.

A n im a ls  in  the  classica lly cond itioned g roup were tra ined  w ith  a 
tone cond itioned s tim u lu s  (85 dB, 1 kHz, 350 ms) and a 
co te rm ina ting  a irp u ff  und cond itioned s tim u lu s  (Зpsi, 100 ms). 
A n im a ls in  the  pseudorandom  group received uncorre la ted 
presentations o f the  CS and US in  a n um ber o f sessions equ iva lent 
to  th a t experienced by the  tra ined  anim als. Fo llow ing sacrifice 
im m unoh is to chem is try  fo r Fos p ro te in  was conducted on coronal 
cerebellar sections taken from  an im a ls in  a ll g roups and differences 
in  expression were noted am ong an im a ls  in  a l l4 three groups 
dependent upon the stage o f acqu is ition . SUPPORTED BY: NSF 
(IB N 9215069), N IA (AFO 5I42), and Sankyo.
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R E T R O S P L E N I A L  C O R T E X  L E S I O N S  I M P A I R  A C Q U I S I T I O N  O F  T R A C E  
E Y E B L I N K  C O N D I T I O N I N G .  A .P .  W e ib le ,  M . D .  M c E c h r o n ,  R . W .  B e r r y * ,  and  
J . F .  D is te r ho f t .  Dep t ,  o f  Ce l l  and  M o le c u la r  Bio lo gy  and  the Ins ti tu te for  
N e u r o s c ie n c e ,  N o r t h w e s t e r n  U n iv e r s i ty  M e d ic a l  Sc ho ol ,  Ch ic a g o ,  IL.  6 061 1.

T r a c e  ey eb l in k  co nd i t i o n i n g  is a h ip p o c a m p a l l y - d e p e n d e n t  l e a r n in g  p a r a d ig m  in 
w hic h  a tone  c ond i t i one d  s t i mu lu s  (CS)  is f o l l ow ed  f i r s t  by  a 500  ms  em pty  t race  
in t e rva l ,  then an a i r pu f f  un c on di t io n e d  s t i m ul u s  ( U S ) .  Re t r o sp le n ia l  c or te x ,  a c i r 
cu it  e le m e nt  pro j ec t in g  l imbic  sys te m in f o r m a t i o n  to the  b r a in s t e m - c e r e b e l l a r  
c i rcu i t ,  has  been impl ica ted  as a p os s ib le  si te  for  s to ra ge  o f  the ad apt ive  t iming  
in f or m a t io n  c r i t i ca l  fo r  the p r o p e r  p e r f o r m a n c e  o f  the t race  c ond i t i on ed  re f lex .  
H o w e v e r ,  there  has  been  no p r e v i o us  e f f o r t  to e xa m in e  the  e f fect  o f  r e t r osp le n ia l  
co r t ex  les ions  on  ac qui s i t ion  and  r e t en t io n  o f  the  t race  c on di t ion ed  eyeb l in k  re f lex .  
T he  pr e se n t  s tudy  w as  de s ig ne d  to ad d r e ss  thi s i s sue .

Rabbit s  w er e  g iven 80 t race  CS-  
US pa i re d  t r ia l s for  15 co ns e c u -  w 
tive  da ys .  Ra bbi t s  wi th  b i la te ra l  
(B)  les ions  ex hib i ted  f e w e r  con-  ^  
d i t ion ed  re sp on se s  ( C R s)  c o m 
p a r e d  w i t h  u n i l a t e r a l l y  (U )  
le s ioned  and  con t r o l  (C)  rabbi t s .

љ 5  §

1 2 0 0 1

⅜ l 6 0 0
j / \ , J " """ B ř δ

0
5 10 15

Days of Training
A t r ia l s - to - c r i te r i on  ana lys i s  o f  these  da ta (8 C R s  w i th in  a 10 tr ia l b lock)  ind ica ted a 
s i mi la r  g r oup  re la t ion sh i p .  F u r t h e r m o r e ,  2 o f  the  3 B- a n im a ls  fai led to reach  this 
c r i te r i o n ,  w he r e a s  all C-  and  U - a n im a ls  ac h ie ve d  thi s c r i te r i on .  Th is  w or k  sugge s ts  
that  the re t r osp le n ia l  cor tex  p lays  a c r it i ca l  ro le  in le arn ing  the h ip po c a m p a l ly -  
d e pe n de nt  t race  con di t io ne d  ey eb l in k  re f lex .  ( S u pp or t :  N IH  MH 4 7 34 O )

173.6
P AR TIC IPATIO N O F NUC LEUS R E TICULARIS  TE G M E N TU S  
PO N TIS  (NRTP) IN RAB BIT  EYE B LIN K  CO N D ITIO N IN G  II 
M.C. C artford* and D.G. Lavond . Univers ity  o f Southern 
C alifo rn ia, Depts. o f Psychology and Neurobio logy, HNB 501, 
Los Angeles, CA 90089-2520.

In our abstract last year we reported that reversib le  
inactiva tion o f the Red Nucleus abolished learning re lated unit 
a c tiv ity  tha t deve loped in the NRTP during c lassica l cond itioning 
o f the rabbit n ictitating m em brane response. Coupled w ith our 
published finding that inactiva tion  o f the cerebe lla r interpos¡tus 
nucleus abolished learning re lated unit ac tiv ity  in the  NRTP 
(C lark & Lavond, 1997), these results led us to hypothesize that 
the NRTP plays a functiona l role in the neural c ircuitry 
underlying th is learned behavior.W e have conducted an 
experim ent using reversib le  inactiva tion  o f the NRTP using the 
G ABAa receptor agonist M uscim ol during acquisition, retention 
and extinction o f the n ictitating m em brane response to  explicate  
th is functiona l role

Anim als  rece ived tra in ing fo llow ing recovery from  sterile  
surgery to im plant in jection cannulas and recording e lectrodes 
fo r m onitoring m u ltip le  unit ac tiv ity  in h ippocam pus and 
interpos¡tus nucleus. A  1 KHz tone conditioning stim u lus and 
a irpu ff unconditioned stim u lus were used in delay paradigm  
classica l cond itioning. Results show a significan t e ffect o f NRTP 
inactiva tion during extinction tra in ing  and also m odula tion o f 
conditioned response am plitudes in anim als  previously well 
tra ined.
NIMH 5-R 01 M H 51197-03
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THE EFFECT OF ENTORHINAL CORTEX LESIONS ON LATENT INHIBITION OF THE 
CLASSICALLY CONDITIONED RABBIT EYEBLINK RESPONSE
D.Shohamy. M.T. Allen & M.A. Gluck*. _ Center for Molecular and Behavioral 
Neuroscience, Rutgers University, Newark, NJ 07102.

The entorhinal cortex serves as the main input of polymodal cortical 
information to the hippocampus. Although once thought to be merely a relay 
station of information, recent studies have indicated that entorhinal cortex 
plays an important role in processing information for learning and memory.
The purpose of this study was to further clarify the role of entorhinal cortex 
in learning by examining the effect of selective entorhinal cortex lesions on 
the pre-exposure learning paradigm of latent inhibition (LI). LI is a 
phenomenon in which pre-exposure to a conditioned stimulus (CS) inhibits 
subsequent acquisition of an association between that stimulus and an 
unconditioned stimulus (US). Previous work has indicated that the 
hippocampal region, but not the hippocampus itself, is involved in the LI effect 
since dorsal hippocampal ablation reverses LI (Solomon & Moore, 1975) 
while selective hippocampal lesions have no effect (Honey and Good, 1993). 
Based on these findings and on previous suggestions that entorhinal cortex 
may play an important role in modulating hippocampal representations likely 
to be involved in pre-exposure effects (Myers, Gluck and Granger, 1995) we 
hypothesized that lesions to the entorhinal cortex would disrupt the pre
exposure effects of LI. This hypothesis was tested using a LI paradigm of 
eyeblink conditioning on rabbits with ibotenic acid lesions of entorhinal 
cortex. Preliminary results indicate that, in contrast to intact animals, there 
is no inhibitory effect of pre-exposure in animals with entorhinal cortex 
lesions. These findings support the notion that entorhinal cortex mediates the 
effects of pre-exposure on learning and memory.
Supported by Johnson and Johnson Discovery Award to MG.
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MOLECULAR CLONING OF THE MURINE KKIAMRE, A 
LEARNING-ASSOCIATED PROTEIN KINASE.
H. Gomi1, T. Sassa1, W. Sun2, R. F. Thompson2*, and S. Itohara1.
'Brain Science Institute, RIKEN, Wako, Saitama, 351-0198 Japan. 
2Neuroscience Program, USC, Los Angeles, CA 90089-2520.

Previous work has found that a cdc2-related protein kinase, KKIAMRE, is 
induced in the cerebellar deep nuclei o f rabbits undergoing eyeblink 
conditioning. The induction o f this kinase in the brain may thus be critical in 
learning and memory processes. To test the hypothesis, we aim to disrupt the 
function o f KKIAMRE in mice by homologous recombination. As a first step to 
generate knockout mice, the mouse homologue o f KKIAMRE was isolated. A 
fragment o f the rabbit KKIAMRE cDNA was used as a probe to screen mouse 
Uni-ZAP XR brain cDNA and lF IX II genomic libraries. Eight cDNA clones 
and two genomic clones were isolated. The deduced amino acid sequence o f the 
mouse full-length cDNA clone contains the KKIAMRE motif and is 92% 
identical to the rabbit and human homologues in the kinase domain. Northern 
blot analysis o f poIy(A)÷ RNA isolated from various tissues identified a 4.4-kb 
major transcript and a 2.4-kb minor transcript. These transcripts were expressed 
mainly in tissues from brain, lung, kidney, and testes. Hence, the expression 
pattern o f KKIAMRE in the mouse is similar to that in rabbit and human. Gene 
disruption of KKIAMRE in mouse is now in progress.
Supported by NSF (IBN9215069) and Sankyo Co. Ltd. (RFT)

173.8
SELECTIVE ENTORHINAL CORTICAL LESIONS DISRUPT THE LEARNED 
IRRELEVANCE PRE-EXPOSURE EFFECT IN THE CLASSICALLY CONDITIONED 
RABBIT EYEBLINK RESPONSE PARADIGM. M.T. Allen*. L  Chelius. & M.A. 
Gluck. Center for Molecular and Behavioral Neuroscience, Rutgers 
University. Newark, NJ 07102.

Previously, we have shown that random pre-exposures of a CS tone and 
US air puff significantly retard subsequent eyeblink conditioning to paired 
presentations of the CS and US as compared to controls which had no pre
exposure to stimuli and sat in the conditioning chamber an equal amount of 
time as had the pre-exposed group (Allen & Gluck, SFN Abstracts 1997). 
This retardation is termed learned irrelevance. We have also shown that 
selective hippocampal ibotenic lesions did not affect this learned irrelevance 
pre-exposure effect. However, hippocampal ablation lesions which include the 
overlying cortices did disrupt this learned irrelevance pre-exposure effect.
We now report that selective entorhinal ibotenic lesions disrupt the learned 
irrelevance pre-exposure effect. Tests of different lesion sizes indicate that 
the larger the entorhinal lesion, the faster the learning following random pre
exposures of the CS and US. This finding is very interesting in that larger 
regions of brain damage are actually speeding learning following pre-exposure. 
The finding of entorhinal involvement in the learned irrelevance pre-exposure 
phenomenon fit  with predictions of the entorhinal cortex playing a role in 
redundancy compression of stimuli representations during learning as put 
forth in a computational model by Myers, Gluck, & Granger (1995).

Supported by Johnson & Johnson Discovery Award to MG.
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DIFFERENTIAL ONTOGENY OF FEAR VS. REFLEX COMPONENTS OF 
EYEBLINK CONDITIONING IN THE RAT: LATENT INHIBITION. C. S. Carter1’ 
and M. E. Stanton1’2. 'Dept, o f Psychology, Univ, o f North Carolina at Chapel Hill; 
2Neurotoxicology Div., US EPA, RTP , 27711.

Our developmental studies o f eyeblink conditioning in the rat have shown that the 
conditioned freezing response (fear CR) develops earlier in ontogeny than the eyeblink 
CR to the same tone conditional stimulus (CS). The fear CR is fully developed by 
Postnatal Day (PND) 18 whereas the eyeblink CR is absent on PND 17-18 and 
continues to develop between PND 20-24. We have also shown that latent inhibition 
(LI), a phenomenon in which non-reinforced preexposure to a CS retards subsequent 
conditioning to that stimulus, is first observed on PND 24 when the eyeblink CR is the 
dependent measure. The present experiment was designed to determine whether LI of 
the fear component o f eyeblink conditioning (freezing CR) occurs at an age which 
precedes the ontogeny o f LI o f the reflex component (eyeblink CR). Separate groups 
of rats were trained on PND2O or 25. Rat pups were surgically prepared for eyeblink 
conditioning on either PND 19 or 24. A bipolar stimulating electrode was implanted 
subdermally dorsal caudal to the left eye and affixed to the skull with cranioplast. The 
next day they were tested in our eyeblink conditioning chambers (Stanton & Freeman, 
Env. Health Persp., 1994, 102:131-139) under conditions that would generate tone- 
but not context-elicited fear during testing on the following day. Rats were divided 
into four groups that received either 50 CS (380ms, 9OdB, 2.8kHz tone) preexposures 
or 50 “ blank trials”  followed by 3 trials in which the CS was either paired or unpaired 
with an eyeshock US (100ms, 2ma). On the following day, pups received a baseline 
and CS test in which their conditioned freezing behavior was monitored every Юsec 
for 8mίn (per test) and converted to a percent time freezing measure. Unlike LI o f the 
eyeblink response, LI o f fear conditioning to a discrete tone CS was evident as early as 
PND2O. This suggests that an interaction between “ higher order” cognitive systems 
involved in LI and “ lower order”  associative systems governing these separate CRs 
determines the point in ontogeny when LI w ill first be demonstrated. USEPA
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173.11
THE CEREBELLUM IS NECESSARY FOR RABBIT EYE BLINK 
CONDITIONING USING A PHOTIC UNCONDITIONED STIMULUS.
R.F. R oqe rsn  and J.E. Steinmetz
Department o f Psychology, Indiana University, B loom ington, IN 47405

The present research investigated the ability o f rabbits to associa te  a tone CS 
with a light flash US, as well as the contribution o f deep cerebellar nuclei to such 
an association. Exam ination o f the unconditioned response to light revealed a 
longer onset latency, s lower velocity, and longer duration re lative to air-evoked 
ɓ/i∩ks. Two groups o f anim als experienced four phases o f tra in ing: (1) pre-lesion 
delay conditioning (ISI 750 ms) using e ither a light- o r an a ir puff-US, (2) post
lesion maintenance o f responding, (3) post-lesion acquisition to the opposite  US, 
and (4) unpaired training delivered to the untrained, in tact side. During the initial 
acquisition (720 trials), the g roups did not d iffe r w ith regard to the ir rate o f learning 
or their overall level o f responding by day tw e lve  (~7O% CRs). To assess the 
contribution o f the cerebellum  to the m aintenance o f responding, the interpositus 
nucleus was e lectrolytically lesioned and anim als w ere given a subsequent eight 
days o f training. For both groups, conditioned responding im m ediately fell to 
~2O% (unpaired levels at these intervals) and showed no signs o f recovery over 
the remainder o f this phase (480 trials). Anim als w ere then shifted to the opposite 
US (same eye) and given twelve days o f tra in ing to assess the e ffect of 
interpositus lesions on the acquisition o f CRs to a nove l US. No learning was 
observed during this phase, regardless o f whether anim als experienced a light- or 
air puff-US.

These results dem onstrate, (1) the ability o f a nonsom atosensory stim ulus to 
serve as an unconditioned stim ulus during eye blink conditioning and (2 ) a 
common reliance on deep cerebellar nuclei fo r both som a tosensory- and 
nonsom atosensory-based reflexive m otor learning.

(Supported by NIMH Grants # MH11550 to RFR and #MH5t 178 to JES)

173.13
Eyeblink Conditioning in the Freely Moving Rat: A parametric study.
C Weiss.* M-G Knuttinen. JM Power. RI Patel. MS O’Connor and JF Disterhoft.
Dept, of Cell &  Molec. Biol., Northwestern Univ. Med. School, Chicago, IL. 60611

Eyeblink conditioning is a powerful paradigm for examining the neuronal 
mechanisms of learning and memory. Our current series of experiments uses the 
freely moving rat to take advantage of its availability, short life span, wide range of 
behaviors, small size, and relatively low expenses. These data were collected to 
determine optimal parameters to facilitate hippocampally -dependent trace eyeblink 
conditioning in male FI hybrid rats (Fischer 344 x Brown Norway).

We compared the effects of a white noise conditioning stimulus (CS) with a pure 
tone CS, the number of trials per session, the duration of the trace interval, and the 
effect of the diurnal cycle (rats were run during the same time, but half of the rats 
were kept on a reverse light cycle). The unconditioned stimulus was a 100 ms airpuff 
(4-6 psi), and responses were obtained by integrating EMG activity from the upper 
eyelid (10 ms rise time).

The following results were obtained: A  pure tone CS (8kHz, 85dB, 250ms) 
resulted in a significantly greater number of conditioned responses (CRs) than a 
white noise CS (250 ms trace interval, 50 trials per session). There was no 
significant difference between groups trained with either 30 or 50 trials per session 
(8kHz, 250 ms trace), although the 30 trial group tended to have more CRs. Most 
rats exhibited significantly increasing numbers of CRs to trace intervals of 0 and 250 
ms, while few rats exhibited CRs to trace intervals of 500, 750, or 1000 ms (8kHz, 30 
trials). The diurnal cycle did not have a significant effect on learning the task (8kHz, 
250 ms trace, 30 trials). Rats trained under optimal conditions with a 250 ms trace 
interval attain approximately 60% CRs with an average of 8 sessions.

This experiment indicates that eyeblink conditioning in the freely moving rat is a 
useful model system for the study of learning and memory. Learning in this paradigm 
may also be correlated with learning in other tasks, e.g., spatial mazes, and with 
physiological and pharmacological data. This model system should then enable a 
more complete understanding of learning mechanisms and memory impairments. 
Support: NIH AGO8796 (JFD), MH4734O (JFD)

173.15
IMPAIRMENT OF CLASSICAL EYEBLINK CONDITIONING IN GLUR 62- 
DEFICIENT MICE. Y. Kishimoto.1 S. Kawahara,1* M. Suzuki.1 H. Mori.2 
M. Mishina2 and Y. Kiгino.̂  laboratory of Neurobiophysics, School of 
Pharmaceutical Sciences and ⅜epartment of Molecular Neurobiology 
and Pharmacology, School of Medicine, The University of Tokyo, Tokyo 
113-0033, Japan

To elucidate the role of the glutamate receptor 62 subunit in motor 
learning, we investigated classical eyeblink conditioning in GluR 62- 
targeted mice. This subunit is localized in cerebellar Purkinje cells, and 
plays a key role in cerebellar long-term depression (LTD). Strict 
selectivity of its expression is most useful for investigating physiological 
significance of LTD in the parallel fiber-Purkinje cell synapse using gene 
targeted-mice.

Acquisition, extinction and re-acquisition of the classically conditioned 
eyeblink response in a delayed¯condit¡oning paradigm were investigated. 
Daily training session consisted of 100 trials and was earned out for 7 
days for acquisition, 4 days for extinction, and 4 days for re-acquisition in 
series. In quite contrast to wild-type and heterozygous mice, GluR 62 
null-mice exhibited severe impairment of CR acquisition and re
acquisition. However, spontaneous eyeblink frequency and sensitivity to 
CS and US were not disturbed in the mutant mice, indicating that the 
impairment of CR acquisition observed was not attributable to 
sensorimotor and/or motor output deficit. The present study gives a 
strong support to the notion that LTD is a neural substrate of the eyeblink 
delayed conditioning.

Supported by Grant-¡n-Aid (#0729105) from Ministry of Education, 
Science, Sports, and Culture, Japan, and a grant from Program for 
Promotion of Basic Research Activity for Innovative Bioscience.

173.12
COMPARISON OF PERFORMANCE ON TIME AND INTESITY 
DISCRIMINATIONS AFTER BASAL GANGLIA AND CEREBELLAR 
LESIONS IN THE RAT. S.P. Clarke*. R.B. Ivrv. Dept o f Psychology, 
University o f California at Berkeley. Berkeley, CA 94720.

The effects o f motor system lesions on performance o f amplitude and temporal 
discriminations using a bisection procedure were investigated in forty male Fisher 
344 laboratory rats Previous work suggests the involvement of the cerebellum 
and dopaminergic cell populations in the basal ganglia in processing temporal 
information across different ranges. This experiment is concerned with the 
effects o f lesions o f these areas on discrimination learning in general and the 
effects o f dopaminergic inactivation of the basal ganglia on timing in the 
milliseconds range. Animals were trained on alternate days on time and intensity 
discriminations of white noise stimuli. Operant responding across a range of 
durations (between 100 and 800 msec) and intensities (dB attenuation of 12-24) 
is assessed using the method o f constant stimuli in a bisection procedure After 
training to criterion, one group of animals was subjected to kainic acid lesions of 
the cerebellar cortex and another received 6-OHDA lesions o f dopaminergic 
terminals in the caudate nucleus. Peformance o f these groups is compared to 
animals that received sham lesions and to presurgery performance. Preliminary 
analysis reveals no serious deficits in either lesion group on either task. More 
detailed analysis o f performance based on precise localization o f lesions will be 
presented and the implications for theories o f temporal information processing 
will be discussed This work was supported by grant #36-57859-2 from the 
Whitehall Foundation.

173.14
SENESCENT RATS ARE IM PAIRED IN TRACE AND DELAY  
EYEBLINK CONDITIONING M-G. Knuttinen*. C. Weiss. J.M. Power. A.R. 
Preston and J,F. Disterhoft. Dept, of Cell & Molecular Biology & Institute for 
Neuroscience, Northwestern University, Chicago, IL 60611 USA 

Hippocampally dependent trace eyeblink conditioning (EBC) requires that animals 
bridge the trace interval between the presentation of the auditory conditioned 
stimulus (CS) and unconditioned stimulus (US), and has been used as a model 
system to explore neurobiological changes that occur during aging in humans and 
rabbits. The goal o f this study was to determine if similar age-related deficits are 
present in this task in aging rats. Learning rates during trace EBC were compared 
between young (3 m.) and senescent (36 m.) male FI hybrid (Fischer x Brown 
Norway) rats. Rats underwent surgical implantation of a connector and eyelid EMG 
recording leads. They were then trained with an 85 dB, 250 msec pure tone and an 
airpuff US (100 msec). Responses were measured with integrated EMG activity 
from the eyelid. Rats were assigned to either a trace 0 (delay) interval, trace 250 
hippocampally-dependent interval, or to a control group (explicitly unpaired 
stimuli). Young conditioned rats were able to acquire both the trace 250 and trace 0 
EBC paradigm (in the trace 0 interval, they achieved > 60% CRs during the 2nd 
session and > 80% CRs from the 5th session on; rats in the trace 250 msec interval 
also reached > 60% CRs, but not until the 6th session). Senescent rats were 
impaired in delay conditioning EBC (they reached a level of 50% CRs, and not until 
the 11th day of training), and were unable to learn trace 250 EBC. These data 
indicate there are age-associated deficits in EBC in the rat. In fact, these senescent 
animals were impaired in both trace and delay EBC. The further development of this 
paradigm in the rat could serve as an important tool for understanding age-related 
changes in the hippocampus and other brain regions during temporally-based 
learning. Furthermore, it would allow for evaluation of temporal and spatial learning 
tasks in the same animals. Support: NIH R01 AGO8796 (JFD)

173.16
PROPERTIES OF CONDITIONED ABDUCENS NERVE  
RESPONSES IN THE ABSENCE OF THE SUSTAINED  
COMPONENT OF THE UR IN THE TURTLE IN VITRO.
C.W. Anderson* and J. Keffer. Dept, of Anatomy & Structural Biology,
University of South Dakota School of Medicine, Vermillion, SD 57069.

Previous work suggested that the cerebellum and red nucleus are not necessary for 
the acquisition, extinction and reacquistion of the in vitro classically conditioned 
abducens nerve response in the turtle (J. Neurosci. 17: 9736, 1997). Here, we extend 
these findings by obtaining conditioned responses (CRs) in preparations that received a 
partial ablation of the brainstem circuitry. In addition to removing all tissue rostral to 
and including the midbrain and cerebellum, a transection was made just caudal to the 
emergence of the IXth nerve. Such ablations result in a section of brainstem about
3.5 mm in length and functionally eliminate the sustained component o f the 
unconditioned response (UR) while leaving only a phasic component. We refer to this 
region of brainstem tissue caudal to the IXth nerve as the ‘caudal pre-motor blink 
region’. Neural discharge was recorded from the abducens nerve following a single 
shock unconditioned stimulus (US) applied to the ipsilateral trigeminal nerve. When 
the US was paired with a conditioned stimulus (CS) applied to the posterior eighth, or 
auditoiy, nerve a positive slope of CR acquisition was recorded in the abducens nerve. 
Following unpaired extinction stimuli of alternate CS and US, the number of CRs 
decreased to near zero. When the CS and US were once again paired, reacquisition was 
recorded. CRs in preparations with lesions o f the caudal pre-motor blink region have 
similar acquisition characteristics as preparations with cerebellar lesions alone; a much 
reduced acquisition slope over the training period and shorter latency CRs as compared 
to intact preparations. However, significantly more CRs following caudal brainstem 
lesions terminate as short bursts. These data suggest that, first, a highly reduced in 
vitro brainstem preparation can be conditioned. Second, the integrity o f the sustained 
component of the UR is not required to obtain CRs. These findings suggest that 
direct convergent CS-US inputs onto the principal sensory trigeminal nucleus and/or 
die abducens motor neurons may undergo conditioning in this preparation. Funded by 
NIH Postdoctoral Fellowship NS-10544 to C.W.A. and NIH NS-31930 to J.K.
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173.17
PAVLOVIAN EYELID CONDITIONING AFFECTS THE AMPLITUDE 
AND FREQUENCY OF SHORT LATENCY RESPONSES OBSERVED 
FOLLOWING PHARMACOLOGICAL BLOCK OF CEREBELLAR 
CORTEX OUTPUT. K.S. Garcia* and M.D. Mauk. W.M. Keck Center for the 
Neuгobiologý o f Learning and Memory and Department o f Neurobiology and 
Anatomy, University o f Texas Medical School, Houston, TX 77030 

At least two cerebellar sites o f plasticity appear to contribute to the expression of 
conditioned eyelid responses. One, located in the cerebellar cortex, is essential for 
the learned timing o f conditioned responses. Lesions o f the cortex abolish timed 
conditioned responses, and unmask short latency responses to the conditioned 
stimulus, but not to other stimuli. This stimulus specificity implies that short latency 
responses are mediated by a second site of training-induced plasticity. We have 
shown previously that the effects o f cortex lesions on response timing are mimicked 
by pharmacologically blocking cerebellar cortex input to the anterior interpositus 
nucleus with picrotoxin. Equal volume infusions o f muscimol abolished conditioned 
responses, and infusions o f saline had no effect. Here we use reversible, 
pharmacological disconnection of the cerebellar cortex to track changes in these 
short latency responses during the acquisition and extinction o f conditioned 
responses. We show that acquisition training results in an increase in the size and 
frequency o f short latency responses. Conversely, extinction training decreases the 
size and frequency o f these responses. Changes that take place at this site during 
extinction, however, follow a slower time course than the extinction o f conditioned 
responses. Thus, picrotoxin infusion into the anterior interpositus after five days of 
extinction training unmasks robust short latency responses even though conditioned 
behavior has been fully extinguished. These data provide evidence that acquisition 
and extinction training induce corresponding changes in the synapses that mediate 
short latency responses, and suggest that both this site and the cerebellar cortex play 
roles in storing motor memories.
This work was supported by NIMH 46904-06

173.18
SLOW POTENTIAL AND MULΠUNΓΓ ACTIVITY IN HIPPOCAMPAL, 
CEREBELLAR AND BRAIN STEM STRUCTURES DURING CLASSICAL 
CONDITIONING IN RABBITS.
T. Koгhonen*1. P. Lavond2 and J. Arikoski1. *Dept. Psychology, Univ. Jyvaskyla, 
P.O.Box 35, 40351 JKL, Finland, ⅜гogram for Neurosciences, Univ. Southern 
California, Los Angeles, C A 900089-2520.

Reversible inactivation of cerebellar deep structures by cooling electrode 
was studied in the formation of the primary memory trace. Earlier studies 
have shown that the structures above midbrain level are not necessary for the 
memory trace formation during classical conditioning. It has shown that 
cooling of interpositus nucleus abolishes learned behavioral response and 
multiunit response in cerebellar cortex, lateral pons, trigeminal nucleus, 
reticular formation and red nucleus. On the other hand, earlier studies have 
shown that the auditory response remains intact at least in cerebellar cortex, 
lateral pons and trigeminal nucleus. Our preliminary observations have 
indicated that an evoked short latency (alpha) response to the tone-CS can be 
found in hippocampus and lateral pons. In the present study, evoked slow 
potential responses and multiunit activity of lateral pontine nucleus, 
interpositus nucleus, cerebellar cortex (HVI) and hippocampus (CA1) were 
recorded during standard nictitating membrane classical conditioning 
paradigm. The conditioned stimulus ¢CS) was a 350 ms tone and as the 
unconditioned stimulus (ƯCS) acted a comeal airpuff eliciting nictitating 
membrane (NM) response in rabbits. The differences in the time-amplitude 
course, latency and the development of the delayed conditioned response 
(CR) were compared between these structures.

173.19
STRESS-INDUCED FACILITATION OF TRACE EYEBLINK 
CONDITIONING IS DEPENDENT ON THE PRESENCE OF 
GLUCOCORTICOIDS. A. V. Bevliπ'*and T.J. Shors2. ⅛rog 
Neurosci, Dept. Psychol, Princeton Univ, Princeton, NJ-08544. Dept. 
Psychol and Ctr. Neurosci, Rutgers Univ, Piscataway, NJ-08903.

In the male rat, exposure to an acute stressor of intermittent 
tailshock facilitates classical eyeblink conditioning in both the 
cerebellum-dependent delay paradigm and the hippocampal-dependent 
trace paradigm (Beylin & Shors, submitted, Shors et al., 1992). In 
response to stress, adrenal glands release glucocorticoids from the 
adrenal cortex and epinephrine and norepinephrine in the adrenal 
medulla. Adrenal glands are necessary for the stress-induced facilitation 
of trace conditioning; bilateral adrenalectomy eliminates the facilitated 
learning (Beylin & Shors, 1997). To test whether corticosterone or 
adrenal catecholamines are necessary for the facilitation of trace 
conditioning with stress, rats received either bilateral demedullations 
(ADMX) or sham surgeries. Half of the ADMX and Sham animals were 
exposed to a stressor of restraint and 90 Is, 1mA tailshocks. 24 h later, 
rats were exposed to 300 trials of trace conditioning with a 500 ms trace 
interval between a white noise conditioned stimulus and a periorbital 
eyeshock unconditioned stimulus. ADMX rats exhibited a significant 
facilitation in the acquisition of trace conditioning 24 h after stressor 
exposure [F(l,8)=5.71; p< 0.05], Thus, it is the presence of 
glucocorticoids and not epinephrine and norepinephrine that is necessary 
for the stress-induced facilitation of hippocampal-dependent trace 
conditioning in the male rat.
[NSF Graduate Fellowship to AVB and NSF (IBN9511027) to TJS]
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174.2174.1

A W IT H IN -SU B JE C T S C O M P A R ISO N  O F LO N G -T E R M  
POTENTIATION IN THE DENTATE G Y R U S OF AW AK E A ND  
PENTOBARBITAL-ANESTHETIZED RATS. Robert C. Lennaгtz*. 
Department o f  Psychology and Program in N euroscience, W illiams 
College, W illiamstown, M A, 01267.

Long-term potentiation (LTP) is studied in vivo  in both awake 
and anesthetized rats, with each preparation having its advantages. To 
determine if  the magnitudes o f LTP observed in the two preparations 
are equivalent, the present study compared them in a within-subjects, 
counterbalanced design . Rats w ere surgically  im planted with 
stimulating electrodes in the perforant path and recording electrodes in 
the dentate gyrus. After a recovery period, LTP was induced in the rats 
in each o f two sessions, with at least one month between sessions. 
Half of the rats were run in an awake state for the first session and were 
anesthetized (sodium pentobarbital) for the second session; the other 
half were run in the reverse order. Potentiation was assessed at 5, 15, 
30, and 60 m inutes fo llow ing  high-frequency stim ulation. The 
magnitude o f LTP, as measured by increases in the population spike 
and EPSP s iz e s /  w as sign ificantly  greater w hen the rats were 
anesthetized. Further analyses suggest that stim ulation intensity 
differences cannot account for this effect. A s an additional assurance 
that the effect observed in the within-subjects analysis was not the 
result o f  rats undergoing two potentiation sessions, a comparison was 
made between the LTP obtained in the anesthetized and awake rats in 
the first session. Greater potentiation in anesthetized rats was observed 
in this between-subjects comparison as w ell. The results suggest that 
caution should be used when generalizing from LTP data obtained from 
anesthetized rats. Funded by a grant from  the Essel Foundation.

TIME-DEPENDENT REVERSAL OF LTP IN AREA CA1 OF THE FREELY 
MOVING RAT INDUCED BY THETA PULSE STIMULATION. J. Scafidi and
U. Staubli*. Center for Neural Science, NYU, New York, NY 10003.

Previous studies in hippocampal slices have shown that LTP induced by theta burst 
stimulation (TBS) is susceptible to reversal for only a limited time after induction. 
Specifically, low-frequency stimulation at 5Hz, i.e., theta pulse stimulation (TPS), 
erases potentiation when delivered within 1-2 minutes after TBS, but has 
progressively less influence as the time after induction approaches 30 minutes. The 
present study examined whether LTP reversal in the intact animal has a similar time 
dependency. Adult, Long Evans, male rats (n=l6) with chronically implanted bilateral 
stimulating electrodes, converging on the same population o f dendrites in area CA1 of 
the hippocampus, were used to test this. The following results were obtained: A 1 
min episode of TPS had no depressing effect when applied to naïve pathways, but 
completely reversed LTP when delivered 30 sec (n=5) and at 15 min (n=5) after 
induction; however, a 1 min episode of TPS was ineffective when administered 30 
min (n=6) after induction. The LTP reversal in the 30 sec and 15 min groups was 
synapse-specific and LTP did not reappear 24 hours later. A second treatment of TBS 
was applied to those same pathways, and repotentiated the synapses in a stable 
fashion lasting for at least 4 days. These results provide the first demonstration that 
LTP in area CA1 of the freely moving rat is vulnerable to reversal for a limited time 
after induction, between 15-30 min - the exact same time frame over which TPS 
(Staubli & Chun, J. Neurosci., 1996) and application o f integrin antagonists (Staubli, 
et al., J. Neurosci., 1998) have been found effective at causing depotentiation in vitro. 
Together, these results suggest that the consolidation o f LTP requires ~ 15-30 min to 
reach completion. It is of interest in this regard that the time frame over which newly 
acquired memories are susceptible to disruption by temporary hippocampal 
inactivation is typically on the order o f 15 minutes to less than one hour.
Supported by the Whitehall Foundation [M97RO5] to U.S.
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174 .3

GABAв RECEPTOR ANTAGONISM: FACILITATORY EFFECTS ON MEMORY 
PARALLEL THOSE ON TBS-INDUCED, BUT NOT HFS-EMDUCED, LTP. S. R
Wiebe*. D. Chun. J. Scafidi, and U. Staubli. CNS, NYU, New York, NY 10003.

GABAergic intemeurons control the magnitude of LTP induced by regulating the degree of 
local depolarization. The present experiments focussed on the GABAв receptor which modu
lates synaptic transmission by presynaptic inhibition of transmitter release via auto- and heter
oreceptors, and by increasing K+ conductance responsible for long-lasting IPSPs. We used 
CGP35348, a selective GABAв receptor antagonist with a significantly higher affinity for 
post- vs. presynaptic receptors. The goals were (a) to identify the different contributions of pre- 
vs. postsynaptic GABAв receptors to LTP induction, and (b) to assess whether the effect of the 
GABAв antagonist on memory is predicted by the effect of the drug on LTP. First, we con
ducted a series of slice experiments using dual recording and local pressure ejection tech
niques. The antagonist was tested at increasing concentrations (100, 250, 500 and 1000 µM), 
and two stimulation modes were used to induced LTP: theta burst stimulation (TBS) and trains 
of high-frequency stimulation (HFS). The following results were obtained: TBS-induced LTP 
was facilitated at low, and even more at medium concentration, but was suppressed at high 
dosage. In contrast, LTP induced by HFS was facilitated at all concentrations. These results 
suggest that blockade of postsynaptic GABAв receptors is the only contributing factor in 
HFS-induced LTP. The bell-shaped dose-response curve observed for TBS-induced LTP, how
ever, reflects the variable (dose-dependent) balance between the drug’s postsynaptic disinhibi- 
tory effect and its action on presynaptic autoreceptors which facilitates the normally 
suppressed release of GABA during TBS. Subsequent behavioral studies demonstrated that 
the drug’s facilitatory effect on spatial retention parallel those observed for LTP induced by 
theta bursts, and do not correspond with the linear dose-response relationship observed for 
LTP induced by HFS. These findings underscore the notion that LTP induced by electrical 
stimulation modeled after endogenous theta-modulated activity patterns bears more relevance 
to memory than potentiation induced by physiologically unrealistic tetanic trains, (supported 
by Whitehall Foundation [M97RO5] and NSF [LBN 9726779] grants to U.S.)

174 .5

ANTISENSE IN H IB IT IO N  OF THE KV1.4 K + C H AN N EL DISRUPTS 
CA1 LTP W ITHO UT AFFECTING SPATIAL M EM ORY.
N. Meiri*, M.-K. Sun, Z. Segal, and D. L. Alkon Laboratory of Adaptive Systems, 
NIH, Bethesda MD 20892.

Long-term memory is thought to be subserved by changes in synaptic efficacy. LTP 
represents such a change, and therefore has been proposed as a cellular mechanism 
that underlies memory. However, LTP in the hippocampus, a brain area that is critical 
for spatial memory requires induction with non-physiological stimulus parameters. 
Although LTP-related phenomena co-occur, in some experimental models, with 
memory there are several observations that have begun to separate the two. We report 
that repeated microinjection, into the rat lateral ventricle, o f specific antisense 
designed to bind the AUG region of the pre-synaptic A-type potassium channel Ƙvl .4 
inhibits both Ƙ v l.4 mRNA and protein expression without affecting other Ю genes or 
the house keeping gene PGK1 as shown using both RT-PCR and western blot 
techniques. The controls used throughout this project were rats injected with the sense 
sequence. Ƙ v l.4 inhibition eliminated both early and late phase CA1 LTP. This CA1 
LTP elimination is probably induced via pre-synaptic mechanism(s), since paired- 
pulse facilitation is reduced in antisense injected rats whereas the number o f NMDA- 
NR1 receptors is not affected. In contrast to CA1 LTP elimination, dentate gyrus LTP 
was not affected by Ƙ v l.4 inhibition, suggesting different cellular mechanism(s) for 
CA1 and dentate gyrus LTP. Although LTP was eliminated in Ƙ v l.4 treated rats, 
spatial memory measured using the Morris water maze, quadrant analysis a 
measurement of spatial memory, exploratory behavior and motor activity were not 
affected by Ƙ v l.4 inhibition. Therefore, we conclude that LTP and spatial memory 
are differentially affected by long-term changes in the expression of a specific type of 
potassium channel Ƙ v l.4 which, together with a previous antisense “ knockdown” of 
Kvl.l establishes a clear dissociation between LTP and spatial memory.
(Supported by NINDS Intramural Research Program)

174 .7

M O DULATIO N OF S Y N A P T IC  PO T E N T IA T IO N  IN M O U SE  
M O SSY  F I B E R -C A З  P A T H W A Y  B Y  A  H E M A T O P IE T IC  
CYTOKINE, STEM CELL FACTOR (SCF). T. Katafuchi*, T. Kondo 
and T. Hori. Department o f Physiology, Kyushu University Faculty o f  
Medicine, Fukuoka 812-8582, Japan.

It has been reported that a receptor tyrosine kinase, c -k it and its ligand, 
stem cell factor (SCF) are expressed in hippocampal neurons in adult rats 
and mice. We previously demonstrated that hom ozygous c -k it  mutant 
rats showed impairment in spatial learning and long-term potentiation 
(LTP) in the m ossy fiber (MF) -CAЗ pathway. In the present study, we 
investigated the possible role o f  SCF in the synaptic transmission in the 
MF-CAЗ pathway using hippocampal slice preparations in mice. The 
induction o f  the tetanus (100 H z, 1 sec)-induced LTP was com pletely  
blocked by preincubation o f  slices with anti-c-M  antibody for 2 hr. When 
the paired-pulse facilitation (PPF) was measured after the establishment 
of LTP, there was a negative correlation between the inital value o f PPF 
and changes in PPF after LTP. Bath application o f  recombinant mouse 
SCF (8.1X1Ơ9M) for 30 min produced a similar correlation between PPFs 
before and after application o f  SCF, suggesting a common mechanism of  
the LTP and the SCF-induced changes in PPF. In fact, SCF at a concen
tration o f 8. 1X1Ơ11 M seemed to potentiate LTP, although higher concen
tration o f SCF (8.1X10'9M) reduced LTP, probably due to an occlusion of  
the potentiation. The effect o f  SCF on PPF was blocked by wortmannin, 
an inhibitor o f  phosphatidyl-inositol 3-kinase, which is an enzyme known 
to be activated by c-kit/SCF  signal transduction in mast cells. These find
ings suggest that c-kit/SCF  signaling is involved in the synaptic potentia
tion in the MF-CAЗ pathway. [Supported by Grants-in-Aid for Scientific 
Research 08457021 (TK) from Monbusho, Japan]

174.4
RESTRICTED AN D  REVERSIBLY IN D U C IBLE EXPRESSION OF 
C ALCINEUR IN  IN CNS BY THE rtTA  SYSTEM IMPAIRS 
HIPPOCAM PAL LTP AN D  LONG-TERM  M EM O R Y STORAGE AND 
RETRIEVAL. I.M . Mansuv, D.G, Winder, and E.R. Kandel*. Ctr. for 
Neurobiol. &  Behav., Columbia Univ. College o f Phys. and Surg , HHM I 
New York, N Y 10032.

To overcome the lim itations o f the tetracycline-controlled 
transactivator (tTA ) system, we have applied the reverse tTA system, 
(rtTA) to the expression o f transgenes in brain. We have used the rtTA 
system to generate mice overexpressing an active form o f the phosphatase 
calcineurin (PP2B) in a rapidly induced and reversible manner in 
restricted areas o f the brain. Induction o f the calcineurin transgene by 
doxycycline in brain led to a defect in an intermediate form o f long-term 
potentiation (I-LTP) at the Schaffer collateral-CA l synapse in 
hippocampal slices and to an impairment in spatial memory storage. We 
have taken advantage o f the reversibility o f the expression o f the 
calcineurin transgene to examine its effects on memory retrieval. We find 
that mutant mice not administered doxycycline (that thus do not express 
the calcineurin transgene) learned the spatial version o f the Morris water 
maze, but showed a deficit in the retrieval o f the learned spatial 
information when expression o f the calcineurin transgene was induced by 
administration o f doxycycline after learning. This defect in retrieval was 
reversed when the expression of the calcineurin transgene was turned o ff 
by removal o f doxycycline. These results suggest that some of the 
molecular mechanisms required for memory storage may also be required 
for memory retrieval, and demonstrates the u tility  o f the rtTA  system for 
the analysis o f learning and memory, as well as retrieval o f memory in 
mice. (Supported by N IH  and H H M I.)

174.6
EFFECTS OF LEPTIN ON PASSIVE AVOIDANCE AND MORRIS WATER 
MAZE TASKS AND ON HIPPOCAMPAL NEURONAL ACTIVITY IN RATS. 
Y. Ooшura1 . K. Sasaki2. N. Hori3. Tſ Shiraishi . H. 
Takeda3. H. Tsu.ii3 and Matsumiya3 . *lnst. Bio-Active 
Sci·, Nippon Zoki Phaгm. Co., Hyogo 673-1461, ZFac. Eng., 
Toyama Univ., Toyama 930-8555, 3Fac. Dent., Kyushu Univ., 
Fukuoka 812-0054, Tac. Med., Tokai Univ., Kanagawa 259- 
1100 and Tokyo Med. Univ., Tokyo 160-0022 Japan.

Leptin, which is produced by 0B gene and increased in 
the blood by food intake, acts as a satiety substance. A 
hypothesis that leptin as a satiety substance may have a 
facilitation effect on learning and memory is investigated 
in rats. I.V. injections of 0.5, 5.0 and 50 µg/kg leptin 
were given to rats daily. When tested by passive avoidance 
and Morris water maze tasks, rats received 50 µg/kg leptin 
showed a facilitation effect on learning and memory 
performances 2 days after the start of injections. Effects 
of leptin on hippocampal long-term potentiation (LTP) and 
depression (LTD) were investigated in ⅝ slice preparation. 
Bath application of 10 1 and 10 1 M leptin dose-
dependent ly facilitated the LTP and attenuated the LTD, 
whereas that of 10 1U M leptin inhibited the LTP and had no 
effect on the LTD. When examined by paired pulse
facilitation experiments, presynaptic transmitter release 
decreased at 10 1 and 10 u M leptin, and increased at 10 1 
M leptin. These results suggest that leptin is involved in 
behavioral and physiological processes which are related 
to the facilitation of learning and memory.

174.8
CONCURRENT LTP ⁄  LTD OF SYNAPTIC INPUTS REQUIRE DOPAMINE 
D1 ACTIVATION AND STRICT COINCIDENT OF AFFERENT PATHWAYS 
IN LOBUS PAROLFACTORIUS (BASAL GANGLION) OF QUAIL CHICK.
T. Matsushima* and S. Ya∩agihara. Graduate School of Bioagricuitural Science, 
Nagoya University, Aichi 464-8601, JAPAN.

Intensive brain lesioning experiments by Gilbert et al. (1991) and Patterson et 
al. (1992) suggested that the memory trace of passive avoidance learning task 
could relocate from hyperslr¡atum ventrale (IMHV: avian homologue of associate 
cortex) to lobus parolfactorius (LPO: avian homologue of caudate putamen). 
Here arises a simple question: assuming the IMHV transmitting some signals to 
the LPO so that neuronal network of the LPO is specifically reorganized, what 
aspects of neural activities should be transferred at the cellular level, and how?

Field potential responses of LPO neurons in slices showed concurrent 
modulations of separate excitatory synaptic pathways; LTP in dorsal EPSPs (due 
to local interneurons) was accompanied by LTD in ventral EPSPs (presumably 
issued from projection neurons in ar¢histriatum, Arch). The LTP required 
synchronized theta-tetanus (3 pulses at 50 Hz, 300 trains at 200 ms intervals) in 
both pathways. Similar tetani, when applied with a 100 ms lag in an anti-phase 
fashion to both inputs, failed to induce both LTP and LTD. Furthermore, the LTP 
was blocked by bath-applied dopamine DI antagonist SCH-23390 (3 µM). 
Whole cell analysis of synaptic inputs revealed that depolarization of post
synaptic neurons to -45 or -30 mV, together with D1 activation and a theta- 
tetanus in the dorsal pathway, resulted in a massive activation of NMDA currents 
as well as LTP in the dorsal synaptic inputs.

These results lead to a hypothesis; signals issued from IMHV via Arch 
projection neurons could instruct the local synapses in LPO, so that inputs from 
local intemeurons with strictly the same temporal patterns are selected.
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174.9
A POSSIBLE MOLECULAR MECHANISM FOR LEARNING PATTERNS IN 
THE PURKINJE CELLS.
G.A. Chauvet*1,2. C. Maisonneuve1. P. Chauvet3. `IBT, Fac. Médecine, 10 rue A. 
Boquel, 49100 Angers (France); ⅜ME, Univ. South. Calif., Los Angeles CA 90089; 
3Inst. de Math. Appl., UCO, rue Rabelais, 49000 Angers (France).

We have studied the effects of molecular reactions on AMPA channels when 
Purkinje cells are activated. It is known that the stimulation of parallel fibers alone 
provokes LTP, and that the simultaneous activation of climbing fibers generates LTD. 
The former involves inositol triphosphate (IPЗ) and protein kinase C (PKC). The 
latter involves cyclic GMP (cGMP), which may activate protein kinase G (PKG). The 
analysis of the experimental results suggests two hypotheses: 1) the phosphorylation 
of PKC increases the maximal conductance of the channel; and 2) the coordinated 
action of PKC and PKG increases its inactivation rate. We have tested these 
hypotheses using a mathematical model of the neuron which integrates three sub
systems: 1) the propagation of the action potential along the paгalel fibers up to the 
presynaptic bouton; 2) the presynaptic spreading and the diffusion of the 
neurotransmitter across the synaptic cleft; and 3) the coupling of the AMPA receptor 
with the cytoplasmic molecular cascades. The integration was accomplished using the 
PhysioLAB edu©1 computing system. We have shown that: 1) the stimulation of 
climbing fibers gives rise to depolarization and increases the concentration of 
activated PKG at all points of the dendritic tree in the Purkinje cell; 2) the stimulation 
of parallel fibers locally activates the PKC; and 3) only the synapses connected with 
active parallel fibers show LTD. This model gives some insight into the learning of 
patterns at the molecular level.

Acknowledgments: Supported by ONREUR (London) and DRED EA92O(France).
1. Chauvet G.A., Chauvet P., PhysioLAB edu, a physiological laboratory system for 
virtual experiments, The Teaching o f Neuroscience Abstract, SFN 1998.

174.11
FUNCTIONAL ANA LY SES OF cAM P RESPONSIVE ELEMENT  
BIND ING  PROTEIN (CREB) IN NEURONAL DIFFERENTIATION  
A N D  SYNAPTIC PLASTICITY
B. Lutz1*. G. Ram m es1. A. Brunner1. W. Ziegleaensberger1. G. 
Schuetz2. T. Steckleг1. 'Max-Planck-Institute o f  Psychiatry, 
Kraepelinstrasse 2-10, 80804 Munich, Germany; 2German Cancer 
Research Center, Im Neuenheimer Feld 280, 69120 Heidelberg, 
Germany.

During memory consolidation learned skills or information are being 
transferred from short-term memory to long-term memory. A  central 
constituent o f  signal transduction pathways required for the formation 
o f  long term memory both in vertebrates and invertebrates is the 
activation o f  the second-messenger cAM P pathway that leads to the 
phosphorylation and activation o f  the transcription factor CREB 
(cAM P responsive element binding protein). In an attempt to analyze 
the function o f  CREB in the process o f  synaptic plasticity several 
transgenic m ouse lines were generated that express dominant-negative 
forms o f  CREB in the brain. Various behavioral assays and 
electrophysiological analyses o f  these lines w ill be presented. To 
complement the in vivo studies w e are currently generating stable 
neuronal cell lines expressing inhibitory forms o f  CREB to investigate 
the function o f  CREB in neuronal differentiation.
Supported by the M ax-Planck Gesellschaft and dem Deutschen 
Krebsforschungszentrum

174.13
EVENT-RELATED GAMMA-BAND OSCILLATIONS IN CAT AUDITORY 
CORTEX ARE NONLINEAR, NONSTATIONARY AND SELF-ORGANIZING.
J.E. Skinner^* and M. Molnar^. ⅛elaware Water Gap 
Science Institute, Bangor, PA 18013; ⅛ungarian Academy 
of Sciences, Budapest, Hungary H-1394.

The jittery "gamma-band" oscillations of the field 
potentials in the interstitial space of the neocortex, in 
both animals and humans, have been related to "stimulus 
binding,” a theoretical mechanism by which sensory 
features are bound together physiologically to form an 
"image." Our results in model neuropils (intrinsic 
cardiac nervous system and olfactory bulb) suggest that 
meaningful stimuli evoke neuroactivities whose dynamics 
are, 1) nonlinear (non-integer correlation dimension), 2) 
nonβtationary (the degrees of freedom change) , and 3) 
self-organizing (the attractors that govern the current 
dynamical behavior change systematically). We now report 
results from the cat auditory cortex during acquisition of 
discriminated aversive conditioning to a previously 
habituated auditory stimulus. The event-related changes 
in the gamma-band oscillations (mean frequency = 40-Hz) 
during acquisition are observed to be, 1) nonlinear, 2) 
nonstationary, and 3) self-organizing. These results have 
implications for cellular neuromodulatory processes, such 
as the setting of maximal calcium conductances (Liu et al, 
J Neuroscience, 1998) or the timing of dendritic spikes 
(Magee and Johnston, 1997, Science, 1997), processes which 
affect long-term potentiation and may share dynamical (and 
electrogenic) properties with gamma-oscillations. 
Supported by NIH grant NS27745-07

174.10
CEREBELLAR LONG-TERM DEPRESSION: A COMPUTATIONAL
INVESTIGATION OF THE CONTRIBUTIONS OF THE PROTEIN KINASE  
C A N D  NΓΓRIC OXIDE PATHWAYS,
ĩ¿LGŗє⅛⅜.*. and R·F· Thompson
Neurosciences Program, Univ, of Southern California, Los Angeles, CA 90089-2520.

Long-term depression (LTD) at the parallel fiber - Purkinje cell synapse in 
the cerebellar cortex is induced by the interaction of parallel fiber and 
climbing fiber activity. The induction of LTD is dependent on two different 
biochemical pathways (Crépel et al., 1996). The first pathway includes the 
activation of post-synaptic metabotropic glutamate receptors by parallel 
fiber glutamate release and the subsequent second messenger cascade which 
incluαes the activation of protein kinase C (PKC). The second pathway 
includes the synthesis of nitric oxide (NO) and production of cyclic GMP. The 
relative contribution of these two pathways to the induction and expression 
of LTD has been debated.

To examine the roles that the PKC and NO pathway play in the induction 
and expression of LTD a computational model of LTD at the parallel fiber - 
Purkinje cell synapse was constructed that allows one to investigate the 
differential contributions of these two distinct biochemical pathways. In 
trying to consolidate both the data on nitric oxide and PKC, it becomes clear 
that the PKC pathway is definitely necessary for the postsynaptic induction 
of LTD. The nitric oxide pathway, on the other hand, may play an 
important role in mediating how effectively LTD is induced by the PKC 
pathway and how the longterm expression of LTD may be modulated.

It is also thought that LTD at the parallel fiber - Purkinje cell synapse may 
be a cellular substrate for cerebellar motor learning (Ito, 1984; Thompson, 
1990; Crépel et al., 1996). Most cerebellar theories and models of motor 
learning rely on LTD at the parallel fiber - Purkinje cell synapse as the 
learning mechanism. Therefore, the roles that the PKC and NO pathway 
play in the induction and expression of LTD in the cerebellum have 
important consequences for these theories and models of motor learning. 
Supported in part by the Human Brain Project Consortium grant NIMH (M H52Ĩ94), NSF 
(IoN-9215069), and Sankyo.

174.12
SYNAPTIC PLASTICITY OF AUDITORY INPUTS TO GIANT NEURONS OF 
THE CAUDAL PONTINE RETICULAR NUCLEUS. A PHYSIOLOGICAL BASIS 
OF STARTLE HABITUATION? M.Wittmann. T.Wagner* and H.-U. Schnitzleг 
Tierphysiologie, Univ. Tübingen, D-72076 Tübingen, Germany.

The caudal pontine reticular nucleus (PnC) is considered as sensorimotor interface 
of the acoustic startle response (ASR) in rat. This simple behavior is subject to 
several types of plasticity. Whereas most forms of plasticity as e.g. fear potentiation 
and prepulse inhibition influence the ASR by extrinsic modulatory inputs, evidence 
from in vivo studies suggests that short-term habituation of ASR takes place within 
the primary startle circuit at the level of the PnC. Giant neurons of the PnC hold a 
key position in the primary startle circuit as they receive short latency auditory inputs 
and project directly to motor neurons in the facial nucleus and the spinal cord. The 
afferent auditory inputs to these neurons are, thus, the most likely candidates for the 
physiological basis of startle habituation.

Therefore, we performed whole-cell patch-clamp recordings of PnC giant neurons 
in brain-slice preparations of rat while electrically stimulating afferent auditory 
structures in the superior olivary complex (SOC). To study the plasticity of this 
synaptic connection we used a paired pulse paradigm. PnC giant neurons recorded 
showed paired-pulse facilitation for interpulse intervals of 10 to 300 ms. At longer 
intervals up to 700 ms neither facilitation nor depression of the second synaptic 
current was observed.

In a second approach, we mimicked the timecourse of synaptic inputs to PnC giant 
neurons used in behavioral studies of ASR short-term habituation. Therefore, a burst 
of synaptic stimulation of 12 ms duration was repeated ten times with interstimulus 
intervals of 1 or 10 s. To measure „habituation“ of synaptic currents we counted the 
number of elicited action potentials and the current amplitude in relation to burst 
number. Whereas habituation of synaptic currents was present at stimulus intervals 
of 1 s there was no significant habituation present at stimulus intervals of 10 s under 
the conditions of synaptic stimulation used. Supported by DFG (SFB 430/ C7).

174.14
COMMON INFLUENCES ON SYNAPTIC EFFICACY ARE DISTRIBUTED 
THROUGHOUT THE NERVOUS SYSTEM AND CONTRIBUTE TO INDIVIDUAL 
DIFFERENCES IN MEMORY FUNCTION
L. D. M atzel. I. A . Muzzio. C. Gandhi. &  C.S. M ve rs * . Departm ent o f 
Psychology, Rutgers University, New Brunswick, NJ 0 8 9 0 3 , and •Laborato ry  
o f N eurosciences,Nationa l Ins titu te  on Aging, NIH, Bethesda, MD 2 0892 .

Although it has long been postulated that a generic m easure o f basal synaptic 
efficacy might directly predict o r determ ine an individual’s capacity for learning, 
this hypothesis has eluded d irect exam ination, owing in part to the absence of 
iden tifiable  synaptic interactions in the m am m alian  nervous system . Here we 
overcom e this im pedim ent by restricting our analysis to s im ple  associative 
lea rn ing  by the m o llusc Herm issendа, the nervous system o f which is 
com prised  o f identifiable ce lls  and synaptic interactions. Herm issendа  were 
exposed to paired presentations o f light and rotation such tha t the light cam e to 
elicit a conditioned clinging response (an associative m em ory). The magnitude 
o f the learned response in individual anim als was strong ly corre lated with the 
basa l am plitude and, to a lesser degree, the speed o f synaptic integration 
between the an im al’s visual (light sensitive) and vestibu lar (rotation sensitive) 
organs. In naive animals, corre lations between efficacy (am plitude and speed) 
o f inhibitory and excitatory synaptic interactions were observed at several d istinct 
s ites in the nervous system . In all cases, the am plitude o f transm ission 
accounted fo r m ore o f the variability between synaptic responses than did the 
speed o f transm ission, suggesting at least two distinct sources o f variability. 
These observations suggest tha t the basal e fficacy o f synaptic transm ission is 
a distributed characteristic o f a nervous system and provide d irect evidence that 
basal synaptic transm ission can predict and possibly contribute to individual 
d iffe rences in an an im al’s capacity fo r learning.

Supported by g rants from  NIMH to LDM (M H48387 & M H52314)
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174.15
MORPHOLOGICAL CHANGES IN DENDRITIC SPINES: A NONLINEAR 
CABLE MODEL FOR ACTIVITY-DEPENDENT SPINE DENSITIES. D.W. Verzi> 
and S.M. Baer2*. *Dept. of Mathematics, Claremont Graduate School, Claremont, 
CA 91711; ⅛ept. o f Mathematics, Arizona State University, Tempe, AZ 85287.

The spread o f electrical activity in a dendritic tree is shaped, in part, by its 
morphology (its branching structure, geometry, spine distribution). Conversely, 
experimental evidence is growing that electrical activity can slowly shape the 
morphology of the dendrite. In this theoretical study we view dendritic spines as 
dynamic elements, with biophysical properties that change in response to patterns of 
chemical and/or electrical activity. We are motivated by experiments suggesting that 
activity-dependent processes can regulate structural modifications in dendritic spines 
[Geinisman et. al., J. Comp. Neurol. 368 (1996) 413-423], as well as regulating the 
density of spines [Muller et. al., Proc. Natl. Acad, of Sci. 90 (1993) 257-261], In this 
study we formulate a nonlinear cable model to explore how activity-dependent 
changes in spine density (minutes to hours) can influence patterns o f electrical 
activity; and how electrical activity due to synaptic events and excitable membrane 
dynamics can, over time, influence the spine distribution and hence the morphology of 
the dendrite. In our model, the distribution o f spines is treated as a continuum rather 
than discretely [Baer and Rinzel, J. Neurophys. 65 (1991) 874-890], and the spine 
density is modeled as a slow dynamic variable. The full system o f differential 
equations is autonomous. The biophysical mechanisms underlying changes in spine 
density are not known, but most likely involve both chemical and electrical processes. 
Here, we assume that changes in spine density depend on local electrical activity 
measured by current flow between the spine head and the dendritic shaft. For spines 
with passive membrane in their heads, we show how spine clusters can form and 
evolve in regions o f sustained synaptic activity; and how existing groups wither away 
when deprived of synaptic activity. For excitable spines, we show how pathways for 
impulse propagation can be forged over time, due to the recruitment of distal spines.

Supported by NSF grant DMS-9320597 (S.M.B.).

ING EST ĬV E BEHAVIOR: N EUR O PEPTIDES II

175.1
CHRONIC HYPOTHALAMIC GALANIN INJECTION INCREASES AMOUNT OF 
BODY FAT WHILE ENHANCING FOOD INTAKE DURING THE FIRST HALF 
OF THE 12-HOUR FEEDING CYCLE. R. Yun. J. Dourmashkin. J. Alexander*. R. 
Spiro, and S.F. Leibowitz. The Rockefeller University, 1230 York Avenue, New York 
NY, 10021

These experiments were designed to determine the impact o f chronically 
injected galanin (GAL) into the paraventricular nucleus (PVN) on daily feeding 
patterns, body weight and body fat accumulation in rats. Prior studies have reported 
that central GAL injection increases fat and carbohydrate consumption, but does 
not produce sustained hyperphagia or obesity. Male Sprague-Dawley rats (n=36) 
were tested in one o f two experiments which used either a high-carbohydrate/low 
fat diet (12% fat, Exp. 1) or a moderate-fat diet (25% fat, Exp. 2). Galanin (300 
pmol) or saline vehicle was injected into the PVN twice daily for 10 days at dark 
onset (1200 hrs) and at 1600 hrs. Animals that showed a decline in body weight 
due to the injection procedure alone (n=3 for Sal, n=3 for GAL) were omitted from 
the study. Under both dietary conditions, food intake was significantly increased 
for 2 hrs after each GAL injection, resulting in a 40% enhancement (8.5 Kcals to 
12.0 Kcals, p<0.05) during the first 6 hrs o f the natural feeding cycle but no change 
in 24hr intake. Whereas daily body weight gain was significantly enhanced by 
GAL in both dietary conditions (from 2.4g to 3.2g, p<0.05 on HCD; 4.Og to 5.4g, 
p<0.05 on MFD), final body weight and circulating levels o f insulin, glucose and 
corticosterone were not significantly altered. However, there was a clear effect o f 
GAL on body fat accumulation in both experiments. With 4 fat pads dissected 
(epidydimal, inguinal, retroperitoneal and mesenteric) at the end o f the 10-day 
injection period, rats on the low-fat diet (Exp. 1) showed a 20% increase in body 
fat pad weights (l3.8g to l6.7g, p<0.05), whereas rats on the moderate-fat diet 
(Exp. 2) showed a more pronounced 40% increase in fat pad weights (l5.6g to 
2l.7g, p<0.01). Thus, endogenous GAL, which in prior experiments has been 
shown to rise in association with increased fat consumption and body fat, may be 
causally linked to the obesity produced by a high-fat diet.

175.2
HYPOTHALAMIC NEURONS EXPRESSING GALANIN ARE STIMULATED BY 
MEALS RICH IN FAT AND BY THIRD VENTRICULAR INJECTIONS OF FATTY 
ACIDS. L. Castellanos. J. Dourmashkin. R. Yun. J. Wang. J. Kendzior, G. Q. Chang*, and
S.F. Leibowitz. The Rockefeller Univ., New York, N. Y. 10021.

Studies with chronic dietary manipulations have demonstrated that the peptide, 
galanin (GAL), expressed in neurons o f the paraventricular nucleus (PVN), is 
stimulated by daily consumption of a high-fat diet, which also increases circulating 
lipids and body fat and produces insulin resistance. Described here are experiments 
involving acute manipulations that permit us to determine whether diet and blood 
lipids can alter brain peptides in the short-term (1-2 hrs) and, then, design further 
experiments to elucidate the biochemical mechanisms underlying this interaction. 
Adult male rats maintained on lab chow were used. The acute manipulations tested 
in these rats included the presentation of either a high-fat (HF, 60%), moderate-fat 
(MF, 30%) or low-fat (LF, 10%) diet for 2 hrs at the onset o f the natural feeding 
cycle, 3rd ventricular injection o f the fatty acid, arachidonic acid, or peripheral (ip) 
injection o f the fatty acid oxidation inhibitor, mercaptoacetate. After consumption 
o f HF compared to MF meals, rats with a chronic blood collection catheter showed 
a significant decline in insulin and glucose levels and a rise in non-esterified fatty 
acid levels which were positively correlated with the amount o f fat consumed in the 
meal (r=+0.51, p<0.05). In association with this endocrine change, GAL gene 
expression, examined via in situ hybridization, was significantly enhanced 
specifically in the PVN (+23%, p<0.05), and PVN GAL peptide immunoreactivity 
(ir) was increased when comparing rats consuming a HF versus LF meal (+105%, 
p<0.05). A possible role o f the elevated fatty acids in this peptide change was 
further suggested by the findings that a single injection o f arachidonic acid (icv, 
ЮmM solution/5µl) similarly stimulated GAL peptide levels in the PVN. In 
contrast, the inhibition o f fatty acid oxidation, by mercaptoacetate injection (ip, 600 
µmoles/kg), significantly reduced GAL levels in this nucleus. This evidence 
demonstrates that dietary fat can alter hypothalamic peptides within a brief period 
and that this effect may be related to changes in circulating metabolic fuels or their 
oxidation.

175.3
MICROINJECTION OF COLCHICINE INTO THE HYPOTHALAMIC VENTROMEDIAL 
NUCLEUS UPREGULATES GALANIN GENE EXPRESSION IN ASSOCIATION WITH 
TRANSIENT HYPERPHAGIA S. Pu⅛1, M.G. Dube2. B. Xu1. S.P. Kalra1 and P.S. 
Kalгa2. Depts. of 1Neuгosđ. and 2Physюł., Univ, o f Fla. Coll, of Med., Gainesville, FL 
32610.

Hypothalamic neuropeptides play critical roles in the regulation o f appetite and body 
weight W e recently reported that disruption o f neural signaling in the ventromedial 
nucleus (VMN) by microinjection o f the neurotoxin, cochicine (COL), produced transient 
hyperphagia with attendant body weight gain lasting for 4 days. The neural 
mechanism(s) underlying this temporary shift in energy homeostasis is still unknown. 
Galanin (GAL) stimulates feeding behavior, and gene expression o f GAL has been 
shown to vary in accordance with energy demands. Therefore, GAL mRNA levels were 
analyzed in feeding-related hypothalamic nuclei using semiquantitative in situ 
hybridization histochemistry in male rats receiving bilateral injections o f COL (4 µg in 0.5 
µl saline) or saline into the VMN. In COL-treated hyperphagic rats, GAL mRNA levels 
increased dramatically over controls in the supraoptic nucleus (SON, 2.4X), 
paraventricular nucleus (PVN, 3.1X), dorsomedial nucleus (DMN, 4.4X) and arcuate 
nucleus (ARC, 8.5X); no significant change was observed in the central amygdala 
nucleus. In contrast, POMC mRNA levels in the ARC measured in the same animals 
were reduced to 1/3 o f controls, most strikingly in the ventrolateral division. These results 
indicate that disruption of neurotransmission in the VMN upregulated GAL gene 
expression in hypothalamic sites (PVN, DMN and ARC) that regulate feeding, but 
down regulated POMC gene expression in the ARC. This neurochemical 
rearrangement may contribute to the over-eating in these animals. Our findings also 
suggest that normally, neurons in the VMN may suppress GAL neurotransmission in the 
hypothalamic feeding-regulating neural circuits, thereby promoting satiety. (NIH grants 
NS32727 and DK37273)

175.4
IJPID PREFERENCE AND CENTRAL EXPRESSION OF GALANIN. 
COMPARATIVE STUDY FOR THE ONTOGENESIS OF THE BRATTLEBORO 
AND LONG EVANS RATS. A. Buriet*. M. Odorizzi. B. Femette- P. Tankosic and 
C Buriet. UЗO8, INSERM-UHP Nancy 1, 38, rue Lionnois-54OOO-Nancy (France)

The Brattleboro (DI) rats is a genetic model issued from the Long Evans (LĽ) rat. It 
suffers from an inability to synthesize one central neuropeptide, the arginine- 
vasopressin (AVP). It preferentially consumed the lipid diet when it was fed from a 
choice of 3 macronutrients, lipid, protein and carbohydrate (CHO). It also showed an 
overexpression of the central galanin (GAL) as demonstrated by immiшocytochemistry 
and quantitative in situ hybridization of GAL mRNA. The question is to know 
whether the preference for lipid is the cause or the consequence of the central GAL 
overexpression. To answer, we studied the maturation of GAL expression and the 
macronutrient preference for the first 50 days after birth. We also evaluated the impact 
of the first contact with one diet. The 20-day-old LE and DI rats consumed the same 
quantity of energy per 24h and their body weight did not differ. Until 50 days after 
birth, the total energy intake of DI rats continuously increased when that of LE rats 
became stable earlier (40 d). DI and LE rats started to eat the same quantity of the three 
diets exepted for the protein diet which was the lowest ( 60%, p<0.001) in DI rats and 
became equal in both strains on the 50th day afterbirth. The consumption of the CHO 
diet was 50% (p<0.001) less in DI rats than in LE rats. Only the lipid diet was the 
highest in DI rats (3-fold more in the 40- and 5O-day-old rats). To taste of a uπic diet 
during breeding did not change the diet selection of the adult DI or LE rats. The central 
immunoreactivity o f GAL was firstly the highest in the 2-week-old DI rats then 
decreased. GAL mRNA was continuously lower in LE than in DI rats. So, GAL 
overexpression preceded the preference for lipid diet in im m ature DI rats. The 
functional properties of the central GAL system as well as the relationship with the 
central AVP have to be determined in young DI and LE rats.
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175.5
EFFECTS OF NEGATIVE ENERGY STATE AND PROLACTIN ON INFUNDIBULAR 
NEUROPEPTIDE Y IMMUNOREACTIVE IN RING DOVES (Streptope/ia r¡soriä). A.D. 
Peterson and J.D. Buntin*. Dept, of Biological Sciences, University of Wisconsin-Milwaukee, 
Milwaukee, Wl 53201.

Intracranial injections of prolactin (PRL) significantly increase food consumption in ring 
doves. However, response latencies (10 h) and durations (>24 h) following a single injection 
of PRL are considerably longer than those reported for most other appetite stimulators. This 
complex time course raises the possibility that other orexigenic agents could mediate PRL- 
¡nduced hyperphagia. One such candidate is NPY, a proven orexigenic peptide in both 
mammalian and avian species. Two immunocytochemical studies were conducted to explore 
the effects of food deprivation, long-term food restriction, and intracranial injections of PRL on 
changes in NPY immunoreactίvίty (ir) in dove brain. In Exp. 1, male doves given unrestricted 
access to food and those deprived of food for 48 h were examined for changes in 
hypothalamic NPYir. Marked differences in the number of NPYir perikarya were detected in 
the infundibular region in both groups, with food deprived doves exhibiting three times as 
many cells as ad lib fed doves (p<.01). In Exp. 2, male doves were placed on food restriction 
to maintain body weight at 80% of free feeding weight for an extended period (7 wks). They 
were then given ICV injections of PRL (1 µg/2µl twice daily) or saline/bicarbonate vehicle for 
6 days while maintained on food restriction. The number of infundibular NPYir cells in both 
food restricted groups was higher than that seen in ad lib fed doves in Exp. 1 and 
comparable to that seen after 48 h of food deprivation. However, no effects of PRL on 
infundibular NPY cell numbers were observed. These results suggest that NPYir exhibits 
marked changes in response to energy balance perturbations in doves. Although PRL failed 
to alter NPYir in the infundibular region under conditions of food restriction, the pronounced 
increase in NPYir in response to food restriction alone may have masked any further effects 
of PRL. This hypothesis is currently being tested by examining the effects of PRL treatment 
on infundibular NPY immunostaining in birds fed ad  lib itu m  (supported by NIMH 41447).

175.7
DEPRIVATION OF FOOD AND WATER, NOT MATERNAL 
SEPARATION, INCREASES NEUROPEPTIDE Y EXPRESSION IN  
LEAN ZUCKER RAT PUPS TJ Kowalski. RC Young*, and GP  
Smith. Bourne Laboratory, Cornell Univ. Medical College, White 
Plains, NY 10605

Lean Zucker rat pups increase NPY expression in the arcuate n. on 
postnatal day 2 (P2), P9, P I2, and P I5 after 24h o f deprivation of 
food, water, and maternal interaction (Kowalski, et αl., A m . J. 
Physiol., in press). To determine if increased NPY expression is due to 
the stress o f maternal separation or to food and water deprivation, NPY  
expression was measured in lean Zucker rat pups on P I2 that were left 
with the dam (n=5), deprived o f the dam, food, and water and 
implanted with gastric catheters (n=5), or deprived o f the dam but 
constantly infused with milk through a gastric catheter (n=6). At the end 
o f 24h, pups were killed, perfused with paraformaldehyde, and 
processed for measurement o f NPY expression in the arcuate n. by in 
situ hybridization. The product o f the relative optical density (ROD) and 
area o f hybridization (A) was normalized to the mean value o f fed
littermates (Table).___________________________________________________
_____________________ NPY Expression (RODxA)_____________________

Fed Deprived Deprived+Milk
l.OO±O.O6 l.3 9 ± O .l8 *  O.98±O.O6

*Significantly different from Fed and Deprived+Milk groups___________
We conclude that the increase in NPY expression in response to 

deprivation on P12 in lean Zucker pups is due to deprivation o f food  
and water, not maternal separation. Supported by NIH grants MH 
18390 and MH 15455.

175.9
SPIPERONE ANTAGONIZES THE EFFECT OF DOI ON 
NEUROPEPTIDE Y FEEDING AND ENERGY SUBSTRATE 
UTILIZATION. P.J. Currie,* C. Bishop, A. Lagman and D.V. Coscina, 
Department of Psychology, Wayne State University, Detroit, MI 48202.

Recent evidence suggests that neuropeptide Y (NPY) plays an important 
role in the integrative mechanisms controlling energy intake and metabolism. 
Other evidence suggests that the hyperphagic effects of NPY may be 
antagonized by enhanced medial hypothalamic serotonergic (5-HT) 
neurotransmission. The objective of the present report was to further 
characterize the potential interactive effects of NPY and 5-HT on feeding and 
whole-body calorimetry. Specifically, several experiments examined the 
impact of various 5-HT receptor agonists on NPY stimulated eating and 
alterations in respiratory quotient (RQ). This included the 5-HT1A/)B receptor 
agonist RU 24969, the 5-HTıв/гc agonist TFMPP and the 5-HT2A/2C agonist 
DOI. In feeding tests conducted at the onset of the dark cycle, RU 24969, 
TFMPP and DOI were administered 5 min prior to PVN injection of NPY 
and food intake was measured 1 h postinjection. The metabolic effects of 
NPY following similar pretreatment were monitored in adult male rats using 
an open-circuit calorimeter measuring the volume of oxygen consumed 
(V 0 2), carbon dioxide produced (V C 02) and RQ (V C 02/V 0 2). PVN injection 
of NPY (50-100 pmðl) potentiated feeding and evoked reliable increases in 
RQ. DOI (5-20 nmol), but not RU 24969 (5-20 nmol) or TFMPP (10-40 
nmol), antagonized NPY induced eating and blocked the peptide’s effects on 
RQ. The 5-HT2A receptor antagonist spiperone (10-20 nmol), and the 5- 
HT2A/2c antagonist mianserin (15-30 nmol) injected prior to DOI, reversed the 
impact of DOI on both NPY eating and RQ. These findings suggest that 5- 
HT2A receptors within the PVN modulate NPY’s effect on feeding and energy 
substrate utilization at the start of the nocturnal period. (Supported by 
WSU).

175.6
Hypothalam ic  Neuropeptide Y (N P Y ) Y1, Y2 and 
Y5 Receptor Histochemistry in the A norexia 
(anx/anx) MOUSE. Ç. BrobergeгL .ļ· J·Qh¾ņ⅜ęn#, Ç. jQhaļņşşoд#, M· 
Schalling# and T. Hökfelt. Dept, of Neuroscience and #Molecular Medicine, 
Karolinska Institute^ 171 77 Stockholm, Sweden.

The m urine anorexia (αnx) mutation is an autosomal, recessive m utation 
phenotypically characterized by decreased food intake, body weight reduc
tion, emaciation and prem ature death 22 days after birth. We have recently 
dem onstrated abnormal histochemistry of the feeding-stimulatory peptide 
neuropeptide Y (NPY) in the arcuate nucleus of αnx/αnx mice, suggesting im
paired hypothalamic NPY release. The present study examined the expression 
of NPY Yl, Y2 and Y5 receptors in the arcuate nucleus of αnx/αnx mice, re
ceptors attributed a role in NPY-induced feeding. In situ hybridization re
vealed significant decreases in Yl and Y5 mRNA levels (down to 65% and 
63% of control, respectively), and an even larger decrease in Y2 mRNA levels 
(32% of control), as com pared to non-m utant littermates. Immunohisto- 
chemistry, using an antibody against the Yl receptor, demonstrated that Yl 
receptor-like immunoreactivity in normal animals was distributed on large 
cell bodies in the ventrolateral arcuate with a rich dendritic arborization, 
while staining in αnx/αnx mice showed a decreased number of immunoreac
tive cells and a dramatically diminished dendritic network. A similar situation 
was observed in the hypothalamic paraventricular nucleus where the Yl 
receptor is also expressed. The present results suggest that the autoinhibitory 
Y2 receptor is dow n-regulated in the αnx/αnx mouse, possibly due to de
creased release of the endogenous ligand. The changes in Yl and Y5 receptor 
histochemistry indicate an involvement of arcuate pro-opiomelanocortin cells 
expressing these receptors in the wasting syndrome observed in αnx/αnx mice. 
(Supported by Swedish MRC 04X-2887.)

175.8
FOOD INTAKE ELICITED BY CENTRAL ADMINISTRATION OF 
OREXINS: IDENTIFICATION OF HYPOTHALAMIC SITES OF ACTION.
M.G. Dube1*. S.P. Kalra2. P.S. Kalra1. Departments o f Physiology' and 
Neuroscience2, University o f Florida College o f Medicine, Gainesville, FL 32610.

Orexin-A and orexin-B are two newly identified, structurally similar 
neuropeptides produced in the lateral hypothalamus. Intracerebroventricular (icv) 
administration o f orexin-A and B has been shown to stimulate food intake in rats. 
We have undertaken to determine i f  the hypothalamus, the central regulator o f 
ingestive behavior, contains sites sensitive to the feeding stimulatory effects o f the 
orexins. Male Sprague-Dawley rats were implanted with a unilateral guide 
cannula aimed at one o f six specific hypothalamic nuclei~dorsomedial nucleus 
(DMN), lateral hypothalamic area (LHA), perifomical hypothalamus (PFH), 
preoptįc area (POA), paraventricular nucleus (PVN) and ventromedial 
hypothalamus (VM H)—sites known to be relevant for regulation o f appetite. 
Following recovery, rats received a counterbalanced series o f microinjections o f 
vehicle (phosphate buffered saline, PBS), 1 nmole orexin-A (Phoenix 
Pharmaceuticals, Mountain View, CA) and 1 nmole orexin-B in O.33µl PBS, and 
two hour food intake was measured. A minimum o f 3 days was allowed between 
injections. In contrast to the feeding evoked by icv administration, microinjection 
o f orexin-B at any o f the six hypothalamic sites failed to stimulate food intake. 
However, the same dose o f orexin-A elicited 2-3 fold higher food intake relative 
to both PBS and orexin-B when injected into the PVN, PFH and LHA (p<0.05). 
Food intake following orexin-A microinjection into the POA, DMN and VMH 
was not significantly stimulated. These results show for the first time that orexin- 
A receptor sites mediating stimulation o f feeding reside in a lateral band extending 
rostrally from the LHA to the PVN and PFH. (Supported by NIH NS32727).

175.10
DIFFERENTIAL ALTERATION OF NPY MESSAGE IN 
DORSOMEDIΑL (DM) AND VENTROMEDIAL (VM) 
HYPOTHALAMUS OF TUMOR-BEARING AND PAIR-FED 
RATS. W.T. Chance*, S. Sheriff, A. 
Balasubramaniam. VA Med. Ctr. and Dept. Surg., 
Univ. Cincinnati, Cincinnati, OH 45267.

We have reported that neuropeptide Y (NPY) 
messenger RNA was elevated in the medial 
hypothalamus of anorectic tumor-bearing (TB) 
rats. To better determine changes in NPY 
message in synthesis versus terminal areas we 
assayed message and peptide levels in DM and VM 
hypothalamus of 10 TB, 9 pair-fed (PF) and 10 
freely-feeding (FF) rats, 30 days after the sc. 
inoculation of methycholanthrene sarcomas. At 
sacrifice TB rats exhibited anorexia (3.4 + 0.3 
vs 7.3 + 0.2 g chow/100 g BW). Determination of 
NPY message (Northern blot) revealed respective 
increases of 241% and 136% in VM of TB .and PF 
rats. In the DM area, NPY message was elevated 
in TB rats by only 36%, while the PF group 
exhited an increase of 276%. NPY concentrations 
were elevated in TB and PF rats by 40% and 44%, 
respectively, in VM and by 8% and 49% in DM. 
These results implicate NPY in the mediation of 
cancer anorexia, suggesting that transport of 
NPY message to terminal areas, such as the 
paraventricular hypothalamus, may be altered in 
anorectic TB rats. Supported by a VA grant.
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175.11
INVOLVEMENT OF THE NEUROPEPTIDE Y (NPY) Y1 RECEPTOR IN 
HYPERPHAGIA IN ZUCKER FATTY RATS. A. Ishihara*, T. Fukuroda, A. 
Kanatani, T. Tanaka. M. Hidaka, T. Fukami, A. Sakuraba, and M. Ihara. Tsukuba 
Res. Institute, Banyu Pharmaceutical Co., Ltd., Tsukuba, Ibaraki 300-2611, 
Japan.

Hyperphagia, hyper¡nsul¡nemia and decreased metabolic efficiency are 
characteristics of genetically obese Zucker fatty rats. The primary cause of the 
Zucker fatty syndrome have not yet been clearly identified, however, dysregulation 
of hypothalamic neuropeptides such as NPY could be responsible for these 
abnormalities. For example, in Zucker fatty rats, levels of NPY and its mRNA, 
and NPY secretion are reported to be increased in the hypothalamic nuclei, which 
are involved in the regulation of feeding behavior. To elucidate the physiological role 
of NPY in hyperphagia in obese animals, we studied the effect of a selective NPY 
antagonist 1229U91 on spontaneous food intake in Zucker fatty rats. This compound 
is reported to be a peptidic antagonist specific for the Y1 receptor (Kanatani, A. et al., 
Endocrinology 137:3177, 1996). When given at the start of the dark cycle, 
1229U91 suppressed food intake more potently in Zucker fatty rats than in their lean 
littermates (31.7 and 67.3 % inhibition at intracerebroventricular (ICV) doses of 10 
and 30 µg in Zucker fatty rats, and 22.2 % inhibition at a dose of 30 µg in lean rats). 
At a dose of 30 µg, this compound markedly suppressed NPY-induced food intake, 
but did not affect galanin-induced food intake, suggesting that the feeding 
suppression seen in Zucker fatty and lean rats is pharmacologically and behaviorally 
specific. Chronic treatment with 1229U91 by ICV infusion for 6 days markedly 
suppressed daily food intake and body weight in the Zucker fatty rats. These results 
suggest that the NPY Y1 receptor is, at least in part, involved both in the control of 
physiological feeding behavior and in the hyperphagia of Zucker fatty rats.

175.13
HUNGER- AND ANOREXIA-ASSOCIATED PATTERNS OF NEUROPEPTIDE 
GENE EXPRESSION IN THE RAT HYPOTHALAMUS. A.G. Warts*, and G. 
Sanchez-Watts. Neuroscience Program, USC, Los Angeles CA 90089.

Dehydration triggers a behavioral homeostatic reflex that sharply reduces food intake. 
This reflex protects the fluid compartment by reducing digestion and fluid loss through 
the gut. Over the past few years we have extensively documented the altered profile of 
neuropeptide gene expression in the forebrain evoked by dehydration. From this we have 
identified a group of CRH neurons in the perifoгnical LHA as potential candidates for 
mediating anorexia. In the current experiment we used 3 groups of animals to determine 
whether patterns of neuropeptide gene expression were associated with the hunger or the 
anorexia evoked by dehydration. Three groups of animals were used: 1), animals 
dehydrated by drinking 2.5% saline (DE); 2), animals food-restricted (FR) to the same 
extent as dehydrated animals, but allowed to drink water; or 3), animals allowed ad lib 
feeding with water. After 4 days of dehydration or food restriction all animals were 
anesthetized, and perfused for in situ hybridization using probes for CRH, NPY, or 
POMC. Blood samples were take at perfusion for plasma osmolality, insulin and leptin 
determinations. CRH mRNA was only seen in the LHA of DE and not FR animals, with 
the amounts of CRH mRNA being strongly correlated with the degree of anorexia.
CRH mRNA in the parvicellulaг neuroendocrine part of the paraventricular nucleus was 
unchanged in FR animals, arguing against a role for these neurons in stimulating feeding. 
These results suggests that activation of gene expression in perifoгnical LHA neurons 
provokes the anorexia. In contrast NPY and POMC in the arcuate nucleus (2 peptides 
strongly associated with regulating feeding behavior) were respectively increased and 
decreased in both FR and DE. Finally, plasma osmolality was elevated only in the DE 
animals, while concentrations of leptin and insulin were reduced in FR and DE animals, 
supporting the idea that both these groups have circulating signals consistent with a 
negative energy balance that should ordinarily stimulate eating. These data support the 
hypothesis that dehydration directly stimulates CRH gene expression in the LHA which, 
in turn, evokes anorexia by inhibiting the NPY-containing circuits that would ordinarily 
stimulate eating. (Supported by NS 29728 & KO-4 01833)

175.15

CHRONIC LEPTIN INFUSION DOES NOT REDUCE FOOD INTAKE IN RATS 
WITH LESIONS OF THE HYPOTHALAMIC VENTROMEDIAL NUCLEUS.
E.S. Cotp*1. T Osaka2. C. Xue3. A. Kobavashi4 and S. Inoue2 
'Program, in Neuroscience and Behavior, Univ, of Massachusetts, 
Amherst, MA 01003; 2Geriatric Health and Nutrition, National Institute 
of Health and Nutrition and 4St Marianna Univ. Sch. of Med., Tokyo, 
Japan; 3Depart. of Nutrition, Gen. Hosp. of Chinese PLA, Beijing 
100853, China.

Leptin is secreted by adipose tissue and thought to act as a signal of 
body adiposity on targets in the CNS. Peripheral and central leptin 
injections reduce food intake and increase energy expenditure. Leptin 
receptors have been identified in the hypothalamic ventromedial nucleus 
(VMN). Lesions of the VMN cause overeating and obesity which may 
arise from destruction of the leptin receptor-signal transduction pathway 
in this locus. The effect of 4 mg/kg/day leptin or saline (Veh) on food 
intake and body weight was studied in electrolytically VMN- and sham- 
lesioned (SHAM) rats. Leptin or Veh was infused 1 wk via osmotic 
minipumps implanted s.c. at the time of the lesion surgery. In SHAM 
rats, leptin treatment produced an average 22 ± 3%, reduction in daily 
food intake (p<0.001) over the wk of treatment and suppressed body 
weight gain (treatment x time interaction, p<0.002) relative to Veh 
controls. In VMN rats, leptin did not suppress food intake or body 
weight gain. These results show that the VMN is necessary for the 
efficacy of leptin in reducing food intake. Taken together with evidence 
that the hypothalamus contains leptin receptors, these results are 
consistent with the notion that leptin acts in the VMN to affect food 
intake and body weight.

Pfizer Health Research Foundation

175.12
EFFECTS OF LEPTIN AND NEUROPEPTIDE-Y (NPY) ON RAT ARCUATE 
NEURONS. K. Sasaki1. K. Nagamori1. T. Shiraishi . K. 
Muraшot〇Ĵ and Y. O o m u r a * . Ύac. Eng. , Toyama Univ., 
Toyama 930-8555, ⅛ac. Med., Tokai Univ., Kanagawa 259- 
1100, ⅛ac. Eng., Kanazawa Univ., Ishikawa 920-8667 and 
Чnst. Bio-Active Sci., Nippon Zoki Pharm. Co., Hyogo 673- 
1461, Japan.

Effects of leptin and NPY on arcuate (ARC) neuronal 
activity in Wistar (W) and/or Zucker (Z) rats were 
examined in brain slice preparation. Bath application of 
10 1 M leptin to 45 neurons recorded in W inhibited 17 
(37 8%), excited 3 (6.7%) and did not affect 25 (55.5%). 
10 1U M leptin administered to 30 neurons in W inhibited 22 
(73.3%), excited 2 (6.7%) and did not affect 6 (20.0%), 
whereas that administered to 29 neurons in Z inhibited 7 
(24.1%), excited 1 (3.4%) and did not affect 21 (72.5%). 
Of 77 neurons tested in W, 29 (37.7%) were inhibited, 1 
(1.3%) was excited, and 47 (61.0%) were not affected by 
10̄ 8 M NPY. Application of 10 ' M NPY to 65 neurons in W 
inhibited 50 (76.9%), excited 1 (1.5%) and did not affect 
14 (21.6%). Of 40 neurons which were inhibited by 10 M 
NPY, 29 (72.5%) were inhibited, 1 (2.5%) was excited, and 
10 (25.0%) were not affected by 10 Гü M leptin. The results 
indicate that leptin dose-dependently inhibits ARC neurons 
in W, that the number of ARC neurons which are inhibited 
by leptin significantly decrease in Z compared with that 
in W, and that most of ARC neurons which are inhibited by 
NPY are also inhibited by leptin.

175.14
C R H  IN D E H Y D R A T IO N -IN D U C E D  A N O REX IA : CRH
IM M U N O R E A C T IV E  IN NON-COLCHICINE TREATED RATS, AND 
CRH R2 RECEPTOR mRNA LEVELS IN THE VENTROMEDIAL 
HYPOTHALAMIC NUCLEUS
C.A. Kay-Nishiyama*. and A.G. Watts Neuroscience Program, University of 
Southern California, Los Angeles, CA 90089.

We have previously shown that corticotropin-releasing hormone (CRH) gene 
expression is regulated by the hydration state. Although associated changes in CRH 
peptide levels have previously been reported in the presence of colchicine, the 
neurotoxic effects make physiological interpretation difficult. The present study 
examines the effects of dehydration on the location of CRH-immunoreactive neurons 
(-ir) in the hypothalamus and gene expression for CRH R2 receptor in the VMH. We 
show that alterations in CRH mRNA levels previously observed during dehydration 
are translated into changes in peptide levels in the hypothalamus of non-colchicine 
treated animals dehydrated by drinking 2.5% saline for five days. The c7O aCRH 
serum revealed CRH-ir neurons in the LHA which were still seen after antiserum 
pre-absorption with NEI. In line with previous reports, we also saw CRH-ir neurons 
in magnocellular neuroendocrine regions and decreased numbers of CRH-ir neurons 
in the hypothalamic medial parvocellular paraventricular nucleus. CRH R2 mRNA 
decreased in the VMH of dehydrated animals relative to control animals. Because 
dehydration generates anorexia, CRH R2 mRNA levels were examined in animals 
pair-fed the same amount of food animals ate during dehydration. Decreased CRH 
R2 mRNA levels were also seen in the VMH of these food restricted animals. We are 
currendy examining the profile of CRH R2 mRNA in the lateral septum and CRH 
binding protein in the amygdala in both dehydrated and food restricted animals. 
The data will provide information regarding the CRH system contribution to the 
circuitry which stimulates or inhibits eating during dehydration. This work was 
supported by NS29728 and KO-1 NS01833. We are grateful to Drs. E. DeSouza,J. 
Rivier, and W. Vale for reagents.

175.16
RESISTANCE TO  THE FEEDING AND B O D Y W EIG HT INHIBITORY EFFECTS 
OF PERIPHERALLY-INJECTED LEPTIN (rM uLep) in ZUC KER OBESE AND 
LEAN RATS. JR  V asse lli. K  C hu, HR K iss ile ff»  and  CA M aα α io . O be s ity  Res. 
C ente r, S t. L u k e ’s¯R ooseve lt Hosp., C o lu m b ia  Un iv., N ew  Y ork , NY 10025

We investigated the feeding and body w eight effects o f subcutaneous (s.c.) and 
intraperitoneal (i.p.) adm inistration o f recom binant murine leptin (rMuLep, Am gen) 
in groups o f Zucker obese f fa/fa), hom ozygous lean (Fa/Faj, and Sprague-Dawley 
(S-D) rats (n = 6 -8 ). We found that both Zucker obese and lean rats are resistant to 
the feeding-inhibitory effects o f peripherally-adm inistered leptin at low to moderate 
doses, relative to S-D rats. In our first study, s.c. in jection o f 2.0 mg/kg rM uLep for 
7 days significantly (p < 0.01) reduced food intake and body weight in S-D rats, had 
no e ffect in Zucker obese rats, and only m ild ly inhibited food intake (ns) and body 
weight (p < 0.05) in Zucker lean rats. In an i.p. dose-response series (0 .5 ,1 .0 , 2.0, 
4.0, 8.0 mg/kg rM uLep/kg body weight), S-D rats responded at all doses with 
significant reductions o f food intake and/or body w eight over the 24-hr post-injection 
period. Zucker obese rats failed to respond to all but the highest dose o f leptin (8.0 
mg/kg), where they dem onstrated significant decreases o f both 24-hr food intake 
and body weight (p < 0.02 and < 0.001, respectively). Zucker lean rats were 
resistant to the effects o f injected leptin up to the 4.0 mg/kg dose, at and beyond 
which significant reductions o f feeding only were observed (p < 0.05).

C o n c lu s io n s : Significant feeding inhibition by Zucker obese rats to a high dose 
o f periphera lly-adm in istered leptin is consistent with feeding inhibition observed 
w hen these rats are given high dose centra l injections o f leptin (Cusin et al., 
Diabetes 45(10): 1446-1451,1996). O ur results suggest tha t high system ic levels 
o f leptin can reach the brain and activate leptin receptors in Zucker obese rats. The 
finding o f m oderate resistance to the feed ing- and body weight-inhibitory effects o f 
periphera lly-in jected leptin in Zucker hom ozygous lean rats (Fa/Fa) was 
unexpected, in light o f this ra t’s norm al responsiveness to centra l leptin injections, 
and normal adipose tissue leptin mRNA expression. The basis for peripheral leptin 
resistance in the Zucker lean rat remains unknown (supp. by NIH PЗO DK 26687).
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1 7 5 .1 7

LEPTIN FAILS TO REDUCE FOOD INTAKE AND BODY WEIGHT IN RATS 
FED A HIGH FAT DIET. R.L. Marlin*. R. Dawson Jr.. W.J. Millard. Dept, of 
Pharmacodynamics, University of Florida, Gainesville, FL 32610.

Leptin is a hormone secreted by adipocytes which informs the brain of the body’s 
energy stores. Leptin levels increase in consort with body fat levels, causing increased 
metabolism and decreased feeding. Exogenous leptin administration reduces both body 
weight and food consumption in rats fed standard lab rat chow. The current study was 
undertaken to determine if the leptin-induccd decline in body weight and food intake is 
observed in rats fed a high fat diet. Male Long Evans rats were divided into 3 groups, 
each receiving a varied diet ad libitum: normal lab chow (low calorie, low fat), high fat 
diet (20% fat), and low fat diet (fat content equivalent to chow, calorie content 
equivalent to high-fat diet). After acclimation to the diets, half o f the rats in each 
group were implanted with lcptin-ſilled osmotic mini-pumps (delivering 5 µg leptin/hr 
over 14 days); the other half were implanted with pumps delivering PBS (conưol). 
Body weight and food intake were measured daily for the duration of the study. Plasma 
leptin was measured by RIA at weeks 0,1, and 2 of implantation. Leptin treatment in 
rats fed ordinary lab chow significantly decreased food intake and body weight, whereas 
leptin treatment in rats fed a high-fat diet had no effect on either parameter. In animals 
receiving the low-fat diet, leptin did not decrease food intake or body weight, but 
prevented the age-associated, progressive increase in food consumption and body weight 
seen in PBS-implantcd conưols and associated with normal body growth. We conclude 
that leptin is not effective at producing hypophagia or curtailing body weight in rats 
fed a high-fat diet. Two potential explanations have been suggested: leptin’s 
behavioral response to an increase in adipose mass may be overcome by the 
palatabilily of the high fat diet (Diabetes 46:1782-1785, 1997) or the high fat diet may 
heighten the body weight “ set point” preordained by the hypothalamus (Nature Med. 
1:1311-1314, 1995). Funded in part by POl AG10485 and Institutional Sources.

1 7 5 .1 9

LEPTIN INHIBITS RESPONDING FOR PERIFORNICAL 
HYPOTHALAMIC STIMULATION IN FOOD RESTRICTED AND AD 
LIBITUM FED RATS. S. E. Fulton*, B. Woodside & P. Shizgal. CSBN, 
Concordia University, Montreal, Quebec, Canada HЗG 1M8.

The perifomical hypothalamus (PFH) has been implicated in the 
regulation o f  food intake and body weight. Rats will work to receive 
electrical stimulation o f  the PFH, and at some PFH sites, the rewarding 
effect is facilitated by chronic food restriction (FR). Receptors for the 
protein product o f the ob gene, leptin, are found in the PFH. We tested the 
hypothesis that leptin plays a role in the influence o f FR on the reward 
effectiveness o f PFH stimulation. Nine Male Long Evans rats were 
implanted with chronic electrodes and guide cannulae aimed at the lateral 
PFH and lateral ventricle, respectively. Subjects were given restricted 
access to food until body weights reached 75-80% o f a d  libitum (AL) 
values. Lever-pressing for PFH stimulation was measured during the FR 
and subsequent AL conditions over a range o f stimulation frequencies that 
drove response rates from zero to asymptotic levels. ICV leptin (2 µg) was 
administered in both the AL and FR conditions. Food restriction reduced 
frequency thresholds in 4 out o f the 9 subjects. Leptin increased thresholds 
in the same 4 subjects during FR and AL conditions, an effect that lasted for 
two to five days. These results suggest that leptin may act as a long-term 
regulatory signal linking changes in energy balance to alterations in the 
sensitivity o f reward-related circuitry arising in, terminating in, or coursing 
through ά e  PFH.

Supported by FCAR (Québec) grant 97ER0124
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CHRONIC FOOD RESTRICTION, BUT NOT ACUTE FOOD 
DEPRIVATION, FACILITATES RESPONDING FOR ELECTRICAL 
STIMULATION OF THE PERIFORNICAL HYPOTHALAMUS IN 
RATS. P. Shizgal*, S. E. Fulton, & B. Woodside. CSBN, Concordia 
University, Montreal, Quebec, Canada HЗG 1M8.

The rewarding effect produced by electrical stimulation o f the perifomical 
hypothalamus (PFH) is modulated, at least at some sites, by changes in 
energy balance. By means o f a within-subject design, we compared the 
ability o f chronic food restriction (FR) and acute food deprivation to 
modulate the reward effectiveness o f PFH stimulation. Ten Male Long 
Evans rats were implanted with chronic electrodes aimed at the lateral PFH. 
Subjects were tested under three successive conditions: 1) following a 
chronic restricted-access regimen that reduced body weights to 75-80% of 
a d  libitum values, 2) during a subsequent period o f ad  libitum feeding, and
3) following 48 hours o f food deprivation. Lever-pressing for PFH 
stimulation was measured during each condition over a range o f  stimulation 
frequencies that drove response rates from zero to asymptotic levels. 
Chronic food restriction decreased frequency thresholds in 4 o f the 10 
subjects (i.e., reward effectiveness was enhanced). In contrast, acute food 
deprivation failed to alter thresholds in all subjects. These findings suggest 
that PFH reward circuitry is preferentially sensitive to long-term regulatory 
signals. This view is consistent with the findings reported in the 
accompanying abstract which implicate leptin as a long-term signal linking 
energy balance to the modulation o f PFH reward circuitry.

Supported by FCAR (Québec) grant 97ER0124
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DIFFERENTIAL INVOLVEMENT OF CENTRAL CRF AND LEPTIN IN 
GENETICALLY OBESE MICE. B.N. Yu, L,M. Wilson and J.R. Wilson*. 
Dept, of Psychology, Univ, of Manitoba, Winnipeg, MB, Canada RЗT 2N2 

Corticotropin releasing factor (CRF) has anti-obesity effects in genetically 
obese (fa/fa) rats. CRF is also involved in the function of other neuro
modulators, such as opioids, γMSH, serotonin, and NPY in obesity.
However, it is obscure how CRF affects the development and maintenance of 
obesity in genetically obese (lepot71epob) mice. The OB gene product, leptin, 
has similar effects as CRF on energy intake and expenditure in lepob/lepob 
mice. Both CRF and leptin decrease food intake and body weight and 
increase thermogenesis, and both CRF and leptin receptors have been located 
in the hypothalamus. Thereby, a question emerges: Is CRF involved in the 
cenưal function of leptin in lepob/lepob mice? Accordingly, CRF (1 µg /µ 1/ 
mouse) or leptin (lµg/µl/mouse) were given intracerebroventriculaгly 30 min 
after pretreatment of either vehicle [physiological saline (1 µl)] or α-helical 
CRF [(10 µg/µl/mouse), a CRF antagonist), to chronically cannulated 
lepob/lepob and +/? lean mice just before dark onset. Food intake and body 
weight were monitored at 2,4, and 23 hr after the treatments. Leptin 
suppressed food intake, F (3,42) = 3.64, µ = .02, more in obese than in lean 
mice, but was unaffected by α-helical CRF pretreatment. Leptin also 
decreased body weight in both obese and lean mice, F (3,42) ≈ 11.23, µ = 
.0001, an effect that α-helical CRF partially blocked in obese, but not lean 
mice. This pattern suggests leptin’s anorexic effect acts primarily via leptin 
receptors. As body weight reflects both intake and metabolism, these data 
may co-implicate CRF and leptin in energy expenditure in this model. 
[Supported by NSSERC of Canada operating grant #7937 to LMW  and 
Sigma X i Grants-in-Aid of Research and Manitoba Health Research Graduate 
Studentship to BNY).
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ENHANCED LOCOMOTOR ACTIVITY AND EXPLORATORY 
BEHAVIOR IN PRE-PUBERTAL RATS FOLLOWING NEONATAL 
OLFACTORY BULBECTOMY O lbáñez> A,B, Silva.1 DT Limόn,1 R. 
Ouirion,2 L,K· Srivastava2 and G. Flores1, 'instituto de Fisiología. Universidad 
Autónoma de Puebla, Puebla, Mexico, ⅛ouglas Hospital Research Centre, 
Departments of Psychiatry , McGill University, Montreal, Quebec, Canada

Bilateral ablation o f the olfactory' bulbs in adult rats induces a 
syndrome of behavioral and physiological changes that are putatively 
analogous to those seen in major depression, and that can be reversed by a 
chronic treatment with antidepressants. In order to understand the role of 
developing olfactory bulb projections on behavioral paradigms related to 
olfaction, exploratory behavior, locomotor behaviors, social interaction and 
grooming , the effects o f neonatal (postnatal day 7, PD7) olfactory bulbectomy 
(OBX) were investigated in Wistar rats at postnatal days (PD) 35 and 56 
respectively. After anesthesia by hypothermia the bulbs were aspirated with a 
blunt needle connected to a vacuum pump. Pre-pubertally (at PD35), the 
exploratory behavior measured by head-dipping activity was enhanced 
significantly compared with sham-operated and normal controls. However, no 
significant differences in exploratory behavior was observed between sham- 
operated, normal controls and neonatal OBX at PD56. A significant increase 
in novelty-induced locomotion was seen in neonatal OBX rats at PD35, 
whereas no significant change in the locomotion o f the lesioned rats at PD56 
was noted. Grooming, social interaction and olfaction were not significantly 
affected at any time points in the lesioned rats. The results suggest that 
neonatal OBX produce pre-pubertal behavioral changes that are transitory in 
nature and occur without loss o f the olfaction (Supported by MRC Canada, 
FRSQ and CONACYT Mexico).
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PRENATAL STRESS AFFECTS ANATOMICAL DEVELOPMENT, 
MOTOR DEVELOPMENT, A ND  SPATIAL LEARNING IN RATS.
T. U w ano1, H. N ishijo1, K. Tanebe2, Y. M. Zhong1, S. Eifuku1*, and 
T. Ono1. Depts. 'Physiol., and 2Obstetrics and Gynecol., Fac. M ed., 
Toyama Med. and Pharmaceu. Univ., Toyama 930-0194, Japan.

Repeated cold stress was applied to pregnant rats between day 10 and 
day 20 after fertilization. Pups were dissected at postnatal day (PND) 8 . 
The mean body weight and the mean wet weight o f the brain, thymus, 
spleen, and kidney was smaller in the stressed pups as compared to that 
o f  the non-stressed pups. The mean area o f  the anterior cingulate cortex 
was also smaller in the stressed pups. At PND 6 , non-stressed pups 
swam smoothly with nose-up and regular and sequential movements o f 
the extremities, while the stressed pups bent their axis to the right or the 
left and could not swim straight. At 8 weeks o f age or later, 4 groups of  
rats (non-stressed and stressed rats fostered by non-stressed and stressed 
dams) were tested in a circular open field using intracranial self
stimulation (ICSS) as reward. The ICSS reward was delivered if the rat 
i) moved distance o f  100 - 160 cm (DMT); ii) entered a randomly varied 
reward place within the open fields (RRPST); or iii) shuttled between 2 
specific places (PLT). There were no differences in current intensity or 
resulting frequency o f  bar presses for ICSS among 4 groups. Learning 
o f  the DMT, RRPST and PLT tasks was significantly impaired in the 
stressed rats. Furthermore, fostering by the stressed dams worsened 
learning deficits in stressed rats. However, fostering by stressed dams 
did not affect learning o f these tasks in non-stressed rats. The results 
suggest that both prenatal stress and abnormal maternal behavior o f  
stressed dams synergistically affect postnatal anatomical development, 
motor development, and learning in adulthood.

Society for Neuroscience, Volume 24 ,1998
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IN V IVO  M IC RO DIALYSIS DO PAM INE LEVELS FROM TH E V E N TR A L 
STRIATUM OF N IN E D A Y -O LD  R A T PUPS W IT H  A N D  W IT H O U T A 
COMPANION. P. Kehoe. G. Suresh &  W. Church*. Neuroscience Program, 
Trinity College, Hartford, CT 06106.

Neonatal isolation has been shown to alter both behavior and brain 
transmitters in many species. Isolation o f the infant fo r even a b rie f period o f 
time evokes vocalizations, increased catecholamine turnover, endogenous 
opioid release and HPA axis activation. The present study was done to obtain a 
more dynamic view o f the brain dopamine response in the rat pup to acute 
environmental circumstances. Specifically, using in vivo microdialysis, we 
measured dopamine levels o f rat pups before and during isolation conditions 
and then when placed w ith a companion. A  C M A /1 1 cannula was implanted 
into the ventral striatum using ice anesthesia followed by a 90 minute recovery 
period. The probe was inserted into the cannula and aCSF was infused 
continuously. The environment was maintained at an ambient temperature o f 
30° C. for the duration o f the experiment. For baseline conditions, the pup was 
placed in fresh home bedding w ith collections made every 15 minutes for 1 
hour. For the isolation/companion condition, the pup was moved to a clean 
container for 1 hour followed by 1 hour o f contact w ith an anesthetized 
companion. Ultrasonic vocalizations during baseline and companion conditions 
were at very low levels but higher during isolation. Dopamine levels increased 
significantly from baseline in the isolation condition and then effectively 
decreased w ith the presence o f a companion. Control pups remaining in the 
baseline condition had low dopamine levels across time in contrast to the high 
levels o f those remaining isolated. These data reveal the in fant’ s ventral striatal 
response to environmental conditions and specifically, the effect o f social cues.

1 7 6 .5

PREWEANLING EXPOSURE TO ELEVATED CORTICOSTERONE RESULTS 
IN LONG-TERM D2-LIKE RECEPTOR SUPERSENSITIVITY TO QUINPIROLE.
L. J. M iller and B.S. Neal-Beliveau*. Program in Medical Neurobiology, Indiana 
University School of Medicine and Department of Psychology, Indiana University 
Purdue University Indianapolis, Indianapolis, IN 46202.

Perinatal sưess in humans results in a host o f behavioral abnormalities, including 
hyperactivity, and it's been proposed that the mediating factor of the stress effect is 
the reaction o f the hypothalamus-pituitary-adrenal axis (HPA). Increased HPA 
activity is known to affect many developmental processes, including the maturation 
of neurotransmitter systems. Research has shown that dopamine (DA) D2 receptors 
do not appear to be under developmental control of DA, but the regulatory mechanism 
remains unclear. The present study attempts to elucidate the effects o f corticosterone 
(CORT) on D2 receptor development in rats during the human equivalent o f the third 
trimester. On postnatal day 1 (PI), dams were surgically implanted s.c. with either 
two placebo (PLAC) pellets or two 200 mg CORT pellets in the nape of the neck. 
Pups were exposed to elevated CORT via lactation, and were weaned on P2l. 
Locomotor activity was measured on P12, P19, and P45. Rats received either saline 
(1 ml/kg, s.c.) to assess baseline activity or quinpirole (0.1 mg/kg) to assess D2 
receptor-stimulated activity. Baseline activity levels did not differ between groups at 
any timepoint. However, there were significant differences in the response to 
quinpirole in females, but not in males. At P12 and P45, CORT females were 
significantly more active than PLAC females following quinpirole, with a similar 
trend at P19. Separate litters o f PLAC and CORT pups were decapitated on P12, 
brains removed and trunk blood collected for CORT determination. D2 receptor 
binding is cuưently being examined by receptor autoradiography. These results 
demonstrate that preweanling exposure to elevated CORT, in a manner that models 
third trimester stress exposure in humans, causes long term functional 
supersensitivity of D2-like receptors. (Supported in part by M l·I51413)
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M ATERNAL DEPRIVATION A N D  STRESS ALTER CORTICOTROPIN
RELEASING HORMONE (CRH) GENE EXPRESSION IN  THE 
PARAVENTRICULAR NUCLEUS DURING ONTOGENY. G. Dent*, M. A. 
Smith and S. Levine1 CNS Diseases Research, DuPont Merck Research 
Labs, W ilm ington, DE 19880-0400 and 'Dept. Psychology, Univ. Delaware, 
Newark, DE

The neonatal endocrine stress response is blunted during the first 2 
weeks of life. M ild  stim uli do not elicit a peripheral stress response in 
normally-reared pups. While the endocrine stress response in the 
developing HPA axis has been explored, the central lim b has received less 
attention. Therefore, we used in-situ hybrid ization to examine the effect of a 
m ild stimulus on PVN-CRH gene expression. A t ages 12 and 18 (P I2, P I8), 
half of the pups were subjected to 24 hrs of maternal deprivation (D) and 
compared to nondeprived pups (ND). A saline injection (ip) served as the 
mild stress. Plasma hormones, CRH messenger RNA (CRH-mRNA) and 
CRH heteronuclear RNA (CRH-hnRNA) were examined at 15, 30 and 240 
min after stress. ACTH and corticosterone were elevated in  the D and PI 8- 
ND pups. CRH-mRNA was m arkedly increased in the P12-D and ND pups 
at 15 and 30 min. P18-ND pups showed a significant elevation in CRH- 
mRNA at all time points and P18-D pups were only elevated at 15 min. 
CRH-hnRNA at 15 m in was elevated in the P12-ND pups, wh ile  expression 
in D pups was barely detectable. A t P18, both ND and D pups showed a 
dramatic increase in CRH-hnRNA at 15 and 30 min. These data show that 
during ontogeny there is a more robust transcriptional activation of CRH in 
response to m ild  stress compared to the adu lt response. Although it  has 
been shown that neonates have a blunted endocrine stress-response, these 
data clearly demonstrate that the neural regulatory stress mechanism is not 
hypo-responsive. (Supported by DuPont Merck &  N IM H  4R37MĦ45006-09)
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ALTERED STRESS-INDUCED DO PAM INE RELEASE IN  A D U LT  RATS 
PREVIOUSLY ISOLATED AS NEONATES. W, J, Shoemaker*,1 P. Kehoe,2
C. A n to lik ,1 S. Norrholm 1, M . Geary1. &  D. Fong1. 1 Neuroscience Program, 

University o f Connecticut Health Center, Farmington, CT 06030 and 
2 Psychobiology Lab, T rin ity  College, Hartford, CT 06106.

Isolation from dam and siblings for one hour each day from postnatal days 
(PN) 2 - 9  has been used in several studies to test the enduring effects o f a 
stressor that produces no physical, metabolic or nutritional damage to the pup. 
Prior studies indicate both behavioral (activity) and neurochemical (nucleus 
accumbens dopamine) effects at PN 10 and PN 27 (weaning). Similarly, using 
a restraint paradigm in adults, previously isolated rats demonstrated a reduced 
level o f exploratory activity compared to controls. In the present study, 
previously isolated rats and non-handled controls had a microdialysis cannula 
surgically implanted in the nucleus accumbens at adult ages (PN 70 -  90). An 
in v ivo  microdialysis probe was inserted 4 - 5  days after surgery and baseline 
levels ascertained for 2 hrs. The animal was then placed in a cloth restrainer 
that immobilizes it from the neck down. Resting baseline levels o f dopamine 
(D A ) do not appear to be different between groups. Non-handled controls 
often display an increase in D A  from baseline when placed in the restraint as 
w ell as a second surge o f  D A  when the rat is released from restraint 60 min. 
later. Previously isolated animals fa il to display these dynamics and often have 
very low D A levels that persist throughout the post-restraint collection periods. 
The data demonstrate that repeated isolation during the neonatal stage produces 
an enduring altered response to an environmental stressor when adult. 
Developing rats have a high degree o f plasticity in the CNS that can be seen in 
behavior and by neurotransmitter responses when rearing environment is 
altered.

1 7 6 .6

ENVIRONMENTAL ENRICHMENT SIGNIFICANTLY IMPACTS 
PERFORMANCE OF MATERNALLY SEPARATED RATS AND LľΠΈ RM ATE 
CONTROLS IN THE ELEVATED PLUS MAZE. N.Contcl. C.Maciag. L.Gwinπ, 
and M.A.Smith*R&D. Dupont Merck Research Labs, Wilmington, DE 19880-0400.

The maternal separation paradigm in which infant rats arc repeatedly separated 
from their mothers during a critical period of development has been well docu
mented as a model for the development of anxiety and stress hypeг-responsivity 
later in life. We examined the impact of environmental enrichment on the perfor
mance of maternally separated rats and their littermate controls in a behavioral 
model of anxiety, the elevated plus maze.

Male and female Long-Evans rats were separated from their mothers for 8 hr 
every other day from postnatal day 2-10 (MS8). Comparison groups of handled 
animals were separated from their mothers for 10 min every other day from day 
2-10 (handled). After weaning at day 21, the rats were separated into two housing 
conditions. Each of four experimental groups (male or female MS8 and male or 
female handled) was exposed to cither suspended wire rack housing (non-enriched 
housing) or polycarbonate shoebox caging with alpha-cellulose bedding, chew 
toys, and plastic pipe (enriched). Each group consisted of 5 animals. Animals 
were tested on days 46 or 60.

Enriched handled animals made significantly more open arm entries and spent 
more time in open arms than non-enriched handled animals, regardless of gender. 
Enriched MS8 animals spent significantly more time in open arms than non-enriched 
MS8 animals, again regardless of gender. The data strongly suggest that 
environmental alterations can impact an animal’s ability to respond to a potentially 
stressful situation. Additionally, our findings point to the potential for an enriched 
environment to favorably alter the behavioral sequelae of maternal separation 
events.
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EFFECTS OF MATERNAL DEPRIVATION ON NEUROTROPHIC 
FACTORS AND APOPTOSIS-RELATED GENES IN RAT PU PS. 
L-X Zhang13*G-Q X ing13. S . Levine2. R.M . Post3 and M.A. Smith4. 
’Dept, o f Psychiatry, USUHS; ¾ ep t. o f Psychology, University o f  
Delaware; 3BPB, NIMH; 4CNS Diseases Research, DuPont Merck Co.

Previously, we reported that maternal deprivation doubled the 
rate o f developmental cell death in the brains o f post natal day (PND) 12 
rat pups using the ApopTag detection technique. Apoptosis was 
increased in the cerebral cortex, hippocampus, alveus, cerebellum and 
white matter. Double labeling experiments revealed that the apoptosis 
occurred in both neurons and glia. However, the mechanisms 
underlying the observed increase in developmental cell death following 
maternal deprivation are not known. In the present study, we examined 
the expression o f several growth factors and apoptosis-related genes 
using in situ hybridization and western blot techniques after a single 24 
hour period o f maternal deprivation in the brains o f PND 12 rat pups. 
We found that nerve growth factor (NGF) mRNA levels significantly 
increased by approximately 50% in the hippocampus and cerebral 
cortex. Interestingly, there was a correlation between the increase in 
NGF mRNA levels and the number o f cells in the white matter 
undergoing apoptosis o f oligodendrites. We also found an 
approximately 100% increase in C-Jun protein by Western blot in the 
frontal cortex and cerebellum from maternally deprived animals. 
Prolonged elevation of C-Jun has been previously linked to the 
developmental cell death. These studies raise the possibility that 
increased NGF may be linked to cell death o f oligodendrites, while the 
increase in C-Jun may relate to cell death o f neurons.(Supported by the 
Stanley Foundation and N ARSAD Young Investigator Award)
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SUPPRESSION OF CaMKII AND NITRIC OXIDE SYNTHASE BY 
MATERNAL DEPRIVATION IN THE BRAIN OF RAT PU PS. G- 
Q Xiņg '·2 , M.A Smith3 , S. Levine4, S-T Yanfr' S .Y K im *  R.M Post2 aïïH 
L-X Zhang1'. 'Dept, of Psychiatry, USUHS; "Biological Psychiatry 
Branch, ЫÍMri/NIH; 3CNS Disease Research, Dupont Merk Co.; 4Dept. of 
Psychology, University of Delaware; SGBB, NIDDK/NIH

Maternal deprivation can cause subsequent abnormal behavioral 
changes in the adult, which include increased aggressive behaviors and 
decreased spatial memory ability during aging. However, the molecular 
and neurochemical pathways underlying these behavioral changes 
remain to be fully elucidated. Nitric oxide synthase (NOS) has been 
linked to the aggressive behaviors by the NOS knockout experiments. 
CaMKII is a calcium-calmodulin-dependent protein kinase that plays 
important roles in learning and memory, and modulating synaptic 
transmission, organization and plasticity. In the present study, NOS and 
CaMKII protein levels were determined in the frontal cortex and 
cerebellum of maternally deprived rat pups using western blot analysis. 
Our preliminary data showed that the protein levels o f both NOS and 
CaMKII were decreased for approximately 100% and 150% respectively 
in both frontal cortex and cerebellum after a single 24 hour period of 
maternal deprivation in postnatal day 12 rat pups. Further investigation 
o f these two systems in this maternal deprivation paradigm are 
underway. These preliminary results may suggest that maternal 
deprivation in early life can significantly suppress the expression of 
CaMKII and NOS systems o f the brain, which might be related to the 
behavioral abnormalities in the deprived rats as adults. (Supported by 
the Stanley Foundation and NAR SAD  Young Investigator Award)
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NATURAL VARIATIONS IN MATERNAL LICKING AND GROOMING 
BEHAVIOR: HOW DO THESE MOTHERS DIFFER? D. Francis*. D.J. Toufexis, 
W.G. Brake. D. Liu and M.J. Meanev Douglas Hospital Research Center, Depts of 
Psychiatrv and Neurologv/Neurosurgeгv, McGill University, Montreal, Canada, H4H 
1RЗ

Variations in maternal care can permanently alter the expression of behavioral and 
endocrine responses to stress in adulthood. More specifically, increased maternal 
licking and grooming of pups during the first 10 days of life results in decreased 
hypothalamic-pituitary-adrenal (HPA) and behavioral responses to stress in the 
offspring. We know little about the neural substrates underlying these naturally- 
occurring individual differences in maternal behavior. O\ytocį∏ (〇T i and dopamine 
(DA) have both been demonstrated to modulate various aspects of maternal behavior. It 
has been suggested that they may act independently, or in concert, to mediate 
activatюnal and motivational changes associated with maternal behavior.

Non-lactating female rats were tested in an open-field exploration task as well as in 
response to acoustic startle. Females previously identified as high licking and 
grooming mothers spent more time exploring in the open-field as well as lower 
acoustic startle responses relative to females that were characterized as low licking and 
grooming mothers. OT receptor expression was measured in sites known to be 
involved in the dopamine corticolimbic pathway, including the ventral tegmental area 
(VTA), the nucleus accumbens (NAcc), the medial prefrontal cortex (mPFC) as well as 
the amygdala. Preliminary results show no differences in OT receptor expression in the 
VTA or NAcc, however high licking and grooming females had approximately 35% 
greater receptor density in the amygdala relative to low licking and grooming mothers. 
Dopamine receptors and transporter will also be examined in these areas.

Rat mothers who differ in maternal licking and grooming behavior also differ in 
exploratory behavior and OT receptor expression under non-lactating conditions. These 
findings suggest that variations in maternal behavior may be a reflection of pre-existing 
differences in neural sy stems involving the amygdala.{Supported by MRC Canada)
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M ATERNAL SEPARATION INCREASES STRESS-INDUCED 
BEHAVIOURAL SENSITIZATION TO THE ACUTE EFFECTS OF 
AM PHETAMINE. W. G. Brake* A. Gratto∩. P.M. Plot⅜kv. and M .l. Meanev. 
Douglas Hospital Res. Ctr.ƒ M cG ill Univ., Montreal, C A N A D A . H4H 1RЗ.

Early environmental manipulations such as maternal separation 
(MS) and postnatal handling (H) produce long-lasting changes in 
neuroendocrine and behavioural measures of stress when compared to non- 
handled rats (NH ). Sensitization to the locomotor stim ulant effects of 
amphetamine is believed to be a behavioural indicator of mesolimbic 
dopamine (DA) function as it  relates to substance abuse. The present study 
was carried out to determine if  environmental m anipulations during  the ea rly  
postweaning period may cause long-term changes in D A  function. For the f irs t 
two weeks of life , rats were either separated from dams for 180 m in./ day 
(MS), separated from  dams for 15 m in ./ day (H) or were not disturbed (N H ). 
Upon adulthood, locomotor ac tiv ity  was monitored in response to five, once- 
da ily  sessions of repeated m ild stress (saline injection) or amphetamine 
( lm g /K g). One week fo llow ing the last injection, a challenge dose of 
amphetamine (0.5 mg/Kg) was given to all animals and locomotor a c t iv ity  
was monitored for two hours. Results indicate that a ll groups sensitized 
equally to repeated amphetamine adm inistration. However, MS animals 
displayed higher locomotor ac tiv ity  responses to repeated stress when 
compared to H and N H  groups. In add ition, only MS animals showed a 
sensitized response to the amphetamine challenge. These data indicate th a t 
prolonged periods of maternal separation in infancy may induce long-term 
changes in mesolimbic DA function. Considering the established role th a t 
mesolimbic DA plays in the reinforcing properties of drugs o f abuse, these 
data suggest that the early environment may be a predisposing factor in 
subsequent behavioural responses to psychostimulant drugs. Supported by a 
NĨMH grant to M .ƒ.M. & P.M.P and a MRC grant to A.G.
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EFFECTS OF PRENATAL STRESS ON VULNERABILITY TO 
CHRONIC STRESS IN ADULT RATS. Y.Wata∩abe*. A. lida. K. 
Saito. M. M ikuni1and T. Yamauchi. Dept, o f Psychiatry, Saitam a 
M ed Schoo l, M oroyam a, Irum a-gun, Saitam a, 350-04, Japan; 1 Dept. of 
Psychiatry, G unm a University School of Medicine, Maebashi, G unm a, 371, 
Japan.

P renatal stress has been reported to induce increases in both em otional 
b ehav io r and co rticos te rone (C O R T ) secre tion  in response  to  an acute  
stress. It is still unclear w hether p renatally stressed  ra ts can hab itua te  to 
ch ro n ic  s tress. W e in ves tig a te d  the  s tress  response  of c -fos  m R NA 
expression in brain and of CO RT secretion in p renatally stressed adu lt male 
rats during 14 days repeated restra int stress. Prenatal stress was perform ed 
with the exposure to the mild stress of handling and subcutaneous injection 
of sa line during  the  last w eek of pregnancy. To  an acute  restra in t stress, 
prenatally stressed rats showed sim ilar response of c-fos m RNA expression 
in all investigated brain regions com pared to contro l rats. Repeated restra int 
s tress  fo r 14 days  induced  s im ila r reduction  o f c -fos  response  in all 
investigated brain regions besides lateral septum  of prenatally stressed rats 
com pared to contro l rats. In lateral septum, p renatally stressed rats showed 
less reduction of c-fos response to repeated restra int stress. There was no 
d iffe rence in CORT response to an acute restra int stress between prenatally 
stressed  rats and contro l rats. However, contro l rats show ed reduction of 
p lasm a CO RT level at 120min a fter the beg inning o f the stress from  the 7th 
day  o f s tress , w h e rea s  p re na ta lly  s tre ssed  ra ts  d id  no t show  such 
hab ituation. These find ings indicate  the vu lnerab ility  of p renatally stressed 
ra ts to ch ron ic  stress espec ia lly  in HPA ax is  and la tera l septum , which 
m ediates anxie ty-re la ted responses.
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V a r ia t io n s  in  M a te r n a l  C a r e  F o rm  th e  B asis  f o r  a  N o n -G e n o m ic  
M e c h a n is m  o f  I n te r - G e n e r a t io n a l  T r a n s m is s io n  o f  In d iv id u a l  
D if fe re n c e s  in  B e h a v io ra l  a n d  E n d o c r in e  R e sp o n se s  to  S tre s s .

Shakti Sharm⅛1* ,Darlene FrancisL Dong Liu 1 , Debra PearsonL Paul M. Plot⅛kyQ 
and Michael J. Meanev I 1 Douglas Hospital Research Center, Depts of Psychiatry and 
Ncurυlogy/Ncurosurgery, McGill University, Montreal, Canada, H4H 1RЗ 
ODcpaгtment oť Psychiatry and Behavioral Sciences, Emory University, Atlanta, 
Georgia

Variations in maternal care permanently alter the expression of behavioral and 
endocrine responses i〇 stress in the offspring i,U⅛ c·í a!. Science. 1997). Interestingly, 
such variations in maternal care arc associated with individual differences in fcarlulncss 
in the dams themselves. Adult female rats which arc more fearful exhibit less 
licking/grooming (LG) of their pups than do less fearful mothers. These differences in 
maternal behavior may therefore constitute a mechanism for the non-gcnomic, 
transgenerational transmission of fearfulncss from parent to the offspring. The results 
of our current studies support this idea. The female offspring of High LG mothers 
lick/groom their offspring significantly more than do the offspring of Low-LG 
mothers: The female offspring of Low-LG mothers are, themselves. Low-LG mothers. 
The interesting question concerns the nature of this transmission from one generation 
to the next. Handling pups during infancy increases maternal licking and grooming. 
In the next study we found that the frequency o f maternal LG in Low-LG mothers 
with handled pups was comparable to that of High-LG dams. The critical question, 
then, concerned the maternal behavior of the offspring. As adults handled females of 
Low-LG mothers showed levels of maternal LG that resembled the behavior of their 
mothers (high levels of LG) rather than their genetic background (Low-LG). These 
findings suggest that the transmission of individual differences in maternal care from 
one generation to the next is behavioral in origin. (Supported by NIMH)

1 7 6 .1 4

EXPERIENCE, SEX AND NEUROCHEMICAL CORRELATES OF 
ULTRASOUND VOCALIZATIONS BY RAT PUPS. C. Corπ w el∏ *. Ş,
M i 11 e r ?. P. M aso∩з. R. E sca rc iaa ?. J. C u r t is ?. M. W ill ia m s 2 and M. 
M u rp h y ? Ю e p t o f  P sycho lo gy , S yracuse  Univ., S yracuse  NY,
1 3 2 4 4 ;  2ДFRL/HEDR, B ro oks  A ir  Force  Base, TX, 7 8 2 3 5 ; з v e r id ¡a n , 
Inc., San A n to n io , TX, 7 8 2 1 6 .

T w o  e x p e r im e n ts  in v e s t ig a te d  w h e th e r  r a t  p u p s ’ u lt ra s o n ic  
v o c a liz a t io n s  (U V s ) are  in flu e n c e d  b y  th e  re la t iv e  fa m ilia r ity  o f  th e  
te s t in g  s itu a t io n  and  if  th e y  c o rre la te  w ith  n eu ro che m ica l m a rke rs  o f  
s tre s s . In th e  f i r s t  e x p e r im e n t th e  n u m b e r o * is o la tio n - in d u c e d  UVs 
e m it te d  b y  m a le , b u t  n o t  fe m a le , ra t  p ups  1 0  d a y s  o ld  c o rre la te d  
p o s it iv e ly  w ith  h ip p o c a m p a l le v e ls  o f  th e  s e ro to n in  m e ta b o lite  5 - 
h y d ro x y in d o le  a c e t ic  a c id  ( r = .7 8 2 )  and  c o r re la te d  n e g a t iv e ly  w ith  
f r o n ta l c o r te x  c o n c e n t ra t io n s  o f  th e  d o p a m in e  m e ta b o li te  3 ,4 -  
d ih y d o x y p h e n y l a c e tic  a c id  ( r = . - 8 2 7 ) .  In th e  se c o n d  e x p e rim e n t, 
UVs o f  fe m a le , b u t  n o t  m a le , pups w e re  lo n g e r w h en  th e ir  o lfa c to ry  
p re fe re n c e s  w e re  te s te d  in a s itu a t io n  w h e re  o n ly  u n fa m ilia r o d o rs  
w e re  p re s e n t,  th a n  w h e n  fa m ilia r  n e s t o d o rs  w e re  te s t  s t im u li.  
T h ese  re s u lts  s u p p o r t th e  h y p o th e s is  t h a t  ra t  p up  UVs p ro d u c e d  in 
u n fa m ilia r  c o n d it io n s  are  in d ic a to rs  o f  s tre s s , and  t h a t  th e re  are  
p re w e a n in g  sex  d if fe re n c e s  in b io b e h a v io ra l re s p o n s e s  to  s tre s s . 
C o nd u c te d  hum ane ly  u nd e r A ALA C  re gu la tions .
S u p p o rte d  b y  th e  A ir  Force  O ffic e  o f  S c ie n tif ic  Research (CC).
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176.15
SEX DIFFERENCES IN THE EFFECTS OF CHRONIC RESTRAINT 
STRESS UPON BEHAVIOR AND NEUROCHEMISTRY. K.D. Beck* 
Ǻ V.N. Luine. Department o f Psychology, Hunter College and CUNY 
Graduate School and University Center, NY, NY, 10021

Our past research using radial-arm maze and object recognition 
suggests that chronic restraint causes behavioral changes in male rats that 
constitute a memory deficit. We have also observed that placing them on 
standard food restriction (post 3-week restraint) can modulate these 
behavioral differences in males. Here we present data suggesting that 
female rats do not exhibit the same behavioral differences (in terms of  
object recognition) or neurochemical changes following 21 days of 
restraint. As assessed by HPLC tissue analysis, prefrontal dopamine 
utilization (HVA/DA ratio) differed between stress male and female 
groups; however, males showed an increase while females exhibited a 
decrease in dopaminergic activity. We also observed differential effects of 
housing (single vs. double housed) in conjunction with 3 week restraint 
upon subjects’ behavior on several field-based activity tasks (free open- 
field, object recognition and object placement). Under these 
manipulations, behavioral patterns also differed between males and 
females. These experiments clearly illustrate the complex interactions 
secondary variables can have upon observed chronic restraint stress 
effects, and that these interactions differ in male and female rats.

Support: PSC-CUNY grant

176.17

STRESS-INDUCED CHANGES ΓN BODY TEMPERATURE ARE 
INDEPENDENT OF CORTICOSTERONE RELEASE IN DBA/2J BUT  
NOT C57BL/6J MICE. K.J. Brown. J.K. Belknap*, and T.J. Phillips. 
Oregon Health Sciences University, Portland, OR 97201.

Stressors alter the activity o f  the autonomic nervous system and the 
hypothalamic-pituitary-adrenal (HPA) axis resulting in a variety o f  
behavioral, physiological, and biochemical changes. The relationship 
between these different levels o f  stress-induced changes, however, is not 
clear and may be stressor and strain-dependent. This experiment examined 
the effects o f 2-hour acute and repeated restraint stress on corticosterone 
release and thermoregulation in female C57BL/6J (B 6) and DBA/2J (D2) 
mice. B6 mice showed a stress-induced hyperthermic response and had 
elevated corticosterone levels following the first 2 -hour restraint period that 
persisted for up to 8 days compared to baseline. In contrast, D2 mice did not 
show any thermoregulatory changes until Day 8 although corticosterone 
levels were elevated following the initial stressor period and persisted for 
the remaining 8 days. In addition, five days following the last stressor 
period the body temperature o f  B6 mice returned to baseline levels, whereas 
the D2 mice showed a persistent hyperthermic response. These data suggest 
that stress-induced physiological changes may be mediated by multiple 
neurochemical systems (i.e., corticosteroid, catecholamine) and that the 
predominant system involved may be strain-dependent.

Supported by NIDA Postdoctoral Training Grant (F32 D A05778-02) and 
the Department o f  Veterans Affairs, Portland, Oregon.

176.19

BENZODIAZEPINE R ECEPTO R  FU N C TIO N  IN THE  
CHICK SOCIAL-SEPARATION-STRESS PROCEDURE.
G. S. Watson1*. J. T. R oach1 & K. J. Sufk aL2. Departments of 
Psychology1 & Pharm acology2 , The U niversity o f  M ississippi, 
Oxford, MS 38677.

Two experim ents w ere conducted to exam ine the role of 
benzodiazepine (BZ) receptors in modulating social-separation-induced 
distress vocalizations and stress-induced analgesia (SIA ) in young 
domestic fowl. Thirty minutes after intramuscular injections o f  drug 
probes, 8-day-old cockerels (Gallus gallus) were placed into chambers, 
either in isolation or with two socia l com panions, for a formalin 
(0. Ю%/50 ul) nociceptive test observation period. In Experiment 1 the 
BZ agonist chlordiazepoxide (CDP; 5 .0  m g/kg IM ) reversed both 
distress vocalizations and SIA in isolated chicks. Co-administration of  
the BZ antagonist flumazenil (donated by Roche; FLU; .01, .03, or .10 
mg/kg) reversed these anxiolytic effects. In Experiment 2 the BZ  
agonists alprazolam (ALP; .065, .125 , .25 , or .50  m g/kg) and 
lorazepam (LOR; .125, .25, .50, or 1.0 m g/kg) dose-dependently  
reversed social separation-induced distress vocalizations and SIA. The 
ED5os for ALP and LOR in attenuating distress vocalizations were .19 
and .34 mg/kg, respectively. These data argue sfrongly that CDP  
anxiolytic effects are mediated by BZ receptor activity in the chick 
social separation procedure (Experiment 1) and that this model is 
sensitive to BZ agonists o f  different p otencies (Experim ent 2). 
Therefore, this procedure has demonstrated predictive validity for 
screening BZ class compounds. Our current research is exploring the 
effects of non-BZ drugs to generalize the chick social-separation-stress 
model across anxiolytic drug classes.

1 7 6 .1 6

ROLE OF ADRENAL STEROIDS IN STRESS-INDUCED 
POTENTIATION OF MORPHINE'S REWARDING PROPERTIES. 
MJ W ill*. R Biseteqπe. KT Nguyen. T Peak. LR Watkins 
& SF Maier. Dept, of Psychology, University of 
Colorado, Boulder, CO 80309.

W e have p re v io u s ly  show n tha t u n c o n tro lla b le  ta i ls h o c k  
p o te n tia tes  m o rp h in e 's  re w a rd in g  p ro p e rt ie s , as m easured  b y  
co nd itio ne d  p lace  p re fe re nce . The p re sen t e x p e rim e n t w as designed 
to  tes t w h e th e r th is  p o te n tia tion  w as d e p en d en t upon the  s e c re tion  o f 
a d ren a l g lu c o c o rtic o id s . M a le  S p ra g u e -D a w le y  ra ts  w e re  e ith e r  
g iven  a d re n a le c to m y  (A D X ) o r sham  s u rg e ry  fo u r w e e ks  p rio r to  the  
b eg inn ing  o f the  e x p e rim e n t. 24  h rs  fo llo w in g  p re -e x p o s u re  to  the  
CPP te s t box, h a lf o f the  s u b je c ts  in each g ro up  w e re  g iven  1 0 0  
in e s c a p a b le  ta ils h o c k s  (IS ) (1m A , 60s  ITI, 5s d u ra t io n ) in a n ove l 
e n v iro n m e n t, w h ile  the  o th e r h a lf re m a in ed  in th e ir  hom e cages 
(H C C ). C o nd itio n ing  o ccu rre d  24  and 48  h rs  a fte r s t re s s o r  
tre a tm e n t 2 m g /k g -m l s.c. m o rp h in e  w as g iven  in one c o n te x t &, 4 
h rs  la te r, 1 m l/k g  s.c. sa lin e  v e h ic le  in the  o th e r co n te x t. 
C o nd itio n ing  a ss ign m e n t w as c o u n te r-b a la n c e d  ra n d o m ly . Te s ting  o f 
p re fe re nce  sh ift w as co nd ucte d  o ve r a  2 0  m in  pe r iod  a p p ro x im a te ly  
24  h rs  fo llo w in g  the  la s t co n d itio n in g  p a ir in g , and the  d iffe re n c e  in  
tim e  sp en t in co m p a rtm e n ts  be fo re  & a fte r c o n d itio n in g  w ith  d ru gs  
was d e te rm in e d . In sham  ope ra ted  s u b je c ts , a  s ig n i f ic a n t  
p o te n tia tio n  o f m o rp h ine  co nd itio ne d  p lace  p re fe re n c e  w as obse rved  
in the  IS tre a te d  g roup  com pared  to  HCC tre a te d  s u b je c ts . ADX 
b locked  th is  p o te n tia tio n , as no d iffe re n c e  betw een  IS and HOC 
tre a te d  su b je c ts  w as obse rve d . S up p o rte d  by G ra n t N IH  MH5O 479.
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EFFECTS OF MELATONIN ON THE BEHAVIOURAL DISTURBANCES 
INDUCED BY CHRONIC M ILD STRESS IN C3H/H℮ MICE. M.C. Rettori1*.

Pleiades, 92415 Courbevoie; 2Lab. dΈthologie et de Ncurobiologie, 7 rue de 
l ’Unίversité, 67000 Strasbourg, France.

In rodents, exposure to chronic unpredictable mild stress is known to induce 
unresponsivencss to environmental stimuli as well as sleep disturbances, 
suggesting some analogies between this syndrome and human depression. 
Furthermore, numerous studies reported either a decrease or a shift in nocturnal 
melatonin secretion in depressed patients. The present study was conducted to test 
a possible preventive action of a daily treatment with melatonin on behavioural 
alterations induced in C,H/He mice by a chronic mild stress exposure. In addition 
to nycthemeral spontaneous locomotor activity and preference of mice for sucrose 
solution, emotional behaviour of mice was examined in a stressful situation 
(light/dark choice test) as well as in a situation devoid of constraining components 
(free-exploratory paradigm) after 3 weeks of chronic mild stress. Results showed 
that overall behaviour of C}H/H℮ mice was disrupted after chronic mild stress. 
Stressed mice exhibited a blunted emotional responsiveness towards an acute 
stressful situation and an unfamiliar environment. While non-stгesscd mice 
presented no variation in their preference for sucrose solution, stressed mice 
presented a decrease of such preference towards the end of the stressful period. 
Furthermore, nycthemeral spontaneous locomotor activity of mice was reduced 
after chronic stress. In comparison with fluoxetine (10 mg/kg PO) which 
completely protected mice against chronic stress, daily treatment of stressed mice 
with melatonin (1 and 10 mg/kg PO) was able to partially prevent chronic mild 
stress induced-disturbances. The present results support the idea that melatonin 
may be implicated in an homeostatic system which protects animals from injuries 
induced by chronic stressful situations.

1 7 6 .2 0

KETOCONAZOLE AND AMINOGLUTETΉIMIDE BLOCK THE 
ANXIOGENIC DISCRIMINATIVE STIMULUS OF PTZ. J. Jenkins.
H. Lai and C. Wallis*. Dept. Pharmacology, University o f North Texas 
Health Science Center, Fort Worth, TX 76107

Pentylenetetrazole (PTZ, a GABA antagonist) increases plasma 
levels o f corticosterone (CORT). This study was done to determine if  
inhibition o f CORT synthesis would block the discriminative stimulus 
produced by PTZ. Long Evans rats were trained to discriminate PTZ 
from saline using a two-lever, food reinforced choice procedure (FRIO). 
Pretreatment (30 min and 12Һ) with the corticosterone synthesis 
inhibitors, aminoglutethimide (AMG, 0, 5, 10, 20, 40 mg/kg) and 
ketoconazole (KET, 0, 1.09, 4.38, 8.75 mg/kg) produced a maximum of 
50% PTZ lever selection. Pretreatment with corticosterone (CORT, 0, 
5, 10, 20 mg/kg) showed partial generalization to the discriminative 
stimulus o f PTZ. These data support the hypothesis that inhibition of 
corticosterone synthesis blocks the discriminative stimulus o f action of 
PTZ by reducing its anxiety-like properties and suggests that the release 
o f corticosterone is a component o f the anxiogenic discriminative 
stimulus o f PTZ. Supported by R01 AA9378 and AA10545.
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R EG IO N AL D IFFER ENC ES IN THE A C U TE V E N T R A L  
STRIATAL DOPAM INE RESPONSE TO REPEATED STRESS. 
P. Chrétien*. F. Pomerleau and A. Gratton. M cG ill U niversity, 
Douglas Hospital Research Center, Montréal, Canada, H4H 1RЗ.

W e used voltammetry to investigate, in freely-behaving rats, 
regional differences in ventral striatal dopamine (D A ) responses to 
once-daily stress. Animals (n=22) were each implanted with a 
monoamine-selective electrode aimed at different dorsal-ventral sites 
of the ventral striatum. Three days after surgery, animals received 15 
minutes o f tail-pinch stress on each o f  four consecutive test days. 
Histological analysis indicated that the distribution o f  recording sites 
ranged from the dorsal most extent o f the nucleus accumbens (N Acc) 
core region to the ventral-lateral extent o f the NAcc shell region. The 
electrochemical data revealed a significant correlation between the 
depth o f electrode placement within the ventral striatum and the DA  
response to the first exposure to stress (D ay 1). That is stress- 
induced increases in DA signals recorded at dorsal sites rose at faster 
rates and reached higher amplitudes than those recorded at more 
ventral sites. However, the amplitude o f  stress reponses recorded at 
ventral sites was found to increase with repeated once-daily testing, 
whereas comparable increases in DA were elicited by stress at dorsal 
sites across all four test days. The present findings suggest that there 
are marked regional differences within the ventral striatum in the 
initial DA response to mild stress as w ell as in the degree to which  
this response will sensitize when the animal is repeatedly stressed. 
Supported by the M edical Research Council o f  Canada.

1 7 7 .3

ANESTHETICS ABOLISH SOMATOSENSORY RESPONSES OF NEURONS 
IN  THE SOMATOTOPICALLY ORGANIZED SENSORIMOTOR STRIATUM
OF THE RAT Dawn C. Duke*. Anthony P. Pawlak. and Mark O. West. Psychology 
Dept., Rutgers University, New Brunswick, New Jersey 08903.

The soшatotopic organization of the lateral, or sensorimotor, striatum has been 
revealed by anatomical studies of corticostriatal projections from somatosensory and 
motor cortices and corroborated by single cell recordings in awake animals. 
Responses o f single striatal neurons to innocuous somatosensory stimulation were 
studied here to determine whether the somatotopy could be further characterized via 
acute electгophysiological studies employing common laboratory anesthetics. 
Electrode tracks through the lateral striatum o f rats anesthetized with pentobarbital or 
ketamine revealed spontaneously discharging neurons but no discharges in response 
to complete somatosensory examination (passive manipulation and/or cutaneous 
stimulation o f fourteen individual body parts). In chronically implanted animals, 
electrode tracks contained numerous sites at which striatal neurons responded to 
somatosensory stimulation before, but not after, anesthesia induced by pentobarbital 
or urethane. Comparing activity o f the same striatal neuron under awake versus 
anesthetized conditions, somatosensory responses were abolished under anesthesia 
induced by pentobarbital, ketamine, chloral hydrate, urethane or metofane. 
Spontaneous firing rates were severely reduced. Thus, during anesthesia used in 
many studies of striatal electrophysiology, somatotopically organized striatal neurons 
do not respond normally to natural stimuli. They are refractory to the afferent inputs, 
or those inputs themselves are altered; both may be true, given the evidence regarding 
anesthetic influences on striatally projecting neurons of somatosensory cortex. 
Further, it is virtually assured that striatal input from motor cortex is altered under 
anesthesia. Anesthetic-induced alterations in striatal 1) glutamate transmission, 2) 
firing rates, which, in turn, alter GABA transmission in local circuits and in long-loop 
circuits affecting striatal dopamine transmission, and 3) neurotransmitter activity 
reported elsewhere must be considered when interpreting results o f physiological or 
pharmacological studies o f the striatum in anesthetized preparations.
Supported by NSF (BNS-8708523), NIDA (DA 04551), and PHS RR 07058.

1 7 7 .5

EFFECTS O F A N TIC O N V U LSA N TS , M O NAM INE, AND G ABA 
A G O N IS TS  ON CLO ZAP IN E  INDUC ED M Y O C LO N U S  IN THE RAT. 
Duane P enney1. Janice R. S tevens1 * and Patti Szot2 . 1Depts. o f 
Psychiatry and Neurology, O regon Health S c iences U n iv .,Portland, OR 
97201; ⅛ e p t. o f Psychiatry and Behaviora l Science, Univ, o f W ashington 
Sch. o f Med.; Seattle, W A  98195.

C lozapine increases the  exc itab ility  o f the brain, as shown by induction o f 
se izures and m yoclonus in 2 - 1 0 % o f patients. In the  partia lly  restrained rat, 
2-4 m g/kg c lozap ine IP produce up to  120 m yoclon ic  je rks  per hour. Small 
w eekly doses o f c lozap ine (1 m g/kg) sensitize  (k indle) m yoclonus a fte r 3 to 
5 in jections. To characterize  m echan ism s underlying th is excitab ility  
change, fou r d iffe ren t anticonvu lsants, a G AB A  agonist, and several 
m onoam ine agonists were adm inistered as pre -treatm ent to naive rats 
rece iv ing s ingle  4 m g/kg doses o f clozap ine  o r p lacebo. Analogous 
experim ents were perform ed w ith rats p rev ious ly  sensitized to  weekly small 
doses o f c lozapine. Fosphenyto in  and e thosuxim ide  sign ifican tly  decreased 
m yoclonus. S odium  va lproa te  and d iazepam  were w ithout effect. The 
m ost robust suppression o f m yoclonus was produced by the DA-D3 agonist 
7-O H -D P A T HBr in sensitized anim als. A  DA-D1 agonist, a DA-D2 agonist, 
a G AB A  agonist, and a seroton in  reuptake b locker were w ithout significant 
in fluence on c lozap ine provoked m yoclonus. The e ffects o f a DA-D4 
agonist are under evalua tion . C lozapine is known to a ffect a va rie ty  o f 
neuro transm itte r system s in the  brain. It is still unknown which, o f these 
system s are responsib le  fo r the unique the rapeu tic  e ffects  o f th is agent. 
DA-D3 receptors are m ax im a lly  expressed in n. accum bens, the Islands o f 
Calle ja , VTA, and cerebellum . K indling w ith  c lozap ine induces cfos mRNA 
in VTA, and ante rio r m edial tha lam us. S uppression o f clozap ine induced 
m yoclonus by a DA-D3 agonist m ay be o f s ign ificance  in understanding the 
specia l e ffectiveness o f c lozap ine aga inst the  negative sym ptom s of 
sch izophrenia . (Supported by the  S tan ley Foundation.)

1 7 7 .2

FIRING RATE DEPENDENT EFFECT OF PSYCHOMOTOR STIMULANT 
DRUGS ON LATERAL STRIATAL NEURONS IN AW AKE, UNRESTRAINED 
RATS. Anthony P. Pawlak, Dawn C. Duke, Cathy L. Pederson, Martin Wolske, Taliah 
Mittler, Jeiwon Cho, Laura L. Peoples, Mark O. West*. Department of Psychology, 
Rutgers, The State University of New Jersey, New Brunswick, NJ 08903 

The induction of repetitive head movement and oral stereotypy by stimulant drugs 
involves enhanced dopamine transmission in the lateral striatum. Correspondingly, the 
lateral striatum contains somatotopically organized neurons related to movement of 
particular body parts. Firing rates of single striatal neurons (N=I68) related to vertical 
head movement or to licking were recorded during vertical head movement or licking, 
respectively, pre- and post-injection (i.p.) of drug. Diode trackers provided precise 
measures of movement which allowed post-hoc matching of movements to assess drug 
effects on firing. Three studies used different tasks, different rats (N=54), different 
drugs (amphetamine or cocaine), and different movements (licking at a spout; 
conditioned vertical head movement while standing still; unconditioned vertical head 
movement while walking). Low doses stimulated longer movements, whereas high 
doses induced stereotypic head movement and licking. In all studies, the drug effect 
on firing depended on pre-drug firing rate. At all doses, for movements normally 
associated with low firing rate, neurons showed several-fold elevations in firing rate. 
Medium firing rates were elevated less. High firing rates were elevated least and, 
particularly at the high dose, could be strongly suppressed. The effect was not due 
to any spurious fluctuations in neuronal waveform amplitude, which remained stable 
throughout the session. The firing rate dependent effect was observed across the 
population of neurons and also within-neuron. Thus, for a given neuron, firing rate 
in the presence of the drug did not uniformly increase or decrease. Rather, the drug- 
induced change in firing rate fluctuated from movement to movement, varying 
inversely with the firing rate normally associated with that movement. At all doses, 
elevations of normally low firing rates appear to participate in motor stimulation via 
positive influences on motor areas exerted by striatal efferent signals. But at the high 
dose, the prevention of high firing rates in striatal neurons whose firing rates normally 
show a variety of correlations with diverse parameters of movement may-even while 
low firing rates are being elevated-contribute to the limited behavioral diversity cha
racteristic of stereotypies induced by high stimulant doses. Supported by DA 04551.

1 7 7 .4

CHANG ES IN TYRO SINE HYDRO XYLASE IMMUNOREACTIVE 
INNERVATIO N OF THE NUCLEUS A CCUM BENS IN RATS TREATED 
CHR O N IC ALLY W ITH COCAINE. M S. Todtenkopf*. K.R, De Leon, J.R. 
S te llar. Dept, o f Psychology, Northeastern University; Boston, M A 02115

The nucleus accum bens is believed to be a critical site fo r the  expression of 
reward m echanism s and behavior in response to  drugs o f abuse. It is 
subdivided into two regions, the core and shell, based upon the distribution of 
several peptides and proteins. Several d iffe rent m esocort¡cal subregions 
d ifferentially innervate these two subregions, and the core and shell differ in 
the ir functiona l responses to drugs o f abuse. S tudies adm inistering acute 
neurotoxic doses o f psychostim ulants have shown s ignificant changes in 
dopam inergic innervation. This cu rrent presentation explores a more typical 
exposure to cocaine as experienced by hum an users.

W e chronica lly adm inistered cocaine (15m g/kg i.p.) o r saline ( 1 ml/kg i.p.) 
tw ice daily, separated by 6  hours, fo r 5 consecutive  days to rats. Two days 
follow ing the last injection, anim als were sacrifice  by intracaгdia l perfusion. 
The brains w ere removed, postfixed and placed in sucrose solution in 
preparation fo r cryostat sectioning. Sections (4Oµm) were  taken a t the level of 
the nucleus accum bens for im m unocytochem ical processing. Computer- 
assisted m icroscopic ana lysis revealed no d istinctive  d iffe rences in the amount 
o f tyrosine hydroxylase-im m unoreactiv ity (TH -IR ) in the  core and shell in the 
contro l animals. However, in the cocaine treated anim als there was a 20% 
decrease and a 19.6% increase in the num ber o f TH-IR  varicosities in the core 
and the shell, respectively (p < 0.05). These resu lts indicate tha t neurons in 
the core and the shell have d iam etrically opposed sensitiv ity to a chronic 
exposure o f cocaine as well as to an acute  exposure.

This research is supported by overhead re turns from  N IDA DAO7938.

1 7 7 .6

NEUROCHEMICAL FINGERPRINTING OF APOE KNOCKOUT MICE 
SG Tavloг1. AJ Shah2, AJ Hunter1*. P Camilleri2. V de Biasi2. R Raianavagam2 . 
BC Bond3. PR Nelson3 and C Routledge1. Departments of Neuroscience1, Small 
Molecule Separation Sciences2 and Statisical Sciences3. Smithklme Beecham, New 
Frontiers Science Park, Third Avenue, Harlow. Essex. CM 19 5AW 

Neurochemical fingerprinting is the profiling of known amino acids, amines and 
their metabolites, together with qualitative investigation of unknown peaks in 
different brain regions. In the present study Apolipoprotein E (ApoE) knockout 
mice (ApoEml^ ПĽ) have been neurochemically profiled and compared to the 
profile of the wildtype (WT). Samples from five brain regions and six male mice 
from each genotype (C57BL/6 background) were taken, homogenised, cenưiťuged 
and the supernatant used for analysis. Two mass spectrometer compatible HPLC 
systems were used to detect and quantify brain levels of 5-HT, dopamine and their 
metabolites utilising electrochemical detection and amino acids utilising pre-column 
derivatisatiön followed by fluorescence detection. There were significant 
differences between the various amino acids, amines and metabolites between 
regions but no significant differences between the strains. The hypothalamus e.g. 
had significantly (p<0.05) higher levels of the following amino acids wrt, n. 
accumbens (data are ng/g, -/- cť WT in hypothalamus:nucleus accumbens mean ± 
S.D.) aspartate [51.68 ± 7.75:18.03 ± 3.05], glutamate [91.25 ± 2.11:61.6 ± 3.26, 
histidine [67.1 ± 3.91: 11.32 ± 1.98], serine [23.54 ± 4.46: 5.29 ± 0.61]. The 
hippocampus samples showed a variable response, making comparison difficult. 
This study is the first comprehensive neurochemical fingerprinting of ApoE 
knockout mice producing neurochemical data which can be correlated with the 
behavioural characterisation performed on the same mice.
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DOPAMINERGIC ACTIVITY IS REDUCED IN THE SNAP-25 
DEFICIENT MOUSE MUTANT COLOBOMA (CM/+). M.D. Jones*,
M.E. Klinger and E.J. Hess. Department of Neuroscience &  Anatomy, The 
Pennsylvania State University College of Medicine, Hershey, PA 17033.

The SNAP-25 deficient Cm/+ mouse is a model for examining the neurological 
basis of hyperactivity. SNAP-25 is a presynaptic protein that regulates exocytotic 
release. The spontaneous hyperactivity exhibited by Cm/+ mice directly results 
from the SNAP-25 deletion. Behavioral pharmacology and neurochemical assays 
have been used to understand the central role of dopamine (DA) in the abnormal 
locomotor activity. To assess the presynaptic distribution of DA (vesicular vs. 
cytosolic), AMPT and гeserpine were administered to Cm/+ and control mice in a 
dose response paradigm and locomotor activity was measured. Reserpine depletes 
the vesicular pool of DA by blocking the uptake of DA into vesicles. Cm/+ mice 
exhibited a greater percent reduction in locomotor activity after reserpine 
administration than control littermates (p<.005). Similarly, the response to 
AMPT, which inhibits tyrosine hydroxylase (TH) to deplete cytosolic DA, was 
also more robust in the Cm/+ mice (p<.005). DA and its metabolites were 
assessed using HPLC. The in vivo activity of TH was assessed by measuring L- 
DOPA accumulation after administration of the decarboxylase inhibitor NSD1015 
to control and Cm/+ mice. L-DOPA accumulation in Cm/+ mouse was 
significantly lower than controls both in striatum (p<.001) and nucleus accumbens 
(p<.05) suggesting that TH activity is reduced in Cm/+ mice. There was also a 
reduction in the concentration of DA metabolites DOPAC and HVA in drug-naive 
Cm/+ mice in striatum and nucleus accumbens. This reduced dopaminergic 
activity likely accounts for the Cm/+ mouse increased sensitivity to both 
dopamine depleting drugs, AMPT and reserpine. Paradoxically, the data suggest 
that reduced levels of DA synthesis and activity coưelate with increases locomotor 
activity observed in Cm/+ mice. Supported by NS34845 and NARSAD

1 7 7 .9

INACTIVATION OF α2C-ADRENOCEPTOR GENE AND DSP-4 LESION 
INCREASE THE SEDATIVE EFFECT OF αr ADRENOCEPTOR AGONIST. 
J. Puoliväli*. M. Bjŏrklund. P. Jäkälä. M. Riekkinen. J. Salline∩. M. Scheinin. A. 
Haapalinna. B. Kobilka and P. Riekkinen Jr. Dept, o f Neuroscience and 
Neurology, Univ, of Kuopio, FIN-70211, Finland.

We investigated the function o f α2C-adrenoceptors (ARs) in the regulation of 
cortical EEG activity and in the mediation o f the sedative action o f α2-agonist, 
dexmedetomidine (DEX 3-300 µg/kg, s.c.) in female mice that lack (KO) α2C- 
AR and in their respective wild-type control mice (WT). The effect o f 
noradrenergic depletion (90 %) induced by DSP-4 (N-(2-chloroethyl)-N-ethyl-2- 
bromobenzylamine) on cortical EEG activity was also studied.

The baseline theta (4-8 Hz), alpha (8-12 Hz) and beta (12-20 Hz) activities 
were higher in KO mice than in WT mice. The effect o f DEX on EEG spectral 
power was increased in vehicle and DSP-lesioned KO mice:
-DEX 30 µg/kg in KO mice caused a greater increase in delta (1-4 Hz) activity 
and a greater decrease in both theta and 20-30 Hz activities,
-DEX 300 µg/kg decreased theta and beta activities more effectively in KO 
mice,
-After DSP-4 lesioning, DEX 300 µg/kg decreased theta and alpha activities 
more effectively in KO mice.

Our results suggest that α2C-ARs are not essential for the mediation o f the 
sedative action caused by α2-AR agonist which is more likely mediated by the 
postsynaptic α2A/в-ARs. indeed, an α2-AR agonist with no affinity for α2Γ-ARs 
may have a more potent sedative effect than subtype non-selective α2-agonısts. 
(Sponsors: Univ, o f Kuopio, Academy o f Finland and Orion-Farmos Ltd.)

1 7 7 .1 1

ROLE OF 5HTIA RECEPTORS IN SEXUAL BEHAVIOR OF 
FEMALE RATS. Lesley Marson*. Jennifer L. Bradley, and David H. 
Overstreet. Division of Urology, School of Medicine, University of North 
Carolina, Chapel Hill, NC. 27599-7235.

Serotoni∏iA receptor activation inhibits lordosis in females, but facilitates 
male sexual behavior. The selectively bred N/NIH rat line differs in their 
hypothermic sensitivities to 8OHDPAT. The HDS and LDS (High or Low 
DP AT Sensitive) rats respond to 8OHDPAT with a temperature drop of 
5.6±O.l and l±O.2, respectively. We studied female sexual behavior in 
ovariectomized/hormonal primed rats which were allowed to pace sexual 
contacts in a 2 chamber cage. Two sessions were performed, nonưeated 
(session 1) and either saline or 8OHDPAT treated (session 2).

In session 1, HDS rats had a higher lordosis to mount ratio and were more 
likely to receive an ejaculation than LDS rats. The HDS group had shorter 
intra-mount intervals (IMI) and intra-intromission intervals (HI) than the LDS 
group. In session 2, 8OHDPAT initially blocked lordosis and sexual contacts. 
Rats were tested 4Omin post injection, when recovery of behavior had begun. 
LQ recovered in the LDS group heated with 8OHDPAT. However, they were 
unable to differentiate between mounts and intromissions (the % exits after 
either and their IMI and III were similar). HDS groups had lower % exits 
after mounts compared to intromissions. 8OHDPAT-HDS rats had 
signifìcanlty more sessions with males that evoked mounts or intromissions.

These data confirm the 8OHDPAT inhibition of lordosis, but suggests that 
5HTiл activation may facilitate other aspects of female sexual behavior.
These studies were supported by NIH DK495OЗ.

1 7 7 .8

FUR THER BEH AVIO URAL AND NEURAL D IFFE R E N TIA TIO N  OF RATS 
W ITH  HIGH VS. LO W  B EH AVIO URAL A C T IV ITY  IN A  N O V EL O PEN FIELD
R.K .W . Schwartinα*. C .M .Thie l. S .Sch ildein. J .P .Huston Inst. Physiol. Psy
chol., Centre fo r B io logical and M edical Research; U niv, o f Düsseldorf; G er
many

Previous work has shown that rats, a lthough iden tica l in stra in, sex and age 
can d iffe r system atica lly in the ir behavioura l response to  a nove l testing envi
ronm ent (high vs. low responders; HR, LR), the ir sens itiv ity  to re inforcem ent, 
endocrine functions and centra l nervous ca techolam ines. P reviously, we ob
ta ined neurochem ical evidence tha t such anim als  can a lso d iffe r w ith respect 
to choline rg ic  reactiv ity  in the brain. Here, we present data  which illustra te  the 
open fie ld  activ ity  o f such anim als, the ir reactiv ity  to  cho line rg ic  drug chal
lenge, p lus-m aze behaviour, p lace-preference, and va rious neurochem icaí 
parameters. The num ber o f rears in a nove l open fie ld  was used to d iffe ren ti
ate anim als into HR and LR sub-groups. Repeated open fie ld  testing showed 
tha t rearing behaviour in HR, but not LR rats hab ituated o ve r days. Addition
ally, behavioura l activation induced by the m uscarin ic  antagonist scopola
m ine (0.5m g/kg ip) was s tronger in HR rats. In contrast, m easures o f emo
tiona lity  obtained in the e levated plus-m aze did not indicate  substantia l d if
ferences between the two sub-groups. F ina lly, the post-m ortem  analysis 
y ie lded h igher dopam ine levels in the ventra l s tria tum  o f HR rats, together 
with lower serotonin and noradrenaline concentra tions in the  m edial frontal 
cortex. These data w ill be discussed w ith respect to the  m echan ism s which 
m ight determ ine the d iffe rences between HR and LR rats. (Supported by the 
DFG).

1 7 7 .1 0

SELEC TIV E B L O C K A D E  O F B R A IN  ALPH A -1  
A D R E N O C E PT O R S IN M IC E  P R O D U C E S IM M O B IL IT Y  
A N D  C A TA LEPSY . E.A. Stone*. Y. Zhang and D. Ouarteгmain. 
Departments o f  Psychiatry and Neurology, N ew  York Univ. Medical 
Center, N ew  York , N Y  10016

Brain alpha-1 adrenoceptors have long been believed to mediate 
arousal and behavioral activation however direct evidence o f  this 
function using intracerebral injection o f  antagonists has been lacking 
owing to the poor solubility o f  the latter drugs. Terazosin is a water 
soluble alpha-1 antagonist that has high specificity and potency. We 
have therefore used intraventricular administration o f  the latter drug to 
study the role o f  alpha- 1 receptors in behavioral activation in mice. 
For comparative purposes w e also investigated the roles o f  alpha-2, 
beta-1 and beta-2 receptors using R X 821002, betaxolol and 
ICI118551 respectively. Male Swiss Webster mice who were 
implanted with intraventricular cannulas received doses o f  from 0 . 1- 
100 nmoles o f  one o f  the above drugs via the cannulas shortly before 
being placed in novel mouse cages. Exploratory behavior was 
videotaped for the following 30 min. It was found that terazosin 
produced a significant dose-dependent reduction o f  exploration with 
an EC50 o f  10 nmoles and a maximal suppression o f  100% at 100 
nmoles. The latter drug also produced marked catalepsy but no loss o f  
righting or corneal reflexes. Neither betaxolol, R X 821002 or 
ICI 118551 had significant effects. Terazosin given i.p. at 100 
nmoles/mouse did not affect exploratory behavior. The results 
tentatively provide direct evidence that brain alpha- 1 receptors and 
central noradrenergic activity are necessary for behavioral arousal to 
novel surroundings. Supported by M H 45265 from NIM H and a NYU  
Bridging Fund Grant.

1 7 7 .1 2

DOPAM INE ALTERS M O VEM ENT TOPOGRAPHY OF 
PERINATAL RATS AFTER LABOR CONTRACTIONS. R.A. 
A bel1. A.E. Ronca*1. K.J. Renner2. P.J. Ronan2. & J.R. Alberts1. Dept, 
o f Psychology, Indiana University, Bloomington, IN 47405 and 2 
Dept, o f B iology, University o f South Dakota, Vermillion, SD 57069

Labor contractions during mammalian birth promote pulmonary 
respiration and facilitate suckling onset. Perinatal rats do not move 
more, but move differently, following simulated labor contractions 
(compressions). Prior to compression, fetal torso movements are 
expressed primarily as flexions. Fetuses exhibit a striking shift from  
torso flexion to extension in response to compression. In addition, 
extension/flexion ratio in response to a punctate, perioral stimulus was 
2:1.5 in compressed fetal rats and 1:2 in non-compressed fetuses. 
Similar torso movements are seen during appetitive phases o f suckling 
sequences.

Plasma dopamine was higher in compressed subjects. Haloperidol, 
(hal) in linear, dose-related levels, differentially reduced extensions and 
flexions in newborn rats; the lowest dose (0.01 mg/kg ip) caused a 
28% reduction in torso flexions and 90% reduction in torso extensions. 
Hal (1 mg/kg ip) was administered to fetal subjects in utero. 
Compressed + hal subjects emitted significantly fewer torso extensions 
than compressed subjects without hal; extension/flexion was 1:10  in 
response to the perioral stimulus. The behavioral effects of uterine 
contractions are mediated, at least in part, by dopamine. This work 
was supported by grant M H46485 and M H 28355.
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SENSITIZED SEXUAL BEHAVIOR IN MALE RATS BY PRE-EXPOSURE TO d-  
AMPHETAMINE IS CORRELATED WITH AUGMENTED DOPAMINE EFFLUX 
IN THE NUCLEUS ACCUMBENS.
Dennis F. Fiorino* and Anthony G. Phillips. Dept, o f Psychology, Univ, o f British 
Columbia, Vancouver, BC, V6T 1Z4

The mesocorticolimbic dopamine (DA) system plays a key role in mediating 
behavior towards natural rewards such as food and sex. Repeated administration o f 
psychostimulants can lead to sensitization o f this system. The present microdialysis 
study investigated the effect o f ^-amphetamine-induced sensitization on nucleus 
accumbens (NAC) DA efflux during sexual behavior in the male rat.

Male rats were given one injection o f ť/-amphetamine (1.5 mg/kg, i.p.) or saline 
every other day for a total o f 10 injections. After a three-week post-drug 
withdrawal period, rats were tested for sexual behavior in a microdialysis 
experiment. There was an augmented efflux o f DA in the NAC o f amphetamine- 
sensitized rats compared to non-sensitized control rats when a receptive female was 
present behind a screen (28% vs 9%). Sensitized rats exhibited facilitated sexual 
behavior when the screen was removed as indicated by a significantly shorter 
latency to mount (survival analysis, Log Rank statistic, ¿?<O.O5). Although there 
was a significant increase in NAC DA concentrations from baseline in both 
sensitized and non-sensitized rats during copulation, there was a greater increase in 
DA efflux in the NAC o f sensitized rats during the first 10-min copulatory sample 
(60% vs 33%). Following a 60-min period after the removal o f the female, rats 
were given an injection of ť/-amphetamine (1.5 mg/kg, i.p.). There was a 
significantly greater increase in the efflux o f NAC DA in sensitized rats (maximum 
605% vs 378%) which was associated with increased stereotypic behavior.

These data support the hypothesis that increased NAC DA release contributes to 
facilitated sexual behavior observed in male rats pre-exposed to amphetamine.

Research funded by the MRC o f Canada.

1 7 7 .1 5

THE EFFECTS OF PRENATAL TCDD TREATM ENT ON MALE  
SEXUAL BEHAVIOR IN RATS. J.J. Panos1. S. Sato1. W.S. 
Pow ell1. S.K. Putnam1. J. D u1. V.P. M arkowski* J. Dom inguez1 

and E M . Hull1, ⅛ ep t. o f  Psychology, State University o f  N ew  
York at Buffalo, Buffalo, N Y  14260. 2 Dept, o f  Environmental 
Medicine, University o f  Rochester, Rochester, N Y  14642.

The environmental estrogen TCDD (dioxin), when prenatally 
administered to rats, impairs male copulatory behavior in adulthood 
(Mably et al., 1992). The present study examines the effects o f  
prenatal treatment with TCDD on male sexual behavior in the rat and 
on extracellular dopamine (D A) in the medial preoptic area (MPOA). 
TCDD treatment decreased the ability ejaculate on the first 
copulatory test. However, on the day o f  microdialysis testing there 
were no copulatory impairments in TCDD treated males. Thus either 
removal o f  neurotransmitter, the physical stimulation o f  the probe, or 
the minor stress o f  microdialysis may facilitate copulatory behavior. 
Supported by NIMH grant MH 40826 to EMH
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MEASURES OF HEART RATE DURING GIVEN BEHAVIORS IN CRAYFISH
J. Deskins, H. Li, H. Bradacs*1. andR.L. Cooper. Sch. of Biol. Sci. and Center for Ecol.. 
Evol. &  Behavior, Univ, of Kentucky, Lexington, KY. 40506; Institute fur Zoologie der 
Univ. Graz, Abt. für Neurobiologie, Graz, Austria1.

Biogenic amines have a role in modulating behaviors such as feeding, 
reproductive receptiveness, aggression and submissive social status, as well as heart rate 
(HR). Levels of serotonin in the hemolymph are thought to drive a crustacean to either 
display aggressively or submissively because studies (Livingston et al., 1980, Science 
208:76-79) in which 5-HT was injected into lobsters and crayfish caused the animals to 
display some behaviors associated with the aggressive postures. Although direct 
measures have not yet been forthcoming to relate behaviors to levels of biogenic amines. 
We discuss and present results of measuring HR of crayfish during interactions as an 
index to their state of excitability. The HR was monitored during the time in which 
crayfish established aggressive and submissive social status as well as during sham 
injections and injections of various doses of 5-HT. The crustacean heart is neurogenic and 
is dependent on the neural secretion of 5-HT over the cardiac tissue (Wilkens 1981; 
MacMahon 1995). Crayfish during an interaction to establish a social status can increase 
HR more than 5X but both the aggressor as well as the submissive crayfish can dampen 
their HR within seconds during a pause in the interaction while still posturing in an 
aggressive or submissive state. HR is the result of multiple influences: different 
hormones/modulators (Wilkens et al., 1985). Novel stimuli can trigger a startle response 
of bardycardia (Guirguis & Wilkens, 1995). Injections of 5-HT to obtain systemic levels 
of approximately 10 to 100 nM increase HR substantially for hours after an brief initial 
bardycardia of minutes. This indicates that aggressive interactions and establishment of 
a dominate posture may not be related to large increases in the free concentrations of 5- 
HT within the circulating hemolymph or it may mean that inhibitory cardiac regulation 
is present in the aggressive ones during interactions. Funded by Univ, of KY Research 
and Graduate Studies (R.L.C.).
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REPRODUCTIVE EXPERIENCE MODULATION OF DOPAMINE- 
RELATED BEHAVIORAL RESPONSES. E.E.T.S. Hucke1*. P E. Cruz- 
Casallas2, L.H. Sider1 and L.F. Felicio1. ⅛ ep t. o f  Pathology, Univ, o f  São 
Paulo, São Paulo, Brazil; ⅜ ac. Cie. Agropecuarias, Univ, de los Llanos, 
V illavicenzio, Meta, Colombia.

Reproductive experience (RE) has long-term physiological effects. It 
reduces the basal levels o f  circulating prolactin (PRL) in parous women, 
decreases the intensity o f  nocturnal and diurnal PRL surges in 
multigraviđ rats during early pregnancy, as w ell as the hormonal 
responses to the dopamine receptor antagonists metoclopramide and 
haloperidol. In the present study w e evaluated the possible influences o f  
RE on general activity in an open-field, apomoгphine (APO)-induced 
hypothermia and stereotyped behavior in intact and ovariectomized 
nulliparous and primiparous fem ale rats. The results showed a decrease 
in general activity, specially a hypolocomotion, in the open-field due to 
RE that was more evident in intact animals. On the other hand, APO 
injection produced a more intense stereotyped behavior in primiparous 
intact animals. There was also a less intense effect o f  APO-induced 
hypothermia in intact primiparous females. Our data suggest that RE 
modulates striatal and hypothalamic dopamine receptor sensitivity in 
opposite directions and that gonadal hormones are important for the 
phenomenon expression.
Financial support: FAPESP, Brazil.

1 7 7 .1 6

THE NON-GENOMIC EFFECTS OF ECDYSONE (20-HE) ON CRAYFISH 
ABDO MINAL MUSCLES: in  v itro AND in  v iv o STUDIES.

B. Zhao*. B·F. Dickey, P.H. Crowley, and R.L. Cooper. Sch. Biol. Sci. and Center 
for Ecol., Evol. &  Behavior, Univ. Kentucky, Lexington, KY 40506.

Crustacean behavior alters during the molting cycle, and recent evidence has 
shown that hormones have a role in these behavioral changes. The active form of 
ecdysone, 20-Hydroxyecdysone (20-HE), surges prior to molt and is thought to be 
responsible in part for the change in behavior during this period of the molt cycle. We 
investigated the effect of 20-HE on crayfish neuromuscular junctions in vitro and in 
vivo. In vitro studies consisted of using isolated crayfish abdominal extensor and 
flexor muscles to record the effects on excitatory postsynaptic potentials bathed in 
crayfish saline, ЮµM 20-HE and ЮOnM 5-HT. We found that the 10µM 20-HE 
increased the amplitude of excitatory postsynaptic potentials in both phasic and tonic 
abdominal extensor muscles. We observed a 113% increase in phasic (L I) muscle 
and a 54% increase in tonic (SLE) muscle in 6 preparations. We will report on dose 
dependent effects of 20-HE on abdominal extensor and flexor muscles.

For in vivo studies, crayfish were released into a novel environment and 
videotaped for 30 minutes. Crayfish were then injected ventrally into the hemocoel 
with 100 µl of 20-HE (10 µM, circulating) or crayfish saline, released back into the 
environment, and videotaped for a further 30 minutes. Activity rates were quantified 
before and after treatment and compared between the two groups. Effects on muscle 
postures suggested by in vitro work were also examined. Other animals were injected 
with 20-HE or saline and modifications in stereotypical movements (tail flip, meral 
spread) were examined using motion analysis software. Supported by HHMI- 
predoctoral fellowship (B.F.D), and Univ, of KY Research and Graduate Studies 
(R.L.C.).
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PROTON MAGNETIC RESONANCE SPECTROSCOPIC IDENTIFICATION 
OF ALTERATIONS IN THE NEUROCHEMICAL PROFILE OF THE RAT 
STRIATUM FOLLOWING QUINOLINIC ACID LESIONS. C. D. Keeneº4)* I. 
TƙàĈ(3). J. PfeuíTeг(3). R. Gruetter(3). and W. C. Low°’2,4). Depts. of Neurosurgery0} and 
Physiology(2), Center for Magnetic Resonance Research<3), and Graduate Program in 
Neuroscience(4), Univ, o f Minnesota, Mpls MN 55455.

Excitotoxic striatal lesions are currently utilized in several animal models of 
neurodegeneration, and have been well characterized histologically and biochemically. 
‘H nuclear magnetic resonance spectroscopy (NMRS) provides a real-time, non- 
invasive means to evaluate these lesions in vivo. In the present study we characterize 
in vivo the metabolite alterations which occur in excitotoxic-lesioned striatum, and 
compare these findings with previous biochemical analyses o f excitotoxic lesions.

Excitotoxic lesions were produced by injecting one µL (150 nmol) of quinolinic 
acid into the right anterior striatum of Fischer 344 Rats (n=7) under general anesthesia 
(ketamine/xylazine). 'H NMRS was performed five days post-lesion using a 
9.4T/Зlcm bore Magnex/Varian system under general anesthesia (isoflurane/N20). 
MRI was used to identify a 22.5 µL measurement volume encompassing the lesion in 
each animal, while identical measurements taken from the contralateral striatum served 
as controls. Spectra provided sufficient resolution to resolve over 10 neurochemicals 
with variances well below 10%, which was analyzed using the L-C Model.

N-acetyl aspartate (NAA), a putative neuronal marker, was decreased 16% 
(p<0.01). Total creatine (creatine + phosphocreatine) and glutamate were reduced 11% 
ipsilaterally (p<0.01), while taurine was down 14% (p<0.01). Glutamine was 
increased 26% (p<0.01). Statistical analysis was accomplished using the t-test (paired 
two sample for means).

This data supports previous NMR studies, which found decreased NAA, and 
biochemical data, which demonstrated increased glutamine and decreased glutamate. 
Additionally, we have identified significant decreases in creatine and taurine in QA 
lesioned striatum. The results are consistent with progressive neuronal loss resulting 
from excitotoxic lesion and suggest altered energy metabolism.

1 7 8 .3

DANTROLENE PROTECTION A G A IN S T  NEURONAL INJURY INDUCED BY 
DIRECT EXPOSURE TO CARBON M O NO XIDE. R .A . W a llis *  and K.L. Panizzon 
Dept, o f N euro logy, UCLA, Los A nge les, CA 9 0 0 2 4  and S epulveda V A M C , 
Sepulveda, CA  9 1 3 4 3 .

CO appears to  act as a d iffu s ib le  n e u ro tran sm itte r, p roduc ing  a c tiva tio n  o f 
guanyla te  cyclase. H ow ever, a t greate r conce n tra tio ns , CO induces p ro found  
neuronal in ju ry . To eva lua te  the  ro le o f ca lc ium  in th is  in ju ry , w e  assessed 
the  neu ro pro te c tive  e ffe c t o f dan tro lene , and rem oval o f  e x trace llu la r ca lc ium  
rem oval during  d ire c t CO app lica tion  to  h ippocam pa l s lices. Exposure to  CO 
was perfo rm ed under hypo x ic  co nd itio ns  w ith  p e rfus ion  ACSF g lucose  
increased 10 m M  to  help p reven t hypo x ic  dam age. S lices w e re  exposed to  
ACSF sa tu ra ted  w ith  helium  fo r 2 m ins. Th is w a s fo llo w e d  by exposure  to  
1 5 0 µ M  CO in h e lium -satu ra ted  ACSF fo r 10 m ins. A fte r  6 0  m ins, recovery , 
CA1 o rtho d rom ic  PS regained o n ly  13 % ±  1 o f o rig ina l am p litude , w h ile  
CA1 a n tid ro m ic  PS recovered to  o n ly  1 4%  ±  1. Exposure to  helium - 
sa tu ra ted  ACSF alone fo r 12 m ins, resu lted  in CA1 PS o rth o d ro m ic  and 
a n tid rom ic  recovery  o f 98  ±  2%  and 96  ±  4 % . T re a tm en t w ith  the  2 0 µ M  
dan tro lene  during  CO exposure  s ig n ific a n tly  im proved  CA1 PS recovery  to  9 4  
±  3%  and 9 4  ±  3 % . The EC50fo r dan tro lene  p ro te c tio n  aga inst CO -induced 
CA1 o rtho d rom ic  and a n tid ro m ic  p ro te c tio n  w as 9 .7  µM and 9 .6  µ M , 
respec tive ly . Removal o f ca lc ium  fro m  the  perfus ion  ACSF also prov ided  
ro b us t p ro te c tio n  aga inst CO -induced CA1 in ju ry  w ith  o rth o d ro m ic  and 
a n tid ro m ic  PS recovering  to  91 ± 6 % and 92  ±  5 % . These resu lts  ind icate  
th a t CO -induced in ju ry  is m ediated by ca lc ium  fro m  e x trace llu la r in flu x , as 
w e ll as release o f in trace llu la r s to res . They fu r th e r su gg est th a t b lockade  o f 
in trace llu la r ca lc ium  release m ay be a usefu l approach  in lim itin g  neuronal 
dam age induced by CO. S upported  by V A  Research Service.

1 7 8 .5

ENDOGENOUS CALCIUM BUFFERING CAPACITY IN SPINAL 
CORD MOTONEURONS AS REVEALED BY SIMULTANEOUS 
PATCH CLAMP AND MICROFLUOROMETRIC MEASUREMENTS.
Jiri Palecek*. Mario B. U p s 1 and Bernhard U. Keller1. Inst, of Physiology, 
Czech Academy of Sciences, 142 20 Prague, Czech Republic and Centrum 
Physiologie, Univeгsität Göttingen, Humboldtallee 23, 37073 Göttingen, 
Germany

Excitotoxic cell death has been shown to be triggered by excessive Ca2+ 
influx. Intracellular calcium has also been demonstrated to play an important 
role in different neuгodegenerative disorders including amyotrophic lateral 
sclerosis that specifically affects motoneurons. The endogenous calcium 
buffering capacity of motoneurons determined in this study by the "added 
buffeґ method (Neher and Augustine, J. Physiol. 1992), could thus provide 
further insight into motoneuron degenerative diseases.

Simultaneous current and rapid ratio-microfłuorometric calcium 
measurements were performed on motoneurons in spinal cord slices from 2 
to 8 day old mice using a patch clamp and monochromator-photomultiplier 
system with a temporal resolution in the millisecond range. Somatic calcium 
transients during defined depolarizations were studied as a function of the 
fura-2 concentration in the cell (0.04 -1 mM) during and after loading of the 
neuron, allowing to extrapolate endogenous parameters of calcium 
homeostasis to dye-free, undisturbed conditions. Endogenous calcium 
buffering capacities in motoneurons were low, approximately one order of 
magnitude smaller compared to those in cerebellar Purkίnje cells recorded 
under identical conditions (2 to 6 day old mice). Accordingly, our 
measurements suggest that the marked vulnerability of spinal motoneurons 
to calcium-related excitoto×icity could partly result from low concentrations 
of calcium buffers in these cells. Supported by
Sonderforschungsbereich 406, DFG Ke 403-6-1 and GACR 305/96/0680.

1 7 8 .2

QUINOLINATE NEUROTOXICITY IN RAT STRIATAL SLICES IS MEDIATED 
BY NITRIC OXIDE AND CARBON MONOXIDE. A. Santamaría*. D. Santamaгía. V. 
Espinoza. S. Galvan. Carailo Rios and Laura Osorio. Dept, o f Neurochemistry, National 
Institute o f Neurology and Neurosurgery. México D.F. 14269, MEXICO.

Nitric oxide (NO) and carbon monoxide (CO) have been postulated as 
neuromodulators in the central nervous system (CNS). Production of both NO and CO 
in the brain is thought to be related to the activation o f NMDA receptors, leading to 
enhanced activities o f Ca2+-calmodulin dependent NO synthase (NOS) and heme 
oxygenase (HO), respectively. Under conditions o f excessive activation of NMDA 
receptors, both molecules seem to play a role as mediators of neurotoxicity. In order to 
elucidate a possible participation o f NO and CO in the neurotoxicity elicited by NMDA 
receptors overactivation, in this work we investigated the effect o f some inhibitors of 
the activities o f NOS -Nω-nitro-L-arginine (L-NARG) 100 µM- and HO -Zinc- 
protoporphyrin (ZnPP) 2.5 µM- on the neurotoxic events observed after the incubation 
o f rat striatal slices in the presence of a well-known NMDA receptor agonist and also a 
potent neurotoxin, quinolinic acid (QUIN) 100 µM. Neurotoxicity was evaluated by 
two experimental parameters: a) cell damage, as measured by lactate dehydrogenase 
(LDH) leakage; and b) lipid peroxidation, as measured by the thiobarbituric acid- 
reactive substances (TBARS) assay. Incubation of striatal slices (5 per probe) during 60 
minutes at 37°C in the presence o f QUIN produced significant increases in LDH 
leakage and TBARS (177 and 203 % vs control, respectively). Addition to the 
incubation media o f L-NARG or ZnPP completely prevented both o f these parameters 
induced by QUIN. Moreover, incubation o f the striatal slices in the presence o f L- 
arginine (L-ARG) 100 µM -a well-known NO precursor- together with ZnPP resulted in 
a significant prevention o f oxidative injury induced by L-ARG alone. Our results 
suggest that both NO and CO might be involved in the QUIN-induced neurotoxicity 
and also that CO can be the key to explain the toxic action o f NO in this and other 
studies.

1 7 8 .4

IONOTROPIC GLUTAMATE RECEPTORS MEDIATE PROMINENT 
CALCIUM RISES IN DORSAL VAGAL NEURONS DURING ISCHEMIA 
BUT NOT ANOXIA. K. Ballanyi*, S. Trapp & A Kulik 
II. Physiol. Inst., University of Göttingen., D-37Ô7$ Ġöttίngen, FRG

In dorsal vagal neurons (DVN) of rat brainstem slices, oxygen depletion 
leads to a KATP channel-mediated hyperpolarisation, while ‘in vitro 
ischemia’ by anoxic exposure after preincubation in glucose free-solution 
elicits a progressive depolarisation (Ballanyi et al., J. Physiol., 495, 769- 
784, 1996). Here, we studied the effects of anoxia and ischemia on 
intracellular Ca2+ ([Ca2+]¡) of these medullary neurons.

In DVN, dialysed via the patch electrode with fura-2, anoxia produced a 
KATP channel-mediated outward current and a stable elevation of [Ca2+]¡ by 
less than 100 nM. The anoxia response was not affected by the ionotropic 
glutamate (Glu) receptor blockers CNQX and APV and was not mimicked 
by the metabotropic Glu agonist 1S,ЗR-ACPD. In contrast, ischemia elicited 
a progressive inward current and a [Ca2+]¡ rise by up to 2 µM which were 
blocked by combined administration of CNQX and APV. CNQX or APV 
alone only attenuated the ischemia response. Bath application of 1 mM Glu 
led to a comparable rise of [Ca2+j¡ and depolarisation. This [Ca2+]¡ transient 
was attenuated by 50 % under voltage clamp and further reduced upon 
increasing holding potential from -50 to -80 mV. The blocker of voltage
gated Ca⅛ channels D-600 abolished increases of intracellular Ca2+ due to 
membrane depolarisation or activation of AMPA/KA-type Glu receptors, 
but did not suppress the effects of ischemia.

The high anoxia tolerance of DVN might be due to lack of extracellular 
Glu accumulation. The profound rise of [Ca2+]¡ during ischemia appears to 
be related to Glu receptor activation causing Car* entry via NMDA 
receptors as well as voltage-gated Ca2+ channels.

Supported by the Sander-Stiftung and the DFG

1 7 8 .6

THE ROLE OF THE Na+/Ca2+ EXCHANGER IN REGULATION OF Ca2+ 
HOMEOSTASIS IN M AM MALIAN CENTRAL NEURONS REQUIRES RE- 
EVALUATION. B.Khodorov1*. V.Pinelis2, T.Storozhevykh2. NGrigortsevich1.
E. Sorokina2. O.Vergunł. N. Vinskaya2, institute of General Pathology and 
Pathophysiology, 125315, Moscow, Russia; institute of Pediatrics, Moscow, Russia.

It is widely accepted that perturbation of neuronal Ca2+ homeostasis caused by 
removal of external Na+ (Na+〇) results from the plasma membrane Na+/Ca2+ exchange 
reversal. Removal of Na+〇 also reverses the glutamate (GLU) transport which leads to 
release of endogenous GLU ("reversed uptake") with a subsequent Ca2+ influx through 
NMDA channels. The present study shows that this release of GLU is responsible for 
most o f the changes in neuronal [Ca2+]¡ homeostasis evoked by replacement of Na+〇 

with N-methyl-D-glucamine (NMDG). Experiments were carried out on cultured rat 
cerebellar granule cells loaded with ftira 2. In most of the cells replacement of Na+〇 

with NMDG caused a small increase in the basal [Ca2+]¡ and a considerable delay in 
[Ca~+]¡ recovery following a 1 min GLU (ЮOµM) pulse. These effects could be greatly 
enhanced by loading the cells with Na+(10µM monensin pre-treatment); by increase in 
pH〇 (up to pH8.5) or mitochondrial depolarization (by antimycin+oligomycin). 
Addition o f the NMDA receptor antagonist, AP-5 (100 µM) or memantine (25-50 µM) 
- a blocker o f NMDA channels - prevented or effectively abolished all the changes in 
[Ca2+]į produced by Na+〇/NMDG replacement. AP-5 also protected nerve cells against 
delayed death caused by a 30 min exposure of NMDG (0Na+) solution. Thus the 
observed perturbation of [Ca2+]¡ homeostasis caused by Na+〇/NMDG replacement was 
mainly due to reversed GLU uptake. In contrast to NaVNMDG replacement, a 
substitution of Na+by L i+ in most of the cells did not affect the basal [Ca2+], and 
produced only very small delay in [Ca2+]¡ recovery following a GLU pulse. In studying 
the origin o f this difference between the effects o f Na+〇/L i+ and Na+〇/NMDG 
replacements, data were obtained indicating that L i+ antagonized the reversed GLU 
transport. Thus, addition of 20 mM L i+ to the NMDG (ONa*) solution abolished an 
increase in the basal [Ca2+]¡ induced by the Na+〇/NMDG replacement or by the 
enhance of reversed GLU uptake L-trans-pyrrolidine-2,4-cücarboxylate (2OOµM). L i+ 
(2OmM) also protected nerve cells against a delayed death induced by 30 min exposure 
to the NMDG (ONa) solution. Collectively the results obtained indicate that in 
mammalian central neurons the Na+/Ca2<exchange does not play a critical role in 
either regulation of basal [Ca2+], or in Ca2+extrusion following a GLU challenge. 
(Supported by RFFI)
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MECHANISM OF NEUROPROTECTION AND OF NEUROTOXICITY OF CELL- 
MEMBRANE PERMEANT CALCIUM BUFFERS IN EXCITOTOXICITY AND 
ANOXIA. Rita Sattler**,b,. Milton P. Charlton*. Mathias _Hafneг and ..Michael 
Tymianski3. “Playfair Neuroscience Unit, University o f Toronto, Toronto, Canada. 
Technical University Mannheim, Mannheim, Germany.

Exogenous Ca chelating agents have been widely employed to study normal and 
pathological cellular Ca signaling and to evaluate the role o f Ca buffering in neuronal 
vulnerability to injury. Recently, using hippocampal slice cultures, we characterized 
the neuroprotective mechanism of permeant Ca buffers in anoxia and excitotoxicity 
(Abdel-Hamid and Tymianski, J Neurosci 17:3538, 1997). Here we also characterize 
the mechanisms o f toxicity of these compounds when loaded into cortical neurons in 
primary cultures.

The neurons were loaded with either BAPTA-, Dinitro-BAPTA- or APTRA-AM. 
Their resilience was tested against glutamate neurotoxicity (GNT) at 23 or 37°C and 
oxygen-glucose deprivation (OGD, 37°C). GNT is primarily a postsynaptic event, 
whereas OGD toxicity requires synaptic glutamate release. Cell death was determined 
by propidium iodide fluorescence, neuronal Ca loading was measured using 45Ca. In 
GNT, BAPTA-AM (10-30µM) was toxic at low (0-30µM) but not at higher (100- 
ЮOOµM) glutamate concentrations. Significant protection against GNT was observed 
at 2OC, but not at 37C. Protection against OGD was observed with both BAPTA-AM 
and APTRA-AM. Protection paralleled cellular BAPTA retention which was 
markedly reduced at 37C. The toxicity of BAPTA-AM at lower glutamate 
concentrations was not due to increased cellular Ca retention in BAPTA-treated cells, 
and not due to apoptosis. Toxicity was likely due to the -AM moiety, since cells 
loaded with Dinitro-BAPTA-AM (negligible Ca affinity) or with APTRA-AM (low 
Ca affinity) exhibited similar toxicity to cells loaded with BAPTA-AM.

Neuroprotection by cell permeant Ca buffers is likely due to their ability to 
attenuate synaptic transmitter release and thereby reduce excitotoxicity. However, 
intracellluiar delivery of these compounds using AM esters imparts toxicity to the 
permeant Ca buffer molecule. Designing alternative cellular delivery methods for Ca 
buffes should obviate this toxicity. (Supported by the NCE neuroscience networks, 
MRC o f Canada, and Allelix Biopharmaceuticals).

1 7 8 .9

PROGRESSIVE APOPTOTIC NEURONAL DEATH IN SPASTIC  
HAN WISTAR CEREBELLUM. A .A . P ik u la *  and  R .W . C o h e n . 
Departm ent of Biology, Californ ia S tate University, Northridge, CA 91330.

A poptosis, program m ed cell death, has been obse rved  in Purkin je  
ce lls in the cerebellum s of 60 day old spastic  Han-W ista r rats (P ikula et. al., 
1997). These rats are characterized by an autosom al, recessive mutation that 
resu lts in p rogress ive  loss o f Purk in je  ce lls , cu lm in a ting  in dea th  of the 
m utan ts  at 60-65  days. R esearch  in o u r lab has im p lica te d  g lu tam a te  
excitotoxic ity as a m echanism  responsib le  fo r th is  neuronal degeneration. In 
th is study, we exam ined the  p rogress ive  m an ifesta tion  o f apoptos is  in this 
m utant using three  experim ental approaches. First, the  TU N E L  assay was 
u s e d  to  dete rm ine  w h eth er apoptos is  deve lops in m u tan t ce rebe llum s at 
earlie r ages. Purkinje cells from  three  random ly se lected fo lia  were  counted 
on each  ce re be lla r s lice . A  percen tage  of a po p to tic  P urk in je  ce lls  w as 
determ ined fo r both normal and m utant sib lings. C erebe llum s of norm al rats 
showed no sign of TU N EL positive  ce lls. In 50 day  o ld  m utan ts, 28%  of 
P urkin je  ce lls exh ib ited  apopto tic  nucle i. In 60 day  o ld  m utan ts , 34%  of 
Purkinje ce lls showed a positive TU N EL response. Interesting ly, most of the 
apoptotic nuclei were observed in the distal portion of each folia. No apoptotic 
g ranu le  ce lls w ere observed in any m utant stud ied. A pop tos is  was fu rthe r 
e xam ined  by H e m a toxy lin  and E osin  s ta in in g  of P u rk in je  ce ll nuc le i. 
M orpholog ical characte ristics of H&E sta ined nucle i w ere com pared  in both - 
norm al and m utan t an im als  to d is tingu ish  apo p to tic  and necro tic  nucle i. 
R esults fo r th is part of the  experim ent are p resen tly  be ing co llected . The 
identification of apoptosis w ill be confirm ed by a third m ethod (DNA laddering) 
in iso la ted Purkin je  ce lls of spas tic  Han W is ta r rat. Based on p re lim inary 
results, apoptosis seem s to be a m echanism  involved in Purkinje cell death in 
this mutant.Thίs study was supported by CSUN and S igm a Xi research grants.

1 7 8 .1 1

DIFFERENTIAL MODULATION OF NMDA AND QUINOLINIIC ACID 
STRIATAL EXCITOTOXICITY BY METABOTROPIC GLUTAMATE 
RECEPTORS L.R. Orlando*. S.A. Alsdorf. J.B. Penney. Jr., ¾nd A.B. Young. 
Program in Neuroscience, Harvard University and Dept, o f Neurology, 
Massachusetts General Hospital, Boston, MA 02114.

Metabotropic glutamate receptors (mGluRs) play a role in striatal excitotoxicity, 
demonstrated by the ability o f (±)-l-aminocyclopentane-trans-l,3-dicarboxylic acid 
(í-ACPD) to restore NM DA lesions in decorticated rats (Beal et αl 1993, 
Neurodegen., 2:81-91). We have further investigated the role of Group I mGluRs in 
striatal NMDA- and quinolinate-mediated toxicity in vivo using selective mGluR 
agents. Lesions were visualized with 2,3,5-triphenyltetrazolium chloride.

Two mGluR Group I antagonists, (S)-4-carboxy-3-hydroxyphenylglycine ((S)· 
4CЗHPG) and (RS)-l-aminoindan-l,5-dicarboxylic acid (AIDA), reduced the size of 
striatal quinolinic acid (quin, 100 nmol) lesions by 50% and 90%, respectively. 
The compounds also reduced the size o f NMDA (150 nmol) lesions, but only by 
40% and 50%, respectively. (+)-Methylcarboxyphenylglycine, (+)-MCPG, failed to 
significantly alter either NMDA or quin lesions. Therefore, Group I mGluR 
antagonists can protect against NMDAR-mediated striatal toxicity, and they are 
more effective i f  quin vs NMDA is the iGluR agonist used.

We also tested the ability o f the Group I agonists t-ACPD, Гrαл5-azetidine-2,4- 
dicarboxylic acid (/-ADA) and (RS)-3,5-dihydroxyphenylglycine (DHPG), to restore 
NMDA and quin toxicity in decorticated rats. None o f these agonists at doses of 
1000 nmol restored toxicity o f either 100 or 200 nmol quin. Conversely, we 
confirmed t-ACPD (1000 nmol) does significantly restore NMDA (200 nmol) 
toxicity and identified that t-ADA (1000 nmol) does as well. Therefore, Group I 
mGluR agonists restored NMDA but not quin toxicity in decorticated rats.

These results confirm the important role of Group I mGluRs in striatal toxicity in 
vivo, and indicate the toxicity cascades activated by quin and NMDA are different, 
as revealed by differences in mGluR interactions with the two NMDAR agonists.

Supported by USPHS grants NS31579, AG 13617, and a NRSA pгedoctoral 
fellowship from the NIMH to L.R.O.

1 7 8 .8

INTRACELLULAR CALCIUM LEVELS IN ACUTELY 
DISSOCIATED PURKINJE CELLS IN THE S P A S TIC  HAN 
WISTAR RAT CEREBELLUM. K .D . R hee* and  R .W . C o h e n . 
Departm ent of Biology, Californ ia State University, Northridge, CA 91330.

G lutam ate excitotoxic ity has been im plicated as a possib le  cause of 
hum an brain d iseases such as A m yotroph ic Lateral S clerosis, A lzhe im er’s, 
H u n tin g to n ’s, e p ilepsy  and the  neu ro log ica l sym p tom s of A ID S . O ver
excita tion  of NM DA receptors causes an abnorm a l in flux o f ca lc ium  ions 
(C a2+), a ffecting  various enzym es tha t p rom ote neu rodegeneration . Th is 
excess influx of Ca2+ may dam age act¡n filam ents, produce free  radicals by 
d ep o la riz in g  m itochondria , h ind e r gene  e xp ress io n , o r in h ib it p ro te in  
synthesis. The spas tic  Han W ista r rat is a genetic m odel of excito toxic ity 
w h ich  is rep resen ted  by p ro g re ss ive  d eg en e ra tion  o f P u rk in je  ce lls . 
Previous stud ies in our lab using the NM DA antagonist MK801 have shown 
a s ignifican t reduction in the degeneration of the Purkin je  ce lls, suggesting 
that reduced influx of C a 2+ ions pro longs the surviva l of the  Purkinje cells in 
the mutant. Here, m utant and normal Purkinje cells w ere acute ly d issociated 
and intracellular C a 2+ levels were com pared using the ca lcium  indicator Fluo- 
3/AM. In the absence of g lutam ate, there were  no apparen t d iffe rences in 
C a2+ levels between the normal and m utant Purkinje ce lls. W hen activated 
by 100 µM glutam ate, a 20%  increase in Ca2+ levels inside m utant Purkinje 
ce lls  w as obse rved  com pared  to  norm als . T h is  f in d in g  su gg es ts  the  
involvem ent of a g lutam ate coupled C a 2+ m echanism  in neurodegeneration 
in the mutant rat. To verify this result, C a 2+ levels at d iffe rent stages of neural 
degenera tion  are being com pared quantita tive ly  using the  ra tiom etric  dye, 
lndo-1/AM  and a confocal m icroscope. Th is s tudy was supported  by CSUN 
Research and Sponsored Project and S tudent P ro ject Awards.

1 7 8 .1 0

METABOTROPIC GLUTAMATE RECEPTOR (mGluR) MEDIATED 
NEUROPROTECTION IN THE SPASTIC HAN WISTAR RAT. C .M . 
H e rn a n d e z  and R.W . C o h e n *. D epa rtm en t o f B io logy, C a lifo rn ia  S ta te  
University, Northridge, CA. 91330.

Previous research has im plicated the spastic Han W ista r rat as a potentia l in  
vivo  model of glutamate excitotoxicity. This m utant suffers from  an autosom al 
recessive m utation that results in dysfunctiona l g lu tam aterg ic  transm ission. 
G lu ta m a te  e x c ito to x ic ity  is b e lieve d  to  be  an u n d e rly in g  m e ch an ism  
a c c o u n tin g  fo r  the  n eu ro n a l d e g e n e ra tio n  o f th e  c e re b e llu m  and  
h ipp o cam pu s b eg in n ing  a t PЗO and cu lm in a tin g  in dea th  a t P 60-65. 
R ecen tly , we have  a tte m p te d  to  d e te rm in e  the  e ffic a c y  o f io no tro p ic  
g lutam ate  receptor antagonists in the ir ability  to  o ffe r neuroprotection . The 
se lective  NM DA antagonist MK-801 yie lded 30%  increases in both P urkinje  
cell counts as well as longevity (Brunson eta !., 1996). The A M PA antagonists 
GKYI 52466 and CNQ X also prom oted neuroprotection, but to  a lesser extent 
(Nisim e ta l., 1997). In this study, we explore  possib le  neuroprotective  effects 
of G -prote in  linked g lutam ate receptors (m G luRs). M etabo trop ic  g lutam ate 
group  I cons is ts  o f the  recep to r subtypes m G lu R I and m G luR 5 and are 
considered excitatory. Phase I of our s tudy u tilized the com petitive  mG luR 
group  I antagonis t, 1 -am ¡noindan-1 ,5-d ica rboxy lic  acid  (A IDA). Sam e sex 
norm al and m utant litte r mates were in jected system ica lly  w ith e ithe r A ID A 2 
mg/kg o r vehic le  (10%  DM SO, 10 mM NaOH) fo r three weeks. No significant 
d iffe rence  in longevity  (n=5) was obse rved  betw een  tre a te d  and veh ic le  
in jected m utants. A ID A-trea ted  m utants however, d isp layed  g rea te r m otor 
activity scores (15% increase) than controls. Phase II of this study w ill focus on 
the possib le  neuroprotective  ab ility  of group II ⁄  III recepto r agonis ts . This 
s tudy was supported by CSUN Research and S tudent P roject Awards.

1 7 8 .1 2

LOCALIZATION OF M ETABOTROPIC G LUTAM ATE RECEPTORS 
IN ID E N T IFIE D  N EUR O N S IN RAT M E SE N C E PH A L IC  AND  
STRIATAL CULTURES. J.B. Penney. Jr.*. D.S. Albers. L.R. Orlando. D.M. 
Martin. A.B. Young and D.G. Standaert. Dept, of Neurology, Massachusetts General 
Hospital and Harvard Medical School, Boston, M A 02114.

Glutamate, can activate ionotropic and metabotropic receptors (mGluRs), and 
excessive activation of ionotropic receptors can lead to neuronal death, termed 
excitotoxicity. Pharmacological manipulation of mGluRs is neuroprotective in a 
variety of excitotoxic models. In fact, mGluRs are appealing drug targets due to their 
restricted distribution and ability to modulate excitatory synaptic transmission.

We established primary mesencephalic and striatal culture systems and investigated 
the expression of mGluR protein in particular neuronal populations using well- 
characterized specific mGluR antisera and dual-label confocal fluorescence microscopy. 
Immunostained mesencephalic cultures reveal that tyrosine hydroxylase (TH)-positive 
dopaminergic neurons are immunopositive for mGluR5 and mGluR7; no other mGluR 
immunoreactivity was detected in TH-positive cells. In striatal cultures, intense 
mGluR5 immunoreactivity was observed, primarily in calbindin-immunopositive 
neurons. Moderate levels of mGluR2/3 and mGluR4 immunostaining were also 
detected in striatal cultures; mGluRI- and mGluR7-immunoreactivity were scarce.

Altogether, these results demonstrate the presence of specific mGluRs in particular 
neuronal populations in the ventral mesencephalon and striatum. The differential 
expression of mGluRs in distinct types o f neurons may contribute to their selective 
vulnerability in neuronal injury and neurodegenerative disease.

Supported by USPHS grant NS31579, NS3436l a Cotzias Fellowship from the 
American Parkinson Disease Association, a NRSA pгedoctoral fellowship from the 
NIMH (L.R.O.) and the National Parkinson Foundation.
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ACTIVATION OF GROUP II шGluR REDUCES POSTTRAUMATIC NEURONAL 
INJURY IN VITRO AND IN VIVO. A.I. Faden*. J. Allen. M.G. Espev. A.S. Basile. 
S. Ivanova. Institute for Cognitive and Computational Sciences, Georgetown 
University Medical Center, Washington, D.C. 20007 and the Laboratory of 
Neuroscience, NIDDK, National Institutes of Health, Bethesda, MD.

Metabotropic glutamate receptors (mGluR) have been divided into 3 major groups 
on the basis of sequence homology and signal transduction pathways. Group ∏ 
receptors (mGluR2, mGluR3)) are negatively coupled to adenylate cyclase activity and 
are involved in presynaptic depression. We examined the effects of three selective 
group II agonists — APDC, DCG-ΓV and LY35474O~on neuronal survival following 
traumatic injury to rat mixed neuronal-glial cultures. Group II receptors were present in 
the cultures as shown by RT-PCR and Western blot analysis. Each group ∏ agonist 
significantly reduced injury-induced LDH release to a similar degree (approximately 25- 
30%); ECj„ values were 9 µM for APDC, 73 nM for DCG-ΓV and 34 nM for 
LY35474O. Injury caused an increase in cAMP and glutamate levels, which were 
significantly attenuated by treatment with group II agonists. The neuroprotective 
effects of group II agonists were markedly attenuated by treatment with either a group ∏ 
antagonist (EGLU) or a membrane permeable cAMP analog (8-Bг-cAMP). Beneficial 
effects of group II agonist treatment were additive to that provided by the NMD A 
antagonist MK-801 or the group I antagonist AIDA. We also evaluated the effects of 
treatment with LY35474O following traumatic brain injury in rats (lateral fluid 
percussion model); at an iv dose of 5 mg/kg administered 30 min after trauma, 
LY35474O treated animals showed significantly improved behavioral recovery using a 
well characterized composite neuroscore than vehicle treated controls. Together, these 
studies indicate that group II mGluR agonists protect against traumatic neuronal injury 
in vitro and in vivo. Potential mechanisms may include attenuation of glutamate 
release and cAMP changes. Supported by DOD DA MD 17-93-V-3018, and CDC 
CCR 306634

1 7 8 .1 5

NEUROPROTECTION BY THE TRH-LIKE PEPTIDE pGLU-GLƯ- 
PRO-NH2 (EEP). M.L. Koenig*. J.B. Long, and J.L. M everhoff. D ivision  
o f Neurosciences, Walter Reed Army Institute o f  Research, Washington, 
DC 20307-5100.

The concentration o f  EEP, a tripeptide structurally similar to TRH and 
found in the brain but not hydrolyzed by the TRH-hydrolyzing enzyme 
thyroliberinase, is increased following electroconvulsive seizure activity 
(Soc. Neurosci. Abstr. 23:2377, 1997). We have investigated the 
possibility that EEP may have neuroprotective effects. Primary cultures 
o f neurons derived from the forebrains and spinal cords o f  E l 5 fetuses 
were prepared and maintained in culture for eight days. Neurotoxicity in 
response to a 30 min. exposure to 100 µM glutamate (Glu) ± EEP was 
assessed using a colorimetric (MTT) assay o f  mitochondrial succinate 
dehydrogenase activity. EEP was found to reduce Glu-induced 
neurotoxicity in a dose-dependent manner in both forebrain and spinal 
cord neurons. 500 µM EEP significantly reduced Glu-induced toxicity in 
spinal cord neurons by 20 ±  2.0% (n = 7) and in forebrain neurons by
29.8 ± 5.6% (n= 7). A two-fold increase in [EEP] to 1 mM resulted in 
almost doubling the neuroprotection: 38.9 ±  4.9% (n=8) in spinal 
neurons and 54.1 ±  5.3% (n=7) in neurons from forebrain. It is likely that 
at least part o f  the neuroprotection attributable to EEP involves a 
reduction in Glu-induced elevations in [Ca]¡, similar to that reported for 
TRH (Brain Res. 730:143, 1996). (Supported by the U.S. Army Med. Research & 
Materiel Command and by the Defense and Veterans Head Injury Program)

1 7 8 .1 7

GLUTAMATE TRANSPORTERS LIMIT NMDA RECEPTOR ACTIVA
TION DURING EARLY OXYGEN-GLUCOSE DEPRIVATION IN THE 
HIPPOCAMPUS. D. Jabaudon, B.H. Gähwiler*, U. Gerber. Brain Research 
Institute, University o f Zurich, 8029 Zurich, Switzerland.

We investigated whether the extent of the extracellular glutamate increase 
during oxygen-glucose deprivation (OGD) is sufficient to activate NDMA 
receptors and assessed the role played by glutamate transporters in the ambi
ent glutamate accumulation. Patch-clamp recordings were obtained in rat 
organotypic hippocampal slices from CAЗ pyramidal cells held at +40 mV. 
Under these conditions, the clamped neuron, via its NMDA receptors, is 
used as a "glutamate sensor". Induction of OGD by application of 2- 
deoxyglucose and NaCN rapidly resulted in a large outward current (150- 
300 pA) which was strongly reduced by D-APV (50 µM), while D-APV had 
no effect on the baseline cuưent under control conditions. This outward cur
rent is thus mediated by activation of NMDA receptors and reflects in
creases in ambient glutamate levels. Under control conditions, puff applica
tion of glutamate uptake inhibitors (L-tPDC, DHK or THA) transiently in
creased ambient glutamate levels. During OGD, L-tPDC (250 µM) induced a 
stronger increase in extracellular glutamate, indicating that glutamate trans
porters are still efficient in limiting ambient glutamate accumulation. Thus, 
during OGD, the ambient glutamate concentration increases enough to acti
vate NMDA receptors, at a time when reversed function of glutamate trans
porters is not present. Glutamate transporters are thus not responsible for the 
initial increase in ambient glutamate; on the contrary, they limit the extra
cellular accumulation of this neurotransmitter.

Supported by the Swiss Academy fo r  Medical Sciences and the Swiss Na
tional Science Foundation.

1 7 8 .1 4

C A N N A B IN O ID  RECEPTO R  A G O N IST S PROTECT  
C U L T U R E D  RAT HIPPO C AM PA L N E U R O N S  FROM  
EXCĨTOTOXĬCITY. M . Shen*. S.A. Thaveг. D ept, o f  
Pharmacology, U niv, o f  M innesota, M inneapolis, M N  55455.

Cannabinoid receptor agonists act presynaptically to inhibit the 
release o f  glutamate. Because other drugs with this action are 
known to reduce excitotoxicity, w e tested several cannabim im etics 
in  a m odel o f  synaptically m ediated neuronal death. Reducing 
the extracellular M g2+ concentration ([M g2+]〇) to 0.1 m M  evoked  
a repetitive pattern o f  intracellular Ca2+ concentration ([C a2+]j) 
spikes, that when m aintained for 24 Ins resulted in significant 
neuronal death. The [Ca2+]j spiking and cell death in this m odel 
result from excessive activation o f  N M D A  receptors as indicated  
by inhibition o f  both [Ca2+]į spiking and neuronal death by the 
N M D A  receptor antagonist C G S19755 (10 µM ). The
cannabim im etic drug, W in55212-2 (100 n M ), com pletely blocked  
[Ca2+]į spiking and prevented neuronal death induced by low  
[M g2+]〇. These effects on [Ca2+]į spiking and viability were 
stereoselective and were prevented by the CB1 receptor antagonist 
SR141716 (100 nM ). The partial agonist CP5594O (100 nM ) also 
afforded significant protection from excitotoxicity. These data 
suggest that cannabim im etic drugs may slow the progression o f  
neuгodegenerative disease. (Supported by the N IH  and the N S F )

1 7 8 .1 6

NETWORK-DRIVEN ACTIVITY IS THE MAIN CAUSE OF GLUTAMATE- 
INDUCED DELAYED HIPPOCAMPAL CA1 NEURONAL DEATH. H  
Lahtinen*. A·-M. Autere, S. Lauri and K. Kaila. Dept, o f Biosciences, Div. of 
Animal Physiology, FIN-00014 University o f Helsinki, Helsinki, Finland.

Excessive release o f glutamate is known to trigger delayed hippocampal 
pyramidal cell death following excitotoxic insults, e.g. in ischemia/epilepsy. We 
have used mature organotypic hippocampal cultures to study the involvement of 
neuronal network activity -  which is frequently ignored at least in in vitro studies 
-  in this kind o f excitotoxicity. Since organotypic slices retain their local neuronal 
connectivity and physiological function for weeks in culture, they offer an ideal 
tool for these experiments. Glutamate (GLU; 10 mM) treatment for 30 min in an 
interface culture resulted in a slowly developing degeneration of hippocampal 
principal cells, starting from the medial end of the CA1 region and reaching the 
dentate gyrus by 48 h (propidiшn iodide as a cell death marker). By 24 h, most 
pyramidal cells in CA1 were damaged. When teưodotoxin (TTX; 0.5 µM) was 
present during and after the GLU insult, a marked protection (mean 57%, 
p<0.001) o f the CA1 damage was observed. Rather strikingly, when TTX was 
applied only after the insult, a similar amount o f protection (mean 67%, p<0.001) 
was achieved. In electtophysiological recordings from str. radiatum in an interface 
chamber, the GLU¯freated slices exhibited massive TTX-sensitive fast spiking 
activity. Taken together, the results suggest that post-insult neuronal network 
activity, rather than the direct action of exogenous glutamate, is a major cause of 
delayed CA1 pyramidal cell death. Supported by the Sigrid Juselius, the Ella and 
Georg Ehmrooth and the Orion-Farmos Foundations, and the Academy o f  
Finland.

1 7 8 .1 8

PLATELET G LU TA M A TE TRANSPORTERS AND UPTAKE IN 
NEURODEGENERAT1VE DISORDERS.
C.Ferrarese*1, C. Zoia2, B. Begni, G. Camattari, G. Sala and L.Frattola. 
Department of Neurology and Anatomy2, University of Milan - Ospedale San 
Gerardo, Monza and 'Scientific Institute "E.Medea", Bosisio Parini- ITALY.

Decreased glutamate uptake has been shown in brain samples in degenerative 
disorders. We investigated the expression o f glutamate transporters and modifications 
of glutamate uptake in platelets, as peripheral markers of excitotoxicity.
34 Parkinson`s Disease (PD), 20 Alzheimer’s Disease (AD), 10 amyotrophic lateral 
sclerosis (ALS) patients and 30 age- and sex-matched healthy controls were selected. 
Polyclonal anti-peptide antibodies that specifically recognize EAAC1, GLT-1 and 
GLAST glutamate transporters (provided by Prof. JD Rothstein, Baltimore, MD) 
were used to assess, by Western-blot and electron microscopy, the type of transporter 
present in platelets. Uptake experiments were then performed using [3H]glutamate; 
glutamate content was also investigated by reverse-phase HPLC.

Both Western blot and the immunogold studies revealed that the three transporters 
are present in human platelets. A significant 50 % reduction of glutamate uptake (p 
< 0.001) was observed in PD patients, respect to controls, and correlated with the 
severity of PD, measured by the UPDRS (r=  -0.54; p < 0.05). Glutamate uptake 
was also decreased by 50 % (p< 0.05) in platelets from Alzheimer’s patients, 
compared to age matched controls, and from most ALS patients, although a higher 
expression oťGLT-1 glutamate transporter was observed in platelets of ALS patients.

These data indicate systemic impairment of glutamate uptake in neuгodegenerative 
disorders and suggest platelets as peripheral markers o f excitotoxic phoenomena 
occurring in the central nervous system.

Source of founding was the University o f Milan.
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178.19
G LU TAM ATE AN D  N -M E TH Y L-D -A SP A R TA TE - E VO K E D  CHO LINE 
RELEASE PRECEDES E XC ITO TO XIC  N E U R O N A L C E LL DEATH IN 
CO RTICAL CELL CULTUR ES. T. G asull. N. De G гeαorio-R ocasolano. A. 
Zapata. J.L. C apdevila  and R. T ru lla s*. Neurob io logy Unit, Institut 
ď ln ves tig ac ίon s  B iom èdiques de Barcelona, CSIC, 08034 Barcelona, Spain.

W e have previously reported tha t N -m ethy l-D -A sparta te  (N M DA) increases 
extrace llu la r choline (Cho) leve ls  in ra t pre fron tal co rtex  but not in cerebellum , 
in vivo. The e ffect o f NM DA and g lu tam ate  (G LU) on Cho re lease has been 
now investigated in rat cortica l and g ranu la r ce ll cu ltures. Incubation o f 
prim ary cultures o f  neuronal cortica l ce lls  w ith  NM D A  o r G LU  induced a 
concentration-dependent release o f Cho (ECso= β.3±0.31 and 2β±0.14 µM; 
Ema×≈ЗO9±33% and 2 57 ± I5 %  fo r G LU and NM DA, respective ly). The e ffect o f 
both G LU and NM DA required ex trace llu la r Ca2+ and was com plete ly 
abolished by the NM DA receptor antagonist M K-801, indicating  tha t Cho 
release evoked by G LU is specifica lly  m ediated by the  NM DA receptor 
subtype o f g lutam ate receptors in neuronal cortica l cells. In contrast, 500 µM 
NM DA did not have any e ffect on Cho re lease in ce rebe lla r g ranu la r cells.

Cortica l cell cu ltures showed no detectab le  leve ls  o f extrace llu la r 
acetylcholine, even in the  presence o f h igh concentra tions o f the 
acetylcholinesterase inh ib ito r neostigm ine, indicating tha t the  Cho released 
by g lutam ate  and NM DA derives from  m em brane  phospholip ids. Neither 
brom ophenacyl brom ide, aгisto loch ic acid nor D -609 antagonized Cho 
released by NM DA in cortica l cells, suggesting tha t th is  e ffec t is not mediated 
e ither by phospholipase A 2 o r C. Cho re lease w as observed as early as 1 h 
a fte r NM DA adm inistration, w ell before  ce lls  underwent e xc ito tox ic  death, 
measured by propid ium  iodide incorporation. These resu lts show  tha t NMDA 
and g lutam ate induce a rapid, concentration- and Ca2+-dependent Cho release 
in cortica l ce lls in culture tha t precedes e xc ito to x ic  neuronal cell death. 
Supported by DG ICYT, PB94-0017 and C ICYT, SAF98-0063.

178.21
“CATALYTIC” IRON MAY EXTEND SEIZURE-RELATED BRAIN 
DAMAGE IN RATS. S R. Nelson*. T.L. Pazdemik and F.E. Samson. 
Smith Research Center; Univ. Kansas Medical Center; Kansas City, KS 
66160.

Regional rat brain “catalytic” iron levels were measured 24 and 72 hrs 
after seizures were induced with the anticholinesterase agent, soman. 
100 - 200 µg samples were scraped from 20 µm thick tissue sections, 
extracted with 0.5 шM EDTA and assayed with a fluorescent method 
developed in our laboratory. Iron levels (mmol/kg-d.wt.) in soman rats 
were increased over controls in piriform cortex at 72 hrs (0.95 ±0.05, 
n=6 vs 1.16 ± 0.08. n=5ì but not at 24 hrs (1.07 ± 0.05, n=3 vs 1.03 ± 
0.02. n=ЗV Extending the study to additional regions, iron levels in 
piriform cortex (0.70 ± 0.02 vs 1.41 ± 0.231. hippocampus (0.73 ± 0.05 
vs 0.91 ± 0.0ĨÌ and thalamus (0.60 ± 0.03 vs 0.77 ± 0.06) were all 
significantly elevated 72 hrs after soman (n=3) compared to controls 
(n=3) but not elevated in parietal cortex (0.74 ± 0.05 vs 0.71 ± 0.01) and 
caudate nucleus (0.76 ± 0.09 vs 0.73 ± 0,01). The increases in “catalytic” 
iron may reflect hemorrhage in the grossly damaged piriform cortex and 
microhemorrhages in thalamus and hippocampus. Local cerebral 
glucose use images show tissue loss in those regions with elevated 
“catalytic” iron. We conclude that delocalized iron contributes to 
progressive seizure-related brain damage via oxygen free radicals. 
Supported by DAMD17-94C-4045.

178.20
MECHANISMS OF NEURONAL PROTECTION BY TAURINE IN 
CULTURED NEURONS W O. Chen.1 M. Nguven.1 J, Carr.1 Y.J. Lee,*
T. Foos.1 C.C. Hsu.1 K.M. Davis.1 J.V. Schloos.2 M.D. Faimяn.3 N A Γ)яĥl.1* 
and J.Y. Wu1. ⅛)ept. o f Biochemistry, Cell, and Molecular Biology, Univ, of 
Kansas; 2Dept. of Medicinal Chemistry, Univ, of Kansas; 3Dept. o f Pharmacology 
& Toxicology, Univ, of Kansas; Lawrence, KS66O45.

Excitotoxicity has been implicated as one of the major underlying mechanisms 
that trigger neuronal injury in a variety of neurodegenerative disorders. Previously, 
we have shown that glutamate-induced neurotoxicity can be prevented by taurine, an 
abundant amino acid in the brain [Adv. Exptl. Med. Biol., 403: 499-505(1996)]. 
To elucidate the mechanisms by which taurine exerts its neuroprotective function, 
the following experiments were conducted: To determine the effects o f taurine on i) 
glutamate receptor binding; ii) protein oxidation; iii) influx of Ca2+ and iv) the 
level of intracellular Ca2+, [Ca2+]¡. The results show that taurine has little effect on 
binding of [3H]-Glu to the Glu receptors, or on the influx of [45Ca] into cultured 
neurons. However, taurine markedly reduced protein oxidation and [Ca2+]¡. Since 
taurine has no effect on H2〇2',Fe2+-induced oxidation in cultured neurons, it is 
concluded that taurine reduces L-Glu induced protein oxidation through its effect on 
lowering [Ca2+]¡. Evidence supporting the notion that taurine reduces [Ca2+]j by 
exerting its effect through taurine metabotropic receptor will be presented. 
[Supported in part by grants from NSF, IBN-9723079, and Office of Naval Res., 
N00014-94-1-0457]

178.22
HEMORRHAGE IS AN ORIGINAL CAUSAL FACTOR OF SPINAL NEURON 
DAMAGE INDUCED BY SYSTEMIC MONOSODIUM L-GLUTAMATE IN THE 
NEWBORN RAT. M. Ishida*. T. Saitoh and H. Shinozaki Dept, of Pharmacology. 
The Tokyo Metropolitan Institute of Medical Science. 3-18-22. Honkomagome. 
Bunkyo-ku, Tokyo 113-8613. Japan

L-Glutamate has been implicated in the pathogenesis of excitotoxicity in the 
mammalian CNS. Recently we found that repeated subcutaneous administration of 
monosodium L-glutamate (4 g/kg/day, s.c.) in the first 5 - 6 days of life caused 
irreversible marked paraplegia in a small number of rats (< 5 %). accompanying by 
severe muscular and spinal aưophy. The methods were quite similar to those of 
developing obesity rats. In the spinal cord of the paraplegic rat (9 week-old), lower 
ventral roots showed marked atrophy, and the ventral horn cells apparently decreased 
in number. Other notable findings were chromatolysis of spinal motoneurones and 
rarefaction of the intramedullar myelin sheath in the lumber cord of severely 
paraplegic rats. In addition, several hours after the single administration of 
monosodium L-glutamate. marked subarachnoid and subpial hemorrhage occurred in 
the restricted area of the lower spinal cord, suggesting that the above described 
neuronal cell death was induced as a result of the hemorrhage. So far as we examined. 
MK-801 (a channel blocker of NMDA receptors. 1 mg/kg. s.c.) and L-NAME (a NOS 
inhibitor. 10 mg/kg. s.c.) significantly inhibited the glutamate-induced hemorrhage 
and spinal atrophy, but not others including CGS19755 (a competitive antagonist for 
NMDA receptors). The mechanism of glutamate excitotoxicity has not yet been fully 
elucidated. In addition to excessive activation of glutamate receptors on central 
neurons, the glutamate-induced hemorrhage also plays a key role for the acceleration 
of the neuron damage induced by L-glutamate.

EXCITOTOXICITY AND CELL DEATH ∏

179.1
DIRECT, REAL-TIM E MONITORING OF EXTRACELLULAR 
GLUTAMATE IN PRIMARY RAT BRAIN CELL CULTURES USING AN 
AMPEROMETRIC ‘BIOSENSOR’. J.Kazlauskaite.1 CM . Tolias.1 C.McNeil2 and
E.Hillhouse1. ’Molecular Medicine Research Institute, Univ, o f Warwick, UK; 2Dept. 
o f Clinical Biochemistry, Univ, o f Newcastle, UK. (SPON: British Neuroscience 
Association).

Glutamate is a major neurotransmitter in the nervous system and plays a critical role 
in mediating the neuronal damage produced during ischemia as a combined result o f 
impaired cellular uptake and excessive synaptic release. In order to elucidate the 
dynamics o f glutamate action during physiological and pathological states in nervous 
system we have developed a ‘novel’ amperometric biosensor for L-glutamic acid (L- 
Glu). The sensor was constructed by adsorption o f commercially available three- 
dimensional redox-epoxy film containing Horse Radish Peroxidase onto gold 
electrode followed by adsorption o f Glutamate Oxidase. The basic operating principal 
o f the sensor involves oxidation o f L-Glu to ⅝ 〇2 which is subsequently reduced by 
HRP giving rise to reduction current which is directly proportional to amino acid 
concentration. The sensor responded linearly to step changes in L-Glu concentrations 
over the range o f 0.1-50 µM with the response time <Юs. The electrode does not 
respond to aspartate, glutamine and other related neurotransmitters. Using this 
biosensor we have measured an increase in L-Glu concentration in cortical neuronal 
and mixed cell cultures over a 2 hour period following addition of high K+ 
concentration . At the same time we were able to record glutamate uptake by 
astrocytes which could be inhibited by DL-threo-ß-Hydroxyaspartate. The sensor 
presented here has characteristics required for measurement o f physiological 
concentrations o f extracellular glutamate, including: (1) high sensitivity for glutamate 
at low micromolar concentrations; (2) selectivity; (3) fast response time. This sensor 
provides an ideal tool to study the dynamic events associated with glutamate 
transmission in the CNS. This study was funded by The Wellcome Trust and Dr. 
Tolias is the recipient o f an “ Action Research” Training Felloship.

179.2

GLUTAMATE ACCUMULATION AND GLIAL REACTIVITY 
INDICATE EXCITOTOXIC NEURODEGENERATION IN 
DIABETIC RETINOPATHY. E, Lieth1* M,J. Ratz1, D Tanase1 AJ. 
Barber2, T.W. Gardner2,3, D.A Antonetti3, K.F. LaNoueJ,B . Xu3, Penn 
State Retina Research Group. ‘Depts o f Neuro and Anat, ^Ophthalmol, 
and JC℮11 and Molec Physiol, Penn State COM, Hershey, PA 17033

Retinopathy complicates diabetes by causing vascular permeability 
and degeneration o f neurons, notably in inner nuclear and ganglion cell 
layers. Vision loss begins after ~2O years o f diabetes, but the cause of 
the neurodegeneration is not known. We are investigating the possi
bility of glutamate excitotoxicity in a rat model o f diabetic retinopathy.

Total retinal glutamate initially decreases to 50% of control within 
the first month, but then climbs to 160% by three months o f diabetes. 
We also found that diabetes decreases glutamate-to-glutamine 
conversion to 65% of control. The vitreous humor, continuous with the 
retinal extracellular space, reflects the initial decrease and subsequent 
increase in glutamate accumulation to 300% of control by three months. 
Five-fold increased GFAP expression indicates that astrocytes and 
Müller glia become reactive after two months o f diabetes. Increased 
GFAP expression was not observed in spinal cords at 3 months of 
diabetes, indicating that the glial reactivity may be selective to retina.

These results are consistent with our observation o f neural cell apop
tosis in the retina within the first months after diabetes onset in rats, and 
suggest that glutamate may be excitotoxic in diabetic retinopathy. 
Support: JDFI (EL, TWG, DAA), ADA, NIH and PA Lions (TWG)'
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179.3
GLUTAMATE INDUCED RETINAL GANGLION CELL LOSS IN ADULT 
RATS -  AN IN VITRO STUDY T.A. Chen. A.W.S. Cheung and S.O. Chan 
Department of Anatomy, Chinese University of Hong Kong, Shatin, N.T., Hong 
Kong, P.R. China. (SPON: HKSN)

Glutamate is related to the neuronal death in certain retinal degenerative 
diseases. In this study, we have developed an in vitro culture system to examine 
the glutamate-induced damage to dye-filled retinal ganglion cells (RGCs) in adult 
rat retina, and the neuroprotective effects of glutamate antagonists. Sprague- 
Dawley rats (4 weeks old) were anaesthetized with an intraperitoneal injection of 
10% chloral hydrate (0.3mg/g body weight). The RGCs were labelled retгogradely 
with multiple injection of D il into the contralateral dorsal lateral geniculate 
nucleus. After 3 days, the retinas were dissected out and were exposed to various 
concentrations of glutamate (5-20 mM) at difference exposure time (20-60 min). 
After 24 hours in culture, the retinal explants were fixed in 4% paraformaldehyde, 
flat-mounted, and observed under a confocal microscope. In controls, there was no 
significant reduction in the number of RGCs after 24 hours culture. Significant 
loss of dye-filled RGCs was obtained in retinas exposed to glutamate and that this 
loss was dependent on the dose and the exposure time to glutamate. Glutamate at 
10 mM with 4Omin exposure resulted in an approximately 60% loss of RGCs. The 
excitotoxin-induced cell loss was attenuated by NMDA-receptor antagonist 
MK801 and non-NMDA receptor antagonist CNQX. These reductions in cell loss 
were dose dependent. It was noted that CNQX had a potent protective action to 
the RGCs at a low concentration (5 µM). Similar protective effect was only 
obtained when MK801 was used at a higher concentration (20 µM). We conclude 
that severe loss of RGCs in adult rat retina can be induced by a brief exposure to 
glutamate, and this neuronal loss is mediated through excitation of both NMDA- 
and non-NMDA subtype glutamate receptors.
Supported by a CUHK direct grant (ref. no. 2040630) funded to S.O.Chan.

179.5
EXCITOTOXICITY OF GLUTAMATE RELEASED FROM HUM AN  
GLIOMA CELLS IN VITRO H. Sontheimer* and Z-C. Ye. Department o f  
Neurobiology, Univ, o f Alabama at Birmingham, Birmingham, AL 35294.

Excitotoxicity has been recognized as the common final pathway o f many 
neuronal diseases. In light o f  the fact that gliomas are avid glutamine 
consumers, we set out to investigate the potential involvement o f  gliom a cells 
in excitotoxicity o f  surrounding neuronal tissues. Several gliom a cell lines 
were found to have abnormal glutamate metabolism and glutamate transport 
across the plasma membrane: (1) Compared to primary astrocytic cultures, the 
capacity o f  glutamate uptake into glioma cells is dramatically reduced; (2) 
Extracellular glutamate concentration ([glu]〇) builds up in a time dependent 
manner, with concentrations reaching levels over lOOµM within 10 hours; 
(3)Addition o f  glutamine potentiated and prolonged the increase o f  [glu]〇, as 
did serum factors; (4) Temporary exposure o f hippocampal neurons to gliom a 
conditioned media elicited sustained [Ca2+]į elevations that were follow ed by 
widespread neuronal death. (5) The totoxicity o f  glioma conditioned media 
could be largely prevented by treatment o f neurons with M K-801 or if  the 
glutamate content in gliom a media was depleted by preincubation with 
primary astrocytic culture, suggesting that the excitotoxicity is mediated by 
activation o f N M D A  receptors. Our data indicate that glioma cells can be a 
source o f  excitotoxic levels o f  glutamate and that the glutamate released by 
glioma cells may contribute to brain tumor associated necrosis or seizures that 
are often associated with glial tumors (supported by R01-N S-31234 and P50- 
HD-32901).

179.7
METHIONINE SƯLFOXIMINE:A NOVEL EXCITOTOXIN WITH 
MULTIPLE NEURAL ACTIONS. C A. Shaw1*. J.S. Bains1. B A. 
Pasqualotto2. K. Curry3, and M. Wilkinson4. Depts. o f  ophthalm ology  
and ⅜ hysiology, Univ, o f  British Columbia and P recision  Biochemicals, 
Vancouver, 4Dept. Ob/Gyn, Dalhousie Univ., Halifax.

For the first half o f  this century, wheat flour was bleached by NC13 in a 
method termed the ‘agene process’. A  byproduct was methionine 
sulfoximine (M SO) which was identified as causal to neurological 
disorders in animals, although its mechanisms o f  action were not 
understood. MSO is known to inhibit enzymes responsible for the 
syntheses o f  GSH and glutamine; structurally it resembles glutamate. To 
examine a potential excitotoxic action o f  M SO, field potential recordings 
were made from adult rat cortical slices. Bath applied M SO (µM  
concns.)gave depolarizing potentials which could be blocked by the 
NM DAR antagonist AP5. MSO also displaced [3H]-CGP 39653 binding 
with an IC50 .of 5.6µM. MSO fed to adult male rats (Зmg/day) led to  
significant increases (25%) in LDH activity in frontal cortex. M SO was 
lethal to neonate rats at 0.2-4m g s.c. These data suggest that M SO acts 
as a N M D A  agonist leading to increased neural activity and neuronal 
death. The conclusion that M SO may be an excitotoxin and was once 
present in flour raises the possibility that it may have contributed to an 
increased incidence o f  some neurological disorders.
Supported by the ALS Association.

179.4
O PTIC  N ER V E C R U SH  C A U SE S A R ISE IN VITR EA L  
G LU TA M A TE; ELEV A TIO N  B L O C K E D  BY  
E X C IT O T O X IC  A N T A G O N IST S
C.K. Vorwerk*. P. Simon. S. Pfeifer, and E.B. Drever.
The Department o f  Ophthalmology, Veterans Administration and the 
University o f  Pennsylvania, Philadelphia, PA 19104 USA

Elevated intravitreal glutamate levels have been implicated in 
chronic diseases such as glaucoma. Controlled rodent optic nerve 
crush models partial and diffuse axonal trauma.
We now show that optic nerve crush leads to transient elevation o f  
intravitreal glutamate in rat. 7 days after crush, glutamate was 
elevated in the vitreous to 5 times baseline values (from 21 umol to 
Ю3umol); no elevation was found ЗOmin after trauma.
Memantine (open channel N M D A  blocker), Riluzole (presynaptic 
glutamate release inhibitor), and nimodipine (voltage dependent 
calcium channel antagonist significantly blunted the rise in vitreal 
glutamate seen after optic nerve crush. Retinal sections were 
evaluated for histological changes.
Supported by a grant from NIH R 01E Y 10009.

179.6
EXCITOTOXIC ACTIONS OF THE AMINOGLYCOSIDE  
NEOMYCIN
Jeff A. Segal* and Phil Skolnick. CNS Discovery, Lilly Research 
Laboratories, Indianapolis, IN 46285-0510  

Am inoglycosides (AGs) such as neomycin are effective, 
inexpensive antibiotics. However, the use o f  AGs is limited by an 
ototoxicity that can result in permanent hearing loss. AG-induced 
ototoxicity may be an excitotoxic process involving a polyamine
like activation o f  cochlear N M D A  receptors (Basile et al., Nature 
M edicine, 2: 1338, 1996). To test this hypothesis, w e examined the 
ability o f  the AG neomycin to effect an excitotoxic cell death in rat 
brain. The data demonstrate that intrastriatal injection o f  neomycin 
results in significant neuronal damage. This effect is potentiated by 
co-injection o f  N M D A  and attenuated by N M D A  receptor 
antagonists. Moreover, compounds structurally related to 
neomycin, but devoid o f  positive modulatory actions at NM D A  
receptors, fail to produce neuronal damage. Preliminary studies 
indicate similar actions o f  neomycin in primary cortical cell 
cultures. These data support the hypothesis that AG-induced  
ototoxicity is an excitotoxic process produced by N M D A  receptor 
activation.

179.8
PO TEN TIA TIO N OF ST RIAT AL N M D A  EXCITO TO XIC ITY IN THE  
R A T  BY  D - AM PH ETAM INE; A RO LE FO R K Y N U R E N IC  ACID? ¡L 
Poeegeler*. A. Rassoulpour. P. G uidetti. H .-O . Wu and R. Schw arcz. 
M aryland Psychiatric Research C enter, Baltim ore, M D  21228.

D opam inergic agents such as D -am phetam ine (D -A M P H ) reduce the 
levels o f  the endogenous g ly c in e /N M D A  receptor antagonist kynurenic 
acid (K Y N A ) in the rat brain (Soc. N eurosci. A bstr., 23: 903.14, 1997). 
This decrease in brain K Y N A  m ay enhance vu lnerability  to an ex c ito 
toxic insult. We therefore exam ined the e ffec ts  o f  D -A M P H  on N M D A  
toxicity  in the striatum  o f  14 d a y -o ld  rats. A nim als received an intra
striatal in fu sion  o f  2 µg/1 µl N M D A  60 m in after an i.p. in jection  o f  D -  
AM PH  ( 1 - 5  m g/k g). Three days later, the animals were challenged  
w ith apom orphine (1 m g /k g , s .c .), and the net num ber o f  rotations to 
ward the side o f  the in jected  striatum  was recorded. D -A M P H -p re-  
treated rats d isplayed a d ose-d ep en d en t increase in the num ber o f  turns 
as com pared to controls (N M D A  + i.p. veh icle) (p < 0.01; N  = 6 per 
group). This behavioral test suggested lesion potentiation by D -A M P H . 
Confirm ation was obtained in the same animals by quantitative image 
analysis o f  cytochrom e oxid ase-sta in ed  striatal tissue sections. Lesion  
volum es (m m 3) were sign ifican tly  increased after pretreatm ent w ith  2 or 
5 m g /k g  D -A M P H  (9.3 ±  0.8 and 12.0 ±  3.3 vs. 4 .0  ± 0 .1  for controls; 
p < 0 .01). This potentiation o f  N M D A  tox ic ity  was prevented by the 
N M D A  receptor antagonist CG P 40116 and by drugs w h ich  reversed the 
D -A M P H -in d u ced  depletion  o f  brain K Y N A  (such as kynurenine  
hydroxylase inhibitors and dopam ine receptor antagonists). These f in d 
ings therefore suggest that a reduction in K Y N A  conten t exacerbates 
striatal suscep tib ility  to exc ito tox ic  dam age.

Supported by USPHS grant NS 28236.
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179.9
EXTRACELLULAR GLUTATШONE POTENΉATES EXCITOTOXIC 
NEURONAL INJURY IN MURINE CORTICAL CELL CULTURE. R. F. 
Regan* and Y.P. Guo. Division o f Emergency Medicine, Thomas Jefferson 
University, Philadelphia, PA 19107.

Glutathione is present in the CNS in millimolar concentrations, and is a 
predominant intracellular antioxidant. In addition, reduced glutathione (GSH) 
is released into the extracellular space by neurons via a depolarization-enhanced 
process. Although the role o f  extracellular GSH has not been precisely defined, 
a growing body o f experimental evidence suggests that it selectively binds to a 
receptor and mediates or modulates excitatory neurotransmission. In this study, 
the effect o f  extracellular GSH on excitotoxic neuronal injury was quantitatively 
assessed. Neuronal death due to 20-25 h exposure to 6-9 µM N-methyl-D- 
aspartate (NMDA) was markedly increased by 300-1000 µM reduced glutathione; 
kainate neurotoxicity was unaffected. Two related compounds that lack a 
sulťhydryl group, oxidized glutathione and S-hexylglutathione, had no significant 
effect on NMDA neurotoxicity alone but completely blocked the effect o f  GSH. 
Mercaptoethanol, a sulfhydryl compound that increases NM DA receptor 
responses by reducing redox sites, enhanced NM DA neurotoxicity to a degree 
comparable to that o f  GSH; this effect was also blocked by equimolar S- 
hexylglutathione or oxidized glutathione. Addition o f GSH to mercaptoethanol 
did not further increase NMDA-induced neuronal death. Extracellular GSH had 
no effect on intracellular GSH levels. These results suggest that reduced 
glutathione is an endogenous ligand and reducing agent at NM DA receptor redox 
sites. Glutathione analogs that lack a sulfhydryl group may provide a novel 
pharmacologic approach to modulation o f NM DA receptor responses.
Supported by Thomas Jefferson University.

179.11
C L O N ID IN E  P R E V E N T S  N M D A  A N T A G O N IS T  
NEUROTOXICITY BY ACTIVATING  c½ ADRENERGIC  
RECEPTORS IN THE DIAGONAL BAND. S.H . K im . J.W. 
Olney. and N .B . Farber.* Dept. Psychiatry, Washington Univ., St. 
Louis, MO 63110

Antagonists o f the N M D A  glutamate (glu) receptor, including 
phencyclidine (PCP) and M K -801, injure neurons in the posterior 
cingu late /retrosp len ia l cortex  (P C /R SC ) w hen adm in istered  
system ica lly  to adult rats. The neurotoxic action o f  N M D A  
antagonists (N A) is mediated by a com plex disinhibition mechanism  
in w hich N A  abolish G A B A ergic inhibition, resulting in the 
simultaneous excessive release o f at least two neurotransmitters at 
receptors located on vulnerable PC/RSC neurons (acetylcholine at 
muscarinic receptors and glu at non-N M D A  receptors). Previously  
w e have found that the system ic injection o f α 2 adrenergic agonists 
(e.g. clonidine, guanabenz) can block this neurotoxic reaction and 
can reverse excessive release o f ACҺ. To determine the location o f  
these adrenergic receptors we injected clonidine (1 nmol) directly 
into one o f several brain regions o f rats injected with system ic MK- 
801. W e found that clonidine attenuated the PC/RSC neurotoxicity 
when injected into the diagonal band o f Broca, a division o f the basal 
forebrain containing cholinergic neurons w hich project to the 
PC/RSC. Injections into the nucleus basalis were ineffective, as were 
injections directly into the PC/RSC. Based on these results w e 
propose that α 2 adrenergic receptors critical for b locking PC/RSC  
neurotoxicity are located on cholinergic neurons in the diagonal 
band. Supported by AG 11355, DAO5O72, SDAC DA00290 (NBF), and RSA MH 
38894 (JWO).

179.13
SPERMINE IS NEƯROPROTECTIVE IN HIPPOCAMPAL SLICES 
P. A. Ferchmin* D. Perez . M. B iello. Center for Mol. and Behav. 
Neurosci. and Dept. Biochem., Univ. Central del Caribe, Bayamón, P R. 
00960-6032

The natural polyamines were implicated as either neurotoxic or 
neuroprotective in several models o f  stroke. Spermine is considered to 
augment the excitotoxicity mediated by the N M DA receptor since this 
receptor is activated by low µ molar spermine concentrations. However, 
at higher concentrations spermine blocks the NM DA receptor and voltage 
activated Ca2* channels. In this work hippocampal slices are subjected to 
ischemia in the presence or absence o f  spermine. Control and 
experimental slices were superťused with a standard ACSF solution 
containing 10 mM glucose. Anoxia was administered to all the slices by 
substituting 95% N2 , 5 % C 0 2 for 95% 0 2 , 5% C 0 2 during 10 min. The 
experimental slices were exposed to 1 mM spermine for a period that 
started 15 min before anoxia and ended 5 min after ending anoxia 
Population spikes evoked by a stimulus double the threshold were 
recorded in CA1 area before anoxia and after approximately an hour Only 
6 % o f  the population spike was recovered in controls versus 58% in 
spermine treated slices (p<0.0001). Spermine (1 mM) also was 
neuroprotective against 0.1 mM N M D A  but not against 1 mM NMDA. 
Supported by NIH-MBRS S06GM 50695 to and RCMI G-12RR03035.

179.10
NITRIC OXIDE ATTENUTATES NMDA RECEPTOR-INDUCED NEURONAL 
CELL DEATH INDEPENDENT OF NITROSATION A.S. Vidwans1 Sunemee 
Kim3. Deborah O. Coffin3 David A. Wink3. J.A. Hewett2* and S.J. Hewett2 'Dept, of 
Pediatrics, Div. Neonatology and ⅛>ept. o f Pharmacol, Univ. Connecticut School of 
Medicine, Farmington, CT 06030; 3Tшnor Biology Section, Radiation Biology 
Branch, National Cancer Institute, Bethesda, MD 20892

Nitric oxide (NO) has been implicated both in the pathogenesis o f and the 
protection from NMDA-receptor mediated neuronal injury. This apparent paradox 
has been attributed to alternate redox states o f NO, whereby depending on the redox 
milieu, NO can be neuroprotective via nitrosation chemistry (donation o f a 
nitrosonium ion, NO*) or react with superoxide to form secondary toxic species. We 
now report that nitrosation is not a prerequisite for inhibition o f NMDA toxicity.

Brief intense exposure o f murine mixed cortical cell cultures to NMDA (200 µM; 5 
min) results in 60-80% neuronal cell death within 24 hr. Freshly prepared Dea/NO, 
Papa/NO and Sper/NO, NONOate-type NO donors, as well as, the S-nitrosothiols 
GSNO and SNAP (30-1000 µM), when given at the same time as NMDA, 
concentration-dependently decreased neuronal injury as assessed by a reduction in 
the amount o f LDH released into the extracellular medium. The protection was lost 
when the donors were allowed to decompose 24 hr prior to experimentation. 
Electrochemical measurements o f NO via an NO-sensitive electrode demonstrated 
that neuroprotective concentration o f all donors, including SNAP and GSNO, 
produced appreciable amounts o f NO over the 5 min time frame. Determination of 
the formation o f NO* equivalents, as assessed by nitrosation of 2,3 
diaminonapthylene, revealed little or no observable nitrosation by SPER/NO and 
GSNO with significant nitrosation observed for all other donors, thus suggesting that 
the extent o f nitrosation does not predict nor can it account for the protection of NO 
donors against NMDA toxicity. Supported by a PҺRMA Foundation grant to SJH.

179.12
EFFECTS OF NMDA-RECEPTOR ANTAGONISTS ON LTP AND HYPOXIC/ 
HYPOGLYCAEMIC EXCITOTOXICITY IN HIPPOCAMPAL SLICES
T. Frankiewicz* and C.G. Parsons . Dept. Pharmacol., Merz + Co, 60318 Frankfurt ⁄  
Main, Germany,

NMDA receptors, one class of ionotropic receptors activated by glutamate, are 
responsible for numerous physiological processes. On the other hand they are 
believed to be involved in different chronic and acute CNS pathology. The optimal 
medication should block the pathological activation of NMDA receptors, leaving 
physiological activation intact. There is increasing evidence that moderate affinity 
rather than high affinity channel blockers could offer a favourable therapeutic profile. 
Another group of NMDA receptor antagonists with potential beneficial properties are 
agents acting at the glycine co-agonistic (Glycineв) site of the receptor complex. 
These drugs could restrict pathological over-activation of NMDA receptors by 
restoring glycine-induced desensitization. To address this issue we investigated 
effects of different concentrations of memantine, MK-801 (moderate and high 
affinity channel blockers respectively), 5,7-DCKA and CGP37849 (Glycineв and 
competitive antagonists respectively) on the induction of LTP and 7 min. of profound 
hypoxia/hypoglycaemia-induced damage in CA1 of hippocampal slices in vitro. 
Memantine, MK-801, 5,7-DCKA and CGP37849 blocked the induction of LTP with 
IC5〇s of (µM) ll.6±O.53, O.IЗ±O.O2, 2.53±O.IЗ and O.37±O.O4 respectively. The 
same drugs were able to block hypoxia/hypoglycaemia-induced depression of EPSP 
amplitude with IC5〇s of (µM) l4.8±O.l7, O.53±O.O2, З.ЗO±l.35 and 4.3±O.34 
respectively. The relative therapeutic indices (TI) for memantine and MK-801 - 0.8 
and 0.24 respectively and for 5,7-DCKA and CGP37849 - 0.77 and 0.09, show that 
even in such a severe model of ischaemia moderate affinity channel blockers and 
Glycineв antagonists exhibit a better therapeutic profile than their tested 
counterparts. It may be assumed that in milder forms of pathology, the observed 
differences in TIs remain the same but the absolute values can be expected to be 
higher.

179.14
NONIO NIC SURFACTANT PREVENTS NMDA-INDUCED NEURONAL 
DEATH IN  CULTURED HIPPOCAMPAL NEURONS. ǐ. D. Marks1*. W, Cromie2. 
and R.C. Lee2. Departments o f Pediatrics1 and Surgery2, University o f  Chicago, Chicago, 
IL, 60637.

The integrity o f  the plasma membrane is central to the maintenance o f  the 
intracellular milieu and the preservation o f neuronal function. Preventing loss o f 
membrane integrity associated w ith acute in jury may reduce early neuronal death. The 
efficacy o f  surfactant-induced plasma membrane sealing in the prevention o f muscle 
and peripheral nerve necrosis following electropermeabilization has been demonstrated 
using poloxamer 188, a nonionic surfactant. We hypothesized that poloxamer 188 
would reduce neuronal death from NM DA, a stimulus causing loss o f membrane 
integrity.

Embryonic rat hippocampal neurons, cultured on coverslips, and maintained in  vitro 
for 14 days, were placed in Mg++-free saline containing N M D A  (300 µ M ) and glycine (5 
µ M ) for 15 min. H a lf o f the coverslips were placed back into culture media containing 
poloxamer 188 (100 µ M , CMC ~ 1 m M  ) and half in to media w ithout poloxamer 188. 
Sister cultures were exposed to Mgł⅜-containing saline (sham) and placed back into 
culture media. A t 36 hr following the exposure, neuronal survival was assessed with a 
fluorescent live-dead cell assay (n=32OO neurons). Sham-treated neurons demonstrated 
28.9% mean mortality (± 0.01% SEM). N M D A  exposure increased mean mortality to 
66.2% (±0.01% SEM). Poloxamer 188 prevented NMDA-induced death, reducing 
mortality to control levels (26.7%±O.O8% SEM). In rescue experiments, poloxamer 188 
reduced mortality to control levels when added to the media as late as 8 hours after 
N M D A  exposure. Time-lapse studies o f the effect o f poloxamer 188 on NM DA- 
induced calcium increases revealed no difference in the magnitude or time course o f the 
[Ca++], rise. These studies demonstrate that poloxamer protects against N M D A  injury 
through an N M D A  receptor-independent mechanism, likely by sealing the damaged 
plasma membrane. (Supported by R01 G M 53l 13-01.)
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179.15
EFFICACY OF PROTECTION AND TEMPERATURE DEPENDENCE OF 
INTRAVENOUS ANAESTHETICS AGAINST EXCITOTOXĬCĬTY AND 
OXYGEN-GLUCOSE DEPRIVATION IN MOUSE CORTICAL NEURONS. Koii 
ļiharaJ*. Beverley A. Orser. Michael Tymianskr. 'Playfair Neuroscience Unit, 
⅞ept. Anaesthesia, Sunnybrook Hospital, Toronto, Ontario, M5T2S8, Canada

Certain intravenous anaesthetics exhibit properties which might render them 
suitable as neuroprotectants against cerebral ischemia. Unlike other experimental 
neuropгotective agents, many of which are poorly tolerated by patients, the safety and 
tolerability of such anaesthetics have already been demonstrated. However, their 
mechanisms and efficacy o f neuroprotection are poorly understood. These were 
examined for the three common anesthetics propofol, ketamine, and pentobarbital in 
cultured murine cortical neurons exposed to glutamate neurotoxicity (GNT) or 
oxygen-glucose deprivation (OGD). At room temperature (23°C), propofol (30- 
ЗOOuM) and ketamine (30-300uM) protected neurons against GNT, as did the 
competitive NMDA receptor antagonist, APV. These effects persisted upon warming 
to 37°C. However, pentobarbital (10-1000uM) was ineffective. Interestingly, only 
ketamine (3-300uM), but not propofol or pentobarbital, were protective against OGD, 
a model in which neurodegeneration is highly dependent on NMDA receptor 
activation, but which is carried out at 37°C. To explore the hypothesis that protection 
by propofol is temperature-, not model- dependent, the effects o f ketamine and 
propofol were re-examined against GNT at 23°, 30° and 37°C. The neuropгotective 
effects of propofol decreased with increasing temperature, whereas those o f ketamine 
remained unchanged. Thus, the lack o f neuropгotective efficacy o f propofol against 
OGD may be due to its decreased effects at 37⅛C. The mechanism of neuropгotective 
action of propofol was, at least in part, mediated by its NMDA receptor blocking 
properties, because when added in combination with APV, the resulting effect was 
not significantly different from the theoretical additive effect o f the two compounds 
added separately. Further, propofol’s neuropгotective effect was not due to its effects 
on GABAa receptor activation, as it could not be mimicked by applying GABA or 
inhibited by competitive and noncompetitive GABAa receptor antagonists. The 
present study revealed efficacy, but marked temperature dependence of the 
neuropгotective actions of propofol, suggesting its possible usefulness as a 
neuroprotectant under hypothermic conditions (Supported by Canadian Heart and 
Stroke Foundation and MRC Canada).

179.17
N-ACETYLASPARTYLGLUTAMATE (NAAG) PROTECTS AGAINST DYNORPHΓN 
A- INDUCED ISCHEMIC SPINAL CORD INJURY IN RATS. J.B.Long*.D.L. Yourick, 
and J.L. Meverhoff. Division of Neuroscience, Walter Reed Army Institute of Research, 
Washington, D.C. 20307-5100.

NAAG is an acidic dipeptide found in high concentrations in the CNS which acts with 
low potency as an agonist at the NMDA receptor complex. Hydrolysis of NAAG by N- 
acetylated α-linked acidic dipeptidase (NAALADase) liberates the more potent excitatory 
amino acid neurotransmitter, glutamate (GLU). Consequently, NAAG has been regarded 
as a storage form of synaptic GLU and NAALADase has been proposed to modulate 
neuronal excitability by regulating the synaptic availability o f GLU. NAAG has also been 
proposed to inhibit GLU release through activation o f presynaptic mGluRЗ receptors, and 
at low concentrations it has been shown to antagonize NMDA receptor-mediated 
responses. Thus, NAAG might have either a deleterious or salutary impact on 
pathophysiological conditions involving elevated levels o f GLU. Lumbar subarachnoid 
injections of dynorphin A (DYN) in rats cause ischemic injury and a persistent hindlimb 
(HL) paralysis that is mediated through excitatory amino acid receptors. We therefore 
used this injury model to evaluate the pharmacological effects o f NAAG (0.25-4 µmoles), 
specifically examining its effect on recovery from the persistent HL motor deficits elicited 
by L4-L5 subarachnoid injection of 20 nmoles o f DYN. Spinal subarachnoid injections of 
NAAG alone did not alter HL motor function. When coadministered with DYN, NAAG 
caused significant dose-dependent improvements in motor scores by 24 hr postinjection 
(p<0.05, Kruskal-Wallis). Paralysis was still acutely evident after NAAG cotreatment; 
NAAG-induced improvements in recovery became increasingly apparent between 2 and 
24 hrs postinjection. The non-hydrolyzable analog ß-NAAG also significantly improved 
recovery of HL motor function, indicating that this effect was not secondary to cleavage 
of NAAG into N-acetylaspartate and GLU. These results indicate that NAAG has 
protective effects in this model o f excitotoxic spinal cord injury that are likely mediated 
through NMDA receptors. USAMRMC and Defense Veterans Head Injury Program.

179.19
UPTAKE A N D  M ETABOLISM  OF 4-C H L O R O K Y N U R E N IN E  IN  
RAT BRAIN SLICES: STUDIES O N TH E R E G U L A T IO N  OF 7 -  
CHLOROKYNURENIC AC ID  SYNTHESIS. P.S. H odgkins* and R. 
Schwarcz. Maryland Psychiatric Research C enter, Baltim ore, M D  21228.

7-Chlorokynurenic acid (7 -C l-K Y N A ) is a prototypical, potent antag
onist of the glycine co -agon ist site o f  N M D A  receptors and thus pro
vides neuroprotection in several anim al m odels o f  neurological diseases. 
In the mammalian brain, 7 -C l-K Y N A  is form ed through the irreversible  
enzymatic transamination o f  its synthetic precursor, L -4 -ch lo r o k y n -  
urenine (4 -C l-K Y N ), in an analogous m anner to its endogenous, yet less 
potent, structural relative, kynurenic acid . This study was undertaken to 
identify the regulatory processes governing 4 -C l-K Y N  uptake and its 
subsequent transamination in brain tissue slices. The uptake o f  4 - 0 -  
KYN (2 µM) into cortical slices was m ediated prim arily by the N a M n -  
dependent carrier for large neutral am ino acids (system  L), as indicated  
by competition kinetics w ith  m odel substrates for system s L (BCH ) and 
A (MeAIB). Furthermore, experim ents w ith  n eu ron -d ep leted  tissue slices  
indicated that 7 -C l-K Y N A  originated in glial cells. Decreased 7 - 0 -  
KYNA production was observed during hypoglycem ia and under d ep ol
arizing conditions (50 mM  K + or veratгidine), or in  the presence o f  
transamination inhibitors such as α-am inoad ipate and quisqualate. C on
versely, co-incubation w ith several 2 -o x o a cid s  in creased  7 -C l-K Y N A  
production (to -250%  o f  control values). Taken together, these data sug
gest that cerebral 4 -C l-K Y N  m etabolism  is governed  by the sam e pro
cesses which regulate kynurenic acid production . Furtherm ore, the use 
of 4-C l-K Y N  in conjunction with 2 -ox o a cid s  m ay provide an im proved  
neuropгotective strategy for the treatm ent o f  exc ito tox ic  brain diseases.

Supported by USPHS grants NS 16102 and 28236.

179.16
N-ACETYLASPARTYLGLUTAMATE (NAAG) ATTENUATES HYPOXIA- AND 
NMDA-INDUCED CELL DEATH IN SPINAL CORD CULTURES. D.L. Yourick*.
M.L. Koenig, and J.B. Long. Division o f Neuroscience, Walter Reed Army Institute of 
Research, Washington, DC 20307-5100.

NAAG, an acidic dipeptide found in high concentrations in the CNS, is a weak agonist 
at the NMDA receptor. Hydrolysis o f NAAG by N-acetylated α-linked acidic dipeptidase 
(NAALADase) liberates the more potent excitatory amino acid neurotransmitter glutamate 
(Glu). It has been proposed that NAAG may be a storage form of synaptic Glu, and 
NAALADase may modulate neuronal excitability by regulating the synaptic availability 
o f Glu. NAAG has also been proposed to inhibit Glu release through activation of 
presynaptic mGluRЗ receptors, and, at low concentrations, it has been shown to 
antagonize NMDA receptor-mediated responses. Therefore, the effects of NAAG, during 
injury involving excess Glu release and activation o f Glu receptors, are not clear. In these 
experiments, cellular injury induced by 25 µM NMDA (2 hr exposure) in spinal cord 
cultures was significantly attenuated (10-70%) in a dose-dependent manner by 
cotreatment with NAAG at concentrations ranging from 250 to 1000 µM. 
Coadministration of 500 µM NAAG with 25 µM NMDA also attenuated the NMDA- 
induced increase in intraneuronal Ca++, suggesting that neuroprotection may be due, in 
part, to a reduction in neuronal Cа↔ load. NAAG similarly protected against hypoxia- 
induced injury (15-50%, 250-1000 µM). With either insult, the protective effects of 
NAAG were not blocked by Class II/III mGluR antagonists. At the highest concentration 
tested (2mM), NAAG was itself consistently neurotoxic, reducing survival by 
approximately 40%. NAAG toxicity was partially antagonized by MK-801 (200 nM) and 
APV (200 µM). The non-hydrolyzable analog ß-NAAG also significantly increased 
neuronal survival following hypoxia and NMDA-induced injury (250-1000 µM) and 
caused cell death with concentrations ≥ 2 mM. NAAG did not antagonize AMPA- and 
kainate-induced cellular injury. Collectively, the results indicate that these protective 
effects involve NAAG interactions with NMDA receptors. Supported by the USAMRMC.

179.18
SYSTEMIC AD M IN ISTR A T IO N  OF 4-C H L O R O K Y N U R E N IN E  PR E 
VENTS Q U IN O LIN A TE LESIONS IN  TH E IM M A T U R E  R A T  HIPPO
CA M PUS. H .-O . Wu*. S .-C . Lee and R. Schwarcz. M aryland  
Psychiatric R esearch C enter, Baltim ore, M D 21228.

A fter intracerebral in jection , L -4-ch lorok yn u ren in e  (4 -C l-K Y N ) is 
enzym atically  converted to the selective g ly c in e /N M D A  receptor antag
onist 7 -ch lorokynu renic acid (7 -C l-K Y N A ) in astrocytes and can thus 
provide a n ti-ex c ito to x ic  neuroprotection (Eur. J. Pharm acol., 319: 13, 
1997). Since 4 -C l-K Y N , in contrast to 7 -C l-K Y N A , readily enters the 
brain from  the circulation, we now exam ined its m etabolism  and neuro- 
protective potential after system ic (i.p .) adm inistration. 14 d a y -o ld  rats 
were used as experim ental animals. 35 ±  3 nM  7 -C l-K Y N A  was recov
ered from  the hippocam pus 2 hours after a sin gle in jection  o f  50 m g/k g
4 -C l-K Y N  (N  = 6). 2 hours after the last o f  four successive 50 m g/k g  
doses (g iven  at 0, 40, 130 and 370 m in), hippocam pal 7 -C l-K Y N A  levels 
were 240 ±  46 nM  (i.e. a concentration which likely  exerts inhib itory  
effec ts  on N M D A  receptors; J. M ed. (Them., 37: 4053, 1994) (N  = 6). 
These elevations o f  hippocam pal 7 -C l-K Y N A  after repeated 4 -C l-K Y N  
adm inistration were confirm ed in separate m icrodialysis experim ents. 
The same 4 x 50 m g /k g  4 -C I-K Y N  regim en [the first dose g iven  10 min  
b efore intrahippocam pal quinolinate (15 nm ol/1 µl)] was found to pre
vent excito tox ic  neuronal loss in area CA1 and in the hilus o f  the dentate 
gyrus (N  = 8 -1 2  per group). Less neuroprotection was noted w hen the 
sam e total dose o f  200 m g /k g  4 -C l-K Y N  was adm inistered during short
er tim e intervals fo llow in g  the quinolinate in jection . These data dem 
onstrate the feasib ility  o f  a system ic pro-drug strategy to target central 
g ly cin e /N M D A  receptors for a n ti-ex c ito to x ic  therapies.

Supported by USPHS grants NS 16102 and NS 28236.

179.20
EX CITO TO XIC IN JU R Y  STIM U LATES P R O D R U G -IN D U C E D  7 -  
C H L O R O K Y N U R E N A T E  FO RM ATIO N IN TH E A D U L T  R A T  
ST R IA T U M  IN VIVO. l R  Schwarcz. ⅛ .-C . L ee. ⅛ - O ,  Wu. 2C. 
Spęciale and 2M. Varasi*. ^Maryland Psychiatric R esearch Center, 
Baltim ore, M D  21228 and 2CNS R esearch, Pharm acia & U p joh n , 
N erviano (M ilan), Italy.

In im m ature rats, peripheral adm inistration o f  L -4-ch lorok yn u гen in e  
(4 -C l-K Y N ), w h ich  is enzym atically  transam inated in glial cells to form  
7-ch lorokynu renic  acid (7 -C l-K Y N A ), provides neuroprotection against 
exc ito tox ic  dam age (cf. Wu et al., this m eetin g). The present study was 
design ed to exam ine the m etabolic fate  o f  4 -C l-K Y N  after system ic in 
jection  in adult rats, and to study its brain uptake and subsequent trans
am ination during the first hours after an exc ito tox ic  striatal insult. To 
this end , animals received  bilateral intrastriatal in jections o f  quinolinate  
(240 n m ol/1 µl) and veh icle  (1 µl), and 50 m g /k g  4 -C l-K Y N  (i.p ) im 
m ediately after the stereotaxic in jection . A fter  90 and 180 m in (N  ≈ 15 
each), 7 -C l-K Y N A  levels in  the veh ic le -in jected  striatum  were 54 ±  13 
nM  and 16 ±  2 nM , resp ectively. The 7 -C l-K Y N A  contents o f  the con 
tralateral, q u in o lin ate-in jected  striatum  were 212 ±  39 nM  and 97 ±  27 
nM , resp ectively  (p < 0.01 at both 90 and 180 min; paired t-test). This 
in ju ry-in d u ced  increase was accom panied by a m ore m odest rise in 4 -  
C l-K Y N  levels in the q u in o lin ate-in jected  striatum , indicatin g that b et
ter prodrug availab ility  m ay in  part account for the enhanced 7-C 1- 
K Y N A  form ation. These data dem onstrate that i.p. 4 -C l-K Y N  targets 
reactive glial cells during the early, reversible stage o f  exc ito tox ic  
neurodegeneration to produce disproportionately large am ounts o f  the 
neuroprotectant 7 -C l-K Y N A  at the site o f  the em erging lesion.

Supported by USPHS grants NS 16102 an¢ NS 28236.
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179.21
G ENO M IC A N AL YSIS OF K Y N Ư R E N IN E  A M IN O TR A N SFER A SE  
II, A POSSIBLE FA CTO R IN TH E PA TH O PH YSIO LO G Y OF H U N T 
IN G T O N ’S DISEASE. P. Y u. ⅛ . G u id etti. D . M osbгook. *R. Schwarcz» 
and D .A . T acle. G en. M ol. B iol. Branch, Hum . G en om e R es. Inst., NIH , 
B ethesda, M D  20892 and *Md. Psych. R es. Ctr., Baltim ore, M D  21228.

D ecreased levels o f  the endogenous neuroprotectant kynuгenic acid  
(K Y N A ) have been observed in the brain o f  H untington’s D isease pa
tients and m ay be related to neuronal loss in this disorder. This reduc
tion may be caused by a d ysfu n ction  o f  kynurenine am inotransferase II 
(K A T  II), the major enzym e responsible for the synthesis o f  K Y N A  in  
the brain (J. N eurosci. R es., 50: 457, 1997). We therefore intend to d is
able K A T  II in the m ouse by targeted gene disruption through h om olog
ous recom bination. We have isolated and characterized the cD N A  se 
quence and determ ined the genom ic organization o f  K A T  II in m ouse  
{K at II). The fu ll length o f  K at II  cD N A  is 1655 bp, encoding 426 am ino  
acids, and shares 92% am ino acid sim ilarity w ith  the rat K A T  II se 
quence. The gene for m K A T  is com posed o f  11 exons d iv ided  by 10 in -  
tronic sequences. U se o f  the BSS chrom osom e m apping panel from  Jack- 
son laboratory indicates that the m ouse K at II  gene co-segragates w ith  
polym orphic markers D 8M ίt 129 and D 8M it 128 on m ouse chrom osom e  
8. Northern blot analysis revealed high levels o f  expression in liver and 
kidney, w ith moderate expression in brain, heart, spleen and testes. 
Western blot analysis using antibodies generated from  peptid e fragm ents 
o f  the m ouse sequence indicate tissue isoform s o f  the protein , ranging in  
size from  4 0 -4 7  kD. K now ledge o f  the genom ic organization and chrom 
osom al location o f  K at II, and the reagents generated here, w ill allow  
generation and characterization o f  m ice that are nullizygous for K A T  II.

179.23
RESISTANCE TO NMDA EXCĬTOTOXIC ĬTY IN THE RAT SUPRAOPTIC 
NUCLEUS OF THE HYPOTHALAMUS C.W. Pak* and M.C. Curras Dept, o f  
Neuroscience, University o f  California, Riverside.
The NMDA receptor has been implicated in glutamate-induced excitotoxicity (Choi et 
al, 1987, 1988). Recently, evidence from transfection studies has suggested that cells 
expressing NR1/NR2A or NR1/NR2B recombinant NMDA receptors show different 
degrees of NMDA-induced toxicity. While cells transfected with NR1 and NR2A or 
NR2B cDNA show almost complete cell death, cells transfected with NR1 and NR2C 
cDNA were strikingly resistant to the toxic effects of glutamate (Chazot et al, 1994). 
Furthermore, in vivo studies have shown that the rat supraoptic nucleus o f the 
hypothalamus (SON), which contains all NMDA receptor subunits except NR2A (Al- 
Ghoul et al, 1997), is resistant to ibotenate and NMDLA excitotoxicity (Hu et al, 1992; 
Hastings et al, 1985). The goal o f this study was to investigate the excitotoxic effects 
o f NMDA on SON neurons in vitro. NMDA-induced excitotoxicity in ED 17-18 cortical 
cultures, known to contain NR1, NR2A, and NR2B but not NR2C subunits (Monyer et 
al, 1992), was compared to that o f ED 17-18 SON cultures. Due to developmental 
differences in NR2 subunit expression in the SON (Curras and Dao, in press) cultures 
were grown for 7 or 14 days in vitro (DIV) and treated with varying concentrations of 
NMDA (3-1000 µM) for 24 hours. Cell survival was measured using an MTT assay 
and normalized to that of untreated cells. A 24 hour treatment with 1 mM NMDA in 
cultures grown for 7 DIV resulted in a similar degree o f cell death in SON and cortical 
cultures with a mean cell survival o f 57.0 ± 5.7% and 47.8 ± 2.7%, respectively. 
However, at 14 DIV SON neurons showed significantly greater cell survival (85.2 ± 
4.4%) as compared to cortical neurons (57.9 ± 3.2%). Similar results were obtained 
with glutamate treatment. Pretreatment with D-APV (100 µM), or the NR2B subunit- 
specific antagonist, ifenprodil (10 µM), completely protected DIV 7 cultures from 100 
µM NMDA (p< 0.05) whereas NBQX (100 µM) did not. This indicates that toxicity 
may be mediated primarily through NR2B-containing receptors in both cultures. 
Furthermore, the increased resistance to NMDA toxicity in SON neurons may due to 
differences in NMDA receptor subunit composition. (Supported by NSF IBN-9604233)

179.22
A G E -R E L A T E D  C H A N G E OF G L U T A M A T E  RECEPTO RS A N D  
NEUR O PA TH O LO G Y IN  THE M O N K E Y PREFR O N TAL CORTEX.
S.G. Kohama.* S.M. Rodrigues. C. Pau and H.F. Uгbanski. Div. o f Neuroscience, 
Oregon Regional Primate Res. Ctr., 505 N.W. 185th Ave„ Beaverton, OR, 97006.

The prefrontal cortex (PFC) is an important area for the integration o f information 
vital for cognitive function. In the nonhuman primate (NHP) an age-related decline 
in performance on cognitive tasks “specific” for the PFC has been noted, 
accompanied by a decrease in dopamine from midbrain projections. Similarly, an 
age-related decrease in glutamate binding has also been reported to occur in the PFC. 
In light o f reports o f no neuronal loss in the NHP PFC with normal aging it seems 
likely that the decrease in glutamate binding is due to a downregulation o f receptors. 
In the current study, the effect o f age on the gene regulation of the NR1 subunit of 
the NMDA receptor was examined by in situ hybridization in the male rhesus 
macaque PFC. All brains were perfused with 4% paraformaldehyde and coronal PFC 
sections from each young (<5 yrs), adult (10-15 yrs) and old animal (22-30 yгs), 
n=5/group, were hybridized with NR1 antisense [35-S] labelled cRNA. Following 
film autoradiography, densitometric analysis revealed a significant effect o f age on 
NR1 mRNA levels (p<0.05). While young and adult PFCs did not differ in their 
amount o f NR1 signal, the levels o f NR1 in the old group o f animals were 
significantly lower than both young and adult, ca. 33%. This decrease in NR1 signal 
with age occurred throughout subregions of the PFC. Adjacent PFC sections were 
also analyzed for the extent of gliosis and amyloid plaques with anti-GFAP and 10D5 
antibodies, respectively. Densitometric analysis revealed a significant and progressive 
increase of GFAP with age throughout the PFC (p<0.01). Amyloid plaques were 
only seen in the old group and were highly variable in distribution and amount. 
Thus, gene expression of NR1 decreases with age in the PFC, accompanied by 
extensive glial reaction, but the expression of amyloid is more restricted.
Grant Support: Oregon Alzheimer’s Research Alliance, NIH RR00163 & HD 29186.
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EƯK-134, A  SYNTHETIC SO D/CATALASE M IM E TIC , ATTENUATES 
KA IN ATE -IN D U C ED  D A M A G E IN  R A T BR AIN. Y. Rong1*, S. 
Doctrow2, G. Tocco2 and M. Baudry*. 'Neuroscience Program, Univ, o f 
Southern California, Los Angeles, CA 90089-2520; ⅜ukarion, Bedford, 
M A  01750.

Kainic acid (KA)-induced excitotoxicity has been suggested to be due, at 
least in part, to the excessive formation o f  oxygen free radicals. The 
present study tested the effects o f a salen-manganese complex (EUK-134), 
a member o f a new class o f  synthetic SOD/catalase mimetics, on several 
indices o f pathology elicited by systemic KA  administration in rat lim bic 
system. EUK-134 was injected subcutaneously 24 hours and ha lf hour 
before K A  injection (10 mg/kg) in adult male rats (250 g). Animals were 
sacrificed at various times after K A  injection. Hippocampus and p iriform  
cortex were examined for AP-1 and NF-B binding activ ity in nuclear 
fractions, spectrin breakdown products in membrane fractions and for 
morphological changes in hematoxylin- and eosin- (H /E) stained brain 
sections. Pretreatment o f rats w ith EUK-134 (10 mg/kg; s.c.) did not 
modify the latency for or extent o f seizure activity elicited by K A  injection. 
However, it produced a highly significant attenuation o f  all indices o f 
pathology in all lim bic structures elicited by K A  administration. These 
results support the hypothesis that kainate-induced excitotoxicity is due, at 
least in part, to the action o f oxygen radicals and suggest the possibility o f 
using EUK-134 to decrease the extent o f pathology resulting from 
excitotoxic neuronal injury.
Supported from a Grant from Eukarion, Inc.

A PERIPHERAL BENZODIAZEPINE RECEPTOR (PBR) 
LIGAND ATTENUATES KAINIC ACID-INDUCED GLIOSIS 
IN THE RAT. T. Johnstone. T. Mai. K. W. Gee*. Dept o f  
Pharmacology, Univ, o f  California, Irvine; Irvine, CA 92697.

In the rat brain, the kainic acid model o f  excitotoxicity is 
characterized by a three to five-fold increase in the density o f  
PBR sites in the striatum, hippocampus, and cortex, but not the 
cerebellum as measured by specific binding o f  [3H]Ro5-4864  
(prototypical PBR agonist). Increases in PBR density in the 
brain are w ell correlated with the level o f  reactive gliosis (i.e., 
microglial activation). In preliminary studies, Ro5-4864  
administered immediately following and four days after an 
injection o f  kainic acid dose-dependently reduced the density o f  
PBR sites in striatum, hippocampus, and cortex, but did not 
prevent kainic acid-induced seizure activity. On the other hand, 
clonazepam, a central benzodiazepine receptor (CBR) agonist, 
prevented both seizures and PBR density increases in striatum, 
hippocampus, and cortex. Further experiments will establish the 
selectivity o f  PBR ligands in modulating microglial activation 
and proliferation following neuronal injury.

Supported by a grant from CoCensys.
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180.3
PROTECTIVE EFFECT OF A NOVEL AM PA AND NMDA  
ANTAGONIST K AITOCEPHALIN A G A IN ST G LUTAM ATE  
NEUROTOXICITY
K. Shin-va*. J.-S. Kim. Y. Havakawa and H. Seto Institute of Molecular and Cellular 
Biosciences, The University of Tokyo, Bunkyo-ku, Tokyo 113-0032, Japan

L-Glutamate, a neurotransmittcг in major part of central nervous system, induces 
delayed neuronal cell death following ischemic attack. AMPA/KA antągonists were 
reported to protect hippocampal neurons from ischemia injury when administered after 
ischemic attack. We have reported that a fungal metabolite designated kaitocephalin, 
which possesses a ψ ite đíĩerent structure from those of quinoxalinedione derivatives, 
protected chide primary telencephalίc and rat hippocampal neurons from kainate and 
AMPA/cyclothiazide toxicity with ECÄ values similar to those o f CNQX (≈ 2 µM). 
Although CNQX exhibited cytotoxicity around 20 µM, kaitocephalin did not show 
cytotoxicity even at the concentration o f 500 µM .

Further studies on the biological activities o f kaitocephalin revealed that it showed 
a potent binding activity to the agonist binding site o f NMDA receptor with K í value 
8.4±O.8 nM. It also exhibited affinities to Mg2Ч>inding site of NMDA receptor (Ki 
value: l. l± O .l µM) and AMPA receptor (Ki value: l.4±O.4 µM). In contrast to the 
inhibitory effect against kainate toxicity, it showed slight binding activity to kainate 
receptor (Ki value: > 10 µM). Being interested in this high affinity to NMDA receptor, 
we investigated the protective effect of kaitocephalin against NMDA toxicity in rat 
hippocampal neurons. It effectively protected rat hippocampal neurons from NMDA 
toxicity with EC50 value 0.12 µM .

To reveal the mode of action, we next studied the inhibitory effects of kaitocephalin 
on Ca2ł influx induced by glutamate agonists. Kaitocephalin blocked Ca2* influx 
induced by AMPA but not by kainate in rat hippocampal neurons. This result is in 
agreement with affinity binding experiments mentioned above, but incompatible with the 
hypothesis of Ca2* induced neurotoxicity.

180.5
DOMOIC A C ID  INDUCED SPINAL CORD LESIONS IN  N E O N ATA L 
RATS. G. J. Wang*. L. C. Schmued. A. Andrews. W. Slikker Jr. and Z. 
Binienda. D ivision o f  Neurotoxicology, National Center For Toxicological 
Research/FDA, Jefferson, AR  72079

Domoic acid (Dom) is a glutamate analog and a seafood toxin that caused 
neurological disturbance and death in human victims. Brain lesions caused by 
Dom have been documented in the literature, but the effect o f  Dom on the spinal 
cord has less been investigated. Previous studies in Dr. John W. O lney’s 
laboratory have shown that systemic administration o f  glutamate agonists, i.e., 
homocysteate, kainate and AM PA caused spinal cord lesions in infant rats [Wang 
et al. (1991), Soc. Neurosci. Abst., 17: 787]. In the present study we have 
examined the toxic effects o f Dom on developing spinal cord. Neonatal rats at 
postnatal day 7 were administered subcutaneously w ith Dom at doses o f  0.17,
0.25, 0.33,0.42, and 0.50 mg/kg, respectively. M otor seizures characterized by 
scratching, tail flicking, and swimming-like movement were induced by Dom at 
all doses. High doses o f  Dom (≥O.ЗЗ mg/kg) further induced a hindlimb 
paralysis, a forelimb tremor, and the death that occurred in less than two hours. 
The percentages o f death and paralysis induced by 0.33 mg/kg Dom were 47% 
and 65%, respectively (N = l 7). A t this dose, spinal cord lesions characterized by 
focal hemorrhage, neuropil swelling, neuronal vacuolization and dark cell 
degeneration were found in 73% o f the animals that had shown the 
paralysis/tremor in their extremities, as examined at 1-2 hours after Dom 
injection. These lesions were seen in cervical, thoracic, lumbar and sacral spinal 
cord levels. Neuronal degeneration was mainly found in the ventral and 
intermediate grey matter, whereas cells in the dorsal portion o f  the spinal cord 
were relatively spared. Thus, developing1 spinal cord could be a potential target 
for Dom. Supported by NCTR/FDA.

180.7
REGIONAL VULNERABILITY OF ORGANOTYPIC CORTICOSTRIATAL 
SLICE CULTURES TO NON-NMDA AGONISTS DETECTED BY PROPIDIUM 
IODIDE, FLUORO-JADE, AND LDH RELEASE. B. W. Kristensen*. J. Norabere.
B. Jakobsen. J.B.P. Gramsbergen and J. Zimmer. Dept, o f Anatomy, Odense Univ., 
Denmark.

This study aimed to determine, whether densitometrically measured cellular uptake 
o f the fluorescent dye propidium iodide (PI) is a reliable marker for striatal and 
cortical neurodegeneration in organotypic rat corticostriatal slice cultures exposed to 
the glutamate agonists kainic acid (KA) and α-amino-3-hydroxy-5-methyl-4- 
isoxazole propionate (AMPA). Brain slices from neonatal rats were grown in serum- 
free medium on semiporous membranes for 3-4 weeks before exposure to KA or 
AMPA for 48h. With PI added to the medium, digitized flourescent microscope 
images showed a dose (0-24µM KA; 0-6µM AMPA) and time (0-48h) dependent PI 
uptake in both striatum and cortex. Parallel measurements on sections o f the 
corticostriatal cultures stained with the fluorescent dye Fluoro-Jade, a newly 
introduced marker for degenerating neurons, showed a significant correlation with the 
PI uptake for both striatum and cortex, just as the total PI uptake was significantly 
correlated with lactate dehydrogenase released to the culture medium. Other cultures 
treated with a combination o f KA (24µM) or AMPA (6µM) and the glutamate 
receptor antagonist 2,3-dihydroxy-6-nitro-7-sulfamoyl-benzo(F)quinoxaline (NBQX) 
(0-9µM), showed a neuroprotective effect o f NBQX in both striatum and cortex. Like 
in vivo, protection against KA-induced striatal lesions required higher doses o f 
NBQX (9µM) than protection against AMPA (0,1 µM). We conclude, that PI uptake 
under standardized conditions is a feasible marker for excitotoxic neurodegeneration 
in the striatum and cortex o f corticostriatal slice cultures and the used cultures and 
neurodegenerative markers are feasible for studies o f neurotoxic and neuroprotective 
effects o f glutamate agonists and antagonists. - Supported from the Danish MRC and 
the Danish Parkinson Foundation.

180.4
NEUROPROTECTIVE EFFICACY OF THE NON-COMPETITIVE AMPA 
RECEPTOR ANTAGONIST LY300164. Kimberly S. Fuson* and 
Patrick C. May. Lilly Research Laboratories, Neuroscience 
Research Division, Eli Lilly and Company, Indianapolis, IN 46285- 
0424.

Exc¡†otox¡c¡ty is implicated in many neurodegenerative 
conditions such as ALS, epilepsy, ischemia, stroke, and 
Huntington's disease. The non-competitive AMPA receptor 
antagonist LY300164, now in clinical trials for ALS and epilepsy, 
was tested for neuroprotective efficacy in an in vitro model of 
non-NMDA receptor-mediated excitotoxic insult, as assessed by a 
kinetic lactate dehydrogenase (LDH) assay for cell viability. 
LY300164, an atypical benzodiazepine, and its inactive 
enantiomer LY300165 were tested at various concentrations 
against 500 µM  kainic acid (KA) in vitro using high density rat 
(fetal) primary mixed hippocampal cultures. Overnight treatment 
of the cultures with 500 µM  KA, an AMPA receptor agonist, 
resulted in prominent neuronal excito toxicity. LY300164 
attenuated this KA-induced excitotoxic¡†y in a dose-dependent 
manner with an ICso of 5 µM, with com plete protection at 25 µM. 
This protection was stereoselective as the inactive isomer 
LY300165 was not protective at any tested concentration up to 
250 µM. LY300164 is a potent AMPA receptor antagonist that 
prevents excitotoxic neurodegeneration, and as such, may be 
a therapeutic for a number of neurological disorders. 
[Eli Lilly and Co.]

180.6
A M P A /K A IN A TE  RECEPTOR-INDUCED EXC ITO TO X IC ITY  M EDIATES 
SUBLETHAL M Y E LIN  INJURY AN D  DEATH OF OLIGODENDROCYTES 
FROM SPINAL CORD. J.W, McDonald*. Roberto Refeca and D.W, Choi. Center 
for the Study o f  Nervous System In jury and Department o f Neurology, Washington 
University School o f Medicine, St. Louis, MO 63110.

Demyelination is an important function-lim iting consequence o f spinal cord injury 
but the underlying mechanisms are unknown. We previously reported that murine 
cortical oligodendrocytes in mixed astrocyte ⁄  oligodendrocyte cultures were highly 
vulnerable to AMPA/kainate receptor- mediated excitotoxic death (Nature Med. 
4:291-297, 1998). Here we examined whether such vulnerability also extended to 
oligodendrocytes in pure cultures prepared from adult rat spinal cord.

Purified cultures o f 01 (+) oligodendrocytes (>95℅ 01 (+) cells) were obtained 
from adult rat (3 mo.) spinal cord by percoll gradient centrifugation and negative 
immunopanning. Grown in defined media w ith 0.5% fetal ca lf serum for 2-3 
weeks, 01 (+) oligodendrocytes were immunoreactive to antibodies against GluR 1, 
2, 2-3, 4, 5-7, 6-7, and were highly vulnerable to exposures o f kainate for 24 hrs 
(EC j〇 30-50 µM). Death was sensitive to the AMPA/kainate receptor antagonist 
NBQ X and the selective A M PA antagonist GYKI-52466, but not MK-801. Lower 
concentrations o f kainate induced sublethal injury and selective retraction o f myelin 
sheaths. Death was associated w ith early cell body swelling and process beading. 
These observations continue to support the possibility that excitotoxic damage to 
oligodendrocytes may contribute to white matter in jury and demyelination after 
traumatic spinal cord insults. Supported by N IH  grants NS01931 &  NS36265 
(JWM), NS32636 (DWC), and the American Paralysis Association (JW M &  DWC).

180.8
AMPA AND KA TOXICITY IN CULTURED NEURONS IS RELATED TO 
RECEPTOR SUBUNIT EXPRESSION AND DESENSITIZATION.
J.B. Jensen*. A. Schousboe. and D.S. Pickering. The Royal Danish School of 
Pharmacy, Department of Pharmacology, Copenhagen, Denmark.

An overstimulation of glutamate receptors leads to cell death in neuronal 
cultures and calcium is believed to play a critical role. In AMPA receptors the 
presence of the GluR2 subunit decreases Ca2+ permeability. However, it is not 
clear if GluR2 is the only determinant for AMPA mediated toxicity. The purpose of 
this study was to examine the function of AMPA/KA channels in terms of toxicity 
related to subunit expression. AMPA mediated toxicity in cultured neurons was 
highly dependent upon receptor desensitization. In the presence of cyclothiazide 
toxicity was strongly increased and appeared early in culture. AMPA did not 
induce Co2+ uptake (a measure of Capermeable AMPA/KA receptors) at any 
developmental stage. However, AMPA + cyclothiazide induced intense Co2⅜ 
influx even at 5 DIV. This shows that calcium flux through AMPA channels occurs 
under non-desensitizing conditions.. Western blotting revealed increasing 
egression of GluR1, R2 and R4. The relative increase of GluR2 was higher than 
that seen for GluR1 and GluR4. The results presented here might indicate that in 
addition to the presence of GluR2 other factors such as desensitization could be 
important for the function of the AMPA channels. KA toxicity was completely 
blocked by MK-801 + GYKI 53655, a specific antagonist of AMPA receptors, 
indicating that the KA receptors are not involved. However, when desensitization 
of KA receptors was blocked by CON A, a small but significant ceil death 
mediated through the KA receptors was seen in neurons cultured for 12 DIV. 
When e>qposing neurons to CON A + KA + MK-801 + GYKI 53655 no Co2⅜ 
staining was seen at day 12 even though cell damage was seen at this stage. 
This might indicate that calcium influx is not involved in the cell damage seen. 
(Supported by grants from the Danish State Biotechnology Programs, the Danish 
MRC (9700761), the Novo Nordisk and the Lundbeck Foundations).
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180.9
DIRECT EXAMINATION OF THE ROLE OF CALCIUM-PERMEABLE 
AMPA RECEPTORS IN GLUTAMATE EXCITOTOXICITY. R.M. 
Sanchez*. A.Y. Liu. S.M. Finkbeiner. and F.E. Jensen. Div. o f Neurosci., 
Children's Hospital &  Harvard Medical School, Boston, M A 02115

AMPA-preferring glutamate receptors (AMPARs) that lack the GluR2 
subunit show increased permeability to Ca++ compared to GluR2-containing 
channels. Recent evidence indicates that transient global ischemia can induce 
in brain a selective decrease in GluR2 expression, suggesting pathological 
induction of Ca++-permeable AMPARs. As the GluR2 decrease is followed 
by a late phase o f neuronal death, it has been suggested that increased 
AMPAR-mediated Ca++ entry is a trigger for delayed neurotoxicity. However, 
death has not been shown to occur selectively in neurons with altered GluR2 
expression, nor has Ca++ entry through AMPARs been shown sufficient to 
cause death. Thus, the question remains as to whether the ischemia-induced 
GluR2 decrease is a causal factor in neurotoxicity, a marker o f neurons 
destined to die, or an unrelated event. We set out to develop a simple system 
to directly determine i f  Ca++-permeable AMPARs can mediate excitotoxicity. 
We reconstituted functional AMPARs composed of GluR2 subunits in either 
the unedited (Ca++-permeable) or edited (Ca++-impermeable) form in a non
neuronal cell line (HEK 293) (DNA was a gift from R. Sprengel). Expression 
was confirmed by immunocytochemistry and Western blot, and the formation 
o f functional glutamate-activated channels was determined by voltage-clamp 
recording, Ca++-imaging, and Co++ uptake. Glutamate-induced death was 
observed in non-neuronal cells expressing only unedited GluR2, thus directly 
demonstrating that Ca++-permeable AMPARs are sufficient to mediate 
excitotoxicity. Functional assays also showed that AMPAR phenotype could 
be altered in cultured neurons by overexpression o f unedited GluR2. This 
approach allows examination o f the specific effects o f altered AMPAR 
expression on neurotoxicity in the absence of additional biochemical and 
molecular changes that could be induced by ischemia, (supported by NIH NINDS 
31718 and an individual Epilepsy Foundation grant).

180.11
JORO SPIDER TOXIN-SENSITIVE AMPA RECEPTORS MEDIATE AMPA- 
INDƯCED TOXICITY IN CULTURED OLIGODENDROCYTES. T. Chapman*.
K.L. Hyrc, M.W. Hill, L.L. Dugan. M.P. Goldberg. Dept, of Neurology, Center for the 
Study of Nervous System Injury, Washington Univ. Sch. of Med., St. Louis, MO 63110.

The pathophysiology of ischemic brain injury can include both neuronal and 
glial damage. We have shown that the activation o f the AMPA subclass of 
glutamate receptors increases intracellular calcium and leads to oligodendrocyte 
(OL) death (McDonald et αi, Nat. Med.4:291, 1998). Here we sought to 
characterize the subtypes o f AMPA receptors (AMPARs) contributing to OL death 
using primary cultures of OLs derived from cerebral hemispheres of postnatal mice. 
100% of differentiated OLs (identified by the surface marker, galactocerebroside, 
GalC) expressed GluR2, the AMPA receptor subunit that confers calcium 
impermeability. Furthermore, kainate did not stimulate signficant uptake o f cobalt, 
indicating that differentiated OLs did not express a large degree o f calcium- 
permeable AMPARs. Joro spider toxin (JSTx, 1-5 µM), an acylated polyamine 
shown to specifically antagonize calcium-permeable AMPA receptors, did not 
interfere with AMPA receptor-mediated currents in OLs. Desite these findings, 
application o f AMPA with cyclothiazide led to a rise in intracellular calcium even 
in sodium-free buffer, and JSTx (1 µM) attenuated this calcium rise. Postulating 
that calcium entry through calcium-permeable AMPA receptors mediates 
excitotoxicity in OLs, we evaluated the effect o f JSTx on AMPAR-mediated cell 
death. 24-hour application of 300 µM AMPA resulted in the death of 
approximately 50% of GalC(+) OLs. Addition of 0.5-5 µM JSTx produced a 
concentration-dependent reduction o f AMPA-induced toxicity o f OLs. These 
results suggest that a small population o f JSTx-sensitive AMPA receptors 
contributes to OL death and offer a specific target for pharmacotherapy to prevent 
white matter injury during cerebral ischemia.

This work was supported by the HHMI ResearchTraining Fellowship for Medical 
Students (T.C.) and by NIH grant NS 36265.

180.13
MEASUREMENT OF ZINC CURRENT THROUGH CORTICAL NEURONAL 
VOLTAGE-GATED CALCIUM CHANNELS: ENHANCEMENT BY 
EXTRACELLULAR ACIDITY. G.A. Kerchner*. Shan P. Yu and D.W. Choi. Center 
for the Study o f Nervous System Injury and Dept, o f Neurology, Washington Univ. 
School of Medicine, St. Louis, MO 63110.

The release of excess Zn2+ from excitatory synaptic vesicles and its subsequent 
translocation into target neurons may contribute to selective neuronal death following 
global cerebral ischemia. Prior study has suggested that voltage-gated calcium 
channels (VGCCs) may be a key route o f Zn2+ entry into selectively vulnerable 
neurons. While Zn2+ inhibits Ca2+ or Ba2+ currents through mammalian VGCCs, the 
ability o f these channels to carry a Zn2+ cuưent has not been directly demonstrated.

In whole-cell voltage-clamp recordings from cultured murine cortical neurons 
bathed in media nominally devoid o f Na+ and divalent cations, an inward current was 
detected in the presence but not the absence of extracellular Zn2+. This non
inactivating cuưent had activation kinetics which were slower (8.4 ± 0.6 ms) than Ca2+ 
cuưents (2.7 ± 0.2 ms) in the same cells, and it exhibited a cuưent-voltage 
relationship coưesponding to that for high voltage-activated (HVA) Ca2+ channels. 
Increasing concentrations o f extracellular Zn2+ increased the maximum cuưent 
amplitude and shifted its voltage sensitivity to more depolarized levels. The cuưent 
was sensitive to blockade by gadolinium (10 µM), a non-specific VGCC blocker, and 
was partially attenuated by the L-type VGCC antagonist nimodipine (1 µM) and to a 
lesser extent also by the N-type VGCC antagonist ω-conotoxin GVIA (1 µM).

Surprisingly, unlike HVA Ca2+ cuưents, which were depressed by lowering 
extracellular pH, Zn2+ cuưent amplitude at pH 6.9 was approximately 90% larger than 
at pH 7.4. These results provide evidence that L- and N-type VSCCs can directly 
mediate Zn2+ entry into cortical neurons, and furthermore suggest that this entry may 
be enhanced by the extracellular acidity known to accompany global cerebral 
ischemia. Supported by a HHMI Med. Stud. Research Training Fellowship (GAK).

180.10
Ca2ł INFLUX THROUGH Ca2ł PERMEABLE AMPA/KAINATE (Ca-A/K) CHANNELS 
TRIGGERS LARGE [Ca2ł]i RISES AND PREFERENTIAL ROS GENERATION IN MOTOR 
NEURONS. S.G. Carriedo*. S.L. Se∩si. H.Z. Yin, and J.H. Weiss. Depts. of Psychobiology 
and Neurology, U.C. Irvine, Irvine C.A. 92697-4292.

The reason for the high vulnerability of motor neurons (MNs) in amyotrophic lateral 
sclerosis (ALS) is poorly understood. A potential clue follows from our observation that 
cultured MNs (identified by the neurofilament antibody SMI-32) generally express Ca-A/K 
channels, a trait that likely confers upon them a high vulnerability to AMPA/ka¡nate 
receptor-mediated injury. Present studies set out to characterize expression of these 
channels by MNs, and examine ways in which they may contribute to MN degeneration. 
Prior studies have indicated that the GluR2 AMPA subunit confers Ca2> impermeability to 
heteromeric channels. Thus, past observations that MNs express GluR2 mRNA failed to 
support expression of Ca-A/K channels by MNs. However, these observations could be 
reconciled if GluR2 expression is spatially segregated. Consistent with preferential 
expression of Ca-A/K channels on MN dendrites, antibody labeling showed that while 
GluR4 and GluR1 are often seen in the soma and dendrites, GluR2/3 labeling is generally 
more restricted to the soma. To examine ways in which expression of Ca-A/K channels 
might contribute to MN degeneration, subsequent fluorescent imaging studies used the low 
affinity Ca2* probe, fura-2FF, and the oxidation sensitive dye, hydroethidine to examine 
kainate triggered Δ[Ca2ł]i and reactive oxygen species (ROS) production in MNs. Brief (5 
•min) exposure of spinal cultures to 100 µM kainate triggered greater Δ[Caђi in MNs than in 
most spinal neurons (peak levels in MNs >50 µM), that only partially recovered within 20 
min after termination of the exposure. Similarly, 100 µM kainate exposures triggered sharp 
Ca2ł dependent increases in ROS production in MNs, but not in most other spinal neurons. 
Indicating the importance of this ROS production for toxicity, kainate triggered MN 
degeneration is attenuated by the antioxidant trolox (3 mM). Ongoing studies comparing 
Ca2ł homeostatic capabilities and ROS production of MNs with those of other neurons 
expressing Ca-A/K channels may provide new insights into the vulnerability of MNs in ALS. 
Supported by NIH grant NSЗO884 (JHW), an ALS Association research grant (JHW), and 
an NIH Fellowship (SGC).

180.12
ALTERED ZINC HOMEOSTASIS IN CULTURED CORTICAL NEURONS 
FOLLOWING TOXIC EXPOSURE TO KAINATE. L.M.T. Canzoniero* . D.M. 
Turetsky and D.W. Choi. Center for the Study o f Nervous System Injury and Dept, of 
Neurology, Washington Univ. School o f Medicine, St. Louis, MO 63110.

Toxic zinc influx may contribute to neuronal death after transient global ischemia. 
We have used the high affinity fluorescent dye Mag-fura-5 (KD=27nM) to measure 
increases in neuronal intracellular free Zn2+ ([Zn2+]¡) following brief (15 sec) 
exposure to extracellular Zn2+ under depolarizing conditions, and reported that 
[Zn2+]¡ rises to 40-80 nM (Sensi et al.,1997, J  Neurosci 17, 9554). Here we utilized 
the specific low affinity Zn2+ indicator, Newport green (KD = 1 µM), to examine 
changes in neuronal [Zn2+], during more prolonged, toxic exposures to extracellular 
Zn2+.

5-10 min exposure to 300 µM Zn2+ + 300 µM kainate (or 60 mM K+) induced 
widespread neuronal death without glial death in murine cortical cell cultures, 
assessed 24 hrs later. These exposures, in the presence of physiological Mg2+ and Ca2+ 
were associated with a large progressive increase o f [Zn2+]¡, reaching 300-600 nM, 
followed by gradual recovery over the next 20-40 min. The addition of the Na+-Ca2+ 
exchange inhibitor, KB-R7943 at 10 µM (Hoyt et al.,1998, Mol Pharmacol, 53, 742 ) 
during and after Zn27 kainate exposure enhanced the peak increase in [Zn2+j, and 
slowed recovery to the baseline. These data suggest that Zn2+- induced neuronal death 
may be associated with increases in [Zn2+]¡ reaching several hundred nM, and 
furthermore that an exchanger-mediated mechanism may contribute importantly to the 
restoration o f Zn2+ homeostasis.

Supported by NS32636 (DWC).

180.14
ZINC-INDUCED DEATH OF PC 12 CELLS IS MEDIATED BY L-TYPE 
CALCIUM CHANNEL ACTIVATION. A.H. Kim*. T. Higashi and D.W. 
Choi. Center for the Study o f Nervous System Injury and Dept, o f Neurology, 
Washington Univ. School of Medicine, St. Louis, MO 63110.

Toxic Zn2ł translocation from presynaptic terminals into vulnerable 
postsynaptic neurons may contribute to selective neuronal death after global 
ischemia. Previous studies have suggested that a major route of neurotoxic 
Zn2+ entry may be L-type voltage-gated Ca2+ channels. We describe here a new 
PC 12 cell model ofZn2+ neurotoxicity, where L-type Ca2f channels remain 
prominent mediators of Zn2+-į∏duced cell death.

Undifferentiated PC 12 cell cultures exposed to KC1 (90 mM) and ZnCl2 (500 
µM) for 15 min at room temperature developed low levels of cell death 
(l8.6%+2.2) after 24 hr. Consistent with a specific role for L-type channels in 
mediating this Zn2+-induced death under depolarizing conditions, the death was 
reduced by addition o f 1 µM nimodipine. Addition o f 1 µM S(-)-Bay K 8644, 
a dihydropyridine that enhances L-type Ca2+ channel cuưent, doubled resultant 
PC 12 cell death. Furthermore, in the maintained presence of Bay K 8644, there 
was a increase in cell death with increasing concentrations of extracellular K + 
between 5-125 mM, with a sharp increase between 48 mM and 90 mM, 
consistent with the Nernst equation and the known voltage activation threshold 
for L-type Ca2ł channels. Bay K 8644 alone or with elevated K  was not toxic.

The availability of a dividing cell line that exhibits L-type Ca2+ channel- 
mediated Zn2+ toxicity may be useful in future studies of the mechanisms 
underlying this form of cell death. Supported by NIH grant NS32636 (DWC).
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180.15
BRIEF INTENSE Z IN C  E XPO SU R E A C T IV A T E S  p38 M A P  K IN A S E  
IN CULTURED C O R TIC A L  N E U R O N S . P. Manzerra*, M .M . Behrens 
and D. W. Choi. Center for the Study o f Nervous System Injury and Dept, o f 
Neurology, Washington Univ. School o f  Medicine, St. Louis, MO.

Chelatable zinc is present in high concentrations throughout the mammalian 
brain and can be released during ischemic episodes and seizure activity. Influx 
of exưacellular zinc into neurons may contribute to selective neuronal loss 
following such events. Since Ca2+ in flux is known to activate the mitogen 
activated protein kinase, ERK1/2, we set out to determine i f  toxic exposure to 
zinc would also activate mitogen activated protein kinases.

Baseline (after sham wash) levels o f ERK1/2 activity in extracts prepared 
from murine neuronal and glial cell cultures were low, and not increased by a 5 
min exposure to 500 µM zinc under depolarizing conditions (45 mM K*), that 
sufficed to induce widespread neuronal necrosis w ithout glia l death over the 
next 24 hr. Baseline levels o f JNK activity were high, and not altered by zinc 
exposure. Baseline levels o f p38 MAP kinase activity were low, and markedly 
increased immediately after the 5 min zinc exposure, falling over the next 
several hours. This zinc-induced p38 activation was like ly neuronal as the 
activated form was not detected in extracts from near-pure glial cultures, either 
at baseline or after zinc exposure. Addition o f the p38 inhibitor SB2O358O 
during zinc exposure, a drug which blocks serum deprivation-induced neuronal 
apoptosis in our cultures, m ildly increased subsequent neuronal death.

In view of this inhibitor result, and other evidence linking p38 kinase to cell- 
protective mechanisms such as stabilization o f  the cytoskeleton, it is possible 
that its activation after zinc exposure is cytoprotective. Supported by N¡H grant 
NS 32636 (DWC)

180.17
ZINC NEUROTOXICITY IN SK-N-SH NEUROBLASTOMA CELLS IS 
ATTENUATED BY 17 ß- ESTRADIOL. K.E. Gridlev*. K.S. Panickar and J.W. 
Simpkins. Dept, of Pharmacodynamics and Center for Neurobiology of Aging, College 
of Pharmacy , Univ, of Florida, Gainesville, FL 32610.

Estrogen replacement therapy is coưelated with a decrease in the number of stroke- 
related deaths, and further, treatment of ovariectomized animals with 17 ß-estradiol 
during middle cerebral artery occlusion has been demonstrated to reduce mortality and 
ischemic damage in a rat model. Recent evidence suggests a role for zinc toxicity in 
ischemia/гeperfusion events associated with neuronal death. We hypothesized that the 
beneficial effects associated with estradiol treatment may result, in part, from the 
protection afforded against zinc toxicity To this end, SK-N-SH neuroblastoma cells 
were subjected to increasing concentrations of Zn2+ for 20 h o f treatment, with a 
resulting LDjņ of 248 ± 24.1 µM. Time course studies utilizing a 200 µM dose 
revealed significant cell death after 3 h o f treatment. When treated concomitantly 
with estradiol (200 nM) and Zn2+(200 µM), there was a 40% increase in cell survival. 
Further, we were aЫe to decrease the EC^ of the estradiol protection with the addition 
of glutathione (3.25 µM) to the culture media, from 958.7 ± 535.4 nM to 5.6 ± 6 .1 
nM. Since Zn2+ serves a neuгomođulatoiy role at the NMD A  and AMPA receptors, we 
investigated the effects of Zn2+ in potentiating glutamate toxicity in this cell line. No 
significant toxicity was noted after 20 h of glutamate treatment (10 mM); however, 
when combined with a sub-lethal dose o f Zn2+ (100 µM), significant toxicity was 
achieved Concomitant treatment with estradiol (2 nM) prevented the zinc-glutamate- 
induced toxicity. Based on these studies, we conclude that estradiol, by alleviating the 
toxicity attributed to zinc alone or in conjunction with glutamate, may play a protective 
role in the events associated with brain ischemia/гeperfusion. (Supported by NШ  AG 
10485 and Apollo BioPharmaceutics, Inc.)

180.19
GLUTAMATE RECEPTOR REQUIREMENT FOR NEURONAL DEATH FROM 
ANOXIA-REOXYGENATION: AN IN VITRO MODEL FOR ASSESSMENT OF 
THE NEUROPROTECTΓVE EFFECTS OF ESTROGENS. L. L. Zaulvanov. P. S. 
Green. M. J. Meldrum.* and James W. Simpkins Department of Pharmacodynamics 
and Center for the Neurobiology of Aging, College of Pharmacy, University of 
Florida, Gainesville, FL 32610.

Previous studies demonstrated that estrogens are potent neuroprotective agents 
against ischemic insults in which glutamate excitotoxicity is involved in the 
mechanism that results in neuronal cell death. We assessed the requirement for 
glutamate receptors in neuronal death associated with anoxia-reoxygenation in three 
cell types: SK-N-SH and HT-22 neuronal cell lines and primary rat cortical neuronal 
cultures. SK-N-SH and HT-22 cell lines, both of which lack NMDA receptors as 
assessed by MK-801 binding assays, were resistant to both anoxia-reoxygenation and 
glutamate-induced cell death. By contrast, primary rat cortical neurons, which exhibit 
both NMDA and non-NMDA glutamate receptors, were sensitive to brief periods of 
exposure to anoxia-reoxygenation or glutamate. Thus, there appears to be an 
obligatory requirement for the NMDA and/or non-NMDA glutamate receptors in 
neuronal cell death resulting from brief periods of anoxia-гeoxygenation. Using 
primary rat cortical neuronal cultures, we evaluated the neuroprotective activity of 
17ß-estradiol (1.3 nM or 133 nM) and l7α-estradiol (133 nM) in both anoxia- 
reoxygenation and excitotoxicity models o f cell death. We found that the 133 nM but 
not the 1.3 nM dose of the potent estrogen, 17ß-estradiol, protected 58.0% and 57.5% 
of the neurons from anoxia-reoxygenation and glutamate toxicity, respectively, and 
the 133 nM dose of the weak estrogen, 17α-estradiol, protected 74.6% and 81.7% of 
cells from the insults, respectively. Collectively, these data demonstrate a glutamate 
receptor requirement for anoxia-гeoxygenation induced neuronal cell death and indicate 
that estrogen pretreatment can attenuate glutamate receptor mediated neuronal toxicity. 
(Supported by NIH grant AG 10485 and a grant from Apollo BioPharmaceutics, Inc.
P. S. Green is a trainee on N IA Training Grant AG 00196).

180.16
M O D ULATIO N OF GLUTAMATE-DEPENDENT [Zn2+], INCREASES AND 
SUBSEQUENT NEURODEGENERATION IN  CENTRAL NEURONS BY 
BAPTA-AM. K.E. Dineley*, A.K. Stout, and I.J. Reynolds, Dept, o f Pharmacology, 
Univ, of Pittsburgh, Pittsburgh PA 15261.

Accumulating evidence supports a role for zinc in neuronal death. Zinc has been 
shown to enter neurons through glutamate (glu) receptors, voltage-gated calcium 
channels, and Na7Ca2+ exchangers. Excessive increases in [Zn2+], result in 
neurodegeneration, both in vivo and in vitro. We previously demonstrated that under 
controlled ionic conditions, neurotoxic increases in [Zn2+], can be measured by fiıra-2 
and magfura-2 mircrofloшimeŭy (Reynolds and Cheng, Soc. Neurosci. Abstr. 23: 2292, 
1997). In this study, we examine the effects of altering neuronal Zn2+ buffering capacity 
using the Zn2+ chelator BAPTA-AM.

Intracellular Zn2+ transients were measured in fiưa-2 and magfura-2 loaded cultured 
embryonic rat forebrain neurons. Application of 300 µM Zn2+ in the presence of ЮOµM 
glu/10µM glycine resulted in a reproducible increase in either the magfura or fura dye 
ratio. This glu-dependent magfura or fura ratio increase was significantly reduced in 
neurons pretreated with lµ M  BAPTA-AM, and virtually extinguished when neurons 
were loaded with ЮµM BAPTA-AM. While BAPTA-AM has been studied extensively 
in conjunction with Ca2+-mediated toxicity, little has been done to characterize what 
effects BAPTA-AM may have in ameliorating Zn2+-mediated neurodegeneration. 
Indeed, BAPTA has a higher affinity for Zn2+ than for Ca2+. Considering the ability of 
relatively low concentrations of BAPTA-AM to suppress Zn2+ responses in our 
paradigm, we are currently investigating whether BAPTA-AM is usefiīl in protecting 
neurons from toxic Zn2+ loads.

The use of exogenous chelators to buffer [Zn2+], transients suggests a similar role for 
endogenous chelators such as metallothionein (MT) proteins. In future experiments, we 
w ill measure [Z n * ļ increases and Zn2+-mediated neurodegeneration in cells containing 
differing levels o f M T protein.

Supported by NS 34183, GM 08424 and the American Heart Association.

180.18
17-ß-ESTRADIOL IS NEUROPROTECTIVE A G AIN S T KA-IN D U C ED  
D A M A G E IN ORGANOTYPIC HIPPOCAM PAL CULTURES. R. BL 
W .Liu, and M. Baudrv*. Neuroscience Program, Univ, o f  Southern 
California, Los Angeles, CA90089-2520.

Several studies have shown a protective effect o f 17-ß-estradiol against 
excitotoxic damage, although the mechanism underlying this effect remains 
unknown. We used hippocampal slice cultures to investigate the 
neuroprotective effects o f 17-ß-estradiol. Transverse hippocampal slices 
were prepared from 7-10 days old rats and maintained in cultures for 10-14 
days. They were incubated in serum-free medium for 24 hrs in the absence 
or presence o f  various concentrations o f  17-ß-estradiol, before being 
incubated w ith 50 µM  K A  for 3 hrs. They were allowed to recover in serum- 
free medium for 24 hrs. Neuronal damage was assessed by semi-quantitative 
analysis o f propidium iodide (PI) uptake as well as by measuring LDH 
release in the medium. Although 17-ß-estradiol was found to be 
neuroprotective, the dose-response curve exhibited a U-shape w ith optimal 
neuroprotection observed at 1 nM and little  protection at 10 nM. 17-ß- 
estradiol has been shown to rapidly potentiate responses elicited by 
activation o f both A M PA and N M D A  receptor and we found that acute 
treatment w ith 17-ß-estradiol potentiated K A  neurotoxicity. It  is therefore 
conceivable that this latter effect counterbalances the neuroprotective effect 
o f 17-(3-estradiol thus producing a U shape dose response curve.
Supported by grant AG 14751 from N IA  (PI: D r . C. E. Finch).
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181.1
ROLE OF ENDOPLASMIC RETICULUM ASSOCIATED  
MOLECULAR CHAPERONES IN THE PROCESSING OF 
PRESENILIN-1. Z. S. Farhanerazi*. C. Glabe. Department o f  
Molecular Biology and Biochemistry, University o f  California at 
Irvine, Irvine, CA 92697.

The genes encoding presenilins (PS-1 and PS-2) have 
been identified as major causal genes for early onset familial 
Alzheimer’s disease (FAD). Although the biological functions o f  
PS-1 and PS-2 are still unknown, a number o f  reports from other 
laboratories have either shown the presence o f  this protein on the 
cell surface or its association or its primary confinement to the 
endoplasmic reticulum (ER). In order to probe the function o f  
presenilin protein and to better understand its processing, we have 
attempted to identify and characterize the possible interaction(s) 
o f  this protein with other proteins in the ER. W e propose that the 
identification o f  these molecular chaperones will aid us in further 
understanding o f  the mechanisms leading to pathogenesis o f  
Alzheimer’s disease.
Supported by NШ  N S 31230

181.3
M O LEC ULAR CLO NING  AND C H ARACTERIZATIO N OF PRO TEINS 
A SSO CIATED W ITH P R ESENILIN -1. S. S ong1. Y. N akaza to \  A. Takash im a2.
K. Ishiαuro '*and H. T a k a h a s h ľ. P roject 8 , M its u b is h i Kasei Institute of Life 
Sciences, M achida-shi, Tokyo-194, Japan, 2RIKEN, W ako-sh i, Japan 

Presenilin-1 (PS-1) is identified as the causative  gene for autosom al 
dom inant fam ilia l A lzheim er's d isease linked to chrom osom al 14. In order to 
explore  the physio log ical function o f PS-1 , we tried to isolate the pro te ins 
in teracting w ith PS-1 using yeast two hybrid system . Using the loop to C- 
term¡nal portion of PS-1 as the bait, fou r positive co lon ies were available from  
mouse feta l brain cDNA library screening. W e se lected one clone for further 
study as described below. By screening ano ther mouse brain cDNA library, 
fu ll length cDNA of the PS-1 associa ted prote in nam ed E2L was isolated. 
Northern blot analysis revealed that E2L m RNA was highly expressed in brain 
and testis. By in situ hybridization analysis, expression o f this gene was 
restricted in subsets of neurons such as pyram idal ce lls and g ranu lar neurons 
in the h ippocam pus, large pyram idal neurons in the cerebra l cortex, neurons 
in the substantia  nigra, and Purk¡nje ce lls and granu la r neurons in the 
cerebellum . W e exam ined the d istribution of E2L prote in in A lzh e im eґs  brain 
using polyclonal antibody to N -term inal portion o f E2L. In sporad ic 
A lzheim er's brain, neurofibrilla ry tang les and dystroph ic neurites arround 
senile  p laques were im m unosta ined by the antibody to E2L. It is known that 
PS-1 is p ro teo lytically processed to N -term ina l and C -term ina l fragm ents. 
Transfection experiem ents were perform ed to cla rify the re lationship 
between PS-1 and E2L. Transfection o f E2L into CO S-7 cells inhibited the 
norm al PS-1 p ro teo lytic processing.

Thus, PS-1 associa ted pro te in -E 2 L m ight p lay an essentia l role on the 
pathogenesis o f A lzheim eґs disease.

181.5
PR ESE N ILIN -1 IS C O -LO C A L IZED  W IT H  C L IP-170 A N D  TH EIR  
IN T E R A C T IO N  M ED IA TE S Aß PR O D U C TIO N . A .A . Johnsingh1.
L .K otula2. S. E fthim iopoulos1. J.S. Jacobsen3*. T .E. K reis4. N .K. 
Robakis1 and N. T ezapşid is1. xD℮p. o f  Psychiatry and Fishberg  
R esearch C enter for N eurobiology, M t. Sinai School o f  M edicine, New  
Y ork, NY; 2N Y S Institute for Basic R esearch, Staten Island , NY; 
3Dep. o f  CN S D isorders, W yeth -A yerst R esearch, Princeton, N J, USA; 
4Dep. o f  Cell B iology, U niversity, Sciences III, CH -1211 G eneva 4 
Sw itzerland.

Presenilin-1 (PS-1) interacts in v itro w ith  C ytoplasm ic Linker  
Protein-170 (C LIP-170). The interaction takes place betw een the large  
cytoplasm ic loop o f  PS-1 and the C -term inal dom ain o f  C L IP-170  
w hich encom passes a m etal-binding m otif. The E28OA and L 286V  
m utations in PS-1 cause a lower K d for PS1-L  binding to C L IP-170 in 
the presen ce o f  Ca2+.

H ere w e dem onstrate by im m unocytoch em istry that PS-1 c >- 
localizes w ith C L IP-170, suggesting that in teraction m ay also take  
place in v ivo . Further, overexpression o f  the b inding dom ains (PS¯IL  
or C L IP-C ), results in the reduction o f  the A ß levels secreted in the  
culture m edia. This is presum ably accom plished by th e dissociation or 
prevention o f  form ing o f  the endogenous com plex com p risin g the ruíi- 
length proteins. These results indicate that a form idable therapeutic  
strategy for AD  can be the design o f  specific b lood-brain  barrier- 
perm eable peptidom im etics able to m odify the in teraction o f  PS-1 
with CL IP-170.

[Supported by the A lzheim er’s A ssociation grant R G l-9 6 0 9 6  
(N .T .) and N IH  grants A G 08200 (N .K .R .) and 2P01 A G 04220 (L.K )į

181.2
MOLECULAR CLONING OF H U M AN  PRESEPHILINE, A NOVEL 
PR E S E N ILIN -B IN D IN G  PROTEIN.
A. K a m iya , K. F u ji i ,  R. Okada, H. K im u ra ‘ and A. K a sh iw a* 
Dept, o f P s y c h ia try ,  S h iga  U n iv . Med. Sci., Otsu, Japan; 
‘C e llu la r  N e u ro b io lo g y , the  Sa lk In s t i tu te ,  La Jo lla , CA 92037.

The m a jo r it y  oí e a r ly -o n s e t f a m i l ia l A lz h e im e r 's  disease 
have been lin k e d  to m u ta tio n s  in  p r e s e n i lin -1  (PS1) and 
p r e s e n i l in -2  (PS2). The fu n c t io n  o f these p ro te in s  is 
c u r r e n t ly  been in v e s tig a te d  in te n s e ly ,  and th e ir  
in v o lv e m e n t  in  the  p ro c e s s in g  o f a m y lo id  p re c u rs o r  p ro te in  
has been p o in te d  out. Last ye a r we re p o rte d  the  iso la tio n  o f 
a n o v e l p ro te in  des igna ted  m ouse p r e s e p h ilin e  (PSP), w h ich  
was sh o w n  to b in d  to the  c y to p la s m ic  lo op  re g io n  o fP S l 
u s in g  the  yeast tw o h y b r id  system . T h is  p ro te in  лvas h ig h ly  
h o m o lo g o u s  to DO CKI8 O, a p u ta t iv e  e f fe c to r  m o lecu le  
t ra n s d u c in g  s ig n a ls  o f p h o p s h o ry la te d  ty ro s in e  to Ras 
fa m ily  o f p ro te in s  by i∩ le ia c t iπ g  w ith  C R K ad ap to r p ro te in . 
T h is  ye a r we iso la ted  the  h u m a n  c o u n te rp a r t  o f PSP us ing  
the  p la q u e  h y b r id iz a t io n  m ethod  and the  5'-RACE system. 
H u m an  PSP also have  tw o  SHЗ b in d in g  do m a in  in  th e ir  C- 
te rm in a l re g io n .  I t  is s t ro n g ly  suggested th a t h um an  PSP 
and p re s e n ilin e s  are also in v o lv e d  in  the  ty ro s in e  kinase 
s ig n a l tra n s d u c t io n  p a th w a y .

181.4
CALSENILIN , A NOVEL Ca2+-BINDING  PROTEIN, BINDS TO 
PRESENILINS AND MODULATES ENDOPROTEOLYTIC CLEAVAGE.

and W. Wasco1*. 1 Genetics and Aging Unit, Dept, of Neurology, MGH, Harvard 
Medical School, Charlestown, M A 02129, 2Dept. o f Psychiatry, Mt. Sinai 
School of Medicine, New York, NY 10029.

Mutations in the homologous genes, presenilin 1 and 2 (PS1/PS2) have been 
demonstrated to cause the majority of early-onset familial Alzheimer's disease 
(FAD). Cells expressing mutant forms of the presenilins have been shown to 
have an increased sensitivity to apoptosis and the expression of a cDNA encoding 
the C-terminal domain of PS2 has been shown to prevent apoptosis. These 
observations suggest that an interaction between the C-terminal domain of PS2 
and another protein(s) may be involved in the regulation of apoptotic and PS2 
processing pathways. We have carried out the initial characterization of a novel 
calcium-binding protein which interacts with the C-teгmiπus o f presenilin 2. The 
protein, termed calsenilin. was isolated using the yeast two-hybrid system with 
the last 60 amino acids of PS2 as bait. The predicted amino acid sequence shows 
four calcium-binding motifs (EF hands) and shared sequence homology with a 
family of neuronal calcium-binding proteins. We have demonstrated that the 
mRNA is expressed primarily in brain tissue and that the protein interacts with 
both PS1 and PS2. In addition, western blot analysis shows that expression of 
calsenilin alters both the processing of PS2. Finally, immunofluorescence 
studies demonstrate that calsenilin is localized in the cytoplasm of transiently 
transfected cells and that co-expression with PS2 results in a redistribution of the 
calsenilin expression pattern to resemble the ER/Golgi localization of PS2. 
Current studies are focused on assessing whether calcium concentration effects the 
binding of calsenilin to PS2, determining whether the CTF that we see increased 
upon calsenilin expression is a caspase-3 fragment and if  the PS2 FAD-associated 
mutations (N141I, M239V) effect the interaction with calsenilin.
[Supported by the NIH and the Pew Scholars Program in the Bomedical Sciences}

181.6
PRESENILIN-1 INTERACTS WITH A TPR DOMAIN 
CONTAINING PROTEIN G. Prihar ıд. E. McGowan* M. Baker1. J. 
Hardy1 and M. Hutton1. 1 Dept. Neurogenetics, Mayo Clinic 
Jacksonville; 2 Dept. Biochemistry and Molecular Biology, Univ, of 
South Florida.

Mutations in Presenilin-1 (PS1) have been shown to cause 
increased levels of the long fragment of ß-amyloid [Aß 1-42(43)] in 
both transfected cells and transgenic mice. In addition, these mutations 
have been shown to be directly related to Alzheimer’s Disease (AD). 
Though PS1 shows a high degree of homology to a C. elegans protein, 
SEL-12, and is able to rescue the defective egg-laying phenotype in this 
organism caused by mutations in SEL-12, the function o f PS1 still 
remains unclear. Fragments of PS1 were used in a yeast two-hybrid 
system in order to identify interacting proteins which could possibly 
elucidate the function of PS1. A TPR domain containing protein which 
we have termed, TPIP, was identified to interact with fragments of PS 1 
in a fetal brain cDNA library screen in this system. This interaction 
was confirmed via co-immunoprecipitation and immunofluorescence 
experiments. In addition, deletion constructs were used in subsequent 
yeast two-hybrid experiments to identify interacting regions of the two 
proteins. The significance of these findings and future experiments in 
which the function of TPDP is studied are discussed.
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181.7
GENETIC SCREENS IN DROSOPHILA  AND C. ELEG AN S  
FOR GENES THAT INTERACT WITH ALZHEIMER’S 
DISEASE PRESENILINS. D. Curtis. S. Tiong. B. Phillips S . 
Filandrinos. J. Kopzcvnski. R. Francis. S. Quinn. T. Huang. J. 
W inslow*. Exelixis Pharmaceuticals, Inc., 260 Littlefield A ve., 
South San Francisco, CA 94080

Dominant mutations in human presenilins 1 and 2 are associated 
with altered processing o f the-amyloid precursor protein, accelerated 
deposition o f amyloid-ß containing plaques, and early onset 
Alzheimer’s disease. Genes with sequence similarity to presenilins 
are found in invertebrates, and w e are using genetics in Drosophila 
and C. elegans to study their function. Overexpression o f  human 
presenilin 2 or Drosophila presenilin in the developing fly eye and 
wing causes dominant visible adult phenotypes. Familial 
Alzheimer’s mutant forms o f presenilins produce similar but weaker 
overexpression phenotypes than wild type forms. W e have 
conducted a screen o f over 100,000 flies for modifiers o f  the 
presenilin phenotypes in order to isolate genes that function in the 
presenilin pathway. In a complementary approach w e are screening 
for suppressors o f  the egg laying phenotype caused by a loss o f  
function mutation in sel-12, a C. elegans presenilin gene family 
member. Here we present data describing the phenotypes used in 
the screens and a preliminary characterization o f  the approximately 
20 modifier genes we have so far identified.

181.9
ROLE OF PRESENILIN-1 MUTATION ON Aß42 PRODUCTION 
O.Muravama*. T.Honda. M.Muravama. N.Nihonmatsu. and A. 
Tяlcяsŉir∩я. Lab. for Alzheimer’s Disease, Brain Science Institute, 
RIKEN, 2-1 Hirosawa, Wako-shi, Saitama, 351-0198, Japan.

Alzheimer’s disease (AD) is a progressive neurodegenerative 
disease characterized by senile plaques and neurofibrillary tangles. 
Genetic linkage studies revealed that the majority of cases of early- 
onset familial Alzheimer’s disease (FAD) associates with missense 
mutations of presenilin 1 (PS1) gene. The role of PS1 in AD is 
particularly important, because mutations for PS1 exhibited 100 % 
penetrance in causing AD. It has been reported that all mutations in 
PSl alter the metabolism of amyloid ß protein precursor (ßAPP), 
resulting in increasing the longer form of Amyloid ß peptide (Aß42) 
production. It may explain the pathogenesis of AD. The mechanism, 
through which mutations of PSl causes the alteration of ßAPP 
metabo₧m, is, however, unclear. Recent reports using PSl knockout 
mice (B. De Strooper et al. Nature, 391:387-390,1998; J. A. Davis et al. 
Neuron, 20:603-609, 1998; S. Qian et aL Neuron, 20:611-617, 1998 ) 
suggests that PSl requires to the activation of γ-secretase, and that 
the gain of function activity in mutant PSl leads to the elevation of 
Aß42. This activity may be due to changing the interaction of ßAPP 
and/or the ßAPP trafficking. To elucidate PSl function on ßAPP 
metabolism, we examined the association of PSl with ßAPP and 
trafficking of ßAPP using wild type and mutant PSl transfected cell 
line. The role of PSl mutation on Aß42 production will be discussed.

181.11
FAD-LINKED PRESENILIN 1 MUTATIONS INCREASE THE 
INTRACELLULAR LEVELS OF A ß i-4 2  AND AßX -42 W HICH ARE 
GENERATED A T  DISTINCT SITES.
S. Sudoh‘.Y . Kawamura1. Rong Wang2. H. Komano‘*and K. Yanagisawa1. ’Dept, 
of Dementia Research, National Institute for Longevity Sciences, Obu, Aichi 474, 
Japan, laboratory for Mass Spectrometry, The Rockefeller University, New York, 
New York 10021, USA

Mutations in the presenilin genes, PSl and PS2, cause the most common form of 
early-onset familial Alzheimer's disease. The influence of PSl mutations on the 
generation of endogenous intracellular Aß species was assessed using a highly 
sensitive immunoblotting technique with inducible mouse neuroblastoma (Neuro 2a) 
cell lines expressing the human wild-type (wt) or mutated PSl (M 146L or Δ℮χ〇n 10). 
The induction of mutated PSl increased the intracellular levels of two distinct Aß 
species ending at residue 42 which were likely to be Aßl-42 and its N-terminally 
truncated variant(s), Aßx-42. The induction of mutated PSl resulted in a higher level 
of inttacellular Aßl-42 than that of intracellular Aßx-42, while extracellular levels of 
Aßl-42 and Aßx-42 were increased proportionally. In addition, the intracellular 
generation of these Aß42 species in wt and mutated PSl-induced cells was completely 
blocked by bгefeldin A, whereas it exhibited differential sensitivities to monensm: the 
increased accumulation of intracellular Aßx-42 versus inhibition of intracellular 
Aßl-42 generation. These data strongly suggest that Aßx-42 is generated in a 
proximal Golgi, whereas Aßl-42 is generated in a distal Golgi and/or a post-Golgi 
compartment. Thus, it  appears that PSl mutations enhance the degree of 42-specific 
Y -secretase cleavage which occurs in the normal APP processing pathway, i) in the 
ER or the early Golgi apparatus prior to ß-secretase cleavage or ii) in the distinct sites 
where Aßx-42 and Aßl-42 are generated.

181.8
FURTHER CHARACTERISATION OF THE MAJOR LOOP 
OF PRESENILIN-1. S,K.F. Smith*. A,G.S. Robertson.
S.J.Allen, P H H old en . S J.Tvler, G K.Wilcock. D Dawbam . 
Molecular Neurobiology Group, Department o f  Medicine (Care 
o f  the Elderly), University o f  Bristol, Bristol Royal Infirmary, 
Bristol BS2 8HW, UK.
Mutations in the genes presenilin-1 and presenilin-2 are known to 
cause early onset familial Alzheimer’s disease but the mechanisms 
by which they do this remain a mystery.
Over 30 mutations have been identified and while these are 
dispersed throughout the putative 8 transmembrane construct 
there is a cluster in the major hydrophilic loop. Their high 
prevalence here underlies the importance for this region to be 
characterised.
The major loop was constrained within the active site o f  
thioredoxin, thereby mimicing its native conformational state, and 
expressed as a fusion protein in E.coli.
The protein construct was purified to homogeneity and circular 
dichroism studies undertaken to determine its secondary 
structure.
The construct was also cloned into a yeast two hybrid vector and 
libraries probed to identify binding proteins.
* Funded by University o f  Bristol Postgraduate Scholarship

181.10
COMPARISON OF DIFFERENT PRESENILIN MUTANTS ON THE EFFECTS OF 
A-BETA PRODUCTION IN 293 CELLS. T. Yin. E. Johnstone. M. Bender.
P. Hvslop and S.P. Little*. The L illy  Research Laboratories, Eli L illy  and Company, 
L illy  Corporate Center, Indianapolis, IN 46285.

Alzheimer’s disease (AD) is the most common neurodegenerative disorder of 
central nervous system. The pathological hallmark o f AD brain is characterized by 
the invariant accumulation o f senile plaques which consist largely of amyloid beta- 
peptide (Aß) derived from proteolytic processing of Aß precursor protein (APP). 
Recent studies have shown that missense mutations in presenilin (PS) genes are the 
most common etiology o f dominant early-onset familial AD and associated with 
increased levels o f Aß ending at residue 42 (Aß 42). To gain insight into mechanisms 
of, and compare the effects of different PS mutants on the production o f Aß, we 
expressed cDNAs for wild type PSl, PS2 and their various mutants (PSl M146V, 
G2O9V, A246E, E28OA and PS2 N141I) in 293 cells stably overexpressing the APP 
Swedish mutant (293/APPsw) and levels o f total Aß or Aß 42 were determined by 
ELISA. It was observed that transient transfection o f wild type PSl, PS2 or their 
various mutants into 293/APPsw cells did not significantly change Aß production. 
However, the levels o f Aß 42 are dramatically increased in cells stably 
overexpressing mutant PSl with little or no change o f total Aß. For example, the 
level o f Aß 42 in PSl E28OA stable 293/APPsw cells consists of 57% of total Aß. 
Moderate increase o f Aß 42 was also seen in wild type PSl stable 293/Appsw cells. 
These results support a gain-of -function as the result o f the PSl mutation in APP 
processing. In contrast to PSl, a significant higher level o f total Aß with moderate 
increase of Aß 42 were observed in PS2 N141I stable 293/APPsw cells when 
compared to that o f control. The data suggest that PSl and PS2 may utilize distinct 
mechanisms on the effects of APP processing. Further identification o f functional 
domains for PS in APP processing is under investigation and the potential inhibitory 
effects o f various compounds on PS mediated Aß production w ill be discussed.

181.12
TH E  ID E N T IF IC A T IO N  OF ß  SECRETASE A C T IV IT Y  ASSO CIATED 
W IT H  P R E S E N IL IN  1. Y M o r iL K lm a iz u m i1, T .K udo2* ,K .M ivo sh i2. 
M ·T o h va m a **Dept.of A n a t.&  Neurosei.;2D ept.of N e uro psych ia try ,Osaka 
U n iv .M ed.Sch.,Osaka565-O871, Japan.

A subset o f early-onset F a m ilia l A lzhe im er’s disease(FΛD) eases are 
a ttr ib u ta b le  to three genetic loci, Am ylo id Precursor Protein (APP), 
P resen ilin  1 and 2 (P S l/ PS2). Recent studies reported th a t transgenic 
mice co-expressing F A l)-lin ke d  hum an PSl and Swedish F Λ l)-lin ke d  
m u ta n t AJPP(ΛPPswe) give rise to the elevated production o f A ß  1 -42 and 
develop am ylo id deposits much e a rlie r than mice expressing only ΛPPswe, 
w ild -type  P S l, and APP. A ccord ingly PS l m uta tions appear to fa c ilita te  A 
ß  production  from  APP by g iv ing  a profound effect on two A ß 
genera ting  enzymes called ß  and Ύ secretases, w hich have not yet been 
iden tified . To exam ine w he ther PS l d irec tly  associates w ith  ß  or γ  
secretase, Flag-tagged PS l was tra n s ie n tly  expressed in 2 í).Ύľ cell, 
fo llowed by im m unoprec ip ita tion  w ith  anti-PS  1 N -te rm in a l antibody or 
an ti-F la g  antibody. We measurçd ß  and γ  secretase ac tiv ities  in the 
im m uno- prec ip ita tes using a synthetic  peptide z-VKM -M C A or z-IA- 
M CΛ , as a substrate fo r ß  or γ  secretase repectively. Then we could 
detect ß ,  not γ ,  secretase a c tiv ity  in the im m unopreeip ita tes. S im ila r 
re su lt was gained in the case o f Flag-tagged PS2. In tr ig u in g ly , 
approx im a te ly  2-fo ld greater a c tiv ity  was detected in FAD m u ta n t PSl 
transfected cells. Furthe rm ore  the a c tiv ity  coprecip ita ted w ith  PS l could 
be d ra m a tica lly  suppressed only by proteasome specific in h ib ito rs , such 
as Lactacystin , A L LN , and MG 132. Taken together w ith  accum ulative 
evidences dem onstra ting  physica l in te rac tion  o f PS1/PS2 w ith  APP, we 
ra ised the poss ib ility  th a t Presen ilin-pro teasom e complex should be a 
m ach inery fo r processing o f APP in to  A ß .
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181.13
SU BC ELLU LAR LO C A L IZ A T IO N  OF APP IN  C U LTU R E D  
NEURONAL CELLS EXPRESSING F A D -L IN K E D  P R E S E N IL IN  
VARIAN TS. T. Mivaęawa*, H. H. Slum. G. Thinakaran and S.S. Sisodia. 
Division o f Neuropathology, Departments of Pathology and Neurosciense, The 
Johns Hopkins University School of Medicine; Baltimore, MD, 21205.

The precise mechanism(s) by which FAD-linked mutations in Presenilin (PS) 
cause AD are not clear. Analysis o f conditioned medium from fibroblasts or plasma 
of individuals with PSl/PS2-linked mutations revealed a highly significant increase 
in the ratio of Aß42(43)/ Aß4O as compared with unaffected family members. 
Furthermore, the ratio of Aß42(43)/ Aß4O was also found to be elevated in variety 
of cultured mammalian cells, and in the brains o f transgenic mice expressing FAD- 
linked variants. These studies suggest that FAD-linked PS1/PS2 variants influence 
processing of APP at the “γ-secretase” site and likely cause AD by increased 
production of highly amyloidogenic Aß42(43) species. However, using 
coimmunoprecipitation and in situ cross-linking approaches, we failed to provide 
evidence for physiological interaction between PS1/PS2 and APP (and its 
homologues). To clarify the biochemical mechanism(s) by which mutant PS1 
influences processing of APP to results in elevated Aß 42(43) levels, we have begun 
to define the subcellular distribution and trafficking of APP in cultured neuronal and 
non-neuronal cells expressing FAD-linked PS 1 variants. We have engineered human 
APP polypeptides which are tagged with green fluorescent protein (GFP) at the 
cytoplasmic domain for use in these studies. Like APP, the chimeric APP-GFP 
polypeptides undergo processing through the secretary pathway in transfected 
mammalian cells. We are currently characterizing the subcellular localization of 
APP-GFP using conforcal microscopy in cell lines expressing wild-type and FAD- 
linked PS1 variants. Supported by the NIH, NIA, Eisai Co. Ltd., the Adler 
Foundation and the Develbiss Fund.

181.15
C Y TO SKE LETA L ASSO CIATION OF PRESENILIN  1 IN  
PR IM A R Y  NEURONS AND NO N-N EUR ON AL CELLS.
G. Pigino. R. Reenan*. H. Mori2 and J. Busciglio. Dept, of Pharmacology, 
University of Connecticut Health Center, Farmington, CT 06030; 2Dept. of 
Molecular Biology, Tokyo Institute of Psychiatry, Tokyo 156, Japan.

Mutations in presenilin 1 (PS1) and presenilin 2 are linked to the majority of 
early-onset cases of familial Alzheimer’s disease (FAD). PS1 is a 6 to 8 
transmembrane domain protein localized in the endoplasmic reticulum (ER).
The available evidence indicates that PS1 is involved in the regulation of APP 
trafficking and processing and that PS 1 mutations increase the production of 
Aß42. Recent results showing colocalization of PS 1 with neurofibrillary 
tangles in the Alzheimer brain (J. Neurosc. 17:5101, 1997) and its binding with 
the actin-binding protein filamin (J. Neurosc. 18:914, 1998) suggest an 
association between PS1 and the cytoskeleton. Antibodies raised against specific 
regions of PS1 were used to study the nature of the association of PS1 and its 
fragments with the cytoskeleton in rat hippocampal neurons and COS cells.
PS 1 fragments were detected in cells extracted with saponin using a mild 
extraction protocol that selectively removes cytosolic proteins retaining the 
association between cytoskeletal proteins and membrane elements. Western blot 
analysis revealed that full length PS1 and both carboxy- and amino-terminus 
fragments were enriched in this fraction. Western blot and double- 
immunofluorescence experiments also showed that PS 1 fragments were still 
retained in the insoluble fraction after stronger extractions using Triton X-100 
that specifically preserve cytoskeletal proteins. Conversely, PS 1 fragments were 
significantly reduced in cytoskeletal preparations obtained after nocodazole and 
cytochalasin treatments. PS 1 fragments were also detected in taxol-stabilized 
microtubule preparations of both rat hippocampal neurons and COS cells. We 
are currently investigating the functional and pathological implications of the 
interaction of PS1 with the cytoskeleton. (Supported by the University of 
Connecticut Health Center).

181.17
INTRACELLULAR DISTRIBUTION AND PROCESSING OF ENDOGENOUS 
NORMAL AND MUTANT PRESENILINS. I.A. D’Souza1 Λ M.W. Hamblin 3 4 s. and
G. Schellenberg'·24 5. Department o f 'Medicine, 2Neurology, 3Psychiatгy, and 
“•Pharmacology, University o f Washington, Seattle WA 98195 and SGRECC, Veterans 
Affairs Medical Center, Seattle WA 98103.

Mutations in the presenilin l(PS l) and presenilin 2 (PS2) genes are manifest in rare, 
familial forms o f Alzheimer’s Disease (FAD). The biochemical function o f presenilins 
(PS) remains elusive. Most studies indicate PS1 and 2 are in the ER/Golgi, while some 
show staining on the cell surface or in the nucleus. Full length PS1 and PS2 are 
endoproteolytically cleaved to yield 2 fragments. Some reports suggest that mutant PS 
are either poorly or aberrantly processed. Since most o f the above studies employed 
transfected constructs, these results are not representative o f physiological PS expression 
and metabolism. We therefore undertook to observe processing and subcellular 
localization o f endogenously expressed normal and mutant forms o f PS. For this study, 
FAD fibroblasts harboring either the PS1 G2O9V mutation or the PS2 N141I mutation 
were analyzed and compared with fibroblasts from unaffected family members. The 
G2O9V mutation suggests an aggressive phenotype with the age o f AD onset ranging 
from 30-48 years and that for the N141I mutation ranging from 45-56 years. Affinity- 
purified polyclonal antibodies to the N and C terminal residues o f both PS 1 and PS2 were 
used in colocalization studies with ER and Golgi-specific markers. We report that 
endogenous normal and mutant forms o f PS1 and PS2 exhibit comparable and 
nonpreferential staining in both ER and Golgi compartments. This staining is 
indistinguishable from that o f normal controls. Moreover, our immunocytochemical 
assays failed to detect PS presence in the nucleus or on the cell surface. Western blot 
analyses on cell extracts from FAD and control fibroblasts show fully processed mutant 
as well as normal PS1 and PS2 . Our results suggest that normal and mutant PS are fully 
processed and that the gain o f function in mutant PS results from altered conformations 
or interactions in the ER/Golgi. (Supported by NIA grant AG11762)

181.14
PRESENILIN 1 REGULATES STIMULATED CLEAVAGE OF THE AMYLOID 
PRECURSOR PROTEIN, J.J. Palacino*1, B. Berechid2, P. Alexander1, J. Nye2, and
B. Wolozin1. 1 Department of Pharmacology, Loyola University Chicago, Maywood, 
IL 60153 and2 Department of Pediatrics, Northwestern University, Chicago, IL 
60606

Secretion o f ß-amyloid (Aß) and its subsequent aggregation are thought to be the 
central events regulating the development o f Alzheimer’s disease (AD). Presenilin 1 
(PS1) has been recently shown to be necessary for γ secretase cleavage of APP, however, 
mutant forms of presenilins have also been shown to affect secretion of APP (Nitch, R, 
et al, in press). Since secretion of APP is largely driven by the action o f α-secretase, we 
hypothesized that PS1 may also be regulating α secretase activity. To investigate this 
hypothesis, we generated immortalized fibroblast lines from PS1 knockout (KO) and 
heterozygous (HZ) mouse embryos. APPs was isolated by initial precipitation from 
media, using heparin-agarose and immunoblotted. Basal levels of APP secretion by the 
KO cells were lower than those of the HZ cells. Treatment of the HZ cells for one hour 
with EGF (10 ng/ml), strongly increased APP secretion. In contrast, the KO cells 
showed no stimulation of APP secretion following treatment with EGF. Next, we 
examined APP secretion in HeLa cells overexpressing either wild-type or A236E PS1. 
The wild-type PS1 overexpressors showed robust stimulation o f APP secretion, while 
the mutant cells showed no stimulated secretion. Analysis o f the secreted APP with the 
antibody 6E10, directed against Aß,.16, indicated that the increases in APP secretion were 
predominantly mediated through α-secretase. These results show that PS1 is required 
for stimulation o f APP secretion (at the α-secretase site) as well as being necessary for 
γ-secretase action. This suggests that the actions of α and γ secretase are co-regulated 
and that PS1 may play a general role as a modulator o f secretase action. Moreover, the 
mutations associated with familial AD appear to alter the α-secretase directed function 
o f PS1, in addition to increasing Aß,.42, presumably by altering γ-secretase function. 
Supported in part by the Neuroscience Research and Education Foundation.

181.16
PRESENILIN 1 IS REQUIRED FOR NEUROPROTECTIVE 
EFFECT AND INCREASE OF a  -SECRETASE DERIVED APP 
INDUCED BY PKC ACTIVATION. Ǐ.E. Shin.1 PE, Kang.2 EH. 
Koo.2 Ǐ.Y, Koh.1 I, Chung.3* I. Mook-ǐung.1 Department of 
Neurology, College of Medicine, Ulsan University, “̂Department of 
Neuroscience, UCSD, U.S.A. ^Department of Physiology, College of 
Medicine, Hanyang University, Seoul, Korea, 138-040.

Mutations within the presenilin l(PSl) gene are responsible for a 
large fraction of familial AD, thus understanding its biological 
functions is important to understand pathogenesis of AD. In the 
present study, we investigated the role of PS1 in PKC-mediated 
blockade of cell death. HEK293 cells were transfected with PS1 
wild type cDNA or PS1 delta exon 9 mutant cDNA in 
ecdyson-inducible system. When activated by PDBu, wild type 
PS 1-transfected cells became less vulnerable to A ß .  In contrast, 
PDBu activation had little effect on A Æ-induced death of PS1 delta 
exon 9 expressed cells. Likewise, PS1 wild type cells became less 
vulnerable to H2O2 treatment when activated with PDBu, while 
PDBu activation rendered cells expressing mutant delta exon 9 PS1 
more vulnerable to H2O2 induced cell death. These data indicate 
that PS1 play a protective role in the PKC-mediated response to 
various insults and suggest a modulatory role of PS1 in neuronal 
cell death process during AD pathogenesis. Since PKC activation 
is known to increase a -secretase derived sAPP (sAPP a ), we 
tested whether or not PS1 is involved in this process by measuring 
the sAPPơ level with ELISA following PDBu activation of PS1 
wild type and delta exon 9 mutant. PDBu treatment increased the 
sAPPơ level only in the presence of PS1 wild type protein. This 
result indicates that PS1 is also required for sAPPơ increase 
which is induced by PKC activation.
This work was supported by Creative Research Initiatives of the 
Korean Ministry of Science and Technology and Kyungi 
Pharmaceutical Research Center grant.

181.18
EXPRESSION OF PRESENILIN 1 IN PRIMARY NEURONS 
AND CELLS TRANSFECTED WITH INDUCIBLE 
CONSTRUCTS. D. Goldgaher1. N. Singh1. M. T sіp℮γ1.
R.Bhasin1*. A. Dгanovskv . M, P .V ite ť c .  G. Glab?ΓD. H.
Cгibbs and A. L. Schwaгzman1. *Dept. o f Psychiatry. SUNY at 
Stony Brook, Stony Brook, NY 11794. 2Dept. of Neurology,
Duke Univ. Med. Center, NC 27710 .3Dept o f Molecular Biology 
and 4Dept. o f Neurology, Univ, o f California, Irvine, 92679.

The presenilin 1 (PS1) expression was examined in primary cultures 
of rat cortical neurons and in two human cđl lines (epithelial cells 
HEp-2 and neuroblastoma M17) transfected with ecđysone-inducible 
cDNA constгacts encoding fusion protein GFP-PS1. GFP (green 
fluorescent protein) in this construct was fused in a frame with N- 
teгminus o f full length PS1. Using high resolution scanning 
immunoelectron microscopy we detected in primary neuronal cultures 
N-teгminal PS1 immunoreactiviy on the surface o f neurons, neurites, 
and adhesion plaques. Enhanced immunostaining was detected on the 
surface o f growth cones at the borders with growing lamellipodia and 
on the surface o f contacts sites of neurites with growth cone-like 
structures. Transiently and stably transfected HEp-2 and M17 cells 
demonstrated apparent reticular and perinuclear distribution o f GFP- 
PS1 fusion protein. Partial co-localizations of GFP and N-terminal 
PS1 immunoreactivity with cell surface receptors o f transfected cells 
were detected on the cell plasma membrane, microvilli, lamdlipodium, 
and cell-cell contacts. Our results suggest the unique role of PS1 in 
membrane related processes at the cell borders.
This work was supported by National Institute o f Health and 
Alzheimer’s Association
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181.19
EXPRESSION OF ENDOGENOUS PRESENILIN 1 IN JURKAT 
CELLS. A. L. Schwarzman1, N. Singh1, M. Tsiper1, L. Gregori1*, A. 
Dгanovsky1, M. P. Vitek2, and D. Goldgaber1. *Dept. o f Psychiatry, 
SUNY at Stony Brook, Stony Brook, NY 11794. ⅞)ept. o f 
Neurology, Duke University Medical Center, NC 27710.

In most tissues and cell cultures, the amount o f pгesenilin l(P S l) is 
extremely low and often not detectable by Western blot analysis or 
by immunofluorescence techniques. A constitutively high level o f 
expression o f endogenous pгesenilin was previously detected only in 
neurons. We showed now that PS1 is also highly expressed 
intracellularly and on the cell surface in Jurkat cells. Moreover, PS1 
is concentrated at the surface o f lamellipodia, and in particular, at the 
leading edge o f lamellipodia in Jurkat cells adhered on a collagen 
matrix. Cell surface PS1 formed complexes with actin-bínding 
protein filamin (ABP-280) which is known to mediate cell adhesion 
and cell motility. RANTES (8-kDa protein o f cytokine family) up- 
regulated the expression o f cell surface PS1 in dose-dependent 
manner. Our results suggest that PS1 represent a novel adhesion 
molecule in T cells.
This work was supported by National Institute o f Health and 
Alzheimer’s Association

181.21
DIFFERENTIAL EFFECTS OF TRUNCATION OF AMINO- AND  
CARBOXYL-TERMINAL DOMAINS OF PRESENILIN 2.
T. Tomita*1. A. Kovama1. N. Takasugi1. K. Aiba1. S. Tokuhiгo1. T.C. 
Saido2.K. Maгuvama .T. Iwatsubo1. 1 Dept, of Neuropathol. &Neurosci,. 
Univ, of Tokyo 2 RIKEN Brain Sci. Inst. 3 Natl. Inst. Phys. Sci., Japan 

Mutations in pгesenilin (PS1 and PS2) genes cause early-onset familial 
Alzheimer’ s disease (FAD). PS is a poly topic integral membrane protein 
that spans membrane 8 times, with amino (N)- and carboxyl (Q - termini 
oriented to the cytoplasmic side. To learn about the roles o f N- and C- 
terminal portions of PS2 for its functions, we constructed cDNAs encoding 
wild-type (wt)or N141I mutant (mt) PS2 truncated at theN- or C-terminal 
domains and examined the metabolism and stabilization of PS2 proteins as 
well as secretion of Aß in COS or neuro2a (N2a) cells ưansfected with these 
genes. PS2 lacking the acidic stretch domain o f the N-teгminal 20 a.a. 
(PS2/dAS) was processed to form a shorter N-terminal fragment (NTF), 
which had a long half-life as revealed by cycloheximide ưeatment, 
whereas the whole PS2/dAS protein was short-lived. Mt PS2/dAS increased 
the production of Aß42 at comparable levels to those with full-length (fl) 
mt PS2. In contrast, C-terminally truncated PS2 lacking the last 60 and 37  
a.a. (PS2/388stop and PS2/4llstop, respectively) were not processed to 
produce shorter CΓF in N2a cells, and these proteins were short-lived. 
Notably, mt PS2/388stop or PS2/41 lstop did not increase the production 
of Aß42, and the levels o f secreted Aß42 were at similar levels to those in 
cells expressing fl wt PS2. These results indicate that: (i) the C-terminal 
domain of PS2 is required for its stability, processing and Aß42 promoting 
effects caused by mutation; (ii) the N-terminal acidic stretch domain is not 
necessary for its stability, processing and Aß42 promoting effects; (iii) 
conditions under which nascent PS proteins are cleaved to produce NTF 
and CTF and form a stable complex may be the prerequisite for the normal 
and pathological functions o f PS, in which the C-terminal domain o f PS 
may play an important role.

Ì81.20
DEVELOPM ENTALLY REGULATED EXPRESSION OF PRESENILIN 1 IN  
H U M A N  SH-SY5Y N E U R O B LAS TO M A C E LLS C. Elle1. D. Beher1. 
S.F. Lichtenthaler*1. C.L. Masters2. K, Bevreuther1 and G. Multhaup1: 'ZMBH, 
University of Heidelberg, INF 282, 69120 Heidelberg, Germany; 2Dept. of Pathology, 
University of Melbourne, Parkville, Victoria 3052, Australia 

The majority of early-onset familial Alzheimer's disease (FAD) cases is caused by 
mutations in two related genes, the pгesenilin 1 (PS1) gene on chromosome 14 and 
the pгesenilin 2 (PS2) gene on chromosome 1. The expression o f PS1 is supposed to 
be developmentally regulated and to play a role in neuronal development. Full-length 
PS 1 is pгoteolytically processed into a -30 kDa N-terminal fragment (NTF) and a ~2O 
kDa C-terminal fragment (CTF) by a so far unknown protease. In the rat brain and 
untransfected human SH-SY5Y neuroblastoma cells only the PS 1-fragments but no 
full-length PS1 are detectable which indicates that the fragments might be the 
functionally active form of the protein. In primary hippocampal neurons of rat brain, 
PS1 is localized predominantly in the somatodendritic compartment mainly within the 
cell bodies and dendrites and to a small extent in axons. In the rat brain the PS1- 
fragments are associated with synaptic plasma membranes and colocalized in small 
synaptic vesicles. Thus, it is hypothesized that the N- and C-terminal fragments of 
PS 1 might form a functional unit or play different roles in the cells while remaining 
associated. In order to investigate the effects of differentiation on PS1 expression in 
SH-SY5Y cells, untransfected as well as PS 1-transfected SH-SY5Y cells were 
stimulated by nerve growth factor (NGF) and PS1 expression and processing were 
compared. The results suggest that the expression of PS1 and the production of NTF 
and CTF are developmentally regulated by cellular mechanisms which are NGF- 
mediated. In order to prove a potentially altered subcellular distribution of PS1 and 
the PS 1-fragments in differentiated SH-SY5Y cells compared to undifferentiated SH- 
SY5Y cells and primary hippocampal neurons o f rat brain, we investigated the PS1- 
distribution by sucrose density gradient centrifugation and immunoblotting analysis of 
the gradient fractions.
This work was supported by the DFG through SFB 352 and SFB 317.
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182.1
THE EFFECTS OF PRESENILÏN-1 MUTATIONS ON SYNAPTIC 
PHYSIOLOGY ASSESSED IN TRANSGENIC MOUSE MODELS S.H. 
Zaman*1, A. Parent2. A. Laskey1, M .K. Lee2. D.R. Borchelt2, S. Sisodia2, R. 
Mal¡now1; ’Cold Spring Harbor Laboratory, CSH, NY, 11724; 2John Hopkins 
University, Neuropathology Lab., School o f Medicine, Baltimore, MD, 21205 

Mutations in pгesenilin-1 are causative in -50% o f pedigrees o f Familial 
Alzheimer's Disease, a condition with severe disruption o f memory. The autosomal 
dominant mode o f inheritance suggests a gain o f function for the mutant forms o f 
the protein. Transgenic mice overexpressing either the pгesenilin-1 A246E point 
mutation (PM) or the exon 9 deletion mutation (DM) were studied 
electrophysiologically. Brain slices prepared from the hippocampus were used to 
measure the amount o f LTP, a cellular model o f memory, and other synaptic 
electrophysiological parameters in PM, DL and wild-type (WT) mice. Synapses in 
the CA1 sub-field were stimulated by two independent pathways via the Schaffer- 
commissural fibers and monitored using an extra-cellular field recording electrode. 
Following tetanic stimulation, the amount o f potentiation was generally greater in 
the mutants than in controls. For example, transmission from WT, PM and DM 
animals manifested П9±4.3 (N=9), l29±3.l(N=6) and l49±7% (N=6 ) o f 
potentiation at 30 minutes after tetanic stimulation (DM > WT, p<0.05). 
Interestingly, in the presence o f the GABA-A receptor blocker, picrotoxin, LTP was 
enhanced more in WT than in mutants such that the amount o f LTP was not different 
among the three groups (WT:143±3.8, N = I8 ; PM:145±3.2, N = I8 ; DM: l52±3.2, 
N=IЗ) . These data suggest that mice expressing mutant PS-1 have a decrease in 
inhibitory tone, or aberration in other electrophysiological factors controlling the 
induction o f LTP. It is possible that increasing inhibitory tone, as with 
benzodiazepines, could normalize LTP in mutant tissue and be beneficial to affected 
individuals. (Supported by Wellcome Trust, NINDS, Mathers Charitable 
Foundation).

182.2
BEHAVIORAL CHARACTERIZATION OF M146L MUTANT 
PRESENILIN 1 TRANSGENIC MICE. M.Gattu*. M.Orzélak. J. 
Naviera. & V.L.Coffin CNS/CV Biological Research, Schering- 
Plough Research Institute, Kenilworth, NJ ()7()33.

It has been well established that mutations in the presenilin(PS) 1 
and pгesenilin 2 genes can cause early-onset familial Alzheimer’s 
disease. Previous studies have shown that transgenic mice 
expressing the human mutant pгesenilin exhibit increased production 
o f 1-42 beta amyloid protein in frontal cortex and hippocampus. To 
further explore the role o f mutated pгesenilin genes in cognitive 
function, we examined transgenic mice expressing either wild type 
human PS1 or mutant human PS1 bearing the M 146L mutation. 
Behavioral experiments in water maze showed no spatial memory 
impairment in M146L mutated PS1 transgenic mice up to 6 months of 
age compared to age-matched wild type transgenic or non-transgenic 
littermates. Similarly, no cognitive impairments were seen in 7 month 
old M 146L mutated PS1 transgenic mice in a passive avoidance task 
when compared to non-transgenic litteremates. Additionally, during 
the initial training period o f an operant fixed ratio-discrimination task 
(working memory), 8 month old M 146L PS1 transgenic mice did not 
differ in their performance when compared to age-matched wild type 
transgenic or non-transgenic littermates. Finally, administration of 
scopolamine, chlordiazepoxiđe and M K-8()l revealed no difference in 
sensitivity to the disruptive effects o f these agents between transgenic 
and non-transgenic mice working under this operant schedule. These 
data suggest that the presence o f the M146L PS1 mutation does not 
produce cognitive impairments in mice o f this age range.
Supported by SPRI
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182.3
ENTORHINAL CORTEX LESION-INDUCED SPROUTING IN THE 
HIPPOCAMPUS OF TRANSGENIC MICE. I. Kadish1*, L. Pradier2, P. 
Riekkinen Jr1 and Th. van Groen1. 'University of Kuopio, Dept, of 
Neuroscience and Neurology, P.O. Box 1627, FIN 70211 Kuopio, Finland and 
2 Rhone-Poulenc Roгer, 13 Quai J. Guesde, F-94400 Vitry, France.

It has been demonstrated by many studies in rats that, following 
entorhinal cortex ablations, the dentate gyrus shows an early degeneration of 
the lesioned axons and terminals, followed later by a sprouting response of 
non-lesioned axons. We hypothesized that this response would be altered in 
transgenic mice expressing human presenilin 1 (normal and the M146L 
mutation). Therefore we lesioned the entorhinal cortex in these and in 
littermate control animals, and analyzed the response following the lesions. 
The entorhinal cortex was unilaterally lesioned by injections o f ibotenic acid; 
four weeks later the animals were sacrificed and transcardially perfused. The 
brains were cut and stained for several markers that have been used to 
analyze sprouting in rats, the most consistent changes were present in the 
material stained for synaptophysin, a protein that marks presynaptic terminals.

Following unilateral lesions o f the entorhinal cortex o f the mouse the 
ipsilateral hippocampus demonstrates sprouting. The increase in expression 
of synaptophysin was present in the outer molecular layer of the dentate 
gyrus and in stratum lacunosum moleculare of area CA1 o f the hippocampus. 
Both the normal and the human presenilin expressing mice had a similar 
response to the entorhinal cortex lesion. The presence of the normal human 
presenilin 1 gene in these mice did not change the response o f the brain to 
lesions compared to mice expressing the normal mouse gene. Supported by 
the Finnish Academy of Sciences.

182.5
Expression o f Presen ilin  and mutated A m yloid Precursor  
Protein in transgenic mice
C Czech*. V Blanchard. N Touchet. N Clavel. N Camentieг. A Impeгato. S 
Moussaoui. L Pradier. and GL Tremp
Rhône-Poulenc Rorer S.A., Research and Development, Centre de Recherche 
de Vitry-Alfortville, 94403 Vitry sur Seine, France

Mutations in the gene for presenilin 1 (PS1) are causative for 
the majority o f cases o f early onset familial Alzheimer’s disease. 
Yet, the physiological function o f PS1 and the pathological 
mechanisms o f the mutations leading to Alzheimer’s disease are 
still unknown. To analyze potential pathological effects o f  
presenilin overexpression, w e have generated transgenic mice and 
rats which express high levels o f human presenilin protein in the 
brain. The ưansgenic PS1 protein is subject to proteolytical 
processing in the brain leading to the two characteristic N- and C- 
terminal fragments. That processing is saturable in the high 
expressing transgenic lines with apparition o f the full-length (51 
kDa) protein and is not affected by the mutation M 146L. 
However, the combination o f live PS 1 mutations in one single 
transgene expressed in transgenic mouse brain, does significantly 
alter the cleavage pattern o f PS1. Furthermore w e created by 
breeding, mice expressing both, mutated human APP and human 
PS1 with and without FAD mutations with the aim to study the 
interaction between PS1 and APP in vivo . Immunohistological 
analysis o f transgenic mice is in progress.

182.7
EFFECTS OF THE PRESENILIN-1 GENE INTRONIC POLYMORPHISM 
AND THE APOLIPOPROTEIN E ε4  ALLELE TYPE ON KOREAN 
DEMENTED PATIENTS lung¯Eun Park’ and Kvung-Hea Cho Dept, of 
Biology, Seoul Women's University, Seoul, 139-774 KOREA

Alzheimer's disease (AD) is a progressive neurological illness ¡n the 
elderly. Genetic studies have led to the identification of two AD-related 
genes, in which mutations can be risk factors for AD： the presenilin-1 (PS-1) 
and the apolipoprotein E (Apo E) gene. The transmembrane protein gene 
PS-1 localized at chromosome 14q24.3 has been thought to cause an 
autosomal dominant form of familial early-onset Alzheimer's disease. Yet a 
recent observation has supported to prove an intronic polymorphism of PS-1 
to be a factor for AD： the homozygosity of allele 1 of PS-1 was associated 
with a doubling of risk for late-〇nset AD. Apo E appears to play a key role 
in lipid metabolism of liver or CNS, and it also does in lipid redistributions 
which induces deafferentiation and neurodegeneration in the brain. Although 
the gene for Apo E locates at chromosome 19ql3.2, within the previously 
associated familial late-〇nset AD genomic region, the Apo E epsilon4 allele 
was shown to be, a risk factor of AD. To investigate whether the 
polymorphism of two genes is related to dementia in Korean population, we 
have analyzed the distribution of PS-1 and Apo E genotypes in AD cases 
and non-demented controls by PCR amplification. We have also used 
restriction isotyping (restriction enzyme isoform genotypmg, BamHI for PS-1 
and Hhal for Apo E) for rapid typing of PS-1 allele types (allele 1, allele 2) 
and Apo E isoforms (ε  2, ε 3, and ε 4). Then the T'¯test was finally 
examined to show the significant differences in genotype and allele 
frequencies between AD patients and non-demented controls.
(supported by Korea Science & Engineering Foundation, 1997)

182.4
CREAΉON AND CHARACTERIZATION OF TWO DISTINCT TYPES OF 
MUTATIONS IN PS-1 USING GENE TARGETING IN MICE. K. S. 
Dorfman. A G. ReaumУ D. M. Lang. S. P, Tгusko. D. G. Flood. R. Siman. 
R. W. Scott. Dept of Molecular Biology, Cephalon, Inc., West Chester, PA 
19380.
Mutations in the presenilin 1 gene are associated with approximately 30% of 

early-onset FAD pedigrees. Studies with patient plasma, as well as conditioned 
medium of fibroblast cultures from patients with FAD-linked PS 1 mutations 
have shown elevated levels of Aßl-42 versus Aßl-40. Additional studies with 
transgenic mice support this finding and show that expression of mutant forms 
of PS-1 act synergistically with elevated levels of Aß to cause amyloid plaque 
formation.
In our effort to further understand the role of PS 1 in AD we have made gene- 

targeted mice in which the PS1 P264L FAD mutation was introduced into the 
endogenous mouse PS 1 gene. As an intermediate we created a mouse in which 
a selectable marker (the neomycin resistance cassette) remains in the intron 7 of 
PS-1 (PSlP264Lneo+y Mice homozygous for this mutant allele 
(PSiP264Lneo+/psļP264Lneo+) p〇ssess about 20% of normal PS-1 protein 
and all of this protein is the P264L mutant form. Consistent with the low 
levels of PS-1 in these animals and with the role of PS-1 in development of the 
axial skeleton and CNS we have observed a "kinky tail" phenotype in about 
half of these mice, and a uniform subtle ſorebrain abnormality. Excision of the 
neo cassette created a line of mice (PS 1 P264Lneo-/p§ ļP264Lneo¯) įn whǐch 
normal levels of mutant PS-1 should be faithfully expressed in a proper 
temporal and tissue specific fashion. These mice, when crossed to mice bearing 
an APP gene which is humanized for Aß and carries the Swedish FAD 
mutation, have significantly elevated levels of Aßl-42.

182.6
ATYPICAL PROGRESSIVE SUPRANUCLEAR PALSY IN A  
KINDRED OF PRESENILIN-1 ASSOCIATED EARLY ONSET 
FAMILIAL ALZHEIMER’S DISEASE. D. Lathi . D.N. Abuelo. J. Strom . 
S. Cortez*. C. Jackson and E. G. Stopa. Brown University School of Medicine, 
Providence, RI.

The neuropathological changes of Parkinson’s disease (PD) and progressive 
supranuclear palsy (PSP) are found concomitantly in a substantial number of 
patients with Alzheimer’s disease (Gearing etal., Neurology 44:1015-1024,1994 ), 
but have yet to be associated with a mutation in the PS1 or PS2 genes. A  38 yr. 
old man who died of severe, autopsy proven, Alzheimer's disease, 16 years after 
massive head injury, was reported several years ago (Rudelli et a i, Arch Neurol. 
39:570-575, 1982). Pathologic examination at that time, revealed extensive disease 
throughout the cerebrum, as well as in the cerebellum. Although his precocious 
onset of Alzheimer’s disease was attributed to trauma, recent genetic analysis of 
two of his children experiencing memory loss in their early 30s, revealed 2 different 
nucleotide substitutions in their presenilin-1 gene: T to C at codon 143 
(presumably paternal), and A to G at codon 439 (maternal) (Abuelo et al., 
American Journal of Human Genetics 6l:A4O8, 1997, abstract #2386). His father 
expired in his early 70s with progressive dementia. Neuropathologic examination 
showed numerous neurofibrillary tangles in a disưibution consistent with PSP, rare 
Lewy bodies in the substantia nigra, but no diffuse or neuritίc plaques. These 
findings suggest that familial PS1 mutations may potentially demonstrate varying 
types of pathologic and clinical features in different individuals. (AG 10682)

182.8
Presenilin-1 nucleotide alteration in the coding area of Alzheimer’s 
disease in Finland
S. Helisalmi.1,2 M. Hiltunen. 1,2 A. Mannermaa,2 A. Koivisto,*M. Lehtovirta. 1
M. Rwnänen,3P. Riekkinen Sr4*, and H. Soininen1
⅛ept. of Neurology, ⅜hromosome and DNA laboratory and 3Unit of Clinical 
Genetics, Kuopio Univ, and Univ Hospital, P.O.Box 1777, 70210 Kuopio, 
Finland; 4A.I. Virtanen Institute, Kuopio Univ., 70210 Kuopio, Finland.

Alzheimer’s disease (AD) is the most common cause of dementia in the 
elderly and exists in both familial and sporadic forms. To date, three different 
causative genes are known when mutated cause AD. Presenilin-1 (PS-1) gene is 
located on chromosome 14 and comprises at least 40 different AD-related 
mutations. We used direct sequencing and restriction fragment length 
polymorphism to analyse open-reading frame mutations of PS-1 gene We 
studied 16 AD families, another series of 56 neuropathologically verified 
definite AD cases and 132 non-demented controls. The PS-1 alteration in the 
coding area was found in four AD families. Six out of 56 definite AD cases and 
5 out of 132 non-demented controls were found to carry the same mutation. 
This mutation changes adenine to guanine (GAA to GGA) in the nucleotide 953 
of exon 9. At the amino acid level, this converts glutamic acid to glycine at 
codon 318 (GluЗ 18Gly).

In general, the age for PS-1 mutations ranges from 29 to 62 years. In this 
study, the mean age at onset in familial AD patients with G luЗl8Gly ranges 
from 50 to 80 years. The current ages in healthy individuals of AD families 
with GluЗ 18Gly ranges from 32 to 69 years.

We conclude this alteration may be a polymorphism, because it is also present 
in non-demented controls. However, the risk for this mutation in AD families 
and in definite AD cases is increased when compared to non-demented controls.
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182.9
PRESENILIN-l, BAX AND BCL-XL DISTRIBUTION IN ALZHEIMER’S 
DISEASE AND FRONTOTEMPORAL DEMENTIA A. Savioz1*. P. 
Giannakopoulos1. E. Kövàri1. N.K. Robakis2. L. Buĉe3. P.R. Hof2 and C. Bouras1. 
'Departments of Geriatrics and Psychiatry, University Hospitals of Geneva, 1225 
Geneva, Switzerland; 2Mount Sinai Sch. Med., New York, NY 10029, USA; 
3CNRS, INSERM U422, 59045 Lille, France.

Presenilin-1 (PS-1) is thought to be involved in the regulation of apoptotic cell 
death in AD. We have previously reported that PS-l-immunoгeactive neurons 
survive in late-onset sporadic AD. To examine further PS-1 distribution in 
dementing conditions, and compare it with that of the main apoptosis-related 
proteins, we performed a quantitative immunocytochemical study of PS-1, Bax, 
and Bcl-XL in the cerebral cortex of 11 non-demented, 10 AD, and 9 
frontotemporal dementia (FTD) cases. All of the three proteins were intensely 
concentrated in the soma, as well as in the proximal segments of basal and apical 
dendrites in pyramidal cells. In non-demented cases, PS-1 immunoreactivity was 
detected in 25% to 60% of neurons, Bax immunoreactivity in 36% to 54%, and 
Bcl-XL immunoreactivity in 26% to 63% depending on the cortical area. The 
prevalence of NFT-free neurons which contained PS-1 or Bax was increased in all 
of the areas in AD (p < 0.01-0.001). Conversely, there was no difference in the 
densities of Bcl-xL-containing neurons between the two diagnosis groups. In FTD 
cases, the percentage of PS-1-, but not Bax- and Bcl-XL, positive neurons was 
increased only in areas displaying a substantial neuronal loss (p < 0.05-0.001). 
These data suggest that surviving neurons in affected cortical areas in AD are 
predominantly PS-1- and Bax-immunoreactive, indicating that these proteins play a 
key role in the mechanisms of cell death in this disorder. In FTD, neurons 
containing PS-1 are preserved, further supporting a neuroprotective role for this 
protein in other neurodegeneгative disorders. Also, it appears that Bcl-XL is not 
activated in AD and FTD. Supported by NIH grant AG05138 
grant and FNRS grant 3100-045960.95.

182.11

DISTINCT PRESENILIN-1 FRAGM ENTS ARE CLOSELY  
RELATED TO C Y TO SK ELETA L A BNO RM A LITIES IN 
ALZHEIMER BRAINS. Y. Tomidokoro,* K. Ishiguro, Y. ĭgeta, E. 
Matsubaгa, M. Kanai, M. Shizuka, T. Kawaгabayashi, Y. Harigaya, K 
Ökamoto, and M. Shoji D ept, o f  Neurology, Gunma Univ. Sch. of 
Med. 3-39-22 Maebashi, Gunma 371-8511 Japan.

Missence mutations o f the presenilin-1 (PS-1) in chromosome 14 
and presenilin-2 in chromosome 1 are causative genes associated with 
early onset Alzheimer’s disease (AD) in ADЗ and AD4 families. To 
clarify the role o f these proteins in the AD brain, two specific antisera 
to the N-terminus (HSN-2) and C-teгminus (HS-C) o f presenilin-1 
(PS-1) were prepared. These antibodies detected a 44/40kD holoprotein, 
26/25kD N-terminąl fragments (NTFs) and 17/16kD C-terminal 
fragments (CTFs) o f PS-1 in COS-7 cells. The amounts o f 26/25kD 
NTFs and 17/16 kD CTFs in detergent-soluble brain fractions were 
not significantly different between the control and Alzheimer's disease 
brains. In immunocytochemistry, antibody HS-C labeled extensive 
neurofibrillary tangles, dystrophic neurites and curly fibers in AD brains, 
although antibody HSN-2 labeled only 30% of senile plaques with 
autoclave enhancement. The disturbed processing o f PS-1 may cause 
the accumulation o f CTFs associated with hyperphosphorylated tau, 
suggesting a close relationship between PS-1 and cytoskeletal 
abnormalities in AD brains.

182.13
TGF-ßs AND GDNF AFFECT THE GENE EXPRESSION OF PRESENILIN 1 
IN HUMAN POSTMITOTIC NEURONS, BUT NOT IN NORMAL HUMAN 
ASTROCYTES. R F. Ren*. J J. Lah1. A Diehmamf. D B. Hawver3. E S. Kim. 
A 1. Levev1. K Beveutheг2. and K C. Flanders. Laboratoiy of Cell Regulation and 
Carcinogenesis, National Cancer Institute, and 3National Institute of Aging, NIH, 
Bethesda, MD 20892, 'Dept of Neurology, Emory Univ. Sch. Med, Atlanta, 
Georgia, 30322, and Dept, of Mol Neuropath, Univ. Heidelberg, Geπnany 

Mutations in the presenilin 1 (PS-1) gene are linked to early onset familial 
Alzheimer’s disease. The PS-1 gene shares striking homology with sel 12, a C. 
elegans gene, that encodes serine/threonine kinase receptors which are involved in 
Notch signaling. In a previous study, we used semiquantitative RT-PCR and 
immunostaining to show that Uansſonning growth factor-b (TGF-b) 1, 2 and 3, 
and glial derived neurotrophic factor (GDNF) can increase PS-1 expression 2 to 3 
fold when ҺNT cells were treated with these cytokines for 24 h compared to 
vehicle ưeatment. Here by performing similar experiments in normal human 
astrocytes, we found only a 2 fold increase in PS-1 mRNA expression when cells 
were treated with TGF-3, but no change with any other factors. However, the 
results of immunostaining show that there is no staining in the normal astrocytes, 
but staining is present in the cytoplasm, dendrites and axons of cells with a 
morphology that resembles unipolar neurons. Interestingly, the expression of PS-1 
in human astrocytoma and neuroblastoma cells was only increased when cells 
were treated with GDNF and TGF-ßЗ. A parallel study was done in human gastric 
carcinoma SNU-16 (sensitive to TGF-ß) and SNU-668 (insensitive to TGF-ß) 
cells. The results of Northern blots show that SNU-16 cells have enhanced 
expression of PS-1 when treated with TGF-ßs, but SNU-668 cells showed no 
change in PS-1. These finding suggest that PS-1 gene expression in a variety of 
cell types can be induced by TGF-ß and GDNF.

182.10
PROMINENT EXPRESSION OF PRESENILIN 1 IN REACTIVE 
ASTR OC YTES IN ALZH EIM E R 'S  D ISEASE. S. W eααen. R. 
Buslei. O.D. W iestler*. A. D iehlman∩. K. Bevreu ther and T .A . 
Baver. Dept, for Neuropa tho logy and Psychiatry, University o f 
Bonn Medical Center, S¡gm und-Freud-Strasse 25, 53105 B onn  
and ZMBH, Im Neuenheim er Feld 282, 69120 Heidelberg, FRG.

Mutations in the presenilin  1 (PS-1) gene account for most 
cases of autosom al-dom inant early-onset familial A lzhe im er's  
d isease (FAD). In order to e lucidate  the cellu lar expression pro file  
of PS-1 prote in expression we used m onoclonal antibod ies against 
human PS-1 prote in. Im m unohistochem ical staining was obta ined  
with the  N-terminal anti-PS-1 mab APS11, which reacted strong ly  
with senile plaques, but not w ith neurofibrilla ry tangles. M arkedly, in 
the gray and white m atter reactive astrocytes showed abundant PS- 
1 staining within cell bodies and typical astrocytic ex tens ions . 
Neuronal im munoreactivity, however, was found to be only 
moderate. RNA expression was exam ined during hum an 
deve lopm ent, in adult brain and in 20 glioma cell lines using RT- 
PCR analysis. All brain samples and cell lines revealed strong PS1 
expression and alternative splicing of exon 4 indicating the  
im portance of PS1. In A lzhe im er's  d isease brain activation o f 
astrocytes is an integral feature  of the pathology. Upregula tion o f 
PS -1 in reactive astrocytes in white  matter may be due to axonal 
dysfunction, and in gray matter due to neu rodegeneration  and 
plaque form ation. [Supported  by the D eutsche  
Forschungsgem einscha ft (SFB 317)].

182.12
TR AN SC RIPTIO N A L REGULATION AND THE  
NEGATIVE FEEDBACK M ECHANISM  OF THE  
PR ESEN ILIN -1 GENE. N . M ¡tsuda1*, M .P. Vitek2,
A .D . R o ses2. N . S a to1. N . Sato3, T . M ik i\ M. Tobyam a3 
and T. O gihara1. 'Dept, o f  Geriatric M edicine, Osaka 
U niv. Med. S ch .; 2D iv ision  o f  N eurology , Duke U niv. 
Med. Center; 3Dept. o f  Anatomy and N euroscience, 
Osaka U niv. Med. S ch .; 4Dept. o f  Geriatric M edicine, 
Ehime U n iv . M ed. Sch .; Su ita , Osaka 5 6 5 -0 8 7 1 , Japan 

The majority of familial Alzheimer's disease (AD) cases are 
associated with mutations in the pгesenilin-1 (PS-1) gene. To 
investigate the regulation of PS-1, we generated stably transformed 
neuronal cell lines expressing wild type and mutated presenilin 
proteins under the control of a CMV promoter. Using neuron- 
specific enolase as a standard, Western blots revealed that 
expression of endogenous presenilin protein is suppressed. To test 
whether expression is suppressed at the level of transcription, we 
combined various portions of the 5' -promoter region of PS-1 with 
the firefly luciferase reporter and measured luciferase activity 
relative to an internal renilla-luciferase standard. The PS-1 
promoter region required for this activity has been mapped to 
region between -110 Bp and -26 Bp from the major transcription 
start site. We are now trying to isolate the transcription factors that 
bind to this region. Our study suggests a possible regulation 
mechanism of the PS-1 and it may be the key to the mechanism of 
the PS-1 linked AD. Supported by a grant from the Ministry of 
Education, Science, and Culture of Japan.

182.14
TRANSCRIPTIONAL REGULATION OF THE ALZHEIMER'S PS2 GENE
P a u l R e n b a u m 1. C h a v a  K a lc h e im 2*. a n d  E p h ra t L e v v -L a h a d 12. 'M e d ic a l 
G e n e tic s , S h a a re  Z e d e k  M e d ic a l C e n te r  P O B  3 2 3 5 , ^ H e b re w  U n ive rs ity ; 
J e ru s a le m . Is ra e l.

W e  a re  c u rre n t ly  id e n tify in g  a n d  c h a ra c te r iz in g  th e  p ro m o te r  re g io n  o f  th e  
P S 2  g e n e , p re s e n ilin -2 , to  b e g in  u n d e rs ta n d in g  th e  tra n s c r ip t io n a l re g u la tio n  o f  
th is  g e n e . C o m p a r is o n  o f  th e  c D N A  w ith  a  re c e n tly  a v a ila b le  P1 g e n o m ic  
c lo n e  c o n ta in in g  th e  e n tire  2 .3  k b  P S 2  c D N A , s h o w s  a  s p lic e  ju n c t io n  w ith in  
w h a t w a s  p re v io u s ly  re g a rd e d  a s  e x o n  1. F o u r te e n  b a s e s  a t  th e  5 ' e n d  o f  th e  
c D N A , w h ic h  w e re  p re v io u s ly  u n m a p p e d , lie  6 1 2  b p  u p s tre a m  fro m  th e  re s t o f  
th e  e x o n  1 s e q u e n c e . P r im e r e x te n s io n  a s s a y s  in it ia tin g  fro m  th e  5 ' re g io n  in 
th e  c D N A , s u g g e s te d  th a t th e  tra n s c r ip t io n  s ta r t  s ite (s )  w a s  fu r th e r  u p s tre a m  
th e n  a n tic ip a te d  fro m  th e  P S 2  c D N A . U s in g  5 ' R a p id  a m p lif ic a tio n  o f  c D N A  
e n d s  (5 ' R A C E ), w e  h a v e  id e n tif ie d  m u lt ip le  s ta r t  s ite s , th e  la rg e s t in c lu d e s  an  
a d d it io n a l 6 5  n u c le o tid e s  o f  tra n s c r ib e d  s e q u e n c e , lo c a te d  im m e d ia te ly  5 ' to  
th e  re p o rte d  cD N A .

T h e  s e q u e n c e  a d ja c e n t to  th is  re g io n  c o n ta in s  a  p u ta tiv e  p ro m o te r w h ic h  w a s  
id e n tif ie d  b y  c o m p u te r  a n a ly s is  o f  th e  g e n o m ic  D N A  s e q u e n c e s . In a dd itio n , 
th is  a n a ly s is  id e n tif ie d  n u m e ro u s  p u ta tiv e  tra n s c r ip t io n  fa c to r  b in d in g  s ite s  
in c lu d in g  S P 1 , g lu c o c o rt ic o id  re c e p to r, a n d  C C A A T  b in d in g  s ite s . T h is  re g ion  
a ls o  c o n ta in s  a  9 0 0  b p  C p G  is la n d , a  la n d m a rk  o fte n  a s s o c ia te d  w ith  th e  5' 
re g u la to ry  re g io n  o f  c o n s titu it iv e ly  e x p re s s e d  g e n e s .

W e  h a v e  m e a s u re d  th e  tra n s c r ip t io n a l a c tiv ity  o f  th is  re g io n  u s ing  a 
lu c ife ra s e  re p o r te r  g e n e  s y s te m . S e v e ra l p ro m o te r  c o n s tru c ts  h a v e  bee n  
p re p a re d  u s in g  th is  a n d  a d d it io n a l 5 ' s e q u e n c e s  fu s e d  to  a  p ro m o te r- le s s  
lu c ife ra s e  g e n e  v e c to r, a n d  w e re  tra n s ie n tly  t ra n s fe c te d  in to  c e ll lin e s . W h ile  
s ig n ific a n t t ra n s c r ip t io n a l a c tiv ity  o f  th e  P S 2  p ro m o te r  w a s  o b s e rv e d  in  the  
f ra g m e n t c o m p ris in g  th e  s e q u e n c e s  fro m  -7 6  to  +2 4 , n e a r  m a x im a l a c tiv ity  w a s  
s e e n  in th e  f ra g m e n t -3 7 2  to  +2 4 . S e q u e n c e s  re s u lt in g  in a  n e g a tiv e  re g u la tio n  
o f  tra n s c r ip t io n  re s id e  in th e  re g io n  fro m  -8 4 0  to  -5 9 3 .
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182.15
PRESENILIN-1 (PS1) GENE EXPRESSION IS NOT AFFECTED BY 
EXPOSURE TO INFLAMMATORY AND ANTI-INFLAMMATORY 
CYTOKINES IN HUMAN NEURAL CELL LINES. J.-I. Satoh*> M. 
Yukitake, K. Kurohягя яnd Y .K uroda. Division o f Neurology, Department 
of Internal Medicine, Saga Medical School, Saga, Japan 849-8501.

A chronic inflammatory reaction is involved in the pathogenesis of 
Alzheimer’s disease (AD) in which the production o f an amyloidogenic 
peptide is accelerated by a deficient or aberrant expression of presenilin-1 
(PS1) gene. Recently, we demonstrated that the expression of prion protein 
gene is regulated by a set of cytokines in human neural cell lines (Satoh et 
al. JNeuropathol Exp Neurol 57: 131-139,1998). To investigate the role of 
inflammatory and anti-inflammatory cytokines in the regulation of PS-1 
gene expression, PS-1 mRNA expression was studied in a panel of human 
neural cell lines following a 48 hour-exposure to TNF-α, IFN-γ, IL-lß, 
IL-10, and TGF-ßi (100 ng/ml each) by RT-PCR and Northern blot analysis. 
The constitutive expression o f 2.9 kb PS-1 mRNA was identified in all 
human neural cell lines and tissues including 1MR-32 neuroblastoma, SK- 
N-SH neuroblastoma, U-373MG astrocytoma, NTera2 teгatocarcinoma- 
derived differentiated neurons, peripheral nerve, and cerebral and 
cerebellar tissues. The level o f PS-1 mRNA expression was not altered in 
these cells by exposure to any of the cytokines examined. These results 
suggested that PS-1 gene expression is not under the control of  
inflammatory and anti-inflammatory cytokines but constitutive in a wide 
range of human neural cell lines. (This work was supported in part by grants 
to J.S. from Sasakawa Health Science Foundation, Japan Brain Foundation, 
and Narabayashi Trust for ALS Research.)

182.17
TRANSIENT OVEREXPRESSION OF MUTANT PRESENĨLIN-1 INDUCES 
APOPTOSIS IN PRIMARY CULTURED HIPPOCAMPAL NEURONS. C.C. 
Weihl‘ . G.D. Ghadge2. R.J. M iller1,3. S.S. Sisodia3. R,P. Roos1,2*. ‘Comm, on 
Neurobiology, 2Dept. of Neurology, 3Dept. of Pharmacological and Physiological 
Sciences, Univ.of Chicago; Chicago, IL  60637.

Mutations of presenilin-1 (PS1), a multi-transmembrane endoplasmic reticulum 
resident protein of unknown function, have been associated with an aggressive and 
early onset form of familial Alzheimer’s disease (FAD). Several investigators using 
transfected cell lines overexpressing mutant PS1 and PS2 have reported an increased 
basal level and sensitivity to apoptosis mediated by a variety of insults.

In the present study, we used recombinant replication-defective adenoviral 
vectors (AdVs) to transiently overexpress WT or mutant PS1 in a variety of cells, 
including primary cultured hippocampal neurons (HNs), a target cell in AD. 
Immunohistochemical staining with PS1 specific antibodies of 10 day old HNs 
following AdV transduction of WT and mutant PS 1 demonstrated strong perinuclear 
staining in the neuronal cell body, as well as punctate staining in the neuronal 
processes, reminiscent of dendritic spines. There was an increased level of apoptotic 
fragmented nuclei in HNs following transient expression of mutant PS 1, when 
compared with PS1-WT, LacZ, and mock transfected controls. This effect was 
present in cultured HNs by day 3 post-infection and peaked by day 7 in a dose 
dependent manner. Western blot analysis of HNs overexpressing PS1 demonstrated 
an increase in PS 1 mutant-derived caspase-3 fragments above that seen following 
PS1-WT overexpression, further suggesting an increase in apoptotic cell death. 
These data suggest that transient overexpression of mutant PS 1 is proapoptotic and 
may play a role in the pathogenesis of FAD.

C.C.W supported by NIH F30MH11697.

182.19
MOLECULAR CLONING OF BOVINE PRESENĨLIN cDNA.
N . Sahara1. T. Shirasawa2. K. Watanabe3* and H. Mori1,4, 
departm ent o f Molecular B iology, Tokyo Institute o f Psychiatry, 
Setagayaku, Tokyo 156, Japan, departm ent o f Neurophysiology 
and departm ent o f Experimental B iology, Tokyo Metropolitan 
Institute o f Gerontology, Tokyo 173, Japan, departm ent o f 
Neuroscience, Osaka City University, Medical School, Osaka 545, 
Japan.

Presenilin 1 and 2 (PS-1, P S -2 ) are associated with a majority of  
early-onset familial Alzheimer's disease (FAD). Presenilins are 
members o f a novel highly conserved family w hose functions are not 
fully understand. By probing with human PS-1, we isolated both 
bovine PS-1  and PS-2  full-sized cDNA clones from a brain cDNA  
library. The encoded proteins, bovine PS-1 with 478 amino acid 
and bovine PS-2 with 449  amino acid, may coưespond to human 
PS-1 and human PS-2 with 90.6%  and 96.4%  similarity, 
respectively. A phylogenetic analysis show s that PS-1 has more 
sequence divergence than P S-2, indicating that PS-2 plays a more 
conservative role. Interestingly, the big loop structure, a potent 
domain to interact with cytoplasmic proteins, reveals a high 
homology (96.4% ) between human and bovine PS-2 but a low  
homology (73.3% ) between PS-1. On the other hand, the putative 
eight transmembrane domains were highly conserved among rat, 
m ouse, human and bovine presenilins. Moreover, almost all 
mutated amino acids found in FAD patients were found to be 
conserved not only in PS-1 but also in PS-2 among these species, 
suggesting an occurrence o f their key functions at these sites.

182.16
NGF-INDUCED DIFFERENTIATION IN PC 12 CELLS IS MODULATED BY A 
PRESENILIN-1 MUTATION. K. Fuгukawa*. O. Guo. M.P. Mattson, and G.D. 
Schellenberg. Department of Medicine, University of Washington, and 
GRECC182B, Veterans Affairs Puget Sound Health Care System, Seattle, WA 
98108.

Presenilin genes (PS-1 and PS-2) harbor mutations linked to many cases of early 
onset autosomal dominant Alzheimer's disease. Presenilins are reportedly located in 
endoplasmic reticulum and Golgi apparatus in neurons, but their normal functions 
and the exact mechanisms in causing Alzheimer's disease are not known. PC 12 cells, 
which are isolated from rat pheochromocytoma, are well known to differentiate into 
cells like neurons by treatment with nerve growth factor (NGF). We investigated if 
PC 12 cells transfected with wild-type or mutant PS-1 (L286V) show any difference in 
differentiation after NGF. We also examined changes in intracellular calcium 
concentration ([Ca2+]¡) and activation of transcription factors by exposure to NGF in 
wild-type or mutant PS-1-transfected PC12 cell lines.

The extent of neurite outgrowth after treatment with NGF was significantly reduced 
in cells highly expressing mutant PS-1 compared to untransfected cells and cells 
expressing vector alone or wild-type PS-1. NGF-induced increase in [Ca2+]¡ was 
measured by the Ca2+-indicator dye, fura-2. This increase was significantly enhanced 
in mutant PS-1-transfected cells. In addition, electrophoretic mobility assays 
indicated that cells expressing mutant PS-1 show suppressed induction of DNA 
binding activity of the transcription factors, AP-1 and AP-2, by NGF-treatment.

These results indicate that a PS-1 mutation alters signal-transduction systems 
associated with NGF-induced differentiation in PC 12 cells by modulating intracellular 
Ca2+-homeostasis and DNA-binding activity of transcription factors. Modulated 
signaling response to neurotrophic factors is suggested to play an important role in 
the pathomechanisms of neuronal degeneration and cellular apoptosis in brains of AD 
patients carrying PS's mutations. (Supported by grants to KF [American Federation 
for Aging Research], to GDS from NIA [AG11762] to MPM from NIH [AG14554, 
G05144, AG05119, NS35253, and AG 10836]).

182.18
CHARACTERIZATION OF TH E ROLE PRESENILIN 1 PLAYS IN THE 
NOTCH SIGNALING PATHW AY. B. E. Berechid1. S S. Sisodia3 G. 
Thinakaran4. P. C. W onα4,5. E. M. S ilin īk v 1* and J. S. Nve1,¿. Depts. of †Mol. 
Pharm . and ^Pediatrics, Northwestern Univ. Med. School, Chicago, IL 60611; 
3Pharm . and Physiol. Sci., Univ, of Chicago, Chicago, IL 60637; 4Path., ‰ u ro l.  
and Neurosci., Johns Hopkins Univ., Baltim ore, MD 21205

Mutations in presenilin 1 (PS1) and presenilin 2 (PS2) account for 
approxim ately 50%  of early-onset fam ilia l A lzhe im er’s disease. A  presenilin 
hom olog in C. elegans, sel-12, was found  to p lay a role in the Notch/lin-12 
signaling pathway. W e and others have dem onstrated that both PS1 and 
N o tch l (N1) are expressed in neurons of the em bryonic and adu lt brain. 
Furtherm ore, PS1-null m ice show  decreased levels of N1 and D e lta l m R NA in 
their presomit¡c m esoderm . W e utilized em bryonic stem ce lls  (ES cells) 
containing a hom ozygous null mutation in the N1 locus (N1"л) to exam ine the 
role N1 plays in the regulation of PS1 levels. N1-null ES ce lls  show  markedly 
altered levels of PS1 mRNA, suggesting that Notch signals p lay an active role in 
regulating levels of PS1 in the ce ll. In addition, we exam ined levels of N1 mRNA 
and protein in SV4O im m orta lized p rim ary fibroblasts derived from  PS1 
heterozygous (PS1 +/ ) and hom ozygous (P S v  ) null mice. W e observe that the 
absence of PS1 reduces levels of steady state N1 protein despite the expression 
of N1 mRNA.

Proteolysis of the N1 receptor is believed to p lay a critical role in 
transm ission of the Notch signal. S ince PS1 has been shown to a lter proteolysis 
o f the am yloid p recursor protein, we are currently pursuing experim ents to 
investigate a role fo r PS1 in the proteolytic processing of N1. These studies 
utilize m yc-tagged N1 constructs transfected into PS1+лand PS1'A fib roblasts to 
exam ine a lterations in proteolysis of N1 by im m unoblot. (N .W .U. A.D. Center 
PHS AG13854, HHMI Award, NIH NS35566, and N.R .S.A  Tra in ing Grant 
T32G M 08061).

182.20
MITOCHONDRIAL DEFECTS IN ALZHEIMER’S DISEASE CELLS 
DETECTED BŸ MICROPHYSIOMETRY. J.A. Bennett-Desmelik*, J. Lah,
A.I. Levey, and J.T. Greenamyre. Department o f Neurology, Emory 
University, Atlanta, GA 30322.

Accumulating evidence suggests that mitochondrial impairment may be 
important in the pathogenesis o f Alzheimer’s disease (AD). Using 
microphysiometry, we examined mitochondrial function in intact, living 
lymphoblasts derived from normal individuals and patients with AD. We 
previously confirmed that we can detect specific mitochondrial defects in 
cells from patients with Leber’s hereditary optic neuropathy who carry 
defined genetic and biochemical mitochondrial abnormalities. In AD cases 
(n=Ю) we found reproducible and statistically significant abnormalities in 
cellular responses to the complex I inhibitor, rotenone, and to the complex 
III inhibitor, antimycin. In controls, rotenone caused a 34 ± 3% increase in 
the rate o f extracellular acidification compared to a 25 ± 2% increase in 
AD cells (p<0.01). Antimycin caused a '47 ± 2% increase in acidification in 
controls compared to a 30 ± 3% increase in AD cells (p<0.01). Responses 
to malonate and azide, inhibitors o f complexes II & IV, were similar in AD 
and control cells. The depressed rotenone response in AD was due to a 
decreased maximal effect o f rotenone; however, control cells appeared to  
have a second, high affinity binding site that was not detected in the AD 
cells. One control sample obtained 3 years before assay showed an 
Alzheimer’s pattern. Follow-up evaluation o f this individual revealed an 
early dementia, raising the possibility that this abnormal metabolic profile 
can be detected before symptom onset. Additionally, PC 12 cells stably 
transfected with mutant human presenilin- 1 showed a depressed rotenone 
response. This may indicate genetic and sporadic forms o f Alzheimer’s 
disease converge mechanistically at the mitochondrion. Our results may 
form the basis o f (i) a simple, possibly presymptomatic, diagnostic test and 
(ii) a screening assay for experimental therapeutics. (Supported by 
AG 14648, AG11755 and the Emory ADC AGIO 130)
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182.21
NOTCH 1 SIGNALING IN POSTMITOTIC PRIMARY
NEURONS. O.Berezovska*. P.McLean. D.Ikeda and B.H vm an. 
Alzheimer Research Unit, Massachusetts General Hospital, 
Charlestown, M A 02129

Notch 1 encodes a 300 kDa cell surface protein that controls cell 
fate decisions by inhibiting cellular differentiation, including 
neurogenesis, during development. Surprisingly, Notch 1
continues to be expressed in adult brain. The function o f Notch 1 
in postmitotic neurons and signaling mechanism are unknown. To 
address these questions we used primary neuronal cultures from 
cortex and hippocampus o f E l6-18 mouse embryos for 
transfection with full length and truncated constitutively active 
forms of Notch 1 [N1(EC) or N l(IC)J and found that Notch 1 
inhibits neuгite outgrowth. Co-transfection o f Notch 1 (EC) and 
Numb (a physiological inhibitor o f Notch) resulted in partial 
recovery of neuгite outgrowth. Preliminary data from a CBF1 
transactivation assay (co-transfection o f  N l(E C ) with either 
4xwtCBFILuc or 4xmutCBFILuc plasmids) suggest that this 
pathway can be activated by Notch 1 in mature postmitotic neurons 
and therefore is a candidate signal transduction pathway for 
Notch’s effect on neuгite outgrowth.
Supported by NIH Grant AG 14744

DEGENERATIVE DISEASE: OTHER—METABOLISM AND MITOCHONDRIA

183.2183.1
THE ELEVATION OF INTRACELLULAR Ca2* CONCENTRATION 
INDUCED BY FREE RADICAL PRODUCTION DOES NOT PARTECIPATE 
IN HUMAN NEUROBLASTOMA SHSY5Y CELL INJURY ELICITED BY 
OXIDATIVE STRESS. S. Am oroso. A.G ioie lli. M. Cataldi. A. Scorziello. 
G.F.Di Renzo and L. A nnunzia to*. Section o f Pharm acology, Departm ent o f 
Neuroscience; School o f Medicine, "Federico II" University o f Naples.

In SHSY5Y hum an neuroblastom a cells, the m em brane-perm eant 
oxidant tert-butylhydroperoxyde (t-BO O H), added to  the incubation medium , 
induced a m arked and progressive dose-dependent (300,500-1000 µM) 
increase o f reactive oxygen species production (ROS) as evaluated by the 
fluorescent probe 2 ’-7 ’-d ich lorod ihydrofluorescein  d iacetate (DCF) and 
intracellular Ca2+ ion concentrations [Ca2+]¡, that was characterized by a 
delay when com pared to ROS elevation. The rem oval o f extrace llu lar Ca2+ 
ions did not m odify this [Ca2+]¡ increase, w hereas the in tracellu lar Ca2+ ion 
chelator BAPTA (10 µM) prevented t-BO O H -induced [Ca2+], elevation, t- 
BOOH-induced [Ca2+]i increase and ROS form ation were com plete ly 
counteracted by the peroxyl scavenger α-tocopheгo l (50 µM).

t-BOOH induced a tim e-dependent SHSY5Y cell injury monitored by 
MTT assay. Cell dam age was approxim ately 25%  at 1 hr, 50%  at 3 hrs, 80% 
at 5 hrs. The entity o f t-BO O H -induced cell dam age was the sam e both in the 
absence o f extrace llu lar Ca2+ ions and when in tracellu lar Ca2+ ions were 
chelated by BAPTA; w hereas the peroxyl scavenger α -tocophero l (50 µM) 
completely prevented the injuring e ffect o f oxidative  stress.

Collectively, the results o f the present study dem onstrated that in 
SHSY5Y human neuroblastom a ce lls the rise o f [C a2+]i occurring during 
oxidative stress derives from  in tracellu lar stores, and tha t this [C a2+]į 
increase is not involved in cell injury. Therefo re  cell dam age occurring during 
oxidative stress m ay be exclusively a ttributed to ROS overproduction. 
Supported by M U RST 40%  1996 to S.A. and Regione Cam pania to L.A.

HEME O XYGENASE-1 INDUCTION AND 4-H Y D R O X YN O N EN AL A C C U M U 
LATION IN VULNER ABLE BRAIN REG IO NS IN AN A N IM A L  M O DEL OF 
IM PAIRED O XIDATIVE METABO LISM . N.Y. Calinoasan*. L.C.H. Park. K. 
U ch ida1 and G.E. G ibson. Cornell Univ. Med. Coll, at Burke Med. Res. Inst., 
W hite Plains, NY 10605, USA, and 1 Nagoya Univ., Nagoya 464-8601, Japan.

T h ia m in e  d e fic ie n cy  (TD ) is an e x a m p le  o f a n u trition a l d e fic it th a t leads 
to  ch ro n ic  im p a irm e n t o f o x id a tive  m e tab o lism  and  se le c tiv e  n eu ro na l loss. 
T h e  re g io n -sp e c if ic  n eu ro na l dea th  in T D  is p re ced ed  by b loo d -b ra in  barrie r 
b re akd ow n , n itric  o x id e  s yn th a se  indu c tio n , m ic ro g lia l a c tiva tio n  and iron 
a ccum u la tio n . To  te s t the  ro le  o f o x id a tiv e  s tre ss  in T D -in d u c e d  n eu rona l 
dea th , the  cu rre n t s tud ie s  d e te rm in e d  w h e th e r T D  in c re a se s  hem e  o xyge 
nase-1 (H O -1) and  4 -h y d ro x y n o n e n a l (H N E ) in v u ln e ra b le  reg ions . TD  
in cre ase d  HO-1 im m u n o re a c tiv ity  in m ic rog lia  w ith in  a re as  o f neu rona l 
d am ag e  and  iron  a ccum u la tio n . HO-1 in du c tio n  w a s  w e a k  in m ic rove sse ls  
and d id  n o t o c c u r a t a ll in a s trocy te s . In co n tra s t to  H O -1 , H N E  im m un o 
rea c tiv ity  w a s  in ten se  in n eu ro ns  and  n o t in g lia l ce lls  w ith in  vu ln e ra b le  
reg ions. In a g re e m e n t w ith  the  in  v ivo  s tud ies , p rim a ry  c u ltu res  o f m ouse  
m ic rog lia  g ro w n  in T D  m e d ia  c o n ta in ing  the  th ia m in e  tra n s p o rt inh ib ito r, 
a m p ro lium , exh ib ite d  m ore  in ten se  HO-1 im m u n o re a c tiv ity  than  con tro ls . 
P rim ary  a s trocy te  cu ltu res  d id  n o t d is p la y  HO-1 in du c tio n . W e  h ypo the s ize  
th a t im pa ire d  o x ida tive  m e tab o lism  due  to  T D  in du ce s  m ic rog lia l HO-1 w h ich  
e n h a n c e s  re le ase  o f re d ox  ac tive  iron fro m  hem e. R e a c tive  iron can  then  
in itia te  fre e  ra d ica l fo rm a tion  le ad in g  to  lip id  p e rox id a tion , w h ich  in c o m b i
nation  w ith  peroxyn¡trite  fro m  n itric  o x ide  re su lts  in n eu ro d e g e n e ra tio n . Thus, 
T D  is a u se fu l m o d e l to  he lp  e lu c id a te  th e  in te rac tio n  be tw e en  HO-1 
in du c tio n , lip id  p e rox id a tion  and n e u ro d e g e n e ra tio n  in th e  p a th o g e n e s is  o f 
d isea se s  a ssoc ia ted  w ith  o x id a tiv e  stress.

Supported b y  G rants A G -14600 (G .E.G .) and A G  09014-07  (TV. Y.C.)

183.3
FUNCTIONAL ABNORMALITIES OF EMBRYONIC NEURONS FROM
NIEMANN PICK TYPE C MICE. A Prasad**. L L in*. JC Cruz'. T-Y Chang2. LP 

1,2 1.2 1 2 
Henderson . and RA Maue . Depts. o f Physiol, and Biochem., Dartmouth
Medical School, Hanover, NΉ 03755.

Niemann Pick Type C (NPC) disease is an autosomal recessive disorder associated 
with cholesterol trafficking and metabolism. This disease is characterized by 
progressive neuropathology, including extrapyramidal motor deficits. To determine the 
effect of the NPCĨ gene mutation (Loftus et al., 1997; Carstea et al., 1997) on 
nervous system function, we have established a breeding colony of лpc*“  mice 
(courtesy of Dr. P. Pentchev, the NIH) and begun analysis of neuronal tissue from 
embryonic and postnatal animals. Assessment o f NPC1 mRNA using in situ 
hybridization indicates a widespread pattern o f expression throughout the adult brain in 
both wildtype and npcM mice. Analysis of primary cultures of embryonic striatal 
neurons maintained in vitro in serum-free, defined medium in the absence of glial cells 
revealed abonormalities in cholesterol hydrolysis and re-esterification in neurons from 
npď* mice. In addition, these neurons showed quantitative differences in growth and 
response to neurotrophic factors, including neuronal cell size, total neuгite outgrowth, 
and number of neuгite branch points. Using whole-cell patch clamp techniques, 
GABAergic synaptic activity has been detected and analyzed in embryonic neurons 
maintained in culture, as well as from neurons in brain slices acutely isolated from 
animals symptomatic for NP-C disease (~8 weeks of age). The results o f this 
multidisciplinary analysis suggest that although npc*^ mice do not show symptoms 
of the disease until -30 days o f age, functional manifestations of the mutation in the 
NPC1 gene are evident in neurons during embryonic, as well as postnatal, 
development of the brain. Supported by grants from the Ara Parseghian Medical 
Research Foundation (RAM, LPH, TYC) and the National Niemann Pick Research 
Foundation (LPH).

183.4
DNA REPAIR  D E F IC IE N T  M IC E  ARE H Y PE R SE N S IT IVE  TO 
O XIDATIVE STRESS. >G.E. Kisby*< 2L.B. Meira, lN. Springer, 3A. Claus, ⅜ C . 
Friedberg. re n te r  for Research on Occupational and Environmental Toxicology 
(CROET), Oregon Health Sciences University, Portland, OR 97201, laboratory of 
Molecular Pathology, Department of Pathology, University of Texas Southwestern 
Medical Center, Dallas, Texas, and •^Department of Neurology, University of Ulm, 
Ulm, Germany.
Oxidative stress is a proposed underlying mechanism in the pathogenesis of 

neurodegenerative disease, including amyotrophic lateral sclerosis (ALS), 
Alzheimer's disease and Parkinson's disease. Previously, we demonstrated that the 
pivotal base-excision DNA repair protein apurinic/apyrimidinic endonuclease (APE, 
HAP1 or REF1) is reduced in ALS brain tissue. APE is induced following exposure 
of human cells or rodent brain tissue to oxidative stress suggesting this DNA repair 
protein may play an important role in protecting cells from cytotoxicity and DNA 
damage. Studies were conducted to determine if  tissue from mice with a defect in 
APE are hypersensitive to oxidative stress. Fibroblast cultures from wild type 
(HAP1+/+) and heterozygote HAP1 mutant (H AP l+/，̂) embryonic mice were treated 
with the oxidant paraquat (100 µM - 500 µ M) for 24 h, the media replaced with 
contfol media and 10 days later the cells examined for viability. H A P l+/  ̂ fibroblasts 
were 2-Зx more sensitive to paraquat (>200 µM) than comparably treated HAP1+/+ 
fibroblasts. APE levels were 2x lower in fibroblast, brain and testes of HAP1+/' 
mice when compared with similar tissue of HAP1+/+ animals. Cultures of cerebellar 
granule neurons prepared from HAP1+/" and HAP1+/+ mice were treated at 7 DIV 
with 50 µM, 150 µM, and 500 µM menadione or paraquat for 20 h and examined for 
cell viability using the fluorochrome propidium iodide. Menadione (50 µM. 150 
µM) and paraquat (50 µM, 150 µM, 500 µM) were 1.5-2x more toxic to HAP1 +/  ̂
cerebellar neurons than comparably treated HAP+/+ cells. Menadione (500 µM) was 
equally toxic to both HAP1+/" or HAP1+|/+ neurons. These findings suggest that the 
base-excision DNA repair protein APE protects neuronal and non-neuronal cells 
from oxidative stress. [Supported by NS 19611 (GK) and CA44247 (EF)]
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183.5
C H A R A C T E R IZ A T IO N  O F  P R O T E A S O M E  IN H IB IT O R  IN D U C T IO N  O F  
H S P  7 0  A N D  H E M E  O X Y G E N A S E .  R .N .N is h » m u r a 1 * ,  D . S a n t o s 1, S . 
D a b b y 1, a n d  B .E .D w y e r - . ’ D e p t ,  o f  N e u r o lo g y ,  U C L A  a n d  V A - S C S C ;  
2D e p t .  o f  M e d ic in e ,  D a r t m o u t h  U n iv ,  a n d  V A - W h i t e  R iv e r  J e t . ,  V T .

T h e  m u l t i c a t a ly t i c  p r o te a s e  c o m p le x  (M C P )  p r o te a s o m e  is  t h e  m a jo r  
e x t r a ly s o s o m a l  A T P - d e p e n d e n t  p r o t e o ly t i c  s y s t e m  r e s p o n s ib le  f o r  
h y d r o ly s is  o f  u b iq u i t in a t e d  p e p t id e s  a n d  p r o te in s .  I t  is  d is t r ib u t e d  in  
c y t o s o l ,  n u c le u s  a n d  e n d o p la s m ic  r e t i c u lu m .  R e c e n t  w o r k  

d e m o n s t r a t e d  t h a t  p r o te a s o m e  in h ib i t o r s  in d u c e d  t h e  s y n th e s is  o f  
H S P 7 O  in  n o n - n e u r o n a l  c e l ls .  T h e  p r e s e n t  w o r k  s h o w s  t h a t  H S P 7 O  is  
in d u c e d  in  p r im a r y  r a t  n e u r o n s  a n d  a s t r o c y t e s  w h e n  e x p o s e d  t o  t h e  
p r o te a s o m e  in h ib i t o r s ,  l a c t a c y s t in ,  1 -  a n d  5  u M ,  a n d  M G  1 3 2 ,  1 -  a n d  
1 0  u M .  E x p o s u re  a t  t h e  h ig h e r  c o n c e n t r a t io n s  o v e r n ig h t  in d u c e d  
H S P 7 O  t o t  t h e  le v e ls  o f  in d u c t io n  b y  h e a t  s h o c k .  T h e s e  s a m e  
c o n c e n t r a t io n s  a ls o  in d u c e d  h e m e  o x y g e n a s e  ( H O D .  H O I  w a s  
in d u c e d  t o  h ig h e r  le v e ls  in  n e u r o n s  t h a n  in d u c t io n  b y  h e a t  s h o c k .  
I n v e s t ig a t io n s  o n  th e  m e c h a n is m  o f  in d u c t io n  o f  H 0 1  a n d  H S P 7 O  b y  
p r o te a s o m e  in h ib i t o r s  u s in g  a G F P  t r a n s f e c t e d  c e l l  l in e  s h o w e d  t h a t  
H 0 1  a n d  H S P 7 O  w e r e  in d u c e d  d i f f e r e n t l y  t h a n  b y  h e a t  s h o c k .  
P re v io u s  s t u d ie s  in d ic a t e d  t h a t  t h e  in d u c t io n  o f  H S P 7 O  w a s  in d u c e d  
b y  t h e  p r e s e n c e  o f  d e n a tu r e d  p r o te in s .  T h e s e  s t u d ie s  s h o w  t h a t  
H S P 7 O  a n d  H 0 1  a re  in d u c e d  w h e n  p r o te o ly s is  is  in h ib i t e d  in  p r im a r y  
n e u r o n s  a n d  a s t r o c y t e s .  S u p p o r t e d  b y  t h e  R e s e a r c h  S e r v ic e  o f  t h e  
D e p t .  V e t e r a n s  A f f a i r s .

183.7
MORPHOLOGY OF FUNCTIONALLY IMPAIRED MITOCHONDRIA 
IN AD AND PD CYBRIDS IS ABNORMAL. P.A, Trimmer*. R. H. 
Swerdlow. W. D. Parker. Jr. Center for the Study o f Neurodegenerative 
Diseases and Dept, o f Neurology, Univ, o f Virginia, Charlottesville, VA.

Diseases linked to defective mitochondrial function are characterized by 
the presence o f abnormal, enlarged mitochondria with distorted cristae. 
Several lines o f evidence now suggest that sporadic forms o f Alzheimer’s 
(AD) and Parkinson’s (PD) disease are linked to defects in mitochondrial 
DNA (mtDNA). Human neuroblastoma cells that are deficient in mtDNA 
(Rhoº) were repopulated with mitochondria from either AD or PD patients 
or age-matched controls to provide a model for the study o f how impaired 
mitochondrial function alters the mitochondria themselves and how these 
changes adversely affect the neuronal cells they occupy. Ultrastructural 
examination showed that control cybrids contained small, round or oval 
mitochondria with a dark matrix and regular distribution o f cristae. AD 
cybrids, in contrast, contained a significant population o f enlarged 
mitochondria (> 0.25-5.OµM2) that had a pale matrix and few remaining 
cristae. AD cybrids also had significantly fewer small mitochondria (0-
O.O5µM2). In PD cybrids a significant proportion o f mitochondria were 
also enlarged (> 0.25-5.0µM2), had a pale matrix and contained few 
remaining cristae. These data suggest that transfer o f AD and PD mtDNA 
with impaired function into Rhoº cells produced pathological 
ultrastructural changes similar to those seen in other mitochondrial 
disorders. Supported by the NIH grants AG 14382 and NS35325.

183.9
NORMAL ELECTRON TRANSPORT CHAIN ACTIVITIES IN HUNTINGTON’S 
DISEASE CYBRIDS. R.H. Swerdlow. J K. Parks. M B. Harrison*, and W.D. Parker. 
Dept, of Neurology, University of Virginia, Charlottesville VA 22908.

Huntington’s Disease (HD) is associated with expansion of CAG repeats on a 
chromosome 4 gene. The mechanisms by which huntingtin, the translation product of 
this gene, causes HD is unknown. Abnormal mitochondrial electron transport chain 
(ETC) function is also abnormal in multiple tissues in HD patients including brain, 
platelets, and muscle. This probably occurs as a secondary consequence of 
polyglutamine-expanded huntingtin expression.

We previously demonstrated activity of the ETC enzyme NADH:ubiquinone 
oxidoreductase (complex I) is decreased in HD subject platelets. Abnormal complex 
I activity also occurs in Parkinson’s disease (PD), and in sporadic PD patients transfer 
of platelet mitochondrial DNA (mtDNA) to mtDNA-depleted (pº) cells creates 
cytoplasmic hybrid (cybrid) cell lines that manifest decreased complex I activity 
relative to cybrids expressing control subject mtDNA. These results suggest mtDNA 
is abnormal in PD patients. To screen for mtDNA mutation in HD patients, we 
transformed pº cells with HD patient mtDNA to create HD cybrid cell lines.

Platelets were isolated from HD (n=7) and control (n=7) subjects and fused with pº 
SH-SY5Y neuroblastoma cells (pº 118/5.0 MitoKor, San Diego, CA). The resulting 
cybrid cell lines were assayed for activities of the ETC enzymes complex I and 
cytochrome oxidase (complex IV) because these enzymes contain mtDNA-encoded 
subunits whose translation requires integrity of most of the mitochondrial genome. 
Mean complex I and IV activities in the HD and control cybrid groups were 
comparable. These data suggest mtDNA mutation does not commonly cause ETC 
activity depression in HD, although consideration of other potential mtDNA 
abnormalities, such as depletion, is required.

Supported by AGOO8OO and a Commonwealth of Virginia Alzheimer’s Disease and 
Related Research Award.

183.6
PRELIMINARY CHARACTERIZATION OF TORSINA - A HSP/CLP ATPASE- 
LEKE PROTEIN RESPONSIBLE FOR EARLY ONSET TORSION DYSTONIA. P. 
Ziefeг1 , J. Hewett1. C, Gonazales-Aeosti1. C. Shalish1. C. Klein1. D. Corev2*. V, 
Ramesh1. D. Jacobv1. L. Ozelius1 and X. Breakefield1. ’Dept. Neurology, & ¾owaid 
Hughes Medical Institute, Massachusetts General Hospital, Boston MA 02114 

Torsion dystonia is a human movement disorder characterized by contracted, 
twisting postures. The early onset form is inherited as an autosomal dominant 
condition with reduced penetrance, and is distinguished by a period of susceptibility in 
childhood (5-15 yr) and no apparent neuronal degeneration. Most cases of early onset 
dystonia are caused by a deletion of a glutamic acid residue in the caiboxy terminus of 
a novel protein, torsinA, encoded in the DYT1 gene on chromosome 9q34 (Ozelius et 
al, 1997). TorsinA (predicted size 364 a.a., 42 kD) shares several functional domains 
with the hsp/Clp ATPase family of chaperone proteins, and has a hydrophobic 
(putative membrane spanning) domain at the N terminus. High level expression of the 
torsinA transcript in dopaminergic neurons in the substantia nigra (Augood et al, 
1998) supports involvement of these neurons in dystonia. We have raised antibodies 
against a unique antigenic peptide of torsinA. By western blot analysis an immune 
reactive species of 48-50 kD is detected in most cells in culture, including rat 
pheochromocytoma PC 12 cells. This protein increases in response to differentiation of 
these cells by treatment with nerve growth factor or by heat shock (40° C for 1 hr with 
recovery at 37° C for 20 hr). Immunocytochemical analysis of undifferentiated PC12 
cells reveals high density of an immune specific protein in a perinuclear region, 
consistent with the Golgi body. In differentiated PC 12 cells the staining is increased 
and frequently oriented towards the extending process, with punctate staining along 
the process. These observations are consistent with the predicted function of this 
protein as a heat shock/chaperone protein, but further studies are needed. [Dystonia 
Medical Research Fdn., Jack Fasciana Fund, NINDS NS28384 and NS38142.J

183.8
Bel-2 and Bc1-Xl overexpression in Parkinson’s Disease Cybrids
Taleehani, C K*1 Fall, C1 Veech, G1 Eglitis. M2 Mouradian. M M2 Bennett. J P
ІŁİ
'The University o f  Virginia Health Sciences Center for the Study o f  
Neurodegenerative Diseases, Charlottesville, VA, 22908 ; 2Genetïc Pharmacology 
Unit, Division o f Experimental Therapeutics, National Institute o f Neurological 
Disorders and Stroke, Bethesda, MD, 20892.

The loss of dopaminergic neurons of the substantia nigra in Paricinson’s Disease 
has been linked to a defect in complex I of the electron transport chain in 
mitochondria. This defect makes the neurons susceptible to apoptosis by an as yet 
unknown mechanism. In light of evidence from cell free systems that Bcl-2 can 
inhibit opening of the mitochondrial transition pore (MPT), a commitment step in 
apoptosis, we characterized the levels of Bcl-2 and the related Bcl-xL in cybrid cell 
models of PD. Cybrids constructed from SY5Y neuroblastoma cells depleted of 
mitochondrial DNA (pº cells) and platelets of either PD patients and controls 
showed Bcl-2 and Bcl-xL levels that were elevated about 1.8-fold in PD. MPP+ 
treatment of cybrids increased Bcl-2 levels in the control but not PD cybrids, 
implying that there is a ceiling effect for the elevation of Bcl-2. This elevation is 
absent in pº cells treated with MPP+, implying the need for functional mitochondria 
for this upregulation. Overexpression of Bcl-xL in SY5Y cells elevated levels of 
protein and increased mitochondrial membrane potential over transfected controls 
following MPP+ treatment. Flow cytometric analysis of nuclear pyknosis revealed 
that Bc1-xl overepгessoгs were less vulnerable to apoptosis. In conclusion, Bel 
protein levels are increased as a result of oxidative stress in PD cybrids. BclxL 
overexpression protects cells from MPP+-induced loss of mitochondrial membrane 
potential and apoptosis and may represent a type of neuroprotective therapy in PD. 
Supported by NS35325.

183.10
MITOCHONDRIAL CYCLING SHAPES CALCIUM TRANSIENTS IN 
SY5Y NEUROBLASTOMA. T. B. Sheгer». P.A, Trimmer, and J. B, Tuttle. 
Center for the Study o f  Neurogenerative Diseases, Depts o f  Neurology and 
Neuroscience, University o f Virginia, Charlottesville, VA 22908 

Calcium signaling transients were studied in parent SY5Y cells and a cell line 
devoid o f mitochondrial DNA (Rhoº) to assess mitochondrial action in normal 
signaling events. Rhoº cells maintain a membrane potential as evidenced by 
JC-1 staining. Rhoº basal calcium was significantly but only slightly lower 
(74.8± 3.4 versus 68.7±l.O) than SY5Y. Thapsigargin and FCCP sensitive 
calcium stores were reduced in the Rhoº line. Intracellular transients in 
response to carbachol (an IP3-mediated event), achieved similar peak values in 
SY5Y and Rhoº lines, but a greater proportional elevation in the Rhoº line 
(1015+39 % versus 843±49 %). The kinetics o f recovery to normal calcium 
levels were significantly different in SY5Y and Rhoº lines. Initial recovery 
slopes in Rhoº were less than SY5Y cells, but the relationship was subsequently 
reversed, with Rhoº slopes exceeding SY5Y rates o f recovery. The rapid 
recovery phase in Rhoº cells depends upon sodium-calcium exchange at the 
plasma membrane while SY5Y slopes were only slightly changed in sodium- 
free buffer. Exposure o f SY5Y cells to FCCP reduced both the peak calcium 
value after carbachol and the recovery rate but acute FCCP and oligomycin 
treatment o f  SY5Y cells did not mimic the results in Rhoº cells. These results 
suggest that mitochondrial cycling of calcium regulates the size o f IPз-mediated 
calcium transients and shapes recovery kinetics in this neuron-like cell line. 
This research was supported by a research and training grant from NШ.
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183.11

IN C R E A S E D  O P E N IN G  O F  T H E  M IT O C H O N D R IA L  
PERM EABILITY T R A N S IT IO N  PO RE A N D  AP O P TO S IS W IT H  
PARTIAL IN H IB IT IO N  OF C O M P L E X  I BY  R O TE N O N E  J. K. Parks.
C. Fall. J. P. Bennett.* W .D. Parker, . Center for Study of Neurodegenerative 
Diseases and Dept. O f Neurology, University o f Virginia Health Sciences System, 
Charlottesville, VA 22908

Decreased Complex I activity has been demonstrated in several Parkinson’s 
Disease (PD) tissues by m ultiple laboratories. Cybrids made by transfer o f  PD 
mitochondrial D N A into SH-SY5Y pº cells produce increased free radicals and 
have altered calcium homeostasis. The relatively small decrement in Complex 
I of 20% has significant adverse consequences for the cell. M itochondrial 
ionophores and electron transport chain inhibitors under certain conditions 
increase free radicals (ROS), induce the mitochondrial permeability transition 
pore (MTP), and apoptosis or necrosis. We modeled the complex I defect PD 
by incubating SH-SY5Y neuroblastoma cells isolated liver mitochondria w ith 
rotenone. SY5Y cells exposed to <1 µM  rotenone for 24 hr. produce increased 
ROS and initiate apoptosis. Isolated rat liver mitochondria utiliz ing  glutamate 
as substrate demonstrate M TP induction in a U-shaped dose response curve in 
response to rotenone. Pore induction is demonstrated at only 20% inhibition 
of Complex I and is maximal at about 50-70%. Probability o f  the pore being 
in the open position decreases rapidly as inh ib ition becomes complete. We 
propose that the small decrement in Complex I demonstrated in PD may be 
pro-apototic over time and that a large decrease such as ty pically seen in more 
classic enzyme defects may not perm it survival.

Supported by NS35325 and AG  14382

183.13

NUCLEAR D N A -E N C O D E D  m tD N A  PSEUDO GENES (m tD N A T s):
A P O TE N TIA L  C O N FO U N D  IN  T H E  A N A L Y S IS  O F m tD N A  
M UTATIO NS. J·N, Davis II. J,B. Tuttle* and W.D. Parker. Jr. Dept, o f  
Neurology, Univ, o f  V irg in ia  Health Sciences Center, Charlottesville, V A  
22908.

Three independent studies1,2,3 have recently presented compelling evidence 
contradicting two reports4,5 o f  a series o f  hetcroplasmic m itochondrial D N A 
(mtDNA) point mutations associated w ith sporadic A lzheimer’s disease. 
Utilizing total genomic D N A derived from cells in which the endogenous levels 
of mtDNA had either been greatly decreased or eliminated entirely, these studies 
demonstrated that the mutations in question derive from an am plification o f  
nuclear DNA (nDN A) encoded m tD N A pseudogenes (m tDNAΨ s), rather than 
genuine m tDNA. Using sim ilar methods we have examined a reported 
heteroplasmic m tD N A  point mutation putatively associated w ith  Parkinson’s 
disease6 in order to assess whether this reported apparent heteroplasmy may also 
derive from m tD N AΨ  amplification products.
Refs: 1. Wallace,D C. et α/.(l997) Proc. Natl. Acad. Sci. USA 94, 14900-14905; 
2.Hirano,M. et al. (1997) Proc. Natl. Acad. Sci. USA 94, 14894-14899; 3. Davis, J.N. 
et al. (1998) Biochem. Biophys. Res. Commun. 244, 877-882; 4. Davis, R E. et al. 
(1997) Proc. Natl. Acad. Sci. USA 94, 4564-4569; 5. Fahy, E. et al. (1997) Nucleic 
AcidsResearch 25, 3102-3109; 6 . Schnopp, N.M. etal. (1996) Clinical Neuropathology 
15, 348-352. Supported by MitoKor award.

1 8 3 .1 2

CYCLOSPORIN A INCREASES RESTING M ITO CH O N DR IAL MEMBRANE 
POTENTIAL IN SY5Y CELLS AND REVERSES THE DEPRESSED 
M ITO CHONDRIAL M EMBRANE POTENTIAL OF ALZH E IM E R ’S DISEASE 
CYBRIDS. D.S· Cassarino*. R H. Sweгdlow, J K, Parks. W.D. Parker. Jr. and J.P. 
⅛ennett Jr. Center for the Study of Neurodegenerative Diseases and Department of 
Neurology, University o f Virginia Health Sciences Center, Charlottesville, VA 22908.

Alzheimer’s disease (AD) brains exhibit oxidative stress and a biochemical defect 
o f cytochrome oxidase (COX) of the mitochondrial elecưon transport chain (ETC). 
This defect can be transferred through mitochondrial DNA (mtDNA) into clonal SY5Y 
cells depleted of their mtDNA. The resulting cytoplasmic hybrids or “ cybrids”  retain 
the COX defect and exhibit oxidative stress. We measured mitochondrial membrane 
potential (∆ψm) in AD and control cybrids via ⅜teưaphenylphosphonium ion (3H- 
TPP*) accumulation. AD cybrids exhibited a significant (abюut 30%) decrease in 3H- 
TPP+ accumulation (normalized to the nuclear-encoded mitochondrial enzyme MAO) 
relative to controls. Acute treatment of normal SY5Ys with azide, a COX inhibitor, 
moderately decreased 3H-TPP+ retention and strongly inhibited COX activity in a dose- 
dependent manner. As the mitochondrial transition pore (MTP) can be activated by 
reactive oxygen species and ETC inhibitors, and its opening causes ∆ψm dissipation, 
we tested the effects of the MTP inhibitor cyclosporin A (CsA) on TPP+ accumulation. 
5µM CsA increased basal H3-TPP+ accumulation in SY5Y cells about 10-fold, 
corresponding to about a 2-fold increase in ∆ψm. In the AD cybrids, CsA increased the 
apparent ∆ψm to the same final levels as it did in controls. Hence, low-conductance 
MTP activity contributes significantly to resting ∆ψm in SY5Y cells, and may be more 
highly active in AD cells. Small increases in ∆ψm were inducible with antioxidants 
including the water-soluble vitamin-E analog trolox. We propose that the COX defect 
and resulting oxidative stress in AD may pathologically activate the MTP, resulting in 
lower ∆ψm and the release of mitochondrial factors involved in apoptosis. (This work 
was supported by NS35325 the NIH Medical Scientist Training Program).
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E F F E C T S  O F  B C L - 2  O V E R E X P R E S S IO N  O N  N E U R O N A L  D E A T H  IN  
T W O  T R A N S G E N IC  M O U S E  M O D E L S  O F  M O T O R  N E U R O N  
D IS E A S E . M .K . H o u s e w e a r t 1, J C .  M a r t in o u 2, M .K . L e e 3* ,D .W .  
C le v e la n d 1 . 1 L u d w ig  In s t i tu te ,  L a  J o l la ,  C A . 9 2 0 9 3 ,  a n d  2G la x o  
In s t itu te  f o r  M o le c u la r  B io lo g y ,  3J o h n s  H o p k in s  M e d . ,  B a l t im o r e ,  M D .

A m y o t r o p h ic  la te r a l  s c le r o s is  (A L S )  is  a  p r o g r e s s iv e  
n e u r o d e g e n e r a t iv e  d is e a s e  c h a r a c te r iz e d  b y  t h e  lo s s  o f  la r g e  m o t o r  
n e u ro n s  f r o m  th e  s p in a l  c o r d  r e s u l t in g  in  p a r a ly s is  a n d  d e a th .  T w o  
t r a n s g e n ic  m o u s e  m o d e ls  o f  A L S - l ik e  m o t o r  n e u r o n  d is e a s e  h a v e  
b e e n  e m p lo y e d  to  t e s t  w h e t h e r  in c r e a s in g  th e  n u m b e r  o f  m o t o r  
n e u r o n s  b y  o v e r e x p r e s s io n  o f  t h e  Bcl·2  p r o to - o n c o g e n e  c a n  a l t e r  
d is e a s e  o n s e t  o r  p r o g r e s s io n .  T h e  f i r s t  m o d e l u s e d  c o n t a in s  a 
le u c in e  to  p r o l in e  s u b s t i t u t io n  w i th in  t h e  N F L  ( l ig h t  n e u r o f i la m e n t )  
g e n e  w h ic h  c a u s e s  d e g e n e r a t io n  o f  m o t o r  n e u r o n s ,  m u s c le  a tr o p h y ,  
a n d  d e a th  l ik e  t h a t  s e e n  in  h u m a n  A L S .  W h e n  t h e s e  m ic e  w e r e  m a d e  
to  e x p r e s s  in c r e a s e d  le v e ls  o f  t h e  a n t ¡ - a p o p to t ic  B c l- 2  p r o te in ,  t h e  
n u m b e r  o f  m o t o r  n e u r o n  a x o n s  w a s  r e s to r e d  to  w i ld  ty p e  le v e ls  a n d  
th e r e  w a s  a n  a t t e n u a t io n  o f  d is e a s e  p h e n o ty p e .  T h e  s e c o n d  m o u s e  
m o d e l e x p r e s s e s  a  m u ta n t  h u m a n  c o p p e r / z in c  s u p e r o x id e  d is m u t a s e  
g e n e  (G 3 7 R )  a n d  e x h ib i t s  a n  A L S - l ik e  p h e n o ty p e  a n d  p a th o lo g y .  In i t ia l  
a n a ly s is  re v e a ls  t h a t  o v e r e x p r e s s io n  o f  B c l- 2  in  t h e s e  m ic e  d o e s  n o t  
d e la y  o n s e t  o f  d is e a s e .  F u r th e r  c o m p a r is o n  o f  t h e s e  tw o  m o u s e  
m o d e ls  s h o u ld  s h o w  w h e t h e r  t h e  a b i l i t y  o f  B c l- 2  t o  p r e v e n t  m o t o r  
n e u r o n  c e l l  d e a th  is  a  g e n e r a l  p h e n o m e n a ,  e f f e c t iv e  a g a in s t  A L S  
c a u s e d  b y  m u ta t io n s  in  d i f fe r e n t  p r o te in s ,  a n d  w h e t h e r  t h e  e f f e c t s  a r e  
s u f f ic ie n t  t o  r e d u c e  th e  s e v e r i t y  o f  d is e a s e  in  m ic e .  Funded by an NIH grant.

B A X  D E L E T IO N  D E LA Y S  M O R T A L IT Y  IN  A  M U R IN E  M O D E L  
O F F A M IL IA L  A LS  A N D  N E U R O N A L C E L L  D E A T H  IN  SO D 1 -  
D E F IC IE N T  M IC E . G,V. Putcha,* C.M. Knudson, E.M. Johnson, Jr., and 
S.J. Korsmeyer. Washington University School o f  Medicine, Departments 
o f  Molecular B iology and Pharmacology, Neurology, Medicine and 
Pathology, St. Louis, M O  63110.

Mutations in CuZn superoxide dismutase (SOD1) cause some forms 
o f fam ilia l ALS (FALS), a progressive, fatal neurodegenerative disorder. 
Transgenic mice expressing mutant human SOD1 (G93A) exhibit 
progressive, age-dependent deterioration o f motor function sim ilar to that 
seen in human FALS. We examined the role o f  Bax, a pro-apoptotic 
member o f  the Bcl-2 family, in disease progression and neuronal cell death 
in FALS and SOD1 -deficient mice, respectively. Deletion o f  Bax delayed 
the onset o f  motomeuron disease in G93A mice and prolonged the survival 
o f  these mice. Bax deficiency also lengthened the duration o f  the 
symptomatic period in FALS mice. · Sim ilarly, Bax deletion delayed, but did 
not prevent, the death o f SΌD/-deficient sympathetic neurons in vitro.
These results, together w ith recent evidence that overexpression o f  Bcl-2 
delays disease onset and prolongs survival in G93A mice, suggest that Bcl-2 
fam ily members are critical regulators o f  neuronal cell death in FALS. 
Alternatively, the enhanced survival may be a reflection o f  the increased 
numbers o f  motomeurons in Z?αx-deficient and 5c/-2-overexpressing mice. 
[This work was supported by N IH  grant AG  12947 to E.M.J.]
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X-LINKED DOMINANT LOCUS FOR LATE-ON SET FAMILIAL 
AMYOTROPHIC LATERAL SCLEROSIS . S. Hong4, B.R. BrookS1, W.Y. Hung4, 
N A . Siddique\ J. Rimmler2, C. Fan4, J.P. Kaplan4, H.X. Deng4, R.K. Reyes4, R.H. 
Brown Jr.3, M.A. Pericak-Vance2 and T. Siddique4*. ‘Neurology Service, Wm S 
Middleton Mem VA Medical Center, Madison, WI; 2Dept. o f Medicine, Duke 
University Medical School; department o f Neurology, Massachusetts General 
Hospital; department o f Neurology, Northwestern University Medical School, 
Chicago, IL  60611

Amyotrophic lateral sclerosis (ALS) is a progressive neurologic disorder resulting 
from the degeneration o f upper and lower motor neurons, and is inherited in 10 % of 
cases. About 20 % o f Familial ALS, clinically indistinguishable from sporadic ALS, 
are caused by mutation o f Cu/Zn superoxide dismutase on chromosome 21 q22.21 
inherited as an autosomal dominant trait. We now report a new locus in non-SODl 
dominantly inherited ALS.

We screened a large ALS family with 11 affected individuals and one obligate gene 
carrier with genome-wide ABI Polymorphic markers using the ABI 377 automated 
system. No evidence of linkage was obtained with the autosomal markers. We next 
screened this family with X chromosome markers as there was no evidence o f male to 
male transmission o f the disease. Linkage was established with several X chromosome 
markers with a lod score up to 3.8. Multipoint linkage analysis yielded a maximum lod 
score o f 3.9. Twenty additional families without any male to male transmission of 
ALS were also analyzed.

Our finding imply that a gene for the dominant expression o f neuronal degeneration 
is coded on the X chromosome and raise the question of the role o f X chromosome 
genes that escape inactivation in this process. More importantly, our finding o f a gene 
causing ALS localized on X chromosome has a direct implication to sporadic ALS, 
where epidemiological studies show male gender predominance ( 1.6 :1) and earlier 
onset in men by 5-10 years.
-This work was supported by the National Institutes o f Health (NS31248, NS21442) 
and the Les Turner ALS Foundation.

1 8 4 .5

NFkB IN SPORADIC AMYOTROPHIC LATERAL SCLEROSIS - AN 
IMMUNOHISTOCHEMICAL STUDY
U. Meisel1. G. Ransmavr1*. H. Mayer2, M. Reindl1 and W, Poewe‘. 'Dept, of 
Neurology, University Hospital of Innsbruck, A-6020 Innsbruck, Austria; 2Dept. of 
Pathology, University Hospital of Innsbruck, A-6020 Innsbruck, Austria.

Evidence from postmortem studies suggest an involvement of the transcription 
factor nuclear factor k B (NFkB) in πeurodegenerative diseases. At present the cause 
of amyotrophic lateral sclerosis (ALS) is unknown, but there are some hypotheses 
about its etiology (defect in glutamate reuptake, oxidative stress, autoimmune 
disease, defect in superoxide dismutase 1, etc.). NFkB is activated in response to 
physiologic and pathologic stimuli, such as oxidative stress, excitotoxicity, cytokines 
and it induces the expression of cytokines (interleukin-lß, tumor necrosis factor α), 
adhesion molecules and enzymes (inducible nitric oxide synthase, cyclooxygenase 
2). Therefore, it might play a role in neurodegenerative diseases such as sporadic 
ALS (sALS).

We looked for the activation of NFkB in the nucleus, the cytoplasm and neurites of 
pyramidal cells of the motor cortex and lower motor neurons (spinal cord). Post
mortem CNS tissue from seven patients with sALS and nine controls matched for 
age (69,4 ± 10 and 74 ± 8,9, respectively) and perimortal conditions was examined. 
Immunopositive staining of nuclei was found in controls as well as in sALS. The 
proportion of immunopositive to immunonegative neurons was higher, but not 
significant, in the sALS compared to the control group (p= 0,07, Mann-Whitney-U- 
test). High density of immunopositive neurites was discovered in sALS brains in the 
transition zone between cortex and the white matter, and also in the white matter 
adjacent to the cortex.

The data suggest that NFkB may play a role in the pathophysiology of sALS.

1 8 4 .7

PROTEIN OXIDATIVE DAMAGE IN A TRANSGENIC MOUSE MODEL OF 
FAM ILIAL AMYOTROPHIC LATERAL SCLEROSIS. P.K.Andrus*1, T.J.Fleck1,
M.E.Gumey1 and E.D.Hall .̄ ‘BiologyII/Neurobiology, Pharmacia & Upjohn, Inc., 
Kalamazoo, MI, 49001; 2 Neuroscience Therapeutics, Parke-Davis Pharmaceutical 
Res., Ann Arbor, M I 48105.

The 93 gly->ala mutation in the Cu,Zn superoxide dismutase gene (SOD1) found in 
some familial amyotrophic lateral sclerosis (FALS) patients has been shown to result 
in increased hydroxyl radical production by the mutant enzyme which may cause 
oxidative injury to spinal motor neurons. We analyzed the extent o f oxidative injury 
to lumbar and cervical spinal cord proteins in transgenic FALS mice which over
express the G93A SOD1 mutation [TgN(SODl-G93A)GIH] in comparison to non- 
transgenic mice. Total protein oxidation was examined by spectrophotometric 
measurement o f tissue protein carbonyl content by the dinitrophenylhydгazine 
(DNPH) assay. Between 100 and 120 days o f age, the levels in the TgN(SODl- 
G93A)GIH mice increased dramatically (557%) compared to either the non- 
tгansgenic mice or transgenic animals which over-express the wild-type human Cu,Zn 
SOD [TgN(SODl)N29]. This increase in spinal cord protein carbonyl levels was 
confirmed by SDS-PAGE separation and Western blot immunoassay which enabled 
the identification o f heavily oxidized individual proteins using a monoclonal antibody 
against DNPH-derivatized proteins. One of the more heavily oxidized protein bands 
(14 kDa) was identified by immunoprecipitation as largely Cu,Zn-SOD. Western blot 
comparison o f the extent o f Cu,Zn-SOD protein caгbonylation revealed that the level 
in spinal cord samples from 120 day old TgN(SODl-G93A)GIH mice was 
significantly higher than that found in age-matched non-transgenic or TgN 
(SODl)N29 mice. These results suggest that the increased hydroxyl radical 
production associated with the G93A SOD1 mutation causes extensive protein 
oxidative injury and that the Cu,Zn-SOD itself is a key target which may compromise 
its antioxidant function.

1 8 4 .4

CD38 IS ASSOCIATED WITH BUNINA BODIES IN 
AMYOTROPHIC LATERAL SCLEROSIS (ALS). ЬL„Ωtsuka1’2*, ¢L 
Goto1 and íL_Ikeda2. Όept. of Anatomy. Showa Univ. Sch. of 
Med., 2Dept. of Ultrastructure and Histochemistry, Tokyo Inst, 
c ſ Psychiatry, Japan.

CD38, a 46kDa glycoprotein commonly known as a pheno
typic marker of certain T and B lymphocyte subpopulations, has 
been reported to possess enzymatic activities for formation and 
hydrolysis of cyclic ADP-ribose that has intracellular Ca2+- 
mobilizing activity. As Ca2+ plays a crucial role in neuronal cell 
death, we previously immunostained sections of patients with 
Alzheimer disease (AD) and found that CD38 immumnoreactivity 
predominantly localized upon neurofibrillary tangles (NFTs), 
dystrophic neurites, neuropil threads and some neuronal 
somata without NFTs in AD brain. In this study, we 
immunostained sections of formalin-fixed, paraffin-embedded 
autopsy spinal cords of 5 patients with ALS enriched with 
Bunina bodies and 10 controls by immunoperoxidase method. 
Antibodies were raised in rabbits against synthetic peptides 
corresponding to six portions of CD38. All the antibodies to 
CD38 gave a similar results showing a positive staining of the 
periphery of Bunina bodies, dysrtophic neurites and neuronal 
somata in ALS spinal cord. CD38 immunorectivity of the 
periphery of Bunina bodies was strong, but that of neuronal 
somata was weak in the same section. In comparison to normal 
neurons in corrtrol, the immunoreacyivity was increased in the 
Bunina body-containing neurons in ALS. CD38 might be 
induced in neurons during the degenerative process in ALS as 
well as AD, whereby it could be associated with Bunina bodies.

1 8 4 .6

DECREASED EXPRESSION OF Sl(Юß IN SPINAL CORD OF TRANSGENIC 
MOUSE MODEL OF FAM ILIAL AMYOTROPHIC LATERAL SCLEROSIS. 
C.Bcndotli*. C. Bristoll, P.DiNunno , M.Giгelli. C. Dossi1, T.Mennini and Samanin 
R. Istituto Mario Negri. Milano;'Consorzio Mario Negri Sud, S.Maria Imbaro (¢ľh)ltaly.

S l(Юß is a small acidic calcium binding protein mostly localized in the glial cells of 
the CNS. This protein is known to promote neuronal survival and ncurite extension in 
motor neurons in vitro and to prevent in vivo the death of motor neurons in newborn 
rats after sciatic nerve transection. Sl(Юß is also synthesized in the motor neurons of 
the brainstem and spinal cord of rodents suggesting an autocrine function of this protein 
in these cells. One hyperthesis on the etiology of amyotrophic lateral sclerosis (ALS) 
suggests that the loss or abnormalities of neurotrophic factors may contribute to the 
pathogenesis of this disease. In the present study wc have examined by 
immunocylochemistry the cellular distribution of SKЮß in the spinal cord of transgenic 
mice overexpressing the mutated form of human Cu,Zn superoxide dismutase (SOD1), 
with a Gly-93-Ala substitution (TgG93A), representing the experimental model that 
most closely mimics the neuropathological features found in human ALS. We have 
found that between 12 and 18 weeks of age, when the animals show clear behavioral 
symptoms of neuromuscular deficit and about 40-50% loss of motorneurons in respect 
to non transgenic littermatcs,the SЮOß was remarkably decreased in the survived 
motorneurons particularly at nuclear level. A decreased S10()ß immunostaining was also 
observed in the astrocytes of spinal cord of TgG93A mice in respect to controls, 
although an increase of glial fibrillary acidic protein (GFAP) immunostaining was 
found in the ventral horn of spinal cord. No changes were observed in the mice 
overexpressing the non mutated form of SOD1 in respect to non transgenic controls. 
We also examined the distribution of SlOOß in the spinal cord of 8  months old mutant 
mice mnd that show neuromuscular deficit without loss of motor neurons: we have 
found an increase of SlOOß immunostaining in the motorneurons and glial cells in 
respect to controls. Increase of GFAP immunostaining was also observ ed in the spinal 
cord of these animals. These data suggest that a reduction of SЮOß in the motor 
neurons and glial cells o f spinal cord may play a role in the progression of 
neuropathology in ALS. Supported by TELETHON (1004) Italy.

1 8 4 .8

GENERATION OF TRANSGENIC MICE EXPRESSING MUTANT G86R Cu/Zn 
SUPEROXIDE DISMUTASE (SOD1) LIMITED TO ASTROCYTES. JL Elliott* 1. 
ASh_Parsadaniэn2, Y Gong* . A Andreeva1, and WD Snider.2 Departments of 
Neurology, 1 University of Texas, Southwestern Medical Center, Dallas, Tx. 75235;2 
Washington Univ. School of Medicine, St. Louis, Mo. 63110.

Because it is motor neurons that invariably die in amyotrophic lateral sclerosis 
(ALS), most attention has focused on these cells as the primary site where 
pathophysiologic injury is initiated in the disease. However, evidence from human 
autopsy studies and genetic animal models suggests a potential role for astrocytes in 
the pathogenesis of the disease. Currently, SOD1 mutations represent the only known 
cause of motor neuron loss in the disease, producing 21 q linked familial ALS (FALS). 
To determine whether astrocytic dysfunction has a primary role in FALS, we generated 
transgenic mice expressing mutant SOD1 using the glial fibrillary acidic protein 
(GFAP) promoter (Brenner et al, 1994. J. Neurosci.).

A  full length murine SOD1 cDNA was obtained by RT-PCR using total RNA 
harvested from normal PI mouse brain. At base position 256, a G to C mutation was 
engineered causing a glycine to arginine substitution at codon 86 (Ripps et al, 1995, 
PNAS). The final construct for injection consisted of G86R SOD1 ligated downstream 
to a 2.2 kB fragment containing the human GFAP promoter and upsưeam of a O.8kb 
fragment containing the SV4OT antigen intron\polyadenylation sequence. Six GFAP- 
G86R SOD1 founders were identified by initial PCR screening. Lines 5512-2 and 
5512-29 demonstrated the highest number of transgene copies by Southern blotting and 
were used for further studies. In situ hybridization demonstrated astrocyte specific 
transgene expression in sections of spinal cord and brainstem. No transgene expression 
was observed in motor neurons. Western blot analysis confirmed increased levels of 
SOD1 protein in spinal cords of transgenic mice compared to wild type littermates.

Longitudinal analysis of GFAP-G86R transgenic mice w ill determine whether 
mutant SOD1 expresssion in astrocytes is sufficient to cause motor neuron 
degeneration and address whether mutant SOD1 induced astrocytic dysfunction is 
primary in the pathogenesis of FALS. (Supported by NINDS NS01853)

Society for Neuroscience, Volume 24 ,1998



SUNDAY PM DEGENERATIVE DISEASE: OTHER—ALS 479

184.9

SLOWING OF AXONAL TRANSPORT IN MICE 
EXPRESSING TWO DIFFERENT FAMILIAL ALS-LINKED  
S0D1 MUTATIONS. T.L. W illiamson and D.W . Cleveland*. 
Ludwig Institute for Cancer Research, U C SD , La Jolla, CA 92093.

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative 
disorder occuưing in middle to late life and is characterized by the 
degeneration of large motor neurons. Dysfunction and death of these motor 
neurons causes muscle weakness and atrophy leading to paralysis and death 
in 3-5 years. Approximately 10% of ALS cases are inherited in an 
autosomal dominant fashion. These familial ALS (FALS) cases are 
clinically and pathologically indistinguishable from sporadic ALS. The 
discovery that missense mutations in Cu/Zn SOD1 are a primary cause of 
-15% of familial ALS has focused attention on how mutations in this 
enzyme cause selective death of motor neurons. Lines of transgenic mice 
expressing these mutations in SOD1 have proven that death arises from an 
as yet unidentified toxic property. By examining the rate and composition 
of slow axonal transport, we have determined that slow axonal transport 
slowed in mice expressing either of the SOD1 mutations, G37R or G85R. 
This change in transport occurs very early in disease progression (at least 5- 
7 months before the onset of symptoms) and before any obvious 
pathological changes. This strongly suggests that components of the axonal 
transport machinery are among the early targets of SOD 1-mediated damage 
and that slowed transport plays a central role in axonal degeneration. 
Funded by an MDA Fellowship (T.W.), LICR and NIH grant NS 27036 (to
D.W.C.).

184.11

NEUROPROTECTION AND NEUROTOXICITY BY RILUZOLE IN CORTICAL 
CULTURES. J.Y. Koh1*. D.K. Kim2. Y.H. K im 13. J.Y. Hwang1 ‘Dept. Neurology, 
Univ, Ulsan Sch. Med., Seoul 138-040, Korea, ,2Sch. Pharm., Joong-Ang Univ., 
¾ept. Molecular Biology, Seoul Natl. Univ.

ƙiluzole has been approved by the FDA for ALS. The main neuroprotective 
mechanism of riluzole has been attributed to its anti-excitotoxic effect. However, 
evidence now suggests that direct oxidative stress may also contribute to 
neurodegeneration in ALS. Hence, we examined in cortical cultures the possibility 
that riluzole has direct anti-oxidative effects in addition to its well-known anti- 
excitotoxic effect.

Exposure of cortical cultures to ferric iron was done in the presence o f MK-801 
(1 µM) and CNQX (20 µM) to block excitotoxicity. This exposure induced trolox (an 
antioxidant)-sensitive neuronal necrosis in 24 h. Addition o f riluzole attenuated the 
iron-induced neuronal death in a concentration-dependent manner (IC50, around 10 
µM). Consistent with its direct anti-oxidative effect, riluzole inhibited cPLA2 in test 
tubes and arachidonic acid release from L929 cells. However, quite unexpectedly, 
riluzole alone induced neuronal death with 48 h exposure. Neurotoxic 
concentrations of riluzole (>100 µM) were only about 3 times greater than the 
maximally neuroprotective one (30 µM). Riluzole-induced neuronal death was 
accompanied by cell body shrinkage and DNA fragmentation, suggesting that it may 
be a form of apoptosis. Consistently, a caspase inhibitor, zVAD-fmk partially 
attenuated riluzole-induced neuronal death.

Present results suggest that riluzole has dual mechanisms o f neuroprotection, 
anti-excitotoxic and anti-oxidative. The latter might be due to its inhibition o f 
PLA2 and the subsequent arachidonic acid cascades. Although the meaning o f the 
unexpected neuronal apoptosis by riluzole is currently unclear, blockade o f the 
potential cytotoxicity would maximize its desired neuroprotective effect.
Supported by Creative Research Initiatives from the Korean Ministry o f Science and 
Technology (JYK).

184.13

ROLES OF O X ID A T IV E  STRESS AND L IP ID  P E R O X ID A T IO N  
IN REDUCED B IO C H E M IC A L  FU N C TIO N  AND S U R V IV A L OF 
MOTOR NEURONS IN  ALS. W. A. Pedersen. H. Luo. E. Kasarskis*. and 
M. P. Mattson. Sanders-Brown Research Center on Aging and Dept, of Anatomy &  
Neurobiology, Univ, of Kentucky, Lexington, KY 40536.

We previously reported increased protein modification by 4-hydroxynonenal (HNE), 
a product of membrane lipid peroxidation, in lumbar spinal cord o f sporadic ALS 
patients versus neurologically normal controls. By immunoprecipitation-Western 
blot analysis, we showed that one of the proteins modified by HNE in ALS lumbar 
spinal cord was the astrocytic glutamate transporter EAAT2. The ability of EAAT2 
to transport glutamate is impaired upon covalent modification by HNE (Glia 22: 
149, 1998). In transgenic mice expressing human Cu/Zn-SOD with the G93A 
familial ALS mutation, HNE was associated almost exclusively with apolipoprotein
E. Based on this observation, using primary cultures from wild-type and G93A mice, 
we are testing the hypothesis that apo E has a protective role against oxidative stress 
and lipid peroxidation in motor neurons. In a mouse hybrid cell line (NSC-19) 
derived from the fusion of neuroblastoma N18TG2 cells with motor neuron-enriched 
embryonic day 12-14 spinal cord cells (Dev. Dynamics 194: 209, 1992), we observed 
that oxidative stress (induced by FeSO4 ) and HNE impair glucose and glutamate 
transport, and reduce choline acetyllransferase activity, prior to causing the cells to 
undergo apoptosis. To further investigate the effects of oxidative stress on the 
biochemical properties and survival of motor neurons, we generated NSC-19 cells 
that express human Cu/Zn-SOD with either the A4V or G37R familial ALS 
mutations. Treatment of these transfected cells with FeSO4 〇r HNE increased the 
number of apoptotic nuclei and impaired the ability to reduce MTT relative to 
untransfected or wild-type Cu/Zn-SOD expressing cells. Our results with NSC-19 
cells suggest that oxidative stress and lipid peroxidation reduce the cholinergic state 
of and promote excitotoxic degeneration of motor neurons, effects that may be 
relevant to the pathogenesis of ALS. Supported by NIH and the ALS Association.

1 8 4 .1 0

PROTECTIVE EFFECTS OF NEUROFILAMENT PROTEINS IN  
SOD 1-INDUCED ALS MODEL S. Couillard-Després * and J.-P. Julien. 
Centre for Research in Neuroscience, Montreal General Hospital, McGill 
University, Montreal, Canada, HЗG 1A4.

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease 
affecting upper and lower motor neurons. The disease mainly occurs in a 
sporadic form, but approximately 20% o f the cases are inherited and 
referred to as familial ALS (FALS). Within FALS, a subset o f  cases has 
been linked ţo mutations in an ubiquitous cytosolic enzyme, the Cu,Zn- 
superoxide dismutase (SOD1). Neurofilament accumulations in motor 
neuron perikarya and proximal axons are a common finding in ALS 
patients, both sporadic and familial. To investigate the role o f  
neurofilaments in SOD 1-induced ALS, w e bred transgenic mice 
expressing a mutant SO D 1gз7R (Wong et al., 1995) with transgenic mice 
overexpressing the human neurofilament heavy protein (ҺNF-H). Our 
study showed that neurofilament proteins have protective effect in the 
neurodegeneration induced by mutant SOD1. We found that one o f the 
ҺNF-H transgenes could increase the mean life span o f the SOD1 
transgenic mice by as much as 65%. Microscopic examination o f spinal 
motor neurons further confirmed the protective effects o f  ҺNF-H 
transgene expression. This protection does not appear to result from a 
buffering o f oxidative damages, since there were no detectable changes in 
carbonyls and nitrotyrosines on neurofilament proteins. W e suggest that 
the rescue o f  SOD 1-induced neurodegeneration may be due to the ability 
o f NF-H protein to chelate calcium. This hypothesis is supported by 
reports showing that neurons expressing high-levels o f calcium-binding 
proteins are selectively spared in ALS.
This project is supported by the Medical Research Council o f Canada

1 8 4 .1 2

OXYGEN RADICAL-INITIATED OXIDATION OF PROTEIN, DNA AND 
MEMBRANE LIPIDS AS A POSSIBLE CAUSE OF AMYOTROPHIC LATERAL 
SCLEROSIS. D Liu*1-2. J Wen1 and J L iu1. Depts. o f ‘Neurology and ¾uman Biological 
Chemistry &  Genetics, Univ, o f Texas Medical Branch, Galveston, TX 77555-0653 

To test in vivo whether oxygen radical-triggered oxidative damage is associated with 
amyotrophic lateral sclerosis (ALS), the levels of oxygen radicals and oxidative products 
were measured in mice transfected with human (with ALS) mutant Cu,Zn- superoxide 
dismutase (mSODl) gene, mice transfected with normal human SOD1 (nSODl) gene 
and normal mice (Nc) without gene transfection. Levels of superoxide (0 2'·), hydroxyl 
radical ( OH), and malondialdehyde (MDA) - an end product o f membrane lipid 
degradation - were determined in the dialysates or perfusates sampled by a microdialysis 
or a perfusing loop implanted in the terminal cistern in the intrathecal space. Protein 
carbonyl content (PCC) and 8-hydroxyl-2-deoxyguanosine (8-OHdG) - markers of 
protein and DNA oxidation - were determined in spinal cord tissue. The OH level was 
determined by measuring 2,3- and 2,5- dihydroxybenzoic acid (2,3- and 2,5-DHBA), 
the hydroxylation products of salicylate, in dialysates by HPLC. Their levels in mSODl 
mice (N = 8) are significantly higher than in nSODl (N =5, p =0.0001 for 2,5-DHBA 
and 0.0006 for 2,3-DHBA) and Nc (N = 6 , p =0.0005 for 2,5-DHBA and 0.005 for 2,3- 
DHBA) mice. The 0 2̂ level was determined by measuring reduced cytochrome c in 
perfusates. The average levels o f 0 2" are lower in the mSODl mice than in the controls. 
The M DA levels in dialysates in mSODl mice (N = 8) are significantly higher than in 
nSODl (p=0.0005, N =7) and Nc (p=0.00005, N =9) mice. The tissue levels o f PCC 
are significantly higher in mSODl mice than in controls (N =7 for each group, 
p =0.0002 for nSODl and p =0.0004 for Nc). The tissue level o f 8-OHdG in mSODl 
mice is 0.63 fmol/µg DNA (N =7, S.D.) but undetectable in the two control groups. 
There are no differences between the two control groups in any of the measurements. 
These data demonstrate that induction of the mutant gene raises the levels of OH 
thereby inducing oxidation o f protein, DNA and membrane lipids. This supports free 
radical-triggered oxidation of major cell components playing a role in the etiology of 
ALS. We propose that the mSODl mouse’s own normal SOD1 enzyme converts 0 2̂ to 
H20 2 and the mutant SOD1 enzyme produced by the transfected mSODl gene 
catalytically converts H20 2 to OH. Therefore the sequence 0 2̂ → H20 2 → OH produces 
more OH and exhausts 0 2' . This explains lower levels o f 0 2̂ and higher levels of OH 
in mSODl mice. (Supported by the Amyotrophic Lateral Sclerosis Association).

1 8 4 .1 4

Markers o f oxidative toxicity in subjects with amyotrophic lateral sclerosis. M.E. 
Cudkowicz ‘*. M.B. Bogdanov ‘. H. O’Donnell1. D. McKenna-Yasek1. W.R. 
Matson2. R.H. Brown1. M.F. Beal1. 'Dept.of Neurology, Massachusetts General 
Hospital, Harvard Medical School, Boston, MA 02114; ⅜SA Inc., Chelmsford, MA 
01894.

Perturbations o f free radical homeostasis and resulting oxidative toxicity to motor 
neurons have been proposed as a cause of amyotrophic lateral sclerosis (ALS). To 
determine whether there was evidence o f oxidative toxicity in subjects with ALS, we 
screened blood, urine, and cerebrospinal fluid (CSF) from ALS subjects and age- 
matched controls for biochemical markers o f oxidative damage to DNA (8-hydroxy- 
2-deoxyguanosine (OH*dG)), lipids (malondialdehyde, and F2-isoprostanes), and 
protein (protein carbonyl groups).

We found a statistically significant increase in urine OH8dG levels in subjects with 
ALS (t test, p=0.009). ΊЪe mean urine OHsdG level was 6.6 +/- 6.3 ng/mg creatine in 
the ALS group (N= 33) compared with 3.9 +/- 3.6 ng/mg creatine in the control group 
(N = 43). Plasma protein carbonyl groups and malondialdehyde levels, and CSF F2- 
isoprostane levels were not significantly different between the ALS and controls 
subjects. The mean plasma protein carbonyl groups concentration was 0.63 +/- 0.10 
nm/mg protein in the ALS group (N=25) and 0.61+/- 0.09 nm/mg protein in the 
control group (N =16). The mean plasma malondialdehyde concentration was 21.8 +/-
7.5 pm/ml in the ALS group (N=37) and 21.0 +/- 4.0 pm/ml in the control group 
(N=31). The mean CSF F2-isoprostane concentration was 19.8 +/-5.4 pg/ml in the 
ALS group (N=29) and 26.6+/- 17.8 pg/ml in the control group (N=2O).

Our studies failed to detect oxidative damage to proteins and lipids in plasma or 
CSF from our subjects with ALS. However, increased oxidative damage to DNA in 
urine is present in ALS subjects. Whether this represents a primary pathogenetic 
mechanism or a secondary result from cell death remains to be elucidated.
Funding: AAN, NIH grants IR43MH53810, K08 NS01896, M01RR01066
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CCS -  A NEW COPPER CHAPERONE PROTEIN THAT MAY 
CONTRIBUTE TO FAMILIAL ALS
J.D. Rothstein*. M. Becker. M. Dykes Hobero. V. Culotta. L. Corson. D. C leveland.
D. Price. P. W onα. Departm ents o f Neurology and Neuroscience, Johns Hopkins 
University, •Baltimore MD, 21287 and University o f Californ ia, San Diego.

C opper tra fficking in m am m alian cells is h igh ly regulated. Copper 
chaperone fo r superoxide d ism utase (CCS), a new ly described prote in, is a 
cytop lasm ic copper chaperone tha t specifica lly in teracts w ith the antioxidant 
enzym e superoxide d ism utase 1 (C u2+Zn SOD). To s tudy the  b io logy o f this 
prote in we generated m onospecific  oligo peptide antibod ies to rodent and hum an 
form s o f the protein. The localization o f this prote in w as studied in hum an and 
rodent brain as well as o ther organs. CCS w as found to be abundant in multiple 
organs w ith particularly high concentrations in k idney and brain. In brain and spinal 
cord, CCS w as found throughout the neuropil, w ith intense im m unoreactiv ity in 
certain neurons, including m otor neurons. W ith in cells, CCS w as localized to small 
endosom al-like  s tructures o r possib ly peroxisom es.

Familial form s o f ALS are caused by m utant S OD1, but the m echanism  of 
m utant SOD1 toxic ity is not known. In transgenic  m ice expressing hum an m utant 
form s o f SOD1 (G 37R and G85R), CCS was m arkedly overexpressed  in 
astrocytes and was also present, along w ith SO D 1, in in tracellu lar inclusions in 
both astrocytes and neurons. These observations could suggest tha t mutant 
SOD1 in teracts w ith CCS. This interaction could p lay a s ignifican t ro le in the ga¡n- 
o f-toxic p roperty responsib le  fo r mutant SOD1 activity. The prote in deposits in the 
transgenic  m ice could re flect pro te in-prote in in teractions that p rom ote the 
degeneration o f m otor neurons. S tudies are underway to evalua te  CCS in ALS 
tissues. Supported by NIH (33958), M uscu lar D ystrophy Associa tion  and ALS 
Association.

1 8 4 .1 6

COORDINATE REGULATION OF COPPER CHAPERONE  
FOR SUPEROXIDE DISM UTASE (CCS)
P C. W ong1*. M. Dykes Hoberg2,3. V. Culotta4. D.L. Price1,3’4 and 
J.D. Rothstein2,3. Departments o f  Pathology, n eu ro logy , 
3Neuroscience and 4Environmental Health Sciences, The Johns 
Hopkins University, Baltimore, M D 21205.

The delivery o f  copper, an essential transition metal, to  
specific protein is mediated through distinct copper carriers (or 
chaperones). Copper chaperone for superoxide dismutase 1 
(SO D 1) in yeast, termed LSY7 and its mammalian homologue, 
termed CCS has been cloned recently and these chaperones are 
essential for the selective copper incorporation into SO D 1. As part 
o f  our effort to examine the biology o f  CCS, w e measured the level 
o f  CCS in transgenic mice overexpressing or underexpressing 
SOD1. Using an antibody that recognizes both the mouse and 
human CCS, w e observed a marked increase in the endogenous 
CCS in transgenic mice expressing high levels o f  human SO D 1 
while there is a concomitant reduction o f  CCS in SOD 1-deficient 
mice. W e are currently examining the mechanisms whereby CCS 
is coordinately regulated by SOD1 abundance. Supported by NIH  
and Cal Ripken/Lou Gehrig Award.
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DIABETES-INDUCED UPREGULATION OF NEUROPEPTIDE Y 
AND GALANIN IN MOUSE DORSAL ROOT GANGLIA. K. Sango'\
H. Kagevama1. H. Horie2, H. Saito3. K. Takeshita2, Y. Kowada2 and 
S. Inoue1. *Div. of Geriatric Health and Nutrition, National Inst, of 
Health and Nutrition, Tokyo 162; Depts. of 2Physiology and internal 
Med., Yokohama City Univ., School of Med., Yokohama 236, Japan.

Peripheral axotomy induces downregulation of substance P (SP) 
and calcitonin gene-related peptide (CGRP) and upregulation of 
neuropeptide Y (NPY) and galanin in rat dorsal root ganglia (DRG) 
neurons. The axotomy-like response, such as depletions of SP and 
CGRP in DRG neurons, is observed in experimental diabetic animals, 
and is considered to result from a reduction in the supply of nerve 
growth factor (NGF) for DRG. However, the effect of diabetes on NPY 
and galanin in DRG has not been fully studied. Using reverse 
transcription-polymerase chain reaction (RT-PCR), we have examined 
gene expressions of NPY and galanin in DRG in genetic diabetic NOD 
(non-obese-diabetic) mice, streptozotocin (STZ)-induced diabetic mice 
and control mice. In the control mice, the expressions of NPY and 
galanin in DRG were very low or undetectable. In contrast, these 
peptides were highly expressed in the diabetic mouse DRG. To 
confirm this finding, immunohistochemical analysis has been carried 
out. We speculate that the markedly upregulated NPY and galanin in 
diabetic DRG cells could play a certain role in the development of 
sensory neuropathy. (Supported by a grant for Scientific Research from 
the Ministry of Education.)

1 8 5 .2

DIABETIC NEUROPATHY: ROLE OF PHOSPHORYLATION. Alexander I. Belenkov. 
Mitsuko Hashiguchi. Jasna Knz. Toshio Hashiguchi1. Dusica Mavsinger*. A. L. Padjen. 
Department of Pharmacology &  Therapeutics, McGill University, Montreal, QC, Canada, 
'Department of Physiology, Tokyo Medical College, Tokyo, Japan.
Introduction: Diabetic neuropathy (DN) is associated with a decrease in conduction velocity 
of peripheral nerves presumably as a result of metabolic dysfunction that affect Na+ 
channels and Na,K-ATPase activity. The mechanism of these defects is not known but it 
may involve changes in phosphorylation of ion channels and/or of neurofilaments (NFs). 
Objectives: To identify possible defects in phosphorylation pattern in peripheral nerves of 
diabetic animals. Methods: Electгophysiological and biochemical studies (phosphorylation 
of NF using SMI32 antibodies; okadaic acid, OA, and bisperxovanadium complex, pVa, as 
protein serine-threonine and protein tyrosine phosphatase inhibitors, respectively) of 
peripheral nerves excised from streptozotocin-induced diabetic rats (STZ rats; 3 m post 
injection).
Results: OA (100 ∏M), but not pVa (1 -1 0 0  µM), had differential effect on compound 
action potentials (CAP) of sciatic nerves: it decreased amplitude (~ЗO%) recorded from 
normal animals but no change in CAP amplitude from diabetic preparation. Intra-axonal 
microelectrode recordings from large myelinated axons showed decreased resting membrane 
potential and decreased inward rectification in STZ rats (similar to recent findings in human 
DN). Expression of NF-H is veiy high in DRG and low in the sciatic nerve (in control and 
STZ rats). In the presence of OA (50 nM, 30 min) and pVa (1-100 µM), there is a 
significantly stronger signal of NF-HP in DRG of diabetic rats whereas there is no 
significant enhancement of the signal in the sciatic nerves of diabetic rats. However, DN 
reveals high degree of NF-HP, both in the absence and with OA.
Conclusions: These findings suggest a defect in regulation of phosphorylation of NF-H and 
Na+ channels (K+ channels?) in the peripheral nerves of diabetic rats. This model system 
may be useful for further studies of DN mechanisms and for development of therapeutic 
interventions. (Supported in part by the Canadian Diabetic Association).

1 8 5 .3

ELEVATED ACTIVATION AND AXONAL TRANSPORT OF C-JUN N- 
TERMINAL KINASE (JNK/SAPK1) AND ENHANCED NEUROFILAMENT 
PHOSPHORYLATION IN SENSORY NEURONS OF RATS WITH DIABETIC 
NEUROPATHY. D R Tomlinso∩.1* A.Gallagher,1 S.Averill,2 J.V.Priestlcy,2 and
P.Fcr∩vhough1. Depts. of 'Pharmacology and "Anatomy, St. Bartholomew’s and 
Royal London Hospital School of Medicine and Dentistry, Queen Mary and 
Westfield College, University of London, London, UK.

The etiology of the symmetrical sensory polyneuropathy associated with diabetes 
mcllitus is unknow n and there is no effective treatment. Two animal models of type 
I diabetes, the spontaneously diabetic Bio-breeding (BB) rat and the streptozocin- 
diabclic rat, have been used to investigate the role of stress-activated kinases, 
including JNK, in ncurodegenerative events in sensory neuron perikarya and distal 
nerve. Expression of JNK was localized to sensory neuron perikarya and axons 
using immunocytochemistry and shown to be axonally transported in sciatic nerve 
in normal and diabetic rats. Western blots showed that diabetes induced a 
significant 4-ſold (ơ<0.05) activation of JNK in sensory neurons of the dorsal root 
ganglia (DRG) that was reversed by. insulin therapy. This correlated with the 
appearance of markers for ncurodegcncration, i.e. elevated c-jun and neurofilament 
phosphorylation. For example, ncurofilamcnt phosphorylation in DRG of diabetic 
rats was elevated by 2-3-ſold Ц><0.05) and this effect was localized to sensory 
neuron perikarya using immunocytochemistry. Diabetes also increased activation of 
JNK by 3-ſold (p<0.05) and enhanced NFH phosphorylation by 1.39-ſold (p<0.05) 
in sural nerve. Additionally, diabetes elevated retrograde axonal transport of the 
activated kinase within the sciatic nerve by 1.5-ſold (p<0.03). In sensory neurons of 
diabetic rats JNK-mediated enhanced phosphory lation of ncurofilament may result 
in deficiencies in expression and delivery' of neurofilament and abnormalities in 
inter-filament spacing, and this may contribute to the distal sensory axonopathy 
observed in diabetes. (Funded by The Wellcome Trust and MRC).

1 8 5 .4

PERIPHERAL NEUROPATHY IN EXPERIMENTAL HYPERGLYCEMIC ƠΓSUKA LONG-EVENS 
TOKUSHIMA FATTY (OLETF) RATS : ULTRASTRUCTURAL ASSESSMENTS AND 
MORPHOMETRICAL ANALYSIS OF NERVE FIBER COMPOSITION. K. Hanzawa1, Y. 
Kadota2, M. Shiraishi1, K. Nishimura3, Y. Kamivama1 and M. Ito3*. 'Dept of 
Anesthesiology and 2Neurosurgery, Juntendo University Urayasu Hospital; 3Juntendo 
Univ. School of Medicine, 2-1-1 Tomioka, Urayasu, Chiba, 279-0021 Japan.

Can the pathogenesis of diabetic neuropathy (DN) be really proved? OLETF rats are 
experimental animals physiologically which closely display human diabetes mellitus. 
Male OLETF rats were fed a standard diet with hyperosmotic water containing 20% 
sucrose. At the age of 10-30 weeks, tissue was taken from the sciatic nerve and 
examined by electronmicroscopy. Various parameters of endoneurial structures were 
morphometrically assessed. All rats developed diabetes after 20 weeks of age. The 
morphometrical alterations in 30-week rat specimens were distinguished from 10-week 
ones which presumably preserved endoneurial normal structures, as reflected in the 
hyperglycemic period. Although dystrophic axons were observed even at 20 weeks of 
age, at 30 weeks more degenerated nerve fibers containing crushed microorganelles were 
recognized. On the contrary, endothelial degenerative changes of the endoneurial vessel 
such as layered basal lamina and numerous villi were recognized in 30 weeks, not in 20 
weeks. The statistical chronological difference was also significant; the decrease of total 

regional area containing nerve fibers with 20-60µ  m2 in size, and the higher index of 
circularity that is one of the the parameters to estimate nerve fiber deformity, in spite of 
decreased ratio of total vessel area per endoneurial area at 30 weeks. In this experiment, 
axonopathy at early onset might be a primary cause for DN in that fibers with larger 
diameters are affected dominantly. It is speculated that endoneurial vasculopathy at late 
onset might cause ischemia and worsen neuropathy. We conclude that peripheral neuro
pathy of diabetic OLETF rats may reflect early pathological changes of human DN.
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185.5

FUNCTIONAL DEFECTS IN PERIPHERAL NERVES FROM TRANSGENIC MICE 
WITH HYPEREXPRESSION OF HEAVY NEUROFILAMENT. J, Kгiz. J. Meveг‘. J.P. 
Julien‘ and A,L Padien*. Department of Pharmacology &  Therapeutics and 'Center for 
Research in Neuroscience, The Montreal General Hospital, McGill University, Montreal, 
QC, Canada.
Introduction: Neurofilaments (NFs; made by co-polymerization of three intermediate 
filament proteins NF-L, NF-M, and NF-H, for light, medium and heavy) constitute the 
most abundant cytoskeletal structure in large myelinated axons. Presence of aberrant NF 
accumulation has been associated with neurodegenerative diseases (such as ALS). The 
possible causal role of NF in neurodegeneration has been supported by recently available 
transgenic mice in which hyperexpression of human NF-H (ҺNF-H +/+) leads to overt 
neuropathy. Objectives: To examine electrophysiological properties of myelinated axons in 
ҺNF-H +/+ mice. Methods: Intra-axonal microelectrode recording from isolated sciatic and 
tibial nerves.
Results: Transgenic mice showed several deficits in physiological properties of low 
threshold myelinated fibres: conduction velocity (CV) and resting membrane potential 
were significantly decreased (20 ± 1.6 m/s vs. 40 ± 2 m/s; -71.3 ± .9 vs. -75.5 ± .5 m/s; 
m± SE; n = 25; 22° C). While the amplitude of action potentials (AP) were of comparable 
size (82 ± 5 vs. 86 ± 3 mV) duration of AP (at half amplitude, AP/2) in ҺNF-H +/+ was 
significantly prolonged (.82 ± .02 vs. .65 ± .02 ms). Voltage-current properties of axonal 
membrane indicate a significant decrease in inward and outward rectification. 
Occasionally, impaled axons of ҺNF-H +/+ showed membrane oscillations and repetitive 
activity (reminiscent of fasciculations) never observed in normal animals.
Conclusions: These results are compatible with an imbalance between ion conductances in 
axons from transgenic animals (an increase in Na+ and a decrease in K+ conductances), in 
agreement with recent clinical studies on ALS patients (Bostock et al, 1995). One may 
hypothesize that these changes could contribute to neurodegenerative processes (i.e., via an 
increase in [Na+]į), as well as clinical symptoms (fasciculations) observed in patients with 
degenerative motoneuron diseases. (Supported in part by the CDA andM RC o f  Canada)

185.7

PERIPHERAL NERVE REFRACTORY PERIOD PROFILE IN 
EXPERIMENTAL DIABETES S.A. Cannan. and A.L. Carrington*. 
Institute for Diabetes Discovery, Branford, CT., USA.
Neuropathy is one of the many complications endured by diabetic people. Both motor 

and sensory nerve conduction velocities are reduced as a result of diabetes. It has been 
suggested that changes in refractory period may be present prior to the changes seen in 
conduction velocities. This study examined changes in the refractory period profile 
(RPP) of 4 week Streptozotocin (STZ)-induced diabetic rats. Male Sprague-Dawley rats 
(n=Ю) were given STZ (30 mg/kg IP), whilst 10 animals served as controls. Blood 
glucose levels were measured 4 days post injection to confirm diabetes and on a weekly 
basis thereafter. During the 4th week post injection, animals were anesthetized with 
Isofluranc and the RPP was measured in the saphenous nerve on a Medclec Sapphire 
EMG/EP system. Filters were set at 3Hz and ЮKHz with a supramaximal stimulus of 
2OmV and a duration of ЮOµs. The nerve was stimulated antidrom¡cally by placing 
stimulating electrodes subcutaneously at the proximal end of the saphenous nerve and 
the recording electrodes distally under the dorsal skin of the foot. A subcutaneous 
ground electrode was placed laterally in the calf. Temperature was monitored by 
introducing a temperature probe in close proximity to the nerve. Nerve temperature 
(36±O.2°C) was maintained using a heating blanket and a heat lamp. Dual stimuli were 
given at decreasing interstimulus intervals (ISI) starling at 4.0ms until the second (test) 
waveform disappeared. Measurement of the RPP was quantified by expressing the 
amplitude of the second waveform as a percent of its maximum value. The RPPs were 
expressed as the mean ISI required to produce a 50% decrease in the amplitude of the 
second action potential. No significant differences in the RPP of control and diabetic 
animals at the 4 week time point were found (0.60 ± 0.04{9} v 0.67 ± 0.3{ 10}ms, 
p=0.14, [Mcan±SE (n), two sample T-test]). Abnormalities in the refractory period 
profile may not become apparent until a longer duration of diabetes has been maintained 
in this model. Institute for Diabetes Discovery.

185.9

NEUROIMMUNOPHILIN LIGANDS PROMOTE RECOVERY FROM  
THE PERIPHERAL SENSORY NEUROPATHY ASSOCIATED WITH 
STREPTOZOTOCIN-INDUCED DIABETES. H. L. Valentine*. D. 
Spicer. M. Fuller. G. S. Hamilton and J. P. Steiner. Department of Research, 
Guilford Pharmaceuticals Inc., Baltimore, MD 21224

Peripheral neuropathy is a common debilitating complication of Type 
2 diabetes in some 30-40% of diabetic patients. Neurotrophic factors such as 
nerve growth factor (NGF) are known to promote survival of developing and 
adult neurons of the peripheral nervous system (PNS), and have also been 
evaluated as treatments for diabetic peripheral neuropathy. Some of the 
selective ligands of the neuroimmunophilin FKBP-12, such as the small 
molecule GPI1046, have also been shown to promote repair and regeneration 
in the central and peripheral nervous systems (Proc. Nat’l. Acad. Sci. USA 94, 
2019-2024, 1997). In this study we examine the potential therapeutic effects 
of GPI 1046 for its ability to improve sensory function in the streptozotocin- 
induced diabetic rat. Male Wistar rats were given a single injection of 
streptozotocin (65 mg/kg i.v.) and blood glucose levels were determined 
weekly for the first three weeks and on the last week of the experiment.
Animals were evaluated weekly for signs of sensory neuropathy using the hot 
plate and tail flick apparatus. After six weeks, treatment either with GPI 1046 
or vehicle was initiated. Behavioral testing using the hot plate and the tail 
flick apparatus indicated improvement in latency in lesioned animals treated 
for 6 weeks with GPI 1046 at 10 mg/kg s.c. Morphometric analysis of 
immunohistochemically stained tissue samples will be presented. GPI 1046 
ameliorates the behavioral sequelae of diabetic sensory neuropathy and may 
offer some relief for patients suffering from diabetic peripheral neuropathy.

1 8 5 .6

NEURODEGENERATION A N D  APOPTOSIS IN DIABETIC  
RETINOPATHY. A.J. Barber.1* A.G. Buchanan .1 D .A. Antonetti.2 S.A. 
Khin.1 E. Lieth .3 and T.W. Gardner1,2. Penn State Retina Research 
Group, Departments o f 'Ophthalmology, 2Physiology and 
3Neuroscience, Penn State University C ollege o f M edicine, Hershey,
PA 17033.

The aim o f this study was to determine if  the retinal pathology due to 
diabetes includes apoptosis o f neurons or glia. Image analysis was used 
to measure morphological changes in male Sprague-Dawley rat retinas 
after 7.5 months o f streptozotocin diabetes (STZ-D). The thickness o f  
the inner plexiform and inner nuclear layers o f the retina was reduced 
by 22% and 14%, respectively, in STZ-D rats compared to controls. The 
number o f retinal ganglion cells was also reduced by 10% compared to 
controls. Apoptotic cells were stained by in situ  end labeling o f D N A  
(TUNEL) in whole-mount retinas o f rats after 1, 3, 6 , and 12 months o f  
STZ-D. Also, cryostat sections o f STZ-D rat eyes were labeled by 
TUNEL and counterstained for vonWillebrand factor, an endothelial 
cell-specific antigen. There was a 10-fold increase in TUNEL labeling 
in rat retinas at all time points. TUNEL labeling was not associated with 
vonWillebrand factor immunoreactivity. Insulin reduced the number o f  
TUNEL-positive cells. Furthermore, TUNEL labeling was also 
increased in retinas from humans with diabetes, compared to those with 
no history o f diabetes. These data indicate that apoptosis o f retinal 
neurons and glial cells occurs soon after the onset o f diabetes, leading to 
neurodegeneration, and are consistent with our data suggesting that 
glutamate toxicity occurs in the retina soon after the onset o f  diabetes.

Supported by the NIH, JDFI, A DA , and The PA Lions Sight 
Conservation and Eye Research Foundation.

1 8 5 .8

LONG-TERM EFFECTS OF STREPTOZOTOCIN-INDUCED  
DIABETES MELLITUS ON THE ATRIOVENTRICULAR  
VALVES. S.S.W . Tav* and S.D. Kumar. Department o f  Anatomy, 
National University o f  Singapore, 10 Kent Ridge Crescent, Singapore 
119260. .

Streptozotocin-induced diabetic and control rats were sacrificed at 
12 and 24 months. The innervation patterns o f  the mitral and tricuspid 
valves were studied in whole-mount preparations using 
epifluorescence and confocal microscopy. Nerves immunoreactive to 
CGRP, N PY , PGP 9.5 and SP were localized in the atrioventricular 
valves. These nerves formed extensive plexuses extending from the 
basal, intermediate and distal zones o f  the valves towards the free edge 
o f  the valve cusp. In long-term diabetic rats, both mitral and tricuspid 
valves showed drastic reductions in the staining intensities for all the 
peptides studied. However, the com plex structure o f  the nerve 
plexuses remained intact. It is concluded that streptozotocin-induced 
diabetes has a profound effect on the peptide-containing nerves and 
that these nerves may be involved in valvular dysfunction and dilated 
cardiomyopathy.
Supported by NƯS Grant No. RP3972355.

1 8 5 .1 0

EXPERIM ENTAL TREATMENT OF CISPLATΊN-INDUCED PERIPHERAL 
NEUROPATHY W IT H  A NEUROIM M UNO PHILIN LIGAND. S. Liang*. H.
L. Valentine. C. Ramsey. R. Soni. C  Scott and J. P. Steiner. Department of 
Research, Guilford Pharmaceuticals Inc., Baltimore, MD 21224

Peripheral sensory neuropathy is one o f the major side effects of 
chemotherapeutic drug treatment with compounds like cisplatin, and there is no 
effective pharmacological way to prevent it. The mechanism of cisplatin-induced 
neuropathy is still unclear, but neuronal and axonal degeneration have been observed. 
The neuroimmunophilin ligand GPI 1046 exhibits potent neuroprotective and 
neuroregenerative effects in various animal models of neurodegeneration, including 
MPTP and 6-OHDA models of Parkinson’s Disease, fimbria-fornix lesions of 
cholinergic neurons and parachloroamphetamine-induced degeneration of 
serotoninergic neurons. The cuưent experiments are designed to determine whether 
GPI 1046 can protect animals from developing neuropathic symptoms induced by 
cisplatin. Adult CD-I mice were treated with 5 mg/kg cisplatin for a total of seven 
weeks and mice were tested in the tail flick assay twice a week to determine the 
change in sensation to pain. After four weeks o f treatment with Cisplatin, the mice 
began to show a decrease in the sensation to pain (hypoalgesia), which became 
progressively worse with continued cisplatin treatment. Cisplatin-lesioned mice 
treated concurrently with the neuroimmunophilin ligand GPI 1046 (20 mg/kg s.c.) 
either did not develop hypoalgesia or gradually regained normal sensitivity to pain. In 
addition to behavioral improvement, animals were evaluated for morphological 
changes in both dorsal root ganglia and spinal cord. These experiments 
demonstrated significant GPI 1046-dependent protection from the behavioral deficits 
associated with peripheral neuropathy and suggest that neuroimmunophilin ligands 
may provide effective therapeutic intervention for debilitating sensory neuropathies 
caused by commonly used chemotherapeutic agents.
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L-ENKEPHAL1N (LĽ) AGON1SI AND ÜPЮ ID ANTAGONIST AND THEIR 
EFFECTS ON THE SEROTONERGIC AND PEPTIDERGIC SPROUTING AND ON 
MOTONEURONS IN WOBBLER MOTONEURON DISEASE (MND). P. Bose1, 
J.M.F.Wair and L.E. Vacca-Gallo\vav1* Departments of Anatomy1 and Zoology2, 
Faculty of Medicine, The Universit\ of Hong Kong, Hong Kong.

Reports of presymptomatic sprouting of immunoreactive (IR)-neuronal processes 
containing LĽ and TRΠ (thyrotropin-releasing hormone) at postnatal day 12 suggested 
pharmacological modification of these substances may alter this MND progress. To 
investigate this, 48 Wobbler mice (иvHr) and their normal phenotype littermates 
(NFR/иr) were injected with LE agonist, DADE (D-ala2, D-leu5-enkephalin) 5 mg/kg, 
i.p. once daily from postnatal day 7 through day 35. A physiologically balanced 
solution was given to controls. Another 56 ur/нr and NFR/иτ mice were administered 
Naloxone, at a dose of 10 mg kg i.p. twice daily. Normal saline (0.9%) was given to 
control animals. Measurements of both weight, strain gauge, inclined plane, grid 
walking, and footprint analysis monitored the progress of the disease. LE, TRH. 
serotonin (5-HT), and substance P (SP) neuronal processes and calcitonin gene-related 
peptide (CGRP) containing motoneurons were visualized with immunocytochemistry. 
Pharmacological experiments showed that DADE administered to Wobbler mice 
accelerated, whereas Naloxone slowed disease progression. ICC results showed DADL 
treatment was associated with greater immunoreactive (IR)-neuronal sprouting of LE 
and SP fibers in the Wobbler ventral horn and less sprouting of 5-HT fibers compared 
with controls. However, Naloxone resulted in less sprouting of 1R-LE and -SP fibers in 
the Wobbler specimens compared to controls. Moreover, there were significantly more 
IR-CGRP positive neurons in the Naloxone-treated Wobblers compared with controls. 
IR-TRH-fiber density was unchanged in both DADL, Naloxone-treated and control 
animals. We conclude the excess neuronal processes in the Wobbler ventral horn may 
become toxic over a certain level, damaging neighboring motoneurons. The presumed 
neuroprotective effect of Naloxone is promising, and suggests opioid antagonists may 
be useful in slowing motoneuron degeneration. RGC grants 338/031/0010

1 8 5 .1 3

Ca2f PE R M EA BILITY  OF A M P A /K A  RECEPTORS IN C U LTU RED R A T 
MOTONEURONS. L. Van Den BoschЧ O. Overbeek1. W. Vandenberghe1. G. 
Callewaert2 and W. Robberecht1. Laboratory of Neurobiology1 and Physiology2, 
Campus Gasthuisberg, Herestraat 49, B-3000 Leuven, Belgium

Amyotrophic lateral sclerosis (ALS) is a motoneuron disease characterised by an age- 
related, selective death o f motoneurons in the spinal cord, brain stem and cerebral 
cortex. Excessive activation of glutamate receptors is supposed to be involved in this 
process. Motoneurons are thought to be more vulnerable to glutamate stimulation due 
to the presence of Ca2+-permeable α-amino-3-hydroxy-5-methyl-4-isoxazoIe-propionic 
acid (AMPA)/kainate (KA) receptors.

We investigated the characteristics of the AMPA/KA receptor using a motoneuron- 
enriched neuronal population obtained from embryonic rat spinal cord by metrizamide 
density centrifugation. These cells were cultured on a pre-established glial feeder layer 
o f ventral spinal origin (coculture) and were sensitive to KA induced excitotoxicity.

Using the Co2+ histochemical staining, the Ca2+ permeability o f the AMPA/KA 
receptors was determined. After 3 days in culture, only 2.5 ± 1.4 % of the neurons 
stained and this increased to a fraction o f 49.6 ± 2.0 % of positive neurons after one 
week in culture. In accordance with these findings, whole cell patch-clamp recordings 
o f cocultured motoneurons revealed that the Ca2+ permeability of AMPA/KA receptors 
increased as a function of time in culture. In Na+-rich external medium, the reversal 
potential o f the KA-induced current (100 µM KA) was 9.19 ± 0.95 mV (n=37). When 
external Na+ was substituted with Ca2ł (30 mM), the reversal potential shifted to 
negative values. The Pca/Psa value calculated from the shift in reversal potential 
amounted to 0.48 ± 0.04 (mean ± SEM, n=lЗ) in young neurons (2-5 days after 
plating) and to 0.93 ±0.15 (n=T24) in older motoneurons (8-14 days after plating).

In order to evaluate the involvement o f the GluR2 subunit in this change in 
permeability, its presence was studied using specific GluR2 antibodies. GluR2 
immunoreactivity was clearly present in all neurons cultured. The change o f Ca2' 
permeability can thus not be explained by the complete absence o f the GluR2 subunit 
in the cocultured motoneurons.
Supported by the FWO-Flanders and the K.U.Leuven 0T/94/25.
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ULTRASTR UCTUR AL N E U R O A XO N AL DYSTROPHY AND 
SU BC ELLU LAR D ISTR IBU TIO N  OF B R AIN  NITR IC  OXIDE 
SYNTHASE IN  THE G RAC ILE NUCLEUS IN  YOUNG AN D  AGED 
RATS FO LLO W ING  AX O TO M Y. S-X. M a* and M.E, Cornford. Depts. of 
O B/G YN and Pathology, Harbor-UCLA Med. Center, Torrance, CA 90502.

Neuroaxonal dystrophy (N A D ) is an age-dependent development in the 
gracile nucleus. Brain n itric  oxide synthase (bNOS) is induced in the 
gracile nucleus fo llow ing axotomy in rats. In this study, we observed the 
influence o f aging and axotomy on ultrastructural N A D  and subcellular 
distribution o f bNOS in the gracile nucleus. The unilateral transection of 
the sciatic nerve (TSN) was performed in young (4 months) and old (25 
months) Fischer rats. A fte r 21 days o f TSN, the rats were perfused with 4% 
paraformaldehyde and 0.4% glutaraldehyde. Sections o f rat medulla were 
stained by im munolabeling with a polyclonal antibody directed against 
bNOS and nicotinamide adenine dinucleotide phosphate diaphorase 
(NADPHd) histochemistry, a marker o f bNOS activity. The subsections of 
the block containing gracile nucleus were incubated in 2% OsO4 and 
examined under an electron microscope. The gracile nucleus sections with 
the staining showed that axoplasmic membrane whorls were the structure 
most densely stained w ith the bNOS immuno- and NADPHd histochemical 
reactions. Many axonal spheroids and damaged axonal terminals existed in 
the gracile nucleus o f old rats. Myelinated fibers running between the 
neurons were markedly reduced in old compared with young rats. Axonal 
spheroids and damaged axonal terminals existed in the ipsilateral gracile 
nucleus fo llow ing unilateral axotomy in both young and old rats. The 
results suggest that bNOS reactivity localizes in the axoplasmic whorls, that 
are carried by antegrade axonal transport toward sites o f damage in the 
axons w ith aging as well as TSN. We conclude that peripheral nerve in jury 
induces formation o f bNOS which may contribute to NO-mediated 
neurodegeneration in the development o f N A D  in the gracile nucleus. 
Supported by A H A  G rant-in-A id Award-96011320 to SXM.
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INCREASED PERIPHERAL NERVE AND GANGLIA NITRIC OXIDE 
SYNTHASE IN EXPERIMENTAL DIABETES MELUTUS
D·W. Zochodne‘*.C. Chengl. A. Hŏke *. C. Jolley ‘, I. Rubinł . M. Lauritzen*. ‘Dept, 
of Clinical Neurosciences & the Neuroscience Research Group, Univ, of Calgary, 
Alberta, Canada T2N 4N1; ’Institute of Medical Biochemistry & Genetics, Univ, of 
Copenhagen, Copenhagen, Denmark; ’Dept, of Clinical Neurophysiology, Glostrup 
Hospital, Copenhagen, Denmark

Abnormalities of nitric oxide action (NO) may contribute toward microangiopathy 
involving the vasa nervorum of peripheral nerves in experimental diabetes: both rises 
and deficiency of NO have been considered. We examined nitric oxide synthase (NOS) 
in peripheral nerves and ganglia of rats with streptozotocin (STZ)-induced diabetes 
using immunohistochemistiy, RT-PCR and an assay of NOS activity (labeled arginine 
to citrulline conversion). The diabetic rats had slowing of motor and sensory conduction 
velocity indicating experimental neuropathy. After 8-12 weeks o f diabetes, there was 
a rise in the number of neurons immunoreactive to neuronal NOS (∏NOS) compared 
to nondiabetic controls. This was unaccompanied by changes in neuronal size, density 
or immunoreactivity to SP or CGRP. Using GAPDH as an internal control, RT-PCR 
studies identified a relative increase in mRNA expression of eNOS (endothelial NOS) 
in diabetic sciatic nerve. There was also a trend toward a relative increase in nNOS 
mRNA expression in DRG. Immunohistochemistry suggested a unique pattern of 
perineurial expression of eNOS, not observed in nondiabetic controls. At 8 weeks of 
diabetes, there was a nonsignificant trend toward increased NOS activity that became 
statistically significant in older 1 year duration diabetic rats.

The studies provide evidence for enhanced NOS activity and NO elaboration in 
experimental diabetes. These changes may develop in response to increased NO 
quenching or may be a critical primary event in early disease (Supported by the 
Medical Research Council of Canada and the Alberta Heritage Foundation for Medical 
Research).

MECHANISM OF GƯILLAIN-BARRE SYNDROME FOLLOWING 
CAMPYLOBACTER JEJUNI INFECTION. Jin Mei Yuan* and HaiFengLi. 
Department of Neurology, The first Hospital, Beijing Medical University, 
Beijing, 100034, China.

Our previous research work reported high incidence of Guillain-Barre 
syndrome (GBS) following Campylobacter jejuni (CJ) infection (30/58). To 
investigate this epidemiological relationship, we isolated CJ from fresh stools 
of 47 GBS patients from 1994-1997 and performed serotyping of the CJ 
strains isolated. Six CJ strains were isolated by a combination of refined 
Skirrow method and micro-filtration method. Serotyping were performed by 
passive agglutination method with standard serum from CDC, and showed 
there were 3 Penner 2,1 Penner 4, 1 Penner 19 and 1 Penner 26. Three more 
strains o f CJ were typed by DNA method to be DNA-I, which is o f the same 
type of Penner 19. In total, Penner 19 is the most common type of GBS 
patients in China. 271 CJ strains from C J enteritis o f the same period were 
seгotyped by the same method, and the most common serotypes of CJ in China 
are Penner 2, 19 and 8. Some strains could not be typed using the standard 
serum. The most common CJ types from GBS in the world was reported to 
be Penner 19,4 and 2, while Penner 5 and 26 are rare types. It was reported 
that there were great antigenic similarity between CJ o f Penner 19 and GM1. 
The similarity o f the serotype between CJ from GBS patients and CJ from 
enteritis may explain the high incidence of GBS following CJ infection in 
China. And since CJ is a common infective factor in developing countries, this 
may also explain the high incidence of GBS itself. This research were 
supported by grants from National Science Foundation o f China (NSFC).
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MICE LACKING COMPLEX GANGLIOSIDES DEVELOP 
PERIPHERAL NEUROPATHY. KA Sheikh1. Y Liu2. H Kawai2. K 
Fuгukawa3. RL Proia2. JW Griffin1*. RL Schnaaг4. Depts ’Neurology & 4Pharmacol, 
Johns Hopkins Sch Med, Baltimore, MD 21205,2Nat Inst o f Health, and 3Nagoya U

Gangliosides are major cell surface determinants and the predominant sialoglyco- 
conjugates in the mammalian nervous system. The most abundant nervous system 
gangliosides GM1, GDla, GDlb, and GTlb ("complex gangliosides") are closely 
related, containing a ceramide lipid, a neutral tetrasaccharide core, and one or more 
sialic acids. Complex ganglioside biosynthesis occurs via sequential actions of 
glycosyltransferases. Mice engineered to lack GM2/GD2 synthase (UDP- 
GalNAc:GMЗ/GDЗ ßl,4N-acetylgalactosaminyltransferase) express no complex 
gangliosides, but instead express high concentrations o f the simpler gangliosides 
GMЗ and GDЗ. Despite these differences, these mice were reported to develop near 
normal nervous systems with only subtle conduction abnormalities (Takamiya et al., 
Proc Natl Acad Sci USA, 1996, 93: 10662).

We generated an independent strain of GM2/GD2 synthase knockout mice and 
examined their peripheral nervous system. Spinal roots and peripheral nerves o f (-/-) 
mice were compared with (+/-) controls at 12-16 weeks o f age. Light microscopic 
and ultгastructural examination revealed that the peripheral nerves o f (-/-) mice have 
ongoing nerve fiber degeneration with axonal degeneration, collapsed myelin and 
myelin ovoids, and scattered thinly myelinated fibers and onion bulbs. This 
pathology indicates chronic and active Wallerian-like degeneration and 
demyelination. We observed the same pathological features in our new knockout 
strain and in sciatic nerves obtained from the previously published strain (.Proc Natl 
Acad Sci USA, 1996, 93: 10662). These data suggest that the absence of complex 
gangliosides may not affect the gross development of the nervous system, but leads 
to degenerative changes in axons and Schwann cells. We conclude that complex 
gangliosides are involved in the maintenance of axons and myelin.

Supp. by NIH and the Nat. Multiple Sclerosis Society

186.5

ROLE OF NF-k B U P R EG ULATЮ N IN S C H W AN N  CELL K ILLIN G  BY 
TNF-α PLUS TGF-ß. A nne M. Skoff. Joyce  A. B eniam ins*. Robert P. 
Lisak and Beverlv Beal m ean Dept, o f N eurology, W ayne  S tate  Univ. 
Sch. of Med., Detroit, Ml 48201

The interactions between cytok ines and Schw ann ce lls  (SC) are 
important in the deve lopm ent, repa ir and d isease pathogenesis o f the 
peripheral nervous system . Recep tor-m ed iated  signa l transduction 
pathways involving nuclear trans loca tion  o f the  transcrip tion  facto r, NF- 
ĸB, have been linked w ith upregulation o f p ro tective  o r cy to to x ic  pathways 
in a variety o f cell types. Recently, we dem onstra ted  tha t the 
inflammatory cytokines, TNF-α and TGF-ß, w h ile  not s ign ifican tly  
cytotoxic alone, act synerg¡stically to  kill SC in vitro  (A bstract, J. 
Neuroimmunol., 1998). W e  have a lso prev ious ly  shown tha t TNF-α 
induces significant upregulation o f NF-ĸB w hile  TGF-ß does not possess 
this activity (J. Neurochem 70:suppl.1;S71D , 1998). In th is  study, we 
employed e lectrophoretic m ob ility  sh ift assay (E M S A ) to  exam ine  whether 
the NFkB pathway is invo lved  in the synergism  between TNF-α and TGF- 
ß to kill SC. W e report here tha t upregulation  o f NF-ĸB by TNF-α (40 and 
400 ng/ml) plus TGF-ß (40 ng/m l) is not s ign ifican tly  d iffe ren t from  tha t 
seen with TNF-α alone. W e  have confirm ed  tha t TGF-ß alone does not 
induce upregulation o f NF-ĸB and have shown tha t it does not b lock the 
activation caused by TNF-α. Thus the  degree o f NF-ĸB activa tion  caused 
by TNF-α alone is not pro tective  aga inst the  dam aging e ffec ts  o f TNF-α 
plus TGF-ß in com bination, and in fac t m ight prove to  be necessary fo r 
the initiation o f cell death. Supported by NIH NS 31287

186.7

CORRELATIONAL FRACTIONATED REACTION TIMES IN AMBULANT 
MULTIPLE SCLEROSIS PATIENTS. R.R. Apache‘*.M.S., D.H. Mattson2. M.D., 
Ph.D·, P.R. Surburg1, Ph.D·. and D. Jackson2. B.S.N.. RN. ‘Dept. O f Kinesiology, 
Indiana University, Indiana University Medical Center, Indianapolis, Indiana.

Thirty-two ambulant patients with suspected or clinically definite multiple sclerosis 
(MS) undergoing neurological assessment at an MS clinic were evaluated under a 
fractionated reaction time task protocol. Fractionated reaction time was segmented into 
premotor and motor time components for lower extremity movement. The purpose o f 
this study was to validate fractionated reaction time as a means to clinically monitor 
disease activity and course. The results o f the reaction time tasks were then correlated 
with neurological indices such as Expanded Disability Status Scale (EDSS), a standard 
clinical measurement in MS, and MS course (possible, probable, stable, 
relapse/remitting, secondary progressive). A MANOVA for subject(32) x leg (2) x 
direction (3; contralateral, midline, ipsilateral) with dependent variables premotor time, 
motor time, reaction time (premotor time combined with motor time), and movement 
time disclosed significant main effects for motor time by direction (F<.01); reaction 
time by direction (F<.01); and movement time by direction (F=.03). Tukey-HSD post- 
hoc analysis for simple main effects disclosed significance (slower) for the 
contralateral direction for motor, reaction, and movement times. The fractionated time 
components were correlated with the EDSS, and MS disease course in all directions. 
Using a multiple regression analysis the following was disclosed ; premotor: 
contralateral R=.7l, F=.001; midline R=.68 , F=.OO4; ipsilateral R=.77, F<OOl; motor: 
contralateral R=.65, F=.008; midline R=.66 , F=.OO7; ipsilateral R=.69, F=.OO2. This 
represents a preliminary validation o f fractionated reaction time as a means of 
monitoring MS clinically and in experimental therapeutic trials.

1 8 6 .4

CER A M ID E  INDUC ES C H ANG ES IN S C H W AN N  CELL M O R P H O LO G Y  
AN D  V IAB ILITY . Robert P. Lisak*. Anne M. Skoff. Joyce A. Beniam ins 
and Beverlv  Beal m ean Dept, o f Neurology, W ayne  S tate  Univ. Sch. o f 
Med., Detro it, M l 48201

C eram ide production v ia  the sph ingom yelinase pathway has been 
im plicated  in downstream  signaling o f a va rie ty  o f recepto r ligands 
including TN F-α. As part o f our stud ies on the e ffects  o f T N F -α  and o ther 
cytokines on SC v iab ility , we investigated w hether the  ceram ide  signaling 
pathway m ay be operating in Schwann ce lls  (SC). P rim ary cu ltures were 
exposed to  5OµM C2 ceram ide o r its inactive  analog, d ihydro -C 2 ceram ide 
and the e ffects  on cell m orphology, detachm ent, v ia b ility  and N F-ĸB  
activa tion  were assessed. Both ceram ides were d isso lved  in ethanol 
(E tO H). Control cu ltures were treated w ith m ed ium  conta in ing 0.5%  
EtOH. T rea tm ent o f the cu ltures w ith e ithe r C2 o r d ihydro -C 2 ceram ide 
causes the  ce lls to  rap id ly round up and detach from  the  substrate. The 
ce lls  treated w ith the  inactive  analog, however, recover qu ick ly  and look 
norm al, w h ile  the  C2 ceram ide  treated cu ltures re ta in  the  abnorm al 
phenotype. A fte r 72 hours o f exposure to  C2 ceram ide, nearly all o f the 
SC have detached and died, w hile  those treated w ith the d ihydro-C2 
ceram ide  o r E tO H rem ain v iable. If the C2 ceram ide  is rem oved up to  6  
hours fo llow ing  in itia tion  o f treatm ent, nearly a ll o f these ce lls  recover. In 
a pre lim inary study investiga ting  N F -ĸB  upregulation a fte r 4 hours o f 
treatm ent, both ceram ide  ana logs had th is  activ ity , com pared to  the EtOH 
contro l. These results suggest tha t N F -ĸB  upregulation in SC m ay be a 
stress response tha t does not necessarily  lead to  cell death.
Supported by NIH NS31287
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EFFECTS OF C1TIC O L1N E  O N E X P E R IM E N T A L  A L L E R G IC  
E N C E P H A L O M Y E L IT IS  (E A E ) IN  R A TS . K .W , L o c k e *2. T .H . W u 1 
and T.J. M aher'. D iv is ion  o f  Pharm aceutical Sciences, 'Massachusetts 
C o llege o f  Pharm acy &  A H S , Boston, M A  02115 and 2Interneuron 
Pharm aceuticals, Inc., Lex ing ton , M A  02173.

C itic o lin e  has been shown to  be useful in the treatm ent o f  various CNS 
disorders, inc lu d in g  stroke, in both humans and anim als. The present 
studies were aimed at investiga ting  the a b il ity  o f  c it ic o lin e  to prevent 
and/or am eliorate  the m uscle weakness associated w ith  the E AE . E A E  
was induced by in jec ting  guinea p ig  spinal cord hom ogenate in com plete 
F reund’ s adjuvant in the h ind paws o f  fem ale L ew is rats. Three d iffe re n t 
treatm ent pro toco ls were u tilized : c it ic o lin e  (500. 1000 m g/kg, i.p.). 
dexamethasone (D E X ; 37.5 µg/kg . s.c.) o r saline were adm inistered the 
day before inocu la tion  (D ay 0), starting on Day 9 or starting  a fter the 
in it ia l appearance o f  sym ptom s in each anim al (D ay  10-18). A n im a ls  
were scored d a ily  fo r muscle weakness on a scale from  0-4. C itic o lin e  
(500 m g /kg) produced s im ila r pro tective  and therapeutic e ffects to  those 
observed w ith  D E X . but w ith ou t producing  the s ig n ifican t body w e igh t 
loss associated w ith  h igh doses o f  D E X . A  dose o f  500 m g /kg  c it ic o lin e  
was more e ffec tive  than a dose o f  1000 m g/kg. The a b il ity  o f  c it ic o lin e  to 
attenuate the developm ent o f  E A E  and to im prove  scores o f  c lin ica l 
weakness suggests a potentia l use fo r c it ic o lin e  in the treatm ent o f  
human m u ltip le  sclerosis.
Supported by a grant from  Interneuron Pharm aceuticals, Inc.
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DISTINCTION BETWEEN TONIC AND PHASIC STRETCH REFLEXES IN 
THE SPASTIC SOLEƯS MUSCLE. S.W. C hou1*, L.D. Abraham1* 3. LS, 
Hwang3 and R. Chitгe3. 'Kinesiology and Health Education; 
^Biomedical Engineering; in s t itu te  for N euroscience, The University of 
Texas at Austin, Austin, TX 78712 .

Quantification of hyperreflexia in spasticity  can be based on the 
relationship betw een a m echanical stim u lu s and the reflex response, 
u sin g  a ram p-and-hold stretch paradigm. However, stretch reflex 
responses in spasticity may emerge in  either tonic or phasic modes, 
dependent on parameters of the m echanical stretch. In the present 
study, ten  normal ankles and eleven spastic  ankles were tested. The 
m echanical parameters (displacem ent and velocity) of a  ramp-and- 
hold stretch were system atically varied. Electromyographic responses 
from the so leu s m uscle were m orphologically delineated as either 
tonic (TSR) or phasic (PSR) stretch  reflexes. The reflex threshold and 
the reflex gain were determined in term s of a  m odel of short-latency  
resp on ses of different modes. The absolute reflex threshold angle of 
the PSR tended to have a wider range and sm aller values in the 
spastic  group than in the normal group. The stretch reflex gain and 
the absolute reflex threshold velocity of the PSR were not significantly 
different between groups. Compared to the norm al PSR, the spastic 
PSR appeared to be dynamically elicited with a lower static threshold. 
In contrast, the spastic TSR appeared to be statically elicited with a 
lower dynamic threshold.

This research was sponsored by research training support for Dr. 
Chou from Chang Gung Memorial Hospital, Taipei, Taiwan, R.O.C. 
and by ongoing collaborative research support from Healthcare 
Rehabilitation Center, Austin, TX 78745 .
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A NTIGEN-SPECIFIC IM M U N O TH ER A PY  OF EX PERIM ENTAL  
M Y A S T H E N IA  G R A V IS  B Y  F R A G M E N T S  O F T H E  
ACETYLCHOLINE RECEPTOR M.C. SourouįonU , p ,  Barchan*. S.¯
H. ĩm 1 and S. Fuchs1*. *Dept. o f Im m unology, W eizmann Institute o f  
Science, Reħovot and 2TҺ℮ Open University o f Israel, Tel-Aviv, Israel 

M yasthenia gravis (MG) and experimental autoimmune myasthenia 
gravis (EA M G ) are autoim m une d iseases in w hich the n icotin ic  
acetylcholine receptor (ACҺR) is the major autoantigen. The antibody 
response in these diseases is heterogeneous and most o f the pathogenic 
antibodies are directed to determinants within the extracellular portion o f  
the ACҺR α-subunit. W e prepared recombinant fragments o f the human 
ACҺR α-subunit and investigated the potential o f their intranasal or oral 
adm inistration , to p revent the ind u ction  o f  E A M G  and to 
im m unosuppress an on go in g  d isease . R ecom binant fragm ents  
encompassing the entire extracellular domain of the α-subunit (H a l-210) 
or shorter fragments derived from it, were administered intranasally or 
orally to rats, before or after the induction o f EAM G by immunization  
with Torpedo ACҺR. A m ong rats treated intranasally or orally with the 
recombinant fragment H α l-210 , before the induction o f EAM G, 60-80%  
were protected against EAMG, as assessed by clinical symptoms, weight 
loss and m uscle ACҺR content. Significant suppression o f EAM G was 
also observed, albeit to a lesser extent, when the nasal or oral treatments 
with H α l-2 1 0  were initiated 7 days after the induction o f  EAM G. 
Protection and immunosuppression were accompanied by a marked 
reduction in AChR-specific T cell responses and IL-2 production, as well 
as in anti-self ACҺR antibody titers. Thus, nasal or oral tolerance 
induction by appropriate recombinant fragments o f human ACҺR is a 
potentially safe, effective and convenient treatment modality for MG.

1 8 7 .3

INTRACELLULAR LOCALIZATION OF EMERIN IN HELA CELLS: 
IMMUNOCYTOCHEMICAL AND ΉME-LAPSE VIDEO ANALYSIS 
IN THE CELL CYCLE. A H a.se1. Y.Tsuchiva1. T.Haraguchi2. Y.

Hiгaoka2. Ƙ.Arahata1. and C.Akazawa1*. *Dept. o f Neuromuscular R es., 
National Inst. Neuroscience, NCNP; 4-1-1, Ogawahigashi,Kodaira, 
Tokyo, 187-8502 JAPAN. 2 Kansai Advanced Res. Cntr, 
Communications Res. Lab., 588-2 Iwaoka-cho, Nishi-ku, Kobe 651- 
2401, JAPAN.

Emerin has been characterized as a responsible molecule for X- 
linked Emery-Dreifuss muscular dysưophy. To elucidate its biological 
function, w e raised antibodies against human emerin. These antibodies 
were tested for their spectficity by immunoblotting and immunostaining 
o f CHO cells that constitutively express GFP-emerin fusion construct. 
One o f the polyclonal antibodies proved to be specific to emerin. By 
using this antibody, w e analysed the intracellular localization o f emerin in 
HeLa cells during the cell cycle.

Emerin was localized at the nuclear membrane in interphase, but 
diffused in the cytoplasm during the mitotic phase when the nuclear 
membrane disassembled. In telophase, emerin assembled at the periphery 
o f chromosomes, first at a portion o f chromosomes near the mitotic 
spindle fibers, and later uniformly on the entire region o f the 
chromosome periphery. This localization patterns o f emerin during the 
cell cycle were confirmed by time-lapse imaging o f GFP-emerin in living 
cells.

These data show  that emerin is a nuclear membrane component and 
may have an affinity to chromosomal DNA.

Granting aid of Brain Science, the ministry of health and weffare
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LAMBERT-EATON SYNDROME ANTIBODIES INHIBIT RECOMBIN ANTLY 
EXPRESSED P/Q-TYPE CALCIUM CHANNELS IN XENOPUS OOCYTES. 
Carrie K. Chan. Joseph J. Pancrazio¯. Terry P. Snutch1. Marcel E. Durieux, Carl 
Lynch III and Yong I. Kim. Departments of Biomedical Engineering and 
Anesthesiology, University of Virginia School of Medicine, Charlottesville, VA 
22908 and 'Biotechnology Laboratory, University of British Columbia, Vancouver, 
BC V6T 1ZЗ.

Lambert-Eaton syndrome (LES) is an autoimmune disorder of the neuromuscular 
junction (NMJ) in which the nerve-evoked release of acetylcholine (ACҺ) is 
reduced. With the aim of determining the specificity of LES antibodies on calcium 
channel subtypes, we recombinantly expressed P/Q type Ca2+ channels in Xenopus 
oocytes by injecting cDNA encoding rat brain α 1A, α ıв and α 2/<5 Ca2+ channel 
subunits.

Following the cDNA injection, the oocytes were incubated at 16°C for 6-8 days 
before studied under 2-electrode voltage-clamp. Only oocytes exhibiting significant 
Ba2+ current (>  200 nA) were used for the antibody/plasma treatment. The effects 
of LES antibodies were examined on each oocyte by making same cell 
measurement of P/Q type currents before and after a 24 hour incubation with 
control or LES IgG/plaąma. LES IgG (1 mg/ml, patient 1) inhibited IBa by 61% 
(P < 0 .0 5 , n = 2  oocytes), whereas control IgG only inhibited IBa by 25%. 
Similarly, cells exposed to LES plasma (6 mg/ml IgG, patient 2) were inhibited by 
24% (P <  0.05, n = 3) as compared to 5% (n=2) when exposed to control plasma.

These results are consistent with our previous findings that LES antibodies 
downregulate P/Q type Ca2+ channels in small-cell lung cancer cells and Narke 
japonica electric ray nerve endings [7. Physiol. (Lond.) 488: 303 and 508: 427]. 
This suggests that LES autoantibodies pathologically target the P/Q type Ca2+ 
channels which are known to mediate evoked ACҺ transmitter release at the NMJ 
[Supported by NIH and MDA].
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IMMUNOSUPPRESSION OF EAMG BY ORAL, NASAL AND 
INTRAPERҤONEAL ADMINISTRATION OF BACTERIALLY 
EXPRESSED, DENATURED HUMAN ACHR SUBUNITS. A
Kurvatov. X. Peng. E. Lee, and J. Lindstrom*. Dept, o f Neuroscience, 
Univ, o f  Pennsylvania Med. Sch., Philadelphia, PA 19104-6074  

Myasthenia gravis (MG) and experimental autoimmune MG (EAMG) 
are T cell dependent autoimmune diseases mediated by antibodies against 
the AChRs o f  neuromuscular junctions. An ideal treatment for MG 
would specifically inhibit the immune response to AChRs without 
causing other immunosuppression. Pretreating rats by oral or nasal 
administration o f native Torpedo AChRs has been shown to prevent or 
delay the clinical signs o f  EAMG (Wang et al, 1993; Okumura et al, 
1994) and suggests a promising strategy for treating human MG. The 
limited supply o f natural human AChRs and the large amount o f  AChRs 
required for treatment prompted us to test the suitability o f  using 
bacterially-expressed α , ß , γ ,  δ , and ε ACҺR subunits to induce 
tolerance to EAMG. Pretreating rats orally with denatured human 
« f ß f Y f δ ,  and ε in a ratio o f  2:1:1:1:1 had beneficial effects in 
preventing clinical signs in both acute and chronic phases o f EAMG. 
Since human MG is similar to the chronic phase o f  EAMG, we also 
attempted to prevent this phase with recombinant ACҺR subunits after 
the resolution o f acute EAMG. Oral posttreatment and intraperitoneal 
(IP) injections had beneficial effects on the chronic phase. There were 
no significant differences in serum anti-Torpedo  antibody titers between 
treatment and control groups. Titers o f  anti-rat antibody were lower in 
the treatment groups compared to the control group. We conclude that 
IP, oral, and nasal administration o f denatured human ACҺR subunits is 
beneficial in EAMG induced with Torpedo ACҺR.

1 8 7 .4

EXPERIMENTAL AUTOIMMUNE LAMBERT-EATON SYNDROME IN 
RABBITS: IMMUNIZATION WITH ELECTRIC RAY SYNAPTOSOMES.
Y.I. Kim’. H.C. Lee. E.H. Middlekauff. S. Kawahara. Y. Satoh. N. Hirashimaand 
Y. Kirino. Depts. of Biomedical Engineering and Neurology, Univ, of Virginia Sch. 
of Med., Charlottesville, VA 22908 and School of Pharmaceutical Sciences, The 
Univ, of Tokyo, Tokyo 113-0033, JAPAN.

The Lambert-Eaton myasthenic syndrome (LES) is a paraneoplastic neurological 
disorder in which autoantibodies downregulate presynaptic Ca2+ channels at the 
neuromuscular junction. We previously reported that mice and rats immunized with 
synaptosomes from the Japanese electric ray, Narke japonica, which possess P/Q- 
type Ca2+ channels, exhibit reduction in the quantal content (m) of nerve-evoked end- 
plate potentials (EPPs) (Soc. Neurosci. Absîr. 23: 551, 1997).

In the current study, we immunized New Zealand white rabbits with the 
synaptosomes followed by a single booster injection after 4 weeks. Rabbit antisera 
were collected 2 weeks later and injected intraperitoneally into Swiss-Webster mice 
for 20 days. Quantal content in the diaphragms of 2 passively transfeưed mice, 
measured in 1.4 mM Ca2+/10 mM Mg2+, was 1.51 (n=43 endplates) and 1.15 
(n=ЗO), being reduced by 33 and 50% (P < 0 .05), respectively, from the control m 
of 2.27 (n=28). MEPP frequency (F) likewise declined significantly for the same 
mice (P<0.05): 0.78 Hz (n=43) and 0.70 Hz (n=ЗO) vs. the control F o f 1.86 Hz 
(n=28). In all antisera injected mice, no evidence for alteration in the amplitude of 
spontaneous MEPPs was found, indicating absence of postsynaptic effects. Thus, 
pathophysiology of the current recipient mice was similar to that found in mice 
injected with human LES autoantibodies.

These results suggest that rabbits immunized with synaptosomes containing P/Q- 
type Ca2+ channels produced antibodies against these channels. These data provide 
preliminary evidence for an experimental autoimmune model of LES in rabbits 
[Supported by NIH, MDA and MESSC, Japan].

1 8 7 .6

NOVEL δ AND ß SUBUNΓΓ ACETYLCHOLINE RECEPTOR MUTATIONS IN THE SLOW- 
CHANNEL SYNDROME DEMONSTRATE PHENOTYPIC VARIABILITY. C.M. Gomez*». 
R, Masçlli2, J, StaubL J.W. Day*. T. CenşЗ. R.L. Wollmann*, P,C. Charoet3, 
⅞ ep t. of Neurology, Univ, of Minnesota, Minneapolis, MN 55455; ¿Univ. Calif, at 
Davis; 3CRBM-CNRS, Montpelier, FR; 4Section o f Neuгopathol, Univ, o f Chicago.

The slow-channel congenital myasthenic syndrome (SCCMS) is characterized by 
weakness and fatigability of the skeletal muscles due to impaired neuromuscular 
transmission. It is caused by missense mutations in the genes encoding the muscle 
acetylcholine receptor (ACҺİR) subunits that lead to delayed closure o f the ACҺR, 
cation overload o f the junctional sarcoplasm, and degeneration o f the neuromuscular 
junction (endplate myopathy). Distinct mutations give rise to qualitatively and 
quantitatively different changes in ACҺR channel function, as well as to clinical 
disease o f differing severity. We recently identified 2 new mutations that widen the 
spectrum of phenotypic variability seen in the SCCMS, and provide evidence for 
distinct pathogenic mechanisms. The ACҺR δ subunit mutation, δS268F, is present 
in a nine-year-old patient with onset o f moderate weakness in infancy. The mutation, 
which involves a highly conserved residue in the second transmembrane (M2) domain, 
was absent from his unaffected parents and from 100 normal controls. Voltage-clamp 
recordings of the patient's muscle fibers showed markedly prolonged, low amplitude 
miniature endplate currents. Ultrastгuctural analysis of the neuromuscular junctions 
from two clinically affected muscles showed no evidence o f endplate myopathy. 
Preliminary in viưo studies demonstrate a greater than 3-fold increase in single- 
channel open time in oocytes expressing δS268F-AChRs. Impairment of 
neuromuscular transmission in the absence o f endplate myopathy suggests that 
δS268F acts via a distinct mechanism. The ß subunit mutation, ßV229F, is present 
in four members of a 2-generation kindred and was absent from 100 normal controls. 
The mutation involves a highly conserved residue in the first transmembrane (Ml) 
domain. Clinical and electrophysiological evaluation of the four affected members 
indicated that two developed mild symptoms as young adults, with one progressing to 
moderate disease. Curiously, at age 50 the two sons o f this patient, who bear the 
mutation, have electrophysiological evidence of neuromuscular disease, but are totally 
asymptomatic. Thus, these two mutations demonstrate that pathogenic mechanisms 
may involve processes other than endplate degeneration, and that other environmental 
or genetic factors may modify the phenotype. (Supported by NINDS NS33202)
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187.7
NEURONAL NITRIC OXIDE SYNTHASE DISTRIBUTION AT THE 
NEUROMUSCULAR JUNCTION OF THE mdx MOUSE. M.J.Marques.
E.C.L Pereira and H.Santo Neto*. Dept, of Anatomy. IB. UNICAMP. Campinas. SP 
Brazil 13083-970.

Nitric oxide (NO) is an important messenger molecule that plays a critical role in a 
wide variety of developmental, physiological and pathological conditions. Regulation 
of NO signaling occurs largely at the level o f its biosy nthesis and three mammalian 
NO synthase (NOS) have been identified in several tissues. Light and electron 
microscopy studies showed the presence of the neuronal-type NO (nNOS) at the pre 
and postsynaptic domains of the neuromuscular junction (nmj). At the present, we 
used the advantages of the confocal microscopy to better visualize the components of 
the nmj of dystrophin-deficient skeletal muscle from mdx mice that express the 
nNOS. Controls (C57B1/10) and mdx mice (2-3 months) had their stemomasloid 
muscles fixed and double labeled with rhodamine-alpha bungaroto.\in. for 
acetylcholine receptors (AChRs) visualization and with a monoclonal anti-NOS-brain 
followed by anti-mouse IgG-FITC. for nNOS localization. Fluorescence confocal 
microscopy showed that nNOS colocalized with AChRs. At control and mdx nmjs. 
nNOS labeling was mostly detected in the cell body and processes of Schwann cells at 
the endplate region. Muscle fiber sarcolemma also stained. In mdx mice. nNOS 
immunoreactivity in both Schwann cells and sarcolemma was greatly reduced, 
compared to control mice. These results suggest that nNOS decrease may contribute 
to the pathophysiology observed in the mdx mice. In addition. nNOS production by 
Schwann cells seems also to be impaired in dystrophin-deficient skeletal muscles of 
the mdx mice.
Supported by grants from FAPESP. CAPES. CNPq and FAEP-UNICAMP

187.9
STOCHASTIC FLUCTUATIONS IN FUNCTIONAL ACHRS AT INTACT 
DYSTROPHIC (MDX) JUNCTIONS : THE ACETYLCHOLINE RECEPTOR 
(ACHR) AGGREGATION HYPOTHESIS AND THE ION CHANNEL 
AGGREGATION MODEL FOR THE DYSTROPHINOPATHIES. C.G.
Carlson* . Dept. Physiology, Kirksville College Osteopathic Medicine, 
Kirksville, MO 63501.

The ACҺR aggregation hypothesis for the dystrophinopathies (Carlson and 
Officer, Muscle and Nerve, 19:1116-1126; Carlson, Muscle and Nerve, 19:1258- 
1267, 1996; Carlson, Neurobiology o f Disease, in press, 1998) states that ACҺR 
clusters in dystrophic muscle undergo spontaneous concerted transitions to a 
state in which they exhibit Ca2+ leakage activity (CLA) and are relatively non- 
responsive to agonist. The hypothesis proposes that these transitions are induced 
by intracellular signal transduction systems that, in dystrophic muscle, mediate 
the formation of abnormal interactions between the ion channel clusters and the 
dystrophic cytoskeleton, and is based on single channel evidence which 
suggested that intracellular modulators enhance CLA in regions o f dystrophic 
membrane that contain aggregated AChRs. Examination o f the relationship 
between the mean and variance o f uniquantal miniature endplate potential 
amplitudes at intact adult dystrophic and non-dystrophic junctions confirms the 
presence o f stochastic fluctuations in the number o f functional AChRs at 
dystrophic junctions, a prediction that is made only by the ACҺR aggregation 
hypothesis. By implying that ion channel function can be altered by the 
dystrophic cytoskeleton, this new hypothesis provides a single general 
mechanism (the ion channel aggregation model) for the multisystem expression 
of the dystrophinopathies that involves tissue - specific abnormal ion channel - 
cytoskeletal interactions in dystrophic heart muscle and at dystrophic central 
synapses.

187.11
THE DISTRIBUTION CHARACTERISTIC OF CHINESE DYSTROPHIN 
GENE DELETION DETECTED BY mPCR A N D  THE CORRESPONDING 
DETECTED STRATEGY. Cheng Z h a n g *. S uvue Pan. Zhou lin  L iu . Dept, 
o f N euro logy, F irst A ff il ia te d  H o sp ita l, Sun Y a t-sen  U n ive rs ity  o f 
M edical S ciences, G uangzhou 5 1 0 0 8 0 . China.

O b jec tive : To k n o w  the  d is tr ib u tio n  c h a ra c te ris tic  o f Chinese 
d ys troph in  gene d e le tion  and estab lish  the  d e te c te d  s tra te g y  in China. 
M e thods : W e de te c te d  56  D M D /BM D  p a tie n ts  by mPCR. C om bin ing  
w ith  th e  221 D M D /BM D  cases reported  in C hina, w e  ca lcu la te d  the  
pos itive  ra tio  o f d ys trop h in  gene d e le tion  and ana lyzed th e  d is tr ib u tio n  
ch a rac te ris tic  o f gene d e le tion  o f D M D /BM D  p a tie n ts . R esults: The 
in trons o f cen tra l d e le tion  h o t sp o t are p rone to  break in Chinese 
D M D/BM D pa tie n ts . A b o u t 3 8 %  o f d e le tio n  b re akp o in ts  fe ll in in tron  
44  , 2 8%  in in tro n  5 0 . The in tro n  7 is n o t rich  in b re akp o in ts  in 
Chinese p o p u la t io n !< 5 % ). N ine pair o f p rim ers mPCR can d e te c t 4 7 %  
o f all cases o f D M D /BM D , and f¡v e d  2 ,5 1 ,1 7 ,4 8 ,4 5  exon) o f these 
nine prim es can d e te c t 4 6 %  o f all cases o f D M D /B M D . The best tw o  
pair o f prim es co m b ina tio n  are 4 8  exon  and 17 exon  , w h ic h  can 
d e te c t 3 5 %  d e le tion  o f all D M D /BM D  p a tie n ts . C o nc lus io n s : The 
p os itive  ra tio  and d is tr ib u tio n  ch a ra c te ris tic  o f Chinese d y s tro p h in  gene 
de le tion  de te c te d  by n ine pair o f p rim ers mPCR are s im ila r to  those  
papers reported  by m ost co un trie s , b u t th e  in tro n  7 is p ro ba b ly  n o t 
prone to  break in Chinese D M D /BM D  p a tie n ts . In C hina, the  p os itive  
ra te  o f dele t¡o rf d e te c tio n  by f iv e  pair o f p rim ers mPCR is a lm ost same 
as th a t by nine pair o f prim ers mPCR. W e recom m end  to  su b s titu te  
nine pair o f prim ers mPCR w ith  f iv e  pair o f p rim es mPCR. It is 
su itab le  to  w id e ly  scan D M D /BM D  p a tie n ts  w ith  tw o  pa ir o f prim ers 
mPCR o f exon 4 8  and 17 in China. S upported  by G uangdong Nature 
Science F oundation  and N a tiona l N a ture  S ciences Foundation  in 
China(C . Zhang).

187.8
EVIDENCE OF IM PRO VED SARC O LEM M AL DYSTROPHIN D ISTRIBU
T IO N  IN  THE C A R D IA C  A N D  SKELETAL MUSCLES OF DYSTROPHIC 
HAMSTERS (D H ) W IT H  D Y STR O P H IN O PATH Y A N D  C A R D IO M Y O 
PATHY BY CH RO NIC INTR APERITO N EAL D IL T IA Z E M  THERAPY. S.K. 
Bhattacharya*, P.L. Johnson, H J. L ĩ, and T.A. Adamec. Departments of 
Surgery and Pathology. University of Tennessee, Memphis, TN  38163, U.S.A.

Membrane-mediated excessive in tracellu lar calcium accumulation (EICA) 
and e fflux of in tracellu lar enzymes play fundamental pathogenetic roles in 
progressive cellular degeneration in hereditary muscular dystrophies (HMD) 
in humans and animals (Muscle & Nerve 10:168-176, 1987). We have shown 
that chronic D iltiazem  (DTZM ) therapy (80 m g /k g  B W /d , i.p.) reduced 
membrane-mediated EICA and histopathology in  the heart (HT) and rectus 
fem oris (RF) o f CHF-146 stra in D H  (/. Neurol. Sci. 115:76-90, 1993). 
Expression o f dystroph in  (DYST), a perisarcolem mal 400 kD  protein, is 
v irtua lly  missing or aberrant in patients w ith  Duchenne and Becker muscular 
dystrophies, as well as in  mdx-m ice and Xmd-dogs (Nature 338:861, 1988). 
Recently we have provided immunohistochemical evidence that H M D  in DH 
is characterized by reduced sarcolemmal DYST d istribu tion and simultaneous 
upregulation o f u trophin in the H T and RF (Mol. and Chem. Neuropathology. 
31:187-206, 1997). Using two monoclonal antibodies, NCL-DYS1 and DYS2 
(Novocastra Lab, Newcastle upon Tyne, UK), w hich recognize the m id-rod 
segment and C-terminus of the DYST molecule, respectively, we investigated 
the m odulation of sarcolemmal DYST by DTZM  in  frozen HT and RF biopsies 
from  CHF-148 strain norm al hamsters (N H ) and DH. We conclude that 
chronic intraperitoneal DTZM  therapy, in  the treatment schedule described 
above, s ign ifican tly  enhances DYST sta in ing in  the cardiac and skeletal 
muscles of DH w ith  H M D  and dystrophinopathy, perhaps via retardation of 
EICA-mediated autodegradation of DYST/DYST-associated glycoproteins, 
w ithout showing any changes in N H . (Supported by NIH Grant #ROÍ-AR-3854O)

187.10
ROLE OF ADP-PHOSPHORYLATING, GLYCOLYTIC AND KEY MITO
CHONDRIAL ENZYMES IN CELLULAR ENERGETICS OF CARDIAC AND 
SKELETAL MUSCLE OF DYSTROPHIC HAMSTERS WITH DYSTRO
PHINOPATHY. P.L. Johnson*, S.K. Bhattacharya, H.J. Li, M.P. Gupta, and 
R.K. Handa. Surgical Research Labs, Univ, o f Tenn., Memphis, TN 38163.

Generation of energy rich biomolecules such as ATP and creatine phosphate 
(CrP) is crucial fo r muscle function. Because o f our recent find ings of 
dim inished ATP and CrP levels in the cardiac and skeletal muscle of CHF- 
146 strain dystrophic hamsters (DH ) w ith  card iom yopathy and dystro
phinopathy, we studied some o f the key enzymes o f ADP- phosphorylation, 
g lyco ly tic  pathw ay, Krebs cycle, and m itochond ria l resp ira tory chain. 
B iochem ical assays were perform ed in  post-10,OOOg supernatants of 
ventricu lar m yocardium  (VM ) and rectus femoris (RF) muscle o f CHF-148 
norm al albino hamsters (N H ) and DH. In dystrophic VM , a significant 
decrease in  pyruvate kinase (PK), aldolase (ALD ) and lactate dehydro
genase (LDH) was observed by 29%, 39% and 37%, respectively. A c tiv ity  of 
creatine phosphokinase (CPK) was reduced by 37% in  dystrophic VM . 
Several m itochondrial key enzymes such as succinate dehydrogenase (SDH), 
citrate synthetase (CS), NADH-cytochrome-c-reductase (NCCR), succinate 
cytochrom e-oreductase (SCCR) and N A D H  ferricyanide reductase (NFR) 
were also reduced in  dystrophic VM  by 34%, 31%, 27%, 52% and 19%, 
respectively. S im ila rly , dystroph ic  RF revealed s ign ifican tly  low er PK 
(34%), LD H  (29%), A LD  (47%), CPK (33%), adenylate kinase (33%), SDH 
(37%), CS (29%), NCCR (48%), SCCR (21%) and NFR (23%), compared to 
N H . These data strongly suggest a severe im pairm ent of glycolytic pathway, 
as we ll as m itochondrial energy metabolisms at the level o f the Krebs cycle 
and electron transport chain system, contribu ting  to marked depletion of 
energy rich biomolecules and progressive muscle wasting in DH. (Supported 
by N IH  Grant #ROl-AR3854O)

187.12
FINE ANALYSIS OF EYE MOVEMENTS MAY REVEAL SACCADIC 
IMPAIRMENT IN DUCHENNE DYSTROPHY. S. Fonda. F, Lui* and R. 
Corazza. Dept, of Biomedical Sciences. Univ, of Modena. 41100 Modena Italy.

Extraocular muscles are generally considered to be spared in Duchenne 
dystrophy, although systematic eye movement recordings have rarely been 
performed, and on a very limited number of patients (two cases in Kaminski et 
al., 1992). We hypothesized that analysis of multiple saccade parameters, 
together with a higher case number, might reveal a possible involvement of eye 
muscles in Duchenne dystrophy.

We used the electrooculographic (EOG) technique coupled with advanced 
digital signal processing; we measured saccade duration, amplitude, mean 
velocity, peak velocity, and K  factor (ratio mean/peak velocity). Data were 
collected from a population of 8 Duchenne patients, aged 6-21 (mean l3.5±5.4). 
all outpatients of the Neuromuscular Laboratory at the Istituto Ortopedico 
Rizzoli, Bologna (Dr. L. Merlini); controls were 9 healthy boys.

Patients show saccades with significantly longer duration and lower velocity, 
with respect to controls; these differences are accounted for by the largest 
movements (target eccentricitv=2O deg), but there are no significant differences 
at the smallest eccentricities (3 deg). Neither amplitude nor K factor are 
significantly different from controls for any of the eccentricities tested.

To our knowledge, this is the first study to suggest a significant involvement 
of extraocular muscles in Duchenne dystrophy. As the significant differences 
result from the larger saccades, it is possible that still larger movements (25-30 
deg) might stress the system even further, thus improving the method 
sensitivity. The present results suggest that an easy, inexpensive and non- 
invasive technique such as EOG recording, may be exploited to obtain reliable 
information, possibly useful both for early detection and follow up of Duchenne 
dystrophy. (Work supported by Telethon grant # 457).
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188.1
TRANSGENIC MICE HOMOZYGOTIC FOR THE ASP9OALA HUMAN SOD1 
MUTATION DEVELOP ALS CLINICALLY AND HISTOLOGICALLY.
T. Bπшnstгön⅝1 K. Emhill1,2. S. Maгklund2. P. Nilsson2. 'Department of Pathology and 
department of Clinical Chemistry, Umeå University, S-90187 Umeå, Sweden.

In man, homozygocity of alanine at postition 90 in copper-zink superoxide dismutase 
(SOD1) is closely linked to development of amyotrophic lateral sclerosis. Transgenic 
mice carrying the human gene with the Asp9OAla mutation were produced and breeded 
into a strain not having the mutation as well as cross-breeded to produce homozygotic 
mice. Both heterozygotic and homozygotic transgenic mice showed increased levels of 
SOD1 (heterozygotic mice mean SOD1 activity = 315 (range 210-501; n=92) units/ mg 
hemoglobin; homozygotic mice mean SOD1 activity = 495 (range 396-733; n=27) 
units/ mg hemoglobin.

Heterozygotic mice with higher SOD 1 activity began showing some symptoms of 
motor neuron disease with disturbed activity pattern, as judged by amount of day and 
night wheel running, at around 130 days. Progressions of symptoms were extremely 
slow, as in humans with the Asp9OAla mutation, and the mice are alive at ages more 
than 500 days. Preliminary histological studies of these showed gliosis and neuron loss 
with neuronophagia in the venưal horn of the spinal cord as well as appearance of 
ubiquinqted cytoplasmic inclusions in the motor neurons.

Homozygotic mice showed advanced disease around 370 days with decreased 
strength in the fore- and hindlimbs as well as rapid progression of paraparesis, 
especially o f the hindlimbs. The mice also showed a marked reduction of muscle mass 
and subcutaneous fat. Histological investigation showed extensive gliosis in the venưal 
horn of the spinal cord and abundant fibers having ubiquitin-like immunoreactivity in 
the anterior half of the spinal cord including the lateral columns. There were more such 
fibers in the lumbal segments than in the thoracic or cervical segments.

Further data, including tissue-specific SOD1 actvity, activity pattern as described 
above, as well as muscle histology w ill be shown.
(Supported by grants from Västerbotten county council, and MFR 12566, Sweden).

188.3
DIFFERENTIAL SUBCELLULAR LOCALIZATION OF THE SURVIVAL 
MOTOR NEURON (SMN) PROTEIN IN CULTURED RAT MOTONEURONS.
B. Pettmann*. C. Cistemi, D. Salaün, C. Moretti and V. La Bella 
INSERM U382-IBDM, F-13288 MARSEILLE, FRANCE

Spinal Muscular Atrophies are genetic neuromuscular disorders in which the 
telomeric copy o f the smn gene is deleted or deleteriously mutated. The deduced 
protein is a ~32 kDa product present in small nuclear bodies (GEMS), and 
implicated in the formation of the spliceosomal complex. Moreover, overexpression 
experiments show that SMN interacts with Bcl-2, potentiating the antiapoptotic 
activity of this protein. We have recently shown that SMN is expressed in rat as 
differentmo!ecular forms (32, 35, and 45 kDa). A ll three forms decrease strongly 
during development. A cellular subfractionation has shown that the 32 kDa form (the 
most abundant) is mainly cytosolic while the 45 kDa form is mainly microsomal.

Using different anti-SMN antibodies (Abs), we studied the subcellular 
localization o f SMN in cultured rat motoneurons. Experiments were carried out by 
double-staining the cells using different polyclonal anti-SMN Abs and a monoclonal 
anti-fibrillarin Ab. Preliminary results show that anti-SMN 1, which was raised 
against a rat SMN peptide of the N-terminus and recognizes principally the 32 Kda 
form, stains the cytoplasm and one or two small nuclear bodies in the nucleus. 
However it does not label the structures (coiled bodies and nucleolus) stained by 
f¡brillarin. Conversely, two other anti-SMN Abs, raised against a rat SMN peptide 
of exon-2 and a human SMN peptide o f exon-2 (Francis et al., 1997), and recognize 
principally the 45 kDa form. These Abs both labeled intensely, in addition to the 
cytoplasm, the nucleolus and small nuclear bodies, which appeared different from the 
coiled bodies identified by fibrillarin staining. These results confirm the recent 
evidence o f a nucleolar localization o f SMN (Francis et al., 1997), and further 
demonstrate that SMN has multiple localizations in the cell, suggesting that SMN 
may also have multiple different functions.
Supported by INSERM, CNRS, AFM and EEC grant U BMH4-CT96-5027

188.5
GENE THERAPY IN AN ANIMAL MODEL OF ALS USING AN 
ADENO-ASSOCIATED VIRUS EXPRESSING NEUROTROPHIN-3.
M. Azzouz‘, J-C. Patema2, A.F. Hottinger? A.D. Zurn1*, P Aebischer‘ and
H. BüelerVĎivision of Surgical Research and Gene Therapy Center, 
CHUV, Pavilion 4, 1011 Lausanne, Switzerland, institute for Molecular 
Biology, Department I, University of Zurich, Honggerberg, CH-8O93 
Zurich, Switzerland.

Amyotrophic lateral sclerosis (ALS), a human motor neuron 
disease occurring in middle to late life, is characterized by the 
degeneration of large motoneurons (MN) in spinal cord, brainstem, and 
motor cortex. A subset of familial ALS cases present mutations in the 
Cu/Zn superoxide dismutase (SOD1) gene. Transgenic mice 
overexpressing a mutated form of human SOD1 (G93A mutation) 
develop a severe, progressive MN disease. Neurotrophic factors have been 
suggested as therapeutic agents for MN diseases. We report here that 
recombinant adeno-associated virus (rAAV)-mediated gene transfer o f  
neurotrophin-3 (NT-3) delays the onset of clinical disease in SOD 
transgenic mice as measured by electromyography and appearance of 
paralysis (AAV-NT-3 : 125.3 ± 2.6 days, AAV-EGFP : 115.0 ± 1.7 days, 
untreated : 115.0 ± 2.0 days). However, treatment does not prolong the 
survival of the SOD mice. Nanogram levels of NT-3 protein were 
measured in the AAV-NT-3 injected muscles 4 and 8 weeks after 
injection. At 150 days, the number of lumbar MN was higher in the 
AAV-NT-3 ưeated group compared to the control groups (P < 0.01). 
This study supports the use of гAAV vectors in the delivery of functional 
genes to muscles as a possible way. to enhance MN protection and repair 
following degeneration.
Supported by Swiss National Science Foundation

188.2
SUPPORT: Les Turner Foundation and NIH

AGE-DEPENDANT INCREASE IN S0D1 IN THE SPINAL CORD OF 
ALS-TRANSGENIC MICE
Natalie Cole, Anna Lozar, Miшí Kiш and Teepu Siddique* 
Dept, of Neurology, Northwestern Univ., Chicago, IL 60611 
ALS (amyotrophic lateral sclerosis) is a progressive, 
fatal paralytic neurodegenerative disorder. Twenty percent 
of patients with autosomal dominant form of familial 
ALS (FALS) have mutations in the gene that encodes 
S0D1. Transgenic mice overexpressing mutations in S0D1 
gene (G1H) develop disease similar to ALS in humans.
Mice overexpressing normal S0D1 transgene (N29) remain 
phenotypically unaffected. We report that the levels of 
S0D1 protein in the spinal cord of the GİH mice increases 
significantly with age. This increase was not observed 
in other tissues or in N29 mice. S0D1 activity when 
measured correlated with the increase in protein observed. 
The level of SODl RNA was analysed by Real Time 
Quantitative RT-PCR and an increase in RNA was detected 
prior to disease onset in the spinal cord of GİH mice. 
These results demonstrate the spinal cord-specific and 
time specific increase in mutant SODl message and protein 
in ALS-transgenic mice. This increase in SODl mRNA and 
protein correlates with predilection of motor neurons 
and the late age of onset of symptoms in both humans 
and mice.

188.4
ROLE OF CYCLOPHILINS IN PC12 CELL DEATH FOLLOWING EXPRESSION OF FAMILIAL 

AMYOTROPHIC LATERAL SCLEROSIS(FALS) MUTANT V148GSOD. Jean-pyo Lee*, V.P. B¡n- 
dokas, G.D.Ghadqe*, LMa⅜, R.P. Roos*and R.J. Miller. Depts of Pharmacol./Physiol. Sci. and 
’ Neurology, me University of Chicago, Chicago ilöUö37.
We have previously shown that expression of FALS-associated S0D-1 V148G and A4V mu
tants leads to altered superoxide content and an apoptotic cell death(Ghadge et aľ, 1997). 
We have also shown that the immunosuppressant, cyclosporin A(CsA), enhanced mutant 
SOD-1-induced apoptosis through a mechanism distinct from its effects on calcineurin’s 
phosphatase activity. In the present experiments, we examined the effect of nonimmuno
suppressant, rotamase inhibitors on cell viability following expression of V148G and wild 
type in NGF-different¡ated PC12 cells. Nonimmunosuppressants potentiated cell death in
duced by V148G expression to the same extent as immunosuppressants, suggesting that 
inhibition of rotamase underlies cell death induced by V148G expression. We transfected 
PC12 cells with wild-type Cyclophilin A(CyPAWT) and CyPA(R55A), which contains a point 
mutation in the active site and has a lower rotamase act¡v¡ty(Helekaг et al, 1997). Although 
overexpressed CyPAWT protected cells from death following V148G expression, 
CyPA(R55A) was not protective, suggesting that the rotamase function of CyPA is involved in 
V148G-induced cell death. A role for rotamase in preventing V148G-induced apoptosis 
raised the possibility that mutant SOD may have an abnormal conformation which leads to 
aggregation. SOD 1-containing aggregates have been reported in motor neurons of FALS 
autopsy brain tissue(Bru¡jn, et al 1997). Immunostaining of PC12 cells(24 hours after fixa
tion) with the anti-human SOD-1 polyclonal antibody showed that V148G-expressing cells 
generally contained more aggregates than mock cells or those expressing WTS0D-1. 
GAPDH and NSE immunostaining did not show this type of aggregation. 3 days after NGF- 
withdrawal, PC12 cells showed SOD-1 aggregation similar to that observed in V148G ex
pressing cells, suggesting that SOD-1 aggregates are not specific for V148G-mediated cell 
death. CsA did not potentiate the SOD-1 aggregation in cells expressing V148G, and Cy
PAWT did not block aggregate formation. Our data suggest that mutant SOD-1 expression 
may lead to protein destabilization. PHS grants DA-02121, MH-40165, NSЗЗO26 to R.J.M, 
and NS-21442 and the ALS association to R.J.M. and R.P.R

188.6
PRECONDITIONING LESIONS AND MOTONEURON INJURY
R. Mariotti1*, E. Toneiorgi2, K, Kπstensson,3 M. Bentivoglio1 'Inst. Anatomy 
and Histology, University of Verona, 2Dept. Biology, University of Trieste, 
Italy; 3Dept. Neuroscience, Karolinska Institute, Stockholm, Sweden 
With a view to delineate the neuroprotective or neurotoxic pathway in 
motoneurons, we performed an experimental manipulation in which a 
preconditioning insult was followed by a test lesion to analyze the effects on the 
response o f facial motoneurons to injury in adult rats. The preconditioning 
lesions included injections o f the immunogenic toxin phytohaemagglutmin, 
according to parameters which in our previous investigation were found to 
result in induction of nitric oxide synthase (NOS) activity in facial 
motoneurons. The test lesion was based on facial nerve transection, which 
results in NOS induction in facial motoneurons and in the death o f 1/3 of these 
cells. Phytohaemagglutmin was injected in the facial muscles for 4 consecutive 
days, and facial axotomy was performed 2 days after the last injection of toxin 
Control experiments included; 1) peripheral saline injections followed by 
axotomy with the same parameters, and 2) peripheral phytohaemagglutmin 
injections followed by the same survival o f the animals subjected to the two-hit 
paradigm. In respect to the control axotomized rats, the sequential lesions 
resulted in additive effects on NOS activity induction in the ipsilateral facial 
motoneurons and macrophage/microglia reaction in the facial nucleus up to 2 
weeks after the axotomy. The study of the rate of motoneuron death in the 
different experimental groups, as well as o f the expression o f glutamate 
receptor subunits and o f the anti-apoptotic gene bcl-2 in the facial nucleus in 
this two-hit paradigm, is at present in progress.
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188.7
Fibroblast growth factoг-9 imшunoreactivity in spinal cord of patients with 
amyotrophic lateral sclerosis. S. Nakamura1,2. K. Arim a1. T. Kanda3. Y. M oto i‘ . K. 
Ikeda1. A. Ueki2* . ‘Department of Ultrastructure and Histochemistry, Tokyo Institute 
of Psychiatry; department of Neurology, Jichi Medical School Omiya Medical 
Center, 1-847 Amanuma-cho, Omiya, Saitama 330, Japan; department of Neurology, 
Tokyo Medical and Dental University

Fibroblast growth factor (FGF)-9 is a ninth member of the FGF family, initially 
purified from human glioma cell line. It is known that FGF-9 is expressed in spinal 
motor neurons. Recently, we observed that FGF-9 has a neuroưophic effect on motor 
neurons in vitro and in vivo. To examine the possible role of FGF-9 on the motor 
neuron system, the expression of FGF-9 in the spinal cord of patients with sporadic 
amyotrophic lateral sclerosis (ALS) was examined by immunohistochemistry using a 
specific rabbit antiserum to FGF-9.

Shrinking motor neurons in ALS spinal cord showed very strong FGF-9 
immunoreactivity, while strong FGF-9 immunoreactivity was observed in motor 
neurons in control spinal cord. A remarkable appearance of FGF-9 immunoreactive 
astrocytes was observed in the corticospinal tract and the anterior horn of ALS spinal 
cord. In conưast, small numbers of astrocytes were faintly stained in the white but not 
gray matter of control spinal cord. In situ hybridization using paraffin embedded rat 
spinal cord revealed the expression of FGF-9 mRNA in motor neurons and astrocytes 
in the white matter. However the expression of FGF-9 mRNA in astrocytes was lower 
than in neurons, and not all astrocytes express FGF-9 mRNA. Our current results 
indicate that FGF-9 may be upregulated in astrocytes in the affected sites and shrinking 
motor neurons. FGF-9 may be involved in the protection and/or progression of disease 
process in ALS.

188.8
CELL DEATH OF CORTICO-MOTONEURONS IN VITRO BY MITOCHON
DRIAL INHIBITION AS A MODEL FOR UPPER MOTOR NEURON DEATH IN 
ALS M.G.H. van We$terlaak12. A.A.M. Gribnau2. E.A.J. Joosten1, and P R. Bär1 
(SPON: H.J. ten Donkelaar*ì1 Lab. for Experimental Neurology, Utrecht Universi
ty, P.O. Box 85500, 3508 GA, Utrecht, the Netherlands. 2 Dept, o f Anatomy and 
Embryology, University o f Nijmegen, The Netherlands.

Amyotrophic Lateral Sclerosis (ALS) is a progressive neurodegenerative disease, 
characterized by loss o f both upper and lower motor neurons. Although most studies 
focus on the lower motor neurons, in this study the cell death o f upper motor neu
rons, cortico-motoneurons, located in layer V o f the cerebral cortex, has been inves
tigated. A cascade o f neurotoxic events, including oxidative stress and excitotoxici- 
ty, that may play a key role in the pathogenesis o f ALS, can be initiated by mi
tochondrial dysfunction. We investigated the effects o f mitochondrial inhibition on 
cortico-motoneurons in 2 week old organotypic cultures o f 1-day-old rat cortex 
slices by chronic treatment with the mitochondrial inhibitor malonate. After fixation 
the cortico-motoneurons were stained with an antibody against non-phosphorylated 
neurofilament, SMI-32. Besides immunoreactivity for SMI-32, cortico-motoneurons 
were identified by their position in the cortex (layer V), their size and pyramidal
shaped morphology. Treatment with malonate resulted in a dose- dependent cortico- 
motoneuron death. After 2 weeks o f treatment with 3 , 5 ,  and 10 mM malonate, 
35%, 57% and 72% of the cortico-motoneurons died, respectively (mean o f three 
experiments). In studies to elucidate the cellular processes involved in malonate- 
induced cell death, preliminary results with PBN suggest a role o f oxygen radicals. 
We conclude that this model can be used to study strategies to prevent upper motor 
neuron death in vitro.

188.9
CHARACTERIZATION OF THE HUMAN AUTOANTIBODIES TO NEURAL 
ANTIGENS ASSOCIATED WITH AMYOTROPHIC LATERAL SCLEROSIS.
G.Goldsteins1,1.Alafuzoff2. P.M.Andersen3. S.Marklund3.I.M.Taгkka2,4* and 
J. Koistinaho1. 'A.I.Virtanen Institute, University of Kuopio, 2Neurology Clinic,
Kuopio University Hospital, P.O.Box 1627, FIN-70211 Kuopio, Finland, department 
of Clinical Neuroscience, Umeå University , S-90185 Umeå, Sweden, 4Neuron, 
FIN-71130 Kuopio, Finland

One of the most intriguing hypotheses concerning the cause of amyotrophic lateral 
sclerosis (ALS) is autoimmunity towards neural proteins. We have previously 
analyzed the human IgG repertoire reactive with neural antigens, and demonstrated 
that certain characteristics of immunophenotype correlate with ALS.
In order to study whether self-reactive antibodies contribute to ALS pathogenesis, 646 
sera from patients with either sporadic or familial ALS and 276 sera from patients 
with other neurological diseases and controls were screened against neural proteins 
from human spinal cord employing semiquantitative immunob!otting.
The IgG repertoire showed a diversity in recognizing human antigens. The statistically 
most significant variation between the patient groups was observed for an antigen with 
apparent molecular weight of 46 kDa. The reactivity with this protein in ALS was 
twice as common as in con⅛ols, being present in 48 % of sporadic cases and 40 % of 
familial cases, but only in 25 % of control sera.
The avidity of autoantibodies to a purified antigen was analyzed by direct ELISA 
which revealed significant differences in apparent affinity constants between ALS and 
control samples. Autoantibodies found in control sera had rather a weak or moderate 
affinity ranging from 10s to 106 M ', while in ALS cases the affinity was higher, 
reaching 108 M '1.
The results suggest that at least in a certain fraction of sporadic cases, autoimmunity 
may contribute to ALS pathogenesis, and one of the possible reasons could be the 
affinity maturation of self-reactive antibodies to neural proteins.

188.10
AN ANIM AL MODEL OF AUTOIM M UNE MOTOR NEUR O N  
D IS E A S E
M. Pellikka». G. Goldsteins. N. Vartiainen and J. Koistinaho
A.I. Virtanen Institute, University of Kuopio, Finland.

Amyoưophic lateral sclerosis (ALS) is a motor neuron disease, which affects both 
upper and lower motor neurons, leading to progressive paralysis and death. While the 
pathogenesis of the sporadic form of ALS is uncertain, immunity against own 
neural proteins is one of the most intriguing hypotheses suggested. Previously two 
immune-mediated animal models resulting in motor neuron destruction in guinea 
pigs have been developed. Since these animal models were created by immunising 
guinea pigs with bovine  ̂neural tissue, our aim was development of a disease model 
using human spinal cord grey matter as an antigen, characterisation of the 
autoantibody repertoire and identification of their targets.

Five Dunkin-Hartley guinea pigs were immunised with human spinal cord grey 
matter homogenate, first in complete Freund’s adjuvant and then 3 times at 4-week 
intervals in incomplete Freund’s adjuvant. In parallel, 3 guinea pigs were similarly 
inoculated without human antigen.

Although all immunised animals showed a similar repertoire of autoantibodies in 
their blood, only one guinea pig demonstrated weakness and muscle atrophy in the 
hind limbs. Immunohistochemical studies revealed infilưations of inflammatory 
cells in spinal cord white matter and presence of IgG around anterior horn motor 
neurons of the sick guinea pig. Asymptomatic immunised and control animals had 
IgG present only in endothelial cells.

The results show that upon immunisation with human spinal cord grey matter 
guinea pigs develop autoimmunity against their own neural antigens. However, the 
symptoms of motor neuron disease may develop only when the breakdown of blood- 
brain barrier and infilưation of IgGs into CNS occur.

188.11
NEUROTOXICITY OF CEREBROSPINAL FLUID (CSFÌ FROM PATIENTS 
WITH MOTOR NEURON DISEASE (MND). T. Tikka1*. N. Vartiainen1. G. 
Goldsteins'. P. Andersen2. S. Marklund2. J. Koistinaho1. 'A.I.Virtanen Institute, 
University o f Kuopio, FIN-70211 Kuopio, Finland; 2University o f Umeå, Sweden.

The MNDs are a heterogenous group of motor disorders that cause a selective 
motor neuron degeneration. The mutation in Cu,Zn-superoxide dismutase (SOD1) 
gene explaines a subset of the familial amyotrophic lateral sclerosis (ALS) and 
progressive bulbar palsy (PBP), but altogether MND probably involves interaction 
of many pathological mechanisms such as excitotoxicity, free radical accumulation 
and immunological disturbances. Because sera/CSF from MND patients may 
contain neurotoxic factors, we studied the effects of 26 MND and 25 control CSF 
samples on rat spinal cord (SC) neurons.

Primary SC cultures from 14-d old rat embryos were exposed to 25% CSF for 20 
h. The cell death was quantitated by measuring LDH release and counting 
apoptotic and condensated bis-benzimide-stained cells. Neurofilament (NF) 
phosphorylation was determined using antibodies to phosphorylated and non- 
phosphorylated NFs. The CSF samples were divided into four groups according to

Group I Group II Group III Group IV
Cell death - 2,7-fold 3,6-fold 4,3-fold

NF phosphor 3-fold 2-fold 1,5-fold 1,4-fold
Control 100,0 ( 11) 61,2(11) 7,7(1) 22,2 (2 )

PBP 0,0  (0 ) 22,0 (4) 38,5 (5) 0,0 (0 )
ALS 0,0 (〇) 16,6 (3) ...  53,8(7) 77,8(7)
Total 100% ( 11) 100% (18) 100% (13) 100% (9)

The NF phophorylation seems to correlate with neuronal survival. The effects ď  
the human CSF on rat SC cultures are heterogenous, no relevant correlation 
between apparent toxicity and SOD1 mutation was observed. Nevertheless, a 
substantial subgroup of ALS patients have neurotoxic factors in CSF, whereas 
among PBP only mild (group 2) and moderate (group 3) neurotoxicity is found, 
supporting the hypothesis of different pathogenesis in ALS and PBP.

188.12
THERAPEUTIC BENEFITS OF PUTRESCШE-MODIFIED CATALASE IN A 
TRANSGENIC MOUSE MODEL OF FAMILIAL AMYOTROPHIC  
LATERAL SCLEROSIS. Monica M. Reinholz*. Carotin J. Merkle. and Joseph
F. Poduslo. Mayo Clinic and Foundation, Rochester, MN. 55902

Familial amyotrophic lateral sclerosis (FALS) is an age-dependent, paralytic 
neurodegenerative disorder. Mutations in copper/zinc superoxide dismutase (SOD1) 
gene occur in at least 20% of FALS cases, and these mutations have been used to 
develop ưansgenic mouse models of FALS. The mechanism by which SOD1 
mutations result in motor neuron degeneration partly involves oxidative damage and 
an increased peroxidase activity of the mutant SOD1. A new therapeutic approach 
designed to eliminate the substrate of this peroxidase activity (hydrogen peroxide) 
was examined in transgenic mice expressing the FALS-linked mutation glycine to 
alanine (G93A). Pre-clinical trials with these mice examined the ability of 
putrescine-modified catalase (PUT-CAT), an antioxidant enzyme that removes 
hydrogen peroxide and has increased permeability at the blood-brain barrier, to 
modify the time course of the SOD1 mutation-induced motor neuron disease in these 
FALS mice. Approximately 1000 U/day of PUT-CAT, native catalase (CAT), or 
phosphate-buffered saline (PBS) was continuously administered by subcutaneously- 
implanted, mini-osmotic pumps (Alza) to normal mice and a high expressor line of 
FALS transgenic mice (Gurney Gl/H line; gene copy number; 25) starting at 
approximately 30 days of age. PUT-CAT had significantly delayed (p < 0.001) the 
age at which clinical onset of disease occurred (indicated by loss of splay and/or 
tremors of hindlimbs) in FALS ưansgenic mice by 21 days compared to the age at 
which clinical onset occurred in the PBS-freated FALS mice. PUT-CAT also had 
delayed (p < 0.001) the age at which clinical weakness developed (indicated by 
shortening of sfride length) in the FALS animals by 25 days compared to the age at 
which clinical weakness developed in the PBS-treated FALS mice. CAT significantly 
delayed clinical onset by 11 days (p < 0.01) and the development of clinical 
weakness by 13 days (p < 0.01) compared to that of the PBS-treated mice. No 
significant changes were seen on survival times in the FALS transgenic mice in any 
ofthe ưeatment groups. These results support the role of oxidaüve-mediated damage 
in the initiation of motor neurodegeneration in FALS and indicate that catalase 
interacts with this critical initiation step to delay the onset of clinical disease as well 
as the development of clinical weakness in FALS transgenic mice. (Supported by 
NIH Grant ROl-NS35O74 and the Mayo Foundation).
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188.13
MUTANT SOD 1 -MEDIATED AMYOTROPHIC LATERAL SCLEROSIS 
DISEASE ONSET, PROGRESSION AND PATHOLOGY IS INDEPENDENT OF 
WILD-TYPE PROTEIN.L. I. Bгuiin^\ S. Kato3. A. G. Reauшe4. D. W. Cleveland.1-2 
Ludwig Institute for Cancer Research and 2Departments of Medicine and Neuroscience, 
Univ, o f California, La Jolla, CA 92093. institute o f Neurological Sciences, Faculty 
o f Medicine, Tottori University, Japan; 4Department o f Molecular Biology, Cephalon 
Inc, West Chester, PA 19380;

The discoveiy o f missense mutations in Cu/Zn superoxide dismutase (SOD1) as 
the primary cause o f 15-20% o f familial amyoưophic lateral sclerosis (ALS) cases has 
focused attention on how these mutants cause disease. Transgenic mice expressing 
familial ALS-linked mutations in SOD1 have proven that motor neuron degeneration 
arises from an as yet unidentified toxic property(ies). One proposal for a disease 
mechanism is that the mutant enzyme may be so unstably folded that it precipitates to 
form toxic aggregates and that these aggregates may sequester important components 
such as wild type SOD1. To determine whether the endogenous w ild type SOD1 
subunits participate in the mechanism o f disease we examined, using antibodies 
recognizing wild type but not mutant SOD1, whether w ild type SOD1 subunits are 
components o f inclusions in human disease. Furthermore, mice developing motor 
neuron disease from expression o f ALS-linked mutant SOD1 G85R were mated with 
1) mice expressing wild type human SOD1 to a level six fold above the level of 
endogenous mouse SOD1 or 2) mice carrying a targeted deletion o f the endogenous 
SOD1 gene to test whether altering the levels o f wild-type SOD1 would affectdisease 
onset and/or progression. We demonstrate that both wild type and mutant protein are 
present in glial and neuronal inclusions, however there is no difference in the age at 
disease onset or progression in mice expressing mutant SOD1 in the presence of 
elevated w ild type SOD1 or in the absence o f endogenous SOD1. This study reveals 
that although w ild type protein is a component o f the inclusions in human disease, 
the toxic property(ies) o f mutant SOD1 is independent o f the wild type SOD1 and 
cannot be alleviated by elevating or lowering SOD 1 activity.

Muscular Dystrophy Association Fellowship

188.15

GENE TR ANSFER INTO HUM AN SPINAL C O RD IN  V IT R O  
W.E. G rever1* G. A csad i2, R. Anquelov3, A. Jani4, W .D. Lym an1,2 

C h i ld r e n ’s  R e s e a rc h  C e n te r  o f  M ic h ig a n ; 2D e p t, o f  P e d ia tr ic s ; 3C e n te r  fo r  
M o le c u la r  M e d ic in e  a n d  G e n e tic s ; a n d  4D e p t. o f  N e u ro lo g y , W a y n e  S ta te  
U n iv e rs ity  S c h o o l o f  M e d ic in e , D e tro it, M l 4 8 2 0 1  U S A

M otor neuron d iseases such as spinal m uscu lar a troph ies (SM A) and 
am yotrophic lateral sc lerosis (ALS) are am ong the  m ost prevalent 
neurom uscular disorders. The main clin ica l p resentations o f SM A and ALS 
are progressive m uscle weakness and atrophy, which are secondary to the 
degeneration o f ante rio r horn ce lls in these conditions. A  genetic  basis has 
been proposed fo r SM A and fam ilia l ALS because there are genes tha t appear 
to segregate w ith each disease. However, the pathogenesis is not well 
understood and there is currently no e ffective  therapy.

O ur goal was to investigate  the neuroprotective  e ffects o f grow th factors 
such as g lia l-derived neurotroph ic facto r (G DN F) on hum an sp ina l cord m otor 
neurons by transferring growth facto r cD N A  into ce lls o f the sp ina l cord. The 
gene transfe r techn ique was tested using rep lica tion defective  adenovirus 
(AVR) conta in ing the LacZ reporte r gene encoding ß-ga lactosidase. Normal 
fetal hum an spinal cord was cut into 8 OOµm transverse  sections and 
m aintained in a serum -free medium . Spinal cord s lices w ere  in fected w ith 109- 
101° PFU o f AVR LacZ  or AVR GD NF. O ne w eek a fte r infection, robust gene 
expression w as detected in va rious cell types including glia in the developing 
white  m atter and endothelia l ce lls gray m atter respective ly. LacZ expression 
was also observed in ce llu lar processes in the area o f m otor neurons. G DNF 
was detected by ELISA in the cu lture  supernatant one w eek a fte r cu ltures 
were infected w ith an adenovirus conta in ing cD N A  for that grow th factor. This 
cu lture  system  has the potentia l to be a va luab le  m odel to study neurotroph ic 
gene therapy for spinal cord diseases. This re s e a rc h  w a s  fu n d e d  b y  th e  
C h ild re n 's  H o s p ita l o f  M ic h ig a n  E n d o w m e n t F u n d  a n d  M H 4 6 8 1 5 .

188.14

YAC CONTIG MAP OF THE RECESSIVE FAM ILIAL AMYOTROPHIC 
LATERAL SCLEROSIS LOCUS ON HUMAN CHROMOSOME 2qЗЗ.
P C. Sapp12, B A, Hosier1, G. ONeill1, K. Beiaoui1. W. Chin12. D, McKenna- 
Yasek1. J.W. Francis1*. H R. Horvitz2. R.H. Brown Jr1. ’Cecil B. Day 
Laboratory for Neuromuscular Research, Neurology Service, Massachusetts 
General Hospital, MGH-East, Building 149, 13th Street, Charlestown, MA 
02129; ¾oward Hughes Medical Institute, Department of Biology, 
Massachusetts Institute o f Technology, Cambridge, M A 02139. H.R.H. is an 
investigator o f the HHMI.

Familial recessive amyotrophic lateral sclerosis (FALS-AR), a progressive 
motor neuron disease with juvenile onset, has previously been genetically 
linked to a locus on chromosome 2qЗЗ-35. Haplotype analysis has defined a 
linked region o f 1.7 cM. Using publicly available YAC libraries and YAC 
end-cloning, we have generated a YAC contig across this locus. The physical 
distance across the region spans approximately 3 Mb. In generating the contig, 
we have detected several new polymorphic and STS markers within the region. 
With this contig, we have defined several candidate FALS-AR genes and ESTs 
in the locus. These are cшгently being screened for mutations in affected 
members of a FALS-AR pedigree linked to 2qЗЗ. These studies were 
supported by the Howard Hughes Medical Institute and by grants from the 
NINDS, ALSA, and the MDA.

N EU R O PSY C H ÏATR IC  D ISO R D ER S II 

189.2189.1

GLUTAMATE RELEASE IN THE NUCLEUS ACCUMBENS IS 
DIM INISHED IN ANIM ALS W ITH KAINIC ACID-INDUCED  
LIM BIC -C O R TIC A L N EU R O PA TH O LO G Y . E.A. Person. J.D. 
Henry. M.E. Bardeett* & J.G. Csemanskv. Dept, o f Psychiatry, Wash. 
Univ. Sch. Med., St. Louis, MO 63110.

Intraventricular administration o f the excitotoxin, kainic acid, 
produces neuronal loss in several limbic-cortical structures, most 
notably in the hippocampus. These structures provide glutamatergic 
input to forebrain targets o f the mesolimbic dopamine system, 
including the nucleus accumbens, and the limbic-cortical damage 
produced by kainic acid is associated with a variety o f biochemical and 
behavioral disturbances related to mesolimbic dopamine function. This 
study was designed to determine if kainic acid-induced limbic-cortical 
neuropathology reduced glutamatergic input into the nucleus 
accumbens. Adult male animals received bilateral intraventricular 
infusions o f either kainic acid (3.0 nmol in 1 µ l) or artificial 
cerebrospinal fluid (ACSF) as a control. One month later, a 
microdialysis experiment was performed in awake animals and samples 
were obtained from a microdialysis probe positioned in the medial 
nucleus accumbens. Basal levels o f  extracellular glutamate did not 
differ between the groups. However, unlike control animals, lesioned 
animals did not demonstrate significant elevations in extracellular 
glutamate concentrations after the addition o f potassium to the dialysis 
buffer. These data demonstrate that limbic-cortical neuropathology is 
associated with impaired m esolimbic glutamate release and the 
implications for psychiatric disorders marked by limbic-cortical 
neuropathology will be discussed. Supported by MH01109 to MB.

IN  VITRO MODEL OF V-METH YL-D-ASP ART ATE RECEPTOR 
ANTAGONIST-INDUCED NEUROTOXICITY. S.S. Shim⅝шdT.J.
Tevleг Dept, of Neurobiology, Northeastern Ohio Universities College 
of Medicine, Rootstown, OH 44272.

The systemic administration of V-methyl-D-aspartate receptor (NMDAR) 
antagonists produce neuronal injury in limbic forebrain including the 
hippocampus, which may be associated with NMDAR antagonist-induced 
psychosis. The mechanism by which NMDAR antagonists produce neuronal 
injury is unclear. We produced NMDAR antagonist-induced neuronal injury 
by exposing hippocampal slices to phencyclidine (PCP) to create an in vitro 
model o f the drug-induced neurotoxicity.

Slices were superfused by artificial high potassium cerbrospinal fluid 
containing 100 uM PCP for five hours. Control slices were superfused with 
high potassium artificial cerbrospinal fluid without PCP. At the completion of 
superfusion, slices were fixed, sectioned and stained with crystal-violet. 
Stained sections were examined under a light microscope. Enlarged, pale 
nuclei, swollen distorted cell bodies and cytoplasmic vacuoles of various sizes 
were observed in granule cells in the dentate gyrus, pyramidal cells in CAЗ 
and CA4 and intemeurons between CA4 and granule cell layers. In contrast, 
minimal pathomorphology was detected in area CA1 and in control slices.

We provide the morphological evidence that NMDAR antagonist-induced 
neurotoxicity in vivo also occurs in vitro. Since the hippocampus is the target 
of NMDAR antagonist-induced schizophrenia and the best documented 
pathology of schizophrenia, this model may be useful in investigating the 
pathophysiology of schizophrenia
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189 3

TGF-ßl EXPRESSION IS D E C R E A SE D  IN H Y D R O C E PH A L U S  
OF H-TX RAT BR AINS X.G. Cai1. J.V. Pattisaou1. J.S. Gibson'. R.W. 
Tamuzzer2 and C. Fernandez-Valle3* .1 Wade's Center for Hydrocephalus 
Research Orlando Regional Health Research Institute, Orlando, FL 32806; 
^Division of Endocrinology and Metabolism, Dept of Medicine, University of 
Florida, Gainesville, FL 32610 and 3Dept o f Molecular Biology and 
Microbiology. University of Central Florida, Orlando, FL 32816

Transforming growth factor-ßl (TGF-ßl) is a cytokine with diverse 
biological effects Overexpression of TGF-ß 1 in mice has been shown to induce 
hydrocephalus. To further understand the role of TGF-ßl in the pathogenesis of 
hydrocephalus, we liave studied TGF-ßl expression in brains of H-Tx, a rat model 
of hydrocephalus. Total RNA was isolated from brains of 3-day and 3-week old 
phenotypically normal and hydrocephalic H-Tx rats and normal Sprague-Dawley 
(SD) rats. TGF-ßl was amplified from isolated RNA by a quantitative RT-PCR 
in the presence of a competitive TGF-ßl template. Tire amplicons were 
quantitated using the NIH-Image program. The results showed tliat in both age 
groups, TGF-ßl expression was decreased in normal and hydrocephalic H-Tx rats 
compared to SD rats. In the 3 day old group, the TGF-ßl expression w as 3.5X106 
copies/ug RNA in SD rats, 8X105 copics/ug RNA in the normal H-TX rats, and 
4.5XЮ5 copies/ug RNA in hydrocephalic rats. In the 3 week old group, the TGF- 
ßl expression was 2X104 copies/ug RNA in SD rats. 1X101 copies/ug RNA in the 
normal H-TX rats, and ЗX103 copies/ug RNA in hydrocephalic rats. Our data 
indicated that TGF-ßl expression is decreased in the hydrocephalic H-Tx rats 
Although the explanation for this finding is unknown, it is possible that this might 
be an outcome of. rather than the cause of the disease.
This work is supported through the ORHS hydrocephalus foundation

189.5
MODULATION OF OXIDATIVE METABOLISM AND GLUTAMATE RECEPTOR 
DENSITY BY SUBCHRONIC PHENCYCLIDINE TREATMENT IN  THE RAT. M.E.R. 
Butchbach,12-* J·D· Jentsch,3 R.H. Roth4-5 and D.S. Higgins Jr1. Шept. of Neurology and 
2 Ohio State Biochemistry Program, The Ohio State University, Columbus O H 43210; 
¾ect. of Neurobiology, 4Dept. o f Pharmacology and 5Dept. o f Psychiatry, Yale Univ. Sch. 
of Med., New Haven CT 06510.

Phencyclidine (PCP) induces psychotic behaviors in otherwise normal individuals. 
Repeated PCP administration produces neurochemical and cognitive changes in 
monkeys similar to those seen in schizophrenia (Jentsch et al., Science 277:953, 1997). 
Hypoactivity of mesoprefrontal (mPFC) dopaminergic neurons has been implicated in 
the pathogenesis of schizophrenia. Hypoŕrontality and hypoactivation o f glutamatergic 
neurons has also been suggested. This study investigated the effects of subchronic 
administration o f PCP (5 m g /kg  BID for 7 d, 5 d washout) on enzymes of intermediary 
metabolism and ionotropic glutamate receptors. Enzyme histochemistry and receptor 
autoradiography were used to measure the effect o f PCP exposure w ith in  discrete 
regions of the rat brain. A  moderate (lЗ±2%, p<0.05) decrease in  isocitrate 
dehydrogenase activity was observed in  the dentate gyrus (DG) w ith  a smaller 
decrease observed in  mPFC. PCP treatment yielded a slight (<5%) decrease in  maximal 
cytochrome c oxidase activity in mPFC and no change in  DG. N itric  oxide synthase 
activity decreased by l5±2% (p<0.0075) in  DG and by 8±2% (p<0.05) in  mPFC by PCP 
treatment. Little change in  specific pH]MK8Ol and pH ]AM PA  bind ing was observed 
in mPFC or DG. These data suggest a PCP-induced hypometabolism w ith in  
corticolimbic circuits affected in  schizophrenia. Robust effects o f PCP treatment in  the 
hippocampus suggests that alterations w ith in  this brain region may be, as w ith  other 
models, a component of the PCP model of schizophrenia. Investigation o f the metabolic 
impact of PCP exposure on dopaminergic circuits is ongoing. (Supported by PHS 
AG0075ĩ-02 and the Dept, of Neurology, Ohio State Univ. (DSH) and PHS MH57483 
(RHR)).

189.7

NEONATAL VENTRAL HIPPOCAMPAL LESIONS PRODUCE AN 
ELEVAΉON OF ΔFosB-LIKE PROTEIN(S) IN THE RODENT NEOCORTEX
C.J. Lee1*. T. Binder1. B.K. Lipska2. Y. Zhu*. D.R. Weinberger2. Y. Nakabeppu3,
G.S. Robertson1. 'Dept, o f Cellular and Molecular Medicine, Univ, o f Ottawa, 451 
Smyth Rd. Ottawa, ON, Canada, K1H 8M5; 2Clinical Brain Disorders Branch, National 
Institute o f Mental Health; 3Dept. o f Biochemistry, Kyushu University.

Bilateral excitotoxic lesions o f the ventral hippocampus performed on 
seven day old rat pups results in animals which develop normally until puberty 
when they begin to demonstrate features reminiscent o f schizophrenia. This 
behavioural profile is presumed to reflect overactivity o f the mesolimbic 
dopaminergic system and is ameliorated by antipsychotic drugs. However, the 
mechanisms responsible for the emergence o f these behaviours during 
development have not yet been established. We have recently demonstrated that 
the immediate-early gene product ΔFosB can be used to identify neurons which 
are activated by chronic alterations in dopaminergic neurotransmission. In the 
present study, we compared the distribution o f ΔFosB immunoreactive neurons 
in animals which had received bilateral ventral hippocampal lesions as neonates 
(PD7) or adults (PD42). A third group o f animals injected with artificial CSF 
(PD7) served as sham controls. Destruction o f the ventral hippocampus in 
neonates produced a dramatic elevation o f ΔFosB immunoreactivity in the adult 
cortex. This increase was not observed in the cortex o f rats lesioned as adults 
suggesting that ΔFosB induction in neonatally-lesioned rats was a consequence 
of altered cortical neurodevelopment. These findings suggest that animals which 
have sustained ibotenic acid lesions o f the ventral hippocampus as neonates 
suffer from excessive cortical excitation as adults and that similar changes may 
occur in schizophrenia. (Supported by Ontario Mental Health grant 161-4308).

189.4
DO PAM IN E D4 RECEPTORS ARE S TR A TE G IC A LLY  LO C ALIZED  FOR 
P RIM ARY INVO LVEM EN T IN THE PRESYNAPTIC  EFFECTS OF DO PAM INE 
IN THE RAT NUCLEUS ACCUM BENS SHELL. A.L. Svinαos». S. Periasam vand
V.M . P icke l. Deptartm ent of Neurology and N euroscience, Cornell University 
Medical College, New York, NY 10021.

The shell region of the nucleus accum bens (AcbSh) is uniquely involved in the 
therapeutic e fficacy of clozapine, an antipsychotic m edication that has a high 
affin ity fo r dopam ine D4 receptors. U ltrastructural im m unocytochem ical analysis 
o f an antipeptide antibody aga inst the D4 receptor, and an antibody fo r the 
catecholam ine  synthesizing enzym e tyrosine hydroxylase (TH) were used to 
determ ine the 1 ) m ajor ce llu lar sites fo r D4 receptor activation, and 2 ) spatial 
relationship between the D4 receptor and catecholam inergic a fferents in the AcbSh, 
most of which are dopam inergic. Of 1,016 D4 receptor-labeled profiles, 65%  were 
axon term inals and axons, and the remainder were dendrites, dendritic spines, and 
glia. The term inals were heterogenous in size and e ither lacked recognizable 
synapses, or form ed synapses with poorly defined m em brane specia lizations. 
W ith in term inals and axons, D4 receptor immunoreactivity was localized to plasma 
and vesicular membranes. Of 470 D4 receptor-im munoreactive term inals examined 
in tissue processed for dual labeling, 56% apposed other term inals that contained 
TH  im munoreactivity, and 17% also conta ined labeling fo r TH. In dendrites and 
spines, D4 receptor labeling was localized to nonsynaptic portions of the p lasm a 
m embrane that were sometimes apposed by TH-labeled term inals. These results 
suggest that in the AcbSh, D4 receptors are p rim arily involved in regulation of the 
presynaptic release of non-catecholam inerg ic neurotransm itters, but also play a 
role in the presynaptic release and postsynaptic responses of dopam ine. 
(Supported by The Stanley Foundation and NIMH grant MH 00078)

189.6
DIFFERENTIAL EFFECTS OF MK-801 ON CEREBROCORTICAL 
NEURONAL INJURY IN C57BL6J (INBRED) AND NON-SWISS ALBINO 
(OUTBRED) MICE. G. Brosnan-Watters'*. B. Gonzales1. T. Ogimi1, J. 
Shapiro1. D. Ford1. D. Gilliam1. E.J. Bilskv2. 'Departments of Psychology and 
⅛iological Sciences, University of Northern Colorado, Greeley, CO 80639.

Antagonists of the NMDA glutamate (Glu) receptor, including MK-801, injure 
pyramidal neurons in the posterior cingulate/retrosplenial (PC/RS) cortex when 
administered sytemically to adult rats. This same effect has also been demonstrated 
in male ICR mice (an outbred strain).' A 1 mg/kg dose of MK-801 reliably 
produces cytoplasmic vacuoles in layers III and IV of the PC/RS cortex in 100% 
of mice treated, although no other pathomorphological changes are seen elsewhere 
in the brain at this dose. The question raised was whether this same effect would 
be seen in other strains of mice. Thus, the effects of 1 mg/kg MK-801 were 
compared in male Non Swiss Albino (NSA) mice, an outbred strain, and male 
C57BL6J (B6) mice, an inbred strain. The histological examination consisted of 
administering 1 mg/kg of MK-801 to the mice (n=8 of each strain), sacrificing 
them via intracardiac perfusion 5 hours later, sectioning at 1 micron, and 
examining the PC/RS cortices using light microscopy. In the current experiments, 
there was a significant difference between the two groups in the number of 
vacuolated neurons in this area, with the B6 mice having significantly fewer 
vacuolated neurons than the NSA mice (mean B6 = 7, mean NSA = 41.5, p=.05). 
Ongoing research is addressing the behavioral consequences of the observed 
differences in pathology. Furthermore, this research has relevance in the research 
into the NMDA receptor hypofunction theory of schizophrenia. This research was 
funded by UNC Research Corporation (GB-W).

189.8
O R G A N IZ A T IO N A L  E FFE C TS  O F E S TR A D IO L  ON D O P AM IN E  
TURNOVER. Ł .  W ill ia m s 1 », F. B e ll1 ̂ _NL_D_eLashaw2,..L·_EЦzQnda1 

and T- Ham m e tt1. 1Dept. B iol. Sci., S outheastern  O klahom a State 
U n iv ., D u ra n t O K 7 4701 ; 2ŢЄχas W om an ’s Un iv., Denton, TX 
7 6 2 0 4 .

The c lassica l v iew of sch izophrenia  is tha t of a d isease involving 
an o verac tive  CN S  dopam inerg ic  system . G ender d iffe rences  in 
sch izophren ia  are very prevalent. Such d iffe rences m ay be due to 
pe r ina ta l s te ro id  e ffe c ts  on b ra in  deve lopm en t. There fo re , the
e ffects  o t neonatal estrad io l treatm en t on dopam ine tu rnove r were 
exam ined in th is  study. Three day old male F isher 344 rat pups 
were castra ted  o r sham  opera ted  and fem ale  pups were in jected 
s .c . w ith  1 µg e s trad io l benzoa te  o r ve h ic le . A n im a ls  were
sacrificed between 60 and 65 days of age. Fem ales were sacrificed 
at the p roestrous, estrous, and d iestrous stages o f the cycle. The 
p re fro n ta l co rte x  and s tria tum  w ere  d issec te d  out, and tissu e  
h om og en a te s  w e re  p re pa re d . The  le v e ls  o f d op am in e  and 
h o m o v a n illic  ac id  w e re  d e te rm in e d  by HPLC a n a ly s e s  us ing  
e lectrochem ica l detection. Neonatal treatm ent decreased dopam ine 
tu rnove r in fem ales and increased  tu rnove r in m ales. In fem ales, 
d op am in e  d ec rea ses  w ere co rre la te d  w ith  e s trog e n  in c re ase s  
during  the  cycle .

Funding provided by N IG M S grant num ber 1 R21 GM54420-01.
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1 8 9 .9

WITHDRAWAL FROM A BINGE-LIKE DOSE OF </-AMPHETAMINE REDUCES 
MOTIVATION TO OBTAIN NATURAL REWARDS IN MALE RATS A.M.Barr*.
D.F.Fiorino and A.G.Phillips. Department o f Psychology, University o f British 
Columbia, BC, CANADA, V6T 1Z4.

Psychostimulant withdrawal in humans is associated with numerous depressive- 
like symptoms, including anhedonia and anergia. Similar deficits have been found 
in rats subjected to psychostimulant withdrawal, assessed mostly by alterations in 
their responding for reinforcing intracranial self-stimulation o f different brain sites. 
The cuưent experiments used a binge-like dose o f ̂ -amphetamine to determine if  
withdrawal from this drug could be shown to decrease subjects’ motivation to 
obtain natural rewards. In the first experiment, rats were trained to lever press 
under a progressive ratio schedule o f reinforcement for a weak sucrose solution. 
After training, half o f the rats were subjected to the ¢/-amphetamine schedule, 
while the other half received vehicle. Withdrawal from the drug was associated 
with significantly reduced breakpoints, but free consumption o f the solution 
remained unaffected. In the second experiment, male rats were trained to copulate 
with estrous female rats in modified bi-livel chambers, with a 5 minute 
precopulatory phase followed by unlimited access to the female for a subsequent 
25 minutes. Following seven training sessions, half o f the rats received the d- 
amphetamine schedule, and the other half received vehicle. Rats experiencing 
drug withdrawal showed reductions in several motivational components o f sexual 
behaviour, including anticipatory locomotor activity and post-ejaculatory intervals, 
while most consummatory components remained unaffected. The results from 
these two experiments suggest that withdrawal from J-amphetamine in rats may be 
more closely associated with a reduction in their motivation to obtain natural 
rewards, rather than a decrease in their capacity to consume such rewards. Funded 
by MRC Canada.

1 8 9 .1 1

ANTIPSYCHOTIC DRUGS INCREASE TYROSINE HYDROXYLASE 
IMMƯNOREACTIVITY AND INDUCE CYTOPLASMIC GRANULES 
IN PC 12 CELLS. O. Kontkanen*, G. Wong and E. Castгén. A.I.Virtanen 
Institute, University of Kuopio, P.O.Box 1627, FIN-70211 Kuopio, 
Finland.

Antipsychotic drugs are dopamine D2 receptor antagonists. The effect 
on D2 receptors is immediate, however, the clinical response takes several 
days or weeks to fully develope. We are interested in the effects of  
chronic antipsychotic treatment and use exposure to neuronal cell lines 
as a model. This study characterizes some effects of acute and chronic 
antipsychotic treatment on PC 12 cells.

PC 12 cells were plated on collagen coated plastic chamber slides and 
cultured in 15% serum in the presence of 0,1-10 µM chlorpromazine 
(CPZ) or differentiated with nerve growth factor (NGF, 50 ng/ml) in 1 % 
serum. After various time periods of CPZ exposure (1-7d) the cells were 
fixed and stained with anti-tyrosine hydroxylase (TH) antibody. CPZ (1- 
10 µM) increased TH-immunoreactivity in both undifferentiated and 
differentiated cells after 3d. Differentiation of the cells alone did not 
affect the intensity of immunoreactivity. CPZ also induced the 
appearance of cytoplasmic granules within 36 hours of exposure to the 
drug. Formation of granules was not observed with 1 µM treatment, but 
showed dose dependence in their density with 3 µM and 10 µM 
application of CPZ. CPZ appeared to be toxic to PC 12 cells after 7 days 
of exposure at the concentration of 10 µM. Granule formation was also 
observed with the exposure to 10 µM haloperidol for 5 days in culture.

Future experiments using primary neuronal cultures may help to 
understand the significance of cytoplasmic granules in antipsychotic 
drug action. This study is supported by the Academy of Finland and 
Sigrid Juselius foundation.

1 8 9 .1 3

ADENOVIRAL GENE TRANSFER OF CNTF AND NAIP CAN RESCUE 
MOTONEURONS AFTER NEONATAL SCIATIC NERVE AXOTOMY.
D. Perrelĉť, Y. Sagot1, A. MacKenzie2, G.M. Smith3 and A.C. Kato1*.
‘Division Clin. Neuromus. Res. &  Dept. APSIC, Faculty o f Medicine, Geneva, 
Switzerland; 2Mol. Gen. Res. Lab., Ottawa, Canada; 3Dept. Anaesthesiology &  Pain 
Management, Univ. Texas Southwestern Medical School, Dallas, Texas.

Neurotrophic factors and anti-apoptosis molecules have been shown to afford 
ņeuroprotection to injured rodent motoneurons following neonatal axotomy. In most 
o f the studies to date using this experimental paradigm, the factors were applied as a 
single bolus directly onto the lesioned nerves and their rescue effects were found to 
decline at time-points beyond one week. The goal o f our experiments was to 
determine whether administration o f neurotrophic factors (CNTF and BDNF) and 
NAIP (neuronal apoptosis inhibitory protein) via adenoviral gene transfer could 
rescue motoneurons on a long-term basis. Adenoviral vectors were applied onto the 
proximal sciatic nerve stump in 4 day old rats by a capping technique (106 to 
2.25xl07 pfu in a volume of 3 µl). The fluorescent tracer, fluorogold was 
simultaneously administered as a means for quantitatively assessing the rescue of 
fluorescently-labelled motoneurons in serial sections o f the lumbar spinal cord. 
Control experiments using an adenovirus expressing the lacZ gene showed that 13% 
o f the sciatic motoneuron pool was transfected. After 1 week survival, Adv-CNTF, 
Adv-BDNF and Adv-NAIP were all capable o f rescuing 26 % o f the motoneurons, 
whereas at 2 weeks, only vectors with CNTF and NAIP were effective (41 % as 
compared to control). At 3 weeks, none o f these agents were active probably due to a 
decrease in transgene expression inside the target neurons. In addition, adenoviral 
vectors were administered into the gastrocnemius muscle 3 days prior to axotomy; 
this "pre-treatment" paradigm did not increase motoneuron rescue, (supported by the 
Swiss National Science Foundation and the French Muscular Dystrophy Association)

1 8 9 .1 0

SUPERSENSITIVE GROWTH HORMONE RESPONSES  
FOLLOWING PYRIDOSTIGMINE CHALLENGE IN A GENETIC 
ANIMAL MODEL OF DEPRESSION D.H. Overstreet*. G.A. 
Mason. Y. Yang and A H. Rezvani. Dept. Psychiatry, Univ. No. 
Carolina, Chapel Hill, NC 27599-7178.

Pyridostigmine is an anticholinesterase agent that has been widely 
used to study cholinergically induced growth hormone responses in 
humans and has also been widely prescribed as a prophylactic in 
soldiers deployed in the Persian Gulf War. One o f  the subgroups o f  
humans who exhibit exaggerated growth hormone responses to 
pyridostigmine are individuals with major depression. It was 
predicted, therefore, that the Flinders Sensitive Line (FSL) rat, a 
genetic animal model o f  depression achieved by selective breeding for 
increased cholinergic responses, would exhibit greater growth 
hormone responses following a challenge with pyridostimine than the 
control Flinders Resistant Line (FRL) rat. Both sexes o f  the FSL, FRL 
and randomly bred Sprague-Dawley (SD , Harlan) rats were given 
either saline vehicle or 4, 12, or 36 mg/kg pyridostigmine by gavage 
and sacrificed by decapitation 30 min later. Telemetrically monitored 
temperature and activity measures, which did not differ, were reported 
at a previous meeting. The serum was analyzed for growth hormone 
using a kit from the NIDDK. Pyridostigmine produced in all groups 
an elevation o f  growth hormone that followed an inverted U-shape 
function, with highest levels being produced by the 12 mg/kg dose. 
The FSL and SD rats exhibited higher levels o f  growth hormone than 
the FRL rats at the doses o f  4 and 12 mg/kg. Thus, these data confirm 
the cholinergic supersensitivity o f  the FSL rats using an endocrine 
challenge procedure which has reported a similar exaggerated response 
in depressed individuals. Supported by a contract from the U  S. Army.

1 8 9 .1 2

EFFECT OF PROPOFOL INFUSION ON TYROSINE HYDROXYLASE IN THE 
NUCLEUS ACCUMBENS. H.C. Gray1. P.A. Merrifield1. A. Gelb2. D.F. Cechetto1*. 
Depts. of Anatomy and Cell Biology1 and Anaesthesiology2; Univ. Western Ontario; 
London Health Sciences Center; London, Ontario, Canada, N6A 5C1.
Propofol (2,6 diisopropylphenol) is an intravenous anaesthetic used for both the 
induction and maintenance of general anesthesia. It has many non-anesthetic actions, 
including cardiovascular depression, antiemetic and neuroexcitatory effects as well as 
behavioral changes, which may be due to effects on specific neuroưansmitter systems. 
Previous studies using immunohistochemistry indicate a significant decrease in 
tyrosine hydroxylase (TH) in the nucleus accumbens (Acb) three days following a six 
hour, sub-anaesthetic, propofol infusion. In addition, rats receiving propofol exhibit 
a decrease in amphetamine stimulated rearing, a behavior shown to be mediated by 
dopamine release in the Acb. We used Western Blot to quantify the difference in TH 
levels in male Wistar rats infused with propofol or with Intralipid® (conưol). For 
comparison, experiments using isoflurane and the appropriate control group were also 
carried out. Three days post-infusion the animals were decapitated, the brains 
removed and frozen, and micropunches of neural tissue were obtained from the Acb, 
the caudate putamen, the lateral frontal cortex, and the insular cortex. Proteins were 
separated using SDS-PAGE, electrophoretically transſered onto nitrocellulose paper 
and TH localized using immunochemistry with a chemiluminescent substrate. 
Densitometry was used to quantify TH. The results indicate a l34S5% reduction in TH 
levels in the Acb of animals receiving propofol anesthesia compared to the Intralipid® 
control group. No change was observed in the other brain regions. A reduction in TH 
in the Acb suggests a decrease in the activation of the dopaminergic system consistant 
with the behavioral results. Overactivity of the dopaminergic system in the mesolimbic 
system is believed to be involved in the manifestation of schizophrenic symptoms. A 
reduction in TH provides evidence that sub-anaesthetic doses of propofol may be an 
effective anti-psychotic agent.

1 8 9 .1 4

ALTERATIONS IN NEUROPEPTIDE Y AND Y1 RECEPTOR rnRNA 
EXPRESSION IN BRAINS FROM AN ANIMAL MODEL OF DEPRESSION: 
REGION SPECIFIC ADAPTATION AFTER FLUOXETINE TREATMENT. Ļ. 
Cabeгlotto*, K. Fuxe, D. H. Overstreet, P. Gerгaгd, and Y.L. Hurd. 
Karolinska Institute, Depts. of Neuroscience and Clinical Neuroscience, 
Stockholm, Sweden, Dept, of Psychiatry, University o f North Carolina, 
Chapel Hill, NC,USA, Dept. Pharmacology, Glaxo-Wellcome, Verona, Italy.

To investigate the possible link between NPY and depression, we analyzed 
NPY and its receptors in different limbic-related regions in the Flinder 
sensitive Line (FSL), a genetic animal model o f depression. NPY and NPY 
receptors, Y1 and Y2, mRNA expression levels were measured in the FSL as 
compared to the conưol Flinder resistant Line rats (FRL). In the FSL rats, 
NPY mRNA expression levels were significantly decreased in the nucleus 
accumbens and CA regions, but increased in the arcuate nucleus and 
anterior cingulate cortex. Y1 receptor mRNA expression was decreased in 
different cortical areas and in the hippocampal dentate gyrus. Y2 mRNA 
expression levels did not differ between FSL and FRL animals. The 
antidepressant drug fluoxetine (a serotonin reuptake inhibitor; 10 
µmoles/kg; daily for 14 days) caused an increase of the NPY mRNA 
hybridization signal in the arcuate nucleus o f both sffains. In other brain 
regions, fluoxetine adminisưation caused a differential effect on the 
induction of NPY-related genes in the two rat sffains: in the CA region and 
dentate gyrus NPY mRNA expression was increased in the FSL, but 
decreased in the FRL. In contrast, Y1 mRNA levels tended to be decreased 
by fluoxetine in the nucleus accumbens o f the FSL rats, but increased in 
the FRL. These findings give support to the hypothesis o f an impairment of 
NPY in depression and also suggest an involvement o f the Y1 receptor 
gene. Investigations are being carried out to assess the correlation between 
mRNA levels, protein content, and binding sites at the pre- and post
junctional levels o f NPY neurons in the Flinders animal model.

The work was supported by Glaxo-Wellcome, Verona, Italy
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189.15

CORTICOTROPIN-RELEASING FACTOR AND UROCORTIN WITHIN 
THE BASOLATERAL AMYGDALA OF RATS ELICIT LONG-TERM 
PRIMING OF ANXIETY AND PANIC RESPONSES, Sa⅜dvk. T.J..1' Gehlert.
D.R·.1 Schobeг, D.A ..1 and Shekhar. A .2 ’L illy  Neuroscience, L illy  Research 
Laboratories, Eli L illy and Company, Indianapolis, IN 46285 and ‰diana 
University Medical School, Department of Psychiatry and Program in Medical 
Neurobiology; Indianapolis, IN 46202.

The amygdala is a critical structure involved in anxiety and stress responses. 
The basolateral nucleus of the amygdala (BLA), may play a key role in anxiety. 
Neurons containing corticotropin-releasing factor (CRF), a peptide involved in 
the stress response are found in the BLA. Centrally administered CRF results in 
an increase in anxiety-like behaviors in rodents. The related peptide Urocortin 
(Ucn) has similar affinity to CRF at the CRF) receptor, but higher affinity at the 
CRF2 receptor. The presented study was conducted to study the role o f CRF in 
the BLA in regulating anxiety and panic responses. Chronic microinjection 
cannulae were implanted bilaterally into the BLA of rats and catheters were 
placed into both the femoral artery and vein. CRF and ưcn were administered 
directly into the BLA and the responses of the animals were assessed using the 
social interaction test of anxiety. In some experiments heart rate and blood 
pressure responses were evaluated using a Beckman physiograph. The results 
showed Ucn and CRF to have equal potency in producing anxiogenic behavior. 
Furthermore, repetitive administration of subthreshold doses o f Ucn and CRF 
resulted in “priming” . Once primed, these animals exhibited behavioral and 
cardiovascular responses to intravenous sodium lactate, a panicogenic agent in 
patients with panic disorder. These results suggest central CRF and ưcn play a 
role in generating anxiety which may be similar to that seen in pathological 
conditions such as panic disorder. (AS supported by MH 52691)

1 89 .17

PANIC RESPONSES IN RATS WITH CHRONIC GABA DYSFUNCTION 
IN THE DORSOMEDIAL HYPOTHALAMUS (DMH) FOLLOWING I. V. 
INFUSIONS OF YOHIMBINE AND FENFLURAMINE. A. Shekhar* 
and S.R. Keim. Dept, of Psychiatry, Indiana Univ. Med. Center, 
Indianapolis, Indiana 46202.

Intravenous infusion of sodium lactate elicits a panic-like response in 
rats with chronic dysfunction o f GABA in the dorsomedial hypothalamus 
(DMH). Increased activity o f norepinephrine (NE) and serotonin (5-HT) 
pathways are also implicated in panic responses. Therefore, the present 
study was conducted to test if infusions of yohimbine and fenfluramine, 
central releasers of NE and 5-HT, respectively, would elicit a panic-like 
response in rats with GABA dysfunction in the DMH. Rats were fitted 
with femoral arterial and venous catheters and baseline heart rate (HR), 
blood pressure (BP) responses to yohimbine and fenfluramine infusions 
were obtained. They were next implanted with chronic injection 
cannulae which were connected to Alzet infusion pumps filled with the 
GABA synthesis inhibitor 1-allylglycine (1-AG; 3.5 nmoles/0.5ul/hr) into 
the DMH. After 4-5 days of recovery, rats were once again tested with 
either i.v. yohimbine, fenfluramine or saline infusions while continuing 
to monitor HR and BP. Their responses in the social interaction test of 
anxiety were also measured at the end of each infusion. Infusions of 
yohimbine or fenfluramine but not saline resulted in significant increases 
in HR and BP as well as anxiety responses. These results suggest that 
infusions of the NE releaser yohimbine and 5-HT releaser fenfluramine 
elicit panic-like responses in rats with GABA dysfunction in the DMH. 
(Supported by MH 52691).

1 8 9 .1 6

CHRONIC GABA DYSFUNCTION IN THE DORSOMEDIAL 
HYPOTHALAMUS (DMH) OF RATS RESULTS IN A PANIC-PRONE 
STATE THAT IS NMDA AND NOT NON-NMDA RECEPTOR 
MEDIATED. S.R. Keim* and A. Shekhar. Dept, of Psychiatry, Indiana 
Univ. Med. Center, Indianapolis, Indiana 46202.

Rats with chronic dysfunction o f GABA in the dorsomedial 
hypothalamus (DMH) develop i.v. lactate infusion-induced panic 
responses similar to patients with panic disorder. There appears to be a 
balance between GABA inhibition and glutamate induced excitation 
within the DMH. Therefore, the present study was conducted to test if 
injection of either NMDA or non-NMDA antagonists into the DMH 
would block the panic-like responses in rats with GABA dysfunction in 
the DMH. Rats were fitted with femoral arterial and venous catheters. 
Baseline anxiety (measured by social interaction test) and heart rate (HR) 
and blood pressure (BP) responses to lactate infusions were obtained. 
They were next implanted with chronic injection cannulae which were 
connected to Alzet infusion pumps filled with the GABA synthesis 
inhibitor 1-allylglycine (1-AG; 3.5 nmoles/0.5ul/hr) into the DMH. After
4-5 days of recovery, rats were once again tested with i.v. lactate or 
saline infusions preceded by injections of either NMDA (AP5 or MK- 
801) or non-NMDA (CNQX) antagonists into the DMH. Injections of 
NMDA but not non-NMDA antagonists into the DMH resulted in 
significant, dose-dependent blockade of the increases in HR and BP 
following lactate inftisions. These results suggest that the NMDA type 
glutamate receptors regulate the panic-like responses in rats with GABA 
dysfunction in the DMH. (Supported by MH 52691).

DRUGS OF ABUSE: ALCOHOL, BARBITURATES AND BENZODIAZEPINES—PHYSIOLOGIC AL STUDIES

1 90 .1

ETHANOL MODULATES SENSITIVITY OF SOMATOSENSORY 
(SI) CORTICAL NEURONS TO AMPA. Shao-Ming Lu*. Corinne M. 
Spencer and Hermes H. Yeh. Depts of Pharmacology and Neurology, 
Program in Neuroscience, UCONN Health Center, Farmington, CT 
06030.

We are investigating the effect of ethanol (EtOH) on responses of SI 
cortical neurons to AMPA, NMDA and GABA. Here, we focus on the 
interaction between EtOH and AMPA-induced currents.

Slices (200-250 µm) were obtained from the rat SI cortex. Neurons, 
visualized and identified under Hoffman Modulation Optics, were 
selected for whole-cell patch clamp recording. An 8-barrel drug pipet 
assembly was used to deliver test agents to the immediate vicinity of the 
neuron under study. CNQX blocked the AMPA-induced current in a 
dose-dependent manner. APV was present in some of the experiments. 
EtOH (2.5-100 mM) either positively or negatively modulated 
AMPA(lOO µM)-induced current in approximately 70% of SI cortical 
neurons tested. The degree of modulation was typically modest, the 
change in peak amplitude deviating 20-60% from the control current 
response. For Layer V pyramidal neurons, the direction of modulation 
appeared to be dependent on age: the trend was for EtOH to potentiate in 
slices derived from PD7-8 rats but to attenuate in older slices. Whether 
such a trend applies to neurons in other SI cortical layers has yet to be 
determined. Overall, our observations indicate that EtOH exerts 
modulatory effects on AMPA receptors expressed in cortical neurons. 
Ongoing experiments are aimed at correlating EtOH sensitivity with 
AMPA receptor subunits expressed in SI neurons in different layers and 
at different postnatal ages.
Supported by PHS grants AA09861 and A A 03510

1 9 0 .2

SUSTAINED VISUAL ATTENTIONAL PROCESSING AND MEDIAL 
PREFRONTAL CORTICAL NEURAL ACTIVITY FOLLOWING ACUTE 
EXPOSURE TO ETHANOL. B. Givens*. T.M. Gill, and L. Rudzinski. 
Department o f Psychology, Ohio State University, Columbus, OH 43210.

Neural activity within the medial prefrontal cortex (mPFC) has recently been 
determined to play a supporting role for accurate behavioral performance 
during sustained visual attentional processing. The present research 
investigated the effects o f acute exposure to low doses o f ethanol upon 
sustained visual attentional processing and neural activity within the mPFC of 
male Long-Evans rats. Rats were operantly trained to discriminate between the 
presence o f brief visual signals (25, 50, and 500 msec) and the absence of 
signals in order to receive water reinforcement. After criterion performance 
was reached the rats were bilaterally implanted with recording electrode into 
mPFC. Rats were acutely exposed to low doses o f ethanol (0.0, 0.25, 0.50, 
0.75, & 1.00 g/kg IP of a 10% solution) 25 minutes prior to behavioral testing 
and single unit recording. Ethanol exposure dose-dependently impaired 
sustained visual attentional processing and altered the firing properties of 
mPFC neurons. The impairment in attentional performance was due to 
decreased accuracy to detect both the presence and absence o f signal lights, 
and to an increased number o f omitted trials. Ethanol exposure produced 
decreased firing rates in a majority o f mPFC neurons, which consequently 
disrupted the phasic activity normally correlated with specific behavioral 
responses during attentional performance under control conditions. The 
alterations in neural activity may therefore be responsible for the impaired 
visual attentional processing seen under low doses o f ethanol.

This work was supported by ABMRF to BG and MH 19936 to TMG.
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1 9 0 .3

EFFE C TS  O F P R E NATAL E XPO SURE TO  M O D E R A TE  LEVELS OF 
E TH A N O L ON LEARNING  AN D  DE N TA TE  G YR U S  S YN AP TIC  INHIBIT IO N 
IN A D U LT  RATS. M.J. Thom as*. D .D  Savaαe & R.J. S utherland . Depts. o f 
P sychology & Neurosciences, Univ, o f N ew  M exico, A lbuquerque, NM 87131.

H ippocam pal synap tic p lastic ity and spatia l learning by adu lt rats are 
d isrupted by prenatal exposure to  m oderate  leve ls  o f e thanol. Further, 
h ippocam pa l G ABAд  receptor responses to  a lloste ric  m odula tors is d iffe ren t in 
these rats com pared to  contro ls. W e  explored these changes by exam ining 
G ABAд  receptor-m edia ted postsynaptic inhib ition  in the  den tate  gyrus using a 
paired-pu lse stim ula tion and evoked  potentia l techn ique.

Inh ib ition and fac ilita tion  o f dentate  gyrus evoked potentia ls produced by 
paired-pu lse stim u la tion  o f the perforant path was m easured in adu lt rat 
o ffspring from  m others tha t had consum ed one o f three  d iets: a 5% ethanol 
liquid d iet, pair-fed a 0% ethanol liqu id  d ie t o r ad  lib itum  chow. Paired-pulse 
in tervals from  10 to  1000 m s were tested and recordings were made from  the 
ipsila teral h ila r region o f the  den tate  gyrus. F ie ld  EPSP and population spike 
m easurem ents were made in anesthetized rats before  and a fte r in jection o f the 
GABAд  recepto r m odula tors d iazepam  (2.0m g/kg) o r a lphaxalone  (4.0 mg/kg). 
These resu lts were corre la ted w ith  spatia l learning ab ilities  o f these rats using 
the  m oving  hidden p la tfo rm  version o f the  M orris w a te r task.

An im pa irm ent in the M orris w a te r task was found in rats prenatally 
exposed to ethanol. D iazepam  and a lphaxalone  s ign ifican tly  increased 
inhib ition in a ll three d ie t groups and a t m ost paired-pu lse in tervals. D iazepam  
increased inhib ition s ign ifican tly  less in the  rats p renatally-exposed to  ethanol. 
The am plitude o f the  second population sp ike s ign ifican tly  co rre la ted w ith the 
im provem ent in navigation between the  firs t and second tria l in the  m oving 
p latform  version o f the  M orris w a te r task. The m agnitude o f the  increase in 
inhib ition was corre la ted w ith the sam e im provem ent in perform ance from  tria l 
1 to  2 fo r the  a d lib  and pair-fed contro l rats. The unm odulated 20 and 100 ms 
IS ľs  in ethanol-exposed rats showed a s ign ifican t corre la tion  w ith the 
d iffe rence  between tria l 1 and tria l 2. A n im a ls  adm inistered alphaxalone 
showed no obvious pattern o f corre la tion between e lectrophysю log ica l and 
behavioral measures. Th is  dem onstrates tha t a d iffe ren tia l G ABAд  receptor 
responsiveness m ay produce dysfunctiona l inh ib ito ry  input to  neural networks 
and m ay cause a d isturbance in processes o f spatia l learning. Supported by 
AAO6548 and RAC grants.

1 9 0 .5

ETHANOL SELECTIVELY DEPRESSES TTX-RESISTANT  
SODIUM  CURRENTS IN RAT DORSAL ROOT GANGLION  
CELLS. J. V. Wu* and J. J. K endig. Dept, o f  Anesthesia, Stanford 
Univ. School o f  Medicine, Stanford, CA 94305.

Ethanol (100-200 mM) induces general anesthesia in rats and 
depresses neurotransmission in isolated spinal cords. The present 
study was undertaken to determine i f  block o f  sodium currents in 
primary afferent nerve terminals contributes to ethanol effects. 
W hole-cell patch clamp was used to examine currents in dorsal root 
ganglion cells isolated from 1-15 day old rats, with extracellular and 
pipette solutions designed to block all but sodium currents.. At -80 
mV ethanol (200 mM) decreased peak TTX-resistant (TTX-R) and 
TTX-sensitive (TTX-S) INa by 21% and 12.3% respectively, without 
significant effect on activation curves. At hyperpolarized potentials 
maximal available INa was reduced to O.82±O.O4 (TTX-R) and 
O.93±O.Ol (TTX-S) o f  control (mean±SEM ). Steady-state 
inactivation curves were shifted in the hyperpolarizing direction by 
2.I2±O .I7 mV (TTX-R) and l.Ю ±0.13 mV (TTX-S). Ethanol 
depression was voltage dependent and maximal at membrane 
potentials close to normal resting potentials and within the dynamic 
range o f  steady-state inactivation curves. These results are 
consistant with a role for the inactive state o f  the sodium channel in 
ethanol actions, and with a possible role for TTX-R sodium channels 
in ethanol actions in spinal cord. Supported by NIH Grants 
N S 13108 and G M 47818 to JJK.

1 9 0 .7

RAPID ACUTE NEURONAL TOLERANCE TO ETHANOL A N D  
WITHDRAW AL HYPERRESPONSIVENESS A T MOTOR  
NEURON GLUTAMATE RECEPTORS IN RAT SPINAL CORD  
SLICES IN VITRO. J. J. Kendig* and M. Y. Wang Dept, o f  
Anesthesia, Stanford University Sch. o f  M edicine, Stanford, CA 94305.

Tolerance and dependence are com plex phenomena with a rapidly 
developing acute component. W hole cell ruptured patch studies were 
done on visually identified motor neurons in spinal cord slices from 14- 
20 day old rats. In 6 o f  7 neurons EPSPs evoked by dorsal root 
stimulation, depressed by ethanol, recovered to levels above control on 
washing. Two showed tolerance as partial recovery during exposure to 
100 mM ethanol. O f 5 cells in w hich inward currents were evoked by 
brief pulses o f  glutamate ethanol (100 mM ) m aximally depressed 
cuưents at 6 min, with partial recovery in the continued presence o f  
ethanol at 15 min. Comparable experiments with methanol (100 mM) 
excluded osm otic changes as the cause. Partial recovery o f  glutamate 
currents in the presence o f  ethanol and hyperexcitability on washout 
were also observed in preparations treated with TTX, strychnine, 
bicuculline and AP-5. Spinal cord motor neurons thus display a rapid 
acute neuronal tolerance to ethanol and withrawal hyperexcitability 
expressed by AM PA receptor-mediated currents, independent o f  
GABAд and glycine-mediated inhibition, and apparently not dependent 
on N M D A  receptors. Supported by NIH Grants N S 13108 and 
G M 47818 to JJK and by a P.R.C. State Education Com mission  
Fellowship to MYW.

1 9 0 .4

ETHANOL ACTIONS A N D  GABAд RECEPTOR FUNCTION IN 
SPINAL CORDS FROM MICE LACKING THE ßЗ SUBUNIT OF 
THE GABA a RECEPTOR. S.M.E. W ong1*. G.E. Homanics2 and 
J.J. Kendig1. ’Dept, o f  Anesthesia, Stanford Med. Sch., Stanford, CA 
94305 and 2Dept. o f  A nesthesiology, Univ. Pittsburgh, Pittsburgh, PA 
15261.

M ice devoid o f  the GABA a receptor ßЗ subunit display behavioral 
abnormalities and decreased sensitivity to volatile anesthetics as 
measured by loss o f  response to a noxious stimulus (MAC). MAC is 
determined at the spinal level. We examined the effects o f  ethanol at 
general anesthetic concentrations on the population EPSP (pEPSP) 
recorded from a lumbar ventral root in response to dorsal root 
stimulation in spinal cords isolated from hom ozygous null mutant mice 
1-2 days old. Robust responses were recorded from these cords. 
Ethanol (100 mM) reversibly depressed pEPSP area to approximately 
30% o f  confrol. The GABAд antagonist bicuculline (1 µM ) elevated 
pEPSP area to approximately 125% o f  control and reduced the 
depressant effects o f  ethanol. Deletion o f  the ßЗ subunit does not 
appear to decrease sensitivity to ethanol in spinal cord by this measure. 
Although decreased GABAд receptor density and function have been 
reported in nervous tissue from these m ice, the effect o f  bicuculline 
suggests that GABAд receptors o f  different subunit composition are 
present and functioning in the spinal cord to a considerable extent. 
Support: NIH grants N S 13108, G M 47818 to JJK and A A 10422 to 
GEH.

1 9 0 .6

SPINAL CORD MOTOR NEURON GLUTAM ATE AM PA AND  
N M D A  RECEPTOR-MEDIATED RESPONSES ARE DIRECTLY  
DEPRESSED BY  ETHANOL. M.Y. Wang* and J.J. Kendig.
Dept, o f  Anesthesia, Stanford University Sch. o f  M edicine, Stanford, 
CA 94305.

Ethanol acts on multiple receptors and ion channels, depressing 
glutamate receptors and enhancing GABAд and glycine inhibition. 
The relative roles o f  each on neurotransmission in com plex circuitry 
have not been determined. We investigated ethanol effects on 
potentials and currents in visually identified motor neurons in rat 
spinal cord slices in vitro with w hole cell ruptured patch. Ethanol in 
the general anesthetic range (50 - 200 mM ) reversibly depressed 
EPSPs and EPSCs evoked by electrical stimulation o f  the dorsal root. 
Ethanol effects were attenuated but not blocked by bicuculline (50 
µM ), strychnine (5 µM) or both. Ethanol also reversibly depressed 
inward currents evoked by pulses o f  glutamate in the presence o f  TTX 
(0.3 µM). Potentials and currents were sensitive both to the NM DA  
antagonist AP-5 and the AMPA-kainate antagonist CNQX. Both AP-5 
and C NQ X-sensitive components were depressed by ethanol. Ethanol 
depression o f  glutamate-evoked currents was observed in the presence 
o f  TTX, bicuculline and strychnine and either AP-5 (40 µM) or 
CNQX (10 µM). Ethanol thus acts directly on motor neurons and on 
both AM PA and N M D A  receptors, independent o f  actions on glycine 
and GABAд receptors. Supported by NIH Grants N S13108 and 
G M 47818 to JJK and by a P.R.C. State Education Commission  
Fellowship to MYW.

1 9 0 .8

ETHANOL POTENTIATES GLYCINE RECEPTOR-MEDIATED 
SYNAPTIC CURRENTS IN RAT BRAINSTEM MOTONEURONS. 
J.A. O’Brien*. 1C. Gibson, and A.J. Berger. Department of Physiology and 
Biophysics, University of Washington, Seattle, WA, 98195-7290.

Although alcohol intoxication dramatically depresses motor activity and 
respiratory function very little is known about the specific effects of ethanol 
on glycine receptor (GLY-R)-mediated inhibitory synaptic transmission in the 
brainstem or spinal cord. We studied the effects o f ethanol on GLY-R- 
mediated responses using whole-cell recordings of membrane currents in 
visualized neonatal hypoglossal motoneurons in an in vitro slice preparation. 
While voltage-clamping cells at -65 to -70 mV, strychnine (0.5-5 µM) 
sensitive GLY-R-mediated miniature inhibitory post-synaptic currents 
(mIPSCs) were recorded in the presence of TTX (1 µM), AP5 (25 µM), 
DNQX (10 µM), and bicuculline (5 µM). Bath application of ethanol 
increased both the amplitude and frequency of GLY-R-mediated mIPSCs. 
Ethanol (30, 100, and 300 mM) potentiated the mIPSCs amplitudes by 10 ± 
10%, 35 ± 5%, 16 ± 17%, respectively (n>4 for each dose and all data 
expressed as mean ± SE). Ethanol (30, 100, and 300 mM) also increased the 
frequency o f mIPSCs by 41 ± 28%, 119 ± 33%, 295 ± 100%, respectively. 
Ethanol (100 mM) also potentiated the amplitude o f glycinergic currents 
produced by focally applying 50 µM glycine onto motoneurons by 31 ± 7% in 
4 out of 5 cells. These data suggest that ethanol potentiates the GLY-R- 
mediated responses by both pre- and post-synaptic effects. Post-synaptical!y 
ethanol may increase the GLY-R conductance, the glycine affinity of the 
GLY-R, or the number of glycine channels that can be activated. Supported 
by NIH NS 14857 and NIH Training Grant 5T32GM07108.
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190.9

ETHANOL DIRECTLY EXCITES ACUTELY DISSOCIATED VENTRAL 
TEGMENTAL AREA DOPAMINE NEURONS. M. S. Brodie* and S. B. Appel. Dept, 
of Physiology and Biophysics, University o f Illinois at Chicago, Chicago, 1L 60612.

The dopaminergic (DA) neurons o f the ventral tegmental area (VTA) have been 
implicated in the rewarding effects o f drugs of abuse including ethanol. Ethanol increases 
the spontaneous firing rate o f VTA DA neurons measured in brain slices and in vivo. We 
have previously shown that ethanol excitation o f VTA DA neurons still remains when 
calcium-dependent transmitter release is blocked in brain slices with a low calcium ⁄  high 
magnesium media, suggesting that ethanol directly excites these neurons. To control for 
the possible contribution o f other indirect influences such as calcium-independent 
transmitter release from nearby neurons, we studied the effect o f ethanol on acutely 
dissociated VTA neurons. Coronal brain slices (400 µm) from 9-18 day old Fischer 344 
rats were treated with trypsin and collagenase I and the VTA dissected out under visual 
control. Individual VTA neurons were then dissociated by trituration through fire polished 
Pasteur pipettes. Cells which appeared healthy under phase contrast illumination 
generated spontaneous action potentials which could be measured with cell attached loose 
patch recording. When dopamine (2.5 - 5 µM) was bath applied, the firing rate was 
reduced by 72 to 100% ( n=5), due to activation o f D2 autoreceptors. Dopamine 
inhibition, cell size, morphology, action potential waveform and spontaneous firing 
characteristics indicated that these were DA neurons. Some cells showed very regular 
spontaneous firing rates ranging from 0.6 to 2.5 Hz (1.5 ± 0.2 Hz, mean ± S.E.M., n=l2) 
which closely resembled activity recorded in brain slices. Ethanol (80 mM) increased the 
firing rate of 8 o f 10 neurons tested; mean percent increase in firing rate was 37 ± 4 % 
(n=8). VTA neurons tested with more than one ethanol concentration (20, 40 or 80 mM) 
showed concentration-dependent excitation. Two neurons showed inhibition (mean = 
28%). These data clearly demonstrate that ethanol excitation can occur in the absence o f 
input from surrounding neurons and constitutes strong evidence that ethanol directly 
excites VTA DA neurons. PHS Grants: AAO5846 (S.B.A.) and AAO9125 (M.S.B).

190.11
AN A P P R O A C H  T O  R E C O R D IN G  N E U R A L  C O D IN G  IN  T H E  
M E S O L IM B IC  R E W A R D  S Y S T E M  D U R IN G  A  D U A L -R E W A R D  
B E H A V IO R A L  P A R A D IG M . K ris t in  K. A n s t ro m 1*, P a tr ic ia  H.
Janak2, D o na ld  J. W o o d w a rd 1. 'D e p a r tm e n t o f  P h y s io lo g y  a n d  
P ha rm aco logy, W a k e  F o re s t  U n iv . S ch . o f  M e d ., W in s to n -S a le m ,
NC 27157 , in te r n a l  R e s e a rc h  P ro g ra m , N ID A , B a ltim o re , M D  

The g oa l o f  th is  s tu d y  w a s  to  c la r ify  h o w  s e n s o ry  a n d  m o to r  e v e n ts  
drive the  s e lf-a d m in is tra t io n  o f  a lte rn a te  re in fo rc e rs . F o o d - a n d  w a te r -  
satiated, m a le , L o n g -E v a n s  ra ts  w e re  tra in e d  to  n o s e p o k e  fo r  e ith e r  1 0%  
su cro se /w a te r o r  1 0 %  a lc o h o l/w a te r  a s  re w a rd  s o lu t io n s  p ro v id e d  a c ro s s  
seria l tria ls . S u b s e q u e n tly , m u lt ip le  a r ra y s  o f  m ic ro w ire s  w e re  im p la n te d  
in a g ra n u la r in s u la r c o rte x , m e d ia l p re fro n ta l c o rte x , n u c le u s  a c c u m b e n s  
and the  v e n tra l te g m e n ta l a re a . T h e  o p e ra n t ta s k  c o n s is te d  o f  a  
nosepoke  fo llo w e d  b y  a v a r ia b le  d e la y  o f  .5 -1 .5  s e c , a  to n e , a  s e c o n d  
delay o f  .5  s e c  a n d  th e n  th e  d e liv e ry  o f  a  liq u id  re in fo rc e r. A  s in g le  
re in fo rce r w a s  p ro v id e d  u n til a  s ta b le  b e h a v io r  p a tte rn  w a s  e s ta b lis h e d  
over s e ve ra l tr ia ls . T h is  b e h a v io ra l p a tte rn  c o n s is te d  o f  s h o r t  b u rs ts  o f 
su sta ined  n o s e p o k in g  fo r  e ith e r  s u c ro s e  o r  a lc o h o l s o lu t io n s . W h e n  a 
neu tra l liq u id  s u c h  a s  w a te r  w a s  in tro d u c e d  a n d  a lte rn a te d  w ith  th e  
an tic ip a te d  re in fo rc e r, th e  b u rs t- lik e  b e h a v io ra l p a t te rn s  w e re  re p la c e d  by 
long d e la y s  b e tw e e n  s in g le  n o s e p o k e s  a s  th e  ra t s a m p le d  th e  n e u tra l 
re in fo rc ing  d ro p . N e u ro n a l re s p o n s e s  in  th e  m e s o lim b ic  s y s te m  
app ea re d  a ro u n d  th e  n o s e p o k e , to n e , re w a rd  d e liv e ry  a n d  in g e s tio n .
Th is  a p p ro a c h  a llo w s  a n  a n a ly s is  o f  s p a t ia l a n d  te m p o ra l a c tiv ity  p a tte rn s  
in the  fro n ta l c o r te x  a n d  m e s o lim b ic  s y s te m  w h ic h  re g u la te  th e  p la s tic  
ch an ge s  u n d e r ly in g  a d a p t iv e  b e h a v io ra l p a tte rn s . NIAAA 10980, NIDA 
2338, NSF 9619063

190.10

BEHAVIORAL CORRELATIONS OF MESOLIMBIC UNIT ACTIVITY 
DURING SIMULTANEOUS INTAKE OF ETHANOL SOLUTION AND  
WATER. D.J. Woodward, A.V. Azarov, M. Aschner*. Dept. Physiol. 
Pharmacol., Wake Forest Univ. Sc. Med., Winston-Salem NC 27157

The aim o f this project was to study the effects o f  oral ETOH self
administration on coding within mesocorticolimbic neuronal activity during 
behaviors to pursue one or more o f  simultaneously available reìnforcers. 
Multiple arrays o f Teflon coated stainless steel microwires were implanted 
in the nucleus accumbens and medial prefrontal cortex. From these regions, 
groups o f  15-30 neurons are recorded simultaneously, in rats trained 
preliminary to FR1 nosepoke for 0.1 cc water, but no preliminary 
acquaintance with ETOH. In sessions, lasting two to eight hours, water (0.1 
cc drops) is available under FR1 or progressive ratio (PR) schedule o f  
reinforcement and simultaneous access to ETOH (10%, 0.1 cc drops) is 
provided under FR1. The number o f  ETOH rewards per session was 19.1 
vs. 69 (n=8) when water was provided under FRÌ vs. PR schedule, which 
corresponds to intake o f  0.38g/kg or 1.00 g/kg ETOH for a 4OOg rat. 
Preliminary results have revealed neurons in mPFC and NAC that 
differentially coded phasic responses during tone, light cues or nosepoke 
movements, when behavior is directed to obtain water vs. ETOH. Oral 
ETOH self-administration altered drastically both the behavioral and unit 
activity patterns typical for FR1 and PR water-alone sessions. The results 
suggest an action o f  ethanol on the processing o f behavioral and 
environmental cue information and internal signals related to resumption 
and cessation o f specific goal-directed behaviors. (A A 10980, DA2338 and 
NSF DBI 9619063 to DJW)
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191.1

BUTYRYL CHOLINESTERASE (BCҺE) ATTENUATES COCAINE- 
INDUCED CARDIOVASCULAR EFFECTS IN AWAKE FREELY 
MOVING MICE. R.J. Briscoe*. C. Cabrera. G. Winger and J.H. Woods. 
Department of Pharmacology, University of Michigan Medical School; Ann 
Arbor, MI 48109

Cocaine use frequently results in severe and often fatal cardiovascular events. 
To date, no useful antagonist has been identified to treat acute cocaine overdose. 
The development of a pharmacologic antagonist is problematic due to cocaine’s 
diverse ability to act in both the periphery and in the CNS at catecholamine and 
serotonin sites as well as its local anesthetic effects. Due to these difficulties a 
pharmacokinetic approach has been suggested for the treatment of cocaine 
overdose (Gorelick, 1997). Balb/c mice were surgically implanted with a femoral 
arterial catheter (utilized for mean arterial pressure and heart rate 
measurement). Following surgery the mice were allowed to recover for 24 hours. 
Mice received either 15 mg/kg ip BCҺE (300U/mg) or vehicle 30 minutes prior 
to cocaine administration (100 mg/kg ip). Cardiovascular parameters were 
continuously monitored during the experiment. Additionally, the mice were 
awake and freely moving during the measurement of the cardiovascular 
parameters. The cocaine-induced increase in mean arterial pressure was 
significantly attenuated (p<.001) by BCҺE when compared with vehicle 
pretreated mice. BCҺE also reduced mortality. For example, 2 of the 6 vehicle 
pretreated mice expired between 6 and 7 minutes following cocaine 
administration, whereas none of the BCҺE pretreated mice expired. These 
results demonstrate a clear and significant attenuation of the cocaine-induced 
increase in mean arterial pressure when the animals are pretreated with BCҺE. 
Research supported by DA00254 and DAO7268

191.2

TACRINE ATTENUATES PSYCHOSTIMULANT-INDUCED LOCOMOTION 
AND STEREOTYPY, AND POTENTIATES HALOPERIDOL-INDUCED 
CATALEPSY. S.A. Wanek4. A.J. Franco4. A,B. Normanl,2,3,4S. N.M. Richtand4*. and
S.P. Berger4. Depts. o f 'Anatomy, 2Neurosurgery, ⅛hysiology, 4Psychiatry, and 
Psychology, Univ, o f Cincinnati; Cincinnati, OH, 45267.

Past studies have shown that cholinergic agonists decrease the behavioral effects o f 
psychostimulants, while cholinergic antagonists increase the behavioral effects. This 
study investigates the effect o f the acetylcholinesterase inhibitor, tacrine, on 
locomotion and stereotypy induced by various psychostimulants. The results showed 
that tacrine (5 mg/kg IP) was capable o f significant attenuation of the locomotion and 
stereotypy associated with the indirect dopamine agonist, cocaine at a dose of 20 
mg/kg IP. However, the results also showed that tacrine (5 mg/kg IP) was unable to 
significantly attenuate the locomotion and stereotypy o f the direct dopamine agonist, 
apomorphine (4 mg/kg IP) or the NMDA antagonist, MK-801 (0.25 mg/kg IP). These 
results were very specific in that tacrine had no specific effect on either apomorphine 
(direct agonist) or MK-801 induced locomotion. Since tacrine specifically 
antagonizes cocaine, but not apomorphine, we are investigating the influence of 
tacrine on dopamine release. The ability o f tacrine to antagonize cocaine may be 
relevant to the development of medications for drug abuse. In a second experiment, 
tacrine was found to significantly potentiate haloperidol-induced catalepsy. The 
ability to potentiate the cataleptic effect o f haloperidol may be relevant to movement 
disorders treated by haloperidol, such as Tourette Syndrome.
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191.3
MUSCARINIC RECEPTORS IN THE MEDIAL PREFRONTAL CORTEX 
REGULATE COCAINE SELF-ADMINISTRATION IN RATS. S. Ikemoto1* and
N. E. Goeders12. Dept, o f 'Pharmacology and 2Psychiatry, Louisiana State Univ. 
Med. Center, Shreveport, LA  71130.

The dopamine system projecting from the ventral tegmental area to the nucleus 
accumbens (NAC) and medial prefrontal cortex (MPC) plays a critical role in 
mediating cocaine reinforcement. However, it is also important to identify other 
neuroưansmitter systems that interact with dopamine to mediate the reinforcing 
effects of cocaine. Recent findings indicate that muscarinic acetylcholine receptors 
in the NAC are involved in mediating reinforcement and that the cholinergic 
innervations from the nucleus basalis magnocellularis projecting to the MPC also 
play a role in reinforcement. Therefore, we examined the role of muscarinic 
receptors in the NAC and MPC on cocaine reinforcement. Adult male Sprague- 
Dawley rats were implanted with chronic indwelling jugular catheters and bilateral 
guide cannulae stereotaxically aimed at the NAC or MPC. Methyl-scopolamine 
bromide (2, 4, 8, 16, or 32 µg/side) or vehicle was bilaterally microinjected into the 
NAC or MPC, and immediately after, the rats were placed in the operant chambers 
with the opportunity to self-administer cocaine for two hours. Intra-NAC injections 
o f scopolamine did not have a significant effect on the number of cocaine infusions 
or responses. In contrast, intra-MPC injections o f scopolamine increased 
responding, while having only a small effect on the number of infusions. Additional 
experiments indicated that systemic haloperidol-treated rats increased the number of 
responding and infusions and both were affected about the same degree in the 
present paradigm and that intra-MPC injections of scopolamine increased locomotor 
activity. These results suggest that the blockade o f muscarinic receptors in the MPC 
may disrupt an inhibitory component of cocaine self-administration, (supported by 
NIDA grant DA06013)

191.5
EXTINCTION FROM COCAINE SELF-ADMINISTRATION INDUCES CONTEXT- 
SPECIFIC NEUROADAPTATIONS IN GLUTAMATE RECEPTORS IN THE 
NUCLEUS ACCUMBENS SHELL. CA Schad*. MA Sutton. ES Brodkin. DW Self. Div. 
of Molecular Psychiatry, Yale Univ, and CT Mental Health Center, New Haven, CT 06508 

A large body of evidence indicates that the nucleus accumbens (NACC) is involved in drug 
reward and relapse to drug-seeking behavior. Furthermore, changes in glutяmatergic 
neurotransmission in the NACC have been shown to influence the locomotor stimulant and 
rewarding effects of drugs. In the present experiment, we found that extinction from cocaine 
self-administration is associated with an up-regulation of GluRl subunits of the AMPA 
glutamate receptor in the NACC shell region. In this study, rats were allowed to self- 
administer IV  cocaine (1.0 mg/kg/infusion) in daily 4 hour test sessions for 2 weeks. 
Following this self-administration phase, one group of animals was exposed to extinction 
conditions for 1 week, while a second group of animals remained in their home cage during 
the 1 week withdrawal from cocaine. Both groups were sacrificed following this 
extinction/withdrawal period, and the NACC shell, along with other limbic brain regions, 
were rapidly dissected. An additional group o f animals was sacrificed 1 day following the 
self-administration phase and brain regions dissected. Using standard western blot 
procedures, the levels o f GluRl, NMDARL and tyrosine hydroxylase (TH) 
immunoreactivity were measured in tissue homogenates of the NACC shell o f the three 
groups of animals. Compared to control animals, a 55% increase in the levels o f GluRl in 
die NACC shell was seen in rats with extinction experience. This increase in GluRl was not 
seen in die 1 day withdrawal or home cage withdrawal group, indicating that the changes in 
G luRl levels are specific to the context o f extinction and are not caused by cocaine self
administration or by withdrawal. Furthermore, this increase in GluRl is specifically 
associated with animals that demonstrate more complete extinction o f drug-seeking 
behavior. Additionally, TH levels were decreased by 20% in the 1 day withdrawal group 
and by 25% in the home cage withdrawal group, but were not different from confrols in the 
extinction group, suggesting that extinction reverses the cocaine-induced decrease in TH. 
Moreover, the experience of extinction reversed a small decrease in NMDAR1 levels that 
was seen in both the 1 day and home cage withdrawal groups. These results suggest that 
extinction from cocaine self-administration is associated with changes in GluRl and TH 
levels that possibly influence the persistence of drug-seeking behavior.
Supported by NIDA grant DA 10460 and the Abraham Ribicoff Research Facilities.

191.7
HIGH AFFINITY SIGMA (σ) RECEPTOR LIGANDS ATTENUATE 
THE EFFECTS OF A COCAINE OVERDOSE. K.A. McCracken*. J. 
Miller. W.D. Bowen. Y. Zhang and R.R. Matsumoto. Department of 
Pharmacology & Toxicology, University o f Oklahoma Health Sciences 
Center, Oklahoma City, OK 73190 and Laboratory o f Medicinal 
Chemistry, NIDDK, NШ, Bethesda, MD 20892.

Cocaine interacts with σ  receptors, suggesting that the toxic effects of the 
drug may be mediated through these proteins. Therefore, the ability of 
novel σ  ligands to attenuate the behavioral toxic effects of cocaine were 
evaluated. Male, Swiss Webster mice were pretreated for 15 min with a 
high to moderate affinity, novel σ  ligand (YZ-011, YZ-016, YZ-018, YZ- 
027, YZ-028, YZ-029; Ki 4-30 nM), analogs with a 100 to 1000-fold lower 
affinity for σ  receptors (YZ-005, YZ-007, YZ-008), or a saline vehicle. 
The mice then received a convulsive (60 mg/kg, i.p.) or lethal (125 mg/kg, 
i.p.) dose o f cocaine, representing ED/LD97 values. As an additional 
control, some mice were pretreated with a σ  receptor agonist (DTG, 
BD1052). Pretreatment with high affinity σ  ligands (0.1-30 mg/kg, i.p.) 
significantly prevented convulsions. YZ-011, YZ-016, and YZ-018 also 
prevented the lethal effects o f cocaine (P<0.05). Pretreatment with the low 
affinity σ  ligands (0.1-30 mg/kg, i.p.) failed to block the convulsive effects 
o f cocaine. Pretreatment with an agonist (up to 30 mg/kg, i.p.) intensified 
cocaine-induced convulsions and/or led to increased lethalities. Pretreatment 
with the saline vehicle had no effect on the convulsive or lethal effects of 
cocaine. The data suggest the importance o f σ  receptors in relation to the 
behavioral toxic effects of cocaine. (Supported by MH5O564)

191.4
GLUTAM ATE-INDUCED RELEASE OF ACETYLCHOLINE IN 
THE NUCLEUS ACCUM BENS IS ALTERED AFTER COCAINE 
SELF-ADM INISTRATION A .S. Keys*. A.E. Kinney & G.P. Mark. 
Oregon Health Sci. Univ., Dept. Behav. Neurosci., Portland, OR.

Glutamatergic mechanisms in the nucleus accumbens (N Ac) are 
implicated in the mediation o f  various aspects o f  psychostimulant 
reinforcement including self-administration behavior in rats. Further, 
immunogold labeling has shown that cocaine self-administration 
reduces vesicular glutamate within nerve terminals in the N A c o f  rats 
withdrawn for 18 days as compared to controls treated with either 
cocaine or saline in a yoked fashion. The present study examined 
functional correlates o f  this ultrastructural finding by assessing the 
effect o f  glutamate receptor agonists and antagonists administered 
directly into the N A c on acetylcholine (ACҺ) release as measured by in 
vivo microdialysis. AM PA receptor modulation was tested in cocaine 
self-administration, cocaine-yoked and control animals at 1 and 14 
days o f  withdrawal. In drug-naive animals, intra-NAc AM PA caused a 
dose dependent increase in ACҺ release (123-205% ) that recovered 
after 1 hr. In self-administration animals this effect was prolonged to at 
least 75 min at both withdrawal times. In cocaine-yoked animals the 
AMPA-induced increase was attenuated at 1 day, but not at 14 days o f  
withdrawal. These results show  a change in glutamate responsiveness 
in ACҺ intemeurons after cocaine exposure. Supported by USPHS grants 
DA05814 to A.K., DA10964 to G.M. &  25956 from Med. Res. Found o f OR to G.M.

191.6
MK-801 AN D COCAINE CO NDITIONING: A  C R IT IC AL ROLE FOR MK-801 
DRUG ST IM U LI. Ernest N. Damianopoulos* and Robert J. Caгev. Dept, o f 
Psychiatry, S.U.N.Y. Health Science Center and Research and Development (151),
V.A. Medical Center, Syracuse, N.Y. 13210.

It is well established that MK-801 can prevent the development o f 
Pavlovian conditioning o f  psychostimulant drug responses. Since MK-801 does 
not interfere w ith the unconditioned psychostimulant drug response, it is generally 
assumed that MK-801 prevents the development o f  an associative bond between 
contextual stimuli (CS) and the drug response (UCS). In this study we examined 
whether MK-801 might alter the contextual CS rather than interfere w ith the CS- 
UCS bond. Four sets o f  rats (n=7) matched for locomotion levels were 
administered four drug environment pairings: saline, M K-801 (0.1 mg/kg), 
cocaine ( 10 mg/kg) or M K -801 (0.1 mg/kg) plus cocaine ( 10 mg/kg). As expected, 
cocaine induced a substantial stimulatory effect. C ritica lly, during the drug 
treatment phase, MK-801 had no effect upon non-drug activ ity levels or upon 
cocaine induced hyperlocomotion effects. When given a conditioning test with 
saline, the cocaine group exhibited a cocaine conditioned response. The MK-801 
plus cocaine group, however, did not exhibit a conditioned cocaine response. 
When the groups were given another conditioning test in which they received 
MK-801 (0.1 mg/kg) prior to testing, the cocaine conditioned response occurred 
selectively in the MK-801 plus cocaine group. These findings show that MK-801 
did not prevent the development o f a CS-UCS bond but rather that MK-801 drug 
stim uli became incorporated into the contextual CS and formed an essential 
component o f  the CS. Thus, the presence or absence o f  MK-801 drug stim uli are 
critical determinants o f the effects o f  MK-801 upon drug conditioning.

This research was supported by N ID A  grant RO1DA05366-12.

191.8
NON-NMDA ANTAGONISTS FAIL TO PREVENT COCAINE- 
INDUCED CONVULSIONS AND LETHALITY IN MICE. B. Pouw*. M. 
Brown and R.R. Matsumoto. University of Oklahoma Health Sciences 
Center, Dept, o f Pharmacology & Toxicology, Oklahoma City, OK 73190.

Prior studies from our lab indicate that NMDA/glycine site antagonists 
attenuate cocaine-induced convulsions and lethality, indicating overactivation 
of NMD A receptors after a cocaine overdose. Since glutamate is the primary 
neurotransmitter for N-methyl-D-aspartate (NMDA) receptors, we examined 
whether pharmacological interventions to lower glutamatergic activity 
through non-NMDA mechanisms also prevent cocaine-induced behavioral 
toxicity. Male, Swiss Webster mice were pre-treated (i.p.) with the glutamate 
release inhibitor riluzole (5-20 mg/kg), the AMPA antagonist NBQX (10-80 
mg/kg), the AMPA/kainate antagonist GYKI 52466 (10-20 mg/kg), the 
metabotropic antagonist APЗ (100-250 mg/kg), or vehicle control. After the 
appropriate pre-treatment interval (3-15 min), the mice were administered a 
convulsive (ED97) or lethal (LD97) dose o f cocaine, 60 or 125 mg/kg, i.p., 
respectively. Fisher’s exact test (P<0.05) revealed that none of the pre
treatments significantly attenuated cocaine-induced convulsions or lethality. 
Taken together with previous studies, the data indicate the importance of 
NMDA-mediated mechanisms in the behavioral toxicity associated with a 
cocaine overdose, rather than a generalized overactivation o f glutamatergic 
systems. (Supported by OCAST)
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191.9
RELAPSE TO COCAINE-SEEK ING  BEHAVIOR: A ROLE FO R
NUCLEUS ACCUMBENS GLUTAM ATE TRAN SM ISSIO N ?
J. L. Cornish*. P. Duffy and P, W. Kalivas, Alcohol and Drug 
Abuse Program, Washington State University, Pullman, WA 99164- 
6520.

Previous research (Pierce et al. 1996, J. Neuroscience 16(4): 1550-1560) has 
demonstгted an increase in glutamate transmission in the rat nucleus accumbens (NA) 
following the expression of behavioural sensitization to repeated systemic cocaine 
adminisưation. We have recently shown that intra-accumbens administration of 
glutamate agonists (AMPA or cis-ACDA) increases the reinforcing efficacy of self- 
administered cocaine in the rat. In addition, intra-accumbens AMPA reinstated cocaine- 
seeking behavior after one week of withdrawal. The present study aimed to further 
elucidate the role of glutamate transmission of the NA in the relapse to drug-seeking 
behavior. Rats trained to self-administer cocaine (0.5 mg/kg/infusion, FR1 schedule, 
daily 2 hr session) underwent a 7-day extinction paradigm, where saline infusions were 
substituted for cocaine to remove the reinforcing cue of the drug-paired lever in each of 
the 7 sessions. At this time the effect o f intra-accumbens pretreatment with the 
AMPA receptor antagonist CNQX was investigated on the reinstatement of drug
seeking produced by intra-accumbens AMPA or the prime of intravenous cocaine (2 x
0.5 mg/kg/infusion). The adminisưation of AMPA into the NA significantly 
increased responding on the drug-paired (non-reinforced) lever, as did the prime of 
intravenous cocaine. Inưa-accumbens pretreatment with CNQX reduced the increase in 
responding on the drug-paired lever produced by cither AMPA or cocaine 
administration. CNQX preưeatment alone did not alter responding at the drug-paired 
lever. These results suggest that an increase in glutamate transmission in the NA is a 
probable factor in initiating the relapse to drug-taking behavior. This research was 
supported by NIH-DA03906 and DA00153 (PWK).
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ANTISENSE TO ESTROGEN RECEPTOR ERα RED JCES  
LOCOMOTOR HYPERACTIVITY IN RESPONSE TO COCAINE 
IN FEMALE RATS. S.L, Sell*. M L. Thomas. C.H. Clarke, and K.A. 
Cunningham. Dept, o f Pharmacology & Toxicology, University o f Texas 
Medical Branch, Galveston, Texas 77555-1031.

The ovarian hormone, estrogen (E), via actions at its receptors, may 
influence the responsiveness o f female rats to cocaine. We assessed this 
hypothesis by measuring the acute locomotor response o f intact female 
rats following intracerebroventricular (ICV) injections o f an ant⅛ense 
oligonucleotide (ASN) to. the ERα. We previously established that 
cocaine (2.5-10 mg/kg, i.p.) dose dependency increased activity in intact 
and ovariectomized (OVX) female rats (n=6-8/group), with a dose o f 5 
mg/kg producing significant hyperactivity. Subsequently, E was found to 
potentiate cocaine induced hyperactivity in OVX rats (Fз2〇=4.90, 
p=0.0103). If this effect is elicited through ERα then knockdown o f this 
receptor by an ERα ASN would result in reduced hyperact>iť' in 
response to cocaine. Intact female rats were pretreated witn ICV 
injections of either an ERα ASN, a scrambled oligonucleotide (SCR) or 
saline, 42 and 18 hours prior to an acute cocaine challenge (5 mg/kg, i.p.). 
Rats pretreated with ERα ASN demonstrated significantly г ：duced 
horizontal locomotor activity in comparison to SCR or saline pre‘reated 
rats (F2,і2=4.61, p=0.0327). These data suggest an important role for 
ERα in the response o f intact female rats to cocaine.
Supported by NIDA DA06511 & DA00260 and NARSAD

192.3
SEX, DRUGS, AND AVP. D. ļ į  Bгunzell*. Ç. J. Auger. Ģ. J. Dę \ ⅛  and Į  Ş, Meyer. 
Department of Psychology, Neuroscience and Behavior Program, University of Massachusetts, 
Amherst, MA 01003.

Prenatal cocaine exposure blocks mascul¡n¡zation of male sexually dimorphic brain systems. 
Characteristic enlargement of the male sexually dimorphic nucleus (SDN) and corpus callosum is 
absent in rats exposed to cocaine during development. We sought to determine whether chronic 
prenatal cocaine exposure blocks mascul¡nization of the sexually dimorphic vasopressin innervation 
of the lateral septum, a system that has been implicated in various social behaviors.

Sprague-Dawley dams were injected subcutaneously with either 40 mg/kg cocaine (COC, n = 5) 
or saline (SAL, n = 5) from gestational day (GD) 8 through GD 20. SAL animals were also pair-fed 
to weight-matched cocaine dams to control for the anorectic effects of cocaine. A second control 
group had ad lib access to food and received no injections (UT, n = 6). All offspring were fostered 
to untreated lactating dams on postnatal day (PD) 1. One male and one female offspring from each 
litter participated in the study. At PD 80-96, animals were perfused with acrolein and seminal 
vesicles were removed and weighed. Brains were sliced into 40-µm sections and processed for 
arginine-vasopressin (AVP) immunocytochemistry. The effect of prenatal treatment was assessed 
using litter as the unit of analysis.

As hypothesized, males exposed to cocaine in uteгo had reduced AVP-immunoreactive (AVP-ir) 
fiber density in the lateral septum. There was a treatment main effect for males (p = 0.03), and a 
post-hoc contrast revealed that COC animals had fewer AVP-ir fibers than the combined control 
groups (p = 0.018), which did not differ from each other. Prenatal cocaine treatment did not alter 
seminal vesicle weights, suggesting that the reduction in AVP-ir fibers was likely an organizational 
effect of in uteгo cocaine exposure and not caused by a reduction in androgen levels in adulthood. 
As expected, males overall showed markedly higher levels of AVP-ir staining than their female 
l¡ttermates (p = 0.001), and there was no effect of prenatal treatment on female fiber staining. A 
paired-sample t-test indicated that despite the reduction in AVP-ir fiber density, COC males still 
displayed higher densities than COC females (p = 0.007). These results suggest that prenatal 
cocaine exposure impedes but does not completely block mascul¡nization of the AVP innervation 
of the septum in male rats.
Supported by grants F31 DA-05759 (DHB), R01 DA-06495 (JSM), and R01 MH-47538 (GJD).

INHIBITION OF VENTRAL TEGMENTAL AREA (VTA) NITRIC OXIDE 
SYNTHASE (NOS) ATTENUATES THE BEHAVIORAL EFFECTS OF 
CHRONIC COCAINE ADMINISTRATION J. Onton*. J.J. Bvmes. Pantke. 
M ,. and R. P. Hammer. Jr. Depts. o f Neuroscience, Psychiatry, and 
Pharmacology, Tufts University School o f Medicine, Boston, M A  
02111.

Enhanced neural activ ity o f dopamine (D A ) neurons originating in 
the ventral tegmental area (V T A ) and terminating in the nucleus 
accumbens is believed to play an important role in behavioral 
sensitization to psychostimulant drugs. Several lines o f evidence now 
indicate that changes in mesoaccumbens D A  function may be mediated 
by strengthening o f glutamate (G LU )/ D A  interactions in the VTA.
N itr ic  oxide (NO) is known to play a crucial role in potentiation o f 
glutamatergic synaptic transmission. Thus, NO m ight provide a 
mechanism by which communication between G LU and D A  systems 
becomes enhanced. Recent studies have revealed that systemic inhibition 
o f NO synthase (NOS) markedly attenuates the behavioral effects o f 
chronic cocaine administration. In the present study, we tested the 
hypothesis that this effect o f NOS inhib ition is mediated in the VT A . 7- 
Nitroindazole (7-N I), an inh ib ito r o f neuronal NOS was injected 
bilaterally into the V T A  o f male rats prior to each o f 7 daily cocaine 
treatments (30 mg/kg, i.p.). A fte r a 7-day withdrawal period, all animals 
were challenged w ith the same dose o f cocaine. The results indicate that 
in tra-V TA  7-N I produces a dose-dependent reduction o f the behavioral 
activation induced by cocaine challenge fo llow ing  chronic treatment. 
Prior in tra-VTA 7-N I treatment does not affect the behavioral response 
to acute cocaine, nor does chronic 7-N I alone alter the response to a 
subsequent cocaine challenge. These data suggest that a form  o f long
term potentiation involv ing NO in the V T A  might underlie the induction 
o f certain psychostimulant-induced behaviors. Supported by USPHS 
Award R01 DAO9822 and T32 M H  19924.

192.4
LOCOMOTOR AND NEUROENDOCRINE RESPONSES TO COCAINE: 
SEX AND ESTROUS CYCLE DIFFERENCES. O. D. Walker*. J, Cabassa 
and C. M, Kuhn. Department o f Pharmacology, Duke University Medical 
Center, Durham, NC 27710.

This laboratory has previously reported greater cocaine stimulation of 
locomotor behavior and HPA axis activation in female rats relative to males. 
The present studies determined effects o f cocaine (10 mg/kg) on horizontal and 
vertical activity in male and female Sprague-Dawley rats at each stage o f the 
female cycle. Parallel experiments determined effects o f cocaine (15 mg/kg) on 
ACTH and corticosterone (CORT) secretion. Cocaine increased horizontal and 
vertical motor behavior in an automated photocell device more in female than 
male rats (sex by treatment for horizontal and vertical: p< 0.002 and 0.04, 
respectively). Estrous stage did not significantly affect horizontal or vertical 
activity in female rats. Cocaine increased ACTH and CORT secretion in male 
and female rats (p< 0.0001) and the effects were greater in females (cocaine by 
sex, p< 0.01 for both hormones). ACTH was four-fold higher in female relative 
to male rats following cocaine, and CORT was three-fold higher in female 
cocaine-injected rats. Estrous stage significantly affected secretion of both 
hormones (p< 0.05) in cocaine but not saline injected rats. Cocaine-induced 
secretion o f ACTH and CORT was greatest in rats in proestrous. Thus, both 
behavioral and neuroendocrine effects o f cocaine are greater in female rats. 
Estrous stage significantly affected cocaine-stimulated ACTH and CORT 
secretion in female rats but did not modulate cocaine increases in horizontal or 
vertical motor behavior. These data suggest that fluctuating ovarian hormones 
are more directly involved in hypothalamic-stimulant interactions, at least on a 
time scale that permits resolution o f daily estrous stages. Support: DA 09079.
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192.5
THE D IS C R IM IN A TIV E  STIM ULU S EFFECTS OF COCAINE IN 
FEM ALE RATS: ROLE OF 17-ß-ESTRADIOL AN D  THE A N T I
ESTROGEN IC I 182780. D. R. W oolfo lk*. M. L. Thomas, and K. A. 
Cunningham. Dept, o f Pharmacology and Toxicology, University o f Texas 
Medical Branch, Galveston, T X  77555.

There are gender differences in response to the behavioral effects o f 
cocaine, and evidence suggests that these differences may be hormonally 
(rather than developmentally) based. However, few studies have addressed 
the stimulus effects o f cocaine in female rats. The goal o f the present study 
was to investigate the profile o f the discriminative stimulus effects o f cocaine 
in intact female rats and begin to elucidate the role estrogen plays in these 
effects. Naive, female Sprague-Dawley rats (n= l4 ) were trained to 
discriminate 5.0 mg/kg cocaine hydrochloride (i.p.) from saline in a two- 
lever, FR 20 water-reinforcement task. Rats acquired the discrimination after 
41 ±0.7 shapmg/training sessions. Dose-response curves for cocaine were 
generated using a cumulative-dosing procedure. Cocaine (1.25-10.0 mg/kg, 
i.p.) administration resulted in a dose-dependent increase in drug-lever 
responding w ith rats responding at > 85% accuracy at the training dose. 
Cocaine dose-response curves were redetermined after pretreatment w ith 
systemic injections o f either 17-ß-estradiol (enhancement o f estrogen) or the 
anti-estrogen ICI 182870 (blockade o f endogenous estrogen). Preliminary 
data suggest that alteration o f the estrogenic state o f the female rat results in 
modulations o f the discriminative stimulus effects o f cocaine. (Supported by 
N ID A  D A 0 6 5 1 1 and D A 00260 .)

192.7
A COMPARISON OF THE EFFECTS OF THE NOS INHIBITOR 7-N1 AND 
COCAINE ON SELF-ADMINISTRATION BEHAVIOR IN RATS. S.L. Collins* 
and Ƙ.M. Kantak. Dept, o f Psychology, Boston University, Boston, M A 02215.

The brain nitric oxide synthase (NOS) inhibitor, 7-nitroindazole (7-NI), has 
been shown to modulate the effects o f cocaine in rats. Pretreatment with 7-N1 
potentiates the discriminative stimulus (DS) effects o f cocaine (Collins and 
Kantak, 1997), but attenuates drug-seeking behavior associated with cocaine self
administration (Collins and Kantak, 1998). 7-NI was also shown to have no 
significant effect on food-maintained behavior, suggesting that the reductions in 
drug-seeking behavior were specific rather than non-specific. In order to further 
understand the nature o f the pharmacological interactions between 7-NI and 
cocaine, the effects o f 7-NI pretreatment on cocaine self-administration behavior 
were compared to the effects o f pretreatment with cocaine itself and a DA 
receptor antagonist. A second-order schedule o f drug delivery was used in rats 
trained to self-administer 1 mg/kg cocaine. Pretreatment with 7-NI (5.6-17.8 
mg/kg) dose-dependently decreased drug-seeking behavior and a dose o f 10 mg/kg
7-NI caused a downward shift in the entire cocaine dose-response curve. Drug
seeking behavior was also dose-dependently decreased after pretreatment with 
cocaine (5.6-17.8 mg/kg), but a dose o f 10 mg/kg cocaine produced a leftward 
shift in the cocaine dose-response curve. Compared to the effects o f cocaine or 
DA antagonist pretreatments, the change in the position o f the dose-response 
curve after 10 mg/kg 7-NI pretreatment indicates that drug-seeking behavior is 
neither pharmacologically enhanced, nor pharmacologically blocked, by this dose 
o f 7-NI. This contrasts with the clear potentiation o f the DS effects o f cocaine 
by 10 mg/kg 7-NI. Such findings suggest that glutamatergic neurotransmission 
can play either a modulatory role or a permissive role in the expression o f 
behavior maintained by cocaine.

192.6
EFFECTS OF COCAINE SELF-ADMINISTRATION ON THE HPA AXIS 
AND TYPE II GLUCOCORTICOID RECEPTORS IN THE RAT BRAIN. 
J.R. Mantsch* L.J. Chandler and N.E. Goeders. Department o f Pharmacology 
&  Therapeutics, LSU Medical Center, Shreveport, LA  71130.

It has been established that hypothalamo-pituitary-adrenal (HPA) axis 
plays an important role in cocaine-seeking behavior. However, changes in the 
HPA axis as a result o f cocaine self-administration have not been well 
characterized. In the present experiment, the effects o f chronic cocaine self
administration on basal and cocaine-induced corticosterone (CORT) secretion 
and on the expression o f Type II glucocorticoid receptors (GR) in various 
brain regions were investigated using a cocaine self-administration “ yoked- 
triad” design. Adult male Wistar rats were divided into 8 groups o f three. The 
first rat in each group was trained to self-administer cocaine (iv, 1.0 
mg/kg/inß under an FR1 schedule of reinforcement during 3-hr sessions. The 
second and third rats in each group received infusions o f cocaine and saline 
that were yoked to those self-administered by the first rat. Once stable self
administration was observed, sessions were conducted 6 days a week for 30 
days. Basal and post-session CORT concentrations were determined weekly. 
Self-administering (SA) and yoked-cocaine rats displayed significant decreases 
in basal CORT concentrations relative to yoked-saline controls. Furthermore, 
basal CORT was significantly decreased in SA rats compared to rats receiving 
yoked infusions o f cocaine. No significant differences in post-session CORT 
were observed. After 30 days, rats were sacrificed and the densities o f GR in 
a number o f brain regions were determined using Western blot analysis. 
Preliminary findings indicate that GR in the hippocampus were upregulated in 
SA rats. The effects o f self-administration on GR receptors in other brain 
regions w ill be presented. Supported by USPHS grant DA6013 from NIDA.

192.8
EFFECTS O ľ INHIBITION OF NITRIC OXIDE SYNTHASE ON 
COCAINE-SEEKING BEHAVIOR IN RATS. G.F. Koob*. E. Izzo and L. 
Pulvirenti. Dept of Neuropharmacology, The Scripps Research Institute, La 
Jolla, CA 92037, USA
Dopamine and excitatory amino acid neurotransmission within the limbic 
system have been identified as critical neurochemical determinants oť cocaine
seeking behavior. The integrity of NMDA receptors in the limbic system is 
essential for the full expression of the reinforcing properties of cocaine and 
activation of NMDA receptors in the central nervous system results in an 
increase in the activity of nitric oxide (NO) synthase. Accordingly Ng-nitro-l- 
arginine meth>l ester (1-NAME), a competitive inhibitor of nitric oxide 
synthetase, reduced the maintenance of intravenous cocaine self-administration 
and the absolute rewarding value of cocaine, as measured in a progressive ratio 
schedule.
In the present siudy the effects of a pretreatment with 1-NAME (50 mg/kg ip. 
twice daily, for 4 days) on extinction and relapse of cocaine self-administration 
were studied. L NAME significantly affected cocaine-seeking behavior reducing 
the number of non-reinforced responses during the extinction phase. One week 
after extinction, relapse of cocaine-seeking behavior was induced by acute 
pretreatment with cocaine (15 mg/kg ip). Rats pretreated with 1-NAME before 
extinction showed a reduced relapse into cocaine-seeking behavior following the 
cocaine challenge.
These results suggest that nitric oxide may play a role in the processes 
underlying the enduring changes of the natural history of cocaine abuse and 
dependence.

192.9 192.10
B L O C K A D E OF M E L A N O C O R T IN -4 R E C E PT O R  (M C 4-R ) 
INH IBITS CO CA INE-INDUCED LO COM OTOR SENSITIZATIO N
R. Hsu, C. Haile, J.A. Alvaro. J.R. Taylor. V, Phantharangsv. G. HanL VJ, 
H rubv1, D. Huszar2, and R.S. Duman*. Laboratory of Molecular Psychiatry, 
department of Psychiatry, Yale University School of Medicine, 34 Park St, New 
Haven, CT 06508, U n ive rs ity  o f Arizona, Tucson, AZ, 2M il le n iu m  
Pharmaceuticals Inc, Cambridge, MA.

Previous studies from our laboratory have demonstrated that repeated 
administration of cocaine regulates the expression of MC4-R, but not MCЗ-R, in 
rat striatum and nucleus accumbens. This suggests that MC4-R may be involved in 
the behavioral effects of psychostimulants. We have tested this possibility by 
studying the role of melanocortins in cocaine-induced locomotor sensitization. First, 
we studied this behavior in A* (Agouti) mice, a line which displays ectopic 
expression of agouti peptide, an antagonist of melanocortin receptors. We found that 
the development of locomotor sensitization to cocaine (10 mg/kg) is significantly 
reduced in the AУ mice relative to C57BL/6J controls. Second, we studied locomotor 
sensitization in MC4-R knockout mice. MC4-R homozygous (-/-) knockout mice 
failed to develop any locomotor sensitization to cocaine, while their wildtype 
littermates (+/+) display a typical cocaine-induced locomotor sensitization; MC4-R 
heterozygous (+/-) mice have an intermediate response. Third, the influence of a 
melanocortin antagonist 〇л locomotor sensization in rats was examined. SHU9l 19 
pretreatment (bilateral intra-accumbens infusion, 1 mg per side) significantly 
blocked cocaine-induced (15 mg/kg) locomotor sensitization. The results of these 
studies demonstrate that inhibition of melanocortin receptors blocks cocaine-induced 
locomotor sensitization, suggesting that endogenous melanocortins are required for 
this behavioral response. In addition, complete loss of this effect in the knockout 
mice indicates that the MC4-R subtype mediates this behavioral response to 
cocaine. Supported by DA08227.

RELAPSE OF COCAINE-SEEKING BEHAVIOUR IN RATS: 
INVOLVEMENT OF CCKA RECEPTOR MECHANISMS. N. I. DeSonsa1* 
M. A. Smith1, and F.J. Vaccaπno1’2. Departments of Psychology1 and Psychiatry2, and 
Clarke Institute of Psychiatry2, University o f Toronto, Toronto, ON, M5S ЗGЗ, 
Canada.

Both clinical and preclinical research shows that environmental stimuli associated 
with drug use have the capacity to produce relapse of drug-seeking behaviour. Recent 
studies suggest that endogenous activation of cholecystokinin-A (CCKA) receptors 
may critically mediate incentive motivational learning associated with the acquisition 
of drug-paired stimuli. The present study was designed to assess the effects of CCKA 
receptor blockade, during the pairing of neutral environmental stimuli with 
intravenous (iv) cocaine self-administration, on relapse of cocaine-seeking behaviour 
following exposure to cocaine-paired stimuli.

Male Wistar rats (n=29) were tested during three phases: iv cocaine self- 
admimstrauon conditioning; cocaine abstinence, and relapse of cocaine-seeking. The 
experimental manipulation consisted of separate groups o f animals that infused 
cocaine (750 µg/kg/iπfusion; i.v.) solutions containing one o f four doses of the CCKA 
antagonist PD-140158 (0, 1, 3, 10 µg/kg/infusion; i.v.). During the relapse phase, 
animals were exposed to both saline and cocaine paired stimuli and reinstatement of 
drug-seeking'behavίour (lever-pressing) was assessed.

Results showed that PD-140158 did not affect cocaine self-administration levels 
during the cocaine conditioning phase. During the relapse phase, exposure to cocaine- 
paired stimuli elicited increased responding relative to control stimuli. This effect was 
blocked in animals previously treated with the highest dose of PD-140158 (10 
µg/kg/mfusion; i.v.). The present results suggest that CCKA receptor blockade may 
inhibit die capacity of drug-paired stimuli to induce relapse o f drug-seeking behaviour. 
This is consistent with the hypothesis that CCKA receptors are critically involved in 
mediating incentive motivational learning. SUPPORT: MRC G r a n t T o  F ]V
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192.11
THE NEUROTENSIN RECEPTOR AN TAG O N IST SR 48692 
INHIBITS THE LOCO M O TO R AND REARING RESPONSE TO 
COCAINE. C. Betancur.1 R. Cabrera.2 E.R. de KloetЛ_ D· Péla∏гł\ť* and W 
Rostène1. ЧNSERM ư .339, Hôpital Saint-Anto¡ne, 75012 Paris, France; :Dıvıм〇n 
of Medical Pharmacology, University of Leiden, 2300 RA Leiden. The Netherlands.

In the present study we investigated the role of endogenous neurotensin (NT) in the 
behavioral response to acute and repeated cocaine, after administration of the NT 
receptor antagonist, SR 48692. Given that endogenous NT stimulates the release 〇l 
corticosterone and that glucocorticoids increase the sensitivity to the psychomotor and 
rewarding effects of drugs of abuse, we also examined the effects of SR 48692 on basal 
and cocaine-induced corticosterone secretion. In the first experiment, male Sprague- 
Dawley rats received a single injection of SR 48692 (1 mg/kg i.p.). one hour be lore 
cocaine (15 mg/kg i.p.). Acute administration of SR 48692 reduced the number 〇! 
rearings induced by cocaine, without modifying horizontal activity. In the second 
experiment, rats were pretreated with SR 48692 (0.1 or 1 mg/kg) for 5 days, followed 
by daily coadminisưation of cocaine (15 mg/kg) and SR 48692 for 10 days. Results 
showed that repeated pretreatment with SR 48692 (1 mg/kg) markedly reduced both 
locomotion and rearing after the first cocaine injection , whereas the lower dose of SR 
48692 was inactive. On the following drug challenges. SR 48692 had no effect on the 
behavioral activation induced by cocaine. One week after discontinuing daily cocaine 
injections, SR 48692 blocked vertical, but not horizontal, activity induced by an acute 
cocaine challenge. Rats ưeated repeatedly with cocaine showed an enhanced behavioral 
response characterized by the development of stereotypies, which were not affected by 
SR 48692. Finally, treatment with SR 48692 did not alter corticosterone circadian 
secretion nor cocaine-stimulated corticosterone levels, indicating that the attenuation 〇l 
the behavioral effects of cocaine after NT receptor blockade is not associated with 
blunted glucocorticoid secretion. These findings indicate that administration of SR 
48692 attenuates the locomotor and rearing response to cocaine but fails to modify 
stereotyped behavior, suggesting that SR 48692 modulates the behavioral effects of 
psychostimulant drugs by acting selectively on the mesolimbic dopaminergic system 
Supported by the Commission of the European Community. Biomed program

192.13
EFFECT O F  M E L A T O N IN  O N  R E P E A T E D  C O C A IN E -IN D U C E D  
BEH AV IO R AL S E N S IT IZ A T IO N  IN  M A L E  A N D  F E M A L E  R A T S , R. S irc a r* . R. 
Koneru. D e v e lo p m e n ta l N e u ro s c ie n c e  L ab ., D e p a r tm e n ts  o f  P s y c h ia try , 
Neurology, P a th o lo g y , A lb e r t  E in s te in  C o lle g e  o f  M e d ic in e , B ro n x , N Y  1 04 61 .

The p h e n o m e n o n  o f  s t im u la n t s e n s it iz a tio n  i.e . e n h a n c e m e n t o f  b e h a v io ra l 
responses to  s t im u la n ts , s u c h  a s  c o c a in e  o r  a m p h e ta m in e , fo llo w in g  re p e a te d  
exposure to  th e s e  d ru g s  is  w e ll e s ta b lis h e d . W e  h a v e  e a r lie r  s h o w n  th a t n itr ic  
oxide, a p ro m o te r o f  fre e  ra d ic a l fo rm a tio n , p la y s  a n  im p o r ta n t ro le  in th e  
deve lopm ent o f  b e h a v io ra l s e n s it iz a tio n  to  re p e a te d  c o c a in e  a d m in is tra t io n s . 
Nitric o x ide  s y n th a s e  in h ib ito rs  -  L -N A M E , 7 -N I, s ig n ific a n tly  a tte n u a te d  
repeated c o c a in e - in d u c e d  b e h a v io ra l s e n s it iz a tio n . R e c e n tly , m e la to n in , a  
pineal h o rm on e , h a s  b e e n  re p o rte d  to  h a v e  p o te n t fre e  ra d ic a l s c a v e n g in g  
activity. M e la to n in  h a s  b e e n  s h o w n  to  p ro te c t  a g a in s t  M P T P -in d u c e d  b ra in  
lesions, o x id a tiv e  d a m a g e  in d u c e d  b y  h y p e rb a r ic  o x y g e n , a n d  to  re d u c e  
cyanide- a n d  k a in ic  a c id - in d u c e d  s e iz u re s . In th e  p re s e n t s tu d y , w e  lo o k e d  a t 
the e ffec ts  o f  m e la to n in  o n  th e  e x p re s s io n  o f  c o c a in e  s e n s it iz a tio n  in m a le  and  
fem ale F is c h e r 3 4 4  (F 3 4 4 ), L e w is  (L E W ) a n d  S p ra g u e -D a w le y  (S D ) ra ts . 
Fem ale LEW , F 3 4 4  a n d  S D  ra ts  w e re  g o n a d e c to m iz e d  a n d  g iv e n  h o rm o n a l 
supp le m e nta tion  (s e q u e n tia l e s tro g e n  a n d  p ro g e s te ro n e ) . A ll ra ts  re c e iv e d  
daily in je c tio n s  o f  c o c a in e  (1 5  m g /k g /d a y  i.p . fo r  f iv e  d a y s )  fo llo w e d  by  a 2 - 
week d ru g -fre e  p e r io d . F o llo w in g  th e  d ru g - fre e  p e r io d , a ll ra ts  re c e iv e d  a 
challenge d o s e  o f  c o c a in e . M a le  a n d  fe m a le  ra ts  w e re  d iv id e d  in to  2  g ro u p s . 
G roup I m a le  a n d  fe m a le  ra ts  re c e iv e d  a  s in g le  in je c tio n  o f  m e la to n in  (20  
m g/kg) 15 m in  p r io r  to  th e  c h a lle n g e  c o c a in e  a d m in is tra t io n , a n d  G ro u p  II m a le  
and fem a le  ra ts  re c e iv e d  e q u iv a le n t v o lu m e s  o f  v e h ic le  a t  th e  s a m e  tim e . 
B ehaviora l lo c o m o to r s c o r in g  w a s  c a rr ie d  o u t d u r in g  th e  6 0  m in  p e r io d  
fo llow ing th e  c o c a in e  in je c tio n . A  s in g le  d o s e  o f  m e la to n in  d id  n o t a lte r  
repeated  c o c a in e - in d u c e d  m o to r ic  a c tiv ity  in  e ith e r  m a le  o r  fe m a le  ra ts . 
W he the r re p e a te d  m e la to n in  in je c tio n s  a lte r  th e  d e v e lo p m e n t o f  c o c a in e  
sens itiza tion  n e e d s  to  b e  s tu d ie d .

192.15

DIFFERENTIAL RESPONSES BY NEUROTENSIN SYSTEMS TO 
IBOGAINE AND COCAINE. M.E. Alburges* and G.R. Hanson. 
Department of Pharmacology and Toxicology, Univ, of Utah, Salt 
Lake City, UT 84112.

Ibogaine is an indole alkaloid claimed to have antiaddictive 
properties. It interrupts cocaine and amphetamine abuse and has been 
proposed for treatment of addiction to these stimulants. However, the 
mechanism of action for its antiaddictive effects is unknown. Since 
previous studies demonstrated differential effects of psychotomimetic 
drugs (cocaine and methamphetamine) on neuropeptides such as 
neurotensin (NT), the present study was designed to determine the 
effects of ibogaine pretreatment on cocaine-induced changes in striatal, 
nigral and accumbens neurotensin-like immunoreactivity (NTLI) 
concentrations and the effects of selective dopamine antagonists on 
ibogaine-induced changes in NTLI content. An ibogaine pretreatment 
of a daily administration for 4 days completely prevented the acute 
effect of cocaine on striatal and nigral NT systems. Interestingly, 
ibogaine itself was capable of increasing NTLI content short-term. 
The ibogaine-induced increases in NTLI in striatum, nucleus 
accumbens and substantia nigra were blocked by coadministration of 
the selective D ļ receptor antagonist, SCH 23390. The ¤ 2  receptor 
antagonist, eticlopride, blocked the ibogaine-induced increases in 
nigral NTLI, but not in striatum and nucleus accumbens. These data 
suggest that NT may contribute to an interaction between ibogaine and 
DA system and participate in the antiaddictive mechanisms of this 
drug. Supported by a M inority Supplem ent to NIDA grant 
D A 09407 .

192.12
THE EFFECTS OF SYSTEMIC ADMINISTRATION OF TACHYKININ 
RECEPTOR ANTAGONISTS ON LOCOMOTOR SENSITIZATION TO 
COCAINE IN MALE RATS M.Kraft» and J.A. Angulo. The Graduate School and 
the Department o f Biological Sciences, Hunter College o f the City University of 
New York, New York, 10021.

The tachykinins, substance P and neurokinin A, have been shown to increase the 
firing rate o f dopaminergic neurons, dopamine release and locomotion. Direct and 
indirect dopamine agonists such as cocaine up-regulate preprotachykinin mRNA in 
the neostriatum and substance P peptide levels in the neostriatum and substantia 
nigra. To assess whether the tachykinins play a role in mediating locomotor 
sensitization to cocaine, we administered substance P receptor (NK1) antagonists to 
male rats using a cocaine administration paradigm known to produce behavioral 
sensitization. Animals (n=Ю/group) received 10 mg/kg cocaine i.p. once daily for 
7 consecutive days followed by the same dose challenge after 3 days of withdrawal. 
Horizontal locomotion was assessed on day 1 (acute), day 7 (chronic) and on the 
day o f challenge (early withdrawal). Three NK1 antagonists were used in three 
separate experiments. Group I received antagonist prior to cocaine exposure on 
days 1-7 followed by exposure to cocaine alone 3 days later to assess the 
antagonist’s effect on the development o f sensitization. Group II received cocaine 
alone on days 1-7 and 3 days later antagonist was administered prior to cocaine 
challenge to assess effects on the expression o f sensitization. The antagonists SR 
140333 (2 mg/kg) and CP-99,994 (30 mg/kg) were administered i.p. 30 minutes 
prior to cocaine administration. LY306740 was delivered continuously 3 mg/day 
via osmotic minipumps from days 1-7 and 15 mg/kg i.p. on the day of challenge. 
CP-99,994 and LY306740 attenuated the acute locomotor effects o f cocaine (day 1 
o f treatment). None o f the compounds affected the development or expression of 
sensitization. A similar experiment with an NKЗ receptor (neurokinin A) antagonist 
is in progress.

192.14
IBOGAINE ENHANCES THE EXPRESSION OF LOCOMOTOR 
SENSITIZATION IN CHRONIC COCAINE-TREATED ANIMALS. 
Karen Ƙ. Szumlinski*. Isabelle M. Maisonneuve and Stanley D. Glick. 
Department o f Pharmacology and Neuroscience, Albany Medical College, 
47 New Scotland Ave., Albany, N.Y. 12208

Pretreatment (19 hrs beforehand) with the putative anti-addiction drug, 
ibogaine (IBO), slightly enhances the acute locomotor-activating effects o f 
cocaine (COC) (Maisonneuve and Glick, 1992). Whether IBO also 
increases the locomotor-activating effects o f COC in chronically treated 
rats is currently unknown. To address this possibility, animals received 5 
daily injections o f  either COC (15 mg/kg, i.p.) or saline (SAL) and then 
were randomly assigned to receive either 40 mg/kg IBO or vehicle 19 hrs 
prior to a test for sensitization (where all rats received 7.5 mg/kg COC). 
After 3-4 days, the same procedures were repeated. Compared to their 
chronic SAL controls, locomotor sensitization was apparent only in chronic 
COC animals treated with IBO. Compared to their COC responses on the 
first test, both IBO groups displayed increases in responding to COC on the 
second test, whereas no increase was apparent in their controls. Thus, it 
appears that ШO increases an individual’s sensitivity to the psychomotor 
stimulant effęcts o f COC, an effect that depends on the previous drug 
history o f the individual and possibly also on the number o f IBO 
treatments. Given that the psychomotor stimulant effects o f high doses o f  
COC can be aversive, IBO’s anti-addictive properties may be related to an 
ability to increase the aversiveness o f COC in chronic COC users. 
(Supported by NIDA DA 03817).

192.16
EFFECTS OF COCAINE SENSITIZATION AND IN  VITRO  
COCAINE ON STRIATAL GAD ACTIVITY. B.J. Jung*, R. Dawson, 
Jr. and J. Peris. Dept, of Pharmacodynamics, Univ, of Florida, 
Gainesville, FL 32610.

Behavioral sensitization caused by repeated, intermittent cocaine 
treatment decreases endogenous GABA release from striatal slices 
(Jung, et. al., 1996: Soc. Neurosci. Abstr. 22, 929). Since this 
decrease was not found when [3H]GABA release was measured from 
preloaded striatal slices of cocaine sensitized rats, we hypothesized 
that changes in GAD activity could be a possible mechanism for 
decreases in GABA availability for release. GAD activity was 
measured in saline (0.1 ml kg‘1, i.p.) and cocaine sensitized rats (15 
mg kg*1 once daily for 14 days, i.p.). There was no difference in GAD 
activity at a saturating concentration of glutamate between saline 
(229.46 ± 23.59 nmol mg protein*1 hr*1, N = 6) and cocaine treated 
rats (219.18 ± 14.06 nmol mg protein*1 hr*1, N = 6). Neither were 
there differences at the K~ concentration between saline (138.66 ±
17.04 nmol mg protein*1 hr , N = 6) and cocaine treated rats (150.04 
± 8.00 nmol mg protein*1 hr*1, N = 6). There was no effect of in vitro 
cocaine (1-1000 µM) on GAD activity. Finally, the effects of a single 
dose of cocaine (15 mg kg*1, i.p.) on endogenous GABA release 
were measured. There were no differences in endogenous GABA 
release 24 hr after a one time dose of saline or cocaine. Therefore, 
decreased GABA release in cocaine sensitized rats is not accounted 
for by changes in the ability of GAD to synthesize GABA or a direct 
cocaine inhibition of GABA synthesis. Supported by NIAAA T32 
AA07561.
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193.1
CAFFEINE ATTENUATES THE EXPRESSION OF MORPHINE-INDUCED 
LOCOMOTOR STIMULATION AND SENSITIZATION IN MICE. S.P. Weisheгg.
G.B. Kaplan* Department of Psychiatry &  Human Behavior, Veterans Affairs Medical 
Center & Brown University School of Medicine, Providence, RI 02908.

We studied the role of adenosine signaling in a model of morphine-induced locomotor 
stimulation and motor sensitization. C57BL/6 mice received morphine (10 mg/kg, 
s.c.) or vehicle injections once every other day for nine days followed by 1.5 hours of 
behavioral monitoring for ambulatory activity. On day 11, all animals were given 
morphine (10 mg/kg, s.c.) and monitored. The morphine-treated group demonstrated 
significant motor stimulation on day 1, and the animals developed an enhanced response 
to each subsequent morphine administration. This enhancement o f morphine-induced 
stimulation was significant on days 7 and 9. On day 11, the morphine-pretreated mice 
showed a significant increase in morphine-stimulated activity that was 100% greater 
than morphine stimulation in the vehicle pretreated group, suggestive of sensitization.

Caffeine - co-administered at 1, 5, and 20 mg/kg, i.p. - significantly inhibited 
morphine-induced stimulation of ambulatory activity on day 1 of treatment. Caffeine, 
co-administered at 10 mg/kg, significantly enhanced morphine-stimulated locomotion. 
However, after subsequent administrations of all four caffeine doses with morphine, 
there was a dose-dependent attenuation o f morphine-induced locomotor sensitization on 
days 7 and 9. On day 11, one morphine/caffeine pretreatment group (receiving caffeine 
10 mg/kg) demonstrated a sensitized response when treated with morphine alone.

Morphine-induced disinhibition of Ventral Tegmental Area (VTA) dopamine neurons 
enhances meso-limbic dopamine transmission and mediates psychostimulant and 
addictive properties. Recent studies demonstrate that adenosine antagonists stimulate 
and adenosine agonists inhibit GAB Ab transmission in dopamine neurons in the VTA. 
Our findings are consistent with this work, and we hypothesize that caffeine inhibits 
morphine-induced stimulation by increasing GABA release in the VTA.

193.3
D ISRUPTIO N OF INHIBITORY PROCESSES M A Y  BE  
INV O LV ED  IN STRESS-INDUCED RELAPSE TO HEROIN. Y  
Shaharn*1,2. S. Leung1. R.J. McDonald2 and J. Stewart3. 1ARF, 
Toronto; P sych ology  Dept, U  o f  Toronto; 3C SBN, Concordia U, 
Montreal, Canada.

Previous studies have shown that stress potently reinstates drug 
seeking in rats. The processes involved in this effect, however, are not 
known. Here w e tested the possibility that stress reinstates drug 
seeking by interfering with inhibitory processes that control behavior 
w hen reinforcers are not available. In Exp. 1 w e studied whether 
intermittent footshock (10 min, 0.5 mA, given prior to each o f  the 
extinction sessions) would retard rate o f  extinction in rats trained to  
self-administer heroin for 10 days (three 3-hг sessions/day, 0.1 

mg/kg/infusion). Footshock was found to increase non-reinforced 
lever presses during the early phase o f  extinction. In Exp. 2 w e tested  
whether inactivation o f  the septum, a brain area involved in inhibitory 
processes, would reinstate heroin seeking after 7-10 days o f  extinction. 
Reversible inactivation o f  the septal area by tetrodotoxin (1-5 ng; 30- 
40 min before the test sessions) potently reinstated heroin seeking, an 
effect similar to that observed after exposure to footshock. These data 
suggest that disruption o f  inhibitory processes may be one mechanism 
by which stressors provoke relapse to drug use. S upported  by NIDA  
an d M R C  (Canada).

193.5
EFFECT OF CLONIDĨNE ON STRESS- A N D  DRUG-INDUCED  
RELAPSE TO HEROIN A N D  COCAINE SEEKING. S. Erb*1, D. 
M ueller1, Y. Shaharn ¾3, S. Leung 2, J. Stewart ’C SBN , Concordia 
U, Montreal; 2ARF, Toronto; P sych o logy  Dept, U  o f  Toronto.

The effect o f clonidine (an alpha-2 adrenoceptor agonist that reduces 
noradrenergic cell firing and noradrenaline release) on relapse to drug 
seeking was studied using a reinstatement model. Rats were trained to 
self-administer heroin or cocaine (0.1 or 0.5 m g/kg/infusion, IV, re
spectively) for 9 -12 days. After 7-10 days o f extinction, during which  
saline was substituted for the drug, the effect o f  clonidine (10-40 µg/kg, 
IP or 3 µg, ICV) on reinstatement o f  drug seeking was determined.
Tests for reinstatement included exposure to intermittent footshock stress 
(0.5 mA, 5-30 min), 24 hr food deprivation, or priming injections o f  the 
self-administered drug (0.25 mg/kg, SC, heroin; 10 and 20 mg/kg, IP, 
cocaine). Clonidine blocked footshock- and heroin-induced reinstate
ment o f  heroin seeking, but had no effect on reinstatement induced by 24  
hr o f food deprivation. Clonidine also attenuated reinstatement o f  co
caine seeking induced by footshock stress and priming injections o f  co
caine. These data suggest that the noradrenergic system plays an im
portant role in both stress- and drug-induced relapse to drag seeking, but 
based on our previous work w e suggest that the mechanisms underlying 
these effects may be differentially mediated. Whereas the effect o f  clo- 
nidine on stress may be brought about through an interaction with brain 
CRF systems, the effect on drag-induced reinstatement may be related to 
a modulatory effect o f  the noradrenergic system on the dopamine system  
that mediates reinstatement induced by drags. Supported by N IDA and 
MRC, Canada, FCAR, Quebec.

193.2
EFFECT OF PERINATAL BUPRENORPHINE (B) ON CENTRAL 
CHOLINERGIC N EU R O N S. S.E. R obinson.* M.J. Wallace. T. 
M ason. S.L. Breeding, and O. M o. Department o f  Pharmacology & 
T oxicology, M edical C ollege o f  V irginia, V irginia Commonwealth 
University, Richmond, V A  23298-0613.

The present study was performed to determine whether perinatal 
exposure to a partial (B) µ-opioid agonist affects the activity of central 
cholinergic neurons. On day 7 o f  pregnancy, Sprague-Dawley CD rats 
were anesthetized with methoxyflurane and implanted s.c. with osmotic 
minipumps filled with B (3 mg/kg/day) or sterile water (W). Maternal 
weight, food and water intake were monitored throughout pregnancy. 
W ithin 24 h o f  birth, litters were culled to 10 and fostered to dams 
implanted with minipumps containing B or W , so that W/W, B/W, 
W /B, and B/B prenatal/postnatal exposure groups were obtained. New 
pumps were implanted in dams on postnatal day (PD) 10. On PD 21, 
rats w ere in fu sed  v ia  the tail vein  w ith  deuterium -labeled  
phosphorylcholine (15 µm ol/kg/m in) for 9 min and euthanized by 
microwave radiation focussed to the skull (7.5 kW, 0.75 sec). Using a 
mass fragmentographic technique, relative incorporation o f deuterium 
into choline and acetylcholine (ACҺ), and hence, the turnover rate of 
ACҺ (TRACh) were determined in the frontal cortex, hippocampus, 
parietal cortex, and striatum. Unlike the results o f  perinatal methadone, 
the only region affected by B was the striatum. The results in the 
striatum differed from those o f methadone, as w ell. B reduced ACҺ 
content in the striatum (p=0.0004), but only in the B/B group. TƙACh 
was also reduced in that group (p=0.0028), as a result o f the reduction 
in ACҺ content. [Supported by NIDA grant D A 09399].

193.4
STU D IES O N  THE GENERALITY OF THE EFFECT OF STRESS 
ON RELAPSE TO D R U G  SEEKING. Y. Buczek*1. A.D. Lê1’3. S. 
Leung1. J. Watchus1. J. Stewart4 and Y. Shaharn 1,2 ÄRF, Toronto; 
Psychology and Pharmacology Dept, U  o f  Toronto; 4CSBN, Concordia 
U , Montreal, Canada.

Footshock reinstates heroin, cocaine and alcohol seeking, but not 
behaviors previously maintained by food. Here w e report additional 
studies on the generality o f  the effect o f  stress on reinstatement o f  
responding maintained by drag and non-drug reinforcers. In Exp. 1, 
intermittent footshock (5-15 min; 0.8 mA) w as found to reinstate 
nicotine seeking after extinction in rats trained to self-administer nicotine 
(30  µg/kg/infiısion). In Exp. 2, footshock w as found to reinstate 
sucrose seeking in rats that were trained to self-administer a palatable 
30% sucrose solution. In Exp. 3, the effect o f  stressors w as studied in 
rats trained to self-administer heroin (100 µg/kg/infusion). It was found 
that 24  hr o f  food deprivation potently reinstates heroin seeking. In 
addition, footshock given in the drag environment, but not an identical 
stressor given outside the drag environment, reinstated heroin seeking. 
Thus, stress-induced reinstatement generalizes to  another drag 
(nicotine), to a different stressor (food deprivation) and to at least one 
non-drug reinforcer (a sucrose solution). Finally, it appears that the 
context o f  stress exposure is an important determinant for the effect o f  
stress on relapse to drags. Supported  by NIDA a n d  M R C  (Canada).

193.6
NALOXONE-PRECIPITATED MORPHINE  
W ITHDRAWAL INDUCED PLACE AVERSIONS: 
EFFECT OF N ALO XO NE A T 24 HR POSTMORPHINE. 
L.A. Parker1* and A. Joshi2. ’Dept, o f  Psychology, 
Humboldt State Univ, Areata, CA 95521; 2Dept. o f  
Psychology, Wilfrid Laurier University, Waterloo, Ont.

The aversive properties o f  naloxone-precipitated 
withdrawal from acutely administered morphine were 
assessed using the place conditioning paradigm. The 
conditioned place aversion produced by naloxone (.5 - 1.0 
mg/kg, sc) after two conditioning trials was enhanced by 
pretreatment with morphine (20 m g/kg, sc) 24 hr prior to 
the conditioning trial. N aloxone precipitated withdrawal 
from acutely administered morphine produces an aversive 
motivational state that becom es associated with place cues 
(Supported by NSERC).
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193.7
BACLOFEN INHIBITS HEROIN SELF ADMINISTRATION 
BEHAVIOR AND DOPAMINE RELEASE IN THE NUCLEUS 
ACCƯMBENS.
Zheng-Xiong Xi‘*. Leah Ruth Anderson3 and Elliot A. Stein1,2. 
‘Neuroscience Program and 2Department of Psychiatry, Medical 
College of Wisconsin; 3Lawrence University; Milwaukee, W I53226.

Heroin reinforcement has been hypothesized to result from an 
increase in mesolimbic dopamine release. This incease is thought to a 
disinhibition of VTA DA neurons by GABAergic intemeurons. To 
directly test this hypothesis in vivo, the effects of baclofen, a GABAb 
agonist, on heroin SA behavior and NAcc DA release were 
investigated. Coadministration of baclofen (0.5 & 1 mg/kg) with heroin 
(0.06 mg/kg, n=8) inhibited the development of heroin SA behavior in 
naive rats. It also dose-dependently suppressed SA behavior in 
previously trained heroin-dependent rats (n=4). Baclofen alone, was 
not self-administered in either naive (n=8) or heroin-trained rats (n=4). 
Furthermore, when co-administered with heroin, baclofen dose- 
dependently reduced heroin-induced DA release during heroin SA as 
determined by fast-cyclic voltammetry. This baclofen effect was 
blocked by intra-VTA infusion of the GABAB antagonist, 2- 
hydrosaclofen (1 mg). Experimenter-delivered baclofen alone also 
dose-dependently decreased basal DA release in the NAcc. Taken 
together, these experiments suggest that baclofen antagonism of heroin 
reinforced SA behavior may be mediated by direct inhibition of the 
mesolimbic DA system. (Supported by a NIDAЯNVEST Fellowship 
and DAO9465)

193.9
LIMBIC SYSTEM ACTIVITY DURING EXPRESSION OF ASSOCIATIVE 
MORPHINE TOLERANCE IN RATS. J.M. M itchell* and H.L. Fields. 
Departments of Neurology and Physiology and the W.M. Keck Center for Integrative 
Neuroscience, University of California, San Francisco, CA 94143.

There are two distinct types of opioid tolerance: associative (conditioned) tolerance 
and non-associative (non-conditioned) tolerance. While numerous brain regions have 
been implicated in the acquisition and expression of non-associative tolerance, no 
central nervous system (CNS) circuitry for associative tolerance has yet been 
identified. To compare the CNS structures involved in these two types of tolerance, 
Fos-like-immunoreactivity (Fos-LI) was used as a marker for neuronal activity in 
animals which were either associatively or non-associatively tolerant to morphine.

Associative tolerance was produced by pairing i.v. morphine administration with a 
distinctive environment every other day for 14 days. Non-associative tolerance was 
produced by daily implantation of subcutaneous morphine pellets for 5 days. For 
non-associative animals, care was taken to avoid environmental cues predictive of 
morphine pellet administration. Following the acquisition of either associative or 
non-associative tolerance animals were sacrificed and brains were removed and 
processed for Fos-LI. JFos-LI was quantified in the nucleus accumbens (NAcc) core 
and shell, rostral ventromedial medulla (RVM), ventral tegmental area (VTA), CA1 of 
the hippocampus, and the central (CeA), basolateral (BLA), and lateral (LA) nuclei of 
the amygdala. ANOVA analysis revealed no significant difference between groups in 
the NAcc core, NAcc shell, RVM, and CeA. Significant differences were found 
between groups in CA1 (p=.0022), BLA (p=0.0193), and LA (p=0.0004). The 
increase in LA was observed only in rats which were placed in the morphine 
associated context on the last experimental day.

These results suggest that CA1 of the hippocampus as well as the lateral and 
basolateral nuclei of the amygdala are active following the acquisition of associative 
but not non-associative tolerance. Further investigation is needed to determine if  
these regions are necessary for the acquisition or expression of associative tolerance. 
Supported by NIDA 01949.

193.11
THE EFFECTS OF BETA-FUNALTREXAM INE ON A HIGH-DOSE 
FENTANYL VS. SALINE DISCRIMINATION IN RATS. M. Evola* and A M, 
Young. Department of Psychology, Wayne State University; Detroit M l 48201.

The iưeversible µ opiate antagonist, beta-funaltrexamine (ß-FNA), was examined 
for the ability to alter the stimulus and rate-decreasing effects of the high efficacy µ 
opiate fentanyl. Male Sprague-Dawley rats (N=6) were trained to discriminate a 
high-dose of fentanyl (0.04 mg/kg) from saline under a FR15 schedule of food 
reinforcement. Upon establishment of accurate discriminative performance (90% or 
greater responding on the correct lever), rats were tested with cumulative fentanyl 
(0.0032-0.032 mg/kg) and cumulative morphine (1.0-10 mg/kg). Fentanyl produced 
full drug appropriate responding at a dose oſO.O32 mg/kg; morphine at 10 mg/kg. 
The doses of fentanyl (0.032 mg/kg) and morphine (10 mg/kg) that evoked drug 
appropriate responding also produced suppression of the lever press response. Rats 
were then administered single doses of ß-FNA (5, 10, or 20 mg/kg s.c.) and tested 
regularly with cumulative doses of fentanyl at selected times following ß-FNA 
treatment (1 day. 3 days, and weekly thereafter). Testing continued until full 
recovery of the discriminative effects of fentanyl was observed. Discrimination 
training was suspended for the duration of recovery . The lowest dose of ß-FNA (5 
mg/kg) produced a 5 fold shift in the fentanyl dose-response curve with 10 mg/kg ß- 
FNA producing a 10 fold shift in fentanyľs stimulus effects. The highest dose of ß- 
FNA tested (20 mg/kg) produced no distinguishable difference from 10 mg/kg. No 
insurmountable antagonist effect was observed at any dose of ß-FNA. The stimulus 
and rate-decreasing effects of fentanyl demonstrated a gradual recovery to baseline (1 
week for 5 and 10 mg/kg ß-FNA, 2 weeks for 20 mg/kg ß-FNA). ß-FNA produced 
long-lasting, surmountable, and dose-dependent antagonism of fentanyľs stimulus 
and rate suppressing effects. [Supported by DAO3796, KO2 DA 00132, GM08167 
from the National Institutes of Health).

193.8
THE EFFECT OF THE ANTI-CRAVING DRUG ACAMPROSATE ON THE 
CONDITIONED PLACE AVERSION INDUCED BY MORPHINE 
WITHDRAWAL IN RATS. U. Kratzer. B. Zadow* and W.J. Schmidt. Dept, of 
Neuropharmacology, Zool. Inst., Univ, o f Tübingen, 72074 Tübingen, Germany; 
ulrich.krátzer@uni-tuebingen.de.

The anti-craving drug acamprosate (calcium V-acetylhomotaurinate) is used 
therapeutically to maintain abstinence in weaned alcoholics. The mechanism 
underlying the relapse-preventing effect of acamprosate is not fully understood 
although recent studies suggest that it reduces depolarization-dependent calcium 
entrance into the cell and affects glutamatergic ncurotransmission by acting as an N- 
methyl-D-aspartatc (NMDA) receptor modulator with functional antagonistic 
properties. Several studies have shown that both ethanol and opioids interact with 
NMDA receptors and calcium channels. During the withdrawal from both drugs 
ovcractivity in these transmission mechanisms lead to craving. After longer periods 
of abstinence conditioned cues also produce craving which increases the 
vulnerability of the addict to relapse.

A place conditioning paradigm was used to examine the effect of acamprosate on 
the conditioned withdrawal from morphine. 5-6 days after implantation of a 
morphine pellet in rats (75 mg free base, s.c.) withdrawal was precipitated by 
administration of the opioid antagonist naloxone (0.1 mg/kg s.c.) following 
injections of saline or acamprosate (200 and 400 mg/kg i.p.). Subsequently, while in 
an undrugged state, rats avoided the side of the place conditioning box previously 
paired with withdrawal. The lower dose of acamprosate significantly blocked the 
naloxone-precipitated place aversioti and the higher dose exhibited a tendency 
towards blockade. These results are an initial indication that acamprosate blocked 
the place aversion associated with morphine withdrawal, which suggests a new 
potential indication for this agent in the treatment of opiate dependence.

Supported by the BMBF (Forschungsschwerpunkt Suchtſorschung Tübingen).

193.10
EVIDENCE OF “NORMAL” MORPHINE-INDUCED REARING OF NRTP- 
DAMAGED RATS AND RESISTANCE TO HYPERACTIVE REARING IN 
WITHDRAWAL R. M. Chesire» Col. Health Sci. Univ. Hawaii, Honolulu, 
HI 96822.

Lesions of n. reticularis teдmenti pontis (NRTP) can produce 
excessive forward locomotion and resistance to the motor inhibitory 
effects of acute or chronic alcohol or morphine. Alcohol also partly 
normalizes motor behavior of NRTP-damaged rats. Although forward 
locomotion dominates the open field activity of NRTP rats, 
amphetamine can bypass the damage to produce hyperactivity and 
stereotypy (Chesire, R.M. Neurosci. Abs. 15:54, 1990). As part of a 
larger study, rearing was recorded for 9 control & 10 NRTP-les¡oned 
rats (1mA anodal current/2Os bilateral) during 10m open field trials for; 
(1) baselines (2) 10-15 days 30m after daily injection of 10-30mg/kg,i.p. 
morphine SO4 & (3) 7 days of withdrawal. Baseline rearing did not 
differ between groups, although NRTP rats reared less (forward 
locomotion dominated). Morphine increased rearing significantly 
within groups, but scores did not differ between groups 
(normalization of NRTP response to morphine). During withdrawal, 
NRTP rats continued to rear at drug-induced levels, but control rats 
increased rearing significantly above morphine-induced levels (overall 
F=3.73; p<0.01). The results indicate that morphine, like amphetamine, 
can partly bypass NRTP damage-induced movement, and suggest 
that previous exposure to morphine can protect undrugged NRTP- 
damaged rats from some of the withdrawal symptoms experienced by 
undamaged rats. Such protection, like normalized movement, can 
provide appetitive consequences for continued chronic or intermittent 
drug use.

193.12
PAIN FACILITATION INDUCED BY REPEATED HEROIN 
ADMINISTRATION: A SENSITIZATION PROCESS INDUCING A 
COMPENSATORY ENHANCEMENT OF ENDOGENOUS OPIOID 
EFFECTS. G. Simonnet, E. Célèrier, J P, Laulin, A. Larcheг, M. Le Moal 
and M.Cador* INSERM, rue Camille Saint-Saë∩s, ЗЗÒ77 Bordeaux, France.

We recently reported that analgesia induced by a single heroin injection 
is followed by an enhancement of pain sensitivity (allodynia) over a period 
of several days. This phenomenon! is dose-dependent and is prevented by 
NMDA antagonists (Laulin et al,, 1998). Since it is well admitted that 
NMDA receptors play an important role in the development of behavioral 
sensitization, an hypothesis is that repeated heroin administrations lead to 
an actual pain sensitization. To test this hypothesis, we examined the 
consequences of repeated heroin injections (5 times) on both immediate 
(for 2 hours) and long term sensitivity (for several days) to nociceptive 
stimuli in rats (paw pressure-vocalization test). Each heroin injection (1.25 
mg/kg, s.c.) was performed when the previous heroin-induced allodynia 
was ended. Our results showed that both amplitude and time-course of 
allodynia were enhanced following repeated heroin injections. Moreover, 
a low dose of heroin (0.3 mg/kg), which did not induce allodynia 
following the first heroin exposure induced allodynia in rats previously 
treated by 5 heroin injections. These results suggest repeated heroin 
injections induced an actual pain sensitization. It is in agreement with our 
recent proposal that enhanced pain sensitivity plays a major role in opiate 
tolerance.

By contrast no changes in the immediate analgesic effect of heroin was 
observed although naloxone injection (lm g/kg, s.c.) induced more and 
more hyperalgesю effect in heroin treated rats when it was injected at the 
end or each heroin-induced allodynia. These results suggest that a 
compensatory enhancement of endogenous opioid effects counteracts 
heroin-induced pain sensitization. This process could explain that 
hyperalgesia is a consistent sign of withdrawal syndrom.

This work was supported by INSERM and ưniversité Victor Segalen.
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193.13
INTRAVENOUS SELF-ADMINISTRATION OF HEROIN AND A 
HEROIN/COCAINE MIXTURE (SPEEDBALL) USING NOSE- 
POKE OR LEVER-PRESS OPERANT RESPONDING IN C57BL/6 
MICE. V. David*, L Polis, A. Contarino and L. Gold- Dept 
Neuropharmacology, The Ŝcripps Research Institute, La Jolla , CA 
92037.

The establishment of intravenous self-administration of opiates and 
drug mixtures is becoming increasingly valuable because o f the rapid 
development of transgenic and knock-out animals as useful tools for 
studying the neuropharmacology of drug abuse. In the present study, 
interaction between drug and instrumental responding was evaluated by 
testing the acquisition of the self-administration behavior for heroin 
(60µg/kg/inj) using both nose-poke (two holes, one active=injection and 
one inactive=no injection) and lever (two levers, 4g) responding during 
10 daily sessions of 2 hours, in a between groups design. Acquisition 
criteria were defined as three consecutive days within 20 % variation 
from the mean number of responses, and active responding > 70 %. 
Animals reaching the criteria were moved to a dose-response study. In 
the nose-poke boxes, most of the mice showed a stable pattern of heroin 
intake by day 10. However, few displayed accurate discrimination (>70) 
for the active hole, many of them exhibiting in fact the opposite 
behavior. In contrast, most of the mice tested for speedball self
administration (15/150µg heroin/cocaine ⁄  kg/injection) met the 
acquisition criteria, in C57BL/6 as well as B6SJL hybrids. During 
acquisition the use of levers dramatically improved the response 
efficiency for heroin (discrimination between active/inactive lever about 
90 %), and resulted in a reduced number of responses. It is concluded 
that 1) such parametric studies will help to choose an optimal protocol to 
compare reinforcing effects of drugs among inbred and genetically 
modified mice, 2) adding cocaine to heroin greatly improved the self
administration perfomance. Supported by PHS grant DA10191.

193.15
PLACE AVERSION CONDITIONING IS A HIGHLY SENSITIVE INDEX 
OF ACUTE OPIATE DEPENDENCE AND WITHDRAWAL. M.R. A zarU
B.C- Jones2*. and G. Schulteisl. •Department of Anesthesiology, ư . C. San 
Diego School o f Medicine, La Jolla, CA; 2pr0gram in Bioobehavioral 
Health, Penn State Univ., University Park, PA.

Conditioned place aversions are a sensitive and well-established index of 
withdrawal precipitated by naloxone (NAL) in rats chronically exposed to 
morphine. The current study sought to determine whether place aversion 
conditioning also could be used as a sensitive index o f acute opiate 
dependence and withdrawal. The apparatus consisted of a 3 compartments 
unique in terms of visual and textural cues. Rats were assigned to one of 6 
groups: One group received vehicle (VEH) four hours prior to an injection 
of NAL (0.3 mg/kg) and placement into one compartment of the place 
aversion apparatus for 20 min. The other five groups received morphine 
(MOR, 5.o mg/kg SC) 4 hr prior to an injection of: VEH, or NAL 0.01, 
0.03, 0.10, or 0.3 mg/kg. Immediately after the second injection, these rats 
also were placed into a distinct compartment for 20 min. All rats received 
two such NAL pairings at 48 hr intervals. Twenty-four hr after each NAL 
conditioning trial, rats were exposed to a second compartment of the 
apparatus following VEH injections ^ie. NAL-VEH-NAL-VEH). Place 
aversion measured 24 hr after the finâl VEH trial was expressed as the 
difference in time spent in the NAL-paired compartment before and after 
conditioning. No significant aversion was seen in MOR-naive rats treated 
with the highest dose of NAL, nor in rats receiving MOR followed by VEH. 
However, rats treated with MOR followed by NAL showed a dose- 
dependent conditioned place aversion (minimal effect dose = 0.01 mg/kg 
naloxone). Attesting to the sensitivity of this measure of acute dependence 
and withdrawal, ten or 100-fold higher doses of NAL are required to elicit 
even modest somatic withdrawal signs after 1-3 MOR pretreatments (5.6 
mg/kg) at 24 hr intervals. Additional work currently in progress will 
determine whether even lower doses of MOR and a single conditioning trial 
will support a conditioned place aversion. Supported by DA 10475 to GS.

193.17
FORMS OF KNOWLEDGE, COGNITIVE IMPAIRMENT AND DRUG ABUSE.
W.W. Beattv*. G.K. Borrell. Department o f Psychiatry and Behavioral Sciences, 
University o f Oklahoma Health Sciences Center, Oklahoma City, OK 73190.

Beatty et al, (Drug Alcohol Dependence, 1997:44, 167) found that detoxified 
alcoholics who abused only alcohol, alcohol and marijuana, or alcohol plus various illicit 
drugs (mainly cocaine) were equivalently impaired on several measures o f visuospatial 
perception, construction, and anterograde learning and memory, but only the 
polysubstance-abusinş-alcoholics showed deficits on tests of geographical knowledge. 
It is possible that this effect represents retrograde amnesia for previously acquired 
visuospatial knowledge, but the observation that the polysubstance-abusing-alcoholics 
had traveled less extensively than the other subjects suggested that some aspect of their 
lifestyle had deprived them of experiences necessary to acquire accurate geographical 
knowledge. I f  this idea has merit, then it should be possible to show that drug abusers 
excel on measures of knowledge related to their lifestyle.

To test this idea, 63 opiate-addict clients of an area methadone clinic were 
compared to 24 non-abusing subjects who were knowledgeable about drugs because they 
worked as technicians at a drug research center or as clinical psychologists. Subjects 
listened to “ Snowblind,”  a song about cocaine addiction released by “ Styx”  in 1980. 
They were asked to recall the name o f the song, the group that recorded the song, the 
exact year the song was first popular, and to state what the song was about.

There were no significant differences between groups in identifying the title, 
group or year but the drug abusers were significantly more likely to state that the song 
was about cocaine (63% vs 17%, p < .001). Additional analyses indicated that 
knowledge o f the song’s meaning was not related to knowledge o f the title, group or 
year. The possibility that the drug abusers interpreted every song meaning as drug 
related can be rejected because when listening to songs that were цoţ about drugs, the 
methadone clients correctly stated the meaning on 82% o f the tests and only made one 
drug error o f interpretation.

Impairments on neuropsychological tests by drug abusers are usually attributed 
to brain dysfunction or familial factors that depress performance independent of drug 
abuse. These results suggest that differences in knowledge acquired should also be 
considered.

Supported by a grant from the Presbyterian Health Foundation, Oklahoma City

193.14
A NEW CONDITIONED PLACE PREFERENCE APPROACH TO THE STUDY 
OF TOLERANCE TC> OPIATES. P. Giusti. A. Zanotti. F. Natolino. F. Dra?o1. T. 
Berti and A. Contarino*. Dipaгtimento di Faгmacologia, Univeгsita’ di Padova, Largo 
Meneghetti 2, 35131 Padova, Italy and Чstituto di Faгmacologia, Univeгsita’ di 
Catania, Viale A. Doria 6, 95125 Catania, Italy.

Tolerance, lack of tolerance and sensitization have all been reported to develop to 
the positive reinforcing properties of morphine as assessed in a Conditioned Place 
Preference (CPP) paradigm. Recently, Contarino et al. (1997) have shown that no 
tolerance develops in animals allowed to experience the effect of the drug injections 
always in the presence of the same environmental cues. In that study, during repeated 
test sessions (1 every 2 morphine trials), no decrease in the level of opiate-induced 
CPP was observed in animals trained up to a total of 16 morphine trials. However, 
the well-known long-term retention of opiate conditioned responses make it difficult 
to interpret these results. The present study was carried out to evaluate i f  expression 
of morphine-induced CPP by chronically treated animals was due to the enduring 
rewarding effects of the drug rather than to resistance to extinction of the acquired 
behavior. Mice allowed to associate the effects of morphine (5 mg/kg) with particular 
environmental stimuli (A apparatus) during a 4-day conditioning period displayed 
significant CPP for the drug-paired cues. Morphine-induced CPP was also obtained in 
a separate group of mice trained to experience the same morphine dose in a different 
CPP apparatus (B apparatus). Chronic drug ưeatment of the latter group during a 12- 
day conditioning period revealed no change in the opiate-induced CPP on repeated test 
sessions. Subsequent exposure of the same group to a further 4-day cycle of 
morphine conditioning using the A apparatus showed that the opiate was still able to 
produce a CPP in mice treated with a total of 16 morphine injections. This suggests 
that no tolerance to the rewarding effects of morphine had developed. Thus, it is 
likely that morphine CPP observed in all test sessions carried out in the B apparatus 
were not merely due to resistance to extinction of a conditioned behavior. The 
experimental procedure described here may represent a valuable tool to study the issue 
of tolerance to the reinforcing properties of drugs. Partially supported by a grant from 
(40%) MURST, Italy.

193.16
A ROLE FOR CONDITIONING IN THE DEVELOPMENT OF ACUTE 
OPIATE DEPENDENCE? G. Schulteis. A.C. Morse. J. Nikpuг. and M.B. 
Weinger*. Anesthesiology, UCSD School of Medicine, La Jolla, CA.

Acute pretreatment with morphine increases the potency o f naloxone to 
elicit opiate withdrawal-like signs, including suppression of operant 
responding for food. Rats trained to respond (FR-15) for food were 
pretreated with morphine (0.56-5.6 mg/kg SC) once every 24 hr for 4 days. 
Rats were tested 4 hr after each morphine injection using a cumulative 
naloxone dose-effect procedure (0, 0.03, 0.10, 0.3, 1.0 mg/kg SC). A single 
pretreatment with morphine produced a dose-dependent increase in the 
potency of naloxone to suppress response rates. Naloxone potency was 
increased further with each subsequent pretreatment with 1.0-5.6 mg/kg of 
morphine. In rats tested with the naloxone cumulative dose-effect 
procedure once every 24 hr following vehicle pretreatment, no shift in 
naloxone potency was observed. Additional groups o f rats received 
morphine on 4 consecutive days, but naloxone only once after the final 
morphine pretreatment. In this experiment, naloxone was no more potent 
after 4 days of pretreatment with 1.0 or 3.3 mg/kg of morphine than it was 
following a single pretreatment with these doses. In contrast, at a morphine 
dose of 5.6 mg/kg, naloxone potency was significantly greater when tested 
for the first time after 4 morphine pretreatments than when tested after a 
single morphine pretreatment. Thus, repeated administration of moderate 
doses of morphine (5.6 mg/kg) can produce naloxone-experience- 
independent increases in acute dependence and withdrawal severity. In 
contrast, progressive increases in naloxone potency with repeated morphine 
injections at lower doses (1.0-3.3 mg/kg) are seen only with repeated 
naloxone experience. If one postulates that low doses of naloxone in the 
cumulative dosing procedure can serve as an interoceptive stimulus cue for 
higher doses that follow, then this latter observation may reflect a 
contribution of conditioning processes in the early progression o f opiate 
dependence in this rodent model. Supported by NIDA DA 10475 to GS.

193.18
SHORT TERM MEMORY ABILITIES APPEAR TO BE DISRUPTED 
IN RATS WITH EXPOSURE TO METHADONE.
M.C. Fratzke*. K. Newsham. K.A. Mowrev. V.S. Inouvc. J.M. Popovich.
D.B. Curran. E. Yudko. and J.K. Shepherd. University of Hawaii, 
Psychology Department, Honolulu, HI 96822

Recent human data suggest that methadone disrupts short-term 
memory (Fratzke et al. 1995; 1996). Clearly, this may be detrimental to 
the effectiveness of substance abuse counseling for opiate dependence, 
and possibly contributes to a poor prognosis.

To provide a better understanding of the effects of exposure to 
methadone, this study compared the short-term memory abilities of 
fifteen well trained Sprague-Dawley rats (387-440g ) in each of the 
following drug conditions : saline, methadone HCL: 0.625, 1.25, 1.875, 
2.5mg/kg. The central method employed to assess learning and memory 
involved a delayed-matching-to-sample (DMTS) test. In this paradigm, 
an animal is required to remember the location of a food reward 
previously presented on any given location of a three-armed maze. 
Subjects who were administered methadone exhibited a dose dependent 
impairment of their ability to remember the location of the appetitive 
reward. These results call for a reevaluation of the potentially disruptive 
effects of methadone on memory. These effects need to be fully 
delineated if methadone is to be utilized most effectively as an adjunct to 
substance abuse counseling for opiate dependence.
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RATS S E LF-AD M IN ISTE R IN G  D IE T H Y L  ETHER VAPOUR: W H A T 
THEY ARE? Y.M¯. Pogorelov* and G .ĩ Kovalev. Lab. o f Radioisotopic Res., 
Inst, of Pharmacology, Rus. Acad, o f Med. Sci., Moscow, Baltiyskaya str., 
125315,Russia.

Studying variations in dependence across persons has potential to shed light 
on the neurobiological substrata o f voluntary behaviors and to develop 
treatment strategies. We undertook behavioral study in a population o f 
Wistar rats with different levels o f inhalation o f diethyl ether vapour (DEV). 
Three different tests were selected (in order o f presentation): ground plus- 
maze (central arena 18x18cm connected to four arms 18x30cm 30cm high), 
conventional elevated maze and forced swimming test ( plastic cyhnder 38cm 
high, diameter 19cm, level o f water 20 cm at 25°C). Then rats were allowed to 
deliberately inhale DEV at 27000 ppm 30 min daily fo r two weeks in 
chambers described earlier (Neurosci. Abs. 23(2): 726.14, 1997). As 
peďoπnance o f males and females differed in test situations they were 
analysed separately. Significant correlations were fo r males: in plus-maze 
between mean time o f DEV inhalation (TEI) and time in first visited arm 
(Speaπnan rank order correlations R=.24, p=.011), TEI per sniffing bout 
(TEB) and number o f boli (R = .3 l, p=.014), in elevated maze between TEI 
and number o f closed aπns visited (R=.35, p=.008), TE I and time in center 
before the first visit (R=-.48, p<.0001). For females: in plus-maze between 
TEI and number o f patrolling episodes (R=.45, p=.017), in forced swimming 
between TEI and im m obility time (R=-.42, p=.019). Factor analysis with 
Varimax rotation revealed fo r males first factor is related to efficiency o f 
exploration, second to emotional reaction to novelty and third to level o f 
inhalation. Among females first factor had significant loadings on level o f 
inhalation, efficiency o f maze patrolling and intensity o f struggling behavior 
in swimming test in one direction. Such clustering indicates high novelty 
seeking, impulsivity and low haπn avoidance in females and may be identified 
with histrionic or antisocial type o f personality. Anticocial history is often 
reported fo r sniffers. In this way females resemble Clonmger’s second type 
young alcoholics. In contrast males have passive-dependent or “ anxious” 
personality.
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194 .1

DYSKINESIA, AKATHISIA, &  DYSPHORIA FOLLOWING NEUROLEPTIC 
REDUCTION AND WITHDRAWAL
K.M. Newell* (Dept, of Kinesiology, Pennsylvania State University); J.W.
Bodfish (Western Carolina Center, Morganton, NC 28655); R.L. Sprague (Dept, 
of Kinesiology, Univ, of Illinois at Urbana-Champaign)

We have used our empirically-derived assessment battery to measure the entire 
range of neuroleptic-induced disorders known to occur in the context of neuroleptic 
reduction and withdrawal. Thirty adults with severe or profound mental 
retardation participated in a longitudinal study of the emergent effects of 
neuroleptic dose reduction or withdrawal. These subjects formed a neuroleptic 
withdrawal group (n=Ю ), a neuroleptic reduction group (n=Ю ), and a neuroleptic 
maintenance group (n= 10). Each subject in the withdrawal and reduction groups 
was assessed using the DISCUS, ARMS, Sty-C, and BPRS-DD within 2 weeks of 
each successive neuroleptic dose reduction and at periods of 1,2,3,6, and 12 
months following either dose reduction (reduction group) or complete neuroleptic 
withdrawal (withdrawal group). Subjects in the neuroleptic maintenance group 
were also assessed at these time periods. The withdrawal and reduction groups 
showed statistically significant increases from baseline to first reduction/withdrawal 
assessment in dyskinesia (DISCUS), in akathisia (ARMS), and in dysphoria 
(BPRS-DD). In both groups, there was a tendency for dyskinesias to emerge 
earlier in the course of reduction than either akathisias or dysphoria. The 
longitudinal design allowed us to determine the prevalence of both transient 
(emerging during withdrawal) and persistent (present 12 months following with
drawal) withdrawal effects (transient dyskinesia=92% of cases, persistent 
dyskinesia= 33 %; transient akathisia= 58 %, persistent akathisia= 0 %) . These 
findings indicate that withdrawal-related dyskinesia and akathisia appear to have 
distinct topographical and temporal profiles.
R01 NS35694; R01 HD34O27

194.2

SERUM IRON AND NEUROLEPTIC-INDUCED AKATHISIA.
S. Gaгside\ P. I. Rosebush, A. Levinson, M. Mazurek,
Departments o f Neurology and Psychiatry, McMaster University Medical 
Centre, Hamilton, ONT L8N ЗZ5

Akathisia is a common and distressing side-effect o f antipsychotic 
drugs (APD). Its pathogenesis remains unclear. Akathisia closely 
resembles restless leg syndrome which is associated with iron deficiency. 
The objective of this study was to examine the relationship between serum 
iron and neuroleptic induced akathisia.

We studied 30 consecutive acutely psychotic patients being started 
on APDs. There was a marked diurnal variation in levels o f serum iron 
〇шюl/1) with mean ±  SD morning level o f 17.19 ± 1 .0 4  and mean 
afternoon value o f l2.O7±O.67 (p <  0.001). Ten patients (33%) 
developed akathisia while in hospital. In 9 o f the 10 cases the akathisia 
appeared in the afternoon. In these patients there was a significant 
decrease in afternoon serum iron levels (x= 8 .08  ±  1.01, p <  0.001). The 
mean age o f patients who developed akathisia (x= 34 .4  years) was 
significantly lower than that o f patients who did not (x= 45  years, p.0.02).

Conclusions: (1) Acutely psychotic patients retain a diurnal 
rhythm of serum iron concentration. (2) APD-induced akathisia tends to 
develop in the afternoon, and is associated with serum iron levels 33% 
lower than conưol values. These results suggest that iron may play a role 
in APD-induced akathisia.

Supported by the MRC.

1 9 4 .3

Differential Olanzapine Pharmacokinetics in Men and Women with 
Treatment Resistant Schizophrenia. Robert R. Conlev. M.D.*. Deanna L. Kelly. 
Pharm.D.. Carol A. Tamminga. M.D. MD Psychiatric Research Center, Baltimore, 
MD 21228.

Many variables contribute to dosage selection such as age, diagnosis, and kidney 
and liver functions. One important source o f variability in dosing which is often 
overlooked is the sex o f the patient. Many gender-related differences involving 
pharmacokinetics and pharmacodynamic properties o f medications exist between 
the sexes. Yet, while women actually receive psychotropic medication more 
frequently than men, most trials involve a larger percentage o f male patients.
Women have been reported to have higher plasma concentrations o f fluphenazine, 
thiothixene, chlorpromazine and clozapine as compared to male patients. Females 
on a novel antipsychotic, olanzapine, have been reported to have a longer half-life 
(36.7 vs. 32.3 hrs) and lower clearance (18.9 vs. 27.3 L/hr) than male patients. 
However, mean serum concentrations by sex on this agent have not been reported in 
treatment-resistant patients with schizophrenia.

Thirty schizophrenic patients (22M, 8F) were treated with a fixed dose o f 
25mg/day o f olanzapine for eight weeks. Trough olanzapine plasma concentrations 
were drawn at weeks one, three, five and eight. Baseline BMI, racial status, age and 
age of illness onset were similar between males and females. Mean plasma 
concentrations were found to be greater in the women than the men. Significant 
differences occurred at treatment weeks five and eight. Serum concentrations were 
103% higher in women than in men at endpoint (70.40 ± 28.32 vs. 34.71 ± 14.45, 
p=0.0015). Mean serum levels in males remained consistent throughout each 
treatment week, while women appeared to increase weekly.

Serum concentrations in females were found to be twice that o f the males 
suggesting accumulation o f medication. Additional studies are needed to replicate 
these findings in a larger population and further explore i f  serum concentrations are 
related to response in treatment resistant patients. Supported by NIM H MH 47311.

194.4
HYPERGLYCEMIA, HYPERLIPEMIA, AND PERIODIC PARALYSIS: A 
CASE REPORT OF NEW SIDE-EFFECTS OF CLOZAPINE. G. WuL P.
Щaş2, Gī. LiL S. Singh2*. lYueyang Mental Health Center, Jiangxiang 
Road, Yueyang, Hunan 414000, P. R. China; 2Imgenex, 11494 Sorrento 
Valley Road, Suite B, San Diego, CA 92121, USA.

Clozapine has been reconsidered as an effective antipsychotic drug 
to treat severe schizophrenics who do not respond to conventional 
antipsychotic drug treatment. It has been estimated that more than 
200,000 people in the US may be candidates for the Clozapine drug, with 
a potential market of around $1 billion per year. Clozapine has changed 
schizophrenia treatment by relieving most of the symptoms. However, 
Clozapine has also been reported to have many adverse side-effects 
including agranulocytosis, sedation, excessive salivation, tachycardia, 
hypotension, hyperthermia, and weight-gain. The pharmacologic 
mechanisms for Clozapine side-effects have been suggested to antagonize 
a wide range of neurotransmitter receptors, including dopamine (Dı, D2 ), 
muscarinic, norephinephrine (α lt, α2 and ß), histamine (H-l), and 
serotonin (5-HT2A/C/ 5-HTı, or 5-HTз) receptors. Here we first describe 
new side-effects in a male schizophrenia patient when treated with 
Clozapine. At certain doses of Clozapine, the patient showed a direct 
adverse reaction which includes a combination of hyperglycemia, 
hyperlipemia, and periodic paralysis. In a four year study of this patient 
that had no family history of diabetes, we found these symptoms 
disappeared upon withdrawal of Clozapine and relapsed with 
retreatment of the drug. This study indicates that hyperglycemia, 
hyperlipemia, and periodic paralysis may need to be monitored in 
patients treated with Clozapine.
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194.5
GREY AND WHITE MATTER DIFFERENCES AS MEASURED BY 
SEGMENTED MAGNETIC RESONANCE IMAGES BEFORE AND AFTER 3D 
NORMALIZATION IN SCHIZOPHRENIC SUBJECTS AND NORMAL 
CONTROLS D.R. Medoff»- Z. ZHAO. H.H. Holcomb. A.C. Lahti. C.A. Tamminea. 
University o f MD Medical School, MPRC, P.O. Box 21247, Baltimore, MD 21228.

Structural MR1 research suggests that schizophrenic (SZ) and normal (NC) 
subjects have different gray/white matter distributions. This study was done to 
determine whether structural mapping programs (SPM 95/SPM 96) warping 
routines introduce new or accentuate existing structural differences. Twelve 
schizophrenic subjects and 12 normal control subjects had structural volumetric 
MRI scans which were acquired in the sagittal plane with TR = 35 msec, TE = 9 
msec, 45 degree flip angle; FOV = 24 cm; thickness = 3.0 mm; 60 locations; matrix 
= 256 X 256; 2 nex; frequency direction = S/I. Three horizontal planes were 
selected for analysis, the AC- PC plane, +16mm, and +36 mm. Using a stochastic 
classification algorithm, the pixels from each plane were segmented into white, grey 
and CSF. Each original MRI image was then normalized into Tailarach space.
Then, the segmentation program was rerun and the number o f pixels o f each tissue 
type was calculated. A Group (NC vs SZ) by Normalization' (before vs after) by 
Plane ( 00, +16, +36) by Tissue Type (grey vs white) repeated measures A VOVA 
was run on the number o f pixels. There were no significant differences in number 
o f pixels o f grey or white matter between SZ and NC before or after normalization, 
however the transformation process resulted in a significant decrease in the number 
of pixels in both types o f tissue in both groups. These data suggest that structural 
warping programs do not introduce group differences or artifacts despite reports of 
decreases in grey matter in schizophrenic subjects. This research was funded by the 
National Institute o f Mental Health.

194.7
TREATMENT OF NONPSYCHOTIC RELATIVES OF PATIENTS WITH 
SCHIZOPHRENIA: A PILOT STUDY. W.S. Stone.1’2*. A.I. Green. *·2 L. J. Seidman.12 3 4 
S.V. Faraone.‘·234 S. Zimmet,1-2, J. Woicik,‘·2 J. Kelleher,12 and M.T. Tsuang,12 3 4·5. 
'Harvard Med. Sch. Dept, o f Psychiatry at Mass. Mental Health Ctr. (MMHC) and 
Brockton/West Roxbury VAMC; Commonwealth Research Center (CRC) at MMHC; 
3Psychiatry Service, Mass. Gen. Hosp.;“Harvard Institute o f Psychiatric Epidemiology and 
Genetics; 5Dept. o f Epidemiology, Harvard Sch. o f Public Health.

Substantial evidence now shows that the genetic vulnerability to schizophrenia can be 
manifested clinically, even without the full manifestations o f schizophrenia. One pattern 
o f problems observed frequently in first-degree relatives involves a combination o f 
negative symptoms and neuropsychological deficits. We have investigated whether a low 
dose o f a novel antipsychotic medication, risperidone, could attenuate these clinical 
problems in non-psychotic, first-degree relatives, and report here findings from our first 
several cases. Eleven adults were evaluated for the presence o f negative symptoms and 
neuropsychological deficits (in attention and working memory, long term verbal memory 
and executive functions). Three subjects who met our predetermined criteria, and who did 
not demonstrate medical contraindications, were enrolled in a 6-week trial o f risperidone. 
Doses ranged up to 2.0 mg/day. Clinical and medical measures were assessed before, 
during and after treatment. The maximum dose o f risperidone administered to each 
subject ranged from 1.0-2.0 mg. A ll three subjects showed substantial reductions in 
negative symptoms and improvements in tests o f attention and working memory. Side 
effects o f risperidone were mild and temporary. These initial findings support at least two 
conclusions. First, clinical deficits in non-psychotic first degree relatives of people with 
schizophrenia are identifiable and, to a significant extent, reversible. Second, risperidone 
may eventually serve as an effective treatment for people whose lives are impaired by 
similar or related problems. Larger, well-controlled studies to clarify further the nature, 
extent and possible remediation o f this pattern o f clinical and cognitive deficits are in 
progress. Supported by grants from NIM H (1 R37MH43518), the Janssen Res. 
Foundation and the CRC o f the Mass. Dept. Mental Health).

194.9
CEREBRAL ƘYNƯRENINES IN SCHIZOPHRENIA: A POST
MORTEM STUDY. A. Rassoulpour*. G. Ceresoli-Boгroni. H.-O. Wu, 
Ç ,A ,,Jэmmin⅞¾JR,C. Ŗ ^ g j l ş ^ R ^ Mędoff ąnςļ R, Şçhwaŗçz,
Maryland Psychiatric Research Center, Baltimore, MD 21228.

Metabolites o f the kynurenine pathway o f tryptophan degradation may 
play a role in the pathogenesis o f human neurodegenerative diseases. One 
o f the key metabolites in this pathway, L-kynurenine (L-K Y N ), is e i
ther transaminated to form the preferential NMDA receptor antagonist, 
kynurenic acid (KYNA), or hydгoxylated to form 3 -hydroxy kynurenine 
(ЗHK), which in turn is further metabolized to quinolinic acid. Since a 
hypoglutamatergic tone may underlie the pathophysiology o f schizo
phrenia (S), it is conceivable that alterations in this pathway may play a 
role in the disease. We therefore measured the tissue levels of L -K Y N , 
KYNA and ЗHK in brain tissue specimens obtained from the Maryland 
Brain Collection. All three metabolites were determined in the same 
samples from three cortical brain regions (Brodmann areas 9, 10, and 19) 
using reverse phase HPLC. Brains from 32 schizophrenics and 31 
matched controls (C) were analyzed for this study. KYNA levels were 
significantly increased in Brodmann area 9 (S: 2.85 ± 0.39 vs. C: 1.85 ± 
0.24 pmol/mg protein, p < 0.05), but not in Brodmann areas 10 and 19. 
L-K Y N  levels were elevated in Brodmann areas 9 (& 177.75 ± 25.22, C: 
109.65 ± 13.20 pmol/mg protein; p < 0.05) and 19 (S: 201.56 ± 21.33, C: 
155.67 ± 9.8; p < 0.05). No significant differences in ЗHK content were 
observed between the two groups. Taken together, these data suggest a 
possibly region-selective impairment o f brain kynurenine pathway 
metabolism in S, resulting in elevated KYNA levels and a concomitant 
reduction in glutamate receptor function.

194.6
ETHICAL ISSUES SURROUNDING CURRENT CLINICAL 
TRIALS FOR ALZHEIMER’S DISEASE
AM. Issa*1,2 and E.W. Kevserlingk2. 'Dept, of Neurology and 
Neurosurgery; ⅛iomedical Ethics Unit, Faculty of Medicine,
McGill University, Montréal, Québec, Canada HЗA 1W9

The discovery of several genetic susceptibility polymorphisms for 
Alzheimer’s disease (AD) along with the increasing availability of 
therapeutic options in multi-center clinical trials poses new ethical 
challenges for both the clinical practice of medicine and the conduct 
of research with human subjects. Recent evidence with APOE 
suggests that genetic polymorphisms affect drug response. What role 
should genetic information play in on-going clinical trials of 
pharmaceuticals aimed at relieving symptoms of AD, such as the 
cholinergic approach? The clinical practice guidelines are not entirely 
clear regarding stopping therapy for AD; is it ethical to stop therapy 
based on newly acquired information about genetic polymorphisms? 
In the current climate of the use of genetic technologies, clinical 

trials for AD present with particular ethical concerns with respect to 
confidentiality, pharmacoeconomic issues, surrogate decision 
making, and competence. Additionally, using pharmacogenetics in 
clinical decision -making or research presents us with considerable 
difficulties, and the various dilemmas are discussed. The principal 
aim of our paper is to examine, analyze and address the ethical and 
health policy implications of using APOE genotyping or other genetic 
information in AD research and clinical practice.
This research is supported by the Alzheimer Society of Canada

194.8
OF MICE AND MEN (AND WOMEN AND CHILDREN) : 
SCIENTIFIC AND ETHICAL IMPLICATIONS OF ANIMAL 
MODELS. S .J .  B ird *  and M.B. P a r le e .
M a ssa c h u se tts  I n s t i t u t e  o f  T ech no logy;  
Cam bridge, M a ssa c h u se tts  0 2 1 3 9 .

The u se  o f  an im al m od els o f  human b eh a v io r  
and d i s e a s e  i s  common in  n e u r o s c ie n c e  r e s e a r c h .  
They have c o n tr ib u te d  s i g n i f i c a n t l y  t o  p r o g r e s s  
in  u n d e r sta n d in g  th e  p h y s i o l o g i c a l  m echanism s o f  
norm al f u n c t io n  and o f  d i s e a s e ,  and in  th e  
develop m en t o f  e f f e c t i v e  t h e r a p ie s .  Y et, l i t t l e  
a t t e n t io n  h as been  g iv e n  t o  th e  s c i e n t i f i c  and 
e t h i c a l  im p l ic a t io n s  o f  c h o o s in g  a p a r t ic u la r  
an im al m odel. B ased on a r e v ie w  o f  r e c e n t  r e 
s e a r c h , we exam ine th e  r a t i o n a le  f o r  t h e  s e l e c 
t i o n  o f  p a r t ic u la r  an im al m od els o f  c o n d it io n s  
l i k e  m yopia, H u n tin g to n 's  d i s e a s e  and ag in g  
( e . g . ,  s i m i l a r i t y  o f  p h y s io lo g y ,  anatom y, phar
m aco logy , b e h a v io r a l e le m e n t s ) , and c o n s id e r  th e  
u n d e r ly in g  a ssu m p tio n s  ab o u t r e le v a n t  f e a tu r e s  
o f  th e  d i s e a s e  or  b e h a v io r  t h a t  a r e  embedded in  
th e  c h o ic e  o f  an an im al m odel. A lth o u g h  th e s e  
a ssu m p tio n s  sh ap e th e  d i r e c t i o n  o f  r e s e a r c h ,  
th e y  a r e  r a r e ly  a n a ly z e d  e x p l i c i t l y ,  o r , when 
p o s s i b l e ,  e v a lu a te d  e m p ir i c a l ly .  Some e t h i c a l  
im p l ic a t io n s  o f  t h e s e  u n a n a ly z ed  a ssu m p tio n s  fo r  
human h e a l t h  r e s e a r c h  a r e  d i s c u s s e d .

T h is  i s  an in d ep en d e n t r e s e a r c h  p r o j e c t .

194.10
PLASMA SEROTONIN MONITORING BY BLOOD MICRODIALYSIS 
IN HEALTHY VOLUNTEERS. X. Páez» and L. Hernandez. Lab. oř 
Behavioral Physiology, Universidad de los Andes, Merida 5101, 
Venezuela.

Most of blood serotonin (5-HT) is stored in platelets, but there is a 
free 5-HT pool in plasma. To measure 5-HT in this pool, plasma has to 
be separated from blood and platelets excluded from plasma. However, 
it is plossible to access plasma free 5-HT by microdialysis. Plasma 5-HT 
was monitored in 19 young male volunteers ages 16 to 36 (mean: 24.5 
years) with a venous microdialysis probe placed in the cubital vein. The 
probe was made of 20 mm long, 13000 molecular weight cut off, 200 µm 
outside diameter reconstituted cellulose hollow fiber (1). The 5-HT in 
vivo  recovery for these probes (n=5) was 100%, obtained by the No N et 
Flux method. The experimental and control groups were monitored every 
30 min, from 60 min before to 360 min after an oral dose of 40 mg/kg 5-HT 
uptake blocker fluoxetine, or vehicle. The 5-HT basal values in the 
dialysates ranged from 11 to 92.2 ρg/20 µl. There was an increment of 5- 
HT after fluoxetine compared with the time curse control curve, F(l,l2)=  
3.94 p<.001. From 210 min to 330 min after treatment the differences 
were significant There was not changes in 5-HIAA. These results 
showed that intravenous microdialysis is an alternative technique to 
monitor endogenous unbound 5-HT changes in plasma without extracting 
blood or additional procedures before the chemical analysis.
1. X. Paez and L. Hernandez. Life Sci. 61: 847-856, 1997 

This work was supported by CONICΓΓ Sl-95001534 grant.
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194.11
PROTEIN KINASE C (PKC) PLATELET ISOZYMES IN LITHIUM-TREATED 
BIPOLAR DISORDER PATIENTS. Jair C. Soares1*. Guang Chen2. Christine S. 
Pippold1. Ellen Frank1 David J. Kцpf¢г1. Husseini ĸ, Man⅜i2. Alan G Mullingar1 
1 Western Psychiatric Institute and Clinic, Department o f Psychiatry, University of  
Pittsburgh Medical Center; žDepaгttnent o f  Psychiatry, Wayne State University 

Lithium may have its therapeutic effects in bipolar disorder patients by modulating 
proton kinase C (PKC) activity. Here we examined this hypothesis by comparing the 
membrane and cytosolic activities o f  PKC in a group o f 9 euthymic lithium-treated 
subjects (DSM-IV bipolar type I, mean age±S.D.=42⅛8.2 years; 4 males, 5 females) 
and 11 healthy controls (33.6±8.5 years; 4 males, 7 females). All patients were 
euthymic, and had been on lithium treatment for at least one month; they did not have 
any comorbid psychiatric illness, nor current medical problems, and were not on any 
adjunctive medications. PKC platelet levels were measured with Western blotting, 
which showed the determination o f 5 specific isozymes (alpha, beta 1, beta 2, delta, 
and epsilon) in the cytosol and membrane fractions. When these values were 
compared in the groups o f patients and controls (Mann-Whitney U tests), patients had 
significantly reduced levels o f alpha (median≈556 and 1568, respectively, Z=-2.64, 
p≈0.008), beta 1 (median=l498 and 3117, respectively, Z=-2.56, p=0.01), beta 2 
(median=l397 and 3023, respectively, Z=-2.23, p=0.026), and delta (median 379.5 
and 938, respectively, Z=-2.15, p=O.O32) isozymes in the cytosol, but not in the 
membrane fraction. Age was not significantly correlated with any o f the PKC 
isozymes measured. These results suggest that therapeutic concentrations o f lithium 
modulate in vivo PKC activity in bipolar disorder patients. Further work will be 
necessary to confirm these preliminary findings, and to further characterize the time 
course of these lithium-induced effects. This research was partly supported by NIMH 
grants MH 29618 and MH 30915, the Stanley Center for the Innovative Treatment o f  
Bipolar Disorder, University o f  Pittsburgh, and the National Alliance for Research in 
Schizophrenia and Affective Disorders.

MONDAY AM_____________________________________________________ SYMPOSIA

197

DROSOPHILA NEUROMUSCULAR JUNCTION: DEVELOPMENT 
AND PLASTICITY. H. Ҝeshishia∩ (Chair) Dept, of Molecular, 
Cellular, and Developmental Biology, Yale Univ., A. Chiba Dept, of 
Cell and Structural Biology, Univ, of Illinois  ̂ V. Budnik Dept, of 
Biology, Univ, of Mass.* K. Broadie Dept, of Biology, Univ, of Utah.

The Drosophila NMJ is a powerful genetic model system for 
analyzing synaptic development, function, and plasticity, in an array of 
singly identified glutamatergic synapses. Dr. Keshishian will discuss 
synaptic targeting and plasticity at the developing NMJ, examined using 
vital GFP imaging, which can be combined with microsurgical, genetic, 
and targeted gene expression methods. Dr. Chiba will then discuss the 
real-time summation of attractive and inhibitory cues by growth cones, 
as well as how target cells coordinate synaptogenesis through endocytic 
resurfacing and microprocess extension, illustrating the reciprocal 
dynamism of synaptic partners during targeting. Dr. Budnik next 
examines synaptic assembly, which involves the precise targeting of ion 
channels, receptors, the vesicle fusion complex and cell adhesion 
molecules, and the roles of MAGUK family adapter proteins in this 
process. MAGUKs form multimoleculaг complexes with synaptic 
proteins, linked to the synaptic cytoskeleton. Finally, Dr. Broadie 
discusses the power of this model system for studying synaptic 
plasticity. Two learning mutants, Latheo and Leonardo, show profound 
defects in NMJ function, although for complementary reasons. Studies 
of these learning mutants in an accessible synaptic system reveal 
underlying mechanisms governing the normal regulation of synaptic 
function, as well as those involved in synaptic plasticity.

198

SYMPOSIUM. HIPPOCAMPAL NEURONS: PLACE CELLS 
OR MORE? L, Nadel. University of Arizona (Chairperson); J. 
O’Keefe. University College London; M. Shapiro. McGill 
University: B.L. McNaughton. University o f Arizona: J. Disterhoft. 
Northwestern University Medical School.

Much has been learned about hippocampal neurons since the 
original discovery of place cells 27 years ago. The original notion 
that these cells are part of a cognitive mapping system has been  
challenged by the view that more than just spatial information is 
encoded in their activity. In this symposium recent data on 
hippocampal cells, what activates them, and how they contribute 
to memory function will be explored. J. O ’Keefe will explore the 
sources of information controlling place cells and will discuss the 
relative contributions of visual and idiothetic cues. J. Disterhoft 
will present data from studies o f trace eyeblink conditioning, in 
which hippocampal CA1 neurons show changes in firing rate 
before any evidence of behavioral learning. B. McNaughton will 
discuss data suggesting that hippocampal neurons encode spatial 
coordinates, and propose a model bridging cognitive map and 
episodic memory theories. M. Shapiro will discuss studies of 
memory encoding and synaptic plasticity in the hippocampus. 
Finally, L. Nadel will offer some closing thoughts on the debate 
between spatial and non-spatial theories of hippocampal function.

HYPOTHALAMIC-PITUITARY: ADRENAL REGULATION

201.1

THE PROINFLAMMATORY CYTOKINE, INTERLEUKIN-1 ALPHA, 
REDUCES GLUCOCORTICOID RECEPTOR TRANSLOCATION AND 
FUNCTION. C M. Pariante1*. B.D. Pearce2. T.L. Pisell2. C.I. Sanchez2. C, Po2. C, 
Su2. and A.H. M iller2. 'Maudsley Hospital, London SE5 8AZ, UK, and ⅛)ept. of 
Psychiatry and Behav. Sciences, Emory Univ. Med. Sch., Atlanta, GA 30322, USA.

Proinflammatory cytokines have been shown to influence the expression and 
function of the glucocorticoid receptor (GR), the cytosolic receptor that mediates 
the effects of glucocorticoids on target tissues. Specifically, treatment with 
cytokines has been shown to induce a decrease in GR function (GR resistance) as 
evidenced by decreased sensitivity to the effects of glucocorticoids on functional 
endpoints. We have examined the impact of the proinflammatory cytokine, 
interleukin (IL) -1 alpha, on GR expression and function. L929 cells (mouse 
fibroblasts) were treated with IL-1 alpha (10-1000 U/ml) for 24 h in the presence or 
absence of the synthetic steroid, dexamethasone (Dex). GR translocation was 
investigated using GR immunostaining of the receptor in the cytoplasm and 
nucleus. Evaluation of GR number was performed using cytosolic radioligand 
receptor binding. GR-mediated gene transcription was measured in L929 cells 
stably transfected with the MMTV-CAT reporter gene. Our results show that IL-1 
alpha inhibits Dex-induced GR translocation and Dex-induced GR-mediated gene 
transcription, and induces GR upregulation. Inhibition of GR-mediated gene 
transcription was demonstrated in two different series o f experiments: 1) treatment 
with IL-1 alpha (24 h) followed by Dex (1.5 h); and 2) coincubation o f IL-1 alpha 
and Dex (24 h). IL-1 effects on GR-mediated gene transcription were reversed by 
the IL-1 receptor antagonist. Our study describes the possible mechanism by which 
cytokines produced during an inflammatory response may induce GR resistance in 
relevant cell types, therefore providing an additional pathway whereby the immune 
system can influence the hypothalamic-pituitary-adrenal axis. Supported by grants 
from NIMH (MH00680 and MH47674) and the Italian CNR (AI96.00156.04).

201.2

THE ANTIDEPRESSANT, DESIPRAMINE ACTIVATES 
GLUCOCORTICOID RECEPTOR TRANSLOCATION AND 
FUNCTION IN PRIMARY HUMAN FIBROBLASTS
B.D. Pearce*. C L Sanchez. C M. Pariante, and A.H. M iller. Department of 
Psychiatry and Behavioral Sciences, Emoiy University School of Medicine, 
Atlanta, GA 30322, USA

Previous studies in our laboratory have demonstrated that the 
antidepressant, desipramine (DMI), is capable o f translocating the 
glucocorticoid receptor from the cytoplasm to the nucleus in the absence of 
steroid ligand in mouse fibroblast cell lines. In addition, coincubation of 
dexamethasone (DEX) with DMI leads to a significant enhancement of GR- 
mediated gene transcription using a CAT reporter gene downstream from an 
MMTV-promoter containing several hormone response elements (HREs). To 
expand these studies we have recently examined primary cultures of human 
fibroblasts. Immunofluorescent staining of these cells revealed that DMI 
caused significant GR translocation as indicated by a 3.3 fold increase in the 
nuclear cytoplasmic ratio of the fluorescent signal in cells freated with DMI 
versus unfreated cells. Like the mouse fibroblast cell lines, the GR 
translocation by DMI ocαưred in the absence of steroid ligand (e.g., in 
charcoal-stripped serum). Furthermore, in human fibroblasts transfected with 
an M MTV reporter construct, co-incubation of DMI (10 uM) with DEX (10 
ııM) resulted in 29% greater GR-mediated gene transcription compared to 
DEX alone. These results indicate that DMI effects on the GR are 
generalizable to human cells, and assessments o f GR function in human 
fibroblasts may be a useĥil method o f investigating the pathophysiology and 
relevant pharmacology o f human diseases associated with HPA axis 
dysfunction.
This research was supported by a grant from NARSAD to A.H.Miller.
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201.3
E xpress ion  of 〇и d  A dren e rg ic  R e cep to r m R N A  in O xy toc in - and CR F- 
S ynthesiz ing Neurons in the  Rat P araventricu lar Nucleus. S.A. S ands* and
D.A. M orilak. Dept, o f Pharm aco logy, U n ivers ity  o f Texas  H ealth  S cience  
C ente r at S an  A ntonio, 7703 Floyd Curl Dr., San Antonio, TX, 78284-7764 

A scend ing  noradrenerg ic  (NE) a ffe rents  to  the  PVN, acting through  α i  
receptors, are thought to  p lay a role in the activa tion  and /o r regula tion of the 
HPA axis, though the precise nature of that role is unclear. m RNA for the oc-id  
adrenergic receptor subtype is the m ost p rom inen tly  expressed  of the  three 
o∏ subtypes iñ the PVN. W e have dem onstra ted  a decrease  in α ю  m RNA 
expression in the PVN of lactating fem ale  rats, assoc ia ted  w ith  d im in ished 
HPA respons iv ity  (M orilak et a l., 1997, Soc. N eurosc i. A bs tr. 23: 1794; 
Toufexis et al., J. N euroendocrino l., in press). A dm in is tra tion  of a ↑ agonists 
e licits both CRF and oxytocin  secretion, though it is unknow n w hether these 
e ffects  are d irect o r how they  m ay be re la ted. Thus, we used dua l in  s itu  
hybrid ization com bining a d igox igen in -labe led  cR N A  probe encoding the rat 
α·ĮD adrenerg ic  recepto r w ith  a rad io labe led  riboprobe  fo r e ithe r oxytocin  
(n=4) o r CRF (n=3) to dete rm ine  the  degree  to  wh ich  oxytoc in - and CRF- 
synthes iz ing  neurons in the PVN express α ю  adrenerg ic  receptors. A fte r 
em ulsion-d ipp ing  and deve loping, sections through  the rostra l and m id-PVN 
were exam ined m icroscop ically fo r co-loca liza tion . A t both levels, nearly all 
(>95% ) o xy toc in  neu rons a lso  e xp resse d  cx-id  m R N A. In con tras t, the  
popula tions of CRF- and α iD -e×P гess¡ng  ce lls  in the  m id-P V N  overlapped 
only partially, w ith CRF signal observed in the  m edial PVN pc and m ost α ı 〇  

expression situated more laterally. A subset (37% ) of the CRF neurons in the 
m id- level PVNpc expressed α ю  mRNA. These  w ere  found a lm ost entire ly 
w ith in  the  reg ion  of o ve r lap  in the  la te ra l and do rsa l P V N pc. T hese  
observa tions support a role fo r NE in regula tion  o f oxytoc in  secre tion , and 
expression of α·|D m essage in d istinct subsets o f CRF neurons m ay account 
fo r a s tressor-specific  role fo r NE in the activation of the HPA axis in d ifferent 
contexts. Supported by the W hiteha ll Foundation and NIM H (MH 53851).

201.5
NEURONS IN THE BED NUCLEUS OF THE STRIA TERM INALS (BNST) 
EXPRESSING FOS-PROTEIN AFTER HEMORRHAGE RECEIVE 
PROJECTIONS FROM CENTRAL AMYGDALA (CNA). K.V. Thrivikгaman* 
and P.M. Plotsky. Sưess Neurobiology Laboratory, Dept, of Psychiatry & 
Behavioral Sciences, Emory Univ., Atlanta, GA 30322.

Among the numerous outputs from the CNA are indirect connections to the 
hypothalamic-pituitary-adrenal (HPA) axis. However, in the absence of any 
demonstrated direct projection to the neuro-secretory neurons in the paraventricular 
hypothalamus (PVN), the mechanism(s) by which CNA participates in the 
regulation of HPA axis is not known. It has been shown that the BNST projects to 
the PVN thereby providing a plausible polysynaptic route from the CNA to the 
PVN. In the present study anterograde tract-tracing with biotinylated dextran (BDA, 
D-1956, Molecular Probes) was used to investigate CNA projections to BNST 
neurons with special reference to their activity after a hemorrhagic stressor (HEM; 
20% blood loss over 3 min through a chronically implanted jugular cannula). The 
tracer (2OOnl of 10% BDA solution) was infused unilaterally using stereotaxic 
coordinates directed towards CNA 21 days prior to presentation of the HEM. 
Sequential blood samples (0.3 cc each) were also obtained for ACTH and 
corticosterone (B) determinations. HEM elicited a 32-fold increase in ACTH (peak 
response at 15 min) and a 11-fold increase in B (peak response at 60 min). Sixty 
min after HEM, rats were anesthetized, perfused and brain sections (30 µm) were cut 
and processed for immunohistochemistry on floating sections for BDA deposits, 
followed by staining for Fos-protein (Fos-IR) using the Ab-2 antibody (Oncogene). 
HEM elicited intense Fos-IR expression in the BNST, PVN and the CNA. Dense 
projections from amygdala to anterior- as well as ventral-BNST were evident from 
intense anterograde labeling of unilateral fiber tracts. Tract staining of the 
contralateral BNST was very sparse. As expected, direct CNA projections to the 
paraventricular hypothalamus were also absent. Interestingly, neurons in the BNST 
which expressed Fos-IR after HEM also received inputs from the amygdala. It is 
suggested that the AM Y through its strong inputs could activate BNST outputs to 
the PVN or modulate incoming signals from other pathways.
(Supported by grant MH51745)

201.7
STATE-DEPENDENT REGULATION OF TEMPERATURE A N D  FEEDING 
RHYTHMS BY THE PARAVENTRICULAR NUCLEUS OF THE 
TH ALA M U S (PVTҺ). S. Bhat∩agar»& M.F. Pallm an. Dept, of 
Physiology, UCSF, San Francisco, CA, USA, 94143-0444.
We have shown that animals exposed to chronic, in term ittent cold stress 

exhibit elevated ACTH and corticosterone levels in response to a novel 
stressor, restraint. We identified the PVTҺ as a potential site mediating 
these elevated responses and found that lesions o f the PVTҺ as we ll as 
local microinjections o f a CCƘ-B receptor antagonist enhanced ACTH 
responses to restraint only in chronically stressed but not in control 
animals. The PVTҺ contains direct, reciprocal projections w ith  the 
suprachiasmatic nuclei, the prim ary rhythm  generator in the brain, and 
hypothalam ic nuclei that regulate neuroendocrine, feeding and 
thermoregulatory functions. Based on these neuroanatomical connections 
and the hypothesis that activ ity in other stress-sensitive systems may be 
regulated Ъy the PVTҺ, we examined d iurna l rhythms in core temperature, 
body weight, food and water intake in chronically stressed and control 
adult, male rats. H a lf the animals had their PVTҺ lesioned w ith  ibotemc 
acid (2.5µg in 25Ünl) wh ile  PBS/saline was injected in sham-lesioned 
animals. Two days later, half the animals in each group were exposed to 7 
days of chronic, in term ittent cold (4h/day at 4°C) and the controls were 
left undisturbed. We found that chronic stress decreased the am plitude of 
core temperature rhythms but the am plitude in PVTh-lesioned chronically 
stressed animals was not different from  that in either control group. 
However, PVTҺ lesions did not affect rhythms in control animals. In 
contrast, PVTҺ lesions did not alter the increased PM feeding in chronically 
stressed animals, but actually increased body weight gain in control 
animals. Thus, the intact PVTҺ inhibits HPA and temperature systems 
only in chronically stressed animals, but inh ib its food intake and body 
weight gain only in control animals. These effects may be mediated by 
CCK, wnich remains to be determined. Together, our data show that the 
PVTҺ d ifferentia lly  regulates core tem pera ture /H PA activ ity and food 
in take /body weignt depending on the stress state o f the animal.
Supported by the Medical Research Council of Canada and DK28Ί72.

201.4
BILATERAL EXCITOTOXIC LESIONS OF THE AMYGDALA BLOCK 
POTENTIATED RESPONSES OF ACTH TO REPEATED HEMORRHAGE 
M.P. L illy *. D.E. Carlson. D,J. Putney. Dept, of Surgery, University of Maryland, 
School of Medicine; Baltimore, MD 21201.

We have reported potentiated responses of ACTH to the second of two 10 ml/kg 
hemoҥhages (hem) 24 h apart in conscious rats. We have also shown increased fos 
immuno-reactivity in the central (CeN) &  medial (MeN) nuclei of the amygdala after 
similar hem. To see whether amygdalar neurons mediate or modulate ACTH 
responses to hem, we performed bilateral stereotaxic injections of either ibotenic acid 
or vehicle into the amygdala of male Sprague-Dawley rats (350 gm). Ten days later, 
rats had femoral arterial &  venous catheters placed. Four days later conscious rats had 
either 10 ml/kg hem with reinfusion at 60 min (10-10) or no hem (0-10). A ll rats had 
10 ml/kg hem 24 h later (H2). Blood was sampled at 0,10,20,30, 60 min. Rats were 
killed and brains were examined to localize lesions. ACTH (by RIA) data were 
analyzed by ANOVA. The table shows responses to H2 in rats with vehicle injeciton 
and rats with bilateral CeN or MeN lesions.

group lesion n 0 min 20 min 30 min 60 min
0-10 vehicle 11 52 ± 5 86 ± 24 103 ± 33* 97 ± 20*

10-10 vehicle 12 56 ± 3 112 ± 19* 182 ± 5O*† l57±34*†
0-10 lesion 7 43 ± 3 83 ± 21* 93 ± 28* 84 ± 21 *
10-10 lesion 6 48 ± 4 73 ± 17 83 ± 17 62 ± 7

* = p < 0.05 vs. 0 min, same group; † = p < 0.05, 0-10 vs. 10-10, same lesion 
A ll groups had significant ACTH responses to the test hem (H2), but the enhanced 

response in the 10-10 group was blocked completely by bilateral CeN or MeN lesion. 
These data suggest that CeN or MeN neurons or both modulate, but are not essential 
for, HPA responses to hem. However, CeN or MeN neurons are essential for the 
enhanced ACTH responses to repeated hem in rats. [Supported by NIH DK 02181]

201.6
Nyctohemeral facilitation of ACTH to acute restraint and blunted food 
intake patterns are expressed in chronically cold-stressed rats. S.F. 
A&Ш*·^A£,-CłlU,and M.F, Pallman. Department of Physiology, UCSF, 
San Francisco, CA 94143-0444 USA

Prior stress-induced facilitation of ACTΉ responses to novel stress has a 
diurnal rhythm with the lowest responsivity at the basal evening (PM) peak 
of HPA activity. To test diurnal responsivity of chronically cold-sưessed 
rats, intact male SD rats were exposed to 23°C (control) or 5°C (cold) for 
5d. To explore the interaction of calories and HPA axis, food & water 
intake and body weight were recorded at the nadir and peak of HPA basal 
activity (AM & PM). Half of each group was restrained in the AM with 
tail blood samples collected at 0 & 15 min and decapitation at 30 min; the 
remaining groups were ưeated similarly in the PM. Cold ACTΉ responses 
were significantly greater both in the AM & PM compared to controls 
(p=.O22) whereas corticosterone responses to acute sưess were greater in 
the PM (p=.018), but did not differ as a function of prior sưess. Cold rats 
ate 2X more during the hours of light (p=.0001) and 20% less during the 
hours of dark (p=.005) compared to conưols in a manner similar to rats 
lesioned with colchicine in the VMN (Choi, J Neurosci, 1998). Choi's 
VMN-lesioned rats have inhibited ACTH responses to acute sưess with 
high caloric efficiency (mg gained /kcal consumed) in sharp conưast to 
these cold-sưessed rats with facilitated ACTΉ responses and low caloric 
efficiency. Cold rats also had lower plasma insulin, leptin & glucose and 
fat stores compared to conưols in conưast to increased insulin, leptin, & 
glucose and fat stores in VMN-lesioned rats. We conclude that chronic 
cold sưess 1) inhibits VMN output on feeding but 2) induces facilitated 
ACTΉ responses in both the AM & PM. (.supported, in part, by 
D K28Ί72).

201.8
LONG-TERM SENSITIZATION OF THE HPA AXIS CAN OCCUR WITH OR 
WITHOUT PHENOTYPIC CHANGES IN CRH NEURONS AND IS NOT CRUCIAL 
FOR LONG-TERM BEHAVIOURAL SENSITIZATION TO AMPHETAMINE
E.D. Schmidt, T.J. De Vries*, A .N .M . Schoffelmeer, F.J.H. Tilders. Research 
Institute Neurosciences V rije  Universiteit, Dept o f  Pharmacology, Van der 
Boechorstsfraat 7, 1081 B T Amsterdam, The Netherlands.

Previously, we showed that cocaine freatment o f  rats induced a delayed and 
long-lasting (weeks) sensitization o f the hypothalamus-pituitary adrenal (HPA) 
responses. Moreover, psychostimulant induced behavioural sensitization, which 
is thought to play a role in the persistence o f drug-seeking behaviour, was 
abolished by the adminisưation o f  the glucocorticoid antagonist mifepristone. 
Long-lasting HPA sensitization also occurs after sfress exposure and is often 
accompanied by long-lasting phenotypic changes in CRH neurons (co
production, co-storage and co-release o f  AVP). Here, we tested whether sfressor 
or drug induced HPA sensitization is associated w ith long-term expression o f 
behavioral sensitization to amphetamine (AM PH), and/or w ith  phenotypic 
changes in CRH neurons. Rats tested three weeks after single exposure to 
in terleukin-1 (IL-1) or footshocks, showed increased AVP stores in CRH 
terminals, and sensitization o f the AC TH and corticosterone responses, but no 
behavioural sensitization to AM PH. Three weeks after AM PH or morphine 
treatment, we found behavioural sensitization to AM PH, that was associated 
w ith  unaltered A V P stores and w ith  (AM PH ) or w ithout (morphine) HPA 
sensitization. We conclude that sensitization o f  the corticosterone response is not 
crucial for the long-term expression o f  behavioural sensitization to AM PH and 
that HPA sensitization can occur w ith or w ithout phenotypic changes in CRH 
neurons. Supported by NWO grant: 903-43-128.
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201.9
ACUTE A N D  CHRONIC EFFECTS OF TH E N O N -P E P TID E  
CORTICOTROPIN-RELEASING HO RM O NE (CRH) A N A T A G - 
ONIST, A N T A L A R M IN . C. Contoreggi1, E. W e b s te r*. M¯L. W ong3, 
S. Bomstein4 H. Spokes3, P. Phuj , M . Ehrhart-B ornste in3, J. L ic in io \  
G. Chrousos , P. Gold3, ^ o l .  Neurobiology Branch, N ID A , N IH , 
Baltimore, M D  21224; 2Ped. Endocrinology Section, N IC H D , N IH ; 
3Clin. Neuroendocrinology Branch, N IM H , N IH , Bethesda, M D  20892.

The icv administration o f  CRH reproduces many components 
o f the stress response. Hypothalam ic CRH activates the hypothal
amic-pituitary-adrenal (HPA) axis and the autonomic nervous system, 
while amygdala CRH promotes fear-related behaviors. We have shown 
that the lipoph ilic , orally-active, non-peptide CRH antagonist, 
antalarmin, displaces 12ÍI-CRH in brain and pitu itary and produced a 
repertoire o f  behaviors seen after bilateral lesions o f  the central and 
lateral nuclei o f  the amygdala (unpublished). Because such CRH antag
onists may be useful in treating anxiety, we wished to determine i f  
antalarmin given acutely (20 mg/kg body weight) or chronically (20 
mg/kg, twice per day fo r 8 weeks) suppressed plasma A C TH  after 
lµg/kg CRH or 30 min. restraint stress compared to vehicle.

Acute antalarmin produced a 50% reduction o f  CRH-induced 
ACTH secretion (p=0.057) and a 47% reduction (p<0.001) in restraint- 
stress induced A C TH  release. W hile  chronic antalarmin reduced basal 
ACTH by 50%, it  failed to interfere w ith  restraint-stress induced AC TH  
release. We conclude that antalarmin-induced interference o f  the cap
acity o f  the HPA axis to respond to severe stress w ill not be a lim iting  
factor in its potential application as a therapeutic agent.

201.11

INCREASE IN NERVE TERMINALS/VARICOSITIES IN THE ANTERIOR 
PITUITARY OF THE RAT FOLLOWING ADRENALECTOMY. Ģ. Ju* and 
Y.Y. Liu. Institute o f Neurosciences, The Fourth M ilitary Medical Univ.; Xi'an, 
710033 PR China

Our previous studies have proved the existence o f direct neural regulation o f 
the mammalian anterior pituitary. Quantitative study by synaptophysin (Syn) 
immunohistochemistry showed that there were in average 12,423 nerve termίn- 
als/varicosities per anterior pituitary o f the rat. Based on our previous data that 
there was a significant increase in the nerve fibers o f the anterior pituitary 
following adrenalectomy in the rat, the present work was aimed to study the 
change in the number o f the terminals/varicosities under similar manipulation. 
Five young adult male S-D rats were used. Fourteen days after bilateral adre
nalectomy the sections o f the anterior pituitary were immunostained with a 
monoclonal antibody against Syn. The Syn-immunoreactive (ir) elements 
appeared as fine dots in the anterior pituitary, distributed both along the blood 
vessels and among the gland cells and were proved under electron microscope to 

be nerve terminals/varicosities There were in average 20,700 teгminals/- 
varicosities per gland, a 66.6% increase compare to that o f the normal (p = 
0.026). Considering the paracrine effect o f the transmitters released from the 
terminals/varicosities, the total number o f gland cells o f an adrenalectomized 
anterior pituitary under direct influence o f the Syn-ir terminals/varicosities was 
estimated to be in the order o f 104î.

201.13
HΠ>POCAMPAL-MEDIATED GLUCOCORTICOID NEGATIVE FEEDBACK 
IN HUMANS. M. Goldman*. Psychiatric Institute: University o f Illinois in affiliation 
with University o f Chicago; University o f Chicago; Chicago, IL  60637

Impaired hippocampal¯mediated glucocorticoid negative feedback (HMGNF) is 
induced by disturbances in early social development, and prolongs response to 
psychological stress in adult mammals. It may provide an index o f the abnormalities in 
neural circuitry mediating psychiatric symptoms in humans. Others have demonstrated 
glucocorticoid negative feedback in humans, but not under conditions likely to reflect 
pюminent hippocampal comrol. HMGNF is most apparent in adrenalectomized 
animals during the diurnal ưough, when glucocorticoid replacement reduces plasma 
adrenocorticotropin (ACTH) by binding to hippocampal mineralocorticoid receptors. In 
humans this can be approximated by an evening infusion o f low doses of cortisol 
(CORT), after first reducing endogenous CORT levels tlưough inhibition of the 
enzymatic conversion of 11-deoxycortisol (DOC) to CORT.

5 normals (3 M, 2F) received 750 mg metyrapone (an 1 lß-hydroxylase inhibitor) 
PO at 1530 and 1800Һ on two occasions. At 1830Һ on one occasion, saline, and on the 
other, cortisol (CORT) (0.3 mg/kg/hr), were infused for 150 min. Blood samples were 
obtained at 20 min intervals from 40 min prior to, until 50 min following, the infusion.

Basal plasma CORT and ACTH were 1.6 + 1.0 µg/dl and 9.6 ± 6.3 pg/ml (mean ± 
SD), respectively. CORT levels fell slightly in the saline condition, but rose steadily to 
6.1 ± 3.5 µg/dl with CORT infusion. ACTH fell to a greater extent in the CORT 
condition (@ 200 min. = 4.7 ±  1.3 vs saline 7.7 + 2.4 pg/ml) (repeated measures 
ANOVA P =.05). Similarly, DOC fell from basal levels o f 0.9 + .3 µg/dl to 0.5 ± .4 
with CORT, but rose to 1.1 ±  0.4 with saline ( P =.07). Preliminary data in 4 male 
schizophrenic patients (an illness characterized by diminished anterior hippocampal 
volume) demonstrate delayed ACTH (P < .02) and DOC (P = .07) responses to CORT, 
suggesting their hippocampal pathology may disrupt this function.

This paradigm may reveal HMGNF in humans, and its disruption by schizophrenia.

201.10
ALTERED PHYSIOLOGICAL A N D  BEHAVIORAL RESPONSES IN CRH- 
BĨNDING  PROTEIN DEFICIENT MICE. T. M. Ramesh,1 I. J. Karolyi,1 M. 
Nakajima,2 S. A. Camper,  ̂ and A. F. Seasholtz^'^⅜. Departments of 
⅛ iim a n  Genetics, ^Physiology, and -^Biological Chemistry, and '^Mental 
Health Research Institute, University of Michigan, Ann Arbor, M I 48109.

Corticotropin-releasing hormone (CRH) is the prim ary mediator of the 
neuroendocrine, behavioral and autonomic responses to stress, including 
stress induced anxiety. The biological activ ity of CRH in the central 
nervous system (CNS) and pitu itary may be modulated by the presence of a 
CR H-binding protein (CRH-BP) w ith  the ability  to block CRH activity in 
vitro. To assess the functional role of CRH-BP, we created a CRH-BP 
deficient mice by targeted homologous recombination. Basal corticosterone 
and ACTH levels are unchanged, and the animals demonstrate a normal 
corticosterone and ACTH response to acute restraint stress. In contrast, the 
CRH-BP deficient mice demonstrate a greater increase in colonic m otility  
after chronic stress as compared to the w ild  type mice. Colonic m otility  
was measured by total fecal and dry fecal weights after two hours of 
restraint stress for five days. Male CRH-BP deficient mice, but not female, 
showed a s ligh tly  reduced weight gain from  4 weeks after b irth  as 
compared to w ild  type animals. The CRH-BP deficient mice also exhibit 
increased anxiety as assessed by elevated plus maze and zone monitoring in 
an open field. These physiological and behavioral effects are most likely 
due to increased "free CRH" levels in the brains of CRH-BP deficient mice, 
suggesting an im portant role of CRH-BP in maintaining appropriate levels 
of active CRH or other CRH-like peptides in the CNS of normal animals. 
These studies also suggest that these animals may serve as models for 
anxiety disorders a n d /o r  irr itab le  bowel syndrome. This w ork was 
supported by N IH  DK4273O (A.F.S).

201.12
INCREASED REACTIVITY OF THE HYPOTHALAMIC-PITЪ；T ARY- 
ADRENAL (HPA) AXIS TO PSYCHOSOCIAL STRESS IN ADULT 
SURVIVORS OF CHILDHOOD ABUSE. C. Heim*. Y.P. Graham. S. Heit. R. 
BonsalL A·H. Miller, and C.B. Nemeroff. Dept, of Psychiatry &  Behavioral 
Sciences, Emory Univ. Sch. Med., Atlanta. GA 30322.

Early adverse experiences have been identified as a risk factor in the 
pathogenesis of psychiatric disorders. Our group has suggested that adverse 
experiences early in life may induce an increased sensitivity o f neurobiological 
systems to the effects o f stress later in life, rendering an individual vulnerable to 
stress-related psychiatric disorders. The purpose of the present study was to assess 
HPA axis reactivity to a standardized psychosocial sưessor in women with a 
history o f childhood abuse without current major depression (N=7), women with a 
history o f childhood abuse with current major depression (N=8), and women 
without a history of early life stress and no psychiatric disorder (normal .ontrols, 
N=7). The Trier Social Sưess Test, which consists of speech and mental arithmetic 
tasks performed in front of an audience, was used as the sưessor. Blood samples 
for measurement of adrenocorticoưopin (ACTH) and cortisol concentrations were 
obtained before, during and after sưess induction. Women with a history of 
childhood abuse without major depression and women with a history of childhood 
abuse with major depression demonstrated more rapid and greater AC TH and 
cortisol responses to psychosocial sưess when compared to conưols (Group x 
Time interaction: ACTH: p<.001, cortisol: p<OOl). Hyperreactivity of the HPA 
axis was most pronounced in women with a history o f childhood abuse and 
comorbid major depression. These results suggest that early adverse life events 
may induce persistent changes in the sensitivity o f the HPA axis to sưess, which 
are related to psychopathology in adulthood. Supported by NIH MH-42088, MH- 
51761, RROOO39.
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202.1
NEURAL CONSEQUENCES OF REFLEXIVE ATTENTION

J. B. Hopfinger* and G. R. Mangun. Department of Psychology & Center for 
Neuroscience, University of California, Davis, CA 95616.

Voluntary, or “ top-down” , attention has been shown to affect visual 
information processing as early as extrastriate cortex in humans. Previously, we 
reported event-related potential (ERP) evidence that reflexive orienting, or 
"bottom-up” attention, also modulates visual processing in the human extrastriate 
cortex (Hopfinger &  Mangun, 1995). Here, we extend that work by showing that 
the pattern of extrastriate effects produced by reflexive attention is automatic, 
being produced regardless of the subjects’ task. Together, the results of these 
studies have shown amplitude enhancements of an early component of the visual 
ERP, the PI, to targets presented to locations where an irrelevant sensory event 
had recently occurred (i.e., a non-predictive exogenous “cue” ). This reflexive 
enhancement of visual processing was: (i) short-lived, lasting only 100-200 msec; 
(ii) affected the same visual processing locus as does voluntary (endogenous) 
spatial attention; and (iii) was followed in time by enhanced “ cognitive ERPs” 
(P300) to the targets, suggesting increased relevance of the reflexively cued 
targets. At slightly longer cue-to-target intervals (600-800 msec), no 
enhancements were found for either the PI or P300 components. At these longer 
intervals, the PI was sometimes significantly reduced to targets occurring at the 
location of the attention capturing event, although this PI inhibition was 
produced only under certain task parameters. While all these effects are reflexive, 
in the sense of not being produced by top-down intentions, the immediate effects 
of attention capture are the most purely automatic. At slightly longer intervals 
after the attention-capturing event, however, task-goals can interact with the 
reflexive mechanisms to determine how stimuli w ill be processed. [Research 
supported by the NSF, the NIMH, the HFSPO, and the NINDS.]

202.3
IMPAIRMENT IN THE INHIBITION OF ATTENTIONAL SHIFTS IN 
SCHIZOPHRENIA
P. Maruff,12 C. Pantelis2*. J Danckert,2 P. Tyler2 &  J Currie2.
'Swinburne University o f Technology. 2TҺ℮ Mental Health Research Institute of 
Victoria, Australia, 3071.

Aim This study investigated whether deficits in the inhibition o f reflexive 
attentional shifts were specific to the oculomotor modality or whether they also 
occuҥed when attentional shifts were made without eye movements (eg. covert 
attentional shifts).

Methods 15 medicated patients with chronic schizophrenia and 15 matched 
controls performed the antisaccade task and the covert orienting task (COVAT) 
where the probability o f targets appearing at the same location o f a peripheral cue 
was varied so that voluntary and reflexive orienting systems had the same goal 
(80% probability of target at cued condition) or opposite goals (20% probability of 
target at cued location). A condition where only reflexive orienting was initiated 
was also included (50% probability o f target at cued location). SOA was varied 
between 150 and 350msec.

Results. Patients with schizophrenia showed normal latency and accuracy for 
visually guided saccades but increased error rates and latency on the antisaccade 
task. For the COVAT, when only reflexive orienting was required or when the 
goals of the reflexive and voluntary orienting systems were the same, patients with 
schizophrenia showed normal performance. However, patients with schizophrenia 
were unable to use voluntary orienting strategies to inhibit reflexive shifts o f covert 
attention.

Conclusions. These results suggest the reflexive orienting mode is normal in 
patients with chronic schizophrenia. However, these patients have a reduced ability 
to utilise the voluntary orienting processes to control or inhibit reflexive orienting. 
This impairment o f voluntary control is evident for both overt and covert attentional 
shifts.

202.5
SEPARATION OF CUE AND MOTION FMRI SIGNALS IN A 
CUED MOTION DETECTION TASK. G ǐ. Shиlmяn» I.M. Ollinger 
S.E. Peteгsen.E. Akbudak·T·E. Conturo.A.Z. Snvdeг. and M. Coгbetta. Wash. 
Univ. Sch. Med., St. Louis, MO 63110

The fMRI signals produced by a symbolic cue to expect motion in a particular 
direction were separated from the cue-induced modulations of the sensory activity 
evoked by a subsequent moving test stimulus.

Subjects performed a cued motion coherence detection task, presented within a 
single-trial fMRI paradigm. On cue+noise/motion trials, subjects were shown an 
arrow, superimposed on a static dot array, indicating the direction of upcoming 
coherent motion. Following a period of dynamic noise, some dots moved 
coherently. Subjects pressed a key if they detected the motion. Cue+noise trials 
were similar but no motion was presented (i.e. only dynamic noise occurred). On 
cue trials, only the arrow cue and static dots were shown. Subjects also received 
passive viewing scans with the same stimulus sequences. fMRI scans involved 
ASE EPI, 50 msec offset, 2.36 sec TR, 16 8 mm slices, 3.75 mm square voxels. 
The data were analyzed with a linear model which allowed signals from the cue 
interval to be separated from the noise/motion interval. The resulting cue image 
showed BOLD signal increases in several dorsal regions, including the intгaparietal 
and transverse occipital sulci, with weaker activations in more ventral posterior 
occipital regions and a more anterior region near human MT/MST. The 
noise/motion image showed sfrong activations in similar posterior occipital regions 
and human MT/MST, with more modest activations in parietal regions.

Therefore, extrastriate regions involved in motion processing overlap with those 
encoding a symbolic cue for direction o f motion.
McDonnell Cntr for  Higher Brain Fen, Charles A. Dana Foundation, NSO683, 
NS32979, EYOO379

202.2
NEURAL BASIS OF REHEARSAL IN  SPATIAL W ORKING  MEMORY

Amishi P. Iha * and G. R. Mangun. University of California at Davis, 
Department of Psychology & Center for Neuroscience, Davis, CA 95616.

Previous neuroimaging and behavioral studies, have suggested th a t 
spatial working memory requires the active allocation of sp a tia l 
selective attention to the to-be-remembered location during the entire 
delay period for active maintenance of spatial information. 
Alternatively, spatial selective attention may be required only for the 
purposes of encoding spatial information or retrieving sp a tia l 
information and thus may not be needed throughout the memory delay  
period. The putative involvement of spatial selective attention during 
the delay period of a spatial working memory task is examined here. 
Non-invasive scalp recorded event-related potentials (ERPs) were 
measured in 15 normal, right-handed subjects (aged 18-34) as they 
performed a spatial delayed response task. Task irrelevant probe 
stimuli were presented 400-800 msec or 2600-3000 msec following the 
memory location cue and prior to the test item. ERP indices of 
attentional modulation (am plitude enhancement of the PI component 
50-100 msec post-stimulus) were observed for probes when they were 
presented at both time intervals. These results suggest that sp a tia l 
selective attention is required for the maintenance of sp a tia l 
information throughout the memory delay period. (Research 
supported by NIMH)

202.4
EVENT-RELATED POTENTIAL (ERP) EVIDENCE THAT UNILATERAL 
EXTINCTION OCCURS AT AN EARLY ATTENTIONAL STAGE IN RIGHT 
HEMISPHERE PATIENTS C.A Marzi1*. A. Maravita1. M. Girelli1. C. 
Miniussi2 and N. Smama3. 1 Dept, of Neurol, and Vis. Set., Univ, of Verona, 
Italy; 2 Dept, of Exp. Psychol., Oxford Univ., U.K.;3 Rehab. Unit, Ospedale 
Policlinico, Verona.

Contralateral visual extinction is a relatively frequent consequence of 
unilateral damage to the temporal-parietal cortex of the right hemisphere in 
humans. It consists in the failure of perceiving the leftmost stimulus in a pair 
while single stimuli are normally detected. In the present study we tried to verify 
at what level of visual processing extinction might take place by studying the 
effect of extinction on the main components of the visual ERP. A patient (R.M.) 
with visual extinction and controls were tested on a task in which they were 
supposed to report the number and the site of the stimuli following the brief 
presentation of a LED-generated flash either to the right or to the left hemifield 
or bilaterally. During bilateral presentations the patient extinguished about half 
of the left stimuli while her performance with unilateral stimuli was almost 
flawless. We compared the ERP responses to correctly reported bilateral stimuli 
with those to extinguished stimuli and found a selective effect on the amplitude 
of the PI component (a waveform peaking at about 90-120 msec from stimulus 
onset) which was particularly evident at the parietal electrodes. In both 
hemispheres, but more markedly in the right hemisphere, the amplitude of PI 
was larger for correctly reported than for extinguished stimuli. This suggests that 
extinction may arise either at an early attentional level, which is widely held to 
be indexed by the PI component, or at an even earlier visual processing stage. 
(Supported by grant from Italian MURST)

202.6
SELECTIVE AND DIVIDED ATTENTION TO SURFACE ROUGHNESS AND 
LENGTH: A PET STUDY. H. Burton.'-2 * N. Abend.4 A. MacLeod.2 M. Raichle2 3 and 
R. Sinclair1. Departments o f Neurobiology1, Radiology2, Neurology3 and Biology4, 
Washington University School o f Medicine; St. Louis, MO 63110.

As in a prior imaging study o f attention to visual attributes (Coгbetta et al, J. Neurosci. 
1991, 11:2383-2402), cuing directed attention to one tactile attribute (selective) or 
simultaneously to two features (divided) o f grating patterns that passively rubbed the right 
index finger with ~ЮOgms at ~30mm/s. Paired surfaces differed in roughness or length. 
Ten normal subjects, who optimally discriminated attribute differences during assessment 
trials, performed significantly better on validly (80.5% correct) compared to neutrally 
(68.2%) or ίnvalidly cued trials (56.4%), demonstrating that cuing aided allocation of 
resources to the relevant tactile feature. We measured brain blood flow with H20 15 and 
PET (Siemens 953B, scan time 40s) during discrimination (attention) and control tasks.

We determined regions o f cerebral blood flow changes across-subjects using a 
replication analysis. Averaged subtraction images were created by subtracting control 
scans from those obtained during the attention task. During the control scan, a series of 
tactile grating pairs, each composed o f identical surfaces, rubbed the finger and subjects 
made unrelated operant responses like those used to signal discriminations during the 
attention tasks. In both selective and divided attention tasks similar parietal foci on the 
left, contralateral side occupied the postcentral gyrus, fundus o f postcentral sulcus 
(fPOCS), and parietal operculum (PO); on the right the foci included the retroinsular 
region, fPOCS, fundus o f central sulcus and PO. Frontal foci included anterior insula 
bilaterally, right inferior and left lateral frontal gyri. A single occipital focus covered 
portions o f the left lateral extrastriate cortex. Additionally, both selective attention tasks 
activated a focus in the left posterior cingulate gyrus while the divided attention task 
activated a focus in the left anterior cingulate gyrus. There were no differences between 
foci activated by selective attention to each tactile attribute: surface roughness or length.

Tactile attention engages a distributed parieto-frontal cortical network that includes 
early processing in primary and secondary somatosensory areas and presumed higher 
order centers in the frontal lobe.
Supported by NIH grants NS31005 and HL13851 and the McDonnell Center for Studies 
o f Higher Brain Function.
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202.7
EFFECT OF TARGET RELEVANT DISTRACTORS ON REGIONAL 
CEREBRAL BLOOD FLOW (rCBF) DURING VISUAL SELECTIVE 
ATTENTION. G.E. Alexander*. P.M. Greenwood.1 R. Parasuraman.1 M.J. 
Mentis, M.L, Furev, P. Pietrini, R.E, Desmond. J. Szczepanik, B. Levine, C. 
Connolly. M.B. Schapiro and S.ĩ. Rapoport. Laboratory of Neurosciences, 
NIA, Bethesda, MD 20892; 'Catholic University, Washington, Γ>.Ċ 

The prefrontal cortex may be functionally recruited when attention tasks 
require greater effort or vigilance (Posner & Petersen, Annu Rev Neurosci, 
1990). To investigate the functional brain response to parametrically 
increasing target-related distractors during visual attentional processing, we 
measured rCBF with positron emission tomography and H2 15〇 in 10 
healthy right-handed adults (mean±SD age = 26±4 yr; 4M, 6F). Subjects 
were presented with multiple trials of a 15 letter array consisting of 3 letters 
(R, G, N) and 3 colors (pink, blue, green). The task was to decide if there 
was a "pink R" in the center where the number of pink distractor letters was 
increased across 5 scans (0, 2, 4, 6, or 8 pink distractors). There was no 
difference between conditions in task performance or eye movements. 
Statistical Parametric Mapping was used for data analysis and significance 
was taken at p<0.001, corrected for spatial extent, p<0.05. Orthogonal 
contrasts reflecting biphasic and monotonic linear functions were tested to 
evaluate the response across the task conditions. A significant biphasic 
response with peak rCBF activation for 4 pink distractors was observed in 
right prefrontal cortex with maxima in midfrontal gyrus (Brodmann Area 
46; Talairach x, y, z coordinates: 46, 38, 20). No significant area was found 
for monotonic linear increasing or decreasing functions. These results 
suggest that right prefrontal cortex has a role in the functional response of 
the visual attention system to maintain task performance when specific 
numbers of target relevant distractors are present. That rCBF initially 
increased and then decreased in this region suggests that the functional 
brain response to target related distraction does not necessarily increase 
monotonically with greater numbers of distractors. (Supported by NIA)

202.9
MULTIPLE COHERENT OSCILLATORY COMPONENTS OF 
THE H U M A N  ELECTROENCEPHALOGRAM (EEG) DIF
FERENTIALLY MODULATED BY COGNITIVE EVENTS 
S. Makeig‡§*, T-P Jung†, and T.J. Sejnowski†§. †Salk Institute, La Jolla 
CA and Howard H ughes Medical Institute.§University of California San 
Diego,‡Naval Health Research Center, San D iego CA.

Single-trial multi-channel EEG epochs w ere analyzed using Indepen
dent C omponent Analysis (ICA), w hich decom posed data into a sum of 
temporally independent com ponents projecting to spatially fixed scalp 
maps (Makeig et al., Proc N at Acad Sci USA 94:10979-10984, 1997). ICA 
uses higher-order statistics to identify spatially coherent patterns of ac
tivation in the input data. D ecom posing single-trial ERP epochs from a 
visual selective attention task w ith  ICA revealed the scalp patterns and 
time courses of activation of m ultiple alpha, beta, and gamma band os
cillatory EEG com ponents w hich w ere consistently but differentially af
fected by cognitive task events. Event-related m odulations included am
plitude blocking or augmentation and slow  or fast phase resetting time 
locked to target-stimulus onsets or motor responses. At alpha band fre
quencies (8-12 ITz), m ultiple com ponents w ith differing scalp distribu
tions w ere found in single subjects. Some beta band (16-24 Hz) com po
nents were also active in the alpha band, w hile others w ere not. These 
oscillatory ICA com ponents may be major sources of inter-channel coher
ences measured in EEG coherence studies. Research supported by the 
Office of Naval Research and the Howard H ughes Medical Institute.

202.8
HOMOLOGOUS COGNITIVE MECHANISMS AND NEURAL 

SUBSTRATES UNDERLIE DISSOCIABLE COMPONENTS OF 
SET-SHIFTING AND TASK-SWITCHING PHENOMENA

Bradley R. Ppsţle* &  Mark D ’Esposito 
Dept, o f Neurology, U. of Penn. Med. Cntr., Philadelphia, PA 19104.

Neuropsychological studies of patients with lesions of prefrontal cortex (PFC) and 
with Parkinson’s disease (PD) indicate the these two groups exhibit qualitatively 
different set-shifting deficits: PFC patients have difficulty shifting behavioral set 
from previously relevant stimuli (perseveration), whereas PD patients are impaired at 
shifting to previously irrelevant stimuli (learned-irrelevance) (Owen et al., 1993). 
Independently, cognitive psychological models of ta sk -sw itch in g  propose two 
components of the switching reaction time (RT) cost: endogenously controlled 
release from the previous task-set and exogenously triggered reconfiguration for the 
new task-set (e.g., Rogers &  Monsell, 1994). Behavioral data from our laboratory 
indicate that these two components of the task-switching RT cost can be characterized 
as perseveration and learned-irrelevance, respectively (Postle &  D’Esposito, 1998). 
Therefore, set-shifting and task-switching may share common cognitive mechanisms.

We explored the neural substrates of perseveration and learned-irrelevance in task
switching with event-related fMRI. Subjects viewed stimulus pairs drawn from a set 
of three stimuli that represented an overleamed dominance hierarchy, such that A>B, 
B>C, and C>A; stimuli appeared in a natural or unnatural color with p = .5 on each 
trial. Stimulus pairs were presented serially (.25 Hz) and subjects made yes/no 
judgments about the color of the dominant stimulus on each trial. Repeat, 
perseverative-switch, and leamed-irrelevance-switch trials occurred pseudorandomly in 
a ratio of 6:1:1. fMRI analyses revealed greater activation in the peгseverative 
switches in left frontal operculum (44,45) and greater activation in the learned- 
irrelevance switches in caudate nucleus. The results are broadly consistent with 
(Owen et al., 1993), and are consistent with the idea that set-shifting and task
switching processes are supported by common neural substrates. The locus of 
perseverative-switching activity bears intriguing similarity to the site implicated in 
“ selection” processes by Thompson-Schill et al. (1997) and in “ response-inhibition” 
processes by Jonides et al. (1998) and D’Esposito et al. (1998). Supported by the 
American Federation for Aging Research and NIH grants NS0Ĵ 762 and AG13483.

202.10
INDEPENDENT COMPONENTS OF THE LATE POSITIVE EVENT- 
RELATED POTENTIAL IN A VISUAL SPATIAL ATTENTION TASK: 
NORMAL AND CLINICAL SUBJECT DIFFERENCES. M. WesterfieldΛ3 
J. Townsend.2>3 * J. Covington. 3 S. Makeig,4,5 Ţ ,j , Seįņowski 7,4 & ę  Courchesne 2·A 
İDept. of Cognitive Science, UCSD, La Jolla, CA; ⅜ept. of Neurosciences, ƯCSD, La 
Jolla, CA; 3 Lab. Res. Neurosci. of Autism, Children’s Hospital Res. Cntr., La Jolla CA 
92037; 4Salk Institute, La Jolla CA; ^Naval Health Research Center, San Diego, CA 

The late positive event-related potential (ERP), a complex response dominated 
by the P300, reflects cognitive processes including attention. Although it has been 
shown that the late positive ERP is not a unitary response, overlapping spatial and 
temporal characteristics make the separation o f contributing subcomponents 
difficult. Independent Components Analysis (ICA) can decompose complex ERP 
data into temporally independent and spatially fixed components. When applied to 
data recorded from normal subjects during a visual attention task, ICA revealed 3 
independent components o f the response to target stimuli: an early onset frontal 
positivity, a large parietal positivity, and a post-motor positivity that peaked 
approximately 200 ms following the button press and reversed polarity near the 
vertex. A fourth, frontally maximal component was elicited by ‘no-go’ stimuli.

Traditional analyses o f late positive ERP data recorded from subjects with autism 
revealed differences from normal control data in both amplitude and latency, 
despite no differences in accuracy o f task performance. ICA decomposition of 
these data suggests an explanation o f these differences. While analogs o f the 
subcomponents present in the normal data were also apparent in the autism data, 
the proportional contribution to the overall waveform was substantially different 
between the two groups. This may reflect differential use o f the brain systems 
involved in the attentional processes utilized in this task, or differences in the 
distribution of visual attention resources.
Supported by NINDS 1R01-NS34155, NIMH 1RO1-MH36840, the Office of 
Naval Research &  the Howard Hughes Medical Institute.

DEGENERATIVE DISEASE: ALZHEIMER’S-BETA AMYLOID: FIBRĨLLOGENESIS—APP INTERACTIONS

203.2203.1
AFM STUDIES OF AGGREGATION OF ß-AMYLOID PEPTIDES AT SOLID- 
LIQUID INTERFACES T.Kowalewski1. Y.Sun2*. D.M.HoItzman2. 'Dept.of 
Chemistry,Washington Univ.; ⅜>ept. of Neurology, Washington Univ. Med. Sch.; 
St.Louis, MO 63130.

Atomic force microscopy (AFM) was used to study the aggregation of ß-amyloid 
peptides (Aß) - the major constituent of plaques found in the Alzheimer’s disease 
(AD) brain. Two types of experiments were performed: (i) observations of dried 
aggregates of Aß (12-28) and Aß (1-42), formed upon incubation of dilute aqueous 
solutions and deposited on the surface of mica; (ii) in situ tapping mode AFM 
observations of aggregation of peptides in contact with two different model 
substrates: hydrophilic mica and hydrophobic graphite.

Observations of dehydrated specimens revealed fibrillar morphologies similar to 
those reported in electron microscopy studies. In addition, 10-20 nm fibrils as well 
as non-fibrillar 10-20 nm aggregates were observed. Aggregates observed in situ 
differed from those reported for dried samples and their morphology depended 
strongly on the nature of the substrate. In contact with the surface of mica, fibrous 
aggregates were never observed. Instead, 20-30 nm micellar aggregates were 
formed in contact with the surface. In contrast - aggregates forming in contact with 
graphite were always highly elongated, their dimensions were consistent with a 
single ß-sheet with peptide in fully extended conformation, perpendicular to the long 
axis of the aggregate. Moreover, ß-sheet aggregates formed larger, highly regular 
assemblies, which exhibited degenerate six-fold symmetry, resembling the 
crystallographic symmetry of the graphite surface.

The present study establishes AFM as a unique and useful tool for the study of 
aggregation of amyloid peptides and points to the need of focusing on the role of 
interfacial effects in such studies. The physicochemical basis of the observed 
substrate dependence of aggregation and its physiological relevance will be 
discussed in relation to the highly hydrophobic character of the physicochemical 
environment in the brain. (Support:NIH P50AG05681).

CHARACTERIZATION OF TWO DISTINCT SPECIES OF Aß. D.B. Teplow1’ . 
D.H. Hartley1. D·J. Selkoe‘. Y. Fezoui'. M.M. Condron‘. A. Lomakin12. G.B. 
Benedek2 and P.M, Walsh1. ’Center for Neurologic Diseases, Brigham &  Women’s 
Hospital and Harvard Medical School, Boston, MA 02115 and 2Dept. of Physics and 
Center for Material Science, M.I.T., Cambridge, M A 02139.

Accumulating evidence indicates that Aß aggregation and deposition are critical 
features of Alzheimer’s disease (AD). Thus a central question in the pathogenesis of 
AD is the mechanism by which soluble Aß is converted to plaque associated 
amyloid. In studying the initial stages of fibrillogenesis of synthetic Aß, size 
exclusion chromatography (SEC) resolved two distinct species. Quasielastic light 
scattering spectroscopy of the species which predominated after initial dissolution of 
Aß revealed particles with hydrodynamic radii consistent with either an extended 
monomer or compact dimer. Given this uncertainty, we refer to this species as “ low 
molecular weight Aß” (LMW Aß). Upon isolation, LMW Aß showed little 
secondary structure as assessed by circular dichroism spectroscopy (CD). However, a 
time dependent transition to ß-sheet was observed, during which a transitory α-helical 
component appeared. Following incubation, electron microscopy revealed the 
presence of typical amyloid fibrils. Incubation of LMW Aß with primary rat 
hippocampal neurons resulted in cell death, but required longer periods to produce this 
effect than did pre-aggregated Aß.
A second Aß species resolved by SEC is referred to as protofibrils (PF). These 

structures appeared as curved fibrils 6-8 nm in diameter and <200 nm in length, 
increased in concentration over time, and gave a strong ß-sheet signal by CD. PF 
were formed by a number of different Aß peptides, suggesting that their formation is 
a general phenomenon in fibrillogenesis. Moreover, preliminary data indicate that PF 
are in equilibrium with LMW Aß ҙщį form mature fibrils. PF thus appear to be 
important intermediates in the fibrillogenesis process. NIH grants AG14366 (DBT), 
EY05127 (GBB), and the Foundation for Neurologic Diseases (DBT and DJS).
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2033 203.4
THE RELATIVE NEUROTOXICITY OF DISCRETE FORMS OF Aß 
OBSERVED DURING FIBRĨLLOGENESIS. D.M. Hartley *. D.M. Walsh. T.S. 
Diehl. D.B. Teplow. and D.J. Selkoe. Department of Neurology, Harvard Medical 
School, and Brigham and Women’s Hospital. Boston, MA 02115.

We have been addressing whether non-fibrillar Aß intermediates formed in the 
process of fíbrillogenesis are neurotoxic, relative to mature fibrils. Aging Aßı^〇 

(Bachem, lot#ZN57l) for 2-3 days at 37°C produced a significant increase in the 
number of fibrils by EM and Congo Red binding (Cb) and was found to be 
neurotoxic, as measured by LDH release in 2-4 week old mixed rat brain cultures. 
With further aging up to 12 days, we observed a decrease in neurotoxicity, whereas 
the number o f fibrils observed by EM increased over time. Using non-aged Aß, there 
was initially little Cb and a small number of fibrils by EM, whereas toxicity was 
similar to the 2 day aged material. These data are consistent with the occurrence ď  
both non-fibrillar and fibrillar neurotoxic species of Aß. To test the hypothesis that 
non-fibrillar material may be neurotoxic, size-exclusion chromatography was used to 
isolate two distinct non-fibrillar species of Aß; 1) a low molecular weight species 
(LMW) (either monomer or dimer) and 2) a higher molecular weight species referred 
to as protofibrils (PF) (Walsh et. al., JBC, 1997). We then compared the relative 
neurotoxicity o f the LMW, PF and mature fibril preparations. Both the LMW and 
PF fractions caused a time- and concentration-dependent increase in neurotoxicity. 
Although the onset o f injury was delayed in the LMW and PF samples compared to 
the 2 day aged peptide, the degree of neuronal injury approached a similar level with 
all three preparations. The injury did not correlate with Cb: ą high level of Cb was 
observed in the mature fibril samples, whereas the LMW and PF had no or relatively 
little Cb suggesting only a small number o f fibrils present in the latter. In summary, 
in this study, neurotoxicity did not require an increase in Cb, an increase in fibril 
number observed by EM, or pre-aging of the peptide. Defining the structure and 
neurotoxicity of such Aß intermediates may clarify the progression of AD as Aß 
transitions in vivo from monomer to oligomers to mature fibril-rich plaques. (NLA 
4R37AG0617311 and 5R01 AG 1274902)

IN H IB IT IO N  O F AM Y LO ID  ⅜A ß 42-M E D IA TE D  SE ED IN G  BY M ETAL  
C H E L A T O R S . X. Huang ,.Ç,S, A tWQQ¾L· JM . A .  HaйSbQГD,. -M.P, 
Cuaiunαco. L.E. G oldstein. A.J, Saunders. R.C. Scarpa. M.L. Lesk¡T. J. 
U ш . BJL·Mqіγ J¾,ŁIaũ⅞r. .Ш l A.I. Bush. G enetics & Aging Unit, and  
D epartm ents o f P sych ia try  and N e u ro lo g y* , Lab. of M o lecu la r and  
Developmental N e u ro sc ience ', Harvard Medical School, M assachusetts  
G eneral Hospital, Charlestown, MA 02129.

Recent studies have dem onstrated that iron, copper and zinc are highly 
enriched in am yloid plaques. W e have previously found that these metal 
ions are involved in maintaining the assem bly of Aß am yloid in vitro  and in 
post-m ortem  A lzhe im er D isease (AD) brain specim ens. Here w e study  
the  e ffec ts  of these  m eta l ions upon the  A ß 42 -m ed ia ted  seed ing  
process, which is considered to  be an initial step toward m ature am yloid  
form ation.
M e th o d s : Replicating the seeding cond ition o f Jarre tt ѳ t al. (1993), 20  
µM of Aß4O and 2 µM  of Aß42 in PBS were co-incubated at 37°C either 
with 10 µM  of m etal ion or w ith  25 µM  of che la to rs- DTPA, BP or BC. 
Turb id ity readings (400 nm) were taken da ily  over ten days. At the tim e  
point where turb id ity values plateaued, Aß aggregation was quantified by 
Congo-red and Th io flavin-T  staining. The m orphology o f the aggregates  
was appraised by light m icroscopy and transm ission electron microscopy. 
R e s u lts  a n d  C o n c lu s io n :  F e 3 + , Cu2 + , and Z n 2+ acce le ra te d  the
A ß 42-m ed ia ted  seed ing  p rocess. M eta l ch e la to rs  in h ib ite d  A ß 42- 
m ediated seeding even in the absence of add itiona l exogenous m etal 
ions. The buffer vehicle was found to contain 0.1 µM of copper and 0.2  
µM  of iron. Hence, the seed ing process is like ly  acce le ra ted  by the  
presence of trace quantities of metal ions. Therefore , Fe3 + , Cu2 + , and  
Z n 2+ cations m ay play a role in am yloid form ation, and specific  metal 
chelators may have therapeutic potential in AD.

S upported  b y  N IH  Fe llow ship  (1F32A G 05782) to X .H .; Funds from  
Prana Corp., N IH  (1 Ħ 2 9A G 12686), A lliance  fo r A g ing  Research  (P aul 
Beeson A w ard  to A .l.B ), and  International Life S ciences Institute.

203.5
Evidence for metal -  mediated modulation of cerebral Aß aggregation 
RA. Cherny*, J.T. Legg, K  Bcymitħer, RL· Taitzí# C L  Masters & AJ. BuáČ
Department of Pathology, The University of Melbourne, and the Mental Health Research Institute, 
Päikvüle, Australia ̂ Genetics &  Aging Unit and Dept Psychiaùy, Harvard U, Massachusetts 
General Hospital, Boston, USA

Aß is the primary constituent of the morphologically heterogeneous amyloid deposits 
observed in the brain in Alzheimer’s disease (AD). Aß also precipitates as less abundant, 
motphologically diffuse deposits in aged, non-demεnted individuals. We have previously found 
that zinc and copper at physiological concentrations promote the aggregation of synthetic Aß in 
vitro and that such aggregation may be reversed by die application of metal chelators. We have also 
repotted that a there exists a substantial pool of amyloid in both AD and noiьdemented aged 
individuals which maybe rendered soluble by the application of chelators, in particular those with a 
relatively high affinity for copper and/or zinc In this series of experiments we investigated whether 
the ability of chelators to cause resolubilization of amyloid was indeed via tlieiг action upon 
cerebral metals. TPEN, and Bathocuproine (BC) were selected as chelatore with relatively high 
affinities for zinc and copper rcpedively wliile EGTA was employed as representative of a more 
indiscriminate metal dielator. Following lюmogenization in PBS, pH 7.4 ± chelator, the material 
was centrifuged and the amount ɗ  Aß in the soluble and pellet fractions was quantified by 
calibrated western blot analysis and densitometry. Analysis of residual metals in tie post - 
uħraoeπírifiigatiσn pellets by mass spectrometry revealed a pattern of metal depletion which 
strongly implicated zinc in particular as a primary candidate for a metal component in amyloid 
architecture in both AD and Aß-positive controls. EGTA and TPEN at mM concentrations 
inhibited the solubilization of Aß, and we determined that this effect was due to chelation of 
magnesium, which is a more abundant metal ion in tl⅜e sample. Mg(∏) added to the pellet fraction 
of demetallated homogenates increased the extraction of Aß.Copper and zinc at tow µM 
concentrations correspondingly inliibited tlie solubilization of Aßfřom human brain We conclude 
iliat the demonstrable ability of ďteiлtors to enliance extractable Aß is due to their action upon 
metals bound within the amyloid matrix and taken togetlier, these data suggest complementary 
roles for Cu ſZл and Mg in the in vivo regulation of Aß aggregatioα

203.7
PrP AN D Aß SHARE A  CO M M O N M ECH AN IS M  O F M E TA L-D EP EN D EN T  
R E A C T IV E  O X Y G E N  S P E C IE S  P R O D U C T IO N . A .I.B u s h * . R .E .T a n z i. 
ŁMuliЬaiю, MJdaítshoш«. A,J,Saund⅞ŗs,-C,S,AtW·QQd,· XJHuanq, G enetics & 
Aging Unit, Harvard Medical School, Mass. Gen. Hosp., Boston, MA, 02129.

Aß, the m ajor subunit of A lzhe im er d isease (AD) am ylo id  patho logy, is a 
metalloprotѳ¡n w hose assem bly into am yloid structures is reversib ly m edia ted  
by b ind ing Zn, Cu o r Fe. Recently, the  enrich m en t o f these  m eta ls  w ith in  
am yloid patho logy has been dem onstra ted . Th is find ing estab lishes tha t the  
redox reactive metal ions, Cu (ll) and Fe(lll), are present in the p laque vic in ity to  
participate in the generation of oxidation stresses, fo r which there is abundant 
evidence in AD. Like Aß, PrP form s am ylo id  in the neocortex in dem enting  
diseases, and has recently been reported to  be a C u-binding protein.

W e found that Aß radica lizes when ox id ized by substo ich iom etric  am ounts  
of F e (lll)  and Cu(ll). The peptide-m etal com plex then recruits m olecu lar oxygen  
to generate hydrogen peroxide,and the hydroxyl radical in a  series of reactions  
that involve the cycling of Cu or Fe between reduced and ox id ized states. A  
proportion of Aß radica ls undergo cova len t c ross-link ing , a pathognom on ic  
featu re  of hum an ß-am yloid. Furtherm ore, Aß-m ed ia ted  lip id perox idation is 
governed by in te raction  w ith  these  m eta l ions. The  rate of these  redox  
reactions is greatest fo r A ß 1 -4 2 > A ß 1 -4 0 » c o n tro ls  (ratAß , Aß1-28, Aß40-1, 
insulin ≈ 0). W e propose this sequence of reactions as the chem ica l basis for 
the evolution of plaque architecture and to contribute  to  Aß neurotoxicity.

Since PrP am yloid m ay be neurotoxic by a m echanism  tha t resem bles Aß  
am yloid, we exam ined the C u-b ind ing octapep tide  repeat region o f PrP fo r 
sim ila r properties. The 4-repea t and 2-repeat pep tide (10 µM ) was found to 
reduce ≈6O% of a solution of Cu (ll) in one hour, resem bling the reaction rate of 
Aß1-42. The 3-repeat and single octapeptide had a ttenuated redox reactivity in 
com parison. No PrP fragm ent could reduce Fe(lll). Like Aß, the PrP Cu-binding  
reg ion genera ted  hydrogen  perox ide  and the  hydroxy l rad ica l in a Cu- 
dependent m anner which was inhibited by Zn(ll). N eurotoxic fragm ents of PrP 
(res idues  106-126) and A ß (25 -35 ) posse ssed  none o f th e se  a c tiv ities , 
bringing into question the contribution of these non-bio logical fragm ents. 
Supported by: Prana Corporation, NIH (1R 29AG 12686), AFAR (Paul Beeson  
Award to AIB).

203.6
GAIN OF FUNCTION OF THE DUTCH-TYPE MUTANT Aß PROTEIN: ALTERED  
COPPER BINDING AND INCREASED GENERATION OF SDS-RESISTANT Aß 
POLYMERS Ç.S, Atwood*. X. Huang. R.C. Scarpa. R.D. Moir. G. M ulthaupT  
R,E, Tanzi and A.I. Bush. G enetics & Aging Unit, Harvard Medical School, 
Massachusetts General Hospital, Charlestown, MA, 02129, †ZM BH-Center for 
Molecular Biology Heidelberg, University of Heidelberg, Heidelberg, Germany.

Hereditary cerebral hemorrhage with am yloidosis-Dutch type (HCHWA-D) is a 
fatal autosomal dominant disease characterized pathologically by the deposition 
of the Aß protein in the cerebrovasculature and the deve lopm ent of recurrent 
intracerebral hemorrhages. HCHWA-D is caused by a point mutation in the gene 
that encodes the amyloid precursor protein where the Glu is substituted for Gin 
at position 22 of Aß. To determine the mechanism underlying the deposition of 
this protein, we appraised the ability of synthetic human Aß1-40 containing this 
substitution ("Q22") to bind, aggregate, generate reactive oxygen species and 
form SDS-resistant polymers in the presence of redox metal ions.

W e have previously shown that Cu(ll) induces Aß1-40 aggregation and SDS- 
resistant polymerization in a pH-dependent manner. Cu(ll)-¡nduced aggregation  
of Q22, like Aß1-40, was modulated by pH but was not enhanced compared to 
Aß1-40. In contrast, incubating the proteins with Cu(ll) over days resulted in a 
dramatic increase in the formation of SDS-resistant polymers of Q22 compared to 
Aß1-40. Q22 displayed altered spectral properties in the presence of C u(ll) 
com pared with Aß1-40. Although the stoichiom etry of C u (ll) binding to both 
soluble peptides was <1, this increased upon aggregation and Q22 bound one 
more Cu(ll) per dimer (7 vs 6) when aggregated. Q22 also bound C u(ll) more 
avidly at both high (<O.O25 vs 0.025-1 nM) and low (4-16 vs 40-63 nM) affinity 
C u (ll) binding sites. The increased SD S-resistant po lym erization of Q22 
corre lated w ith increased H2O 2 generation and altered metal ion reduction. 
Thus, these results indicate that Q22 m ay possess a gain of function that 
promotes metal ion binding, redox activity and polymerization. W e hypothesize  
that a microenvironment special to the cerebrovasculature lamina media impacts 
upon these characte ris tics  of Q22, producing the hered ita ry  congophίlic  
ang iopathy phenotype. W e propose tha t specific  che la tion  or antioxidant 
approaches may hold therapeutic potential in this condition.

Supported by: NIH (1R29AG12686), AFAR (Beeson award), International Life 
Sciences Institute and Prana Corporation.

203.8
UNDERSTANDING THE FUNCTION OF APP BY 
CHARACTERIZING INTERACTING PROTEINS. L Ł  Buxbaum*. 
Departments o f Psychiatry and Neurobiology, Mount Sinai School of 
Medicine, One Gustave L. Levy Place, Box 1230, New York, NY  
10029. Email: buxbaj01@doc.mssm.edu

The Alzheimer amyloid protein precursor (APP) and its 
homologs (APLP1 and APLP2) are some of the most studied proteins 
in neuroscience. In spite o f this, the function o f the APP family of  
proteins remains elusive. All members o f the family share three 
domains, conserved across species as diverse as D. melongαster, C. 
elegαns, and mammalian species. It can be assumed that these 
evolutionarily conserved domains are o f functional importance.

As a means o f understanding the function of the APP-family, 
we have characterized proteins which interact with APP. We have 
studied Fe65, which binds the cytoplasmic domain o f APP and, in 
addition, we have characterized proteins which bind the Fe65 WW 
domain, including Mena and a transcription factor o f the basic-zipper 
family. Fe65 regulates both the trafficking and processing o f APP.

Recently, we have carried out a two-hybrid screen using a 
portion of extracellular domain of APP. We first surveyed the 
extracellular domain to identify regions which are appropriate for the 
screen. A region in the second conserved extracellular domain was 
chosen. Screening identified a novel protein which coprecipitates with 
APP in cultured cells. In transfection experiments, the interaction of 
APP with this protein appears to occur within the lumen of vesicular 
organelles in the cell. This protein may regulate the trafficking of APP, 
and/or may represent a ligand for APP.

Supported by NIH, AHAF and Alzheim er's Association.
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203.9
FUNCTION OF THE WW DOMAIN OF FE65, AN ADAPTER PROTEIN 
INTERACTING WITH THE CYTODOMAIN OF ALZHEIMER ß-APP.
K.S. Ermekova1. N. Zambrano2. H. Linn1. G. Minopoli2. F. Geгtler3. T. 
Russo2, and M. Sudol‘* . ‘Mount Sinai School of Medicine, Dept, of 
Biochem, New York, NY 10029; 2Universita di Napoli Federico II, di 
Biochiшica e Biotecnologie Mediche, 1-80131 Napoli, Italy; Massachusetts 
Institute of Technology, Dept, of Biol., Cambridge, Massachusetts 02138

FE65 is a brain-specific adapter protein that contains two types of protein- 
protein interaction domains: one WW and two PTB domains. The carboxy- 
terminal PTB domain of FE65 interacts with the cytosolic region of the 
Alzheimer ß-amyloid precursor protein (ßAPP). The amino terminal FE65PTB 
domain interacts with the transcription factor CP2/LSF/LBP1. The WW domain 
located amino terminal region of the FE65 binds to proline-proline-leucine-proline 
cores of Mena, the mammalian homolog of the Drosophila Enabled protein. To 
investigate the function of the FE65-Mena complex, we have introduced two point 
mutations to the WW domain of FE65 to render it inactive in terms of ligand
binding. The mutant FE65 and the wild type FE65 were overexpressed in cultured 
cells to evaluate the biological consequence of disrupting the FE65WW domain- 
Mena complex. We evaluate the effects of FE65WW mutation on the 
following: (i) subcellular localization of the FE65 mutant protein, (ii) processing 
and localization of ßAPP, and (iii) formation of complexes between the FE65PTB 
domains their cognate ligands. Functional characterization of the protein-protein 
interactions mediated among ßAPP, FE65 and its ligands should help to understand 
the molecular mechanisms of ßAPP processing in normal and pathological 
conditions.
[Supported by grants from Telethon (to T.R.) and from the National Institute of 
Health (CA01605) and the Klingenstein Award in the Neurosciences (to M .S .)]

203.10
FUNCTIONAL ANALYSIS OF THE PROTEIN-PROTEIN INTERACTION 
NETWORK CENTERED TO THE FE65 AND APP PROTEINS

Dipartimento di Biochimica e Biotecnologie Mediche, 1-80131 Napoli, Italy; 2Moımt 
Sinai School of Medicine, Dept, of Biochemistry, New York, NY 10029; 
’Massachusetts Institute of Technology, Dept, of Biology, Cambridge, MA 02138; 
4Istituto Internazionale di Genetica e Bioſisica, C.N.R., 1-80131 Napoli, Italy.

Fe65 belongs to a family of related proteins containing three protein-protein 
interaction domains, one WW and two PTB domains. The interaction between the Fe65 
proteins and the Alzheimer's ß-amyloid precursor protein (APP) occurs through the C- 
terminal PTB domain of FE65. A possible relationship between F℮65-APP interaction 
and the molecular basis of Alzheimer's disease (AD) can be hypothesized on the basis 
of the finding that mutant forms of APP, responsible for some familial forms of ΛD, 
do not interact with Fe65. We identified other proteins interacting with the WW and 
the N-terminal PTB domain of Fe65, respectively: Mena, the mammalian homolog of 
the Drosophila Enabled gene and the transcription factor CP2/LSF/LBP1. These data 
indicate that Fe65 and APP are involved in a complex network of interacting proteins, 
whose function is not yet known. Current work in our laboratory is focused on the 
identification of multimeric complexes involving Fe65 and its ligands; the expression 
of a fusion protein containing the APP cytodomain with a mitochondrial targeting 
sequence is being analyzed to evaluate the recruitment of Fe65 and its ligands to the 
mitochondrial membrane. The subcellular localization of such complexes is also under 
examination by immunostaining of primary neurons. Furthermore, transfection 
experiments of the expression vectors of Fe65 and its ligands are currently in progress 
to evaluate their potential involvement in apoptosis, one of the earliest events 
occurring in the neurons of AD patients.
Supported by grants from Telethon (to T.R.) and from the National Institute of Health 
(CA01605) and the Klingenstein Award in the Neurosciences (to M.S.)

203.11
THE ßA4 AM YLOID PRECURSOR PROTEIN IS CONFORMATIONALLY 
REGULATED AND CONTAINS CARBOHYDRATE MODIFICATIONS OF 
NEURAL CELL ADHESION MOLECULES. D. Beher12. G. C. Peraus3. C. Elle1. 
M. Schachner4, _J. R, . Aŧa£.k2;L_Ģ‰Mǻs↨ęişLK·_Bey ŗeuih.ęr1 and. Ģ. Multhąup1, 
’ZMBH, Univ, of Heidelberg, INF 282, D-69120 Heidelberg, FRG; 2Dept. of 
Biochemistry & Molecular Biology, Merck Sharp &  Dohme Research Laboratories, 
Terlings Park, Harlow, Essex CM2O 2QR, UK; ¾MR-Deutschland GmbH, TCAG, 
Fraunhoferstr. 22, D-82152 Martinsried, FRG; 4ZMNH, Martinistr. 52, D-20246 
Hamburg, FRG; 5Dept. of Pathology, Univ, of Melbourne, Parkville, Victoria, 3052, 
AUS.

To study the homophilic interaction of the amyloid precursor protein (APP) 
involving its collagen-binding peptide (CBP), we analyzed the binding of human APP 
to synthetic CBP with recombinant APP fragments as competitors. The results 
implicate an allosteric mechanism for this homophilic interaction of APP. Limited 
proteolysis of APP695 by serine-protease factor XIa revealed conformational changes 
of APP695 upon ligand-binding. Zinc and heparin destabilized whereas synthetic CBP 
stabilized APP695. Since carbohydrates are known to mediate protein-protein 
interactions and control protein exit from the endoplasmic reticulum, we analyzed the 
carbohydrate modifications of APP from human brain by antibody and lectin binding. 
Most interestingly, we identified the HNK-1 carbohydrate epitope on the N-linked 
glycan of APP from human brain by surface plasmon resonance analysis and in 
addition by an independent method on rat brain APP. This epitope was missing on 
APP from SH-SY5Y cells. The HNK-1-bearing APP was enriched in rat synaptic 
plasma membranes and nerve growth cone membranes. In conclusion, we obtained 
strong evidence for a regulation of APP conformation by its ligands including 
homophilic and heterophilic mechanisms. The presence of APP modified with the 
HNK-1 carbohydrate at sites of synaptic contacts and neural growth cones 
corroborates APP-functions in regard to neural differentiation and cell-adhesion.

Supported by DFG through SFB 317 and the Fonds der Chemischen Indusưie.

203.12
FUNCTIONAL CONSEQUENCES OF THE INTERACTION OF THE AMYLOID 

• PRECURSOR PROTEIN WITH THE P21 ACTIVATED KINASE BETA PAK. D. L.
McPh¡e1*, R. Coppersmith1 and R. L. Neve1. 1 Harvard Medical School and McLean Hospital, 
Belmont MA 02178.

We have previously demonstrated an interaction between the carboxyl-terminal portion of 
the amyloid precursor protein(APP) and the p21 activated kinase beta-PAK. In the present 
work the functional consequences of this interaction are examined. A number of 
laboratories have demonstrated a role for the PAK family of kinases in cell polarity, 
outgrowth and apoptosis in a number of cellular systems. APP has also been shown to have 
a function in these pathways. Based on this we chose to examine possible roles for the 
convergence or interaction of the two proteins in these processes. Co-localization of the 
two molecules was examined in primary neurons overexpressing the two proteins using the 
HSV system, by confocal microscopy and biochemical fractionation. Preliminary results 
indicate that co-expression of the two proteins causes a redistribution of PAK to 
membranous areas of the cell as compared to expression of either protein alone or to 
expression of control HSV-lac. This was examined initially by a crude fractionation of the 
neurons by a ЮO,OOOg spin to separate the neurons into cytosolic and membrane fractions. 
Then two independent fractionation procedures were used to attempt to identify more 
precisely in which membranous compartment the redistribution was occurring. The addition 
of the small GTPases rac and cdc 42, known activators of PAK was also examined.
Confocal microscopy of double labeled neurons adds additional evidence for the re
localization of PAK to membranes where APP is expressed. This re-localization of PAK 
seems to be less apparent when the familial Alzheimer's disease mutations (FAD) of APP 
are expressed. The role of the interaction of the two proteins in apoptosis will also be 
examined in primary neurons using the HSV system and a number of assays for apoptosis. 
Funded by AG1294 to RLN.

203.13

CENTRAL ROLE OF ERAB ENZYMAΉC ACTIVITY IN Aß- 
INDƯCED CYTOTOXICITY IN VITRO. ISP. Yan*. 2Y, S hU A. 
Zhu.iJ. Fu.iH. Zhu. 1Y. Zhu.iL. Gibson.ЗĄ. Roheг.4Ş, Clarke. 
andlD. Stem, lColumbia University, New York, NY 10032; 2Princeton 
University, New Jersey NJ 08544; 3Sun Health Research Institute, Sun 
City AZ 85372; ancHUCLA, Los Angeles CA 90024.

Human endoplasmic reticulum-associated amyloid beta-peptide 
binding protein (ERAB) binds amyloid-beta peptide (Aß) and contributes 
to Aß-induced cytotoxicity in vitro. Recombinant ERAB displayed 
NADH-dependent oxidation o f S-acetoacetyl CoA and NAD-dependent 
reduction o f 17-ß-estradiol. ERAB also functioned as a short-chain 
alcohol dehydrogenase converting several alcohol substrates to their 
respective aldehydes. Site-directed mutagenesis o f ERAB in the catalytic 
domain (YK169/173GG) resulted in a molecule devoid of enzymatic 
activity, though mutant ERAB bound Aß (Km ≈4OnM) comparably to 
wild-type ERAB (Km ≈65nM). COS cells cotransfected to overexpress 
wild-type ERAB and mutant ß-amyloid precursor protein [ßAPP 
(V717G)] showed enhanced apoptosis and increased malondialdehyde 
and 4-hydroxynonenal epitopes by confocal microscopy. In contrast, 
cotransfection of COS cells with mutant ERAB and mutant ßAPP 
displayed reduced levels o f apoptosis. Since Aß has been shown to 
induce translocation of ERAB to the plasma membrane, it was possible 
that ERAB generated toxic mediators, such as aldehydes, when 
associated with the plasma membrane. These data lead us to propose that 
ERAB plays important role in Aß-induced cytotoxicity. (Supported by 
AG00690, AG14103)

Society for Neuroscience, Volume 24,1998



510 PR ESYNAPTIC M EC H A N ISM S III M O N D AY  AM

204.1
MECHANISM OF α-LATROTOXIN ACTION: RECEPTOR ACTIVATION IS 
NOT SUFFICIENT TO EVOKE NEUROTRANSMITTER RELEASE.
M, KhVQţ¢h¢V*j. K , Ig⅛ţ¢hgņk¢ anď T,Cһ S⅛ŴQf· Center for Basic Neuroscience, Dept, 
o f Mol. Genetics and Howard Hughes Med. Institute, Univ, o f Texas Southwestern Med. 
Center, Dallas, TX 75235-9050.

α-Latrotoxin (α-Ltx), a potent neurotoxin from black widow spider, binds to two 
receptors to evoke synaptic vesicle exocytosis: CIRL/latrophilin and neurexin Iα.
Recent studies suggested that α-Ltx activates CIRL Ca^+-independently to trigger 
exocytosis by a novel G-protein linked pathway, with neurexin Iα functioning as a 
Ca^+-dependent co-receptor. We have now probed the mechanism of α-Ltx action by 
successfully expressing recombinant latrotoxins in a baculovirus system. In 
synaptosomes, wild type α-Ltx stimulated synaptic vesicle exocytosis at nanomolar 
concentrations whereas substitutions in conserved cysteine residues (C13S, C71S and 
C393S) or insertion o f four amino acids between the N-terminal and central domains of 
α-Ltx (LtχN4C) abolished its activity. However, Ltx^4C bound to both CIRL and 
neurexin Iα as strongly as wild type toxin, suggesting that receptor binding alone is not 
sufficient to trigger exocytosis. Quantitative analysis o f PIP and PIP2 production in

synaptosomes revealed that Ltx^4C aП(j  wįi<į type α-Ltx stimulated hydrolysis of both 
phospholipids similarly. Furthermore, La^+ specifically blocked release evoked by wild 
type α-Ltx but had no effect on PIP and PIP2 hydrolysis, indicating that La^+ still 
allowed receptor activation. Our data suggest that α-Ltx binding to its receptors serves 
to localize the toxin to its point o f action but not to directly activate exocytosis, and that 
α-Ltx has a downstream activity independent of its receptors.

This study was supported by a grant from the SFB, and by NIH grant MH5O824 (to 
TCS).

204.3

IS RELEASE PROBABILITY REGULATED BY THE 
VESICULAR NEUROTRANSMITTER CONCENTRATION? 
CCH Petersen1*. SF Kash4. S Baekkeskov4. RC Malenka2 3 & RA N icolľ2 
Departments of 'Cellular & Molecular Pharmacology, 2Physiology & 
3Psych¡atry, 4Hormone Research Institute, University of California, San 
Francisco, CA94143.

Synaptic transmission at central synapses is thought to occur in a 
quantal manner. The quantal event appears to be due to exocytosis of 
vesicles loaded with transmitter. It could be argued that if near empty or 
partially filled vesicles were released as often as more completely filled 
vesicles then it would not be possible to resolve quantal synaptic 
transmission by postsynaptic measurements. It is thus conceivable that 
there is a regulation of exocytosis such that vesicles containing little or no 
neurotransmitter have a lower probability of being released into the 
synaptic cleft.

In an attempt to investigate this question, we have analysed 
GABAergic synaptic transmission in hippocampal slices from mice with 
reduced levels o f glutamic acid decarboxylase (GAD), the enzyme that 
synthesises GABA. GAD65-/· mutant mice show a reduction in brain 
GABA content and a deficit in synaptic transmission in response to high 
frequency stimulation. Preliminary evidence suggests that these deficits 
may be due to a reduced probability o f release in the mutant mice raising 
the possibility that incompletely filled vesicles are less likely to be 
released.
Supported by grants from The Wellcome Trust & NIH.

204.5

STRONTIUM IMPAIRS FM 1-43 INTERNALIZATION AT FROG  
MOTOR NERVE TERMINALS. M A .M .Prado*. M .A.Romano-Silva. 
M. V. Gomez and C. Guatimosim. Departamento de Farmacologia-ICB, 
UFMG, Av. Antonio Carlos 6627, 31270-901 Belo Horizonte, M .G.- 
Brasil

Calcium ions play a key role in triggering exocytosis o f  synaptic 
vesicles. How ever it is not well established whether Ca2+ is also 
important for endocytosis. To address this point, w e labeled recycling 
synaptic vesicles from frog motor nerve terminals with FM 1-43 in the 
presence o f  Ca2+ or Sr2+ by inducing exocytosis with electrical 
stimulation o f  the nerve. The rational behind these experiments is that 
some Ca2+-dependent events may not be as well activated by Sr2+. Trains 
o f  2400 (2 or 20 Hz) or 4200 (20 Hz) pulses failed to induce FM1-43 
internalization in the presence o f  Sr2+, but they did in the presence o f  
Ca2+. This effect o f  Sr2+was not due to a decrease in exocytosis, because 
FM 1-43 release was similar in the presence o f  Ca2+ or Sr2+. The 
impairment o f  endocytosis, observed as inhibition o f  FM 1-43 
internalization, could be overcome by longer periods o f  stimulation 
(6000 pulses at 2 or 20 Hz) in the presence o f  Sr2+ (1.8 mM), or by 
increasing the extracellular concentration o f  Sr2+ to 10 mM (2400 action 
potentials at 20 Hz). It is suggested that endocytosis is dependent on 
Ca2+ influx and that Sr2+ is much less effective in replacing Ca2+ for 
endocytosis than it is for exocytosis. Supported by. PADCT, PRONEX, 
FAPEMIG, PRPq-UFMG, FINEP and CNPq

204.2
THE ROLE OF BDNF IN HIPPOCAMPAL SYNAPTIC FUNCTION AND 
PLASTICITY: IMPAIRMENT IN SYNAPTIC VESICLE DOCKING AND 
SYNAPTIC PROTEIN DISTRIBUTION IN BDNF KNOCKOUT MICE 
L, P o zzo -M ille r1*, W. Gottschalk2, L, Zhang3. K. McDermott1. C. Oho2. Z.-H. 
Sheng3 & B, Liг. 'Neurobiology Lab NINDS, ⅛ynapse Development and Plasticity 
Unit NICHD. and 'Synaptic Function Unit NINDS. NIH, Bethesda, MD 20892.

BDNF promotes LTP at hippocampal CA1 synapses in part by a presynaptic 
enhancement of synaptic ưansmission during high-frequency stimulation (HFS). Here 
we investigated the mechanisms of BDNF action using two strains of BDNF knockout 
mice. Compared with wild type (+/+) mice, the homozygous (-/-) and heterozygous 
(+/-) mice exhibited a severe impairment in LTP and pronounced synaptic fatigue 
during HFS. Post-tetanic potentiation (PTP), as well as paired-pulse facilitation (PPF) 
at short (< 20 ms) interpulse intervals, were also significantly reduced in the mutant 
mice, suggesting impairments in presynaptic ncurotransmitter release properties. At 
the electron microscopy level, the overall structure of excitatory synapses on CA1 
dendritic spines was similar in all genotypes. Quantitative analysis of synaptic vesicle 
distribution revealed a significant reduction in the number of vesicles docked at 
presynaptic active zones in the mutant mice, without differences in the number of 
reserve pool vesicles, active zone length, or presynaptic terminal area. The expression 
levels of several synaptic proteins known to be involved in vesicular neurotransmitter 
release were similar in whole hippocampal preparations from all genotypes. In 
contrast, synaptosomes prepared from hippocampi of mutant mice showed a marked 
decrease in the levels of synaptobгcvin (VAMP-2), a protein known to be involved in 
vesicle docking and/or fusion, as well as in synaptophysin. Quantitative analysis 
indicated that the level of synaptobrevin in synaptosomes was reduced by more than 
75%. while other synaptic proteins, including synaptotagmin. syntaxin and SNAP-25, 
were unaffected. Taken together, these results suggest that BDNF facilitates high- 
frequency transmission and synaptic plasticity by regulating specific synaptic proteins 
involved in vesicle mobilization and/or docking at presynaptic active zones.
Supported by the NIH Intramural Research Program.

204.4

MECHANISMS UNDERLYING VARIABLE TRANSMISSION  
EFFICACY OF INDIVIDUAL INHIBITORY TERMINALS IN 
CULTURE
R. Grantyn.*S. Ҟiriscĥυk. S. Warton. N. Veselovsky, Developmental 
Physiology, Humboldt University Medical School (Charité), 10117 
Berlin, Germany
The small dimensions of axon terminals in most central synapses have so far 
precluded direct investigation of evoked synaptic transmission at the level of 
individual synapses. By combining imaging techniques with patch clamp recording 
and focal bouton stimulation under high optical magnification we succeeded in 
recording the responses to selective activation of single GABAergic boutons in 
collicular cultures. The goal o f our present study was to clarify the possibly existing 
relationship between synapse size and efficacy of evoked synaptic transmission. 
FMI-43 images were used to determine the dimension of the vesicle containing area. 
It ranged from 0.105 to 0.805 µm2 (av: 0.311, SD:0.152 µm2). The same synapses 
(n=2O) were submitted to a standard activation protocol (200 pulses of 5 ms at a 
frequency o f 1/10 s in Ca/Mg 5/1 mM) and postsynaptic responses were recorded at 
ECı -22 mV and Vh -75 mV. It was found that evoked IPSCs (failures excluded) 
ranged from 8.4 to 62.6 pA (av: 21.3, SD:14.6 pA). Average evoked IPSCs were 
always larger than average mini or asynchronous evoked IPŜCs, suggesting that in 
these boutons release was mostly multiquantal. A strong positive correlation was 
found between the size o f the FM1-43 area and the average as well as maximal 
postsynaptic response. In addition, larger maximal IPSCs were associated with larger 
quantal amplitudes. Boutons contacting the same postsynaptic cell tended to induce 
IPSCs o f similar amplitude. These results suggest that a size principle regulates the 
relative contribution of individual synapses. Postsynaptic receptor numbers seem to 
match efficacy of transmitter release.
This work was supported by the Deutsche Forschungsgemeinschaß (Grant 98б/б-l).

204.6

DIFFUSION O F NEURO TRANSM ITTERS IN TH E  BRAIN: C O NTR IBUTIO NS 
O F V ISCO SITY  A ND G EO M ETR IC  O BSTACLES TO  THE TO R TU O S ITY  OF 
THE EXTRACELLULAR SPACE. Dm itri A R usakov1. M inα-Yuan Min2 &
Dim itri M. Kullm ann2*. ’ Division of Neurophysiology, NIMR, London NW 7 1AA, 
UK, and *Dept. Clinical Neurology, Institute of Neurology, Queen Square, 
London W C IN З B G , UK.

Molecules confined to the extrace llu lar space diffuse m ore slow ly than in 
free solution. The diffusion coeffic ients in the two situations are com m only 
related by a tortuosity facto r λ , which represents the increase in path length in 
a porous medium approxim ating the neuropil. Thus far, it has not been clear 
what com ponent of λ  is due to ce llu lar obstacles ('geom etric λ ‘), and what 
com ponent represents v iscous interactions w ith the extrace llu la r m edium  and 
cell walls. From princip les of integral geom etry we find tha t the geom etric λ  of 
any random assem bly o f space-filling obstacles has a unique value (~1.40 fo r 
radial flux), as long as the ir surfaces have no preferred orienta tion. Published 
experim ental estim ates of overall λ  however range from  1 .4  to 2 . 2  under 
d iffe rent conditions, implying tha t v iscosity is an im portant variable  that 
modulates the extrace llu lar diffusion coefficient. W e have derived equations to 
approxim ate the v iscous interactions of d iffusing m olecules with cell walls and 
extrace llu lar m acrom olecules. The  relative im portance o f these tw o form s of 
v iscous interaction depends on the size of the d iffusing m olecules. O ur 
form ulation leads to testable  predictions about the e ffect of a ltering the 
v iscosity of the extrace llu lar m edium on the d iffusion o f synapt¡cally released 
glutamate, and its actions on AMPA, NM DA and m etabotrop ic receptors 
situated e ither within o r w ithout the synaptic cleft. W e  have tested these 
predictions by monitoring the e ffect of perfusing guinea pig h ippocam pal slices 
w ith artific ia l CSF altered by adding 5%  dextran (m ade iso-osm otic with 
water). The results shed light on the spatio-tem pora l extent of activation of 
receptors by synaptically released transm itters.
Supported by the BBSRC and the MRC.
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PRESYNAPTĨC G LU TAM ATE R G IC  S IG NALING  AT H IP PO C A M P A L M O SSY  
FIBERS PROBED W ITH  AN ENZYM ATIC  G LU TAM ATE  S C AVENG ER. M іπq- 
Yuan Min*. Dmitri A  Rusakov & D im itri M. Kullm ann. Dept. C lin ica l Neurology, 
Institute ot Neurology, Q ueen Square, London W C 1N  ЗBG, UK.

Synaptic transm ission from  m ossy fibers to CAЗ pyram idal neurons in the 
hippocampus undergoes pronounced frequency-dependent facilita tion . W e  have 
used a novel tool to  exam ine the hypothesis tha t p resynaptic m etabotrop ic 
glutamate autoreceptors lim it this facilita tion (Scanziani et al, 1997, Nature 385, 
630-634). G lutam ic pyruvic transam inase  (5 u/m l), app lied toge the r with 
pyruvate (2 mM), acts as a  g lutam ate scavenge r (Rossi and S later, 1993, 
Neuropharmacol. 3 2 ,1239-1248). If g lutam ate d iffuses extrasynaptica lly  to 
presynaptic receptors, the scavenger should  in terrupt th is s igna l and increase 
frequency facilitation.

We positioned an extrace llu la r f ie ld  potentia l e lectrode  in s tra tum  lucidum  of 
guinea pig h ippocam pal s lices. M ossy fib e r EPSPs were e lic ited by s tim ula tion 
in the dentate gyrus, and identified on the  basis o f >70%  reduction by L-AP4 (10 
µM). At room tem pera ture  (22-25 °C), sw itch ing the  stim u la tion  frequency from  
0.017 Hz to 1 Hz caused a 381+18 %  facilita tion  (m ean ±  s .e .m .). The 
scavenger increased this facilita tion  to  496±38 %  (p=0.001; paired t test). The  
transaminase a lone was w ithout e ffect, and pyruvate  a lone only p roduced a 
small increase in facilitation. A t physio log ical tem pera ture  (35-37 °C), however, 
the scavenger had no detectab le  e ffect on frequency facilita tion, tested by 
switching s tim ula tion from  0.033 Hz to  4 Hz. Finally, a t 35-37  °C in the presence 
of the g lutam ate uptake b locke r d ihydroka inate  (100 µM ), the  scavenger 
increased frequency facilita tion from  357±54 to  457±7O %  (p=0.009). The 
results support a role fo r g lutam ate acting on presynaptic auto recep tors, and 
argue for an im portant tem pera ture-dependent role o f g lu tam ate  uptake in 
limiting the phenom enon. The scavenge r is a useful new  too l to  investigate  
extrasynaptic g lutam aterg ic signaling.
Supported by the  MRC.
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RESPONSE OF HIPPOCAMPAL SYNAPSES TO NATURAL STIMULUS 
PATTERNS. L.E. Dobrunz* and C.F. Stevens. Molecular Neurobiology, Salk 
Institute, La Jolla CA, 92037.

Studies o f synaptic transmission have traditionally used single action potentials, 
pulse pairs, or constant frequency pulse trains to activate synapses. Such experiments 
have revealed several forms of short-term plasticity, including facilitation and 
depression. Little is known, however, o f the extent to which these phenomena occur 
in responses to spike trains with the complicated temporal structure found in the 
functioning brain. To address this, we recorded the postsynaptic responses in 
hippocampal slices that were stimulated with natural stimulus patterns generated 
from spike trains measured in vivo from hippocampal place cells in behaving 
rodents. We asked: What short-term changes in synaptic strength occur during a 
natural spike train? How do they interact with long-term changes? Our experiments 
reveal large fluctuations in the response size during natural spike train stimulation 
(Fig. 1), with synaptic strength varying two fold or more; thus, facilitation and 
depression are very prominent when synapses are stimulated with a natural sequence 
o f intervals. The trial-to-trial variability is very small when the same pattern is 
repeated (small SDs in Fig. 1). We also show that these precise modulations in 
synaptic strength are predominately due to changes in the release probability, with 
little or no change in the amplitude o f the postsynaptic response. In addition, natural 
spike trains are quite effective in inducing LTP (Fig. 2). (Supported by HHMI)

2 0 4 .9

EXCITATORY UNITARY CONNECTIONS FROM PYRAMIDAL CELLS TO 
GABAergic FAST-SPΠCING INTERNEURONS IN THE RAT NEOCORTEX 
M.C. Angulo1. J. Staigeг2. J. Rossier1*. E. Audinat1. Laboratoiгe de 
Neurobiologie, ESPCI, CNRS UMR 7637, 10 rue Vauquelin, 75005 Paris, 
France and 2 Heinrich-Heine University, C & O. Vogt-Institut fur 
Himfoгschung, POB 101007, D-40225 Düsseldorf, Germany.

Excitatory Synaptic transmission from pyramidal cells to fast-spiking 
intemeurons (FS) were examined in neocortical slices of 14-19 day-old rats. 
Presynaptic pyramidal cells were impaled with sharp intracellular 
microelectrodes and excitatory postsynaptic currents (EPSCs) and potentials 
(EPSPs) were recorded in FS cells with patch pipettes.

Postsynaptic responses induced in FS cells by presynaptic action potentials 
occured with high probabilities and displayed paired-pulse depression. The 
AMPA component of the unitary EPSCs were characterized by a fast decay 
time constant (τ=l .7 ± 0.53 ms) and a rectifying I-V curve when spermine was 
present in the pipette. Amplitude distribution analysis suggested that 
excitatory synapses onto FS cells consisted o f multiple release sites. The 
quantal size obtained by decreasing [Ca2+]e from 3 to 0.5 mM varied from 15 to 
29 pA, at a holding potential of -72 mV, which corresponds in these cells to the 
activation of 8 to 16 AMPA receptors. Unitary EPSPs were characterized by a 
decay time constant o f 11 ± 1.9 ms and an amplitude o f 2.5 ± 1.2 mV. 
Assuming a linear summation of the EPSPs, we estimated that 7 presynaptic 
excitatory neurons should be activated simultaneously to drive FS cells from 
rest to action potential threshold.
Centre National de la Recherche Scientifique (CNRS, France) and Institute 
Colombiano de Cienciay Tecnologia (Colciencias, Colombia).

2 0 4 .1 0

IDEN TIFIC ATIO N OF GRASPIN, A NOVEL INTERACTOR OF THE 
RECEPTOR PROTEIN TYROSINE PHOSPHATASE-LIKE PROTEIN ICA512

Solimena. Dept, o f Internal Medicine/Endocrinology, TMP516, Yale University 
School o f Medicine, 330 Cedar Street, New Haven, CT 06520-8020.
The type I diabetes Islet-Cell Autoantigen (ICA) 512 is an ubiquitous intrinsic 
membrane protein of peptide-containing secretory granules of endocrine cells and 
neurons. Despite its lack of tyrosine phosphatase activity, ICA512 closely resembles 
receptor-type protein tyrosine phosphatases (PTP) and thus might act as a link 
between signal transduction pathways and regulated j>eptideгgic secretion. Using the 
yeast-two hybrid screening method we have identified a novel gene encoding for a 
cytosolic protein interacting with ICA512, which we named GRanule-Associated 
Phosphatase INteractor (GRASPIN). GRASPIN is a multidomain protein including 
multiple spectrin repeats, a proline-rich region and a pleckstrin-homology domain. 
Overall, GRASPIN shows high homology to ß-fodrin, a member o f the spectrin 
family which seems to be involved in neurosecretion. Northern blot analysis shows 
an enrichment of GRASPIN in various brain regions, as the cerebellum, the midbrain 
and the hypothalamus, while lower expression levels are found in other tissues, such 
as pancreas and kidney. In situ hybridization shows the expression of GRASPIN in a 
variety o f neurons, including the pyramidal neurons of the hippocampus, the granular 
cells o f the dentate gyrus, the Puгkinje cells of the cerebellar cortex and the 
hypothalamic neurons of the supraoptic nucleus. A phosphatase-active ICA512 
mutant shows weaker binding to GRASPIN, suggesting that GRASPIN interacts 
with the “ atypical”  PTP domain of ICA512. The role of GRASPIN-ICA512 
association in peptidergic secretion is currently under study.

‡ = equal authorship
Supported by the ADA, the Donahue Foundation and the Bayer Cooperation.
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INHIBITION OF NEUROTRANSMITTER RELEASE AND RE-UPTAKE BY 
DIFFERENT CONCENTRATIONS OF ISOFLURANE. S. Liachenko.1 P. Tang.1 
G Snmogvi2 * Y. Xu1, г. ‘Dept, o f Anesthesiology and Critical Care Medicine; 
2Dept. o f Pharmacology; University o f Pittsburgh, Pittsburgh, PA 15261.

Whereas volatile anesthetics decrease the depolarization-evoked release ɗ  
glutamate in different brain tissue preparations, contradictory results have been 
reported for γ-aminobutyric acid (GABA). The synaptic concentrations o f these two 
major neurotransmitters in the CNS are modulated by their release and re-uptake. 
The present study evaluates the isoflurane effects on these two processes in 
superfused cerebrocortical slices o f adult CD-I mice. Experiments consisted of two 
consecutive 1.5 min 40-mM KCl-evoked depolarizations in 30 min intervals, with 
the second one having different concentrations of isoflurane in the presence or 
absence o f 0.3 mM L-trans-pyrrolidine-2,4-dicarboxylic acid (PDC, a glutamate re
uptake inhibitor) or 1 mM nipecotic acid (a GABA re-uptake inhibitor). The 
amount of glutamate and GABA in the effluent was determined by HPLC with 
fluorometric detection. The ratios of the second to first evoked release were used to 
determine the concentration-response curves.

The obtained curves have a “ bell-like”  shape, and can be described as a sum cf 
two independent processes, corresponding to the inhibition o f release and that of re
uptake. The former is more sensitive to isoflurane than the latter. Addition of 0.3 
mM PDC did not affect glutamate release but shifted isoflurane inhibition ɗ  
glutamate re-uptake to the left. 1 mM nipecotic acid completely blocked GABA re
uptake, rendering isoflurane inhibition of GABA re-uptake undetectable. Our data 
suggest that isoflurane inhibits both the release and re-uptake of neurotransmitters 
and that the inhibitions occur at different ECs〇s. For GABA, both ECj〇s are within 
the clinical concentration range for isoflurane. Thus, the net anesthetic effect on 
synaptic neurotransmitter concentrations, particularly GABA, depends on the 
competition of inhibition of release and re-uptake. This work was supported by 
National Institute of General Medical Sciences (GM492O2 and GM56257) and the 
Univ. Anesthesiology/CCM Foundation, Univ. O f Pittsburgh.
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A QUANTITATIVE STUDY ON THE SYNAPTIC ULTRASTRUCTURA1, ALTERATION IN 
VISUAL CORTEX DURING DEVELOPING PROCEDURE OF LTP T-Z.HANi* Y-C Chen1 Y-W 
Chen2 C-Y Chen3 'Dept.of Physiology, 2Dept.of Physics,3Lab o f Electromicroscopy, Shantou Univ. Med 
Col.; Shantou, 515031, P.R.CHINA

The present study examined the ultrastructure of synapses before and after formation of LTP in the 
visual conical brain slices of young rat aged 18- 20 days. The Local microslices were fixed at half an 
hour, (experimental group 1 )9Omin (group 2)aлd 3 hours (group 3) after tetanus respectively The 
slices which were incubated with the same time as the potentiated ones but without any stimulation 
(blank control group) and the slices which received the test stimulation only (experimental control 
group) served as two- control groups Double-blind scoring procedures were used to quantify the 
number of synapses of different types in layer II/111 of visual cortex and the following four 
parameters in electron microphotograph using image analyzer.(l) the width of the synaptic cleft; (2) 
the thickness of the postsynaptic densities(PSD), (3)the length of the active zones and (4)the curvature of 
the synaptic interface The quantitative counts were converted into the number of synapses per unit 
volume(Nv) using stereological morphomeưic techniques. The results are (1) there is no difference 
in all parameters between two conưol groups,( 2) field potentials are potentiated gradually at about 
l5min. after tetanus, with the largest extent of potentiation at about 9Omin.,(3) the change of gï*ttp I 
shows that the width of the synaptic cleft, the thickness of PSD are increased 
significantly；(4)the morphological examination of synapses of group 2 shows that the curvature of 
the synaptic interface increases significantly besides the changes of group 1 ,(5)the change of synaptic 
parameters of group 3 shows that the Nv of total synapses and spine synapses and the Nv of the 
perforated synapses are all increased significantly!

These data suggested that the structure alterations occur in the potetiated region during the 
development of LTP in visual cortex. The main alterations of the induction of LTP are the 
thick; ening of PSD and the widening of synaptic cleft,while the increase of curvature of the synaptic 
interface characterizes the changes from inducion to expression of LTP,and the formation of perforated 
synapses and the synapses increased are the character of maintenance of L TP.
Supported by the Natural Science Foundation of Guangdong Province

2 0 5 .3

LO N G -TER M  POTENTIATIO N AND THE NEO C O R TIC A L LAYER 2/3 
RESPO NSE TO  A SC EN D IN G /R EC U R R E N T INPUT.
R. B. Lanαdon*. The Neurosciences Institute, San Diego, CA  92121.

Stim ulation o f neocortical layer 4 e lic its a com plex postsynap tic response in 
adjacent layer 2/3 which includes a fie ld potentia l (fEPSR) tha t is known to 
exhib it short- and long-term , activ ity-dependent plasticity. C hanges in fEPSR 
am plitude have generally been in terpreted as d irectly representing modified 
feed-forward, layer 4 to 2/3 connectiv ity. Here, ev idence is presented tha t this 
response is driven largely by locally recurrent connectiv ity  in layer 2/3, and that 
its am plitude depends primarily upon synchronous sp ike incidence. These 
conclusions are based upon data from  16 intra- and 41 extrace llu la r recordings 
from  layer 2/3 in adu lt ra t occip ita l neocortex. Even w hen nearly m inim al ( 8  to 
20 µA) stim ulation was applied to layer 4, the  response in layer 2/3 included 
unit sp ikes and com plexly inflected EPSC and fEPSR w avefo rm s w ith latency 
com ponents indicative o f both m onosynaptic and h igher-o rder input. A veraged 
fEPSR w avefo rm s generally included deflections w ith  a population spike-like  
tem pora l structure. Overall, fEPSR am plitude co-varied inversely w ith w ave
form  duration, im plying an underlying involvem ent o f sp ike recru itm ent and syn
chronization. In a com parison o f pooled latencies, sp ike-like  fEPSR com po
nents (n = 135) tended to precede EPSC com ponents (n = 39) by 2 msec.

Induction o f long-term  potentiation (LTP) by the ta-burst s tim ula tion (TBS) 
w as attem pted in 18 experim ents, and succeeded only w hen the baseline 
fEPSR w as su fficiently sp ike-like  in form  (i.e., halfw idth < 4 msec). D ifference 
wavefo rm s (during LTP m inus pre ·) w ere exam ined and found to be com posed 
primarily o f recruited spike com ponents. These data im ply tha t the  layer 2/3 
fEPSR is essentia lly  a tem pora lly sm eared population spike, and suggest that 
the ta-burst conditioning may e lic it a long-lasting m odification o f in tegrative 
function in layer 2/3. Supported by N eurosciences Research Foundation.

2 0 5 .5

PERSISTENT DEPHOSPHORYLATION OF AMPA RECEPTOR 
GLUR1 SUBUNIT ASSOCIATED WITH CHEMICAL LONG-TERM 
DEPRESSION. H.-K. Lee*. K. Kamevamał . M, F. Bear* and R. L. 
Huganir. HHMI/Dept. o f Neurosci., Johns Hopkins University, School of 
Medicine, Baltimore, MD 21205. †Dept. of Neurochem., University of 
Tokyo, Japan. ⅛HMI/Dept. of Neurosci., Brown University, Providence, 
RI 02912.

Fast excitatory synaptic transmission in the brain is mainly mediated by 
AMPA type glutamate receptors. Changes in the phosphorylation state of 
AMPA receptors may be responsible for synaptic plasticity. The GluRl 
subunit o f AMPA receptors can be phosphorylated by several protein 
kinases, including protein kinase A (PKA), protein kinase C (PKC), and 
Ca27calmodulin-dependent protein kinase II (CaMKII). Phosphorylation of 
GluRl by these protein kinases can potentiate AMPA receptor function, and 
hence increase synaptic transmission. To determine if  GluRl 
phosphorylation changes with synaptic plasticity, we took advantage of 
phospho-specific antibodies raised against two different phosphorylation 
sites on GluRl subunit.

To maximize the detection of changes in GluRl phosphorylation 
associated with synaptic plasticity, we employed a chemical long-term 
depression (chemLTD) protocol to induce synaptic changes. ChemLTD has 
been demonstrated to produce NMDA-гeceptor dependent synaptic depression 
in most of the synapses in a hippocampal slice. ChemLTD produced a 
reliable and specific decrease in GluRl phosphorylation at Seг-845, which is 
a site phosphorylated by PKA. On the other hand, there was no change in 
phosphorylation at Ser-831, which is a major phosphorylation site for PKC 
and CaMKII. These results suggest that NMDA-receptor dependent form of 
long-term synaptic depression may be expressed by a persistent 
dephosphorylation of GluRl. [Supported by HHMI]

2 0 5 .2

SYNAPTIC PLASTICITY IN LAYER 2/3 VISUAL CORTEX INDUCED BY 
NON-REGULAR STIM ULATIO N. S,P. Peггett* and M.J. Friedlandeг. Dept, rf 
Neurobiology, Univ, o f Alabama at Birmingham, Birmingham, AL 35294.

Regular, low frequency (1-5Hz) stimulation protocols are commonly used to induce 
long term synaptic depression (LTD). However, neurons do not fire in vivo at such 
regular intervals. To better approximate the synaptic input a neuron receives in vivo, 
we stimulated at these low overall frequencies, but with Poisson-distributed intervals 
between individual stimuli. Varela et al. (J. Neurosci., 17:1997) demonstrated that 
such patterns induce short term synaptic plasticity during the stimulation train. We 
investigated the ability r f  these patterns to induce synaptic plasticity subsequent to 
the stimulus train. Compound excitatory postsynaptic potentials (PSPs) evoked by 
layer 4 stimulation were recorded intracellularly from pyramidal cells in layer 2/3 rf 
visual cortex in slices from mature guinea pigs. Stimuli were applied at 0.1Hz during 
a 10m baseline period during which the peak amplitude o f the PSPs remained stable. 
One o f the following stimulus protocols (900 pulses) was then used to condition each 
cell: 1 Hz regular frequency (lHzR), 1Hz non-regular (IHzN), 3Hz non-regular (3Hz), 
or 5Hz non-regular (5Hz). After conditioning, stimulation resumed at 0.1Hz. PSPs 
were compared during the baseline period and at 25m post-conditioning. The mean 
percentage change from baseline in all 4 groups was not significant, nor were the 
groups significantly different from each other. However, individual PSPs did undergo 
significant changes. The most common finding in both the lHzR and IHzN groups 
was a decrementing or short-term depression (STD, n= ll/17). The time course rf 
recovery for STD ranged from Зm to >45m. 4/17 PSPs from these groups displayed 
stable LTD, while 2/17 showed stable LTP. In the 3Hz and 5Hz groups, changes in 
PSPs were o f much smaller amplitude and duration than in the 1Hz groups. At 25m, 
only 1/10 PSPs from these groups was significantly affected (LTP). Thus, low 
frequency stimulation, irrespective r f  regularity, induces comparable changes in 
synaptic strength. Further, while overall synaptic strengths (as indicated by the group 
data) generally change only transiently in response to these stimulus protocols, 
synaptic inputs to individual cells can display more prolonged changes in either 
direction. Supported by NIH grants EY05116 and NS09770

2 0 5 .4

L O N G -T E R M  D E P R E S S IO N  OF G L U T A M A T E  S E N S IT IV IT Y  
INVESTIGATED BY INFRARED-GUIDED LASER STIM ULATIO N IN RAT 
NEOCORTEX. H.-U. Dodt*, M. Eder. A. Frick and W. Zieeleansberger. Max- 
Planck-Instituteof Psychiatry, Clinical Neuropharmacology, Kгaepelinstr. 2, 80804 
Munich, FRG.

The mechanisms underlying long-term potentiation and long-term depression are 
still a matter of controversy. To investigate a possible postsynaptic locus for the 
induction of long-term depression we applied glutamate, via photostimulation, to 
highly restricted areas on the dendritic membrane of neurons in rat neocortical 
slices. Rat neocortical slices were superfused with medium containing 0.25 - 0.5 
mM "caged" glutamate and 1 µM TTX. The membrane potential was recorded 
with patch pipettes placed on the soma o f neurons, visualized with infrared 
videomicroscopy. UV-light, provided by a laser, was coupled by fiberoptics into 
the epifluorecence port of the microscope and focused by the objective to a 1 µm- 
spot on the patch-damped neuron. Short pulses ( 3 - 5  ms) of UV-light were used 
to release glutamate via photolysis, locally at the proximal apical dendrite.

Stable EPSP-like depolarisations of the membrane potential could be evoked by 
low frequency (0.05 Hz) stimulation. Tetanic stimulation with 5 Hz for 1 min 
induced a considerable depression of the "EPSP" amplitude (35 ± 2%, n = 9) 
without recovery for the time o f recording (up to lh) in all neurons investigated. 
This depression was almost completely blocked to 7 ± 2% (n = 8) by the addition 
of the NMDA-receptor antagonist MK801 (30 µM) to the bath and an increase of 
the Mg2+ concentration in the superfusion medium from 1 to 4 mM. LTD was 
Ca2+-dependent, as it was significantly reduced to 8 ±  3% (n = 8) when 
recordings were made with BAPTA-filled (10 mM) patch pipettes. The area of 
reduced glutamate sensitivity remained highly localised (<  10 µm diameter) during 
the whole recording time, whereas neighbouring areas retained their sensitivity.

Our observations suggest that brief repetitive pulses of glutamate can induce a 
circumscribed persistent reduction of glutamate sensitivity o f the dendritic 
membrane, which is mediated via NMDA receptors. (Supported by SFB 391).

2 0 5 .6

ACTIVATION OF GROUP 1 METABOTROPIC GLUTAMATE RECEPTORS 
INDUCES LONG-TERM DEPRESSION OF SYNAPTIC TRANSMISSION IN 
AREA CA 1 OF RAT HIPPOCAMPUS K M Huber* and M F Bear. 
HIIMI/Departinent of Neuroscience Brown University, Providence, RI 02912 

Data from several laboratories suggest that two distinct forms o f long-term 
depression (LTD) can be induced in the CΛ1 region of hippocampus by low 
frequency stimulation (1-5 Hz). One form is blocked by AP5 (Dudek and Bear, 
1992), mid is therefore NMDA receptor-dependent, and a second form is blocked by 
MCPG (Bolshakov and Siegelbaum, 1994: Oliet et al., 1997), and presumably is 
dependent on metabotropic gluhunate receptors (mGluRs). Recent data question the 
effectiveness :uid specificity of MCPG (Huber et al., 1998; Breakwell et al., 1998). In 
an effort to ex;unine the role of group I mGluRs in the induction of LTD, we have 
utilized the group I mGluR-specifie agonist R,S- 3,5-dihydroxyphenylglycine 
(DIIPG). DHPG application (50 µM; 5 min) to hippocampal slices from young (3-4 
week old) rats induces a long lasting depression of field EPSPs (FPs) evoked by 
Schaffer collateral stimulation (69 ± 5 % of baseline FP slopes measured 60 min alter 
DHPG; n = ll) .  LTD can be induced by DHPG in the presence of AP5 (100 µM; 
85±5%; n=7), but is blocked by the novel mGluR antagonist LY341495 (10 µM; 
96±3¾ n=8). DHPG-induced LTD is reversed by theta-burst stimulation (n=7) and 
is saturated alter two DHPG applications, suggesting that DHPG is not reducing the 
viability of the hippoc;unpal slices. Intracellular recordings revealed a transient 
depol;ưization (4±2 mV) during DHPG ;uid a persistent reduction of the EPSP slope 
without long-term changes in membrane potential or input resistance (n=6). Whole
cell voltage-clamp recordings indicate that postsynaptic depolarization is not required 
for DHPG-induced depression of EPSCs (n =3). To determine if  DHPG-induced 
LTD shares a common mechanism with NMDA receptor-dependent LTD, occlusion 
experiments were performed. Saturation of DHPG-induced LTD occludes subsequent 
NMDA receptor dependent LTD (induced with 1 Hz; n=8). In contrast, saturation of 
NMDA receptor-dependent LTD does not prevent the subsequent induction of LTD 
by DHPG (n=6) suggesting that these two forms of LTD may rely on distinct 
mechanisms. [Supported by HHMI and ;ui NIH NRSA]
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INTRACELLULAR APPLICATION OF INOSITOL 1,3,4,5-TETRA- 
KISPHOSPHATE ENHANCES LONG-TERM POTENTIATION IN THE CA1 
REGION OF RAT HIPPOCAMPUS IN VITRO. Cs. Szinvei. T. Behnisch. K G. 
Revmann*. Project Group Neuropharmacology, Leibniz Institute for Neurobiology, 
ЮB 1860, D-39OO8, Magdeburg, Germany

During induction of long-term potentiation (LTP) in the CA1 region of the 
hippocampus, activation of metabotropic glutamate receptors leads to the 
accumulation of inositol 1,4,5 trisphosphate (IPЗ) that can be farther metabolised to 
inositol 1,3,4,5-tetrakisphosphate (IP4). Since the contribution of IP4 to LTP is 
poorly studied, we have investigated the effect o f IP4 on LTP in the CA1 region of 
hippocampal slices of 4 week old male rats. Schaffer-collateral evoked EPSPs in 
whole-cell mode were recorded. LTP was induced using two trains of tetanisation 
lasting for 400ms at 100Hz. Intracellular application of IP4 (ЮOµM) enhanced the 
EPSP potentiation immediately after tetanisation which remained significantly 
different throughout the recorded period compared with control experiments. IP4 
acts during induction since perfusing it into the cell after tetanisation had no effect. 
IPЗ metabolised from IP4 is not responsible for the IP4 effect, since 2,3-dideoxy IPЗ, 
a non-metabolisable, biologically active analogue did not effect LTP. None o f these 
substances had baseline effects. Voltage-gated Ca2+-currents, supposedly active 
during tetanisation, were enhanced by IP4 from a holding potential of -4OmV. 
Furthermore, IP4 was not able to enhance LTP i f  ω-conotoxin (lµM , N-type Ca2+ 
channel blocker) was applied. Additionally, no change was observed in the basic 
properties of NMD A currents i f  IP4 was present. Conversely, emptying internal Ca2+ 
stores with cyclopiazonic acid (2OµM) inhibited LTP and application of IP4 led to 
no change. However, inhibiting the Ca2+ induced Ca2+ release (ryanodine, 2OOµM), 
although suppressed LTP, did not prevent IP4 from enhancing it. Therefore, we 
conclude that in the CA1 region of rat hippocampus postsynaptic IP4 might 
contribute to LTP by modulating voltage-gated Ca2+ channels and possibly IPЗ 
dependent Ca2+ release. Supported by the Deutsche Forschungsgemeinschaft (SFB 
426, GRK 253).
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TH REE C O M P O N E N T S  T O  H IG H -F R E Q U E N C Y  S T IM U L A T IO N -  
IN D U C E D  P O T E N T IA T IO N  IN  C A 1.
F.J. Wierzbicki*, J.C. Fitzgibbons, & P.E. Schulz, Dept. Neurol. L· Div. Neu- 
rosci., Baylor College of Medicine, Houston, Tx 77030.

High-frequency stimulation (HFS) of Schaffer Collateral synapses in the hip
pocampus can induce NMDA receptor-dependent potentiation w ith two phases: 
a decremental short-term potentiation (STP), and a sustained long-term po
tentiation (LTP). We have suggested that STP and LTP are expressed though 
different mechanisms (Schulz and Fitzgibbons. JNP 1997).

In examining the mechanisms underlying STP expression, we noted that 
the decay of STP often has two components that are described by the sum of 
two exponential equations. The first component matches the amplitude and 
duration (~ I5  minutes) of the STP. The second component, however, has a 
duration of up to several hours and has not been previously described. We 
refer to it  as intermediate-term potentiation (ITP).

Two lines of evidence suggest that ITP  is not equivalent to STP: (i) ITP and 
STP may be independently occluded, and (ii) several pharmacologic agents 
occlude STP without occluding ITP. We have three lines of evidence that ITP 
is not equivalent to LTP: (i) ITP and LTP have different effects on paired-pulse 
facilitation; (ii) the saturation of LTP does not occlude ITP; and, (iii) ITP is 
not blocked by several pharmacologic agents that block LTP. We then compared 
ITP to several other decremental potentiations, w ith various time-courses, that 
have been described. Several have properties that are similar to ITP, but none 
have been described with HFS in the absence of pharmacologic blockade.

These results suggest that there may be at least three independent compo
nents to HFS-induccd synaptic potentiation: STP, ITP  and LTP. Because the 
duration of ITP  can be as long as 200 min, the study of LTP may be complicated 
by the presence of ITP  for several hours after HFS.

Supported by NIH

205.11
IMPAIRMENT OF LTP IN REACTIVATED POSTMORTEM  
SLICES OF THE RAT HIPPOCAMPUS. E. Audinat1 and S. Charoak2*. 
Lab. o f Neurobiology1 and Lab. o f Physiology2, CNRS ƯMR7637, ESPCI,
10 rue Vauquelin, 75005, Paris, France

We have recently reported (Charpak, S. and Audinat, E., 1998, Proc. 
Nad. Acad. Sci. USA, 95: 4748-4753) that during a permanent cardiac 
arrest, rodent brain tissue is preserved in situ for 5-6 hours in a state from 
which it can be reactivated upon restoration o f  a simple energy 
(glucose/oxygen) supply. In various reactivated brain regions, cells display 
normal morphological features, intrinsic membrane properties and 
spontaneous synaptic activity. Reactivated tissue can also synthesize mRNA 
and proteins de novo. Since it is known that the CA1 region o f  the 
hippocampus is highly sensitive to anoxia, we further compared the 
membrane and network properties o f  CA1 neurons recorded either in control 
brain slices or in brain slices prepared after one hour o f  cardiac arrest and 
reoxygenated for another hour (referred to as postmortem slices). In both 
cases, CA1 pyramidal cells and intemeurones displayed normal intrinsic 
membrane properties. In addition, stimulation o f  Schaffer collaterals 
similarly evoked synaptic responses with AMPA and NMDA components. 
However, long term potentiation (LTP) could not be induced in post-mortem 
slices, as opposed to standard slices using standard stimulation procedures (4 
trains at 100 Hz). The possibility that the Schaffer collateral-pyramid 
synapse had been previously potentiated by anoxia was ruled out since 
depotentiation could not be achieved in post-mortem slices. We conclude 
that prolonged anoxia induces a defect in the second messenger cascade 
necessary for the induction o f  LTP. Different methods o f  rescuing LTP in 
post-mortem slices are currently being investigated.

205.8
ENHANCEMENT OF LONG-TERM POTENTIATION IN RYANODINE 
RECEPTOR TYPE 3 DEFICIENT MOUSE. K. Kato1 . A. Futatsugi2. H. Ogura* 
G. Kuwąjima2 and K. Mikoshiba145. 'ERATO, JST, Tokyo 1530068; 2CNS 
Research Lab., Shionogi Institute for Medical Science., Osaka 566; 3Tsukuba 
Research Lab., Eisai Co., Ltd., Tsukuba 300-26; 4Dept. Molecular Neurobiol., 
Institute o f Medical Science, The Univ, o f Tokyo, Tokyo 160; 
5Develop.Neuгobiol.Lab, Brain Science Institute, RIKEN, Wako 350-01, JAPAN.

Ryanodine receptors type 3 (RyRЗ) are dominantly localized at the CA1 
region o f the hippocampus. We have developed a RyRЗ knockout mouse, which 
did not show any remarkable phenotype, to investigate the specialized function of 
the ryanodine receptor on CA1 pyramidal neurons. Ryanodine receptors are 
stimulated by intracellular calcium and release calcium from the calcium storage 
on the endoplasmic reticulum (calcium induced calcium release; CICR). We 
tested the induction o f long-term potentiation (LTP) in the CA1 area o f mutant 
mouse hippocampal neurons to evaluate the function o f RyRЗ. Since an increase 
in intracellular calcium is critical for LTP induction, an increase in intracellular 
calcium via the activation o f CICR has been believed to positively contribute to 
LTP induction. In contrast to this idea, we observed the enhancement o f LTP in 
our mutant mouse, suggesting that CICR via activation o f RyRЗ negatively 
regulates synaptic plasticity. The enhancement of LTP was marked when weak 
tetanus (100 Hz, 100 msec) was applied to the Schaffer collaterals (Homozygote, 
ll8 .6 ± 4 . l% , N=9 ; Wild-type, Ю 3.8±2.7 %, N=Ю).

205.10
ACTIVITY-INDUCED SYNAPTIC MODIFICATIONS IN HIPPO
CAM PAL CULTURES: DEPENDENCE ON SPIKE TIMING, 
SYNAPTIC STRENGTH, A N D  CELL TYPE 
Guo-qiang Bi* and Mu¯ming Poo. Department o f  B iology, 
University o f  California at San D iego, La Jolla, CA. 92093-0357  

In cultures o f  dissociated rat hippocampal neurons, persistent 
potentiation and depression o f  glutamatergic synapses were induced 
by correlated spiking o f  pre- and postsynaptic neurons. The relative 
timing between the postsynaptic spiking and the onset o f  synaptic 
potentials determines the direction and the extent o f  synaptic changes. 
Repetitive postsynaptic spiking within a time w indow o f  20 ms 
following presynaptic activation resulted in synaptic potentiation, 
while spiking within a w indow o f  20 ms before the presynaptic 
activation led to depression. Whereas the extent o f  depression did not 
show obvious dependence on the initial synaptic strength, significant 
potentiation occurred only at synapses with relatively low  initial 
strength. Both potentiation and depression depended on the 
activation o f  N M D A  receptors and were absent in cases where the 
postsynaptic neurons were GABAergic in nature. Our results 
underscore the importance o f  precise spike timing and postsynaptic 
target in the modification o f  central synapses and suggest that the 
Hebb’s rule may need to incorporate a quantitative consideration o f  
the spike timing that reflects the narrow and asymmetric window for 
the induction o f  synaptic modification. (Supported by N S36999).

205.12
THE EFFECTS OF COGNITION ENHANCERS ON SYNAPTIC PLASTICITY 
AND NEURONAL EXCITABILITY.
V. Skгebitskv ,* Brain Research Institute, Russian Academy of Medical Sciences, 
103 064,Moscow, Russia.

There is increasing evidence that plasticity deficit in hippocampal synaptic 
pathways well correlates with learning disturbances revealed in various 
behavioral tests. We tested the effects of a variety of cognition enhancers on 
impaired long-term potentiation (LTP) in the CA1 area of rat hippocampal slices. 
Nootropic drugs such as piracetam and its peptide analogues derived from 
pyroglutamate (L-pyroglutamil-D-alanin-amide ,PGA) and proline (N-phenyl- 
acetil-L-prolyl-glycine , PAPG) were found to reverse LTP deficit produced by 
prenatal exposure to alcohol and hypoxia. PGA was also able to accelerate the 
reversal o f LTP blockade by NMDA receptor/channel antagonists.
The receptor-activated currents induced by AMPA, NMDA, or kainate in 

isolated neurons of the hippocampus and cerebellum of the rat turned out to be 
insensitive to cognition enhancersd under study suggesting that they do not 
directly interact with glutamate receptors.

In contrast to receptor-activated currents in mammals, voltage-gated currents 
recorded in the isolated neurons of mollusc Helix pomatia were modulated by 
piracetam and its proline-based peptide analogue PAPG. The both of these 
compounds ( PAPG with a much higher efficiency) blocked a high-threshold Ca- 
current and a slow Ca-dependent K-current. In addition, PAPG could also block 
a high-threshold K-current. Physiologically, the blockade of K and Ca-channels 
by cognitive enhancers may result in dual regulation of intracellular Ca 
concentration: the blockade of K-channels increases Ca influx due to the 
prolongation of an action potential while its excessive influx is restricted by 
partially blocked Ca-channels.

This work has been supported by Russian Foundation for Basic Research 
(grants 96-04-49595 and 96-15-07764)
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IN H IB IT IO N  A N D  T R A N S F O R M A T IO N  B Y  C A L E X C IT !N  O F  G A B A E R G IC  
S Y N A P T IC  R E S P O N S E S  IN  H IP P O C A M P A L  C A 1  P Y R A M ID A L  
N E U R O N S . M .-K . S un *. T .J . N e lso n . &  D .L . A lk o ∩ . L a b o ra to ry  o f  A d a p tiv e  
S y s te m s , N IH , B e th e sd a , M D  2 08 9 2 .

In h ib itio n  o f  s y n a p tic  re sp o n se s  o r  re v e rs a l o f  s y n a p tic  p o la r ity  a lte rs  
s y n a p tic  e ff ic a c y  o r  p o la r ity  o f  m e m b ra n e  re s p o n s e s  a n d  m a y  re p re s e n t a 
c e llu la r  fo rm  o f  s y n a p tic  c h a n g e  in  le a rn in g  a n d  m e m o ry . In ra t h ip p o c a m p a l 
s lic e s , s t im u la tio n  o f  G A B A e rg ic  te rm in a ls  o f  b a s k e t in te r -n e u ro n s  e lic ite d  an 
in h ib ito ry  p o s t-s y n a p tic  re sp o n se  in  th e  C A1 p y ra m id a l n e u ro n s . In je c tio n  o f  
c a le x c it¡n , a  le a rn in g -a s s o c ia te d  C a 2⅜- a n d  G T P -b ίn d ¡n g  s ig n a lin g  p ro te in , 
in to  th e  CA1 p y ra m id a l n e u ro n s  re d u ce d  G A B A -m e d ia te d  in h ib ito ry  p os t- 
s y n a p tic  p o te n tia ls  w h e n  a p p lie d  a lo n e  and  in d u c e d  a tra n s fo rm a tio n  o f  th e  
e v o k e d  in h ib ito ry  p o s t-s y n a p tic  p o te n tia ls  ( fro m  in h ib ito ry  to  e x c ita to ry ) w h en  
a s s o c ia te d  w ith  C a 2+-lo a d i∩ g . N o  re d u c tio n  o r  tra n s fo rm a tio n  w a s  o b se rve d  
w h e n  h e a t-d e n a tu re d  p ro te in  w a s  in je c te d  a lo n e  o r  a s s o c ia te d  w ith  C a 2+- 
lo a d in g . T h e  e ffe c ts  o f  ca le x c it¡n  on  th e  G A B A -m e d ia te d  p o s t-s y n a p tic  
p o te n tia ls  w e re  m im ic k e d  b y  a p p lic a tio n  o f  c y c lic  A D P  rib o s e  o r  N- 
e th y lm a le ¡m ¡d e , a c tiv a to rs  o f  th e  ry a n o d in e  re c e p to r, in to  th e  C A 1 p y ra m id a l 
n e u ro ns . P re -a p p lic a tio n  o f  ru th e n iu m  re d , a  ry a n o d in e  re c e p to r a n ta g o n is t, 
e lim in a te d  th e  e ffe c ts  o f  c a le x c itin  a nd  ry a n o d in e  re c e p to r a c tiv a tio n . W e  
c o n c lu d e  th a t (a ) ca le x c it¡n  is  e ffe c t iv e  in  m a m m a lia n  n e u ro n s  in  m o d ify in g  
s y n a p tic  re s p o n s e s  a nd  s ig n a l tra n s m is s io n  a nd  (ɓ ) a c tiv a tio n  o f  th e  
ry a n o d in e  re ce p to r, w h ic h  sh o w e d  in c re a s e d  e x p re s s io n  in  C A1 c e ll re g ion  
a fte r  le a rn in g  (C a v a lla ro  ѳt a /., 1 99 7 ), a p p e a rs  to  m e d ia te  c a le x c it¡n - in d u c e d  
lo n g -te rm  tra n s fo rm a tio n  o f  th e  s y n a p tic  re s p o n s e  o f  h ip p o c a m p a l CA1 
p y ra m id a l n e u ro n s  to  G A B A e rg ic  in p u ts . C a le x c it in - lik e  p ro te in (s ) and  
a s s o c ia te d  a c tiv a tio n  o f  th e  ry a n o d in e  re c e p to r m a y  p la y  im p o rta n t ro le (s ) in 
h ip p o c a m p u s -b a s e d  le a rn in g  and  m e m o ry  in  m a m m a ls .
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METABOTROPIC GLUTAMATE RECEPTOR ACTIVATION ENHANCES 
SYNAPTIC TRANSMISSION AT THE DROSOPHILA NEUROMUSCULAR 
JUNCTION. Y. Kidokoro*. D. Zhang, and H. Kuromi. Institute for 
Behavioral Sciences, Gunma U niversity School o f M edicine, 
M aebashi, 3 71 -8511 , Japan.

M etabotropic glutam ate receptors (mGluRs) are considered  to  
play im portant roles in the brain function. Recently a type o f  
D rosoph ila  mGluR (D  mGluR) was cloned and expressed in a cell 
line, and basic pharm acological properties were described  
(Parm entier et al., 1996, J Neurosci. 16; 6687 ). Considering the 
seq uence h om ology and the pharm acological properties D  mGluR 
was classified  as Group II, activation o f w hich either affects 
voltage-gated  Ca2+ channels via GTP binding protein or leads to 
the cAMP pathway. In new ly hatched D rosophila  larvae we 
fou nd  that activation  o f mGluRs enhanced synaptic transm ission. 
The frequency o f  m iniature synaptic currents transiently  
increased  upon  puff-application o f low concentrations o f  
glutam ate in the absence o f external Ca2+. The sim ilar effect was 
evoked  by a m etabotropic glutam ate receptor agonist, (S)-4CЗHPG, 
but not by ionotrop ic glutam ate receptor agonists, NMDA, AMPA 
or kainate. This effect o f glutam ate was blocked by a m etabotropic  
glutam ate receptor antagonist, MCCG-1. These properties are in 
accord with those o f D  mGluR. An activator o f adenylyl cyclase, 
forskolin, increased the frequency o f m iniature synaptic  
currents in  the absence o f  external Ca2+, suggesting that the  
effect o f m etabotropic glutam ate receptor activation was m ediated  
by cAMP. This work was supported by the Ministry o f Education, 
Science, Sports and Culture o f Japan.
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UNLIKE EPSPS, FEW MONOSYNAPTIC IPSCS IN HIPPOCAMPAL SLICES 
SHOW LASTING POTENTIATION AFTER TEMPORARY APPLICATION OF 
2-DEOXYGLUCOSE Y.-T. Zhao* and K. Krnjević Anaesthesia Research Dept., 
McGill University, 3655 Drummond St., Montréal, QC HЗG 1Y6, Canada.

Equimolar replacement of ACSF glucose (10 mM) with 2-deoxyglucose (2-DG; for 
10-20 min) is followed by sustained potentiation of CA1 EPSPs (2-DG LTP: Tekkök 
&  Krnjević 1995 /  Neurophysiol 74:2763). In the present study, we tested 2-DG on 
monosynaptic IPSCs (monIPSCs) obtained after suppressing glutamate-mediated 
transmission with either 2-5 mM kynurenic acid or 6,7-dİnitroquinoxaline-2,3-dione 
(DNQX; 40 µM ) and D,L-aminophosphonovalerate (45 µM). Sharp microelectrode 
(ЗM KC1) recordings were from CA1 neurons in slices from the brain of Sprague- 
Dawley rats. The slices were submerged in carbogenated ACSF at 32-33° C; 
monIPSCs, evoked by stimulating stratum гadίatum at 1/20 ŝ 1, were recorded over 
a range of membrane voltage (Vm). Inhibitory potency and IPSC reversal potential 
were estimated by plotting monIPSCs v. Vm. To avoid a block of 2-DG LTP by 
NMDA antagonists (Tekkök & Krnjević 1995), in 12 experiments glutamate 
antagonists were thoroughly washed out before applying 2-DG (10 mM, replacing 
glucose for 11-22 min) and later reintroduced before monIPSc were measured at 
various times (20-70 min) after the end of 2-DG application. In only 3 out of 12 
neurons did the early monIPSCs (measured at 5-10 ms) show marked 2-DG LTP at 
20-68 min (by 84-150%); in the other 9 cells, there was no significant 2-DG LTP of 
early or late monIPSCs. There was no 2-DG LTP in three other cells recorded 
throughout in the presence of glutamate antagonists. Thus, in contrast to EPSPs, 
which are consistently and markedly potentiated after 10-20 min applications of 2- 
DG, most monIPSCs show no comparable 2-DG LTP.
Supported by the Medical Research Council o f Canada. Y. T. Zhao was on leave from 
the Neurology Department, Liu Hua Qiao Hospital, Guang Zhou, China.

DEGENERATIVE DISEASE: OTHER— M OLECULAR M ECHANISM S
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M OLECULAR DETERMINANTS FOR INTERACTIONS OF 
PO LYG LUTAM INE CO NTAINING  PROTEIN. M .K, Perez1, H.L. 
Paulson2, N. Bon in i* and R.N. Pittman'. ‘Dept, o f Pharmacology, *Dept. 
Biology, Univ, o f Pennsylvania; ¿Dept. Neurology, Univ, o f Iowa.

Machado-Joseph disease (MJD) is a neurogenetic disorder caused by a 
CAG repeat expansion encoding polyglutamine in the disease protein, 
ataxin-3. A common pathology associated with polyglutamine disorders is 
intranuclear inclusions containing aggregated disease protein. Glutamine 
mediated aggregation likely leads to the formation o f pathologic inclusions 
and a better understanding o f the nature o f polyglutamine interactions 
should provide insight into the disease process. To test the role o f the 
glutamme domain in protein aggregation we transfected cells with GFP 
fusion constructs containing either 19, 35 or 80 glutamine residues. 
GFPQ19 and GFPQ35 are expressed diffusly while GFPQ80 forms 
intracellular inclusions. When coexpressed with a pathologic fragment o f 
ataxin-3, GFPQ19 and GFPQ35 become redistributed into inclusions 
formed by this fragment. Next we addressed whether a norm ally 
cytoplasmic ataxin-3 is incorporated into intranuclear inclusions. One 
model uses a nucle:.r localization signal fused to the N-terminus o f 
truncated ataxin-3 containing the glutamine domain. Both NLS-Q27 and 
NLS-Q78 form intranuclear inclusions and coexpressed ataxin-3 is more 
efficiently recruited into NLS-Q78 inclusions. The other model uses 
another polyglutamine p·.·.чein, ataxin-1, involved in spinocerebellar ataxia 
type 1. Ataxin-1 is normally a nuclear protein with a punctate expression 
while in the disease state it gives rise to much larger nuclear inclusions. Co- 
c.чpress on o f ataxin-3 and ataxin-1 demonstrate that normally cytoplasmic 
ataλiч-3 can become incorporated into ataxin-1 intranuclear inclusions. 
These data establish the importance o f the glutamine domain in mediating 
protein hìter；ctions in a cellular context and indicate that other po ly 
glutamine proteins may be incorporated in intranuclear inclusions which 
may play a role in the pathogenesis o f disease. Supported by NS32465.

AGE- AND POLYGLUTAMINE LENGTH-DEPENDENT DEGENERATION OF 
DROSOPHILA PHOTORECEPTOR NEURONS INDUCED BY HUMAN 
HUNTINGTIN TRANSGENES G.R. Jackson1*, I, Salecker2, Ķ,Ļ, Schulze2. X. 
Dong2, X. Yao3, N. Aгnheim3, P. Faber4, M.E. MacDonald4, and S.L. Zipursky2. 
'Dept, of Neurology, Univ, of California, Los Angeles, CA 90095; Ъept. of 
Biological Chemistry and Howard Hughes Medical Institute, Univ. Of California, Los 
Angeles; 3Molecular Biology Program, Univ, of Southern California; 4Molecular 
Neurogenetics Unit, Massachusetts General Hospital

Huntington’s disease (HD) is the most common adult onset inherited 
neurodegenerative disease. Although the HD mutation, an expansion of a 
polymorphic CAG repeat within exon 1 of the huntingtin (htt) gene, was identified in 
1993, the cellular mechanisms underlying neuronal dysfunction and death associated 
with repeat expansion remain largely unknown. Murine models share certain features 
of HD, including a movement disorder and intranuclear inclusions, but fail to 
recapitulate neuronal cell death characteristic of the disease. Using the eye-specific P 
element expression vector pGMR, we have expressed truncated portions of the human 
htt cDNA, including repeat lengths corresponding to 2, 75, or 120 glutamine residues, 
in the Drosophila eye. Despite high levels of expression of htt transgenes in 
developing photoreceptor neurons, adult eyes are indistinguishable from wild type at 
eclosion, indicating that repeat expansion does nor interefere with normal 
development. Flies expressing 120 repeats (Q120), however, undergo marked 
degeneration of photoreceptor neurons by 10 days post eclosion. Mild photoreceptor 
degeneration occurs with Q75 transgenes by 30 days. For Q120, degeneration and 
death of photoreceptor neurons share many of the ultrastructural features 
characteristic of apoptosis in vertebrate systems. This model provides a promising 
system for understanding the pathophysiologic basis of cell death in HD, as well as in 
triplet repeat diseases in general, and for identifying therapeutic targets through the 
isolation of mutations which modify the cell death phenotype. Supported by the 
Jeanne B. Kempneг Memorial Foundation and Howard Hughes Medical Institute.
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A C. ELEGANS M O D EL FOR H U N T IN G TO N ’ S DISEASE AN D OTHER 
CAG-TRINƯCLEOTIDE REPEAT DISEASES. P.W. Faber1. J.R. Alter1. A. 
Gupta1. M.E. MacDonald2 and A.C. Hart1' . ‘Cancer Center and 2Molecular 
Neurogenetics Unit, Massachusetts General Hospital, Charlestown MA 02129.

Huntington’s Disease (HD) is due to elongation of a polyglutamine (polyQ) tract in 
huntingtin, a novel ≈35O kDa protein of unknown function, over a critical length of 
35 residues. HD is part of a group of 8 diseases (dentatorubropallidoluysian atrophy, 
spinal and bulbar muscular athrophy and spinocerebellar ataxia types 1, 2, 3, 6 and 7) 
caused by polyQ expansion. Although the pathogenic mechanism underlying these 
diseases is largely unknown, recent data suggests that protein fragments containing 
the polyQ tract cause these disorders. We have generated a C. elegans model for these 
diseases by expressing an N-terminal fragment of huntingtin, containing normal and 
mutant size polyQ tracts, in the ASH sensory neuron. Analysis of multiple, 
independent transgenic lines for each constfuct revealed: 1) Based on PCR analysis, all 
CAG-repeats are stably propagated. 2) In 8 (not 3) day old animals expressing the 
huntingtin fragment with a 150+ polyQ tract, a degenerative phenotype, but no cell 
death, was observed (huntingtin fragments with polyQ tracts of 2, 23 and 95 residues 
did not have this effect). 3) In a sensitized ASH neuron expression of the huntingtin 
fragment with a 150+-, but not a 2 polyQ tract resulted in ASH cell death, in addition 
to the degeneration phenotype. 4) Immunohistochemical analysis of huntingtin 
expression reveals the formation of intracellular aggregates in the cytoplasm, axons, 
dendrites and the perinuclear region in a time and polyQ dependent manner. Our 
results indicate that analysis of the expression of disease causing proteins with polyQ 
tracts in C. elegans might provide relevant clues regarding the pathogenic mechanism 
in patients. We plan screens to identify enhancers and suppressors of polyQ dependent 
degeneration and cell death. Funded by the Markey Charitable Trust, Hereditary 
Disease Foundation and Searle Scholar Program.
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NEW INSIGHTS FROM A SIMPLE CELLULAR MODEL INTO 
MECHANISMS OF HUNTINGTIN-INDUCED NEURONAL DEATH. Ş
Finkbeiner1*. F. Saudou‘ . M.E. Greenberg1,2. Division o f Neuroscience, 
Department of Neurology, Children’s Hospital; Department of Neurobiology, 
Harvard Medical School, Boston, MA 02115.

We have recently developed a cellular model of Huntington’s disease (HD) 
whereby transient overexpression of a form of huntingtin that contains a mutation 
that would lead to disease in humans, also induces apoptosis within the same types 
of neuron that are affected in HD. In addition, mutated huntingtin induces the 
formation of ubiquitinated intranuclear inclusions. To begin to test whether 
huntingtin induces an apoptotic type of death, we tested the effects of the anti- 
apoptotic gene, BClχ-1, or the extracellular application of the caspase antagonist, 
DEVD. Both BClχ-1 coưansfection and DEVD application block huntingtin- 
induced death. Similarly, extracellular application of the growth factors, brain- 
derived neurotrophic factor (BDNF) or ciliary neurotrophic factor (CNTF) protect 
neurons against huntingtin-induced death, suggesting that this model might be 
used to identify neuгoprotective agents. To test whether huntingtin induces 
neuronal apoptosis by acting in the cytoplasm or in the nucleus, we modified 
huntingtin to include a nuclear export signal. Neurons ưansfected with huntingtin 
that is excluded from the nucleus do not show inclusions and do not undergo 
apoptosis despite the fact that mutant huntingtin is expressed in the cytoplasm at 
levels similar to wild-type huntingtin. This result suggests that huntingtin acts 
within the nucleus to induce apoptosis. It remains unclear what role nuclear 
inclusions play in neuronal death but we have found evidence that nuclear 
inclusions can form in neurons that do not die. Conversely, full length mutant 
huntingtin induces apoptosis within neurons without apparently forming 
inclusions. These results raise the possibility that intranuclear inclusions may be 
protective rather than causally mediating huntingtin-induced neuronal death 
(supported by the Cure HD Initiative of the Hereditary Disease Foundation).
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GERSTMANN-STRÄUSSLER-SCHEINKER DISEASE (GSS) WITH PRNP 
A 117V  MUTATION: STUDIES OF A NEW FAMILY. B. G h e tti, \  K. 
Young1, E P iccardo1, S.R. D louhv1, FĻ Pahwa2, K.E. Lyons2, W.C. 
Koller2, M.J. Ma2, C. DeCarli2, and R.N. Rosenberg3. Ind ia n a  Univ. 
Sch. Med., Indianapolis, IN 46202 ; 2Univ. Kansas, Kansas City, KS; 
3Umv. Texas, Dallas, TX.

GSS, a neurodegenerative disorder caused by prion protein (PrP) 
gene (PRNP) m uta tions, is characterized c lin ica lly  by ataxia and 
dementia and pathologically by PrP amyloid in the brain. Members of 
a 7 generation pedigree had a neurological disorder, characterized by 
Parkinsonism, dementia, and pyramidal signs and by amyloid deposits 
in the brain. A new patient showed deterioration o f memory at 41 
years of age, incoordination, tremors, unsteady gait, and later signs of 
dementia. She expired 4 1/2 years a fter disease onset. The brain 
showed atrophy of fron ta l, parietal, temporal and occip ita l lobes as 
well as of the central gray nuclei, particularly of the caudate nucleus. 
Analysis of the PRNP gene revealed a GCA to GTG mutation resulting 
in alanine instead of valine at PrP residue 117. Neuropatholog¡cally, 
P rP - im m u n o p o s it iv e  a m y lo id  w as fo u n d  in th e  n e o c o rte x , 
hippocampus, and in subcortical nuclei. Moderate to severe gliosis 
was seen. Western blots of homogenates of neocortex showed major 
PrP species of ca. 33-35 kDa and a weak signal of 9 kDa. Following 
proteinase-K (PK) digestion of homogenates, western blot analysis 
revealed a prom inent band of ca. 8 kDa. Upon longer exposure of 
western blots, poorly defined bands of higher molecular weight were 
also detected in PK-treated samples. The finding of a 8 kDa band on 
w estern b lo t analysis is cons is te n t w ith  p rev ious ly  analyzed GSS 
variants. PHS R01 NS 29822 and 2PЗO AG10133.
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A CELLULAR MODEL FOR HUNTINGINTON’S DISEASE. F. Saudou1*  
S. Finkbeiner1. M.E. Greenberg1,2 . Division of Neuroscience, Department of 
Neurology, Children’s Hospital; Department of Neurobiology, Harvard Medical 
School, Boston, MA 02115.

Huntington’s disease (HD) is a devastating inherited neurodegenerative 
disease characterized by chorea, personality changes, dementia and an early 
death. The gene that causes HD contains a polymorphic stretch of CAG 
trinucleotide repeats that encodes a polyglutamine (polyGln) tract in the protein. 
When the number of repeats exceeds 35, the gene causes disease: the greater the 
number of repeats, the more severe the disease. The wild-type gene encodes a 
350 kD protein, huntingtin, that bears no homology to known proteins and 
whose normal function remains unknown. We have recently taken a step toward 
answering mechanistic questions about how huntingtin effects neuronal death, 
by developing a simple culture-based model of HD. We developed testable 
criteria that should be met for our culture model to be accepted as valid. First, 
huntingtin should cause neuronal death selectively when the polyGln repeats are 
expanded to sizes that cause HD. Second, huntingtin should k ill neurons by an 
apoptotic mechanism. Third, huntingtin should k ill some types of neuron better 
than others, similar to the characteristic and distinctive cell-specific patterns 
seen in vivo in HD. Finally, mutated but not normal huntingtin should induce 
the formation of intranuclear inclusions within neurons. We show that by 
transfecting primary cultured neurons with plasmids that express full-length or 
N-terminal fragments of either the wild-type or the mutated huntingtin, we have 
developed a cellular model of HD that meets each of these criteria. This model 
system should make it possible to test a variety of hypotheses about how 
huntingtin kills neurons and will enable us to identify potentially 
neuгoprotective agents, (supported the Cure HD Initiative of the Hereditary 
Disease Foundation ).
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A N A LY SIS OF MOLECULAR M ECHANISM S OF NEURONAL  
DEATH INDUCED BY  POLYGLUTAMINE REPEAT-EXPANDED  
H UNTINGTIN. Y. F. Liu* and R.C. Deth Dept, o f Pharmacology, 
Northeastern Univ., Boston, M A 02115  

Huntington’s disease (HD) is one o f a growing number o f hereditary 
neurodegenerative disorders caused by expansion o f a CAG repeat. The 
disease is characterized by choreiform movement, mental impairment and 
cognitive dysfunction due to selective loss o f  striatal, cortical and 
hippocampal neurons. Neuronal apoptosis is one o f the pathological 
changes observed in brains o f HD patients, particularly at the early stage 
o f the disease. To explore whether polyglutamine-expanded huntingtin 
induces ce ll toxicity in neurons, w e exam ined the expression o f  
huntingtins with 16 ,48  or 89 CAG repeats in a rat hippocampal neuronal 
cell (HNЗЗ). Expression o f mutated huntingtin with 48 or 89 CAG  
repeats stimulated c-Jun amino-terminal kinase (JNK) activity and 
induced apoptotic cell death in HNЗЗ cells w hile expression o f normal 
huntingtin with 16 CAG repeats had no toxic effect. Co-expression of a 
dominant negative mutant form of stress-signaling kinase (SEK1) nearly 
completely blocked activation o f JNK and apoptosis induced by mutated 
huntingtin. Moreover, normal huntingtin is associated with MLK2 a 
SHЗ domain-containing protein and almost exclusively expressed in 
neurons. Expression o f MLK2 also activated the SEK1-JNK pathway 
and induced apoptosis in HNЗЗ cells. Taken, together, our studies 
demonstrate that expression o f  polyglutam ine-expanded huntingtin 
induces neuronal apoptosis by activation o f the SEK1-JNK pathway and 
this effect may be mediated by MLK2.
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THE ROLE OF NEURONAL CELLS IN THE GENERATION OF 
AMYLOID PRECURSOR FRAGMENTS IN GELSOLIN- 
RELATED AMYLOIDOSIS T. Paunio1-2, H. Kangas1, M-H. Buc- 
Caron2, J. Mallet2*, L. Peltonen1 ^ ep t. of Hum. Mol. Gen., National 
Public Health Institute, 00300 Helsinki, Finland; 2LGN-CNRS, 75013 
Paris, France

Gelsolin-related amyloidosis or familial amyloidosis, Finnish type 
(FAF) (OMIM No 105120) is an amyloid polyneuropathy caused by 
(Aspl87Asn/Tyr) mutations in gelsolin. In vitro expression of the FAF 
mutant secretory gelsolin in COS cells leads to generation of an 
aberrant polypeptide presumably representing the precursor of tissue 
amyloid. Here, we demonstrate that this abnormal processing results 
from defective initial folding of the secreted FAF gelsolin due to the 
lack of the disulfide bond Cysl88-Cys2Ol of gelsolin. We compared 
cells of different tissue origin and discovered a dramatic difference 
between the amount of abnormal processing of FAF gelsolin in 
neuronal and nonneuronal cells. More than half of the mutant gelsolin 
was cleaved in PC 12 and in vitro differentiated human neuronal 
progenitor cells. In contrast, human fibroblasts and Schwannoma cell 
cultures showed only a limited capacity to cleave FAF gelsolin, 
although the cleavage mechanism per se seems to be similar in the 
various cell types. The wild-type and FAF-mutanl secreted gelsolin 
were similarly distributed in the soma and processes of the NGF- 
induced PC 12 cells and human telencephalic progenitors. The present 
findings emphasize the particular role of neurons in the abnormal 
proteolysis of FAF gelsolin and, eventually, in the deposition of 
amyloid in cranial and peripheral nerve fibers and in the cornea.

Supported by NPHI, CNRS and Hjelt, Maud Kuistila and Emil 
Aaltonen foundations.
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IN VIVO 31P MRS EVIDENCE OF A FAMILY HISTORY EFFECT ON 
MEMBRANE PHOSPHOLIPID METABOLISM IN AD. R.J. McCluгef J.A. 
Stanley. K. Panchalingam. W.E. Klunk. and J.W. Petteerew. Neurophysics Lab., 
Dept, of Psychiatry, WPIC, Univ. Pittsburgh, Pittsburgh, PA 15261.

Previous in vivo phosphorus magnetic resonance spectroscopy (31P MRS) studies 
have reported increased phosphomonester (PME) levels, precursors of membrane 
phospholipids, that occur early in Alzheimer’s disease (AD) which decrease to 
below normal levels as the illness progresses. In this study, the family history (FH) 
effect (i.e., a sibling, parent, grandparent, aunt, uncle or cousin diagnosed with a 
form of dementia) on these PME changes is investigated in moderately demented 
probable AD subjects. In vivo 31P MRS examinations of the combined right and left 
dorsal prefrontal cortex were conducted on AD subjects without a FH of dementia (8 
exams on 1MУЗF; 79±6 yrs; Mattis ll5 ± l5 )  and with a FH (13 exams on 2M/4F; 
78±5 yrs, Mattis lOO±23), and compared with age-matched normal control subjects 
(45 exams, 33 without and 12 with a FH, on ЗM/7F; 77±3 yrs). A surface coil 
technique was used for localization (Neurobiol. Aging, 15:117-132,1994) and a 
time-domain quantification method used to obtain metabolite levels that reflect 
freely mobile membrane phospholipid precursors (PME) and breakdown products 
(phosphodiesters, PDE).

The 31P MRS findings in control subjects showed no FH effect. AD subjects with 
a FH had a significant reduction in PME levels (p=0.01) compared with controls, 
whereas AD subjects without a FH had no significant difference in PME levels 
compared with confrols. No significant Mattis-metabolite level correlations were 
observed. Also, AD subjects with a FH showed significantly lower PDE levels 
(p=0.004) compared with AD subjects without a FH.

These preliminary results show that there are significant 31P MRS differences 
based on FH, which may reflect different stages in the pathogenesis of AD, even 
though the groups are cognitively matched. Support: N IH  AG08371;
AGO8974; AG  14290; and Sigma Tau Pharmaceuticals grants.
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M IT O C H O N D R IA L  D Y S FU N C TIO N  IN D U C ED  BY O X ID A T IV E  S TR E SS  
IN TH E  BRA IN S  O F H A M S TE R S  IN FE C TE D  W ITH  263K  S C R A P IE  
A G E N T . Y,S. K im * S.l. Choi1. W.K. Ju1. E.K. Choi1. J. Kim2 H.Z. Lea3 R.l. 
Carp4. H.M. Wisniewski4, ’ institute of Environment & Life Science and Dept, 
of Microbiology, College of Medicine, Hallym Univ., Chunchon; ⅛>ept. of 
Anatomy, Catholic Univ., Medical College, Seoul; ⅜)ivìs¡on of Biological 
Sciences, Ka∩gweon National Univ., Chunchon, Korea; 4New York State 
Institute for Basic Research in Developmental Disabilities, Staten Island,
N.Y. 10314, USA

Scrapie, one of the prion diseases, is a transmissible ∩eurodegenerative 
disease of sheep and other animals. Clinical symptoms of prion diseases 
are characterized by a long latent period, followed by progressive ataxia, 
tremor, and death. To study the induction of neurodegeneration during 
scrapie infection, we have analyzed the activities of various antioxidant 
enzymes and mitochondrial enzymes in cerebral cortex, brainstem, and 
cerebellum of scrapie-infected hamsters. The activity of mitochondrial 
M n-superoxide dismutase (SOD) was decreased, while the activities of 
cytosolic Cu/Zn-SO D and catalase were not altered in infected brains. The 
activities of glutathione peroxidase and glutathione reductase were increased 
in scrapie-infected hamsters. The decreased activity of M n-SO D might 
result in increasing oxidative, stress in the mitochondria of infected brain; 
this concept is supported by our findings of a high level of lipid 
peroxidation, and low levels of ATPase and cytochrome c  oxidase activity 
in the infected cerebral mitochondria. In addition, structural abnormalities of 
mitochondria have been observed in the neurons of hippocampus and 
cerebral cortex of infected brain. These results suggest that mitochondrial 
dysfunction caused by oxidative stress gives rise to neurodegeneration in 
prion disease.
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PRION PROTEIN MODULATES CA2+-ACΠVATED K+-CURRENTS IN 
CEREBELLAR PURKINJE CELLS Jochen W. Heims*. Tobias Tings. Stefanie 
Dunkeг. Hans A. Kretzschmar. Department of Neuropathology, Georg-August 
Univeгsität Göttingen, Robert-Koch-Sfr. 40, 37075 Göttingen, Germany.

The prion protein (PrPº) has a primary role in the pathogenesis of transmissible 
spongiform encephalopathies such as scrapie in sheep, BSE in cattle and Creutzfeldt- 
Jakob disease in humans. Its physiological function is not known. Altered late 
afterhyperpolarisation has been observed in hippocampal CA1 pyramidal cells of PrP 
deficient mice (Prnpº'º)(Colling et al. 1996, Neurosci. Letters 209:49). Here we 
studied Ca2+-activated K+-currents in cerebellar Purkinje cells (PC) in different PrP- 
transgenes. Ca2ł-activated K+-cuггents in mouse PCs were found to consist out of at 
least two components, a fast one directly following the depolarisation pulse with an 
amplitude of 49O±23pA and a slow one 8±ls after the depolarisation pulse with an 
amplitude of 89±6pA. In Pгnpº'º mice both components were found to be 
significantly reduced in amplitude (4l2±ЗlpA; 7l±4pA). In order to elucidate 
whether the differences observed between Pmp0Λ) and wildtype cells are due to 
expression of PrPc, we also examined different transgenic mice which overexpress 
PrF on a Pmpº'º-background (tg2O, tg35; Fischer et al. 1996, EMBO 15:1255). In 
tg35 PCs the Ca2+-activated K+-curτent was found to be restored. However, in tg2O 
which overexpress PrPc on a Prnp(vo background in all neurons except in PCs, the 
Ca2+-activated K+-currents were found to be reduced as in Pгnp0/0 mice. This strongly 
indicates that PгPc expressed on the cell membrane of PCs influences the 
conductance of Ca2+-activated K+-cuгrents. We have evidence that this is caused by a 
reduced copper binding ability of the cell membrane in ₣npº'º-mice (Brown et al. 
1997 Nature 390:684). The function of PrPc might be to buffer free Cu2+ at the 
synaptic cleft, in which Cu2+ is known to be released with synaptic vesicle fusion. In 
Pmp0/0-mice free Cu2+ might be increased at the synaptic cleft leading to an alteration 
of ion channels. (Supported by the DFG)
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NEUROACTIVE STEROIDS FOR STROKE TREATMENT Catherine Jackson-
Fĩiedman. Patrick D. Lvden* Veteran’s Administration Medical Center, San Diego, CA 9216J

The Зα-hydгoxy pregnane steroids bind stereoselectively with high affinity to 
GABA receptors and effectively modulate GABA regulated Cl“ flux. Endogenous 
neurosteroids may be readily oxidized, resulting in compounds that are inactive or 
short acting at neuronal receptor sites. Ganaxolone, a synthetic Зα-hydroxy 
pregnane steroid, is methylated at the Зß position preventing rapid metabolism 
and offering greater bioavailability. We compared endogenous neurosteroids to 
ganaxolone to verify that the longer acting agent enhanced neuroprotection.

Methods: We created a quantal bioassay by occluding the MCA for variable 
durations in male, Sprague Dawley rats, anesthetized with Halothane. Five 
minutes after occlusion, we injected either placebo or test substance i.v..
Behavior was rated normal or abnormal at 72 hours. The ED» (mean±SD, min) 
is the duration o f MCA occlusion that renders 50% o f the subjects abnormal. 
Brains were examined post-mortem after infusing 2OOul o f 2% Evan’s Blue to 
verify MCA occlusion.

Results: The ED50 for pregnanolone 10mg/kg (n=l4) was 33+7.0, 
pregnanolone 25mg/kg (∏=I7) was 40+5.0 and vehicle (n=l5) was 30+6.2 (NS). 
The ED» for freatment with pregnanolone hemisuccinate 50mg/kg (n=l9) was 
28.0+5.1, for pregnanolone hemisuccinate 75kg/mg (n= l8), 28.0+5.1 and with 
vehicle was (n=l5) 22.2+6.2 (NS). The ED» for ganaxolone 30mg/kg (n=l9) was 
63.3+28.8 compared to vehicle, 31.3+5.0, (p<0.05, Student t).

Conclusion: Ganaxolone, a synthetic analog of allopregnanolone, offers 
neuroprotection in a reperfusion sưoke model. Pregnanolone and its 
hemisuccinate did not. (Supported by the Medical Research Service, Department 
of Veteran’s Affairs, a grant-in-aid from AHA, and CoCensys).
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STROKE IN MICE DEFICIENT IN CLASSICAL ESTROGEN 
RECEPTORS (ERKOα) Hum PD‘,* Sampei K1, Sawada M‘, Goto SV. Crain 
BJ2, AlkayedNJ1, Korach KS4, Traystman RJ Demas GE3. Nelson RJ3. Depts 
Anesthesiology1, Pathology2 and Psychology3, Johns Hopkins University, 
Baltimore, MD 21287, and Receptor Biology Section, National Institute of 
Environmental Health Sciences, Research Triangle Park, NC4 

We have previously shown that l7ß estradiol salvages brain from infarction 
after middle cerebral artery occlusion (MCAO) in male and female rodents. To 
determine if the classical estrogen receptor, ERα, is important in estrogen’s 
protective mechanisms, histological outcomes were examined in ERα deficient 
(ERKOα) and wild type (WT) mice of both sexes (9 per group) after 2 hr 
MCAO and 22 hr reperfusion. Infarction volumes were determined by cresyl 
violet staining and quantitative image analysis. In additional animal cohorts, 
intraischemic physiological variables were measured, including laser doppler 
flowmetry (LDF) to evaluate reduction in cortical perfusion in ischemia/ 
reperfusion. Baseline gross neuroanatomical and sensorimotor behavioral 
evaluations in ERKOα animals were normal. In females, striatal infarction was 
unchanged by ERKOα deficiency (mean ±SE): 81 ±5 in ERKOα vs 86±2 in WT 
(% ipsil striatum). Cortical infarction volume was surprisingly smaller in 
ERKOα females as compared to WT females: 36±7* vs 56±4 (% ipsilat cortex). 
The percent reduction in intraischemic LDF signal was less in ERKOα than in 
WT females. When C57B1 females were pretreated (7 days) with ER antagonist, 
ICI182780, there were no differences in ischemic LDF as compared to vehicle- 
treated females. In males, there were no differences between WT and ERKOα 
in ischemic LDF or stroke outcome. We conclude that ERα deficiency does not 
increase stroke injury in either sex. Supported by NS33668, NS2OO2O,
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ESTROGEN NEUROPROTECTION AND NEURONAL NO SYNTHASE IN RAT 
TRANSIENT FOREBRAIN ISCHEMIA (TFI). DA. PclHerino». R. Santizo. V.l, 
Bauglunan and Q. Warm, Dept. of Ancsthesiol, ư. oť Illinois-Chicago, Chicago, IL 60612.

We previously found that Üie function, expression, and/or activity of both 
Ca: -dependent nitric oxide synthase (cNOS) isoforms (i.e.. endothelial [cNOSĮ 
and neuronal ĮnNOSļ) were repressed in ovariectomized (OVX) versus OVX 
+ 17ß-cstradiol (E；)-lreated and normal female rats. Non-sclectivc inhibition of 
cNOS is associated with greater CBF reductions during both TFI and focal ische
mia. By itself, such an effect should exacerbate ischemic neuropathology. Previ
ous work has focused on the role of cNOS-. but not nNOS·. derived NO in sup
porting inlra-ischemic ccrebrovasodilation. In the present study, in rats subjected 
to TFI. we examined: l) whether intra-ischemic CBF reductions in OVX rats ex
ceeded those in normal and OVX + E2-treated rats: 2) whether those changes cor
related with post-ischemic (3 days) neuropathology; and 3) whether nNOS inhibi
tion (using ARL 17477. 1 mg/kg. iv). in normal and treated rats, exacerbated in- 
tra-ischcmic CBF reductions. Studies were performed on anesllieti/cd normal fe
male. OVX (4-6 wks) and OVX + E：-trcated (2 weeks (ā\ 100 µg/kg/day. ip) fe
males subjected to 30 min TFI (right common carotid occlusion plus hemorrhagic 
hypotension |MABP=.30 inmHg]). CBF was measured over the right cortex using 
lascr-Dopplcr flowmctry. OVX females vs normal and OVX + E；>-treated females 
displayed a significantly lower CBF during ischemia (10% vs 25-30% of baseline, 
respectively) and a diminished ncurobehavioral recovery. In the presence of 
nNOS inhibition, inưa-ischemic CBF in both the normal and OVX + E：-treatcd 
females was reduced to <10% of baseline. These results suggest that a major por
tion of the loss of intra-ischemic vasodilatory function and increased neuropathol
ogy in OVX females relates to reduced nNOS activity'. Although previous work 
indicated that reduced nNOS activity should be neuroprotectivє. one must con
sider the possibility that E2 may prevent the neurotoxic effects of nNOS-derived 
NO (e g., increased ONOO). while preserving its benefits (e g., vasodilation). 
Supported by HL56162 and the AHA.
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IMMUNOCYTOCHEM1CAL DISTRIBUTION OF ESTROGEN RECEPTOR 
BETA DOES NOT EXPLAIN ESTROG EN'S NEUROPRO TECTIVE 
EFFECT IN STROKE. B.J. Crain 2‘ . W . Hu2. R.J. T ra vs tm a n\ P.D. Hum 1. 
Depts. of Anesthesio logy/Critical Care Med1 and Pathology2, Johns Hopkins 
University, Baltimore, MD 21205.

W e have p re v iou s ly  shown that 17-ß estradiol reduces brain infarction 
after middle cerebral artery (M CA) occlusion in m ale and fem ale rodents. 
However, there are re la tively few  classical estrogen receptors (E R α) on 
neurons in the MCA vascular territory, and our recent data u tiliz ing ERα 
deficient m ice indicate that estrogen’s neuroprotectivє e ffect m ay not be 
mediated v ia  ERα. W e  therefore used a polyclona l antibody to  estrogen 
receptor-ß (ERß) (A ffin ity B ioreagents Inc.) to  label ERß in rat brain. W e 
examined 11 fem ales and 5 males (all gonadectom¡zed). Best results were 
achieved with 4%  paraform aldehyde-0.1% glutaraldehyde. Sections were 
cut on a sliding m icrotome, pretreated w ith hydrogen peroxide, and 
incubated w ith the primary antibody (T.200-1:5OO, 48 hr, 4oC). The antibody 
was visualized using a V ector E lite ABC Kit with d iam inobenzid ine  and 
nickel enhancement. Im m unolabeled ce lls  were prom inent in the  lateral 
septum and various hypothalam ic nuclei (Li et al., Neuroendocrinology 
66:63, 1997). Perinuclear staining was also found in ependym al cells, 
particularly in the  th ird  ventricle. Scattered large neurons were labeled in 
the striatum but not in the neocortex. It therefore  seem s unlikely that 
estrogen’s protective mechanism s in our model o f experim ental stroke are 
mediated through ERß receptors located on vu lnerab le  neurons in lateral 
neocortex and striatum . W hether ERß receptors at o ther neuronal or 
vascular sites mediate th is effect rem ains an im portant issue. Supported by 
NS33668, NS20020, NR03521.
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LUBELUZOLE PREVENTS AND REPAIRS THE EARLY STAGES 
OF NEURONAL PROGRAMMED CELL DEATH. K. Maiese and A. 
M. Vincent*Neurologv. Anatomy and Cell Biology, Ctгs. for Molecular Medicine 
and Toxicology, Wayne State Univ. School of Medicine, Detroit, M I 48201.

Lubeluzole, a neuroprotectivє benzothiazole agent against cerebrovascular 
disease, functions at or below the downstream signal transduction pathways of nitric 
oxide (NO). The ability of lubeluzole to prevent ischemic neuronal injury is 
dependent on a critical time period to maintain DNA integrity and prevent 
programmed cell death (PCD) (Maiese, et al. J Neurochem 68:710-14, 1997). We 
therefore examined whether lubeluzole could actively reverse rather than only prevent 
the onset of PCD. In primary hippocampal neurons, we have developed a novel, 
reversible assay which exploits the calcium-dependent affinity of annexin-V to label 
exposed phosphatidylserine residues on the surface of neurons embarking upon the 
early stages of PCD. With this method, annexin-V is conjugated to phycoerythrin, 
monitored with fluorescent light photomicroscopy, and reversibly removed with 
calcium-free buffer to monitor the early induction of PCD in individual neurons over 
time. Exposure to the NO generators SNP (ЗOOµM), SIN-1 (ЗOOµM), or NOC-9 
(ЗOOµM) alone increased annexin-V positive neurons in the population from 7+4% 
in untreated cultures to 13+4% within 1 hour, (p<0.01). A time-dependent increase 
in staining was observed 3 hrs (23+4%), 5 hrs (53+6%), 7 hrs (55±l 1%), and 24 hrs 
(61 + 12%) following NO exposure. Administration of a neuroprotectivє 
concenưation of lubeluzole (75Onm) at the time of NO exposure inhibited annexin-V 
binding and the induction of PCD over a 24 hr period. During post-treatment 
paradigms of lubeluzole (75Onm) at 2 hrs and 4 hrs following NO exposure, 
increased annexin-V binding was initially observed at 3 and 5 hrs after NO exposure, 
but staining reversed to baseline (approx. 6%) within 7 hrs, and remained at this 
level during the remaining 24 hr period. Application of lubeluzole 6 hrs after NO 
exposure did not prevent the progression of PCD. Our work is the first to 
demonstrate the ability of lubeluzole to access a "window of opportunity" for the 
repair and reversal of neurons yet to be committed to PCD.

Supported by the Alzheimer's Association, AHA (National), Janssen 
Research Foundation, NIH NINDS, and the UCP Foundation.
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ESTROGEN LIMITS 3-NITROTYROSINE EXPRESSION IN RAT TRANSIENT 
FOREBRAIN ISCHEMIA (TFI). Q, W ang*. R, Santizo, D.L. Feшstein. S. Ye, and D A. 
Pdli'grino. Dept, o f Anesthesiology. U. o f Illinois-Chicago, Chicago, IL 60612

We recently found that both neuronal and endothelial nitric oxide synthase 
(nNOS/eNOS)-mediated cerebral vasodilating function were attenuated in ovari
ectomized (OVX) rats and restored by chronic l7ß-estradiol (E：) treatment, sug
gesting an E2-related enhancement of Ca：ł-dependent NOS activity in the brain. 
Wc also have shown that E2 provides neuroprotection in TFI. However. nNOS- 
derived NO has been shown to be ncuroto.\ic. in rodent cerebral ischemia models, 
which may relate to NO reacting with *02 to form peroxynitrite (ONOO) Why 
E2 provides neuroprotection despite a capacity to upregulate nNOS may be a 
function of an E：-associatcd antioxidant action, leading to reduced *02 levels and 
a repression of pen-ischemic ONOO' production. In this study, we sought to ex
amine whether post-ischemic ONOO generation was enhanced in OVX vs nor
mal female rats. Studies were performed on anesthetized normal female and OVX 
(4-6 wks) rats subjected to 30 min TFI (80% reduction in right cortex CBF via 
right common carotid occlusion plus hemorrhagic hypotension). CBF was meas
ured using lascr-Dopplcr flowmctry Rats were sacrificed al 24h posl-TFI and 
brain sections were analyzed for 3-nitrotyrosinc (3-NT) immunorcactivity (IR). an 
indicator of ONOO production. Substantially greater 3-NT-1R was observed in 
OVX vs noπnal females in the lüppocampus and intermediate cortical layers of 
the ischemic hemisphere. These results suggest that E2 limits post-ischcnuc 
ONOO production in vulnerable brain regions. The evidence indicating lower 
ONOO production despite greater NO generating capacity might be explained by 
an ability for E2 to reduce *02 levels. Whether that relates to a direct antioxidant 
action of E2 or indirectly (e g., via increased SOD activity) remains to be deter
mined. Supported by HL56162 and the AHA.
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ESTROGEN-MEDIATED NEUROPROTECTION IS ASSOCIATED WITH HIGHER 
POSTISCHEMIC EXPRESSION OF BCL-2 mRNA IN RAT BRAIN.
N X  Alkǻveď, L,G. Sharpe.3* . S.K. McCune4, B.J. Crain2. R,J. Traystman1. P.D. Hum'. 
‘Dept. Anesthesiology; 2Dept. Pathology, Johns Hopkins Med. And łNaťl Inst, on Drug 
Abuse, Baltimore, MD, 21287; 4Dept. Neonatology, George Washington Univ. Med. Ctr., 
Washington, DC, 20010.

Female rats sustain smaller brain infarct after middle cerebral artery occlusion (MCAO) 
than males of the same age, an advantage that is lost when females are ovariectomized at 
an early age and restored by estrogen replacement. Estrogen has been shown to enhance 
anti-apoptotic bc!-2 gene expression in nonneural tissue. Since bcl-2 is expressed in brain 
and has been shown to promote neuronal cell survival, we tested the hypothesis that 
estrogen-enhanced expression of bcl-2 contributes to estrogen’s neuroprotectivє capacity 
in experimental stroke.

Under halothane anesthesia, age-matched male (M), intact female (F), ovariectomized 
female (O, 1 week prior to the experiment) and estrogen-supplemented O (E, 25-µg 
subcutaneous pellets, I week) Wistar rats were subjected to 2 hours of intraluminal 
MCAO, followed by 22 hours of reperfusion. Adjacent brain slices were either stained 
with cresyl violet for determination of infarct size or used for in-situ hybridization with 
a ЗÎS-labeled antisense bcl-2 oligonucleotide probe. Control hybridizations were 
performed with sense and 15X excess unlabeled antisense probes.

Bcl-2 signal was concentrated over cells predominantly in the ischemic penumbra. 
Layers of bcl-2 expressing cells were occasionally seen in the ipsilateral cerebral cortex. 
Autoradiographic optical density negatively correlated with infarct size and was higher 
in F and E rats compared with M and O rats both in the cerebral cortex (66 ± 17 and 57 
± 30 vs. 30 ± 14 and 26 ± 7) and striatum (38 ± 14 and 37 ± 11 vs. 22 ± 13 and 20 ± 10, 
respectively; mean±sem).

These findings suggest a role for anti-apoptotic bcl-2 gene expression in estrogen- 
mediated neuroprotection after ischemic brain injury. NS3368 and NR03521.

2 0 7 .8

PROTECTION OF MELATONIN IN NEURONAL INJURY 
INDUCED BY ISCHEMIA. K.J.YIN. X.Y.Shen*and F.Y.Sun. National 
Lab. o f  Med. Neuгobiol., Shanghai Med. Univ., Shanghai 200032.

In the present study, salicylate trapping method was used to measure 
the levels o f  hydroxyl radicals in vivo and in vitro. Cresyl violet staining 
and immunostaining were used to study neuroprotection o f melatonin 
and its mechanism in neuronal damage induced by MCAO. The result 
showed that dihydгoxybenzonic acid (DHBA) level in microdialysate 
increased after ischemia and reperfusion in vivo. Melatonin(4 mg/kg, sc) 
significantly decreased the production o f  DHBA during ischemia and 
reperfusion in vitro. In the cortical slice, melatonin dose- and time- 
dependently decreased the formation o f DHBA with inhibiting the 
release o f  LDH induced by hypoxic and deoxygenated perfusion. 
Histological data showed that cells in the ischemic penumbra areas 
appeared pyknosis, karyorrhexis and karyolysis and dramatically lose in 
the ischemic core at 24 hr reperfusion after ischemia. Melatonin 
improved ischemia-induced pathological changes and significantly 
decreased cell loss and infarct area induced by ischemia. Immuno- 
histological data showed that cerebral ischemia increased in the number 
o f  bcL positive staining cell in the survival neurons o f  penumbra areas 
without any changes o f  bax. Melatonin could further enhance the 
number o f  bcL staining cell in the ischemic rats. The results suggest that 
melatonin has protection in neuronal damage probably via decreasing the 
formation o f  hydroxyl radicals and enhancing the induction o f  bcl2.
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TETRACYCLINES REDUCE NEURONAL DAMAGE IN GLOBAL BRAIN 
ISCHEMIA BY INHIBITING M ICRO GLIAL AC TIVATIO N AND 
INFLAMMATION. R. Keinänen*. J. Yriänheikki. M. Pellikka. S. Miettinen and J. 
Koistinaho. A.I. Virtanen Institute, University o f Kuopio, Finland.

Minocycline and doxicycline belong to the tetracycline group of broad-spectrum 
antibiotics which exert biological effects independent of their antibiotic activity. 
Because antibiotics are clinically well-tolerated drugs, we studied whether tetracyclines 
provide protection against brain ischemia.

Adult male Mongolian gerbils (60-70g) were subjected to a 6-min occlusion o f both 
carotid arteries. Minocycline and doxicycline were given i.p. twice a day (20-45 
mg/kg) for 6 consecutive days. The animals were decapitated 6 days after ischemia and 
the brains processed for Cresyl violet staining, immunocytochemistry, isolectin 
binding, in situ hybridization and RNA isolation.

Minocycline treatment reduced death o f the CA1 pyramidal neurons by 78% (n=8) 
when the treatment was started 12 h prior to ischemia and by 71% (n=5) when the 
treatment was started 30 min after ischemia. The protection by doxicycline was 57% 
(n=7) and 47% (n=6), respectively. Isolectin B4 binding and phosphotyrosine 
immunostaining, markers of microglial activation, showed that minocycline prevented 
completely the ischemia-induced activation o f microglia. RT-PCR with interleukin ß 
converting enzyme (ICE) -specific primers demonstrated that minocycline reduced 
induction o f ICE, a caspase which is expressed in microglia. Induction of 
cyclooxygenase-2 mRNA was also diminished in minocycline treated animals, as 
demonstrated with in situ hybridization.

Altogether, select tetracyclines were shown to reduce microglial activation and 
inflammation and to markedly reduce ischemic neuronal damage, even when the 
treatment was started after the ischemic insult, thereby likely providing also clinically 
relevant neuroprotection, expecially in stroke.

Financially supported by Bioabsorbable Concepts Ltd and Saastamoinen Foundation.

2 0 7 .1 1

NEUROPROTECTIVE ACTION OF SUPEROXIDE D1SMUTASE MIMETICS 
(SODm) IN RAT HIPPOCAMPAL SLICES SUBJECTED TO HYPOXIC INJURY 
IN AN IN VITRO MODEL OF STROKE. T.P. Misko'*, M.K. Highkin1. W.L. 
Neumann2, D.P. Riley2. D. Salvemini', and R.K. Rader1. 'Discovery Pharmacology, 
Searle R&D; 2Monsanto Corporate Research; Monsanto, St. Louis, MO 63167.

Ischemic stroke is a neurological disorder in which current therapies provide the 
patient with incomplete and many times inadequate treatment. A large body of 
experimental evidence points to a role for free radical-mediated damage following 
the initiation of the excitatory amino acid cascade. Rescue o f nervous tissue in the 
penumbral region o f an infarct can be effected by increasing the level o f the enzyme 
superoxide dismutase (SOD), a well-documented and effective intervention in 
animal models of stroke. However, among the factors making the enzyme itself a 
less than ideal therapeutic agent, are its size and susceptibility to proteolytic 
inactivation at the site of tissue damage. We have synthesized small (approximately 
500 daltons) molecules capable o f catalyzing the dίsmutation of superoxide. We 
present evidence for the efficacy of two of our SOD mimetics (SC-65224 and SC- 
71354) in an in vitro model o f stroke. Hippocampal slices were prepared from adult 
(250-300g) Sprague-Dawley rats and were subjected to 30-45 min of hypoxia in 
artificial CSF containing 2mM glucose in the presence or the absence o f SODm. 
Quantitative analysis o f the level o f TTC staining o f living tissue 20-24h following 
the injury indicated a 50-60% reduction in tissue damage when either SOD mimetic 
was utilized prophylactically. NOS inhibitors such as L-NAME were also effective 
in this model system, a result consistent with the notion that peroxynitrite may 
mediate the oxidative damage observed. Blockade o f the NMDA receptor with the 
antagonists D-CPP and MK-801 implicated this channel in the mechanism of 
neuronal injury. In summary, pharmacological intervention with 2 different SOD 
mimetics provided significant protection against hypoxic insult in our in vitro model 
for stroke.

2 0 7 .1 3

THE SELECΉVE N-TYPE CALCIUM CHANNEL BLOCKER, ZICONOTIDE 
(SNX-111), IS NEUROPROTECTIVE IN A RAT MODEL OF TEMPORARY 
FOCAL CEREBRAL ISCHEMIA WHEN ADMINISTERED INTRAVENOUSLY 
WITH PRESSOR SUPPORT.
O. Zhao*. P. Khansari. R. Dean, C. Uveda, D. Zukerman, R.R. Luther, and S.S, 
Bowersox. Dept of Pharmacology, Neuгex Corporation, Menlo Park, CA 94025.

Intravenous administration of the selective neuronal N-type voltage-sensitive 
calcium channel blocker, ziconotide (SNX-111), is neuroprotective in animal models of 
global and focal cerebral ischemia but induces systemic hypotension by blocking 
peripheral sympathetic efferent outflow. The current investigation determined the 
neuroprotective efficacy of intravenous ziconotide when administered with a pressor 
agent to prevent systemic hypotension. Male, Wistar rats were subjected to 2 hours of 
middle cerebral artery occlusion (MCAO) using the intraluminal filament method. 
Immediately after reperfusion, each animal received a 24 hr intravenous infusion (8.25 
µlЉr) of either 0.9% saline (n=l2) or 60 µg/kg/hr ziconotide (n=l7). Systemic blood 
pressure was maintained within normal limits by infusion of 2% phenylephrine 
throughout the 24 hr ziconotide dosing period; this was supplemented during the first 
30 minutes after initiating dosing with infusions (25-100 µl/hг) of 1% phenylephrine. 
Rectal temperature was maintained at ≈37.5'C during MCAO and for 4 hrs post
reperfusion. Twenty-four hours post-reperfusion, a blood sample was taken for 
ziconotide quantitation. A ll animals were then killed by C 02 asphyxiation, and brain 
sections were stained by TTC to evaluate brain damage. Apparent steady-state 
ziconotide plasma concentrations were 89 ± 10 ng/ml. Rats receiving ziconotide had 
significantly less total ischemic damage (305 ± 34 vs. 214 ± 18 mm3; p<0.05) and less 
cerebral edema (81 ± 11 vs. 53 ± 6 mm3; p<0.05) than the saline-treated controls. 
These findings indicate that, when given intravenously with pressor support, low doses 
of ziconotide are neuroprotective in the rat intraluminal filament MCAO model of 
temporary focal ischemia. Supported by Neuгex Coгp. and Warner-Lambert Co.

2 0 7 .1 0

TETRACYCLINE DERIVATIVE MINOCYCLINE REDUCES ISCHEMIC 
DAMAGE IN THE RAT MODEL OF TRANSIENT FOCAL CEREBRAL 
ISCHEMIA. J. Yгjä∩heikki.'·2* P.H. Chan2 and J. Koistinaho'2. 'A .I.Virtanen 
Institute, University of Kuopio, P.O. Box 1627, FIN-70210 Kuopio, Finland and 
department of Neurosurgery, Stanford University School of Medicine, Palo 
Alto, CA 94304, USA.

Broad-spectrum tetracycline antibiotics have numerous effects independent of 
their anti-microbial activity including inhibition of inducible nitric oxide synthase 
(iNOS), ability to chelate extracellular Ca2+, reduction of inflammation and 
inhibitory effect on matrix metalloproteases (MMPs). Because all of these 
phenomena participate in generation of ischemic damage, we investigated 
whether minocycline has protective effects in cerebral ischemia and, if  so, what 
would be the mechanism involved.

The middle cerebral artery in rats was occluded for 90 min by intraluminal 
filament and after 3 days of reperfusion infarction volume was determined from 
2,3,5-Triphenyl-Tetrazolίum Chloride (TTC) -stained 1-mm coronal slices using 
densitometer and image analysis software. Compared to vehicle-treated group, 
cortical infarction volume was reduced by 76 % when minocycline treatment was 
initiated 12 h prior to ischemia and by 65 % when the treatment was started 30 
min after ischemia. The reduction of infarction volume in the striatum was 40 % 
and 43 %, respectively. Immunohistochemical studies with anti-CD 1 lb antibody 
suggested that at 2 days ischemia-induced microglial activation in the perifocal 
area was attenuated in minocycline-treated animals.

Minocycline is well tolerated in humans and most likely affects the late phase 
of ischemic damage. It may provide clinically relevant protection with broad 
therapeutic window in neurodegenerative diseases such as stroke.

This study was financially supported by Bioabsorbable Concepts Ltd and NIH 
grant NS 14543.
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TISSUE PENETRATING LAZAROID (PNU-101033E) PROTECTS 
AGAINST TRANSIENT GLOBAL ISCHEMIA INDUCED  
HIPPOCAMPAL DAM AGES IN RAT. M.T. Tseng1*. S.A, Chan1. 
S.Z. Guo2, and V.G. ĩver2. 'Dept, o f  Anatomical Sciences and 
Neurobiology; 2Dept. o f  Neurology, School o f  Medicine, University o f  
Louisville, Louisville, Kentucky 40292

We have previously reported that postischemic administration of 
lazaroid (U74389G) minimized the delayed neuronal damage in 
hippocampal CA1 (Tseng et a l ,  N eurol Res 19:431, 1997). Here we 
examine a newer tissue penetrating lazaroid (PNU-101033E) using the 
same protocol. Adult male Long Evens rats were subjected to a 7 min 
global ischemia via mechanically induced cardiac arrest. Five minutes 
after resuscitation rats were given a single i.p. injection o f  lazaroid (0, 
1, and 3 mg/kg body weight) and terminated 7 days later. Brains were 
immersion fixed in 10% buffered formalin and dorsal hippocampi 
were sectioned and processed for GFAP immuno-histochemistry and 
silver impregnation stain. Optical densities o f  the labeled pyramidal 
cell layer were analyzed. Small m id-C Al sections were dissected, 
plastic embedded, and processed for cell counting and electron 
microscopy. While 1 mg/kg treatment proved to be ineffective; the 3 
mg/kg dose partially restored the CA1 pyramidal cytoarchitecture 
(82.4% vs. 58.8% cell survival, lazaroid vs. saline). Our data suggest 
that PNU-101033E is an effective post-ischemic neuroprotectant. 
(Supported in part from the Alliant Community Trust Fund).

2 0 7 .1 4

THE N-TYPE CALCIUM CHANNEL BLOCKER ZICONOTIDE (SNX-111) 
IS NEUROPROTECTIVE IN A RAT MODEL OF SPINAL ISCHEMIA.
L.H. Burns* and S. Bowersox. Department of Pharmacology, Neuгex 
Corporation, Menlo Park, CA 94062.

Spinal cord ischemia as a result o f transient aortic occlusion represents a 
major complication during surgical repair o f the thoracoabdominal aorta. 
Depending on the duration and degree o f ischemia, the neurologic deficit ranges 
from a transient loss o f motor and sensory function to paraplegia. Using a rat 
model o f spinal ischemia, the present work demonstrates the neuroprotective 
effects o f i.t. administration o f the selective N-type calcium channel blocker 
ziconotide, previously shown to be potently analgesic when given i.t. The aortic 
occlusion model used here results in the loss o f small intemeurons after 8 or 9 
min. ischemic intervals and the progressive loss o f alpha motor neurons following 
10 min. aortic occlusions. Ziconotide was given by continuous i.t. infusion 24 hrs. 
before the occlusion and continuing through sacrifice at 24 hrs. after reperfusion. 
Compared to controls, ziconotide treated rats given 8 or 9 min. aortic occlusions 
showed milder motor impairments and sustained less neuronal damage as assessed 
by silverstaining and map2 immunohistochemistry. In a one-week survival 
experiment, 50% of control animals died by 3 days, while all ziconotide treated 
rats survived. In addition, motor function at one week was unchanged from 24 
hrs. in ziconotide treated rats, demonstrating long-lasting neuroprotection. 
Following 10 min. aortic occlusions, ziconotide provided mild and transient 
protection seen as significantly better motor function compared to controls at 1, 2, 
and 4 hrs. post-occlusion but no difference by 24 hrs. in either motor behavior or 
histology. Finally, a bolus dose given 30-45 min. prior to a 9 min. occlusion also 
resulted in a transient protection o f motor function lost by 24 hrs. Neuroprotection 
by ziconotide has previously been demonstrated in cerebral ischemia and is now 
demonstrated in spinal ischemia. Based on the current findings, ziconotide may 
offer both neuroprotection and preemptive analgesia for aortic aneurysm surgery.
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208.1
ANTIPSYCHOTIC-LIKE ACTIVITY OF THE MUSCARINIC AGONIST PTAC.
F.P. Bvmaster*. H.E. Shannon. N.W. DeLapp. D.O. Calliαaro. K.W. Pѳrrv. K. 
Rasmussen. J.S. W a rd .. A. Fink-Jensen. P. Olѳsѳn. T. Rasmussen. M. 
Sheardown. M. Swedberα. L. J℮dd℮s ℮п and P. Sauerberq. Lilly Research 
Laboratories, Eli Lilly and Company, Indianapolis, IN 46285, and Novo Nordisk, 
Health Care Group, Pharmaceuticals Division, Måløv, Denmark.

In recent clinical trials with A lzheimer’s disease patients, the muscarinic 
agonist xanomeline decreased psychotic-like behaviors including delusions and 
hallucinations, suggesting muscarinic agonists may have antipsychotic activity. 
Therefore, we have investigated the effects of a series of muscarinic agonists in 
animal models predictive of antipsychotic activity and report the effects of 
(5R,6R) 6-(3-propylthio-1,2,5-thiad¡azol-4-yl)-1-azabicyclo[3.2.1] octane (PTAC). 
PTAC had high affinity and selectivity for muscarinic receptor subtypes and was 
a m2/m4 partial agonist as well as an m l,  m3 and m5 antagonist. PTAC 
potently inhibited conditioned avoidance responding, but did not induce 
catalepsy suggesting low propensity to induce extrapyramidal side effects. In 
addition, PTAC inhibited dopamine (DA) agonist-induced behaviors such as 
apomorphine-induced climbing and turning behaviors in unilaterally 6-OHDA 
lesioned rats. d-Amphetam¡ne-¡nduced Fos expression in nucleus accumbens 
was inhibited by PTAC administration and in vivo release of DA was increased 
by PTAC. In electrophysiological studies, PTAC inhibited firing of mesolimb¡c 
A10 DA cells without alteration of nigrostriatal A9 DA cells after both acute and 
chronic administration. The activities of PTAC in the above models were 
blocked by a muscarinic antagonist, suggesting PTAC’s antipsychotic-like 
effects are mediated by stimulation of muscarinic receptors. These findings 
suggest that muscarinic agonists like PTAC have antipsychotic-like activity 
similar to atypical antipsychotic agents, but have low affinity for the DA and 
serotonin receptors thought to mediate the actions of atypical antipsychotic 
agents. Thus, muscarinic agonists such as PTAC may represent a new class of 
antipsychotic agents.

208.3
USE- AND CONCENTRATION-DEPENDENT POTENTIATION BY TWO 
MUTATIONS LINKED TO NOCTURNAL EPILEPSY. A. Fiel1. N, ViseshakuΓ. N. 
Shafaee1, J. Forsaveth2*, and B. N. Cohen1. 'Piv. of Biomedical Sciences, UC 
Riverside , Riverside, CA 92521; 2Neurex Corp., Menlo Park, CA 94025.

ADNFLE is a rare form of epilepsy that triggers seizures during sleep. We 
investigated the properties of two rat α4 mutations that cause ADNFLE by co-injecting 
them in Xenopus oocytes with ß2 subunits. The mutations α4S252F and α4+L264 
shared three common effects that distinguished them from wild-type α4ß2 receptors. 1) 
Use- and concentration-dependent potentiation of the ACҺ response. After 10 pulses of 
0.1 µM ACҺ 150 ms in length and spaced 5 s apart, the peak response of the two 
mutants was significantly greater than the peak response to the first ACҺ pulse. We 
attribute this effect to the relief o f closed-channel block present in the mutant channels 
but absent in the wild-type α4ß2. 2) An increased rise time at the lowest ACҺ 
concentrations. At 5 nM ACҺ, the α4+L264 took 12.4 ± 1.8 s, and at 30 nM ACҺ the 
α4S252F took 2.5 ± 0.4 s to reach the peak response. In contrast, at 15-30 nM ACҺ, the 
α4ß2 receptors needed only 0.7 ±0.1 s to reach the peak. A closed-channel block 
mechanism can also explain the delay in reaching the peak for the mutant channels. 3)
A reduction o f the potentiation caused by the addition of extracellular 2.5 mM Ca2+. At 
-50 mV, the relative increases to the 30 µM ACҺ response after the addition of 2.5 mM 
extracellular Ca2+ were 2.9 ± 0.1 for the α4ß2, 1.5 ± 0.1 for the α4S252F, and 1.7 ± 0.1 
for the α4+L264 receptors. The mechanism involved in the reduction o f Ca2+-induced 
potentiation is still unclear. In order to identify a candidate molecule as the blocking 
agent for the mutant closed channels, we conducted potentiation experiments in the 
presence of a decreased MgCl2 concentration (0.5 mM) and with the addition of 2.5 mM 
BaCl2. Potentiation was however marginally affected by these changes. We suggest 
that ADNFLE is caused by the relief of block of mutant channels, leading to use- 
dependent potentiation and synchronized neuronal firing. This work was supported by 
grants from the AHA (#96-254, 96-112) and the UCTRDRP (6KT-0208).

208.5

NMR STUDY OF VOLATILE ANESTHETIC BINDING TO 
NICOTINIC ACETYLCHOLINE RECEPTOR. P. Tang.12 T. S eto ,1 L. 
Firestone.1* Y, X u .1,2 *Dept. o f Anesthesiology and Critical Care 
Medicine, 2Dept. o f Pharmacology, Univ, o f Pittsburgh, PA 15261.

It has become increasingly clear that volatile anesthetics interact 
specifically with proteins. To date, however, the vast majority o f  
investigations at the molecular level have been indirect, inferring 
mechanisms on the basis of observed effects o f the volatile anesthetics. 
Direct binding analysis o f these agents has been largely limited to soluble 
proteins. In this study, specific interaction o f isoflurane, a clinically 
important volatile anesthetic, with nicotinic acetylcholine receptors 
(nAChR) reconstituted in 1,2-dioleoyl-s«-glycero-3-phosphocholine 
(DOPC) membranes was investigated, using 19F nuclear magnetic 
resonance spectroscopy and gas chromatography. After correcting for the 
nonspecific interaction with the surrounding lipids, the dissociation 
constant, Kd, o f isoflurane binding to nAChR is 0 .34 i  0.01 mM. This 
value is within the anesthetizing concentration range. Kinetic analysis o f  
the on- and off-rates (k+1 and k_p respectively) reveals that association is 
diffusion-limited; this is in contrast to anesthetic binding to a soluble 
proteins (bovine serum albumin), where k+1 and k_j are about two orders 
of magnitude slower. It is concluded that the presence o f lipids is critical 
for correct evaluation o f binding kinetics between volatile anesthetics and 
neuronal receptors. (Supported by grants from NIGMS: GM 35900, 
GM492O2, and GM 56257)

208.2
M ODULATIO N OF RESPIRATORY PATTERN BY 
ACETYLCHOLINE (A C l·l): POSTSYNAPTIC EFFECTS ON
preBötzinger Complex (preBötC) inspiratory neurons
MEDIATED BY MUSCARINIC M 3  RECEPTO RS. X. M. Shao* and J.
L. Feldman. Dept, of Neurobiology, UCLA, Los Angeles, CA 90095-1763 

Perturbations of acetylcholine (ACҺ) neurotransmission result in perturbations 
of respiratory pattern both in vivo and in vitro; the underlying cellular 
mechanisms are unclear. Using the medullary slice preparation from neonatal rat 
which spontaneously generates respiratory rhythm, we patch-damped inspiratory 
neurons in pгeBötC and simultaneously recorded respiratory-related motor output 
from hypoglossal nerve (XИn). Bath application of ACҺ increased the frequency 
and amplitude of rhythmic activity from XИn. Muscarine had a similar effect. 
Under 0.5 µM TTX, local application of carbachol (CCҺ, 2mM) on inspiratory 
neurons induced an inward current under voltage-clamp (-60mV) and induced 
depolarization under current-clamp. This response could be completely blocked 
by 100 µM  atropine. Bath application of ЮµM pirenzepine, lOOµM gallamine or 
ЮµM himbacine had little effect on the CCh-induced current, whereas ЮµM 4- 
Diphenylacetoxy-N-(2-chloroethyl)-piperidine hydrochloride (4-DAMP) blocked 
the current. I-V curves showed that CCҺ increased membrane conductance 
below -30 mV. Similar effects were obtained when patch electrodes contained a 
high concentration of EGTA. This effect could be blocked by substituting 
equimolar (l28mM) choline for Na+ in the bath solution. Local application of 
CCҺ also depressed a high voltage-activated (HVA) Ca2+-cuгrent. This HVA 
Ca2+ current could be facilitated by ЮµM (S)-Bay K 8644 and partially blocked 
by ЮµM nimodipine, ω-conotoxin-GVIA or ЮOµM Ni2+. Our experiments 
suggest that the postsynaptic effects o f ACҺ on inspiratory neurons are primarily 
mediated by muscarinic M3 receptors which open channels permeable to Na+ 
that are not Ca2+-dependent, and depress HVA Ca2+ channels which may 
include L type and N type channels. Supported by NIH Grant NS4O959.

208.4
NICO TINE INFLUENCES MULTIPLE EVENTS DURING CEREBELLAR 
G RANULE NEURO BLAST DEVELO PM ENT. L.A. O PA N A S H U K 1*. J.R. 
PAU LY2 and K .F .H AUSER.1 Dept, of 1Anatom y & Neurob io logy and ⅛ choo l 
o f Pharm acy, University o f Kentucky, Lexington, KY 40536.

A lthough evidence im plies that n icotin ic cholinerg ic receptors (nAChR) 
partic ipate  in ce rebellar developm ent, the  d irect effects of n icotin ic agonists 
on cerebe lla r neurogenesis and neuronal maturation have not been 
system atica lly evaluated. The presence o f ∩AChRs in the external germ inal 
cell layer (EGL) o f the cerebellum  suggests that cholinerg ic system s are 
im portant during granule neuron deve lopm ent. To test the hypothesis that 
activation o f nAChR m odulates granule neuroblast pro liferation and/or 
survival, the  effects o f nicotine treatm ent were assessed using a novel in  v itro  
m odel o f the EGL (Gao et al., 1991). T reatm ent w ith n icotine (0.5-5.0 µM) 
elicited a concentration-dependent increase in DNA content and synthesis 
between 2-3 days in  v itro , im plying an increase in cell number. Furtherm ore, 
n icotine-induced changes in DNA synthesis and abundance were prevented 
by pre treatm ent of cultures with nAChR antagonists. N icotine had no 
significant effect on cell v iability  between days 2-3 in  v itro , im plying that 
elevation in granule neuroblast DNA levels was in fluenced by increased rates 
o f cell division. However, treatm ent with nicotine (1 µM) for 7 days 
significantly enhanced EGL neuroblast survival. N icotin ic receptor subtype 
expression in the cerebellum  was investigated on adjacent sections taken 
from  postnatal day 5 (P5) m ice using quantita tive  autoradiography. The EGL 
was intensely labeled by [¾ ]-epibat¡d¡ne but v irtua lly devoid of LH]-A8538O 
binding, suggesting that αЗ ∩AChRs are present in granu le  neuroblasts. This 
study provides the first evidence that nAChR activation mediates 
deve lopm ent o f prim ary neuroblasts and suggests tha t nicotine exposure may 
im pact cerebe lla r neurogenesis during the early period. Supported by NIH NS 
10007 (LAO), DA 08443 (JRP), and DA 06204 (KFH).

208.6
FOLDING, ASSEMBLY AND INTRACELLULAR TRAFFICKING 
OF NEURONAL NICOTINIC ACETYLCHOLINE RECEPTORS 
EXAMINED IN VARIETY OF HOST CELL TYPES
N. S. M illard E, R. Baker. S. T. Cooper. P. C, Harkness. S, J, 
Lansdell. and ĩ. J. Parsons
W ellcom e Laboratory o f  M olecular Pharm acology, Department o f  
Pharmacology, University C ollege London, Gower Street, London, 
W C 1E 6B T , UK.

The folding, subunit assem bly and intracellular trafficking o f  
cloned neuronal nicotinic acetylcholine receptor (nAChR) subunits has 
been examined by their expression in a variety o f  cell types. Cell types 
examined include established neuronal and non-neuronal cell lines and 
also micro-injected primary neuronal and polarized epithelial cells. We 
have em ployed techniques such as im m unofluorescent confocal 
microscopy, immunoprecipitation (with conformationally-sensitive and 
-insensitive m onoclonal antibodies), sucrose gradient centrifugation, 
radioligand binding and intracellular calcium measurement to examine a 
variety o f  hetero-oligom eric and hom o-oligom eric neuronal nAChR  
subunit combinations. Several artificial subunit chimeras have also been 
examined. Our results have led us to conclude that the folding, subunit 
assembly, intracellular trafficking and also the functional properties o f  
neuronal пACҺRs can be influenced dramatically by the nature o f  the 
host cell type. (Supported by the W ellcom e Trust).
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NICOTINE STIMULATES EXPRESSION OF TRANSTHYRETIN IN 
RAT BRAIN. Ming D. L i* ,  Shannon G. Matta, Justin K. Kane, and Burt M. 
Sharp. Endocrine-Neuroscience Research Laboratories, Minneapolis Medical 
Research Foundation, and Departments o f Medicine, Hennepin County 
Medical Center and University o f Minnesota, Minneapolis, M N 55404

Epidemiological studies suggest that a negative correlation exists 
between cigarette smoking and Alzheimer’s disease (AD). The mechanism 
underlying this inverse association is unknown. One o f the central events in 
the pathogenesis o f A D  results from the deposition o f insoluble amyloid ß 
protein (Aß) fib rils  in the brain and cerebrovasculature. Studies in vitro have 
shown that transthyretin (TTR, a CSF protein) binds to Aß protein and retards 
amyloid formation. Case-control studies indicate that CSF-TTR 
concentrations are reduced significantly in A D  patients compared to age- 
matched healthy controls. Using differential display polymerase chain 
reaction (DD-PCR) technique, we have found that TTR m RNA is more 
abundantly expressed in the brainstem and hippocampus o f rats self- 
administering (SA) nicotine compared to yoked saline controls. Subsequent 
semi-quantitative RT-PCR analyses demonstrated that TTR mRNA in the 
brainstem and hippocampus increased linearly from days 3 to 20 o f nicotine 
(0.03 mg/kg/injection) SA; sim ilarly, nicotine at a dose o f 0.4-1.2 
mg/kg/injection (5 times/day) ip was effective. Immunohistochemistry 
illustrated that TTR is also more abundant, as expected, in the choroid plexus 
o f nicotine injected rats. In summary, our data suggest that nicotine may 
retard amyloid deposition by increasing brain-specific TTR synthesis. 
Therefore, selective nicotinic agonists may serve as therapeutic agents in early 
onset A D  (Supported by DA-03977).
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WITHDRAWAL FROM CHRONIC NICOTINE EXPOSURE PRODUCED AN 
INCREASE IN PREPROENKEPHALIN A mRNA IN RAT BRAIN. R. Dasgupta 
and A.A. Houdi‘ . College of Pharmacy and THRI, University of Kentucky, 
Lexington, KY 40546.

Although the effect of nicotine on brain neurotransmitters and behavior has been 
studied, the mechanism by which nicotine contributes to tobacco use remains unclear. 
One transmitter that may relate to long-term nicotine use and its withdrawal is 
enkephalin, a 5-amino acid opioid peptide derived from the proenkephalin A family. 
We previously demonstrated that acute nicotine increased synthesis and release ď  
Met-enkephalin in selected brain regions. We also showed thąt treatment with acute 
nicotine (0.6 mg/kg, subcutaneously) produced a significant increase in 
preproenkephalin A mRNA (PPE mRNA) in striatum and hippocampus among other 
brain sites. In addition, chronic treatment with nicotine caused a significant decrease 
in PPE mRNA in striatum and hippocampus. In the present studies, the expression ď  
enkephalins was examined in rat brain following precipitated withdrawal with the 
nicotinic antagonist, mecamylamine and the opioid receptor antagonist, naltrexone in 
nicotine-dependent rats using northern blot analysis. Chronic treatment with nicotine 
(0.6 mg/kg, subcutaneously, twice a day for 14 days) produced a significant decrease 
in PPE mRNA in striatum ( 44%) and hippocampus ( 45%) compared to saline 
treated rats 2 hr after the last injection. Treatment with mecamylamine (2 mg/kg) or 
naltrexone (2 mg/kg) 2 hr following the last nicotine injection produced a significant 
increase in PPE mRNA by 300% and 400-500% respectively in both striatum and 
hippocampus. Administration of mecamylamine or naltrexone did not produce 
changes in PPE mRNA level in saline treated rats. These data strongly indicate that 
brain opioid system(s) are involved in mediating nicotinic responses and its 
withdrawal in brain regions associated with reward and memory. This may have 
clinical implications in treating nicotine addiction. Further studies are needed to 
determine the time course of the withdrawal effect of these antagonists and the dose ď  
nicotine administered chronically on the PPE mRNA expression in specific brain 
sites. Supported by KTRB.
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ESSENTIAL ROLE OF ACETYLCHOLINE RECEPTOR γ-SUBUNIT EXPRES- 
SION IN FETAL NEUROMUSCULAR DEVELOPMENT. M.Takahashi> . T  
Kubo^ A. Mizoguchi3. K. Endo4 and K. Ohnishi4. department of Medical Chem- 
istry,3Department of Anatomy and Department of Physiology, Kyoto University 
Faculty o f Medicine, Yoshida-Konoe, Sakyo, Kyoto 606-8501, Japan; ⅜4ational 
Institute of Bioscience and Human-Technology, AIST, M IΉ , 1-1 Higashi, Tsukuba 
305-8566, Japan.

The muscle type nicotinic acetylcholine receptor (ACҺR) is a well-characterized 
ligand-gated ion channel which opens its channel in response to quantal packets of 
acetylcholine (ACҺ) released from the nerve ending at the neuromuscular junction. 
In mammals, AChRs consist o f 5 different subunits, α, ß, γ, δ and ε, and are as
sembled in two forms: α2ßγδ (γ-AChR) or α_,ßεδ (ε-AChR). γ-AChRs have a lower 
39-pS conductance and longer 10.4-ms opening time compared to ε-AChRs which 
have 59-pS conductance and 5.3-ms duration. The γ-subunit is used during fetal 
period and only after denervation in adults, γ-AChRs are reported to be suitable for 
spontaneous contractile activity during fetal development. The γ-subunit of the fetal 
form ACҺR is replaced by the ε-subunit shortly after birth (γ/ε-switch).

Despite the knowledge of these molecules, the physiological role of die γ/ε-switch 
is disputed, yet. To elucidate the role, γ-subunit gene deficient mice were generated. 
Heterozygotes appeared to be normal. Homozygotes were bom alive, but severely 
disabled. They showed weak respiration and a problem of suckling and were unable 
to survive more than two days in the normal condition. Slight movements were 
observed in the forelimbs, but none in the hindlimbs. Obviously, the absence of the 
γ-subunit expression is not compensated for by the other subunits. AChRs are barely 
stained at the intercostaľmuscle, but weakly at the diaphragm with rhodamine- 
labeled α-bungarotoxin. AChRs were clustered, but synaptogenesis was defective 
and skeletal muscles were hypotrophic. Anti-neuronal antibody stainings showed 
motor nerve endings reached to the ACҺR clusters, but they sprouted many branches. 
Markedly reduced elecưical activity of spontaneous action potentials and the ex- 
tгapyramidal system in the hindlimb was shown, suggesting that the former activity, 
which is caused by the miniature end-plate potentials, is related to the circuit forma
tion of the extrapyramidal system during fetal development. Therefore, the γ-sub
unit expression is essential for the neuromuscular development.
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THE ROLE OF ALPHA; HOMOMERIC RECEPTOR STIMULATION IN THE 
UPREGULATION OF THE BRAIN HIGH-AFFINITY NICOTINIC RECEPTOR. I  
Auta*. P. Longone. A. Guidotti. E. Costa. The Psychiatric Institute, Dept, of 
Psychiatry, UIC, Chicago, IL 60612.

Repeated administration o f nicotine and other nicotinic receptor ligands, which 
act on both high and low affinity nicotinic acetylcholine receptors (nAChRs), is 
known to increase the expression density o f high affinity nAChR in vivo and in vitro. 
However, a few studies have also reported on the effect of nicotinic receptor agonist 
treatment on low affinity nAChR.

In the present study, we measured the content of α4, ß2, and α7 nAChR subunit 
mRNA expression using quantitative RT-PCR with mutated internal standards in the 
hippocampus o f rats receiving either long-term nicotine treatment (Зmg/kg twice 
daily for 10 days) or vehicle, and found that long-term nicotine treatment fails to 
increase either o⅛ or ß2 subunit mRNA expression. In contrast, this treatment 
decreases α7 subunit mRNA expression by 25-30% (p<0.05). Western blot analysis 
of the same brain samples shows a comparable decrease of α7 subunit expression. 
Lobeline is a high affinity ligand of nicotinic receptors that do not include α7 subunit 
in their assembly. A lobeline treatment (Зmg/kg twice daily for 10 days) failed to 
change the expression of these subunits. Using Ή-epibatidine binding displacement 
with specific ligands for high-affinity (lobeline) and low affinity (methylylcaconitine 
[MLA] and α-bungarotoxin) nAChR sites, we compared the expression density of 
these two sites after protracted nicotine and lobeline treatment. We found that long
term nicotine treatment increases the density of the low affinity-binding site, and it 
also reduces the density of the low affinity site by about 25% in the hippocampus. 
These data suggest an important role that not only ß2 but also α7may have in 
mediating the increase of high affinity nAChR density elicited by protracted nicotine 
treatment.
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CHOLINERGIC INPUT TO BIPOLAR CELL AXON TERMINALS IN THE 
MACAQUE RETINA. E. S. Yamada*14, K. T. Keyser2, N. Dimitrieva2, J. M. 
Lindstrom3 and D. W. Marshak1. 'Dept, o f Neurobiology &  Anatomy, Univ. Texas 
Medical School, Houston, TX 77030; 2Vision Sciences Research Center, Univ. 
Alabama, Birmingham, AL 35294; 3Univ. Pennsylvania Inst, for Neurological 
Sciences, Philadelphia, PA 19104, Dept, de Fisiologia, Univ. Fed. Pará, Belém, 
Brazil 66075.

In the brain, many of the excitatory effects of acetylcholine (ACҺ) are thought to be 
mediated by nicotinic receptors located on presynaptic terminals. The goal of these 
experiments was to determine whether this mechanism also operates in the macaque 
retina. We labeled cholinergic cells of the subtype having perikarya in the ganglion cell 
layer and ramifying in the ON sublamina of the inner plexiform layer using antibodies to 
choline acetyltransferase (CҺAT). We analyzed their synaptic connections in serial, 
ultrathin sections, and we found, as in previous studies, that ganglion cells (52.5%) and 
amacrine cells (37.5%) were the major recipients of the CҺAT-IR synapses. We also 
found that 10% of the outputs from CҺAT-IR processes were onto bipolar cell axon 
terminals. These contacts were never reciprocal synapses; the bipolar cell processes that 
received input from CҺAT-IR cells always made synapses onto ganglion cells or 
unlabeled amacrine cells. We also used a monoclonal antibody (mAb2Ю) that recognizes 
human αЗ and/or α5-containing nicotinic ACҺ receptors. In frozen sections of macaque 
retina, the majority of the mAb210-labeled perikarya were amacrine cells and ganglion 
cells, and there was also a sparse population of labeled bipolar cell perikarya. One 
interpretation for these findings is that ganglion cells and amacrine cells can be excited by 
ACҺ directly or through cholinergic stimulation of glutamate release from the bipolar cell 
axons. CҺAT-ĨR cells also contain GABA, however, and it is possible that the cholinergic 
cells release GABA at their synapses onto the bipolar cells. To the best of our knowledge, 
this is the first electron microscopic evidence for cholinergic synapses onto axon terminals 
in the central nervous system. Supported by the Pew Latin American Fellows Program 
P0199SC, CNPq 200647/96-2, EYO6472, EYO7845 and NS 11323.

2 0 8 .1 2

COMPARISON OF THE NICO TINIC RECEPTOR SUBUNIT m RNA 
LEVELS IN HUMAN BRAIN FROM NORMAL AND PATIENTS 
W ITH ALZHEIM ER 'S DISEASE. A. Nordberg*. E. Hellström-Lindahl. M. 
Mousavi and X. Zhang. Department of Clinical Neuroscience and Family Medicine, 
Division of Molecular Neuropharmacology, Karolinska Institute, Huddinge hospital, 
B84, S-141 86 Huddinge, Sweden.

The distribution and subunit composition of the various subtypes of the nicotinic 
acetylcholine receptors (nAChRs) in human brain is still unclear. A consistent 
decrease in the number of nAChRs in cortical regions and hippocampus has been 
reported in brains from patients with Alzheimer's disease (AD). In this study the 
regional expression of mRNA for the nAChR subunits αЗ, α4 and α7 was examined 
in postmortem brain tissue from controls and Alzheimer patients by using 
quantitative RT-PCR. Quantification of the nAChR gene transcripts in frontal, 
temporal and parital cortex, hippocampus and cerebellum from control brains showed 
that expression of αЗ was highest in parital cortex, frontal cortex and hippocampus, 
and significantly lower in temporal cortex and cerebellum. The highest level of α4 
mRNA was found in temporal cortex and cerebellum, whereas α7 was almost equally 
distributed in all regions except for hippocampus where it was less abundant. In 
comparison with AD brains, no differences in expression of αЗ and α4 in temporal 
cortex, hippocampus and cerebellum was found. The level of α7 mRNA was 
significantly higher in hippocampus of AD brains. Specific binding of ⅜-epibatidine 
and ⅜-nicotine m temporal cortex and ł 2í>I-α-bungarotoxίn įn hippocampus was 
significantly decreased in AD patients compared to controls. The results show that a 
regional distribution of the expression of the different nAChRs subunits exist in 
human brain. The unchanged mRNA levels for αЗ, α4 and α7 in AD brains (with the 
exception for α7 in hippocampus) suggests that the loss of nAChRs observed in AD 
patients cannot be attributed to alternations at the transcriptional level of the genes and 
that causes have to be searched for at the translational and/or posttranslational level. 
Supported by the Swedish Medical Research Council (no 05817).
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SPLICE-VARIANT FORMS OF THE ACETYLCHOLINE RECEPTOR 
GAMMA SUBU N IT ARE PRESENT IN SKELETAL MUSCLE AT 
EARLY DEVELOPMENT. A. Villarroel*  Dept, o f Physiology & 
Biophysics, Dalhousie University, Halifax, N ova Scotia BЗH 4H 7, 
Canada.

The fetal type acetylcholine receptor, composed o f the α ß γδ  subunits, 
remains at the endplate during the first two w eeks o f muscle 
development. Single-channel acetylcholine (ACҺ) receptor currents 
recorded at the endplate region o f muscle fibres, dissociated from rats 
between P0-P14 postnatal stage, showed a highly variable main kinetic 
component in the interval between 5-15 ms. To investigate the origin of 
this kinetic variability, we isolated total RNA from muscle and used 
reverse-transcriptase PCR to amplify the region encoding for the N - 
terminus of the γ-subunit. PCR using nested primers exposed three 
mRNA forms, of which the largest one was consistent with the published 
sequence. After cloning each o f these forms, w e determined restriction 
sites specific for particular regions o f  the 5 ’-end. Restriction analysis of 
the two smaller forms indicated that a region within exon-5 was missing 
in one, and the complete exon-4 was missing in both mRNA forms. 
Sequencing o f seven clones confirmed this interpretation. These results 
demonstrate that alternative splicing o f the RNA encoding for the γ- 
subunit generates several molecular forms, some o f which could 
contribute to the channel diversity observed in mammalian skeletal 
muscle during early development.
Supported by the Medical Research Council of Canada, G rant M T-14457
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SACCADE-RELATED ACTIVITY OF NEURONS IN THE SUPERIOR 
PARIETAL LOBULE OF MACAQUE MONKEY. S. Squatгito1*. M.G. Maioli2.
B.G. Samolskv-Dekel2 and M. Raffi2. `Dept. o f Physiology and Pathology, University 
of Trieste, 1-34127 Trieste, Italy; 2Dept. o f Human and General Physiology, 
University o f Bologna, 1-40127 Bologna, Italy.

Neurons in the superior parietal lobule (SPL) discharge during complex, visually 
guided, hand reaching tasks; suggesting they can contribute to the programming o f 
visually guided movements by carrying different combinations of retinal, oculomotor 
and somatomotor signals. The goal o f this research was to assess in detail the 
oculomotor specificity o f SPL neurons, by studying their tuning properties to direction 
and amplitude o f saccadic eye movements toward visual targets. One M. fascicularis 
was trained to fixate a visual target displayed in the center of a monitor screen and to 
follow it, by a saccadic eye movement, when it suddenly jumped to peripheral points 
at different radial positions and eccentricities, and stayed there several seconds. Then, 
the extracellular unit discharge was recorded from neurons in the crown and banks o f 
SPL, during the oculomotor task. It was found that a lot o f cells in SPL tuned to both 
the direction and amplitude o f eye displacement. The bandwidth o f direction tuning 
curves was usually about 45°. Firing modulation was mainly post-saccadic, with 
delays averaging about 100 ms. Only in few instances the discharge began at or 
immediately before the saccade onset. The discharge, following the saccades, was 
most often transient (meanly lasting about 350 ms); in the other cases it was sustained 
for the entire fixation period, or transient-tonic. Most o f saccade-related neurons did 
not show visual responsiveness. We conclude that many SPL cells are suited to signal 
eccentricity and amplitude o f eye saccades made toward a target in a somatosensory- 
like fashion. These signals do not seem to be involved in the programming o f rapid 
eye movements, but rather they might contribute to the recognition o f the target 
position. These results emphasize the role o f extraretinal oculomotor signals, within 
SPL, in the spatial orientation and preparation of hand movements toward targets. 
Research supported by Italian Dept o f University and Scientific Research (MURST).

Expected Reward Modulates Choice Behavior and LIP Neuronal Activity. Michael L. 
Platt* and Paul W. Glimcher. Center for Neural Science, New York University; New 
York, NY 10003.

Single neurons in area LIP were recorded from 3 head-fixed monkeys in two exper
iments designed to probe the representation of expected reward in parietal cortex and 
its influence on choice behavior. In Exp. 1, the activity of single LIP neurons was re
corded while animals performed cued saccade trials, in which the color of a fixation 
LED instructed subjects to align gaze with either the upper or lower of two eccentric 
LEDs. One LED was positioned inside, and the other outside, the neuronal response 
field. The amount of juice delivered for a cued movement into the response field was 
varied across blocks of trials. On trials matched for movement direction, the firing rates 
of many LIP neurons were significantly correlated with expected reward before the 
saccadic goal was identified. In Exp. 2, animals performed saccadic choice trials, 
which were identical to cued saccade trials except that no instruction was provided and 
animals were rewarded for shifting gaze to either of the eccentric LEDs. The amount 
of juice delivered for a movement aligning gaze with each eccentric LED was varied 
systematically across trials. Our behavioral observations indicated that choice behavior 
was consistent with Hermstein’s (1961) Matching Law: the proportion of trials on 
which monkeys shifted gaze to the LED inside the neuronal response field was a linear 
function of the proportion of total juice expected from these movements. Our physio
logical data indicated that, on trials matched for movement amplitude, velocity, and la
tency, LIP neuronal firing rate was modulated by the proportion of total juice reward 
delivered for movements directed into the neuronal response field. For all movements 
directed into the neuronal response field, firing rate was a function of expected reward, 
whereas movement amplitude, velocity, and latency were not. For 22 LIP neurons, ex
pected reward modulated firing rate, on average, by about 50%. Nearly 80% (17/22) of 
these neurons showed significant modulations in activation as a function of expected 
reward at some point during the trial. Supported by EY06595-01 and EY10536-02.
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SƯPRAMODAL STIMULUS RESPONSES IN MACAQUE AREA LIP 
J. F. Linden*, A. Grünewald fe R. A. Andersen. Division of Biology and 
Computation &  Neural Systems, Caltech 216-76, Pasadena, CA 91125, USA.

Neurons in macaque lateral intraparietal area (LIP) respond to auditory stim
uli after auditory-sacċade training and in the context of an auditory-saccade task. 
Do these responses reflect the supramodal oculomotor significance of the audi
tory stimulus, rather than its sensory modality? We recorded from 160 LIP 
neurons in two monkeys while the animals performed two tasks. In the memory- 
saccade (M) task, the monkey fixated a central light during presentation of an 
auditory or visual stimulus. The monkey maintained fixation during a delay un
til the fixation light disappeared, and then made a saccade to the remembered 
stimulus location. In the fixation (F) task, the monkey also fixated a central 
light during stimulus presentation and the subsequent delay period, but after 
fixation light offset the animal held fixation in darkness. In both tasks, over 70% 
of cells w ith auditory stimulus responses (spatially tuned activity during audi
tory stimulus presentation) also had visual stimulus responses (29/40 cells in M 
task, 14/20 cells in F task); this percentage was significantly higher than would 
be expected if  auditory and visual responses were independent (binomial test, 
p < 0.05). Neurons w ith auditory stimulus responses in the M task were also 
significantly more likely to have delay- and/or saccade-related activity than cells 
with exclusively visual stimulus responses (auditory cells: 27/40 =  68% active 
during delay, 27/40 =  68% active during saccade; exclusively visual cells: 20/58 
=  34% active during delay, 27/58 =  47% active during saccade). Moreover, cells 
with both auditory and visual stimulus responses in the M task were much more 
likely to lose their auditory responses in the F task (22/29 cells) than to lose 
their visual responses (5/29 cells). Our results suggest that auditory responses 
in LIP reflect the significance of the stimulus as a potential saccade target, and 
are best interpreted as supramodal stimulus responses.

Supported by NIH, HHMI, McDonnell-Pew, and the Sloan Foundation.
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NEURAL NETWORK MODEL OF THE FRONTAL EYE FIELD CAPABLE OF 
VISUALLY-GUIDED AND MEMORY-GUIDED SACCADES. C. J. Bruce*. 
Section o f Neurobiology, Yale Univ. Sch. Med., New Haven, CT 06520-8001.

Recordings of single neurons in the macaque frontal eye field (FEF) have revealed 
several types of functional neural activity there: phasic and tonic visual responses with 
large peripheral receptive fields, “on” and “o ff ’ visual responses to foveated stimuli, 
presaccadic bursts preceding saccades into a large movement field, and post-saccadic 
activity and inhibition, also with large movement fields. Based on these types of 
activities and their typical spatial selectivities, latencies, and temporal patterns, neural 
network models of FEF were explored. Inputs represented FEF visual activity 
(peripheral and foveal) in response to visual task events and post-saccadic corollary 
discharges following saccadic events. These inputs went to a randomly connected 2- 
layer Elman network. The network was trained using L-M backpropagation with the 
goal of having output neurons for different optimal directions with bursts that 
mimicked FEF presaccadic movement activity. Three paradigms were intermingled 
during training: visually guided saccades to a single target step, visually guided 
saccades to an omnipresent target following a delay period, and memory-guided 
saccades made when a brief target was followed by a delay period. Delay and target 
durations and target locations were varied over large ranges. The network performed 
satisfactorily with a finite set of target locations, but had difficulty with continuous 
variation of target location. After asymptotic learning for a given set of inputs and 
number of hidden neurons, PSTs aligned on task events and saccades were made for 
output and hidden layer neurons. A variety of hidden neuron types were revealed; some 
resembled FEF visuomovement cells and some showed delay period activity in the 
memory-saccade paradigm. Network performance was further tested with, gap, overlap, 
and double-step paradigms. Supported by PHS grants EY04740 &  MH44866.
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209.5
SPATIAL MEMORY IN MONKEY FRONTAL EYE FIELD: INTRATRIAL AND 
INTERTRIAL RESPONSES. M,M. Umeno and M.E. Goldberg* Laboratory of 
Sensorimotor Research, NEI, NIH, Bethesđa, MD 20892.

Visual neurons in the lateral intraparietal area (LIP), the frontal eye field (FEF) and 
the superior colliculus (SC) of the Rhesus monkey exhibit predictive responses: they 
discharge before saccades that will bring the spatial location of a visual stimulus into 
their receptive fields (RF). Neurons in LIP and SC without predictive visual responses 
often discharge ;ɗter saccades that bring the spatial locations of behaviorally irrelevant 
remembered visual stimuli into their RF, even though those stimuli do not appear in 
the RF as determined in a fixation task. In this study we sought to determine if  
neurons in the FEF also had such spatially accurate memory responses. We recorded 
the responses of visual, visuomovement, and movement presaccadic neurons while the 
monkeys performed saccades that brought the location of recently extinguished stimuli 
into the neurons’ RF (flashed-stimulus trials). Visual and visuomovement cells 
without predictive responses responded after the saccade in flashed-stimulus trials, 
even though there were no visual stimuli present and the saccade vectors were not in 
the cells’ RF. Movement neurons did not have such responses. We interpreted these 
postsaccadic responses as intratrial spatial memory responses. The test saccade was 
always in a location not associated with neuronal discharge when the cells were first 
studied. However, after a stimulus had been positioned so that the saccade brought its 
spatial location into the receptive field on a number of trials, some visual and 
visuomovement cells responded after the saccade during trials in which the stimulus 
had not been present at all (no-stimulus trials). We interpreted this as an intertrial 
memory response, in which the cell retains the memory of a stimulus’ vector across 
trials. The intertrial memory response gradually waned during long blocks of no
stimulus trials. This mechanism enables the oculomotor system to generate accurate 
saccades to the spatial location of remembered visual targets without requiring an 
explicit calculation of target position in supгaretinal coordinates. Supported by the 
National Eye Institute.

209.7
PROPERTIES OF MACAQUE FRONTAL EYE FIELD NEURONS DRIVEN 
ORTHODROMIC ALLY FROM THE SUPERIOR COLLICULUS. M. A. Sommer* &
R. H. Wurtz. Lab. of Sensorimotor Research, N.E.I, N.I.H., Bethesđa, MD 20892.

The frontal eye field (FEF) and the superior colliculus (SC) are important, inter
connected structures in the saccadic eye movement system. Functional properties of 
the projection from FEF to SC were studied previously (Segraves &  Goldberg, 1987). 
We investigated the functional properties of the connection from SC to FEF (e.g. via 
thalamus, Lynch et ał., 1994). We recorded FEF neurons while electrically stimulating 
the intermediate layers of ipsilateral SC using single biphasic pulses (<600 µA). Many 
FEF neurons (n=56) were driven by SC stimulation but failed the collision test for 
antidromic activation. These neurons, in contrast to antidromically driven neurons 
(n= l5 l), had longer refractory periods (mean 5.4 ± SD 7.3 ms vs. 0.8 ± 0.6 ms) and 
response latencies that were longer (2.9 ± 1.6 ms vs. 2.2 ± 1.5 ms; minima 1.2 vs. 0.7 
ms) and more variable (0.7 ± 0.7 ms vs. <0.1 ms). A ll of this indicates that these FEF 
neurons were driven orthodromically from the SC. Every one of the orthodromically 
driven neurons discharged in response to peripheral visual stimulation, but only half of 
the antidromically driven neurons did. In both the ortho- and antidromically driven 
samples, about half of the neurons discharged before or during saccades. Most of the 
orthodromically driven saccade-related neurons (83%) fired more vigorously i f  a 
saccade was made to a present, rather than remembered, visual target. This bias 
occurred in only 46% of the antidromically driven saccade-related neurons. In 
conclusion, we have characterized FEF neurons that receive SC input. The pathway 
from SC to FEF predominantly carries visual responses and signals related to making 
saccades to visual targets; in contrast, the projection from FEF to SC carries fewer 
visual signals and more signals related to making saccades to remembered targets. 
This functional asymmetry, in which visually-depenđent signals tend to flow up (SC to 
FEF) and memory-related signals tend to flow down (FEF to SC), supports the 
hypothesis that FEF makes an important contribution to the generation of saccades to 
remembered visual targets (Sommer &  Tehovnik, 1997). Supported by the N.E.Ĭ.

209.9
FUNCTIONAL INTERACTIONS BETWEEN THE 
SUPPLEMENTARY AND FRONTAL EYE FIELDS IN MONKEY.
S. Sadeghpour, J. Schlag*. M . Schlag-Rev. A. Mohempour and A. 
Dorfman. Brain Research Institute, Department o f Neurobiology, UC LA, 
Los Angeles, CA 90095-1763.

What are the mechanisms that turn cortical centers into a network that 
obeys one structure according to its specialization? For instance, in the 
generation o f a voluntary saccade away from a visual stimulus (as in the anti- 
saccade task), how is the generation o f the visually-triggered saccade towards 
the stimulus overridden? To study the mechanisms o f modular control involved 
in the generation o f voluntary saccades, we have recorded from visual and 
visuomovement cells o f the frontal eye field (FEF) in trained monkeys while 
electrically stimulating the ipsilateral supplementary eye field (SEF) (30 pulses,
0.2ms, 250 Hz, <50 uA). The receptive fields and movement fields o f the cells 
at, respectively, the recording and stimulation sites were first determined. Our 
results show that regardless o f the similarity or dissimilarity o f the two 
preferred vectors, the visual responses o f the FEF cells were inhibited by SEF 
stimulation. The inhibition started as early as 50 ms and lasted for more than 
250 ms from the onset of stimulation. The present results provide an 
explanation for recent findings that show an increase in firing o f SEF cells 
preceding the generation o f voluntary movements that are in conflict with 
visually-triggered saccades (Schlag-Rey et al., Nature 1997). Namely, that the 
SEF activity prior to internally generated saccades “ blinds”  the FEF visual 
system and in such a way diminishes its drive in the generation o f visually- 
triggered saccades. We suggest that this mechanism might be a general 
principle by which motor structures across the brain control each other.

(Supported by USPHS grants EY05879 and EYO23O5)

209.6
INDEPENDENCE OF VISUAL AND MOVEMENT RESPONSE FIELDS OF 
VISUOMOVEMENT CELLS IN MONKEY FRONTAL EYE FIELD. H. R. 
Friedman*, D. D. Burman. D. Shi, and C. J. Bruce. Section of Neurobiology, Yale 
Univ. Sch. Med., New Haven, CT 06520-8001.

The Frontal Eye Field (FEF), together with the superior colliculus (SC), is critical 
for making accurate, purposive saccades to visual targets. In the SC, movement fields 
of visuomovement (VM) cells are in spatial register with their visual receptive fields, 
indeed the overall map of the contralateral visual hemifielđ in the superficial lamina of 
the SC is congruent with the saccade map directly below. Although FEF has a less 
clear overall topography, VM cells there also generally seem to have spatially 
congruent visual and movement fields. However, spatial congruence is not always the 
case for VM cells in FEF in that we find a subset of these cells have movement fields 
that are clearly spatially disparate from their visual receptive field direction. Spatial 
congruence was assessed for cells whose visual and movement activities had been 
mapped across a multidirectional array, or in at least 2 opposing spatial positions, 
using paradigms that temporally separate visual from movement responses, such as 
the memory-saccade task. 127 VM cells from 3 monkeys met this criteria and over 
10% of these had incongruent visual and movement response fields, with the 
directions of the optimal visual and movement responses differing by 45° or more. In 
a few cells, VM incongruence reflected an inhibitory visual response overlapping the 
movement field. These data underscore the independence of visual and movement 
activity in FEF. Such independence may enable FEF to issue movement activity not 
aligned with visual inputs, as required in anti-saccade and double-step saccade tasks. 
Supported by PHS grants EY04740 & MH44866.

209.8
ROLE OF M O N K E Y  FR O N TAL EYE F IE LD  IN  AN TIS  ACC ADES.
M . Schlae-Rev*. N. Amador. J. Schlag &  A. M ohem pour. Dept, o f 
Neurobiology and Brain Research Institute, U C LA , Los Angeles, CA. 
90095-1763

We studied neuronal activ ity  in the Frontal eye fie ld  (FEF) o f 2 
monkeys perform ing immediate and delayed prosaccades (PS) and 
antisaccades (AS) in the same 4 test conditions as previously used to 
study Supplementary eye fie ld  (SEF) activ ity, i.e. w ith  the stimulus 
presented at the center o f the receptive fie ld  or opposite to it, and a 
saccade goal w ith in  or opposite to the movement fie ld. The instruction 
to make AS or PS was conveyed on each tria l by a small square or a 
dot appearing as the in itia l fixa tion  point. M icroelectrode tracks were 
confined to the low threshold stimulation region o f the FEF.

The discharges aligned on saccade onset were most often lower ( i f  
not absent) fo r AS in the preferred direction than fo r PS having the 
same trajectories. In many visuomovement cells fir in g  v igorously 
before and throughout PS, the movement-related discharge on AS 
tria ls - clearly dissociated from  the visual discharge - was to ta lly  
absent. As visuomovement cells constitute a major output o f the FEF 
to the oculomotor saccade generator, these results suggest that the role 
o f the FEF is less prominent fo r AS than fo r PS production.

Visual discharges, by contrast, often were in itia lly  sim ilar on AS and 
PS trials when the target was in the receptive fie ld . However, even 
when the peak discharge was higher fo r AS than fo r PS, the AS visual 
activ ity started to decline sharply before saccade onset (at about 120 
ms o f the onset o f a 50ms flash) w hile the PS visual activ ity was still 
increasing. This appears to be the consequence o f an in h ib ition  
possibly coming from  the SEF known to be more active before AS 
than PS. (Supported by USPHS grants EYO23O5 and EYO5879).

209.10
L o c a l iz a t io n  o f  t h e  H u m a n  F r o n t a l  E y e  F ie l d s  a n d  M o t o r  
H a n d  A r e a  w it h  T r a n s c r a n ia l  M a g n e t ic  St im u l a t io n  a n d  
M a g n e t ic  R e s o n a n c e  I m a g in g , Tony R o Ч  Stephanie Cheifet, 
Harris Ingle. Rachel Shoup and Robert R a fa l. in s titu te  o f Cognitive 
Neuroscience, Alexandra House, Queen Square, University College 
London, Gower St, London WC1E 6BT, U.K. and Dept, o f Neurology and 
Center for Neuroscience, UC Davis, Martinez, C A 94553

We localized the neuroanatomical correlates fo r delays o f saccadic 
eye movements and for finger movements using a combined transcranial 
magnetic stimulation (TMS) and magnetic resonance imaging (M R I) 
approach. Two participants underwent TMS while performing an 
endogenous saccade task. The motor hand area was localized by TMS, and 
the region anterior to it was mapped to identify the borders o f a region 
where TMS produced delays in generating contralateral saccades. M R I 
scans were then obtained w ith fiducial markers placed over the motor hand 
area and 2 cm anterior to it, the common cortical region that produced 
saccadic delays in these two subjects. It was also shown that the structural 
anatomy o f the hand area, physiologically defined by visible contractions o f 
the contralateral hand fo llow ing TMS, corresponded to the knob-like 
structure recently reported (Yousry et al., Brain, 120, 1997, 141-57). These 
results demonstrate that TMS can be a precise, non-invasive tool for 
neuroanatomical mapping o f cortical structures when combined with 
structural images o f the brain.

Supported by US PHS grant MH41544 to R. Rafal.
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209.11
fMRI STUDIES OF ANTISACCADES Ш CHILDREN AND 
ADULTS B. Luna*. N.J. Minshcw. M.S. Kehsavan. E.P. 
Mcrriam. D.A. Boarts. C.R. Genovese. K.R. Thulboгn. and 
J.A. Sweenev. University of Pittsburgh, Pittsburgh, PA 
15213. Single-unit recording studies, and human lesion and imaging 
studies, have provided evidence for a distributed cortical network 
subserving antisaccades including frontal eye fields (FEF), 
supplementary eye fields (SEF), posterior parietal cortex (PPC), and 
prefrontal cortex. Histological studies indicating cortical maturation 
occurring in late childhood and adolescence and developmental 
studies showing improvement on the antisaccade task with age 
suggest that there may be important changes in brain function during 
this age period. We compared activation during antisaccades versus 
prosaccades using echo-planar whole brain functional magnetic 
resonance imaging (fMRI) in a ЗT magnet in children and healthy 
young adults aged 8 to 17 years of age. Increased activation was 
seen in the basic cortical oculomotor areas including FEF, SEF, and 
PPC. In addition, activation was seen in prefrontal cortex and the 
dentate nucleus of the cerebellum. Preliminary analyses suggest that 
the extent and pattern of activation show age related maturational 
changes consistent with our behavioral data. These results localize 
brain areas involved in inhibitory processes of higher-order processing 
of spatial information. Supported by NARSAD, NS35949, 
NS33355,MHOI433 &MH45156.

209.13
CORTICAL AREAS ACTIVATED BY SACCADIC AND PURSUIT 
EYE MOVEMENTS: EVIDENCE FROM FMRI. H. Kimmig. MW. 
Greenlee*. T.Mergner, T.Hennig. Dept. Neurol. Univ. Freiburg, FRG 

Gradient-echo, echo-planar imaging (EPI) was used to investigate 
BOLD contrast effects in occipital, parietal and prefrontal cortex 
evoked during saccadic and smooth pursuit eye movements. 
Imaging was performed with a 1.5 T whole body Siemens 
Magnetom. Ten 4-mm planes, positioned oblique to the axial plane, 
were imaged every 3 sec using a T2*-weighted sequence (TR=1.76 
ms, TE=84 ms, α=9Oº FOV 256x256 mm2, 128x128 voxels). The 
visual stimuli were created on a VSG graphics board and shown in 
back-projection with an LCD-projector corrected for gamma. Eye 
movements were recorded using infrared light reflection technique 
with a newly designed fiber optic device. We compared oculomotor 
and BOLD responses in a prosaccade and antisaccade task in a single 
dot task. Smooth pursuit was measured for sinusoidal movements 
of the same dot. Each baseline epoch (32 sec; blank field, same mean 
luminance, fixation cross only) was followed by an epoch of 
oculomotor activity, and this rest-stimulation sequence was 
repeated three times for each paradigm. The resulting images were 
first corrected for residual head motion, and then cross-correlation 
was performed. Significant voxel clusters were evident in 
prefrontal BA 6 (frontal eye fields) bilaterally independent of 
saccade direction. During pursuit of a moving dot, we found an 
additional locus of activation in the V5/V5a motion complex. 
Support: DFG (Gr988-15), Schilling and Sander Stiftung

209.12
DISTINCT SUBREGIONS OF SEF INVOLVED IN 
MEMORY AND SENSORY-GШDED SACCADES IN 
HUMANS IDENTIFIED BY fMRI J.A. Sweenev*. B. 
Luna. C.M. Kriskv. C.R. Genovese & Ҟ.R. Thulboгn. 
University of Pittsburgh, Pittsburgh, PA 15213. Unit 
recording studies in behaving monkeys have identified 
separate supplementary motor areas for limb (SMA) and eye 
(SEF) movement. Human and monkey studies also have 
discriminated a more cognitively-dedicated supplementary 
motor area (pre-SMA) involved in making limb movements 
after preparatory/delay periods. We completed fMRI studies 
with human subjects using echo-planar imaging at both l.5T 
and ЗT. Studies comparing finger tapping to visually-guided 
saccades successfully discriminated SMA and SEF along the 
midline superior to the cingulate gyms. In addition, we 
discriminated an area ventral and anterior to the SEF region 
active during visually-guided saccades that was only active 
during the generation of voluntary saccades to remembered 
targets. This area may function similarly to pre-SMA for the 
control o f eye movements, in terms o f having increased 
activity when a preparatory or delay period precedes motor 
action. Supported by NARSAD, MH01433, NS35949, 
HD35469.

OPIOID AND OPIATE RECEPTORS: µ AND қ

210.1
µ OPIOID RECEPTOR: ROLE OF THE C TERMINUS IN AGONIST-MEDIATED 
PHOSPHORYLATION Y. Yu. H. B. Deng. G. R. Uhl* and J. B. Wang*
Department of pharmaceutical Sciences, School of Pharmacy, University of 
Maryland, Baltimore, MD 21201,Molecular Neurobiology Branch, NIDA, NIH and 
Dept, of Neurology and Neuroscience, Johns Hopkins University School of 
Medicine, Baltimore, MD, 21224

To understanding the mechanism of the µ opioid receptor phosphorylation it is 
critical to determine which domains and amino acid residues are phosphorylated 
within the receptor under specific stimulatory conditions. The primary structure of 
the µ opioid receptors reveals that a total 19 amino acid residues, located within the 
putative µ opioid receptor intracellular domains, are potential phosphate acceptors. 
The role of the C-terminus in agonist-mediated receptor phosphorylation was 
determined by examining the C-terminal deleted µ opioid receptors in receptor 
phosphorylation. Both wild type and truncated µ opioid receptors were epitope- 
tagged and stably expressed in Chinese hamster ovary cells. The receptor 
expressions were confirmed by receptor radioligand binding and immunoblotting 
with epitope specific antibody. Exposure to 1 µM of DAMGO causes 
phosphorylation in both wild type and truncated µ opioid receptors, however, the 
level of receptor phosphorylation in the truncated receptor is less intense in 
comparison with that of the wild type. In correlating with receptor phosphorylation, 
the role of the truncated receptors in agonist-induced desensitization was also 
studied by adenylyl cyclase inhibition assay. The mutant shows a partial loss of 
DAMGO-induced desensitization. Taken together, these results suggest that C- 
terminal portion of the µ opioid receptor participates in agonist-mediated receptor 
phosphorylation and desensitization, but this domain is not the only one involved in 
µ opioid receptor phosphorylation and desensitization.

This work was supported in part by PҺRMA Faculty Development Award to 
J.B.W. and NIDA intramural research program.

210.2
IN VIVO REGULATION OF µ-OPIOID RECEPTOR DENSITY AND GENE 
EXPRESSION IN MICE. A. Duttaroy*, J, Carroll and B.C. Yobum. College of 
Pharmacy & Allied Health Professions, St. John’s University, Queens, NY 11439.

Chronic in vivo treatment of mice with the opioid agonist etorphine has been 
shown to downregulate brain µ-opioid receptor density. Following treatment, there 
is an increase in µ-opioid receptor mRNA levels that is associated with the 
recovery of receptors (Sehba et al., 1997). In that study, receptor and mRNA were 
measured only during the recovery phase following a 7-day etorphine infusion 
protocol. While it is likely that the increase in mRNA may drive the recovery of 
receptors, it is currently not known what the effect of etorphine is earlier during 
treatment. Therefore, in the present study, µ-opioid receptor downregulation and 
gene expression were measured in two mouse strains, that differ in their basal µ- 
opioid receptor densities, during etorphine infusion. CXBK (µ-opioid receptor 
deficient) and Swiss-Webster mice (N=3-4/group) were implanted with placebo 
pellets or osmotic minipumps that infused 250µg/kg/day etorphine for 1 or 3 days. 
At the end of the treatment, whole brains were removed, total RNA extracted and 
µ-opioid receptor mRNA abundance determined using a ribonuclease protection 
assay. For other mice (N=2/group), a saturation binding assay (ļ⅛]DAMGO) was 
conducted following 24hr treatment with etorphine (assay performed l6hr 
following the end of infusion to avoid contamination o f results by residual 
etorphine). One-day etorphine significantly (p<0.05) reduced µ-opioid receptor 
density (≈4O-6O%) without producing any changes in receptor affinity or µ-op¡oid 
receptor mRNA level for CXBK and Swiss-Webster mice. Following 3-days 
treatment, etorphine produced a significant (p<0.05) and similar decrease (≈25%) 
in µ-opioid receptor mRNA in both mouse strains. These data indicate that in vivo 
µ-opioid receptor downregulation is associated with a decrease in receptor gene 
expression. Furthermore, there were no differences between the degree of receptor 
downregulation and the decrease in mRNA in CXBK and Swiss-Webster mice 
indicating that an initial deficit in µ-opioid receptor number does not impact on the 
regulation of µ-opioid receptors by etorphine. These data are the first 
demonstration of homologous downregulation o f µ-opioid receptor gene expression 
by an opioid agonist in vivo. (Supported by NIDA DA 04185)
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2103
ENDOMORPШN 1 AND ENDOMORPHIN 2 SPECIFICALLY AND 
EXCLUSIVELY ACTIVATE THE µ OPIOID RECEPTOR (MOR). K. Memory1.
E. Tzavara3. M. Soetea1. M.-C. Bourin3. G. Tóth2. H. W. Matthes4. B. L. Kieffer4. 
T Ħяn∩ nnę3. J. Kardoss* and A. Boгsodi1 'inst o f Biochemistry and ⅞sotope 
Laboratory Biological Research Ctr, 6701 Szeged, POB 521 Hungary. 3INSERM 
ư-99, Créteil, France, 4ƯPR 9050 CNRS, ESBS, ΠlkircҚ France, 5Chemical Inst. 
Chemical Research Ctr Hungarian Academy of Sciences, Budapest, Hungary

The recently discovered endomorphin 1 (Tyr-Pro-Tη>Phe-NH2) and 2 (Tyr- 
Pro-Phe-Phe-NH2) were hypothesised to be endogenous ligands of the µ opioid 
receptor. We studied their binding and signalling properties in both cellular and 
яnir∩яl models. Experiments were carried out on CHO cells transfected either with 
µ or δ opioid receptors, and on brains of wild type or mutant mice lacking the µ 
opioid receptor gene. Both tetrapeptides stimulated [35S]GTPγS binding and 
inhibited adenylyl cyclase activity in membranes from CHO cells stably 
expressing the µ receptor. These effects were reversed by the µ receptor specific 
antagonist CTAP (D-Phe-Cys-Tyr-D-Trp-Arg-Thr-Pen-Thr-N⅞). Endomorphins 
were unable to produce such changes in cells stably expressing the δ receptor. 
Endomorphin 2 was radiolabelled by a dehalotritiation method and used for 
labelling the membranes of wild type and µ receptor deficient mice. In brain 
membranes of wild type mice the tritiated ligand showed a K¿ value of 1.77 nM 
and a B„иx of 63.33 frnol/mg protein. In membranes of mice lacking the µ receptor 
no binding was observed, and neither the stimulation of the [35S]GTPyS binding, 
nor the inhibition o f adenylyl cyclase were detected upon endomorphin exposure. 
These data strongly support the hypothesis that endomorphin 1 and 2 act through 
the µ opioid receptor exclusively.

This work was supported by COPERNICUS CIPA CT94-0226.

210.5
CLONING AND EXPRESSION OF A NOVEL SPLICE VARIANT OF 
THE MOUSE MU-OPIOED RECEPTOR (MORI) GENE. Y.¯X. Pan*. J. 
Xu. G.C. Rossi, L, Leventhal, B.¯L. Wan, A.B. Zuckerma∩, and G.W. 
Pasternak. Cotzias Laboratory o f Neuro-Oncology, Dept, o f Neurology, 
Memorial Sloan¯Ҟettering Cancer Center, New York, New York, 10021,
U.S.A.

Using a У RACE and RT-PCR approach, we isolated a novel splice variant o f 
M O R I gene from mouse brain. Sequence analysis o f  the variant (M O R 1C) 
indicates that it contains the same coding exons 1, 2 and 3 as M O R I, but a 
different exon 4. The new exon 4 is predicted to encode 52 amino acids in the 
C-terminal o f the MOR 1C, which is much longer than that o f  M O R I(I2  aa) or 
M O R I A(4 aa), the exon 4 variants from rat and human. Northern blot analysis 
showed that a single m ild transcript w ith a size ~9 kb was detected with the new 
exon probe, compared to a single strong transcript w ith  a size ~ 12 kb w ith the 
M ORI exon 4 probe. The MOR1C mRNA was only expressed in brain and not 
in the peripheral tissues examined. Immunolocalization o f MOR1C with a 
polyclonal Ab raised against the M OR 1C exon 4 peptide differed from that o f 
M O R I. Two antisense oligodeoxynucleotides directed against the M O R I C exon 
4 selectively blocked morphine analgesia in vivo. Binding studies in CHO cells 
stably transfected w ith the M OR IC /pcD NAЗ construct indicate that M OR 1C 
encodes a mu opioid receptor. ⅜ D A M G O  labeled the site w ith  high a ffin ity  
(Kd, InM ) and its binding is readily competed by traditional mu ligands. This 
work is supported by DAOO296(Y.-X.P.) and DA02615 and DA00220 (G.W.P.).

210.7
M6G, BUT NOT MORPHINE, INHIBITS GI TRANSIT IN  M U OPIOID 
RECEPTOR DEFICIENT MICE. A.G.P. Schuller1. M. King2. A.C. Sherwood1*. 
J.E. Pi∩taг1 and G.W. Pasternak2. !Dept. Neurosci and Cel¡ Biol., UMDNJ, 
Piscataway, NJ 08854, 2Cotzias Laboratory for Neuro-Oncology, Dept. Neurology, 
Memorial Sloan-Kettering , NY, NY 10021.
Morphine elicits a variety o f pharmacological responses including analgesia, 
respiratory depression and inhibition o f gastrointestinal (GI) transit. Previously, we 
reported generating exon 1 mu opioid receptor (MORI) deficient mice in which 
morphine induced analgesia was completely abolished, while analgesia induced by 
the morphine metabolite morphine-6ß-glucuronide (M6G) was retained. We now 
have used these exon 1 MORI deficient mice to determine the role of the MORI 
gene in morphine and M6G induced inhibition o f GI transit. Groups of wildtype, 
heterozygous and homozygous mutant mice (n=Ю) received saline, morphine (5 
mgƒkg, sc) or M6G (10 mg/kg, sc) before administration of charcoal gum. Mice were 
sacrificed 30 minutes after charcoal administration to determine the distance 
traveled. Both morphine and M6G were able to significantly inhibit GI transit in 
wildtype control animals (average for saline: 27.9 cm; for morphine: 8.4 cm and for 
M6G: 2.4 cm). In contrast, morphine was unable to inhibit GI transit in MORI 
homozygous mutant mice. Moreover, the distance charcoal gum traveled was 
significantly increased in exon 1 MORI deficient mice heated with either saline 
(average 41.5 cm) or morphine (average 37.8 cm). In contrast, M6G was able to 
inhibit significantly GI transit in wildtype (average 2.4 cm), heterozygous (average 
3.15 cm) and homozygous mutant mice (average 9.8 cm). These results demonshate 
that mu opioid receptors tonically inhibit GI transit and are essential for mediating 
morphine induced inhibition o f GI transit in mice. Furthermore, the finding that 
M6G, and not morphine, is able to inhibit GI transit in exon 1 MORI mutant mice 
demonstrate that M6G can inhibit GI transit through mechanisms distinct from those 
used by morphine. Supported by DAO7242, DA00220 (GWP) and DA09040 (JEP).

210.4

ORL„ ADENOSINE A l AND A^ RECEPTOR DISTRIBUTION IN 
THE BRAINS OF µ-KNOCKOUT MICE. I. Kitchen1* Ş.M.O. 
Houгani1, S.J. Slowed R. Lattanzi2, L. Negri2. H,W.D. Matthes1. B.L. 
Kieffer3. University of Surrey, Guildford, Surrey, U.K.; 2University 
La Sapienza, Rome, Italy, ⅞SBS, Strasbourg, France.

Since the cloning of the ORLj receptor and its endogenous peptide 
nociceptin (orphanin FQ) much evidence has accumulated to suggest an 
important interaction between this system and that of the classical opioid 
receptors. In adddition to interactions with the ORL, system, opioids arc 
also known to modulate the actions of other neurotransmitters including 
adenosine. To further study the putative interactions between these 
different receptor systems we have carried out a detailed autoradiographic 
mapping study of the ORL,, adenosine A, and A^ receptors in the brains 
of mice deficient in the µ-opioid receptor gene. Receptor binding was 
carried out as previously described (Kitchen e i  a l . ,  1997. B r a i n  R e s . ,  

778, 73-88). Adjacent sections (20 µm) were cut from the brains of 
wild-type, heterozygous and homozygous µ-knockout mice for the 
determination of total and non-specific binding of [¾]leucyl nociceptin 
(0.4 nM), [¾]DPCPX (1.5 nM) and [¾]CGS-2I68O (10 nM) to ORL„ 
adenosine A, and adenosine A⅛ receptors respectively. Non-specific 
binding was determined in the presence of 10 µM unlabelled nociceptin 
for ORL„ 1 µM CPA for DPCPX or 20 µM NECA for CGS-21680. 
Incubation was carried out at room temperature for all ligands over 3 hrs 
for ORL] receptor binding and 2 hrs for adenosine receptor binding. 
There were no major changes in number and distribution of ORL„ A, or 
A2a receptors in homozygous mice showing that loss of the µ-gene does 
not produce direct compensation in these receptor systems .

Supported by EC grant (BMH4-CT96-0510) and Pfizer Ltd.

210.6
REQUIREMENT OF ENKEPHALШ/DELTA RECEPTOR SYSTEMS 
IN MORPHINE TOLERANCE, M ,A ,K iш ⅛ A .G .P . Schuller2. J, Zhц, J. 
Zhang2, J.E. PintaF and G.W. Pasternak1 The Cotzias Laboratory of 
Neuro-Oncology, Dept o f Neurology, Memorial Sloan-Kettering Cancer 
Center, New York, NY 10021, 2 Dept. Neurosci. & Cell Biol., UMDNJ 
Robert Wood Johnson Med. Sch., Piscataway, NJ 08854.

Tolerance remains a prominent clin ica l problem. Recent studies indicate that 
opioid tolerance can be prevented pharmacologically. For example, blockade 
o f N M D A  receptors or neuronal nitric oxide synthase prevents opioid tolerance 
w ithout interfering w ith analgesia. Low naltrindole doses also prevent 
tolerance, presumably by blocking delta receptors. This concept was supported 
by antisense studies targeting DO R-1, which encodes the delta receptor. In the 
current studies, we examined opioid tolerance in several lines o f mice 
genetically deficient in individual components o f the delta opioid system. 
Morphine tolerance was abolished in knockout mice lacking the delta receptor 
(DOR-1), indicating a critical role fo r DOR-1 in this process. Moreover, 
morphine tolerance also did not develop in a novel line o f enkephalin null mice 
from  which all enkephalin encoding sequences were deleted. These results 
indicate a requirement both for delta receptors and enkephalin-related peptides 
in the pathway mediating morphine tolerance. However, the development o f 
tolerance w ith the kappa, drug U5O,488H in these same mice implies that 
kappa tolerance involves a different mechanism.

210.8
D N A  M E T H Y L A T IO N  R E G U L A T E S  M U  O P IO ID  R E C E P T O R  
G E N E  E X P R E S S IO N  IN  T H E  C E N T R A L  N E R V O U S  S Y S T E M  
M a t th e w  L . A n d r ia ‘ . K e n n e th  K ra m e r ,  a n d  E r ic  J . S im o n .  D e p t ,  o f  
P s y c h ia t r y ,  N e w  Y o r k  U n iv .  M e d .  C e n te r ;  N e w  Y o r k ,  N Y  1 0 0 1 6

E x a m in a t io n  o f  th e  h u m a n  m u  o p io id  r e c e p to r  g e n e  r e v e a le d  a  
C p G  is la n d  o f  a p p r o x im a te ly  6 0 0  b p  c e n te r e d  n e a r  th e  s ta r t  
c o d o n .  M a n y  r e s e a r c h e r s  h a v e  s h o w n  th a t  c y to s in e  m e th y la t io n  
o f  C p G  s e q u e n c e s  c a n  in h ib i t  g e n e  e x p r e s s io n .  W e  in v e s t ig a te d  
th e  m e th y la t io n  s ta tu s  o f  th e  m u  o p io id  r e c e p to r  g e n e  in  h u m a n  
c e l l  l in e s  u s in g  a  S o u th e r n  b lo t  s t r a te g y  a n d  a  b is u lp h i te /P C R  
s t r a te g y .  W e  fo u n d  th a t  a  n e u r o b la s to m a  th a t  e x p r e s s e s  th e  m u  
o p io id  r e c e p to r  w a s  c o m p le te ly  u n m e th y la te d  in  th e  re g io n  o f  th e  
g e n e  te s te d .  In  c o n t r a s t ,  tw o  n e u r o b la s to m a s  th a t  d o  n o t  e x p r e s s  
th e  r e c e p to r  w e r e  c o m p le te ly  o r  n e a r ly  c o m p le te ly  m e th y la te d .  
T h r e e  n o n - n e u r a l  d e r iv e d  c e l l  l in e s  w e r e  v a r ia b ly  m e th y la te d .  
T h e s e  r e s u lts  w e r e  c o n f i r m e d  w ith  b is u p h i t e /P C R  e x p e r im e n ts  
u s in g  D N A  f r o m  m u  o p io id  e x p r e s s in g  a n d  n o n - e x p r e s s in g  
p o r t io n s  o f  b ra in  t is s u e  a n d  p o r t io n s  o f  n o n - n e u r a l  t is s u e  f r o m  
S p r a g u e - D a w le y  ra ts .  F u n c t io n a l  e v id e n c e  w a s  p ro v id e d  in  
t r a n s ie n t  t r a n s fe c t io n  e x p e r im e n ts  w h e r e  it  w a s  fo u n d  th a t  C p G  
m e th y la t io n  in h ib ite d  e x p r e s s io n  o f  a  r e p o r te r  g e n e  d r iv e n  b y  th e  
h u m a n  m u  o p io id  re c e p to r  g e n e  p r o m o te r .

( F u n d e d  b y  N IH  g r a n t  #  5  K 2 1  D A  0 0 2 7 0 - 3  f r o m  N ID A  to  M L A )
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210.9
PRODUCTION AND ANALGESIC CHARACTERIZATION OF KOR-1 
DEFICIENT MICE. J. Zhane*l M. King⅛ G. W. Pasternak^. J. E. PintaД. 
⅛ept. Neurosci. & Cell Biol. , UMDNJ Robert Wood Johnson Med. Sch., 
Piscataway, NJ 08854, ⅜otzias Lab for Neuro-Oncology, Dept. Neurology, 
Memorial Sloan-Kettering, NY, NY 10021.

k opioid receptors belong to a opioid receptor gene family which regulates 
nociception and other aspects o f physiology and behavior. With the development 
of k  specific agonists, k  receptors involved in nociception has been demonstrated. 
However, the molecular nature of k  receptor subtypes and the conưibution of ƙ  
receptors in neuropathic pain are not well understood. By deletion of exon 3 o f k  
receptor gene, KOR1, we have generated k  opioid receptor knockout mice using 
gene targeting technology. Mice homozygous with null alleles o f the KOR1 gene 
were bom viable, grossly normal and fertile. Using radiolabeled ĸ l  specific agonist 
U69,593, no binding activity was detected in the homozygous mice. Further, ĸ l  
agonist u5O,488H (s.c., i.t. and i.c.v.) induced analgesic responses were abolished 
in the knockout mice even at high does. The ablation of ĸ l  receptor binding and 
analgesic function in the KOR1 knockout mice indicates that ĸ l  receptors are 
encoded by KOR1 gene. On the other hand, the retention o f ĸЗ specific agonist, 
NalBozH, induced analgesia in the homozygous mice suggests that the ĸЗ receptor 
is encoded by a different gene. Using in situ hybridization, we observed no 
alterations for the gene expression of other opioid receptors and endogenous opioid 
peptides. Additionally, morphine (s.c.) and DPDPE (i.t.) induced analgesia was not 
altered in the homozygous mice, which suggests that µ  and δ receptors are not 
affected in the KOR1 knockout animals. Further, in preliminary data, KOR1 
knockout mice displayed a decreased hyperalgesic response in the formalin test 
compared to wildtype animals. It suggests that ĸ l  receptors may be involved in 
the production of hyperalgesia and/or chronic pain. Further characterization of k  
receptor functions in this KOR1 knockout mice is being conducted. Supported by 
DA-09040 (JEP) and DA-07242 (GWP).

210.10
Stimulus-dependent translocation o f kappa opioid 
receptors to the plasma membrane S. Shuster1-2. M. R iedR  2L 
Ļį2, L. Vulchanova*̄ 2, and R. E lde*̄ 2. 1 Graduate Program in 
Neuroscience, dep artm en t o f  Cell B iology and Neuroanatomy, 
University o f  Minnesota, Minneapolis, M N 55455.

Plasma membrane receptors are thought to be synthesized on the 
rough endoplasmic reticulum, trafficked through the Golgi 
apparatus and externalized by the fusion o f  transport vesicles with 
the plasma membrane. We examined the trafficking o f  presynaptic 
kappa opioid receptors (KOR1) in hypothalamic magnocellular 
neurons and found that a major fraction o f  these receptors reside in 
the membrane o f  peptide-containing large secretory vesicles. In 
addition, w e demonstrated that translocation o f  presynaptic KOR1 
to the plasma membrane occurs during regulated exocytosis, by 
stimuli that elicit neuropeptide secretion. This stimulus-dependent 
translocation o f  receptors to the presynaptic plasma membrane 
provides a novel mechanism for regulation o f  transmitter release. 
Supported by grants from NIDA.

N EUROPSYCHIATRIC DISO R D ERS III

211.1
B E H A V IO R A L  IN H IB IT IO N : A  NEW  L O O K  A T  A  F A M IL IA R  

TRAIT. K Coleman. RE Dahl. N Rvan and JL Cameron*. Oregon Reg 
Primate Res Ctr, Beaverton, OR 97006, and Dept o f Psychiatry, U n iv o f 
Pittsburgh, Pittsburgh, PA 15213.

Both behavioral in h ib ition  and blunted grow th hormone (GH) 
responsiveness to a pharmacological challenge have been reported to be 
associated w ith  the development o f anxiety and depression in humans, 
suggesting that these may be biological traits coưelated w ith a predisposition 
to developing anxious or depressive-like behaviors. I f  this hypothesis is true, 
we might expect to find a subpopulation o f infants w ith both characteristics. 
We tested this hypo'hesis in 39 infant rhesus monkeys. We used 2 tests to 
assess behavioral inh ib ition : reaction to a novel room w ith novel toys 
(freeplay test) and reaction to a human observer who made eye contact with 
the infant (stranger test). For each test, we quantified behaviors including 
exploration, cooing (a distress vocalization), and fearful or threatening 
expressions. We assessed GH responsiveness to an iv administration o f 
GHRH (10 ĸ£ /kg ) and clonidine (5 µg/kg). GH responses ranged from 
810-2900 ng/ml/90 min. Our in itia l analyses, identifying animals who did 
not e x p ire  in the playroom test as inhibited, showed no correlation between 
behavioral inh ib ition and GH responsiveness. However, when we further 
subdivided the non-exploratory group into those who vocalized and those 
who were non-reactive, we found that the non-reactive infants had lower 
GH than the other infants in our population (Mann Whitney U=lOO, p=0.09). 
Using sim ilar criteria, non-reactive individuals in the stranger test had lower 
GH than the rest o f the population (Mann W hitney Ư= 19, p=0.02). These 
results suggest that the standard defin ition o f “ behavioral inh ib ition ”  as 
non-exploratory leads to identification o f a heterogeneous group, those that 
are fearful and those that are non-reactive, and that these groups have 
physiological differences. (Supported by N IM H  grant M H 41712-11)

211.2
G U A N A B E N Z  EFFECTS O N N M D A  A N T A G O N IS T -IN D U C E D  
M E N T A L  SYM PTO M S IN  H U M A N S  J.W Newcomer* N.B. Farber, G. 
Selke, A .K . Melson, V. Jevtovic-Todorovic, J.W. O lney. Washington Univ. 
Sch. o f Med., St. Louis, M O  63110.

A  model fo r preventing schizophrenia-like mental symptoms 
hypothesizes that N M D A  receptor hypofunction (NRH) can cause a 
complex network disturbance with disinhibition as the core feature. The 
model is based on the schizophrenia-like mental symptoms produced by 
N M D A  antagonists (e.g., ketamine, PCP) drugs in healthy subjects, the 
sensitivity o f schizophrenia patients to N M D A  antagonist induced 
psychotogenic effects, and on the sim ilar age o f onset o f susceptibility to 
both schizophrenia and the neurotoxic and psychotic effects o f N M D A  
antagonists. The model is also based on evidence that the mechanism 
underlying both psychotomimetic and neuropathological effects o f N M D A  
antagonists is an NRH-induced disinhibitory state. This model permits tests 
o f treatments to block the neuropathological changes, which in turn suggest 
treatments to block NRH-induced mental symptoms (e.g. lam otrigine- 
Jevtovic-Todorovic et al. this meeting, G ABAergic agents). α 2 agonists can 
also prevent NRH-induced neuropathological changes. Therefore, this 
experiment tested the effects o f an α2 agonist on ketamine-induced mental 
symptoms in healthy adults using a double-blind, "placebo"-controlled, 
randomized tria l o f fixed dose guanabenz in combination with a fixed 
subanesthetic, steady-state plasma concentration o f intravenous ketamine. 
Behavioral effects o f guanabenz+ketamine, guanabenz alone, ketamine 
alone, and a placebo condition were measured in each subject across 4 
different mornings. Guanabenz pretreatment selectively attenuated certain 
schizophrenia-like mental symptoms, with in itia l analysis demonstrating 
effects o f treatment condition on “ positive”  (F[3,9]=6.58, p=0.01) but not 
“ negative”  symptoms. The results further support the use o f this model fo r 
testing treatments to prevent mental symptoms associated with NRH. 
Supported by MH01510 (JWN), DA00290 (NBF), MH38894 (JWO), NARSAD (JWN).

211.3
BASELINE DOPAMINE SYNAPTIC CONCENTRATION IS 
INCREASED IN SCHIZOPHRENIA AND RELATED TO 
TREATMENT RESPONSE. A. ΛbШ⅝ſghaщ*, Ļ. Ķęgelę⅜ , Y · Ze⅞̄  
Ponce, D. Printz. J. Rodenhiser. R. Weiss. J. Mann. J. Gorman. R. Van 
Heertum. M. Laruelle. New York State Psychiatric Institute, Columbia 
University, New York, NY.

We and others have previously demonstrated that amphetamine- 
induced dopamine release is increased in patients with schizophrenia 
(Laruelle et al., PNAS, 1996, 93, 9235-9240; Breier et al., PNAS,
1997, 94, 2569-2574). The purpose of this study was to evaluate 
“resting” or baseline dopamine release in schizophrenic patients by 
comparing D2 receptors availability as measured with [123I]IBZM 
SPECT before and after acute dopamine depletion, as induced by the 
reversible tyrosine hydroxylase inhibitor alpha-methyl-para-tyrosine 
(AMPT) (1 g PO QID for 2 days). 10 patients with schizophrenia (36 ± 
12 y.o.) and 10 healthy controls (37 ± 11 y.o.) were included in the 
study. Four patients were drug naive, and 6 were drug-free for more than 
21 days. The mean increase in D2 receptors availability induced by 
AMPT was significantly larger in schizophrenic patients (28 ± 18%) 
compared to controls (12 ± 12%) (p = 0.03). In addition, we observed 
that elevated DA synaptic concentration was predictive of good response 
of positive symptoms to DA depletion (r2 = 0.43, p = 0.038). These 
findings are the first direct evidence of increased DA synaptic 
concentration in schizophrenia and are congruent with the D2 
antagonism properties of antipsychotic drugs. We also propose that this 
imaging technique might predict the quality of the response to 
antipsychotic treatment.
Funded by NIMH, EJLB, and Stanley Foundations.

211.4
SEARCH FOR MUTATIONS WITHIN THE REELIN GENE IN PEDIGREES 
OF SCHIZOPHRENIC PATIENTS. D. P. Uzunov*. F. Impagnatiello. R. Sharma. 
A. Guidotti and E. Costa. The Psychiatric Institute, Dept, o f Psychiatry, UIC, 
Chicago, IL 60612.

Reelin is the translation product of a gene, that during embryogenesis is 
expressed by and secreted into the extracellular matrix from the Cajal-Retzius 
cells (pioneer neurons located in the cortical marginal zone). When Reelin-mRNA 
expression is obliterated genetically, the neurological phenotype "reeler" is 
expressed, characterized by alterations in neuronal positioning and circuitry of 
telencephal¡c laminated structures. Five "reeler" alleles exist and all five cause the 
expression o f reeler phenotype. In the heterozygous reeler mouse only about 50% 
o f the reelin mRNA is expressed as compared to normal mice. Since in cortical 
areas, hippocampus, striatum and cerebellum o f schizophrenic postmortem brain, 
we measured only about 50% of the reelin mRNA found in the normal brain, we 
hypothesize that a genomic DNA polymorphism or some other structural 
alteration may exist in the alleles present in schizophrenic patients.

For our study, we used lymphocyte genomic DNA obtained from 29 
pedigrees (Coriell cell Repositories, NIMH) including 73 schizophrenic and 34 
non-schizophrenic relatives. An extensive Southern blot hybridization analysis of

§enomic DNA was performed with radiolabeled human cDNA probes spanning 
i℮ entire open reading frame of the reelin gene. While no gross deletion were 

detected, a MspI polymoiphism was observed associated with the appearance of 
an extra band o f 2.8 kb when genomic DNA was hybridized with a human cDNA 
probe corresponding to exons 52-60 o f the mouse nomologue in 7 of 73 
schizophrenics and in 1 o f 34 nonschizophrenic relatives. In all subjects 
displaying the MspI polymorphism sequence analyses o f exon 60 revealed an 
adαitionaĩpoίnt mutation (C to T) positioned within the consensus sequence o f the 
EGF motif in repeat 8 and 14 nucleotides upstream o f a MspI recognition site. In 
all cases this pomt mutation was heterozygous in nature. Since the C to T change 
created an Hsp92II recognition site in the mutant, PCR amplification of exon 60 
from genomic DNA followed by digestion with Hsp92II can be employed to 
screen for a large number of samples. Interestingly, we found that all subjects 
displaying the MspI polymorphism also carried the C to T point mutation. This 
study is currently being expanded to include an analysis o f the other EGF motifs 
and a larger pool o f normal subjects and schizophrenics.
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211.5
GENETIC L IN K A G E  OF THE 5HT1B RECEPTOR TO AN TIS O C IA L 
ALCO HO LISM  IN  TW O POPULATIONS.
D. Goldman*, J. Lappalainen, R.W. Robin, M . Virkkunen, M. Linnoila, J. 
Long. Lab, o f Neurogenetics, N IA A A , N ĬH, Rockville, M D  20852.

Increased alcohol consumption and aggressive behavior are seen in 5HT1B 
gene knockout mice, im p lica ting  5HT1B in alcohol preference and 
aggression. Antisocial behavior, including aggressive, self-destructive and 
criminal-labelled behaviors, frequently accompanies and is coinherited w ith 
alcoholism in humans. Based on the positive findings in the mouse and the 
existence o f similar, and perhaps homologous, behaviors in the human, we 
evaluated the role o f 5HT1B in antisocial alcoholism. Linkage and 
association were tested in two divergent populations: a Finnish sample and a 
Southwestern American Indian fam ily sample. A  total o f 640 psychiatrically 
interviewed Finns included 213 unrelated controls, 166 alcoholic offender 
probands and 261 relatives. There were 51 sibpairs concordant for antisocial 
alcoholism [D SM III-R  alcohol dependence w ith either ASPD or intermittent 
explosive disorder (IED)], 79 discordant and 220 unaffected. A  total o f 418 
psychiatrically interviewed Indians included 11 sibpairs concordant for 
antisocial alcoholism  [D S M III-R  alcohol dependence w ith  ASPD], 71 
discordant and 223 unaffected. Thus one trait defin ition was used except that 
some Finns had IED. We genotyped G861C w ith in the 5HT1B coding region 
and also genotyped a closely linked STR [D6S284]. Sib-pair regression was 
performed using S.A.G.E. Association analysis used a randomization 
procedure to correct for observations on related subjects. Sibpair linkage o f 
5HT1B to antisocial alcoholism was detected in both populations. In Finns, 
sibpair linkage was G861C, p=0.039 and D6S284, p=O.O55. Association in 
Finns was significant for G861C, p=0.005. Sibpair linkage in Southwestern 
Indians was G861C, p=0.013 and D6S284, p=0.013. Association in the 
Indians was not significant. W ith the genetic evidence in mice cited above, 
these results indicate that genetic variation at or near 5HT1B may influence 
vulnerability to antisocial alcoholism in humans.

211.7
D IF F E R E N T IA L  D E V E L O P M E N T  O F A N X IO U S AND  
DEPRESSIVE BEHAVIORS IN RHESUS MONKEYS DEPENDENT 
ON THE TIMING OF MATERNAL SEPARATION. J.L. Cameron, K. 
Coleman, L.M. Bench. M. Sabatini, T. Qwenbv, and D.J. Kupfer*. Dept, of 
Psychiatry, Univ, of Pittsburgh, Pittsburgh, PA 15213.

The maternal separation paradigm in rearing rhesus monkeys has been 
shown to lead to an increased propensity to develop anxious and depressive- 
like behaviors. The goal of the current study was to determine if there is a 
critical time period in early development during which maternal separation 
is particularly potent in inducing these behaviors. Ten infant monkeys, 
living in group pens with their mothers and 4-6 other monkeys of various 
ages, were subjected to maternal separation at discreet ages: 1 week, 1 
month, 3 months, and 6 months. Care was taken to make sure infants were 
feeding and remained healthy. 30 minute weekly videotaped focal samples 
were taken for behavioral assessment. No unusual behaviors developed in 
the 6 month and 3 month separated groups. Infants in the 1 month group 
responded to maternal separation with an initial decrease in movement, 
eating and social contact. These monkeys then were adopted by another 
monkey in the pen, and remained in close physical contact with the adopted 
caregiver throughout development long after 6 months of age. This led to a 
significant delay in the development of social contact with other monkeys or 
environmental exploration. Monkeys in the 1 week group development little 
to no social contact with other monkeys. Large increases in stereotypic 
behavior, such as rocking and toe sucking were noted, along with decreased 
environmental exploration. These findings indicate a critical period of 
sensitivity to the stress of maternal separation, with the timing of separation 
governing the behavioral outcome.

211.9
EXECUTIVE DYSFUNCTION MEDIATES MEMORY IMPAIRM ENT IN 
OBSESSIVE-COMPULSIVE DISORDER. C.R. Savage. T. Deckersbach. S. Wilhelm.
S.L, Rauch. S. Heckers*. M. Jenike. Psychiatric Neuroscience Program, Massachusetts 
General Hospital/Harvaгd Medical School, Charlestown, MA 02129.

Obsessive-compulsive disorder (OCD) is characterized by unwanted repetitive 
thoughts and ritualistic behaviors. Neurobiological theories of OCD implicate frontal- 
striatal systems, while neuropsychological studies show differences in memory, 
visuospatial skill, and executive functioning. We report two studies examining the 
mediating impact of executive dysfunction on memory in OCD.

The first study examined nonverbal memory using the Rey-Osterrieth Complex 
Figure Test (RCFT) in 20 patients with OCD and 20 matched (age, gender, education, 
IQ) normal control subjects. OCD subjects differed significantly from healthy controls 
in organizational strategies used to copy the figure and they recalled significantly less 
information on both immediate and delayed testing (all p<.01). Multiple regression 
analyses indicated that group differences in immediate memory were significantly 
mediated by copy organizational strategies (R2=.33, ΔR2=.13, p<.01).

The second study followed up on the first by examining verbal memory using the 
California Verbal Learning Test (CVLT) in an independent sample of 29 patients with 
OCD and 34 matched control subjects. OCD subjects recalled significantly fewer 
words than control subjects across learning trials as well as Short- and Long-Delayed 
Recall (p=.O2). The Total Semantic Clustering Score -  measuring the extent to which 
subjects grouped semantically-related items together during learning -  was used as a 
covariate in analyses of Long-Delay Recall scores. Group differences in Long-Delay 
recall were no longer statistically significant (p=.22) in these analyses and the covaried 
model provided a significant boost in explanatory power (R2=.52, ΔR2=.46, p<.0001).

Verbal and nonverbal memory problems in OCD may be secondary to impaired 
learning strategies. OCD patients appear to have a primary executive dysfunction 
which exerts disruptive secondary effects on memory. Support: Judah Research Fund 
of MGH and NIMH MH01230.

211.6
CSF ENDOZEPINE LEVELS IN PSYCHIATRIC PATIENTS: RELATIONSHIPS 
TO BEHAVIOR IN SCHIZOPHRENIA Sharma R„ Davis J.M.,* Costa E., and 
Guidotti A. The Psychiatric Institute, Dept, of Psychiatry, Univ, o f Illinois at 
Chicago, Chicago, IL 60612.

Endozepines are endogenous small molecular weight non-peptide 
molecules present in brain and spinal fluid of man. They compete specifically with 
⅜benzodiazepine (BZD) ligands for their high-affinity binding sites and have 
BZD-like positive modulatory agonistic properties on the action o f GABA at 
GABAд receptors (J Neurosci 58:2102, 1992). CSF endozepines are increased in 
patients with hepatic encephalopathy (Lancet 4: 491, 1989) or idiopathic stupor 
(Lancet 340: 1002, 1992). Flumazenil, a specific BZD receptor antagonist that 
prevents the effect o f endozepines at GABAд receptors, reduces the 
encephalopathic symptoms and the stupor in patients. The actions of endozepines at 
GABAд receptors may be regulated by endogenous levels o f neurosteroids, which 
are known to be decreased in affective disorders (PNAS 95: 3239, 1998). We 
examined CSF endozepine content in 45 psychiatric'patients under medication-free 
conditions and after a comprehensive clinical evaluation ( 16 schizophrenia, 9 
schizoaffective disorders, 13 major depression, 5 mania). Endozepines were purified 
by reverse phase HPLC fractionation and measured by stoichiometric displacement 
of ⅜flumazenil bound to crude rat brain synaptic membranes (J Neurol 58; 2102, 
1992).

Patients with schizophrenia and schizoaffective disorder had CSF levels of 
endozepines that were not significantly different from those of affectively 
disordered patients. Relationships with measures of specific symptoms were 
evaluated using the Brief Psychiatric Rating Scale (BPRS) and the Hamilton 
Depression Rating Scale (HDRS). A significant inverse relationship was noted in 
the schizophrenic /schizoaffective subsample between CSF endozepine levels and 
BPRS total score (rs-- -0.57, n=25, p<0.003) as well as the BPRS positive 
symptoms (rs = -0.55, n=25, p< 0.005). Further, a significant relationship was also 
noted with the HDRS total score (rs = -0.42, n=25, p<0.005). A similar relationship 
is possibly disrupted in the affectively disordered patients because o f concomitantly 
reduced levels of neurosteroids (PNAS 95:3239, 1998). Grant: J.M.D. Stanley 
Foundation Res. Awards.

211.8
A  “ S T IC K Y ”  IN T E R H E M IS P H E R IC  S W IT C H  IN  B IP O LA R  
DISORDER? J. D. Pettigrew* and S. M ille r. V ision Touch and Hearing 
Research Centre, University o f Queensland, 4072, Australia.

Interhemispheric switching has been proposed as the basis fo r the 
perceptual alternations that occur in b inocular r iva lry , because o f 
changes in the temporal pattern o f r iva lry  that fo llo w  unilateral 
hemispheric activation by caloric, or transcranial magnetic, stim ulation1. 
We used binocular r iva lry  to measure the rate o f interhemispheric 
switching in bipolar I patients. Switching rate was significantly slower in 
the bipolar group (N = I8 ) compared w ith non-clin ical control subjects, 
(N=49, p<.0005). A ll patients were euthymic at the time o f testing and 
the slow switching rate was seen in both medicated and unmedicated 
bipolar subjects. The slowed switching rate may thus be a trait-dependent 
marker o f bipolar disorder.

Since bipolar subjects appear to have slowed sw itch ing rates in 
binocular rivalry, they may also have slowed switching rates fo r putative 
longer-period ic ity  hemispheric switches2. In line w ith in vitro w o rk  
showing that bistable neuronal oscilla tors are “ s ticky”  when slow, 
b ipolar subjects may therefore be more vulnerable to a p re fro n ta l  
interhemispheric switch becoming "stuck" on one side (days to weeks). 
This hypothesis would f i t  the converging data on hemispheric 
asymmetries in mood and mood disorders, w ith  imaging and lesion 
studies, as well as repetitive TMS therapy, all suggesting that mania is 
associated w ith greater le ft prefrontal activation relative to right, while 
depression shows the reversed pattern, w ith relative ly greater prefrontal 
activation in the right hemisphere.
1. M iller, S., Pettigrew, J.D., Liu, G.B. and Hooper, G. (1997) Proc. Aust.
Phvsiol.Pharmacol. Soc. Sept.. 68P. http://www.uq.edu.au/nuq/jack
2. Shannahoff-Khalsa, D. (1993) Int. J. Neuroscience. 70, 285-298.

211.10
Analysis of sleep EEG’s microstructure in schizophrenia
J. Röschke*. A. Sebus, A. Lehment, P. Wagner. K. Mann. Dept, of 
Psychiatry, University o f Mainz, Germany

We investigated the sleep EEG's microstructure o f 10 unmedicated 
schizophrenic inpatients (DSM-IIĨ-R criteria) and 10 healthy controls 
matched in sex and age. Our hypothesis was that schizophrenics depict an 
alteration o f the interaction o f different EEG rhythms during REM sleep.

We digitized the sleep EEGs with a sampling rate o f 100 Hz (bipolar 
derivation Cz-Pz, 1440 single sweeps; 2048 data points each) and calculated 
the time course o f delta (1 - 3.5 Hz), theta (3.5 - 7.5 Hz), alpha (7.5 - 15 Hz), 
and beta (1 5 -3 5  Hz) activity over the night and determined the correlation 
coefficient of these different EEG rhythms separately for REM and NREM 
sleep.

For both groups we could detect a clear difference between REM and 
NREM sleep cycles. In any case the most impressive changes occuưed for 
the delta/beta activities, which change their signs between the NREM 
(negatively correlated) and the REM (positively correlated) sleep period. 
However, no statistically significant differences between schizophrenics and 
healthy controls could be detected neither for REM nor during NREM sleep.

Former investigations of the amplitude-ffequency-characteiistics and 
nonlinear dynamical properties o f the sleep EEG in schizophrenia revealed 
an alteration during REM sleep. Actually, we could not confirm our 
hypothesis o f alterations of the interaction o f different EEG rhythms in 
schizophrenics. This finding was in contrast to a clearly stronger coupling of 
the delta/beta and theta/beta activity during NREM sleep in depression 
(Supported by Deutsche Forschungemeinschaft).
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212.1
THE DENSITY OF NERVE ENDINGS IN THE SKIN AS A RISK FACTOR 
FOR CHRONIC POST -HERPETIC NEURALGIA PAIN AFTER SHINGLES.
A.L. Oaklander*. S, Horasek. K. Romans. A. Stocks. Dept, o f Neurosurgery, The 
Johns Hopkins School o f Medicine, Baltimore, MD, 21287 

We have investigated the relevance of density of cutaneous innervation for the 
development o f postherpetic neuralgia (PHN), a chronic neuropathic pain syndrome 
that can follow shingles (zoster). Punch skin biopsies were removed from Ш V  
adults with and without PHN at least 3 months after shingles. Biopsies were taken 
from unscarred skin at the site previously affected by shingles, and from an area on 
the upper back distant from the shingles. Punches were immunolabeled with 
antiPGP9.5 antibody, a panaxonal marker. The density o f epidermal neurites was 
quantitated by microscopy, and data from patients with and without PHN compared.

In 30 patients biopsied at the site o f previous shingles, neuronal densities ranged 
widely from 4 to 3,100 neurites/mm2 o f skin surface. Fifteen o f the 16 patients 
without PHN had densities greater than 740 neurites/mm2 (mean = 1440 ± 240 
neurites/mm2). All 14 of the patients with PHN had densities below this value (mean 
= 260 ± 60 neurites/mm2). There may thus be a threshold level o f remaining nerve 
endings predictive of PHN. In 19 patients biopsied at the distant site, the 10 without 
PHN had a mean density o f2340 ± 156 neurites/mm2 whereas the 9 with PHN had 
a lower mean density o f 1393 ±  334 neurites/mm2 (p< 0.03).

At the site of previous shingles, a threshold o f740 neurites/mm2 correctly predicted 
the presence or absence of PHN in 29/30 patients. Data from the distant site suggest 
that generalized paucity o f cutaneous innervation may be an additional risk factor; 
perhaps explaining why diabetes is associated with PHN. Data from both sites 
indicate that there is an important relationship between density o f cutaneous 
innervation and the presence o f chronic neuropathic pain after shingles.

Supported by the Beatrice and Roy Backus Foundation

212.3
FIBROBLAST GROWTH FACTOR-2 MODULATES NEURONAL IMPULSE 
ACTIVITY IN THE SPINAL DORSAL HORN
S. Mense*1. T. Bltim1. U. Hoheisel2. and T. Uneer2. 1 Dept, of Anatomy and Cell 
Biology, Heidelberg, Germany;2 Dept, o f Pharmacology, Kiel, Germany

The findings that fibroblast growth factor-2 (FGF-2) is present in most astrocytes, 
and one o f the FGF-receptors (FGFR-1) is located preferentially on neurons suggest 
that FGF-2 may influence neuronal discharges. The neurotrophic and neuroprotective 
actions o f FGF-2 are well-established. However, up to now the possibility that FGF-2 
is involved in the modulation of impulse activity in dorsal horn neurons is largely 
unexplored.

In the present study, the impulse activity of single dorsal hom neurons that had 
mechanoгeceptive fields in the hindlimb was recorded in anesthetized rats. FGF-2 was 
ionophoretically administered close to the recorded neuron. Before and during FGF-2 
ionophoresis the background (resting) activity o f the cells was recorded or their 
receptive fields tested with mechanical stimuli. Stimuli used were. 1) weak, innocuous 
pressure (1.98 N), 2) moderate, innocuous pressure (4.9 N), and 3) strong, noxious 
pressure (9.8 N). FGF-2 ionophoresis depressed the background activity of most of the 
active neurons. Moreover, in all types of neuron studied (LTM, HTM, MR) FGF-2 at 
nanomolar concenưations decreased the response m
agnitude to mechanical stimulation, responses to the intermediate stimulus (4.9 N) 
showing the strongest effect. The latency of the effect was long (more than 4 min after 
onset of ionophoresis). Experiments employing spinal cord superfusion of FGF-2 for 
hours showed that under these conditions only the responses to noxious stimulation 
persist.

The results demonstrate that in addition to neurotrophic actions FGF-2 has an 
influence on the impulse activity o f central nervous neurons. The action of FGF-2 on 
neuronal discharges is differential in that responses to innocuous stimuli are more 
strongly suppressed than those to noxious ones.
Supported by the German Research Foundation, Research Group Z i-110/22-3

212.5
BRAIN-ASSOCIATED TNF: ITS ROLE IN NEUROPATHIC PAIN. T A. IgnatowskL 
Ph,Dλ W. Covev. B A.2 P R. Knight. M.D.. PhD.1, and R.N. Soeneler. PhD.2 
‘Dept. Anesthesiology and⅛ept. Pathology, SUNY at Buffalo, Buffalo, NY 14214.

Neuropathic pain, or chronic pain due to nerve injury develops a central component. 
The pathophysiologic mechanisms involved in the development of this central 
component are poorly understood. We liave investigated the role of TNF in the 
evolution of ‘cenưal sensitization’ in the Bennett neuropathic pain model. TNF-Abs 
are infused into the brain o f rats (male, Sprague-Dawley) that have undergone loose, 
chromic gut ligature placement around the sciatic nerve. Rat lűnd paw thermal 
nociceptive threshold is measured. A mini-osmotic pump (0.5 µl/hour, 14 days) is 
inserted into a subcutaneous pocket and is connected to a brain infusion cannula. The 
cannula is placed to the stereotaxically correct depth within the right lateral cerebral 
ventricle. Total TNF in regions of the brain, spinal cord and plasma are assayed 
(WEHI 164, subclone 13 bioassay). Total RNA is isolated allowing the quantification 
of TNF mRNA. Antibody infusion, affecting both TNF activity and expression, is 
performed four and six days post-ligature placement corresponding to the period 
preceding the appearance of elevated levels o f the cytokine in the CNS. Antibody 
infusion does not affect peripheral serum levels of TNF. Interestingly, continuous 
microinfusion of TNF-Abs starting four days following ligature placement completely 
abolishes the hyperalgesic response characteristic of this model, as assessed by the 
58°C hot-plate test. Changes in hind paw temperature, expressed as the temperature 
difference (°C) between pre- and post-operative interval measurements, demonstrates 
that cutaneous hyperthermia, indicative of decreased sympathetic activity, develops in 
the initial 14 days after ligature placement. This response is noted in both the ipsilateral 
and contralateral hind paws, suggesting a central origin of the disorder. Continuous 
microinfusion of TNΓ· Abs starting four days following ligature placement not only 
blocks hyperthermia, but also demonstrates hypothermia. These results are time- 
dependent in that infusion of Ab at six days post-ligature placement does not reduce the 
hyperalgesic/hypertheπnic responses. Infusion of the vehicle (aCSF) alone or conưol 
rabbit serum lias no effect on these responses when compared to rats that received 
ligature placement only. These results demonstrate the profound role TNF has in the 
CNS, both in the pathology of neuropathic pain, as well as in fundamental pain 
perception and sympathetic activity. This work was supported by PVA Grant 
#RFAOO8 (RNS).

212.2
TARGETING OF VANILLOШ RECEPTOR PROTEIN: ITS RELATIONSHIP 
TO NEUROPEPTIDES AND OTHER NOCICEPTORS. A. Guo. L. Vulchanova, 
J. Wang. X. Li. R. Elde* Dept, o f Cell Biology &  Neuroanatomy, University of 
Minnesota, Minneapolis, MN 55455

The vanilloid receptor (VR1) encodes a protein that functions both as a receptor 
for capsaicin as well as a transducer of noxious thermal stimuli. In order to 
determine the expression and targeting of this protein we have generated antisera 
against both the amino and carboxy termini o f VR1. The specificity of the antisera 
was established by a number of methods. Within dorsal root and trigeminal ganglia 
VRl-immunoгeactivity (VRl-ir) was restricted to the small and medium sized 
neurons that account for more than 50% of total cells in these ganglia. V R l-ir was 
transported into both the central and peripheral processes of these primary afferent 
neurons, as evidenced by: (1) the presence of V R l-ir in nerve fibers and terminals in 
lamina I and lamina ∏i of the superficial dorsal horn and the association of VR l-ir 
with small diameter nerve fibers in the skin and cornea; (2) the dramatic reduction of 
V R l-ir in the spinal cord after dorsal rhizotomy; (3) the accumulation of VR l-ir 
proximal to sciatic nerve ligation; (4) the presence of V R l- ir  in the plasma 
membrane of dorsal root ganglion neurons and terminals in the dorsal horn. VR l-ir 
was also seen in nerve fibers and terminals in the spinal trigeminal nucleus and 
nucleus of the solitary tract. V R l-ir was expressed in a large fraction of neurons that 
express the purinoceptor P2X3- whose axons terminate in lamina Hi, suggesting 
that these neurons may function as thermal nociceptors. Surprisingly, V R l-ir did 
not coexist extensively in nerve fibers and terminals that contain substance P and 
calcitonin gene related peptide, suggesting the possible existence of multiple forms 
of vanilloid receptors. This research is supported by grants from NIDA.

212.4
GDNF IS PRESENT IN PRIMARY AFFERENT FIBERS OF THE SUPERFICIAL 
DORSAL HORN AND INDUCES EXPRESSION OF IMMEDIATE EARLY 
GENES AFTER INTRATHECAL INJECTION. J.L.M. Jong℮n.u  A. v. Rooiien- 
Boot.1 Ch.J. Vecht2 and J.C. Holstege1*. JDept. of Anatomy, Erasmus University Med. 
Sch. and 2Dept. of Neuro-oncology, Daniel den Hoed Cancer Center, Rotterdam, NL.

There is increasing evidence that neurotrophic factors are anterogradely transported 
within neurons and exert fast postsynaptic effects. We have examined these issues 
with respect to glial cell-line derived neurotrophic factor (GDNF) in the spinal cord.

Rats were perfused with 4% paraformaldehyde containing 15% sucrose. Lumbar 
spinal cord was removed and 34µm frozen sections were cut, which were processed 
for GDNF immunocytochemistry, using the ABC method. Light microscopic examina
tion showed GDNF immunoreactive fibers, which were most prominent in the superfi
cial dorsal horn (lamina I and outer lamina II). Dorsal rhizotomy led to a complete 
disappearance of GDNF from the dorsal horn in the corresponding segments on the 
rhizotomized side, showing that GDNF is present exclusively in primary afferent 
fibers that terminate in the superficial dorsal horn. Preliminary ultrastructural data 
suggest that, within these terminals, GDNF is present in dense cored vesicles. 
Axotomy of the sciatic nerve resulted in a strong decrease of GDNF immunoreactivity 
which was still present after 100 days survival. This demonstrated that GDNF expres
sion in primary afferent fibers is actively regulated by peripheral signals.

To further study the role of GDNF in spinal transmission, we injected 10 µg of 
GDNF intrathecally through lumbar puncture and processed the spinal cord as above 
for immunocytochemistry of the immediate early gene (IEG) products c-Fos, c-Jun 
and Krox-24. We found an increase in the number of positive neurons in the superfi
cial dorsal hom of Sr segments for all three IEG products, compared to controls.

Since IEG products increase in the superficial dorsal horn only after nociceptive 
stimulation, our injection experiments suggest that GDNF acts as a neuromodulator 
involved in spinal pain ưansmission. This is consistent with our anatomical findings. 
J.L.M. Jongen is a recipient of a grant of the Dutch Cancer Society

212.6
CORRELATION OF GENETIC SENSITIVITY OF INBRED MOUSE STRAINS 
TO MULTIPLE NOCICEPTIVE MODALITIES: HOW M ANY TYPES OF 
PAIN? J.S. Mogil*. S.G. Wilson. S.E. Lee, K. Chung. R. Raber. L. Hubert. 
J.K. Belknap, G.L Elmer, J.M. Chung, and M. Devor. Dept, of Psychology and 
Program in Neuroscience, University of Illinois at Urbana-Champaign, IL  61820.

Various behavioral assays of nociception are differentially affected by experimental 
manipulations such as drug administration, suggesting that there are different "types" of 
pain. But what are these "types"; what primary categories does the nervous system 
employ in the processing of different kinds of noxious inputs? We have approached 
this question by exploiting genetic differences among inbred strains of mice. We tested 
11 strains (129/J, A/J, AKR/J, BALB/cJ, CЗH/HeJ, C57BL/6J, C58/J, CBA/J, DBA/2J, 
RIIIS/J, SM/J) for their basal sensitivity on 11 common nociceptive assays. The assays 
employed provide for a range of different nociceptive dimensions including, among 
others, noxious stimulus modality (thermal, mechanical, chemical/inflammatory, 
neuropathic), site of injury (cutaneous hindpaw or tail, subcutaneous, visceral, 
peripheral nervous system), and stimulus duration (acute, subacute/tonic, chronic). 
Since individual members of inbred strains are isogenic at all genetic loci, the 
correlation between strain means can be taken as a reliable index of genetic correlation 
among nociceptive assays. Correlation matrices were subjected to various statistical 
clustering techniques to identify nociceptive modalities with common genetic 
mediation. We report the existence of three major clusters: thermal, chemical, and 
mechanical. Intriguing additional findings include: a) the positive correlation between 
autotomy following hindlimb denervation and thermal nociception, b) the negative 
correlation between thermal and mechanical sensitivity, and c) the complete lack of 
coưelation between two different neuropathic assays. The data obtained are also 
relevant to the interpretation of transgenic knock-out experiments, as many of the 
assays feature significant 129/J versus C57BL/6J differences. Supported by NIH Grant 
1R29DA11394-01 to JSM.
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212.7
EARLY PHYSIOLOGICAL CHANGES A N D  PAIN-LIKE  
BEHAVIOR ASSOCIATED WITH N ERV E ROOT 
COM PRESSION A ND /O R  APPLICATION OF N UC LEU S  
PULPOSUS - A  M ODEL OF SCIATICA. Robert R. M vers*. Shoji 
Yabuki. Kjell Olmarker. Dept, o f  Anesthesiology, V A  Medical Center 
and the University o f California, San D iego, La Jolla, CA 92093-0629.

Sciatica is the painful pathophysiologic state associated with 
protruding or ruptured lumbar intervertebral discs. A  major pathogenic 
mechanism is thought to be related to compression o f  adjacent nerve 
roots and dorsal root ganglia, but recent data suggests that inflammation 
caused by the nucleus pulposus (NP) o f the herniated disc may 
exacerbate the compression injury, or, by itself, may cause injury to 
neural tissue and a painful neuropathic state. In a model for inducing disc 
herniation in the rat, we found that puncture o f a lumbar disc with 
herniation o f the NP and chronic displacement o f the L4 nerve root/DRG  
caused a statistically significant thermal hyperalgesia beginning within 
two days after surgery and gradually recovering during the subsequent 18 
day observational period. Displacement o f the nerve rooưDRG alone, or 
application o f  NP alone, did not produce significant hyperalgesia, 
although some animals displayed pain-like behavior. Application o f N P  
to rat L4 spinal nerve root caused a significant decrease in nerve root 
blood flow  and an increase in endoneurial fluid pressure within 4 hours, 
corresponding to increases in tissue edema. Neuropathological findings 
paralled these data, in that more severe pathology was noted in animals 
receiving both insults. Supported by the Department o f  Veteran’s 
Affairs and NIH NINDS N S18715-13.

212.9
DIFFUSE NOXIOUS INHIBITORY CONTROLS DECREASE DURING THE 
CHRONIC STAGE OF MONOARTHRITIS IN THE RAT
N. Danziger, J. Weil-Fugazza, D. Le Bars and D. Bouhassira* INSERM U161 
75014 Paris, France.

We investigated diffuse noxious inhibitory conưols (DNIC) in a model of 
monoarthritis in the rat, comparing animals with acute and chronic monoarthritis.

Monoarthritis was induced by injection o f complete Freund adjuvant into the 
right tibio-tarsal joint. The threshold for vocalization in response to pressure of 
each jo int and the ankle bend score were measured at 24-48h or at 3-4 weeks after 
the injection. Animals were then anaesthetized and surgically prepared for the 
recording o f a convergent neurone in the trigeminal nucleus caudalis. Each ankle 
was successively submitted to a maximal flexion and to three different calibrated 
pressures. The inhibition of the trigeminal neurone triggered by each of these 
heterotopic stimulations was measured.

Animals with monoarthritis showed an increase of the ankle-bend score and a 
decrease o f the vocalization threshold to pressure on the arthritic side. These 
behavioral modifications were similar in the acute and chronic stages. As 
compared with the normal jo int, inhibitions triggered by the mechanical 
stimulations of the arthritic jo int were significantly increased at all intensities in 
the acute stage. At this stage, there was a significant correlation between 
behavioral data (decrease of the vocalization threshold) and electrophysiological 
data (degree of inhibition with the lowest pressure). By conưast, in animals with 
chronic monoarthritis the degree of inhibition triggered by pressure was very 
similar for both ankles, except for the most intense stimulation, and did not 
correlate anymore with behavior.

Diffuse inhibitory controls triggered by stimulation o f the arthritic jo int are 
exacerbated in the acute stage of monoarthritis. By contrast, the discrepancy 
between behavioral and electrophysiological data in chronic monoarthritis 
suggests that chronicity may be associated with a decrease of diffuse inhibitory 
controls.

212.11
GENDER DIFFERENCES IN THE CENTRAL RESPONSE TO PAIN 
CONTROLLED FOR STIMULUS INTENSITY. S.W.G. Derbyshire.1 A.K.P. Jones.2 
D. Townsend.1 F. Gyulai.1 G.S. Smith1* and L. Firestone1*. 'University of Pittsburgh 
Medical Center, PET facility, 200 Lothrop Street, Pittsburgh 15213, USA 2University 
of Manchester Rheumatic Diseases Centre, Hope Hospital, Salford M6 8HD, UK.

Gender differences in response to experimental pain stimulation are often small and 
inconsistent. One possible source of inconsistency is central interaction of stimulus 
intensity and pain perception with gender resulting in differential gender response to the 
same stimulus intensity. This study examined the changing pattern of regional cerebral 
blood flow (rCBF) with increasingly painful stimulation analyzed across gender.

A standardized infusion of H2lsO and PET measured rCBF 188 times in 11 males and 
174 times in 10 females. A C 02 laser delivered infrared stimuli, corresponding to each 
subjects' report of warm, just, mildly or moderately painful, to the right hand.

Stimulus ratings were not significantly different (mean: males 4.6; females 4.4; F<l) 
but the laser energies delivered were (mean: males 615 mJ; females 549 mJ; F=20.4, 
p<0.001). SPM analysis localized the central effects of noxious stimulation to the 
thalamus, lentiform nucleus and the insula, prefrontal, anterior cingulate, parietal and 
premotor cortices (p<0.001, corrected for multiple comparisons). The female group 
indicated greater responses in the perigenual anterior cingulate and inferior parietal 
cortices and the male group indicated greater responses in the prefrontal and 
midcingulate cortices. These differences were subtle (p<0.01, no correction). Using laser 
energy fluctuation as. a covariate of no interest did not result in more, or more 
significant, differences.

This study confirms the general finding that male subjects require more intensity 
before reporting pain. As for many other studies, however, the difference was small. 
Despite the large number of measurements, examination of the central responses also 
revealed small differences. The general lack of gender differences in the central response 
to noxious stimulation, even when controlling for differences in stimulus intensity, 
should temper speculation regarding the contribution of differential central organization 
to gender differences in clinical pain disorders.

MRC (UK) ROPA 8 DEE 171 & NIH/NCRR/GRC 5MOI-RROOO56

212.8
TRANSIENT INJURY TO NEONATAL RATS INDUCES PERMANENT 
THERMAL HYPERALGESIA OR HYPOLAGESIA IN ADULTS
C.L. C le land*. S.M . Ritter. A .M . B roαham m eг. M .J. Brownlee. D.R. Beck, and
G .F. G ebhart. Departm ents o f Physio logy and B iophysics, and Pharm acology, 
The Un iversity o f Iowa, Iowa City, IA 52242

Sensory system s, such as vis ion  and audition, can be perm anently altered 
by inappropriate  sensory experience during critica l periods in young anim als. 
W h e the r adult pain processing can be s im ila rly  m od ified  by early experience 
is unknown. O ur goal was to  dete rm ine  if  b rie f in jury to  the  paw o f neonatal 
rats can induce hyperalgesia o r hypo lagesia tha t persists into adulthood.

The right hind paw o f neonatal rats rece ived in jections o r top ica l app lica tion 
o f C -fibe r excitants, in flam m atory chem ica ls  o r contro l so lutions. A fte r 
m aturing to 8  weeks, pain sensitiv ities  o f both h ind paws to  the rm al and 
m echanica l stim u li were tested using rad iant heat and ca lib ra ted 
m onofilam ents. Paw vo lum e  and tem pera ture  were also measured.

A du lt the rm al pain sensitiv ities  o f rats tha t rece ived early (PO-P6 ) in jections 
(4 µl) o f caҥageenan (3%) o r F reund’s ad juvent (50% ) were altered re la tive  
to  the  untreated contra la tera l paw in the sam e anim al, w ith Freund ’s causing 
hyperalgesia but carrageenan causing hypoalgesia. In contrast, top ica l 
app lica tion o f mustard oil (5-100% ), capsa ic in  (0.025% ) o r contro l treatm ents 
were not e ffective . Com paring treated and contro l paws in d iffe ren t anim als 
showed tha t pain sensitiv ity  in the treated paw was a ffected . Late r (P9-P15) 
in jections fa iled to  a lter adu lt pain sensitiv ity , dem onstrating  a critica l tim e  
w indow. S ince paw size increased w ith  e ffec tive  and ine ffec tive  treatm ents, 
paw vo lum e was not responsib le. Paw tem pera ture  was unaffected by injury.

In conclusion, b rie f in jury to  neonatal ra ts during a critica l tim e  w indow  can 
perm anently a lter pain perception, which m ay have im portan t c lin ica l 
im plica tions fo r the m edical care o f infants.

Supported by NS32261 to  CLC and DAO2879 to  GFG .

212.10
THE EFFECT OF CA PSA IC IN-INDU CED PAIN ON HUM AN BRAIN  
MU OPIOID RECEPTOR BINDING M EASURED BY PET.
M. Qrop¢za. P.N. Fuchs, B. Bencherif, S. T. Li. H. Ravert, J. Musachio, 3. Mathews, 
B. Dannals, J.N. Campbell, A. Belzberg* and J.J. Frost. The Johns Hopkins University 
School of Medicine, Baltimore, MD, USA.

Brain endogenous opioids and opioid receptors are known to play a role in human pain 
mechanisms, but the relationship between regional brain opioid function and pair, 
intensity is not completely understood. Mu opioid receptors can be imaged by PET using 
the selective ligand C - l l  carfentanil (CFN). Acute topical pain can be induced by 
capsaicin, a compound derived from the chilli pepper. The purpose o f the current study is 
to determine whether capsaicin-induced pain causes regional decreases in C - l l carfeni-nil 
binding to mu opioid receptors due to release of endogenous opioid peptides.

The experimental protocol involves PET imaging with CFN before and alter 
application of 10% topical capsaicin to the dorsum of one hand. Continuous pain ratings 
are obtained using a visual analog scale (VAS). Kinetic PET acquisitions were obtained 
for 90 minutes using the GE4O96 scanner. Regional of interest analysis was used and 
(region - occ ctx)/occ ctx during the interval 35-82 min. where occ ctx represents non 
specific binding in the occipital cortex. Four male subjects of age 27-42 were studied 
under this protocol. The mean pain ratings (interval 35-82 min after CFN injection) in all 
subjects ranged from moderate to very intense coưesponding to a VAS rating of 56-96 on 
a scale of 0-100. Mu opioid receptor binding decreased in most of the sampled regions in 
all four subjects. Some regions showed changes within 10%, but for many regions 
decrease of more than 10% were observed . That included thalamus (-11 to -28%); caudate 
nucleus (-16 to -31%); amygdala (-14 to -28); putamen (-J1 to -34%); periaqueductal gray 
matter (-12 to -16%).

These preliminary results indicate that experimentally acute pain using topical capsaicin 
can decrease brain mu opioid receptor binding consistent with the hypothesis that pain 
induces the release of endogenous opioid peptides. Further studies are to be performed in 
order to relate the regional reduction in mu opioid receptor binding to pain magnitude. 
Measurement of dynamic changes in mu opioid receptor binding represents a novel 
approach to the study of pain mechanisms which w ill ultimately improve our 
understanding of pain syndromes. BLAUSTEIN PAIN TREATMENT CENTER

212.12
SHORT TRIAL FMRI OF PAIN: A NEW APPROACH TO IMAGING PAIN. K D, 
Davis*1. C.L. Kwan1. A.P. Crawley2 and D.J. M ikulis2. Dept. 'Surgery and 2Medical 
Imaging, Univ. Toronto and The Toronto Hospital, Toronto, Ont., Canada M5T 2S8.

Conventional functional magnetic resonance imaging (fMRI) studies employ a 
block design whereby relatively long (up to 1 min) periods o f interleaved control and 
task stimuli are delivered. These long stimulation periods are not well suited to the 
study of pain due to the confounding effects o f skin damage, interstimulus interaction, 
and subject compliance. Recently, fMRI studies in other fields have employed a 
“ single trial” design to investigate the effects of short duration stimuli. We have 
adopted this approach to the study o f thermal pain with fMRI.

Functional images were acquired with a spiral sequence on a l.5T GE “ echospeed” 
MR system: 4 interleaves, field of view=22x22cm, in-plane resolution= 1.7mm, 
TE=4Oms, TR=48Oms for i) six 4mm thick axial slices parallel to the AC-PC line to 
observe the thalamus, insula and S2, l.9s/frame; and ii) four 4mm thick sagittal slices 
to observe the anterior cingulate cortex (ÁCC) bilaterally, TR=32Oms, l.3s/frame. 
A peltier-type thermal stimulator (Medoc) was used to deliver stimuli to the thenar of 
normal volunteers. Each experiment consisted of 15-20 repetitions of a 20s innocuous 
thermal stimulus (15°C or 4I°C) interleaved with a l-3s noxious stimulus (2°C or 
47.5°C). An MRI-compatible computerized rating system was used to continuously 
monitor the subjects’ pain. A pixel by pixel statistical analysis of images obtained 
during each innocuous vs noxious task was used to determine task-related activations.

Pain-related ACC, S2, thalamus and insula activation could be clearly identified. 
Time-course analysis revealed a hemodynamic delay o f 3-5s from the onset of 
noxious stimulation to the onset of a 2-5% increase in signal intensity. The fMRI 
response returned to baseline 2-6s after the termination of each noxious stimulus.
These findings demonstrate that brief stimuli combined with on-line pain ratings can 

be used for sophisticated coưelational and time course analyses of acute pain-related 
cortical and thalamic activations with fMRI. (Supported by the MRC and Whitehall 
Foundation)
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212.13
REGIONAL BRAIN ACTIVITY BEFORE AND AFTER VISCERAL SENSITIZATION.
E.A. Maver*. M. Liu, J. Munakata. M.A. Mandelkern. S. Berman, D.H.S. Silverman. M. Schmul- 
so∩. J. Williams. E. Kovalik, B. Naliboff. UCLA/CURE Neuroenter¡c Disease Program, Depts. of 
Medicine, Physiology and Psychiatry, UCLA and WLA/VA, Los Angeles, CA 90073. 
BACKGROUND: Compared to normal controls (NIs), Irritable Bowel Syndrome (IBS) patients 
show altered regional cerebral responses to anticipated (but not delivered) and delivered tonic 
rectal distension, including an absence of anterior cingulate cortex (ACC) activation and an ab
normal activation of the left dorsolateral prefrontal cortex (PFC). Repetitive phasic sigmoid dis
tension to noxious pressures leads to rectal hyperalgesia in IBS but not in healthy controls.
AIMS: To examine the brain response associated with rectal hyperalgesia induced by repetitive 
sigmoid stimulation. METHODS: 16 IBS patients (11M, 5F) and 6 NIs (4M, 2F) were studied 
using a double balloon (rectum and sigmoid colon) catheter. PET images were obtained during 
baseline and moderate intensity rectal distension (45mmHg for 60s), before and after Юmin of 
repetitive noxious sigmoid conditioning (30s pulses of 6OmmHg, 30s intertrial interval). Statistical 
parametric mapping (SPM96) using a corrected p<.O5 was used to identify areas of significant 
activation in the PET data. RESULTS: In IBS, similar to our previous reports, the 45mmHg 
stimulus resulted in significant activation of the left PFC both pre and post sigmoid conditioning. 
Following conditioning, additional activation of the perigenual ACC (BA24) was observed. In NIs, 
45 mmHg did not produce activation of PFC or ACC. However, before conditioning, the stimulus 
produced activation of sensory association area (BA4O), while activation of midbrain structures in 
the region of the PAG was seen following the conditioning stimulus. IBS patients showed higher 
intensity ratings of the 45mmHg stimulus before and after sigmoid conditioning.
CONCLUSIONS: 1) A tonic non-noxious visceral stimulus is associated with PFC activation in 
IBS but not NLs, consistent with increased vigilance in IBS. 2) Following sensitization with a re
petitive noxious stimulus, the IBS patients show activation of the perigenual ACC to the previ
ously non noxious stimulus, consistent with pain-related ACC activation seen in other studies of 
phasic pain stimuli. 3) ACC activation to the non-noxious stimulus is not seen in NLs either before 
or after sigmoid stimulation, presumably due to activation of antinociceptive systems (PAG) which 
prevent development of hyperalgesia. 4) Abnormal visceral pain responses in IBS may be re
lated to inadequate activation of antinociceptive systems.

212.14
PRESSURE PAIN THRESHOLDS AFTER STATIC WORK LOAD IN 
CHRONIC SHOULDER PAIN.B Sjölund?G.Â. Haлsson, J Kalliomäki, U 
Moritz, A. Persson. Departments of Rehabilitation and Occupational & 
Environmental Medicine, Lund University Hospital and Departments of 
Physical Therapy, Lund University, 221 85 Lund, Sweden.

One mechanism behind chronic muscle pain and tenderness has been assumed 
to be a pressure pain threshold (PPT) decrease due to peripheral and/or central 
sensitization. In healthy subjects subjected to a muscular endurance test of one 
arm, we have previously found a bilateral increase, not a decrease of PPT: s. 
Furthermore, the duration of the PPT changes was far beyond that of EMG- 
related muscular fatigue, indicating that intrinsic muscular processes did not 
influence the nociceptors. We have now subjected women with chronic muscle 
pain to the same paradigm to evaluate whether their PPT pattern could contribute 
to an understanding of their chronic pain. 18 women(mean age 47 yrs) with 
unilateral shoulder muscle pain since one year were subjected to a submaximal 
unilateral activation o f the shoulder muscles on the painful side. The maximal 
endurance time was registered as well as the PPT:s on seven defined points over 
the trapezius and deltoid muscles on each side, before, immediately, 10 min after 
and 20 min after the end o f the test. An electronic PPT algometer, Somedic, was 
utilizized. The average endurance time recorded was 195 (90-39O)s. Only on the 
nonpainful side did these patients demonstrate a similar PPT increase as the 
healthy subjects did previously (p=0.013, paired t-test). The endurance time was 
much shorter than that of healthy subjects ( 330 (range22O-6l6)s).

The PPT increase previously demonstrated after unilateral muscular exertion 
w as not seen on the painful side o f the present patients with chronic shoulder 
pain, indicating a difference in sensory processing as compared to normal 
conditions.

VISUAL CORTEX; EXTRASTRIATE ∏ 

213.2213.1
SURFACE-BASED ATLASES FOR COM PARING PARTITIONING  
SCHEMES IN MACAQUE AND HUMAN CEREBRAL CORTEX.
DC Van Essen1*, HA Drury1, JW Lewis1,2. 'Washington University School 
of Medicine, St. Louis, MO, USA 63110; 2Medical College of Wisconsin, 
Milwaukee, WI, USA 53226.

As a guide to analyzing the functional organization of cerebral cortex, 
we have generated surface-based atlases for the macaque and human. 
Each atlas includes multiple partitioning schemes that can be viewed 
alone or in various combinations. Locations on the cortical surface can 
be specified relative to geographic landmarks and also in surface-based 
coordinates (latitude and longitude) derived from a spherical map of the 
hemisphere. The macaque atlas includes partitioning schemes of 
Brodmann; Bonin and Bailey; Desimone and Ungerleider; Felleman and 
Van Essen; Carmichael and Price; and Lewis and Van Essen, the last of  
which contains information on individual variability in the size and 
location of each area. Areal boundaries were transformed from the 
source hemispheres onto the atlas by surface-based warping, a method 
that compensates for individual variability in the pattern of convolutions 
while respecting the topology of the cortical surface. The human atlas 
includes Brodmann’s partitioning scheme, topographically organized 
visual areas and functionally specialized regions revealed by 
neuroimaging studies, and labeling of major sulci and gyri. To facilitate 
interspecies comparisons, we deformed the macaque atlas to match the 
shape of the human atlas using geographic and functional landmarks 
presumed to be homologous across species. The atlases are freely 
available as files readable by Adobe Photoshop software and as files 
compatible with 3-D visualization software (CARET) that runs on SGI 
workstations (http://vl.wustl.edu/caret.html). Supported by Human Brain 
Project MH/DA52158 (NIMH/NASA/NIDA) and NIH EYO2O9l.

213.3
CORTICAL INTERACTION OF VISUAL AND AUDITORY MOTION 
PROCESSING. J.W. Lewis* & E.A. DeYoe. Med Col Wise, Milwaukee, WI 53226.

The goal of this study was to compare the cortical pathways for visual and auditory 
motion processing in individual human subjects and to identify regions o f sensory 
convergence. In contrast to previous work using isolated visual or auditory motion 
tasks (Beauchamp et al., ‘97; Lewis & DeYoe, ‘98), this experiment employed a task 
requiring explicit comparisons of motion information between modalities to identify 
cortical sites of multimodal overlap and, hence, potential polymodal interaction.

Initially, components of the visual motion processing system were identified using 
BOLD fMRI and the visual motion discrimination paradigm of Beauchamp et al., 
(1997). In agreement with previous studies, this produced activation of the ҺMT 
complex as well as additional areas o f dorsal occipital, posterior parietal, and 
precentral cortex. Next, components of the auditory motion system were identified 
using a one-back comparison of successive presentations of auditory motion stimuli 
using interaural intensity (IID) cues. This produced activation in A l and surrounding 
cortex, antero-lateral parietal, anterior insular, and precentral cortex.

To examine multimodal integration, a third paradigm was used in which the IID 
sound motion target was presented simultaneously with a comparable visual motion 
target. Both targets moved independently and randomly left or right at one of three 
possible speeds. Subjects judged the relative speeds of (1) successive visual targets, (2) 
successive auditory targets, or (3) visual vs. auditory targets. The crossmodal 
comparison (3) activated both motion systems and produced enhanced activation in 
bilateral swaths of parietal cortex (IPS, Talairach -27,-53,32; -26,59,38, plus superior 
STS) that encompassed the parietal regions activated by each unimodal task. For all 
three tasks, sưong activity was also present along a large swath including dorsal 
precentral and ant. cingulate cortex. Animal experiments suggest that the polymodal 
activation in the IPS and STS might identify potential homologues o f macaque areas 
VIP, LIP, and/or STP. Support: EYO6767 to JL; EY10244, MH51358 to EAD.

SURFACE-BASED DEFORM ATION OF fMRI ACTIVATION  
PATTERNS ONTO A CORTICAL ATLAS: COMPARISON WITH 
BRODMANN PARTITIONING SCHEME. HA Drurv*. M Corbetta,
G. Shulman. and DC Van Essen. Washington University School o f 
Medicine, St. Louis, MO, USA 63110.

Surface-based warping allows fMRI data to be brought into a common 
spatial framework while respecting the topology o f the cortical surface 
and preserving detailed characteristics o f the activation pattern. We 
used magnetic resonance images (both structural and functional) for two 
subjects performing a task that involved alternating periods of shifting 
attention and simple fixation (Corbetta et al., Soc. Neuro. Abstracts 
23:122.12, 1997). Cortical surface reconstructions and associated flat 
maps were generated from manually traced contours o f layer 4 or from 
semi-automatic segmentation o f the gray-white boundary. Voxels from 
the functional MRI having statistically significant signal modulations 
were projected onto the surface in 3-D and then to corresponding 
locations on the cortical flat map. Surface-based warping (Van Essen et 
al., PNAS 95:788-795; 1998) was used to deform the flat map o f •he 
individual (the source) to match the shape o f the Visible Man surface- 
based atlas (the target) using corresponding sulcal landmarks to 
constrain the deformation. The deformed activation patterns can be 
compared directly to one another, and also to the Brodmann partitioning 
scheme that has been mapped onto the same atlas. Major activation foci 
are situated in Brodmann’s areas 6 , 7, 19, and 40; the pattern differs 
significantly from (and is arguably more reliable) than that obtained 
using the conventional method o f stereotaxic projection to compensate 
for individual variability in cortical geography and in the size and 
location o f different functional areas. Supported by Human Brain 
Project MH/DA 52158 (NIMH/NASA/NIDA) and NIH EYO2O9L

213.4
AN fMRI INVESΉGAΉON OF SECOND-ORDER VISUAL MOTION 
PROCESSING WITH ATTENTIONAL MODULATION. D.C. Somers*’ ’ ’*. 
A.E. Seiffert§, A.M. Dal℮t, R.B.H. Tootell^, MGH-NMR Center^, Charlestown, 
MA, Dept, of Brain &  Cognitive Sciences^", MIT, and Dept, of Psychology^, Har
vard Univ., Cambridge, MA.

The human neural substrates that support processing of non-luminance defined 
or “ second-order” motion and spatial attention to motion were explored using fMRI 
(ЗT GE Signa; 4x3x3mm). Data were analyzed in a flattened cortical format 
and areas Vl,V2,VЗ,VP,V4v, and MT/MST were functionally labeled. Subjects 
viewed luminance-based (lst-order) and texture-based (2nd-order) moving and static 
stimuli. The strongest activation (motion vs. static) for 1st- and 2nd-order motion 
each occuưed within areas MT/MST and VЗA. Stimulus saliency for the two types 
of motion was equated by setting contrasts to approximately 10X standard threshold 
(1st: 10%; 2nd:25%). This saliency matching of motion stimuli was reflected in the 
well-matched activation (motion vs. fixation) observed for both motion types in 
all labeled cortical areas. Matched activation does not simply reflect saturation, as 
flicker patterns of the same spatial extent produced stronger activations in all areas. 
Static 2nd-order patterns (vs. fixation) activated all areas more strongly than static 
lst-order patterns, except in MT/MST which had little static activation. Together, 
these results reflect the psychophysical requirement that second-order motion be of 
higher contrast than first-order motion to achieve the same perceptual salience, and 
suggest that processing of both motion types share common neural substrates.

To explore attentional effects, a 1-back task was performed alternately on motion 
direction or on the identity o f a rapid stream of foveal letters (~  10 high, 4-5/sec). 
Both stimuli were always present. Attentional modulation for motion (attend motion 
vs. attend letters) was strongest in VЗA, V3, and VP. Attention to motion produced 
strong modulation (~  1 %) in all labeled visual cortical areas except MT/MST. Unlike 
a recent report (Rees et al., Science 278:1616), here MT activation (vs. fixation) was 
observed to remain robust even under the high attentional load disưaction task.
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213.5
FUNCTIONAL IM A G IN G  OF BRAIN AREAS INVOLVED IN  V ISUALLY 
INDUCED SELF-MOTION PERCEPTION IN  HUMANS. F.H. Previc*1. M. 
Liotti2. C. Blakemore3. J. Beer4 and P. Fox2. 'Flight Stress Protection Division, A ir 
Force Research Laboratory; ⅜esearch Imaging Center, University of Texas Health 
Sciences Center at San Antonio, San Antonio, TX 78284; 3Dept. of Physiology, 
Oxford University; Veridian, Inc.

The brain areas involved in visually induced self-motion perception (vection) 
in humans were studied using positron emission tomography (PET). The brains of 
nine subjects were scanned as they viewed very large, collimated, moving-texture 
patterns (>lOO-deg in diameter). Three visual stimulus conditions were used: 
counterclockwise (CCW) roll-motion and clockwise (CW) roll-motion (both of 
which yielded strong vection), as well as a random-motion control stimulus. PET 
images were obtained using a standard H2lsO procedure and were registered to MRI 
scans from each subject. The brain areas involved in visually induced self-motion 
perception were selectively revealed by subtracting the random-motion scans from 
those obtained in the combined clockwise and counterclockwise conditions, both of 
which yielded good vection ratings. The regions of highest activation were in the 
left parietal-temporal cortex, right superior insula, right putamen, and 
vestibulocerebellum. The high covariance of these activations suggest that they 
constitute the key components in a visual self-motion processing network. In 
addition, a widespread, lateralized activation was revealed by subtracting the CW 
scans from the CCW ones, with CCW motion diffusely activating mainly the right 
hemisphere and CW motion activating mainly the left one. The results of this study 
indicate that the processing of self-motion in space using “ ambient”  visual 
information is carried out by a “ core” network that interacts widely with the rest of 
the human brain.

213.7
CHARACTERIZATION OF THREE INTRINSIC MODES 

OF VISUALLY-DRIVEN CORTICAL ACTIVATION
David M. Senseman* and Kay A, Robbins†

Division of Life Sciences and †Division of Computer Science 
The University of Texas at San Antonio, San Antonio, TX 78249 

High-speed movies of visually evoked responses in the turtle cortex stained with a 
voltage-sensitive dye were subjected to dynamic principal component analysis. 
Three modes (termed MA, Mв and Mc) captured >95% of the energy in responses 
evoked by both point and diffuse retinal stimulation. MA is always the largest 
mode, capturing 70-90% of the energy and is the only component that is 
unimodal. It has an oval shape with its major axis -30° to the midüne. MA is 
centered in, and largely confined to, the medial visual cortex (VCM)· 
Physiologically, MA captures the spatial distribution of spiny pyramidal cell 
depolarization during the peak of the primary response as well as during 
secondary responses. Mв and Mc extend through VCM into the adjacent 
dorsomedial cortex (DM). Both Mв and Mc have anti-symmeưic bimodal 
distributions. The maximum and minimum of Mв are approximately circular and 
are separated by a line perpendicular to the major axis of MA; the maximum and 
minimum of Mc are bar shaped and are separated by a line parallel to the major 
axis of MA. Physiologically, Mв captures the early spread of depolarization along 
the rostrocaudal cortical axis while Mc captures the later spread of depolarization 
into DM. The fact that the same 3 modes can be identified in different 
experimental preparations in cortical responses driven by either diffuse or point 
retinal stimulation suggests they are intrinsic modes of cortical activation in the 
turtle. Rapid visual input generates “elecưical vibrations”  in this cortical sheet that 
are similar to the physical vibrations produced by sưiking a drum.
Supported by a UT San Antonio Faculty Research Award (DMS) and grant N00014-97-0029 
from the Office of Naval Research (KAR).

213.9
EXTRASTRIATE ACTIVITY DURING VISUAL IMAGERY 
IS "STIMULUS" SPECIFIC. N. Kanwisher1*2 & K. M. O'Craven* 1>2 . 
⅛ ep t of Brain & Cognitive Sciences, MIT, Cambridge, MA, 02139. 
2MGH-NMR Center, Charlestown, MA, 02129.

Several lines of evidence suggest that visual mental imagery can 
activate cortical regions involved in visual perception. Here we tested 
whether the particular regions of extrastriate cortex activated during mental 
imagery depend on what the subject was imagining.

Functional MRI images were collected using multislice echo planar 
surface coil imaging at ЗT. During initial scans, subjects viewed  
photographs o f famous faces and familiar places (prominant MIT campus 
buildings). These scans served to 1) familiarize subjects with the faces 
and places that they would later mentally image, and 2) functionally 
localize for these subjects the extrastriate regions which are selectively 
activated during perception o f faces (Fusiform Face Area, FFA) and 
places (Parahippocampal Place Area, PPA). In each subject, we were 
able to identify the FFA (as described in Kan wisher et al, 1997) and the 
PPA (Epstein & Kanwisher, 1998). During subsequent scans, subjects 
heard the names o f the same people and places, and were instructed to 
form clear visual images o f each one. All seven subjects showed 
significantly higher signal intensity in the PPA during mental imagery for 
places than for faces, and 4 o f 7 subjects showed significantly higher 
signal intensity in the FFA during imagery for faces than for places.

Our findings demonstrate that visual mental imagery activates visual 
cortex in a highly selective fashion, following the same functional 
specialization previously found for perception. The pattern o f brain 
activation during imagination depends on the content of the image. 
Supported by Human Frontiers and NIH grant MH56037 to NK.

213.6
CORTICAL AREAS RESPONSIVE TO THE DIRECTIO N, SPEED 
A N D  DISPARITY OF OPTIC FLOW FIELDS: A N  FMRI STUDY. 
M .W . G reen lee1*. R.M. R utsch m an n 2. M. Schrauf2. A.T. Sm ith3*.
T .H e n n ig 1 D ept. N eu ro l. U niv . Freiburg; 2D ep t. P sych o l. Univ. 
D üsseldorf; 3Dept. Psychol. Royal H ollow ay, U niv. London, U.K.

G radient-echo, echo-planar im aging  (EPI) w as u sed  to investigate 
BOLD contrast effects in occip ita l, tem p oral and parieta l cortex 
evok ed  during stim ulation  w ith  random  d ot optic flow  fie ld s (RD- 
OFF). Im aging w as perform ed w ith  a 1.5 T w h o le  b od y  Siem ens 
M agnetom . Ten or tw elve  4-m m  p lan es, p osition ed  ob liq u e to the 
axial plane, w ere im aged every 3 sec u sin g  a T 2*-w eighted sequence 
(TR=1.76 m s, TE=66 m s, α=9Oº FOV 256x256 m m 2, 128x128 voxels). 
The stim u li w ere created on  a VSG graphics board and show n  in 
back-projection w ith  an LCD-projector. The stim u li w ere  presented  
d ich op tica lly  u sin g  polar filters and right-an g le prism s. The RD- 
OFFs w ere presented w ith  or w ith out disparity. W e com pared BOLD 
responses to (1) random  jitter; (2) random  walk; (3) expansion . Each 
b ase lin e  ep och  (30 sec; b lank  fie ld , sam e m ean  lu m in an ce) was 
fo llow ed  b y  m otion  stim ulation , and this rest-stim ulation  sequence  
w as repeated six tim es. The im ages w ere corrected for residual head 
m otion , and cross-correlated  w ith  the stim u lu s boxcar. Significant 
v o x e l clu sters w ere  fou n d  in BA 1 7 /1 8  (V l,V 2 ,V З ), BA 19 /37  
(V 5/V 5a) b ilaterally. The BOLD effects w ere m ore p ronounced  for 
coh eren t exp an sion  com pared  to random  jitter or random  walk. 
D isparity  en h anced  the resp on se , su g g e stin g  a role o f binocular 
inform ation in the percept of RD-OFF. Support: DFG (Gr988-15), Schilling

213.8
INTRINSIC AND EXTRINSIC CORTICAL CONNECTIONS OF 
FUNCTIONALLY CHARACTERIZED MODULES IN MACAQUE 
AREA V4. Y. Xiao and D.J. Felleman*. Dept, of Neurobiology and 
Anatomy, Univ, of Texas-Houston Medical School, Houston, TX 77030.

Optical recording of intrinsic cortical signals was used to characterize some 
aspects of the functional organization of V4 and to guide the placement of 
injections of multiple distinguishable neuroanatomical tracers. Anesthetized, 
paralyzed macaque monkeys viewed various chromatic and achromatic 
patterns of a computer CRT, while images of red light reflected from V4 on 
the prelunate gyrus were collected by a cooled, slow-scan CCD camera. 
Differential imaging of isoluminant color gratings, luminance gratings, and 
illusory contour gratings were used to characterize functionally distinct zones 
within V4. Both full field and multiple patch stimuli were used. Differential 
imaging of isoluminant-luminance gratings produced multiple foci of 
excitation in V4. Activated foci were ~ l mm in width and were separated by 
several mm. Multiple distinguishable anterograde and retrograde tracers were 
then injected into characterized foci. Within V4, individual injections 
produced multiple clusters of labeled neurons and processes which spread 4< 
mm from the injection sites. Dense clusters of projections were observed in 
areas DP and perhaps V4A. The V4 luminance-selective zone made dense 
clustered projections across ~6x4 mm of PITv. In contrast, the chromatic- 
selective V4 foci made weak projections to PITv that avoided the luminance 
input. In medial IT, the two tracers labeled multiple, segregated, 1-2 mm wide 
clusters spanning ~Ю mm of cortex. These results suggest that functionally 
distinct modules in V4 have extensive interactions in V4 and project to 
largely segregated, foci in the temporal lobe. Supported by NIH EY-08372 to 
DJF and Core Grant EY 10608 to UTHSCH.

213.10
RETINOTOPIC LOCALIZATION OF NOVEL PICTURE ENCODING 
AND RELATION TO OBJECT RECOGNITION USING FMRI AT ЗT. 
J·D· Mendola*. A.M. Dale, W. Vanduffel & R.B,H. Tootell Massachusetts 
General Hospital NMR Center, Charlestown, MA 02129 

Previous imaging studies have found that discrete regions of visual cortex 
show greater activation to novel images than to repeated images (Stem et 
al., 1996). It is not known how this signal relates to other functional land
marks in the visual system. We used BOLD fMRI at ЗT (GE Signa with 
ANMR EPI, ЗxЗx4mm voxels, 16 slices perpendicular to the calcarine, 
TR=2s, TE=5Oms), and cortical flattening techniques to image activity in 
visual cortex while 12 subjects fixated natural images. We also used previ
ously described methods to map retinotopic areas. Immediately prior to 
each scan, subjects were familiarized with 16 images chosen randomly from 
our set by viewing 10 repetitions of the set, displayed at 1 Hz. During each 
4:16 scan these familiar images (randomly ordered) and novel images were 
shown at 1 Hz, in alternating epochs of 16 sec. To control for attentional 
set effects, a modified version was also used in which subjects performed a 
1-back task on both novel and familiar images. Finally, subjects were also 
scanned while viewing intact and scrambled pictures in a blocked design 
with 16 second epochs. Greater activation associated with viewing novel 
than familiar images was found in many visual areas, but was centered an
terior to the early visual areas VI, V2, V3 and VP. The peak strength of 
activation was localized to V4v, and the immediately anterior cortex in the 
lingual and fusiform gyri in all subjects. When we compared this pattern of 
activation to that obtained by contrasting intact pictures versus scrambled 
pictures, a striking partial overlap was observed. We conclude that the dis
crimination between novel and familiar images occurs in many visual areas 
along the presumed connectional hierarchy. However, the strongest signals 
occur in later visual areas. At least a subset of the cortical regions that 
exhibit the repetition effect are likely to be modulated because of a role in 
recognition per se. Supported by EY07980, HFPS, & McDonnell-Pew
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213.11
DIFFERENTIAL PROCESSING OF FACES UNDER VARIOUS VIEWING 
CONDITIONS IN HUMAN LATERAL OCCIPITAL COMPLEX.
K. Grill-Spector¯1. T. K u s h ∩ iŕ . S. E delm an3. Y. Itzchak2 and R. M alach*1. 
1Weizmann Inst, of Science, Rehovot 76100, Israel. 2The Chaim Sheba Medical Center, 
52621, Israel. Зưniversity of Sussex, Brighton, UK.

Retinal images of objects are significantly altered by changes in viewing conditions 
such as illumination, location and viewing direction, but recognition is largely 
unaffected by these factors. It is not clear to what extent object-related areas are 
invariant to any of these transformations. To address this question we used a rapid 
shape-adaptation effect in which repeated presentations of identical images reduce the 
fMRI activation. fMRI scans (6 subjects) were conducted on a 2T MRI system 
(Elscint, Ltd.) using gradient echo multi slice EPI pulse sequence. Achromatic visual 
stimuli were changed every 2 seconds and were presented in 32 epochs containing 5 
images each. Subjects were shown repeatedly either identical images of a face or the 
same face but in various locations, illuminations or viewpoints. Control epochs 
consisted of different faces appearing in the same viewing conditions and highly 
scrambled images of faces. The measured pixel-wise distances between images of 
different faces were the smallest (mean=9ЮO), and the distances between images of the 
same face at different locations were the largest (mean=2OOOO). In all subjects, voxels 
in the Lateral Occipital (LO) complex (located on the ventral and lateral aspects of the 
occipital lobe, lateral to V4) were activated preferentially by images of different faces 
compared to scrambled faces. Presentation of identical face-images produced 53+10% 
of the maximal signal (max = difference between many and highly scrambled faces). In 
comparison, images of the same face but at different locations yielded 75±I5% of the 
maximal signal, illuminations: 88+18%, and viewpoints: 92±I7%. These results reveal 
a greater sensitivity in LO to viewpoint changes compared to positional shifts, and 
suggest a differential treatment of various image transformations in human object- 
related areas. This study was funded by ISF 131/97.

RESPIRATORY REGULATION: BRAINSTEM MECHANISMS

214.1
EFFECT ON THE EXERCISE HYPERNEA OF MICROINJECTING 
EXCITATORY AMINO ACID (EAA) RECEPTOR ANTAGONISTS INTO 
THE MEDULLA OF GOATS.H. Forster. L. Pan. A. Serra. T, Lowrv. P. 
Martino, L . . G¢.iggr,_ A_ Wh⅝ley ąņd Ç. H illard* · Depts.of Physiol, and 
Pharmacol.-Med. Coll. ofWl; Dept, o f Phys. Therp. Marq. U. Milw.,Wí;53226 
and Zablocki VA Center, Wood, WI 53214.
We previously reported (FASEB J. 12:2884. 1998) that microinjection of EAA 
receptor antagonists at several sites in the medulla of awake adult goats often 
slightly depresses but occasionally enhances C 02 sensitivity. These 
microinjections had no consistent effect on eupneic breathing. We are presently 
reporting data obtained on the same 8 goats in which we tested the hypothesis 
that the EAA receptor antagonists effects were specific to C02 sensitivity. 
Microtubules were chronically implanted in goats 1-8 mm rostral to obex, 2-5 
mm lateral to the midline and more than Зmm from the ventral surface. 
Beginning two weeks later, the goats were studied at rest and during mild and 
moderate treadmill exercise 15 minutes after microinjection of 100-200 ml 
mock cerebrospinal fluid alone or with the NMDA receptor antagonist APS (5 
mM), the non-NMDA receptor antagonist NBQX (ЗOOµM) or the non selective 
antagonist kynurenic acid (250 mM). The effect o f the antagonists on the 
exercise hypemea was assessed by measuring the PaC02 in arterial blood 
withdrawn continuously into separate syringes at 15,30, or 60 second intervals. 
In the present data set, resting PaC02 was not altered by any of the EAA 
receptor antagonists. Moreover, the PaC02 response to exercise was not altered 
by any of the 3 EAA receptor antagonists. Accordingly, we conclude from 
these and previously presented data on the same goats, that the EAA receptor 
antagonists have a specific effect on C 02 sensitivity. (Supported by NIH 25738 
and Veterans Administration).

214.3
R E AL-T IM E V IS U A L IZ A T IO N  OF RESPIRATORY PA C E M A KER  
NEURON AC TIVITY W ITH CALCIUM-SENSITIVE DYES IN  THE PRE- 
BÖ TZING ER CO M PLEX IN VITRO. N . Ҟosh iva* and ΐ.C. Sm ith . 
Laboratory of Neural Control, NINDS, N IH , Bethesda, M D  20892.

We visually identified ind iv idua l respiratory pacemaker neurons in the 
pre-Bötzinger complex (pre-BötC) u t iliz in g  our prev ious ly  described 
functional neurotracing and imaging method (Soc. Neurosci. Abs. 23: 1252, 
1997). Transverse slices (200-400 µm thick) of neonatal rat medulla were 
used that contain the pre-BötC and generate inspiratory m otor discharge on 
hypoglossal (XII) nerves. Membrane permeant Ca2+-sensitive dye (calcium 
green-1, A M ) was m icroinjected in  the slices near the m id line  where 
co n tra la te ra lly  p ro je c ting  axons cross. A fte r  re trog rade  axonal 
transport/d iffusion, pre-BötC neurons were labeled and exhibited transient 
increases in Ca2+-dependent fluorescence (Ca2+-activities) of ~ЗO% above 
baseline that were synchronized w ith  the X II discharge. In addition to the 
synchronized in sp ira to ry  Ca2+-activ ities, depending on extracellu lar 
concentrations of K+ ([K+]〇), some o f the neurons occasionally exhibited 
extra transients of Ca2+-activity during  the period between X II discharges, 
suggesting in tr in s ic  osc illa to ry  mechanisms. Some o f the op tica lly  
identified inspiratory neurons sustained independent rhythm ic activities 
after blocking non -N M D A  receptor-mediated excitatory synaptic drive 
from  the netw ork w ith  CNQX. Other inspiratory neurons lost rhythm ic 
transients in  Ca2+-activity after CNQX, but rhythm ic activ ity  could be 
restored by changing [K+]〇. Oscillations of the pacemaker-type cells were 
desynchronized under these conditions, and the burst frequency depended on 
[K + ]〇. Combined IR-DIC im aging allowed simultaneous visualization of 
neuronal structure for patch-clamp recording. The inspiratory pacemaker 
neurons exhibited in trinsic voltage-dependent bursting behavior under 
current-clam p. These im aging techniques prov ide  the f irs t real-tim e 
visualization of inspiratory pacemaker a c tiv ity  and can be u tilized  to 
identify pacemaker neurons for electrophysiological analyses.

214.2
EFFECTS ON BREATHING AND BLOOD PRESSURE OF IBOTENIC ACID 
(IBO) INJECTIONS IN THE MEDULLA OF AWAKE GOATS. A  Serra. ⅛  
Forster. Ł  Martino. L* Pan. Ļ. Geiger, λ  Eells*. Departments of Physiol, and 
Pharmacol. - Medical College o f Wisconsin, Milwaukee, WI 53226 and 
Zablocki VA Medical Center, Wood, WI 53214.

Ibotenic Acid is a glutamate receptor agonist commonly used as a neurotoxin 
to study respiratory and cardiovascular control in anesthetized reduced animal 
preparations. The purpose o f our study was to assess acute and prolonged 
breathing and blood pressure effects o f IBO injections in the medulla o f awake 
goats. We have studied 5 adult goats in which small polyethylene (PE-50) tubes 
were surgically implanted in the medulla, in areas ranging from 1.75 mm to 
9.0mm rostral to obex. After a period of surgical recovery, unilateral injections 
of 5OmM Ibo (ЮOnl) were made into the medulla and ventilation (V,), blood 
pressure (BP) and PaC02 were monitored for 10 hours to several days. We have 
observed initial effects 30-45 minutes after injections, when animals 
demonstrated increases in breathing frequency (f) (95.96%), V, (83.25%), tidal 
volume (Vτ) (39.02%) and BP, and a small decrease in PaC02 (-5.28%). Brief 
periods o f agitated behavior also were present. Following the initial excitation, 
animals showed a reduction of f  (-11.69%), V, (-23.03%), Vτ (-38.40%) and BP 
when compared to control levels, and very calm behavior. These phases 
alternated over the next 3 hours and between each excitation “ spells” there 
would be an interval o f approximately 2 hours. One to five days after the 
injections measured physiologic functions were at or near control levels. We 
conclude that IBO injections in awake animals produced a cyclic increase in 
breathing and blood pressure, but there were no apparent permanent alterations 
o f physiologic functions.
Supported by NIH 25738 and Veterans Administration.

214.4
SUBSTANCE P CHANGES RESPIRATORY NETWORK CONFIGURATION IN 
THE IN VITRO MOUSE.
P. Telgkamp*. J,M. Ramirez. Dept, o f Anatomy, University o f Chicago, USA.

Transverse medullary slices from mice, containing the pre-Boetzinger Complex 
(pBC), generate spontaneously respiratory activity (Ramirez et al., 1997). Our data 
indicate, that it is possible to record from the pBC and the hypoglossus nucleus (XII) 
not only eupneic, but also gasp-like activity (see Ramirez et al. 1998 this volume). 
The eupneic activity is characterized by augmenting bursts and a faster frequency, 
while gasp-like activity is characterized by large-amplitude, decrementing drive 
potentials and slower frequencies which were significantly enhanced during hypoxia. 
To study the effect o f substance P on these activities, we simultaneously recorded 
extracellular activity o f cell populations in the pBC and the X II nucleus. Bath 
application o f 1 µM substance P (SP) increased the frequency o f both the faster 
eupneic rhythm and the slower gasping rhythmic activity. However, the percentage 
frequency increase was signficantly higher in the gasping activity (86,7%, n=5) 
compared to eupneic activity (11.5% increase, n=7). This suggests, that SP acts as a 
neuromodulator that biases the respiratory network towards gasping which may be an 
important role in modulating the hypoxic response. To further investigate the 
underlying mechanisms o f the SP-induced modulation we performed patch-clamp 
recordings in the whole-cell configuration in both pBC and X II neurons. In all 
investigated cells bath application o f 1 µM SP increased spontaneous synaptic 
activity. SP had a consistent effect on high-voltage activated calcium currents which 
were isolated by bath application of 1 uM TTX, ЗOmM extracellular TEA, 100 mM 
intracellular CsCl and 10 mM 4-AP. SP had no significant effect on t-type cuưents, 
but significantly reduced high-voltage activated calcium currents by 50-80% (n = 10). 
We are currently investigating the effect o f substance P on different subpopulations of 
cells within the pBC to unravel its differential effect on eupneic respiration and 
gasping.
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214.5
PROTEIN KINASE A  (PKA) MODULATES RESPIRATORY-RELATED 
NEURONAL EXCITABILITY IN THE PREBÖTZINGER COMPLEX 
(PREBÖTCì. O. Ge‘* &  J.L. Feldman12. Departments o f Physiological 
Science1 and Neurobiology2, UCLA, Los Angeles, CA 90095.

AMPA receptors are important for neonatal mammalian respiratory 
rhythm generation. We hypothesize that phosphorylation of AMPA 
receptors regulates excitability of respiratory neurons in the preBötC, 
the site of rhythm generation in the neonatal rat medullary slice (Ge 
and Feldman, J. Physiol, In Press). Since PKA phosphorylates AMPA 
receptors, we specifically examined the role of PKA in modulating 
respiratory neuronal excitability in the preBötC, using the neonatal rat 
medullary slice preparation that spontaneously generates respiratory 
rhythm. Local application of forskolin, an activator of adenylate 
cyclase, combined with isobutyl-1-methylxanthine (IBMX), an 
inhibitor of phosphodiesterase, in the preBötC increased the burst 
frequency of respiratory-related rhythmic discharges. Intracellular 
perfusion of purified PKA (20 µg/ml) enhanced endogenous 
inspiratory drive currents/potentials in preBötC inspiratory neurons by 
increasing either the amplitude or the duration of the drive current. 
Intracellular PKA also increased the amplitude of spontaneous EPSCs 
in both inspiratory and expiratory neurons. Furthermore, exogenous 
AMPA-induced current in preBötC respiratory-related neurons 
increased following intracellular dialysis with PKA. We suggest that 
PKA modulates respiratory-related neuronal excitability in the 
preBötC through direct effects on AMPA receptors. Supported by 
NIH grant HL4O959 and an American Lung Association of California 
Research Training Fellowship to QG.

214.7
FUNCTIONAL ANALYSIS OF RESPIRATORY NEURONS USING 
THE BREUER-HERING REFLEX IN VITRO. N.M. Mellen* and J.L. 
Feldman. Systems Neurobiology Laboratory, Departments of 
Neurobiology and Physiological Science, UCLA, Los Angeles, CA 
90095-1763

In a neonate rat in vitro brainstem spinal cord preparation in which 
lungs and their vagal innervation are preserved, transient cycle- 
triggered lung inflation systematically perturbs respiratory rhythm. 
Lung inflation during inspiration shortens inspiration and the 
subsequent expiration (Breuer-Hering Inspiratory reflex -  BHI). Lung 
inflation during expiration lengthens expiration (Breuer-Hering 
Expiratory reflex -  BHE). We recorded intracellularly from respiratory 
neurons in ventrolateral medulla, and related changes in membrane 
potential to changes in motor output during BHE and BHI. Because 
these reflexes reset respiratory rhythm, at least some neurons causal to 
respiratory гhythmogenesis are modulated by lung inflation. Consistent 
changes in the phase of activity relative to inspiratory burst onset 
during BHI and BHE was observed in a subset of Prel neurons, and in 
decrementing I neurons. We hypothesize that these neurons mediate 
the observed change in respiratory frequency, and are components of 
the respiratory rhythm generator. Supported by NIH Grant NS4O959.

214.9
ACTION OF PONTO-GENICULO-OCCIPITAL WAVES ON DIAPHRAGMATIC 
ACTIVITY AND RESPIRATORY NEURONS. W.L. Duπin-Barkowski1, 
J.M. Orem2* . Applied Computational Intelligence Laboratory, Texas Tech University 
(visiting from Information Transmission Problems Institute, Moscow, Russia) 
Department of Physiology, Texas Tech University Health Science Center^, Lubbock, 
TX 79430.

It has been reported that spontaneous ponto-geniculo-occipital (PGO) waves, 
which occur during REM sleep in the cat, induce a brief inhibition of diaphragmatic 
activity [1]. These data are of qualitative type, and though widely acknowledged and 
cited, have not been later quantitatively confirmed or rejected. We report here analysis 
of the relationship between PGO waves and diaphragmatic activity based on 3073 
PGO waves recorded simultaneously with diaphragmatic activity. The results show 
that PGO waves do inhibit the activity o f the diaphragm with an amplitude up to 20% 
of background and a duration approximately coinciding with the temporal duration of 
the PGO wave (total duration about 80 msec). We analyzed also the relationships 
among the activity of medullary respiratory neurons, PGO waves, and diaphragmatic 
activity. Two neurons were observed whose relationships to diaphragmatic activity 
and PGO waves were consistent with the idea that they mediated the PGO related 
inhibition of diaphragmatic activity. The studies of interactions between PGO waves 
and respiratory neuronal activity are restricted by the relatively small number of 
waves obtained during the recording of the neurons. Consequently the relationships 
between PGO waves and neuronal activity are suggestive but not conclusive.

Supported by NIH grant HL21257.

1. J. Orem. Neuronal mechanisms of respiration in REM sleep. Sleep, 1980, vol. 3, pp. 
251-267.

214.6
NK-I AND µ OPIOID RECEPTOR EXPRESSION IN THE PREBÖTZINGER 
COMPLEX (PREBÖTC): PUTATIVE MARKERS FOR RESPIRATORY RHYTHM 
GENERATING NEURONS. P.A. Gray1* and J.L. Feldman2. Systems 
Neurobiology Laboratory, Neuroscience IDP‘ and Depts of 
Neurobiology2 and Physiological Science2, UCLA, Los Angeles, CA 
90095

Breathinġ is modulated by Substance P and opioids. When introduced 
into ventral brainstem respiratory regions, drugs which act at either the 
Neurokinin 1 (NK-1R) or µ opioid (µOR) receptors affect breathing. To 
identify the loci of these effects, we mapped NK-1R and µOR 
expression in adult rat rostral medulla with conventional immunohisto- 
chemistry. Within the ventral respiratory column, ventral to the nucleus 
ambiguus, strong immunoreactive cell body and process staining for 
both of these receptors was (primarily) limited to the preBötC. These 
data suggest an additional anatomical characteristic of the preBötC, 
further distinguishing this region from adjacent respiratory-related 
regions. Given the hypothesis that the preBötC is the site of respiratory 
гhythmogenesis, we propose that expression of either NK-1R or µOR 
can serve as genetic markers for neurons necessary for this behavior. We 
further propose that specific analysis of these neurons will prove useful 
in determining the cellular mechanisms underlying eupnea and 
disturbances of respiratory rhythm. This work was supported by NIH 
HL4O959 and a Ford Foundation Predoctoral Fellowship for Minorities 
to PAG.

214.8
COMPUTATIONAL MODELING OF INTERACTING NEURAL 
POPULATIONS AND APPLICATION TO THE MODEL OF CRPG 
Ilva A. Rvbak. Michael L. Ramaker and James S. Schwaber*
Neural Computation Group, DuPont Central Research, Wilmington DE 
19880-0328

The dynamics of two interacting neural populations were studied in 
computer simulation. Neurons were modeled using the Hodgkin-Huxley 
(HH) formalism and contained sodium and a series of potassium and 
calcium channels. Each of two population contained 20 HH neurons. 
Effects of alterations in tonic drive, neuronal interconnections and 
intrinsic neuronal properties (ionic channel conductances) on the 
population dynamics and state transitions were studied.

The results of the study were used in a population-based model of the 
central respiratory pattern generator (CRPG). Our CRPG model 
included several interacting populations of respiratory neurons which 
were defined in advance. At the same time, some functionally distinct 
sub-populations of respiratory neurons emerged inside the predefined 
populations as a result of dynamic interactions between the populations 
and random distribution of intrinsic and network neuronal parameters. 
The analysis of model performance provides an opportunity for new 
interpretation of experimental data.
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215.1
EXPRESSION OF TRKB AND TRKC AS PARASAGITTAL BANDS IN THE 
CEREBELLUM DURING DEVELOPMENT H. T. Yang1. S, K. Chung2 and
H. K. Y ip‘ (Spon: The Hong Kong Society of Neurosciences) Department of 
Anatomy and The Institute of Molecular Biology2, The University of Hong 
Kong, Hong Kong, China

The rat cerebellar cortex consists of an array of parasagittal aligned bands 
which have been demonstrated by using various histochemical staining of 
enzymes, and even more clearly, by immunostain with antibodies to the Zebrin 
I and Zebrin I I  present in the Purkinje cells. Using immunohistochmistry and 
in situ hybridization techniques, we have demonstrated that the low affinity 
nerve growth factor receptor, p75, presented as parasagittal bands in the 
developing cerebellums. I t  is not known whether the high affinity nerve growth 
factor receptor (trkA , trkB  and trkC) can also appear as parasagittal bands in 
the developing cerebellum. We studied the expression pattern of trkA , trkB and 
trkC in the developing cerebellum using immunohistochemistry in embryonic 
(E, E-12, -16, -18 and -20) and postnatal (PN, PN-1, -7, -14, -21) rats. The 
results revealed that (1) TrkB and trkC  expressed on Purkinje cells as early as 
E-18, and E-16 respectively and the expressions were persisted until PN-7. 
TrkA was not detected in the cerebellum during development; (2) Both trkB 
and trkC presented as parasagittal bands in the developing cerebellums: trkB 
first appeared on Purkinje cells as parasagittal patches on E-20 and PN-1. 
Parasagittal bands that resembled Zebrin Ĩ I + bands appeared on the dorsal 
lobules on PN-7. TrkC+ parasagittal bands which were congruent with those of 
trkB appeared only on PN-7 rats; (3) After PN-7, the expression of trkB and 
trkC were abruptly decreased to an undetected levels. Our results indicated 
that (1) The expression of trkB and trkC  in the cerebellums were robust during 
early development, but the expression were down-regulated in postnatal 
animals; (2) Both trkB  and trkC expressed as parasagittal bands during 
cerebellar development; (3) Expression of trkA  was not detected in the 
cerebellum. [Supported by CRCG]

215.3
THE MЮBRAIN/HINDBRAIN ORGANIZER FORMATION IS 
REGULATED BY Otx2 EXPRESSION.
V. Broccoli. A. von Holst*. E, Boncinelliº. W. Wurst. Max-Planck 
Institute for Psychiatry, Kraepelinstrasse 2-10, 80804 Munich and GSF, 
Mammalian Institute, Ingolstadter Landstrasse 1, D-85764
Oberschleissheim, Germany. °DEBIT, Via Olgettina 58,20132 Milan, Italy.

In vertebrates, the mesencephalon-metencephalon (mes-met) region 
gives rise to the midbrain and cerebellum. Transplantion experiments in the 
chicken have shown that this region is able to induce ectopically 
mesencephalic and metencephalic tissue in the diencephalon and 
rhombencephalon. Thus, this region exhibits organizer activity. There are 
a number of genes specifically expressed across the mes-met region such 
as Enl,-2; Pax2,-5,-8. In contrast, Otxl,-2, and Gbx2 are expresssed at 
the mes-met border complementing each other. To determine the function 
of Otx2 expression at the mes-met border, we ectopically expressed Otx2 
in the anterior metencephalon using a knock-in strategy. Since Otx2 cDNA 
was inserted into the Enl locus, Otx2 will be under the control of Enl 
regulatory sequences. These transgenic mice are viable and fertile but 
show striking behavioral anormalities in locomotor activities. Mutant brain 
analysis detects severe morphological alterations of the posterior 
mesencephalon and anterior metencephalon. Most of the vermis is absent 
and did not fused in the middle and the lateral emisheres are formed but 
foliation is altered. Moreover, the mesencephalic inferior colliculi are 
enlarged. The alterated expression domains of different markers of this 
region such as Rags, Wntl, Fgf8 and Gbx2, triggered by Otx2 ectopic 
expression, supports the hypothesis that anterior metencephalic structures 
are transformed in posterior mesencephalon. Thus, the border of Otx2 
expression is crucial respect to mid-hinbrain organizer formation.

215.5
TRANSVERSE ZONES PRECEDE PARASAGITTAL BANDS  
DURING CEREBELLAR DEVELOPMENT.
K. Ozol*1. J. Havden1. J. Oberdick2 and R. Hawkes1. ‘Dept. Cell 
Biology and Anatomy, U Calgary, Calgary, Alberta T2N 4N1, 
Canada; 2Ohio State Biotechnology Center, Ohio State U., Columbus 
OH 43210-1002.

The mammalian cerebellar cortex is subdivided by an elaborate array 
of parasagittal and transverse boundaries. The relationships between 
these orthogonal patterns of compartmentation are poorly understood. 
We have combined the use of adult and perinatal molecular markers of 
compartmentation - zebrin II, calbindin and an L7ßGЗ-lacZ transgene - 
to show that the mouse cerebellar vermis consists of four transverse 
zones both in the neonate and the adult. We identified three transverse 
boundaries: i) anterior tip of lobule V, ii) within lobule VII, and iii) at 
the border between lobules IX and X. In the adult, the bands of 
Purkinje cells revealed by L7-lacZ expression and a n t i - z e b r i n  I I  

immunocytochemistry are discontinuous across the transverse 
boundaries, suggesting that parasagittal compartmentation may 
develop independently in each zone.

Funding was provided by the Medical Research Council of Canada 
(R.H.). K.O. is supported by a Studentship from the Alberta Heritage 
Foundation for Medical Research.

215.2
ROLE OF OTX2/GBX2 INTERACTIONS IN LO CALIZATIO N OF THE 

M IDBRAIN-HINDBRAIN ORGANIZER.
Sandrine M illet1. Kenneth Campbell2, Douglas J. Epstein', Gerald W.M. Bothe1* 

and Alexandra L. Joyner1
'Developmental Genetics Program, Skirball Institute, NYU Medical Center, New 

York, NY 10016.
2Wallenberg Neuroscience Center, University of Lund, Soivegatan 17, S-223 62 

Lund, Sweden.
It has been previously shown that the midbrain/hindbrain (MHB) junction acts as 

an organizer to direct MHB development. The first genes known to be expressed in a 
restricted manner in the MHB region are Otx2 and Gbx2, expressed in the anterior 
and posterior portion of this region respectively and sharing a common limit of 
expression at the level of the organizer. In addition, the Otx2 caudal limit has been 
shown, in the chick, to correspond to the boundary between the presumptive 
mesencephalic and cerebellar territories. Finally, mutations in the Otx2 and Gbx2 
genes in mouse both result in the mislocation of the Otx2 caudal limit and a 
subsequent perturbation of MHB patterning. These data suggest that establishment of 
the Otx2/Gbx2 border is a key point in the regionalization of the MHB region.

Here, we show that in the mouse embryo, the Otx2 territory first has a fuzzy caudal 
limit, up to the 2-3 somite stage. However, between the 4 and 6 somite stages, this 
limit becomes very sharp. We also show that in the Gbx2 mutant, the first molecular 
perturbation in the MHB region happens at the 4-6 somite stage and consists of a 
caudal shift in the Otx2 limit and a less sharp border. This suggests the existence of 
a mutual exclusion , from the 4-6 somite stage on, of Otx2 and Gbx2 expression 
which results in a clear Otx2/Gbx2 border, as well as in the coҥect positioning of 
this border. To test this hypothesis, we made transgenic mice expressing Gbx2 in the 
Otx2 territory from the 1 somite stage on, using the Wnt-I promoter. Preliminary 
results show that at E9.5, such transgenics have a partial deletion of the midbrain. We 
will discuss this hypothesis together with the consequences of altering Gbx2 
expression on the rest of the molecular cascade required for MHB development. 
Supported by grants from HFSP and NIH.

215.4
ENGRAILEDDEFINES THE DCMAIN CF MIDBRAIN IN DEVELOPING 
BRAIN. I. Araki* and H. Nakamura. IDAC, Tohoku Univ, Sendai 
980-8575, Japan.

In vertebrate embryos Engrailed(En)  genes are expressed in 
the entire prospective midbrain region. It has been shown that 
the disruption of En causes defects in developing midbrain. 
However, from this phenotype, it is difficult to tell whether En 
defines the domain of midbrain in the developing nervous 
system, or whether En is merely nesessary for the 
growth/survival of the midbrain cells. To address this issue, we 
employed in ovo electroporation to ectopically express En in the 
developing E2 chick brain. Qi the experimental side of the E4 
embryo the midbrain swelling expanded more rostrally 
compared to the one on the control side, and enlarged tectum was 
observed in the E9 embryo. The ectopic En induced ectopic 
Pax-3, Pax-7, Wnt-1 and Ephrin A2 expression. Ch the contrary, 
the expression of Pax-6, a marker for diencephalon, was 
suppressed When a mutated En bearing a point mutation in EH1 
domain, which has been shown to be essential for En in 
Drosophila to function as a transcription repressor, was 
ectopically expressed, these phenotypes were not observed 
These morphological and genetic data indicate that the ecpotic 
expression of En caused transformation of diencephalon into 
midbrain/tectum. It was concluded that En defines the domain of 
midbrain in developing midbrain-diencephalon region. 
Supported by STA and the Ministry of Education of Japan.

215.6
Ectopic expression of otx-1 in developing chick 
inner ear alters saccule morphology. L.Ҟ. Cole* and
D.K. Wư. National Institute for Deafness and other 
Communication Disorders, Rockville, MD 20850.

The vertebrate homeobox o t x  genes play an important role in 
specification of anterior head structures, including the sensory 
organs. Previous work in our laboratory determined that o t x  is 
expressed in lateral portions of the developing chick otocyst 
(Wu et al., 1998). To elucidate the function of o t x  in chick inner 
ear development, we used an RCAS vector (replication 
competent avian sarcoma virus) to ectopically express the 
zebrafish o t x - 1  gene at the otic placode and otic cup stages. 
Embryos were harvested at 10 days postfertilization and 
processed for hair cell antigen staining or paint injection to 
visualize morphology. Our preliminary results indicate that 
o t x  infection of developing inner ears produces blunted 
saccules, accompanied by altered location of the macula sacculi. 
Efforts to further characterize the infected inner ears are 
currently underway.
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215.7
PAX7 EXPRESSION DOMAIN DISCRIMINATES COMMISSURAL 
FROM NON-COMMISSURAL VESTIBULO-OCULAR NEURONS IN 
SPECIFIC RHOMBOMERES. A. Kawakami1* and Í.C. Glover2, ⅛iv. of 
Biological Science, Nagoya University, Nagoya, Japan, and ⅛ept. of 
Anatomy, Univ, of Oslo, 0317 Oslo, Norway

The Pax7 transcription factor is believed to play an important role in the 
dorsal-ventral patterning of the neural tube. In the hindbrain of the 
chicken embryo, it is expressed by progenitor cells in the dorsal region of 
the ventricular zone (vz). Within the hindbrain, distinct vestibular 
projection neuron groups that can be distinguished on the basis of axon 
trajectory and termination pattern differentiate in specific rhombomeres 
(r) and dorsal-ventral domains. To assess the relationship between Pax7 
expression and the patterning of vestibular neurons, we have combined 
Pax7 immunohistochemistry and selective retrograde labeling of specific 
vestibular neuron groups.

At stages 20-24, the medial boundary of Pax7 expression (when extended 
radially) demarcated the boundary between the medially located 
ipsilateral caudal (iC) vestibulo-ocular group and the laterally located 
contralateral caudal (cC) vestibulo-ocular group. Both of these groups lie 
in r5 and r6 but project on opposite sides of the medial longitudinal 
fascicle. Occasionally, retrogradely labeled premigratory iC and cC 
neurons were seen within the respectively Pax7-negative and Pax7- 
positive domains of the vz. These results suggest that Pax7-positive and 
-negative progenitors give rise respectively to commissural and non- 
commissural vestibulo-ocular neurons in r5 and r6. Supported by Japanese 
Ministry of Education, Science and Culture, and the Jahres and Nansen 
Funds.

215.9
TYRO SINE P HO SPHO RYLATIO N P ATTERN S O F  EPH R E C E P TO R S  AN D  
EPHRIN-B1 IN THE CHICKEN E M B RYO N IC  RETINA. P. M e n ze l, S .H .B . 
H a w le y , J .A . H o la sh  and  E .B . P a s q u a le * . T h e  B u rn h a m  Ins titu te , La  
Jo lla , C A  92037 .

E ph  re c e p to rs  a n d  th e ir  lig a n d s , th e  e p h rin s , h a v e  b e e n  s h o w n  to  
re g u la te  th e  to p o g ra p h ic  o rg a n iz a tio n  o f th e  re t in o te c ta l p ro je c tio n . 
B a s e d  on  th e ir  e x p re s s io n  p a tte rn s , th e y  h a v e  a ls o  b e e n  p ro p o s e d  to  
p la y  a ro le  in the  sp a tia l o rg a n iz a tio n  o f th e  re tin a . B e c a u s e  o n ly  Eph 
re c e p to rs  th a t a re  a u to p h o s p h o ry la te d  t ra n s d u c e  lig a n d -s t im u la te d  
s ig n a ls , w e  h a v e  u sed  im m u n o p re c ip ita tio n  e x p e rim e n ts  to  in v e s tig a te  
th e  s p a tia l d is tr ib u tio n  o f  th e  ty ro s in e -p h o s p h o гy la te d  fo rm s  o f se v e ra l 
E ph  re c e p to rs  in th e  c h ic k e n  re tin a  a t e m b ry o n ic  d a y  8  (E 8 ). In a d d itio n , 
s in ce  the  e p h rin -B  lig a n d s  a re  t ra n s m e m b ra n e  p ro te in s  th a t a lso  
b e c o m e  p h o s p h o ry la te d  on ty ro s in e , w e  h a v e  in v e s tig a te d  th e  sp a tia l 
d is tr ib u tio n  o f  ty ro s in e -p h o s p h o гy la te d  e p h rin -B  1 in th e  E 8  re tin a . T h e  
p a tte rn s  o f  ty ro s in e -p h o s p h o ry la t io n  o f th e  E p h  re c e p to rs  in v e s t ig a te d , 
a nd  th a t o f e p h rin -B 1 , a re  c o n s is te n t w ith  th e  re la t iv e  e x p re s s io n  
p a tte rn s  o f th e  re c e p to rs  a nd  th e ir  lig a n d s , w h ic h  a re  in s o m e  c a s e s  
c o m p le m e n ta ry  a nd  in s o m e  c a s e s  p a r tia lly  o v e r la p p in g . O f p a r tic u la r 
in te re s t a re  th e  p o la r iz e d  p a tte rn s  o f  p h o s p h o ry la t io n  o f  th e  E p h A 4  a nd  
E p h B 5  re c e p to rs , w h ic h  a re  in c o n tra s t to  th e ir  a p p ro x im a te ly  e ven  
le v e ls  o f e x p re s s io n . T h e  ty ro s in e  p h o s p h o ry la t io n  p a tte rn  o f  E p h B 5  
a lso  s u g g e s ts  th a t an a s  y e t  u n k n o w n  lig a n d  fo r  E p h B 5  is  e x p re s s e d  in 
the  E 8  re tin a  a nd  h a s  a p o la rize d  d is tr ib u tio n . T o  id e n tify  th is  lig a nd , w e  
h a v e  used  an R T -P C R  a p p ro a c h  w ith  d e g e n e ra te  p rim e rs  to  a m p lify  
e p h rin s  fro m  E 8  re tin a  m R N A . E ffo rts  to  d e te rm in e  w h e th e r  th e  n ove l 
e p h rin  id e n tif ie d  w ith  th is  a p p ro a c h  is a  lig a n d  fo r  E p h B 5  a re  u n d e rw a y . 
T h is  w o rk  w a s  s u p p o rte d  b y  g ra n ts  fro m  N IH  a n d  th e  M a rc h  o f D im e s .

215.11
DEVELOPMENTAL EXPRESSION OF PROTEOGLYCANS (PGs) 
IN HAMSTER TECTUM (SC). A.C. Sower*. T.F. Ny. Ĵ.M. Levine1. S. 
Jhaveri. Dept, of Brain & Cognitive Sci., MIT, Cambridge, MA 02139; 
•Dept, of Neuгobiol. & Behav., SUNY, Stony Brook, NY, 11794.

Radial glia located at the tectal midline (ML) are involved in retaining 
retinal axons to one side of the tectum; PGs localized along the glia are 
likely candidates for subserving this barrier function of the ML.

In order to begin characterization of these PGs, we harvested tissue 
from ML and L SC on El2, E14, PI, P4, P8, and P18-P21 and used 
antibodies against several PG core proteins or against the sugar moieties 
(GAGs) to perform Western blotting on tissue homogenates. We were 
interested in documenting the expression patterns of these molecules, 
and in examining which of them are expressed differentially in the ML 
and L SC. Immunostaining of blots was done using antibodies 5D4 
(against a KS GAG), anti-NG2 (against a CSPG core), HepSS-1 (against 
HS GAGs), and phosphacan (against a KS GAG). Immunohistochemical 
staining was done primarily with the 5D4 antibody.

5D4 labeling is present at all ages studied. The staining is lighter on 
E12 and El4, and expression increases over the first week of postnatal 
life. At all ages, striking enrichment of 5D4 immunoreactivity is seen in 
ML vs. L SC fractions. HepSS-1 shows heavy staining at all ages; levels 
between ML and L SC samples are similar. Anti-NG2 staining reveals 
an increase in expression level with age, but unlike the 5D4, no 
differences are detected between ML and L preparations. Phosphacan is 
found primarily in L SC, and its levels of expression increase 
postnatally.

Thus a KS (which is not phosphacan) is enriched at the developing 
tectal ML. The time course of expression of this KS makes it a likely 
candidate for participation in the barrier function of this region 
Support: NIH EY05504 + NRSA EYO6728-O2. Thanks to Dr. Margolis 
fo r  the phosphacan antibody

215.8
TLX-l AND TLX-3 HOMEOBOX GENE EXPRESSION IN CRANIAL 
SENSORY GANGLIA AND HINDBRAIN OF THE CHICK EMBRYO: 
MARKERS OF PATTERNED CONNECTIVITY. Cairine Logan. Richard J.T. 
Wingate. Ian J. McKav and Andrew Lumsden*. Department of Developmental 
Neurobiology, UMDS Guy's Hospital, London UK, SE1 9RT.

Recent evidence suggests that in vertebrates the formation of distinct neuronal 
cell types is controlled by specific families of homeodomain transcription 
factors. Furthermore, the expression domains of a number of these genes 
correlates with functionally integrated neuronal populations. We have isolated 
two members of the divergent HOXll/Tlx homeobox gene family from chick, 
Tlx-1 and Tlx-3, and show that they are expressed in differentiating neurons of 
both the peripheral and central nervous system. In the peripheral nervous 
system, Tlx-1 аnáTlx-3 are expressed in overlapping domains within the 
placodally-derived components of a number of cranial sensory ganglia. Tlx-3, 
unlike Tlx-], is also expressed in neural crest-derived dorsal root and 
sympathetic ganglia. In the central nervous system, both genes are expressed in 
longitudinal columns of neurons at specific dorso-ventral levels of the hindbrain. 
Each column has distinct anterior and/or posterior limits which respect inter- 
rhombomeric boundaries. Tlx-3 is also expressed in D2 and D3 neurons of the 
spinal cord. Tlx-1 and Tlx-3 expression patterns within the peripheral and 
central nervous systems suggest that Tlx proteins may be involved not only in 
the differentiation and/or survival of specific neuronal populations but also in 
the establishment of neuronal circuitry. Furthermore, by analogy with the LIM 
genes, Tlx family members potentially define sensory columns early within the 
developing hindbrain in a combinatorial manner.
Funded by grants from the Wellcome Trust.

215.10
THE EXTRACELLULAR MATRIX IN THE LATERAL GENICULATE 

NUCLEUS OF THE TREE SHREW (TUPAIA BELANGERI) DURING 
DEVELOPMENT OF LAMINATION. G. Rager*. and C. Capper-Loup. Institute of 
Anatomy, University of Fribourg, Rte A. Gockel 1, CH-1700 Fribourg, Switzerland.

The reason why the neurons of the dorsal lateral geniculate nucleus (dLGN) of 
the tree shrew segregate into 6 distinct laminae is still unclear. In order to contribute 
new aspects to the solution of this problem, we have investigated the behavior of 
retinal axons and of the extracellular matrix (ECM) during the period in which 
cytoarchitectonic lamination occurs.

The pattern of arriving retinal axons was studied using either radioactive 
aminoacids or WGA-HRP as tracers which were injected into one or both eyes and 
transported anteгogradely. To visualize the organization of the ECM we used peanut 
agglutinin lectin (PNA) and antibodies against tenascin and fibronectin. To follow 
the production of tenascin we also applied in situ hybridization.

Our first injections were done in the late prenatal period. They show that ipsi- 
and contralateral retinal axons were already segregated but did not yet form 
interlaminar zones. Cytoaгchitectonically the dLGN consisted of a homogeneous 
group of neurons. The same holds true for the period around birth. In the ECM, 
however, the first interlaminar spaces appeared around P0 and PI between layers 1 
and 2 and also between layers 4 and 5, i.e. layers which were innervated by opposite 
eyes. Between P2 and P4 the above mentioned interlaminar zones could also be 
observed in the fiber pattern. At P3 the five interlaminar zones were present in the 
ECM while in the fiber stain they could be seen between P5 and P8 only.

Our data show that the segregation of fibers precedes the formation of 
cytoarchitectonic laminae and is itself preceded by the pattern formation in the ECM. 
Thus, it can be assumed that the ECM plays a role in the formation of interlaminar 
zones in the dLGN.

Supported by Swiss N.S.F. grant 31-41843.94.

215.12
THE ROLE OF PAX-2 IN DEVELOPMENT OF THE CHICK OPTIC TECTUM.
T. Okafuii . J. Funahashi and H. Nakamura* Dep. of Mol. Neuгobiol., Inst, of 
Development, Aging and Cancer, Tohoku Univ., Sendai 980-8575, Japan.

Ectopic tissue transplantation studies in chick embryos have shown that the mes- 
metencephalon junction (isthmus) acts as an organizer for development of the optic 
tectum. Various kinds of transcription factors such as En-1, En-2, Pax-2 and Pax-5, 
and secreted molecules such as Wnt-Ĵ and Fgf-8 are expressed in the isthmus. Pax-2 
and Pax-5 belong to the same Pax subfamily. Gene targeting analyses of Pax-2 and 
Pax-5 have shown the importance of these genes in tectum development. A gain-of- 
function experiment has shown that Pax-5 plays a key role in the isthmic organizers 
activity. We have cloned chick Pax-2 cDNA and carried out a gain-of-function 
expreiment to test i f  Pax-2 also has the capacity for the organizing activity.

Pax-2 was ectopically expressed in the mesencephalon and diencephalon by in ovo 
electroporation using the expression vector pMiwSV. In the diencephalon, Fgf-8, 
Pax-5, En-1 and En-2 expressions were induced, and the induced tissue trans- 
diſferentiated into the tectum-like structure. In the mesencephalon, En-1 and En-2 
expressons were induced by Pax-2 misexpression, but neither Fgĵ-8 nor Pax-5 were 
affected. Wnt-1 was not affected either in the mesencephalon or diencephalon.

Pax-5 induced Fgf-8,En-2 and Wnt-1 both in the mesencephalon and dien
cephalon, and caused transdifferentiation of the diencephalon into the tectum. 
Considering that the diencephalon is plastic for its differentiation, together with that 
the onset of Pax-2 expression in the isthmus is earlier than that of Pax-5, it is 
concluded that Pax-2 may play more important roles than Pax-5 in the determination 
of the tectum but that Pax-5 may be more important than Pax-2 to maintain the 
expressions of the downstrream genes in the tectum.

This work was supported by Grant-in-Aid for Scientific Research from the 
Ministry of Education, Science, Sports and Culture of Japan and by Special 
Coordination Funds for Promoting Science and Technology of Japan.
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215.13
POLARIZED EXPRESSION OF PLASMINOGEN ACTIVATOR ACTIVITY IN THE 
DEVELOPING CHICK OPTIC LOBE. S. Perevra-Alfonso. V. Sanchez, G. Scicolone*. J. L. 
Feггán. V  Flores. Inst of Cell Biology and Neuшsci. "Prof. De Robertis". Bs. As Univ Med 
Sch. Argentine. 1121.

INTRODUCTION. Plasminogen activators (PAs) are serine-proteases involved in several 
developmental events. They have been postulated to play a key role in neuronal migration, 
neuritogenesis and glial cell proliferation. Two different molecular types, tissue-type and 
urokinase-type (u-PA), were identified in several species. In previous studies we demonstrated 
the occurrence of high levels of u-PA activity in the developing chide optic lobe (OL), which 
displays a typical developmental pattern with two peaks of high activity by embryonic days (E) 
E12 and E l 8. Recently, proteases have been postulated to be involved in the generation of 
developmental gradients. The present work was design to test the possible existence of a 
polarized expression of PA along the cephalo-caudal axis of the developing optic lobe.

MATERIALS AND METHODS. u-PA activity was assayed in soluble fractions denved by 
ultraœntrifugation from Triton X-100 treated membrane fractions obtained from cephalic and 
caudal halfe of E12 OLs. PA activity was assayed by using a radial fibrinolytic method.

RESULTS. Results from three different experiments, each performed on pools of 15 - 20 OLs 
and assayed in triplicate, are depicted in the following table.

PA Specific Activity (mlU/mg prot) PA Tissue concentr. ťtnlU/ g wet weight)
Ceph. half Caud. Half Cep/Caud. Ceph. half Caud. Half Cep/Caud
56l±l73 963±ЗOl 0.58 93±28 l4l±32 0.65

The Student "t" test gives a p< 0.01 considered very significant
CONCLUSION. Our results demonstrate the occurrence of a polarized expression of PA 

activity along the cephalo-caudal axis of the developing chide optic lobe. This gives support to 
the hypothesis that proteases may participate in the generation of developmental gradients.
This work was supported by grants from UBACYT and CONICET. Argentine.

215.14
DISTRIBUTIONAL EXPRESSION OF BRAIN NEURONAL NITRIC OXIDE SYNTHASE 
шRNA DURING DEVELOPMENTAL LIFE STAGES OF ATLANTIC SALMON 
HolmqyistJBΛ Goksøyг A. and Øyan A.
Dept. Molecular Biology, University of Bergen, HIB, N-5020 Bergen, Norway.

The nitric oxide (NO) generating enzyme nitric oxide synthase (NOS) is widely 
distributed in the brain neural circuits of the Atlantic salmon (Holmqvist et. al. 1994: Holmqvist 
and Ekström 1997). Recently a partial cDNA sequence corresponding to the neuronal (nNOS) 
isotype was cloned from cerebellum in adult salmon (Øyan, Goksøyг and Holmqvist, in press).

To investigate possible roles of neuronally generated NO in embryonic and post- 
embryonic developmental processes we study the detailed distributional expression of 
specific nNOS mRNA in the brain during different life stages, by means of in situ 
hybridization (digoxigenin-AP) in cryosections. In the undifferentiated embryonic brain, 
nNOS mRNA transcripts are expressed in cells organized in a rostrocaudal column along the 
bilateral portion of the brain, stretching from the forebrain (caudal telencephalon) to the 
posterior midbrain, the latter coưesponding to the ventro-rostral and -caudal cell clusters 
exhibiting some of the first transmitter differentiated neurons in teleosts. At the time of 
hatching nNOS cells are organized in discrete populations. In 18 months old parr (prior to 
smolt transformation), distinct populations are present in all major brain regions. 
Relatively large and intensely labeled populations are located in dorso-caudal telencephalic 
and hypothalamic nuclei, right habenular nucleus, hypothalamic and tuberal nuclei, the 
optic tectum, posterior tuberal nucleus and cerebellum (only Purkinje-like cells). Few to 
moderate numbers of cells are located in preoptic, supгachiasmatic, thalamic and pretectal 
nuclei, in midbrain tegmentum and brain stem reticular formations. In general, nNOS cells 
are abundant in brain regions comprising hypophysiotrophic, visually related nuclei and in 
proliferative zones. A corresponding distributional pattern is found in posthatched stages, 
with an indicated relatively high nNOS mRNA expression in parr.

The results emphasize a wide range of possible actions by nNOS generated NO, including 
involvement in physiology related to hypophysiotrophic and photo-mediated brain 
functions and in cell proliferation and differentiation related to embryonic brain formation 
and post-embryonic neural/neuroendocrine plasticity. Distributional differences in the 
vertebrate phylogeny, such as in the cerebellum, indicate interspecific variations and 
propose that the neuronal NOS-NO plasticity triggered during neuroregulatoгy/pathological 
processes is of evolutionary old origin (Supported by NFR, Norway).

215.15
A LATERAL INHIBITORY PATTERN IS MAINTAINED IN THE SPINAL CORD 
DURING METAMORPHOSIS. I.E. Bшor. P. Culver and R.D. Heathcote，. Dept, of 
Biol. Sci., University of Wisconsin-Milwaukee, Box 413, Milwaukee, WI 53201.

Cellular interactions play a key role in determining neuronal fate. Lateral inhibitory 
patterns in Drosophila are regulated in part by neurogenic genes like Notch and 
Delta. Homologues to these genes are expressed in the vertebrate nervous system 
and influence primary neurogenesis. Previous studies have shown that a population 
of intemeurons within the spinal cord o f the frog Xenopus laevis differentiates in a 
lateral inhibitory or Notch-like pattern. Catecholaminergic intemeurons differentiate 
in two longitudinal columns and avoid contacting similar cells. To test whether 
lateral inhibitory mechanisms continue during later stages o f development, we 
analyzed the maturation o f the catecholaminergic pattern during metamorphosis.

The two longitudinal columns o f catecholaminergic cells are located in the floor 
plate region of the spinal cord. Following larval development, metamorphosis begins 
at three weeks o f development and reaches its climax at eight weeks. During this 
time the animal transforms into an adult, eliminating its tail and associated regions of 
the spinal cord. As the tail undergoes a reduction in length (stage 62, seven weeks) 
catecholaminergic cells increase in density until the original two columns are no 
longer distinct. Nonetheless, the neurons continue to avoid contact with other 
catecholaminergic neurons in the thorax and in the atrophic tail. Thus the lateral 
inhibition apparent during embryogenesis is maintained for long periods o f time. 
Perhaps the molecular mechanisms that generate the initial lateral inhibitory pattern 
remain active for months during the production o f secondary neurons and extensive 
spinal cord growth.

Supported by the University o f Wisconsin-Milwaukee.

215.16
COMPUTER 3-D RECONSTRUCTION OF THE EMBRYONIC CNS OF 
DROSOPHILA. J.G. Emsley. X.-J. Sun* &  LA. Meinertzhagen. Life Sciences 
Centre, Dalhousie University, Halifax, Nova Scotia, Canada BЗH 4J1.

The embryonic brain and ventral nerve cord (VNC) of Drosophila are widely 
exploited in the genetic analysis o f neural development, but late embryonic stages are 
anatomically poorly described. Previous studies have considered the spatiotemporal 
expression of neuroblast markers in the embryonic brain and VNC, or of adhesion 
molecules such as fasciclins in regulating axonal outgrowth. Such early events 
generate an organised system of differentiated neurons that not only prefigures the larval 
CNS but also harbours the developing centres of the imaginal brain. None of these is 
well described. We have made a first attempt to examine the CNS of the Stage 16 
embryo, using computer 3-D reconstruction to compare series of semithin sections with 
confocal image stacks. Embryos were fixed, osmicated, serially cross-sectioned at 1.5 
µm, stained with toluidine blue, their images captured into an IBM computer in 512 X 
512 format and then aligned consecutively. Using an ICAR workstation running 3-D 
reconstruction software (Allegro 5.0.1: ISG), a reconstruction of the entire Drosophila 
melanogaster embryo was prepared, within which the brain and VNC and their 
associated neuropile regions were reconstructed from their traced profiles, relative to 
other embryonic tissues. There are ~4,7OO cells, ~2,4OO of which lie in the VNC, so 
that there are -100 cells per hemisegment. Re-sectioning this reconstruction in selected 
planes produced "virtual" sections. Complementary confocal image stacks from 
wholemount embryos immunostained with Drosophila-specific antibodies were also 
reconstructed. Images of expression sites for developmentally important gene products 
were compared with virtual sections from ICAR reconstructions, to localise such sites 
to corresponding regions in histological sections, and thus to particular cell 
populations. Neuron-specific markers such as ELAV, neuroblast markers such as 
ENGRAILED, axonal markers such as anti-HRP, anti-ß-tubulin, and BP-102, and cell 
adhesion molecules such as Fas II, are compared in 3-D space to indicate, with 
resolution approaching that o f single cells, the spatial relationships between cells 
expressing different gene products.

Support: NSERC grant CPG0181755 and Dalhousie Graduate Scholarship (JGE).
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216.1
GROWTH CONE PAUSING BEHAVIORS DEMARCATE AXON REGIONS 
IN WHICH INTERSTITIAL BRANCHES DEVELOP. G. Szebenvi. J. L. 
Callaway. E. W. Dent and K. Kalil.* Neuroscience Training Program and Dept. 
of Anatomy, University o f Wisconsin, Madison, WI 53706.

Delayed interstitial branching is an important but little understood mechanism 
for target innervation in the developing CNS. In pathways such as the 
corticospinal tract and corpus callosum interstitial branches arise from the axon 
shaft, sometimes at great distances behind the primary growth cone at the axon 
tip. Following a waiting period that can last for days after the primary growth 
cone has extended past the target, interstitial branches elongate toward their 
targets. One possible mechanism o f collateral branch formation is that the axon 
shaft responds to target derived signals independent o f the primary growth cone. 
Another possibility is that the primary growth cone recognizes the target and 
demarcates specific regions o f the axon for future branching. To determine 
whether behaviors o f the primary growth cone are related to development o f 
interstitial branches, we carried out high resolution time-lapse imaging o f 
dissociated early postnatal sensorimotor cortical neurons whose axons branch 
interstitially in vivo. Imaging o f entire cortical neurons for periods o f days 
revealed that the primary growth cone pauses in regions where axon branches later 
develop. Pausing behaviors involve repeated cycles o f collapse, retraction and 
extension with no net forward advance. During these pausing periods growth 
cones enlarge and reorganize. The distal part o f the enlarged growth cone becomes 
the primary axonal growth cone which extends forward while remnants o f the 
reorganized growth cone are left behind on the axon shaft as active filopodial or 
lamellar protrusions. After delays o f hours or days after the primary growth cone 
resumes forward advance, axon branches subsequently emerge from these active 
regions of the axon shaft. These results suggest a model for target innervation in 
vivo by interstitial branching whereby branching results directly from target 
recognition by the primary growth cone.
Supported by NIH Grant NS 14428 to K.K. and Training Grant GM 07507

216.2
REORGANIZATION OF THE CYTOSKELETON DURING DEVELOPMENT .OF 
INTERSTITIAL AXON BRANCHES. 'E.W. Dent*, 2G. Szebenyi, 2J.L, Callaway, 
1,2P.W. Baas and l,2K. Kalil. 'Neuroscience Training Program and ^Dept. o f 
Anatomy, University o f Wisconsin; Madison, WI 53706.

Cortical neurons innervate distant targets by the process o f delayed interstitial 
branching. Previous observations o f cortical neurons in culture have shown that the 
primary growth cone at the axon tip pauses for extended time periods in regions 
where interstitial axon branches later develop. During these pausing periods growth 
cones enlarge and reorganize. Remnants o f reorganized grow th cones are left behind 
as expanded active regions on the axon shaft. These become sites for subsequent 
branching. We were interested in how the cytoskeleton reorganizes during growth 
cone pausing leading to axon branching. To investigate this question we cultured 
early postnatal sensorimotor cortical neurons and identified neurons whose axonal 
growth cones were pausing. These neurons were then microinjected with 
fluorescently labeled tubulin. Time-lapse imaging was then carried out under low 
light level conditions with a cooled CCD camera in order to visualize changes in the 
organization o f the cytoskeleton. Observations o f growth cones and development of 
interstitial branches during extended time periods revealed that within the pausing 
expanded growth cone, microtubule mass increases. Small segments o f microtubules 
also move out from the central region o f the growth cone and explore peripheral 
regions o f the lamella. During reorganization o f the growth cone the mass o f 
microtubules splays apart, a new primary growth cone emerges and microtubules 
then coalesce behind the primary growth cone as the axon elongates. After delays 
ranging from minutes to hours branches emerge from remnants o f the reorganized 
growth cone and are invaded by microtubules. These results suggest that 
accumulation and reorganization o f cytoskeletal elements within pausing growth 
cones is a necessary step in the formation o f new interstitial branches.
Supported by NIH Grants NS 14428 to K.K., NS 34270 to P.W.B and K.K and 
training grant award GM07507 to E.W.D.
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216.3
QUANTITATIVE ANALYSIS OF THE GROWTH OF CORTICOSPINAL AXONS 
INTO THE CERVICAL SPINAL CORD IN  DEVELOPING MICE. J.Y.Hsu1. S. 
Gianino ‘, N. Bamber *. S.A. Stein Ч  E. Biesiada2, Ĵ. Ulas2, P,A, Young*♦ and X.M. X u ł. 
‘Dept Anat &  Neurobiol., St. Louis Univ. Sch. of Med., St. Louis, MO 63104; *Molecular 
Neurobiology, Children’s Hosp. of Orange County, Orange County, CA 92868; ‘Dept 
Neurol.,Univ. Miami Sch. Med., Miami, FL 33136.

We have previously demonstrated the growth of the corticospinal tract (CST) in the spinal 
cord of developing BALB/cBJY mice (Soc. Neurosci. Abstr. 23:595,1997). In the present 
study, we attempted to quantify the growth of CST axons at a particular segment of the spinal 
cord to understand its growth dynamics during development. Specifically, mice were 
perfused at postnatal day 0 (P0), P2, P4, P6, P8, P10 and P14 (n=3 for each group) and the 
C7 cord segment was blocked. The segment was then cut transversely at lµm  and stained 
with Toluidine blue for the measurement of the area of a unilateral CST using a Neurolucida 
Microscopy System (MicroBrightField, Inc.). In order to count the number of growing axons, 
electron micrographs were taken from randomly selected areas of the CST (sampling from 
5-17% of the total CST area) on ultrathin sections. At P0, the cross sectional area of the CST 
was 0.26 ± 0.03 x 104 µm2 (mean ± S.E.M.). The area increased gradually and by P14, it 
reached 1.0 ± 0.09 x 104 µm2. The number of unmyelinated axons was 0.5 ± 0.12 x 104 at P0, 
increased with time and reached 1.5 ± 0.04 x 104 by P14. No myelinated axons were seen 
before the age of P6 when a few thinly myelinated axons began to appear. Although more 
myelinated axons were seen between P6 and P14, the myelination was not completed. In fact, 
the number of myelinated axons only represented about 3% of the total CST axons at PI 4. 
During development, growth cones were observed at all the time points that were studied; 
however, more growth cones were found at earlier stages than in the latter ones (e.g.: 410 
± 90 at P0 vs 148 ± 13 at P I4). Degenerating axons were also observed between P0 and 
P I4; nevertheless, more degenerating axons were seen at later stages. Studies are being 
conducted to investigate the growth and myelination of CST at later stages as well as to 
compare its development between cervical and lumbar segments. (Supported by NS36301 
to SAS, XMX).

216.5
BASAL FOREBRAIN CHOLINERGIC PROJECTIONS TO CEREBRAL 
CORTEX: EVIDENCE FOR TARGET SPECIFICITY IN ORGANO
TYPIC CO-CULTURES. J. Baгatta*, D,H. Ha, J. Yu and R.T. Robertson. 
Depťs. of Anatomy Ķ  Neurobiology and Physical Medicine & 
Rehabilitation, University of California, Irvine, CA 92697.

Basal forebrain cholinergic neurons send their axons to the cerebral 
cortex in a topographically organized projection. Cholinergic neurons of 
the septum send axons to the hippocampus while cells in the substantia 
innominata and medial globus pallidus send their axons to lateral 
neocortex. In a previous study we demonstrated that the septum and 
substantia innominata (SI) can send axons into either hippocampus or 
neocortex when given unrestricted access to both targets (Baгatta et al. 
Neurosci. Abstr, 1996). Results presented here are from experiments that 
used a more challenging, and perhaps more sensitive, test of target 
preferences. Tissue slices were obtained from early postnatal rat pups. 
Slices containing either medial septum or SI were grown together with 
slices of lateral neocortex and hippocampus, and maintained as triple 
cultures. The slices were arranged so that the cholinergic axons (from  
either septum or SI) could grow directly into one of the target tissues 
(either neocortex or hippocampus) but had to grow across or around the 
first target tissue to reach the second target. After 7-14 days in vitro, 
cultures were fixed and processed for ACҺE histochemistry to demonstrate 
growth of cholinergic axons. Results showed that cholinergic axons from 
the septum grew into adjacent hippocampus but did not continue across 
into neocortex, although septal cholinergic axons did grow across 
neocortex to grow into hippocampus. In contrast, cholinergic axons from 
SI grew into the adjacent hippocampus or neocortex and extended into the 
second target equally. These data suggest that cholinergic neurons from 
septum display greater target specificity than do cholinergic neurons from 
substantia innominata. Supported by NIH grant 30109.

216.7
MORPHOLOGICAL CHARACTERISTICS OF GROWTH CONES IN 
OLFACTORY BULB NEURON CULTURES. M.E. Hanson.1'2* W.R. Chen2, гsú 
C.A. Greer1'2. Department of Neurosurgery1 and Section of Neurobiology2, Yale 
University School of Medicine, New Haven, CT 06520.

During development of the olfactory bulb (OB), mitral/tufted (M/T) cell apical and 
secondary dendrites traverse the external plexiform layer (EPL) to establish a precise 
laminar distribution in the glomerular layer and the EPL, respectively. We are 
interested in the role that dendritic growth cones (GCs) may play in establishing the 
segregated distribution of these dendrites. We have implemented an in vitro 
preparation to characterize the structure and dynamic properties of the dendritic GCs 
of OB M/Γ neurons. Cultures were prepared from rat embryos at E16 and plated at 
low density on poly-D-lysine for 3-6 days. GC dynamics were studied with time- 
lapse digitized imaging for up to 15 min. Fixed cultures were stained with neuron- 
specific enolase or MAP-2 and the GCs photographed for morphometric analyses. 
All GCs, regardless of morphology, exhibited dynamic behavior during monitoring. 
Filopodia extended and retracted while ruffling was apparent along the edges of 
lamellipodia. The M/T neuron processes, stained with either NSE or MAP-2, 
exhibited several distinct GC morphological characteristics: 1) A classic growth
cone with veils or lamellipodia from which numerous filopodia extended; 2) 
Neurites with abundant thin filopodia but no obvious lamellipodia; 3) A prominent, 
single, leading neurite with a pronounced ruffled lamellipodia that formed a collar, 
either unilaterally or circumferentially, around the neurite; and 4) A delineated and 
tapering neurite without well defined lamellipodia or filopodia. These data arc 
forming the basis of our continuing analysis of GC behavior in vivo and the 
dynamic segregation of M/T neuron dendrites into different OB laminae.
Supported in part by NIH grants NS 10174, DC00210 and NSO7224.

216.4
IDENTIFICATION OF EXPRESSED GENES IN STRIATUM-INDUCED 
AXONAL BRANCHING OF RAT MESENCEPHALIC NEURONS IN  
CULTURE. Ç,Chatellard-Causse*. B,Blot. A.Paw. C.Cristina. M·Manier and
C.Feuerstein INSERM Ư318, équipe LAPSEN, Université J. Fourier, CHU, BP217, 
38043 Grenoble cedex 9, France

The effects of conditioned medium (CM) from cultured embryonic striatal 
neurons on the morphological development of dopaminergic (DA) neurons 
were studied on dissociated cultures of embryonic rat mesencephalon (E l4). 
Mesencephalic neurons were cultured for four days in presence of CM or 
chemical defined medium (CDM) as controls. Dopaminergic neurons cultured 
in presence of CM show a 2 times increase of their axonal branching when 
compared to cultures raised in the presence of CDM. Biochemical and 
morphometrical analyses demonstrated that only axonal processes of 
dopaminergic neurons were concerned by the branching-induced effect of CM 
and this was paralleled by an increase of dopamine uptake levels (Manier M. 
and al., J. Neurosci. Res., 1997, 48 , 358-371). The axonal branching of DA 
neurons was significantly increased at 2 days in vitro (DIV2), the most 
striking effect being effective at DIV4.

To date, the molecular mechanisms underlying the axonal branching effect 
of dopaminergic neurons are unknown. First, we examined whether the 
axonal branching was dependent on gene expression by blocking 
transcription. Then we have attempted to identify genes involved in this 
process by using the technique of PCR differential display. The method is based 
on a direct comparison of the reverse transcription PCR products from two cell 
populations: one grown in CM and the other in CDM. Such a comparison was 
also performed by a time course. The differential display method used total 
RNA and anchored oligo-dTπ primers for reverse transcription. Then 
confirmation of the differential expression of the interesting clones was 
assessed via Northern blot or RNase Protection Assay from cultures processed 
along the same experimental approach (CM versus CDM). Detailed 
informations on clones of interest w ill be presented. (Supported by Inserm 
Ư318 and Region Rhône~Alpes, France).

216.6
DEVELOPMENT OF AFFERENT PROJECTIONS TO THE DENTATE 
GYRUS OF RAT. R.T. Robertson*, J. Baгatta S.O. Joseph, N. Nguyen 
and J Yu. Departments of Anatomy & Neurobiology and o f Physical 
Medicine & Rehabilitation, University o f California, Irvine, CA 92697.

Afferent fiber systems to the dentate gyrus are characterized by a 
laminar organization within the molecular layer. Afferents from 
contralateral hippocampus project to the inner third of the molecular 
layer, while afferents from the entoгhinal cortex project to the middle 
and outer thirds of the molecular layer. Cholinergic afferents from the 
septum project strongly to the inner molecular layer and less densely to 
the outer layer. Because the internal blade of the dentate gyrus forms 
earlier than the external blade, the dentate gyrus offers an interesting 
model system in which to study relationships of afferents and target 
neurons during development, The present studies used anterograde 
labeling with Dil and ACҺE histochemistry to study the pattern o f  
development of these afferent systems. Studies used postnatal Sprague- 
Dawley rat pups aged postnatal day 0 (P0) to P10. Dil studies showed 
that the first afferents to arrive were from the contralateral hippocampus, 
which arrive shortly after the time of birth; these afferents were seen just 
distal to the dentate granule cell somata in the internal blade 2-3 days 
before they were seen in the external blade. Entoгhinal afferents were 
detected by P6, and again were seen earlier in the internal than the 
external blade. Entoгhinal afferents, from the time o f first detection, 
were situated more superficially in the molecular layer than the zone 
occupied by commissural afferents. ACҺE positive afferents from the 
septum were seen in the inner molecular layer of the internal blade of the 
dentate gyrus by P2, and appear to reach the external blade by P8. 
These data demonstrate that afferents to the dentate gyrus are organized 
in a laminar pattern from the early postnatal period. Supported by NIH 
grant NS 30109.

216.8
AXO N SPROUTING BY AN  IDENTIFIED MOTOR NEURON IN 
HETEROGENEOUS AND HETEROCHRONIC EXPLANTS OF LEECH CNS 
A N D  PERIPHERAL TISSUES. T .M . Harik. J. Attaman. and J. Jellies*. Department 
o f Biological Sciences, Western Michigan University, Kalamazoo, M I 49008.

Development o f Heart Excitor (HE) motor neurons in the leech, Hinido 
medicinalis, and their appropriation into an oscillatory circuit is determined by 
interactions with the Heart Tube (HT), making this a useful system in which to 
investigate the role o f targets in the formation o f functional circuits. We found that 
immature HT, but not adult HT, stimulates outgrowth from adult CNS (Harik &  
Jellies, 1997. Soc. Neurosci. Abst. 23:597). We have extended our studies to include 
body wall as well. In all cases, embryonic tissues exerted a more robust influence than 
juvenile, but it is not clear whether HT and body wall are equivalent. Do the same 
neurons respond to HT and body wall, or are particular neurons influenced by each. To 
address this we have begun to prelabel neurons individually. Adult CNS was prepared 
for standard electrophysiology and individual H E ‘s (or sensory neurons) were impaled 
using microelectrodes (100-180MΩ) filled w ith 2% TexasRed-Dextran (ЗO(ЮMW, lys- 
conjugated, Molecular Probes) in 0.2M KC1. Following identification, the fluorescent 
dextran was injected using depolarizing current (2-5 nA, nominal) pulses (100ms at 5- 
8 Hz) for 10 minutes. Ganglia were then cultured with juvenile or adult body wall 
with HT intact to assess the survival and growth o f the labeled neuron. After 4-5 days 
cultures were fixed in paraformaldehyde and labeled using a mAb against acetylated 
tubulin (Sigma) followed by FITC-conjugated secondary. Most dextran-injected cells 
(8/12) survived and remained brightly labeled. 6/8 extended sprouts. The extent of 
outgrowth by injected neurons could be predicted by the extent o f outgrowth generally 
(the tubulin label), arguing that the dextran had little  or no effect on survival and 
growth. The remaining 4/12 retained weak dextran label but had discontinuous 
dendrites, axons w ith blebs and none extended sprouts. Our results validate the vital 
labeling technique and demonstrate that the adult HE is indeed among those neurons 
stimulated by cues derived from peripheral tissues. Supported by NSF - 9724064 (JJ) 
and an undergraduate research award (JA), College o f Arts & Sciences, WMU.
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216.9
Dendritic protein sorting visualized with GFP-tagged transferrin receptor in developing 
hippocampal neurons. M.A. Silvermaif M.A. Burack. and G .Banker. Center for 
Research on Occupational and Environmental Toxicology, Oregon Health Sciences 
University, Portland, OR 97201.

Neurons are highly polarized cells with morphologically and molecularly distinct axons 
and dendrites. The development o f morphological polarity in cultured embryonic rat 
hippocampal neurons is well characterized. Shortly after plating, the neurons extend 
several undifferentiated neurites. These “ minor processes” extend and retract short 
distances for several hours until one o f them enters an uninterrupted growth phase and 
becomes morphologically identifiable as the axon. The relationship between the 
development of morphological polarity and protein sorting is not well understood, in part 
because it is unclear when protein sorting mechanisms arise during development. Based 
on analysis o f fixed cells, Bradke and Dotti (Neuron 19:1175-1186) reported that the 
dendritic protein GluRl is concentrated in newly-formed axons, suggesting that dendritic 
sorting mechanisms become active only later in development. To examine more closely 
the relationship between axonogenesis and sorting, we expressed a green fluorescent 
protein (GFP)-tagged form o f the human transferrin receptor (TfR) in cultured 
hippocampal neurons and examined its distribution in living cells. In mature neurons 
(>7 days in culture), TfR-GFP, like the endogenous transferrin receptor and untagged 
human transferrin receptor, was highly polarized to dendrites. This demonstrates that the 
presence o f a GFP tag did not alter the sorting o f the chimeric protein. In 1-2 day old 
cultures, TfR-GFP was present in all minor processes o f cells that had not yet formed 
axons. In cells with axons, TfR-GFP was highly polarized. Quantitative analysis o f 
digital fluorescence images demonstrated that 90% o f TfR-GFP was polarized to 
immature dendrites. This polarized distribution was apparent even in neurons with axons 
as short as 4Oµm, indicating that dendritic sorting mechanisms became active within a few 
hours o f axonogenesis. Time-lapse fluorescence imaging of individual neurons 
expressing TfR-GFP should enable direct visualization o f changes in protein sorting as 
cells first become morphologically polarized. Supported by NIH NS17112.

216.11

HINTS FOR A ROLE OF RECEPTOR PROTEIN TYROSINE 
PHOSPHATASES DURING THE DEVELOPMENT OF THE 

RETINOTECTAL PROJECTION
M.M. Ledig‘, F. Hai2. I. McKinell2. A.W . Stoker2 and B.K, Mueller1*. !MPI 
für Entwicklungsbiologie Abt. I, D-72076 Tübingen (Germany); 2Dept. of Human 
Anatomy, University of Oxford, South Parks Road, Oxford 0X1 ЗQX (UK)

During development of the visual system in the chick, retinal ganglion 
cell axons project to the optic tectum forming a precise topographic map. 
Previous work has implicated the family of Eph receptor tyrosine kinases 
raising the question as to what extent receptor tyrosine phosphatases 
(RPTPs) are involved in aspects of retinotectal axon guidance. We 
investigated the expression pattern of PTPα, PTPµ, CRYPα and CRYP-2 
by immunohistochemistry and in situ hybridization between embryonic 
stages 4 to 14. Three RPTPs (PTPµ, CRYPα and CRYP-2) were found to be 
localised to retinal axons and growth cones. We have further tried to detect 
the putative ligands for two RPTPs (CRYPα and CRYP-2) in sections by 
alkaline phosphatase-tagged (AP) fusion proteins comprising the 
extracellular domains. A putative ligand for CRYPα could be localised to 
the basal membrane of both retina and tectum (Soc. Neurosci. Abstr. 1997, 
243.15). In recent in vitro studies we used the basal membrane of the retina 
as a sustrate for retinal explants. When adding a CRYPα antibody or the AP 
fusion protein axon outgrowth was perturbed with axons being shorter and 
more fasciculated. According to these data RPTPs play an important role in 
retinal axon growth.

216.13
AN A V IA N  N E U R O N  S P E C IF IC  G E N E , N A U  IS A  H O M O LO G U E  OF STO P, 
ONE OF T H E  M APS A N D  S H O W S  SP EC IF IC  P A TTE R N  OF E X PR ESS IO N  
DURING  N E U R O G E N E S IS .
K. K A T S U B E *3. M. S U Z U K I1. K. T S U K IT A 12. M. T A K A G ľ A N D  S. 
TA K E P A 2 1 D e p t o f  O ra l P a th o lo g y , T o k y o  M ed. a n d  D e n t. U n iv ., 
Yush im a, T o k y o  11 3 -8 5 4 9 , Ja p a n , d e p a r t m e n t  o f  M o le c u la r  G e n e tic s ,  
N a tio n a l In s t i tu te  o f  N e u ro s c ie n c e s , K o d a ira , T o k y o  1 8 7 -8 5 0 2  J a p a n , 
Зln s t i tu t  d Έ m b ry o k > g ie  C e llu la ire  e t  M o lé c u la ire , 9 4 7 3 6  N o g e n ư s /M a rn e  
F rance

W e is o la te d  a  n e u ro n  s p e c if ic  g e n e , N a u  in  q u a il a n d  c h ic k e n  a n d  
d e te rm in e d  th e ir  t o ta l c D N A  s t ru c tu re .  N a u  tu rn e d  o u t  to  b e  a 
h o m o lo g u e  o f  STO P (s ta b le  tu b u le  o n ly  p e p tid e ) , a  m e m b e r o f  M APs by  
se q u e n ce  h o m o lo g y  s e a rc h . N a u  t r a n s c r ip t 's  fo rm  is  d if fe re n t  f ro m  STO P  
in  s e v e ra l a s p e c ts . N a u  e n c o d e s  a t ru n c a te d  fo rm  o f  STO P p ro te in  a n d  
has v e ry  lo n g  3 ' u n tra n s la te d  re g io n  (a b o u t 80%  o f  cD N A ). W e a re  
a n a ly z in g  N a u  g e n o m ic  s t ru c tu re  to  c la r i fy  t h e ir  d if fe re n c e . N a u  

exp re ss io n  is  p r in c ip a l ly  l im ite d  to  th e  p o s tm ito t ic  n e u ro b la s ts  b o th  in  
th e  c e n t ra l n e rvo u s  s y s te m  (C N S ) a n d  th e  p e r ip h e ra l n e rvo u s  sys te m  
(P N S ), b u t  in te s t in a l e p ith e liu m  a n d  g o n a d a l r id g e  a ls o  e xp ress  N a u  in  
lo w  le v e l. T h e  CN S e x p re s s io n  b e g in s  fro m  ro s tra l re g io n  o f  
m e se n c e p h a lo n  a t  E3. T h e  P N S  e x p re s s io n  is  o b s e rv e d  fro m  v e ry  e a r ly  
stage , e ve n  b e fo re  th e  fu s io n  o f  n e u ra l c re s t  a n d  p la c o d a l o r ig in  c ra n ia l 
g a n g lia . N a u  e x p re s s io n  in  n e rvo u s  s y s te m  is p r io r  to  o th e r  m e m b e rs  o f  
MAPs. H in d b ra in  e x p re s s io n  o f  N a u  is  s p e c if ic .  N a u  t ra n s c r ip ts  a re  
a c c u m u la te d  to  th e  in n e r -m o s t la y e r  o f  b o u n d a ry  re g io n s , w h e re  w e  
c a n n o t re c o g n iz e  th e  c e l l b od y . S e v e ra l o th e r  e v id e n c e s  in d ic a te  
axo n a l t ra n s p o r t  o f  N a u  t ra n s c r ip ts .

216.10
EXPRESSION PATTERNS OF RECEPTOR PROTEIN TYROSINE 
PHOSPHATASES IN THE DEVELOPING XENOPUS RETINA. K.G.
Johnson and C.E. Holt Department of Anatomy, University of Cambridge, 
Cambridge CB2 ЗDY, UK

A growth cone in a developing axon must be exquisitely sensitive to changes in 
the composition of the extracellular environment, and must be able to respond to 
these changes by altering the direction or rate of growth. The transmission of 
extracellular signals to intracellular changes is likely to involve transmembrane 
proteins with signal transduction capabilities. Receptor protein tyrosine 
phosphatases (RPTPs) are excellent candidates for this role, and have been shown 
to be involved in axon guidance in Drosophila. The role of RPTPs in vertebrate 
axon guidance, however, has not been investigated.

We have identified a variety of RPTPs expressed in the developing Xenopus 
visual system and have characterized their spatial and temporal patterns of 
expression. Putative Xenopus homologues of CRYP-α, PTP-δ, LAR and PTP-p 
are expressed in overlapping but distinct patterns in the developing retina. In the 
retina, CRYP-α is expressed ubiquitously at stage 35, but becomes restricted to 
the ganglion cell layer (GCL) and inner nuclear layer (INL) during ganglion cell 
axon elongation. PTP-δ is expressed in the optic vesicle at stage 25, and is 
maintained in the GCL and INL throughout development. LAR is expressed 
throughout the CNS during development, and is expressed strongly in the GCL and 
INL. PTP-p is expressed in the early optic vesicle and becomes restricted to the 
photoreceptor layer and INL at later stages. CRYP-α, PTP-δ and LAR are all 
expressed in retinal ganglion cells during axon elongation and target selection. In 
order to assay the role of RPTPs in retinal ganglion cell axon outgrowth and 
guidance, putative dominant negative constructs of LAR and PTP-δ have been 
made and lipofected into the developing retina.
This work was supported by MRC and Wellcome Program grants.

216.12
EXPRESSION OF THE AMYLOID PRECURSOR PROTEIN IN PRIMARY 
CULTURES OF CORTICAL NEURONS IS ASSOCIATED WITH NEURITE 
OUTGROWTH. C. Wang. R.K.K. Lee*. J. Li and R.J. Wurtman. Department of 
Brain and Cognitive Sciences, E25-604, MIT, Cambridge, MĄ 02139

The amyloid precursor protein (APP) is expressed in virtually all mammalian 
cells, and has been proposed to have neurotrophic functions. We now show that 
neurite outgrowth is also associated with increases in APP expression in primary 
cultures of cortical neurons.

Cortical neurons were cultured from E19 rat embryos. Cellular proteins were 
collected in lysis buffer between 1-7 days after plating, and equal amounts of 
protein were loaded for Western blot analyses. Antibodies 5E2, GAP-43 and 
22C11 were used to measure total tau protein, GAP-43 and APP respectively. 
Protein bands were visualized on x-ray films by an enhanced chemiluminescance 
method (Amersham) and quantitated by laser scanning densitometry. Neuronal 
membranes were also collected for analyses of increases in total membrane protein 
and membrane lipid.

The levels of cell-associated APP in cultured cortical neurons increased linearly 
between days 1-7, and these increases paralleled the elevations in total tau and 
GAP-43 proteins, both of which are associated with the neurite outgrowth. APP, 
tau and GAP-43 levels on day 7 were 4.4-,3.2- and 13.1-fold respectively of those 
levels measured on day 1. The levels of membrane protein and lipid were similarly 
increased between day 1-7. Membrane protein obtained from neurons on day 7 
(0.92 mg/mg DNA) was 2.4-fold that found on day 1 (0.39 mg/mg DNA). 
Similarly, membrane phospholipid (including PC, PE, PS and PI) obtained on day 
7 (1606.8 nmol/mg DNA) was 1.9 fold that on day 1(828.9 nmol/mg DNA). These 
data indicate that APP expression is associated with increases in neurite outgrowth. 
(Supported by NIH MH-28783 and the Center for Brain Sciences and Metabolism 
Charitable Trust)

216.14
TH E  P K C  S U B S T R A T E  M A R C K S  IS E N R IC H E D  IN N E U R O N A L  
G R O W T H  C O N E S  A N D  D E V E L O P M E N T A L L Y  R E G U L A T E D  IN  
TH E  R A T  H IP P O C A M P U S . E. A. W e e s1. R. K. McNamara1. Ŗ _ A  
M eberņ2 * . T. B. K u h n 2, and R. H. L e n o x '. 'D epartm ent of Psychiatry, Univ. 
Florida College of M edicine and Brain Institute, G ainesville FL. d e p a r tm e n t o f 
Biochem istry & M olecu lar B iology, Colorado State University, Ft Collins, CO.

The myr¡stoylated alanine-/ich C  /cinase substrate (MARCKS) is a 
prim ary PKC substrate that binds calmodulin and plasma m embrane, and cross
links filam entous actin in a PKC phosphory la tion -de pende n t manner. During  
deve lopm ent, MARCKS may serve to m odulate actin-m em brane cytoske le ta l 
plasticity in response to  Ca2+ and PKC signaling. To exam ine the  role o f 
M ARCKS in cortical deve lopm ent, we exam ined M ARCKS subce llu lar 
distribution (m em brane/cytosol) in neuronal growth cones from E10 chick brain 
and in the postnatal deve loping rat hippocam pus (P1, 7, 14, 21, 30, 45 & 9Od) 
using high affinity antibod ies and quantitative western  b lotting. In neuronal 
growth cones, M ARCKS was expressed at h igh levels, com parable to G AP-43, 
and was restricted to the m embrane fraction. During postnatal hippocam pal 
deve lopm ent, MARCKS expression was h ighest at P1 and then dec line d  
sharply in the membrane and gradually in the cytosol until reaching adult levels  
by ~PЗO. A t P1 and P7, MARCKS expression was greater in the m em brane  
fraction relative to the cytosol but declined to cytoso lic levels by P14. The sharp  
reduction in m em brane-bound M ARCKS co inc ided w ith a sharp increase in 
m embrane PKCε, for which MARCKS is a primary substrate. M ARCKS mRNA  
expression in the hippocam pus, exam ined by quantita tive  in  s itu  hybrid ization, 
was h ighest at P1 and then declined in CA1, CAЗ, and hilus but remained  
elevated in the granule cell layer. Tog e the r these  data suggest that 
hippocam pal deve lopm ent is associated w ith a lterations in both M ARCKS  
expression as well as its subce llu lar d istribution, possib ly related to changes in 
mRNA regulation and elevated PKC-m ѳdiated phosphory la tion , respective ly. 
(Supported in part by NIMH M H56943 to R.H.L. and MRC/CIBA-GEIGY  
Fellowship to R.K.M.)
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216.15

SEQUENTIAL STEPS IN SYNAPTIC GROWTH ARE MEDIATED 
VIA MANNOSE AND GALACTOSE-SPECIFIC RECOGNITIONS: 
ANALYSIS BY QUANTITATIVE ELECTRONMICROSCOPY AND 
SERIAL RECONSTRUCTION. M.-H. Tai* and B. Zipser. Dept, of 
Physiology; Michigan State University, East Lansing, MI 48824.

All leech sensory afferents carry a mannose-containing epitope on 
their cell surface, recognized by mAB Lan 3-2. In addition, subsets of 
these afferents, correlating with sensory modalities, are marked by 
subset-specific epitopes which contain galactose. These epitopes 
represent sensory afferent-specific glycosylations of a common 
neuronal protein, Tractin. Here we study the developmental function 
of these carbohydrate markers at the single cell level using 
electronmicгoscopy. Perturbation of the constitutively expressed 
mannose marker produces region-specific effects in the synaptic 
neuropil. Afferents reduce their distal collateral branching and 
accelerate their rate of elongation. More mature sensory trunks reduce 
their synaptic vesicle clusters. Thus, mannose-specific recognition 
mediates different events during synaptic growth. The galactose marker 
for the putative mechanodetectors, recognized by mAb Laz2-369, is 
expressed later in development about 40 h after sensory afferents have 
pioneered their target region. We have found that the galactose marker 
is initially detected only on processes in the middle of the target region. 
This suggests that it may inserted into preexisting membrane. Our 
previous study at the light level showed that perturbation of subset 
markers led to the massive exit of their respective sensory subsets from 
target regions. We are now exploring, at the single cell level, whether 
the perturbation of galactose-specific recognition leads to renewed 
sprouting. Supported by N IH  NS 25117

216.17

CHARACTERIZATION OF LL35, A GALACTOSE-BINDING 
PROTEIN EXPRESSED BY LEECH NEURONS. A.M. Chapman* 
and B. Zipser. Department of Physiology, Michigan State University; 
East Lansing, MI 48824.

We have previously shown that carbohydrate structures located on 
sensory afferents are critical for targeting these sensory afferents into 
the appropriate region in the CNS of the leech. Now we are studying 
endogeneous lectins that may interact with these carbohydrate 
structures. A 35 kDa carbohydrate binding protein, LL35, was isolated 
from the membrane fraction of whole leech as well as leech CNS, and 
shown to have an affinity for both the α- and ß- anomers of galactose 
in addition to α-lactose. Immunocytochemical evidence indicated that it 
is expressed by neurons and epithelial cells. Biochemically, LL35 
behaves like a calcium-independent S-type lectin. To determine, 
whether LL35 indeed belongs to the galectin family, we have 
proteolytically digested this leech lectin and obtained primary amino 
acid sequence from seven peptide fragments. Only one of these 
fragments (KQNANQHWLIVRV) shows significant identity (38-46%) 
with the galectin family. Recently, a 29 kDa galactose binding protein 
was cloned from the earthworm which demonstrates identity with the 
ricin B chain lectins but not galectins. Alignment of LL35 peptide 
fragments with EW29 shows significant identity (30-52%) with 
several of the peptide fragments. Currently, we are screening leech 
cDNA libraries using degenerate oligonucleotide primers based on 
amino acid sequence.
Supported by N IH  NS 25117

216.19
NGF INCREASES EXPRESSION OF GM P23 -48 K 50 - KD A SUBUNIT 
OF D Y N A C ΓIN  IN  MOUSE DRG AN D  PC I2 CELLS X, K._ A b e * , 
ΊC_HΩüda_K_lΩmшaga.aл(L R. Knvvaim, Res. Lab. fo r Molecular 
Genetics, Niigata Univ., Niigata 951-8510, Japan.

The nerve growth cone is located at the tip o f the growing axon and 
guides the axon toward the site o f synaptogenesis. We have isolated 
gm p23-48k/50-kDa subunit o f dynactin from  growth cone-enriched 
subcellular fraction, and confirm ed the presence o f this protein on the 
growth cone by immunocytochemistry using anti-gm p23-48k antibody 
(Abe et al., BBRC 233: 295, 1997). The staining o f gm p23-48k was 
found both in central and peripheral regions o f growth cones. 
To investigate whether gm p23-48k is involved in neurite extension, 
neonatal mouse DRG explants were cultured in serum-free medium with 
or without NGF fo r several days. Proteins or total RNAs o f these 
cultured explants were prepared and subjected to im m unoblot or 
northern blot analysis. Both o f the protein and niRNA levels o f gmp23- 
48k increased when the explants were cultured with NGF'. The NGF- 
induced increase o f the gm p23-48k protein was also observed in 
cultured PC I2 cells. The gm p23-48k mRNA was detected in head ol at 
least 10.5-day-old mouse embryo by northern blot analysis. 
Taken together, these findings suggest that gm p23-48k is involved in 
neurite extension and synaptogenesis during nervous system 
development.
Supported in part by grants from  the MESSC, Japan.

216.16

Spatial and temporal expression of IB 1, a JIP-1 related protein, in 
the brain.
J-B· Pellet®. J-A. Haefliger®. C.Bonnv®. E.Welker®, J,K. Staple®, P. Nicod®. S. 
CatsicasΦ*·. G.Waeber<Ž>.
®lnstitut de Biologie Cellulaire et de Morphologie (IBCM ), University of Lausanne, Rue du 
Bugnon 9, 1005 Lausanne, Switzerland. ® Dpt. of Internal Medicine B, University hospital, 
1011 Lausanne, Switzerland.

JIP-1 is a cytoplasmic inhibitor of the JNK (c-Jun amino-terminal kinase ) which causes 
inhibition of the JNK-regulated gene expression, therefore acting as a potential anti-apoptotic 
protein. A JIP-1 related protein called 1B1 ( for Islet-Brain 1 ) was recently cloned from a 
pancreatic ß-cell c-DNA library. It only differs from JIP-1 by the insertion of a 47 amino-acid 
region in the carboxy-terminal part of the protein.
Using immunohistochemistгy, in-situ hybridization and Western blotting, we have studied in 
vitro and in vivo the expression of IB1 in rodents, in cultured rat primary neurons and in 
PC 12 cells. In vivo, low levels of the protein can be found in the kydney, the heart, the gut 
and the testis of adult mice, whereas the pancreatic islets and the brain show strong 
expression. The protein was particularly abundant in neurons of the neocortex, the 
hippocampus, the cerebellum, the olfactory bulbs and the retina where the outer and inner 
plexiform layers showed a high level of immunoreactivity. The localization suggests a 
preferential distribution in axons and synapses. At embryonic stages, IB1 has a wide 
distribution, including the liver, the gut, the heart and the somites but its level of expression is 
clearly higher in the brain and spinal cord. In the brain of 5-day old mice, the 
immunoreactivity of the protein was uniformly high before becoming more 
compartimentalized in the adult. Western analysis indicate that IB1 is present in the brain as 
early as E l2 and that its level of expression remains high during development while it 
diminishes in the adult. IB1 is not detectable in proliferating PCI 2 while induction with NGF 
results in strong expression in growth cones. The localization of IB 1 in growth cones was also 
confirmed in rat primary cortical neurons.
Supported by the Fondation Louis Jeantet de Médecine.

216.18

DIFFERENTIAL GLYCOSYLATION AND POST-TRANSLATIONAL 
PROCESSING OF TRACTIN, A NOVEL Ig·SUPERFAMILY MEMBER 
INVOLVED IN AXONAL OUTGROWTH, c. jі℮. B. z іd s ℮ γ*  j. j℮иі℮s†. k m. 
Johansen, and J. Johansen*. Dept, of Zoology & Genetics, Iowa State Univ., Ames, IA 
50011, ÎDѳpt. of Biological Sciences, Western Michigan Univ., Kalamazoo, Ml 49008, and 
⅜>ept. of Physiology, Michigan State Univ., East Lansing, Ml 48824.

Tractin is a new member of the lg-superfamίly with a highly unusual structure. 
It contains 6 lg-domai∩s, 4 FN!ll-doma¡ns, an acidic domain, 12 repeats of a novel 
proline- and glycine-rich motif with structural similarity to collagen, a transmembrane 
domain, and an intracellular tail with an ankyrin and a PDZ binding motif. Tractin is 
expressed by all neurons but is differentially glycosylated with several specific 
glycoepitopes in sets and subsets of peripheral sensory neurons that form distinct 
fascicles in the CNS. In vivo and in vitro antibody perturbation of these glyco
epitopes demonstrate that they can selectively regulate neur¡tic outgrowth. Thus, 
these findings provide evidence that differential glycosylation can confer functional 
diversity to a widely expressed neural protein. The predicted molecular weight of 
Tractin is 197 kD. However, ¡mmunoblots of CNS proteins with antibodies specific 
to different domains of Tractin suggest that the protein is post-translationally cleaved 
into 4 fragments. The most N-term¡nal fragment which is glycosylated with the 
LanЗ-2, Lan4-2, and Laz2-369 glycoepitopes is secreted. The remaining fragments 
combine to form a secreted homodimer as well as a transmembrane heterodimer. 
Some of the dimers can be dissociated by treatment with 1 M hydroxylamine 
suggesting that they may be formed by covalent bonds between lysine residues. 
The integral or peripheral membrane attachments of the proposed fragments were 
confirmed by phase separation experiments with TritonX-114.

216.20

A  MODEL OF GROWTH CONE MIGRATION BASED ON  
A C  TIN DYNAMICS. Aquanette Burt* and H elen M. Buettner. 
Departm ent of Chem ical and Biochem ical Engineering, Rutgers 
U niversity, Piscataway, NJ 08855-0909

The actin cytoskeleton has been show n to be an im portant 
factor in growth cone m otility. The exact m echanism  of action, 
how ever, rem ains unknow n. To address this question, w e  
have focused on develop ing a m athem atical m odel to 
quantitate the p h enom enon  of growth cone m otility based on  
cytoskeletal actin dynamics. The m odel assum es m otion to be 
governed by  actin polym erization, retrograde flow  of actin, 
interactions w ith  the substrate, and the random  fluctuations 
characteristic of growth cone m ovem ent. We have used this  
m odel to describe growth cone shape in terms of its area, 
perim eter, and average radius. We are currently working to 
add turning behavior to the m odel and use this to describe 
growth cone m otility on both uniform  and patterned  
substrates. This m odel provides a quantitative description of 
actin dynam ics in the growth cone cytoskeleton and lends  
further insight into growth cone m otility .
Source of Support: Rutgers Univ. Biotechnology Training  
Program /N IH
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217.1
CAN ECTOPIC EXPRESSION OF TRANSMEMBRANE SEMAPHORIN I 
MISDIRECT PERIPHERAL GROWTH CONE GUIDANCE IN VIVO?
J.T.W. Wong. S.T.M. Wong, and T.P. O'Connoť* Dept, of Anatomy and Zoology, 
University of British Columbia; Vancouver, B.C., Canada V6T 1ZЗ.

Members of the Semaphorin family of secreted and transmembrane glycoproteins 
which are highly conserved between vertebrates and invertebrates have been 
implicated to function as neuronal guidance molecules. Although functional studies 
to date have suggested that secreted forms of Semaphorin act as repulsive cues, the 
function of the transmembrane forms is still unclear. Recent studies from our lab 
have indicated that a transmembrane form of Semaphorin, Serna I, acts as an 
attractive cue for at least one subset of neurons (subgenual organ neurons) in the 
developing peripheral nervous system of the grasshopper Schistocerca gregaria. 
This suggests that transmembrane forms of Semaphorin may function differently 
from the secreted forms or alternatively could be bifunctional, acting through both 
attraction or repulsion to different subsets of neurons. In order to obtain a better 
understanding of the function of Serna I in PNS development, we have examined the 
effects of ectopic expression of Serna I on PNS guidance in vivo. A plasmid 
containing full length Serna I under the control of the inducible insect 
metallothionein promoter was transfected into Drosophila S2 cells and stable S2 
transfectants were obtained. Transfected S2 cells were grown in agar to generate S2 
cell clusters. The S2 cell clusters were strategically seeded into the embryonic 
grasshopper limb in different regions along the well characterized T il pioneer 
pathway in the developing PNS to examine the effects of Serna I on the extension 
of the growth cones of the T il neurons. Transfected S2 cells located within the 
pathway do not prevent extension or repel growth cones. Instead, transfected cells 
are able to misroute Ti 1 growth cones by directing them away from their normal 
pathway to contact the transfected cells.
Supported by the Medical Research Council of Canada M T-13246.

217.3
SEM APHO RINS III A N D  IV R E P E L  H IP P O C A M P A L  A X O N S  V IA  
TWO D IS T IN C T  R E C E P T O R S .
A. Chėdotal1. J.A. Del Rio4 Z. He2 M. R uiz4 F. De C astro1. H. C h en 2. V. 

Borrell4 F. Ezan1. C. S. G oodm an3  M. Tess ie r-Lav iαne 2 C. S o te lo 1 and 

Eduardo Soriano4

1INSERM U106, 75013 Paris, France. 2 HHMI, Dept, of A natom y, UCSF, San 
Francisco, USA 3HHMI, Dept, of Molecular and Cell B io logy, UC B erke ley, 
Berkeley, USA. 4University of Barcelona, Dept of Cellular B io logy, 
Barcelona, Spain.

We tried to determ ine w hether chem orepuls ion  and sem aphorins play a 
role in axon guidance in the hippocam pus. Using co llagen gel co -cu ltures 
taken from E16-E17 mouse em bryos, we have shown that axons grow ing  
out of explants from  C A 1 and CAЗ can be se lective ly  repelled by ento rh ina l 
cortex and neocortex explants. We also found  that two secre ted  
semaphorins, Serna III and SemalV, as well as the ir receptors neuropilin  1 
and 2  are expressed in d iverse com ponents of the h ippocam pal form ation at 
the time the connections are being form ed. W e showed in vitro that Serna III 
and SemalV, expressed in COS cells, strong ly repel CA1 and CAЗ axons. 
Entorhinal axons were only repelled by Serna III. Finally, we found  that an 
antibody directed against n eu rop ilin -1 , when applied to our cu ltures, cou ld  
block the repulsive action of Serna III, but not Serna IV.

These results show that chem orepulsion plays a role in axonal guidance  in 
the hippocam pus, and that secreted sem aphorins may be responsib le  fo r 
this action. O ur results also dem onstrate  that the same axons can be 
repelled by two d istinct sem aphorins via two d iffe ren t receptors, one o f 
which involves neurop¡lin-1 . This also suggests that the recepto r m ediating 
the Serna IV repulsive e ffect m ight involve neuropilin-2.
Funded by INSERM, EEC B io-4C T96-0774, HHMI, C IC Y T (SAF94-0137).

217.5

D IS T R IB U T IO N  OF S E M A P H O R IN  ZIV \Ь  ĪM M U N O R E A C T IV IT IE S  
IN TH E  R A T. K. K iku ch i and T. K im u ra *. Sum itom o Pharmaceuticals 
Research Center, Osaka 554-0022, Japan 

Semaphorin Z /V Ib  (Serna Z ) is a class V I transmembrane semaphorin. 
M o lecu la r c lo n in g  and m R N A  d is tr ib u tio n  o f  s e m a Z  have been 
previously reported, how ever, the func tion  o f  Serna Z  remains to be 
studied. T o  investigate the in v iv o  function  o f  Serna Z , we analyzed the 
d istribu tion o f  Serna Z  protein in the rat. For th is purpose, we generated 
two antibodies w h ich  were raised against tw o  peptides derived from  
distinct regions o f  e x tra ce llu la r dom ain o f  Serna Z. W estern b lo ttin g  
showed that both antibodies recognized recom binant Serna Z  pro te in  
expressed by COS7 cells. Im m unoh is tochem ica l analysis o f  E12.5 rat 
embryos w ith  these tw o  antibodies showed identica l patterns o f  Serna Z  
im m unoreactivity in the ventral horn o f  the spinal cord, Boor plate, dorsal 
root gan g lia , sym pathe tic  g a n g lia /tra c t, no tochord , and m yo tom e, 
corre lating w e ll w ith  in situ h yb rid iza tion  analysis, and co n firm in g  the 
usefulness o f  these antibodies. In E15 em bryos, in add ition to the tissues 
stained in the E l 2.5 em bryos, m any regions o f  the b ra in  and re tina l 
gang lion  ce lls  were a lso stained. The t im in g  and lo c a liz a tio n  o f  
expression suggest that Serna Z  may p lay a ro le in neural developm ent. 
In te res ting ly , a lthough Serna Z  has been proposed to be an axonal 
guidance m olecule, we observed im m unoreactiv ity  m ostly in neurons and 
their targets, and cou ld  not detect s ig n if ica n t expression in regions 
surrounding axonal paths. In the adu lt, Serna Z  im m u n o re a c tiv ity  was 
detected in  the cerebral cortex, o lfa c to ry  bu lb , cerebellum , and spinal 
cord. Serna Z  therefore m igh t be in vo lve d  in the m aintenance and/or 
rem odeling o f established neural networks as w e ll as the developm ent o f 
nervous system. Supported  by Sum itom o Pharm aceuticals.

217.2
A RESTRICTED REGION LN THE SEMAPHORIN DOMAIN OF G-SEMA II 
GUIDES PIONEER NEURON PATHFINDING. C. Isbisteг1*. A. Tsai.2 A. 
Kolod⅛ш2. T. O'Connor1. ‘Dept, of Anatomy, Univ. British Columbia, Vancouver, 
BC, V6T 1ZЗ; 2Dept. of Neuroscience, Johns Hopkins Univ. School of Medicine, 
Baltimore, MD, 21205.

G-scma II, a grasshopper secreted semaphorin, is highly expressed in the 
developing grasshopper limb bud epithelium during the period of Til pioneer neuron 
pathfinding towards the CNS. We have conducted a series of .in vivo antibody 
perturbation studies during the period of T il outgrowth (31-35% embryonic 
development) in an effort to determine if G-sema II has a role in axonal pathfinding. 
We have generated polyclonal antibodies to five different regions of G-sema ∏, three 
regions within the conserved semaphorin domain and two in the C-terminal region, 
including the Ig domain. Embryos cultured in the presence of antibodies (IgG or 
F(ab’ )2 fragments) generated against the semaphorin domain resulted in dose- 
dependent axonal projection abnormalities (antibody concentrations 15µg/ml - 
150µg/ml). These abnormalities are typified by deſasciculation followed by one or 
both axons extending aberгently into distal and/or dorsal regions of the limb bud. 
Embryos cultured in the presence of up to 150µg/ml C-teгminal antibody IgG or 
F(ab’ )2 fragments, pгeimmune antibody IgG, or culture media alone had no apparent 
effect on T il axonal pathfinding. Considering the high expression of G-sema II in 
the distal tip and dorsal limb bud area during this period of Til pioneer neuron 
projection, the nature of the observed axonal abnormalities indicate a repulsive role 
for G-Sema II, consistent with previous findings for vertebrate and invertebrate 
secreted semaphorins.

This work was supported by NIH NS35165 to A.K. and MRC MT-13246 to 
TOC.

217.4
TR ANSM EM BRANE PROTEIN SEMAPHORIN V ia  IS REPULSIVE 
FOR AXONS OF EM BR YO NIC SYM PATH ETIC  NEURONS. X .M . X u 1, 
D.A• Fisher2 , L. Zhou*f S. N g ‘ F.A. White2, W.D. Snideri, Y  L u o f 
Έ xe lix is  Pharmaceuticals, Inc. 260 L ittle fie ld  Avenue, South San 
Francisco, CA 94080; departm ent o f Neurology, Washington University 
School o f Medicine, St. Louis, M O  63110

Murine semaphorin V ia  (sema V ia) is a member o f the semaphorin 
fam ily  which bears strong structural homology to insect semaphorin I» 
Although semaphorin I has been implicated as a repulsive axonal 
guidance cue, the function o f sema Via is currently unknown. We have 
expressed in mammalian cells the extracellular domain o f sema V ia  
fused with either a myc-his tag or an Fc domain at the C-term inal end. 
Potential axon guidance effects o f these fusion proteins were tested on 
several populations o f embryonic neurons using growth cone collapse 
and collagen matrix chemorepulsion assays. The dimeric Fc-tagged sema 
V ia  fusion protein induces the collapse o f chick E8 thoracic sympathetic 
growth cones, but not E7 dorsal root ganglion growth cones. The 
monomeric myc-his tagged sema V ia  does not exhibit collapsing activity 
toward sympathetic neurons. Consistent with its selective growth cone 
collapsing activity, Fc-tagged sema V ia  repels sympathetic axons but not 
dorsal root ganglion axons in chemorepulsion assays. The sema V ia  
mRNA is notably expressed in early embryonic dorsal root ganglia, bone 
and muscle precursors, kidney, small intestine, and abdominal 
mesenteries. It is also expressed in cervical but not thoracic sympathetic 
ganglia during embryonic development. Sema V ia  may act a repulsive 
factor contributing to the rostrocaudal polarity o f projections w ith in the 
sympathetic ganglion chain and regulating sympathetic projections to 
target tissues.

Research is supported by Έxelixis Pharmaceuticals and by N IH  grant 
awarded to W.D.S.

217.6
SEMAPHORIN D IS DIFFERENTIALLY EXPRESSED IN MITRAL 
CELLS OF THE DEVELOPING RAT OLFACTORY BULB AND  
ACCESSORY OLFACTORY BULB. K. Yoshida. C. Dibble. A. W. 
Puschel and G. A. Schwarting*. The Shriver Center, Waltham, MA  
02154 and Molekulare Neurogenetik, Abteilung Neuroehemie, Max- 
Planck-lnstitut fur Himforschung, Frankfurt/Main, Germany 

During development, axons from the olfactory epithelium and 
vomeronasal organ converge on selective targets in the olfactory bulb 
(OB) and accessory olfactory bulb (AOB), respectively, where they foπ 
synapses with mitral and tufted cells. Although the factors that regulate 
axon trajectories in the olfactory system are not yet known, guidance 
cues for olfactory axons are likely to include the collapsins-semaphorin: 
We examined the expression o f semD, a member of the vertebrate 
semaphorin family, in the developing rat olfactory system by in situ 
hybridization. SemD mRNA is expressed in mitral and tufted cells at 
embryonic and postnatal ages in the OB and the AOB. In the embryonic 
OB, semD is expressed differentially along the rostrocaudal axis in mitr¡ 
cells. Heaviest expression is detected in the rostral/ventral OB between 
the ages o ſ E l 6 and E20. Postnatally, mitral cell expression o f semD  
expands to include mitral cells in all regions of the OB. In the AOB, 
semD is expressed in mitral cells in a caudal to rostral gradient as early ¿ 
E16 and continues postnatally. Purified SemD fusion protein was used 
in stripe assays to determine its effect on axon growth o f olfactory 
epithelium (OE) and vomeronasal (VNO) sensory neurons in vitro. A 
majority o f OE and VNO axons arc repelled by SemD in a concentration 
dependent manner between the age o f E16 and P2. These data suggest 
that SemD may play a role in guidance of OE and VNO axons in the 
rostrocaudal axis. (Supported by NIH DCOO953 and DFG P u l02/4-1)
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217.7
COLLAPSIN SCULPTS SENSO RY PROJECTIONS IN  THE DORSAL  
SPINAL CORD. S.Y. Fu*. Y. Luo. J. Raper. and E. Fran k . D epts. of 
Neurobiology, U niv, of P ittsburgh, P ittsburgh, PA 15261 and U niv, of 
Pennsylvania, Philadelphia, PA 19104.

Colĩapsin mRNA is in itia lly  distributed throughout the spinal cord but 
disappears from dorsal cord ju st as sensory axons begin to grow into the  
dorsal gray matter. Colĩapsin expression m ight therefore regulate the tim ing  
and/or spatial distribution o f sensory projections. To test th is hypothesis, we 
stu died  i f  recom binant co llap sin -1 injected in to cultured segm en ts of 
embryonic chick spinal cord influenced the ingrow th of sensory axons. 
Im m unostaining was used to identify 2 c lasses of sensory afferent, trkA+ 
(prim arily sm all caliber afferents arborizing in dorsal lam inae) and trkC+ 
(muscle spindle afferents).

Growth of trkC+ axon collaterals into spinal gray m atter w as not blocked 
by injections o f colĩapsin at any stage tested  (st 30-33). A ntibodies to 
neuropilin (part of the receptor for colĩapsin) labeled trkC+ axons in the dorsal 
colum ns at th ese  sta g es , but not trkC+ co lla tera ls in  gray m atter. 
Furthermore, these collaterals grew through m edial regions of the dorsal horn, 
where colĩapsin mRNA w as still expressed. The spatia l and tem poral 
patterning of trkC+ projections therefore is likely to be controlled by molecules 
other than colĩapsin.

In contrast, growth of trkA+ axons into specific dorsal lam inae w as reduced 
after injection of recom binant colĩapsin into cultured segm ents, and trkA+ 
axon collaterals also expressed neuropilin. These afferents still projected into 
lam ina 2, which appears during the culture period, su ggestin g  that local 
growth-promoting cues in th is layer override the inhibitory effects of injected 
colĩapsin. Growth into deeper dorsal lam inae w as sub stan tia lly  reduced, 
however. In uninjected segm ents, detailed spatial comparison of trkA+ fibers 
w ith colĩapsin mRNA distribution showed th at these fibers grew b etw een  
patches o f collapsin-expressing cells, apparently avoiding them . The close 
correlation between expression of colĩapsin m essage and absence of trkA+ 
fiber growth suggests that colĩapsin shapes the projection pattern of these  
afferents during normal development. Supported by NIH grants to J.R. and
E.F.

217.9
R O L E  O F  N E U R O P IL IN  A N D  S E M A I I I  D U R IN G  T H E  
E S T A B L IS H M E N T  O F  O R D E R L Y  C O N N E C T IO N S  IN  T H E  
R O D E N T  T R IG E M IN A L  P A T H W A Y . A. Datwa∩¡*. E. U lup ina r and R. 
E rzu ru m lu  Dept, of Cell B io logy and Anatom y, and N e urosc ience  Center, 
Louisiana State University, New Orleans, LA 70112.

Severa l c lasses o f deve lop ing  axons express neurop ilin , a ce ll su rface  
g lycop ro te in  tha t is a recep to r fo r se m aphorin  fa m ily  o f axon  gu idance  
m olecules (Kawakam i et al., J. Neurob¡ol., 1996; Kolodkin  et al., 1997, Cell). 
W e are exam ining the role of sem alll/neurop¡l¡n  during the  estab lishm ent of 
top o g rap h ic  and pa tte rned  co nn ectio n s  in the  roden t tr ig e m in a l system . 
Horizontal sections through brainstem  w holem ounts w ith  the  trigem inal ganglia 
attached were im m unostained w ith a polyclona l antineurop ilin  antibody (gift of 
Dr. H. Fujisawa). Neuropilin is densely expressed w ith in the trigem inal ganglion 
and the centra l trigem inal tract between E13 and E15. Th is period corresponds 
to  trigem inal tract form ation and at this stage axons e longate a long a restricted 
pa thw ay in the  la te ra l h indb ra in . By E17, w hen  tr ig e m in a l axons  beg in  
co lla te ra liza tion  into the  trigem ina l nucle i, neuropilin  express ion  is no longer 
present in the tract but remains in the ganglion.

Previous studies showed that in sem a lll knockout mice, sensory axons show 
pro jection abnorm alities (Behar et al., Nature, 1996; Tan iguch i et al., Neuron, 
1997). W e are investigating the organization of the trigem inal system  in sem alll 
knockout m ice. A lthough  trig e m in a l axons de fa sc icu la te  and do not form  
precise pro jections in these m ice, h is tochem ica l sta ins reveal tha t w h iske r 
re la ted centra l neural patterns (i.e., barre le ttes, barre lo ids, and barre ls) are 
a pp aren tly  norm al. C o lle c tive ly  these  o bse rva tion s  su gg est tha t s e m a lll/  
n eu rop ilin  m ed ia ted  axon -ta rge t in te rac tions  in part p lay a ro le  in early  
deve lopm ent of pro jections. In the absence of se m a lll, trigem ina l p ro jections 
s till develop and form  patterns. S em alll knockout m ice were p rov ided  by  Drs. O. 
B ehar and  M. Fishman. Research supported  b y  N IH  gran t N S 32195 (R.E.)

217.11
INFLUENCE OF DIFFERENT SEMAPHORINS ON 
HIPPOCAMPAL DEVELOPMENT
A. Steup1, N.E. Savaskan1, O. Ninnemann1, R. Nitsch1, A. W 
Püschel2. T. Skutella1* 11nstitute for Anatomy, Dept. Cell- and 
Neurobiology, Charité, D-10098 Berlin, FRG; 2Molekulare 
Neurogenetik, Abteilung Neurochemie, Max-Planck-lnstitut für 
Hirnforschung, Deutschordenstr. 46, D-60528 Frankfurt, FRG 

In situ hybridization has shown that several semaphorins 
and their receptors display distinct spatio-temporal expression 
patterns in the developing and adult hippocampus. We 
investigated two secreted (SemD, SemE) and one membrane- 
bound form of semaphorin (SemF), with respect to their 
influence on the neural outgrowth of entorh¡nal and i∩tra- 
hippocampal fibers. Co-culture experiments with entorhinal 
explants isolated from rat embryos at varying developmental 
stages and SemD-secreting cell clusters, showed stage- 
dependent repulsive effects on entorhinal fibers and temporal 
co-incidence with the ingrowth of the perforant pathway. We 
also investigated the effect of SemD on neurites from distinct 
hippocampal sub-regions. Our results indicate that 
semaphorins may act as guidance cues in the entorhinal- 
hippocampal system.
This work was supported by DFG SK 49/3-1 and Ni 509/1-1

217.8
DISTRIBUTION OF SEM APHO LIN  R E CEPTO R S IN THE DEVELOPING 
C E N TR A L N ERVO US SYSTEM R E V E A LE D  BY HISTO CHEM ICAL BINDING 
A SS A Y. K. E. Fujim ori* and N. Tamamak¡. Departm ent o f Anatom y, Fukui 
Medical S choo l, Fukui 9 10 -1 19 3 , Japan.

T h e  sem apholin  fam ily is com posed  o f bo th  transm em brane and 
secre ted  p ro te ins, acting as repu ls ive  cues o f deve lo p ing  axons. It has been 
reported  tha t a  m em ber o f the  fam ily, sem apholin  III (sѳma III) b inds to 
neurop ilin  and a no the r m em ber sem apholin  IV (sema IV) b inds to  both 
neurop il¡n - 2  and neurop ilin , b u t in  vitro  s tud y  has show n  tha t the  b ind ing 
a ffin ity o f sem a IV to  neurop ilin  m ight be lower than  tha t to  neurop ilin -2 .

To  s tud y  the  d is tribution  o f sem apholin  recepto rs  in th e  d eve lo p ing  rat 
brain (em bryonic day (E) 15 to  E18), w e perfo rm ed a h istochem ica l b ind ing 
assay by us ing  a sem a  IV / alkaline phospha tase  (AP) fus ion  p ro te in . The  sema 
IV / A P  p ro be  s trong ly  b ou nd  to  the  accessory o lfacto ry bulb , lateral olfactory 
tract, fimbria, anterior com m issure, d iagonal band, medial forebra in  bun d le  and 
septum . A n d  also, the  m edium  or low  b ind ing  signa ls were  obse rved  at 
in term ed ia te  z o ne  co n tin u ing  to  th e  h ippocam pus, insular co rtex and corpus 
callosum  (on E18). A n  im im unohistocehm ical s tud y  us ing  a neuropilin  
m onoclonal antibody has revealed tha t th e  accessory o lfacto ry bu lb , its related 
tracts and p ilifo rm cortex lack neurop ilin . C om paring w ith  the se  results, it 
s u gg es te d  tha t at least ano the r sem apholin  IV recepto rs  w ould  be conta ined 
in the  accessory o lfactory bulb . S ince  sem a III w ould  b ind  to  neurop ilin  only, 
the  d iffe re n ce  in the  b ind ing  sites revealed by sema-lll ⁄  A P  and sem a IV ⁄  AP 
p robes may be regarded as th e  s ites w here  n eu ro p ilin - 2  is expressed.

217.10
Neuropilin-1 immunoreactivity is upregulated in adult rat DRG following 
peripheral axotomy
E.J. Bradburv‘*O . K irm i1. S.J. French2. M. Rattray2, H. Fujisawa3 and S.B. 
McMahon1
1. Dept. Physiology, UMDS, St Thomas’ Hospital, London, SE1 7EH, UK.
2. Dept. Biochemistry, UMDS, Guys Hospital, London, SE1 9RT, UK.
3. Division o f Biological Sciences, Nagoya University, Japan.

During development, axon guidance molecules direct axonal growth by 
repelling or attracting neuronal growth cones. Semaphorin III is a 
chemorepellant which mediates repulsive and inhibitory guidance o f 
developing NGF-responsive primary sensory neurones. Little is known 
regarding the functional role o f axon guidance molecules, i f  any, in the adult, 
although adult primary sensory neurones are known to undergo anatomical 
changes following peripheral nerve injury. The aim o f this study was to 
investigate whether semaphorin III may play a role in some o f these changes. 
The expression o f neuropilin-1, the receptor for semaphorin-III, was 
determined in adult rats at different time points following sciatic nerve injury 
(at 1 day and 1, 2, 4 and 6 weeks post axotomy) by immunocytochemistry. 
Neuropilin-1 immunoreactivity was observed in relatively few normal adult 
rat DRG cells, and these were predominantly small in size. However, a 
marked upregulation o f immunoreactivity was observed in both ipsilateral 
and contralateral L4 and L5 DRG at 2 weeks post-axotomy. A t this time 
neuropilin-1 immunoreactivity was observed in the majority o f DRG cells, 
both small and large. Neuropilin-1 expression decreased at longer time 
intervals. These data suggest a role for neuropilin-1/semaphorin III in adult 
CNS plasticity. Supported by the Special Trustees o f St Thomas’ Hospital.

217.12
DIFFERENTIAL EXPRESSION PATTERNS OF SECRETED 
SEMAPHORINS IN THE DEVELOPING CENTRAL NERVOUS 
SYSTEM. H. TakahashiL H. FunatoL Y. NakazatoU Y. SatoU K. 
TakahashiL M. Yamamoto ī and K. Shiαematsu2? 1 Project 6-5, 
Mitsubishi Kase¡ Institute of Life Sciences. Machida-shi, Tokyo- 
194, Japan; 2Dept. of Pathology, School of Medicine, Nagasaki 
University. Nagasaki-shi, Nagasaki-852, Japan 

Semaphorins are a large family of secreted and membrane- 
bound proteins functioning as the chemorepellents of peripheral 
neurons, yet the role of semaphorins in patterning central 
pathways is yet unclear. To examine whether semaphorins is 
involved in axon guidance in the central nervous system, we 
have cloned seven members of secreted rodent semaphorin 
molecules such as semA, semD, semE, semH, rat homolog of 
collapsin-2, and two novel semaphorins (named semC25 and 
semHI5) and analysed their spatio-temporal expression 
patterns using in situ hybridization method. All genes were 
expressed in the CNS but each of these genes showed highly 
specific spatio-temporal patterns. In some regions of the brain, 
co-expression of several semaphorins was observed. Moreover, 
their expression patterns changed dynamically during neural 
development. These data will provide hints for designing in vitro 
functinal assays to elucidate the role of each member of 
semaphorins on the formation of specific neural circuits.
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217.13

HUM AN SEM APHORIN K1 IS GPI-LINKED A N D  
DEFINES A  NEW SUBFAMILY OF VIRAL- 
RELATED SEM APHORĬNS. S. Ng, X. Xu, Z.-L. Wu, D. 
Nguyen, S. Homburger, C. Seidel-Dugan, A. Ebens, Y. Luo*. 
Exelixis Pharmaceuticals, Inc., 260 Littlefield Avenue, South  
San Francisco, CA 94080.

The semaphorin family contains a large number of 
secreted and transmembrane proteins some of which are 
known to act as repulsive axon guidance cues during 
development or to be involved in immune function. W e 
report here on the identification of semaphorin Kl, the first 
semaphorin known to be associated with cell surfaces via a 
glycosylphosphatidylinositol (GPI)-linkage. Serna Kl is 
highly homologous to a viral semaphorin and can interact 
with specific immune cells, suggesting that like its viral 
counterpart, sema Kl could play an important role in  
regulating immune function. Sema Kl does not bind to 
neuropilin-1 or neuropilin-2, the two receptors implicated in 
mediating the repulsive action of several secreted 
semaphorins, and thus it likely acts through a novel 
receptor. In contrast to most previously described 
semaphorins, sema Kl is only weakly expressed during 
development but is present at high levels in postnatal and 
adult tissues, particularly brain and spinal cord.

217.14
RUNNING UPHILL OR RUNNING DOW NHILL: HOW DO
CORTICAL GROWTH CONES READ GRADIENTS OF 
SEMAPHORINS ? D. Bagnard1*: M. Lhorum2. A.W. Püschel2 and J. Bolz1. 1 
ΓNSERM Ư37l, Bron, France.2 MPIH, Fankfiirt, Germany.

It has often been suggested that gradients of axonal guidance molecules can orient 
the growth of extending axons and thereby play an important role for the formation of 
neuronal circuits. However, very little is known about the molecular nature of these 
factors and their mechanisms of action. We reported previously that, semaphorin D 
(SemD) is a chemorepellent for cortical axons, whereas semaphorin E (SemE) acts as a 
chemoattractive signal (see Bagnard et al,. Soc. Neurosci. Abstr. 1996; 1997). We now 
analyzed the behavior of cortical axons exposed to gradients of substrate-bound 
semaphorins. As expected for a chemorepellent gradient, fibers growing towards 
increasing concentrations (uphill) of SemD were much shorter than those growing in 
the direction of decreasing concentrations (downhill). Likewise, fibers running uphill 
the gradient of the chemoattractant SemE were longer than fibers growing downhill. 
Strikingly, fibers running downhill SemDgradients grew as long as those growing on a 
neutral substrate. However, the same amount of SemD as the downhill side of the 
gradient, presented as a uniform concentration, elicited a strong repellent effect on 
cortical axons. This indicates that the growth of these fibers is not impeded by SemD 
secreted from "non-target" regions, provided they grow in the direction of decreasing 
concentrations of this repulsive signal. In contrast, axons encountering uniform or 
decreasing concentrations of SemE were reduced in length and exhibited enlarged and 
more complex growth cones than on conttol substrates. Such changes in growth cone 
morphology have been previously described for axons reaching "decision region" 
along their pathway or after they have reached their final target. Quantitatively, the 
effects with SemD and SemE gradients were independent of the absolute concentration 
(over a 7 fold range) of these molecules and the slopes of the gradients (over a 12 fold 
range). Thus the guidance of cortical axons by semaphorins depends on the direction of 
the gradients but does not require the establishment of highly reproducible gradients of 
wiring signals with well-defined slopes and well-adjusted concentrations.
(Supported by HFSP, PROCOPE, DFG).

217.15
TRANSIENT DOWNREGULATION OF SEMAPHORIN(D)III/COLLAPSIN-1 
EXPRESSION IN A RAT MODEL FOR TEMPORAL LOBE EPILEPSY 
A.J,G.D. Holtmaať* J. A. Gorter2. J. De W it1, G.M.J. De W it1. R.J. Giger13. F.H. Lopes 
da Silva2. J. Verhaagen1. 'Netherlands Inst, for Brain Research, Amsterdam; institute of 
Neurobiology, University of Amsterdam and Instituut voor Epilepsie Bestrijding, “Meer 
en Bosch” , Heemstede, The Netherlands; department of Neuroscience, Johns Hopkins 
University, Baltimore, MD.

SemaphorinIII(D)/collapsin-1 (semaШ) is a secreted glycoprotein which has a strong 
repulsive effect on various types of growing neurites and is thought to be involved in 
axon guidance. Neuropilin-1 has recently been identified as a high affinity receptor for 
semaШ (He and Tessier-Lavigne, Cell 90:739-751; Kolodkin et al., Cell 90:753- 
762[I997]). SemaШ and neuropilin-1 are both expressed during embryogenesis, but have 
also been detected in distinct areas of the adult nervous system, including the entorhino- 
hippocampal pathway (Giger et al., J.Comp.Neurol. 375:378-392[I996]; J. Neurosci. 
Res. 52:27-42[ 1998]). Prominent expression of SemaШ is found in stellate cells of 
entorhinal cortex layer II which project to dendrites of granule cells in the hippocampal 
dentate gyrus, whereas neuropilin-1 is expressed in granule cells, dentate hilar cells and 
pyramidal cells of the areas CAЗ, CA2 and CAL This suggests that semaIII/neuropilin-1 
signalling could be involved in regulating morphological alterations in the adult 
hippocampal formation. By using in situ hybridization we have investigated the temporal 
expression profile of semaШ and neuropilin-1 expression in the entorhino-hippocampal 
formation in a model of temporal lobe epilepsy (TLE) which is characterized by sprouting 
of granule cell axons (mossy fibers) and loss of hippocampal neurons. In this TLE model, 
status epilepticus (SE) was induced through electrical angular bundle stimulation. 
Spontaneous seizures start to recur after a latent period of 1-2 weeks and are 
accompanied by robust mossy fiber sprouting. At 24h after induction of SE we observed 
a transient downregulation of semaШ in entorhinal cortex layer II neurons and an 
upregulation of GAP-43 in dentate granule cells. These changes were not observed when 
induction of SE was incomplete. The levels of the semaШ receptor neuropilin-1 in 
granule cells remained unchanged. We propose that a decline in the expression of semaШ 
in entorhino-hippocampal projections can critically contribute to the reactive sprouting 
response observed in TLE. Supported by NWO, KNAWand NEF.

217.16
SEMAPHORIN II IS REQUIRED TO DESTABILIZE EPIDERMAL 
CELL CONTACTS IN C. ELEGANS. J,G. C ulotti⅛  Zheng, and P. 
Roy. S.L. Research Institute of Mt. Sinai Hospital, Toronto M5G 1X5, 
Canada.

The semaphorins (a.k.a. collapsins) are a family of secreted and 
integral membrane proteins known to induce growth cone collapse and 
repulsion in vitro. To further study the role of semaphorins in vivo, we 
used reverse genetics to mutate the semaphorin II (sema II) gene in C. 
elegans. Sema II mutants have errors in axon guidance and cell 
migration. The most penetrant phenotype, however, are defects in the 
regulation of cell contacts within the epidermis (hypođermis) that result 
in embryonic death (failures in ventral enclosure), misshapen bodies, 
and defects in male tail hypodermal morphogenesis. Defects in these 
and other aspects of hypodermal assembly indicate that Sema II is 
required to destabilize transient contacts between epidermal cells. These 
transient contacts are required for a variety of epidermal cell 
movements and short-range migrations that fail in mutant alleles. We 
hypothesize that growth cone repulsion is one manifestation of a more 
general ability of semaphorins to dissolve what would otherwise be 
stable contacts between cells or between cells and the extracellular 
matrix. We have isolated a variety of enhancers of a weak Sema II 
allele that should identify other components of the semaphorin 
signalling mechanism. (Funded by the M.R.C. of Canada)
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218.2218.1

NEUROPROTECTIVE EFFECT OF BDNF-PRO DUCING  FIBROBLASTS ON 
SEROTONERGIC NEURO TO XIC ITY INDUCED BY INTRASTRIATAL 
INJECTION OF 5,7-DHT AND MPP+ IN RATS. D. Frechilla. P. Ruiz-Golvano. 
A. Gaгcla-Osta, M.P. Rubio1. J.M. A lm endгa l1 and J. Del R io . Department of 
Pharmacology, University o f Navarra Medical School, Pamplona and 1 Center 
for Molecular Biology, UAM-CSIC, Madrid, Spain.

The effects o f brain-derived neurotrophic factor (BDNF) on survival o f 
dopam inergic neurons are well docum ented but little is known on the protective 
effect o f BDNF on other neuronal systems. The NIH-ЗTЗ rat fib roblast cell line 
was infected with the retroviral vector pl_XSN containing the coding region o f h- 
BDNF. A  s im ilar construct containing the E.coli ß-galactosidase gene (LacZ) 
was used as control. Co-cultures o f BDNF(+)-fibroblasts with fetal 
mesencephalic neurons confirm ed the secretion o f biologically active BDNF, 
which increased the num ber o f TH-positive neurons by ca. 50%. Two µl o f the 
transfected cells (1 0 s cells/µl) were im planted into the dorsal mesencephalic 
tegmentum and unilateral lesions were made 7 days later by intrastriatal 
infusion o f e ither 5,7-d¡hydroxytryptam ine (5,7-DHT, 10 µg/rat) or 1-methyl-4- 
phenylpyridinium (M PP+, 28 µg/rat). Anim als were killed 1 week a fter lesioning 
and striatal levels o f dopam ine (DA) and serotonin (5-HT) were quantified by 
HPLC. Control o r BDNF(+)-fibroblasts did not modify by them selves 
monoamine content. Intrastriatal in jection o f 5,7-D HT reduced 5-HT content by 
62%. W hereas contro l (LacZ) fibroblasts did not change 5-HT levels, grafting 
o f BDNF(+)-fibroblasts significantly restored in the lesioned rats 5-HT content, 
which was only decreased by 27%. Intrastriatal injection o f MPP+ reduced both 
DA and 5-HT content by ca. 70%. The lesion was still more severe after 
grafting control fibroblasts. Conversely, grafting o f BDNF(+)-fibroblasts in 
MPP*-lesioned rats attenuated the monoam ine lesion and DA and 5-HT 
content was only decreased by 58 and 35% respectively. The results indicate a 
notable neuroprotective role o f BDNF on 5-HT systems. (Supported by EEC- 
BIO4-CT96-O752 and JALS Fdn.)

INTRAPARENCHYM AL DELIVER Y OF NGF BY EX V IV O  GENE 
TRANSFER REVERSES AG E-RELATED LOSS OF EXPRESSION 
OF p75NTR IN BASAL FOREBRAIN CH OLINERG IC NEURONS
D,E. Smith1, H.L. McKay2. F.H. Gage13, J.A. Roberts2. M,H. Tuszvnski1* .
'Dept, of Neurosci., UC San Diego, La Jolla, CA 92093; 2Dept. Primate Med., 
Cal. Primate Ctr., UC Davis, Davis, CA 95616 ⅛alk Institute, San Diego, CA

Nerve growth factor promotes the survival of injured basal forebrain cholinergic 
(BFC) neurons and maintains the cholinergic phenotype of uninjured neurons in 
both the rat and the primate. NGF also reduces spontaneous degeneration and atro
phy of BFC neurons in aged rats. However, age-related degeneration of BFC neu
rons and responsiveness of these neurons to NGF has not been demonstrated in aged 
primates using unbiased stereological methods. We determined the number of BFC 
neurons immunolabeled for the low-affinity neuroưophin receptor (p75; a marker 
exclusive for BFC neurons in the adult telencephalon) in four groups of rhesus 
monkeys: aged monkeys that received grafts of autologous fibroblasts genetically 
modified to secrete human NGF (ҺNGF; n=4; mean age=22.6+O.5 yrs); aged mon
keys that received grafts of control fibroblasts (ß-gal; n=4; mean age=23.3±0.9 yrs); 
aged unoperated monkeys (n=3; mean age=25.1±2.5 yrs); and young unoperated 
monkeys (n=4; mean age=9.4± 1.0 yrs). •Grafts were centered near the intermediate 
division of the CҺ4 BFC nucleus (Ch4i); thus, neurons were quantified in this re
gion. NGF-producing fibroblasts secreted lЗ±2.2 ng ҺNGF/106 cells/day in vitro. 
Aging resulted in a reduction of 44% in the number of p75-immunolabeled Ch4i 
neurons: 2.6±O.2xlO4 in aged unoperated monkeys vs. 4.6±O.9xlO4 in young 
unoperated monkeys (ANOVA, p<0.05). Intraparenchymal delivery of ҺNGF to 
the BFC system reversed these losses: there were significantly more p75- 
immunolabeled Ch4i neurons (4.4±O.ЗxlO4) in aged hNGF-grafted monkeys than in 
aged control-grafted monkeys (2.5±O.6xlO4). Thus, spontaneous age-related loss of 
expression of a neurotrophin receptor occurs in the primate basal forebrain cholin
ergic system, and delivery of NGF by ex vivo gene transfer can ameliorate these 
changes.

Supported by grants from NIA and Amer. Acad. Neurology.
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218.3
EXTENSIVE DIFFUSION OF NGF AND B IO LO G IC A L RESPONSE 
FROM BASAL FOREBRAIN CH O LIN ERG IC NEURONS 
FO LLO W ING  IN TR APA R E N C H YM AL INFUSIONS INTO  THE 
PRIM ATE B R A IN  J.M. Conner1*. J,Ą, Roberts3 and M.H. Tuszvnski1 `2. 
(l)Department of Neuroscience, UCSD and (2)V.A. Medical Center, La Jolla, CA, 
92093; (3)Dept. Primate Medicine, UC Davis, CA, 95616.

NGF is a potent neurotrophic factor for basal forebrain cholinergic neurons (BFCN) 
and can regulate their phenotype and survival following injury. For this reason, NGF 
may be potentially useful in treating the cholinergic component of neuronal loss in 
Alzheimer's disease. However, intгacerebroventricular (ICV) infusions of NGF elicit 
adverse effects from non-targeted systems such as sprouting of sensory and 
sympathetic systems and proliferation and migration of Schwann cells into the 
subarachnoid space. To determine whether NGF can be delivered to the extensive 
population of BFCN in the primate without eliciting adverse effects from non-targeted 
systems, direct intraparenchymal (IP) infusions were evaluated. Adult rhesus monkeys 
(n=4) between the ages of 7 and 19 years received continuous infusions of NGF [1.0 
µg/µl x 12 µl/day] for 3 days into either the striatum or nucleus basalts 
magnocellularis (NBM). Animals were perfused with 2% paraformaldehyde + 0.2% 
parabenzoquinone and brains were cryoprotected and cut on a sliding microtome in the 
coronal plane (40 µm). Sections, taken at 480 µm intervals, were stained for NGF as 
has been described [Mufson et al., 1994], In addition, CSF and serum samples 
obtained from each animal immediately prior to perfusion, were assayed for NGF 
protein content using a two-site ELISA.

Results: NGF delivered intraparenchymally within the primate brain diffused in a 
sphere, 6-10 mm in diameter, and was accessed by many NBM neurons. Only slight 
elevations of NGF were detected in the CSF of IP-infused animals.

In summary, IP-infusions of NGF diffuse extensively through brain parenchyma 
without gaining access to remote CNS regions. These results further support the 
concept that direct IP-infusion may provide an alternative to ICV infusions for 
delivering trophic factors chronically into the CNS.

Supported by NIA AG05779-02 (JMC) and NIA-AG10435 (MHT)

218.5
STRIATAL DOPAMINE TRANSPORTER OF THE VERVET MONKEY 
PROTECTED FROM METHAMPHETAM INE- INDUCED NEUROTOXICITY 
BY GDNF.
W.P. Melega*. G, Lacan. AAF DeSalles. S-C Huang. M.E. Phelps Molecular and 
Medical Pharmacology, UCLA Sch. of Med. Los Angeles, CA 90095

Previously, GDNF has been shown to provide protective effects on 
striatal dopaminergic neurons against the neurotoxicity induced by 1-methyl-4- 
phenyl-l,2,3,6-tetrahydropyridine (MPTP) in monkeys and by methamphetamine 
(MeAmp) in rodents. This investigation used [C- I I ]  (2ß-caгbomethoxy-Зß-(4- 
∩uorophenyl) tropane (WIN 35,428) with PET to assess the effects of GDNF on 
presynaptic dopamine system integrity in adult male vervet monkeys 
(Cercopithecus aethiops sabaeus) exposed to neurotoxic doses of MeAmp. A ll 
subjects received WIN-PET (37 MBq/kg) scans prior to the intervention. GDNF- 
subjects (n = 3) received unilateral stereotactic GDNF injections into the caudate 
(200 µg ) and putamen (200 µg) 1 week prior to the administration of MeAmp (2 x 
2 mg/kg; 24 h apart). Post-mortem characterization of striatum (1 wk) for this drug 
protocol showed significant loss of phenotypic markers as indicated by decreases 
of tyrosine hydroxylase and dopamine transporter immunoreactivity, along with 
-90% decrease in dopamine levels. Long term behavioral alterations were not 
apparent beyond the pharmacokinetic time course of the drug. At 1 wk post- 
MeAmp, WIN-PET binding was decreased by 80% for the saline/striatum and by 
50% for the GDNF/striatum; indicative of a partial neuroprotective effect. At 4 
wks, those relative differences in WIN-PET persisted as partial recovery of 20- 
35% was observed. At 3-5 months, WIN uptake values were 80-100% of pre- 
MeAmp values. These PET results show that acute, low dose MeAmp produces 
neurotoxicity that is not irreversible. Further, the normal adult primate dopamine 
system remains responsive to GDNF and that its neuroprotective actions can be 
assessed longitudinally with PET.
Supported by the Department of Energy.

218.7

GDNF REQUIRES TGF-ß FOR ESTABLISHING ITS NEURO
TROPHIC ACTIVITY. L. Farkas. P. Henheik. D. Gaiter. J. Jaszai.
K. Krohn. H. Specht*. K. Unsicker and K. Krieglstein. Neuroanatomy, 
University of Heidelberg, INF 307, D-69120 Heidelberg.

TGF-ßs are widely distributed and contextually acting cytokines 
with prominent roles in development. TGF-ßs have been implicated in 
the regulation of neuronal survival of e.g. motoneurons, sensory and 
midbrain dopaminergic neurons. Numerous studies have suggested that 
GDNF is a potent neurotrophic molecule. We show now on a variety of 
cultured neurons including peripheral autonomic, sensory and CNS 
dopaminergic neurons that GDNF is not trophically active unless 
supplemented with TGF-ß. GDNF/TGF¯ß signalling employs activation 
of PI-3 kinase as an intermediate step as shown by the effect of the 
specific PI-3 kinase inhibitor wortmannin. The synergistic action of 
GDNF and TGF-ß involves stabilization or recruitment of GFRαl as 
shown by the restoration of their trophic effects following PIPLC 
mediated hydrolysis of GPI-anchored GFRαl. The biological 
significance of the trophic synergism of GDNF and TGF-ß is 
underscored by their co-storage and -release from secretory vesicles 
and the trophic activity contained in secretory vesicle lysates. Our 
observations are consistent with the notion that TGF-ßs are important 
modulators of neurotrophically acting molecules. Furthermore, our 
results may provide the basis for a new concept of the regulation of 
neuronal survival, which may have a substantial impact on the 
treatment of neurodegenerative diseases. Supported by DFG.

218.4
PROTECTIVE ROLE OF AD EN O V IR AL (Ad) VECTOR 
M ED IATED  GDNF IN AN AGED RAT M ODEL OF 
P A R K IN S O N ’S DISEASE. B. Connor * 1, D.A. Kozlowski1. C. Bäckman1. 
T. Schallert2. J.L. Tillerson2. B.L. Davidson3 and M.C. Bohn1. ‘CMIER, Dept. 
Pediatrics, Northwestern Univ. Med. Sch., Chicago, IL 60614. 2Dept. Psych., 
Univ, of Texas, Austin, Texas 78712. 3Dept. Int. Med., Univ, of Iowa College of 
Med., Iowa City, IO 52242.

The delivery of growth factors by gene therapy techniques offers an alternative 
strategy for the treatment of Parkinson’s disease. As Parkinson’s disease is one of 
the main neurodegenerative disorders associated with aging, we examined whether 
chronically increased levels of GDNF biosynthesis acłďeved by the delivery of a 
GDNF gene via an adenoviral vector (AdGDNF) into either the substantia nigra 
(SN) or the striatum (ST) can prevent cell loss and reduce .behavioral deficits in 
aged rats with progressive 6-OHDA lesions. Fluorogold (FG, 2% in O.2µL) was 
injected bilaterally into the ST of aged (20 month) Fischer 344 male rats. 
Following FG administration, AdLacZ, AdmGDNF or AdGDNF was injected 
unilaterally into either the ST or the SN. An additional control group of lesioned 
animals received no vector injection. One week following Ad vector and FG 
injection, rats received l6µg of 6-OHDA unilaterally into the ST at the same 
coordinates used for the FG injection and the same side as the Ad injections. The 
effects of 6-OHDA and Ad vectors on amphetamine-induced rotations and 
spontaneous exploratory limb use were evaluated at different times after 6-OHDA 
lesioning. AdGDNF injected into the ST significantly protected against the 
development of amphetamine-induced rotations ipsilateral to the lesioned side (p <
0.005) and the preference for ipsilateral limb use (compared to Ad vector control 
animals). In contrast, AdGDNF administered into the SN did not affect behavioral 
deficits. These results demonstrate that AdGDNF treatment in the aged rat is 
effective in protecting dopamine-dependent function against 6-OHDA damage. 
These observations w ill be further discussed in terms of the level of dopamine cell 
loss.
B. Connor is the recipient of a NZ Neurological Fdn. Post-Doctoral Fellowship. 
This work was supported by NIH grant NS31957, The Med. Res. Inst. Council of 
Children’s Mem. Hosp. and the Carver Fdn. AdGDNF and AdmGDNF were the 
generous gifts of Genetic Therapy, Inc/Novartis.

218.6
SELEC TIV E EFFECTS OF ID E N T IFIE D  NEUR O TR O PH IC  
FACTORS ON THE BIOCHEM ICAL, MORPHOLOGICAL, AND  
ELECTRICAL M EM BRANE PROPERTIES OF EM BRYONIC RAT 
STRIATAL NEUR O N S IN  VITRO . R.A. Maue1-2*. E.M. Spooner1. C  
Hoover 3. A. Prasad1. R.M. Shah2, and M.A. Smith^. Departments o f ⅛hysiology 
and ⅛iochemistry, Dartmouth Medical School, Hanover, NH 03755, and Department 
of 3Neuгobiology and Anatomy, University of California, Irvine, Irvine, CA 92697.

Identified neurotrophic factors have been implicated in the survival and 
differentiation of neurons, and evaluated as possible therapeutic approaches for the 
ưeatment of neurodegenerative disorders such as Huntington's disease. As part o f an 
approach to understanding the role of individual neurotrophic factors in different 
aspects of neuronal differentiation, we have analyzed the effects of these factors on 
striatal neuron morphology, gene expression, and electrical membrane properties. 
Striatal neurons from embryonic day 17 rat embryos were maintained in vitro in 
serum-free, defined culture medium for 7 days in absence or presence of 50 ng/ml 
BDNF, NGF, NT-3, EGF, bFGF, PDGF, GDNF, or CNTF, as well as combinations 
o f these factors. Quantitative analysis of neuronal survival and morphological 
parameters (soma size, number of primary neurites, total neurite length, number of 
neurite branch points) showed increases in response to BDNF, NT-3, bFGF. Analysis 
of Na channel expression using RT-PCR and primers specific for different Na channel 
α and ß subunits, as well as whole-cell patch clamp recording, revealed increases in 
specific Na channel α  and ß subunit mRNAs and accompanying Na current density in 
response to BDNF, NT-3, bFGF, and EGF. The selective effects of identified 
neuroưophic factors on gene expression, morphology, and functional aspects of 
differentiation suggest specific roles for these factors in the development and 
differentiation of striatal neurons. Supported by grants from the NIH (NS28767) and 
Hereditary Disease Foundation to RAM.

218.8
GDNF AND TGFß REGULATE LAMININ AND FÍBRONECTIN 
EXPRESSION IN N G 108-15 CELLS. G. Fried1* and K. Fried2 ‘Dept 
o f  Woman and Child Health and 2Dept o f  Neuroscience, Karolinska 
Institute, S-171 77 Stockholm, SWEDEN

Many growth factors have effects on the expression o f  
extracellular matrix proteins and thereby regulate processes such as 
differentiation, migration and adhesion. Two major ECM proteins 
expressed in virtually all types o f  cells are laminin and fíbronectin. In the 
CNS, the growth factors TGFß and glial cell line-derived neurotrophic 
factor (GDNF), a distant member o f  the TGFß superfamily, have been 
implicated as important regulators o f  the function o f  central neurons as 
well as glial cells. In this study, we have examined the effects o f  GDNF 
and TGFbeta on laminin and fíbronectin in the neuroblastoma x glioma 
hybrid cell line NG108-15 using immunohistochemistry and 
immunoblotting. After differentiation, cells were treated with GDNF or 
TGFbetal (0.1-1 ng/ml) for 2 days. Cells were then extracted in 1%
SDS and analyzed by immunoblotting, as well as fixed and processed for 
immunohistochemistry. We found that GDNF clearly inhibited both 
fíbronectin and laminin. TGFbeta also clearly inhibited fíbronectin, 
whereas laminin only was slightly inhibited at the higher dose. The 
results indicate that both GDNF and TGFbeta regulate expression o f  
laminin and fíbronectin in NG108-15 cells, and that they thus may be 
involved in processes dependent on these tw o ECM molecules in cells 
o f  neuronal and glial lineage. Supported bv Swedish MRC 7164, 8654,
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218.9
EXPRESSION OF GAP-43 IS REGULATED BY MULTIPLE PATHWAYS 
IN PC12 CELLS. R.W. Burry*. Division o f Neuroscience and Neuroscience 
Graduate Program, The Ohio State University, Columbus, OH 43210.

GAP-43 is a developmentally regulated protein expressed at high levels 
in developing and regenerating neurons. GAP-43 levels fall after neurite 
growth and synapse formation have ended. The signaling pathways that 
control the expression o f GAP-43 are not known, but will provide information 
about signals necessary for neuronal differentiation. PC 12 cells were used to 
investigate the specific pathways involved in upregulating GAP-43 expression. 
In NGF stimulated PC 12 cells, GAP-43 expression is not affected by the MEK 
inhibitor PD98O59, or the PKC inhibitor bisindolylmaleimide (Bis) but is 
inhibited by 2-aminopuгine (2-AP), and 6-thioguanine (6-TG), purine analogs 
that inhibit N-kinase. On the other hand PMA stimulation o f GAP-43 
expression was inhibited by PD98O59, 2-AP, 6-TG and Bis. The pp7O-S6 
kinase inhibitor rapamycin did not inhibit GAP-43 levels stimulated by NGF or 
PMA. Thus, stimulation o f GAP-43 expression with either NGF or PMA was 
inhibited by both 2-AP and 6-TG, but was not inhibited by rapamycin. 
Importantly, MEK activation was required for PMA stimulated expression of 
GAP-43 but not the NGF stimulated expression o f GAP-43. PMA stimulation 
of GAP-43 expression was also inhibited by Bis, consistent with the role of  
PMA in activating PKCs. The lack o f Bis inhibition o f NGF stimulated GAP- 
43 expression indicates that PKCs are not involved in NGF stimulation. These 
results show that NGF and PMA use MEK independent and MEK dependent 
signaling pathways, respectively, to upregulate GAP-43. The 2-AP and 6-TG 
dependent signaling for expression o f GAP-43 is a general requirement 
suggesting a role for N-kinase.

218.11
NGF CONTROL OF THE CELL CYCLE AND APOPTOSIS STUDIED 
WITH p53 TEMPERATURE SENSITIVE PC 12 CELLS A L Hughes*.
T. L. Sladekº, and K. E. Neet. Dept, o f Biol. Chem. and Dept, o f Microbio 
and Immunol.0, Finch Univ. Health Sci., North Chicago, IL 60064

The regulation of nerve growth factor (NGF)-medıated cell cycle 
arrest and growth factor-withdrawal stimulated apoptosis has been 
examined with a stable temperature sensitive p53 ceil line. We have 
previously shown with NGF-inductюn o f wild type PC 12 cells that 
differentiation, G l/S checkpoint blockage, and a rise in ρ21/WAFl protein 
levels correlate with an increase and nuclear translocation of the p53 
protein. Infection with a retroviral vector overexpressing a temperature 
sensitive p53 protein (p53 ts) in PC 12 cells extinguishes the function o f the 
endogenous wild type p53 protein. As established earlier, NGF fails to 
activate growth arrest in PC 12 [p53 tsj cells as demonstrated by 
bromodeoxyuridine incorporation, but continues to stimulate differentiation 
as seen by neuntogenesis At the non-permissive temperature. Western blots 
for ρ21/WAFl protein show that levels o f this cyclin kinase inhibitor stay 
repressed in the presence of NGF, suggesting that p53 and p2l AVAF ł act in 
conjunction to selectively mediate the NGF-stimulated G l/S checkpoint 
block In addition to cell cycle regulation, the role o f p53 m NGF- 
withdrawal induced apoptosis was investigated by immunofluorescent 
Annexin V staining followed by flow cytometric and microscopic analysis 
Without a functional wt p53, programmed cell death is partially inhibited 
and proceeds at a greatly reduced rate, p53 appears to be indispensable in 
mediating the NGF antiproliferative signal and a significant contributor to 
growth factor withdrawal-stimulated apoptosis in PC 12 cells. (Supported by 
NIH Grant NS24380)

218.13
NEUROTROPHIN-3 INCREASES APOPTOSIS IN EXPLANTS OF THE 
CHICKEN NEURAL PLATE. R. L i1 and P. Bond2*. ^Departments of 
Anatomy and Cell Biology and Otolaryngology, State University of New York, 
Health Science Center, Brooklyn, NY 11203.

We have previously shown that mRNA for neurotrophin-3 (NT-3) and its full- 
length (catalytic) receptor, TrkC, were present in, and limited to, the chicken 
neural plate. Furthermore, we found that exogenous NT-3 increased neurite 
outgrowth in explants of the chicken neural plate and that neural plate explants dэ 
not produce NT-3. This study examined the effect of NT-3 on apoptosis o f cells in 
neural plate explants obtained from chicken embryos at stages 6, 7 and 8, prior to 
neural tube formation. The neural plate was separated from the underlying 
mesoderm and endoderm using the neutral protease, Dispase (lmg/ml, 5 min), and 
explants were maintained in vitro on a collagen gel under serum-free conditions in 
the presence or absence of exogenous NT-3 (100 ng/ml, PeproTech) and/or an 
antibody to NT-3 (4 µg/ml, Amgen). The apoptotic cells were detected 
morphologically and quantitatively using nucleosome ELISA. In the absence of 
exogenous NT-3, the explants exhibited some apoptotic cells after 2 days in vitro. 
In the presence o f exogenous NT-3, there was a statistically significant increase in 
the amount of apoptosis. This effect o f NT-3 was blocked by an NT-3 antibody. 
These findings demonstrate that a subpopulation of neuroblasts in the neural plate 
underwent cell death in response to NT-3 and suggest that NT-3 may play a role 
during early neural development in vivo.

Supported by a grant from the Dysautonomia Foundation.

218.10
RE G U LATIO N  OF THE NE U R O N -R E STR IC TIV E  S ILENCER FACTO R NRSF  
IN IM R-32 NEU R O B LA S TO M A  CELLS BY NGF. I.M ENG ARELLI. L. 
P ER RO TTA. R. PI TO R O  and S, S P A M P IN A TO * Dept. Pharm acol. Univ, o f 
Bologna, Irnerio 48, 40126 Bologna, Italy.

The neuron-restrictive  s ilencer fac to r (N R SF  o r R E S 7) binds to a 21-bp DNA 
sequence e lem ent and is responsib le to repress gene transcription in some 
neural progenitors, but is then se lective ly  extinguished in those ce lls that adopt 
a neuronal fate . Nerve growth fac to r (NGF) is am ong m a jo r regulators o f 
neuronal d iffe ren tia tion  and m ay a ffect pro liferation  and neurite outgrowth in 
neuroblastom a cell lines expressing trkA  receptors (Hartm an and Hertel, J. 
Neurochem . 63, 1261, 1994). The a im  o f th is  study was to evaluate  mRNA 
leve ls  o f N R S F  in hum an neuroblastom a I MR-32 ce lls expressing trkA  
receptors exposed to NGF in a serum -free m edium  (m odified N2). NRSF  
m R N A  leve ls  were assessed in IM R-32 ce lls by a sem iquantita tive  reverse 
transcrip tion -po lym erase  chain reaction and adopting a chem ilum inescent 
detection  system  w ith the use o f spec ific  p rim ers fo r N R S F  or L19 (employed 
as standard gene) in separate tubes. IMR-32 ce lls cultured in m odified N2 
m edium  fo r 9 days present a s ign ifican t reduction o f cell v iab ility  (eva luated by 
trypan blue) in com parison to  ce lls grown in the presence o f feta l ca lf serum. 
W e  observed that a prolonged exposure o f IMR-32 ce lls to rhNGF (0.5 nM ; 
added every 3 days to ce lls cu ltured in m od ified  N2 m edium ) fo r 5-9 days 
induced a gradual, s ign ifican t neurite outgrowth whereas the neurotrophin did 
not a ffect ce ll su rv iva l. W e found a s ign ifican t reduction o f NR S F  m R NA in 
ce lls exposed fo r 9 days to  NG F (72 ± 8  vs. 127 ± 12 a rb itrary optical density 
units o f contro l cells; p< 0.05; n=5). Th is study suggests tha t NR S F  m ay be a 
nove l targe t gene o f NGF action in neuroblastom a cells. This neurotrophin 
could contribute  to  the extinction o f N R S F  expression during neuronal 
m aturation.
Supported by C.N .R . (Rom e) grant n. 96.03347.CTO4

218.12
T rkC  SIG N ALIN G  INDUCES M ED U LLO B LA S TO M A  APOPTOSIS
Scott L. Pomerov*John Y. H. Kim, Mary E. Sutton, Rosalind A. Segal, Luda Goritchenko, 
Jill R. Kaufman, Liliana C. Goumnerova, Charles D. Stiles. Div. of Neuroscience, Dept, of 
Neurology and Dept, of Neurosurgery, Children’s Hospital; Depts. of Cancer Biology and 
Pediatric Oncology, Dana-Farbeг Cancer Institute, Boston, MA, 02115.

Expression of the neurotrophin-3 (NT-3) receptor TrkC by the childhood brain 
tumor medulloblastoma is highly associated with favorable clinical outcome. 
Primary tumors were cultivated in the absence or presence of different neurotrophins 
(NT-3, BDNF, or NGF (50 ng/ml)). Dissociated tumor cultures grown in NT-3 
exhibited significantly decreased survival compared to those in BDNF or NGF 
(P<0.001, ANOVA). We stably transfected a human medulloblastoma cell line, 
Daoy, with a TrkC expression plasmid (Daoy-trkC)\ which also displayed increased 
apoptosis in the presence of NT-3, but not BDNF or NGF. Signal trandsuction by 
TrkC was confirmed along parallel pathways including: ERK1/2, PIЗ’K, p38MAPK, 
and JNK/SAPK. Both pharmacologic inhibition of p38MAPK and the addition of 
cyclohexim¡de blocked NT-3-induced apoptosis in Daoy- trkC and primary tumor 
cultures, suggesting a requirement for p38MAPK signaling and protein synthesis. 
Immediate-early gene expression was also induced by TrkC activation. When injected 
stereotactically as intracerebral xenografts in nude mice, the parental Daoy cell line 
yielded tumors up to 200-fold larger than the Daoy-trkC cell line in the matching 
contralateral hemisphere (P<0.03), suggesting that TrkC expression inhibited tumor 
growth. These results support the conclusion that NT-3/TrkC-induced apoptosis 
inhibits medulloblastoma growth which may actively promote improved survival. 
Supported by grants from the NIH (NS27773, HD18655, CA09172, NS01701), the Brain 
Tumor Society, the Elizabeth O’Brien Foundation, the Pediatric Brain Tumor Foundation of 
the U.S., the Kyle Mullarkey Fund, and by a donation from Dr. and Mrs. Sidney Feldman.

218.14
A NEURON ENRICHED HUMAN FETAL CNS IN VITRO SYSTEM FOR 
STUDYING THE EFFECTS OF EXOGENOUS TREATMENTS. M.G. White. A.P. 
Mehta. H.K. Wildschutte and C.L. Achim*. D¡v. of Neuropathology, University of 
Pittsburgh School of Medicine, Pittsburgh, PA 15213.

Recent data suggest that indirect neurotoxic effects mediated by glia in the 
brain play an important role in chronic neurodegenerative disorders and neurotrophic 
disruption of homeostasis may be a key event. To study the effects of potential 
therapeutic interventions based on exogenous trophic factors, we are using an h 
vitro neuron rich second trimester human fetal CNS culture system which allows us 
to observe both direct and indirect effects in a mixed neuroglial environment, h 
addition, these cultures provide an opportunity to examine mechanisms influencing 
cell lineage and phenotype. The effects of various neurotrophic factors, including 
brain-derived neurotrophic factor (BDNF), basic fibroblast growth factor (bFGF), 
transforming growth factor ß1 (TGF-ß1) and hepatocyte growth factor (HGF), 
were analyzed in vitro using assays optimized to quantitatively measure cell 
viability (MTS 96 well assay), proliferation (BrdU 96 well assay) and differentiation 
(quantitative laser confocal microscopy). Initial characterization shows significant 
neuronal survival for at least 6  months and evidence of mitotic progenitor cells 
capable of neuronal differentiation. Preliminary data demonstrate that BDNF has a 
positive impact on cell viability and promotes abundant long term expression of 
neuronal markers like microtubule-associated proteins. bFGF has a strong 
proliferative effect and significantly increases expression of the astrocytic marker 
GFAP. HGF and TGF-ß1 appear to support predominantly glial viability and 
differentiation. The reliability of our assays will allow us to quickly screen peptides 
for developmental, neuroprotective or neurotoxic effects in a complex human brain 
cell culture environment. By further developing this in vitro model of human brain 
development and neuroglial homeostasis, we hope to better understand mechanisms 
of disease associated with chronic neurodegeneration and facilitate the design of 
protective treatments. (Supported by NIH R01-NS35731.)
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218.15
SU R V IV A L  O F T H E  C NS N E U R O N A L  C A D  C E L L  LIN E  IS  
A N  A U T O C R IN E  F U N C T IO N  M E D IA T E D  B Y  N T-3.
C .D. Horton*. R ,C  Blitzblau. J.K.T. W ang. Dept. Neurosci., Tufts 
Univ. Sch. Med., Boston, M A 02111.

The CAD (CATH.a-differentiated) cell line, derived from catechol
aminergic neurons, exhibits many biochemical and morphological 
characteristics o f CNS neurons. Unlike the parent cell line - CATH.a - 
CAD cells cease to cycle in the absence o f serum and become 
differentiated, extending processes similar to the neurites o f CNS 
neurons (Qi et al., J. Neurosci. 17:1217-25, 1997). In the absence o f  
exogenous growth factors, differentiated C AD (dCAD) cells are unable to 
survive at very low density but do survive at higher densities. However, 
in the presence o f conditioned serum-free medium, dCAD cells at low 
density survive and rapidly extend neurites. This suggests the existence 
o f an autocrine factor which, when produced in adequate concentrations, 
enables the dCAD cells to survive. When dCAD cells are treated with 
neutralizing antibodies against NGF, BDNF, NT-3 and NT-4, only anti- 
NT-3 (Promega) causes apoptotic cell death. Consistent with this result, 
studies involving TrkA-, B-, or C-IgG receptor bodies - fusion proteins 
of Trk extracellular domains linked to IgG - have showed that only TrkC- 
IgG causes apoptotic dCAD cell death. Moreover, low levels o f NT-3 
are detectable by an ELISA assay (Promega, Emax). Finally, 100 nM 
K252a, a protein kinase inhibitor selective for Trks at this concentration, 
causes apoptotic cell death. These data demonstrate that dCAD cells are 
releasing an autocrine factor necessary for survival and suggest that this 
autocrine function is mediated by NT-3 activation o f TrkC. Thus, the 
CAD cell line may serve as a novel model for studying the role of  
neurotrophins and Trks in CNS neuronal survival and differentiation.

218.17
DIFFERENTIAL EFFECTS OF TRANSITION METAL CATIONS ON THE 
CONFORMATION AND BIOLOGICAL ACTIVITIES OF NERVE GROWTH 
FACTOR. G.M. Ross‘ . I.L. Shamovskv. D.F. Weaver and R.J. Riopelle. Departments 
of Medicine and Chemistry, Queen’s University, Kingston, Ontario, Canada K7L 2V7.

Direct effects o f Zn2+ on the biological activity o f nerve growth factor (NGF) have 
previously been described. Zn2+ binds to a specific site in NGF and induces 
conformational changes within domains participating in receptor recognition processes. 
Inactivation o f NGF is inhibitory to neuronal growth and differentiation, and can lead 
to cell death under conditions where NGF is required for survival. Molecular 
modelling studies predict that other transition metal cations are capable of forming 
similar complexes with NGF (see accompanying abstract o f I.L.Shamovsky et al.). As 
acute toxic effects of many metal ion species have been demonstrated on a variety o f 
cell types, we evaluated the ability of a series o f these cations to alter NGF 
conformation in a cell-free assay system. In addition, toxic effects of transition metal 
cations were characterized using PC 12 cells under conditions where survival is 
independent o f NGF. Those metal ions which alter NGF conformation in the cell-free 
assay system and do not exhibit NGF-independent toxicity were tested in NGF receptor 
recognition and signal transduction assay systems. Our results suggest that transition 
metal cations can be toxic to PC 12 cells by mechanisms independent of NGF activity 
(Hg2+, Cd2+, Co2\  Pd2τ, Ag+); can selectively alter NGF conformation and inhibit NGF- 
mediated activities (Zn2+, Cu2+, Pt2Q; or do not induce conformational alterations in 
NGF nor are they toxic to cells under conditions tested (Fe2+, Fe3+, Mn2+). These results 
indicate that several transition metal cations have the ability to influence neuronal 
survival and plasticity via a specific inhibition o f neurotrophin activity.

These studies are supported by the NeuroScience Network.

218.16
THEORETICAL STUDIES ON THE SELECTIVITY OF NERVE GROWTH 
FACTOR FOR TRANSITION METAL CATIONS. Shamovskv. I.L., Ross, G.M.. 
Riopelle. R.J. and Weaver. D.F.* Departments of Medicine and Chemistry, Queen’s 
University, Kingston, Ontario, Canada K7L 2V7.

Selective effects of transition metal cations (M) on biological activities o f nerve 
growth factor (NGF) have been described (see accompanying abstract of G.M. Ross et 
al.). It has been suggested that four residues in NGF, His4, His8, His84 and Asp105, form 
a distorted square pyramidal coordination complex [M(NΉis)3(Ό 2Cγ·Asp)], thereby 
inducing a conformational transition within the NGF amino terminus (residues Ser'· 
Phe'2), which constitutes a critical part o f the TrkA receptor binding determinant. In 
this report we provide theoretical data validating this structure and suggest a model for 
the selectivity o f the M2+:NGF interaction. Ab initio molecular orbital studies were 
performed on the model complexes [M(NH3)3(¯02CCH3)] (which mimic the structure 
of the M2+:NGF coordination site) with first- and second-row divalent transition metal 
cations Co2+, N i2+, Cu2+, Zn2+, Rh2+, Pd2+ and Cd2+. These cations split into three distinct 
groups: (i) N i2+, Cu2+ and Pd2+ (d8 and d9 metals), which prefer a square pyramidal 
coordination; (ii) Co2+ and Rh2+ (d7 metals), which prefer triangular bipyramidal 
environment; and (iii) Zn2+ and Cd2+ (d10 metals), which have no intrinsic 
stereochemical preference. Molecular mechanics calculations demonstrate that 
particular geometric features o f the M2+:NGF coordination site are most suitable for 
metal cations of intermediate sizes. Taken together with the intrinsic stereochemical 
preference of transition metal cations; three ions (Zn2+, Cu2+ and Pd2+) would be 
expected to be specific NGF antagonists, consistent with the observed effects o f these 
ions on the biological activity o f NGF.

These studies are supported by the NeuroScience Network.

218.18
ORGANOTYPIC CULTURES OF THE SPINAL CORD OF 

THE ADULT TURTLE.
J.-F, Perrier. P.A. Guertin &  J. Hounsgaard* Dept of Medical Physiology, 
Panum Institute, Univ, of Copenhagen DK 2200 Copenhagen N, Denmark.

Organotypic slice cultures of mammalian CNS have only succeeded with tissue of 
embryonic or neonatal origin. To study the effects of culture conditions on the fully 
differentiated CNS we have examined the modification in intrinsic response properties 
occurring in neurons during culture of spinal cord sections from adult turtles. 700 µm 
thick slices from the lumbar spinal cord were explanted on cover slips and maintained in 
roller-tube cultures in serum containing medium at room temperature. Although slices 
were metabolically active for several weeks, neurons lost the ability to fire repetitively in 
response to depolarizing current pulses during the first few days in culture. After a week, 
intracellular recordings revealed neurons with enhanced anomalous rectification in 
response to depolarization and only a single broad spike of low amplitude was evoked by 
a depolarizing cuưent pulse.
In contrast, neurons maintained in medium supplemented with growth factors (BDNF, 
CNTF, GDNF and NTЗ in different combinations) were able fire repetitively, even after 
4 weeks in culture. In cells identified as motoneurons by their morphology and location 
the input resistance was higher (20-170 MΩ) than in aςute slices (10-40 MΩ). In the 
cultures, all neurons recorded from displayed an unusually prominent BK potassium 
conductance, activated around -100 mV and blocked by Paxillin. None of the neurons 
recorded from generated plateau potentials in normal medium or in the presence of 
promoters known to facilitate plateau potentials in acute slices. Moreover, while 
application of NMD A (10-40µm) evoked EPSPs, it did not induce rhythmic activity or 
intrinsic voltage oscillations. This is in contrast to the highly consistent effect of NMDA 
on rhythmogenesis in acute preparations.
We conclude that sections of the spinal cord of the adult turtle can be maintained in 
culture for at least 4 weeks. The response properties of neurons de-differentiate and the 
ability to fire repetitively is only preserved in the presence of growth factors. Functional 
L-type Ca channels are absent while functional BK K channels are overexpressed.

BIO LO G IC A L EFFECTS O F C YTO KINES A ND OTH ER FACTORS III

219.1
LEVELS OF ß-NGF, BDNF AND NT-3 IN DEVELOPING RAT BRAIN REGIONS.
K.P. Das14. S. L. Chao12-3. G.J. Harrv3. H.A. Tilson‘ and S. Barone Jr‘*. Curriculum 
in Toxicology., UNC, Chapel Hill, laboratory o f Toxicology, NIEHS, NIH,
1 ‰ ro tox ico ly  Division, NHEERL, US EPA, RTP, NC 27711.

Neurotrophic factors play an important role in the regulation of neuronal 
proliferation, differentiation, survival, and plasticity. The present studies were 
undertaken to investigate the regional and temporal expression o f neurotrophins, ß- 
nerve growth factor (ß-NGF), brain-derived neurotrophic factor (BDNF) and 
neurotrophin-3 (NT-3) in the developing central nervous system. We have examined 
the levels of both mRNA and protein o f ß-NGF, BDNF and NT-3 in developing Long- 
Evans rat hippocampus (Hip), cerebral cortex (Ctx) and cerebellum (CB) on postnatal 
days (PND) 1,7, 14, 21, and 92. Results indicate that, in Ctx and Hip, ß-NGF and 
BDNF mRNA and BDNF protein , and ß-NGF protein in Ctx increased in an age- 
dependent manner. ß-NGF protein in Hip, however, remains unchanged across all 
ages. In the CB, ß-NGF protein peaks at PND7 without any changes in mRNA level, 
whereas in case of BDNF there was an age-dependent increase in both mRNA and 
protein. The regional expression pattern of mRNA and protein for NT-3 was different 
than ß-NGF and BDNF. Neurotrophin-3 protein was at its peak at PND1 and thereafter 
decreased at other postnatal days in all three brain regions, whereas mRNA level was 
increased age-dependently in Hip and CB and no changes occurred in Ctx. Therefore, 
we presume that the development of each region is unique with regard to mRNA and 
protein levels for each neurotrophin. The pattern of mRNA and protein levels in each 
brain region offers information for further studies to examine the dynamics o f mRNA 
and protein turnover and utilization during critical periods o f development. (4NRC 
associate CA#824O72)

219.2
ALTERED LEVELS OF NEUROTROPHIC FACTOR mRNA IN RAT 
FRONTAL LOBE AND CEREBELLUM DURING DEVELOPMENTAL 
EXPOSURE TO MERCURY VAPOR. S. L. Chao.12 4 W. T. Haines.2-4 S. 
Barone Jr2 . H. A. Tilson2. R. P. Beliles3 D. L. Morgan4 . G. J. Haưv4. 
'Curriculum in Toxicology, University of North Carolina-Chapel Hill;
2 Neurotoxicology Division, US EPA; 3NCEA, US EPA, Washington, DC;
4 Laboratory of Toxicology, NIEHS, RTP, NC 27709.

Neurotrophic factors play a pivotal role in promoting neuron survival and 
differentiation. The levels of mRNA for several neurotrophic factors were 
examined in the developing rat brain following gestational nose-only 
exposure to mercury vapor (HgVap) at gestational days 6-15 to 2mg/m3. In 
the cerebellum, mRNA levels of neurotrophin-3 (NTЗ) in control animals 
showed a gradual increase with a peaked level at PND 14; ciliary 
neurotrophic factor (CNTF) and brain-derived neurotrophic factor (BDNF) 
mRNA levels gradually increased until 21 days; mRNA levels for ß nerve 
growth factor (ßNGF) remained low throughout development. Following 
HgVap exposure, CNTF, NTЗ, BDNF, and ßNGF mRNA levels were 
significantly increased at distinct timepoints for each factor. In the frontal 
lobe of controls, CNTF, BDNF, and ßNGF mRNA exhibited a gradual age- 
related increase. Levels of NTЗ mRNA were low and consistent over time. 
Exposure to HgVap produced a selective increase in NTЗ mRNA levels in 
the frontal lobe with no alterations seen in CNTF, ßNGF, and BDNF 
mRNA levels. The results, therefore, demonstrate that HgVap at moderate 
concentrations can alter levels of neurotrophic mRNA, suggesting possible 
mechanisms for mercury toxicity in the developing central nervous system.
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219.3
INTRATHECAL INFUSION OF BASIC FIBROBLAST GROWTH FACTOR (bFGF) 
FOLLOWING CONTUSION INJURY TO THE ADULT RAT SPINAL CORD 
REDUCES TISSUE DAMAGE AND ENHANCES FUNCTIONAL RECOVERY. 
A.G.Rabchevskv*. A.F. Turner and S.W. Scheff. University of Kentucky, Sanders- 
Brown Center on Aging, Lexington, Kentucky, 40536-0230.

Following spinal cord injury (SCI) there is a rapid increase in the production of basic 
fibroblast growth factor (bFGF) at the lesion site. Evidence suggests that this 
upregulation may serve a role in cellular processes involved in the functional recovery 
often observed following SCI. To further investigate whether bFGF enhances the 
process of self-repair, we intrathecally administered a continuous infusion of exogenous 
bFGF for one week after producing a moderate spinal cord contusion in adult rats using 
the NYU impactor device. Alzet minipumps connected to a catheter inserted into the 
lumbar thecal sac were employed to deliver either 3 µg/day bFGF, 6µg/day bFGF or 
control vehicle. Animals were behaviorally assessed using the Basso, Beattie, 
Bresnahan locomotor rating scale (BBB LRS) before being euthanized for histology. 
Rats treated with bFGF demonstrated coordinated hindlimb movements earlier than 
conưols. Additionally, both bFGF-treated groups demonstrated consistent coordinated 
hindlimb movements after 6 weeks, unlike controls which had modest coordination 
with boughts of stumbling and no further improvements after 4 weeks. Histological 
correlates to the behavioral scores were assessed by measuring the amount of spared 
white matter through the lesioned T10 spinal cord. Analysis revealed a significant 
difference (µ<0.01) for tissue sparing between the controls and both groups treated with 
high or low dose bFGF. There was no difference between the bFGF-treatment groups. 
In conclusion, we demonstrate that intrathecal infusion of exogenous bFGF following 
acute SCI in rats significantly reduces tissue damage at the injury site and enhances 
functional recovery. This indicates that the early pharmacological intervention with 
bFGF following SCI may serve a neuroprotective role, although the responsible 
mechanisms remain uncertain. Supported by KSCHIRT #7-18.

219.5
THE EFFECTS OF INSULIN L IK E  GROWTH FACTOR-I (IGF-I) ON 
FACIAL NERVE REGENERATION. P.K. Thanos.*1 S. Oką⅜ima.2 
D.A. Tiangco2 and J.K. Terzis2. ’Center for Neurosciences and Neuroimaging, 
Medical Department, Brookhaven National Laboratory, Upton, N.Y. 11973-5000; 
2Microsurgical Research Center, Eastern Virginia Medical School, Norfolk, VA 
23507. Supported by grants from the PSEF and the IIRM.

Among the most disconcerting outcomes of facial paralysis (FP) is the loss of eye 
sphincter function and the blink response, leading to functional, psychological and 
aesthetic deficits. A medley of restorative microsurgery approaches (such as the 
cross-facial nerve graft) have been employed in treating these deficits, however full 
recovery of function remains elusive. A major problem in reinnervating the 
paralyzed orbicularis oculi muscle (OOM) with a cross-facial nerve graft (CFNG) is 
a deficiency in the number and caliber size of axon fibers present in the graft. The 
present research utilized the rat model of facial paralysis to evaluate the efficacy of a 
dual treatment approach, by combining the CFNG with a local administration of 
IGF-I. Previous studies have shown that IGF-I is a potent neurotrophic factor. It was 
thus hypothesized that IGF-I locally administered to the nerve graft would stimulate 
axonal sprouting and increase the number of axon fibers in the graft. Treatment 
efficacy was assessed using both behavioral and histomorphometric analyses.
Behavior assessment of the blink response was performed using a five point grading 
scale. Histomorphometric analyses of the nerve graft specimens were performed 
utilizing light and electron microscopy. Results demonstrated that CFNG + IGF-I 
(50 µg/ml) treated rats showed: 1) enhanced onset and degree of restored function 
(blink response); 2) a 22% increase in the mean number of axons in the graft; 3) a 
significantly greater mean axon diameter and myelin thickness, and 4) a greater 
microtubule density within the axolemma. While these results were encouraging and 
regeneration significantly enhanced a full recovery of function was not achieved.

219.7
LIVER DERIVED NEURONAL ACTIVATOR ENHANCES NEURITE 
REGENERATION FROM TRANSECTED NERVE TERMINALS OF NODOSE 
AND SYMPATHETIC GANGLIA. H.Horie* 1, T.Kadoya2, Y.Inagaki*,R.Nozawa2,
H.Saito3, M.Sato4, I.Sakai1, 'Dept, o f Physiol., ⅜ept. of Internal Med., 4Dept. of 
Ophthalmol., Yokohama City Univ., 2Kirin Brewery Pharm. Res. Lab.

Novel liver derived neuronal activator (LDNA: ЮkD to 2OkD active fraction 
from gel filtration) has been proved to enhance neurite regeneration from tгansected- 
neгve terminals of adult rat DRG with associated nerve bundles. However, it has not 
been examined that LDNA promotes neuronal regeneration from transected-nerve 
terminals of either vagus nerve or sympathetic nerve both of which contact with 
liver. This contact with autonomic nerves is essential for metabolic functions and 
regeneration of liver. We demonstrate effects of LDNA on neural regeneration from 
these autonomic nerves. Vagus nerves with a nodose ganglion were dissected from 
an adult Wistar rat and cultured in collegen gel in a serum-free medium. Number of 
regenerating neuritcs were measured at either a central site (towards central nervous 
system) or a peripheral site (vagus nerve). When LDNA was applied to the culture, 
this factor enhanced neurite regeneration from the transected-nerve terminals at both 
sites in comparison with that in LDNA-free culture. However, LDNA did not show 
any enhancement effect on neurite regeneration from dissociated single neurons of 
nodose ganglia These results suggest that LDNA may stimulate non-neuronal cells 
sшгounding nerve fibers to enhance neurite regeneration. Similar enhancement by 
LDNA was seen in neurite regeneration from transected-nerve terminals o f superior 
cervical ganglion (SCG). Our results imply that liver may secrete LDNA to activate 
either its metabolic function or regeneration capability by promoting autonomic 
nerve regeneration to contact autonomic nerves with itself. (Supported by MESSC, 
Japan)

219.4
FK506 PROMOTES AXO N SPARING AFTER SPINAL CORD INJURY
P. N. Anderson1. S. Bavetta1,2, N.S.K.Hague1 . PJ Hamlvn\ R A  .Lieberman1. 'Dept. 
Anatomy and Dev. Biol., University College London, Gower Street, London WC1E 
6BT, U.K.; ¾ept. ofNeurosurg., Royal London Hospital, London E l .

The effects o f immunophilin ligands on injuries to rat spinal cord were investigated. 
Adult female Sprague-Dawley rats were deeply anaesthetized with Halothane and the 
dorsal columns partially injured at T9. The left sciatic nerve was crushed in some 
animals. The rats were injected with the immunosuppressant FK506 (0.5 or 2 mg/kg) 
immediately after surgery and daily thereafter. Some animals were given methyl 
prednisolone (35mg/kg) immediately after surgery and 24hrs later in addition to, or 
instead of, FK5O6. After 1-12 weeks the animals were reanaesthetised and the dorsal 
column axons were transganglionically labelled by injecting the left sciatic nerve with 
CT-HRP. Two-3 days later the animals were deeply anaesthetized and killed by 
perfusion with fixative. Spared CT-HRP-labelled axons were found in the dorsal 
columns rostral to the lesion, and extending to ihe nucleus gracilis, in 29% o f 66 
animals treated with FK5O6 but only in 9% of 45 controls (p<0.05). This indicates 
that FK5O6 reduces the likelihood o f axonal loss due to secondary injury. The axon- 
preseivmg effect o f a combination o f FK5O6 and methylprednisolone was significantly 
greater than methyl prednisolone alone (p<0.05), which had no dectectable effect. 
Axonal survival was not significantly affected by the dose o f FK5O6 (0.5 or 2.0 
mg/kg) or the time o f assessment after injury. Further experiments indicated that the 
effects o f FK5O6 may be mediated by calcineurin inhibition. FK5O6 could protect 
axons by reducing the intensity o f the secondary injury or by decreasing the sensitivity 
o f axons to secondary insults. Profuse axonal sprouting was detected in the lesion 
sites, particularly in animals with sciatic nerve crush and FK5O6 treatment. Some 
axons regenerated up to 10mm rostral to the lesion, mainly in dorsal roots, on the 
meninges or in intact white matter, but regenerating axons in the degenerate dorsal 
column were rare and only found adjacent to spared fibres.

219.6
FU N C T IO N A L  A C TIO N  O F IG F-I A C R O SS TH E BLO O D- 
BR A IN  BA R R IE R : P R E SE R V A T IO N  O F H IN D L IM B  
R EFLEX  AND  SPIN A L C O R D  C IR C U IT R Y  FO LLO W IN G  
A B R A IN -ST E M  L E SIO N .
B.E.Pulfordi*. L.R. Whalen∏ D.N. IshiR  iDept. o f Anatomy & 
Neurobiology, 2Dept. o f Physiology and Dept. Biochem. & Molec. 
Biol.; Colorado State University, Ft. Collins, CO 80523 

We tested the hypothesis that insulin-like growth factor I (IGF-I) can 
act across the blood-brain barrier (BBB) to preserve function in the 
CNS. 6-Hydroxydopamine (6-OHDA) or vehicle was injected into the 
subarachnoid space at the cistema magna in adult rats. 6-OHDA lesions 
the noradrenergic (NA) neurons o f the locus coeruleus, causing loss o f  
descending NA fibers in the spinal cord leading to loss o f the hindlimb 
withdrawal reñex. Im m ediately fo llow in g  the lesion , osm otic 
minipumps were implanted s.c. in the mid-back to release either vehicle 
or IGF-I (4.8 µg/rat/day) for one week. Three weeks post-surgery, the 
hindlimb withdrawal reflex was assayed. IGF-I vs. vehicle treatment 
significantly (P < .01) prevented loss o f the hindlimb reflex. Following 
testing, rats were perfused with paraformaldehyde. Spinal cord serial 
sections through the lumbar enlargement were stained with anti- 
dopamine-ß-hyđroxylase (DBH) antibody to visualize varicosities o f the 
descending NA fibers. The number o f  NA varicosities per unit area in 
the ventral horn was profoundly reduced in lesioned vs. nonlesioned rats 
(P < .0002), but retained in lesioned IGF-I treated rats (P < .02). These 
data show that IGF-I can act across the BBB to preserve function and 
spinal cord circuitry following injury to the CNS. (Supported by CDC 
grant R49/CCR8l 1509 and Aurogen Inc.)

219.8
POSSIBLE ROLE OF CILIARY NEURO TRO PHIC FACTOR (CNTF) 

DURING SYNAPTO G ENESIS IN EMBRYONIC CHICK ATRIA.
X. Wang and S. W. Halvoгsen*. Dept. Biochemical Pharmacology, SUNY at 

Buffalo, Buffalo, NY 14260
Ciliary neurotrophic factor (CNTF) is a member of the neuгopoietic 

cytokine family of factors that has extensive effects on a wide variety of 
neuronal and glial populations. Outside the nervous system there is a limited 
response to CNTF that is determined mainly by the expression of the CNTF 
receptor α subunit. We have found that CNTF and its receptor are expressed 
in developing chick cardiac muscle and may be involved in parasympathetic 
synapse formation. CNTF and CNTF receptor α subunit mRNA levels were 
highest at embryonic days E ll-13 . This is a critical period in cardiac 
development when functional parasympathetic synaptic activity begins to 
appear suggesting that cell-cell interactions may regulate CNTF receptors. 
Treatment o f isolated atria or cultured atrial myocytes with recombinant 
CNTF resulted in the tyrosine phosphorylation and nuclear translocation of 
the transcription factor, STATЗ, indicating that cardiomyocytes express 
functional CNTF receptors. The rate of developmental increase in atrial 
CNTF receptor mRNA was doubled by treatment in ovo with the muscarinic 
receptor agonist, carbachol, and inhibited by the muscarinic receptor blocker, 
atropine, suggesting that cholinergic activity regulates CNTF sensitivity of 
myocytes. Treatment of cultured myocytes with CNTF resulted in a 2-fold 
increase in atrial muscarinic receptor levels, but had no effect on ventricular 
muscarinic receptor number. Thus, CNTF regulated a key component of the 
parasympathetic synapse on atrial myocytes. The results suggest a 
postsynaptic role for CNTF in the onset of parasympathetic function in the 
developing heart and provide new clues to molecular mechanisms directing 
synapse formation in the autonomic nervous system.
(Supported by grants NIH RO1-NS30232 and NSF 97-28881. Regeneгon 
Pharmaceuticals provided recombinant human CNTF.)
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219.9
EFFECT OF CNTF ON M ATU RE ASTROCYTES DOES NOT 
REQUIRE C N T F R α M.Peschanski*. C.Monville. D.Riche. C.Faees. P.Drevſus. 
M.Tardv. INSERM U 421, IMЗ, Crćteil 94010 France.
Synthesis of the ciliary neurotrophic factor (CNTF) and its specific receptor (CNTFRα) 
is widespread in the intact CNS, but the biological roles of this system remain a matter 
of speculation. Contradictory results have been obtained concerning CNTF effect on 
mature astrocytes and the cellular location of CNTFRα. Administration of CNTF to the 
adult brain has repeatedly led to morphological and biochemical activation of astrocytes. 
However, such a result has not been reproduced in long-term cultures ("mature 
astrocytes"), even though it is readily obtained with small concentrations of recombinant 
CNTF in short term cultures ("immature astrocytes"). Furthermore, the CNTFRα 
component of the trimeric receptor of CNTF has been observed in astroglial cultures but 
not in vivo. The present study has been undertaken to test two hypotheses that could 
reconcile these data: (1) CNTF effects on mature astrocytes may be depenJent upon 
conditions not reproduced in in vitro experiments, or (2) the expression of CNTFRα 
does not determine the astroglial responsiveness to CNTF. GFAP and CNTF 
intracellular concentrations have been analyzed in confluent "mature" astrocytes, by 
western blotting, varying independently the concentration of the factor, the cellular 
environment (using neuronal co-cultures) and the CNTF receptor status. Confluent 
mature astrocytes displayed a significant increase in both GFAP and CNTF cellular 
concentrations when presented with a high dose of recombinant rat CNTF (rCNTF) (250 
ng/ml). In contrast, GFAP synthesis was lowered by low doses of rCNTF (< 50 ng/ml). 
Addition of neurons did not change the CNTF effect on astrocytes. The three sub-units 
of the trimeric CNTF receptor were present in the cultures, although CNTFRα (using 
antibodies kindly provided by J. MacLennan) was observed, using confocal microscopy, 
on a distinct subset of smaller cells and not on large mature astrocytes. Treatment by 
phosphatidyl-inositol-phospholipase C (PIPLC), that cleaves the GPI-anchored 
CNTFRα and mechanical lesions, that increase its content in the cultures, did not alter 
the effects of rCNTF, showing that modulation of its availability did not modify CNTF 
effects. These results support the hypothesis of an action of CNTF at the level of the 
dimeric LIF receptor. Supported by INSERM and Association Française contгc les M yopathies.

219.11
CNTF STIMULATES SPINAL CORD ASTROCYTES TO RELEASE 
SOLUBLE TROPHIC FACTORS FOR M OTONEURONS.
P.J. Albrecht* and S.W. Levison. Dept. Neuroscience & Anatomy,
Penn State College of Medicine, Hershey, PA

Ciliary Neurotrophic Factor (CNTF) potently activates astrocytes as 
revealed by CNTF overexpressing tg m ice, adenoviral gene transfer, and 
direct adm inistration into the neocortex. H ow ever, the functional 
significance o f the astrocytic changes induced by CNTF have not been 
established. As in cortex, injecting CNTF into the spinal cord o f adult rats 
increases GFAP expression and astroglial size compared to vehicle control. 
To ascertain how CNTF alters astrocyte function, rat spinal cord astrocyte 
cultures were activated by treating them tw ice over the course of 48 hrs 
with rrCNTF (10 ng/mL). The CNTF was washed out and coverslips with 
purified embryonic rat m otoneurons (M N's) were inverted above the 
astrocyte monolayer. After 3 days in vitro, MN's were processed for 
c h o lin e  a c e ty ltr a n s fe r a s e  (C Һ A T ) and n e u r o fila m e n t-M  
im m unofluorescence, and counterstained with DAPI. C ell counts were 
obtained by phase contrast m icroscopy prior to staining and CҺAT/RT97 
double positive cells were counted by epifluorescence microscopy. MN 
survival was increased approximately 2.5 fold when grown over CNTF- 
activated astrocytes as compared to untreated astrocytes (p<0.02). To 
determine how CNTF would affect the ability o f astrocytes to support 
neurite outgrowth, M N's w ere plated d irectly  onto CNTF treated 
astrocytes. CNTF-activated astrocytes did not inhibit neurite outgrowth 
compared to controls. Our results demonstrate that CNTF induces a 
"reactive" astrocyte phenotype following injection into the adult rat spinal 
cord. However, CNTF-activated astrocytes enhance MN survival and they 
do not inhibit neurite outgrowth. Evidently CNTF am plifies its trophic 
activity via astrocytes. Supported by a Dean’s Feasibility Grant awarded to SWL.

219.13
GFAP TRANSCRIPTIONAL RESPONSES TO TGF-ß1 AND IL-1ß IN RAT ASTROCYTES 
ARE MEDIATED BY AN NF-1 LIKE SITE IN THE NEAR-UPSTREAM PROMOTER. ĮÇ 
Krohn1*, I. Rozovskv2, P. Wals2, B, Teter3. C.P. Anderson2 and C.E. Finch2. 'Med. 
Dept.III, Univ, o f Leipzig, D-04103 Leipzig, Germany, 2Neurogerontology Division, 
Andrus Gerontology Center, and the Dept, o f Biological Sciences, Univ, o f Southern 
California, Los Angeles, CA 90089-0191, ⅛epulveda VA, Sepulveda, California.

Elevated expression o f glial fibrillary acidic protein (GFAP) is associated with 
astrocyte activation during responses to injury in the CNS. Because TGF-ßl and IL- 
1 ß are released during neural responses to injury and because these cytokines also 
modulate GFAP expression, it is o f interest to define their role in GFAP 
transcription. The increases o f GFAP mRNA in response to TGF-ßl and decreases 
in response to IL-1ß were shown to be transcriptionally mediated by upstream 
promoter elements in rat astrocytes that were transfected with a luciferase-reporter 
construct containing 1.9 kb o f 5'-upstream rat genomic DNA. Sequential deletions 
indicated that a short region proximal to the transcription start (-106 to -53 bp) of the 
rat GFAP 5’-upstream promoter mediates full TGF-ßl and IL-1 responses. This 
region contains an unusual sequence motif with overlapping NF-1 and NF-kB-like 
binding sites. Mutagenesis o f each site (3 mutations) showed that an intact NF-1 site 
was necessary for induction o f GFAP by TGF-ßl and repression by IL-1ß. Gel shift 
experiments showed that the NF-1 like site was bound by factor(s) in nuclear extracts 
from astrocytes which were increased by treatment of astrocytes with TGF-ßl and 
decreased by IL-1ß. Binding o f these nuclear factors was blocked by mutations in 
NF-1 site. Although the NF-kB bound p5O in gel shift studies, an intact NF-kB site 
was not required for full induction. The mutated NF-kB site reduced the binding of 
p5O, but did not alter binding o f astrocyte nuclear factors to overlapping NF-1 
sequence. These findings are pertinent to the use o f GFAP promoter constructs in 
transgenic animals, because o f the sensitivity of the promoter to cytokines that may 
be elaborated in response to expression of transgene products. (This work was 
supported by PHS Grant AG 07909 to C.E.F. and a grant by the German Academic 
Exchange Service (DAAD) to K.K.)

219.10
C N TF INDU CES P H O S P H O R Y LA T IO N  OF A T  LE A S T TW O 
S IG N A L IN G  P A T H W A Y S  IN  L O N G -T E R M  C U L T U R E D  
ASTROCYTES. C. Monvillc. L. Conti-. C. DcFraiaa, S. Marty*. M. Peschanski,
E. Cammed INSERM U 421, Crćlcil 94010 France; aInst. Pharmacol., Milano, Italy. 
In long-term culture, astrocytes displayed a significant increase in both GFAP and 
CNTF cellular concentrations when presented with 250 ng/ml of recombinant rat CNTF 
(rCNTF). In contrast, GFAP synthesis was lowered by low doses of rCNTF (< 50 
ng/ml). The three sub-units of the trimeric CNTF receptor were present in the cultures, 
but our results support the hypothesis that CNTF effects do not require CNTFRα and 
rather that CNTF acts at the level of the dimeric LIF receptor (see companion poster, 
Peschanski et al.)
In a way to understand the mechanisms involved in these effects, activation of 
intracellular signaling pathways have been analysed with two doses of rat recombinant 
CNTF (rCNTF): 30 and 250 ng/ml, and at different times ( 5, 30 and 240 min) after 
rCNTF application.
In long-term astroglial cultures, receptor activation with 250 ng/ml of rCNTF induces 
phosphorylation of some components of at least two signaling pathways. In the 
Jak/Stat pathway, StatЗ is sưongly phosphorylatcd with 250ng/ml after 5min and not 
activated, at this time, with 30ng/ml. In the Shc-Grb2-MAPKs pathway, the protein 
She is phosphorylatcd with 250 ng/ml at 5 and 30 min, and ERK1 and mainly ERK2 
are strongly activated with 25öng/ml at the same limes. With 30 ng/ml of rCNTF, in 
contrast, only faint phosphorylation of ERK2 could be observed at 5 and 30 min. 
Analysis of Statl phosphorylation and serine phosphorylation on StatЗ is ongoing. 
These results support the hypothesis of a multiple regulation of CNTF effects on 
mature astrocytes, by at least two pathways, dependent of factor concentration. 
S upported by IN SE R M  and A ssociation Française contre  les 
M yopa th ies .

219.12
HISTAM INE A ND  IL-1ß STIMULATE SECRETION OF NGF 
FROM ASTROCYTES BY  INDEPENDENT RECEPTOR  
MEDIATED MECHANISMS. M·Čarman-Krźan*M, Lipnik¯Štangeli. 
D M. Jurič. Dept, o f  Pharmacology, Medical Faculty, Korytkova 2, 
1000 Ljubljana, Slovenia.

Cortical astrocytes and neurons in primary culture synthesize and 
secrete nerve growth factor (NGF) which play a vital role in 
developmental and regenerative processes in the CNS. Our previous 
study showed that interleukin- lß  (IL-1ß) and histamine are potent 
pharmacological modulators o f  NGF release from cultured astrocytes 
(Čarman-Kržan M. and W ise B.C. J Neurosci Res 34: 1993, 225; 
Lipnik Štangelj M., et al. Inflamm Res 47: Suppl 1, 1998, S34-S35). In 
the present study w e investigated further different receptor mechanisms 
responsible for IL-1ß and histamine stimulated NGF secretion. IL-1ß 
and histamine both are able to stimulate NGF secretion from cultured 
astrocytes in a dose and time dependent manner (max. stimulation IL- 
1ß (10 U/ml ⁄  24h) 2 .7  x over the basal level, histamine (100 nM ⁄  24h)
2.3 x over the basal level). Stimulatory effect o f  Љ -lß  and histamine 
on NGF secretion was effectively blocked by IL-1ß antagonist (IL-Ra) 
histamine Hı-receptor antagonist-mepyramine (not H2-antagonist 
cimetidin) respectively, which bind with high affinity to IL-1 or 
histamine Hı-receptor, w e identified on the membranes o f  cortical 
astrocytes. Activation o f  IL-1 and histamine Hı-recepŧors also involve  
activation o f  different second messenger mechanisms.

219.14
A NONESSENTIAL AMINO ACID L-SERINE RELEASED FROM ASTROCYTES 
PROMOTES THE SURVIVAL AND NEURITE GROWTH OF CULTURED 
HIPPOCAMPAL AND CEREBELLAR NEURONS. J. Mitoma, S. Furuya* and Y. 
Hirabayashi. Lab. Cellular Glycobiology, Frontier Res. Program, The Inst, of Physical 
and Chemical Research (RIKEN), Hirosawa 2-1, Wako, Saitama 351-0198, Japan.

Astrocytes support neuronal survival, neurite growth and neuronal function through 
various soluble factors. Extensive search lead to the discovery of astroglia-derived 
polypeptide factors such as CNTF and GDNF. We observed that conditioned medium 
derived from astrocytes (ACM) promote neuronal survival and neurite growth of 
hippocampal and cerebellar neurons. The survival-promoting activity of ACM was 
heat-stable and recovered in low molecular weight fraction (Mr < -3000). The activity 
in the low molecular weight fraction was more potent than polypeptide neurotrophic 
factors such as bFGF, neurotrophins, CNTF, and GDNF. Amino acid analysis revealed 
that ACM contains substantial amounts of L-serine and L-alanine. We observed that 
externally added L-serine, but not L-alanine, promoted neuronal survival and neurite 
outgrowth of hippocampal and cerebellar neurons. In addition, the absence of external 
L-serine resulted in reduced expression of phosphatidyl-L-serine (PS), a L-serine- 
derived phospholipid, in neurons. Instead, an unusual phospholipid, phosphatidyl-L- 
threonine (PT), appeared. Biochemical studies revealed that PT is synthesized by the 
same enzyme for PS synthesis only when the L-serine concentration is much lower 
than L-threonine. These findings suggest a novel role of astrocytes in neuronal 
survival and macгomolecular synthesis through the supply of L-serine. (Supported by 
the Special Postdoctoral Researchers Program and Frontier Research Program of 
RIKEN, the Grants-in-Aid for Encouragement of Young Scientists to JM and SF, and 
for Scientific Research on Priority Area to YH from the Ministry of Education, 
Science and Culture of Japan.)
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219.15
DIFFUSIBLE AND NON-DIFFUSIBLE FACTOR(S) FROM 
ASTROCYTES SUPPORT SURVIVAL AND DIFFERENTIATION OF 
CULTURED MOTONEURONES. J. Shen1. R. Walker2*. D. Wallis1. B. 
Stringer3 and G. Foster1, ⅜chool of Molecular and Medical Biosciences, 
University of Wales at Cardiff, UK. ⅜chool of Biological Sciences, 
University of Southampton, UK. ⅜chool of Dentistry, University of 
Sheffield, UK.

Several factors affecting the survival and differentiation of motoneurones 
in  v iv o  and in  v itro  have already been identified. The present study was 
aimed at discovering the nature of astrocyte-derived trophic factor(s) 
which might also have similar effects on motoneurones. In cultures of 
ennched embryonic motoneurones, we found that 1) co-culture with locally 
derived astrocytes, survival of the motoneurones was supported for longer 
than 4 months; 2) both diffusible and non-diťfusible factors from astrocytes 
were involved; 3) astrocyte-conditioned medium (ACM) from different 
astrocyte populations all supported motoneurone survival, but to different 
degrees, and 4) at 5 days, more than 70% of motoneurones had been 
rescued by including ACM in the culture. ACM had a greater effect on 
motoneurone survival and differentiation than GDNF, CNTF and other 
known trophic factors and in addition, ACM promoted differentiation of a 
cholinergic phenotype. It is suggested that astrocyte-derived factors local 
to embryonic motoneurone perikarya provide support for motoneurone 
survival and differentiation prior to the involvement of target-derived 
factors. This study was supported by a WSDHSR grant.

219.17
MANGANESE-SUPEROXIDE DISMUTASE DOES NOT MIMIC THE 
CHOLINERGIC DIFFERENTIATION FACTOR DERIVED FROM 
MACROPHAGES. Y. Wen. L. Ni. M.B. Luskin, and G.M. Jonakait*. 
Dept, of Biological Sciences, Rutgers University, Newark, NJ 07102 
and Dept, of Cell Biology, Emory Univ., Atlanta, GA

Conditioned medium from a macrophage/monocyte cell line (RAW 
264.7; RAW-CM) promotes cholinergic differentiation and enhances 
neurotrophin activity in cultures of embryonic day 16 (E l6) septal nuclei 
and adjacent basal forebrain. We sought to determine whether enzymes 
that regulate the cellular redox state mimic the action of RAW-CM.
Neither Cu+2/Zn+2 superoxide dismutase (SOD) nor catalase effected a 
significant increase in choline acetyltransferase (CҺAT). PDTC (0.1 µM), 
added to scavenge OH', had no effect on CҺAT activity, but inhibited the 
effectiveness of RAW-CM. Allopurinol (400 µM), added to RAW-CM to 
block xanthine oxidase, in c re a s e d  CҺAT activity, ruling out xanthine 
oxidase. Of the enzymes tested, only Mn-SOD (10-50 U/ml) effected a 
significant 2.9-fold increase in CҺAT activity, increased trkA mRNA and 
synergized with NGF, thereby mimicking certain aspects of RAW-CM.

To determine whether Mn-SOD, like RAW-CM, promotes cholinergic 
differentiation, E l5 cultures were labeled with a Lac-Z-expressing 
retrovirus (BAG). CҺAT-positive descendents of the retrovirally labeled 
progenitors were counted. Unlike RAW-CM, Mn-SOD did not increase 
the proportion of ChAT-positive cells present in Lac-Z-positive clones. 
Furthermore, in E l5 cultures Mn-SOD did not raise CҺAT activity to the 
same extent as did RAW-CM, and in E l8 cultures Mn-SOD doubled 
CҺAT activity while RAW-CM actually lowered it. Thus, while Mn-SOD 
shares some of the properties of RAW-CM, it is not the active factor.
This research is supported by NSF grant 96-04168 to GMJ.

219.19

IN D U C T IO N  O F  C Y C L O -O X Y G E N A S E  2  B Y  P2 R E C E P T O R S  IN 
R A T  A S T R O G L IA L  C E L L S  R. B ra m b illa 1, F. C a t ta b e n ľ, G . B u rn s to c k 2 . 
G .C . F o lc o 1. A. B o n a z z i1. A . H e rn a n d e z 1 a n d  M .P . A b b ra c c h io 1*. 1 ln s t. 
P ha rm aco l. S c i., U n iv . M ilan , 2 0 1 3 3  M ilan , Ita ly ; 2A u to n o m ic  N e u ro sc i. 
Inst., R oya l F ree  H o sp ita l S cho o l o f M e d ic in e , London  N W З 2P F , UK.

A b rie f (2h) s tim ulation o f an atypica l P2Y receptor by 
α ,ß m e th y le n (α ,ß m e )A T P  mediates activation o f astrocytes in rat 
brain prim ary cultures, as shown by a marked e longation o f 
astrocytic processes 3 days after agonist challenge. We have 
investigated the possible role o f cyclo-oxygenase 2 (CO X2) in 
this effect. Im m unoblot experiments w ith an anti-CO X2 antibody 
showed that C O X2 is co n s titu tive ly  expressed in astrocytes 
(although at re la tive ly  low levels), and that a 2h challenge w ith 
α ,ßm eATP (10 µ M ) s ig n ifican tly  increased the amount o f the 
expressed protein. A role fo r the inducib le enzyme in activation 
o f astrocytes by α,ßm eATP was suggested by experiments where 
cells were challenged w ith  the purine analog in the presence 
o f the CO X2 in h ib ito r NS-398, washed, and maintained in the 
continuous presence o f NS-398 fo r 3 add itiona l days, up to 
m orphological analysis. Under these conditions, NS-398 (1 nM - 
10 µ M ) concentration-dependently in h ib ite d  o c ,ß m eA T P -induced  
astrocytic activation. No in h ib itio n  was detected i f  cells were 
exposed to NS-398 only during the 2h challenge w ith the purine 
analog, ind icating that the constitu tive enzyme does not play a 
role in the form ation o f reactive astrocytes. It  is speculated that 
antagonists selective fo r this atyp ica l P2Y receptor may prove 
use fu l in c o u n te ra c tin g  excessive  C O X 2 a c t iv a t io n  in 
in flam m ato ry  neu ro log ica l diseases.

219.16
DIFFERENTIALLY EXPRESSED GENES IN THE CNS GLIAL SCAR: NOVEL 
SEQUENCES AND GENES ASSOCIATED WITH CELLULAR METABOLISM. 
M.J. Jurynec , RJ. McKeon, and C.R. Buck*Depts. of Physiology and Cell Biology, 
Emory University School of Medicine, Atlanta, GA 30322.

Glial scars, formed upon injury to the central nervous system, are characterized by 
proliferation and hypertrophy of asưocytes and are ardently inhibitory to axonal 
regeneration. An in vivo model of glial scarring was used to identify genes that are 
differentially expressed within glial scars and may contribute regenerative failure. 
Nitrocellulose implants, which stimulate gliosis and become invested by reactive glia, 
were removed from the cortex of adult rats and RNA was isolated one month post
implantation. Gene expression in untreated implants was compared with implants 
treated with TGF-ß function-blocking antibodies, since TGF-ß is increased following 
CNS injury and may up-regulate the expression of axon growth inhibitory molecules.

Differential display PCR (ddPCR) was used to identify molecules upregulated during 
reactive gliosis. We have identified 12 novel genes upregulated in the glial scar, along 
with several genes encoding proteins involved in cellular metabolism, including 
adenine nucleotide translocase 1 (ANTI), ubiquitin hydrolyase (UH), and pyruvate 
dehydrogenase kinase (PDK).

The upregulation of ANTI, PDK, and UH in the glial scar suggests an oxidative 
response in the glial scar and may indicate an alternative pathway for energy production 
and consumption. ANTI is a non-ubiquitous protein that exchanges mitochondrial 
ATP for cytosolic ADP. This isoform is predominately expressed in differentiated 
tissues and has been implicated in the response to ischemic insult. In situ analysis 
indicates that ANTI is strongly expressed in the scar and this expression is eleminated 
by blocking TGF-ß signaling. Upregulation of ANTI and PDK in the glial scar may 
indicate the inhibition of one energy producing pathway and stimulation of another in 
response to CNS injury. A precise role for ANTI in glial scaring will be investigated 
by examining the glial response to CNS injury in ANTI knockout mice. Supported by 
the Spinal Cord Research Foundation &  Office of the Dean for Research, Emory Univ.

219.18
A MACROPHAGE PRODUCT ENHANCES NEUROTROPHIN 
ACTIVITY AND TrkA mRNA. L. Ni*. Y. Wen and G.M. Jonakait. 
Dept, of Biological Sciences, Rutgers University, Newark, NJ 07102

Conditioned medium from a macrophage/monocyte cell line (RAW 
264.7; RAW-CM) maximally promotes cholinergic differentiation in 
cultures of embryonic day 16 septal nuclei and adjacent basal forebrain. 
Since this population is also responsive to neurotrophins and since the 
active factor in RAW-CM is not a neurotrophin, we sought to determine 
the result of adding these factors. RAW-CM raised the activity of choline 
acetyltransferase (CҺAT) an average of 4.2-fold (range: 2.3-9.2); NGF 
(50 ng/ml) raised it 1.7-fold, but the two together raised it 11.8-fold. If 
the sole effect of RAW-CM is to prompt cholinergic differentiation from 
undifferentiated progenitors and the sole effect of NGF is to induce Ch AT 
activity in those neurons, the two agents together should differentiate 
neurons (X4.2) and induce CҺAT (XI.7), yielding a final 7.1-fold 
increase in CҺAT (4.2 X 1.7). However, the actual fold increase was 
significantly greater, suggesting synergy. Synergy of this or greater 
magnitude was evident in 5 of the 6 experiments performed and was also 
evident at the level of CҺAT mRNA (M-type).

To begin to determine the mechanism(s) underlying synergy, mRNA 
for the high affinity trkA receptor was assessed by reverse transcription- 
polymerase chain reaction. In 2 separate experiments, RAW-CM alone 
tripled the level of mRNA coding for the trkA receptor. NGF did not 
affect them. When added together, RAW-CM arid NGF elevated mRNA 
for the trkA receptor to the same extent as did RAW-CM alone. These 
data suggest that synergy cannot be explained simply by changes in the 
level of trkA mRNA expression.

This research is supported by NSF grant 96-04168 to GMJ.

219.20
ASSOCIATION OF SCHWANN CELLS WITH DEVELOPING CHICKEN 
CILIARY GANGLION NEURONS REGULATED BY TARGET DERIVED 
FACTORS. Alex T. Ho* and Rae Nishi. Dept, of Cell &  Developmental 
Biology, Oregon Health Sciences Univ., Portland, OR 97201.

The development and differentiation of neurons in the peripheral nervous system 
require precise communication between the neurons and their target tissues. 
Composed of only ciliary and choroid neurons, the simplicity and the well 
characterized biology of the chicken ciliary ganglion (CG) has been an ideal system 
for studying such neuron/target interactions. In the adult avian CG, myelination is 
limited to the ciliary neurons, which innervate the striated muscles in the 
iris/ciliary body. In contrast, choroid neurons which innervate the vascular smooth 
muscles of the choroid layer, are devoid of any Schwann cell ensheathmeπts. We 
have observed that expression of myelin marker, PC), around the somata of ciliary 
neurons coincides with the developmental expression of somatostatin in the 
choroid neurons. Thus, we hypothesize that the myelination of neurons in the 
developing chicken CG is controlled by the same target derived signals which 
differentially regulate somatostatin expression. Our preliminary studies indicate 
that long term co-cultures of embryonic day 8 (E8) chicken CG neurons w ith 
Schwann cells isolated from E14 chicken sciatic nerve c;ui induce the Schwann 
cells to associate with the neuronal axons, creating a thick axon-Schwaim cell 
bundle. Premcubation of CG neurons w ith acti vin A, an inducer of somatostatin, 
can prevent the Schwann cells from aligning themselves along the neuronal axons, 
thus impeding the formation of an axon-Schwann cell bundle. We are currently 
investigating if  target derived factors, such as aclivin A, which promote the 
differentiation of choroidal neuron phenotype, can prevent the CG neurons from 
becoming myelinated. Furthermore we are investigating the process of how 
neuronal axons differentiate to promote or inhibit myelination by die Schwaim 
cells. (Supported by NS25767)
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220.1
DIFFERENTIAL DISPLAY OF ESTROGEN RESPONSIVE GENES IN 
THE RAT HYPOTHALAMUS. B. J. Lee1*, W. S. Choi2 and E, J, Choi1. 
'Dept, of Biological Sciences, Univ, of Ulsan, Ulsan 680-749, and 2Dept. of 
Anatomy, Sch. of Med., Gyeongsang Nat’l Univ., Chinju 660-280, Korea.

To identify estrogen responsive genes playing important roles in 
hypothalamic sexual differentiation, we applied mRNA differential display 
PCR to hypothalamic RNA derived from estrogen sterilized rats (ESRs). 
Neonatal rats were subcutaneously injected with 50 ng of 17ß-estradiol for 
7 days. More than 1000 RNAs were examined, about 50 of which 
displayed differential expression patterns between 60-day old control rats 
and ESRs. Sequence analysis of differentially amplified PCR products 
showed homology with genes of the mouse testis specific Tsx, mouse 
apolipoprotein B editing enzyme (APOBEC), rat PKC binding protein 
(PKCBP), mouse kinesin superfamily-associated protein ЗA, mouse 
iduronate-2-sulfatase (IDS), mouse serine-threonine kinase and E. coli 
lipoic acid synthetic enzyme (LASE), and several cDNAs previously 
described by others in mouse, rat and human tissues. Five products referred 
to as 1-3, 1-4, 7-3, 7-4 and 15-2 corresponded to novel DNA sequences. 
Reverse Northern analysis showed that neonatal estrogen treatment resulted 
in changes of these gene transcripts in adult rats. Specially, 1-3, 1-4, 
APOBEC and IDS were markedly decreased by estrogen treatment, whereas 
rat PKCBP, LASE and 7-3 were significantly increased by neonatal 
estrogen treatment. In summary, we identified several estrogen responsive 
genes in the rat hypothalamus that provide insights in molecular 
mechanisms underlying organizational roles of estrogen.
Present study was supported by grants from Korea Ministry of Education 
(Genetic Engineering Research Program, 1997) and Korea Science and 
Engineering Foundation through Hormone Research Center (HRC-01-02).

220.3
THE ROLE OF ESTROGEN RECEPTOR SUBTYPES α AND ß IN 
REGULATION OF NEURONAL CELL GROWTH. J Nilsen12. T. 
Horvath1 and F. Naftol⅛n1*. ‘Department of Obstetrics and Gynecology, 
Yale University; department of Biology, Yale University; New Haven, 
CT 06520

Estrogen is known to cause distinct sexual dimorphisms in 
brain structure. In the hypothalamus there are more neurons in 
the sexually dimorphic nucleus o f the preoptic area (SDN- 
POA) o f  male rats than females. Whereas, in the anteгoventral 
preiventricular nucleus (AvPVN) there is a higher number of 
neurons in tiie female than in the male rat. We used estrogen 
responsive hypothalamic neuronal cultures to investigate the 
effect o f estrogen on neuronal growth with respect to receptor 
subtype expressed.

The cell lines RC-₣8 , RC-F12, and RC-A6  were 
characterized for expression o f the estrogen receptor subtypes 
(alpha) and (beta) and assayed for estrogen regulation o f cell 
growth. A s known, cells expressing estrogen receptor a show  
an increased growth rate in response to l7(beta)estгadiol. In 
contrast, cells expressing estrogen receptor b show a 
decreased growth rate in response to l7(beta)estгadiol. This 
striking difference between the functions o f estrogen receptors 
(alpha) and (beta) may help explain the difference in the 
sexually dimorphic growth response between the SDN-POA  
and A vPV N. Supported by NIH Grant N S 36l 11.

220.5
ESTROGEN MEDIATES THE HORMONAL RESPONSIVENESS OF ARCUATE 
ASTROCYTES IN NEONATAL RATS. J. A. Mong‘* and M. M. McCarthy2 Depts. 
of Pharmacology.1 and Physiolology.2 Univ, of Maryland, Baltimore, MD 21201.

Previous work demonstrated that testosterone increases glial differentiation in the 
arcuate nucleus of neonatal rats and removal of testosterone by gonadectomy results in a 
lack of differentiation within 24 hr. This increase in differentiation is manifest as a basic 
sex difference in glial morphology in that males have more complex glia with longer 
processes within the first few days of life (Mong et al., Horm Behav 30:553). However, 
since testosterone is aromatized to estrogen in the brain, it is unknown if  the effects on 
astrocytes are a result of estrogenic or androgenic signaling, or a combination of the two.

To further investigate the steroid specificity of arcuate astrocytes in the developing rat 
brain, the present study compared the effect of the non-aroŗnatizable androgen, 
dihydrotestosterone propionate (DHT) to 17ß-estradiol benzoate (E2) and testosterone 
propionate (TP) on the morphology of arcuate astrocytes in the post-natal day two (PN2) 
rat brain. Injections of 100µg/O.lcc of the appropriate steroid in sesame oil were given 
once a day (s.c.) on the first two days of life. Brains were collected 24 hr. after the last 
injection on PN2 and immersion fixed in acrolein. Using glial fibrillary acidic protein 
immunoreactivity (GFAP-ir) as a marker for astrocyte morphology, the degree of 
differentiation (assigned class I-IV) and the mean process length of individual astrocytes 
was measured and compared. Our preliminary analysis demonstrates an increase in 
asưocyte process length in females treated with TP or Ė2 and in intact males compared to 
intact females injected with oil or DHŢ (ANOVA p<0.01). Moreover, the animals with 
circulating levels of aromatizable androgen or estrogen have a greater frequency of fully 
differentiated astrocytes in the arcuate on PN2 (χ2=224.14, p<.001). The data suggest 
that the aromatization of testosterone to estrogens is mediating the change in glial 
morphology. However, it remains unclear as to whether estrogen is acting directly on 
neonatal asưocytes or indirectly via estrogen receptor (ER) positive neurons. An 
unequivocal observation of ER in rat arcuate astrocytes in vivo has not been obtained. 
Therefore, to ascertain the site of estrogen action we w ill attempt to determine the 
presence or absence o fER in  neonatal arcuate astrocytes by dual immunocytochemistry. 
Supported by NSF grant IBN 9729643 to MMM.

220.2
ESTRADIOL TREATMENT INCREASES SURVIVAL OF PCI2 
CELLS OVEREXPRESSING ER AFTER SERUM AND NGF 
DEPRIVATION. L.Gollapudi and M.M.Oblinger*. Dept, of Cell 
Biology & Anatomy, FUHS/Chicago Medical School, North Chicago, 
IL 60064.

The gonadal steroid hormone estrogen has been shown to 
affect the development, differentiation, neurite outgrowth, and survival 
of neuronal cells in vivo. Estrogen has been shown to protect some 
neurons from toxic and other insults and increases the viability of 
neuroblastoma cells in vitro. The biological effects of estrogen are 
mediated through a specific intracellular receptor, the estrogen 
receptor (ER), which acts as a transcription factor after binding to its 
ligand. To examine any cytoprotective effects of estrogen in neuronal 
cells, a tissue culture model system was used.

PC 12 cells, a cell line of neural crest origin, respond to nerve 
growth factor (NGF) by changing from a proliferating to a 
differentiated sympathetic neuron-like cell. Transfer of differentiated 
PC 12 cells to a serum free media leads to apoptosis due to 
neurotrophic factor deprivation. Wild type PC12 cells normally have 
little or no ER expression.

We made PC 12 cell lines that are stably transfected with the 
full length ER cDNA (PCER cells) and used these to assess the 
neuroprotective effects of estrogen after NGF withdrawal and serum 
deprivation. Estrogen by itself afforded a slight protection of 
differentiated PCER cells after trophic factor withdrawal and when 
treated in combination with NGF had a synergistic protective effect. 
Estrogen also protected non-differentiated PCER cells after serum 
deprivation. Cytoprotective effects of estrogen were assessed by cell 
counts, TUNEL staining, and mRNA expression of genes known to be 
involved in apoptosis.
Supported by NIH-AG13338.

220.4
ESTRADIOL-BSA CONJUGATES AND THEIR USE IN CHARACTERIZING 
ESTROGEN RECEPTORS. P.E. Stevis. D.C. Deecher. D.E. Frail* Women’s 
Health Research Institute, Wyeth-Ayerst Research, Radnor PA, 19087 

Estradiol (E2) acts to modulate transcription through classical nuclear estrogen 
receptors (ER). However, E2 also induces a number of rapid responses (<10 min) 
within cells, including cells devoid of classical ER, consistent with the presence of a 
membrane receptor for E2. Membrane impermeable steroids, typically BSA 
conjugates, are commonly used to characterize these non-genomic actions of E2 to 
exclude the involvement of nuclear ERs. The purpose of this study was to 
determine if  commercially available E2-BSA conjugates (17ß-E-6-BSA and l7ß-E- 
17-BSA) interact with the nuclear ERs. Freshly prepared solutions of E2-BSA were 
found to contain free estrogen which could be removed by filtration. RIA analysis 
detected the presence of E2 in the filtrate and not in the retentate. Filtered E2-BSA 
failed to compete for binding of 125[I]-E2 to ER-alpha and ER-beta. Furthermore, in 
contrast to E2, E2-BSA conjugates did not bind to ER-alpha or ER-beta, as assessed 
by electrophoretic mobility shift analysis. SDS-PAGE analysis demonstrated that 
the E-17-BSA was of very high molecular weight, suggesting exưeme protein cross- 
linking. These data suggest that commercial E2-BSA conjugates do not mimic E2 
in classical ER assays. Furthermore, activation o f MAP kinase in the SK-N-SH 
neuroblastoma cell line, presumed to be an event mediated by a membrane receptor 
for E2, was observed with filtered E2-BSA but not with E2. These findings suggest 
that E2-BSA is not an appropriate ligand for investigating estrogen receptors and 
underscore the need to design stable, cell impermeable analogs of estrogen for the 
characterization of membrane estrogen receptors.
Supported by Wyeth-Ayerst Research

220.6
THE SENSITIVE WINDOW FOR OVARIAN HORMONE EFFECTS ON THE RAT 
CORPUS CALLOSUM EXTENDS POST-PƯBERTALLY. H.A. Bimonte*. A.J. 
Stavnezer and V.H. Denenberg. Biobehavioral Sciences Graduate Degree Program, 
University of Connecticut, Storrs, CT 06269.

The male rat's corpus callosum (CC) is larger than the female's. This difference is 
mediated, in both sexes, by gonadal steroids active during different developmental periods. 
Castration of the male rat either before (Mack et al., 1996) or after (Fitch et al., 1990) 
the postnatal testosterone surge failed to affect gross CC size. However, elimination of 
testosterone from embryonic day 17 through adulthood decreased CC size (Fitch et al., 
1991). Thus, in the male, the CC is permanently masculinized by postnatal day 1 (PI).

In contrast, female CC responsiveness to ovarian hormones extends through a 
currently undefined postnatal timepoint. Ovariectomy (Ovx) up to PI6 enlarges the 
female CC to that of a male (Fitch et al., 1991), and estrogen replacement on P25 
reverses the effect of early Ovx, resulting in a feminized CC (Mack et al., 1993). Thus, 
the female CC is sensitive to estrogenic influences at least up to P25. Because P78 Ovx 
did not affect CC size (Mack et al., 1996), it is possible that this developmental 
timepoint reflects the closure of the sensitive window of ovarian hormone effects on the 
CC. To investigate this, we compared intact control females, P25 Ovx females, and P25 
Ovx females given an ovary transfer (OvT) on P70; sacrifice occurred on PI 10. As 
expected, P25 Ovx females had a significantly larger CC than controls in midsagittal area 
and in 3 posterior width regions (see Denenberg et al., 1989, for width factor procedure). 
OvT females did not differ from controls in area or any region. These data were 
unexpected, as they indicated that the female CC is responsive to ovarian hormone input 
after P70. We did another experiment in which females were sacrificed on PI 10 after 
receiving either sham surgery, P25 Ovx, or P25 Ovx and OvT on P7O. Again, P25 Ovx 
females had a significantly larger CC than shams in 3 posterior width regions, while the 
OvT females and shams did not differ. In addition, the P25 Ovx females had a 
significantly larger CC than OvT females in 2 midbody width regions. These data 
indicate that the female CC remains responsive to ovarian hormone exposure past 
puberty. We are currently investigating whether this post-pubertal responsiveness to 
ovarian hormones is dependent upon prior perinatal exposure to ovarian secretions. ’
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220.7

ESTROGEN RECEPTOR ISOTYPE EXPRESSION IN DRG 
NEURONS A ND  ESTROGEN EFFECTS ON PAIN SENSITIVITY  
S. Saraiari* and M.M . Ohlinger. Dept. Cell B iol, and Anatomy, 
FƯHS/Chicago Medical School, North Chicago, IL 60064

The small-sized nociceptive neurons in the dorsal root ganglion 
(DRG) express the estrogen receptor alpha (ER-α) isotype. Many of 
these same neurons co-express substance P (SP) and calcitonin gene- 
related peptide (CGRP). Recently a second form o f the esüΌgen 
receptor (ER-ß) was identified in rat ovary and prostate and it was of 
interest to determine if ER-ß is also expressed in the DRG. ER-ß 
mRNA localization was examined in lumbar DRGs in ovariectomized 
(ovx), estrogen-treated (+E) as w ell as in male rats using in situ 
hybridization. Unlike ER-α which is only expressed in small-sized 
DRG neurons, ER-ß was abundantly expressed in large, medium-, as 
well as small-sized DRG neurons.

We had previously shown that estrogen downregulates SP 
expression and upregulates CGRP expression in nociceptive DRG 
neurons. In the present study we examined estrogen effects on thermal 
and mechanical pain sensitivity in intact as well as partial sciatic nerve 
ligation models. Results from tail/ paw flick and Von Frey filament 
testing indicated that temperature/mechanical pain thresholds were 
altered by estrogen, with an increased latency occurring in the +E 
group. Mechanical allodynia assessed after partial nerve ligation was 
not different in the 3 hormone groups, but baseline sensitivity was 
significantly lower in the ovx group compared with +E or male 
animals.

Supported by NIH-AG 13338 to MMO

220.9

INTERACTION OF ESTROGEN AND CELL-SUICIDE 
MECHANISMS IN THE REGULATION OF CELL CYCLE 
ELEMENTS IN THE DEVELOPING CEREBRAL CORTEX. ‰
F.Cheetna* and R.C. Miranda Dept. Human Anatomy and Medical 
Neurobiology, Reynolds Medical Bldg., Texas A&M University, College 
Station, TX 77843.

Estrogen receptors (ER) are intra-nuclear transcription factors. The 
developing rat cerebral cortex expresses high levels o f ER during peak periods 
of neurogenesis and cell-suicide. Therefore, we examined the role of estrogen 
(E2) and its interaction with receptor-mediated (Fas/Apo-l)-cell-suicide in the 
regulation o f cell cycle protein expression. Specifically, we examined the 
expression o f Gl/S-phase markers, PCNA and cyclin E, and G2/M-phase 
markers, cyclin-dependent kinase 1 (cdkl/cdc2) and cyclin A in dissociated 
cultures of embryonic cerebral cortical neuroblasts. Estrogen transiently 
increased PCNA expression but did not alter cyclin E. Cyclin A expression 
was upregulated but its associated kinase, cdkl, remained unchanged. Fas 
alone did not regulate PCNA expression, however concurrent exposure to 
estrogen led to a marked decline in PCNA, suggesting that estrogen regulation 
of cell cycle may be modified by cell suicide signals. In contrast to estrogen, 
Fas activation specifically upregulated cyclin E. This suggests that estrogen 
and cytotoxic receptors such as Fas may regulate specific elements in the cell 
cycle to induce either proliferation or cell suicide in cortical neuroblasts. We 
are currently examining the role o f estrogen in regulating the interaction 
between cell cycle and cell suicide in the developing cerebral cortex. Funded by 
a grant from NIH (MH55724) to RCM.

220.11
ESTROGEN DECREASES THE NUM BER OF HVC NEURONS IN 
M ALE ZEBRA FINCHES BUT HYPERM ASCULINIZES THEIR  
S IZ E . William Grisham*. Janet Lee. Marv Ellen McCormick. Kav Yang-Stavner. 
Rani Kakar. & Arthur P. Arnold. Department of Physiological Sciences and Brain 
Research Institute, UCLA, Los Angeles, CA 90095-1527

The song system of the zebra finches is sexually dimorphic; males have larger 
song nuclei with more and larger neurons than do females. Administration of 
estrogen at hatching profoundly masculinizes the song system of females but has 
been reported to demasculinize, hypermasculinize, or have no effect on the song 
system of males. To clarify this issue and to see what added influence blocking 
androgens might have, we examined the effects of administering estrogen (E2 88 µg) 
and/or Flutamide (Rut 200 µg) within 3 days of hatching in a 2X2 design. The song 
system, syringes, and testes were examined at approximately 100 days of age.

HVC volume, number of HVC neurons, and testicular and syringeal weights 
were significantly reduced in E2-treated birds. Syringeal weight also correlated 
significantly with testicular weight. E2 hypermasculinized (increased) the size of 
HVC neurons. Rut marginally hypermasculinized the volume of RA, which 
replicates earlier findings from this lab. E2 and Rut treatments did not interact.

The effects of the estrogen treatment may either be attributed to its direct action 
or to the presumably lower testicular secretions present in the E2-treated birds. Since 
E2 increases the number of neurons and volume of HVC when administered to 
hatchling females but not males, E2 either works differently between the sexes or 
testicular secretions are important to either recruit or maintain HVC neurons in 
males. Blocking androgens in early life did not mimic the effects of E2, so if the 
lack of testicular secretions are responsible for these effects, they either are not 
androgens or they are not working early in development The mechanisms 
determining the number and size of HVC neurons also seem separate. Supported by 
NIH DC00217.

220.8
ESTROGEN RECEPTOR EXPRESSION IN THE DEVELOPING SPINAL 
CORD OF THE MALE RAT. D.M.Schroeder'·24*. K.A.Burke1. X.I.ong 4. R.A. 
Abel 3, D.R. Sengelaub1,3. R.M. Bigsby4. K.P.Nephew2,4 ‘Program in Neural
Science, 2Medical Sciences Program, ¾ ept of Psychology, Indiana University, 
Bloomington, IN.474O5; 4School of Medicine, Indiana University, Indianapolis, IN 
46202.

Sex differences in neural systems are mediated by gonadal steroid hormones 
present during critical developmental periods. In the male rat brain, estrogen (E2), 
locally aromatized from testosterone, masculinizes several hypothalamic nuclei. 
E2 is also involved in masculinizing the sexually dimorphic spinal nucleus of the 
bulbocavernosus (SNB), whose motoneurons control penile reflexes. In contrast 
to sexually dimorphic brain nuclei, SNB motoneurons do not bind E2; therefore, 
E2 must act elsewhere in the spinal cord to influence SNB development. To 
determine the expression and distribution of E2 receptors (ER) in developing 
spinal cord, immunocytochemistry was performed on lumbosacral tissue from 
embryonic and postnatal males (ER-21 antiserum; gift of G. Greene, U. Chicago). 
ER immunoreactivity was present at all time points examined, but its distribution 
changed with age. Prenatally (days 17 and 21), when SNB motoneurons are 
migrating to the midline, ER immunoreactivity was present in somas of midline 
cells, including ependymal cells. Postnatally (P), during the period of SNB somal 
and dendritic growth, ER immunoreactivity was present in fibers that appeared to 
be axonal. These immunoreactive processes were abundant in the ventral horns at 
P8, but by P2l were confined to the outer laminae (Rexed I and II) of the dorsal 
horns. Thus, ER present in male rat spinal cord may serve as sites of action for E2- 
mediated masculinization of the SNB. Moreover, changes in ER distribution with 
age may reflect differences in the hormonal sensitivity of discrete developmental 
processes over time. (Supported by grants from Sigma Xi and the Center for 
Integrative Study of Animal Behavior, I.U.B to KAB and NIH CA74748 to KPN).

220.10
D IV E R G E N T  P A T H W A Y S  R E G U L A T E  L IG A N D -IN D E P E N D E N T  

A C T IV A T IO N  OF TH E (X -E S T R O G E N  R E C E P T O R  IN S K -N -B E  
N E U R O B L A ST O M A  AN D  IN COS-1 R E N A L  CA RC IN O M A  CELLS, £λ
Patrone13. E. Gianazza2. S. Santaαati1. P. Aαrati1 and A. Maααfl*:1 Centre MPL , 
Atherosclerosis Laboratory, Institute of Pharmacological Sciences, University of 
Milan Via Balzaretti 9, Milan ltaly;3Dept Neuroscience, Uppsala University, 
Biomedical Center, Box 587. S-571 23 Uppsala, Sweden.

The α-estrogen receptor (ERα) transcriptional activity can be regulated either 
by binding to the cognate ligand or by intracellular signalling pathways responsive 
to a variety of factors acting through cell membrane receptors. Studies carried out 
in HeLa and COS-1 cells demonstrated that the cross-coupling between estrogen 
and growth factor receptors is mediated by p21 ras and requires phosphorylation 
of Ser 118 located in the ERα N-terminal activation function 1 (AF-1). Likewise, in 
the SK-N-BE neuroblastoma cell line p21 ras is involved in the cross-coupling 
between insulin and ERα receptors. The present study shows that in transient 
transfection assay, activation of unliganded ERα by p21 ras is blocked by 
mutation of mouse Ser 122-Ala (the serine homologous to Ser118 in human ERα) 
in COS-1 renal carcinoma cells, but not in SK-N-BE neuroblastoma cells. In 
adddition, a different pattern of electrophoretic mobility of unliganded activated 
ERα in the two cell lines is shown, suggesting a different phosphorylation state of 
the same receptor in two cell systems. Transactivation and immunoreactivity 
studies rule out a role of tyrosine phosporylation in unliganded ERα activation in 
SK-N-BE cells. Insulin-dependent ERα activation is not facilitated by RIP 140 and 
SRC-1 cofactors, suggesting the possibility of insulin action through other 
specific co-factors. The demonstration of this alternative pathway of ERα 
activation might be of relevance for the understanding of the role played by 
estrogens in the nervous system.These kind of studies are now under 
investigation in primary neurons cultures.

220.12
SEX, STRAIN, AND REGIONAL DIFFERENCES IN CELLULAR 
DEVELOPMENT IN THE MURINE PREOPTIC AREA AND ANTERIOR 
HYPOTHALAMUS. A.E. Brown. R.G. Henderson. C.O. Directo. S. Mani.1 & S.A. 
Tobet*. Program in Neuroscience, The Shriver Center and Harvard Medical School, 
Waltham, MA 02154; 'Baylor College o f Medicine, Houston, TX 77030.

The transition region as the preoptic area (POA) merges caudally with the anterior 
hypothalamus (AH) differs by species and contains some of the most robust sex 
differences in neural morphology that have been noted. We are studying the neurons of 
the POA/AH using Nissl stains, and the immunocytochemical location of estrogen 
receptor alpha (ERα) and galanin in several strains of adult and developing mice. The 
data show a cell group beneath the anterior commissure (AC) that becomes discernible 
at E l7, is not sexually dimorphic based on cell size, and is no longer discernible as a 
group by postnatal day 4. A second group is evident more caudally, medial to the most 
medial extension of the bed nucleus of the stria terminalis (BnST), and is not 
discernible by Nissl stain until after birth. In adults the cells of the more caudal group 
were significantly larger in males than females. By contrast, cells located immediately 
beneath the anterior commissure, and not within any condensation of cells, were 
reliably larger in females than males in adulthood - although this sex difference was 
strain-dependent. Immunoreactive ERα densely populated the rostral POA cell group 
perinatally, both during and after the period when the cells appeared grouped in Nissl- 
stained sections. This clustering of ERα-containing cells was less obvious in 
adulthood. Caudally, there was a striking absence of ERα in the cell group medial to 
the BnST. In the region immediately beneath the AC, there was an accumulation of 
galanin-containing cells and fibers which may help influence sex-dependent 
development based on our work in ferrets (Park et al., J Comp Neurol; 389;277 1997). 
It is likely that cellular differentiation within the POA and AH follows distinct 
developmental patterns that depend upon multiple factors, some of which also depend 
upon genetic background. Supported by NSF-IBN-9421697.
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220.13
ROLE OF TESTOSTERONE, ESTROGEN AND PROGESTERONE IN THE 
SEXUAL DIFFERENTIATION OF THE RAT MEDIAL PREOPTIC NUCLEUS.
C.K. Wagner*. AY . Nakavama and G J. De Vries. Center for Neuroendocrine Studies, 
Neuroscience &  Behavior Program, University o f Massachusetts, Amherst, M A 01003 

Testosterone of fetal origin, and its metabolite estradiol, act during 
development to masculinize the medial preoptic nucleus (MPN), one of the most 
sexually dimorphic structures of the adult rat CNS. However, fetuses are also exposed 
to high levels of maternal progesterone. We have recently demonstrated that 
progesterone receptor (PR) expression is high in the developing MPN of males, but is 
virtually absent in females. Here we report that prenatal exposure to testosterone or 
estrogen increases PR expression in the fetal MPN. Pregnant females were given 
testosterone propionate (TP) (2mg in O.2cc vehicle, sc) or the vehicle alone on E l7- 
E22. Fetal brains were taken on E22 and immunocytochemistry was performed using 
PR antiserum (DAKO), a rabbit polyclonal antibody directed against the DNA binding 
domain of the receptor. Levels of PR-iramunoreactivity (PR-ir) were then measured by 
image analysis as area covered by pixels (µm2). Prenatal TP treatment significantly 
increased PR-ir in the MPN of fetal females (3453.8 +/-546) compared to vehicle- 
treated females (951.4 +/-267) (p<0.05). There was a significant sex difference 
(p<0.05) in PR-ir between vehicle-treated females and males (6081.8 +/-977). 
Preliminary results suggest that the synthetic estrogen, diethylstilbestrol, given E l 9- 
E22 can also increase PR-ir in the MPN o f females (4492 +/-163). Therefore, the 
ability o f estradiol to masculinize the MPN may be based solely or in part, on its 
induction o f PR. We are currently assessing the role of progesterone and its receptor 
in the sexual differentiation of the MPN through administration of PR antagonists. A 
potential role for progesterone in brain development asks for a reevaluation of the 
concept that androgens and estrogens of fetal origin act as the sole hormonal agents 
in sexual differentiation of the brain. Supported by NIMH grants MH57237 and 
MH55562 to CKW and grants NSFI BN 9421658 and NIMH MH47538 to GJD.

220.15

SEXUAL DIFFERENTIATION OF THE ZEBRA FINCH SONG SYSTEM 
PARALLELS GENETIC, NOT GONADAL, SEX. J. Wade*. D A. Swender and
T.L. McElhinnv. Department of Psychology and Program in Neuroscience, 
Michigan State University, East Lansing, M I 48824.

The song system of zebra finches is highly sexually dimorphic. However, recent 
experiments have shown that functional testicular tissue in genetic females does not 
masculinize either morphology of the song system or singing behavior. Because 
most females in those previous studies possessed both ovarian and testicular tissue, it 
was possible that ovarian secretions inhibited masculine development. Therefore, 3 
studies were conducted as attempts to create genetic females with only testicular 
tissue. Embryonic birds were treated with the aromatase inhibitor Fadrozole on: (1) 
d l2  or 13 (20 µg); (2) d5 (50 or 100 µg) or both days 4 &  7 (2Oµg each); (3) d5 (20 
µg) with removal of the left gonad, which contains all of the ovarian tissue, on 
posthatching days 7-10. Finches in Expt. 1 were allowed to reach maturity, tested 
for singing behavior, and the volume of the song control nucleus RA and syrinx 
(vocal organ) size were assessed. In Expts. 2 and 3, birds were killed as juveniles for 
morphological analysis (RA and HVC volume, RA soma size, syrinx weight). A ll 
of the treatments induced some testicular tissue to develop in genetic females, but the 
effect was minimal in Expt. 1. In two genetic females (day 4/7 and 100 µg 
treatments) no ovarian tissue was detected. Male-biased sex differences existed on all 
measures of brain and behavior, but there was no significant effect of treatment 
compared to appropriate conưols. Song system morphology in the two genetic 
females without ovarian tissue was comparable to that of saline-treated females. In 
the juvenile birds, testicular tissue present in females did masculinize the syrinx, and 
early surgery also eliminated the effect of sex on syrinx size. These results suggest 
that, while the syrinx can be affected by both ovarian estrogens and testicular 
androgens, neither type of gonadal secretion induces sexual differentiation of the 
central song system. Supported by NIH grant MH55488.

220.17

NEUROGENESIS OF GALANIN CELLS IN THE BED NUCLEUS OF THE 
STRIA TERMINALS AND MEDIAL AMYGDALA: A MODEL FOR SEXUAL 
DIFFERENTIATION OF NEURONAL PHENOTYPE T M. Han* and G J De 
Vries. Neuroscience and Behavior Program, and Center for Neuroendocrine Studies, 
and Department o f Psychology, University o f Massachusetts, Amherst, M A 01003- 
7710.

Male rats possess two to three times the number o f neurons in the bed 
nucleus o f the stria terminalis (BST) and centromedial amygdala (CMA) that express 
the neuropeptide arginine vasopressin (AVP) than do females. This sex difference has 
been suggested to arise from the sex differences AVP co-expression by galanin 
(GAL)-expressing neurons, which themselves do not differ in number between males 
and females, suggesting that cell differentiation rather than programmed cell death 
causes the sex difference in AVP neuron number. To determine i f  indeed all GAL-ir 
cells represent the same pool o f neurons from which AVP expression may have arisen, 
we tested whether the cell birth profile o f GAL-ir neurons was similar to that o f AVP- 
ir neurons. Dams received an injection of the cell birth marker, bromodeoxyuridine 
(BrdU) on one o f seven gestational dates, ranging from embryonic day 11 (El 1) to 
E l 7. The resulting offspring was sacrificed at three months o f age, and their brains 
were stained for the presence o f GAL and BrdU immunoгeactivity. The majority o f 
GAL-immunoreactive (GAL-ir) neurons were labeled with BrdU on E l2 and E13. 
Although there were no overall differences in the proportion o f GAL-ir neurons that 
were labeled on E12 and E13, in the MA a greater percentage o f GAL-ir neurons 
were labeled on E12 than on E13, suggesting that GAL-ir neurons in the MA are 
older than those in the BST. There were no sex differences in the proportion o f 
GAL-ir neurons labeled over E12 and E13. The similarities in labeling o f the GAL-ir 
and AVP-iг neurons suggest that all GAL-ir neurons in the BST/CMA constitute a 
pool o f neurons which may be induced to express AVP during development. This 
research was supported by NIMH grant MH47538 and NSF grant ШN 9421658 to 
GJD

220.14
A Role for Progesterone Receptor in Sexual D ifferentiation o f the Rat 
Brain? Effects o f Antiprogestins
M.J. Sickel* and M.M. McCarthy Department of Physiology, University of Maryland 
School of Medicine, Baltimore, MD 21201

Sexual differentiation of the rat brain takes place during a sensitive period from 
embryonic day 18 to around postnatal day 10 (PN10). During this period exposure to 
testosterone, which is subsequently aromatized to estrogen, will masculinize a female rat 
brain and conversely, removal of the testes, the primary source of testosterone, will 
feminize a male rat brain. The exact role estrogen plays in the sexual differentiation of 
the brain is unknown. In the adult brain one of esưogen’s effects is an upregulation of 
the progesterone receptor (PR). Recent evidence suggests this may also be true in the 
neonatal brain (Wagner et al, 1997, Soc Neuro Abst, 139.16) resulting in higher PR 
levels in male preoptic area. The SDN-POA is a highly dimorphic nucleus 2-8 times 
larger in males than females (Gorski et al., 1978, Br Res\ Bloch and Gorski, 1988, J 
Comp Neur). Given the dimorphism in PR levels, we hypothesized that the PR plays a 
role in the establishment of the sex difference in SDN-POA volume.

An increased frequency of apoptotic cell death in the female SDN-POA from PN7-10 
appears to account for the difference in adult volumes (McCarthy et al., 1997, Dev 
Neurosci). Expression of bcl-2, an inhibitor of cell death, in nonneuronal tumor cell 
lines, has been correlated with PR immunoгeactivity and is upregulated with exposure to 
progesterone (Bhargava et al., 1994, Am J Path.\ Matsuo et al.,1997, J Clin Endo 
Metab). With this in mind, we have treated male and female rat pups from PN0 to PN10 
with daily injections of 500 µg of mifepristone (RU486) and collected brains on PN11. 
Body weights of mifepristone-treated male and female rats were reduced by about 35-50% 
(ANOVA,p<.OOOl) and brain weights were reduced by about 30-40% 
(ANOVA,p<.OOOl). There was also an unexplained high rate of mortality in the 
mifepristone-treated group (5 of 12). Surprisingly, mifepristone-treated male SDN-POA 
volume appears about 40% larger compared to control when normalized for brain 
weight(n=2 vs 3 respectively). This preliminary finding requires further investigation 
using different doses and more specific PR antagonists, and inclusion of female groups. 
Supported by NIH grant MH527I6 to MMM.

220.16
THREE-DIM ENSIO NAL RECO NSTRUCTIO N OF THE SEXUALLY 
DIMORPHIC ANTERO VENTR AL REGION OF THE RAT 
HYPOTHALAMUS. J.Meгedith*. C. Bennett. R.L. Rountree. W. Tonα1. C. 
W eis. B. Delclos. R Newbold2. A.C. Scallet. Division o f Neurotoxicology, 
NCTR/FDA, Jefferson, AR 72079, *R.O.W . Inc., Jefferson, AR 72079, and 
2 NIEHS, Research Triangle  Park, NC 27709.

Structural differences between adult m ale and fem ale rats in hypothalamic 
cytoarchitecture as well as the functional expression o f various mRNAs and 
their protein products have been reported. These “organizational" differences 
m ay som etim es be over-ridden by perinatal events, resulting in an adult 
hypotha lam ic structure and its associated behavioral functions that are 
incongruent with the original genetic sex o f the anim al. To help appreciate 
the 3-dimensional relationships between the sexually d im orphic nuclei o f this 
reg ion, we undertook to represent them  volum etrically. Male and fem ale 
Sprague-Dawley rats, 55 days o f age, were perfusion-fixed with about 350 ml 
o f 4% neutral phosphate-buffered form aldehyde. Following routine 
processing and embedding, a series o f 2 0  m icron sagittal paraffin sections 
were cut and m ounted one to a slide. Every o ther section was stained with 
cгesyl v io le t and digitized using an im age analysis system. The anterior 
com m issure, fornix, sexually d im orphic nucleus (SDN), paraventricular 
nucleus, and bed nucleus o f the stria term inalis (BNST) were identified on 
each section and traced using a mouse to draw around the structures. ROSS 
(Reconstruction o f Serial Sections, NASA) was used to align the structures 
and rende r them  in three-dim ensions with a solid overlay. The results 
revealed the expected volumetric sexual d imorphism s in the SDN and BNST, 
but also illustrate som e interesting geom etric relations between the two 
nucle i. SUPPO RT was p rov ided  b y  an Interagency A greem ent between  
FDA a nd  NIEHS.
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221.1
LOCALIZATION OF THE BAX AND BCL-2 PROTEINS TO THE 
MITOCHONDRIAL MEMBRANES IN VIVO BY  ELECTRON 
MICROSCOPY. R. Torp 1⅜» E. Head 2 > O.P. Ottersen1 and C. 
Cotman.  ̂ ⅛ s t .  o f Anatomy, Univ, o f Oslo, 0317 Oslo, Norway; 
⅛ s t .  o f Brain Aging and Dementia, Univ, o f California, Irvine, CA 
92717-4550.

The Bcl-2 family o f proteins is composed o f both anti- and 
proapoptotic members that function in a distal apoptotic pathway 
common to all multicellular organisms. The fact that Bax and Bcl-2  
each form channels in artificial membranes that have distinct ion 
channel characteristics has prompted us to study the morphology of  
these proteins in vivo. Incubation with the Bax and Bcl-2 antibodies 
in postembedded dog brain tissues allowed good localization o f the 
antigenic determinants. Gold particles indicating the localization o f  
these regulators, were observed in small patches, mainly on the 
mitochondrial membrane within neuronal cells, indicating that, in 
part, it localizes to contact points between inner and outer 
membranes, forming a permeability pore. Double labelling o f Bax 
and B cl-2  show ed that both proteins existed within the same 
mitochondria, forming separate pores. These observations support 
that Bax and B cl-2 can each function independently in vivo. 
However, it remains uncertain as to whether dimers o f these 
molecules are the active subunit within cells that undergo apoptosis. 
Supported by EU-Biomed. BMH 4-CT 96-0851

221.3
BCL-2 OVER-EXPRESSION IN GLIAL MULLER CELLS INDUCES EARLY 
RETINAL DEGENERATION. M. Dubois-Dauphin*1. G. Donati2. C, Poitrv- 
Yamate3. S. Poitгv4. M  Tsacopoulos2,4 'Dpts. Neuropsychiatry and ⅛linical 
Neurosciences, Geneva University Hospital, Dpts. of ⅛harmacology and of 
4Physiology, University Medical Center, Geneva, Switzerland.

In transgenic mice over-expressing the Hu-Bcl-2 proto-oncogen under the 
control of the neuron-specific enolase promoter, neurons are protected against 
experimentally induced cell death (Dubois-Dauphin et al., 1994). In new bom 
transgenic pups and up to PN 7-10, the structure of the retina is comparable 
between transgenic and wild type littermates. However, in transgenic pups, the 
transgen Hu-Bcl-2 is over-expressed uniquely in Muller cells, at the level of the 
outer part of the internal nuclear layer. Surprisingly, this over-expression is not 
observed in the juxta-papillaıy and in the peripheral regions of the retina. From 
PN7-10 onwards the transgenic retinae begin to degenerate: the photoreceptors 
layer is then scalloped. This phenomenon is absent from the juxta-papillary and 
peripheral retina where the Hu-Bcl-2 over-expression is missing. Progressively 
photoreceptors aggregate in rosettes, carrying with them Muller cells processes. 
The number of Hu-Bcl-2 immunoreactive Muller cells decrease. Photoreceptors 
die by apoptosis and the entire retina become disorganized. In adult trangenic 
mice we have observed a complete degeneration of the retina which is reduced to 
a few neuronal bodies, detected by NeuN labeling, and very few Hu-Bcl-2 
immunoreactive cells, all packed together by a proliferative retinal pigment 
epithelium. The optic nerves of transgenic and wild type mice are comparable. 
The mecanism underlying this Hu-Bcl-2-related degeneration is under 
investigation.

221.5
ANALYSIS OF BCL-2 GENE FAMILY MEMBERS IN THE MURINE ENTERIC 
NERVOUS SYSTEM. A.M. Yuπker* and K.A. Roth. Dept, of Pathology, 
Washington University School of Medicine, St. Louis, MO 63110.

The Bcl-2 family of proteins is comprised of anti- and pro-apoptotic members who 
interact through conserved regions of homology to form dimers critical in deciding 
cell fate by controlling cell survival. Although this gene family is important for many 
central and peripheral neuronal populations, their role in regulating development of 
enteric neurons is unknown. Developing gastrointestinal (GI) tracts were isolated 
from mice at embryonic (E) day 10 through postnatal (P) day 48. RNA was prepared 
from whole gut or longitudinal muscle-myenteric plexus (LMMP) strips, and bcl-x, 
bcl-2, and box expression was analyzed by semi-quantitative reverse polymerase 
chain reaction using cyclophi¡m expression to standardize levels. Low levels of bcl-x 
(E10: 0.86 ± 0.05; P48: 0.33 ± 0.15 bcl-x/cyclophin, 4 mice per time) were observed 
throughout development, whereas bcl-2 (E10: 4.4 ± 0.15; P48: 0.56 ±0.19 bcl- 
2lcyclophilirì) and bax expression (E10: 1.5 ± 0.24; P48: 0.24 ± 0.30) decreased in 
adulthood. However, both bcl-2 and bax proteins were detected in immunoblots of 
P48 lmmp homogenates. Bcl-x-, bcl-2·, and ¿>αx-deficient mice were used to verify 
reagent specificity and to examine enteric neurons. Although the quantity and 
morphology of enteric neurons in ¿>c/-2-deficient mice (n=3) and enteric neuroblasts 
in bcl-x-deſıcient mice (n=6) appeared similar to wildtype (WT) and heterozygote 
littermates, adult Bax-deficient (KO) GI tracts (n=4) contained 35% less neuron 
specific enolase (NSE)-immunoreactive myenteric neurons/ganglion (WT: 89.5 ± 5; 
KO: 58.3 ± 9 neurons/ganglion, p<0.05), and 28% fewer submucosal neurons (WT: 
5.4 ± 0.4; KO 3.9 ± 0.5). Therefore, these data suggest that in contrast to other neural 
types, bcl-2, bcl-x, and bax have minor roles in enteric neural development and 
maintenance and that tissue context may be important for bax function. Supported by 
NIH grant NS35107.

221.2
Bcl-2 EXPRESSION CONFERS NUCLEAR DNA REPAIR CAPABILITY 
FOLLOWING OXIDATIVE STRESS IN A HIPPOCAMPAL CELL LINE, HI 9- 
7. J.S.Hsu1 , K.S.C.Chao2, R.Malyapa2, U.Ezekiel* M.R.Rosner3, J.Xu1, 
S.W.Chen1, C.Y.Hsu1. Depts. of 'Neurology and 2Radiology, Washington Univ. 
Sch. of Med., St. Louis, MO 63110; 3Ben May Institute, Univ, of Chicago, 
Chicago IL.

Oxidative stress is known to cause DNA damage. Cumulative DNA damage may 
lead to neuronal degeneration. Bcl-2, which regulates cell growth and apoptosis 
may also confer a protective role in cellular response to oxidative stress. In a 
previous study, we have shown that hippocampal cell line (H I9-7) expressing Bcl- 
2 is more resistant to H20 2-induced cell death and more efficiently repairs 
mitochondria DNA damage compared to H19-7 cells without constitutive Bcl-2 
expression. To further explore the roles of Bcl-2 in nuclear DNA damage and 
repair, alkaline single cell electrophoresis (alkaline comet) assay was used to study 
the kinetics of DNA strand break and rejoin in hippocampal progenitor cells with 
(H19-7bcl2) or without (H I9-7) constitutive BcI-2 expression. Both H I9-7 and 
H19-7bcl2 cells showed DNA strands break, as measured by comet assay, in a 
dose dependent manner between 4OµM and 4mM of H20 2. No difference was seen 
in the degree of initial DNA damage between these 2 cell lines. However, HI 9- 
7bcl2 cells showed a substantial DNA strand rejoin while H19-7 cells had little 
DNA repair at 1 hour after H20 2 exposure. MTT assay confirmed a significant 
difference in cell viability, favoring H19-7bcl2 cells, at 24 hours after H20 2 
exposure. These results, together with our earlier demonstration of mitochondria 
DNA repair only in Hl9-7bcl, cells after H20 2 exposure, imply that Bcl-2 may 
contribute to both nuclear and mitochondrial DNA repair in response to oxidative 
stress. (This work was supported by Office of Naval Research, NIH grants 
NS25545, NS28995 and NS37230).

221.4

IN C R E A S IN G  E X P R E S S IO N  O F  B C L -W  m R N A  D U R IN G  R A T  
B R A IN  D E V E L O P M E N T  IN C O N T R A S T  T O  B C L-X . S. H am nėr*, 
Y. S kog lŏ sa  and  D. L in d h o lm , D ept, o f N e u rosc ien ce , 
D e ve lop m e n ta l N e u rosc ien ce , B ox 587, B M C , 751 23  U ppsa la , 
S w e de n

P ro g ram m ed  ce ll dea th  (a p op tos is ) p lays  an im p o rta n t ro le  in 
the  d eve lo p ing  n e rvou s  sys tem  e.g . to  e lim in a te  n eu ro ns  m a k in g  
in co rre c t co nn ec tio n s . P ro te in s  b e lo n g ing  to  th e  B c l-2  fa m ily  are  
im p o rta n t in re g u la tin g  a po p to s is . B c l-w  is a  n e w ly  d isco ve re d  
m e m b e r o f th is  fam ily . W e  have  c lo ne d  the  c D N A  co rre sp o n d in g  
to  the  ra t B c l-w  g en e  a nd  p e rfo rm ed  R N A  b lo ttin g  a nd  in  s itu  
h yb r id iza tio n  to  s tu d y  the  e xp re ss io n  o f B c l-w  m R N A  a t va rio us  
s tag e s  o f e m b ry o n ic  and  p o s tn a ta l b ra in  d e ve lo p m e n t. W e  have  
a lso  co m p are d  the se  e xp re ss io n  p a tte rns  w ith  th o s e  o f B c l-x  
m R N A . W e  fou n d , tha t w h ile  the  le ve ls  o f B c l-x  m R N A  
e xp ress io n  d ec line d  du ring  the  d eve lo pm en t, th e  e x p re s s io n  o f 
B c l-w  m R N A  in cre ase d  d u ring  p os tn a ta l d e ve lo p m e n t. In the  
e m b ry o n ic  a n im a ls  the  e xp re ss io n  o f B c l-w  m R N A  w a s  h igh e s t in 
the  h ipp o cam pu s  and  in the  tr ig e m in a l g an g lia . W e  fo u n d  no 
e xp ress io n  o f B c l-w  m R N A  o u ts id e  the  b ra in  in the  re g ion s  
e xam ine d . D u ring  pos tn a ta l d eve lo pm en t, the  e xp re ss io n  o f B cl- 
w  m R N A  in c re ase d  d ra m a tic a lly  a nd  re a che d  its p e a k  le ve ls  in 
a d u lt b ra in . T he  e xp ress io n  w a s  p a rtic u la rly  h igh  in the  C A З  a nd  
C A 4  re g ion s  o f the  h ipp o cam pu s , in the  ce re b e llu m , in the  
p irifo rm  co rtex  and  in the  lo cus  coe ru le u s .

T h is  w o rk  w a s  su pp o rted  by the  S w e d ish  C a n c e r F o un d a tio n

221.6
ALTERED EXPRESSION OF BCL-2 FAMILY PROTEINS IN THE HIPPOCAMPUS AND THE 
STRIATUM AFTER GLOBAL ISCHEMIA: MOLECULAR MECHANISM OF THE
NEUROPROTECTANT CLENBUTEROL Y. Zhu. J.H.M. Prehn. C. Culmsee and J. Krieglstein* 
Inst. Pharmacol. & Toxicol., Philipps University, D-35032 Marburg, Germany 
It is well known that proteins encoded by the bcl-2 gene family play a major role in the 
regulation o f  apoptosis. We have previously demonstrated that neuronal apoptosis can be 
induced in the hippocampus and the striatum after global ischemia, and clenbuterol, a ß2- 
adrenocepter agonist, showed considerable activity against neuronal apoptosis. In this study, 
we attempted to find out whether the members o f  Bcl-2 family genes are inducible after 
ischemia and whether expression o f these genes could be altered by clenbuterol. Global 
ischemia was performed in male Wistar rats by clamping both common carotid arteries and 
reducing the blood pressure to 40 mmHg for 10 min. Clenbuterol (0.5 mg/kg, i.p.) was injected 
Зh before ischemia or in non-ischemic rats. Hippocampus and striatum were taken from non
ischemic rats Зh, 6h and 24h after injection o f clenbuterol as well as from drug-treated and 
untreated rats 6h and 24h after ischemia. Eighty µg/lane total protein was loaded on a 15% 
SDS-polyacrylamide gel for Western blotting. Bcl-2, Bax and Bcl-xl proteins were detectable 
in the non-ischemic hippocampus and the striatum and clenbuterol upregulated expression of 
Bcl-2 at Зh, 6h and 24h after administration. Increased Bcl-xl signals were found in the non
ischemic striatum 3, 6 and 24h after clenbuterol treatment, but no change o f Bcl-xl expression 
was seen in the non-ischemic hippocampus. Bax expression was not altered by clenbuterol in 
both non-ischemic hippocampus and striatum. Bcl-2 was upregulated in both detected regions 
at 24h after ischemia, while the increase in Bax and Bcl-xl expression appeared already at 6h 
and also 24h after ischemia. Clenbuterol further increased the expression o f Bcl-2 at 6h and 
24h after ischemia. In contrast, Bax protein level was downregulated by clenbuterol at 6h and 
24h after ischemia. Clenbuterol also increased bcl-xl level in ischemic striatum, but the effect 
o f  clenbuterol on Bcl-xl in the ischemic hippocampus varied among different tested animals. 
The results suggest that global ischemia induces proto-oncogenes which are associated with 
apoptosis. Clenbuterol not only increased Bcl-2 expression in the non-ischemic hippocampus 
and the striatum, but also upregulated Bcl-2 and downregulated Bax expression in the ischemic 
hippocampus and the striatum. The increase in the ratio o f Bcl-2 and Bax may contribute to the 
anti-apoptotic effect o f clenbuterol. The present study indicates that pharmacological 
modulation o f proto-oncogene expression could become a new strategy to interfere with 
neuronal apoptosis.

Society for Neuroscience, Volume 24,1998



552 NEURONAL DEATH ∏ MONDAY AM

221.7
Inhibition o f Akt/PKB Kinase by Cell-permeable Ceramide and its Implication 
for Ceramide-induced Apoptosis in HMN1 Motor Neuron Cells 
Honglin Zhou1. Scott A. Summers^. Morris J. Birnbaum^. and Randall N. 
Pittman ** ⅛ept. of Pharmacology, ⅜oward Hughes Medical Institute and 
Dept, of Medicine, Univ, of Pennsylvania School o f Medicine, Philadelphia, 
PA 19104
Ceramide is an important lipid messenger involved in mediating a variety of 
cell functions including apoptosis. However, mechanisms responsible for 
ceramide-induced apoptosis remain unclear. We investigated the possibility 
that ceramide may decrease anti-apoptotic signaling in cells by inhibiting Akt 
kinase activity. Our data show that C2-ceramide induces apoptosis in HMN1 
motor neuron cells and decreases both basal and insulin or serum-stimulated 
Akt/PKB kinase activity 65-70%. These results are consistent with decreased 
Akt kinase activity being involved in the apoptotic effects of ceramide. This 
possibility is further supported by studies showing that constitutively active 
Akt kinase decreases C2-ceramide-induced death of H M N 1 cells which can be 
comparable to that confeưed by Bcl-2. However, expression of constitutively 
active Akt does not induce Bel- 2 expression nor does it affects the expression 
o fB d-X L , Bax or Bad, suggesting that Akt kinase provides a survival signal 
through a mechanism the. is independent of modulating Bcl-2, Bc1-Xl, Bax or 
Bad expression in HMN1 cells. Furthermore, we found that decreased Akt 
activity is not due to ceramide activating the ceramide activated phosphatase, 
CA1 ?, or to a direct inhibition of Akt kinase by ceramide suggesting that 
⅝,v：αm；de acts upstream of Akt kinase to decrease its activity. Treating cells 
with C2-ċeramide does not affect phosphorylation of IRS-1, interactions 
between IRS-1 and p85, or insulin-stimulated PI 3-kinase activity suggesting 
the effects υt C2-ceramide on Akt kinase are not mediated through modulating 
PI 3-kinase. In sum, our results suggest that inhibition o f the key anti- 
apoptotic kinase, Akt, may play an important role in ceramide-induced 
apoptosis This work was supported by N IH  grant NS32465

221.9
C ERA M ID E IND U C ES A PO P T O SIS TO IM M A TUR E  
CEREBELLAR GRANULE CELLS IN CULTURE.
T. Taniwaki*. T. Yamada. H. Asahara. Y. O hvagi. and J. Kira. 
Department o f Neurology, Neurological Institute, Faculty o f Medicine, 
Kyushu University 60; Fukuoka 812-8582, Japan.

In recent studies using tumor cell lines, ceramide was revealed to act 
as a second messenger in the sphingomyelin pathway and thus plays 
an important regulatory role in programmed cell death (apoptosis) 
induced by tumor-necrosis factor (TN F)-α and interleukin (IL )-lß , 
although its effect remains controversial regarding primary neuronal 
culture. W e investigated the effect o f  a cell-perm eable ceramide 
analogue (C2-ceramide) on cultures o f cerebellar granule cells, which  
is thought to have active shingomyelin pathway during development. 
The presence o f  C2-ceramide decreased the number o f  cerebellar 
granule cells in a concentration-dependent manner with an EC50 of 60 
µM when added at 1 day in vitro (DIV 1), however no effect was seen 
after DIV 2. D N A  staining with H oechst 33258 show ed the 
morphology o f  apoptotic nuclei in the degenerating neurons. Inter- 
nucleosomal DNA  degradation could also be observed by gel electro
phoresis. Protein and RNA synthesis inhibitors prevented the death of 
neurons. C2-dihydroceramide, which lacks the 4-5 trans double bond, 
failed to induce neuronal death. These results thus demonstrated that 
C2-ceramide induces apoptosis to the immature cerebellar granule cells 
in vitro through the activation o f the sphingomyelin pathway.

221.11
ROLE OF A CALCIUM SIGNAL IN CERAMIDE-DEPENDENT 
APOPTOSIS. N. Gueyfſier, N. Lambeng, P.P. Michel, T.T. 
Nguyen, Y. Ag ĩ̄ď7 and M. Ruberg*. ĬNSERM U .289, Hôpital de la 
Salpêtrière, 75013 Paris, France.

In previous studies o f  neuronal cell death, we have shown that 
elevating ceramide levels with the cell-permeant ceramide analogue 
N-acetylsphingosine (C2-ceramide) in PC 12 cells differentiated with 
NGF or primary cultures o f  mesencephalon initiates a signaling 
cascade that leads to apoptosis. Trophic factor (serum and NGF) 
withdrawal in NGF-differentiated PC 12 cells, through an increase in 
ceramide levels, has the same effect. In the signaling cascade, 
elevation o f  ceramide levels stimulates the production o f  superoxide 
at the level o f  com plex I o f  the respiratory chain. The superoxide is 
dismutated into hydrogen peroxide which diffuses into the cytoplasm  
where it activates downstream elements o f  the apoptotic signal 
transduction pathway. We wished to determine whether ceramide 
acts directly to increase the activity o f  com plex I, or whether 
unidentified intermediaries are involved. Calcium, a known 
proapoptotic agent, that can be taken up by the mitochondria, was 
investigated as a possible signal transducer in the apoptotic cascade. 
M odifications o f  free calcium concentrations in the cytoplasm and 
mitochondria were examined in association with free radical 
production, in ceramide-dependent and independent models o f  
neuronal apoptosis, and the calcium stores putatively associated with 
the modifications were analysed.
Supported by ĬNSERM

221.8
POTASSIUM CHANNEL BLOCKERS ATTENUATE CERAMIDE-INDUCED 
APOPTOSIS AND CASPASE-3 LIKE PROTEASE ACTIVITY IN CULTURED 
CORTICAL NEURONS. S.P. Yu*, C-H. Yeh, F. Gottron, and D.W. Choi. Center 
for the Study o f Nervous System Injury and Dept, o f Neurology, Washington Univ. 
School o f Medicine, St. Louis, MO 63110.

Ceramide has been widely implicated as a second messenger in apoptosis. We set 
out to determine whether the central neuronal apoptosis induced by the exogenous 
application o f ceramide or its formative enzyme, sphingomylinase (Yeh &  Choi, 
Soc. Neurosci. Abstr. 22:563, 1996), was at least in part mediated by enhanced K+ 
efflux via voltage-gated K+ channels, an event that we have previously 
demonstrated to be a mediator o f serum deprivation- or staurosporine-induced 
neuronal apoptosis. Murine cortical neuronal and glial cultures exposed for 6-10 hr 
to the membrane-permeable analogue C2-ceramίde (25 µM) or to sphingomylinase 
(0.2u/ml), but not to the inactive ceramide analogue C2-dihydroceramide (25 µM), 
developed a persistent up-modulation o f the neuronal delayed rectifier K+ current 
(ƒĸ), and a several-fold increase in caspase-3/-7 like protease activity in culture 
extracts, followed by widespread neuronal apoptosis 24-48 hr later. Neither 
ceramide analogue affected the transient A-type K+ current (/A). The C2-ceramide- 
induced increase in caspase -3/-7 like activity, as well as neuronal apoptosis, were 
attenuated by two drugs confirmed electrophysiologically to block / ĸ in our 
cultured cortical neurons, tetraethylammonium (TEA, 5 mM) or clofil¡um (100 
nM). The neuroprotective effect o f TEA was not eliminated by blocking voltage
gated Ca2+ channels with gadolinium or nifedipine. These data extend our previous 
studies o f Kч efflux in central neuronal apoptosis, and suggest specifically that 
pharmacological blockers o f neuronal / ĸ may have value as neuroprotective agents 
under conditions where neuronal apoptosis is inappropriately triggered via the 
ceramide pathway. Supported in part by NIH grant NS30337 (DWC).

221.10
IS ZETA PROTEIN KINASE C A CERAMIDE ACTIVATED 
KINASE? Marie W. \ΛЪoten*. YongMing Wang. Michel Vandenplas. 
and Lamar Seibenhener Dept, of Zoology, Auburn University, AL 
36849

Zeta PKC has been implicated as playing a role in the regulation 
of proliferation, differentiation and apoptosis. These events are 
subject to regulation by activation of the sphingomyelin pathway 
leading to production of ceramide. Several conflicting reports exist 
documenting possible activation of zeta PKC by ceramide. This study 
was undertaken to; 1) determine whether atypical PKC was 
modulated by ceramide and 2) to examine the effects of ceramide 
and atypical PKC upon cell survival. Treatment of brain purified zeta 
PKC resulted in dose-dependant enzyme autophosphorylation and 
enhanced enzyme activity. Moreover, increasing doses of ceramide 
lead to rapid activation of zeta PKC in situ as determined by 
immunecomplex kinase assay with isoform specific antibody.
Likewise, ceramide stimulated translocation of zeta PKC. Ceramide 
treatment of PC12 cells resulted in time and dose-dependent cell 
death, whereas overexpression of atypical PKC attenuated ceramide 
induced cell death. Studies are currently ongoing to address the 
regulation of NFҝß by ceramide in both parental and zeta PKC 
overexpressors. Wэ conclude that zeta PKC is a ceramide activated 
kinase. Supported by NINDS 33661 to MVWV.

2 2 1 .1 2
P IV O T A L RO LE OF M IT O C H O N D R IA L  C A LC IU M  UPTAKE IN 
NEURAL C E LL APOPTOSIS AND NECROSIS.
I. 1, Kruman* and M. P. Mattson. Sanders-Brown Research Cenicron Aging, Univ, of 
Kentucky, Lexington, KY 40536.

Mitochondrial alterations including the accumulation of reactive oxygen species 
(ROS) and membrane depolarization (MD), have recently been linked to apoptosis. We 
now report on studies in which we have examined the temporal ordering of changes in 
cytoplasmic ([Ca^+]C) and inưamiiochondrial (ĮCa^+JM) calcium levels in relation to 
mitochondrial ROS accumulation and membrane depolarization in cultured PC 12 cells 
exposed to cither an apoptotic (staurosporine) or a necrotic (4-hydroxynoncnal; HNEj. 
insults. Cells undergoing apoptosis exhibited an early increase of [Ca^^*ΊC followed by 
delayed increase of [Ca^+JM. Cells undergoing necrosis exhibited a rapid elevation of 
[Ca^+ ]C and subsequent increase of [Ca^+]M. Ovcrcxpression of Bcl-2 blocked the 
elevation of (Ca2+]M and the MD in cells exposed to staurosporine, but not to HNE 
indicating that Bcl-2 can play an important role in |Ca^+ ]M handling. The chelation ol 
|Ca2+lC with BAPTA-AM, and the treatment of cells with ruthenium red (an agent 
that blocks mitochondrial calcium uptake), prevented both apoptosis and necrosis. 
Staurosporine and HNE each induced accumulation of mitochondrial ROS wich 
preceded the increase of [Ca^+IM. Uric acid and cyclosporin A each protected cells 
against MD and cell death induced by staurosporine and HNE suggesting critical roles 
for mitochondrial ROS in both apoptosis and necrosis. Staurosporine induced a 
relatively rapid and sustained increase in caspasc-3 activity, whereas no increase in 
caspase activity occurred in cells undergoing necrosis. The caspase inhibitor zVAD-lmk 
prevented the MD, mitochondrial ROS accumulation and apoptosis induced by 
staurosporine but not necrosis induced by HNE. However, zVAD-ſmk did not prevent 
an increase of ĮCa2+]M induced by staurosporine. Collectively, these findings suggest 
that mitochondrial calcium overload as well as ROS production arc critical in both 
apoptosis and necrosis, creating an additive effect on mitochondrial function. 
Supported by grants to M.P.M. from the NIH and by an N.I.A. training felloship to
I . K .
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221.13

GROSS MITOCHONDRIAL DEPOLARIZATION NOT REQUIRED FOR 
STAUROSPORINE-INDUCED NEURONAL APOPTOSIS A  J. Kгohn1* and
J.H M· Pгehn1’2. 'Center for Interdisciplinary Clinical Res., Westphalian Wilhelms- 
Univ., 48149 Münster; ⅛>ept. Pharmacol. Toxicol., Philipps-Univ., 35032 Marburg, 
Germany.

Apoptosis is thought to play a role in neurodegenerative disorders such as 
Alzheimer’s disease. Mitochondrial dysfunction, in particular, may be a key effector 
o f apoptosis. We examined the effect of staurosporine (STS, ЗOOnM), an inducer of 
apoptosis, on the mitochondrial membrane potential (ΔΨm) of cultured rat hippo
campal neurons using the probe tetгamethylrhodamine ethyl ester (TMRE) and 
digital video microscopy. Basal TMRE fluorescence remained unchanged up to 12 h 
after STS exposure, and by 16 h, actually increased significantly. Throughout this 
time period, the mitochondria could also be depolarized with the uncoupler FCCP 
(0.1 µM), exhibiting the same magnitude o f fluorescence release (unquenching), 
proportional to the respective basal values, as controls. Mitochondrial mass, as 
measured with the potential-insensitive dye Mitotracker Green FM, remained 
unchanged.

In contrast, caspase-3-like activity had increased roughly seven-fold by 2 h. and 
over 20-fold by 8 h. The majority o f neurons also showed signs o f nuclear apoptosis 
by this time, judged by staining with Hoechst 33258. Expression of the anti- 
apoptotic protein Bcl-xl, on the other hand, decreased by 6 h of STS treatment. 
Interestingly, ưeatment with Ac-DEVD-aldehyde (ЮµM), an inhibitor o f caspase-3- 
related proteases, had no effect on neuronal vitality after STS treatment. Treatment 
with cyclosporine A (lOOnM, ЮµM), an inhibitor of the mitochondrial permeability 
transition, also showed no effect. These data suggest that gross mitochondrial 
depolarization is not a decisive event in STS-induced neuronal apoptosis.

Supported by Alzheimer Foгschung Initiative e. V.

221.15

EVIDENCE THAT BRAIN MITOCHONDRIA DO NOT READILY UNDERGO 
PERMEABILITY TRANSITION. S B. Berman* S.W, Watkins, and T.G. Hastings. 
Departments of Neuroscience. Cell Biology and Physiology, and Neurology. University 
of Pittsburgh. Pittsburgh. PA 15260

Opening of the mitochondrial permeability transition pore lias increasingly been 
implicated in excitotoxic. ischemic, and apoptotic cell death as well as in several 
neurodegene rathe disease processes. However, most studies relating the transition pore 
to neuronal death have either utilized liver mitochondria or based findings on 
assumptions about properties that were developed in liver. It lias largely been assumed 
that properties in brain mitochondria are similar to liver mitochondria, but this critical 
assumption lias never been tested. Therefore, in this study, we directly compared 
isolated brain mitochondria with liver mitochondria. As expected, exposure of liver 
mitochondria to CaCl； (70 µM) followed by inorganic phosphate (3 ınM). 
phemlarsenoxide (10 µM). or tert-butv lhydгoperoxide (1 niM). led to a large, 
cyclosporin A-inhibitable decrease in spectrophotometric absorbance (-0.82 ± 0.07: 
mean ± SEM). indicative of mitochondrial swelling. Additionally, exposure of liver 
mitochondria to CaCL and phosphate led to the loss of mitochondrial glutathione (-82%) 
and morphologic ev idence of matrix swelling and disruption. In contrast, we found that 
identically isolated and treated brain mitochondria showed very little absorbance change 
(10-14% of liver) and no loss of glutathione. The absence of a response in brain was not 
simply due to structural limitations, since large-amplitude swelling and release of 
glutathione occurred w hen membrane pores unrelated to the transition pore were formed 
by high concentrations of mastoparan. In addition, electron microscopy revealed that the 
majority of brain mitochondria appeared morphologically unchanged following 
treatment to induce permeability transition. These findings show that isolated brain 
mitochondria are more resistant to induction o f permeability transition than 
mitochondria from liver and suggest that assumptions about pore function in brain that 
are based on observations in other tissues may not be valid (Supported in part bv 
USPHS grants NS 19068 and DA09601).

221.17

M A T R IX  M E T A L L O P R O T E IN A S E S  A N D  T I S S U E  
IN H IB IT O R  O F M E T A L L O P R O T E IN A S E S -1 A R E  
U P R E G U L A T E D  IN  A R E A S O F L E S IO N  A F T E R  G L O B A L  
C E R E B R A L  ISC H E M IA  IN  R A T S. S. Rivera*, S. Timsit, A, 
Szklarczyk\ K. Miller2, C. Ogier, L. Kaczmarek1, Y. Ben-Ari and M. 
Khrestchatisky. INSERM ư -29 , 123 Bid. Port Royal 75014. 'Nencki 
Institute 02-093 Warsaw, Pasteura 3, Poland. ⅞ritish Biotech 
Pharmaceuticals. Watlington Road Oxford OX4 5LY UK.
Increasing experimental evidence suggests that the balance between the 
matrix metalloproteinases (MMPs) and their endogenous inhibitors, the 
TIMPs, may be important in the physiopathology o f  neurodegenerative 
and excitotoxic related diseases. By controlling the metabolism o f  the 
extracellular matrix, the MMP/TIMP system might contribute to neuronal 
death and/or tissue remodeling after brain insult. We have studied by in 
situ  hybridization, immunohistochemistry, and gel zymography, the 
kinetics o f  expression and the cellular localization o f some members o f the 
TIMP/MMP families after global ischemia. We found that TIMP-1 mRNA  
is highly induced in hippocampal neurons shortly after ischemia. A  few  
days later the increase in expression was localized to the astocytes o f the 
CA1 vulnerable area, as revealed by double fluorescent immunolabeling, 
and to the resistant granule cells o f the dentate gyrus. MMP-9 
immunoreactivity was increased in the astrocytes o f the CA1 area around 3 
days post-ischemia, whereas its proteolytic activity was already increased 
in the hippocampus 24 hours after reperfusion. MMP-2 activity increased 
beyond the third day post-ischemia in the hippocampus. These data 
suggest that after ischemia the MMP/TIMP system could contribute to the 
processes o f  neuronal death and tissue remodeling. Supported by grants 
from INSERM and from the Fyssen Foundation.

221.14

CA2+-INDUCED RELEASE OF CYTOCHROME C FROM BRAIN 
MITOCHONDRIA IN THE ABSENCE OF A PERMEABILITY 
TRANSITION.
A. Andreyev, B. Fahv and G. F¡skunT Dept, o f Anesthesiology,
University o f Maryland School o f Medicine, Baltimore, M D  21201 
A t excitotoxic levels o f intracellular Ca2*, mitochondrial Ca2" uptake can 

lead to release o f the apoptotic factor cytochrome c (Cyt C) into the cytosol. 
In a physiologically relevant KCl-based medium maintained at 37° and 
containing ATP and M g2+, accumulation o f 300 nmol Ca27mg prot. by 
isolated rat brain mitochondria triggers, w ith in seconds, a maximal release 
o f Cyt C into the medium (≈4O% total), as assayed by Western blots. This 
process is not associated w ith high-amplitude swelling as measured by light 
scattering and by electron microscopy. Follow ing completion o f Ca2" 
uptake, the membrane potential is restored. Under these conditions an 
inhibitor o f the permeability transition (PT), cyclosporin A  (CsA) does not 
affect Ca2" fluxes, membrane potential changes or Cyt C release. In the 
absence o f ATP and M g2+, brain mitochondria do undergo low amplitude 
swelling in response to added Ca2+ but do not release Cyt C. In contrast, in 
the presence or absence o f ATP and M g2", rat liver mitochondria undergo 
classical PT resulting in high amplitude swelling, depolarization and 
complete loss o f Cyt C. CsA completely prevents swelling and 
depolarization but only partially prevents release o f Cyt C. These results 
indicate that Ca2" induces mitochondrial Cyt C release by both PT- 
independent and PT-dependent mechanisms and that the activity o f these 
pathways is tissue specific. We propose that the PT-independent pathway o f 
Cyt C release is more consistent w ith the pattern o f energy metabolism 
typical o f delayed apoptotic cell death. (Supported by NS34152)

221.16

4,4'-DIISOTШ OCYANO-2,2’-STILBENEDISULFONATE (DIDS), A 
N O V EL NEUROPROTECTIVE D R U G , PRESERVED THE  
MEMBRANE POTENTIAL OF MITOCHONDRIA, BUT DID NOT  
INHIBIT THE RELEASE OF CYTOCHROME C FROM THEM. Ţ. 
H im i\  Y. Ishizaki2 and S. Murota1. *Dept. Physiol. Chem., Grad. Sch., 
Tokyo Med. Dent. Univ., Tokyo 113-8549; 2Dept. H ygiene., Kobe Univ. 
Sch. Med., Kobe 650-0017; JAPAN

In the previous study, w e show ed  DIDS blocked neuronal death  
induced by various death-inducing stim uli. Recent studies suggest 
that mitochichondria p lay  an im portant role in  the regulation  of 
apoptosis. Here w e investigated the effects of DIDS on  mitochondrial 
membrane potential and release of cytochrome C from mitochondria.

Cerebellar granule neurons w ere m aintained in elevated  K ⅛  ^  
concentration, and cell death w as induced either by their transfer to 
the p hysio logical K*5 mM concentration , or by the ad d ition  of 
staurosporine. In both cases, cell death w as prevented by DIDS. The 
cells undergoing apoptosis exhibited reduced mitochondrial potential 
as detected by Rhodamine 1-2-3 and accumulation of cytochrome C in  
the cytosol as detected by Western blot analysis. A lthough  DIDS 
saved these neurons and preserved mitochondrial membrane potential, 
DIDS did not inhibit the release of cytochrome C in  the cytosol. These 
data suggest that the release of cytochrome C from mitochodria per se 
is not enough for the activation of cell death machinery.

Work supported by Research Grant for Young Scientists from the 
Ministry of Education, Science and Culture of Japan.

221.18
THE RETINA OF THE BCL2 TRANSGENIC MOUSE E. Strettoi*. M. 
Volpini and L. Maffei. Istituto di Neurofisiologia del CNR and Scuola 
Normale Superiore, Pisa, Italy.

Transgenic mice overexpressing the anti-apoptotic protein Bcl2 in neurons 
(Martinou et al., Neuron 1994) posses higher than normal numbers o f cells 
throughout the CNS, including the retina, where the transgenic protein is 
detectable by immmunostainiπg in most cells (including Muller glia), with the 
exception of photoreceptors. Ganglion cells more than double the number 
normally present in retinas o f C57 wild-type mice. However, visual acuity in bcl2 
mice is comparable to that o f wt, at both retinal and cortical level (Pizzorusso et 
al., Soc. Neurosci. Abstr, 1997). We have started a systematic study o f the 
retinal organization in the bcl2 transgenic mouse, to investigate whether 
structural rearrangements could account for such a surprising lack o f functional 
differences. Rod bipolars and cholinergic cells were stained by 
immunocytochemistry using PKC and CҺAT antibodies in whole mounts retinas 
o f bcl2 and wt mice, and examined and counted at the confocal microscope. 
Cells in the ganglion cell layer, stained by fluorescent nuclear dyes, were also 
counted, as internal reference populations. We find that rod bipolar cells are 
present at higher density and follow a more irregular distribution across the retina 
o f bcl2 compared to wt mice. CҺAT positive cells (closely resembling starburst 
amacrines) are also distributed more irregularly in the bcl2 retina, although their 
absolute density is not dramatically increased; remarkably, the ratio o f CҺAT 
cells positioned in the INL versus cells positioned in the GCL is close to 1, as in 
the retina o f the wild type. Thus, the overexpression o f the bcl2 gene affects 
differentially the numbers o f various cell types, possibly unmasking different 
amounts o f natural cell death during development.(Supported by EC BIO4- 
CT96-0774 and Telethon Project #934)
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221.19

IDENTIFICATION OF CRITICAL TIME PERIODS FOR APOPTOTIC 
RETINAL GANGLION CELL DEATH AFTER AXOTOMY. B .H . 
Hallas*. G. Escabedo. J. Chabĩa. S. T iem ev. W .D. Maxwell. M.R. 
Wells. Dept, o f  Neuroscience and Anatomy, N. Y. Coll, o f  Osteopathic 
Med. o f the N. Y. Inst, o f  Technology, Old Westbury, N .Y. 11568- 
8000.

The purpose o f  the study was to identify critical time periods in the 
apoptotic cell death o f  retinal ganglion cells after optic nerve crush. 
Prior investigations o f  morphological changes in retinal ganglion cells 
after optic nerve crush suggested that a major portion o f  cellular 
degeneration occurred within one week after injury7. To determine if  
there are critical periods of apoptosis within this time frame, unilateral 
intraorbital optic nerve lesions were made on adult male rats. 
Subsequently, intrinsic cellular changes were observed postsurgically at 
days 1, 5, and 7 via DNA-nick labeling techniques on frozen sections o f  
retina. Over the times examined, there was a sharp increase in the 
number o f  nuclei in the retinal ganglion cell layer undergoing apoptosis 
detected by DNA-nick labeling at five days after nerve injury, with fewer 
numbers at days one and seven. There is a delay in the onset o f  apoptosis 
after optic nerve crush. This delay coincides with dynamic 
morphological changes which appear to precede apoptotic cell death. 
The characterization o f  these changes may aid in the formulation o f  
protocols aimed at protracting neuronal demise after optic nerve injury. 
Supported the New York College o f  Osteopathic Medicine.

REGENERATION: N EUR O TR O PH IN S, C YTO K INES A ND O TH ER  FACTORS

222.2222.1
BDNF INCREASES NEUROFILAMENT M (NFM) rnRNA EXPRESSION IN 
AXOTOMIZED ADULT RAT CORTICOSPINAL NEURONS (CSN) IN VIVO.
E.N.L. Hammond*1. P. Mestres‘, W. TetzlafЃ and K.M. Giehl1.
'Anatomisches Institut, Universität des Saarlandes, D-6642l Homburg, Germany; 
department of Zoology, University o f British Columbia, Vancouver, Canada.

PNS neurons regenerate successful)' after axotomy while those confined within 
the CNS typically fail to regrow their injured axons. Regenerating PNS neurons show 
a characteristic pattern of regeneration associated gene (RAG) expression, i.e. the 
levels o f GAP-43, T α l-tubulin, and actin are elevated while those of neurofilaments 
are decreased. RAG expression in CNS neurons is only seen after axonal injury close 
to their cell bodies which is, however, typically followed by neuronal death or atrophy 
and RAG expression is not maintained. We have previously reported that axotomized 
CSN can be rescued by BDNF and NT-3 (Giehl and Tetzlaff, 1996, EJN 8: 1167- 
1175) and that these neurotrophins stimulated the expression of T α l-tubulin mRNA 
while GAP-43 mRNA was stimulated only by BDNF, even after injuries that were 
otherwise too distant to induce RAG expression (Giehl et al., Soc. Neurosci. Abstr. 
21: 421.4). We have now examined the effect o f neurotrophins on neurofilament gene 
expression in CSN. NGF, BDNF, or NT-3 were applied for 7 days to Fast Blue 
labelled CSN immediately after internal capsule axotomy and NFM mRNA levels in 
CSN were assessed with quantitative in situ hybridization. By day 7 after lesion, 
NFM mRNA was reduced to 30+5 % (n=5) of the expression o f unlesioned CSN of 
the contralateral cortex. Both BDNF (85+7 %, rv=8) and NT-3 (80+12 %, n-r6) 
prevented this reduction. In contrast, vehicle (49+11 %, n=4) and NGF (41+17 %, 
n=4) failed to maintain NFM expression. In conclusion, our data show that BDNF 
and NT-3 prevented the decline in NFM expression typically seen after axonal injury. 
Thus, none o f the neurotrophins examined was able to mimic in CSN the pattern of 
RAG expression typically seen in PNS neurons.

The neurotrophins were kindly supplied by Amgen and Regeneron. Supported 
by grants from the Canadian MRC to W.T. and the ZFK of the Univ, o f Saarland to
K.M.G..

A X O N A L  R E G EN ER ATIO N  A FTE R  A C U TE  A N D  CHRONIC S P IN A L  
CO RD TRA N S E C TIO N  IN A D U L T  RATS. JV  C oum ans. M M cA tee . HN Dai, 
and BS B reqm a∩*. G eorgetown University Medical School, W ashington DC.

W e have previously dem onstrated tha t transected rat raphe-spinal axons 
regrow into and through a feta l spinal cord transp lant (TP) placed acutely into 
the site o f a spinal cord lesion; exogenous adm inistration o f NT-3 and BDNF 
enhances this regrowth. W e sought to  determ ine w hether a d ifference exists 
in the ability o f sero tonerg ic axons to bridge the  gap created by a com plete 
spinal cord transection follow ing im m ediate o r delayed transp lanta tion and 
neurotrophin adm inistration. Adult S prague-D aw ley rats received a complete 
m idthoracic sp ina l cord transection. E m bryonic day 14 sp ina l cord segm ents 
were transp lanted into the lesion gap, e ither im m ediately (acute injury) or 
a fte r a two w eek delay (chronic injury). A t the tim e o f transplantation, a sub
cutaneous osm otic m ini-pum p (A lzet) w as placed so as to  de liver NT-3 o r 
BDNF continuously fo r a 2 weeks d irectly over the transp lant. The  anim als 
were sacrificed 2  to  8  weeks later, and the ir spinal cords analyzed by 
¡m m unocytochem istry fo r the presence o f serotonerg ic (5HT) axons caudal 
to  the transp lant. A dditiona l anim als underwent neuroanatom ical tracing. In 
contro l anim als w ithou t a transp lant serotonerg ic im m unoгeactivity w as lost 
caudal to  the transection a fte r 3 weeks. In both acute  and chronic injury 
anim als w ith a viable transplant, 5HT fibers were  found caudal to  the 
transp lant. The chronic injury animals, however, had qua lita tively a g reater 
num ber o f fibers, and the 5HT fibers d isplayed a greate r degree o f 
arborization than in the acute  animals. In both groups, anterograde labeling 
w ith  F luoroR uby and retrograde labeling w ith FluoroG old dem onstrated 
axonal continuity through the  transp lant. Delaying transp lanta tion and 
exogenous neurotrophin adm inistration fo r 2  w eeks follow ing com plete spinal 
cord transection enhances the regrow th o f raphe-spinal axons.
Supported by T32HD07459-01 and NS 27054 to BSB.

222.3

CHANGES IN BDNF AND TRKB MRNA LEVELS IN THE CHINCHILLA 
INNER EAR AFTER GENTAMICIN TREATMENT. P.Beizai. J.Kim, 
P.Popper*, L Lopez. P.E. Micevvch. VTIonrubia. Depts. Surgery and 
Neurobiology, UCLA School o f Medicine, Los Angeles, CA 90024-1763.

We investigated the expression of BDNF and trkB kinase mRNA and protein in 
the vestibular ganglia and sensory epithelia of chinchillas following gentamicin 
ototoxicity. In previous experiments (Lopez, I. et al., Int.J.Devl.Neurosciences, 
1997) it was shown that intraotic application of gentamicin caused selective 
damage o f 95% of the hair cells while leaving the most o f the supporting cells 
intact. In situ hybridization with radiolabeled complementary RNA probes and 
immunohistochemistry were performed at 1, 2, and 4 weeks after treatment. Data 
were analyzed using NIH Image and brightfield and darkfield microscopy.

BDNF mRNA expression is upregulated to two times the normal level in the 
vestibular ganglia and 1.5 times the normal value in the crista ampullaris one 
week post treatment. TrkB mRNA expression does not change at any of the time 
points following gentamicin treatment in the vestibular ganglia but is upregulated 
in the crista ampullaris by as much as 3 times the normal one week post 
treatment.

BDNF and TrkB mRNA upregulation in the crista ampullaris occurs in the 
supporting cells since most hair cells have degenerated after gentamicin treatment; 
thus, supporting cells may have an autocrine or paracrine effect to stimulate hair 
cell regeneration. BDNF upregulation in the vestibular ganglion may be 
involved in the regrowth o f the afferent terminal through a paracrine mechanism.

222.4
FGF A N D  NEUROTROPHIN EFFECTS ON S U R V IV A L A N D  NEURITE 
OUTGROW TH FROM D il-ID E N TIF IE D  BR AINSTEM -SPINAL 
NEURONS IN VITRO. D.M. Patakv. and J.D. Sleeves*. CORD, Depts of 
Anatomy, Surgery and Zoology, UBC, Vancouver, BC, V6T 1Z4

We used Dil retrograde-labeling to identify brainstem-spinal neurons in 
cultures derived from the chick embryo brainstem. We implanted crystals 
of Dil into the cervical spinal cord in ovo on embryonic day (E)5, 
allowing three days for retrograde labeling to occur. On E8, slices taken 
from the brainstem containing the vestibular nucleus were microdissected 
and plated as either dissociated cell cultures (cell survival assay) or as 
explants (neurite outgrowth assay). Trophic factors (FGF-1,2,5,9 and the 
neurotrophins) in serum free medium were applied and the cultures 
grown in a humidified 5%CO2/95% air atmosphere for 40-48hrs. 
Previously, we found that FGF-1 only promoted neurite outgrowth, FGF-2 
enhanced both survival and neurite outgrowth, while FGF-9 only 
increased survival o f vestibulospinal neurons, FGF-5 was ineffective. The 
neurotrophins had no effect on neurite outgrowth, but BDNF weakly 
promoted vestibulospinal neuron survival.

We now report that in situ hybridization analysis of FGF receptor 
(FGFR) expression combined with retrograde labeling indicates 
vestibulospinal neurons do not express detectable levels of FGFR-1, 
FGFR-2 or FGFR-3. These data support an indirect effect of FGFs on 
neurite outgrowth or survival of vestibulospinal neurons. Furthermore, we 
explanteđ Dil-identified pontine reticulospinal neurons and found the 
FGFs were ineffective at promoting neurite outgrowth, but NT-3 
stimulated 36% longer neurites. This assay system enables us to identify 
specific trophic effects upon discrete populations o f neurons.
Appropriate application of these trophic factors may aid in the support 
and regeneration of brainstem-spinal axons after spinal cord injury. 
Supported by the Medical Research Council of Canada.
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222.5

INFLAMMATION INDUCES HYPEREXCITABILITY IN APLYSIA  
NOCICEPTIVE NEURONS: PUTATIVE ROLES FOR TGF-ß AND 
AMEBOCYTE-NEURON RECOGNITION. M. Povelones. J. Farr, D.
Zhu. X.P. Zhang. M. Lewinl. R.T. Ambron*. Anatomy &  Cell Biology,
Columbia University, NY 10032; llntegrative Biology, UTMC, Houston, TX 
77225

Persistent hyperexcitability in mammalian nociceptive neurons contributes to 
chronic neuropathic pain. Hence, it is important to identify the signals that regulate 
the transcriptional programs that underlie hyperexcitability. Hyperexcitability is 
induced by nerve injury and also by inflammation. To understand how the latter 
regulates changes in excitability, we are using the mollusc Aplysia califom¡ca as a 
model. Placing cotton gauze in the body cavity elicits a general inflammatory 
response that leads to hyperexcitability in the soma of the nociceptive neurons in the 
pleural ganglion. Amebocytes from the blood envelope the gauze and presumably 
release factors into the blood. Since amebocytes can contain cytokine-like factors, 
we exposed the isolated nervous system to a variety of recombinant mammalian 
cytokines and found that TGF-ß induced hyperexcitability in the nociceptive neurons. 
An antibody to TGF-ß recognized a population of amebocytes and a 28kd soluble 
polypeptide on Western blots of amebocyte extracts.

An inflammatory response can also be induced by crushing a peripheral nerve (see 
Clatworthy et al., 1994, J. Neurosci. 14:3263). Within days, the crush site is 
surrounded by amebocytes containing the 28kd TGF-ß antigen. To test the idea that 
the amebocytes are attracted to the site of injury because they recognize damaged 
axons, we prepared co-cultures of amoebocytes and neurons. The amebocytes 
occasionally adhered to the growing neurites, but rarely to the cell soma. When the 
neurites were severed, the amebocytes rapidly clustered at the cut ends. Amebocytes 
also phagocytosed remnants of damaged cells. These studies indicate that cells in the 
blood can recognize sites of injury on nerves and that by mounting an inflammatory 
response, release factors that influence neuronal excitability.

222.7

CNTF PROMOTES THE AXONAL REGENERATION, BUT NOT THE 
SURVIVAL OF RETINAL GANGLION CELLS ÍRGCs). K.S. Cho, K.-F. So and
H.K, Yip. (SPON: The Hong Kong Society of Neurosciences). Dept, o f Anatomy, 
The University o f Hong Kong, Hong Kong, China.

Previous experiment reported that CNTF promoted axonal regeneration o f RGCs 
into a peripheral nerve (PN) graft which was attached to an intracranially transected 
optic nerve (ON) (~7 mm from the optic disc). In the present study, we examined 
whether CNTF could promote axonal regrowth and enhance RGCs survival following 
an intraorbital (10) cut of ON (~l.5 mm from the optic disc). Sodium pentobarbitone 
(Nembutal, 50 mg/kg, i.p.) was used in all operations and the animals were sacrificed 
with an overdose of Nembutal. Student’s t-test was used to analyze the statistical 
difference between the CNTF (lµg in 3 µl per injection for every 5 days) and 
control groups (Зµl of H20  per injection for every 5 days). In the axonal regeneration 
study, a PN graft (~2 cm) was attached to the 10 cut site of ON and the animals were 
allowed to survive for 4 weeks. Three days before sacrificing the animals, a piece of 
gelfoam soaked with 6% FluoroGold (FG) was apposed to the transected site o f the 
PN graft. Results showed that more than three-folds o f regenerating RGCs was 
observed in the CNTF group (n=5) than the control group (n=5, P<0.0001). In the 
survival study, the animals were allowed to survive for 1 and 2 weeks (CNTF group: 
n=8 and 12; control group: n=8 and 12). Two days before sacrificing the animals, a 
second cut was made on the proximal stump of ON and a piece of gelfoam soaked 
with 6% FG was applied. Using a systematic random sampling method, the estimated 
number of surviving RGCs in wholemount retinas was calculated. There was no 
significant difference in the number of surviving RGCs between the CNTF and 
control groups at all time points (P>0.05). The results suggested that CNTF can 
enhance the axonal growth ability of RGCs but it cannot promote RGCs survival 
following ON lesion. [Supported by CRCG and RGC grants]

222.9

CELLULARLY DELIVERED GDNF HAS ROBUST CHEM OTROPIC  
EFFECTS IN THE NON-INJURED AND INJURED ADULT RAT  
SPINAL CORD.
A. Blesch*. N. Diergardt and M.H. Tuszvnski. Dept, of Neurosciences-0626, Univ, 
of California at San Diego, La Jolla, CA 92093 and VA Medical Center, San Diego, 
CA 92165.
GDNF has been shown to be a potent trophic molecule during development and after 

injury especially for dopaminergic and motor neurons. Possible axon growth- 
promoting effects of GDNF in the spinal cord have not been investigated to date.

Primary rat fibroblasts were genetically modified to produce rat GDNF or green 
fluorescent protein as a control and were characterized in vitro. Transgene expression 
was verified by Northern- and Western Blotting, and ELISA detected 154 ng/\Φ  
cells/24h GDNF in cell supernatants. GDNF or control cells were either directly 
injected into the spinal cord of adult Fischer 344 rats without previous injury or 
grafted to the dorsally hemisected spinal cord. Axonal growth and phenotype of axons 
penetrating the graft were determined by immunohistochemistry and anterograde 
labeling of the corticospinal tract.

GDNF grafts were densely penetrated by neurofilament labelled axons two weeks 
after injection of cell suspensions, whereas controls showed only few axons in the 
graft. The penetration into cellular grafts persisted after 3 months in the dorsally 
hemisected cord, the longest time point investigated. Neurites in grafts labelled for 
choline-acetyl-transferase, CGRP, substance P and the plant lectin IB-4, indicating 
their origin from sensory and motor neurons. No augmented growth of noradrenergic 
or serotonergic axons in grafts was observed. Responses of corticospinal axons are 
under investigation.
These results indicate that cellular delivery of GDNF has robust tropic effects on 

motor and sensory neurons in the adult rat spinal cord and potential therapeutic 
applications after spinal cord injury.
Supported by grants from Veterans Affairs, American Paralysis Association and NIH.

222.6
TRANSFORMING GROWTH FACTOR-ß STIMULATES THE EXPRESSION 
OF A NEURITE GROWTH INHIBITORY CHONDROITIN SULFATE 
PROTEOGLYCAN BY ASTROCYTES. RJ. McKeon* and S. Vicki Nopachi. 
Dept, of Cell Biology, Emory University, Atlanta GA 30322.

The failure o f injured axons to regenerate within the central nervous system 
(CNS) is related to the astrocytic expression of growth inhibitory chondгoitin sulfate 
proteoglycans (CS-PGs). Although the factors that stimulate CS-PG production after 
CNS injury are not known, CS-PG expression increases in non-neural tissue 
following exposure to transforming growth factor-ß (TGF-ß). Because TGF-ß levels 
increase after CNS injury, we sought to determine whether TGF-ß also stimulates 
CS-PG expression by cortical astrocytes. Astrocyte cultures were treated with 5 
ng/ml TGF-ß or a variety of other cytokines and growth factors for 4-14 days and 
assayed for CS-PG production. Western analysis revealed that a 2B6-positive CS-PG 
was significantly elevated in the conditioned media of TGF-ß treated astrocytes 
following 10 days of exposure. Levels of both the core protein and CŞ sidechain, 
measured by HPLC, increased following TGF-ß exposure, an effect that was blocked 
by a TGF-ß neutralizing antibody. Importantly, neurite outgrowth from hippocampal 
neurons was decreased in conditioned media from TGF-ß treated cultures compared to 
controls or from media treated with chondroitinase ABC.

To test the role of TGF-ß in CS-PG production in vivo, adult animals were 
implanted with nitrocellulose filters and antibodies to TGF-ß were infused 
intraventricularly for the next 10 days. The expression of GFAP, CS-PG, and other 
extracellular matrix molecules by reactive astrocytes was examined. Anti-TGF-ß 
treated animals shown a significant decrease in both GFAP and CS-PG production 
using both Western analysis and immunocytochemistry. These data demonstrate that 
TGF-ß stimulates CS-PG production in vivo and in vitro and may contribute to 
axonal regenerative failure following CNS injury. Supported by the Spinal Cord 
Research Foundation of the Paralyzed Veterans of America.

222.8
MOLECULAR CHANGES OF ADULT PARAPLEGIC RATS AFTER SPINAL 
CORD REPAIR.
H. Cheng12*, B. Hoffer3, and L. Olson2. 'Neural Regeneration Lab., Neurological 
Institute, Veterans General Hospital-Taipei, Taiwan; 2National Institute on Drug 
Abuse, National Institutes o f Health, Baltimore, MD, U.S.A.; 3Dept. of 
Neuroscience, Karolinska Institute, S-17177, Stockholm, Sweden;

Analysis o f 5 molecules has been performed in adult rats made paraplegic by 
surgical cord transection and subject to a novel strategy for spinal cord repair. 
Twenty-six female 250-g rats were grouped as follows: full repair (n=8), controls 
with 5-mm cord removal at T8 (n=8), and animals subjected to application of 
aFGF-containing fibrin glue in the 5-mm lesion gap (n=8). Animals were sacrificed 
by decapitation on days 2,7,14, and 30 (n=2 for each time point). Spinal cords from 
two normal rats were processed in parallel. Spinal cords were removed and frozen 
on dry ice. Transverse sections 14 µm thick from 6 segments (two each of cervical, 
thoracic, and lumbar segments) of spinal cord were collected. In situ hybridization 
was performed according to published protocols. Oligonucleotide probes, which 
include aFGF-Rl, CNTF-R1, GDNF-1, GDNF-2, C-Ret, were used. Pronounced 
upregulation o f mRNA for aFGF-Rl, CNTF-R1, GDNF, and C-Ret were noted in 
the entire spinal cords o f “ repaired” animals. The signals were extremely intense in 
grey matter in animals 2 weeks after surgery and were moderately intense in 
animals after 4 weeks. Animals subjected to transection only and animals given 
aFGF in fibrin glue after transection showed modest generalized increases of 
signals and a ring-like increase of GDNF mRNA in white matter.

These data indicate that in the fully repaired spinal cord, one ligand (GDNF) and 
several receptors (aFGF-Rl, CNTF-R1, C-Ret) were upregulated. Since these 
molecules are generally expressed at higher levels during development, it is 
assumed that their upregulation by the full repair strategy provides an environment 
more favourable to regeneration, particularly in grey matter.

222.10
GDNF AND NEURTURIN INDUCE MOTOR AXON 
OUTGROWTH: A NOVEL ORGANOTYPIC SPINAL CORD 
CULTURE METHOD.
T Ho. Y. Li. C. Cocc¡a*. J. Milbraπ⅜, E. Johnson. H. Phillips. J. 
Griffin. JD Roths⅜ein. Johns Hopkins Univ., Dept of Neurology 
and Neuroscience, Baltimore, MD 21287; Washington Univ, St 
Louis; Genentech, CA.

Some TGF ß trophic factors have been shown to promote survival 
o f various neuronal populations and act as neuroprotectants. In an in vitro 
model, we have recently shown that GDNF, T G F ß l, neuгturin, persephin 
and nodal can protect motor neurons from  chronic glutamate toxicity. Using 
a novel modification o f our organotypic spinal cord culture system, we 
compared the neuroprotective and axon-growth properties o f certain TGF-ß 
factors. Post natal day 8  rat pup spinal cords were dissected, sliced and 
placed on collagen coated Millicell-CM inserts. The organotypic cultures 
were treated with varying doses o f TG F ß factors including GDNF, neuгturin, 
persephin, nodal and T G F ß l. The cultures were fixed at 28 days and 
im munostained w ith anti-neurofilam ent antibody (SMI32). The ability o f 
these factors to protect against chronic excitotoxicity was assessed by 
motor neuron counts (PNAS, 1993;90:6591-5). Drugs were studied at dose 
ranges between 0.1 to 500 ng/ml for up to 4 weeks in vitro. GDNF was 
effective in promoting motor axon outgrowth. Neuгturin was only able to 
induce motor axon outgrowth at high doses. Furthermore, w ith addition of 
purified Schwann cells, m otor axons underwent myelination and formation 
nodes of Ranvier o f these motor axons can be seen in these induced motor 
axons. O ther TGF ß factors (e g., nodal) did not have any effect on motor 
axon outgrowth but could protect from  chronic excitotoxicity. Supported by 
NIH KO8  NS02023-01, NIH-NINDS R01-NS33958, R01-NS3484.
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222.11
EXPRESSION PATTERN OF mRNA FOR GDNF, 
PERSEPHIN AND THEIR RECEPTORS IN PERIPHERAL  
NERVE INJURY
A. Hoke*. C. Cheng and D.W. Zochodne. Dept, o f Clinical Neurosciences 
and the Neuroscience Research Group, University o f Calgary, Alberta, 
Canada T2N 4N1

Glial derived neurotrophic factor (GDNF) is a potent trophic factor for 
spinal cord (SC) motor neurons and a subset o f sympathetic and dorsal 
root ganglia (DRG) sensory neurons. GDNF requires ret tyrosine kinase, 
and a GPMinked co-receptor, GFRA-1 or GFRA-2, for cellular activity. 
Persephin is a new member of this family and has similar actions to GDNF. 
Both of these factors may be secreted by Schwann cells in the peripheral 
nervous system, and support regenerating axons after injury. In order to 
test this hypothesis we looked at the expression pattern of mRNA for these 
growth factors and their receptors in SC, DRG, and proximal and distal 
stumps of a mixed peripheral nerve after transection. Adult SD rats were 
subjected to unilateral sciatic nerve ưansection and after 48 hours tissue 
was harvested from both the transected and the contralateral control side. 
Semi-quantitative RT-PCR was done using GAPDH as an internal control.

GDNF mRNA was expressed at very low levels in the SC, DRG, intact 
nerve and proximal stump of transected nerve, but was upregulated in the 
distal denervated nerve. Persephin mRNA levels did not change in any of 
the tissues examined. Ret, GFRA-1 and GFRA-2 mRNA levels were not 
significantly altered in the SC, DRG and the proximal stump but were 
downregulated in the distal stump. These findings suggest that increased 
GDNF mRNA expression in the distal stump may be important for the 
support of regenerating motor and sensory axons. The lack o f change in 
the persephin levels may suggest that this growth factor may not play an 
important role in regeneration after injury. (Supported by the Alberta Heritage 
Foundation for Medical Research and Medical Research Council o f Canada)

222.12
SCHWANN CELL SECRETED FACTORS PROMOTE RETINAL GANGLION 
CELL SURVIVAL AND AXON OUTGROWTH
E.T.W. Bampton and J.S.H. Taylor*Dept Human Anatomy, University of Oxford. 0X1 
ЗQX

Peripheral nerve has been shown to provide a potent conduit for growth of 
regenerating axons when grafted into the adult CNS. Whilst it is clear that the Schwann 
cells of the nerve graft are active producers of factors which stimulate axon growth, the 
full spectrum of these factors has not been identified. We report on an in vitro assay to 
examine the effects of Schwann cell produced factors on regenerating retinal ganglion 
cell axons from neonatal rodents.

Sciatic nerves were prepared from P5 rats and plated as chunks onto laminin-poly- 
1-lysine coated coverslips in DMEM containing D-Valine substituted L-Valine. After 
allowing 8 days for cell growth the Schwann Cell Conditioned Medium (SCM) was 
harvested and used in explant and purified cell retinal ganglion cell cultures. Retinal 
explants were taken from P7 mice and rat PO ganglion cells were purified using the Thy- 
1 panning method of Barres, modified by Tolkovsky.

In control experiments no substantial outgrowth occurred in defined medium, but 
some growth was observed in cultures grown with 10% FCS. SCM produced robust 
axogenesis. In control experiments with 10ng/ml BDNF similar enhanced outgrowth 
was observed. However, addition of BDNF to SCM had a synergistic effect, whilst the 
addition of lµg/ml anti-Trk-ß made no difference to the effect of SCM.

We conclude that Schwann cells produce growth promoting factors which act in 
synergy to BDNF to promote survival and axogenesis of regenerating retinal ganglion 
cells.

This work was supported by grants from the Wellcome Trust.

222.13

NEU-DERIVED FACTOR ENHANCES SUPPORTING CELL PROLIFERATION 
IN BOTH PRIMARY EPITHELIUM CULTURE AND CELL LINE FROM 
RODENT VESTIBULAR ORGAN. R. Gu. J. B. Yang*. E. Magal and J. Carnahan. 
Department of Neuroscience, Amgen Center. Thousand Oaks, CA 91320

We have investigated the proliferative effect of neu-derived factor (NDF, peptides) on 
mammalian vestibular supporting cell. Sensory epithelia from utricles of both 
postnatal day 7 (P7) and adult (6-week-old) rats were isolated by thermolysin 
treatment (Corwin, et al. 1995). A ll edges were trimmed away and the central portion 
of epithelium was cut into quarters. Epithelia from P7 were cultured in DMEM/F12 
with 10% FBS, 3 µg/ml of mitosis tracer-BrdU for 72 hours, with or without 100 
ng/ml NDF or 50 ng/ml FGF 11. Epithelia of adult rat were cultured in DMEM/F12 
with 10% FBS for 8 days. Experimental or control explants were further cultured in 
the same medium with or without 50 ng/ml NDF for 5 days before fixation. 3 µg/ml 
BгdU was added for the last 2 days. In p7 experiment, the number o f BrdU positive 
nuclei per piece of epithelium was significantly higher in NDF treated group (318+33, 
n=32) than that either in control (l.6±O.5, n=3l) or in FGF 11 group (11.1 + 1.4, 
n=34) (p<O.OO\). A similar result was found in adult epithelia cultures: 88+12.6
BrdU positive nuclei per piece of epithelium were found in the NDF group (n=39) 
compared to 2.7±O.5 in control one (n=52) (µ<0.001).

The established immortalized utricular supporting cell line from immortomouse 
(Gu, et al. 1998) was cultured in non-permissive condition (DMEM/F12, 1:100 N2 
supplement, 37°C) for 3 days. 50 ng/ml NDF was added to the culture 24 hour before 
fixation and 3 µg/ml BrdU was added for the last 16 hours. Cell proliferation was 
measured by TRF Elisa using-Victor 1420 multilable counter. Elisa reading of the 
NDF treatment group was 1.7 times higher than that of control (p<0.05). The results 
from both primary culture and cell line show NDF to be the strongest enhancer of 
supporting cell proliferation ever reported in neonatal and mature rodent vestibular 
epithelium.

Sponsored by Amgen Inc.

TRANSPLANTATION II

223.1

THE METHOD OF PREPARATION OF THE DONOR TISSUE 
AFFECTS FUNCTIONAL OUTCOME IN A RODENT MODEL OF 
PARKINSONS DISEASE. C.Wattsr  C Hurelbrink and ‡S B.Dunnett 
†Academic Department o f Neurosurgery, ‡Experimental Psychology, 
MRC Cambridge Centre for Brain Repair, University o f Cambridge, 
UK.

The stereotactic implantation of embryonic dopaminergic tissue 
into the corpus striatum is now a recognised experimental treatment for 
Parkinson’s disease. Several different techniques for preparing the 
donor tissue are commonly used including preparation as a cell 
suspension or as tissue pieces. The aim o f this study was to identify 
any functional effect o f preparing the donor tissue by different methods 
and to correlate this with the histological composition of the 
intrastriatal implants. Embryonic striatal tissue was prepared a) as a 
cell suspension incubated with trypsin prior to trituration, b) as a cell 
suspension triturated without pre-digestion with trypsin and c) as 
pieces of tissue. Tissue prepared from each group was implanted into 
the striatum o f rats previously lesioned with 6-OHDA (n=Ю per 
group). Amphetamine induced rotation was performed with each group 
plus a lesion only group (n=Ю) pre-grafting and for 8 weeks post graft. 
After final rotation the animals were perfused and serial sections 
through the graft analysed for graft volume and TH cell count. The use 
of tissue pieces produced significantly better improvement o f rotational 
deficit compared to cell suspensions. This behavioural effect was 
related to an increased TH cell count rather than an increased graft 
volume. (C Watts is an MRC clinical fellow).

223.2

SUBSTANTIA NIGRA TRANSPLANTS IN THE DOPAMINE DENERVATED 
STRIATUM EXERT BETTER MOTOR FUNCTIONAL EFFECTS THAN ADRENAL 
MEDULLARY TISSUE DESPITE THEIR COMPARATIVELY LIMITED SURVIVAL.
V. Anava-Martfnez»E· Montiel-Flores. J. Espinosa-Villanueva, N, M anzano-Leŏn, Y. 
M orlan-Cahue. M. Rendǒn¯Mondraαon and F. G arcía¯Hernández·Laboгatorio dѳ 
Neuгom orfo logía, Neuroc¡enc¡as ENEP-lztacala, UNAM, México. C.P. 54070.

Transplantation o f fetal adrenal m edulla  o r substantia nigra has been extensively 
applied in the rat model o f Parkinson's disease. Most research studies to date, show 
tha t the ir survival features in the host brain lim it the ir capability to induce motor 
func tiona l effects. In this study we corre lated the m otor functiona l e ffect with the 
survival features o f both types o f grafts. Male W¡star rats (180-210 gr), exhibiting 
apom orphine (0.25 mg/Kg) induced rotation (m ore than 200 turns in 30 min.) after 
the unilateral injection o f 6 -O HDA (8µg/4µl) into the m edial forebrain bundle were 
grafted with 1µl o f either fetal adrenal m edullary tissue (n=9) or feta l substantia nigra 
(n=12), placed into the lateral ventricle in contact whit the dopam ine denervated 
s tria tum . Apom orphine induced rotation was tested again 15, 30, 45 and 60 days 
a fte r g ra fting, term  after which all rats were sacrificed fo r histological analysis of 
tyrosine hydroxylase (TH) immunosta¡ned serial sections where the transplants were 
found. W hit the aid o f com puter assisted m orphom etric system , the volum e o f the 
prevailing transplanted tissue was established as w ell as the total num ber o f TH- 
im m unoreactive  surviving ce lls with¡ng the graft. O ur results show that although 
adrenal medulla grafts exhibited a m odest 18% loss o f the original im planted tissue 
vo lum e  and abundant 1005.4+113.7 TH-im m unoreactive  cells, apomorphine 
induced rotation only reached a non significant 11.67% reduction, while substantia 
n igra transp lants  exhibited a 97% loss o f the orig inal g ra ft vo lum e and only 
102.62+34.3 TH-im m unoreactive cells, still apom orphine induced rotation reached 
a significant 24.91%  reduction.

Suported by IN210597 PAPIIT, DGAPA, UNAM.
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223.3

Terminal striatal 6-〇HÐA lesions: Morphological and behavioral changes after 
uni- or bilateral lesions and transplantation of dopaminergic grafts
A. Rödteг. C. Winkler. J. Oertel, M  Samii, G. Nikkhah*
Neurosurgical Clinic, Nordstadt Hospital, Hannover, Germany 
Introduction. The terminal striatal 6 -OHDA lesion as a rat model o f Parkinson 's 

Disease is proposed to more closely represent earlier stages of human idiopathic 
parkinsonism. This lesion model was investigated to study effects on complex 
sensorimotor behavior and morphologic changes. Further, grafting of embryonic 
dopaminergic (DA) tissue was used as a therapeutical approach.
Design o f the study: Animals received a total dose of 2Oµg 6 -OHDA per striatum, 

either uni- or bilaterally. Pre-lesion as well as 1 and 4 months after lesion spontaneous 
overnight activity and rotation, drug-induced rotation, forelimb akinesia (by the 
stepping and side-falling tests) and skilled forelimb use (by the staircase test) were 
investigated. Additionally, some bilaterally 6 -OHDA lesioned rats received uni- or 
bilateral DA micrografts of E14 ventral mesencephali.
Results: Unilaterally lesioned animals showed high scores in spontaneous and 

amphetamine-induced rotational behavior. On the contralateral side to the dopamine- 
depletion they demonstrated forelimb akinesia. Yet, skilled forelimb use was only 
mildly affected However, bilaterally lesioned animals showed đíminuished scores in 
spontaneous overnight activity. Forelimb akinesia and impaired skilled forelimb use 
became evident. The results were stable.

TH-immunohistochemistry showed a marked dopamine depletion in the striatum as 
well as in the corresponding areas of the substantia nigra.
A detailed analysis of the restorative effects of DA micrografts w ill be presented. 
Perspectives: The terminal striatal 6 -OHDA lesion offers new insights in the 

functional organization of the dopaminergic mesotelencephalic system. It is a highly 
useful tool for studies on therapeutic approaches on Parkinson's Disease regarding 
neuronal protection as well as transplantation.

DFG Ni 330/4-1

223.5

IMPLANTATION OF EMBRYONIC DOPAMINE NEURONS INTO THE 
SUBSTANTIA NIGRA OF M PTP-TREATED MONKEYS: FEASIBILITY
RELEVANT TO CIRCUIT RECONSTRUCTION USING NEURAL GRAFTS. T.J. 
Collier*1, B.F. Dąley1, J.R.. Şladek Jr2, J Ą . Elşw.Qrţh\ J.R, Taylor4, R,Ң. .Rofh i . aod
D.E. Redmond Jr.4,5. 'Dept. Neurological Sciences, Rush-Presbyterian Medical Ctr., 
Chicago, IL 60612; 2Dept. Neuroscience, The Chicago Medical School, North Chicago, 
IL 60064; Depts. 'Pharmacology, 4Psychiatry and 'Neurosurgery, Yale University 
School of Medicine, New Haven, CT 06510.

Studies of dopamine (DA) neuron transplantation into the substantia nigra of lesioned 
rats suggest that DA replacement at this site may have beneficial effects on asymmetric 
motor behavior, and in combination with DA grafts into the striatum provide enhanced 
functional recovery as compared to grafts into striatum alone (Mendez et al., 1996; 
Yurek, 1997). We have implanted grafts of embryonic ventral mesencephalon in the 
vicinity of the substantia nigra of asymptomatic MPTP-treated African Green monkeys 
as an initial test of feasibility of targeting this site and assessment of graft survival as a 
prelude to studies of nigrostriatal circuit reconstruction. Six monkeys received unilateral 
DA neuron grafts derived from one hemisphere of E35 or E4O gestation donors, with 
sham implants in the contialateгal nigra. Four more monkeys received control 
implants. At present, two monkeys with E35 gestation DA neuron implants in the 
nigra have been analyzed. In both cases, grafted tissue was positioned just dorsal to the 
rostral substantia nigra. Grafts were readily distinguished from host DA neurons. 
Counts of grafted TҤ" neurons yielded a value of approximately 12,000 cells per graft, 
representing cell survival comparable to that obtained following grafts into the striatum 
(Sladek et al., 1994). Qualitatively, TH+ neurons grafted into the nigra appeared smaller 
in diameter than comparable cells grafted to striatum. While graft-derived neurites 
appeared to enter the host miďbrain in a limited fashion, one monkey exhibited increased 
TH+ fiber stanining in the MFB, suggesting a possible contribution from axons of 
grafted cells. The altered morphology of grafted cells in nigra vs striatum may suggest 
differences in the trophic environment of the two regions. Supported by NS24032, 
AG 10851 (TJC), RSA MHOO643 (DER).

223.7

RAT SERTOLI CELLS TRANSPLANTED IN  THE DOPAMINE 
DEPLETED STRIATUM: BEHAVIORAL AND ANATOM ICAL
RECOVERY. A.E. W illing*1, A.ĭ. Othberg1, S. Saporta2, D.F. Cameron2. J.J. 
Sudberry1, A. Anton2, S.G.Poulos1, T.B. Freeman1 &  P.R. Sanberg1. Division of 
Neurosurgery and The Neuroscience Program, Depts. o f 'Surgery and 2Anatomy, 
University o f South Florida, College o f Medicine, Tampa, FL 33612.

Sertoli cells nurture the developing germ cells in the testis through the production 
of many trophic factors and regulatory proteins. In addition, they protect the 
spermatid from immune attack, through the production of immunosuppressant 
factors and cell sequestration behind a tight junctional barrier. We have 
previously shown that SC can ameliorate apomorphine-induced rotation in a 
hemiparkinsonian rat model up to 3 months post-transplantation and enhance the 
survival o f co-transplanted embryonic DA cells. In this study, we examined 
apomorphine-induced rotation in male Sprague Dawley rats up to 20 weeks post
transplantation with either a low (8000) or high doses (80,000) o f Dil-labeled rat 
SC. As early as 2 wk post transplantation there was a behavioral amelioration that 
continued to improve or was maintained out to 5 month post transplantation. 
Further, behavioral recovery was better when more SC were implanted. Upon 
examination o f the striatum, surviving SC were identified by the presence of D il 
labeling. When stained for tyrosine hydroxylase, there were intensely stained TH- 
positive fibers visible around the graft site in an otherwise DA-depleted striatum. 
These results demonstrate that SC can have a trophic effect on host striatum that 
may contribute to the recovery o f function. Therefore, the SC seems to exhibit 
both tropic and trophic capabilities; this double stimulation of the transplant and 
host striatum may increase the likelihood of functional recovery after 
transplantation.
This research was supported in part by Theracell, Inc., Somerville, NJ

223.4

ALL SURVIVING GRAFTED DOPAMINERGIC NEURONS ARE NOT
INNERVATING DOPAMINE-DEPLETED DORSAL STRIATUM
Nina Vidal*, Lars Björklund, and Ingrid Sưöгπberg
Department of Neuroscience, Karolinska Institute^ S-171 77 Stockholm,
Sweden

Efforts have been made to counteract the symptoms of Parkinson's 
disease by substituting the loss of dopaminergic neurons w ith  fetal 
ventral mesencephalic grafts. One of the postulated lim iting  factors in 
this treatment is the relatively low  cell survival. Recent results using 
the lazaroid U-74006F showed enhanced survival o f dopaminergic 
neurons, but still no enhanced innervation of the striatal target was 
found. Therefore, this study was performed to investigate i f  the whole 
population of surviving dopaminergic neurons was able to innervate the 
host brain. Fetal ventral mesencephalon was grafted to the lateral 
ventricle of rats that had previously been injected w ith  6 -hydroxy- 
dopamine. Two to three months after grafting, when apomorphine- 
induced rotational behavior was reduced, the reinnervated portion of 
the striatum was injected w ith  the retrograde tracer fluorogold. One 
week after injection the animals were perfused and processed for 
indirect immunohistochemistry and antibodies against tyrosine 
hydroxylase (TH) were used. The results revealed that TH-positive 
neurons were distributed in the graft either in a dense cluster w ith  cells 
or a few scattered cells all over the graft. Most cells that were found 
scattered over the transplant were both flourogold and TH-positive, 
while only a few TH-positive neurons in  the dense cell cluster were 
fluorogold positive. In conclusion, all surviving dopaminergic neurons 
are not innervating dorsal striatum after grafting.

223.6
SPECIFIC GRAFT-HOST SYNAPTIC CONNECTIONS AND LONG 
D IS T A N C E  A X O N A L  G R O W T H  IN  F E T A L  N E U R O 
TRANSPLANTATION TO AD ULT CNS. K.H. Holm ’ * . Z. Boonman’-.P . 
Ţandon 1. Ļ.C· Costantini1. T.W. Deacon1. D.F, Chen2. O. Isacзon1 (Γ) 
Neuroregeneration Laboratory, McLean Hospital and Program in Neuroscience, Harvard 
Medical School, Belmont, MA 02178; (2) HHMI, Center for Learning and Memory, 
Center for Cancer Research, MIT, Cambridge, MA 02139

Embryonic neurons allotransplanted to the adult CNS can only extend axons for a 
developmental^ defined time. This time is usually not sufficient for the axons to reach 
distant targets in the growth inhibitory adult CNS. Xenotransplanted neurons from 
species with slower embryonic development than the host can extend axons for long 
distances. This growth is target specific, demonstrating that guidance molecules are 
present in the adult CNS (Isacson et al, TINS, 1997). During development there are 
certain intracellular conditions that allow neurons to extend axons, one of which may 
involve continued expression o f bcl-2 (Chen et al, Nature, 1997). Here we present 
further evidence of long distance axonal growth and specific graft-host interactions.

Dissociated embryonic pig ventral mesencephalic tissue was transplanted to the 
substantia nigra or the striatum of 6-OHDA lesioned, cyclosporin treated rats. At four 
months after transplantation rats were sacrificed and immunostained for pig specific 
neurofilament. Surviving grafts were observed in both transplantation sites, showing 
long distance directional growth from the substantia nigra to the striatum. To further 
investigate interactions between the pig derived dopaminergic axons and the rat host 
striatum, sections were double labeled for pig-specific synaptobrevin and tyrosine 
hydroxylase. We demonstrate synapse formation between intranigral pig neurons and 
host rat striatum. Current experiments also examine the role of bcl-2 in the process of 
axonal extension, by studying its developmental expression, and by transplanting fetal 
neurons from mice overexpressing bcl-2 .

These studies demonstrate that transplanted fetal dopaminergic neurons with 
retained ability to extend axons can reach distant adult targets and form appropriate 
synapses. (McLean)

223.8
GDNF TREATMENT OF CULTURED NIGRAL TISSUE PRIOR TO 
TRANSPLANTATION: EFFECTS ON GRAFT FUNCTION AND
SURVIVAL. H.R. Widiner1*, M. Meyer, J. Sautter1. R. Guzman1, and R. Seiler1. 
'Department of Neurosurgery’, University of Bern, Switzerland and ⅛epartment of 
Anatomy and Cell Biology, University .of Odense, Denmark.

Intracerebral transplantation of fetal nigral tissue is used as an experimental 
therapy for patients suffering from severe Parkinson’s disease. The quality of the 
fetal donor tissue is a crucial factor for graft survival and integration. We have 
previously shown that glial cell line-derived neurotrophic factor (GDNF) improves 
the survival of nigral neurons grown as free-floating roller-tube (FFRT) cultures. 
The present study aimed at investigating wΊαether GDNF treatment of cultured 
donor tissue affects graft function and survival. Adult Sprague-Dawley rats received 
unilateral injections of 6 -hydroxydopamine into the nigrostriatal fiber bundle, and 
the lesions were monitored by amphetamine-induced rotation. Animals received 
intrastriatal grafts of mesencephalic FFRT cultures (derived from embryonic-day- 
14 rat embryos) grown for 4 days in the, absence (controls) or presence of GDNF 
(lOng/ml], Brains were perfused at 9 weeks posttransplantation and processed for 
histology. At 3, 6 , and 9 weeks, rats grafted with GDNF pretreated cultures (n=8) 
showed an average reduction in amphetamine-induced rotations of 71%*, 90%*, 
and 89%, whereas rats grafted with control cultures (n=8) displayed a reduction of 
20%, 53%, and 71%, respectively (*=p<0.01). Preliminary results of the 
histological analysis revealed higher numbers (by 40%; p<0.1; n=6) of tyrosine 
hydroxylase-immunoreactive (TH-ir) neurons in grafts of GDNF treated cultures as 
compared to control grafts. In conclusion, the better behavioral recovery in 
conjunction with a tendency for higher TH-ir cell numbers in grafts of GDNF 
treated cultures is promising for the development of an effective in vitro treatment 
of fetal nigral tissue prior to transplantation. Supported by SNF 31-45558.95 & 31- 
52947.97.
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223.9
STRIATAL DOPAMINERGIC AFFERENTS CONCENTRATE IN GDNF 
POSITIVE PATCHES DURING DEVELOPMENT AND IN DEVELOPMING 
INTRASTRIATAL STRIATAL GRAFTS. J. Rodrfguez-Pallares . E. Lónez-Martín. 
H. Caгuncho*M.J. Guerra and J.L. Lahandeira-Gaгcía. Dept.' o f Morphological 
Sciences, Univ, o f Santiago, Galicia, Spain.

Glial cell line-derived neurotrophic factor (GDNF) has a potent trophic action on 
fetal dopaminergic neurons. We have used a double immunocytochemical approach 
with antibodies that recognize GDNF and tyroxine hydroxylase (TH) or the 
phosphoprotein DARPP-32, to study the developmental pattern o f their interactions 
in the rat striatum and in intrastriatal striatal transplants. Postnatally, at one day and 
also at one week, GDNF showed a patchy distribution in the striatum together with 
a high level o f expression in the lateral striatal border, similar to that observed for 
the striatal marker DARPP-32 and also for TH. In the adult striatum there was 
diffuse weak immunoposit¡vity for the GDNF, together with widespread expression 
of DARPP-32 positive neurons and TH immunoreactive (TH-ir) fibers. In one-week- 
old intrastriatal transplants there were some GDNF immunopositive patches within 
the grafts and although there was not an abundance o f TH positive fibers, the ones 
that were seen, were located in GDNF positive areas. This was clearly evident in 
two-week-old transplants, where TH-ir fibers appeared selectively concentrated in 
GDNF positive patches. This pattern was repeated in three-week-old grafts. In 
cotransplants of mesencephalic and striatal fetal tissue (in a proportion o f 1:4), Th-ir 
somata were located mainly at the borders o f areas that were more strongly 
immunostained for GDNF, and TH-ir fibers were also abundant in these areas and 
were found in smaller numbers in regions that were weakly positive for GDNF.

These results suggest that GDNF release by fetal striatal neurons both in normal 
development and in developing striatal grafts may act as a positive chemotactic agent 
for Th-ir fibers and therefore may be one of the factors that regulate dopaminergic 
innervation of the striatum. Supported by Spanish CICYT and XUGA.

223.11
IMPROVEMENT OF ROTATIONAL BEHAVIOR BUT NOT OF SENSORY 
NEGLECT FOLLOWING TRANSPLANTATION OF ASTROCYTES TRANSDUCED 
WITH TYROSINE HYDROXYLASE cDNA. S.M. Fleming. K.A. Boat. E. 
Castañeda*. and M.K. Stachow¡ak. M olecular and Structural 
Neurobiology - Gene Therapy Program, Arizona State University, 
Tem pe, AZ 85287, Barrow Neurological Institute, Phoenix, AZ 85013, 
SUNY at Buffalo, NY 14214.

Astrocytes transplanted into the CNS may be effective carriers for 
plasmid DNA. In the present study, astrocytes transduced with plasmids 
expressing tyrosine hydroxylase (TH) or ß-ga lactosidase (control) 
cDNA were transplanted into the striatum o f hem iparkinsonian rats. To 
assess recovery, a measure of somatosensory neglect, a skilled reaching 
task, and apomorphine-induced rotation were used. It was found that 
som atosensory neglect did not abate following transplantation o f the TH- 
transduced astrocytes. In addition, there was no difference in reaching 
performance between the TH and control groups following 
transplantation. Interesting ly, anim als that received contro l implants 
did show a significant increase in the use of the ipsila teral limb whereas 
TH animals did not, suggesting a possible subtle effect of the TH grafts.
In contrast, there was a significant decrease in rotational behavior for 
animals that received grafts of TH-transduced astrocytes com pared to the 
control group, trad itionally considered to be indicative of restored 
dopamine function. After behavioral testing, TH im m unohistochem istry 
and enzymatic staining for ß-galactosidase activity revealed cell 
survival and gene expression at 14 days post-transplantation. The 
present results demonstrate the need for thorough behavioral 
assessments to evaluate putative transplantation approaches for 
recovery of function. Supported by NIH, NSF, March of Dimes and Birth 
Defects and ASU Hispanic Research Center.

223.13
EXPRESSION OF M AJO R H IS T O C O M P A T IB IL ITY  CO M PLEX 
ANTIGENS ON PORCINE FETAL B R A IN  CELLS. T. Brevig.1-2 T. 
Kristensen.2 A.J. Castro3* and J. Zimmer1. ‘Dept, o f Anatomy and Cell Biology, 
Odense Univ., Denmark; 2Dept. o f Clinical Immunology, Odense Univ. Hospital, 
Denmark; 3Dept. o f Cell Biology, Neurobiology, and Anatomy, Loyola Univ. 
Stritch Sch. o f Med., Maywood, IL, USA.

Intracerebral grafting o f neural tissue from fetal pigs may be o f potential use 
for treatment o f patients with neurodegenerative diseases. Such cross-species 
transplantation is presently being extensively investigated and even tested for the 
treatment o f Parkinson's and Huntington's diseases in preliminary clinical trials. 
Rejection o f fetal neural xenotransplants is known to occur in the pig-to-rat 
model, and we have shown that cultured fetal pig brain cells induce a 
proliferative response in human lymphocytes. The immunological background 
for the rejection process is, however, not clarified at present. Here we report on 
the phenotype o f the fetal pig brain cells that are most likely involved in the 
induction o f the host cellular immune response. By flow cytometry, we show 
that fetal pig brain cells express major histocompatibility complex (MHC) class I 
antigens when grown for a short period in culture, while freshly isolated cells 
express neither MHC class I nor MHC class II antigens. A  population o f the 
cultured brain cells autofluoresced and stained positive for MHC class II 
antigens and the macrophage/microglial cell marker CD 18. Treatment o f the 
cultured brain cells with human serum and rabbit complement reduced the 
number o f both autofluorescent and non-autofluorescent cells. We are presently 
investigating the influence on MHC expression o f molecules that grafted pig 
brain cells w ill encounter in the human brain, eg. lymphokines and neurotrofic 
factors, and the status o f these experiments w ill also be presented. Funded by the 
Danish Parkinson Foundation, the Danish MRC, and the EEC Biomed Program.

223.10
TARGETED-EXPRESSION OF TYROSINE HYDROXYLASE IN ASTROCYTES 
AFTER DIRECT GENE TRANSFER INDUCES BEHAVIORAL RECOVERY IN A 
RODENT MODEL OF PARKINSON'S DISEASE. J. Segovia1*. P. Vergara1 and M. 
Brenner2. 'Dept. Fisiología, Biofísica y Neurociencias, CINVESTAV-IPN, Mexico, 
07300 D.F.; 2Stroke Branch, NINDS, Bethesda, MD.

Parkinson's disease is a neurodegenerative disorder characterized by the depletion of 
dopamine in the caudate-putamen. Dopamine replacement with L-DOPA, a precursor 
of the neurotransmitter, is presently the most common treatment for this disease. 
However, in an effort to obtain better therapeutic results, tissue or cells that synthesize 
catecholamines have been grafted into experimental animals and human patients. Here 
we present a novel technique to express tyrosine hydroxylase (TH) in the host's own 
astrocytes. This procedure uses a transgene in which the expression of a TH cDNA is 
under the control of a glial fibrillary acidic protein (GFAP) promoter, which confers 
astrocyte-specific expression, and increased transgene activity in response to CNS injuiy. 
The method was tested in the 6-hydroxydopamine-lesioned rat model. Following 
microinjection of the transgene into the denervated striatum as a DNA-liposome 
complex, expression of the transgene was detected by RT-PCR, and TH protein was 
observed specifically in astrocytes by using double-labeling immunofluorescence for 
GFAP and TH coupled with confocal microscopy. Efficacy was demonstrated by 
significant behavioral recovery, as assessed by a decrease in the pharmacologically- 
induced turning behavior generated by the unilateral denervation of the rat striatum. 
These results suggests this is a valuable technique to express molecules of therapeutic 
interest in the brain. Supported by a CONACYT (México) grant 4852-N (J.S)

223.12
INTERLEUKIN CONVERTING ENZYM E INHIBITION ENHANCES 
SURVIVAL OF CULTURED AND GRAFTED DOPAMINERGIC 
NEURONS. G.S. Schierle. O. Hansson. H. Widner & P. Brundin* 
Section for Neuronal Survival, Wallenberg Neuroscience Center, Lund 
University, Sölvegatan 17, S-223 62 Lund, Sweden.

The number o f  surviving dopamine neurons in intrastriatal transplants 
o f embryonic mesencephalic tissue correlates well with functional effi
cacy o f the implants in behavioral tests. U sing routine transplantation 
procedures, only 5-20 % o f grafted dopamine neurons survive. Probably 
the major neuronal loss occurs either during dissection and mechanical 
dissociation o f the graft tissue, or soon after the implantation into the 
adult brain. Interleukin-lß (IL-1 ß) converting enzyme (ICE), which i.a. 
cleaves pro-IL-lß to produce mature IL-lß , is a member o f a family of 
proteases implicated in apoptosis. First, w e examined the effects o f an 
ICE inhibitor (Ac-YVAD-CMK) on dissociated mesencephalic cultures 
grown under serum-free conditions. After 2 or 7 days in vitro we as
sessed the cell number and the number o f surviving tyrosine hydroxy- 
lase-immunoreactive (TH-IR) neurons. The ICE inhibitor (500 µM) sig
nificantly increased both, the total number o f surviving cells and TH-IR 
neurons. Second, we compared survival and function o f  intrastriatal me
sencephalic grafts in hemiparkinsonian rats prepared using the standard 
protocol with transplants treated with 500 µM Ac-YVAD-CMK in the 
dissociation medium. Rats in the Ac-YVAD-CMK -treated group recov
ered significantly faster over time in an amphetamine-induced rotation test 
and exhibited a significant, several-fold increase in the number o f sur
viving grafted TH-IR neurons. W e conclude that apoptosis plays a major 
role in cell death occurring in mesencephalic cultures subject to serum 
deprivation and in vivo  in nigral transplants.

223.14
IM M UNE RESPONSE TO TRANSPLANTATION OF CLONED TRANSGENIC 
BOVINE DOPAMINE CELLS IN PARKINSONIAN RATS. W.M. Zawada‘*. J.B. 
Cibelli2,3. P.K. Choi1. E.D· Clarkson1. P,J. Golueke2. S,E. Witta‘ . K.P Bell1. J. Kane2.
F.A. Ponce de Leon3. D.J. Jerrv3, J,M. Robl3. C.R. Freed1. &  S.L. Stice2. Depts. 
Med. & Pharmacol., Div. Clin. Pharmacol.-C237, Neurosci. Prog., U. Colorado Sch. 
o f Med., 4200 E. 9th Ave. Denver, CO 80262. 1Advanced Cell Technology, Inc., One 
Innovation Drive, Worcester, MA 01605. ъDept. Vet. & Animal Sci., U. Mass., 
Amherst, MA 01003.

Transplantation o f human fetal dopamine cells into the putamen o f parkinsonian 
patients treats some symptoms o f Parkinson’s disease. A limited and variable supply 
o f donor tissue represents a major shortcomming for this experimental therapy. To 
create an alternative, consistent and genetically modifiable non-human source of tissue, 
we cloned transgenic bovine embryos by fusing tocZ-transfected fetal bovine fibroblasts 
with enucleated bovine oocytes. Resulting embryos were transferred into recipient 
females. More than 3% of nuclear transfers resulted in embryos developing past 40 
days. Dopamine cells dissected from the ventral mesencephalon of cloned transgenic 
bovine fetuses 42 to 50 days post conception survived transplantation and extended 
neurites into striata o f the immunosuppressed parkinsonian rats. Cells from cloned and 
wild type embryos improved motor performance. Cloned cells did not differ from the 
wild type cells in survival and production o f homovanillic acid, indicating that 
introduction o f the transgene and cloning procedure did not alter normal physiology of 
the cloned cells. The lacZ gene was detected in the transplanted cloned mesencephalon. 
Although only moderate lymphocytic infiltration was observed in the grafts, the immune 
response to a xenograft still represents a major hurdle to overcome. Results of other 
immunological studies w ill be presented. We conclude that cloned, transgenic 
embryonic dopamine cells may be useful for transplantation in Parkinson’s disease. 
Supported by NS18639, NIGMS GM07063, NIH T32HD74O8, NIH CA46934, The 
Program to End Parkinson’s Disease, and National Parkinson Foundation, and ACT.
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223.15
INTRASTRIATAL GRAFTING OF VENTRAL MESENCEPHALIC TISSUE FROM 
MHC KNOCKOUT MICE TO ADULT RATS. W.-M. Duan». M. Westerman. T. 
Flores and W. C. Low. Dept, o f Neurosurgery, Univ, o f Minnesota Med. Sch., 
Minneapolis, M N 55455.

In the present study we have examined the effects o f transplanting tissue lacking 
major histocompatibility complex (MHC) molecules on the survival o f xenografts. 
Intrastriatal grafts o f embryonic dopamine-rich tissue were prepared from the ventral 
mesencephalon (VM) o f either MHC class I (C57BL/6GphTacfBR-[KO]b2mN5), 
class II (C57BL/6TacfBR-[KO]AbbN5) knockout mice or w ild type C57BL/6 mice, 
and implanted into adult Sprague-Dawley rats. Dissociated xenografts were 
stereo taxi cally injected as a cell suspension into the striatum of the rats. Recipient rats 
were sacrificed at 4 days, 2 weeks and 6  weeks after transplantation and the brain 
tissue was processed for tyrosine-hydroxylase (TH), O X-18 (antibodies against MHC 
class I  antigen), OX-6 (MHC class I I  antigen), OX-42 (microglia and macrophages) 
immunocytochemistry. There was no significant difference in the mean number of TH- 
positive cells between the MHC class I deficient, class II  deficient and Cyclosporin A 
(CsA) treated rats that received wild-type mouse tissue at any time point However, the 
mean number o f TH-positive cells in the rats that received wild-type mouse tissue but 
were not treated with CsA was dramatically reduced at 2 weeks after grafting and all 
the wild-type xenografts were completely rejected at 6  weeks. At 4 days, there were 
markedly increased levels o f expression o f MHC class I and class II antigens in the 
graft sites. In addition, OX-42 immunostaining demonstrated heavy infiltration of 
macrophages and activated microglia in the graft sites. Two and six weeks following 
the transplantation, the expression o f MHC class I and II antigens, and cellular 
concentration became even more prominent in the graft sites. When the xenografts 
were completely rejected, the distribution of MHC antigen expression and cellular 
infiltration were localized in the scar remnant. For CsA-treated rats, the levels o f MHC 
class I and II antigen expression and the magnitude o f cellular infiltration were 
generally lower in the graft sites when compared to the other three groups. These data 
indicate that intrastriatal grafting of either MHC class I or class II antigen depleted 
xenografts results in prolonged survival o f the xenografts. There are robust host 
immune and inflammatory responses against the surviving xenografts, suggestive of a 
possible ongoing chronic rejection of the xenografts. (Supported in part by NS-R01- 
24464 and SUPER PD Research Fund).

223.17
FIRST IN  VIVO  DEM O NSTRATIO N OF C O N N E C TIV IT Y  OF FE TAL 
NEUROTRANSPLANTS IN  PATIENTS W IT H  PARKINSON’S DISEASE 

S. B lum l*§. O. Kopvov+#*. S. Jacques#. B.D. Ross4 

♦Huntington Medical Research Institutes, 660 S. Fair Oaks Ave., Pasadena, CA 91105, 
§Schulte Research Institute, Santa Barbara, CA, #Good Samaritan Hospital, L.A., CA 
Our purpose was to establish the existence of neuronal connectivity between host and 

graft tissues in humans after fetal tissue neurotransplantation (FTx) in Parkinson’ s 
Disease. In rats, FTx responds to thalamic and peripheral stimulation (1). Functional 
magnetic resonance imaging (fMRI), by mapping areas of increased blood volume/flow 
and oxygenation level (2 ) visualized neuronal activity in response to task activation.

Two PD patients (64 yrs; 3 yrs post FTx, 40 yrs; 2 yrs post FTx) were examined by 
conventional T l, T2 weighted MRI, and by T2* weighted (TR 90ms, TE 50ms, α=ЗOº) 
fMRI on a GE Signa l.5T. Typically 40 images measured in blocks of five at rest or at 
stimulation and were analyzed off-line. Activation, by a repetitive motor task of the 
contralateral hand and wrist, successfully developed for PD using PET (3) was confirmed 
in volunteers by fMRI. PD patients were examined 3 and 4 times on different occasions.

Results showed graft tissue was identified on T l and T2 weighted conventional MRI 
showing the characteristics as described in (4). In PD grafts, activation was recorded in 
left putamen (in 4 o f 5 experiments) but not in right (0/3) in patient 1, and in right 
putamen (2/3) but not in left putamen (0/3) in patient 2.

In conclusion, elements within the graft respond with increased metabolism and 
subsequently increased blood oxygenation level/flow to an appropriate stimulus. 
Evidence that this represents neuronal stimulation is in line with the presence of the 
neuronal marker N-acetyl-aspartate (NAA) demonstrated in an earlier study (5). The 
incomplete activation in patients may reflect adaptation, inadequacy of the motor task, or 
true heterogeneity in the connectivity of the grafts. fMRI may serve as a noninvasive 
tool to assay rewiring and function of FTx in vivo in humans.

References: 1. Dunnett SB, Bjorklund A: Functional Neural Transplantation, Raven 
Press, 1994. 2. Ogawa S et al. Magn Reson Med 12, 114, 1990. 3. Playford ED et al. 
Ann Neurol 32, 151, 1992. 4. Simmons NE et al. Exp Neurol 125, 52, 1994. 5. Huang 
T et al. Proc Soc Neurosci vol 23, 658.9,1997.

223.16
TEN YEARS EXPERIENCE WITH FETAL NEUROTRANSPLANTATION IN 
PATIENTS WITH ADVANCED PARKINSONS DISEASE. CR Freed.* 1 RE Breeze.1 
M A Leehev.1 SA Schneck. 1 CF O'Brien.1 LL Thompson.1 LO Ramig.1 CA McRae.1 JC 
Mazziotta.2 RS Miletich.3 and D Eidelbeгg 4. 1. University o f Colorado School of 
Medicine, Denver, CO 80262; 2. UCLA Medical Center, Los Angeles 90024; 3. National 
Institutes of Health, Bethesda, MD 20892; 4. North Shore University Hospital, 
Manhasset, NY 11030.

Since November 1988, we have performed embryonic mesencephalic transplants in 26 
patients self referred to Denver, 18 males and 8 females, with a mean duration of 
Parkinson's disease of 14 years. Most patients have received putamenal implants (24/26) 
with simultaneous bilateral placement o f strands of tissue from one to six embryos 7 to 
8 weeks post conception which had been in tissue culture prior to transplant. The current 
surgical approach uses needle passes through the forehead, with a superior and inferior 
pass into each putamen bilaterally. Activities for Daily Living scores provided the best 
clinical measure of patient outcome. At one year after transplant, this value fell 30% in 
the "off* state and 40% in the "on" state. Drug doses were reduced an average of 40% 
and one patient discontinued all medication by 18 months after surgery and has been off 
medication for 2.5 years. Pre and postoperative '‰orodopa PET scans have been 
obtained in 11 patients with 9/11 showing improved putamenal uptake bilaterally. 
Complications included one death from brain hemorrhage. There have been no 
complications from the frontal approach (n=9). One patient has died 9 years after 
transplant and histologic analysis of his transplant w ill be presented. Unilateral 
pallidotomy has been performed on two patients with persistent drug induced dyskinesias 
and dystonia with symptom relief. We conclude that embryonic neurotransplants can 
provide substantial and sustained benefit to patients with advanced Parkinson's Disease. 
Supported by grants from the Program to End Parkinson's Disease and the National 
Parkinson Foundation.

DEVELOPMENTAL DISORDERS: ANIMAL MODELS

224.1
OVER EXPRESSION OF PAXЗ IN A MEDULLOBLASTOMA CELL LINE 
MODULATES N-CAM EXPRESSION AND POLYSIALYLATION. C. S. K. 
M⅞yҙņil, B·.Mзnia-Fш ж U‘, E, G, Bremer, P·. A· K∏epper a∏d D,.O,
McLone. Brain Research Research Program, Div. o f Neurobiology, Children's 
Memorial Institute o f Education and Research; Div. o f Pedaitric Neurosurgery, 
Children's Memorial Medical Center, Chicago, IL 60614.

Neurulation is the major morphogenetic process in the development o f central 
nervous system. PaxЗ, a developmentally regulated transcription factor, is 
expressed in neural tube, neural crest cells and limb muscles during this critical 
time of neural tube closure. Mutations in PaxЗ have been linked to failure o f 
neural tube closure and this is thought to be a result o f an alteration in adhesive 
interaction with the extracellular matrix. To test the hypothesis, whether PaxЗ 
modulates the expression o f cell adhesion molecules and their interaction with 
extracellular matrix, we stably transfected mouse PaxЗ cDNA into a 
medulloblastoma cell line, DAOY, and have selected cells overexpressing PaxЗ 
by RT-PCR as well as by PaxЗ immunoblots. The PaxЗ protein appeared to be 
functional, since clones overexpressing PaxЗ were able to regulate a known 
downstream target gene, MyoD. The polysialic acid immunoreactivity in the 
PaxЗ transfectants, was increased in both 140 and 180 kD forms o f N-CAM. 
Treatment with neuraminidase completely abolished this immunoreactivity.
There was also an increase in the immunoreactivity o f the 180 kD band in several 
transfectants as ascertained by anti-N-CAM polypeptide antibody (5B8). These 
data are consistent with the hypothesis that PaxЗ may regulate a form o f neural 
cell adhesion molecules expressed on the cell surface.

224.2

EFFECTS OF ETS2 M ISEXPRESSION ON IN  V ITR O  
AND IN  VIVO  MODELS OF DOWN SYNDROME. A.E. 
Mjaatvedt* and T.S. Papas. Center for Molecular and Structural 
Biology, Medical Univ, o f South Carolina, Charleston, SC 29425.

Ets2 is a member o f the Ets family o f transcription factors. It is one 
o f three Ets genes located on human chromosome 21, the chromosome 
triplicated in Down Syndrome (DS), and thus is at dosage imbalance in 
that disease. Although Ets2 expression had been detected in the CNS in 
previous studies, it was not known whether it was expressed in 
neurons or glia.

In our present study, Ets2 was localized immunohistochemically in 
E14.5 embryo, and in P8 and adult mouse brain sections. It is 
expressed in a number o f differentiating neurons, some migrating 
neurons, occasionally in proliferating cells, and in glia. Although 
usually localized to the nucleus, there were several examples o f protein 
localization in the cytoplasm, particularly in the Purkinje cells o f the P8 
cerebellum.

To correlate Ets2 expression with cellular activities, PC 12 cells were 
treated with various agents to either induce proliferation, arrest mitosis, 
or cause them to differentiate to various phenotypes. Ets2 levels 
increased only in response to NGF-induced neuronal differentiation, 
indicating a positive correlation with neuronal differentiation. 
Overexpression o f Ets2 in PC 12 and P I9 cells led to changes in 
morphology in both undifferentiated and differentiated cells, and these 
changes were correlated with dysregulated transactivation o f several Ets 
target genes. W e are continuing our studies in a mouse model o f  DS, 
the Ts65Dn mouse, by looking for dysregulated expression o f these 
same target genes. Funded by MUSC University Res. Committee.
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224.3
REGIONAL DISTRIBUTION OF PHOSPHOLIPASE C ACTIVITY IN THE 
Ts65Dn MOUSE BRAIN, A MODEL OF DOWN SYNDROME. J.Sallés1. M.A. 
Lumbreras2, M. López‘, I. Ruiz de Azúa1, M.A, Garro1.1.F. Vallina2. C. Baamonde2, 
C. Martínez-Cué2. M. Dierssen2. J. Florez2* .1 Dept. Pharmacology, Univ. Pais Vasco, 
Vitoria-Gasteiz, and 2Dept. Physiology and Pharmacology, Univ. Cantabria, 
Santander, Spain.

We have demonstrated previously that mice with segmental trisomy 16 (Ts65Dn) 
show severe deficiencies in the activity o f the adenylate cyclase complex in several 
brain areas. In the present study we have assessed the function o f phospholipase C 
(PLC), the other , major effector by which neurotransmitter receptors trigger the 
formation o f second messengers in brain, by measuring the hydrolysis of exogenous 
labeled phosphoinositides ([3H]PIP2) in membranes o f several brain regions of the 
Ts65Dn mice. The breakdown of [3H]PIP2 by PLC was assessed by analyzing 
[3H]inositol phosphates production in the cerebral cortex, hippocampus and 
cerebellar cortex under basal conditions (50 nM calcium free) and after stimulation 
with GTPγS (3 µM), 5-methyltryptamine (300 µM), carbachol (1 шM) and calcium 
(10 µM). Basal, calcium, and GTPγS-stimulated PLC was significantly higher in 
cerebellum than in cerebral cortex and hippocampus o f either group (control and 
trisomic mice). Stimulation o f PLC by muscarinic and serotonergic agonists was 
much higher in hippocampus and cerebral cortex than in cerebellum, and were 
similar in both groups o f mice. However, in Ts65Dn mice the response to GTPγS 
and calcium was markedly depressed in cerebellum compared to control mice. 
Preliminary l-[N-methyl-H3]Scopolamine binding studies in cortex demonstrated no 
differences between trisomic and control mice, either in affinity or in receptor 
density. It is concluded that Ts65Dn mice show severe deficiencies in the function 
or in the expression of the putative G-protein coupled to PLC, which are selective 
for cerebellum.
(Supported by DGICYT Grant PB94-lO63-CO2-Ol and Foundation Marcelino 
Botin).

224.5
AD U LT CATS PRENATALLY EXPOSED TO D IAZEPAM  SHOW 
DEFICITS IN BRAIN G ABA-A /BENZO D IAZEPINE RECEPTORS AND 
SCHIZOPHRENIFORM BEHAVIOR. T.J. Marczvnski* and L.L. Burns. Dept. 
Phamacol. Univ, of Illinois Coll, of Med., Chicago, IL. 60612.

Feline progenies at one year of age showed several behavioral and 
electrophysiological abnormalities, relative to age-matched controls (Livezey et 
al., Neurobehav. Toxicol. Teratol. 8:425;I986): inability to habituate to the 
experimental chamber, restless "exploratory" behavior and signs of visual and 
auditory hallucinations. When partially deprived of food-and-water, these cats had 
difficulties in learning the bar pressing performance for small quanta of milk 
rewards; this failure was due to perseveration in inefficient modes of exploring the 
manipulanda. Cats that after extra long training learned this operantly conditioned 
behavior were unable to display the normal reward-induced 6-8 Hz EEG 
oscillations over the parieto-occipital association cortex. Single and multiple 
neuronal recording from the thalamic heteromodal medio-dorsal nuclei, 
regardless of behavioral state, showed incessant stereotyped firing patterns, as 
statistically quantified with reference to the random model of neuronal activity 
(Marczynski, G.T., Int. J. Biomed. Comp. 14:463; 1983). In contrast, comparable 
neuronal populations in control cats showed behaviorally contingent variabilty of 
firing patterns, suggesting that stereotypic firing patterns and perseveration in 
behavior and cognitive functions are due to malfunction of the heteromodal 
association system and deficits in the GABA-benzodiazepine transmitter system, 
in agreement with the GABA deficit theory of schizophrenia (Akbarian et al. 
Arch. Gen. Psychiat. 52:258; 1995). Supported by grants from NSF BNS-8618135 
and AFORSR 87-0364.

224.7
METHYLMERCURY ANTAGONIZES IGF-I INDUCED CEREBELLAR 
GRANULE CELL SURVIVAL. R.F. Bulleit* and H. Cui. Dept, of 
Pharmacology, University o f Maryland Sch. of Med., Baltimore, MD 
21201.

In utero exposure to methylmeгcuгy (MeHg) leads to the abnormal 
development o f cerebellar granule neurons. The use o f cultured granule 
neurons can provide a model for evaluating molecular mechanisms 
involved in MeHg’s developmental toxicity. MeHg exposure causes a 
reduction in the number of granule cells in the developing cerebellum. 
This reduction could be the result of an inhibition of granule neuron 
progenitor proliferation or alternatively an increase in granule cell death. 
Insulin-I¡ke growth factor I (IGF-I) allows cultured granule cells to both 
survive and proliferate. In a proliferation assay, using 3H-thymidine 
incorporation, 2 µM MeHg reduced IGF-I stimulated proliferation by 26% 
after 24 hours in culture. However, MeHg also reduced cell survival in 
these cultures by a similar extent (34%) following 24 hours o f culture. 
Thus, a reduction in proliferating cells may be a consequence of MeHg’s 
cytotoxicity. The cell death induced by MeHg appears to occur by an 
apoptotic mechanism. Exposed cultures have an increased number of 
condensed cell nuclei and the presence o f inteгnucleosomal DNA 
fragmentation. MeHg also induced the expression o f c-Jun a proto
oncogene who expression increases following trophic factor withdrawal in 
neurons. These results suggest that MeHg may induce apoptotic cell death 
in granule cells by antagonizing growth factor stimulated intracellular 
survival pathways. (Supported by NIH ES/ODO8O87)

224.4
THERMAL PAIN RESPONSES IN MICE WITH SEGMENTAL TRISOMY 16, A 
MODEL FOR DOWN SYNDROME,_Ç. N(artmez-Cué. C. Baamonde. 1.F. Vallina. 
M.A. Lumbreras. M. Dierssen*. M.A. Hurlé. J. Flǒrez. Dept. Physiology and 
Pharmacology, University o f Cantabria, Santander, Spain.

Increased pain threshold and/or reduced pain responsiveness in individuals with 
Down syndrome have been often asserted. Since mice with segmental trisomy 16 
(Ts65Dn) are used as a model for Down syndrome, pain assessment in hot-plate and 
tail-flick tests were performed in three groups o f male animals: Ts65Dn, their 
control Iittermates (C), and Swiss (S) mice. In the hot plate test, latencies of 
jumping and licking were used as a measure of pain sensitivity. For each animal 
three sessions were run on consecutive days (days 1 to 3) at a constant temperature 
of 45° C, followed by a second set of three sessions (days 4 to 6) at a temperature of 
48° C. Regarding jumping latencies the three groups showed similar latencies on 
day 1. On days 2 and 3, latencies remained similar to those o f day 1 in group C, 
whereas they significantly dropped to an asymptotic value in groups S and Ts65Dn. 
When temperature was raised in the second set o f sessions, latencies decreased in 
all groups on day 4 compared to day 3, but they remained significantly higher in 
group C than in Ts65Dn and S groups. No significant differences were found 
between the three groups in the latency o f licking the hindpaws. However, a 
significantly smaller number o f Ts65Dn mice than C or S showed licking behavior. 
In the tail flick test, no differences were observed in basal latencies between C and 
Ts65Dn mice. Dose-responses curves to cumulative morphine (2.5 to 10 mg/kg) 
were also identical in both groups of mice. No reduction in pain responsiveness was 
found in the partial trisomic mice compared to their control Iittermates in the hot 
plate and tail-flick tests. The shorter latency to escape and less frequent licking 
behavior showed by Ts65Dn mice in the hot plate test support previous results 
showing hyperactivity and enhanced escape behavior in averssive tests.
(Supported by DGICYT Grant PB94-1063-C02-01 and Foundation Marcelino 
Botin).

224.6
A SPATIO-TEMPORAL MAP OF NEURODEGENERATION IN NIEMANN-PICK 
TYPE C DISEASE MICE. W.Y. O∩g.1* S. Suresh.2 R.C. Switzer.3 G. Suresh.2 U. 
Kumar.4 A. Sidhu.5 P. G. Pentchev 6 and S.C. Patel2. ’Dept. O f Anatomy, National 
University o f Singapore, Singapore 119260; 2Neurobiology Research Laboratory, VA 
Connecticut Healthcare System, Newington, CT 06111, USA; 3Neuroscience 
Associates, Knoxville, TN 37922, USA; 4Fraser Laboratories, McGill University, 
Montreal, Canada HЗA1 A l;  department o f Pediatrics, Georgetown University 
Medical Center, NW, Washington D.C. 20007, USA; 6Section o f Cellular and 
Molecular Pathophysiology, Developmental and Metabolic Neurology Branch, 
National Institute of Neurological Disorders and Stroke, National Institute o f Health, 
Bethesda, Maryland 20892, USA.

A hallmark of the inherited neurodegenerative disorder, Niemann-Pick type C 
disease (NP-C) is deficient intracellular cholesterol transport and lysosomal cholesterol 
storage. NP-C is caused by mutations in a recently identified gene, NPC1, which 
encodes a membrane-bound protein that is homologous with several other sterol- 
regulated proteins. The neurological symptoms of NP-C typically appear after a period 
of normal early development and are caused by progressive neurodegeneration. Using 
an amino-cupric-silver staining technique, we developed a spatial and temporal map 
o f neurodegeneration in NP-C mice, which like human NP-C, has also been linked to 
a mutation of the murine NPC-1 gene. The results reveal spatially-specific and 
progressive degeneration of nerve fibres followed by neuronal degeneration beginning 
as early as day 1 and continuing throughout life. The presence o f significant 
neurodegenerative changes prior to the appearance of neurological symptoms suggests 
that a "threshold” level of neuronal damage is required to produce phenotypic changes. 
The current observations provide a framework for understanding the role of NPC1 in 
the normal nervous system and how its deficiency may lead to neurodegeneration.

This work was supported by grants from the National University o f Singapore 
(RP96O372) and the National Institute o f Health (NS34339).

224.8
NEGATIVE EFFECT OF GRANULE CELL INTERACTION ON PURKINJE 
CELL DEVELOPMENT IN LURCHER MUTANT MICE
M.L. Doughty, A. Lohof*. N. Delhavѳ-Bouchaud. and J. M arian i. Laboratoire de 
Neurobio logie du Développement, CNRS UMR 7624, Univ. P. & M. Curie, 
75005 Paris, France.

The Lurcher mutation is a point mutation in the δ2 glutamate receptor gene 
(GluRδ2) that results in a large, constitutive inward current in the cerebellar 
Purkinje cells of heterozygous Lurcher mice. The Purkinje cells of 
heterozygous Lurcher mice fail to develop fully and die during postnatal 
developm ent. The onset of abnormalities in Lurcher mice is concurrent with the 
normal localisation of GluRδ2 to the dendritic spines of Purkinje cells during 
synaptogenesis with granule cell parallel fibres. We have investigated the role 
of granule cell interaction in the developm ent and death of Lurcher Purkinje 
cells. The num ber of granule cells was reduced by 70%  in young Lurcher mice 
using ×-irradiation of the hindbrain. The reduction in granule cell num bers did 
not prevent the death of Purkinje cells but did result in a significant increase 
in dendritic development. The Purkinje cell dendritic trees of X-irradiated 
Lurcher mice showed increased lateral growth and branching when compared 
to non-irradiated mutants. The height of the Purkinje cells was unaltered. 
GluRδ2 conductance was unaltered in the X-irradiated Lurchers: the Purkinje 
cells had a comparably high membrane conductance and depolarized resting 
m embrane potential as non-irradiated mutants. Electron m icroscopical 
exam ination revealed a less perturbed cytoplasm ic organisation in the 
remaining Purkinje cells of X-irradiated compared to non-irradiated Lurcher 
mice. These results dem onstrate that in the com prom ised Lurcher Purkinje cell 
the normal trophic effects of granule cell interaction are reversed. The data 
indicate two independent components to Lurcher Purkinje cell abnormalities: 
a retardation/blockade of developm ent; and cell death.
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224.9
MCNCAMINE DEPRIVED NBJRCNAL DБMΉ DURING CRITICAL PҤ¾CD CF 
DEVELOPMENT IN THE CEFШTALCORTEX CFMICE. F. Shutoh*, U. Kamiya, and N. 
Okado. Inst. Basic Med. Sci. Univ, of Tsukuba, Tsukuba, Ibaraki 305, Japan.

Cur previous studies have demonstrated that monoamines facilitate 
formation and maintenance of synapses in the developing and adult bran and 
spinal cord (J. Neurobiol. 24( 1 993) 687- 698; Neurosci. Res. 19 (1 994) 
111-115; Neurosci. Lett. 195(1995)159- 162; Neurosci. Lett. 230 
(1997) 13- 16). Because trophic factors necessary for the survival of 
neurons are considered to be exchanged across synapses, decreases in the 
number of synapses by the reduction of monoamines may reduce the amount of 
trophic factors and endanger the survival of neurons. In the present study 
frequences of TUNEL positive cells in the mouse cerebral cortex were 
determined following to perturb monoamine system indifferent developmental 
stages. Following an injection of reserpine in one week-old mice TUNELpos¡tive 
cells were most frequently observed on two days after the injection, and no 
TUNEL positive cells were found on four days after the injection. TUNELpositive 
cells significantly increased following treatments of 5HT and/or NAdepletors in 
one week- old mice, whereas no changes occurred in one day- old and two 
week- old mice. 5HT2A and NAα1 receptors have been shown mediating the 
function to facilitates synapse formation. TUNELpositive cells also significantly 
increased by administrations of 5HT2A and/or NAα1 antagonists in one 
week-old mice. Monoamine deprived neuronal death appears to occur during the 
critical period of development.

224.11
NEURONAL SIZE DIFFERENCES IN THE ANTERIOR THALAMIC 
NUCLEUS OF MICE WITH NEOCORTICAL ECTOPIAS. G.F. Sherman*, 
W.R. Hinton, and A.M. Galaburda. Department of Neurology, Beth Israel 
Deaconess Medical Center and Harvard Medical School, Boston, MA.

Over 50% of BXSB/MpJ mice develop prenatal collections of neurons in 
neocortical layer I. Most are located in pгefгontal/motor areas and a genetic origin 
is likely. Similar ectopias can be induced at birth and have been shown in 
autopsy studies of dyslexic individuals. This type of malformation in rodents is 
associated with changes in cortical connections, electrophysiology, and behavior.

In an attempt to replicate the previous results in humans, rats, and mice 
showing that early cortical malformations may result in widespread changes in 
brain networks including the thalamus, we measured the cross-sectional area of 
neurons using stereology techniques in the anterior nuclei o f mice with and 
without ectopias. AD is easily identified and was the first nucleus of the anterior 
group to be measured.

Twenty brains without ectopias (10 male and 10 female) and 28 brains with 
ectopias (12 male and 16 female) were analyzed. All mice were anesthetized and 
transcardially perfused with formalin and processed for celloidin embedding. 
Brains were cut coronally into 30 µm sections and stained with cresyl violet. 
Neurons were measured in 5 locations within AD (dorsal, ventral, central, 
medial, and lateral) in one section per hemisphere.

An analysis of variance revealed the following key results. There was a dorsal- 
ventral neuronal size gradient with the dorsal part of the nucleus having the 
smallest neurons. There were no sex or pathology effects, but there were sex by 
pathology interactions. In general these revealed that females without ectopias 
had larger neurons than males without ectopias, however there were no sex 
differences in the ectopic mice. Further, males with ectopias had larger neurons 
than males without ectopias. This was true for all locations in AD except for the 
ventral measure. Neurons in females without ectopias were larger than females 
with ectopias in the rostral measurement only. No differences were present 
between these two groups in the other locations within AD. These results add to 
the accumulating results showing that early malformations of the cortex affect 
neuronal size in the thalamus. Supported by the NIH grant HD 20806.

224.13
GRADED REDUCTION OF PAFAHßLIS 1 GENE ACTIVITY RESULTS 
IN NEURONAL CELL AUTONOMOUS MIGRATION DEFECTS AND 
EARLY EMBRYONIC LETHALITY. S. Hirotsune1. M.W. Fleck2, M.J. 
Gambeilo1, G.J. Bix3, A .1 Chen1. G.D. Clark3, D,H. Ledbetter4 , C.J. 
M cBain^* and A. Wvnshaw-Boris1. 1 Laboratories o f Genetic Disease 
Research, NHGRl and ^Cellular and Molecular Neurophysiology, NICHD, 
NIH, Bethesda, MD 20892; 3Department of Pediatrics, Cain Foundation 
Research Laboratories, Baylor College o f Medicine, Houston, TX 77030; 
4 Department of Human Genetics, University o f Chicago, Chicago IL 60637.

Heterozygous mutation or deletion of the ß subunit of platelet activating 
factor acetylhydrolase (ßLISl) in humans is associated with syndromes of 
Type I lissencephaly, a severe developmental brain disorder thought to result 
from abnormal neuronal migration. To better understand the contribution of 
ßLisl deletion to these disorders, we have produced three mutant ßLisl 
alleles in the mouse by gene targeting. Homozygous null mice die early in 
embryogenesis soon after implantation. Mice with one inactive allele 
displayed enlarged lateral ventricles, cortical, hippocampal, and olfactory 
bulb disorganization, and seizures. There was no obvious effect of ßLisl 
deletion on cell differentiation, however BrdU birthdating and in vitro 
migration experiments confirmed a cell-autonomous defect in neuronal 
migration. Mice with further reduction of ßLisl activity displayed more 
severe brain disorganization including cerebellar defects. Our results 
demonstrate a dosage dependent function for ßLisl in neuronal migration 
and, as seen when completely absent, an essential role in early embryonic 
development. This work was supported by the NIH.

224.10
FUNCTIONAL ANALYSIS OF THE KALLMANN SYNDROME GENE PROTEIN. 
Ŝ A··-Co]ąiņarino*' c  phezz⅛, Ų. Huffstadţ#,. R. Pall ing#, A, BaļĮabio ,aņd_E.Ļ 
Rugarli. Telethon Institute of Genetics and Medicine; San Raffaele Science Park; 
20132 Milan, Italy and #GSF Research Center; 85758 Oberschleissheim, Germany.

Kallmann Syndrome is an inherited disorder characterized by the association of 
hypogonadism and anosmia. In Kallmann Syndrome patients, anosmia appears to 
result from the lack of functional connections formed during development between the 
primary olfactory axons and their central target, the olfactory bulb. The gene mutated 
in the X-linked form of the disease has been identified and encodes for a secreted protein 
(KAL) of 75 kd containing motifs characteristic of factors involved in axon guidance. 
Within the olfactory system, we have found that both human KAL and chick KAL 
(KALc) are highly expressed in the olfactory bulb during the period in which the 
primary olfactory axons are beginning to innervate it. KAL is not expressed by the 
olfactory axons themselves nor by any other structures along the pathway through 
which the axons migrate to reach the olfactory bulb.

To better understand the pathogenesis of the disease we have undertaken a series of 
studies, both in vitro and in vivo, which test several hypotheses concerning the 
function of the protein in olfactory system development. To address if KAL may serve 
as a substrate for and/or promote olfactory axon outgrowth, we are analyzing axon 
behavior from explants of chick olfactory epithelium (OE) grown on monolayers of 
COS cells expressing KALc. KAL may also function as a chemoattractant which 
guides axons during their final approach to the olfactory bulb. This possibility is 
being tested by co-culturing KALc-secreting cells with OE explants in collagen gels. 
Finally, to examine whether KAL functions within the bulb to direct proper targeting 
and synapse formation of the olfactory axons, we have attempted to disrupt its normal 
expression pattern by ectopically-expressing KAL in olfactory axons under the OMP 
promoter in transgenic mice. We are currently analyzing the first two lines generated. 
(Supported by the Italian Telethon Foundation and March of Dimes Birth Defects 
Foundation.)

224.12
THALAMOCORTICAL AND CORTICOTHALAMIC 
CONNECTIVITY IN INDUCED NEOCORTICAL MICROGYRIA.
G.D. Rosen* and A.M. Galaburda. Beth Israel Deaconess Medical 
Center and Harvard Medical School, Boston, MA 02215.

Disorders of late neuronal migration are seen in developmental 
dyslexia. In order to model these malformations, we have induced 
them in otherwise normal rodent neocortex by focal damage to the 
developing cortical plate. These induced neocortical malformations are 
associated with a variety o f behavioral alterations, as well as changes 
in thalamic neuronal size (Herman et ah, Cereb Cort 7:453-464,
1997). It was hypothesized that these small focal malformations may 
cause connectional reorganization that might help explain the 
widespread behavioral and anatomic disturbances associated with 
them.

We induced microgyria in the presumptive somatosensory cortex of 
rats by placing a freezing probe on their skulls on the first day o f life 
for 5s. In adulthood, rats received biotinylated dextran amine (BDA) 
injections into the ventrobasal complex (VB) of the thalamus. Matched 
controls received identically placed injections. The brains were 
subsequently processed for visualization of the retrograde and 
anterograde transport o f BDA.

Most notably, there was a paucity of anterograde and retrograde 
projections to microgyric regions. This was despite a normal pattern of 
projections to regions situated medially and laterally to the microgyria. 
Dense collections of fibers were noted at the borders o f the 
microgyrus, which were not seen following injections into the VB of 
controls. Finally, aberrant corticothalamic and thalamocortical 
connections in were noted in a number o f cases. The results support 
the hypothesis that early focal injury to the neocortex results in 
restructuring of connectivity. (Supported, in part, by HD20806).

224.14
HIPPOCAMPAL ABNORMALITIES IN PAFAHßLIS 1 DEFICIENT MICE. 
M.W. Fleck^*, S. Hirotsune 1, M.J. Gambeilo 1, E, Phillips-Tansey^, A. 
Wvnshaw-Boris1, and C.J. McBain .̂ 1 Laboratories of Genetic Disease 
Research, NHGRl, and ^Cellular and Molecular Neurophysiology, NICHD, 
NIH, Bethesda, MD 20892.

We have examined the hippocampal formation of mutant mice with a 
hemizygous deletion of the ßLisl gene involved in Type I human 
lissencephaly. Histological analysis revealed profound disintegration of CA1 
and CAЗ pyramidal cell layers in heterozygotes (ßLisl+/-> as compared to 
wild-type (ßLisl+/+); embryonic lethality precluded analysis of homozygotes 
(ßLisl-/-). BrdU birthdating experiments revealed that most presumed 
pyramidal cells in ßLisl+/- CA1 are bom between E14-15, as in wild type, 
but fail in migration to form a single coherent pyramidal cell layer. The 
distribution of early-bom cells and of parvalbumin-, calbindin-, and 
calretenin-immunoreactive intemeurons was normal, however somatostatin
positive cells were seen throughout both CA1 st. oriens and radiatum in 
ßLisl+/- mice. Pyramidal cells in ßLisl-ł-/- hippocampus had similar 
morphology to wild type and retained their normal physiology and 
connectivity. Excitatory synaptic currents included both AMPA and NMDA- 
receptor mediated components. Paired-pulse facilitation, post-tetanic 
potentiation, and long-term potentiation were observed which were not 
quantitatively different from wild type. In contrast, laminar profile analysis of 
extracellular field potentials revealed multiple areas exhibiting population 
spikes throughout the CA1 subfield consistent with the disintegration of the 
pyramidal cell layer. These studies suggest that severe hippocampal defects 
exist in mice with a ßLisl deletion. This work was supported by the NШ.
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224.15
DOPAMINE TRANSPORTER IM BALANCE IN THE STRIATUM IS NOT 
MANDATORY FOR CONTROL OF ROTATION BEHAVIOR. M. Mint/..1 M. 
Rcchavi2 and M.S. Mvslobodskv1*. 'Dept, oť Psychology and 2Dept. of Physiology 
and Pharmacology, Tel-Aviv University, Tel-Aviv 69978, Israel.

Prenatal stress is an early epigenetic factor capable of inducing long-lasting 
alterations in spatial behavior after í/-amphetamine. Emergence of asymmetric 
behaviors may be related to functional and structural imbalance of the striatum as 
expressed in the relative overactivity of dopamine (DA) neurotransmission on one 
side. By exposing an animal to ionizing radiation in utero, a relatively specif ic 
damage of the central nervous system could be inflicted in some periods of 
development with minimal sensory deficits and no deterioration of maternal behavior 
which is associated with other prenatal stressors. Sprague-Dawley rats were exposed 
prenatally to a single dose of ionizing gamma radiation at 1.5 Gy with a dose-rate of 
0.15 Gy/min through the whole body of pregnant dams. The dose was delivered on 
one of embryonic days, 15, 17 or 19. At postnatal day 56 female offspring were 
tested for circling behavior to ¿/-amphetamine (1.3 mg/kg, i.p.). All rats showed 
highly asymmetric circling with individual preference of either the left or the right 
side. Exposure tended to increase the rate of circling with no consistent effect on 
the side preference. Plasma membrane DA transporter density is a marker of 
presynaptic activity, and its bilateral imbalance would be expected to set the vector 
of individual lateralised spatial behaviors. We thus explored whether binding of 
[ЗH]GBR-12935 to striatal DA transporters will be altered as a function of prenatal 
exposure to ionizing radiation. Bmax values in sham controls were higher in the 
striatum contralateral to the preferred side of rotation. Radiation reversed this 
coupling so that exposed rats circled away from the stiiatum with lower Bmax values 
irrespective of the day of exposure. It is suggested that whereas in controls the 
directionality of circling is chiefly determined by the imbalanced DA in the striatum, 
the preferred side of rotation in irradiated rats is controlled by other imbalanced 
systems, possibly the nigral circuits.

224.17
EARLY NEONATAL ETHANOL EXPOSURE DECREASES SYNAPTIC 
EFFICACY BUT NOT PLASTICITY IN THE ADULT RAT 
HIPPOCAMPUS. F. P. Bellinger1*.K. S. Bedi1 †. P.Wilson2 . and P. A. 
Wilce1. ‘Depts. of Biochemistry and †Anatomy, The Univ, of Queensland, St. 
Lucia, QLD 4068 Australia and 2Div. Human Biology, The Univ, of New 
England, Armidale, NSW 2351, Australia.

Fetal Alcohol Syndrome is the leading known cause of mental retardation. 
We investigated possible long-lasting effects of alcohol on the hippocampus 
using a model for human third trimester brain development. Neonatal rats 
subjected to an ethanol vapor atmosphere of 3.9 +  0.26 mg ethanol per liter 
of air for three hours a day from postnatal day 4 through 9 had daily blood 
ethanol levels of 351 ±  14 mg/dL. Separation control animals were removed 
from their mothers in parallel with the ethanol vapor treatment, while suckle 
controls were left to develop normally. We prepared hippocampal slices from 
these animals between postnatal days 45 and 60 and recorded extracellular 
responses to Schaffer Collateral stimulation. The maximum population spike 
in the CA1 pyramidal region and population excitatory post-synaptic potentials 
in the stratum radiatum did not differ significantly between groups. However, 
slices prepared from ethanol-treated rats as opposed to separation and suckle 
controls required larger stimulus currents to produce normal post-synaptic 
responses. In addition, the ratio of the pEPSP slope to the presynaptic volley 
was significantly reduced in ethanol-treated rats. Ethanol vapor-treated rats and 
separation control rats did not exhibit any significant changes in long-term 
potentiation or paired-pulse potentiation compared with normal suckle controls. 
These results suggest that early postnatal ethanol treatment produces a 
long-lasting reduction in synaptic efficacy but not plasticity.

This work was funded in part by the Australian NHMRC.

224.19
GENETICALLY DETERMINED CARDIOMYOPATHY AND 
POLYMYOSITIS IN BALB/c MĬCE^ J. Pavlovic,1 J. M. Kwiecien.2 N. J.
Gibson.1 and M. B. Bulman-Fleming ]Dept. o f Psychology, Univ.of Waterloo, 
Waterloo, ON, N2L ЗG1 and ⅛entral Animal Facility, McMaster Univ, Hamilton, 
ON, L 8S 4L8.

We describe our most recent findings in an on-going investigation to determine the 
etiology o f a lethal condition in our pigmented BALB (C.B6 -  +7+c) mice. In 
previous work, we described the autosomal recessive nature o f this spontaneous 
mutation and results o f behavioural testing (Pavlovic et al., SFN Abstracts, 1997).
Not identifiable at birth, mice with this mutation fail to thrive, exhibit severe weakness 
at two to three weeks after birth, and do not survive beyond 8 weeks. Heterozygotes, 
which appear normal, are mated to produce mutants. We conducted histopathologic 
examination o f the CNS and other organs in 22 affected and 22 normal mice at 4, 6 , 
and 8 weeks. Mutants in all age groups exhibit a mild to moderate myocarditis 
characterized by scattered mineralized myofibres, small foci o f granulomatous 
interstitial infiltration and prominent myofibre hypertrophy. Cardiac, diaphragmatic 
and skeletal muscles were examined in another group of 4, 5, 6 , and 8-week-old 
control and mutant animals (N =13). A ll mutant mice had cardiomyopathy with mild 
granulomatous changes, moderate interstitial fibroplasia in the diaphragmatic muscle, 
decreased size o f skeletal muscles, and mild multifocal interstitial granulomatous 
infiltration in the skeletal muscles. The behavioural course of our mutation bears a 
striking resemblance to a fatal autosomal recessive murine muscular dystrophy 
discovered as a spontaneous mutant o f the inbred strain 129 at the Jackson 
Laboratories. These mice have a merosin (laminin alpha-2) deficiency in skeletal and 
cardiac muscles and in peripheral nerves, and show degenerative changes among 
individual muscle fibres and demyelination in ventral spinal roots. Lack of 
histological evidence o f peripheral neuropathy and central axonopathy in our BALB 
mice necessitates further analysis, for a better characterization o f this disorder. 
Supported by the Department o f Psychology, University o f Waterloo.

224.16
ELECTROPH Y SIOLOGIC AL AND PHARMACOLOGICAL
EVALUATION OF THE OPTIC NERVE IN THE tαiep RAT. M  
R oncagliolo1. C. Schlageter1. J, Benitez1. JR . Eguibar2 and 0. 
Vindrola*2 1 Dept. Physiol. Univ o f  Valparaiso, CHILE and 2 Inst. 
Physiol. BUAP, Apdo. Postal 406 Puebla, Pue. MÉXICO.

The tαiep  is a neurological mutant rat with abnormal myelin 
formation and subsequent demyelination o f  CNS axons. This mutant rat 
might be a model o f  myelin sheath disorganization. W e studied the 
effects o f  tetraethylammonium (TEA) and 4 aminopyridine (4-AP), 
potassium channel blockers, on the compound action potential (CAP) of 
the optic nerve (ON). The ONs were isolated by craniotomy and 
im m ersed in aCSF bath bubbled with C〇2 5% and O2 95%. Suction 
electrodes were used to stimulate and record CAPs.

Three negative w aves named N l ,  N2 and N3 were recorded in 
control and tαiep  rats. Recordings were made from rats aged between 10 
and 180 days. At 30 days tαiep  rats showed longer latencies and reduced 
amplitudes in the three w aves o f  CAP than controls. Bath application of 
TEA (ЮmM) induced a moderate increase in amplitude and duration of 
CAP in both groups. 4-AP (1 mM) produced a significant increase of 
the slow  component (N 3) in normal rats but a clear increment in all 
three w aves in tαiep  rats. These effects could be explained in terms of a 
demyelination process since paranodal regions are exposed to the action 
o f  4-AP. Supported by Fondecyt-Conicyt, Chile grants 1960293 and 
7960014; a n d  CONACyT, México, grant 5221P-N.

224.18
192 IgG-SAPORIN LESIONED N EO N A TA L RATS: SEX
DIFFERENCES A N D  DEVELO PM ENT OF HIPPOCAMPAL  
SYM PATHETIC INGROW THS. N. Sherren. B A. Pappas* and T. 
Fortin. Inst, o f  Neuroscience, Carleton University, Ottawa, ON K1S 5B6.

Understanding the significance o f  an intact forebrain cholinergic (ACҺ) 
system during ontogeny is important considering that at least one 
neurodevelopmental disorder, Rett syndrome (RS), is associated with 
forebrain ACҺ disregulation. We lesioned 7 day old rats with i.e.v. 192 
IgG-saporin (192 IgG) in order to evaluate the functional and biological 
consequences o f  a compromised ACҺ system during brain development. 
D ue to the female-dependent nature o f  RS and because the ACҺ system 
develops differently in the sexes, both males and females were lesioned. 
The rats were assessed at postnatal day (PN D ) 21 (late infancy), PND 45 
(adolescence) and PND 90 (adulthood). PND 45 and PND 90 rats were 
tested in the Morris water maze (MW M) before sacrifice. Lesioned rats 
were unimpaired on the MWM task. Reductions in p75 ntr-IR and CҺAT- 
IR cells in basal forebrain nuclei were typically between 75-90% , and no 
sex differences in the magnitude o f  the loss were seen. Sympathetic (both 
DBH-IR and p 7 5 ^ -I R )  ingrowths were apparent in the hippocampus of 
lesioned rats as early as 21 days o f  age and became progressively denser 
with maturation. We conclude that there are no apparent sex differences 
in neural and behavioral response to neonatal forebrain ACҺ lesions. 
(Supported by NSERC and Scottish Rite Foundation).
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225.1

A NEW METHOD FOR PURIFICATION OF PRIMARY CULTURES OF 
ENSHEATHING GLIA FROM THE OLFACTORY BULB. H.H. Nash1. J.J. 
Anders1-2 and R.C. Boгƙe12 #. ’Neuroscience Program, department of 
Anatomy & Cell Biology, Uniformed Services University of the Health Sciences, 
Bethesda,MD 20814

Ensheath¡ng glia have become an important subject of research and their
Ēэtential role in the regeneration of CNS neurons is being investigated.

nsheathing glia have a very plastic phenotype and co-express Schwann cell- 
specific and astrocyte-specific phenotypic features. This plastic phenotype 
allows ensheath¡ng glia to exist in both the PNS and CNS, to myelinate axons 
and to promote the elongation of axons after injury in the CNS. Our research 
into spinal cord injury repair requires the use of a purified population of 
ensheathing glia for transplantation, which led to trie development of a novel 
method for purifying ensheathing glia based upon the different rates of 
attachment of each of these cell types to a substrate. The olfactory bulbs of 
adult Sprague-Dawley rats were harvested to obtain ensheathing glial cells.
Our primary cultures were found to contain three cell types: i) ensheathing glia, 
ü) fibroblasts and i¡i) astrocytes. Suspended cells from the olfactory nerve layer 
and the glomerular layer, were seeded into an uncoated plastic chambeг/sl¡de 
(Slide 1) and incubated for one hour. The supernatant from Slide 1 was then 
poured into a second uncoated chambeг/slide (Slide 2) and incubated for 24 
hours. A poly-D-lysine coated chambeг/slide (Slide 3) was seeded with the 
supernatant from Slide 2. The purity of the three different cell types was 
confirmed by immunocytochemical characterization using three antibodies: 
anti-Thy1.1, anti-GFAP, and anti-p75. After immunostaining with anti-Thy1.1, it 
was found that greater than 95% of the cells on Slide 1 were labeled, less than 
5% of the cells on Slide 2 and Slide 3 were labeled. This demonstrates the 
majority of the fibroblasts attached to the uncoated chambeг/slide during the 
first hour after seeding. The majority of the cells on Slide 2 and Slide 3 were 
positive for anti-GFAP, as were a very small number (< 5%) on Slide 1. The 
majority of the cells on Slide 3 (> 95%) were positive for anti-p75, while less 
than 5% of the cells on Slide 1 or Slide 2 were p75 positive. These results 
demonstrate that the majority of the cells on Slide 2 are astrocytes, while the 
majority of those cells on Slide 3 are ensheathing glia.

225.3

CO-LOCALIZATION OF NEURAL CHONDROITIN SULFATE 
PROTEOGLYCANS, 6B4 PROΓEOGLYCAN/PHOSPHACAN, 
NEUROCAN-130, AND NEUROCAN-C, IN THE CEREBELLAR 
NUCLEI OF THE RAT. M. Nishizuka1*. M. Shюno12. T. Haneava2 
and A. Oohira3. 'Dept, of Anatomy, Juntєndo Univ. Sch. of Med., 
Tokyo 113-8421, 2Lab. of Functional Anatomy, Fac. of Agriculture, 
MeijiUniv., Kawasaki 214-8571, and 3Dept. of Perinatology, Inst, for 
Developmental Res., Kasugai, Aichi, 480-0392, Japan.

A major chondroitin sulfate proteoglycan in the nervous system, 
neurocan, is known to be cleaved into neurocan-C, neurocan-130, and 
other, in adult rat brains. We have reported that neurocan-130, but not 
neurocan-C, is localized in the peπneuronal glial cell processes 
enwrapping the cell bodies of a subset of cerebral neurons. Another 
neural proteoglycan, 6B4 proteoglycans/phosphacan is an extracellular 
variant of receptor-type protein phosphatase PTPζ (RPTPß). In this 
presentation, we describe co-localization of 6B4 proteoglycan, 
neurocan-C, and neurocan-130, in the perineuronal glial cell processes 
enwrapping the neurons of the cerebellar nuclei in adult rats. 
Immunocytochemical localization of these proteoglycans was studied 
under confocal laser scanning microscopes using with three antibodies. 
These proteoglycans were seen in all the cerebellar nuclei of adult rats. 
Among them, 6B4 proteoglycan and neurocan-130 were seen in all the 
perineuronal glial processes enwrapping all the neuronal cell bodies and 
their proximal dendrites in the nuclei. Neurocan-C also surrounded a 
number of neurons, however, a subset of neurons in the nuclei lacked 
neurocan-C in their perineuronal glial processes. These results indicate 
co-localization of two or three types of proteoglycans in the perineuronal 
glial processes.Supported by Grants from the Ministry of ESSC, Japan.

225.5

INVESTIG ATIO N OF THE ROLE T H A T  THE LOW  A F FIN ITY  
NEUROTROPHIN RECEPTOR PLAYS IN THE R EG U LATIO N OF 
OLIGODENDROCYTIC SU R V IV AL.
T.J. K ilpa trick*, G.D. Starkey, T. Bucci. Development and 
Neurobiology Group; The Walter and Eliza Hall Institute o f Medical 
Research; Post Office, The Royal Melbourne Hospital, Parkville, V ictoria  
3050, Australia.

The low-affin ity neurotrophin receptor (p75) has been previously 
implicated in the promotion o f oligodendrocytic death, after exposure 
o f the cells to nerve growth factor (NGF). On the other hand, 
neurotrophins such as NGF and neurotrophin-3 (NT-3) also have been 
reported to upregulate oligodendrocytic survival. We show that 
oligodendrocytes only express p75 under specific culture conditions in 
vitro. Freshly isolated, purified oligodendrocytes fa il to express p75 and 
their survival potential is not influenced by exogenous NGF. 
Upregulated expression o f p75 after infection o f oligodendrocytes with 
adenoviral constructs containing the p75 gene does not s ignificantly 
alter oligodendrocytic survival, either with or without NGF. Freshly 
isolated cells cultured under basal conditions fail to show significant 
responsiveness to NT-3 but in the context o f upregulated expression o f 
p75, NT-3 potentiates oligodendrocytic survival. In combination, these 
results suggest that the expression by oligodendrocytes o f both p75 and 
o f the high a ffin ity  neurotrophin receptors, in particular trkA , are 
regulated rather than constitutive. Furthermore, although p75, in 
isolation, can upregulate cell death in specific circumstances after ligand 
binding, when p75 is coexpressed by oligodendrocytes in combination 
with the high a ffin ity  neurotrophin receptors it potentiates ligand- 
mediated signaling to upregulate oligodendrocytic survival.
Supported by The Sylvia &  Charles Viertel Charitable Foundation

225.2

TRANSCRIPTS FOR SECRETED AND GPI-ANCHORED BREVICAN ARE 
DIFFERENTIALLY DISTRIBUTED IN RAT BRAIN. C.l. S e¡de nb e che r12*. E.D. 
G un d e lfin α e r1, T.M. B öcke rs13. J. T ro tter4 . B.A. Sabe l2 and M.R. K re u tz12. 
1Leibniz-lnst. for Neurob io logy, 39118 M agdeburg; 2lnst. for Medical 
Psychology; O tto-von-G uericke-Un¡v., 39120 M agdeburg, 3 Inst, for Anatom y, 
Westfäl¡sche W ilhelms-Un¡v. 48149 M ünster; 4Dept. of Neurobio logy, Univ, o f 
Heidelberg, 69120 Heidelberg, Germ any.

Brevican is a m em ber of the  aggrecan/versican family of pro teoglycans. In 
contrast to  the other fam ily members brevican occurs both as soluble isoforms 
secreted into the extrace llu lar space and m em brane-bound isoforms which are 
anchored to the cell surface via a g lycosylphosphat¡dylinosito l (GPI) moiety. 
The existence of this anchor structure was confirm ed by cleavage experim ents 
with PI-PLC and by the incorporation of 3H-labeled e thanolam in in transfected  
HEK cells. Expression of both variants, which are encoded by two differentially 
processed transcripts from  the same gene, is confined to the nervous system. 
In the current study, we have used in  s itu  hybridization to exam ine the cellular 
sites of synthesis for both mRNAs during postnatal deve lopm ent of the rat 
brain. W hereas the 3 .6  kb transcript encoding secreted brevican displays a 
w idespread d istribution in gray matter structures including cerebellar and 
cerebral cortex, h ippocam pus and thalamic nuclei with silver grains 
accum ulating over neuronal cell bodies, the smaller transcript (3.3 kb) 
encoding GPI-anchored isoforms appears to be largely confined to white 
matter tracts and d iffusely d istributed glial cells. This expression pattern is 
further confirm ed by RT-PCR experim ents with RNA from d ifferent glial cell 
cultures. During postnatal developm ent both brevican transcripts are generally 
up-regu la ted. However, the expression of g lypiated brevican is delayed for 
about one week as com pared to the secreted isoform. This late appearance of 
GPI-l¡nked brevican and its predom inant expression in glial cells suggests a 
lunctional role in neuroglia.

225.4

FERRITIN RECEPTOR EXPRESSION IN DEVELOPING BR AIN  
S. H u le t1*. S. Powers2 and J.R. Connor1. 'George M . Leader 
Fam ily Laboratory, Dept, o f Neuroscience and Anatom y &  
2Dept. o f Neurosurgery. Pennsylvania State U n ive rs ity , 
College o f M edicine, Hershey PA 17033.

Fe rrit in  is an iron -b ind in g  protein and is genera lly 
considered enera llyconsidered to be in tra ce llu la r. However, 
numerous reports exist that serum fe rr it in  levels fluctuate in 
response to a variety o f factors ind ica ting  that fe rr it in  can be
secreted. We have demonstrated that there is a fe rr it in  
receptor in the brain in both mouse and humans. The fe rr it in
receptor in brain is p redom inantly found in w h ite matter 
tracts and is specific to oligodendrocytes. This wh ite matter 
specific  d is tr ibu tion  o f fe rr it in  receptors is exactly opposite 
that o f tran fe rrin  receptors.The s ign ificance  o f fe rr it in  iron  
de livery is that fe rr it in  can de live r 2000X more iron than 
transferrin . In th is study we demonstrate that fe rr it in  
receptors f irs t appear in the developing mouse brain at 12
days o f age and increase in density w ith  age. Expression o f 
fe rr it in  receptors is confined to the wh ite matter tracts. We 
also used jim p y  mice in order to study an animal model in 
which the oligodendrocytes fa il to mature. A t 18 days o f age 
there was no d ifference in the expression o f fe rr it in  
receptors between jim p y  mice and litte rm ate  controls. These 
results are consistent w ith  our hypothesis that fe rr it in  is the
prim ary source o f iron de livery to oligodendrocytes and that 
m aturation o f oligodendrocytes is not required fo r  fe rr it in  
receptor expression. Supported by N S 2267 l.

225.6
NEUROTRANSMITTER RECEPTOR ACTIVATION INDUCES P27 
ACCUMULATION AND G1 ARREST IN OLIGODENDROCYTE PROGENITOR 
CELLS. XO Yuan'. CA Ghiani1*. R DePinho2 and V Gallo1. 'LCMN, NICHD, 
NIH, Bethesda, MD 20892-4495, 2Albert Einstein College of Medicine, Bronx, NY 
10461.
We have previously demonstrated that activation of glutamate receptors (GluRs) 
inhibits oligodendrocyte progenitor (OP) proliferation and differentiation. Activation 
of ß-adrenoceptors increased cAMP levels, inhibited proliferation, but stimulated OP 
lineage progression, α-adrenoceptor agonists were ineffective. Activation of GluRs 
and ß-adrenoceptors with the specific agonists kainate (KAI) and isoproterenol (ISO), 
respectively, caused accumulation of the cyclin-dependent kinase inhibitors (CDKIs) 
p27KIPI and p21cıpı along with G1 aҥest in the cell cycle. The CDKIs p lб 'NK4a and 
p ı 9 ^rf w℮ŗ℮ ∏〇ŧ įπvo|vccļ įn ⅛e antiproliferative effects of ISO and KAI, because 
proliferation of OPs prepared from INK4a'^ mice lacking both CDKIs, was inhibited 
by ISO and KAI. Agents that directly block K+ channels, such as TEA, inhibited OP 
proliferation and induced p27ĸıpı accumulation, resembling the effect elicited by GluR 
activation. The effects of ISO on OP proliferation and CDKIs accumulation were 
mimicked by the cAMP analogs 8-Br-cAMP and dibutyril-cAMP. In cultured 
cerebellar slices, ISO inhibited OP proliferation and stimulated differentiation. As 
previously demonstrated for the GluR agonist KAI in the same preparation, ISO 
caused a 3-fold decrease in the % of NG2* cells and their bromodeoxyuridine (BrdU) 
labelling index, and a 3-fold increase in the % of 01+ cells. Our results demonstrate 
that: i) ß-adrenergic and glutamatergic receptor activation causes G1 arrest in OP cell 
cycle through a mechanism that is likely to involve accumulation of p27K!PI and 
p21cıpı; ii) induction of these CDKIs is associated with cell cycle aҥest, but does not 
by itself promote differentiation of OPs; iii) activation of these neurotransmitter 
receptors affects oligodendrocytes development in a cytoarchitecturally intact system 
(slice cultures). Supported by NIH.
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225.7

OXIDATIVE STRESS IN OLIGODENDROCYTES: INDUCTION  
OF PROGRAMMED CELL DEATH A N D  ACTIVATION OF 
AP I A N D  N F-ĸB TRANSCRIPTION FACTORS.
C. Richteг-Landsbeгg 1 *, U . V o llgгa f1 and M .W egner2.
1 Department o f  B iology, Univ, o f  Oldenburg, 26111 Oldenburg;
2 ZM NH, Univ, o f  Hamburg, 20246 Hamburg, Germany 

Oligodendrocytes are the myelin forming cells o f  the CNS and
damage as á result o f  stress situations may retard or inhibit myelin 
formation. When cultured rat brain oligodendrocytes were exposed to 
free radical damage induced by hydrogen peroxide (100-150µM ; 30 
min), the onset o f  programmed cell death was initiated within 24 h o f  
recovery time, as demonstrated by the formation o f  apoptotic bodies, 
nuclear fragmentation and the appearance o f  an apoptotic D N A - 
ladder. Transcription factors have been shown to play an essential 
role in the regulation o f  cell differentiation, proliferation and survival. 
We have studied the changes in mRNA levels and DNA-binding 
activities o f  the nuclear transcription factor N F-ĸB and o f  the early 
response genes c-fos and c-jun, which form the activator protein AP-
1. RT-PCR analysis revealed that hydrogen peroxide caused an 
induction o f  c-fos, c-jun and NF-ĸB mRNA. Nuclear extracts were 
prepared and DNA-binding activities o f  the transcription factors were 
measured by electrophoretic mobility shift assay. The data show that 
oxidative stress in oligodendrocytes is accompanied by a pronounced 
transient increase in AP-1 and N F-ĸB DNA-binding activity.

225.9

Dexamethasone enhances serum deprivation-induced cell death 
through activation of glucocorticoid receptors in C6 glioma cells.
K, Morita Ƙ. Ishimura 2, Y. Tsuruo2 and D.L. Wong 3. 1 Lab. of Cell. & Mol. 
Neurobiol.. Dept, of Pharmacol.. 2 Dept, of Anat. & Cell Biol., Tokushima Univ 
Sch. of Med., Tokushima 770-8503, Japan. 3Dept. of Psych. &  Beh. Sci.. Stanford 
Univ. Sch. of Med.. Stanford. CA 94305-5485.

Glucocorticoids (GCs) have been shown to be toxic to neuronal 
cells and may participate in the loss o f  neurons during aging and after 
neuropathologic insults. However, very little is known about the effect 
o f  GCs on glial cells. To investigate GC action on glial cells, the effect 
o f  dexamethasone (DEX) on the viability o f  rat C6 glioma cells was 
examined. Serum deprivation reduced cell viability, a cytotoxic effect 
which was markedly enhanced by DEX. DNA  analysis and electron 
microscopic study showed that the cell death induced by either serum 
deprivation alone or in combination with DEX was necrotic. Further 
studies showed that the effect o f  DEX on serum deprivation-induced 
cell death could be mimicked by the GC receptor agonist RU28362, 
and was completely abolished by the GC antagonist RU38486 These 
results seem to indicate that GCs enhance the necrotic death o f  glial 
cells induced by serum deprivation, further suggesting that GCs may 
indirectly cause a chronic alteration in brain function by exacerbating 
neuropathological damage to glial cells.

225.11

IDENTIFICATION OF PROLIFERATING G LIA L CELLS IN EARLY 
M ULTIPLE SCLEROSIS LESIONS. L.M. Schöπrock--. T. Kuhlmann1. 
S.Adler-, A.Bitsch—and W. Brück-.Departments o f 'Neuropathology and 
2Neurology, University o f Göttingen, 37075 Göttingen, Germany 
(SPON: European Neuroscience Association)

M ultip le sclerosis (MS) is a chronic inflammatory disease o f the 
central nervous system leading to selective destruction o f myelin 
sheaths or oligodendrocytes. The patterns o f cell proliferation in the 
early course o f the disease are largely unknown. The present study used 
immunohistochemical identification o f proliferating g lia l cells in 
stereotactic brain biopsy material o f patients w ith early chronic MS. 
Double-labeling with the proliferation marker MIB-1 detected 
proliferating oligodendrocytes (MOG), astrocytes (GFAP) and 
microglia/macrophages (K i-M lP ). The majority o f proliferating cells 
were macrophages and microglia; only a minor proportion o f 
microglia/macrophages, however, proliferated in situ. Astrocytic and 
oligodendroglial proliferation was sparse to absent and showed 
significant variations between different patients. There were statistically 
significant differences when correlating the amount o f proliferation 
between lesions o f different demyelinating activity: highest numbers o f 
proliferating cells were found in early active lesions. Proliferation o f 
astrocytes may be involved in the formation o f gemistocytic astrocytes. 
MOG-positive oligodendrocytes proliferated occasionally in the early 
stages o f lesion formation; this proliferation was found to be case 
dependent and not stage dependent. Since MOG is expressed by mature 
oligodendrocytes and not by immature precursors, this m ight suggest a 
potential role for the proliferation o f mature surviving oligodendrocytes 
with subsequent remyelination.

225.8

ACTIVATION OF NUCLEAR FACTOR KAPPA B (NFkB) BY 
X-RAYS IN NORMAL RAT BRAIN IN  VIVO: FAILURE OF A 
SECOND X-RA Y  DOSE TO ACTIVATE N FkB.
U. Rąju, G. J. Gumin, F. N oeΓ, and P. J. Tofilon1, Departments of 
Experimental Radiation Oncology and ‘Neurosurgery, The University 
o f  Texas M. D. Anderson Cancer Center, Houston, Texas 77030.

Induced gene expression and subsequent cytokine production have 
been implicated in the normal tissue injury response to radiotherapy. 
Nuclear factor kappa B (NFkB ) plays a major role in regulating genes 
coding for cytokines involved in inflammation and immunity. 
Previously w e reported that X-rays activated N FkB  in rat astrocyte 
primary culture in a dose- and time-dependent manner. Also, we 
found that X-rays desensitized the astrocytes such that a second dose 
o f  X-rays given after 24 h failed to activate N FkB. T o determine 
whether such a desensitizing effect is exhibited in vivo, w e analyzed 
the N FkB activation by X-rays in normal rat brain by electrophoretic 
mobility shift assay. Here w e report that N FkB was activated by X- 
rays in vivo  in a dose- and time-dependent manner in the normal rat 
brain cortex. A lso, a second dose o f  X-rays given after 24 h did not 
activate NFkB that is consistent with our in vitro  results. These results 
suggest that the spectrum o f  genes induced by the first radiation dose 
via NFkB would not be expected to be induced by a subsequent dose. 
(Supported by NIH grants C A-72156 and C A -16672).

225.10

AC TIVATIO N OF MAP KINASE CASC ADES DURING  OXIDATIVE 
STRESS-M EDIATED CELL DEATH IN O LIG O D EN DR O C YTES. IŞL 
B h a ť and P. Zhanα. Neurology, Med Univ SC, Charleston, SC 29425.

Oxidative stress is known to induce cell death in a w ide variety o f cell 
types, apparently by m odulating key in tracellu lar signaling pathways. 
W e have examined the activation o f m itogen-activated protein kinases 
(M APKs) in relation to oxidant-induced cell death in oligodendrocyte 
lineage cells. Exposure o f CG4 (a cell line) and prim ary oligodendro
cyte cu ltures to hydrogen peroxide (H20 2) resulted in an increased 
protein Tyг phosphorylation and activation o f the three M APK sub
groups, i.e., extracellular signal-regulated kinase (ERK), p38 MAPK and 
c-Jun N-term inal kinase (JNK). Dose-response show ed a differential 
activation o f ERK/p38 M APK (>O.ЗmM) and JN K (> 5OµM) by H20 2 
which corre lated w ith necrotic and apoptotic form s o f cell death, 
respectively. The oxidant-m ediated necrosis w as suppressed by 
PD98O59, a specific inhib ito r o f ER K kinase and by N-acetylcysteine 
(NAC), an antioxidant which inhibited H20 2-induced ERK activation. In 
contrast, SB203580, a specific inhibitor o f p38 M APK (α /ß ) potentiated 
the cytotoxicity o f H20 2. 4-Hydroxynonenal (4-HNE), a m em brane lipid 
peroxidation product im plicated in oxidant-m ediated cell death, 
activated p38 MAPK and JNK but not ERK. 4-HNE-induced cytotoxicity 
was blocked by NAC but not by PD98O59. The results suggest that 
members (and isoform s) o f M APK fam ily play contrasting roles during 
the course o f oxidant-m ediated cell in jury in oligodendrocytes. 
Supported by NM SS grants.

225.12
SIGNAL TRANSDUCTION BY MYELIN-ASSOCIATED GLYCOPROTEIN 
(MAG) IN THE PNS. S. Weerth. M.T. Filbin* Dept, of Biol. Sci., Hunter 
College, CUNY, 695 Park Ave„ New York, NY 10021

The location of MAG in paranodal and periaxonal sites as well as the 
developmental regulated expression of both isoforms of MAG (L- and S-MAG) in 
the CNS and PNS suggest a role for MAG in myelination and axonal growth. 
Culture studies have shown the involvement of MAG in the initiation of 
myelination. In addition, the location next to the axon indicates a role for MAG in 
the maintenance of the myelin-axon interface. Furthermore in vitro MAG was 
shown to be a potent inhibitor of axonal regeneration. Although normal myelin 
was found in young MAG knockout mice, demyelination and axonal degeneration 
was seen in the PNS of older mice. Because of the axonal degeneration it was 
implied that MAG acts directly on the integrity of the axon. It is known, that 
during myelination the form of MAG expressed early, L-MAG, is phosphorylated. 
This suggests, that MAG during myelination is either itself involved in 
phosphorylation as a receptor or binds to a protein, which is involved in a 
phosphorylation cascade. Indeed the binding of MAG to a non-receptor tyrosine 
kinase fyn has been reported in the CNS. Following from these results we decided 
to analyze the signaling pathway downstream from MAG in the PNS. Using an 
assay measuring the phosphorylation cascade of the MAP kinases ERK1/ERK2 
after crosslinking of MAG in L-MAG transfected Schwann cell lines, we detect a 
rapid phosphorylation of MAP kinases. No rapid phosphorylation of MAP kinases 
was observed in control Schwann cell lines expressing MAG and with a control 
antibody. This indicates involvement of MAP kinases in the signal transduction 
pathway of MAG. NS37060, MS Soc„ AHA.
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225.13
DIFFERENTIAL REGULATIO N OF M ITO G EN -AC TIVATE D  PROTEIN 
KINASES BY CERAM IDE IN  OLIGODENDROCYTES A N D  ASTROCYTES.
H. Hida. S. Nagano, and B. Soliven* Dept, o f  Neurology, The Brain Research 
Institute, The University o f Chicago, IL  60637.

Sphingolipids are derivatives o f  sphingoid bases that are implicated in the 
regulation o f cell growth, differentiation and apoptosis in many cell types, 
including glial cells. Oligodendrocytes (OLGs) and astrocytes exhibit differential 
susceptibility to ceramide (cer) (Cassacia-Bonnef¡l et al., J Neurosci Res 43:382- 
389, 1996; Hida et al., Soc Neurosci Abs 23: 8 6 , 1997). We postulate that 
mitogen-activated kinases (M APKs) play an important role in determining the 
response to cer in glial cells. Using immune-complex kinase assays, we examined 
the activation o f extracellular signal-regulated kinase 2 (ERK2), p38 kinase (p38), 
and c-Jun N-terminal kinase 1 (JNK1) by C2-cer (10 µM ) in cultured neonatal rat 
OLGs and astrocytes. Treatment o f  OLGs w ith cer for 20 min resulted in the 
activation o f p38 (187% o f  Ctrl) and JNK1 (139% o f  Ctrl) but not ERK2 (98% o f 
Ctrl) (n=5-8). In contrast, treatment o f  astrocytes w ith cer for 20 min caused 
activation o f ERK2 (181% o f  Ctrl) and JNK1 (130% o f  Ctrl) but not p38 (6 6 % o f 
ctrl)(n=6 - 8 ). Hence, the susceptibility or resistance to cer-induced apoptosis is 
associated w ith increased activation o f  p38 or ERK2 respectively. OLG 
apoptosis induced by 4.5 hr treatment w ith cer ( 10 µM ) was attenuated by the pЗ 8 
inhibitor SB203580 (10 µM )(%  apoptoticcells-ctrl: 8.2± 0.7, n=4; cer: 15.5± 1.0, 
n=4; cer and SB203580: 9.7 ± 0.6, n=4; p <0.002). We conclude that glial 
subtype-specific response to cer is linked to a differential regulation o f  M APK 
cascades.

Supported by the Nat Ί Multiple Sclerosis Society Grant RG2I95-C4.

225.15
FUNCTIONAL SPECIALIZATION AND TOPOGRAPHIC SEGREGATION OF 
HIPPOCAMPAL ASTROCYTES. G.M. McKhann II. R, D ’Ambrosю*. J. Wenzel. 
P.A. Schwartzkroin, and D. Jan⅛ro Neurosurgery, Univ, of Washington, Seattle, 
WA 98104.
Astrocytes have been suggested to play several roles in the complex control of 

brain microenvironment. However, they have been generally considered to 
constitute a homogeneous population of cells. Here we show that at least three 
electгophysiologically distinct types of astrocytes can be found in the mature 
hippocampus. These subpopulations of glia were characterized by expression of 
different ion currents. In astrocytes exposed to elevated K +, Cs+ prevented influx of 
K ł only in cells with inwardly rectifying currents (Iщ). The topographic 
distribution of glia with Cs+-sensitive inward rectifying currents (involved in K+ 
buffering) was non uniform. Cs+-sensitive astrocytes were predominantly found in 
CAЗ radiatum. while most CA1 astrocytes were Cs+-insensitive. Functional 
significance of the spatial segregation of glial cells with inward rectification was 
addressed in slices which were bathed in Cs'-containing media. Under these 
conditions, neuronal stimulation induced spontaneous epileptiform activity, which 
first appeared in CAЗ and was then synaptically propagated to CAL Intracellular 
labeling of astrocytes with biocytin. revealed that CA1 astrocytes are characterized 
by a high degree of cell-to-cell coupling; in contrast, cell labeling in CAЗ revealed 
smaller groups, and occasionally individual cells. Three individual biocytiπ-labєled 
cells had electrophysiological properties indistinguishable from Cs+-sensitive 
astrocytes, but had by morphology typical of oligodendroglia. These results provide 
evidence for a role of K* uptake via ⅛ into astrocytes. The segregated expression 
of potassium channels in a subpopulation of astrocytes suggests that functionally 
specialized cell types are involved in K l· homeostasis [NIEHS, ES 07033, NIH 
51614],

225.17
MOTILITY-ASSOCIATED CYTOSKELETAL PROTEINS IN  RELATION TO 
THE ASTROCYTIC ENDFOOT-CAPILLARY COMPLEX. Ī.W. Ludwig* and 
M.H. Ellisman. Dept, of Neurosciences, Univ, of California, San Diego, CA 
92093-0608.
In a previous report, we demonstrated that slo Ca^+-activated K + channels 
(Kca) ar℮ localized to astrocytic-capillary complexes in brain (Ludw ig et al., 
1997; Soc Neurosci Abstr 23: 2263). These channels were found distributed 
along the endfoot plasma membrane d irectly  adjacent to the ablum inal 
surface of endothelial cells, leading us to propose the hypothesis that these 
channels may be involved in  the regulation of blood flow . One potential 
mechanism fo r this regulation could invo lve  K ca channel-m odulated 
dynamic cytoskeleton-based changes of the endfoot structure, contributing to 
changes in  blood vessel diameter. To examine this hypothesis, we have used 
immunocytochemistгy to investigate the d is tr ibu tion  o f key cytoskeleton 
proteins in  astrocytes that could be regulated in  part by the activ ity of K ç a 
channels and which are known to contribute to m o tility  where found in other 
systems. Double-label immunocytochemistгy experiments were conducted on 
adult rat cerebellar sections for GFAP and either B-actin, α-smooth muscle 
actin, or myosin ligh t chain. Confocal microscopy revealed that labeling for 
all three cytoskeletal antibodies was clearly associated w ith  blood vessels 
of varying sizes, although the m yosin lig h t chain im m unolabeling was 
weaker than that from  the actin antibodies. In  add ition , the labeling of 
each antibody was co-localized w ith  GFAP staining surrounding some blood 
vessels, suggesting that these proteins may be present w ith in  astrocytic 
endfeet. However, as there are at least four possible cell types in this area 
of interest (endothelial cells, pericytes, smooth muscle cells, and astrocytes), 
future experiments w i ll examine the localization o f these cytoskeletal 
proteins at the u ltrastructura l level using im m unoelectron microscopy. 
Supported by N IH  grants NS14718, DC03192, and RR04050.

225.14
PROTEIN KINASE C MEDIATES POST-TRANSCRIPTЮ NAL 
REGULATION OF IN D U C IBLE N ITR IC  OXIDE SYNTHASE GENE 
EXPRESSION IN  LIPOPOLYSACCHARIDE-STIM ULATED G L IA  
CULTURES. G.-H. Jeohn*. R.C.C. Chang. W.-G. K im . R.P. M o h n e v  
and J.-S. H o n g . N europha rm a co log y  Section, Labora tory o f  
P harm acology and C hem istry, N IE H S /N Ш , Research T r ia n g le  
Park, NC 27709.

The roles of protein kinases in the lipopolysaccharide (L P S )-  
¡nduced expression of inducible nitric oxide synthase (iNOS) in b ra in  
glia were investigated. G lial cells, prepared from postnatal day 1 CD- 
m¡ce, were cultured for 15 days, then exposed to LPS with various 
protein kinase inh ib ito rs . Among the d iffe rent protein kinase 
inh ib ito rs  tested, 1 - (5 - is o q u in o lin y ls u lfo n y l) -2 -m e th y lp ¡p e ra z ¡n e  
(H7), a non-specific  serine /th reon ine protein kinase inh ib ito r, o r  
geniste¡n, a protein tyrosine kinase (PTK) inh ib ito r inhibited iNOS 
gene expression at the transcription level (IC 5 〇 values were about 5 
µM and 35 µM, respective ly). In contrast, G ö6976,· a specific  
classical protein kinase C (cPKC) in h ib ito r, inhibited the iNOS gene 
expression pos t-transcr¡p t¡ona lly  ( IC 5 〇 values; 5 µM toward iNOS 
mRNA transcrip ts ; 250 nM toward iNOS protein and n itr ic  oxide 
production): the LPS-induced iNOS mRNA transcrip ts  were
destabilized significantly by the treatm ent o f Gö6976.

These results suggest that LPS-induced iNOS gene expression in  
brain g lia l cell cultures can be regulated both at the level of 
transcrip tion  and mRNA stabilization, and while a se rin e /th re o n in e  
kinase or PTK can regulate iNOS at the transcriptional level, PKC may 
participate in the regulation of the iNOS gene expression at the p o s t- 
tran scrip tiona l level.

225.16
LO C A L IZ A T IO N  OF M E T A LLO T H IO N E IN  ĨM M U N O P O S IT IV E  

ASTROCYTE IN THE M E D IA N  EM INENCE OF M ALE R A T .

T. Watanabe*. S. Kato and H. Yamashita.
Dept. Anatomy, Jikei Univ. Sch. Med., Tokyo, 105, JAPAN
Two micron serial sections o f hypothalamus of Spraque Dawley 

male rats were made and subjected to single and double 
immunostain using the anti-GFAP polyclonal, the anti-S-100ß and 
Metallothionein(MT) monoclonal antibody followed by the AEC 
(Histstain-Kit) method.

The astrocytes o f the hypothalamus included median eminence 
were divided into three subtypes based on the immunoreactivity 
against GFAP and S-100ß; GFAP dominant type(G-type), S-lOOß 
dominant type(S-type) and immunoreactivity against both GFAP 
and S-100ß(G S-type).

Throughout the hypothalamus, the MT positive astrocytes were 
the GS-type localized on internal layer o f Median Eminence. Our 
immunostaining revealed that these MT positive astrocytes showed  
large sized protoplasmic astrocytes, and have a more complex 
morphology than fibrous astrocytes. Their processes are highly 
branched and form membranous sheets that enfold neuronal 
processes and cell bodies; they also form endfeet on capillaries and 
at the pial surface.

225.18
DIFFERENTIAL DISTR IBUTIO N  OF THE A C TIN -BIN D IN G  
PROTEIN EZRIN IN N O R M A L A N D  PATHO LOGICALLY  
ALTERED HUM AN ASTROCYTES. K. D. Geiger1* A. Derouiche2. 
P. Stoldt  ̂ and W. Schlote .̂ Edinger-Institut, University of Frankfurt, 
60528, Germany^’ Max-Planck-Institute for Brain Research, Frankfurt, 
60528, Germany^.

Ezrin, an actin-binding protein associated with formation of 
microvilli and filopodia has previously been reported in human ependyma, 
and in rat astrocytes in vitro and in vivo. Here, we studied the presence of 
ezrin immunoreactivity (IR) in normal and pathological human brain tissue 
using paraffin and cryostat sections from autopsies, and biopsy specimens. 
Ezrin IR was always restricted to astroglial cells, no staining was observed 
in microglia or oligodendrocytes. In normal astrocytes, distinct staining of 
processes but not the soma was observed. In activated astrocytes (infectious 
disease and multiple sclerosis), IR was increased and extended to the entire 
cytoplasm. In astrocytomas, varying degrees of staining were observed. 
Low grade astrocytomas showed an almost normal staining pattern of 
cellular processes, while some of the grade IV gliomas demonstrated 
increased IR of the entire cytoplasm.
Our results demonstrate the presence of ezrin in human astrocytes. Ezrin IR 
in processes of normal astrocytes may be related to their formation and 
stabilization in the neuropil. The increased overall staining of activated and 
tumor astrocytes possibly reflects their mobility and morphological 
changes, respectively. -Supported by the Edinger Foundation (PS).
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225.19
ASTROGLIAL CΓ CHANNELS MAY UNDERLIE MORPHOLOGY-DEPEN
DENT CHANGES IN INTRACELLULAR pH. C.D. Lascola*, P.E. Kunkler, &  
R.P. Ƙraig Dept, o f Neurology, Univ, o f Chicago, Chicago, IL 60637

Astrocytes posses a complex morphology that reflects their role in ion and substrate 
homeostasis in brain. Changes in astroglial form are likely to result in profound 
changes in brain function. Recently, we have demonstrated an outwardly rectifying C ľ 
channel (ORCC) in astrocytes that depends on cell morphology and cytoskeletal actin 
(1). Since HC〇 з'anions freely permeate several C ľ channels, including ORCCs in 
epithelia (2), it follows that astroglial C ľ channels may also mediate morphology- 
dependent changes in cell pH. We are investigating the relationship between 
morphology and depolarization-induced alkalosis (DIA), an essential astroglial process 
that governs activity-dependent changes in both intracellular and interstitial pH (3).

Intracellular pH in cultured rat astrocytes was measured by standard ratio imaging of 
the pH-sensitive dye BCECF. DIA was induced by exposing cells to elevated (25 mM) 
[K+]0 in the presence of 26 mM HC03 Ringer. pH¡ was measured in flat, polygonal 
astrocytes transferred directly from culture and compared to pH, in stellate astrocytes 
after incubation in serum-free Ringer plus phorbol ester, a paradigm that also elicits 
morphology-dependent C ľ currents (1). The magnitude o f depolarization-induced 
alkalosis (Δ F/F0) was 0.058 in polygonal astrocytes (n=9) and 0.130 in stellate cells 
(n=4), representing a 124% increase in alkalinization (p < 0.05). Thermodynamic 
arguments, shared Na+-dependence & permeation, and shared pharmacologic inhibition 
suggest C ľ channels may play a role in DIA. Experiments examining the relative 
permselectivity' o f HC03̂ and C 032' in astroglial ORCCs, as well as possible 
permeation o f the NaC03̂ anion pair, should extend knowledge o f the relationship 
between changes in astroglial form and function, and provide the basis o f a novel 
mechanism underlying electrogenic Na7 HC03̂ cotransport in astrocytes. 1 Lascola et 
al.,JNeurosci., 1998. 2 Tabcharani et al., JMemb Bio, 1989. 3 Grichtchenko and Chesler, 
Neuroscience, 1994. (Supported by NS-19108.)

225.20
SUBPOPULATIONS OF MYELINATING OLIGODENDROCYTES IN CHICKEN 
WHITE MATTER. E.S. Anderson. C. Biartmar. G. Westeгmaгk and C. Hildebrand*. 
Dept, o f Biomedicine and Surgery, Div. o f Cell Biology, Faculty o f Health Sciences, 
Linköping University, Sweden.

According to the classical studies by Del Rio Hortega (1928) the oligodendroglial 
population includes 4 varieties (types I-ΓV) in terms o f process number and branching 
pattern. Recent morphological and biochemical data support Hortega’s view and 
suggest that the heterogeneity might be related to the diameters o f the fibers 
myelinated.

We have recently discovered a molecule in chicken white matter, the T4-0 molecule, 
which is preferentially located to the type ΓV oligodendrocyte o f Hortega. T4-0 
immunoreactive (ГО.) cells are enriched in the ventral funiculus (VF), which contains 
large myelinated fibers. During development, myelination in the VF begins at 
embryonic day 12. T 4-0 IR  oligodendrocytes first appear at embryonic day 15, 
suggesting that axonal contact might be required for expression of the T4-0 molecule. 
Current cell culture experiments indicate that the T4-0 molecule is not expressed by 
oligodendroglia in vitro, in the absence o f axonal contact. This indicates that the T4-0 
immunoreactivity is not an intrinsic oligodendroglial property. Neither is the molecule 
expressed when oligodendroglia are cultured in the presence o f a ciyostate section 
from the VF of embryonic day 17. Biochemical characterization indicates that the 
T4-0 molecule is a protein with a molecular weight of 100 kDa and an isoelectric 
point o f 4. Our aim is to purify the T4-0 molecule and to perform an amino acid 
sequencing. We are further performing an immunocytochemical localization o f T4-0 
within chicken white matter oligodendrocytes.

Our results provide further evidence for a molecular and morphological 
heterogeneity o f white matter oligodendrocytes. This type o f oligodendroglial 
inhomogeneity might conceivably explain why inherited disorders of myelin 
metabolism, sjcҺ as Krabbe’s disease, affect some CNS areas more than others.

Supported by the Swedish Medical Research Council.
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226.2226.1
BRANCH POINT FAILURE CAUSES SILENT AUTAPSES IN 
CULTURED POSTNATAL RAT HIPPOCAM PAL NEURONS. Ļ Ļ  
Tŉio and K. A. Yar∩ada*. Departments o f  Pediatrics and Neurology, 
Washington University School o f  Medicine, St. Louis, MO 63110.

Silent synapses are involved in several activity dependent processes in 
both the peripheral and central nervous systems o f  invertebrates and 
vertebrates. We used the w hole-cell patch clamp technique to study 
silent autapses in microisland cultures o f  postnatal Sprague-Dawley rat 
hippocampal neurons. Autaptic currents were evoked by 1ms 
depolarizing steps to OmV. B rief applications o f  l4OmM KC1 mimicked 
autaptic currents mediated by AM PA, N M D A , and GA BA  receptors 
which were 2-13 times greater in amplitude than the corresponding 
autaptic currents. When MK-801 was used to persistently block NM DA  
receptor mediated autaptic currents, brief applications o f  KC1 still 
elicited D,L-2-amino-5-phosphonovalerate (A PV ) sensitive currents. In 
addition, 40m s hyperpolarizing prepulses to -9OmV immediately prior to 
the depolarizing step to OmV increased autaptic current amplitudes 
mediated by AM PA, N M D A, and G A BA  receptors by 76-286%. After 
control N M D A  receptor mediated autaptic currents were blocked by 
M K -801, an N M D A  receptor mediated autaptic current was elicited 
using the hyperpolarizing prepulse paradigm. These results indicate that 
silent glutamatergic and G ABA-ergic autapses exist. They also suggest 
that some autapses are silent because o f  branch point failure. Supported 
by an NIH Neurological Sciences Academic D evelopm ent Award.

226.3
COMPARISON OF EVOKED AND MINIATURE RELEASE AT SINGLE 
CNS SYNAPSES IN CULTURE.
O. Prange* & T.H. Murphy, Kinsmen Lab., Dept. Psychiatry, Univ, of British 
Columbia; Vancouver, BC, V6T 1ZЗ, Canada
Spontaneous miniature synaptic activity is caused by action potential (AP) 
independent release o f transmitter vesicles. Here, we investigate the properties 
of evoked release at single synapses that show high levels o f miniature 
activity using the styryl dye FM 1-43 [Betz and Bewick, 1992] to monitor 
vesicle turnover in cultured cortical neurons. Synapses were FM 1-43 loaded 
by either action potential-inducing field stimulation (controls) or by 
spontaneous synaptic miniature activity. We find that synapses with presumed 
high rates of miniature activity (loaded in TTX) (N=83O), have on average 
significantly enhanced evoked release rates (P<IO^6) when compared to a 
control population (N=IO36). This difference in release efficacy ceases under 
conditions that maximize release probability (high CaCl2) in both groups 
(N=430/613). In addition, within the group o f highly miniature active 
synapses we find that the probability for miniature activity and the AP-evoked 
release efficacy are coưelated at single synaptic sites (P=IO^5, N=79). These 
findings imply that both evoked and miniature vesicular release are regulated 
in parallel and that the frequency o f miniature synaptic activity can be used as 
an indicator for evoked release efficacy at single synaptic sites. We are 
currently developing dual emission imaging o f the styryl dye FM 4-64 and the 
intracellular calcium indicator Fluo-3 to simultaneously monitor miniature 
synaptic activity in the pre- and postsynaptic compartments o f a single CNS 
synapse to directly compare the probability o f miniature release with its 
postsynaptic effect.
Supported by MRC Canada, and the Deutscher Akademischeг Auslandsdienst.

SHAPE OF SINGLE FIBER EPSPs BEFORE AND AFTER TETANIC 
STIMULATION AS A POSSIBLE INDICATOR FOR CHANGES IN 
TRANSMITTER RELEASE PARAMETERS
W. M. M. Schiiobach, C. P. Socngler. H. P. Clamann*. Dept, o f Physiology, 
University o f Bern, CH-3012 Bern, Switzerland 

If  motoneuron dendrites conduct passively, the shapes of single fiber EPSPs, de
scribed by their amplitude, rise time and half-width, depend on the number and lo
cation o f synaptic boutons making contact with the cell, and on the amount of 
transmitter released. A change in release parameters therefore can be reflected in a 
change in shape of the EPSP. Two EPSPs are identical in shape if  a voltage scale 
factor can make them congruent. Tetanic stimulation can change the quantal release 
parameters of a synaptic contact. I f  no change takes place, the EPSP w ill remain the 
same: i f  the same change occurs in all boutons, the amplitude but not the shape will 
change. If  the change o f release parameters is not the same at all release sites, the 
shape of the EPSP w ill change unless the boutons are at the same electrotonic dis
tance from the soma. Morphological studies from this laboratory strongly suggest 
that descending fibers in the ventrolateral quadrant (VLF) contact lumbar motoneu
rons with boutons widely scattered on their dendrites. Therefore, shape analysis of 
the EPSP can be used to distinguish uniform from non-uniform changes in release 
parameters. In isolated frog spinal cords, VLFs contacting lumbar motoneurons 
were impaled and stimulated, and EPSPs were recorded. We examined the shape of 
EPSPs before and after tetanic stimulation (300 bursts at 5 Hz o f 5 stimuli at 50 
Hz). We found posttetanic depression in most cases, but also posttetanic potentia
tion. In most cases EPSP shape did not change. Some clear examples of shape 
change occurred, indicating that changes of release parameters due to tetanic 
stimulation may be uniform or non-uniform in projections of the same kind. 
Supported by grant (31-45729.95) from the Swiss National Fonds.

226.4
DIVERSITY IN THE 3D STRUCTURE AND COMPOSITION OF CAЗ→ CAI 
AXONS IN RAT HIPPOCAMPAL SLICES. GMG Sheohercl*. KM Harris. 
Dept Neurol, MGH, and Div. NeuroscL, Dept. Neurol. Children’s Hospital 
and Harvard Medical School, Boston, MA 02115.

Physiological studies of CAЗ->CA1 synaptic plasticity has revealed both 
pre- and postsynaptic effects. The extent to which individual presynaptic 
axonal boutons could provide local compartments for control of synaptic 
efficacy and plasticity requires an understanding of their 3D morphology 
and composition. In this study, the heterogenous morphology and 
composition of CAЗ→ CAI axons were examined in 2 hippocampal slices 
(from different rats), by serial electron microscopy. The locations of 
postsynaptic densities (PSÐs), vesicles, and mitochondria were determined 
for a total of 222 axonal varicosities along 75 axons traversing the middle of 
s. radiatum. The axonal segments were 9.2 ± 1.8 µm long, and synapses 
occurred, on average, at 3 µm intervals along the axons. While most 
varicosities had only 1 PSD, 20% had 2 - 4 PSDs, and 40% of all PSDs 
occurred on multiple synapse boutons. Nearly 90% of all axonal 
varicosities had synaptic vesicles. Half (53%) of the varicosities lacked 
mitochondria, raising questions regarding their ATP source and 
mechanisms of Ca2+ regulation. Eight percent of varicosities contained only 
mitochondria and no vesicles. A subset of 8 axons was fully reconstructed. 
The varicosities were spherical to oblong and varied greatly in both length 
(1.2 ± 0.7 µm) and volume (0.15 ± 0.16 µm3), while the intervaricosity 
shafts were narrow and tubular and varied little in diameter (0.16 ± 0.04 
µm), but greatly in length (1.4 ± 1.2 µm). These axonal constrictions are 
similar to dendritic spine necks and thus, by analogy, could produce 
separate biochemical compartments whereby synaptic efficacy and 
plasticity could be regulated locally in the presynaptic bouton. NS21184 and 
MH/DA57351 (funded by NIMH, NIDA, NASA) P30HD18655 (J. Vo!pѳ PI)
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226.5
THREE-DIMENSIONAL ANALYSIS O F A PRESYNAPTĨC CALYX  
BY CO N ₣O C A LMICROSCOPY. J. Pavsan*L J.S. Coggan, W.G. Conroy, 
A. KoitschevL and D.K. Berg. University o f  Tübingen, D-72074 Germany\ 
and Dept, o f Biology, ƯC San Diego, La Jolla, CA 92093.

Calyciform synapses in the avian ciliary ganglion are the largest known 
synaptic contacts between vertebrate neurons, and are thought to be 
specialized for rapid, reliable, high frequency transmission. The 
presynaptic terminals are formed by projections from the accessoiy  
oculomotor nucleus in the midbrain onto ciliary neurons in the ganglion. 
We have used confocal laser scanning fluorescence microscopy on whole 
mount ganglion preparations to examine the structural features o f  
presynaptic calyces.

Orthograde ưansport o f neurobiotin or biocytin along the preganglionic 
nerve root at embryonic day 18 reveals a calyx structure engulfing much o f  
the postsynaptic cell. The calyx is markedly nonuniform in thickness and 
often arises from a bifurcating axon that forms a set o f  tubular protrusions; 
these sometimes terminate in small ring-like structures on the neuron. Co
staining for nicotinic receptor protein on the postsynaptic cell reveals 
receptor clusters usually overlaid by or in close association with calyx 
membrane. Immunostaining for neurofilament protein highlights a complex 
meshwork o f bundles following the axonal bifurcations and extending 
through the calyx but they are not space-filling. The neurofilament bundles 
presumably contribute structural support and may define internal pathways 
for conduction. (Supported by the DFG, SNF, NШ , and TRDRP)

226.7
NITRIC OXIDE ENHANCES NOREPINEPHRINE RELEASE FROM 
ADRENERGIC NERVES IN MIDDLE CEREBRAL ARTERIES: 
ENHANCEMENT FUNCTION DECLINES WITH CHRONIC HYPOXIA. ¿_ 
Buchholz. K.Edwards-Teunissen. G. Maeda* and S.P. Duckies. Depts 
Pharmacology, Loma Linda Univ. Sch. Medi., Loma Linda CA, 92350 and Coll. 
Medi. Univ. CA. Irvine, CA 92697.

Sympathetic nerves have been suggested to protect organisms from 
environmental stress such as hypoxia. Furthermore, there are reports that nitric 
oxide (NO) causes a decline or increase in norepinephrine (NE) release from 
adrenergic nerves. In this study we examined the discrete effects of chronic high 
altitude hypoxia (3820 m) on sympathetic nerve function ш fetal and adult sheep 
middle cerebral and facial arteries by measuring NE release with HPLC and 
electrochemical detection. Furthermore, we used N^-nitгo-L-arginine methyl ester 
(L-NAME) to inhibit NO synthase to lest the hypotheses that NO regulates 
sympathetic nerve function and that this regulation varies with maturation or 
hypoxia. L-NAME inhibited stimulation-evoked NE release only in middle 
cerebral arteries from normoxic fetal and adult sheep with no effect in hypoxic 
animals. Furthermore, L-NAME had no effect on NE release in fetal or adult 
facial arteries from normoxic or hypoxic animals. These data suggest that NO 
releasing nerves are co-activated with adrenergic nerves and augment stimulation- 
evoked NE release. Furthermore, the function of NO releasing nerves declines 
with chronic hypoxia. Despite the loss of the augmentation effects of NO during 
chronic hyoxia, stimulation-evoked fractional NE release was unchanged by 
hypoxia. These data suggest that both fetal and adult middle cerebral arteries adapt 
to hypoxia by increasing stimulation-evoked fractional NE release.

This work was supported in part by NIH grant #HDЗi226.

226.6
OPTICAL SIGNALS MONITORED FROM BULLFROG 
SYMPATHETIC GANGLIA USING A VOLTAGE-SENSITIVE 
DYE: PRESYNAPTIC AND POSTSYNAPTIC COMPONENTS 
T. Sakai1*. Y. Momose-Sato1. K. Sato1. A. Hirota2. and 
K. Kamino1. 1Dept. Physiology, Tokyo Medical and Dental 
University School of Medicine, Tokyo 113-8519, Japan; 
2Dept of Physiology, Shimane Medical University, Izumo-shi, 
Shimane 693-8501, Japan.

Multiple-site optical recording of neural activity, using a 
voltage-sensitive merocyanine-rhodanine dye (NK2761) and 
a 12 x 12-element photodiode array, was employed to monitor 
the synaptic transmission in the bullfrog lumbar sympathetic 
ganglion. When the presynaptic nerve fibers were stimulated, 
the transmembrane voltage-related optical (absorbance) 
signals had two or three peaks, and their later phase was 
reduced in a low calcium bathing solution or in a solution 
containing d-tubocurarine(d-Tc). We conclude that the first 
phase of the optical signals evoked by the presynaptic 
stimulation corresponds to the electrical activity of the 
presynaptic neurons. In the presence of d-Tc, the amplitude 
of this signal was decreased by reducing the concentration of 
Ca2+ or by the application of Cd2+ (1 mM). On the other hand, 
the signals evoked by the postsynaptic stimulation showed 
relatively simple shape reflecting the action potential in the 
ganglion cells.

226.8
EFFECT OF COMMON STRESSFUL PROCEDURES ON 
SYMPATHETIC NEUROTRANSMISSION. M. D Ά rbe & N. A. 
Lavidis*. Department of Physiology &  Pharmacology, University of Queensland, 
Brisbane, QLD, Australia, 4072.

We have investigated the effect o f common stressful procedures which are 
encountered by experimental animals on sympathetic neurotransmission. Stress in 
animals can lead to psychological and behavioural changes that may have a 
significant influence on experimental results. In laboratory animals, a number of 
factors are known to be associated with stress, including new cages or cage mates, 
new procedures, being handled, restraint, noise, bright light, barren environments 
and experimental procedures which cause pain or discomfort. Such stresses 
influence a wide range of physiological systems including transmitter release from 
sympathetic nerve endings (I). Male mice (Baìb/c) were divided randomly into two 
groups. One group was placed for 10 days in the following conditions: light level < 
10 lux, noise < 5 db, absence of other species o f animals in the housing room. The 
second group was placed for 10 days in the following conditions: light level > 50 
lux, noise level < 50 db and mouse cages were kept in the same room as cages of 
rats. On the 10th day animals were anaesthetised with halothane and killed by 
cervical fracture. Both vasa deferentia were removed and placed in an organ bath. 
Using DiOC2(5)-fluorescence imaging as an aid to position extracellular electrodes 
over small numbers of visualised sympathetic varicosities we measured the level of 
transmitter release from large surface areas of the vas deferens (0.36 mm-*-). Group 
one mice had higher levels of intermittance in transmitter release and smaller 
excitatory junction currents then group two mice. The present observations clearly 
demonstrate the need to quantify the impact of potentially stressful procedures on 
laboratory animals and sympathetic neurotransmission, so that experimental 
methods can be refined and the stress involved reduced as far as possible. This is 
not only a matter of concern for animal welfare reasons but also to ensure that 
scientific results obtained from such animals are not compromised by experimental 
artefacts. Supported by NH&MRC and Ramaciotti Foundation (Australia).
1. Chin, 1, Einstein R. &  Lavidis N.A. (1997) Int. Soc. Aut. Neuгosc., 65, 142.

PR ESYN A PTIC  M ECHANISM S: C A LC IU M  D YNAM ICS

227.1

PRESYNAPTIC VESICLES: Ca2+ DIFFUSION
BARRIERS ENHANCE TRANSMITTER RELEASE
J.L. Winslow*1,2, R.L. Cooper3, H.L. Atwood1,2. Physiology 
Dept., ⅛iomedical Eng., U. of Toronto, Toronto, Ont. M5S 
1A8; 3School of Biology, U. of Kentucky.

Neurotransmitter (NT) is released at active zones (AZs) of 
synapses. NT containing vesicles are clustered around the 
release region of AZs and are classified as docked (near 
membrane) or undocked (not near membrane). In a 3D 
reaction-diffusion model of ơα2+, buffers, and release 
molecules, we evaluated the effects of different densities of 
vesicles on the spatial-temporal distribution of calcium 
concentration, [Cα2*],-.

We found that the vesicle cluster helps to contain Ca2+ 
near the presynaptic membrane of the AZ. Net increase of 
[Cα2+],· per AP stimulated Ca2+ entry is monotonic increasing 
as a function of vesicle and intracellular structure density. 
Frequency of stimulation modifes this function in a non-linear 
manner. Variation in vesicle clusters may be a source of 
variation in neurotransmitter release statistics.

A n  A Z  w i t h  m a n y  d o c k e d  v e s i c l e s  e n h a n c e s  [ơα2+]t· p e r  

A P  i n d u c e d  Ca2+ e n t r y  m o r e  t h a n  a n  A Z  w i t h  f e w  v e s i c l e s .
Funded by NSERC and MRC of Canada.

227.2
MEASUREMENT OF PRESYNAPTIC CALCIUM  MICRODOMAINS IN 
A CULTURED NEUROMUSCULAR JUNCTION. D.A. DiGregorio1*, J.J. 
Marengo, A. Peskoff and J.L. Vergara. ΊDP Neurosc¡. and Dept, o f Physiology, 
UCLA, Los Angeles, CA 90095
By using a fast fluorescent Ca2ł indicator and confocal spot detection, we have 
previously measured single action potential (AP) induced Ca2+ transients 
associated with the release o f neurotransmitter (J. Physiol. 505: 585-592, 1997). 
The rapid kinetics of these transients and their occurrence in “ hotspots”  suggested 
that they resulted from the buildup and dissipation of [Ca2+] in micro-domains. To 
further characterize the spatial and temporal profile of the Ca2+ domains, we 
performed high spatial resolution scans along regions o f nerve muscle contact 
where fluorescence transients were detected. In the Xenopus co-culture 
preparation, motoneuron cell bodies were whole-cell patch clamped to elicit 
propagated APs and to load nerve terminals with ~6OO µM of the low affinity Ca2+ 
indicator Oregon Green 488 Bapta-5N (OGB-5N). Single calcium transients were 
acquired at 200 nm spatial increments. With <50 µM EGTA in the pipette 
solution, the peak amplitude of the Ca2+ transient diminished by 50-80% within ! 
µm from the site of maximal response. This spatial-dependent reduction in peak 
amplitude was associated with a corresponding decrease in the rates o f rise and 
decay of the fluorescence transients. Increasing the EGTA concentration to ~5OO 
µM significantly accelerated the rate o f decay, but had a more subtle effect on the 
spatial dependence o f the peak amplitude reduction. Our results are predicted by a 
diffusion reaction model o f a [Ca2+] microdomain in which Ca2+ enters the nerve 
terminal through a 100 x 100 nm membrane area. The on and off kinetic rate 
constants of OGB-5N used in model simulations were measured (by flash 
photolysis of DM-nitrophen) to be 5000 ŝ 1 and 1.7 xlO8 M '̂s^1, respectively. 
Supported by NS10197 and AR25201.
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227.3
USE OF CA-ACTIVATED K CHANNELS TO MEASURE CA2t AT 
ACTIVE ZONES IN PRESYNAPTIC VARICOSITIES OF XENOPUS 
NERVE-MUSCLE CULTURES. B. Yaze⅜ian», X.-P. Sun and A.D. 
Grinnell. Dept, o f  Physiology and Jeπy Lewis Neuromuscular Research 
Center, UCLA School o f  Medicine, Los Angeles, CA 90095.
Attempts to determine the time-concentration profile o f  Ca2+ transients at 
synaptic active zones have generally employed Ca2+-sensitive dyes with fast 
kinetics and low Ca2+-binding affinities. Using an alternative approach, we 
have taken advantage o f  the Ca2+-sensing ability o f  co-Iocalized Ca- 
activated Ƙ (BK) channels to track the dynamic changes in [Ca2 ] associated 
with Ca channel opening and transmitter release. With patch electrodes on 
both pre and postsynaptic elements, large depolarization were given to open 
Ca channels but disallow Ca2' entry. These were followed by brief 
repolarizations to different voltages where Ca was permitted to enter. BƘ 
current amplitude and activation kinetics (from τ <2OOµs for large Ca 
driving force at negative potentials to >1 msec at more postive potentials) 
are a measure o f  [Ca2+ļ. BK currents closely tracked I〇a and always 
preceded transmitter release, suggesting greater sensitivity to [Ca2 ] or 
closer proximity to Ca channels than the Ca-sensor triggering release. To 
calibrate [Ca2+]ı during Ca transients at different voltage steps we have 
measured the activation kinetics o f  single isolated BK channels as a 
function o f  voltage and [Ca2 ], and introduced solutions o f known, buffered 
[Ca2+] presynaptically while measuring BK current kinetics and amplitude. 
To determine the relative proximities o f  BK channels, Ca channels and the 
Ca-sensing molecule(s) triggering release triggering, we are testing the 
effects o f  introduced Ca buffers o f  differing affinities and kinetics on BK 
channel activation and neurotransmitter release. NSЗO673and SCRF 1715.

227.5
THE SITE OF INHIBITORY ACTION OF BAPTA-AM ON EXCITATORY 
SYNAPTIC TRANSMISSION IN RAT HIPPOCAMPUS IS PRESYNAPTIC
A.A. Velumian*. A. Ouanounou. P.L.Carlen. Playfair Neuroscience Unit, Toronto 
Hospital Research Institute, Toronto, Ontario M5T 2S8, Canada 

The bath-applied cell-permeant calcium chelator BAPTA-AM is known to inhibit 
synaptic transmission in rat hippocampal slices. Although the field-recorded presynaptic 
volley is not affected by up to 50 µM of BAPTA-AM, it remained unclear i f  the site of 
BAPTA-AM action is located pre- or postsynaptically since both pre- and postsynaptic 
elements are exposed to the drug in bath-application experiments.

To test between possible pre- and postsynaptic sites of action of bath-applied BAPTA- 
AM, we combined the bath application of BAPTA-AM with loading the recorded 
postsynaptic neuron with BAPTA salt. Our experiments were performed on rat brain 
slices with parallel whole-cell/field EPSP recording in hippocampal CA1 area. 
Pyramidal CA1 neurons were internally perfused with a solution containing 1-3 mM 
BAPTA salt, and following the saturation of the neuron with BAPTA, as manifested by 
blockade of the slow afterhyperpolarization, 20-50 µM BAPTA-AM was bath-applied 
while testing the cell/field EPSP every 20 seconds. Our assumption was that when 1 mM 
or more BAPTA salt is present in the postsynaptic neuron, an additional 50-100 µM of 
BAPTA intracellularly, that could be expected after bath administration of BAPTA- 
AM, would not cause a significant change in the postsynaptic site, and if  BAPTA-AM 
had inhibitory actions in these conditions, the site of its action would therefore be 
presynaptic. Postsynaptic administration of BAPTA salt caused little or no effects on 
EPSP in the recorded cell, while subsequent bath application of BAPTA-AM caused 
a 20-30% decrease of both field and whole-cell recorded EPSP. These results strongly 
support the hypothesis that the inhibitory action of BAPTA-AM occurs at presynaptic 
rather than a postsynaptic site.

Supported byAllelix Biopharmaceuticals and an MRC grant to P.L.Carlen.

227.7
N A '/C A 2* EX C H AN G ER  IN B O V IN E  A D R E N A L  C H R O M A FFIN  
CELLS -  POSSIBLE R E G U LA T IO N  BY PH O S PH O R YLATIO N  L.-S. 
Kao* and C .-Y. Pan. Institute o f  Biom edical Sciences, Academia Sinica. 
Taipei, Taiwan, R. O. C. and Department o f  B iochem istry, National 
Yang-M ing University, Taipei, Taiwan. R. O. C.

To identify the Na '/C a2* exchanger expressed in bovine chrom affin 
cells, the ncx gene was cloned from a bovine chrom affin  cell cD N A 
library. Five partial clones were obtained and their nucleotide sequences 
showed that there were at least three isoforms containing different 
in tracellu lar loops. The 3'-untranslated region was the same among the 
clones obtained, wh ile  the 5'-untranslated region acquired by rapid 
am plifica tion  o f  cD N A  5'-ends appeared to exist in d ifferent forms. Full- 
length ncx l genes were constructed by replacing the corresponding 
region o f  bovine cardiac ncx l clone p i 7 w ith  the d ifferent regions from 
two bovine chrom affin  clones, designated as p !7c  and p l7 h . p l7 h  but 
not p l7 c  showed Na*/Ca2* exchange activ ity  when expressed in Chinese 
hamster ovary cells and Xcnopus oocytes. The expressed exchange 
activ ity  o f  p i 7 was inhibited by 8 -B r-eA M P  but not affected by PM A, 
however, the activ ity  o f  p l7 h  was inhibited by PM A but enhanced by 8 - 
B r-cAM P. These results support that the exchange activ ity  could be 
regulated by phosphorylation and the variable region in the in tracellu lar 
loop is important for the d ifferent effects o f  phosphorylation on the 
d ifferent isoforms (Supported by National Science Council, NSC87- 
2 3 14-B-001-038. and Academia Sinica. R. 0 . C.).

227.4
A REMOTE SITE ACCOUNTS FOR THE CHARACTERISTICS OF 
FACILITATION AND THE EFFECTS OF MOBILE BUFFER Y, Tang. T, 
Schlumpbergeг, R.S. Zucker*. Department of Molecular and Cell Biology, University 
of California at Berkeley, Berkeley, CA 94720

Mechanism of facilitation was studied experimentally and by computer 
simulation. Either Bapta or ftira was introduced into nerve terminals of crayfish 
opener excitatory or inhibitory axons and the effects on neurottansmission and 
facilitation were observed. Transmission and facilitation were recorded at proximal 
muscle fibers of crayfish opener by averaging 5 pulses at 100 Hz with an interval of 
15 seconds between each tetanus. After bath applying 50 µM Bapta-AM, 
transmission was reduced by 68.6 ± 4.1 % (mean ± SD, n=5) compared to control. 
Facilitation was also significantly reduced. The facilitation of the fifth pulse was 
28.71 ± 8.65 and decreased to 10.67 ± 2.10. Transmission was also reduced after 
fura-2 was ionophoresed into the axon, by 66.6  ± 15.14 % (n=5), while facilitation of 
the fifth pulse changed from 18.22 ± 5.22 in control to 9.05 ± 1.95. Similar reduction 
of transmission and facilitation was observed on inhibitory nerve. Simulations of 
calcium and buffer dynamics in the active zone and models of reaction schemes were 
employed to search for possible models of facilitation in order to account for the 
experimental results. Katniya and Zucker (1994) showed that a small residual 
calcium acts with fast kinetics and high affinity to strongly facilitate release. A 
facilitation site with kinetics and affinities consistent with these results (FG = 3 µM, τ 
< 10 ms) at the same location as the exocytosis binding site (20 nm from the nearest 
open Ca channel) is saturated by each action potential, and can not cause facilitation. 
But a facilitation site 60 nm away from the exocytosis trigger (calcium cooperativity 
of 3) not only produces facilitation similar to what is observed experimentally but 
also reproduces the reduction in transmission and facilitation in the presence of alien 
mobile buffer. This distance may reflect the free mean path of Ca ions from the 
nearest open Ca channel to a physically obscured binding site on the backside of the 
proteins that dock vesicles to release sites. Supported by NIH Grant NS 15114.

227.6
CATION CURRENTS ACTIVATED UPON Ca2+ STORE DEPLETION 
MODULATE EXOCYTOSIS IN BOVINE CHROMAFFIN CELLS. A.F. Fomina. 
M.C. Nowvckv*. Dept. Neurobiology & Anatomy, Allegheny University of the 
Health Sciences, Philadelphia, PA, 19129.

Capacitative Ca2+ influx is induced by depletion of Ca2ł stores, but the 
underlying mechanisms are poorly understood. In nonexcitable cells, several 
store-operated Ca2+ currents have been described and some may play a role in 
agonist-evoked secretion. The mechanisms of capacitative Ca2+ influx in 
excitable cells are less well known. Single bovine chromaffin cells were studied 
with perforated-patch or whole-cell voltage-clamp methods. Exocytosis was 
assayed with a software-based capacitance detection technique as changes in 
cell surface area. Intracellular Ca2+ was monitored with a Ca2+-sensitive dye 
(FCa)· Application of thapsigargin (1-5 µM), an inhibitor of endoplasmic reticulum 
Caf 7ATPases, activates a small inward current (<20 pA) that is carried by Na* 
and Ca2+ ions (lTg). At negative potentials, Ca2+ entry through this pathway 
elevates FCa and can trigger depolarization-independent exocytosis. The current 
is transient and depolarization-evoked exocytosis is facilitated with the same 
time course (Biophys. J. 74: A97, 1998). A current that resembles lTg in 
amplitude, ion selectivity, and kinetics appears when whole cell recordings are 
performed with high concentrations of chelator in the pipette (10 mM BAPTA), 
suggesting that lTg is a store-operated current. In nominally Ca2+-free solutions, a 
large-amplitude (>ЮO pA) inward current develops that returns to control levels 
on exchange to standard Ca2+ solution. The turn-off of the current is correlated 
with a transient increase of FCa above control levels, suggesting that Ca2+ entry 
occurred during current deactivation. At the same time, facilitation of 
depolarization-evoked exocytosis is usually observed. All currents described 
above are blocked with 2-4 mM Zn2+. In summary, agents that deplete 
intracellular Ca2* stores activate Ca2+-carrying currents that can trigger or 
modulate Ca2+-dependent exocytosis in bovine chromaffin cells. Supported by 
NIH Grant NS22281.

227.8
ROLE OF M ITO CHONDRIA AN D N A +/C A 2+ EXCHANGER IN THE 
REGULATION OF CYTOSOLIC C A 2+ AN D  CATEC HO LAM INE 
SECRETION OF BOVINE AD RENAL CHRO M AFFIN CELLS. D.-M. 
Yang,12 Y.-J. L in 1 and L.-S. Kao1 ľ . 'Institute o f Biomedical Sciences. 
Academia Sinica, Taipei, Taiwan. R. O. C. and Mnstitute o f  Life Sciences. 
National Defense Medical Center, Taipei, Taiwan, R. O. C.

We have previously shown that Na*/Ca2' exchanger is important in the regulation 
of the cytosolic Ca2* ([Ca2*],) and catecholamine secretion of bovine adrenal 
chromaffin cells. In this study, the role of mitochondria and its interaction with 
Na'/Ca2' exchanger in regulation o ſ[C a2'], were studied. FCCP was used to dissipate 
the proton gradient across the mitochondrial membrane and inhibit the uptake of Ca2' 
by mitochondria. N-methylglucamine was used to replace extracellular Na‘ and 
inhibit the Na'/Ca2' exchanger. Bovine chromaffin cells were stimulated by high K‘ 
when the mitochondrial Ca2* transporter and/or Na’/Ca2’ exchanger were inhibited. In 
a population of chromaffin cells, FCCP alone induced an increase in the [Ca2*],. In the 
absence of extracellular Na*, the rate of the increase in the [Ca2 ], induced by FCCP 
was significantly slower but the extent of the increase was similar to that in the 
control Na*-containing solution. These results suggest that the efflux of Ca2* from 
mitochondria is a Na'-dependent process. When the secretion and [Ca2*], of a single 
cell were measured simultaneously by voltammetry and fura-2, FCCP alone increased 
both the [Ca2*], and secretory events. In the presence of FCCP and absence of 
extracellular Na*, the high K‘-induced [Ca2’], increase decayed back to the resting 
Ca2' level at a slower rate and the secretory events occurred for a longer time than the 
control cells and FCCP-treated cells in the presence of extracellular Na*. In 
conclusion, both mitochondria and Na’/Ca2* exchanger are the major mechanisms in 
bovine chromaffin cells for removing Ca2' from the cytosol. (Supported by National 
Science Council, NSC87-23 14-B001-038 and Academia Sinica, R. O. C.)
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227.9
THREE INTRACELLULAR ORGANELLES RELEASE CA2+ DURING CA2+ 
DECAY AFTER REPETITIVE FIRING IN INTACT NERVE TERMINALS.
Y.-Y, Peng*† and K.-S, Wangì. †Dept. Pharrnac./Physiol. Sci., Univ, of 
Chicago, Chicago, IL 60637. ‡Dept. of Mathematics, Penn State University, New 
Kensington Campus, New Kensinton, PA 15068.
In the presynaptic nerve terminals of the bullfrog sympathetic ganglia, repetitive 
nerve firing evokes [Ca2+] transients that decay monotonically. An algorithm based 
on an eigenfunction expansion method was first evaluated and then used for fitting 
these [Ca2+] decay records. The data were fitted by a linear summation of 2 to 4 
exponential functions. A mathematical model with 3 intraterminal membrane- 
bound compartments was developed which describes the observed Ca2+ decay. The 
model predicts that the number of exponential functions, n, resulting from the 
Fitting procedure corresponds to n - 1 intraterminal Ca2+ stores that release Ca2+ 
during the decay. Moreover, when a store stops releasing or starts to release Ca2+, 
the decay data should be fitted by a function that has one less exponential 
component for the former and one more for the latter than do the fitting functions 
for control data. We defined a parameter, the overall rate (OR) of decay, as the trace 
of a coefficient matrix of a differential equation system. We used the model and the 
mathematical property of the OR to interpret effects of ryanodine (Peng, 1996) and 
of a mitochondria uncoupler (Peng, 1998) on Ca2+ decay. The analysis showed that 
the ryanodine-sensitive store, mitochondria, and another, yet unidentified store 
release Ca2ł into the cytosol of the presynaptic nerve terminals during Ca2+ decay. 
Supported by Alfred P. Sloan fellowship and NIH grant NS32429 to Y.-Y. Peng. 
Peng, Y.Y. 1996. Ryanodine-sensitive component of calcium transients evoked by 
nerve firing at presynaptic nerve terminals. J. Neurosci 16: 6703-6712.
Peng, Y.Y. 1998. Effects of mitochondrion on calcium transients at intact 
presynaptic terminals depend on frequency of nerve firing. J. Neurophysiol, in 
press.

227.11
A PHYSIOLOGICAL ROLE FOR MITOCHONDRIA IN THE CONTROL OF 
SECRETORY DYNAMICS IN ADRENAL CHROMAFFIN CELLS. E. L  Stuenkel* 
and D. R. G¡ovannucc¡. Dept, of Physiology, University of Michigan Medical 
School, Ann Arbor Ml 48109.

In neuroendocrine nerve endings and in adrenal chromaffin cells mitochondria 
can rapidly sequester cytosolic calcium challenges >0.7-1 µM. This suggests a 
physiological role for mitochondria in modulating Ca2+-dependent processes, 
such as secretory granule recruitment and exocytosis in neuroendocrine cells. 
This hypothesis was tested by monitoring depolarizing stimulus-evoked 
changes in cytosolic Ca2+ and the secretory activity of single chromaffin cells 
following the pharmacological inhibition of mitochondrial Ca2+ transport as 
compared to control. In isolated bovine chromaffin cells, treatment with FCCP, 
Ruthenium Red (RR), or antimycin/oligomycin rapidly and significantly 
potentiated the secretory response evoked by repetitive depolarizations. The 
change in secretory response corresponded to an increase in the readily- 
releasable pool from about 60 to 600 chromaffin granules. Treatment with FCCP 
and RR in combination had no additive effect on secretion, suggesting that they 
act on the same intracellular compartment. Simulating the endogenous 
buffering capacity of mitochondria by introduction of a low affinity, high capacity 
Ca2+ buffer blocked the FCCP-induced enhancement of secretion. To examine 
the contribution of mitochondria to the control of exocytosis under 
physiologically relevant con ditions, we applied action potentials, recorded from 
chromaffin cells under current clamp, at 5 Hz for 30 s in physiological saline (2 
mM Ca2+) and monitored the evoked Ca2+ currents and rise in membrane 
capacitance. Under these conditions, FCCP-treatment potentiated the 
secretory response three-fold. We demonstrate that mitochondria play a 
prominent role in limiting exocytot¡c activity in bovine chromaffin cells by rapidly 
clearing from the cytosol Ca2+ that accumulates during repetitive activity. This 
work was supported by NIH grant NS36227 to ELS.

227.13
CAFFEINE ENHANCES A ND DEPRESSES TRANSMITTER 
RELEASE AT THE MAMMALIAN NEƯRO-MUSCULAR  
JUNCTION. C. Whitacre. Y. Zhang and D.F. W ilson*. Zoology 
Dept., Center for Neuroscience, Miami Univ., Oxford, OH 45056.

The effects o f  caffeine on the neuromuscular junction appear to be 
complex. W e were interested in determining if  the excitatory effects of  
caffeine could be explained by its ability to block A ] adenosine 
receptors. We examined the effects o f caffeine (1.0 mM) in the phrenic 
nerve-hemidiaphгagm preparation o f the rat in the presence and 
absence o f the A i adenosine receptor blocker 8-Cyclopentyl-1,3- 
dipropylxanthine (DPCPX). Intracellular recording techniques were 
used to monitor end-plate potentials and miniature end-plate potentials 
in the isolated transected preparation subjected to brief pulses o f  
stimuli ( 1 , 5 ,  25, and 50 Hz). The effects o f  caffeine (1.0 mM) and 
DPCPX (0.1 uM) on quantal release was examined. Caffeine and 
DPCPX by themselves enhanced the amplitude o f  the end-plate 
potentials and quantal release. In the presence o f DPCPX, however 
the excitatory effects o f caffeine were blocked and quantal release was 
reduced by caffeine. The data suggests that the excitatory effects o f  
caffeine can be attributed to an enhancement o f  release via blocking 
adenosine A ļ receptors. It is suggested that caffeine's depression o f  
quantal release in the presence o f  the A ı antagonist is due to its 
inhibitory effect on the adenosine A2 receptor. This data supports the 
view that endogenous adenosine levels are relatively high under invitro 
conditions and that adenosine may normally serve to regulate 
transmitter release under invìvo conditions.

227.10
ELECTROPHYSIOLOGIC EVIDENCE FOR A ROLE OF MITOCHON
DRIA IN AUGMENTATION AND POTENTIATION OF TRANSMITTER 
RELEASE. H. Cheng* and M.D. Miyamoto. Dept, o f Pharmacology, J.H. 
Quillen Col. of Med., East Term. State Univ., Johnson City, TN 37614.

Repetitive stimulation of motor nerves causes an increase in the number of 
transmitter quanta that can be released during the post-stimulation period. The 
increase in transmitter release can be separated into four components: two 
phases o f facilitation, augmentation, and potentiation. Despite a large number 
of studies, the origin of these phenomena remains unclear. To examine whether 
mitochondria might play a role in these events, we tested the effect of 
tetraphenylphosphonium (TPP+), which blocks mitochondrial uptake and efflux 
of Ca2+, on the quantal parameters underlying augmentation and potentiation. 
We used a method that employs miniature endplate potentials (MEPPs) alone 
(Am. J. Physiol. 264: C l051, 1993) to obtain estimates of m (no. of quanta 
released), n (no. of functional release sites), p  (mean probability o f release), and 
vars p  (spatial variance in p). Fluctuations in the estimates were reduced by 
using a moving bin technique. Experiments employed cutaneous pectoris 
muscles isolated from Rar¡a pipiens. Motor nerves were stimulated with a 
suction electrode, and low Ca2+/high Mg2+ Ringer solution used to prevent 
muscle contraction. MEPPs were recorded with intracellular microelectrodes, 
before and after stimulation at 80 Hz for 40 s. In low Ca2+/high Mg2+ Ringer, 3 
µM TPP+ decreased augmentation and potentiation and also the corresponding 
values of m, n, and p. In the same solution made hypertonic by adding 100 mM 
sucrose, TPP+ increased potentiation, m, n, and vars/?, but caused no change in 
p. The results suggest that mitochondrial uptake and efflux of Ca2+ may be 
involved in augmentation and potentiation of transmitter release.

227.12
DIFFERENTIAL EFFECTS OF CAFFEINE AND CCCP ON SPONTANEOUS 
AND EVOKED RELEASE OF LHRH FROM INTACT PRESYNAPTIC 
TERMINALS . Y-J. Cao. Y.-Y. Peng and R.L. Perlman* Dept. Pharmac./Physiol. 
Sci. Univ, of Chicago. Chicago IL. 60637.
In bullfrog sympathetic ganglia, the ryanodine-sensitive Ca2+ store and mitochondria 
modulate [Ca2+] within the intact presynaptic nerve terminals. We used caffeine (10 
mM) and carbonyl cyanide m-chlorophenylhydrazone (CCCP) (10 µM) to assess 
how these intraterminal Ca2+ stores modulate release of a neuropeptide, luteinizing 
hormone-releasing hormone (LHRH), from these nerve terminals. Release of 
LHRH was evoked by electrical stimulation to presynaptic nerves and was 
monitored as a late slow excitatory post-synaptic potential (epsp) in ganglionic 
neurons. We found that presynaptic terminals spontaneously release LHRH, detected 
as a slow hyperpolarization in ganglionic neurons in response to brief application of 
an LHRH antagonist. Caffeine and CCCP increased spontaneous LHRH release. 
Caffeine has either facilitatory or inhibitory effects on the spatially averaged nerve- 
evoked Ca2+ transients in different presynaptic C terminals, yet caffeine invariably 
increased the evoked release of LHRH. This suggests that (1) the Ca2+ store that 
was inhibited by caffeine is not as important as the ryanodine-sensitive store for 
DCV exocytosis; and (2) there must be microdomains of [Ca2+] near the ryanodine- 
sensitive stores where [Ca2+] was higher than the space-averaged [Ca2+] which was 
sufficient to evoke LHRH release. Although caffeine increased the LHRH release 
evoked by 4 and 20 Hz stimulations by different amounts, i.e., 2 .7± l.l- and 
3.2±0.9-fold (n=27), respectively, the difference was not statistically significant 
(p>0.5). In contrast, CCCP augmentation of LHRH release depended strongly on 
the stimulation frequency; the augmentation was 1 l.8± l.8- and 3.6±l.3-fold (n=25, 
p<0.01) for release produced by 4 and 20 Hz stimulations, respectively. The 
frequency dependence of CCCP effects on LHRH release is consistent with its 
effects on presynaptic Ca2+. Supported by NIH grant NS32429 to Y.-Y. Peng.

227.14
INCREASED EXTRACELLULAR CALCIUM INHIBITS 
SPONTANEOUS Ca2+ OSCILLATIONS IN PITUITARY (GH3) AND 
HYPOTHALMIC (GT1) CELL LINES A.C. Charles1 and J.L. Costantin 
Dept, of Neurology UCLA School of Medicine, Los Angeles, CA 90095 

Both GH3 cells (prolactin and growth hormone releasing pituitary cells) and 
GT1 cells (GnRH releasing hypothalamic neurons) show spontaneous 
oscillations in [Ca2+]¡ that result from influx o f Ca2+ through L-type voltage
gated Ca2+ channels. Increasing extracellular Ca2+ ( [Ca2+]E ) might be 
expected to increase the amplitude and frequency of Ca2+ oscillations by 
increasing the driving force for Ca2+ through voltage-gated channels. 
However, we found that increasing [Ca2+]E by as little as 2 mM reduced the 
frequency of Ca2+ oscillations in each cell type. In GH3 cells, raising [Ca2+]E 
from 1 mM to 2 mM resulted in an increase in the amplitude of Ca2+ 
oscillations in most cells. However, when [Ca2+]E was raised to 3 mM, many 
cells showed a decrease in the frequency of spontaneous Ca2+ oscillations, as 
well as a decrease in baseline [Ca2+] ¡ . Increasing [Ca2+]E to 6 mM abolished 
Ca2+ oscillations in most cells. When cells were returned to normal [Ca2+]E (1 
mM) medium after exposure to high [Ca2+]E medium (3 mM or higher), there 
was a rebound increase in the frequency of Ca2+ oscillations. BayK increased 
the frequency and amplitude of Ca2+ oscillations, but did not prevent the 
inhibitory effect of increased [Ca2+]E. Similar inhibitory effects of increased 
[Ca2+]Eon spontaneous Ca2+ oscillations were observed in GT1 neurons. This 
paradoxical inhibitory effect of increased [Ca2+]E on spontaneous activity in 
GH3 and GT1 cells may play a role in the regulation of hormone release by 
pituitary and hypothalamic cells. Supported by NIH P01 NS25554 and P01 
NS02808.
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227.15
SODIUM-DEPENDENT FACILITATION OF MINIATURE GABA-MEDIATED 
CURRENTS BY RUTHENIUM RED IN CAЗ HIPPOCAMPAL CELLS OF 
NEONATAL RATS. Nataša Savic'. Marina Sciancalepore. Janos Gvŏri. Nicola 
Beưetta* and Enrico Cherubini Neuroscience Programme, International School for 
Advanced Studies (SISSA), 34013 Trieste, Italy.
GABA-mediated postsynaptic currents were recorded in CAЗ pyramidal neurons in 
hippocampal slices obtained from postnatal (P) days P6-P10 old rats using the whole
cell patch-recording mode. In the presence of kynurenic acid (1 mM), ruthenium red 
(RR, 100 µM) completely blocked stimulus-elicited GABA-mediated postsynaptic 
cuưents and reduced by 50% the amplitude of the spontaneous ones. At the same 
concentration, RR induced an increase in frequency but not in amplitude of miniature 
GABAergic cuưents recorded in the presence of tetrodotoxin (1 µM). The action of RR 
was thought to be presynaptic in origin because this drug did not change the kinetics of 
miniature cuưents and the cuưents induced by exogenous application of GABA (10 
µM). The facilitating effect of RR on miniature events was independent of external 
calcium. Moreover the potentiation of miniature events by RR was independent of 
internal calcium stores as shown by the observation that RR was still active in the 
presence of thapsigargin (10-20 µM), known to block Ca2+ uptake by intracellular Ca2+ 
stores. When 80 % of [Na+ ]〇 was substituted by L i+ or choline, the increase in frequency 
of miniature cuưents by RR was prevented. Low-Na+ solution was ineffective in 
preventing the potentiating effect of RR if  applied 5-10 min after the application of RR. 
The GABA uptake system did not seem to be involved in the facilitating properties of 
RR because in the presence of the GABA uptake inhibitor SKF 100330A (20-50 µM), 
RR was still able to increase the frequency of miniature events. These data suggest that, 
in hippocampal neurons, RR blocks the stimulus-elicited GABA cuưents but facilitates 
the miniature ones. The effect observed on miniature currents is independent of [Ca2+J〇 
but dependent on [Na+ļ〇.

227.16
MINIATURE GABA-MEDIATED SYNAPTIC CURRENTS ARE MODULATED 
BY INTERNAL CALCIUM STORES IN NEONATAL RAT HIPPOCAMPAL 
NEURONS. Marina Sciancalepore* and Nataša Savic'. Neurosciertce Programme, 
International School for Advanced Studies (SISSA). 34013 Trieste, Italy.
Miniature γ-aminobutyric acidA (GABAa) receptor-mediated currents were recorded in 
tetrodotoxin, lµM  and kynurenic acid ImM from CAЗ pyramidal cells in thin 
hippocampal slices obtained from postnatal (P) day (P6-P9) old rats using the whole
cell patch-recording mode. Nominally Ca2+-free solution (where Ca2+ was substituted 
with Mg2+, in the presence or in the absence of 100 µM EGTA) did not significantly 
change the frequency and the amplitude of miniature events. Bath superfusion of 
thapsigargin, a known blocker of Ca2+ uptake at the internal stores, induced a 
concentration-dependent increase in frequency but not in amplitude of miniature 
currents that lasted for all the period of drug application. Mean frequency ratio 
(thapsigargin 10 µM over control) was 1.8 ± 0.5, (n=9). The facilitating effect of 
thapsigargin was not observed if  the slices were previously incubated for 5 min in a 
nominally Ca2+-free solution, supposed to prevent store refilling. Caffeine, known to 
stimulate the ryanodine-sensitive stores, was also tested. When bath applied, caffeine 
(10 mM) reversibly reduced the amplitude of miniature post-synaptic currents as well 
as the amplitude of the current induced by esogenous application of GABA (100 µM) 
indicating a clear postsynaptic effect on GABAД receptor. In order to unmask 
presynaptic effects, caffeine was applied by brief pressure pulses (5-10s). It induced a 
clear increase in frequency but not in amplitude of spontaneous GABAergic cuưents 
leading to a bursting behaviour. In the majority of the cells tested (7/9) bath 
superfusion of ryanodine (30 µM, 25 min), which is supposed to deplete internal 
calcium stores, did not significantly modify the amplitude or frequency of miniature 
events. These data clearly show that internal calcium stores may participate in the 
regulation of miniature GABAergic cuưents recorded in hippocampal neurons.

227.17
PRESYNAPTIC CALCIUM IMAGING IN DROSOPHILA SUPPORTS A LINK 
BETWEEN CYSTEINE STRING PROTEINS AND PRESYNAPTIC CALCIUM 
CHANNELS. J.A. Umbach,1* M. Saitoe.2 Y. Kidokoro2 and C.B. Gundersen'. 'Dept. 
Molecular and Medical Pharmacology and The Crump Institute for Biological Imaging, 
UCLA School o f Medicine, Los Angeles, CA 90095; institute for Behavioral Sciences, 
Gunma University School o f Medicine, Maebashi 371, Japan.

We used Ca Crimson to monitor presynaptic Ca dynamics at motor nerve terminals 
o f wild-type and csp and shibire mutant Drosophila. The goal o f this work was to test 
the hypothesis that synaptic vesicle-associate cysteine string proteins (csps) are 
important modulators o f Ca channel function at rapid synapses. Two min of 10Hz 
stimulation o f the motor nerve produces a reliable increase (about l.5fold) o f Ca 
Crimson fluorescence at nerve terminals o f wild type larvae at both 22°C and 32°C. 
In temperature-sensitive (ts) paralytic csp mutant larvae, the same stimulation paradigm 
elicits an increase o f Ca Crimson fluorescence at 22°C, but not at 32°C. 
Simultaneously, evoked synaptic transmission fails in these ts csp mutants at 32°C. 
Similarly, in shibire mutant larvae, nerve stimulation leads to a 1.5 fold increase of Ca 
Crimson fluorescence at 22°C. Interestingly, when nerve stimulation o f the ts shibire 
mutants causes a failure o f evoked transmitter release at 32°C, there is a loss o f the 
stimulus-dependent increase o f Ca Crimson fluorescence. We interpret these data as 
suggesting that the failure of transmitter release in csp mutants at 32°C is due to the 
temperature-dependent failure o f presynaptic Ca entry. We also infer that this failure 
o f stimulus-dependent Ca entry is due to a loss o f the normal regulatory coupling that 
occurs between vesicle-associated csps and presynaptic Ca channels. Finally, we 
suggest that the absence o f presynaptic Ca entry in shibire mutant larvae that are 
paralyzed at 32°C is due to the loss o f synaptic vesicles in these organisms which may 
disrupt the normal csp-Ca channel link.

Funded by NS31934 and the Japanese Ministry of Education.
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228.1

CRF REGULATES THE INTERACTION OF CRF RECEPTOR 
TYPE 1 WITH THE PDZ-DOMAIN PROTEIN, PSD-95.
G. Gaudriault and W. Vale*. The Clayton Foundation 
Laboratories for Peptide Biology, The Salk Institute, La Jolla 
CA 92037.

PSD-95 family members are scaffold proteins believed to 
cluster NMDA receptors and Kir channels at the synaptic 
junction. In this presentation, we show by yeast two hybrid 
experiments that CRF-R1 C-terminus tail interacts with the 
second PDZ domain of PSD-95 whereas CRF-R2 C-terminus 
tail does not. In order to study the regulation of PSD-95/CRF- 
R1 interaction, a stable HEK-293 cell line expressing c-Myc- 
CRF-R1 and PSD-95 was established. CRF-R1 was 
solubilized and immunoprecipitated by anti-c-myc antibody. 
PSD-95 was shown to immunoprecip¡tate with CRF-R1 if this 
receptor has not been stimulated by CRF. Stimulation of CRF- 
R1 by 0.1 µM of CRF for 15 min. uncouple the receptor from 
PSD-95. Involvement of kinase activities in this regulation are 
under investigation.

This work was supported by the Adler Foundation and 
NIH Grant DK 26741.

228.2

T he A denom atous polyposis coli (A PC ) tum or-suppressor  
protein interacts w ith the postsynaptic density protein PSD- 
95/SA P90

Ruhr-Univ. Bochum, 44780 Bochum, Geưnany; 2TҺ℮ Burnham Institute La 
Jolla, CA 92037

Geπnline mutations in the APC tumor-suppressor gene result in the 
formation of numerous polyps in the large intestine by the second or third 
decade o f life. Furthermore there is the identification of somatic APC 
mutations in early-stage colonic adenomas. The APC-pгotein associates with 
the cadherin-bhiding protein ß-catenin, which suggest an involvement of this 
protein in cell adhesion. Despite the expression of the APC-pгotein within non 
neuronal cells there is also expression o f this protein within neuronal cells. The 
function o f this protein within the nervous system is completely unknown but 
may be related to its function within epithelial cells. Using the two hybrid 
system we could show, that the APC-pгotein is able to interact with two 
additional proteins. The first one is the protein tyrosine phosphatase PTPL1, 
mainly expressed within epithelial cells, the second one is the postsynaptic 
density protein SAP-90/PSD-95. In both cases the interaction is mediated by 
the extreme c-terminus o f the APC-pгotein. There was a specific interaction of 
the APC-pгotein with the PDZЗ-domain o f PTPL1, whereas there was no 
interaction with PDZl,2,4,5,6. The interaction o f the APC-pгotein with 
SAP90/PSD-95 is mediated by PDZ-domains, too. However, the strong 
interaction o f APC with a major component o f the postsynaptic density and its 
neuronal expression suggest a possible function of this tumor süpressor 
molecule in the establishment and maintenance o f synaptic connections within 
the nervous system.
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228.3
CYCLIC PEPTIDES AS NON-CARBOXY-TERMINAL I.IGANDS OF SYNTROPШN 
PDZ DOMAINS S. H. Gee1*. S. A. Sekelv2. C. Lombardo3. A. Kurakin⅜. S. C. Fгoehner1 
and B. K. Kav4. Depts. of'Physiology and2Biology, and the3 Macromolecular Interactions 
Facility, University o f North Carolina at Chapel Hill, Chapel Hill, NC 27599 and 4Dept. 
of Pharmacology, University o f Wisconsin-Madison, Madison, WI 537060 

Syntrophins, a family of intracellular peripheral membrane proteins o f the .dystrophin- 
associated protein complex (DAPC), each contain a single PDZ domain Syntгophin PDZ 
domains bind to C-teгmiлal peptide sequences with the consensus (R/K)E(S/T)XV-COOH 
(Gee, S. H., Madhavan, R., Levinson, S. R., Caldwell, J. H., Sealock, R., and Fгoehner, 
S. C. (1998) J. Neurosci. 18, 128-137; Schultz, J., Hoffmuller, U., Krause, G., Ashurst,
J., Macias, M. J., S¢hmieder, P,, Schneider-Mergener, J., and Oschkinat, H. (1998) Nat. 
Struct. Biol. 5, 19-24). The interaction o f syntгophin PDZ domains with this motif in two 
skeletal muscle sodium channels mediates their association with the DAPC. Here, we 
report the isolation and characterization o f cyclic peptide ligands for syntгophin PDZ 
domains from a library o f combinatorial peptides displayed at the N-terminus o f protein 
III o f bacteriophage M13. Affinity selection from a library o f X ļ〇C peptides yielded 
ligands with the consensus X(R/ЮETC(L/Mľ>AGXΨC. where Ψ represents any 
hydrophobic amino acid. These peptides, which contain within them residues (underlined) 
identical to the C-terminal consensus sequence for binding to syntгophin PDZ domains, 
bind strongly to the PDZ domains of α- and ß-syntrophins, but not to other closely related 
PDZ domains. Moreover, competition experiments demonstrate that these cyclic peptides 
bind to the same site on syntгophin PDZ domains as C-terminal peptides. This interaction 
is strictly dependent on the formation of an intramolecular disulfide bond in the peptides, 
since treatment with DTT, or substitution o f either of the two cysteines with alanines 
eliminated PDZ-binding activity. In addition, amino acid replacements revealed that most 
residues in the phage-selected peptides are required for binding. Our results define a new 
mode of binding to PDZ domains and suggest that proteins containing similar 
conformationally constrained sequences may be ligands for PDZ domains.

228.4

EXPRESSION OF GLUTAMATE RECEPTOR-BINDING 
PDZ PROTEINS FROM ADENOVIRUS VECTORS IN THE 
CNS IN VITRO AND IN VIVO. Y. Akaneva. B. States. L. 
Khatгi. R- Schneider and E.B. Z i f f * . HHMI and Dept, o f 
Biochemistry, NYU Medical Center; New York, NY 10016 

PSD95 is a protein which can bind to the C-terminus o f  the 
NR2 subunit o f  NMDARs, while GRIP and ABP are proteins 
which can b ind to the C-terminus o f  the GluR2 subunit o f  the 
AM PA receptor. These proteins may have a role in  clustering 
glutamate receptors. However, the physiolological roles o f  these 
proteins in  the brain are not known. Therefore, we have 
constructed adenovirus vectors expressing PSD95, GRIP, ABP, 
and as a control, ß-galactosidase. Adenovirus vector in fection o f 
prim ary rat hippocampal cells expressed these proteins in 
neurons and glia. Under these conditions, GRIP and ABP 
form ed clusters in  dendrites. Notably, some o f  the neurons 
infected by Ad-GRIP have one large round dot o f  GRIP protein 
in the cytosol near the nucleus, at the early stage o f  infection. 
The cellular distribution o f these proteins d id  not correspond to 
that o f  the G olgi apparatus. This phenomenon is enhanced by 
the addition o f  brain-derived neurotrophic factor (BDNF). 
Moreover, BDNF may have an effect on the transport o f GRIP 
to distal sites such as spines o f dendrites.

It is well known that glutamate receptors function in  neural 
plasticity. We are studying the effect o f  overexpression o f 
glutamate-binding PDZ proteins in  the hippocampus on 
synaptic plasticity, including long-term potention (LTP).

228.5
A NOVEL M O TIF TH A T M EDIATES HOMER/GROUP1 
METABOTROPIC RECEPTOR INTERACTION J.C Tur , B.X iao1,
K.Leoffert.2, A.A.Lanahan ',M . L i2 &P.F. Worley* 'Dept, o f Neuroscience 
and Neurology, ¿ Dept, o f Physiology and Neuroscience Johns Hopkins 
Univ. Sch. o f Med, 725 N. Wolfe Street, Baltimore, M D 21205 

Homer-la  is an immediate early gene(IEG) that binds to the 
intracellular portion o f group 1 metabotropic receptors(mGluRl/5). To 
better define the m otif that mediates the Homer-la/mGluR interaction, we 
used a Homer-la-GST fusion protein to screen a random peptide library. 
Thirty six interacting clones were identified. One o f the interacting 
peptide clones was identical to the sequence "PPSPFR" near the C- 
terminus o f m G luRl/5 and several other peptides also contained similar 
sequences. To determine i f  this sequence was required for the interaction, 
we made expression constructs o f the C-terminal 247aa o f mGluR5, as 
well as various deletions and point mutations o f this sequence. Constructs 
were expressed in HEK293 cells and cell extracts were bound to Homer- 
la-GST fusion protein. Deleting the C-terminal 4, 10, 31, 37, 40 amino 
acids o f mGluR5 had little  or no effect on Hom er-la binding, however 
deleting 50 aa from the C-terminus of mGluR5 completely abolished the 
interaction with Hom er-la. Mutagenesis o f the "PPSPFR" sequence 
demonstrated that it  is an important determinant for the Homer-la/m GluR 
interaction and defined a sequence m otif "PPXXFR". Point mutants were 
also tested in fu ll length mGluR5. Although the sequence "PPXPFR" is 
similar to that o f SHЗ ligands, a 293 cell extract containing the v-src 
protein did not bind the C-terminal mGluR5-GST fusion protein, 
indicating this m otif is not an SHЗ ligand. This m otif has also been be 
found in other proteins that interact with Homer-la.
The first two authors share equal contribution to this paper, 
supported by N ID A

228.6
ID E N T IF IC A T IO N  OF N O V E L  HO M ER F A M ILY  MEMBERS SUGGESTS 
N O V E L  POSTSYNAPTIC M E C H A N IS M . B. Xiao»Л.C· T u 1. R.S. Petraìia2.
I. Yuan1, C. Breder1, A .A . Lanahan1, R. I. W en tho ld2. P.W. W o rle y 1 - 
‘Dept, o f Neurosci., Johns H opkins U n iv . Sch. o f Med., 725 N . W olfe  St.,
B a lto „ M D  21205;2 Lab o f Neurochem., N Г О C D /N IH , 36 Convent D r Msc 4162, 
Bethesda, MD2O892,USA

H orner is a recently described im m edia te  early gene (IEG) tha t b inds to the 
in tra ce llu la r ta il o f g roup  1 m etabotrop ic g lutam ate receptors [N a tu re  386;284, 
1997]. Here, we describe an extended fam ily  o f H om er related pro te ins w h ich  

represent splice varients o f 3 d is tinct genes, termed H om er 1, 2 and 3. The 
o rig in a l H om er is now  re-named H om er-la . A ll fam ily  members encode an 
conserved N -te rm ina l 120 aa, w h ich  share hom ology to the E V H 1 /W H 1  
dom ain  found  in  a varie ty o f prote ins from  d iffe ren t species, in c lu d in g  WASP, 
Ena, Mena,VASP, and SIF. Compared to H o m e r-la , the nove l Hom er-1 ,2,andЗ 
have an extended C -te rm ina l dom ain predicted to form  co iled-coil structure, 
w h ich  m ediate p ro te in -p ro te in  interactions. L ike  H o m e r-la , a ll Hom er 

fa m ily  members b ind  m G lu R l/5  in  V itro . Since it  was p redicted that the 
E V H 1 /W H 1  dom ain  m ay fo ld  in to  a structure  s im ila r to PH dom ain, 
we deleted the te rm ina l a-helix o f E V H 1 /W H 1  dom ain  and found  the 

a-helix is c ritica l fo r the in teraction o f H om er and m G lu R l/5 . Hom er fam ily  
members m ay form  m u ltip le  subunit complex in  v ivo  via C -te rm ina l coiled- 

co il d om ain .U n like  H o m e r-la  w h ich  is specifica lly expressed in the b ra in  , 
a ll the o ther H om er fa m ily  members are cons titu tive ly  expressed in  the bra in  
and o ther periphe ra l tissues. Hom er-1 ,2,andЗ exh ib it d iffe re n tia l expression 
patterns in  the rat b ra in  shown by in  s itu  h yb rid iza tio n  and im m uno- 

h istochem istry. A l l  the nove l H om er fam ily  members are localized adjacent 
to the PSD or at the periphe ry  o f PSD in  the synapses.

The firs t tw o  authors contribu ted  equally to this w o rk
supported by: N ID A

228.7

IMMUNOCYTOCHEMISTRY FOR GRIP IN CEREBRAL CORTEX OF RAT 
A. Burre tte1, J.G. V a ltschano ff1, M. W vszynski2 . M. Shenα2 . R .J. 
W e in berα*1 1 Dept, of Cell Biology & Anatomy, UNO, Chapel Hill, NC 
27599; 2Dept. of Neurobiology, HHMI, Harvard Medical School and 
Mass. Gen. Hospital, Boston, MA 02114.

Glutamate Receptor Interacting Protein (GRIP), a new member of the 
PDZ dom ain-conta in ing protein fam ily, appears to serve as an 
anchoring protein for GluR2 and GluRЗ, thus promoting the clustering 
of AMPA receptors. We here report the distribution of GRIP in cerebral 
cortex, as revealed by 3 specific antibodies. GRIP staining was observed 
in dendrites and somata of neurons scattered throughout cortex. Most 
strongly-¡mmunoreactive neurons could be identified as non-pyramidal 
cells of various shapes and sizes. To characterize these neurons, we 
performed double labeling for GABA. The large majority of GABA
positive neurons were a lso sta ined by GRIP, and vice versa. 
Imm unoreactiv¡ty in fine  processes showed a punctuate pattern 
suggestive of synaptic elem ents; however, G RIP-im m unopositίve 
punctae generally did not colocalize with GABA. Electron microscopic 
immunogold staining reveals GRIP at postsynaptic densities, many in 
spines unlikely to belong to GABAergic neurons. We speculate that this 
mismatch between somatic and synaptic staining may reflect a concen
tration of AMPA receptors on the somata and proximal dendrites of 
GABAergic neurons, at variance with pyramidal neurons, whose g!uta- 
matergic synapses are thought to be restricted to more distal portions of 
the dendritic tree. Supported by NIH award NS- 35527 (to RJW).

228.8

L O C A L IZ A T IO N  O F PO ST SY N A PT IC  A C T IN  A T THE  
M O SSY  F IB E R -U N IP O L A R  B R U SH  C E L L  S Y N A PSE . 
M . R D iño* and E. M ugnaίn i. N orth w estern  U niversity  
In stitu te  for N eu roscien ce , C hicago, IL 60611.

The brush dendrioles of the unipolar brush cell (ƯBC) of the 
mammalian cerebellum establish an extensive contact area with an 
individual mossy fiber (MF) rosette that results in the formation of 
multiple, special, synaptic junctions believed to entrap glutamate 
and prolong synaptic activation of the ƯBC. These synaptic 
specializations occur in a variety of forms, ranging from nearly 
uninterrupted and unusually large synapses, to a series of 
discontinuous small synapses, each 0.25-1 µm long, separated by 
regions of the plasma membrane devoid of pre- and postsynaptic 
densities. Beneath all postsynaptic densities, the UBC cytoplasm 
contains a dense microfilamentous web, up to 2 µm deep, 
connected to the fibrous core of the dendrioles. We show that these 
postsynaptic microfilaments are disrupted by strong osmium 
fixation. Moreover, using double label confocal microscopy, freeze 
substitution Lowicryl embedding and pre- and postembedding 
immunogold staining, we demonstrate that the subsynaptic web 
consists mainly of actin microfilaments which span from the 
postsynaptic density to the fibrous core of the dendriole, where 
neurofilaments and microtubules are situated. The unusually rich 
complement of postsynaptic actin may be involved in regulating 
plasticity of the MF-ƯBC synapse.
Supported by grant NS 09904-28
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228.9
INFUSION OF INTRACELLULAR FRAGMENTS OF THE NEURAL 
CELL ADHESION MOLECULE (NCAM-180) DOWN-REGULATES 
SYNAPTIC CURRENTS IN CULTURED HIPPOCAMPAL NEURONS. 
A.Dityatev1*, J.Tsai2, M.Scliachneг‘·2. ‘Zenfium für Molekulaгe 
Neurobiológie, University ōľ Hamburg, Martinistr. 52, D-20246
Hamburg, Germany; 2Neurobiology, Swiss Federal Institute o f  
Technology, Hönggerberg, CH-8093 Zürich, Switzerland.

Numerous studies have implicated NCAM in synaptic plasticity (Cuгr. 
Opin. Cell Biol. 1997, 9: 627-634). Upregulation of the largest major 
NCAM isoform (NCAM-180) in synapses coincides with induction o f  
LTP. NCAM-180 is distinguished from other isoforms by its long 
intracellular domain (ID). To investigate the role of this domain, histidine 
tagged NCAM-180 ID was expressed in E.coli and purified by Ni-NTA. 
The recombinant protein was delivered into cultured hippocampal 
neurons obtained by dissociation from 1 to 2 -day-old mice by including 
it (30 µg/ml) in the solution of patch-clamp pipettes together with RITC- 
dextran to visualize neuron dialysis. Expression of endogenous NCAM- 
180 and delivery of recombinant proteins into the neurons were further 
confirmed by immunostaining with antibodies to NCAM-180 and the 
histidine tag. Whole-cell patch clamp recordings revealed that infusion o f  
NCAM-180 ID significantly reduced spontaneous synaptic activity to 
58±IO% (n=7, P<0.005). In double whole-cell recording experiments, 
NCAM-180 ID depressed evoked EPSCs, but did not change evoked 
IPSCs. In control experiments, infusion of a fragment of the smaller 
major NCAM isoform (NCAM-140 ID) did not affect spontaneous nor 
evoked synaptic currents. NCAM-180 ID did not reduce spontaneous 
currents in neurons from NCAM knock-out mice. We suggest that 
NCAM-180 ID, but not NCAM-140 ID affects other proteins playing an 
essential role in the regulation of the number or functional properties o f  
glutamate receptors. Supported by DFG.

228.11
DETECTION AND SEQUENCING OF mRNAs ASSOCIATED WΠΉ 
POSTSYNAPTIC DENSITY (PSD) FRACTION.
T. Suzuki*1. Q. B. Tian1, and K. Nakavama2. 1Dѳpt. Nѳuroplasticity, Res.
Center on Aging and Adaptation, and *Dѳpt. Anatomy, Shinshu Univ. Sch. 
Med., 3-1-1 Asahi, Matsumoto 390-8621, Japan 

There are accumulating reports that suggest that protein synthetic machinery 
is present in the dendrites, especially in the area close to postsynaptic sites, 
and that synthesis of the protein in the region is regulated by the synaptic 
activity and plays a role for the expression of synaptic plasticity. Until now 
growing number of mRNAs are reported to be localized in the dendrite in vivo 
or dendrite-like processes in the cultured neuron: BC1 RNA and mRNAs 
encoding α subunit of CaMKII, MAP2, IP3 receptor type I, voltage-dependent 
Ca2+channel, α subunit of glycine receptor, Arc, GAP43, nѳurogranin, and 
amyloid precursor protein, L7, activity-regulated gene 3.1 (arg3.1) product, 
farnesyl diphosphate synthase, γ -subunit of the IL2 receptor, and tumor 
necrosis factor-inducible protein A2O. Similarly, in the postsynaptic area of the 
neuromuscular junction are localized mRNA encoding α subunit of ACҺ 
receptor. We report here the association of a large number of mRNAs in the 
PSD fraction and show dendritic distribution of some of the PSD fraction- 
associated mRNAs by in situ hybridization. [This research was supported by a 
Grant-in-Aid for Scientific Research from the Japanese Ministry of Education, 
Science and Culture and Toyota Physical & Chemical Research Institute.]

228.13
SYNAPTIC SURFACE DELIVERY OF AMPA TYPE GLUTAMATE 
RECEPTOR MONITORED BY RESCUE OF GLUR2 (-/-) PHENOTYPE 
WITH GLUR2-GFP FUSION PROTEIN
Y. Havashi* and R. Malinow. Cold Spring Harbor Lab., Cold Spring Harbor, 
NY 11724

Little is known about the factors controlling glutamate receptor delivery to the sur
face of a synapse. Here we describe a quantitative method designed to detect the 
delivery o f recently synthesized receptors into functional synaptic sites. We made a 
fusion protein consisting o f the GluR2 subunit o f the AMPA receptor and green fluo
rescent protein (EGFP, Clontech). This was expressed in hippocampal organotypic 
slice culture from GluR2 (-/-) mice (cut at P6-7 and kept in culture for 10-14 days) 
using Sindbis pseudovirus expression system. As AMPA receptors which lack 
GluR2 show an inwardly rectified cuıτent, the appearance of synapticałly evoked 
outward cuưent can be used as a measure of surface delivery o f newly synthesized 
receptor. Whole cell recordings were made from infected CA1 pyramidal cells, iden
tified by GFP fluorescence. The current-voltage relationship o f evoked synaptic re
sponses was determined at different time points after infection. In uninfected cells 
from GluR2(-/-) animals, there was no outward AMPA-mediated synaptic cuưent. In 
cells from GluR2(+/- or +/+) mice, the synaptic response at +40 mV was 35% o f that 
at-60-mV. One day after infection with a Sindbis virus producing GluR2-EGFP fu
sion protein, fluorescence was observed in dendrites. However, little AMPA- 
mediated synaptic outward cuưent was observed at this time point. The +40 mV/-60 
mV ratio increased to 20% three days after infection. This system can be used to 
study quantitatively the factors regulating surface delivery of AMPA receptors.
We thank Drs. Z. Jia and J. Roder for providing us with GluR2 (-/-) mice. (Support: 
Japan Society for Promotion o f Science, Uehara Memorial Foundation, NINDS).

228.10
EXPRESSION OF Λ/-METHYL-D-ASPARTATE RECEPTOR SUBUNIT 2D IN 
RAT BRAIN SYNAPSES. G.W. Len**K. Wu‘·2. B.B. Wolfe3, X.L. Xu1 . S.Y. Lin1 
and IB. Black1*2. Dept, of Neuroscience and Cell Bioogy, Robert Wood Johnson 
Med. Sch., 2Gгaduate Program in Physiology and Neurobiology, Rutgers-The State 
Univ, of NJ, Piscataway, NJ 08854; -̂ Dept. of Phaπnacoogy, Georgetown Univ. Sch. 
Med, Washington, DC 20007.

NMDA (/V-methyl-D-aspartate) receptors (NRs), that consist of NR1 and varying 
NR2A-2D subunits, play critical roles in diverse synaptic processes, such as long-term 
potentiation, a model of synaptic plasticity associated with learning and memory. Our 
previous Western blot analyses revealed that NR1 and NR2A-2C subunits are intrinsic 
components of the functionally critical postsynaptic density (PSD). In addition, we 
found that the neurotrophin, brain-derived neurotrophic factor (BDNF), rapidly 
enhances phosphorylation of NR1 and NR2B in the PSD, potentially linking receptor 
phosphorylation to synaptic plasticity. However, expression and function of the 
NR2D subunit in brain synapses remains to be determined. To begin defining the 
roles of NR2D in synaptic function, we examined expression of NR2D subunits in 
hippocampus, cerebral cortex, olfactory bulb and cerebellum. Our results, based cm 
Western blot analyses using anti-NR2D antibodies, indicate that levels of NR2D 
subunits were enriched in the PSD, as compared to homogenate and synaptic 
membranes, from which the PSD was derived. The purified PSD was used to define 
developmental expression and regional variation in NR2D subunits. Significant 
expression of NR2D was observed during the first two weeks after birth and during 
adulthood. Furthermore, NR2D had widespread distribution among different regions, 
with enrichment in the hippocampus and cerebral cortex. Our data suggest that the 
expression of synaptic NR2D is both developmentally regulated and regionally 
specific. Our findings raise the possibility that NR2D may play roles in the regulation 
of synaptic function via postsynaptic mechanisms.

(Supported by NICHD 23315)

228.12
TARGETING OF RECENTLY-SYNTHESIZED MRNA TO ACTIVE 
POSTSYNAPTIC SITES ON DENDRITES. O. Steward.* C. S.Wallace. G. L. 
Lvford. and P. F. Woгlev. Dept, of Neuroscience, University of VA, 
Charlottesville, VA 22908. Dept, of Neuroscience, Johns Hopkins School of 
Medicine, Baltimore, MD, 21205.
There is increasing evidence that newly-synthesized gene products play a role in 

modifying synapses that have experienced particular patterns of activity. One 
mechanism that may underlie synapse-specific modifications is a local translation 
of certain mRNAs at synaptic sites, but how mRNAs are delivered to synapses 
remains to be established. Here, we demonstrate that synaptic activation causes a 
selective targeting of newly synthesized mRNA for Arc (activity-regulated 
cytoskeleton-associated protein) to activated dendritic domains. The peгforant path 
projections to the dentate gyrus were activated in adult male rats using in vivo 
neuropysiological techniques. A stimulation paradigm that induces LTP (4OOhz 
trains, 8 pulses per train, delivered at a rate of 1/10 seconds), and trains were 
delivered repeatedly over a 2hr. period at an intensity that initially evoked an 
approximately half-maximal population spike. Evaluations of the distribution of 
Arc mRNA using non-isotopic in situ hybridization revealed a striking band of 
labeling for the newly-synthesized mRNA in the middle molecular layer--exactly 
the location of the band of synapses that were activated. Immunostaining using an 
antibody for Arc protein revealed that there was also an accumulation of newly 
synthetized Arc protein in the activated dendritic regions, suggesting that the 
targeting of the mRNA underlies a local synthesis of Arc protein. The selective 
targeting of Arc mRNA to the activated dendritic domains was not disrupted by 
locally inhibiting protein synthesis with cycloheximίde or puromycin, indicating 
that the signals leading to localization reside within the mRNA sequence itself. 
These findings document the existence of a novel mechanism that allows a precise 
targeting of recently synthesized mRNA to synapses that are undergoing activity- 
dependent modification. Supported by NIH grant NS 12333.

228.14
TOPOLOGY OF FUNCTIONAL NEUROTRANSMITTER 
RECEPTORS ON DENDRITES OF HIPPOCAMPAL NEURONS.
D.L. Pettit* &  G J. Augustine. Dept. Neurobiology, Duke Medical Center, 
Durham, NC 27710.

The distribution of neurotransmitter receptors is an important 
variable for synaptic information processing. To map the location of 
functional glutamate and GABA receptors on individual dendrites of 
hippocampal pyramidal cells and interneurons, we locally photolized 
“caged” glutamate or GABA while measuring the electrical currents 
resulting from activation of these receptors. The distribution of these 
receptors was highly non-uniform, with patterns that varied according 
to the type of receptor and the type of neuron. We observed a gradient 
of glutamate and GABA receptors on CA1 pyramidal cells, with the 
distal dendrites of these neurons exhibiting the highest responsiveness 
to both glutamate and GABA. Such variations in dendritic receptor 
number may allow for location-independent transmission of synaptic 
responses to axonal sites of impulse propagation in these neurons. The 
distal dendrites of stratum radiatum interneurons also had a high 
concentration of glutamate receptors, while functional GABA receptors 
were undetectable. This suggests that inhibitory signals onto 
interneurons are restricted to locations near the cell body while 
excitation is distributed. Regional variations in receptor distribution 
may provide a general mechanism for preferentially strengthening of 
selected synaptic inputs.
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228.15
CLUSTERING AND ACTIVATION OF FUNCTIONAL GLUTAMATE RECEPTORS 
DURING SYNAUTOGENESIS. Įeffrey R. Cottrell, Christophe F.gles, and G uosong Liu*, 
Center for Learning and Memory and Department of Brain and Cognitive Sciences, MIT, 
Cambridge, MA 02139.

Recent studies of glutamatergic synapse formation have focused upon antibody 
staining of the pre and postsynaptic proteins (e.g., Rao et ah, J. Neurosd., 1998). Because 
this staining is performed post-fixation, the functional status of both the presynaptic ter
minals and the postsynaptic glutamate receptors during synaptogenesis remains poorly 
understood. In this study, we developed a technique to investigate the localization of 
functional glutamate receptors during synaptogenesis in cultured hippocampal neurons.

Using FM1-43 to stain the functional presynaptic terminals that are capable of trans
mitter release and antibodies to stain the presynaptic proteins, we found a discrepancy 
between when the terminal is structurally present and when it is functionally active. Pre
synaptic proteins are clustered and colocalized at 4 DΓV, indicating the presence of 
structural presynaptic terminals. However, FM1-43 stained terminals do not appear until 
9-10 DIV, indicating that the terminals do not release transmitter until well after they are 
formed. Using a new technique to map the functional glutamate receptors of a neuron’s 
dendritic tree, we iontophoretically applied glutamate along the length of the dendrites at 
0.5 µm steps and examined the correlation between FM1-43 stained terminals and func
tional AMPA receptors. At 7 DIV, before FM1-43 staining appears, functional AMPA 
receptors are present in small numbers, but they are distributed evenly across the den
drites and show no apparent clustering. At 11 DΓV, after FM1-43 staining appears, clus
ters of functional AMPA receptors are present and localized beneath FM1-43 stained 
terminals. Thus, there is a strong temporal correlation between the appearance of func
tional presynaptic terminals, capable of transmitter release, at 9-10 DIV and the subse
quent presence of clustered functional glutamate receptors at 11 DIV, clusters that are, in 
turn, spatially correlated with FM1-43 stained terminals. All together, these data suggest 
that transmitter release may trigger either the clustering of functional AMPA receptors or 
the activation of previously clustered inactive AMPA receptors during synaptogenesis. 
Such a process of transmitter-dependent synapse consolidation may also have important 
implications for plasticity. [Supported by Mľi'J

228.16
R e g u l a t io n  o f  g l u t a m a t e  r e c e p t o r  p r o p e r t ie s  b y  s y n a p t ic  in n e r v a t io n  
DENSITY. Guosong Liu and Gilles R. Dubé*, Center for Learning & Memory, Dept, of 
Brain and Cognitive Sciences, MIT, Cambridge, MA, 02139.
Although the functional properties of AMPA receptors are known to vary with alter
native splicing and with subunit expression, it is largely unknown how these proper
ties are regulated. Given the large variation in glutamate receptor expression observed 
during early development and the role of synaptic activity in the formation of func
tional connections, we postulate that synaptic innervation density and synaptic activity 
may affect the regulation of glutamate receptor gene expression. Our previous work 
demonstrated a strong inverse correlation between synaptic innervation density and 
the size of the postsynaptic responsiveness (Liu and Tsien, 1995). Using fast applica
tion of glutamate to single synapses, we assessed the properties of postsynaptic 
AMPA receptors in hippocampal culture neurons with different synaptic innervation 
densities, which was determined by FM1-43 labeling of functional presynaptic termi
nals. Our results indicate that neurons with low innervation density express functional 
glutamate receptors whose properties resembled those of the “ flop” spliced-variant of 
AMPA subunits with fast decay time and marked desensitization properties. In con
trast, neurons with high synaptic innervation density contain functional receptors that 
exhibited properties similar to receptors containing “ flip” spliced-variant, ı.e,, slower 
decay time and weak desensitization. When synaptic responses from multiple synaptic 
sites of the same neuron were sampled, we found that they all displayed similar prop
erties, suggesting that the regulation of “ flip”  or “ flop” phenotype expression occurs at 
the whole cell level rather than at the single synapse level. Together, these results im
ply that the level of innervation may modulate the properties of glutamate receptors 
through the regulation of glutamate receptor alternative splicing. This correlation be
tween glutamate receptor properties and synaptic innervation density may represent a 
mechanism by which neurons can adjust their synaptic responsiveness in accordance 
to the total amount of synaptic activity it receives, (supported by MIT)

228.17
INVOLVEMENT OF MOSSY FIBERS IN THE DEVELOPMENT OF 
CEREBELLAR CORTEX REVEALED BY ANALYZING WEAVER MUTANT 
MOUSE. M.Ozaki. T.Hashikawa'>. Y.Mivazaki. H.Kishida. K.Ikeda. T. 
Ichikawa2), T,Kumanishi2b Y.Ishihara3) and R.Yano*. Lab. for Cellular Information 

Processing, *)Lab. for Neural A rchitecture, Brain Science Institute, RIKEN, Saitama 351- 

0198, 2)Dept. Neuropathology, N iigata University, N iigata 95!-8585, 3)Dept. 
Neuropathology, Tokyo M etropolitan Institute for Neuroscience., Tokyo 183, JAPAN.

In weaver mutant mouse cerebellar granule cells proliferate normally in the 
external granular layer (EGL), but fail to differentiate and die in EGL. In this 
study we established weaver mouse having new genetic background by backcross 
with CЗH mouse. The original homozygous mutant mouse is difficult to 
reproduce, however the CЗH weaver mouse can be alive throughout the life and 
maintained with homozygous state despite of serious cerebellar ataxia. Previously 
weaver locus has been mapped and identified as a point mutation in the GIRK2 
gene, which encodes a G protein-coupled inwardly rectifying K+ channel. The 
CЗH weaver mouse retained the GIRK2 point mutation and the weaver mouse 
properties including cerebellar morphology. By using CЗH weaver mouse, the 
action site of the weaver gene was studied by several experimental systems. 
Basically mossy fibers are lacking in a sufficient ability to extend into cerebellar 
cortex. A portion of fibers penetrated into cortex, but finally retracted. We 
previously demonsưated that mossy fibers play important roles in cerebellar 
cortical development. The recent result suggested that not only granule cells but 
also mossy fibers receive the influence of weaver mutation to cause cerebellar 
abnomality.

Supported by Grant-in-Aid for Encouragement of Young Scientists from The 
Minisưy of Education, Science, Sports and Culture, Japan.
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GACYCLIDINE: A NEW NMDA ANTAGONIST. BINDING PROPERTIES TO THE 
RAT CENTRAL NERVOUS SYSTEM.

H Hirbec'. JM Kamenka2. A Privať. MC Calveť* and J Vignon1 (1) INSERM U 336, 
(2) CNRS UPR 1086, ENS Chimie, Montpellier, France.

1-[l-(2-thienyl)-2-methylcyclohexy]]piperidine (Gacyclidine, GK11), a TCP 
derivative, is a compound which exhibits, in vitro and in vivo, potent neuroprotective 
properties against glutamate induced toxicity through NMDA receptors. In order to 
determine the binding properties of ơàcyclidine an autoradiographic study was designed 
to compare those of its enantiomers, (-) and (+)[3H]GK11, to the rat central nervous 
system.

The binding distribution was determined in standard conditions and in the presence of 
an excess of a competitive NMDA antagonist, CGSI9755, thus allowing the binding of 
both tritiated enantiomers to NMDA and non NMDA receptors respectively.

In standard conditions the binding distribution correlated well with that of NMDA 
receptors determined with [¾ ]M K 8Ol or immunohistochemical techniques. The labeling 
intensities were proportional to the affinities determined on brain homogenates. When 
slices were pre-incubated in the presence of CGSI9755 an homogeneous specific 
residual labeling was observed throughout the telencephalic regions. In contrast, in the 
cerebellum, the binding was increased in the molecular layer and only slightly decreased 
in the granular layer. At variance with the affinities for the NMDA receptor, the increase 
was higher for the (+) enantiomer. In these conditions, the binding was non specific in 
the spinal cord.

These results are well correlated with the detection of a low affinity site for both 
tritiated enantiomers which is most abundant in the cerebellum. The differential 
affinities of both enantiomers for NMDA and low affinity sites may contribute to 
explain the superiority of Gacyclidine over other non competitive NMDA antagonists 
for neuroprotection.

Supported by INSERM and Beaufour /ĨPSEN.

ELECTROPHYSIOLOGICAL CHARACTERIZATION OF CGP 68730A, 
A NO VEL N M D A  RECEPTOR G LYCINE SITE ANTAGONIST.
M.F. Pozza, K. Zimmermann, K. Lingenhöhl*. Novartis Pharma Inc., P.O. 
Box, CH-4002 Basel, Switzerland.

Electrophysiological experiments were performed in vitro and in vivo to 
characterize the effects o f the highly soluble compound sodium 3-(R)-(8- 
bromo-4,5-dioxo-2,3,5,6-tetrahydro-4H-l-thia-3a,6-diaza-phenalen-3-yl)- 
acetate (CGP 6873OA) on glutamate receptors. In oocytes, IC 5〇 values for 
CGP 6873OA against ҺNMDAR 1A2A and ҺNMDAR 1A2B were below 1 
µM  without any indication for subtype selectivity. In vitro, CGP 6873OA was 
tested on N M D A  induced depolarizations in neocortical slices and on epilep
tiform  activity in hippocampal slices bathed in M g2+-free-medium. In both in 
vitro models CGP 6873OA exhibited antagonistic effects on the N M D A 
receptor mediated responses. In vivo, CGP 6873OA when applied iontopho
retically abolished N M D A  induced excitations in the CA1 region. However, 
subsequent to intravenous applications only weak effects on N M D A  induced 
excitation were observed at Γ00 mg/kg. These results indicate that CGP 
6873OA is only poorly centrally active follow ing systemic application. In 
neocortical slices and in anaesthetized rats CGP 6873OA selectively inhibited 
N M D A mediated depolarizations, and this effect could be reversed by the 
addition o f D-serine. This indicates that these effects o f CGP 6873OA are 
mediated by an action on the strychnine insensitive glycine coagonist site.

Thus, CGP 6873OA seems to be a selective antagonist at the strychnine in
sensitive glycine coagonist site o f the N M D A  receptor. However, the com
pound showed no obvious central N M D A  antagonistic effects following in
travenous application.

Society for Neuroscience, Volume 24,1998



574 EXCITATORY AMINO ACIDS: PHARMACOLOGY I MONDAY AM

229.3
RPR 118723: A NEW AND POTENT ANTAGONIST AT THE GLYCINE
BINDING SITE OF THE NMDA RECEPTORS. P. Jimonet. G. A. Böhme. F. 
Ma∩fré. D, Bгiet. Y. Ribeill. A. Genevois-Boгella. D. Damoυr. M. Chevé. A. 
Boiгeau. A. Doble. J. Pratt. J.-M. Stutzmann. J. Randle. S. Le Guem. P. 
Bertrand*. M. Baπ¯eau. M-C. Dubroeucq. S. Mignani, and A. ìmperato. 
Rhône-Poulenc Rorer S.A. Centre de Recherche de Vitry-Alfortville, 13 Quai 
Jules Guesde, BP 14, 94403 Vitry-sur-Seine Cedex, France.

In 1987, Ascher demonstrated that the amino acid glycine amplified the 
agonist action of NMDA by a mechanism not involving the known 
strychnine-sensitive glycine receptor, and thus acted as a co-agonist at 
specific site on the NMDA receptor. Optimisation studies of our original 
glycine-NMDA antagonist lead (RPR 104632, a benzothiadiazine-carboxylic 
acid derivative) led us to a novel chemical family, the indeno[l,2-b]pyrazine- 
2,3-diones bearing an acetic acid side chain in the 5-position. One of them,(-) 
RPR 118723, a water-soluble compound, displayed very high affinity and 
selectivity for the [ЗH]-DCKA binding site with an IC5〇 of 6 nM. This 
compound potently antagonized NMDA-induced inward currents in patch- 
clamp recordings of rats cerebellar neurons in culture (IC5〇 = 1 .9  nM). (-)RPR 
118723 dose-dependently blocked long-term potentiation in anesthetized rats 
after iv injection, showing an adequate blood-brain barrier permeation (MED 
= 3 mg/kg iv.). This in vivo activity was confirmed in a convulsion test:(-) 
RPR 118723 protected mice from seizures induced by maximal electroshock 
(MES) with an ED5〇 as low as 1.7 mg/kg iv. Syntheses and main SAR 
concerning this novel series of indeno[l,2-b]pyrazine-2,3-dione derivatives 
will be discussed along with preliminary biological profile of (-)RPR 118723.

229.5
D if f e r e n c e s  in  d e g r e e  o f  t r a p p in g  o f  l o w -a f f in it y  u n c o m p e t it iv e  n m d a  r e c e p t o r  

a n t a g o n is t s  w it h  s im il a r  k in e t ic s  o f  b l o c k . G A R .  Mealing. T·H. Lanthorn1, 
C.L. Murray. D.L. Small* &  P. Moгlev. Inst, for Biological Sciences, National 
Research Council of Canada, Ottawa, ON K1A OR6; ’Astra Arcus USA,
Rochester, NY 14602

This study characterizes the trapping of block of NMDA-induced currents by 
three, structurally distinct, use-dependent NMDA receptor antagonists with similar 
rapid on-off rates. The antagonism of whole-cell currents in cultured rat cortical 
neurons by AR-R15896AR, ketamine, and memantine was examined. A ll three 
compounds produced a steady-state block after a 30 s coapplication which was 
fully relieved after 50 s of NMDA exposure. The amplitudes of block caused by 
50 µM AR-R15896AR, 10 µM ketamine, or 10 µM memantine were not 
significantly different, being 82±l, 8O±2, and 8l±2%, respectively. A ll three 
NMDA receptor antagonists exhibited trapping. An increase in the degree of 
trapping with increased agonist/antagonist exposure duration was fit to single 
exponential curves with taus for AR-R15896AR, ketamine and memantine of 3.0, 
6.0 and 3.5 s, respectively, and there was no significant increase in trapping by 
extending the agonisưantagonist coapplication beyond 30 s. Although the initial 
block was similar, after 120 s of washout there were significant differences in 
trapping between antagonists, as only 54±3% of the AR-R15896AR block, 86±l% 
of the ketamine block and 71 ±4% of the memantine block remained trapped. The 
lack of complete trapping is consistent with closed-channel egress by these 
compounds. Higher antagonist concentrations produced larger in itial blocks, but 
the degree of trapping was not significantly different from that at lower antagonist 
concentrations. The results demonsttate that differences in the degree of trapping 
exist among use-dependent NMDA receptor antagonists even when on- and off- 
rates are similar. These differences are correlated with measures of therapeutic 
index. Funded, in part, by the Astra Canadian Neuroprotection Network.

229.7
THE AMINO-ALKYL-CYCLOHEXANE MRZ 2/579 IS AN UNCOMPETITIVE 
NMDA RECEPTOR ANTAGONIST WITH FAST BLOCKING KINETICS AND 
STRONG VOLTAGE-DEPENDENCY. C.G. Parsons*. P. Spielmanns and 
S. Hartmann. Dept, o f Pharmacology, Merz + Co., D-60318 Frankfurt, Germany.

MRZ 2/579 is an uncompetitive NMDA receptor antagonist (IC5〇 = l.ЗµM) with a 
good therapeutic profile similar to that o f memantine in several in vivo preclinical 
models o f disturbances in glutamatergic transmission. This has been attributed to the 
moderate potency, rapid blocking kinetics and strong voltage-dependency o f both 
agents. The present study further characterized their mode of blockade using patch 
clamp recordings from cultured hippocampal neurones (NMDA 2OOµM, D-serine 
5µM). Fractional block experiments indicated that MRZ 2/579 and memantine bind to 
the same NMDA receptor channel site (δ = 0.8) and have similar blocking kinetics (Kon
10.7 and 7.5 * l 〇4 M '1 sec'1, K〇ff 0.20 and 0.21 sec'1 at -7OmV respectively). In the 
continuous presence o f MRZ 2/579 or memantine (ЮµM) voltage-steps from -7OmV 
to +70mV caused near complete relief o f blockade with similar rapid, double 
exponential kinetics (τoffl=  l2 l±33 (39%), τoff2= 953±69 ms; τoffl=  99±38 (44%), 
τ〇ff2= 725±122 ms respectively). Both compounds were trapped in the channel 
following removal o f agonist (80 to 90%) indicating a largely non-sequential mode of 
channel blockade. We next investigated effects on other Ca2+ permeable channels. 
Although higher concentrations o f memantine also blocked neuronal nicotinic 
receptors (IC50 = l2µM), MRZ 2/579 was even less effective (ЮµM only reduced 
plateau responses to 95.9± 3.6% o f control). Finally we investigated effects on voltage- 
activated Ca2+ channels. Voltage-steps (100 ms) from the holding potential (-7OmV) to 
-50 to +50mV evoked large inward currents with characteristic tail currents in the 
presence o f TTX and intracellular Cs+/TEA. Maximal currents at steps to -ЮmV were 
antagonized by very high concentrations o f MRZ 2/579 (IC5〇 34O±l4µM). In 
conclusion, the open channel blockade o f NMDA receptors by memantine and MRZ 
2/579 is similar but differences may exist in the effects o f both compounds on other 
Ca2+ permeable channels.

229.4
IN VITRO PHARMACOLOGICAL PROPERTIES OF THE N-METHYL-D- 
ASPARTATE (NMDA) RECEPTOR GLYCINE SITE ANTAGONIST, SM-18400. 
K.Ohtani, H.Tanaka, H.Yasuda, C.Tamamura, Y.Maruoka, A.Ito, Y.Ohno*, 
M.Nakamura and H.Noguchi. Research Center, Sumitomo Pharmaceuticals Co., Ltd., 
Osaka 554-0022, Japan

A selective antagonist at the glycine site of the NMDA receptor,SM-18400 ((S)-9- 
chloro-5-[p-aminomethyl-o-(carboxymethoxy)phenylcarbamoylmethyl]-6,7-dihydro- 
1/ƒ,5Я-pyrido[l,2,3-cte]quinoxaline-2,3-dione hydrochloride trihydrate), has been 
shown to be a potent neuropгotective agent in cerebral ischemic models of rats. In the 
present study, we report the in vitro pharmacological properties of this compound. 
Specific [⅜]SM¯ 18400 binding in rat cortex/hippocampus membranes was saturable 
with a Kd of 0.43 nM and a Bmax of 5.1 pmol/mg of protein. The binding of [¾]SM- 
18400 was competitively and completely inhibited by ligands for the NMDA receptor 
glycine site, such as glycine, D-serine, 5,7-dichlorokynurenate (DCKA) and L- 
689,560, while not inhibited by ligands for other sites of NMDA receptor (e.g., MK- 
801, phencyclidine, glutamate). To investigate the effects of SM-18400 for the 
functional responses of NMDA receptors, we conducted two in vitro experiments, i.e., 
the NMDA receptor-mediated polysynaptic reflex (PSR) in the isolated spinal cord of 
neonatal rats and the NMDA-induced increases of intracellular Ca2+ concentration 
([Ca2+],) in the primary culture of rat cortical neurons. SM-18400 markedly inhibited 
the PSR in a concentration-dependent manner with 1C*, of 2.2 nM and the potency of 
SM-18400 was about 11- and 350-fold stronger than those of L-689,560 and DCKA, 
respectively. Furthermore, SM-18400 inhibited the NMDA (30µM)-induced increases 
of [Ca2+]i with ICjo of 33 nM in cultured neurons. In both experiments, these inhibitory 
effects of SM-18400 were antagonized by the application of D-serine or glycine, 
agonists for the NMDA receptor glycine site. Taken together, these findings suggest 
that SM-18400 is a selective and high affinity antagonist for the NMDA receptor 
glycine site, and may be useful as a tool to elucidate the function of this site as well as 
a therapeutic agent for brain ischemia.

229.6
SUBTYPE SELECTIVITY OF MEMANTINE, AMANTADINE AND MRZ 2/579 ON 
NMDA RECEPTORS EXPRESSED IN XENOPĲS OOCYTES. P. Spielmanns*1. C.G. 
Parsons1. J.P. Ruppersberg2 and P. Plinkert2. 1 Dept. Pharmacology, Merz + Co. D- 
60318 Frankfurt, Germany.2 Dept. Otolaryngology, University of Tübingen, Germany.

NMDA receptors are involved in numerous physiological and pathological 
processes in the CNS. Antagonists that completely block NMDA receptors protect 
against their pathological activation but also influence physiological processes. In 
contrast, two clinically-used open channel blockers, memantine and amantadine, are 
able to block disturbances o f the glutamatergic system at doses having little effect on 
physiological processes. This has been attributed to their strong voltage-dependency 
and rapid unblocking kinetics. However, memantine is also more potent at NMDA 
receptor in the cerebellum. This leads to the possibility that the good therapeutic profile 
o f memantine is due to selective blockade o f NR2C receptors expressed in this 
structure. We investigated this possibility by testing the effects o f memantine, 
amantadine and a novel amino-alkyl-cyclohexane derivative (MRZ 2/579) on NMDA 
receptor subtypes expressed in Xenopus oocytes (rat NR la co-injected with NR2A, 2B, 
2C or 2D). The IC5〇s at -7OmV against glutamate ImM (glycine ЮµM) were 0.9, 0.4, 
0.3 and O.ЗµM for memantine, 26, 18, 10 and ЮµM for amantadine and 0.5, 0.6, 0.4, 
O.5µM for MRZ 2/579. The relatively weak (3 fold) subtype selectivity o f memantine 
was increased (to 5 fold) under more physiological conditions i.e. at -ЗOmV in the 
presence o f ImM Mg2+: IC5〇s o f 10.3, 2.0 and l.9µM at NR2A, 2C and 2D 
respectively. Memantine was similarly voltage-dependent against NR2C and 2D 
receptors (δ = 0.74 and 0.8) as previously reported for 2A and 2B receptors in HEK 293 
cells (δ = 0.75). Amantadine also showed similar voltage-dependency to memantine 
(e.g. δ = 0.79 on NR2A). MRZ 2/579 showed no subtype selectivity, but has a similar 
promising profile to memantine in preclinical models o f pathological NMDA receptor 
activation. As such, it seems likely that the moderate potency and associated 
biophysical properties o f all three antagonists - fast, voltage-dependent blockade - are 
more important for their good therapeutic profiles.

229.8
T H E  N O N C O M P E T IT IV E  N M D A  R E C E P T O R  A N T A G O N IS T  
[⅜ ]D E X T R O R P H A N  BINDS TO  R E C O M B IN A N TLY  E XP R E S SE D  NM DA- 
TY PE  G LU TAM ATE  REC E P TO R S. J.E . Ishm ae l1*. T .F . M urray2 and M. 
Leid1. 1Lab. of M olecular Pharm acology, College of Pharm acy, O regon State 
Univ., Corvallis, OR 97331; 2Dept. of Physiology and Pharm acology, College 
of Veterinary M edicine, University of Georgia, A thens, G A 30602.

Dextrorphan is the prim ary m etabolite  of the cough suppressan t and drug 
o f abuse , d e x tro m e tho rp ha n . To  e va lu a te  the  in flu e n ce  o f su bu n it 
com position  on the in teraction o f [3H ]dextro rphan  w ith  the  NM DA recepto r 
(N R) w e have  s tud ie d  [3H ]d e x tro rp h a n  and  [3H ]M K -801  b in d in g  to  
m em branes derived from  hum an em bryon ic  k idney (HEK) ce lls  trans ien tly  
express ing  NR subunits  a lone and in com b ina tion . HE K  293 ce lls  were 
trans fec ted  by ca lc ium  phospha te  p rec ip ita tion  and  g row n w ith  100 µM 
ke tam ine  to  p ro te c t a ga in s t ce ll dea th  a ssoc ia ted  w ith  exp ress io n  of 
functiona l NM DA receptors. Cells were harvested 48 hours a fte r transfection 
and expression of NM DA receptor subunits was confirm ed by W estern  blot 
ana lysis using com m ercia lly availab le  antibod ies p rio r to  rad ioligand binding 
stud ies. W e found tha t [3H ]dex tro rphan , like  the  n on com pe titive  NM DA 
re ce p to r a n ta g o n is t [3H ]M K -8 0 1 , b ou nd  to  h e te ro m e r ic  N R 1 -N R 2A  
receptors and tha t the ratio of NR1 to NR2A in fluenced  [3H ]d e x tro rp h a n  
binding. Specific  [3H]dextrorphan bind ing increased when NR1 and NR2A 
w ere  tra ns fe c te d  a t a ra tio  o f 1:3, re sp ec tive ly , in s tea d  o f 1:1. No 
im provem ent in [3H ]dextro rphan  b ind ing w as seen w hen NR1 and NR2A 
w ere  trans fec ted  a t a ratio o f 1:10. P re lim ina ry  resu lts  suggest tha t in 
contrast to [3H ]M K-801, [3H]dextгorphan b inds to  m em branes derived  from  
HEK cells expressing the NR1 subunit alone. Further s tud ies are required to 
map the interaction of [⅜ ]dex tro rphan  with NR1 a lone in o rder to understand 
the in fluence of NR1 in heterom eric NR1-N R2A receptor com plexes.

Supported by DAO5728 to J.E.I., and DA07218 and DA00217 to T.F.M .
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229.9
MODULATION OF GLUTAMATE AND KAINATE - ACTIVATED 
CURRENTS BY DIAZOXШ E AND CYCLOTHIAZIDE ANALOGUES 
(IDRA). Γł-Puia*. f i  Razzini D. Bгagĥiгoli. M. D i Bella and M. Baгaldi Dept, o f 
Pharmaceutical Sciences, University o f Modena, 41100 Modena, ITALY
Recent studies on memory and cognition-enhancing drugs implicate AMPA 

receptors as their target o f action. These compunds (i.e. diazoxide, cyclothiazide, 
aniracetam) are thought to work by potentiating glutamate synaptic currents through a 
removal o f the receptor desensitization (Yamada and Tang 1992).

We have syntetized analogues o f cyclothiazide and diazoxide and studied their 
ability to modulate kainate (KA) and glutamate (GLU) -evoked current in primary 
culture o f cerebellar granule neurons.

Application o f GLU (1 mM) produces a desensitizing current that is potentiated by 
IDRA 21 (ImM). The GLU, -peak and -plateau currents were both enhanced (Ipeak= 
328±I5O%, Iplateau=5O±7%, n=6 ) as a result o f a decrease in the receptor 
desensitization. KA (100 µM) elicits a non desensitizing current that is increased by 
cyclothiazide (10 µM ) o f 55±5%, (n=5), by ID R A 2lo f 115+20%,(n= 14) and to a 
lesser extent by IDRA5 (1 mM)(25±8%, n=7). Conversely EDRA28 (1 mM) reduces 
the KA-activated current (-33+7%, n=12)
GYKI 53655 (100 µM) applied together with GLU or KA selectively abolish the 

AMPA-component isolating a “pure KA-receptor response”  In these conditions IDRA 
21 (Im M ) still potentiates KA-mediated current (380+80, n = ll)  and GLU-evoked 
current (580+180%, n=l4). ШRA28 (Im M ) decreases KA- (-47+10, n=6) and GLU- 
evoked current (-52+5, n=5) while IDRA5 (Im M ) is almost inactive.
In the cerebellar cultures we studied also the effects of IDRA compounds on 

promoting toxicity through AMPA-receptor activation. Under basal conditions AMPA 
treatment (50 µM for 1 hour) results in a negligible excitotoxicity. In contrast similar 
treatment with AMPA + IDRA2l (1 mM) or + IDRA5 (1 mM) produces a marked 
citotoxicity, while IDRA 28 does not have any effect. The neurotoxic damage induced 
by Ш RA2l is blocked by GYKI 53655 (100 µM) and by NBQX (10 µM). 
Interestingly GYKI is uneffective in reducing IDRA5 toxicity increasing cell death.

229.11
Pharmacological Actions of a Regioisomer of the GluR5 agonist ATP A . K. Currv¯'. 
H. Paiouhesh1, J. Bains2. C.A. Shaw2. M. Aɗani3, L. Wei3 and W.D. Lubell3. 
'Precision Biochemicals Inc. 303-2386 East Mall, Vancouver B.C. V6T 1ZЗ. ⅞)ept. 
of Ophthalmology, Univ, o f B.C. Vancouver, B.C. V6T 1ZЗ. ⅜épartement de 
chimie, Université de Mon⅛éal C. P. 6128, Succursale Centre Ville, Montréal. 
Québec, Canada HЗC ЗJ7.

The actions of L-glutamate as an excitatory neurotransmitter have been 
much studied. Molecular biological techniques have done much to clarify the 
pharmacological actions of compounds to the extent that old compounds must be re
evaluated in these new systems. The classification of the ionotropic responses to 
acidic amino acids has been until now characterized by the actions of three 
compounds, N-methyl D aspartate (NMDA), kainate (KA) and α-amino-3-hydroxy-5- 
methyl-4-isoxazolepropionate (AMPA). Recent work with the known weaі́k AMPA 
agonist, (R,S)-2-amino-3-(3-hydroxy-5-tert-butylisoxazol-4-yl) propionic acid 
(ATPA), has shown specificity at the GluR5 KA sub-receptor. To examine the 
structural specificity of this compound, we have synthesized the stereoisomers of 
ATPA and the regio-isomer, (S)-2-amino-3-(4-tert-butyl-5-yl)propionic acid ((S)-iso 
ATPA) and tested them for activity in the cortical wedge preparation. Our results 
show depolarizing activity for (S)-iso ATPA (KD of 5µM) and (S) ATPA. Co
application of the NMDA-specific antagonist AP5 gave no attenuation, however the 
responses were reduced with the non-NMDA antagonist DNQX. We have shown 
previously that the relatively non-specific antagonist kynurenate is able to 
differentiate between the actions of KA and AMPA. In this case no attenuation of the 
response was found at kynurenate doses adequate to attenuate KA responses. We 
conclude that (S)-iso ATPA is a neuroexcitant of the AMPA-type and significantly 
more potent than AMPA itself. These results indicate the very small differences in 
molecular geometry required to differentiate between the many GluRs. Further work 
is ongoing to determine the specificity of the compounds at GluR5. This research was 
supported in part by the Natural Sciences and Engineering Research Council of 
Canada and the Ministère de l'Éducation du Québec.

229.13
PHARMACOLOGICAL CHARACTERIZATION OF SPD 502: A NOVEL 
COMPEΉΉVE AMPA RECEPTOR ANTAGONIST.
T.H. Johansen*. E,0. Nielsen. T. Vanning, C. Mathiesen, F. Wätien and J. 
Dreier. NeuroSearch A/S, 26B Smedeland, DK-2600, Glostrup, Denmark.

SPD 502 (8-methyl-5-(4-(N,N-dimetħylsulfamoyI)phenyl)-6,7,8,9-tetra- 
hydro-lH-pyrrolo[3,2h]-isoquinoline-2,3-dione-3-O-(4-hydroxybutyric acid-2- 
yl)oxime is a novel selective AMPA receptor antagonist with neuroprotective 
effect in ischemia models. SPD 502 potently inhibits [¾ ]AM PA binding (IC5〇 

= 0.043 µM). In contrast, SPD 502 has very low affinity for the [¾kainate 
binding site (IC50 = 54 µM) and 30 µM SPD 502 shows no affinity for the 
NMDA ([3H]CGS 19755) and the [¾ glycine binding sites.

The antagonist activity of SPD 502 was evaluated in several in vitro 
functional tests. SPD 502 inhibits AMPA-induced [⅜ ]GABA release from 
cortical neurons (IC5〇 = 0.22 µM) and AMPA-induced depolarization in the rat 
cortical wedge preparation (IC5〇 = 0.16 µM). Electtophysiological studies of 
SPD 502, NBQX and GYKI 52466 were performed using whole cell voltage 
clamp on cultured mouse cortical neurons. Responses evoked by 30 µM 
AMPA was inhibited by all three compounds with IC5〇 values of 0.14 µM, 0.43 
µM and 7.5 µM, respectively.

SPD 502 was also tested in vivo using microiontophoretic application of 
AMPA and NMDA in rat hippocampus. The compound specifically inhibited 
AMPA evoked single neuron spike activity. In this model, SPD 502 was 
longer-lasting and more potent than NBQX and GYKI 52466.

In summary, the experiments demonstrate that SPD 502 is a potent AMPA 
receptor antagonist with long-lasting effects in vivo.

Supported by NeuroSearch A/S and Shire Pharmaceuticals Group PLC.

229.10
PHARMACOLOGICAL PROFILE OF SECOND GENERATION PNQX 
ANALOGS. J.J. Cordon*, S.S. Nikam, B.E. Komberg, G.W. Campbell, M,G. 
Vartanian and P.A. Boxer. Parke-Davis Pharmaceutical Research, Division of 
Warner-Lambert Co, Ann Arbor, M I 48105 

PNQX is a quinoxaline 2,3-dione that has high affinity for AMPA receptors (IC5〇: 
0.097 µM) and lower affinity for NMDA associated glycine (GlyN) (IC5〇: 0.49 µM) 
receptors. PNQX also inhibits AMPA induced cell death in rat cortical cultures as 
measured by the release o f lactate dehydrogenase (LDH) and is potent in inhibiting 
maximal electroshock (MES) induced seizures. It shows antiischemic efficacy in 
MCAO (a model o f stroke) and is cuưently in development for the treatment of 
stroke. New “ open chain”  analogs were designed as potent back-ups for PNQX. 
Initially, amino acid analogs were made. PD-159265, (R!=CH2C02H, R2=CH3) and 
PD-166732 (R, and R2 joined together to form a proline analog) showed similar 
AMPA binding affinity as PNQX. However these compounds did not show activity in 
MES. Hence, compounds without a polar side-chain attached to the amine nitrogen 
were made. The first compounds in this series were PD-160359 (R, = R2 = Me) and 
PD-161384 ( R1 = R2 = Et) which showed similar AMPA and GlyN binding but were 
weakly active in MES. To improve the MES activity, cyclic amine derivatives were 
synthesized. The pyrolidinyl (PD-161989) and piperidinyl (PD-160725) analogs not 
only showed comparable AMPA binding affinity to PNQX, but also were potent in 
MES with a longer duration o f action. Further studies are planned to determine the 
antiischemic properties o f these open chain compounds. Supported by Warner- 
Lambert Co.

PNQX Open-Chain Analog

229.12
A NEW PYRROLYL-QUINOXALINEDIONE SERIES OF NON-NMDA 
ANTAGONISTS: PHARMACOLOGICAL CHARACTERIZATION AND
COMPARISON W ITH NBQX IN THE KINDLING  M ODEL OF EPILEPSY. 
W. Lĉscher1*. H. Lehmann1. Ң. Potschka1. B. Behl2, D. Seemann2, H.J. Te
schendorf2, H.P, Hofmann2, H.T. Tгeibeг2, L. SzaЫΛ W. Lubisch3, T. Hðger3, 
H.-G. Lemaire3. and G. Gross . Dept, o f Pharmacology, Toxicology, and 
Pharmacy, School of Veterinary Medicine, 30559 Hannover, ⅞ínoll AG, CNS 
Research and Development, Ludwigsħafen, and 3Central Laboratory, BASF AG, 
Ludwigshafen, Germany.

Antagonists at the ionotropic non-NMDA (AMPA/kainate) type of glutamate 
receptors have been suggested to possess several advantages compared to NMDA 
receptor antagonists, particularly in terms o f risk/benefit ratio, but the non- 
NM DA receptor antagonists available so far have not fulfilled this promise. 
From a large series of pyrrolyl-quinoxalinedione derivatives, we selected six new 
competitive non-NMDA receptor antagonists. Basis of selection was high po
tency and selectivity for AMPA and/or kainate receptors, high in vivo potency 
after systemic administration, and an acceptable ratio between neuroprotective or 
anticonvulsant effects and adverse effects. Pharmacological characteristics of 
these novel compounds were evaluated with special emphasis on their effects in 
the kindling model of temporal lobe epilepsy. NBQX, the antiepileptic drug 
valproate, and a novel non-NMDA and glycine/NMDA receptor antagonist, LU 
73068, were used for comparison. The novel non-NMDA antagonists markedly 
differed in their AMPA and kainate receptor affinities from NBQX in that sev
eral o f the compounds exhibited relevant affinity to rat brain kainate receptors or 
recombinant kainate receptor subtypes in addition to AMPA receptors. A ll com
pounds potently blocked AMPA-induced cell death in vitro and, except LU 
97175, AMPA-induced convulsions in vivo. In the kindling; model, several o f the 
compounds exerted anticonvulsant effects without inducing motor impairment in 
the rotarod test, showing advantages to NBQX in this respect. The data indicate 
that combination of AMPA and kainate receptor antagonism in a single drug is 
an effective means o f developing effective anticonvulsant agents.

229.14
CHARACTERIZATION OF [ЗH](/?S)-2-AMINO-3-(3-CARBOXY-5-METHYL-4- 
ISOXAZOLYL)PROPIONIC ACID (ACPA) BINDING TO IONOTROPIC 
GLUTAMATE RECEPTORS. T ,. B. Sţę,nsbøL 1 B· £ bęrt,2 C. K jølleŗ„3 ĬL_ЬL 
Diemer,з J. Egebjerg.4 U.Madsen.1* and P. Krogsgaaгd-LaгsenL >Dept. of Medicinal 
Chemistry and 2Dept. of Pharmacology, The Royal Danish School of Pharmacy, 
Universitetsparken 2, DK-2100 Copenhagen, Denmark. 3Dept. of Neuropathology, 
University of Copenhagen, DK-2100 Copenhagen, Denmark. 4Dept. of Molecular and 
Structural Biology, University of Aarhus, DK-8000 Aarhus, Denmark.

(⁄?S)-2-Amino-3-(3-carboxy-5-methyl-4-isoxazolyl)propionic acid (ACPA) has 
previously been characterized as a selective AMPA receptor agonist, more potent than 
AMPA. ACPA has been tritiated and the binding has been characterized. The binding of 
[ЗH]ACPA is saturable, and saturation studies in the presence of the chaotropic agent 
KSCN show that [ЗH]ACPA binds to one binding site (K〇 920 nM + 99). Kinetic 
studies indicates, association to and dissociation from two binding sites. The K ŋ  and 
the density of binding sites (Bmax) 〇f  [ЗH]ACPA were not altered when omitting 
KSCN, nor were the rate constants determined in the kinetic studies altered. 
Displacement studies revealed that the affinity (Kį) of AMPA was increased 3 fold in the 
presence of KSCN, whereas the affinities of (5)-GLU, KAIN, QUIS and NBQX were 
unchanged in the presence of KSCN as compared to the affinities determined when 
omitting KSCN. Conversely the affinities of four structually related AMPA antagonists 
were increased when omitting KSCN. Autoradiograhical studies revealed the same 
regional distribution of the binding of [ЗH]ACPA, [3H]AMPA and [ЗH]Fluorwillardiine 
and showed that wheras the binding of [ЗҢ]AMPA was increased in the presence of 
KSCN the binding of [ЗH]ACPA and [3H]Fluorowil!ardiine was independent of the 
presence of KSCN. On cloned receptors [ЗH]ACPA showed no selectivity between 
GluRl-4 subunits (flop splice variants) expressed in insect cells and K〇 values were in 
the range of 20 - 50 nM. Furthermore [ЗH]ACPA showed affinity for GluR5 (K 〇 333 
nM) but not GluR6 . This work was sponsored by Pharmabiotec Research Center.
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229.15
NOVEL PHENYLGLYCINES AS METABOTROPIC GLUTAMATE 
RECEPTOR ANTAGONISTS. N.K.Thomas. M.L.WooИev. J.C. Miller. B.P. 
Clark†. J.R. Haгris†· D.E. Jane and J.C. Watkins . Department of 
Pharmacology, University o f Bristol, Bristol, BS8 1TD, U.K. ⅛ li L illy  and 
Co. Ltd., L illy  Research Centre, Windlesham, Surrey, GU2O 6PH, U.K.
We describe the actions of 4 novel phenylglycine (PG) analogues as mGluR 
antagonists: (RS)-α-xanthenylmethyl-4-carboxy-PG (LY339764); (RS)-α- 
thioxan-thenylщethyl-4-carboxy-PG (LY367366); (RS)-α-xanthenylmethyl-4- 
tetrazolyl-PG (LY367586) and (S)-2-methyl-4-carboxy-PG (LY367385). 
These compounds were tested for their ability to (a) antagonise (lS,ЗR)- 
ACPD-induced depolarizations o f neonatal rat motoneurones, and (b) 
antagonise (1S,ЗS)-ACPD- and L-AP4-induced depressions of the 
monosynaptic component o f the dorsal root evoked ventral root potential 
(mDR-VRP), in order to assess their actions at subgroup I and then at 
subgroup II and III mGluRs, respectively (see table).

KD (µM) for antagonism of agonist-induced effects in spinal cord: 
Compound (IS,ЗR)-ACPD (Grp I) (1S,ЗS)-ACPD (Grp II) L-AP4 (Grp III) 
LY339764 3.8 ± 0.3 1.6 ± 0.9 8.5 ± 1
LY367366 l.4±O.l 14 ± 0.1 ЗO±Ю
LY367586 No effect (5 µM) 0.445 ±0.016 0.863 ±0.225
LY367385 23 ± 5 (3) no antagonism no antagonism

Results are represented as mean apparent K Ds ± s.e.m. (n=3).
It is apparent from these results that either 2-methyl substitution or α- 
xanthenylmethyl substitution of 4-carboxy-PG leads to a marked increase in 
antagonist potency at subgroup I mGluRs while substitution o f the terminal 
carboxyl group o f LY339764 for a tetrazole group leads to an increase in 
potency at subgroup II mGluRs but a loss o f potency at subgroup I mGluRs. 
These compounds therefore are more potent than those previously reported but 
with the exception o f LY367385 were relatively non-selective in their actions. 
This work was partly supported by the Medical Research Council.

229.16
LY393675, A N  α-SƯ BSTITƯ TED -C YC LO B Ư TY LG LYC IN E , IS A  
PO TENT GROUP 1 M ETABO TRO PIC G L U T A M A T E  RECEPTOR 
AN TAG O N IST. S.R. Baker1*, B.P C lark1, J.R. Harris1, K. I. G riffV2, 
A.E K ingston1 and J.P. T izzano2. ⅛ li L i l ly  and Company Ltd., L illy  
Research Centre., Erl Wood Manor, Windlesham, Surrey GU2O 6 PH, UK. 
2L illy  Research Laboratories, L i lly  Corporate Center, Indianapolis, IN 
42685.

A  series o f α-substituted-3-carboxycyclobutylglycines were synthesised as 
potential group 1 metabotropic glutamate antagonists. The compounds 
were tested by measuring quisqualate stimulated PI hydrolysis in AV-12 
cells expressing m G lu R lα o r mGluR5a. The SAR fo r the α-substituent was 
found to be th ioxanthylm ethyl > xanthylm ethyl > napthylm ethyl > 
benzyl. Surprisingly the cis- and trans-cyclobutanes had sim ilar potencies. 
The most potent compound was resolved and the active enantiomer 
LY393675 had IC 5〇 o f  0.35 ±O.O8µM  and 0.47 ±O.23µM on mGluRl and 
mGluR5 respectively compared w ith  values o f  57 ±2OµM and 195 ± 2 lµ M  
obtained for α-m ethyl-4-carboxyphenylglycine.
The compound blocked 3,5-DHPG 
induced lim bic seizures in mice w ith an 
E D 5〇 o f  7mg/kg ip. The compounds do 
not however block seizures induced by 
N M D A , A M P A  or kainate. LY 393675 
is the firs t group 1 antagonist w ith  sub
m icrom olar IC 50 at both m GluRl and 
mGluR5 and as such should be a useful 
pharmacological tool.

229.17 229.18

M O LEC U LA R  PHARM ACO LO G Y OF ANALOGUES OF HO M O IBO TENIC  ACID 
A T  METABO TROPIC G LU TA M A TE  RECEFΓORS A N D  E X C ITA TO R Y  A M IN O
ACID TRANSPORTERS. H. Bräuner-Osbome*. B. Nielsen. T.N. Johansen. U. 
Madsen and P. Krogsgaaгd-Larsen. Dept, of Medicinal Chemisưy, The Royal Danish 
School of Pharmacy, Universitetsparken 2, DK-2100 Copenhagen, Denmark.

The (S)-enantiomers of homoibotenic acid (HIBO) and analogues substituted in the 4- 
position of the isoxazole ring have previously been shown to be agonists at AMPA 
receptors in rat brain. Furthermore, both the (S)- and (R )-enantiomers are potent 
inhibitors of the calcium chloride-dependent [3H]Glu binding and finally the (/?)-

ICs∩ [µM] Kn [µM l
[ЗHlGlu [ЗH ]AMPA mGluiα mGlu2 mGlU4a mGlU5a

(S)-HIBO 0.5 0.80 250 > 1000 > 1000 490
(ƒ?)-HEBO 0.3 49 > 1000 > 1000 > 1000 > 1000
(S)-Me-HIBO 0.17 0.32 190 > 1000 > 1000 180
(Λ)-Me-IIIBO 0.19 > 100 > 1000 > 1000 > 1000 > 1000
(5>Bг-HIBO 0.22 0.34 160 > 1000 > 1000 230
(/?)-Br-HIBO 0.15 32 > 1000 > 1000 > 1000 > 1000
(Λ>Bu-HIBO 0.64 0.48 110 > 1000 > 1000 97
(Ä)-Bu-HIBO 0.57 > 1000 > 1000 > 1000 > 1000 > 1000

In order to investigate whether these effects are mediated by metabotropic glutamate 
(mGlu) receptors, the HIBO analogues were tested on mGlu receptors stably expressed 
in CHO-cells (gift from Professor S. Nakanishi). Interestingly, the (S)-enantiomers are 
fairly potent antagonists at both mGlu ıα and mGlu5a whereas the (⁄?)-enantiomers are
inactive. Representative compounds were also tested on excitatory amino acid 
transporters (EAAT2-4, a gift from Professor S.G. Amara) transiently expressed in Cos- 
7 cells. However, e.g. (/?S)-Br-HIBO did not inhibit [3H]-D-Asp uptake even at ImM. 

This work was supported by H. Lundbeck AУS and the Lundbeck Foundation.

IN VITRO P H A R M A C O LO G IC A L CHAR A C TE R IZA TIO N S  OF NPS 2390: 
A  H IG H LY  POTENT A N D  SELECTIVE, NO NCO M PETITIVE  ANTAGO NIST 
OF GROUP I M E TA B O TR O P IC  G L U T A M A T E  RECEPTORS. B .C . 
y ¾∩Wagenęn, L·D · A rtm ҙn, L ,Q .„Hammerla∏d, B.C.P. Hying, J ...J.Qhд_stQn,,JL 
Krapcho. C. Levi∩thal. M .A , Logan, S.T. Moe, A .L . M ueller, R. Sjm_in, DJL· 
Smith. L. Storjohan∩. T.M . Stormann*. NPS Pharmaceuticals., Inc., Salt Lake 
C ity, U T 84108.

The Group I mGluRs, m G luR l and mGluR5, together w ith  ionotropic 
glutamate receptors, mediate excitatory synaptic transmission in the mammalian 
central nervous system (CNS). Potent and selective antagonists o f these receptors 
may provide novel therapies for CNS disorders such as stroke and epilepsy. We 
have identified a novel class o f compounds that inhibits m G luR l and mGluR5 
function at low nanomolar concentrations. NPS 2390, a representative compound, 
inhibited activation o f a chimeric m G luR l w ith an IC 5 Q o f 5.2±l.O nM. When 
rat m G luR l was expressed in Xenopus oocytes, a 100 µ M  concentration o f the 
G roup I m G luR antagonist, 7 -(h ydroxy im in o)cyc lop ro p a [b ]ch ro m e n-la - 
carboxylate ethyl ester (CPCCOEt), reversibly inhibited the effect o f 10 µM  L- 
glutamate by 6 8 %. Under comparable conditions, a 1 µM  concentration o f NPS 
2390 reversibly inhibited the effect o f 10 µ M  L-glutamate by 81.0+3.7%. 
Activation o f mGluR5-mediated mobilization o f in tracellular calcium by 10 µM 
(IS , ЗR)-ACPD in rat cortical astrocytes was inhibited by NPS 2390 in a 
concentration-dependent manner w ith an IC 5 0  o f 23±2 nM. NPS 2390 inhibition 
o f the astrocyte mGluR5 response was not overcome by increasing concentrations 
(10-600 µ M ) o f (IS , ЗR)-ACPD, and therefore NPS 2390 behaved as a 
noncompetitive antagonist in this assay. A t 30 µM , NPS 2390 had no effect on a 
human mGluRЗ chimera or human mGluR8 expressed in Xenopus oocytes. NPS 
2390 and related compounds, therefore represent a structurally and functionally 
novel class o f highly potent and selective Group l  mGluR antagonists that do not 
act at the glutamate binding site. Supported by NPS Pharmaceuticals, Inc.

229.19

C O R R E L A T IO N  B E TW E E N  mGluR L IG A N D  A C T IV IT IE S  O BSERVED IN  
CH O  C E LLS  T R A N S FE C TE D  W IT H  hmGluR4a U S IN G  [¾ L -A P 4  A N D  
[ ” S]GTPγS B IN D IN G  ASSAYS. D. M . K ow a l*. C. H siao1, I  W ardw e ll- 
Swanson. and J. R. Tasse. W yeth-Ayerst Research, CN  8000, Princeton, NJ 
08543 and 'W yeth-Ayerst Research, Core B io technology, Radnor, PA 19087.

W e have previously reported the in-vitro activ ities o f m G luR ligands using the 
forskolin-stim ulated cA M P  accumulation assay as w e ll as the [ ” S]GTPγS 
binding assay using C l·Ю  cells or homogenate expressing the Human mGluR4a 
(K ow a l et al, Neuropharmacology (in  press) 1998). The investigation revealed 
the good corre lation which exists between these two indices o f functional 
mGluR4a activ ity. The characterization o f [⅜ ļL -A P 4  bind ing to the rat mGluR4 
expressed in B H K  cells (Eriksen and Thomsen, Brit. J. o f  Pharm., 116:3279-87,
1995) and in Sf9 insect cells (Thomsen et al, Neuropharm. 36:21-30. 1997) 
provided the opportunity to investigate both the a ffin ities  and activities o f mGluR 
ligands in the same cell line. The present study is an exam ination o f both 
a ffin ities  and functional activities o f standard m G luR agonists and antagonists at 
the hmGluR4a using_ į 3H ]L -A P 4  and [3，S]GTPγS bind ing assays. Results from  
these assays yie lded sim ila r rank orders o f potencies fo r the agonists (i.e. L -A P4 
> L-SOP = L -C C G -I > L-glutam ate »  (IS , ЗR )-ACPD > L-quisqualate) and 
antagonists (i.e. CPPG = (S)-MPPG > MSOP = (RS)-MPPG > PCCG-4 > 
MSOPPE = M TPG ). A  further evaluation o f the results demonstrated a 
significant corre lation between mGluR agonist and antagonist activities obtained 
in both b inding assays. These data provide evidence o f G-proteın signaling via 
direct mG luR ligand activation o f the hmGluR4a agonist recognition site.
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230.1
APPLICATION OF SHORT-ACTING N M D A  RECEPTOR ANTAGO NIST 
ACTING A T  THE G LYCINE SITE M R Z 2/576 TO STUDY MORPHINE 
TOLERANCE AN D  DEPENDENCE IN  MICE.

, ‘ inst. o f Pharmacology, Pavlov 
o f Pharmacol. Res., Merz+Co.,

Frankfurt am Main, Germany.
The present study sought to evaluate the ability o f very short acting glycineв 

receptor antagonist MRZ 2/576 to affect: i) the development o f tolerance to morphine 
analgesia, and ii)  the expression o f naltrexone-facilitated withdrawal syndrome in 
morphine-dependent mice. Morphine tolerance. MRZ 2/576 (10 mg/kg, i.p.) 
significantly retarded development o f morphine analgesic tolerance (2 0  mg/kg, s.c., 8 

days, once a day; ta il-flick  test) when administered: 1 ) immediately after daily 
morphine injection in combination w ith organic acid ơansport inhibitor probenecid 
(100 mg/kg, i.p.), or 2) two hours after daily morphine injection. MRZ 2/576 was not 
found to affect the development o f morphine tolerance when administered 
immediately (w ithout probenecid), 15 min, 30 min or 60 min after daily morphine 
injection. Thus, in order to affect morphine tolerance development, MRZ 2/576 had 
to be present at the time which appears to be critical fo r tolerance induction. 
Morphine dependence. Morphine-dependent mice (10-100 mg/kg, b.i.d., s.c., 9 days) 
were injected w ith  the combination o f naltrexone (1 mg/kg, s.c.) and MRZ 2/576 (1- 
10 mg/kg, i.p.) twenty-four hours after the last morphine injection. MRZ 2/576 
suppressed expression o f  morphine withdrawal in neutral observation arena 
(jumping). Despite the fast pharmacokinetic profile o f  MRZ 2/576, this effect was 
equally expressed throughout 1 -hr test. Overall, the present results suggest that short
acting N M D A  receptor antagonists may be useful treatment to inhibit opioid 
tolerance and dependence. (Supported in part by Fogarty International Research 
Collaboration Award #IROЗTWOO714-01 and Merz+Co.).

Med. Univ., St.Petersburg 197089, Russia; ⅛>ept.

230.2

ATTENUATION OF HYPERALGESIA BY LY235959, A 
COMPETITIVE V-METHYL-D-ASPARTATE RECEPTOR 
ANTAGONIST. Antonia M. Davis* and Charles E. Inturrisi. Depts. of 
Neurosci. and Pharmacology, Cornell ư. Med. Coll., NY, NY 10021.

This study evaluated the antihyperalgesic activity of LY235959 at 
doses which do not cause motor deficits. Compounds were given to rats 
s.c. (subcutaneously) or via a chronic i.t. (intrathecal) cannula. NMDA- 
induced hyperalgesia was measured using thermal paw withdrawal 
latency. LY235959 at doses of O.OOlnM and O.OOЗnM blocked the 
hyperalgesia induced by 1 InM of NMDA. This antihyperalgesic effect 
was also seen after AP5, another selective NMDA receptor antagonist. 
However, LY235959 does not block the hyperalgesia produced by 
kainic acid (a non-NMDA glutamate receptor agonist) providing further 
evidence of its selectivity for the NMDA receptor. Using the formalin 
nociceptive test, O.OOlnM LY235959 (i.t.) significantly reduced the 
number of Phase 2 flinches by about 80%. Phase 2 of the formalin test 
evaluates NMDA receptor mediated central sensitization in spinal cord 
dorsal horn neurons. LY235959 at 20mM/kg s.c., the lowest dose 
which does not produce motor deficits, reduced Phase 2 flinching by 
30%. In conclusion, LY235959 (i.t. or s.c.) has NMDA receptor 
antagonist activity as defined by its ability to prevent hyperalgesia and 
central sensitization. Moreover, it is a much more potent 
antihyperalgesic after i.t. as compared to s.c. administration. Supported 
in part by NIDA Grants DAO 1457, DA00198, and DAO7274.

230.3
THE RAPID ACTING  OPIOIDS REM IFENTANIL AN D  ENDOMORPHIN-2 
INDUCE AN ULTRA ACUTE ANTINOCICEPTIVE TOLERANCE IN  MICE. 
H.O. Nguven. 1 C.A. Fairbanks. 1 G.L. W ilcox.* *-2 department of 
Pharmacology, ¾raduate Program in Neuroscience, University o f Minnesota, 
Minneapolis, MN, 55455 U.S.A.

The present experiments sought to test whether the rapidly acting opioids 
remifentanil (REM I) and endomorphin-2 (ENDO-2) induced acute antinociceptive 
tolerance dependent on neuronal plasticity modulators.

Anti nociception was detected via the warm water (52.5° C) tail flick  test. Acute 
tolerance to endomorphin-2 or remifentanil was induced in male ICR mice (15- 
2Og) by intrathecal (i.t.) injection. When the animals tail flick  latencies had 
returned to baseline levels (30 minutes post-injection) subjects were challenged 
either with endomorphin-2  (0 . 1 - 1 0  nmol, i.t.) or remifentanil (0.03-30 nmol,
1. t.). Dose-response curves were generated and the ED5,, values calculated according 
to the method o f Tallarida and Murray. I I - I I I .  Acute tolerance attenuation was 
tested using the nitric oxide synthase (NOS) inhibitor agmatine and the NM DA 
receptor antagonist dizolcίpine (MK801).

I Administration o f supramaximal doses o f endomorphin-2 (30 nmol, i.t.) or 
remifentanil (30 nmol, i.t.) significantly decreased the potency o f either 
compound measured 30 minutes later as evident by 6-7 fold rightward shifts in the 
dose-response curves. II. Co-injection (i.t.) o f the nitric oxide synthase inhibitor 
agmatine (ENDO-2: 4 nmol; REMI: 40 nmol) abolished acute tolerance to either 
ENDO -2or REMI measured 30 min later. I l l  Co-injection (i.t.) o f the NM DA 
antagonists MK801 (1 µg) with ENDO-2 (30 nmol, i.t.) attenuated acute 
tolerance to ENDO-2 measured 30 min later.

The evidence presented here supports a role for the N M D A  receptor and perhaps 
NOS in the development o f ultra acute tolerance to remifentanil and endomoгphin-
2. (Supported NIH/NIDA R O I-DA-01933 and DA-04274 to GLW and ADAMHA 
training grant T32A07234 awarded by NIDA supported CAF)

230.4
NEƯROPROTECTIVE EFFECTS OF INTRASPINAL AGMATINE 
FOLLOWING EXCITOTOXIC SPINAL CORD INJURY. RP Yezierskl1*. 
KL Brewer1, CA Fairbanks2 and GL Wilcox2 . The Miami Project to Cure 
Paralysis, University of Miami School of Medicine, Miami FL, 331361 and 
Department of Pharmacology, University of Minnesota, Minneapolis MN, 
554552.

Intraspinal injection of quisqualic acid (QUIS) produces excitotoxic injury 
with pathological characteristics similar to those associated with ischemic and 
traumatic spinal cord injury (SCI). A transient increase in excitatory amino 
acids (EAA) following SCI is viewed as contributing to a “central cascade” of 
secondary pathological changes. Agmatine, a decarboxylated form of arginine, 
is an endogenous polyamine that inhibits nitric oxide synthase (NOS), 
antagonizes the NMDA receptor, and is neuropro tec five in rodent models of 
brain injury. For this reason, we tested agmatine for neuroprotection against 
excitotoxic SCI. Toxic effects of intraspinal agmatine were examined at doses 
ranging from 10-150mM (3 day survival). Doses of 10-15mM produced no 
visible damage in the spinal cord, while 20-30mM resulted in mild to severe 
cell loss and doses above ЗOmM produced cell loss as well as cavitation of 
spinal gray and white matter. Based on these results, a dose response curve of 
protective effects of agmatine was created using doses of 1, 5, 10 and l5mM 
in combination with intraspinal l25mM QUIS. As little as 5mM agmatine, 
when combined with QUIS, provided protection from excitotoxicity, with the 
greatest protection observed with ЮmM agmatine. The present anatomical 
observations of neuroprotection suggest that agmatine may provide an effective 
therapeutic intervention for acute SCI. Supported by The Miami Project to Cure 
Paralysis.

230.5

DELAYED TRANSNEURONAL DEGENERATION OF SUBSTANTIA NIGRA 
AFTER M ID D LE  CEREBRAL ARTERY OCCLUSION PREVENTED BY  A M PA 
ANTAGO NIST YM872 J. W. N i. M . Takahashi. S. Yatsuei. M. Shimizu-Sasamata*. 
S. Sakamoto. T. Yamaeuchi. Institute fo r Drug Discovery Research, Yamanouchi 
Pharmaceutical Co., Ltd. Tsukuba-Shi, Ibaraki 305-8585, Japan.

Middle cerebral artery (M CA) occlusion induced a delayed transneuronal 
degeneration in the ipsilateral substantia nigra in rats. The mechanism o f this 
neuropathological change in the substantia nigra, at least partly, can be explained by 
a neuronal disinhibition consequent to loss o f γ-aminobutyгic acid (GABA)-ergic 
inputs from ipsilateral striatum. In this study, we examined the possibility that α- 
amino-3-hydroxy-5-methylisoxazole-4-propionic acid (AM PA) antagonist, which is 
supposed to inhibit the excitatory inputs from subthalamic nucleus might prevent the 
substantia nigral degeneration after M C A  occlusion in rats. The animals were 
subjected to permanent occlusion o f left M C A  by the trans-гetro-orbital approach. 
Two weeks after the M C A  occlusion, an atrophy was observed in the ipsilateral 
substantia nigra pars reticulata (58.6 ±2 .2%  compared with the contralateral side). 
Continuous intravenous infusion o f YM872 (5 mg/3ml/kg/h), a selective AM PA 
receptor antagonist, starting immediately after M C A  occlusion for 2 weeks reduced 
the atrophy o f ipsilateral substantia nigra pars reticulata (77.9 ±3.4%  compared with 
the contralateral side, p<0.01 vs. control). The neurological deficits were also 
significantly improved by YM872-treatment (3 ± l  vs. 6 ± l  in control, p<0.01). 
Furthermore, correlation analysis showed that the improvement o f neurological 
deficits partly corresponded to the reduction o f the atrophy in the substantia nigra 
pars reticulata. On the other hand, the treatment o f YM872 at present dose did not 
reduce the infarct volume o f both cortex and striatum. These results gave a further 
experimental support to the disinhibitory hypothesis o f delayed transneuronal 
degeneration, and suggested that the A M P A  receptor may be involved in the 
progression o f the remote area’s atrophy in the sub-acute phase after ischemia.

230.6
SPD502, A NEW SELECTIVE AMPA ANTAGONIST, REDUCE INFARCT SIZE 
AND PROTECTS AGAINST CAi CELL LOSS IN RODENTS FOLLOWING 
FOCAL AND GLOBAL ISCHEMIA. G. M. Olsen. T. N. Sager. A. Mǿlleг. A. 
Gjedde*. F. Wätien. O. B. Paulson*. J. Dreier. NeuroSeaгch A/S, DK-2600 Glostrup, 
Shire Pharmaceuticals Group plc„ *PET-Centгe, Aarhus University Hospital DK-8000 
Aarhus, #MR-Centre, Hvidovre Hospital DK-2650 Hvidovre, Denmark.

A new selective AMPA antagonist SPD5O2; methyl-5-(4-(N,N- 
dimethylsulfamoyl)phenyl-6-7-8-9-tetrahydro-lH-pyưolo[3,2h]-isoquinoline-2,3- 
dione-3-O-(4-hydroxybutyricacid-2-yl)oxime) shows an in vitro profile similar to 
NBQX and YM900 but in contrast to these compounds, SPD5O2 is highly water 
soluble (>100 mg/ml over a wide pH range)1. The aim of the present study was to 
evaluate the neuroprotective effect of SPD5O2 in rodent models o f focal and global 
cerebral ischemia. Focal: Male Spontaneous Hypertensive Rats (SHR) were 
anaesthetized in 1.5-2.5 % halothane (30% oxygen and 70% N20 ) and subjected to 
middle cerebral artery occlusion. SPD5O2 was administered 2 h post-occlusion via a 
bolus dose (8mg/kg) followed by a 24 h i.v. infusion (4mg/kg/h). Infarct distribution 
was evaluated by MR-scan from diffusion-weighted images after 2 days and from T2- 
weighted images and histology (HE staining) after 4 days. The total volume of the 
cerebral infarct was estimated using the Cavalieri volume estimator. Global: Mongolian 
Gerbils were subjected to transient 2VO for 4 min. and treated for 1-2h with SPD5O2 
i.v. as bolus and infusion (10mg/kg + 10mg/kg/h). The groups were evaluated for 
locomotor activity and loss of hippocampal CAt neurons. In both experiments, the 
temperature was automatically registered and regulated every 5Λ min. Results: There 
was a 20% reduction of infarct volumes in SPD5O2-ưeated rats compared to controls as 
evaluated from HE staining, and from DWI at day 2 and T2-weighted images on day 4 
(p<0.05). In global ischemia SPD5O2 showed highly significant protection of damage 
to CA) neurons (p<0.001) and significantly normalization of locomotor activity.

1) Johansen T.E., et al. (1998). Society for Neurosci. Abstracts, 1098
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230.7
KAIN A TE -IN D U C E D  DEATH OF CULTURED M U RINE NEO CORTICAL 
NEURONS IS REDUCED BY THE A M P A  RECEPTOR SELECTIVE 
ANTAGO NIST SYM 2206. D.M. Turetsky* L.M .T. Canzoniero and D.W. Choi. 
Center for the Study o f Nervous System Injury and Dept, o f Neurology, Washington 
Univ. School o f Medicine, St. Louis, MO 63110.

Kainate-stimulated cobalt uptake, a histochemical marker for cells bearing Ca2 - 
permeable AMPA/kainate receptors, identifies a subpopulation o f cortical neurons 
that are selectively vulnerable to kainate toxicity. Although kainate exposures o f 
several hours are required to k il l the majority o f cortical neurons, this subpopulation 
can be substantially destroyed by exposures as short as 20 min. The recent 
availability o f A M PA or kainate selective antagonists (Pelletier et al., 1996, J  Med 
Chem\ Zhou et al., 1997 J  Pharmacol Exp Ther) allowed us to explore the relative 
contributions o f A M PA and kainate receptors to kainate-induced death o f  both the 
general cortical neuronal population, and the cobalt(+) subpopulation.

A 24 hr exposure to 30 µM  kainate caused an overall 80.3 ± 4.2 % loss o f cortical 
neurons, and this toxic ity was blocked in a dose-dependent manner by co
application o f  the AM PA selective antagonist Sym 2206 (3 - 30 µM ), with complete 
block at 10-30 µM. Conversely, the kainate selective antagonist Sym 2081 (3 - 30 
µM ) had no effect on this toxicity . Toxic ity resulting from a b rie f exposure to 
kainate (100 µM for 20 m in) showed sim ilar pharmacology, w ith cobalt-positive cell 
loss (75.7 ± 4.0 %) being markedly reduced by 10 µM  Sym 2206 but not 30 µM 
Sym 2081. In accordance with previous reports showing predominantly AM PA 
receptor-mediated currents in cortical neurons (W ild ing and Huettner, 1995, Mol 
Pharmacol), and the recent observation o f inwardly rectifying, non-desensitizing 
kainate currents in cortical slices (Itazawa et al., 1997 J  Neurophysiol), these results 
suggest that kainate toxic ity is mainly mediated by A M PA receptors in cortical 
neurons.

Supported by N IH  grant NS30337 (DW'C).

230.9
RELEASE OF ENDOGENOUS G LU TAM ATE  CO NTRIBUTES TO DOMOIC 
AC ID  EXCITO TO XICITY IN ISOLATED C HICK RETINA. C.l. Nduaka1. R.E. 
Taylor1. S. Green2. T,J. FlvnnJ. V. Sathyamoorthv3. R.L. Sprando" and J.N. 
Johannessen"*. 'Department o f Pharmacology, Howard University College o f 
Medicine, Washington D.C. ⅛ovance Inc. Vienna V irg in ia. "Center for Food 
Safety and Applied Nutrition, U.S. Food and Drug Adm inistration Laurel, MD 
20708.

Secondary release o f endogenous glutamate (GLU) evoked by exogenous 
excitotoxins such as kainate can contribute to CNS excitotoxicity. We investigated 
whether this mechanism could account for reported domoic acid (DOM ) toxic ity in 
the isolated chick retina. Whole retinas were excised from E14 chicks and 
incubated in I ml o f basal salt solution w ith or without test compounds.

Exposing retinas to 0-100 µM  DO M  for 40 min caused a dose-related release o f 
G LU into the incubation medium. DOM-induced G LU release occurred at 27° and 
37 °C and w'as increased in a low calcium medium (0.1 mM Ca2+), while K " evoked 
GLU release only at 37 °C with 2 mM calcium. Further, in hyperosmolar medium 
(100 mM sucrose added) DOM-induced G LU release w'as reduced, suggesting a 
non-vesicular release mechanism. In addition to GLU release, neuronal damage 
fo llow ing exposure to DOM was confirmed by histological examination and 
increased lactate dehydrogenase (LDH) release. S im ilar to GLU release, the LDFI 
release occurred at 27° and 37 °C and was reduced in hyperosmolar medium.

G Y K I 52466, the selective non-competitive antagonist o f  non-NM DA receptor, 
prevented neuronal degeneration and GLU release. However, M K-801, a h ighly 
potent non-competitive N M D A  receptor blocker, reduced neuronal injury (37% 
decrease in LDH release) but did not prevent G LU release.

These results suggest that endogenously released G LU contributes to DOM- 
induced excitotoxicity in the isolated chick retina.
This project was funded by the FDA Center fo r  Food Safety and Applied Nutrition

230.11
GluR5 kainate receptor mediated synaptic transmission in rat basolateral 
amygdala in vitro.
H. L i* ,  and M .A . Rogawski. Neuronal Excitability Section, Epilepsy Research 
Branch, National Institute o f Neurological Disorders and Stroke, National 
Institute o f Health, M D  20892

A  non-N M D A and non-AM PA receptor mediated excitatory synaptic 
response was identified in intracellularly recorded basolateral amygdala (BLA) 
neurons in an in vitro slice preparation. Synaptic potentials were evoked by the 
stimulation o f either the external capsule(EC) or basal amygdala (BA). N M D A  
and GABAд were blocked by inclusion o f 100 µM  (±)-2-am ino-5- 
phosphonopentanoic acid and 10 µM  bicuculin in the perfusion solution. The 
A M P A  receptor-selective allosteric antagonists G Y K I 52466 (50 µM ) and 
G Y K I 53655 (50 µM ) partia lly suppressed depolarizing synaptic response 
evoked by single shock EC stimulation, but fu lly  blocked synaptic response 
evoked by BA stimulation. In  recordings carried out in the presence o f the 
A M PA receptor antagonists, EC stimulation w ith  pulse trains (50-100 Hz for 
100 msec) evoked a large increase in the amplitude o f synaptic responses. The 
A M PA receptor-independent component o f the train-induced synaptic response 
had a null potential near 0 m V. Such A M P A  receptor-independent, train- 
evoked synaptic response were largely blocked by the AM PA/kainate receptor 
antagonist 6-cyano-7-nitroquinoxaline-2,3-dione (20 µ M ; 85 ±  4%). In 
addition, the responses were blocked by the GluR5-selective kainate receptor 
antagonist LY293558 (10 µM ; 95 ±  2%). These results indicate that a 
component o f the EC (but not the BA) synaptic response is mediated by kainate 
receptors containing the GluR5 subunit.

(Supported by N IN D S /N IH )

230.8
$YSTEMICALLY ADMINISTERED p-D-GLUCOSE DERIVATIVES OF 7- 
CHLOROKYNURENIC ACID ARE HIGHLY PROTECTIVE AGAINST NMDA- 
INDUCED SEIZURES IN MICE. G. Battaαlia1. V. Bruno1*. M. La Russa2. 
Aгenare L 3. Ipoolito R.3. F. Boniπa4 and F. Nicoletti1 ̀ 2. 1I.N.M. “Neurome<f, 
Pozzilli; 2Institute of Pharmacology and department of Pharmaceutical 
Sciences, Univ, of Catania; 3Dept. of Pharmaceutical and Toxicol. Chemistry, 
Univ, of Naples Federico II.

7-CҺ!orokynurenic add (7-CIKYNA) is a selective antagonist at the glycine 
site of NMDA receptors, and, therefore, has a potential implication as a 
neuroļ*ΌtectíV9 agent. However, the therapeutic use of 7-CIKYNA is limited 
by its poor penetrability across the blood-brain carrier. To overcome this 
limitation, we have conjugated 7-CЖYNA with 8-D-glucose (Glu/7-CIKYNA), 
assuming that the conjugate interacts with the glucose transporter and 
penetrates into the brain. Systemic injection of Glu/7-CI-KYNA (200 mg/kg, 
i.p.) was highly effective in reducing seizures induced by NMDA in mice. 
Glu/7CIKYNA reduced the seizure severity and increased the latency for 
partial and generalized seizures. Systemic injection of 7-CIKYNA was virtually 
inactive. To examine whether Głu/7-CIKYNA is converted into 7-C!KYNA at the 
active site, we have applied G!u/7-CIKYNA to mixed cultures of mice cortical 
cells, and we have quantitated extracellular Glu/7-CIKYNA and 7-CIKYNA by 
HPLC. Glu/7-CIKYNA concentrations decreased as a function of time, and this 
was paralleled by an increase in 7-CIKYNA, suggesting that the conjugate was 
hydrolyzed into 7-ClKYNA. In addition, Glu/7-CIKYNA was as effective as 7- 
CIKYNA in protecting cultured cortical neurons against NMDA toxicity. We 
suggest that Glu/7-CIKYNA crosses the blood-brain barrier and may generate 
7-CIKYNA inside the brain. Supported by I.N.M. Neuromed.

230.10
M C PG  INDU CES P K C ε T R A N S L O C A T IO N  IN  R A T  
C O R T IC A L  SYNAPTO SO M ES T H R O U G H  PLD  
A C T IV A T IO N . L. Pastorino, A. Sciuto, F. Colciaghi, F. Gardoni,
F. Cattabeni* and M. P i Luca Inst. Pharmacological Sciences, 
University o f M ilan, V ia Balzaretti 9, 20133 M ilan, Italy 

It is known that m GluRI mediate the phosphorylation o f 
specific PKC substrates in nerve terminals. Therefore we have 
tested the hypothesis that selective agonists o f mGluR could 
induce translocation o f specific PKC isozymes in nerve terminals. 
In rat cortical synaptosomes t-ACPD (lO OµM ) was able to induce 
selectively a 2O±5.3 % increase translocation, (mean±SEM, vs 
basal conditions) o f the Ca++-independent PKCε, but not o f the 
Ca++-dependent isozyme ß. This effect was counteracted by 
A ID A  (ЮOµM), a specific antagonist o f  m GluR lα .  MCPG, a 
known antagonist o f mGluRs, not only was unable to antagonize 
the effect o f t-ACPD, but per se induced a sustained translocation 
o f PKCε (mean±SEM 5 l± l3 .6  % o f basal conditions); this 
activation was not antagonized by A ID A , thus ru ling out the 
possibility o f an involvement o f m GluRI in MCPG-induced PKCε 
translocation, but was specifically counteracted by PCCG13 
(ЗOOnM), a new compound known to antagonize mGluRs coupled 
to PLD. In addition wυrtmannin (ЮOnM), an inh ib ito r o f PLD, 
was also able to block MCPG-induced PKCε translocation. These 
data suggest that i) in nerve terminals, MCPG is able to act as an 
agonist to a PLD coupled mGlu receptor and that ii) PLD is able 
to induce translocation o f PKC in Ca++ -independent manner.
The present study was supported by; E ư  Grant #BM H 4-C T96- 
0228

230.12
ETHANOL INHIBITION OF SYNAPTIC KAINATE RECEPTOR  
FUNCTION IN RAT HIPPOCAM PAL CAЗ PYRAM IDAL NEURONS.
J.L. Weiner*, T·V. Dunwiddie. and C.F. Valenzuela. Wake Forest Univ. Sch. 
Med., Dept. Physiol.& Pharmacol.; Univ Colorado Health Sci. Ctr., Depts. o f 
Pharmacol. &  Neurosci.; Univ. New Mexico, Dept, o f Pharmacol.
Many studies have demonstrated that intoxicating concentrations o f ethanol (<ЮO 
mM) can inhibit excitatory synaptic transmission mediated by the NM DA 
subtype o f glutamate receptor. In contrast, similar concentrations o f ethanol have 
been reported to have little or no effect on non-NMDA mediated excitatory 
synaptic transmission. These latter responses are thought to be mediated 
exclusively by AMPA receptors. However, a non-NMDA synaptic response 
mediated by kainate (KA) receptors has recently been demonstrated in CAЗ 
pyramidal neurons. We took advantage o f this recent development to compare 
the ethanol sensitivity o f synaptic AM PA and KA  receptors in rat hippocampal 
CAЗ pyramidal neurons, using the whole-cell patch-clamp technique in brain 
slices o f 3-6 week old male, Sprague-Dawley rats. AMPA EPSCs were evoked 
by single shock stimulation in the presence o f NM D A and G ABAa/b antagonists. 
K A  EPSCs were evoked in the presence o f the same antagonist cocktail plus the 
AMPA selective antagonists GYK 52466 (50-100 µM) or LY303070 (10 µM), 
using'a  train o f 10-20 stimuli delivered at a frequency o f 100 Hz. Bath 
application o f ethanol for 5-10 minutes had no effect on AMPA EPSCs, even at a 
concentration o f 100 mM. In contrast, ethanol significantly antagonized KA 
EPSCs, at concentrations as low as 40 mM. These results suggest that 
intoxicating concentrations o f ethanol may depress glutamatergic synaptic 
transmission via inhibition o f both KA and NM DA receptor function. LYЗOЗO7O 
was generously provided by Eli L illy  &  Co. Supported by NIH grants AA  05425 
&  A A  00227 and the Veterans Affairs Medical Research Service.
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230.13
LEAD IS A POTENT INHIBITOR OF RECOMBINANT KAINATE 
RECEPTORS. D. ĭŁ Adams1 and S. D. Donevan2*. Depts. o f 'Pharmacology and 
Toxicology, and 2Neurology, Univ, o f Utah, Salt Lake City, UT 84112.

Lead (Pb2+) is a potent neurotoxin that is found ubiquitously in the environment. 
Glutamate receptors, the major excitatory receptors in the central nervous system, are 
important for learning and development and are targets for lead toxicity. Previous 
studies have shown that lead is a relatively potent antagonist of native and recombinant 
NMDA receptors. On the other hand, the effects o f lead on non-NMDA receptors, in 
particular kainate receptors, have not been well characterized. In the present studies 
we have used electrophysiol ogical recording techniques to examine the effects of lead 
on recombinant AMPA and kainate receptors. In two elecưode voltage clamp studies 
with Xenopus oocytes expressing kainate receptors composed of the GluR6Q subunit, 
lead produced a potent block of kainate evoked cuưents (IC50: O.74±O.I5 µM, n=8). 
Similar potency was seen with GluR6R. On the other hand, lead was a weak 
antagonist at AMPA receptors composed of the GIuRl subunit (1C50: Ю2±I9 µM, 
n=7). In competition studies, lead had no effect on the EC50 for kainate, but produced 
a reduction in the maximal response, indicating a non-competitive mechanism of 
action. In whole cell recordings from HEK 293 cells transiently transfected with 
GluR6Q, lead block was not voltage or use dependent, suggesting that it does not bind 
in the channel pore. Lead block was similar in the absence or presence of 
concanavalin A. Polyamines have recently been shown to potentiate kainate receptors 
through a novel allosteric mechanism. Lead block o f kainate responses in oocytes 
injected with GluR6R was similar in the absence and presence of ЗOOµM spermine, 
suggesting that lead binds to a distinct site on the kainate receptor. The present studies 
demonstrate tliat lead is a potent antagonist at kainate receptors, acting at a novel 
allosteric regulatory' site. Blood lead levels in excess o f 10 µg/dl (.483 µM) are 
associated with increased risk of intellectual deficits, indicating that lead inhibition of 
kainate receptors may be of significance in lead neurotoxicity.
Supported by NIH grant 5 T32 GM07579-17.

230.15
ON THE DEPOLARIZATION AND HYPERPOLARIZATION INDUCED BY 
METABOTROPIC GLUTAM ATE RECEPTOR AGONISTS ON 
MOTONEURONES OF NEONATAL SPINAL CORD IN VITRO.
Ying Chen*, Gail Bacon &  Emanuele Sher. Eli L illy  &  Co. Ltd., Erl Wood 
Manor, Windlesham, Surrey GU2O 6PH, UK

Hemisected spinal cord preparation from 2-5-day-old rats has been employed to 
characterise the effects of two metabotropic glutamate receptor (mGluR) agonists, 
(R,S)-3,5-dihydroxyphenylglycίne (DHPG) and 1S,ЗR-1-amino-cyclopentyl-1,3- 
dicarboxylate (ACPD) on spinal motoneurones. Both DHPG (10-500µM) and 
ACPD (10-50()µM) produced a dose-dependent direct depolarization of the 
motoneurones as recorded from ventral roots when the agonists were applied for 
lm in in the presence of TTX. The mGluR-mediated depolarization was 
significantly smaller (< lm V ) with respect to those observed with ionotropic 
glutamate receptor agonists, such as AM PA (0.01-100µM), kainate (1-100µM) 
and NM DA (1-1 OOµM).

The mGluR agonist induced-depolarization was dose-dependently reduced by a 
specific group I antagonist LY393053, with an apparent IQ in the order of O.5µM, 
and a complete block at ЮµM. The mGluR-mediated depolarization was also 
abolished by 2OmM TEA or 2OmM Ba2+, suggesting a K+ channel involvement. 
An apparent hyperpolarizing action was revealed with DHPG or ACPD at 
relatively high concentrations (>5OµM). This hyperpolarization was still present, 
actually better resolved, in the presence o f ЮµM LY393053 plus a broad 
spectrum mGluR antagonist LY341495 (ЮµM), suggesting an effect not on the 
known mGluRs. Current efforts are directed towards an evaluation of receptors or 
channels mediating the hyperpolarization of spinal motoneurones induced by 
(R,S)-DHPG and lS,ЗR-ACPD.

230.17
M O LECULAR CLONING OF A LTE R N A T IV E LY  SPLICED VAR IANTS OF 
THE PEPTIDASE AGAINST N- AC E TYLA SP A R TY LG LU TA M A TE  (N AAG ) 
FROM H UM AN AND RAT NERVOUS SYSTEMS. T.Bzdega*, D. She,
T. T u ri1, B. WroЫewska, and J.H. Neale. Dept Biology, Georgetown University, 
Washington, DC and 'Molecular Sciences, Pfizer Central Research, Groton, CT.

NAAG is the most prevalent and widely-distributed peptide neurotransmitter 
in the mammalian nervous system. NAAG  selectively activates subtype 3 o f the 
metabotropic glutamate receptor. It is inactivated by peptidase activity on the 
extracellular face o f the plasma membrane o f neurons and glia. The human gene 
that codes for Prostate-Specific Membrane (PSM) antigen has been shown by 
others to produce peptidase activity against NAAG  when expressed by transfected 
cells. Using RT-PCR and sequencing we found PSM message to be present in 
human brain along with a shorter form lacking 93 nucleotides in the region close to 
the 3 ’ end. We previously have reported cloning o f  a rat brain NAAG peptidase 
homologous to the PSM (Bzdega et al. [1997] J. Neurochem. 69, 2270-2277). 
Using plaque hybridization method and PCR we now screened rat hippocampal 
and brain stem/spinal cord cDNA libraries for the presence o f alternatively splice 
variants or isoforms o f rat NAAG  peptidase. These screenings didn`t reveal the 
presence o f the shorter form analogous to the human splice variant. We did find 
however another form identical to the previously cloned rat NAAG  peptidase 
cDNA except for an, in frame, 99 nucleotides long insert in the extracellular 
region, close to transmembrane domain. This insert doesn’t contain stop codon 
and should result in longer (785 aa) version o f rat NAAG  peptidase. We also 
identified a w idely present cDNA coding for truncated and most likely inactive 
version o f the enzyme. Characterization o f activity o f these cloned variants w ill 
allow us to test the hypothesis that there may be several NAAG  peptidase activities 
present in central nervous system.
(Supported by NIH grant NS28¡ЗO)

230.14
PHARMACOLOGICAL EVALUATION OF GLUR6 KAINATE 
RECEPTORS IN CULTURED HIPPOCAMPAL NEURONS 
A.M. Ogden* P. L. Omstein1, A. Rubio2 C. Pedгegal2 and D. Bleakman1 . 
‘L illy  Research Laboratories, Eli L illy  & Company, Indianapolis, U S.A. and 
2Lilly, SA Avda. de la Industria 30, 28108 Alcobendas, Spain.

We have pharmacologically characterized kainate receptors in cultured 
hippocampal neurons. Hippocampal tissue was obtained from E l7 rat 
embryos and cells maintained in culture for 6-15 days. Cultures were pre
treated with concanavalin A (ЮµM for at least 10 min) to remove kainate 
receptor desensitization and whole-cell voltage clamp electrophysiology 
employed to record inward cuưents in neurons in response to agonists. 
NMDA and non-NMDA (AMPA) responses were blocked using MK801 
(ЗµM) and the 2,3-benzodiazepine, LY300168 (GYKI53655) (5OµM), 
respectively. These concentrations of antagonist were shown to block both 
NMDA and AMPA-mediated cuưents in these cells. Inward cuưents were 
recorded in hippocampal neurons upon application o f kainate and the 2S,4R 
isomer o f 4-methyl glutamic acid (SYM2081) which are agonists o f both 
GluR5 and GluR6 kainate receptors. Under these recording conditions, 
estimated EC5〇 values for kainate and 4-methyl glutamate were 4.1 ± O.2µM 
and 1.8 ± O.5µM, respectively (n=4 cells). The competitive AMPA/GluR5 
antagonist, LY293558 (ЗOµM) had minimal effects on responses evoked by 
both either kainate (3 and ЮµM) or 4-methyl glutamate (ЮµM). The 
quinoxalinedione, NBQX (ЗOµM) blocked kainate (ЮµM) and 4-methyl 
glutamate (ЮµM) activated cuưents by 64 ± 6 and 61 ± 7%, respectively. 
The GluR5 selective agonist, LY339434 (ЮOµM), did not evoke detectable 
inward cuưents (n=4 cells). These results provide pharmacological evidence 
that the GluR6 kainate receptor mediates kainate receptor responses in these 
cells.

230.16
PHARMACOLOGICAL PROPERTIES OF NO N-N M D A IONOTROPIC 
G LUTAM ATE RECEPTORS IN  SYM PATHETIC PREGANGLIONIC 
NEURONES. S,L, Gravenstede, M.F. N o lan*, D. Spanswick and S.D 
L o g a n . Dept.Biom ed.Sci., Institute o f M edical Sciences, Univ, o f  
Aberdeen, Aberdeen, UK. AB25 2ZD.

We have investiga ted the pha rm aco logy  o f n o n -N M D A  
io no trop ic  glutam ate receptors in sym pathetic p r e g a n g lio n ic  
neurones (SPNs). W ho le -ce ll pa tch -c lam p record ings w e re  
made from  SPNs in rat 4OOµM transverse spinal cord s lices  
from  8-14 day rats as described p re v io u s ly  (P icke ring  et al., 
1991, Neurosci. Letts., 130 , 237-242). Perfusion o f AM PA (1 -  
Ю µM ) or kainate (5 -2 5µM ) induced d o se -d e p e n d e n t 
depo larisa tions in all SPNs tested. Responses to AM PA w e re  
com ple te ly  abolished by 5µM  NBQX or 2OµM CNQX, and w 'ere 
potentiated by cyc lo th iaz ide  (Ю O µM ). By contrast responses to 
kainate (5 -2 5µM ) were reduced but never c o m p le te ly  
abolished by 5µM  NBQ X or 2OµM CNQX. H igher c o n c e n tra t io n s  
o f N B Q X (5OµM) were required to abolish responses to k a in a te . 
Kainate responses observed in the absence o f NBQX w e re  
potentia ted by cyc lo th iaz id e , whereas kainate response s 
observed in the presence o f NBQX (5µM ) were unaffected b y 
cyc lo th iaz ide . In the presence o f NBQX (5µM ) k a in a te  
responses were occluded by perfus ion  o f glutam ate (5OO µM ). 
These results dem onstrate that SPNs express a kainate ty p e  
glutam ate receptor that can be d is t in g u is h e d  
p h a rm a co lo g ica lly  from  A M P A  receptors u s in g  
qu inoxa line d ion e  antagonists or cyc lo th iaz id e .
Supported by the BHF and the MRC (U K).

230.18
EFFECTS OF D1 AGONIST AND NMDA ON THE 
EXTRACELLULAR CONCENTRATION OF GLUTAMATE ADN  
GABA IN THE RAT MEDIAL
PREFRONTAL CORTEX. T.Abekawa*. T.Ohmori and Tsukasa 
Kovma.
Dept, o f Psychiatry,Hokkaido Univ, o f School o f Med.

Medial prefrontal cortex(MPFC) has been implicated in the 
pathophyisiology of schizophrenia. The present study examined the 
effects o f D1 agonist,SKF38393 and NM DA on the extracellular 
concentrations o f glutamate(Glu) and GABA in MPFC, using in vivo 
microdialysis. SKF38393(2O and 2OOµM) reduced both Glu and GABA  
level dose-relatedly, and these effects were prevented by 
SCH2339O(4OµM) coperfusion.NMDA( 200 µM and 2mM) increased 
Glu level dose-relatedly, which was prevented by CPP(2OO µM) 
coperfusion. NM DA had no effects on GABA level.

These results presented that,in MPFC, the stimulation o f D1 receptor 
reduced the extracellular concentrations o f Glu and GABA and that the 
stimulation o f NM DA receptor increased Glu but not GABA level.From  
these results,it may be possible that the dopaminergic hyperfunction via 
D1 receptor leads to the hypofunction o f  Glu and GABA systems in 
MPFC.
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230.19
REPETITIVE GLUTAMATE STIMULATION POTENTIATES THE 

RELEASE OF HYDROXYL RADICALS.
G. Barbanel, I. Cauquił-Caubère and J.M. Kamenka*. Medicinal Chemistry 
Lab. C.R.B.M., ÜPR CNRS 10Ś6, Montpellier, France

Free hydroxyl radicals (OH) are necessary intermediates formed in each 
cell as a consequence of oxygen metabolism. In a number of pathological 
situations their production bypass the self protective mechanisms of the cell. 
Due to their high reactivity they are thus cytotoxic and responsible of the 
deleterious effects of oxidative stress on nucleic acids, lipids and proteins.

Free OH released in the extracellular space can be detected as 2,3-DHBA, 
an hydroxylation product of salicylic acid contained in the perfusion me
dium of a microdialysis probe and measured by HPLC/ED. In the present 
study, we report that repetitive glutamate stimulation potentiates the release of 
hydroxyl radicals. A low glutamate concentration (30 mM), infused through 
the microdialysis for 1 hour into the striatum of unanesthetized naive rats 
induces a rapid and consistent stimulation of the 2,3-DHBA production. A 
further infusion of the same amount of glutamate, performed one week later 
on the same animals, promoted an enhanced release of 2,3-DHBA, and a 
third glutamate infusion led to a huge 2,3-DHBA response. The mechanisms 
giving rise to this potentiation are presently unknown.

Co-infusion during the second perfusion session of a molecule designed to 
trap the excess of free hydroxyl radical excreted in the extracellular milieu, 
and already described to prevent the in vitro ΌH-induced inhibition of astro
cytic glutamate transporter, completely blocked the OH response to the sec
ond glutamate stimulation, but did not prevent the potentiation observed after 
the third glutamate infusion, ruling out free OH themselves as the major 
promoters of their own potentiation. Repetitive sampling is not involved per 
se, as injections of 10-times less glutamate, although giving rise to small but 
consistent increases of 2,3-DHBA, did not promote the potentiation. Such 
potentiation may however be involved in the neurotoxic effect of glutamate.

Supported by C.N.R.S.

EXCITATORY AMINO ACID RECEPTORS: PHYSIOLOGY, PHARMACOLOGY AND MODULATION IV

231.1
Zn2ł PERMEATION THROUGH Ca2t PERMEABLE AMPA/KAINATE (Ca-A/K) CHANNELS 
TRIGGERS MITOCHONDRIAL ROS GENERATION. S.L. Sensi*. S.G. Carriedo. H.Z. Yin 
and J.H. Weiss. Departments of Neurology; Anatomy and Neurobiology; and 
Psychobiology, U.C. Irvine, Irvine CA 92697-4292, USA.

Synaptic release of Zn2> and its translocation into postsynaptic neurons may contribute to 
selective neurodegeneration in epilepsy or ischemia. Zn2ł can permeate through NMDA 
channels, VSCC, and Ca-A/K channels. Based upon recent neurotoxicity, histochemistry 
and quantitative microfluorimetric studies, we have proposed a hierarchy of permeability 
among these routes: Ca-A/K channels > VSCC > NMDA channels (see J.H. Weiss et al., in 
this meeting). Neurons expressing Ca-A/K channels can be identified by a stain based on 
kainate stimulated Co2ł uptake (Co2‘(+) neurons). While Ca2ł entry through NMDA or (as we 
recently reported; Carriedo et al., Soc. Neurosci. Abstr. 23: 2295) through Ca-A/K channels 
triggers reactive oxygen species (ROS) generation, downstream mechanisms of Zn2ł 
toxicity have been little explored. An intriguing possibility is that Zn2ł entry might similarly 
trigger alterations in mitochondrial function and ROS generation. The present study 
employed the oxidation sensitive dye, hydroethidine, to examine Zn2ł dependent ROS 
generation. Exposure of cortical cultures to kainate (100 µM) with Zn2* (100-300 µM) for 10 
min induced selective ROS production and large Δ[Zn2ł]ί (as assessed using the low affinity 
Zn2ł probe, Newport Green) in Co2*(+) neurons. Indicating a mitochondrial origin, the ROS 
production was blocked by rotenone or cyanide. In contrast, upon activation of VSCC or 
NMDA channels, low Δ[Zn2¶  and little ROS production were observed. Thus, like Ca2\  Zn2* 
entry into neurons is capable of triggering alterations in mitochondrial function and ROS 
generation. However, unlike Ca2ł, Zn2*-dependent ROS production appears to be more 
selectively linked to Ca-A/K channel activation. Supported by grants from the N¡H 
(NSЗO884; JHW) and the ALS Association (J H Щ  and an NIH Fellowship (SLS).

231.2
COMPARISON OF THE EFFECTS OF EXCITOTOXIC GLUTAMATE 
EXPOSURE ON MITOCHONDRIAL FUNCTION AT ROOM TEMPERATURE 
AND 37°C IN INTACT CULTURED NEURONS. K.R. H o yÛ D JL  Leszkiewicz 
andT..ĽReynolds. Dept, o f Pharmacology, Univ, o f Pittsburgh, Pittsburgh PA 15261.

Over-activation of glutamate receptors causes neuronal death which is Ca2+ 
dependent. This glutamate-induced Ca2+ increase causes mitochondrial 
depolarization with opening o f the mitochondrial permeability transition pore, and 
generation of reactive oxygen species (ROS). This mitochondrial dysfunction and 
oxidative stress likely contribute to neuronal death. We have been investigating 
these toxic processes in intact neurons loaded with fluorescent probes which measure 
[Ca2+]¡, mitochondrial membrane potential (Δ ψm), and oxidation. These 
measurements, until now, were made at room temperature (RT; about 23°C).
Clearly, it is important to study neuronal responses to glutamate at more 
physiological temperatures (37°C), as well. We have found that glutamate-induced 
[Ca2+]¡ increases are smaller and recover faster at 37°C compared to RT when 
compared in the same indo-1 loaded neuron (see abstract by Leszkiewicz et αl at this 
meeting). Glutamate-induced mitochondrial depolarization is Ca2+ dependent, so we 
tested whether Δ ψm was affected by incubation at 37°C vs. RT. In neurons loaded 
with the ∆ψm sensitive fluorescent dye, JC-1, we found that glutamate-induced (100 
µM for 5 min) mitochondrial depolarization, which was robust at RT, was almost 
completely absent at 37°C. Also, the basal starting JC-1 ratio was significantly 
higher in neurons incubated at 37°C compared to those at RT, presumably reflecting 
a greater Δ ψm at 37°C. However, glutamate-induced mitochondrial ROS generation 
(measured with dihydroethidium) was similar at RT and 37°C. There are several 
possible interpretations of these data, including (1) decreased Ca2+ influx at 37°C, (2) 
increased Ca2+ extrusion, (3) or increased mitochondrial Ca2+ buffering. Currently, 
we are favoring the possibility that the predominant effect o f increased temperature 
is enhanced mitochondrial Ca2+ uptake. The mitochondria may be able to take up 
more Ca2+ without loss of Δ ψm at 37°C, but still generate ROS. The impact o f this 
difference in Ca2+ buffering at 37°C and RT on glutamate-induced cell death is 
currently being investigated. Supported by NS34138 and the American Heart 
Association.

231.3
EFFECT OF TEMPERATURE ON [Ca2+]¡ BUFFERING FOLLOWING 
GLUTAMATE EXPOSURE IN CULTURED NEURONS. D.N. Leszkiewicz*,
K.R. Hoyt, and I.J. Reynolds. Dept, o f Pharmacology, Univ, o f Pittsburgh,
Pittsburgh PA 15261.

Excessive activation o f glutamate (Glu) receptors leads to toxic levels o f 
intracellular Ca2+ and neuronal death. Neurons buffer intracellular calcium through a 
number o f different mechanisms, including mitochondrial buffering and plasma 
membrane Na7Ca2+ exchanger. We have previously characterized these buffering 
mechanisms at room temperature. In this study, we compare Ca2+ responses at room 
temperature (RT, 23“C) to a more physiological temperature (37°C) in cortical 
neurons loaded with indo-1. We used 15 sec exposures o f Glu (ЗµM), Glu 
(ЮOµM), kainate (ЮOµM), and KC1 (5OmM) to increase intracellular Ca27 The Ca2+ 
recovery rates were 2.4, 2.7, 2.6, and 2 fold faster at 37°C, respectively. Peak Ca2+ 
levels atRT were 1.8, 1.7, 1.6 and 1.0 fold higher, respectively. FCCP (75OnM, 
2min.) which depolarizes the mitochondria, inhibited Ca2+ recovery at both 
temperatures following a glutamate stimulus. This result indicates that Ca2+ uptake 
into the mitochondria is an important buffering mechanism at both temperatures. As 
an indication o f the magnitude o f mitochondrial Ca2+ we measured the FCCP 
releasable pool of Ca2+ two minutes following a Glu stimulus at both temperatures. 
We found that at 37ºC‘there was a tendency towards an increased amount o f Ca2" 
release (2O5±29nM, n=6) from the mitochondria following a FCCP exposure 
compared to RT (l2O±36nM, n=5). From these results, we conclude that the rate of 
Ca2+ buffering is faster at 37°C than at room temperature, and that this enhaced 
buffering may be due to mitochondrial Ca2τ uptake. Although Ca2+ buffering is 
quantitatively enhanced at 37°C, the mechanisms underlying Ca2+ buffering in 
neurons (e.g. mitochondrial buffering) are qualitatively the same at RT. Supported 
by NS34138 and the American Heart Association.

231.4
7-NITROINDAZOLE IS NEUROPROTECTIVE AGAINST 
CEREBRAL HYPOXIC-ISCHEMIC INJURY IN IMMATURE RATS 
A. Ishida*. M.S. Lange, W.H. Trescher, and M.V. Johnston 
Neuroscience Laboratory, Kennedy Krieger Research Institute and the 
Johns Hopkins Univ. School of Medicine, Baltimore, MD 21205 

Nitric oxide has been implicated as a mediator of glutamate 
excitotoxicity in response to cerebral hypoxia-ischemia. We examined 
the inhibitory effect of 7-nitroindazole (7-NI) on nitric oxide synthase 
(NOS) activity in the immature brain and the neuroprotection against 
cerebral hypoxic-ischemic injury. In the first set of experiments, we 
administered 7-NI (50 mg/kg or 100 mg/kg) intraperitoneally to 
postnatal day (PND) 7 rats. Total NOS activity was measured at 1,3. 6. 
9, 12, and 24 hours after 7-NI injection. 7-NI (50 mg/kg) transiently 
inhibited NOS activity to about 60% of control value at 1 hr after 
injection, whereas 7-NI (100 mg/kg) inhibited NOS activity to 
approximately 50% of control level between 1 and 12 hrs after injection. 
In the second set of experiments, we examined the influence of 7-NI on 
cerebral hypoxic ischemic injury in the immature rat. After unilateral 
common carotid artery ligation in PND 7 rats, we administered 7-NI 
(100 mg/kg) 30 minutes before hypoxia (8% oxygen for 2 hrs). 7-NI 
(100 mg/kg) provided significant protection against cerebral hypoxic- 
ischemic injury (mean percent damage ± standard deviation: 7-NI, 1.7 ± 
5.6% damage; vehicle control, 8.7 ± 11.7% damage, p < 0.05). These 
data suggest that 7-NI suppresses NOS activity and is neuroprotective 
against cerebral hypoxic-ischemic injury in the immature rat.
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231.5
POSSIBLE DIRECT INTERACTION OF HIV-1 GP120 W ITH NM D A 
RECEPTOR CHANNEL. S. K a w a m o to .1 S. U c h in o ,2 K.-O. X in .1 K. 
H a m a jim a .1 S. H a t lo г i ,1,3 * S. N a k a jim a - ĭ i j im a .2 M. M is h in a 4 and K. 
O kuda1. Depts. ‘ Bacterio l. &  3A nesthesio l., Yokoham a C ity Univ. 
Sch. o f Med., Yokoham a 236-0004, M its u b is h i Chemical 
C o rp .,Yokohama 227-8502 and 4Dept. M ol. N eurobio l. and 
Pharm acol., Sch. o f Med., Un iv, o f Tokyo, Tokyo 113-0033, Japan.

HIV-1 envelope g lycop ro te in  gpl2O can cause neuronal cell 
death, which may be, at least pa rtly , th rough N M D A receptor 
channel activation. The study ob jective  is to test the possible 
direct in te rac tion  o f gpl2O w ith  N M D A receptor channels. The 
ζ l and ε fam ily  subunits o f mouse N M D A receptor channels were 
expressed in S f2 l cells using bacu lov irus vector system.
B ind ing  o f rad io iod inated gpl2O or radio labe led ligands to 
recom binant NM D A receptor channel was measured using a 
f ilt ra tio n  method. To explore the p o ss ib ility  o f d irect 
in te rac tion  o f gpl2O w ith  N M D A receptor channel, we 
investigate here the effects o f gpl2O on rad io lig and  b ind ing  to 
the recom binant N M D A receptor channel expressed in S f2l 
cells. Gpl2O apparently in h ib ite d  the [3H]DCKA (g lyc ine  site 
antagonist ligand) b ind in g  in a c o n ce n tra tio n -d e p e n d e n t 
manner, suggesting that gpl2O may m im ic g lyc ine  at NM D A 
receptor channel. The a b ility  o f the cells to bind gpl2O is also 
being examined by the b ind ing  assay using [ 12i I ]g p l2 0  and the 
im m unocy tochem ica l analysis using an ti-gp l2O  antibody. 
There is a p oss ib ility  that HIV-1 gpl2O may in te rac t d irec tly  
w ith  the g lycine site o f N M D A receptor channel. Supported by a 
grant from the M in is try  o f Education, Science, Sports and 
Culture o f Japan.

231.7
A MONOCLONAL ANTIBODY WITH PROPERTIES OF AN NMDA 
RECEPTOR AGONIST. D. Moore-N¡chols1. G. Aistrup2. A. Aqbas1. H. 
W anα1. R. Pal1, D. Hui1. M. Bechtel1. K. Kumar1, and E. Michaelis^*. 1D℮pŧ. 
Pharmacol. & Toxicol. & Ctr. Neurobiol./lmmunol. Res., Univ, of Kansas, 
Lawrence, KS 66045; 2Dept. Pharmacol., Northwestern Univ., Chicago, IL 
60611

The high specificity of mAbs can be exploited to define sub-populations of 
receptors in membranes of neurons. NMDA receptors exist as complexes 
composed o f one or more splice variants of NR1 and four isoforms of NR2. 
Adding to the complexity of these receptors is the presence in neuronal 
membranes of a complex of four proteins that has ligand-binding and ion 
channel properties of NMDA receptors, but does not contain either NR1 or 
NR2. We developed mAbs against one of the subunits of this complex, the 
66-70 kDa Glu-binding protein (GBP). mAb 17G цC2 reacted specifically 
with GBP in and purified from synaptic membranes (but not NR1), and GBP 
expressed using the cloned cDNA. When membrane proteins of neurons in 
primary culture were labeled with [125l] and subsequently exposed to the 
mAb, the mAb immunoprecipitated a 66-70 kDa [1⅜l]protein, i.e. it 
recognized an extracellular domain o f the GBP. Immuno-histochemical 
studies confirmed this reactivity of the mAb against intact neurons. The 
epitope recognized by the mAb was localized to a region between aa 238 
and 424. W hen either partially or fully purified IgG of the mAb was applied to 
neurons it stimulated Ca2+ influx (single neuron imaging using Fura-2) and 
activated inward currents (whole cell patch clamp recordings). Both the Ca2+ 
influx and the currents activated by the IgG had slow kinetics, were 
reversible and sensitive to 2-AP5, MK-801, and 5,7-DCK. Physiological 
studies are now being pursued in cells expressing the NR1/NR2 plus or 
minus the GBP. [Supported by grants AAO4732; AA 11419, and AG12993]

231.9
N-Acetyl-Aspartyl-Glutamate (NAAG) PROTECTS AGAINST FOCAL 
CEREBRAL ISCHEMIA IN A RAT MODEL OF MCAO. ×-C.M. Lu * Z. ĩanя. W. 
Liu, O. Lin and B. S. Slusher. Guilford Pharmaceuticals Inc, Baltimore, MD, 21224.

It has been shown that inhibition o f the brain peptidase N-acetylated α-linked 
acidic dipeptidase (NAALADase; Carboxypeptidase G2) provides neuroprotection against 
ischemic injury both in vitro and in vivo. The neuroprotective mechanism o f 
NAALADase inhibition is not fu lly  understood. One hypothesis is that NAALADase 
inhibition causes a decrease in glutamate and an increase in N AAG . It is known that 
preventing excessive glutamate during stroke reduces ischemic injury. However, it is not 
clear i f  an increase in NA A G  during stroke is neuroprotective. We tested this hypothesis 
in an in vivo model o f focal cerebral ischemia. Male Sprague Dawley rats were 
anesthetized with halothane and received intracortical injections o f N A A G  15 min before 
being subjected to ischemic injury. A  total dose o f 1 µmol, 2 µmol, or 4 µmol o f N A A G  
was injected into the brain divided among 4 sites (Bregam: AP +1.0, M L  -4.0, DV  -6 and 
-3; AP -1.0, M L  -4.5, DV  -6 and -3). The control animal received equal volume of 
artificial CSF at the 4 sites. Immediately after the N A A G  treatment, the animals were 
subjected to 2 hr o f middle cerebral artery occlusion (M CAO) using the intraluminal 
filament method followed by 22 hr o f reperfusion. The brain infarction was evaluated by 
TTC staining and imaging analyses. We report that 1 µmol and 2 µmol o f N A A G  
significantly reduced the total infarct volume by 56% (p=0.0000002) and 41 % (p=0.018), 
respectively. The highest dose o f N A A G  (4 µmol) had no effect. These data indicate that 
NAAG  is neuroprotective against ischemic injury and that regulating N A A G  levels in the 
brain via NAALADase inhibition may provide a new therapeutic target for stroke.

231.6
ACTIVATION OF HIPPOCAMPAL AMPA RECEPTORS BY MOUSE AIDS 
(MAIDS) ANTIBODIES. N.B. Keele,*1 P.N.R. Usherwood.2 A.S. Basile3 and 
M.A. Roαawski1. 1 Neuronal Excitability Section, ERB, NINDS; *Dept. of Life 
Sci., Univ. Of Nottingham, UK; la bo ra to ry  of Neuroscience, NIDDK, NIH, 
Bethesda, MD 20892.

Mice inoculated with the leukemia retrovirus LP-BM5, a murine model of 
AIDS (MAIDS), manifest similar immunological, neurological and cognitive 
impairments seen in AIDS dementia complex (ADC) in humans. Using whole
cell voltage clamp recording of cultured rat hippocampal neurons, we tested 
the hypothesis that MAIDS antibodies evoke glutamate receptor-mediated 
currents in the brain.

IgG isolated from MAIDS brain [diluted to 3% (~IC5〇 for 3H-AMPA inhibition) 
in extracellular solution containing 50 µM d-APV, 1µм TTX and 1µм 
strychnine] evoked inward current of 527±115 pA (n=5). IgG extracted from 
control mouse serum induced no current (n=5). The MAIDS IgG-activated 
current (Ima¡ds) is inhibited to 67±6 % (n= 5) of control by CNQX (50 µM) and is 
inhibited by GYKI 52466 to 56±5 % (30 µм, n=6) and 24±Ю % of control (100 
µм, n=4). The reversal potential of Ima¡ds is 9±3 mV (n=8). Imaids is enhanced 
by 114+51% (n=8) of control by the presence of cyclothiazide (CTZ, 10-30 
µM). Absolute peak lmaıds amplitude increased with greater duration (8-16 d) 
in culture whereas AMPA-evoked currents remained unchanged, raising the 
possibility that the MAIDS antibody preferentially activates receptor subunit 
combinations that develop later in the cultures. In addition to direct actions, 
MAIDS caused an enhancement of AMPA-evoked currents, but only modest 
changes in the AMPA dose-response relationship.

Altogether, these data suggest that retrovirus-induced antibodies in the 
MAIDS model activate AMPA receptors and raise the possibility that 
neurological impairment in ADC could be due to antibody-induced 
excitotoxicity.

231.8
ANGIOTENSIN II RECEPTOR MEDIATED REGULATION OF NM DA 
INDUCED NEURONAL CELL DEATH. W.R, Schĉlma∩. P.D Ferguson. B.A. 
Orr, S. Koterski and J.A. Weyhenmever*. Department o f Cell and Structural 
Biology, University o f Illinois, Urbana, Illinois, 61801.

The N-methyl-D-aspartate (NM DA) receptor is considered to play an important 
role in synaptic plasticity, neuronal development and neurologic disease. In the 
present study, we examined the effect o f A T j and A T 2 receptor-induction on 
glutamate/NMDA cytotoxicity in NG108-15 cells. We also investigated whether 
Ang∏ modulates N M D A  toxicity by altering the NMDA-mediated down-regulation 
o f Bcl-2 expression in N1E-115 cells. We have previously demonstrated that 
NMDA-mediated nitric oxide and cGMP production is attenuated by agonist 
binding o f the A T2 receptor in PC12W and NGЮ8 cells (Schelman et. al„ 1997). 
Here, M TT  analysis revealed a dose-dependent decrease in cell v iability  with the 
addition o f NM D A  (maximum effect at 10 mM) in differentiated NGЮ8 cells. The 
excitotoxic effect o f NM D A  was attenuated by co-treatment with 100 nM AngH in 
these cells. Interestingly, the neuroprotective effect o f AngИ was attenuated by 
both PD123319 and losartan. Propidium iodide staining showed that Ang∏ also 
blocked the neuronal necrosis induced by NM DA in differentiated N1E cells, and 
that this action was mediated through both the AT, and AT, receptor subtypes. 
Since recent studies suggest that the neurotoxic effect o f N M D A  is elicited, in part, 
by down-regulating Bcl-2 levels, we examined whether Ang∏ modulates NM DA 
toxicity by altering the NMDA-mediated decrease in Bcl-2. Here, we demonstrate 
that Bcl-2 expression in differentiated N1E cells was decreased by treatment with 1 
mM NM DA. In addition, Ang∏ attenuated the down-regulation o f Bcl-2 observed 
during serum starvation. Whether Ang∏ inhibits the NMDA-induced decrease in 
Bcl-2 expression is currently being determined. (Supported by NSF IBN-9320158. 
W.R.S. is supported by A H A  SS-06/CS-02).

231.10
NAAG PROTECTS AGAINST METABOLIC INHIBITION AND NMD A 
TOXICΓΓY IN CORTICAL NEURONS. A. G. Thomas*. J. L. OłkowsИ 
and B. S. Slusher. Guilford Pharmaceuticals Inc., Baltimore, MD 21224.

We previously reported that inhibition o f the brain enzyme N-acetylated 
alpha-linked acidic dipeptidase (NAALADase; carboxypeptidase G2) robustly 
protects cortical neurons from ischemic injury (Neurosci. Abstr. 23, 898.9, 
1997). Since NAALADase hydrolyzes N-acetylaspaгtyl glutamate (NAAG) to 
glutamate we hypothesized that inhibiting NAALADase would both decrease 
glutamate and increase NAAG extгacellularly. Increasing NAAG is potentially 
important because NAAG is a mGluRЗ agonist and a NMDA partial 
antagonist To ascertain the role o f NAAG, we examined the neuroprotection 
afforded by NAAG fo∏owing metabolic injury and NMDA toxicity. Injury 
was simulated by exposing rat cortical cultures to IOmM 2¯deoxyglucose and 
5mM potassium cyanide for 20 min (metabolic inhibition) or to ЗOOµM 
NMDA for 5 min (NMDA toxicity) at 37°C in HEPES-buffeгed saline 
solution. In both experiments, 1.2mM phosphate was maintained in the media 
to inhibit NAALADase and tó keep NAAG intact. Cellular injury was 
quantified by measuring cytosolic lactate dehydrogenase (LDH). We report 
that NAAG is neuroprotective with a ‘ư* shaped dose response. Maximal 
protection was observed at ЮOµM (83.47 ±  9.85%, p < 0.0001). The 
neuroprotection afforded by ЮOµM NAAG was reversed by the non-selective 
mGluR antagonist, MCPG (ЮOµM). A similar neuroprotective ‘U ’ shaped 
dose response was obtained for NAAG against NMDA toxicity with maximal 
protection at ЮOµM (83.1 ±  9.6%, p < 0.00001). This protection was not 
reversible with MCPG. These data suggest that NAAG is neuroprotective both 
by NMDA antagonism and by mGluR agonism. The loss o f  neuroprotection 
at high NAAG doses may be due, in part, to its intrinsic toxicity at high doses 
because o f the partial agonism o f NAAG at the NMDA receptor site.
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231.11
NAALADase INHIBITIO N ATTENUATES THE DEVELOPMENT OF 
BEHAVIORAL SENSITIZATION TO COCAINE. T. S. SҺіdd℮пЬ℮п>*2. W. Rea\ 
B. S. Slusher1. Guilford Pharmaceuticals Inc, Baltimore, M D ‘;and Integrative 
Neuroscience Unit, National Institute on Drug Abuse Intramural Research Program2

Excitatory amino acids may be involved in mechanisms underlying stimulant 
sensitization. Recently several NMDA receptor antagonists (MK801, CPP, D-CPPene) 
have been shown to block behavioral sensitization to cocaine and amphetamine. 
Because of the pronounced side effects associated with NMDA receptor antagonism, 
however, their clinical utility may be limited. We report a novel mechanism for 
modulation of glutamate (GLU) neurotransmission via inhibition of the brain enzyme 
N-acetylated-alpha-linked-acidic dipetidase (NAALADase; carboxypeptidase G2). 
NAALADase hydrolyzes the abundant neuropeptide N-acetyl-aspartyl-glutamate 
(NAAG) to liberate free GLU. We hypothesized that inhibition of NAALADase could 
attenuate sensitization by preventing this source of GLU. This study evaluated the 
influence of the NAALADase inhibitor 2-(phosphonomethyl)pentanedioic acid (2- 
PMPA) upon the sensitization which develops to the psychomotor stimulant effects of 
cocaine. Male S/D rats received home cage injections of cocaine (20 mg/kg/day x 5 
days; ip) or saline (1.0 ml/kg). Fifteen min prior to injections, they received 2-PMPA. 
Cocaine (20 mg/kg)-induced locomotor activity was assessed 3 days later. Acute 
cocaine increased activity of cocaine exposure (e.g. sensitization). In animals which 
had received 2-PMPA with cocaine, the enhancement of activity was significantly 
reduced. 2-PMPA on it’s own did not alter basal locomotor activity or the response to 
saline. These data suggest that 2-PMPA attenuates the development of cocaine-induced 
sensitization. Given the postulated role of GLU in sensitization, it is suggested that 
NAALADase inhibitors may be novel therapeutic agents for preventing behavioral 
adaptations which occur as a consequence of repeated cocaine administration.

231.13
CHARACTERIZATION OF NAALADase AC TIVITY IN  THE 
PROSTATE. Tiffany. C.W Λ Meгion. A.. Lapidus. R.G. and Slusher. B.S. 
Guilford Pharmaceuticals Inc, Baltimore, MD 21224.

It was recently reported that the brain enzyme N-acetylated alpha-linked 
acidic dipeptidase (NAALADase) is highly homolgous to the prostate cancer 
marker Prostate Specific Membrane Antigen (PSM). NAALADase/PSM 
cleaves terminal carboxy glutamates from both the neuronal peptide, N-acetyl- 
aspartylglutamate (NAAG), and folate polyglutamate. We report 
characterization of NAALADase activity in the prostate using a radioenzymatic 
assay with [ЗH]NAAG as substrate. We examined the NAAG hydrolyzing 
activity in normal human and 6 animal prostate tissues and 14 available 
prostate cancer cell lines. A ll prostate tissues exhibited activity; however, 
among the cell lines, we observed activity only in LNCaP, PC-82 and rat 
Dunning G and AT-1 cells. Interestingly, the brain enzyme exhibited only 
membrane localized activity while the prostate enzyme had activity in both 
membrane and cytosolic fractions. Both forms of the prostate enzyme were 
comparable to brain NAALADase in their sensitivity to various ions, metal 
cofactors, chelators, reducing agents, peptides and known inhibitors 
(quisqualate and PMPA). Significant differences were observed only in 
sensitivities to folate polyglutamates where the prostate form of the enzyme 
was more sensitive (brain vs prostate: Ki = 884 vs 196 nM). Interestingly, we 
also found that the soluble form of the prostate enzyme has two catalytic sites 
while the membrane form exhibits single site kinetics (Km mem = 200 nM; Km 
sol = 200 and 1200 ∏M). The membrane sites exhibit different Vmax values 
(brain vs prostate, 9.6 vs 2.7 pmol/mg/min) suggesting a less active hydrolase 
in the prostate. The significance of the differences observed between the 
prostate and brain enzyme as well as the role o f PSM activity in the prostate 
remain to be elucidated.

231.15
NEUROPROTECTION AFFORDED BY NAALADase INHIBITIO N REQUIRES 
G L IA L  CELLS. J. L· Olkowski*. A. G. Thomas and B. S. Slusher. Guilford 
Pharmaceuticals Inc, Baltimore, MD 21224.

We previously reported that the NAALADase inhibitor, 2-(phosphono 
methyl)pentanedioic acid (2-PMPA), potently protects cortical neurons from ischemic 
injury (EC50of 6l7pM, Neurosci. Abstr. 23,898.9,1997). NAALADase, which cleaves 
N-acetyl-aspartyl-glutamate (NAAG) to glutamate, is expressed on both neurons and 
glial cells. In this report we examined the neuroprotection afforded by 2-PMPA against 
metabolic inhibition in the absence of glia. To decrease glia, rat cortical cells were 
treated with the mitotic inhibitor 5-fluoro-2-deoxyuridine (Fudr, 4OOmM) for four days. 
Injury was simulated on day 18-20 with lOmM 2-deoxyglucose and 5mM potassium 
cyanide for 20 min in phosphate-free HEPES-buffeгed saline solution. Cellular injury 
was quantified by measuring cytosolic lactate dehydrogenase (LDH). We report that the 
neuroprotection afforded by 2-PMPA, against metabolic inhibition in Fudr-freated 
cultures (ECjo of 7.O9mM), was significantly shifted compared to cultures not treated 
with Fudr (ECjo of 6l7pM). As described in the accompanying abstract (Thomas et al), 
NAAG (lOOmM) also provided robust neuroprotection in a neuгonal/glial co-culture 
system. We found that the NAAG-mediated neuroprotection was significantly reduced 
in Fudr treated cultures (83% protection reduced to 16%). Since mGluR receptors are 
present on glial cells, we next examined if  the neuroprotection afforded by either 2- 
PMPA or NAAG could be altered by the presence of the non-selective mGluR 
antagonist MCPG. In our neuгonal/glial co-cultures we found that MCPG (lOOmM) 
significantly reduced the protection provided by both 2-PMPA (ECJ0 of 617pM reduced 
to llOnM) and NAAG lOOmM (protection of 83% reduced to 0%). These data 
underscore the critical involvement of glia in 2-PMPA and NAAG mediated 
neuroprotection and suggest mGluR receptor involvement.

231.12
BINDING OF THE NAALADase INHIBITO R 2-PMPA TO BRAIN 
MEMBRANES EXHIBITS TWO-SITE KINETICS N.S. Cai*.J.L. Olkowski. P.F. 
Jackson and B.S. Slusher. Guilford Pharmaceuticals Inc., Baltimore, MD 21224 

N-acetylated-alpha-linked-acidic-dipeptidase (NAALADase, carboxypeptidase G2) 
is a brain enzyme which hydrolyzes the neuropeptide N-acetylaspartylglutamate 
(N A A G )  to g lu ta m a te  and N -a c e ty l a s p a rta te . 2 -P M P A  
(2-(phosphonomethyl)pentanedioic acid) is an inhibitor of NAALADase which is potent 
(Ki = 330 pM) and selective. At 10 µM, 2-PMPA exhibited no activity at over 100 
different receptors, transporters, ion channels, and enzymes including several 
glutamatergic sites such as N-methyl-D-aspartate (NMDA), α-amino-3-hydroxy-5- 
methyl-4-isoxazole propionic acid (AMPA), metabotropic glutamate receptors, and 
glutamate transporters. Because of its selectivity and potency, we radiolabelled 2-PMPA 
to use as a probe to explore 2-PMPA binding sites in the brain. We report the 
characterization of [¾]2-PMPA binding to rat brain. In brief, 10 nM [¾]2-PMPA was 
incubated with 300 µg rat brain synaptic membranes at room temperature for 30 min in 
50 mM Tris-Cl buffer(pH 7.4). Bound versus free was separated via centrifugation at 
10,000 x g for 3 minutes. Bound [¾]2-PMPA was then washed and counted via 
scintillation spectrometry. Binding was found to be saturable, displaceable, and protein 
concentration dependent. The binding of [¾]2-PMPA was also tissue specific in that 
binding could not be measured in tissues devoid of NAALADase activity (i.e. liver). 
Scatchard analysis revealed two binding sites - a high affinity site with a Kd of 2.45 nM 
and Bmax of 1.23 pmol/mg protein and a low affinity binding site with a Kd of 190 nM 
and Bmax of 4.5pmol/mg protein. The high affinity binding site exhibited the same 
pharmacological properties as NAALDase activity including chloride dependency, 
cobalt stimulation and inhibition by phosphate and quisqualate. The characteristics of 
the low affinity site are currently under investigation.

231.14
2-PMPA, AN INHIBITOR OF NAALADase, DECREASES 
HYPOXIC/HYPOGLYCEMIC INJURY IN RAT CEREBELLAR 
NEURONS. F. Tortella1*, Y. Lin1, H. Ved2, B. Slusher3 and J. D ave1. ’Div. 
Neurosci. &  2D іv . Biochem., Walter Reed Army Inst. Res., Washington, 
D.C. 20307 and 3Guilford Pharmaceut. Inc, Baltimore, MD. 21224.

N-acetyl-aspartyl-glutamate, a synaptic storage form o f  glutamate that is 
hydrolyzed via the enzyme NAALADase, has been identified as a possible 
upstream  neuronal target o f  hyperglutaminergic function. A  NAALADase 
inhibitor, 2-(phosphonomethyl)pentanedioic acid (2-PM PA), has been 
shown to reduce neuronal injury in experimental models o f  excitotoxicity. 
To further evaluate the neuroprotective properties o f  2-PM PA studies were 
conducted in cerebellar neuronal cultures exposed to 2 h o f  hypoxia and 
hypoglycemia (H/H). Neuroprotection was determined morphologically and 
biochemically 22 h later. Phosphate-free media was used throughout the 24 
h experiment since phosphate itself inhibits NAALADase. H/H produced 
50-60% neuronal death. 2-PM PA provided significant neuroprotection 
which was concentration dependent (EC30 ≈  8.4 µM) and 100% protective 
at 500 µM. Delaying treatment with 2-PM PA for 1-2 h post H/H was also 
neuroprotective. In contrast to H/H injury, 2-PM PA produced limited 
protection vs. glutamate (46%) or NM D A  (16%), and was ineffective vs. 
veratridine (Na+ channel activator), induced neuronal injury. The selectivity 
for 2-PMPA neuroprotection against H/H injury supports the hypothesis that 
upstream regulation o f  glutaminergic hyperactivity represents a viable 
therapeutic target for neuroprotection. COMMERCIAL FUNDING

231.16
THE EFFECT OF A NAALADase INHIBITO R IN  MODELS OF SEIZURE 
DISORDER T. L. Hartman1*. J .Estrada1. Y.Wu1. J.L. Meverhoff2. D.L. 
Youгick2.W.B. Rittase2 and B. S. Slusher1. Guilford Pharmaceuticals Inc, 
Baltimore, MD1; Walter Reed Army Institute of Research, Washington, DƠ

Excess glutamic acid (GLU) transmission has been implicated in seizure 
disorders. N-acetylaspartylglutamate (NAAG) is an abundant brain peptide which 
acts as an mGluRЗ agonist, an NMDA receptor antagonist and regulates the 
expression of the GABA(A) α6 receptor. NAAG is hydrolyzed by the brain 
enzyme N-acetylated-α-linked acidic dipeptidase (NAALADase) found on the cell 
surface of neurons and glia, liberating free glutamate. There is increasing evidence 
that NAAG and NAALADase play an important role in endogenous glutamate 
neurotransmission. In this report, we studied the ability of the potent NAALADase 
inhibitor, 2-(phosphonomethyl)pentanedioic acid (2-PMPA), to alter convulsions in 
five different animal models. First, we examined the ability of 2-PMPA to alter 
convulsions induced by NMDA (250mg/kg i.p.), PTZ (90mg/kg i.p. and s.c.), and 
bicuculine (25mg/kg s.c) in CD-1 mice. We report that pre-treatment with 2-PMPA 
administered either peripherally (10 and 100mg/kg i.p. administered 30 min pre) or 
centrally (2.5 and 10 µg intracortically administered 15 min pre) had no significant 
effect on the number or the duration of the convulsions induced by any of these 
agents. Next, we tested 2-PMPA, administered as above, in maximal electric shock 
(MES) in CD-I mice. It also showed no significant effect in this paradigm. And 
lastly, 2-PMPA (10 µg/day) delivered i.e.v. via subcutaneously implanted Alzet 
minipsmotic pumps had no effect on the number of stimulations required to develop 
stage 5 amygdaloid kindled seizures, compared to vehicle-treated animals. These 
data suggest that 2-PMPA at the doses tested in the models employed is not an 
effective anti-convulsant.
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231.17
RESISTANCE TO  KAINIC ACID -IND UC ED CELL DEATH AND 
REGULATION OF AM PA RECEPTOR GLUR2 GENE EXPRESSION IN 
W ILD-TYPE AND P53 KN OCKO UT MICE. S.Y. Grooms*. M.V.L. 
Bennett. R.S. Zukin. Dept. Neuroscience, A lbert Einstein College o f 
Medicine, Bronx, NY 10461.

Ka¡nic acid (KA)-induced status epilept¡cus causes delayed and cell 
specific neurodegeneration o f CAЗ hippocam pal neurons. The tum or 
suppressor gene, p53, is implicated in neuronal vulnerability to KA- 
induced cell death. Knockout mice lacking both p53 alleles are resistant 
to KA-induced damage, although it is not clear whether altered 
susceptibility is related to the p53 gene or to  other genetic variables 
carried by the C57BƯ6 parent strain. The present study was undertaken 
to examine KA vulnerability and regulation of AM PA receptor GłuR2 gene 
expression. Adult male 129/SvEMS; FVB/N; C57BƯ6; BALB/c; 
129/SvEMS x C57BƯ6; B 6 ,I2 9  and p53 knockout m ice were injected 
with KA (35 mg/kg, sc) or vehicle. KA-induced neuronal cell death was 
monitored by histological examination and GluR2 m RNA expression was 
monitored by in situ hybridization. Prelim inary experim ents indicate KA- 
mediated neurodegeneration is strain-selective and m ice that exhibit 
reduced vulnerability may display resistance to G luR2 downregulation. 
Supported by NS 31282 and NS 20752.

231.19
AURINTRICARBO XYLIC ACID BLOCKS GLUR2 m RNA DOWN- 
REGULATION AND PROTECTS AG AIN S T DELAYED DEGEN
ERATION OF HIPPOCAM PAL CA1 NEURONS AFTER G LOBAL 
ISCHEMIA IN GERBIL. E.M. Aronica ‘. J.A. Gorter. S Ύ . Grooms. J.A. 
Kessler. M.V.L. Bennett. R.S. Zukin and D.M. Rosenbaum . Depts. 
Neuroscience & Neurology, A. Einstein Coll. Med., Bronx, NY 10461.

Aurintricarboxylic acid (ATA), a nonspecific inhibitor o f endonuclease 
activity and other protein nucleic acid interactions, prevents the 
delayed, selective death of hippocam pal CA1 pyram idal neurons 
induced by transient forebrain (global) ischemia. G lobal ischemia in 
gerb¡ls leads to down regulation specifically in CA1 of m RNA encoding 
GluR2 (the subunit that limits Ca2+ permeability of AM PA receptors) and 
increased AM PA receptor-m ediated Ca2+ influx in CA1 pyram idal 
neurons prior to the onset o f neurodegeneration. These observations 
and the finding that AM PA receptor antagonists afford neuroprotection 
against ischemia-induced dam age suggest that form ation o f Ca2+- 
perm eable AM PA receptors causes ischem ia-induced cell death (see 
abstract by Oguro et al.). ATA (4µg in 1µl saline) injfected into the right 
cerebral ventricle 1 h before (but not 6 hrs after) b ilateral carotid 
occlusion in gerbils prevented ischemia-induced GluR2 down regulation 
and delayed neurodegeneration. Thus, ATA may protect CA1 neurons 
from ischemia-induced delayed cell death by blocking the early trans
criptional changes that lead to  down regulation o f G luR2 expression. 
Supported by NS2O778, NS20013, NS34758, NS07412, NS2O752, NS 
31282, EY11253, and by AHA, Aaron Diamond Foundation and HSFP.

231.18
KNOCK-DOWN OF AM PA RECEPTOR GLUR2 EXPRESSION LEADS 
TO HIPPOCAM PAL NEURONAL DEATH AND INCREASES DAMAGE 
BY SUBLETHAL ISCHEMIA. K. Oguro*, N.Oguro, T. Kojima, X. Zheng, 
S.Y. Grooms, M.V.L. Bennett and R.S. Zukin. Dept. Neuroscience, 
A lbert Einstein College of Medicine, Bronx, NY 10461.

Transient global ischemia leads to delayed, selective neuronal death 
in the hippocam pal CA1. Expression o f G luR2 (Ca2+ lim iting AM PA 
receptor subunit) mRNA and protein is m arkedly reduced in CA1 prior to 
onset o f cell death. To exam ine whether G luR2 down regulation is 
causally related to cell death, we administered phosphorothioated GluR2 
antisense oligodeoxy-nucleotides (AS-ODNs, ~22mers) to rats and 
gerbils by unilateral injection into the lateral ventricle (4X10 nmol at 12 h 
intervals). W estern blot analysis revealed m arked bilateral reduction in 
G luR2 protein in CA1 and CAЗ 24h after AS-ODN injection. Histological 
analysis revealed partial, bilateral neurodegeneration in CA1 and CAЗ 
7 d (but not 1 d) after ODN injection. A  second G luR2 AS-O DN 
(unrelated in sequence) also induced partial neuronal loss. Injection of 
the same amount o f vehicle or scrambled AS-O DN had no histologically 
detectable effect. Administration o f GluR2 AS-ODN, followed by brie f (2 
min), sublethal forebrain ischemia by bilateral carotid occlusion (which by 
itself does not cause neuronal death in gerbils), produced com plete loss 
of CA1 neurons. These findings support the G luR2 hypothesis of 
delayed neurodegeneration: that reduction in GluR2 expression leads to 
formation of Ca2+ permeable AM PA receptors and increased cytotoxicity 
o f endogenous glutamate. Supported by NS 31282.

231.20
G LOBAL ISCHEM IA DECREASES GLUR2 PROTEIN LEVEL IN THE 
HIPPOCAMPAL CA1 PRIOR TO CELL DEATH. T. Opitz*. S.Y. Grooms 
R.S. Zukin and M.V.L. B em ett. A. Einstein Col. Med., Bronx, NY 10461.

Transient forebrain (global) ischemia induces highly selective, delayed 
neuronal cell death. A  particularly vulnerable region is the hippocam pal 
CA1. G lobal ischemia leads to down regulation o f m RNA encoding 
GluR2 (the subunit of AM PA receptors that lim its the ir Car* permeability) 
and increased AM PA receptor-m ediated C ď * influx specifically in CA1 
pyramidal neurons prior to the onset of neurodegeneration. An importart 
unresolved question is whether G luR2 protein is down regulated in 
vulnerable neurons with appropriate tim ing and localization. Global 
ischemia was induced in gerbils by the 2-vessel occlusion method. 
Neuronal cell loss was monitored histologically, and glutam ate receptor 
subunit expression was monitored by W estern blot analysis w ith subunit 
specific antibodies. GluR2 protein level was reduced in CA1 by -6 0 %  at 
72 h following global ischemia, while GluR1 protein level was reduced by 
-2 0 % . Thus, the GluR2/GluR1 ratio, which may predict Câ* perm ea
bility of AM PA receptors, was decreased after ischemia. GluR1 levels 
were the sam e whether measured with N-term inal or C-termina! 
antibodies; thus, C-teгmìnal cleavage did not contribute to the reduced 
protein level. These findings provide fu rther support fo r the G luR2 
hypothesis o f delayed neurodegeneration in CA1 a fter global ischemia, 
i.e., down regulation o f GluR2 leads to increased form ation o f Ca2+ 
permeable AM PA receptors and increased pathogenicity of endogenous 
glutamate. Supported by NIH grants NS 20752 and NS 31282.
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232.1 232.2
IN VITRO CHARACTERIZATION OF LY379268: A H IG H LY POTENT AND 
SELECTIVE AGONIST FOR GROUP I I  METABOTROPIC GLUTAMATE 
RECEPTORS J. A. Monn.* M. J. Valli. S. L. Andis. R. A. Wright. B. G. Johnson. 
R. Tomlinson/ A. E. Kingston* and D. D. Schoepp L illy  Research Laboratories, Eli 
L illy  and Company, Indianapolis, IN, 46285, USA and "Lilly Research Cenưe, 
LTD., Windelsham, Surrey GƯ2O 6PH, U.K.
Metabotropic glutamate (mGlu) receptors are a heterogenous family of G-protein 
associated receptors that are coupled to multiple second messenger systems in the 
CNS. We have previously described LY35474O monohydrate as a nanomolar 
potency, highly selective agonist for the group II (mGlu2 and mGlu3) subfamily of 
these receptors. Herein we report that a heterobicyclic amino acid related to this 
molecule, LY379268 [1/?,4Я,5S,6/ř-2-oxa-4-aminobicyclo[3.1,0]hexane-4,6-
dicarboxylate], is a highly selective group II mGlu receptor agonist that possesses 
even greater affinity for and agonist potency at these receptor proteins in vitro.

LY379268 was found to displace high affinity radioligand (⅜LY34I495) binding to 
recombinant mGlu2 (K¡ = 16.1 ± 1.6 nM), mGlu3 (Kį = 5.60 ± 0.68 nM) and, to a 
lesser extent, mGlug (K¡ = 5,872 ± 675 nM) receptors. Likewise, LY379268 
demonstrated potent activity as an agonist for suppression of forskolin-stimulated c- 
AMP accumulation in RGT cells expressing mGlu2 (EC5〇 = 0.32 ± 0.18 nM), mGlu3 
(EC5〇 = 0.15 ± 0.02 nM) and mGlu8 (ECs〇 = 1,690 ± 130 nM) receptors. In confiast, 
at concennations up to î 0,000 nM, LY379268 did not produce either agonist or 
antagonist effects in cells expressing recombinant mGlu]a, mGlu5a, mGlu4 or mGlu7 
receptors, and displayed no measurable ionotropic glutamate receptor affinity up to 
10,000 nM. Thus, LY379268 may be a useful pharmacological tool for delineating 
the functional consequences of group II mGlu receptor activation in vitro and in vivo.

Neυroprotective Effects of LY379268 Against NMDA and non-NMDA Receptor 
Induced Excitotoxicity in Rat Cortical Neuronal Cultures. AE Kingston.
E. Me Manus, ÏA Pullar*. JA Monn‘ and DP Schoepp'. Eli L illy and Co., Erl Wood 
Manor, Windlesham, Surrey GU2O 6PH, UK. 'L illy Research Laboratories, Eli L illy 
and Co., IN 462285 USA.

The potential neuroprolective consequences of group II metabotropic receptor 
(mGIuR) activation have been described previously in a number of in vitro and in 
vivo experimental systems. In this study, the neuroprotective action of a sub
nanomolar potent and selective agonist of mGluR2 (EC^ = 0.32 ± 0.18nM) and 
mGluRЗ (EC^= 0.15 ± O.O2nM) has been investigated in rat cortical neuronal cell 
cultures. Release of lactate dehydrogenase activity in culture supernatants and 
oligonucleosome formation were measured after treatment with either a brief or 
prolonged exposure to NMDA as well as neuronal degeneration induced by kainate. 
Results show that LY379268 protected rat cortical cells from both NMDA and 
kainate excitotoxicity. The EC^ values obtained for LY379268 measuring reduction 
of NMDA - induced LDH release ranged from 1.1 uM to 5.0 uM. The activity of the 
compound in preventing LDH release was enhanced by ten fold in cultures 
containing neuronal cells co-cultured on a monolayer of glial cells compared to 
neuronal - enriched cultures. Comlpared to LDH assay results, the compound showed 
at least 100 times greater potency in reducing oligonucleosome formation- a 
parameter representative of apoptosis - with >80% protection apparent at a 
concentration of ЗOnM. ₣otein synthesis inhibitor cycloheximide, was found to 
reduce the neuroprotective actions of LY379268 measured by both LDH and 
oligonucleosome assays.These results suggest that the mechanism(s) whereby 
group II mGIuR activation confers neuroprotection against necrotic and apoptotic 
pathways of cell death may not be equivalent although in both cases, agonist effects 
are dependent on new protein synthesis. Further, glial cells may also conưibute to the 
neuroprotective effects of group 2 mGIuR agonists.
Work supported by Eli Lilly & Co.
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232.3
LY379268 IS AN O RALLY AC TIVE M ETABOTROPIC G LUTAMATE 
RECEPTOR AGONIST: ELECTROPHYSIOLOGICAL STUDIES IN VIVO.
David Lodge*. James A. Monn. Gary M. Whiffin and Ann Bond L illy  Research 
Laboratories, L illy  Research Centre, Erl Wood Manor, Windlesham, Surrey, GU2O 
6PH and L illy  Corporate Cenưe„ Indianapolis, IN 46285.

We have recently reported that the selective group II mGIuR agonist, LY35474O 
potentiates responses of spinal neurones to ionoưopic glutamate receptor agonists, 
AMPA and NMDA (Bond et a l„ 1997 NeuroReport ĮĮ, 1463-6), an effect which is 
blocked by the selective group II mGIuR antagonist, LY341495. Using similar 
protocols, we now report a study of the effect of LY379268, a more potent group II 
mGIuR agonist. In pentobarbitone-anaesthetised rats, LY379268 (25mM in l75mM 
NaCl), ejected electrophoгetically (2-1 On A) enhanced the responses of single spinal 
neurones to AMPA and NMDA by 108 + 19 and 52 ± 7 % respectively (n=6 ). Onset 
and recovery of responses to LY379268 were rapid. LY379269 was also active when 
administered systemically both by the i.v. and the oral routes. Thus, in 4 rats, 1 
mg/kg i.v. resulted in 62 ±  6 % and 54 ±  11% potentiations of the responses to 
AMPA and NMDA respectively. The magnitude of these changes are similar to 
those observed with LY35474O at 2.5 mg/kg i.v. (n=5). In two animals, oral 
administration of LY379268 resulted in enhancement of AMPA responses by 48% 
and 56%. In a separate study, micromolar brain levels of LY379268 were achieved 
following systemic adminisưation. Using AMPA and NMDA responses as a 
measure of mGIuR activation (Bond and Lodge, 1995, Neuropharmacology Ҙ4, 1015- 
23), these results demonsưate that LY379268 is a potent and CNS bioavailable 
compound.

232.5
KAINATE NEUROTOXICITY IN FISCHER 344 RATS IS INHIBITED 
BY THE MGLUR2/3 AGONIST LY379268. W .H. Jordan'*. J.A. 
Monn2. D.D. Schoepp2. K .I. G riffev '. J.A. Johnson1. K.A . W ightman1 
and J.P. Tizzano'. 'L illy Research Laboratories, Greenfield, IN 46140 and 
2L illy  Research Laboratories, Indianapolis, IN 46285.

Metabotropic glutamate receptors are a heterogeneous family of G-protein 
associated receptors that are coupled to multiple second messenger systems in 
the CNS. In the present study, the protective activity of LY379268, a sub
nanomolar potency mGluR2/3 agonist against the behavioral and 
neuropathological effects of kainic acid (KA) neurotoxicity was studied in 
male Fischer 344 rats.

Subcutaneous administration of KA (12 mg/kg) to adult rats produces 
limbic seizure activity and associated neuronal necrosis. Intraperitoneal 
administration of LY379268 at 3, 10 or 30 mg/kg one hour prior to KA (12 
mg/kg, s.c.) administration delayed the onset and decreased both the 
frequency and severity of KA-induced limbic seizures, all in a dose dependent 
fashion. At 48 hours after KA injection, the neuroprotective effects of 
LY379268 were further demonstrated by a dose responsive decrease in the 
severity of KA-induced neuronal necrosis in the hippocampus, entorhinal 
cortex, and other portions of the brain. Thus, LY379268 represents a novel 
receptor-selective and systemically-active mGluR2/3 agonist for exploring 
neuroprotection via KA-induced neurotoxicity.

232.7
EFFECTS OF THE SELECTIVE GROUP I I  mGIuR AGONIST, LY379268, 
ON CARRAGEENAN-INDUCED HYPERALGESIA. E.F. Shaгne1. A.E. 
Kingston2. D. Lodge2. J. Monn3 & P.M. Headley1 (Spon: British Neuroscience 
Association) 1 Dept. Physiology, University of Bristol, 2 L illy  Research Centre 
Ltd.,Windlesham, Surrey, U.K. & 3 L illy  Research laboratories, Indianapolis,
U.S.A.

Metabotropic glutamate receptors have been implicated in nociception. The aim 
of the present study was to assess whether pre- or post- ưeatment with LY379268, a 
novel selective agonist of mGluR2 and R3, could block or reverse the development 
of the thermal hyperalgesia that accompanies inflammation. Pre-treatment group: 
Hind paw withdrawal latencies (PWL) of male Sprague-Dawley rats (250-350 g) to 
radiant heat were measured immediately before and 1 hour after drug (3 mg/kg) or 
vehicle (2 ml/kg saline) i.p., after which carrageenan (2 mg) was injected into the 
plantar surface of one hind paw and PWL measured in both paws at hourly 
intervals for 4 h. Post-treatment group: PWL were measured before and 3 h post
carrageenan. These rats were then given drug (3 mg/kg) or vehicle i.p. and PWL 
recorded for a further 3 h. In a third group of rats (175-250 g) without 
inflammation, rota-rod motor activity was not significantly impaired over a 3 h 
period by 3 mg/kg drug i.p. (n=7). In pre-dosing experiments, baseline mean PWL 
were 7.3 ±0.3 s (vehicle group) and 8.3 ±  0.8 s (drug group). LY379268 or vehicle 
did not affect PWL after 1 h. 3 h post-carrageenan, hyperalgesia was indicated by a 
reduction in PWL to 3.3 ± 0.57 s in the vehicle group (n=6 ). In animals pre-dosed 
with LY379268 (n=6 ) hyperalgesia developed in the inflamed paw (PWL 6.1 ± 
0.93 s) compared to the non-inílamed paw (PWL 9.9 ±  0.4 s); but, this hyperalgesia 
was significantly less than that observed in the vehicle conưol animals. Established 
hyperalgesia 3 h after carrageenan was not significantly reversed by post-ưeatment 
with LY379268 (3 mg/kg). This novel group II mGIuR agonist therefore reduces 
the development of hyperalgesia but is less effective when hyperalgesia has become 
established. (Supported by M.R.C.)

232.4
EFFECTS OF THE SELECTIVE GROUP I I  METABOTROPIC 
G LUTAM ATE RECEPTOR AGONIST LY379268 ON ENERGY 
M ETABOLISM  IN THE RAT BRAIN. A. G. M. Lam1. D. Lodge2. J. A. 
Monn2. D. D. Schoepp2 and J. McCulloch1*. ’Wellcome Surgical Institute & 
Hugh Fraser Laboratories, University of Glasgow. G6 l  1QH. UK; 2U lly  Research 
Laboratories, Eli L illy  &  Company, Indianapolis. USA.

LY379268 is a sub-nanomolar potent, subtype selective agonist for group II 
metabotropic glutamate receptors. It is effective systemically, and the aim of this 
study was to investigate the effects of LY379268 cenưally following i.v. 
adminisưation using the [14C]2-deoxyglucose (14C-2DG) autoradiographic 
technique. LY379268 was administered i.v. in doses of 0.1, 1.0 and 10 mg/kg, 10 
minutes prior to the i.v. injection of 50 µCi 14C-2DG, whilst conưol animals 
received 0.9% saline (n = 20). Arterial samples were collected at fixed time points 
over the following 45 minutes. Local rates of glucose utilisation were assessed in 
42 brain regions quantitatively using a computer based densitometer (MCID).

Following the adminisưation of LY379268, dose-dependent changes were 
observed in 20% of the brain regions analysed. Glucose metabolism was 
substantially elevated in a number of areas including selective auditory regions, 
the superficial grey layer of the superior colliculus and the molecular layer of the 
hippocampus. Marked reductions in function related glucose use were displayed 
in the mammillary body, lateral habenulae and the anterior thalamic nucleus. The 
brain regions affected in this study complement the changes in glucose 
metabolism demonsưated following the adminisưation of a sister analogue, 
LY35474O [1]. However, the overall profile of these two agonists in the brain 
appear to differ. These changes in glucose use suggest the important functional 
involvement of the limbic system and the auditory system in response to the 
activation of mGluR2/3 with LY379268.
[1] Lam, A. G. M et aĩ. (1997) Soc. Neurosci. Abs„ 23, 790.2 
(Supported by a MRC-CASE award)

232.6
NEUROPROTECTIVE EFFECTS OF A NOVEL SYSTEMICALLY ACTIVE 
mGIu2/3 RECEPTOR AGONIST LY379268 IN GLOBAL CEREBRAL 
ISCHAEMIA. M. J. O’ Ne ill1* . A. Bond1 J.A. Monn2. C. A. Hicks1. M, A. Ward1 

and D. Lodged  Eli L illy  &  Co., ⅛ illy  Research Centre Ltd., Erl Wood Manor, 
Windlesham, Surrey GU2O 6PH, United Kingdom and ⅜ illy  Corporate Centre, 
Indianapolis, IN 46285-0814, U.S.A.
Recent studies have demonsưated that agonists of metaboưopic group II (mGluR2 

and mGluRЗ) receptors are neuroprotective in vitro. We have recently reported that 
LY 354740 provides some neuroprotection against ischaemia-induced hippocampal 
damage. In the present studies we report that a heterobicyclic amino acid related to 
this molecule, LY 379268, is a potent mGIuR group II agonist with robust 
neuroprotective effects in global cerebral ischaemia.

Ischaemia was induced by occlusion of the common carotid arteries under 
halothane anaesthesia. In sham operated animals the arteries were freed from 
surrounding connective tissue, but not occluded. LY 379268 was administered at 10 
mg/kg i.p. at either 30, 60 or 120 min after occlusion. For histological evaluation the 
animals were perfused transcardially with formalin, the brains removed, embedded 
in paraffin wax and 5 µm coronal sections were cut and stained with haematoxylin 
and eosin. The viable cells in the CA1 region of the hippocampus were counted 
using a microscope with a graticule and expressed as the number of viable cells/mm 
CA1 hippocampus.
There was severe damage (95%) in the CA1 region of 5 min occluded controls. 

Treatment with LY379268 provided good neuroprotection when administered at 30 
min (88%), 60 min (39%) and 120 min (30%) post-occlusion.

In conclusion these results indicate that the mGluR2/3 agonists provide 
neuroprotection against ischaemic brain damage in the gerbil model of cerebral 
ischaemia. The good side effect profile, systemic activity and a good time window 
suggest that LY379268 may a therapeutic agent for the treatment of 
neurodegenerative diseases.

232.8
LY379268, A NOVEL mGLU2/3 RECEPTOR AGONIST, MEDIATES 
NOCICEPTIVE RESPONSES IN  VIVO IN RATS. R.M.A. Simmons. J. A. 
M<лш. P .,L. Li, D. D, Schoepp., ,J.·P. Tizzano, and S. Iyengar.* L illy  Research 
Laboratories, L illy  Corporate Center, Eli L illy  and Company, Indianapolis, IN 
46285, USA.

Glutamate functions as a major excitatory neuroưansmitter in the nervous system 
and mediates neuronal effects through ligand gated ion-channels (ionoưopic 
receptors) as well as G-protein coupled metaboưopic receptors. Glutamate and its 
receptors in the spinal cord appear to play a key role in the processing of 
nociceptive information in the cenưal nervous system. Much evidence indicates 
that persistent hyperexcitability of glutamatergic neurons in the spinal cord 
contributes to clinical pain. Ionoưopic receptors have been shown to mediate this 
hyperexcitability. However, less is currently known about the role of metaboưopic 
glutamate receptors in the modulation of spinal excitability. LY379268, a novel 
mGlu2/3 selective receptor agonist, was examined for its actions on persistent 
nociceptive stimulation, using the formalin test in the rat. In this test, sub-cutaneous 
formalin elicits a biphasic paw-licking behavior. The early phase of formalin- 
induced paw-licking behavior is suggested to measure acute nociceptive processing 
while the late phase appears to be a measure of persistent pain behavior. When 
administered inưaperitoneally, LY379268 blocked both the early and late phases of 
formalin-induced paw-licking behavior in the absence of overt neuromuscular 
deficits (as measured by the rotorod test). This effect was dose-dependent. 
LY379267, the opposite enantiomer of LY379268, had no effects. LY379268 was 
also tested in the hot plate test for analgesia. LY379268 significantly increased the 
response latency time (in seconds) in this acute pain test. Thus, the data suggest 
that mGlu2/3 receptors modulate the excitability of spinal glutamate neurons. 
Furthermore, the analgesic activity of LY379268 observed in both acute and 
persistent pain behavior tests suggests that this class of glutamate receptor agonists 
may be therapeutically useful for the ưeatment of clinical pain.
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232.9
ANTAGONISTIC EFFECTS OF ß-NAAG ON mGiuRЗ RECEPTOR.
B. Wroblewska*1, J. H. Neale1. T. Bzdega', P. M. Lea IV 2, J. M. Sarvev\ 
'Dept. Biology, Georgetown University, Washington DC 20057 and 2Dept. 
Physiology and 3Dept. Pharmacology, Uniformed Services University, 
BethesdaMD 20814.
We have shown that in cultured cerebellar granule cells and astrocytes 
NAAG selectively activates mGiuRЗ. We also cloned and expressed a 
NAAG peptidase gene from a rat hippocampal library. The activity i f  this 
enzyme is blocked by the structural analog o f the peptide ß-NAAG. Based 
on these data, we tested the speculation that ß-NAAG may also interact 
with mGiuRЗ. In cerebellar granule cells, cAMP levels stimulated by 
forskolin are inhibited by mGluR agonists: NAAG, DCG-IV, glutamate, 
and irons-ACPD. ß-NAAG (30 and 100 µM ) significantly reduced the 
effects o f these mGluR agonists. ß-NAAG failed to affect the activity o f L- 
AP4 on group III mGluRs in cerebellar granule cells. ß-NAAG further 
failed to antagonize the activation o f mGluR 1 and mGluR5 in CHO cells as 
determined by measurements o f PI turnover. We confirmed the selectivity 
o f ß-NAAG as an antagonist o f mGiuRЗ in a BHK cell line stably 
transfected with mGiuRЗ cDNA. ß-NAAG did not antagonize the effect o f 
DCG-IV in transfected CHO cells expressing mGluR2. We conclude that ß- 
NAAG is a selective mGiuRЗ antagonist. These data are consistent with the 
observation that 200 µM NAAG  blocks induction o f LTP in the medial 
perforant path to the hippocampal dentate gyrus, while 100 µM ß-NAAG 
blocks the effect o f NAAG  on LTP (Lea et al., SN 98).
Supported by NIH grants NS28130

232.11
STIMULATION OF GROUP II AND III mGluRs INHIBIT DOPAMINE 
RELEASE IN NUCLEUS ACCUMBENS OF RAT. G. Hu1. P. Duffy1. R.E. 
See2* and P- W. Kalivas1. 1Dept. of VCAPP, 2Dept. of Psychology, Wash. 
State Univ., Pullman, WA 99164

In vivo microdialysis in conscious rats was used to evaluate the regulation 
of dopamine release in nucleus accumbens by metabotropic glutamate 
receptors (mGluRs). Local perfusion of specific Group I, II and III mGluR 
agonists via a microdialysis probe produced different effects on dopamine 
release. Application of 3 to 300 µM of Group I mGluR agonist (S)-3,5- 
dihydroxyphenylglycine (DHPG) failed to affect dopamine release. However, 
both Group II and Group III mGluR agonists inhibited dopamine release in 
nucleus accumbens in a dose-dependent manner. The Group II mGluR 
agonist DCG-IV (0.01-1.0 µM) dose-dependently decreased dopamine 
release by a maximum of 35%. Similarly, 5 µM Group III mGluR agonist L- 
AP4 had no significant effect on extracellular dopamine levels, whereas L- 
AP4 (50 to 500 µM) could produce a dose-dependent decrease on dopamine 
release by a maximum of 50%. The preliminary data indicate that Group II 
and III mGluRs but Group I mGluRs may be involved in the presynaptic 
inhibitory regulation of dopamine release in rat nucleus accumbens. This 
work was supported by USPHS grants' DA03906, MH40817 and DAƠ0158 to
P.W. K.

232.13
DOPAMINE IS NECESSARY FOR NUCLEUS ACCUMBENS  
(lS,ЗR)-ACPD-INDUCED LOCOMOTION. A. Queen*, D. Meeker, 
J.-H. Kim, and P. Vezina. Dept, o f  Psychiatry, The University o f  
Chicago, Chicago, IL 60637.

The contribution o f  dopamine (DA) to the locomotion elicited 
by activation o f  nucleus accumbens (NAcc) metabotropic glutamate 
receptors (mGluR) was investigated in the rat. In a first experiment, 
rats received bilateral intra-accumbens microinjections o f  either saline, 
the selective mGluR agonist (lS,ЗR )-A CPD  (0.5 nmol/side), or a 
combination o f  (1S,ЗR)-ACPD and the DA receptor antagonist, 
fluphenazine (2.0 and 9.8 nmol/side). Glutamate receptor activation 
by (1S,ЗR)-ACPD enhanced locomotion and this effect was 
completely blocked by both doses o f  fluphenazine. In a second 
experiment, rats were pretreated with bilateral intra-accumbens 
microinjections o f  either 6-OHDA or its vehicle and, ten days later, 
were tested for locomotion following microinjections (into the same 
site) o f  saline, (1Ş,ЗR)-ACPD (0.5 nmol/side) or amphetamine (6.8 
nmol/side). Rats pretreated with 6-OHDA exhibited significant NAcc 
DA depletion (60-99% o f  controls) as well as significantly decreased 
locomotor responding to both (1S,ЗR)-ACPD and amphetamine when 
compared to non-lesioned controls. These findings suggest that 
enhanced locomotion produced by NAcc mGluR activation is 
dependent on intact DA neurotransmission in this site. Supported by 
USPHS grant # D A-9860 to P.V.

232.10
INTRA-ACCUMBENS ADMINISTRATION OF GROUP 1 AND GROUP 2 
SELECTIVE mGluR AGONISTS DISRUPT PREPULSE INHIBITION OF 
ACOUSTIC STARTLE IN SPRAGUE-DAWLEY RATS. S.M. Grauer* and K.L. 
Marquis. Wyeth-Ayerst Research, CN 8000, Princeton, NJ 08543 

Previous work in our laboratory demonstrated a role for nucleus accumbens 
(NAC) Group 1 and Group 2 metabotropic glutamate receptors (mGluRs) in the 
modulation of sensory gating in the rat. Using prepulse inhibition (PPI), in which 
acoustic startle amplitude is reduced by presentation of a weaker stimulus prior to 
the startle stimulus, it was shown that selective agonists (R,S)-3,5 DFIPG (Group 1), 
1S,ЗR-ACPD (Group 1 and Group 2) and L-CCG-1 (Group 2) disrupt PPI while L- 
AP4 (Group 3 selective) did not. These observations were extended in the current 
studies. We report that the loss of PPI induced by (R,S)-3,5-DHPG is dose 
dependent over a range from 0.5 to 0.75 µmole (injected in 2 µl bilaterally). While 
the intra-NAC administration of the selective Group 1 mGluR antagonist R,S-AIDA 
(75 nmole/2 µmole bilaterally) had no effect on PPI by itself, coadministration of 
AIDA with DHPG (0.75 µmole/2 µl bilaterally) completely blocks a DHPG-induced 
disruption of PPI. Additionally, pretreatment with the D, antagonist haloperidol 
(0.3 mg/kg i.p.) significantly reduces the disruption of PPI caused by DHPG, 
suggesting that a dopaminergic component may be contributing to the effect of 
accumbens Group 1 mGluR stimulation on sensory gating. Recent reports suggest 
that L-CCG-1 is an equipment agonist at mGluR2 and mGluR8 and has weak agonist 
effects at Group ! mGluRs, while the potent Group 2 agonist LY-354740 is 
selective. Intra-NAC administration of LY-354740 produced highly significant 
disruptions of PPI at 100 and 10 nmole doses, adding further support for a role of 
accumbens Group 2 mGluRs in modulating sensory gating. Studies are ongoing to 
further characterize this compound’s involvement in this phenomenon.

232.12
ACTIVATION OF GROUP II METABOTROPIC GLUTAMATE 
RECEPTORS IS NECESSARY FOR THE GENERATION OF 
LOCOMOTION BY AMPHETAMINE IN THE RAT NUCLEUS 
ACCUMBENS. LгH, Kim*, J ,Ą, Bedeг .and , P·-Ys⅞шa, Department of 
Psychiatry, The University of Chicago, Chicago, IL 60637.

We previously reported that metabotropic glutamate receptors (mGluRs) 
in the rat nucleus accumbens (NAcc) contribute to amphetamine (AMPH)- 
induced locomotion (Kim and Vezina, 1998, JPET 284: 317-322). In the 
present study, we examined the contribution of group I and group II mGluRs 
to this effect. Following a 1 hr habituation period to locomotor activity 
chambers, rats in different groups received microinjections into the NAcc via 
chronically implanted bilateral guide cannulae of either saline, the group I 
specific mGluR antagonist, (RS)-l-aminoindan-l,5-dicarboxylic acid (AIDA), 
or the group II specific mGluR antagonist, (2S)-α-ethylglutamic acid (EGLU), 
either alone or with AMPH. Rats’ locomotor activity was subsequently 
measured for 2 hrs. None of the doses of AIDA (0.5 or 5 nmole/side) and 
EGLU (0.5 or 5 nmole/side) tested, when injected alone, produced effects on 
locomotion that differed significantly from those produced by saline. 
However, when co-injected with AMPH (6.8 nmole [2.5 µgj/side), the higher 
dose of EGLU (5 nmole/side) completely blocked AMPH-induced 
locomotion, whereas the same dose of AIDA (5 nmole/side) did not. In both 
cases, the lower dose (0.5 nmole/side) tested did not produce significant 
effects on AMPH-induced locomotion. These results suggest that group II, 
but not group I, mGluRs contribute importantly to NAcc AMPH-induced 
locomotion. Supported by USPHS grant #DA-9860 to P.V.

232.14
BEHAVIORAL CHARACTERIZATION OF METABOTROPIC GLUTAMATE RECEPTOR 
AGONISTS IN THE RAT NUCLEUS ACCUMBENS. C. J. Swanson17 K. Bell2, and P. W. 
Kalivas2. 'Graduate Program in Pharmacology and Toxicology, Washington State 
University.; department of Veterinary and Comparative Anatomy, Pharmacology and 
Physiology, Washington State University.; Pullman, WA 99164-6520 

Metabotropic glutamate receptors are a diverse group of G-protein linked receptors that 
are implicated in development, learning and synaptic plasticity. Group I metabotropic 
glutamate receptors are positively coupled to phospholipase C while groups II and III are 
both negatively linked to adenylate cyclase. The present study investigates the ability of 
these pharmacologically distinct groups to produce behavioral activation via local 
microinfusion into the rat nucleus accumbens. The group I specific agonist (RS)-3,5- 
Dihydroxyphenylglycine (DHPG; 0, 1, 3 nmol/O.5µl/side) elicited a marked increase in 
locomotor activity with the highest dose tested, whereas the more specific agonist ((RS)- 
2-Chloro-5-hydroxyphenylglycine) (CHPG; 0, 0.1, 1.0, 10 nmol/0.5µl/side) directed 
only at mGluR5 produced no significant effects at any dose. The group II specific agonist 
((2S,l’R,2’R,3’R)-2-(2’3’-Dicarboxycyclopropyl)-glycine) (DCGIV; 0, 0.001, 0.01, 0.1 
nmol/O.5µl/side) and the group III specific agonist (L(+)-2-Amίno-4-phosphonobutyric 
acid) (L-AP4; 0, 0.1, 1.0, 10 nmol/µl/side) produced no significant motor activation. 
These results support evidence indicating that group I metabotropic receptors are 
primarily located postsynaptically while group II and III receptor subtypes are located on 
the presynaptic terminal. Additional studies are currently underway to determine the 
involvement of dopamine in the group I locomotor activation response. In a separate set 
of experiments, animals were sensitized to cocaine implementing a 7 day regimen of i.p. 
cocaine or saline injections. Following a 3 week withdrawal period, animals were then 
administered bilateral microinfusions of DHPG (0, 1, Зnmol/0.5µl/side) into the nucleus 
accumbens and locomotor activity was monitored. Cocaine-sensitized animals showed a 
significant decrease in locomotor activity compared to saline treated controls at 3 nmol 
DHPG. This data suggests that group I receptor subtypes may be down-regulated in 
cocaine-sensitized animals. Western blot analyses are presently being conducted to test 
this hypothesis. This work supported by NIH training grant 5T32-AA07557-05 and 
DA-00158 (PWK).
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232.15
GROUP II AND III METABOTROPIC GLUTAMATE RECEPTOR AGONISTS 
DEPRESS THE EXCITATORY POSTSYNAPTIC POTENTIALS IN THE RAT 
SPINAL CORD DORSAL HORN. G. Gerber*. J. Zhong and M. Randić 
Dept, of Biomedical Sciences, Iowa State University, Ames, IA 5001 1

Although the presence of group II and III metabotropic glutamate receptor (mGluR) 
subtypes in the rat spinal cord dorsal horn (DH) has been shown, little is known about 
their involvement in the synaptic transmission in the DH. Therefore we have 
investigated the actions of the group II selective agonist (2S,l’R,2’R,3’R)-2-(2’ ,3’- 
đicarboxycyclopгopyl)-glycine (DCG-IV) and group III agonist L-2-amino-4- 
phosophonobutyric acid (L-AP4), on the membrane properties and excitatory 
postsynaptic potentials (EPSPs) of DH neurons ih rat spinal cord slices using 
conventional intracellular recording technique. EPSPs were evoked by electrical 
stimulation of L4 or L5 dorsal root. In the presence of pharmacological blockade of 
synaptic inhibition (bicuculline, strychnine) and NMDA receptors (D-APV) bath 
application of DCG-IV (lµM) produced a small membrane hyperpolarization with no 
significant change in input resistance. DCG-IV depressed the amplitude of EPSPs by 
40% during drug application with full recovery in 10 min following wash out of the 
drug. The selective group II antagonist (2S)-α-ethylglutamic acid (EGLU, 2OOµM) 
reduced the depressant effect of DCG-IV in a reversible manner. In a control solution, or 
D-APV-containing solution, the depressing effect of DCG-IV was less pronounced, and 
in several cells LTP was seen. In the presence of bicuculline, strychnine and D-APV, L- 
AP4 (lµM) caused a small depolarization of DH neurons with no significant change in 
input resistance. EPSPs were depressed by 60% during administration of the drug and 
full recovery occurred 10 min after its removal. (RS)-ơ.-cyclopropyl-4- 
phosphonophenylglycine (CPPG, ЮOµM) the group III antagonist, almost completely 
blocked the effect of L-AP4 in a reversible manner. These results suggest that group II 
and III mGluRs are likely to be involved in modulation of excitatory synaptic 
transmission in the spinal DH.
Supported by NSF Grant IBN-9604654 and Spinal Cord Research Foundation

232.17
INVOLVEMENT OF METABOTROPIC GLUTAMATE RECEPTOR SUB- 
TYPE mGLURI IN BRIEF NOCICEPTIVE TRANSMISSION AND CAP
SAICIN-INDUCED CENTRAL SENSITIZATION OF PRIMATE STT CELLS.
V. Neuqebauer*, P.-S. Chen, and W.D. Willis. Dept, o f Anatomy & Neurosciences and 
Marine Biomedical Institute, Univ, o f Texas Medical Branch, Galveston, TX 77555-1069.

Modulation of brief nociceptive and non-nociceptive neurotransmission and of 
capsaicin-induced central sensitization by group I metabotropic glutamate receptors 
(mGluRs) was studied in primate spinothalamic tract (STT) cells in vivo.

Extracellular recordings were made from individual STT cells in the lumbar en
largement o f anesthetized male monkeys (Macaca fascicularis). Responses to brief 
(15s) cutaneous stimuli (brush, press, pinch) were recorded before and during ap
plication of group I mGluR agonists and antagonists; complete concentration- 
response curves were obtained. The effects of group I antagonists were also deter
mined on central sensitization induced by intradermal capsaicin (3%). Drugs were 
applied through microdialysis fibers (15 kDa cutoff) positioned in the deep dorsal 
horn. The concentration ratio across the microdialysis fiber is not more than 5 %.

S-DHPG, a group I agonist at both mG!uƙl and 5, potentiated the responses to 
innocuous and noxious stimuli at low concentrations (0.1-100µM) but had inhibi
tory effects at higher concentrations (1-1 OmM). The mGluR5 agonist CHPG (lµM - 
ЮmM) had no excitatory but weak inhibitory effects. CPCCOEt (ЮµM-lOmM), a 
group I antagonist at both mGluR 1 and 5, slightly reduced the responses to brief 
noxious stimuli and reversed the capsaicin sensitization when given as post
treatment. The mGluR 1 antagonist AIDA (ЮµM-lOmM) showed effects similar to 
CPCCOEt and blocked the potentiation by S-DHPG.

These data suggest that group I (probably mGluR 1) mGluRs are activated 
endogenously during brief noxious cutaneous stimuli and are critically involved in 
central sensitization. Antagonists at mGluR 1 may possess therapeutic value in the 
treatment of persistent pain. Supported by NIH grants NSO9743 and MH10322

232.16
DIFFERENTIAL EFFECTS OF GROUPS II AND III mGLUR AGONISTS 
ON BRIEF NOCICEPTIVE AND NON-NOCICEPTIVE TRANSMISSION 
AND ON CAPSAICIN-INDUCED CENTRAL SENSITIZATION IN PRIMATE 
STT CELLS. P.-S. Chen*. W.D. Willis, and V. Neuqebauer. Dept, o f  Anatomy 
& Neurosciences and Marine Biomedical Institute, Univ, o f  Texas Medical Branch, 
Galveston, TX 77555-1069

The effects of groups II and III metabotropic glutamate receptor (mGluR) ago
nists on brief nociceptive and non-nociceptive transmission and capsaicin-induced 
central sensitization were studied in primate spinothalamic tract (STT) cells in vivo.

Extracellular recordings were made from individual STT cells in the lumbar en
largement of anesthetized male monkeys (Macaca fascicularis). Responses to brief 
(15s) cutaneous stimuli (brush, press, pinch) were recorded before and during ap
plication of groups II and III mGluR agonists (~2O min); complete concentration- 
response curves were obtained. The effects o f the agonists were also determined on 
central sensitization induced by intradermal capsaicin (3%). Drugs were applied 
through microdialysis fibers (15 kDa cutoff) positioned in the deep dorsal horn. 
The concentration ratio across the microdialysis fiber is not more than 5 %.

The group III agonist LAP4 (100nM-lmM) inhibited the responses to innocuous 
(brush and press) and noxious (pinch) stimuli. When applied 12 minutes after intra
dermal capsaicin, LAP4 (ЮOµM) reversed the capsaicin-induced potentiation of 
the brush and press responses. LCCG1 (100nM-lmM), a group II agonist, had no 
effect on the brief innocuous and noxious stimuli but clearly reduced the capsaicin- 
induced sensitization (ЮOµM).

The differential effects of groups II and III mGluR agonists on brief and pro
longed nociception makes these mGluRs unique targets to modulate and fine-tune 
neurotransmission and excitability. The enhanced sensitivity of group II mGluRs in 
central sensitization suggests that group II agonists may be useful tools in the man
agement of persistent pain. Supported by N¡l·¡ grants NSO9743 and MWO322

232.18
INCREASE IN INTRACELLULAR FREE Ca2+ CONCENTRATION ELICITED BY 
GROUP I METABOTROPIC GLUTAMATE RECEPTORS ACTIVATION IN THE 
RAT SPINAL DORSAL HORN.
N. Voitenko. S.D. Hocherman. G. Gerber. J. Zhong. I. Sonea* and M. Randić 
Dept, o f Biomedical Sciences, Iowa State University, Ames, IA 50011

Information on Ca2+ signaling pathways and their potential involvement in the 
cellular response to metabotropic glutamate receptor (mGluR) activation of dorsal 
horn (DH) neurons is still missing. To learn more about transduction mechanisms of 
native metabotropic glutamate receptors (mGluRs) in the spinal cord DH, we have 
examined Ca2+ signals elicited by (S)-3,5-dihydroxyphenylglycine (DHPG,5O- 
2OOµM) and (RS)-2-chloro-5-hydroxyphenylglycine (CHPG, 5OOµM), preferential 
group I mGluRs agonists, in the somatic and dendritic regions of acutely isolated rat 
spinal DH neurons, and in DH (LI-V) cells in slices, of young rats (17-21-day).

Intracellular Ca2+ changes were studied using simultaneous whole-cell patch- 
clamp recording with fura-2-based video imaging. Under voltage-clamp condition 
and in the presence of TTX, NBQX and D-APV bath application of DHPG and 
CHPG increased the [Ca2+]¡ simultaneously in both the somatic and dendritic regions 
of the majority of DH neurons tested. The Ca2+ signals to these agents were similar 
in general form, consisting of an initial peak and a slow recovery phase, but they 
differed in their kinetic properties. In a Ca2+-free medium the responses to the group 
I mGluR agonists persisted; whereas the fast transient component was abolished, the 
slow component was only reduced.

These results indicate that the group I mGluR agonists evoked increases in 
[Ca2+]¡ are likely to result from Ca2+ release from internal stores in DH neurons. 
Supported by NSF Grant IBN-9604654 and Spinal Cord Research Foundation.
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233.1

PH AR M ACO DYN AM IC AN D RECEPTO R BIND IN G  C H AN G ES 
DURING CH RO NIC LO RAZEPAM  A D M IN ISTR ATIO N . J.M. 
Fahey*, G.A Pritchard J.M Grassi, J.S. Pratt, R.l Shader and 
D. J. Greѳnblatt. Departm ent o† Pharm acology and Experimental 
Therapeutics, Tufts University School of M edicine Boston, MA 
02111.

To assess pharm acodynamic and neurochemical aspects of 
tolerance, open-fie ld behavior, benzodiazepine receptor binding 
in vitro, receptor autoradiography and muscimol-stimulated 
[*chloride] uptake were evaluated at both 1 and 14 days  following 
chronic benzodiazepine treatment. Lorazepam  (2 mg/kg/day) 
was administered chronically v ia  im plantable osm otic pum p in 
male CD-1 mice. Behavioral tolerance, indicated by a decrease in 
three open-fie ld parameters, was com plete on day 14 of 
lorazepam treatment. Benzodiazepine binding, as determined b y  
the specific binding of [125l]diazepam , w as also decreased in 
cortex on day 14 from control animals. A pparent affin ity of 
lorazepam fo r the G ABA a receptor in cortical membrane 
preparations was unchanged, indicating that altered ligand uptake 
was due so le ly  to  decreased receptor number. Muscimol- 
stimulated [^chloride] uptake into cortical synap toneurosom es w as 
slightly decreased, although not significantly, on day  14 of 
lorazepam treatment compared to  vehicle-treated animals. These 
results confirm that downregulation of benzodiazepine receptor 
binding and of G ABAa receptor function is c lose ly  associated w ith 
behavioral tolerance to benzodiazepines.

This research is supported by G rant DA-05258 from  the 
Departm ent of Health and Human Services.

233.2
ANTAGONISM OF POSITIVE GABAд MODULATORS IN RHESUS 
MONKEYS DISCRIMINATING MIDAZOLAM.
S. Lelas, L.R. Gerak and C.P. France*. D epartm ent o f Pharmacology, 
Louis iana State U n iversity Medical Center, New Orleans, LA 70112.

Previous data suggest th a t the d isc rim ina tive -s tim u lus  effects o f 
m idazolam  in  rhesus monkeys could be mediated by m ore than  
one benzodiazepine (BDZ) receptor subtype. The goal o f the 
cu rre n t study was to fu rth e r examine the possible m echanisms 
th a t mediate the m idazolam  d iscrim ina tive  s tim u lu s  by 
adm in is te ring  flum azenil, Ro 15-4513, and ß-CCE p rio r to positive 
γ-am inobu tyric  acid (GABA)a m odulators. Four rhesus monkeys 
d iscrim inated between 0.56 m g /k g  s.c. m idazolam  and vehicle 
under an FR 5 schedule o f s tim u lus-shock te rm ina tion .
M idazolam, diazepam, and triazolam  dose dependently increased 
responding on the drug  lever to >80%. Flum azenil, Ro 15-4513, 
and ß-CCE antagonized the d iscrim ina tive -s tim u lus  and rate- 
decreasing effects o f midazolam , as evidenced by dose-related 
righ tw a rd  sh ifts  in  the m idazolam  dose-effect curve. In  add ition , 
flum azen il antagonized the effects o f diazepam and triazolam ; 
however, the m agnitudes o f sh ift were greater w ith  m idazolam  as 
compared to diazepam and triazolam . The differences in  potency 
o f flum azen il in  antagonizing positive GABAд m odula to rs th a t are 
acting th rough  the same site could provide support fo r the notion  
th a t m u ltip le  subtypes o f BDZ receptors con tribu te  to the 
d iscrim ina tive -s tim u lus  effects o f m idazolam . Supported by 
USPHS G ran t DA09157.
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233.3
UNRAVELING THE HETEROGENEITY OF BENZODIAZEPINE RECEPTORS.

J. Lameh. P. Wang. A. Rivera, D. Meredith, T. Haga* and G.H. Loew. Molecular 

Research Institute, Palo Alto, CA 94304.

Benzodiazepines (BDZs) bind to GABAa receptors and modulate the effect of the 

neurotransmitter, GABA, on the chloride ion channel. Classically BDZs have been 

used as sedatives, anxiolytics, hypnotics and anticonvulsants. More than 17 subunits of 

GABAa receptors have been cloned.. Five subunits of varying stoichiomeưy assemble 

to form a functional receptor. However, GABAΛ receptor involvement in physiological 

functions and the stoichiometry of brain receptor responsible remain unclear. We 

sought to address the heterogeneity of GABAД receptor in different brain regions with 

the goal of identifying GABAД receptor subunits that are involved in specific functions 

through the use of receptor ligand binding. However, commonly used radiolabeled 

ligands such as [¾] Ro 15-1788, are non-selective for different receptor subtypes and 

will not allow for distinction between them. Thus, we have developed new software, 

which allows for detection of multiple binding affinities for a cold ligand when using a 

radiolabeled ligand that has a single detected binding affinity. Using this software in 

conjunction with competition binding assays, we have characterized the BDZ binding 

sites in the cerebellum, olfactory bulb and hippocampus.

This work was supported by NIH grant DA-06304.

233.5
BENZODIAZEPINE-INDUCED MODULATION OF RECOMB ΓNANT GAB Aд 
RECEPTORS IS INDEPENDENT OF THE DESENSITIZATION PROCESS. 
E. Ghansah* and D. S. Weiss. Dept, of Neurobiology, The University of 
Alabama at Birmingham, Birmingham, AL 35294-0021.

Clinically, sedative benzodiazepines (BZDs) act as positive allosteric 
modulators of the γ-aminobutyric acid type A receptors (GABAд) with profound 
dependency and tolerance; the latter believed to be due to the desensitization 
process. Previous studies have also shown that BZDs (such as diazepam) 
increase the desensitization rate of GABAΛ receptors but slow the recovery from 
desensitized state(s). To delineate other mechanisms that may be involved in the 
BZD-induced GABA potentiation, whole-cell patch and two-electrode voltage 
clamp recordings were performed on recombinant α,ß2γ2 GABAa receptors 
functionally expressed in HEK 293 cells and Xenopus laevis oocytes, 
respectively. Results indicated that 6OnM diazepam decreased the GABA EC50 
from 46.7±6.3µM to 18.4+1.ЗµM. In conưast, BZD inverse agonist, methyl 
6,7-dimethoxy-4-ethyl-ß-carboline-3-carboxylate (DMCM) at lµM, increased the 
EC50 from 46.7+6.3µM to 134+30µM. To further investigate the hypothesis 
that this apparent affinity change may play a role in the desensitization process, 
experiments were conducted at the same level (EC,〇) of receptor activation. 
(5OOµM versus l83µM GABA) in the absence and presence of lµM  diazepam, 
respectively. Kinetic measurements indicated that there were no significant 
differences (p<0.05) in the falling rate of the current (desensitization) at either 
5OOµM or l83µM GABA concentrations (tau: 24.7±O.2sec versus 23.4+1.1 sex, 
respectively). Similarly, the recovery rates from desensitized states were 
indistinguishable (tau: 8 l±ЗOsec versus 106+14sec for 5OOµM and l83µM 
GABA, respectively). These results suggest that BZDs do not modulate the rate 
of desensitization or recovery from desensitized state(s) of recombinant α,ß2γ2 
GABAa receptors. Comparison studies in HEK 293 cells are underway to 
resolve faster components of desensitization. (Support: NĨH grant NS36I95.)

233.7
EFFECTS OF COCAINE ON THE BINDING SITES AND  
SUBUNITS mRNA OF GABA a-BENZODIAZEPINE(BZD) 
RECEPTOR COMPLEXES IN RAT BRAIN. T. Suzuki1', S. Abe1, T. 
Ito2, A. Baba1, T. Hori1, M. Yamguchi1, H. Shiraishi1 and N. Okado3. Шept. of 
Psychiatry, Univ, of Tsukuba; 2Faculty of Education, Univ, of Okayama; -‰st. of 
Basic Medical Sciences, Univ, of Tsukuba, Tsukuba, Ibaraki 305-8575, Japan.

The effects of intermittent i.p. administration of cocaine (20 mg/kg) on the 
picrotoxin sites labeled by [35S]TBPS and α l,  «6, ß2, γ2 subunits mRNA of 
GABAд-BZD receptor complexes were investigated by an in vitro quantitative 
receptor autoradiographic technique and in situ hybridization. Phosphor screen 
imaging with high sensitivity and wide linear range of response was utilized for 
autoradiography. Changes in p 5S]TBPS binding were examined in 17 brain regions 
at a concentration of [35S]TBPS of ЗnM. Each subunit mRNA was measured in the 
cerebral cortices, hippocampal formation, accumbens nucleus, ventral pallidum, 
thalamus and cerebellum. The behavioral changes induced by cocaine injection were 
manifested more rapidly. The mean scores of stereotyped behavior were increased 
with the number of injections. There was no significant change in [35S]TBPS 
binding in the any regions in the brain of rats 24 hr following a single injection of 
cocaine, 24h and 1 week after the final injection of chronic administrations for 14 
days. The significant change in each subunit mRNA was revealed only 1 hr after a 
single injection of cocaine. In the chronic administration, however, no significant 
alteration of subunit mRNA was revealed in any brain regions.

These findings suggest that the transcriptional factors might affect the turnover of 
subunits mRNA of GABAд-BZD receptor complexes following cocaine 
administration. In addition, GABAд-BZD receptor complexes would not be involved 
in the development of cocaine-induced sensitization.

This work was supported by Grand-in Aid for Scientific Research(C) 08671072 
from the Ministry of Education, Science and Culture to TS.

233.4
POINT MUTATIONS OF THE <x5 GABAд RECEPTOR SUBUNIT 
CONFERRING α l BENZODIAZEPINE BINDING SITE 
SELECTIVITY
F. Besnard*. S, Renaгd. A  Olivier. Y. Even. M. Sevrin. D. Graham and 
P. George Synthélabo, Department of Genomic Biology and Department 
of CNS Research, 10 rue des Carrières, 92500 Rueil-Malmaison, France

The modulatory benzodiazepine binding sites of different recombinant 
combinations of GABAд receptor subunits can exhibit very different 
pharmacological properties. Zolpidem is a striking illustration of this in 
that αlß2γ2 receptors exhibit high-affinity (Ki=ЗOnM) and α5ß2γ2 
receptors low affinity (Ki>lO µM) for this compound.

Sequence alignments of GABAд receptor subunits suggested two 
regions of potential importance that might explain to a large extent this 
subtype selectivity of zolpidem. Our hypothesis was tested by generating 
chimaeric <x5/1 subunits within these regions and examining the affinity 
for zolpidem of the resultant mutant α5-subunits coexpressed with ß2γ2 
subunits. With this information, further site-directed mutagenesis 
pinpointed three particular amino-acids of the α l -subunit that conjointly 
contribute to high-affinity zolpidem binding.

Together with the recently-identified amino acid residue of the γ2 
subunit implicated in benzodiazepine binding, our data now permit a more 
precise molecular understanding of the nature of the GABAд receptor 
subtype-selectivity of zolpidem.

233.6
BINDING  OF [⅜ ]R Y 8O, A  SELECTIVE L IG A N D  FOR GABAд RECEP
TORS W ITH A N  ALPHA-5 SUBUNIT, IS REDUCED IN  BENZODIAZE
PINE TOLERANT RAT BRAIN. M . L i* .  L .A . Walsh and H.C. Rosenberg. 
Dept, o f Pharmacology, M edical College o f Ohio, Toledo, OH 43614.

Treatment with flurazepam, a benzodiazepine (BZ) agonist, can 
down-regulate BZ binding. Previous work with [⅜ ]zolpidem , a BZ 
selective for GABAд receptors with α  1 subunits, showed particular 
involvement o f  this receptor population in chronic BZ actions. In this 
study, an autoradiographic binding assay was developed for [⅜ ]R Y 8O, 
which is selective for GABAд receptors with an α5 subunit. Rats were 
given a 4-wk flurazepam treatment known to produce tolerance. Brains 
were collected 12 hr after ending treatment, and sagittal sections 
prepared for binding with 1 nM [⅜ ]R Y 8O. Binding was densest in 
hippocampus and also seen in other areas shown to express α5 mRNA. 
Compared to pair-handled controls, brains from flurazepam-trєated rats 
showed a 23-36% decrease in [⅜ ]R Y 8O binding in all hippocampal 
regions and superior colliculus. Binding in claustrum was unchanged. 
Binding in cerebral cortex was decreased, but not significantly. Acute 
pretreatment caused small, statistically insignificant decreases. A  few  
assays with 5 nM [⅜ ]R Y 8O showed similar decreases in hippocampus 
after the 4-wk flurazepam treatment, suggesting a decrease in number o f  
binding sites rather than affinity. The magnitude o f  down-regulation o f  
[⅜ ]R Y 8O binding suggests that GABAд receptors containing the α5 
subunit may play a prominent role in the adaptive responses associated 
with benzodiazepine tolerance. Supported by DA-02194.

233.8
THE EFFECTS OF LOCAL ANESTHETICS ON GAMMA 
AMINOBUTYRIC ACID(GABA)-INDUCED CURRENT 
M. Sugimoto1, S, Fukami1,1. Uchida1, T. Mashimo1, S.Shimada2* 
^ e p t. o f Anesthesiology, Osaka Univ. Med. Sch., Suita, Osaka 565, 
Japan.; ¾ ept. o f Anatomy, Nagoya City Univ. Med. Sch.

Although the convulsion observed in local anesthetic(LA) toxication 
is thought to be due to the inhibition of GABAA receptor in the 
brain, the action mechanism of LA on GABAA receptor remains 
unclear. We have therefore examined the effect o f LAs on GABA- 
induced current using recombinant GABAA receptors.

Murine GABAA receptors containing α îß 2 , α lß 2γ2s and ß2 alone 
were expressed by injecting o f each subunit mRNA into Xenopus 
oocytes. The effect o f LAs (lidocaine, bupivacaine and procaine) in 
these subunit combinations were examined by recording of GABA- 
induced current with the two electrodes voltage clamp method.

In α lß 2  and α lß 2γ2s, all three LAs inhibited GABA(ED2O)-induced 
currents in dose-dependent manners. The half maximal inhibitory 
concentration(IC5O)s in α lß 2  and α lß 2γ2s were 22.1 and 11.5 mM 
for lidocaine, 39.1 and 14.5 mM for bupivacaine, and 1.0 and 1.5 
mM for procaine. The presence o f γ2s subunit increased the sensitivity 
to the amide type LA, such as lidocaine and bupivacaine, while reducing 
the sensitivity to the ester type LA, procaine. In ß2 homomer, LAs 
and picrotoxin induced the outward currents in the absence of GABA.

These data suggest that the action o f LAs are dependent on γ2s 
subunit and LAs blocked open GABAA receptor channel.

Society for Neuroscience, Volume 24 ,1998



588 GABA RECEPTORS: MODULATION OF GABAĄ RECEPTORS ∏ MONDAY AM

233.9
DIFFERENTIAL EXPRESSION OF GABAд/BENZODIAZEPINE  
RECEPTOR SU BU N IT mRNA AND LIGAND BINDING SITES IN 
RAT BRAIN FOLLOWING PHENCYCLIDINE ADMINISTRATION  
: A N  AUTORADIOGRAPHIC ANALYSIS. S. Abe1, T. Suzuki1, T. Ito*2, 
A. Baba1, T. Hori1, H. Kurita1, H. Shiraishi1 and N.Okado3. Шept. of Psychiatry, 
Univ, of Tsukuba; 2FacuIty of Education, Univ, of Okayama; ⅜ st. of Basic 
Medical Sciences, Univ, of Tsukuba, Tsukuba, Ibaraki 305-8575, Japan.

Phencyclidine(PCP) causes schizophrenia-like symptoms including excitation, 
delusions and hallucinations in human, and produces increased locomotor activities 
and stereotyped behaviors in rodents. Recently, several lines of evidence suggested 
abnormalities in the GABAergic system in schizophrenic brains. We investigated 
the effects of PCP on the central GABAд/benzodiazepine system in rat brain using 
in situ hybridization and quantitative autoradiograhy.

Locomotor activities, or head twich and weaving were significantly increased by a 
single injection of PCP. The latter was gradually attenuated with a number of 
injections, α l,  ß2, and γ2 subunit mRNA were measured in the cerebral cortices, 
hippocampal formation, ventral pallidum, substantia nigra, thalamus and 
cerebellum. PCP i.p. administration with a daily dose of 7.5mg/kg resulted in a 
significant decreased expression of alphal mRNAs in cerebral cortices and 
hippocampal formation lh  after a treatment, whereas no changes were observed in 
the expressions of ß2 and γ2. In the repeated PCP administrations for 14 days, a 
significant decreased expression of beta2 mRNAs was found in cerebellum, whereas 
no changes were observed in the expressions of alphal and gamma2. These results 
indicate that the expression of GABAд/benzodiazepine receptor subunits mRNA is 
regulated independently by PCP administration, and that PCP-induced psychotic 
reactions are, in part, associated with the central GABAergic system.

This work was supported by Grand-in Aid for Scientific Research(C) 08671072 
from the Ministry of Education, Science and Culture to TS.

233.11
PENTYLENTETRAZOLE-INDUCED KINDLING PRODUCES PERMANENT 
CHANGES IN THE GENE EXPRESSION OE THE GABAa RECEPTORS IN 
THE RAT BRAIN P.Follesa*. A. Tarantino. A. Mallei. S. Floris. M. Serra, and G. 
Biεgio. Department of Experimental Biology, University of Cagliari, Cagliari, Italy, 
09123.

Chronic administration of pentylentetrazole (PTZ) (30 mg/kg three times in a 
week for 8 weeks) induced chemical kindling in the rat. To evaluate the effect of chronic 
PTZ administration on the gene expression of the GABAΛ receptor complex we 
measured by RNase protection assay the levels of some subunit mRNAs composing these 
receptors. Kindled rats were examined either 3 or 30 days after PTZ treatment 
discontinuation. Oiư results show that chronic treatment with PTZ produced in the 
septum a decrease (about 25-30 %) in the expression of the γ2, α ь and ß2 mRNA 
subunits. Chronic administration of PTZ in combination with abecamil was not able to 
revert these effects in the septum even i f  no seizures activity was evident. In contrast the 
PTZ-induced kindling produced an increase (30-35%) in the expression of the γ2 subunit 
mRNA in the hippocampus and cerebral fronto-paretial cortex, tliis effect was reversed, 
in both brain areas, by concomitant administration of abecamil. The expression of the 
α, and ß2 subunits mRNA did not significantly changed in the hippocampus nor in the 
cerebral cortex. A ll the observation described above appear to be permanent since the 
same results were obtained in brain areas from animals sacrificed 30 days after PTZ 
treatment discontinuation. The main finding of our results is a bi-directional 
modification of GABAa receptors gene expression in the septum and hippocampus. 
Taken together our results suggest that chronic PTZ treatment induced permanent 
changes in GABAд receptors gene expression that are independent from seizures activity 
in the septum but not in the hippocampus and cerebral cortex. We suggest that the 
septal GABAд receptors are localized cither on intemeurons. or on ACҺ neurons which 
possibly degenerate, this issue will be further studied by immunohistochemical studies. 
Supported by Sardinian Government A.P.I.R.S. L.R.9/8/1950 N. 43.

233.13
ANISATIN MODULATION OF THE γ-AMINOBUTYRIC ACID RECEPTOR- 
CHANNEL IN RAT DORSAL ROOT GANGLION NEURONS 

T. Ikeda1. K. Nakatani2*. K. Nagata1’3, H, Honda1. T, Shono1 and 
T. NarahashP

Înstitute o f Agriculture and Forestry, University oſTsukuba, Tsukuba 305, Japan;
2Institute o f Biological Science, University oſTsukuba, Tsukuba 305, Japan;
3 Department o f Molecular Pharmacology and Biological Chemistry, Northwestern 
University Medical School, Chicago, IL 60611-3008, U.S.A.

γ-Aminobutyric acidA (GABAд) receptor-channel complex is an important site of 
action of a variety of chemicals. Anisatin, a toxic, insecticidally active component of 
Sikimi plant, is also known to act on the GABA system. In order to elucidate the 
mechanism of anisatin interaction with the GABA system, whole-cell and single- 
channel patch clamp experiments were performed with rat dorsal root ganglion 
neurons in primary culture. Repeated co-applications o f GABA and anisatin 
suppressed GABA-induced whole-cell currents with an EC50 o f 1.10 µM. No 
recoveiy of currents was observed after washout with anisatin-free solutioα 
However, pre-application of anisatin through the bath had no effect on GABA- 
induced currents. These results indicate that anisatin suppression of GABA-induced 
currents requires opening of the channels and is use dependent. At the single-channel 
level, anisatin did not alter the open time but prolonged the closed time. The burst 
duration was reduced and channel openings per burst were decreased indicating that 
anisatin decreased the probability of openings. The suppressive action of anisatin on 
the GABA-induced cuưent is deemed directly responsible for the toxic action in 
mammals and insects.

233.10
EFFECTS OF PENTYLENETETRAZOL ON VARYING CONFIGURATIONS 
OF RECOMBINANT GABAд RECEPTORS
C.L. Bell-Homer and G. H. Dillon . Department of Pharmacology, University of 
North Texas Health Science Center at Fort Worth, Fort Worth, TX 76107 

The central nervous system convulsant pentylenetetrazol (PTZ) inhibits GABA- 
activated C ľ channels through an interaction at the picrotoxin site o f the GABAд 
receptor. Recent studies have indicated that some effects o f other ligands 
interacting at this site are influenced by receptor subunit configuration. Little 
information exists, however, regarding potential subunit-specific interactions of 
PTZ. Thus, we studied the effects o f PTZ on varying configurations o f recombinant 
GABAд receptors, using the patch clamp technique. Whole-cell patch clamp 
recordings were obtained from HEK293 cells stably expressing rat or human 
αlß2γ2, α6ß2γ2, or αlß2 GABAд receptors. U-tube application of roughly EC25 
concentration o f GABA resulted in generation o f a stable C ľ current that displayed 
little desensitization over a 10 sec application period. In αlß2γ2 receptors, PTZ 
inhibited peak cuưent amplitude in a concentration-dependent manner (IC5〇 of 2.1 ±
0.3 mM). PTZ predominantly inhibited initial cuưent amplitude, and had lesser 
effects on the rate o f GABA-activated cuưent decay. Inhibition by PTZ was readily 
reversible. A similar inhibitory effect o f PTZ was observed in cells expressing the 
α6ß2γ2 configuration o f GABAд receptor (IC5〇 = 1.7 ± 0.8 mM). We also observed 
that in some cells lower relative concentrations of PTZ elicited a mild 
(approximately 10%) stimulation o f cuưent amplitude. In cells expressing αlß2 
receptors, preliminary experiments indicate the IC50 for PTZ may be a bit lower (0.7 
± 0.19 mM). H ill coefficients were approximately 1 for PTZ-induced inhibition of 
all receptor configurations tested. Assessment o f effects o f PTZ on other 
configurations of recombinant GABAд receptors are ongoing. (Support: NIH 
ES07904).

233.12
A SINGLE PENTYLENETETRAZOL CONVULSION REDUCES 
THE COUPLING BETWEEN GABA A ND  BENZODIAZEPINE 
RECOGNITION SITES OF THE GABAд RECEPTOR. L A. 
Walsh. M. Li. and H. C. Rosenberg.* Dept, o f  Pharmacology, 
Medical College o f  Ohio, Toledo, OH 43614.

It has been reported that single or repeated doses o f  the convulsant, 
pentylenetetrazol (PTZ), can modify brain GABAд receptor number 
and function. Quantitative autoradiographic binding studies were 
done with the benzodiazepine (BZ) agonist, [⅜]flunitrazepam  
(FNP), the BZ antagonist, [3H]flumazenil, and the GABAд agonist, 
[⅜]m uscίm ol, using sagittal sections o f  rat brain 12 and 24 hr after a 
single injection o f  saline, or o f  a convulsive dose o f  PTZ. In tissue 
studied 12 hr after PTZ, there was a decrease in FNP binding 
throughout the 33 brain regions examined (ANOVA, P <0.001). At 
24 hr after PTZ, there were small, but insignificant increases in 
[⅜ ]F N P  binding in some regions. The binding o f  [3H ]muscimol in 
PTZ treated rats at both 12 and 24 hr was not different from control 
rats. [3H]Flumazenil binding also showed no difference between 
PTZ-treated and control rats. In contrast to autoradiographic binding 
assays, saturation studies o f  specific [⅜ ]F N P  binding using well- 
washed cerebral cortical homogenates showed no change in Kd or 
Bщax However, there was a statistically significant reduction in the 
concentration-dependent potentiation by GABA o f  [⅜ ]F N P  binding. 
The findings demonstrate that an acute injection o f  PTZ alters the 
allosteric coupling mechanism between the GABA and BZ sites o f  
the GABAд receptor. Supported by DAO2194.

233.14
ETHANOL POTENTIATES M USC IM O L-STIM U LATED CHLORIDE 
FLUX IN P19 CELLS LACKING  GABAд RECEPTOR G AM M A -2L 
SUBUNITS J.E. Kralic, A.C. Grobi∩*, L.L. Devaud and A.L. Morrow 
Bowles Center for Alcohol Studies, UNC, Chapel H ill, NC

Controversy over the role of GABAΛ receptor subunit composition in the 
modulation of GABA responses by ethanol led to studies in the P I9 embryonic 
carcinoma cell line, a pluripotent cell line that can be differentiated into a neuronal 
phenotype with exposure to retinoic acid. It has been suggested that ethanol 
potentiation o f GABAa receptor function depends, in part, on the presence of 
phosphorylated γ2L subunits. We observed the presence o f GABAa receptor, α l,  α2, 
αЗ, α4, ß l, ß2, ßЗ, γ2S and γЗ subunit mRNAs in differentiated cells by RT-PCR at 7 
and 15 days in vitro (DIV). However, no γ2L mRNA expression was detected by RT- 
PCR (n=9) in P19 cells with 2, 5 and 10 µg total RNA at 7 and 15 DIV although γ2L 
mRNA expression was detected in mouse cortex. Chloride flux analysis of GABAa 
receptors in PI9 cells at 7 and 15 DIV was performed using a fluorescent chloride 
sensitive dye. Muscimol (10 µM) applied to differentiated P I9 cells (7 and 15 DIV) 
induced a slight change in chloride flux, 6 .D l.8% and 4-1.2%, respectively. Ethanol 
dose dependently enhanced muscimol-stimulated chloride flux. Ethanol (50 and 100 
mM) significantly increased muscimol-stimulated chloride flux by l3.4±2.2% and 
25.№3%, respectively, at 7 DIV and l4.4^2.6% and 23.8±2.5%, respectively, at 15 DIV. 
Ethanol enhancement of GABAa receptor-mediated chloride flux in the absence of γ2L 
subunit expression in neuronal-like PI 9 cells suggests that the requirement of the long 
splice variant for ethanol potentiation of GABAa receptor function may depend on the 
model system studied. Furthermore, similarity in ethanol potentiation between 7 and 
15 DIV suggests a period of stability in expression and function o f GABAa receptors in 
P19 cells. Supported by grants AA09013, ES07126 and the N.C. Gov. Inst.
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233.15
EFFECT OF POSTNATAL ETHANOL EXPOSURE ON Zn2+ SENSITIVITY 
OF GABAa RECEPTORS IN MS/DB NEURONS. S.-H. Hsiao1*. J.C. Maho
ney2. J.R. West2 & G.D. Frve1. Dept. Med. Pharmacol. & Toxicol.1, Dept. Med. 
Anat.2, Texas A&M Health Science Center, College Station, TX 77843-1114.

Zn2+ is an endogenous negative modulator o f GABAΛ receptors. Recombinant 
receptor sensitivity to Zn2+ decreases with incorporation of γ subunits. Recently we 
have shown that postnatal ethanol exposure caused a development-dependent de
crease in Zn2+ (30 µM) inhibition of medial septum/diagonal band (MS/DB) 
GABAд receptors (submitted). The present study extends the observation by ex
amining the concentration dependence o f Zn2* (1-1000 µM) inhibition on 3 µM 
GABA-evoked whole cell cuưents in acutely dissociated MS/DB neurons. Co
application of Zn2+ reduced GABA currents in a concentration dependent manner. 
In naive animals, estimated IC50 o f Zn2+ was significantly increased with develop
ment [µM: postnatal days (PD) 12-16 = 45.15 ± 5.93, (n=15); PD 25-35 = 82.53 ± 
6.20, (n=ll); p  < 0.001], During PD 4-9, rat pups were artificially reared and ex
posed to ethanol (4.5 g/kg/day) or maltose-dextran solution. Postnatal ethanol expo
sure not only increased the threshold for Zn2+-mediated inhibition, but also in
creased the IC50 (µM) values in both periods [PD12-16: ethanol treated = 63.76 ± 
4.28, (n=9); artificial rearing control (GC) = 35.95 ± 7.39, (n=l5); p < 0.01. PD 25- 
35: ethanol treated = 86.91 ± 10.30, (n=l4); GC = 58.74 ± 4.36, (n=6); p  < 0.05], 
Both slope and maximum inhibition by 1 mM Zn2+ remained constant and showed 
insensitivity to either development or postnatal ethanol ⅛eatment. These data sug
gest that development-regulated insensitivity to Zn2+ inhibition on MS/DB GABAΛ 
receptors was due to reduced affinity for Zn2+ binding. Postnatal ethanol exposure 
on PD 4-9 also decreased affinity for Zn2+ without changing the maximum inhibi
tion. This effect lasted through the end o f the first postnatal month. Ethanol and 
development related reductions in Zn2+ sensitivity may reflect increased participa
tion of γ subunits in MS/DB GABAa receptors. Supported by AA 10067 (GDF) and 
AAO5523 (JRW).

233.16
Characterization of pentobarbital-induced block of 
GABA-gated CΓ ion channels in recombinant receptors.
R. Serafìni*.__ J Bracamontes and J.H. Steinbach. Dept.
Anesthesiology. W ashington University. St. Louis MO 63108, We are 
trying to identify the sites o f  action o f  pentobarbital (PB) on GABA
gated receptor channels (GABA-R) by constructing mutated receptor 
subunits. However PB-induced block o f  current superimposes on 
direct gating and on the potentiating effects on GABA-R We are 
characterizing PB-induced block o f  GABA-R to disentangle this 
effect from those on gating and potentiation. With α lß З  recombinant 
subunits expressed in quail fibroblasts PB blocking effects on PB 
gated currents exhibit an IC50 0 .6+0.04 mM and r⅛ l.8 ±  0.2. 
Pentobarbital gating exhibits an EC50 o f  0.6+0.04 mM i⅛ 2.3+0.3. 
With recombinant homomeгs composed by p i subunits, PB does not 
gate any evoked current, but blocks G A BA -evoked current with lC ?〇 

1 4  +0.2mM and r⅛ 1.9+0.3 Increasing the GABA concentration 
from 1 to 10 µM increased the current by ~6- fold, but the block did 
not exhibit any significant increase, indicating a non state-dependent 
mechanism.The data are consistent with a scheme in which PB has to 
bind at least two sites to open GABA-R, and at least two sites to 
block it. The block can occur with the activated state but does not 
exhibit preference for this state. Supported by grant P01-6M  47969 to 
JHS.
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234.2234.1
NEUROPH ARM ACOLOG ICAL PROFILE OF NO N-PEPTIDE CRFj 
ANTAGONISTS, CRA1000 AND CRA1001. S. Chaki*. S. Okuvama. A. 
Nakazato. T. Okubo. T. Kumagai. Y. ĩkeda* and K. Tomisawa. 1st 
Laboratory and ^Molecular Biology Laboratory, M edicinal Research 
Laboratories, Taisho Pharm aceutical Co. Ltd., 1-403, Yoshino-cho, Ohmiya, 
Saitama 330-8530, Japan

Neuropharm acological profile o f  CRA1000 and CRAlOOl, novel and 
selective antagonists for corticotropin releasing factorj (C R F〇 receptor was 
investigated. Both CRA1000 and CRAlOOl inhibited ,25I-ovineCRF  
binding to membranes o f the rat frontal cortex with IC5O values o f  20.6 and
22.1 nM, respectively. Likewise, CRA1000 and CRAlOOl inhibited 125I- 
ovineCRF binding to membranes o f the rat pituitary and COS-7 cells 
expressing rat cloned CRF! receptor. In contrast, both CRA1000 and 
CRAlOOl had without affinity for CRF2 receptor at 10 µM  when assessed in 
the rat heart and COS-7 cells expressing rat CRF2α receptor. CRF elicited 
intracellular cyclic AM P (cAM P) accumulation in both AtT-20 cells, which 
express solely CRFi receptor, and COS-7 cells expressing CRFi or CRF2α 
receptor. CRF-induced cAM P accumulation was inhibited by both 
CRA1000 and CRAlOOl dose-dependently in AtT-20 cells and COS-7 cells 
expressing CRFi receptor, while these compounds failed to attenuate CRF  
response in COS-7 cells expressing CRF2α receptor. CRF increased ACTH  
secretion from AtT-20 cells. Both CRA1000 and CRAlOOl inhibited CRF- 
induced ACTH secretion in a dose-dependent manner. These findings 
dem onstrate that both CRA1000 and CRAlOOl are potent and selective 
antagonists for CRFi receptor, and that these CRA compounds could be 
useful for the treatm ent o f psychotic diseases such as anxiety and 
depression.

234.3
Characterization of Fluorescent Peptide Agonists for CRF, and CRF2 Receptors.
M.T. Lorang1, C. Desjardins2 and D.E. Grigoriadis1*. ‘Neurocrine Biosciences Inc., 
San Diego, CA 92121; Advanced Bioconcept, Montreal, Que., Canada, HЗG 1R8.

CRF has been widely implicated, and plays a major role in coordinating the 
endocrine, autonomic, behavioral and immune responses to stress. At present, there are 
four distinct receptor targets for CRF with unique cDNA sequences, pharmacology and 
localization, including CRF,, CRF2α, CRF2p and CRF2γ, and the non-receptor CRF- 
binding protein (CRF-BP). While the natural mammalian ligands oCRF and r/hCRF 
have high affinity for the CRF, receptor subtype, they have lower affinity for the CRF2 
receptor subtypes. Until recently, there has been a paucity of tools available for the 
study of the physiology and regulation of these receptor subtypes. We have 
characterized the receptor binding profile o f fluorescine isothiocyanate (FITC)- 
conjugated rat/human corticotropin releasing factor (r/h-CRF), urocortin (ƯCN), and 
sauvagine using radioligand binding assays in homogenates o f cloned CRF,, CRF2α 
and CRF2ρ expressing cell lines. The binding affinities and rank order o f potencies 
were essentially identical to those o f the native peptides. In addition, we have 
investigated the fluorescent labelling o f CRF receptors in fresh-frozen, slide-mounted 
rat brain sections. Preliminary studies indicated that both CRF] and CRF2 receptors 
could be labeled using the fluorescent labels. Specificity of binding was determined in 
the presence o f 1 µM D-Phe-CRF( 12-41) which blocked the fluorescent signal. Slides 
were washed to remove unbound label and coverslipped with Prolong™ antifade 
mounting medium. FITC- r/h-CRF labelling was most evident in cortical regions and in 
blood vessels consistent with the labelling o f CRF, and CRF2ß receptors respectively. 
No specific labelling was evident in the presence o f D-Phe-CRF( 12-41). The effects of 
ligand binding on CRF receptor internalization was also investigated in cultured CRF 
receptor-expressing cells. Following incubation, cells were fixed with 4% 
paraformaldehyde, mounted with Prolong and visualized under fluorescence. These 
studies will be used to determine whether agonist-dependent differences in 
homologous receptor internalization exist.

BEHAVIORAL AND ELECTŔOPHYSIOLOGICAL PROFILE OF NON
PEPTIDE CRF, ANTAGONISTS, CRA 1000 AND CRAlOOl. S. Okuvama*.
S. Chaki,___N. Kawashima.___Y. Suzuki,___S. Ogawa. A. Nakazato. T.
Kumagai. T. Okubo and K. Tomisawa. 1st Laboratory, Medicinal Research 
Laboratories, Taisho Pharmaceutical Co. Ltd. 1-403, Yoshino-cho, Ohmiya, 
Saitama 330-8530, Japan

Behavioral and electrophysiological profde of CRA1000 and CRAlOOl, 
novel and selective antagonists for corticotropin releasing factor, (CRF,) 
receptor was examined. Oral administered CRA1000 and CRAlOOl reversed 
the swim stress-induced reduction of the time spent on the white area in the 
light/dark exploration task in mice. Likewise, CRA1000 and CRAlOOl 
reversed the swim stress-induced reduction of the time spent on the open arms 
in the elevated pulse maze task in rats. In case of non-stress condition, 
CRA1000 and CRAlOOl had no effect on the time spent on the white area in 
the light/dark exploration task in mice. Intracerebroventri-cular (i.e.v.) 
administration of CRF-induced reduction of the time spent on the open arms 
was dose-dependently reversed by CRA1000 and CRAlOOl in the elevated 
pulse maze task in rats. CRA 1000 and CRAlOOl reduced the 
hyperemotionality of olfactory bulbectomized (OB) rats. The firing rate of 
locus coeruleus (LC) neurons was increased by i.e.v. administered CRF. This 
excitation of LC neurons was significantly blocked by the pre-treatment with 
i.v. administration of CRA1000 and CRAlOOl. The swim stress-induced 
increase in ACTH and corticosterone in serum was not inhibited by oral 
administered CAR1000 and CRAlOOl in rats. CRA1000 and CRAlOOl had 
no effects on the hexobarbital-induced anesthesia in mice, the rota-rod test in 
mice, the spontaneous locomotor activity in mice and the passive avoidance 
task in rats. These findings indicate that CRAИ)OO and CRAlOOl, non
peptide CRF, antagonists, exhibits anxiolytic-like and antidepressant-like 
activities.

234.4
A TARGETED TOXIN FOR IMPAIRMENT OF FUNCTION IN 
CORTICOTROPIN-RELEASING FACTOR RECEPTOR BEARING CELLS. S.C. 
H einrichs*. D, M aαeiew ski. X.-L Liu, D. Grigoriadis. A. Tucker. O. Xie. N. 
Duggan. D.A. Lappi ¡ , and N. Ling. Neurocrine Biosciences, Inc., 3050 Science 
Park Road, San Diego CA 92121 and *Advanced Targeting Systems, 1600 Faraday 
Avenue, Carlsbad, CA 92008.

Corticotropin-releasing factor (CRF) is the main component in the brain 
neuropeptide effector system responsible for behavioral, endocrine and physiological 
activation which accompanies stressor exposure. Moreover, a number of 
investigators have postulated a role for reduced CRF system activation in the 
etiology of a variety of psychiatric and metabolic disease states such as dementia and 
obesity. In order to directly examine the consequences of long-term CRF system 
impairment, a novel protein conjugate (CRF-SAP) was devised which joins native 
rat/human CRF(l-41) to a ribosome-inactivating protein, saporin, for the purpose of 
targeted inactivation of CRF receptor-bearing cells, tissues and neurons.

The in vitro validation profile of the CRF-SAP ligand includes results related to 
CRF receptor binding, cytotoxicity and blunting of CRF-stimulated 
adrenocorticotropic hormone (ACTH) release in pituitary cell cultures. CRF-SAP 
displaced [I125]sauvagine from CRF-1 receptors with a Ki of 62 nM in L cells 
transfected with CRF-1 receptors but had a Ki > 1 µM in CHO cells transfected with 
CRF-2α receptor. Cytotoxicity evaluated using a vital dye technique revealed that 
CRF-SAP (1 to 100 nM) induced concentration dependent and progressive cell death 
over time in CRF-1 transfected L cells, but produced no evidence of cell death in 
C R F-2α transfected CHO cells. The CRF-SAP-induced toxicity in CRF-1 
transfected L cells was prevented by co-incubation with the competitive CRF1/CRF2 
receptor antagonist, D-phe CRF(12-41). Finally, in cultured pituitary cells which 
contain native CRF-1 receptors, CRF-SAP suppressed CRF-induced (1 nM) ACTH 
release at a concentration (1 nM) two log units lower than the concentration of 
unconjugated toxin [100 nM saporin] necessary to produce the same result. Taken 
together, these results suggest the utility of CRF-SAP as a tool for long-term 
impairment of CRF-1 receptor bearing cells.
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234.5
DISSOCIATION OF THERMOGENIC FROM ANXIOGENIC EFFECTS OF 
ACUTE AND CHRONIC CORTICOTROPIN-RELEASING FACTOR PEPTIDE 
TREATMENT. M.A. Joppa*. R.J. Nelson, and S.C. Heinrichs. Neurocrine 
Biosciences, Inc., 3050 Science Park Road, San Diego CA 92121.

Corticotropin-releasing factor (CRF) is a brain neuropeptide responsible for 
biological activation which accompanies stressor exposure. A role is postulated for 
reduced CRF system activity in the etiology of metabolic disorders such as obesity. 
Specifically, decreased levels of brain CRF are associated with decreased body 
temperature and increased body weight, suggesting the utility of CRF agonists in 
normalizing this dysregulation state. However, CRF system stimulation by 
exogenous agonists produces endocrine and behavioral toxicides. Accordingly, direct 
CRF receptor agonist [r/h CRF(l-41)] and CRF-binding protein antagonist [r/h 
CRF(6-33)], peptides which activate brain CRF circuits, were evaluated for their 
thermogenic as well as arousal and pituitary-adrenal axis stimulating effects.

Using radiotelemetry implant and temperature probe techniques, the effects of r/h 
CRF(l-41), r/h CRF(6-33), or fenfluramine on body temperature, cardiovascular 
tone, food intake, and pituitary-adrenal activation were studied in Wistar or lean/obese 
Zucker rats. Treatments were administered intracerebroventricularly either acutely or 
by seven day continuous infusion (1-25 µg). While both acute and chronic r/h 
CRF(l-41) and r/h CRF(6-33) increased body temperature (O.5°C), only r/h CRF(l- 
41) increased physiological arousal (40 beats/min increase in heart rate; 5 mmHg 
increase in blood pressure). Moreover, r/h CRF (1-41), but not r/h CRF(6-33), 
administration elevated plasma adrenocorticotropic hormone levels and produced 
locomotor activation which persisted for more than three hours. Such results 
document a robust and broad arousal state arising from administration of r/h CRF(l- 
41). However, since both peptides significantly blunt excessive body weight gain in 
obese Zucker rats, it can be suggested that a partial subset of the global activation 
state produced by stressor exposure is sufficient to exert negative energy balance.

Supported by NIDDK grant DK 51983 to SCH and Errol B. De Souza.

234.7
CRF IMPROVES WORKING MEMORY IN A DELAYED 
ALTERNATION TASK. A. Klaassen. A. Ormsbv. M. Carmouche. 
M .A. Pellevmounter*. S, Heinrichs, and G. Schulteis. Dept, of 
Neuroscience, Neurocrine Biosciences; San Diego, CA 92121.

Corticotropin releasing factor (CRF) receptors have been localized 
in the hippocampus, which has been characterized as one of the 
neurobiological substrates for working memory. To date, CRF has 
not been examined in tasks that specifically assess working memory. 
Therefore, we have investigated the effects o f CRF on delayed 
alternation. In our delayed alternation paradigm, rats were required to 
choose the alternate lever after a 4-32sec delay in order to obtain a 
food reward. A nosepoke following the delay period was a 
prerequisite for lever extension. The nosepoke acted as a distractor, 
hence increasing task difficulty. CRF (1-41) (0 .1-1 .0  ug), or vehicle 
(water) were injected into the lateral ventricle (5ul) five minutes prior 
to the test session. All rats had been trained to an 80% correct 
criterion at the 4 sec delay before peptide administration. CRF (1-41) 
significantly improved accuracy, particularly at the 20-32 sec delays. 
This improvement was dose-dependent, with the two lower doses 
showing the best efficacy. We are currently assessing the specificity 
o f these effects for CRF receptors using peptide antagonists.

234.9
CORTICOTROPIN RELEASING FACTOR (CRF)-INDUCED HOMOLOGOUS 
DOWNREGULATION OF CRF RECEPTORS IN THE HUMAN 
NEUROBLASTOMA CELL LINE (IMR-32). P.H. Roseboom*, CM. Urben. F.L. 
Chen and N.H. Kalin Dept, o f Psychiatry, Univ, o f Wisconsin, Madison, WI 53719.

Brain CRF systems integrate endocrine, autonomic and behavioral responses to 
stress. Pathological responses to stress may result from errors in CRF receptor 
regulation in response to acute or chronic changes in CRF levels. Our goal is to 
establish an in vitro model to study the regulation of brain CRF receptors. The 
neuroblastoma cell line, IMR-32, has recently been shown to express CRF receptors 
that downregulate with CRF treatment.

In this study we characterized the CRF-induced downregulation of CRF receptors 
on IMR-32 cells. Cells were differentiated with 2.5 µM 5 ’-bгomo-2’-deoxyuгidine 
and CRF receptor levels were measured using 125I-Sauvagine. The CRF receptors had 
a K4 of 0.4 nM and a B∏  ̂of 145 fmol/mg protein. Exposure o f cells to 100 nM r,h 
CRF for 4 hours resulted in a 85% decrease in receptor number. The EC5〇 for the 
downregulation was ~ l nM and reached a maximum at 4 hrs. Interestingly, this effect 
was maintained up to 48 hours after removal of CRF from the media. CRF receptor 
activation is associated with an increase in cAMP; however, treatment with vasoactive 
intestinal polypeptide or forskolin, both o f which have been shown to elevate cAMP 
in IMR-32 cells, did not alter binding. This suggests that the CRF-induced 
downregulation is homologous. Acute CRF treatment did not alter the level of CRF, 
receptor mRNA. Interestingly, after 24 hrs of 100 nM CRF treatment the 85% 
decrease in receptor levels was maintained and yet CRFį receptor mRNA levels 
remained unaffected. Taken together, these findings suggest CRF receptor 
downregulation to acute treatment is long lasting, and the effects of both acute and 
chronic CRF treatment are mediated by posttranscriptional events. Further studies 
examining the mechanisms underlying CRF receptor downregulation in IMR-32 cells 
may provide insights into in vivo mechanisms underlying the effects of acute and 
chronic stress on CRF receptor regulation (Supported by NIH Grant MH40855).

234.6
PERFORMANCE-ENHANCING EFFECTS OF CORTICOTROPIN
RELEASING FACTOR-BINDING PROTEIN LIGAND INHIBITORS.
E.P. Zorrilla,1’2* G. Schulteis,1-3 N, Ling,1 G,F. Koob.2 E.B, De Souza1, 
neurocrine Biosciences, Inc.; 2Dept. Neuropharmacology, The Scгipps 
Research Institute; 3Dept. Anaesthesiology and Group Program in 
Neuroscience, UCSD School of Medicine; La Jolla, CA 92037.

Intracerebroventricular (ICV) administration of corticoưopin-releasing 
factor (CRF)-related peptide fragments with little intrinsic activity at known 
CRF receptors have been reported to improve cognitive performance with 
minimal activating or anxiogenic effects. These compounds are 
hypothesized to exert these effects by liberating endogenous peptide from 
the CRF-binding protein (BP). In the present study, we sought to extend 
these findings by determining whether the potency of CRF-related peptide 
fragments in improving performance was related to their binding affinity for 
the CRF-BP. Consistent with a role for the CRF-BP, rank ordering of the 
optimal doses of these compounds for facilitating acquisition of spatial 
navigation in the Morris maze corresponded to their affinity for the CRF- 
BP. Furthermore, in contrast to a positive control (urocortin 0.1 µg), ICV 
preưeatment with performance-enhancing doses of CRF-OH (5 µg) or r/h 
CRF(6-33) (25 µg) did not increase emotionality in a novel open field. 
These findings replicate the dissociability of the cognition- and anxiety- 
related effects of CRF-related compounds and suggest that CRF fragments 
may facilitate performance by freeing CRF/urocortin from the CRF-BP.

Supported by NINDS grant NS 33426 to EBDS and GS.

234.8
[125lļ-U rocortin, unlike [12δl]-CRF, binds to the CRF binding protein in an 
irreversib le manner. G.J. K ilpatrick J. Martin*, S. H enrio t. Pharm a Division, 
Preclinical Research, F. Hoffm ann-La Roche Ltd., 4070-Basel, Switzerland.

Corticoptropin releasing facto r (CR F) and urocortin are hom ologous peptides 
tha t bind w ith high affinity to  CRF receptors and the CRF binding protein 
(CRF BP). W e previously described a sim ple assay fo r the  CRF BP using 
[ЗH]-urocortin and charcoal precip itation. W e found tha t [3H]-urocortin could 
not be easily d issociated from  the  CRF BP once bound (Ardati et al., J 
Neurosci. Meth. 80, 90-105, 1998). This is in contrast to previous reports 
show ing tha t CRF binds in a reversible m anner to the  CRF BP (e.g. Behan 
et al., Brain Res. 725, 263-267, 1996). To determ ine whether the results with  
urocortin w ere a feature o f th is method o r represent a real d ifference from  
CRF, w e have now  conducted a d irect com parison o f the  dissociation o f 
CRF and urocortin from  the CRF BP.
Experiments were conducted as previously described (Ardati et al., J. 
Neurosci. Meth. 80, 90-105, 1998) except tha t assays w ere conducted at 
37oC and [125IFurocortin (50 pM) and [125I]-CRF (5OpM) w ere used as the  
radio ligands. Assays w ere allowed to associate for 6Omin then dissociation  
w as initiated using the  cold ligand (225 nM).
B inding o f  [125lļ-C R F was reversible. A fte r 120min, d issociation was nearly 
com plete. The  d issociation rate constant (K.1) was 0.011 ± 0.001 m in '1 
(m ean ± SEM, n=3). In contrast, no d issociation o f [125l]-urocortin binding 
was observed over a period o f  l2Omin.
W e conclude that [125l>urocortin  and [12SI]-CRF bind to the CRF BP in a 
different manner. Reversib le binding o f CRF and iҥeversib le binding o f 
urocortin to  the CRF BP m ay be o f physio logical importance.

Supported by F Hoffmann-La Roche.

234.10
IN VITRO AND IN VIVO CHARACTERIZATION OF PD 171729, A 
NONPEPTIDE CORTICOTROPHIN RELEASING FACTOR (CRF) RECEPTOR 
ANTAGONIST. T. Pueslev1*. H. Akuime1. K. Zoski1. S, Whetzel‘, L. Georeic1, D 
Wustгow2. L, Wise2, L. Meltzer1. R. Mackenzie3. A. Corbin1. T. Heffner1 
.'Neuroscience Therapeutics; 2Chemistry; 3C℮11 Biology, Parke-Davis Pharmaceutical 
Research, Ann Arbor, MI 48105.

Hypothalamic CRF is the major regulator of pituitary ACTΉ release and consequent 
glucocorticoid secretion. In addition, CRF has neurofiansmitter properties, acting via 
specific neuronal receptor subtypes in brain to play a role in the central nervous 
system response to stress. Here, the properties of a nonpeptide antagonist PD 171729 
(butyl-[3-(2,4-dichloro-phenyl)-2,5-dimethyl-pyrazolo(l,5-a}pyrimidin-7-yl}-ethyl- 
amine) are described. PD 171729 bound with a high and selective affinity to ҺCRF- 
R1 receptors (Kį = 5 nM) with no significant affinity for a number of other 
neurotransmitter/neuromodulator receptors. It also inhibited in a concentration- 
dependent manner the oCRF stimulated adenylyl cyclase activity in CHO-p5 cells 
expressing CRF-R1 receptors, IC5〇 = 357 nM. Systemic administration of PD 171729 
significantly inhibited the stimulatory effect of exogenous oCRF on plasma ACTH 
and locomotor activity (LMA) in rats. The compound also significantly antagonized 
amphetamine-stimulated LMA in acclimated rats. Neurochemical studies indicated 
that PD 171729 dose-dependently increased catecholamine synthesis in certain rat 
brain regions (hippocampus and hypothalamus) but not others (striatum and 
cerebellum) perhaps indicating a regionally selective activation of catecholaminergic 
neurons. The latter action appears related to its effect on CRF-R1, as the compound 
did not exhibit any significant affinity for adrenergic or other receptors. PD 171729 or 
related compounds hold promise for treatment of diseases involving CRF 
hypersecretion, such as anxiety, depression and inflammatory disorders. Supported 
by Warner-Lambert Corp.
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234.11
LIG A ND S E LEC TIV ITY  O F C R F  RE C E PTO R S A FTE R  M O D IFIC A TIO N  O F  
TH E FO UR TH E X TR A C E LLU LAR  DO M AIN . K laus E ckarT. Sab ine  Sydow. 
L a rs  v a n  W e rv e n . a n d  J o a c h im  S p ie s s .  D e p t, o f  M o le c u la r  
N euroendocrinology, M ax P lanck Inst. Exp. M edicine, Herm ann-R e in-S tr. 3, 
37075 Goettingen, G erm any

C o rt ic o tro p in -re le a s in g  fa c to r  (C R F ) a c ts  th ro u g h  G p ro te in -  
dependent recep to rs , C R F  recep to r 1 (C R FR 1) and 2 (C R FR 2). Recent 
investigations show ed s ign ifican t changes in the ab ility  to b ind oC RF, when  
the fourth  extrace llu la r dom ain o f rat CRFR1 w as m odified. R eplacem ent o f 
the  e n tire  fo u rth  e x tra c e llu la r d o m a in  as  w e ll as m u ltip le  am ino  acid  
m utations w ere investigated.

The fourth  extrace llu la r dom ain o f rat CRFR1 (rC R F R I) w as replaced by 
the co rre sp o n d in g  d o m a in  o f the  g lu ca g o n  re ce p to r o r by  th e  second  
extrace llu lar dom ain o f rC R F R I. In ano the r m utant, the  th ree  g lu tam yl and  
aspartyl residues in the fourth  extrace llu lar dom ain o f rC R F R I w ere replaced  
by glu tam iny l and asparag iny l residues, respective ly . In the  sam e m anner, 
the am ino  ac id  s trings -A rg -V a l-V a l-P he- and  -Tyr-P he-A sn- w ere replaced  
by -A la -A la- A la-A la - and -A la -A la-A la-, respective ly. Ю RFR1 m utants were  
stably transfected  in to  C H O  ce lls. M em brane  frac tio ns  con ta in ing  50  µg  of 
to ta l p ro te in  w e re  sub jec ted  to  d isp lace m en t e xpe rim en ts  carried  out by 
a com petition  betw een a rad io labe lled ligand in constan t concen tra tion  and  
the un labe lled  ligand  in increas ing  c o nce n tra tions . T he  ago n is ts  h /rC R F  
and urocortin and the an tagon is t astressin  w ere used as ligands. In addition, 
the a b ility  o f th e  a g o n is ts  to  s tim u la te  th e  p ro d u c tio n  o f cA M P  was  
investigated.

The implications of the results to the contribution of the fourth extracellular 
domain of rCRFRI to ligand binding and cAMP activiation by different 
agonists will be discussed. (Supported by the Max Planck Society)

234.13
DISCRIMINATION OF SEPARATE BINDING DOMAINS AT THE HUMAN 
CRF1 RECEPTOR USING THE RADIOLABELED PEPTIDES 
[125і]SAUVAGINE AND [12T]ASTRESSIN. K. Craven. 1 Y.-P.Wan.2 D.W. 
Gallager.1 and R.J. Primus'*. 'Neurogen Corporation, Branford, CT 06405; 2NEN 
Life Science Products. Boston, MA 02118-2512.

Pharmacological analysis of the human CRF1 (ҺCRF1) receptor expressed in 
baculoviгus-infectod Sf9 cells was conducted using the agonist radiolabel. 
[l25I]Sauvagine, and the antagonist radiolabel, f'2T]Astressin. Both radiolabels bind 
to the ҺCRF1 receptor with high affinity, saturable binding. Peptide displacement 
at the hCRFl receptor showed the rank order affinity of urotensin>astressin> 
r/ҺCRF>saı vagine>α-helical CRF(9-41) at the f 125I]Sauvagine labeled binding site 
and the ank order affinity of astressin>urotensin>α-helical CRF(9-4l)> 
r/ҺCRF> ,auvagine at the [l2T] Astressin labeled binding site. The small molecule 
CRF1 ı cceptor antagonists, CP-154,526 and SC 241, displaced binding only from 
the [l2T]Sauvagine labeled binding site. No affinity for these small molecule 
antagonists was detected at the [ШI]Astressin labeled binding site. Receptor 
autoradiography in rat brain showed a similar regional distribution for binding of 
[l2T]Sauvagine and of [l25í]Astressin; however, selective antagonism only at the 
[l2SIļSauvagine labeled site was apparent for both CPг 154,526 and SC 241. Further 
analysis of ҺCRF1 receptors expressed in Sf9 cells showed that Į l2<;IļSauvagine 
binding, but not l lrΊļAslre$sin binding, was modulated by guanine nucleotide 
activation, suggesting G-protein regulation of the agonist binding site only. In 
conclusion, the agonist radiolabel, [l25I]Sauvagine, and the antagonist radiolabel, 
f,2TļAstressin, appear to label different, but possibly overlapping, domains of the 
ҺCRF1 receptor. These binding domains on the ҺCRF1 receptor are differentially 
modulated by small molecule antagonism and by guanine nucleotide stimulation. 
The significance of separate binding domains should become clear with the 
discovery of additional small molecule agonists and antagonists.

234.15

PH AR M A CO LO G IC AL C H AR AC TER IZA TIO N A N D  EX PRESSIO N  
O F TH E CLO N ED FISH  SO M ATO STA TIN sst3 R E CE PTO R, A  
M EM BER O F TH E S R IF j-FAM ILY . S. Siehler, G.K.H. Zupanc⅛ K. 
Seuwen & D. Hoyer*. Nervous System Research S-3 86/745 Novartis Pharma 
AG, CH 4002 Basel, Switzerland & #Max Plank Institut, Tübingen, Germany 

A somatostatin sst3 receptor, cloned from the teleostean fish 
Apteronotus αlbifrons was characterized in CCL39 Chinese hamster lung 
fibroblast cells. Fish sst3 receptors bound [Leu^, D-Trp22, 125¡ . 
Tyr25]SRIF28 ([l25i]LTT-SRIF28): pK<ļ = 10.47 ± 0.12; Bmax= 4470 ± 240 
fmol/mg protein. The pharmacological profile of fsst3 was established (pK<j- 
values): seglitide (9.15 ± 0.08), SRIF25 (9.00 ± 0.07), SRIF14 (8.93 ± 0.19), 
SRIF28 (8.84 ± 0.15), cortistatm 14 (8.82 ± 0.10) and BIM 23014 (8.06 ± 
0.08) bound with high affinity, while the fish-specific SRIF22 showed only 
low affinity (5.33 ± 〇.〇8). The profile of [!25i]LTT-SRIF28- binding to fsst3 
is typical of the SRIFļ receptor family with high coưelations to human sst5 (r 
= 0.920) > hsst2 (r = 0.832) > hsst3 (r = 0.689), but no correlation with hsstj 
or hsst4 receptors. Forskolin-stimulated adenylate cyclase activity in CCL39 
cells expressing fsst3 was inhibited by SRIF14 (pEC5o = 9.52 ± 0.01) and 
SRIF28 (pEC5o = 9.19 ± 0 .01), maximal inhibition 87% and 91%, 
respectively. The effect was blocked by pertussis toxin. RT-PCR revealed low 
expression of sst3 mRNA in brain, but not in other tissues of Apteronotus 
αlbifrons. [I25¡]l t t _sRIF28 bound to brain, liver, heart, spleen and stomach. 
The profile in brain (r ≈ 0.942), but not in liver (r = 0.826) correlated with fsst3 
receptors. These data suggest the existence of sst3 and additional somatostatin 
receptor subtypes in fish.

234.12
CHARACTERIZATION OF NATIVE CRF2 RECEPTORS IN THE PORCINE CHOROID 
PLEXUS USING [,2T]SAUVAGINE BINDING. H. Schoemaker* andM.Bas. Synthélabo 
Recherche, 31, av. P. V. Couturier, 92220 Bagneux, France

The central and peripheral effects of corticotrophin releasing factor (CRF) are mediated 
through two G-protein coupled receptors, CRF, and CRF2, identified by molecular cloning 
techniques. Although the recombinant CRF2 receptor has been studied extensively, no 
pharmacological tools are thusfar available to selectively study the native CRF2 receptor. We 
sought to develop a convenient, filtration binding technique for the study of native CRF2 
receptors, taking advantage of the fact that the choroid plexus exclusively expresses CRF2 
receptor mRNA.

Briefly, the porcine choroid plexus was homogenized in 50 mM Tris-HCl buffer (pH 7.2) 
containing 10 mM MgCl2 and 2 mM EGTA, and a membrane fraction was incubated with 
40 pM [‘“ I]sauvagine for 120 min at 22°C in 50 mM Tris-HCl buffer (pH 7.2) containing 
10 mM MgCĻ, 2 mM EGTA, 0.1 mM bacitracin, 1 mg/ml BSA and 8 TIU/100 ml of 
aprotonin. Thereafter, membranes were recovered by filtration over Whatman GF/C filters. 
Nonspecific binding was defined using 1 µM urocortin.

[125I]Sauvagine, a high affinity ligand for both CRF, and CRF2 receptors, was found to 
saturably (Kd = 0.92 nM, Bmax = 1.8 pmol/mg protein) bind to a pharmacologically 
homogenous population of sites in membranes from the porcine choroid plexus with the 
pharmacological profile expected for CƙF2 receptors. Thus, l'25I]sauvagine binding to the 
porcine choroid plexus was sensitive to low concentrations of urocortin, sauvagine and α- 
helical CRF(9-41) (IC^ = 0.21, 0.50 and 11 nM, respectively) but was only poorly inhibited 
by r,hCRF (IC50 = 0.12 µM) and the selective CRF, receptor antagonist, CP 154.526 (IC50 
>10 µM).

The present data thus confirm that the choroid plexus selectively expresses the CRF2 
receptor subtype and establish a convenient, filtration binding assay for the pharmacological 
characterization of native CRF2 receptors.

234.14

MOLECULAR CLONING AND EXPRESSION OF CRF RECEPTORS 
FROM A  TELEOST FISH
S- Pohl. M-G- Darlison and D. Richter*. Institut für Zellbiochemie und 
klinische N eurobiologie, Universität Hamburg, 20246 Hamburg, 
Germany.

Corticotropin-releasing factor (CRF) is a major regulator o f the 
hypothalamic-pituitary-adrenal axis where it is involved in the modulation 
o f  endocrine, immunological and behavioural responses to stress. The 
functions o f this peptide are mediated via at least two distinct G-protein- 
coupled receptors (CRF1 and CRF2). In teleost fish, CRF and a CRF- 
related neuropeptide (named urotensin I), which can bind to and activate 
mammalian CRF receptors, have been identified. Recently, the presence of 
a urotensin I-like peptide, called urocortin, has been described in mammals 
and this has been suggested to be the endogenous ligand for the 
mammalian CRF2 receptor. To investigate the number of CRF receptors in 
teleost fish, and to establish whether urotensin I is a selective ligand for 
one o f  the fish CRF receptors, w e have isolated and expressed cDNAs 
from the chum salmon Oncorhynchus ketα. Tw o full-length clones, 
encoding a CRF 1-like and a CRF2-like receptor, have been obtained, and 
the tissue distributions o f the corresponding mRNAs have been determined 
using RT-PCR. While the piscine CRFl-Uke receptor mRNA was found 
in a variety o f tissues, the CRF2-like receptor transcript was detected only 
in heart and brain. The Oncorhynchus cD N As have been transfected into 
human embryonic kidney 293 cells in order to pharmacologically and 
functionally characterize the two receptors. In this presentation, we will 
describe the results o f these studies, which have a significant bearing on 
the evolution o f the CRF receptor system in vertebrates.
(S.P. is supported by α Stipendium from  the D FG )

234.16
REGULATION OF THE DISTRIBUTION AND EXPRESSION OF SOMATOSTATIN 
SST2A RECEPTORS BY SOMATOSTATIN IN RAT BRAIN. H. Boudin*l. A. 
Schonbrunn2, J.P. Vincent3 and A. Beaudet1. 1 McGill University, Montreal, HЗA 2B4, 
Canada. 2University of Texas, Houston, Texas 77225. 3CNRS, 06560 Valbonne, France.

Previous studies from our laboratory have demonstrated the internalization of 
somatostatin (SRIF) via sst2 receptors in neurons in primary culture (Stroh et al.. Soc. 
Neurosci. Abstr. 1997). To determine whether sst2A receptors undergo ligand-induced 
internalization in brain, we incubated rat brain slices in oxygenated-Ringer buffer 
containing [D-Trp8]-SRIF, a non degradable analogue o f SRIF, and analyzed the 
distribution o f sst2A receptors by ultrastructural immunogold in the basolateral nucleus 
of the amygdala and the claustrum, two regions in which sst2A receptors were shown 
to be primarily associated with dendritic plasma membranes. Accordingly, we found 
that under basal conditions 60% of sst2A receptors were associated with dendritic 
plasma membranes, the remaining being mostly associated with intracellular vesicles. 
After exposure to 10 µM [D-Trp8]-SRIF for 40 min at 37°C, the proportion of 
membrane-associated receptors decreased to approximately 35% of total and a 
concomitant increase in the percentage of intracellular sst2A immunoreactive was 
observed. Moreover, incubation for 40 min at 37°C with 10 nM of Bodipy-[D-Trp8]- 
SRIF, a fluorescent SRIF derivative, resulted in an aggregation of the fluorescent 
ligand in the cytoplasm of neuronal cell bodies, indicating that the internalization 
process involved endocytosis of both receptors and agonist molecules. To examine the 
influence of endogenous SRIF on sst2A receptor distribution, we blocked SRIF release 
by depleting calcium from the Ringer buffer. This treatment did not affect the ratio of 
membrane-associated/intracellular sst2A receptors. However, it reduced by more than 
half the intensity o f sst2A immunoreactivity as assessed by computer-assisted 
photometry. This decrease was almost totally prevented by incubation for 40 min with 
100 nM [D-Trp8]-SRIF indicating that SRIF up-regulates sst2A receptor levels. This 
SRIF-¡nduced recovery of sst2A immunoreactivity was totally inhibited in the presence 
of 0.4 M sucrose, suggesting that receptor endocytosis was mandatory for the 
manifestation o f this effect. Taken together, these results show that the binding of SRIF 
to sst2A receptors in rat brain results in an internalization of both ligand and receptor 
and that this event is linked to an up-regulation o f sst2A immunoreactivity.
Supported by MRC of Canada and N1H.
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234.17
BEHAVIO URAL CHARACTERIZATION OF SOM ATOSTATIN  
SST2 RECEPTOR KNOCK OUT MICE. C. V io llet1. C. V aillend2. A. 
U ngerer2. C. V ideau1. A. Lhéritier1. M.T. Bluet-Pajot1. A. Faivre- 
Bauшan‘. C. Loudes1. C. Lanneau1. R. Gardette1*, J. Schaeffer3. R.G. 
Smith3. H. W ilkinson3. H. Zheng3 and J. Epelbauш1. 1 U .159  
INSERM , Paris, 75014 France; 2U R A 1295 CNRS, Strasbourg, 67000  
France;3 Merck Research Labs., Rahway, NJ 07065-0900.

The radioautographical distribution o f  [125I]-Tyr0-DTrp8- 
Somatostatin ([125I]-SRIF) binding, a sst2/sstЗ/ sst5 selective ligand, 
was compared in the brain o f  4 w ild type (wt) and 4 hom ozygotous 
somatostatin sst2 receptor knock out (sst2 ko) m ice (8 month-old 
female). In parallel, 10 wt an 10 sst2 ko m ice (2-3 month-old males) 
were tested in a battery o f  behavioral tests. [125I]-SRIF binding was 
reduced by more than 90% in most brain regions, (deeper cortical 
layers, medial septum, medial habenula, basolateral amygdala, dentate 
gyrus o f  the hippocampus, and locus eoeruleus). Noteworthy, 50% o f  
[125I]-SRIF binding was still present in the CA1 o f  the hippocampus o f  
sst2 ko m ice and was selectively displaced by the sst5 relative 
agonist BIM 23268. Sst2 ko m ice were hypoactive in an open field and 
less aggressive in the hom e cage intruder test. Ko sst2 m ice displayed 
a lower long term memory retrieval o f  a w ell learned bar-pressing 
task. In contrast, they showed improved reference memory 
performances in a spatial discrimination task in a radial maze. These 
data indicate that 1) most [l25I]-SRIF binding sites in m ouse brain 
belong to the sst2 subtype, with the exception o f  the CA1 o f  the 
hippocampus in w hich sst5 receptors are also present and 2) the sst2 
receptor is involved in aggressive and cognitive behaviours.
{Supported by INSERM  & CNRS)

234.19
INTERNALIZATION OF SOMATOSTATIN VIA SST5: CONFOCAL AND 
ELECTRON MICROSCOPIC STUDIES. A. Beaudet*. T, Stroh. A. Choi-Jackson. P. 
Sarret†. J. Mazella†, J,-P, Vincentt and H,-J. Kгeienkamp¶. Montreal Neurol. Inst., 
3801 University St., Montreal, PQ, HЗA 2B4, Canada; †C.N.R.S., 06560 Valbonne, 
France ; ¶lnst. f. Zellbiochem. u. klin. Neurobiol., D-20246 Hamburg, Germany.

Somatostatin (SRIF) binds to a family o f G protein-coupled receptors, sstj_5, some 
of which are internalized upon stimulation with an agonist. The regulation of this phe
nomenon appears to be subtype-specific. In the present study, we investigated the 
pattern o f internalization o f sst5 in transfected COS cells. Using both iodinated and 
fluorescent (fluo-SRIF) derivatives o f the SRIF analog [D-Trp8]SRIF as well as an 
antibody specific for rat sst5 we followed the intracellular fate o f ligand and receptor. 
Our results demonstrate that (i) iodinated SRIF is internalized via sst5 reaching 
maximum sequestration (45% of total specific binding) after 20 min. (ii) internalized 
fluo-SRIF remains sequestered immediately beneath the plasma membrane until 20 
min, after which time it is found within small endosomal compartments throughout the 
cytoplasm, (iii) the internalization is blocked by 20 µM PAO and hyperosmolar 
sucrose, suggesting that it is clathrin-mediated. (iv) immunoreactive sst5 receptors are 
also rapidly internalized following stimulation with 10 nM non labeled [D-Trp8]SRIF. 
At short time intervals (5-20 min), they are located in small vesicular compartments in 
the cell periphery, resembling the distribution o f the ligand at this time. At longer 
intervals, however, immunoreactive receptors, unlike the ligand, are redistributed to 
the cell surface, (v) at the subcellular level, sst5 immunoreactivity is largely associated 
with the plasma membrane prior to agonist stimulation. 10 min after stimulation, sst5 
immunolabeling is found in clathrin coated pits and subplasmalemmal vesicles. These 
results suggest that SRIF bound to sst5 is internalized via classical endocytic path
ways. They also suggest that at approximately 20 min the ligand dissociates from the 
receptor, the former being dispatched to the cell center, the latter recycled to the cell 
surface. Supported by grants from the DFG and the MRC.

234.21
NOVEL FUNCTIONALIZED-PROLINE DERIVATIVES: N O N 
PEPTIDE MIMICS OF SOM ATOSTATIN/SANDOSTATIN®
S. M ignani, D. Damour. M. Barreau. J-C. Blanchard. M-C. Burgevin.
G. Pantel. R. Labaudinière. and A. D oble*. Rhône-Poulenc Rorer S.A. 
Centre de Recherche de Vitry-Alfortville, 13 Quai Jules Guesde BP 14, 
94403, Vitry-sur-Seine Cedex, France.

Starting from 3D structures of low-energy conformations of 
Sandostatin® w e designed novel non-peptide mimics o f somatostatin/ 
Sandostatin® such as a) 3-functίonalized-proline derivatives b) 
constrained structures within proline system s such as spirocyclic 
lactams c) γ-lactam derivatives d) 2-methylateđ proline derivatives. In 
these compounds, the aryl moiety, the amino-butyl chain, and the two 
alkylphenyl chains are expected to be in an adequate spatial disposition, 
and to retain som e of the electronic features of Sandostatin®. These side 
chains could be superimposed onto the D-Trp4 , Lys5 , Phe3 , and Thr6 
m oieties o f Sandostatin® respectively. It is known that the sequence 
Ph℮7-Trp8-Lys9-Thr10, and the ß -īľ  turn around Phe7-Trp8-Lys9-Thr10of 
somatostatin are the most relevant for biological activity. The prepared 
compounds displaced 3 -[125I]-Tyrn -SRIF-14 from the somatostatin 
receptors on membranes of rat cerebral cortex with IC50 values between  
10 and 30 µM. Synthesis and main S.A.R. concerning these different 
classes o f derivatives w ill be presented and discussed.

234.18
SOMATOSTATIN SST2 RECEPTOR KNOCK-OUT MICE EXHIBIT 
ALTERAΉONS IN SHORT-TERM SYNAPTIC PLASTICITY IN CA1

Schaeffer2. R.G. Smith2. H. Wilkinson2. H. Zheng2 and J. Epelbaum1.
1 INSERM U 159; Paris, France 75014 and 2Merck Research Labs., Rahway, NJ 
07065-0900.

Somatostatin, a neuropeptide acting on five distinct receptor subtypes (sstl to 
sst5), has been implicated in cognitive behaviour. The sst2 receptor subtype is 
highly expressed in the CA1 hippocampal area, but little is known about the 
cellular implications o f the activation o f these receptors. In this study, we 
examined glutamatergic synaptic transmission and related neuronal plasticity in 
ex vivo hippocampal slices (4OOµm) obtained from sst2-receptor knock-out (ko) 
in comparison with wild type (wt) mice. Extracellular field excitatory post- 
śynaptic potentials (fEPSP) were recorded in CA1 field in response to electrical 
stimulation o f the stratum radiatum. The afferent volley was similar in wt and ko 
mice, suggesting no alteration in the density of recruited fibres by the stimulation 
in ko mice. In both wt and ko mice, fEPSPs were completely suppressed by 
CNQX, a glutamatergic AMP A receptor antagonist, whereas AP5, a NMDA- 
receptor antagonist, had no effect. The input-output relationship was not 
significantly different in the two groups o f animals, indicating no alterations of 
basal glutamatergic synaptic transmission in ko mice. In addition, no difference 
was seen in the paired-pulse facilitation of fEPSPs, suggesting that presynaptic 
calcium mechanisms involved in glutamate realease are not altered. High- 
frequency stimulation (1x50Hz, 0.5 s) o f the afferent fibres induced a post- 
tetanic potentiation (PTP) o f the fEPSPs. The magnitude and the time-course of 
PTP was similar in both wt and ko mice. In contrast, a higher stimulation 
(2x(lOOHz, Is)) induced a significantly greater PTP in ko mice. This difference 
was abolished in the presence o f AP5, suggesting that the activation of NMD A 
receptors is up-regulated in the absence o f sst2 receptors. Besides, we did not 
observe a significant difference in the long-term potentiation o f the fEPSPs in ko 
mice. In conclusion, sst2 ko mice exhibit alterations in short term synaptic 
plasticity, suggesting that somatostatin, via sst2 receptors, significantly 
contributes to the modulation o f the neuronal activity in the hippocampus. 
Supported by INSERM

234.20
IDENTIFICATION OF A NOVEL SOMATOSTATIN RECEPTOR 
FROM AVIAN CILIARY GANGLION. A.G. Klanņi. S, L, Black?.

of biological Sciences and 3Neuroscience, University of Pittsburgh, 
Pittsburgh, PA 15260; departm ent of Neuroscience, Oberlin College, 
Oberlin, Ohio 44074.

Somatostatin is a potent modulator of calcium channels in chick 
ciliary ganglion neurons where the characteristics of the G 
protein-modulated current are influenced by cytoplasmic components. 
Utilizing the technique of RT-PCR, we have identified a novel 
somatostatin receptor expressed in avian brain and ciliary ganglion. A 
single DNA band was amplified from these tissues enabling the 
characterization of a partial cDNA sequence consisting of 555 
nucleotides. The predicted protein sequence consists of an open 
reading frame of 184 amino acids that has a high degree of homology, 
ranging from 67-83%, with all five of the previously described subtypes 
of SSTRs found in human, mouse, rat, bovine, and porcine tissues. This 
novel avian SSTR exhibits the highest degree of homology to the SSTR
2,3,5 subclass of mammalian receptors. Predicted amino acid sequence 
identity is highest with human SSTR 3 (71%). The partial avian SSTR 
protein sequence spans the region corresponding to the Зrd-7 th 
transmembrane segments. We are currently using anchored PCR and 
Southern blotting to obtain the entire cDNA sequence. Despite the 
highest degree of homology with the SSTR 2,3,5 subclass, in patch 
clamp electrophysiological studies, the selective agonist MK678 (2 
nM-2 µM) did not modulate calcium current. The elucidation of the 
SSTR(s) present in avian neuronal tissue will facilitate the design of 
specific probes for the study of somatostatin coupling to signaling 
systems in the chick ciliary ganglion. Supported by NIH NS32345 and 
a Grant-in-Aid from the American Heart Association.

234.22
ACTIVATION OF THE ENDOTHELIN RECEPTOR INHIBITS THE 
G-PROTEIN COUPLED INWARDLY RECTIFYING POTASSIUM 
CHANNEL BY A PLA2 MEDIATED MECHANISM Sherri L. 
Rogalski*. Curt Cvr. Charles Chavkin Department of Pharmacology, 
University of Washington, Seattle, WA 98195 

The human endothelin A receptor, mu opioid receptor and G-protein 
coupled inwardly rectifying potassium channel (Kir 3) heteromultimers 
were coexpressed in Xenopus laevis oocytes. Activation of the 
endothelin A receptor by endothelin-1 caused a calcium-dependent 
reduction in the KirЗ response evoked by mu opioid receptor 
activation. Inhibition of KirЗ was subtype specific: heteromultimers 
composed of Kir 3.1 and Kir 3.2 or Kir 3.1 and Kir 3.4 were 
significantly more sensitive to the effects of endothelin- 1 than 
heteromultimers composed of Kir 3.1 and Kir 3.5. The endothelin-1 
mediated inhibition was mimicked by arachidonic acid and blocked by 
the phospholipase A2 inhibitor AACOCFЗ. Consistent with a 
phospholipase A2-mediated mechanism, the endothelin-1 effect was 
blocked by calcium chelation with BAPTA-AM and was not affected 
by kinase inhibiton by either staurosporine or genistein. The data 
suggest that endothelin modulates opioid activation of KirЗ channels by 
the activation of phospholipase A2 and subsequent inhibition of Kir 3. 
This work was supported by USPHS grant DA04123 and DA()7278 
from NIDA.

Society for N euroscience, Volume 2 4 ,1998



MONDAY AM CATECHOLAMINE RECEPTORS: KNOCK-OUTS AND RELATED STUDIES 593

235.1
TIM E CO URSE STUDY O F BE H A VIO URA L CH ANGES  
FO LLO W ING  A C H RO NIC IN FU SIO N  O F A N TISE NSE TO  TH E α2D- 
A D RENO CEPTO R IN TH E RAT.
E.S.J. Robinson. †H.C. Jackson. D.J. Nutt. M.M. Usowicz* and A.L. Hudson 
Psychopharmacology Unit, School of Medical Sciences, Bristol, BS8 1TD, 
Ư.K. †Knoll Pharmaceuticals Research and Development, Nottingham, NG1 
IGF, Ư.K.

Previous studies using a phosphorothioate antisense oligonucle:>tide (S- 
ODN) to the α.2D-adrenoceptor demonstrated a knockdown of α2-adrenoceptor 
expression in specific brain regions. The aim of this study was to examine 
the behavioural consequences of inhibiting this protein expression. Male 
Wistar rats (270-3 Юg; n=8) were given a 3 day i.c.v. infusion (8µg µ ĩ1 hr ') 
of the antisense S-ODN, mismatch (toxicity control) or vehicle. Behavioural 
observations were made for 2hr each day during a 2 day baseline period, the 
infusion and for 4 days after the infusion. There was a significant increase in 
locomotion, grooming and overall activity scores in the antisense-treated 
animals compared to the vehicle and mismatch controls during the infusion. 
These effects were no longer present by day 2 post-infusion. Body weight 
gain was significantly reduced in the antisense-treated rats at the end of the 
study compared to the vehicle and mismatch groups although daily food and 
water intakes were not significantly different. The small reduction in body 
weight gain may reflect the behavioural activation induced by the antisense 
infusion. These data show that antisense to α 2D-adrenoceptors induces 
similar behavioural effects to those observed following acute administration 
of an α2-adrenoceptor antagonist, RX821002. These behavioural effects 
appear to be as a consequence of the antisense-mediated knockdown of α2- 
adrenoceptor in the rat CNS.
Supported by the BBSRC and Knoll Pharmaceuticals.

235.3
REDUCED OPERANT RESPONDING FOR SUCROSE IN DOPAMINE D1 
DEFICIENT MICE. M. El-Ghundi3. B.F. O'Dowd13 J. Draαo4 J.M. Karasinska3. 
D.R. Siblev5. P.J. Fletcher2, and S.R. Georαe*13. ’Addiction Res. Fdn, 2Clarke 
Inst. Psych., 3Dept. Pharmacol, Univ. Toronto, Toronto, Ont M5S 1A8 Canada, 
4Department of Anatomy, Monash Univ., Australia, 5NıNDS-NIH, Bethesda, MD.

The mesolimbic dopaminergic system mediates the rewarding properties of 
a variety of stimuli including food and drugs of abuse, however the relative 
contribution of different dopamine receptor subtypes is not clear. We used 
dopamine D1 receptor deficient mice (D1-/-), together with their wild-type 
(D1+/+) and heterozygote (D1+/-) littermates, to study the role of this receptor 
on operant responding for palatable food. Non food deprived mice were trained 
to press a lever for sucrose pellets (20 mg) under an FR1 schedule of 
reinforcement, which was then increased to FR4. Responding on one lever was 
reinforced by delivery of a sucrose pellet while responding on a second lever 
had no consequences. Daily sessions lasted for 30 min and continued until 
stable baseline rates of responding were established. Under both schedules of 
reinforcement, D1-/- mice had significantly lower response rates on the sucrose 
lever compared to D1+/+ and D1+/- mice. This deficit could not be attributed to 
a physical inability to depress the lever since under different manipulations 
including food deprivation, D1-/- showed enhanced response rates on the active 
lever, although remained significantly lower than D1+/+ and D1+/- mice. These 
results suggest that D1 receptors play an important role in the regulation of 
sucrose-reinforced responding which implicate D1 mechanisms in reward and 
motivational aspects of behaviour. Our goal is to further investigate the role of 
dopamine D3 receptor in these behaviours using a D3 knockout model and to 
generate a D1/DЗ receptor double knockout mouse to investigate how a lack of 
these receptors separately and together affects these behaviours in mice. 
(Supported by the MRC of Canada and NIDA).

235.5
THE INDIRECT BASAL GANGLIA PATHWAY EXHIBIT PARKINSONIAN
LIKE CHANGES IN DOPAMINE D2 RECEPTORS MUTANT MICE, G  
Dziewczapolski.1 M.G. Murer,1,2 M. Rubinstein,3* P. Salin,4 M. Vila,2 M. Ruberg,2 
E. Hirsch,2 M.A. Kelly,5 D.K. Grandv.5 M.J. Low,5 R. Raisman-Vozari,2 and O.S. 
Gershanik.1 ’iNINFA, 3INGEBI, CONICET, Bs. As., Argentina; 2INSERM Ư289, 
Paris, 4CNRS UPR9013, Marseille, France; 5Vollum Institute, Portland, OR, USA.

In parkinsonism, the lack o f striatal dopamine (DA) causes an increase of met- 
enkephalin (met-ENK) mRNA expression in the striatum, a decrease of striatal 
substance P mRNA, and an increase of cytochrome-oxydase (CO) activity in the 
subthalamic nucleus (STN). Secondaiy to these changes, an increased expression of 
glutamic acid decarboxylase (GAD) mRNA is also observed in the output nuclei of 
the basal ganglia. The aim of the present study was to determine whether the absence 
of D2 receptors can lead to parkinsonian-like changes in the expression of these 
markers in the basal ganglia. GAD, met-ENK, substance P and CO mRNAs were 
evaluated by quantitaive in situ hibridization in mutant mice lacking the D2 protein. 
D2 -/- mice showed a significant increase o f striatal met-ENK mRNA, but just a 
minor change of striatal substance P mRNA expression. As occurs in parkinsonism, 
CO histochemical activity and mRNA expression were significantly increased in the 
STN of D2 -/- mice. However, GAD mRNA expression was normal in the 
entopedunculaг nucleus and substantia nigra reticulata. Our results demonstrate that 
GAD mRNA increase in basal ganglia output nuclei, a cardinal mark of 
parkinsonism, can* not be duplicated by disrupting D2 receptor mediated 
neurotransmission. The fact that a normal GAD mRNA expression was observed in 
the output nuclei despite typical parkinsonian-like changes in the indirect pathway 
evidences the important role o f the direct pathway and D1 receptors in the 
physiopathology o f parkinsonism, and may also account for the subtle locomotor 
phenotype observed previously (Kelly et al., 1998, J  Neurosci 18:3470) in the D2 
receptor deficient mice. Supported by INSERM (France), HHMI and NPF (USA), 
CONICET and Fundación Antorchas (Argentina).

235.2
α2C-ADRENOCEPTORS MEDIATE INHIBITION OF ADENYLYL 
CYCLASE AND ACETYLCHOLINE RELEASE IN MOUSE STRIATUM. 
W. Zhang and G.A. Ordwav*. Departments of Psychiatry & Human Behavior 
and Pharmacology & Toxicology, University of Mississippi Medical Center, 
Jackson, MS 39216.

The striatum has a high density of α2C-adrenoceptors relative to other brain 
regions. Heretofore, the physiological significance of these receptors has been 
unknown. In this study, mice with targeted inactivation of the α2C-adrenoceptor 
gene (Adra2ơ'¯; KO mice) were used to study the role of striatal α2C-adreno- 
ceptors in modulating adenylyl cyclase activation and neurotransmitter release. 
In genetically-related control mice expressing the wild-type α2C-adrenoceptor 
(Adra2c+/+; WT mice), the α2-adrenoceptor antagonist RX821002 (10 nM) 
facilitated forskolin-stimulated cyclic AMP accumulation in vitro in striatal 
slices (23% increase; p<0.05), indicating that striatal α2-adrenoceptors are 
under tonic activation. In contrast to WT mice, RX821002 had no effect on 
forskolin-stimulated cyclic AMP accumulation in KO mice. RX821002 (100 
nM) increased electrically-stimulated release of tritium from perfused slices of 
WT mouse striatum pre-loaded with [¾]choline (29% increase in S2/Sl ratio; 
p < 0.05), an effect that was absent in KO mice. RX821002 had no effect on 
electrically-stimulated [3H]dopamine release from striatal slices, but increased 
[3H]dopamine release in hippocampal slices from both WT and KO mice. These 
data imply that α2C-adrenoceptors are negatively coupled to adenylyl cyclase 
and mediate inhibition of acetylcholine release in mouse striatum. α2C- 
Adrenoceptors do not regulate dopamine release in mouse striatum. (Supported 
by gifts from Hoechst Marion Roussel and Roche Biosciences)

235.4
A2a ADENOSINE RECEPTO R M O DULATIO N O F EV OK ED GABA  
RELEASE FROM  STRIATAL/PALLIDAL SLICES OF D2 
DO PAM INE RECEPTO R-DEFICIENT M ICE. J.K. Simosky1 . R.D. 
Mayfield1. M.J. Low2 . M.A. Kelly2 . M. Rubinstein3 , D.K, Grandyż and N. 
R. Zahniser . Dept. Pharmacol. & Neurosci. Prog·, Univ. Colorado Hlth Sci.
Cŧr·,- Denver, CO ЗQ262;. 2YoIlum Institute^ Oregon Hlth S¢i, U∩i.y.> 
Portland. OR 97210: and INGEBL CONICET. Buenos Aires. Argentina.

It is well established that a negative interaction exists between D2 dopamine 
and A2a adenosine receptors in basal ganglia. For example, D2 receptor 
activation antagonizes the A2a receptor-induced increase in evoked GABA 
release from rat striatum/globus pallidus (Str/GP). To further understand this 
relationship, we measured in vitro electrically-evoked endogenous GABA 
release in the presence of the GABA uptake blocker NO-711 (10-100 µM) 
from Str/GP slices isolated from D2 receptor wildtype (D2R+/+), heterozygote 
(D2R+/̂ ) and knockout (D2R̂ A) mice. The first hypothesis tested was that lack 
of D2 receptors would result in increased GABA release. During the two 
periods of electrical field stimulation, GABA overflow from Str/GP totaled
1.8 ± 0.3 ng/mg/ml in D2R+/+ mice, 2.3 ± 0.2 in D2R+/' mice and 2.8 ± 0.4 in 
D2R"a mice. The trend (p = 0.056) for the D2 R-deficient mice to exhibit 
greater GABA release than the wildtype mice is consistent with the 
hypothesis that D2 receptors tonically inhibit GABA release in Str/GP. Next, 
we tested the hypothesis that A2a receptor-mediated increases in GABA 
release would be greater in tissue lacking D2 receptors. Surprisingly, however, 
the selective A2a receptor agonist CGS 21680 (100 nM) increased evoked 
GABA overflow to a similar extent (20-60%; p < 0.05) in all three genotypes. 
Future radioligand binding experiments will explore whether compensatory 
changes in A2a receptor density or affinity can explain the unchanged function 
of A2a receptors in Str/GP of D2R'/_ mice. (Supported by NS 26851)

235.6
ANALYSIS OF MUTANT D3 DOPAMINE RECEPTORS IN VITRO, AND 
IN VIVO BY A “KNOCK-IN” GENE TARGETING APPROACH. A. P ⅛ e1.
F. Heitz‘. G. McAllister2.1 Ragan2 and N. Allen1*
1 Laboratory of Developmental Neurobiology, The Babraham Institute,
Babraham, Cambridge CB2 4AT, UK
2 Merck Sharpe and Dohme Neuroscience Research Centre, Terlings Park Harlow, 
Essex CM2O 2QR, UK
Phenotypes associated with a loss of D3 dopamine receptor (DЗR) function have 
been studied previously in DЗR knockout mice (Accili et al 1996, PNAS 22 
1954; Xu et al 1997, Neuron 12 837). These studies indicate an inhibitory 
function for DЗR in the regulation of locomoter activity and the DЗR-/- mice 
show a higher sensitivity to cocaine and amphetamine.

To further determine the functions of DЗR in vivo, phenotypes associated 
with gain of function would be valuable. To do this we are developing a novel 
gene-targeting strategy in which different mutant alleles of DЗR may be 
successively “knocked-in” into the endogenous DЗR locus.

We have made a D2R/DЗR chimeric receptor efficiently coupled to cAMP 
inhibition, and eight DЗR point mutants which have been designed to give 
constitutive activity. The pharmacological and functional characteristics of these 
mutants have been assayed in vitro, prior to their analysis in vivo.

To introduce these mutants in vivo, we have targeted the DЗR locus in ES 
cells with a vector that introduces a loxP site into the first exon of the gene. This 
loxP site will be used for the site-specific integration of the different mutant 
constructs using ere recombinase. Plasmid and selection marker sequences are 
subsequently removed using Flp site-specific recombinase. This strategy will 
express the mutant transgenes under the precise control of the normal DЗR 
regulatory sequences.
This work is supported by the MRC and Merck Sharpe and Dohme
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235.7
CHANGES IN GLUTAMATE AND GABA SYNAPSES FOUND IN D4 DOPAMINE 
RECEPTOR DEFICIENT MICE. Laura B. Kozell2*. Malcolm J. Low2. Marcelo 
Rцt?⅜n⅞⅛in2. David K. Grandv2. and Charles K. Meshul1'2. V. A. Medical Center1 
and Oregon Health Sciences University2. Portland. OR 97201

The D4 dopamine receptor (D4DR) is coupled to the G proteins, G¡ and G〇. and 
has been shown to modulate a number of signal transduction pathways, including 
adenylyl cyclase, inositol phosphate and inwardly rectifying channels. Due to its 
regional specificity. D4DR function has been associated with affect, motivation 
and reward. The highest level of D4DR expression is found in the cortex, with 
much lower levels in the striatum. In the cortex, the D4DR has at least been 
localized to GABA interneurons which also receive input from glutamate neurons.
A role for D4DR in the striatum is suggested by an elevated sensitivity to alcohol-, 
cocaine-, and methamphetamine-induced locomotor stimulation in D4DR deficient 
mice. Due to possible interactions between D4DRs, GABA and glutamate, we were 
interested in determining whether the loss of the D4DR would alter glutamate- or 
GABA-conta¡ning neurons in the cortex or striatum. Therefore, we analyzed the 
density of glutamate and GABA nerve terminal ¡mmunolabeling within dorsolateral 
striatum and motor cortex of D4DR deficient mice and their wild-type (wt) litter 
mates using quantitative immunogold electron microscopy.

In the striatum of D4DR deficient mice, there were significant decreases in the 
area of glutamatergic terminals (0.36 ± 0.02 vs. (wt) 0.45 ± 0.02 µM) and in the 
density of immunolabel¡ng (140 ± 4.9 vs. (wt) 165 ± 4.9 part¡cles/µm2). There 
were also significant decreases in glutamate ¡mmunolabeling in layer VI of the 
motor cortex (91 ± 3.0 vs. (wt) 113 ± 3.8 part¡cles/µm2). In layer V of the motor 
cortex, there were significant decreases in the area of GABA-erg¡c presynaptic 
terminals (0.47 ± 0.03 vs. (wt) 0.64 ± 0.05 µM) without changes in the density of 
GABA immunolabeling (153 ± 6.4 vs. (wt) 153 ± 6.9 particles/µm2). These r< suits 
suggest that D4DR deficient mouse supersensitivity to the locomotor stimulatory 
effects of several drugs of abuse may be related to increased glutamatergic 
function. Supported by an Institutional NRSA 5T32 DAO7262(LBK), NIDA R21 
DAO962O(DKG), VA Merit Review & Smokeless Tobacco Research Council (CKM).

235.8
MICE LACKING DOPAMINE D4 RECEPTORS EXHIBIT HIGH

Biología Molecular (CONICET), 1428 Buenos Aires, Argentina, 2 Dept, de 
Biología, FCEyN, Universίdad de Buenos Aires, Argentina, 3 Dept, of Physiology 
and Pharmacology, and 4 Vollum Institute, Oregon Health Sciences University, 
Portland, Oregon 97201.

Novel environmental stimuli elicit a cascade o f exploratory motor 
behaviors that are highly dependent on the activity of mesolimbic, 
m esocortical and nigrostriatal dopaminergic neurons. It has been 
proposed that genetic variability in dopamine neurotransmission may 
mediate individual differences in the personality trait termed novelty 
seeking. Although two independent groups recently reported an 
association between polymorphic variants in the coding recion o f the 
human dopamine D4 receptor gene (D rd4 ) and high novelty seeking 
scores obtained in personality questionnaires, other groups have not 
arrived at the same conclusion. To study the participation o f the 
dopamine D4 receptor (D4R) in dopamine-mediated behaviors induced 
by novel stimuli we challenged mutant m ice lacking D4Rs in two 
different approach/avoidance conflict paradigms. Here, we report that 
D rd4 'Amice displayed increased levels o f anxiety as demonstrated by 
reduced exploration o f the unprotected open arms o f an elevated plus 
maze. This behavior was com pletely reversed by ethanol and the 
benzodiazepine midazolam, two well-know n anxiolytic agents. In 
addition, wnen compared to their wild-type littermates, Dra4-¡- m ice 
exhibited significantly longer latencies with respect to their exploration 
o f the bright, aversive compartment in a light/dark preference 
exploration test. These results strongly suggest that the D4R is an 
important participant in behaviors related to novelty and anxiety. 
Supported by a Special Program Grant of die Howand Hughes Mxücal Institute (MR).

235.9
ALTERED Dļ AGONIST INDUCED BEHAVIORS IN Diд RECEPTOR OVER
EXPRESSING MICE. S. Dracheva*1, M. Xu5. S. Haun1. V. Haгoutunian2. G. 
Holstein3. J. Silverstein 4, K.Kellev1. S. Tonegawa3. and S. Sealfon1,3. Dept, of 
Neurobiology1, Psychiatry2, Neurology3, and Anesthesiology4, Mount Sinai 
Medical Center, New York, NY 10029; Institute and Center for Learning and 
Memory, Department of Biology, MIT3, Cambridge, MA 02139 

In order to investigate the behavioral effects of dopamine receptor overexpression 
in brain, Dja receptor transgenic mice were generated using mouse receptor gene 
containing a tag in the 3’-untranslated region. The transgenic animals appeared 
healthy and had no apparent physical abnormalities. Ligand binding autoradiography 
and membrane binding assays using [ЗH]-SCH 23390 revealed that Dj receptor 
density was increased to a greater extent in extra-striatal dopaminergic fields than in 
the striatum in the transgenic animals. To obviate any confounding effects due to 
genetic background, all behavioral experiments utilized non-transgenic littermates as 
controls for the heterozygous transgenic mice. In order to exclude any effects 
resulting from the site of gene integration, all data were confirmed in lines from two 
founders. Mouse locomotor activity was measured by photocell beam inteҥuption. 
Systemic administration of the full Dţ agonist SKF 81297 to control animals 
stimulated a dose-dependent increase in locomotor activity. In contrast, in transgenic 
mice, this drug caused a marked suppression of locomotion which was most 
pronounced at low agonist doses. SKF 81297 suppressed climbing and grooming 
behaviors of the transgenic animals; in controls the drug augmented climbing but did 
not affect grooming. Agonist did not cause significant abnormalities of motor 
coordination in the transgenic mice as assessed by performance on the rotating 
cylinder. Amphetamine and cocaine activated locomotion in both control and 
transgenic animals. These results suggest that stimulation of D jд receptors can 
either enhance or suppress locomotion, depending on the relative balance in the level 
of receptor expression and activation in different brain regions. Supported by a grant 
from the Lowenstein Foundation.

235.10
GENERATION OF D5 DOPAMINE RECEPTOR-DEFICIENT MICE BY GENE 
TARGETING. T.R. Hollo∏2 . Ţ,Ç. G leason3 A. Gr¡nberα⅜ M.A. ArianoT S.P. 
H u an q 4 , J. D ragon  J. Drielinα⅜ J.N, Craw lev3 H. W estphal^ , and D.R. 
Sibley3*. 1FUHS/CM S; 2 NINDS, 3NIMH, 4NICHD, National Institutes of 
Health, Bethesda, MD 20892.

In order to help elucidate the physiological and behavioral roles of the 
Dӡ dopam ine receptor, we have created a D ӡ receptor-deficient mouse using 
hom ologous recombination techniques. A targeting vector was created by 
ligating a neomycin gene conferring G418 drug resistance into a unique Sfil 
site in the D ӡ receptor gene thereby d isrupting the reading frame down
stream of the 4th transm em brane dom ain of the receptor. ES cells were 
transfected with this vector via electroporation, subjected to G418 selection 
and screened via Southern blotting. Five targeted cell lines were injected into 
b lastocysts and im planted into foster mothers. All of the targeted cell lines 
generated chim eric mice although only three mice dem onstrated germline 
transm ission of the mutant allele. Heterozygote anim als were generated by 
m ating the  ch im eric  m ice w ith C 57BL/6 w ild -type  anim als and mice 
hom ozygous for the mutant D ӡ receptor were generated by mating the 
heterozygote mice. The resulting hom ozygous D ӡ receptor knock-out mice 
are viable, appear to develop normally, are capable of reproduction and 
appear to be neurolog¡cally intact. Evidence supporting the receptor knock
o u t w a s  o b ta in e d  u s in g  D ӡ re c e p to r-s e le c tiv e  a n tis e ra  and 
immunoh¡stochem¡cal techniques. The receptor knock-out mice show a loss 
of Dӡ receptor sta in ing in the CNS in com parison to w ild-type controls. 
P relim inary behavioral analyses of the knock-out mice reveal significantly 
higher levels of both horizontal and vertical levels of activity in the open field 
test as well as increased latency on an accelerating rotarod when compared 
to w ild-type controls. Further studies are in progress. (Supported by NIH).

235.11
CHARACTERIZATION OF NORADRENANERGIC RECEPTOR TYPES 
INVOLVED IN THE INHIBITORY ACTION OF NORADRENALINE IN 
VENTROMEDIAL HYPOTHALAMUS OF OBESE AND LEAN MICE. K. 
Kraszewski*, L, Garrett, J. Li, and A. Cincotta. Ergo Science Dev. Coгp. 
Chalestown, MA 02129

In previous studies we found that iontophoretic application o f noradrenaline (NE) 
to the ventromedial hypothalamus (VMH) produced inhibition o f glutamate evoked 
neuronal activity. This inhibition was more effective in obese then in lean animals 
suggesting that obesity is associated with increased sensitivity of VMH neurons to 
NE.

Here we examined, which noradrenaline receptors, were involved in noradrenaline 
inhibition in VMH, and if there were any relative differences in sensitivity to various 
noradrenergic receptor agonists between obese and lean mice.

Multibarrel electrodes and single unit recording were used to measure NE 
inhibitory effect on glutamate evoked electrical activity in VMH neurons of 
CB57B1/6J obese and lean mice. Different NE agonists phenylephrine 100 mM, (α,- 
agonist) clonidine 50 mM (α2-agonist) and izoproterenol 50 mM (ß-agonist) were 
applied at currents o f 30 and 60 nA. All the agonists induced inhibition o f glutamate 
evoked neuronal activity. In neurons that revealed such inhibitory responses to 
noradrenaline, the intensity o f inhibition by specific agonists was quantified by 
assessing the decrease in the number o f action potentials during agonist injection. 
Using arbitrary values from 0.0 (no inhibition) to 2.00 (inhibition quantitatively as 
affective as NE) it was found that the order o f effectiveness was clonidine, (1.82), 
phenylephrine (1.22) isoproterenol (0.83). We did not observe any difference between 
obese and lean animals in sensitivity to these specific agonists.

The data suggests that increased sensitivity of VMH neurons to NE in obese 
(ob/ob) mice is possibly due to increased NE binding sites rather than changes in 
receptor population. Ergo Science Developmental Corp.
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2 3 6 .1

[¾ ] IN O S IT O L  P H O S P H A T E  A C C U M U L A T IO N  S T IM U L A T E D  B Y  
N O R A D R E N A L IN E  IN  S T R IA T A L  P R IM A R Y  C U L T U R E S  IS  

M E D IA T E D  B Y  α ıд - A D R E N O C E P T O R S .  M .T . d e  la  V e g a .  J .M . 

A r ia s ¯ M o n ta ñ o . A .N ú ñ e z  a n d  J .A .  A r ia s ¯ M o n ta ñ o * .  D e p a г ta m e n to  
de  N e u r o c ie n c ia s ,  C IN V E S T A V ,  M é x ic o ,  D .F .,  M é x ic o .

In ra t  s t r ia ta l s l ic e s  [ 3H ] in o s i to l  p h o s p h a te  ( [ 3H ] IP s )  a c c u m u la t io n  
s t im u la te d  b y  n o r a d r e n a l in e  (N A )  a p p e a r s  t o  b e  m a in ly ,  i f  n o t  
e x c lu s iv e ly ,  m e d ia te d  b y  α iд - a d r e n o c e p to r s  (J .A .  A r ia s - M o n ta ñ o  et 
a/.,. N e u r o p h a r m a c o lo g y  3 5 :1 6 0 5 ,  1 9 9 6 ) .  H e re in  w e  h a v e  s tu d ie d  
fu r th e r  th is  a c t io n  b y  u s in g  p r im a r y  c u l tu r e s  f r o m  r a t  s t r ia tu m .

S tr ia ta l c u ltu r e s  w e r e  o b ta in e d  f r o m  n e w - b o r n  ra ts .  A f t e r  4 8  h , 
c u ltu re s  w e r e  e x p o s e d  to  1 µ M  c y to s in e  a r a b in o s id e  f o r  2  d a y s  to  
p re v e n t p r o l i fe r a t io n  o f  q p n - n e u r o n a l  c e l ls .  A f t e r  1 2  d a y s  in  c u ltu r e  
ce lls  w e re  la b e l le d  w ith  f H ] i n o s i t o l  f o r  4 8  h .

In th e  p r e s e n c e  o f  1 0  m M  Ĳ C ļ a n d  a f t e r  3 0  m in  in c u b a t io n ,  N A  
s tim u la te d  th e  a c c u m u la t io n  o f  ſ  H ] iP s  ( 2 9 7  ±  2 2 %  o f  b a s a l,  E C 5〇 

0 .5 2  ± 0 . 1 5  µ M ).  N A - in d u c e d  [ H ] i P s  fo r m a t io n  w a s  in h ib i te d  in  a  
m o n o p h a s ic  m a n n e r  b y  5 - m e th y lu ra p ¡d i l ,  W B - 4 1 0 1 ,  ( + ) -n ¡g u ld ip in e  
a nd  B M Y -7 3 7 8 .  E s t im a te d  K¡ v a lu e s  w e r e  in  g o o d  a g r e e m e n t  w ith  
th o s e  r e p o r te d  f o r  th e  α 1A s u b ty p e  o f  a d r e n o c e p to r s .  P r e t r e a tm e n t  
w ith  c h lo r o e th y lc lo n id ¡n e  (1 0  µ M , 1 5  m in )  h a d  n o  e f f e c t  o n  N A - 
in d u c e d  [3H ] IP s  a c c u m u la t io n .  T a k e n  t o g e th e r  o u r  r e s u lts  in d ic a te  
th a t α iд - a d r e n o c e p to r s  a re  r e s p o n s ib le  f o r  N A - s t im u la te d  
p h o s p h o in o s it id e  h y d r o ly s is  in  ra t  s t r ia tu m .

Supported by CONACYT (1381 -PN) and CINVESTA V.

2 36 .3

C H A R A C T E R IS A T IO N  O F  α ı B- A D R E N O C E P T O R S  IN  R A T  
S U B T H A L A M IC  N U C L E U S . D . A rc o s ,  A . N ú ñ e z .  V . A le m a n * .  
J. A c e v e s  a n d  J .A . A r ia s ¯ M o n ta ñ o .  D e p a г ta m e n to  d e  
N e u ro c ie n c ia s ,  C IN V E S T A V ,  M é x ic o ,  D .F .,  M é x ic o .

P re lim in a ry  d a ta  f r o m  o u r  la b o r a to r y  in d ic a te  t h a t  n o r a d r e n a l in e  
in c re a s e s  th e  s p o n ta n e o u s  f i r in g  o f  s u b th a la m ic  n e u r o n e s .  S in c e  

th is  a c tio n  w a s  b lo c k e d  b y  th e  〇и  a n ta g o n is t  p r a z o s in  a n d  w a s  

m im ic k e d  b y  p h e n y le p h r in e ,  a  s e le c t iv e  o∏ a g o n is t ,  t h e  a im  o f  th is  

w o rk  w a s  to  d e te r m in e  th e  p r e s e n c e  o f  α r a d r e n o c e p to г s  in  ra t  
s u b th a la m ic  n u c le u s .

S a tu ra t in g  b in d in g  o f  [ 3H ]p r a z o s in  to  m e m b r a n e s  o f  s u b th a la m ic  

n u c le u s  y ie ld e d  a  B max o f  7 7  ±  3  fm o l . m g '1 p r o te in  a n d  K d o f  0 .2 7  ±  

0 .0 4  n M . In h ib it io n  o f  [ 3H ]p r a z o s in  b in d in g  b y  〇и  a n ta g o n is ts  
(5 -m e th y lu ra p ¡d il,  W B - 4 1 0 1 ,  (+ ) -n ¡g u ld ¡ p in e  a n d  B M Y -7 3 7 8 )  w a s  
c o n s is te n t  w ith  th e  p r e s e n c e  o f  a  s in g le  r e c e p to r  w i th  in h ib it io n  

c o n s ta n ts  (K ¡) t h a t  m a tc h e d  th o s e  re p o r te d  f o r  α 1Eгa d r e n o c e p to r s .  

In s lic e s  o f  s u b th a la m ic  n u c le u s  n o r a d r e n a l in e  (1 0 0  µ M ) p ro d u c e d  

a m o d e s t ,  b u t  c o n s is te n t ,  s t im u la t io n  o f  [ 3H ] in o s i to l  p h o s p h a te  
a c c u m u la t io n  (1 4 6  ±  9 %  o f  b a s a l a f t e r  4 5  m in ) .  T h e  a c t io n  o f  

n o r a d re n a lin e  w a s  b lo c k e d  b y  p ra z o s in  (1 µ M ).  T h e s e  r e s u lts  
in d ic a te  t h a t  r a t  s u b th a la m ic  n u c le u s  e x p r e s s e s  a  s in g le  c la s s  o f  

c и -a d r e n o c e p to r s ,  th e  〇и в-s u b ty p e ,  c o u p le d  to  in o s i to l  p h o s p h a te  
fo r m a t io n .

Supported by CINVESTA V.

2 3 6 .5

RECOMBINANT (^-ADRENOCEPTORS IN CHO CELLS: FUNCTIONAL 
ASSESSMENT WITH CYTOSENSORR MICROPHYSIOMETRY. Mario 
Pihlavisto and Mika Scheinin*. Department of Pharmacology and Clinical 
Pharmacology, and Centre for Biotechnology, University of Turku, Finland.

Continuous monitoring of extracellular pH with the Cytosensor® 
Microphysiometry system is a new tool for the detection and quantitation of 
functional responses from living cells. In this study we have extended the functional 
analysis of the three recombinant human o⅛-adrenoceptor subtypes, oçл, α2B and α,Ľ, 
in Chinese hamster ovary (CHO) cell lines to include their evaluation in the 
Cytosensor® Microphysiometry system, and to assess its potential in detecting α2- 
adrenoceptor functional agonist activity. Two expression levels of each receptor, 
approximately 0.5 pmol/mg total cellular protein ("low") and 2 pmol/mg ("high") 
were used. The natural full agonist, (-)-noradrenaline (NA), was used to determine 
maximal responsivity. No signal was obtained in non-transfected CHO cells. The 
imidazole derivative dexmedetomidine was a potent full agonist in all six transfected 
cell lines. The imidazolines clonidine and UK-14,304 appeared to be partial agonists 
at α,в (E^ ≈ 60% of NA) but full agonists at and α2C. Experiments involving 
pharmacological perturbations of the signal transduction pathways of CHO cells 
were also performed. The responses mediated by all three oc,-adrenoceptor subtypes 
were partly inhibited by the sodium-hydrogen exchange (NHE) inhibitor, MIA (5- 
(N-methyl-N-isobutyl)-amiloride). The responses were totally abolished by pertussis 
toxin (PTX) in cells with α2A- and c⅛-гeceptoгs, and partly abolished in cells with 
o⅛-receptors. The residual signal in o⅛-cells was sensitive to the intracellular Ca2⅜ 
chelator, BAPTA. Cholera toxin (which acts on Gгproteins) had no effect. The 
results suggest that the extracellular acidification response mediated by α2-ad- 
renoceptors evidently involves NHE, G, and Ca1* pathways.

2 3 6 .2

SIGNALING THROUGH THE α ıв ADRENERGIC RECEPTOR: A ROLE 
FOR TISSUE TRANSGLUTAMINASE (Gαh)7 J. Zhang*, M^ Lesort and
G.V.W.Johnson, Dept. Psychiatry, University of Alabama at Birmingham, 
Birmingham, AL 35294-0017

The classical function of tissue transglutaminase (tTG) is as a 
transamidating enzyme which crosslinks proteins by the formation of an 
isopeptide bond, or incorporates polyamine into specific protein 
substrates. tTG is a GTP binding protein, and it has been hypothesized that 
tTG also functions as a signal transducing G-protein (Gαh) which couples to 
the α ıв adrenergic receptor and mediates the activation of phospholipase 
Cδ (PLCδ). The goals of this study are to examine the putative fuction of 
tTG as a G-protein, and to determine the relationship between the two 
described functions of tTG (crosslinking and Gαh). SH-SY5Y (SH) cells 
were transfected with the human α ıв adrenergic receptor containing vector 
and a stable cell line was established. Whole cell receptor binding assays 
using [ЗH]-prazosin, an antagonist of α ıв adrenergic receptor, showed that 
in untransfected cells there was not detectable binding, however in the 
transfected cells high levels of α ıв receptors are expressed. Cytochemical 
examination using FITC-prazosin clearly demonstrated the presence of the 
receptors in the plasma membrane. Phosphoinositide (PI) hydrolysis was 
measured in untransfected and α ıв adrenergic receptor expressing SH cells 
in response to the a, agonist phenylephrine (PHE). PHE induced a dose- 
response increase in PI hydrolysis in the transfected cells, while no 
increases above basal were observed in the untransfected cells. However, 
preliminary data indicate that there may be an inverse coưelation between 
tTG levels and the amount of PI hydrolysis in response to PHE in the cells 
expressing the α ш adrenergic receptor. Studies are on going to clearly 
identify the putative role of tTG as a signal transducing G protein. This 
work was supported by NIH grant AG12396.

2 3 6 .4

FUNCTIONAL CHARACTERISATION OF HUM AN ALPHA2
ADRENERGIC RECEPTORS EXPRESSED IN CELLS BY ĮvsS]GTPγS 
BINDING AND CYCLIC AMP FORMATION. M.H.M. Bakker, 
W. Gommeren, M. Ercken, M. Jurzak and J.E. Levsen*. Department of 
Biochemical Pharmacology, Janssen Research Foundation, Beerse, Belgium.

Alpha2 adrenergic receptors are believed to play a role as inhibitory 
presynaptic receptors controlling the release o f norepinephrine and o f various 
other neurotransmitters. The cloned human alpha2A, alpha2B and alpha2C 
receptors which were expressed in CHO cells were used to characterise 
agonistic and antagonistic responses to several alpha2 receptor ligands in two 
test systems.

Effects of compounds on forskolin-stimulated cyclic adenosine 
monophosphate (cAMP) formation was tested. Clonidine was found to 
potently and effectively reduce cAM P formation in the cells transfected with 
the alpha2л and alpha2C receptor subtypes. Maximal reduction o f cAM P levels 
of 70-90% was obtained. The alpha2B receptor was found not to reduce cAM P  
levels as effectively upon stimulation by clonidine or norepinephrine. 
Therefore, this assay was less suitable for studying the characterisation of this 
receptor subtype. Membranes o f cells expressing the three receptor subtypes 
respectively were tested for agonist stimulated [⅞ ]G T P γS  binding. Here, all 
three receptor subtypes were found to effectively activate G-proteins upon 
agonist binding. Maximal stimulation by 10 µM norepinephrine resulted in 
280-300 % stimulation o f basal levels for all three receptor subtypes.

Further, a series o f alpha2 antagonists were tested for their ability to 
antagonise agonist-induced inhibition of cAM P accumulation and [ ⅞ ]G TPγS  
binding on the three receptor subtypes. A comparison o f the potency and 
efficacy of the compounds in the two test systems will be presented.

2 3 6 .6

FUNCTIONAL ASSESSMENT OF <ŧ-2 ADRENORECEPTOR SENSITIVITY IN 
CATS WITH INTERSTITIAL CYSTITIS. C.A. Tonv Buffington*. Dept, of Vet. 
Clin. Sci., Coll, of Vet Med, The Ohio State Univ.; Columbus, OH 43210-1089 

Interstitial cystitis (IC) is a painful bladder disease that afflicts human and 
domestic cats. Disease signs appear to be exacerbated by stressful circumstances, 
suggesting that the sympathetic nervous system may play a role in the 
pathophysiology of IC. Three classes of adrenergic receptors (AR) mediate the 
actions of the sympathetic neurotransmitter norepinephrine (NE); α-1, α-2, and ß. I 
investigated the effects of medetomidine and guanfacine, both α-2AR agonists, on 
α-2AR sensitivity in healthy cats and cats with IC.

Six healthy adult cats and 6 cats with IC were studied. Following an overnight 
fast, the widest diameter of the right pupil was measured to the nearest millimeter 
using a ruler, after which 20 µg medetomidine/kg body weight was administered by 
intramuscular injection. Pupil diameter was measured again 10 minutes later. IC 
cats were then treated with guanfacine, an oral α-2AR agonist, for 4 weeks to 
investigate its effect on α-2AR sensitivity and cystoscopic appearance of the 
bladder. Pupil diameter of the 6 normal cats increased (mean + s.d.) by 4.3 + 1.8 
mm, versus 1.2+ 1.3 mm (P=0.006) in IC cats. These results suggest that α-2AR 
were desensitized in the cats with IC. After four weeks of treatment with 
guanfacine, medetomidine administration resulted in an increase in pupil size of cats 
with IC equal to that seen in normal cats. Cystoscopic appearance of the bladder 
also was improved. Within 4 weeks of discontinuation of guanfacine therapy, 
medetomidine no longer induced mydriasis in the IC cats.

α2-AR apparently were desensitized in IC cats, and guanfacine permitted the 
receptors to become resensitized. The improved cystoscopic appearance of the 
bladder of cats with IC following guanfacine treatment supports the hypothesis that 
NE somehow plays a role in the pathophysiology of bladder lesions of IC. 
Supported by NIDDK-DK 47538

Society for Neuroscience, Volume 24 ,1998



596 ADRENERGIC RECEPTORS MONDAY AM

236.7
A COMPARISON OF AGONIST-SPECIFIC COUPLING OF CLONED HUMAN α2- 
ADRENERGIC RECEPTOR SUBTYPES. J.E.Rudling and P.D.Evans*. TheBabraham 
Institute Laboratory of Molecular Signalling, Department of Zoology, University of 
Cambridge, Cambridge, CB2 ЗEJ, U.Ќ.

Agonist-specific coupling (agonist trafficking) of G-protein coupled receptors to 
different second messenger systems has been demonstrated for a number of receptors, 
(see Evans et a l, 1995, Prog. Brain Res. 106:259-268; Kenakin, 1995, Trends 
Pharmacol. Sci., 16:232-238). We have shown previously that the m- and p-isomers 
of the biogenic amine, octopamine, which is a naturally occurring ligand of sympathetic 
α-adrenergic receptors, can couple a cloned human α2A-adrenergic receptor selectively 
to the inhibition of adenylyl cyclase activity, in contrast to norepinephrine which couples 
the receptor to both the inhibition and stimulation of adenylyl cyclase activity in a dose- 
dependent manner (Airriess et al., 1997, Brit.J.Pharmacol., 122:191-198). Here we 
report on the relative abilities of (±)-m-octopamine (w-OCT) and (-)-norepinephгine 
(NE) to couple the three cloned human α2-adreneгgic receptor subtypes (α-2AR, α-2BR 
and α-2CR) expressed in Chinese Hamster Ovary (CHO) cells to the inhibition or 
stimulation of forskolin-stimulated cyclic AMP levels in the presence or absence of 
either pertussis toxin or cholera toxin. In cells expressing α-2BR, m-OCT inhibited 
cyclic AMP production at low concentrations but at high concentrations, unlike cells 
expressing α-2AR, it also stimulated cyclic AMP production. The threshold level for 
NE stimulation of cyclic AMP levels in these cells was lower than that for m-OCT but 
these amines appeared to be equipotent for the inhibition of cyclic AMP production. In 
CHO cells expressing α-2CR both amines were much less effective at either inhibiting 
or stimulating cyclic AMP levels and NE appeared to be slightly more potent than m- 
OCT for both effects. Thus, α2-adrenergic receptor subtypes appear to exhibit different 
forms of differential coupling to the stimulation or inhibition of forskolin-stimulated 
cyclic AMP production when activated by different agonists.

Funded by BBSRC through the Babгaham Institute (PDE) and a BBSRC Research 
Studentship (JER).

236.9
THE α2A AND α2C -ADRENOCEPTORS RESIDE IN SEGREGATED 

LOCATIONS IN THE RAT HIPPOCAMPUS. R. Miettinen1*. M. Holmherg3. T. 
Tapiola1, J.W. Regan4, P. Riekkinen Sr1>2, M. Scheinin3. ’Dept. Neurosci Neur. and 
2AIV Institute, Univ. Kuopio, and 3Dept. Pharm. and Clin. Pharm., Univ. Turku, 
Finland, 4Dept. Pharm. and Toxic, Coll. Pharm/Univ. Arizona, Tucson, USA 

The present study characterized the neurons which express the α2A- and α2C- 
adrenoceptor subtypes in the rat hippocampus, and localized the subcellular distri
bution of these receptors. Double-labeling immunohistochemistry revealed that the 
CA1 pyramidal cells and the granule cells that contain calbindin were also immuno
reactive for both α2A- and α2C-adrenoceptors. The ρarvalbumin-containing non- 
pyramidal neurons, also expressed α2A- but not α2C-adrenoceptors. Colocalization 
with GABA, somatostatin and calretinin, also revealed preferential expression o f the 
α2A-adrenoceptor. Thus, there is a clear distinction in the distribution patterns o f the 
α2-adrenoceptor subtypes among the excitatory and inhibitor)' cells on the hippo
campus. Electron microscopic examination demonstrated further similarities and 
differences in the subcellular distribution of these two adrenergic receptor subtypes. 
The α2A-receptors were uniformly distributed throughout the cell, that is, from the 
dendritic spines to the axon terminals, whereas the α2C-receptors were largely 
restricted to the somata and spine heads. Thus, α2A-adrenoceptors are located both 
pre- and postsy-naptically, and α2C -adrenoceptors appear to be primarily post- 
synaptic. Results from autoradiographic analysis supported these findings. This 
subtype-specific distribution of different adrenoceptor in discrete subcellular 
locations on unique sets of target neurons may provide the structural basis necessary 
to maintain the specificity and sensitivity o f noradrenergic neurotransmission.
This study was supported by the Academy of Finland and Orion-Farmos 
Corporation.

236.8
D E V E LO P M E N T A L E X P R E S SIO N  O F  α 2 C 2  A D R E N O C E P T O R . G .S. W ang1, 
N ,C . C h a n g 2 , S .C . W ư3 , S .H . S u n 1* a n d  A .C . C h a n g 1 . 1 1 ns titu te s  of 
N eurosc ience  and ^M ic rob io lo gy  &  Im m unology, N a tiona l Y ang-M ing  University, 
3Dept. o f A pp lied  B io logy, P ig R esearch  Institu te  T a iw an, Ta ipe i, Ta iw an, ROC.

α 2  a d re n o c e p to rs  m e d ia te  th e  s p e c if ic  e ffe c t  o f e p in e p h r in e  and 
n orep in ep h r in e  in va rio u s  t issu e s  v ia  G  p ro te in -co u p le d  s ig na l transduction  
pathw ays. T he  ex is tence  o f th ree  re ce pto r su b typ es  have  been dem onstrated 
u nequ ivoca lly , how ever, the  d iffe ren tia l e xpress ion  o f each  receptor subtype in 
C N S  is ye t to  be reso lved . W e have  em p loyed  a tra nsg e n ic  m ice approach by 
in tro du c in g  a tra nsg e ne  co m p ose d  o f th e  5 ' re g u la to ry  reg ion  o f a  particu la r 
sub type  g ene  and a re p o rte r gene  ŲаcZ enco d ing  ß -g a la c to s id a se ) in to  the 
m ouse genom e. T he  e xpress ion  o f a  pa rticu la r recep to r subtype  gene m ay be 
traced  by  para lle l expression  o f ß -ga lac to s id ase  in vivo using  X -gal staining.

W e have  esta b lish ed  lines o f tra nsg e n ic  m ice  o f sub type  α 2 C 2  (N N-lacZ, 
4 .7K b) and  reported  the  express ion  p a tte rn  in a du lt b ra in . The  present study 
tra ced  its  tem po ra l and  sp a tia l e xp ress io n  p a tte rn  du ring  deve lopm en t. The 
e a rlie s t s tage  exam ined  w as on g es ta tion  d ay  9 .5  (E 9 .5). X -ga l s ta in ing  was 
de tectab le  in the  dorsa l roo t ganglion  (D RG ), c ran ia l nerves V  and VII a t Ě12.5. 
S ign ifican t express ion  w as noted  in bra in  a reas  such  as cerebe llum , pons and 
raphé from  E 14.5 and on. A t E 16.5, express ion  w a s  noted  in a reas; cerebral 
co rte x , a n te r io r  o lfa c to ry  n uc le u s , a m yg d a la , te c tu m  and  b ra ins te m , and 
p ers is ts  through  postnata l deve lopm ent.

In o rd e r to  co rre la te  the  e xpress ion  o f α 2 C 2  w ith  th e  tem pora l course  of 
n o ra d re n e rg ic  a n d /o r a d re n e rg ic  n e rve  in n e rv a tio n s , p a ra lle l im m unocyto - 
c h e m ic a l s ta in in g  w ith  a n ti-d o p a m in e  ß -h y d ro x y la s e  (D B H ) and  ty ro s in e  
h yd roxy la se  (TH ) w e re  ca rrie d  out. In se le c te d  e m b ryon ic  s tages , e .g ., at 
E16.5, co -lo ca liza tio n  m ay be  de tected  in locus ce oru le u s  and la tera l o lfactory 
tract. C om para tive  s tud ies am ong d iffe re n t d eve lopm en ta l stages are currently 
in p rogress . S up p orte d  b y  N S C -85-2331 -B 0 1 0 -0 1 3 -M 10  and  N S C -86 -2314- 
B010-002-M 10, ROC.

236.10
CLO ZA PINE-IND UCE D FOS EXPRESSION M EDIATED BY ß- 
ADRENOCEPTOR IN RAT M E D IA L PREFRONTAL CORTEX. K. O hash i. T. 
H a m am ư ra*. Y. Lee. M . M ik i and S. K u roda . Dept, o f N e u ro p s y c h ia try ,  
O kayam a U n iv. Med. S ch .; 2 -5 -1  S h ik a ta -c h o , O kayam a, Japan.

The a ty p ic a l n e u ro le p tic  c lo za p in e  has lo w  in c iden ce  o f 
e x tra p y ra m id a l s ide  e ffe c ts  and h igh  th e ra p e u tic  e ffic a c y  fo r  th e  
n e g a tive  sym p to m s  o f sc h iz o p h re n ia  in co m p a riso n  w ith  c la s s ic a l 
n e u ro le p tic s . P re v io u s  Fos s tu d ie s  have d e m ons tra ted  th a t c lo zap in e  
p roduced  a d is tin c t in c re a se  o f Fos e xp re ss io n  in the  m e d ia l p re f ro n ta l 
co rte x  (m P F C ). U n d e rly in g  the  h yp o th e s is  th a t h y p o fro n ta li ty  m ay be 
re s p o n s ib le  fo r  th e  n e g a tive  o r d e f ic it  sym p to m s  of s c h iz o p h re n ia , i t 
is suggested th a t c lo z a p in e -in d u c e d  F o s - lik e  im m u n o re a c t iv i ty  ( L I )  
p o s itiv e  neu ro n s  loca ted  p re fe re n tia lly  in  the  m PFC m ay be associated  
w ith  the  a b ili ty  o f the  d rug  to  reduce  the  neg a tive  sym p to m s  o f 
s c h iz o p h re n ia  by e n h anc ing  n e u ra l a c t iv ity  in th is  s t ru c tu r e .  
H o w eve r, n e u ro p h a rm a c o lo g ic a l bas is  o f the  e ffe c t o f c lo za p in e  in the  
m PFC re m a in s  e lu s ive . To e x p lo re  the  m echan ism  re s p o n s ib le , th e  
p re s e n t s tu d y  exam in ed  w h e th e r the  ß -ad rene rg ¡c  sys tem  is in v o lv e d . 
P re tre a tm e n t w ith  p ro p ra n o lo l (5 m g /kg , s .c .) s ig n if ic a n tly  reduced  
the  n u m b e r o f neu ron s  s h ow ing  F os-L I induced  by c lo za p in e  ( 2 0  
m g /kg , s .c .)  in the  mPFC. Thus , w e  c le a r ly  d em onstra ted  th a t  
c lo z a p in e -in d u c e d  Fos e xp re s s io n  in th e  m PFC is m edia ted by ß- 
ad re n o ce p to rs . These o b s e rv a tio n s  suggest th a t c lo zap in e  ac ts  v ia  a ß- 
a d re n e rg ic  m echan ism  in the  m PFC to  reduce  the  neg a tive  sym p to m s  
of s c h iz o p h re n ia . S u pported  by a Research G ran t (No. 8 7 7 0 7 7 0 )  
fro m  th e  Japanese M in is try  o f Educa tion  ( 1 9 9 7 ) .

236.11
TH E H U M A N  N E U R O B L A S T O M A  CE LL L IN E, B E (2)-C , PO SSESSES  
F U N C T IO N A L  ß2-A D R E N ER G IC  R E C E PT O R S G. F. A ltem em i*. L. A. 
Schw arz and K. M. S tandifer. Dept, o f  Pharm acological and Pharm aceu
tical Scien ces, U n iversity o f  H ouston , H ouston , T X  77204-5515.

BE(2)-C human neuroblastoma cells are a novel cell line that express µ, δ, ĸ3 
opioid (Standifer et al., 1994) and α 2-adrenergic receptors (ARs; Altememi et 
al., 1998). We report here that membranes o f these cells bind 
[125I]iodocyanopidolol ([l25I]CYP) with high affinity (KD = 55.8±5.6 pM). 
Nonlinear regression analysis o f saturation curves showed a preference for a 
single binding site. Specific binding o f [125I]CYP is inhibited by ß-subtype 
selective and nonselective drugs, the rank order o f potency indicating a ß2-AR 
subtype. The inclusion o f GTP (100 µM) shifted the isoproterenol (ISO)¯ 
displacement o f [`25I]CYP binding curve to the right. Functional studies 
comparing the effects o f nonselective agonist, ISO, with ßr(dobutamine) and 
ß2- (salbutamol) selective agonists on cAMP production reveal comparable 
EC5〇 and efficacy values for ISO and salbutamol stimulation, while the 
dobutamine (10 µM) effect is minimal. ISO (100 nM)-stimulated cAMP 
accumulation is antagonized in a dose-dependent manner by the ß-AR specific 
antagonist propranolol (10 nM) and the ß2-selective AR antagonist ICI 118,551 
(30 nM), but not by the ß r antagonist CGP 2O7l2A(l µM). Pretreatment o f the 
cells with antisense oligodeoxynucleotides directed against Gsα-(2.4 µM) for 
48 h reduced ISO (100 nM)-induced production o f cAMP and decreased Gsα 
mRNA levels as assessed by Northern blot analysis. These studies identify and 
characterize the ß2-AR in BE(2)-C cells and support the use of these cells as a 
model for the study of human ß2-AR. This work is supported by a grant to 
KMS (DA 10738).
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2 3 7 .1

CH ARACTERIZATIO N OF Q Ư INPIROLE-STIM ULATED  
[3 5 S]GTPγS BINDING  IN  RAT STRIATAL MEMBRANES. 
S I , .  £ i l lЦ ąn d *, R.H . Λ lp ę r ,_ ą n ςl B,„ L gүщ it D ept, of 
Pharmacology, U niv, of Kansas M edical Center, Kansas City, 
KS 66160-7417.

Q uinpirole is a tricyclic ergoline and putatively  selective  
agon ist at D 2 -lik e  d o p a m in e  recep tors . T h is stu d y  
characterizes the effects o f quinpirole on  G protein activation  
using [3 5 S]GTPγS binding. Q uinpirole-stim ulated [3 5 S]GTPγS 
binding w as stu d ied  in striatal m em branes prepared from  
adult, m ale, Sprague-D aw ley rats. Q uinpirole produced a 
d ose-d ep en d en t stim ulation  o f [3 5 S]GTPγS b inding w ith  an 
EC5 0  o f 4.7 µM. M axim al stim ulation  w as 44% over basal. 
D op am in e a n ta g o n is ts  in h ib ited  q u in p iro le -s tim u la ted  
[3 5 S]GTPγS binding w ith  the fo llow in g  rank order of potency: 
spiperone > haloperidol > clozapine > ketanserin > SCH 23390. 
This pharm acological profile concurs w ith  that for D 2 -lik e  
receptors. The m onoam ine oxidase inhibitor clorgyline also 
in h ib ited  q u in p iro le -s tim u la ted  [3 5 S ]G T P γS  b in d in g  in  
concordance w ith  [3 H ]quinpirole radioligand b inding studies 
(Levant et al., EJP, 246:141, 1993). These observations suggest a 
functional interaction of clorgyline and quinpirole at D 2 -like  
receptors. Supported by NARSAD.

2 3 7 .3

CYCLOLEUCINE, AN INHIBITOR OF METHIONINE 
ADENOSYLTRANSFERASE, INCREASES ANTAGONIST BUT NOT AGONIST 
BINDING TO D4 DOPAMINE RECEPTORS. Y.Y. Wu. S. Chan and R.C. Deth*  
Department of Pharmaceutical Sciences, Northeastern University, Boston, MA 02115.

Based on the effectiveness of clozapine in the treatment o f schizophrenia, the D4 
dopamine receptor (D4R) is thought to play a significant role in the pathophysiology 
of schizophrenia and other psychiatric disorders. Combining D4 receptor theory with 
the single carbon hypothesis, we present an "Unified Hypothesis" which proposes that 
a deficit in D4 receptor-mediated phospholipid methylation is a primary biochemical 
deficit in schizophrenia. We hypothesize that the D4R might exhibit D4R*met, 
D4R*SAM, D4R*ad〇hcy and D4R*hcy states. These four states may engage in a 
cycle of adensylation, methyl donation and remethylation. In our studies, SK-N-MC 
cells were tteated with cycloleucine (CL), a weak but selective inhibitor of methionine 
adenosyltransfeгase (MAT) prior to homogenization. Specific binding of [3H]· 
U101958, a D4-selective partial agonist, increased 3-fold in the CL (+) group (ЗO5±I6 
fmol/mg) compared to the CL (-) group (95±7 fmol/mg). In competitive binding 
assays, L-745670, a highly selective D4R antagonist, decreased the binding of f3H]· 
U101958 by 53% in CL (+) but only by 32% in CL (-) membranes. In contrast, the 
agonist dopamine (DA), showed similar displacement in CL (+) (51%) and CL (-) 
(45%) membranes. In CL (-) membranes, DA showed greater (43%) displacement 
than that of L-745670 (32%) on the binding of [Ή]-UIOI958. While in the CL (+) 
group, both L-745670 and DA manifested similar displacement (53% vs 52%). It is 
concluded that the conversion of D4R*MľT to D4R*SAM is blocked by pretteatment 
with cycloleucine and this alters D4R binding properties. Compared to D4Rsam, 
D4Rmf.T has a higher proportion of inactive R state which preferentially binds 
antagonist such as L-745970 after cycloleucine treatment. DA shows a similar binding 
ability in both CL (+) and CL (-) groups, consistent with the ability of agonists to bind 
to both R and R* states.

2 3 7 .5

AN INVERTED cAMP RESPONSE ELEMENT MEDIATES THE cAMP 
INDUCTION OF THE OVINE ß 1-ADRENERGIC RECEPTOR GENE. 
Y.T. Tseng*. J.B. Stabila. B.G. McGonnigal. T.T. Nguven and J.F. Padbury. 
Department of Pediatrics, Women and Infants’ Hospital of Rhode Island, 
Brown University, Providence, RI 02905.

The mechanism(s) responsible for cAMP induction of ß l-adrenergic 
receptor ìfßlAR) gene has not been characterized. We identified an inverted 
reverse sequenced but functional cAMP response element (rCRE) located at 
-1600 in the ovine ßlAR gene promoter. In cell transfection studies, a 
deletion construct encompassing the potential CRE failed to show induction 
by reagents that increase intracellular cAMP (forskolin, dibutyrl cAMP), 
whereas the full-length promoter construct showed a 3- to 4-fold increases. 
A 30 bp oligonucleotide containing the rCRE was subcloned into a luciferase 
reporter vector with a heterologous promoter, pGL2C (Promega7"'). Transient 
expression of the expression construct containing the rCRE fragment in SK- 
N-MC neuroblastoma cells conferred a 3- to 4-fold increase in luciferase 
activity mediated by cAMP, whereas the control vector had no effect. This 
cAMP induction was mimicked by co-transfecting the cells with a vector 
over-expressing the α -catalytic subunit of the cAMP-dependent protein 
kinase (PKA). Further, the cAMP-mediated induction was blocked by over
expressing the heat-stable inhibitor of PKA. In gel mobility shift assay, 
discrete binding pattern was shown in SK-N-MC cell nuclear extract probed 
with the 30 bp rCRE containing fragment. The binding was shown to be 
specific and partially reacting to a CRE binding protein (CREB-1) antibody. 
We conclude: cAMP regulates ß 1AR gene expression via an inverted cis CRE 
element in the proximal promoter. (Supported by HD 11343).

2 3 7 .2

BASAL SIGNALING ACTIVITY OF DOPAMINE D2L 
RECEPTORS DEMONSTRATED WITH AN INDUCIBLE 
MAMMALIAN EXPRESSION SYSTEM. D.¯S. Choi. D. Wang. L. 
Tolbert. K. Lin, J.M. Quillan. I. Rampil* and W, Sadée. Dept.of 
Biopharm. Sci., UCSF, San Francisco, CA94143.

Basal activity of G protein coupled receptors could play a role in 
the regulation of signal transduction, and in pathophysiological 
conditions. Dopamine D2L receptors are involved in Parkinson’s 
disease, schizoprenia, and drug addiction. Whereas basal signaling 
activity has been demonstrated for the D l, D3, and D5 receptor types, 
basal activity had yet to be resolved for the D2 receptors. To address 
this issues, we have stably transfected the dopamine D2L receptor into 
human embryonic kidney cells, HEK293. Receptor expression was 
under the control of an ecdysone-inducible expression system, with 
RXR as the promoter. In the absence of the inducer, D2L receptor 
expression was minimal. Using different inducer (muristerone A or 
ponasterone A) concentration, we could control the level of receptor 
expression over a broad range, maximally 2 pmol/mg protein. With this 
approach,we have demonstrated the presence of substantial basal D2L 
receptor activity. Basal signaling, dertermined with cAMP and [,5S]  ̄
GTPγS binding assays, correlated directly with the level of receptor 
expression. The antagonists eticlopride and trifluoperazine reduced 
basal activity and therefore served as inverse agonists, whereas 
butaclamol was a neutral antagonist. This distinction between 
antagonists may be relevant to the treatment of disease involving D2 
receptors. Supported by PHS grants DA04166 and GM43102.

2 3 7 .4

DOPAMINE D4 RECEPTOR-MEDIATED PHOSPHOLIPID 
METHYLATION IS MODULATED BY THE DEMAND FOR DE NOVO 
NUCLEOSIDE SYNTHESIS IN A TIME-DEPENDENT MANNER. Z. Rem 
W.B. Tan. P. F. Wick* and R.C. Deth. Department of Pharmaceutical 
Sciences, Northeastern University, Boston, MA 02115.

Recognition of an important role for dopamine (DA) D4 receptors in 
phospholipid (PL) methylation and it’s dependence on 5-
methyltetrahydrofolate (5-methylTHF) availability implies a close relationship 
between D4 receptor functionality and one-carbon metabolism which also 
provides substrates for de novo synthesis of purines and thymidine. In order to 
examine this inter-relationship, basal and DA-stimulated level of PL 
methylation were measured in SY5Y neuroblastoma cells cultured in purine 
and/or thymidine-free media, and compared with cells cultured in medium with 
nucleosides. During the first 14 days, nucleoside depletion caused a 
progressive decrease (38% and 58% respectively) in basal PL methylation, 
while the DA-stimulated level was fully maintained, indicating an enhanced 
effect of agonist. However, in the following 14 days, basal PL methylation 
gradually returned toward the initial levels in both groups, accompanied by a 
sharp decrease (45%) in the level after DA stimulation, indicating a weakened 
effect of DA. The loss of DA effectiveness was associated with increased 
spontaneous D4 receptor activity, demonstrated by the inhibitory effect of the 
D4 receptor antagonist-L74587O on basal PL methylation. These results 
suggest that, in the short term, adaptive diversion of one carbon metabolism 
toward nucleoside synthesis can enhance D4-mediated phospholipid 
methylation and compensate for a decreased level of 5-methyΠΉF. 
Spontaneous D4 receptor activity may result from a longer term deficit of 5- 
methyl THF and exhaustion of the compensatory receptor response.

2 3 7 .6

ROLES OF METHIONINE-CYCLE ENZYMES AND 5-METHYLTETRA- 
HYDROFOLATE IN BASAL AND DOPAMINE-STIMULATED 
PHOSPHOLIPID METHYLATION. W. Tan1*. A. Sharma1. R. Zhao1.
P.Stover2 and R.C. Deth1. ⅛)ivision of Nutritional Sciences, Cornell 
University, Ithaca, NY; ‘Department of Pharmaceutical Sciences, Northeastern 
University, Boston, MA 02115.

Based on previous work from our lab, phospholipid methylation (PM) is 
carried out via two pathways: receptor-independent (basal PM) and receptor- 
dependent (dopamine (DA)-stimulated PM). We hypothesize that both 
pathways share the same enzymes and methyl group supply: 5- 
methyltetrahydrofolate (5-methylTHF). Cycloleucine, an inhibitor of 
methionine adenosyl transferase (MAT), which adenosylates methionine, 
inhibited basal and DA-stimulated PM by 50% and 80% respectively, 
indicating that MAT is involved in both pathways. 3-Deazaadenosine, an 
inhibitor of adenosyl homocysteine hydrolase (AdoHCYase), also reduced 
basal and DA-stimulated PM but only by 15% and 25% respectively, implying 
that AdoHCYase is also shared by these two pathways. Nitrous oxide (N20), 
an inhibitor of methionine synthase, caused a 40% decrease of PM in both 
pathways. Since a selective inhibitor of phospholipid methyl transferase 
(PLMT) is not available, we could not test its participation in the receptor- 
dependent pathway at this time. To test if 5-methylTΉF supplies both 
pathways with methyl groups, we used SY5Y neuroblastoma cells 
overexpressing methenyltetrahydrofolate synthetase (MTΉFS), which reduces
5-methylTHF to undetectable levels. Both basal and DA-stimulated PM were 
greatly decreased in these cells, consistent with our hypothesis. Taken together 
these results indicate that methionine cycle enzymes and 5-methylTHF are 
required by both receptor-dependent and receptor-independent PM pathways.
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2 3 7 .7

EFFECTS OF DIFFERENT TRANSCRIPTION FACTORS AND 
STRIATAL EXTRACTS ON IN VITRO EXPRESSION FROM THE 
RAT D2 DOPAMINE RECEPTOR GENE PROMOTER.
S. Ray. C. Weininger, J. M. Chemak* and G. S. Roth. Laboratory of 
Cellular and Molecular Biology, Gerontology Research Center, National 
Institute on Aging, NIH, Baltimore, MD 21224.

Decreased transcription from the D2 dopamine receptor gene results in a 
loss of striatal D2 receptors and reduced motor control during mammalian 
aging. Įņ vitro transcription-translation studies with a D2 promoter- 
luciferase gene construct have demonstrated that nuclear extracts from young 
and old rat striata can influence the level of expression from the D2 receptor 
gene (Ray et al., 1997). At low concentrations, extracts from young animals 
cause a marked stimulation of expression, while those from old animals lead 
to a more modest increase. At higher concentrations, extracts from both 
young and old animals inhibit expression. Specific transcription factors can 
exert similar effects. At low concentrations, addition of SP1 transcription 
factor, but not API or TFIID factors, leads to a significant increase in 
expression. Addition of AP2 results in a modest increase in expression, 
while addition of BSA (bovine serum albumin) has no effect. At higher 
concentrations, all of the transcription factors cause a decrease in expression, 
while BSA continues to have no effect. The apparent specificity of the 
stimulatory effects of SP1, and to a lesser extent AP2, on activity from the 
D2 receptor gene promoter in vitro is interesting in light of the observed 
differences between the stimulatory capacities of nuclear extracts from young 
versus old rat striata. Alterations in the levels or activities of specific 
transcription factors may be responsible for a loss of striatal D2 receptors and 
motor control during aging. (Funding provided by the NIH.)

2 3 7 .9

FORMATION, TRAFFICKING AND DISSOCIATION OF THE ß2- 
ADRENERGIC RECEPTOR/ß-ARRESTIN ENDOCYTIC COMPLEX. S. S, G. 
Ferguson1*, L. S. Barak2. J. Zhang2. S. Laporte2, G, Della Rocco2. and M, G,
Caron2. ’John P. Robarts Research Institute, London, Ontario Canada, N6A 5K8 
and ¾oward Hughes Medical Institute Laboratories, Departments of Cell Biology 
and Medicine, Duke University Medical Center, Durham N.C. 27710.

ß-Arrestins are multifunctional proteins identified on the basis of their 
ability to bind and uncouple G protein-coupled receptors from their heterotrimeric G 
proteins once they have been phosphorylated by G protein-coupled receptor kinase 
(GRK). More recently, ß-arrestins were shown to be essential determinants for ß2- 
adrenergic receptor (ß2AR) endocytosis, a key regulatory step in the resensitization 
of this receptor. In this study, visualization of the intracellular trafficking of ß- 
arrestins in living cells is used to elucidate the molecular determinants and define 
the critical steps in the regulation of ß2AR responsiveness. Our results demonstrate 
that the pharmacology of both ß2AR sequestration and ß-arrestin translocation 
mirror one another and strongly indicate that ß-arrestin binding and uncoupling of 
the receptor represents the agonist-driven switch initiating ß2AR endocytosis. 
Whereas ß-arrestin-mediated clustering of receptors at coated pits appears clathrin- 
dependent, ß-arrestins do not traffic along with the receptor in endocytic vesicles. 
Moreover, the separation of ß-arrestins from the ß2AR bearing endocytic vesicles 
appears associated with the disassembly of clathrin cages, suggesting a potential 
role of clathrin in regulating ß2AR resensitization by directing the dissociation of 
the ß2AR/ß-arгestin complex. We conclude that normal ß2AR function is intimately 
regulated by clathrin-mediated endocytosis. Supported by HSFO Grant NA-3349 to 
S.S.G.F. and NIH Grant NS 19576, Bristol Myers Squibb Neuroscience Award and 
a Research Award from Zeneca Pharmaceutical to M.G.C.

2 3 7 .1 1

INVESTIGATION OF AGONIST-INDUCED DESENSITIZATION 
OF THE Dļ DOPAMINE RECEPTOR USING MUTAGENESIS 
APPROACHES. Chun K. Mak* and David R. Siblev. Molecular 
Neuropharmacology Section, ETB/NINDS/NIH, Bethesda, MD 20892.

We have previously shown that the COOH (C)-terminus of the 
Dļ receptor is not required for agonist-induced desensitization or 
down-regulation. This was demonstrated by creating a D \¡D2 receptor 
chimera in which the C-termini of these receptors were exchanged 
(Soc. Neurosci. Abstr. 22: 1315, 1996). These data suggested that 
pu tative  phosphorylation  sites regu lating  agonist-induced 
desensitization of the Dj receptor must reside someplace other than its 
C-terminus. We have investigated this further by creating another 
truncation mutant of the Dj receptor as well as by systematically 
mutating all of the serine and threonine residues within the 3rd 
cytoplasmic loop of the protein. A truncated receptor mutant was 
made by introducing a stop codon immediately following Cys-347 in 
C-terminus of the receptor protein. This is in an analogous position as 
the D j/D 2 receptor chimera which was investigated previously. We 
also used site-directed mutagenesis to modify all of the serine and 
threonine residues (either as single point mutations or as various 
combinations of point mutations) in the 3rd cytoplasmic loop of the 
protein. All of these receptor constructs were stably expressed in C6 
glioma cells to a similar extent and exhibited an identical affinity for 
[3H]SCH-23390 as compared to the wild-type receptor. With one 
exception, all of the receptor constructs were capable of stimulating 
cAMP generation to the same extent as the wild-type receptor. The 
functionality of these receptor constructs after agonist pretreatment is 
currently under investigation. (Supported by NINDS/NШ).

2 3 7 .8

ANALYSIS OF THE 5' NONCODING REGION OF THE RAT D3 
DOPAMINE RECEPTOR GENE. W. Wang1'2, P. A. lose2*, M. M. 
Mouradian1. ’Genetic Pharmacology Unit, Experimental
Therapeutics Branch, NINDS, NIH, Bethesda, MD, 20892; 
departm ent of Pediatrics, Georgetown University Medical Center, 
Washington DC 20007

Among the five different dopamine receptor genes identified thus 
far, the D3 gene has a unique brain distribution primarily in limbic 
structures. To begin investigating transcriptional control 
mechanisms in this gene, we have isolated a 4.5 kb D3 fragment 
from a rat genomic library using genomic DNA walking (Clontech). 
In parallel, successive 5' Rapid Amplification of cDNA Ends (5'- 
RACE) experiments were employed using total RNA from rat 
olfactory tubercles. Comparison of sequences obtained from these 
genomic and cDNA fragments indicated that the D3 gene has two 
additional short exons in its 5' noncoding region and that the open 
reading frame starts in exon 3. Intron one in the D3 gene is about 
0.85 kb and intron 2 appears to be longer. Primer extension 
analysis with olfactory tubercle total RNA localized transcription 
start site to a nucleotide consistent with the 5' end sequence of 17 
independent 5'-RACE clones. Similar to our previous finding with 
the rat D2 gene, the D3 gene has a conserved consensus initiator 
sequence (YYCAYYYYY) around its transcription start site. 
Functional analysis of the sequenced 3.3 kb 5' flanking region of the 
D3 gene in transient transfection assays using reporter genes is now 
possible.

2 3 7 .1 0

ROLE OF AGONIST INDUCED ENDOCYTOSIS IN MAP KINASE STIMULATION 
BY ALPHA 2-ADRENΈRGIC RECEPTORS N.L. Schramm*-. D. Daunt#. B.K. 
Kohilka#^. and L.E. Limbiгd~: Dept, of Pharmacology-, Vanderbilt Univ., Nashville, 
TN, and Dept, of Mol. & Cell. Physiology#, HHMI^, Stanford Univ., Stanford, CA 

Recent reports suggest that endocytosis may be required for some G protein-coupled 
receptors to stimulate the MAP kinase cascade. As in previous studies (Daunt et al, 
1997), we have observed that receptor sequestration following agonist occupancy is 
strikingly different for two of the three subtypes of the Gi/Go-coupled alpha 2- 
adreneгgic receptors (α2-ARs) in permanent transformants of HEK 293 cells: the α2B- 
AR undergoes a 30-40% disappearance from the surface while only 5-10% of a M-ARs 
leave the surface following exposure to 100 µM epinephrine. A mutant α^-AR, 
H431A, undergoes agonist-induced endocytosis to an intermediate extent, experiencing 
a 15-20% loss of surface receptors with agonist treatment (D. Daunt and B.K. Kobilka, 
unpublished observations). If endocytosis is required or advantageous for G protein- 
coupled receptor stimulation of MAP kinase, then we postulated that these differing 
profiles of agonist- induced internalization would be paralleled by differing extents of 
receptor-elicited MAP kinase activation. MAP kinase activation was assessed using the 
commeгcially-available antibody which recognizes dually phosphoгylated (activated) 
MAP kinase (ERK 1 and ERK 2 isoforms). Contrary to expectation, the c⅛д-AR, α 2B- 
AR, and H431A a M-AR all stimulate MAP kinase to a comparable extent, 2-3 fold 
above basal levels, and with similar, though not identical, time courses: peak activity 
occurs between 2 and 5 minutes of stimulation, with diminished activity after 10 
minutes of agonist treatment. Pretreatment of the cells with the tetrameric lectin 
Concanavalin A, previously shown to block G protein-coџpled receptor endocytosis, had 
no effect cm MAP kinase activation by any of these receptor structures, which is in 
contrast to previous reports with the Gi/Go-coupled LPA receptor and the Gs-coupled 
ß2-adrenergic receptor (Daaka et al, 1998). The current findings are consistent with the 
interpretation that agonist-elicited receptor endocytosis is not a requirement for α 2-AR 
stimulation of MAP kinase, at least in permanent transformants of HEK 293 cells. 
Funded by NIH grant HL 25182 to L.E.L. and by the HHMI, B.K.K. and D.D.

2 3 7 .1 2

THE SIGNIFICANCE O F THE CDC2 PHO SPHO RYLATIO N SITE IN AGONIST- 
INDUC ED D1 DOPAM INE RECEPTOR INTERNALIZATIO N. H. J in*1. S R. 
G eorαe12 and B.F. O ’Dowd12 1Dept. o f Pharm acology, Univ, o f Toronto, and 
^Addiction Research Fdn, Toronto, Ontario M5S 1A8 Canada

It has been shown that a cdc2 phosphorylation site in ß2AR is im portant for 
receptor sequestration. Its elim ination causes substantia l attenuation o f agonist- 
induced ß2AR internalization; whereas the introduction o f such a site into ßЗAR 
resu lted in internalization upon agonist treatment, not seen in w ild type ßЗAR. 
S ince D1DR has a comparable site and D2DR does not, we exam ined the role of 
cdc2 in D1DR sequestration. W e elim inated the cdc2 site from  the second 
intracellular loop o f D1DR, and introduced a site into the corresponding region of 
D2DR. Stable cell lines expressing the wild type and m utant receptors were used 
to determ ine the e ffect o f e lim ination o f the cdc2 site from  D1DR and its addition 
to D2DR. In w ild type D1DR, in tracellular receptor fraction increased from 
34.5+4.1%  (n=3) in control (w ithout agonist treatm ent) to 50.1+1.2%  (n=7) upon 
incubation with 10 mM dopam ine fo r 30 m inutes. S im ilar agonist treatm ent failed 
to  increase the in tracellular fraction o f the m utant D1DR, which remained at 
43.05+5.0%  (n=5) with agonist, identical to the contro l (w ithout agonist treatment) 
at 43.8+7.7%  (n=5). Therefore, cdc2 may play a critical role in agonist-induced 
D1DR sequestration. However, the addition o f a cdc2 site failed to confe r a rapid 
recepto r internalization capability to D2DR. In w ild type D2DR, the intracellular 
receptor fraction constituted 40.5+1.1%  (n=5) and 38.8+2.4%  (n=5) in the absence 
and presence o f 10 mM dopam ine fo r 30 min, respectively. In the mutant D2DR, 
the corresponding intracellular fractions were 44.3+3.0 (n=2) and 43.9±O.2% (n=2). 
Interestingly, the mutant receptors o f both D1DR and D2DR had relatively more 
receptors in the intracellular compartment. These data suggest a possib le role for 
cdc2 kinase in agonist-induced D1DR internalization. (Supported by MRC of 
Canada and NIDA)
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237.13
VISUALIZATION OF DOPAMINE D1 RECEPTOR TRAFFICKING IN 
LIVE CELLS WITH GREEN FLUORESCENT PROTEIN TAGGING.
J.C. Bermak, M. Li, Q.Y. Zhou *. Department o f Pharmacology, 
University of California, ưvine, CA 92697.

Detection o f dopamine D1 receptor trafficking has previously been 
limited to immunocytochemical techniques. In order to investigate the 
trafficking properties o f dopamine D1 receptors in live cells, we 
constructed a fusion cDNA in which the rat D1 receptor C-terminus was 
conjugated to an enhanced green fluorescent protein (Dl-EGFP). The 
fusion construct was shown to couple normally to the stimulation o f  
adenylate cyclase in HEK293 cells. The trafficking properties of D l-  
EGFP were examined in NS2OY and HEK293 cells, which do and do not 
express endogenous D1 receptors, respectively. The fluorescence pattern 
is largely limited to the cell surface in transiently transfected cells, 
revealing intact membrane expression o f Dl-EGFP. Agonist-mediated 
internalization is strongly detected in both cell types. Colocalization with 
the pH-sensitive probe, Lysotracker DND-99, reveals that agonist- 
mediated internalization is followed largely by two processes: lysosomal 
targeting or recycling o f the receptors back to the plasma membrane. 
Stable expression o f Dl-EGFP in the two cell lines displays an internal 
pool of receptors colocalizing with lysosomes even in the absence o f  
agonist. This latter finding indicates a basal or constitutive state of 
lysosomal targeting and potentially down-regulation o f receptors. 
Furthermore, the lysosomal pool is more substantial in NS2OY than 
HEK293 cells, suggesting cell-specific regulation of receptor turnover 
which needs to be further investigated. Supported by the University o f  
California and Alfred P. Sloan Foundation.

237.15
ENDOCYTOSIS OF THE D2 DOPAMINE RECEPTOR IN FIBROBLAST 
CELLS IN RESPONSE TO AGONIST TREATMENT. S, Maltais* and P. 
Falardeau. Neuroscience Unit, CHUL research center, Laval University, 
Ste-Foy, Québec, Canada, G1V 4G2

Endocytosis following agonist treatment is a well known and 
widely spread mechanism among the G-protein coupled receptors. This 
early event in the desensitization process is a critical response to ensure a 
diminution of the cellular response to a continuous agonist exposure. 
Although sequestration has been well described for several types of 
receptor, it remains unclear whether this occurs for the dopamine D2 
receptor. In order to verify if D2 receptor undergoes such internalization, 
we have used fibroblasts expressing around 1 pmole/mg of protein of the 
short isoform of the D2 receptor and treated them with D2 agonists. The 
receptor movement from the cell surface was followed by monitoring the 
changes of binding level of hydrophile (Į⅞]spiperone) and hydrophobe 
([3H]su!ρıride] radioligands on whole cells. Internalization of the receptor 
is observed when there is a diminution of the [⅛]sulpiride binding but no 
change in [¾]spiperone binding. Hence, following a 30 minutes treatment 
with quinpirole, a D2 agonist, 30% of the [⅛ ]su lp ir id e  binding 
internalizes with an EC50 of 0.5 µM. The kinetic of this internalization is 
very rapid with an approximate tl/2 of 5 minutes. Removal of the agonist 
after 30 minutes treatment allows a full recovery of [⅜]sulpiride binding 
to the plasmic membrane in less than 15 minutes. This internalization is 
also observed using dopamine. Trafficking of the receptor from cell 
membrane to internal compartments can be observed with confocal 
microscopy using specific D2 receptor polyclonal antibody. These results 
show that D2 receptor can undergo agonist-dependent internalization in 
fibroblast cells.
Supported by a MRC grant.

237.17
THE G PROTEIN Go MEDIATES D2L DOPAMINE RECEPTOR-INDUCED 
HETEROLOGOUS SENSITIZATION OF ADENYLATE CYCLASE IN D2L· 
NS2OY NEUROBLASTOMA CELLS V.J. Watts1*, B.L. Wiens1, M.G. 
Cumbay1, M. Vu1, R.L. Neve2 and K. A. Neve1. Oregon Health Sciences Univ, 
and VA Medical Center, Portland OR1; McLean Hospital, Belmont, MA?.

D2 dopamine receptor activation results in heterologous sensitization of 
adenylate cyclase in several host cell types. The current study was designed to 
examine sensitization in a neuronal cell environment and to identity the particular G 
proteins involved. The D2L dopamine receptor was stably transfected into NS2OY 
cells and evaluated by radioligand binding studies. The D2L-NS2OY clone used for 
the current study cells had a Bmax of ca. 700 fmol/mg and a Kd of 0.07 nM for 
[ЗH] spiperone. Acute activation of D2L receptors with the selective D2 agonist, 
quinpirole, inhibited forskolin-stimulated cAMP accumulation. Moreover, 
prolonged incubation (2 hr) with quinpirole resulted in heterologous sensitization 
(> 2-fold) of forskolin-stimulated adenylate cyclase in D2L-NS2OY cells. This 
sensitization was blocked by coincubation with the D2 antagonist, spiperone, or by 
pretreatment with pertussis toxin (PTX), implicating Gi/o proteins. To identify 
unambiguously the G proteins responsible for sensitization, we examined the ability 
of genetically engineered PTX-resistant G proteins (Gil*, Gi2*, GiЗ*, and Go*) to 
rescue sensitization following PTX treatment. Mutant G protein α subunits were 
delivered by infection with a defective herpes virus vector (HSV). Expression and 
function of individual recombinant G proteins was confirmed with western blotting 
using α subunit specific antisera and inhibition of GTPγS stimulated adenylate 
cyclase activity in PTX-treated cells, respectively. For sensitization experiments, 
cells were infected with individual PTX-resistant G protein α subunits, treated with 
PTX, and quinpirole-induced sensitization of forskolin-stimulated cAMP 
accumulation was measured. Infection of D2L-NS2OY cells with HSV-Go* rescued 
sensitization in PTX-treated cells, whereas infection with HSV-Gil*, HSV7Gi2*, or 
HSV-GiЗ* did not. In summary, the current study provides strong evidence that the 
D2L dopamine receptor couples to Go in neuronal cells, and that this coupling 
mediates heterologous sensitization of adenylate cyclase. Supported by VA Merit 
Review, MH45372, DAO7262, and a NARSAD Young Investigator Award.

237.14
INVESTIGATION OF AGONIST-INDUCED INTERNALIZATION  
OF THE D ı DOPAMINE RECEPTOR USING FLUORESCENCE 
MICROSCOPY. Dong Jiang*. Ana L.M. Ventura and David R. Siblev. 
NĬNDS/NIH, Bethesda, MD 20892.

In order to investigate the intracellular trafficking and agonist- 
induced internalization of the D ı dopamine (DA) receptor, we have 
created an epitope-tagged construct by adding the FLAG peptide 
sequence to the amino terminus of the rat receptor. A separate FLAG- 
tagged D ı receptor was also made whereby a highly conserved tyrosine 
residue (Tyr-331) in the 7th transmembrane domain was mutated to 

henylalanine. Mutation of the corresponding residue (Tyr-326) in the 
2-adrenergic receptor was shown to impair its sequestration, however, 

it is not clear if this is a primary effect or is secondary to the impaired 
agonist binding and G-protein coupling exhibited by this ß2-receptor 
mutant. Both the FLAG-tagged wild-type (WT) and Tyr→Phe mutant 
(MUT) Dj receptors were stably expressed in C6 glioma cells. No 
differences were observed in the expression levels or in the ligand 
binding properties of the FLAG-tagged receptors. DA stimulated cAMP 
accumulation in an identical fashion for both WT and MUT D ı 
receptors. Thus, in contrast to the ß2-adrenergic receptor, this tyrosine 
residue is not critical for Dj receptor signalling. Preincubation of the 
WT and MUT Dļ receptor-transfected cells with DA led to a similar 
desensitization o f the cAMP response and a loss of receptor binding 
activity. Immunohistochemical staining and confocal microscopy 
reveals that the Dj receptor is localized to the cell surface and that DA 
preincubation attenuates the cell surface staining in cells expressing the 
WT Dj receptor. Immunohistochemical studies involving the MUT D ı 
receptor are currently in progress. (Supported by NINDS /NIH).

237.16
G PROTEIN SPECIFICITY FOR D2L DOPAMINE RECEPTOR-MEDIATED 
INHIBITION OF ADENYLATE CYCLASE IN NS2OY AND HEK293 
CELLS B.L. Wiens1 , V.J. Watts1. R.L, Neve2, and K. A. Neve1.. Oregon 
Health Sciences University and VA Medical Center, Portland OR1; McLean 
Hospital, Belmont, MA2.
D2 dopamine receptor inhibition of adenylate cyclase has been demonstrated in 
neuronal tissues, such as the striatum, as well as in many cell lines expressing 
endogenous or recombinant D2 receptors. In this study we identified the G 
proteins mediating inhibition of D2L inhibition of cAMP accumulation in two 
cell types, NS2OY neuroblastoma cells and human embryonic kidney (HEK) 
293 cells. We used a defective herpes virus vector (HSV) to express mutant G 
protein α subunits (Gil*? Gi2*, GiЗ*, and Go*) resistant to ribosylation by 
PTX. Quinpirole inhibition of FSK-stimulated cAMP accumulation in D2L 
NS2OY or D2L HEK293 cells not infected with HSV was blocked be pre
treatment (6 hrs) with 100 ng/ml PTX. To identify the G protein α subunits 
mediating this inhibition, cells were infected overnight with HSV carrying 
cDNA for individual PTX-resistant α subunits, treated with PTX, and assayed 
for quinpirole inhibition of cAMP accumulation. Infection of D2L NS2OY 
cells with HSV-Go*, but not HSV-Gil*, Gi2*, or GiЗ*, rescued quinpirole 
inhibition of cAMP accumulation after PTX treatment. In contrast, infection 
of D2L HEK293 cells with both HSV-Gi2* and Go* rescued inhibition. 
Interestingly, a point mutation (Arg->Ala) in the BBXXB motif of the D2L 
third intracellular loop, creating the mutant R23OA which inhibits cAMP 
accumulation 10-1000x more potently than D2L, altered G protein selectivity. 
Infection of R23OA HEK293 cells with HSV-Gi2* did not rescue quinpirole 
inhibition of cAMP accumulation as did infection of D2L HEK293 cells with 
this α subunit. Instead infection of R23OA cells with HSV-Gil* rescued 
inhibition. Thus, our data aґe consistent with that of others showing 
differences in D2L G protein selectivity among, multiple cell lines. 
Additionally, we show that the basic amino acid R23O may be a critical 
determinant of G protein selectivity in the third intracellular loop. Supported by 
VA Merit Review and MH45372.

237.18
REGULATION OF DOPAMINE D3 RECEPTORS BY HALOPERIDOL IN H4 
CELLS. .J, Spng^R, L, Beгtekap., K. D. Rums*. P,. B, Mplinoff, Neuroscience 
Drug Discovery, Bristol-Myers Squibb Pharmaceutical Research Institute, 
Wallingford, CT 06492.

Exposure to agonists and some antagonists up-regulates expression of dopamine 
D3 receptors in transfected cell lines as assessed by radioligand binding. The increase 
in the density of receptors could result from either an increase in the rate of receptor 
synthesis, and/or a decrease in the rate of receptor degradation. The regulation of D3 
receptors by an antagonist, haloperidol, was studied in H4 cells stably transfected 
with a cDNA encoding rat D3 receptors under the control of a tetracycline-responsive 
promoter. The advantage of the tetracycline-inducible system is dial receptor 
expression can be inhibited or induced by addition of tetracycline into or removal of 
tetracycline from the culture medium, so that the effect of haloperidol on the rate of 
receptor synthesis and degradation can be determined. In the absence of tetracycline, 
exposure to 100 nM haloperidol resulted in a rapid increase in the density of D3 
receptors, as measured with a radiolabeled antagonist (S)-3-[125I]-iodo-N-[(l-ethyl-2- 
pyгrolidinyl)methyl]-5,6-dimethyoxysalicylamide ([l25I]-NCQ-298). Addition of 
tetracycline to the culture medium resulted in the inhibition of receptor synthesis.
The decrease in receptor density reflected the rate of receptor degradation. Treatment 
with haloperidol did not change the apparent rate of receptor degradation compared to 
vehicle-treated cells. Cells were maintained in media containing 1 ug/ml tetracycline. 
Under these conditions, receptors were not detectable. Removal of tetracycline from 
the culture medium allowed recovery of D3 receptor synthesis. The increase in 
receptor density was used as an index of the rate of receptor synthesis. Exposure to 
haloperidol significantly increased the apparent rate of receptor synthesis compared to 
vehicle-treated cells. Taken together, our data suggest that haloperidol-induced up- 
regulation of D3 receptors is due to an increased rate of receptor synthesis rather than 
to a decreased rate of receptor degradation.
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237.19
TRANSCRIPTION FACTOR AP-2 REGULATES EXPRESSION OF THE HUMAN 
ßx-ADRENERGIC RECEPTOR GENE IN HUMAN NEUROBLASTOMA SY5Y CELLS . 
A . Adachi1, Y . Okawał, S . Nagumo1, H . Hasegawa1, M . Ino1, N . Hayashi2.
R .Kuwabara2, T ♦ Hiroi2. S . Tatsunami2, H .Kouyama2. H .Niзhikawa2, 
A.Aoba^T. Yamaαuchi3* .andH.Matsui1'2. гDep.of Neuropsychiatry 
and *Radioisotope Res. Institute, St.Marianna Univ. Sch. 
Med. ,Kanagawa 216; 3Neurosci. Res. Lab., Yamanouchi Co. Ltd., 
21 Miyukigaoka, Tsukuba 305, JAPAN

In the present study, we have analyzed the role of the 
transcription factor' AP-2 in the regulation of the human 
ß^adrenergiσ receptor(ßl·-AR) gene. DNase I footprinting 
analysis identified multiple AP-2 binding sites between - 590 
and - 320, relative to the translation start site, of the ßx-AR 
promoter region. In gel mobilization shift analysis, the 
purified human AP-2 bound to the oligonucleotides 
corresponding to this particular region. Cotransfection of 
an AP-2 expression vector and ß^AR promoter-reporter construct 
into SY5Y cells results in the stimulation of the reporter gene 
expression, demonstrating the ability of AP-2 to trans- 
activate the ßj-AR gene promoter. These results suggest that 
the AP-2 sites plays a role in maintaing basal levels of ßг-AR 
transcription. We thank Dr. Reinhard Buttner and Dr. Trevor 
Williams for providing the human AP-2 expression vectors. This 
work was sponsored by Dr. T. Yamaguchi and supported by a 
Grant-in-Aid for Scientific Research(C)(09671013).

237.20
DIFFERENTIAL SELECTION OF ß1-ADRENERGIC RECEPTOR 
TRANSCRIPTS DURING AGONIST-INDUCED DOWN-REGULATION. Y.-F. 
Y ang. P. K irig iti. B. L i. S. D ѳshm ane. and C. A. M achida*. D¡v. of Neuro
science, Oregon Regional Prim ate Research Center, Beaverton, OR 97006 

The rat ß1-adrenergic receptor (ß1-AR) mRNA has two functiona l 
polyadenyla tion signals at +2450 and +2732, relative to the translational 
start site. Both polyadenylation sites are functiona l, a lthough the  distal site 
a t +2732 is preferred in C6 cells. Interestingly, ß1-AR transcripts retain a 
long 3 ’ AU-rich untranslated region (UTR); a similar AU-rich region is also 
found in the 5-HT2C serotonin receptor mRNA, which is post- 
transcr¡pt¡onally stabilized by RNA binding pro te ins interacting with its 3' 
UTR. Using RNase protection assay approaches to d is tingu ish the two 
forms of polyadenylated ß1-AR mRNAs, we wanted to determ ine if post- 
transcriptional stabilization of ß1-AR transcripts occurs and/or identify 
transcripts that may be d ifferentially regulated during isoprote reno l-induced  
down-regulation. Consistent w ith previously pub lished reports, in the case 
of the smaller ß1-AR transcript conta in ing only the proximal polyadenyla tion 
site, short-term  agonist treatm ent (20 - 60 min) of C6 cells increases levels of 
transcript (34%), with longer agonist treatm ent (2 - 48 hrs) resulting in a time- 
dependent decrease in ß1-AR m RNA levels. Interestingly, the larger ß1-AR 
mRNA containing the distal polyadenyla tion site as its primary signal does 
not become up-regulated fo llow ing short-term  agonist treatm ent; this larger 
transcript undergoes acute down-regu lation (66% decline) immediately 
fo llow ing initiation of agonist treatm ent (1 - 2 hrs). W ith the use of RNA 
mobility shift assays and cRNA probes recognizing discre te  sub-reg ions of 
the 3’ UTR, we detected potentia l RNA binding prote in(s). Mutant ß1-AR 
recom binants independently expressing the two polyadenyla ted mRNAs 
will be transfected into cells to determ ine the effect of 3 ’ UTR sequences on 
transcript stability or regulation during agonist-induction. (C A M  is  s u p p o r te d  
b y  R R 0 0 1 6 3 , H L 4 2 3 5 8 , D K 5 3 4 6 2 , a n d  b y  a n  A H A  E s ta b lis h e d
In v e s tig a to rs h ip . Y. F .-Y  is  a n  A H A  O re g o n  A ff ilia te  P o s td o c to ra l F e llo w .)

237.21
DOWN-REGULATION OF BETA-ADRENERGIC RECEPTORS (BAR) IN 
THE AREA POSTREMA BY SYSTEMIC AGONIST. K. M un tz1. J. 
H ines2* and C. Na1. ^ e p t .  o f Cell B io logy and Neuroscience. Univ, 
o f Texas S ou thw este rn  M edical Center, Dallas, TX 7 5 2 3 5 . 2Dept. 
o f B iology. Texas W om an’s Univ. Denton, TX  762 0 4 .

The goal o f th is  s tudy  was to determ ine if  system ic in fus ion o f a 
beta-adrenerg ic receptor (BAR) agon ist w o u ld  dow n-regu la te  BAR 
in the area postrem a, a c ircum ven tricu la r organ lacking a blood- 
brain barrier. Rats were in fused w ith  e ithe r 100 m icrogram s/hr/kg  
isopro tereno l or vehicle fo r 3 days using osm otic  m in ipum ps. The 
brain stem  was rem oved and processed fo r BAR autorad iography. 
BAR binding to the brain stem  was saturable , s tereoselective and 
had the agonist order o f po tency  charac te ris tic  o f a BAR. The 
area postrem a (AP) had a ve ry high conce n tra tion  o f BARs. The 
AP o f veh ic le -trea ted rats (n =  4) exh ib ited  spec ific  binding o f 
1 3 0 8 jf.5 3  g ra in s /10 2m m 2 (mean + SEM). The AP o f isopro terenol- 
trea ted rats (n = 4) exh ib ited  spec ific  binding o f 4 9 9 jL g ra ¡∩s /1 0 
2m m 2, a reduction  o f 62%  when com pared to  con tro ls . Specific 
b inding was 93%  o f to ta l b inding in con tro ls . In veh ic le -trea ted 
rats, 93%  o f BAR were o f the  beta-2 adrenergic receptor subtype 
(B2AR), and on ly  B2AR were s ig n ifica n tly  dow n-regu la ted  by 
system ic agonist. These studies establish th a t the area postrem a 
has a high concen tra tion  o f B,AR, w h ich  can be dow n-regu la ted 
by system ic agonist.
Supported by NIH grant num ber H L 45326

SERO TO N IN  R ECEPTORS: KN O C K -O UTS AND K N OCK-DOW N

238.2238.1
5-HT TRANSPORTER KNOCKOUT PRODUCES A DESENSITÍZATION OF 
HYPOTHALAMIC 5-HTlл RECEPTORS. O.Li1*. C.H.Wichcms'. T.J Tolliver'. 
S.J. Huniig‘. L.D.Van dc Kaf. D.LMuψliv'. 'L;ib.oſClinical.Science, NIMH. Bldg 
K>/ЗD4l. 9000 Rockville Pike. Bcthcsdn. MD 20892-1264. ?Dcpt. of Pharmacology, 
Loyola Univ. Chicago. IL. 60153.

The aim of the present study is to determine whether mice lacking the serotonin 
transporter (5-HTT-/- mice) or mice with diminished numbers of transporter binding 
sites (+/- mice) exhibit adaptive changes in the hypothalamic 5-HTıΛ receptors. 
Stimulation of hypothalamic 5-HTtл receptors produces increases in the concentration 
of plasma ΛCTЙ. corticosterone and oxytocin. Therefore, (he hormone response to 
the 5-1 ITıд agonist. 8-〇H-DPAT. can be used as a marker to examine the function of 
hypothalamic 5-HT|Λ receptors. To determine the dose oſ8-OH-DPAT and the time 
interval for sample collection, dose-response and lime-course of the 8-OH-DPAT- 
inđuccd hormone secretion w ere examined in CD I mice (the background strain of 5- 
HTT knockout mice). 8-OH-DPAT (0 - 0.5 mg/kg. sc) increases the concentration of 
plasma ACTH. corticosterone and oxytocin in a dose-dependent manner. The peak 
elevation of ACTH occurs 15 min post-injection of 8-OH-DPAT. w hile the 
corticosterone peak is 3 0  min. To determine the effect of deficient 5-HTT function on 
the hormone responses to 8-OH-DPAT. 5-HTT +/+. +/- or -/- mice received saline or
8-OH-DPAT (0.1 mg/kg. sc.) Fifteen min after the injection, mice were decapitated 
and trunk blood were collected for hormone assays. 5-HTT -/- mice had no 
corticosterone response to 8-OH-DPAT. while elevation of corticosterone following 8- 
OH-DPAT was observed in the 5-HΊΓT +/+ and +/- mice, suggesting there is 
desensitization of hypothalamic 5-HTıд receptors in 5-HTT -/- mice. Interestingly, 
basal concentrations of ACTH were significantly increased in both 5-HTT +/- and -/- 
mice. Further studies will be required to fully understand this phenomenon. The 
present results suggest that lack, but not decrease, of 5-HTT produces a desensitization 
of hypothalamic 5-HTu receptors. The data arc consistent w ith our previous evidence 
of a deficit oſ8-OH-DPAT-induccd hypothermia in -/- mice and a desensitization of 
hy polhalamic 5-HT, д receptors after repeated injections of serotonin rcuptake 
inhibitors

GENETIC INACTIVATION OF THE SEROTONIN ı a  RECEPTOR 
REVEALS ITS ESSENTIAL ROLE IN THE ANXIOLYTIC EFFECT 
OF BENZODIAZEPINES.
M. Toth*and E. Sibille. Dept, of Pharmacology, Cornell University 
Medical College, NYC, NY 10021.

The potentiation of GABA neurotransmission by benzodiazepines has 
long been the mainstay for clinical relief of anxiety-related disorders. 
However the widespread distribution and vast array of functions 
mediated by GABA receptors largely reduce their therapeutic selectivity 
and side-effects, such as sedation, are common. The recent 
development of partial serotonin)a  (5-HT į a ) receptor agonists 
(buspirone and congeners), as clinically efficient non-benzodiazepine- 
anxiolytics, has focused the attention on the 5-HT system as an 
alternative target for anxiolysis. The exact mechanisms of action for 
partial 5-HT ı A receptor agonists has remained elusive.

We have recently inactivated the gene encoding the 5-HT ļ  A receptor 
in mice. Here we show that 5-HT ja  receptor deficient (KO) mice 
have a heightened anxiety in behavioral tests and do not respond to the 
anxiolytic effect of benzodiazepines. Sedation to higher doses of 
benzodiazepines develop normally in KO mice. These results 
demonstrate that the presence of 5-HT j a  receptors is necessary for the 
development of anxiolytic effect of benzodiazepines, suggesting a link 
between the 5-HTļA and benzodiazepine receptors. The possible 
contribution of pre- and post-synaptic 5-H T]a  receptors in 
benzodiazepine action will be discussed.
Supported by NIH grant (NS34151).
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238.3
TISSUE-SPECIFIC KNOCKOUT OF THE 5-HT1A RECEPTOR: 
AUTORECEPTOR VERSUS HETERORECEPTOR KNOCKOUT
X. Zhuang*. S. Ramboz. V. Coшpan. R. Posting. I.M. Maπsuy. E.R. Kandel, 
and R. Hen Center for Neurobiology and Behavior, Columbia Univ., New York, 
NY 10032

The 5-HT1A receptors are located both on serotonin neurons in the raphe where 
they act as autoreceptors and on non-serotonin neurons in the forebrain where they 
act as heteroreceptors. Pharmacological studies have suggested different functional 
roles for these two subgroups. Activation of autoreceptors has been suggested to 
decrease anxiety, while increased heteroreceptor activity has been implicated in 
antidepressant action.

We have generated 5-HT1A null mutant mice using gene targeting. These mice 
show heightened anxiety in the open field test and elevated plus maze. To dissect 
the contribution of autoreceptors versus heteroreceptors, we are in the process of 
generating tissue-specific knockout mice using the Cre/loxP recombination 
system. The loxP line was generated by inserting a floxed neor cassette between 
the regulatory and the coding region of the 5-HT1A gene. This line is a complete 
knockout which is rescued by Cre-mediated deletion o f the neor cassette in 
germline. In order to achieve autoreceptor- and heteroreceptor-specific knockout, 
two transgenic Cre lines have been generated to express Cre in the forebrain and the 
raphe respectively. The first line has Cre expression controlled by a forebrain 
neuronal-specific CaMKII promoter. Cre-mediated deletion in the forebrain was 
confirmed after crossing with a reporter line. We are cuҥently crossing this line 
with the loxP line to rescue specifically heteroreceptors. A second Cre line has 
been generated with Cre expression under the control of the serotonin transporter 
promoter. This line is under characterization for raphe-specifc Cre expression. 
Functional studies in mice lacking only autoreceptors or heteroreceptors will 
enable us to dissect their functional roles. (Supported by NIMH MH48126)

238.5

INTERACTIONS BETWEEN 5-HT1B AND BENZODIAZEPINE RECEPTOR 
LIGANDS IN THE LIGHT/DARK BOX ANXIETY MODEL IN MICE. P. Chopin. 
FC. Colpaert. C. Moret* and M. Maricn. Centre de Recherche Pierre Fabre, 17 
avenue Jean-Moulin. 81106 Castres Cedex, France.

The putative 5-HTļg antagonists, GR 127935 and SB 224289, significantly 
increased the amount of time spent in the light chamber in the two-compartment 
paradigm in mice, with a minimal significant dose of 0.04 mg/kg i.p. for both 
compounds; the magnitude of effects was comparable to that of diazepam. The 
results suggest these two 5-HTjB receptor ligands to exert anxiolytic-like activity in 
this paradigm. In the same conditions, the putative 5-HTļB agonist GR 46611 
(0.01-10 mg/kg i.p.) was inactive.

The benzodiazepine receptor antagonist flumazenil (10 mg/kg i.p.), which was 
inactive when given alone, significantly antagonized the anxiolytic-like effects of 
diazepam (0.63 mg/kg i.p.) and of GR 127935 (0.16 mg/kg i.p.). The anxiolytic-like 
effects of both diazepam and GR 127935 were also inhibited by the 5-HT jB agonist 
GR 46611 (10 mg/kg i.p ); the latter agent was inactive when given alone. A 
combination of an inactive dose (0.01 mg/kg i.p.) of diazepam with an inactive dose 
(0.0025 mg/kg i.p.) of GR 127935 significantly increased the time spent in the light 
compartment, suggesting a potentiation of anxiolytic effects between these two 
compounds.

These findings suggest that complex interactions can occur between 
benzodiazepine and 5-H Tļg receptors in the regulation of anxiety slates. Whether 
5-HTш  receptor compounds exert their actions through similar or separate 
neuronal substrates to the benzodiazepines, and the precise molecular basis by 
which such interactions may occur, requires further study.

238.7

SSRIs NEED 5-HTIB RECEPTORS TO BE ACTIVE AS ANTIDEPRESSANTS. A  
C. Trillat‘*. 1. Malagié1. C. Jacquot1. R. Hen4. M. Bourin2 and A.M. Gaгdier\ 1-Lab. 
Neuгopharmacologie, Tour D l, 2ème étage, Faculté de Pharmacie, 92296 Châtenay- 
Malabry, 2-Dépaгtement de Pharmacologie, Faculté de Médecine, 44035 Nantes, 3- 
Université de Picardie, Faculté de Pharmacie Jules Verne, 80030 Amiens, France. 4- 
Center for Neurobiology and Behavior, Columbia University, New York, NY 10032.

To evaluate the possible involvement of 5-HT1B receptors in the effects 
of antidepressant drugs such as selective serotonin reuptake inhibitors 
(SSRIs), we performed the forced swimming test (₣ST) in wild-type (5- 
HT；g +/+) and 5-HT,g knockout mice {(5-HTIB -/-), Saudou et a i, 
1994)} and we studied the effects of paroxetine and citalopram relative to 
that of tricyclic antidepressants (imipramine, desipramine). Basal activity 
of 5-HT1B +/+ mice (233 ± 3 sec.) in the test was not significantly 
different from that of 5-HTļB -/- mutant mice (236 ± 2 sec.). The acute 
systemic administration of imipramine and desipramine (32 mg/kg, i.p.) 
30 min before the test induced a significant decrease in the immobility 
time in 5-HT1B +/+ mice as well as in 5-HT1B -/- mutant mice when 
compared to their respective saline control group. By contrast, paroxetine 
(12 mg/kg, i.p) and citalopram (12 mg/kg, i.p) reduced significantly the 
immobility time in wild-type, but not in knockout mice. These effects do 
not seem to be a result of a modified locomotor activity as both SSRIs 
were not found to affect the performance of 5-HT1B +/+ and -/- mice in a 
locomotor activity paradigm. Furthermore, the mixed 5-HTIB/1D receptor 
antagonist, GRI27,935 (4 mg/kg, s.c.), completely blocked the effect of 
paroxetine in wild-type mice on FST. Thus, our results suggest that 5- 
HT1B receptors may play a crucial role in the antidepressant effect of 
SSRIs but not in that of imipramine-like drugs.
Saudou, F. et a i (1994). Science, 265, 1875-1878.

238.4
INDUCIBLE AND TISSU E-SPECIFIC RESCUE OF THE 5-HT1B 
RECEPTOR. K. L. S tark  *. A. G h av am i. and R. Hen. C en te r  f o r  
N e u ro b io lo g y  and B eh av io r, C o lum bia  U n iv e rs ity , New  Y o rk , 
N.Y. 10032.

We are currently using tissue-specific rescue strategies to study the function 
of the 5-HT1B receptor in specific brain regions. In our first approach, we have 
crossed mice expressing the tetracycline transactivator tTA under the control of an α- 
CAMKII promoter with transgenic lines expressing a hemagglutinin (HA) tagged 
version of the 5-HT1B receptor under the control of the tetO/minimal promoter. In 
situ hybridization with a HA oligonucleotide probe showed that some lines had 
striatal specific expression, whereas others had expression in striatum, hippocampus, 
and cortex. The addition of doxycycline (2mg/ml) into the drinking water of the mice 
suppressed this expression. Further breeding of these lines with the classic 5-HT1B 
knockout mouse has led to the generation of mice expressing 5-HT1B receptors in 
limited areas. Lines with striatal specific expression were used to demonstrate the 
proper axonal targeting of the 5-HT1B receptors in these neurons. A 5-HT1A rescue 
mouse generated by a similar method also expressed the receptor in striatal neurons. 
However, in contrast to the 5-HT1B receptors, these 5-HT1A receptors were not 
transported to the terminals, but were instead present at the somatodendritic level in 
the striatum. Current studies on the 5-HT1B rescue mice are assessing the effects of 
these receptors on various behaviors including the locomotor effects of RU24969 and 
cocaine, and ethanol consumption.

In a second approach, a cassette containing neomycin flanked by loxP 
sequences and the 5-HT1B gene under the control of the tetO minimal promoter, was 
introduced into the 5-HT1B locus. The presence of the neomycin cassette led to a 
repression of gene expression. By breeding with transgenic lines expressing Cre 
recombinase, we expect to rescue the 5-HT1B receptor in specific tissues.

(Supported by NIMH grant: MH48126)

238.6
PAROXETINE INDUCED A HIGHER INCREASE IN DIALYSATE 5-HT IN THE 
VENTRAL HIPPOCAMPUS OF MICE LACKING 5-HTlB RECEPTORS THAN IN 
WILD-TYPE, BUT NOT IN THE RAPHE NUCLEI AND FRONTAL CORTEX. I
Malagįé!L—A-C. Trillatj _ X . .  J ącquotĻ... R„.__Hen2, and A.M. Gardier'·3. 1-Lab.
Neuropharmacol., Faculté de Pharmacie, Univ. Paris Sud, 92296 Châtenay-Malabry, 2- 
Center for Neurobiology and Behavior, Columbia University, New York, NY 10032, 
USA, 3-Universitć de Picardie, Fac. Pharmacie Jules Verne, 80037 Amiens, France.

Activation of somatodendritic 5-HTIA receptors has been demonstrated to play a key 
role in limiting the effects of an acute systemic administration of antidepressant drugs 
such as selective serotonin reuptake inhibitors (SSRIs) in forebrain regions. However, 
little is known regarding the participation of terminal 5-HT1B autoreceptors in these 
effects. Here, in a first set of experiments, we studied the effects of a single systemic 
administration of paroxetine (Prx, 1 and 5 mg/kg, i.p.) on extracellular 5-HT levels 
([5-ҤI‰ ) in 3 serotoninergic regions, the ventral hippocampus (VHPC), frontal cortex 
(FC) and raphe nuclei (RN) in wild-type (WT) and 5-HT1B mutant mice, using in vivo 
microdialysis. Prx induced a dose-dependent increase in hippocampal [5-ҤI‰ in both 
strains of mice, the effect in mutant mice being significantly more important than in 
WT mice. Indeed, area under the curve (AUC) values for the 0-180 min period were 219 
± 24 and 282 ± 23 in VHPC of WT mice and 319 ± 34 and 588 ± 90 in the VHPC of 
mutant mice after Prx 1 and 5 mg/kg, respectively. By contrast, in the FC, the Prx- 
induced effect was not dose-dependent in both strains of mice. In the RN, the 5 mg/kg 
Prx dose induced similar increases in [5-ҤI‰ in the 2 strains of mice (AUC: 924 ±218 
and 777 ± 112, in WT and mutant mice, respectively). In a second set of experiments, 
the mixed 5-HT1B/1D receptor antagonist, GRI27,935 (4 mg/kg, s.c.) was administered in 
WT mice 60 min after Prx 5 mg/kg. The increase in hippocampal [5-ҤI‰ was similar 
to that obtained in mutant mice being administered with Prx alone, whereas GR 127,935 
did not potentiate the Prx-induced 5-HT increase in the FC of WT mice. Thus, our 
results suggest that 5-HTļB autoreceptors may play a crucial regionally dependent 
modulatory role in the mechanism of action of SSRIs.

238.8

FLESINOXAN AND STRESS-INDUCED HYPERTHERM IA IN 5-H T1B 
RECEPTOR KNOCKO UT MICE: TEM PERATURE AND HEART RATE.

J.A. Bouwknecht. T.H. Hiizen. J. van der Guαten and B. Olivier*.

Dept, of Psychopharmacology, Faculty of Pharmacy and Rudolf Magnus 
Institute for Neurosciences, Utrecht University, PO Box 80082, 3508 TB 
Utrecht, The Netherlands, J.A.Bouwknecht@PHARM.UU.NL.

In the stress-induced hypertherm ia procedure body temperature 
increases as a result of the stressful procedure o f measuring body 
temperature rectally. Selective 5 -H T1A receptor agonists, like flesinoxan 
prevent th is increase. W e studied mice lacking 5-H TļB receptors, which 
have a regulatory role in serotonergic activity. In these 5-HT1B receptor 
knockout m ice (KO) and w ildtype m ice (WT) 5-HT1A receptor mediated 
effects of flesinoxan (0-3.0 mg/kg sc) on body temperature as well as 
heart rate was determ ined using radiotelem etry. Radiotelemetry offers 
the opportunity to measure body tem perature and heart rate at high 
frequency in a freely m oving animal over a long period of time.

Flesinoxan, adm inistered 60 min before measuring rectal body 
tem perature (the stressor) caused a hypotherm ic response in W T as 
well as KO mice in a dose dependent way. Flesinoxan also prevented 
the stress-induced hypertherm ia effect com pletely. Heart rate levels 
were unaffected by flesinoxan, while the tachycardiac response 
follow ing stress was also com pletely absent in W T as well as KO mice.

Therefore we conclude that the 5-H T1A receptor system in 5-HT1B 
receptor knockout mice is relatively unaffected. Flesinoxan is able to 
prevent stress effects on body tem perature as well as heart rate which 
may reflect anxiolytic properties.
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238.9
BODY W EIG H T O F M ALE AN D FEM ALE 5 -H T1B RECEPTO R 
KN O C KO UT M ICE AND BASAL AN D STRESSED HO RM O NE LEVELS.

B. Olivier1, J.A. Bouwknecht1, T.H. Hi¡zen1, J. van der Guαteπ1 and J. Veeni∩α2' .

1Dept. of Psychopharmacology, Faculty of Pharmacy and Rudolf Magnus 
Institute for Neurosciences, Utrecht University, PO Box 80082, 3508 TB 
Utrecht, The Netherlands; ⅛ ept. of Anatomy and Embryology, Faculty of 
Medicine, University of Nijmegen, The Netherlands

5-H T1B receptors have a regulatory role in serotonerg ic activity and 
in fluence feeding behavior. W e studied socia lly housed male and fem ale 
mice lacking 5-H T1B receptors (KO) and w ild types (WT) of the 129-Sv 
strain. In total 160 anim als (40 per group) were followed from  week 5 
after birth until week 30. ßody w e ight was determ ined each week and 
KO males appeared to have an increased body weight com pared to  W T 
m ales from  the start of the experim ent until the end. KO fem ales show ed 
this phenom enon from  week 18 onw ards. M ales had a h igher body 
we ight than fem ales in both types of m ice during the whole period.

Food consum ption appeared to be closely related to absolute body 
weight. W ater intake show ed sim ila r effects except fo r KO m ales 
drinking about 50%  more w a ter than W T m ales. The d ifference in body 
we ight was about 15-20%. For corticosterone all groups showed equal 
baseline levels and increases in response to m ild stress. Basal levels of 
testosterone in m ales were also equal a lthough KO m ales are m ore 
aggressive. Brain we ight was increased in KO vs W T m ice independent 
of gender, while neuroanatom y show ed no c lear differences.

W e conclude that a lthough 5 -H T1B receptor knockout m ice show 
clear phenotyp ical differences, they still can function in an adaptive way.

238.11
INCREASED SPATIAL MEMORY PERFORMANCE IN 5-HT1B 
RECEPTOR KNOCKOUT MICE AS ASSESSED IN THE 
MORRIS WATER M AZE G. Malleгet1. R. Hen2. L. Sĉ2u1 and
M .-C  Buhot1* 1-CNRS-UMR 5807, LNC2, Universitć Bordeaux 
I, Avenue des Facultés, 33405 Talence cedex, France. 2- Cent. 
Neurobiol. Behav., Columbia University, New York, NY 10032. 
Intrahippocampal injection of a specific 5-HT1B receptor agonist 
induces reference memory impairment in a radial maze in rats. The 
contribution of the 5-HT1B receptor to memory processes was 
further studied using 5-HT1B receptor knockout (KO) mice 
subjected to spatial learning tasks in a Morris w'ater maze. As 
compared to their homologous wild type (WT), the 5-HT1B KO 
mice learned the reference memory task faster, with lower latency 
and higher accuracy (distance, trajectories) to reach the hidden 
platform They were also found to display higher flexibility when 
confronted to a transfert test (relocated platform). However, no 
difference in genotype was found when the platform was visible. In 
a subsequent working memory task, the 5-HT1B KO mice again 
displayed a higher performance. In an object exploration task, they 
displayed higher exploratory activity. No difference in genotype 
was found in contextual fear conditioning. In addition, no 
difference in anxiety as assessed through the plus-maze test 
confirmed previous data. Overall, these results suggest that the 5- 
HTIB receptor might play a role in memory and arousal or more 
generally in cognitive behavior. We will further discuss the 
contribution of this receptor in the relation between emotion and 
cognition. Supported by a NATO grant (CRG94O753).

238.13
5-HTз RECEPTORS MEDIATE SPINAL 5-HT ANTINOCICEPTION: AN
ANTISENSE APPROACH. P. Zhu2, D. Yao1, M. M. Garcia3* and D. Paul12. 'Dept 
of Pharmacology and 2Neuroscience Center of Excellence, LSU Medical Center, 
and ⅛ ep t of Otolarygology, Tulane U. School of Medicine New Orleans, LA, 
70112.

The spinal administration o f either 5-HTlB or 5-HT3 receptor agonists produces 
antinociception in mice. But, because o f the poor selectivity o f the agonists and 
antagonists used, the role o f these two receptor subtypes in 5-HT-induced 
antinociception remains equivocal. To avoid this problem, we used in vivo 
administration o f antisense oligodeoxynucleotides (ODN) to decrease the number of
5-HT∏з or 5-HTз receptors, and examined the effect o f these treatments on the 
antinociception produced by intrathecal (i.t.) administration of 5-HT or the 5-HT1B 
agonist CGS-12066A. Male, CD-I mice were treated on days 1, 3 and 5 with 10 µg 
o f 5-HTjв antisense ODN (CTGCTCCTCCATAGCTCT), 5-HTш mismatch ODN 
(CTGTCCCTCCATAGTCCT), 5-HT3 antisense ODN (CGGGATGCAGAG- 
CCGCAT), 5-HTз mismatch ODN (CGGGAGTCAAGGCCGCAT), or 1 µl saline. 
On day 6, all mice were injected with 5-HT ( 15 µg, i.t.) or CGS-12066A (20 µg,
i.t.), and tested for tail-flick antinociception 10 min later. Both 5-HT and CGS- 
12066A produced tail-flick antinociception. Treatment with the 5-HT3 antisense 
ODN significantly attenuated 5-HT-induced antinociception. Treatment with 5- 
HTıв antisense ODN had no significant effect on spinal 5-HT antinociception. 
Likewise, neither o f the mismatch ODNs affected 5-HT-induced antinociception. 
Surprisingly, Neither 5-HT3 nor 5-HTıB antisense ODN attenuated CGS-12066A- 
induced antinociception. Therefore, the antinociceptive effect of 5-HT is mediated 
primarily through the 5-HT3 receptor subtype. However, it is not clear which 
receptor subtype or subtypes mediate the antinociceptive produced by CGS- 
12O66A.(Supported by NIH-NIDA grant #DAO7379 to DP).

238.10

A L T E R E D  A N X IE T Y -L IK E  B E H A V IO R  IN 5 -H T 2C R E C E P TO R  
N U LL M U T A N T  M IC E. L.K. H e is le r,* P. Ba iw a and L.H. T e c o tt. 
D e pa rtm en t o f Psych ia try , U n ive rs ity  o f C a lifo rn ia , San Francisco, 
San Francisco, C A  941 43-0984.

P harm aco log ica l and neu roa na to m ica l s tud ies have im plica ted 
se ro ton i∩ 2c (5 -H T 2C ) recep to rs  in the  regu la tion  o f anxiety, 
how ever the  lim ited  ava ilab ility  o f recep to r sub type-se lec tive  drugs 
has h indered a c le a r unders tand ing  o f the ir func tion . To fu rthe r 
de te rm ine  the  role o f th is receptor, m ice lacking a func tiona l 5- 
H T 2C recep to r gene w ere  exam ined  in e tho log ica l behaviora l 
assays  o f anxiety. M utan t m ice  exposed  to an open fie ld , novel 
ob jec t and e leva ted  zero  m aze  show ed d im in ishe d  anxiogen ic-like  
responses in these  assays. M ore spec ifica lly , in a 30 m inute 
open fie ld  test, m u ta n t m ice spen t s ig n ifican tly  less tim e in the 
periphery  and m ore  tim e  in the  cen te r o f the cham ber than wild 
type m ice. S im ila rly , when con fron te d  w ith  a sm a ll novel object 
fo r 30 m inu tes, the m u ta n t m ice spen t s ig n ifican tly  m ore tim e 
investiga ting  th is  ob jec t than w ild  type  m ice. T he  m utan t m ice 
a lso  show ed m ore  exp lo ra tion  o f the  open qua dra n ts  o f an 
e leva ted  ze ro  m aze in a 5 m inu te  tes t sess ion  com pared  to wild 
type m ice. The se  resu lts  are cons is te n t w ith  a reduction  in tra it 
anx ie ty  in the  5 -H T 2C recep to r m uta n t m ice and provide fu rthe r 
ev idence  tha t the 5 -H T 2C recep to rs  con tribu te  to the  regu la tion  of 
anxiety.

238.12
5-H T2c r e c e p t o r s  in  t h e  s e r o t o n e r g ic  r e g u l a t io n
OF THE HPA AXIS AND BLOOD GLUCOSE LEVELS ļU
Nonoαaki. J. R aberL  L.H. Tecott* D epartm ent of Psychiatry, Center for 
N e urob io logy  and P sych ia try*, 1 G lads tone  M o le cu la r N eurob io logy 
Program  and D epartm ent of N euro logy, U n ivers ity  of Ca liforn ia , San 
Francisco, San Francisco, CA 94143-0984 

Pharm acological studies have im plicated brain serotonin system s in the 
regulation of the hypo tha lam o-p itu ¡ta ry-adrena l (HPA) axis and blood 
glucose hom eostasis. To assess the contribution of 5-H T2〇 receptors to 
the regulation of the HPA axis and blood g lucose levels by ∩onselective 
se ro to n e rg ic  agon is ts , we exam in ed  the  e ffec ts  of m C PP and d- 
fen flu ram ine (dfen) on plasm a corticosterone and g lucose levels in mice 
with a targeted null mutation of the 5-H T2℮ receptor gene. Intraperitoneal 
adm in istration of m CPP and dfen increased p lasm a corticosterone and 
g lucose levels com pared to saline trea tm ent in w ild type animals. These 
effects w ere b lunted in 5 -H T2℮ receptor m utants. In addition, agonist- 
induced release of the ACTH secretogogue corticotrophin-releasíng factor 
(CRF) from  m utant and w ild type hypo thalam ic s lices was assessed. In 
this in vitro system , CRF release from  w ild type slices was increased by 
trea tm ent w ith m CPP and dfen. These e ffects w ere  also blunted in 5- 
HT2C receptor mutants, indicating that 5-HT2℮ receptors contribute to the 
effects of these drugs on HPA axis stim ulation. The increase in plasma 
glucose levels induced by m CPP was a ttenuated in m utants, whereas 
the increase in plasm a glucose levels induced by dfen was not changed 
in mutant and wild type animals, indicating that 5-HT2c  receptors mediate 
m CPP- but not dfen-induced hyperg lycem ia . Add itiona lly, increases in 
p lasm a corticosterone and glucose levels induced by restraint stress did 
not d iffe r in m utant and w ild type anim als. These results indicate that 5- 
HT2C receptors contribute to the serotonerg ic regulation of hypothalam ic 
CRF release, HPA axis activation and blood g lucose levels.

Society for Neuroscience, Volume 24 ,1998



MONDAY AM SEROTONIN RECEPTORS: ANATOMICAL STUDIES 603

239.1

LOCALIZATION OF 5-HT1A AND 5-HT1B RECEPTORS IN THE 
OPTIC TECTUM OF RANA PIPIENS. E.A. Debski1*. C M . Butt1, 
and M.J. Duncan2. School of Biological Sciences1; Dept, of Anatomy 
& Neurobiology, College of Medicine2, University of Kentucky, 
Lexington, KY 40506.

Serotonin can strongly modulate transmission between the retina and 
its main visual target in the frog, the optic tectum (Malayev and Debski, 
Brain Res. 781:167-181, 1998). This effect is mimicked by the use of 
a nonselective agonist of 5-HT, receptors. We have used 
autoradiographic binding techniques to confirm the presence of 5-HTlд 
and 5-HT1B receptors in the optic tectum and to determine their laminar 
location.

[¾ ] 8-OH-DPAT was used to label 5-HT1A binding sites which were 
found to be concentrated throughout tectal layers 6-8. Lower levels of 
specific binding were present in the other tectal layers including 
retinorecipient layer 9. Specific binding was also present in all layers 
of the retina but was especially high in the inner plexiform layer and the 
outer nuclear layer. Use of [l25I] iodocyanopindolol (ICYP) to label 5- 
HTIB binding sites (Offord et al., JPET 244:144-153, 1988) indicated 
that these sites were more restricted in their spatial pattern than 5-HTIA 
sites. Specific ICYP binding was especially abundant in plexiform 
layers 5 and 7 but was also apparent in the main cellular layer (layer 6). 
Lower levels of binding were present in the most superficial tectal 
layers, layers 8 and 9. Studies are currently underway to determine if 
either 5-HT1A or 5-HT1B binding sites are affected by optic nerve 
transections. Supported by NSF grant IBN-9514614.

239.3
CELLULAR LOCALIZATION OF 5HTW RECEPTORS AND PLC-ß, ISOZYMES IN 
RAT BRAIN S.C. Pandey* and T. Xu. Dept of Psychiatry, Psychiatric inst-UIC/WSVA 
Med Center, Chicago, IL 60612

Serotonin2A (5HT2д) receptors play a role in anxiety, depression, schizophrenia, and 
alcohol dependence, and are linked to the PI signaling cascade in the brain, and may 
transduce signals via the PLC-ß, isozyme, a member of the PLC-ß family. Thus, it is 
crucial to understand the distribution of brain 5HTгA receptors/PLC-ß, at the cellular level 
To specify such 5HT2a receptor/PLC-ß, protein localization, we performed 
immunohistochemical studies using monoclonal antibodies for SHT^ receptors and PLC- 
ß, isozymes in various rat brain structures (olfactory, striatum, cortex, hippocampus, 
amygdala). Colocalization of glial fibrillary acidic protein (GFAP)-positive cells with 5HT2A 
receptors was performed by double-immunofluorescence staining using confocal laser 
microscopy. 5H T^ receptor ¡mmunolabeling was observed in various structures of 
olfactory system, neostriatum, hippocampus, amygdala, and neocortex. 5HT2A receptor 
immunolabeling was observed in both neurons and astrocytes, but we failed to observe 
PLC-ß| immunolabeling in glia-like structures among the brain regions investigated. 
Somata and dendrites of pyramidal cells in the frontal cortex (layer V) were densely 
labeled with 5HT2a receptors, whereas PLC-ß, protein was expressed only in pyramidal 
cell somata. In several other brain structures, 5HTy, receptor immunolabeling was found 
in cell bodies and processes, whereas PLC-ß, immunolabeling was found only in cell 
bodies of neurons. 5HT⅛ labeling was observed in GFAP-positive cells of different brain 
structures (layers l/VI of frontal cortex, corpus callosum, hippocampal fissure, hilus, 
striatum, amygdala). These results indicate that 5HT⅛ receptors are expressed in 
neurons and astrocytes and may be linked to the Pl-signal¡ng cascade via FLC-ß, 
isozymes, at least in neurons. Furthermore, not only neuronal, but also glial 5HT2A 
receptors may have functional implications in some forms of psychiatric disorders. 
(These studies were supported by a grant from NIAAA (AA 10005].)

239.5
VISUALIZATION OF RECEPTOR-ACTIVATED G PROTEINS IN 
POSTMORTEM HUMAN BRAIN
R, Rodriguez-Puertas*1, J. González-Maeso1, J.J. Meana* and A. Pazos^.
Dept.v. o f  Pharmacology, Facs. o f  Medicine, Univ, o f  the Basque Country, 

L ℮ і OíA ,  and Univ, o f  Cantabria. Santander^ . Spain.

The agonist stimulated GΓP [γ ',5Sļ binding was used to anatomically localize 
receptor-activated G proteins by autoradiography in postmortem human brain in 
fr ntal cortex, hippocampus, striatum, cerebellum and midbrain.

An excess of GDP (2 mM) was required to decrease basal activity. The 
percentage of GTP Įγ °S] binding stimulation was determined previously in 

frontal cortex homogenates with specific agonists for the 5-HT,⅝ (8-OH-DPAT), 

α 2 adrenergic (UK 14304) and µ opioid (DAMGO) receptors, reaching a 24%, 
27% and 46 % respectively over the basal levels. In tissue slices, the use of the 

mentioned agonists (1 0 4 M) showed patterns of anatomical distribution similar to 
those already described by receptor autoradiography, with high densities ovet the 
hippocampus (5-HTIA), cortex (α2-adrenergic) and striatum (µ opioid). The 
inhibition of the binding by appropiate antagonists demonstrated that the effect 

was receptor mediated.
This technique provides a method to identify anatomically modifications in 

the receptor-mediated activation oſG-proteins in postmortem human brain..

(J (ĵ-M  is a recipient o f  an "Spanish M inistry o f  Education" predoctor a! 

fellowship. R R-P is a recipient o f  a "Basque G overnm ent" fellow ship)

239.2
N O CICEPTIV E N EURO NS IN TH E TR IG EM IN A L G A N G LIA  O F RATS 
ARE IM M U N O REA CTIV E FO R TH E 5-H Y D R O X Y TR Y PTA M IN E ļ A 
(5 -H T ļд )  RECEPTO R . M .D. G rahek†*. M .S. Bгow nfield$, and M .W . 
W essendorf†. †Dept. o f  Cell B iology and N euroanatom y, Univ, o f 
M innesota, M inneapolis, M N 55455 and §Dept Com pBiosci, Univ. 
W isconsin, M adison, W I 53706.

Serotonin receptors have been proposed to m odulate nociception. The 5- 
H T ļд  recep to r has been observed  in prim ary  a fferen t ganglion  cells by 
m eans o f electrophysiological studies and m RNA detection, but to date it 
has not been shown that the cells expressing the receptor are nociceptive. It 
has been reported that m ost or all corneal afferents are nociceptive; thus, in 
the present studies we looked for evidence of 5 -H T jд  receptors in trigem 
inal ganglion neurons retrogradely labeled from  the cornea. Fluoro-G old 
(FG) was injected iontophoretically onto the anterior surface o f  the cornea 
in four m ale Sprague-D aw ley rats. A nim als were sacrificed and alternate 5 
µm cryostat sections o f trigem inal ganglion were used for specific 5 H T ļд  
labeling o r for absorption controls. FG -labeled cells that w ere visible on 
adjacent sections w ere identified and im ages were captured using  a CCD 
camera. The intensity o f specific im m unofluorescence was m easured using 
NIH Im age over a given FG -labeled cell and com pared to that observed over 
the same cell in an adjacent absorption control section. In all but one case 
(n= 4l cells), m ean pixel intensity over cells retrogradely labeled from  the 
com eal was h igher in the norm ally stained sections than in the ad jacent 
absorption controls. This difference was statistically significant (p<.0001, 
W ilcoxon signed-rank test). W e conclude that significant num bers o f noci
ceptive prim ary afferents in rat trigem inal ganglia express 5 -H T jд  recep
tors w hich m ay m odulate nociception.

Supported by DAO5466.

239.4

STRU CTU RA L EV ID E N CE FO R  5-HT2A R E C E P T O R  
EX PRESSIO N  BY RA T SCHW ANN C EL LS. G. M. Gaietta*.
K. Kinder. A. Hanono. and M.H. Ellisman.
National Center for Microscopy and Imaging Resource at San Diego, 
Dept, of Neurosciences, UCSD, School of M edicine, La Jolla, CA 
92093

Cultured rat Schwann cells and myelinating Schwann cells in rat 
sciatic nerves express serotonin receptors. In our previous studies, we 
provided evidence for the expression of the 5-HT2A subtype by 
employing indirect transductional data (analysis of serotonin-induced 
[Ca2+]į transients on cultured Schwann cells), operational analysis 
(achieved by using two 5-HT2 competitive antagonists, ketanserine and 
spiperone), and structural analysis (immunolabeling with an anti- 
idiotypic antibody recognizing 5 -Ҥ ∏ в , 5-HT2A, and 5-HT2C 
receptors).

Here we provide additional structural evidence, showing 5-HT2A 
transcript expression in cultured rat Schwann cells and sciatic nerves by 
RT-PCR and Northern blot analysis. 5-HT2A transcripts were found 
only in Schwann cells in in situ hybridization experiments performed 
on sciatic nerve preparations. The protein was detected in western blots 
and immunohistochemical labeling using G 186-1117, a mouse 
monoclonal antibody specific for the amino terminus of 5-HT2A 
receptor. We found 5-HT2A receptors to be localized mainly in the 
outer lip of the myelinating Schwann cell in rat sciatic nerves; its 
distribution was both in the plasma membrane and in the cytoplasm of 
the Schwann cell. This work has been supported by NIH NS 14718, 
NS24635, RR04050 to MHE.

239.6
IMMUNOHISTOCHEMICAL LOCALIZATION OF THE SEROTONIN 2A 
RECEPTOR IN THE CERVICAL SPINAL CORD VENTRAL HORN OF THE 
RAT. S. D. Hadley and H. G. Goshgarian*. Department of Anatomy/Cell Biology, 
Wayne State University, School o f Medicine, Detroit MI.

The presence of serotonin (5-HT) 2A receptors in the spinal cord ventral 
horn has been well established by radioligand binding assays and mRNA localization. 
Functionally, pharmacological studies have implicated the 5-HT 2A receptor in the 
modulation o f spinal motoneuronal activity. The results of the present study 
demonstrate the distribution o f the 5-HT 2A receptor in the cervical spinal cord 
ventral horn as determined by immunohistochemistry. 5-HT 2A ímmunochemistry 
was carried out on 12 adult female Sprague-Dawley rats (280-325g). One group of 6 
rats was perfused for immunohistochemisty. 5Oum transverse sections from spinal 
cord levels C3-C5 were incubated in a monoclonal antibody against the 5-HT 2A 
receptor (Pharmingen). Sections were then incubated in a biotinylated secondary 
antibody, ABC reagent, and DAB. Cervical spinal cord tissue from a second group of 
6 rats was analyzed by Western blot to test the specificity of the antibody. Tissue 
homogenates were run on an 8% acrylamide gel, transferred to blotting paper, and 
icubated in the same primary antibody used for histochemistry. 5-HT 2A receptor 
immunoreactivity was present in the ventral horn of C3-C5, where cell bodies and 
dendritic fields o f several motor nuclei in the ventrolateral and ventromedial regions 
o f the ventral horn were densely labelled. Immunoreactivity on dendrites appeared as 
punctate dots, and cell bodies of motoneurons were diffusely labelled. Western blot 
analysis of cervical spinal cord tissue indicated that the 5-HT 2A receptor antibody 
had high affinity for a band of approximately 54 kD. Due to the apparent modulatory 
role of the 5-HT 2A receptor in spinal cord motoneuronal function, the cellular 
localization of the 5-HT 2A receptor is important to our understanding of the 5-H'ľ 
system in central motor pathways.

Supported by U.S. Public Service Health Grant HD 31550.
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239.7
LOCALIZATION OF 5-H T2A  RБCEFTΌR AND SYNAPSE FORMATION IN THE RAT 
CEREBRAL OORTEX. T. Yajima, S. Hamada* and N. Okado. Inst. Basic Med. Sci., 
Univ, of Tsukuba, Tsukuba, Ibaraki 3 0 5 , Japan.

Our previous study has shown that 5 -H T2A receptor mediates a function of 
5 -H T  to fac ilita te  synapse formation (Neurosci. Lett., 195 (1 9 9 5 )  1 5 9 - 
1 6 2 ). Localization of 5 -H T2A receptor in relation to synapse formation was 
examined in the cerebral cortex of one week-o ld, two week-old and adult 
rats. Sections were reacted w ith antibodies against 5-H T2A receptor protein 
(Mol. Brain Res., 54  (1 9 9 8 )1 9 9 -2 1  1 ), and embedded in Epon.
Immunopositive profiles of 5 -H T2A  receptor were located by using serial 
ultrathin sections. Immunopositive materials were consisted of a cluster of 
electron dense granular structures (around 50 nm in the diameter). In adult 
rats immunopositive m aterials were localized just beneath the postsynaptic 
membrane thickening. In immature animals immunopositive materials were 
more frequently found in postsynaptic than presynaptic profiles. Although 5- 
HT2A receptor immunopositive materials were frequently located adjacent to 
postsynaptic membrane thickenings, they were widely distributed in 
postsynaptic profiles. The immunopositive materials in presynaptic profiles 
were fewer than that in postsynaptic profiles, and generally localized near 
the presynaptic membrane. Immunopositive materials were found in growth 
cone-like profiles w ithout synaptic contacts. Postsynaptic membrane 
thickening-like structures w ithout presynaptic structures were observed. A 
high density of immunoreactive materials was observed adjacent to those 
structures. 5 -H T2A  receptor appeared closely to be involved in synapse 
formation.

239.9
C H A R A C T ER IZA T IO N  A N D  EPITO PE M A P P IN G  O F M O N O C L O N A L  
A N TIB O D IES (m A bs) TO  5-H T 2 RECEPTO RS. C. W u M . Ģ, Gaiettą2 . ç  

Emmetť*·3. L. ShiT ǐ. W ang1. N. R ichards! . A. C astellan o s! . C. O s tra n d e r1.
S. K u m ar4 . M .H. E llism an2. an d  S. S in g h 5. IP harM ingen , 10975 T orreyana 
Road, San Diego, CA 92121; ^Dept. of N euroscinec, UCSD, Lo Jolla, CA92O93; 
ЗRoche Bioscience, Palo A lto, CA 94304; 4D ept. of P a th o lo g ical Sciences, 
Univ, of M anchester, M anchester, U.K.; 5lm genex, San D iego, CA 92121.

W e h av e  p rev io u sly  rep o rted  the d ev e lo p m e n t of a m A b (G186- 
1117) to 5-HT2AR w hich  has been  used  in  a n u m b er of stu d ies . W e have  
fu rth e r d ev e lo p ed  tw o m A bs to 5-HT2BR (A 72-l) an d  5-HT2CR (A4-2) by 
u s in g  h u m an  5-HT2 recep to r N - an d  C -term ina l reco m b in an t GST-fusion 

pro teins. The specific clone for each receptor su b ty p e  w as selected by  ELISA 
as w ell as w estern  b lo tting  u sing  the reco m b in an t G ST-fusion p ro te in s  and  
ad u lt rat, m ouse an d  h u m an  b ra in  lysates. The specificity  of the an tibod ies 
w ere a lso confirm ed  by  im m u n o h is to ch em istry  on C h inese  H am ste r  Cells 
(CHO ) stab ly  tran sfec ted  w ith  h u m an  5-HT2AR, 5-HT2BR an d  5-HT2CR, 
respectively . U sing  a technique called SPOTs, the  ep ito p e  of each  an tib o d y  
h as  b een  m ap p e d . G186-1117 reac ts w ith  p e p tid e  SC LSLLH LQ EK N W  
co rre sp o n d in g  to the aa 64-76 residues of h u m an , rat, an d  m ouse  5-HT2ΛR 
sequence. A 72-l reacts w ith  p ep tid e  VHW AALL (aa 54-59 of ra t 5-HT2BR)· 
A4-2 reacts w ith  QIPRVAATALSGR (aa 398-410 of m ouse , aa  397-409 of 
h u m an , an d  aa 399-411 of ra t 5-HT2CR p ro te in ). Syn thetic  p e p tid e s  w ere 
th en  u se d  to b lock  the  im m u n o reac tiv ities  of each  an tib o d y  by w este rn  
b lo ttin g  an d  im m unohistochem ica l sta in ing . The exp ress io n  of 5-HT2Rs in 
various tissues an d  cell lines w ere also exam ined u sing  these antibodies.

239.11
ANTIBODIES SPECIFIC OF THE LONG (5-HT3R -A L) OR THE 
SHORT (5-H TзR -A s) FORM OF THE 5-HT3 RECEPTOR SHOW 
DIFFERENT PATTERNS OF IMMUNOLABELING IN THE RAT 
AND IN NG 108-15 CELLS. E. Doucet. M. Hamon and M.B. E m e riť . 
INSERM U288, CHU Pitié-Salpétr¡ère, 91 Bd de ΓHôp¡tal, 75634 Paris Cedex 
13, France.

In order to demonstrate the functional significance of the existence of the 
two splice variants of 5-HT3 receptors in rodents, we have developed 
polyclonal antibodies with a high degree of selectivity for each of these two 
isoforms. Antibodies selective of 5-HT3R-A|_ were produced against a 20- 
amino acid peptide (ANKTDDCSGSDLLPAMGNHK) which contains the six 
amino acid stretch deleted by the alternative splicing, whereas antibodies 
selective of 5-HT3R-As were produced against a 16-amino acid peptide 
(ANKTDDCSAMGNHGSK) lacking the central stretch. After the proper 
purification steps, the selectivity of both antibodies was assessed by 
immunofluorescence, immunoblots, and immunoprecipitation using cloned 
receptors.
We have previously reported that anti-L ίmmunolabeling was found essentially 
on the luminal side of rat and mouse intestinal mucosa, but not in the CNS. As 
expected of its predominant presence in the CNS, anti-S antibodies labeled 
the 5-HT3R-As isoform mostly in the nucleus of the tractus solitarius, the area 
postrema, the nucleus of the spinal tract of the trigeminal nerve, and the dorsal 
horn of the spinal cord. In NG 108-15 clonal cells that express both forms of 
native 5-HT3 receptors, anti-L ίmmunolabeling was found mostly on intra
cellu lar compartments, but not on the plasma membrane, either in 
differentiated or undifferentiated cells. Conversely, anti-S antibodies labeled 
mostly the plasma membrane, with a predominant concentration of ¡mmuno- 
label¡ng on the extremities of neurites and filopodia. The differences between 
the two patterns of ίmmunolabeling could be the result of distinct topological 
locations of the two isoforms, or a differential masking of epitopes by additional 
subunits or intracellular effectors.

239.8
DISTRIBUTION OF 5-HT1A, 5-HT2A AND 5-HT2C RECEPTOR MESSENGER 
RNAs IN THE HUMAN SPINAL CORD. M. Tomivama1. J. F. López-Giménez1. M.
T. Vilarŏ1. J. M. Palacios2, R. C ortés‘*. G. Meneod1. 'Department of Neurochemistry, 
ΠBB, CSIC, Barcelona, 08034, SPAIN.

Serotonin has an excitatory action on spinal motoneurons. This can occur either as a 
direct effect, or through enhancement of glutamate action. Growing evidence suggests that 
glutamateгgic dysfunction contributes to motoneuronal death of amyotrophic lateral 
sclerosis (ALS). Accordingly, not only the direct effect o f serotonin but also the 
interaction between serotonin and glutamate are of interest in relation to the pathogenesis 
of ALS. In situ hybridization histochemistry using 32P-labeled oligonucleotides was used 
to analyze the distribution of5-H TıA, 5-HT2A and 5 -Ҥ ⅛  serotonin receptormRNAs in 
normal human spinal cord, since these receptors are involved in the regulation of 
motoneuron excitability. We have found that motoneurons showed a weak hybridization 
signal for 5-HTıA and 5-HT2c  receptors, whereas 5-HT2A receptor mRNA was strongly 
expressed on most motoneurons. Medium-sized cells in lamina I moderately expressed 
5-HT2c receptor mRNA. Small round neurons in lamina ∏ occasionally displayed a weak 

signal for 5-HTı A receptor mRNA. In laminae Ш-ΓV, large neurons presented low levels 
of 5-HT1A receptor mRNA. Large neurons in laminae V-VI showed a moderate 

hybridization signal for 5-HT2A receptor mRNA. Large neurons in laminae VΠ were 

weakly labeled with the probes for 5-HTıA and 5 -Ҥ ⅜  receptors. The dorsal nucleus of 
Clarke expressed 5-HT2A receptor mRNA. The intermediate lateral nucleus showed a 
weak signal for 5-HTļA receptor mRNA. These results indicate functional diversity of 
serotonin in the human spinal cord, and suggest that serotonin may act on spinal 
motoneurons mainly via the 5-HT2A receptor. Supported by CICYT grant number SAF 
96/0336. 2 Permanent address: Research Center, Almirall Prodesfarma S.A., Barcelona.

239.10
SUBTYPE ANALYSIS OF THE 5-HT RECEPTOR FAMILY BY DIFFERENTIAL 
DISPLAY. J.N. Bresnick, S.J. Pollack,* P.C. Guest and G. McAllister.. 
Neuroscience Research Centre, Merck Sharp & Dohme Research Laboratories, 
Terlings Park, Eastwick Rd., Harlow, Essex, CM2O 2QR, United Kingdom.

The neurotransmitter serotonin (5-HT) mediates a wide variety of physiological 
effects through several receptor subtypes. In man, 5-HT receptors are classified into 
seven sub-families (5-HTl-7) containing twelve GPCRs and one ligand-gated ion 
channel. 5-HT receptors are of therapeutic interest in disorders such as migraine, 
depression, psychosis, obesity and anxiety. It is therefore important to determine if 
more 5-HT receptors exist or if the expression of these receptors changes in disease 
states. Here, a variation of the differential display technique, termed subtype 
analysis by differential display (SADD), was used to identify potentially novel 5-HT 
receptors and to compare mRNA levels of the known 5-HT GPCRs across a variety 
of tissues.

Degenerate oligonucleotide PCR primers were designed to the subsets of the 5HT 
family (i.e 5-HTl-like, 5-HT2-like, etc.) and [35S]dATP incorporated into the PCR 
reactions. PCR products derived from genomic and cDNA templates, were separated 
by polyacrylamide-urea gel electrophoresis. Known 5HT receptors, were identified 
by carrying out parallel reactions on plasmids containing receptor cDNA inserts. 
Candidate bands encoding putative novel 5-HT subtypes were excised from the gel, 
reamplified and sequenced. All known 5-HT receptors were identified. No novel 5- 
HT receptors were discovered. However, a previously unreported, alternatively 
spliced version of the 5-HT2A receptor was discovered. The predicted product 
results in a truncated receptor of 261 amino acids in length. Its physiological role is 
unclear. This technique was also used to examine relative mRNA levels of the 5-HT 
receptor family in different brain regions. It should be possible to extend these 
studies to different disease states and to examine the effects of prolonged exposure to 
various drugs (e.g. SSRIs or neuroleptics) on receptor mRNA expression. MSD Ltd.

239.12
CELLULAR AND SUBCELLULAR DISTRIBUTION OF THE SHORT 
(5-HT3R-As ) FORM  OF THE 5-HT3R IN THE RAT CENTRAL NERVOUS 
SYSTEM.
Miguel M.-C.*1, Doucet EΛ Bancila MΛ Rumaiogee PΛ Emerit M.B.2, Hamon M.z and 
Verge D.' ‘CNRS UMR 7624, Inst. Neurosciences, Univ. Paris VI, 7, quai St-Bemard, 
75005 Paris; ЧNSERM U288, CHU Pitié-Salpêtrière, 91 Bid de l’Hôpital, 75013 Paris, 
France.
Selective anti-peptide antibodies which discriminate between the two splice variants of 
the 5-HT3R (Doucet et al., Soc. Neurosc., 1998) were used to further analyze the 
central distribution of the short (5-HT3R-A<$) form of this receptor in the central 
nervous system of Sprague-Dawley rats. The densest ίmmunolabeling was found in the 
nucleus (nu.) o f the tractus solitarius (NTS), the nu. of the spinal tract of the trigeminal 
nerve (SP5), the oculomotor nu. (ON) and the dorsal horn o f the spinal cord (DHSC). 
An intermediate labeling was detected in the geniculate nu., the superior colliculus, the 
nu. reticularis thalamic (NRT), the ventrolateral thalamus (VT) and the cortex. Finally, 
a low staining was found in the hippocampus. Such a distribution is in good agreement 
with that observed using the selective radioligand [3H]zacopride in radioautography 
experiments (Laporte et al., 1992). However, some areas (like the ON, NRT and VT) 
appeared selectively labeled only by the antibodies and others (like the amygdaloid 
complex) only by the radioligand. In the majority of the labeled regions, the 
immunostaining was diffuse within the neuropil with a superimposed fine punctate 
labeling. No immunostaining was found at the level of neuronal perikarya.
Preliminary experiments at the ultrastructural level showed that 5-HT3R-As-like 
immunoreactivity was confined mainly on small dendrites and on axons and terminals 
in both the DHSC and the NTS. These results are consistent with previous lesion 
experiments (Laporte et al., 1992), indicating a presynaptic localization of 5-HT3 
receptors in the rat CNS.
Ref: Laporte et al., Autoradiographic mapping of central 5-HT3 receptors, 1992, in « Central and 
peripheral 5-HT3 receptors », Academic Press, M. Hamon ed, pp 157-188.
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239.13
PHARM ACOLOGICAL CH ARACTERISATION AND CELLULAR  
DISTRIBUTION OF 5-HT7 RECEPTORS IN RAT BRAIN
R·L· Stowe and N. M. Barnes (SPON; British Neuroscience Association).
Department of Pharmacology, University of Birmingham, Birmingham B15 2TT UK.

The 5-HT7 receptor has been cloned from rat, mouse, guinea pig and human tissue. 
Distribution studies suggest a role for the receptor in control of affective behaviour 
(e.g. Ruat et al; 1993). This study aimed to characterise 5-HT7 receptor binding in 
native rat brain tissue using radioligand binding and combine in situ hybridisation 
with immunohistochemistry to phenotype the neurones expressing 5-HT7 mRNA. 
Competition for (±)-pindolol (10 µM)/WAYlOO635 (100 nM)-insensitive [3H]5- CT 
binding using a range of structurally diverse drugs indicated that the labelled sites in 
whole rat brain homogenate displayed the pharmacological profile of the 5-HT7 
receptor. Furthermore, the labelled population of sites appeared to be homogenous 
since all compounds competed with unity Hill coefficients.

Co-localisation studies combining in situ hybridisation and immunohistochemistry. 
demonstrated the discrete localisation of 5-HT7 mRNA in rat brain. Cellular 
resolution revealed the presence of silver grains over large neurone cell bodies in the 
cingulate cortex, retrosplenic granular cortex, piriform cortex, CAЗ region of the 
hippocampus, thalamus, hypothalamus and the amygdaloid complex particularly 
cortical, medial, and central nuclei. Areas with weak hybridisation signals included 
striatum and cerebellum. An antiserum to glutamate decarboxylase 67 (GAD67) 
identified that 5-HT7 receptor mRNA in many brain regions such as cortex and 
amygdala was colocalised in cells expressing GAD immunoreactivity.

In summary this study has allowed the selective labelling of 5-HT7 receptors in 
native rat brain. The combination of in situ hybridisation and immunohistochemisty 
has allowed the demonstration of co-localisation of 5-HT7 receptor mRNA with GAD 
immunoreactivity in individual neurones throughout many regions of the rat brain.
R.L. Stowe is recipient of a Wellcome Trust Prize Studentship.
Ruat, M. et al (1993) Proc. Natl. Acad. Sci. USA 90, 8547-8551.

239.14
IMMUNOHISTOCHEMICAL LOCALIZATION OF 5-HT7 RECEPTOR 
EXPRESSION IN THE ADULT RAT BRAIN. K.R. Oliver. A.M. Kinsey. 
A. Wainwright. G. McAllister. R.G. Hill, and D.J.S. Sirinathsinghii*. Merck, 
Sharp and Dohme Research Laboratories, Neuroscience Research Centre, 
Harlow, Essex CM2O 2QR, UK.

5-Hydroxytryptamine (5-HT, serotonin) is a neurotransmitter involved 
in a variety of physiological functions in both the central and peripheral 
nervous systems, including vascular contraction, sleep, locomotion, appetite, 
sexual activity and pain perception. 5-HT’s pleiotropic actions are mediated 
by activation of discrete receptor families. Some of these, such as the 5-HT,, 
5-HT2, 5-HTj, and 5-HT4 receptors, were initially identified on the basis of 
their functional pharmacology. Subsequent cloning studies have supported 
their classification. However, 5-HT7 is amongst those 5-HT receptors which 
were initially identified using recombinant techniques and studies are 
underway to attempt to identify its in vivo function. In order to demonstrate 
the distribution of 5-HT7 in the rat brain, we have designed a synthetic 
peptide specific for this receptor and raised antisera by immunization of 
rabbits with this peptide. In this study, we present data showing the 
characterization of these antisera and subsequent immunohistochemical 
localization of 5-HT7 expression in the adult rat brain. Immunostaining was 
widespread in the rat brain, being detected at relatively low levels in the 
cerebral and cerebellar cortices, but high in certain subcortical, fore-, mid- 
and hind-brain areas. These data should assist in the determination of the 
physiological function(s) of this receptor in the brain.

TRANSPORTERS: DOPAMINE I

240.1
AROM ATIC CO NTRIBU TIO NS TO  D O PA M IN E TR A N SPO R TE R  
FUNCTIONALITY. Z. Lii⅛ W . W ang &  G.R. Uhl. M o l N b io l, NID A IR P  
& Depts. Neurol. & NscL, JH USM , Balt., M D  21224  
Dopamine transporter (DAT) recognition o f  cocaine, cocaine analogs 
including carboxyflurotropane (CFT) and dopam ine could involve  
hydrophobic interactions between arom atic D A T transm em brane dom ain  
(TM) residues and catecholam ine catechol groups, cocaine phenyl groups, 
and the halogenated phenyl group o f  CFT. To define such interactions as 
well as possible cation-aromatic interactions, w e have substituted alanines 
(A) for the 29 phenylalanine (F) and 11 tryptophan (W ) residues in 
putative DA T TM  dom ains. W e exam ined transporter localization in 
expressing COS cells by im m unohistochem istry and assessed functions by 
dopamine uptake and CFT binding assays. Transport rate is influenced by 
many TM s F→A as well as W →A substitutions. Substitutions in TM
1,2,4,7,10 and putative extracellu lar loops 2-4 reduced plasm a m em brane 
expression and enhanced perinuclear im m unoreactivity, consistent w ith  
abnorm al DAT trafficking. Reduced affin ities for dopam ine w ere m ost 
prominent for substitutions in TM s 1 ,3 ,4 ,7  and the 3rd extracellular loop. 
Substitutions in TM s 2,6,7,S,10,11 and the fourth extracellular loop lowered  
CFT affinities. Som e W →A  substitutions increased CFT affinities. These 
data support contributions o f  specific aromatic am ino acids to correct DAT  
configurations and/or hydrophobic pocket form ation essential for norm al 
transporter assem bly, cocaine analog recognition and dopam ine uptake. 
Supported by NID A In tram ural Research Program.

240.3
DOPAMINE TRANSPORT AND LIGANDS: STRUCTURE
ACTIVITY RELATIONSHIP. D.E. DarfC. Mavo. GR Uhl. Mol. 
Neurobiol., NIDA, IRP, Baltimore, MD 21224.
The dopamine transporter (DAT) is inhibited competitively by 
cocaine and drugs of several classes, including congeners of cocaine, 
benztropine, GBR12909, methylphenidate amphetamine and 
mazindol. To enhance understanding of the molecular interactions 
between DAT and these ligands, we have tested the effects of DAT 
transmembrane domain 1,4,5 and 7 mutants on recognition of these 
compounds. Each of the ligand classes inhibited dopamine uptake 
with the same rank order of potency loss for the following alanine- 
substitution DAT mutants: Y273A> Y25IA>S356,359A = wildťype. 
[3H] carboxyflurotropane (CFT) binding to the wildtype DAT was 
inhibited by each compound in a biphasic fashion. Inhibition of CFT 
binding to some of the DAT mutants resulted in reduction or deletion 
of high affinity ligand recognition. Conceivably, a pocket created by 
tyrosines 251 and 273 and could contribute to the recognition of DAT 
inhibitors of several classes. It is posible that these tyrosines could 
contribute to DAT domains important for high affinity recognition 
of compounds of several classes.
Supported by the Intramural Reseach Program.

240.2
TRANSMEMBRANE PROLINE RESIDUES AND DOPAMINE TRANSPORTER 
FUNCTION. M. Itokawa*. Z. Lin. G.R. Uhl. Mol. Neurobiology, NIDA IRP & Depts. 
Neurol & Nsci„ JHUSM, Baltimore, MD 21224.
The Dopamine transporter (DAT) helps terminate dopamine signaling by uptake of 
extracellular dopamine. DAT can also run “backward,” pumping dopamine out of cells. 
Since proline residues are candidates to play roles in facilitation of conformational 
changes and provision of cation liganding sites, sixteen poline (P) residues in and near 
the dopamine transporter (DAT) transmembrane (TM) domains were changed to 
Alanines (A) by site-directed mutagenesis. These mutants were examined for 
transporter localization in expressing COS cells by immunohistochemistry and function 
assessed by dopamine uptake, efflux and carboxyflurotroane (CFT) binding assays. 
Mutants P87A, P101A, PI 12A, P401A and P553A yielded decreased affinities for CFT. 
Each decreased dopamine uptake Vmax. P235A, P544A and P545A mutants displayed 
intact uptake rates and CFT Bmax values. P234A revealed increased CFT Bmax but 
decreased dopamine uptake Vmax. P87A, P I01 A, P136A, P287A, P401A, P515A and 
P528A decreased dopamine uptake Vmax without changes in CFT Bmax. The PI 12A 
mutant in the second TM and P136A in the second intracellular loop displayed lower 
CFT binding affinity but dsiplayed normal dopamine affinity. P112A reduced 
dopamine uptake Vmax but normal dopamine affinity. Cells expressing most of these 
mutants displayed normal or nearly normal patterns of DAT immunostaining. P 101 A, 
P287A, P401A, P515A, P528A, P553A and P572A decreased efflux rate moderately 
(by 20 to 60% of wild-type). P87A, P112A, P136A and P272A yielded severely 
reduced efflux rates (to 3 to 7% of wild-type). However, most o f mutants showed 
normal or increased efflux (% of initial dopamine uptaken in the cells). These results 
suggest important roles for DAT Prolines in uptake, cocaine recognition, dopamine 
affinity and efflux functions.
Supported by NIDA Intramural Research Program.

240.4
DIFFERENTIAL BINDING SITES OF TROPANE-BASED PHOTOAFFINITY 
LIGANDS ON THE DOPAMINE TRANSPORTER. R. A. Vaughan.1 G. E. 
Aαoston.2 J. R. Lever3 and A. H. Newman*2 1Mol. Neurobiol. Branch and 
2Psychobiology Sect., NIDA-IRP, Baltimore, MD 21224 and 3Dept. 
Environmental Health Sci., The Johns Hopkins Univ. School of Public Health, 
Baltimore 21205.

Benztropine and its analogs are tropane ring containing dopamine uptake 
inhibitors that produce a distinctive pharmacological profile as compared to 
cocaine. Based on divergent structure-activity relationships derived from both 
cocaine and benztropine analogs, it was proposed that these classes of 
compounds may interact with different binding domains on the dopamine 
transporter. Previously, photoaffinity labels based on the cocaine analog RTI 
55 ([125l] RTI 82) and the non-tropane-containing GBR 12935 ( f 25l]DEEP), were 
shown to interact with different regions of the protein’s primary sequence. 
Since benztropine contains the tropane ring of cocaine and the 
diphenylmethoxy moiety of GBR 12935, it served as a unique template for the 
development of a novel probe for the dopamine transporter. The photoaffinity 
label, [125I]GA II 34, was prepared based on a potent N-substituted 4’,4”d¡fluoro- 
analog of benztropine. Proteolytic and immunological peptide mapping 
showed that it was incorporated into a membrane-bound 14 kDa fragment 
predicted to contain transmembrane domains 1 and 2. In contrast, [125I]RTI 82 
incorporated more C-terminally in a domain containing transmembrane helices
4-7. Thus, although both the parent ligands contain tropane rings, their 
respective binding sites are distinct. Interestingly, [125I]DEEP, despite its lack of 
a tropane ring, labeled the N-terminal region identical to that labeled by the 
benztropine-bаsed ligand. These results support structure-activity 
relationships reported for these series of compounds and suggest that 
differing molecular interactions may lead to distinctive effects in vivo that may 
provide leads toward a cocaine-abuse treatment. (Supported by NIDA).

Society for Neuroscience, Volume 24,1998



606 TRANSPORTERS: DOPAMINE ĩ MONDAY AM

240.5
MOLECULAR MAPPING OF THE SITES ON RAT DOPAMINE 
TRANSPORTER FOR SPECIFIC RECOGNITION OF 1-METHYL-4- 
PHEN Y LPY RIDINIUM
C.Mitsuhata1 *, Z.Lin2, S.Kitavama‘, T.Dohi1 and G.R.Uhl2 
1 Dept.of Pharmacology, Hiroshima Univ. Sch. Dentistry, Hrishima 734-8553, Japan. 
2M ol. Neurobiol. Branch, IRP/ARC/NIDA/NIH.

Parkinsonism-inducing neurotoxin 1-methyl-4-phenylpyridinium
(M PF) is transported by dopamine transporter (DAT) to exert its toxicity 
within dopmainergic neurons. Specific interaction of MPP+ with DAT 
has been documented in cells transfected with cloned DAT cDNA. In a 
series of our previous investigations by site-directed mutagenesis of rat 
DAT and their functional expression, several polar amino acids located in 
the putative transmembrane regions (TMs) are differentially involved in 
recognition of dopamine (DA) and M PF. To explore the dissociation of 
each recognition site on DAT, we focused on 29 phenylalanines (F) 
located in TM, based on the possible hydrophobic interaction between 
phenyl rings. Alanine substitutions of F36l in TM7 and F542 in TM 11 
increased affinity for M P F  uptake without affecting its Vmax, in contrast 
to leaving the DA uptake kinetics intact. Furthermore, both mutants 
showed a decrease in M P F  efflux. In consistence with our previous 
observation, these results suggest that TM7 and TM 11 are critical for 
interactions with M PF.
Supported by NIDA/IRP (GRU).

240.7
CHARACTERIZATION OF PROTEOLYTIC FRAGMENTS OF 
THE DOPAMINE TRANSPORTER USING HIGH- 
PERFORMANCE LIQUID CHROMATOGRAPHY MASS 
SPECTROMETRY. B. Reed*. IF . Nemeth. J.B. Justice. J.A. 
Reiter. Department o f Chemistry, Emory University, Atlanta, GA 
30322.
Synthetic peptides coưesponding to fragments expected from the first two 
transmembrane domains of the human dopamine transporter (DAT) following 
complete digestion using both trypsin and chymotrypsin were investigated by 
reversed phase high-performance liquid chromatography-sector mass 
spectrometry (HPLC-MS). The mass range for the nine synthetic peptides was 
278-978 Daltons. Chromatography was performed with columns of 2.1 mm and
0.30 mm diameter and with 2-propanol, acetonitrile, or 70:30 2- 
propanol/acetonitгiîe (0.1% v/v trifluoroacetic acid) as the organic phase. A 
sector mass spectrometer was employed, with fast atom bombardment (FAB) 
ionization. This detector was used in tandem with uv-vis spectrophotometry. 
These hydrophobic peptides were successfully separated and identified using 
HPLC-MS. Additionally, several of the peptides were coưectly sequenced using 
tandem mass-spectrometry, using either HPLC-MS or nanoelectrospray 
ionization of a mixture of the peptides. This HPLC-MS method for separation, 
mass detection, and sequencing of DAT proteolytic fragments will be useful for 
the identification of labeled amino acids in photoaffinity labeling studies of 
DAT.
NIDA Grants R01-DA11176, K02-DA00179

240.9
STRUCTURE FUNCTION STUDIES OF THE HUMAN DOPAMINE 
TRANSPORTER. Gursham Khatra1, Steve Tavalin2*, and Susan G. Amara3.
1 Neurosciences Graduate Program; 2Vollum Institute; ⅜ H M I and Vollum Institute 
Oregon Health Sciences University, Portland, OR 97201

The Dopamine Transporter (DAT), a member of the Na+/Cl^ dependent family of 
transporters, is instrumental in terminating synaptic transmission, and is the primary 
site of action of the psychostimulants cocaine and amphetamine. We have applied the 
Substituted Cysteine Accessibility Method (SCAM) to the human dopamine 
transporter (ҺDAT) in order to investigate the contributions of amino acid residues in 
putative transmembrane domains (TMD) I and VII to DAT function. Individual 
sequential amino acid residues in these regions are mutated to cysteines in a mutant 
background, x4C, which retains wild type kinetics although four endogenous cysteines 
have been mutated. The remaining 9 cysteines are non-reactive with the hydrophilic, 
cysteine-specific methanethiosulfonate (MTS) derivatives MTSEÁ, MTSET, and 
MTSES (Feưer, Soc. Neus. Abst., vol. 23, 163.1). Reactivity of individual cysteine 
mutants with MTS derivatives is assayed by the reaction's ability to inhibit or 
facilitate dopamine transport and/or inhibitor binding. Although many cysteine 
mutants in TMDI are nonfunctional, the reactivity of two functional mutants, A81C 
and N82C, gives clues about the local environments of these residues with regards to 
steric hindrance and electrostatic potential. N82C is reactive with both of the 
positively-charged reagents MTSEA and MTSET, but is non-reactive with the 
negatively charged MTSES, while A81C shows inhibition of transport when reacted 
with the relatively bulky MTSET and MTSES, but not when reacted with the smaller 
MTSEA. The reactivity of residues in a TMD with hydrophilic compounds applied 
extracellularly may be indicative of a transport pathway and the charge selectivity of 
N82C implies the existence of a negative charge in the transport pathway.

This work has been supported by DA 07595 (S.G.A.)

240.6
EFFECTS OF SYNTHETIC LOCAL ANESTHETICS ON THE 
DOPAMINE TRANSPORTER EXPRESSED IN COS CELLS AND IN 
HeLa CELLS. T. Sato. S. Kitavama. C. Mitsuhata. K. Moгita and T. 
Dohi*. Dept of Pharmacology, Hiroshima Univ. Sch. of Dentistry, 
Hiroshima 734-8553, Japan.

Synthetic local anesthetics (LAs), like cocaine, are reported to inhibit 
dopamine (DA) uptake, but the mode of this inhibitory action remains 
unclear. In the present study, we investigated the effect of synthetic LAs 
on dopamine transporter (DAT) using recently cloned rat DAT and its 
functional expression, transiently in COS cells and stably in HeLa cells. 
Among the LAs tested, procaine and other ester-type LAs inhibited 
PH]DA uptake and binding of [ЗH]2-ß-carbomethoxy-3-ß-(4-fluoro- 
phenyl)tropane (CFT), a cocaine analogue. These effects were 
concentration-dependent, as opposed to the slight effect on pH]GABA 
uptake in COS cells expressing mouse GATE IC50 values for pH]DA
uptake inhibition correlated well with those for pH ]CFT binding 
inhibition, but not with intrinsic anesthetic potency. Kinetic analysis of 
PH]DA uptake inhibition by procaine in HeLa cells expressing rat DAT 
revealed a noncompetitive action, in contrast to the competitive inhibition 
by cocaine. These results suggest that ester-type synthetic LAs, including 
procaine, act directly on DAT to inhibit DA transport, and the mechanism 
differs at least in part from that of cocaine.

Supported by a Grant-in-Aid for Scientific Research from the Ministry of 
Education, Science and Culture, Japan (SK).

240.8
EFFECTS OF MUTATION OF SHRINES IN TMD 7 OF THE HUMAN 
NOREPINEPHRINE TRANSPORTER (ҺNET) ON DOPAMINE UPTAKE AND 
INDU CED EFFLUX. K.S Dnnck Burцess* and J.B. Justice, ,lr . Dept o f Chemistry. 
Emory University, Atlanta. GA 30322

Two conserved seπnc residues in the dopamine transporter and ß-adıeııergıc 
receptor have been hypothesized to form hvdrogen bonds with the catechol moiety of the 
substrate or ligand. We have investigated this potential interaction in COS cells 
transiently expressing the ҺNET using rotating disk electrode voltammetry (RDĽ Vi. We 
found that mutation o f serine 354 and serine .357 to alanine affects uptake and outward 
transport o f dopamine (DA). The K„, values for DA uptake at the S354Λ and S.757Λ 
mutants (8.0 ±  1.0 µM and 7 0 ±1 . 1  µM, respectively) were found to be twice that of 
wild-tvpe ҺNET (K„,= 3.3 ± .7 µM) and the double mutant value was three times that of 
wild-type (Ƙ,„= 12 8 ± 3.7 µM) Other than at S354Λ. V„„lλ values were not significantly 
different from wild-type. Interestingly, no difference was seen between 111-TYR and p- 
ΊΎR in either induced efflux or inhibition o f uptake o f DA for am o f the mutants. There 
does not appear to be a particular hydrogen bond interaction between one serine and one 
hydroxvl group on the substrate The lyramino stimulated efilux o f DA w as found to be 
vciл di∏erent at the S354A and S357Λ mutants, w llh a decrease in efilux seen at S354A  
and a large increase in elìlux seen at S357A. To lest whether it w as the m-TYR uptake 
or DΛ efilux that caused this effect, a double electrode apparatus was used with one 
electrode held at a potential to oxidize DA and another with an applied potential o f 600 
m\· to oxidize tyramine and DA. m-TYR uptake was found to be the same at the mutant 
and wild-tvpe ҺNET The very di∏erent DA elïlu.x observed could be due to a modified 
ability of the transporter to recognize DA on the inner face of the membrane, a modi lied 
abilitv to transport DA outward or some nonspecific structural alteration

Supported by NIDA R03DΛ 10596

240.10
EFFECT OF METHYLPHENIDATE AND TWO DERIVATIVES ON 
DOPAMINE TRANSPORT-RELATED FUNCTIONS. M.M.Schweri*1. H.M. 
Deutsch2. A.T.Massev1 and T.L.Thompson \  1Mercer Univ. Sch. Medicine, 
Macon, GA 31207; 2Georgia Tech, Sch. Chem. & Biochem., Atlanta, GA 30332.

As part of an ongoing project to develop cocaine (COC) abuse 
pharmacotherapies, the effects of řhreo-(±)-methylphenidate (MP) and its 4-CI 
(4CMP) and 4-metho×y (4MMP) derivatives were examined on locomotor 
activity in freely moving rats and clearance of exogenous dopamine via in vivo 
voltammetry in anesthetised rats. Each drug caused a significant increase in 
locomotor activity measured 10-65 min after 7.5 mg/kg (ip) over vehicle (VEH) 
treated controls, with 4CMP>MP>4MMP. The lower activity of the 4MMP vs. 
MP group was unexpected, as previous results had shown that 4MMP is 
equipotent with MP both as an inhibitor of synaptosomal [⅜]dopamine uptake 
and pH]WIN 35,428 binding to the COC recognition site in striatal tissue. The 
same drug doses had no significant effect on dopamine peak amplitude, T½, 
or time course of clearance following ¡ntrastriatal dopamine administration, as 
measured by in vivo voltammetry (probably due to the high variance of the 
data). However, the average amplitude of the dopamine peaks and the 
average locomotor activity after drug injection were positively correlated 
(Spearman p =1.0, p<0.05), consistent with the notion that elevated synaptic 
dopamine contributes to increased locomotor activity. To test whether 4MMP 
might have activity as a partial cocaine agonist, rats were challenged with 40 
mg/kg COC (ip) 20 min after treatment with 7.5 mg/kg (ip) of 4MMP. No 
difference was seen in the locomotor response to COC between the 4MMP 
and VEH treated groups. Taken together, the data suggest that 4MMP and 
4CMP may have potential as substitution therapy for COC abusers. Supported 
by NIDA #DAO63O5.
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240.11
METHYLPHENIDATE-DERΓVATΓVES M AY ATTENUATE THE 
ACTION OF AMPHETAMINE AT THE NEURONAL TRANSPORTER  
FOR DOPAMINE. H. W avmenť*. H. Deutsch. and J. O. Schenk. Depts. o f  
'Chemistry and ,,2Bioch℮mistry and Biophysics, Washington State University, 
Pullman., W A 99164; 3School o f  Chemistry and Biochemistry, Atlanta, GA 
30332.

Methylphenidate was found to competitively inhibit the striatal transporter 
of dopamine (sDAT) and bind at sites on sD AT in common with both cocaine 
(a non-substrate site ligand) and amphetamine (a substrate site ligand). Some 
methylphenidate derivatives modified on the aromatic ring or at the nitrogen 
were tested to determine whether the profile o f  inhibition could be altered and 
it was found that a phenyl group positioned at the carbon imparted properties 
to the inhibitor in which binding at substrate and non-substrate sites could be 
distinguished. Furthermore, this analog, although clearly an inhibitor o f  
dopamine transport, was found to dramatically attenuate the inhibition o f  
transport by amphetamine. Data showing the experimental paths to this 
findings and a model to account for these results will be presented. (This 
work was supported by NIDA grants to JOS (RO l DA 07384 and KO2 DA  
00184) and a NIDA grant to HD (DA 06305)).

240.13
MODULATION OF RECOMBINANT DOPAMINE TRANSPORTER 
FUNCTION: EFFECT OF PUTATIVE DOPAMINE AUTORECEPTORS. A.J. 
Eshleman*, C. Teemeг, V.E. Vandegrift, A. Janowsky and K.A. Neve. Dept. 
Physiology & Pharmacology, Psychiatry, and Behavioral Neuroscience, OHSU & 
VAMC, Portland, OR.

Evidence is accumulating that dopamine (DA) transporter function is modulated by 
synaptic events. We have investigated possible pathways for regulation of transporter 
activity by transfecting human embryonic kidney cells with a human DA transporter 
cDNA (ҺDAT cells) as well as either DA D2S, D2L, D3 or D4 receptors. DA uptake 
by the transporter was measured using rotating disk electrode voltammetry.
Pretreatment of cells with the D2 receptor antagonist, spiperone (1 µM), decreased the 
maximal rate of transport in cells co-expressing the ҺDAT and either the D2S (ҺDAT- 
D2S cells) or D4.4 receptor (ҺDAT-D4 cells), but not the D2L or D3 receptor, 
suggesting that activation of the former receptors increases transporter activity. To 
determine if the enhancement is mediated via inhibitory Gi/o proteins, cells were 
pretreated with pertussis toxin (PTX) for 2 to 24 hours. Instead o f inhibition of the 
hypothesized receptor-mediated enhancement, PTX significantly increased uptake at 
each time point tested in ҺDAT-D2S or ҺDAT-D4 cells with a similar, but 
nonsignificant, increase in ҺDAT cells. To ascertain if a G as pathway may be 
involved, cells were pretreated with cholera toxin (CTX) for 2 or 18 hours. CTX 
enhanced uptake in ҺDAT as well as ҺDAT-D2S cells; [125I]RTI-55 equilibrium 
saturation binding indicated that the density of transporters increased significantly after 
CTX treatment in ҺDAT cells. A possible role of K+ channels in the DA receptor- 
mediated enhancement was tested with the K+ channel blockers apamin and 4- 
aminopyridine. DA uptake was decreased ~25% in ҺDAT-D2S cells treated with 
apamin (1 µM), while no change was observed in ҺDAT cells, suggesting that K+ 
channels may play a role in the DA D2S-mediated enhancement of maximal transporter 
rates. [Supported by NARSAD (AJE), VA Merit Reviews, grants & contracts from 
NIDA & NIMH (AJ and KAN)].

240.15

PROTEIN KINASE C (PKC) INHIBITORS BLOCK 
AMPHETAMINE MEDIATED DOPAMINE RELEASE (AMPH- 
DA REL) IN CELL LINES CONTAINING PLASMALEMMAL 
TRANSPORTERS FOR DA (DAT) OR NOREPINEPHRINE (NET).
L. Ҟantor, S.M Richardson and M.E. Gnegy*· Department of 
Pharmacology, The University of Michigan, Ann Arbor, MI 48109- 
0632

We found that PKC inhibitors block AMPH-DA REL in rat 
striatal preparations. To examine the specificity of this effect for 
DAT, we examined the effect of the selective PKC inhibitor 
chelerythrine (CH) on AMPH-DA REL in undifferentiated (undif) 
PC12 cells which have NET and nerve growth factor-differentiated 
PC12 cells that have DAT, as confirmed by immunoblotting. 
Endogenous DA released by 1 µM AMPH was inhibited > 90% by 1 
µM CH in both cell types. The ICs〇 for CH in undif PC12 cells was 
47 nM. Conversely, activation of PKC with a bolus of 250 nM 12-
O-tetradecanoylphorbol 13-acetate elicited DA release not 
additive with lµM  AMPH. To confirm the non-specificity for DAT, 
we measured the effect of 1 µM CH on endogenous AMPH-DA 
REL in human neuroblastoma SH-SY5Y cells which have NET. CH 
blocked AMPH-DA REL by > 90%. The effect was not specific for 
neural cells since 1 µM CH also inhibited AMPH-DA REL in COS 
cells transfected with human DAT. CH did not affect uptake of 
[3H]DA through either DAT or NET. Our results suggest that 
AMPH-DA REL through either NET and DAT is highly dependent 
on PKC activity. This work was supported by NIDA grant 
DA05066 and NIDA interdisciplinary training grant DA 07267 at 
UMSARC (L.K.)

240.12

COCAINE BLOCKS PHORBOL ESTER-INDUCED 
DOPAMINE (DA) RELEASE IN RAT STRIATAL 
SYNAPTOSOMES. RM . Cowell.1* L. Kantor.2 K.A, Frev,1 and
M.E. Gnegv1,2 lNeuгoscience Program and ⅛)ept. o f Pharmacology, 
University o f Michigan, Ann Arbor, MI 48104.

Phorbol esters, as activators o f protein kinase C, increase dopamine 
(DA) release and decrease DA uptake in rat striatal tissue (Kantor and 
Gnegy 1998). To further characterize phorbol ester-induced DA 
release, rat striatal synaptosomes (P2) were perfused using a Brandel 
perfusion apparatus, and released DA was quantified by HPLC 
electrochemical detection. After a 2.5 minute pulse o f the phorbol 
ester 12-O-tetradecanoylphorbol 13-acetate (TPA) at 250 nM, DA 
release increased 2.5 (± .5) times over basal release in the absence of 
extracellular calcium. Comparable levels o f release were observed in 
the presence o f 10 µM cadmium, indicating that the DA release was 
independent o f calcium influx. Furthermore, this release was almost 
completely blocked in the presence o f the dopamine transporter 
blockers cocaine (10 µM) and GBR 12935 (1 µM), suggesting that 
acute exposure to TPA induces reverse transport o f DA through the 
dopamine transporter. Our previous studies indicate amphetamine- 
mediated DA release is dependent on protein kinase C activation, 
implicating a clinically important role for reverse transport. Supported 
by NIMH Training grant 5T32MHI4279(RMC) and DAO5O66(MEG).

240.14
PROTEIN KINASE A UP-REGULATES DAT ACTIVITY. ML 
Batchelor and J. O. Schenk*. Depts. O f Chemistry and 
Biochemistry/Biophysics, Washington St. Univ., Pullman, W A 99164.

Second messenger signaling effects on the kinetics o f  the inwardly 
directed active transporter for dopamine, DAT, were measured by rotating 
disk electrode voltammetry in the rat striatum. Data were analyzed using 
the Michaelis-Menten model to obtain the parameters, V∏** and Km. 
Forskolin (5OµM) and c-AM P (50 µM) were found to increase the Vщ« o f  
the transporter from control values with no effect on the value o f  Km. 
Protein kinase inhibitors, H-7, H-9, and H-89, blocked this effect (c-AMP 
tested only). The inhibitor, H-89, is selective for PKA; thus, it is 
concluded that PKA is involved in the kinetic up-regulation o f  DAT  
activity. This work was supported by a fellowship to M B from the 
Howard Hughes Medical Research Institute and NIDA grants to JOS 
(R O l DA 07384 and KO2 DA 00184).

240.16
PROTEIN KINASE C - MEDIATED REGULATION OF DOPAMINE 
TRANSPORTER IS NOT ACHIEVED BY DIRECT PHOSPHORYLATION ON 
THE TRANSPORTER SJŁLє℮i>.·1ŁSqпi,> M.Y.Chaцg'» S.H.Kang2. H.Chin3 and 
Y.S. Leeu  ‘Department of Biochemistry, Hanyang University College of Medicine; 
institute of Mental Health, Hanyang University, Seoul 133-791, Korea; ⅜>ivision of 
Basic and Clinical Neuroscience Research, National Institute of Mental Health, 
National Institute of Health, Rockville, MD 20857

Dopaminergic neurotransmission is terminated by the action of presynaptic 
dopamine transporter (DAT) that mediate the Na+, CΓ -dependent re-uptake of 
extracellular dopamine (DA) into the cell, and such a re-uptake is a major regulation 
of this signal transmission. Previous works have documented that protein kinase C 
(PKC) activator or inhibitor alter the DA uptake by the DAT, suggesting that the 
PKC phosphorylation is one of the major regulation mechanism on the DAT function. 
Based on the existence of consensus sequences for phosphorylation by PKC on the 
primary sequence of DAT, it has been postulated that the PKC regulation of DAT 
would be mediated by the direct phosphorylation on DAT. There is, however, a 
possibility that PKC phosphorylation may have indirect effects on the DAT function. 
In order to find out whether the functional regulation of DAT by PKC is due to direct 
phosphorylation on the DAT or not, the DAT mutant, on which all of the putative 
PKC sites are eliminated, has been constructed. The mutation showed no effect on the 
activities of DAT: the dopamine re-uptake activity o f mutant was similar to that of 
wild-type (WT) DAT (80-110 % of WT DAT). Treatment with phorbol ester reduced 
the functional activities of WT-DAT by 35-50%, and staurosphorine reversed the 
reduction of DAT activities. PKC activator and inhibitor showed similar effects on the 
activities of mutant DAT which has no PKC phosphorylation sites. These findings 
suggest that functional regulation of DAT by PKC is not mediated by direct 
phosphorylation on DAT protein. Supproted by the Korea Science and Engineering 
Foundation, Republic o f  Korea (971-0708-224-2)
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240.17
INHIBITION OF DOPAMINE TRANSPORTER ACTIVITY IN PC 12 
CELLS BY H2 O 2 · Ç,-L· Hu⅜∏g1 ⅝n⅛. Y. Çhщ ı2*· *ĩnst. of 
N euroscience, N ational Yang-M ing U niversity; ⅛ iv is io n  of 
Neuroscience, Institute of Biomedical Sciences, Academia Sinica, 
Taipei 11529, Taiwan, R.O.C.

To facilitate the biochemical study of rDAT in a neuron-like 
environment, we over-expressed rat dopamine transporter (rDAT) in a 
rat pheochromocytoma (PC 12) variant. One of the major pathways of 
dopamine metabolism is mediated through monoamine oxidase, which 
converts dopamine into the corresponding aldehyde, ammonia and 
H2〇2· In the present study, we report that H2〇2 significantly inhibited 
uptake of dopamine in PC 12 cells in a dose dependent manner. This 
inhibition did not result from the toxicity of ⅞ 〇2, or an increased auto
oxidation of dopamine by ⅞ 〇2· Since H2O2 was reported by other 
laboratories to activate mitogen-activated protein kinases (MAPKs) in 
various cell lines including PC 12 cells, effect of a MAPK kinase 
inhibitor (PD98O59) on the inhibition of rDAT activity by H2O2 was 
examined. Up to 50 µM, PD98O59 did not alter the suppression of 
rDAT activity by H2O2* indicating that rDAT regulation by H2O2 was 
independent of MAPK. Interestingly, a broad-spectrum tyrosine kinase 
inhibitor (genistein) partially reduced the inhibition of rDAT activity by 
H2O2· Tyrosine kinase(s) therefore might play an important role in the 
regulation of rDAT activity. Further characterization of the inhibition of 
rDAT activity by H2O 2 will provide im portant insights into the 
regulation of rDAT in a neuron-like environment. This work was 
supported by grants from National Science Council (NSC 87-2314-B-00l- 
019-M27) and Academia Sinica, Taipei, Taiwan, Republic of China.

240.19
AGE-RELATED DEFICITS IN THE DOPAMINE TRANSPORTER: 
CORRELATION BETWEEN ELECTROCHEMICAL MEASURES OF 
TRANSPORTER DYNAMICS AND [3H]WIN 35,428 BINDING M,A. Hebert*. 
G.A. Larson. N.R. Zahniser, G.A. Gerhardt. Psychiatry, Pharmacology and 
Neuroscience Training Program, University o f Colorado Health Sciences Center, 
Denver, CO 80262.

Dopamine (DA) neurotransmission is regulated by its re-uptake through the 
selective, sodium- and chloride-dependent dopamine transporter (DAT). The 
synaptic concentration o f DA, and therefore, the level o f DA receptor 
stimulation, is regulated by DAT activity. Through this mechanism, DAT is 
implicated in certain age-related pathological conditions affecting DA 
neurotransmission. Using in vivo electrochemical techniques, we have 
previously shown age-related changes in the function o f the DAT within rat 
dorsal striatum (STR) and nucleus accumbens (NAc). Behaviorally, we have also 
demonstrated age-dependent deficits in the ability o f the DA uptake inhibitor 
nomifensine to alter locomotion. The present investigations were conducted to 
assess age-related differences in the density o f DAT binding sites and the affinity 
of DAT for [3H]WIN 35,428 and nomifensine within these terminal regions. Ten 
µm frozen sections including the STR and NAc of Fischer 344 rats (aged 6, 12, 
18 and 24 months) were analyzed. Employing in vitro quantitative 
autoradiography of indirect saturation curves for [3H]WIN 35,428 binding, we 
found significant, progressive age-related decreases in Bmax (p < 0.001), but not 
Kd in both brain regions. Competition binding assays demonstrated no 
differences in the inhibitory potency of nomifensine but confirmed age- 
dependent reductions in the DATs in both regions. Interestingly, significant 
correlations (r = -0.99 in STR, r = -0.95 in NAc, all p ’s < 0.05) were observed 
between functional DA uptake capacity and [3H]WIN 35,428 Bmaҳ. Combined, 
these data demonstrate co-variation in dynamic and steady-state measures of the 
DAT across age groups. (Supported by USPHS NS09199, AGO6434, T32-HD- 
07408 and DA00174).

240.18

NO-NET-FLUX MICRODIALYSIS IN RAT STRIATUM SUGGESTS 
LOCAL DOPAMINE UPTAKE RATE IS DIMINISHED BY PROBE 
TRAUMA. P.M. Bungav1*. P. Vinson2. J.B. Justice. J r ,2 and W. ĭsele1. 
'Bioengineering & Physical Science Prog., NIH, Bethesđa, MD 20892; 
2Dept. of Chemistry, Emory Univ., Atlanta, GA 30322

Previous mathematical and experimental microdialysis studies indicated 
that the rate constant for dopamine (DA) uptake could be determined by the 
concentration difference (no-net-flux) technique. DA no-net-flux 
measurements in anesthetized rat striatum yield a rate constant for cellular 
uptake of DA from the extracellular space of 2.3 s '1. This value is 
considerably below those obtained from fast-scan cyclic voltammetry. 
Together with recent reports of reduced DA release in the vicinity of 
microdialysis probes, the result suggests that deficiencies in DA release 
and uptake are traumatic consequences of probe implantation. 
Consequently, the existing steady-state mathematical model has been 
modified to include a traumatized tissue layer in which DA release and 
uptake can occur, although at rates that may differ from those in the 
surrounding normal tissue. Simulations obtained from the model suggest 
that a traumatized layer less than 40-µm thick, in which uptake occurs but 
release is abolished, would be sufficient to quantitatively reconcile the DA 
microdialysis and voltammetry measurements. The modified model also 
predicts that the extraction efficiency for sampling endogenous DA will be 
less than that for delivery of exogenous DA, and that the no-net-flux 
intercept may under-estimate the spatial-average DA extracellular 
concentration in the normal tissue.

240.20
CA2+-DEPENDENT PHOSPHORYLATION OF DOPAMINE 
TRANSPORTER UPREGULATES ITS TRANSPORT ACTIVITY.
H. O u an 1. Y .-M . W an g 1. C. P ifl2. and M .G . C aro n 1,. 'Dept, o f Cell Biology 
and H ow ard H ughes M edical Institute, D uke Univ. M ed. Ctr., 
D urham , NC 27710; 2 Institu te  o f B iochem ical Pharm acology, University  
o f  V ienna, Austria.

D opam ine transporter(D A T ) p lays an indispensable role in the 
dopam inerg ic  system . The D A T -m ediated  reuptake process rem oves 
dopam ine from  the ex tracellu la r space and term inates d o p am in e  
neurotransm ission . D A T is also the target for cocaine and am phetam ine 
and a crucial com ponent fo r their addictive reinforcem ent cycle. Here we 
report that the transport activity  o f  D A T is up regu la ted  by a C a2+- 
dependent phosphorylation  o f the C -term inal tail. Thapsigarg in , a p o ten t 
inh ib ito r o f  endoplasm ic reticu lum  C a2+-ATPase, can increase the 
in tracellu lar calcium  level and activate CaM  kinase. Incubating  CO S-7 
cells expressing  hum an D A T with thapsigarg in  causes a 30%  increase o f  
the transport activity o f DA T. M utation  o f the CaM  kinase consensus 
p h osphory la tion  site, T h r6 lЗ -> A la , o r addition  o f the CaM  kinase 
inhibitor, KN -93, abolishes the effect o f thapsigarg in . However, 
m utation  T h r6 lЗ -> A sp  can partially  m im ic the effect o f the C a2+- 
dependen t phosphory la tion . K inetic analysis suggests that the 
upregulation  o f DAT activity  is largely due to the increase in Vm ax with 
little change in Km. This augm entation  o f D A T activity could have 
im portan t physio logical effects. S ince a transien t intracellu lar calc ium  
level increase is the triggering  signal o f dopam ine release, our data  
suggest the uptake activity  o f D A T m ight be enhanced  at the same tim e 
as dopam ine release and this enhancem ent m ay contribute  to the rap id  
term ination  o f dopam ine neuro transm ission . Supported by NIH grant 
#NSI9756 and unrestricted Bristol-Myers Squibb Neuroscience Award to 
M.G.C..
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241.1

CHARACTERIZATION OF THE PROMOTER REGION OF THE HUMAN 
DOPAMINE TRANSPORTER GENE. P. Sacchetti*. L. A. Brownschidle. J. 
G. Granneman and M. J. Bannon. Cellular and Clinical Neurobiology 
Program, Dept, of Psychiatry and Behavioral Neuroscience, Wayne State 
University School of Medicine, Detroit, MI 48201.

The dopamine transporter (DAT) is a membrane protein expressed 
exclusively within DA cells, and may be the primary regulator o f synaptic DA 
levels. This protein is the target of various psychostimulants and neurotoxins, 
and changes in human DAT (ҺDAT) expression have been observed in a 
number of neuropsychiatric disorders. Elucidating regulatory elements in the 
5’-flanking region of the ҺDAT gene could help explain the highly restricted 
tissue distribution of DAT expression and the alterations in ҺDAT expression 
observed in response to psychostimulant treatments and in neuropsychiatric 
disorders. A human genomic library was screened using a probe derived from 
the ҺDAT exon I sequence; a single positive bacteriophage PI clone was 
identified. Analysis of the ҺDAT gene was performed by restriction mapping, 
Southern blotting and DNA sequencing. A portion (10 kb) o f the ҺDAT gene, 
corresponding to 8.3 kb of 5 ’ flanking region, exon 1, intron 1 and exon 2 has 
been sequenced. Interestingly, the TATA-less, CAAT-less, GC-rich promoter 
of the ҺDAT gene possesses several putative NOT-1 response elements in its 
proximal region. Transient transfection studies are currently in progress to 
evaluate the functional role of these previously unreported NOT-1 elements in 
the regulation of expression of the ҺDAT gene. Supported by NIH grant DA 
06470.

241.2

REGULATION OF THE HUMAN DOPAMINE (DA) TRANSPORTER 
BY DA D2 RECEPTORS EXPRESSED IN XENOPUS OOCYTES. R D.
Mayfield*, and N.R. Zahniser. Dept. Pharmacol., Univ. Colorado Hlth. Sci. 
Ctr., Denver, CO 80262.

The Na+/Cl"-dependent dopamine transporter (DAT) plays a critical role in 
terminating the synaptic actions of released DA. DA neurotransmission is 
known to be regulated in part by presynaptic DA D2 receptors (D2Rs); 
however, it is unknown whether D2Rs regulate DAT function directly. We 
examined whether D2Rs modulate DAT function when co-expresśed in 
Xenopus oocytes. Electrophysiological (two-electrode voltage clamp) and 
biochemical ([⅜]DA uptake) approaches were used to examine DAT function 
in oocytes co-injected with cRNAs encoding the human DAT (ҺDAT) and the 
human D2 long receptor (ҺD2lR). Whole cell [⅜](-)-sulpiride binding in 
individual oocytes indicated that surface levels of ҺD2lR varied from 0.5 to
4.0 fmol/oocyte depending on oocyte batch and days of expression. Since DAT 
substrates are also agonists at D2Rs, ҺDAT associated currents (substrate- 
induced and leak) were measured under conditions of full ҺD2lR activation ( 1 
µM apomorphine) or complete blockade with (-)-sulpiride (1 µM; no effects at 
ҺDAT). In oocytes expressing ҺDAT and ҺD2lR, maximum steady-state 
currents induced by DA or tyramine were enhanced by aś much as 60% by full 
activation of ҺD2l R (apomorphine, 1 µM). These increases in ҺDAT substrate- 
associated currents were voltage-dependent, increasing at hyperpolarized 
potentials. In contrast, in most experiments, [⅜ ]DA accumulation was 
decreased by 5-20% under conditions of full D2R activation. These results 
demonstrate that under voltage-clamp conditions ҺD2lR receptor activation 
can enhance ҺDAT substrate-induced currents. The inconsistent effects of 
ҺD2ĳR stimulation on [⅜]DA uptake in undamped oocytes may reflect the 
voltage-dependence of this regulation. (Supported by DA 04216 and 
DA00174)
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241.3
CHARACTERIZATION OF ENDOGENOUS AND EXOGENOUS DOPAMINE 
CLEARANCE WITHIN THE DORSAL STRIATUM OF FREELY MOVING 
RATS. J. Sabeti1, S. D. Dickinson*1. G. A. Gerhardt1,2,3. N. R. Zahniser1,3. 
Depts. of 'Pharmacology and ⅛sychiatry, and 3Ncuroscience Program, University 
of Colorado Health Sciences Center, Denver, CO 80262.

In vivo electrochemical studies in anesthetized rats have demonstrated that 
dopamine (DA) clearance reflects dopamine transporter (DAT) activity. This 
technology has recently been adapted for use in the freely-moving rat so that DAT 
function and behavior can be measured concomitantly. Nafion-coated single fiber 
recording electrodes, enclosed in fused silica tubing, were assembled with stainless 
steel guide cannulae, and chronically implanted in dorsal striatum. Clearance of 
K+-evoked DA release was compared with that of locally applied DA in awake, 
behaving rats. Reproducible DA signals were obtained across the 120 min 
recording session when 120 mM K+ (1400-2600 nl) was locally applied at 15 min 
intervals from fused silica injectors positioned 25O±6O µm from the recording 
electrode. Mean endogenous DA signal amplitudes ranged from 0.79-1.45 µM. 
The mean timecourses of endogenous DA clearance (T8〇) ranged from 75-100 sec, 
and the clearance rates (Tc) ranged from 0.02-0.04 µM/sec. Similarly, when 200 
µM DA (50-600 nl) was locally ejected at 5 min intervals, stable peak amplitudes 
within 20% variation could be maintained for 30-90 minutes. Mean peak 
amplitudes ranged from 1.5-4.0 µM, with mean T8〇 values of 90-130 sec and Tc 
values of 0.02-0.05 µM/sec. In these experiments, repeated ejection of either K+ or 
DA produced no measurable effect on behavior (total distance traveled, active time 
or resting time). As expected, however, systemic injection of 20 mg/kg cocaine 
increased locomotor activity, as well as the amplitude and T8〇 of the exogenous DA 
signal. Our results indicate that parameters of exogenous DA clearance are 
comparable to endogenous clearance indices in striatum of freely-moving rats. 
(Supported by DA04216, DA00174, NS09199, and AG06434).

241.5
C LO N IN G  O F  D O P A M IN E  T R A N S P O R T E R  C O D IN G  R E G IO N S  
FR O M  N E W  AND O L D  W O R L D  M O N K E Y . G.M . M iller*, E M. Sajdel- 
Sulkowska, and B.K. M adras. H arvard M edical School, N ew  England Regional 
Primate Research Center, Neurochem istry, Southborough, M A 01772-9102.

The dopamine transporter (DAT) is a member o f a family of Na7Cľ dependent 
neurotransmitter transporters that contain twelve putative transmembrane domains. DAT 
is localized both in neuronal cell bodies as well as dopamine projection fields, where it is 
an important regulator of dopamine neurotransmission. To date, DAT cDNA sequences 
have been cloned from human and several other mammalian species but not from 
nonhuman primate brain. We therefore are engaged in studies aimed at cloning monkey 
DAT coding regions. RNA was extracted from the Substantia Nigra of nonhuman primate 
brains and reverse transcribed into cDNA using M-MLV reverse transcriptase. 
Oligonucleotides for PCR were based on areas of high similarity between the published 
sequences of DAT from other mammalian species. Currently, we have obtained PCR 
products of the expected size from rhesus monkey (Macaca mulatto) and squirrel monkey 
(Saimiri sciureus) and we have verified the identity of these products by restriction 
enzyme analysis. Following direct confirmation of monkey DAT sequence identity, each 
DAT cDNA will be subcloned into pcDNA3.1 (InVitrogen), and transfected into the HEK- 
293 cell line (American Type Culture Collection). Cloning of nonhuman primate DAT 
cDNA sequences is necessary to develop stable cell lines as a resource for monitoring the 
monkey DAT, as it is a primary species for investigating drugs of abuse. Analysis of 
primate DAT sequences will clarify the evolutionary changes in the DAT between new 
world and old world monkeys and humans, and may elucidate critical domains responsible 
for species differences in binding affinity for cocaine and other drugs. Stable cell lines will 
provide a resource for screening potential diagnostic and therapeutic agents in vitro 
relevant to neuropsychiatric disorders and drug addictions, without exposing investigators 
to hazardous primate pathogens (e.g., Herpesvirus B). Supported by: DAO63OЗ,DAO9462, 
DAI 1558, DA00304, and RR00168.

241.7

IN VIVO EFFECTS OF COCAINE IN THE STRIATUM: ANALYSIS 
OF d[DA]єc/dt. P A. G AR R IS12. Q. W U 1. M.E.A. REITH2*. M.J. 
KUHAR3 and F.l. CARR O LL4. 1Dept. o f Biological Sciences, Illinois 
State Univ, Normal, IL 61790; 2Dept. o f B iom edical and Therapeutic 
Sciences, Univ, o f Illinois Coll, o f Med. at Peoria, Peoria, IL; 
3Neuroscience Division, Yerkes Regional Prim ate Research Center, 
Emory Univ. A tlanta, GA; 4Chem istry and Life Sciences, Research 
Triangle Institute, Research Triangle Park, NC.

In this study we quantitative ly investigated the m echanism  by which 
cocaine increases striatal levels o f extracellu lar dopam ine ([D A]EC) in 
vivo. Vo ltam m etric recordings o f e lectrica lly evoked [DA]EC, described 
in the accom panying abstract by W u et al., were kinetically analyzed 
to determ ine param eters for dopam ine (DA) release and uptake. The 
effects o f cocaine were com pared to  those o f two other inhibitors o f 
DA uptake, nom ifensine and RTI-76. In agreem ent with previous 
work, DA uptake in the caudate-putam en (CP) and nucleus 
accum bens (NAc) o f naïve anim als was high affin ity with a Km of 0.15 
µM. Adm inistration o f cocaine (40 mg/kg i.p.) significantly increased 
Km (> 10-fold) in both regions w ithout altering DA release or V max for 
DA uptake. The effects o f nom ifensine (10 mg/kg i.p.) were identical 
to cocaine with one exception: the increase in Km was greater in the 
CP com pared to the NAc. In sharp contrast, RTI-76 (100 nmoles 
i.e.v.) significantly decreased V max (> 5-fold). These quantitative 
results, along with the qua litative analysis o f W u et al., support the 
concept that cocaine is a com petitive inhibitor o f DA uptake in vivo. 
Supported by Illinois State University (PAG) and DA 08379 (MEAR).

241.4

COCAINE ALTERS THE ACCESSIBILITY OF ENDOGENOUS CYSTEINES IN 
PUTATIVE EXTRACELLULAR AND INTRACELLULAR LOOPS OF THE 
HUMAN DOPAMINE TRANSPORTER. J. V. Ferrer*, and J. A. Javitch, Center for 
Molecular Recognition, Departments of Pharmacology & Psychiatry, Columbia 
University; NYS Psychiatric Institute, NY, NY 10032.

Cocaine and other psychostimulants act by blocking the dopamine transporter. 
Binding of the cocaine analog, [3H]2-ß-carbomethoxy-3-ß-(4-fluorophenyl) tropane 
(CFT) to the dopamine transporter is sensitive to polar sulfhydryl-specific derivatives 
of methanethiosulfonate (MTS). These reagents preferentially react with water- 
accessible, reduced cysteines. The human dopamine transporter has 13 cysteines. 
Their topology is not completely determined. We sought to identify those cysteine 
residues the modification of which affects CFT binding and to determine the topology 
of these reactive cysteines. We mutated each of the cysteines, one at a time and in 
various combinations, to residues that preserved binding and transport, and we tested 
the sensitivity of each of the mutant transporters to the reagents. One construct, X5C, 
had five mutated cysteines (C90A/C135A/C306A/C319F/C342A). Using a membrane 
preparation in which both extracellular and intracellular cysteines could be accessible, 
we found that CFT binding in X5C, as compared to wild-type transporter, was two 
orders of magnitude less sensitive to MTS ethylammonium (MTSEA). The wild-type 
cysteines were substituted back into X5C, one at a time, and these constructs were 
tested in cells and in membranes. Cys9O and CysЗO6 appear to be extracellular, and 
CysI35 and Cys342 appear to be intracellular. Each o f these residues is predicted to 
be in extramembranous loops. The binding of cocaine increases the rate of reaction of 
MTSEA and MTS ethyltrimethylammonium with the extracellular Cys9O, and 
therefore acts by inducing a conformational change. Cocaine decreases the rate of 
reaction of MTSEA with CysI35 and Cys342, acting either directly or indirectly on 
these intracellular residues. Supported by the Nathan and Suzanne Cohen 
Foundation, by an AHA GIA, by MH57324, DAI 1495, MH54I37, and by GM07182.

241.6
REGULATION, TRAFFICKING AND SUBCELLULAR DISTRIBUTION OF THE 
HUMAN DOPAMINE TRANSPORTER EXPRESSED IN PC 12 CELLS. H.E. 
Melikian'*, A. Powelka2 andK.M. Bucklev1. 'Dept, of Neurobiologw. 2Program in 
Biological and Biomedical Science. Harvard Med. Sch. Boston. MA 02115.

The Na7Cľ-dependent dopamine transporter (DAT) is a critical component of 
dopaminergic terminals and is responsible for the temporal and spatial restriction of 
dopamine in the synapse. Recent studies indicate that DAT, as well as other 
monoamine transporters, can be regulated in response to activation of protein kinase 
C, resulting in a decreased number of transporters at the cell surface and a concurrent 
increase in the intracellular pool of transporters. While regulation is well described, 
the processes underlying transporter regulation and trafficking have yet to be defined; 
nor has the nature of the transporter-containing compartment been elucidated. To 
date, the majority of studies examining regulation of Na7Cľ-dependent monoamine 
transporters have been performed in heterologous expression systems using non
neuronal cells. However, neurons and neuroendocrine cells that endogenously express 
monoamine transporters contain endocytic compartments distinct from those of non
neuronal cells. As such, novel endosomal compartments containing transporters may 
fail to be identified in non-neuronal models. In order to characterize the endosomal 
trafficking of DAT in a catecholaminergic environment, we took advantage of the 
neuroendocrine cell PC 12, a cell line that contains synaptic vesicles and in which 
membrane trafficking of synaptic proteins and vesicular transporters has been well 
characterized. ҺDAT-transfected PC 12 cells (PC12/ҺDAT) exhibit DMI-insensitive 
DA uptake and downregulation in response to PMA treatment with kinetic values 
consistent with those reported for DAT in other systems. Subcellular fractionation of 
PC12/ҺDAT by velocity gradient centrifugation reveals that mature DAT is a 90 kDa 
protein that is not enriched in the synaptic vesicle peak. Rather, an enrichment of 
DAT was observed in endosomal-containing fractions, suggesting the presence of 
DAT in a distinct endosomal compartment. Further analysis will determine the 
nature of the DAT-containing compartment, and will examine trafficking of DAT in 
both the basal and regulated states. Supported by NIH NS27536 (KMB) and NШ 
M S07112-18 (HEM).

241.8

IN VIVO EFFECTS OF COCAINE IN THE STRIATUM: CHANGES IN 
[DA]ec AND d [D A ]Єc/dt. Q. W U 1*. M.E.A. REITH2, M.J. KUHAR3, F.l. 
CARROLL4 and P A  G AR R IS12. 1Dept. o f Biological Sciences, Illinois 
State Univ, Normal, IL 61790; 2Dept. o f Biom edical and Therapeutic 
Sciences, Univ, o f Illinois Coll, o f Med. at Peoria, Peoria, IL; 
3Neuroscience Division, Yerkes Regional Primate Research Center, 
Em ory Univ. A tlanta, GA; 4Chem istry and Life Sciences, Research 
Triangle Institute, Research Triangle Park, NC.

W e investigated the effects o f cocaine on extracellu lar levels of 
dopamine ([DA]ec) in the caudate-putam en (CP) and nucleus 
accum bens (NAc). [DA]ec was voltam m etrica lly monitored in the 
anesthetized rat in vivo during electrica l stim ulation o f the medial 
forebrain bundle. Cocaine (40 mg/kg i.p.) was com pared to 
nom ifensine (10 mg/kg i.p.), a classical com petitive inhibitor, and RTI- 
76 (100 nmoles i.e.v.), a new irreversible inhibitor. Uptake inhibitors 
robustly increased [DA]EC but d ifferentia lly affected clearance rates for 
dopamine (d[D A]EC/dt). W hereas cocaine and nom ifensine were 
w ithout appreciable effects at high [DA]EC, RTI-76 dram atically slowed 
d[DA]EC/dt and m arkedly prolonged the half-life o f extracellular 
dopamine. In all cases, cyclic voltam m etry confirm ed that dopamine 
was the only electroactive species detected during the monitoring o f 
evoked responses. These results suggest that cocaine acts sim ilar to 
nom ifensine but different from  RTI-76 to elevate [DA]EC in both CP 
and NAc. This qua litative analysis supports the concept that cocaine 
is a com petitive inhibitor o f dopamine uptake in vivo. Supported by 
Illinois State University (PAG) and DA 08379 (MEAR).
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241.9
DOMAINS OF THE HUMAN DOPAMINE TRANSPORTER NECESSARY 
FOR CELL SURFACE EXPRESSION. S.D. W atts1. A. J. Reed1. S. L. 
Povlock1. G. H. Murdoch2* and S. G. Amara1. Vollum Institute, Howard 
Hughes Medical Institute1, Department of Pathology2 and Oregon Health 
Sciences University, Portland OR 97201.

The dopamine transporter (DAT), found at the plasma membrane of 
dopaminergic neurons, is the primary mechanism for dopamine (DA) signal 
termination by clearance of the neurotransmitter from the extracellular space. The 
mechanisms for appropriate sorting and plasma membrane targeting of the DAT 
protein have not yet been determined, but likely require signals and/or domains 
within the transporter primary sequence. We report here the identification of 
sequences in the intracellular C-terminal domain of the human DAT (ҺDAT) 
required for targeting to and/or maintenance at the cell surface. These sequences 
were identified using a series of truncations and mutations in a chimeric protein 
consisting of the Aequorea victoria green-fluorescent protein (GFP) fused to the 
N-terminus of the human dopamine transporter (GFP-ҺDAT). The GFP tag does 
not significantly impair the DA uptake activity (Km and Vmax) of the transporter 
when compared with the non-GFP tagged ҺDAT. The GFP-ҺDAT protein was 
observed by fluorescence to be localized to the plasma membrane when introduced 
into COS7, MDCK and PC -12 cell lines. When transiently expressed in COS7 
cells several of the truncations and at least one point mutation in the C-terminus 
exhibited a > 10-fold decrease in DA uptake activity which correlated with a 
severe reduction in DAT protein at the plasma membrane. The expression levels 
of the mutant DAT proteins appears comparable to wild type ҺDAT and thus 
these results indicate that a portion of the C-terminus of ҺDAT is necessary for 
proper plasma membrane targeting, possibly through interactions with other 
proteins.
Supported by HHMI and DAO7595.

241.11
TONIC ACTIVITY OF A KINASE IS REQUIRED FOR THE 
FUNCTION OF DOPAMINE TRANSPORTER IN VENTRAL 
MESENCEPHALIC CULTURES. B. M. Prasad* and S. G. Amara. 
Howard Hughes Medical Institute, Oregon Health Sciences University, 
Portland OR 97201.

Regulation of dopamine transporter (DAT) trafficking by protein kinase 
C has been well documented. However, the effects of other protein 
kinases on DAT function are not well characterized. Dissociated ventral 
mesencephalic cell cultures were used for studying the regulation of DAT 
by cAMP-dependent protein kinase. Cells from ventral mid-brain of post 
natal Sprague Dawley rat pups were cultured for six days in-vitro. 
Tritiated dopamine uptake in these cultures was saturable and occurred 
with a Km of -200 nM. The dopamine transport blocker GBR 12909 
inhibited the uptake of tritiated dopamine, while desipramine, fluoxetine 
and corticosterone were ineffective demonstrating that the uptake in these 
cultures was mediated by DAT. Specific dopamine uptake (GBR 12909- 
sensitive uptake) was not altered by the activators of cAMP-dependent 
protein kinase, forskolin (20 µM) and 8-bromo cAMP (100 µM). 
Interestingly, inhibitors of this kinase, H-89 (10 µM) and myristoylated 
PKI peptide (40 µM) decreased 80% of the uptake (p<0.01). Inhibition 
of dopamine uptake by H-89 occurred with an IC50 of about 1 µM and 
was associated with a decrease in Vmax suggesting that the density of 
functional DAT molecules on neuronal surface is decreased. In addition, 
specific binding of the cocaine analog і25і-RTI-55 in these cultures was 
almost abolished by H-89 and PKI indicating that the cell surface 
expression of functional DAT requires a tonically active protein kinase.

(This work was supported by HHMI)

241.13
NEW INSIGHTS INTO THE MECHANISM OF METHAMPHETAMINE 
NEUROTOXICITY AS REVEALED BY DOPAMINE TRANSPORTER 
KNOCKOUT MICE AND MICE HETEROZYGOUS FOR VESICULAR 
MONOAMINE TRANSPORTER 2. F. Fumagalli. R.R. Gainełdinov, YM, 
Wang*. K.J. Valenzano. J.A. Holt. G.W. Miller and M.G. Caron. HHMI Labs, Cell 
Biology Duke University Medical Center, Durham, NC 27710.

Methamphetamine (METH) produces long-lasting damage to striatal 
dopaminergic neurons. The action of METH aţ. both the plasma membrane and 
presynaptic vesicles has been suggested to play a primary role in METH 
neurotoxicity. Several markers of METH neurotoxicity including dopamine (DA) 
content, glial fibrillary acidic protein (GFAP), extracellular DA levels and free radical 
formation were found to be markedly altered in wild type mice administered METH 
(4x15 mg/kg, s.c.). Conversely, no sign of METH toxicity was observed in 
dopamine transporter knockout mice (DAT -/- mice) indicating that DAT is required 
for striatal METH toxicity. In order to gain insight into the molecular mechanisms 
of METH toxicity, mice heterozygous for the vesicular monoamine transporter 2 
(VMAT 2 +/- mice) were used. Pharmacological characterization of these mice using 
reserpine and tetrabenazine revealed that basal cytoplasmic DA levels are higher in 
VMAT 2 +/- than in wild type mice. VMAT 2 +/- mice exhibited increased 
dopaminergic toxicity after METH injection as revealed by a more pronounced 
depletion of DA and metabolite content and DAT transporter expression when 
compared to wild type mice. Moreover, extracellular DA levels and free radicals were 
dramatically increased in wild type mice. Conversely, the increase in these 
parameters was much less in VMAT 2 +/- mice. Taken together, these data show 
heightened vulnerability of VMAT 2 +/- mice to the neurotoxic effects of METH, an 
effect that is mainly due to increased intracellular DA levels as opposed to 
extracellular, as widely suggested by the literature. Supported by NIH grant # 
NS19756 and unrestricted Bristol-Myers Squibb Neuroscience Award

241.10
ARACHIDONIC ACID STIMULATES TRANSLOCATION AND 
INCREASES A CONDUCTANCE ASSOCIATED WITH THE 
EXPRESSION OF THE HUMAN DOPAMINE TRANSPORTER. Ş,
L. Ingram*. W. A. Fairman. M. S. Sondeгs & S. G. Amara. Vollum 
Institute and Howard Hughes Medical Institute, Oregon Health Sciences 
University, Portland OR 97201.

Termination of a dopamine signal at the synaptic cleft is primarily 
through presynaptic uptake of dopamine by the dopamine transporter 
(DAT). DAT, a member of the Na+/Cl·-dependent transporter family, 
exhibits several ionic currents including a transport current reflecting 
substrate movement, transient currents associated with Na+ binding, and 
a tonic leak conductance which can be blocked by both substrates and 
inhibitors.

Arachidonic acid (AA) has been shown to modulate certain ion 
channels, receptors and neurotransmitter transporters. The application of 
AA to Xenopus laevis oocytes expressing the human dopamine 
transporter produced a 2-fold stimulation of dopamine transport. Under 
voltage-clamp, application of AA (100 µM) did not induce a significant 
current, but produced a dose-dependent increase in the current elicited by 
saturating concentrations of dopamine (AA + DA). The AA + DA current 
was qualitatively and quantitatively different from the DA cuưent in 
several ways: it reversed at at -9 ± 3 mV, the amplitude was increased at 
hyperpolarizing potentials, and was sensitive to changes in pH. In 
addition, only preapplication of cocaine blocked the current induced by 
AA + DA. M odulation of current fluxes through the dopamine 
transporter may prove to be an additional mechanism for regulation of 
neuronal activity. (Supported by HHMI and NIDA DAOO7595.)PP

241.12
IN-VIVO DETERMINATION OF DOPAMINE TRANSPORTER DENSITY IN 
THE HUMAN USING A IXF LABELED NORTROPANE (FECNT) AND PET. 
J.M. Hoffman*. J.R. Votaw. T. Deterding, M. Giroux. C. Kilts. L. Martarello,
M.M. Goodman. Depts. of Neurology. Psychiatry, Radiology and Emory Center 
for Positron Emission Tomography. Emory Univ. School of Med. Atlanta, GA 
30322

The dopamine transporter (DAT) is critical in human disease including 
Parkinson’s disease, movement disorders and cocaine abuse. Non-invasive 
quantitation of DAT density and affinity will be critical to understanding these 
diseases. We have developed a '*F-labeled nortropane. (8-2[2-fluoгomethyl]-2ß- 
carbomethoxy-3ß-(chlorophenyl) nortropane (FECNT), which exhibits excellent 
properties for DAT imaging in-vivo, using PET. The compound is easily 
synthesized and has excellent imaging characteristics, including an l⅜F label, 
reversibility, high specific binding, and few metabolites. We have performed 4 
dynamic studies in normal humans with PET showing the excellent qualities of the 
compound including high specific binding to DAT tissue at 2 hours (putamen ⁄  
cerebellum = Ю.7±l.4, caudate ⁄  cerebellum = 9.3±l.3. thalamus ⁄  cerebellum = 
l.6±O.2, and cortex ⁄  cerebellum=I.2±O.l. These results are consistent with 
known DAT density in the given tissue from in vitro studies. Furthermore, the 
compound exhibits minimal binding in thalamus and cortex, A problem with other 
ligands, such as ß-CΓſ to image the DAT, has been non-specific binding at 
serotonergic sites. Our compound exhibits little binding in the serotonergic rich 
thalamus or cortex. The lxF label allows for longer quantitative studies than 
similar compounds labeled with "C. This allows for image acquisition under 
equilibrium binding conditions. With the high resolution of our PET systems, it 
is possible to visualize the substantia nigra and ascending pathways with this 
compound. FECNT is an excellent in-vivo imaging agent used with PET to 
quantitate the DAT in the human in both health and disease. Supported by CļДE 
FG05-93ER61737.

241.14
DOPAMINE AUTORECEPTORS ARE DOWNREGULATED AND UNCOUPLED 
IN DOPAMINE TRANSPORTER KNOCKOUT MICE. Sara R. Jones'*. Raul R. 
Gainetdinov1, Xiu-Ti Hu2, R. Mark Wightman3, Francis J, White2 and Marc G. 
Caron1. 'Howard Hughes Med. Inst, and Dept, of Cell Biology, Duke Univ. Med. 
Ctr., 2Dept. o f Neuroscience, Chicago Med. Sch,, 3Dept. o f Chemistry, Univ, of North 
Carolina, Chapel Hill, NC.

The number and functional activity of dopamine (DA) autoreceptors were assessed 
in mice lacking the DA transporter (DAT). The persistently elevated levels of 
extracellular DA documented in these mice might be predicted to have an impact on 
DA autoreceptors. D2 DA receptor mRNA levels have been shown to be decreased 
by approximately 50% in both the striatum and ventral midbrain of the DAT 
knockout mice. All types o f autoreceptors were found to have markedly decreased 
activity when compared to autoreceptors in wild type littermates. In vivo 
extracellular recordings of firing rates of DA neurons in the ventral tegmental area 
revealed less sensitivity of impulse flow regulating autoreceptors to quinpirole- 
induced inhibition than in control animals at all doses (EC5〇s = 26 µg/kg and 500 
µg/kg, max. inhibitions = 93% and 10% for wild type and DAT knockout mice, 
respectively). Microdialysis studies in freely moving mice showed a similarly 
decreased effectiveness of synthesis modulating autoreceptors. There was little 
inhibitory effect o f quinpirole (0.3 mg/kg) on striatal extracellular levels o f  DA, 
metabolites, and 1-DOPA in DAT knockout mice. Finally, release regulating 
autoreceptors, measured using cyclic voltammetry in striatal slices, were found to be 
subsensitive (EC5〇s for quinpirole = 0.8 µM and 3.2 µM, max. inhibitions = 95% and 
29% in wild type and DAT knockout mice, respectively). We conclude that after 
long term exposure to elevated extracellular DA, autoreceptors are markedly less 
sensitive to agonist, and this decreased sensitivity is due to both decreased receptor 
number and uncoupling of the remaining receptors. These findings have relevance 
for psychostimulant abuse, where chronic DAT blockade can occur, and for designing 
autoreceptor selective drugs, since these receptors apparently lose theiτ 
responsiveness to agonist over time. Supported by NIH grants DAO5749 and 
NS19756 and unrestricted Bristol-Myers Squibb Neuroscience Award.
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241.15
INTERACTION OF Na+ AND K 4 WITH [¾]WIN 35,428 BINDING TO THE 
HUMAN DOPAMINE TRANSPORTER. L.-B. Li. C. Xu* and M. E. A. Reith. 
Department of Biomedical and Therapeutic Sciences, Box 1649, University of 
Illinois College of Medicine, Peoria, IL 61656.

Previously, we reported on two cation sites allosterically linked on the rat 
dopamine transporter (DAT); Na+ and K4 interact at these sites affecting 
cocaine analog binding (J. Neurochem. 68: 1968, 1997). Now we describe 
how these cation sites interact with the binding domain for the cocaine analog 
[3H]WIN 35,428 on the human DAT cloned by Eshleman et al. (JPET 274: 
276, 1995). At 10 mM Na+ (from omnipresent 10 mM sodium phosphate 
buffer), K+ progressively increased the Kd values for WIN binding from 39 nM 
at 0 mM K+ to 154 nM at 30 mM K4. This inhibitory effect of K4 was overcome 
by increasing [Na4]: At 60, 150, or 300 mM Na+ the Kd values were 28, 24, or 
33 nM at 0 mM K4 and 43,' 37, or 43 nM at 30 mM K4. The ion effects were 
accomodated well by a model with a cation site overlapping with the WIN 
binding domain, and a separate Na4 site increasing WIN binding by positive 
allosteric interaction. Inhibition of WIN binding by DA in the absence of C ľ 
and presence of B r (used as anion when varying [K4] and [Na+]) was 
impacted also by K4: When K4 was elevated from 0 to 30 mM, IC50 values for 
DA increased from 8 to 28 µM at 10 mM Na4, or were constant in the 6-9 µM- 
range at 300 mM Na4. In the presence of a constant concentration of 20 mM 
Cľ, both the K+ and Na4 effects on DA inhibition appeared to be slightly 
modified as compared with the effects observed with B r as the only varying 
anion. Thus, both WIN and DA binding are affected by Na4 and K4 in a highly 
interactive manner possibly modulated by Cľ, with extracellular ionic 
conditions promoting, and intracellular conditions inhibiting, binding.

Supported by NIDA 08379.

241.17
A PIVOTAL DIFFERENCE IN DOPAMINE DYNAMICS IN NIGRAL 
TRANSPLANTS AND INTACT STRIATUM S. J. Craαα*. D. J. Clarke and S. A. 
Greenfield. University Department of Pharmacology, Oxford, OX1 ЗQT, and 
University Department of Human Anatomy, Oxford OX1 ЗQX, UK.

Intrastriatal transplantation of fetal nigral dopamine (DA) neurons ameliorates 
chief symptoms of clinical and experimental parkinsonism. Whilst grafted neurons 
substitute for DA denervation due to axonal outgrowth and release of DA into the 
denervated striatum, reinnervation is incomplete. DA function may be restored in 
part by the diffusion of released DA over large distances to denervated receptors. 
It is known that the DA uptake transporter is pivotal in determining the duration 
and sphere of action of released DA. Here we examine the behaviour of DA 
released from transplants and determine directly the function of the DA 
transporter. Electrically evoked DA release was measured in vitro with fast cyclic 
voltammetry at 7-14 weeks post-grafting in unilaterally 6-OHDA-lesioned rats.

Mean peak DA release ([DA]〇) evoked by a single pulse from grafted neurons 
was significantly less (2-fold) than in control, contralateral striatum. Moreover, the 
clearance of [DA]〇 was significantly slower (2-fold) in grafted than control striata. 
In turn, the enhancement of evoked [DA]〇 by the DA uptake inhibitor GBR 12909 
was significantly less in grafted striatum. Hence, during a train of stimulus pulses 
(10 Hz), when resultant [DA]〇 reflects release per pulse minus clearance, similar 
[DA]〇 reached were reached in grafted and control striata.

These data indicate a reduced overall activity of DA uptake in grafted compared 
to intact striata. As a consequence, DA released in grafted striatum will have a 
longer extracellular lifetime and, in turn, greater sphere of action. Furthermore, 
during stimulation at a physiological firing frequency, [DA]〇 in grafted striatum can 
reach levels identical to those in intact striatum despite the lower concentrations 
of DA release per pulse in grafted striatum. Consequently, nigral grafts may 
adequately compensate for DA denervation despite incomplete reinnervation.

SJC is an E.P. Abraham Junior Research Fellow (St. Cross College, Oxford) 
and Goodger Scholar (Oxford Medical School). DJC is a Wellcome Trust Fellow.

241.19

U ptakes of [Tc-99m]TRODAT-1 and [1-123]IBF in 6-h y d ro x y d o p am in e - 
lesioned rats: a m odel for P ark inson 's  d isease. M.-P. Kung*. X. H uang. S. 
Dresel, K. P lössl, C. Hou. M. Mu and H.F. Kung. D ep artm en t of R ad io logy , 
Univ, of Pennsylvania , P h ilade lph ia , PA 19104

The loss of dopam ine neurons in Park inson 's  p a tien ts  is 
believed  to be associated  w ith  a significant reduction in the density  of 
dopam ine transporte rs  (DAT). N on invasive  in vivo im aging  techniques (i.e. 
PET or SPECT) to study DAT can thus p ro v id e  v a lu ab le  tools for diagnosis 
and m onitoring trea tm en t of the  disease. O nly  recently , fTc-99m]Trodat-1, 
the first Tc-99m -labeled tropane d e riv a tiv e  for im aging  DAT, has  been 
developed for routine clinical im aging. P re lim inary  s tud ies in norm al 
hu m an s dem onstrated  the tracer localized in  the basal ganglia , w here  DAT 
are concentrated. Using [I-123]IBF for p o stsynap tic  dopam ine  D 2/D 3 
receptors and  [Tc-99m]TRODAT-1 for p resynap tic  DAT, sim ultaneous d u a l
tracer SPECT im aging s tudy  can be em ployed to e v a lu a te  the dopam inerg ic  
system  in one im aging session. The sensitiv ity  of [Tc-99m]Trodat-1 to de tec t 
DAT changes was fu rth er ev a lu a ted  by using 6-hyd ro x y d o p am ìn e  (6 - 
O H D A )-lesioned rats as a m odel. Rats w ere u n ila te ra lly  lesioned w ith  6 - 
OH DA (2-12 µg) in m edian  forebrain bundle to produce various degrees of 
DA denervation . A good correla tion  (r = 0.95) w as observed betw een [Tc- 
99m]TRODAT-1 up take  (in vivo b ind ing  to DAT) an d  [I-125]1PT binding (in 
vitro binding to DAT). The postsynap tic  receptors (i.e. D 2/D 3 receptors 
depicted  w ith  the b ind ing  of [1-125]IBF) show ed  no  significant change a f te r  
ó-OHDA lesion. These findings suggest th a t d u a l- trace r im aging m ay be 
able to detect the reduction of p resynap tic  DAT, w hile  no change cn 
postsynaptic D 2/D 3 receptors w ere observed in the d iseased  sta tes, and 
thus it w ill be useful for d iffe ren tia l diagnosis of Park inson 's  d isease , 
(supported  by NS-24538, NS-18509).

241.16
EFFECTS OF DOPAMINE RECEPTOR AND CALMODULIN ANTAGONISTS 
ON ALTERED DOPAMINE KINETICS DURING WITHDRAWAL FROM 
ACUTE COCAINE APPLICATION IN VITRO. T.H. Lee. R. Balu and E.H. 
Ellinwood*. Dept, o f  Psychiatry, Duke Univ. Med. O r., Durham, NC 27710.

In the accumbens slices, withdrawal (WD) from high but not low concentrations 
o f cocaine (e.g., 10 vs. 3 µM) is associated with a greater enhancement o f DA 
release from the level observed during the drug application (Lee and Ellinwood, Soc. 
Neurosci. Abst. 23,692). We have now determined the effects o f  various drugs on 
this WD-associated “rebound.” Single-pulse, biphasίc electrical stimulation (350 
µA, 2 msec in each phase) was used to evoke endogenous DA release, and 
extracellular DA concentrations measured in “real-time” (10 Hz) using fast-scan 
cyclic voltammetry. A single ‘Test” agent was perfused for 15 min. followed by 30- 
min co-application with cocaine (10 µM) and a subsequent 60-min WD. Data were 
analyzed using an equation based on Michælis-Menten kinetics (Jones et al., JPET 
274, 396; d[DA]/dt ≈ [DA]„ - V „J{K J [Ð A ]+ l}).

Withdrawal from cocaine led to an increase in DA release peaking 20 - 30 
minutes after WD ([DA]p = 223 ± 22 % pre-drug baseline at 30-min WD vs. 166 ±
18 % immediately before WD). Co-application o f SCH 39166 (a D, antagonist, 0.5 
µM) or sulpiride (a D2 antagonist, 2 µM) failed to antagonize this WD-associated 
increase. In contrast, haloperidol (a mixed D,/D2 and calmodulin antagonist, 5 µM) 
was effective. A possible involvement o f a calmodulin mechanism in the haloperidol 
effect was supported by a similar antagonism o f the WD-increase by W-7, a 
calmodulin antagonist (50 but not 25 µM). In contrast to enhanced [DA]p, DA 
uptake inhibition (K„, = 2420 ± 290 % BL at the end o f drug perfusion) exhibited a 
rapid, monophasic offset following WD (120 ± 20 % BL at 60-min). The tested 
antagonists exerted minimal effects on the uptake inhibition. More detailed 
examination o f the cocaine WD phenomenon will be presented along with 
implication o f these findings.

Supported by DA-06519 to THL and DA-Ю327to EHE.

241.18
D O PA M IN E TR A N SPO R TE R  T U R N O V ER , SY N T H E S IS A N D  
DEG R A D A TIO N  IN R A T BR A IN . H .L. K im m e lЧ  A. V icentic2. P.D. 
L am bert1, F.I. Carroll3 and M . J. K uhar1. n e u r o sc ie n c e  D iv., Yerkes  
Regional Prim ate Res. Ctr., Em ory Univ., Atlanta, G A, ЗO322;⅛>ept. 
Pharm acol., Loyola Univ., Chicago, IL; 3R esearch T riangle Inst., NC.

The dopam ine transporter protein (DA T) is a substrate for m any  
drugs o f abuse, including am phetam ine and cocaine. C ocaine 
adm inistration and withdraw al after repeated cocaine exposure have  
both been found to alter D A T levels. Changes in D A T levels m ay play a 
role in the craving and other effects follow ing cocaine w ithdraw al. The  
com pound RTI-76 {3 ß-(Зp-chloгophenyl)tropan-2 ß-carboxylίc acid p -  
isothiocyanatophenylethyl ester  hydrochloride} has been used to 
irreversibly inhib it D A T binding in brain and to calculate DAT  
turnover in the rat striatum  after intrathecal injection (JPET 279:200- 
206, 1996). In this study, w e adm inistered RT I-76 in traventricularly  
(ICV) in order to study m ore brain regions. Presum ably, less local 
dam age was caused than w ould be by direct tissue injection. Dose- 
response studies were carried out to determ in e the dose o f R T I-76 that 
gave sign ificant inhib ition o f D A T binding in several brain regions. 
A fter ICV injection, D A T binding was inhib ited in striatu m , nucleus 
accum bens, and ventral m idbrain. The DA T binding returned to basal 
levels over a period o f several days. A ssum in g a standard m odel o f  
protein synthesis and degradation, the synthesis rate and degradation  
rate constant were determ ined in several brain regions. The turnover  
param eters and effects o f various drugs on those param eters were  
determ ined . (Supported by RR00165 and DA 10732).

241.20
CHAFIACTERIZATION OF DOPAMINE CLEARANCE IN THE RAT MEDIAL 
PREFRONTAL CORTEX. B.A. Sorq1 *, H. Wavment2 and J.O. Schenk2- 1Dѳpt. 
VCAPP and 2 Dѳpt. Chemistry, Washington State University, Pullman, WA 
99164-6520.

Dopamine (DA) clearance in the medial prefrontal cortex (mPFC) was examined 
in naive male Sprague-Dawley rats by in vitro rotating disk electrode (RDE) 
voltammetry. In all experiments, the velocity of DA clearance was measured in 
mPFC homogenates after addition of 2 µM DA. Velocity of DA clearance in 
control animals was 47.0 ±1.9 pmol/sec/mg wet wt tissue. Several monamine 
oxidase inhibitors (MAOIs) were tested for their effects on DA clearance, 
including pargyl¡ne (100 µM, 20 min prior to DA addition), pargyline, deprenyl, 
clorgylinѳ (100 µM, 30 sec prior to DA addition) and nialamide (75 mg/kg, ip 6 hr 
prior to sacrifice). These compounds inhibited DA clearance by 30-43%. 
Additional studies using low sodium buffer (24 mM Na; choline chloride 
replacement) showed no effect on DA clearance rate. However, low sodium 
prevented the inhibitory effects of pargyline on DA clearance. Several uptake 
inhibitors were also administered 30 sec prior to DA addition, including cocaine 
(100 µM), GBR 12909 (ЗµM), desmethylimipriminѳ (DMI; 0.1 µM), fluoxetine (0.1 
µM) and a combination of the latter three uptake inhibitors. All of these drugs 
except fluoxetine inhibited DA clearance in the range of 30-47%. Cocaine alone 
inhibited DA clearance by 34%, and the effects of cocaine and pargyline were not 
additive, producing only a small, non-significant reduction in clearance rate. 
Homogenate samples taken 5 min after the addition of DA were analyzed by 
HPLC to determine levels of DA and metabolites, 3-MT, DOPAC and HVA as well 
as norepinephrine (NE). In general, the effects of MAOIs on DA and metabolites 
followed a pattern consistent with their effects on DA clearance. However, when 
DA and NE uptake inhibitors were added, the partial blockade of DA clearance 
was accompanied by only slight increases in inside and outside DOPAC and HVA 
levels, but not DA; thus the fate of DA in the presence of these inhibitors was less 
clear. Overall, our results extend earlier findings which have demonstrated 
unusual characteristics of DA clearance within the mPFC.
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241.21
E valuation  o f 1PT and R e-T R O D A T -1 in cell lin es expressing  
m onoam ine tran sp orters. C. Hou. M .-P. K une. M . M u and H.F.
K ung* D epartm ent o f Radio logy, Univ, o f  P ennsylvania , Philadelphia , 
PA 19104.

[1-123]IPT and [T c-99m ]T R O D A T -i are tw o tracers useful fo r  
in vivo im aging o f dopam ine transporters (D A T) in hum ans. T h ey  
p rovide a  convenient tool fo r evaluating  D A T in P a rk in so n ’s patients 
by in vivo im aging  technique. T o fu rther evaluate the affin ity  and  
selectivity  o f  these tropane analogs, we have ex tended  our studies fro m  
tissue hom ogenate  b ind ing  to functional assays. In h ib ition  o f these 
com pounds on m onoam ine uptakes, using  stable cell lines ex p ress in g  
respective m onoam ine transporters: LLC -D A T, L L C -N E T  and LLC - 
SER T (k indly provided  by Dr. G. R udnick  et. al. o f  Yale Univ.), were 
perfo rm ed . Cells p lated on 15-cm  tissue cu ltures were grow n to 
confluence as a m ono layer as described  (Gu et.al. JBC 269, 7124,
1994). [1-125]IPT show ed b inding  to  m em brane h o m o g en a te s
prepared from  these cells with K d values o f  1.0 nM  fo r LLC -D A T, 3 .0  
nM  fo r L L C -N ET and 1.8 nM  for LLC -SERT, respectively . The K¡ 
values o f  R e-TRO D A T-1, the surrogate  m olecu le  for the  
co rresponding  [Tc-99m ]T R O D A T -1, w ere 20, 700  and 40 0  nM . D ru g  
inhibition profiles for each  cell line are d istinctive as expected  for each  
individual m onoam ine transporter. T he cells were a lso  incubated  with 
[H -3]D A , 5-H T  and N E with o r  w ithout the p resence o f co m p e tin g  
inhibitors. The K¡ values o f  IPT to inhib it the uptakes o f  [H -3]D A , 5- 
H T and N E were found to  be 200, 40  and 280 nM ; w hereas those o f  
Re-TRO DA T-1 w ere 500, 15,000 and 10,000 nM , respectively . T hese 
results dem onstrate  that both IPT  and Re-TRO D A T-1 show ed selective 
inhib ition  for D A T and the co rresp o n d in g  [1-123]IPT and [Tc- 
99m ]TR O D A T-1 are useful agents for im aging  D A T  in a  living b rain  
(supported  by N Š -24538 and N S -18509).

241.22

ELUCIDATION OF A NEW CLASS OF DRUGS AFFECTING 
THE HUMAN DOPAMINE TRANSPORTER. M. S. S onders and
S. G. Am ara* Vollum  Institute &  HHM ł, O regon Health Sciences 
Un iversity, Portland, OR 97201

The term ination of dopam ine signals in the nervous system  is 
accom plished by uptake of the neurotransm itter by the Na+/C ľ-  
dependent dopam ine transporter (DAT). The functions and 
interaction of drugs with this neurochemical pum p can be readily 
studied using voltage-clam p recordings of Xenopus oocytes 
expressing human DAT. The three principal currents associated with 
ҺDAŢ are 1) a transport-associated steady-state current elicited only 
by substrates (e.g. DA, am phetam ines); 2) a constitu tive proton- 
se lective leak current b locked by both substrates and non-substrate 
inhibitors (e.g. cocaine); 3) a Na+-dependent transient current evoked 
by vo ltage steps.

Kinetic studies of the transient current indicate that it is likely to 
reflect a voltage-driven conformational change of ҺDAT. A lthough the 
vast m ajority of DAT ligands block the transient charge movem ent, 
we have identified over a dozen ligands that m ere ly slow  the 
transient relaxation time constant. These com pounds include both 
substrates and nonsubstrate inhibitors, and can differ from  congeners 
that are "transient blockers" by their stereochem istry or m odest 
substitutions. The pharm acologica l specificity of these effects 
suggest that DAT m ay have a m odulatory site quite independent from 
sites that mediate substrate translocation or transport blockade. This 
novel site m ay have relevance for the deve lopm ent of m edicines for 
treatm ent of psychostim ulant dependence.

Supported by NARSAD (M.S.S), DA 07595 (S.G.A.) and HHMI.
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242.1

AG O N ISTS IN D U CE cA M P O V ER S H O O T IN H U M A N  C A N N A B IN O ID  
CB , RECEPTO R TR A N SFECTED  C H IN ESE H A M STER  O V A R Y  
CELLS. T.H. Burkev*. S.L. W aite. R.S. Landsm an. P.Co∩sroe. W .R. 
Roeske and H.I. Y am am ura. D epartm ent o f  Pharm acology, U niversity  o f  
A rizona Health Sciences Center, Tucson, A rizona 85724-5050.

Acute agonist stim ulation o f  G¡ coupled receptors inhibits cA M P 
production in a variety  o f  cell lines and tissues. In contrast, after extended 
agonist pretreatm ent o f  G¡ coupled receptors follow ed by agonist w ashout, 
drugs that stim ulate adenylyl cyclase y ield  greater m easurable intracellular 
cA M P levels in agonist pretreated cells as com pared to naive cells. This 
observation is referred to as cA M P overshoot. W e report here that the 
cloned hum an cannabinoid CB, receptor m ediates cA M P overshoot.

C hinese H am ster O vary cells, that had previously  been stab ly  transfected 
w ith the cloned hum an cannabinoid CB, receptor, w ere pretreated  for 18 
hours w ith the agonists W IN 55,212-2, Δ 9-te trahydrocannabinol (Δ 9-TH C ) 
o r nabilone. A fter ex tensive w ashing  o f  the cells, cA M P  production  was 
stim ulated w ith forskolin. All th ree agonists m ediated  cA M P overshoot 
upon forskolin  stim ulation. W IN 55,212-2 stim ulated  the g reatest cA M P 
overshoot (m easured as pm ol cA M P/106 cells) w ith nabilone and Δ 9-THC 
stim ulating less cA M P overshoot. N abilone stim ulated cA M P overshoot 
with the greatest potency o f  the three agonists tested. This is the first report 
docum enting cannabinoid agonist-m ediated cA M P overshoot, a m echanism  
that m ay contribute to long term  effects o f  chronic m arijuana use. This 
w ork is supported by grants from the A rizona D isease Research 
C om m ission and NID A.

242.3
ID EN TIFIC A TIO N  A N D C H A R A C T ER IZA T IO N  O F A  N O V EL B ETA  
SU BU N IT O F SO LU B LE G U A N Y LY L CY C LA SE TH A T IS A C TIV E AS A 
H O M O M ER  A N D IS R E LA TIV E LY  IN SEN SITIV E TO  N ITR IC  O X IDE.
D.B. M orton*1 and A J .  N ig h o π Γ . ‘D epartm ent o f  B iological Structure and 
Function, Oregon H ealth Sciences University, Portland, O regon and 2A RLDN , 
U niversity  o f  Arizona, Tucson, Arizona.

Previously characterized soluble guanylyl cyclases ex ist as 
heterodim ers that can be activated by the gaseous m essenger, nitric oxide (NO). 
In m am m als, four subunits have been cloned, nam ed α l ,  α 2 , ß l and ß2. W e 
have identified a novel soluble guanylyl cyclase isoform  from  the nervous 
system  o f  the insect, Manduca sexta. B ased on i t ’s predicted am ino acid 
sequence it is m ost closely related to the m am m alian ß  subunits, but has several 
features w hich distinguish it from  previously identified soluble cyclases. It has 
a stretch o f  315 am ino acids C-term inal to the catalytic dom ain that has no 
sequence sim ilarity to any known protein. In addition, several o f  the am ino 
acids previously identified as being im portant in hem e binding or necessary  for 
NO  activation are substituted for non-sim ilar am ino acids. W e have nam ed this 
novel cyclase M sG C-ßЗ. M sG C-ßЗ does not need to form  heterodim ers to form 
an active enzym e as guanylyl cyclase activity  can be m easured w hen it is 
expressed alone in CO S-7 cells. This activity  is only w eakly activated in the 
presence o f  the NO  donor, sodium  nitroprusside -  2 fold com pared  to over 100 
fold for α /ß  heterodim ers. M sG C-ßЗ does not appear to form  active 
heterodim ers w ith either α l  or ß l subunits. In addition, OD Q , an inhibitor 
specific for N O -sensıtive guanylyl cyclases has no effect on M sG C -ßЗ. 
N orthern blot analysis show s that M sG C-ßЗ is prim arily  expressed  in the 
nervous system  o f  Manduca.

Supported by grants from NIH and NSF.

242.2

DISTINCT MECHANISMS MEDIATE THE EFFECTS OF CYCLIC 
NUCLEOTIDES IN CULTURED RAT OLFACTORY BULB NEURONS. P. A.

Neurobiology, Yale Univ. School of Medicine; New Haven, CT 06510; 2Dept. of 
Anatomy and Neurobiology, Univ, of Maryland, Baltimore, MD 21201.

Cyclic nucleotides perform several roles in neurons, modulating gene expression, 
ion channel activity, and synaptic transmission. While the roles of protein kinases in 
cyclic nucleotide signalling are widely acknowledged, increasing evidence suggests 
that cyclic nucleotide-gated (CNG) channels may also function to regulate activity in 
CNS neurons. We have previously demonstrated the presence of mRNA for CNG 
channels and the Type I cGMP-dependent protein kinase by RT-PCR in the adult rat 
olfactory bulb. In situ hybridization experiments revealed that genes for both CNG 
channels and the cGMP-dependent kinase are broadly expressed in periglomerular, 
mitral/tufted, and granule cells of the olfactory bulb.

We are now exploring the mechanisms by which cAMP and cGMP regulate 
neuronal signaling using primary cultures and acutely isolated neurons from 
embryonic (E2l) rat olfactory bulbs. Whole-cell patch-clamp recordings from 
neurons of distinct morphological classes have revealed sustained currents generated 
by 8-Br-cGMP and 8-Br-cAMP in a subset of the neurons tested. These currents 
exhibit current-voltage relationships, ionic selectivity, and pharamological properties 
consistent with those of CNG channels. In other neurons, cyclic nucleotides had 
different effects, reducing the amplitude of spontaneous synaptic ưansients and 
decreasing the activation of a voltage-dependent calcium conductance. While 
further pharmacological analysis is necessary to identify the precise mechanism 
underlying this latter effect, these results support the conclusion that cyclic 
nucleotides can perform different actions through distinct effector pathways 
involving CNG channels and/or protein kinases in CNS neurons.

Supported in part by NIH grants NS24803 (CJB), DC00086 (GMS), DC37748 
(FZ), and an NSF Predoctoral Fellowship (PAK).

242.4
IMM UNOCYTOCHEMICAL LOCALIZATION OF SOLUBLE GUANYLYL 
CYCLASE IN THE RAT BRAIN. R.J. W einberg.1 J,G, Valtschanoff.1* ĻL 
Z a b e l.2 and H.H.H.W . Schm idt2 . 1Dept. of Cell Biology & Anatomy, 

UNC, Chapel Hill, NC 27Ş99; 2 M e d iz in isch e  U n ive rs itä tsk lin ik , 
K lin ishe  B iochem ie  und P a thob ioche m ie , D-97O?8 W ürzburg, 
Germany.

A m ajor target for the nitric oxide (NO) signalling pathway is 

soluble guanylyl cyclase (sGC). We here report initial results with a 
new, highly specific antibody raised against an sGC isoform expressed 

at high levels in brain. Sta in ing in cytoplasm  of the cell body, 
extending into the dendritic tree was prom inent in a population of 
neu rons d is tr ib u te d  th ro u g h o u t the b ra in . P a rticu la rly  strong 

staining was seen in the neostriatum and the islands of Calleja; other 
areas exhibiting prom inent staining were the medial habenula and 
re ticu la r tha lam ic nucleus, p lexiform  layer of the o lfactory bulb, 
layers l l- l l l  and V of the neocortex, and the m olecu lar layer of 
cerebellar cortex. Scattered non-pyram idal neurons were stained in 
hippocampus. In the spinal cord, staining was most prominent in the 

substantia gelatinosa. The relationship between sGC-positive neurons 

and neurons, expressing NO synthase in the brain is being explored. 
Supported by NIH award #16264.

Society for Neuroscience, Volume 24 ,1998



MONDAY AM SECOND MESSENGERS AND PHOSPHORYLATION IV 613

242.5
INVOLVEM ENT OF CYCLIC NUCLEOTIDES IN M ODULATION OF 
CRAYFISH NEUROM USCULAR SYNAPSES BY A FM RFam ide-LIKE 
NEUROPEPTIDE. A. Badhwar and A.J. M errier*. Dept, o f  Biological Sciences, 
Brock University, St. Catharines, ON, L2S ЗA1.

DF2 (Asp-Arg-Asıı-Phe-Leu-Arg-Phe-NH2), a FM RFam ide-related neuropeptide, 
increases transmitter release at crayfish neurom uscular synapses (Skeưett et al., 
J.exp.Biol. 198:109-116, 1995). DF2 increases the amplitude o f excitatory post- 
synaptic potentials (EPSPs) in a dose-dependent manner. This effect involves at 
least three kinases: calcium/calmodulin-dependent protein kinase II (CaM KII, 
Noronha & Mercier, Brain Res. 673:70-74, 1997), cAM P-depeņdent protein kinase 
(PKA, W eston et al. Soc.Neurosci.Abs. 23(2): 1234) and protein kinase C (PKC, 
Friedrich et al. J.Neurophysiol. 79:1127-1131, 1998). The present study examined 
the involvement o f another kinase, cGM P-dependent protein kinase (PKG), in 
synaptic modulation by DF2.

Isobutylmethyl-xanthine (IBMX), a non-specific phosphodiesterase inhibitor is 
known to elevate the intracellular cAM P and cGM P levels, thereby increasing PKA 
and PKG activity. W hen a sub-threshold concentration o f  either DF2 ( 10 '8M) or 
IBMX (Ю µM) is added, no effect on EPSP amplitude is seen. W hen they are 
applied simultaneously, a synergistic increase in EPSP amplitude results. An 
inhibitor specific for the cGM P-dependent phosphodiesterase, 4-{[3’4 ’-(Methylene- 
dioxy)benzyl]anıino}-6-methoxyquinazoline (mdBAM Q, ЗµM ), resulted in a 
similar, synergistic increase in EPSP amplitudes. These results implicate a role for 
cAM P and/or cGMP.

At a DF2 concentration o f 2xlO '7M, EPSP amplitudes increase by nearly 100%.
In the presence of a PKG antagonist, Rp-8-pCPT-cGM PS, this increase is decreased 
by approximately 40%, suggesting that at least part o f  the m odulatory effect o f  DF2 
is mediated by PKG.

Supported by NSERC Canada.

242.7
c AMP-INDUCED DIFFERENTIATION OF RAT CORTICAL TYPE I 
ASTROCYTES POTENTIATES ATP-INDUCED INTRACELLULAR CALCIUM 
RISE BY INCREASING CAPACITATIVE CALCIUM ENTRY. Maurizio 
Grimaldi. ^Antonella Favit* and D.L. Alkon LAS, NINDS, NIH, 36 Convent Dr.; 
^Dept of Neurology, USUHS, Bethesda MD-20817, U.S.A.

In this study we demonstrate that cAMP-induced differentiation of type I 
asưocytes modified ATP-induced intracellular calciшn concentration ([Ca++]i) rise. 
In dibutyryl-cAMP-differentiated type I astrocytes, ATP-induced [Ca++]i elevation 
was larger than in undifferentiated asưocytes. ATP concenưation-response curve 
was shifted to the left and its potency was increased. Similarly, asưocytes 
differentiated in the presence of forskolin, an agent directly generating cAMP from 
cellular adenylyl cyclase catalyst, showed a similar potentiation of ATP-induced 
[Ca++]i rise. The potentiation of ATP-induced [Ca++]i elevation was completely 
abolished by pretreating differentiated asưocytes with 300 nM of KT-5720, a 
specific protein kinase A (PKA) inhibitor. KT-5720 also reversed dibutyryl-cAMP- 
induced astrocyte morphologic changes. In differentiated astrocytes the potentiation 
of ATP-induced ĮCa^∏-]i rise was not due to an increase of inositol 
ưisphosphate( l,4,5) generation, because IPs accumulation was similar in 
differentiated and in undifferentiated cells. However, the differentiation of cortical 
types I astrocytes did increase [Ca++]i elevation in response to thapsigargin, the 
endoplasmic reticulum calcium-ATPase blocker, in the presence of extracellular 
Ca++, while in Ca++-free medium, the tliapsigargin response was not modified. 
These data indicate that in cAMP-differentiated astrocytes capacitative calcium entry 
was increased, while the properties of the IPз-sensitive store were not affected.

In conclusion, we demonsưate that the activation of cAMP-PKA pathway causes 
both morphological and biochemical changes such as an increased response to IPз 
generating agents, due to an increase of the capacitative calcium entry. Moreover, 
this study suggests that asưocytes in tissue may have different biochemical 
properties from cultured cells.

242.9
THE ROLE OF ßARK, PKC, AND PKA M ECHANISM S IN C R F  
RECEPTOR DESENSITIZATION IN HUMAN RETINO BLASTO M A  
Y-79 CELLS. F. M. Dautzenberg1* and R. L. Hauger2. *Pharma Division, 
Preclinical Research, F. Hoffmann-La Roche Ltd., CH-4070 Basel, Switzerland and 
2VAMC and UCSD Dept, of Psychiatry, La Jolla, CA 92093.

The action of CRF at brain receptor sites is believed to generate the stress 
response. Although the molecular processes desensitizing many GPCRs are known, 
the role of ßARK, PKC, and PKA in the counterregulation of CRF receptor 
activation during sưess has not been studied. We have found that CRF-R1 expressed 
in Y-79 cells becomes sequestered during exposure to 10 nM CRF for I h (63±4% 
decrease in Bmax, p<0.005). During a 4-h CRF exposure, CRF-R 1 desensitization 
was characterized by a 70% decrease in CRF-stimulated cAMP accumulation (tI/2=38 
min; ECS0=6 nM CRF; p<0.0001). We further confirmed that Y-79 cells constitute 
a well-conư〇lled model of brain CRF-R 1 regulation because they express both 
isoforms of ßARK, but not other GRKs, and ß-arrestin-1. When Y-79 cells 
permeabilized with streptolysin O were preincubated with 1 µM heparin, CRF 
receptor desensitization was decreased by 30% (p<0.005) presumably due to the 
inhibition of GRK-mediated phosphorylation. CRF-R1 desensitization in Y-79 cells 
was not attentuated in Y-79 cells preincubated with PKA inhibitors (1 µM PKI5 22 
or 3-20 µM H-89). Since PKA activation by 50 µM forskolin or 4 mM dbcAMP 
did not desensitize retinoblastoma CRF receptors, cAMP-dependent phosporylation 
does not appear to regulate CRF-R 1. In other experiments, we have demonsưated 
that 500 nM staurosporine, a cell-permeable PKC inhibitor, decreases CRF receptor 
desensitization and that 1 µM PMA, a phorbol ester that activates PKC, desensitizes 
CRF-stimulated cAMP accumulation. Currently, we are examining further the role 
of ßARK and PKC in the homologous desensitization of retinoblastoma CRF 
receptors. (Partially supported by NIH grant# 2 P30 M H30914-20 and VMRF.]

242.6
THE [Ca2 ], INCREASE INDUCED BY VASOPRESSIN AND PACAP IN 
ISOLATED SUPRAOPTIC VASOPRESSIN NEURONS INVOLVES 
PHOSPHOLIPASE C AND ADENYLATE CYCLASE TRANSDUCTION 
SIGNALS,G. Davanithi. N, Sabatier. J Bockaert*, and Ph. Richard. Bioloцie des 
Neurones Endocrines, CNRS UPR 9055, 141 rue de la Cardonille, F-34094 
Montpellier Cedex 5, France.

Magnocellular AVP neurons o f  the supraoptic nucleus are autoregulated by the 
peptide they synthesize AVP released at the soma and dendrites binds to specific 
autoreceptor(s) on the soma/dendrite’s and induces an increase in [Ca2 ], resulting 
mainly from an influx of Ca2 through voltage-dependent Ca2 channels. Using Fuгa-2 
microspectroŕluorimetry in freshly dissociated rat supraoptic neurons, we have 
characterized the intracellular mechanisms involved in the [Ca  ̂ J, response 10 AVP, 
and these mechanisms were compared to the action o f pituitary-adenylate cyclase 
activating polypeptide (PACAP). PACAP is known to bind to receptors coupled to 
both phospholipase C (PLC) and adenylate cyclase (AC) pathways Both AVP (100 
nM) and PACAP (10 nM) induced a large increase in [Ca2 ], in A VP-sensitive 
neurons. The A VP-induced [Ca2 ]¡ rise was inhibited by 75% in the presence of the 
PLC inhibitor U-73122 (5 µM) Inhibitors o f AC, (SQ-22536, 100 nM) and o f protein 
kinase A, (Rp-cAMPS, 500 M), decreased the [Ca2 ], response to AVP by 35% and 
70% respectively. In the same neuron, U-73122 reduced both AVP-and PACAP- 
induced [Ca2 ], responses and further treatment with Rp-cAMPS nearly abolished both 
responses. The V ta-type AVP receptor antagonist SR 49059 (10 nM) did not alter the 
response to PACAP suggesting that this response is due to a direct action of PACAP 
rather than an effect of AVP released somatodendritically as a result o f PACAP 
stimulation. Taken together, these results strongly suggest that the intracellular 
mechanisms involved in the AVP action on AVP neurons of the supraoptic nucleus 
are somewhat similar to that observed for the action of PACAP, in particular in 
involving activation o f both PLC and AC pathways

242.8
ESTRADIOL 17 BETA MEDIATES ITS EFFECTS THROUGH THE 
PHOSPHORYLATION OF cAMP RESPONSE ELEMENT BINDING 
PROTEIN (CREB). V.G.Kimonides . C.Li. S.Alves. B.S.McEwen* Laboratory of 
Neuroendocrinology, The Rockefeller University, New York, NY 10021.

The effects of estrogen on synaptic plasticity in the central nervous system and its 
implications for Alzheimer’s Disease and aging have only recently been seriously 
appreciated. Esưogcn was shown to have a potent effect on synaptogcncsis and 
dendritic morphology in the hippocampus both in vivo and in vitro (Woolley et al., 
1997; Murphy et a l, 1998). In addition, Murphy and Segal have suggested that this 
process is mediated through differential regulation of synaptic excitatory and inhibitory 
elements, as well as the participation of CREB (Murphy and Segal, 1997). The 
phoshorylation of CREB is enhanced by esưogen in vivo (Zhou et al., 1996), but it is 
not clear whether this is an effect mediated by intracellular esưogen receptors. In 
addition, the effects of estrogen on synaptogenesis in vivo and in vitro involve the 
participation of excitatory amino acids acting via NMDA receptors. Therefore, we 
investigated the stimulation of phosphorylation of CREB by esưogen ưeatment and the 
ability of an inhibitor of NMDA receptors (CGP-43.487), and an esưogen antagonist 
(CI-628), to block the effect. Primary hippocampal cultures were grown for two weeks; 
when they were then ưēated with esưogen for 48hr, they showed increased nuclear 
CREB phosphorylation which was inhibited by either CI-628 or CGP-43.487. This 
suggests that the effects of estrogen involve changes in ưanscriptional regulation that 
are mediated through both the esưogen and NMDA receptors. The goal of further 
studies is to explore the regulation of downstream markers of esưogen and excitatory 
amino acid actions. (Supported by UCB Pharmaceuticals, Belgium, (VGK), NS10492- 
01 (CL), and N507080 (BSM)).

242.10
ß-AR STIMULATION IN RAT C6 GLIOMA CELLS: PROBING FOR NOVEL 
PHOSPHOPROTEIN SIGNALING EVENTS USING HIGH RESOLUTION 
TWO-DIMENSIONAL GEL ELECTROPHORESIS. S.M. Storm. J.-J. Liang* 
and X.Z Khawaja. CNS Disorders, Wyeth-Ayerst Research, CN8000, Princeton, NJ 
08543-8000

Intracellular protein phosphorylation signaling events mediated by isoproterenol 
stimulation of ß-adrenoceptors were studied in rat C6 Glioma cells using two- 
dimensional gel elecưophoresis (2-DGE) and quantitative image analysis. Digitised 
2-DGE phosphoprotein ‘reference maps’ were consưucted depicting the modulation 
of [32P]-labelled cellular proteins after maximal isoproterenol stimulation (lµM ; 15 
min) versus non-stimulated cells. A total of 293 individual phosphoprotein spots 
were detected. To facilitate the identification and quantitative analysis of 
phosphoproteins of interest within the experimental 2-DGE drug ‘reference maps’, a 
2-DGE template was generated, representing the location of major signaling 
pathway proteins. Members of the ưanscription factor family, CREB/ATF, 
displayed increased [32P]phosphorylation suggesting that isoproterenol influenced 
protein phosphorylation events o f the PKA-dependent pathway at the nuclear level. 
Furthermore, we found that isoproterenol also modulated the phosphorylation state 
of PKC and of several kinases and transcription factors involved in the Ras/Raf- 
MAPK-dependent pathways. We were able to quantitatively profile phosphoprotein 
subsets within the isoproterenol-stimulated 2-DGE ‘reference maps’ displaying 
increased or decreased intensities of [32P]-phosphorylation. The subsets of currently 
unidentified phosphoproteins may provide additional target substrates for kinase- 
mediated activity. Evaluation of our 2-DGE findings was determined using whole 
cell-based assays specific for measurement of cAMP, PKA, PKC and MAPK 
activity. We found that isoproterenol-mediated stimulation of ß-AR signaling could 
sustain an active cAMP-PKA pathway and also stimulate the PKC-dependent 
pathway, but exerted an inhibitory influence over MAPK activity. Our studies 
outline the application of 2-DGE to screen a drug for inưacellular signaling activity 
and delineate potential novel pathways, and to identify protein phosphorylation 
events within multiple signaling pathways.
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242.11
ESTRO G EN  AN D N O R EP IN EPH R IN E EN H A N CE TY R O SIN E 
PH O SPH O R Y LA TIO N  IN H Y PO TH A LA M U S A N D PR EO PT IC  AREA 
OF FEM A LE RATS. A, Quesada* and A M, Etgen. Dept.N eurose 1., Albert 
Einstein Coll. Med., B ronx, NY 10461

In previous experiments, genistein, a  general tyrosine kinase inhibitor, 
augmented norepinephrine (NE)-stim ulated cA M P responses in preoptic area 
(POA ) and hypothalam us (HYP) slices o f  estrogen (E2)-treatcd female rats 
when com pared to ovariectom ized control fem ale rats. The genistein 
augm entation o f  NE-stim ulatcd cAM P in E2-treated female rats was not via 
direct modulation o f  adenylyl cyclase (Soc. Neurosci. Abst, Vol. 23, 697, 
1997). Therefore, one series o f  experiments examined whether the ty rosine 
kinase inhibitor acts by regulating ß-adrenergic receptor-stim ulated cAM P 
synthesis in POA and HYP slices, using the ß-adrenoceptor agonist 
isoproterenol. Genistein does not augm ent isoproterenol-stim ulated cAM P in 
the POA o f  either control or E2-treated female rats. However, in the HYP. 
genistein augments isoproterenol-stim ulated cA M P synthesis in both control 
and E2-treated female rats. These results suggest that ß-adrenergic receptor 
activation o f  adenylyl cyclase may be tyrosine kinase regulated in the HYP. 
W estern blots using phosphotyrosine antibodies were used to evaluate whether 
E2, NE, or E2 + N E  enhance tyrosine phosphorylation in POA and HYP slices 
and to verify that genistein inhibits tyrosine phosphory lation in this 
preparation. Results indicate E2 treatm ent for 48 hr enhances tyrosine 
phosphory lation in POA and HYP. M oreover, brain slices incubated with 100 
µM N E in vitro also show enhanced tyrosine phosphory lation. Furthermore, 
genistein significantly inhibits ty rosine phosphorylation in POA and HYP 
slices. Supported bv R37 M H41414.

242.13
PERSISTENT ACTIVATION OF ADENYLYL CYCLASE BY 
C A LM O D U L IN  O CCU RS IN D E P E N D E N T  OF PR O TE IN  
PHOSPHORYLATION: A M ECHANISM  FOR TEM PORAL
STIM ULUS INTEGRATION. C .U . Onvike-Ľ¿*. A.H. Lin·L J.E, 
C o h e n L  and T.W . A bram sU !D epts. o f P harm acology  & 
Anesthesiology, Univ, of MD Sch. of Medicine, Baltimore, MD 21201, 
& 2Dept. of Psychiatry, Johns Hopkins Univ., Baltimore, MD 21287.

Ca2+/calmodulin(CaM)-sensitive adenylyl cyclase (AC) is a candidate 
molecular integrator of neuronal signals representing behavioral stimuli 
during learning. We recently observed that the response of recombinant 
mammalian brain type I AC to transient Ca2+ stimuli was delayed; AC 
stimulation reached a peak after Ca2+ disappeared and persisted more than 
30 sec. This persistence of Ca2+ stimulation could serve to enable AC to 
integrate a Ca2+ signal with subsequent transmitter or Ca2+ stimuli. We 
have tested the response to a train of 3 sec Ca2+ stimuli at 0.11 Hz; AC 
stimulation rose gradually during a pulse train, reaching a maximum that 
was more than 3.5 times the level reached with a single pulse. In the case 
of CaM kinase II, persistent activation is mediated by CaM trapping due 
to protein phosphorylation. To test whether persistent activation of AC 
involved protein phosphorylation, we activated AC with a transient 
exposure to Ca2+ in the absence of ATP. The persistence of AC 
activation did not depend upon phosphorylation. One mechanism by 
which CaM activation of AC could persist once free Ca2+ levels drop is 
target-dependent decreases in the off rate of Ca2+ binding to CaM. We 
have developed a kinetic model to assess whether such a change in Ca2+ 
binding can account for the delayed and persistent activation of AC by a 
Ca2+ pulse. Supported by ROl MH55880.

242.15
THE FUNCTIONAL SIGNIFICANCE OF cAMP RELEASE FROM A 
NEUROENDOCRINE TRANSDUCER CELL. B.G. Jenks*. E.W. Roubos and H.J. 
Leendeгs. Dept. Cellular Animal Physiology, Nijmegen Institute for Neurosciences, 
University of Nijmegen, Toemooiveld 1, 6525 ED Nijmegen, The Netherlands

Release of the intracellular second messenger cAMP to the extracellular 
compartment has been reported for a number of cells, including neurons and 
neuroendocrine cells. We are studying the functional significance of this egress in 
studies with the neuroendocrine melanotroph cell of Xenopus laevis, and have 
considered the possibility that egress may reflect the operation of a mechanism to 
lower intracellular cAMP. We have previously shown that the GABAb receptor 
agonist baclofen inhibits melanophore stimulating hormone (α-MSH) secretion from 
Xenopus melanotrophs through inhibition of cAMP production; dopamine inhibition 
via a D2 receptor is associated with both inhibition of cAMP production and the 
activation of K+ currents. Both baclofen and dopamine stimulate cAMP egress from 
melanotrophs. We now show that this egress can be blocked by the transport inhibitor 
bromosulphophtalein (BSP). Dopamine-induced inhibition of α-MSH secretion was 
unaffected by BSP but baclofen-induced inhibition was dramatically attenuated by 
this treatment. This indicates that the GABAb receptor mechanism, which inhibits 
strictly through action on adenylyl cyclase, requires cAMP egress for full inhibition. 
Inhibition of α-MSH release by dopamine does not depend on cAMP egress as 
dopamine also inhibits via an alternative pathway (activation of K+ channels). It is 
concluded that the cAMP egress mechanism is of functional importance in GABAb 
receptor inhibition of the melanotrope cell. Possibly, the egress lowers cAMP in the 
intracellular cAMP compartment associated with the exocytotic machinery of the 
melanotrope cell.

Supported by University of Nijmegen

242.12
REGULATION OF ß-ADRENERGIC RECEPTOR KINASE (ßARK) IN 
FEMALE RAT BRAIN. M .A . A n s o n o ff*  and A. M . Etαen, Dept. 
N eurosc i., A lb e rt E instein Coll. M ed. Bronx, NY 10461 

Estrogen (E) tre a tm e n t o f ovarie c tom ize d  (OVX) fem a le  rats 
in fluences recep to r G -pro te in  coup ling  in the  hypo tha lam us- 
p reop tic  area (HYP-POA). Phosphory la tion  o f recep to rs  by ßARK 
can lead to  recep to r G -pro te in  uncoup ling . Levels o f ßARK-1 
r∩RNA decrease in the  HYP-POA and levels o f ßARK-2 r∩RNA 
increase in the  co rte x  2 4  hr a fte r E in je c tio n  o f O VX fem a le  rats. 
In the  present s tu d y , im m unob lo ts  o f co rtica l, HYP, and POA 
tissue  from  O VX fem a le  ra ts  w ere  exam ined at 6, 12, 24, and 48  
hr a fte r E adm in is tra tio n . E tre a tm e n t fo r 2 4  hr decreased 
im m u n o re a c tiv ity  in the  HYP using an an tib ody  th a t recognizes 
ßARK-1 and ßARK-2 (n =  4 ; p < 0 .0 5 ). ßARK-1 spec ific  
im m u n o re a c tiv ity  also decreased in the  HYP 24  hr a fte r E 
tre a tm e n t (n =  6 ;P < 0 .0 5 ) .  E tre a tm e n t did no t change ßARK 
im m m u n o re a c tiv ity  in the  POA. In the  fro n ta l co rte x , E trea tm en t 
fo r 24  hr or 4 8  hr increased ßARK-1 im m u n o re a c tiv ity  
(n =  4 ;p  <  0 .0 5 ). W e are n o w  using a s yn th e tic  pep tide  as a 
substra te  to  m easure ßARK c a ta ly tic  a c t iv ity . The pep tide is 
phosphory la ted  in a t im e - and co nce n tra tion -dep enden t m anner 
using crude tissue  hom ogenates. Future s tud ies  w ill exam ine if 
changes in ßARK m RNA and p ro te in  co rre la te  w ith  ßARK a c tiv ity . 
S upported by g ran ts  H D 2 9 8 5 6  and T 3 2  A G 0 0 1 9 4 .

242.14
D, AGONIST-COUPLED ADENYLATE CYCLASE ACTIVITY IS 
DECREASED IN THE HETEROZYGOUS GENOTYPE OF D, RECEPTOR 
DEFICIENT MICE. D M. Montague1*. J. Draeo2. R.B. Mailman1. ’Dept, of 
Pharmacology, Univ, of North Carolina, Chapel Hill, NC; 27599-7250; ¾ept. of 
Anatomy, Monash University, Clayton Victoria, Australia.

Traditional pharmacological methods, as well as molecular approaches, have 
shown that receptor density affects the intrinsic activity of partial, but not full 
agonists. This theory was originally derived based on data from complex in vitro 
systems that often used chemical inactivation of receptors. More recently, in viho 
comparison of cells expressing different densities of receptor (either because of 
differences in native expression or through the use of chemical inactivation) has led 
to similar conclusions. Thus, it was of interest to examine the effects of receptor 
functional efficiency reserve on agonist activity in native tissue in which there was a 
genetically induced decrease in receptor density. Transgenic mice with a 
nonfunctional Dı receptor were generated, and the heterozygotes and homozygotes 
were compared to the wildtype animals. As expected from earlier results, 
autoradiographic studies confirmed a complete absence of the D] receptor in the 
homozygotes except for small amounts of binding in the hippocampus we ascribed to 
the D5 receptor. We found a larger than expected (ca. 60%) decrease in Dı receptor 
density in the heterozygotes. This decrease in receptor expression should not have 
caused a large change in adenylate cyclase (ACase) activity in response to full Dj 
agonists. Surprisingly, we found ca. 40% decrease in the ACase in the heterozygotes 
compared to wildtype when challenged with dopamine or the full Dı agonists, 
dihydrexidine (DHX) or A6893O. Basal activity was unaffected. One explanation for 
these data is that plasticity may have caused compensatory alterations in other 
components coupled to the Dı receptor-mediated adenylate cyclase transduction 
system. The response of these systems to other full and partial agonists is also being 
investigated. (Supported by MH427O5, MH40537, HD03110, MH33127, and 
GM07040.)

242.16
CONVERGENT ACTION OF FORSKOLIN AND CALYCULIN A ON 
HYPOTHALAMIC NMD A RESPONSES.
I. Ni⅜holt, T. Blank and J. Spiess*. Dept. Molecular Neuroendocrinology, 
Max Planck Institute Exp. Medicine, Hermann-Rein-Str. 3, 37075 
Goettingen, Germany.
Several recent anatomical and physiological studies indicate that glutamate 
receptors are likely to play a prominent role in hypothalamic function. In this 
context, it is assumed that the modulation, e.g. by phosphorylation, of 
ionotropic glutamate receptors, broadly classified as NMD A and non-NMDA 
receptors, is of physiological significance. The phosphorylation state of these 
receptors is affected by protein kinases and phosphatases.
In this study, we investigated the role of protein phosphorylation in the 
modulation of NMDA-induced currents in Xenopus oocytes injected with 
poly(A)*mRNA isolated from rat hypothalamus. These currents were 
measured using the two-electrode voltage-clamp technique. To activate 
cAMP-dependent protein kinase (PKA), oocytes were incubated with 
forskolin (50 µM) which caused a transient increase of response amplitudes 
to a maximum of 150%. This increase could be mimicked by 8-Br-cAMP (10 
mM), the membrane-permeable analog of cAMP. Interestingly, superfusion 
of calyculin A (100 µM), an inhibitor of protein phosphatase 1 and 2A, 
caused a similar enhancement of NMDA-induced currents as observed in the 
experiments using forskolin or 8-Br-cAMP.
Preinjection of oocytes with calyculin A (500 nM final intracellular 
concenhation) inhibited the PKA-mediated potentiation of hypothalamic 
NMDA-induced currents.
From these results it was concluded that both PKA and calyculin A may 
modulate hypothalamic NMDA receptor function via the same mechanism, 
namely the inhibition of protein phosphatases.

(Supported by the Max Planck Society)
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242.17

µ-OPIOID RECEPTOR PHOSPHORYLATION DOES N O T  
PRECIPITATE THE DESENSITIZATION OF ADENYLYL  
CYCLASE ACTIVITY. R. El Kouhen. O. Maestгi-El Kouhen. A. 
Burd. A.M. Babev*. P.Y. Law and H.Ħ, Loh. Dept, o f  
Pharmacology, University of Minnesota. Minneapolis, MN. 55455.

The role of µ-opioid receptor (MOR) in the agonist induced receptor 
desensitization has been controversial. Previously we have 
demonstrated that DAMGO-induced receptor phosphorylation, 
reaching a maximum within 20 min, did not correlate to the 
desensitization rate which is much slower ( t\/2  = 7.Q±l.8 hrs). In the 
present study, we further demonstrate that alteration o f the magnitude 
of receptor phosphorylation, does not change the rate o f  
desensitization. In the presence of Calyculin A, a phosphatase 
inhibitor, the magnitude o f receptor phosphorylation is increased 2- 
fold without any effect on the DAMGO-induced loss of the adenylyl 
cyclase inhibition. Overexpression of ßARK2 and ß-arrestin2, which 
can affect both DPDPE-induced phosphorylation and desensitization 
of DOR, had no significant effect on either DAMGO-induced 
phosphorylation or desensitization of MOR. HEK293 cells transiently 
expressing a MOR mutant which lacks all the potential 
phosphorylation sites in the C-tail and the third intracellular loop, had 
a desensitization rate which was similar to that of the wild type 
receptor. Thus, these data clearly suggest that other cellular events in 
addition to the agonist-induced receptor phosphorylation must be 
involved in the loss o f response to regulate adenylyl cyclase activity 
during chronic DAMGO treatment. Supported by NIH grants 
DAO5695, DA 00564. K05-70554, DAOI583 and A&F stark fundof the Medical Foundation.

242.18
IDENTIFICATION OF PHOSPHORYLAΉON SITES AND THEIR 
IMPLICATION IN THE DELTA OPIOID RECEPTOR 
REGULATION. O. Maestri-El Kouhen. Z.H. Mens*. P-Y. Law and
H. H. Loh. Dept, of Pharmacology, University of Minnesota. 
Minneapolis, MN. 55455.

Like other G-protein coupled receptors, δ-opioid receptors (DORs) 
are phosphorylated and desensitized upon exposure to their agonists. 
It has been proposed that receptor phosphorylation and/or 
internalisation may contribute to the desensitization of DOR. In this 
study, we investigated the molecular mechanisms underlying DOR 
desensitization. We used site directed mutagenesis approach to 
determine the phosphorylation sites and their implication in DOR 
regulation. The constructs were transiently transfected in HEK293 
cells and the functional effects of DPDPE pretreatment were 
examined. The DPDPE-induced phosphorylation of DOR is dose- and 
time-dependent. DPDPE induced a rapid phosphorylation, which 
appeared to correlate with the loss of DPDPE-mediated inhibition of 
adenylyl cyclase activity. DOR desensitized by 40 % within 30 min 
after 1 mM DPDPE pretreatment, and was completely desensitized 
after 4 hrs. Serine and threonine of the C-teгmìnal domain of the 
receptor were alanine-substituted singly or in clusters. All mutants 
display normal | ⅞ ]  diprenorphine binding and adenylyl cyclase 
inhibition. Initial results shown that some of the mutants tested delay 
the desensitization rate. Further studies will complete the 
understanding of the regulation of DOR. Supported by NIH grants 
DAO5695, DAOO564, K05-DA70554,DA〇〇Í583 and A&F stark 
fund of the Medical Foundation.

HPA REGULATION II

243.1
Pituitary ACTH response to arginine vasopressin (ÀVP) but not corticotropin
releasing Hormone (CRH) is greatly enhanced during lactation in the rat. Sonia 
Tesolin. Donna J. Toufexis. Nine Huang, and C-Dominique Walker* Douglas 
Hospital Research Center, Depts. o f Psychiatry, and Neurology & Neurosurgery, 
McGill University, Montreal, Canada.

During lactation, the activity of the hypothalamic-pituitary-adrenal (HPA) 
axis is modified in that blunted ACTH and corticosterone (B) secretion is observed 
following exposure to various stressors. Since tonically elevated B secretion is not 
primarily causing sưess hyporesponsiveness, here, we investigated possible changes in 
pituitary responsiveness to the hypothalamic ACTH secretagogues CRH and AVP 
during lactation in the rat. Intravenous CRH (0.1-5.0 µg/rat), AVP (0.01-0.5 µg/rat) or 
a combination of both peptides (CƙH:0.1 µg/rat with AVP 0.01-0.5 µg/ra 〇 was 
administered to virgin and nursing females on day 10 of lactation. Blood samples were 
collected just prior to, and 5, 20, 30, & 60 min. after treatment for determination of 
plasma ACTH levels. In addition, we measured pituitary' CRH receptor density in 
lactating and virgin female rats by receptor autoradiography. Dose-response analysis 
showed that compared to virgin females, ACTH release in lactating females was 
significantly reduced following adminisriation of CRH (5.0 µg/rat) and significantly 
increased following AVP (0.5 µg/rat), or the combination of CRH and AVP (0.5 
µg/rat). When ACTH release was analyzed as percentage increase over basal levels, 
the response to AVP (0.5 µg/rat) and CRH/AVP(0.5 µg/rat) was significantly greater 
in lactating compared to virgin animals. In conưast. no significant difference in 
percentage increase existed between lactating and virgin females in response to CRH 
(5.0 µg/rat). Moreover, autoradiographic results did not reveal any changes in 
pituitary CRH receptor density between virgin and lactating females. These results 
indicate that an increase in pituitary sensitivity to AVP, but not CRH exists during 
lactation in the rat and that stress hyporesponsiveness is not primarily mediated by 
changes in pituitary responsiveness to CRH or AVP. (Supported by MRC Canada)

243.3
DO CENTRAL CRF RECEPTORS MEDIATE BEHAVIORAL EFFECTS OF 
PERIPHERAL CRF INJECTION IN THE GUINEA PIG? M.B. Hennessv.1* P. 
Kehoe.2 M.Callahan.2 and H. N. Davis1. ’Dept, of Psychology, Wright State 
University, Dayton OH 45435; 2 Dept, o f Psychology Trinity College.

Previously, we found that subcutaneous (SC) injection of CRF reduces active 
behavior and increases passive behavior in guinea pig pups during brief isolation. In 
contrast, SC injection of a CRF receptor antagonist has opposite effects on behavior, 
and can block the behavioral effects of SC CRF. These results indicate that the SC 
injections mimic endogenous CRF activity. The question remains as to whether the 
SC CRF is crossing the blood-brain-barrier to bind central receptors mediating 
behavior, or if  the behavioral effects are in some way initiated by the binding of 
peripheral CRF receptors. To assess this question, we first determined CRF receptor 
number and affinity in selected areas of the guinea pig brain. Areas likely to be 
involved in the behavioral effects, amygdala (AM) and periaqueductal gray (PAG), 
were found to have CRF receptors, whereas other areas (e.g., dorsal hippocampus- 
DH, optic chiasm-OC) were found to be devoid of CRF receptors. We then injected 
12SЫabeled CRF SC and sacrificed animals at various time points. The adrenal 
(peripheral positive conftol tissue) showed clear accumulation o f labeled CRF.
Central tissues had lower levels o f activity, generally about background levels, and 
there was no differential accumulation in brain regions with CRF receptors (AM, 
PAG) versus regions without CRF receptors (DH, OC). These results indicate that SC 
CRF does not exert its behavioral effects by binding receptors in the AM or PAG, and 
suggest that SC CRF probably does not cross the blood-brain barrier. The findings are 
consistent with the hypothesis that peripheral CRF systems can modify behavior, 
presumably through some secondary pathway from the target organ possessing CRF 
receptors to brain regions controlling behavior.
Supported by NSF ШN922O77 and IBN9729595 and a Research Challenge Grant 
from the State of Ohio.

243.2
LONG-TERM TREATMENT WITH A SEROTONIN REUPTAKE INHIBITOR 
ALTERS CRF-INDUCED cAMP ACCUMULATION AND POMC EXPRESSION 
IN THE RAT PITUITARY. J.B. Jensen12*. A. Mørk2, D.S. Jessop3. M. Harbuz3 
and J.D. Mikkelsen2. ‘Dept, of Clinical Biochemistry, Bispebjerg Hospital, Copen
hagen, Denmark, 2Dept. of Neurobiology, H.Lundbeck A/S, Copenhagen, Denmark 
and 3Dept. of Clinical Medicine, University of Bristol, United Kingdom.

Dysfunction of the hypothalamo-pituitary-adrenal (HPA) axis is often observed in 
patients suffering from affective disorders. A consistent finding is hypersecretion of 
ACTH and cortisol. In man and rat, CRF is a potent stimulator of ACTH secretion 
via the adenylyl cyclase system. In order to investigate the effects of chronic 
antidepressant treatment on the regulation of ACTH synthesis and release, male 
Wistar rats (2OOg) were injected daily for 14 or 21 days with the selective serotonin 
reuptake inhibitor, Citalopram (10 mg/kg/day, ip) or saline vehicle. After treatment 
the rats were decapitated, the brains and pituitaries were isolated and rapidly frozen in 
dry ice, and trunk blood was collected for measurement of corticosterone by RIA. The 
levels of CRF mRNA in the PVN and POMC mRNA in the anterior pituitary were 
analysed by means of semi-quantitative In situ hybridisation technique. CRF-, GTP- 
and forskolin-stimulated adenylyl cyclase activities were measured in crude pituitary 
membrane fractions. Daily injection of vehicle significantly elevated blood corti
costerone. This increase in corticosterone was not observed in rats treated with 
Citalopram. A 40% reduction in POMC mRNA was observed in the pituitary 
following the long-term treatment, whereas CRF mRNA in the PVN was unaffected. 
Furthermore, both GTP- and CRF-stimulated cAMP accumulation in the pituitary 
were significantly increased (26% and 37%, respectively) by the citalopram treatment. 
In summary we have observed effects of long-term citalopram treatment in the 
pituitary. These data suggest that HPA axis activity is altered by antidepressive 
treatment.

243.4
AUTORADIOGRAPHIC STUDY OF SAUVAGINE SLICE BINDING 
DISTRIBUTION IN THE MEDIAL TEMPORAL LOBE OF THE NON-HUMAN 
PRIMATE. J.A. Firestone. M.A. Raskind*. C.W. Wilkinson. E. R. Peskind. J.B. 
Leverenz Depts. Neurology and Psych & Behav. Sci., Univ, of Washington, Seattle, 
WA 98195.
The corticotropin releasing factor (CRF) neuropeptide system is a crucial component 
in the coordination of the peripheral autonomic and central behavioral responses to 
stress. Two distinct populations of neuronal CRF receptors (CRF-R1 and CRF-R2) 
have been identified and studies of their distribution in rat brain slices have revealed 
high CRF receptor densities in the hippocampus and amygdala. In order to 
understand better the role the CRF system plays in the primate limbic system and 
stress we have mapped the distribution of the CRF receptors in the medial temporal 
lobe of the non-human primate. Eight middle-age to elderly Maeaca nemestrina 
(ages 18 to 29 years) were used for this study. Rapidly-accessed brain tissue was snap 
frozen and 20 µm sections were cut on a cryostat. CRF receptor distribution and 
density were determined by incubation with 0.75 nM I125 sauvagine (a CRF-R1 and - 
R2 ligand with low affinity for the CRF binding protein). Non-specific binding was 
determined by the addition of excess h/r-CRF. Sections were applied to 
autoradiographic film and developed for determination of receptor distribution and 
density. We examined anterior hippocampus and two levels of the posterior 
amygdala. The highest levels of binding were observed in the primate dentate gyrus 
of the hippocampal formation, the inferior portions of the lateral and basal nuclei, the 
accessory basal nucleus and the cortical nucleus of the amygdala. Little binding was 
observed in the central nucleus. Our findings are similar to those seen in the rat. As 
in rat brain, we also observe some discrepancy between the known distribution of 
CRF immunoreactive fibers in monkey (in particular the central nucleus) and CRF 
receptor. Further study of the CRF system in the medial temporal lobe is necessary 
to understand its role in sưess-related behaviors. Supported by the Alzheimer’s 
Assoc., NIA AG01536, and the Dept, of Veterans Affairs.
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243.5
STRESS-INDUCED REDUCTION OF CORTICOTROPIN RELEASING HORMONE 
(CRH) IMMUNOREACTIVE HIPPOCAMPAL INTERNEURONS. × .-× . Yan*. K.L. 
Brunson. A. Gerth and T.Z. Baram. Departments o f Anatomy & Neurobiology and 
Pediatrics, University of California at Irvine, Irvine CA 92697.

Rationale: Stress-induced secretion o f CRH from peptidergic limbic and hypothalamic 
neurons has been demonstrated, as well as enhancement o f CRH gene expression in both 
hypothalamus and amygdala. The authors have characterized a substantial population of 
CRH-expressing GABAergic interneurons in the hippocampal formation of non-stressed, 
immature rats (Ya∩'et al., Hippocampus, 8 :1 - 13; 1998). Furthermore, numerous CRH- 
¡mmunoreactive interneurons are associated with the pyramidal cell layer and positioned to 
regulate the excitability of CAI and CAЗ pyramidal neurons. Whether hippocampal CRH- 
expressing neurons are influenced by stress has not been established as yet..
Objective: To determine whether stressful stimuli modulate hippocampal CRH-immuno- 
reactive (¡r) cells, and whether this alteration can be reversed by colchicine treatment. 
Methods: Strategy involved comparison of the number of CRH-ir neurons in hippocampi 
from several experimental groups of 9-13 day-old rats: Controls (sacrificed within 20 
minutes of disturbance), cold-stressed (Yί & Baram 1994), and colchicine (7.5 µg, icv)- 
treated stressed and non stressed groups. Experimental rats were perfused at the same 
time of day, 4 hours after stress onset or colchicine, and matched coronal sections of the 
hippocampal formation subjected to ¡mmunocytochemistry for CRH (Yan et al.. 1998). 
Results: Compared with controls, the number of CRH-ir cells associated with the CAЗ 
pyramidal layer was significantly reduced in sections of cold-stressed pups (p<0.01), while 
changes in CAI were much smaller (p=O. 15). Colchicine treatment prevented the 
reduction in the number of CRH-ir neurons after cold stress.
Conclusion: These data suggest that cold stress induces transport o f CRH from soma of 
hippocampal interneurons, an effect inhibited by the established axonal transport blocker, 
colchicine. Supported by the Markey Foundation (to ×XY) and NIH NS28912 (to TZB).

243.7
EXPRESSION OF CORTICOTROPIN RELEASING FACTOR RECEPTOR TYPE 2 (CRF2) 
IN THE HYPOTHALAMUS AND AMYGDALA OF THE IMMATURE RAT IS 
CONTROLLED BY MATERNAL CUES. M. Eghbal-Ahmadi1. S. Avishai-Eliner'·2, C,G. 
Hatalski1, S.R. Snodgrass3*. T.Z. Baram'2. Depts. 'Anatomy & Neurobiology and 2 Pediatrics 
Univ. California at Irvine, CA 92697 and 3Univ. Mississippi, Jackson, MS 39216 

Rationale: The Hypothalamic-Pituitary-Adrenal (HPA) axis of the rat pup is influenced by 
maternal cues, and the hormonal response to stress is enhanced by maternal deprivation for 
24 hours. Analyzing specific components of the HPA axis that are modulated by separation 
from the mother, we have demonstrated a dramatic down-regulation of the second 
member of the corticotropin releasing factor receptor family, CRF2 in the hypothalamic 
ventromedial nucleus (VMH) following 24 hours o f maternal deprivation. Since maternal 
deprivation involves both fasting and physiological ⁄  psychological stress, the goal of this study 
was to determine which element of the deprivation paradigm determined CRF2-mRNA 
expression. The experimental design isolated the effects of food intake, maternal contact, 
and maternal licking on CRF2-mRNA expression in the VMH and specific amygdala nuclei. 
Results: CFLF2-mRNA levels in the VMH and the baso-medial (BMA), but not the medial 
(MEA) amygdala nucleus of maternally-deprived 9-day-old rats were reduced by 40% and 
45% respectively, compared with non-depr¡ved controls. In maternally deprived pups, 
morning basal plasma corticosterone (3.8 µg/dl) levels were elevated compared to controls 
(0.99 µg/dl), whereas ACTH levels were not affected. Both handling and anogenital stroking 
(mimicking maternal licking) of maternally deprived pups restored CRF2-mRNA levels in the 
VMH and BMA to control values. However, basal plasma corticosterone levels were not 
influenced by either handling or stroking, and remained elevated for all deprived pups. These 
findings indicate that: I) CRF2 gene expression in VMH and BMA depends on maternal 
licking, and not on food intake, 2) CRF2-mRNA expression is differentially regulated in 
discrete amygdala nuclei, and 3) Levels of CRF2-mRNA in the hypothalamus and amygdala of 
the developing rat do not correlate with peripheral stress hormones, suggesting distinct and 
complex regulatory mechanisms for this receptor. (Supported in part by NS28912).

243.9
CRF-BINDING PROTEIN IN THE MEDIAL PREOPTIC AREA OF 
THE RAT BRAIN. E. Timofeeva*. D. R ichard. Departm ent of 
Physiology, Faculty of Medicine, Laval University, Québec, Canada, 
G1K 7P4

Corticotropin-releasing factor-binding protein (CRF-BP) is widely 
distributed throughout the brain, where it may limit the CRF actions in 
the central nervous system. We have investigated the effects of 
exercise and food deprivation, two conditions creating an energy 
deficit, on the CRF-BP expression in the rat brain. Both treatments 
induced the expression of CRF-BP in the medial preoptic area (MPO), 
as was detected by in situ hybridization histochemistry (CRF-BP 
cDNA was provided by Dr. W.Vale, The Salk Institute, La Jolla, CA). 
Treadmill running significantly enhanced the expression of CRF-BP 
mRNA in the anterodorsal and in the medial preoptic nuclei. Food 
deprivation (24 hours) led to the induction of CRF-BP mRNA in the 
dorsal part of the MPO. The increase in the levels of CRF-BP mRNA 
in the dorsal MPO was dependent of the nutritional status of the rats, 
but not affected by the plasma corticosterone levels. Using an 
immunocytochemical procedure with a specific rat antibody for CRF- 
BP (provided by Drs. X.-J. Liu and N. Ling, Neurocrine Biosciences 
Inc., San Diego CA), we found CRF-BP-ir cells in the dorsal MPO in 
food-deprived rats. In addition, CRF-BP-ir fiber terminals were 
revealed in the anterodorsal and medial preoptic nuclei. In conclusion, 
the present results provide evidence that experimental treatments 
inducing an energy deficit lead to the expression of CRF-BP in the 
hypothalamus, suggesting that this protein is implicated in the 
regulation of energy balance.

243.6
CORTICOTROPIN RELEASING FACTOR MESSENGER RNA 
EXPRESSION IN THE HYPOTHALAMIC PARAVENTRICULAR 
NUCLEUS AND THE CENTRAL NUCLEUS OF THE AMYGDALA IS 
MODULATED BY REPEATED ACUTE STRESS IN THE IMMATURE 
RAT. C.G. Hatalski*. C. Guirαuis. M. Eαhbal-Ahmadi and T.Z. Baram 
Depts. of Anatomy & Neurobiology and Pediatrics, University of 
California, Irvine, CA 92697-4475

Age-appropriate acute stress, such as cold exposure, provokes the 
secretion of corticotropin releasing factor (CRF) from the 
hypothalamus, leading to a robust increase of plasma corticosterone 
in the immature rat. This activation of the hypothalamic-pituitary- 
ádrenal system is accompanied by a stress-induced increase of 
steady-state CRF-mRNA expression in the hypothalamic 
paraventricular nucleus (PVN) (Yi and Baram, Endocrinology, 1994). 
In the current study, we analyzed changes in CRF-mRNA expression 
in the PVN and the central nucleus of the amygdala (ACe) in the 
immature rat in response to a single episode of cold stress and three 
repeated exposures to this same stressor. CRF-mRNA expression in 
the PVN increased after a single, but not repeated exposures to cold 
stress, while repeated acute stress increased the content of the CRF 
peptide in the anterior hypothalamus. In the ACe, repeated episodes 
of cold stress resulted in increased expression of CRF-mRNA. These 
findings indicate a differential regulation of CRF gene expression in the 
PVN and ACe of the immature rat by single and repeated acute stress. 
(Supported by NS28912)

243.8
DIFFERENTIAL REGULATION OF GLUCOCORTICOID RECEPTOR MESSENGER RNA 
BY MATERNAL DEPRIVATION IN IMMATURE RAT HYPOTHALAMUS AND LIMBIC 
REGIONS. S. Avishai-Eliner'л C.G. Hatalski'. E. Tabachnik2, M. Eghbal-Ahmadi'. T.Z. Baram'*. 
'Depts. of Anatomy & Neurobiology and Pediatrics, Univ. California at Irvine, CA, USA, 
2Hebrew Univ., Jerusalem and Kaplan Med. Ctr, Rehovoth, Israel.

Rationale: Maternal deprivation during postnatal days 3 -14 induces significant acute alterations 
of several key components of the hypothalamic-pituitary-adrenal (HPA) axis.
Objective: To test the hypothesis that modulation of glucocorticoid receptor messenger RNA 
(GR-mRNA) levels constitutes an early, critical mechanism for the acute effects of 24 h maternal 
deprivation on the neuroendocrine stress response.
Methods: GR-mRNA levels were determined (by in situ hybridization histochemistry) in brain 
regions relevant to HPA regulation of maternally-deprived male and female rats compared with 
litter-mate controls, immediately following the deprivation period.
Results: GR-mRNA levels of deprived rats of both sexes were significantly (p < 0.05) 
decreased compared with ∩on-deprived controls in several of the analyzed regions: the 
hippocampal CAI (O.O65±O.OI vs 0 .13±0.03), hypothalamic paraventricular nucleus (PVN, 
O.O8±O.O2 vs O.22±O.O6) and the frontal cortex (0 .1 ± 0 .0 1 vs .0.15±O.O2). In contrast, 
maternal deprivation did not alter absolute levels of GR-mRNA in the central nucleus of the 
amygdala (ACE) and the cingulate cortex. However, in these latter regions, as well as in the 
PVN and the CAI, gender-dependent effects of maternal deprivation on GR-mRNA 
expression were evident. Thus, the ratio of GR-mRNA levels of ∩on-deprived to deprived rats 
was 3.8 in males and 1.65 in females in the PVN. Conversely, in the ACE, maternal- 
deprivation affected females more than males (deprived/no∩-dep∩ved ratios were 2.4 and 1.25 
in females and males, respectively).
Conclusion: This study demonstrates rapid, region-specific and gender-dependent effects of 
maternal deprivation on GR-mRNA levels in brain areas involved in HPA regulation. These 
findings suggest that early modulation of GR gene expression may be a key mechanism for the 
effect of maternal deprivation on the stress response of immature rats. (Supported by NS28912)

243.10
E F F E C T S  O F  L E P T IN  A N D  C O R T IC O S T E R O N E  O N  T H E  
EX PR ES SIO N  O F C R H  A N D  PO M C m R N A S IN T H E  B R A IN  OF 
LEP0 B /LEP °B M ICE. K. Arvaniti. O. Huang. ₣ . P icard. H. B achelard*.
D. R ic h a rd . D epartm en t o f  P hy sio lo g y , S choo l o f M ed ic in e, Laval 
University, Québec, Canada G 1K  7P4.

In situ hybrid ization  histochem istry  was used to assess the effects  of 
corticosterone and leptin on the brain expression o f corticotropin-releasing 
horm o n e  (C R H ) m essen g er RN A  (m R N A ) and proopiom elanocortin  
(PO M C ) he te ronucleǎr RN A  (hnR N A ). O bese k p obДepob m ice were 
assigned to a 3 x 3 factorial experim ent in which adrenalectom ized (ADX) 
animals were treated for seven days with three doses o f corticosterone (100 
m g-pellets containing either 0 , 15 or 30%  corticosterone) and three doses of 
leptin (osm otic  m inipum ps infusing  either 0, 50, or 100 µ g /kg /day). 
Corticosterone and leptin dose-dependently reduced the expression o f CRH 
m RN A  in the paraventricu lar nucleus o f the hypothalam us (PV H ). The 
effects o f both leptin and corticosterone w ere additive; the CR H  m RNA 
levels in mice implanted with both a pellet containing 15 mg of corticosterone 
and a m inipum p releasing leptin at a rate o f a  100 µg/kg/day w ere as low as 
those observed in m ice treated with the largest dose o f corticosterone. Both 
corticosterone and leptin induced the expression  o f the C R H  gene in the 
central nucleus am ygadala and the bed nucleus o f the stria term inalis. There 
was no significant corticosterone-leptin interaction in the expression o f CRH 
m R N A  in any o f the brain  s tructures exam ined . L ep tin  increased  the 
expression o f PO M C hnRN A in the arcuate nucleus, whereas corticosterone 
was w ithout effect. There was no significant corticosterone-leptin interaction 
on the expression o f PO M C hnRN A in the arcuate nucleus. A ltogether, the 
present results suggest an involvem ent o f  the CRH and PO M C system s in the 
effects o f leptin in the regulation of energy balance.
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243.11
EFFECTS OF LEPTIN ON THE EX PRESSIO N OF THE GENES 
ENCODING CRH AND ITS RECEPTORS IN THE BRAIN OF RATS.
O.Huang, R.Rivest. F.Picard. Y.Deshaies. and D.Richard*. Department o f  
Physiology, School o f Medicine, Laval University, Québec, Canada, G1K  
7P4.

Exonic and intronic in situ hybridization histochemistry was used to 
measure the effect o f a 5-day intracerebroventricular infusion o f leptin (2 
µg.day-1) on the expression o f corticotropin-releasing hormone (CRH) 
messenger RNA (mRNA), CRH heteronuclear RNA (hnRNA), and the 
mRNAs encoding the CRH receptors o f  type 1 (C R H iR ) and type 2 α  
(CRH2<¾R) in the brain of rats killed before, during and following (120 min) 
a 60 min-session o f treadmill running. The expression o f CRH hnRNA in 
the hypothalamic paraventricular nucleus (PVH) induced by running was 
significantly lower in leptin-treated rats than in rats infused with phosphate- 
buffered saline (PBS). Leptin also blunted the PVH transcription o f the 
CR H iR mRNA induced by treadmill running. Regardless o f whether rats 
were killed before, during and following exercise, the expression o f the 
CRH2«R transcript in the ventromedial nucleus o f the hypothalamus (VMH) 
was higher in leptin-treated rats compared to the PBS-infused animals. There 
was no difference in the expression o f CRH mRNA in the PVH between 
leptin- and PBS-treated rats. Intracerebroventricular infusion o f leptin 
reduced food intake, body weight, the weight o f epididymal white adipose 
tissue, and plasma corticosterone levels during treadmill running. In 
summary, intracerebroventricular infusion o f  lep tin  b lunted the 
overexpression o f hypothalamic CRH hnRNA and C R H ļR  mRNA triggered 
by treadmill running and it enhanced the expression o f CRH 2〇R m RNA in 
the VMH. Altogether, the present results confirm the role o f leptin in the 
control o f the hypothalamic-pituitary-adrenal axis and provide a mechanism  
through which leptin could affect the regulation of energy balance.

243.13
NEUROENDOCRINE AND BEHAVIORAL ANALYSIS OF MICE LACKING THE 
CORTICOTROPIN-RELEASING HORMONE RECEPTOR 1 (CRHR1). A.E. 
Kresse1*, P. Timpľ, I. Sillaber', R. Spanageľ, J.M.H.M. Reuľ, G.K. Stalla', V. 
Blanqueť, T. Steckler‘, F. Holsboer1 and W. W ursť2. 'Molecular Neurogenetics Unit, 
Max-Planck-Institute of Psychiatry, D-80804 Munich, and 2GSF Research Center, 
Institute for Mammalian Genetics, D-85764 Munich, Germany.

CRH is the primary hypothalamic mediator of the activity of the hypothalamo- 
pituitary-ađrenal (HPA) axis, and is playing a substantial role in a variety of central 
and peripheral systems con⅛olling essential behavioral and autonomic functions. To 
investigate in detail the importance of the adenylate cyclase-coupled CRHR1, mutant 
mice lacking the functional domain of CRHR1 were created. Behavioral analysis 
shows increased exploratory activity and reduced anxiety in -/- mice, both under basal 
conditions and following alcohol withdrawal. While ACTH plasma levels are not 
significantly altered in (-/-) and wild-type (WT) mice under basal conditions, cortico
sterone levels are below detection limit and show significantly lowered increases after 
stress. Examination of 6-8 weeks-old animals revealed a size reduction of the (-/-) 
adrenals which, however, reflects a volumetric reduction of the medulla while the 
cortex appears morphologically intact. The anterior pituitary shows no changes in 
number and immunoreactive labeling intensity of the different hormone producing 
cells including corticotropes. The brain expression levels of CRHR2, CRH-binding 
protein, urocortin, vasopressin, BDNF, mineral and glucocorticoid receptors show no 
significant differences in (-/-) versus WT animals of this age. However, marked 
increases in CRH-peptide content (perikarya and/or fibers) are found in several brain 
regions such as hypothalamus, amygdala, hippocampus and dentate gyrus and 
cingulate cortices, whereby, it remains to be elucidated whether only the lack of 
negative glucocorticoid feedback can be held accountable or this, or whether it rather 
reflects not yet discovered compensatory mechanisms for partly dysfunctional CRH 
signaling. The work has been supported by the VW Foundation, grant # I ⁄  74 490.

243.15
Push-Pull Perfusion Reveals that Both Stessful and Appetitive Events Increase 
Neuromedin¯B Release & CRH Levels a t the A nterior P ituitary. Z. M erali* '2.
T. Bedard'. J. McIntosh1. P. Kent'. T.W. Moody3. H. Anisman4. 'Sch. of Psychol. & 
¾ept. o f Cell. Mol. Med., Univ, o f Ottawa, 4Inst. o f Neurosci., Carleton University, 
Ottawa Ont. Canada. 3NCI Med. Branch, Rockville, M.D. 20850.

The pituitary gland is the source of several hormones. It is believed that cortico
tropin releasing hormone (CRH) released at the median eminence reaches the anterior 
pituitary to stimulate the release of ACTH. The pituitary gland is particularly rich in 
neuromedin B (NMB) - a peptide structurally related to bombesin (BN) and gastrin
releasing peptide. However, its biological role is not known. We have recently found 
that BN-like peptides and CRH are released at the central nucleus of the amygdala in 
response to stressor exposure as well as meal ingestion. The cuưent study assessed 
the role o f CRH and NMB at the hypothalamic-pituitary axis in these processes. 
Sprague-Dawley rats (n=Ю) were implanted with guide cannulae positioned above 
the anterior pituitary. On the test day, a probe was lowered into the anterior pituitary. 
Push-pull perfusion was earned out in conscious, freely moving rats (at a rate of 15 
ul/min), and perfusates accumulated every 5 min. Following baseline sample collec
tion, rats were exposed either to appetitive (Graham Wafer (cookie) presentation) or 
aversive events (air puff stress). Interstitial levels of CRH and NMB were measured 
using solid phase RIAs. Cookie presentation rapidly (within 5 min) increased inter
stitial levels of NMB and CRH, with NMB peaking before those of CRH. A similar 
trend was noted following stressor exposure. These results confirm that CRH avail
ability is increased at the pituitary following exposure to stressful as well as appetitive 
events, which may underlie subsequent elevations o f ACTH and corticosterone. The 
stress and/or ingestion related increase in NMB most likely reflects locally released 
peptide. Thus like CRH, NMB may provide biological preparatory or “get ready” 
signals. At present, it is not clear if  these peptides interact, and whether the action(s) 
o f NMB are restricted to the pituitary (to influence release of other hormones from 
cells therein) or whether it is released from this gland to transmit hormonal signals to 
more distal targets within the body. Supported by NSERC and MRC of Canada.

243.12
REGULATED EXPRESSION OF CRH IN TRANSGENIC M ICE CAUSES 
REVERSIBLE BODY W EIGHT AND HAIR LOSS. D P. Tran*. G. Iveг1,

R.G. Krause1, C.R. Reid1, J.E. Dinchuk‘, R.J. Fochť, P.R. Hartig’, S.G. Culp^,
R. Hoгlick .̀G. J. Jonak‘. ‘CNS Diseases Research, The DuPont Merck Research Labs., 
Wilmington, DE 19880-0400: ^Zeneca Pharmaceuticals, Wilmington, DE 19850-5437; 
Pharmacopeia Inc., Cranbury, NJ 08512.

Corticotropin-releasing hormone (CRH) has been implicated in the regulation of 
physiologically important events including depression, anxiety, fertility, food 
consumption, and body weight regulation. CRH is detected in brain and in selected 
peripheral tissues. Using transgenic mice with regulated CRH expression, we are 
interested in assessing the relative importance of cenưally versus peripherally 
produced CRH for these phenotypes. The tetracycline transactivator (tTA) system of 
Gossen and Bųjard (PNAS 89:5547-5551, 1992) was used to regulate CRH expression 
in transgenic mice (FVB sưain). Promoters for the tTA were either murine Thy-1 
(brain-specific) or mouse albumin (liver-specific). Based upon in situ hybridization 
patterns, we selected several ưansgenic lines that express tTA RNA in brain or liver, 
and bred them with 4 independently derived lines containing the rat CRH coding 
sequences under the conưol of tetO regulatory sequences. None of Thy-1 tTA x tetO 
CRH double ưansgenic mice have a discernible phenotype. This appears to be due to 
a lack of functional tTA protein in brain cells expressing tTA mRNA. In conưast, 
albumin tTA x tetO CRH double ưansgenics consume less food and weigh 10-20% 
less than their single ưansgenic or nonưansgenic littermates. These mice also have 
less body hair, and this often becomes evident in facial and dorsal alopecia. Both 
males and females are fertile. We are in the process of identifying additional 
phenotypes that may be associated with this peripheral overexpression of CRH. Both 
phenotypes are pгeventable/reversible by the inclusion of doxycyđine in drinking 
water. These results suggest that peripherally produced CRH is responsible for the 
initiation and maintenance of these phenotypes in ưansgenic mice.

243.14
C H AR AC TER IZA TIO N O F CRF2 R E C E PTO R  D E FIC IEN T M ICE.
T. L. B ale* . G. W . S m ith . L. Zhao. W . W . V ale. K.¯F. Lee. The 
C layton  F ou n d ation  L ab orator ies for Pep tid e B io logy , The Salk  
Institute, La Jolla , CA 92037.

Corticotropin releasing factor (CRF) is known to be a major regulator 
in the response to stress. The expansive distribution o f CRF, both 
centrally and peripherally, supports its proposed actions in integration of 
endocrine, neuroendocrine, behavioral, and autonomic responses to stress. 
A second CRF-like peptide, urocortin (ƯCN), has recently been identified. 
ƯCN has appetite suppressing effects when injected into the CNS, most 
likely acting through the CRF2 receptor (CRFR2) in the ventromedial 
hypothalamus (VM H). It is thought that UCN may be the endogenous 
ligand for this receptor as its affinity is much greater than that o f  CRF. 
The CRFR2 has two isoform s, R 2α and R 2ß. R 2α is expressed  
predominantly in the brain, specifically in the lateral septum, VMH, and 
the raphe nucleus. R 2ß, however, is found m ostly in the periphery 
including the heart, skeletal m uscle, and epididym is. The CRFR2 is 
present in the CNS and periphery in regions which are distinct from those 
expressing the CRF1 receptor (CRFR1). This distinction may be helpful 
in defining the bio logical roles each receptor is responsible for. 
Functional as well as anatomical data suggest the importance o f CRFR2 in 
appetite regulation. In order to examine the role o f CRFR2 in the HPA 
axis in the stress response and in the control o f appetite, we have recently 
generated m ice carrying a null mutation for the CRFR2. Since the 
breeding o f heterozygote animals has resulted in the production o f  
hom ozygote mutant animals, this null mutation is viable. Further analysis 
o f these mice will be discussed. This work was supported by DK 26741.

243.16
IN  SITU HYBRIDIZATION LOCALIZATION OF GLUCOCORTICOID 
RECEPTORS IN THE PRIM ATE BRAIN: RE-EVALUATION OF THE 
ROLE O F THE HIPPOCAMPUS. M.M. Sanchez1-2*. L.J. Young1, D.J. OΈrien2, 
P.M. Plotskv1 and T.R. Insel1,2. 1 Dept, o f Psychiatry & Behav. Sciences and 2 
Yerkes Regional Primate Research Center, Emory University, Atlanta, GA 30322. 
The activity of the hypothalamic-pituitary-adrenal (HPA) axis is regulated by the 
negative feedback of glucocorticoids at the level of the pituitary, hypothalamus and 
suprahypothalamic limbic structures, such as the hippocampus and amygdala. Two 
types of adrenal steroid receptors have been identified in the CNS: the type I or 
mineralocorticoid receptor (MR) and the type II or glucocorticoid receptor (GR). 
The MRs are mainly localized in the hippocampus and septum, and they bind 
corticosterone or cortisol with high affinity. The GRs, on the other hand, have high 
affinity for synthetic glucocorticoid analogs, such as dexamethasone, and a lower 
affinity for corticosterone and cortisol. In the rat brain, the GRs are widely 
distributed, although they are particularly dense in the hippocampus. The available 
evidence from rat studies suggests that hippocampal GR participate in the shut-off 
of the HPA axis activation, while MR are involved in regulating basal or ưough 
levels o f glucocorticoids. The distribution of GR expression in the primate brain, 
however, has not been fully characterized. In this study, we used radiolabeled 
human RNA probes to study the distribution of GR mRNA in adult rhesus monkeys 
(Macaca mulatto) by means of in situ hybridization. Interestingly, computer-based 
image analysis showed the highest specific hybridization in the pituitary and 
cerebellum, followed by the hypothalamic paraventricular nucleus and neocortex. 
GR mRNA hybridization was weaker in dentate gyrus and Comus Ammonis of the 
hippocampus, in confrast to observations in the rat. These preliminary results 
suggest the possibility that the GR is weakly expressed in the primate hippocampus 
and that a more important route for glucocorticoid effects on the HPA axis may be 
via cortical and hypothalamic targets.
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243.17
STRESS INDUCES NEURO NA L DEATH IN TH E VENTROM ED IA L 
NUCLEUS OF THE HYPOTHALAM US BUT NO T IN THE 
DORSOM EDIAL NUCLEUS M M Panla-B arbosa*. L. Xue and M.D 
M adeira. Dept o f  Anatomy. Porto Medical School. Porto 4200, Portugal.

The ventromedial (VM N) and dorsomedial (DM N) nuclei are known to be 
involved in the regulation o f lngestive and reproductive behaviors. However, 
they also contribute for the regulation o f  corticosterone (CO R T) plasma 
levels, since they can interfere with CRH release or with corticosterone 
secretion, and are involved in the stress response displaying an anti-anxiety 
role Because neurons in the VMN and DMN are endowed with CORT 
receptors, we thought o f  interest to study, using stereological methods, the 
VMN and DMN o f  rats CO RT injected for 30 days 40 mg/kg/body weight 
and others submitted to a variety o f  stressťttll conditions for the same period. 
Controls were saline injected. Changes were not found in the volume 
(Principle o f Cavalieri) o f  these nuclei. In the VMN. the total number o f 
neurons (fractionator) was significantly reduced in C O RT injected (25%) and 
in stressed rats ( 19%) and the mean volume o f  its neurons (nucleator) was 
increased in both groups. These changes were evident in the dorsomedial and 
ventrolateral divisions o f  the VMN. In the DM N, neuronal loss was observed 
in CO RT injected (9%) but not in stressed animals. No variations were found 
in the volume o f its neurons. CO RT- and stress-induced neuronal death was 
unequivocally demonstrated in the VMN, the different vulnerability o f  VMN 
and DMN to high CO RT levels might be related to their different connections. 
For example the VMN receives massive afťercnts from the subiculum and the 
DMN strongly projects to the paraventricular nucleus.
PRAXIS/2./2 ì /S A U /1338/95.

243.18
CHRONIC STRESS REGULATION OF GLUTAMATE RECEPTOR SUBUNIT 
EXPRESSION IN THE PARAVENTRICULAR NUCLEUS OF THE
HYPOTHALAMUS. D.R. Ziegler* and J.P. Herman. Dept. Anatomy &
Neurobiology, University of Kentucky, Lexington, KY 40536-0084 

The present studies evaluate the hypothesis that chronic stress and HPA axis 
hyperactivity is associated with enhanced glutamatergic activation of the paraventricular 
nucleus of the hypothalamus (PVN). We predicted our chronic variable stress paradigm, 
which induces HPA axis hyperactivity, would elevate basal levels of NMDA and non- 
NMDA receptor subunit mRNA or protein in the medial parvocellular PVN. Adult 
male Sprague-Dawley rats were subjected to a 2-week chronic variable stress regimen 
(twice daily sesssions of either random acute stressors or handling). Rats were sacrificed 
the morning after the last day of chronic stress/handling to assess basal HPA axis 
activity. This paradigm was previously shown to elevate CRH mRNA expression in 
the PVN, plasma levels of adrenocorticotropic hormone and corticosterone, and to 
produce adrenal hypertrophy and thymic atrophy. Densitometric analysis of in situ 
hybridization films revealed a significant decrease in mRNA levels for NMDAR2B 
throughout the PVN (41% in PaMP; 37% in PaLM; 21% in PaV; n=6/group). 
However, no change was observed for NMDAR1, the “essential” NMDA receptor 
subunit. Analysis of non-NMDA receptor subunits is pending, although we can report 
a lack of change for KA2 (kainate receptor subunit). Thus far, we conclude that the 
unchanged NMDAR1 mRNA and reduced NMDAR2 expression probably signifies an 
alteration of ligand binding properties rather than a decrease in the number of NMDA 
receptors in the PVN. This regulatory change could represent an adaptive compensatory 
response by the PVN to attenuate excitatory neural drive to the HPA axis. Supported 
by MH 49698 to JPH and predoctoral NRSA (MH11980) to DRZ.
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244.1
PERIPHERAL OR CENTRAL A D M IN ISTRA TIO N OF M OTILIN 
SUPPRESSES PULSATILE LH SECRETION. H. Tsukamura1*, S. Tsukahara.1

ı 1 R M∩rivяmя 1 Γ)I Fnsfer2 я∏d K.-I, M aedaL  ̂Animal Reprod.
Nagoya Univ., Nagoya 464-8601, Japan, ⅜eprod. Sci. Prog. Univ. Michigan. 
Ann Arbor MI 48109.

This is the first report on a role of motilin, a gastrointestinal peptide, to affect 
neuroendocrine system regulating reproductive function. We have previously 
reported that fasting profoundly suppresses pulsatile luteinizing hormone (LH) 
secretion in the female rat in a estrogen dependent manner. Motilin has been found 
to show an episodic secretory pattern during fasting, corresponding to a periodic 
gastrointestinal motility. In the present study, effects of peripheral or central 
motilin administration on pulsatile LH release and on c-fos expression in the brain 
were investigated in female rats to test the hypothesis that motilin is involved in 
the fasting-induced suppression of LH secretion in female rats.

Ovariectomized (OVX) or estradiol (E2)-implanted OVX rats were implanted 
with an atrial cannula on the day before the blood sampling. Some of the animals 
were implanted with a guide cannula into the 3rd ventricle for the 
intracerebroventricular injection of motilin. Intravenous injection of motilin (100 
µg/head) suppressed mean LH concentrations in both OVX and E2-implanted OVX 
rats. Estrogen potentiated the inhibitory effect of motilin. Motilin inhibits LH 
release probably through a central mechanism, the inhibition of GnRH release/ 
because central administration of motilin (10 µg/2 µl) into the 3rd ventricle 
suppressed LH pulses. Peripheral motilin might be sensed by the circumventricular 
organ such as the area postrema, because iv motilin increased c-fos expression in 
the area postrema. These results provide the evidence showing that motilin is one of 
the peripheral signals conveying the fasting information to suppress LH secretion. 
One of the sensing sites in the brain may be the area postrema.

244.2
PR O GESTERONE (P) DELAYS TH E LU TEIN IZIN G  HO RM ON E (LH) 
SU RGE IN TH E EW E BY INCREASIN G TH E TIM E TAKEN TO 
‘R E A D ’ A STIM ULA TO RY ESTROG EN (E) SIGN AL. J.E  Robinson1',
N.P. Evans2. 'Lab. o f N euroendocrinology, The B abraham  Institute, 
Cam bridge, CB2 4AT; 2University o f Glasgow Vet. School, G lasgow, UK.

Interplay between the actions of the ovarian horm ones P and E is 
central to the tim ing o f events in the m am m alian reproductive cycle. For 
exam ple, in the ewe, P can extend the tim e betw een the E signal that 
triggers the preovulatory LH/ gonadotropin-releasing  horm one (GnRH) 
surge and the surge itself. Recent evidence shows that high concentrations 
o f E need to be present for only a few hours to trigger the surge (Evans et 
al. Endo. 138: 5408). This study tests the hypothesis that P delays the 
surge by increasing the length o f time that E has to be present to stimulate 
the surge. 25 Suffolk ewes were ovariectom ized and treated with E and P 
im plants over two successive artificial estrous cycles. H alf the ewes were 
given P for 10 days in the 1st cycle while the other half had P in the 2nd 
cycle (PT). The rem ainder received no P (NPT). 24h after P withdrawal the 
PT and NPT ewes received silastic E im plants (4XЗcm ) for 8, 6 or 4h (7-8 
ewes/group) and LH concentrations were determ ined in blood samples 
collected hourly for 30Һ. LH surges in N PT ewes began on average 11.5,
12.9 and 12.8h after the start o f  the 8, 6 and 4h E signal, respectively. 
Surges were delayed in PT ewes (15.5h (8ҺE); 17.0Һ (6ҺE); 19.0Һ (4ҺE). 
D espite the different lengths o f E treatm ent, LH surges were triggered in 
all NPT ewes. However, significantly few er (p<0.05) PT ewes had surges (6 
o f 7 (8ҺE); 6 o f 8 (6h E); 3 o f  7 (4h E). These results support our 
hypothesis that P delays the LH /G nRH surge by increasing the tim e needed 
to ‘rea d ’ a stim ulatory E signal. W e suggest that this reflects the time 
needed to activate the E-responsive neural system s involved in generating 
the surge. Further, it appears that a very short exposure to E can activate 
these (as yet unidentified) neurons. Supported by BBSRC.

244.3
INHIBITION OF GONADOTROPIN-RELEASING HORMONE (GnRH) RELEASE 
BY PROGESTERONE (P) IN THE EWE: ASSOCIATED INCREASE IN THE 
EXPRESSION OF mRNA’s FOR PRO-OPIOMELANOCORTIN (POMC) AND PRE
PROENKEPHALIN (PPE) BUT NOT GnRH. J.A.Tavlor1. E.A. Messenť. K.D. 
Broad1, N.P. Evans2* and J.E.Robinson1. 'The Babraham Institute, Babraham, 
Cambridge CB2 4AT, UK; 2 Glasgow University Vet. School, Glasgow G6 l 1QH, UK.

In the ewe, P inhibits both the tonic and surge modes of GnRH release. However, the 
underlying neural mechanisms are unknown. This study sought to determine whether P 
negative feedback affects the expression of mRNA’s for GnRH or the opioid precursors 
POMC and PPE, as assessed by in situ hybridization histochemistry (ISH). 24 Dorset 
ewes were ovariectomized (ovx), run through an artificial estrous cycle by treatment 
with exogenous P and estrogen, then randomly assigned to 3 groups: Control; no P 
(0.23 + 0.05 ng/ml P): Group A; early-luteal P levels; (2.27+ 0.16 ng/ml P) and Group 
B; mid-luteal P levels (4.78 + 0.41 ng/ml P) for 10 days. Blood samples, collected 
every 15 mins for 12 h on day 9, were analyzed for luteinizing hormone (LH). On day 
10 the sheep were killed and hypothalami frozen and subsequently sectioned at I5µm 
for ISH with 35S-labelIed oligonucleotide probes directed towards ovine GnRH (Harris 
et al. Endo. 139:57) and POMC and PPE (Broad et al. J. Neuroendo. 5:711). P 
suppressed (p<0.01) LH pulse frequency in a dose-dependant manner (Conưol; 6.8 ±
0.99; Group A; 3.88 ±  0.58; Group B; 1.5 ±  0.68 pulses/12h) but did not alter 
expression of GnRH mRNA expression in the preoptic area. There were, however, 
significant increases (p<0.01) in POMC mRNA expression in the arcuate nucleus (0.35 
+ 0.04; 0.56 + 0.03; 0.49 ±  0.03) and PPE in the paraventricular nucleus (1.17 ± 0.04; 
1.43 + 0.05; 1.37 + 0.07 silver grain density in arbitrary units/µm2; Control, Group A 
and B, respectively). Both levels of P equally stimulated POMC and PPE mRNA. 
These data suggest that P inhibits GnRH release by mechanisms which include an 
increase in the biosynthesis of the opioid precursors of ß-endorphin and enkephalin in 
distinct regions of the hypothalamus, but not changes in GnRH biosynthesis.

Supported by the BBSRC and The Nuffield Foundation NUF-URB97.

244.4
OVARIECTOMY DECREASES MEDIO-BASAL HYPOTHALAMIC LHRH mRNA 
LEVELS IN THE FEMALE FERRET. J. Bakker*. B.S. Rubin and M.J. Baum. Dept, of 
Biology, Boston University, Boston MA 02215; Dept, of Anatomy & Cell Biology, Tufts 
Medical School, Boston MA 02211

In spontaneous ovulators, estrogens exert positive and negative feedback actions on the 
hypothalamus and/or pituitary gland to control luteinizing hormone (LH) secretion. In 
the ferret, a reflex ovulator, there is only evidence o f a negative feedback action of 
estrogen on LH secretion. Female ferrets in estrus have high levels of circulating 
estrogens coupled with low or undetectable levels of LH with no evidence of episodic 
secretion. Ovariectomy causes a gradual rise in plasma LH in female ferrets. As in the 
rat, ovariectomy in ferrets causes a decrease in the in vitro release and tissue content of 
LHRH in the mediobasal hypothalamus. This decrease could reflect a decrease in LHRH 
biosynthesis and thus LHRH gene expression. Therefore, we asked whether medio-basal 
hypothalamic LHRH mRNA levels decrease after ovariectomy? Females were 
ovariectomized and killed 22 days later when plasma LH levels were high. Gonadally 
intact estrous females were also killed as controls. Neuronal LHRH mRNA levels were 
assessed by in situ hybridization using a ” S-labeled 48 base oligonucleotide 
complementary to the human LHRH coding region. Ovariectomy significantly decreased 
neuronal and regional LHRH mRNA levels in the anterior hypothalamus and the arcuate 
region compared with intact females. Also, there were fewer LHRH mRNA positive cells 
in the median eminence of ovariectomized females. Thus, the decrease in basal LHRH 
release induced by ovariectomy is associated with decreased LHRH mRNA levels in the 
female ferret. In estrous females, LHRH mRNA and basal in vitro release and content of 
LHRH peptide in the medio-basal hypothalamus are high. Although estrogens exert a 
negative feedback action on LH release from the pituitary, they seem to stimulate LHRH 
gene expression in the mediobasal hypothalamus.
(Supported by HD21094, MH00392 and P30 HD28897)
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244.5
CEREBROVENTRICULAR LEPTIN AFFECTS ESTROUS CYCLES 
INDIRECTLY BY INCREASING METABOLIC FUEL OXIDATION. IL

Sciences, Lehigh University, Bethlehem, PA 18015 and ⅜víonell Chemical Senses 
Institute, Philadelphia, PA 19104.

Leptin treatment increases metabolic fuel availability and oxidation in a variety of 
species. In addition, it has been postulated that leptin has direct effects on the 
hypothalamic*pituitary-gonadal system that controls reproduction. Is leptin-enhanced 
fuel oxidation critical for the effects of leptin on reproduction? Syrian hamsters were 
studied because they show anestrus after a 48-60 h fast on days 1 and 2 of their 4-day 
estrous cycle (ovulation and estrous normally occur on the evening of day 4). 
Furthermore, fasting-induced anestrus is prevented by treatment during fasting with 
murine leptin (Peprotech) at either 5 mg/kg body weight intraperitoneally (i.p.) every 
12 h, or 1 µg/day infused intracerebroventricularly (i.c.v.). The latter dose failed to 
prevent fasting-induced anestrus when given i.p. In the present experiment, i.c.v. or i.p. 
leptin-treated hamsters were treated with one of two agents that block either glucose 
oxidation (2-deoxy-D-glucose, 2DG), or free fatty acid oxidation (methyl palmoxiгate, 
MP), or vehicle. 2DG (1000 mg/kg) and MP (20 mg/kg) were given at doses that 
inhibited fuel oxidation, but did not induce anestrus in hamsters fed ad libitum. Leptin 
treatment, i.p. or i.c.v., reversed fasting-induced anestrus in vehicle-treated hamsters, 
but failed to reverse fasting-induced anestrus when leptin treatment was given 
simultaneously with MP or 2DG treatment. These results do not support the notion 
that leptin is a “signal” that provides information about body fat levels to the 
reproductive system. Rather, they suggest that exogenous leptin treatment acts 
indirectly by increasing metabolic fuel oxidation. Furthermore, these results 
demonstrate that, even when hormones are delivered directly to the brain, they can affect 
behavior and physiology via effects on fuel metabolism. Supported by MH01096 
(NIMH) and DK534O2, DK36339, and DK53109 (NIH) and IBN9723938 (NSF).

244.7
TESTOSTERONE MODULATES THE DENDRITIC ARCHITECTURE OF 
ARCUATE NEUROENDOCRINE NEURONS IN ADULT MALE RATS.
S.C. Panzer*. N.T. McMullen and N.E. Ranсe. Depts. of Cell Biology and 
Anatomy, and Pathology, U. of Arizona, College o f Medicine, Tucson, AZ 85724.

Our recent studies have demonstrated that gonadectomy in adult male rats 
induces growth of neuroendocrine neurons in the arcuate nucleus. In the present 
study, we examined the effects of testosterone replacement on the dendritic 
morphology of arcuate neuroendocrine neurons in castrate rats. Rats were 
orchidectomized and implanted with empty silastic capsules (n = 9) or capsules 
producing physiological levels of serum testosterone (n = 9) for two months. 
Systemically injected Fluoro-Gold, followed by intracellular injection of neurons 
in a fixed slice preparation, were used to visualize arcuate neuroendocrine 
neurons. Quantitative analysis of dendritic morphology was performed using 
three-dimensional computer reconstruction. Dendritic length and volume were 
significantly greater in orchidectomized rats not receiving testosterone 
replacement. In addition, the number of branches per dendrite was significantly 
increased in the untreated castrate rats. A combination of steroid receptor 
immunohistochemistry and retrograde labeling with intraperitoneal injection of 
Fluoro-Gold was used to determine if arcuate neuroendocrine neurons are target 
tissues for steroid hormone action. This study revealed that approximately 22% of 
arcuate neuroendocrine neurons contain estrogen receptors, while 16% express 
androgen receptors. These data demonstrate that physiological levels of 
testosterone suppressed dendritic outgrowth in arcuate neuroendocrine neurons 
following castration, and that some of these effects could be mediated by steroid 
receptors located within these neurons (supported by NIH AG-09214).

244.9

ESTRADIOL INCREASES MULTI-UNIT ELECTRICAL ACTIVITY IN THE A15 
REGION IN THE EWE. R.L. Goodman*2, J.C. Thierv1, B. Delaleu1. B. Malpaux‘.
INRA Physiologie Reproduction Mammiferes Domstiques, Nouzilly, 37380, Fr; 
department of Physiology, West Virginia University, Morgantown, WV 26506.

Seasonal anestrus in the ewe results from a marked increase in response to the negative 
feedback action of estradiol (E). This increase in the inhibitory effects of E is controlled 
by photoperiod and occurs because E gains the capacity to inhibit GnRH, and LH, pulse 
frequency in anestrus. Several lines of evidence suggest that neurons in the A15 region 
of the hypothalamus mediate E negative feedback in anestrous ewes. The cuưent study 
was designed to test the hypothesis that E increases multi-unit electrical activity (MUA) 
in the A15 and to examine E-induced changes in MUA in ewes under two different 
photoperiods. In Exp. 1, 6 ovariectomized (OVX) ewes were exposed to SD (8L: 16D) 
for 9 weeks, followed by 10 weeks of LD ( l 6L:8D), and electrodes were implanted into 
the A15 area. MUA was monitored from 4 hrs before to 48 hrs after insertion of a blank 
or E-containing implant sc; each ewe received both treatments in a crossover design. As 
expected, E decreased LH pulse frequency from 5.3 ± 0.4 to 3.0 ± 0.8 pulses/4 hr. E 
also produced a rapid (within 3 hrs) and sustained increase in MUA so that during E 
treatment MUA was 134 ± 14% of pretreatment values (vs 96 ± 13% when ewes were 
given blank implants). In Exp. 2, OVX ewes were exposed to sequential SD-LD 
photoperiods so that 5 ewes were on LD and 4 were on SD at the time of the first E 
treatment. Electrodes were implanted into the A 15 and MUA recorded for 4 hrs before to 
24 hrs after insertion of E implants; photoperiods were then reversed and the protocol 
repeated 70-90 days later. There was a significant interaction of time and photoperiod as 
MU A increased during SD, but not during LD. These results are consistent with recent 
data that E increases mRNA for tyrosine hydroxylase in A15 neurons during SD, but 
interpretation of the changes in MUA is complicated because E decreased LH pulse 
frequency in some of the SD ewes. In conclusion, these studies demonstrate that E 
increases MUA in the A15 region of the ewe, but the role of this increased MUA to E 
negative feedback remains unclear. Support: FO6-TWO22I9; R01-HD17864

244.6

HORMONE REPLACEMENT THERAPY (HRT) DOES NOT 
PRODUCE ESTROGEN TO XICITY IN THE PRIMATE 
HYPOTHALAMUS. T.W. Abel* M.L. Vovtko and N.E. Ranсe. Dept. 
Pathology, University o f Arizona College o f Medicine, Tucson, AZ 
85724 and Dept. Comparative Medicine, Bowman Gray School of 
Medicine, W inston-Salem , NC, 27157.

 ̀ Previous studies have indicated that continuous administration of 
estrogen results in neuropathological changes in the rat arcuate 
nucleus (Desjardins et al., Exp.Gerontol. 30:253, 1995). In the present 
study, we determ ined if continuous HRT produces sim ilar signs of 
estrogen toxicity in the primate arcuate nucleus. Two cell types were 
examined: proopiom elanocortin (POMC) neurons and microglial cells. 
Adult cynomolgus m onkeys were ovariectom ized for 22 months and 
then treated with either continuous estrogen (n = 8), estrogen plus 
progesterone, (n = 8) or left untreated (n = 8) fo r an additional 30 
months. Hypothalam i were removed, snap-frozen and serially 
sectioned. POMC neurons were visualized using in situ hybridization 
with radiolabeled 48-base cDNA probes. M icroglia were identified by 
non-specific esterase histochemistry. Com puter m icroscopy was used 
to count cells and measure grain densities. W e found no differences in 
the number, grain density or cell profile areas o f POMC neurons in the 
arcuate nucleus of treated vs untreated animals. Furthermore, no 
changes were detected in the num ber o f arcuate microglial cells 
among treatm ent groups. Therefore, HRT, when adm inistered in 
current therapeutic regimens, does not appear to produce estrogen 
toxicity in the primate arcuate nucleus (supported by NIH AG-09214).

244.8
ALLOPREGNANOLONE AFFECTS HYPOTHALAMIC OXYTOCΓN (OT) LEVELS 
IN THE GONADAL STEROID TREATED OVARIECTOMIZED (OVX) RAT. B. J, 
BLYTH*. D. J. HOLLINGSHEAD. J. A. AMIGO. Division of Endocrinology, 
University of Pittsburgh Sch of Med and VA Med Ctr; Pittsburgh, PA 15261

Neurosteroids exert effects within the CNS via the gamma amino butyric acid 
(GABA)-A receptor/CΓ channel complex. During conditions in which the rat is 
exposed to sequential estradiol (E2) and progesterone (P) followed by P withdrawal, 
such as late pregnancy, hypothalamic OT mRN A and peptide levels are increased. This 
increase is prevented if either P is sustained or .·n allosteric modulator of the GABA-A 
receptor (diazepam) is administered. P is rτ, ：⅛bolized to allopregnanolone (A), a 
neurosteroid and GABA agonist. To investigat the role of A within the hypothalamic 
OT system we performed two experiments in o\ \  rats that received sequential E2 and P 
for 2 wks. Ovx animals receiving sham pellets served as controls. In experiment one, 
we administered A at the time of P withdrawal. In experiment two, we administered 
indomethacin, an inhibitor of A formation, without withdrawing P. Hypothalamic and 
plasma A concentrations, serum E2 and P concentrations, and hypothalamic OT mRNA 
and peptide levels were measured at sacrifice. Plasma and hypothalamic A 
concentrations were correlated (r = 0.85). Animals receiving E2 and P followed by P 
withdrawal had significantly higher OT mRNA and peptide at sacrifice than sham 
animals (Fisher’s PLSD, p = 0.01 and p = 0.007, respectively). OT mRNA levels in 
steroid-treated animals that received A at P withdrawal were lower than in those that 
did not (p = 0.03) and higher than in sham animals (p = 0.02) or animals receiving only 
A (p = 0.0003). OT peptide levels in steroid-treated animals retaining P and receiving 
indomethacin were not different from animals with P removed (p - 0.15) but were 
increased relative to sham-treated animals (p = 0.0005). A appears to down regulate 
hypothalamic OT expression in the steroid- treated rat supporting a role for the GABA 
A receptor in steroid-mediated increases in hypothalamic OT. Supported by Howard 
Hughes Medical Institute Medical Student Fellowship and VA Merit Review- Program.

244.10
OESTRADIOL AUGMENTS THE SUPPRESSIVE EFFECT OF CRH ON LH 
PULSES IN THE FEMALE RAT.
P.S. Cates* and K.T. O ’Byrne. Anatomy & Human Biology, King’s College 
London, Strand, London. WC2R 2LS, UK.

The aim of the present study was to test the hypothesis that the presence of the 
gonadal hormone, oestradiol (E2), augments the effect of CRH on suppressing 
pulsatile LH secretion in the female rát. Confirmation of the hypothesis could, 
in part, explain the fact that stressors have a more profound effect on disrupting 
pulsatile LH secretion in ovariectomised (OVX) animals with E2 replacement, 
compared to non-steroid primed OVX animals. Adult female Wistar rats were 
OVX. Half the animals were implanted with E2 capsules (producing dioestrous 
phase levels of E： ) while half received only oil-filled capsules. All rats were 
fitted with an intracerebroventricular (i.c.v.) cannula and indwelling cardiac 
catheter. Blood samples (25µl) were taken by an automated blood sampling 
system for LH measurement every 5 minutes for 6.5 hrs. After the first 2.5 hrs 
of blood sampling CRH was administered in artificial cerebrospinal fluid (aCSF) 
into the lateral cerebroventricle over 5 minutes at a dose of 5µg. Control 
animals received 5µl aCSF. Administration of 5µg CRH resulted in a mean (± 
sem) prolongation of the LH interpulse interval immediately following CRH 
injection in E2 primed animals of 142.5 ±71.4%  (p<O.()5; n=7). However, when 
administered to non-steroid primed animals, 5µg CRH caused no significant 
prolongation of the interpulse interval immediately following injection (15.5 ± 
15.2%; mean ± sem; p=0.75; n=5). The administration of 5µl aCSF was without 
effect on pulsatile LH secretion in both E2 and non-steroid primed animals (2.8 
± 11.76%; p=0.82; n=ó, and 17.6 ± 8.3%; p=0.06; n=6. respectively; mean ± 
sem). These results suggest that E2 does augment the suppressive effect of CRH 
on LH pulses in the female rat. thus supporting the hypothesis.
This study was supported by grants from the MRC and The Royal Society .
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244.11
THE EFFECTS OF ESTROGEN AND PROGESTERONE ON 
CORTICOTROPHIN-RELEASING HORM ONE AND VASOPRESSIN 
MESSENGER RIBONUCLEIC ACID LEVELS IN THE PARAVENTRICULAR 
NUCLEUS OF THE RHESUS M ONKEY
B. N. Rov. R. L. Reid and D.A. Van Vuet*. Dept, o f Obstetrics and Gynecology 
and Physiology, Queen’s University, Kingston, ON, K7L ЗN6 .

Ovarian steroids increase hypothalamic-pituitary-adrenal (HPA) axis activity 
and sensitize the hypothalamic-pituitary-ovarian (HPO) axis to stress-induced 
inhibition. The present study investigated the effect o f ovarian steroids on 
corticotгophin releasing hormone (CRH) and arginine vasopressin (AVP) gene 
expression in the rhesus monkey since both neuropeptides have been shown to 
stimulate the HPA axis and inhibit the HPO axis in this species. Menstrual cycles 
were simulated in ovariectomized (OVX) rhesus monkeys by sequential addition 
and removal o f silastic capsules containing either l7ß - estradiol (E2) or 
progesterone (P4). Brains were perfused via the carotid artery during the 
simulated follicular phase (day 11; E2 alone) or the luteal phase (day 21; E2+ P4). 
CRH and AVP mRNA in the paraventricular nucleus (PVN) was semiquantified 
by in situ hybridization. CRH mRNA in the PVN of E2 replaced OVX monkeys 
(n=7) was two-fold greater compared to untreated OVX controls (n=4) whereas 
CRH mRNA following E2+ P4 (n=4) was no different from controls (OD±SEM = 
0.31 ±0.04, 0.12+0.03, O.I4±O.O4, for E2, E2+ P4, and OVX respectively; p<0.01). 
In contrast to CRH, AVP mRNA in the PVN was identical in the three treatment 
groups. We conclude that physiological replacement o f E2 but not E2+ P4 
increases CRH mRNA in the PVN of OVX monkeys. Increased CRH synthesis 
and release may explain in part the CNS mechanism whereby ovarian steroids 
affect HPA and HPO axis activity during basal and stress conditions (supported by 
the MRC of Canada).

244.13
DECREASED GONADOTROPIN-RELEASING HORMONE SECRETORY 
RESPONSE TO N-METHYL-D,L-ASPARTIC ACID STIMULATION IN 
GROWTH HORMONE (GH) TRANSGENIC MALE MICE.
J. Mattison. A. Bartke, and R,W, Steger*. Dept, of Physiology, Southern 
Illinois University, School of Medicine, Carbondale, IL 62901 

Growth hormone (GH) transgenic mice have a shorter life span than their 
normal siblings and males from most lines have reduced plasma follicle 
stimulating hormone. Premature aging is accompanied by an early loss of 
fertility. It is possible that N-methyl-D-aspartate’s (NMDA) direct stimulation 
of gonadoưopin-гeleasing hormone (GnRH) neurons to secrete GnRH may be 
deficient in transgenic mice and contributing to their reproductive deficits. A 
static incubation system was used to test the effects of an NMDA receptor 
agonist, N-methyl-D,L-aspartic acid (NMA; lOOmM), on in vitro GnRH release 
from explanted hypothalami from phosphoenolpyruvate carboxykinase-bovine 
GH (PEPCK-bGH) transgenic male mice (two different lines) and 
metallothionein-human GH-variant (MT-ҺGH-V) male mice and their normal 
siblings. In all three lines of mice, age 3 months to 1 year, basal release of 
GnRH was similar between the normal and transgenic mice. However, 
transgenic mice released significantly less GnRH in response to NMA 
stimulation than the controls. KC1 stimulation at the end of the experiments 
confirmed the viability of all hypothalami. These findings suggest that a 
decreased sensitivity to excitatory amino acid stimulation may be an important 
mechanism leading to a decline in reproductive function in transgenic mice. 
Supported by NIH grant HD 20001

244.15
ROLE OF GABA IN  THE SEX D IFFEREN CE IN  SERUM  LH POST- 
G O N A D E C T O M Y . S. C. H . H ood*  an d  N. B. S ch w artz . D ept, of 
N eurobio logy and Physiology, N orthw este rn  U niversity , Evanston, IL 60208.

In the m ale rat, se rum  lu tein izing  horm one  (LH) increases w ith in  tw elve 
h o u rs  after gonadectom y. In contrast, in the  fem ale rat, LH does not increase 
s ignificantly  for 4-6 days. P revious w o rk  from  o u r  laborato ry  dem onstra ted  
th at th is sex d ifference is not at the level of the p itu ita ry .

Experiment í ： W e m ea su red  G nR H  release  in vivo from  the m ed ian  
em inence u sin g  m icrod ia lysis  and found th at G nR H  p u lse  am p litu d e  and 
frequency decreased  by 48 hours post-ovariectom y. This suggests that loss of a 
s tim u la to ry  in p u t o r increase  in an in h ib ito ry  in p u t to G nR H  m ay be 
responsib le for the slow  rise in LH in fem ale rats. O ne of the m ajor inhibitory 
in p u ts  to G nR H  neurons, gam m a-am inobu ty ric  acid (GABA), accum ulates in 
the  h y p o th a la m u s  po st-o v a riec to m y . In a recen t s tu d y  w e injected (sc) 
ovariectom ized  fem ale rats w ith  the GABA A recep to r an tagonist bicuculline 
m eth iod ide  (BMI) and  found th at th is trea tm en t increased serum  LH (Hood 
et al., Endo. Soc., 1998. A bstract No. 486). BMI had  no effect on LH release in 
in tact m etes tro u s  fem ale o r intact o r castrated  m ale rats. Experiment 2： We 
next exam ined  the effects of the GABA B recep to r an tag o n is t phaclofe∩ 
(PHA C) on serum  LH post-ovariectom y. As w ith  trea tm en t w ith  BMI, there 
w as a significant increase in se ru m  LH in o variectom ized  b u t not in intact 
fem ale rats. Experiment 3: In ad d itio n , w e blocked G nR H  action w ith  the 
G nR H  an tag o n is t WY 45760 in BMI trea ted  rats  and  found th at the BMI- 
induced rise w as prevented .

W e conclude th a t the delayed  rise in LH post-ovariectom y is partially  due 
to an inhib ition  of G nR H  release th ro u g h  b o th  the GABA A and GABA B 
receptors. Since ne ither BMI o r PH A C cross the blood brain barrier, this effect 
is p robab ly  a t the level of the G nR H  n eu ro n  term inals. Supported by grants 
R0Ĩ HD075004, P01 HD2Ĩ92Ĩ, PЗO HD28O48 and T32 HD07068.

244.12
PROGESTERONE STIMULATES GABA NEURONS IN THE PREOPΉC 
REGION OF THE ESTROGEN-TREATED OVARIECTOMIZED RAT.
D.R.Grattяn. I.C, Kokav* and N.H. Graham. Department of Anatomy and Structural 
Biology and the Neuroscience Research Centre, University of Otago, Dunedin, New 
Zealand.

GABAergic neurons in the hypothalamus may mediate gonadal-steroid effects on 
gonadotropin-releasing hormone (GnRH) neurons. The aim of this study was to 
examine the specific effects of estradiol (E2) and progesterone (P) on GABAergic 
neuronal activity in the hypothalamus. Ovariectomized rats were implanted with a 
subcutaneous E2 capsule (OVX+E). Two days later, the animals were divided into 
three groups. At 0900 h, one group was sacrificed without further treatment, the 
second group received two implants containing diluent, while the third received two P 
implants (s.c ). The second and third groups were sacrificed either at 1500 h or at 1700 
h. Neurochemical methods were used to estimate GABA turnover in microdissected 
brain regions. In OVX+E rats, luteinizing hormone (LH) levels in the blood were low 
at 0900 h, with a small increase measured at 1500 h rising further to peak at 1700 h. 
Progesterone treatment markedly increased the magnitude of the LH surge. GABA 
turnover was significantly affected in the diagonal band of Broca (DBB) and in the 
ventrolateral preoptic nucleus (VLPO), regions that contain a large number of GnRH 
neurons. In OVX + E rats, there was a small decrease in GABA turnover in the 
afternoon compared with the morning, associated with the rise in LH secretion. 
Surprisingly, progesterone treatment significantly increased GABA activity at 1500 h 
in both the DBB and the VLЮ  compared with esưogen treatment alone. GABA 
activity was still higher at 1700 h in progesterone-treated rats compared with estrogen 
treatment alone. We hypothesize that this observation may be related to a role for 
progesterone in terminating the LH surge, and limiting the surge to a  single day 
during the reproductive cycle. (Supported in part by the Health Research Council of 
New Zealand, and by the New Zealand Lottery Grants Board)

244.14
LEPTIN  STIM U LA TES IN VIVO LH RH  RELEA SE IN TH E STALK- 
M ED IA N  EM IN EN C E IN A D U LT O V A R IE C TO M IZED  FEM ALE 
RH ESU S M ON KEY S. M. M izuno, E. K asuya*, K. M ogi and E. Terasawa. 
W isconsin Regional Prim ate Research Center, Univ, ōľ Wisconsin, 
M adison, W I 53715.

It has been shown that leptin, an obese gene product, is involved in the 
regulation o f LH release. H ow ever, the role o f leptin in LH RH release in 
non-hum an prim ates is yet to be exam ined. In this study the effects o f 
leptin on LH RH release in vivo in the stalk-m edian em inence (S-M E) in 
ovariectom ized rhesus m onkeys were studied using a push-pull perfusion 
m ethod. M odified K rebs-R inger solution (20 µl/m in) was infused into the 
S-M E, while perfusates were con tinuously  collected at 10-min intervals. 
LH RH in perfusates were m easured by RIA. Leptin  at 3 doses (0.01, 1, 
100 µM ) or vehicle was random ly infused for 10 min at 90-m in intervals. 
Results are as follows: Leptin  significantly  increased LH RH release in a 
dose-dependent m anner. L eptin  at 100 µM  induced an increase in LHRH 
release: M ean LH RH levels were significantly  higher (l6 4 .7 ± 2 8 .7 % , 
p<0.05, n = l l )  during the 10-min period  o f leptin infusion as com pared  
to the levels during  the 20-m in prein fusion  period, and this elevation 
continued for 10 min after leptin infusion. Leptin  at 1 µM  also induced a 
significant increase (1 4L З± 17 .7% , p<0.05, n = l 6 ) in LH RH release 
during the leptin infusion, but subsequently  returned to p reinfusion  
levels. Infusion with 0.01 µM  leptin stim ulated LH RH release during  
infusion, but the increase was not statistically significant (p<O. 1, n = lЗ ) .  
V ehicle infusion did not induce any significant changes in LH RH release 
during or after infusion ( n = l6 ). These results suggest that direct infusion 
o f leptin into the S-M E stim ulates LH RH  release in ovariectom ized 
m onkeys. W hether leptin in the S-M E stim ulates LH RH release directly o r 
through interneurons, such as neuropep tide Y neurons, rem ains to be 
clarified. (Supported  by NIH G rant HD 11355, H D 15433 and RR00167).

244.16
ACUTE BLOCKADE OF MEDIAN EMINENCE NPY-Y1 RECEP
TORS BY GR231118 DELAYS THE ONSET OF AN LH SYN
CHRONIZED PREOVULATORY SURGE IN EWES. J.A. Klein*.
A.J. Daniels and J.P. Advis. Dept Animal Sciences, Rutgers Univ, New 
Brunswick, NJ 08903 and Dept Metabolic Diseases and Medicinal 
Chemistry, Glaxo-Wellcome Inc, Research Triangle Park, NC 27713.

An involvement of Neuropeptide Y (NPY) at the median eminence (ME) 
has been suggested to play a role in the neuroendocrine control of preovu
latory luteinizing hormone (LH) - releasing hormone (LHRH) and LH re
lease. We have previously shown that perfusion of NPY into the ME of fol
licular ewes increases in vivo release of ME-LHRH and plasma LH. We have 
now analyzed in the same ewes: a) plasma LH and ME in vivo release of 
NPY and LHRH by push-pull cannula (PPC) sampling, immediately before 
and during a synchronized LH surge; and b) the effect on late follicular 
plasma LH of perfusing the ME for 2h, immediately before the expected 
synchronized LH preovulatory surge, with either an NPY antisera (J 
McDonald NPY-3-Ab,1:10) or an NPY antagonist which predominantly af
fects Y1 receptors (GR231118, formerly 1229U91, 20 µM, 600 µl/h). In vivo 
pulsatile ME-LHRH and NPY release increased during the follicular phase 
(LHRH: 2.8±O.З vs 24.5±22.2; NPY: 91.61+ 14.73 vs 331 ± 44 pg/ 100 µl 
PPC perfusate/10 min; mean ±sem, early vs late follicular), reaching their 
highest values at the time of the LH surge 14.3±1.3 hours after estradiol 
implantation. Acute ME-perfusion of the NPY antisera stops the ascending 
phase of a synchronized LH surge until 2-4h after the antisera is "washed- 
out" by ME-perfusion with artificial CSF (4 of 5 ewes). Finally, ME-perfusion 
of the NPY-Y1 antagonist 1-2h before the expected onset of the synchro
nized LH surge, delays the onset of this surge by 8h (14.3±1.3 vs 22.5±
1.0 hours after estradiol implantation). Thus, ME-NPY release plays a role in 
the ascending phase of the preovulatory surge of LH, an obligatory event 
for reproduction to occur, probably through activation of Y1 receptors 
(supported by NJAES-Hatch 06108 & USDA 94-37203-0721 to JP Advis).
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244.17

A PUTATIVE MECHANISM FOR A DELAY IN REPRODUCTIVE 
MATURATION IN VPA-TREATED MICE James C Dodge*. 
Amanda M Illig. Anita M Wierzba. & Lori L Baduгa Behav. 
Neuroscience, SUNY @ Buffalo, Buffalo, NY.

Sodium valproic acid (VPA) is a widely prescribed anticonvulsant 
medication that also interferes with pubertal maturation in a subset of 
the clinical population. In addition, it delays skeletal and reproductive 
maturation in seizure prone mice While VPA’s mechanism o f action 
remains poorly understood, there is evidence to suggest it acts on the 
endogenous GABAergic system to produce its anticonvulsant effects 
It may also exert anti-reproductive effects by enhancing GABAergic 
inhibition o f the GnRH neuronal population with the medial preoptic 
area (mPOA). The purpose o f the present study was to determine if 
chronic administration o f VPA in seizure prone mice alters endogenous 
release of GABA within the mPOA region

DBA/2J male mice were weaned (@ 14 days o f  age) and placed on a 
drinking solution containing either VPA ( 17 mg/kg/day) or on normal 
tap water. At six weeks o f age indwelling microdialysis probes were 
stereotaxically implanted into the mPOA. Following two days of 
recovery, artificial cerebral spinal fluid was infused at a flow rate of 
1.5 ul/min through the probe. Samples were collected every twenty 
minutes and stored at -8O°C until they were assayed for GABA with 
HPLC-EC. Endogenous GABA levels were significantly higher in 
VPA-treated animals as compared to controls. These results support 
the suggestion that VPA increases GABA release, and this increased 
GABAergic tone may suppress GnRH cell function. Supported in part 
by NSF grant IBN9603780 to L.L B

244.18

PHOTOPERIODIC MODULATION OF CATECHOLAMINE ACTIVITY IN THE 
PVN IS PINEAL-INDEPENDENT. Amanda M. Illig*. James C. Dodge. Eric C. 
Bielefeld & Lori L. Baduгa. Behav. Neuroscience, SUNY @ Buffalo, Buffalo, NY.

In Siberian hamsters, exposure to short daylengths results in gonadal regression and 
declines in circulating levels of gonadal and pituitary hormones. These “anti- 
reproductive’̂  effects are mediated by increased duration of nocturnal melatonin 
secretion from the pineal gland. Pinealectomy (Pinx) prevents these short-day 
induced changes, leaving the animal virtually unresponsive to changes in ambient 
daylength. However, some effects of photoperiod appear to remain intact even in pinx 
animals. One hormone that has been shown to be somewhat independent of pineal 
status (particularly in females), is prolactin (PRL). PRL is regulated by the TIDA 
neurons, which provide an inhibitory influence on PRL and are maximally activated 
under a short-day photoperiod. In addition, the paraventricular nucleus (PVN) of the 
hypothalamus supplies a photoperiod-sensitive stimulatory input that is modulated by 
norepinephrine (NE) release within this nucleus.

In order to evaluate the pineal-dependency of PVN neurochemical activity, adult 
Siberian hamsters were either pinx, or given sham surgery, and housed under a long- 
day ( l 6L:8D) photoperiod, or a short-day (ЮL:8D) photoperiod for 5 weeks. The 
animals were then sacrificed and the brains frozen until microdissection of the PVN 
region from the surrounding tissue. The tissue fragments were prepared for assay of 
catecholamine content using HPLC-EC. PRL levels in trunk blood were assayed via 
RIA. Pinx prevented the decline of circulating PRL levels in 10L. However, exposure 
to 10L resulted in increased activity of both DA and NE terminals within the PVN 
region, which was not affected by pinx. Overall, increased NE and DA activity were 
both correlated with declines in PRL levels. These results suggest that both DA and 
NE activity within the PVN modulate photoperiod-sensitive changes in circulating 
PRL, but that they are not dependent upon the integrity of the pineal gland. 
Supported by NSF grant IBN9603780 to L.L.B.

244.19
ASCORBIC ACID (AA) STIMULATES GONADOTROPIN RELEASE BY 
PARACRINE ACTION VIA NITRIC OXIDE (NO) S. Ƙaranth, W.H. Yu, A. 
Walczewska and S.M. McCann*. Pennington Bipmedical Research Center (LSU), 
6400 Perkins Road, Baton Rouge, Louisiana 70808.

Ascorbic acid (AA), an antioxidant, is present in high concentrations in the pituitary 
but its role in the pituitary^ function is not well understood. We previously reported 
that AA inhibits LHRH release from mediobasal hypothalamus by inactivating nitric 
oxide (NO). In the present investigation, anterior pituitary halves (APs) were 
incubated in vitro with Krebs-Ringer B¡cardonate buffer (KRB) together with various 
concentrations of A A for 1 h. Subsequently, the tissues were incubated with fresh 
medium containing LHRH (4.4 x lCrf M) or LHRH + A A for an additional 30 min to 
determine the effect o f prior and continued exposure to AA. AA highly significantly 
stimulated FSH and LH release with a minimal effective concentration (10 ̂5M). The 
response remained unchanged at higher concentrations up to the maximum (10'2M). 
AA failed to alter the responsiveness of the pituitary to LHRH. FSH and LH release 
in response to A A was totally blocked by incubation with Nº-monomethyl-L-arginine 
(NMMA), a NO synthase (NOS) inhibitor. Prior and continued exposure to AA + 
NMMA attenuated LHRH-stimulated FSH and LH release. Membrane depolarization 
by incubation in high potassium (K \ 28 or 56 mM) medium stimulated release of 
FSH and LH and also stimulated AA release into the incubation medium as measured 
by HPLC. Tissue AA content was significantly reduced only by the higher 
concentration o f K \ The data indicate that ascorbic acid stimulates FSH and LH 
release at physiological concentrations by releasing NO, that also mediates the FSH 
and LH-releasing action of LHRH. Furthermore, Ю-induced depolarization of the 
cell membranes liberates AA into the medium that acts in a paracrine or autocrine 
manner to stimulate gonadotropin release via NO. Ascorbic acid may partially 
mediate the gonadotropin-releasing action of LHRH by this paracrine NO-releasing 
action. (This work was supported by NIH Grants DK43900 and MH51853).

CARDIOVASCULAR REGULATION: CENTRAL MECHANISMS

245.2245.1

EFFECTS OF SYNAPTIC BLOCKADE IN THE MESENCEPHALIC LOCOMOTOR 
REGION ON THE CARDIORESPIRATORY RESPONSES TO HINDLIMB MUSCLE 
CONTRACTION IN RATS AND CATS. E. D. Plowev*. J. M, Kramer and T. G. 
Waldrop. Departments of Molecular and Integrative Physiology and Kinesiology, 
University of Illinois at Urbana-Champaign, Urbana, IL, 61801.

Previous studies conducted in this laboratory demonstrated that cardiovascular 
neurons in the mesencephalic locomotor region (MLR) exhibit increases in firing rate 
during static contraction of the hindlimb muscles in rats and cats. The concuưent 
increases in MLR activity and cardiorespiratory drive during muscle contraction 
suggested that the MLR plays a role in the regulation of the cardiorespiratory responses 
evoked by muscle reflexes. The current study tested the hypothesis that the MLR 
modulates the reflex cardiorespiratory responses to hindlimb muscle contraction. In 
anesthetized (chloralose/urethane) rats and cats, a carotid artery was cannulated for 
measurement of arterial pressure and heart rate; respiratory drive was derived from 
diaphragmatic EMG recordings in rats and from phrenic nerve activity in cats. Static 
hindlimb muscle contraction was evoked by electrical stimulation (40 Hz, 30 sec, ЗX 
MT) of the cut L7 and SI ventral spinal roots in the cats and by electrical stimulation 
(40 Hz, 20 sec, 2X MT) of the tibial nerve in the rats. Blockade of classical synaptic 
transmission in the MLR was induced via bilateral microinjections (100 nl) of lOOmM 
CoCl2. The increases in respiratory activity evoked by muscle contraction were 
attenuated after synaptic blockade in the MLR in rats and cats. In addition, the pressor 
responses to muscle contraction were slightly attenuated following synaptic blockade in 
the MLR in cats. Bilateral vehicle microinjections (100 nl) had no effect on any of the 
cardiorespiratory responses to muscle contraction in rats and cats. These results suggest 
that neuronal pathways that synapse in the MLR may play an important role in the 
modulation of the reflex cardiorespiratory responses to muscle contraction. Since 
activation of the MLR is known to evoke increases in cardiorespiratory drive through a 
central command mechanism, these results are consistent with the hypothesis that the 
MLR may be a site at which cenưal command and reflexes originating in contracting 
muscles are integrated during exercise. (Supported by NIH HLO6296).

DORSAL PERIAQUEDUCTAL GRAY PLAYS A ROLE IN THE CONTROL OF 
ARTERIAL PRESSURE, HEART RATE AND BAROREFLEX CONTROL OF 
HEART RATE IN UNANESTHETIZED RATS. K.N. Sampaio. V.C. Biancardi. J.L. 
Barгos. F.T. Amaral. L.C. Schenberg. H. Mauad and E.C. Vasquez*. Dept, of 
Physiological Sciences, Biomedical Center, Federal University of Espirito Santo, 
Vitoria, ES, Brazil, 24040-090.

It has been demonstrated that electrolytical lesion o f the dorsal periaqueductal gray 
(DPAG) reduces mean arterial pressure (MAP) and increases heart rate (HR) in 
spontaneously hypertensive rats in resting conditions. However, the physiological 
significance o f DPAG neurons to the tonic and reflex control of arterial pressure in 
normotensive rats still remains unclear. The main goal o f this study was to evaluate 
the effects of acute and chronic chemical lesions of DPAG on resting MAP and HR 
and on the baroreflex control o f HR in normotensive rats. These parameters were 
evaluated 1 and 7 days after microinjections of neurotoxic concentrations of NMDA 
(0.15M) or vehicle into the DPAG of Wistar male rats weighing 250-300 g. Resting 
MAP was decreased (94±3 vs. Ю8±2 mmHg, p<0.01) and resting HR was increased 
(4I2±9 vs. 365±4 bpm, p<0.01) in acute, but not in chronic, lesion rats compared to 
control rats, respectively. The baroreflex control o f HR was evaluated increasing and 
decreasing MAP with intravenoüs bolus injections o f the vasoconstrictor 
phenylephrine (0.3 to 5.0 µg/kg) and the vasodilator sodium nitroprusside (0.7 to 7.0 
µg/kg), respectively, and using a sigmoidal curve-fitting analysis. The baroreflex 
sensitivity was increased in both acute (4.8±O.З V5. 3.5±O.5 bpm/mmHg, p<0.05) and 
chronic (6.4±O.4 vs. 4.7±O.4 bpm/mmHg, p<0.01) lesion rats compared to conưol rats, 
respectively. These data suggest that the DPAG neurons play a physiological role in 
the tonic control o f MAP and HR in normotensive rats in resting conditions and that in 
long-term lesion rats this function could be taken over by other central structures. The 
results also indicate that DPAG has an important inhibitory influence on the 
baroreflex regulation of cardiovascular function.
Financial support: CNPq, FINEP, CAPES, PRPPG-UFES.

Society for Neuroscience, Volume 24 ,1998



622 CARDIOVASCULAR REGULATION: CENTRAL MECHANISMS MONDAY AM

245.3
SYMPATHOEXCITATORY EFFECT OF CHEMICAL STIMULATION OF 
PONTINE A5 REGION IN CONSCIOUS RABBITS.
D,N. Maiorov’\  E. Badoer3. D. Petrie1, S.C. Malpas2, and G.A Head1.
’Baker Medical Research Institute. Prahran, Victoria 3181, Australia. “Dept, of 
Physiology, University of Auckland Medical School, New Zealand and 3Dept of 
Medicine. Monash Medical Centre, Clayton, Victoria, Australia.

Studies \n anesthetized animals have shown that the pontine region containing 
the A5 noradrenergic cells plays an important role in the sympathetic control of 
arterial pressure. The aim of this study was to examine the effects of stimulation of 
the A5 region on renal sympathetic nerve activity (RSNA) in conscious rabbits. In 
preliminary experiments the A5 region was mapped in halothane anesthetized 
rabbits (n=4) and these coordinates were used for guide cannula implantation for 
microinjections into the A5 region in conscious rabbits. In anesthetized rabbits 
electrical stimulation of the A5 region induced a pressor response ranging between 
25 and 75 inmHg while unilateral injection of glutamate (100 nmol) did not change 
arterial pressure. In conscious rabbits (n=8), bilateral injections of glutamate (0.3, 3. 
30 nmol) dose-dependently increased total RSNA by 13%. 30% and 40%. 
respectively. In a separate group of conscious rabbits (n=4). angiotensin II (0.3, 3, 30 
pmol) injected bilaterally into the A5 region dose-dependently increased total RSNA 
by 5%, 22% and 28%, respectively. In all rabbits the increase in total RSNA was 
mainly mediated by increasing amplitude of sympathetic discharges while the 
frequency of sympathetic discharges remained unchanged. However, both glutamate 
and angiotensin II did not change arterial pressure indicating that the 
sympathoexcitatory response to the A5 stimulation might be relatively confined to 
the renal bed. Our findings in conscious rabbits suggest that the A5 region may 
provide an important excitatory and possibly selective input to renal sympathetic 
preganglionic cells. Supported by NH&MRC and National Heart Foundation of 
Australia.

245.5

PRESSOR RESPONSES TO NOXIOUS DENTAL STIM ULA TION ARE 
M ODULATED BY CALCITONIN GENE-RELATED PEPTIDE (CGRP) 
RECEPTORS IN  THE LATERAL PARABRACHIAL NUCLEUS (LPBN).
A.P. Riley and  R.B. Felder* C ardiovascular Center, Dept, of In ternal 
M edicine, U niversity  of Iowa and  D epartm en t of V eterans Affairs M edical 
Center, Iowa City, IA 52242

Prelim inary d a ta  from  our laboratory suggest that m icroinjection of a CGRP 
antagonist into the LPBN attenuates the p ressor response to 
tem porom andibular joint (TMJ) pain. The present stu d y  w as perform ed to 
establish a m ethod for repeated  noxious stim ulation  of the trigem inal 
afferent system  to allow fu rther investigation  of the n euroanatom ical and  
neurochem ical substrates m ediating  the trigem inal nociceptive p resso r 
response at brain  stem  level. In 12 sodium  pentobarb ita l anesthetized  Sprague 
Daw ley rats, a silver w ire w as w rap p ed  a ro u n d  the left m an d ib u lar  incisor, 
covered w ith dental acrylic and  stim ulated  at 10 Hz, 1-ЗmA, 2 m s pulse 
d uration  for 5 sec. M ean arterial p ressu re  (MAP) an d  heart rate (HR) 
responses to this stim ulus were recorded before and every 20 min. for 80 min. 
following m icroinjection of either artificial cerebrospinal flu id  or the  CGRP 
antagonist CGRP8-37 (32 nm ol, 100 nl) into ipsila teral LPBN. In the control 
anim als, d en tal stim ulation  elicited consistently  rep roducib le  increases in 
M AP (22.l±6.5 m m  Hg; mean±SEM) b u t little change in HR (l6 .3± l.5  bpm ). 
CGRP receptor b lockade had  no effect on resting M AP and HR, b u t 
significantly (p<0.05) a tten u a ted  the increase in M AP to d en ta l stim ulation  
w ith peak effect (MAP increase 9.2+1.5 m m  Hg) at 20 m inutes. These results 
su p p o rt the hypothesis  th at CGRP receptors at LPBN level p lay  an 
im portan t role in m odulating  the p ressor response to noxious trigem inal 
stim ulation. (Supported by N IH  HL14388-26 and  in p a rt by  a VA M erit 
R eview )

245.7

THE ACTIVITIES OF FEWER T 10 INTERNEURONS ARE RELATED TO RENAL 
SYMPATHETIC NERVE ACTIVITY IN SPINALLY-INTACT THAN IN C,- 
TRANSECTED RATS. L. P. Schramm*. D. G. Johns, and C. O. Miller, Department 
of Biomedical Engineering. The Johns Hopkins University. Baltimore, MD 21205.

Severe spinal cord injury may result in “autonomic dysreflexia, ” a condition in which 
ordinarily innocuous somatic and visceral stimuli lead to exaggerated autonomic 
responses, the most dangerous of which, hypertensive crisis, may lead to stroke. The 
general mechanisms for hypertensive crises are known to be disinhibition of spinal 
sympathetic reflexes, partial disruption of arterial pressure regulation, and, in the 
chronic state, spinal plasticity. These mechanisms are only now being examined in 
detail. The present experiments addressed the question of whether similar populations 
of T10 intemeuшns are involved in organizing renal sympathetic nerve activity (RSNA) 
in spinally-intact and C ,-ưansected rats.

Experiments were conducted in adult male Wister rats, anesthetized with α -chloralose, 
paralyzed with galamine triethiodide, and artificially respired. Arterial blood pressure, 
heart rate, integrated activity in multifiber renal nerve preparations, and activities of T 10 
spinal intemeurons (identified by their interspike intervals) were recorded. The 
relationships (if any) between the activities of intemeurons and RSNA was determined 
by spike-triggered averaging. In each experiment, T 10 neurons were recorded in both 
intact and spinally-transected rats. In most experiments, one neuron was recorded both 
before and after spinal transection.

Whereas in previously-published observations on spinally-transected rats in this 
laboratory 43% of T 10 spinal intemeurons exhibited RSNA-related activities, only 5% 
(4/81) exhibited RSNA-related activities in the current series of spinally-intact rats. 
These data suggest that brainstem excitation of renal preganglionic neurons in the intact 
rat is unlikely to be mediated by many of the same intemeurons that are involved in 
generating RSNA in spinally-transected rats. Supported in part by NIH grant HL16315.

245.4

DISTRIBUTION OF DORSAL MEDULLARY EFFERENTS TO THE PERI- 
LOCUS COERULEUS (LC) REGION IN THE RAT BRAIN. J. Peoples’. P. 
Telegan and E.J. Van Bockstaele. Dept, of Path.. Anat. & Cell Biol., Thomas 
Jefferson University, Phila, PA 19107.

LC neurons respond to autonomic influences and discharge in parallel with 
peripheral sympathetic nerves (Elam et al., Brain Res. 366 :254-26l; 1986). The 
circuitry underlying this activation remains unclear. Specifically, monosynaptic 
projections from primary baroreceptor centers to the LC have been suggested by 
electrophysiological studies but have not been unequivocally established. Light 
microscopic anterograde tract-tracing studies have previously shown that neurons 
originating in the nucleus of the solitary tract (NTS) project to a region of the 
rostrodorsal pontine tegmentum which contain noradrenergic dendrites of the LC; 
however, it is not known whether these NTS efferents specifically target LC 
dendrites. Therefore, we combined peroxidase labeling of biotinylated dextran 
amine (BDA) from either the NTS, the dorsal motor nucleus of the vagus or the 
hypoglossal nucleus with gold-silver labeling of tyrosine hydroxylase (TH) in the 
peri-LC region. By light microscopy, BDA-labeled processes innervated selective 
portions of the dorsal pontine tegmentum depending on the site of injection in the 
dorsal medulla. Only injections centered in the NTS yielded anterograde labeling 
in peri-LC regions containing TH processes. By electron microscopy, BDA-labeled 
axon terminals originating from each injection placement contained small, clear as 
well as some large dense core vesicles and formed heterogeneous synaptic 
contacts characteristic of both excitatory- and inhibitory-type transmitters. 
However, only BDA axon terminals originating from the NTS targeted dendrites 
which contained TH in the peri-LC. These results demonstrate that dorsal 
medullary efferents topographically innervate the dorsal pontine tegmentum and 
that only neurons projecting from the NTS target noradrenergic dendrites. These 
findings indicate that NTS neurons may directly modulate the activity of LC 
neurons and may serve to integrate autonomic responses in brain by influencing the 
widespread noradrenergic projections of the LC. Support: NIDA R29DAO9O82, 
ROЗDA10450, AHA96002240, MH40008 to EJVB.

245.6

RESPONSES OF ADRENAL SYMPATHETIC PREGANGLIONIC 
NEURONS (SPNs) TO STIMULATION OF CARDIOPULMONARY 
RECEPTORS. W .-H. C ao* and S.F, M orrison. Dept, o f Physiology, 
Northwestern Univ. Med. Sch., Chicago, IL 60611.

The Bezold-Jarisch reflex, consisting of sympathoinhibition, hypotension, 
bradycardia and apnoea, can be elicited by activating vagal afferent C- 
fìbers with intracardiac application o f phenylbiguanide (PBG). The current 
study examined whether the stimulation of cardiac receptors with right atrial 
adm inistration of PBG (100µg/kg) elicits differential responses in the two 
populations o f adrenal SPNs regulating the release of epinephrine 
(AdrEpiSPNs) and norepinephrine (AdrNESPNs), respectively, from 
adrenal medullary chromaffin cells. Extracellular activity of antidromically- 
activated, adrenal SPNs and arterial pressure were recorded in 
urethane/chloralose-anesthetized, ventilated rats. AdrEpiSPNs and 
AdrNESPNs were distinguished by their responses to rostral ventrolateral 
medullary stimulation and by their differential sensitivity to baroreceptor 
reflex activation and to cytoglucopnea from 2-DG administration. Intra-atrial 
PBG markedly inhibited 75% o f AdrNESPNs and 88% of AdrEpiSPNs. The 
remaining SPNs were weakly excited or unaffected. The percentage of 
AdrNESPNs excited by PBG was increased in animals with sectioned 
carotid sinus nerves, suggesting a sensitivity of carotid bodies to circulating 
PBG. W e conclude that both groups of SPNs regulating catecholamine 
release from the adrenal medulla are primarily inhibited by acute stimulation 
o f in tracardiac receptors with PBG and that these responses parallel the 
sympathoinhibitoгy and hypotensive components of the Bezold-Jarisch 
reflex. Supported by NIH HL56365.

245.8

EFFECT O F NO IN THE DORSAL HORN ON THE PRESSOR REFLEX 
EVOKED BY M USCLE M ECHANORECEPTO RACTIVATIO N. LB W ilson* 
& J Enαbretson. Dept of Physiol, Univ of South A labam a Coll Med, Mobile,
AL.
S tretch o f skeletal muscle activates mechanosens¡t¡ve afferent neurons, 
causing a reflex increase in mean arterial blood pressure (MAP). The 
purpose o f th is study was to determ ine if nitric oxide (NO) production in the 
dorsal horn is involved in producing the pressor response evoked by 
m uscle stretch. Cats were anesthetized with alpha-chloraloseand urethane 
and a lam inectom y was perform ed. W ith the exception of the L7 dorsal root, 
the dorsal and ventral roots from  Ls to S2 were sectioned on one side. To 
activate m echanoreceptors, the ipsilateral triceps surae muscle was 
connected to a force transducer, and this transducer was m anually 
displaced 1.5 cm. Dialysis o f 50 mM L-NAME (blocker of NO production) 
into the dorsal horn at L6 and S t failed to attenuate the peak pressor 
response evoked by muscle stretch (∆m ap in mml·lg: 45±6 before and 44±9 
after 2 hr o f L-NAME). On the other hand, 2 hr o f L-argínine dialysis shifted 
the tim e-course of the pressor response upward and increased the peak 
pressor response to muscle stretch from 43±3 mml·lg to 57±5 mml·lg. 
These data fail to support the hypothesis that NO production in the dorsal 
horn is involved in evoking the reflex cardiovascular changes produced by 
this degree of muscle m echanoreceptor activation. However, these data 
suggest that increasing the endogenous production of NO can enhance the 
responsiveness o f dorsal horn cells to activation o f muscle 
m echanoreceptors, and thereby increase the reflex pressor response 
evoked by stim ulation o f this type o f muscle afferent fiber. (NIH #AR44OO4)

Society for Neuroscience, Volume 24,1998



MONDAY AM CARDIOVASCULAR REGULATION: CENTRAL MECHANISMS 623

245.9
SPINAL EXPRESSION OF FOS TO COLORECTAL DISTENSION IS 
ENHANCED 30 DAYS, BUT NOT 1 DAY, AFTER SPINAL TRANSECTION.
R.W. Blair*. G·M. Thompson, and L.M. Landrum. Dept. Physiology, Univ. 
Okla. Health Sciences Center, Oklahoma City, OK, 73190.

Autonomic dysreflexia, an abnormally large increase in blood pressure, can 
be elicited 30 days after an upper thoracic spinal transection in response to 
colorectal distension (CRD). The goal of the present study was to determine 
whether there were differences in the expression of Fos in response to CRD 
in spinally intact rats, in rats 1 day after spinal transection, and in rats 30 days 
after spinal transection. Forty W istar rats were anesthetized and an incision 
made to expose the T5 spinal segment. The dura was reflected away in all 
rats and a complete transection given to the lesioned groups. At 1 day or 30 
days post-surgery, conscious rats were subjected to a 2 hr period of 
intermittent CRD. The rats were perfused, and spinal segments from Ls-S2 
removed and processed for Fos immunoreactivity. Data were analyzed with 
a multifactorial ANOVA. The numbers of neurons per section of tissue that 
expressed Fos in response to CRD were sim ilar in the sham-lesioned and 1- 
day lesioned rats; the expression of Fos was significantly increased, 
compared to other groups, 30 days post-transection. The deep dorsal horn 
and intermediate regions exhibited the greatest increases in Fos expression, 
and the percentage of Fos-labeled cells was notably increased in the 
intermediate zone, 30 days after transection. Results suggest that plastic 
changes in the functional connections within the deep dorsal horn and 
intermediate zone may contribute to the exaggerated responses which are 
characteristic of autonomic dysreflexia. (Supported by the Oklahoma Affiliate 
of the American Heart Association, grant #95O7884S)

245.10
QUANTITATIVE DIFFERENCES IN THE DISTRIBUTION OF SOMATO- 
SYMPATHETIC REFLEXES. I.A. Kerman*1 & B.J. Yates' 2 Depts. of Neuroscience1 
and Otolaryngology2, Univ, of Pittsburgh, Pittsburgh, PA 15213.

We have previously explored regional and functional differences in the distribution 
of vestibular-sympathetic reflexes (VSR). Though VSR can be detected in a wade 
variety of sympathetic nerves, the renal nerve (REN) is especially sensitive to 
vestibular inputs. Additionally, VSR recorded from different sympathetic nerves is 
attenuated by blood pressure (BP) increases, suggesting that these responses are largely 
mediated by vasoconstrictor efferents. Activation of peripheral afferents leads to pressor 
responses and to sympathetic nerve activation. Such somato-sympathetic reflexes 
(SSR) are known to be widely distributed and to affect a variety of nerves. The goal of 
the present study was to determine whether the pattern of SSR resembles that of the 
VSR. Specifically, we compared sizes of sympathetic nerve responses to somatic 
stimulation among a variety of sympathetic nerves. We also examined whether the 
expression of SSR is modulated when BP is altered. Whole nerve recordings were made 
in decerebrate or chloralose/urethane anesthetized cats. External carotid, REN, superior 
mesenteric (SMN), lumbar colonic (LCN), and hypogastric nerves were sampled. 
Stimulation of pre-ganglionic nerves was used to elicit maximal firing. Electrical 
stimulation of the femoral or a brachial plexus nerve was used to evoke SSR. Area 
under the curve measurements were performed for SSR evóked from the hindlimb and 
expressed as fraction of maximal nerve activation due to pre-ganglionic stimulation. 
This analysis revealed that the responses of the REN, SMN and LCN are significantly 
greater than those of the other two nerves. In addition, there is a strong negative 
correlation between BP levels and the size of SSR in all nerves studied.

These findings suggest that SSR are mediated mostly by vasoconstrictor fibers and 
that parts of the central circuitry used to generate these responses are distinct from those 
which mediate VSR.

Supported by NIH R01 DC00693 and NASA GSRP 97-125.

245.11
POWER SPECTRAL ANALYSIS OF HEART RATE VARIABILITY IN SEPTIC 
SHOCK MODEL OF RABBITS. S. Hidaka. M. Kawamoto. Y. Maehara*. O. Yuge 
Dept, of Anesthesiology and CCM„ Hiroshima Univ., 734-8551 Japan.

Central nervous system dysfunction is said to be occurred in sepsis.We evaluated the 
cardiac autonomic nervous system (CANS) function by power spectral analysis of heart 
rate variability in septic shock model of rabbits. M ethods: Under general anesthesia, 
12 rabbits allocated into two groups (group L and L/N) were examined. These two 
groups received lipopolysaccharide (LPS) 100 µg/kg intravenously. In group L/N, 
continuous infusion of noradrenaline 0.1 µg/kg/min was given to maintain BP. Raw 
ECG, arterial blood pressure and heart rate (HR) were monitored and digitally recorded 
before (control), at the time of LPS injection, at 30, 60, 120, 180, and 240 min 
thereafter. Blood catecholamine was measured at control, at 15, and 60 min. Each ECG 
(256s) was sampled at 4 Hz into 1024 points instantaneous HR and analyzed fast- 
Fourier based transformation in off line. Power spectra of R-R interval were integrated 
in the following bands, i.e., low frequency (LF: 0.04-0.15 Hz) and high frequency (HF: 
0.15-0.4 Hz). We calculated log(HF/LF) as an index of balance (parasympathetic 
/sympathetic) of CANS activity. Statistical analysis was made with repeated measure 
ANOVA, followed by Bonferroni/Dunn’s test. P<0.05 was considered significant. 
R esults: Systolic blood pressure was significantly higher in group L/N. Log(HF/LF) 
in group L increased significantly after injection of LPS without significant difference in 
HR and log(HF). Blood noradrenaline was higher in group L/N, but adrenaline was not 
different between the groups. D iscu ssio n s: We demonstrated that the balance of 
CANS increased after injection of LPS. This showed sympatholytic mechanism, and we 
supposed the cause of hypotension was due partly to inability of sympathetic nervous 
activation. C o n clu sio n : Sympathetic nervous activity in CANS was depressed in 
septic shock model.

245.12
BAROCEPTOR STIMULATION IN CHRONIC, CARDIAC

SWINE.
footman- 1, . 
⅜ ediatr.

j υ π  i - iu u i uiiллviyu αiiu uъy i. ivicдaiv^шc, LI J℮WİsҺ
Medical Ctr,, Al. Einstein Coll. M ed., New Hyde Park, NY 

Utilizing our chronic denervation animal model (Tong et al. 
Ped Res. 1997,41:72), we examined the effects of denervation on 
the ECG and heart rate before, during and after stimulation of 
the high pressure baroreceptors with phenylephrine. Piglets 
were separated into 3 groups: sham-operated controls ( C ), left 
(LSGX) or right (RSGX) stellectomized. Conscious piglets were 
followed for 8 wks. of age. Recordings o f ECG were obtained 
during 1-2 hr. intervals under resting or sleeping conditions, 
permitting more detailed analyses of the ECGs than had 
previously been obtained. Poincare plots were used to examine 
differences in R-R and QT intervals with increasing postnatal 
age for the 3 groups. No differences were noted between C and 
denervation groups occurred until 1 week post-surgery (approx.
10 days postnatal age). At 8 weeks of age, under light Saffan 
anesthesia, we examined the effects of acute elevation of blood 
pressure (AoP) on the ECG. The degree of AoP elevation 
following PE were equivalent in both C and denervation groups. 
Marked cardiac dysrhythmias occurred in response to elevation of 
AoP in the chronic denervated animals as compared to C. Since 
many stimuli can raise AoP naturally, it is possible that 
dysrhythmias might be occurring in those animals found dead of 
no known cause.(Supported by NIH Grants HL-20864, HD-28931.)

SYMPAŢHETIC-DĘNERVATĘD DEVELOPING
N . Zhao- . A .L j Sįcfr·*. M . Kahn- . S. Ingenito¯ .  N . C 
P .M . G o o tm a n -1 D en t, o f  *Phvяi∩L-Pharmяc∩LP.M . Gootman-
CĨTXTΛ/ u ы ,  o~: z̀ ч·.

Dept, of ⅝ y ą jo l.  -Pharmacol

245.13
CENTRAL INHIBITION OF NITRIC OXIDE (NO) PRODUCTION CAUSES A 
BIPHASIC PRESSOR RESPONSE IN THE SPONTANEOUSLY HYPERTENSIVE 
RAT (SHR). M·L, Terrell* and M, Kadekaro. Division of Neurosurgery, University 
of Texas Medical Branch, Galveston, TX 77555-0517.

NO, a lipophilic gas molecule formed via NO synthase (NOS) in the periphery and 
central nervous system, has an important role in regulation of blood pressure. In the 
adult SHR, when hypertension is fully developed, the gene expression of neuronal 
NOS is enhanced in the hypothalamus, dorsal and caudal ventrolateral medulla 
(central autonomic areas) compared to the control Wistar Kyoto rat (Molec. Brain 
Res. 48:291-297, 1997). We therefore, investigated the role of NO production within 
the brain on the maintenance of resting arterial blood pressure in these rats. 
Conscious male SHRs (~I2 wks) implanted with a chronic intracerebroventricular 
(icv) cannula received an icv injection of either artificial cerebrospinal fluid (aCSF; 5 
µl, n=8) or an inhibitor of NOS, N¤nitro-L-arginine methyl ester (L-NAME; 200 
µg/5 µl, n=9). Mean arterial blood pressure (MABP) was monitored for 180 min. L- 
NAME produced a biphasic pressor response (mm Hg, meanś±SEM): an initial 
increase (p<0.05) within one minute (l4±З.O vs. - l.5 ± l.7  in aCSF controls) with a 
return to basal values at 2-3 min, and a delayed increase (p<0.05, Δ from 11±5.6 to 
l8±7.4) starting at 45 min and persisting until the end of the experiment. In SHRs 
receiving aCSF, MABP declined around 75 min and remained lower (p<0.05) than 
the basal levels until the end of the experiment (Δ from -7.l±7.5 to -l()±3.9). This 
decline was coincident with sleeping behavior. Although L-NAME-treated rats also 
slept during this time (except when blood pressure rose above 190 mm Hg and they 
became agitated), MABP remained higher than basal levels, indicating that 
vasodepressor mechanisms during sleep may depend on production of NO Thus, the 
"resting" but elevated MABP of SHRs depends on vasodilator mechanisms produced 
by NO within the brain, similar to our findings in normotensive Sprague-Dawley rals 
(Brain Res. 1998, in press). Funded by Sealy Memorial Endowment grant 2564-97.

245.14
In f lu e n c e  o f  N O  s y n th e ta se  in h ib i to r  on th e  c a rd io v a sc u la r  
resp o n se  to c lo n id in e  in rats. N o h u f u m i  O n o * , Y o s h t n o b u  Y a to m i , 
H i d e n o r i  N o g u c h i , S h u u j i  H a r a , M is a  F u k u z a w a  and T a k e s h i  
K u r o d a . M e d ic in a l In fo rm a tic s  and R esearch - U n its , F a c u lty  o f 
P h a rm a c e u tic a l  S c ie n c e s , F u k u o k a  U n iv e rs i ty , F u k u o k a , 8 1 4 -8 0 , 
J a p a n .

W e a re  in v e s t ig a t in g  the  in flu e n c e  o f  NO sy n th e ta se  in h ib i to r  
on th e  c lo n id in e - in d u c e d  c a rd io v a s c u la r  a c tio n s  in  u re th a n e -  
a n e s th e tiz e d  ra ts . T h e  s y s te m ic  b lo o d  p re s s u re  w as m ea su red  
from  r ig h t fem o ra l a rte ry , h e a rt ra te  fro m  th e  p re s su re  p u lse  
u n d e r  in h a la tio n  o f  0 2. N ω - n i t r o - L - a r g i n in e - m e t h y le s te r  (Ľ -  
N A M E , 5 m g /k g ) ,  N O  s y n th e ta s e  i n h ib i to r ,  a d m in is te r e d  
in t r a v e n o u s ly  in c r e a s e d  b lo o d  p r e s s u r e  s l i g h t ly ,  a l th o u g h  
d ec reased  h ea rt rate . T he resp o n ses  to L -N A M E  w ere s tab le  abou t 
10 m in  a f te r  the  in je c tio n . C lo n id in e  (5 m g /k g ) a d m in is te re d  
in t r a v e n o u s ly  in d ic a te d  th e  tra n s ie n t  in c re a se  b lo o d  p re s s u re  
and  fo llo w in g  c o n tin u o u s  d e c re a se  o f  b lo o d  p ressu re . T h e  ea rly  
t r a n s ie n t  h y p e r t e n s io n  o f  c lo n id in e  w as  p o te n t i a t e d  by 
p re t r e a tm e n t  w ith  L -N A M E  and  la te r  c o n tin io u s  h y p o te n s io n  
w as m ark ed ly  in h ib ite d . W h ile , the  ea rly  tra n s ie n t  h y p e rte n s io n  
o f  c lo n id in e  w;as in h ib ite d  by p re tre a tm e n t w ith  L -a rg in in e  and  
la te r  c o n tin u o u s  h y p o ten s io n  w as p o te n tia te d . T he h y p e rte n s io n  
an d  ta c h y c a rd ia  o f  in tra v e n o u s  ty ra m in e  w as e n h a n c e d  by 
L -N A M E . T h e se  re s u lts  su g g e s t  th a t  L -N A M E  m o d if ie s  th e  
c a rd io v a sc u la r  resp o n se s  to c lo n id in e  and NO m ay p a rtic ip a te  in 
th e  m o d u la t io n .
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245.15
EFFECT OF INTRAMEDULLARY MONOAMINE NEUROTOXINS ON THE 
HYPOTENSIVE ACTION OF MOXONIDINE AND ON IMMUNODETECTED 
IMIDAZOLINE AND α 2 RECEPTOR PROTEINS.
G.A. Head1*. C.K.S. Chan1. H. Zhu2. J.E. Piletz2. ’Baker Medical Research Institute, 
Prahran, Victoria, Australia, ¾epartment of Psychiatry and Human Behavior, Uni. of 
Mississippi Medical Centre, Jackson, Mississippi 39216 4505 USA.

We investigated the dependence of the hypotensive action of moxonidine on the 
cenưal noradrenergic and serotonergic innervation of the rostral ventrolateral medulla 
(RVLM) in conscious rabbits and examined the effects of neurotoxin treatments on 
the levels of α2-adrenoceptoгs and imidazoline receptor (IR) binding proteins using 
Western blot analysis. Under halothane anaesthesia, 2Onmol of the noradrenergic 
neurotoxin 6-hydroxydopamine (6-OHDA) or the serotonergic neurotoxin 5,6- 
dihydгoxytryptamine (5,6-DHT) or vehicle was bilaterally administered into the 
RVLM and a vinyl catheter was placed into the fourth ventricle (4V). Two weeks 
following 6-OHDA, the hypotension produced by 4V moxonidine was reduced by 
more than half while the 4V response to clonidine was not affected. At this time, the 
noradrenaline concentration in the RVLM was reduced to 54% of vehicle-treated 
animals, but there was no effect on the levels of immunodetected α 2-adrenoceptor or 
of IR proteins. Two weeks after the serotonergic neurotoxin 5,6-DHT, the hypotensive 
response to both moxonidine and clonidine was similar to those of vehicle-treated 
animals, even though the serotonin level of the RVLM was reduced to 66%. The α2- 
adrenoceptor was unchanged, but the IR candidate proteins were reduced to 72% in 
the 5,6-DHT lesioned RVLM. These results indicate that the hypotension produced by 
moxonidine, but not clonidine, is mediated through sites on 6-OHDA sensitive 
terminals in the RVLM. These sites are not recognised by anti- α2-adrenoceptor or 
anti-IR antibodies. The role of the serotonergic innervation of the RVLM in the 
action of moxonidine is less clear, but our results do show that “imidazoline” proteins 
are located at least partly on serotonergic terminals in the RVLM.
Supported by Solvay Pharma Deutschland, NIMH and the NH&MRC of Australia.

245.17

LOCALIZATION OF C-FOS POSITIVE REACTION PRODUCT 
FOLLOWING HYPOXEMIA. Sexcius. L.M.’\  Trouth. C .O λ James.
S.DΛ KC. PΛ and Jeanty, D.2 ’Department of Physiology and 
Biophysics, Howard University College o f Medicine and ¾epartment of 
Biology, Howard University, Washington, D.C. 20059.

The caudal ventrolateral medullary surface (cVMS) has been implicated 
in central respiratory and cardiovascular control mechanisms. In 
particular, the cVMS has been shown to be involved in C 0 2/pH 
respiratory chemosensitivity. However, the effect o f hypoxia in the 
central cheшosensory drive to cardiorespiratory regulation still requires 
further investigation. It has been demonstrated that arterial hypoxemia is 
consistently generated in association with significant systemic vasopressor 
responses that occur following direct electrical stimulation of the 
vasomotor center, systemic norepinephrine administration, increasesed 
intracranial pressure, and cerebral ischemia. In this experiment, the 
expression of c-fos was examined following the hypoxemic challenge. 
Immunocytochemical analysis revealed that the distribution of the c-fos 
positive reaction product was localized at sites similar to those following 
focal hypoxia (CN^ applied topically to the cVMS), generalized hypoxia 
(12% 0 2 breathing), inspired C 0 2 and changes in CSF-pH (Sexcius et al., 
Soc. for Neurosci. Abst. 23:435, 1997). Effects of atropine, MK801, and 
CNQX on the generation o f the c-fos reaction product in response to the 
hypoxemic challenge was tested. (Source of Support: ONR Grant No. 
N00014-94-1-0523)

245.19
ARTERIAL BLOOD PRESSURE IN LONQ-ΊERM PRESSOR SYSTEMS BLOCK 

N-BalemhoW*. M.PİİSB. V.Ercmecv, P.Ihorcn
Sechenov Institute of Evolutionary Physiology and Biochemistry ,ST:Peteгβburg, 

Russia 194223, Institute o f cardiology, ЗT:PetersЬυгg, Russia ,194156,
Karolinska Inяti tutet, Sweden, 17177 

The main cause o f current study is to detect comparative capability of 
peripheral and central mechanisms o f mean blood pressure ¢MA P) support 
to determine blood pressure ÇBҒ) level .
The experiments were carried out in mice and rats instrumented by arterial and
venous colliders 2 days before the experiments
Earlier, we have investigated the possibility o f  substitution of pгeββor(vaβopreββin, 
renin-angiotensin, sympathetic nervous ) systems in the circumstances o f  switching 
off one o f them
ŭ  was found, that removal o f  all above systems altogether lead to BP fall in 5·6 hours 
The image o f BP- detecting mechanisms at last decade was substantially added by the 
discovery o f various vasoactive substanses o f peripheral origin, especially, from
endothelial and smooth muscles cells.
During our experiments MAP dropped in alert animals from İ 14 +/-# mm ł⅛  (rats),
11 Cн-/-3 ĩï2ĩî Hg(micî) to ?9·*·/*ĩmm Hg (rats) and ?¢+/·б mm Hg(mice)urider 
removal o f sympathetic vasoconstrictor tone and vasopressin release by phenoxybenz· 
amine. Additional block o f renin-angiotensin system vaβopreββive effect by ACE 
block resulted in extra BP drop down to 45+/-бmmHg(гats) βnd43+/7 
mm Hg (mice) respectively, lasting for 14- 24 Hours o f observation 
Our results propose limited capability or interest o f peripheral mechanisms o f BP 
reflation  in recuperation of MAP in switched off mentioned above preaβor system*

245.16
GALAN1N FRAGMENTS ON CENTRAL CARDIOVASCULAR CONTROL. 
J.A. Naгv¿ez*.Z. Diaz-Cabiale, MP Cordŏn, P. Marcos. R. Coveñas K. Fuxe# 
J.A. Aguirre, & S. Gonzáłez-Baгŏn Dept de Ftsiołogía. Univeгяdad de Málaga. 
Spain. #Dept of Neuroβcience. Karolinska Institute. Stockholm. Sweden.

It has been reported that the N-terminal galanin fragment (1-15) [GAЦ1-15)] 
have opposite actions to the parent molecule, galanin (1-29) [GAL( 1-29)1, 
concerning the central cardiovascular control (CVC) as well as regarding to the 
modulatory actions over other neurotransmitter systems. Furthermore, the galanin 
antagonist M4O blocks the cardiovascular actions of GAL( 1-15), without 
affecting GAL( 1-29) effects. The aim of this work is to investigate the role of 
other galanin fragments on CVC. Groups of urethane anesthetized rats were 
injected ίntracistemally with GAL(l-29) (3.0 nmol/rat), or GAL(l-15) (3.0 
nmol/rat), or the N-terminal galanin fragment 1-16 (GAL( 1-16)] (3.0 nmol/rat) or 
the C-terminal galanin fragment 10-29 [GAЦ10-29)] (3.0 nmol/rat). Control rats 
received intracistemal injections of artificial cerebrospinal fluid alone. Mean 
arterial pressure (MAP) and heart rate (HR) were recorded during 60 minutes after 
injections. GAL(l-15) and GAL(l-16) elicit hypertension and tachycardia of 
similar intensity and that was maintained during the whole recording period 
(p<0.001 vs. controls) whereas GAL( 1-29) elicits a transient hypertension 
(p<0.05 vs. controls) followed by hypotension and tachycardia 5 minutes after 
injections (jx0.001 vs. controls). GAL( 10-29) has no significant effects on MAP 
and HR. These data show that both N-terminal galanin fragments have similar 
effects on central cardiovascular regulation, opposite to those elicited by the 
parent molecule GAL( 1-29), but GAL(łO-29) is inactive. These functional results 
could support the possible existence of galanin receptor subtypes within the 
central nervous system.
This work was supported by Spanish CICYT (PB93-O992 & PB96-1467).

245.18
CENTRAL 5-HT2 RECEPTORS TONICALLY SUPPRESS RENAL SYMPATHETIC 
ACTIVITY INDEPENDENT OF HYDRATION STATUS. K.E. Scrogin. R.L. 
Thunhorsť* A.K. Johnson1-2 and V.L. Brooks. Dept, o f  Physiology and 
Pharmacology, Oregon Health Sci. Univ., Portland, OR 97201 and ’Depts. of 
Psychology and 2Pharmacology and the Cardiovascular Center, Univ, o f Iowa, 
Iowa City, IA 52242

Central 5-HT2a/2C receptor stimulation suppresses renal sym pathetic nerve 
activity (RSNA) in conscious rats. These receptors have also been implicated 
in natriuresis. Therefore, the following study tested whether endogenous 
stim ulation o f  5-HT2A/2C receptors tonically suppresses RSNA during the 
hypernatrem ia induced by water deprivation. Rats were instrumented with 
intracerebroventricular (iev), arterial and venous catheters as well as a 
recording electrode for determination o f  RSNA 24 hrs prior to the experiment. 
Baroreflex control o f  RSNA was determined in 48 hr water-deprived (WD, 
n=4) or control (C, n=5) rats before and after iev administration o f  the 5- 
HT2A/2C receptor antagonist, LY-53,857 (300 nm oles/kg). W ater deprivation 
increased blood pressure (BP: 119.0 ±2.4 vs. Ю 7.4±2.l, p<0.01) and heart rate 
(HR: 477±8 vs. 43O±I4 bpm, p<0.05). In WD rats, baroreflex gain was greater 
(2.74±.38 vs. I .67± .I6  ∆% m ax activity/Δm mHg, p<0.05) and the curve was 
shifted to the right (MAPS0=1 Ю.3±2.7 vs. 94.3±2.7 mmHg, p<0.01) compared 
to C rats. LY-53,857 caused transient increases in BP and HR that subsided 
after 60 min despite continued receptor blockade. LY-53,857 caused a 
prolonged increase in RSNA that did not differ between WD and C rats 
(I25.7±6.7 vs. l22±5.5 % baseline) causing a rightward shift o f  the baroreflex 
curve in both groups (M A P5〇=WD: H5.4±6.O; C:108.6±5.7). These data 
indicate that water deprivation increases RSNA baroreflex sensitivity and that 
central 5-HT2Λ/2C receptors tonically inhibit RSNA independent o f  hydration 
status. Supported by NHLB1 HLO9545.

245.20
RESPIRATORY COMPONENT OF THE ARTERIAL CHEMOREFLEX IS 
EXAGGERATED IN THE SPONTANEOUSLY HYPERTENSIVE RAT 
(SHR). L.F. Hayward*. M. Castellanos, and J. Piascik. Dept, of Physiological 
Sciences, College of Vet. Med., University of Florida, Gainesville, FL 32610 

There is evidence to suggest that the arterial chemoreflex is exaggerated in the 
SHR. In a previous study however, we observed no significant difference in the 
cardiovascular component of the arterial chemoreflex in conscious SHRs compared 
normotensive Wistar Kyoto (WKY) rats. The present study was undertaken to 
examine whether the respiratory component of the arterial chemoreflex is exaggerated 
in the SHR. Mean arterial pressure (MAP) and rectified, integrated diaphragm 
electromyographic activity (dEMG) were recorded from spontaneously breathing, 
urethan anesthetized, 10-12 week old SHR, WKY and Sprague Dawley (SD) male 
rats before and during intravenous bolus injections of 50 & 75 µg/kg potassium 
cyanide (KCN) and saline (0.2 ml volume). Baseline respiratory frequency and 
dEMG burst duration of the SHRs (72±6 breaths/min. and 45O±.O4 ms, respectively; 
n=5, mean±SE) were significantly different from normotensive controls (1 l5±Ю 
breaths/min. & 294±.O4 ms, WKY, n=4; 100+5 breaths/min. & 282±.O2 ms, SD, 
n=5). The percent increase respiratory frequency during chemoreflex activation (50 
µg/kg KCN) was significantly different in the SHRs (lЗЗ±4%) compared to both 
normotensive controls (47±6% WKY, 27±9% SD p<0.005). The percent decrease 
in dEMG burst duration during chemoreflex activation was also significantly different 
(p<0.01) between the SHRs (-42±9%) and normotensive controls (-2l±3% WKY and 
-7±3% SD). The peak respiratory frequency during chemoreflex activation however, 
was not significantly different between the three strains of animals ( 170+28 
breaths/min. SHR, l69±l7 breaths/min. WKY & l29±l2 breaths/min. SD). These 
results suggest that the respiratory component of the arterial chemoreflex is 
exaggerated in the SHR compared to normotensive controls. This exaggerated 
response is associated with an underlying difference in baseline respiratory activity in 
SHRs. Support: AHA 95014480 & HL526O7 (LFH).
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246.1
CARDIO-PULMONARY REFLEX MODULATION BY RAPHE PALLIDUS IS 
MEDIATED BY 5-HT4 RECEPTORS WITHIN THE NUCLEUS TRACTUS 
SOLITARII (NTS). E.Edwaгds. B.M.Lumb* & J.F,R. Paton. Dept, o f Physiology, 
University o f Bristol, Bristol BS8 1TD, UK.
We are investigating a modulatory role for raphe pallidus on the cardio-pulmonary 
reflex. Here we report that raphe pallidus attenuates the cardio-pulmonary reflex 
via 5-HT4 receptors located within the NTS. In anaesthetised rats (n=46) the 
cardio-pulmonary reflex was evoked by right atrial injection of phenylbiguanide 
(PBG; 1-15µg bolus). Measurements of reflex falls in heart rate (HR), arterial 
pressure (AP) and phrenic nerve (PN) cycle length were compared before and after 
glutamate stimulation of raphe pallidus. Injection of PBG caused pronounced 
reflex falls in HR (baseline 475±Ю bpm; fall 73±2%) and AP (baseline 118±4 
rnmHg; fall 35±3%) and PN cycle length (baseline 0.90+0. Is; fall 48±6%). 
Microinjection of glutamate (4.5nmol: n=Ю) in raphe pallidus attenuated the 
bradycardic (-2l±2%; P>0.01) and phrenic response (O.IЗ±O.O6; P>().O5). but not 
tire depressor response. The attenuated responses were blocked by a subsequent 
microinjection of RS-39604 (4.5pmol; n=7), a selective 5-HT4 receptor antagonist, 
into the NTS. The cardio-pulmonary reflex was also attenuated when 5- 
metħoxytryptamine (5-MeO-T; 4.5pmol; n=lЗ), a non-selective 5-HT receptor 
agonist, was microinjected into the NTS. When 5-MeO-T was microinjected into 
the NTS after a microinjection of RS-39604, there was no attenuation of the 
cardio-pulmonary reflex indicating that the actions of 5-MeO-T were mediated by
5-HT4 receptors. Further, when 5-MeO-T was microinjected into the NTS 
following a microinjection of Rp cAMPs (9nmol; n=6), a cAMP dependent protein 
kinase A (PKA) inhibitor, the reflex was similarly unchanged. The data indicate 
that raphe-pallidus can attenuate the cardio-pulmonary reflex by activation of 5- 
HT4 receptors in the NTS. Tlüs 5-HT4 receptor induced attenuation is mediated via 
a cAMP dependent PKA pathway in NTS neurones.
BBSRC and BHF funded research.

246.3
BARO-RECEPTIVE NEURONS IN THE NUCLEUS TRACTUS SOLITARII 
(NTS): WHOLE-CELL RECORDING IN A WORKING-HEART-BRAINSTEM  
PREPARATION OF RATS. Y.-W. Li*1, J.F.R, Paton2. S, Kasparov2 and J.S. 
Schwaber1. 'Computational Biol. Grp., E.I. DuPont, Wilmington, DE, 19880, USA; 
¾ept. o f Physiol., Univ, of Bristol, Bristol, BS8 1TD, UK.

To characterize both the intrinsic and response properties o f baro-receptive NTS 
neurons, whole-cell membrane voltage o f NTS neurons was recorded in a modified 
working-heart-brainstem-preparation o f rats (Paton, 1996, J.Neurosci.Meth. 65:63-68). 
Baro-receptive neurons were identified by their response to baroreceptor activation by 
increasing systemic perfusion pressure, increasing pressure in the ipsilateral carotid 
sinus and/or distending a balloon-tipped catheter placed in the aortic arch. Baro- 
receptive neurons had a resting membrane potential o f -5 4 ± l mV (mean±SEM; n=l5) 
and membrane input resistance o f 198+13 MΩ. They received an excitatory synaptic 
input after electrical stimulation o f the ipsilateral solitary tract (latency: 4.2±O.4 ms, 
n=6). All but 3 neurons fired spontaneously (2.8±O.7Hz); spontaneous spikes were 
triggered by ongoing fast excitatory postsynaptic potentials (EPSPs). Baroreceptor 
activation increased the spike discharge rate by increasing the frequency of fast EPSPs. 
Synaptic/firing properties in response to pressure perturbation appeared to be nonlinear 
in 7 out o f 10 baro-receptive neurons tested; the maximal synaptic/firing response 
occurred during the rising phase o f a pressure challenge and not at its peak. In 6 of 7 
neurons tested the baroreceptor-elicited excitation was followed by a hyperpolarization 
(-5±O.ЗmV) and/or decreased synaptic/firing activity; this post-excitatory 
inhibition/disfacilitation lasted up to 20s and was dependent upon the intensity and/or 
duration o f baroreceptor stimulation. This study suggests that 1) ongoing synaptic 
inputs are responsible for spontaneous discharge o f baro-receptive neurons; 2) 
nonlinearity between pressure perturbation and synaptic/spike response appears in a 
significant number of baro-receptive neurons; and 3) the mechanism underlying the 
post-excitatory inhibition/disfacilitation may contribute to the nonlinear behavior. 
Supported by the E.I. DuPont Company, ONR, NIH, NATO, BHF & Wellcome Trust.

246.5
ANGIOTENSIN II MODULATES INHIBITORY AND EXCITATORY 
NEUROTRANSMISSION IN THE SOLITARY TRACT NUCLEUS (NTS) IN  
VITRO. S. Kasparov. R.S.G, Jones* and J.F.R, Paton. Dept. Physiology., Univ, of 
Bristol. Bristol, BS8 1TD, U K.

Our previous data suggested that angiotensin II (ANG), acting within the NTS. 
attenuated the baroreceptor vagal reflex in the developing rat. The present in vitro 
study investigated the neuronal effects of ANG in the NTS in order to reveal possible 
neuronal mechanisms for this attenuation. Brainstem slices were prepared from 6 - 2 8  
day old rats and NTS neurones recorded in the whole-cell mode from areas medial to 
the tractus solitarius (TS). The TS was stimulated electrically. O f 44 NTS neurones 
only 20% generated spontaneous action potentials. ANG (50-1 µM) either increased 
TS evoked GABAA-receptor mediated IPSPs or revealed IPSPs previously masked by 
superimposing EPSPs; the overall change in IPSP conductance (200 nM; n = 9) was 
from 80 ± 35 to 241 ± 32 pS. There was a differential effect of ANG on evoked 
EPSPs between silent versus spontaneously active neurones. In silent neurones that 
displayed an EPSP-IPSP sequence following stimulation of the TS ANG (1 µM) 
decreased the EPSP component by -16 ± 4% (n = 8). However. 1 µM ANG failed to 
produce a consistent effect in cells which displayed an EPSP only (n = 8). In all the 
spontaneously firing cells ANG 1 µM increased the TS evoked EPSP by +37 ± 18% 
(n=4). Losaгtan (10 µM) prevented the effects of ANG. ANG (50 - ЮOOnM) caused 
minor changes in input resistance (200nM: -4 ± 3%), resting membrane potential 
(2OOnM: +2 ± ơ.2 mV, n = 27) and affected neither spike frequency adaptation nor 
rebound depolarisation (n= 21). Thus, ANG acting through ATt receptors can 
differentially modulate excitatory and inhibitory synaptic transmission in distinct 
populations of NTS neurones. The ANGII-mediated enhancement of GABA-ergic 
inhibition may be a mechanism that attenuates the baroreflex. Wellcome Trust & 
British Heart Foundation funded research.

246.2
SWALLOWING NEURONES IN THE SOLITARY TRACT NUCLEUS (NTS) AND 
EXCITATORY CONVERGENCE FROM CHEMORECEPTORS. J.F.R. Paton1*, 
Y-W Li2, and S. Kasparov1. 'Dept, of Physiology, University of Bristol. Bristol. BS8 
1TD, UK; ⅜iological Computation Grp., El DuPont, Wilmington. DE 19880. USA.

Since the pharynx acts as a common conduit for the passage of both ingested 
material and respiratory gases we compared the pattern of reflex response of both 
pharyngoesophageal (PE) and chemo- receptors (CR), and studied their integration in 
the NTS using a working heart-brainstem preparation of mature rat (Paton, 1996;
J.Neurosci.Meth. 65. 63-68). PE receptors were stimulated by distension of the 
pharyngeal-oesophageal jimction with a balloon tipped catheter and evoked; an 
increase in phrenic nerve cycle length (33+8%. mean ± SEM; control 4+0.6s; n=l 1); a 
burst of oesophageal EMG activity, which was coincident with expiratory-related 
discharges in hypoglossal and superior laryngeal nerves; an increase in the resistance 
to airflow tlưough the larynx; and a bradycardia of 38+5 bts/min (control 
365+1 lbt/min). Apart from decreasing phrenic nerve cycle length (-56+6%). 
stimulation of CR (NaCN. 0.05%; 5Oµl; i.a.) produced a qualitatively similar response 
(i.e. initiated oesophageal EMG activity; increased expiratory-related discharges in 
hypoglossal and laryngeal outflows; increased laryngeal resistance during the inter- 
phrenic nerve interval; evoked a bradycardia of 95+18bpm). Of 204 NTS neurones 
recorded in whole cell patch clamp mode, 22 cells were excited by PE stimulation and 
9 inhibited. Cells excited by PE stimulation were of two types: either bursting 
spontaneously (cycle length 20-48s; n=9), which occurred during the inter-phrenic 
nerve interval, or non-bursting (n=lЗ). 17 of the 22 NTS neurones excited by PE 
stimulation were also excited following CR stimulation; CR either ưiggered a burst of 
action potentials or produced a 4-8mV depolarisation. The latter responses were 
antagonised by suramin applied topically (ImM). We conclude that stimulation of PE 
and CR both evoke swallowing-like EMG responses, increase upper airway resistance 
and decelerate cardiac rate. PE and CR reflexes are integrated in the NTS and involve 
the integrity of a P2 receptor.
British Heart Foundation, Wellcome Trust, Royal Society <⅜ NATO funded research.

246.4
MORPHOLOGY OF PHYSIOLOGICALLY CHARACTERIZED BARO- 
RECEPTIVE NEURONES IN THE NUCLEUS TRACTUS SOLITARIUS (NTS) OF 
THE RAT. Deuchars. J1.. Li, Y.-W2., Kasparov. S3,. and Paton. J.F.R3. (SPON:
British Neuroscience Association). 'Dept. Physiology, University o f Leeds, Leeds,
UK; Computational Biol. Grp., E.I. DuPont, Wilmington, DE, 19880, USA; 3Dept. 
Physiology, University o f Bristol, Bristol, UK.
There is limited data concerning the morphology of baroreceptive NTS neurones. In 
this study whole-cell patch clamp recordings were made from NTS neurones 
employing a working heart-brainstem preparation (WHBP; Paton, 1996,
J.Neurosci.Meth. 65:63-68) o f rat. NTS neurones were characterized as baroreceptive 
when they displayed a synaptic response following balloon distension o f the aortic 
arch and/or pressure increases within the ipsilateral carotid sinus. Cells were labelled 
with 0.5% Neurobiotin during recordings maintained for 5-33 minutes. After 30-180 
minutes brainstems were fixed and sectioned (8Ofдm). Sections were incubated in 
Vector ABC kit with 0.2% triton for 12-48 hours at 4°C which was visualised with 
nickel-enhanced diaminobenzidine. Seven baroreceptive NTS neurones were 
identified. These neurones were located in the NTS from 0.5mm caudal to 1mm 
rostral to obex, but 6/7 were located at, or caudal to, the obex (from 0.5mm caudal). 
Labelled somata were detected dorsomedial or medial to the solitary tract (n=5/7). 
Neurones had 3-5 primary dendrites with few branches which could end with small 
tufts. Dendritic spines were sparse. Dendrites could enter the solitary tract as well as 
span across the ipsilateral NTS, occasionally crossing the midline. Dendrites could 
extend in all directions but in 5/7 cases there was a large dendrite spanning the 
mNTS. Axons were well labelled in 6/7 cells and were mostly unmyelinated with 
boutons o f the en passant variety. In all cases there was limited axonal ramification 
within the NTS and the main axon exited the NTS. In 4/7 cases the axon could be 
traced into the ipsilateral ventral medulla. This study provides the first morphological 
and localization data o f physiologically characterised baroreceptive NTS neurones 
using the WHBP of rat. Wellcome Trust and British Heart Foundation funded 
research

246.6
DISTRIBUTION OF CHRONOTROPIC AND INOTROPIC NEURONS IN THE 
PERIAQUEDUCTAL GRAY OF THE RAT AND CAT: A PSEUDORABIES 
VIRUS STUDY. J.-M. Laueπstei∩1. W.P. Coleman1. Ľ  W, Enαuisť. T A  
Johnson1. J.L. Aгdell3. S.S. Newton1. A. Standish4, J.S, Schwabeґ*. and V.J. 
Massari1* . 1Dept. of Pharmacology, Howard U., Washington, DC 20059; 2Dept. 
of Molecular Biology, Princeton U., Princeton, NJ 08544; 3Dept. of Physiology,
U. of South Alabama, Mobile, AL 36688; 4E. I. DuPont de Nemours & Co., 
Wilmington, DE 08544

Excitation of neurons within specific regions of the periaqueductal gray (PAG) 
can elicit bradycardia and hypotension, or tachycardia and hypertension. We 
examined the distribution of transynaptically labeled neurons in the PAG 
subsequent to injections of pseudorabies virus (PRV) into intracardiac ganglia. 
Injection of PRV into the atrial ganglia of the rat resulted in widespread labeling 
of neurons within the PAG without obvious topographic organization. In the cat, 
the anatomical location of functionally selective intracardiac ganglia is better 
characterized. Vagal control o f cardiac rate is mediated by a right atrial ganglion 
(the SA ganglion), while left ventricular contractility is controlled by a ventricular 
ganglion (the CV ganglion). We injected the NIAЗ-M201 strain of PRV into the 
SA ganglion o f 5 cats. These cats were sacrificed 120 to 168 hours later. 
Transynaptically labeled neurons in the PAG were exceedingly sparse until 168 
hours post injection, and were primarily found in the ventral and ventrolateral 
PAG. We also injected PRV into the CV ganglion of three cats and sacrificed 
these animals 120 hours later. Viral labeling was observed primarily in the 
lateral PAG. We conclude th a t; 1) neurons in different columns of the PAG 
project to parasympathetic ganglia located on separate chambers of the heart; 
2) neurons in the PAG are involved in separate circuits which effect cardiac rate 
and ventricular contractility; and 3) differences in the time course of viral labeling 
are compatible with the hypothesis that an extra intemeuron is interpolated in 
circuits controlling SA rate. Support: A.H.A :HL51917:HL54194:HL58140. NIAЗ 
strains generously provided by L. Jacobs; CDI-DLO; Lelystad, The Netherlands
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246.7
THERE ARE SYNAPTIC INTERACTIONS BETWEEN VAGAL NEGATIVE 
DROMOTROPIC AMBIGÜAL NEURONS AND NEUROPEPTIDE Y (NPY)- LIKE 
IMMUNOREACTIVE NERVE TERMINALS P J Gatti*. J.-M. Lauenstein. T A. 
Johnson and V J. Massaгi Dept Pharmacology, Howard Univ College o f Med., 
Washington, DC 20059

It has been reported that NPY-injected into the caudal ventrolateral medulla 
(CVLM) o f the rat evokes a decrease in heart rate (HR) (Macrae and Reid, Brain Res , 
456, 1988). Since the electrocardiogram was not recorded in this study, it could not be 
ascertained whether this decrease in HR resulted from a decrease in sinus rate and/or a 
decrease in atrioventricular conduction. We have recently described neurons in the 
nucleus ambiguus (NA) which are labeled following injection of retrograde tracer into 
a cardiac vagal ganglion (A-V ganglion) which selectively mediates vagal negative 
dromotropic effects The purpose o f this study was to determine whether the decrease 
in HR seen following NPY injection may be due to activation o f preganglionic 
parasympathetic neurons in the NA which mediate negative dromotropic vagal effects. 
We used double-labeling electron microscopy in order to determine if negative 
dromotropic vagal preganglionic neurons receive monosynaptic input from NPY 
neurons In 5 cats, the A-V ganglion was injected with the retrograde tracer cholera 
toxin B-HRP (CTB-HRP) and three days later the animals were perfused with an 
acrolein/paraformaldehyde mixture. Histochemistry was performed to locate the CTB- 
HRP and immunocytochemistry performed to locate NPY. Negative dromotropic 
neurons were found as previously described. Nerve terminals containing NPY were 
also found, some o f which made axo-somatic and axo-dendritic contacts with the 
negative dromotropic neurons. Finally, there were interactions between NPY perikarya 
, dendrites and NPY terminals suggesting autoinhibitory regulation. These data are 
consistent with the hypothesis that NPY-induced changes in HR may in part be due to 
the activation o f negative dromotropic ambigual vagal neurons Physiological studies 
are needed to support this hypothesis. (NΓH HL 51917).

246.9
DISTRIBUTION OF CHRONOTROPIC NEURONS IN THE BRAINSTEM OF 
THE CAT: A PSEUDORABIES VIRUS STUDY. W.P. Coleman1*. L. W. 
Enquist2. T.A. Johnson1, J.-M. Lauenstein1, S. S. Newton1, and V.J. Massaгi1. 
1Dept. of Pharmacology, Howard University College of Medicine, Washington, DC 
20059; 2Dept. of Molecular Biology, Princeton University, Princeton, N.J. 08544 

The postganglionic parasympathetic control of sino-atrial (SA) rate is selectively 
mediated by neurons in an epicardiał ganglionated plexus found on the surface 
of the right atrium which we refer to as the SA ganglion. We have used a 
genetically engineered pseudorabies virus (NIAЗ-M201) to transynaptically label 
CNS neurons which project to the SA ganglion and thus modulate cardiac rate. 
Nine cats received 10 ul injections of the virus containing 108 pfu/ml into the SA 
ganglion, and were sacrificed at intervals between 48 hours and 120 hours later. 
A  tenth cat received an injection into the pericardial space and was sacrificed at 
120 hours. In experimental animals, labeling was first observed in the CNS at 72 
hours post injection and the extent of labeling increased as time progressed. At 
the earliest time period, labeled neurons were seen in the nucleus ambiguus, 
dorsal motor nucleus of the vagus, nucleus tractus solitarius, A-5 area, and in the 
intermediolateral cell column of the spinal cord. Subsequently, labeling was also 
observed in several raphe nuclei, the area postrema, the parapyramidal area, the 
rostral ventrolateral medulla, and nucleus locus coeruleus/subcoeruleus. At the 
latest survival time a few labeled cells were also seen in the periaqueductal gray. 
No labeling was observed in the CNS of the control cat. These data define the 
central circuits which innervate the SA ganglion and hence modulate cardiac rate. 
Support: American Heart Association & N.H.L.B.I. 51917. NIAЗ strains 
generously provided by L.Jacobs;CDI-DLO; Lelystad, The Netherlands

246.11
NEUROTROPIC HERPES VIRUSES (PSEUDORABIES VIRUSES) AS 
TRANSYNAPTIC TRACERS IN NEURONAL CIRCUITS INNERVATING THE 
CAT HEART. S. S. Newton1. W.P. Coleman1. L. W. E∩αuisť. T.A. Johnson1.
J.-M. Lauenstein1, S. Rapisardi2*. and V.J. Massaгi1. Depts. of Pharmacology1 
& Anatomy2, Howard U., Washington, DC 20059; Dept, of Molecular B io lo g /. 
Princeton U., Princeton, N.J. 08544
The Bartha and Becker strains of pseudorabies (PRV) virus are the best 

characterized viral strains for tгansynaptic tracing studies in rodents, however 
they poorly label motor circuits in the cat. We evaluated the ability of several 
strains of PRV to label autonomic circuits innervating the cat heart. Injections of 
the Bartha-Blu or Beckeг-Blu strains into the heart did not cause viral labeling in 
the CNS in 5 of 6 cats at survival times from 4-24 days. On the other hand, 
injections of the NIAЗ strain of PRV into a right atrial ganglion of another 8 cats 
reliably elicited immunocytochemically detectable tгansynaptic viral labeling in the 
spinal cord and brainstem. The NIAЗ strain however was so virulent that labeling 
could seldom be observed in midbrain areas such as the periaqueductal gray 
before it was necessary to euthanize the cats (53-84 hours post operatively). A 
less virulent strain of NIAЗ which we refer to as the NIAЗ-M201 strain was 
constructed. Injections of this strain into the heart gave excellent tгansynaptic 
labeling of cardiac motor circuits in the CNS with survival times up to 120 hours. 
Sensory pathways including the nodose ganglia and dorsal root ganglia, and 
somatic motor pathways in the ventral hom of the spinal cord were poorly 
labeled. W e conclude that successful tгansynaptic labeling with PRV is 
dependent upon the strain of PRV used, the species o f animal infected, and 
upon the type of neuron investigated (sensory, somatic motor, visceromotor). 
The NIAЗ-M201 strain appears to be a useful tool for the study o f visceromotor 
neurons innervating the heart in the cat. Support: A.H.A. and N.H.L.B.I. 51917 
NIAЗ strains generously provided: L.Jacobs;CDI-DLO; Lelystad, The Netherlands

246.8
NEGATIVE CHRONOTROPIC, VAGAL, PREGANGLIONIC NEURONS OF 
THE NUCLEUS AMBIGUUS SELECTIVELY CONTROL CARDIAC RATE IN 
A  PATHWAY PARALLEL TO, BUT DISTINCT FROM NEGATIVE DROMO
TROPIC AND NEGATIVE INOTROPIC PATHWAYS K.J. Blinder*. T.A. 
Johnson and V.J. Massaгi. Dept, of Pharmacology, Howard University College 
of Medicine, Washington, DC 20059 USA

The postganglionic parasympathetic control of sino-atrial (SA) rate, atrio
ventricular (AV) conduction, and left ventricular contractility (LVC) is selectively 
mediated by neurons in 3 epicardiał ganglionated plexuses found on the 
surfaces of different chambers of the heart: the SA, AV and CV ganglia (SAG, 
AVG and CVG), respectively. Recent anatomical and physiological data are 
consistent with the hypothesis that a similar organization of parasympathetic 
preganglionic vagal motoneurons is found in the brain. We used a dual 
retrograde labeling protocol with diamidino yellow and fast blue as tracers to 
determine whether card¡oinh¡bitory vagal preganglionic neurons which project 
to the SAG also project to either the AVG or the CVG. When one label was 
injected into the SAG and the other into the CVG, equal numbers of neurons 
in the ventrolateral nucleus ambiguus (NA-VL) were positive for each label, but 
less than 3% were double-labeled, despite similar distribution patterns (n=4). 
When labeling from the SAG and AVG were similarly studied, less than 9% 
of labeled neurons were double-labeled, with a slight preponderance of single- 
labeled cells from the AVG (n=5). Thus, the preganglionic control of SA rate, 
AV conduction, and LVC is predominantly mediated by parallel but 
morphologically independent pathways projecting from the NA-VL to the SAG, 
AVG and CVG, respectively. Support: American Heart Association &
N.H.L.B.I. 51917.

246.10
AXONAL TRAJECTORIES OF CARDIAC-RELATED 
NEURONS VISUALIZED USING PSEUDORABIES VIRUS 
EXPRESSING A 7AƠ-GREEN FLUORESCENT PROTEIN 
FUSION: frшEGFP. A. Standish*1. G.E. Gonve1. M.L. Ramaker1.
M. Tomishima-. L.W. Enquist-. and J.S. Schwaber-. ⅛ . I. DuPont 
Company, Computational Biology Group, Experimental Station, 
Wilmington, DE 19880. 2Molecular Biology Dept., Princeton 
University, Princeton, NJ 08544.

As part of an effort to understand the integrative properties of a 
complex network of neurons, we have studied the central neurons 
involved in cardiovascular regulation as a model system. In previous 
studies, we have traced the functionally connected central cardiac 
circuit by injecting pseudorabies virus (PRV), a self-amplifying trans- 
synaptic tracer, into the heart. To further define the cellular structure 
of this network, we have developed an array of novel pseudorabies 
virus-based tracers. These new strains express chimeric reporter 
molecules which combine the axonal localization of tau, a 
microtubule-associated protein, with the detectiblity of ß- 
galactosidase (Callahan and Thomas, 1994, Proc. Natl. Acad. Sci. 
91:5972-5976) or green fluorescent protein. These novel PRV 
strains allow the visualization of the connectivity of complete 
functional networks in both living and fixed tissue. Supported by the
E.I. DuPont Company and NINDS 33506.

246.12
NEURONS IN LAMINA II OF THE MEDULLARY DORSAL HORN ARE 
RETROGRADELY LABELED AFTER INJECTIONS INTO BRAINSTEM 
AUTONOMIC AREAS. W. Sun . W.M. Panneto⅜ Dept, of Anatomy and 
Neurobiology, Saint Louis University School of Medicine, St. Louis MO, 
63104
Previous study showed trigeminal projections from the medullary dorsal horn 
(MDH) to brainstem autonomic areas in rodents using the anterograde tracers 
BDA or PHA-L. The present study investigates the trigeminal projections to 
these autonomic areas by pressure injection 15-50 nl of retrograde tracers 
Diamidino Yellow (DY), Fast Blue (FB) or Fluoro-Gold (FG). After DY 
injection in caudal ventrolateral medulla (cVLM), labeled nuclei of lamina II 
were clustered in ventrolateral MDH; few lamina I nuclei were labeled. After 
injection of DY in the rostral ventrolateral medulla (rVLM), many labeled 
nuclei again were seen in laminar II. There were labeled nuclei in the 
paratrigeminal nucleus after injection of DY in cVLM and labeled cells after 
injection of FB in rVLM. FB injection into the nucleus tractus solitarii (NTS) 
produced clustered blue labeled cells in lamina II ventrolaterally in the MDH. 
There were blue labeled cells in the MDH lamina II bilaterally after injection 
in the A5 catecholamine group area. The distribution of FG labeled cells were 
observed in laminar I bilaterally after injection into ventrolateral areas of 
peribrachial complex rostrally. These data above demonstrate that there are 
direct projections between lamina II to different brainstem autonomic areas. 
Functional properties of these projections, especially related to the diving 
response, will be studied physiologically in the future. Research supported by 
NIH Grant 38471 awarded to WMP.
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246.13
DEMONSTRATION OF PROJECTIONS FROM NUCLEUS RAPHE OBSCURUS 
TO THE CAUDAL PRESSOR AREA OF THE VENTRAL MEDULLA IN THE 
RAT. N.F. Silva2. R.R. Campos Jr.1. G,C. Araujo*. C.T. Berpamaschi1. J.G.P. 
Piгes2. M·A. Dantas2, H.A. Futuro Neto2*. ‘Dept. Fisiologia, UNIFESP-EPM, São 
Paulo.2Dept. Ciências Fisiológicas, CBM, UFES, Vitória, ES, 29040-090, Brazil.

In a previous communication we demonstrated that the pressor responses induced 
by electrical stimulation within nucleus raphe obscurus (NRO) were markedly 
reduced by bilateral microinjection o f kynurenic acid in the rat's caudal pressor area 
(CPA). Nevertheless there has been no report o f a direct connection between these 
two areas involved in the cardiovascular regulation. Therefore the present 
experiments were design to access the existence of NRO direct anatomic projections 
to CPA. Male Wistar rats, 250-300 g (n = 5), were urethane anaesthetized (1.2 g/kg 
żv, after ether induction). After instrumentation, blood pressure (BP) and heart rate 
(HR) were measured. The animals ware mounted in the stereotaxic apparatus and L- 
glutamate (L-GLU, 0.1 M, 100 nl) with 1 % horseradish peroxidase (HRP) was 
bilaterally microinjected within the CPA. 8 hours after the microinjections, the rats 
received an additional dose of anesthetic, were heparinized, and transcaгdially 
perfused with 0.9 % saline solution followed by 200 ml 10 % formaldehyde. The 
brain was removed and transferred into a 10 % formaldehyde saline solution. The 
HRP deposits were revealed using ABC method (vector) with diaminobenzidine. 
The L-GLU-HRP microbjection raised BP and HR in four out of five animals 
studied (ΔBP: + 16.5 ±  3 mmHg; ΔHR: + 42.5 ± 5 bpm; p< 0.05; n = 4); in these 
same animals, HRP intense retrograde deposits were identified in NRO. Our results 
demonstrate that there is a direct projection o f NRO to CPA, and it is likely that this 
projection is involved in the pressor responses evoked by NRO stimulation in the 
rat.
Support by: CAPES, CNPq, FINER FACITEC-PMV and FAPESP.

246.15
WHICH MEDULLARY NEURON GROUPS DRIVE THE VASOMOTOR 
SUPPLY TO THE RAT’S TAIL? J. A. Rathner, D. Trevaks and R, M. 
McAllen*. Howard Florey Institute, University of Melbourne, Parkville, Vic. 
3052, Australia.

Transneuronal tracing with neurotropic viruses has revealed several 
premotor cell groups with connections to the vasculature of the rat’s tail. In 
the medulla, putative tail sympathetic premotor neurons are found in the 
rostral ventrolateral medulla (RVLM), rostral ventromedial medulla (RVMM) 
and the midline raphé nuclei (Rathner et al. 1997, J. Auton. Nerv. Syst. 65, 
83; Smith et al. 1997, Soc. Neurosci. Abstr. 23,139) - a distribution similar to 
those labeled from other sympathetic targets such as the kidney. The 
present experiments explored the functional correlate, by testing which 
medullary cell groups drive tail vasomotor pathways, and whether or not the 
same groups drive the renal sympathetic outflow. In artificially ventilated, 
anesthetized rats (1-1.4 g/kg i.v. urethane after surgery under 2.5% 
isofluorane), different medullary cell groups were activated by microinjecting 
sodium glutamate (1-5 nl, 5OmM) into the exposed ventral surface of the 
medulla. Few-unit activity was recorded from sympathetic terminals on the 
tail artery by a suction pipette, while renal nerve activity was recorded 
simultaneously with wire electrodes. Glutamate injections into the RVLM 
increased both renal and tail sympathetic activity. Little effect on either 
nerve was evoked from the RVMM lateral to the midline, but large, 
preferential or selective increases in tail sympathetic activity could be 
obtained by exciting cells in nucleus raphé pa!lidus. We conclude that 
medullary premotor cell groups differ in their actions on the two sympathetic 
pathways, and that there is functional specialisation within the framework of 
connections defined by anatomical tracing.

Supported by NH&MRC of Australia.

246.17
LEU-ENKEPHALIN IMMUNOREACTIVE TERMINALS SYNAPSE UPON 
NEGATIVE DROMOTROPIC VAGAL NEURONS OF THE NUCLEUS 
AMBIGUUS. T.A. Johnson1. P.J. Gatti. K.J. Blinder1. J.-M. Lauenstein1. S.S. 
Newton1, J .S  Wilson*2, and V.J. Massari1 Depts.of Pharmacology1 & 
Anatomy2, Howard Univ. Coll, of Med., Washington, DC 20059

Injections of leu-enkephalin (LEnk), met-enkaphalin or opiates into the 
ventrolateral medulla (VLM) which include the nucleus ambiguus (NA) cause 
bradycardia. As the electrocardiogram was not recorded in these studies, 
negative dromotropic effects could not be distinguished from negative 
chronotropic effects. Data exist suggesting that some LEnk terminals to the 
VLM may originate in the nucleus of the tractus solitarius (NTS), while earlier 
research from this laboratory has demonstrated a monosynaptic pathway from 
NTS on negative dromotropic neurons of the ventrolateral NA (NA-VL). The 
purpose of the present study was to determine whether enkephalin-induced 
bradycardia may in part be due to a monosynaptic projection of enkephalinergic 
terminals on to negative dromotropic vagal preganglionic neurons of the NA-VL. 
The retrograde tracer CTB-HRP was injected into the parasympathetic cardiac 
ganglion which has been demonstrated to mediate negative dromotropic effects 
in cat, ¡.e., the A-V ganglion. Histochemistry was performed to locate CTB-HRP 
and immunocytochemistry to locate LEnk. LEnk-immunoreactive (LEnk-IR) 
cells were present in NA-VL. These neurons were shown to have both 
myelinated and unmyelinated axons. LEnk-IR terminals were also observed and 
formed axo-somatic synapses with LEnk-IR cells, suggesting autoinhibitory 
regulation. LEnk-IR terminals also formed axo-dendritic and axo-somatic 
synapses with negative dromotropic neurons. These data are consistent with 
the hypothesis that LEnk-induced bradycardia may be due in part to 
monosynaptic activation of negative dromotropic neurons. Physiological studies 
are needed to test this hypothesis. Supported by A.H.A. and HL 51917.

246.14
THE ANGIOTENSIN TYPE 1 AND TYPE 2 RECEPTORS IN COLD INDUCED 
HYPERTENSION
J.-F. Peng. C. Gelban<ť U. Shenov and M.I. Phillips Department of Physiology, Box 
100274, College of Medicine, University of Florida, Gainesville, FL 32610 

Rats exposed chronically to mild cold (5°C/4I°F) develop hypertension. This cold 
induced hypertension (CIH) is a non-surgical, non-pharmacological, and non-genetic 
model for studying hypertension in rats. The role for blood renin angiotensin system 
(RAS) has been demonstrated to play a role in both initiating and maintaining the 
high blood pressure in CIH. The role of the present study was to evaluate the state of 
central and peripheral angiotensin receptors(Ang Rs) in CШ. Sprague Dawley adult 
male rats were used, 36 rats were kept in cold room at 5°C while the other 36 were at 
25°C as warm control. Systolic blood pressure(SBP) was recorded by tail cuff. The 
SBP was elevated in rats exposure to cold within 1 week, significantly increased at 3 
week, reached the maximum(ЗO%) at 5 week (n=l2, P<0.01). Three subgroups of the 
cold-treated and the warm-acclimated rats were sacrificed at 1, 3, and 5 weeks at each 
time point(l2 rats each). Tissues were removed either for RT-PCR to measure mRNA 
or for autoradiography to measure receptor binding for ATI R and AT2 R. The 
mRNA and receptor binding for ATI R significantly increased, in hypothalamus 
initially, and in brainstem and peripheral tissues(including aorta, kidney and adrenal 
glands) in cold-treated rats from the first week of exposure to cold, maintained 
throughout the time of exposure to cold(n=6, P<0.01). The mRNA for AT2 R 
decreased significantly (p<0.01, n=6)) in brainstem and increased
significantly(p<0.01, n=6)in adrenal glands, and the receptor binding for AT2 R 
decreased significantly(p<0.01, n=6)in both brainstem and adrenal glands in cold- 
treated rats at intervals after exposure to cold. These results provide crucial 
information about the time-course of state of the central and peripheral Ang Rs during 
exposure to cold, and show that ATI R and AT2 R play opposite roles and that 
Central and peripheral Ang Rs operate independently and tissue specifically in BP 
regulation in CШ besides blood RAS mechanisms. Funded by NШ grantHLЗ9154-09.

246.16
AGE-RELATED EXPRESSION OF C-FOS IN THE SOLITARY 
TRACT NUCLEUS (NTS) OF SWINE AFTER C02 STIMULATION.
A.L. Sica12*. P.M. Gootman2. S. l∩αenito2. M. Anwar 3, D.A. Ruggiero23. 
1Dept. Med., Long Island Jewish Med. Ctг, Albert Einstein Coll. Med., New 
Hyde Park, NY, 2Dept. Physiol.-Pharmacol., SUNY-HIth. Sci. Ctг., Brooklyn, 
NY and 3Depts. Psychiatry & Anat.-Cell Biol., Columbia Univ., NY, NY 

To determine if hypercapnia produces age-related differences in 
activation patterns of NTS neurons, expression of c-fos, an immediate 
early-response gene, was evaluated in swine at different ages: a) 5-8 d, b)
13-15 d, c) 26-34 d. In each experiment, two swine matched for age and 
weight were prepared simultaneously and received similar levels of 
anesthesia, paralysis, and artificial ventilation (100% 0 2). Abdominal aortic 
blood pressure, ECG and arterial blood gases¯pH were monitored during 
experiments. In each experiment one animal was exposed to 10% C02 for 
1 hr while the other breathed 100% 0 2. No differences in measured 
physiological variables were noted between animals prior to hypercapnia. 
Following exposure, ventilation with 100% 0 2 was resumed for 2 hr. Both 
animals were then deeply anesthetized and perfused with 4% phosphate- 
buffered paraformaldehyde. Tissues were incubated in human fos 
antibody and processed ¡mmunohistochemically. Fos-I¡ke immunoreactive 
neurons were sparse in NTS of controls. Age-related increases in c-fos 
induction were noted in dorsal and medial NTS fields and lateral 
dorsomotor nucleus, with induction most marked in the 13-15 d old group. 
Hence, neurons involved in shaping chemorefļexes exhibit postnatal 
differences in chemoreceptor activation that may underlie immature 
physiological responses, thereby leading to cardiorespiratory 
pathophysiology. (Supported by NIH Grants HL-20864 and HL-28931)

246.18
IM ID A ZO LEA CETIC  ACID-RIBOTIDE, AN ENDOGENOUS IM 
IDAZOLINE Iı RECEPTO R LIGAND. G.D, Prell'*. G.P. Martiπelli2 
and Paul Ernsberser3. Departments of 'Pharm acology and 2Surgery, 
Mount Sinai Medical Center, New York, NY 10029 and departm ent of 
Nutrition, Case Western Reserve University, Cleveland, OH 44106.

Iļ receptors regulate several physiological functions, including central 
control of blood pressure and intraocular pressure. An endogenous lig- 
and(s), termed clonidine-displacing substance (CDS), that competes with 
labeled clonidine for binding to nonadrenergic membrane Ij sites has 
been recovered from brain and periphery, but not identified. One compo
nent of CDS is agmatine, but other endogenous ligands are known to ex
ist. Physiochemical characteristics of CDS and its structure-activity rela
tionships suggested that CDS might be imidazole-4-acetic acid-r¡botide 
(IAA-RP), a metabolite of IAA derived from transamination of histidine 
and oxidation of histamine. Synthetic IAA-RP displaced 125ǐ-/;-iodoclon- 
idine from bovine rostral ventrolateral medulla membranes with Kļ =160 
±38 nM. Synthetic IAA-riboside (IAA-R), its physiological metabolite, 
had 10-100 fold lower affinity. CDS from bovine brain incubated with 
phosphatase, markedly reduced CDS Ij affinity, consistent with conver
sion of IAA-RP to IAA-R. We produced highly selective polyclonal anti
bodies in mice immunized with KLH-IAA-RP. Bovine brain CDS con
tained IAA-RP immunoreactivity. IAA-RP content in rat brain and hum
an CSF was low, <100 ng per brain or ml, respectively In PC -12 cells, 
IAA-RP induced release of arachidonic acid, an I ↑-mediated response; 
this was blocked by efaroxan, an Ii-antagonist. We conclude that IAA- 
RP is an endogenous imidazoline Iļ ligand in brain and periphery, is cap
able of eliciting receptor-mediated cellular responses and suggest it may 
have physiological function. (Support: NIH-HL 44514)
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246.19
ROLE OF ROSTRAL VENTROLATERAL MEDULLA (RVLM) AND 
PERIAQUEDUCTAL GRAY MATTER (PAG) ON THE CARDIOVASCULAR 
RESPONSES OF CHEMOREFLEX (CR) IN CONSCIOUS RATS. H. Mauad,
F.T.AmaraL K.N.Sampaio, V.C.Biancardi, J.N.Barros, A.S.Haibara*. Dept. 
Physiological. Sciences, Biomedical Center, UFES, Vitória, ES, 29040-090, Brazil.

Previous studies have shown that RVLM neurons play an important role in 
cardiovascular responses o f the CR in anesthetized rats. However, the physiological 
importance and the mechanisms by which RVLM and/or other supramedullary 
areas, such as PAG, mediate the CR in conscious rats are not completely 
understood. The purpose of this study was to evaluate the role o f excitatory amino 
acid receptors of RVLM, as well as PAG neurons during pressor and bradycardic 
responses that characterize the CR Adult male Wistar rats (n=5) were submitted to 
chronic implantation of guide-cannulas in RVLM, 4 days before the recording 
period. The CR was elicited by potassium cyanide (KCN, 40 µg/0.05 ml/rat, IV) 
before and after bilateral microinjections of kynurenic acid (KYN, 2 nmol/100 nl) 
into the RVLM. The data showed that microinjections of KYN into the RVLM did 
not change the KCN-induced pressor and bradycardic responses (±46±2 vs. ±42±6 
mmHg and -l57±23 vs. -l26±36 bpm). Another group of animals (n=l5) was 
subjected to chemical lesion o f PAG neurons using neurotoxic doses (30 nmol/200 
nl) o f NMDA or saline (control rats). One day after, the CR were evaluated by 
random doses of KCN (10 to 80 µg/0.05 ml/rat, IV). The data showed that the 
pressor response, but not the bradycardia, was significantly (p<0.05) attenuated in 
higher doses of KCN in lesion rats (±24±5 to +33±7 % mmHg) when compared to 
control rats (±46±6 to ±48±8 % mmHg). These data indicate that the pressor 
response of the CR may not be mediated by excitatory amino acid receptors of 
RVLM neurons in conscious rats. The results also suggest that PAG neurons may 
play a physiological role modulating the pressor component of the CR. Financial 
Support: CNPq, FINEP, CAPES and PRPPG-UFES.

246.21
EFFECTS OF NITRIC OXIDE MICRODIALYSIS INTO THE CAUDAL 
VENTROLATERAL MEDULLA ON CARDIOVASCULAR RESPONSES DURING 
MUSCLE CONTRACTION. BJ·J⅛da, P,S, Gaitonde, R, Mapęy^F,hi Willard*, 
and A. Ally. Departements of Pharmacology, Biochemistry and Anatomy, Univ. 
New England College of Osteopathic Medicine, Biddeford, ME 04005.

Increases in mean arterial pressure (MAP) and. heart rate (HR) are elicited by 
static muscle contraction. Both rostral ventrolateral medulla and caudal 
ventrolateral medulla (CVLM) play an important role in mediating these 
responses. The present study determined the effects of administering L- 
arginine, a precursor for the synthesis of nitric oxide, and L-NMMA <NG- 
monomethyl-L-arginine), a nitric oxide synthase blocker, into the CVLM on the 
cardiovascular responses elicited during static contraction of the triceps surae 
muscle. Two microdialysis probes were inserted into the CVLM of 
anesthetized Sprague Dawley rats using stereotaxic guides. Static muscle 
contraction, evoked by stimulation of the tibίal nerve at ЗXmotor threshold, 0.1 
msec duration, and 40 Hz frequency for 30 sec, increased mean arterial 
pressure (MAP) and heart rate (HR) by 1 8 ± 2  mmHg and 3 0 ± 3  bpm, 
respectively (n = 5). Microdialysis of L-arginine (1 .OµM) for 30 min potentiated 
the contraction-evoked increases in MAP and HR (30 ±3  mmHg and 46 ±9 
bpm). After discontinuing L-arg¡n¡ne, L-NMMA (1 ΌµM) was m¡crodialyzed into 
the CVLM for an additional 30 min followed by a muscle contraction. This 
contraction attenuated the augmented pressor response (6 ± 2  mmHg) but 
blocked the augmentation of HR (15±7  bpm). Developed tensions did not 
alter during contractions throughout the protocol (732 ±36, 716 ±63, and 
709 ±62 g). These results suggest that nitric oxide within the CVLM appear to 
play a role in modulating cardiovascular responses during static muscle 
contraction.

246.20
AIRPUFF STARTLE STRESS RESPONSIVE NEURONS WITH 
PROJECTIONS TO THE MEDULLA: DO THEY HAVE A ROLE IN 
DIFFERENTIAL AUTONOMIC PROCESSING? Palmer. AA*: Pri∩tz MP. 
UCSD, Dept. Pharm., La Jolla, CA, 92093 

The identity of descending circuitry responsible for excessive stress- 
induced cardiovascular responses in genetic hypertensive rats remains 
elusive. Prior studies detailed a differential cardiovascular response profile to 
airpuff startle (ApS) stimuli between Spontaneously Hypertensive (SHR) and 
Wistar Kyoto (WKY) rats. Recently, we documented, for the first time, strain 
differential Fos expression in the rostroventrolateral medulla (RVLM) and 
several RVLM projecting sites following ApS. The current study extended 
these findings and sought to define RVLM projecting neurons which also 
express Fos in response to ApS. Unilateral iontophoгetic micro injections of 
fluorogold (FG) were made into the RVLM of 9 -10 week SHR and WKY, 
and 2-3 weeks later, animals were subjected to 60 ApS stimuli. Cellular 
localization of phenylethanolamine-N-methył¯tгansferase (PNMT) def¡need 
injection sites. Brains with verifiable injections were double labeled for Fos 
and FG. Single FG and Fos cells, and double labeled cells were found in 
lateral paгabгacheal nucleus, Kolliker-Fuse, ventral lateral central grey 
(VLCG), lateral central gray, posterior lateral hypothalamus, paraventricular 
nucleus of the hypothalamus and the preoptic area. Preliminary data identify 
differential percentages of double labeled neurons, for example in the VLCG 
80% of SHR FG neurons are also Fos positive, whereas in WKY only 15% of 
FG are also Fos positive. In contrast other regions show no strain difference, 
e g. KF 57% FG also Fos in SHR, 59% FG also Fos in WKY. These data 
support the notion that RVLM receives differential excitatory and/or inhibitory 
input from higher brain centers, perhaps contributing to differential Fos 
expression, differential autonomic responding, or both. (Sponsored by NIH 
HL 35082).

SOMATIC AND VISCERAL AFFERENTS: DORSAL ROOT GANGLIA

247.1

TEMPERATƯER DEPENDENCY OF THE HISTAMINE- 
INDUCED EXCITATION IN VISCERAL POLYMODAL 
RECEPTORS IN VITRO. Ł  Mizumurз»and Ң. Koda. Dept. 
Neural Regulation, Res. Inst. Environ. Med., Nagoya Univ., 
Nagoya 464-8601, Japan

Histamine (HA) induces an excitation in canine visceral 
polymodal receptors (PMRs) with conduction velocity slower 
than 10 m/s. As itch and pain are known to be enhanced when 
the skin temperature is raised, temperature dependency of this 
HA-induced excitation in testicular PMRs was studied. Single 
fiber activities from PMRs with conduction velocity <10 m/s 
were recorded using testis-spermatic nerve preparations 
excised from deeply anesthetized (pentobarbital 30 mg/kg) 
dogs. HA (100 µM, for 1 min)-induced excitation was suppress
ed when the temperature of the solution was decreased from 
34°C (basal bath temperature) to 28°C, while facilitated by 
increasing the temperature to 37°C and further facilitated by 
raising to 4O°C. Q10 value calculated between 34°C and 4O°C 
was 12.3, a much greater value than that for the bradykinin 
response (QЮ= 2.3-4.2 for 0.05-9 µM in the temperature in
crease from 30° C to 36° C, Pain 28 (1987)). The present result 
suggests that the temperature dependency of the HA response 
at the sensory receptor level is one of the mechanisms for the 
facilitation by temperature rise of the HA-induced sensation.

247.2
A PRACTICAL MODEL OF CANCER PAIN: COMPARING 
DIFFERENT HIND LIMB SITES OF MELANOMA CELL 
IMPLANTATION.
P·W· W a c n ik l .2 LS. S to n eЗ, T .M . L au g h lin 2, K ,F . K itto 2, M.L.R. 
Ram naraine4, P.W . M antyh 1,3.5, A.J. B eitzЗ`6*, G.L. W ilco x l,2,3. l M innesota 
Pain R esearch  T rain ing  P rogram  N eurosy tem s C enter, 2D epartm ent o f 
P harm aco logy , ЗG raduate  P rogram  in N eu ro sc ien ce , 4D epartm en t of 
Orthopaedic Surgery, 5Dental Research Institute, 6D epartm ent of Veterinary 
PathoBiology. University o f M innesota, M pls, M N 55455

Pain is reported in one-third o f  patients receiving anti-cancer treatm ent 
and two-thirds o f  patients with advanced stages o f cancer. To optim ize pain 
treatm ents in cancer patients, it is im portan t to em pirica lly  d istingu ish  
physiological (som atogenic) pain from  the psychogenic pain associated with 
progression o f a fatal disease. W e have begun to exam ine the progression and 
severity  o f tum or-induced som atogenic pain using both anim al behavior 
models and anatom ical reorganization of the CNS

C57BL/6 mice were implanted with 105 m elanom a (clone G3.26) cells in 
one o f four hind leg sites: the sheath o f the sciatic nerve, intram uscularly near 
the sciatic nerve, in the m edullary canal of the fem ur, or subcutaneously by 
direct injection. Control groups received identical im plants with saline, cell 
culture m edia, or no treatm ent. The contralateral leg of all treated anim als 
received heat-killed cells via identical im plantation techniques. Tum ors were 
allowed to grow for three weeks, and behavioral testing  was conducted at 
baseline and weekly. Thermal hyperalgesia but not m echanical allodynia was 
observed in treated but not control anim als prio r to the appearance o f a 
palpable tum or and continued throughout the experim ent. The hyperalgesic 
effect declined as the mass o f the tum or apparently  interfered with sciatic 
nerve function (as observed on necropsy). This tum or model can be used to 
evaluate the analgesic effects of cancer pain therapies as well as the algesic 
effects associated with chem otherapy. Supported by N IH /N ID A  grant R()l- 
DAO4274 and NIH / 5T 32-DEO 7288-02.
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247.3
MECHANORECEPTOR POPULATION CODING OF THE LOCATION, STROKE 
DIRECTION, AND ORIENTATION OF AN OBJECT STROKED ACROSS THE 
FΓNGERPAD. RM Friedman*, PS Khalsa, KW Greenquist and RH LaMotte. Dept, of 
Anesthesiology, Yale University School of Medicine, New Haven, CT 06510.

The peripheral neural representation of location, orientation and the direction of 
motion was studied in spatially distributed populations of rapidly- and slowly-adapting 
type 1 mechanoreceptors (RAs and SAs) as an object was stroked across a fixed position 
on fingerpad of the anesthetized monkey (n=5). Two toroidally shaped objects with radii 
of 5 mm on the major axis and 1 or 3 mm on the minor axis and a sphere with a radius of 
5 mm were each stroked 7 mm across the fingerpad at 10 mm/s with a contact force of 15 
gwt. The object, oriented at 4 different angles (0, 45, 90, 135°), was stroked parallel and 
orthogonal to its major axis at 8 different stroke directions spaced at 45° increments. 
Population responses (PRs) were constructed by combining and mapping to the receptive 
field (RF) location the discharge rates from 99 RAs and 98 SAs with RFs distributed over 
the fingerpad. The orientation and center location of the PRs were determined with 
principal component analyses at discrete instances (n=36) during the stroke. Directions 
of motion were calculated from the vector shifts in the center locations of the PRs.

During lateral motion: (1) the center locations (CLs) of the SA PRs coded more 
reliably than the CLs o f the RA PRs the center locations of the contact area of the object, 
regardless of stroke direction, object curvature or orientation; (2) the vector stroke 
directions (VSDs) o f the SA PRs coded the different stroke directions better than the 
VSDs of the RA PRs, regardless of object curvature or orientation; (3) the orientations of 
SA PRs coded the orientations of the toroidal objects better than the orientations of RA 
PRs; PR orientations of the 1x5 mm toroid coded object orientation better than PR 
orientations of the 3x5 mm toroid; (4) for the sphere, the orientations of the PRs were 
modulated towards angles that were either parallel (RA) or orthogonal (SA) to the stroke 
direction of the object. Object orientation measures from SA and RA spatial event plots 
confirmed the PR orientation measures. Overall, the SA population exhibited a greater 
ability than the RA to code the spatial position of an object moving across the fingerpad. 
(Supported by NS15888 andNSЮ 433)

247.5

WITHDRAWAL THRESHOLDS TO MECHANICAL INDENTATION AND TO 
CONTROLLED-TEMPERATURE HEATING OF THE RAT HIND PAW. R.H. 
LaMotte*, X.-J. Song, K. Greenquist and J.-M. Zhang. Dept, of Anesthesiology, Yale 
Univ. School of Medicine, New Haven, CT 06510.

Measurements of foot-withdrawal thresholds in behaving rat using hand-held Von- 
Frey nylon filaments or radiant heat are typically hampered by problems of stimulus 
control. Commercially available nylon filaments of differing diameter confound 
bending force with differences in tip diameter and shape while radiant heat, typically 
given without control over stimulus skin temperature, confounds response latencies 
with variations in the thermal properties of the skin.

Hand-held stimuli were applied through a mesh floor to the plantar surface of each 
hind paw of awake rat. Mechanical indentation was applied for Is to 10 loci/foot, with 
each of 7 nylon monofilaments, differing in the bending force delivered (5 - 160 mN) 
but each having a flat tip and a diameter of 0.1mm. Heat stimuli of 41- 51 °C, each 4s 
with rise times o f 18 °C/s, were delivered in 2 °C steps to each of 6 loci/foot on a base 
of 39 °C by a contact thermode (chip resistor, 2x3 mm) that maintained temperature 
within ±0.1 °C via a thermocouple at the skin-thermode interface. Thermode contact 
force was held between 150 and 250 mN. Linear transforms of the incidence of 
withdrawal vs. force or temperature were used to obtain thresholds at 50%. The mean 
force thresholds for left and right hind paws on the first day of testing were 64.0 ± 18.3 
(SD) and 64.2 ± 17.8 mN (range 38.3 - 120; 32 rats). Correspondingly, the mean 
temperature thresholds were 45.0 ± 0.6 °C and 45.3 ± 0.7 °C (range 44.0 - 46.4; 18 
rats). Mean thresholds did not change significantly on two subsequent tests. These 
results demonstrate the precision and reliability of improved stimulus control in 
measuring withdrawal thresholds to mechanical and heat stimulation of the rat hind 
paw. (Supported by PHS grants NS14624 and NS10174).

247.7
PACINIAN AND NON-PACINIAN MECHANORECEPTORS INVOLVED IN 
DETECTION OF CARDIAC SENSATIONS. Jasper Brener*. Kellev Knapp &
Dave Emmerich. Department of Psvchologv. SUNY at Stony Brook. Stony Brook.
NY 11794.

Many college-aged individuals can detect sensations produced by the beating of the 
heart at rest. Evidence that cardiac transplant patients arc better at heartbeat (HB) 
detection than controls with normal cardiac innervations suggests that HB sensations 
are transduced through somatosensory rather than cardiac mechanoreceptors. The 
involvement of Pacinian (PC: 250 Hz) and Non-Pacinian (NP: 6 Hz) mechano- 
receptive channels in transducing HB sensations was examined. Ability to detect HB 
sensations was established by requiring experimental participants to discriminate 
between brief tones that were time-locked to different phases of the cardiac cycle. 
Adequate performance of this task, which requires the ability to detect HB 
sensations, was established for the 6 female and 6 male participants:. While lying 
face up on a horizontal table, they performed the task under three conditions of 
mechanical stimulation of the sternum: (i) 250 Hz (à\ 20 dB SL. (ii) 6 Hz (à\ 20 dB 
SL and (iii) no external mechanical stimulation. Nonspecific (distraction) effects of 
mechanical stimulation on performance were assessed using a task in which 
participants judged the simultaneity of light flashes and brief tones presented at 
different stimulus onset asynchronies under each of the stimulation conditions. If a 
particular frequency of mechanical stimulation (PC = 250Hz; NP = 6Hz) interfered 
with detection of cardiac sensations but not with performance on the light-tone 
simultaneity task, it was concluded that heartbeat sensations were transduced by 
mechanoreceptors that were tuned to that frequency. By this metric, 3 subjects 
sensed HB sensations through the NP channel, 1 through the PC channel, and 1 
through both the PC and NPC channels. The remaining subjects showed varying 
patterns of interference that were not specific to detection of cardiac sensations. 
Supported by RO l HL42366 to JB.

247.4
CUTANEOUS HYPERALGESIA MEDIATED BY ENHANCED EXCITABILITY 
OF SENSORY NEURONS IN RATS WITH CHRONIC COMPRESSION INJURY 
OF THE DORSAL ROOT GANGLION. J.-M. Zhang*, X.-J. Song and R. H. LaMotte. 
Dept, of Anesthesiology, Yale University Sch. of Med., 333 Cedar Street, New Haven, 
CT 06520
Pain and hyperalgesia might occur when the dorsal root ganglion (DRG) is 

mechanically deformed in association with injuries or diseases of the spine. To 
evaluate the electrophysiological changes that contribute to this sensory pathology, 
intracellular recordings were obtained in vitro from DRGs that had received a chronic 
mechanical compression (chronic compression of DRG, CCD). The compression was 
produced by inserting two L-shaped rods ipsilaterally into the intervertebral foramen, 
one at L4 and the other at L5 in rats 1 to 14 days prior to the recording. Control rats 
received a sham operation. Postoperatively, the threshold force applied by punctate 
stimulation of the plantar surface of the hind paw decreased dramatically 
(hyperalgesia) on the foot ipsilateral to the CCD but changed little on the contralateral 
foot or on either foot for control rats. DRG cells were classified into small, medium 
and large according to the cell diameter measured during recordings. CCD cells in 
each size category were more excitable than those of comparable size from control rats 
as judged by the significantly lowered threshold currents and action potential voltage 
thresholds. Spontaneous activity was recorded in 11% of all the CCD cells tested. 
PGE2, an inflammatory mediator, increased discharge rates of spontaneously active 
small and large CCD cells when applied to the ganglion. Threshold cuҥents were 
decreased in both control and CCD quiescent cells during a 2min application of 10'5 M 
PGE2. Intrinsic alterations in membrane properties and the presence of inflammatory 
mediators may increase the excitability of DRG cells and contribute to pain and 
hyperalgesia if DRG compression accompanies injuries or pathologies of the spine. 
(Supported by PHS grants NS 14624 and NS10174).

247.6
M EASURING DETECTION TH RESH OLD S FOR VIBRATO RY STIM ULI 
APPLIED TO THE CHEST. J. M ailloux*. K. Knapp. J, Thom as, and J. 
Brener. Department o f  Psvchologv. State University o f  New York at Stoπv 
Brook. Stony Brook. NY 1 1794. '

Detection thresholds for mechanical stimuli o f  different frequencies have 
been measured mainly on the thenar eminence o f the hand. This is largely 
because it is difficult to deliver mechanical stimuli at precisely-controlled 
amplitudes to other body parts such as the thorax that move rhythmically with 
the ventilation o f the lungs and the beating o f the heart. To deal with this 
problem in the present experiment, the mechanical stim ulator rested on the 
subject's sternum as he or she lay face up on a horizontal table. The stimulator 
was suspended from an aluminum beam that was balanced on a  knife edge. 
Counterweights located opposite to the mechanical stim ulator were adjusted 
until the contactor rested on the subject s sternum with a static pressure o f  40 g 
that did not vary during ventilation. Using a Two-AItemative Forced Choice 
Adaptive Threshold task, detection thresholds were determined for brief (300 
ms) sinusoidal mechanical stimuli delivered through a 2.9 e n r  contactor at 
frequencies o f 9. 13. 30. 100. and 250 Hz. In agreement with threshold 
measurements made on the hand, vibrotactile thresholds on the chest were 
lowest at 250 Hz (10.3 µm displacement) and increased systematically as 
frequency decreased to 13 Hz (331.6 µm  displacement) following which 
further decreases in frequency did not result in threshold changes. The 
relationship between stimulation frequency and detection threshold recorded 
from the sternum follows the same pattern as that recorded from the thenar 
eminence, suggesting that two distinct m echanoreceptive systems arc 
functioning at both locations Supported by ROl HL42366 to JB.

247.8
CUTANEOUS INNERVATION IN THE HAIRLESS MUTANT MOUSE.
T. Mosco∩i*, Western University of Health Sciences, Pomona, CA, 91766.

Rodent fur and whiskers comprise a densely innervated, exquisitely sensitive tactile 
apparatus. Details of the distribution and development o f this innervation have been 
described for normal rats and mice (see Rice et al., J. Comp. Neurol.. 337:366-385). In 
the mouse mutant, hairless (hr), the hairy skin appears normal until -10 days 
postnatally, after which virtually all o f the follicles undergo a sebaceous transformation 
and subsequent cyst formation and are rendered incapable of growing new hairs 
(Montagna et al., 1952). The fate of the massive sensory innervation to the fur and 
whiskers is unclear. For this study, the distribution o f  sensory endings in the fur and 
vibrissae was examined in hr mice using fluorescent immunohistochemistry with PGP 
9.5 antibodies, shown to label virtually all peripheral sensory processes. No normal 
hair follicles were observed, however, a few presumptive guard hair follicles produced 
thin, fuzzy hairs. These hairs contained elaborate pilo-neural complexes (PNCs) with a 
dense, complete palisade of lanceolate endings oriented parallel to the hair shaft, 
enclosed by many circumferential endings, some of which appeared to be thicker than 
those seen in normal mouse PNCs. O f particular interest were PNCs that appeared to 
enclose only the space where a hair presumably had existed. Further, the innervation of 
the skin in hr was also inordinately densely innervated, with numerous fine fibers 
ascending and branching profusely within the epidermis. Whisker innervation was also 
abnormal. The inner conical body, a superficial target in the vibrissal follicle usually 
innervated by several small superficial nerves and receiving limited input from the deep 
nerve, was heavily innervated by a large ectopic contribution from the deep nerve in a 
manner reminiscent of the erroneous whisker reinnervation observed after infraorbital 
nerve section (Renehan and Munger, J. Comp. Neurol., 249:429-459). The endings in 
the inner conical body also contained profiles of a caliber exceeding that normally 
observed. Reorganization o f cutaneous innervation observed in hr suggests that there is 
a hierarchy of secondary target selection for endings whose primary target is 
eliminated. Developmental studies and stereology o f trigeminal and dorsal root ganglia 
are cuirently underway.
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247.9
CHANGES IN THE NEUROTROPHIN-INDUCIBLE PROTEIN "VGF" IN 
MICE HYPEREXPRESSING NGF. G .-Ľ Ferri1* . K M. Albers3 R. Possenti2. 
1Neuro&Endocrine Research, Dept Cytomoгphology, Univ Cagliari, 2lnst 
Neurobiology, CNR, and Dept Neuroscience, “Tor Vergata” Univ, Rome, 
Italy; 3Dept Pathology, Univ Kentucky Medical Center, Lexington, KY.

The vgf gene was originally discovered because of its very high, selective 
induction by NGF in PC12 cells. The relevant “VGF protein” proved to be a 
neuro-endocгine gene product, responsive to neurotroph¡ns in several 
systems in vivo We studied VGF in primary sensory neurons of transgenic 
mice overexpressing NGF in keratinized epithelia (e.g. skin, oral cavity). In 
view of multiple post-translational cleavage products of VGF, a range of 
antisera to different VGF-domains (C-terminus, pre-cleavage stretches, etc.) 
were used, in parallel with TH-, CGRP- and substance P-immunostaining. 
TH-immunoreactive sympathetic baskets, which surround most trigeminal 
perikarya in such transgenic mice, were VGF-immunoreactive. VGF- 
immunostained perikarya, normally visible in small numbers, were more 
frequent and of visibly increased size. Changes were similar in spinal 
ganglia. However, while VGF-immunoreactivity was distinctly conserved in 
several areas of the spinal cord (e.g. fibres in anterior horn, several 
motoneurons, inteгmedio-lateral column), superficial dorsal laminae 
revealed reduced numbers of distinct VGF-immunoreactive terminals, as 
opposed to the abundant substance P- and CGRP-immunolabelling (parallel 
findings with several antisera to non-overlapping regions of VGF). Thus, in 
both sympathetic and primary sensory neurons the vgf gene appeared to 
respond to NGF hyperproduction. The differing patterns seen for 
sympathetic baskets and sensory central terminals suggest that NGF might 
differentially modulate processing and/or release of VGF products in the two 
neuronal types. Supported by research grants from Ministry of University 
and Research and National Research Council, Italy.

247.11
EFFECTS OF NOREPINEPHRINE ON THE MECHANORECEPTORS OF 
URINARY BLADDER IN THE CAT. H. C  Han. E, -1. O h*. Ί. M. Hwang, and
S. K. Hong Neuroscί. Res. Inst, and Dept, of Physiol., Korea Univ. Coll, of 
Med., Seoul, Korea 136-705

Recent evidences suggest that there may be a relationship between 
sympathetic nerve and somatic sensory receptors in normal and pathologic 
conditions, but the study about the effect of sympathetic efferent system on the 
sensory receptor in the visceral organ that is more dependent on autonomic 
nervous system is lacking. In the present study, we examined whether 
norepinephrine (NE) had an influence on the mechanoreceptors in the feline 
urinary bladder.

Adult male cats were used and anesthetized with α-chloralose and artificially 
ventilated. Body temperature, blood pressure, and end-tidal C〇2 were 
maintained within physiological range. Hexamethonium was continuously infused 
intravenously in order to block the spontaneous bladder contraction. Urethral 
catheterization was performed for bladder inflation and the pressure transducer- 
connected cannula was placed on the apex of bladder. Tiny cannula inserted into 
the bilateral side branches o f vesical arteries were used as a route for NE (Ю µg 
bilaterally) injection. Single fiber recordings were obtained from the distal stump 
of pelvic nerve. According to the analysis o f preliminary data (n = 9), the ratio 
o f the number of impulses and urinary bladder pressure (UBP) in the period of 
UBP 0-10 mmHg and 10-20 mmHg (the initial rising phase of UBP) increased 
in four fibers and decreased in five fibers o f the low-threshold mechanoreceptors 
after NE injection.

These result suggest that intra-arterially injected NE might have influence on 
the above parameters of the low-threshold mechanoreceptors in the normal 
feline urinary bladder.

247.13
EFFECT OF SUBSTANCE P ON THE UTERINE M ECHANORECEPTORS 
IN CATS : ELECTROPHYSЮ LOGICAL STUDY Hee Chul Han, Min-Goo Lee 
and Seung Kil Hong* Neuroscience Research Institute and Department of 
Physiology, College of Medcine, Korea University, Seoul 136-705, Korea.

Aim: Substance P is a key neuropeptide of neurogenic inflammation. It is centrally 
and peripherally released from substance P-containing neuron by noxious stimuli on 
the innervated tissues. The released substance P into tissues is known to stimulate the 
inflammatory cell, the blood vessels and the nerve endings. This study is to 
investigate how substance P acts on impulse dischage patterns of mechanoreceptors 
in the feline uterus. Method: Fourteen adult female cats were used. Single fiber 
recording was done on the hypogastric nerve innervating the uterus under α- 
chloralose (60 mg/kg) anesthesia and artificial ventilation. Conduction velocities 
were calculated in each nerve fibers. For mechanical stimulation, a balloon was 
inserted into the uterine cavity and distended with a syringe pump upto 150 mmHg 
of intra-uterine pressure. Substance P (30 µg) was slowly (3 µg/min) injected into 
uterine circulation through the cannula inserted into the side branch of uterine artery. 
Results: Seventeen o f Aδ single fibers were recorded. Their conduction velocities 
ranged from 3 m/s to 18 m/s. Eight fibers showed the increased (>l 10% of control 
value) neuronal response to balloon distension during and after substance P infusion 
and partially recovered 30 min after substance P infusion. The response o f 3 single 
fibers, however, decreased (<90% of control value). The rest 6 single fibers did not 
change (±10% of control value) after substance P infusion. One of the all recorded 
Aδ fiber could be excited by substance P itself as well as by balloon distension. 
Conclusion: Almost half o f mechanosensitive Aδ fibers in the uterus were sensitized 
by substance P directly injected into the uterine circulation. It may indicate that sub
stance P play a certain role o f mechanoreceptor sensitization in addition to the cas
cade of inflammatory reaction.

247.10
DIVERGENCE BETWEEN pH AND CAPSAICIN SENSITIVITY IN SUB
CLASSIFIED SMALL DIAMETER CELLS OF DRG. B. Cooper* and R.S. 
Scroggs, Dept, of Oral Surgery, Univ, of FL, Gainesville, FL, 32610 and Dept, of 
Anatomy and Neurobiology, Univ, of Tennessee, Memphis, TN, 38163 

DRG (dorsal root ganglion) cells can be sub-classified on the basis of their 
repertoire of voltage activated currents (Ih, la, T type Ca2+ currents; Cardenas et al.,
1995). This method could be useful in identifying capsaicin (CAP) sensitive cells 
without the application of CAP. In this report, we replicate and extend the findings 
of Cardenas et al., by examining the relationship between the repertoire of voltage 
activated currents and the presence of CAP and acid sensitivity of DRG cells.
Whole cell patch recordings were obtained from acutely dissociated rat DRG. CAP 
(0.25-luM) and acidic solutions (Tyrode’s, pH 4.5-6.1) were applied by “sewer 
pipe”. Cells were classified as types 1, 2, 3, 4 and OTHER according to distribution 
of H and A-type currents evoked by a series of hyperpolarizing voltage commands 
(500 msec steps to -70 to -110 from a Vh=-60). Consistent with previous reports, 
we observed that cells which did not express Ih or Ia (type 1 cells; 26.5+/- .95 um 
diameter) were reliably CAP sensitive (7/9 cases). These cells were also uniformly 
sensitive to acid pH (4.5-6.1; 10/10 cells). Type 2 cells (27.3 +/-1.03 um; Ia present 
but no Ih) were also sensitive to both CAP (16/16) and acid pH (23/24 cells). Other 
categories of cells, types 3, 4 and OTHER were unlikely to be CAP sensitive (1/6); 
however, the type 3 cell (20.2 +/- 1.2 um) was powerfully excited by acidic solutions 
(4 of 4 cases). In conclusion, responses to acid paralleled that of CAPS in type 1 
and type 2 but not the type 3 cell. This outcome confirms that this classification 
scheme can identify nociceptive-like DRG cells and can distinguish between cells 
which are CAP and/or acid responsive. Supported by the UFCD and IBN93 10065.

247.12
EFFECT OF HYPOGASTRIC STIMULATION ON THE RESPONSE OF 
MECHANORECEPTOR IN FELINE URINARY BLADDER. H.C. Han*. J.M. 
Hwana. S.H. Nahm and SҠ. Honα Neuroscience Research Institute and 
Department of Physiology, College of Medcine, Korea University, Seoul 136- 
705, Korea.

INTRODUCTION : The function of sympathetic efferents is known to be 
diverse in somatic sensory system in normal and pathologic conditions, but 
there is a lack of evidence for the effect of sympathetic efferent system on 
the visceral sensory receptors in visceral organs that is more dependent on 
autonomic nervous system.

PURPOSE : In the present study, we examined whether electrical stimula
tion of hypogastric efferent nerve can modify the response of mechanore
ceptor to isotonic pressure stimuli in feline urinary baldder.

METHODS : Adult male cats were used and anesthetized with α-chloralose 
and artificially ventilated. Body temperature, blood pressure, and end-tidal 
C 02 were maintained within physiological range. Hexamethonium was con
tinuously infused intravenously in order to block the spontaneous bladder 
contraction. Urethral catheterization was performed for bladder inflation and 
the pressure transducer-connected cannula was placed on the apex of blad
der. For electrical stimulation of hypogastric efferents, stimulating electrode 
was installed at the distal stump of hypogastric nerve. Single fiber recordings 
were obtained from the distal stump of pelvic nerve.

RESULTS : In 6 among 10 fibers, the ratio of the number of impulses and 
urinary bladder pressure (UBP) in the period of UBP 0-10 mmHg was not 
changed but that of UBP 10-20 mmHg (the initial rising phase of UBP) and 
that of total stimulation period were significantly increased.

CONCLUSION : These result suggest that electrical stimulation of hypogastric 
efferents could modify the sensitivity of low-threshold mechanoreceptrors in feline 
urinary bladder.

247.14
EXTENSIVE GS-I-B, ISOLECTIN REACTIVITY IN MULTIPLE 
SYMPATHETIC GANGLIA IN RAT J.C. Petгuska» and R.D. Johnson 
University of Florida, Depts. of Neuroscience and Physiological Sciences, 
Gainesville, FL 32610-0144.

The isolectin I-B4 from Grifſonia (or Bandeiraea) simplicifolia (GS-I-BJ labels a 
large proportion of the small diameter dorsal root ganglion (DRG) neurons that have 
unmyelinated axons. Encompassed in this group is a subpopulation of sensory 
neurons that lacks expression of the trk or p75 neurotrophin receptors in the adult, 
lacks neuropeptide expression, but expresses fluoride resistant acid phosphatase and 
the glial cell line-derived neurotrophic factor receptor complex - GDNFRα and the 
tyrosine kinase Ret. There is significant interest in the function and innervation 
patterns of these neurons. We previously described the innervation pattern of GS-I- 
B4 reactive axons in skin and mucocutaneous tissue (Petruska, Streit, and Johnson,
1997). It was clear from the innervation patterns in skin that axons binding GS-I-B4 
may not have been strictly sensory, but may have included sympathetic axons as well. 
Other studies conducted with rat mystacial pad have also suggested that some GS-I- 
B4 reactive axons may be of sympathetic origin. In order to be more certain as to the 
potential sources of GS-I-B4 reactive skin innervation, we examined the GS-I-B4 
reactivity in the superior cervical ganglion, upper and lower thoracic sympathetic 
chain ganglia, and lumbar sympathetic ganglia. GS-I-B4 reactivity was widespread.
It was far weaker, however, than the binding exhibited by DRG neurons. Binding 
was found primarily in the Golgi apparatus, with very light to no binding visible on 
the plasma membrane. Sympathetic neuron GS-I-B4 binding overlapped nearly 
completely with expression of trkA, but not at all with CGRP or substance P. 
Knowledge of the binding patterns of GS-I-B4 in the sympathetic nervous system, 
especially in relation to other markers, may enable a better understanding of the 
source of GS-і-B4 reactive skin innervation.
Supported by NIH MH15737 and the Florida Brain and Spinal Cord Injury and 
Rehabilitation Trust Fund.
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248.1
PRO PERTIES O F U N ITAR Y T H A L A M O C O R T IC A L  AND  
INTRAC O R TIC AL SY NAPTIC EV E N T S O Ғ BA R R EL CO RTEX .
Y. A m itail* , B.W. Connors^, Z. G il l . 1 Ben-Gurion University, Beer-Sheva, 
Israel, and ⅛ ro w n  University, Providence, RI, USA.

An overwhelming majority o f  excitatory synapses in the neocortex originate 
from intracortical sources, and only a minority o f  each neuron’s synapses carry 
specific information from the thalamus. We used slices and whole-cell 
recordings to compare the properties o f  thalamocortical (TC) and intracortical 
(IC) synapses converging onto layer 4 spiny cells. Stimuli were applied either 
to the ventrobasal thalamus or laterally in layers 3/4 o f  the cortex. To measure 
quantal sizes, extracellular Ca^+ was replaced by Sf2+ , or Cd2+ was added to 
the perfusate. The size and shape o f  quantal TC and IC synaptic events were 
identical under both conditions (peaks about 0.37 mV, or 11 pA). On the other 
hand, minimal stimulation o f  single axons in normal solution revealed marked 
differences between tracts: the amplitudes o f  unitary TC-EPSCs ranged from 
1 to 20 times the quantal size in some cells (29 ± 16 pA, mean ±SEM ), while 
IC-EPSCs tended to be smaller and more uniform, with amplitudes from 1 to 8 
times the quantal size (16 ± 7 pA). Release probabilities were compared by 
blocking IC- and TC-NM DA receptor-dependent currents with the NM DA  
open-channel blocker MK-801. During repeated stimuli, the blocking time- 
course o f  NM D A currents was about 40% faster for TC than IC synapses.

Our results demonstrate that: 1) TC and IC synapses have identical quantal 
size, 2) the mean innervation ratio from single TC axons is higher than that 
from IC axons, and 3) the average release probability o f  TC synapses is higher 
than that o f  IC synapses.

Supported by an ISF grant to Y.A., and FIRCA award to B.W.C. and Y.A.

248.3
DEVELOPMENT OF SPONTANEOUS EPSCS A N D IPSCS IN BARREL D4 
OF MOUSE SMI CORTEX. Y. Bibi. LA. Fleidervish and M.J. Gutnick* 
Zlotowski Center for Neuroscience and Department o f  Physiology, Ben Gurion 
University o f  the N egev, Beer Sheva, Israel 84105.

In the mouse, precise topographical organization o f  the SmI (barrel) cortex 
provides an optimal system for studying development o f  cortical circuitry. In 
order to determine the effects o f  early peripheral manipulations on baưel 
formation, it is necessary to quantitatively characterize normal morphological 
and physiological aspects o f  synaptogenesis. In a recent quantitative EM study 
o f Layer IV o f  baưel D4, White et al. (1997) showed that on P6, there are very 
few symmetrical and asymmetrical synapses, and that numbers o f  both 
synaptic types rise steeply over the subsequent 6 days. W e have examined the 
physiological coưelates o f  those findings using patch-in-slice recording in a 
tangential brain-slice preparation which permits us to isolate Layer IV and 
study spontaneous synaptic activities in identified baưels.

Cell-attached K+ channel recordings in the presence o f  symmetrical [K+] 
revealed that on P5-P6, neurons in baưel D4 had resting potentials (RP) 
between -40 and -50 mV, and by P12 RP was between -65 and -80 mV. Over 
this period, frequency o f  sEPSCs increased from 2.6 to 21.6 Hz, and frequency 
o f sIPSCs increased from 0.6 to 15.1 Hz. Conductances o f  both synaptic types 
did not change significantly with time. Similarly, decay τs o f  sIPSCs and 
AMP A receptor-mediated sEPSCs were not changed. However, on P5-P6, the 
NM DA receptor-mediated sEPSCs had a mean decay τ o f  204 ms, whereas on 
P I2, they decayed either monoexponentially (τ = 205 ms) or biexponentially 
(τļ = 4 2  ms and τ2 = 200 ms). Supported by a grant from the Israel Science 
Foundation, administered by the Israel Academy o f  Sciences.

248.5
DIVERSE CLASSES OF LAYER I IN TER N EU RO N S IN R A T 
BARREL CO RTEX . J.I. Luebke* and R.J. Rushmore. Center for Behavioral 
Development and Mental Retardation & Dept, of Anatomy and Neurobiology, Boston 
University School of Medicine; Boston, MA 02118

Layer I (LI) intemeurons are strategically positioned to exert profound inhibitory 
influences on the complex apical dendritic tufts of pyramidal output cells. However, 
little is known of the properties of LI cells and the role(s) they play in the 
microcircuitry of cortical columns. In the present study, the intrinsic 
electrophysiological and morphological properties of LI cells were examined with 
whole-cell patch clamp recordings and intracellular biocytin filling in in vitro slices of 
neonatal rat barrel cortex. Preliminary data provide evidence for at least three distinct 
classes of LI neurons. The majority of cells displayed regular spiking, activity- with 
initially high rates of firing followed by significant adaptation. All of these cells had a 
spherical dendritic arbor, sparsely spinous dendrites, and an axon descending out of LI 
into LII/III. The second class of cells demonstrated fast spiking activity, with very 
rapid trains of action potentials showing no adaptation over the course of long 
depolarizing pulses. These cells responded to a just threshold depolarizing pulse with 
a slowly developing ramp depolarization leading to very rapid spikes with large fast 
AHPs. All fast spiking cells had simple dendritic trees with few, aspinous dendritic 
branches and a very complex, widely-ramifying axon that could be followed 
horizontally for several hundred µm in LI. The third class of cells demonstrated fast 
spiking activity with accomodation and complex afterpolarization characteristics. The 
morphological properties of this electrophysiological class were heterogeneous- (e.g. 
bipolar with a descending axon that arose from a proximal dendrite, simple dendritic 
tree with a highly collateralized axon limited to LI, or spherical dendritic arbor with a 
descending axon). Further studies will determine if these distinct classes of LI cells 
play unique roles in maintaining the functional integrity of input specific baưels in rat 
cortex. Supported by: NIH grant #HD22539.

248.2

A BSENC E O F CORTICAL BA RR ELS IN  GAP-43 KNOCKOUT 
M IC E . D.L. Maier1. K.F. Meiгi2. and J.S. McCasland1*. Depts. o f 
Anatomy1 and Pharmacology2, SƯNY HSC at Syracuse, Syracuse, N Y  
13210.

GAP-43 is a nervous system-specific, growth-associated protein that is 
expressed in every growing axon. There is strong evidence that GAP-43 
regulates the response of neurons to extracellular signals that guide axonal 
targeting in development. However, its role in forming complex spatial 
patterns in the brain, such as cortical maps of sensory surfaces, has not 
been explored. We have found that mice lacking GAP-43 expression fail to 
establish the whisker-related baưels normally found in layer ΓV of rodent 
primary somatosensory cortex. Cortical barrels, normally established by 
whisker-specific segregation of thalamocortical afferents (TCAs), were 
undetectable with either Nissl or cytochrome oxidase staining. 
Immunostaining with an antibody to tenascin showed that the septal 
boundary that normally separates individual baưels was also absent. 
Despite these striking cortical abnormalities, apparently normal whisker 
representations were found in the brainstem trigeminal complex and 
(though reduced in size) in VB thalamus. High-resolution 2-deoxyglucose 
(2DG) showed activation in the region of presumptive baưel cortex, but 
only weak evidence for topographic organization and no baưel-like patches 
as seen in normals. Furthermore, dil labeling revealed that many TCAs are 
misrouted within the developing (P7) cortical plate. This misrouting of 
TCAs and indistinct patterning of 2DG labeling distinguish the GAP-43 
knockout from other reported baưelless phenotypes. Our results indicate 
that GAP-43 is critical for the normal developmental sorting of TCAs into 
whisker-specific cortical domains. Supported by NIH grants NS31829 
(JSM) and NS33118 (KFM) and NSF grant IBN-9724102 (JSM).

248.4

RAT BARREL CORTEX SENSORY INTEGRATION: 
INVESTIGATION USING A 100-CHANNEL MICROELECTRODE 
RECORDING SYSTEM. R S, Petersen* and M E, Diamond.
Cognitive Neuroscience, International School for Advanced Studies, 
Trieste, Italy 34014.

To investigate how the baưel cortex processes information related to 
whisker movements, we have implanted 100-electrode arrays into 
urethane-anaesthetised rats. The electrodes are aưanged on a grid, 
spaced at 400 micron intervals, with the whole array sampling a 3 6 by 
3.6mm square of cortex. Every barrel-column covered by the grid is 
sampled by at least one electrode. Events from all 100 electrodes are 
continuously stored for off-line analysis.

We show how whole barrel-field activity evolves over the course of 
several tens of milliseconds following a controlled single-whisker 
stimulus. Since rats tend to use many whiskers at the same time, we 
probe baưel cortex activity following deflection of groups o f whiskers. 
We show that this activity cannot be predicted as the sum o f single
whisker responses: a larger area o f cortex is activated by deflection o f a 
group of whiskers than would be expected from deflection of the same 
whiskers individually.

Supported by Italian Ministry for Universities, N.I.Ή., Whitehall 
Foundation, Telethon Foundation.

248.6
STRUCTURAL BASIS OF RESPONSE INTERACTION TO MULTIPLE 
WHISKER STIMULATION OF SUPERFICIAL LAYER PYRAMIDAL CELLS 
IN THE BARREL CORTEX. T. Ichikawa, S. Shimegi, T. Akasaki and H. Sato* 
Sch. of Health and Sport Sciences, Osaka Univ., Osaka, 560-0043 JAPAN

Integrative mechanism of somatosensory information was studied physiologically 
and anatomically in the baưel cortex of SD rats. Animals were anesthetized with 
sodium pentobarbital and neuronal responses to the combined stimulation of the 
principal and neighboring whiskers were recorded in the superficial layers of the 

baưel cortex, then, small amount of biotinylated dextran amine (BDA) were 
iontophoretically ejected through the recording pipette to visualize morphology of 

the recorded cells. After survival period of 3-5 days, animals were sacrificed and 
tangential sections of the baưel cortex were processed for cytochrome-oxidase 
staining of baưels and BDA with ABC-DAB procedure. Arborization patterns of 
basal dendrites of 22 pyramidal cells in the superficial layer were successfully 
reconstructed. There was a tendency that dendretic arborization was biased towards 
axis along a baưel row. Though dendrites of a certain population of cells were 
confined within home baưel columns, the cells exhibited response interaction to the 
combined stimulation of the principal and neighboring whiskers regardless to the area 

of dendretic arborization which suggests that inputs elicited by multiple whiskers 
propagate beyond home baưel column in the superficial layer. Supported by 
Grant-in-Aid from the Ministry of Education, Science, Sports and Culture, Japan: 

08458268 and 09268221.

Society for Neuroscience, Volume 24 ,1998



632 SOMATOSENSORY CORTEX AND THALAMOCORTICAL RELATIONSHIPS: RODENT CORTEX MONDAYAM

248.7
TIMING OF INTRINSIC OPTICAL AND PIAL VESSEL 
DIAMETER CHANGES DURING ACTIVATION OF MOUSE 
BARREL CORTEX. J.P. Erinjeri*. D. Liu. & T.A. Woolsev. 
Department of Neurosurgery, Washington University School of 
Medicine, St. Louis, MO 63110.

The relationships between cortical activation and the pial arteriolar 
response were investigated by simultaneously recording intrinsic 
optical signal and pial vessel images at video rates (30 Hz) in mouse 
somatosensory cortex before, during, and after whisker stimulation. 
The left parietal bone was thinned over barrel cortex in urethane- 
anesthetized Swiss Webster mice (Ig/kg, i.p.). The whiskers were 
stimulated back and forth at 5 Hz. White light reflected from the 
surface of the brain was filtered at 520-560 nm, the bandwidth where 
hemoglobin absorption is a major component to changes in the optical 
signal. Differences in reflectance over primary somatosensory cortex 
following whisker activation were imaged using a research 
microscope, a CCD camera, and a frame grabber card on a Macintosh 
computer using public domain software (Scion Image 1.61). Pial 
vessels were imaged simultaneously and their diameters measured. 
Cytochrome oxidase histology localized the optical signal to barrel 
cortex. High signal-to-noise ratios allowed optical images to be 
formed by subtraction, rather than division. Averaging multiple trials 
increased the quality of images without sacrificing time resolution, 
allowing a detailed inspection of the spatial extent, temporal extent, 
and magnitude of early vascular responses following neural activation.
Supported by NIH Grant NS 28781 and the Spastic Paralysis Foundation of the 
Illinois-Eastern Iowa District of the Kiwanis International.

248.9
LONG TERM 2-PHOTON IMAGING NEURONAL MORPHOLOGY IN THE RAT 
NEOCORTEX IN VIVO. B. Lendvai. B.J. Burbach. K. Svoboda*. Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY 11724.

We are studying the cellular substrates of neocortical plasticity in the barrel cortex 
of rats and mice. Experience-dependent receptive field changes occur over hours to 
weeks, To directly observe morphological changes associated with plasticity it is 
necessary to image individual neurons over these timescales in vivo. We have used 2- 
photon laser scanning microscopy to follow the morphology and function of 
individual pyramidal cells in layers 2/3 with single spine resolution. Cells were 
labeled with dyes for fluorescent imaging using two approaches: i) Shaip 
micropipettes, filled with Oregon Green Bapta 1 (6 mM) in 400 mM KAcetate, were 
used for membrane potential measurements. Cell were dye loaded by iontophoresis 
(Svoboda ei al. In Imaging Living Cells, in press), Subsequently the electrode was 
withdrawn, ii) A recombinant Sindbis virus expressing EGFP (Malinow et al. In 
Imaging Living Cells, in press) was pressure-injected through a small craniotomy into 
the exưacellular space in barrel cortex. After a variable amount of time (I -  7 days) 
the animal was prepared for imaging. In the case of labeling by microelectrodes, 
large dendritic [Ca2+] transients (ΔF/F -1 0 0 % )  could be evoked by vibrissa 
stimulation for up to ~ 8 hours after filling, suggesting that neurons remained healthy 
despite the insult due to the micropipette. The morphology of these neurons could be 
imaged repeatedly, but signs of photodamage (beading) could sometimes be detected. 
In the case of viral labeling, 5 - 100 neurons showed bright fluorescence due to EGFP 
expression in a ~ 500 x 500 µm2 area. Labeling was most dense close to the injection 
site. Neurons of various types could be imaged at high resolution up to 500 µm below 
the brain surface. Repeated imaging at high magnification for up to ~ 8 hours caused 
negligible photodamage or photobleaching. After an imaging session brains were 
fixed and cut to compare in vivo and in vitro images and to assess the detectability of 
labeled cells. We find that in vivo imaging can be used to detect sub-µm 
morphological dynamics of dendrites and their spines in the intact brain.
Funding: CSHL, IBRO, HFSP, and by Pew, Whitaker, and Klingenstein Foundations.

248.11
CH OLIN ERG IC DEPLETION IN BARREL CORTEX ALTERS SENSORY 
PERCEPTION IN RATS. M. Kossut*, O. Rahimi, D.C. Tatham, S.L. Juliano. Anatomy, 
Cell Biol., & Neurosci., USUHS; Bethesda, MD 20814; Nencki Inst.; Warsaw, Poland.

We previously showed that cholinergic depletion due to basal forebrain (BF) lesion 
produces transient deficits in sensory processing of a simple non-discriminatory task. To 
investigate the possibility that cholinergic loss leads to enduring deficits in sensory 
processing, we examined the ability of rats with unilateral BF lesion to discriminate 
sensory information. We trained rats to accurately discriminate between different textures 
(Carvell & Simons, 1990) and to distinguish grades o f roughness using their whiskers. At 
a pre-determined level of performance, all whiskers were removed from one side of the 
face and the rat continued the task with the remaining set o f whiskers. When the animal 
reached a preset criterion, it received a unilateral BF lesion ipsilateral (control) or 
contralateral (experimental) to the side with trimmed whiskers. This results in cholinergic 
depletion of the baưel cortex receiving from intact whiskers (experimental), or depletion 
of the opposite hemisphere allowing normal cholinergic innervation of intact whiskers 
(control). We predicted that the rats with acetylcholine (ACh)-depletion contralateral to 
the intact whiskers would demonstrate a long-lasting impairment in the sensory 
discrimination task, compared to their pre-lesion performance, while the control rats, with 
normal cholinergic innervation contralateral to the intact whiskers, should perform the 
task at pre-lesion levels. In fact, the experimental rats did not reach pre-lesion levels of 
sensory discrimination, while the control rats performed as they did before the lesion, 
including the most difficult level of texture discrimination. After behavioral testing, we 
measured evoked-metabolic activity in all rats during bilateral whisker stimulation. 
Similar to our previous studies, stimulus-evoked activity in barrel cortex was reduced 
ipsilateral to the BF lesion. Our experiments suggest that ACҺ has a significant role in 
normal cortical processing of sensory information. Cholinergic depletion in barrel cortex 
hampers rat’s ability to discriminate tactile data. Support: Alzheimer’s Association Grant 
IIRG-95-113 (SLJ), Fulbright Senior Fellowship (MK) & USUHS RO7O64 (SLJ).

248.8
CHRONIC INTRINSIC SIGNAL IMAGING REVEALS A DECREASE IN THE 
AREA OF THE SPARED WHISKER POINT-SPREAD IN ADULT RAT 
SOMATOSENSORY CORTEX. D,B. Pollev*. C.H. Chen-Bee. a∩dR.D. Frostig. 
Department of Psychobiology, University of California, Irvine, CA. 92697.

We have previously used chronic Intrinsic Signal Imaging (ISI) to quantify 
changes in the point-spread of a single whisker in rat barrel cortex over a period of 
months in the same animal (Masino & Frostig, PNAS, 93:4942-7, ‘96.). We have 
also assessed plasticity in the developing rat cortex using a spared whisker paradigm 
in which all whiskers except C2 (the spared whisker) were plucked from one side of 
the snout from P0 -  P9O (Masino & Frostig, Soc. Neurosci. Abstг., '95, p. 123). 
Quantification of the cortical point-spread showed that the average area for the 
spared whisker was significantly smaller than that for the unmanipulated C2 whisker. 
The present study utilized chronic ISI to determine whether the decrease in the area 
of the spared whisker point-spread in response to a developmental manipulation can 
also be obtained if the manipulation is initiated in adulthood.

The area of the cortical point-spread for the right C2 whisker was assessed twice 
with ISI for 8 adult rats. In 4 experimental rats, all whiskers except C2 were plucked 
from the right side of the snout every 2-3 days during the 4 weeks between imaging 
sessions. A significant decrease in the area of the spared whisker point spread 
(p<.O5) was found before and after plucking in each experimental animal, while the 4 
control animals, who received no plucking, showed no difference in the area of the 
C2 point-spread between imaging sessions (p>.O5). It is unlikely that the reduced 
area of the spared whisker point-spread solely reflects a decrease in the use of the 
spared whisker by experimental rats, as a behavioral measure designed to detect 
preferences in scanning between the sides of the snout revealed no differences in the 
time spent scanning with plucked vs. intact side (p>.O5). Thus, consistent with our 
findings in the developing animal, a decrease in the area of the spared whisker point- 
spread also occurs in the adult somatosensory cortex.

Supported by NINDS NS-34519, NSFIBN-9507936

248.10
LOW TEA CONCENTRATION DISRUPTS HIGH FREQUENCY FIRING OF 
FAST SPIKING CELLS IN MOUSE SOMATOSENSORY CORTEX. A. Eгisir1*,
D. Lau2, B. Rudy2, C.S. Leonard1. Юept. Physiol., NY Med. Col., 
Valhalla, NY, 10595; 2Dept. Physiol.-Neurosci. and Biochemistry, NYU 
Med. Ctr., New York, NY 10016.

Fast-spiking (FS) cells of the cerebral cortex are intemeurons 
characterized by brief action potentials, a large and fast after
hyperpolarization (fΆHP) and the ability to fire at high frequency with 
little accommodation. KvЗ potassium channel subunits form fast 
deactivating K-channels that are activated with large depolarizations 
(>-ЮmV), and are sensitive to low concerrtrations of TEA 
(ICӡo=O.l5OµM). These channels may contribute to fast-spiking since 
KvЗ subunits are specifically localized to parvalbumin-containing 
intemeurons and parvalbumin is a marker for FS cells. To test this, 
we examined the effect of TEA on the spike and repetitive firing 
characteristics of visually identified nonpyramidal cells in slices using 
whole-cell methods at 27°C. FS cells (n≈8) had brief action potentials 
(727µs half-width), large repolarization slopes (-Ю5mVΛns) and large 
fΆHPs (9mV). In corfrrast, non-FS cells (n≈ll) had broader spikes 
(l982µs), smaller repolarization slopes (-35mV/ins), and no 
measurable £AHP. Repetitive firing properties were also dramatically 
different with FS cells sustaining much higher firing rates than non- 
FS neurons (>8OHz vs. <5OHz, respectively). Superfusion of ImM TEA 
eliminated the fΆHP, increased the spike duration (l298µs), slowed 
the repolarization rate (-5OmVΛns), and reduced the sustained 
maximum firing rate (<5OHz) in FS cells. However, TEA application 
had minor effects on the maximum firing rate and the fΆHP of non-FS 
cells, although TEA did increase the spike width (3235µs). These 
results support the hypothesis that KvЗ potassium channels are 
important for the elaboration of fast-spiking properties in cortical 
intemeurons. (Supported by NS2788l to CSL, and NSЗO989 and NS35215 to BR).

248.12
EFFECTS OF PROGRESSIVE PERIODS OF CHOLINERGIC 
DEPLETION ON FUNCTIONAL PROPERTIES OF NEURONS 
IN RAT PMBSF CORTEX P. Herron1*. R. Beaslev1. and J.B. 
Schweitzer1,2. Depts. of Anatomy and ’Neurobiology and 
⅜athology, School of Medicine, University of Tennessee, 
Memphis., Memphis, Tennessee 38163.

Functional properties of neurons in the somatosensory cortex (SI) 
were examined 0, 2, and 22 weeks after acetylcholine neurons in 
nucleus basalis of Meynert (NBM) were selectively lesioned with 
intraventricular injections of the immunotoxin, 192 IgG-saporin. 
Receptive fields (RFs) and mean firing rate (MFR) of single neurons 
in the posteromedial barrel subfield (PMBSF) of SI in Sprague 
Dawley rats were investigated. The extent of cholinergic depletion in 
the cortex was assessed using acetylcholinesterase histochemistry. 
Data was used only from animals with near maximal loss of 
cholinergic input from NBM. Functional properties of neurons were 
progressively degraded by increasing periods of cholinergic 
depletion. After cholinergic depletion periods o f 0, 2, and 22 weeks, 
the average number of whiskers in RFs were 2.1, 3.1, and 3.5 
whiskers, respectively, in each group of animals. The MFR was 
similarly degraded by progressive periods of cholinergic depletion. 
These results suggest that progressive periods of cholinergic 
depletion lead to progressive declines in sensory function and 
capacity.

Supported by NSF grant IBN-9729545.
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248.13
TRANSPLANTS O F PURIFIED CH OLIN ERG IC NEURONS IMPROVE 
STIMULUS-EVOKED ACTIVITY IN ACETYLCHOLINE-DEPLETED RAT 
BARREL CORTEX. O. Rahimi*, J. Cadusseau, M. Peschanski, S.L. Juliano. Anatomy, 
Cell Biol., & Neurosci„ USUHS; Bethesda, MD 20814; INSERM U42l; Creteil, France.

Stimulus-evoked metabolic activity in the somatosensory (barrel) cortex of rats with 
unilateral basal forebrain (BF) lesions is diminished in the acetylcholine (ACh)-depleted 
hemisphere. Moreover, embryonic BF transplants into the ACh-depleted hemisphere 
restore whisker-evoked 2-deoxyglucose (2DG) uptake toward normal in barrel cortex. 
While the recovery of cortical metabolic uptake may be due to ACҺ replacement by the 
embryonic transplants, the BF contains numerous neurotransmitters and peptides that may 
also play a role in functional improvement. For example, we recently demonstrated that 
delivery of NGF also improves diminished functional activity. To examine the specific role 
of ACҺ in reinstating stimulus-evoked activity in BF lesioned rats, we prepared 
suspensions o f purified cholinergic neurons using immunopanning to purify embryonic 
septal neurons with the p75NGF receptor. After preparation of the purified cells, 192-IgG- 
Saporin was injected in each rat to produce a unilateral BF lesion and subsequent 
cholinergic depletion. Purified cholinergic cell suspensions were immediately grafted 
¡psilaterally into the neocortex. After 5-30 weeks, each rat received a 2DG injection during 
bilateral whisker stimulation. Subsequently, the grafted cholinergic neurons were identified 
using acetylcholinesterase (ACҺE) histochemistry and antibodies directed at MAPlb. The 
transplanted neurons innervated the ACh-depleted cortex, extending fibers up to 500 urn 
in rostral, caudal and lateral directions. AChE-rich fibers emanate from the transplant site 
and extend laterally deep within the cortex, in the vicinity o f layer 6. Stimulus-evoked 
metabolic uptake in the treated (i.e., lesioned-transplanted) cortex was similar in size to 
that evoked in the normal hemisphere. Metabolic activity was thus restored toward normal 
in rats with unilateral BF lesions and purified cholinergic transplants. These data suggest 
that ACҺ alone may be capable o f restoring functional activity after cholinergic depletion 
in the barrel cortex. Support: USUHS RO7O64 & NATO CRG 95028.

248.15
EFFECTS OF AGING ON BICUCULLINE INDUCED DISINHIBITION OF NEU
RONS IN THE HINDPAW REPRESENTATION OF RAT SOMATOSENSORY COR
TEX. A. Benali*. H. R. Dinse. Inst, für Neuroinformatik, Ruhr-Universität, D-44780 
Bochum, Germany.

Old rats are characterized by sensorimotor impairments, which are accompanied by a 
selective functional deterioration of a number of parameters such as receptive field (RF) 
size, RF overlap and spatial and temporal integration. In order to investigate in how far 
the GABAergic system is affected by aging at a cortical level, we utilized a local super- 
fusion technique in which the GABAa-receptor antagonist (-) bicuculline-methiodide 
(bic) was locally superfused onto the cortical surface, which was restriced in size by cov
erage with parafilm (Opening 0.4 +/- 0.2mm2) (Benali et al., Soc. Neurosci Abstr. 
22:1356, 1996; 23: 1006, 1997). Neurons were recorded in layer IV of the hindpaw rep
resentation of the somatosensory cortex of urethan anaesthized old FBNF1 rats (> 30 
months) and young animals (3 months). The substance was washed out after 1 h. We 
studied the effects of locally superfused bicuculline on the following parameters: Imme
diately after superfusion, similar to what we reported for young rats, neurons recorded in 
aged animals showed a transient suppression of tactile responsiveness, which was re
stored about 10 min after application. RFs then started to increase in size about 200% and 
returned to control values after 180 min. In contrast to young animals, in most cases RFs 
became even smaller than pre-bicuculline condition, approaching values found normally 
for young rats. We found an increase of the size of the hindpaw representation by about 
60% due to unmasking of previously unresponsive recording sites. Response magnitude 
as measured in PSTHs was elevated in terms of response amplitude and peak response 
area. Response latencies were shortened. Combined, the results indicate that the previ
ously reported age-related alterations of cortical hindpaw neurons might be due to a spe
cific age-related dysregulation of the GABAergic system. In addition, the potential 
reversibility of the age-related effects by bicuculline make it unlikely that the observed 
changes are due to degenerative processes. Supported  by D FG  an d  the ¡nstitut fü r  N euro in 

fo rm a tik

248.17

C O R T IC A L U N IT  A C T IV IT Y  D U R IN G  PE R F O R M A N C E  OF A  
V IB R IS S A L  T A C T IL E  D IS C R IM IN A T IO N  T A SK . L  A. Stallings. J.S. 
King. S. D ulem ba. and K .H . Pribram *. C en ter for Brain R esearch and 
Inform ational S c ien ces  and D ept, o f  P sy ch o lo g y , Radford University, 
Radford, V A  2 4 1 4 2 .

Investigations have indicated that unit activity in aw ak e, behaving animals 
provides a very different v iew  o f  cortical p rocessin g  from  that provided by 
anesth etized animals. T he vibrissal system  o f  th e rat is o n e  m odel system  
that is proving particularly usefu l in such studies. T he current experim ents  
used aw ak e animals perform ing a vibrissal tactile  discrim ination task. Four 
rats w ere  trained to  discrim inate b etw een  a rough  and a sm ooth  grating. 
A  m icroelectrod e w a s then im planted in to the barrel cortex , and cortical 
unit activity w as recorded. Patterns o f  activity am ong 4 -6  cortical units for 
each animal during w h isk in g o f  th ese  disks w a s  exam ined as a function o f  
disk roughness, anim al’s ch o ice  behavior and th e o ccu rren ce o f  reward  
based on  the anim al’s ch o ice. Chi Square analyses o f  data from  over 1400  
trials during perform ance o f  the task (and from  o n e  animal during reversal 
o f  reward con d ition s) indicate that patterns o f  unit activ ity  w ere  always  
dependent on  com b inations o f  stim ulus characteristics, behavioral choice  
and environm ental co n seq u en ces  o f  the animal’s ch o ice. An interpretation  
o f  cortical in tegration in term s o f  d istributed representations o f  
anim al/environm ent interactions is supported by th ese  data.

248.14
DISTRIBUTION OF THE CALCIUM-BINDING PROTEIN PARVALBUMIN IN 
THE FORE- AND HINDPAW REPRESENTATION OF SOMATOSENSORY 
CORTEX OF ADULT AND AGED RATS. M. Jürgens*. H R. Di∩se Inst. 
Neuroinformatik, Theoretical Biology, Ruhr-Univ. - RUB, Bochum. Germany

We have shown that aging results in severe, but selective functional deterioration of 
a number of parameters reflecting cortical organization such as receptive field (RF) 
size as well as spatial and temporal integration (TI) properties of the hindpaw (HP) 
representation of somatosensory cortex (SI) in old rats with little or no comparative 
changes of the representation of the forepaw (FP) (Spengler et al. 1995 Neuroreport 
6: 469; Jürgens & Dinse 1995 SN Abstr 21: 197; 1996 22: 1357). This selectivity 
matches the behavioral intactness of the forelimb. We continued this investigation by 
introducing immunohistochemical techniques to study a possible neurohistochemical 
foundation of the electrophysiologically obtained functional alterations.

Experiments were performed in FBNF1 rats under deep urethane anesthesia. Before 
perfusion, each animal was mapped using electrophysiological mapping techniques to 
determine exactly the location of the cortical FP and HP representation. Young 
animals of 4 and 6 months of age were compared to animals 37 months of age. We 
used standard immunohistochemistry. Cytoarchitectonics and lamination were 
analyzed by means of neutral red and Nissl staining.

We found a significant age-related decrease of the number of parvalbumin labeled 
cells starting already at 6 months of age in the hindpaw and less pronounced also in 
the forepaw representation. Comparison of the lamina distribution of labeled cells 
revealed that the typical pattern with the peak density of labeled cells in the middle 
layers was, in contrast to the forepaw, no longer found in the hindpaw of 37 months 
old animals. The results provide evidence that the regional specificity of functionally 
defined age-related changes might be associated with parallel selective changes of the 
distribution of the calcium-binding protein parvalbumin, which is known to be 
preferentially associated with a subpopulation of GABAergic neurons.

We acknowledge the supply oťFBNFl rats by Tropon, Germany.

248.16
RESPONSE PROPERTIES OF BARREL FIELD NEURONS IN THE AWAKE, 
BEHAVING RAT. Robert N.S. Sachdev*. Edward W. Jenkinson, Ford F. Ebner. 
Institute for Developmental Neuroscience, John F. Kennedy Center, Vanderbilt 
University, Nashville, TN, 37203.

For several years we have studied the baҥel cortex of the anesthetized rat, using 
precise stimulation of the whiskers to quantify responses of cortical neurons. 
Using these methods we have described a form of cortical plasticity, known as 
whisker pairing plasticity which develops in the awake rat, but till now has been 
analyzed only in the anesthetized rat. The goal of awake recording is to coҥelate 
single cell responses with adaptive behavior in normal and brain damaged rats. 
The paradigm is to record from baҥel cells in awake rats as they carry out 
conditioned movements of their whiskers for food reward. Here we describe 
methods for recording from the awake behaving rat baҥel cortex, then describe 
two preparations using these methods. First, we habituate rats to gentle restraint as 
they feed on chocolate milk. Next, we implant head restraining posts over the 
cerebellum and a recording chamber (7 mm diameter) over the baҥel cortex. Blunt 
tip tungsten wire electrodes are advanced into the barrel cortex using a screw 
advance microdrive. We started by recording responses to whiskers moved with a 
piezoelectric stimulator in 7th nerve cut animals. We have recorded as many as 600 
trials under these conditions. In the 2nd prep, we trained rats to move their whiskers 
between a pair of laser sensors and to make contact with a smooth surface. We 
have recorded unit data for 250 trials. In the C3 baҥel of the facial nerve cut 
animal, response to stimulation of the whiskers begins 5-8 ms post stimulus for the 
principal whisker. The response to neighboring whisker stimulation (C4, D3, C2) 
also begins very early, <10 ms latency. We will compare results from the awake 
rat to results from the urethane anesthetized rat. Supported by NS-25907, NS- 
13031, NS-09929 and Vanderbilt University Research Council.

248.18

O N  THE REPRESENTATION OF VIBRISSA M OVEM ENT IN  
MOTOR CORTEX OF RAT. Suri Venkatachalam . Rune W . 
Berg. Kathleen A. French* and D avid K lein feld . D epartm ents  
of Physics and Biology, UCSD, La Jolla, CA 93093.

H ow  does the rat use the stream of sensory input acquired 
w ith  its vibrissae to form ulate the motor com m and that 
drives their m ovem ent? Previous m easurem ents h a v e  
established that the spike response in neurons in vibrissa  
primary sensory cortex code for the position of vibrissae  
during exploratory w hisking [Fee, Mitra and Kleinfeld (1997) J. 
N europhys. 78:1144]. In addition, the studies of Carvell, Miller 
and Sim ons [(1996) Som atosens. Mot. Res. 13:115] indicate that 
som e aspects of vibrissa m ovem ent are coded in the spike  
activity of neurons in vibrissa motor cortex. As a step to 
understand the transform ations from sensory input to m otor  
com m ands in the vibrissa system , w e are currently measuring: 
(1) the representation of sensory input in m otor cortex 
(agranular m edial cortex) using extracellular recordings from  
anesthetized anim als, and (2) the representation o f rhythm ic  
vibrissa m ovem en t in m otor cortex of anim als trained to 
perform  an exploratory w hisking task.
(Supported by the W hitehall Foundation).
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248.19
LAMINAR ANALYSIS OF RAT FOREPAW-EVOKED 
POTENTIALS IN SI CORTEX. P.R. Hamilton* and L.J. Caulleг. 
Neuroscience Program, University of Texas at Dallas, GR4l, 
Richardson, TX 75083-0688.

This study provides information about the earliest cortical 
components and their relationship to somatosensory sensation. The 
specific aim was to characterize the electrophysiological responses of 
the primaiy somatosensory cortex to cutaneous stimulation of the 
forepaw in anesthetized rats. This characterization, mapped in three 
dimensions and as a ĥinction of time, provides a comprehensive 
electrophysiological description of the system’s signal processing 
properties in the form of depth profiles of somatosensory evoked 
potentials, multiple unit activities, and current source densities.

Recordings at the surface and at intervals of 0.10 mm throughout the 
depth of the cortex were gathered and this was repeated at 4 
penetration sites surrounding the center site in a square 0.5 mm in 
each direction to characterize the horizontal extent of the response. 
The center position consistently provided the largest amplitude 
response in each animal. The horizontal spread of the response 
observed in urethane anesthetized rats was highly restricted, with the 
measured evoked response dropping off precipitously within 0.5 mm 
from the center recording site. The evoked response was also very brief 
in the temporal domain. All unit activity took place within the 50 ms 
sample time and in most cases the length of the SEP did not exceed 35 
ms. The location of the largest current sink in each penetration was 
consistently matched to the location of the peak negative SEP.

248.20
CONTEXTUAL STIMULI DECREASE THE DC LEVEL AND LOW- 
FREQUENCY SPECTRAL POWER OF EEG RECORDED AT THE 
PRIMARY SENSORY CORTEX A. WгǒbeΓ. P. Musiał, and E. 
Kublik. Nencki Institute of Exp. Biology, 02-093 Warsaw, Poland

A pplication o f the reinforcing stim ulus (US) in the classical conditioning 
experim ent changed the relative incidence o f  two principal components of 
potentials evoked (EP) by w hisker stim ulation, repetitively, w ith 20, 40 and 60 
second intervals, in the som atosensory baưel cortex o f  5 rats. Accordingly, two 
classes o f  EPs were distinguished: class 1 EP, dom inated by first principal 
com ponent, was typically found during control period o f  30 vibrissal 
stim ulations; class 2 EP, with larger second com ponent, was m ore frequently 
found within (im m ediately following) experim ental period, in which 30 
stim ulations were paired with US. The m ean DC level and Fast Fourier 
Transform  (FFT) o f  500 ms records o f  m icroEEG  (at the level o f  layer IV), 
preceding each EP were calculated and the results averaged for class 1 and 
class 2 separately, during the two periods. W e found that: (1) the introduction 
o f  reinforcem ent decreased the mean DC level o f  EEG preceding class 2 EPs; 
(2) the EEG signals from both groups contained less low -frequency power (<20 
Hz) during the experim ental period w ith aversive stim ulation.

These results suggest that conditioning stim uli evoke neurom odulatory action 
w ithin sensory cortex w hich increases the activity  o f  involved cells.

[Supported by grants from State Com m ittee for Scientific Research]

SOMATOSENSORY CORTEX AND THALAMOCORTICAL RELATIONSHIPS: PLASTICITY

249.1
REGULATION O F  cp g l5  EX P R E S S IO N  IN BA RR EL C O R T E X  
DURING EX P E R IE N C E -D E P E N D E N T  R E C E P T IV E  F IE L D  
P L A ST IC IT Y . E. Nedivi*. B. Burbach. K. Svoboda. Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY 11724 

An open question regarding plasticity of primary sensory maps in the adult 
neocortex concerns the degree to which changes in receptive field properties are 
accompanied by structural rearrangments. One approach to determine whether adult 
neocortical plasticity is associated with changes in dendritic morphology is to look 
for congruent changes in expression of genes known to regulate dendritic growth. 
cpg¡5, a gene regulated by visual activity in both developing and adult primary 
visual cortex, encodes a protein that promotes dendritic growth in vivo in the 
developing Xenopus visual system (Nedivi et al. 1998). Using in situ 
hybridization we monitored cpg¡5 expression in mouse barrel cortex at times from 
3 hrs to 7 days after inducing receptive field plasticity by whisker manipulation. 
All vibrissa in rows A-D except D1 were removed unilaterally in awake, 4-5 week 
old mice. This paradigm leads to a potentiation of the spared vibrissa response and 
a depression of the deprived vibrissa response, both in the deprived barrel columns 
(Fox et al. 1996. J. Physiol. (Paris) 90:263). We found that in control 
hemispheres cpg¡5 expression levels are high in all layers of barrel cortex. In layer 
4, barrels are readily apparent, with strong signal surrounding darker baưel 
hollows. In the barrel cortex of the manipulated hemispheres cpg¡5 expression is 
depressed in the deprived barrels 3-24 hrs after whisker trimming (peak ~ 12 hrs). 
In contrast, the baưel coưesponding to the spared D1 whisker shows enhanced 
cpg¡5 expression. This enhanced expression spills over to immediately 
neighboring barrels and also into layers 2/3, but with diminished intensity. This 
spatio-temporal expression pattern is consistent with a role of cpg¡5 in 
establishing the changes in cortical circuitry responsible for experience dependent 
receptive field plasticity. Moreover, our results suggest that dendritic 
morphogenesis may be a mechanism by which the adult cortex can adapt to 
peripheral manipulations.
Funded by CSHL, Pew Foundation. Human Frontiers Science Program and NEI.

249.2
EFFECTS OF ALTERED TACTILE EXPERIENCE ON THE FLOW OF 
ACTIVITY WITHIN LAYERS OF RAT BARREL CORTEX. G.Mtrabella*.
R.Petersen. M .E.Diamond. Cognitive Neuroscience Sector. International 
School for Advanced Studies, 34014 Trieste, Italy.

The aim o f  this study was to examine the integration o f  tactile stimuli in 
different layers o f  the rat barrel cortex after a period o f altered sensory 
experience. Normal rats were compared to rats with all whiskers on one side 
o f  the snout clipped except D l-D 4 . The subjects were anaesthetised with 
urethane and a 25-electrode array was inserted to the supragranular (SGR), 
granular (GR), or infragranular (IGR) layers o f  C, D, and E-row baưel- 
columns. The electrodes were arranged as a 5x5 matrix, spaced at 400 micron 
intervals; the array sampled a 1.6 by 1 6  mm square o f  cortex. Every' barrel- 
column covered by the grid was sampled by at least one electrode. Events 
from all electrodes were continuously stored on computer for off-line 
analysis. Spontaneous activity and activity’ evoked by controlled vibrissa 
deflection were recorded. The data are currently under analy ses to uncover 
laminar differences in receptive field size and response latency, response to 
stimulation o f  single whiskers versus rows o f  whiskers, spontaneous and 
evoked cross-correlation between columns, inter-columnar spread o f  activity, 
and the rate and type o f  experience-dependent plasticity’. The preliminary’ 
results suggest that neurons in the SGR and IGR layers are more sensitive to 
multi-whisker stimulation patterns, perhaps reflecting their high 
interconnectivity with neighbouring barrel-columns. In addition, cortical 
plasticity appears to be related to changes in intercolumnar functional 
connectivity and the earliest changes in intercolumnar connectivity occur in 
SGR and IGR lay ers, confirming previously published data. (Supported by 
Telethon project 984 and the NIH).

249.3

PLASTICITY OF ADULT RAT BARREL CORTEX: SINGLE-NEURON  
EVENTS AN D POPULATION DISCHARGES
Ĩ.A.Erchova*. M.A.Lebedev and M.E.Diamond. International School for 
Advanced Studies, Via. Beirut 2-4, 34014 Trieste, Italy 
The purpose o f  this study was to determine whether changes in sensory 
experience lead to modifications in the relationship between single cortical 
neurons and the network in which the neurons reside. To induce cortical 
plasticity, all whiskers except two (D l/D 2 , or D2/D3) were cut from one side 
o f  the snout. After 3.5 days, the rats were anesthetized with urethane and a 
multielectrode array was inserted into barrel cortex. Individual whiskers in 
rows C, D, and E were deflected and the responses o f  1-3 single units per 
channel were analyzed after off-line spike discrimination. Neurons from the 
paired columns (the two columns both with principal whisker intact) showed a  
receptive field (RF) bias toward the neighboring intact whisker. During 
spontaneous activity, single-neuron events recorded from paired columns were 
more highly correlated than were single-neuron events from non-paired 
columns. As an index o f  the cortical population, bursts in multiunit 
spontaneous activity were identified by statistical methods. Constructing 
peri-burst time histograms, we found that the number o f  events triggered in a 
deprived column by a burst in a non-deprived column was greater than the 
number o f  events triggered in a non-deprived column by a burst in a deprived 
column. This suggests strengthened functional connections from non-deprived 
to deprived cortical territories. W e suggest that changes in interaction between 
barrel-columns are involved in RF plasticity and in alterations in the 
conduction o f  synchronous population discharges.
Grant support. NIH grant 32647 and Telethon grant number 984

249.4
‘USE’-DEPENDENT PLASTICITY IN RAT BARREL CORTEX.
P, J. Rouschel*. K. L. Grieve 1. M.E. Diamond2. I Optometry and Visual 
Sciences, UM¡ST, Manchester, UK and 2 Institute for Advanced Studies, Trieste, 
Italy
Long term receptive field reorganisation of 1° somatosensory cortex in response to 
injury or manipulation of peripheral receptors has been demonstrated in ‘before and 
after’ studies in a wide range of animal subjects. Complete understanding of these 
phenomena may allow improved recovery in similar human clinical situations. In 
this study we used urethane-anaesthetised adult Lister Hooded rats to analyse the 
exact time-course of barrel cortex reorganisation and verified it to be ‘use’- 
dependent. We removed chosen whiskers and simulated ‘use’ o f remaining 
whiskers by applying constant full-field mechanical stimuli which induced cortical 
reorganisation. We quantified reorganisation from PSTHs of multiple unit 
clusters recorded from any of 25 electrodes equally distributed across the baưel 
cortex.
In 9 preparations we first determined single-whisker receptive fields (RFs) of cell 
clusters (mostly layer IV). We then recorded activity on each electrode in response 
to full-field whisker stimulation. We then clipped a whisker, and its neighbours 
as needed, to reduce the population response on a chosen test electrode by at least 
75% of its original firing. We then simulated remaining whisker ‘use’ for up to 1 
hour. In 8 sites in 6 animals post-clip mean firing rate was 18+10% of pre-clip 
levels. After 30 minutes of ‘use’, firing rates had risen to 99±I5% of the original 
value ie cells at these sites were now responding well to stimulation of whiskers 
to which they were previously unresponsive. Reorganisation in “no-use” control 
experiments was non-existent. We therefore propose that enhanced clinical cortical 
reorganisation and compensation in humans with similar injuries to peripheral 
receptors (amputees etc.) might be encouraged by applying specific patterns of 
peripheral stimulation to the areas bordering the loss. Supported by the NSF (IBN- 
9424509) and the Scottish Blind Asylum & School and NEI, UK.
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249.5
SHORT-TERM ENRICHED EXPERIENCE POTENTIATES WHISKER
PAIRING PLASTICITY OF BARREL CORTEX NEURONS IN ADULT 
RATS. V.Rem⅝*_, M,Дŗm,sìщflg.-Jąmęs, E.W.J¢pkinsς>n and .F .FJabn£L· 
Institute for Developmental Neuroscience, Kennedy Center, Vanderbilt 
University, Nashville, TN 37203.

In adult rats housed 3 per cage, a change in tactile experience, by trimming all 
except D2 and D1 whiskers for 3 days, produces a bias in receptive fields (RF) in 
all layers of cortex towards the "paired whiskers" that we call "whisker pairing 
plasticity". The main D2 barrel cell change is an increase in response to test 
deflections of the D2 principal and D1 paired surround whisker. Cells in layers 
II+ΠI change significantly within 24 hours, but one day of pairing is inadequate 
to generate this activity-dependent bias in RF of layer ΓV (barrel) cells. We now 
report that 14 hours of pairing in an enriched environment induces plasticity of 
layer IV cells of adult rats. Each male Long-Evans rat (250-300 gm.) spent 2 
nights in a large, toy-filled, cage with 5 other adult rats. On the second night 
the D2/Dl whiskers were paired at 7:00 PM and the animals prepared for 
recording under urethane anesthesia from single cells on the next day at 9:00 
AM. Responses to the D1, D2 and D3 whiskers were analysed by magnitude 
(PSTH) and latency (LH) from trials of 50 stimuli for 250 cells histologically 
identified within the D2 barrel column in five animals. Mean response 
magnitudes (spikes/stimulus ± s.e.m) were: D2 = 81 ± 4.3; D1 = 43 ± 3.7; and 
D3 = 20 ± 3.3 for layer IV and for layers I-ΠI: D2 = 60 ± 4.5; D1 = 40 ± 3.6; 
and D3 = 13 ±2.1. However, differences between the paired D1 and cut D3 
whisker were highly significant for all layers tested (p<.0001; Wilcoxon). 
Responses also were elevated to both intact whiskers relative to similarly 
whisker paired animals housed in standard cages. These findings suggest that 
mature cortical circuitry is more rapidly modified by sensory experience under 
high activity, high challenge conditions, (supported by NIH NS-25907).

249.7
REMOVAL OF PERIPHERAL INPUT TO A DIGIT BARREL BAND IN THE 
FOREPAW BARREL SUB FIELD (FBS) IN RAT SOMATOSENSORY CORTEX 
(SI) CAN ELEVATE SUBTHRESHOLD INPUT FROM NEIGHBORING DIGITS 
TO FIRING LEVEL IN THE DEAFFERENTED BARREL BAND.
C.X. Li* and R.S. Waters. Dept, of Anatomy and Neurobiology, UT, Memphis, 
Col. of Medicine, Memphis, TN 38163.
Background: Neurons within the digit three (D3) barrel band in rat SI cortex receive 
input from D3 as well as subthreshold input from neighboring digits. When D3 is 
amputated in adult rats, neurons within the D3 barrel band respond to new input from 
D2 and D4. We and others hypothesize that following removal of peripheral input, 
subthreshold input from adjacent skin may be elevated to suprathreshold firing level. 
We tested this hypothesis by reversibly deafferenting D3 and then examined sites 
eliciting subthreshold input. Our data suggests that removal of the principle input to 
the D3 barrel band, by single digit deafferentation, can result in elevation of 
subthreshold input from neighbor digits to suprathreshold firing level.
Methods: Adult rats were anesthetized with Ketamine/Xylazine, SI exposed, and the 
digit representation mapped by extracellular recording. An intracellular electrode 
containing 2M K acetate and 1% biocytin was then used to impale neurons within 
the digit representation. Supra- and subthreshold input to the cell was examined 
using electrical stimulation at 1.5 × threshold. A stimulating electrode was 
positioned at a site on the digit that elicited a short latency response in the recorded 
cell and a second stimulating elecưode was positioned on a neighboring digit that 
elicited a subthreshold response. Stimulation was applied (0.2 ms duration; 1/sec; 
40-165 uA intensity). The digit that elicited suprathreshold response was injected 
with 2% lidocaine and input from injected and neighboring digits were examined. 
Results/Conclusion: Using these techniques, the following results were obtained:

1. Lidocaine injection reversibly eliminated the input to SI from the injected digit.
2. The neighboring digit, yielding a subthreshold response, could be elevated to 

suprathreshold firing level, before the lidocaine effect reversed (<35 min).
3. Subthreshold input may provide an important substrate for rapid reorganization.

(Supported by NSF Grant IBN-9800318 to R.S.W.)

249.9
SENSITIVITY OF CUTANEOUS HINDLIMB RESPONSES IN 
SOMATOSENSORY CORTEX (SI) OF THE RAT TWO AND FOUR MONTHS 
AFTER A SCIATIC NERVE CRUSH. S. Baгbav*1. E. K. Peden2. G. Falchook2 
and R. J. Nudo1. 'Dept, of Molecular & Integrative Physiology, Univ, of Kansas 
Med. Cntr., Kansas City KS 66160, 2Dept. of Orthopedic Surgery, Univ, of Texas 
Hlth. Sci. Cntr., Houston TX 77030.

In a previous study cortical representational areas and thresholds were quantified in 
the hindlimb representation of SI in four rats prior to and immediately after a sciatic 
nerve crush. The data from this previous study revealed an immediate expansion of 
low threshold, saphenous responses extending within former sciatic territory along the 
former saphenous/sciatic border. The present study used the same quantitative 
techniques to examine S 1 in two groups of rats two (n=6) and four (n=5) months after 
a sciatic nerve crush. Cutaneous receptive fields were defined by conventional multi
unit recording techniques. The areal extent of cutaneous hindlimb territory was 
measured by NIH-image software. Thresholds for evoking cortical responses were 
defined using Semmes-Weinstein monofilaments (modified replication of von Frey 
hairs) to stimulate the skin over the distal and proximal hindlimb, and over the 
adjacent tail, lower back and abdomen. The results of the present experiment indicate 
that sciatic receptive fields were evident in SI by two months post-crush, and the 
total representational area was similar to the area in normal rats by four months post
crush. This phenomenon was paralleled by an expansion of saphenous receptive 
fields scattered throughout former sciatic territory in four of six rats by two months 
and a return to normal by four months. The cutaneous sciatic thresholds two and four 
months post-crush were not significantly different, but were higher than normal 
(p<0.02). There were also a large number of non-cutaneous sites present two 
months, but not four months post-crush. These threshold data suggest a gradual 
recovery of sciatic nerve stimulus sensitivity which may continue up to and beyond 
four months after a sciatic crush. The expansion of saphenous territory observed in 
this study demonstrates a long-term, reversible component of cortical reorganization 
following a disruption of peripheral input to SI. Supported by NIH grants 
IT32NSO7373, 1R01 NS 30853 and the American Heart Association.

249.6
EFFECTS OF USE-DEPENDENT TRAINING ON THE PHYSIOLOGICAL 
ORGANIZATION OF FOREPAW BARREL SUBFIELD (FBS) IN 
SOMATOSENSORY CORTEX (SI) OF ADULT RAT P.P. Pearson*. Γ  X 
L i . Y.E. Daniels. S.C. Fowler1. R.S. Waters Dept, of Anatomy and 
Neurobiology, UT, Memphis, Col. of Medicine, Memphis, TN 38163; 1 Dept, 
of Human Development, Univ, of Kansas, Lawrence, KS 66045.
Introduction: The forepaw representation is somatotopically organized in the FBS of 
rat SI cortex. We previously reported that the glabrous representation of the forepaw in 
SI cortex increased by as much as 24% following one month of training on a sensory- 
motor task. The present study extended this work by examining the effects of 
differential sensory experience to a subset of digits on digit representations in SI cortex. 
Methodology: Adult rats were trained to depress and maintain pressure on a 9 mm disk 
within a preset range of force in order to receive a simultaneous liquid reinforcement. 
Animals learned the task within 2 weeks and thereafter, performed the task successfully 
for approximately 30-40 min/day for a period of time between 33-50 days. Immediately 
after the last performance day, rats were anesthetized with Nembutal, a bilateral 
craniotomy was performed over SI cortex and carbon fiber electrodes were used to map 
the forepaw representation in SI cortex in both hemispheres. Following physiological 
mapping, the cortex was removed, hemispheres were flattened and cut tangentially, and 
stained with cytochrome oxidase to reveal the FBS structure.
Results:
1. A total of 15,531 disk depressions were made. Digit two (D2) contacted the 

disk in 5% of all depressions, D3 in 36%, D4 in 44%, D5 in 13%, and Dl-D5 
(paw) in 2%.

2. Representation of dorsal and ventral surfaces of D3 and D4 was significantly greater 
in area on the trained hemisphere compared with the “untrained” control hemisphere.

3. In 66% of the cases, the D4 glabrous digit tip was re-represented laterally at the 
edge of the dorsal hairy skin representation adjacent to the vibrissae representation.

(Supported by NSF Grant IBN-9400318 to R.S.W.)

249.8
THALAMOCORTICAL AXONS IN THE VIBRISSA AND FOREPAW BARREL 
SUBFIELDS (FBS) IN RAT PRIMARY SOMATOSENSORY (SI) CORTEX 
PROJECT BEYOND INDIVIDUAL BARRELS: AN IN-VIVO INTRACELLULAR 
RECORDING AND LABELING STUDY. P.B. Arnold*. C.X. Li. and R.S.
Waters. Dept, of Anatomy and Neurobiology, University of Tennessee, Memphis, 
TN 38163.
Introduction: Removal of a single digit in adult rat leads to a rapid reorganization 
of die cortical territory previously represented by the deafferented digit. For rapid 
reorganization to occur, most agree, that the deafferented cortical area must already 
receive input from the adjacent digit territory but its expression is masked prior to 
deafferentation. A consensus opinion is that cortico-coгtical input plays the major 
role in rapid reorganization. However, thalamo-cortical (TC) input could also play an 
important role if TC input projects to more than one digit barrel. Methods: To 
test this possibility, we used an in-vivo intracellular recording and labeling procedure 
to record and label single physiologically identified TC cells. TC neurons were 
labeled with biocytin for periods ranging between 8 min and 1.5 hours. Following 
biocytin injection, animals survived for approximately 8 hours. After perfusion, 
brains were removed and sectioned coronally at 100 µm. The tissue was co-reacted 
for biocytin and cytochrome oxidase. Results: 1) Terminal field of TC axons in 
layer IV extends beyond individual face and forepaw barrels. This result was found in 
cells with both vibrissa and forepaw receptive fields, comes ponding to VPM and VPL 
neurons, respectively. For VPM neurons, the arborization spreads up to 150 µm 
beyond the mediolateral aspect of each barrel side; for VPL neurons, this spread is up 
to 125 µm beyond the barrel sides. 2) Additionally, some TC axons bifurcate in or 
just before ramification into cortical layer VI; this secondary axonal branch appears to 
project to a distant cortical target many hundreds of microns away from the assumed 
barrel target subserved by the TC neurons with a similar receptive field.
Conclusion: Our results show that the multibarrel overlap of both axonal 
termination and the secondary projection provides a possible anatomical substrate for 
rapid cortical plasticity often observed following deafferentation. (Supported by NSF 
Grant IBN-9724092 to R.S.W.)

249.10
EVOKED NEURAL ACTIVITY DOES NOT PROMOTE SI CROSS-MODAL 
PLASTICITY IN THE ENUCLEATED ALBINO RATS. A. Aguirre. G. Gutiérrez- 
Ospina, F. Barrios. A. Aguilar and S. Díaz-Cintra*. Dept, of Developmental 
Neurobiology, National University of México, Juriquilla, Querétaro, Qro C.P.76001 

Enucleation at birth leads to both atrophy of the primary visual cortex and to 
expansions of the primary somatosensory (SI) and auditory cortices. The last 
changes are thought to be promoted by increased levels of evoked (use-related) 
neural activity in intact sensory pathways. Observations in developing rodents 
suggest, however, that this might not be the case. Thus, we re-evaluated the role of 
evoked neural activity on the rat SI cross-modal plasticity. Albino Sprague-Dawley 
rats were enucleated at birth and 7 days of age (PN). Neonatally enucleated animals 
were then sacrificed at PN7 and 8 weeks of age. Animals enucleated at PN7 were 
sacrificed in adulthood. Another group of neonatally enucleated rats was 
permanently deprived unilaterally from the whisker input from PN7 and sacrificed 8 
weeks later. Some animals were deprived from visual experience along development 
by darkness rearing since birth. All control and experimental rats were perfused, 
and the cerebral hemispheres dissected, flattened, vibrotome cut, and stained with 
cytochrome oxidase histochemistry. Posteromedial barrel subfield bidimensional 
maps were drawn and individual barrel areas obtained using an image analysis 
system. Our results showed a 15% (p>0.0001) increase of the average barrel area in 
adult animals enucleated at birth when compared to control rats. An increase of 
13% (p>0.01) was also observed in 7 day old pups enucleated at birth. Adult rats 
kept in dark environment and those enucleated at PN7 did not show differences in 
barrel area when compared to controls. Although enucleated/dewhiskered rats had 
expanded barrels, no difference was found in barrel area between deprived and non- 
deprived hemispheres. Our results thus suggest that evoked neural activity plays a 
little role, if any, as a promoter factor of cross-modal plasticity, at least in the albino 
rat. Supported by CONACyT No. 26293, DGAPA-UNAM (PAPIIT IN209195 and 
IN2O6796). AAP is a CONACyT Fellow.
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249.11
DIFFERENCES IN CELLULAR CORRELATES OF REPRESENTATIONAL 
PLASTICITY INDUCED BY ACUTE VERSUS CHRONIC PERIPHERAL 
DENERVATIONS. P.W. Hickmott* & M M. Merzenich. Keck Ctr. for Integrative 
Neurosci. San Francisco, CA 94143.

It has been hypothesized that both “unmasking” o f previously-existing connections 
and sprouting of new connections contribute to the plasticity of cortical 
representations. We have used a novel in vivo/in vitro preparation (Hickmott & 
Merzenich, J. Neurosci. in press) to examine cellular and synaptic mechanisms that 
underlie plasticity pf representations in rat SI induced by peripheral denervations.

The borders between the lower jaw and forepaw representations were mapped using 
standard electrophysiological methods, and marked by dye iontophoresis. The 
properties of EPSPs and IPSPs in vitro were studied by comparing PSPs evoked by 
stimulating intracortical projections that either crossed the border or did not, and the 
effects of variable-duration denervations of the forepaw on these properties were 
examined. At a normal border, both EPSPs and IPSPs were smaller when evoked by 
stimulation of projections that crossed the border. Similar results were observed at 
reorganized borders following 30 minutes or 7 days of denervation. However, after a 
14 day denervation, EPSPs and IPSPs were less affected by the presence of the border. 
By 28 days post-denervation, EPSPs were again reduced when evoked by cross-border 
stimulation, however IPSPs were not. Furthermore, the dendrites of neurons close to 
normal or reorganized borders were biased away from the border, however, the 
magnitude of the bias was reduced in 14 or 28 day denervated rats.

These results indicate that the properties of cortical neurons are affected by and may 
contribute to both normal and reorganized representational boundaries. The differences 
in the properties of neurons after different durations of denervation suggest that 
different mechanisms may underlie the effects acute and chronic reorganizations in 
cortex, and raise the question of how sharp borders can be maintained after chronic 
denervation in the absence of strong PSP and morphological biases.

Supported by NIMH grant MH 57291 and NIH grant NS-10414.

249.13
E FF EC TS O F EARLY EX PER IEN C ES ON D E V ELO PM EN T OF 
CO RTICAL PLASTICITY. Ford F. Ebner*'·2, V. Rem a\ and Wei Huang1, 
Institute for Developmental Neuroscience, John F. Kennedy Center, Vanderbilt 
University, Nashville, TN 37203 and Departments of Pharmacology2 and 
Psychology1, Vanderbilt University, Nashville, TN 37203

Our studies examine interactions between fetal toxins and postnatal activity levels 
to model conditions of poverty in which moderate to heavy drinking of alcohol 
during pregnancy is coupled with severe postnatal neglect. Exposure of the fetal 
brain to alcohol are ưansfeưed in an unknown way into lifelong disabilities, but 
results to date have not led to a theory of how insults before birth are translated into 
permanent deficits in cortical function. Here we show that measured under urethane 
anesthesia prenatal alcohol exposure in rats profoundly depresses cortical excitability 
and responses to sensory stimuli, and slows cortical plasticity by over 10 fold; at a 
cellular level NMDA receptors are reduced by 50% for months. We will show that 
early postnatal sensory deprivation, produced by trimming all whiskers from P-0 to 
P-30, can produce deficits very similar to alcohol. If postnatal sensory deprivation is 
preceded by prenatal alcohol exposure the effects are not additive. Rearing from 
weaning in an enriched environment improves cortical responsiveness to sensory 
stimuli, but leaves cortical plasticity unrestored. We propose that brain deficits 
created by alcohol exposure before birth are perpetuated by interfering with sensory 
experience-induced synaptic maturation after birth. The effects of fetal alcohol 
could be explained theoretically if the net ‘alcohol effect’ is to set a threshold for 
synaptic modification so high that only near maximum levels of activity in sensory 
pathways can produce experience-dependent strengthening of synapses, (supported 
by NIH NS-25907)

249.15
TASK SPECIFIC REORGANIZATION IN THE PRIMARY SOMATO
SENSORY CORTEX. R. Schweizer.1* C. Braun.1 H. Geiselm¾nn.1 A.S. 
Wilms.1 T. Elbert 2 11nstitute of Medical Psychology, University of Tuebingen, 
D-72074 Tuebingen, Germany, 2University of Konstanz, Germany,

Behav¡orally relevant modifications of the somatosensory input can alter the 
cortical representation of the body surface. Our approach uses somatosensory 
training to study mechanisms of cortical representational plasticity in humans. 
Five subjects participated in a training involving simultaneous tactile stimulation 
of D1 (thumb) and D5 (little finger) of the left hand one hour daily for 4 weeks. 
The stimulation consisted of two different pattens which the subject had to 
recognize. In 80% of the trials D1 and D5 were stimulated simultaneously, in 
10% just D1 and in the remaining 10% just D5 was stimulated. Neuroelectric 
source imaging (based on high-resolution EEG from 128 electrode sites) was 
used to determine alterations in neural sources. During training sessions, the 
source-analyses of the responses evoked by the task-related digit stimulation 
revealed an expansion of the distance between D1 and D5 dipole locations. 
Additionally, for pre- and post-training EEG responses were recorded, evoked 
by simple tactile stimuli that were presented in random order at D1 or D5 of 
both hands. Surprisingly, the comparison of pre- and post-training digit 
representations revealed a reduction in the distance between dipole location of 
D1 and D5. Thus the training produced a task-specific expansion, while not 
task related, neutral stimuli exhibited a reduction in the distance between D1 
and D5. These results suggest that the primary somatosensory cortex is 
organized as a neural network with different modes of operations that are 
modifiable by training. The activational pattern, i.e., the cortical map not only 
depends on the site of stimulation, but also on the tasks associated with the 
stimulus. Supported by the DFG (German Research Society)

249.12
RECOVERY FROM CHANGED TACTILE EXPERIENCE of MODIFIED 
RECEPTIVE FIELDS OF THE THALAMIC VENTROPOSTERIOR 
MEDIAL NUCLEUS (VPM) OF ADULT RATS. S. Bartlev and M. 
Armstrong-James*: Dept of Physiology, Medical Sciences, Queen Mary & 
Westfield College. London El 4NS. U.K.

Receptive fields of (VPm) relay cells in adult rats are modified by simple 
changes in tactile experience (Bartley and Armstrong-James 1997). This study 
examines VPm cells using the same paradigm of trimming all whiskers 
except D2 and D3 of adult rats (Lister) for 3 and 30 days (acute/chronic D2/D3 
pairing). After 7 days of recovery rats were anesthetised with 
urethane(1.5g./kg, i.p.) to investigate single unit responses of D2 barreloid 
cells by Latency and Peri-stimulus time histograms (LH/PSTH) from trials of 
50 stimuli to each of the D2 principal whisker and surround(DЗ,Dl,C2 and 
E2) whiskers. Mean response magnitudes (spikes/50 stimuli ± s.e.m) for 
controls were 62.0 ± 3.8 (D2); 4.1±1.5(DЗ,) 4.3 ± 1.1 (D1), 1.0 ±0.4 (C2) 
and 1.53 ± 1.5 (E2). With 7 days recovery from 3 days of pairing, responses 
were returned to control values for both cut and paired whiskers:(D2) 68.3 ±
4.9 (p=0.27, MannWhitney U test); (D3) 2.47 ± 1.0 (p=0.56), (D1) 1.75 ± 
0.62 (p=0.07), (C2)2.56 ± 1.78 (p=0.52) and (E2) 2.46 ± 1.24 (p=0.67). 
With 7 days recovery from 3 days of pairing responses remained impaired for 
cut whiskers: (D1) 0.35 ± 0.25; (C2) 0.50+ 0.42; (E2) O.O4± 0.20 (P= 
0.001, 0.04 and 0.001 respectively). Furthermore responses stayed increased 
to D2 & D3 paired whiskers (73.24 ± 4.69 and 5.25 ±1 .18  respectively c.f 
62.0 ± 3.8 (D2) and 4.1 ± 1.5 (D3, controls; p= 0.08 and 0.001). Analysis 
of PSTHs revealed changes in the late (8 to 10 ms) components of responses 
for both paradigms when compared to controls. We suggest that receptive 
fields of VPm cells modify continuously but proportionately to duration of 
experience. -  t=oыt>wsac· So o ⅞ł ь  -  〇 εpT. PH`/S lû c o ¢ ` i-Q » ң y /

249.14
CRITICAL PERIOD FOR EXPERIENCE-DEPENDENT PLASTICITY OF 
INTRACORTICAL CIRCUITRY IN ADOLESCENT RATS. P. Land* and 
L. Shamalla-Hannah. Dept, o f  Neurobiology, Univ, o f  Pittsburgh Sch. o f  
Med., Pittsburgh, PA 15261.

Rat somatosensory barrel cortex (SI) contains a rich network o f  axons whose 
synaptic vesicles sequester zinc in addition to the neurotransmitter glutamate. 
In normal adult rats, zinc-containing terminals are most dense in laminae II/III 
and V, moderately dense in lamina VI, and sparse in lamina IV barrels. 
However, tactile deprivation produced by simple vibrissa trimming beginning 
at birth leads to a marked increase in density o f  zinc+ terminals specifically 
within barrels associated with trimmed hairs.

To define the critical period during which vibrissa-tactile experience may 
influence distribution o f  zinc+ terminals rats had all vibrissae except for those 
in row C trimmed chronically beginning at various postnatal (P) ages from P-0 
to P-42. Synaptic zinc was stained histochemically, and density o f  labeled 
terminals in deprived row B and row D barrels was compared quantitatively to 
that in non-deprived row C baưels. Deprivation initiated before P-35 led to 
significantly higher density o f  zinc+ terminals in deprived vs. non-deprived 
barrels. Absolute density o f  zinc+ terminals declined with advancing age o f  
deprivation onset. Interestingly, in rats that were deprived beginning around 
P-28 synaptic zinc in row B baưels was significantly less dense than in row D 
baưels. In animals that were deprived beginning on P-35 or later density o f  
synaptic zinc in deprived baưels was comparable to that observed in adjacent 
non-deprived baưels. These data indicate that development o f  cortical 
circuitry can be influenced by tactile experience for an extended period o f  
postnatal life. Supported by N SF  grant IBN-9603964.

249.16
A NEURAL SUBSTRATE FOR NONPAINFUL PHANTOM LIMB 
PHENOMENA. Herta Flor1 *, Werner Mühlnickel1. Anke Karl1. Claudia 
Denke1 Sabine Grüsser1 and Edward Taub2. 'Department o f  Psychology, 
Humboldt-University Berlin, 10117 Berlin;2Department o f Psychology, 
University o f  Alabama at Birmingham, Birmingham, Alabama 35294- 
1170, USA.

Activity in the cerebral cortex associated with major phantom 
limb phenomena was studied in upper extremity amputees using 
neuroelectric source imaging. Previous research has shown that 
reorganization o f primary somatosensory cortex is related to phantom 
limb pain but not to nonpainful phantom phenomena. It was found that 
different cortical substrates underlie phantom limb pain, nonpainful 
phantom limb sensation, referral o f  sensation to the phantom from 
stimulation o f intact portions o f the body, and telescoping (i.e., shrinkage 
in size o f  the phantom with time). Whereas phantom limb pain was 
exclusively related to reorganization in SI, non-painful phantom 
phenomena were associated with enhanced activity in posterior parietal 
cortex ai)d reduced activity in SII. The amount o f  telescoping was 
associated with increased reorganization in SI and reduced activity in 
posterior parietal cortex. These phenomena thus involve differential 
interactions between primary somatosensory cortex, second 
somatosensory cortex and posterior parietal cortex. A central nervous 
system correlate o f  each major aspect o f  phantom limb experience has 
now been demonstrated.
Supported by the Deutsche Forschungsgemeinschaft.
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249.17
A MODEL OF CORTICAL PLA STICITY BASED ON TEM PORAL INPUT 
SEQUENCES J. Wiemer, F. Spengler, F. Joublin, P. Sŧagge, S. Wacqu⅞nt, 
R. Leonhaгdt*. Institu t für Neuroinfoгшatik, Ruhr-Univeгsität, D-44780 Bo
chum, Germany

Formation and alteration of cortical maps is often explained in the context of 
self-organization (von der Malsburg, Kybєгnetik 14, 1973; Kohonen, Springer, 
1995). However, such models fail to  explain recent experiments concerning 
Area Зb of somatosensory cortex (Spengler et a 1., Soc Neurosc Abstracts 22(1), 
1996; Wang et a¡., Nature 378, 1995) which dem onstrate th at asynchronous 
stimuli (200-300 ms interstimulus interval) are segregated (represented at dis
tant coгitcal locations) and synchronous stimuli are integrated. We therefore 
propose a model of stimulus induced cortical plasticity th at takes the tem poral 
structure of the afferent inputs into account.

The emergence of a cortical response does not only depend on the current 
feedforward activation but is also determined by an on-going cortical activity 
which has evolved due to former stimuli. We propose wave-like propagation of 
neural activity into the neighborhood of the cortical response (Tanifuji et al, 
Science 266, 1994) to be the effective, segregation evoking activity dynamics. 
The change of synaptic weights we assume to be primarily based on Hebbian 
learning. In addition we assume weakening of synaptic weights in the form of 
homosynaptic depression.

According to our model tem poral stimulus distances are transform ed into 
spatial distances of their cortical representations. This may constitute a prin
ciple in the (re)organization of cortical maps: average time differences between 
stimuli can be regarded as a good m easure of their similarity and might be 
used to generate efficient stimulus representations.

The simulations agree with the above cited experimental results and predict 
the alteration of sensory cortices for different tem poral input sequences.

Supported by DFG, SFB 509

PAIN MODULATION: PHARMACOLOGY—CELLULAR MECHANISMS AND OTHER

250.2250.1
INHIBITION OF SPINAL PROTEIN KINASE C (PKC) REDUCES 
NERVE INJURY-INDUCED TACTILE ALLODYNIA IN CHUNG  
NEUROPATHIC RATS
X.-Y. HUA.* p. CHEN. M. BUTLERL T.L, YAKSH. Dept, of 
Anesthesiology, University of California San Diego, CA 92093-0818; TSIS 
Pharmaceuticals, Carlsbad, CA 92008.

The ưanslocation of protein kinase C (PKC) leading to the phosphorylation of 
membrane channels and receptors has been implicated in persistent pain states. In 
the present study, we investigated the effects of intrathecally delivered PKC 
inhibitors: GF109203X (GF), chelerythrine and PKC 19-31 on tactile allodynia 
evoked by nerve injury. METHODS: Male Sprague Dawley rats (120-140 g) 
were used in the study. Tactile allodynia developed 2-5 days after the left L5 and 
L6 spinal nerves were ligated1'2. Drugs were administered via chronic intrathecal 
catheters. RESULTS: After nerve ligation tactile thresholds were 2.2 ± 0.4 
grams. The intrathecal delivery of GF resulted in a dose-dependent (0.02 to 0.24 
nmol, n = 6-9 rats ⁄  dose) reversal of the allodynia, with the maximum dose 
resulting in a complete reversal (e.g., 13.0 ± 1.3 grams, n = 6). The latency to 
onset was 30-60 min and the effect lasted for 3-4 hours. Bisindolymalcimide V 
(0.29 nmol), an inactive isomer for PKC inhibition, had no effect (n=5). 
Chelerythrine (2.6-26 nmol, n=4-5) and PKC19-31 (10 nmol, n=5) produced 
significant anti-allodynic effects. All three tested agents, up to the highest dose 
employed here, had no effect upon motor function. Higher dose resulted in a dose- 
dependent incidence of hind limb weakness. Immunohistochemical results showed 
that the highest levels of both PKC-alpha and gamma immunoreactivity were 
observed in the superficial laminae. Significant immunostaining for PKC-alpha, 
but less so for gamma was observed in the venưal horns and around the central 
canal. These data suggest that spinal PKC may play an important role in a 
persistent pain caused by nerve injury.
1. J Neurosci Meth 53:55-63, 1994; 2. Pain 50:355-363, 1992.
(This work was supported by NIH HL 50403 and NS 16541)

POSSIBLE INVOLVEMENT OF SPINAL PROTEIN KINASE C IN THERMAL 
ALLODYNIA AND HYPERALGESIA IN DIABETIC MICE. M. Ohsawa1. L.-H. 
Lin2* and Junzo Kamei1. 'Dept, of Pathophysiology & Therapeutics, Faculty of 
Pharmaceutical Sciences, Hoshi University, Tokyo 142, Japan, 2Dept. of 
Anesthesiology, Medical College of Wisconsin, Milwaukee, WI 53226.

We examined the tail-flick response to various heat intensities in diabetic and 
non-diabetic mice. Heat intensities were set to one of five values by adjusting the 
source of voltage for a 50-W projection bulb to 25, 35, 50, 65 and 80 V. Tail-flick 
latencies at source voltages of 35 and 50 V in diabetic mice were significantly 
shorter than those in non-diabetic mice. However, tail-flick latencies at 25, 65 and 
80 V in diabetic mice were not significantly altered. In non-diabetic mice, tail-flick 
latencies were not affected by i.t. preưeatment with capsaicin 24 h before testing. 
On the other hand, tail-flick latencies at 35 and 50 V were increased by pretreatment 
with capsaicin. Moreover, although tail-flick latencies in non-diabetic mice were 
not affected by i.t. pretreatment with calphostin C, a selective protein kinase (PK) 
C inhibitor, those at 35 and 50 V in diabetic mice were increased. However, i.t. 
preưeatment with KT572O, a selective PKA inhibitor, did not affect tail-flick 
latencies in either diabetic or non-diabetic mice. In non-diabetic mice, i.t. 
preưeatment with phorbol 12,13-dibutyrate (PDBu), a PKC activator, decreased tail- 
flick latencies at 35 and 50 V. On the other hand, tail-flick latencies in diabetic 
mice were not affected by i.t. preưeatment with PDBu 60 min before testing. 
Furthermore, the attenuation of tail-flick latencies induced by i.t. preưeatment with 
PDBu in non-diabetic mice was reversed by i.t. preưeatment with capsaicin 24 h 
before testing. These results indicate that diabetic mice exhibit thermal allodynia 
and hyperalgesia. Furthermore, the thermal allodynia and hyperalgesia in diabetic 
mice may be due to the enhanced release of substance P followed by the activation 
of PKC in the spinal cord.

250.3
PROTEIN KINASE A SENSITIZES PRIMATE SPINOTHALAMIC TRACT 
NEURONS BY INFLUENCING SPINAL EXCITATORY AND INHIBITORY 
AMINO ACID RECEPTORS. Q. Lin*. J. Wu, M. Cut and W.D. W illis. Dept, 
of Anatomy and Neurosciences, UTMB, Galveston, TX 77555-1069.

In our previous observations, we have reported that activation of protein 
kinase A (PKA) enhances preferentially the responses of spinothalamic 
tract (STT) neurons to noxious mechanical stimuli while producing a slight 
increase in responses to innocuous mechanical and noxious thermal 
stimuli. In this study, we examined the changes in the excitation of STT 
cells mediated by NMDA and non-NMDA receptors and inhibition mediated 
by glycine and GABA receptors when the spinal cord dorsal horn was 
perfused with forskol¡n, a PKA activator, by microdialysis. Recordings were 
made from STT cells in anesthetized monkeys (Λf. fascicularis) using a 
multi-barreled microelectrode. Excitation of STT neurons induced by 
iontophoretic release of NMDA and AMPA was potentiated when STT cells 
were sensitized by spinal infusion of forskol¡n. Inhibition of STT cells 
induced by iontophoretic release of glycine and GABA was attenuated only 
in some cells due to spinal forskol¡n administration. There was a tendency 
for the attenuation of glycine- and GABA-induced inhibition to be mostly 
seen in the cells in which the responses to innocuous stimuli were 
obviously enhänced during administration of forskol¡n. These results 
suggest that an activation of PKA may mediate central sensitization of STT 
neurons mainly by up-regulating NMDA and non-NMDA receptors. This 
effect is likely to contribute mainly to hyperalgesia rather than to allodynia. 
(Supported by NIH grants NS 09743 and NS11255).

250.4
NO Signaling in Pain and Nociceptor Sensitization in the Rat
K.O. Alev,* Gordon McCarter and Jon D. Leving
Departments of Anatomy, Medicine and Oral Surgery and Division of Neuroscience, 
University of California at San Francisco, San Francisco, CA 94143-0440 
We investigated the role of NO in inflammatory hyperalgesia. Co-injection of 
prostaglandin E2 (PGE2) with the NOS inhibitor Nº-methyl-L-arginine (L-NMA) 
inhibited PGE2-induced hyperalgesia. Consistent with the hypothesis that the NO 
that contributes to PGE2-induced sensitization of primary afferents is generated in 
the dorsal root ganglion (DRG) neurons themselves, L-NMA also inhibited the 
PGĩ½-induced increase in tetrodotoxin-resistant sodium current in patch-clamp 
electrophysiological studies of small-diameter DRG neurons in vitro. PGE2-induced 
hyperalgesia was not inhibited by co-injection of ODQ, a guanylyl cyclase 
inhibitor. L-NMA inhibited hyperalgesia produced by 8-bromo cAMP (a stable 
membrane permeable analogue of cAMP) or by forskolin (an adenylyl cyclase 
activator). However, L-NMA did not inhibit hyperalgesia produced by injection of 
the catalytic subunit of protein kinase A. Therefore, the conưibution of NO to 
PGE2-induced hyperalgesia may occur in the cAMP second messenger pathway at a 
point before the action of PKA. Intradermal injection of either the NOS substrate L- 
arginine or the NO donor SIN-1 produced hyperalgesia. This hyperalgesia differed 
from PGE2-induced hyperalgesia in that it was independent of the cAMP second 
messenger system, and blocked by the guanylyl cyclase inhibitor ODQ. Therefore, 
although exogenous NO induces hyperalgesia, it acts by a mechanism different from 
that by which endogenous NO facilitates PGE2-induced hyperalgesia. Consistent 
with the hypothesis that these mechanisms are distinct, we found that inhibition of 
PGE2-induced hyperalgesia caused by L-NMA could be reversed by a low dose of the 
NO donor SIN-1. The facts that, first, this dose of SIN-1 does not produce 
hyperalgesia when administered alone, and, second, the effect was not blocked by 
ODQ, suggest that this dose of SIN-1 mimics a permissive effect of basal levels of 
NO with regard to PGE2-induced hyperalgesia. (Funded by NIH grant NS21647).
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250.5
THE EFFECT OF INTRATHECAL ADMINISTRATION OF SUBTYPE- 
SPECIFIC NITRIC OXIDE SYNTHASE INHIBITORS ON THERMAL 
HYPERALGESIA INDUCED BY INJECTION OF CARRAGEENAN IN THE 
RAT ШNDPAW. M.G. Osborne.* and T.J. Coderre. Pain Mechanisms Laboratory, 
Clinical Research Institute of Montreal, Montreal, Quebec, Canada, H2W 1R7.

After determining the time of peak thermal hyperalgesia induced by carrageenan 
injection into the rat hindpaw, we confirmed the role of nitric oxide to its 
development by demonstrating that the non-selective NOS inhibitor L-NAME dose- 
dependently reduced the carrageenan-induced thermal hyperalgesia. Subsequently, 
six, subtype-specific NOS inhibitors were tested for their efficacy at reducing 
carrageenan-induced thermal hyperalgesia. Initially we examined the effects of 
prolonged treatment with inhibitors of nNOS (7-NI and 3-Br 7-NI), iNOS (AG and 
AMT) and eNOS (L-NIO and L-NMMA). All agents were injected three times 
intrathecally during the course of inflammation caused by the plantar injection of 
carrageenan, and thermal hyperalgesia was measured at 6 hours post-carrageenan 
using a plantar apparatus. All inhibitors except for 7-NI were able to significantly 
increase latencies above those of vehicle controls; however, AMT as well as 7-NI, 
were incapable of returning post-carrageenan latencies to baseline levels. Next, we 
tested the importance of early versus late administration of neuronal, inducible and 
endothelial NOS inhibitors on carrageenan-induced thermal hyperalgesia. It was 
found that 3-Br 7-N1, AG, and L-NMMA failed to significantly increase latencies 
over those of vehicle controls when administered during die early phase of 
carrageenan inflammation. In the late phase of the injury, only AG was able to 
significanüy increase latencies over that of the vehicle control group's latencies. 
Our results suggest that iNOS contributes to thermal hyperalgesia in only the late 
stages of the carrageenan-induced inflammatory response while both nNOS and 
eNOS likely play a role throughout the entire time course of the injury. (Supported 
by a grant from MRC Canada.)

250.7

RO LE O F SPINA L NO IN TH E A N TIALLODY NIC EFFECT OF 
INTRATHECAL CLONЮ INE IN N EUROPATHIC RATS. H-L Pan.* S-R 
Chen. JC Eisenach. Dept, of Anesthesiology, W ake Forest University School 
o f M edicine, W inston-Salem , NC 27157.

The role of spinal nitric oxide (NO) in neuropathic pain remains uncertain. 
Furtherm ore, although intrathecal clonidine causes NO release in the spinal 
cord, the functional role o f spinal NO in clonidine-produced analgesia has not 
been examined. The objectives o f this study were to assess the role o f spinal 
NO in maintenance o f allodynia and to determine the role o f spinal NO in the 
antiallodynic effect o f  intrathecal clonidine. Allodynia was produced in rats 
by tight ligation o f the left L5/L6 spinal nerves. M echanical allodynia was 
determ ined by application o f von Frey filaments. In the first series of 
experim ents, allodynia was assessed before and after intrathecal injection of 
saline, 1-arginine, a NO donor, two NO synthase inhibitors, or a  NO 
scavenger. In the second series o f experim ents, 20 µg of clonidine was 
injected intrathecally 15 min after intrathecal injection of saline, two NO 
synthase inhibitors or a  NO scavenger. A llodynia was not affected 
significantly by intrathecal injection o f NO donors, NO synthase inhibitors or 
a NO  scavenger. The antiallodynic effect produced by intrathecal clonidine 
was attenuated significantly by pretreatment with two NO synthase inhibitors 
or a NO scavenger. These results dem onstrate that spinal NO  neither 
contributes significantly to maintenance o f allodynia nor produces detectable 
antiallodynic effect in this neuropathic pain model. Furtherm ore, this study 
indicates that spinal NO plays an important role in the antiallodynic effect of 
intrathecal clonidine in neuropathic pain. Supported by G M -35523 from NIH.

250.9
GROWTH HORMONE RELEASING HORMONE (GHRH) REDUCES 
SIGNIFICANTLY ENDOTOXIN (ET)-INDUCED LOCALIZED 
INFLAMMATORY HYPERALGESIA IN MICE. R.S. Talhouk1, R.G. Abou- 
Gergi1, G. Mouneimne1, *N.E. Saadé2 and B. Safieh-Garabedian1. Departments 
of 'Biology, and 2Human Morphology, American University of Beirut, Beirut, 
Lebanon.

Inflammatory hyperalgesia (both mechanical and thermal) was induced in a 
group of male mice (Balb/c) by intraplantar (i.pl.) injection of ET (l.25µg in 
5Oµl saline), as described previously (Kanaan et al., Pain, 1996, 66:373-379). In 
this investigation, we studied the effect of GHRH on ET induced hyperalgesia as 
assessed by the paw pressure (PP) and hot plate (HP) tests for mechanical and 
thermal pain thrasholds, respectively.

Several groups of mice (n=5 each) received either ET (l.25µg in 5Oµl saline) 
or saline (controls) or intraperitoneal (4Oµg i.p.) injection of GHRH, 30 min 
before ET injection. In another set of experiments the effect o f different doses of 
GHRH (lµg, Юµg, 2Oµg and 40µg/kg) on ET-induced hyperalgesia was 
investigated. GHRH injections did not alter the latencies of the pain tests. 
However, at 24h (peak o f hyperalgesia), pretreatment with GHRH (4Oµg) 
reduced ET-induced hyperalgesia as assessed by PP test (from l.ЗO±.lOs to 
l.69±O.lOs; P<0.05) and by HP test (from lO.87±O.8Os to l4.3l±O.7Os; P<0.05).

Our results demonstrate that GHRH reduces significantly the ET-induced 
hyperalgesia in a dose-dependent manner. This finding could be related to the 
possible existence of neuroendocrine mechanisms exerting a modulatory role on 
nociceptive transmission.
(Supported by grants from the University Research Board).

250.6
ROLE OF IND UCIBLE NITRIC OX ID E SY NTH ASE IN DYNORPHIN- 
IND UCED ALLOD YN IA : A CEN TR A L M O D EL O F N EURO PATHIC 
PAIN. T.M . L au g h lin * l ,  L.S S toned  K.L. S chreiber^, G.L. W ilcox Ь2. 
⅛ e p t  o f Pharm acology and ^G raduate P rogram  in Neuroscience, Univ, 
o f M innesota, M inneapolis, M N 55455.

D ynorphin A is an endogenous opioid peptide which we have 
previously shown induces a long-lasting allodynic state following a 
single, intrathecal injection. This d ynorph in -induced  allodynic state can 
be used as a central model o f  neuropath ic pain. Several studies have 
shown the involvem ent o f  nitric oxide, produced by nitric oxide synthase 
(NOS), in nociceptive neurotransm ission. There are three isozym es o f 
NOS: two constitutive forms, neuronal (nNO S) and endothelial (eNOS), 
and an inducible form  (iNOS). In this study, we determ ined the role o f 
NOS in the developm ent o f dynorphin-induced allodynia in m ice.

D rugs were diluted in 0.9%  saline and adm inistered intrathecally  to 
m ale ICR mice. A 30 m inute pretreatm ent or a 2 hour post-treatm ent 
treatm ent with 8 nmol L-NAM E, a non-selective NOS inhibitor, had no 
effect on dynorphin-induced allodynia. A 30 m inute pretreatm ent or a 2 
hour post-treatm ent o f 6 nm ol 7-nitro indazole, a nN O S-specific 
inhibitor, alleviated allodynia for only several hours. A dm inistration o f 
L-NIL, an iNOS-specific inhibitor, at 2 hour, 6 hour, or 1 day after 
dynorphin, dose-dependently  alleviated allodynia fo r several days. 
Treatm ent with 10 nmol am inoguandine, another iNOS inhibitor, at 2 
and 6 hours after dynorphin  rescued the m ice from  chronic allodynia. 
Finally,' we investigated the changes in the spinal levels o f iNOS 
im m unoreactivity at various tim e point after injection o f dynorphin.

W e have shown that nitric oxide produced from  iNOS, more than 
nNOS, has a role in inducing long lasting allodynia in this central m odel 
o f neuropathic pain. M odulation o f iNOS activity in the spinal cord may 
prove to be an effective therapeutic strategy to treat chronic pain. 
(Supported by N1DA/R01-DA-04274 and -01933 to GLW; T32 DA07097 supports TML)

250.8
EN D O G EN O U S NG F PA RTICIPA TES IN CA RRAGEENA N-EVO KED 
M U SC LE H Y PERALG ESIA. L.J. K e h l* 1, T.M . T re m p e 1, D.L, Shelton2 
and K.M. H argreaves3, 'D ept, o f Restor. Sci., U o f M N, M inneapolis, MN, 
2G enentech, Inc., Š. San Francisco, CA and 3Dept. o f Endodontics, UTHSC, 
San Antonio, TX

W e previously reported that nerve growth factor (NGF) pretreatm ent 
predisposes m uscle to enhanced carrageenan-evoked m uscle hyperalgesia 
in a tim e- and dose-dependent m anner (Kehl et al., Soc. Nsci. Abstr. 71.1, 
1997). Since NG F predisposes m uscle to enhanced hyperalgesia, we next 
hypothesized  that N G F participates in carrageenan-evoked muscle 
hyperalgesia. C onfirm ation o f this hypothesis would provide further 
support for a contribution by N G F in m ediating m uscle hyperalgesia.

M ale Sprague Dawley rats (100-150g) were briefly  anesthetized with 
halo thane and injected with either PBS (50µ l,n=8-10) or carrageenan 
(4m g/50µl,n=8-10), co-adm inistered  with trkA-IgG  (0 .75-5µl/triceps) into 
the triceps m uscles bilaterally. Then each anim al's forelim b grip force was 
tested at intervals over the next 48hr and com pared  to baseline values. To 
further test the contribution  o f endogenous N G F to carrageenan-evoked 
m uscle hyperalgesia, NG F levels in triceps were determ ined  using ELISA 
2hr to 7dy after i.m. PBS (50µl,n=6-8) o r carrageenan (4m g/triceps,n=7-8) 
and com pared to pre-carrageenan levels. D ata were analyzed by ANOVA.

TrkA-ĩgG  dose-dependently  (p<0.05) reversed the carrageenan-evoked 
reduction in grip force 6 , 12 and 24 hours follow ing their co 
adm inistration. Levels o f endogenous NG F in m uscle were significantly 
increased relative to PB S-injected controls 2hr to 4dy post-carrageenan. 
Peak N G F levels (40-fold increase relative to pre-carrageenan) occurred 
24hr after carrageenan. These data support a role for endogenous NGF in 
the developm ent o f carrageenan-evoked m uscle hyperalgesia and suggest 
that drugs targeted at b locking this contribution  m ay have therapeutic 
utility for treating m uscle pain. (Supported by DAOO24O & DEO9737 to 
LJK , D E 9860 to KM H and Genentech).

250.10
P ro g e s te ro n e  (P R O G ) a tte n u a te s  in f la m m a to ry  h y p e ra lg e s ia  in 
lactating rats. ⅛ .  Ren*. ⅛ . Wei, ]R. Dubneг. 2A. Murphy, and 2G.E. Hoffman, 
⅛ ept. of OCBS, Dental School, ⅜ ep t. of Anat. and Neurobiol., School of Medicine, 
University of Maryland, Baltimore, MD 21201.

Recent evidence suggests that nociceptive thresholds fluctuate with changes in 
gonadal steroid levels. When PROG levels are high, sensory thresholds to acute 
noxious stimuli are increased. However, little is known regarding the ability of PROG 
to modify responses to persistent pain. We examined the effects of increased PROG 
levels on the development of inflammatory hyperalgesia in the intact and 
ovariectomized (OVX) lactating rats. Lactating rats [postpartum day (ppd) 6-8] have 
high levels of PROG with a background of low estrogen. These animals represent a 
natural state of hyperprogesteronemia, similar to the luteal phase in humans. 
Inflammation was introduced by injecting complete Freund's adjuvant (CFA, 0.05 ml) 
into one hindpaw of the rat. Hyperalgesia was assessed by paw withdrawal latency 
(PWL) to a thermal stimulus. Compared to normally cycling rats (n=Ю), CFA- 
induced hyperalgesia was significantly attenuated across a 3-day post-CFA period in 
lactating rats inflamed on ppd 6-8 (n=6). Both inflammation-induced spinal Fos 
expression and nociceptive behaviors following intrathecal NMDA were also 
significantly reduced in lactating (ppd 6-8) rats. These effects were not seen in 
lactating rats that were inflamed on ppd 12-14, when blood PROG levels had begun to 
decline; or in lactating rats that were OVX (n=5) to reverse the hyperprogesteronemia. 
Similar to the results noted for high endogenous PROG levels, inflammation-induced 
hyperalgesia was significantly attenuated in OVX rats receiving PROG replacement 
(n=9). Radioimmunoassay confirmed that lactating rats (ppd 6-8) had high levels of 
plasma PROG (79±9 ng/ml). In contrast, OVX rats had significantly lower PROG 
levels (4±2 ng/ml). The PROG levels in the OVX rats with PROG replacement 
(59±8 ng/ml) were not significantly different from that in the lactating rats. Together, 
these results demonstrate that increased plasma PROG levels are associated with a 
decreased hyperalgesic response to persistent inflammation. These potential 
antinociceptive actions of PROG could lead to the development of new strategies for 
the management of chronic pain. Supported by DEI 1964, DA10275, NS2873O.
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250.11
REDUCTION OF NEUROPATHIC PAIN BEHAVIORS BY ENCAPSULATED 
RAT INSULINOMA CELLS IMPLANTED AT THE SITE OF CHRONIC 
CONSTRICTION NERVE INJURY. J. Savdoff*. U. Heгzbere. and J. Sagen. 
CytoTherapeutics, Inc.; Lincoln, RI 02865.

Peripheral neuropathy is a common and often debilitating consequence of diabetes 
and neuropathic pain behavior is observed in diabetic rat models. In diabetic rats, 
neuropathic pain can be reduced by insulin administration. While this may be 
attributible to normalization of glucose levels, recent evidence has demonstrated the 
existence of insulin and insulin-like growth factors (IGFs) on sensory ganglia and 
Schwann cells, and suggests that insulin may have direct effects on the peripheral 
nerve independent of its metabolic effects. In order to test for direct effects of insulin 
on injured nerve, the chronic constriction injury (CCI) model of neuropathic pain was 
used. Insulin-secreting rat insulinoma cells (RIN) were encapsulated in sealed 
semipermeable membranes at a density of 20,000 cells/ul. Two capsules were 
implanted adjacent to the sciatic nerve constriction site at the time of CCI surgery. 
Control animals received implants of acellular capsules containing matrix only. 
Animals were tested for neuropathic pain behaviors at several intervals following 
capsule implantation. At 1 and 2 weeks following implantation, sensitivity to cold, 
as determined by hindpaw lifting on a 5° C copper plate, was markedly reduced in 
animals with RIN cell implants, but not control implants. Similar findings in RIN 
cell implanted animals were observed in the acetone test, another measure of cold 
allodynia. Thermal hyperalgesia was also reduced in animals with RIN cell implants 
compared to conưol implanted animals. Responses to noxious and innocuous 
mechanical stimuli were not significantly altered in implanted animals. Marked 
attenuation of cold allodynia and heat hyperalgesia was still apparent in RIN cell 
implanted animals by 5 weeks post-CCI compared to control implanted animals. The 
results of this study demonstrate that insulin-secreting cells can provide therapeutic 
benefit in the reduction of neuropathic pain induced by peripheral nerve injury. This 
may be due to direct effects on peripheral nerve insulin or IGF receptors.
Supported in part by CytoTherapeutics.

250.13
LAVANDULA ANGUSTIFOLIA INHALATION A N D  NOCICEPTION: 
BREATHING LAVENDER ALTERS PAIN SENSITIVITY IN THE RAT.
E. P. Wiertelak*. A-L. De la Cruz. T. W iner & D. Koski.
Department of Psychology, Macalesteг College, St. Paul, MN 55105.

Lavandula Angustifolia, or (common) lavender, has long been valued as 
a folk remedy for a variety of ailments, and its essential oil is considered  
to have both sed ative  and a n a lgesic  arom atherapeutic properties. 
While som e literature exists concerning the sedative effects o f lavender  
exposure, evid en ce for an analgesic action is primarily anecdotal. T he  
purpose of the present study was to examine the possib ility that exposure  
to lavender w ou ld  result in alterations in pain sensitivity in standard  
pain measures.

Rats were exposed to either apricot o il (Aura Cacia, W eaverville, CA; 
carrier/ vehicle oil; control condition) alone, or to varying concentrations 
of lavandula angustifolia essential oil in apricot oil (Aura Cacia; 20-80 
ul in lOOul apricot oil). In several experim ents, the effects of different 
exposure tim es and conditions were exam ined as w ell. Pain sensitivity  
was assessed using 3 com m only em ployed measures: the Tailflick test, 
the Hotplate Test, and the Formalin Test. Initial results strongly support 
the argu m en t that la v en d er  in h a la tio n  resu lts in h y p era lg esia  
(increased pain sen sitiv ity ) rather than analgesia  (decreased  pain  
sensitivity). Further study is ongoing, including examination of potential 
sensitivity of this effect to naltrexone antagonism.

Supported by grant DAO9289 from the National Institute on Drug Abuse  
at the*National Institutes of H ealth to EPW.

250.12
THE EFFECT OF PERINEURAL COLCHICINE ON NERVE INJURY-INDUCED 
GLIAL ACTIVATION AND MECHANICAL ALLODYNIA IN THE RAT. R.W. 
Cfllbшi*(a). J,A, PeL¢o(a,b). A,J. R⅜gfanan(⅛), Depts. of Pharmacology(a) and 
Anesthesiology(b), Dartmouth-Hit¡chcock Medical Center, Lebanon, NH 03756.

Factors transported centrally from the site of a peripheral nerve injury are known to 
provide cellular activation signals to the dorsal root ganglion and spinal cord. 
Yamamoto and Yaksh (1993, Pain 55: 227-233) were able to use colchicine 
disruption of axonal transport to abolish thermal hyperalgesia after sciatic chronic 
constriction(CCI). The current study set out to test the rigor o f this observation by 
applying the same pharmacologic paradigm to a complete, segmentally specific, 
spinal nerve tight ligation (SPTL) and assessing the impact o f this treatment on 
mechanical allodynia and spinal glial activation responses. The frequency of foot lift 
responses to mechanical stimulation of the ipsilateral (lesion side) hindpaw were 
recorded at 1, 3, 5, 7, 10 and 14 days following SPTL. Spinal astrocytic and 
microglial activation responses were assessed immunohistochemically at 5 and 14 
days post-injury. Neuronal tracing experiments were performed to verify segmental 
disruption o f axonal transport by either spinal nerve tight ligation or colchicine 
treatment. In summary, colchicine was unable to prevent mechanical allodynia or 
spinal glial activation responses when applied perineurally just proximal to the site of 
SPTL. Colchicine alone (without SPTL) induced both astrocytic and microglial 
activation, but not mechanical allodynia. Colchicine applied distal to the site of 
SPTL did not alter mechanical allodynia or glial responses to SPTL. These results 
strongly suggest that axonally transported factors, either from the site of nerve injury 
or from the periphery, are not critical for the development of neuropathic pain 
behaviors. It is unclear why these behavioral results diverge from similar earlier 
reports, however recent evidence suggests that colchicine (at the doses used in both 
studies) may be selectively neurotoxic to unmyelinated c-fibers (Kingery eual. 1998, 
Pain 74: 11-20). This would explain the dose dependent decrement in thermal 
hyperalgesia seen previously following CCI and the glial responses following 
colchicine alone observed in the current study. [NIH DA05731 & DA10042]
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251.2251.1
GABAPENTIN AND S-(+)-3-ISOBUTYLGABA INHIBIT THE TNBS-INDUCED 
CHRONIC ALLODYNIA IN THE RAT. L. Diop*. F. Raymond. H. Fargeau, M. 
Chovet. A M. Doherty. Jouveinal, Parke-Davis,3-9, rue de la Loge, Fresnes, France.

In human, digestive disorders are often associated with visceral pain. In these 
pathologies, the visceral pain threshold is decreased indicating a visceral 
hypersensitivity. Gabapentin (GP) and S-(+)-3-isobutylgaba (IBG) possess 
antihyperalgesic actions in inflammatory somatic pain models. This study was 
designed to evaluate 1) the effect of injection of TNBS into the colon on visceral pain 
threshold 2) the antihyperalgesic effect o f GB and IBG on TNBS-induced chronic 
colonic allodynia.
Methods : In anesthetized rats, TNBS (50 mg/kg in 30% ethanol) or saline (1.5 ml/kg) 
were injected into the proximal colon (day 0). At day 7, colonic pain threshold was 
determined by the isobaric distensions (5 mm Hg increments; 30 sec) into the colon 
inducing the first abdominal contraction in two groups of awake rats: control animals 
and TNBS-treated animals. Inflammatory parameters (colon weight, area of 
hyperemia and necrosis and colonic myeloperoxidase content) were also measured in 
the proximal colon at day 7 after TNBS treatment. GP, IBG and morphine were 
administered 30 min before colonic distention and measurement of the inflammatory 
parameters.
Results : A significant decrease in the colonic pain threshold was observed in TNBS- 
treated animals. (17.8 ± 1.27 vs 43.4 ± 1.98 mm Hg). GP (100-500 mg/kg sc) inhibited 
in a dose-related manner the TNBS-induced colonic allodynia. IBG (30-200 mg/kg) sc 
also showed a dose-related inhibition of TNBS-induced colonic allodynia. Morphine 
(0.1-1 mg/kg sc) inhibited the TNBS-induced colonic allodynia. In contrast, neither 
GP nor IBG inhibited the colonic inflammatory effect of TNBS. In normal conditions 
(control animals), morphine (0.3 mg/kg sc) significantly increased the colonic pain 
threshold while, in the same conditions, neither GP (500 mg/kg sc) nor IBG (200 
mg/kg sc) modified the colonic pain threshold.
Conclusion : GP and IBG suppressed the TNBS-induced colonic allodynia but did not 
modify the colonic threshold in normal conditions. The ability o f GP and IBG to block 
the chronic colonic allodynia indicates that they are effective in abnormal colonic 
hypersensitivity reflecting the chronic pain in IBS.

GABAPENTIN AFFECTS SYNAPTICALLY-EVOKED NM D A 
CURRENT IN RAT DORSAL HORN NEURONS. M Sĥimovama1* N  
Sĥimovama2 and Y. Hori.3 Depts o f  'Physiology and 2Anesthesiology, 
Chiba University School o f  Medicine, Chiba, Japan and 3Dept o f  
Physiology, Dokkyo University School o f  Medicine, Tochigi, Japan 

Gabapentin is a clinically available anticonvulsant which has been shown 
to possess antinociceptive properties with spinal administration 
(Shimoyama et al., 1997). Although its mechanism o f  action is still 
unclear, it has been proposed that gabapentin exerts its spinal 
antinociceptive effects by suppressing the sensitization o f  the dorsal horn 
neuron. On the other hand, gabapentin variably enhanced NMDA-induced 
depolarization o f  cultured rodent neurons (Rock et at., 1993). In the 
present study, we investigated the effect o f  gabapentin on synaptically- 
evoked NM DA current in the dorsal horn neurons o f  the rat spinal cord. 
Whole cell voltage-clamp recordings were made from deep dorsal hom  
neurons o f  neonatal rat spinal cord slices. In the presence o f strychnine, 
bicuculline and CNQX, NM DA currents could be evoked by electrical 
stimulation o f  intemuncial neurons at a holding membrane potential o f  +30 
mV. Superťusion with gabapentin for 3 minutes at a concentration o f  10 
uM induced two distinctly different responses in different neurons. One 
response was the enhancement o f  evoked-NMDA current which began 1.5 
to 3 minutes after the start o f  the superfusion with gabapentin. The other 
response was the suppression o f  evoked-NMDA current which had an 
earlier onset. Some neurons showed a biphasic response, with initial 
suppression and delayed enhancement. Supported by the Grant-in-Aid for 
Scientific Research from the Ministry o f  Education 09680818, Japan (YΉ).
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251.3

GABAPENΉN AND S(+)-3-ISOBUTYL-γ-AMINOBUTYRIC ACID 
BLOCK SECONDARY HYPERALGESIA. D.L. Jones and L.S. 
Sorkin*. Anesthesiology Research Labs, UCSD, La Jolla, CA 92093.

Recently, both gabapentin (GBP) and S(±)-3-isobutyl-γ-aminobutyric 
acid (IBG) were shown to produce a dose-dependent reversal of primary 
thermal hyperalgesia following a mild thermal injury in the rat1. Our aim 
was to determine the effectiveness of these agents in blocking the 
secondary mechanical hyperalgesia (allodynia) in the same model.

Mechanical threshold (MT) of each hindpaw was determined in 
Holtzman Sprague-Dawley rats (male, 300-400 gms) using von Frey 
hairs. After IP injection of GBP (0, 10, 30, 100, 300 mg/kg) or IBG (0, 
10, 30, 100 mg/kg), the right hindpaw was placed in contact with a 
52.5°C surface for 45s to produce a mild thermal injury. MT was tested 
at 30 min intervals for the next 3 hrs.

Following injury, MT fell identically in the burned paw for all GBP 
groups, except the highest dose, and then showed varying degrees of 
recovery towards baseline. Pretreatment with 100 mg/kg GBP accelerated 
recovery such that MT was depressed only at the 30 min point. 300 mg/kg 
GBP totally inhibited the drop in MT caused by the thermal injury; this 
was accompanied by pronounced behavioral depression and sedation. 
Unlike most of the GBP treated animals, all IBG groups had a smaller 
initial decrease in MT. IBG treatment at 30 and 100 mg/kg resulted in 
significantly less allodynia than saline with minimal side effects.

Our findings demonstrate a dose-dependent blockade of the mechanical 
allodynia caused by a mild thermal injury. Results indicate that IBG is 
more effective than GBP at alleviating mechanical allodynia at doses 
which do not cause sedation. (Чun JH, Yaksh TL. Anesth Analg, 86:348, 
1998) Supported by NS35630.

251.5
GABAPENTIN AND PREGABALIN DOSE DEPENDENTLY REVERSE 
ULTRAVIOLET LIGHT INDUCED HYPERALGESIA IN THE RAT 
Hoang.B.. Camell.A.J.. Hughes,! & Williams, R.G.*. Parke-Davis Neuroscience 
Research Centre, Cambridge University Forvie Site, Robinson Way, Cambridge, U.Ƙ.

Gabapentin is a novel anticonvulsant drug which has also been shown to be active in 
a number of animal models of pain (Singh et al, 1996, Psychopharmacology 127; 1-9; 
Field et al, 1997, Bг.J.Pharmacol. 121, 1513-1522). Irradiation of the plantar surface 
of the rat hindpaw with ultraviolet light has previously been shown to induce a slowly 
developing hyperalgesia (Thompson et al, 1994, J.Neurosci. 14, 3672-3687). We have 
investigated the action of gabapentin and pregabalin (S-isobutylgaba, CI-1008) in rats 
irradiated with ultraviolet light. Methods Following determination of baseline paw 
withdrawal latencies (PWL; Hargreaves test), the plantar surface of one paw was 
irradiated for 90s at an intensity of 56µW/cm2. On the second day PWL values were 
again determined and a second irradiation was performed. PWL values were 
determined on subsequent days. Results PWL values for the irradiated paw fell 
gradually, peak hyperalgesia being reached on day 4 whereas PWL values 
contralaterally were not influenced. Gabapentin and pregabalin both significantly and 
dose dependently reversed the hyperalgesia present on day 4 when given at 30 or 100 
mg/kg s.c. In both cases this reversal was present at 30 minutes post-treatment and 
was sustained for up to 2 hours. Interestingly, the higher doses of both compounds 
also increased PWL contralaterally. In contrast, R-isobutygaba, the corresponding 
enantiomer of pregabalin, failed to influence either ipsilateral or contralateral PWL 
values (up to 100 mg/kg s.c.). Conclusions Gabapentin and pregabalin dose 
dependently reduce ultraviolet light induced hyperalgesia. These data extend existing 
animal studies and support emerging clinical evidence suggesting that gabapentin and 
structurally related compounds such as pregabalin may be of utility in the 
management of a variety of chronic pain conditions. Supported by PDNRC, 
Cambridge, U.Ƙ.

251.7
THE NOVEL ANTICONVULSANT AR-R12495AA REDUCES MECHANICAL 
HYPERALGESIA AND EDEMA IN THE FREUNDS COMPLETE ADJUVANT 
(FCA)-INDUCED MONOARTHRITIS MODEL IN THE RAT. A.U.R. Asehar 
and A.E. King. (SPON. British Neuroscience Association) . Department of 
Physiology, University of Leeds, Leeds, LS2 9NQ, U K.

AR-R12495AA is a major and active metabolite of the novel anticonvulsant drug, 
гemacemide. We have previously shown that AR-R12495AA reduces the mechanical 
hyperalgesia and edema in an acute model of inflammation induced by carrageenan. 
The present study assessed whether or not AR-R12495AA possessed any significant 
analgesic and/or anti-edema actions in a chronic model of arthritis induced by FCA.

Monoarthritis was induced by the subdermal injection (under brief halothane 
anaesthesia) of FCA (150 µl, lmg.kg^1) into the right hind paw of male Wistar rats 
(120 - 140 g). AR-R12495AA (ЗOmg,kg1) or drug vehicle (sterile saline) was
administered by a once daily intra-peritoneal injection (for 5 days prior, and 14 days 
post FCA injection). Paw mechanical withdrawal thresholds (g) and edema (mm) 
were measured for both the FCA-injected and un-injected paws and difference values 
calculated by subtracting the left foot value from that of the right foot.

Injection of FCA Caused a progressive reduction in paw withdrawal threshold to 
pressure and caused edema of the paw. Daily dosing with AR-R12495AA 
significantly reduced (P < 0.05) the development of this FCA-induced mechanical 
hyperalgesia and edema; the difference values on day 14 post FCA for mechanical 
hyperalgesia were -35 ± 1 g (AR-R12495AA) versus -54 ± 2g (drug vehicle), and for 
edema 0.79 ± 0 .16mm (AR-R12495AA) versus 1.46 ±  0.21mm (drug vehicle).

These results demonstrate that the anticonvulsant AR-R12495AA has significant 
analgesic and anti-edema actions in the FCA-induced monoarthritis model. 
Consequently, AR-R12495AA could potentially be valuable in the treatment of 
chronic pain and inflammatory disorders. Study was supported by Astra Charnwood.

251.4
GABAPENTIN POTENTIATES NMDA RESPONSES IN DORSAL HORN 
NEURONS TREATED WITH PROTEIN KINASE C. Y. Gu1* and L.-Y. M. 
Huang1,2 Marine Biomedical Institute1 and Department of Physiology and 
Biophysics2, University of Texas Medical Branch, Galveston, Texas 77555 

The antiepileptic agent, gabapentin is found to block pain behaviors in rats 
with nerve injuries or formalin-induced inflammation. The mechanism 
underlying the antinociceptive action of gabapentin remains unclear. Since 
gabapentin does not appear to affect NMDA responses in normal rats and 
since gabapentin selectively blocks the late phase of formalin-induced 
nociceptive responses which is thought to be associated with elevation of PKC 
inside dorsal horn cells, we decided to examine the effect of gabapentin on 
NMDA responses in cells with elevated PKC. The experiments were performed 
on single dorsal horn neurons isolated from the spinal cord of 13-19-day old 
rats. NMDA receptor currents were measured using the whole-cell patch clamp 
recording technique. PKC catalytic subunit (PKCM) was included in the patch 
pipette. Following the formation of a giga seal, the NMDA current gradually 
increased as PKCM diffused into the recorded cell. After the NMDA response 
reached a steady level, gabapentin (50-100 µM) was added to the bath 
solution. In the presence of low external glycine (0.1-0.2 µM), gabapentin 
caused a 30% increase in NMDA currents. However, gabapentin had no effect 
on NMDA currents when the external glycine was kept at a saturating level (2 
µM). To rule out the possibility of glycine contamination in the gabapentin 
solution, we compared the glycine content in control and gabapentin 
containing solutions. The glycine concentrations of the two solutions differ by 
less than 30 nM, a level that should not confound our result. Although the 
results seem to suggest that gabapentin interacts with the glycine modulatory 
site on NMDA receptors, this suggestion is not consistent with the previous 
binding data which have shown that gabapentin has negligible affinity for the 
site. The site of gabapentin action is now under investigation. (Supported by 
NS30045, NS23061 and a Human Frontier Grant to L.-Y.M.H.)

251.6
E FFEC T OF G A B A P E N T IN  A N D  S -( + )-3 -IS O B U T Y L G A B A  ON 
LIPOPOLYSACCHARIDE-INDUCED DELAYED RECTAL ALLODYNIA IN RATS. 
A.M . Coelho-!̄. H. EutameneL M. Toulouse1. M. Chovet .̂ L. Bueno -̂*. 'Dept, of 
Pharmacology, INRA, 31931 Toulouse, France; 2Parke-Davis, 94265 Fresnes, France.

Recent studies have shown that gabapentin, an antiepileptic agent and a structural 
analog o f g-aminobutyгic acid (GABA), possesses antihyperalgesic actions in animal 
models o f inflammatory and neuropathic pains. Recently, we have developped a new 
model o f delayed (9-12h) visceral allodynia induced by intraperitoneal (IP) 
lipopolysaccharide (LPS) injection in rats. Consequently, this study was designed to 
evaluate the effect o f gabapentin and S-(+)-3-isobutylgaba, a gabapentin analogue, on 
LPS-induced transient rectal allodynia.

Four groups o f 8 male Wistar rats were surgically prepared for electromyography. Two 
pairs o f electrodes were implanted in striated muscles o f the abdomen. Rectal distension 
(RD) was performed with a balloon, I cm in length, inflated by 5 min steps o f 0.4 ml, 
from 0 to 1.6 ml. A control RD was performed 111 before each experiments. Group I: 
gabapentin, or its vehicle (saline), were injected IP at doses o f 10, 30 and 100 mg/kg. 30 
min before RD. Group 2: S-(+)-3-isobutylgaba, or its vehicle (saline), were injected IP 
at doses o f 10 and 30 mg/kg, 30 and 120 min prior to RD. Groups 3 a n d 4: rats received 
respectively, in the same conditions, gabapentin and S-(+)-3-isobutylgaba, or their 
vehicle, at the dose of 30 mg/kg IP, injected 30 min before the RD but preceded (12Һ) by 
LPS (E. Coli serotype 0111 :B4) administration ( 1 mg/kg IP).

Control RD (-1Һ) induced abdominal contractions, this effect being significant 
(p<0.05) when the distension volume reached 0.8 ml. Gabapentin significantly reduced 
the number o f abdominal cramps at volum es o f 0.8  ml (Ю .6±3.4 vs 19. l±2.8  
abdominal contractions/5 min for vehicle) and 1.2 ml (I6 .l± 2 .3  vs 23.4±2.6) at 30 
mg/kg, and at 0.8 ml (7.6±3.4 vs I9.6±2.3) at 100 mg/kg. S-(+)-3-isobutylgaba, at 30 
mg/kg, reproduced its effect at volumes o f 0.4 and 0.8 ml. When injected 120 min before 
RD, S-(+)-3-isobutylgaba, at 10 and 30 mg/kg. had similar effect but for all distension 
volumes. LPS enhanced the number of abdominal contractions at the volume o f 0.4 ml 
(9.7±l.O  vs 3.7±l.O) 12Һ after its administration. This effect o f LPS was suppressed 
when animals received gabapentin (O.7±O.5 vs 9 .7±l.O ) and S-(+)-3-isobutylgaba 
(l.8±O.9 vs 9.7±l.O) at 30 mg/kg 30 min prior to RD.

These results indicate that gabapentin and S-( + )-3-isobutylgaba are effective in 
reducing basal rectal sensitivity and to block LPS-induced rectal allodynia in rats.

251.8
ANTICO NV ULSAN TS ANTA G O NIZE CARBON DIOXIDE  
INDUCED AN TINO CIC EPTIO N IN TH E RAT M.T. Alexander1, J.C. 
Beshaгse’*,L.B. Hough2. ’Dept, of Cell Bio. & Anat. & Neurosci. Medical 
College of Wisconsin, Milwaukee, WI 53226. 2Dept. o f Phaπnacol. & Neurosci. 
Albany Medical College, Albany, NY 12208.

Previous studies from our lab have characterized a novel antinociceptive 
response following carbon dioxide (C02) exposure. However, C 02 is known to 
cause neurologic excitability and seizures in laboratory animals and humans. 
Woodbury et al., (Anesthesiology 21: 686, 1960) observed that upon abrupt 
exposure to a carbon dioxide concentration greater than 40% for 7 minutes, rats 
demonstrated spontaneous clonic seizures within 2 minutes. To test the hypothesis 
that antinociception following C02 exposure results from seizure activity, the 
effects o f several anticonvulsants were tested on seizure activity and 
antinociception. Male Sprague-Dawley rats were exposed to concentrations of 
40% C 02 for 7 minutes or 100% C 02 for 30 seconds. Following recovery from 
anesthesia (10 min.), the animals were tested for antinociception with the hot plate 
method under an approved animal protocol. Animals were also directly observed 
for signs o f motor seizures. As shown previously, vehicle-treated control animals 
demonstrated antinociception after exposure to C02. Trimethadione (400 mg/kg, 
sc., 60 min.) significantly abolished both seizure activity and subsequent 
antinociception. Similarly, diazepam (1 mg/kg, ip., 30 min.) and phenytoin (150 
mg/kg, ip., 30 min.) decreased seizure activity and antinociception. Conversely, 
phenytoin (100 mg/kg, ip., 30 min.) abolished seizure-like activity but only 
partially reduced the antinociception. In drug-treated subjects, a significant 
correlation (p<0.05) was found between observed seizure duration and total 
antinociceptive score. These results suggest that C 02 induced antinociception may 
occur because of seizure activity. Supported by Samuel R. Powers Research 
Fellowship & DA-03816.
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251.9
THE A T YPIC AL NEUROLEPTIC DR U G S CLOZAPIN E AND  
OLANZAPINE DIFFER REGARDING  THEIR ANTINOCICEPTIVE  
M ECHANISM S AND C A PA C ITY . C.G . P ic k 1 *, V. G a ts le v 1 , R. 

Weizman2, S. S ch re ib eг^ . ⅛ ë p  o f  Anatomy, Sackler Faculty o f  
Medicine, Tel Aviv Univ., 2 ҭ ℮I-Avіv Community Mental Health Center 
and Sacklėr Faculty o f  Medicine Tel-A viv Univ. Tel Aviv, ⅛ e p .  〇f  
Psychiatry C, Chaim Sheba Medical Center and Sackler Faculty o f  M edicine 
Tel-Aviv Univ. Tel Aviv, Israel.
Using the mouse tail flick assay, we evaluated the antinociceptive effect and 
the interaction with the opioid system o f  two “atypical” neuroleptic agens, 
clozapine (the prototypical “atypical” neuroleptic agent) and olanzapine (a 
new “atypical” neuroleptic agent). Clozapine induced a potent analgesic 
effect following an i.p. injection in a dose-response manner with E D 50 8 .7  
mg/kg. This effect was antagonized by the non-specific opioid antagonist 
naloxone (p <  0.05), implying that there is an opioid mechanism o f  action  
involved in clozapine induced analgesia. Further evaluation demonstrated the 
involvement o f µ l ,  µ 2 , kj opioid receptors and o f  α 2 adrenergic receptor in 
clozapine analgesia. Olanzapine did not induce a powerful analgesia, the 
highest effect found was a 50% analgesia following an injection o f  10 mg/kg. 
As the olanzapine dose increased beyond 10 mg/kg, latencies declined alm ost 
back to baseline. Yohimbine (an α 2 adrenergic antagonist) significantly  
reduced the analgesia induced by olanzapine almost com pletely to 10% (p <
0.05), while both naloxone and metergoline (a non-selective 5-HT receptor 
antagonist) only partially reduced olanzapine analgesia. These results proved 
the involvem ent o f  the α 2 adrenergic receptor in clozapine analgesia and 
less the involvem ent o f  the opioid and serotonergic systems.

251.11
M ODULATORY EFFECTS OF M USCIM OL ADM INISTERED  
INTO THE RO STROVENTRAL M ED U LL A  ON FORM ALIN  
PAIN AND M ORPHINE AN ALGESIA: A DO SE-RESPO NSE  
ANALYSIS. A.K. Gilbert* and K.B.J. Franklin. Dept, o f  Psychology, 
Mcgill University, Montréal, PQ, Canada, HЗA IB 1.

Descending inhibitory fibres originating in the rostroventral medulla 
(RVM) and projecting to the spinal cord dorsal horn are involved in the 
modulation o f  nociception and analgesia but their role in injury 
produced pain is not clear. W e examined the effects o f the GAB A-A  
agonist muscimol (5Ong) m icroinjected in the RVM on dose-effect 
relations for formalin and morphine in the formalin test. The results 
showed that muscimol significantly increased pain reactivity to 0.5 and
1.0% formalin, compared to saline. The hyperalgesic-like effects o f  
muscimol were indicated by a left shift o f  the formalin concentration- 
response curve. Compared to saline, m uscim ol also significantly  
reduced the effects o f  1.25, 2.5, 5 .0  and 10.0 m g/kg o f morphine on 
pain induced by 2 % form alin as evidenced by a right shift o f  the 
morphine concenưation-response curve. The present findings show  
that RVM neurons are subject to G ABAergic modulatory influence. 
Our data also show that shutting-off RVM cells by local microinjection 
of muscimol significantly increases reactivity to formalin pain, and that 
this effect at least partially accounts for the apparent decrease in the 
analgesic effects o f morphine when the RVM is inactivated.
(Supported by NSERC and FCAR, and by MRC Studenship to
AK .G.).

251.10
SENSORY THRESHOLDS AND THE ANTINOCICEPTIVE EFFECTS OF 
GABA RECEPTOR AGONISTS IN MICE LACKING THE ß3 SUBUNIT OF 
THE GABAд RECEPTOR. S D, Uearte'*. G,E. Homanics2. J,J, Quinlan2. L.L. 
Firestone2 and D.L. Hammond3. 'Committee on Neurobiology, Univ, o f  Chicago, 
Chicago, IL 60637; 2Dept. o f  Anesthesia, Univ, o f  Pittsburgh, PA 15261; 3Dept. 
o f  Anesthesia, Univ, o f  Chicago, Chicago, IL 60637.

These experiments examined the sensory thresholds and the antinociceptive 
effects o f  GABAa and GABAв receptor agonists in mice in which the GABAд 
receptor population was greatly reduced by geneknockout o f  the ß3 subunit o f  the 
GABAд receptor. Nociceptive sensitivity was assessed by the tail-flick and hot
plate tests. Mechanical threshold was evaluated by von Frey filaments, ß / '  mice 
displayed enhanced responsiveness to innocuous tactile stimuli compared to their 
progenitor strains, C57BL/6 and 129/SVJ, or to their wildtype littermates. These 
mice also exhibited enhanced responsiveness to low intensity thermal stimuli in the 
hot-plate test. Subcutaneous (s.c.) administration o f  the GABAд receptor agonist
4,5,6,7-tetrahydroisoxazolo-[5,4-c]pyridin-3-ol (THIP) produced a dose-dependent 
increase in hot-plate latency in ß3+/+ and ß3+/' mice. Consistent with the loss o f  
GABAд receptors, THIP did not produce an antinociceptive effect in ß37' mice. 
Unexpectedly, the GABAв receptor agonist baclofen was also less potent in ß3' ' 
mice in both the tail and hot-plate test after either s.c. or intrathecal administration. 
This finding suggests that the absence o f  the GABAд receptor during development 
can adversely affect the expression o f GABA¢ receptors or the development o f  the 
monoamineгgic neural pathways that mediate the antinociceptive effects o f  GAB Aв 
receptor agonists.
Supported by PHS DEI 1423 (DLH), T32 GM 07151 (SDU), AA10422 (GEH), 
and GM52O35 (LLF).

251.12
TE TA N IC -IN D U C E D  C H A N G E S IN SC IA TIC -EV O K ED  RAT  
D O R S A L  H O R N  FIELD PO TEN TIA LS A R E M O D IFIED B Y  
BIC Ư C Ư LLINE, PH AC LO FEN A N D  SPIN A L T R A N SEC TIO N
V . M iletic* & G. M ile tic . Departm ent o f  Com parative B ioscien ces, 
U n iversity o f  W isconsin , M adison, WI 5 3 7 06-1102 .

Scįatic-evoked  field  potentials (FPs) w ere recorded in the spinal 
dorsal horn o f  urethane-anesthetized control rats. After 30 m in o f  
baseline recordings, the G A B A д antagonist b icucullin e or the 
G A B A в antagonist phaclofen  (both at 1 m g/kg) w ere injected in 
different anim als. In other control rats, the spinal cord w as acutely  
transected at low -thoracic levels. In all o f  these anim als FPs were  
m onitored for another 30  m in, and then tetanic stim ulation at 100 
H z w as applied to the sciatic nerve (40  pulses in a 4 0 0  m s train, 
each pulse 0.1 m s). The FPs w ere then recorded for another 4 hrs 
post-tetanus. B oth b icucullin e and spinal transection abolished the 
sign ificant decreases in FPs that are observed 2 hrs post-tetanus, but 
neither affected the marked initial potentiation o f  FPs. On the other 
hand, phaclofen abolished the initial potentiation but did not affect 
the later depression.

Th ese data suggest that tetanic-induced long-term  changes in 
excitab ility  o f  spinal dorsal horn neurons in vo lve both G A B A ergic  
and descen din g brainstem  system s. [Supported by N IH  N S  34870].

251.13
ALLOPREGNANOLONE, A NEURO STEROID, POTENTIATES THE 
ANALGESIC ACTION OF THE α2 AGONIST, DEXMEDETOMIDINE 'M.F. 
Davies* 2T.-Z. Guo. ‘J.J. Kendig. 1,2M. Maze. Department of Anesthesia, 'Stanford 
University, Stanford, CA 94305 and 2VA Palo Alto Health Care System, Palo Alto, 
CA 94304.

Epidurally or intгathecally administered α 2 agonists, such as clonidine and 
dexmedetomidine (Dex) appear to be more effective for pain control in parturients L2 
than in the general surgical population. The mechanism for the enhanced analgesic 
efficacy of epidurally or intгathecally administered clonidine in pregnant women may 
be related to increased levels of progesterone and progesterone metabolites such as 
allopгegnanolone (Alio). Male rats were implanted with indwelling intrathecal 
catheters and after 1 week recovery were administered either Alio, Dex or both Dex 
and Alio. Analgesia was assessed 20 min later by measuring tail flick latency. Data 
were analyzed by analysis of variance, and Fisher’s PLSD test. The dose response 
curve for the analgesic effect of Dex was shifted to the left by Alio by a factor of 4 (0.4 
to 0.1 µg). Alio dose-dependently enhanced the analgesic action of 0.25 µg Dex, an 
ED35 antinociceptive dose, without having a significant analgesic action alone. The 
GABAд receptor system appears to be involved in action of Alio because its stereo
isomer epi-pregnanolone, that is not an agonist at the GABAд receptor^, was without 
activity. Further indication that the GABAergic system is involved is that a low dose of 
midazolam (2.5 µg) that had no analgesic action itself, also potentiated the analgesic 
action of 0.25 µg Dex. Although Alio had no analgesic action alone it potentiated the 
analgesic action of Dex. Initial pharmacological characterization of the pharmacology 
indicate that the potentiation of GABAergic transmission by Alio may underlie this 
potentiation. The dramatically increased levels of progesterone metabolites may be the 
mechanism whereby the analgesic action of cų agonists is enhanced in parturients. 
Acknowledgments: This study was supported by NIH and the Dept, of Veterans Affairs 
and Center for Gender-Based Medical Research. 1. Anesthesiology 77: 267-274 
(1992). 2. Anesthesiology 81: 591-601 (1994). 3. Neurosci. Lett 135: 273-275 (1992).
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252.1
EFFECTS OF NITRIC OXIDE ON INTRACELLULAR cGMP IN 
HORIZONTAL CELLS OF HYBRID STRIPED BASS RETINA.
L. Ponomareva1 *.C. Lu1. J. Stone1. J. de Vente 2 and D. McMahon1. 
'Dept, of Physiology, University o f Kentucky, Lexington, KY, 40536; 
2Dept. of Psychiatry, University of Maastricht, The Netherlands 

We have observed the stimulating effects of different agents involved 
in nitric oxide (NO) production on the staining intensity of anti-cGMP 
antibodies in isolated bass retinal horizontal cells (HC) by 
immunocytochemistry quantified by imaging analysis. In control (non
stimulation), cells showed no DAB staining similar to a negative control 
which omitted the primary anbtibody. Sodium nitroprusside (SNP), a NO 
donor, and L-arginine (NO synthase substrate) dose-dependently 
increased the staining intensity of anti-cGMP. The phosphodiesterase 
inhibitor zaprinast and D-arginine also induced cGMP formation in bass 
HC. NO synthase inhibitor L-NAME partially reduced the level of cGMP 
in HC stimulated by L-arginine. The metabotropic glutamate 
receptor(mGluR) agonist APB however, did not show any stimulation of 
the staining intensity of anti-cGMP in HC. By using dual whole cell 
voltage clamp technique, we assayed coupling of HC pairs (H2 type). 
SNP or L-arginine but not APB significantly reduced the amplitude of 
coupling currents. These results suggest that 1) the NO/cGMP pathway 
exists endogenously in bass retinal HC 2) Both endogenous and 
exogenous NO stimulate intracellular cGMP and modulate gap junctions 
Supported by NIH EYO9256 and NS01736 to DGM.

252.3

Regional distribution of NOS isoforms in chick retina and their down 
regulation by form-deprivation. S. Fuiii1,2. M. Yamamoto1. R. Oka2. T. 
Higashi2, H. Ta∩ii2, T. Fukunaga3 and Ҟ. Saiįoŉ2*. 'Dept Ophthalmol, 
Kobe Univ Sch Med, 2Dept Hygiene, Kanazawa Univ Sch Med and 3Dept 
Leg Med, Mie Univ Sch Med, Japan.

Nitric oxide (NO) is a diffusible, multifunctional second messenger 
displaying numerous physiological functions in varying tissues including 
retina. It is also recognized as an effective antiproliferative agent and 
possibly involved in development of myopia as well as visual function 
itself. Thus, we examined regional expression and expression regulation 
under form-deprived myopia of its synthetic enzyme, NO synthase (NOS), 
in chick retina. All three NOS isoforms were expressed in chick retina, 
while competitive RT-PCR confirmed that expression level of inducible 
NOS (iNOS) mRNA was at least 32 times higher than those of constitutive 
type of NOS mRNAs, endothelial NOS (eNOS) and brain NOS (bNOS). 
In Western blot analysis, the level of iNOS protein was only slightly 
higher than eNOS and bNOS proteins, suggesting that the stability of the 
iNOS mRNA was lower than constitutive NOS mRNAs. Immunohisto- 
chemical localization of three NOS isoforms were the same, i.e. they 
existed in the outer pan of the photoreceptor layer and inner and outer pans 
of the pigment epithelium, except that bNOS alone existed in the outer 
nuclear layer as well. Form-deprivation decreased the level of iNOS 
protein through decreasing its mRNA (approx. 80 % of the control value). 
It is suggested that iNOS as well as the constitutive types of NOS may 
play an important role in retinal function and in the control mechanisms 
underlying myopic eye growth.

252.5

NITRIC OXIDE STIMULATES THE RELEASE OF SEROTONIN IN 
THE TURTLE RETINA. T.A, Blute*. D. Yu and W.D. Eldred. 
Department of Biology, Boston University, Boston, MA 02215 

In the brain, nitric oxide (NO) has been shown to influence the 
release of several neurotransmitters (i.e. GABA, glutamate, 
acetylcholine, etc.). The present study was done to investigate the 
effects of NO on the release of serotonin (5-HT) from amacrine and 
bipolar cells in the retina of the turtle, Pseudemys scripta elegans. To 
enhance the relatively low endogenous levels of 5-HT, isolated 
eyecups were first preloaded by incubating them with 5-HT, pargyline 
and ascorbate for 30 minutes. This preloading dramatically 
increased the serotonin-like immunoreactivity (SLI) in the same 
serotonergic bipolar and amacrine cells that have been described 
previously. Both the amacrine and bipolar cells were bistratified and 
arborized in S0-20 and S60-80 of the I PL. Following preloading, 
treatment with the NO donor (+)S-nitroso-N-acetyl-penicillamine 
(SNAP) for 20 minutes significantly reduced the SLI in the processes 
and cell bodies of the serotonergic bipolar cells in a dose-dependent 
manner. There were also regional differences, in that the bipolar 
cells near the visual streak were more sensitive to SNAP than the 
bipolar cells in the peripheral retina. The SLI in the serotonergic 
amacrine cells was not significantly reduced by SNAP. These results 
indicate that NO can selectively release 5-HT from bipolar cells in the 
turtle retina, and that bipolar and amacrine cells employ some 
different synaptic mechanisms for releasing 5-HT. This research 
supported by R01 EYO4785 to WDE.

252.2
CALCIUM CHANNELS ACTIVATED BY NITRIC OXIDE IN RETINAL 
GANGLION CELLS. K. Hirooka. D.E. Kuгennvi and S. Barnes*. Neuroscience 
Research Group, University of Calgary, Calgary, Alberta, Canada T2N 4N1.

A constitutive isoform of nitric oxide synthase from brain, nNOS, is found in the inner 
plexiform layer of the retina, where it could exert influence on several neuronal 
subtypes, including ganglion cells. CNG channels are known to be activated by NO in 
retinal ganglion cells, so we sought to determine whether voltage-gated Ca channels 
were also affected by a cGMP-based second messenger cascade in these cells.

Ganglion cells identified via Lucifer yellow back-filling of the optic nerve were 
isolated from tiger salamander retina following papain freatment. The nitric oxide 
donor, S-nitroso-N-acetyl-penicillamine (SNAP, 1 mM), induced an increase in Ca 
channel current (21.8+2.9%, mean+s.e.m., n=Ю), independent of whether rupture or 
permeabilized patch techniques were employed. In the presence of 50 µM ODQ, 
enhancement by SNAP was blocked (-2.6+3.4%, n=4), indicating that the NO generated 
by SNAP acts via a soluble guanylyl cyclase. Consistent with this result, 10 µM ШMX, 
which raises cGMP levels by inhibiting phosphodiesterase, enhanced calcium channel 
current itself (27.3+8.5%, n=4), and occluded subsequent enhancement by SNAP 
(3.6+1.7%, n=4). 1 mM 8-Br-cGMP also blocked the enhancement by SNAP
(4.6+2.8%, n=4). 2 µM H-8, a specific inhibitor of PKG, blocked SNAP enhancement 
(5.O+9.3%, n=4), as did 1.5 mM AMP-PNP (6.7+l.5%, n=4), a nonhydrolysable ATP 
analogue that prevents protein phosphorylation. 1 µM okadaic acid, which inhibits 
some phosphatases, had no effect by itself but tended to increased the enhancement of 
calcium channel current by SNAP (30.9+4.6%, n=4). These results suggest that NO 
can stimulate ganglion cell calcium channels via guanylate cyclase/PKG dependent 
phosphorylation, an effect which could fine-tune neural integration in ganglion cells by 
increasing calcium signaling or could contribute to pathophysiological conditions.

Supported by the Medical Research Council o f Canada and 
the Alberta Heritage Foundation for Medical Research.

252.4
LOCALIZATION OF NITRIC OXIDE SYNTHASE IN 
PHOTORECEPTOR, BIPOLAR AND HORIZONTAL CELLS IN 
THE TURTLE AND RAT RETINAS. W.D. Eldred* and S. 
Haverkamp. Dept, of Biology, Boston University, Boston, MA 02215 

Neuronal nitric oxide synthase (nNOS) has been found primarily 
in amacrine cells at the light microscopic level, but no information is 
available about the ultrastructuгal localization of nNOS in retina. 
This study localized nNOS-like immunoreactivity (nNOS-LI) in turtle 
and rat retinas using electron microscopic immunocytochemistry. 
At the light microscopic level, nNOS-LI is in amacrine cell bodies 
and their dendrites in the inner plexiform layer and in some 
processes in the outer plexiform layer (OPL) in both turtle and rat. 
In the turtle OPL, nNOS-LI is present in either the central or lateral 
members of the postsynaptic triad at some photoreceptor ribbon 
synapses. This suggests that nNOS-LI is in some horizontal and 
bipolar cells at photoreceptor synapses. In other cases, there were 
dendrites with NOS-LI that formed wide-cleft basal junctions with 
photoreceptor terminals, and there were focal patches of nNOS-LI 
in H1 horizontal cell axon terminals. In the OPL of the rat, there 
were also presumptive bipolar and horizontal cell processes with 
nNOS-LI that were postsynaptic at rod photoreceptors. These 
results indicate nitric oxide may be produced by all of the major 
nerve cell types in the outer retina at specific synaptic contacts. 
Future studies will determine the specific cell types involved and the 
precise role of NO at these synapses. This research supported by 
NIH R01 EYO4785 to WDE.

252.6
NITRIC OXIDE MODULATES DISCHARGE PATTERNS OF 
RETINAL GANGLION CELLS VIA cGMP. G¯Y Wang*1, L. C. 
Liets1, A. Zima2 and L. M. Chalupa1. 'Section of Neurobiology, 
Physiology & Behavior, UC Davis, CA 95616, and ⅛ ogomoletz 
Institute of Physiology, Kiev Ukraine 

We have shown previously (Wang et al., 1997) that application of 
nitric oxide (NO) donors changes the discharge patterns o f fenet retinal 
ganglion cells (RGCs) from sustained to transient in response to 
maintained depolarizing currents. Here, we sought to determine 
whether the modulation o f RGC activity by NO is mediated via cGMP. 
Patch-clamp recordings were made from RGCs in intact retinas, and 
neurons were filled with Lucifer yellow to allow differentiation o f cell 
classes. 8-Br-cGMP, a membrane permeable analog o f cGMP, was 
administrated into the bath solution while the cell was depolarized by 
current injections and during spontaneous activity. This revealed that 8- 
Br-cGMP mimicked the results we obtained previously with NO 
application. Application of the analog caused a change in the firing 
pattern from sustained to transient in both alpha and beta cells. 
Moreover, application o f both the NO donor and 8-Br-cGMP typically 
reduced the spontanous discharge rates o f RGCs. Additional recordings 
from acutely isolated RGCs showed analogous effects, indicating a 
direct modulation o f the RGCs by NO. Voltage-clamp recordings are in 
progress to assess the currents underlying such modulation via cGMP 
o f RGC discharge patterns. (Supported by grants NIH, NSF, & the 
CDRF; the latter in collaboration with Dr. Bohdan Kolomiets.)
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252.7
NITRIC OXIDE SYNTHASE IN PHOTORECEPTORS IN THE ADULT AND 
DEVELOPING OF SOUTH AMERICAN OPOSSUM RETINA. S.M.A LIMA1’2 and
J.N. HOKOC'*. 'Program in Neurobiology, University Federal of Rio de Janeiro, Rio 
de Janeiro and 2Department of Physiology , University Federal do Pará, PA, Brazil.

We have previously demonstrated the presence of nitric oxide syntase (NOS), the 
synthesizing enzyme for nitric oxide (NO), in the outer portion of adult opossum 
retina using the histochemistry for NADPH-diaphorase (Lima et al, 
Invest.Ophtalm.Vis Sci 37: 626, 1996). NO has been implicated in light transduction 
mechanism acting via the stimulation of soluble guanylyl cyclase in outer segments 
of photoreceptors. In the present work, we characterized the photoreceptor type 
expressing NOS, as well as, the developmental pattern of NOS expression in the 
opossum retina. To verify in which of the different photoreceptors subtypes NO is 
localized we performed double labeling experiments in cryostat retinal sections using 
antibodies against the neuronal NOS (NOS1, Sta Cruz, Biotechnology), rhodopsin 
(rho4D2, antibody' provided by Dr. Robert Molday) the blue (B) and reďgreen (R/G) 
cone opsins (JH-455 and JH492, respectively, provided by Dr. Jeremy Nathans). NOS 
co-localized with only one subpopulation of cones, those expressing R/G cone opsin. 
NOS was not present in rods or blue single cones. Immunoreactivity for NOS during 
postnatal development. (PN) 12 to 70 revealed that while NOS was found in ganglion 
and amacrine cell layers since PN30, but it was first detected in inner segments of all 
photoreceptors around PN55. At PN6O, when outer segments appear, NOS 
immunoreactivity was restricted to the outer segments of double cones and single 
cones with and without oil droplets wich were characterized as R/G cone opsin. This 
is the first study to demonstrate the expression of NOS along retinal development. 
The presence of NOS in cones expressing R/G cone opsin suggests a possible role of 
NO in transduction mechanism in this spectral pathway.
Financial Support: CNPq, FAPERJ, PRONEX-MCT, CAPES/PICDT.

252.8
NITRIC OXIDE AND SEROTONIN DISTRIBUTION IN THE DEVELOPING 
CHICK RETINA Rios H., LópezJ. J Λ  B ruscoA an d Pecci Saavedra J.
Institute) de Biología Celular y  Neurocienda Prof. Eduardo De Robertis Facultad de 
Medidna UBA. Paraguay 2155 (1121) BsAs. Argentina

Nitric oxide (NO) is a neuronal messenger associated with neurotransmission and 
neuromodulation in central and perypheral nervous system. NO was also related with 
neurotoxicity and plasticity in different areas of CNS. In the vertebrate return NO was 
localized using both NADPH diaphorase histochemical technique and NO-synthetase 
immunocytochemisöy in a subpopulation of amacrine neurons. Serotonin (5-HT) is a 
classical neurotransmitter localized in amacrine and bipolar cells of the vertebrate retinas 
As 5-HT and NO are co-localized in some areas of the CNS, the aim of this work was to find 
out if NO and 5-HT are also co-localized in amacrine or bipolar neurons of the chick 
embryo retina. Also, the retina of light-reared and normally-reared animals was studied 
with the aim to elucidate if NO and 5HT are involved in plasticity phenomena within the 
avian retina.

Double staining technique, using both NADPH-diaphorase histochemisŭy and 5HT- 
mimunocytochemistry was performed on cryostat sections of paraformaldehyde fixed tissue. 
5-HT neurons have a round pear sliaped somata localized near the inner plexiſorm layer 
(1PL). Its dendritic tree has a first branch that runs through the inner nuclear layer (ĨNL). 
reaches the IPL and then ramifies in two dendritic networks. NADPH-diaphorase reactive 
neurons were also localized in the INL. At hatching the NO-ncuritic branches are 
completely developed and three sublayers stained with the NADPH-diaphorase technique 
are observed into IPL. No co-localization of NO and 5-HT was detected neither in somas 
nor in dendritic branches. Preliminary image analy sis is being pєrſoπned on stained retinas 
in order to better characterize both neuronal populations and also synaptic plasticity witlűn 
NO and 5-HT networks.
This work was supported by grants of UBACyT (ME(X)9) and CONICET, Argentina
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253.2253.1
M Ҥ OC HOND RIAL D E N SITY  A N D  ELLIPSOID SIZE IN M A CAQUE  
PHOTORECEPTORS O.V. H oang,13 R.A. Linsenm eieг1’2 and C. Enгoth-C ugell'2*. 
Departments o f  'Biom edical Engineering and 2Neurobiology & Physiology, and 
Зthe Integrated Science Program, Northwestern University; Evanston, IL 60208.

Purpose. The mitochondrial densities o f photoreceptor ellipsoid regions from 
peripheral and central photoreceptors were compared to determine if this 
characteristic varies with retinal location. The size and shape o f outer segm ent and 
ellipsoid regions were also compared. Methods. Retinal areas at 0. 17, 34, 51 and 
56 degrees eccentricity from a stumptail macaque were system atically sectioned, 
studied by transmission electron m icroscopy and analyzed by basic stereological 
techniques. This provided the estim ation o f  the mitochondrial density o f ellipsoid  
regions in rods and cones from longitudinal sections. E llipsoid region and outer 
segm ent volum e and shape variation were gauged by the maximum dim ensions 
found when photoreceptors were serially sectioned longitudinally at 0.1 µm 
intervals. Results. The mitochondria occupied 71% to 81% o f the ellipsoid in cones 
and 61% to 65% o f the ellipsoid in rods. Cone ellipsoids decrease in length from 
24 µjĩi to 14 µm, increase in maximum diameter from 2.8 µm  to 7.2 µm, increase in 
volum e, and becom e more conic in shape with increased eccentricity. Cone outer 
segm ents decrease in length from 31 µm to 13 µm, and increase in diameter from
1.9 µm to 3.2 µm, im plying that surface area is relatively constant. Rod outer 
segm ents and ellipsoid regions follow  the same trends, but with less dramatic 
variation. Conclusion. The increase in cone ellipsoid  volum e with eccentricity 
coupled with nearly constant mitochondrial density results in an increase in the 
volum e o f ellipsoid mitochondria with eccentricity that is greater than the increase 
in outer segm ent area or volum e. This mitochondrial population may be above 
what is needed for metabolism  and may therefore serve non-metabolic purposes. 
Partial support: Shemin Undergraduate Fellowship, NU Undergraduate Research Grant. None.

CALCIUM-MEDIATED SUPPRESSION OF CALCIUM CURRENT 
IN VERTEBRATE ROD PHOTORECEPTORS. J.-X. Ba〇* D. Krizaiand 
D.R. Copenhagen. Departments o f Ophthalmology and Physiology, University of 
California San Francisco, San Francisco, CA 94143-0730.

Suppression of L-type calcium (Ca2+) current (ICa) was studied in 
the inner segments of rods mechanically dissociated from retinas of larval 
tiger salamander (Ambystoma tigrinum). Conventional whole-cell 
voltage clamp technique was used. Cells were held at -70 mV; ramps (- 
70 to 50 mV, duration 1 sec) or voltage steps (-80 to 50 mV, 100 ms 
duration) were applied to induce lc a. Steady-state suppression was 
monitored as the difference in peak lça obtained with voltage ramps run 
every 5 sec versus those run every 20 sec. Typically, peak ICa was twice 
the value for 20 sec ramps, the protocol in which there was less calcium 
flux into the rods. With barium (Ba2+) as the charge carrier, changing 
the ramp intervals from 20 sec to 5 sec only slightly (ca. 15%) decreased 
l Ca. Since Ba2+ has not been shown to inactivate Ca2+ channels, the 
results suggest that it is the Ca2+ which enters through Ca2+ channels 
that suppresses ICa· Furthermore, cyclopiazonic acid, which blocks the 
release of Ca2+ from internal stores, and caffeine, which depletes Ca2+ 
stores, both significantly reduced the difference of ICa generated by 
ramps at 20 sec and 5 sec intervals. Confirming earlier studies, we find 
that Ca2+ entry through L-type Ca2+ channels leads to ICa inactivation. 
Noteworthy is conclusion that intracellular calcium stores play an 
important role in the inactivation of lça .
Acknowledgements: This research was supported by NIH.

253.3

ISOLATED CONES DISSOCIATED FROM THE RABBIT RETINA 
A.Fiqaro, K.-H.Huemer* M.GIösma∩n. Dept, of General & 
Comparative Physiology, University of Vienna Medical School, 
A-1090 Vienna, Austria.
There are abundant data on isolated mammalian photoreceptors, 

however cones have not been described among these cells.
We dissociated rabbit retinal cells by enzymatic treatment of 

isolated retinae and subsequent trituration with pipettes of 
decreasing tip diameter. Cells were kept in modified culture 
medium and placed in a chamber for examination with- DIC optics. 
Among these cells we identified a high percentage of 

photoreceptors. A detailed analysis of their morphological 
characteristics implied the occurrence of two distinct populations. 
The features of most photoreceptors are in accordance with the 
morphology of rods. A small percentage displayed several 
distinctive attributes: a large inner segment with distinct ellipsoid 
and myoid regions, an inconspicuous outer fiber and a soma of 
large diameter with a big nucleus. The synaptic terminal when 
present was bulky and of triangular shape. As outer segments are 
often damaged during isolation, this parameter is of limited value 
for the discrimination of the two populations.

In comparison with published structural features the small 
population can be identified as cone photoreceptors. Their 
viability seems unimpaired by our isolation procedure.

253.4
5-HTЗ RECEPTORS IN MAMMALIAN AND HUMAN PHOTORECEPTORS.
K.Pootanakit,' K.J.Prior.' M.D.Ollenscŉleger.' D.D.Hunter and WJ.Brunken'*
1 Dept, o f Biology, Boston College, Chestnut Hill, MA 02167; 2, Dept, o f 
Neurosci., Tufts University, School o f Medicine, Boston, MA 02111.

Fourteen different 5HT receptors have been found in the nervous system; among 
these, only the 5HTЗ receptor (5HTЗR) forms an ion channel; the rest belong the 
G-protein-coupled superfamily o f transmitter receptors. This report is focused on 
our study o f the 5HTЗRs in the retina; previous physiological studies demonstrate 
that 5HTЗRs are specifically associated with rod signaling. First, we cloned 
5HTЗR transcripts and second, we localized 5HTЗRs in mammalian retinae.

RT-PCR was used to clone and sequence a portion o f the 5HTЗ receptor from rat 
retina. In order to obtain 5HTЗR transcripts from rabbit retina, we had to employ a 
different strategy. Using degenerate oligonucleotide primers corresponding to the 
N-terminal domain and a portion o f the M3 transmembrane segment, RT-PCR 
was performed on rabbit retinal RNA. PCR products were then solution-hybridized 
to rat 5HTЗ digoxigenin-RNA probes, to remove non-specific products. Then the 
DNA-RNA complex were immunoprecipitated, RNAsed, and cleaned. Another 
round of degenerate PCR was performed to amplify the putative rabbit 5HTЗ 
receptor cDNA (~5Ю bp PCR product). Subsequent cloning and sequencing show 
that this is indeed rabbit 5HTЗ receptor, showing ~ 90% DNA sequence identity to 
rat, guinea pig, and human. Anatomical localization of 5HTЗ receptors was 
achieved by using polyclonal antiserum developed against 5HTЗ receptor (Turton 
et al., 1993). 5HTЗR immunoreactivity (IR) was detected on the outer segments of 
photoreceptors and in the outer plexiſorm layer (OPL) o f rabbit retina. Synaptic 
terminal markers (B16 and synaptophysin) co-localized with 5HTЗR IR suggesting 
that photoreceptor terminals express 5HTЗRs. Immunolocalization o f 5HTЗRs in 
rat and human retina also preferentially labeled the OPL and photoreceptor outer 
segments. Thus photoreceptor expression o f 5HTЗRs is a common trait o f all 
mammalian retinae. The cellular function of 5HTЗRs are now under investigation. 
This work was funded in part by Boston College Research Incentive Grant

Society for Neuroscience, Volume 24,1998



644 RETINA AND PHOTORECEPTORS: PHOTORECEPTORS AND PIGMENT EPITHELIUM MONDAY AM

253.5
SPECTRAL SENSITIVITY AND CONNECTIVITY OF CONE HORIZONTAL 
CELLS IN THE BLUE ACARA (AEQUIDENS PULCHER, CICHLIDAE).
S.C. Braun. R.H.H. Krŏαər. H.-J. Waαner*. Institute of Anatomy, Eberhard- 
Karls University of Tuebingen, 72074 Tuebingen, Germany.

Cone-specific horizontal cells (CHCs) are second-order neurons in the 
vertebrate outer retina that receive direct synaptic input from photoreceptors. 
Feedforward-feedback interactions between cones and CHCs lead to color 
opponent responses by two CHC classes in tetrachromatic cyprinid fishes. To 
verify existing models, we study CHC connectivity and spectral response 
characteristics in a trichromatic cichlid fish, which has fewer cell types in the 
outer retina and a more highly ordered cone mosaic than cyprinids.

For the study of CHC connectivities, Lucifer Yellow labelled cells were 
visualized with confocal laser scanning microscopy. CHC dendrites were 
followed into the cone pedicles, which were spectrally identified by their 
positions in the cone mosaic. Spectral sensitivities of CHCs were recorded 
intrace!lularly in light-adapted retinae in steps of 20 nm from 400 to 700 nm. 
After recording, the cells were filled with Lucifer Yellow and identified 
morphologically.

Two CHC types were found. H1-CHCs contact all spectral cone types in a 
small dendritic field and hyperpolarize to all wavelengths. Two peaks suggest 
direct input from ’redYgreen' sensitive double and ‘blue1 sensitive single cones. 
H2-CHCs have a larger dendritic field and contact mainly single cones and one 
member of the double cones, presumably the ‘green1 sensitive one. They have 
only sparse contacts with the other ('red') member. H2-CHCs are biphasic, 
they hyperpolarize to short and depolarize to long wavelengths.

The chromatic organizations of the outer retinae of A. pulcher and cyprinids 
is basically similar. However, differences in the connectivity and spectral 
response characteristics of the CHCs may necessitate the modification of 
existing models.
Supported by GK Neurob¡ologiѳ, Tübingen and DFG Wa 348/17-2.

253.7

C O N E  A R R E ST IN  E X P R E S S IO N  IN R E T IN A  A N D  
O L FA C T O R Y . C .M . Craft*, D . Tran, and C. H. W ong Mary D. 
A llen  Lab., D oh en y  E ye  Inst., Dept. C ell &  N eu rob io logy , Ư SC  
Sch. M ed., L os A n g eles , C A  90033 .

Arrestin (A R ) proteins are in v o lv ed  in  the d eactivation  o f  v isual 
op sin s and ß -ad ren erg ic  receptors after phosphorylation. Other G- 
protein linked receptor system s have unique arrestin fam ily  
m em bers expressed  in a tissu e sp ec ific  m anner (Craft e t  a l ,  J. Biol. 
C h em ., 1994, 2 6 9 :4 6 1 3 ). C on e arrestin (C A R ) is  predom inantly  
expressed  in cone photoreceptors and p in ea locytes, w h ile  B A R I  
and B A R 2 are ubiquitou sly expressed . W e exam ined  A R , CA R , 
B A R I &  B A R 2  exp ression  in the ch em osen sory  system s, 
including o lfactory vom eronasal (V N O ), turbinates and bulb. To  
lo ca lize  the m R N A  and protein en cod in g  arrestin m em bers, w e  
utilized  R T -PC R  tech n ology , in  s itu  hybridization, and 
im m unocytoch em istry. R T -P C R  and in  s itu  results identified  only  
C A R  & B A R I , not A R  & B A R 2 , transcripts w ith in  the olfactory  
turbinates & a subset o f  c e lls  w ith in  the bulb but none w as  
expressed  in the V N O . Im m unocytochem istry  confirm s the 
presen ce o f  A R -lik e  proteins exp ressed  in the bulb. Our results 
su ggest that a subset o f  neurons w ith in  the o lfactory system  
express C A R  and m ay function  to d esen sitize  G -proteins in 
ch em osen sory  system  in sm ell.
Support:NIH-NEI/EYOO395 & Mary D. Allen Endowment for Vision Research

253.9
CO O R D IN A TIO N  O F A N  A R R A Y  O F S IG N A L IN G  P R O T E IN N S  
T H R O U G H  H OM O - A N D  H ETERO M ERIC IN T ER A C T IO N S  
BETW EE N  PD Z  D O M A IN S A N D  TA R G ET P R O T E IN S. X .-Z . X u * .
A . Choudhurv. X . Li. and C. M ontell. Departm ents o f  B io logical 
Chem istry and N eu roscien ce, The Johns H opkin s U n iversity  S ch oo l o f  
M ed icin e, 725  N . W o lfe  S t., B altim ore, M D  2 1 2 0 5

The rapid activation and feedback regulation o f  m any G -protein  
signaling cascades raises the possib ility  that the critical sign aling  proteins 
m ay be tightly coupled . P reviou s studies sh o w  that the PD Z  dom ain  
containing protein IN A D , w h ich  functions in D rosophila  v is io n ,  
coordinates a signaling com p lex  b y binding directly to the light sensitive  
ion channel, TR P, and to phosph olipase C (P L C ). Additional 
com ponents included in the IN A D  sign aling com p lex  are rhodopsin , 
protein kinase C (PK C ), and calm odulin , though it is  not kn ow n  whether 
these proteins bind to IN A D . In the current w ork , w e  sh o w  that 
rhodopsin , calm odulin , PK C and TR PL associate w ith  the signaling  
com p lex  by direct binding to IN A D . Th us, m ost, i f  not all, the proteins 
in volved  directly in phototransduction appear to b ind to IN A D . 
Furthermore, w e  found that IN A D  form ed hom opolym ers through tw o  
PD Z  dom ains. S ince several o f  the IN A D  targets bound to the sam e PDZ  
dom ain s, the hom om eric interactions provided a m echanism  by w h ich  a 
multitude o f  targets can b e coupled to the com p lex  through the sam e PD Z  
dom ains. Thus, it appears that the IN A D  supram olecular com p lex  is a 
higher order signaling w eb  con sistin g  o f  an extended netw ork o f  IN A D  
m olecu les through w h ich  an entire G -protein coupled  cascad e is tethered.

T h is w ork is supported by a N IH  Grant (E Y 10852) to C .M .

253.6
LOCALIZATION OF A MOUSE CYCLIC NUCLEOTIDE-GATED 
CHANNEL IN CONE PHOTORECEPTORS. A.A. H¡rano 1̄*. R.M. 
Duvoisin2. and H. Wässle L̄ 1Max-Planck-lnstitut für H¡rnforschung, 
Deutschordenstr. 46, D-60528 Frankfurt a.M., Germany. 2M.M. 
Dyson Vision Research Institute, Ophthalmology, Cornell University 
Medical College, 1300 York Ave., New York, NY 10021, U.S.A.

There is increasing evidence that distinct forms of cyclic nucleotide
gated (CNG) channels underlie the light response of rods and cones 
(Bǒnigk et al., 1993), as well as participate in the physiology of 
various other cell types of the retina. A full-length cDNA clone of an α 
-subunit of a putative cyclic GMP-gated channel was isolated from 
mouse retina by RT-PCR. We generated polyclonal antisera against 
a C-term¡nal peptide of this channel and examined by indirect 
immunofluorescence the staining pattern in retinae of various species. 
The outer segments of cones in mouse, rat and chicken showed 
specific labeling. To determine whether S-cones, or all cones, 
express this CNG channel, they were identified with an antibody 
against the S-cone opsin (JH455, a kind gift of J. Nathans). The 
comparison of the labeling by the two antibodies showed that S-cones 
represent only a fraction of the cones that express this CNG channel, 
and we conclude that both cone types of the rodent retina were 
labeled by our antiserum. In contrast, rods do not appear to express 
this channel.
Supported by NIH, D.F. Warfield Fellowship in Ophthalmology-NY 
Academy of Medicine, RPB, and the Max-Planck-Gesellschaft.

253.8
PARTIAL PURIFICATION OF 1 1 -C J 5 -R E T I N Y L  ESTER HYDROLASE 
FROM THE BOVINE RETINAL PIGMENT EPITHELIUM. A . T . C .  TSIŃ*  
AND ELIA VILLAZANA. D i v i s i o n  o f  L i f e  S c i e n c e ,  The  
U n i v e r s i t y  o f  T e x a s  a t  S a n  A n t o n i o ,  S a n  A n t o n i o ,  T e x a s  
7 8 2 4 9 .

R e t i n y l  e s t e r  h y d r o l a s e s  a r e  e n z y m e s  i m p o r t a n t  f o r  t h e  
m e t a b o l i s m  o f  v i t a m i n  A.  T he f o c u s  o f  t h e  p r e s e n t  s t u d y  
i s  t o  i s o l a t e  1 1 - c i s - r e t i n y l  e s t e r  h y d r o l a s e  (REH) fr o m  
b o v i n e  r e t i n a l  p i g m e n t  e p i t h e l i u m  (RPE) m i c r o s o m e s .  B o v i n e  
RPE m i c r o s o m e s  w e r e  s o l u b i l i z e d  i n  1% CHAPS, lOmM T r i s -  
HCL, a n d  20% g l y c e r o l ,  pH 7 . 0  a n d  l o a d e d  o n t o  a p r e p a c k e d  
B i o - R a d  5m l H y d r o p h o b i c  i n t e r a c t i o n  Co lu mn  (HIC) 
p r e v i o u s l y  e q u i l i b r a t e d  w i t h  ammonium s u l f a t e ,  CHAPS, an d  
g l y c e r o l  i n  T r i s  b u f f e r .  A l i n e a r  g r a d i e n t  o f  ammonium  
s u l f a t e  (2O%-O%) wa s  a p p l i e d  a t  a f l o w  r a t e  o f  0 . 5  m l / m i n .

F r a c t i o n s  (2 m l)  w e r e  c o l l e c t e d  a n d  a s s a y e d  f o r  p r o t e i n ,  
c a r b o x y l e s t e r a s e ,  1 1 - c i s -  a n d  a l l - t r a n s - R E H  a c t i v i t i e s .  
P r o t e i n s  w e r e  f u l l y  (100%) r e c o v e r e d  f r o m  t h e  HIC c o l u m n  
a n d  t h e y  e l u t e d  i n  t w o  m a j o r  p e a k s  ( p e a k  1 -6 3 % , p e a k  2 -  
36 % ).  1 1 - c i s - R E H  a c t i v i t y  w a s  a l s o  f u l l y  r e c o v e r e d  (91%) 
w i t h  m o s t  o f  t h e  r e c o v e r e d  a c t i v i t y  (70%) a s s o c i a t e d  w i t h  
P e a k  2 .  H o w e v e r ,  a l l  r e c o v e r e d  c a r b o x y l e s t e r a s e  a n d  a l l -  
t r a n s - R E H  a c t i v i t i e s  c o e l u t e d  w i t h  p e a k  1 .  S u b s t r a t e  
s a t u r a t i o n  p l o t s  s h o w e d  t h a t  p r o t e i n s  i n  p e a k  2 h a d  a 2 
f o l d  i n c r e a s e  i n  Vnax o f  1 1 - c i s -  a c t i v i t y  ( i n  c o m p a r i s o n  t o  
p r o t e i n s  l o a d e d  o n t o  t h e  HIC c o l u m n )  . D a t a  f r o m  t h i s  
s t u d y  p r o v i d e  e v i d e n c e  f o r  c h r o m a t o g r a p h i c  i s o l a t i o n  (and  
p a r t i a l  p u r i f i c a t i o n )  o f  1 1 - c i s - R E H  f r o m  . b o v i n e  RPE 
m i c r o s o m e s .  S u p p o r t e d  b y  g r a n t s  f r o m  N E I /N IH  a n d  t h e  San  
A n t o n i o  A r e a  F o u n d a t i o n .

253.10
CONSUMPTION OF OXYGEN BY ISOLATED PHOTO
RECEPTORS OF TIGER SALAMANDER AND SKATE. R  P
M a lch o w 1, L .S . Patel1. & P.J.S. Sm ith2* . *Depts. O phthalm ology & 
B io lo g y , 1855 W est Taylor Street, U n iversity o f  Illin ois at C h icago, 
C h icago, Illin ois 6 0 6 1 2  & ⅛ io cu rren ts  R esearch Center, M arine 
B io log ica l Laboratory, W ood s H ole, M A  0 2 543 .

Vertebrate photoreceptors are among the most metabolically active cells in 
the body and consume significant quantities o f  oxygen. Light and 
neuromodulatory agents such as dopamine have been reported to alter oxygen 
consumption by retinal neurons, but it has been difficult to study these 
processes at the single cell level. Here vve describe the use o f  a self- 
referencing oxygen-selective microelectrode that permits direct measurement 
o f  oxygen consumption from single photoreceptors. Isolated photoreceptors 
from the retinas o f  the tiger salamander and skate were obtained using an 
enzymatic dissociation protocol. Differential recordings from electrodes 
situated next to the ellipsoid (the region o f  photoreceptors richest in 
mitochondria) revealed significant rates o f  oxygen consumption in this area. 
The average differential current measured from eight tiger salamander 
photoreceptors was 120 + 19 fA, and from eight skate rod photoreceptors was 
139 +  41 fA. Readings obtained at the tip o f  the outer segment (an area o f  the 
cell lacking mitochondria) were indistinguishable from background. 
Preliminary7 experiments also suggest that oxygen consumption from single 
synaptic terminals can be monitored with this method. Our results indicate 
that this technique has sufficient spatial resolution to measure oxygen  
consumption within distinct regions o f  individual isolated photoreceptors. 
Supported by NШ  EYO94l 1 and P 4l RR01395.
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253.11
A NOVEL CYCLIC GMP SIGNALING PATHWAY UNDERLYING 
DEPOLARIZING LIGHT RESPONSE OF VERTEBRATE PARIETAL-EYE 
PHOTORECEPTOR. W.-H. Xiong13, E. Solessio4, and K.-W. Yau1'3*. Depts. 
‘N℮uгoscі. and 2Ophthal. and ¾ ow ard Hughes Med. Inst., Johns Hopkins Sch. of 
Med., Baltimore, MD 21205; 4John A. Moran Eye Center, Univ, o f Utah Sch. of 
Med., Salt Lake City, UT 84132.

The photoreceptors in the vertebrate parietal eye depolarize to light under dark- 
adapted conditions, unlike rods and cones but like most invertebrate 
photoreceptors. We have studied the mechanism underlying this depolarizing 
response with perforated-patch or whole-cell recording from single, isolated 
photoreceptors of lizard. Whole-cell dialysis with cGMP induced an inward 
current from a photoreceptor, but not with cAMP, Ca2+ or IP3. The currents 
induced by light and by cGMP both were blocked by L-cis-diltiazem and had 
identical I-V curves. An external puff of IBMX or zaprinast, both inhibitors of 
cGMP-phosphodiesterase (PDE), induced a transient inward current very similar 
to the cell’s response to a light flash. The maximum effects of PDE inhibitors and 
light did not summate, even when most cGMP-activated channels were still 
unopen, suggesting that light inhibited PDE activity. Furthermore, experiments 
with GTPγS, A1F4̂ and GDPßS showed that in darkness the PDE was driven by an 
active G-protein. This is the first demonstration that light inhibits PDE activity to 
raise cGMP and then opens the cGMP-activated channels to depolarize the dark- 
adapted parietal-eye photoreceptors. Our results suggest that PDE activity in this 
pathway is controlled antagonistically by two G-proteins, analogous to the Gs/Gį 
control of the adenylyl cyclase. To our knowledge, this is the first example of a 
signaling pathway that leads to a rise in cGMP not by activation of a guanylyl 
cyclase, but by inhibition o f a phosphodiesterase. Supported by NIH grant 
EYO6837.

VISUAL CORTEX: STRIATE IV

254.1

B IN O C U L A R  D IS P A R IT Y  A N D  T H E  P A T T E R N  O F  O C U L A R  
D O M IN A N C E  S T R IP E S  IN  P R IM A T E S . D m itri B. Chklovskii*  
Sloan Center, The Salk Institu te , La Jolla, CA 92037.

We propose a functional theory for the  pa tte rn  of ocular dominance stripes in 
the prim ary visual area (V I) of prim ates. It complements the existing develop
mental models by addressing the ‘W hy?’ rather than  the ‘How?’ question. Our 
key result is th a t the ocular dominance stripe pattern  transform ed back into the 
visual field, using the knowledge of the visual field topography in V I, is aligned 
with the m ap of locally dom inant binocular disparity, which is calculated from 
geometry by averaging over gaze directions and fixation distances. This calcula
tion includes cyclotorsional disparity caused by unequal rotation of the two eyes 
around the gaze line known to exist for small fixation distances. The physiological 
advantage of the alignm ent is in minimizing the cortical volume by reducing the 
length of the intracoгtical connections which are needed for binocular *steгeopsis. 
This reduction is achieved due to the cortical magnification factor being approx
imately 1.5 tim es smaller in the direction parallel vs. perpendicular to ocular 
dominance stripes. Our result is in good agreem ent with the ocular dominance 
pattern of macaque and Cebus monkeys: In the parafoveal region stripes have 
a tendency to run horizontally (perpendicular to  V I-V 2 border) in accordance 
with disparity being m ainly horizontal. At higher eccentricity (>  6 -  8 deg) oc
ular dominance stripes form approxim ately concentric circles as the dom inant 
contribution to  disparity  is cyclotorsional. Our theory predicts the dependence 
of anisotropy of the P anum ’s fusional area on eccentricity which can be verified 
psychophysically.
Supported by the Sloan Center for Theoretical Neurobiology.

254.3
NEURAL LINK TO D EPTH -O R D ER  M O TIO N PE R C E PT  IN  
PRIM ARY VISUAL CORTEX OF M ACAQUE M ONKEY?
A. Grünewald*, D. C. Bradley L· R. A. Andersen. D ivision  o f Biology, 
Caltech, M ail Code, 216-76, Pasadena, CA 91125, Ư .S.A .

How are visual d isparity and m otion  integrated into a  coherent per
cept? P reviou sly we showed th at activ ities o f  neurons in  area M T are 
correlated w ith  the an im al’s choice in a depth-order m otion  (DO M ) task. 
We have extend ed  th is research by recording in th e foveal representation  
of area V l /V 2  w hile a m acaque m onkey was perform ing a DO M  task. In 
this task anim als view  a parallel projection o f a cylinder defined by dots  
rotating about a fixed axis. T he rotation direction and th e disparity of  
the cylinder define the stim ulus typ e and are random ly selected  in each 
trial. At the offset o f  the cylinder two dots on opposite  ends appear. The  
animal indicates the rotation direction by choosing (v ia  a saccade) the  
dot towards which the front surface o f th e cylinder appeared to  be m ov
ing. We recorded from 26 neurons, and analyzed the d ata  using a general 
linear m odel, using two factors (stim ulus ty p e  and an im al’s choice). 5 
cells showed a  significant interaction betw een stim ulus and choice, and  
one additional cell had a significant m ain effect o f choice (p  <  0.05). 
Thus th e anim al’s choice was linked to  neural a ctiv ities in 6 (23%) of 
the cells recorded (p <  0 .05). W e are currently exploring to  w hat extent 
attention  and vergence eye m ovem ents m ight account for the effect. Our 
findings suggest that responses in prim ary visu al cortex contribute to, or 
axe influenced by the choice in a depth-order m otion  task.

Supported by M cD onnell-Pew  and NIH.

254.2
RECEPTIVE HELD PROPERTIES OF NEURONS IN MARMOSET STRIATE 
CORTEX. J·B, Levitt, C.J, Tyler*, and J.S. Lund. Institute o f Ophthalmology, 
University College London, London EC1V 9EL, UK.

Marmosets are increasingly being used as a model of the mammalian visual 
system, yet many basic details of the spatial vision of the marmoset remain 
unknown. We recorded from single units in all cortical layers from the parafoveal 
representation of striate cortex (VI) in paralyzed, opiate-anesthetized marmosets (C. 
jacchus) of both genders, using drifting, achromatic sinusoidal grating stimuli. We 
first measured each neuron's minimum response field (MRF) using small stimulus 
patches; MRF diameters ranged from 0.72-2.4 deg (median 1.4 deg). We also used 
stimulus patches of varying size centered on the MRF to deteimine the area over 
which responses summated. Roughly half of our sample showed endstopping, and 
the stimulus diameter at which responses asymptoted was 2deg on average; a 
number of cells showed extensive inhibitory regions suưounding the MRF. 70% of 
VI neurons were strongly orientation-selective (median halfwidth at halfheight 28 
deg), and roughly 33% of our sample was strongly direction-selective (DS). DS cells 
were found in all cortical layers. Spatial frequency tuning was typically bandpass, 
with optima ranging up to 2.6 c/deg (median 0.66 c/deg), and with spatial resolution 
ranging up to 8.4 c/deg (median 2.7 c/deg). Spatial tuning was about as broad as 
seen in VI of other species (median fullwidth at halfheight 2.1 octaves). Temporal 
frequency optima ranged from 1-10 Hz (median 3.6 Hż), with temporal resolution 
ranging to over 32 Hz (median 16 Hz). Temporal frequency bandwidths were 
typically rather broad (median fullwidth at halfheight 3.6 octaves). Despite exquisite 
stimulus selectivity and good responsiveness (peak firing rates up to 150 imp/s), VI 
neurons were surprisingly insensitive in that no neuron's contrast threshold was 
lower than 10% (median threshold 20%). We conclude that the marmoset provides a 
good primate visual model, with the proviso that its spatial acuity and contrast 
sensitivity are lower than those in the macaque. Supported by MRC G9408137.

254.4
CHIMPANZEES A N D  H UM ANS SHARE SPECIALIZATIONS OF PRIMARY 
VISUAL CORTEX. T.M. Preuss* (1), H.-X. Oi (2). and Ǐ.H. Ҟaas (2).
(1) Division of Behavioral Biology, University of Southwestern Louisiana-New  
Iberia Research Center., N ew  Iberia, LA 70560 USA, and (2) Department of 
Psychology, Vanderbilt University, Nashville, T N  37240 USA.

The laminar organization of human primary visual cortex (area VI or 17) 
reportedly differs from that of macaques and other anthropoid primates in 
several respects. We examined area VI of chim panzees (Pan troglodytes), the 
species m ost closely related to humans, in order to determined whether their 
cortex is macaque-like or human-like. Material included 3 chimpanzee 
occipital lobes stained for cytochrome oxidase (CO) and Nissl, and for 
microtubule-associated protein 2 (MAP 2), calbindin (CB), and other antigens 
using standard immunohistochemical techniques.

Chim panzees resemble hum ans in several specific respects: (1) In both 
species, layer 4A (Brodmamťs terminology) stains lightly for CO, whereas 
layer 4A of Old World and N ew  World m onkeys forms a thin, CO-dense band.
(2) Layer 4A of chimps and hum ans contain num erous CB-ir cells, whereas in 
macaques this layer contains relatively few  CB-ir neurons. (3) MAP 2 
immunoreactive cells in area VI are mainly found in layer 6 in chimps and 
humans, whereas they are m ore broadly distributed in macaques.

These results indicate that several features o f  area VI organization that 
distinguish humans from macaques are not, narrowly speaking, human 
specializations, but are instead chimp-human or ape-human (hominoid) 
specializations. These results also indicate that layer 4A, in particular, was 
m odified during hominoid evolution, which suggests that the functions of the 
parvocellular pathway m ay differ in som e respects in hom inoids compared to 
other primates.

Supported by NEIEYO2686 and USL-NIRC.
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254.5
CROSS-MODAL PLASTICITY IN VI OF ALERT ADULT RABBITS FOLLOWING 
MONOCULAR ENUCLEATION. J.R. Newton*. R.W. Sikes and A.A. Skavenski 
(ļaţg)· Department of Psychology and Department of Physical Therapy, Northeastern 
University, Boston, MA 02115.

PET scan studies of blind adults during Braille reading have demonstrated that there 
is increased blood flow to the visual cortex as well as the somatosensory cortex. It is 
possible that loss of vision in the adult results in an a cellular expansion of 
somatosensory responses into visual cortex. However, no single cell 
electrophysiology studies have been done to explore this phenomenon in the adult 
animal.

In this study, we demonstrate that cross-modal plasticity does occur in primary 
visual cortex (VI) after monocular enucleation. Single or multi-unit VI recordings 
were made before enucleation to determine the extent of the visual topographical map 
and the prevalence of somatosensory responses. At this time few somatosensory 
responses were found in V 1. Monocular enucleation surgery of the left eye of adult 
Dutch belted rabbits was performed. Single or multi-unit VI recordings were made 
immediately after and over one month after enucleation to determine if cross-modal 
plasticity of electrophysiological responses occurred and if so to what extent. In two 
adult rabbits, deafferented neurons in VI showed clear responses to tactile stimulation 
as early as two weeks after enucleation. More than one month after enucleation, there 
was a significant increase in tactile response cells, with over 25% of the deafferented 
cells in VI responding to vibrissa and chin stimulation. In the rabbit both the 
vibrissa barrel fields and the chin representation are part of the posterior area of 
primary somatosensory cortex that is near the anterior edge of V I. The extent of 
expansion of tactile responses into deafferented VI increased as the time after 
enucleation increased. Thus, cross-modal plasticity of electrophysiological responses 
does occur after monocular enucleation in the adult rabbit.

254.7
RESPONSE PRO PER TIES OF F E R R E T  PRIM ARY VISUAL CORTICAL 
CELLS TO NATURAL SCENES. D. S m yth1*, D .J. T olhurst2, G.E. Baker1, 
I.D. Thom pson1. O x fo rd  University, Laboratory of Physiology, Parks Road, Ox
ford 0X 1 ЗPT, UK; 2Cam bridge University, D epartm ent of Physiology, Downing 
Street, Cam bridge CB2 ЗEG, UK.

The response properties of m am m alian visual cortical cells are traditionally 
characterised using simple artificial stim uli, such as monochrome bars or sinewave 
gratings. However, the visual system  has evolved to respond to complex natural 
scenes which consist of com binations of m any spatial frequencies and orientations 
across the extent of visual space. This research is concerned with comparing the 
response properties to artificial and natural stim uli of neurons in the prim ary vi
sual cortex of anaesthetised pigmented ferrets.

Neurons were initially characterised for orientation and spatial frequency us
ing sinewave gratings; and for receptive field profiles using reverse correlation of 
spikes to  localised black or white bars. Cells were then presented with repeated 
sequences of image stimuli taken from digitised monochrom e photographs of nat
ural scenes.

There is some theoretical (van Hateren et al, Pгoc. R. Soc. Lond. B, 1998) and 
experim ental (Baddeley et al, Proc. R. Soc. Lond. B, 1997) argum ent for a sparse 
encoding of the inform ation in natural scenes by the visual system. We charac
terised the extent and reliability of sparse responses using variance, entropy and 
inform ation measures. Our results indicate th a t m any neurons do indeed respond 
very infrequently, bu t predictably, to  natural stim uli. However, we also observed 
a diversity in the degree of sparse responses across the population of neurons. 
We are examining whether this variation correlates with neuronal receptive field 
characteristics and spatial bandwidths.

Supported by the MRC, M cDonnell-Pew and the Wellcome Trust.

254.9
AMODAL COMPLETION IN THE OPOSSUM PRIMARY VISUAL 
CORTEX. L. Oliveira. E. Volchan *, A.O. Souza. J.H. Pantoja. L.J.S. 
Penetra, R.F. Marques, A. Pereira Jr., L.G. Gawryszewski. R.F. Bemaгdes.
C.E. Rocha-Miranda. Institute of Biophysics CCFo, Fed. Univ, of Rio de 
Janeiro, Ilha do Fundão, Rio de Janeiro 21941-900, Brazil.

The visual system is able to obtain a general and stable representation of 
the objects, independent of their image continuity in the retina. This can be 
observed when the image of an objet is projected across a retinal scotoma 
or when part of the objet itself is occluded. In the latter case, this is called 
amodal completion. We tested the effect of partially occluding the visual 
stimulus on the response of cortical neurons. This study was performed in 
the primary visual cortex of the South-American oposşum (Didelphis 
aurita). Single units were studied in anesthetized and paralyżed preparation 
with tungsten microelectrodes. Cells were tested for ocular dominance, 
orientation selectivity and best stimulus size. Minimal receptive fields were 
mapped on a tangent screen with hand-held projector. Quantitative data 
was obtained by stimulation through an optic bench controlled by a 
microcomputer and simultaneous recording of spikes on peri-stimulus time 
histograms. Five out of nineteen cells still responded to a light long bar 
moving across the receptive field (RF) even when this RF was occluded by 
an opaque mask. This effect vanished with the increase of mask size. These 
results indicate that some cells in opossum area VI are able to interpolate 
the image of a bar, suggesting that the completion takes place in early 
stages of visual processing and may have appeared early in evolution.

Supported by: CAPES, CNPq, FAPERJ and FINEP.

254.6

CRITICAL PERIOD IN FERRET VISUAL CORTEX DEFINED BY 
BRIEF MONOCULAR DEPRIVATION. J.T, Trachtenberg*, N.P. 
Issa. M.P. Stryker. Keck Center for Integrative Neuroscience, Dept, of 
Physiology, Univ, of California, San Francisco, CA 94143-0444.

The effects of 2 days of monocular deprivation (MD) carried out 
between postnatal day 28 (P28) and P75 on ferret primary visual 
cortex were examined using single unit microelectrode recording 
techniques and optical imaging of intrinsic signals. 1) Two-day 
deprivations at P35 or P4l induced a large shift in ocular dominance. 
MD at P59 gave a smaller shift. Deprivations before or after this 
period had little effect. The peak effect of 2 days of deprivation was 
about 72% as effective as that of 7 days of deprivation in producing 
an ocular dominance shift. 2) Maps o f intrinsic optical responses 
from the deprived eye were consistently and significantly weaker and 
less well tuned for orientation than those from the non-deprived eye, 
with the weakest maps coming from the hemisphere ipsilateral to the 
deprived eye. 3) Analysis o f the effects of 7-day deprivations 
(including new data and the animals studied by Chapman et al. Soc. 
Neurosci. Abstr. 22:1727, 1996) revealed a second period of plasticity 
in cortical responses in which MD induced an effect like that of 
strabismus. In the period beginning about P70 and waning by PI 10, 
after the end o f the critical period as defined by the ocular dominance 
shift, MD caused a loss o f binocular responses but little or no overall 
loss o f response to the deprived eye.

Supported by NIH postdoctoral fellowships (J. T.T. & N.P. I) EY-02874 (M.P.S.)

254.8
CODING IN MACAQUE V1 COMPLEX CELLS IS MODERATELY SPARSE 
SR Lehkv* *̄.TJ Seinowski2. and R Desimone3. 1 Lab Cognitive Brain 
Mapping, RIKEN Brain Science Institute, Wako, Saitama 351-01, Japan, 
Com putational Neuroscience Lab, Salk Institute, La Jolla, CA 92073, USA, 
3 Lab Neuropsychology, NIMH, Bethesda, MD 20892, USA

Recently, based on considerations from information theory, it has been 
proposed that V1 efficiently codes its input by maximizing the sparseness of 
cell responses (reviewed by Baddeley, Nature3 81, 560). By one proposed 
measure, high sparseness is indicated by high kurtosis in the statistical 
distribution of cell firing rates when presented with a large sample of input 
images. In this study, 24 units were recorded from an anaesthetized 
macaque monkey, each unit being presented with 157 images. The images 
were either random texture fields or shaded paraboloid surfaces with random 
curvatures and illumination directions. The distributions of peak firings of the 
units to the 157 images were positively skewed and generally well fit by a 
gamma distribution (median parameters: α=3.6, ß=13.9). The median 
kurtosis of the 24 units was K=1.1 (range: -0.8 to 8.1), on a scale where K=O 
for a Gaussian distribution. In comparison with various theoretical "efficient" 
filters with K=3-10 (Bell & Sejnowski, Vision Research 3 7, 3327), about half 
of recorded units could be considered "high-kurtosis". These data suggest 
that maximizing sparseness may not be the paramount goal in setting the 
properties of distributed coding in V1, but perhaps one of a number of 
constraints.

Supported by the Japanese Science and Technology Agency and the 
McDonnell-Pew Program in Cognitive Neuroscience.

254.10

L ig h t - in d u c e d  g e n e s  in  r a t  v is u a l  c o r t e x  o b ta in e d
THROUGH ANOVELSOLD-SUPPORTSUBTRACTIONΓECHNIQUE
F. Ye. F. Dehαha∩ and A. Chaudhuri*
Dept, of Psychology, McGill University, Montreal, QC HЗA 1B1 Canada

It is likely that a number of genes may be induced for expression in 
activated neurons in visual cortex upon light stimulation. We are 
interested in identifying such induced genes and investigating their 
functions in regulating neuronal function and possible long-term plastic 
changes that are known to occur after sustained periods of activity.

We have developed a solid-support subtraction strategy that rapidly 
and efficiently identifies differently expressed genes. The primary 
advantage of this technique is that full-length cDNA clones are 
identified thereby eliminating the need for further library screening 
strategies. We employed this technique to identify differentially 
expressed messaged in rat visual cortex that was subjected to brief light 
stimulation (45 min) after a period of dark-rearing. Brains from rats 
that were only dark-reared were used in excess as the driver. Full- 
length cDNAs from both samples were derived with the Smart₣inder 
cDNA kit. The subtracted cDNAs were subsequently cloned into 
pBluescript.

We have thus far isolated and tested seven different cDNA clones 
that appeared to be clearly up-regulated by light stimulation in visual 
cortex. Preliminary sequencing data shows that two of these induced 
messages do not share homology to any know species in GenBank.
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254.11
BRIGHTNESS CONSTANCY IN SINGLE NEURONS OF PRIMARY VISUAL 
CORTEX, Sean P. MacEvov. Jill C. Hall, and Michael A. Paгadiso*. Department of 
Neuroscience, Brown University, Providence, RI 02912.

The perceived brightness of a surface is highly dependent on the brightness and 
contrast of other surfaces in the visual field. In previous research, we found that 
neurons in primary visual cortex (VI) integrate information about the intensity and 
distribution of light over a spatial scale comparable to that observed in surface 
perception - often more than 10 deg. beyond the boundaries of the VI receptive field 
(RF). It is commonly assumed that large-scale spatial integration evolved for the 
important behavioral purpose of making surfaces appear to have constant brightness 
despite changes in illumination. In the present investigation we examined whether the 
responses of VI neurons exhibit brightness constancy. Several stimulus configurations 
were used, including “Mondrian” patterns commonly used in perceptual studies of 
constancy. In the principal experimental conditions, a receptive field was covered by a 
surface with fixed reflectance and the illumination of this surface and the surrounding 
area was varied. In control conditions, the illuminance of the surface covering the 
receptive field was varied, but the surrounding area was fixed. Neuronal responses 
were taken to be brightness-constant if the response varied with illumination in the 
control conditions but did not significantly change in the experimental conditions. For a 
majority of cells, the relationship between illumination of the RF area and response 
magnitude reliably differed depending upon whether the RF patch changed alone, or 
was matched by changes in the surround. Roughly one quarter of all cells exhibited 
brightness-constant responses by our criterion. This underestimates the number of cells 
that might play a role in brightness constancy for two reasons. First, perceptually, 
brightness constancy is imperfect and cells that fell short of our strict criterion might 
still be part of a population average. Second, in order to achieve brightness constancy, 
an estimate of illumination must be made. The neurons in our population that 
consistently changed response with illumination could provide such a signal.
Supported by NIH grant EY09050

254.13
THE ORGANIZATION OF BINOCULARITY IN CAT VI.

Kathryn M. Murphy*1, Frank Sengpiel2, Mark Hübener2, Imke 
Gödecke2, David G. Tones3. Depts of Psychology1 and Computer 

Sciences3, McMaster University, Hamilton, ON Canada; Max-Planck 
Institut für Neurobiologie, 82152 München-Maгtinsried, Germany. 

The organization of ocularity in the visual cortex is often described as 
a cyclical progression of right-binocular-left-binocular eye domi
nance. This description and previous electrophysiological studies 
suggest that binocular zones are closely associated with the borders 
of ocular dominance columns. We have determined the layout of 
zones of binocular overlap from right- and left-eye iso-orientation 
maps obtained with optical imaging of intrinsic signals, and exam
ined the relationship between binocularity and the maps of ocular 
dominance and orientation preference in normally reared and stra
bismic cats. There is a patchy arrangement of binocular zones in nor
mally reared cats that has very little overall correlation with ocular 
dominance borders (r=0.095). The patches of strongest binocularity 
are, however, clearly related to the orientation map. Pin wheel centers 
avoid the binocular patches and within the patches orientation varies 
slowly. Following strabismus the binocular patches are more 
strongly correlated with the borders of ocular dominance columns 
(r=0.25), but the relationship w ith features of the orientation map is 
unchanged. These results show that binocularity is not strictly associ
ated with ocular dominance borders, although this relationship can 
be influenced by visual experience.

Sponsored by grants from NSERC, MRC, & M ax-Planck-Gesellschaft

254.15
T H E  R E P R E S E N T A T IO N  O F T H E  S U R F A C E  L U M IN A N C E  A N D  
B R IG H T N E S S  IN  T H E  M A C A Q U E  S T R IA T E  C O R T E X (V l) .
M. K inoshita and H. K om atsu* Lab. o f Neural C ontrol, National Inst, for 
Physiol. Sci. Okazaki, A ichi, 444-8585 Japan.

T he perceived brightness o f a surface is determ ined not only by the lum i
nance o f the surface but also by the lum inance o f its surround. In the present 
experim ent , we studied  the relationship betw een the selec tiv ity  o f V I neurons to  
the lum inance o f the surface and the effects o f the lum inance o f the surround on 
their activ ities. We m ade single and m ulti unit recordings in the m acaque V I. 
T he classical receptive field (C R F ) was determ ined by presenting sm all sp ots in 
the visual field. Visual responses to  the uniform stationary rectangular stim uli 
covering the entire C R F (surface stim ulus) were recorded while the m onkey was 
perform ing a fixation task. T he surface stim ulus, which was about three tim es 
as large as the C RT, was presented together w ith a large uniform  stim ulus sur
rounding it. We first exam ined the response selec tiv ity  to  the lum inance o f the 
surface, while the lum inance o f the surround was kept constant. M ost o f the 
neurons that was responsive to the surface stim ulus exh ib ited  the selectiv ity  to  
the lum inance o f the surface (76 out o f 81). T hen, for 52 o f these neurons, we 
exam ined the effect o f the lum inance o f the surround w hile the lum inance o f the  
surface was kept constant. In one group o f neurons (19 out o f  52), the response  
was not affected by the lum inance o f the surround. T hese neurons seem  to rep
resent the physical lum inance o f a surface covering the C R F . T he responses of 
the other group o f neurons (33 out o f 52) were affected by the lum inance o f the  
surround. In 20 o f these neurons, the effects o f  the lum inance o f the surface 
and the surround on their activ ities were in the sam e direction (either increase 
or decrease) for tw o tests. In the rem aining 13 neurons, the effects were in the  
opposite d irection. T he activ ities o f the latter group o f neurons seem  to parallel 
the perceived brightness o f the surface stim ulus. T here was a difference across 
different types o f neurons with regard to the layer d istribution , the pattern o f  
lum inance selec tiv ity  and the C R F size. T hese results suggest th at V I neu
rons carry inform ation about both the physical lum inance and the perceived  
brightness o f a surface.

Supported by JSP S-R F T F 96L 00202 and Grant 08279102 from Min. o f Educ.

254.12
WHAT IS THE ACTUAL WIDTH OF THE "PRIMARY" CALLOSAL 
VISUAL FIELD IN CAT ? C, Milleгet1*. L. Watгoba1 and P. Buser2. 
^Laboratoiгe de Physiologie de la Perception et de ľ Action, College de France; 
^Institut des Neurosciences, Univ. P6, 75005 Paris, France.

In the primary visual areas 17 and 18 of adult cats, the vertical portion o f the 
visual field that involves the corpus callosum (CC) ("primary" callosal visual 
field, pCVF) is generally considered as having very restricted limits, including 
the central vertical meridian (CVM) and an adjacent narrow portion of the 
ipsilateral hemifield not exceeding 15 deg (Payne, 1990; Milleгet and Buser,
1993). But does this "primary" CVF really display such restricted limits or not 
? In fact, some of our functional data indicate that it does not; results even 
strongly suggest that the pCVF extension can greatly vary according to the 
situation.

Analyzing the characteristics of pCVF after a monocular occlusion with our 
routine procedure (i.e. through mapping the receptive fields of extracellularly 
recorded cortical units activated through CC, under anaesthesia and paralysis) 
revealed that: ſi) the limits of the pCVF can be greatly enlarged after 6 weeks 
of such deprivation, to reach as much as 20 deg on both sides of the CVM; (it) 
it can very quickly recover its normal extension within less than one hour after 
simply reopening the occluded eye during the final cortical exploration. 
Assuming that our experimental conditions affect the activity of the 
GABAergic cortical neurons, as demonstrated in monkey (Hendry and Jones, 
1986), it may be suggested that the "primary" CVF in cat as well as in monkey 
does not only comprise an overt supraliminar portion but also an infřaliminar 
one whose extent is modifiable (Supported by the Human Capital and Mobility 
Grant # ERBCHRXCT940507).

254.14
RECEPTIVE FIELDS NEAR TO EXCITOTOXIC LESIONS IN THE 
VISUAL CORTEX OF THE CAT. G. Schweieart*. U.T. Evsel. Ruhr- 
ưniversity, Dept, o f  Neurophysiologie, M A4, 44780 Bochum, Germany

W e studied changes o f receptive field properties after disturbances o f  the 
neuronal network in the adult brain. Injections o f 0.2-2µl 1% ibotenic acid in 
the visual cortex (A  17/18) o f  5 anesthetized adult cats produced excitotoxic  
lesions (2.1-5.4 mm). W e extracellularly recorded single cell activities at the 
surviving border o f these small lesions. Light bars (O .5ºxЗº-5º) were 
monocularly presented to obtain orientation tuning and receptive field (RF) 
plots. Pre-lesion experiments served as control. After 2-3 days post-lesion, 
spontaneous and visual evoked activity were recovered and RF parameters at 
the same recording sites as pre-lesion were retested. On average, RF sizes 
were slightly reduced (mean width at half height, 1.8° vs. 2.3° pre-lesion; 
n = l5 ) but w e contribute this reduction to a slightly reduced activity (peak 
response, 9.8±2.2 vs. l2 .4 ± 2 .l spikes/s, mean±sem). In 2 cats (n=3), w e tried 
to enlarge the RF by „leam ing“ (visual costimulation o f the RF together with a 
non-responsive adjacent area over one hour). However, we could not observe a 
specific RF widening only to the costimulated side. Yet, the visual training 
often induced a small unspecific RF enlargement to both sides o f  the RF (mean 
width at half height, 2.4° vs. 2 .1°), which apparently was the result o f  a 
generally increased activity (peak response, l2 .8±5 .8  vs. Ю .0±4.4). In contrast 
to results o f these sub-acute experiments, RF sizes are drastically enlarged in 
chronic cats (2 months post-lesion). Thus, we conclude that small RF changes 
may be possible within hours (maybe due to changes in synaptic weight) but 
that major changes in RF parameters need a longer period o f time (weeks or 
months) and therefore possibly need anatomical changes (maybe axonal 
sprouting).
Supported by the Deutsche Forschungsgemeinschaft SFB 509/C 4 and Ey8/23.
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255.1

RESPONSES TO FIRST, SECOND AND THIRD ORDER MOTION IN 
AREAS ҺMT/V5 AND THE KINETIC OCCIPITAL AREA (KO): A PET 
STUDY P. Dupont1,2*, G. Bormans3, L. Mortelmans2 and G.A. Orban1. 
1Lab. Neuro- en psychofysiologie, ^Centrum voor positron emiss¡e 
tomografie, 3Łab. Radiofarmacie, UZ Gashuisberg - KU Leuven, B-3000 
Leuven, Belgium

Purpose: to study the responses to first, second and third (moving 
kinetic boundaries) order motion in areas ҺMT/V5 and KO using PET 
(HR+ in ЗD-modş). Methods: Subjects (n=9) were instructed to view  
passively 6 different types of foveal gratings (5° diameter): defined by 
luminance, by kinetic boundaries or by static flicker. Each type of 
stimulus was presented stationary or moving (Зº/s) while measuring 
rCBF. Fixation was controlled by EOG and the task started at the time 
of tracer injection (300 MBq H21sO). Each condition was repeated 
twice. Analysis was done using SPM96. Results: Psychophysical 
testing after the PET study showed that the three types of motion were 
perceived differently. Analysis of the PET data determined the location 
of areas ҺMTΛ/5 and KO by comparing passive viewing of gratings 
defined by kinetic boundaries to those defined by luminance (Dupont et 
a!., Cerebral Cortex 7 (1997), 283-292). Both in ҺMTΛ/5 and KO, there 
was a significant (p<0.05) activation by first order motion, a weak 
activation by second order motion but no activation by third order 
motion. Our ҺMTΛ/5 results are in agreement with the results of L 
O’Keefe and J Movshon (Investigative Ophthalmology and visual 
science 38 (1997), S238). Conclusion: Responses to first, second 
and third order motion are different in both ҺMTΛ/5 and KO.
(Supported by FWO-Flanders and GOA 95/6).

255.3
DIRECTION AND SPEED SELECTIVITY OF GAIN CONTROL IN SINGLE 
NEURONS IN MACAQUE VISUAL AREA MT. N.J. Priebe*’2, W. Bair1-3, 
J.R . Cavanaugh3, J.A. Movshon1,3 and S.G. Lisbeгger1’2 1 Howard Hughes Med
ical Institute, 2G raduate Program  in Neuroscience, W.M. Keck Center for In
tegrative Neuroscience, D epartm ent of Physiology, UCSF, San Francisco, CA 
94143-0444, and 3Center for Neural Science, NYU, New York, NY 10003.

Neurons in a motion sensitive area of ex trastгiate cortex, MT, have two 
phases of response to a  step of target speed: a  transien t and a  sustained phase. 
The transition from transient to  sustained firing has been modeled by a gain 
control mechanism. We now compare the tuning of gain control with th a t of 
the  cells’ overall response by using a  set of condition/test experiments with 64 
ms pulses of motion. A test pulse of m otion of preferred speed and direction 
was preceded by a  conditioning pulse whose speed and direction varied. The 
tim e course of the effect of the conditioning stimulus was also measured by 
changing the tem poral interval between condition and test pulse. For separa
tion intervals less than  128 ms, the response to  the test (preferred) stimulus 
was suppressed by conditioning m otion in the same direction and enhanced by 
conditioning motion in the opposite direction. The degree of suppression pro
duced by prior m otion in the preferred direction depended upon the speed of 
the conditioning pulse. Although some cells were suppressed by conditioning 
motion a t the cells’ preferred speed, others were suppressed by conditioning mo
tions slower or faster than  their preferred speed. Two observations show th a t 
the gain control mechanism which produces the transition from transient to 
sustained firing has different tuning than  the response to  single motion pulses. 
F irst, it was not possible to  predict the speed-specific modulation of firing 
to  the test pulse from the speed tuning of the cells. Second, the tuning of 
the directionally specific m odulation was broader than  the direction tuning 
of cells. We suggest th a t gain control in M T cells is a property of the neu
ral circuit and is not due exclusively to  cell or synapse specific mechanisms. 
Supported by NIH and the Howard Hughes Medical Institute.

255.5
RE C O V E R Y  O F fM R I A C TIV A TIO N  IN M O T IO N  AR EA M T  
FO LLO W IN G  STO R AG E O F TH E M O T IO N  A FTER EFFEC T
S.P. D ukelow 1* J.C. Culham2 . T. V ilis1. F.A. Hassaгd3, JJ5, _Gaü4^ · S ,  
Menon4’ and M.A. G oodale2 1 Dept, o f  Physiology, 2Dept. o f Psychology, 
3Dept o f Ophthalmology, and 4Robarts Research Institute, University o f 
Western Ontario, London, Ontario, Canada, N 6A 5C2.

Following adaptation to continuous motion in one direction, observers 
report a motion aftereffect (MAE) in which a stationary test pattern appears 
to move in the opposite direction. Tootell et al. (1995, Nature, 375, 139) 
showed enhanced neural activity in visual motion area MT during the MAE. 
W e used functional magnetic resonance imaging (fMRI) to examine whether 
MT activity reflected the perceptual effect o f storage in which the duration o f  
the M AE is prolonged by inserting a dark period between adaptation and the 
static test.

fMRI data was collected using a 4T Varian-Siemens scanner with BOLD  
confrast imaging. Images were collected for seven subjects during both the 
basic M AE (adapt-test) and stored M AE (adapt-store-test). In each case, 
activity during the M AE sequence was compared to a control sequence in 
which the adaptation pattern oscillated and no M AE was perceived. During 
the storage interval, subjects remained in complete darkness with their eyes 
open. Like the perceptual effect, activity in MT dropped during the storage 
interval and then rebounded, reaching a level much higher than after the same 
delay without storage. MT activity was weakly elevated during the M AE  
storage interval, but to a lesser degree than during the M AE itself. Thus, 
although the percept o f motion is highly correlated with MT activation, the 
weak activity during darkness suggests that this may not always be the case.

Supported by MRC Canada (TV, MAG, SD) and Human Frontier Science 
Foundation (TV)

255.2
INFLUENCE OF STIMULUS PARAMETERS ON RESPONSE LATENCIES IN 
MACAQUE AREA MT/V5. S.Raiauel*. D¯K.Xiаo, V.Marcar..G.A.Qrban. 
Laborator¡um voor Neuro- en Psychofysiologie. KULeuven Sch. Med., 
Leuven, B-3000, Belgium. We examined the temporal properties of 
responses of Macaque MT/V5 neurons to moving random dot stimuli. 
Unlike lower-order areas, where response latency is influenced by 
stimulus properties, the size, speed, or direction of the stimulus had no 
effect on response latencies not accounted for by differences in 
response strength. However, a correlation (R=0.28) existed between 
latency and the strength of the inhibitory surround which could noί be 
entirely explained by the effect of surround inhibition on the covariate 
response strength (p<.001, ANCOVA). Comparisons of response 
histograms obtained by stimulating excitatory centers alone with 
histograms where a larger stimulus included the entire surround 
revealed that the average onset of surround influence trailed the 
excitatory response by some 10-15 ms. In many neurons with strong 
surrounds, this delay permits a brief transient response before the onset 
of the surround influence. The lag in inhibition onset proved highly 
significant (p<.001, ANCOVA) over the population. The delay was also 
significant in the subpopulations where surround distribution could be 
characterized as asymmetric or bilateral (Xiao et аl 1997), but in cells 
with uniform surrounds, no measurable lag could be observed. This 
suggests that the circuitry of the surround mechanisms differs in the 
three classes and that asymmetric and bilaterally symmetric surrounds, 
whose timing is consistent with a 1 or 2-synapse delay, are probably 
created locally in MT/V5, but that uniform surrounds may already be 
present in the input. Supported by grants from the Regional Ministry of 
Education (GOA 95-6), the CEC (Esprit BRA Insight II), and the National 
Research Council (FGWO 9.0022.85)

255.4
TIGHT CORRELATION BETWEEN DYNAMICS OF SMOOTH PURSUIT EYE 
MOVEMENTS AND ADAPTATION OF NEURAL RESPONSES IN VISUAL 
AREA MT IN MONKEYS. L. C. Osborne* and S. G. Lisbeгger. Sloan Center for 
Theoretical Neurobiology and Howard Hughes Medical Institute, UCSF, San 
Francisco CA 94143.

MT neurons show an adaptation in which the response to target motion in their 
preferred direction is attenuated by a prior “conditioning” target motion. In most 
neurons, the adaptation is direction-dependent and recovers when the interval 
between the conditioning and testing stimulus is more than 64ms. Since MT is a 
major source of visual motion inputs for pursuit eye movements, we tested whether 
the same adaptation was seen in pursuit. Visual stimuli consisted of random dots 
within a 5x5” window centered 5° eccentric along the horizontal axis. Monkeys 
were trained to fixate a small target at straight-ahead gaze during a conditioning 
stimulus that consisted of dot motion within the stationary window. Pursuit was 
then initiated by extinguishing the fixation point and moving the dots and the 
window together towards the position of fixation. With training, pursuit was as 
good for moving dots as for stimuli that also contained a clear tracking target. To 
ensure that we considered only the pursuit driven directly by visual inputs before 
visual feedback, we analyzed eye acceleration in the first 100ms of pursuit. We 
found that the conditioning stimulus had a striking effect on pursuit when the 
condition-test interval was zero. If the conditioning motion was in the same 
direction as test motion, pursuit was delayed and peak eye acceleration was 
lowered, relative to control responses obtained when the conditioning dots were 
stationary. Conditioning motion in the opposite direction had the least effect and 
vertical conditioning had intermediate effects. The time course of recovery of the 
adaptation was assessed by stopping the conditioning dots for different times before 
the pursuit stimulus was presented. In different monkeys, delays of 64 to l·28ms 
were required to allow recovery to control values of latency and initial eye 
acceleration. Both the direction specificity and the time course of the recovery of 
pursuit adaptation are very similar to the results of similar experiments on cells in 
MT. (Supported by the Howard Hughes Medical Institute and the Alfred P. Sloan 
Foundation.)

255.6
RESPONSES OF NEURONS IN VISUAL AREAS MT AND MST AFTER LESIONS 
OF STRIATE CORTEX IN MACAQUE MONKEYS. P. Azzopaгdi'*. M. Fallah1. C.G. 
Gross1 & H.R. Rodman2. ‘Dept, of Psychology, Princeton Univ., Princeton, N.J. 08544 and 
*Dept. of Psychology & Yerkes RPRC, Emory Univ., Atlanta GA 30322.

Monkeys with lesions in striate cortex (VI) have Hindsight in that they are able to detect 
and discriminate visual stimuli in their perimetrically-blind fields. Previous work has shown 
that neurons in macaque visual area MT are sensitive to the direction of motion of bars even 
after striate cortical lesions, implying that directionality is computed independently in MT in 
the absence of directional inputs from VI (Rodman, Albright & Gross J. Neurosci. 9, 2033, 
1989). Here, we tested whether neurons in area MST, which receives substantial inputs from 
area MT, are able to process motion-in-depth on the basis of the directional information 
available in MT in the absence of V I . Visual responses of single neurons in areas MT and 
MST were recorded from anaesthetised monkeys with long-standing, unilateral lesions of V I. 
Stimuli were high contrast bars (width 1°, length 5-26°) and random dot kinetograms 
(RDKs; 5-20° wide, 0.5° dots, 0.414 dots/deg2, 100% coherence), which moved in 4 or 8 
directions at 4º/s and 20º/s; and expanding and contracting fields of dots (20° field diameter, 
0.25° dots, 0.1 dots/deg2, max. speed 4º/s and 20º/s). Neurons selective for expansion or 
contraction were also tested for response invariance with respect to stimulus position. The 
scotomas were determined from histological reconstuction of lesions and from the extent of 
retrograde degeneration in the LGN. We found no neurons in area MST which responded 
selectively to expansion or contraction and were also position invariant, indicating that 
directional information in MT is insufficient to support true motion-in-depth processing in 
MST in the presence of VI lesions. We also found that neurons in area MT were insensitive 
to the direction of motion of RDKs, despite retaining sensitivity to the direction of motion of 
bars, suggesting that the ability of neurons m area MT to process motion of RDKs depends 
on inputs from VI to MT. This might account for the inability of neurons in MST to process 
motion-in-depth in the presence of VI lesions.
Supported by EY11347 (National Eye Foundation), BNS 9109743, and the Oxford 
McDonnell Pew Centre for Cognitive Neuroscience.
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255.7
SWITCHING ATTENTION BETWEEN TRANSPARENT MOTION 
COMPONENTS MODULATES RESPONSES OF MT/MST NEURONS 
D.R.Patzwahl. U.J.I⅛*. S.Treue. Cognitive Neuroscience Laboratory, Dept, t f  
Neurology, Auf der Morgenstelle 15, 72076 Tübingen, Germany 

Switching attention between two stimuli, both inside the receptive field (RF), 
without any changes in the visual display can change the neuronal responses as early 
in the cortical processing hierarchy as in areas V4 and MT. It has been suggested that 
this effect is caused by a shrinking of the receptive field around the attended stimulus. 
Therefore, attention based solely on such a mechanism would fail to modulate 
responses if switched between two spatially inseparable stimuli.

We recorded responses of direction-selective MT and MST neurons in a macaque 
monkey to two random dot patterns (RDP) moving in opposite directions which were 
spatially superimposed (transparent motion) inside the RF. RDP size, direction and 
speed were set to the preferred values of each neuron, with one pattern moving in the 
preferred, and the other in the opposite direction. The monkey was instructed to attend 
to one or the other of the patterns while maintaining fixation on a fixation cross.

On average, the neurons responses were about 50% higher when attention was 
directed towards the RDP moving in the preferred direction compared to when it was 
on the antipreferred RDP. The magnitude of the attentional effect is about half of the 
one observed when the two patterns were presented spatially separated inside the RF. 
Comparing responses in the two attentional conditions with the response to the 
transparent stimulus when the animal was instructed to attend to the fixation point 
showed that this attentional modulation is mostly due to an enhancement of the firing 
rate evoked when attention is on the prefeưed motion pattern rather than because of a 
suppression when attention is on the anti-preferred motion.

These results show that attention can modulate neuronal response even in the 
absence o f a change in the spatial location of attention. Therefore, even if attention can 
shrink RFs around attended stimuli this cannot be the only mechanism supporting 
attentional modulation of direction-selective neurons.

This study was supported by the DFG and the MWF, Baden-Württemberg

255.9
SELECTIVITY OF NEURONS TO THE 3D ORIENTATION OF A ROTAΉNG PLANE 
IN AREA MSTd OF THE MONKEY. H. Sugihara‘. 1. Murakami1*. H. Komatsu1. K.V. 
Shenoy2 and R.A. Andersen2. ‘Laboratory of Neural Control, National Institute for 
Physiological Sciences, Okazaki, Aichi, 444 Japan; 2Division of Biology, Caltech, 
Pasadena, C A 9l 125.

Motion is a powerful source of three-dimensional (3D) information about visual 
objects. For example, we can easily identify the axis of rotation and structure of rotating 
objects solely on the basis of motion signals. We studied whether MSTd neurons encode 
3D orientation of the rotating plane.

Two Japanese monkeys were used and single unit recordings were made while the 
monkeys were performing a visual fixation task. We recorded 29 neurons that responded 
to a basic set of optical flow patterns such as translation, expansion/contraction, and 
rotation (27 deg in diam). Their responses to random dots that simulate a plane rotating 
about its surface normal was examined for 16 pairs of tilt (0, 45, 90, 135 deg) and slant 
(20,40,60, 80 deg).

Most MSTd neurons tested (26 out of 29) responded to rotating 3D plane stimuli, and 
many of them had selectivities to 3D surface orientation. Of these neurons, 58 % were 
selective to slant, 69 % to tilt, and 42 % to both. There was an overall tilt-slant 
interaction such that tilt-selective neurons prefeưed higher slants whereas those without 
tilt selectivity prefeưed lower slants. Because 2D shear components in the rotating plane 
stimulus change their steepness and orientation of the velocity gradient depending on the 
3D orientation, the selectivity described above may reflect sensitivity of MSTd neurons 
to the 2D shear component. To assess this possibility, in 15 out of the 26 neurons, we 
examined the responses to shear stimuli and the selectivity to the steepness and 
orientation of the gradient. Most neurons tested responded well to shear and almost all of 
these neurons were selective to the steepness and/or orientation of the gradient. Most 
neurons selective to the tilt of the rotating plane were also selective to the orientation of 
the velocity gradient of the shear, and the prefeưed orientation in the shear was 
consistent with the orientation of the steepest gradient in the plane, i.e„ tilt.

These results indicate that many MSTd neurons caưy information about 3D 
orientation of a rotating plane. In some of these MSTd neurons, selectivity to 2D 
shearing motion is suggested to be important for the neural computation of structuгe- 
from-motion.

Supported by JSPS-RFTF96L00202, NEI, and Human Frontier Science Program.

255.11

LOCAL DIRECTIONALITY IN RESPONSE FIELDS OF OPTIC 
FLOW SELECTIVE MST NEURONS. D.J. Logan* and C.J. Duffy. Dept, of 
Neurology, Univ, of Rochester Sch. of Med. and Dent., Rochester, NY 14642.

The optic flow stimulus selectivities of medial superior temporal area (MST) neurons 
have been thought to consist of a patchwork of planar-motion prefeưing regions 
(Tanaka et al. 1989) or position-invariant, vector fields (Duffy and Wurtz 1991). Some 
findings suggest that individual MST neurons differ with respect to the suitability of 
these models.

We conducted response field mapping experiments in which (30°)2 patches of planar 
motion were presented at 25 locations on a (9O°)2 tangent screen. Substantial responses 
were elicited across the whole field in many neurons. Clear responses were often 
evoked by stimuli located well into the ipsilateral hemifield, commonly beyond the 
areas identified by conventional hand-held bar and pattern stimuli. Local directionality 
was seen in the small-field responses with substantial variation in the strength of 
direction selectivity and the locally prefeưed direction across the response field.

To test whether the full-field optic flow responses of MST neurons are attributable to 
the simple summation or averaging of the small-field responses, we performed an 
analysis in which we template matched the full-field stimulus directions at the 9 non
overlapping locations to the small-field response profiles. In nearly all of the neurons, 
the prediction was poor (best r2 fit = 0.55, median г2 = 0.06).

Thus, we find that individual small-field directionalities usually do not readily 
characterize full-field optic flow responses, and that their responses do not simply sum 
or average to predict the full-field response. This suggests that the complex response 
selectivity found in MST neurons may not be a straightforward combination of small 
subfields and that spatiotemporal interactions may occur between responsive subfields 
to generate the full-field optic flow responses.
Supported by NEI (R01-EY10287), the Human Frontier Science Program (RG 71/96), Biomedical Research 
Technology Program (N¡H DRR P4I RRO9283), the Sloan Foundation, and Research to Prevent Blindness.

255.8
ATTENTION DOES NOT SHARPEN DIRECTION-TUNING CURVES IN 
MACAQUE MONKEY MT/MST NEURONS. J. C. Martinez*. S. Treue. Cognititve 
Neuroscience Lab., Dept, of Neurology, U. of Tübingen, 72076 Tübingen, Germany.

While we have previously demonstrated attentional modulation of neuronal responses 
to individual dots moving in a cell’s prefeưed or anti-prefeưed direction nothing is 
known about the influence of attention on tuning curves for direction of motion. We 
recorded such tuning curves for MT and MST neurons of two macaque monkeys. The 
monkeys were trained to attend to one moving random dot pattern (RDP, the target) 
in the presence of another RDP (the distractoг) while maintaining fixation on a stationary 
fixation cross. In the first/second experimental condition of the first experiment, the 
target was presented outside/inside while the distractoг appeared inside/outside the 
receptive field (RF). The target could move in one of twelve directions and the 
distractoг always moved in the same direction as the target. Another condition was 
used in which neither RDP was behaviorally relevant and the monkey was instructed 
to attend to the fixation point. In a second experiment both RDPs were presented 
inside the RF at different positions. One of the two patterns always moved in the 
antiprefeưed direction while the other pattern moved in one of twelve directions.

In the first experiment the height of the tuning curves was on average -15% larger 
when the target was inside the RF but on average the tuning widths did not change. 
In the second experiment when the two patterns were inside the RF the response was 
much larger (median change -100% ) when the RDP moving in the anti-preferred 
direction was the distractoг. Again on average the tuning width was unchanged.

Our results show that attention modulates a direction-selective cell’s responses to 
all directions of motion by the same factor and thus does not change its tuning width. 
Given the relationship between response rate and variability in cortical neurons the 
cells ability to discriminate directions will nevertheless increase with the increase in 
response strength.

Supported by the MWF, Baden-Württemberg, Germany

255.10
MST NEURONAL RESPONSES TO NATURALISTIC OPTIC FLOW 
AND SMOOTH PURSUIT DURING OBSERVER MOVEMENT.
W,K· Page* and C.J. Duffy. Dept, of Neurology, University of Rochester School of 
Medicine and Dentistry, Rochester, NY 14642.

During observer movement the visual determination of heading direction is 
complicated by smooth pursuit eye movements which alter the retinal image of optic 
flow. Neurons in the medial superior temporal area (MST) of monkey extrastriate 
visual cortex show selective responses to optic flow and pursuit. We have now 
recorded MST neuronal responses during the pursuit that accompanies real translational 
movement past a three-dimensional textured background with fixation of a stationary 
object. Our goal is to determine how pursuit, optic flow, and vestibular signals about 
self-movement interact in these neurons.

Neurons were tested with simulated optic flow to determine the fundamental optic 
flow responses. We then recorded the responses of each neuron to 8 directions of real 
movement in the horizontal plane and to the pursuit eye movements that result from 
fixating a stationary object during these movements. Stimuli were presented first in 
darkness, then while viewing a single aҥay of lights, and finally while viewing 2 aưays 
that were separated by 1 meter to provide naturalistic optic flow stimuli with depth 
cues.

In all neurons tested, the simulated optic flow responses were consistent with the 
responses from the naturalistic optic flow generated by real movement. In the 
naturalistic viewing experiments, we found that 92% (47/51) of the neurons responded 
to either optic flow, real movement, or smooth pursuit. In addition, many of these 
neurons had robust interaction effects during combined stimulation. These data suggest 
that MST can integrate information about optic flow and smooth pursuit during 
naturalistic self-movement. This suggests that MST may be involved in the 
determination of observer heading while fixating stationary objects.
Supported by NEI (R0I-EYI0287), NIMH Predoctoral Fellowship M H Ì¡6I6  (to WKP), the Human 
Frontier Science Program (RG 71/96), the Sloan Foundation, and Research to Prevent Blindness.

255.12
MST RESPONSE TO OPTIC FLOW WITH MOTION PARALLAX 
DURING SMOOTH PURSUIT.
U.D. Upadhvav, W.K. Page and C.J. Duffy*. Dept, of Neurology, Univ, of Rochester 
School of Medicine and Dentistry, Rochester, NY 14642.

Smooth pursuit eye movements alter the retinal image of optic flow and complicate 
the visual determination of heading direction. The process is further complicated by 
the inclusion of multiple depth planes, each of which is differently affected by pursuit 
eye movements. We have recorded neurons in the medial superior temporal area 
(MST) of awake monkey extrastriate visual cortex during pursuit across optic flow 
stimuli to test the effects of motion parallax cues in the presence of multiple depth 
planes.

We have studied 131 neurons from 2 monkeys using randomly interleaved radial 
optic flow stimuli with centers of motion (COM) at the fixation point or at locations 
shifted by 30° in one of 8 directions distributed at 45° intervals around the fixation 
point. Each neuron was tested with both a single plane and multiple planes of optic 
flow. Each plane in the multiple plane condition had a different average speed, while 
all other stimulus characteristics were the same. Neurons were tested during fixation 
and horizontal smooth pursuit to determine the effects of simulated depth under both 
conditions.

We found that most neurons showed the same COM selectivity in optic flow with 
single and multiple planes during fixation. In pursuit, single and multiple planes had 
similar distorting effects, although many individual neurons showed either 
enhancement or suppressed selectivity. These results suggest that the additional 
distorting effects of pursuit on multiple plane stimuli do not eliminate the selectivity 
for MST neurons for the COM in optic flow. Furthermore, some MST neurons may 
even have improved optic flow selectivity with motion parallax.
Supported by NEI (R01-EY10287), the Human Frontier Science Program (RG 71/96), NIMH Predoctoral 
Fellowship MH116I6 (to WKP), the Sloan Foundation, and Research to Prevent Blindness..
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255.13
RESPONSE DETERIORATION TO OFΓIC FLOW STIMULI BY REDUCING  
STIM ULUS DURATION IN AREA VIP OF AW AKE MONKEY AND IN 
HUM ANS. S.F. Gabel. M. van Sprundel, S.J. Schaafsшa and J. D uvseπs*. Lab. 
Medical Physics and Biophysics, Univ, o f Nijm egen, Nijm egen, The Netherlands.

Psychophysical experiments on humans show that performance on a discrimination 
task for the direction o f translating or diverging/converging optic flow random dot 
patterns remains approximately constant for stimulus durations o f  250 ms and up, but 
deteriorates sharply for durations o f  133 and 67 ms.

To study the neural basis o f  this perceptual limitation, a single unit investigation was 
done in the ventral intraparietal area (VIP) o f  the rhesus monkey. This area, which 
receives input from MSTd, was shown to be responsive to various optic flow patterns 
(Schaafsma and Duysens, J. Neurophysiol, 76:4056, 1996). B y presenting the same 
stimuli as used in the human experiments, the minimum duration needed to elicit 
direction selective responses was determined. Short stimuli (33 and 67 ms) were 
already found to be effective for som e cells but their responses were small. On 
average the responses augmented by increasing the duration o f  the stimulus 
presentations up to about 125 ms. At longer stimulus durations the tonic part o f the 
response became increasingly important (occasionally showing even stronger 
direction selectivity than the phasic part o f  the response). It is concluded that cells in 
VIP are well-placed to underly the ability to detect and discriminate optic flow  
patterns o f short duration.

The investigations were supported by the Life Sciences Foundation (SLW), which is 
subsidized by the Netherlands Organization for Scientific Research (NWO).

255.15
M OTION ANALYSIS IN THE CAT’S PM LS CO RTEX : RESPONSES TO 
OPTIC FLOW  STIM ULI. O. Brosseau-Lachaine1*. M. Alarcon1. P. Lachapelle2. J. 
Faubert1. M. W. von Grünau3 and C. Casanova1. Έcole d ’optométrie, Univ, de 
Montréal; ⅛)ept o f Ophthalmology, McGill Univ.; 3Dept o f Psychology, Concordia 
Univ.; Qc, Canada.

The role of the postero-medial lateral suprasylvian (PMLS) cortex of the cat in 
motion processing is well established and it has been suggested that this region is the 
analogue of the middle temporal (MT) area of primates. Previous studies 
(Rauschecker et al, J. Neurosci.\ 7, 1987) have reported that the spatial organization of 
receptive fields in PMLS exhibits a centrifugal bias o f direction preferences and that 
there is an increase of optimal velocity with increasing eccentricity. These 
observations suggest that this region may be involved in the processing o f optic flow 
fields such as those perceived during locomotion. Recent data by Kim et al. Ų. 
Neurophysiol.: 77, 1997) have indicated that PMLS neurons are sensitive to optic flow 
movies which simulate locomotion through a plane covered with obstacles. In order to 
further investigate the possible involvement o f the PMLS in optic flow processing, we 
studied the sensitivity o f receptive fields in PMLS to optic flow stimuli comparable to 
those used to characterize areas MT and MST (Lagae et al., J. Neurophysiol.: 71,
1994). Experiments were performed on anesthetized normal adult cats. Basic receptive 
fields properties of PMLS units were first defined using drifting sine-wave gratings. 
We then investigated the responses to conưacting, expanding and rotating polar 
gratings o f varying spatial frequencies and velocities. In addition, a stimulus 
consisting o f expanding and contracting fields o f dots was presented. In this case, the 
effect of varying the motion coherence o f the stimulus was also investigated. As a first 
step, we studied optic flow sensitivity when the point o f origin of motion was located 
in the center of the receptive field. To date, a total o f 21 PMLS cells were tested and 
most o f those (71%) responded to optic flow stimuli. However, only a subset of cells 
showed a clear selectivity to the expansion (5/21) or contraction (2/21) o f the stimuli, 
the remaining cells not being differentially selective to motion along the z-axis. These 
preliminary findings suggests that only a subset o f cells in PMLS cortex can code the 
direction of optic flow when the origin o f motion is within the receptive field. 
Supported by MRC, FRSQ, and NSERC.

255.17
PERCEPTION OF CONTOUR FROM MOTION AND SIGNALS OF CONTEXTUAL 
MODULATION IN HUMAN VISUAL CORTICAL AREAS STUDIED BY 3D MAG
NETOMETER-SPATIAL FILTER SYSTEM. K. Ұ o s h ik a w a 1*. K. T o v a m a . 1A. 
T a k e m o to 2. Y  O h ta n i3. Y  E jim a 2, a n d  S. O k a m u ra 4. Ό e p t .  P h y s io l., K y o to  P re f. 
Univ. M e d .; 2D iv. C o g n it iv e  N e u ro s c i., K y o to  U n iv .; 3K y o to  Inst. T ech .; 4S h im a d z u  
C o.; K yo to , Ja p a n .

S ig n a ls  o f c o n te x tu a l m o d u la tio n  (C M ) u n d e r ly in g  th e  p e rc e p tio n  o f m o tio n  fro m  
c o n to u r  (C F M ) has  b e e n  s tu d ie d  as th e  d if fe re n c e  b e tw e e n  th e  c o rtic a l re s p o n s e s  
to  s e g m e n te d  m o tio n  (S M ) w h e re  ra n d o m  d o ts  (R D s) in th e  n e ig h b o rs  s e g m e n ts  
m o v e d  in o p p o s ite  d ire c tio n s  a n d  h o m o g e n o u s  m o tio n  (H M ) w h e re  a ll R D s u n i
fo rm ly  m o v e d  in  th e  s a m e  d ire c tio n . W e  d e m o n s tra te d  th a t th e  C M  s ig n a ls  o c 
c u rre d  m o s tly  in V 2 /3  a n d  n o t in V1 a n d  V 5 , u s in g  3 D  m a g n e to m e te r-s p a tia l f ilte r  
s y s te m  (S h im a d z u  S B I-1 0 0 )  c a p a b le  o f  re s o lv in g  th e  m a g n e to e n c e p h a lo g ra m s  
(M E G s ) in to  a c tiv it ie s  in in d iv id u a l v is u a l c o rt ic a l a re a s  w ith  a  s p a tia l re s o lu t io n  o f 
th e  o rd e r  o f 10 m m . T h e  fa c t th a t th e  C M  s ig n a ls  w e re  re s tr ic te d  to  V 2 /3  a n d  th a t 
th e  la te n cy  o f th e  C M  s ig n a ls  (120  m s) w a s  b e h in d  th a t o f V 5  re s p o n s e s  to  H M  a n d  
S M  (75  m s) s u g g e s ts  th a t th e  p r im a ry  s ite  fo r  C F M  is V 2 /3  a n d  th a t C F M  is b a s e d  
on  th e  to p -d o w n  C M  s ig n a ls  c o n v e y e d  b a c k  fro m  V 5. In s u p p o rt o f th is  v ie w , w e  
re p o rt h e re  th a t th e  a m p litu d e  o f th e  C M  s ig n a ls  in V 2 /3  c o rre la te s  w ith  th e  ch a n c e  
fo r  C F M  b y  th e  fo rc e d  c h o ic e  e s tim a te  fo r  tw o  s t im u lu s  c o n d it io n s , i.e  , 1) m ix e d  
S M  w h e re  o p p o s ite ly  m o v in g  R D s w e re  m ix e d  w ith  v a r ia b le  ra tio s  (7 .5 , 15, 25 , 35 
a n d  5 0 % ) a n d  2) S M  a fte r  a d a p ta tio n  to  H M  (fo r Зm ¡n .). P u re  S M , m ix e d  S M  a n d  
H M  w e re  p re s e n te d  to  th e  r ig h t v is u a l f ie ld  o f 5 m a le  s u b je c ts  a n d  M E G s  w e re  
re co rd e d  fro m  th e  le ft o c c ip ita l c o rte x . In a ll s u b je c ts  th e  c h a n c e  o f C F M  s ta rte d  to  
d e c re a s e  w ith  7 .5  %  m ixe d  S M  an d  b e c a m e  a lm o s t nu ll w ith  2 5 %  S M  (9 8 %  re d u c 
tio n ) a n d  th e re  w a s  a c o rre s p o n d in g  re d u c tio n  (8 6 % ) in th e  C M  s ig n a ls  e s tim a te d  
a s  th e  d if fe re n c e  b e tw e e n  V 2 /3  re s p o n s e s  to  th e  m ix e d  S M  a n d  H M  s tim u li.  In 
s im ila r  e x p e r im e n ts  s tu d y in g  C F M  a n d  th e  C M  s ig n a ls  b e fo re  a n d  a fte r  a d a p ta tio n  
w ith  H M  s tim u li, th e  c h a n c e  fo r  C F M  d e c re a s e d  d ra m a tic a lly  a fte r  th e  a d a p ta tio n . 
C o rre s p o n d in g ly  th e re  w a s  a re d u c tio n  in  th e  a m p litu d e s  o f C M  s ig n a l in V 2 /3  as  
w e ll a s  th a t in V 5  re s p o n s e  b u t n o t m u ch  re d u c tio n  in V1 re s p o n s e .

255.14
EVIDENCE FOR AN EXTRASTRIATE SUBSTRATE O F VISUAL 
STABILITY DURING SM OOTH PURSUIT EYE MOVEM ENTS IN THE 
MONKEY. S.Chakrabortv* and P.Thier. Sektion ſür Visuelle Sensomotorik, 
Neurologische Universitätsklinik, 72076 Tübingen, Germany.

During smooth pursuit eye movements we do not mistake the shift o f the 
background image on the retina for motion o f  the world, but instead perceive a stable 
world. This spatial stability is achieved by subtracting the retinal motion signal from 
an internal reference signal reflecting the eye movement command. Slight 
imperfections o f this subtractive comparison cause the perception o f a tiny and usually 
non-disturbing movement o f the stationary world (Filehne illusion = FI), which can be 
demonstrated psychophysically in both humans and monkeys. W e have recently 
shown that this FI can be modified dramatically and predictably in both species by 
visual motion unrelated to the pursuit eye movement, most probably by modification 
o f the internal reference signal. Visual neurons encoding retinal background image 
slip should not be affected by this manipulation. However, those encoding the percept 
o f motion should show changes in their discharge rate reflecting the changes in the FI. 
W e have started to record from striate cortex as well as several extrastriate visual 
areas in monkeys performing horizontal smooth pursuit eye movements in the 
presence o f  a stationary background, thereby evoking pursuit-induced background 
image slip. The affiliated motion percept, measured psychophysically, was modified, 
as discussed before, by visual motion unrelated to the pursuit eye movement. O f the 
cells found early in our penetrations, most signalled pursuit-induced retinal image slip 
irrespective o f changes in the affiliated percept. However, many deeper directional 
selective cells, probably located in the STS, showed statistically significant 
differences in their discharge rate paralleling the changes in the percept o f motion. 
These observations suggest that the comparison o f retinal image motion with the 
internal reference signal, underlying the percept o f motion, appears to be a 
contribution o f a late stage o f  cortical motion processing. Supported by DFG 
‘KFG :Neuroophthalm ologie ’.

255.16
SPATIAL CODING IN THE NEURONES OF THE FELINE VISUAL
ASSOCIATIVE CORTEX
G. Benedek, L. Sztriha. G. Kovács. and M. Norita*
Department o f Physiology, Albert Szent-Györgyi Medical University, Szeged, H- 
6720, Hungary, and Department of Anatomy*, Niigata University School of 
Medicine, Niigata, Japan

The cortical area along the anterior ectosylvian cortex of the feline brain 
is known to possess neurones sensitive to visual stimuli moving in a very large 
receptive field that extends to almost the entire monocular visual field o f the cat. 
This type o f receptive field hampers efforts to find any retinotopy in this part of the 
cortex. The present study was undertaken to investigate whether neurones in this 
cortical area are able to code the positions o f visual stimuli. Experiments were 
performed in barbiturate-anaesthetized, immobilized, artificially respirated adult 
cats. A stationary visual noise pattern was presented to the animal in an area of 24° 
x 32°, in which an 8 0 x 8° portion moved randomly at a speed o f 10 º/s. 
Extracellular single-unit activity was recorded with tungsten microelectrodes. 
Altogether 123 single units with visual responsiveness were explored in the 
anterior ectosylvian visual area. Ninety-eight neurones responded to stimulation in 
all twelve stimulation areas. Response selectivity was displayed by 49 neurones: 
they responded to stimulations in differing areas with significantly different firing 
rates (ANOVA p < 0.05). For all these single units there was a preferred area 
where stimulation was most effective. These preferred areas were distributed 
irregularly in the entire 40° area studied.

The results suggest a possible stimulus localisation function in these 
neurones, even in the absence of overt retinotopy, and hence a hitherto unknown 
type o f localisation process in the feline brain, based on the statistical properties of 
the neuronal firing in response to stimuli from various points o f the visual space.

Supported by OTKA, Hungary No TO 16959

255.18
CORRELATION BETW EEN THE PERCEPTION OF APPARENT MOTION 
A N D  THE MAGNETIC RESPONSE FROM THE HUM AN EXTRASTRIATE  
CORTEX. Y. Kaneoke,1’ O. Kawakami,1'2 T. Sekiguchi,1 H. Yamasaki,1 R. 
Kakigi1. 'Dept, o f Integr. Physiol. Natl. Inst. Physiol. Sci. Myodaiji-cho, Okazaki 
444-8585, Japan. 2Dept. o f Neurol. Oyamada Memorial Spa Hp.

Our visual stimulus to induce apparent motion evokes a magnetic response from 
the human extrastriate cortex (Neuroreport 8:677-682, 1977). Although we have 
concluded that the response was closely related to the neural activity 
representative o f  the image o f the motion (Brain Res, in press), this study raised a 
question; what would happen to the magnetic response if we changed the 
parameter o f  the visual stimulus so that the subject would perceive partial or no 
apparent motion? To answer this question, we measured the magnetic responses 
to the visual stimulus to induce apparent motion with varied interstimulus interval 
(ISI) and compared with the subjective rating o f  the smoothness o f the induced 
apparent motion, using five subjects. The visual stimulus consisted o f the two 
bar-shape LEDs (2x20m m) and a fixation light. Each bar was separated 1.0 
degree visual angle and lighted 2 s alternately. The timing o f  the lighting (ISI) 
was varied from -140 to 250 ms (minus value indicates overlapping o f the two 
lights). Both the amplitude o f  the magnetic response and the subjective rating 
reached peaks around ISI=O. Although the amplitude o f the magnetic response 
was significantly different among subjects, the normalized value corresponded to 
each subject's normalized subjective rating. The origin o f  the magnetic response 
was in the vicinity o f the human visual motion area for every subject when it was 
estimated by the single equivalent current dipole model. W e consider the 
magnetic response from this area to represent the neural activity responsive to the 
perception o f  the motion.
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255.19 255.20
EQUITABLE SPATIOTEMPORAL ENERGY CODING IN SHAPE FROM 
MOTION MODELING. T℮itшіin Gautama, and Marc M. Van Hulle Laboratorium 
voor Neuro- en Psychofysiologie, K.UJLeuven, Faculteit Geneeskunde, Campus 
Gasthuisberg, Herestraat, B-3000 Leuven, Belgium.

Several lines of evidence suggest that the middle temporal area (MT,V5) 
systematically represents the direction and velocity of visual motion and that it 
plays a prominent role in the reconstruction of ЗD-shape from 2D-retinal motion 
information (shape from motion, SFM). Theoretical studies have pointed out that 
surface curvature is a particularly powerful cue in SFM, since it can be made scale 
and rotation invariant However, no published experimental study has demonstrated 
selectivity for surface curvature in single MT cells.

We are modeling the complete process of ЗD-cue extraction, including 
curvature, from the 2D-retinal motion of moving objects. In the first two stages of 
our model, a relatively coarse representation of the velocity field is constructed and 
used in the third stage for deriving the ЗD-shape information. We use Adelson and 
Bergen's energy model which consists of a bank o f spatiotemporal filters, followed 
by a feedforward network with velocity-tuned cells. It can be shown that this 
approach is in accordance with Movshon et al.’s component/pattem cells paradigm. 
We inưoduce a new unsupervised learning technique, based on the principles of 
self-organization: as a result, the average activation of the model neurons will be 
balanced over time and will represent equal portions of the spatiotemporal energy 
present in the ưaining set of image sequences. Since the outputs of the filter bank 
do not unambiguously code for image velocity, we use a neural network in the 
model’s second stage. Finally, in the third stage, the ЗD-shape cues are derived from 
the velocity information. This is done again by using a neural network, the structure 
of which is compatible with the center/surround RF paradigm in MT, and trained 
for the task of object shape classification. The network’s hidden units are used for 
identifying the type of shape cues used by the model.

The second author is a research associate of the Fund for Scientific Research - 
Flanders (Belgium) and is supported by research grants received from the Fund for 
Scientific Research (G.0185.96), the National Lottery (9.0185.96), and GOA 95/99- 
06 (Flemish Regional Minisưy of Education).

EFFECTS OF BACKGROUND MOTION ON A VISUAL TRACKING TASK. 
R.Zhao, J.I. Zwemer, S.J. Lukasweycz and R.T. Bom* Dept, o f Neurobiology, Harvard 
Medical School; Boston, MA 02115.

During microstimulation experiments in macaque visual area MT, we found a 
number of sites that produced effects on pursuit eye movements opposite to that of the 
prefeưed direction of the neurons stimulated. Because the neurons at these sites tended 
to prefer textures to objects, and responded well to large-field motion, we hypothesized 
that stimulation at these sites mimicked background motion in the preferred direction 
producing an illusion of target motion in the opposite direction.

To test this hypothesis, we examined the effects of real background motion on the 
same step-ramp tracking task. After a rhesus monkey foveated a small square, a target 
appeared in the peripheral visual field and moved away in one of several possible 
directions and speeds across a large background of random dots. On half of the trials 
the background dots moved in a given direction and speed during the first 250 ms of 
target motion. We measured eye position and velocity, and compared these measures 
for trials with and without background motion.

We found effects o f background motion on three components of the tracking 
behavior: 1) ocular-following in the same direction as the background; 2) a longer 
latency smooth eye movement in the opposite direction; and 3) a deviation in the end
point of the saccade. The directions o f the ocular-following and induced motion effects 
were highly correlated with the direction of background motion. The effect on saccade 
endpoint was more complicated and appeared to involve an interaction between the 
location of target onset and the direction of background motion.

The characteristics of the pursuit effect of real background motion were similar to 
those observed for microstimulation in the large-field motion sites of area MT. In 
contrast, we never observed the ocular-following effect in microstimulation 
experiments. This may be due to differences in the spatial or disparity properties of 
MT neurons compared with the area and depth of background motion used here.

Supported by NIH EY11379 to RTB and a Sackler Fellowship to RZ.
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256.1

IN VITRO PREPARATION OF ISOLATED WHOLE BRAIN WITH OLFACTORY 
EPITHELIUM FOR MEASUREMENT OF OLFACTORY CORTEX ACTIVITY.
T.Sato*. I. Takashima. M.Matsukawa. K.Tsukada, and T.ĭijima. Electrotechnical 
Laboratory, Tsukuba, 305-8568, Japan

The odor discrimination initiates at the olfactory receptor in the olfactory 
receptor neuron and completes in CNS through sequent and parallel 
processing in the olfactory bulb and the olfactory cortex. Several reports 
anatomically and physiologically indicate that mitral/tufted cells in olfactory 
bulb have the odorant tuning specificity similar to that of the olfactory 
receptor neuron. The piriform cortex which receives direct input from the 
mitral/tufted cells in the olfactory bulb is the largest olfactory area. The 
investigation of the odorant information coding in the piriform cortex has 
been critical to understand odor discrimination processes. The ventral surface 
of the anterior piriform cortex is approximately flat so that it seems to be 
suitable to optical recordings of spatial/temporal activity. We are developing 
an in vitro preparation of isolated whole brain with olfactory epithelium for 
recordings of spatial/temporal activity. To examine the activity of the 
olfactory receptor neurons in the preparation, we recorded the local field 
potentials in the olfactory cortex evoked by a stimulation of the olfactory 
epithelium of the isolated ginia-pig brain with a short current pulse using 
bipolar wire electrodes. The response was evoked in any tested area of the 
olfactory cortex. The response amplitude in the olfactory tubercle by a 
stimulation of central olfactory epithelium on the septum was smaller than 
that of the piriform cortex. The response latency was ca. 10 ms longer than 
that of the olfactory bulb stimulation-evoked responses. The results suggest 
that some of olfactory neurons are alive in the preparation. Odorant 
stimulation to the olfactory epithelium sometimes induced small responses 
and/or oscillatory responses in the piriform cortex. The spatial pattern was 
also examined.
This work was supported by the grant of AIST of MITI of Japan.

256.3
ALL-OR-NONE EXPRESSION OF POTENTIALS EVOKED IN THE OLFACTORY 
BULB AND PIRIFORM CORTEX BY ASSOCIATION FIBER STIMULATION AS 
AN INDEX OF NETWORK EXCITABILITY. J. S. Stripling.* J. L. Cauthron. and M. 
P. Galupo. Dept, of Psychology, University of Arkansas, Fayetteville, AR 72701.

Repeated high frequency stimulation (HFS) of association fibers in the piriform 
cortex (PC) potentiates late components of potentials evoked in the PC and olfactory 
bulb (OB) by single-pulse stimulation. For a short period of time following HFS, 
expression o f the potentiated component occurs in an all-or-none fashion at near
threshold stimulation intensities. The present research examined the all-or-none 
characteristics o f this phenomenon. Potentiation was induced in freely-moving male 
Long-Evans rats by daily HFS (10-pulse trains at 100 Hz) o f PC association fibers for 
6 days. The expression of potentiation was then characterized by test stimulation at a 
range of current intensities before and 0-2 min after HFS. Before HFS the potentiated 
component was expressed in a graded fashion at high current intensities. Following 
HFS the potentiated component was expressed at low current intensities in an all-or- 
none fashion at a variable latency. Increasing the current intensity decreased the 
latency o f the expressed component but did not change its magnitude. In a separate 
test, the threshold for all-or-none expression was tracked following HFS using a 
modification of the method of limits. HFS caused an immediate drop in threshold to 
approximately 50% of its initial value and a dramatic increase in the magnitude of the 
expressed component. Both of these effects decayed gradually to pre-stimulation levels 
over a 15-min period. These findings imply that the all-or-none response observed here 
is due to regenerative activity in a synaptically-activated network with a sharp threshold 
for reverberating positive feedback. Available evidence points to deep cells in the PC 
and endopiriform nucleus as likely participants in this network. However, in all 
instances of all-or-none expression the potentiated component occurred earlier in the 
OB than in the PC, suggesting that other cells are involved as well.
Supported by NIH grant DC02271 and the Marie Wilson Howells Fund.

256.2
DIFFERENTIAL EFFECTS OF URETHANE ON POTENTIALS EVOKED IN THE 
OLFACTORY BULB AND PIRIFORM CORTEX BY STIMULATION OF THE 
LATERAL OLFACTORY TRACT AND CORTICAL ASSOCIATION FIBERS.
J. L. Cauthron* and J. S. Stripling. Dept, o f Psychology, University of Arkansas, 
Fayetteville, AR 72701.

For several years we have been engaged in electrophysiological studies of the 
olfactory bulb (OB) and piriform cortex (PC) in waking and urethane-anesthetized rats. 
To enable a direct comparison of results obtained with these two preparations, the 
present study examined the effect o f urethane anesthesia on potentials evoked in the 
OB and PC by stimulation of the lateral olfactory tract (LOT) and o f PC association 
fibers. Evoked potentials were recorded from male Long-Evans rats with chronically- 
implanted electrodes across a range of cuưent intensities at 4 different times: before 
and 15, 30, and 105 min after i.p. injection of 1.4 g/kg urethane (ethyl carbamate). 
Urethane produced an increase in the latency o f all components evoked by stimulation 
of either the LOT or PC association fibers. However, urethane produced differential 
effects on the magnitude of potentials evoked by the two stimulation sites. In LOT- 
evoked potentials, urethane produced a graded, time-dependent depression of the 
population EPSP evoked in either the OB or the PC, and a near-complete depression 
of subsequent components, with some recovery occurring by 105 min. In contrast, 
components o f potentials evoked by association fiber stimulation showed no depression 
and often were enhanced following urethane. In particular, the late component which 
is potentiated following high-frequency stimulation of PC association fibers was often 
increased in magnitude under urethane. These results demonstrate that while 
urethane’s effects on LOT-evoked potentials are those typical o f most anesthetics, it 
does not produce a comparable depression in association-fiber evoked potentials. This 
pattern of effects supports the use of urethane in studies of plasticity produced by 
association fiber stimulation.
Supported by NIH grant DCO227I and the Marie Wilson Howells Fund.

256.4
SYNAPTIC CORRELATES OF ODOR HABITUATIO N IN THE 
RAT ANTERIOR PIRIFORM  CORTEX. Donald A. W ilson* , 
Department of Zoology, University of Oklahoma, Norman, OK 73019

Habituation is a simple form of memory, involving a decrease i n 
responsiveness to repeated stimulation which allows for filte ring  of 
less significant or predictable events. Recent work has 
demonstrated rapid odor habituation in olfactory cortical neurons 
despite maintained afferent input from the olfactory bulb. The 
present experiment examined whether changes in afferent synaptic 
efficacy were associated with this response depression.

Responses of anterior piriform cortex layer ll/ l ll neurons to both 
odors and electrical stimulation of the lateral olfactory tract (LO T) 
were measured with in trace llu la r recordings in u re thane - 
anesthetized, freely breathing rats. Odor-evoked, re s p ira t io n -  
entrained post-synaptic potentials (PSP’s) rapid ly habituated 
during a 50 sec odor stimulus, then spontaneously recovered w ith in  
2 minutes of odor term ination. Associated with the decrease in  
odor-evoked PSP amplitude was a decrease in the monosynaptic 
excitatory post-synaptic potentials (EPSP’s) evoked by e le c tr ica l 
stim ulation of the LOT. The decrement in LOT-evoked EPSP’s 
recovered with a time course sim ilar to the odor response recovery. 
These results demonstrate that odor habituation is associated with a 
decrease in afferent synaptic efficacy in the anterior p ir i fo r m  
cortex.
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256.5
AXONAL ARBORS OF PYRAMIDAL CELLS IN PIRIFORM CORTEX SUGGEST 
INVOLVEMENT IN ASSOCIATIVE FUNCTIONS NOT PERFORMED BY OTHER 
“PRIMARY” CORTICAL AREAS. D.M.G. Johnson12. M. Behan12*, and L.B. Haberlv'·3. 
'Neuro. Tг. Prog., 2Dept. Comp. Biosci., and 3Dept. Anat., U. Wise., Madison, WI 53706.

Anatomical analyses with extracellularly injected tracers have revealed highly 
distributed intrinsic connections within piriform cortex (PC). However, these studies 
did not allow key issues regarding connectivity to be addressed; in particular, the extent 
to which distributed axonal transport reflects branching by individual axons as opposed 
to differences in targets o f neighboring cells. Therefore, pyramidal cells in PC are 
being injected intracellularly with BDA in vivo, and sufficient survival (>2 days) 
allowed for complete labeling of axonal arbors (Johnson, Behan, Haberly, AChemS 
19:63). Analysis has focused on layer II pyramids in posterior PC (PPC). Conclusions 
are as follows: 1) Axons from individual pyramidal cells branch extensively and are 
distributed not only to a widespread region of PPC, but also to many other cortical 
areas including the amygdala, prefrontal cortex, entorhinal cortex, and perirhinal cortex 
-m ost o f which project back to PC. 2) Within PPC, boutons are found in all layers, but 
are concentrated in sup. Ill suggesting predominant action on basal dendrites. Within 
layer I, boutons are in a deep zone o f layer Γb that is clearly distinct from a middle zone 
where input from APCD is concerrtrated, and a sup. zone that contains boutons from 
APCV (Behan, Johnson, Haberly, Neur Abs 21:1186). 3) Axons give rise to boutons 
along their entire lengths (mean spacing: l2µm  for lb & sup. Ill; l7µm for deep III), 
with no clustering that would suggest focused synaptic action.

To assess the degree to which “horizontal” connectivity in PC might adhere to 
position-dependent rules, as in cortical areas with a modular organization, axons from 
an adjacent pair o f pyramidal cells were reconstructed. Although the branching 
patterns displayed certain similarities, boutons from both cells were not contained 
within sufficiently restricted regions to suggest a cell-specific or modular organization.

The highly divergent projections from pyramidal cells in PC are in marked contrast 
with visual ctx where projections to different areas originate from different sets of cells; 
direct projections to cortex involved in behavioral and memory functions (prefrontal, 
amygdaloid, entorhinal) are lacking. These results, together with recent physiological 
findings (Schoenbaum, Eichenbaum, J Neurophys 74:733), suggest that the traditional 
designation of piriform cortex as ‘primary olfactory cortex’ is misleading; ‘olfactory 
association cortex’ would be more appropriate. Supported by DC03271 from NIDCD.

256.6
NEURAL ACTIVITY IN THE HORIZONTAL LIMB OF THE DIAGONAL 
BAND OF BROCA IS MODULATED BY ACTIVITY IN THE OLFACTORY 
CORTEX. B·P, Wvble*. C. Linster and M.E. Hasselmo. Department of Psychology 
and Program in Neuroscience, Harvard University, Cambridge MA 02138.
We have recently shown that electrical stimulation of the horizontal limb of the 
diagonal band of Broca (HDB) modulates population EPSPs in the olfactory (piriform 
cortex, PC) through a cholinergic effect. This data suggests a functional role for 
modulatory inputs from the HDB to the olfactory system. We here present additional 
data suggesting a reciprocal interaction between the two structures. First, the spiking 
activity of neurons in the HDB is influenced by electrical stimulation of the lateral 
olfactory tract and piriform cortex, and second, a high coherence can be observed in 
some frequency bands between EEG recordings in the piriform cortex and multi-unit 
recordings in the HDB.
We recorded multi-unit activity in the HDB in urethane anaesthetized rats. Following 
electrical stimulation of the lateral olfactory tract, we observed the following changes in 
the spiking activity in the HDB: approximately 10 ms after the stimulation, the average 
spike rate increases until it reaches a peak (at 20 ms) of six fold baseline activity, after 
which the activity returns to baseline. A second increase begins around 30 ms after the 
stimulation and reaches its peak of 5 fold baseline around 40-45 ms. Around 55 ms after 
after stimulation the activity returns to baseline. Following electrical stimulation of the 
olfactory cortex, a similar pattern of activation was observed: a first increase starting 10 
ms after stimulation which reaches a peak of approximately 6 fold baseline activity 
around 15 ms, followed by a return to baseline. A second increase begins around 35 ms, 
reaches a peak of 3 fold baseline and decays to baseline activity around 60 ms. A 
decrease below baseline activity was observed between approximately 70 and 90 ms. 
Spiking activity in the HDB shows a high correlation with a simultaneously recorded 
EEG in the piriform cortex. The two structures share their main frequency components, 
especially around breathing frequency and in a frequency band around 5-8 Hz. When 
theta rhythms are evoked by tail pinch, frequency components in the theta range (similar 
to those recorded in the hippocampus) appear in both the PC EEG recording and the 
HDB spiking activity. Supported by NSFIBN 9723947 and NIMH R29 MH52732.

256.7

ODOR RECOGNITION AND SEGMENTATION BY OLFAC
TORY BULB AND CORTEX. J. A. Hertz*and Z. Li2, ‰ rdita, 
Blegdamsvej 17, 2100 Copenhagen, and 2Dept. of Brain and Cogin- 
tive Sciences, MIT, Cambridge MA 023139.

We present a model of a coupled system of the olfactory bulb and 
cortex that describes olfactory recognition and adaptation, including 
cross-adaptation. Odor inputs to the epithelium are transformed 
to oscillatory bulbar activities. The olfactory cortex recognizes the 
odor by resonating to the oscillating pattern from the bulb when 
the amplitude and phase patterns from the bulb match those for 
an odor memory stored in the intracoгtical synapses. Feedback of 
the odor-specific cortical activity to the bulb implements olfactory 
segmentation by suppressing the bulbar response to the pre-existing 
odor, thereby allowing subsequent odor objects to be singled out for 
recognition. In order for the model to perform this segmentation, 
the feedback signal must vary slowly on the timescale of the sniff 
cycle.

Support: Nordisk Ministeгråd

256.8
SURFACE POTENTIALS SYNCHRONIZED WITH AIRFLOW RECORDED 
INSIDE THE HUMAN NOSE. H.M. Brown and L.J. Stensaas*. Dept. Physiology, 
Univ. Utah, Salt Lake City, UT 84108

Nasal receptors for the detection o f inspired air are essential for normal breathing. 
Blockage of nasal airflow or local anesthesia of the nasal cavity compromise the 
quality o f sleep and frequently result in episodes o f apnea (Eccles et al.. 1988). 
Four possible epithelial sites for nasal airflow detection have been explored with a 
small (0.5 mm), saline-wick electrode: (1) facial skin covering the nasal aperture, 
2) keratinized epithelium without glands lining the nasal vestibule, (3) thin, non- 
keratinized transitional epithelium situated on the septum and nasal sill, and (4) 
respiratory epithelium. The upper trace in Figure A shows a DC recording obtained 
from facial skin o f the anterior vestibule, while the lower trace registers changes in 
airflow recorded from a small thermistor (calibration: 2 mV and 5 sec). Surface 
negativity is associated with inspiration (1, vertical lines), and surface positivity with 
expiration. Breath-by-breath potentials disappear when the subject breathed through 
the mouth (bar). The sign o f these breath-by-breath potentials is reversed in the 
transitional zone, and they are absent in respiratory epithelium. Figure B shows that 
breathing cool (16°C), humid (65%) air (bar) produces an augmentation o f the 
potential changes recorded at the transitional epithelium. We infer that the trans- 
epithelial potential changes are receptor-related events that represent airflow and 
humidity changes in the nasal vestibule.

SKIN NASAL APERATURE

NASAL DRY MOUTH DRY

256.9

A PORTABLE ARTIFICIAL NOSE BASED ON OLFACTORY 
PRINCIPLES. J. S. Kauer*, J. White. Dept, o f Neuroscience. Tufts 
University School o f Medicine. Boston, MA 02111.

Information processing o f odors by biological olfactory systems 
depends strongly on neuronal signals distributed both in space across 
many cells at different levels of the pathway and in time over the 
stimulus pulse. A number o f artificial systems have been developed 
which use patterned activity across various kinds o f sensor arrays to 
recognize odors (see, for example, Persaud and Dodd, Nature, 1982). 
Such parallel distributed events can also be exploited in artificial 
olfactory systems that include analysis o f response time. We have 
previously shown that one can obtain robust odor responses from a 
device that uses space and time information (White et al., Anal. Chem.,
1996) that is based on optical sensors observed by a research grade, lab- 
based microscope, a CCD video camera, and positive-pressure odor 
delivery system. In this paper we describe an initial, portable version o f 
this device that incorporates a negative pressure odor delivery sniffer, 
an array o f wide-dynamic range photodiodes serving as detectors, and 
an embedded microcomputer for controlling stimulus delivery, data 
acquisition and storage, and pattern recognition. After training, the 
device is capable o f discriminating and identifying a number o f odorant 
substances within a few seconds.

Supported by grants from the NIH-NIDCD, ONR and DARPA.

256.10
MODEL FOR OLFACTORY DISCRIMINATION AND LEARNING IN THE LIMAX 
PROCEREBRAL LOBE INCORPORATING OSCILLATORY DYNAMICS AND 
WAVE PROPAGATION. B. Ermentrout1* and A. Gelperin2. 1Dept. Mathematics, 
Univ. Pittsburgh, Pittsburgh, PA 15260 and ¾iolog¡cal Computation Research 
Dept., Bell Laboratories, Lucent Technologies, Murray Hill, NJ 07974.

We extend our model of the procerebral (PC) lobe of Umax which is 
comprised of two sheets, each sheet 4 rows by 20 columns, of coupled 
oscillators corresponding to the cell body layer (burster cells) and neuropil layer 
(nonburster cells) of the PC lobe (J. Neurophysiol. 79:2677, 1998). A gradient 
of connections in the layer of burster cells induces periodic wave propagation, 
as measured in the PC lobe. Recent work (Learn¡ng&Memory 4:376, 1998) 
indicates that Lucifer yellow injection into intact Limax after odor learning results 
in a band of labeled cells in the PC lobe with the band long axis normal to the 
axis of wave propagation. Learning two odors yields two parallel bands of 
labeled PC cells. We introduce olfactory input to our model PC such that each 
odor maximally activates a unique row of 4 cells which produces a memory trace 
if odor stimulation is followed by activation of a US input pathway. Dynamics 
inherent in wave propagation insures that similar but distinct odors result in 
closely spaced but distinct bands in the model PC. If wave propagation is 
blocked, inputs from closely related odors address the same band in the model. 
This accords with recent work in honeybee showing that antennal lobe 
oscillations are necessary for discriminating closely related odors and with 
electrophysiological results in Limax in which peritentacular nerve output 
becomes similar for related odors only when the PC oscillation and wave 
propagation are blocked. The PC model predicts that Lucifer yellow band 
spacing in Limax after learning two odors should be minimal for two closely 
related odors compared with two distinctly different odors.
Supported by Bell Labs and NSF DMS-9626728 & NIH MH47150 to B.E.
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256.11
OLFACTORY OSCILLATIONS ENABLE ODOR DISCRIMINATION BY THE 
UMAX NOSE-BRAIN PREPARATION. Alan Gelperin*. Jorαe Flores and 
Thomas Tevke. Biological Computation Research Dept., Bell Laboratories, 
Lucent Technologies, Murray Hill, NJ 07974.

The central olfactory analyzer of the terrestrial mollusk Umax maximus is the 
procerebral (PC) lobe, which has oscillatory dynamics and propagates activity 
waves from apex to base. We use a nose-brain preparation which allows 
suppression of the field potential oscillations and wave propagation in the PC 
lobe while monitoring odor evaluation via the odor-elicited discharge in the 
external peritentacular nerve (ePTN). Slugs appetitively trained to the odor of 
apple variety A showed behavioral discrimination between apple odor A and 
apple odor B. Slugs appetitively trained to apple variety A were anesthetized 
and dissected to prepare a nose-brain preparation retaining a superior nose. A 
suction electrode was placed over a PC lobe and internally perfused with saline 
while recording PC oscillations or perfused with L-NAME to block PC 
oscillations. The ePTN discharge elicited by a 4 sec puff of apple odor A was 
robust while the discharge elicited by a 4 sec puff of apple odor B was weak. An 
odor from a potentially attractive foodplant to which the slug had not been 
trained elicited no discharge from the ePTN. When the PC lobe oscillation was 
blocked by L-NAME, the ePTN discharge to apple odor A decreased 10% while 
the ePTN discharge to apple odor B increased 40%. The effect is reversible on 
washout of the L-NAME. We suggest that the PC cells representing apple odor 
A and apple odor B are in spatial proximity and that in the absence of oscillatory 
dynamics and wave propagation related odor stimuli normally activating spatially 
contiguous representations now activate the same internal representation. This 
can be tested using new techniques for Lucifer yellow labeling of odor 
representations in the Limax PC lobe (Learning&Memory 4:376, 1998). 
Supported by Bell Laboratories and NIH MH56090 to A.G.

256.12
O D O R  D IS C R IM IN A T IO N  B Y  A N  IS O L A T E D  M O L L U S C A N  C E N T R A L  N E R V O U S  
S Y S T E M . J in α  W . W a n α *  a n d  A la n  G e lp e r in . B io l.  C o m p u ta t io n  R e s e a rc h  

D e p t.,  B e ll L a b o ra to r ie s ,  L u c e n t T e c h n o lo g ie s ,  M u r ra y  H ill, N J  0 7 9 7 4 .
O lfa c t io n  is  th e  m a jo r  s e n s o ry  m o d a li ty  fo r  lo c a t in g  fo o d  s o u rc e s  in  

th e  t e r r e s t r ia l  s lu g ,  L im a x  m a x im u s .  S e v e r a l  fo o d  c o n d i t io n in g  
p a r a d ig m s  h a v e  b e e n  e s ta b l is h e d  in  b o th  in ta c t  a n im a ls  a n d  is o la te d  
b r a in s .  In  a n  im p r o v e d  n o s e - b r a in  p r e p a r a t io n ,  s y n a p s e s  w e re  
p ro te c te d  b y  c o ld  a n e s th e t iz a t io n  a n d  is o to n ic  M g C I2 d u r in g  d is s e c t io n .  
A c t iv i t y  o f  th e  tw o  e x te rn a l p e r i te n ta c u la r  n e rv e s  (e P T N s )  a n d  th e  tw o  
s a l iv a r y  n e r v e s  (S N s )  w a s  s im u l ta n e o u s ly  m o n ito r e d  w ith  s u c t io n  
^ e le c tro d e s , w h ile  th e  tw o  s u p e r io r  a n d  tw o  in fe r io r  n o s e s  w e re  p u f fe d  
in d e p e n d e n t ly  w ith  e i th e r  a v e r s iv e  o r  a t t r a c t iv e  o d o rs .  W e  fo u n d  th a t  
s t im u la t io n  o f  th e  in fe r io r  n o s e  w a s  m o re  e f fe c t iv e  in  a lte r in g  s p ik e  
a c t iv i t y  in  S N s  th a n  s t im u la t io n  o f  th e  s u p e r io r  n o s e . S t im u la t io n  o f 
o n e  in fe r io r  n o s e  b y  a m y l a c e ta te  in c r e a s e d  a c t iv i t y  o f  th e  ip s i la te ra l 
e P T N , b u t  lo w e re d  th a t  o f  th e  c o n t r a la te r a l  e P T N  (F ig .) .  F u r th e rm o re ,  
th e  ip s i la te r a l  e x c i t a t io n  w a s  p a r t ia l ly  b lo c k e d  b y  s im u l ta n e o u s ly  
s t im u la t in g  th e  ip s i la te ra l s u p e r io r  n o s e  w ith  a  d i f fe r e n t  o d o r ,  s u c h  a s  
g a r l ic .  F u r th e r  e x p e r im e n ts  w il l  e x a m in e  e x p e r ie n c e - d e p e n d e n t  o d o r  
r e s p o n s e s  a n d  th e  ro le  o f  th e  p r o c e r e b r a l lo b e s ,  w h ic h  a re  th e  c e n t ra l 
o l f a c t o r y  a n a ly z e r  a n d  d is p la y  N O - m e d ia te d  o s c i l l a t o r y  a c t iv i t y .  
S u p p o r te d  b y  B e ll L a b o ra to r ie s  a n d  N IH  g ra n t M H 5 6 0 9 0  to  A .G .
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256.13

A THREE-LAYERED NON-LINEAR OSCILLATOR NETWORK WHICH 
MIMICS AN OLFACTORY NETWORK OF A TERRESTRAL SLUG. Ί\ 
Kimura. A. Iwama and T. Sekigueh⅜ Tsukuba Research Center, SANYO 
Electric Co. Ltd., Tsukuba, 305-0074, Japan.

Recent years, oscillatory phenomena has been paid attentions as a 
possible mechanism of formation of cell assembly. Here, we produced an 
oscillatory network model, which mimics a slug olfactory network. 
Physiological study carried out in Limax central nervous system indicated 
that the olfactory network is constituted by three different types of 
oscillators, namely, tentacle ganglion (TG), terminal mass(TM) and cell 
mass (CM) oscillators (Iwama et al. 1997, Abs. for Soci. Neurosci.). The TG 
oscillators respond to odors by decrease of the amplitude. The CM 
oscillators spontaneously forms a coordinated oscillation with phase- 
gradient throughout the CM network. In the TM oscillator , it is speculated 
that the oscillators change the coherency to the CM coordinated oscillation 
by odor stimuli.

Based on those physiological results, we constructed a three layered 
oscillator network using Van der Pol oscillators. In the network, input was 
defined as stop in oscillatory activity in a part of the 1st layer (TG) 
oscillation, which changed coherence between a part of the 2nd (TM) 
oscillators and the 3rd (CM) oscillators, and, as a result, a coherent cell 
assembly was formed on the TM layer. Furthermore, since there was a 
phase gradient in the CM coherent oscillation, the TM oscillators were able 
to synchronized to the CM oscillation in the any phase depending on the 
connection patters to the CM oscillators. These results suggest that the CM 
coherent oscillation is important to the formation of cell assembly in TM 
oscillators, and reveal the possibility that the information is represented by 
phase relation between CM and TM oscillators.

CEREBRAL CORTEX: PREMOTOR AND PREFRONTAL

257.1

CONVERGING EVIDENCE FROM MICROSTIMULATION,
CYTOARCHITECTURE, AND CONNECTIONS FOR MULTIPLE 
MOTOR AREAS IN FRONTAL AND CINGULATE CORTEX OF 
PROSIMIAN PRIMATES. Carolyn W-Ħ. Wu*. Jon H. Kaas. 
Department of Psychology, Vanderbilt Univ., Nashville, TN 37240 

The organization of motor cortex was explored in prosimian 
galagos (Gαlαgo gαmettî) by placing anatomical tracers (fluorescent 
dyes, BDA, and WGA-HRP) into physiologically identified body 
representation within primary motor cortex (M l), as well as into 
different segments of the spinal cord. After 5-7 days, the animals were 
re-anesthetized and motor areas were defined by patterns of 
movements evoked at multiple sites by intracortical microstimulation. 
Cortex exposed on the dorsolateral surface and buried in the medial 
wall of the frontal lobe were mapped extensively. Blocks of brain were 
cut coronally or tangential to the surface of the flattened cortex, and 
series of reactions were processed for WGA-HRP (TMB), BDA, 
unstained for fluorescence, cytochrome oxidase, Nissl substance, 
myelin, or neurofilament SMI-32. Transported label was plotted and 
correlated with motor maps and cytoarchitectonic features in the same 
animals. The results provide evidence for the premotor areas on the 
dorsolateral surface and for cingulate motor areas. Areas M l, PMDc, 
PMV, SMA, and all four cingulate motor areas (CMAr, CMAd, 
CMAv, and CMAp) have projections to the spinal cord, and these 
premotor areas and an area defined as "6Ds" have somatotopically 
organized connections with M l. The results indicate that prosimian 
primate have a complex of motor areas that closely resembles that in 
monkeys, and suggest that as many as 10-12 motor fields emerged 
early in primate evolution. (Supported by NIH grant NS 16446).

257.2

Amygdala Connections with the Cingulate Motor Cortex: Preferential Innervation 
of the Face Representation o f M3 (area 24c) in the Rhesus Monkey R.J. 
Morecгaft*1. K. Avramov1. C.M. Schroedeг1. K.S. Stilwell-MorecrafЃ andG.W. Van 
Hoesen2. 'Dept, o f Anatomy and Structural Biology, University of South Dakota 
School of Medicine, Vermillion, SD 57069; 2Depts. Anatomy and Cell Biology and 
Neurology, University o f Iowa College of Medicine, IA 52242.

Medial temporal lobe seizures are often accompanied by movements, but the 
propagation to and activation o f cortical motor systems are understood poorly. Using 
tract tracing methodology in rhesus monkeys, we found a powerful non-reciprocal 
projection from the lateral basal nucleus o f the amygdala to layers II, the superficial 
part o f  layer III and layer V of area 24c (M3) o f the cingulate motor cortex. A 
smaller source o f input arose from the accessory basal and cortical nuclei. We also 
found a small projection from the lateral basal nucleus to area 23c (M4) o f the 
cingulate motor cortex. An experiment examining the amygdala projection to putative 
cingulate somatotopy demonstrated the amygdala projection terminates heavily in the 
face representation of M3 and moderately in the arm representation o f M3. 
Significantly lighter terminal labeling Occurred in the leg representation o f M3 and 
throughout M4.

These findings indicate that medial temporal lobe activation o f motor cortex 
occurs in part, through sizable amygdala projection to the face representation of M3, 
and to a lesser extent the arm representations o f M3. This information along with the 
recent finding o f facial nucleus projections from the face areas o f M3 and M4 suggests 
this amygdala projection may participate in coupling emotional context with facial 
expression through this specialized region o f the cingulate cortex. Furthermore, these 
pathways may account in part, for the rapid and sustained face and arm movements 
accompanying medial temporal lobe seizures through activation o f the respective 
cingulate upper motor neuron fields. Supported by: NS 14944, NS 33003, BEBRF and 
a HHMI Undergraduate Research Award.
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257.3
CONTRAST OF NEURONAL ACTIVITY IN THE ROSTRAL AND CAUDAL 
CINGULATE MOTOR AREAS IN REWARD-BASED MOTOR SELECTION. K_ 
Shima* and J. Tanji. Dept, of Physiology, Tohoku Univ. Sch. of Med., Sendai, 
980-8575, Japan.

To find differences in activity properties of cells in the rostral and caudal 
cingulate motor areas (CMAr and CMAc), we trained monkeys (Macaca 
fuscata) to select and perform a movement out of two choices (to 
push or turn a handle) in response to a visual trigger signal. Initially, the 
animals had to guess which of the two choices was correct. If correct, they 
were rewarded with a drop of fruit juice. The correct movement was 
unchanged in a block of trials, requiring the monkeys to keep selecting the 
same movement. The amount of reward remained constant in 5 - 12 trials. 
Thereafter, the amount of reward was progressively decreased by 30% per 
trial if the animal continued to select the same movement. At this stage, 
monkeys were free to select an alternative movement. If they did so, then the 
alternative movement was defined as a correct movement, and the reward 
came back to its full amount. Thereafter, a new block of constant-reward trials 
began, requiring the same correct movement. We found that over 25% of 
task-related cells in CMAr responded specifically to the reduced reward, or 
active before initiating a newly selected movement. Such a selective activity 
during the interval between the reward-reduction and movement alteration 
was much less common in the CMAc (3%), and rare in the primary motor 
cortex. These tidings suggest that the CMAr plays a role in reward-based 
motor selection.

257.5
NEURONS RESPONDING TO THE SIGHT OF GOAL-DIRECTED 
HAND/ARM ACTIONS IN THE PARIETAL AREA PF <7b) OF THE 
MACAQUE MONKEY.
Fogassi.L. . Gallese, V,. Fadiga. L.. Rizzolatti. G. SPON: European Brain and 
Behaviour Society. Istituto di Fisiologia Umana, Universita' di Parma, Via 
Gramsci 14,1-43100 Parma, Italy
Single neurons were recorded from the rostral part o f inferior parietal lobule o f the 
macaque monkey (area PF). Its dorsal sector, previously described as “face area”, 
was studied. Neuron properties were examined during active movements o f the 
monkey and in response to somatosensory and visual stimuli. In agreement with 
previous data most neurons responded to somatosensory (especially tactile) stimuli 
applied to the face, other neurons responded to the stimulation o f the hand, neck 
and shoulder. Many neurons with tactile receptive fields (RFs) located on the face 
responded also to visual stimuli presented in the space around their tactile RF. 
Others (some with tactile response, other exclusively visual) responded to moving 
stimuli presented outside the peripersonal space. Am ong them, particularly 
striking were some neurons that selectively responded to the observation of 
hand/arm actions performed by the experimenters. Neurons responsive to these 
stimuli (action-observation neurons) were about 1/3 o f all PF recorded neurons (61 
out o f 195). Among them the most represented were neurons responding to 
different types of hand-object interactions such as grasping, grasping and holding, 
grasping and placing, bimanual manipulation o f objects. Out o f 61 action- 
observation neurons, 43 had also motor properties, 17 discharging in association 
with hand actions, 11 in association with mouth actions, 11 during both hand and 
mouth actions, and, finally, 4 with other types o f  movements. A strict congruence 
between observed and executed actions was found in 8 neurons. Other 9 showed a 
similarity, but not an identity, between the effective observed and executed actions. 
In the remaining 26 neurons the effective observed and executed actions differed 
either in terms of effectors or action goal. The data indicate that a visual 
representation o f biological actions is present in PF, in addition to those found in 
the region o f the superior temporal sulcus and in the premotor area F5 and that an 
action observation/execution matching system similar to that found in the 
premotor cortex does exist also in the parietal lobe. (Supported by EC Contract n- 
BM H4-CT95-0789 and by MURST)

257.7
MUSCIMOL INJECTION INTO THE DORSAL, BUT NOT VENTRAL, 

PREMOTOR CORTEX OF MONKEYS DISRUPTED SELECTION OF RIGHT OR 

LEFT HAND MOVEMENTS INSTRUCTED BY ARBITRARY AUDITORY CUES.

K. Kurata*. Dept. Physiology, Hirosaki Univ. Sch. Med.; Hirosaki, 036-8562 Japan.

It has been suggested that the dorsal premotor cortex (PMd) plays an important 

role in conditional motor tasks. To confirm the hypothesis, 1.0 µl of muscimol 

(concentration: 5 µg/µl) was injected into the PMd and ventral premotor cortex (PMv) 

of two Japanese monkeys performing a motor task instructed by conditional auditory 

cues. In the task, each monkey initiated a trial by pressing 2 keys with their right and 

left hands. While pressing the keys, one of two tones (300 Hz and 1000 Hz) were 

randomly selected and presented. The low and high tones instructed the monkey to 

release right and left keys, respectively. After a variable preparation period, a visual 

trigger signal was presented. If the monkey released a coưect key within 500 ms, it 

was regarded as a successful trial. Injection sites were selected on the basis of 

density of neurons with activity change during preparation periods and/or immediately 

before movement. After the PMd injections, the monkeys frequently showed 

commission errors in selection of hands. By contrast, no such errors were observed 

following the PMv injections. The results suggest that PMd plays an important role 

in selection of hands instructed by arbitrary auditory cues. Supported by grants from 

The Ministry of Education, Science, Sports and Culture, Japan.

257.4
Contrasting effects of intraoortical m¡croєtirnulatjon applied to the frontal eye field and the lateral 
intraparietal area N. FUJII1'2* H, MUSHIAKE1·3 and J. TANJI1.1Deot of Physiology, Tohoku 
Univ. Sch. Of Med.; Sendai, 980 JAPAN.; 2Dep. of Brain and Cog. Sα,, Massachusetts Institute 
of Technology; Boston, MA 02139.; ⅛ ESTO , JST
We oompaгөd the effects of intraoortical microstimulation (ICMS: 330Hz, 0.2 ms duration, 10- 

30 pulses, 30-16OµA) of the lateral watt of the intraparietal sulcus (UP) with those of ICMS of the 
frontal eye field (FEF) on monkeys performing oculomotor tasks. When ICMS was applied 
during a task that involved fixation, co∩traversivesaccades evoked ri the UP and FEF appeared 
similar. When ICMS was applied to the FEF at the onset of a voluntary saccade, the evoked 
saccade collided with the ongoing saccade, and the resultant saccade was directed toward the 
endpoint of the saccade, determined by the fixation point from which the voluntary saccade 
started. In contrast, when ICMS was applied to the UP at the onset of a voluntary saccade, the 
resultant saccade fbЯcwed a different trajectory from those evoked in the FEF. The fine of sight 
first moved toward the target of the voluntary saccade, and then further moved on toward an 
endpoint as though the saccade was evoked while the monkey was fixating on the target cue 
This finding suggests that the coffiding saccade was directed towards an endpoint calculated with 
reference to the target of the voluntary saccade. We systematically applied ICMS at various 
times between the appearance of the GO-signal and the onset of a voluntary saccade. The 
reference shift in the UP started 67 ms sooner than in the FEF. We hypothesize that shortly 
before initiation of voluntary saccades, a dynamic proœss occurs in the UP so that the reference 
point for calculating the saccade target shifts from the fixation point to the target of a voluntary 
saccade. Such predictive updating of reference points seems useful for immediate 
reprogramming of upcoming saccades that can occur in rapid succession.

257.6
VENTRAL PREMOTOR CORTEX AND THE LATERALITY OF MOTORIC 
CHOICES. M. H. Schieber* and A.V. Poliakov. Department of Neurology, 
University of Rochester, Rochester, NY, 14642.

Neurons in the ventral premotor cortex (PMv) have large visual fields in near 
peripersonal space anchored to specific parts of the face, arms and/or hands, 
suggesting that the PMv plays an important role in the interaction of these body parts 
with visually perceived objects (Rizzolatti et al., 1996; Graziano et al., 1997). To 
elucidate the role of the PMv in visually guided interactions, we studied the reaching 
behavior of 3 rhesus monkeys while the PMv was reversibly inactivated by 
intracortical injection of muscimol. Unilateral PMv inactivation produced no overt 
deficit in a monkey’s ability to reach out and grasp a food morsel with the 
contralateral hand, nor did the monkey have difficulty in extracting a food morsel 
from a narrow well, or in performing a visually-cued individuated finger movement 
task. Unilateral PMv inactivation did alter the laterality of the monkey's motoric 
choices, however. When two food morsels were presented simultaneously to the 
monkey’s right and left, the likelihood that the monkey would make motoric responses 
contralateral to the inactivated PMv was reduced dramatically. After PMv muscimol 
injections, a monkey was less likely to initially turned its head contralaterally to 
inspect food morsels, less likely to reach for the food morsel with its contralateral 
hand, and less likely to take the morsel on its contralateral side. Catch trials in which 
a food morsel was present only on one side showed no evidence that the monkey 
neglected that side. We infer that when equivalent visually perceived objects for 
behavioral interaction are present bilaterally, the PMv plays a role in choosing the 
object to which motoric responses will be directed, and the body part that will be used 
in the response.

Support: NINDS R01 NS27686.

257.8
Delay-Period activity in dorsal prem otor cortex (Pmd) related to direction  
and extent o f  intended arm  m ovem ents. J. M essier* & J. F. Ҟ alaska. 
CRSN, Physiologie, U. M ontréal, M ontréal, PQ  C anada H ЗC ЗJ7

Many psychophysical studies suggest that direction and extent of reaching 
movements to memorized visual target locations are planned in two 
independent processing channels. However, the neural basis of the 
independent psychophysical channels by which direction and distance are 
planned is still unclear. We examined the neuronal activity of 158 PMd cells 
recorded in two hemispheres of one monkey (m.mulatta) performing reaching 
movements to 24 targets located in 8 different directions and 3 different 
distances from a central start position. In this task, visuospatial cues presented 
for 500 msec, signaled the target location for a reaching movement to be made 
after a further delay period. Then, a go signal instructed the monkey to initiate 
an arm movement directed to the memorized target location.

A two-way ANOVA revealed that 42 cells (26.6%) showed only a main 
effect for direction, and 6 cells (3.8%) only for amplitude. However, 71 cells 
(44.5%) showed a main effect for both factors. Furthermore, 54 cells (34.2%) 
showed a significant interaction of the effect of direction and amplitude on 
their discharge. Therefore, this study suggests that there is considerable 
overlap at the single-cell level of the neural substrate for the processing of 
direction and distance information during an instructed delay period in PMd. 
Supported by the MRC Group Grant in Neurological Sciences (J.F.K.) and by 
the FCAR (J.M.).
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257.9
DIRECTIONALLY SELECTIVE OSCILLATIONS OF SINGLE-UNIT ACTIVITY 
IN MONKEY PREMOTOR CORTEX. M.A. Lebedev and S.P. Wise*. Laboratory of 
Systems Neuroscience, NIMH, Poolesville, MD 20837 USA.

Multiunit records and slow-wave activity in primary motor cortex (M l) display fast 
(ß- and γ-range) oscillations during the preparation of forelimb movements (J.P. 
Donoghue et al., J. Neurophysiol 79:I59;I998). The present study examined 
oscillations in single-unit activity in the dorsal premotor cortex (PMd). Forelimb 
movements were instructed by a visuospatial instruction stimulus (IS), followed by an 
instructed delay period (IDP) of 1-3 s. After the IDP, movements toward a left or a 
right target began from a central origin.

From a database of 1438 single-unit records taken from 4 rhesus monkeys, 104 units 
showed autocorrelation histograms (ACHs) that contained at least two statistically 
significant peaks. These cells were therefore classed as oscillators. They comprised 
7% of the sample, ranging from 2-12% in individual monkeys. Oscillation frequencies 
ranged from 15-70 Hz, but typically were 20-30 Hz (83/104 units, 80%). Oscillations 
frequently occurred "500 ms before the IS (62 units) and were also present during the 
IDP (44 of these 62 units). In 40 units, oscillations occurred during the IDP, but not 
before the IS. Three observations suggest entrainment by an extrinsic rhythmic drive: 
1) For 53 oscillators, shuffling interspike intervals (ISI) attenuated the ACH peaks, 
showing that they were dependent on serial-order effects; 2) Both increases and 
decreases in firing rate occurred during oscillations, but oscillation frequency did not 
change during such modulation; and 3) Joint ISI plots of 31 entrained units (as well as 
34 additional non-oscillatory units) contained diagonal bands with a slope of -1 , 
suggesting an extrinsic rhythmicity interrupted by intervening discharges.

Post-IS oscillations in 39 PMd units (46% of IDP oscillators) showed directional 
selectivity, i.e., oscillations occurred during the IDP before movements in only one of 
the two possible limb-movement directions. This finding shows that fast oscillations 
can reflect the specific action being prepared as well as more general signals.

257.11
PREFRONTAL AND CINGULATE AFFERENTS TO THE ROSTRAL 
PREMOTOR AREAS IN THE MACAQUE MONKEY
G. Luppino¤ . P. Govoni‡ and M. M atelli.*¤ ⅝ titu to  di Fisiologia Umana;‡ 
Istituto di Istologia, Universita' di Parma, Via Gramsci 14, 1-43100 Parma, Italy.

Movement execution, appropriate to the behavioural context, requires not only 
an adequate sensory input, but also motivational and mnemonic information as 
well as information on the temporal organization of the movement. In the 
present study we analyzed qualitatively and quantitatively the prefrontal and the 
rostral cingulate projections to the rostral areas of mesial (F6 or pre-SMA) 
superior (F7) and inferior (F5) area 6. Fluorescent dyes (FB and DY) were injected 
in different parts of each rostral premotor area in five macaque monkeys. An 
additional injection of FB was made in the dorso-rostral part of F7 
(supplementary eye field, SEF) following physiological identification.

The results showed that only pre-SMA is target of robust afferents from both 
prefrontal (23.6% of total cortical labelling) and rostral cingulate (23.3%) areas. 
Area F7 (not including the SEF) is target only of robust projections originating 
from the prefrontal cortex (19%). The SEF is mostly target of the prefrontal 
cortex (70%) but receives also a moderate cingulate input (7.8%). Finally, the 
prefrontal input to F5 was found to be very weak. The analysis of the areal 
distribution of the labelling in the prefrontal cortex showed that each of these 
premotor areas is target of markedly different sets of prefrontal areas. Pre-SMA 
receives from both the dorsal (46d) and ventral (46v) sectors of area 46 and from 
the mesial part of area 8B (8Bm). F7 is mostly target of 46d with additional 
contribution of areas 8Bm and 8A. The SEF are mostly connected with the 
frontal eye fields (areas 8A and 45), but also with areas 8B and 12. Projections to 
F5 originate only from 46v.

These data strongly support the notion that pre-SMA is the nodal point in 
combining and transmitting cognitive and motivational information to the other 
premotor areas.
(Supported by a EC Contract n-BMH4-CT95-0789)

257.13
DOPAMINE ENHANCES LIMBIC AFFERENT INPUT TO PREFRONTAL 
CORTEX W HILE SUPPRESSING CORTICAL THROUGHPUT IN 
NUCLEUS ACCIJMBENS. S.-P. Onn . W. E. Skaggs* and A.A. Grace. 
Departments of Neuroscience and Psychiatry, Center for Neuroscience, University 
of Pittsburgh, Pittsburgh, PA 15260

A perturbation in the mesolimbic dopamine (DA) system is believed to play a 
major role in pathophysiology o f schizophrenia. One working hypothesis is that 
deficits in the DA modulation of limbic afferents to prefrontal cortex lead to a 
dysfunction in PFC information outflow to subcortical DA systems. In this context, 
we used combined in vitro intracellular recording and labelling techniques to 
examine the effects of DA on the afferent-evoked synaptic responses of identified 
pyramidal neurons located in prelimbic cortex. Current-clamp recordings were 
obtained from 22 PFC neurons in 400 um-thick cortical slices. Bath application of 
DA (10-25µM) increased the amplitude of multi-synaptic EPSPs or decrease the 
threshold (by 32±7 %) for the afferent stimulation-evoked spike discharge. This 
occurred in the absence of any significant changes in postsynaptic membrane 
potential and conductances (N=l 1), suggesting a presynaptic action. However, 
when applied at higher doses (>25-50 uM; N=5) DA slightly enhanced membrane 
excitability by shortening the first latency to spike discharge and decreasing the 
threshold voltage for spike discharge in response to depolarizing current injection. 
The enhancing effects of DA on PFC pyramidal neurons is opposite to what is 
typically observed in accumbal spiny neurons, in that DA reduced EPSP amplitude 
and attenuated spike discharge evoked by PFC afferent stimulation. Thus, our 
results indicate that DA exerts differential actions in modulating membrane 
excitability and afferent-evoked synaptic responses in the PFC versus in the NAc. 
This is the first physiological evidence in support of the model that DA transmission 
in the cortical and subcortical systems exerts opposing cellular actions. (Support:
MH 45156 & MH 57440).

257.10
EFFECT OF A VIRTUAL REALITY ILLUSION ON PREMOTOR CORΉCAL 
POPULATION VECTORS DURING DRAWING. D.W. Moran*. G.A. Reina and 
A.B. Schwartz. The Neurosciences Institute, 10640 John J. Hopkins Drive, San 
Diego, California 92121.

A motor illusion paradigm in a virtual reality environment was used to 
ascertain the relationship between visual, movement, and cortical population 
trajectories. A rhesus monkey was outfitted with stereographic goggles and trained 
to draw computer generated objects in free space. The 3D position of the monkey's 
hand was ưacked in real time and downloaded to a graphics workstation that 
generated a virtual representation of the monkey's hand (spherical cursor) as well as 
the desired object to be drawn. The drawing task required the monkey to trace five 
continuous revolutions of a computer-generated ellipse. During the first two 
revolutions, the ratio of movement gains in the medial/lateral and superior/inferior 
directions was unity. During the third revolution, the movement gain in the 
medial/lateral direction was quasistatically increased such that a 1.0 cm hand 
movement caused a visual displacement of 1.8 cm. Given that the ellipse had a 
major/minor axis ratio of 1.8, the monkey visually perceived an elliptical trajectory 
during the remaining revolutions while, kinematically, its hand was moving in a 
circle. During repeated drawing tasks, single-cell recordings were obtained from the 
contralateral premotor area.

Previous results from primary motor cortical cells showed the population 
vector matched the actual movement of hand rather than the illusion. Many of the 
premotor cortical cells recorded in this study had both tactile and visual receptive 
fields located on the contralateral arm. Overall, the premotor cells were much more 
visually responsive than primary motor cortical cells and would be expected to reflect 
characteristics of the motor illusion induced by the visual display. (Supported by 
Neurosciences Support Corporation)

257.12
NEUROFILAMENT PROTEIN DISTRIBUTION IN THE DORSAL PREMOTOR 
CORTEX OF THE MACAQUE MONKEY. S. Gever1’, M. Matelli2, G. Luopino2. K. 
Zilles1. 'Brain Research Institute, Univ. Düsseldorf, Germany; 2Istituto di Fisiologia 
Umana, Univ. Parma, Italy.

Electrophysiological studies unravel increasing functional diversity in the macaque 
monkey premotor cortex. The underlying structural basis, however, is still poorly 
established. The present study analyzes regional and laminar distribution patterns of 
neurofilament proteins with the antibody SMI-32 (Sternberger, Baltimore, MD) 
which reveals microstructural differences between areas in greater detail than do 
"classical" techniques, e.g., cytoarchitecture. Five adult macaque monkeys were 
perfused with 3.5% paraformaldehyde and the brains cut with a freezing microtome 
at 5Oµm. Neurofilament proteins were detected immunohistochemically with mono
clonal antibody SMI-32, the avidin-biotin method, and diaminobenz¡dine as a chro
mogen. Adjacent sections were Nissl-stained for cytoarchitectonic analysis. In the 
dorsal part of the agranular frontal cortex, areas previously defined only with cyto- 
architectonics (FI, F2, and F7) can be defined also on the basis of differences in 
shape and packing density of layer III and layer V SMI-immunoreactive pyramidal 
cells. Functional and hodological data support this subdivision. In addition, dif
ferences in the density of SMI-immunoreactive neurons in layer V were found 
between that part of area F2 that lies dorsomedial to the superior precentral dimple 
(F2d) and that part of F2 located ventrolateral to it (F2v). Hodological data on corti
cal as well as thalamic connections of F2d and F2v do not seem to support a subdivi
sion of F2 into two areas. However, data on the distribution of corticospinal neurons 
indicate that the structural differences revealed by SMI-32 immunoreactivity may 
reflect a different organization of the descending output of F2d and F2v.

Supported by grants from the DFG (SFB 194/A6), BIOMED 2, and BIOTECH.

257.14
VISUALLY RESPONSIVE NEURONAL ACTIVITY ASSOCIATED WITH 
MOVEMENT PARAMETERS IN THE M ONKEY PREFRONTAL CORTEX L  
Fukushi* and T. Sawaguchi. Dept, o f  Psychology, Hokkaido Univ , Sapporo, 060- 
0810, Japan.

The dorsolateral prefrontal cortex (PFC) o f primates has been implicated in 
controlling goal-directed movements, and this area contains a group o f visually 
responsive neurons that are involved in the final processing o f visual information. 
To examine how such neurons are involved in motor control, we investigated 
visually responsive neuronal activity in the PFC of two rhesus monkeys that 
performed a delayed-isometric force exertion task In this task, the subject 
exerted one o f two magnitudes o f force by isometric wrist flexion; different target 
magnitudes were instructed by different visual cues (geometric figures, 1 s) prior 
to a 3-s delay period. Each force condition was instructed by two different cues, 
and two pairs o f  these cues (each pair was for two force conditions) were used 
alternatively in 5-10 trials, the cues for the "small" and "large" force conditions 
were presented randomly in each pair. We examined correlations between tine 
neuronal activities o f 86 cue-related neurons and several parameters o f  isometric 
force exerted after the delay period (force-onset latency, peak force, duration, peak 
force acceleration, peak force deceleration, peak force time and impulse) using 
multiple regression analysis. We found that about half o f  the neurons (n̂  ̄ 37/86, 
43%) showed a significant, independent correlation with one or two force-related 
param eters) Furthermore, two-thirds o f  these neurons (n = 22/37, 60%) showed 
a similar response to visual cues with different physical features but the same 
behavioral meaning (i.e., "small" or "large" target force). The activity o f the 
remaining neurons depended on both the physical features and behavioral meaning 
o f the visual cue. These results suggest that a subset o f  PFC neurons play a role 
in generating motor information from visual information to guide forthcoming 
motor acts.
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257.15

N E U R O N AL A C TIV IT Y  IN TH E  D O R S O LATER AL PREFRONTAL 
C O R T E X  IN TH E  PR O C E S S  O F M O TO R  S E LE C TIO N  AND 
EXECUTION. E. Hosh¡*. K. Shima and J. Tan¡i. Dept, of Physiology, 
Tohoku Univ. Sch of Med., Sendai, 980-8575, Japan.

We studied neuronal activity in the dorsolateral prefrontal cortex from the 
perspective of its role in controlling motor behavior to achieve a goal in 
accordance with task requirements. Monkeys were trained to perform two 
delayed motor tasks according to different requirements. Initially, a sample 
cue (a circle or a triangle) appeared at three different locations in a screen. 
After a delay period of Зs, a choice cue of two different categories appeared. 
In the first task, the choice cue was either three circles or three triangles. 
Monkeys were required to select and reach for a circle (or triangle) that 
matched the location of a sample cue. In the second task, the choice cue was 
a combination of a circle and a triangle. Then the requirement was to reach for 
an object that matched the shape of a sample cue. We first examined 
neuronal activity observed following appearance of the choice cue, 
corresponding to a period when monkeys determined a motor target. We 
found that the neuronal activity reflect a process of judging whether to 
perform the task by matching the shape or matching the location. We also 
found that neuronal responses to the choice cue were selective depending 
on how an object (e.g., a circle) is spatially arranged with respect to the other 
object. Subsequently, we analyzed neuronal activity during execution of 
reaching movements. A majority (54%) of 175 movement-related prefrontal 
neurons exhibited preference for either the target-shape or the task 
requirements. Fifty-two neurons were selectively active while reaching to a 
circle or triangle. On the other hand, the activity of 51 neurons differed 
depending on whether the task required the object-match or place-match.

257.16
E F F E C T S  O F  VTA STIM U LA TIO N  ON P R EFR O N TA L CORTEX 
N EURO NS R E C O R D ED  IN  VIVO. B. Lewis and P. O ’Donnell*. Departments 
o f Pharmacology & Neuroscience, and Neurology, Albany Medical College, 
Albany, NY 12208.

The nature of dopamine (DA) actions on the activity of prefrontal cortex (PFC) 
neurons has been controversial for some time. This study assessed the role of 
dopaminergic input from the VTA on the bistable membrane potential of PFC 
neurons recorded in vivo. The effects of VTA electrical stimulation on the 
membrane potential of PFC neurons were studied using in vivo intracellular 
recording techniques in chloral hydrate anesthetized rats. Neurons recorded in the 
PFC (n= l7) were characterized as bistable (n=8), or non-bistable (n=9). Bistable 
neurons exhibited spontaneous membrane fluctuations between a hyperpolarized 
down state (-81 .9  ± 3.7 mV) and a more depolarized up state (-70.7 ± 9.1 mV). 
Non-bistable neurons had an average resting membrane potential of -67.7 ± 9.4 
mV. VTA stimulation during down state in bistable neurons elicited EPSPs (n=4;
4.2 ±  1.3 mV; lower trace in figure) followed by a long lasting return to the down 
state. In two o f these cells, VTA stimulation during the up state resulted in IPSPs 
(-5.8 ±  1.3 mV; upper trace of figure). A disorganization of the bistable pattern 
was observed following VTA stimulation in one cell. Most non-bistable neurons 
did not show a response to VTA 
stimulation, with only small EPSPs in 2 
neurons. Neurobiotin injection following 
recordings showed all cells to be pyramidal 
neurons. These results suggest that DA 
may modulate the activity of PFC neurons 
by controlling transitions between up and 
down states. Supported by MH57683.
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258.1

NORADRENERGIC MODULATION OF CORTICAL GABAERGIC 
CELL SUBTYPES IN THE RAT FRONTAL CORTEX. L  
Kawaguchi*. Y. Shindoh and N. W ada. Lab. for Neural Circuits, Bio- 
Mimetic Control Research Center, RIKEN, Moriyama, Nagoya 463- 
0003, Japan.

Noradrenaline and GABA both exert strong influences on the cortical 
activity. The effects of noradrenergic agonists on GABAergic IPSCs of 
pyramidal cells as well as on the activity of identified GABAergic cells 
were investigated by in vitro whole cell recordings from the frontal 
cortex of young rats. NA (3-50 µM) induced an increase of IPSCs in 
pyramidal cells. This increase was reduced by tetrodotoxin, bicuculline 
and an α-adrenergic antagonist. An increase of IPSC frequency was also 
induced by an α-adrenergic receptor agonist, 6-fluoronorepinephrine 
(FNE; 30-50 µM), but not by a ß-adrenergic agonist. Noradrenergic 
effects on each GABA cell subtype were studied by application of NA or 
FNE. Fast spiking (FS) or late spiking (LS) cells were depolarized, but 
none demonstrated spike firings. The former morphologically included 
common multipolar cells with extended axonal arborizations as well as 
chandelier cells, and the latter neurogliaform cells. Most somatostatin- 
immunoreactive regular or burst spiking (RS/BS) cells, including 
Martinotti cells and wide arbor cells, were depolarized, accompanied by 
spike firing. Cholecystokinin-immunoreactive RS/BS cells, including 
large basket cells, were affected heterogeneously: depolarization, 
hyperpolarization followed by depolarization, or hyperpolarization. The 
findings suggest that the excitability o f GABA cell subtypes is 
differentially regulated by NA like acetylcholine, and that NA actions are 
similar to cholinergic ones in some subtypes, but not in others. 
Supported by FRP, RIKEN and grants from Monbusho.

258.3
A SPELLING INTERFACE FOR AN EEG-BASED COMMUNICATION SYSTEM
J. Perelmouter, D.J. McFarland, N. Birbaumer, L A. Miner , and J R. Wolpaw* 
Wadsworth Center, New York State Department of Health, and State University of 
New York, Albany, New York 12201 and Institute of Medical Psychology and 
Behavioral Neurobiology, University of Tuebingen, Tuebingen, Germany D-72074

Recent studies (McFarland et al., adjacent poster) show that individuals can use the 
amplitude of mu or beta rhythms over sensorimotor cortex to move a cursor to one of 
a series of 3-5 boxes arranged in a linear array and select that box by holding the 
cursor inside it for a fixed period (e g., 2 sec). We are applying this control in its 4- 
box form to operation of a spelling program that allows users to select letters and 
thereby communicate words.

We use 27 symbols (26 English letters and space) in a hierarchical structure with 
3 parent-sets (first, second, and third thirds of an alphabetically-ordered symbol set). 
Each parent has 3 children: therefore each symbol subset consists of 9 letters on the 
first level, 3 letters on the second, and one letter on the third. Selection of any symbol 
needs at least 3 selection steps. At each step, there are 4 boxes on the screen: 3 with 
children symbol subsets and one with a “back up” option that cancels the previous 
selection and is followed by a return to the previous step. After selection of a single 
letter, it is joined to a final text. It can still be deleted later by the “back up”option.

Three subjects previously trained to conưol cursor movement to select among 4 
boxes, have successively reproduced 3-4 letter words with this interface. Results to date 
suggest that efficient use of the speller as currently configured requires single-selection 
accuracy of about 90%. Current users can achieve this accuracy sometimes, but not 
consistently. Efforts are focused on improving consistency by altering the selection 
structure and by adjusting important aspects of the translation of EEG control into 
cursor movement (e.g., McFarland et al., adjacent poster).
(Supported by the National Center for Medical Rehabilitation Research, NIH 
(HD30146) and the German Research Society.)

258.2
EEG-BASED BRAIN-COMPUTER INTERFACE (BCI): MULTIPLE SELECTIONS 
WITH ONE DIMENSIONAL CONTROL. D.J. McFarland*. W.A. Samacki. and J.R. 
Wolpaw. Wadsworth Center, New York State Department of Health and State 
University of New York, Albany, NY 12201.

Individuals can learn to conưol the amplitude of the 8-12 Hz mu rhythm or the 18- 
25 Hz beta rhythm in the EEG recorded over sensorimotor cortex and use it to move 
a cursor to a target on a video screen (e.g., Elecưoencєphalogr Clin Neurophysiol 
78:252-259, 1991 and 90:444-449, 1994). Here we describe a variation of one
dimensional EEG-based cursor movement task in which individuals select among 
more than 2 choices by holding the cursor at the desired choice for a fixed period of 
time.

Five adult men (one with cerebral palsy who currently communicates with a touch- 
talker) learned to move to the correct selection among a linear array of 3-5 boxes and 
select the box by holding the cursor inside it for a specified dwell time (e.g., 2 sec). 
This array was aligned along the vertical axis of the screen and the cursor moved along 
the midpoint of the vertical axis. Cursor movement was a linear function of mu or beta 
rhythm amplitude. This linear function had two parameters, a slope and an intercept. 
The value of the slope (or gain) affected the relative accessibility of the boxes and 
overall accuracy. A value that rendered all boxes equally accessible appeared to 
maximize accuracy. Accuracy was also affected by the value of dwell time. Reducing 
the height of the top and bottom boxes, and correspondingly increasing that of the 
middle boxes, appeared to increase accuracy. Formal evaluation of these modifications 
is underway.

Present efforts are focused on optimizing parameter selection and on applying this 
graded one-dimensional control to a word-processing program (adjacent poster). 
(Supported by the National Center for Medical Rehabilitation Research, NICHD, NШ 
(Grant HD30146).)

258.4
EEG-BASED COMMUNICATION DOES NOT DEPEND ON CONCURRENT LIMB 
EMG ACTIVITY. T.M. Vaughan*, D.J. McFarland, L A. Miner. W.A. Samacki. and
J.R. Wolpaw. Wadsworth Center, New York State Department of Health & SUNY.

Recent studies show that individuals can learn to modify the amplitude of the mu or 
beta rhythms in EEG over sensorimotor cortex and use it to conưol movement of a 
cursor on a computer screen in one or two dimensions (e.g., Electroenceph din  
Neurophysiol 78: 252-259, 1991 & 90: 444-449, 1994). While subjects do not move 
during performance, inapparent muscle contractions might contribute to changes in the 
mu and beta rhythms. To address this issue, we recorded from 10 distal muscle groups 
while 5 trained subjects used mu or beta rhythms to move a cursor to targets at the top 
or bottom of the screen.

Bipolar EMG channels were recorded bilaterally from anterior and posterior forearm 
muscles, thenar eminence muscles, and anterior and posterior caff muscles. These 
groups were chosen because they have large cortical representations. Each EMG 
channel was also measured during a maximum voluntary conưaction (MVC).

EMG during cursor conưol performance was low. averaging 4.0% (±4.4% SD) of 
MVC. Most important, the correlation, measured as r2, between target position and 
EMG activity, was veiy low, averaging 0.01 (±0.02), much lower than the correlation 
between target position and the EEG activity that controlled cursor movement, which 
averaged 0.39 (±0.18). Furthermore, analysis of covariance indicated that 99%(±3%) 
of the EEG r2 was unique to the EEG. Results were comparable for the period 
immediately prior to cursor movement.

Combined with earlier data, these results indicate that EEG mu-rhythm or beta- 
rhythm control is not dependent on or consistently correlated with concurrent muscle 
activity. This conclusion is consistent with data from people with paralysis, and 
supports the potential usefulness of EEG-based communication for those with severe 
motor disabilities. (Supported by the National Center for Medical Rehabilitation 
Research, NIH (HD30146).)
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258.5
EEG-BASED COMMUNICATION: PRESENCE OF AN ERROR POTENTIAL. Ç_ 
Scŉalk. J R, Wolpaw. D.J. McFarland. G. Pfurtschelle*and D M. Maniccia . Institute 
of Biomedical Engineering, Graz University of Technology and Wadsworth Center, New 
York State Department of Health and State University of New York, Albany, NY 12201.

EEG-based communication could be a valuable new augmentative communication 
technology for those with severe motor disabilities. Like all communication methods, 
it faces the problem of errors in transmission. In the Wadsworth EEG-based brain- 
computer interface (BCI) system, subjects learn to use mu or beta rhythm amplitude to 
move a cursor to targets on a computer screen. While cursor movement is highly 
accurate in trained subjects, it is not perfect. In an effort to develop a method for 
detecting errors, this study compared the EEG immediately after correct target selection 
to that after incorrect selection.

Sixty-four channels of EEG were collected from 4 trained subjects while they moved 
the cursor to one of two words located respectively at the top and bottom edges of the 
computer screen. The selected word flashed whether or not it was the correct selection 
(so that the event at the end of the trial was the same for hits and misses). We analyzed 
in the time-domain the EEG occurring just before and after the word flashed and 
computed miss-minus-hit difference potentials.
The data showed that an unwanted selection is followed by a positive potential centered 

at the vertex that peaks about 150 msec after the incorrect selection. It was present and 
similarly focused in each subject. Ancillary analyses indicated that it was not attributable 
to eyeblink artifact.

This error potential might provide a method for detecting and voiding errors. This 
method would occupy little or no additional time and thus could improve both the speed 
and accuracy of EEG-based communication.
(Supported by the National Center for Medical Rehabilitation Research of the NIH 
(Grant HD30146) in the USA and the Fonds zur Förderung der wissenschaftlichen 
Forschung (Project PI 1208) in Austria.

258.7
Responses o f cat motor cortex neurones to forelimb nerve inputs exhibit step- 

phase dependence during precision walking
D.E. Marple-Horvat and D.M. Aгmsưong (SPON: British Neuroscience 

Association ).
Department of Physiology, University of Bristol, U.Ƙ.

The responses of 83 motor cortex neurones to impulse volleys evoked by single 
pulse electrical stimulation of the superficial radial (SR) and ulnar (UL) nerves of 
the conưalateral forelimb were characterised in awake cats at rest and during 
precision walking on a horizontal ladder. The nerve compound action potential 
(NCAP) was recorded, and stimulus intensities were always non-noxious (1.5-2 
times threshold for most excitable nerve fibres). At rest, 40% of cells responded to 
SR and 29% to UL stimulation. The most common response type was ‘excitatory’ - 
confined to or with an initial increase in discharge probability but some responses 
were ‘inhibitory’ - a monophasic or initial decrease in firing which typically 
included brief interruption of the spike train (zero rate). Most response onset 
latencies were less than 30 ms. During locomotion responses were usually reduced 
on overall average (i.e. pooling responses regardless of when in the step cycle 
stimuli were delivered) without parallel change in the NCAP. Most responses 
during walking varied markedly in amplitude depending on stimulus timing 
relative to the step cycle. A majority of ‘excitatory’ responses exceeded rest size 
during some (usually brief) part of the step cycle. Time of greatest responsiveness 
to UL stimulation was usually just before footfall, but for SR responses it varied 
more widely. ‘Inhibitory’ responses were also step-phase dependent in amplitude. 
Neither response type varied in parallel with the step-related firing rate of the 
neurone. These findings provide evidence for central mechanism(s) which 
powerfully regulate the excitability during locomotion of the somatic afferent 
path(s) from forelimb mechanoreceptors to m otor cortex. (Wellcome Trust)

258.9
PLASTICITY IN THE DISTRIBUTION OF RED NUCLEUS (RN) 
EVOKED POSTSTIMULUS FACILITATION OF FORELIMB 
MUSCLES ASSOCIATED WITH UNILATERAL PYRAMIDAL 
TRACT LESIONS. A. Belha¡-Saïf and P.D. C heney*. Depart, of 
Molecular and Integrative Physiol. & MRЙC, University of Kansas 
Medical Center, Kansas City, KS 66160.

Motor function recovery following pyramidal tract lesion may involve 
multiple mechanisms. Lawrence and Kuypers (Brain, 91:1-14, 1968) 
suggested that one mechanism involves compensation by rubrospinal 
neurons. To test this hypothesis we used stimulus-triggered 
averaging of EMG activity to identify changes in RN output 
organization that might underlie recovery of motor function. Three 
monkeys were trained on a reach and prehension task. Two monkeys 
served as controls and a third monkey received a unilateral pyramidal 
tract lesion. In previous work we have emphasized the preferential 
facilitation of extensor muscles and inhibition of flexors that is normally 
a very prominent feature of RN output organization (Cheney et al., J. 
Neurophysiol., 66:1978,1991; Belhaj-Saïf et al., J. Neurophysiol. 79: 
1777,1998). In control monkeys, only 10% of poststimulus facilitation 
(PStF) effects occurred in flexor muscles. However, in the lesioned 
monkey, that percentage increased to 44%. Changes were also 
observed in the distribution of effects by joint -  in control monkeys 
38% of PStF effects were in wrist muscles, 61% in digit muscles and 
1% were in brachioradialis, while in the lesioned monkey the 
corresponding percentages were 45%, 47% and 8% respectively. 
These preliminary data support the hypothesis that red nucleus 
organization shows plasticity that contributes to recovery of forelimb 
motor function following injury to the corticospinal system. This work 
was supported by the Paralyzed Veterans of America - Spinal Cord 
Research Foundation and NIH grants NS25646 and HDO2528.

258.6
EFFECTS O F ENTRAINM ENT O F VOLUNTARY M OVEM ENT BY 
SOUND STIM ULI ON THE AUDITORY EVOKED POTENTIAL.
S. Makhamra. L. Ielesia. A. Papachгistos. B. Condran. D. Cunic and W. A. 
MacKav*. Dept, of Physiology, University of Toronto, Toronto, Ontario, Canada, 
M5S 1A8.

Voluntary movement is easily entrained by rhythmic sound stimuli, but 
mechanisms of auditory-motor interaction are largely unknown. In this study we 
investigated cortical auditory evoked potentials evoked by tap-like drum beats at 
different frequencies (0.77, 1.33, 1.67, 2.22, 2.50, 2.86, 3.33, 4.00, 5.00. 6.67 Hz 
at approximately 65dB ), delivered from a computer CD player via earphones. 
Subjects listened to the tap sounds without moving, performed self-paced finger 
tapping movements, or both. Subjects were required to perform unimanual and 
bimanual tapping on two pressure transducers placed on a board in front of them. 
Sound stimuli were delivered in sweeps with decreasing and increasing inter-beat 
interval, with each frequency sweep lasting 15 seconds. EEG data were obtained 
using both a 16 and a 36 silver electrode lead system covering the cortex in an 
equidistant montage, as subjects listened to the sound stimuli and/or tapping their 
fingers. Selected data were subjected to spatial differentiation (Laplacian 
derivation) to improve spatial localization. Auditory evoked potentials were 
analyzed for evidence of 1) modulation between the listening and tapping tasks, 
especially during episodes o f motor synchronization with the auditory tapping 
sounds, and 2) expansion of cortical territory expressing auditory evoked potential 
during episodes o f tapping synchronized to the extraneous sounds. During periods 
o f entrainment, amplitudes o f the AEP ( positive peak ) were approximately 
doubled, as compared to conditions without tapping or during non-entramed 
intervals There was no significant difference between AEPs elicited by the sound 
presented alone or presented during periods of non-entramed tapping. Facilitation 
of auditory-motor pathways within the cerebral cortex may be one mechanism by 
which rhythmic sound is able to entrain motor performance.

258.8
IMPROVED SYNCHRONY DETECTION IN MULTI-UNIT RECORDINGS USING 
A MODIFIED GRAVITAΉONAL TECHNIQUE & PAIR-WISE TESTING. D.M. 
Taylor1, A.B. Schwartz1-2*, D.R. Kipke1. 'Dept, of Bioengineering, Ariz. State Univ. 
Tempe, AZ, 85287-6006; 2TҺ℮ Neurosciences Inst., La Jolla, CA, 92121

Synchronous firing between neurons is emerging as an important part of neural 
coding. Fast gravitational clustering, is a method for detecting synchronous firing in 
large groups of recorded neurons. In this algorithm, N neurons are distributed in N- 
dimensional space, and given a temporary ‘gravitational charge’ when they fire. 
Synchronous neurons will be attracted to each other’s charge and cluster together.

In this study, modifications to the fast gravitational clustering method were 
developed and tested on simulated neurons with known correlations. Modifications 
included: replacing the exponential charge function with a gaussian charge function, 
shifting trains in time based on the probability that the sum of the charges is increasing 
or decreasing when the train fires, and normalizing the aggregation velocity over time 
by taking the natural log of the distance between pairs. This is equivalent to the 
cumulative sum of the scaled products of two charged spike trains. For comparison, this 
function was also calculated directly through pair-wise analysis, and moving coưelation 
coefficients were determined.

Results showed the gaussian was better than the exponential charge function at 
detecting synchrony offset in time, and, along with the time-shifting, improved the 
gravitational test as a quantitative measure of synchrony. A function for the optimal 
charge decay parameter for any giving synchrony offset was also determined. Linear
izing the paired distance provided a more consistent quantitative measure of synchrony 
over time, but the comparison with the equivalent pair-wise calculation showed the 
gravitational version had significantly higher noise, making it a much less sensitive test 
than direct pair-wise analysis. Comparison of computation time for the direct pair-wise 
vs. gravitational methods showed the direct method to be more efficient. These methods 
are now being tested on 35-50 simultaneously recorded units from guinea pig cortex. 
Funding: Whitaker Foundation Fellowship, NIH #N01-NS6-2347, NSF #BES-9624636

258.10
MORPHOLOGICAL SEX DIFFERENCES IN  THE CORPUS 
CALLOSUM OF MACAQUES AND CHIMPANZEES
D.C. BROADFIELD1'2 *. R.L. HOLLOWAY3. P.J. GANNON2, and 
J.T. LAĨTMAN1,2. Dept, of Anthropology, City University of 
New York1, The Mount Sinai School of Medicine2, NY, NY 
10029, and, Columbia University3.

As the major interhemispheric pathway in the brain, 
the corpus callosum (CC) has been the focus of intense 
study on handedness, vision, and ipsilateral awareness. 
While we are gaining insight into how the CC functions, 
there has been little investigation on this structure in 
our extant primate relatives. We have begun to study the 
composition and morphology of the CC and its subsections 
in the brains of the crab-eating macaque (Macaca 
f a s c i c u l a r i s ) and the common chimpanzee (Pan 
t r o g l o d y t e s ) . We examined the CC of 20 adult macaques (10 
females; 10 males) and 23, adult common chimpanzees (12 
females; 11 males) in order to determine the presence or 
absence of sexual dimorphism. Thєґ midsagittal area of the 
CC and its subsections were measured using two 
established techniques, a radial line method and a 
straight line method. Results from standardized scores 
indicate that for both species there was no significant 
difference between males and females with regard to the 
midsagittal area of the CC or its subsections. These 
results indicate that the connections between the 
interhemispheric regions of the brain may not have become 
sexually distinct until later in primate evolution, after 
the split between the apes and humans.
Supported by NSF SBR9528100.
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258.11
CORTICAL AUDIO-MOTOR COREPRESENTATION IN PIANO LEARNING 
AND EXPERT PIANO PERFORMANCE.
M. Banαert. D. Parlitz. E. Altenmüller*. Institute of Music Physiology and 
Performing Arts Medicine, State Academy of Music, D-30175 Hannover, 
Germany, e-mail: Marc.Bangert@hmt-hannover.de

Expert piano playing can be considered as one of the most complex sen
sorimotor tasks highly controlled by an auditory feedback. It can be assumed 
that in professional pianists the playing is represented by auditory as well as 
by motor patterns, whereas in beginners such a common multimodal repre
sentation is not yet established. The aim of our study was to investigate 1 the 
changes in cortical activation patterns induced by short term (20 minutes), 
long term (5 weeks) and lifetime (>10 years in professionals) piano learning; 
2.the plasticity of established representations under re-learning conditions.

The subjects (beginners, expert performers, controls, 8 per group) had to 
perform a set of tasks on a computer-piano that allowed selective examination 
of auditory and motor aspects of performing and the manipulation of the au
ditory targets of particular motions. Furthermore, subjects worked with an 
interactive adaptive training software designed to aid the acquisition of an 
internal key-to-note-representation. During the tasks, brain activation patterns 
(using 32-channel DC-EEG) as well as performance were measured.

Beginners were capable of establishing an auditory-sensorimotor coactiva
tion within only 20 minutes. However, performance analysis revealed this 
short-term auditory-to-motor key mapping as quite unreliable for the perfor
mer. The neurophysiological data suggested that this co-representation was 
not yet stable and required a high degree of attention. First signs of stabiliza
tion could be gained during a 5 week training. In the experts’ cortex, after 
years of practice, the co-representation is firmly established and characterized 
by a widely distributed complex activation.

This work was supported by the Deutsche Forschungsgemeinschaft.

258.13
SINGLE UNIT RECORDINGS COMPARED TO D·*I WAVES 
aND EXCITABILITY OF THE CORTICOSPINAL TRACT.
W· Meлia⅜ J. Me,ifa. Neurophysiology Laboraѣo- 
ry, Dept, ©f Physiology, Faculty of Medicine, 
National Autonomous University of Honduras, 
Tegucigalpa, Honduras.

Single unit responses were recorded in the 
corticospinal tract of v/istar rats following 
surface stimulation of the motor cortex, which 
activates corticospinal cells directly and 
indirectly (i-waves) via cortical synapses.
A mean of 12.6 single units were recorded per
1-wave, with an average of 0.052 miliseconds 
of mean time and a standard deviation of O.O2· 
The relationships comparing recordings between 
any given pair of rats was not significant. 
Synaptic activation excitability showed no 
significant change after a ten-fold increase 
in stimulus ſrecuency.

258.15
DETERM INATION O F TH ALA M IC ACETY LCH OLINE CONTENT 
AFTER EXCΓΓOTOXIC *LESIONS O F TH E PEDUNCULOPONTШ E 
TEG M ENTA L NUCLEUS IN RATS. T .A  Jenkins*. M R  Latimer and P. 
Winn. School of Psychology, University of St Andrews, Fife, KY16 9JU, 
Scotland.

The pedunculopontine tegmental nucleus (PPTg) contains the CҺ5 
cholinergic neurons which innervate the thalamus. We have hypothesized 
that the PPTg CҺ5 neurons innervate particularly the sensorimotor nuclei of 
the thalamus while the adjacent CҺ6 neurons (in the laterodorsal tegmental 
nucleus) innervate more strongly limbic thalamic nuclei. In order to examine 
the innervation of the thalamus made by the cholinergic neurons of the 
PPTg, we have measured acetylcholine (ACҺ) content in several thalamic 
nuclei after making unilateral excitotoxic lesions of the PPTg. Such lesions 
are effective in destroying both cholinergic and non-cholinergic neurons in 
the PPTg. Unilateral lesions were made using 2 injections ⁄  hemisphere of
O.2µl 0.12M ibotenic acid; control lesions were made using phosphate buffer 
vehicle (pH 7.4). Rats were allowed to survive for 1, 2, 4, 7 days post surgery 
after which they were despatched and brains rapidly removed. Brains were 
frozen in chilled isopentane and ЗOOµm sections were cut on a cryostat. 
Specific thalamic nuclei (mediodoгsal, antcroventral, reticular and 
geniculate) and caudate-putamen were removed bilaterally using a tissue 
punch. Tissue samples were sonicated and centrifiiged and subject to assay by 
HPLC. Lesion sites were confirmed by histological analysis. The results 
demonstrate that ACҺ content of the thalamus does not fall uniformly across 
all nuclei following loss of cholinergic innervation from the PPTg, but that 
complex and dynamic changes occur across time and across nuclei.
Supported by Wellcome Trust Project Grant 〇47549/Z/96/ZУWREЉíK/JAT.

258.12
SYNAPTIC AND INTRINSIC PROCESSES UNDERLYING 
SUBTHRESHOLD MEMBRANE POTENTIAL FLUCTUATIONS IN RAT 
FRONTAL CORTICAL NEURONS RECORDED IN VIVO.
E. A. Stem* and C. I. W ilson. D ept, of A natom y an d  N eurobio logy, College 
of M edicine, U niversity  of Tennessee, M em phis, TN.

In vivo in tracellu lar record ings from  ra t cortical p y ram id a l cells in 
u re th an e  an d  k e tam in e /x y laz in e -an esth e tized  ra ts  h av e  sh o w n  th a t the 
m em brane potential of these neurons sp on taneously  shifts betw een two 
p referred  sub th resho ld  states.

In tracellu lar injection of QX-314 to block N a + cu rren ts  abolished  
spikes in a use-dependen t m anner w ith in  10 m inu tes after im palem ent. In 
m ost cases, this w as follow ed by the ap p earan ce  of large d epo lariz ing  
potentials from  the Up state. Injection of D89O over the course  of 15 m inutes 
to 4 hours to block Cд2+ curren ts abolished  the d ep o la riz in g  potentials, 
suggesting  that the d epo lariz ing  events w ere p robably  C a^+ m ediated  
d e n d ritic  po ten tials .

QX-314 and D89O had no  effect on  the tim ing of the  sta te  transitions or 
the average  preferred  voltage of the tw o states. A fter injection of QX-314 
and  D89O, the average reversal potential for the U p and  D ow n states was 
-18 ± 4.1 mV (n=6). S ubstitution of C s+ for K+ in the electrodes caused  a 
dep o la riz in g  shift of the preferred  m em b ran e  p o ten tial in  the  Up state. 
The average reversal potential of the Up and D ow n states of neu ro n s 
recorded w ith C s+ w as 16 ± 6.8 mV (n=6). The slopes of the I /V  curves in 
the neurons recorded w ith  C s+ w ere steeper an d  m ore linear than  those 
recorded  w ith  K +. W e conclude th at the Up state in cortical neu ro n s is not 
a stable state, bu t a resu lt of synaptic in p u t in teracting  w ith  non linear K+ 
conductances. Supported by NIH NS2O743.

258.14
LEARNING MOVEMENTS ACCORDING TO VISUAL INSTRUCTIONS

I. Toni-U, R.E. Passin»ham-L2.1WDCN. Inst, of Neurology, London, UK; 2Dept. of 
Psychology, Oxford, UK.

Primates can use sensory information to make movements even if the association 
between stimuli and movements is arbitrary. We studied the neural network involved in 
learning these arbitrary visuomotor associations. We PET scanned 10 subjects at four 
different stages of learning a visuomotor conditional task (VC). Four different visual 
patterns, presented one at a time, were to be associated (by trial and error) with four 
different finger movements. Scan 1 was acquired during initial learning. Scans 2, 3 and 4 
were performed after further inter-scan training periods of 1, 3 and 5 minutes. Non
specific time effects were controlled by four sensory-matched control scans, in which no 
movements were performed. In order to evaluate changes over time that were specific to 
learning the VC task, we acquired four scans during the learning of another motor task,
i.e. a motor sequence (SQ). The statistical model tested with SPM considered both main 
effects and linear changes over time independently for each of the three experimental 
conditions. Changes in activity over time were considered significant (p<0.001) only if 
they were within the subset of voxels accounted by the relative main effect (p<0.05).

The right lingual gyrus (16,-60,-10; Z=3.38) increased its activity as the visual 
stimuli became more familiar. Increases in activity associated with learning the VC task 
but not the SQ task were also found in the left cingulate motor area (-6,16,32; Z=3.70) 
and in the body of the caudate nucleus (-12,8,18; Z=3.58). The inferior frontal gyrus 
(IFG) (36,16,20; Z=2.58) also showed a specific time interaction. These results suggest 
that the IFG and the basal ganglia are involved in learning an arbitrary association 
between visual stimuli and movements. We argue that the relevant visual information 
are transferred from the extrastriate areas to the IFG, where they are combined with a set 
of movements. We also argue that the appropriate associations are reinforced through the 
basal ganglia and forwarded to the motor cortices.
Supported by an EU BЮMED //  grant and by the Wellcome Trust.

258.16
R O BO TIC  C O N T R O L FR O M  R E A L T IM E  T R A N SFO R M A T IO N  OF 
M U L T I-N E U R O N A L  PO PU L A T IO N  V E C T O R S J,K. Chapin*, R.S. 
Markowitz, K.A. M oxon and M .A.L. N icolelis. Dept. Neurobiol. & Anat., 
Allegheny U. Hlth. Sci., Phila. PA; Dept. Neurobiol., Duke U., Durham, NC  
To investigate the possibility o f  controlling robotic devices from brain-derived 
neural population vectors, up to 46 neurons were sim ultaneously recorded in the 
forelimb motor cortex, ventrolateral thalamus and/or cerebellum o f  eight rats 
trained to obtain water by moving a bar to position a robot arm under a water 
dropper. These neuronal signals were then electronically weighted and integrated 
into a realtime brain-derived signal whose timing approximated the onset o f  bar 
pressing movement. In recording experiments, control o f  the robot arm was 
suddenly switched from the bar press to the brain-derived signal. Four rats 
successfully used this signal to position the robot arm and obtain water rewards. 
Over continued training using the brain-derived signal to control the robot arm, 
the bar-pressing movements steadily diminished or changed their character, 
indicating a dissociation from the forelimb movements they originally encoded. 
Various mathematical techniques were investigated to further improve the 
selectivity and temporal resolution o f  these brain-derived population vectors. 
Discriminant analysis was used to derive selective linear weighting functions 
that successfully encoded limb flexion and extension in multiple dimensions. 
Moreover, artificial neural networks were used to transform the normally phasic 
brain-derived signals into control signals that successfully replicated the timing 
and magnitude o f  whole limb movements. Thus, brain-derived signals can be 
used as direct surrogates for operant movements, or with further training, to 
ultimately replace such movements. Such signals might be therefore be useful 
for controlling prosthetic devices. Supported  by N S26722 a n d  N S62352 to JKC.
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258.17
CORTICAL MAGNETIC FIELDS ACCOMPANYING VOLUNTARY JAW 
MOVEMENTS: TOPOGRAPHY AND ANALYSIS OF CORTICAL 
SOURCES. N. Narita* and H. Endo*. Dept, of Prosthodontics, Nihon 
Univ. Sch. of Dent, a t Matsudo, Chiba 271, *Dept. of Human Informatics, 
National Inst, of Bioscience and Human-Tech, Tsukuba, 305, JAPAN.

This study investigated the relationship between mandibular 
movement and magnetic fields appearing in the primary sensorimotor 
cortex using Magnetoencephalography (MEG) system. Two adult 
volunteers were asked to perform jaw opening, jaw closing, lateral jaw 
movement, tongue protrusion, and finger abduction. The following results 
were obtained: 1) Readiness fields (RF) and motor fields (MF)
accompanying jaw opening and tongue protrusion appeared in bilateral 
primary sensorimotor cortices. 2) RF accompanying lateral jaw 
movement and unilateral index finger abduction bilaterally appeared in 
primary sensorimotor cortices, nevertheless MF dominantly appeared on 
non-working side of the primary sensorimotor cortex. 3) Movement 
evoked fields (MEF) accompanying jaw opening were estimated in 
bilateral primary sensory cortices, while MEF accompanying lateral jaw 
movement dominantly were estimated in working side of the primary 
sensory cortex. From these results, it was concluded that bilateral 
primary sensorimotor cortices play a role in preparing for jaw movement 
regardless of the type of jaw movement and cortical motor control and 
cortical proprioceptive sensory feed-back arising from orofacial area 
depend upon the direction of jaw movement.

258.19
SENSORIMOTOR FEATURES OF EVENT-RELATED POTEN
TIALS IN THE AUDITORY CORTEX OF MAN. V.V. Nikouline1’2. 
R J. Dmoniemi1*. G.A. Kulikov2. 'BioMag Laboratory, Helsinki 
University Central Hospital, P.O. Box 508, FIN-00029 HYKS, Finland; 
2St.-Petersburg State University, Russia.

Ten subjects were asked to discriminate between two acoustical stimuli (1000- 
and 3000-Hz tones, duration 20 ms, SL 60 dB, ISI 2 .3-2 .5  s), presented in random 
order. For each stimulus, the subject was asked to react with either right-hand- 
finger or right-foot movement as quickly as possible. M agnetoencephalographic 
responses to the auditory stimuli were recorded with a helmet-shaped 
magnetometer (Neurom ag-122). The spatial coordinates (x,y,z) as well as the 
amplitudes o f the dipoles (qx, q>y qг) were analyzed from 90 to 110 ms after 
stimulus onset using discriminant analysis. For the right hemisphere (ipsilateral to 
movements), two statistically significant discriminant functions were found for the 
spatial dipole trajectory. The first one discriminates mostly between stimuli with 
respect to their physical features. The second one discriminates with respect to the 
required movements. Two statistically significant functions were found also for the 
left hemisphere as the result o f qx, q„ qz analysis. One o f them disriminates 
responses with respect to physical features of the stimuli, the other with respect to 
the movement one should have performed.

The results obtained suggest that activity in the auditory cortex already 90-110  
ms after the beginning o f the stimuli could be affected not only by physical 
features o f the stimuli, but also by the motor task required as a reaction to the 
stimuli.

Supported by the Center for International Mobility, Finland

258.18
EVOKED CO RTICA L ACTIVITY IN CONSCIOUS AND 
PR O PO FO L ANESTHETIZED RATS USING FUNCTIONAL

'Depts. o f Biomed. Eng., Worcester Polytechnic Inst., Worcester, MA 
01609, ⅛)ept. of Psychiatry and 4 Radiology, Univ, o f Mass. Med. 
School, Worcester, MA 01655, 3Dept. o f Neurology, Memorial Heath 
Care, Worcester, MA, 01605.

Changes in cortical activity during foot shock were assessed under 
conscious and propofol-anesthetized conditions using fMRI. Increases 
in signal intensity were observed in the contralateral somatosensory 
cortex in response to electrical shock of the hindpaw under both 
conditions. These increases in cortical signal ranged 6% to 25% while 
awake and from 1% to 6% under propofol anesthesia. In each o f the six 
animals studied, the largest increase in BOLD-based signal intensity 
was observed during consciousness. In three o f six animals, propofol 
anesthesia depressed signal intensity by as much as ten-fold, showing 
the level o f cortical activity during foot shock is dampened by 
anesthesia. These results indicate it would be advantageous to use fully 
conscious animals to maximize BOLD-based MR! signal in certain 
behavioral studies using MR spectrometers with modest field strengths 
(1.0 - 2.0 Tesla). (Supported by MH-52280 to CFF; NSF/DBI-9604937 
to JK)

258.20
ACCUMULATION OF LYMPHOCYTES ELICITED BY  
MICROSTIMULATION OF THE CAT’S CEREBRAL CORTEX.
T.G.H. Yuen. W.F. Aenew*. D.B. McCreerv and L.A. Bullara. Neurological Res. 
Dept., Huntington Medical Research Institutes, Pasadena, CA 91105.

Intracortical stimulations o f  the postcruciate gyrus o f  the cat have been 
evaluated using arrays o f  7 activated iridium microelectrodes, as part o f  our 
program to develop visual and auditory neural prostheses. The electrode shafts 
were 32 µm in diameter and the conical tips were 12 µm in diameter with exposed 
surface areas o f  450 µm2. The combination o f  the blunt tip and reduced shaft size 
significantly decreased the incidence o f  microhemorrhages and other types o f  
mechanically-induced trauma compared to insertion o f  sharp (1-6 µm diameter) 
and 50 µm shaft microelectrodes. Histologic evaluation o f  pulsed and unpulsed 
electrode tip sites were made using horizontal serial sections through the entire 
length o f  all electrode tracks and 100 µm below the tip.

At least 45 days after surgery 1-5 o f  the seven electrodes were pulsed with 2 - 8  
nC/ph (200 Hz, 150-400 µsec pulse duration) and sacrificed within 30 minutes o f  
the end o f  the stimulation regimen. During intracortical stimulation, averaged 
compound action potentials (ACAPS) were recorded from the pyramidal tract by a 
single recording electrode implanted stereotaxically.

The most prominent histologic feature was the aggregation o f  lymphocytes at 
the tips o f  pulsed electrodes but not in significant numbers at unpulsed tip sites. 
The lymphocytes were not present at the tips o f  pulsed electrodes when sacrifice 
was delayed for 3 days after stimulation. There was no evidence o f  damage to 
neurons or other cell types. However, considerable stimulation-induced depression 
o f  neuronal excitability (SIDNE) was observed as indicated by ACAPS recorded 
before and after stimulation.

Supported by NIH Contracts #N 01-N S -5-2324  and #N 01-N S-8-2388.
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259.1
HIPPOCAMPAL AND AMYGDALA-EVOKED CHANGES IN SYNAPTIC 
PLASTICITY OF NUCLEUS ACCUMBENS NEURONS: CORRELATIONS WITH 
LШBIC-EVOKED DOPAMINE EFFLUX. C,D.Blaha*. S.B.Floresco.
A.G.PhiШps & C.R.Yang Dept. Psych., Univ. British Columbia, Vancouver, B.C., 
CANADA V6T1Z4.

Converging limbic signals from the hippocampus and the basolateral amygdala 
(BLA) to the nucleus accumbens (NAc) can be “gated” by mesoaccumbens 
dopamine (DA), a mechanism which may provide differential short-term 
modulation of synaptic efficacy between limbic inputs. Changes in synaptic 
plasticity of these limbic to NAc inputs following their electrical tetanic 
stimulation were investigated using extracellular single-unit recordings 
concurrent with chronoamperometric recordings of DA efflux in urethane 
anesthetized rats. Four cellular responses were observed. In NAc neurons that 
responded only to (1) hippocampal fimbria/fomix (FF) or (2) BLA stimulation (2 
Hz), tetanization (20Hz/10s) resulted in short-term (< 30 min) potentiation of FF 
or BLA-evoked spike activity. In addition, tetanus of either afferent resulted in a 
time-locked transient increase in the DA signal, as reported previously (Blaha et 
al., 1997; Floresco et al., 1998). In NAc neurons with converging inputs from 
both the FF and BLA, (3) FF tetanization resulted in homosynaptic potentiation of 
FF-evoked responses and concurrent suppression of BLA-evoked responses. 
However, in a separate group of cells which received both inputs, (4) BLA 
tetanization resulted in potentiation of both BLA and FF-evoked spike activity. 
Additionally, tetanus of either afferent evoked a transient increase in the NAc DA 
signal. Some of these changes in synaptic efficacy of FF or BLA inputs to the NAc 
were blocked following iontophoretic application of the Dı receptor antagonist 
SCH-23390. These data suggest that NAc DA release evoked by moderate- 
frequency FF or BLA inputs to the NAc may serve to enhance the influence of one 
limbic input homosynaptically, while suppressing or co-potentiating the influence 
of other limbic inputs, on NAc neurons. This mechanism may be critical for 
limbic-mediated behavioral switching. Funded by MRC Canada

259.2
ENHANCED DOPAMINE D1 RECEPTOR INTERNALIZATION IN THE 
DENERVATED STRIATUM CORRESPONDS TO REDUCED IMMEDIATE 
EARLY GENE INDUCTION BY FULL D1 AGONISTS J.D. Wagstaff* and 
C.R. Gerfen. Laboratory of Systems Neuroscience, NIMH, Bethesda, MD 
20892.

Dopamine denervation of the striatum results in a supersensitive response to DI 
agonists by D1 receptor expressing striatonigral neurons as assessed by immediate- 
early gene (IEG) induction. Administration of the D1 partial agonist SKF 38393 
results in homogenous IEG induction in the striatum and nucleus accumbens 
(NAC) in a dose-dependent manner. In comparison, however, full D1 agonists 
cause a dose-dependent reduction of IEG expression in the dorsal striatum indicating 
an uncoupling o f the receptor from the signaling pathway involved in IEG 
induction. To examine this possibility, D1 receptor immunoreactivity was 
examined by confocal microscopy to assess the rate of D1 receptor internalization 
in the dorsal striatum and NĄC in comparison to altered IEG induction in unilateral
6-hydroxydopamine lesioned rats following the administration of SKF 38393 
(partial D1 agonist) and SKF 81297 (full D1 agonist). SKF 38393 (5 mg/kg) and 
SKF 81297 (0.5 mg/kg) caused homogenous IEG induction throughout the 
denervated striatum, but did not alter D1 labeling in any of the striatal regions 
examined. In contrast, SKF 81297 (2 mg/kg) induced robust IEG expression in the 
NAC within 20 minutes, but reduced IEG levels in the dorsal striatum. IEG 
expression was similarly reduced at 45 minutes, but was significantly increased 2 
hours after agonist administration. D1 receptor labeling was dramatically increased 
in the dorsal striatum at 20 and 45 minutes, and returned to basal levels by 2 hours. 
However, in the NAC, D1 immunoreactivity was not altered at any of the time 
points examined. This suggests that the reduction in IEG expression following 
high doses of full D1 agonist is due to an increased rate of D1 receptor uncoupling 
and internalization in the dorsal striatum. Supported by NIMH-IRP
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259.3
STRIATAL GENE CHANGES IN RO DENT M ODEL OF PARKINSON'S 
DISEASE. N. Gud*and C. R. Gerfen. Laboratory o f Neurophysiology, 
NIMH, Bethesda, M D 20892 .

Dopam ine (D A ) depletion resulting from  unilateral lesion  o f  the 
nigrostriatal DA  system  in rodents provides a useful experim ental model 
o f  Parkinson's d isease. One o f the more striking functional changes that 
occurs is the supersensitive response to D1 agonist treatment, as indicated 
by the extensive set o f  induced-immediate early genes (Berke et al., 1997, 
Soc. Neurosci. Abstr., 23:982). To identify candidate genes underlying  
the cellular m echanism s responsible for such D1 receptor supersensitivity  
a subtractive hybridization technique was used. Striatal tissue used to 
extract RNA was prepared from animals treated in the follow ing manner. 
Unilateral 6-O H DA lesion o f  the ascending nigrostriatal D A  system  was 
made in male, Sprague-Daw ley rats (2 30-250  g). Tw o w eeks after the 
lesion , the extent o f  D A  depletion  w as tested by observation o f  
contraversive rotation o f the rats fo llow ing the D1 agonist SK F38393 (5 
mg/kg, i.p.). Animals with verified lesions were then given the D 2 agonist 
quinpirole (1 .0  m g/kg/day, s .c .) continu ously  in order to norm alize  
changes in gene expression in D 2-containing neurons. Tw o days later 
the animals received a second injection o f  SK F38393 (5 m g/kg, i.p.) to 
elevate the expression o f D1 supersensitive candidate genes. Twenty four 
hours fo llow in g  this treatment, total RN A from the D A  depleted and 
normal striatum was extracted, and used to synthesize full-length cD N A s  
for use in the subtractive hybridization procedure. Subtraction o f  cD N A  
in the normal striatum from the lesion ed  striatum, and v ice  versa, 
identified genes that were suppressed by the D A  depletion and as well as 
som e which were upregulated follow ing the lesion. These latter genes are 
b e in g  c h a ra c ter ized  as ca n d id a tes  u n d er ly in g  D1 recep to r  
supersensitivity.

259.5
BILATERAL DOPAMINE LESION REPRODUCES THE EFFECTS OF 
UNILATERAL LESION O N  G AD67 A N D  DOPAMINE D2 RECEPTOR 
BUT NOT ON CHOLINE ACETYL TRANSFERASE m RNA EXPRESSION 
IN THE RAT STRIATUM. P. Salin*. C. Pгalavorio and L. Kerkeria∩-Le 
Goff. CNRS UPR 9013,13402 Marseille cedex 20. France.
W e prev iou sly  reported that bilateral 6 -h yd roxyd op am in e-in d u ced  
lesion of the nigrostriatal dopam inergic neurons reproduces the effects of 
unilateral lesion on substance P but not on  enkephalin m RNA expression in 
the rat striatum. This study w as aim ed at com paring the effects of the two 
typ es o f les io n  on other striatal m arkers by q u an titative in situ  
hybridization and im m unocytochem istry. Similar increases in GAD 67 or 
dopam ine D2 receptor mRNA expression w ere m easured after unilateral 
and bilateral dopam ine lesion. In contrast, the intraneuronal levels of 
choline acetyl transferase m RNA, which w ere unaltered after unilateral 
lesion, significantly increased after bilateral dopam ine denervation. On 
the other hand, the unilateral lesion-induced increase in the number of 
neuropeptide Y im m unoreactive intem eurons was not found after bilateral 
les io n . Th ese data su g g est that 1) n eu ro p ep tid e  Y and ch o lin e  
acetyltransferase striatal resp onses to unilateral dopam ine lesion m ay 
in volve interhem ispheric adaptive m echanism s, as previously show n for 
enkephalin; 2) different m echanism s m ay underlie the DA  denervation- 
induced changes in the expression of G AD 67 and neuropeptides in striatal 
neurons; 3) the unilateral lesion-induced upregulation of enkephalin and 
dopam ine D2 receptors m ay be independent phenom ena. Experiments arc 
now  in progress to compare the effects o f L-DOPA treatment on these 
different striatal markers in rats w ith unilateral and bilateral dopam ine  
lesion.

259.7
Altered Expression o f CArG-Binding Protein Following Injection o f the D1 Agonist 
SKF-82958 in Naïve and Hypersensitized Rats. W.J. R ushlow '\ B.A. Flumerfelt2, 
C.C.G. Naus2 and N. Rajakumar'. 'Depts. o f Psychiatry and 2Anatomy and Cell 
Biology, ‘London Health Sciences Centre and the 2University of Western Ontario, 
London, ON., Canada.

CArG-Binding Protein is a 2KB single transcript gene that was first isolated 
from C2 myogenic cells based on its ability to bind to CarG boxes and repress alpha- 
actin gene expression in muscle. Recently, we isolated this gene through differential 
display and characterized its sequence and mRNA expression pattern in the brain.
To test the hypothesis that CArG-Binding Protein is potentially involved in the 
repression of immediate early genes with serum response promoter elements that 
contain a CArG-box core sequence, CArG-Binding protein expression levels were 
examined following treatment o f naïve and 6-OHDA lesioned, hypersensitized rats 
with the dopamine D1 agonist SKF-82958 using in situ hybridization. The results 
indicate that CArG-binding protein expression levels are increased approximately 
30% over controls in drug naïve animals and >100% in hypersensitized rats. These 
increases were found to occur in regions showing c-FOS protein induction as 
revealed by immunocytochemistry which included the medial and/or lateral caudate- 
putamen and the nucleus accumbens core and shell. However, no reduction in the 
apparent number or intensity of c-FOS labelled neurons was found over time despite 
increases in CArG-Bind¡ng Protein mRNA. These results indicate that CArG- 
binding protein mRNA expression levels are linked to the expression levels of 
immediate early genes such as c-fos but CArG-Binding Protein does not suppress c- 
FOS in the D1 agonist paradigm. These results are in contrast with previous studies 
using NGF and PC 12 cells and rats treated acutely and chronically with neuroleptics. 
Thus the data suggests that the calcium response element in the c-fos promoter but 
not the serum response element is responsible for sustained c-FOS expression 
following D1 stimulation. Supported by MRC and OMHF.

259.4
6-HYDROXYDOPAMINE AND METHAMPHETAMINE TREATMENT ALTER 
CALBINDIN-D 28kD IMMUNOREACTIVITY IN THE VENTRAL 
TEGMENTAL AREA Y. Tan*. E.S. Williams. D.S. Zahm. Department of 
Anatomy and Neurobiology, St. Louis University School of Medicine, St. Louis, 
MO, 63104.

Previous studies indicate that the mesostriatal dopaminergic projections to the core 
of the nucleus accumbens (Acb) and matrix of the caudate putamen (CPu) are 
preferentially vulnerable to 6-hydroxydopamine (6-OHDA) and methamphetamine 
(METH) as compared to the projection to the shell of Acb and patches of the CPu 
(Zahm, Brain Res. 552:164-169, 1991; Broening et al., Neuroscience, 45:281-290, 
1997). The tendency for calbindin-D 28kD (CB) to be present in ventral tegmental 
area (VTA) dopaminergic neurons that project to the core and shell of Acb might be 
related to their different vulnerabilities to neurotoxins. The percentages of 
retrogradely labeled cells in the VTA exhibiting CB immunoreactivity (ir) following 
injections in the core are much higher than that of neurons projecting to the shell 
(Soc. Neurosci. Abstr, 23:1282, 1997), which is surprising if CB is neuгoprotective, 
since the dopamine innervation of the core is more vulnerable to neurotoxins than 
that of the shell. In the present study, a highly sensitive immunofluorescence double 
labeling method was used to compare the percentages of ventral mesencephlic 
tyrosine hydroxylase (TH)-ir neurons that contain CB-ir following 6-OHDA lesions 
in the lateral part of the VTA or intгaperitoneal injection of METH with vehicle- 
injected control groups. In control brains, the percentage of ventral mesencephalic 
TH-ir neurons exhibiting CB-ir was 62.5±2.57% (mean ±S.E.M .). Fourteen days 
following 6-OHDA lesions, the percentages of TH-ir neurons containing CB in the 
VTA contralateral to the 6-OHDA lesion exhibited a significant increase to 
75.O±l.lO%. After METH treatment, 74.8±2.44% exhibited CB-ir as compared to 
6l.l±2.OO% in the controls. These data suggest that CB-ir is upregulated and /or 
expressed de novo following neurotoxin lesion. Support: NS-23805.

259.6
QUANTITATIVE-TRAIT LOCI MAPPING FOR HALOPERIDOL-INDUCED 
CATALEPSY IN THE C57BL/6J X DBA/2J F2 POPULATION. Patel, N. V.*г Cipp L, 
Mahjuĥi E·, McCaughran J.г Hitzemann R.. Departments o f Neurobiology and Behavior, 
and Psychiatry, S.U.N.Y. at Stony Brook, Stony Brook, NY 11794.

To better understand the mechanisms underlying neuroleptic-induced extrapyramidal 
syndrome (EPS) in humans, we have examined the differences between two strains of 
inbred mice, C57BL/6J (B6) and DBA/2J (D2), that differ ten-fold in their ED50 for 
haloperidol-induced catalepsy. The ED^ for B6 and D2 is 3.8 mg/kg and 0.4 mg/kg, 
respectively (Kanes et. al. 1993). Similar to human studies, our previous and current 
studies show that the murine model of EPS has a strong genetic component. In this 
particular cross, B6XD2, approximately a third of the F2 population is either extremely 
responsive (RR) or non-responsive (NN) to the haloperidol challenge. Our previous 
studies have demonstrated that the phenotypic extremes in the F2 population share 
certain characteristics o f the respective parental phenotype. These differences include 
striatal D2 receptor density, number o f striatal cholinergic intemeurons, and haloperidol- 
induced Fos immunoreactivity in the basal ganglia (Kanes et al. 1993, Kanes et al. 1996, 
Patel et al. 1998). All of these differences could result from uneven segregation of 
certain alleles that may play a role in development of these phenotypes. Here we have 
taken the first step to identify the alleles by first finding the approximate location of 
these allele in the genome.

The genome-wide scan has identified at least three putative loci associated with 
catalepsy phenotypes. These QTLs are located at approximately 83 cM on chromosome 
2, at approximately 39 cM on chromosome 9 and at approximately 87cM on 
chromosome 1; these QTLs were identified using primer sets D2Mit282, D9Mit74 and 
D 1 Mit 16. This research was supported in part by MH-513 72.

259.8
THE MUTANT DYSTONIC (D Ѓ Z) HAMSTER: EVIDENCE FOR ENHANCED 
STRIATAL DOPAMINERGIC ACTIVITY FOUND BY PHARMACOLOGICAL 
MANIPULATIONS.
J. H. Renders. W. Löscher and A. Richter*. Dept, of Pharmacology, Toxicolo
gy and Pharmacy, School of Veterinary Medicine, 30559 Hannover, Germany.

The mutant dystonic d fz hamster, an animal model for idiopathic paroxysmal 
dystonic choreoathethosis (PDC), displays dystonic attacks in response to 
mild stress. Recent studies indicated that an overactivity of the dopaminergic 
system may be critically involved in the dystonic syndrome of d fz hamsters. In 
line with beneficial effects of neuroleptics in human PDC, systemic treatment 
with neuroleptics reduced the severity of dystonia, while levodopa and apo- 
morphine exerted prodystonic effects. Therefore, a decrease of dopamine 
(DA) D, and D2 receptors in the dorsomedial striatum of d ŕz hamsters has 
been interpreted as a downregulation in response to enhanced dopamine 
release. These findings prompted us to investigate the effects of amphetamine 
as well as selective Dļ and D2 receptor agonists and antagonists on the se
verity of dystonia after systemic treatment and after microinjections into the 
dorsal striatum. Amphetamine, the D2 receptor agonist quinpirole and high 
doses of the D·, receptor agonist SKF38393 aggravated dystonia after sys
temic administration. Striatal injections of quinpirole also exerted prodystonic 
effects and amphetamine as SKF38393 tended to increase severity of dys
tonic attacks. Systemic administration of the DA antagonists SCH2339O (D·,) 
and гaclopride (D2) had only a weak antidystonic effect when given alone. 
However combined treatment with both antagonists completely suppressed 
dystonia. Microinjections of the antagonists had no effect on dystonia when 
given alone, but again an antidystonic efficiency became evident when given 
in combination. Thus, overactivity of striatal D, and D2 receptors seems to play 
a significant role in the expression of dystonia. The present data support the 
suggestion that dopaminergic dysfunction, including enhanced striatal activity, 
is pathogenetically involved in dystonia in the hamster model.
Supported by Deutsche Forschungsgemeinschаft DFG (Lo 274/4-3)
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259.9
ƯLTRASTRUCTƯRΛL CORRELATES OF HΛLOPERIDOL-INDUCED ORAL 
DYSKINESIAS IN RATS: AN UNBIASED STEREOLOGY STUDY OF 
UNLABELED AND ENKEPHALIN LABELED STRIATAL TERMINALS. IT 
La∏idus. L. Kung,*D. Glass, and R.C. Roberts . Maryland Psychiatric Research 
Center, Dept, of Psychiatry, Univ, of MD School of Medicine, Baltimore, MD 21228.

Halopcridol given chronically to rats induces oral dyskinesias called vacuous 
chewing movements (VCMs) in a subset of treated animals. Previous studies from 
our laboratory have shown that such treatment decreases striatal synaptic density; 
asymmeưic synapses are decreased in both low and high VCM rats, while symmeưic 
synapses are decreased more profoundly in high VCM rats. The purpose of the 
present study was to confirm these results using unbiased stereology and to 
determine if enkephalin containing terminals, which form symmeưic synapses, are 
affected. After 6 months of ưeatment (haloperidol was give in drinking water, at a 
dose of l.5mg/kg/rat; conưols (n=Ю) were given plain water), drug-ưeated rats 
(n=2O) were divided into low (n=l 1) or high (n=9) groups. VCM scores at study end 
were: 4.3±l.6, conưol; l5.8±2.5, low VCM; 4.3±O.5, high VCM (p<0.002 compared 
to conưol and low VCM groups). Sưiatal volume was determined from Nissl 
material and found not to differ significantly between conưols and the drug ưeated 
rats. Synaptic density was reduced in the drug ưeated group to 63% of that of 
conưols (p<.006), with no difference between low and high VCM groups. The 
density of symmeưic synapses appeared to be more profoundly affected in the high 
VCM group (4.4±З.O) than in the low VCM group (6.6±l.8) as compared to conưol 
(11.2±3.4). The density of enkephalin labeled terminals forming synapses was 
3.66±З.O in conưols, l.62±l.2  in the low VCM group and l.67±l.2  in the high 
VCM group. Thus, haloperidol ưeatment appeared to reduce the density of 
enkephalin terminals by more than 50% in the ưeated rats, but there was no 
difference between low and high VCM groups.
Supported by MH53494.

259.11

DIFFERENTIAL EFFECTS OF L-ARGININE AND NITRIC OXIDE 
DONORS ON NEUROLEPTIC-INDUCED CATALEPSY IN MICE. 
J.G.P. Piгes*. P.G. Costa. F.P. Saraiva. N.F. Silva & H.A. Futuгo-Neto. Dept. 
Ciências Fisiológicas, CBM, ƯFES, Vitoria, ES-29040-090, Brazil.

It has been suggested that endogenous nitric oxide (NO) modulates nigrσ· 
striatal dopaminergic (DA) transmission, but the precise mechanism involved 
remains controversial. In this study we tested the effects of the NO precursor, 
L-arginine (L-Aгg) and two centrally active NO donors - isosorbide dinitrate 
(ISD) and linsiđomine (SIN-1), on neuroleptic-induced catalepsy (NIC). Male 
albino mice, 26-36 g, were used. Catalepsy was induced with haloperidol (H; 
1 mg/kg i.p.) and measured at 30-min intervals by means of a bar test. Drugs 
(or saline for the controls; C) were injected i.p. 30 min before H, with each 
animal (w = 9 per group) been used only once. Dunnetťs test was used for 
statistical comparisons of means, with the level of significance set at p  < 0.05. 
Results were: (1) ISD (5 or 50 mg/kg) significantly attenuated NIC (at 150 
min: respectively 80 ± 8 & 65 ± 8 s vs. 159 ± 24 s for C); (2) SIN-1 (10 mg/kg) 
did not significantly modify NIC (165 ± 19 s vs. 159 ± 24 s for C, at 150 min); 
(3) L-Arg (20, 60 or 200 mg/kg) dose-dependently potentiated NIC 
(respectively 370 ± 54, 555 ± 50 and 594 ± 52 s vs. 159 ± 24 s for C, 150 min 
after H). These data confirm the pharmacological heterogeneity of ‘nitrergic’ 
agents. The effects obtained with ISD, but not with SIN-1, support the 
hypothesis that NO facilitates central DA transmission. Results also suggest 
that L-Arg have NO-independent effects, as previously shown (Maccario et 
al., J Endocrinol Invest 20: 488, 1997). Despite such discrepancies, it is 
tempting to speculate that some NO donors may have a potential for the 
treatment of parkinsonism. Supported by CNPq, FCAA, FACITEC and FINER

259.10
N E U R O LEPT IC -IN D U C ED  SU PPRESSIO N  O F TY R O S IN E 
H Y D R O X Y LA SE IN TH E  SU B STA N TIA  N IG RA  IS NO T SIM PLY A 
W ITHDRAW AL PH EN O M EN O N . A K olbasnik . Λ .J. L evinson. S. Gaгsidc.
P.I· R o se b u sh * an d  M .F. M az u re k. D epartm en ts o f  M edical Sciences 
(N eurosc ience), P sych ia try  and  M edicine (N euro logy). M cM asler 
U niversity  M edical C entre , H am ilton , ON  I iŧN  ЗZ5.

Prev iously , we have show n suppress ion  o f tyrosine hydroxylase  (T II)+  
cell co u n ts  in do p am in erg ic  neurons o f  the su b stan tia  n igra  (SN) fo llow ing  
w ithdraw al o f  neuroleptic  m edication. The o b jective o f  th is  study  was to 
fu rth e r ex p lo re  th is  p henom enon .

R ats received  daily  in traperitoneal in jections o f saline in -  10) o r 
ha lo p e rid o l (HAL.) 1 m g kg in ~ 32) fo r 8 w eeks and w ere sacrificed  at 0, 3. 
10 o r 17 w eeks after the final in jection . Sections from  the SN and ventral 
tegm ental area (V TA ) w ere s ta ined  for TH  and N issl substance. T II+  cell 
coun ts in  the  SN w ere reduced  by 22%  at 0  w eeks w ithdraw al and  by 29%  
at 3 w eeks w ithdraw al; cell coun ts w ere a lm ost fu lly  recovered  at 10 and 17 
w eeks w ithdraw al. T hese effects were m ore prom inen t in the  m edial section 
o f  the SN. TH + cell co u n ts  in  the  V TA  w ere no  d iffe ren t from  saline in any 
o f  the trea tm en t groups. A separate  g roup o f  a n im als  trea ted  w ith  H A L for 
3 w eeks show ed  a 21%  reduction  in  TH + cell co u n ts  at 3 w eeks w ithdraw al. 
N issl s ta in in g  o f  the  SN revea led  no d iffe rences  in  any o f  the groups.

T hese  resu lts  show that: 1) n eu ro lep tic -in d u ced  do w n reg u la tio n  o f n igral 
TH +  n eurons occurs during  active trea tm en t and not sim ply  as a w ithdraw al 
p h en o m en o n ; 2 ). the  e ffec t is m ore  p ro n o u n ced  in  th e  m ed ia l com ponen t 
o f  the SN ; 3). TH + cell co u n ts  m ay be reduced  a fte r as little  as 3 w eeks o f 
HAL. treatm ent.

S u p p o rted  by the O n ta rio  M enta l H ea lth  F o u n d a tio n  and  the N atural 
S cience an d  E ng in eerin g  R esearch  C ou n cil o f  C anada.
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260.1

GABAERGIC SYNAPTIC CONNECTIONS OF TWO TYPES OF 
INTERNEURONS IN RAT NEOSTRIATUM Y. Kubota*. S. Kato 
and Y. Kawaguchi. Lab. for Neural Circuits, Bio-Mimetic Control 
Research Center, RIKEN, Moriyama, Nagoya, Aichi 463-0003, Japan 

In the neostriatum both parvalbumin (PV)-containing fast-spiking 
(FS) cells and somatostatin (SOM )-containing low-threshold spike 
(LTS) cells are considered to be GABAergic interneurons due to the 
following reasons: (1) GAD immunoreactivity was detected in PV 
and SOM cells. (2) PV- and SOM-immunoreactive axons were found 
to be mostly immunoreactive for GABA. (3) The terminals of FS and 
LTS cells were imm unoreactive for GABA. The purpose o f the 
present study is to reveal the differences of the synaptic structures 
made by these two types of GABAergic interneurons. FS and LTS 
cells were identified by whole cell recording and intracellulary filled 
with biocytin in vitro slice preparation of rats (18-22 days postnatal). 
After fixation, the slices were incubated with ABC, reacted with 
DAB, and embedded in Epon for electron microscopic observations. 
Although both types made synapses on the soma, dendritic shaft and 
spine stalk, the 3D reconstruction of the electron microscopic images 
revealed the difference between their synaptic structures. The size of 
synaptic active zones (25000 to 45OOOOnm2) linearly increased along 
with the size o f circumference o f the postsynaptic dendrites or spines 
(950 to 5l5Onm) in FS cells. On the other hand, no correlation was 
seen and the synaptic area was always under lЗOOOOnm2 in LTS 
cells. These observations suggest that these two types of GABA
ergic interneurons may have different synaptic actions on neostriatal 
cells. Supported by the FRP, RIKEN and grants from Monbusho.

260.2
TOPOGRAPHIC ORGANIZATION OF THE STRIATAL EFFERENTS OF THE RAT 
MEDIAL AGRANULAR CORTEX. K.J. Burcham1 *, R.L Reep2 , J.V. Corwin1, and
T.M. Van Vleet1. 'Psychology Dept, Northern IL Univ., DeKalb, IL 60115; 2Dept. of 
Physiological Sciences, Univ. ofFL, Gainesville, FL 32610.

Studies of AGm-induced neglect have revealed that lesions of caudal AGm result in 
severe multimodal neglect whereas rostral AGm lesions produce allesthesia/allokinesia 
(King & Corwin, 1990). Lesions of adjacent lateral agranular cortex (AGI) do neither. 
Further, recovery from AGm-induced neglect is correlated with changes in glutamate 
receptors and immediate early gene expression in dorsolateral striatum (Vargo and 
Marshall, 1995, 1996). These dynamic changes in striatum, together with known 
differences in function between rostral and caudal AGm led us to examine the 
topography of AGm-striatal connectivity throughout the entire of AGm.

Each of 21 rats was injected with Ή  leucine-proline or FluoroRuby. Rostral AGm 
injections produced terminal field labeling extending from the head of the caudate to the 
level of the postcommisural fornix. Labeling was most dense in the dorsocenưal striatum 
from the level of the genu to the septal nuclei. With progressively more caudal injections, 
labeling shifted caudally and dorsally. The dense focus in the dorsocentral striatum seen 
from rostral injections was replaced by, a more diffuse labeling closer to the external 
capsule. Further, injections located in rostral AGm, but at different mediolateral 
positions, all showed terminal field labeling extending from the head of the caudate 
caudally to the level o f the anterior commisure. The most medial injections produced 
labeling focused in the dorsomeđial striatum, whereas centrally located injections 
resulted in labeling concentrated in the dorsocentral striatum. Injections in AGI resulted 
in labeling focused more laterally in striatum. The results indicate that the topographic 
organization of striatal projections correspond to known functional differences among 
rostral AGm, caudal AGm, and AGI. Further, the pattern of projections to striatum 
corresponds to the location of plastic changes correlated with behavioral recovery. 
Supported by the Univ of FL College of Veterinary Medicine and the Maxwell Fund.
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260.3
ULTRASTRUCTURAL MORPHOLOGY IN RAT STRIATUM OF THE 
CORTICOSTRIATAL TERMINALS ARISING AS INTRASTRIATAL 
COLLATERALS OF PYRAMIDAL TRACT NEURONS. N. Del Mar*. 
Y Jiao, and A. Reiner. Department of Anatomy & Neurobiology, 
University of Tennessee - Memphis, Memphis, TN 38163.

Two types of eoгticostriatal projection neurons have been identified, one 
that projects to brainstem and whose projection to striatum arises as a col
lateral from this descending projection, and one whose projection is re
stricted to telencephalic targets that include striatum and cortex. It is un
certain if these two types of striatal projections differ in the characteristics 
of their intrastriatal terminals. To address this issue, we took advantage of 
the sensitivity of the retrograde tracer biotinylated dextran amine 3,000 
MW (BDAЗk) to selectively label the former type of input to striatum by 
injecting the tracer into the pyramidal tract at caudal pontine levels. At the 
LM level, we observed that such injections yielded extensive ipsilateral 
retrograde labeling o f the layer 5 neurons o f origin of the pyramidal tract, 
of their axons passing through the striatum, and of the intrastriatal collater
als of these neurons. The intrastriatal terminals were abundant in dorsolat
eral striatum, consistent with the known topography of the somatosenso- 
ry/somatomotor projection to striatum. At the EM level, labeled coгticostri- 
atał terminals were observed to make en passant asymmetric synaptic con
tacts with spine heads and less frequently with dendrites. These terminals 
were characteristically large (typically over one micron in size) and irregu
lar in shape. Our findings show that the intrastriatal terminals o f those 
eoгticostriatal projection neurons that send their main axon into the pyra
midal tract can be selectively labeled by injection of BDA into the pyrami
dal tract at caudal pontine levels. These terminals seem to be among the 
larger eoгticostriatal terminals, raising the possibility that they represent a 
functionally distinct class o f input to Striatum. Supported by NS-19620 (A.R.).

260.5
AN EXAMINATION OF THE RELATIONSHIP BETWEEN PALLIDAL AND 
NIGRAL AFFERENTS AND THE VA/VL THALAMOSTRIATAL PROJECTION. 
N.R. McFarland*. J.L. Fudge, and S.N. Haber. Dept, of Neurobiology and Anatomy, 
University of Rochester School of Medicine, Rochester, New York 14642.

Parallel, segregated loops through the basal ganglia describe specific functional 
circuits which begin in the cortex, project to specific striatal territories, which in turn 
project to the globus pallidus (GP) and substantia nigra (SN), and then return to 
specific frontal cortical areas via the thalamus. The ventral thalamic nuclei, including 
the ventral anterior (VA) and ventral lateral (VL) nuclei, play a central role in these 
loops in that they receive the bulk of basal ganglia output from the SN and GP and 
relay this output to the cortex. Recently, we described direct projections from both the 
VA and VL thalamic nuclei to dorsal striatal regions. The existence of ventral tier 
thalamostriatal projections suggests that they may also function as a source of direct 
feedback to the striatum. Thalamostriatal ‘feedback’ may be organized in parallel, 
segregated loops. Alternatively, this input may integrate different functional circuits. 
This study examines whether thalamic neurons that project to a specific striatal 
territory are ‘influenced’ by pallidal/nigral inputs from regions that receive afferents 
from the same striatal territory.

A series of retrograde, anterograde and bi-directional tracer injections were placed 
into discrete regions of the striatum, SN and internal segment of GP. Results in general 
show that the GPi and SN receive topographic projections from the striatum and 
project to specific regions of the VA and VL nuclei. These thalamic nuclei in turn 
project topographically back to the striatum. For example, the caudoventral GPi 
receives striatal afferents from the dorsolateral putamen and projects specifically to the 
VL pars medialis (VLm) and VL pars oralis (VLo) nuclei. Both VLo and parts of 
VLm, in turn, project back to the dorsal putamen. These results, when combined with 
our previous studies on the organization of thalamic projections to the striatum, 
support the idea that thalamostriatal projections may be a source of direct striatal 
feedback from the GPi and SN. These thalamostriatal feedback circuits are also 
organized in parallel, functionally segregated loops. (Supported by MH11661 
(N.R.M.), N S225ll (S.N.H.), the Lucille Markey Charitable Trust.)

260.7
SHELL OF ACCUMBENS AND EXTENDED AMYGDALA PROJECTIONS IN 
RELATION TO DISTRICTS AND CELL GROUPS IN THE FOREBRAIN AND 
BRAINSTEM THAT EXHIBIT NITRIC OXIDE SYNTHASE AND/OR CHOLINE 
ACETYLTRANSFERASEIMMUNOREACTIVITIES. D .S. Zahm*. E.S. 
W illiam s. S.L. Jensen and J.K. Martin. Dept, o f Anal, and Neurobiol., St Louis 
University School o f Medicine, 1402 S. Grand Blvd., S t Louis, MO 63104.

In view o f the reportedly close functional-anatomical relationships of extended 
amygdala (E A) and the caudomedial shell of the nucleus accumbens (Sh), an on
going comparative study o f the efferent connections of these structures (Soc. Neurosci 
Abstr. 23:1282,1997) was extended to address the extent to which neurochemically 
distinct districts and cell groups are traversed by each, with special reference to nitric 
oxide synthase (NOS) and choline acetyltransferase (CҺAT) immunoreactivities (ir). 
It was observed that NOS-ir is a neurochemical marker o f the EA, within which fore- 
brain projections from the central nucleus o f the amygdala (CeA) were well confined 
and which was avoided by projections from the Sh. NOS-ir is absent in the ventral 
pallidum and moderately strong in the lateral preoptico-hypothal antic continuum, 
which received projections from the Sh. ChAT-iг neurons were numerous in pallidal 
districts, i.e., within the labeled pathway not only from Sh, but also from other parts 
o f the dorsal and ventral striatum, and fewer within regions o f dense CeA termina
tions, e.g., the sublenticular EA. In addition, the fusiform ChAT-ir neurons in the 
striatofυgal pathways were larger (16-20 µm) than those in the trajectory o f the CeA 
projection, particularly those in the sublenticular extended amygdala, which were 10- 
15 µm. In the peripeđunculopontine tegmental region, where perikaryal NOS and 
CҺAT are reportedly co-localized, the robust projection from the CeA and consider
ably weaker one from the Sh were both adjacent to, rather than overlying, clustered 
immunolabeled neurons of the pedunculopontine tegmental and lateral dorsal tegmen
tal nuclei. The relationships of these pathways with morphologically distinct ChAT-ir 
neurons in the forebrain and their relative avoids o f clusters o f CҺAT/NOS-ir neurons 
in the mesopontine tegmentum may have significant functional implications. 
Support:NS-23805.

260.4
MORPHOLOGY AND PHYSIOLOGY OF INTRATELENCEPHALI- 
CALLY PROJECTING CORTICOSTRIATAL NEURONS IN PIGEONS 
AS REVEALED BY INTRACELLULAR RECORDING AND CELL 
FILLING. A. Reiner. E.A. Stem & CJ. Wilson*. Dept. Anatomy & 
Neurobiology, University o f Tennessee, Memphis, TN 38163.

Much of the Wulst and DVR in birds (which together make up avian te
lencephalic “cortex”) projects to the striatum. This input arises from neu
rons projecting to brainstem and from neurons projecting only within te
lencephalon. As part o f an effort to further characterize eoгticostriatal pro
jection neurons in birds, we carried out intracellular recording and cell 
filling of intratelencephalically projecting (ΓΓ) eoгticostriatal neurons in pi
geons. In our studies, we have recorded intracellularly from neurons of 
the outer DVR, identified eoгticostriatal neurons by antidromic stimulation 
from the ipsilateral rostral medial striatum, characterized these neurons 
physiologically and then filled them with biocytin. These studies show 
that: 1) the conduction velocity of avian ΓΓ eoгticostriatal neurons is slow 
(about O.2m/see); 2) avian IT eoгticostriatal neurons show a time-depen- 
dent inward rectification in response to hyperpolarization and regular fir
ing in response to constant current injection; 3) the membrane potentials 
of avian ΓΓ eoгticostriatal neurons fluctuate between two preferred sub
threshold values, and action potentials occur only in the up state; 4) avian 
IT eoгticostriatal neurons possess radially disposed densely spiny den
drites but no apical dendrite; 5) avian IT eoгticostriatal neurons have local 
and distant collateral projections within cortex. Aside from the shape of 
their dendritic tree, IT type eoгticostriatal neurons in birds thus closely re
semble IT type eoгticostriatal neurons in mammals. The results also sug
gest that the two state behavior o f eoгticostriatal neurons does not require 
a contribution from the active properties o f an apical dendrite. Supported by 
NS-19620 (A.R.) and NS- 20743 (C J.W.).

260.6
TESTING AN ALGORITHM USED TO LOCALIZE NEOSTRI- 
ATAL MATRISOMES IN 2DG AUTORADIOGRAMS. S.M. 
Feldman*† J.R. Cavanaugh† and L.L Brown‡. †Center for Neural 
Science, New York University, Nevv¯York, NY 10003 and ‡Depart- 
ment of Neurology, Albert Einstein College of Medicine, Bronx, 
NY 10461.

In previous studies using 14C-deoxyglucose autoradiography 
(DG), we found that coherent metabolic peaks in rat striatum  asso
ciated w ith somatosensory stimuli are predom inantly in the 
matrix. Minimal overlap w ith striosomes led to the conclusion 
that the detected peaks may correspond to matrisomes (Brown et 
ah, 1996). Using DG perm itted simultaneous sampling of the 
entire neostriatum  and cortex for functional changes. However, 
the relatively small changes in m etabolism associated w ith normal 
neural activity posed special problems for detection. Accordingly, 
we used computer-assisted iterative thresholding procedures to 
detect regions of peak metabolism (features) that exceeded a 
preset m inimum (Feldman et al. 1996). To examine the validity of 
our method for localizing DG features w ithin neostriatal chemoar- 
chitectural compartments, we generated a series of features that 
matched the sizes of detected features, but that were distributed 
randomly within dorsal striatum. Applying the same algorithm 
to detect randomly localized features that was used for features 
w ith biological substrates, we predicted that the relation between 
detect level and overlap w ith striosomes would be approximately 
linear for randomly located features, but would be minimal for 
actual features w hen detect levels were w ithin the range esta
blished by the algorithm. The results confirmed that peak neural 
activity in rat striatum  is predom inantly in the matrix compart
ment, under resting conditions and during somatosensory stimu
lation. Supported by USPHS Grants NS21356 and MH19524.

260.8
A COMPREHENSIVE RETROGRADE TRACER STUDY OF THE THALAMOSTRIATAL 
PROJECTIONS IN THE RAT. E. Erro1, J.L. Lanciego1. S. De las Heгas2* and J.M. 
Giшénez-Aшava1. 'Dept, de Anatoraía, Universidad de Navarra, 31080 Pamplona, 
¾>ept. de Morfología, U.A.M, 28029 Madrid. Spain.

In the rat basal ganglia, the thalamostriatal projections represent a massive input 
system to the striatum. Early anatomical studies in rats have revealed a 
topographical organization of this pathway, in which oblique thalamic zones, 
crossing the borders of several thalamic nuclei, project to different transverse 
striatal segments. Later on, this point of view has been replaced by the concept of 
thalamic zones projecting to longitudinally oriented striatal areas. We have re
examined the organization of the thalamostriatal projections in the rat using 
Fluoro-Gold (FG) as retrograde tracer. FG was iontophoretically injected in different 
areas of the caudate putamen complex (CPu). The main results of this study were: 
(1) Retrogradely labeled thalamic cells were constantly found in the midline and 
intralaminar nuclei and, inconstantly, in the ventral, lateral and posterior thalamic 
groups. (2) A topographical organization of the thalamostriatal neurons was found 
in the midline and intralaminar nuclei, in such a way that: (a) dorsal injections in 
the CPu elicited lateral labeling in the thalamus; (b) ventral injections in the CPu 
elicited medial thalamic labeling; (c) medial injections adjacent to the lateral 
ventricle in the CPu showed a predominant dorsal thalamic labeling, near the third 
ventricle; and, (d) lateral injections in the CPu distant to the lateral ventricle 
elicited a predominant ventral thalamic labeling; (3) A predominant labeling was 
found in the ventral medial and ventral lateral nuclei after rostral injections while 
the ventral posterior, and the lateral and posterior thalamic groups were labeled after 
caudal injections. These results suggest two patterns of projections for the 
thalamostriatal system, each one o f them showing a different topographical 
arrangement. Supported by FIS 96/0488, Fundación “Marcelino Botin” and 
Universidad de Navarra (PIƯNA).
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260.9
PATTERNS OF DISTRIBUTION OF THE PROJECTONS FROM TWO BASAL GANGUA- 
RELATΈD OUTPUT NUCLEI WITHIN THE THALAMUS AND THEIR RELATIONSHIP WITH 
IDENTIFIED THALAMOSTRIATAL NEURONS. J.M. Giméπez-Amaya*, X. Uггa. S. 
Cervantes, and J.L. La∩ciego. Departamento de Anatomía Facultad de Med¡cina. 
Universidad de Navarra. 31080 Pamplona. Spain.

The present report is focused on the relationships existing between the input 
and output structures of the basal ganglia through the thalamus. Our mφr concern was 
to elucidate whether or not the thalamic affeгents coming from the substantia innominata 
and from the substantia nigra targets two different populations of identified thalamostriate 
cells. These projections were studied by means of a multiple tract-tracing procedure. 
N¡grotħalamic projections were anterogradely labeled with biotinylated dextran amine 
(BDA), while the projections from the substantia innominata to the thalamus were 
anterogradely labeled with Phaseolυs vulgaris-leucoagglutinin (PHA-L). Two different 
kinds of thalamostriatal cells were identified after a deposit of Fluoro-Gold (FG; medial 
injections) and cholera toxina B subunit (CTB; lateral injections) in the striatum. One 
series of sections was used for the simultaneous visualization of BDA+PHA-L + FG, while 
a second series of sections was devoted to a similar multitracer procedure comprising the 
simultaneous visualization of BDA+CTB + FG. Thalamic neurons projecting to the medial 
territories of the striatum were manly located in the midline and posterior thalamic nuclei, 
while lateral injections in the striatum labeled neurons in the intralaminar and posterior 
thalamic nuclei. The thalamic affeгents from the substantia innominata were mainly 
distributed through the midline and posterior thalamic nuclei, while nigrothalamic inputs 
shows a clear preference for the intralaminar nuclei and the posterior thalamus. Overall, 
two distinct sources of circuits can be identified: first a system comprising the projections 
from the substantia innominata to the thalamus, specifically distributed onto the thalamic 
cells projecting to the medial striatum; and second, another circuit composed by 
nigrothalamic inputs overlapping the thalamic neurons which in turn projects mainly to the 
lateral striatum. These two kinds of circuits only shows a certain degree of convergence 
among each other at the level of the posterior thalamic nuclei. Supported by FIS 96/0488, 
Fundación 'Marcѳlino Botin” and Universidad de Navarra (PIUNA)

260.11
THE SPATIAL ORGANIZATION OF CORTICAL,
AMYGDALOID* TEGMENTAL AND NIGRAL PROJECTIONS 
OF THE DOG’S PALLIDAL COMPLEX. O,G. Chivileva, AT, 
Gorbachevskaya and V.I. Chefer*. Lab.of Higher Nervous 
Activity, Pavlov Institute oť Physiology, St.Petersburg, Russia.

The investigation was carried out by method of axonal 
retrograde transport of horseradish peroxidase. Injections of marker 
were made into the globus pallidus, the entopeduncular nucleus 
and the ventral pallidum in 12 dogs. It was revealed, that globus 
pallidus received projections from neocortical (motor,
somatosensor and auditory) and mesocortical (insular) areas, from 
the substantia nigra and the ventral tegmental area. The nucleus 
entopeduncularis receives projections from the same neocortical 
areas as the globus pallidus and additionally from the visual fields 
as well as from mesocortex (prelimbic, orbital, insular, cingular 
areas), the substantia nigra and ventral tegmental area. The 
hippocampal formation and limbic cortical areas (prelimbic, orbital 
and insular), the ventral tegmental area, the nucleus basalts of the 
amygdaloid body send the projections to the ventral pallidum.

The sources of pallidum’s afferent projections appear to be the 
structures which are mostly involved in regulation of motor (motor 
cortical areas, substantia nigra) or emotional and incentive (limbic 
cortical areas, ventral tegmental area, amygdaloid body) aspects of 
behavior. The topographical arrangement or pallidum’s inputs from 
the motor and limbic areas has been demonstrated for the first time 
in dogs. The obtained data allow to conclude that the pallidal 
structures might be involved in the processes of integration and 
segregation of the informational flows of different functional 
significance. G.R.F.F.I. 97-04

260.13
C H E M IC A L  C H A R A C T E R IZ A T IO N  O F T H E  ST R IO S O M A L  
COM PARTMENT. Lucia Pгensa1, Josć M anuel G im énez-Am aya3 and André 
Paгentl1* . 1 Centre de recherche Université Laval Robert-Giffard, Beauport, 
Q uébec, Canada, G1J 2GЗ; 2Departam ento de M orfología , Universidad  
A u tónom a de M adrid, 2 8 0 2 9  M adrid; 3Departam ento de Anatomfa, 
Universidad de Navarra, 31080 Pamplona, Spain.

The neurochem ical organization o f  the striosom al compartment in the 
human striatum was analyzed by histochem ical and im m unohistochem ical 
techniques applied to postmortem tissue from normal individuals. Markers 
such as enkephalin (ENK ), substance P (SP), lim bic system -associated  
m em brane protein (LA M P), ca lb indin-D 28k (C B ), parvalbum in (PV), 
calretinin (CR ), acety lcholinesterase (ACҺE), choline acetyltransferase  
(CҺAT), NADPH-diaphorase and tyrosine hydroxylase (TH) were used to 
delineate striosomes. Comparisons were made in serially adjacent sections of 
striosomal boundaries outlined by each o f  these markers. In addition, the 
chem ical features displayed by striosom es have been carefully examined  
along the rostrocaudal extent o f  the human striatum. This study has revealed 
that: (1) the striosomal compartment is com posed o f  two chem ically distinct 
domains: a core and a peripheral region; (2) the core is largely devoid o f  CB 
and exhibits a less intense staining for ENK and LAM P than the peripheral 
region; (3) striosom es are largely devoid  o f  ACҺE, but staining for this 
enzym e is m ore intense in core than in periphery; (4) the core and the 
peripheral regions display identical imm unoreactive features in striosomes 
revealed with PV and SP; (5) striosomal neurons positive for CҺAT, CR and 
NADPH-diaphorase are preferentially distributed in the peripheral region; (6) 
rostrally, striosom es are largely devoid o f  TH, whereas the inverse is true 
caudally; and (7) caudally, the peripheral region o f  striosom es is intensely 
stained for CB and CҺAT. These results demonstrate that the chemical 
architecture o f  the striosomal compartment is particularly com plex in human. 
[Supported by M edical Research Council and the Killam  Foundation o f  
Canada, the Comunidad de Madrid and FIS 96/0488].

260.10
RE-EXAMINATION AND PROPOSAL OF A COMPREHENSIVE ANATOMICAL MODEL OF 
THE C0RTЮ0STR1ATAL PROJECTIONS. A. Rosell1. B. Hontanilla2* and J.M. 
Gimé∩ez-Amava1. 1Dept. de Anatomía; *Dept. de Cirugía Plástica, Facultad 
de Medicina, Univ, de Navarra, 31080 Pamplona, Spain.

Several models upon the organization of the coгticostriatal projections 
have been proposed in the last three decades. In order to further our 
knowledge about these projections and to assess the validity of the 
aforementioned models, we have re-examined the organization of the 
coгticostriatal projections in the rat and cat. Single and double retrograde 
tracer injections were performed using HRP-WGA, Fast Blue and Diamino 
Yellow in cats and Fluoro-Gold and Cholera toxin ß subunit in rats as 
retrograde tracers. A gross topical organization of the retrogradely labeled 
coгticostriatal cells could be defined according to: (a) differences in the 
density of the labeling; (b) laminar distribution of the coгticostriatal neurons; 
and, (c) columnar-like pattern distribution of labeled cells. In addition, 
coгticostriatal neurons from functional related cortical subareas appear to 
project to the same zone of the striatum. In a given cortical subarea, 
however, coгticostriatal neurons organized in columnar-like groups project 
to distinct zones within the striatal sector which they are related to. These 
results, therefore, lead to the conclusion that coгticostriatal neurons seem 
to be organized in a columnar-like manner following both a diffuse 
distribution along several functional related cortical areas, and a gross topical 
organization defined by rostrocaudal and mediolateral gradients. This model 
is in agreement with all previous hypothesis about this pathway and might 
help to understand how cortical information can be integrated through the 
basal ganglia. Supported by DGЮYT PB88-0170, PB90-0220, FIS 93/0337 
and FIS 96/0488, Fundación Marcelino Botin and Univ, de Navarra (PIUNA).

260.12
AXONAL PROJECTIONS OF SINGLE LABELED NEURONS FROM MONKEY 
SUBTHALAMIC NUCLEUS. F. Sato*. M. Levesque, and A. Parent. Centre de 
recherche Université Laval Robert-Giffard, Beauport, Québec, Canada, G1J 2GЗ.

Lesions of the subthalamic nucleus (STN) in primates produce hemiballismus, that 
is, violent, contralateral, involuntary limb movements. Such lesions eliminate a 
source of powerful excitatory effects upon the two output structures of the basal 
ganglia: the internal segment of the globus pallidus (GPi) and substantia nigra pars 
reticulata (SNr). However, it is not yet clear how these STN excitatory inputs are 
conveyed in primates. Thus, axonal projections arising from STN in cynomolgus 
monkeys (Mαcαcα fαscicułαris) were studied after labeling small pools (10-15 cells) 
of neurons with biocytin, biotinylated dexưan amine (BDA), or neurobiotin. More 
than 40 axons were reconstructed from serial sagittal sections with a camera lucida. 
Labeled STN cells displayed 4-9 long dendrites that extended over large sectors of the 
nucleus. Axons arose mainly from cell bodies, rarely from proximal dendrites. The 
STN was found to contain neurons that sent collaterals to: 1) SNr, GPi, and the 
external segment of the globus pallidus (GPe); 2) SNr and GPe; 3) GPi and GPe; and 
4) others that projected only to GPe. A few unbranched axons were also seen 
coursing within the internal capsule towards the striatum, but these axons could not 
be traced to their terminal site. Axons that reached both pallidum and nigra branched 
within STN or just after leaving the nucleus. They gave rise to two main collaterals, 
one that coursed caudoventrally and reached SNr from its dorsal surface and another 
that ran rostrolaterally and attained GPi through its dorsal border. Terminals branches 
of STN axons were very thin and displayed numerous boutons en passant. Our data 
reveal that the primate STN is composed of several types of neurons with highly 
collateralized axons. This morphological feature allows the STN to convey multiple 
copies of the same information to virtually all basal ganglia components, including the 
two major output sưuctures, GPi and SNr. [MRC of Canada].

260.14
INTERNEURONS CONTAINING CALRETININ, PARVALBUMIN AND 
NADPH-d IN THE STRIATUM OF THE RAT, MONKEY AND HUMAN.
Y. Wu. F. Y. Doré* and A. Parent. Centre de recherche Université Laval Robert- 
Giffard, Beauport, Québec, Canada, G1J 2GЗ.

The mammalian striatum harbors a multitude of spiny projection neurons and a 
smaller number of aspiny local circuit neurons. Striatal interneurons can be 
subdivided into elements containing: 1) parvalbumin (PV) and GABA; 2) calretinin 
(CR) and GABA; 3) neural nitric oxide synthase (NOS), NADPH-diaphorase 
(NADPH-d), somatostatin and neuropeptide Y; and 4) acetylcholine. The objective 
of the present study was to evaluate the relative number and compare the pattern of 
distribution of interneurons containing CR, PV or NADPH-d in the striatum of rats, 
squirrel monkeys and humans. Series of adjacent coronal sections at 3 comparable 
rostrocaudal levels of the striatum were immunostained with specific antibodies to 
CR and PV, or reacted histochemically for NADPH-d. The density of each type of 
interneurons at each striatal level was analyzed with a computerized image analysis 
system. In monkeys and humans, the most abundant interneurons were those 
expressing CR. The ratio of CR+/PV+ neurons in primates was approximately 2-3:1, 
whereas the ratio of CR/NADPH-d neurons was about 3-4:1. In contrast, the most 
frequently encountered interneurons in the rat striatum were those expressing PV. In 
rodents, CR+ neurons displayed a particularly striking rostrocaudal decreasing 
gradient, but the 3 types of interneurons were more abundant rostrally than caudally 
in the striatum. In monkeys and humans, the 3 types of striatal interneurons were 
distributed rather uniformly along the rostrocaudal axis of the striatum. However, 
CR+ and PV+ interneurons were significantly more numerous in the caudate nucleus 
than in the putamen in humans. In monkeys, only PV+ neurons were found more 
abundant in the caudate nucleus than in the putamen. Overall, the density of the 3 
types of interneurons was much higher in the striatum of monkeys than in that of rats 
and humans. These results reveal the existence of important species differences 
between rats, monkeys and humans in regards to the relative number and pattern of 
distribution of 3 of the 4 major types of striatal interneurons. These findings should 
be taken into account when evaluating alterations that occur in the human striatum 
in various neurodegenerative diseases or when studying animal models of the same 
diseases. [Supported by the MRC of Canada].
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260.15
SYNAPTIC LOCALIZATION OF 5 '-NUCLEOTIDASE ACTIVITY IN 
THE STRIOSOM ES AND EXTRASTRIOSOM AL M ATRIX O F ADULT 
RAT CAUDOPUTAMEN. M. Hungs‘. S.W. Schoen‘*. A.S. Azarbaviani1. J. 
Noth1. A.M. Gravbiel2. G.W. Kreutzberg3. ‘Dept, of Neurology, Univ, of 
Aachen, D-52057 Aachen, 2Dept. of Brain and Cognitive Sciences, MIT, 
Cambridge MA 02139, 3Dept. of Neuromorphology, MPI for Neurobiology, 
D-82152 Martinsried.

Following the previous description of 5 '-nucleotidase as a convenient marker 
of striosomes in the caudoputamen of adult rat (Schoen and Graybiel, J. Comp. 
Neurol. 322:566-576, 1992), we investigated the ultrastructural localization of 
this adenosine-producing ecto-enzyme with respect to striosomal and 
extrastriosomal compartments. Adult Wistar rats were used, and an enzymatic 
cytochemical technique was applied to permit detection of 5 '-nucleotidase 
activity at the electron microscopic level. Enzymatic reaction product was 
evenly associated with astrocytic membranes in both compartments. In 
addition, 5 '-nucleotidase activity was localized in the clefts of asymmetrical 
synapses. Of these, up to 70% were located within striosomes, as compared to 
values of up to 55% within the extrastriosomal matrix. The finding of 5'- 
nucleotidase positive synapses in the caudoputamen of the mature rat is 
intriguing. Previously, this enzyme has been predominantly recognized as 
being a constituent of glial membranes in the mature CNS, whereas its 
presence is indicative of states of synaptic plasticity during development and 
other conditions of terminal turnover (Schoen and Kreutzberg, Neuroscience 
65:37-50, 1995). We suggest that 5 '-nucleotidase is a functional component of 
synapses in the mature striatum, and propose that it may have a role in forms of 
plasticity in the striatum including LTD and LTP. By producing inhibitory 
adenosine, 5 '-nucleotidase may contribute differentially to the purinergic 
neuromodulation of striosomes and matrix.
Supported by MPI and by NIH Javits award ROl-NS25529

260.17
ANISOTROPIC PATTERN OF CORTICOSTRIATAL PROJECTIONS 
FROM RAT BARREL CORTEX. K.D. A llow av* and J. Crist. Pennsylvania 
State University, Dept, o f  Neuroscience & Anatomy, Hershey, PA, 17033.

Somatosensory cortex projects to the dorsolateral neostriatum, but the 
organization o f  projections from nearby sites within a given somatotopic 
representation is poorly understood. To determine if  corticostriatal 
projections from adjacent cortical sites might be organized according to 
differences in the temporal sequence o f  peripheral activation during 
behavior, we compared corticostriatal projections from whisker barrels in the 
same row with those from different rows.

Fluoro-ruby (FR) and biotinylated dextran amine (B D A ) were deposited 
into separate whisker barrels o f  SI cortex. During histology, the cortex was 
sectioned tangentially to verify BD A  and FR injections in different cortical 
whisker barrels. Coronal sections o f  the remaining hemisphere were 
processed for the presence o f  BDA and FR, and a digital reconstruction 
system was used to plot the enlarged varicosities appearing along 
corticostriatal fibers impregnated with B D A  or FR.

When barrels in different rows were injected, corticostriatal labeling 
appeared in a pair o f  non-overlapping lamellae along the lateral aspect o f  the 
dorsolateral neostriatum. The m ost lateral o f  these lamellae originated from 
the ‘A ’ barrel row, while the m ost medial originated from the Έ ’ row. When 
different barrels within a row were injected, a single lamella was formed 
such that the ventral part was dominated by projections from the more 
anterior o f  the two barrels. The amount o f  corticostriatal convergence within 
a given lamella varied inversely with the distance separating the barrels 
within that row. Supported by NIH grant N S 29363-07.

260.19
NIGRAL INNERVATION OF THE PEDƯNCULOPONTINE TEGMENTAL NUCLEUS 
(PPN) NEURONS THAT CONTROL POSTURAL MUSCLE TONE IN CATS.
T. Habaguchi. K. Takakusaki. J. Sugimoto. K. Saitoh and T. Sakamoto*. Department of 
Physiology, Asahikawa Medical College, Asahikawa 078-8510, JAPAN.

We reported that repetitive stimulations (50-100 Hz, 10-40 µA) delivered to the ventro
lateral part of the PPN, one of cholinergic nuclei of brainstem, suppressed postural muscle 
tone in acutely decerebrated cats, and postsynaptic inhibition was acting on α-motoneurons 
(MNs) innervating extensor and flexor muscles of hindlimbs during the PPN stimulation 
(Takakusaki et al. Soc. Neurosci. Abstr. 23: p 762, 1997). Neuroanatomical studies 
demonstrated that cholinergic neurons in the PPN projected their axons to the medial 
pontine reticular formation (PRF) and received GABAergic input from the substantia nigra 
pars reticulata (SNr). The purpose of this study was to examine whether the GABAergic 
input from the SNr to the PPN cholinergic neurons contributed to the control postural 
muscle tone. Cats were decerebrated at precollicular-postmammillary level. Either EMG 
activities of fore- and hindlimb extensor muscles or intracellular potentials of hindlimb MNs 
were recorded. Postural atonia induced by the PPN stimulation was blocked by injecting 
either atropine sulfate (20 mM, 0.25 µl) into the medial PRF or muscimol (1-10 mM, 0.1- 
0.25 µl) into the area around the stimulus site. In contrast, postural muscle tone was 
spontaneously abolished by injecting either bicuculline or picrotoxin (1-Ю mM, 0.1-0.25 
µl for each) into the ventrolateral part of the PPN. Inhibitory postsynaptic potentials 
(IPSPs) in MNs evoked by the PPN stimulation were decreased and increased in size by 
injecting muscimol and picrotoxin into the PPN area, respectively. Stimulation of the SNr 
(50-100 Hz, 10-30 µA) itself did not induce any postsynaptic effects in MNs, however, it 
reduced the size of the PPN-induced IPSPs. These results suggest that the activity of the 
cholinergic PPN-PRF system that controls postural muscle tone in cats is at least under the 
influence of the GABAergic projection from the SNr. It is postulated that the dysfunction 
of the GABAergic projection system cause abnormal muscular tonus (hypertonus or 
hypotonus) expressed in basal ganglia disorders. Supported by a Grant-in-Aid for Scientific 
Research (C) 08680877 and a Grant from Uehara Memorial Foundation to K.T.

260.16
T Y R O SIN E  H Y D R O X Y L A S E  IM M U N O R E A C T IV E  EL EM EN TS IN 
TH E H U M A N  G L O B U S  P A L L Ш U S  A N D  S U B T H A L A M IC  
N U C L E U S . John C. H ed reen .* D ep t. P sychiatry, T ufts U n iv .
S c h .o f  M ed ., B o sto n , M A  0 2 1 1 1.

R ecent studies h ave su g g ested  that lo ss  o f  presum ed dopa
m inergic innervation o f  the g lob u s pallidus and subthalam ic nucleus  
m ay underlie activation o f  neurons in these regions in Parkinson’s 
d isease  and in anim al m od els o f  th is disorder. This con clu sion  is 
contrary to predictions o f  the standard m odel o f  basal ganglia circuit 
function, w h ich  relies so le ly  on e ffec ts  o f  dopam ine in the neostriatum .

In the present study, tyrosine hydroxylase (TH ) im m uno
reactive e lem en ts in the subthalam ic nucleus and in the external and 
internal segm en ts o f  the g lob u s pallidus in form alin-fixed , paraffin- 
em b ed ded  postm ortem  hum an brain w ere labeled by im m unocyto-  
chem istry after antigen retrieval. Sm all islands o f  apparent neostriatal 
tissu e w ith abundant arborization o f  fine, TH -im m u noreactive axons in 
the vicin ity  o f  ca lb indin-positive neurons w ere present in the external 
segm en t o f  the glob u s pallidus. Large num bers o f TH -im m unoreactive  
axon s travel above and through the subthalam ic nucleus and through 
both pallidal segm ents; these are apparently axons o f  passage on their 
w ay to the neostriatum . In addition, fin e, TH -im m u noreactive axons 
w ith iư egu lar  course, occasion a l branches, irregular outline and 
irregular im m unostaining d ensity , m orp hologically  su ggestive  o f  
term inal axon arborizations, w ere seen in both pallidal segm ents and in 
the subthalam ic nucleus, con sisten t w ith a catecholam inergic (probably 
dopam inergic) innervation o f  all three nuclei.

Funded by the N IH /N IN D S .

260.18
CONVERGENT CORTICOSTRIATAL PROJECTIONS FROM RAT SI 
A N D  SII CORTEX. J.E. Hoover*. J.J. Mutic and K.D. A llow av. Penn State, 
Hershey, PA, 17033 and M illersville University, M illersville, PA, 17551.

Primate studies have shown that hom ologous representations in areas Зb, 
1, and 4 send converging projections to the neostriatum. To determine if 
homologous regions in SI and SII cortex might also cooperate with each other 
to activate neostriatal modules, we reconstructed the neostriatal labeling 
pattern produced following injections o f  different anterograde tracers into the 
whisker regions o f  rodent SI and SII cortex.

Fluoro-ruby (FR) and biotinylated dextran amine (BD A ) were separately 
deposited into corresponding representations o f  SI and SII cortex, 
respectively. One week later, each rat was perfused and its brain was 
sectioned for histology. Serially ordered sections were processed for the 
presence o f  BD A  and FR, and a digital reconstruction system was used to plot 
the distribution o f  the enlarged varicosities located along those corticostriatal 
fibers impregnated with BD A or FR.

When hom ologous whisker representations in both cortical areas were 
injected, multiple clusters o f  terminal projections from SI and SII occupied 
both overlapping and non-overlapping regions o f  the dorsolateral 
neostriatum. Some isolated patches o f  FR and BD A labeled corticostriatal 
terminals were present, and those from SI tended to reside more dorsally 
while those from SII were located more ventrally. Many non-overlapping 
projections from SI and SII, however, formed pairs o f  discrete clusters 
abutting one another. The amount o f  overlapping labeling in the neostriatum 
varied, but was similar to the proportion o f  overlapping processes observed in 
the ventrobasal thalamus. Supported by NIH grant NS29363-07.

260.20
B A S A L  G A N G L IA  A N D  C E R E B E L L A R  ‘ IN P U T S ’ T O  D O R S A L  A N D  L A T E R A L  
P R E F R O N T A L  C O R T E X . F .A . M id d le to n *  a n d  P .L . S tr ic k . V A M C , D e p ts . of 
N e u ro s u rg e ry  a n d  N e u ro sc¡e n ce /P h ys¡o lo g y , S U N Y -H S C , S y ra c u s e , N Y  13210.

T h e  tra d it io n a l v ie w  o f b a s a l g a n g lia  a n d  c e re b e lla r  lo o p s  w ith  th e  ce re b ra l 
c o rte x  w a s  th a t th e y  g a th e re d  in fo rm a tio n  fro m  w id e s p re a d  c o rt ic a l a re a s , 
p e rfo rm e d  s o m e  s e n s o r im o to r t ra n s fo rm a tio n  on  it, a n d  th e n  u s e d  th e  re s u lt to 
d ire c t m o to r o u tp u t th ro u g h  p ro je c tio n s  to  re g io n s  o f th e  th a la m u s  th a t 
in n e rv a te d  m o to r a re a s  in  th e  fro n ta l lobe . In th is  s tu d y , w e  e xa m in e d  w h e th e r 
m u ltip le  p re fro n ta l a re a s  a re  a lso  th e  ta rg e t o f b a s a l g a n g lia  a n d  c e re b e lla r  
o u tp u t. F irs t, w e  u s e d  c o n v e n tio n a l f lu o re s c e n t t ra c e rs  to  m a p  th e  o r ig in  o f 
th a la m ic  p ro je c tio n s  to  fiv e  d if fe re n t re g io n s  o f th e  d o rs a l a n d  la te ra l p re fro n ta l 
c o rte x : a re a s  9m , 9I, 4 6 d , 4 6 v , a n d  121. T h e n , w e  u s e d  re tro g ra d e  
tra n s n e u ro n a l tra n s p o r t o f th e  M c ln ty re -B  s tra in  o f H S V 1 to  m a p  th e  o r ig in  o f 
b a s a l g a n g lia  an d  c e re b e lla r  p ro je c tio n s  to  th e s e  c o rt ic a l a re a s . E a ch  p re fro n ta l 
a re a  re c e iv e d  in p u t fro m  s u b d iv is io n s  o f th e  v e n tro la te ra l th a la m u s  th a t a re  
k n o w n  ta rg e ts  o f th e  b a s a l g a n g lia . O n ly  a re a s  4 6 d  a n d  9I re c e iv e d  su b s ta n tia l 
in p u t fro m  th a la m ic  re g io n s  th a t a re  kn o w n  ta rg e ts  o f th e  c e re b e llu m . S im ila rly , 
la b e le d  n e u ro n s  w e re  fo u n d  in th e  o u tp u t`n u c le i o f th e  b a s a l g a n g lia  fo llo w in g  
in je c tio n s  o f HSV1 in to  e a c h  p re fro n ta l a re a . In c o n tra s t, la rg e  n u m b e rs  o f 
la b e le d  n e u ro n s  w e re  fo u n d  in  o u tp u t n u c le i o f  th e  c e re b e llu m  o n ly  a fte r 
in je c tio n s  in to  a re a s  4 6 d  a n d  9I. T h e  lo c a tio n  o f la b e le d  n e u ro n s  in  th e  b a sa l 
g a n g lia  a n d  c e re b e llu m  v a r ie d  a c c o rd in g  to  th e  c o rt ic a l in je c tio n  s ite . T h e s e  
o b s e rv a tio n s  in d ic a te  a  h ig h  d e g re e  o f to p o g ra p h ic  s p e c if ic ity  is p re s e n t in b a sa l 
g a n g lia  a n d  c e re b e lla r  p ro je c tio n s  to  p re fro n ta l c o rte x . S in c e  e a ch  o f th e  a re a s  
w e  in je c te d  is  th o u g h t to  be  in v o lv e d  in c o g n it iv e  fu n c tio n s  su c h  as p la n n in g , 
w o rk in g  m e m o ry  a n d  ru le -b a s e d  le a rn in g , o u r re s u lts  s u g g e s t th a t th e  
a n a to m ic a l s u b s tra te  e x is ts  fo r  th e  b a s a l g a n g lia  a n d  c e re b e llu m  to  in f lu e n c e  
a  b ro a d  ra n g e  o f m o to r a n d  n o n -m o to r b e h a v io r. S u p p o rt M H 1 1 2 6 2  (F A M ), V A  
M e d ic a l R e s e a rc h  S e rv ice , a n d  U S P H S  M H 5 6 6 6 1 , a n d  M H 4 8 1 8 5  (P L S ).
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261.1
PATTERNS OF SPONTANEOUS COMPLEX SPIKE ACTIVITY IN THE 
NON-ANESTHETIZED RODENT. E, J , L¾Щ L * ,.Ľ S щ ⅛ ⅝ ⅛lìqjL _Ĳ üШ. Dept, 
of Physiol., New York Univ. Medical Center, New York, NY 10016.

Previous multiple electrode investigations in ketamine-xylazine anesthetized 
animals have demonstrated that rostrocaudally oriented bands of Purkinje cells have 
synchronous complex spike (CS) activity and that this spatial distribution of 
synchronous CS activity is organized by the GABAergic nucleo-olivary pathway. 
Moreover, in anesthetized animals, CS activity typically displays an ≈IO Hz 
rhythmicity thought to result from the intrinsic membrane properties of inferior 
olivary neurons. The ability to generate such periodic synchronous discharges is 
central to the proposed role of the olivocerebellar system in timing motor outputs. 
Thus it is critical to determine whether the olivocerebellar system spontaneously 
generates such discharges in the non-anesthetized animal.

To this end we performed multiple electrode recordings from 282 crus 2a 
Purkinje cells (16-33 cells/animal) in non-anesthetized rats (n=l 1) that had been 
trained to perform a conditioned tongue movement task. The patterns of 
spontaneous CS activity were analyzed from periods in which the animals were not 
making any overt movements. Purkinje cells within rostrocaudally oriented strips 
of cortex (250-500 µm wide) displayed synchronous CS activity, virtually identical 
to what has been observed in anesthetized animals. M oreover, analysis of 
successive 25 min periods showed that these patterns remained stable over a period 
of ≈4 hrs. Furthermore, autocorrelograms demonstrated that in most Purkinje cells 
CSs displayed an = 10 Hz rhythmicity that was similar in amplitude to that 
observed in the anesthetized state.

In sum, the data indicate that the olivocerebellar system is capable of generating 
periodic patterns of synchronous activity, supporting the extrapolation of previous 
results obtained in the anesthetized preparation to the waking state, and consistent 
with the olivocerebellar system having a timing role in motor coordination. 
Support NINDS/NS13742.

261.3
17ß-ESTRADIOL ENHANCES OSCILLATIONS OF OLIVARY NETWORKS IN 
ASSOCIATION WITH INCREASES IN GAP JUNCTION FORMATION 
R,S. Markowitz1*. X. Li1. C.I. deZeeuw2 and S.S. Smith1 'Dept, of Neuro and Anat, 
AUHS, Phila, PA 19129; ⅜)ept. o f Anat., Erasmus Univ., Rotterdam, the Netherlands.

Ongoing studies from this laboratory have demonstrated that 17ß-estradiol (E2) 
administered locally or systemically at physiological doses, enhances oscillations of 
olivary (IO) networks recorded with chronically implanted bundles of microwires during 
rhythmic movement of the limbs (SS Smith, Neuroscience 1998). The goal of the present 
study was to examine a potential mechanism for this effect. E2 has been shown to enhance 
gap junction formation in uterus. Therefore, we investigated the ability of E2 to alter levels 
of neuronal gap junction protein, Connexin (Cx) 32, as well as a specific marker of 
dendrodгitic gap junctions, the dendritic lamellar body (Dlb). rDAO activity was assessed 
concomitantly using ensemble recording techniques with 50 µ microwires implanted as a 
bundle (16 wuгes, NB Labs) which permits recording of up to 48 neurons during rhythmic 
behavior. Data was recorded with a Plexon Instruments multi-neuron acquisition system. 
Animals were treated with E2 for 3 days (2µgs/day, i.p., in oil) or vehicle, in some cases, 
in combination with rhythmic treadmill walking (30 min/day). E2 treatment increased 
levels o f Cx32 and Dlb in IO by 2-fold, compared to control, as assessed with Western 
Blot analysis using specific antibodies (Cx 32, Zymed Labs; Dlb, Cl de Zeeuw). Animals 
tested after both E2 treatment and treadmill walking, however, exhibited a 3-fold increase 
in levels of Cx32 and the Dlb compared to controls. In contrast, animals run on the 
ưeadmill, alone, showed no increase in Cx32 and minimal increases in Dlb levels. 
Assessment o f concomitant synchronized, rhythmic olivary activity revealed that a greater 
population of rDAO neurons were synchronized (150%), with an increased frequency (8.5 
Hz, P wd, vs. 7.4 Hz, con, P<0.01) and more consistent rhythm (78% decrease in 
variance) in association with increased rhythmic whisking after E2 treatment compared to 
vehicle. These results suggest that increases in the production of neuronal gap junction 
proteins after sustained exposure to E2, as occurs across the estrous cycle, may underlie 
increases in olivary synchronization and enhanced rhythmic movement reported during 
increases in circulating levels of E2. (Supported by a grant from AHERF)

261.5
INTER-PURKINJE CELL INHIBITION VIA RECURRENT 
COLLATERALS IN RAT CEREBELLAR CORTEX.
C. Pouzat* and Y. P. Tan. AG 142, MPI für biophysikalische Chemie, Am  
Fassberg, D-37077, Göttingen, Germany.

Purkinje cells were recorded in rat cerebellar slices ( P ll  to P38) using  
the w h ole-ce ll configuration  o f the patch-clam p techn iqu e. Fast 
excitatory synaptic transm ission w as blocked w ith  10 µM NBQX and 50 
µM APV. The recording pipette contained a chloride-rich solution. 
Under these conditions, stim ulation of the white matter or of the low est 
part of the granular layer w ith a bipolar or a unipolar electrode was 
follow ed in som e Purkinje cells by a short latency inward current. This 
latency (3-5 m s, at room  temperature) w as reproducible from  trial to 
trial and was similar to the expected sum  of the propagation delay of an 
antidrom ic Purkinje cell spike p lu s a synaptic delay. The current 
am plitudes exhibited a large variab ility  both w ith in  and betw een  
cells. In three Purkinje cells from P11-P12 rats the average ±  SD current 
am plitudes were (including failures): l.O±O.7 nA, 2IO±23O pA  and 65±95 
pA, while in two cells from older rats (P37-P38) w e found: 2O±46 pA  and 
2O±I8 pA. The onset and decay tim es of these currents w ere sim ilar to 
those of the spontaneous IPSCs recorded in the sam e cells. M oreover, the 
inward currents were reversibly blocked by 10 µM  bicuculline. These 
features suggest that w e observed Purkinje cell/Purkinje cell inhibition  
via recurrent collaterals as previously reported for other species (e.g. in 
the cat: Eccles, Llinas, Sasaki, 1966, J. Physio l., 182: 268). Paired- 
recordings are planned in order to obtain the inhibitory w eight of a 
single Purkinje cell input onto another one and to com pare it w ith  the 
inhibitory w eight of an intem euron.

261.2
INFERIOR OLIVARY INFUSION OF MK-801 IMPAIRS THE 
PERFORMANCE OF CONDITIONED RESPONSES. W. Du*, E. 
Richardson and J.A. Harvey. Dept of Pharmacology, 
Allegheny Univ. Health Sciences, Philadelphia, PA 19129.

It was previously shown that systemic injection of MK- 
801, a noncompetitive NMDA receptor antagonist, blocks 
harmaline-induσed tremor and classically conditioned 
responses (CRs) of the rabbit's nictitating membrane 
responses. In the present experiments, we examined 
whether the effects of MK-801 were due to an action at 
the inferior olive. Rabbits first received 60 paired 
presentations of a tone and an air puff for 9 days. Then, 
guide cannuli were implanted into left inferior olive. 
After 5 days of recovery, rabbits were tested in one 
training session. First, five trials were used to collect 
baseline percent CRs, and then lµl of 4% lidocainѳ was 
infused through an injector. If 3 consecutive CRs were 
abolished in 5 trials after lidocaine, the rabbit was 
subjected to the infusion of 2µl of MK-801 (ЮOnMol) 
after CRs returned to the baseline level. We found that 
MK-801 infusion resulted in a significant increase in the 
onset latency and time to peak amplitude as well as a 
decrease in the amplitude of CRs, an effect known to 
result from olivary inactivation. Unconditioned 
responses elicited by the suprathreshold air puff were 
not affected by MK-801 infusion. These results indicate 
that the NMDA receptor located in the . inferior olive 
plays an important role in regulating the performance of 
learned responses. Supported by NIMH Grant MH16841-30.

261.4
SEROTONIN SUPPRESSES SUBTHRESHOLD OSCILLATIONS IN THE 
INFERIOR OLIVE. D.G. Placantonakis*, C. Schwarz, J.P. Welsh. Department of 
Physiology and Neuroscience, NYU Medical Center, NY, NY 10016.

We investigated the effects o f serotonin (5-HT) on subthreshold oscillations of 
membrane potential in the inferior olive (IO) with standard intracellular recordings from 
brain stem slices o f young (P10 -  P16) rats maintained at 33-35 °C. Such oscillations 
were either sinusoidal and continuous, as described by Llinás and Yarom, or spindle
like, characterized by periods o f waxing and waning superimposed upon periods of 
nearly stable potential. Continuous oscillations ranged in frequency from 2 to 10 Hz and 
in amplitude from 2 to 20 mV, while oscillations within spindle-like events were highly 
stereotypic, having a modal frequency of 7 Hz. Such spindle events had durations of 0.6 
to 2.3 sec and occurred at regular intervals o f 4 to 6 sec, so as to produce highly defined 
periods in which repetitive spiking occurred in phase with the intra-spindle rhythm. 
Spindles and spindle-spike complexes were terminated by an after-hyperpolarization 
having a peak amplitude o f 0.4 to 2.5 mV. 5-HT reversibly suppressed both continuous 
and spindle-like oscillations at concentrations of 50 µM and 5 µM and depolarized 
neurons by 9.9±3.2 mV (n=26). Both effects of 5-HT were blocked by preincubation 
with 5 µM methysergide (n=lо ́) or 1 µM ketanserin (n=4), indicating involvement of 
the 5-HT2 receptor type. In most of the experiments, the cessation o f the oscillations 
preceded the depolarization, suggesting that distinct mechanisms could underlie the two 
effects. Current-clamp analysis indicated that 5-HT a) significantly decreased the slope 
o f rebound potentials, thereby suppressing repetitive firing elicited by hyperpolarizing 
current pulses, independently of changes in membrane potential, and b) significantly 
potentiated Ih. The latter effect was demonstrated by 5-HT increasing the ratio o f input 
resistances during the pre-rectification (16 to 38 ms) and steady-state stages through a 
200 or 400 ms hyperpolarizing test pulse (n=3; p<0.05, one-tailed t-test), and a 40% 
attenuation of the depolarization produced by 5-HT by pretreatment with 1-2 mM Cs+ 
(n=3; p<0.05, one-tailed t-test). Further, 5-HT increased the excitability o f IO neurons, 
as evidenced by an increase in spontaneous firing. Nevertheless, siich spontaneous firing 
in the presence o f 5-HT was arrhythmic, reinforcing the view that both rebound 
potentials and subthreshold oscillations in membrane potential support spike 
rhythmicity. These findings indicate that 5-HT is a powerful regulator o f olivary activity 
whose absence may result in olivary hyperrhythmicity. Supp. NS31224 and Myoclonus 
Research Foundation.

261.6
A REALISTIC CEREBELLAR NETWORK SIMULATION OF MOSSY 
FIBER-INDUCED PURKINJE CELL ACTIVITY
E. De Schutter*. J. Dyhrfjeld-Johnsen, R. Maex 
Born-Bunge Foundation, Univ, of Antwerp, 2610 Antwerp, Belgium

To further investigate the dynamics of Purkinje cells in the rat cerebellar 
cortex, a previously described detailed Purkinje cell model (De Schutter 
and Bower, J.Neurophysiol. 71: 375, 1994) is provided with input from 
an anatomically realistic network model of the interneurons in the 
cerebellar cortex. The 3-dimensional network model represents a 9 mm 
long and 3 mm wide section of a cerebellar folium. It consists of a rather 
complete granular layer and a reduced molecular layer representing a 1 mm 
box around a single Purkinje cell. The granular layer contains 300 Golgi 
cells and 22,000 granule cells (about 10% of the real density) receiving 
randomized input from 300 mossy fibers, based on a previously described
1-dimensional model (Maex and De Schutter in press). Granule cell axons 
can make both ascending branch and parallel fiber contacts to the Purkinje 
cell, with a total of about 6,500 excitatory contacts. The Purkinje cell 
dendrite also receives feedforward inhibition from 72 nearby stellate cells. 
All cell types are simulated using the GENESIS simulation software as 
biophysically realistic either single- or multicompartmental (the Purkinje 
cell) models with active membranes based on available data.

As was theoretically predicted (De Schutter, TINS 18: 291, 1995) we 
find that the lack of feedback inhibition in the molecular layer makes the 
Purkinje cell firing pattern very sensitive to the tuning of the anatomical 
and physiological parameters which determine the feedforward inhibition.

Supported by FWO (Flanders) and IUAP P4/22.
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261.7
DEVELOPMENTAL HYPERPOLARIZATION OF RAT CEREBELLAR PURKINJE 
NEURONS IS ASSOCIATED WITH AN INCREASE IN SODIUM PUMP SITES. 
D.A. Tavlor*. L, R. Molnar. K. A. Thavne, and W. W, Fleming. Dept, o f Pharmacology 
& Toxicology, West Virginia University School o f Medicine, Morgantown, WV 26506- 
9223.

Previous studies from this laboratory indicated that cerebellar Purkinje neurons 
from Sprague-Dawley rats display a significant hyperpolarization of their membrane 
during postnatal development. In these studies, Purkinje neurons from animals of 
postnatal age 10-14 days (P I0-14) had a mean resting membrane potential (RMP) of -
49.7 ± 1.1 mV. whereas the mean RMP of Purkinje neurons from animals of age 
postnatal day 15 and older (PI 5+) was -57.2 ± 0.6 mV. The goal o f the present studies 
was to determine the mechanism by which this membrane hyperpolarization occurs. 
With the hypothesis that an increase in Na*-K+ ATPase (sodium pump) activity was 
responsible for the hyperpolarization, intracellular responses to superfusion of ouabain, 
a pump inhibitor, were compared in Purkinje neurons in sagittal slices of the cerebellar 
vermis obtained from P I0-14 and P I5+ Sprague-Dawley rats. The depolarizing response 
of neurons from PI 5+ animals to ouabain (ImM ) superfusion was significantly greater 
than those o f P10-14 neurons (16.0 ± 0.6 mV vs. 9.7 ± 0.8 mV; p<0.05), indicating a 
greater contribution o f the pump to the RMP of PI 5+ animals. In order to determine if 
this effect was due to an increase in the quantity o f pump sites in the P I5+ animals, 
radioligand binding studies using [3H]-ouabain were performed. These studies indicated 
that there was a significant 2-fold increase in the number o f [3H]-ouabain binding sites 
(Bmax) in cerebellar homogenates from P I5+ Sprague-Dawley rats compared to 
homogenates from P I0-14 rats, without a change in KD (p<0.05). Thus, both binding 
studies and intracellular responses of Purkinje neurons to ouabain support the hypothesis 
that an increased contribution of the sodium pump is responsible for the observed 
developmental hyperpolarization of cerebellar Purkinje neurons. Supported in part by 
NIH training grant T32 GM07039 and funds from the Mylan endowment.

261.9
LOCOMOTOR KINEMATICS OF THE SHAKER MUTANT RAT. R.R. Richter.12
W.L. Siler.1 A.M. Anch.2 G. Davenport.2 and D.L. Tolbert.3*. Depts. 'Physical 
Therapy, ⅛sychology, and 3Anatomy and Neurobiology, Saint Louis University; St. 
Louis, MO 63104

The shaker mutation leads to adult onset degeneration of cerebellar Purkinje cells 
(PCs). By 3 months of age most PCs in the anterior lobe o f the cerebellum have 
degenerated and the animals are ataxic. This study quantified the locomotor pattern 
used by shaker mutant and normal control rats as they transversed an elevated beam. 
Starting at about 4 weeks of age, rats were framed to walk on increasingly narrow 
beams. All rats were videotaped crossing 2 or 3 cm wide beams at 6, 8, and 12 
weeks of age. Horizontal and vertical coordinate data (mm) o f the right distal fore- 
and hindpaw (DF, DH), base of the tail (BOT) and right hip (HIP) were collected 
using a computer digitizing system (Peak). For each animal the data was averaged 
across trials (2-6) and those means were used to compute group means and SDs. 
Compared to age-matched normal rats, 12 week old shaker mutants elevate their DF 
and DH higher than controls (DF: 16.71 ± 2.65 vs 9.15 ± 1.41; DH: 25.88 ± 1.40 vs 
11.82 ± 1.02; p < 0.05), and have greater displacement o f the BOT (14.06 ± 5.09 vs. 
8.86 ± 1.95; ns) and HIP (18.31 ± 1.36 vs 12.10 ± 2.53; p < 0.05). The shaker 
mutants also displayed shorter stride lengths (cm) (12.01 ± 1.26 vs 14.37 ± 0.73; p < 
0.05), and slower stride velocities (cm/s) (27.61 ± 3.69 vs 38.28 ± 4.91; p < 0.05). 
The spatial distribution o f surviving PCs were quantitatively analyzed in unfolded 
reconstructions o f the cerebellar cortex for most animals. When challenged to walk 
on a naưow beam, the ataxia in shaker mutant rats has been quantified as 
hypermetric movements of the limbs and trunk, shorter stride lengths, and slower 
stride velocities.
Supported by: Faculty Development Research Award, School of Allied Health
Professions, Saint Louis University

261.11

SEROTONIN DECREASES EXCITATORY POSTSYNAPTIC 
POTENTIALS BUT INCREASES THE MEMBRANE 
EXCITABILITY OF RAT PONTINE NUCLEI NEURONS IN VITRO.
M_.Möck*. C.Schwarz, and P.Thier. Sektion fĩir Visuelle Sensomotorik, 
Neurologische ưniversitätsklinik, 72076 Tübingen, Germany.

Serotonin (5-HT) affects the input to the cerebellum by acting on 
inferior olivary neurons, the origin of climbing fibers. We asked whether it 
is also a potent modulator of the functional properties of neurons in the 
pontine nuclei (PN), the main source of mossy fibers. To find an answer, 
we performed intracellular recordings of PN neurons in parasagittal slices 
of the rat brainstem using standard intracellular electrophysiological 
techniques. Excitatory postsynaptic potentials (EPSPs) were evoked by 
electrical stimuli (0.1ms, 10-200 µA) at sites in the cerebral peduncle. 
Application of 5-HT (5 µM) depolarized the somatic membrane potential 
by 6.7 ±3.9 mV (mean±SD), occasionally evoking spontaneous firing 
(2.5-11 Hz). The input resistance and membrane time constant, determined 
with -0.1 nA current pulses, were, however, not significantly changed. 
Suprathreshold depolarizing current pulses of similar amplitudes evoked a 
larger number of spikes after 5-HT application leading to an increased 
instantaneous firing rate, most prominent at the beginning of the spike train. 
This increase in firing rate was paralleled by a reduction of the amplitude of 
the medium-duration afterhyperpolarization to 76 ± 16%. In contrast to this 
increase in membrane excitability, 5-HT decreased the amplitude, slope and 
time integral of EPSPs by about 50%. Accordingly, extracellular stimuli 
sufficient to elicit a spike under control conditions were ineffective after 5- 
HT application. Therefore, simultaneous activation of a larger number of 
afferent fibers is required to reach firing threshold under 5-HT. In 
conclusion, 5-HT-dependent modulation may help to select for afferent 
input characterized by comparatively high temporal coherence.
Supported by DFG SFB 307

261.8
HARM ALINE-STIMULATED PURKINJE CELL AC TIVITY IN THE 
AW AKE GENETICALLY DYSTONIC RAT. M .S . L e D o u x *. Dept, of 
N euro logy, Univ, o f Tennessee Coll, o f M edicine, M em phis, TN 
3 8 1 6 3

The gene tica lly  dys ton ic  (JFL:SD-dt) ra t is an autosom al 
recessive m utan t w ith  a m oto r syndrom e th a t c lose ly  resem bles the 
genera lized dyston ias seen in hum ans. S ing le-un it record ings from  
the in ferior olive (Ю) and Purkinje cells (PCs) in cerebellar co rtex  have 
suggested tha t the prim ary abnorm ality in the d t rat m ay reside in the 
Ю. Under urethane anesthesia, the  spon taneous sim ple spike (SS) 
and com plex spike (CS) firing rates o f d t rats w ere s ig n ifica n tly  low er 
than those o f norm al litte rm a te  con tro ls . In record ings from  awake 
ra ts , SS fir ing  rates w ere  s lig h tly  h igher and CS fir in g  rates were 
m arked ly  lo w e r in d t ra ts than in norm al con tro ls . Under urethane 
anesthesia, PCs in the  d t ra t w ere, on average, less responsive to 
harm aline (10 m g/kg) than  w ere  PCs in norm al con tro ls . In th is  
study, single-unit recordings were obtained from  PCs in aw ake d t and 
normal rats after the adm in istration o f harm aline (20 m g/kg , S.C.) to  
help exclude po ten tia l e ffe c ts  o f anesthesia or harm aline dosage on 
d iffe re n ce s  in harm aline-stim ula ted SS and CS fir in g  patte rns 
be tw een  norm al and d t rats. S im ilar to  previous find ings  under 
u re thane  anesthesia a t a harm aline dose o f 10 m g/kg , PCs in the 
awake d t rat are less responsive, on average, than  cells from  normal 
contro ls to  the system ic adm in is tra tion  o f harm aline at a dose o f 20 
m g/kg . (Supported by NIH KO8 NS01 593 -01 )

261.10
SEROTONERGIC MODULATION OF INHIBITION IN THE CEREBELLAR 
GRANULE CELL LAYER. L.J. Larson-Prior*. Division o f Basic Sciences, Tuoro 
Univ. College o f Osteopathic Medicine; San Francisco, CA 94115.

Serotonin (5-HT) has been shown by many labs to modulate cerebellar Purkinje 
cell (PC) output. Our studies in a turtle cerebellar preparation have suggested that 5- 
HT may act to facilitate the transmission o f high frequency mossy fiber inputs to 
the PC network, while reducing the efficacy o f lower frequency inputs. One 
mechanism by which this might occur is via an interaction with the inhibitory 
control system at the level of the granule cell (GC).

Whole cell patch clamp recordings were made from GCs in rat cerebellar slices 
prepared from Sprague-Dawley rats (10-25 days old) using standard recording 
techniques. Briefly, animals were anesthetized (isofluгane, Ohmeda) and rapidly 
decapitated. The vermis of the cerebellum was isolated and placed in oxygenated 
physiological saline at 5-10ºC. Thin (150 µm) slices were cut in the sagittal plane 
and maintained at room temperature for 30-60 mins before experimental recordings 
were initiated. Agonist drug solutions were applied by a brief pressure pulse to the 
surface o f recorded cells, antagonists were applied by bath perfusion. The white 
matter was stimulated using a concentric bipolar electrode (0.25-4 mA) in the 
presence o f 50 µM AP-5 and 10 µM CNQX to depress excitatory transmission.

Exogenous application o f GABA (10 µM) resulted in an IPSC in rat GCs that 
reversed around -53 mV and was blocked by biccuculine (10 µM) and picrotoxin 
(10 µM). Muscimol application mimicked this effect, but nò response could be 
evoked to baclofen, suggesting that GABA-mediated inhibition at the GC is 
transduced via a GABAa receptor subtype. In the presence o f AP-5 and CNQX, 
stimulation o f the cerebellar white matter reliably produced a fast IPSC. Exogenous 
application o f 5-HT (10 µM) increased the amplitude o f this evoked IPSC by 50- 
100% of control value (n=5). Application o f ketanserin (50 µM), an antagonist of 
the 5-HT2 receptor subtype, reversed the 5-HT-mediated enhancement o f  the IPSC. 
Thus, 5-HT enhances inhibitory transmission in the GC layer via activation o f a 5- 
HT2 receptor. Supported in part by IBN-9514844

261.12
RAT CEREBELLAR NUCLEI NEURONS EXHIBIT SLOW ,CYCLIC FIRING 
PATTERNS IN VITRO.U.Czubavko. C.Schwarz. F.Sultan*. and P.Thier. Sektion fűr 
Visuelle Sensomotorik, Neurol. Uni.-klinik, 72076 Tübingen, Germany

We report firing patterns o f rat deep cerebellar nuclei (DCN) neurons in slices 
(p ll-p20) recorded with whole-cell current clamp (n=36, input resistance 0.16 -  1.9 
GΩ). Most of the cells were filled with Neurobiotin for anatomical reconstruction. A 
spontaneously generated pattern of firing was detected at rest (n=6) or after injection 
o f a small negative DC cшτent (n=25). The cells entered a cycle of plateaus (0.5 -
15.2 s) with concomitant high frequency firing (22.35 Hz) followed by long 
hyperpolarizations (1.3 -  13.74 s). TTX but not Co2+ abolished the plateaus indicating 
that INaP is necessary for their generation. The hyperpolarization following the plateaus 
could neither be abolished by blockade o f calcium dependent potassium channels with 
Co2+ and Ba2+ nor by blockade of voltage dependent potassium channels with TEA (20 
mM). The rise in potential during the hyperpolarization could be slowed by 
administering Cs+ or Co2+, indicating the contribution o f Iн and Iγ. Using 
hyperpolarizing pulses, two observations support the view that these cells display Iн 
and Iτ: rebound potentials could only be blocked entirely if Co2* and Cs+ were 
administered together and all cells showed a slow inward rectification. The sizes of the 
somata and the dendritic free of the neurons showing the cyclic pattern comprised a 
large range (soma: diameter 10.6 - 26.8 µm, dendritic length 1448 - 4974 µm. In only 
5 cells (input resistance 0.75 -1 .6  GΩ) we were not able to elicit the cyclic pattern. 
The properties o f these cells differed from the others in certain respects. None of these 
cells showed typical potentials generated by Iτ. Plateau potentials elicited with 
depolarizing pulses were significantly shorter (0.25 ± 0.27 s versus 1,77 ± 1.5 s 
p « 0 .01) and the spontaneous firing at rest was highly rhythmic and of lower 
frequency (7.3 ± 3.7 Hz versus 14.02 ± 5.8 Hz p<0.021). Also, spike amplitudes 
tended to be higher (97 ± 1 3  mV versus 87 ± 11 mV, p<0.07). Finally, these cells had 
somata in the lowest range o f the sample (diameter <13 µm). At present we try to 
elucidate the dendritic pattern o f these cells in order to verify if they constitute a 
separate class o f DCN cells. Supported by DFG SFB 430-C6
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261.13
RESPONSE PROPERTIES OF MAIN CUNEOCEREBELLAR NEURONES IN THE 
RAT. N.L. Ceгminaгa and J.A. Rawson*. Department o f  Physiology, Monash 
University, Clayton 3168, Victoria, Australia.

An electrophysiological study was performed to characterise the receptive fields and 
response properties o f cells in the main cuneate nucleus that project to the cerebellum. 
Cells were identified by antidromic activation from the inferior cerebellar peduncle, 
and were classified according to their responses to tactile stimulation and manipulation 
of joints and muscles. The majority (49%) o f cuneocerebellar responded solely to input 
from receptors located in the forelimb joints. Thirty-two percent responded to input 
from cutaneous receptors, and twenty percent o f  these units also responded to input 
from deep receptors. The receptive fields o f the cutaneous activated neurones were 
large, often encompassing at least one major o f the forelimb, and the input was from 
rapidly adapting receptors. The majority o f cutaneous responsive cells could be 
activated by passive movements o f the forelimb which deformed the receptive field. 
The cells only discharged during the movements and were silent during maintained 
limb positions. Joint related cells could be activated by punctate mechanical stimuli 
applied to the joint capsules. These cells also responded to passive movements o f the 
forelimb, but typically only discharged towards the limits of joint movement, and then 
adapted within a few seconds. The adapted cells however, displayed vigorous dynamic 
responses to any slight further perturbations o f the joints and these neurones appear to 
be better sensors o f disturbances o f  joint position than static joint position. In 
summary, the results suggest that main cuneocerebellar neurones in the rat display 
predominantly phasic responses that are likely to be generated by somatosensory input 
resulting from limb movements. These cells could signal information about evolving 
movements or disturbances o f forelimb posture or stance.
Supported by the National Health and Medical Research Council o f  Australia.

261.15

FACTORS A FFECTIN G  BRAIN D IM P L IN G  D U R IN G  
M ICROELECTRODE IN SE R Ή O N .
D.T. Ҟewłev⅛X U.G. Hofm arm ⅛  a n d  Ĩ.M. Bower⅛ . 

a D ivision  of Biology, b  C o m p u ta tio n  an d  N e u ra l System s, 
C aliforn ia In s titu te  of Technology, M C 216-76, P a sad en a , C A  
91125

Silicon m ultisite m icroelectrode arrays have been developed 
specifically for recording from multiple depths within rat cerebellum 1. 
However, inserting these arrays into the brain often causes severe 
dimpling of the tissue, which makes it difficult to estimate the actual depth 
once the surface is penetrated. When our probes were used to record from 
cerebral or cerebellar cortex of anesthetized Sprague-Dawley rats, 
electrode insertion resulted in varying degrees o f dimpling of the 
underlying tissue. This dimpling effect was much m ore severe in 
cerebellar cortex and even prohibited successful electrophysiological 
depth profiling. Since this is in contrast to observations using glass 
microelectrodes, we are studying how physical electrode configurations 
influence insertion forces and dimpling effects. We have found that the 
opening angle of the tip is the single most important factor affecting 
dimpling. We will present quantified data, showing a comparison of 
different electrode shapes, structures and materials and several approaches 
to reduce or avoid brain dimpling.

Funded by NSF grant #PC 147129-1.

⅛ ew ley et al., 1997, Sensors and Actuators A 58:27-35

261.17
A MODEL OF THE ELECTROPHYSIOLOGICAL PROPERTIES OF THE 
INFERIOR OLIVE NEURONS. N. Schweighofer*. K. Dova and M. Kawato. 
ERATO Kawato Dynamic Brain Project, JST, Kyoto 619-0288 Japan.

As one of the necessary first steps that need to be taken to elucidate the function 
of the inferior olive, a novel biophysical model of olivary neurons was constructed. 
To represent the distribution of ionic currents across the dendrites and the soma, the 
model contains two compartments. The somatic currents include a low threshold 
calcium current ICa,, an anomalous rectifier cuưent Ih, a sodium cuưent INa, and a 
delayed rectifier potassium cuưent IKdr. The dendritic ionic cuưents comprise a 
high threshold calcium cuưent ICa_h, and a calcium dependent potassium cuưent 
Iĸ Ca. Taking plausible ranges of parameters into account, we determine a set of 
parameters that accounts for both static and spiking properties of single neuron. 
We then carry out a series of experiments by using bifiircation analysis •and by 
performing extensive two- parameter searches. We first examine quantitatively the 
influence upon the sub- and supra-threshold responses of both ICaJ and Ih when the 
tonic input cuưent is varied. In agreement with experimental findings, we 
demonstrate computationally the crucial role of ICaJ upon the spiking excitability. 
As previously suggested (Bal and McCormick 1997), we then show the modulatory 
role of Ih upon the existence and the period of the oscillations. We discuss these 
findings in light of the known effect of harmaline and serotonin upon ICa l and Ih. 
Then, we study how the cell morphology modulates the cell sub- and supra- 
threshold responses. We find that changes in morphological parameters can lead to 
a multitude of firing responses, but, within plausible parameter ranges, responses 
are more stereotypical. Finally, we investigate how the spikes generated in one 
cell, either somatic or dendritic, influence neighboring cells coupled by electrotonic 
gap junctions. Depending on the coupling strength, the level of hyperpolarization, 
and the morphology, two coupled cells have different modes: in-phase, phase- 
shifted, anti-phase and iưegular spiking modes. These results allow us to reconcile 
the results of apparently contradictory experimental data and make several 
predictions. Supported by JST.

261.14
PARALLEL FIBER LIKE ACTIVITY EVOKED BY PERIPHERAL INPUT 
IN THE CEREBELLAR CORTEX: AN OPTICAL STUDY 
C. Hanson1*. G.Chen3. T J. Ebner123
Graduate Program in Neuroscience1, Departments o f Physiology2 & 
Neurosurgery", University o f Minnesota Medical School, Minneapolis, 
Minnesota 55455

Recent experimentation has shown that stimulation of the perioral area 
o f the rat results in strong optical signals aligned in discrete parasagittal bands in 
the cerebellar cortex stained with neutral red. Further experimentation has 
revealed that these bands arise from climbing fiber activation of the cerebellum. 
However, optical signals in a fractured mosaic or parallel configuration were not 
observed with subtraction techniques. Singular value decomposition, however, 
has revealed optical patterns consistent with activation o f the parallel fibers.

Rats were anesthetized and Crus I and II were exposed and stained with 
the pH sensitive dye neutral red. The cortex was imaged with a CCD camera 
mounted on a light microscope. Subtraction techniques as well as singular value 
decomposition for face and inferior olive stimulation revealed clearly defined 
parasagittal bands. Eigenimages o f the optical signals evoked by face 
stimulation yielded patterns consisting o f parallel fiber like components. These 
components were absent during controls and for olivary stimulation alone. 
Additionally, the parallel fiber like components produced by face stimulation 
persisted after inhibition o f the contralateral inferior olive with lidocaine.

These results are the first to show a beam-like patterning o f activity in 
the cerebellar cortex evoked by peripheral stimulation, and demonstrate that 
both parasagittal and transverse elements contribute to the patterns of activation 
in the cerebellar cortex. (Supported by NIH grants NS-31318 and NS-18338)

261.16
SIMULTANEOUS OSCILLATORY ACTIVITY IN CEREBELLAR 
FOLIUM CRUS HA AND PRIMARY SOMATOSENSORY CORTEX OF 
AWAKE AND ANESTHETIZED RATS. M.J. Hartmann* and J.M. Bower. 
Division o f Biology, Caltech, Pasadena, CA, 91125.

W e recently reported the presence o f  7-8 Hz oscillatory activity in the granule cell 
layer (GCL) o f cerebellar folium Crus Ila o f awake rats. 1 Since it is known that Crus 
Иa receives extensive inputs from primary somatosensory cortex ( S 1 ), we wished to 
explore the relations between oscillations in these two structures. In awake rats, 
oscillations were present in both Crus Ila and SI during periods o f  gross-bodily 
immobility. However, the phase relation between oscillations in the two structures 
was found to change over time. Oscillations were not found to predict reliably the 
onset o f  any type o f  movement, including that o f the whiskers. We also compared 
the GCL oscillations seen in awake rats with the GCL oscillations that occur under 
ketamine-xylazine anesthesia. The oscillations were found to be remarkably similar 
in frequency, amplitude, and waveform shape. We then performed depth profiles in 
anesthetized animals to demonstrate that the oscillations were limited to the GCL.

In awake animals, we compared the GCL oscillations found during periods of 
immobility with the periodic GCL activity seen during whisking. We found that 
GCL activity during whisking was much more variable in amplitude and frequency 
than the GCL oscillations seen during immobility. We interpret this data to suggest 
that the oscillations reflect a baseline state o f the rat trigeminal system, best seen in 
the absence o f sensory input. This interpretation is compared and contrasted with 
earlier suggestions that these type o f oscillations ( 1 ) may be a kind o f epileptiform  
activity, or (2 ) may represent an internal model for whisking.

1. Hartmann, M.J. and Bower, J.M., J. Neurophysiology, in press
Supported in part by NIH grant GM 07737-14 and HFSP.

261.18
TWO PHOTON MICROSCOPY ANALYSIS OF PURKINJE CELL 
DENDRITIC INTEGRATION I N  V I T R O . M. Sugimori1*. K. Hirata u  
and R. Llinás1. 1Dept. of Physiology & Neuroscience, New York 
University School of Medicine, NYC, NY 10016; 2Toyama Chemical 
Co., Ltd., Toyama, Japan.

Two photon microscopy (Denk et al., S c ie n c e  248:73-76, 1990) was 
implemented using a Olympus microscope (Model AX7O). Laser scanner 
utilized a Tsunami Ti:sapphire laser system pumped with Mil 1 cmiax 
diode-pumped laser (Spectra Physics) enabling a pulse frequency of 80 
MHz and a pulse duration of 40-70 fsec. Wave length was tuned in 850 
nm. The scanner was driven by a Labview based program (National 
Instruments). The cerebellar cortex of the adult guinea pig was sectioned 
coronally allowing a side view of these neurones as well as a differential 
activation of superficial and deep parallel fiber beams. Purkinje cells were 
injected with calcium green. Imaging of calcium dependent spikes at 
different dendritic segments demonstrated complex patterns of activity 
depending on the location of synaptic activation over the dendritic length. 
Indeed, both anterograde as well as retrograde calcium spike conduction 
were recorded. These findings indicate that under conditions where 
background synaptic activity is preserved, the conduction properties of 
dendrites may depend on the polarization profile of the dendritic tree at 
given instances. The issues of retrograde vs. anterograde condition may 
therefore vary considerably depending on the functional state of the 
neuron. (Acknowledgments: NS13742 & Toyama Chemical Co. Ltd.)
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262.1
A METHOD TO MEASURE THE MEAN LENGTH OF CEREBELLAR 
PARALLEL FIBERS. C·Huang*1 and R·H·HuangЧ  'Div. of Molecular Biology 
and Biochemistry, Sch. o f Biological Sciences, Univ, o f Missouri-Kansas City; 
2Dept. o f Basic Medical Science, Sch. o f Medicine, Univ, o f Missouri-Kansas 
City, Kansas City, MO 64110.

In the cerebellum, Purkinje cells are innervated by the parallel fibers, each of 
which penetrates perpendicularly a stack o f flattened dendritic arborizations of 
Purkinje cells. This unique spatial relationship allows a single parallel fiber to 
innervate a large number o f Purkinje cells. The length o f a parallel fiber bears 
a clear functional importance because this length determines how many Purkinje 
cells a parallel fiber can innervate. In this presentation, we describe a method to 
measure the mean length of parallel fibers in Golgi sections o f the rat cerebellum. 
The method is based on the following principle: For a population of parallel 
fibers, their mean length is inversely proportional to the prevalence of, hence the 
probability o f an observer spotting, their ends. If  an observer patiently follows 
single parallel fibers, he or she would, on average, find two ends within a 
distance exactly equal to the mean length. Accordingly, we select single parallel 
fibers in random, start at a point (on the fiber) in random, and proceed to travel 
along the fiber toward one o f its ends, with the direction again chosen randomly, 
searching for fiber ends while keeping track of the distance travelled. The mean 
length o f the parallel fibers is thus determined in Crus II o f the Fischer 344 rat 
(3 months old) to be 3,0 l 6µ from 65 fiber ends. This value is in good agreement 
with reported values (3.7-5mm). Our method is simple and may have other 
advantages over existing methods. (Supported by PHS AG 15682, 
UMKCFRG98ch, and UMKC Center on Aging Studies)

262.3
C O R TE X  IN T R IN S IC  M O SSY  F IB E R S  IN  T H E M A M M A LIA N  
C E R E B E L L U M . M . G. NU N ZÏ an d  E. M U G N A IN I*In s t i tu te  fo r 
Neuroscience, N orthw estern University, Chicago, IL 60611.

It has been shown recently that the unipolar brush cell (UBC), a class of 
interneurons in the granular layer of the mammalian cerebellum, is provided 
with an axon bearing rosette-shaped endings situated at the center of cerebellar 
glomeruli, thus forming a system of mossy fibers intrinsic to the cerebellar 
cortex. Two useful markers for the UBCs are calretinin, a calcium binding 
protein with multiple EF-hand motifs, and the neurofilament protein NF-H. 
These markers, however, are not fully appropriate to unequivocally identify UBC 
axon terminals, because there are classes of cortex extrinsic mossy fibers that are 
also strongly calretinin- and NF-H-positive. To identify mossy fibers generated 
by UBC axons we created a slice-culture system of the cerebellar cortex 
consisting exclusively of slabs of UBC-rich vestibulocerebellar folia absolutely 
free of deep cerebellar nuclei and vestibular nuclei neurons. These slices were 
derived from P0-P12 mice and were cultured for 15-30 days in vitro. UBCs are 
richly represented in the slices. Their axons and mossy term inals are 
demonstrated by immunofluorescence microscopy, and immunogold electron 
microscopy is used to ascertain whether they use glutamate as neurotransmitter. 
The slices will also allow studying cell class specific gene expression and 
physiological properties of UBCs in vitro. (Supported by NIH NS09904).

262.5
D E V ELO PM EN TA L EX PRESSIO N  O F G A BA  TR A N S PO R TER  GAT-1 IN 
TH E R A T CEREB E LLA R  CO RTEX . A. R o s in a >  S. M orara. 1 and L· 
P ro v in g , l is t. N euroscienze e B ioim m agini, CN R, M ilano, 1-20131; ⅜ t .  
Fisiol. Gen. Chim . Biol., Univ., M ilano, 1-20134, Italy.

N eurotransm itter transporters are key functional com ponents o f  the 
synaptic transm ission in the nervous system : they  p lay a role in term inating 
neurotransm itter action and preventing  the spread o f  neurotransm itters to 
neighboring  synapses. H ow ever, only a few  reports have analyzed their 
expression during developm ent, w hen relevant processes, w hich end up with 
synapse m aturation, take place. Follow ing the identification o f  GA BA ergic 
interneurons and astrocytes as cellu lar e lem ents expressing  the GA BA 
transporter GAT-1 in the cerebellar cortex  (M orara  et al., N euroreport, 1996), 
w e have here analyzed the developm ental expression o f  GAT-1 in the 
cerebellum , by using a polyclonal antiserum  and im m unoperoxidase technique. 
Prelim inary  results show that in the Purkinje cell (Pc) and m olecular layers, 
GAT-1 im m unoreactivity  (G A T -l-IR ) is c learly  detectab le from  PD 9 on, when 
G A T -l-IR  m ostly  labels small puncta, resem bling term inal structures, localized 
both around Pcs and in the m olecular layer. A t PD 13, G A T -l-IR  shows a 
m arked increase, and from  PD 16 on, the "pinceaux", form ed by basket cell 
axon term inals synapsing around the Pc axon hillock, becom e clearly  labeled. 
D uring the m aturation process o f  G A B A ergic synapses a  m arked decrease in 
the  average current evoked in a Pc by a sp ike in a GA BA ergic presynaptic 
interneuron occurs from  PD 11 to  31 (Pouzat and H estrin , J. N eurosci., 1997). 
The present results strongly indicate that the increased expression o f  GAT-1 in 
the Pc and m olecular layers during the sam e period m ay play a role, among 
o ther factors, in the progressive decrease in G A B A ergic synapse efficacy 
during early  postnatal developm ent.

262.2
MOSSY FIBERS AXOTOMY INDUCES M ASSIVE APOPTOSIS IN 
DEAFFERENTATED CEREBELLAR GRANULE NEURONS IN ADULT 
RATS: T. Boгsello . A. P i  Luzio ； M,T, C io tti . P. Calissano . C. Volonté*,
C. Galli. Institute of Neurobiology, CNR, Rome, Italy.
Programmed cell death (PCD) is regulated by factors such as neurotrophic 
supply from target cells and afferent innervation. Target-derived and afferent- 
related survival inputs have been hypotesized to act by inhibiting PCD. Our in 
vitro studies in cerebellar granule cells (cgc) primary cultures (DM ello el al., 
PNAS 1993) established that depolarising KC1 and IGF-I prevents PCD and 
the consequent increase of amyloidogenic secretion (Galli et al., PNAS 1998). 
These‰ uttU $ugg|⅞ t apĩ⅜mpDrţaШKŧ〇Ы o fö a!⅛ rш  i(rppįşļįų：ļthq çqjµ|rφ}rø£s 
iíeuronal survival of cgc. We investigated this issue by setting up differents in 
vivo lesional paradigms in order to obtain partial or total deafferentation in 
granular layer. At different survival times animals were sacrified and cerebellar 
sections were subjected to Tunel staining in order to detect fragmented DNA. 
One week after partial deafferentation by unilateral peduncolotomy, few 
scattered groups of apoptotic cgc were observed in the homolateral hemisphere. 
Total deafferentation, obtained by a new experimental paradigm, consisting in 
two perpendicular cuts inferted in the cerebellar parenchima ("L" cut), induced a 
massive and widespread apoptotic death in granular layer of the area included 
between the two cuts. The time window of Tunel staining in granular layer 
was between 1 and 7 days after "L" cut. Purkinje cells were spared by lesional 
deafferentation. Moreover, selective Purkinje cells deafferentation obtained by
3- acetylpyridine injection did not give any tunel staining. These data strongly 
support a role of afferent inputs in adult cgc survival. Moreover, the in vivo 
lesional model described here, may be an useful tool for understanding 
apoptotic cellular and molecular mechanisms triggered by deafferentation and 
potentially involved in neurodegenerative diseases. Supported by a grant 
NEFAC-MURST.

262.4
LO C A L IZA TIO N  O F EST R O G EN  R E C EPTO R -B ET A  IN  R O D EN T 
C E R EBELLU M . R.J Handa* and R .H  Price, Jr. Dept, o f  Cell B iology, 
N eurobio logy and A natom y, Loyola  U niv., C hicago, M ayw ood, IL 60153.

Estrogen acts through tw o receptor subtypes, E R - α  and E Ŗ -ß . The two 
form s o f estrogen receptor are distributed  in brain  in som ew hat d ifferent 
patterns. The cerebellum  is one region w hich appears to  express E R -ß  but 
not E R -α  m RNA . In particular, it has been reported  that the cerebellar 
purk in je  cells express an abundance o f E R -ß  m R N A  (Shughrue et al., J. 
Comp Neurol. 1997). E lectrophysio logical evidence has a lso suggested  a 
role for estrogen  in m odulating  purkin je  cell responses to excita tory  input. 
The present study exam ines the distribution  o f E R -ß  m R N A  and protein in 
the cerebellum  o f both rat and m ouse.- E R -ß  m R N A  w as detected  using 
both in situ hybridization and RT-PC R. E R -ß  pro tein  was detected  with 
im m unohistochem ical techniques using  affin ity  purified  polyclonal 
an tibodies specific for segm ents o f  the N H 3- o r the C O O H -term ini o f E R -ß . 
In situ hybridization studies revealed that Ë R -ß  m R N A  w as localized to 
purk in je cells, as well as to golgi cells in the granule cell layer o f the 
cerebellar cortex. Im m unohistochem ical resu lts m atched  the localization  of 
m RN A . U sing the antibody w hich is specific for a peptide from  the NHЗ- 
term inus o f E R -ß ,  striking som atic and dendritic stain ing  o f cy toplasm  was 
seen in m any purkin je cells and golgi cells. The antibody specific for the 
CO O H -term inus o f rat E R -ß  show ed a  sim ilar distribution  in cerebellum  
though w ithout staining into dendrites. In addition , an antibody specific 
for the C O O H -term inus o f m ouse E R -ß  show ed an identical d istribution 
including the dendritic staining in purk in je  cells. F inally , R T -PC R  on total 
RN A  from  rat and m ouse cerebellum  was used  to detect reported  splice 
variants o f  E R -ß , w hich include a ligand b inding dom ain  insert and a 
D N A -binding dom ain deletion. Both splice variants w ere detected  
suggesting the possib ility  that isoform s o f E R -ß  are expressed  in 
cerebellum  w hich m ay have properties quite d ifferent from  w ild type E R -ß . 
Supported by: NSF9604723 and NRSAF31AA05461

262.6
IM M U N O LO C A LIZA TIO N  OF CG RP RECEPTO RS IN TH E RAT 
CEREB E LLA R  CO RTEX. S. M orara. 1* A. R o s in a J  and S. W im alaw ansa^. 
⅛ ti tu to  di N euroscienze e Bioim m agini, CN R, 20131 M ilano, ITALY; ⅜ e p t .  
Internal M edicine, U niversity  Texas M edical Branch, Galveston, TX 77555.

CG RP and its receptors are thought to be involved in a series o f  plastic 
processes in the CNS. Thus, C G R P -im m unoreactivίty  (CG R P-IR ) was shown to 
increase follow ing neurotoxic injuries, axotom y o r treatm ent with the NM DA 
receptor antagonist M K-801. A lso CG RP binding site expression can be 
m arkedly regulated follow ing surgical lesions. In the adult cerebellar cortex, 
that shows a very high density  o f  CG RP binding sites, and an absence o f 
CG RP-IR , binding site expression is up-regulated by harm aline activation o f  the 
o livocerebellar system  (R osina et al., N euroreport, 1990). To understand the 
physiological significance o f  the presence and m odulation o f  cerebellar CGRP 
binding sites, we have here analyzed the cellu lar localization o f  CG RP receptors 
by m eans o f  double im m unofluorescence technique. M onoclonal antibodies 
directed against a partially  purified C G RP receptor (S. W im alaw ansa, Ann.
N .Y . Acad. Sci., 1992) were used, in com bination with a Purkinje cell (Pc) 
m arker, PEP 19, or an astroglial m arker, GFAP. The analysis with a confocal 
m icroscope (Sarastro) equipped with dual detectors for double fluorescence, 
show ed that CG RP receptor-IR  m ostly  labels sm all globose structures around 
Pcs and small puncta in the m olecular layer. P relim inary results indicate that 
CG RP receptor-IR  partially  co-localize with G F A P-IR  in the Pc layer, 
indicating that it is expressed by Golgi epithelial cells, whereas in the m olecular 
layer C G R P-IR  puncta also display PEP 19-IR, indicating that CG RP receptors 
are also localized to  Pc dendrites. Thus, in the adult rat cerebellar cortex, CGRP 
receptors d isplay both glial and neuronal origin.
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262.7
RT-PCR REVEALS PLASMINOGEN RNA IN THE MOUSE 
CEREBELLUM. M,E, Basham*. N.W. Seeds. Dept. ofBiochem. and Mol. 
Genetics and the Neuroscience Program, Univ. Colo. Health Sci. Center,
Denver, CO, 80262.

Tissue-type plasminogen activator (tPA) is involved in the migration of 
cerebellar granule neurons during development, and an increase in tPA mRNA 
and protein in the cerebellum is associated with motor learning. These findings 
suggest a role for tPA in both the development and function of the cerebellum. 
Plasminogen activators convert the pro-enzyme plasminogen to the active 
protease plasmin, and in vitro tPA can also activate scatter factor/ħepatocyte 
growth factor. However, the substrate(s) for tPA activity in the cerebellum 
have not been identified. Specifically, plasminogen is synthesized in the liver 
and in hippocampal neurons, but plasminogen synthesis within the cerebellum 
has not been demonstrated. Therefore, we extracted RNA from the cerebral 
cortex, hippocampus, cerebellum, and liver of P8 and adult mice. We then 
performed RT-PCR on this RNA using plasminogen specific primers. Our 
results indicate that plasminogen RNA is present in the mouse cerebellum. In 
addition, we confirmed that plasminogen RNA is present in the hippocampus. 
These findings implicate plasminogen as a possible substrate for tPA activity 
involved in cell migration and memory formation.

This work was supported by NIH grants NS-09818 and T32-NS07083

262.8
DIRECT CONNECTIONS BETWEEN HYPOTHALAMOPONTINE PATHWAYS 
ARISING IN THE LATERAL AND POSTERIOR HYPOTHALAMIC AREAS AND 
PONTOCEREBELLAR PROJECTIONS REACHING THE VENTRAL 
PARAFLOCCULUS: LIGHT AND ELECTRON MICROSCOPIC STUDIES IN 
RATS. Hao Liu*, and Gregory, A. Mihailoff, Department of Anatomy, University of 
Mississippi Medical Center, Jackson, MS 39216 

In previous studies, we determined that the lateral hypothalamic area (LH), and the 
posterior hypothalamic area (PH), are two of the hypothalamic cell groups that have 
substantial-projections to the dorsomedial basilar pontine nuclei (dmBPN) subdivision. 
Also, in preliminary experiments, the contralateral ventral paraflocculus (vpfl) was 
observed to be a primary cerebellar target o f neurons in the dmBPN. Thus, in order to 
determine if there is a direct link between the hypothalamopontine pathway from the 
LH or PH and pontocerebellar projections arriving in the ventral paraflocculus, 
biotinylated dextran amine (BDA) was used as orthograde tracer to be injected into the 
LH or PH; while BDA or wheatgerm agglutinin horseradish peroxidase (WGA-HRP) 
was used as retrograde tracer to label neurons in the dmBPN that project to the 
contralateral paraflocculus. Under light microscopic observation, it appeared that 
orthogradely labeled hypothalamopontine fibers and terminals partially overlapped the 
retrogradely labeled pontocerebellar neurons in the dmBPN subdivision. More 
significantly, with electron microscopy, the double-labeling experiments demonstrated 
that orthogradely labeled hypothalamopontine terminals contained round synaptic 
vesicles and formed asymmetric synaptic contacts with retrogradely labeled 
pontocerebellar neuronal cell bodies and dendrites o f various sizes. Therefore, it was 
concluded that the LH and PH, through a linkage with neurons in the dmBPN, might 
play a role in the activation of pontocerebellar projections to the cerebellar 
paraflocculus. Supported by NIH grant NS 12644 to GAM.

262.9
FROM CORTICAL 2-D TO BRAIN STEM  3-D M APS: ORGANISATION 
OF CO RTICO PON TINE PROJECTIONS IN DEVELO PING AND ADULT 
RATS T.B. Leergaard* and J.G. B iaalie. Dept, o f  Anatomy, University o f  
Oslo, N -0317 Oslo, Norway.
Neurons in layer 5 o f  the cerebral cortex pro ject to the pontine nuclei. In 

terms o f  topography, an essentially  2-D  cortical m ap is transform ed to a 3-D 
map in the pontine nuclei. In young rats, we have dem onstrated progressive 
shifts o f  fibre d istribution in the pontine nuclei, corresponding to linear 
shifts o f  cortical site o f  origin along the cQrtical -neurogenetic gradient 

(Leergaard  et al. [1995] J.Com p. 
N eurol. 361:77-94). Thus, the early 
estab lished  anterolateral cortex 
projects internally, w hereas the 
later established frontal, m edial, 
and occipital cortical regions, 
pro ject to progressively more 
external parts o f  the pontine nuclei 
(see Figure). This pattern has 

previously not been dem onstrated in adult rats. To elucidate the adult 
organisation, we have used anterograde labelling techniques (biotinylated or 
fluorescent dextran-am ine conjugates) and three-dim ensional com puterised 
reconstruction technique. Injections were placed at different locations along 
the presum ed neurogenetic gradient. W e have found that the internal to 
external fibre d istribution gradient is preserved in adult anim als. The shapes 
of the term inal fields are rem iniscent o f  the lam ellar pattern reported in 
young anim als. Supported by The Research Council o f  Norw ay.

262.10
A network model of the somatosensory system and cerebellum 
exploring recovery from peripheral lesions at various 
developmental stages in rats. B. Stricanne and J. M. Bower*.
Experiments from our laboratory suggested that the origin of 
cerebellar reorganization following a peripheral nerve lesion lies in 
cerebellar afferents rather than in the cerebellum itself. We used a 
system level topographic model of the somatosensory network 
leading to cerebellar area cruslla to test this hypothesis. The model 
contains anatomical areas made of non-spiking units connected in a 
feed forward manner, according to anatomy and physiology reports. A 
first series of results showed that the hypothesis was plausible for 
lesions performed in early neonate rats.
In vivo, lesion experiments performed at different developmental 
stages have shown variations in the ability of each somatosensory 
area to reorganize. We use these known differences in reorganization 
capacity to further test the origin of cerebellar reorganization with our 
model. Results show that all the variations in cerebellar map 
reorganization observed at different developmental stages can be 
produced without assuming any cerebellar internal plasticity; they are 
the sole result of reorganization variations occurring in the rest of the 
somatosensory network. These simulations thus confirm strongly the 
hypothesis drawn from experimental evidence. S u p p o r te d  by 
F o n d a t io n  F Y S S E N .

pontine nuclei 
sagittal view -
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263.1
BINOCULAR FUSION MAY PROVIDE AN EXPLANAΉON FOR OBSERVED 
DEVIATIONS FROM LISTING'S LAW. M. R. DeWeese*Sloan Center, Salk Insti
tute, La Jolla, CA 92037.

The hum an eye has three rotational degrees of freedom. Donder's law states 
that when viewing a distant object, each eye rotates so that the torsional degree 
of freedom is only a function of the elevation and azim uthal angle of the object 
in the visual field. Listing's law goes further and states that any eye position 
can be reached from "primary position" by rotation about a single axis in the 
plane (Listing's plane) perpendicular to the direction of gaze of the prim ary po
sition. Listing's law agrees well with experiment, and several authors (e.g., H. 
von Helmholtz 1910, K. Hepp, 1994, D. Tweed, 1997, and others) have proposed 
monocular optimization principles (e.g., m inimization of muscular work or im
age flow) to account for it. However, careful experiments (L. Ferman et al., 1987, 
D. Tweed and T. Vilis, 1990, and J. F. X. Desouze et al., 1997) show systematic 
deviations ‘rom Listing's law: the surface formed from the ends of rotation vec
tors resembles a saddle rather than a perfect plane. It is well known that, when 
viewing a distant object, the direction of retinal disparity due to other objects 
in the scene follow epipolar lines. Retinal disparity is an im portant cue for fus
ing images, which is achieved in the cortex. We propose that retinal disparity 
in the foveal representation of VI should not vary too m uch in direction under 
different' viewing conditions in order to m inimize wiring length in the cortex. In 
other words, the eyes should individually align their horizontal meridians with 
the epipolar lines. If this were the only principle involved, it would predict that 
the eye move like a "Helmholtz gimbal." In fact, the observed saddle shape is 
qualitatively consistent with this prediction, but the m agnitude of the saddle is 
a factor of 3 smaller than the theory predicts. This suggests that the eye is coordi
nated in such a way as to achieve a compromise between the benefits of Listing's 
law, and the efficient use of the cortical m achinery which is involved with fusion. 
(Supported by the Sloan Foundation).

263.3
E V ID E N C E  F O R  A SPA TIA L R E F E R E N C E  F R A M E  IN 2D H U M AN 
A U D IT O R Y  LO C A L IZ A T IO N . John Van OpstaT* and Jeroen Goossens1’2 
1 Biophysics Dept., Univ. Nijmegen, The Netherlands, and 2Dept. Physiology I, 
Erasm us University R otterdam , The Netherlands.

Auditory localization relies on binaural differences (azimuth cues) and pinna- 
induced spectral shape information (elevation cues), and therefore results from a 
neural computational process. In humans, these acoustic cues are referenced with 
respect to  the head. Yet, accurate eye movements can be generated to sounds in 
darkness, necessitating the use o f eye position information. So far, auditory local
ization has been investigated w ith a fixed head position. To study the neural frame 
of reference for auditory targets, we determined the influence of changes in eye-head 
position on 2D human auditory-evoked orienting.
In the first experiment, we used a visual-auditory double-step paradigm. Subjects 
made saccadic gaze shifts in darkness toward brief broad-band sounds, presented 
prior to  an intervening visually-evoked eye-head movement. The data show that 
preceding displacements o f both eye and head are fully accounted for, resulting in 
spatially accurate responses.
In a second series of experiments, subjects kept their head in different vertical posi
tions, while eye movements were elicited toward pure tones [0.5, 1, 2, 5, 7.5 kHz], 
which provide no physical target elevation cues. As a result, each tone was per
ceived at a frequency-dependent, fixed elevation, tha t shifted to  a limited extent 
w ith changing head elevation. Hence, head position information is also used under 
static conditions.
We propose that the auditory system uses head-position information to  encode targets 
in a spatial (or body) frame of reference. In this way, accurate orienting responses
may be programmed despite intervening eye-head movements._____________________
Supported by Nijmegen Univ. (JVO), the Neth. Foundation of Life Sci. (JG; 805-01.072), 
and the Human Frontiers Science Program (JVO: RG0174/1998-B).

263.5
D A RK -IN D U C ED  A T TEN U A T IO N  O F SA CCA D E D EV↕A Ή O N CAUSED 
BY C IR C U LA R V ECTION . M . F U JĨT A * C om m unications Research Labo
ratory, Koganei, Tokyo 184, Japan

H um an m otion sensation  is generally  degraded  during  self-m otion. By 
m easuring  the am plitudes o f  saccades to acqu ire  a briefly  flashed peripheral 
target, we investigated such degradation o f the object-m otion sensation during 
the visually induced self-m otion sensation (circularvection, CV).

A round curtain  w ith vertical stripes was ro tated  at 55 deg/sec around a 
subject seated on a stationary chair. As soon as the subject perceived CV, the 
light inside the curtain w ent off, a  center light-em itting diode (LED) cam e on 
and a  saccade task  began. The subject was asked to fix his gaze on the center 
LED  and then  m ake a horizontal saccade to a briefly  (100 m sec) flashed LED 
random ly chosen out o f  four peripheral LEDs. Tw o other tests were perform ed 
in w hich ten- or twenty-second delay was introduced betw een the tum -off o f the 
inside illum ination and the tum -on o f  the center LED  (where this turn-on repre
sents the in itiation o f the saccade task). The control task was the saccade task 
w ithout CV.

The am plitude and the landing position o f saccades to a flashed target be
cam e hypom etric when the saccades were m ade in the inverse direction to the 
CV , but saccades in the sam e d irection  as the C V  w ere norm om etric. As the 
tim e delay increased, such deviation o f saccades showed attenuation with a tim e 
constant o f  nearly 20 sec.

Circularvection seem s to be involved in the decision process o f  a saccade 
am plitude or in the perception process o f  the object motion. The quantity o f  the 
tim e constan t o f  the a ttenuation  suggests that th is phenom ena m ight share a 
com m on m echanism  with the optokinetic aftem ystagm us or the so-called ve
locity storage phenom ena.

263.2
CONTEXT-DEPENDENT VISUAL-MOTOR ADAPTATION OF EYE- 
HEAD COORDINATION IN HUMAN AND MONKEY GAZE SHIFTS. 
M_. Ceylan1, D. Henriques1, D. Llianos1, D. Tweed2 and J.D. Crawford1*. (1)
Depts. Psychology and Biology, York U., Toronto, Ontario, Canada, MЗJ-1PЗ. (2) 
Dept. Physiology, U. W estern Ontario, London, Ontario, Canada, N6A-5C1.

Pin-hole goggles have been used to shrink the visual field during head-free gaze 
shifts in chronically  trained m onkeys (Craw ford and Guitton J. Neurophysiol.
1997) and acutely trained hum ans (M isslisch et al., J. Neurophysiol, 1998), with 
som ew hat different results. To determ ine if  this discrepancy is a species 
difference or a training effect, we put two hum ans through a three-w eek regimen 
sim ilar to that used in three m onkeys. Gaze directions and eye/head orientations 
were quantified using the 3-D search-coil technique. O nce trained, both species 
showed rapid context-dependent (goggles on vs. off) sw itches in control strategy 
appropriate  for the trained vs. normal visual field. How ever, they showed 
different learning curves, motor adjustments, and flexibility. M onkeys performed 
poorly at first, adapted gradually, and finally showed (1) changes in Donders' law 
o f  the head, with a relaxation o f the Fick-G im bal constraint; (2) dramatic 
reductions in the range o f  eye-in-head fixation; and (3) perseverance o f this 
behaviour when the visual field was changed again. In contrast, hum ans adapted 
alm ost immediately, with little subsequent improvem ent, changes in 3-D control 
strategy, or visual-m otor perseverance. W e suggest that the context-dependent 
behaviour o f  each species reflects param etric adjustm ents to a  single internal 
control model (e.g., Tweed, J. Neurophysiol, 1997), rather than switching between 
m ultiple control m odels. W e hypothesize that hum ans are better able to use 
"cognition" to control these param etric changes, w hereas m onkeys rely more on 
rote m otor learning. Supported by MRC o f Canada andA.P. Sloan Foundation.

263.4
PO SITIO N D EPEN D EN CY  OF GA IN  IS D IFFEREN T IN VISU ALLY AND 
M EM O R Y  GU IDED SACCA DES. T. Eggert, F. M ezger, F.R. Robinson and
A. Straube*. Dept, o f  N eurology, Ludw ig-M axim ilians University, 81377 
M unich, Germany.

The slightly sm aller size o f  visually guided saccades m ade centrifugally as 
opposed to those m ade centripetally is presum ably related to position 
dependencies o f  orbital m echanics. The cerebellum  m ost probably takes part in 
the (incom plete) com pensation o f  such position dependencies. To determine 
whether a sim ilar com pensation occurs for m em ory-guided saccades, which 
involve other brain areas, we m easured the gain o f  visually guided (standard 
gap paradigm), m em ory-guided (m em orization tim e 1 sec), and scanning 
saccades (intentionally triggered saccades to one o f  5 always visible targets) in 
6 normal subjects using the search coil technique. The m ean gain o f  gap 
saccades (92.2±4.7% , N = I2 ) did not significantly differ from the m ean gain o f 
m em ory saccades (9 l.4±3.8% ; N = 6 ; p<0.8) or from  the m ean gain o f  scanning 
saccades (94.4±2.9%; N = 6 ; p<0.29). The centrifugal-centripetal gain asymmetry 
in the gap saccades (6.4±2.9% ; N = I2 ) was significantly different from zero 
(p<0.01). Contrary to expectation, the centrifugal-centripetal gain asymmetry 
was absent in m em ory guided saccades (O.6±6.3%; N =6; p<0.8) and also in the 
scanning saccades (-0.6+3.9% ; N = 6; p<0.7). This absence o f asymm etry in 
m em ory saccades and in scanning saccades in contrast to its presence in gap 
saccades requires further explanation. In our paradigm s the oculom otor system 
had m ore tim e to com pute saccadic am plitude in internally guided saccades than 
in  gap saccades. These findings suggest that other neural circuits than those in 
gap saccades are involved in the com pensation o f  position dependencies due to 
orbital m echanics.

Supported by  the Deutsche Forschungsgem em schaft.

263.6
Saccades d u rin g  pursuit  m a in t e n a n c e  u se  b o t h  po sit io n  e rr o r  a n d  retin al  slip
INFORMATION. S. de Brouwer1. ľvL λ⅛sal2- XL Crorrtmelюck¯L P. Lefèvгe1-2. ’CESAME, UCL, 
1348 Louvain-la-Neuve and A Љ .  of Neurophysiology, UCL 5449,1200 Brussels, Belgium.

Cats use a combination o f saccades and smooth pursuit to follow a moving 
target. During pursuit initiation, a saccade is programmed in order to reduce retinal 
eưor ( ‘catch-up’ saccade). In monkeys, it has been shown that the amplitude of this 
saccade is determined by the retinal error 100 ms prior to saccade onset and a 
prediction of target displacement based on its velocity (Keller et al., 1990). In human 
subjects, Kim et al. (1997) proposed a similar mechanism to determine saccade 
amplitude during pursuit maintenance. In addition, they found that retinal slip 
velocity was not used in saccade programming. In the cat, the large range of pursuit 
gain (0-0.9) allows to dissociate retinal slip velocity from target velocity. Therefore 
we investigated the respective role of retinal slip and target velocity in saccade 
programming during pursuit maintenance.

Three head-fixed cats were trained to follow moving targets. Nine different 
target velocities were used (from 5 to 30 º/s). We measured position eưor (PE10〇) 
and retinal slip velocity (RSı〇〇) 100ms prior to saccade onset, as well as saccade 
amplitude. Multiple linear regression analysis was used to compare different models 
for the saccade amplitude prediction.

High gain o f saccades (median: 0.87, range: 0.55 -  1) shows that these 
coưective movements were accurate. A first linear model of amplitude prediction 
was tested with PEı〇〇 as single independent variable (R=0.59, n=475; R=0.77, 
n=2O4; R=0.50, n = l5 l; in the three cats). Coưelation improved when both PE100 and 
target velocity were used as independent variables (R=0.87, 0.83, 0.87). However, 
the best model was obtained when PE100 and RSj〇〇 were combined to predict 
amplitude (R=0.9, 0.85, 0.91).

These results show that the saccadic system uses a prediction of target 
displacement during pursuit maintenance in cats. The amplitude of coưective 
saccades is better estimated by taking into account both the position eưor and the 
retinal slip velocity 100ms before saccade onset.

Supported by FNRS, SSJC, ARC and FRSM(Ɓӓgшm)
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263.7
COORDINATION OF SM OOTH PURSUIT AND SACCADIC SYSTEMS 
DURING SM OOTH PURSUIT INITIATION Y. G. K⅛m. E.L.Kelłer* & S.J. Heinen. 
The Smith-Kettlewell Eye Research Institute, San Francisco, CA

It has been shown that eye acceleration during pursuit o f  targets which step 
away from the fovea and move back towards it is higher than when the targets step out 
and continue to move away (Tyschen and Lisberger, 1986). This would appear 
maladaptive given targets moving away from the fovea need greater acceleration to 
acquire the target. Does the oculomotor system make additional computations upon the 
raw motion signal to facilitate accurate foveation? Eye movements were recorded with 
a dual-Purkinje-image eyetracker from three observers while they pursued step-ramp 
target motion. Steps were horizontal and either 0, 2 or 4 deg away from the central 
fixation point and target velocity was either 8 or 15 deg/sec away (out) from or towards 
the fovea (in). Saccadic latency was determined by an acceleration criterion and pursuit 
latency by visual inspection of velocity records. We found that pursuit was initiated as 
much as 25 msec earlier when the target moved out than when it moved in. Interestingly, 
earlier pursuit for outward motion was accompanied by shorter-latency saccades as well 
(difference up to 41 msec); these saccades could even have latencies less than those for 
saccades made to static targets. We also found that latencies decreased with a larger 
outward step, but there was a greater latency difference between 0 and 2 deg than there 
was between 2 and 4 deg. Since we found shorter latencies for saccades and pursuit in 
a situation where a quicker oculomotor response was needed yet pursuit acceleration 
tends to be low, we feel that the smooth and saccadic systems are performing a trajectory 
computation based upon a simple velocity computation which allows the oculomotor 
system to produce a coordinated joint response. Furthermore, the larger difference in 
latency between no step and 2 deg step suggest that a "spatial gap" can release both 
systems in a fashion analogous to the temporal gap which produces express saccades and 
rapid pursuit. Supported by NIH grant #ROIEY 10838-01 A l.

263.9
SACCADES ARE INHIBITED DURING GOAL DIRECTED HAND MOVEMENTS. 
S.F.W. N egger⅜ nd H, Bekkering. Dept. Of Cognition and Action, Max-Plack-Insitute for 
Psychological Research, 80802 München, Germany.

Eye-hand coordination studies showed that goal directed hand movements towards visual 
targets are preceded 100-200  ms by a saccade to the target, and that pointing accuracy 
suffers when subjects do not move the eyes to the target. Neurons in the monkey Superior 
Colliculus are known to be involved in the generation o f saccades. SC neurons form an 
anatomical map, in which each neuron is active shortly before a saccade o f a particular 
direction and amplitude. Recently, Werner et al (1993) showed that SC neurons in 
intermediate and deep layers are active shortly before and during arm movements as well. 
In addition, electrical stimulation studies showed that rostral fixation cells in the SC are 
able to stop an ongoing saccade. These neurons might enforce gaze stability during 
reaching or pointing. This study is set up in order to investigate whether the position o f the 
eyes, when directed to the target, is stabilized during pointing.

Eye, head and hand movements were measured with infrared tracking devices. In the so 
called dynam ic  trials, subjects were instructed to make an eye and arm movement to a 
visual target (LED). Then a second visual target was offered during the arm movement (the 
eyes now fixate the first target). In the static  trials, a second target was offered when 
pointing was completed. Subjects (N=Ю ) had to make a saccade as quickly as possible to 
the secoηd target. The presentation o f the second target, on 1 out o f 12 possible positions, 
in the dynamic condition coincided with the either the onset, maximum acceleration, 
maximum velocity or maximum deceleration of the arm movement. In a control experiment 
(N=Ю) only saccades had to be made, and this time the second target appeared with a short 
or a long delay after the first target, comparable to the delays found in the static and 
dynamic conditions of the first experiment. The results showed that latencies and 
amplitudes o f saccades towards the second target were larger in the dynamic condition, 
compared to the static condition. However, in the control experiment, saccadic latencies 
nor amplitudes to the second target were influenced by the delay-difference. The largest 
saccadic latencies in the dynamic condition were found for trials with low hand movement 
peak velocity. Together, this might indicate that eye movements are inhibited by the 
occurrence of a hand moving to a target fixated by the eyes. A vector coding model of the 
SC will be proposed to explain saccadic inhibition during goal directed hand movements.

Funded by the German Research Foundation (DFG). Grant Nr. BE 1873

263.11
ANTISACCADE DEFICITS IN PARKINSON'S DISEASE 
KA Briand1, DA Strałlow1, W Hening1,2, H Poizner1*, AB Sereno‘ 
‘Center for Molecular and Behavioral Neuroscience, Rutgers 
University, Newark, NJ, 07102 and ⅜,obert Wood Johnson 
Medical School

Investigations of antisaccade eye movements in Parkinson’s 
disease (PD) patients have yielded conflicting results, in contrast to 
consistently reported deficits for remembered saccades. We 
examined antisaccade and reflexive eye movements in PD patients, 
and also asked whether visual sensory cues improved performance. 
Seven mild to moderate PD patients were tested in the ‘off state. 
Subjects were required to fixate a central location on a video display 
and, upon target presentation, to make either an eye movement to the 
target position (saccade) or an eye movement to the visual field 
opposite the target (antisaccade). PD patients performed 
significantly worse than normal controls on the antisaccade task, as 
indicated by slower reaction times, higher error rates, and decreased 
gain. There was no difference between groups in the saccade task 
(latency, errors, or gain). The poor performance for PD patients in 
the antisaccade task suggest that PD patients have difficulty 
inhibiting reflexive saccades and initiating voluntary eye movements 
away from a target. We found that for PD patients, unlike controls, 
the presence of an external cue indicating possible target positions 
significantly improved performance on the antisaccade task. These 
results extend previous work and are suggestive of a frontal 
dysfunction involving a striatoprefrontal circuit.
Support: McDonnell-Pew, NARSAD, Scottish Rite, 
NIH#NS36449-01.

263.8
SACCADES TO M OVING TARGETS DURING PURSUIT W ITH AND 
W ITHOUT BACKGROUND M OTION S.N.J. Watamaniuk*! & S.J, Heinen2. 
‘Wright State University, Dayton, OH, 2TҺ℮ Smith-Kettlewell Eye Research Institute, 
San Francisco, CA

The smooth pursuit and saccadic systems are considered to be separate oculomotor 
systems with distinct neural substrates. However, based on real-world experience, it 
seems that while pursuing a moving object, the saccadic system is able to move the 
eyes to allow inspection of features of that object. We sought to determine if 
background motion consistent with a pursuit target could facilitate saccades to 
embedded targets. Human observers pursued the middle dot of a set o f 3 vertically 
aligned dots that traveled rightward at a speed of 8 deg/sec. Dots were separated by 2 
deg. In an interval o f steady-state pursuit (324-508 msec after target onset) either the 
top or bottom dot was turned off for 125 msec and then re-illuminated. The observer 
was asked to saccade to the flashed target dot. The moving targets were either 
presented on a dimly-lit homogeneous background or on a 10 deg field composed of 
200 randomly-positioned dots that moved in the same direction and speed as the 
targets. Salience of the target dots was maintained by presenting the background dots 
at a lower luminance. Eye position was recorded with a dual-Purkinje-image 
eyetracker. Saccade latency (as determined with an acceleration criterion) and eưors 
(saccades to the wrong target and missed saccades) were measured. While one might 
expect the dots in the background to act as distractors, we found that the presence of 
consistent background motion actually facilitated saccades to embedded target dots. 
The presence of a background decreased saccadic latency by up to 100 msec and 
significantly reduced errors compared to when targets moved in isolation. The results 
suggest that a moving background can allow more complete stabilization of retinal- 
image motion by the pursuit system and thereby enable the saccadic system to 
produce earlier and more accurate responses. Supported by NIH grant #ROl 
EY10838-01A1.

263.10
CONTROL OF SACCADIC EYE MOVEMENTS AND VISUAL FIXATION 
IN CHILDREN AND ADULTS WITH ATTENTION DEFICIT 
HYPERACTIVITY DISORDER. D.P. Munoz*. K.A. Hampton. K.D. Moore. 
and I.T. Armstrong MRC Group in Sensory-Motor Neuroscience, Dept. 
Physiology, Queen’s University, Kingston, ON, Canada

We are investigating fixation control and saccadic eye movements in 
children and adults with attention deficit hyperactivity disorder (ADHD). 
ADHD subjects were tested before and after stimulant mediation and results 
were compared with age-matched control subjects. In the first experiment, 
subjects were asked to fixate upon a central fixation point (FP) and then make 
a saccade to a visual target (T) that appeared on the right or left side. The time 
between FP disappearance and T appearance was randomized between 0 - 800 
ms. ADHD subjects had difficulty maintaining steady fixation while the FP 
was visible and after it disappeared prior to target appearance. In the second 
experiment, subjects were instructed to look at the T (i.e., pro-saocade task) or 
away from the T, in the opposite direction (i.e., anti-saccade task). There were 
no significant differences in mean saccadic reaction times between the control 
and ADHD subjects in both the pro-saccade and anti-saccade tasks, but there 
was a significant increase in the variability of saccadic reaction times in 
ADHD subjects. In addition, there was a significant increase in the percentage 
of direction errors in the anti-saccade task (i.e., pro-saccades made to the 
target stimulus).

Performance (fixation stability, direction errors) of several ADHD subjects 
improved significantly with methylphenidate treatment. These data will help 
in the differential diagnosis of subtypes of this disorder and the effectiveness 
of prescribed medication. Supported by the EJLB Foundation.

263.12
ROBUST PUPIL CENTER DETECTION USING A CURVATURE DIFFERENCE 
ALGORITHM. D. Z hu> S.T. Moore.2 T. Rar?han‘
‘Department of Computer and Information Science, Brooklyn College of the City 
University of New York, 11210, and ¾epartment of Neurology, Mt. Sinai School 
of Medicine, New York, 10029.

Determining pupil center is a fundamental computation for calculating three- 
dimensional eye orientation in systems that use video techniques. Commonly used 
algorithms for finding pupil center are based on finding the center of mass of the 
pupil. These algorithms incur large eưors, however, when eyelids, eyelashes, 
corneal reflections or shadows occlude the pupil boundary. We have developed an 
algorithm that uses the curvature characteristics of the pupil boundary to 
discriminate between smooth pupil boundary points and those occluded by 
eyelids, eyelashes, comeal reflections or shadows. For each pupil boundary point, 
a curvature value is computed from the difference between the mean edge 
directions of two sub-windows (typically 10 boundary points wide) on either side 
of the cuưent point. Occlusion of the pupil boundary by the eyelids, eyelashes, 
comeal reflections or shadows induces characteristic peaks in the curvature 
function. Curvature values for normal pupil sizes were determined and a threshold 
was found which is used to classify normal from abnormal curvature. The 
curvature threshold together with heuristic algorithms could then be used to 
segment the edges into smooth pupil boundary points and points related to the 
eyelids, eyelashes, comeal reflections or shadows. The non-occludeđ pupil 
boundary points are fit with an ellipse using a least mean square eưor criterion. 
The center of the ellipse is an estimate of the pupil center. This technique is robust 
and accurately estimates the pupil center with less than 30% of the pupil boundary 
points visible.
Supported by NIH grants EY 04148, DC 03284, NASA grant through NSBRI, 
New York State HEAT grant, and PSC-CUNY grant 664230.
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263.13
AN AN ALYSIS OF SA CCA DE PA RAM ETERS BASED ON EEG 
MEASUREMENT: EFFECT OF TASK CONDITION AND VIGILANCE. AΛJeņo\ 
T. Tateyama1, M. Takase2, A. Kaneko3 * and H. Minamitani1. ’Dept, of Biomedical 
Engineering, Keio Univ.; ⅛)ept. of Psychiatry, Keio Univ. School of Medicine; 
3Dept. of Physiology, Keio Univ. School of Medicine; Yokohama 223-8522, Japan.

Saccade parameters measured in different task conditions have been analyzed and 
compared as to investigate characteristics and neural basis of saccade. On the other 
hand, since 1970's several articles have noted that reduced level of vigilance in the 
subjects (i.e. drowsy state) might alter saccade profiles. Nevertheless no considerations 
to vigilance in the subjects, which may be affected by task conditions and may also 
effect to saccade parameters, have been given.

We carried out eye tracking tasks in 4 different conditions (non-target, stationary 
targets, jumping target, jumping target with discrimination load) so that we could 
examine effect of lighting targets on internally triggered saccade and of discrimination 
load on externally triggered saccade. Seven subjects, from whom informed consent 
was obtained, participated in the experiment (males, aged 22-24). We recorded eye 
displacement by photometric method and EEG by silver ⁄  silver chloride electrodes. 
Saccade peak velocity, duration and the ratio of peak velocity ⁄  duration (PV/D) 
were calculated by differentiation of eye displacement curve, peak acceleration and 
peak deceleration by further differentiation. All saccade parameters and spectral 
power of alpha wave bands extracted by FFT from each lsec EEG segment prior to 
saccade onset were compared among conditions. The results revealed that target 
existence and discrimination load raised vigilance in the subjects as well as PV/D, 
peak acceleration and peak deceleration. This implies that task conditions can affect 
the vigilance in the subject and that vigilance may cause the changes in saccade 
parameters.

This research was partly supported by Research Fellowships of the Japan Society 
for the Promotion of Science for Young Scientists.

263.14
C O NC UR RENT PRO C ESSIN G  OF SA C C A D E S IN V ISU A L  SEACH  
RESULTS IN CURVED TRAJECTORIES A N D  SHORT INTER-SACCADIC  
INTERV ALS. R. M. M cPeek* and E. L. K eller. Sm ith-K ettlew ell Eye  
Research Institute, San Francisco, CA  94115.

We trained a rhesus monkey to make a saccade to an odd-colored target 
embedded in an array of distractors. In each trial, the target was randomly 
selected to be red or green, and the distractors were of the opposite color. 
Mirroring results found with humans, saccades were more accurate and 
had a shorter latency when the color of the target happened to remain the 
same from trial to trial than when it changed, due a priming of focal 
attention toward the repeated target color1. In some trials, an initial saccade 
was made toward a distractor. Such incorrect saccades were typically 
followed by a second saccade to the correct target location, sometimes after 
a very short inter-saccadic interval (~  1 0 -8 0  msec). This finding again 
mirrors prior results with humans, in which it was found that such short 
inter-saccadic intervals result from the concurrent programming of two 
saccades to different s t im u li2 .  In the monkey, we observed that the 
trajectory of an initial incorrect saccade tended to curve toward the 
endpoint of the subsequent saccade. This curvature may reflect the 
influence of the concurrently-processed second saccade on the first 
saccade. We also observed saccades which began toward a distractor, but 
which changed direction in mid-flight with little or no fixation interval. 
Such highly-curved "re-directed" saccades typically landed near the target. 
We suggest that short inter-saccadic intervals, re-directed saccades, and the 
curvature of initial incorrect saccades toward the goal of the immediately- 
following second saccade may result from the concurrent processing of 
two competing saccade goals on a motor map. Support: n ih  ey o8O6O
1 McPeek & Nakayama. (1995). ARVO Abstracts, 36(4), S354. and 1F32 EY06881-01
2McPeek, Skavenski, & Nakayama. (1996). ARVO Abstracts, 37(3), S47l.

M O V E M E N T  I

264.2
LIMB IMMOBILIZATION ALTERS THE ACTIVATION PATTERNS  
OF THE ELBOW  FLEXOR M USCLES DURING A SUBM AXIM AL, 
FATIGUING CONTRACTION
J.G. Semmler, D.V. Kutzscher and R.M. Enoka*. Department o f 
Kinesiology and Applied Physiology, University o f  Colorado, Boulder, CO 
80309-0354

Although limb immobilization is known to cause a decrease in muscle mass 
and a decline in m uscle strength, little is known about its effect on m uscle  
activation patterns. The purpose o f the study was to determine the changes in 
activity among the elbow flexor m uscles and the endurance time o f low-force 
contractions after 4 weeks o f limb im m obilization. EM G recordings 
obtained over 24-hour periods from 3 im m obilized and 2 control subjects 
indicated substantial reductions in m uscle activity during imm obilization. 
After 4 weeks o f limb imm obilization, there was an 18% decrease o f the 
maximum voluntary contraction (M VC) force and a 39% reduction in the 
one-repetition-maximum load for the elbow flexor m uscles. The effects o f  
imm obilization on the fatiguing contraction (isom etric contraction at 15% 
MVC) were mixed, with no change in endurance time for 2 subjects and a Зx 
increase for 1 subject. In the performance o f the fatiguing contraction, the 
relative activ ity  o f  the brachialis m uscle  was greatest w h ile  the 
brachioradialis and the two heads o f biceps brachii m uscle exhibited similar 
levels o f relative activity in most subjects. The most comm on change in the 
activation pattern due to immobilization was a lower fatigue-related increase 
in total e lb ow -flexor m uscle activity toward the end o f  the fatiguing  
contraction. These results suggest that the relative activity among the elbow  
flexor m uscles during sustained, submaximal contractions changes after 4 
weeks o f limb immobilization.
Supported by NIH grant NS 20544 awarded to RME

264.4

264.1
AN  EQUILIBRIUM-POINT M ODEL FOR THE M ODULATION OF THE 
STRETCH REFLEX DURING RHYTHMIC SINGLE-JOINT M OVEM ENTS
G. Staude. W. W olf. U. Kraut, and R. Dengler1*
Universität der Bundeswehr München, D -85577 Neubiberg, Germany. 
’M edizinische H ochschule Hannover, D -30625 Hannover, Germany 

Reflex responses evoked by unexpected torque pulses show a characteristic 
modulation o f  reflex magnitude and latency when the m uscle is already 
involved in a rhythmic m ovem ent (Kraut et al., Soc.Neurosci. Abstr. 1997). 
This modulation occurs phase-locked to the rhythmic m ovem ent, irrespective 
o f  whether the oscillation is voluntarily produced by the subject, or whether it 
is passively imposed by a torque motor. Based upon the equilibrium-point 
hypothesis (Feldman, J M ot Behav, 1986) w e present a m odel which  
accurately reproduces both the modulation o f  magnitude and latency o f  reflex 
responses evoked by rapid m uscle stretch.

The model assumes that the actual level o f  m uscle activation is equally 
determined by afferent information from peripheral receptors and by 
descending control signals from the CNS. Sensory information about length 
and velocity o f  thè muscular contractile elem ents together with descending 
control signals form a compound control/feedback signal S by linear 
superimposition. A non-linear characteristic transforms the signal S into the 
actual level o f  m uscle activation, thus reflecting the non-linear spindle 
dynamics and the discontinuous properties o f  the tonic stretch reflex. A ctive as 
w ell as passive oscillations result in a modulation o f  S, which causes periodic 
shifts o f  the actual operating point within the characteristic curve. Therefore, 
torque pulses o f  equal size applied at different locations within a cycle o f  
rhythmic m ovem ent w ill evoke reflex responses with different magnitudes and, 
possib ly, different latencies. It w ill be shown that, due to the non-linear 
characteristic curve, small amplitude variations o f  the internal oscillation may 
lead to substantial changes in the phase-dependent reflex gain. This 
particularly may account for the inherent differences between active and 
passive rhythmic m ovements found in the experimental data.

264.3
HOW A PHASIC MOVEMENT DEPENDS ON PAST TONIC MOTOR ACTIVITY
H.-G. Ross*A. Heinzel, M. Thewißen. C, Wittrock. A ,K, Dasgupta and S. Cleveland 
Physiologisches Institut, Heinrich-Heine-Universität, D-40225 Düsseldorf, Germany 

Our study was designed to determine interactions between fast movements and pre
existing voluntary tonic motor activity when both motor acts use the same muscles.
Five normal subjects performed a continuous sequence of two movements about their 
right elbow joint: A tonic, slowly increasing (or decreasing) isometric extension against 
a force transducer, followed immediately after a GO tone by a fast isotonic flexion 
(lower arm position recorded using a search coil system). Signals (force, position, & 
surface EMG's of triceps & biceps brachii muscles) were A/D-converted and sampled at 
1 kHz. Movement velocity & acceleration were obtained by numerical differentiation. 
Results: (1) A premovement EMG silence in the tonically active triceps muscle 
(extensor) usually preceded the fast flexion if the triceps' tonic force was either 
constant, or decreased slowly. If the tonic triceps activity had been increasing before 
the fast flexion began, this classical picture disappeared, and in place of the pre
movement silence (or combined with it) there was a phasic premovement excitation. 
Subjects were totally unaware of this transient EMG (and force) increase towards the 
unintended direction. (2) While movement kinematics of the fast flexions remained 
virtually identical, their underlying EMG pattern also changed according to the char
acteristics of the tonic activity of the preceding isometric extensions: After decreasing 
tonic extension force,' fast flexions were executed with biceps and triceps co-activation, 
similar to that observed when such movements are performed from a resting state. 
After increasing tonic extension force, however, co-contraction disappeared, and the 
initiation as well as the course of the fast flexion was mainly governed by the biceps.
In sum m ary, our results demonstrate unconscious reciprocal interactions between 
commands governing evolving movements (and tuning the motor system accordingly) 
and those concerned with ongoing motor acts. Since similar EMG changes have also 
been observed in one totally deafferented patient we conclude that the observed effects 
are mainly a consequence of central processing.
Supported by grant IN-49 from the GSF & the DLR (Germany) and the CSГО. (India)

DISTRIBUTION OF FORCES PRODUCED BY SINGLE MOTOR UNITS IN 
HUMAN FLEXOR DIGITORUM PROFUNDUS. S.L. Kilbreath, J. Raymond, R.B. 
Gorman and S.C. Gandevia*. Prince of Wales Medical Research Institute, University 
of New South Wales and School of Physiotherapy, University of Sydney, Sydney, 
Australia.

This study was designed to determine whether single motor units in flexor 
digitorum profundus (FDP) produced forces at the tip of one or more digits. The 
activity of single motor units was recorded with intramuscular electrodes during a 
gentle grasp of an object that was instrumented to record the forces under the pulp of 
each digit. The action o f each motor unit on the various digits was estimated with 
spike-triggered averaging from a recording o f at least 10 minutes. Data from 29 motor 
units (7 index, 6 middle, 8 ring and 8 little) in 4 subjects were analysed from 14 
sessions. There were no differences in the firing rate of the units from the different 
portions of FDP (range: 8.1 -  9.8 Hz). The number of spikes used in the averages 
ranged from 11405 -  22520 spikes per unit. The background forces of the digits were 
[mean (SEM)]: 56 (7) g for index; 32 (5) g for middle; 109 (11) g for ring; and 40 (5) 
g for little. Units in the index portion of FDP produced twitch-like force increments of
0.59 (0.28) g at the tip o f the index finger whereas the forces were less than 0.13 g at 
the tips of the other fingers. Units in the little finger portion of FDP produced forces 
o f 0.50 (0.16) g at the tip of the little finger, but also forces of 0.37 (0.07) g at the tip 
o f the ring finger. Units in the middle and ring finger portions o f FDP showed 
variable pull on the different digits. We conclude that the forces produced by some 
motor units in FDP are coupled to more than one digit, although motor units in the 
index portion of FDP are more focally coupled to the index finger. The distribution of 
motor unit force to more than one digit will limit the ability to move the fingers 
individually.

Supported by the NHMRC of Australia and University o f Sydney Research Grant.
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264.5
EVIDENCE FOR AN ADAPTIVE FORWARD MODEL IN LEARNING 
OF DYNAMICS OF REACHING MOVEMENTS. MA Smith*, N Bhushan, 
& R Shadmehr. Dept, of Biomedical Eng. Johns Hopkins Univ. Baltimore, MD 

When reaching movements are made in novel force fields, the CNS learns 
an internal model that predicts and compensates for the pattern of forces. 
What is the computational nature of this model? Here we considered a 
theoretical system for the control of arm movements that uses an adaptive 
inverse and forward model. An inverse model learns to associate a desired 
trajectory for the arm to a pattern of muscle activations and generates a 
feedforward control command. A forward model learns to predict sensory 
outcome from efference copy and delayed sensory feedback and then acts to 
correct descending commands on-line. We modeled a human-like arm with 
six Hill-type muscles and a spinal-like stretch reflex system, coupled to an 
adaptive controller. We designed a computational system where the degree 
of reliance of the controller on the forward and the inverse models could be 
adjusted. We varied this variable gradually from one extreme to another. 
We found that at the two extremes, the theoretical systems, one with greater 
dependence on the forward and the other with greater dependence on the 
inverse model, behaved differently if the field was suddenly changed. How 
did this compare to performance of our subjects? We recorded movements 
of 16 subjects as they learned Field A and then were exposed to Field
B. There were striking similarities in movement kinematics about near
discontinuities in the subjects’ hand paths and the predictions of a controller 
that greatly relied on a forward model. This suggests that after a period 
of practice with a novel dynamical system, the motor memory is strongly 
dependent on a forward model of that system. Supported by ONR and Whitaker 
Foundation.

264.7
CONTROL OF MULTIJOINT INERTIAL DY NAM ICS IS 
LATERALIZED. R.L. Sainburg1, D. Kalakanis1, M.F. Ghilardi2*.
’School o f  Health Related Professions, SƯ NY, Buffalo N Y  14214 INB- 
CNR Milan, Italy.

Tracing a straight line with the hand requires precise interjoint 
coordination. We have previously shown that such coordination 
depends on proprioceptive information and requires control o f  the 
com plex inertial interactions that occur between the segments. Here, 
we compare control o f  these interaction torques in the non-dominant 
and dominant arms. Subjects were seated in front o f  a computer screen 
with their arms supported in the horizontal plane and with motion  
restricted to the shoulder and elbow joints. Template lines were 
presented on the computer screen along with a cursor indicating hand 
position that was blanked at m ovem ent onset. The hand-path was 
displayed on the screen following each trial.

Subjects made rapid movements along a series o f  template lines 
which were designed to require the same elbow excursions with different 
shoulder excursions. This design resulted in variations o f  elbow joint 
interaction torques that depended on m ovem ent direction. Using the 
dominant arm and with little practice, subjects made straight accurate 
m ovements, regardless o f  m ovem ent direction. However, with the non 
dominant arm, subjects’ m ovem ents showed direction dependent 
curvatures and directional errors that persisted throughout practice. 
These results indicate that control over intersegmental inertial 
interactions is dependent on hand dominance. (NIH Grants: 1 KOI 
HDO1186-01, T32H D 07423).

264.9

TESTING THE M INIMUM W ORK HYPOTHESIS. K.C. N ishikawa1, S.T. 
Murray2, L. Daghestani2, and M. Flanders2*, ⅛ e p t. o f  B iological Sci., N. 
Arizona Univ., % eurosci. Prog., Univ. M innesota, M inneapolis, M N 55455.

Given the mass distribution o f  the human arm, the peak kinetic energy o f  
any arm m ovem ent w ill be least for rotation around particular axes. The 
"minimum work" hypothesis predicts ( 1 ) that arm postures and trajectories 
should m inim ize the peak kinetic energy; and (2 ) that arm postures and 
trajectories should be independent o f  m ovem ent speed. Although peak 
kinetic energy increases with speed, the m ass distribution o f  the arm, and 
therefore the minimum-work posture, remains constant as speed increases.
A previous study showed that subjects assume final arm postures that 
minim ize the peak work necessary to transport the arm from its initial 
posture. Here, we test the second prediction using a reaching task in which 
human subjects were instructed to reach to real or virtual targets from  
various starting positions at movem ent speeds ranging from 24-333 cm/s.

Final arm posture differed as a function o f  starting posifion, confirming 
previous results for real targets and extending them to virtual targets. Final 
plane o f  the arm and curvature o f  the hand path were regressed against 
m ovem ent speed. Although individual subjects showed idiosyncratic effects 
o f  speed on arm posture and trajectory, there was no system atic effect o f  
m ovem ent speed on final arm posture or path curvature over a > 10  fold  
range o f  speeds. Even the slow est m ovem ents (< 50  cm /s) showed no 
evidence for an influence o f  quasi-static factors. In a second experiment, 
subjects incorporated a step and a bending o f  the trunk to reach targets 1 m 
distant. Again, movement speed had very little influence on hand trajectory, 
consistent with the idea o f  a negligible optim ization o f  gravity torques. 
These results confirm the importance o f  kinetic (rather than quasi-static or 
kinematic) factors in controlling hand trajectory and support the minimum  
work hypothesis. Supported by NSFIBN-9507479 (KCN) and NIH NS27484 (MF).

264.6
DIFFERENCES IN THE MODULATION OF STRETCH REFLEX RESPONSES 
DURING PASSIVE AND ACTIVE RHYTHMIC FINGER MOVEMENTS
U. Kraut. G. Staude- and W. W olf*
Universität der Bundeswehr München, D-85577 Neubiberg, Germany

Experiments showed a systematic phase relationship between the rhythmic activity (5 
Hz) and the latencies and amplitudes of short as well as of long latency stretch reflex 
responses (e.g. Kraut et al., Soc. Neurosci. Abstr., Vol. 23, Part 1, 1997; Kraut et al., 
Exp Brain Res, submitted 1998). A model was presented reproducing the effects of 
phase entrainment of discrete and reflex responses during rhythmic activity in detail 
(e.g. Staude, Dissertation 1996). For further investigation an important question is, whe
ther the modulation of the reflex responses is dependent on active muscle contraction. 
This can be identified by studying the reflex responses during passive rhythmical 
movement o f the observed limb at different frequencies.

Experiments: the subject’s index finger rested in a orthopaedic finger spliħt fixed on a 
lever attached to a torque motor. Small amplitude mechanical oscillations were applied 
at a frequency varying between 2, 5, 10 and 25 Hz. At randomized time instants, abrupt 
load changes were superimposed causing rapid stretch of the first dorsal interosseus 
muscle (FDI). EMG and finger position were recorded. Subjects were instructed not to 
intervene voluntarily. As a major result, we got a modulation of the amplitudes of short 
and long latency responses in all subjects, dependent on the phase of the rhythmic 
movement and its frequency. With higher frequencies, magnitudes of both responses 
decreased indicating stronger inhibition; magnitudes were also much lower compared to 
resting condition. As predicted by the model, there was a modest increase in reflex 
magnitudes during muscle lengthening (minimum magnitudes during muscle shorte
ning). By contrast to active movements, there was no significant phase dependency of 
reflex latencies. Our results support the view that threshold modulation at the level of α- 
motoneurons during rhythmic joint movements is equally caused by both movement- 
related afferent information and descending control signals from the CNS. During 
passive movement, peripheral information plays the dominant role, but leads to a 
modulation that remains mostly subtreshold. Due to the nonlinear relationship between 
muscle length and reflex amplitude this will lead to an observable modulation of reflex 
magnitudes, but might be not sufficient to cause modulation of reflex latencies.
(This work was supported by the DFG, Graduiertenkolleg “Sensorische Interaktion”)

264.8
THE INFLUENCE OF VISION AND CYCLING FREQUENCY ON THE 
STABILITY OF REACHING MOVEMENTS. S, A. Wallace1*. B. K. V. Maгai2. 
and R. CHUA3. ’Dept, of Kinesiology, San Francisco State University, San 
Francisco, CA 94132,2Dept. o f Kinesiology, Louisiana State University*, ⅜aculty 
of Physical Education and Recreation, University of Alberta.

Recent research has suggested that in the 1-1 frequency relationship between the 
hand and arm, the 0 and 180 relative phase patterns appear to be the most stable 
(Wallace, Many, Cłma & Kelso, manuscript in preparation). However, this 
research used a scanning procedure (Zanone & Kelso, 1992) that required 
participants to perform a variety of relative phase patterns at a constant cycle 
frequency. In the present experiment, both vision and cycle frequency were 
manipulated as participants (N=3) performed 0, 90 or 180 deg relative phase 
patterns. We predicted that the increase in cycling frequency or loss of vision would 
serve to de-stabilize the most unstable pattern (90 deg) but have less influence on 
the 0 and 180 deg patterns. Cycling frequency started at .75 Hz and increased by 
.16 Hz increments after 10 cycles resulting in six cycling frequency plateaus. 
Participants synchronized aperture minimum with the sound of an auditory 
metronome and wore goggles that allowed for the occlusion of vision on half of the 
trials following the third cycling frequency plateau. Results showed that the 0 and 
the 180 deg pattern were the most stable across cycling frequency plateaus. Only 
performance shifts from the 90 deg pattern to either 0 or 180 deg pattern were 
observed The loss of vision did not greatly affect the results. Evidence was 
provided that the recruitment of additional degrees of freedom was used to help 
stabilize the patterns, particularly in the 90 deg relative phase condition.

264.10
SHORT-RANGE STIFFNESS, YIELDING, AND STRETCH REFLEX ACΉON IN 
HUMAN TRICEPS SURÆ MUSCLES. J.A. H∩ffer1*. A.G. Cresswell and A. 
Thorstensson. Neuroscience Dept., Karolinska Institute, S-11486 Stockholm, Sweden 
and ’School of Kinesiology, Simon Fraser Univ., Burnaby, B.C., V5A 1S6, Canada.

Rapid movements, particularly when they involve large muscles like the human triceps 
suræ (TS), cause large inertial torque components that obscure the mechanical behavior of 
muscle fibers and reflex recruitment dynamics. We removed these inertial components (as 
did Carter et al. for a digit study in J. Neurophysiol. 64:105, 1990), to so obtain the net 
torques contributed by intrinsic muscle and reflex components during rapid stretch of TS.

Four adults (IF, ЗM; 48-91 kg) lay prone on a bench with one foot tightly secured to a 
servo-controlled motor that was aligned with the ankle axis. Subjects produced a series of 
plantarflexion torques ranging from 5 Nm to 90-237 Nm, each lasting several seconds. 
Once during each contraction, the motor dorsiflexed the ankle 10° in 100 ms (peak velocity 
1 l2º/s), and 500 ms later returned to the initial ankle angle of 90°. SOL and MG EMG, 
ankle torque, position and velocity, and motor and foot acceleration signals were recorded, 
digitally sampled, and analyzed using Spike2, Origin and Matlab.
The inertial torque component was measured during dorsiflexion of the relaxed foot. This 

curve was translated 6-10 ms (to account for a variable delay in onset of foot acceleration 
and torque that depended on pre-load) and subtracted from total torque curves. Resulting 
families of net torque increment curves revealed two torque components during the stretch:
1. For all subjects, at all initial torque levels, the net TS torque rose steeply until it abruptly 

reached a peak (PI) -50 ms after stretch onset. By that time the ankle had rotated ~ 3°.
2. The amplitude of this torque peak scaled linearly with the initial torque level.
3. For low initial torque levels (< 20% of maximum), the net torque increment declined 

abruptly after reaching the PI value. For 5 Nm background torque levels, the net torque 
had sometimes declined back to its baseline value by 100 ms after the stretch onset.

4. Reflex EMG started 40-60 ms after stretch onset (progressively earlier at high torques).
5. A second, more variable torque peak (P2) typically occurred 80-130 ms after stretch 

onset. This peak occurred progressively earlier in trials with higher initial torque levels.
6 . For torque levels >20% of maximum, P2 rose up from PI and exceeded the size of PI. 

Findings 1-3 indicate that human triceps suræ muscles do indeed exhibit short-range
stiffness and yielding behavior, contrary to conclusions reached in several earlier studies.

Findings 4-6 indicate that at higher torques, fast-type muscle fiber stiffness and reflex 
recruitment can cooperatively compensate for the yielding seen in TS at lower torques.

JAH held a travel grant from the Swedish Central Assoc, for the Promotion of Sports.
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264.11
SCALING OF MUSCLE ACTIVATION PATTERNS DURING GENERATION OF 

ISOMETRIC FINGERTIP FORCES F.J. Valero-Cuevas.* u  C.G. Burцar, ‘ ·3 M.E. 

Johanson1 and F.E. Zajac12~J. 1 Rehab. R&D Ctг., VA Palo Alto HCS, Palo Alto, CA 

94304; ⅜ ep t. Mechanical Engineering & 3Dept. Functional Restoration Stanford Univ.
Grasping objects with the fingertips requires controlling the magnitude o f well- 

directed isometric fingertip forces. Given the redundancy in control o f  the multiarticular 
muscles acting on the complex geometry o f  the digits, task-specific motor programs 
may greatly simplify the control o f  grasping. Identical scaling o f  each muscle activation, 
while retaining the relative activation proportions among muscles (the “muscle 
activation pattern”), is a simple scheme for controlling the magnitude o f  a desired force 
[Bernstein, N., Co-ordination and regulation o f  movements, Pergamon. 1967],

In each o f  3 directions (palmar, distal and dorsal) in the plane o f  index finger flexion, 
subjects (n=8) slowly generated a force trajectory' from 0% to 50% MVC, then to 100%, 
then to 50%, and finally to 0%. 3-D fingertip force and fine-wire EMGs from all 7 
muscles were recorded. For each force direction, a 7-m uscle 3-D index finger model 
predicted families o f  activation patterns that produce 50% o f the maximal force 
biomechanically achievable, and the unique pattern that produces the maximal force.

Regardless o f  force direction, the predicted activation patterns that produce 50% 
MVC showed that extensors and intrinsic muscles could be activated over a broad range 
o f levels but flexors only over a narrower range. ANOVA o f the EMGs revealed, for 
each force direction, subject-independent muscle groups (i.e., muscles in a group are 
activated at indistinguishable levels, p<0.05). Also, the muscle activation patterns at 
50% MVC and 100% MVC were each similar to the predicted, unique pattern 
corresponding to the maximal biomechanically achievable force. Thus, the redundancy 
in control for 50% MVC was not exploited by the subjects. The results also suggest the 
control o f  isometric fingertip force over a broad range o f  magnitudes is simplified by 
scaling the activation pattern compatible with maximal force generation.

Supported by Rehab R&D Service, Dept, o f  Veterans Affairs (VA).

264.13
TW O PARALLEL MECHANISMS OF MOTOR UNIT SYNCHRONY IN 
STATIC AND DYNAMIC MUSCLE CONTRACTIONS.
S. Erim aki, U. W indhorst* and C.N. C hristakos. Lab Systems Physiology, 
Medical School, University of Crete, Heraklion 71110, Crete, Greece

For static and dynamic (varying force) contractions of a hand muscle, the 
correlations of m otor unit (MU) activities were analysed by unit-to-force (or 
EMG), i.e., by unit-to-aggregate, correlation and coherence computations. The 
form er computations yield the phases of the units (relative to  the aggregate 
activity), whereas the latter provide information on the extent and strength of 
synchrony. In static contractions (up to  50% of maximum), two types of tremor 
w ere observed in the band 6.5-10 Hz: Regular (in th ree subjects), char
acterized by a large and narrow  spectral peak  (bandwidth of ~ l Hz); and 
irregular (in six subjects, including two of the other category), characterized 
by a broad spectral deflection (bandwidth of a few Hz). For the regular 
trem or, the coherence of all MUs to the force had a single, large and narrow 
peak at the trem or frequency, irrespective of the firing rates of the units. This 
indicates widespread MU correlations at that frequency. For these units, the 
coưelogram  to the force revealed a tendency for their spikbs to occur very 
near the m inim a of the trem o r oscillation, i.e., the units w ere alm ost in 
phase. In contrast, for the irregular trem or, the coherence was very low for 
all MUs, and their correlogram s to  the force w ere p rac tica lly  flat. Both 
observations indicate lack of substantial correla tions of MU activities. In 
voluntary dynamic contractions, the coherence of all MUs to  the force in all 
subjects had large values in the frequency band of the force variations. This 
indicates widespread correlations between the un its’ modulations, which, as 
expected, had a phase advance over the varia tio n s  of the force. In the 
presence of additional, regular trem or in two subjects, this coherence showed 
a second peak at the trem or frequency. Thus, two parallel mechanisms exist 
that can cause MU synchrony, through correlated inputs (presumably from  the 
spindles and from the cortex) that act on the m embrane potentials of the cells. 
Supported by Grant 95ED-1254 from the Greek Seer. Res. & Tech.

264.15

A CADAVERIC ST U D Y  OF TH E UPPER LIMB TENSIO N TEST  
(ULTT). Ņ E  Quick. GD H eise. J Lawrence HI*. School o f K inesiol. & 
Physical Education, Univ, o f  Northern C olorado, G reeley,CO 80639; 
Center for Biomed Engineer, Univ o f Kentucky, Lexington, KY 40506.

The ULTT is a clin ical test used by physical therapists to evaluate 
and treat the mobility o f  peripheral nerves. A positive test is indicated 
by a replication o f  sym ptom s and/or range o f m otion deficits on the 
painful side due to an inability o f  the nerve to adapt to movement o f the 
upper extrem ity. I f  p ositive, the ULTT is used in treatment to restore 
movement and/or stretch capabilities o f  the peripheral nerve. Since the 
ULTT involves stretching neural tissues, it is critical to determine if  the 
stretching that occurs is sufficient to restore "normal" movement or if it 
is excessive. Excessive stretching could potentially cause further micro
trauma to the nerve as a result o f  ischemia. The intent o f  this study was 
to compare the change in length in the median nerve during characteris
tic m ovem ent (abduction) and the ULTT. The m edian nerves in eight 
embalmed cadavers were flagged at the brachial p lexus and at a d is
tance m id-way between the acriom o-clavicular jo int and elbow. Using  
the Peak 5 m otion ana lysis  sy stem , the segm ental d istances were  
measured for each cadaver during both abduction and The ULTT. Both 
tests conditions were taken to p h ysio log ic  range. A tw o tailed t-test 
with an alpha level o f  .05  was perform ed on the data. The results re
vealed that a significant difference in length change did not exist. This 
would indicate that the ULTT does stretch the median nerve sufficiently 
to restore normal m ovem ent, w h ile  at the sam e tim e does not stretch 
the nerve excessively.

264.12
ST A T IC  FU SIM O T O R  A C T IV IT Y  D U R IN G  V O L U N T A R Y  
C O N T R A C T IO N  S.M .P . V erschueren . 1 P. C ordo.2 * and J.T. In glis3 

⅛ ep t. Kinestherapy, Catholic University o f Leuven, Belgium , BЗOOl,⅜Jeurological 
Sciences Institute, Portland, Oregon 97209, ⅜ ch o o l o f Human Kinetics, University 
o f British Columbia, Vancouver, B.C. Canada V6T1Z1

W h ile  the e ffects  o f  static and dynam ic fusim otor stim ulation on 
m u scle  spindle afferents have been  w ell docum ented  in reduced animal 
preparations, relatively  little is k now n about h ow  these tw o populations 
o f  fusim otor neurons are activated under natural conditions. In reduced 
preparations, gam m a-dynam ic stim ulation has been  sh ow n  to increase 
m u scle  spindle sen sitiv ity  to m ovem ent, and gam m a-static stim ulation  
has been sh ow n  to decrease sensitiv ity . H ow ever, it w as recently  
sh ow n  by this laboratory that fusim otor activ ity  m ay increase m uscle  
sp indle sen sitiv ity  v ia  a n o ise-based  m ech an ism  (stoch astic  resonance) 
that w ou ld  m ost lo g ica lly  be associated  w ith  gam m a-static activity.
The present study w as undertaken to determ ine w h ether fusim otor  
activity associated  w ith  voluntary contraction is associated , at least in 
part, w ith  static fusim otor activity.

M icroneurographic recordings o f  s in g le  m u scle  sp in d le  afferents 
were obtained from  the radial nerves o f  n eu ro log ica lly  norm al human 
subjects. Ram p-and-hold stretches w ere im p osed  on the wrist during 
sustained (2 4 -3 0  s) voluntary contractions o f  the m u scle  o f  origin. The 
effec t o f  the fusim otor activity associated  w ith  each  lev e l o f  contraction  
w as a ssessed  using the average firing rate and dynam ic in d ex o f  each  
afferent resp onse to stretch. Increasing lev e ls  o f  voluntary contraction  
w ere associated  w ith  increased firing rates w ith  no change in dynam ic 
index, con sisten t w ith  gam m a-static, but not d yn am ic-gam m a activity. 
T h ese results support our hypothesis that fusim otor activ ity  can  
sen sitize  m u scle  sp indles v ia  a stochastic reson an ce-lik e m echanism .

264.14
UNIT-TO-AGGREGATE COHERENCE AND CORRELATION ANALYSIS 
OF SYNCHRONY IN NEURAL POPULATIONS
C.N. Christakos* and M. G iatroudaki. Lab of Systems Physiology, Medical 
School, University of Crete, Heraklion 71110, Crete, Greece

The quantification of synchrony in neural populations (estimation of extent 
and strength of the unitary correlations, and determination of the units’ phase 
relations) can be efficiently performed by unit-to-aggregate (UTA) coherence 
and correlation computations. It has been shown by m athematical analysis and 
computer simulations1-2 that for a population where unitary correlations have 
similar strengths, the UTA coherence for the members of the correlated subset 
is significant, as long as the distribution of the units’ phases is not very broad 
and synchrony is not very restricted. M oreover, the value of this coherence is 
then indicative of the common strength of synchrony in the correlated subset. 
Extension of the study to the case of distributed correlation strengths yielded 
sim ilar results, under the above conditions: (A) The UTA coherence is 
significant, even for units whose coherences to o ther units are marginally 
significant. (B) For any given unit, its value is indicative of the unit’s corre
lation  strengths to  o ther units. (C) For the average unit with regard  to 
strength, this value is indicative of the average strength of synchrony in the 
co rrela ted  subset. It follows that a com bination  of UTA coherence and 
correlation analyses on a sample of recorded unit/population activities ena
bles the easy detection and quantification of population synchrony: For each 
frequency where significant coherences occur in the sample, the distribution of 
the units’ phases (relative to  the aggregate activity) can be directly estimated 
by UTA correlation analysis. Provided that this distribution is not very broad, 
the extent of synchrony can then be determined as the proportion  of significant 
UTA coherences in the sample. Finally, the strength of synchrony and its 
distribution can be estimated from the values of these coherences.
1. C.N. Christakos, Neuroscience 58, 43-57, 1994
2. C.N. Christakos, J. Neurophysiology 78, 3453-3459, 1997 
Supported in part by Grant 95ED -1254 from the Greek Seer. Res. & Tech.

264.16
R E L A T IO N S H IP  B E T W E E N  M O T O R -R E L A T E D  C O R T IC A L  
PO TEN Ή A L A N D  V O L U N T A R Y  M U S C L E  A C T IV A T IO N . \Ļ  
S iem ion ow 1’2*, V .K . Ranganathan1, J .Z . L iu 1, and G .H . Y u eu . 
Departm ents o f  ¾ o m e d ic a l  Engineering and re h a b ilita t io n  M edicine, 
The Cleveland Clinic Foundation, Cleveland, OH 44195.

R eg io n a l cerebral b lood  flo w  and fu n ction a l M RI stu dies  
suggest that there m ay be a positive relationship betw een the descending  
com m and and m u scle  activation. H ow ever, this relationsh ip has not 
been w ell established betw een m otor-related cortical potential (M RCP), 
a m ore direct m easurem ent o f  neuronal a ctiv ity  in the brain, and 
voluntary  m u scle  activation . T he purpose o f  th is project w as to 
determ ine whether stronger m uscle force and a higher rate o f  rising of 
force accom panied a h igher m agnitude o f  M R C P. In one session , 
su b jects perform ed iso m etr ic  e lb o w -fle x io n  con traction s at four 
intensity lev e ls . In another session , a g iven  e lb ow  flex ion  force was 
generated at three d ifferen t rates. T w en ty  to 3 0  contraction s were  
perform ed at each force lev e l or rate. EEG sign als w ere recorded from  
the supplem entary m otor area (S M A ) and contralateral sensorim otor  
cortex during the contractions. In each trial, the force w as used as the 
triggering signal for the M RCP averaging. The M RC P am plitude was 
m easured from  the baseline to the peak o f  the signal. The m agnitude o f  
M RC P from both the m otor cortex and SM A  were positively  correlated 
w ith e lb ow  flex io n  force, rate o f  rising o f  force, and m u scle  EM G  
signals. These results suggest that the M RC P represents cortical motor 
com m ands that scale the leve l o f  m uscle activation.

Supported by N IH  grant (N S 35130).
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264.17
D IFFER E N T IA L C O R T IC A L  C O N T R O L  O F H U M A N  FIN G ER  
EX TENSIO N A N D  FL EX IO N  M O V E M E N T S . G .H . Ұ u e13. J. Z. 
Liu1. V. S iem ion ow 1,3. V.K . Ranganathan1, and T.C. N g 2* . Departm ents 
of 1 B iom ed ical Engineering, 2R ad io logy  and r e h a b ilita t io n  M edicine, 
The C leveland C lin ic Foundation, C leveland , OH 44195

It is a com m on observation that regaining ex ten sion  function o f  
upper lim b is m ore d ifficu lt than regaining the f lex io n  function after 
neurological diseases, such as stroke. The neural m echanism  underlying  
this phenom enon is not w e ll understood. The purpose o f  th is study was 
to determ ine if  finger ex ten sion  and flex ion  m ovem en ts are controlled  
differently by the brain. E ight healthy volunteers perform ed extension  
and flexion m ovem ents o f  the right thum b w h ile  their brain w as im aged  
with functional M RI. Brain im ages were acquired during rest (baseline  
condition) and m ovem en t. E xerc ise  in ten sity  w a s sim ilar for the 
extension  and f lex io n  task s. Brain activ a tio n  w a s determ in ed  by  
statistical p ix e l-to -p ix e l com p arisons betw een  the rest and m ovem ent 
im ages, and b ased  on the num ber o f  s ig n ifica n t p ix e ls  activation  
volum e w as calcu lated . Brain activation  vo lu m e w as substantia lly  
larger during thum b extension  than flex ion  in the w h ole  brain and in a 
number o f  m otor fie ld s . In a separate se ss io n , EE G  sig n a ls  w ere  
recorded from  the m otor cortex and supplem entary m otor area (SM A ) 
during the sam e thum b m o v em e n ts . M o v em en t-re la ted  cortica l 
potential (M R C P) w as d erived  from  the EEG  sign al by m ovem en t-  
triggered  a v e r a g in g . M R C P  a m p litu d e  d u rin g  e x te n s io n  w a s  
significantly higher than that during flex ion  in both the SM A  and m otor 
cortex. F inger f le x io n  and ex te n s io n  m o v em en ts  are co n tro lled  
differently by the brain.

Supported by N IH  grant (N S  35130).

264.19
LIMITS OF THE SIZE PRINCIPLE IN COORDINATING 
MOTONEURON RECRUITMENT ACROSS MUSCLES. A.J. 
Sokolofľ* S.G. Siegel, and T.C. Cope. Dept, of Physiology. Emory 
University. Atlanta, GA 30322.

We are testing whether the size principle, exhibited in the orderly 
recruitment of motoneurons (MNs) innervating single muscles, also applies 
to MNs innervating different muscles. Previously we have shown that the 
size principle organizes the activity of medial gastrocnemius (MG) and 
lateral gastrocnemius MNs during co-activation of these muscles in spinal 
reflexes. Here we test whether this organization extends to co-activatcd 
muscles that span different joints. The MG and posterior biceps femoris 
(BF) muscles were co-activated by ipsilateral sural nerve stimulation in the 
decerebrate cat (n=4). Recruitment sequence and axonal conduction 
velocity (CV, a good predictor of recruitment order) were determined for 
MN pairs composed of one MG MN and one BF MN. Recruitment order 
of each pair was tested in 8 reflex trials. Twenty-six MG-BF pairs were 
studied. In eleven pairs, recruitment order w'as inconsistent, i.e., each MN 
was recruited first in at least one trial. In fifteen pairs, recruitment order 
was consistent in all trials; in 8 of these pairs, the MN with the lowest CV 
was recruited first (i.e., in accordance with the size principle); in 7 of these 
pairs, the MN with the highest CV was recruited first. We thus conclude 
that the size principle does not organize activity among MG and BF MNs 
under these reflex conditions.

Supported by NIH grant R01-NS21023.

264.18
DO LENGTHENING CONTRACTIONS REPRESENT A CASE OF 
REVERSAL IN RECRUITMENT ORDER? P. Bawa* and K.E. Jones. 
Kinesiology., S.F.Ư., Burnaby, B.C., and Physiol, U of Manitoba, Winnipeg, 
MB, Canada.

The orderly recruitment of motoneurons has been demonstrated in majority of 
experimental paradigms examined. But there is a general acceptance that 
lengthening contractions recruit large motor units preferentially. We argue against 
the interpretation of the published data and suggest that lengthening contractions 
do not present an exception to size principle or motor unit recruitment.

Lengthening contraction is said to occur whenever an active muscle is 
lengthened either by external perturbation or by internal neural control. Stretch of a 
contracting muscle elicits a reflex, recruiting motoneurons from small to large. 
Following the reflex activity, units which have just fired during the reflex period 
may not tire again. Thus voluntary reaction following the reflex recruits the next 
higher threshold unit because the lower threshold units are refractory, and not 
because there is no synaptic input to these units.

When an active flexor carpi radialis muscle was lengthened fast, and the tension 
record was smooth, no recruitment of any extra units was observed. However, in 
some subjects, lengthening was always inteưupted by small jerky movements and 
these incidences were accompanied by recruitment of an extra unit. Such 
movements are “ballistic” which tend to phasically recruit very high threshold 
units in addition to the lower threshold units. If the lower threshold units are 
refractory, then only these next high threshold units will be observed. All 
observations from the previous publications (Nardone et al., J. Physiol., 1989; 
Howell et al., J Neurophysiol., 1995) claiming preferential recruitment of large 
units during lengthening contractions can be explained by a combination of 
refractoriness of the lower threshold units and ballistic nature of shortening 
contractions during lengthening.
Supported by NSERC of Canada

264.20
VARIATION OF DISPLAY-TO-CONTROL GAIN AND CHANGES IN 
THE DYNAMICS OF CONTINUOUS FORCE PRODUCTION.
A.B. Slifkin*. D.E. Vaillancouгt and K.M. Newell. Depts. of Biobehavioгal 
Health and Kinesiology, Penn State University, U. Park, PA 16802.

We (Slifkin & Newell, in press) recently demonstrated that maintenance of 
index finger contractions for continuous extended periods (15 s) over a broad 
range of target levels [5 -95%  maximum voluntary contraction (MVC)] resulted 
in parallel changes in performance quality [signal-to-noise ratio; mean force ⁄  
standard deviation] and noise in the structure of force output (increased proximity 
to white noise). Thus, counter to prevailing notions, increased noise augments, 
and does not decrement, performance quality. The purpose of the current study 
was to test for a positive correlation between noise and performance quality when 
performance was varied through manipulation of perceptual, instead of motor, 
capacity. During each trial, participants were instructed to adjust their force to a 
horizontal line target presented on a video monitor, and to minimize deviations of 
their unfolding force-time trajectory from the target. Across conditions, the 
relationship between displacement of the trajectory on the video monitor [pixels 
(P)] and the force produced [Newtons (N)] was varied over a 250-fold range (2,
5, 13, 32, 80, 200 & 500 P/N). Results revealed that as display-to-control gain 
increased within each force level (5, 25 & 50% MVC), both performance quality 
and force output noise changed according to inverted U-shaped functions: Both 
measures increased from low gain levels until 32 or 80 P/N, and declined sharply 
thereafter. Thus, either when performance was altered through a challenge made 
to motor capacity (Slifkin & Newell, in press) or perceptual capacity, there were 
positive, and not negative, correlations between force output noise and 
performance quality. These results will be discussed in connection with the more 
general hypothesis that increased noise in system output is related to enhanced 
adaptive control. Supported by NIH (NICHD) ₣32-HDO7885.
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E F FE R E N T  C O N N E C T IO N S  O F T H E A M Y G D A L O PIR IF O R M  
T R A N S IT IO N  A R E A  (A Pir) IN  T H E R A T. S J, Shammah-Lagnado* and 
A C. Santiago. Dept, of Physiology and Biophysics, Univ, of São Paulo. São Paulo. 
SP, 05508-900, BRAZIL.

APir is a poorly understood region located at the junction of the piriform, 
periamygdaloid and entorhinal cortices. Ί∏űs ưansitional area displays distinctive 
cytoarchitectonic and staining features (Alheid et al., 1995 in Paxinos, The Rat 
Nervous System) and receives direct projections from the olfactory bulb, but thus far 
its anatomical connections have not been extensively explored. Small deposits of 
Phaseolus vulgaris leucoagglutinin (PHA-L) were placed in different APir districts. 
Labeled fibers distribute essentially to ipsilateral telencephalic structures. The basal 
forebrain continuum refeưed to as the central division of the extended amygdala 
receives the densest APir projections. It includes the lateral bed nucleus of the stria 
terminalis, the subpallidal region, the nucleus of the posterior limb of the anterior 
commissure and the central amygdaloid nucleus. The infralimbic and agranular insular 
cortices, and the anterior basomedial, and posterior basolateral amygdaloid nuclei, 
which provide major inputs to the central extended amygdala, are also densely 
innervated by APir. Aside extensive intrinsic connections, APir also targets the anterior 
olfactory nucleus, tenia tecta, lateral septum, ventral striatal districts, hippocampal 
formation, nucleus of the lateral olfactory tract, and a restricted ventrolateral 
hypothalamic region. In the hippocampal formation, a dense terminal plexus is 
observed in the ventral subiculum and in the stratum lacunosum-moleculare of 
Ammon’s horn. It is of note that in all of the present cases, and in stark contrast to 
cases with PHA-L injections into the entorhinal cortex, the dentate gyrus is free of 
labeling. APir projections to ventral striatal districts and to the central extended 
amygdala display a medio-lateral topography.

The present findings suggest that APir exerts a strong influence on the central 
division of the extended amygdala, and as such is expected to play a crucial role in 
motivated and emotional behaviors. (FAPESP grants 96/7794-5, 96/11787-4)

PROJECTIO NS FROM THE AM YGDALAPIRIFORM  TRANSITION AREA 
TO THE CENTRAL NUCLEUS OF THE AMYGDALA: A PHA-L STUDY IN 
THE RAT. E.Jolkkonen*and A.Pitkänen. A.I.Virtanen Institute, University of 
Kuopio, P.O.Box 1627, FIN-70211 Kuopio, Finland.

The amygdalapiriform transition area (APir) locates at the crossroad of piriform, 
periamygdaloid and entorhinal cortices. Functionally, it is related to processing of 
olfactory information. Based on our preliminary findings, the APir provides 
topographically organized projections to the central nucleus of the amygdala that is 
elementary for generation of behavioral responses to sensory stimuli. To study the 
topography and distribution of projections from the APir to the central nucleus of the 
amygdala, we injected anterograde tracer, Phaseolus vulgaris leucoagglutinin 
iontophoretically into different portion of the APir o f 12 rats.

The APir was divided into three portions based on cytoarchitectonic and 
connectional criteria: rostral, caudolateral and caudomedial. Each of them gave origin 
to a somewhat unique pattern of projections to the central nucleus. The rostral APir 
gave origin to a heavy projection to the intermediate and lateral divisions and a 
moderate projection to the capsular and medial divisions of the central nucleus. The 
caudolateral portion of the APir projected substantially to the capsular and lateral 
divisions whereas projection to the intermediate division was composed mostly of 
fibers en passage. Projection to the medial division of the central nucleus was 
moderate. The caudomedial APir projected moderately to the medial division and 
lightly to the capsular division of the central nucleus.

Our findings show that projections from the APir to the central nucleus of the 
amygdala are topographically organized and they are mainly directed to the lateral 
portions of the central nucleus. Via these connections the central nucleus of the 
amygdala has access to olfactory information. Our ongoing ultrastructural studies will 
clarify more the postsynaptic targets of these connections.

Supported by the Vaajasalo foundation and the Academy of Finland.
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265.3
PROJECTIONS FROM THE POSTERIOR CORTICAL NUCLEUS OF THE 
AMYGDALA TO OTHER TEMPORAL LOBE AREAS IN RAT
S. Kemppainen and A. Pitka∏en*. A.I.Virtanen Institute, University o f Kuopio,
P.O.Box 1627, FIN-70211 Kuopio, Finland.

The posterior cortical nucleus of the amygdala (COp) is involved in 
processing of olfactory information and in mating behavior. Recent studies suggest 
that the COp might also modulate mnemonic processes via its connections to the 
medial temporal lobe memory system. To investigate in details the projections from 
the COp to the other temporal lobe areas, we injected Phaseołus vulgaris 
leucoagglutinin, an anterograde tracer, iontophoretically into different rostrocaudal 
levels o f the COp in 10 rats

The intranuclear projections were heaviest in the deep part o f layer I and in 
layer II o f the COp. The heaviest intra-amygdaloid projections were directed to the 
bed nucleus o f the accessory olfactory tract and to the central division o f the medial 
nucleus. The periamygdaloid cortex, the anterior cortical nucleus, and the lateral 
division o f the amygdalohippocampal area received light projections. Projection to the 
piriform cortex innervated most heavily the layers I and III o f  its caudomedial portion. 
In the entorhinal cortex, the heaviest projections were found in layers II-III of the 
ventral and dorsal intermediate entorhinal fields. Lighter projections were found in the 
medial entorhinal field. In the hippocampus, a moderate projection was found in the 
stratum lacunosum moleculare o f ventral CAT COp did not project to the perirhinal 
or the postrhinal cortices or to the subicular complex.

Our data show that the COp provides substantial projections to selective areas 
o f the hippocampal formation. Via these projections the amygdaloid complex can 
modulate mnemonic processes. These projections also provide a pathway by which 
the seizure activity may spread from the amygdala to the hippocampus.

Supported by the Vaajasalo Foundation, the Academy o f Finland and the 
Sigrid Juselius foundation.

265.5
TOPOGRAPHICAL PROJECTIONS FROM THE VENTRAL 
SUBICULUM TO THE SEPTUM AND HYPOTHALAMUS IN THE 
RAT. T. K ish ľ. T. Tsumori2. K. Ono2. S. Yokota2 and Y. Yasui2*. 
1Dept. of Psychiatry, Shimane Med. Univ.; 2Dept. of Anatomy, 
Shimane Med. Univ.; Izumo 693-8501, Japan.

We examined the projections from the ventral subiculum (Sv) 
to the septum and hypothalamus by the anterograde Phаseolus 
vulgaris leucoagglutinin (PHA-L) method. In the septum, Sv 
fibers were distributed in the ventral and intermediate 
subdivisions of the lateral septal nucleus (LSN). These Sv-LSN 
projections were topographically organized: as the site of PHA-L 
injection was moved from the rostral Sv to the caudal Sv, the 
terminal field of labeled axons in the LSN was shifted from the 
ventral subdivision to the dorsomedial part of the intermediate 
subdivision. In the hypothalamus, Sv fibers were distributed in 
the periventricular and medial zones. Following the above- 
mentioned PHA-L injections, the ventromedial-to-dorsolateral 
shift of the terminal field in the hypothalamus was also found. The 
topography of these projections was further confirmed by the 
retrograde tracing method. Combined with the previous reports 
indicating a topographical Sv-LSN-hypothalamic pathway, the 
present results suggest that different populations of Sv neurons 
may exert influences upon the execution of different hypothalamic 
functions.

265.7
EFFECTS OF ENRICHMENT ON THE AREA OF THE LATERAL 
AMYGDALA IN RATS. N, I, Gribneau. K. M, Kwok and M. C. Diamond*. Dept 
of Integrative Biology, Univ, of California; Berkeley, CA 94720.

The lateral nucleus (LA) of the amygdala is a prime target to study the effects of 
environmental conditions on subcortical neural plasticity. The LA is an important 
link between receiving sensory input, influencing aggressive output (as mediated by 
reciprocal connections with the basolateral and basomedial nuclei) and contributing 
to associated emotional states through projections to cerebral cortex. Determining 
the effects of enrichment on aggressive behavior necessitates study of the LA.

24 male and 12 female, Long-Evans rats were exposed to either enriched (EC) or 
impoverished (IC) conditions from 60 days to 116 days o f age. (In our larger 
sample both non-pregnant and pregnant females were studied, but data presented 
here are on pregnant females only.)

Thionine stained, frozen, 2Oµ brain sections taken at the level of the habenular 
nucleus were projected using a micro projector (4Ox). Two researchers, blind to 
animal gender and rearing conditions, independently ưaced the right and left 
outlines of the LA. Incongruent sections were discarded. Images were scanned as 
PICT files using a UMAX scanner, analyzed with NIH Image 1.60, and areas 
statistically compared using SPSS 7.5 on Macintosh and IBM computers.

Significant interactions between condition and brain side (p<0.03) and sex and 
condition (p<0.02) were found. The right LA of EC males was greater than that of 
IC males; whereas the left LA of ECДC males was equivalent. In contrast, the right 
LA was equivalent in EC/IC females and the left LA was greater in IC than in EC 
females. These results suggest that the right amygdala responds differently to the 
effects o f conditioning than the left amygdala, and the responses are gender- 
specific. We hypothesize that the sex difference may be related to the higher levels 
of aggression present in male rats and may also be related to previous findings that 
lesions in the posterior part o f the LA increase lordotic behavior in both female and 
castrated male rats.

This research project was funded by a University of California (Berkeley) Faculty 
Research Grant.

265.4

Topographic Organization of Thalamo-Amygdala Projections: A 
Retrograde Tract Tracing Study in the Rat. ÈŁ⅛_₧шnlAJJ₧ 
LeDoux. Center for Neural Science, New York University, New York, NY, 10003.

Projections to the amygdala from the auditory thalamus have been implicated in the 
associative conditioning of fear responses to acoustic stimuli. Thalamo-amygdala 
auditory projections enter the amygdala via the lateral nucleus (LA). It is well 
documented that these projections originate in the medial division (MGm) of the 
medial geniculate nucleus (MGN), the posterior intralaminar nucleus (PIN), and the 
suprageniculate nucleus (Sg). It is not known, however, whether these thalamic 
projections terminate in a topographical fashion within the LA. We therefore used 
seven different methods of retrograde tract tracing to determine whether the 
termination of thalamo-amygdala fibers has a topographic organization within the 
LA: (1) CTb-conjugated to gold, visualized using silver-intensification; (2) cholera 
toxin B subunit (CTb), visualized by either immunocytochemistry using fluorescein 
or immunohistochemical ABC technique; (3) rhodamine B; (4) fast blue; (5) 
diamidino yellow; (6) bisbenzimide; and (7) nuclear yellow. These tracers were 
injected locally to various locations within the LA and the distribution of the 
retrogradely labeled cells throughout the thalamus were analyzed. Two major 
findings were obtained. First, the thalamo-amygdala projections are topographically 
organized. In general, rostral-caudal distinctions in the thalamus are maintained in 
the LA. Furthermore, the density of cells which give rise to thalamo-amygdala 
projections varies within each thalamic nucleus along the гostro-caudal axis. Second, 
in addition to the known projections to the LA originating from PIN, MGN, and Sg, 
we also found substantial projections from the dorsal portion of the MGN (MGd). 
These findings suggest that some of the functional segregation in the thalamus may 
be preserved in the LA, and that the role of the MGd in thalamo-amygdala 
transmission should be reconsidered. Supported by R37-MH38774.

265.6
THE PROPAGATION OF EXCITATION ALO N G  INTERNUCLEAR  
CONNECTIONS OF THE AMYGDALA D. Pare* and D. R. Collins Dept, of 
Physiology, School of Med., Laval University, Q uebec, Canada G1K 7P4

The am ygdala is en d ow ed  w ith an im portant system  of intrinsic 
connections that has been im plicated  in  classica l fear condition ing. 
H owever, the influence of this profuse connectivity on the coordination of 
neuronal activity in the amygdala has not been exam ined directly so far.

To address this issue, m ultiple sim ultaneous extracellular recordings of 
am ygdala  neurons w ere perform ed in aw ak e cats that had been  
chronically-im planted w ith  stim ulating electrod es in the rhinal cortices 
and brainstem. N eurons of the basolateral (BL) am ygdaloid  com plex were 
id en tified  p h y sio lo g ica lly  as projection c e lls  w h en  they  could  be 
antiđrom ically invaded from the rhinal cortices (average latency o f 6.5 ± 
2.75 ms). Am ygdalofugal central m edial neurons w ere identified as such 
when they could be backfired from the brainstem  (average latency of 4.1 ±
1.26 ms). Computation of crosscorrelation matrices betw een simultaneously  
recorded neurons (14 sets o f 4-8 cells) revealed that laterally located  
neurons tended to fire before m edially  located cells in the waking state. 
This is in agreem ent w ith anatomical find ings indicating that m ost intra- 
am ygdaloid  connections run latero-m edially . U n exp ected ly , neurons 
located caudally in the am ygdala tended to fire before m ore rostrally 
located cells. In both the lateromedial and rostrocaudal axes, the spread of 
excitation occurred at an extrem ely low  velocity (0.1 m /s ) ,  one order of 
m agnitude lower than that observed in am ygdalofugal connections. This 
ob servation  su g g ests  that the p rop agation  o f exc ita tion  in v o lv es  
multisynaptic chains of interconnected neurons. W e are currently examining 
how these trends are affected by sensory stimulation.

Supported by the Medical Research Council of Canada.

265.8
EXTENDED AMYGDALA INPUTS TO THE DOPAMINE (DA) SYSTEM IN 
PRIMATES. Julie L. Fudge* and Suzanne N. Haber. Dept, of Neurobiology and 
Anatomy, University of Rochester Medical Center, Rochester, N.Y. 14642 

The DA neurons are involved in a wide range of functions including motivation and 
reward, cognition, and motor control. The striatum and cortex are the main inputs to 
the DA neurons, which are comprised of three subgroups: the dorsal tier (including the 
VTA), the densocellular zone, and the cell columns. However, the amygdala also 
provides a direct and substantial input to the DA neurons. Recently, in concept of the 
“extended amygdala,” it is proposed that the centromedial amygdala extends in a 
continuum through the basal forebrain to the bed nucleus of the stria terminalis 
(BNST). We placed anterograde tracers at various levels of this trajectory. Afferents 
from the central and medial nuclei of the amygdala proper are most heavily concentrated 
in the lateral third of the SNc. There is a moderate concentration of terminals in the 
medial and central SNc. Across the SNc, most fibers from the amygdala are found 
within the dorsal tier and densocellular zone. The BNST projects mainly to the VTA, 
and both the medial SN, pars compacta and pars reticulata. In the central SNc, fibers 
are more moderately distributed, mostly within the dorsal tier and dorsal densocellular 
zone. Along the continuum extending from the amygdala to the BNST, the lateral SNc 
receives less innervation from the basal forebrain. In sum, the centromedial amygdala 
projects mostly to the lateral SNc, and the basal forebrain, including the BNST, 
projects mainly to the medial SN. The central SN receives a moderate innervation 
from both regions. Therefore, a general topography exists, with lateral regions of the 
extended amygdala projecting to the lateral SN, and more medial regions projecting to 
the medial SN. The main subgroups of DA neurons that receive limbic input from the 
“extended amygdala” are the dorsal tier and the densocellular neurons. Results will be 
discussed with respect to their differential output connections, and their ability to 
modulate broad functional regions of striatum and cortex. Supported by MH45573 and 
the Theodore and Vada Stanley Research Foundation.
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265.9
SYNAPTIC MECHANISMS OF A NMDA-MEDIATED 

HYPERPOLARIZATION IN NEURONS OF THE LATERAL AMYGDALA.
L. Danober*, R. Driesang and H. C. Pape. Institut fìir Physiologie, Otto-von- 
Guericke Univeгsität Magdeburg, Germany.

Synaptic mechanisms underlying a N-methyl-D-aspartate (NMDA)-mediated 
hyperpolarization o f neurons of the rat and guinea pig lateral amygdala (AL) 
were investigated using sharp electrode recordings in slice preparations in 
vitro. Local application of NMDA resulted in an initial hyperpolarization of 
pyramidal-like spiny cells of the AL (projection cells), followed by a 
prolonged depolarization. Both response components were insensitive to the 
AMPA receptors antagonist CNQX and were blocked by the NMDA receptors 
antagonist AP-5. Superfusion of the slices with TTX abolished the initial 
hyperpolarization, without affecting the slow depolarization; thereby indicating 
that only the slow depolarization represented a direct postsynaptic effect of 
NMDA. The initial hyperpolarization reversed similarly to GABAд-mediated 
responses, and was selectively blocked by the GABAД receptor antagonist 
bicucul!ine, indicating a presynaptic effect o f NMDA secondary to the 
activation of local GABAergic intemeurons. Indeed, local application of 
NMDA on aspiny neurons o f the AL (presumed intemeurons) resulted in a 
long-lasting depolarization, which was not affected by TTX and CNQX, but 
was selectively blocked by local superfusion o f AP-5. This excitation may 
contribute to the powerful GABAergic inhibition on the pyramidal-like 
projection cells and may explain why inhibitory responses predominate in 
amygdaloid projection neurons following electrical stimulation of afferent 
inputs.

265.11
THE PROJECTIONS FROM THE ENTORШ NAL CORTEX TO THE 
HIPPOCAMPUS IN THE MOUSE. Th. van Groen*. I. Ƙadish and P. 
Riekkinen Jr. University o f  Kuopio, Dept, o f  Neuroscience and Neurology, 
Canthia Building, P.O. Box 1627, FEN 70211 Kuopio, Finland.

Many studies have demonstrated that the entorhinal cortex projects to the 
hippocampus. In the rat, the layer ∏ cells o f  the entorhinal cortex have been 
shown to project to the dentate gyrus, and the layer III cells terminated in area 
CA1 o f  the hippocampus, and this projection from the layer III cells to area 
CA1 is bilateral. Species differences have been demonstrated in these 
connections, e.g., in the monkey, therefore we hypothesized that in the mouse 
these connections might also be distinct from the rat. We used anterogradely 
and retrogradely transported tracers to study these connections in adult, male 
mice. Adult, male mice (C57BL/6J) were anesthetized, the hippocampus was 
injected with Fast Blue or Fluoro Gold (20-40 nl o f  tracer), in other mice 
iontophoretic injections o f  biotinylated dextran amine were made in the 
entorhinal cortex. Ten days later the animals were sacrificed and 
transcardially perfused. The brains were cut in three coronal series o f  50 µm 
sections, the first series was Nissl-stained, the second for ACҺE, and the third 
was either mounted unstained (fluorescence) or stained with avidin-HRP and 
DAB-Nickel. The data demonstrate that in mice the entorhinal cortex-to- 
hippocampus projections are very similar to those in the rat. In mice, the 
entorhinal cortex terminals are present in the outer and middle one-thirds o f  the 
molecular layer o f  the dentate gyrus and in stratum lacunosum moleculare o f  
area CA1 o f  the hippocampus. However, the projection from the entorhinal 
cortex to the contralateral CA1 area is less well developed in the mouse 
compared to the rat. Supported by the Finnish Academy o f  Sciences.

265.13

D IFF E R E N T IA L  DISTRIBU TIO N O F G L U T A M IC  A C ID  
D E C A R B O X Y L A S E  (G A D ) ISO ZYM ES, G A D 6 5  A N D  G A D 6 7 , IN 
R A T M E D IO B A SA L  H Y P O T H A L A M U S.
M. Bannai*,M . Ichikawa1, M. Nishihara. M. Takahashi.
Dept, o f  Veterinary Physio logy, Univ, o f  T ok yo, T ok yo 113, 'Dept, o f  
Anatomy and Em bryology, Tokyo Metropolitan Inst, for Neurosci., T ok yo  
1 8 3 ,Japan.

G A BA  synthetic enzym e glutamic acid decarboxylase (GA D) consists o f 
two isozym es, G A D 65 and G A D 67 derived from  two different genes. We 
have shown that antisense o ligod eoxy-n u cleotid es o f  G AD65 and G A D 67  
injected into the ventromedial nucleus o f  the hypothalamus (VM H) o f  rats 
have differential effects on feeding and locom otor activities. The present 
study investigated im m unohistochem ically the distribution o f each isozym e  
in rat m ediobasal hypothalamus. Coronal sections o f  the hypothalam us 
including the VM H and arcuate nucleus (ARC) were prepared from  adult 
m ale rats. They were double-stained by incubating with anti-G AD65  
m ouse m onoclonal antibody and anti-G AD67 rabbit polyclonal antibody, 
and visualizing with anti-m ouse IgG-TRITC and biotinylated anti-rabbit 
IgG  labeled with streptavidin-FITC, respectively. The majority o f  anti- 
G A D 65 positive cells located in the ARC and a very small num ber in the 
VM H. Contrarily, a large number o f cells in the ventrolateral portion o f the 
VM H, but not in the ARC or dorsom edial portion o f  the VM H, were 
imm unoreactive to anti-G AD67 antibody. Only few cells in the VMH and 
ARC were labeled with both antibdies. These results are consistent with the 
notion that each G AD isozym e plays a distinct role in regulating functions 
carried by neuronal elem ents in m ediobasal hypothalamus. (Supported by 
JSPS-RFTF 9 7 L 0 0 9 0 4 )

265.10
CHRONIC CLOZAPINE TREATM ENT IN VIVO ALTERS SEROTONERGIC 
MODULATION O F SYNAPTIC TRANSMISSION IN THE BASOLATERAL 
AMYGDALA. D.G. Rainnie*: Harvard Medical School & Brockton VAMC, 
Department of Psychiatry, Brockton, MA 02401, USA

Synaptic potentials recorded in neurones of the basolateral amygdala are modulated 
by exogenous 5-HT. Activation of postsynaptic 5-HT receptors on GABAergic 
mtemeurones results in a depression of the input-output response of the nucleus. 
Altered neuronal activity within the amygdala has been regarded as a possible subsưate 
for pathophysiological states such as schizophrenia. Since atypical neuroleptics, such 
as clozapine, display 5-HT receptor antagonist properties I have examined the response 
of BLA neurones to exogenous 5-HT application following chronic clozapine 
administration.

Male rats ( 1 OOg; n=Ю) were implanted subcutaneously with osmotic minipumps 
(Alzet). Clozapine (lmg/kg/day) was released at 0.5 µL/hr over a 14 day period. 
Animals were then sacrificed and whole cell patch-clamp records were obtained from 
BLA neurones in an in vitro slice preparation using standard techniques. Results 
obtained were compared with age-matched controls. Patch electrodes (6-10 MΩ) were 
filled with recording solution containing, in mM; Kgluconate, 140; KC1, 10; MgCl2, 
3; HEPES, 10; phosphocreatine, 10; KATP, 2; NaGTP, 0.2; and biocytin 0.45%. 
Stable records were obtained from 26 neurones, 4 of which were considered to be 
putative intemeurones. Passive membrane properties reveal no significant difference 
in the resting membrane potential or input resistance o f treated neurones compared to 
those of controls. However, chronic clozapine treatment prevented the 5-HT induced 
increase in spontaneous IPSP frequency seen in projection neurones of control animals. 
In conưast, clozapine pretreatment did not effect the 5-HT induced reduction of 
glutamatergic transmission in the BLA. Experiments are in progress to determine the 
subtype/s of serotonin receptor mediating these responses.
Supported by NIMH (R29 M H57016-01) and NARSAD (NAR97RAIN704-01)

265.12
LEPTIN ACTIVATES HYPOTHALAMIC NEURONS PROJECTING TO THE 
SPINAL CORD. C.F. Elias* , J.F. Kelly2. C.B. Saper1. and J.K. Elmquisť 2. 
'Department of Neurology, 2 Department of Medicine and Division of Endocrinology, 
Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, MA 02115.

The adipocyte derived hoπnone leptin has profound effects on food intake, body 
weight and neuroendocrine status. In addition, leptin administration induces changes 
mediated by the autonomic nervous system. The pathways responsible for these effects 
are not completely understood. The parvicellular subdivisions of paraventricular nucleus 
of hypothalamus (PVH) characteristically show Fos immunoreactivity (Fos-ir) 
following administration of intravenous leptin, indicating cellular activation. The 
parvicellular subdivisions of PVH have direct projections to autonomic preganglionic 
neurons in the medulla and spinal cord. Based on the effects of leptin administration on 
regulation of thermogenesis, pancreatic hormonal secretion and gastrointestinal 
motility, we hypothesized that hypothalamic projections to autonomic preganglionic 
neurons are likely to be engaged by circulating leptin. To assess this hypothesis, we 
used injection of retrograde tracers (cholera toxin-b or fluorogold) into spinal cord, 
levels T1 to T4, that innervate thermogenic brown fat, followed by tv. leptin 
administration, 5 to 7 days later. We found double-labeled cells located in the dorsal and 
ventral parvicellular subdivisions of PVH. We also observed double-labeled cells in the 
retrochiasmatic area (RCA) and in the lateral arcuate nucleus of the hypothalamus. In 
addition, we found that many of the activated cells in the RCA and arcuate nucleus 
contained ACTH-like immunoreactivity. Our results suggest that leptin activates 
neurons in the PVH, RCA and the arcuate nucleus that project to the autonomic 
preganglionic cell column in the spinal cord. This projection may contribute to the 
regulation of brown fat thermogenesis and other sympathetic responses elicited by 
circulating leptin. This work was supported in part by USPHS grants NS33987, 
MH56537 and DK53301.

265.14
O R G A N IZ A T IO N  O F PR EO PTIC  A R E A  PR O JE C TIO N S TO  
A S C E N D IN G  A R O U SA L  SY STE M S. T. L. Ste¡ninger*, H. Gong, D. 
McGinty, and R. Szymusiak. Neurophysiology Research (¡5IAЗ),SCSC V.A.„ 
Sepulveda, CA 91343, Brain Res. Inst., Dept. Psychol, and Dept. Med., Univ. Calif., Los 
Angeles, CA 90095.

The preoptic/anterior hypothalamic area (POAH) is involved in several 
physiological and behavioral functions including temperature regulation, control of 
blood pressure and respiration, drinking, neuroendocrine function, reproductive 
and maternal behaviors, and the generation and maintenance of sleep. Are these 
different functions subserved by distinct groups of POAH neurons? Anatomical 
investigations have been impeded by the heterogeneous chemical and 
cytoarchitectural nature of this region. Yet, newer anterograde tracing techniques 
allow the visualization of efferent projections from reasonably small, localized 
groups of neurons.

In the present study we have utilized anterograde tracing with biotinylated 
dextran-amine to analyze the efferent projections arising from different subregions 
of the POAH. Although many targets were similar (i.e. intrahypothalamic 
connections), we found differences in descending projections to arousal system 
nuclei. For example, when comparing dorsolateral vs. ventrolateral tracer 
placement, we found that dorsolateral preoptic neurons send more projections to 
the midbrain reticular formation, including the dopaminergic retrorubral field, 
whereas ventrolateral preoptic neurons send more projections to the histaminergίc 
tuberomammillary nucleus and serotonergic midbrain raphe groups. Both regions 
were found to project to the noradrenergic locus coeruleus and adjacent 
Barrington’s nucleus. These results indicate that different subregions of the lateral 
POAH subserve different aspects o f arousal states and other functions.
(Supported by VA Med. Res. Service, and PHS MH4748O)
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265.15
HALOPERIDOL FAILS TO TO ALTER THE HYPERACTIVITY ELICITED 
BY INFUSING LOW DOSES OF KAINIC ACID INTO THE LATERAL 
HYPOTHALAMUS OF THE RAT. M.R. Pitzer* and D. Wirtshafteг. Dept, of 
Psychology, Univ, of Illinois at Chicago, Chicago, IL. 60607.

Previously we have demonstrated that infusing low doses of kainic acid 
(KA; 4-40ug) into the lateral hypothalamus (LH) produces large, dose- 
dependent increases in horizontal locomotor activity in rats. These results 
strongly suggest that activation of local LH neurons -without the recruitment 
of fibers of passage- is sufficient to elicit locomotion. In an attempt to locate 
the relevant output pathways of these LH neurons, we have shown that 
unilateral electrolytic lesions of the ventral tegmental area (VTA) attenuate 
the locomotor response elicited by infusing KA into the LH ipsilateral to the 
lesion. One possible theory to account for these data is that the LH neurons 
influence the activity of VTA dopamine cells. To investigate the possible role 
that dopamine may play in this response, the present experiment examined 
the effects of systemic administration of the dopamine receptor blocker 
haloperidol (s.c.; 0.1, 0.2, and 0.4mg/kg) on the hyperactivity produced by 
intra-LH KA injections. Rats implanted with bilateral cannulae directed 
toward the LH were given haloperidol twenty-eight minutes prior to receiving 
intra-LH KA. The results indicate that all doses of haloperidol failed to alter 
the level of hyper-locomotion elicited by intra-LH KA. These results are 
consistent with our previous findings that unilateral 6-OHDA lesions fail to 
alter the hyperactivity elicited by infusing KA into the ipsilateral LH. Taken 
together these results strongly suggest that an intact dopamine system is not 
necessary for the robust increase in locomotor activity elicited by infusing 
stimulatory doses of kainic acid into the LH. Research supported by NS- 
33992.

265.17
C H A R A C T E R IZ A T IO N  O F  T H E  N E U R A L SY S T E M S  M O B IL IZ E D  
D U R IN G  P R E D A T O R Y  B E H A V IO R  IN  R A T S . E. Comoli and N.S. 
Cameras* Dept, of Physiol. & Bюphys., Inst. Biomed. Sci., Univ, of Săo Paulo, 
SP, 05508-900, Brazil.

Insect predation represents a fundamental motivated behavior thought to play a 
critical role in the maintenance o f several species. However, virtually nothing is 
known about the neural systems underlying this behavior in rodents, regarded as a 
specific type o f aggressive response. In the present study, examining the Fos 
immunorcactivity in the central nervous system of rats, we attempted to characterize 
the neural sites mobilized during the hunting o f cockroaches. Thus, adult male 
Wistar rats were placed individually in a closed arena, where it was delivered five 
cockroaches. Ninety m inutes later rats were deeply anesthetized and perfused 
transcardίally, and the brains prepared for immunohistochemistry in a standard way.

Increased Fos immunoreactivity was found in the nucleus accumbensand fundus 
striatum, involved, respectively, in integrating motivational responses and in the 
control of orofacial movements; in a  particularset of amygdalaгnuclei, including the 
central, anterior basomedial, anterior cortical, and posterior basomedial nuclei, as well 
as the postpiгiform transition area, which form a distinct amygdalaг circuit thought to 
participate in anticipatory responses related to feeding; and in the intermediate and 
deep layers of the lateral region of the superior colliculus, known to respond to prey 
displacements. Moreover, a number of targets of the striatal, amygdalaг, and superior 
colliculus regions mobilized during the predatory behavior, also displayed increased 
Fos expression, including specific regions of the lateral hypothalamic area, medial 
part of the parabrachial nucleus, and the paгvicellular reticular nucleus, which are 
likely to be involved in organizing behavioral responses associated with predation.

The present findings suggest specific striatal, amygdalaг and tectal systems 
seemingly critical for the expression of this behavior.
(Supported by FAPESP grant 95/1765-0)

265.19
HYDROXYLAMINE ALTERS THE ELECTRICAL PROPERTIES 
OF THE RAT SUPRACHIASMATIC NUCLEUS NEURONS.
H.S. Tvan1. J.Y. Lin2, and R.C. Huang*1. 1 Department of Physiology, 
Chang Gung University School o f Medicine, Tao-Yuan, Taiwan, 
ROC., departm en t o f Medical Technology, Chung-Tai Junior 
College, Taichung, Taiwan, ROC.

The suprachiasmatic nucleus (SCN) o f the hypothalamus is the 
main oscillator controlling metabolic, physiological, and behavioral 
rhythms in mammals. NO production in SCN has been linked to the 
phase-dependent shifts in the circadian rhythm o f firing rate. 
Hydroxylamine is converted to NO intracellularly in the presence of 
superoxide dismutase. In this study we examined the effects of 
hydroxylamine on the electrical properties o f SCN neurons. The 
experiments were done with blind-patch recordings from SCN slices 
and whole-cell recordings from isolated SCN neurons. Bath 
application o f 1 mM hydroxylamine to SCN slices appeared to have 
multiple effects on SCN neurons. In some SCN neurons, 
hydroxylamine decreased the action potential amplitude in an 
irreversible manner. The result was consistent with the irreversible 
inhibition o f Na+ currents by hydroxylamine in isolated SCN neurons. 
Furthermore, hydroxylamine appeared to hyperpolarize the membrane 
potentials, reduce spontaneous firing rate, and increase input 
resistance. The latter was consistent with hydroxylamine inhibition of 
K+ currents as also demonstrated in dissociated neurons. Possible 
circadian change in the effects o f hydroxylamine on the electrical 
properties o f SCN neurons are under investigation. This work was 
supported by Chang Gung Medical Research Foundation (CMRP5O6).

265.16
M E SO C O R T IC O L IM B IC  N E U R O N A L  R E SPO N SE S DURING  
N IC O T IN E  SE L F-A D M IN IS T R A T IO N , C O M PA R ISIO N  W ITH  
O T H E R  D R U G S O F A B U SE . L.Chen,* J-Y. Chang and D.J.Woodward. 
Dept o f  Physiology and Pharmacology, Wake Forest University School of  
M edicine, W inston-Salem, NC 27157.

The goal o f  this study was to understand the neuronal activity which mediates 
nicotine self-administration by an experimental animal Numerous studies have 
demonstrated that mesocorticolimbic system is involved in the nicotine self
administration, and is presumably mediated by a dopaminergic mechanism. 
This study used multiple-channel recording techniques to record the neuronal 
activity in medial prefrontal cortex (mPFC) and nucleus accumbens (NAc) 
during nicotine self-administration (30µg/kg per infusion) in freely moving 
rats trained to self-administer multiple substances. Data collected from nicotine 
self-administration were compared with the data obtained from cocaine and 
heroin self-administration on the same animals (n=6) within the same session. 
Neuronal activity changes were observed before (anticipatory response) and 
after (post-drug response) lever press for nicotine self-administration in 194 
neuron-sessions studied. Although some degree o f  similarity o f  anticipatory 
responses exists between nicotine and cocaine/heroin self-administration (same 
response found in both nicotine and cocaine/heroin self-administrations), little 
similarity was found in post-drug responses. Overall, fewer neurons exhibited 
post-drug responses in nicotine self-administration than that in cocaine and 
heroin self-administration. These results suggest that neuronal circuits in the 
mesocorticolimbic system involved in nicotine addiction may differ from that 
involved in cocaine or heroin self-administration. (Supported by DA-10370 to 
JY C  a n d  DA-2338 to DJW)

265.18
E T H A N O L  IN D U C E S  C -FO S IN  N E U R O N S  W IT H  A N D R O G EN  
RECEPTORS. A -C  M cĩnvale*. M .M . G arcia  and  R.E. H a r la n . Depts. of 
A n ato m y  and  O to laryngo logy , and  N euroscience T ra in ing  P rogram , Tulane 
U niversity  School of M edicine, N ew  O rleans, LA 70112.

Intoxication  w ith  alcohol often  leads to increased  aggressive and sexual 
ac tiv ity , tw o  a n d ro g e n - re g u la te d  b e h a v io rs . H o w e v e r, the  po ten tia l 
invo lvem ent of alcohol w ith  an d ro g en -resp o n siv e  neu ra l system s is poorly 
und ers to o d . As w ith  all o th er d ru g s  of abuse, acute  adm in istra tion  of ethanol 
in d u ces  the im m ed ia te -ea rly  gene  c-Fos in the  fo reb ra in , p a rticu la rly  in 
p o rtio n s  o f th e  h y p o th a la m u s  an d  ex ten d ed  am y g d a la , reg ions know n to 
contain neurons w ith  androgen  receptors. To d eterm ine if e thanol induces c-Fos 
in n eu ro n s th a t con tain  an d ro g en  receptors, w e  gave m ale rats an ip bolus of 
e th an o l (5 g /k g )  and  anesthe tized  and  p e rfu sed  them  four h ours  later, the 
o p tim a l tim e p o in t for de tec tio n  o f e th a n o l-in d u c e d  Fos-positive  neurons. 
Frozen sections w ere cut and processed for double  im m unocytochem istry, using 
a g o a t an ti-F os a n tib o d y  (Santa C ru z ), a b io tin y la ted  d o n k ey  anti-goat 
secondary  an tib o d y  (Jackson), an d  an  A B C-alkaline p h o sp h a ta se  kit (Vector) 
w ith  V ector Red as the substra te , follow ed by a rabbit an ti-androgen  receptor 
a n tib o d y  (A ffin ity  B ioR eagents), b io tin y la ted  g o a t an ti- ra b b it secondary  
an tibody , an A B C -peroxidase kit (Vector), and  TMB (Vector) as the substrate. 
Thus, n eu ro n s w ith  c-Fos con tained  red  nuclei, w hile  n eurons w ith  androgen 
receptor contained  blue nuclei. D ouble labeled nuclei w ere p urp le . N eurons 
con ta in ing  both  an tigens w ere found in the  sub len ticu la r ex tended am ygdala, 
the preop tic  area , and in the reun iens nucleus of the thalam us. These results 
suggest th at e thanol induces c-Fos expression in n eu ro n s th a t contain androgen 
recep to rs , p ro v id in g  an  an a to m ica l su b s tra te  for som e of the behavioral 
actions of e thanol.
S upported  by LEQSF (95-98) RD-A-29 to  MMG.

265.20
Sexual Dimorphism of the A nterior Com missure? Mitchell Lasco1 and William 
Byne2* ‘New York University, Dept, o f Applied Psychology, 235 Greene St., New 
York, NY 10009. 2Mt. Sinai School o f Medicine, Dept, o f Psychiatry, One Gustave
L. Levy PI., New York, NY 10029.

The anterior commissure (ac) connects left and right mesial temporal areas, 
including hippocampus and parahippocampal gyrus across the midline. The fibers 
which run through the ac facilitate communication from one hemisphere of the brain 
to the other, and thereby are involved in the coordination o f tasks between various 
brain regions. Without these connecting fibers, tasks which involve regions in both 
right and left hemispheres take longer to complete and are performed with more 
errors. Understanding the function and composition o f these connecting structures is 
an integral part o f research in laterality and hemispheric specialization. Two 
laboratories have examined the midsagittal cross-sectional area o f the ac for sexual 
dimorphism. One laboratory found it larger in men while the other found it larger in 
women. Power analysis based on the findings o f one o f these studies (Allen and 
Gorski, 1991) indicates that a sample size o f 18 per sex would be sufficient to find 
sex differences o f the reported magnitude. We examined the ac in postmortem 
material from 18 females and 22 males, with mean ages o f 54.39 and 51.18 years, 
respectively. Using a macro lens and a Bioquant True-Color image analysis system, 
we obtained mid-sagittal cross-sectional area measurements. Each ac was measured 
five times; and the average was then used for statistical analysis. Our preliminary 
data failed to suggest a trend toward a sex difference in the mid-sagittal surface area 
o f the anterior commissure. Future work will assess possible sex differences in fiber 
type, size and distribution.

Alien L.S. & Gorski, R.A. (1991). Sexual dimorphism o f the anterior commissure and massa 
intermedia of the human brain. Journal o f Comparative Neurology, 3/2(1), 97-104.
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265.21
GABA-A BLOCKADE IN THE AMYGDALA INDUCES FOS EXPRESSION IN THE MEDIAL 
PREFRONTAL CORTEX (mPFC) S. Berretta* and F. M. Benes. Lab. for Structural 
Neuroscience, McLean Hospital, Belmont, MA; Program in Neuroscience and Dept, of 
Psychiatry, Harvard Medical School, Boston, MA.

Recent studies have suggested that the amygdala may play an important role in the 
occurance of anomalies involving interneurons in the anterior cingulate cortex of 
schizophrenics. To explore this possibility we assessed whether GABAergic (GAD67-positive) 
cells would be affected by stimulation of the basolateral nucleus of the amygdala (BLn) using 
Fos induction as an index of activation. In awake freely moving rats chronically implanted with 
an indwelling cannula, saline or the GABA-A antagonist picrotoxin were infused in the BLn at 
doses of 10, 20, 50 and 100 ng in 0.2 µl of saline. After a survival time of 2 hours and 
intracardial perfusion with aldheyde fixative, brain sections were processed for an 
immunohistochem¡cal localization of Fos (OGS, Ab5). The results showed that infusion of 
picrotoxin in the BLn results in a dose-dependent induction of Fos expression in the 
cingulate (CGЗ) and infralimbic (IL) subdivisions of the rat mPFC. This effect was most striking 
at a dose of 50 ng picrotoxin both for CGЗ (p=0.012) and IL (p=0.004) as compared to saline. 
A strong trend toward increased Fos induction in CGЗ and IL was also found for 10 and 20 ng 
of picrotoxin; however a dose of 100 ng resulted in no appreciable change. Layers 2, 3 and 
5, but not layer 6, showed significant increases in the density of Fos-positive nuclei. Using a 
double immunohistochemical approach, we found that 50 ng picrotoxin (n=6) in BLn was 
associated with a significant increase in the density of GADб7-positive (Chemicon) neurons 
also expressing Fos both in CGЗ (p=0.004) and IL (p=0.001), when compared to saline 
controls (n=3). These increases were highly significant for layers 2, 3 and 5. Taken together, 
these findings suggest that stimulation of BLn affects gene regulation, and potentially 
plasticity, in neurons of the mPFC. Among these, GABAergic interneurons show strong 
respons¡v¡ty to BLn stimulation and could play an important role in mediating amygdalar effects 
on limbic cortical circuitry. Supported by MH 00423 and the Stanley Foundation.

265.23
ICAM 5/T E L E N C E P H A L IN  IN  H U M A N  B R A IN . B, Q uinn*. S. Miha),
& P. Kilgannon*. Dept. Pathology, N orthw estern Univ. School o f M edicine, 
Chicago, IL 6061 Land ICOS C orpΛ  Bothell, W A 98021.

Intercellular adhesion m olecule 5, or telencephalin , is highly expressed in 
neocortex, older cortical structures, and caudate-putamen o f mammalian brain ( 1). 
Studies-in hum an brain have been lim ited to the finding o f reduced ICAM 5 in 
neocortex in A lzheim er’s disease (2). W e have developed a new m onoclonal 
antibody (246K; ICOS) to hum an IC A M 5/telencephalin , and have studied its 
distribution in postmortem adult hum an brain in both paraffin-embedded sections 
and cryosections. ICAM 5 is strongly expressed in cortical and neostriatal 
neuropil, resem bling im m unostaining for synaptophysin. How ever, in com par
ison to synaptophysin staining, for the ICAM 5 preparations im m unostaining of 
the lenticular formation is sim ilarly strong in putam en but term inates abruptly at 
the globus pallidus. ICAM 5 strongly labels d iscrete neuropil islands in the 
ventral forebrain, and may be a useful m arker in analyses of the ventral stria- 
tum/substantia innom inata/extended amygdala com plex in prim ates. W e con
firmed in hum an the striking lam inar pattern o f staining in adult visual cortex, 
previously reported in cat, where staining of layer IV was selectively dim inished 
after development. Some perikaryal staining outside the telencephalon was seen. 
Floating sections showed strong cytoplasm ic labeling o f large neurons and 
proximal dendrites in basal forebrain and hypothalam us. A lthough neuropil 
staining seemed similar in paraffin and floating sections, such neuronal perikarya 
were much less conspicuous in paraffin sections. Certain neuron groups in 
brainstem were also labeled, sometim es intensely, in floating sections. S pon
sored by NA RSA D, the Stanley Foundation, and the NU A lzheim er Center.
(1) Oka, Neurosci 35:93, ’90; (2) Hino, Brain Res 753:353, '97.

265.22
A MATHEMATICAL MULTICOMPARTMENT AL MODEL OF LOW- 
THRESHOLD OSCILLATIONS IN AMYGDALOID PROJECTION NEURONS. 
R.B. Driesang1. J.A. White2 and H.-C. Pape1*, ‘institut fór Physiologie, Otto-von- 
Guericke-Univ., D-39120 Magdeburg, Germany and 2Department of Biomedical 
Engineering, Boston Univ.

Projection neurons (PNs) in the basolateral amygdaloid complex are characterized 
by their propensity to generate low-threshold oscillations (LTOs) of the membrane 
potential. While a sodium (Na) conductance has been found to critically contribute 
to this type of oscillation in various types o f cells, different conclusions have been 
reached about the type o f potassium (K) current that is involved. We have developed 
a multicompartmental model of projection neurons (1 axon segment, 1 distal and 1 
proximal axon-initial-segment (AIS), the soma, 5 primary, 10 secondary and 20 
tertiary dendrites) with heterogeneous distribution of 4 different types of ion 
currents: a fast Na current (Naf), a delayed rectifier K current (Kdr), a persistent Na 
current (Nap) and the M-type K-current. Action potentials (APs) were generated in 
the AIS; the soma contained a lower density o f Naf and Kdr channels, resulting in a 
lack of ability to produce APs. Nap- and M-channels were restricted to dendritic 
compartments. The following results were obtained: 1) LTOs were critically 
dependent on the presence of the M-current and the window component o f Naf. 2) 
Incorporation of Nap with slow activation time constants (>=100 ms) resulted in a 
sequence o f LTOs and APs similar to that observed in living cells. 3) The window 
current o f Naf carried about 30% of the steady state Na inward current 4) Simulated 
membrane noise significantly enhanced the robustness of LTOs.

In conclusion, the model indicates, that LTOs critically depend on the window 
component of Naf and the M-current. The slow Nap keeps the membrane potential 
depolarized and enables the PNs to produce an alternating occurrence o f APs and 
LTOs.
This work was supported by the DFG (SFB 426, TP B3) and the Kultusministerium 
des Landes Sachsen-Anhaìt

C O G N IT IO N : H U M A N  L E A R N IN G  A N D  M E M O R Y — I M A G IN G  O F  E N C O D IN G  A N D  R E T R IE V A L  I

266.1
ACTIVATION IN THE LEFT ANTERIOR HIPPOCAMPUS COVARJES WITH 
SEMANTIC ENCODING OF VERBAL INFORMATION INTO EPISODIC MEMORY: 
A PET STUDY. M. Lepage*. R. Habib. A.R. McIntosh, E.Tulvin». Rotman Research 
Institute o f  Baycrest Centre, 3560 Bathurst Street, Toronto, Canada, M6 A 2E1.

We examined brain activation correlated with semantic encoding o f  verbal 
information into episodic memory. Each o f  eight subjects made judgm ents about semantic 
relations among presented triplets o f  words in three conditions o f  encoding, in which 
none, one, or two members o f  the triplet ('exemplars') were sem antically related to the 
third ('category'). Each o f  the three encoding conditions preferentially em phasized one 
type o f  judgment over the other two during the scanning period. This cognitive paradigm 
which has been used to vary the 'depth' o f  semantic encoding, with all other variables held 
constant, is known to produce large differences in subsequent episodic memory 
performance (Mathews 1977; .)EP：HLM ;3:160-173). Our study also showed the expected 
memory performance differences across the three encoding conditions (.15, .50, and .73 
respectively) using the category name as cue for the recall o f  the two exemplars o f  the 
triplet. Analyses o f  changes in rCBF using SPM revealed a concomitant increase across 
the three encoding conditions in the anterior left hippocampus, with ratio-adjusted mean 
levels o f  1.02, 1.04, and 1.08 respectively. These results suggest a contribution o f  the left 
anterior hippocampus in the use o f  existing semantic relations for effective episodic 
encoding, thus com plem enting and extending previously available evidence. In addition, 
these results are in line with suggestions o f  a role o f  the hippocampus in the initial 
'binding' o f  segregated elements o f  incoming semantic information into more highly 
integrated functional units.
(Supported by NSĽRC and a Tanenbaum endowment to E.T.)

266.2
SEX DIFFERENCES IN HIPPOCAMPAL ACTIVATION DURING  
RETRIEVAL OF EMOTIONALLY VALENCΈD VERBAL MATERIAL: 
A PET STUDY. J,D, Bremner1’2'4'5'6', R. Soufer146. G. McCarthy**. R . 
D elaney6, L.H. Staib1, J.S. Duncan1. D.S. Cham ey2 ⅞,b. 'Depts. o f  Diagnostic 
Radiology, ⅛sychiatry, & Neurosurgery3, Yale Univ. School o f  Medicine, 
4Yale/VA PET Center and sNational Center for PTSD-6VA Connecticut 
Healthcare System (115A), 950 Campbell Ave., West Haven, CT 06516  

Although lesion studies are consistent with a role for the hippocampus in 
verbal declarative memory, positron em ission tomography (PET) studies in 
this area have been inconsistent. Two variables that have not been examined 
in prior PET studies are the effects o f  gender and the emotional valence o f  
remembered verbal material. In this study we used positron em ission  
tomography (PET) to measure blood flow patterns in healthy men (ıг-10) 
and women (n Ч  1 ) during retrieval o f  o f  neutral (e.g. "apple-horse”) word 
pairs learned in a “poorly encoded” condition, neutral word pairs learned in 
a strongly encoded condition, and emotional (e.g. “rape-mutilate”) wҽrd 
pairs learned in a strongly encoded condition. Retrieval o f  emotional words 
(but not neutral words) resulted in a strong activation o f  the bilateral 
hippocampus in wom en but not men (z score>3.00; p<.001). There was also 
activation in other areas implicated in prior PET studies, including 
precuneus, cuneus, cerebellum, left infeπor/middle frontal gyrus (areas 9 
and 44) and rolandic gyrus (area 4) in the women, and in left insula, left 
inferior frontal gyrus, and cerebellum in the men. These results could not be 
explained by more efficient retrieval o f  emotional versus neutral words, or 
in differences in memory performance between men and women. The 
findings therefore indicate that the hippocampus plays an important role in 
remembrance o f  emotional material, and that wom en preferentially utilize 
the hippocampus during remembrance o f  emotional material. Supported by 
VA Career Award, GCRC CAP Award (JDB) and Natl Center for PTSD
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266.3
ACTIVITY OF TH E HIPPO CA M PU S, BUT NOT 
AMYGDALA, AT ENCODING C O RRELA TES W ITH  
LONG-TERM , FR EE R ECA LL OF NON-EM OTIONAL 
INFORM ATION. Larry Cahill*1. Michael T. A lkirel 
Richard J. Haier3, James H. Fallon4. 'Dept. Psychobiol. and Ctr. 
Neurobiol. Leam.M em.,⅛ept. Anesthesiol., 3Dept. Pediatr. 
Neurol, 4Dept. Anatom. Neurobiol., University o f California, 
Irvine, CA, 92697

We examined the role o f two medial temporal lobe 
structures- the hippocampus and amygdala- in the formation of 
long-term memory. PET scanning o f regional cerebral glucose 
was performed while subjects listened to a repeated series of 
non-emotional words. A surprise free recall test was given 24 
hours later. Results revealed a highly significant correlation (r = 
0.91, p<.001) between activity o f the left hippocampal region at 
encoding and free recall o f the words. This finding is the first to 
our knowledge to relate the degree o f human hippocampal 
activity during encoding/consolidation to long-term memory.
In contrast, no correlation between amygdala activity (left or 
right) and recall was found, providing further evidence for a 
necessary corollary o f the view (Cahill and McGaugh, TINS, in 
press) that the amygdala functions in particular to influence 
declarative memory for emotionally arousing events. Funded by 
institutional resources.

266.5
EFFECTS OF PRIOR EXPOSURE TO FACES ON THE ACTIVITY OF 
VISUAL PROCESSING REGIONS OF THE BRAIN: AN FMRI STUDY.
J, Ryan, N. Cohen, M. Milham, T. Wszalek, R. Althoff, M, Banich.
A. Webb, A. Wright, A. ƙгameгj Ž.-P. Ljanp, S. Warren*, R. Maģin.
The Beckman Institute, University of Illinois, Uгbana, IL <5lSölľ

Prior work has identified the regions in the venưal visual stream 
that are active in processing faces and the subset of those structures critical 
in supporting face identification. The present study examined where in 
the ventral visual stream there are differences between processing of 
famous and nonfamous faces. Subjects saw color images of famous and 
nonfamous faces, scrambled versions of those faces preserving some face 
features and general face shape, and noise patterns consisting of 
rearrangement of the individual pixels of the same faces. Subjects saw 
these materials in separate alternating blocks, and were to study the 
materials in order to remember them later. EPI images were acquired on a
1.5 T GE Signa (TR=2.6 sec, TE=5Oms, flip angle = 60°), with 11 
contiguous 7mm slices (voxel size = 3.75mm x 3.75 mm x 7 mm) at 15° 
clockwise from axial. Comparing faces to noise patterns revealed 
activation across most of the ventral visual stream including extrastriate 
cortex, fusiform gyrus, and IT cortex. Activation resulting from the 
comparison of scrambled faces versus noise did not extend as anteriorly. 
Fusiform gyrus was active for scrambled faces just as for whole faces, 
although in more exclusively posterior regions. Faces also produced 
activation in dorsal frontal regions associated with memory encoding. 
Differences in activation for viewing of famous faces versus nonfamous 
faces occurred in extrastriate cortex, and for many subjects in fusiform 
gyrus and IT cortex; they also occurred consistently in the dorsal frontal 
area, shifting from a predominantly R hemisphere focus for nonfamous 
faces to a bilateral distribution for famous faces.

Supported by the Functional Brain Mapping Project, Beckman 
Institute and Carle Clinic.

266.7
W ITHIN-SUBJECTS, DIRECT COMPARISON OF INTENTIONAL ENCODING  
A N D  RECOGNITION MEMORY. K.B.M cDemrøtt*. J.G.Oiemann, E.Akbudak. 
A.Z.Snyder, T.E.Conturo, F.M .M iezin, J.M.Ollinger, S.E.Petersen, M .E.Raichle. 
Washington University School o f Medicine, St. Louis, MO 63110.

Event-related fMRI was used to compare directly two types o f memory processes: 
intentional, semantic encoding and retrieval on a recognition memory test. Subjects 
studied lists o f words and were tested and scanned several minutes later (whole brain 
imaging, contiguous slices). Words were presented visually (Is, 16 s SO A), and 
subjects indicated via keypress whether they recognized the word as having been 
studied. Following 6 retrieval runs, subjects intentionally encoded novel words in 4 
runs differing from the retrieval runs in instructional set: Subjects were told to try to 
remember the words for a later memory test and to respond (via keypress) to indicate 
pleasantness/unpleasantness for each word. Data were analyzed using an 
implementation o f the general linear model. Encoding and retrieval were compared 
both to the baseline condition o f fixation on a crosshair and to each other. Multiple 
regions were active during encoding (relative to fixation on a crosshair), and they 
overlapped highly with the regions observed in retrieval. A direct comparison of 
encoding and retrieval indicated that none o f the encoding activations exceeded those 
observed in retrieval, and no additional regions were observed in encoding that were 
not recruited in retrieval. Two regions, however, were found to be uniquely active in 
retrieval: right anterior prefrontal cortex and posterior parietal cortex. These regions 
have been described in previous retrieval studies. Areas present in both tasks but 
more active in retrieval were bilateral anterior thalamus, bilateral frontal operculum, 
precuneus, and posterior cingulate. These data demonstrate many commonalities and a 
few differences in encoding and retrieval when compared directly, within subjects. 
Supported by The Charles A. Dana Foundation, NIH Grants NS 06833, NS32979, 
and the McDonnell Center for Studies of Higher Brain Function.

266.4
A 3 TESLA FUNCTIONAL M RI STUDY OF PICTURE 
ENCODING. BA Kirchhoff*. CE Stem. KƘ Kwong. RG Gonzalez. 
Dept, of Psychology, Boston University, Boston, MA 02215; Harvard 
Medical School and MGH-NMR Center, Charlestown, MA 02129.

A previous fMRI study using a novel picture encoding task showed 
activation in the posterior hippocampal formation and the lingual and 
fusiform gyri (Stern et al., PŇAS, 1996). Here we used the same task 
paradigm at 3 Tesla (ЗT) in order to: 1.Verify our l.5T results at ЗT, 
and 2.Test whether increased signal to noise (SNR) and increased 
signal averaging would result in additional significant areas of 
activation. Five male subjects (age 21-35) were scanned while they 
viewed a sequential presentation of novel complex pictures alternating 
with the repeated presentation of a single picture. Data were collected 
(BOLD fMRI, ЗT GE Signa with ANMR EPI, ЗxЗx4mm voxels, 12- 
16 coronal slices perpendicular to the long axis of the hippocampus, 
TR=1.5, TE=ЗO) from 4 functional scans per subject. Data were 
subsequently averaged across scans within each subject. The most 
robust activation was parahippocampally centered, and was greater in 
the right hemisphere. The increased SNR and signal averaging at ЗT 
did not extend the activated areas into the more anterior regions of the 
hippocampal formation and temporal lobe. Mendola et al. (Neurosci., 
1998), using similar stimuli and cortical flattening techniques, have 
confirmed that the previously reported visual areas in the lingual and 
fusiform gyri (Stem et al, 1996) respond preferentially to novel 
pictures and are important for object recognition. We propose that these 
visual areas interact with the posterior regions of the medial temporal 
lobe during object recognition and subsequent encoding. Support: 
Alzheimer's Association and NSF

266.6
AN FMRI OBSERVATION OF HIPPOCAMPAL ACTIVATION DURING SINGLE 
A N D  ASSOCIATIVE ENCODING TASKS. R. X iao*1-2. T. Takahashi12. M. Iπase1. 
T. Tsukiuгa1’3 and T. Iijima1. 1 Electrotechnical Lab., AIST, Tsukuba 305, Japan; 
2Japan Science and Technology Corporation, Kawaguchi 332, Japan; 3Dept. of 
Neuropsychology, Tohoku Univ., Sendai 980, Japan

The hippocampus is considered to play an important role in memory process- Its 
activation during encoding and retrieval tasks has been revealed in both fMRI and 
PET studies. Som e o f the experiments showed that hippocampal formation was 
especially engaged in establishing associations in memory, but not in encoding 
single items. To ascertain this, we observed hippocampal activation during single 
and associative encoding tasks by fMRI measurement. In the single encoding task, 
subjects were presented with 32 national ensigns alternating in every 4 seconds, and 
were asked to remember them for a later test. We used unfamiliar ensigns as visual 
stimuli because they are visually simple and can be associated with their national 
names in the follow ing associative encoding task. Before performing the associative 
task, the subjects were given a list o f  national names and asked to remember them. 
But the subjects did not know the ensigns o f these nations. In the associative 
encoding task, subjects were presented with pairs o f the national ensign and national 
name to establish their associations in the brain. Images were acquired on a GE 
Signa ЗT system with T2* weighted gradient echo EPI sequence (TR=4OOOms, 
TE=2Oms, Flip Angle=9Oº). Correlation coefficient analysis was used to reveal task- 
related brain activity. Significant activation was observed in the right hippocampal 
formation, bilateral parahippocampal gyrus and fusiform gyrus during both single 
and associative encoding tasks. The activation showed a slight higher correlation 
value in the associative task than that in the single task. These results suggest that 
hippocampus might participate in both memory and association processes, but with 
different degrees o f contributions. (Supported by CREST of Japan Science and 
Technology Corporation)

266.8
AN fMRI STUDY ON EPISODIC ENCODING AND RETRIEVAL OF 
HIGH OR LOW IMAGERY CONTENT WORD-PAIR ASSOCIATES
(SPON: European Brain and Behaviour Society) FM Mottaghv12, BJ Krause1,2. NJ 
Shah2. D Schmidt12. H Hautzel1,2. U HalsЬaπd*. L JäπekcЧ HW M üller-G ärtneP  
1 Dep. of Nucl. Med., H-H-University, Düsseldorf, 2 Inst, o f Med., FZJuelich, ilnst. 
of Gen. Psychol. O-\'-G-University, Magdeburg, 4Inst, for Med. Psychol, and 
Behav. Neurobiol., E-K-University, Tübingen, Germany

The aim o f this study was to demonstrate brain activity patterns related to a 
paired-associate learning task o f high and low imagery content words with a whole- 
brain. EPI sequence. Six right-handed, healthy male volunteers (mean age 27.5) 
took part in the study. Subjects had to learn and recall two sets o f 12 visually 
presented word pairs (high or low imagery content words, not semantically related; 
presentation time: 2.0s; interval: 0.5s). During retrieval, the first word o f each 
encoded pair was presented and the subjects were required to associate the second 
word. Functional MR images were acquired at a field strength o f 1.5 Tesla with 26- 
32 slices parallel to the AC-PC line depending on individual brain size. Analyses 
were performed in Matlab using the SPM 96 software. V oxels were identified as 
significantly activated if they passed a height threshold o f Z=2.33 and at least 
belonged to a cluster o f 20 activated voxels.

Recall accuracy was 88 .5℅ for high and 36% for low imagery content word 
pairs. The activation patterns comparing high and low imagery content word-pairs 
show bilateral frontal lobe and cerebellar (left>right) involvement during learning 
and recall. Increases o f the bold signal in the anterior cingulate and the left 
precuneus were observed during retrieval o f high imagery content word-pairs but 
not for low imagery content words. This might be related to the different 
performance in both tasks. Furthermore bilateral activation o f dorsomedial 
thalamus during retrieval o f high imagery content word-pair associates may point to 
the role of this structure in episodic retrieval o f such words.
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266.9
LEARNING-RELATED CHANGES IN rCBF DURING VERBAL ENCODING AND 
RETRIEVAL: EVIDENCE FROM POSITRON EMISSION TOMOGRAPHY. R. Habib*.
M. Lepage. A. R. McIntosh, M. Moscovitch. & E. Tulving. Rotman Research Institute of 
Baycrest Centre, University of Toronto.

We used positron emission tomography to examine changes in blood flow in 16 young 
healthy right-handed subjects over five successive trials o f verbal discrimination. Separate 
encoding and retrieval scans were obtained on trials one, two, and five while subjects were 
engaged in the task o f learning and remembering which members o f pairs of presented 
words were ‘correct’, the human analogue of the concurrent object discrimination 
paradigm. Task-related changes in blood flow were observed in a left inferior frontal 
region during encoding on all trials o f the task, and in right superior and middle frontal 
gyrus on the first retrieval trial only, with activation decreasing over the remaining 
retrieval trials. Retrieval-related increases across trials were observed in the right 
posterior hippocampus, left inferior parietal lobule, right postcentral gyrus, left cuneus, 
and cingulate gyrus. These results confirm the Hemispheric Encoding/Retrieval 
Asymmetry (HERA) model for the first encoding and retrieval trial by demonstrating left 
frontal encoding-related activity and right frontal retrieval-related activity. They also 
extend HERA by showing that as verbal information becomes more familiar across 
repeated encoding and retrieval trials, retrieval-related activation decreases in the right 
frontal region and increases in more posterior structures, possibly reflecting the effect of 
familiarization. Furthermore, increased activity in the right hippocampus across trials of 
retrieval is consistent with past research showing that activity in this structure is related 
to successful performance on episodic memory tasks.
(Study funded by NSERC.)

266.11
IMAGING ENCODING AND RECOGNITION OF ABSTRACT SHAPES AS A 
FUNCTION OF RETENTION TIME. A. Rosier *»2 . L. Comeţte1'2. P. Dunont1’2. 
G. Bormans2. E. Beatse^. L. Moгtelmaπs2 and G~A. Orhan1 *Lab. Neuro- and 
Psychophysiology, KƯLeuven. ⅝ E T  Centre, Radiology Dept., ƯZ Gasthuisberg, 
3000 Leuven, Belgium .

We used PET-гCBF (HR+) imaging to study regional brain activity during 
encoding and reưieval of absfract shapes. Six right-handed male subjects 
memorized a list of 16 shapes 3 weeks before, and a second list 3 days before PET- 
scanning. In the PET study, 7 perceptually-identical tasks were scanned twice: 
encoding (2 new lists); 3 week-, 3 day-, 1 hr-delayed, and immediate recognition; 
and two detection tasks. Recognition performance varied between 78 and 88%. 
Detection performance averaged 85%. Regions that were significantly activated 
(SPM96, p < 0.05 corrected for multiple comparisons) during encoding compared 
to detection included the fusiform gyrus bilaterally and L middle frontal gyrus. 
Subtracting detection from the sum of all recognitions revealed differential 
activation in fusiform gyrus bilaterally (in sites similar to those activated during 
encoding), L and R frontal cortex, and R hippocampal gyrus. Direct subfraction 
between recognition tasks revealed no fusiform activation. Fusiform activation 
during recognition is in accordance with our hypothesis that it is involved in the 
matching of stimulus representations. Fusifoπn activation during encoding might 
reflect its involvement in shape analysis as previously reported, a process also 
required during recognition. L frontal activation during encoding and R frontal 
activation during retrieval is in accordance with the HERA-model (Tulving et ai, 
PNAS (1994) 91:2016-2020). However, L frontal activation was also present 
during retrieval, especially in immediate and 1-hr delayed recognition suggesting 
that the organizational processes required for optimal memory storage might 
continue after the encoding task itself has terminated. R hippocampal activation 
was maximal during immediate recognition and exceeded the corrected p 0.05 level 
when immediate recognition was subtracted from 3-week delayed. This might 
reflect its time-limited role in memory processes. (Supported by FWO-Flanders & 
IUAP grant-22)

266.13
EPISODIC RECOGNITION OF PICTURES AND WORDS: MODULATION OF 
BRAIN ACTIVITY BY ENCODING FORMAT, RETRIEVAL-CUE FORMAT, 
AND THEIR MATCH S. Köhler*. M. Moscovitch. G. Winocur. S. Houle, and A.R. 
McIntosh. Rotman Research Institute o f Baycrest Centre; Clarke Institute of 
Psychiatry; University of Toronto; Toronto, ON, Canada M6A 2E1 

In a PET study, we examined brain activity related to retrieval o f  words and pictures 
from episodic memory. At encoding, participants saw two lists o f items for which they 
were asked to make semantic judgments (i.e. living/non-living decisions). One list was 
composed o f words denoting common objects; the other list was composed o f pictures 
o f common objects. At retrieval, subjects made yes-no recognition judgments in four 
different conditions while under scanning. In condition 1, target items were pictures of 
objects that had been encoded as pictures. In condition 2, target items were pictures of 
objects that had been encoded as words. In conditions 3 and 4, target items were words 
denoting objects that had been encoded as words or pictures, respectively. Participants 
also performed a low-level visual baseline task that required perceptual judgments on 
random noise fields under scanning. Using multivariate image analyses (partial least 
squares), we determined four patterns o f brain regions that exhibited distinct rCBF 
changes across our tasks. The first pattern included bilateral occipito-temporal and 
prefrontal regions that showed a similar increase in rCBF in all recognition conditions 
as compared to visual baseline. The second pattern included brain regions whose 
activity was modulated by the format o f the cue provided at recognition. Right medial- 
temporal cortex was more active with picture cues than with word cues. The third 
pattern included left parietal and right prefrontal regions that were more active during 
recognition o f verbally-encoded items than during recognition o f items encoded as 
pictures. The fourth pattern included right infero-temporal and fusiform-gyrus regions 
whose activity was modulated by the match in format between the cue at recognition 
and the target at encoding.
(Supported by an MRC grant to G.W. and M.M.)

266.10
M EM ORY ENCODING AND RETRIEVAL OF NOVEL FACES IN 
PATIENTS WITH SCHIZOPHRENIA: A PET STUDY. J. S. Paulsen12*,
N.C. A ndreasen1, D.S. O ’Leary1, A. W iser1, G.L. W atkins3, L.L. Boles Ponto \ 
R.D. Hichwa3. The Mental Health Clinical Research Center. 'Departments o f 
Psychiatry, ‘Neurology, and 3Radiology, The University o f  Iowa Hospitals 
and Clinics, College o f Medicine, 200 Hawkins Dr # 2880 JPP, Iowa City, IA 
52242-1057.

A growing body o f evidence suggests that patients suffering from 
schizophrenia have a variety o f  deficits in memory systems. We conducted a 
PET study using O 15 water, during which we evaluated the functional 
circuitry involved in recognition memory for faces using a task that required 
both encoding and retrieval. We studied 15 patients with a DSM-IV diagnosis 
o f  schizophrenia and 34 normal volunteers. All patients were either 
neuroleptic naïve or underwent a 21-day drug washout.. For the experimental 
task, subjects viewed 18 novel faces one minute prior to the PET session. 
During data acquisition, distractors were intermixed and subjects were asked 
to respond “yes” or “no” to indicate if they had previously seen the face. For 
the control task, subjects viewed another group o f novel faces and identified 
whether they were male or female by saying “boy” or “girl.” The two 
conditions were subtracted from one another within each group, and the 
within-group subtractions were then analyzed statistically using a 
randomization analysis. This analysis indicated that the patients had 
significantly lower rCBF in the cerebellum, straight gyrus, middle frontal and 
orbital gyri, anterior cingulate, and the hippocampus. These results identify a 
distributed circuit involved in memory encoding and retrieval that is 
dysfunctional in patients with schizophrenia, which has many components that 
have been found to be abnormal in schizophrenia during other cognitive tasks 
studied by our group (e.g. cerebellum, prefrontal cortex).

266.12
ACTIVATION OF PARAHIPPOCAMPUS BUT NOT HIPPOCAMPUS 
DURING ENCODING AND RETRIEVAL OF SCENERY. J.C.
Nagode and J.V. Pardo* Cognitive Neuroimaging Unit, Minneapolis 
VAMC; Program in Neuroscience, University o f Minnesota 

Temporal lobe lesions that include the hippocampus result in profound 
long term declarative memory deficits. However, imaging studies of 
normals typically find parahippocampal rather than hippocampal 
activation during tasks such as memorizing or retrieving a list of words 
or faces. It has been suggested that the hippocampus only appears to be 
inactive during the memory tasks because 1) pyramidal cells have a low 
firing rate, so a blood flow change could only be detected if task 
difficulty is high, or 2) hippocampus is active during control conditions. 
If either or both of these are true, then the signal change could be too 
small to be detected using bloodflow-based technology. To address this, 
we increased sensitivity to signal by maximizing the difficulty of the 
memory task and minimizing the processing demands of the control task. 
Hз150  PET scans (n=2O; 7 mm FWHM) were obtained during the 
encoding and retrieval phases of memorizing complex visual stimuli (30 
colored pictures of scenery) presented for 3 sec each. The control task 
involved simply looking at blurred unidentifiable images of simple 
objects and had no memory requirement. Yes-no recognition memory 
was assessed one hour after encoding. Both encoding and recognition 
tasks vs. control activated bilateral parahippocampal and fusiform but not 
hippocampal areas. Mapping resolution of PET is discussed.
Supported by die Department of Veteran Affairs and Alzheimer’s Disease, Inc.

266.14
SEPARATING STRATEGIC FROM RETRIEVAL-SPECIFIC MEMORY 
PROCESSES USING EVENT-RELATED POTENTIALS. E.L. Wilding* & A.C. 
Nobre. Dept of Experimental Psychology, University of Oxford, OX1 ЗUD, UK.

Event-related potentials (ERPs) are sensitive to retrieval and post-retrieval 
memory processes. These ERP correlates of memory function are reflected in 
differences between the ERPs to items judged coưectly to be new (correct 
rejections), and those to items judged correctly to be old. The ways in which such 
ERP old/new effects differ as a function of encoding or retrieval conditions is an 
active research area. By contrast, little attention has been paid to the ways in which 
the ERPs to correct rejections differ as a result of similar manipulations. 
Comparisons of this type are potentially informative, since any differences that 
were observed would not - presumably - reflect retrieval of information encoded at 
study. Rather, they may reflect strategic mnemonic processes that are engaged as a 
result of different encoding or retrieval demands. We report ERP data from two 
studies in which subjects made a three-way test distinction between new items and 
between two classes of old items that had to be distinguished on the basis of the 
context in which they had been studied. In the first study, speaker voice 
(male/female) was the context manipulation in one task, while task type 
(active/passive vs. pleasant/unpleasant) was used in the other. In the second study, 
the contextual manipulations were based on phonetic and semantic aspects of 
studied words respectively. The ways in which the ERPs to correct rejections 
differed within each study was not equivalent across studies. These findings 
demonstrate that ERPs are sensitive to memory-related processing that is not 
restricted to information retrieved from a study episode. Further, the data suggest 
that on tests requiring retrieval from episodic memory the processing afforded new 
items varies according to the nature of the information that is to be retrieved.
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267.1
H IPPO C A M PA L-D EPEN D EN T T R A C E  C O N D IT IO N IN G  IS 
EN H A N C ED  BY ST R ESS IN M A L ES, BU T IM PA IR E D  BY  STRESS  
IN FEM A LES. G.E. W ood.*Ά ·V . Beylin , 1 and T.J. Shors2. 'Prog. 
Neuroscience, Dept. Psychology, Princeton Univ, Princeton, NJ 08544. 
2Dept. Psychology, Ctr Neurosci., Rutgers Univ., Piscataway, NJ 08903.

Exposure to inescapable tailshock or swim stress persistently facilitates 
cerebellum-dependent eyeblink conditioning in the male rat. In contrast, 
stress exposure impairs acquisition o f  the same conditioned response in 
females, and is mediated by estrogen receptor availability (W ood & Shors, 
1998). Here we tested whether stress would have a similar effect on 
hippocampal-dependent trace conditioning. M ale and female rats were 
exposed to a stressor o f  restraint and 90 intermittent tailshocks ( 1 s, 1 mA, 
1 per min), and then trained 24 h later. There was a significant sex by stress 
interaction on trace conditioning [F (l,5 4 ) = 9.75; p < 0.005], and an 
interaction between stress and the estrous cycle in fem ales [F(2,32) = 3.70; 
p < 0.05], Stressor exposure facilitated acquisition o f  the conditioned 
response (CR) in males (p < 0.001), while the same stressful event 
impaired acquisition in proestrus fem ales (p < 0.01). In the unstressed 
condition, however, females acquired the CR faster than males (p < 0.001). 
As previously reported, corticosterone levels were higher in fem ales than 
males [F (l,2 7 ) = 4.81; p < 0.05], Although corticosterone was not elevated 
24 h after sffess exposure, corticosterone levels in males were correlated 
with learning (r = 0.46). These results indicate that the sexually-opposed  
effects o f  stress on associative learning extend to hippocampal-dependent 
tasks, and implicate glucocorticoids in the mechanism.

[Supported by NSF (IB N 9511027) to TJS]

267.3
CORRELATIVE PLASMA ESTROGEN LEVELS, MEMORY PERFORMANCE, 
AND NEUROGLIA ACTIVATION IN AGED FEMALE MICE. P.R. Moulon'·2*,
J.M. Long1,2. J. He∩gemile2. A. Kalehua2, D. Speers2, D.L. Price1, D.K. Ingram2. 
‘Neuropathology Division, The Johns Hopkins School of Medicine; 2Gerontology 
Research Center (NIA); Baltimore, MD 21205.

Estrogen (E2) replacement in postmenopausal women may reduce the risk for 
Alzheimer’s disease (AD) and improve cognitive ability in early AD. To test in-vivo 
mechanisms for this effect we developed a model of estrogen deprivation and 
replacement in aged female mice. Female C57Bl/6JNia (B6) mice 20 to 24 mos of age 
received bilateral OVX, followed on the same day by subcutaneous placement of 60-day 
release E2 (1713 estradiol, 1.7 pg/ml, OVX-E2) or placebo (cholesterol, OVX-placebo) 
pellets. Sixty days later, plasma E2 levels were determined, learning and memory 
performance was assessed using the Morris swim-maze, and the morphological 
phenotypes of hippocampal neuroglia were quantified on hippocampal sections 
immunostained with GFAP (astrocytes) and Mac-1 (microglia). All mice learned the 
water maze to a high level of performance with no group differences; however, mice in 
the OVX-placebo group were significantly impaired for memory in the probe trial 
compared to mice in the sham aged and OVX-E2 groups. Fluctuations in plasma E2 
levels for mice in all groups were strongly correlated to spatial memory performance in 
the probe trial. Blinded, semi-quantitative evaluation of hippocampal subregions 
revealed the predominant neuroglia phenotypes in mice with low plasma E2 levels and 
poor spatial memory performance to be the activated forms, while the inactivated 
(resting) phenotypes predominate in mice with high circulating E2 levels and superior 
spatial memory performance. These in-vivo results suggest that hippocampal neuroglia 
arc involved in the neuroprotective mechanism by which E2 replacement improves 
memory in aged female mice, and possibly affects cognitive performance of 
postmenopausal women.
Supported by AG05146, NS 10580, the Alzheimer Association, and the Develbiss 
Foundation.

267.5
ESTRADIOL INHIBITS LEARNING IN YOUNG FEMALE RATS IN A 
HIPPOCAMPAL-DEPENDENT TASK. L.A.M. Galea* and V.L. Mehin. 
Department o f Psychology, The University o f British Columbia, Vancouver, B.C. 
V6T 1Z4

Previous literature has shown that females perform worse on spatial tasks when 
there are high circulating levels o f estradiol either during the menstrual cycle in 
humans or during the estrous cycle in rodents. Recent research has also found that 
estradiol exerts profound effects on the electrophysiological and morphological 
properties o f the hippocampal neurons in rodents. We sought to determine whether 
estradiol would affect learning in a non-spatial task that is disrupted by lesions to 
the hippocampus (Bunsey and Eichenbaum, 1996). We chose the Bunsey- 
Eichenbaum odor-guided paired associate task in which rats are given a sample 
odor and then two choice odors and must chose the ‘associated’ odor (i.e. cocoa 
signals coffee) in order to obtain a food reward. Female Long-Evans rats were 
mildly food-deprived and brought to criterion on four paired associates. All rats 
were then ovarectomized and 2 weeks later were given either two vehicle or two 
estradiol (Юµg) injections s.c., twenty-four hours apart.’ When estradiol levels 
were at a maximal level, rats were given either a test for transitivity or a test for 
symmetry. Transitivity is the ability to judge inferentially across stimulus pairs 
that share a common element (stimulus pair 1: cocoa to coffee, stimulus pair 2 : 
coffee to onion, transitivity test: cocoa to onion). Symmetry is the ability to 
associate paired odors in the reverse order (coffee to cocoa). Rats injected with 
estradiol showed poorer performance on both tasks than rats injected with vehicle. 
These results suggest that estradiol has disruptive effects on tasks that depend on 
the integrity o f the hippocampus. This research was funded by an Alzheimer’s 
Society o f BC grant to LA MG.

267.2
ACUTE STRESS PERSISTENTLY ENHANCES THE RELEASE OF 
ESTROGEN IN THE FEMALE RAT T.J, Shors1*. J.A. Pickett2 and M. 
Paczynski3. 'Dept Psychol and Ctr Neurosci, Rutgers Univ, Piscataway, NJ- 
0 8 9 0 3 .2,3 Prog Neurosci, Dept. Psychol, Princeton Univ, Princeton, NJ-08544.

P reviou s studies have reported that b r ie f  exp osu re  to  tailshocks or 
sw im  stress enhances c lassica l ey eb lin k  con d itio n in g  in m ales and 
im pairs con d ition in g in fem a les  (W o o d  & Shors, 1998; Shors et al,,
1998). The im paired perform ance in fem a les  is due to the presence o f  
estrogen, s in ce either ovariectom y or estrogen  receptor antagonism  
prevents the im pairm ent in resp on se to  stress. T he e ffec t w as most 
pronounced w h en  fem ales w ere stressed during late diestrus and trained 
during proestrus. T o determ ine w h ether the stress-induced  impairment 
in con d ition in g  w as due to  a disruption o f  ovarian  h orm ones, w e  used 
R IA  to m easure plasm a estrogen  and p rogesteron e in variou s stages o f  
estrous im m ediately , 6  and 2 4  hours after stress. W e a lso  measured 
serum  corticosterone. A s exp ected , stress enhanced  corticosterone  
im m ed iately  after stress, but not 6  or 2 4  hr later. O f  the tw o  ovarian 
horm ones m easured, o n ly  estradiol changed  in resp on se  to the stressors; 
plasm a estrogen  concentrations w ere substantia lly  e levated  at 6 hours 
and rem ained high 24  hours post-stress. P rogesteron e w a s unchanged  
at the 0, 6  and 24  hour tim epoin ts. T h ese  f in d in g s support the 
hyp oth esis that stress enhances the release o f  estrogen  and does so 
during the critical period in w h ich  a sso cia tiv e  learn ing is impaired.

[Supported by (NIH-H) N A SA  EO52 to TJS]

267.4
CORTICOSTEROIDS, CATECHOLAMINES, AND COGNITIVE CONTROL 
ON AN OBJECT RETRIEVAL TASK. D.M. Lyons*. J. Lopez. S.E. Lindlev. 
and A.F. Schatzberα. Dept, of Psychiatry and Behavioral Science, Stanford 
Univ. School of Medicine, Stanford, CA 94305-5485.

Humans and nonhuman primates with lesions in the prefrontal cortex 
readily engage in goal-directed acts suitable for the context most of the time, 
but not when changed circumstances require inhibitory control of pre- 
established behavior routines. To assess corticosteroid effects on inhibitory 
control, we tested 32 squirrel monkeys on a standardized task that required 
retrieval of a miniature marshmallow from a transparent plexiglass box. The 
orientation of the open side of the box was varied to manipulate difficulty. 
With the open side facing straight towards the monkey, successful retrieval 
required line-of-sight reaching. With the open side facing left or right, 
retrieval required inhibition of prepotent l¡ne-of-s¡ght tendencies and detour 
reaching around either side of the transparent box. Throughout the study 8 
prepubertal females and 8 elderly females were administered high dose 
cortisol in their drinking water for 28 consecutive days. Sixteen age and 
gender matched monkeys received untreated drinking water. Relative to 
untreated monkeys, the cortisol treated monkeys responded with significant 
decreases in circulating levels of the adrenocorticotropic hormone ACTH. 
Cortisol treated monkeys showed modest but consistent decreases in 
cerebrospinal fluid levels of the norepinephrine metabolite MHPG, and the 
dopamine metabolite HVA. And cortisol treated monkeys performed 
significantly more barrier reach errors on the object retrieval task. Results 
suggest that corticosteroids alter catecholaminergic activity and cognitive 
control by some as yet unknown process in the primate prefrontal cortex. 
Supported by NIMH 47573.

267.6
SHIFTS IN PREFERRED LEARNING STRATEGIES USED BY  FEMALE 
RATS WITH AND WITHOUT ESTROGEN. D.L. Korol. L L. Clark and P.E. 
Gold*. Dept, o f  Psychology, University o f  Virginia, Charlottesville, VA 22903.

Estrogen has potent effects on the structure and function o f  the brain, even in 
areas traditionally considered non-гeproductive. Estrogen also influences learning 
and memory, but the magnitude and the direction o f  the effects vary with the nature 
and demands o f  the tasks, resulting in an unclear profile o f  results. In previous 
work, we and others found that female rats with high estrogen status performed 
poorly on the spatial version o f  the Morris swim task. At times o f  high estrogen, 
rats tended to use stimulus-bound, or response-like strategies, rather than spatial 
strategies, to solve the task. These findings suggested that estrogen might influence 
learning and memory by shifting the strategy employed during acquisition. In the 
present experiment, we tested this idea more directly by training ovariectomized 
female rats with and without estradiol replacement on two types o f  appetitive tasks 
using a plus-shaped maze. In one version, rats were required to use a place, or 
allocentric, learning strategy, and in the other rats were required to use a response, 
or egocentric, learning strategy. W e found that for forced place learning, rats with 
estradiol (10 µg 17ß-estradiol benzoate s.c., given 48 and 24 hr before testing) 
performed significantly better than did rats without hormone. For example, the 
median trials to criterion for estradiol vs oil were 54.5 vs 78, respectively. In 
contrast, for forced response learning, rats with estradiol performed significantly 
worse than did rats without hormone, with median trials to criterion 75.5 vs 51, 
respectively. Because the same apparatus, reinforcement and pre-training regimen 
were used for each task, estrogen administration m ost likely influences cognitive 
strategy and not factors such as motivation or stress. Estrogen might act to shift 
learning strategy by modulating the relative contributions o f  neural systems 
responsible for processing different attributes o f  learning and memory.
Supported by NIA (AGO7648), NINDS (NS32914).
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267.7
LEARNING AND MEM ORY ACRO SS THE ESTROUS CYCLE IN THE 
RAT. J. A. Markham1. H. ľ  Anson2*, and L. E. Jarraгď. 'Dept, o f  Psychology, 
¾)ept. o f  Biology, Washington and Lee Univ., Lexington, VA 24450.

Recent findings concerning the relationship between estrogen and neural 
connectivity in the hippocampus have led to the hypothesis that performance o f  
female rats on hippocampal-dependent tasks ought to be affected by different 
levels o f estrogen. W e wished to test this hypothesis further by using complex 
spatial vs. nonspatial tasks and examining the effects o f  different days o f  the 
estrous cycle on performance. Cycling female rats (N = 7) were trained daily on 
a series o f 4 tasks that were designed to test spatial vs. nonspatial intramaze cue 
learning, together with reference memory (RM) and working memory (W M). 
Two 8-arm radial mazes in separate rooms were used where one was arranged to 
test RM and the other to test W M. Comparison o f  performance on the days o f  
proestrus vs. estrus indicated that performance was similar for the spatial task, the 
cue task, and for overall workmg memory. However, on proestrus days rats made 
significantly more RM errors than on estrus days. These findings indicate that the 
day o f estrous cycle has a significant effect on RM but not on W M , and there is 
no effect on the acquisition o f  spatial as compared to nonspatial tasks. This 
pattern o f  behavioral change is different from the spatial impairments 
characteristically found in rats that have had the hippocampus removed (see 
Jaưard, 1995). Since reference memory in this experiment involved learning a 
complex discrimination (4 out o f  8 arms were correct in the spatial task, and 4 out 
of 8 cues in the nonspatial, cue task), the results suggest that structures other than 
the hippocampus may be especially affected by the different levels o f  estrogen.

Supported by a grant from NSF to LEJ.

267.9
PUBERTAL SURGE OF GONADAL HORMONES AND BRAIN NITRIC OXIDE 
AFFECT SEXUALLY DIMORPHIC COGNITIVE STYLE IN〇 RATS. LKanit*Λ  D. 
Taskiran1, B.Balƙan1. Q.Yilmaz1. S.Demirqoren1, J.J.Furedv12 & S Poqun1. Eqe Un. 
'Center for Brain Res., Izmir, Turkey and 2 Un. of Toronto, Dept of Psychol., Canada

Males and females employ different strategies in solving place learning tasks. In a 
water maze (WM), when rats are presented with a choice, female rats prefer a “ look
out” style while males employ a “navigational" strategy (Kamt et al, 1997 and 1998). 
This sexually-dimorphic effect is independent of the activational effects of circulating 
ovarian hormones. Puberty is the last step in brain development, and marks an 
important phase with regard to sexually dimorphic cognitive performance and 
behavior. The present study assessed possible organizational effects of gonadal 
hormones at puberty on cognitive style differences in the WM. The approach used 
was to gonadecotmize (GDX) Sprague Dawley rats before and after puberty and 
assess their behavior as adults. The other two variables manipulated were age (pre 
and post puberty) and sex. After behavioral testing, brain NO? + N〇з levels (stable 
metabolites of nitric oxide) were determined. The sex-related style difference 
emerged in adult intact rats No sex differences were observed during the prepubertal 
period. GDX did not have a significant effect on male behavior, but GDX during the 
prepubertal phase of life hindered the female style in females tested as adults. Brain 
NO2+NO3 levels correlated with behavior during the adult phase of life, but no such 
direct relationship was observed before puberty. In addition, while both cortical and 
hippocampal N〇2+N〇з levels were positively correlated with behavioral measures in 
females (the higher the N〇2+N 0 3, the longer it took the rats to found the platform 
using look-out cues), in males and only in the hippocampus there was a negative 
correlation (the higher the levels, the faster the rats find the platform). Our results 
suggest that the female cognitive style in the WM place learning task requires the 
presence of female sex hormones at puberty and that higher NG2+N〇з levels may 
underlie the male-type of cognitive strategy.

This study was supported by grant SBAG-U/15-1 from TUBITAK

267.11
LESIONING TH E BED N U C L EU S O F TH E ST R IA  T E R M IN A L S  
PREVENTS TH E ST R E S S-IN D U C E D  FA C IL IT A T IO N  OF  
ASSOCIATIVE LEAR NING  IN TH E M A L E R A T. P.R. M athew1* and 
T.J. Shors2. ’Prog Neurosci, Dept. Psychol, Princeton Univ, Princeton, NJ- 
08544. 2Dept Psychol and Ctr Neurosci, Rutgers Univ, Piscataway, NJ- 
08903.

Exposure to a stressor o f  brief intermittent tailshocks (30, 1mA, Is) 
persistently facilitates classical eyeblink conditioning in the male rat (Shors 
et al., 1992) and is dependent on the transient activation o f  the N M D  A type 
of glutamate receptor in the basolateral/lateral nucleus o f  the amygdala 
during stressor exposure (Shors and Mathew, 1998). Classical eyeblink 
conditioning is dependent on the deep nuclei o f  the cerebellum (Thompson et 
al., 1987), however acquisition may be modified by the amygdala. We 
hypothesized that the stria terminal is was an output site for information about 
the stressor from the basolateral/lateral amygdala to the cerebellum or 
structures efferent to the amygdala. To examine whether the bed nucleus o f  
the stria terminalis (BNST) is involved in the stress-induced facilitation o f  
learning, ibotenic acid lesions (2.6P, 3.5L, 8.5V; 3.6P, 4.OL, 8 .8V) were 
made o f the intra-amygdala division o f  the BNST. Rats were stressed and 
24h later classically conditioned with a 320ms white noise (CS) overlapping 
with an 80ms, 0.7mA periorbital eyeshock (US). AN O V A revealed a 
statistically significant interaction between stress and lesion on acquisition o f  
the conditioned response [F(l,39)=6.34; p = O.O2ļ. Thus, lesioning the 
BNST prevented the stress-induced facilitation o f  classical eyeblink 
conditioning. These data confirm our hypothesis that the B N ST  is critically 
involved in the stress-induced facilitation o f  learning in the male rat.

[Supported by NSF (IB N 9511027) to TJS]

267.8
EFFECT OF M O N O A M IN E DEPLETION A N D  SEX O N  A NOVEL ODOR 
DISC RIM IN A TIO N  TASK. S. A. H enry  and  I. Berger-Sweeney* Dept, of 
B iological Sciences, W ellesley College, W ellesley, M A 02181 

W e h y po thesized  th at lesioning the sero tonerg ic  and  noradrenerg ic  fibers of 
the m edial fo reb rain  b u n d le  early  in dev e lo p m en t w ou ld  have ram ifications 
for ad u lt perfo rm ance  on the behavioral tasks th at req u ire  learning and 
m em ory. M edial forebrain  b und le  fibers of neonatal C57B1/6 mice were 
therefo re  lesioned using  the selective toxin 5 ,7 -D ihydroxyryp tarm ne (5,7 
DHT). Lesioned m ice an d  their litte rm ate  contro ls w ere tested  in adulthood 
on a b a tte ry  of behav io ral tests. T hese behav io ral tests  included  a sim ple 
o d o r d iscrim ination  (SOD) task, a novel o d o r-d ep en d en t m ultiple-force 
de layed  non-m atch  to  sam ple  (DNM S) task, an o d o r sensitiv ity  task, and a 
m easure  of spon taneous locom otor activity. The lesioned mice d id not differ 
from  the contro ls on any the tasks in the  behavioral battery. H ow ever, 
significant sex differences w ere found on the tasks requiring  learning and 
m em ory  (the SOD and  D N M S tasks). Fem ales w ere m ore accurate than 
m ales on the SOD task, w hereas m ales w ere faster and  m ade  few er e rrors on 
the novel D N M S task  ,d esp ite  sim ilarities in sensitiv ity  to odor cues and 
general locom otor activity . P ost-m ortem  analysis confirm ed that the adult 
m ice h ad  h ippocam pal and  cortical d ep le tions of sero ton in  (55.9% and 63.0%, 
respectively) and  n o rep inepherine  (65.4% an d  55.5%, respectively). N o sex 
differences in the m onoam ine levels w ere found. These resu lts  suggest that 
m ales and  fem ales em ploy d ifferent stra teg ies w hen learning these odor 
tasks. A dd itiona lly , these resu lts  su g g est th at d evelopm ental 
m onoam inerg ic in pu ts to the  h ippocam pus and  cortex are  not critical for 
learning these tasks. F unding  for this project w as p ro v id ed  by the 
W hitehall F o u n d a tio n  and  NSF IBN9458101.

267.10
T ES TO ST ER O N E AN D C A PTIV ITY  A F FEC T TEL EN C EPH A LIC  AND 
H IPPO C A M P A L V O LU M E IN D A R K -E Y ED  J UNCOS Џunco hyemαlis).
T.V . S m u ld ers* ^, J.M . C a s to ^ , E .D . K etterson^ , V .N olan Jr^ , and T.J. 

D eV oogd 1 1  Dept, o f  Psychology, Cornell Univ, Ithaca, NY 14853; “ Dept, 
o f B iology, Indiana Univ, B loom ington IN 47405.

M ale dark-eyed  jun co s were im planted  w ith testosterone or with empty 
Silastic tubing. H alf o f each treatm ent was released within a few hours of  
capture; the o ther h a lf was held captive. F ield birds were recaptured at the 
nest during incubation and fitted with radiotransm itters. To determ ine home 
range size, each bird 's position was recorded every 30 min for 3 days. Two- 
three w eeks after tracking, field birds were captured again and killed. T o  
form  pairs m atched for treatm ent and holding condition, captive birds were 
k illed at the sam e tim e. 14 captive and 10 field birds were perfused and 
their brains extracted. V olum es o f the hippocam pal form ation (HE) and the 
telencephalon (Tel) were reconstructed from  serial brain sections.

T-treated field birds had larger hom e ranges than controls. Field birds had 
larger HFs (relative to Tel size) than captives (F ( l ,1 7 ) = 2 0 .8 5 3 , p < 0 .0 0 1 ). 
H ₣ correlated m ore strongly with Tel in captive than field birds (interaction: 
F ( l,1 7 )= 1 8 .2 8 6 , p=0.001). A m ong cap tives, T -treated  birds had largei 
relative HFs than controls, but this was not true for field birds (interaction ： 

F ( l,1 7 )= 4 .8 8 , p= 0 .041). No co rre la tio n  betw een  hom erange size and 
relative HF size was found. T-treated birds had sm aller overall Tel than did 
controls (F (l,20)= 5.488,p= 0.03).

In sum, in the field, testosterone enhances hom e range size but has no 
effect on HF. It does decrease Tel volum e. C aptivity  results in a sm aller 
relative HF, although less so in T -treated individuals. Research funded by 
M H 56093 to TJD  and N SF IBN 94-18061 to EDK and VNJr.

267.12
CAN RATS DISCRIMINATE WHERE TO FIND THE FOOD IN AN 
ELEVATED T-MAZE BASED ON THE TIME OF THE DAY? M.P. A rolfo\
L.W. Means2* and S.R  Ginn2. 'Dept, o f  Pharmacology and 2Dept. o f  Psychology, 
East Carolina University, Greenville, NC 27858.

Behavioral studies and the observation o f  animals' behavior reveal that internal 
and environmental cues providing time-of-day information influence behavior. To 
determine if  rats can learn to make choices in a T-maze based on time-of-day or 
other cues, seven groups o f  fasted male Sprague-Dawley rats were trained to 
criterion. In spaced trials, they' had to discriminate the right and left choices based 
on: visual-tactile cues (presence or absence o f  insert in the T-maze: group VT), 
orientation and position cues (maze facing east or west: group OP), and time-of-day 
(0900 or 1500 hr: group T-S). Control rats (group C) were trained to make the same 
choice on all trials regardless o f  environmental cues. Another time-of-day group 
(group T-M) received massed trials. To evaluate the importance o f  light cycle and 
auditory cues, a spaced (T-S2) and massed (T-M2) group trained under continuous 
illumination and white noise was also tested. The proportion o f  rats attaining 
criterion in groups T-S, VT, OP and C was .38, .72, .88 and .94, respectively. 
Group T-S required more trials than all other groups to attain criterion. The 
proportion o f rats that attained criterion in groups T-S, T-M, T-S2 and T-M2 was 
.38 ,1 .0 ,0 .5  and .24, respectively. Group T-M required less trials to attain criterion 
than groups T-S, T-M2 and T-S2. Rats can acquire a time-of-day discrimination 
and acquire it most readily when given massed trials and when housed under 
conditions o f  12/12 hr light/dark cycle and where normal laboratory' noises are 
present. Supported by an ECU Research/Creativc Activity Grant to LWM.
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268.1
REPEATED ACQUISITION IN THE MORRIS SW IM TASK: 
EFFECTS OF M ORPHINE A N D  PENTOBARBITAL ML 
Galizio*. J. R. Keith. W. M ansfield. S. E. Redmond. J. Hummel.
& P. Schгov. Dept, o f  Psychology, University o f  North Carolina at 
Wilmington; W ilmington, NC 28403.

The present study adapted the repeated acquisition/performance 
procedure (RAP) to the Morris swim task. Rats were trained to 
swim  to a hidden platform that w as always in the same location in 
the presence o f  one set o f  extra-pool cues (performance), and in a 
new location each session in the presence o f  a second set o f  extra
pool cues (acquisition). This procedure permits direct comparison 
o f  acquisition and performance o f  place responses in individual 
subjects within single sessions, and allow s dose-response functions 
to be determined for each individual. A  novel index o f  learning , 
percent o f  optimal path length (POP) was computed by dividing 
the observed path length on any given trial by the shortest possible 
distance between the release point and the platform. Morphine (1- 
10 mg/kg) produced selective impairments o f  POP and latency to 
the reach the platform. Acquisition was impaired by doses o f  
morphine that had no effect on performance, and these effects were 
reversed by naloxone (1 m g/kg). In contrast, pentobarbital (1-20  
m g/kg) effects were non-selective: acquisition was impaired only  
at doses o f  pentobarbital that also interfered with performance. 
These findings illustrate the utility o f  the RAP procedure, and 
suggest further analysis o f  opioid system s in the modulation o f  
place learning.

268.3
E N SEM B LE N E U R O N A L  A C T IV IT Y  IN M U L T IPL E  BR A IN  
R E G IO N S D U R IN G  D E LA Y ED  M A T C H  TO  SA M PLE T A SK  IN  
R A T S, T H E EF FE C T S O F Δ 9-TH C. J¯Y.Chang,* L,Chen and
D.J.Woodward. Dept o f  Physiology and Pharmacology, Wake Forest 
University School o f  M edicine, W inston-Salem, NC 27157.

To estimate the effects o f  Δ̂ 9-THC on the working memory processes, we 
used chronic, multiple-channel recording technique to investigate the 
ensemble neuronal activity in medial prefrontal cortex (mPFC), ventral 
striatum (VST), hippocampus (HIP) and substantial nigra reticulata (SNr) 
during delayed match to sample task (DMTSt) in freely moving rat. Sixty- 
four stainless steel microwires were implanted in those brain areas and 
neuronal signals were registered simultaneously with a 64 channel recording 
device. A  random delay (5-30 seconds) was employed between sample and 
match phases. A decrease in response accuracy was detected when the delay 
increased to 20-30 seconds. Although neuronal responses were observed in all 
four recording areas around both the sample and delay phases o f  the task, the 
largest percent responsive neurons were found in the mPFC and HIP. Δ'9- 
THC pre-treatment (0.5-2.0m g/kg, i.p.) caused a decrease in correct 
behavioral response and also altered neuronal responses observed during 
both sample and delay phases. More neurons in the mPFC and HIP were 
affected by Δ'9-THC treatment than that in the VST and SNr. The CB1 
cannabinoid receptor antagonist SR-141716A (RBI, NIMH chemical 
synthesis program), at dose o f  10mg/kg i.p., mimicked the effect o f  2mg/kg. 
Δ'9-THC, whereas at low dose (Зmg/kg), SR -141716A blocked the effect o f  
Δ'9-THC. The results confirm the concept that cort¡costriatal system and HIP 
are both likely to be the primary targets o f  cannabinoid action in this 
working memory task. (Supported by D A-10370 to JYC)

268.5
NEOCORTICAL FIELD POTENTIALS AS A NOVEL MEASURE OF 
CONDITIONED TOLERANCE TO PERIPHERALLY ADMINISTERED 
SODIUM PENTOBARBITOL. R.J. Racine*. R.A. Hodgson. J. Plantinga. and
J.A. Kim. Department of Psychology, McMaster University, Hamilton, ON, 
Canada, L8S-4K1.
The effectiveness of a drug decreases across repeated administrations, the 
phenomenon being termed tolerance. Drug tolerance is commonly inferred as a 
function of behavioral measures. For example, in one measure, the hypothermic 
effect of sodium pentobarbitol is observed to be less pronounced on the last of a 
series of injections relative to the first administration. This behavioral outcome 
is matched by changes in the central nervous system that compensate for the 
barbiturate challenge. Here we investigated the possibility that field potentials 
recorded from the neocortex could be employed as a measure o f tolerance to 
peripherally administered sodium pentobarbitol. Animals were chronically 
implanted with stimulating and recording electrodes in the corpus callosum and 
anterior neocortex (motor cortex I), respectively. They received injections of 
sodium pentobarbitol (30 mg/kg, i.p.) every other day for 10 days. Input/output 
(I/O) curves were generated on injection days both in the awake and 
anaesthetized state. The animals displayed evidence of tolerance; the early 
(monosynaptic) component of the response was attenuated under the 
anaesthetic on day 1, but slowly returned to baseline over the course of the 
experiment. Responses in non-drugged animals remained stable over the same 
time period. These data provide a preliminary indication that changes in 
neocortical field potentials may be a useful central measure of conditioned 
tolerance. Supported by NSERC.

268.2
D E S -T Y R O S IN E ’-D Y N O R PH IN  A N A LO G S R EV ERSE IM 
PA IR M E N T  O F L E A R N IN G  A N D /O R  M EM ORY IN  NON
O PIO ID  R E C E P T O R  M EDIATED M EC H A N ISM  IN  M ICE.
M . H iram atsu*1. K . Inoue\  A . A m bo2. Y . Sasaki2 and T. Kameyama1. 
’D ept, o f  C h em . Pharm acol., M eijo U n iv .,  N agoya  4 6 8 -8 5 0 3  and 2Dept. 
o f  B io ch em ., Tohoku C ollege o f  Pharm ., Sendai 9 8 1 -8 5 5 8 , Japan.

W e have reported that dynorphin A  (1 -1 3 )  im proves impairments of 
learning and m em ory in m ice and rats by kappa op io id  receptor-mediated 
m echan ism s. H ow ever, it has a lso  been reported that dynorphin A  (1- 
13) exerts so-called  ‘non-opiate e ffe c ts ’. In the present stu dy, the effects 
o f  d es-T yr1-dynorphin an alogs, dynorphin A  (2 -1 3 ) and [P he’]dynorphin 
A  (1 -1 3 )  (S K -9 7 1 7 ) on  scopolam ine-induced  impairments o f  learning 
and/or m em ory in m ice w ere investigated u sin g  a step -d o w α  type passive 
avoidance task and spontaneous alternation perform ance in a Y-maze. 
M ale ddY  m ice (3 0 -3 5  g ) w ere treated w ith  scopolam ine (s .c .)  and 
dynorphin analogs ( i .c .v .)  3 0  and 15 m in before the behavioral tests, re
sp ectively . Both dynorphin A  (2 -1 3 ) and S K -9 7 1 7  (5 .0  nm ol/m ouse) 
im proved scopolam ine-induced learning and/or m em ory impairment on 
both task s. Interestingly, the im proving effects o f  dynorphin A  (2-13) 
and S K -9 7 1 7  w ere not antagonized by a selective kappa opioid  receptor 
antagonist, nor-binartorphimine (4 .9  n m ol/m ou se, i .c .v . ) .  These analogs 
did not affect the increase in m otor activity induced by scopolam ine indi
cated by total arm entries. T h ese results su ggest that des-T yr1-dynorphin 
analogs ameliorate learning and m em ory impairment via non-opioid re
ceptor-m ediated m echan ism s. Taken together w ith  our previous find
in gs, dynorphin A  (1 -1 3 )  m ay ameliorate learning and m em ory impair
ment in both kappa op io id  receptor-mediated and non-opioid  mecha
n ism s. (Supported by G rants-in-A ids for Scien tific Research (N o. 
0 9 6 7 2 3 4 0 )  from the M inistry o f  Education, Scien ce and Culture, Japan).

268.4
INTRACEREBRAL ADMINISTRATIONS OF ANANDAMIDE FACILITATES 
SLEEP WHILE DETERIORATES MEMORY. A. Aguilar-Vázquez¯^. E. Murillo- 
Rodríguez 1. M. Sánchez-Alavez~. L, Navarro 1̄, M. Méndez-DІ́az 1. M^ Pal_o_шeгΩ; 
Rivero — , D. Martínez-González 1. R. Drucker-Colín . and O. Prqs_péro-Garcia 

Grupo de Neurociencias, Depto Fisiología. Facultad de Medicina, 2 Instituto de 
Fisiología Celular. 3 Centro de Neurobiología. UNAM. México D.F. México.

Devane et al (1992) described an endogenous ligand to the cannabinoid receptor: 
anandamide (ANA). Several groups have reported that ANA induces analgesia, 
decreases motor behavior and alters learning and memory after its systemic 
administrations. In order to determinate the effect of ANA on sleep we implanted 
sterotaxically male Wistar rats (280-320 g) for recording EMG and ECG and a 
cannula into the lateral ventricle. Seven days after surgery, one group of rats (n = 6) 
received 5µl of vehicle (ethanol 5% in saline). The second group of animals (n = 8) 
received ANA l.25µg. Animals were recorded during 4 h in an environment with 
food and water ad lib. Results showed a decrease in the total time in Waking while 
Slow Wave Sleep (SWS) 1 exhibited no change. SWS2 and Rapid Eye Movement 
Sleep was increased with ANA. An additional group of animals was implanted into 
the lateral ventricle. In the first group of animals (n= 5) 5µl of vehicle was 
administered and the second group of rats (n=5) received ANA l.25µg and was 
tested for motor behavior and we found this behavior increased. An additional group 
of animals was implanted with a cannula aimed to the right hippocampus. Animals 
were trained in the passive avoidance task. After training, control group (n=5) 
received Iµl of vehicle and the second group (N =5) received ANA l.25µg. Memory 
retrieve was evaluated 24, 48, 72, 96 and 120 h after training. An important amnesic 
effect was found with ANA. Testing ANA effect on pain perception in tail-flick test 
we found no changes. We conclude that anandamide affects sleep-wake cycle, 
learning-memory processes and motor behavior.
This work was partially supported by FUNSALUD to OPG.

268.6
CLASSICAL CONDITIONING OF THE FETAL RAT IN-UTERO: 
INVOLVEMENT OF MU AND KAPPA OPIOID SYSTEMS. E. S. 
Petrov. E. I. Varlinskaya. and W. P. Smotherman*. Laboratory of Perinatal 
Neuroethology, Department of Psychology, Binghamton University - 
SUNY, Binghamton, NY 13902-6000.

Some components of suckling behavior, including responsiveness to 
nipple and milk, develop before birth in the rat. Presentation of a surrogate 
nipple to the rat fetus evokes mouthing, licking and oral grasping of the 
nipple during E2O and E2l of gestation. Intraoral infusion of milk produces 
a transient reduction in oral grasping of the suưogate nipple in the E2O rat 
fetus. The effects of milk are opioid mediated. Pharmacological blockade of 
kappa opioid receptors in caudal brain regions or mu opioid receptors in 
rostral brain regions prevents the milk-induced reduction in oral grasping of 
the suưogate nipple by the fetus. These findings suggest that milk affects 
responses at the nipple by promoting activity at caudal (brain stem/spinal 
cord) kappa opioid receptors, and at rostral (cerebral hemisheres) mu opioid 
receptors. One paired presentation of the suưogate nipple with an intraoral 
infusion of milk results in a reduction in responsiveness when fetuses are re
exposed to the suưogate nipple after the conditioning trial. Re-exposure to 
the surrogate nipple results in a conditioned activation of both the caudal 
kappa and rostral mu opioid systems. This pattern of results suggests that 
endogenous kappa and mu opioid systems are activated during the initial 
suckling episode and that these systems may regulate early appetitive 
responses at the nipple after birth.

This research is supported by the Dora F. Gerdes Trust and MERIT 
Award HD 16102 to WPS

Society for Neuroscience, Volume 24 ,1998



MONDAY AM LEARNING AND MEMORY: PHARMACOLOGY—MEMORY MODULATION 685

269.1

CELLULAR MECHANISMS UNDERLYING THE COGNITION
ENHANCING ACTION OF NEFIRACETAM. M. Yoshii*l .  
T, Ŋişhi⅞ąkį2, Ţ , MąţşџQķa2, T... N¢гpцш2,JÇ_^шnįļsâWâ3, 
S. Watabe1'4. T, S h io ta n i4. and M, Tanaka4. 1Dept. of 
Neurophysiology, Tokyo Inst, of Psychiatry, Tokyo 156-8585, 
2Dѳpt. of Physiology, Kobe Univ. Sch. Med., Hyogo 650-0017, 
3Dept. of Psychobiology, Univ, of California, Irvine, CA 92717- 
4550 and 4Tokyo R & D Center, Daiichi Pharmaceutical Co., Ltd., 
Tokyo 134-8630, Japan.

We have previously reported that the cognitive enhancer 
nef¡racetam enhanced the activity of neuronal L-type Ca2 + 
channels in NG108-15 cells in a fashion that mimics the effect of 
dibutyryl cAMP, and that the effect was inhibited by pertussis 
toxin (PTX) (Yoshii and Watabe, Brain Res. 642, 123-131, 1994). 
In the present study, we have further examined the actions of 
nefiracetam on the Torpedo  nicotinic acetylcholine (ACҺ) 
receptors expressed in Xenopus oocytes. Nefiracetam induced a 
short-term depression of ACh-evoked currents at submicromolar 
concentrations (0.01-0.1 µM) and a long-term enhancement of 
the currents at higher micromolar concentrations (1-10 µM). PTX 
blocked the inhibitory action of nefiracetam without affecting the 
facίlitatory action. The effect of PTX was mimicked by H-89 , a 
selective inhibitor of PKA. The results suggest that the action of 
nefiracetam is associated with PTX-sensitive G-proteins and their 
regulation of PKA activation.

269.3
TIANEPTINE AN D  ITS ENANTIOMERS : ENHANCED RETENTION OF 
SPATIAL MEMORY IN ANIM ALS WITH MEDIAL. SEPTUM LESIONS

A .Deslandes1*, R.G.M. Morris¯. S. Kelly2, D. Burney". T. Anthony2, M. Spedding1 
‘I.R.I.S., 6 place des Pleiades, 92415 Courbevoie, FRA NCE ; 2 Cenưe for 
Neuroscience, Univ. Edinburgh. Crichton Street. Edinburgh EH8 9LE, Scotland

Tianeptine is an atypical antidepressant that has clinical efficacy in measures of 
anxiety and depression. It has also been reported to enhance learning and memory in 
rats, which is not the case with tricyclic antidepressants. To explore further the 
possibility that tianeptine or its enantiomers mediate enhanced learning or retention 
in an animal model of age-related hippocampal dysfunction, we investigated their 
effects on learning and. separately, on retention, in young rats given medial septum/ 
diagonal band o f Broca (M SD B) lesions that disrupt normal hippocampal function, 
in an open field waiermaze.

Although neither tianeptine. nor its enantiomers, affected the rate o f acquisition of 
spatial information, there was clear evidence that it enhanced retention. All anim als 
were first ưained to an equivalent criterion and then retention was tested 7 days 
later. The saline-M SDB rats forgot more about the position of the platform than any 
of the other groups: after spending 59.8% o f their time in the training quadrant in 
the retention test conducted immediately after reaching criterion, they only spent 
30.8% of their time there during the final retention test one week later - a reduction 
of 29.0%. This compares with a decline from 6 2 .5℅ to 46.9%  for the saline-sham  
anim als and from 60.6% to 41.9%  in die tianeptine group (decreases o f 15.6% and 
18.7% respectively). A comparison of the extent o f forgetting in these 3 groups also 
showed a significant group effect (F=3.24. df 2/41. p<0.05).

Evidence is increasing that die chronic exposure to stress or corticosterone 
contributes to neuronal loss in die hippocampus and impairment o f spadal memory 
in the radial maze. Tianeptine might improve die retention of spatial reference 
memory by blocking sưess-induced impairments o f  hippocampal function.
Supported by a grant from Sender

269.5
IN FLU EN CE OF D U -14 ON M EM O R Y  IN RA TS IN M O R RIS W A TER 
M AZE (M W M ) TEST. T.H. W u* '. D.A. Johnson2. P. Ƙ. L iш td  T.J. M aher'. 
Div. Pharm aceutical Sciences., 'M assachusetts C ollege o f  Pharm acy & AHS, 
Boston, M A 02115; 2Div. Pharm acology-Toxicology, 3Div. M ed. Chem ., 
D uquesne University, Pittsburgh, PA 15282.

N um erous neurosteroids are known to have neurom odulatory effects 
including the enhancem ent o f  m em ory. Recently, the steroid sulfatase 
inhibitor p-O -(sulfam oyl)-N -tetradecanoyl tyram ine (D U -14) has been 
reported to potentiate the m em ory enhancing properties o f  the neurosteroid 
dehydroepiandrosterone sulfate (D H EA S) in a passive avoidance test. The 
present studies were aim ed at investigating the influence o f  D U -14 on 
m em ory in the M W M  test. M ale Sprague-D aw ley rats received either D U -14 
(30 m g/kg; i.p.) or vehicle (corn oil) for 14 days prior to testing and also 
during the w ater m aze testing period (Days 1-4). To assess the effect o f  DU- 
14 on scopolam ine-induced am nesia, each group o f  anim als received either 
scopolam ine ( 1 m g/kg; i.p.) or saline on days o f  the M W M . Escape latency 
and sw im m ing distance for each day w ere then analyzed. D U -14 significantly  
enhanced m em ory in M W M  perform ance com pared to the control group. 
Total average·sw im m ¡ng tim es for DU-14 and control groups w ere 2 7 .1 ± 2.0 
sec and 33.2 ± 1.3 sec, respectively (p<0.05). In probe trial testing, anim als 
receiving D U -14 or vehicle rem ained in the platform  quadrant for 25,2 ± 1.3 
sec and 15.2 ±  1.7 sec, respectively (p<0.001). In scopolam ine-treated groups, 
D U -14 also tended to  im prove perform ance in the M W M . These results 
dem onstrate the utility  o f  sulfatase inhibition on m em ory form ation in rats 
using the M W M .

269.2
DURATION OF AMELIORATION OF NEFIRACETAM IN OLDER 
RABBITS ON RELEARNING AND RETENTION D. S. W oodruff-Pak*. 
J. T. Green, J. T. Pak, T. Shiotani, S. W atabe, & M. Tanaka. Tem ple Univ., 
Philadelphia, PA 19122 & Daiichi Pharm aceutical Co., Ltd., Tokyo

Classical conditioning o f the nictitating m em brane/eyeblink response has 
utility in the study o f age-related m em ory disorders, and the m ajor aim  of 
this research was to investigate the m agnitude and duration o f the effect of 
nefiracetam  on retention. Retention and relearning 1, 5, and 12 w eeks post
training was tested in 34 rabbits of a m ean age o f 28 m onths that had 
received 15 daily injections o f  0, 5, 10, or 15 m g/kg nefiracetam  during 
acquisition in the 750 ms delay paradigm . No drug was adm inistered after 
initial acquisition. Significant relearning was observed in the 10 mg/kg 
nefiracetam  group 1 and 5 w eeks after learning. D ifferences in tone-alone 
retention did not achieve significance, although responding to the CS alone 
was som ew hat greater in the 10 mg/kg group. A t the 1- and 5 -week retests, 
10 m g/kg nefiracetam  am eliorated retention in o lder rabbits. This result is 
especially interesting because during the initial 15-session acquisition phase 
the d ifferences am ong treatm ent groups did not achieve significance. The 
effect of nefiracetam  upon the ability o f  older rabbits to relearn a previously 
learned task is dram atic, at least for intervals o f 1 and 5 w eeks after initial 
training. U nder normal conditions, a drug is adm inistered continuously. 
Because nefiracetam  had a significant effect long after its adm inistration had 
ceased, it is likely that prolonged adm inistration o f this cognition-enhancing 
drug would have am eliorating effects on retention far greater than observed 
in this experim ent in which only 15 days o f  drug administration occurred. 
Supported by Daiichi Pharmaceutical Co., Ltd., Tokyo, Japan

269.4
ANTIDEPRESSANT TREATMENT ATTENUATES THE SPATIAL LEARNING  
DEFICIT AN D  IMPROVES HIPPOCAMPAL LTP INDUCTION IN 
TRANSGENIC MICE WITH IMPAIRED GLUCOCORTICOID RECEPTOR  
FUNCTION. T. Steckler*. G. Rammes. C.W eis. W. Zieglgänsberger and F . 
Holsboer Max Planck Institute o f Psychiatry, Clinical Institute, Kгaepelinstr. 2-10, 
80804 Munich, Germany

Changes in both cognitive function and HPA axis activity arc well documented in 
major depression, both o f which can be alleviated by antidepressant treatment. 
Transgenic mice producing antisense to the glucocorticoid receptor mRNA were long
term treated with the reversible M AO-A inhibitor moclobemide (15 mg/kg/day PO). 
Subsequently, spatial and sensorimotor learning o f mice were assessed in water maze 
place navigation and rotorod paradigms. LTP in CA1 pyramidal neurones of 
hippocampal slices was measured after termination o f the behavioural experiments. 
Transgenic animals were impaired in spatial learning relative to controls (acquisition 
and probe trial), but did not differ in sensorimotor performance. Moclobemide induced 
a mild and transient improvement in spatial performance, which reached significance 
on the second day o f spatial testing, but transgenic m ice with and without 
moclobemide eventually reached similar levels o f performance, and never performed 
up to control level. The m ice exhibited normal LTP in response to stimulation at 
100 Hz. However, at low frequencies, in the range o f 5 - 10 Hz, there was a 
systematic shift in stimulation threshold for the induction o f LTP: moclobcmide- 
treated control and vehicle-treated transgenic m ice showed attenuated synaptic 
potentiation, whereas moclobemide-ưeated transgenic m ice reached control levels. It 
is suggested that long-term antidepressant treatment restores the stimulation threshold 
for the induction o f  LTP and attenuates the spatial performance deficit in transgenic 
mice, but possibly by enhancing reactivity to environmental cues rather than by 
improving mnemonic function p e r  se.

269.6
POTENTIATION OF CA1 H ưPOCAM PAL POPULATION SPIKE 
POTENTIAL BY THE ATYPICAL ANTIDEPRESSANT TIANEPTINE
M. Spedding*. A Deslandes, R Netzer', J Roeper', G Szabo". A Egyed"
I.R.I.SERVIER, 192, ave Charles de Gaulle, 92200 Neuilly sur Seine, France; 
'GENION, Abteisưasse 57, D-20149 Hamburg, Germany; Έ G IS  Pharmaceuticals 
Ltd., 1475 Budapest 10, P.O.B. 100, Hungary.
Tianeptine is an atypical antidepressant compound. Tianeptine has been shown to 
have beneficial effects in memory models. Chronic treatment of rats with tianeptine 
prevents stress- and corticosterone-induced atrophy of dendritic arborisation in CAЗ 
pyramidal neurones (Watanabe et al,, 1992). We therefore tested tianeptine and its 
enantiomers on evoked population spike potentials (epsp) in the CA1 subfield of 
hippocampal slices, taken from Wistar rats (100-150g), stimulated via the Schaffer 
collaterals (0.1 Hz; 0.02-0.3 mA; set to 60-80 % of maximal spike amplitude). 
Tianeptine (10-50 µM) increased epsp amplitude, and the effect was not reversed on 
wash-out of the tianeptine. The racemate and both enantiomers of tianeptine were 
active (63±6%, 38±l% , 48±6% respectively). The effect was antagonised by 
pretreatment with GYKI 52466, but this drug also reduced epsp directly; the effects 
were resistant to naloxone (100 ∏M). Fluoxetine (50 µM) did not increase epsp.
The mechanism of action of tianeptine is not related to a direct effect on ion channels. 
Tianeptine (0.1 and 10 µM), unlike DAMGO (1 µM), did not alter the voltage-gated 
potassium current in cultured cortical neurons nor the large conductance calcium- 
dependant potassium current in a stably transfected cell-line and scarcely affected 
voltage-gated calcium currents in cultured cortical neurons. Tianeptine (0.1 and 10 
µM) did not affect the GABA-induced currents in cultured cortical neurons measured 
with the “perforated patch” method, nor the NMDA-induced currents in cultured 
cortical neurons. Thus tianeptine causes a direct modulation of hippocampal activity, 
which may be responsible for its effects on memory and for the protective effects of the 
drug against the deleterious effects of sưess.
Watanabe Y, Gould E, Daniels DC, Cameron H, McEwen BS. European Journal o f 
Pharmacology 1992, 222: 157-162
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269.7
ADRAFINIL: A NOVEL COMPOUND WITH BOTH BEHAVIORAL 
ACTIVATING AND COGNITIVE ENHANCING EFFECTS IN AGED DOGS. 
C. Siwak1, H. Callahan2, P. Gruet3, M. Takagi’*,and N.W. Milgram‘ 1 Life Science 
Division, Scarborough Campus, University of Toronto; 2 Department of 
Physiology, University of Toronto; Vetoquinol Rescarcg Center - B.P. 189 -F- 
70204 LURE Cedcx - France
Adrafinil is a newly developed compound that is used clinically to improve 
wakefulness and attention in aged populations. We have studied the effects of 
adrafinil on arousal and cognition on aged dogs. The first experiment showed that 
locomotion and other indices of exploratory behavior are increased in dogs treated 
daily with adrafinil over 14 consecutive days. The effect was long-lasting and dose 
dependent. Increased locomotion occurred both 2 and 10 hours following 
treatment, and the effectiveness did not diminish with repeated administration. The 
minimum dose necessary for producing a reliable effect was 20 mg/kg. The second 
experiment compared a dose of 20 mg/kg versus placebo, using a crossover design 
to study the effects of adrafinil on size and intensity discrimination learning tasks. 
Under adrafinil acquisition of the discrimination learning tasks occurred 
significantly more rapidly, and with fewer errors, than under the placebo control 
condition. This improved learning is consistent with evidence that adrafinil serves 
to enhance vigilance. The underlying mechanisms may relate to the effects of 
adrafinil, or its metabolite modafinil, on adrenergic transmission in the CNS. This 
research was supported by VETOQUINOL S.A. Laboratoire Phaгmaceutique 
Veterinaire - B.P. 189 -F- 70204 LURE Cedex - France

269.9
EFFECTS OF CHRONIC GPI-1046 ADMINISTRATION ON SPATIAL 
LEARNING AND MEMORY IN AGED RODENTS H. Sauer*. J.M. Francis. H. 
Jiang. J.P. Steiner. Guilford Pharmaceuticals Inc., Baltimore MD 21224

The current study investigates the effects of chronic treatment with the systemically 
available FKBP-ligand GPI-1046 on spatial learning and memory in aged rodents. Three- 
month old (young) and 18-19 month old male C57BL/6N-Nia (aged) mice were habituated 
to the Moưis watermaze during a 4 trials/day, 3-4 day visible platform training phase. 
Subsequent spatial acquisition testing was conducted as follows: All mice were given 4 
trials/day (block), for 5 days. Maximum swim time was 90 seconds. Aged mice were 
allocated to an “aged impaired” group if their performance during blocks 4 and 5 of the 
acquisition phase was >1 S.D. above the mean of “young” mice, and to an “aged non- 
impaired” group if their performance was <0.5 S.D. above the mean of “young” mice. Aged 
groups were then split into statistically similar “GPI-1046” and “vehicle” groups. Daily 
treatment with 10mg/kg GPI-1046 was initiated 3 days after the end of acquisition training, 
and continued through retention testing. Retention testing began after 3 weeks of dosing 
using the same methods as the acquisition phase. Swim Distances (cm) were analyzed in 
a 7 X 5 ANOVA including Groups and Blocks (1-5) as factors in the analysis, treating 
Blocks as a repeated measure. Planned contrasts revealed that there were significant 
differences between the “young”, and “aged impaired-vehicle and GPI-1046” treated 
groups at the end of the acquisition phase, F158 =26.75, P=0.0001, and F]ı58 =17.70, 
P=0.0001 respectively, while there were no significant differences between the two “aged 
impaired” groups, F1>58 =0.67, P=0.42. During retention testing, however, “aged impaired- 
vehicle” treated animals performed significantly poorer than “aged impaired-GPI-1046”, 
and “young” animals, F )ı69 =8.11, P=0.006, and F |,69 =25.45, P=0.0001 respectively. There 
was no longer any statistically significant difference between the “young” and “aged 
impaired-GPI-1046” treated groups during the retention phase, F],69 =3.09, P=0.08. In 
summary, systemic treatment with GPI-1046 significantly enhanced spatial memory 
performance of mice with age-related spatial memory impairments.

269.11
CHRONIC PIRACETAM ADMINISTRATION FACILITATES SPATIAL 
MEMORY AND NCAM EXPRESSION IN THE FRONTAL CORTEX IN 
SUSTAINED CORTICOSTERONE-TREATED AND -UNTREATED RATS. 
C. Sandi* and M. Loscertales1. Dept, of Psychobiology, UNED, Ciudad Universitar¡a 
s/n, 28040 Madrid, Spain; 'Cajal Institute, CSIC, Madrid, Spain.

Nootropics, including piracetam [(oxo-2-pym>lodinyl-1) 2 acetamide], have been 
reported to facilitate learning and memory processes depending upon endogenous 
corticosteroid levels. In acute treatments, a number of nootropics appeared to be 
ineffiective both in adrenalectomized animals and in those exposed to elevated 
corticosteroid levels. In this study, we examined the effects o f chronic piracetam 
administration (daily i.p. injection, 100 mg/kg, 21 days) in rats exposed to a 
prolonged situation o f mildly elevated levels o f corticosterone (90-days release, 150 
mg corticosterone pellets, Innovative Research of America) on: (i) spatial orientation 
learning and retention in the Morris water maze, and (ii) expression of the neural cell 
adhesion molecule (NCAM) in different brain regions (hippocampus, striatum, 
frontal/prefrontal cortex, and hypothalamus). The results showed that piracetam 
improved the acquisition rate and retention of the water maze task, both in 
corticosterone-treated and -untreated rats, whereas sustained ưeatment with the 
steroid did not influence performance. In addition, piracetam freatment resulted in 
increased expression of NCAM in the striatum and frontal cortex, regardless of the 
steroid freatment; the levels o f frontal cortex NCAM having been reduced by 
sustained corticosterone administration. These results indicate that chronic piracetam 
treatments may facilitate memory through the modulation of NCAM expression in 
certain brain areas -such as the striatum and frontal cortex- and suggest that this 
nootropic may prevent detrimental effects induced by prolonged corticosteroid 
exposure on NCAM expression in the frontal cortex and cognitive-related functions.

Supported by a grant from the DGES (PM96 0015), Spain.

269.8
EFFECT OF S 17092 ON AN AGE-RELATED COGNITIVE DEFICIT IN MICE.
A. Ma∏ghetto1. K. Touzani1. N. Etchamendv1. R. Jaffard1. G. De Nanteuil2. D. Guez2.
J.L. Robin2 and P. Morain2*
' CNRS URA 339, Ưniversité de Bordeaux. 2Institut de Recherches Internationales Servier, 
Courbevoie Cedex, France.
S 17092, an inhibitor of prolyl endopeptidase (EC 3.4.21.26) has previously shown 
promnesic properties in various memory tests in rodents. The aim of this study was to 
better characterize the effects of this compound in a novel task which has been 
proposed as a mouse model of the selective alteration of declarative memory observed 
in aged humans. Aged (25 months) naive mice were trained in a discrimination task 
involving a set of 6 arms (3 positively reinforced, 3 not reinforced) in a radial maze. In 
the first stage of the task (stage 1), the arms were presented one by one to the subject, 
in a go no-go procedure. In the second stage (stage 2), the 6 arms were combined into 
3 pairs and the subject was faced with choices between a positive and a negative arm. 
Mice daily received one oral administration of either S 17092 (10 mg/kg) or Vehicle. 
The treatment was administered during one week before the beginning of behavioral 
training and then 1 hour before each training session. Results showed that the 
performance of the Vehicle and S 17092 groups was not different in stage 1. Both 
groups acquired the go no-go discrimination and their performance were strictly 
comparable to those of the adult mice from the previous experiment. Conversely, the 
performance of the Vehicle and S 17092 groups were significantly different in stage 2. 
At that stage, the Vehicle mice behaved as if they were naive (50 % correct choices) 
whereas the performance of S 17092 animals were clearly above chance (70,6 % 
correct responses), thereby showing that, like adult mice, they were able to use what 
they have learnt in stage 1 to the solution of novel problems in stage 2. This study 
demonstrated that the freatment with S 17092 has a beneficial effect on the selective 
cognitive deficit observed in aged mice. Furthermore, the procognitive effect of this 
drug appeared to be more consistent between the subjects than the effect of a 
cholinesterase inhibitor freatment as suggested by preliminary results on the effects of 
tacrine administration in this model.

269.10
E F FE C T S O F N C -1 9 0 0  (A  N O V E L A R G IN IN E -V A S O P R E S S IN  
D E RIVA TIV E) O N  SPA T IA L  M EM O RY IM PA IR M E N T O F RATS  
W ITH  T R A N S IE N T  FO R E B R A IN  ISC H E M IA . E . H ori, H . N ishijo,
R . Tam uгa*, T , U w a∩ o and T . Ono. Department o f  P h y s io lo g y , Faculty 
o f  M edicine, Toyam a M edical and Pharmaceutical U n iversity , Toyam a 
9 3 0 -0 1 9 4 , Japan.

N C -1 9 0 0 , an argin ine-vasopressin  derivative, has potent memory 
enhancem ent e ffects on  the avoidance behavior. Furthermore, N C -1900  
has excitatory effects on  neuronal activity through inhibition o f  the 
chloride current sh o w n  in the in v itro  patch clam p m ethod. In the 
present stu d y , w e  investigated that e ffects o f  N C -1 9 0 0  on place learning 
in rats w ith  selective les io n s in the CA1 subfield  o f  the hippocampal 
form ation due to transient forebrain ischem ia. N C -1 9 0 0  w as  
adm inistered daily (1  µ g /k g , p .o .)  1 hour before the place learning task. 
In the spatial navigation task, a rat w a s  required to alternate betw een 2 
circular areas located diametrically op p osite  in an open field to obtain 
intracranial self-stim ulation (IC S S ) rew ards. Rats with hippocampal 
les io n s sh o w ed  severe place learning impairment; they did not reach the 
sam e perform ance level as did normal rats during the test period (30  
d a y s). N C -1 9 0 0  am eliorated place learning deficits o f  rats w ith the 
sam e hippocam pal les io n s , w h ich  reached the normal perform ance level. 
There w ere no sign ificant d ifferen ces in ischem ic hippocam pal lesion s, 
sp on tan eou s locom otor activity, and bar pressin g  behavior for IC SS  
rewards betw een  the lesion ed  rats w ith  and without N C -1 9 0 0 . The 
resu lts indicated that N C -1 9 0 0  im proved place learning impairment due 
to transient forebrain ischem ia.

269.12
CORTISTATIN AND SOMATOSTATIN MODULATES MEMORY

M.Gǒmez-Chavarín1. A.Jimėnez-Anguiano3. L.Navarro1, M.Sanchez-Alavez1
E.Murillo-Rodriquez1, ESchwanke-Padilla1. J.R.Criado4 SJH enriksen4
R.Salin-Pascuaf*. R.Drucker-Col(n1̂ , L. de Leceaŝ & O.Prospéro-García1 
1Deptos.Fisiología, Fac.Medicina, 2Neurocie∩cias, IFC, UNAM, 3Depto. de 
Biología de la Reproducción UAM-I México. Depts. of 4Neurophaгmacology 
and 5Molecular Biology, TSRI, USA.

Cortίstatin is a neuropeptide that exhibits high structural similarity to 
somatostatin, although it is the product of a different gene. Administration of 
cortistatin abolishes action potential discharge in CA1 hippocampal neurons 
in vitro and its intracerebroventricular administration increases the period of 
slow-wave sleep and unlike somatostatin decreases REM sleep. In the 
present study we show that cortistatin adminstrated into the third ventricle 
through a cannula reverts extint¡on of long-term memory in the footshock 
passive avoidance task (FSPAT). Adult male wistar rats were implanted with 
a cannula aimed to the lateral ventr¡cule, 8 days later were trained for FSPAT 
and then tested every 24 hours until they showed extint¡on of the behavior 
(6th). On 7th day test, 5 µl of saline, or 100 ng either cortistatin, somatostatin 
or an analogue of somatostatin (96166) was administered and half an hour 
later rats were tested for memory extintion and for 2 days more. A Kruskal- 
Wallis and then U Mann-Withney tests were used to analyze these data. 
Results show that cortistatin reverts the extintion behavior more efficiently 
than somatostatin, while the analogue induces no changes compared to 
saline. These results further support that this neuropeptide is involve in 
memory modulation.
This work was partially supported by grant 25488-M from Conacyt and 
FUNSALUD to OPG
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269.13
HEPATOCYTE G R O W TH  FACTOR EN H A N CES SPATIAL LEA RN IN G 
PERFORM ANCE IN M ICE. M. A kiш oto and N. M atsuki* . Laboratory o f  
Chemical Pharm acology, G raduate School o f  Pharm aceutical Sciences, The 
University o f  Tokyo, Bunkyo-ku, Tokyo 113-0033, Japan.

Although hepatocyte grow th factor (H G F) was initially identified as a  
potent m itogen for hepatocytes, HGF and its receptor, c-m et, are w idely 
distributed in the central nervous system  including the hippocam pus, septum  
and cortex, w hich are believed to  play pivotal roles in learning and memory. 
Therefore, in the present study, w e investigated the effect o f  HGF on per
formance in visuospatial learning test using C57/black m ice. In M orris’ 
water maze test, HGF (30 o r 100 ng, ¡.c.v.) adm inistered 30 min prior to the 
daily session significantly  decreased the latency to escape onto a platform  
from the second day on w ithout affecting sw im m ing speed and time. Spon
taneous non-m atching-to-sam ple (Y -m aze) test w as conducted to  assess 
another type o f  spatial learning ability. W hen treated with HGF, m ice dis
played higher alternation ratio o f  sequential arm choices in a dose- 
dependent m anner, suggesting that HGF enhanced w orking m emory. Ele
vated-plus m aze test w as also perform ed to estim ate anxiogenic properties 
o f HGF. HG F-treated group displayed a  preference for closed arm s in the 
maze and spent less tim e in open arm s than vehicle-treated group. Taken 
together, these results m ay indicate that HGF prom otes spatial learning abil
ity part o f  which can be explained by anxiogenic effect.

269.15
FACILITATION OF MEMORY BY L-GLUCOSE: CONTRIBUTION OF THE 
VAGUS NERVE. Cheryl P. Talley*, Sarah Antos, Hope /Ç Claybum, Richard 
McCarty and Paul E. Gold. Dept. Psychology, James Madison Univ., Harrisonburg, 
VA 22801, and Dept. Psychology, U. Virginia, Charlottesville, VA 22903.

Peripheral administration of D-glucose enhances memory for several tasks. 
Recently, Talley et al. (Neurobiol. Learning & Mem., 1998) found that L-glucose, a 
stereoisomer of D-glucose that is not metabolized and does not readily cross the blood- 
brain barrier, also enhances memory. L-glucose apparently does not enhance memory 
by increasing circulating D-glucose levels and the mechanisms by which D- and L- 
glucose enhance memory appear to be different . The present experiment provides 
evidence that the vagus nerve contributes to the effects on memory o f L-glucose but not 
D-glucose. Male Sprague-Dawley rats received subdiaphragmatic vagotomies or sham 
surgeries 7-10 days prior to behavioral testing. The rats were tested for spontaneous 
alternation performance on a 4-arm radial (plus-shaped) maze. When injected in intact 
rats 30 min prior to testing, both D- glucose (250 mg/kg) and L-glucose (3000 mg/kg) 
enhanced alternation scores. D-glucose also enhanced alternation scores in 
vagotomized rats. However, L-glucose failed to enhance alternation scores in 
vagotomized rats. Thus, enhancement of memory by L-glucose appears to depend on 
the integrity of the vagus, perhaps by altering the activity o f vagal afferents to the 
brainstem. In contrast, enhancement o f memory by D-glucose does not appear to be 
dependent on the integrity of the vagus nerve and instead may affect the brain directly, 
a view supported by other findings as well.

Another difference in the mechanisms by which D- and L-glucose act on the 
brain was evident in a second experiment. Hippocampal fos-like immunoreactivity 
(IR) was examined in rats 45 min after treatment and testing as above. Fos-like IR was 
increased in sham but not vagotomized rats given L-glucose, thus paralleling the 
behavioral results. However, fos-like IR was not increased by D-glucose in either sham 
or vagotomized rats, indicating that increases in hippocampal fos-like IR are not a 
necessary concomitant of enhancement of spontaneous alternation scores. Supported 
by NIA (AGO?648) and NINDS (NS32914) and by fellowships from APA/N1MH 
(MFPNEU-0292) and NIA (14005-01).

269.17
TRANSGENIC MICE THAT UNDEREXPRESS ANGIOTENSIN CONVERTING 
ENZYME DISPLAY IMPROVED SPATIAL LEARNING AND MEMORY. M.A. 
Jones, S.H. Carlson and J.M Wyss.⅝)epartme∩t of Cell. Biology, University of 
Alabama at Birmingham, Birmingham, AL 35216.

Recent studies demonstrate that angiotensin-converting enzyme (ACE) is present in 
the central nervous system, where it plays a role in the production of angiotensin II and 
acts on other neuropeptides. Several studies indicate that the neuronal renin-angiotensin 
system may play a role in learning and memory and that ACE inhibitors may enhance 
cognitive functions. Recently, Ƙrege et al. (1995) developed transgenic mice which 
both underexpress (0/0, 0/1 copies of the ACE gene) or overexpress (3-4 copies of the 
ACE gene) ACE. In the present study transgenic mice that carried one, two (normal) or 
three copies of the ACE gene were run in an 8-arm radial maze to test the hypothesis 
that an inverse relationship exists between spatial learning and A.CΈ expression. The 
present study tested female mice at 3-5 months of age. The maze task required mice to 
learn to enter the six baited arms, while avoiding reentery of previously visited arms or 
entry of the unbaited arms. Criterion performance was met when a mouse correctly 
chose 5 different baited arms out of its first 6 choices on 4 consecutive days. Trials to 
criterion were lowest in the one-copy mice (18 trials), and highest in the three-copy mice 
(25 trials), and intermediate in the two-copy (normal) mice (23 trials). Several of the 
single-copy mice reached criterion within 14 trials (one finished in 9 trials). In contrast, 
the earliest that any two- or three-copy mouse reached criterion was 17 trials and 19 
trials, respectively. Compared to the three-copy animals, the two-copy mice made 
significantly fewer working memory errors but about the same number o f reference 
memory errors. The one-copy mice were about equal to the normal mice in working 
memory errors, but made 40% fewer reference memory errors than the other two groups. 
These results support the hypothesis that ACE expression may play a role in cognitive 
functioning, and support the hypothesis that ACE inhibition can attenuate such a 
decline. This o f  study was supported by NIA grants # AG 1 1958 and AG 06569.

269.14
INTRAШPPOCAMPAL INFUSION OF INTERLEUKIN-1 BETA (IL-1 ß) BUT NOT IL- 
lß  PLUS IL·l RECEPTOR ANTAGONIST (IL-1 ra) IMPAIRS MORRIS WATER MAZE 
LEARNING. R. M. Barrientos. E. M. Sternberg*. Clinical Neuroendocrinology Branch, 
Section on Neuroendocrine Immunology and Behavior, NIMH, NШ, Bethesda, MD 20892.

Ł - lß  is a principal mediator of the immune system and also serves to coordinate acute 
phase responses mediated by the central nervous system. The high central and peripheral IL- 
1 ß levels associated with chronic disease states induce significant decreases of hippocampal 
acetylcholine, increases levels of serotonin, inhibits long-term potentiation (LTP), potently 
activates the HPA axis, and contributes to neurotoxicity, each of which have been shown to 
threaten the integrity of the hippocampus and its functions. In an effort to examine IL-1 ß ’s 
effects on spatial learning, EL-lß (Зng), IL-lra (Зug) or IL-lß (Зng) plus IL-lra (l.5ug) was 
microinfìised into the CA1-CA2 region of the hippocampus of adult male F344/N rats, over 
the course of seven days using a mini-osmotic pump. Compared to normal, sham and vehicle 
controls, rats that received IL-lß alone, were impaired on acquisition and retention of the 
spatial Morris water maze task, whereas neither the IL-lra nor the IL-lß + IL-lra group 
differed from control groups. A probe trial, given four days after terminating drug treatment, 
revealed that the IL-lß group was still impaired compared to the IL-lra and IL-lß + IL-lra 
groups. The finding that IL-lra alone did not impair performance on the spatial tasks 
suggests that, at basal levels, EL-lß does not necessarily mediate hippocampal-dependent 
learning. However, at pathophysiological levels, IL-lß contributes to hippocampal 
dysfunction resulting in a spatial learning impairment that may have long-term cognitive 
consequences, even after the elevated levels of IL-1 ß have subsided. The finding that the IL- 
lß  + IL-lra group was not impaired suggests that the observed IL-1 ß-induced impairment 
is specific to IL·lß and can be prevented with administration of the IL-1 receptor antagonist. 
These findings may be of therapeutic importance for healthy aged populations who have been 
shown to express elevated levels of IL-lß compared to younger adults and also for patients 
with chronic diseases such as Alzheimer’s and HΓV-1 where both elevated IL-lß 
concenưations and memory deficits are salient symptoms.

269.16
OLEAMIDE, A SLEEP-INDUCING LIPID, IMPAIRS LONG-TERM 
M EM ORYj M OTOR BEHAVIOR AND INDUCES ANALGESIA. E. Murillo- 
Rodríguez,1 M. Giordano3, M. Sánchez-Alavez1 L. Navarro1 M. Palomero- 
Rivero1,2 G. Martinez de la Escalera3*, R. Drucker-Colin1,2,. S. J. Henriksen4. and
O. Prospéro-García1. 'Grupo de Neurociencias, Depto Fisiología, Facultad de 
Medicina; ⅛ ep to  Neurociencias Instituto de Fisiología Celular; 3Centro de 
Neurobiología, U.N.A.M. 04510, México; and 4Dept. o f  Neuropharmacology, 
TSRI, La Jolla, CA 92037 USA.

Cravatt et al (1995) obtained a lipid in the cerebrospinal fluid from sleep deprived 
cats. This lipid has been named oleamide and seems to facilitate sleep. Recent 
experimental evidence shows that the same enzyme that synthesizes anandamide, an 
endogenous lipid that binds to cannabinoid receptors, synthesizes oleamide. There 
are results showing that anandamide affects memory consolidation, motor behavior 
and induces analgesia. In this study the effects o f oleamide in long term memory 
were determined. To test learning and memory processes, an inhibitory avoidance 
test was used and immediately after the test session, three different concentrations 
o f  oleamide were administered in lml: 10, 30 and 50 mg/kg ip. Retention was 
evaluated 24, 48, 72, 65 and 120 h later. An important amnesiac effect was found 
with the highest concentrations (30 and 50 mg/kg). Another group was used to test 
motor behavior. In this experiment 25, 50 and 75 mg/kg ip. oleamide were 
administered. A significant decrease in ambulatory activity was observed with 75 
mg/kg while rearing decreased with 50 and 75 mg/kg. In the last experiment the 
effects o f oleamide on analgesia were evaluated. The maximal analgesic effect was 
observed 15 min after administration o f 50 mg/kg ip. These results indicate that 
oleamide has effects on memory consolidation, motor behavior and induces 
analgesia suggesting that oleamide has cannabinomimetic effects. This work was 
partially supported by a grant from FUNSALUD to OPG.

269.18
ANALYSIS OF THE ROLE OF HISTAMINE ON INHIBITORY AVOIDANCE IN 
GOLDFISH R. Mattioli*, C. C. Medalha and J. L. Coelho Lab. Neurociencias, 
Universidade Federal de São Carlos, Brazil

Teleost fish present histaminergic cell bodies on the posterior part of the basal 
hypothalamus, it is been suggested that they are homologous to the tuberomammilary 
E group in rats. However, unlike in rats, fish have less ascending fibers and the main 
one, runs through the ventral telencephalic area reaching the dorsal telencephalus, 
this fiber system is considered homologous to the prosencephalic forebrain bundle. 
The aim of this study was to verify if the histaminergic system has an inhibitory 
action on learning and memory in Goldfish, as suggested previously for higher 
vertebrates. A two-compartment aquarium with a sliding door placed at the center 
was used. The animals were placed in one o f them, after 30 sec the door was opened 
and the time spend by the fish for crossing between compartments was recorded. 
After the fish dorsal fin crossed the line between the compartments a 45g weight was 
dropped into the compartment to be avoided. On the training day this procedure was 
done 3 times, fish were then injected i.p. immediately after the 3rd trial with either 
vehicle (2ml/kg), chlorpheniramine (CPA; 1.0 and 4.0 mg/kg) or histidine (500 
mg/kg). On the next day, fish were placed in the start compartment and the latency to 
cross between compartments was recorded again. Vehicle group had a latency 
decrease between the last training trial and the test day (Wilcoxon Signed Rank test, 
p= 0.016) suggesting that non treated fish, forget the task after 24h, behaving like the 
baseline trial. The results of the 4,0 mg/kg CPA injected fish, did not present a 
statistical drop in latency between the last training trial and the test after 24h 
indicating that CPA treated fish remember the task on the next day, (Wilcoxon, 
p=0.652) suggesting that CPA improves memory. On the other hand, the histidine 
(500 mg/kg) treated group, presented a decrease in test latency when compared to all 
o f the training trials, suggesting an inhibitory action over memory processes 
(Friedman RM ANOVA, p<0.0001, Student Newman Keuls test, p<0.05).
Funding Source: Fapesp proc. 97/02282-9 and 97/13550-4
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270.1
PR O TEIN  K IN A SE A  A N D  PR O TEIN  SY N TH ESIS A R E SIM ILA RLY 
R E Q U IRED  FO R C O N SO LID A TIO N  O F  C O N TE X TU A L M EM O R Y  IN 
M ICE. R. B ourtchouĭadze1, T, A bel2*. A. B erm an1. R. G ordon1. K. 
L ap idus1. and E.R. K andel1. !Ctr. N eurobio l. & B ehav., C olum bia Univ., 
H H M I, N eŵ Y ork, N Y  10032, and 2Univ. o f Pennsylvania, Philadelphia, PA.

A distinguishing characteristic o f long-term  m em ory is its sensitivity to 
inhibitors o f protein synthesis (Davis and Squire, 1984). W e have used a 
com bined genetic and pharm acological approach to define the tim e course of 
the  requirem ent fo r  protein k inase A (PK A ) and protein synthesis in long
term  m em ory for contextual fear conditioning  in mice. W e find that the time 
course o f am nesia in transgenic m ice that express R(AB) and have 
genetically  reduced PK A  activity  in the hippocam pus parallels that observed 
in m ice treated with inhibitors o f  PK A  and with inhibitors o f protein 
synthesis. This PK A - and protein synthesis-dependent m em ory develops 
betw een 1 hr and 3 hr after training. By in jecting  the protein synthesis 
inhibitor anisom ycin or the PK A  inhib itor Rp-cA M Ps at various tim es after 
training, we find that depending on the nature  o f  training, contextual 
m em ory has e ither one or two b rie f consolidation  periods requiring synthesis 
o f new  proteins, and each o f these also requires PK A. W eak training shows 
two tim e periods o f sensitivity  to inhibitors o f  protein synthesis and PKA, 
whereas stronger training exhibits only one. These studies underscore the 
parallel dependence o f long-term  contextual m em ory on both protein 
synthesis and PK A  and suggest that different tra ining protocols may recruit a 
com m on signaling pathw ay in d istinctly  different ways. (Supported by NIH, 
NA RSA D , HH M I.)

270.3
RO LE O F TH E FOS RESPONSE IN HABITUATION TO 
NOVELTY: PRELIM IN A RY  FINDINGS. S. Manavalan* E.A. 
Stone. Y. Zhang and D. Ouartermain. Department o f Medicine 
(Geriatrics), Cornell Univ. Med. Coll., New York, NY 10021 and 
Departments o f Psychiatry and Neurology, New York Univ. Medical 
Center, New York , NY 10016

Immediate early genes are activated in various tissues during 
various kinds o f stress. We and others have suggested that these 
genes participate in adaptational processes that aid coping with 
stress. To test this we have examined how partial knockout o f the 
fos gene affects the ability o f mice to habituate to novel 
surroundings, a ubiquitous form o f behavioral adaptation. B6,I29 
female mice heterozygous for the fos null mutation or wild type 
controls were obtained from the Jackson Laboratories and housed 
singly. Homozygotes were not used because o f impaired 
thermoregulation. To assess habituation to novel surroundings each 
mouse was exposed to a novel cage with fresh bedding for 3 hr on 2 
consecutive days and the length o f time it took for the animal to 
become inactive was determined using videotape. On day 1 the wild 
type animals showed complete habituation ( 100% decrease in 
activity) by 2-3 hr whereas the fos +/- animals showed only a 40% 
decrease at this time. A similar but less marked difference was 
observed on day 2. Owing to the small number o f animals used (3-4 
per group) the difference did not reach statistical significance 
(combined days 1 and 2 F(l,9)=2.35, p = 0.15) but as a preliminary 
finding it is suggestive o f a role o f the fos gene in habituation to 
novelty. Supported by MH45265 from NIMH and a NYU Bridging 
Fund Grant.

270.5
E F F E C T S  O F  C - T Y P E  N A T R I U R E T I C  P E P T I D E  O N  P A S S I V E  
A V O I D A N C E  L E A R N I N G .  G . T e l e c r d y .  A .  N v e r q e s  a n d
A . B o r s o d i *  D e p t .  P a t h o p h y s i o l o g y ,  U n i v .  M e d .  
S c h o o l ,  S z e g e d ,  H u n g a r y .

T h e  a c t i o n  o f  C - t y p e  n a t r i u r e t i c  p e p t i d e  ( C N P )  
w a s  s t u d i e d  o n  o n e - w a y  p a s s i v e  a v o i d a n c e  b e h a 
v i o u r  i n  r a t s  f o l l o w i n g  i c v .  a d m i n i s t r a t i o n .  C P N  
f a c i l i t a t e d  t h e  p a s s i v e  a v o i d a n c e  l e a r n i n g  i n  a  
d o s e - d e p e n d e n t  m a n n e r  w h e n  i t  w a s  g i v e n  b e f o r e  o r  
i m m e đ i a t e l l y  a f t e r  t h e  l e a r n i n g  t r i a l .  W h e n  C N P  
w a s  a d m i n i s t e r e d  b e f o r e  t h e  2 4 - h r  t e s t i n g  t h e  
C N P  w a s  i n e f f e c t i v e .  T h e  i n v o l v e m e n t  o f  t r a n s m i t 
t e r s  w a s  t e s t e d  i n  e x p e r i m e n t s  f o l l o w i n g  p r e 
t r e a t m e n t  o f  t h e  a n i m a l s  w i t h  r e c e p t o r  b l o c k e r s . 
H a l o p e r i d o l ,  a n d  a t r o p i n e  c o u l d  b l o c k  t h e  a c t i o n  
o f  C N P  o n  c o n s o l i d a t i o n  o f  p a s s i v e  a v o i d a n c e  
l e a r n i n g .  N i t r o a r g i n i n e ,  b y  i n h i b i t i n g  t h e  n i t r i c  
o x i d e  p r o d u c t i o n ,  c o u l d  a l s o  b l o c k  t h e  a c t i o n  o f  
C N P .  P r e t r e a t m e n t  w i t h  n a l o x o n e  a n d  m e t h y s e r g i d e  
a t t e n u a t e d  t h e  a c t i o n  C N P ,  h o w e v e r  c o u l d n t  b l o c k  
t h e  a c t i o n  c o m p l e t e l y .  P h e n o x y b e n z a m i n e ,  p r o p r a 
n o l o l  a n d  b i c u c u l l i n e  w e r e  i n e f f e c t i v e .  T h e  
r e s u l t s  s u g g e s t  t h a t  C N P  i s  a b l e  t o  i m p r o v e  t h e  
l e a r n i n g  a n d  c o n s o l i d a t i o n  o f  l e a r n i n g  i n  a  
p a s s i v e  a v o i d a n c e  p a r a d i g m ,  h o w e v e r  i s  i n e f f e c 
t i v e  o n  r e t r i e v e l  p r o c e s s e s .  I n  t h e  C N P  a c t i o n  
d o p a m i n e r g i c ,  c h o l i n e r g i c  a n d  n i t r i c  o x i d e  c o u l d  
b e  t h e  m e d i a t i n g  t r a n s m i t t e r s . G r a n t  O T K A  T 0 2 2 2 3 0 .

270.2
AGED RATS W ITH SPATIAL LEARNING IMPAIRMENTS SHOW 
DECREASED HIPPOCAM PAL CONCENTRATIONS OF PROTEIN 
PHOSPHATASE 2B AND PHOSPHOLIPASE C -ß l IN COMPARISONS WITH 
YOUNG RATS. P.J. Colombo*. S.C. Clayton. & M. Galłaεheг. Dept, of 
Psychology, Johns Hopkins Univ., Baltimore, MD 21218.

Phosphorylation of proteins av serine-threonine residues is a putative cellular 
mechanism for activity-dependent neuronal plasticity and memory formation. We 
reported previously that hippocampal concentrations of protein kinase C isoforms, 
which phosphorylate substrate proteins at serine-threonine residues, were related to 
individual differences in spatial memory formation among young and aged rats both. 
To examine further the roles of related signaling proteins in memory formation and 
memory impairment with aging, we used quantitative Western blotting in the current 
study to determine the hippocampal concentrations of phospholipase C-ßl (PLC-ßl), 
protein phosphatase 1 (PP1), and protein phosphatase 2B (PP2B; calcineurin). PLC-ßl 
is important for activation of PKC, whereas PP1 and PP2B dephosphorylate substrates 
o f PKC. Six- and 24-month old Long Evans rats were trained to locate a hidden 
platform in the water maze. Aged rats that performed within the range of young rats 
were grouped as aged-unimpaired whereas those that performed outside the range of 
young rats were grouped as aged-impaired. Overall, there was a statistically significant 
decrease in the concentrations of PLC-ßl and PP2B in the hippocampi of aged rats. 
Aposterìorì analysis revealed that concentrations of PLC-ßl and PP2B were decreased 
only among the age rats that showed spatial memory impairment. There was no 
significant difference between young and aged rats in hippocampal concentrations of 
PPL These results indicate that age-related memory impairment is associated with 
altered hippocampal concentrations of G-protein-coupled and calcium-dependent 
signaling proteins.

Supported by F32-MH11337 to PJC, and K05-MH1149 and POl-AGOO973 to MG.

270.4
THE NEURONAL CALCIUM SENSOR NCS-1:
FROM GENE TO BEHAVIOUR. E. De Castro1. A. M uhlemann1. E. 
Guarin1, and P. Nef1,2*. *Ðept. of Biochemistry, Univ, of Geneva, CH- 
1211 Geneva, Switzerland; ЧľNS dept., Hoffmann-La Roche, CH-4070 
Basel, Switzerland.

NCS-1 is a neuron-specific calcium  binding protein that belongs to the NCS 
fam ily o f  neuronal calcium  sensors (i.e., recoverin, h ippocalcin, frequenin, 
Ce-NCS-1). In addition to its role as a calcium -dependent regulator of 
rhodopsin phosphorylation, NCS-1 is a m ultifunctional protein in the nervous 
system  as it can directly activate several calm odulin (CaM )-dependent targets 
in neurons. In vitro, NCS-1 has a 10X higher affinity for Ca2+ than CaM , and 
NCS-1 can directly activate phosphodiesterase, calcineurin, and NO synthase. 
Therefore, NCS-1 represents a potential neuronal calm odulin substitute more 
sensitive to small transient Ca2+ changes. In live anim als, recom binant NCS-1 
is capable o f restoring wild type behavior w hen injected into C aM -deficient 
Paramecium.

Subtle changes in the sensory processing  o f C. elegans lacking the calcium  
sensor NCS-1 is observed. Both olfactory and therm osensitivity  behavior 
changes occur. S ince NCS-1, in worm s, is m ainly expressed in sensory 
neurons, and that knock-out lines are perfectly  viable (no obvious 
phenotypes), suggest that NCS-1, in vivo, plays a subtle role in sensory 
processing and calcium -signaling.

This w ork was supported by the Sw iss N ational Foundation Grant 
31.32623.91.

270.6
ETH A N O L CAUSES W A T E R M A Z E  IM PA IR M EN TS IN 
N A IV E BU T N O T N ONSPATIALLY P R E T R A IN E D  RATS.
C. Finlavson. J, Beiko, F. Boon and D.P, C ain*. D ept. 
Psychology, Univ. W estern O ntario, London, O ntario  N6A 5C2 
CANADA.

Ethanol impairs perform ance in the w aterm aze. It is not 
known w hether this results from interference with 1) neural 
mechanisms of place learning or 2) acquisition or perform ance 
of behavioral strategies required in the task (i.e. swimming away 
from the maze wall to encounter the platform ; using the 
platform as refuge). H ooded rats w ere given nonspatial p re 
training (NSP) in the pool with distal cues occluded by curtains 
and the hidden platform  in a new location on each of 12 swims 
(M orris, 1989). Later training in a conventional hidden platform 
task (no curtains, fixed platform  location) under 2.0 or 6.0 g/kg 
ethanol revealed dose-related im pairm ents in naive rats but no 
im pairm ents in NSP groups relative to controls. T he naive but 
not NSP ethanol groups exhibited sensorim otor disturbances in 
the pool. This is sim ilar to previous findings in our laboratoiy 
with NM DA and muscarinic antagonists and benzodiazepine 
agonists. It suggests that neural mechanism s of place learning 
are intact under ethanol, but that strategy acquisition and 
perform ance might be im paired. Supported by NSERC.
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270.7
AGE-RELATED DOSE-DEPENDENT EFFECTS OF GLUCOSE ON 
REACTIVATED MEMORIES. C.A. Horne1 and W.A. Rodriguez2* 
1Psychobiology Lab., N.M. Highlands Univ., Las Vegas, NM 87701;
California State Un¡v.-Hayward, Hayward, CA 94542.

Recently we showed that a dose of glucose (100 mg/kg) enhances 
reactivated (retrieved) memories in rats across the life span. We conducted a 
dose-response study and determined the optimal dose for these effects in 3- 
(young), 12- (adult), and 24- (aged) month old rats. We used a passive 
avoidance-to-active avoidance negative transfer (discrimination reversal) 
paradigm and an interpolated reactivation treatment as our behavioral 
protocol. Twenty-four hr after passive avoidance training the original memory 
was reactivated by re-exposing the rats to a mild footshock (0.5 mA, 1 s) in the 
experimental room. Immediately following the reactivation treatment the rats 
were administered glucose (100, 320, or 2000 mg/kg sc) or saline. Time- 
dependent control rats were administered glucose (100 or 2000 mg/kg) or 
saline 4 hr after reactivation treatment. Twenty-four hr after reactivation 
treatment the rats were trained on an active avoidance task. Our results 
showed that the optimal dose of glucose for reactivated memory enhancement 
in young and aged rats was 2000 mg/kg and in adult rats it was 100 mg/kg.
The dose-response for the young and aged rats followed identical U-shaped 
curves. The dose-response for the adult rats followed a negative linear curve. 
Glucose administered 4 hr after reactivation treatment did not affect memory 
in young or adult rats, but surprisingly, it did enhance memory in aged rats.
The importance of the memory enhancement in the aged rats by the large 
dose of glucose (2000 mg/kg) even when administered 4 hr after memory 
reactivation needs further study. Together our results suggest that when an 
age-appropriate amount of glucose is administered it may be possible for the 
memory systems of young, adult, and aged rats to function similarly.
Funding Source: NIGMS-MBRS GM-08066.

270.9
Re g u l a t io n  o f  s p o n t a n e o u s  a l t e r n a t io n  p e r f o r m a n c e  in  t h e  r a t  b y  ĩn t r a -
HIPPOCAMPAL DIALYSIS OF K-ATP CHANNEL MODULATORS. M.R. Stefa∏i* & P.E. 
Gold. Neurosci. Grad. Program & Dept, of Psych., ư . o f Virginia, Charlottesville,- 
VA 22903.

Peripheral and central administration o f D-glucose enhance memory on a variety 
of tasks by an as yet unknown mechanism. For example, previous work in our 
laboratory showed that reverse dialysis of a 6.6 mM glucose solution into the rat 
hippocampus enhances spontaneous alternation scores. A possible mechanism for the 
memory-enhancing effects of glucose administration is modulation of central ATP- 
sensitive potassium (Ƙ-ATP) channels. K-ATP channels mediate the stimulus- 
secretion coupled release o f insulin by pancreatic ß cells, and may contribute to the 
regulation o f neurotransmitter release in the CNS. The present experiment examined 
the effects on spontaneous alternation performance o f intra-hippocampal dialysis of 
the direct K-ATP channel modulators glibenclamide and lemakalim. Guide cannulae 
were implanted unilaterally into the left hippocampi o f male Sprague-Dawley rats one 
week before behavioral testing. On the test day, a microdialysis probe (3 mm 
membrane) was inserted into the guide, and perfused for 2 h with aCSF containing 2 
mM glucose while the rats were at rest. Drugs were administered in the aCSF during 
2 consecutive 12 min periods, immediately before and during spontaneous alternation 
testing, respectively. Intra-hippocampal infusion o f glibenclamide (100 µM), like 
glucose (6.6 mM), significantly enhanced spontaneous alternation scores relative to 
those o f rats receiving only aCSF. Conversely, dialysis with the K-ATP channel 
opener lemakalim (200 µM) significantly impaired alternation scores relative to those 
of controls. The effects o f glucose and lemakalim were additive; co-administration of 
glucose and lemakalim resulted in alternation scores not significantly different from 
those of controls. These findings provide further support for the hypothesis that the 
modulatory effects o f glucose on memory and other brain functions is mediated, at 
least in part, via central K-ATP channels. Supported by NIA (AGO7648), NINDS 
(NS32914) and NIMH (MH11057)

270.11
FRUSTRATION AND MEMORY IN YOUNG AND OLD RATS: ROLE OF 
GLUCOSE. J.A. Salinas* & P.E. Gold. Department o f  Psychology, University of 
Virginia, Charlottesville, VA 22903.

Reward reductions lead to performance decrements in learned behaviors and elicit an 
aversive emotional response (frustration) similar to that seen after punishment (Amsel, 
1967). These experiments used glucose as a secondary measure o f sympathetic 
activation and a memory-enhancing posttraining treatment for reward reduction.
Young (3 m o .) and old (24 mo..) male rats were used in these experiments. In Exp. 1, 
the rats were deprived of water for 2 hrs prior to being given access to a 10% fructose 
solution for 10 min on each of 5 days. On Day 6, half the rats were shifted to 1% 
fructose. Both young and old shifted 10/1% rats consumed significantly less fructose 
solution than did young and old unshifted 10/10% rats. However, while young shifted 
rats exhibited significant increases in blood glucose levels after the frustration 
experience, old shifted rats did not.. This pattern of blood glucose responses to 
frustration in young and old rats is similar to that seen after footshock (Mabry, Gold & 
McCarty, 1995). In Exp. 2, young and old rats were trained to run a straight alley for 
ten 45 mg food pellets for 12 days (6 trials/day, 30-sec intertrial interval). On Day 13, 
all rats were shifted to one 45 mg pellet. Immediately after the last training trial, rats 
were given i.p. injections o f 200 mg/kg glucose or the equivalent volume o f saline. 
After a training “vacation” o f either 1 or 7 days, reduced reward training continued for 
Days 14 &15. At both 1 and 7 days, old rats exhibited more rapid forgetting for 
frustration in this task than did young rats. Glucose injections, administered after the 
last shift trial on Day 13, resulted in enhanced memory for frustration in both young 
and old rats, consistent with an attenuation o f forgetting. These findings indicate that 
the old rats exhibit impaired blood glucose responses to frustration, as seen previously 
with footshock. In addition, the findings show that glucose enhances memory for 
frustration training as for other tasks. Supported by NIA (AGO7648) and NINDS 
(NS32914).

270.8
GLUCOSE DOES NOT ENHANCE LEARNING AND MEMORY OF A 
COMPLEX SPATIAL TASK, THE MORRIS WATER MAZE, BUT THE STRESS 
OF RECEIVING AN INJECTION CAN IMPAIR ACQUISITION.
R.L. Galli* & A.M. McCu∩n. Psychology and Neuroscience, Kenyon College, 
Gambier, OH 43022.

The effects o f a 100 mg/kg dose o f glucose on learning and memory o f a complex 
spatial task, the Morris water maze (MWM), were investigated. Young, male, 
Sprague Dawley rats were administered 1 ml/kg saline or glucose ίntraperitoneal 
(i.p.) injections either before, after, or before and after day 1 in the MWM. 
Injections were administered 30 minutes before and/or after testing. No sham 
injections were given. MWM testing continued on day 2. Eight trials in the maze 
were run on each day, escape latencies were assessed between groups (n=7-8).

Results indicated that glucose had only a small effect on memory. On day 2 trial 
3 the platform location was changed and rats receiving glucose before day I trials 
took significantly longer to find the new location (M = 58.7 s) compared to the 
saline control group (M= 30.7 s, p<0.01), indicating more time spent searching the 
original location. No other measure o f day 1 or day 2 performance was affected by 
glucose injections as compared to controls. Interestingly, groups receiving any 
injection (saline or glucose) before day 1 MWM trials had longer escape latencies 
on day 1, compared to groups receiving no injection (p<0.05).

These results suggest that while glucose does not enhance acquisition o f this 
complex spatial learning task, the stress o f  receiving an i.p. injection prior to 
training can impair day 1 MWM performance.

Support received from the Psychology Department & the Summer Science Scholar 
Program o f Kenyon College.

270.10
GLUCAGON-LIKE PEPTIDE-1 IN THE HIPPOCAMPUS OF THE ̂ AMYLOID 
PROTEIN- TREATED RAT. J.-l. Oka*, N. Goto, E. Suzuki, and T. Kameyama. 
Dept. Chem. Pharmacol., Fac. Pharm. Sci., Meijo Univ., Nagoya468, Japan.

Glucagon-like peptide-1 (GLP-1) is an intestinally derived hormone with an 
insulίnotropic effect, and its receptor was identified in several regions of the 
rat's bran. We have reported that GLP-1 (7-36) amide, a naturally produced 
active fragment, transiently increased hippocampal neuronal firing followed by 
an inhibition through the increased release of glutamic add (Soc. Neurosci. 
Abstr. 23, 2035, 1997). In the present study, we examined a relation 
between an immunohistochemical distribution of GLP-1 (7-36) amide in the 
hippocampus and memory impairment in male Wistar rats continuously infused 
with ⁄Ҙ-amyloid protein (1-40) into the lateral cerebroventricle using a 
mini-osmotic pump at a dose of 300 pmol/day. (1) In the vehicle-treated rats, 
the step-through latency in a passive avoidance task was not changed. GLP-1 
(7-36) amide-like immunoreactivίties (GLP-Lls) were never observed in the 
hippocampus. Neuronal firing recorded in the hippocampal CA1 was not 
obviously affected with pneumatically applied exendin (9-39) amide, an 
antagonist of GLP-1 receptors. (2) The /3-amyloid protein-treated rats showed 
memory impairment in the passive avoidance task. GLP-Lls were observed in 
the hippocampus, and exendin (9-39) amide increased CA1 neuronal firing. 
These results indicate that endogenous GLP-1 appears in the hippocampus 
accompanied with progress in memory impairment, and may inhibit 
hippocampal neuronal activity. Supported by the Sci. Res. Prom. Fund '97.

270.12
GENE THERAPY FOR FRAGILE X MENTAL RETARDATION. A. J. 
A∩∩ala*. Department o f Molecular & Medical Pharmacology, UCLA 
School of Medicine, Los Angeles, CA 90095.

The fragile X syndrome is the most common form of inherited 
mental retardation occurring in 1 of 4,000 male and 1 of 6,000 
female births. This condition arises from an epigentic modification 
of an amplified CGG triplet repeat sequence in the promoter region 
of the FMR1 gene. When the CGG triplet repeat sequence is 
amplified beyond 200 repeats, methylation of the cytosine bases in 
the triplet repeat sequence prevents transcription of the FMR1 gene 
and effectively abolishes the expression of FMR1 protein (FMRP). 
FMRP incorporates a nuclear localization signal (NLS), a nuclear 
export signal (NES), and three RNA binding domains including two 
KH domains and an RGG box. FMRP appears to be involved in the 
active transport of selected mRNA from nucleus to specific 
dendritic synaptic sites where. mRNA is ultimately released and 
transcribed in response to metabotropic glutamate receptor 
activation. The inducible expression of mRNA sequestered in the 
dendrites by FMRP may facilitate synaptic growth and stabilization 
underlying CNS development, plasticity, learning, and memory.

We evaluated a new system fo r inducible expression of small 
RNA sequences which bind homologously to the FMR1 promoter to 
attract native demethylating enzymes to demodify the cytosine 
residues in the CGG triplet repeat region and restore expression of 
FMRP under control o f the native FMR1 promoter. This new system 
provides several significant advantages over previously proposed 
traditional and molecular pharmacological therapeutic approaches.

Supported by Senior Postdoctoral Fellowships from UCLA Crump 
Institute fo r Biological Imaging and The Wellcome Trust.
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271.1
IN VIVO CO M PA R ISO N  OF SYNAPTIC PLA STICITY  IN TH R EE 
A FFEREN T PATHW AYS TO  TH E B A SO LA TER A L AM Y G D A LA . D, 
Yaniv & G. R ich te r-L ev in*  D epartm ent o f  Psychology, University o f  
H aifa, H aifa 31905, Israel.

The am ygdala  has been shown to play a crucial role in the acquisition  
and expression  o f  fear responses. Studies o f  classical fear c o n d itio n in g  
have revealed three converging  neural pathw ays through which feat- 
responses are co nd itioned  to d ifferen t aspects o f  auditory  and con tex tual 
stim uli, nam ely the m edial geniculate nucleus (M G N ) ⁄  auditory  co rtex  
(A Cx) ⁄  subiculum  (SUB) - basolateral am ygdala  (BLA ) (LeD oux, [1996], 
The em otional brain, S im on & Schuster). The present study charac te rized  
and com pared  neural transm ission  and p lasticity  in these pro jections, in- 
vivo. Y oung m ale rats were anesthetized  and prepared  for acute 
electrophysio log ical record ings. In the M G N /A Cx-BLA  tracts, low- 
frequency stim ulation  reliably evoked a biphasic ex tracellu lar field 
potential (EP) consisting  o f  an early  positive (P I)  and a late negative ( N l )  
com ponents. The SU B-BLA  E P ’s consisted  o f  an additional early  negative 
com ponent (No). W e have tested the effects o f  b rie f  theta burst stim ulation  
(TBS) in each o f  the pathw ays. In the hippocam pal tract TBS ind u ced  
long-term  potentiation  (LTP) o f  both am plitude (97% ±36, p<0.02) and  
slope (Ю 9% ±22, p = 0 .0001) o f  No com ponen t as previously  rep o rted  
(M aren & Fanselow, [1995], J. N eurosci., 15, 7548-7564). The cortical 
pathw ay also show ed TB S-induced LTP o f  PI (am plitude: 2 l% ± 4 .8 l ,  
p< 0.0005; slope: 28% ±3.72, p= 0 .0001), and N l (am plitude: 42% ±9.58 , 
p<Ö.OÖO5). in the thalam ic tract there was an inconsisten t trend  fo r  
p o ten tiation  o f  both PI and NΊ w hich was not statistically  significant. 
These results show  that TBS enduringly but d ifferentia lly  m odifies ce llu la r 
activity  in a fferen t pathw ays that m ediate d ifferen t aspects o f  em otional 
m em ory. [S upported by a BSF grant No. 96-291]

271.3
PLACE ATTRACTION OR AVERSION TOWARD AN OLFACTORY 
STIMULUS. INVOLVEMENT OF THE BASOLATERAL NUCLEUS OF 
AMYGDALA. A. Louilot* and C. Besson. CNRS UMR 5541 - Université de 
Bordeaux II - 146 rue Léo Saignat - 33076 Bordeaux Cedex - France.

We established previously that responses of mesolimbic dopaminergic (DAergic) 
neurons to an affective stimulus are regionalized and lateralized in the nucleus 
accumbens (ACC). These responses are opposite in the core part o f ACC. 
Furthermore, we showed that DA responses in the core are directly dependent on the 
basolateral nucleus o f the amygdala (BLA). In the present study, we investigated if (i) 
there is a correlation between DA variations in the core and place preference in the 
experimental cage; (ii) place preference is modulated by BLA.

Experimental procedure was as following: animals were placed during one hour in 
the experimental cage; they were thus exposed for one hour to an appetitive olfactory 
stimulus (banana) and received consecutively either an injection o f saline (NaCl 
0.9%) (control group) or an injection o f LiCl (0.15M) (experimental group) and 
stayed one more hour in the experimental cage; 72 h later animals were again exposed 
for one hour to the conditional olfactory stimulus (CS). Two hours before the second 
exposition to the CS animals received either a microinjection of phosphate buffered 
saline (PBS) or a microinjection o f tetrodotoxin (TTX) in BLA. Experimental cage 
was subdivided in two equal parts, CS being presented in one part of the cage. Time 
spent in each part o f the cage was measured every 10 min throughout the sessions.

The following results were obtained : during the 2nd presentation o f the CS a 
significant decrease o f the time spent near the olfactory stimulus was observed in the 
experimental group+PBS during the 20 min following the presentation of the stimulus 
whereas animals o f the control group+PBS spent more time in this part of the cage. 
No place aversion or attraction was observed in any group after functional blockade of 
BLA.

The present study suggest that attraction or aversion toward a stimulus are 
correlated to DA variations in the core and that BLA controls these responses.

271.5
INTRA-SEPTAL CNQX ANTAGONIZES RATS’ FEAR REACTIONS 
IN TWO ANIMAL MODELS OF ANXIETY. J. Menard* and D. Tгeit. 
Department of Psychology, University of Alberta, Edmonton, Alberta, 
CANADA T6G 2E9

Studies in our laboratory have shown that inhibiting activity in the 
septal nucleus reduces rats’ fear reactions in two tests of animal anxiety 
(i.e., the elevated plus-maze and the shock-probe burying test). The 
septum receives substantial excitatory amino acid input from the 
hippocampus and hypothalamus. The present experiment was designed 
to determine whether blocking this excitatory input in the septum would 
alter rats' fear behaviours in these tests. Accordingly, anaesthetized rats 
were chronically implanted with guide cannulae aimed at the septum. 
Intra-septal infusions of the non-NMDA receptor antagonist CNQX 
produced a selective decrease in rats’ open-arm avoidance and completely 
abolished burying behavior. These results extend the generality of our 
previous findings and further reinforce the contention that inhibiting 
activity in the septum reduces rats' fear reactions in these tests.
(Funded by NSERC Canada and the Killam Foundation)

271.2
AFFERENT INPUTS INTO THE BASOLATERAL AMYGDALA FROM 
THE MEDIODORSAL THALAMUS ARE MODULATED BY 
DOPAMINE
J. Amiel Rosenkranz* and Anthony A. Grace.
Depts. of Neuroscience & Psychiatry, Univ, o f Pittsburgh, Pittsburgh, PA 15260

Numerous studies into the pathophysiology and treatment of schizophrenia have 
focused on the effects of dopamine (DA) within limbic and cortical structures, including 
prefrontal cortex, nucleus accumbens, and hippocampus. In contrast, the DA 
innervation of the basolateral amygdala (BLA), an area strongly implicated in emotional 
regulation, has received comparatively little attention. In this study, we examined the 
inľ； .action between the DA system and excitatory inputs from mediodorsal thalamus 
(MD) to BLA.

In vivo extracellular recordings were performed from BLA neurons in anesthetized 
Sprague-Dawley rats. Upon stimulation of MD, three patterns of neuronal activity were 
observed: l)neurons without spontaneous spike discharge that displayed an evoked 
response at a constant latency (7-15 ms) to MD stimulation, and showed a decrease in 
firing probability to systemic administration of the DA agonist apomorphine (95-110 
µg/kg); 2)spontaneously discharging neurons that showed no change in firing rate after 
MD stimulation. These neurons showed an increased firing rate after apomorphine; 
and 3)spontaneously active neurons' that showed a constant latency (7-15 ms) evoked 
response to MD stimulation. In these neurons, apomorphine caused an increase in 
spontaneous activity, and decreased the probability of MD-evoked responses. All of 
these changes were reversible with haloperidol administration.

In summary, subsets of BLA neurons show differential modulation of spontaneous 
spike discharge and MD evoked responses by a systemically administered DA agonist.

Supported by MH45156, MH5744O (A.A.G.)

271.4
THE EFFECTS OF EXCITOTOXIC AMYGDALA LESIONS AND 
PRIOR SHOCK EXPERIENCE ON PLUS-MAZE AND SHOCK- 
PROBE AVOIDANCE IN RATS. Ħ. Lehmann*. M  B. Parent. J. 
M enard and D. Tгeit. University o f Alberta, Edmonton, Alberta, 
CANADA T6G 2E9.

Previous studies have shown that electrolytic lesions o f the 
amygdala produce passive avoidance deficits in the shock-probe 
burying test, but not in the elevated plus-maze test. However, it is not 
known whether these effects are due to lesions o f cell bodies within 
the amygdala or due to lesions o f fibers o f passage, or some 
combination o f both. Thus, the purpose o f the present study was to 
induce cell body lesions o f the amygdala using n-Methył-D-aspartic 
acid (10 µg/ul; 8 µl/side). We found that amygdala-lesioned rats 
showed normal avoidance behavior in the plus-maze, but were 
profoundly impaired in their passive avoidance o f the electrified 
shock-probe. In addition, preliminary results indicated that lesioned 
rats with previous experience in an inhibitory avoidance task took 
fewer shocks than lesioned rats without prior shock experience. These 
findings suggest that the dissociation found previously with 
electrolytic lesions was due to lesions o f cell bodies within the 
amygdala. Furthermore, they suggest that amygdala-lesioned rats may 
retain some memory o f their previous shock experience.
Supported by NSERC OGPOI9453 to MBP, Killam scholarship to JM, and 
NSERC OGPOO38726 to DT.

271.6
INTRA-HIPPOCAMPAL M IDAZOLAM IS ANXIOLYTIC IN 
TH E ELEVATED PLUS-M AZE BUT NOT IN  THE SHOCK- 
PROBE BURYING TEST. D. Tгeit* and J. Menard. University of 
Alberta, Edmonton, Alberta, CANADA T6G 2E9

Although the hippocampus is heavily enriched with benzo
diazepine receptors, its role in mediating the fear reducing 
properties of benzodiazepine-type anxiolytics has received relatively 
little attention. In the present study, anaesthetized rats were 
chronically implanted with guide cannulae aimed at the dorsal 
hippocampus, and tested in the elevated plus-maze and shock-probe 
burying tests. Intra-hippocampal infusions o f the benzodiazepine 
agonist midazolam (10 µg/side) selectively increased rats' open-arm 
exploration in the plus-maze without altering their behavior in the 
shock-probe burying test. These results are consonant with a 
previous study using a 5-HT1A receptor-type anxiolytic, further 
suggesting that the dorsal hippocampus regulates specific fear 
responses rather than exerting global control over all fear responses. 
(Funded by NSERC Canada and the Killam Foundation)
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271.7
ARCHISTRIATAL LESIONS DISRUPT SOCIOEMOTIONAL 
BEHAVIORS IN CHICKS. L. Normansell* and C. Foradori. 
Program in Neuroscience, Muskingum College, New Concord, OH 
43762.

The archistriatum is a large, heterogeneous area of the caudal 
ventrolateral part o f the avian telencephalon and is generally 
considered the homologue of the mammalian amygdala. This 
comparison has been made because of the archistriatum’s 
suggested behavioral role, common neural architecture and output 
pathways. In the present study the effects of archistriatal lesions 
on social behaviors in domestic chicks were investigated.

Following recovery from surgery, lesioned birds emitted only 
one-third the isolation-induced distress vocalizations of controls 
and exhibited an increased time to return to the flock in a test of 
social approach. When placed into an open field with another 
chick, however, the latency to approach that individual and the 
time spent in proximity to it were the same for both lesioned and 
control animals. When injected centrally with lug/3ul curare, 
which produces unconditional activation of the vocalization 
circuitry (Soc Neurosci Abstr 9: 979, 1983), lesioned chicks 
showed the same enhancement o f vocalizations as controls 
although the overall frequency was still reduced, suggesting the 
drug is working at a lower level of the neuroaxis. Further study of 
this emotionally important brain region will shed additional light 
on its role in more complex social behaviors.

271.9
PERIPHERALLY ADM INISTERED KAINIC ACID IND UCED BRAIN 
DAMAGE EFFECTS O N  SOCIAL A N D  N O N  SOCIAL BEHAVIORS. N akia 
Gordon. Taak Pank-⅜epp. A dam  Secor. Teff Burgdorf. C ortney T urner & Verner 
Bingman* D ep artm en t of Psychology, Bow ling G reen State U niversity , 
Bowling G reen, O H  43403.

A lthough the behav io ra l effects of centrally  ad m in isered  g lu tam ateric  
neurotoxins such  as kainic acid (KA) h av e  been  w ell characterized , the 
consequences of periphera l KA have not. In the follow ing w ork  w e analyzed  
the brain dam age  an d  behavioral syndrom e th at em erged  in juvenile  rats 
given 16 m g /k g  i.p of KA. The b rain  dam age, as eva lua ted  w ith  fluoro-jade 
were w idespread , in clud ing  various areas of cortex, especially  perigenual 
zones, and scattered  dam age  th ro u g h o u t the lim bic system  as well as the 
in tralam inar nuclei of the th alam us an d  p o ste rio r hypo thalam ic  nuclei. 
Animals exhib ited  ex trem e tactile defensiveness follow ing this dam age, and  
the 50 KH z vocalizations n orm ally  in d u ced  by tickling w ere m arked ly  
reduced. P lay w as m arked ly  red u ced  in these an im als d u rin g  the juvenile 
period, as w as g regariousness (m easured  by and  au tom ated  proxim ity  seeking 
task) in ad u lth o o d . A lth o u g h  the an im als w ere defensive, there  w as no 
indication of increased fear in the p lus-m aze task, since tim e s p e n t  on open 
arms was signficantly  increased , as w as activity  in an  open  field. In the 
Morris w ater m aze, KA an im als w ere severely deficient in  locating h id d en  
platform s. The KA an im als also exhib ited  increased  startle  an d  slightly  
dim inished p re-p u lse  inhib ition . The p a tte rn  of resu lts suggest a w ide 
spectrum  of social an d  non-social deficits in anim als w hose brains had  been 
dam aged w ith  p erip h e ra l injections of KA, and  the spectrum  of resu lts  
resem bles a p a tte rn  th at m ig h t be expected  from  autistic ind iv iduals. The 
possibility th at this form  of b rain  dam age  m ay m odel som e of the key 
sym ptom s of early  ch ildhood  autism  deserves consideration .

271.11
DEVELOPMENTAL CHANGES IN THE VOCALIZATIONS OF RHESUS 
MACAQUES FOLLOWING NEONATAL INFEROTEMPORAL CORTEX 
ABLATIONS. J.D. Newman*1. J. Bachevalier2. G. M aimon1. K. Hammerschmidť. 
M. Webster4 and M. Mishkin4. ‘Lab. of Comparative Ethology, NICHD, NIH; 
2Dept. of Neurobiology and Anatomy, Univ, of Texas School of Medicine; 3German 
Primate Center; '‘Lab. of Neuropsychology, NIMH, NIH; Poolesville, MD 20837.

Recent findings indicate that neonatal ablations of inferotemporal cortex (area TE) 
in rhesus macaques (Macaca mulatta) result in altered vocal behavior when assessed 
around 1 year of age (Newman. J.D. and Bachevalier. J.. Brain Res. 758:180, 1997). 
The present study evaluated the vocal behavior of TE-lesioned infants at earlier ages, 
with the goal of determining the developmental period at which vocal differences first 
appeared. Subjects were eight with neonatal bilateral TE ablations and 5 controls 
(sham lesion). Each subject was recorded from in a room away from other 
conspecifics during 1-6 sessions lasting 5-10 min each, resulting in 1503 
vocalizations for analysis. Acoustic parameters were calculated (LMA 5.9, K. 
Hammerschmidť) from each digital sound file. Parameter mean values for each 
session were used for subsequent analyses. A univariate ANOVA (STATVIEW 4.5, 
Abacus Concepts) determined that 3 parameters differed significantly between TE and 
Control groups at older ages (more than 4 months) but not at younger ages. A 
discriminant function analysis using 22 parameters (STATISTĪCA 4.1, StatSoft) 
correctly classified session values to group (TE or Control) in 92% of the cases. 
Incoưect classifications were mainly from sessions at younger ages. These results 
indicate that rhesus infants with bilateral TE ablations made during the neonatal 
period produce vocalizations that differ from those of controls in a number of acoustic 
parameters, and that these differences gradually emerge over the first few months of 
life.

Funded by NICHD and NIMH Divisions of Intramural Research.

271.8
LA U G H IN G  RATS? PLAYFUL TICKLING AROUSES 50 KH z 
ULTRASONIC CH IR PIN G  IN  YOUNG RATS. īaak  Panksepp* an d  Teff 
B urgdorf. D ep artm en t of Psychology, Bow ling G reen State U niversity , 
Bowling G reen, O H  43402

In hum an s, lau g h ter an d  giggling  are objective indicators of joyful positive 
affect, an d  they occur m ost ab u n d an tly  d u rin g  p layfu l social interactions. A n 
u n d e rs ta n d in g  of such  positive  em otions has been h am pered  by the lack of 
sim ple  m easures of joyful social engagem ent in  "lower" anim als. Recently, w e 
have observed  an abundance  of 5OKHz ultrasonic chirps d u rin g  p lay  (Knutson, 
B urgdorf & P anksepp , J. Comp. Psych., 1998,112, 65-73), w hich  m ay be a 
ro d en t h om olog  of laughter. Since the sim plest w ay to induce laugh ter in  
ch ild ren  is tickling, w e sough t evidence for a com parable phenom enon  in 
y o u n g  rats  by s tu d y in g  their u ltrasonic "chirping" d u rin g  v igorous bodily 
s tim u la tio n  (i.e., tickling). S tim ulation  of an te rio r body  areas, w hich  are 
especially  im p o rtan t for a rousing  play- fulness y ielded  m ore ch irp ing  than  
tickling of p o ste rio r zones, and  full body s tim ulation  w ith  the anim als in a 
su p in e  position  y ielded  the m ost. A nalyses of these vocalizations suggest 
rela tio n sh ip s  to p rim a te  laughter: T ickling is a positive  incentive state, as 
indexed  by classical-conditioning  induced  sensitization  an d  instrum ental 
ap p ro ach  tests; it is a lso co rrela ted  to n a tu ra l p lay fu lness and  is inh ib ited  by 
fearfu lness (i.e., p resence of cat smell). The clearest ind ication  so far is that 
g lu tam aterg ic  a rousa l is essentia l for the ch irp ing  since MK-801 essentially  
e lim inates the  response. These data  suggest th at a p rim al form  of "laughter" 
evolved  early  in  m am m alian  brain  evolution, as a w ay to p rom ote  social 
com m unciation  an d  engagm ent. This response m ay p rovide a new  w ay to 
s tu d y  the n eu ra l sources of positive  social-em otional processes (i.e., joyful 
affect) in  the m am m alian  brain.

This w ork  w as su p p o rted  by The M em orial F oundation  for Lost C hildren

271.10
EXTREME RIGHT FRONTAL EEG ACTIVITY IS ASSOCIATED WITH 
ELEVATED CRH LEVELS S.E. Shelton* R,J. D avidson 1-2 andN .H . Kalin. 12 
Departments o f  Psychiatry1 and Psychology2, University o f  W isconsin-M adison,
WI 53719

Evidence demonstrates that corticotropin releasing hormone (CRH) plays a role 
in integrating the stress response at behavioral, autonomic, and endocrine levels. 
Alterations in brain CRH systems are hypothesized to play a pathophysiologic role 
in anxiety and depressive disorders. Cerebrospinal fluid (CSF) levels o f  CRH 
reflect extrahypothalamic CRH systems and increased CSF CRH concentrations 
occur in humans with major depression. Extreme right frontal brain activity has 
also been linked to negative affective states. As part o f  an ongoing study 
investigating the biological mechanisms mediating the development o f  fearful 
temperament, we examined the relation between CSF CRH levels and asymmetric 
frontal EEG activity in rhesus monkeys. EEG and CSF CRH were collected in 50 
animals at I year o f  age and CSF CRH was sampled from animals at 4 and 8 
months as well as 1 and 3 years o f  age. Using an extreme groups analytic strategy, 
animals with extreme right (n^^9) and extreme left frontal activity (n=TO) were 
selected and followed for 2 years. At 4 months, 8 months, 1 and 3 years o f  age 
CRH levels were increased in the extreme right compared to the extreme left 
animals (ps <.O5). In addition, within animals CSF CRH levels were stable 
between from 4 months and 3 years o f  age. The finding that animals with extreme 
right frontal activity have increased CRH levels adds to our earlier observations 
that right frontal animals are more fearful and have elevated plasma cortisol 
concentrations. Thus a constellation o f  behavioral and physiological findings exists 
that is associated with extreme asymmetric right frontal activity suggesting that 
CRH may play a mechanistic role in primates that are dispositionally fearful. 
(Supported by NIMH Grants 46729 and P50-M H 52354 and the HealthEmotions 
Research Institute.)

271.12
NEWBORN LITTER SEPARATION, URINE ACCUMULATION AND 
LITTER AGE DETERMINE MATERNAL LICKING. P. Carrillo1». M.J 
Rovirosa . J Man/.o1. S.V. Gonz;ilez'. R Hudson1'. and P. Pacheco 1, _ Lab 
Ncurobiol Desarrollo. lnstiluto dc Ncuroctología. UV\. "Inst I in Biomedicas. 
UN AM. Mexico. D.F.

In postpartum rats maternal anogenital licking (.MAGL) is a imi!liíaciυпal event 
controlled in part by signals com ing from the pups. Here we analyze in nursing 
dams the influence o f litter separation (Exp. 1). urine accumulation ( Exp. 2) and 
age (Exp. 3) on MAGL performance In all the experiments were used Wislar 
strain litters hav ing a 3 1 days lactation period. Exp. 1. As compared against a group 
without separation (controls) in the litter-dam with 6 hours o f separation (S6) both 
frequency and duration o f MAGL were increased mainly during the first 30 nun. 
of 1 hour recording (**p<()()l). To discriminate urine accumulation during 
separation as factor promoting these results, in Exp. 2 the MAGL recordings were 
done using S6 pups but with empty bladders bv anogenital region stimulation 
(S6+cl>) Analyzing against S6 the S6+el> group show ;i decreased MAGL. Exp. 3. 
To assess the influence o f litter ;ige. the MAGL was recorded every other da\ in 
dams with 17 to 31 postpartum da\ (PI7-P31) using foster litters with I to I 7 days 
of age (L l-LI7). Thus P-17 was recorded with LI and so on. As compared with 
P17-P31 dams having L17-L31 pups (controls) in till recordings obtained toward 
P17-P31 with L l-L I7  pups. MAGL was increased (**p < ()()l) From our results h 
is clear that pups with cari\ ages promote then survival eliciting the MAGL. 
particularly at ages when their bladder voiding reflex is still immature So an 
important trigger o f mother's MAGL is associated •with the amount o f available 
urine ш the pup even when the lactation period m the dam is advanced 

( Y；v, K  V7 - l ：7Л ()9 .\ t ľ (  ') a n d  ӌţ>.U(> t.\Ĳ I< J
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271.13
FEAR-RELATED BEHAVIORS IN NEONATALLY BDV-INFECTED LEWIS 
RATS. M. P letnikov13, S. Rubin3, K. Carbone123 and T.H. Moran1*. 
Depts. of 1 Psychiatry and ^Medicine, The Johns Hopkins Univ. Sch. 
Med., Baltimore, MD 21205, 3CBER, FDA, Bęthesda, MD 20892.

Neonatal- Borna disease virus (BDV) brain in fection results in 
selective damage to the hippocampal dentate gyrus and the cerebellum 
w ithout classical inflammation. BDV-infected rats have increased 
spontaneous locomotor activity and more center crossings in a novel 
open field environment, a result that could imply reduced anxiety. 
The present work provides a more complete assessment of 
em otionality in adult male BDV-infected rats. In a comparison of 
open field responses to different lighting conditions, BDV-infected 
rats were m ore active than controls in the bright open field. In the 
dim open field, ambulation increased in normal rats whereas it 
decreased in BDV-infected animals. In the dim compared to bright 
light, BDV-infected rats exhibited m ore rearing and less defecation, 
suggesting that the hyperactivity of BDV-infected rats in the bright 
light may reflect a high tendency to flee. BDV-infected and control 
rats had sim ilar immediate freezing responses to footshock and 
strong acoustic stimuli, while sensitization of the acoustic startle by 
footshock was higher in infected than in normal rats. In the final 
experiment, BDV-infected animals showed attenuated freezing 
responses to the context previously paired with footshock or strong 
auditory stimuli. However, in the same context, the level of 
defecation was higher in infected rats compared to sham-inoculated 
rats reflecting sparing of an autonom ic component of conditional fear. 
The findings indicate that neonatal BDV infection results in elevated 
anxiety in adulthood. (Supported by MH48948).

271.15
FUNCTIONAL NEUROANATOMY OF EMOTION AND EMOTIONAL 
MEMORY: A PET STUDY
S.B. Hamaπn**. T.D. Ely2 ,& C.D.Kilts2 . Depts. of 1 Psychology & 2 Psychiatry and 
Behavioral Sciences, Emory University., Atlanta, GA 30322.

We examined the neural systems involved in positive and negative emotion and in 
emotional memory encoding in 10 healthy men. Subjects were scanned as they viewed 
12 blocks of pictures in 4 conditions: positive (e.g. erotica), negative (e.g. mutilation), 
or neutral emotion (e.g. chess) as well as a high-interest control condition (e.g. bizarre 
images). High-interest pictures elicited interest and attention as a control for these 
factors in the emotion conditions, yet were emotionally neutral. Emotional responses 
were assessed during viewing. Picture memory was assessed immediately and again after 
a month and was related to the PET data. Negative emotion differed from neutral in 
greater occipito-temporal, amygdalar/ periamygdalar, thalamic, and 1. hippocampal/ 
parahippocampal activation. Positive emotion differed from neutral in greater occipito
tem poral, insu lar, hypothalam ic, ant. c ingu la te , p refron tal, and r. 
amygdalar/peгiamygdalar activations. The high-interest condition (vs. neutral) activated 
a right hippocampal/parahippocampal area previously linked to novelty detection and 
encoding. Positive differed from negative emotion only in greater ant. cingulate 
activation. Contrasting the emotion conditions with the high-interest condition 
eliminated previously extensive activations in occipito-temporal cortex and reduced or 
eliminated amygdalar activations except in the r. amygdala/periamygdaloid region for 
negative emotion, indicating that activation in these areas may be related to the greater 
interesưatlention elicited by emotional pictures rather than emotion per se.. Results 
outline the similarities and differences in the functional neuroanatomy of positive and 
negative emotion in males and demonstrate the importance of adequate controls for 
attention/interest in elucidating emotion-specific neural correlates. Support: 
McDonnell-Pew Grant #97-24, Emory Center for PET, & Emory Univ. Research 
Cmte.

271.17
GREATER FMRI ACTIVATION TO FEARFUL VS. ANGRY FACIAL
EXPRESSIONS IN THE AMYGDALOID REGION
Paul J. Whalen*, Lisa M. Shin, Sean C. Mclnerney, Scott L. Rauch
Psychiatric Neuroimaging Research Group and NMR Center, Massachusetts General
Hospital, Charlestown, MA 02129

Though human lesion studies document that amygdaloid lesions can effect 
recognition of both fearful and angry facial expressions, results have been more 
robust and consistent for fear. Recent neuroimaging studies confirm activation 
within the amygdaloid region (and related structures) in response to fearful facial 
expressions consistent with a role for the amygdala in threat assessment. We 
hypothesize that fearful faces are more ambiguous than angry faces in the sense that 
both stimulus types signal the presence of danger, but only angry facēş offer 
information about the source of danger. Thus, fearful faces require additional 
information in order to resolve the source of a possible threat. Since, animal research 
documents a role for the amygdala in vigilance and generalized arousal in the service 
of potentiated information processing (see Kapp et al 1992) we hypothesize that 
fearful (vs. angry faces) will engage the amygdaloid region more readily. As an 
initial test of this working hypothesis, wc compared fMRI signal changes in the 
amygdaloid region during presentation of both fearful and angry faces. Initial results 
have been obtained in four subjects viewing blocked presentations of Fixation, 
Neutral, Fearful, Happy, Angry, Neutral, Fixation (the presentation of Fearful and 
Angry faces was counterbalanced across subjects) during fMRI acquisition. Region 
of interest (ROI) based analyses of individual subjects provides evidence of greater 
activation to fearful face stimuli compared to angry face stimuli (p < .05). Results 
suggest that at least a portion of the amygdaloid region might not respond based 
upon threat perse , but in terms of the amount of information a particular stimulus 
offers towards the prediction of threat (i.e., ambiguity).

Supported by M H-16259; MH-01215; NARSAD; and the David Judah Fund

271.14
ENVIRONMENTALLY REGULATED ANGER AND HOSTIIJTY 
PREDICT PARIETAL PЗOO EVOKED POTENTIAL AMPLITUDE.
Malleгv D. Gilbert *, Renee Michalski. Danielle L. Graham. David V, Herin. 
Joaquin N. Lugo. Jocelvn R. Seaton, and Jim H. Patton. Neuroscience 
Program, Baylor University, Waco, TX 76798-7334.

During earlier research in this laboratory, we observed that some subjects 
displayed behaviors inconsistent with their scores on measures of hostility 
and irritability. The present study sought to clarify this observation and to 
determine the ability o f  measures o f  anger and hostility to predict PЗOO 
amplitude. Twenty-seven subjects with scores meeting previously determined 
high and low exưemes (Gilbert & Patton, 1996) on the 75-item Buss-Duгkee 
Hostility Inventory (BDHI) were selected for evoked potential (EP) 
recordings. EPs were recorded from a 24-lead Neurodata system running on a 
Macintosh Power Mac 7100 while subjects performed an auditory PЗOO 
oddball task. Scores on the State-Anger subscale o f the State-Trait Anger 
Expression Inventory (STAXI) (Spielberger, 1979) reliably predicted PЗOO 
amplitudes recorded from the central (PZ: г = .4887, F [1, 21] = 6.5874, p = 
.0180) and right (P4: R = .5488, F [1, 21] = 9.0522, p = .0067) parietal 
regions. A subgroup of these individuals (n = 16) demonstrating relatively 
larger State-Anger to Trait-Anger scores was subjected to further analysis. In 
this case, stepwise multiple regression analyses suggested that a statistically 
significant proportion o f the variability in P300 amplitude recorded from right 
parietal regions (P4: R = .7289, F [2, 13] = 7.3661, p = .0073) was predicted 
by both the relative difference between State- and Trait-Anger scores and an 
inverse association with BDШ total scores. These results are compatible with 
the view that PЗOO amplitude is reduced in individuals demonstrating 
irritability, hostility, and impulsive aggression (Stanford, Gгeve, & Dickens,
1995). Further, our results raise the possibility that individuals whose anger 
is situationally determined differ in parietal lobe function than those in whom 
anger is an enduring trait. (Baylor University)

271.16
BRAIN ACTIVATION DURING APPROACH AND ACTIVE 
AVOIDANCE: AN fMRI STUDY. B. Knutson*. A. Westdorp. E. 
Kaiser and D. Hommer. National Institute on Alcohol Abuse and 
Alcoholism, National Institute of Health, Bethesda, MD 20892.

Activation of ventral forebrain areas have been observed in monkeys 
anticipating rewards. We sought to visualize the activity of this 
circuitry in humans anticipating monetary reward and punishment with 
fMRI. Eight right-handed males participated in 10-minute approach 
and active avoidance tasks in counterbalanced order. In the approach 
task, subjects pressed a button in response to a target following either 
a reward (chance to win $1.00) or neutral cue (“practice” trial; ISI ~
5.5 sec). In the avoidance task, subjects pressed a button in response 
to a target following either a punishment (risk of losing $1.00) or 
neutral cue. During each task, 200 10-slice MR volumes depicting 
BOLD-contrast were acquired (TEЛΓR = 35/3000 ms, 642 matrix,
FOV = 24 cm, α = 90°, Slice/Gap = 7/0 mm). Areas of significant 
activation were determined by thresholding pixel activation 
correlations with a hemodynamically convolved ideal waveform 
representing each stimulus train (e.g., reward vs. neutral trials; r =
.30, p < .0001).

The approach task elicited striatal and thalamic activation (6/8 
subjects), as well as robust mesial prefrontal activation (8/8). The 
avoidance task elicited stronger activations in these areas, and also 
posterior cingulate (6/8). These results suggest that in addition to 
ventral forebrain circuitry, mesial prefrontal cortex plays a prominent 
role in the motivated behavior of humans.

Society for Neuroscience, Volume 24 ,1998
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272.1
BRAIN DERIVED NEUROTROPHIC FACTOR (BDNF) INCREASES 
SPONTANEOUS SLEEP IN RABBITS. T. Kushikata*. J. Fang and J. M. 
Krueger. Department of Veterinary and Comparative Anatomy, Pharmacology, 
and Physiology, Washington State University; Pullman, WA 99164.

Several studies showed that various growth factors, e g growth hormone
releasing hormone, acidic fibroblast growth factor, nerv e growth factor, insulin, 
insulin-like growth factor I, and interleukin 1 are implicated in sleep 
regulation. Brain derived neurotrophic factor (BDNF) belongs to the 
neurotrophin family, its receptor is found in brain and BDNF promotes 
development, differentiation, maintenance, and regeneration of neurons. 
Further, cerebral cortical levels of BDNF mRNA increase after sleep 
deprivation' ] Therefore, we investigated whether BDNF would promote sleep. 
Eight male New Zealand white rabbits (3.5-4.5 kg) were surgically implanted 
with electroencephalographic (EEG) electrodes, a brain thermistor, and a 
lateral intracerebroventricular (i.e.v.) cannula. The animals were injected i.e.v. 
with pyrogen free saline and on a separate day with 250 ng BDNF. The EEG, 
brain temperature (Tbr), and motor activity were recorded for 23 h following the 
i.e.v. injection. Two-way ANOVA for repeated measurement was used for 
statistical analyses. BDNF increased duration of non-rapid eye movement sleep 
(NREMS) and REMS, while it had no effect on Tbr nor EEG slow wave 
activity. Current results are consistent with previous findings and provides 
further evidence that various growth factors could be involved in sleep 
regulation.
l)Peyron C , et al. mRNA level of brain derived-neurotrophic factor increases 
in the cerebral cortex after sleep deprivation. In “new Directions in 
Understanding Sleep Need and Human Vulnerability to Sleep loss.” Abst. 
ppЗl, 1998

272.3

ADENOSINE-1 RECEPTOR (Al) ANTAGONIST, 8-CYCLOPENTYL- 
l>DШETHYLXANTШNE (CPT), INCREASES WAKEFULNESS IN 
CATS. T. PnгŁkд-H«жkяnen*' R.E. Streгker. L·. Dauphin & R. W. 
McΓ⅛i⅛v. Psychiatry, Harvard Med. Sch.& VAMC, Brockton, MA, and 
‰sŁ Biomed, Univ. Helsinki, Finland
Adenosine acts as inhibitory neuromodulator in the central nervous system. 
We have recently shown that extracellular levels of adenosine are higher 
during wakefulness than sleep and that adenosine concentrations increase 
during prolonged wakefulness in the cholinergic basal forebrain. We have also 
shown that adenosine decreases wakefulness and increase sleep, when 
administered locally to the basal forebгain. The specificity of this effect was 
addressed by infusing the specific A l receptor antagonist, CPT in three doses 
(0.1 µM n=4,1 µM n=5 and 10 µM n=4) to the basal forebrain of cats using 
in vivo microdialysis. The 3 hour drug perfusion was preceded by a 3 h period 
when artificial CSF was infused as control. EEG was recorded through the 
experiment and the distribution of vigilance states (waking=W, slow wave 
sleep=SWS and REM sleep=REM) during the control period and during the 
drug infusion period were compared using paired t-test. All doses of CPT 
increased wakefulness significantly: 0.1 µM by 150%, lµM by 200% and 10 
µM by 150%. Slow wave sleep and REM sleep were decreased respectively. 
These results support the hypothesis that adenosine affects vigilance states 
locally in the cholinergic basal forebгain through A l receptors. Supported by 
NIMH R 37 MH 39683.

272.5
INHIBITION OF GUANYLYL CYCLASE INCREASES NON-RAPID-EYE- 
MOVEMENT SLEEP (NREMS) AND EEG SLOW-WAVE ACTIVITY IN 
RATS. E. A. Magee, A. C. Ribeiro. and L. Kapás*. Department of Biological 
Sciences, Fordham University, Bronx, NY 10458, USA.

Several neurotransmitters known to be involved in the regulation of vigilance 
stimulate the activity o f  the cGMP second messenger system. For example, glutamate, 
an arousal-promoting transmitter, and nitric oxide, a sleep-promoting substance, both 
stimulate guanylyl cyclase and increase cGMP levels in neurons. In the present 
experiments, we studied the role o f cGMP in the maintenance o f arousal by testing the 
effects o f  LY-83,583, a guanylyl cyclase inhibitor, on sleep-wake activity. On the 
baseline day, male rats were injected with isotonic NaCl (5 µl) 
intracerebroventricularly (icv). On the test day, the animals received 1 µg (n = 7) or 
100 µg (n = 8) LY-83,583, icv. EEG was recorded for 72 h after the inhibitor 
treatments. One µg LY-83,583 did not affect the duration o f NREMS and rapid-eye- 
movement sleep (REMS). Delta wave activity of the EEG during NREMS (an 
indicator o f NREMS intensity) was slightly but significantly increased for 72 h after 
the injection o f the inhibitor. The high dose o f LY-83,583 (100 µg) caused a ~22% 
increase in time spent in NREMS during the first and second light periods after the 
treatments. Simultaneously, REMS was suppressed by ~6O% during the two light 
phases. Sleep Was not changed during the dark periods. NREMS and REMS levels 
returned to baseline by h 60 after the injections. EEG delta wave activity during 
NREMS was increased by an average o f 35% across the entire 72-h recording period 
after the injection o f 100 µg LY-83,583. There were significant decreases in EEG 
theta, alpha and beta activities during wakefulness and NREMS. The present results 
that a guanylyl cyclase inhibitor promotes NREMS are consistent with our findings 
that administration of cGMP suppresses spontaneous NREMS in rats (see Ribeiro and 
Kapás, Soc. Neurosci. Abstr. Vol. 24, 1998) suggesting that endogenous cGMP may 
be involved in the maintenance o f wakefulness.
This study was supported by the NIH (NS-ЗO514).

272.2
THE EFFECTS OF LEPTIN IN RATS DEMONSTRATE THAT METABOLIC 
STATUS MODULATES SLEEP. C. M. Sinton*. T. E. Fitch and H. K Gershenfeld. 
Dept, o f Psychiatry, UT Southwestern Medical Center, Dallas, TX 75235-9070

Leptin (ob protein), an adipose tissue derived circulating hormone, was identified 
originally as a satiety signal able to reduce food intake in obese transgenic mice with 
truncated non-functional leptin. The hormone was later found to be involved in energy 
balance and metabolism. Food consumption and metabolic status have been previously 
shown to influence sleep states, and here the effect of leptin on sleep in rats was studied 
to determine how the hormone might modify these interactions. Twelve male Sprague- 
Dawley rats were chronically implanted with standard electrodes and housed individually 
on a fixed 12:12 L:D cycle. EEG/EMG signals were recorded for nine hours beginning 
one hour after lights-on, following administration of leptin (murine recombinant protein, 
1.3 mg/kg ip; Amgen, Thousand Oaks, CA) or saline (equal volume ip) factorially 
combined with 18 hours o f prior food deprivation or food ad libitum. Sleep states were 
determined, and EEG power spectral analyses were quantified, off-line. Leptin 
decreased time spent in REM by 30% [F( 1,10) = 45.33, P<0.0001] and increased Slow 
Wave Sleep (S2) time by 15% [F(l,lO) = 18.88, P<0.01] over the nine-hour recording 
period. Prior food deprivation negated the effect of leptin on both REM [F(l, 10) = 0.3] 
and S2 [F( 1,10) = 0.15], The action of leptin on S2 was paralleled by a 10% increase in 
EEG delta (1-4 Hz) power. Leptin has been shown to increase metabolic rate, and the 
present data thus confirm the link between metabolic rate and S2 or delta power, a 
concept that was originally demonstrated from studies on sleep and feeding. Leptin levels 
not only affect the balance o f energy utilization, but are also correlated with insulin levels 
and hypothalamic-pituitary axis activation. Changes in leptin can therefore produce 
corresponding differences in circulating hormones and central peptides, and the effect on 
REM sleep, which may be separate from the change in S2, is probably generated at this 
level. In conclusion, these data support the hypothesis that metabolic rate and energy 
stores can modulate delta sleep, but the results also show that S2 and REM sleep may be 
independently regulated by factors that are coupled to metabolic status. Research 
supported by the Southwestern Medical Foundation.

272.4
SLEEP DEPRIV A TIO N  A N D  TH E NM D A  CH A N N EL BLOCK ER MK-801 
PR O D U C E SIM ILA R EFFECTS ON  EEG  SPECTRA . Ĩ.G. C am pbell1 and
I. F e inberg1,2*, ‘Dept, o f Psychiatry, Univ, o f C alif., Davis, CA 95616; 
2V eterans A dm inistration N orthern Calif. System  o f Clinics.

The high am plitude slow  (delta) EEG  o f non-rapid eye movem ent 
(N REM ) sleep is thought to reflect hom eostatic (recuperative) processes o f 
sleep. Therefore a m ajor goal of sleep research has been to find substances 
that stim ulate N R EM  delta. M K-801 given during w aking produces a m assive 
increase in delta  EEG activity in subsequent N R EM  sleep1. D ata indicate that 
the delta e levation is not a toxic phenom enon or a d irect drug effect2. Instead 
non-com petitive N M D A  antagonism  during w aking increases the hom eostatic 
need for sleep or alters sleep regulating or delta generating system s. Here, we 
exam ined the degree to which M K-801 effects on the EEG spectrum  mimic 
those o f sleep deprivation (SD), the m ost potent physiologic stim ulus for 
N R EM  delta. Seven rats received 0.5 M g/K g M K-801 injected at hour 5 o f the 
dark  period and six d ifferent rats were deprived o f sleep for the 12 hour dark 
period. W ithin anim al controls were an equivolum e saline injection for the 
M K-801 anim als and a baseline recording w ith no intervention for the SD rats. 
Spectral analysis o f the 12 hour light period EEG show ed that the main effects 
o f  MK-801 and SD w ere rem arkably sim ilar. Both greatly increased delta over 
baseline levels in N R EM  sleep and m assively increased 10-20 Hz pow er in 
REM  sleep. There were some differences: M K-801 but not TSD  produced 
small but significant decreases in 20-45 Hz power. These findings indicate that 
glutam ate perturbations can increase the hom eostatic com ponent o f sleep.
They m ay point the way to developing a new class o f  hypnotics.
‘Campbell, IG; Feinberg, I (1996) J. Pharmacol. Exp. Ther. 276, 737-742.
⅛ampbell, IG; Feinberg , I (1996) J. Neurophysiol. 76(6), 3714-3720.

272.6
8-BROMO-cGMP SUPPRESSES NON-RAPID-EYE-MOVEMENT 
SLEEP (NREMS) IN RATS A. C. Ribeiro* and L. Kapás. Department 
o f Biological Sciences, Fordham University, Bronx, NY, USA.

N itric  oxide (N O ) has sleep-prom oting effects in rats (1). N O  has been 
show n to  exert m any o f  its physiological roles v ia activation o f  guanylyl 
cyclase, thus resu lting  in increased levels o f  cGM P. To test the possibility  that 
cG M P m ediates the som nogenic effects o f  N O , w e studied the effects o f  cGM P 
on spontaneous sleep in rats. M ale rats (250-380 g) w ere im planted with EEG 
and EM G  electrodes and a  brain therm istor. Sleep w as recorded on a baseline 
day, w hen the rats received 5 µl saline in tracerebroventricu larly  (icv), on the 
test day, w hen they  received 6.4 ng, 160 ng, 4 µg, 100 µg, 500 µg, or 2.5 m g o f 
8-brom o-cG M P (n =  5-11), and on 1 to  3 recovery  days, w hen the anim als 
received 5 µl saline. A ll injections w ere done a t dark onset. The low est doses 
o f  8-brom o-cG M P (6.4 ng and 160 ng) had no effect on v igilance states in rats. 
A  single injection o f  the 4 µg dose significantly  suppressed NR EM S in a phase- 
specific m anner that lasted fo r 2 consecutive dark phases o f  the day. NREM S 
w as decreased by 28 m in in the first dark period  and by 46.3 m in the second 
dark  period after the injection. N R EM S am ounts returned to norm al levels by 
the third day. A m ounts o f  rap id-eye-m ovem ent sleep (R EM S) w ere elevated in 
the second, th ird  and forth dark periods after 4 µg icv injection. N orm al REM S 
levels w ere resum ed by day 11. H igher doses o f  cG M P suppressed NREM S, as 
well as REM S. O ur finding that exogenous adm inistration  o f  cG M P suppresses 
N R EM S in rats suggests that the som nogenic effects o f  N O  are not m ediated by 
cGM P.
1) K apás, L. and J. M . K rueger, B rain Res. Bull., 1996 41:293.
This w ork  was supported by the N IH  (N S -3 0 5 14)
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272.7
A PO SSЮ LE C H O LIN ER G IC  M O D U LA TIO N  OF PA SSIV E 
A V OIDA NCE IM P A IR M E N T  IN D U CED  BY PA RA D O X IC A L SLE EP 
D E PR IV A TIO N .. M .G .M . Oliveira*. P R . M orais. F .H .M . M elo,
0 .  F·A·Bueno and S. Tufik. Depto. de Psicobioloeia. U∩iversidade Federal de 
Săo Paulo. São Paulo. S .P ., B rasil. C E P 04023-062

Several tasks related to  m em ory are  im paired by paradoxical sleep 
deprivation (PSD ), such as passive avoidance (PA) test. Since the cholinergic 
system seems to  p lay  an im portant role on paradoxical sleep, the  effects o f  
pilocarpine and atropine adm inistration on PSD -induced m em ory im pairm ent 
w ere investigated. M ale W istar rats w ere subm itted to  P SD  for 96h by  a 
m odified m ultiple p latform  technique. Train ing  o f  PA w as perform ed 
immediatley after the last day o f  PSD  in an step-through passive avoidance 
box composed by a white and a black com partm ent. After entering the black 
com partm ent, rats recived 5 footshocks (Im A /lse c ). Tw enty-four hours later, 
anim als w ere subm itted to  the testing  session and latency to  cross from  w hite 
to  black com partm ents w as recorded. In Experim ent 1, pilocarpine (4 mg/kg,
1. p .) or atropine (4 mg/kg, i.p .) w ere adm inistered daily during the PSD  
period. A tropine did not reverse the im pairm ent by the PSD , but pilocarpine 
reversed this impaiment. In Experim ent 2, pilocarpine (4, 8 and 12 m g/kg, 
i.p.) w as injected lh  p rior to  train ing  in order to  verify if  the reversal o f  
m em ory im pairm ent w as due to  an acute effect o f  the drug, secondary to  
residual enhanced blood levels o f  pilocarpine during training. Acute treatm ent 
did not reverse the im pairm ent previously observed in Experim ent 1, in any 
dose. Results suggest th at activation o f  the  cholinergic system  during the 
PSD  is able to  prevent m em ory deficits induced by  PSD.
Supported by AFIP and CNPq.

272.9
M U S C A R IN IC  R E C E P T O R S  (m A C h R s)  M O D U L A T E  
A C E T Y L C H O L IN E  (A CҺ ) R E L E A S E  IN  C A T  B A S A L  
F O R E B R A IN  (B F ). H. A. B aghdoyan* , J. V azquez, and J. T h o m p so n . 
D epartm ent o f  A nesthesia, The Pennsylvania  State U niversity , C ollege o f 
M edicine, H ershey, PA 17033.

M uscarinic au toreceptors are know n to m odulate  ACҺ release fro m  
cholinerg ic  neurons in several brain reg ions (NeuroRepυrt 7 :3069 ,
1996). In rat BF, m2 m A ChR s are localized p resynap tica lly  (J Comp 
Neurol 351:339, 1995), and ACҺ release can be inhib ited  by activation 
o f M 2 m A ChR s in vitro (J Physiol 492:453, 1996). The present study is 
using  in vivo m icrodialysis to test the hypothesis  that m uscarin ic  
autoreceptors m odulate ACҺ release in cat BF. Cats are anesthetized  with 
halothane, and a m icrodialysis probe is aim ed for the substantia  
innom inata. M onito ring  o f end-tidal carbon d iox ide and ha lo th an e  
concentrations, oxygen saturation, blood pressure, heart rate, and co re  
body tem perature  assures appropriate  au tonom ic contro l. D ialysis 
sam ples are collected every 10 m in and in jected into an H PLC system  for 
quantification  o f ACҺ (pm ol/10  m in). Follow ing co llection  o f  5 co n tro l 
(R ingers) sam ples, the BF is dialyzed  for 90 m in (9 sam ples) with 
R ingers contain ing  the m A ChR antagonist scopo lam ine  (SCO P). 
A N O V A  revealed that SC O P caused  a c o n cen tra tio n -d ep en d en t increase 
in BF ACҺ release (F=21.8 ; df=4, 54; p< 0.001). 1 nM  SC O P was the
lowest concen tration  to significantly  (p< 0.05) increase ACҺ release 
above basal levels (Tukey 's m ultiple com parison  test). The increases in 
BF ACҺ release caused  by SC O P at 0.1 nM , 0.3 nM , 1 nM , and 3 nM  
were 29% , 30% , 126%, and 223% , respectively . T o  the best o f  o u r 
know ledge, these are the first data d em onstra ting  that in cat, BF ACҺ 
release is m odulated by m uscarinic au toreceptors.

Support: M H4536l (HAB) and Departments o f Anesthesia and  
Neuroscience & Anatomy.

272.11
G  P R O T E IN S  A R E  A C T IV A T E D  BY  C A R B A C H O L  IN 
F O R E B R A IN  N U C L E I K N O W N  T O  M O D U L A T E  C O R T IC A L  A N D  
B E H A V IO R A L  A R O U S A L . W .A, M artin , J.F . B iebuyck* , and H ,A . 
B ag h d o y an . D epartm ent o f  A nesthesia, T he P ennsy lvan ia  State 
U niversity , C ollege o f M edicine, H ershey, PA  17033.

Basal forebrain  (BF) cholinerg ic  neurons are im portan t m odulators o f  
cortical and behavioral arousal (The Basal F orebrain , P lenum , 1991). 
C holinerg ic  agonists m icro in jected  into the BF enhance w akefulness an d  
suppress sleep (J Neurosci 13:229, 1993; J Neurosci 15:4806, 1995). T h e  
BF contains m uscarinic receptors (PNAS  93 :13541 , 1996), which
transduce their signals via G protein activation {Life Sci 60 :1007 , 1997). 
The fo rego ing  evidence led to this ongo ing  study, testing  the h y po thesis  
that carbachol activates G pro teins in arousa l-re la ted  nuclei o f  rat 
fo reb rain . In vitro au to rad io g rap h y  and d ensitom etry  are used to  
quantify  [” S]G TPγS b ind ing  (PNAS 92 :7242, 1995) in con tro l (basal) 
and carbacho l-stim ulated  coronal forebrain  sections (20 µm  thick). T h e  
da ta  (% increase over basal) show significant carbacho l-induced  G  p ro te in  
activation in the follow ing nuclei: m edial septal (M S = 160% ), vertical
lim b o f the d iagonal band (VD B = 149% ), ho rizontal lim b o f  the diagonal 
band (HD B = 138%), central am ygdalo id  (Ce = 23% ), and bed nucleus o f  
the stria term inalis (B ST  = 17%). A N O V A  and T ukey 's  m ultip le  
com parison test revealed that basal G  pro tein  activity  (m ean ±  sem, nCi/g) 
in nuclei know n to contain  cho linerg ic  neurons (M S = 164 ±  1, VDB = 
183 ± 4 ,  HDB = 166 ±  8) was significantly  low er (p< .05) than basal G 
protein activity in n on-cho linerg ic  nuclei (B ST  = 3 7 1  ±  5, C e = 429 ± 
30). T hese findings dem onstrate  that carbachol stim ulates G p ro teins in 
a rousal-re la ted  forebrain nuclei o f  rat.

Support: MH4536l (HAB) and Department o f  Anesthesia.

272.8
A C E T Y L C H O L IN E  (A C Һ ) R E L E A S E  W IT H IN  T H E  BA SA L 
F O R E B R A IN  (B F ) V A R IE S  AS A F U N C T IO N  O F  S L E E P  AN D 
W A K E F U L N E S S . J. V azquez* and H.A. B a g h d o y a n . Departm ent o f 
Anesthesia, The P ennsylvania State University, C ollege o f  M edicine, 
H ershey, PA 17033.

C holinergic neurons o f the BF play an im portan t role in regulating  
cortical and behavioral arousal (The Basal F orebrain, P lenum , 1991). 
BF cholinerg ic neurons project ex tensively  to the cerebral cortex, where 
ACҺ release during  wakefulness (W ) and rapid eye m ovem ent (REM ) 
sleep is h igher than during non-R EM  (N R E M ) sleep (Science, 172:601, 
1971; Brain Res, 671:329, 1995). Little is know n, however, about 
changes in ACҺ release w ithin the BF during  d iffe ren t states o f 
consciousness. This ongoing  study is testing the hypothesis  that ACҺ 
release in cat BF varies significantly  across states o f  W , NREM  sleep, and 
REM  sleep. Cats are im planted with a standard  e lectrode array for 
polygraphic identification o f sleep/w ake states. O nce cats are trained to 
sleep in a head stable position, experim ents are begun. D uring quiet W, 
a m icrodialysis probe is aim ed for the substantia  innom inata  and 
perfused continuously  with R ingers (3 µl/m in). D ialysis sam ples are 
collected  during  polygraphically  defined  states o f W, N R EM  sleep, and 
REM  sleep. ACҺ (pm ol/10  m in) is quan tified  by H PLC. ANOVA 
revealed a significant effect o f sleep/w ake state on BF ACҺ release 
(F = ll .2 ;  df=2,58; p<0.001). T u k ey ’s m ultip le com parison  test showed 
that ACҺ release (m ean ±  sem) was significantly  greater d u ring  W  (0.85 
± 0 .1 1 )  and REM  sleep (1.64 ± 0.32) than during  N R EM  sleep (0.53 ± 
0.06). Relative to W , m ean ACҺ release decreased  during  N REM  sleep 
(-38% ) and increased during  REM  sleep (93% ). This significant 
biphasic release profile is consistent with a role for ACҺ w ithin the BF in 
the m odulation  o f arousal.

Support: M H4536l (HABì and Departments o f Anesthesia and
Neuroscience & Anatomy.

272.10
G P R O T E IN S  A N D  M U S C A R IN IC  R E C E P T O R  (m A C h R ) SU BTY PE 
D IS T R IB U T IO N  IN  R A T  F O R E B R A IN  (F B ) . J.L , DiVittore, JC . 
K eifer*, and H.A. B ag h d o y an . D epartm ent oľ A nesthesia, The 
Pennsylvania  State U niversity , C ollege o f M edicine, H ershey, PA 17033.

M icroinjection o f cholinerg ic agonists into the basal fo rebrain  prom otes 
w akefulness and inhibits rapid eye m ovem ent (R EM ) sleep (J Neurosci 
13:229, 1993). Direct application  o f  carbachol to  the am ygdala  causes 
pro longed  REM  sleep (NeuroReport 7:577, 1996). The d iscovery that 
m A ChR s in FB m odulate arousal states has stim ulated efforts to determ ine 
w hether m A ChR subtypes subserve specific roles in arousal state control. 
This study is using in vitro receptor autoradiography to test the hypothesis 
that p h arm aco log ically  identified m A ChR subtypes are differentia lly  
distributed  across FB. Rat brains (N =6) were sectioned  coronally  (20 µm) 
and incubated with [¾ ]p iren zep in e  o r [¾ ]N -m eth y lsco p o lam in e  to label 
M l,  M 2, and M 3 subtypes {Synapse 14:283, 1993). A N O V A  revealed a 
significant (p< .001) heterogeneous d istribution  o f  M l (F = 4 5 .l ;  
d f= lЗ ,8 l) ,  M 2 (F=3.9; d f= lЗ ,8 2 ), and M 3 (F = 8 .6 ; d f= l3 ,7 3 )  subtypes 
across 14 FB nuclei. A relatively high density  o f  M l and M 3 mAChRs 
was found in central am ygdala (Ce). Relatively low levels o f  all subtypes 
were detected in nucleus basalts and m edial septal nucleus (M S). In o rder 
to begin exam ining  the functional roles o f  FB m AChRs, the present study 
also is com paring  m A ChR density  with carb ach o l-in d u ced  G protein 
activation (see com panion  abstract by M artin  et al.). In Ce, carbacho l 
induced relatively sm all increases in G pro tein  activation  (23% ). In MS, 
w here m A ChR density  was relatively low, carbacho l induced  a large 
increase in G pro tein  activation (160% ). T hese d a ta  dem onstrate  that 
potent cholinerg ic  activation o f G pro teins can be evoked from  FB areas 
con tain ing  a relatively low density  o f  m AChRs, and encourage  in vivo 
studies designed  to asses the effects on arousal states o f  adm in istering  
m A ChR subtype selective an tagonists into specific FB nuclei.

Support: MH4536l (HAB) and Department o f  Anesthesia.

272.12
O P IO ID S  IN D U C E  G -P R O T E IN  A C T IV A T IO N  IN  R E M  S L E E P - 
R E L A T E D  B R A IN  S T E M  N U C L E I O F  R A T . M .L. C apece*, 
H.A. B aghdoyan, and R. L ydic . D epartm ent o f  A nesthesia, The 
P ennsylvania State University, C ollege o f M edicine, H ershey, PA  17033.

O pioids are the m ost effective system ic analgesics, yet opio ids are know n 
to disrupt rapid eye m ovem ent (REM ) sleep in hum ans
(Psychopharmacologia 14:404,1969; Anesthesiology 73:52,1990). 
A dm inistering  opiates into the m edial pontine reticu lar form ation  (m PRF) 
o f cat also causes REM  sleep inhib ition  (Anesthesiology 77:973,1992), 
which is m ediated by µ opioid receptors (Br J  Anaesth 74:188,1995). The 
in tracellu lar signal transduction  pathw ay activated by op io id  receptors is 
G -pro tein-Iinked , and the present study tested the hypothesis  that o p io ids 
would activate G -proteins in specific REM  sleep-related  brain  stem  nuclei. 
This hypothesis was investigated using  in vitro au to rad io g rap h y  o f the 
µ-selective agonist [D -A la2,N -M e-P he4,G ly-o l5]enkephalin  (D A M G O )- 
stim ulated [35S ]G TP γS binding  (Methods Mol Bio 83:117,1997). Rat 
(N = 6) brain stem  sections (2Oµm) were incubated  fo r basal and D A M G O - 
stim ulated [” S]G TP γS b inding  and sections were exposed  to 
au to rad iograph ic  film  for 72 hr. G -pro tein  activation was localized an d  
quantified  by densitom etric  analysis o f  au to rad iogram s. The results 
(%  o f  contro l) dem onstrated  a significant increase in [35S ]G T P γS  b in d in g  
in the follow ing REM  sleep-related  nuclei: nucleus pontis oralis
(PnO = 56.2% ), nucleus pontis caudalis (PnC = 57.3% ), laterodorsal 
tegm ental nucleus (L D T = 75.8% ), ped u cu lo p o n tin e  tegm ental nucleus 
(PPT=72.4% ), locus coeru leus (L C =77.2% ), and dorsal raphe
(D R = 73.4% ). These data show that µ opio id  receptors stim ulate
G -proteins in rat brain stem  nuclei know n to regulate  REM  sleep. The 
findings suggest that o p io id -induced  changes in G -protein  activation 
com prise  one m echanism  contributing  to REM  sleep inhibition.
Support: HL-57120, Departments o f Anesthesia and Neuroscience & Anatomy.
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272.13
M OR PHINE SU LFA T E IN H IB ITS A C ETY LC H O LIN E (ACҺ) R E L E A S E  
IN TH E LA TER O D O R SA L T E G M E N T A L  N U C LE U S (LD T) A N D  
M EDIA L PO N T IN E  R E TIC U LA R  F O R M A T IO N  (m PR F). S. M ortazav i* ,
J. T hom pson, H .A . B ag h d o y an , and  R. L y d ic . D epartm en t o f  A nesthesia, 
The P ennsylvania  State U niversity, C ollege o f  M edicine, H ershey, PA  
17033

U ndesirable opiate side effects include clin ically  sign ifican t d isru p tio n s  
of rap id  eye m ovem ent (R EM ) sleep and  ca rd io p u lm o n ary  con tro l (Br J  
Anaesth 76: 552, 1996). T he cellu lar m echanism s u n d e rly in g  these op iate  
side effects are u n c lea r. D uring  R E M  sleep ACҺ release is s ign ifican tly  
increased in the m PR F (J  Neurosci 17: 774, 1997) and system ic m o rp h in e  
sulfate (M S 0 4) decreases m PR F ACҺ release (Anesthesiology 79: 1003, 
1993). These facts encouraged  the p resen t m icrod ialysis  and H PLC study 
testing the hypothesis that M S 0 4 decreases ACҺ release in the reg ion  o f  
cholinergic cell bodies (LD T) and cho linerg ic  term inals (m PR F). S ix  cats 
were im planted  to prov ide stereotaxic access to the po n tin e  brain  stem . 
During subsequent experim ents, anim als w ere anesthetized  w ith h a lo th an e  
and ACħ release (pm ol/10  m in) was m easured  during  L D T  or m PRF 
dialysis delivery o f R ingers (contro l), fo llow ed by  M S 0 4 (8.8 µM ), an d  
naloxone (88 nM ). R epeated  m easures A N O V A  and m ultip le  c o m p ariso n  
test revealed that contro l LD T ACҺ release (m ean±S E M ) (.36± .O 2) was 
significantly  (p< .05) decreased  by M S 0 4 (.25± .O 2). This decrease was 
reversed by naloxone (.32±.O2). S im ilar results were observed  fo r m PRF 
ACҺ release during  d ialysis with R ingers (O .Зl± .O 2), M S 0 4 (.23± .O З) and  
naloxone (,27±.OЗ). The M S 0 4-in d u c e d  d e c rease  in  m P R F  A C Һ release  
w as d o se -d e p e n d e n t. These data  are consisten t with the possib ility  that 
dim inished cholinergic neurotransm ission  in the L D T /m P R F  netw ork  is o n e  
m echanism  through w hich opio ids m ay inhib it R E M  sleep.

Support: HL-57120 (RL·); Department o f Anesthesia

272.15
A  R O L E  F O R  T Y R O S IN E  K IN A S E  R E C E P T O R S  IN  S L E E P  M O D U L A T IO N . 
S a n n a  P .P . 1̄ D ia z -R u iz . Q .2  N a v a rro  L .2  P a lo m e ro -R iv e ro  M .2 ’3  R e s e n d iz  

M .M .2 B a tte n b e rα . E .L .F . 1̄ *  D ru c k e r-C o lin  R .2 ' 3  B lo o m  F. E .1 a n d  P гosp℮гq- 
G a rc ia  Q .2 . 1 D e p t, o f N e u ro p h a rm a c o lo g y , T h e  S c r ip p s  R e s e a rc h  In s titu te , 

La J o lla , C A  9 2 0 3 7 , U S A ; 2 G ru p o  d e  N e u ro c ie n c ia s ,  D e p to . d e  F is ¡o lo g ia , 

Fac. d e  M e d ¡c in a  &  3 N e u ro c ie n c ia s , IF C , M e x ic o , D F  0 4 5 1 0 , M e x ic o .
A lth o u g h  s e v e ra l n e u ro tra n s m it te rs  h a v e  b e e n  s h o w n  to  b e  in v o lv e d  in 

s le e p  g e n e ra t io n ,  th e  m o le c u la r  n e u ro b io lo g y  o f s le e p  re m a in s  la rg e ly  ill 
d e fin e d . W e  in it ia te d  a  s tu d y  o f th e  ro le  o f tro p h ic  fa c to r  r e c e p to rs  a n d  
p ro te in  k in a s e  s ig n a l t ra n s d u c t io n  p a th w a y s  in  s le e p  m o d u la t io n .  H e re  w e  
in v e s t ig a te d  th e  e f fe c t  o n  s le e p  o f fo u r  p ro te in  k in a s e  in h ib ito rs .  T h e s e  
in c lu d e d  g e n is te in , a  w id e  s p e c tru m  ty ro s in e  k in a s e  in h ib ito r ;  A G  1 4 7 8 , an  
E G F  re c e p to r  in h ib ito r ; A G 1 2 9 6 , a n  in h ib ito r  o f  th e  α  a n d  ß P D G F  re c e p to rs  
a n d  re la te d  re c e p to rs ; a n d  f in a lly  P D 9 8 O 5 9 , a n  in h ib ito r  o f M A P K  a c tiv a tin g  
e n z y m e  M E K . F ifty  ra ts  w e re  im p la n te d  fo r  s ta n d a rd  s le e p  re c o rd in g s  a n d  
w ith  a  c a n n u la  p la c e d  in  th e  la te ra l v e n tr ic le  fo r  s u b s ta n c e  in je c tio n . O n e  
w e e k  a f te r  th e  s u rg e ry ,  th e  a n im a ls  w e re  h a b itu a te d  to  th e  re c o rd in g  
c o n d it io n s . O n  th e  d a y  o f re c o rd in g , ra ts  w e re  ra n d o m ly  a s s ig n e d  to  th e  
d if fe re n t e x p e r im e n ta l g ro u p s  a n d  re c e iv e d  o n e  o f th e  in h ib ito rs  o r  v e h ic le . 
G e n is te in  d e c re a s e d  s ig n if ic a n t ly  R E M  s le e p  w ith  a  n e g lig ib le  e f fe c t  o n  th e  
o th e r  s le e p  s ta g e s . C o n s is te n tly , b o th  A G  1 4 7 8  a n d  A G  1 2 9 6  re d u c e d  R E M  
s le e p , a lth o u g h  th e  la tte r  s h o w e d  a  m o re  d ra m a t ic  in h ib it io n  th a n  th e  fo rm e r . 
U n e x p e c te d ly , P D 98O 59 , p ro d u c e d  no  c h a n g e s  in  R E M  s le e p  b u t in c re a s e d  
s lo w -w a v e  s le e p  2 . T h e s e  o b s e rv a t io n s  s u g g e s t  th a t  t y r o s in e  k in a s e  
re c e p to rs  p la y  a  ro le  in  R E M  s le e p  g e n e ra t io n ,  a lth o u g h  n o t th ro u g h  th e  
a c t iv a t io n  o f th e  M A P K  p a th w a y , w h ic h  m a y  b e  in v o lv e d  in  w a k e fu ln e s s  
m a in te n a n c e .

272.17

S t im u la t io n  o f G A B A a o r  G A B A в re c e p to rs  in  
th e  n u c le u s  b a s a lis  o f M e y n e rt o f th e  r a t  
d i f fe r e n t ly  a f fe c ts  th e  s le e p -w a k e  c y c le .
A . M a n f r id i *  D . B r a m b i l la  a n d  M . M a n c ia . I s t i tu to  d i F is io lo g ia  
U m a n a  II, U n iv e rs iŧa ' d i M ila n o ,  M ila n o ,  I ta ly

T h e  n u c le u s  b a s a lis  o f M e y n e r t  (N B M )  in  th e  b a s a l f o r e b r a in  
is  k n o w n  to  b e  in v o lv e d  in  re g u la t io n  o f  th e  s le e p - w a k e  c y c le .  Qίє 
im p o r ta n t  c la s s  o f  n o n c h o l in e r g ic  n e u ro n s  in  th e  N B M  th a t  h a s  b e e n  
im p lic a te d  in  th e  s le e p - w a k e  c o n t r o l  u t i l iz e  G A B A  as 
n e u r o t r a n s m i t t e r .  In  th e  ra t  G A B A e rg ic  n e u ro n s  o u tn u m b e r  
c h o lin e r g ic  n e u ro n s  b y  2 :1  ( G r i t t i  e t  a l. ,  J  C o m p  N e u ro l 3 2 9 : 4 3 8 -  
4 5 7 ,  1 9 9 3 )  a n d  G A B A e rg ic  p r o je c t io n s  f r o m  th e  N B M  re a c h  th e  
h ip p o c a m p u s ,  th a la m u s  a n d  n e o c o r te x .

W e  in v e s t ig a te d  th e  s p e c i f ic  ro le  o f  G A B A a  a n d  G A B A b  
re c e p to rs  in  th e  N B M  o n  th e  s le e p - w a k e  c y c le .  B a c lo fe n ,  a  G A B A b  
a g o n is t ,  (1 5 0  n g r )  a n d  m u s c im o l,  a  G A B A a  a g o n is t ,  ( 1 0 0  n g r )  w e r e  
lo c a l ly  m ic r o in je c te d  in to  th e .N B M  in  a  v o lu m e  o f  1 0 0  n l.

B a c lo fe n  in c re a s e d  th e  s lo w  w a v e  s le e p  (S W S )  a n d  re d u c e d  
w a k in g ; R E M  s le e p  w a s  u n c h a n g e d . T h e  e f fe c t  o f  m u s c im o l o n  S W S  a n d  
w a k in g  w a s  s im i la r  to  th a t  o f  b a c lo fe n ,  b u t  m u s c im o l re d u c e d  a ls o  
R E M  s le e p .

T h e s e  d a ta  in d ic a te  th a t  b o th  G A B A a  a n d  G A B A b  r e c e p to r s  a r e  
p re s e n t  in  th e  N B M  a n d  h a v e  a  ro le  in  th e  w a k e -s le e p  c y c le ,  b u t  o n ly  
th e  G A B A a  r e c e p to rs  a re  in v o lv e d  in  th e  R E M  m o d u la t io n .  M o r e o v e r ,  
th e s e  re s u lts  c o n f ir m  th e  p re s e n c e  o f  a  R E M  m o d u la to r y  s y s te m  
lo c a l iz e d  in  th e  N B M , a s  h a s  b e e n  a lr e a d y  d e m o n s tre d  (B a g h d o y a n  e t  
a l. ,  J  N e u ro s c i 1 3 :2 2 9 -2 4 2 ,  1 9 9 3 ; M a n f r id i  a n d  M a n c ia ,  E x p  B ra in  
R e s  1 0 9 :1 7 4 - 1 7 8 ,  1 9 9 6 ) .

272.14
N M D A  C H A N N EL BLO CK ERS A P PLIED  TO  TH E M E D IA L  P O N T IN E  
R E TIC U LA R  FO R M A TIO N  (m PR F) D E C R E A SE A C ETY LC H O LIN E 
(ACҺ) R ELEA SE, IN H IB IT  R EM  SLEEP, A N D  D EPRESS RESPIRA TO RY  
RA TE. R. L ydic* , M .A . F leegał, C. Burak, and S. M o rtazav i. D ep artm en t 
o f  A nesthesia, The P ennsylvania  State U niversity , C ollege o f M edicine, 
H ershey, P A  17033

Cholinoceptive m PR F neurons involved in R E M  sleep regu lation  are  
excited  by N -m ethy l-D -A sparta te  (N M D A ) recep to r activation  (J Neurosci 
11: 4188, 1992). N M D A  recep to r activation  requires glycine, and g lycine- 
im m unoreactive neurons localized  to  the reticu la r form ation  send term inals 
to  the  cholinerg ic  laterodorsal and pedunculopontine tegm ental (LD T/PPT) 
nuclei (NeuroReport 4: 1123, 1993). R espiratory  rate is altered  b y  
LD T /P PT  stim ulation  (Am J  Physiol 264: R544, 1993), and pon tine  N M D A  
receptors contribute  to  resp iratory  contro l (J Appl Physiol 76: 1138, 1994). 
The fo rego ing  da ta  led us to  test the  hypothesis  that m PR F N M D A  
receptors m odulate  cholinerg ic  contro l o f  sleep and breath ing . T hree cats 
w ere im planted  for m easuring  sleep, breath ing , and m PR F ACҺ release. 
M icrodialysis delivery into the m PR F o f 8.8 m M  M K -801 (dizoclip ine), a 
potent and selective an tagonist o f  N M D A  receptors, significantly  (p< .05) 
decreased  m PR F ACҺ release (-42% ) and resp ira to ry  rate (-34% ). In  
another series o f  experim ents, m PR F m icro in jection  o f  the S+ (but not the  
R-) enan tiom er o f  the N M D A  channel b lo ck er ketam ine (8.8 m M ) 
significantly  decreased  R EM  sleep (-27% ). N M D A  receptors are know n to 
be involved in sleep regu lation  (Neuropsychopharmacology 9: 41, 1993) 
by unspecified  m echanism s. The present results suggest that N M D A  
receptors m ay depress REM  sleep and breath ing , in part, by decreasing  
m PR F cholinerg ic  neurotransm ission .

Support: HL-4O88l(RL); Department o f  Anesthesia

272.16
P-MPPI ANTAGONIZES SLEEP AS WELL AS BEHAVIORAL 
EFFECTS OF 8-OH-DPAT IN THE FREELY MOVING RAT.
E. S orensen ,1,2 B. B jorvatn . 1 R. U rsin 1 . (SPON : European B rain and 
Behavioural Society). 'Dept, o f  Physiology, U niv, o f  B ergen; 2Regional 
Centre for C hild  and A dolescent Psychiatry, Univ, o f  B ergen, N orw ay.

The role o f  the 5-HTjд receptor in sleep and w aking  has not been fully 
elucidated. G iven system ically  in m oderate doses the 5 -H T 1A agonist 8- 
OH -DPA T increases waking and reduces slow  w ave sleep and REM  sleep, 
and induces 5-HT behavioral syndrom e. In this study we investigated 
w hether the selective 5-HT,д antagonist p-M PPI w ould block these effects. 
Rats im planted for síeep recording were given injections o f  vehicle, 0.375 
m g/kg  8-O H -D PA T s.c., 5 m g/kg p-M PPI i.p., and 5 m g/kg  p-M PPI + 
0.375 m g/kg 8-OH-DPAT, one experim ent per w eek in a balanced  order 
design. As dem onstrated before, 8-O H -D PA T alone induced 5-HT 
behavioral syndrom e, increased w aking and reduced slow  w ave sleep and 
REM  sleep. p-M M PI alone reduced REM  sleep. p-M PPI adm inistered 30 
m in before 8-OH -D PAT antagonized 8-O H -D PA T effects on REM  sleep 
as w ell as effects on w aking and slow  w ave sleep. A lso, p-M PPI 
significantly  decreased the flat body posture, h indlim b abduction  and 
locom otion  behavior elicited by 8-O H -D PA T. The resu lts show  that p- 
M PPI effectively antagonizes 8-O H -D PA T induced effects on sleep and 
behavior, indicating that it is an effective 5 -H T 1A antagonist. Support: 
The Research Council o f  N orw ay.

272.18
INH IB ITO RS O F THE EN ZYM E OLEAM IDE HYDROLA SE AND 
HY DROLYSIS RESISTA N T OLEAM IDE ANALOGS ALTER SLEEP 
PATTERNS IN RATS. S. Huitron-Resendiz ł *, J.E. Patterson 2. P.S, Griffin ł . 
D.L. Boger 2, B.F. Cravatt 2 and S. J. Henгiksen 1. ⅛ ep t. of Neuropharmacology 
and ⅜ hem istry. The Scripps Research Institute, La Jolla, CA 92037.

Oleamide (cis-9,lO-octadecenoamide) is a brain lipid-amide that has been shown to 
accumulate in the CSF and decrease under conditions of sleep deprivation and sleep 
recovery, respectively. Recently, we reported the isolation and characterization of a 
regulatory enzyme responsible for controlling endogenous concentrations of 
oleamide, oleamide hydrolase. Several potent inhibitors of this enzyme, as well as 
several hydrolysis resistant oleamide analogs, have been developed. To further explore 
and define the sleep-inducing properties of these novel compounds, we investigated 
the effect of oleic-diazo-methyl-ketone and oleic-trifluoro-methyl-ketone (inhibitors of 
the enzyme oleamide hydrolase), and oleamide-alpha-methyl and oleamide-carbamate 
(hydrolysis resistant oleamide analogs) on sleep in rats. Twenty-four Sprague-Dawley 
rats were implanted for chronic sleep recordings. One week after the surgery, rats were 
divided into six groups (n=4) and habiatuated to the recording conditions for 2 days. 
Rats were housed individually with ad libitum access to food and water. The dark- 
light cycle was controled (12:12). Each group was challenged, during the dark phase, 
with an injection (10 mg/kg i.p.) of either: peanut oil (vehicle), oleamide, oleic- 
diazo-methyl-ketone, oleic-trifluoro-methyl-ketone, oleamide-alpha-methyl or 
oleamide-carbamate. Sleep recordings were analyzed for 4 h following the injection. 
Statistical analysis of the data was carried out using an ANOVA and then a post-hoc 
Sheffé test. Our results demonstrate that injection of oleamide, oleic-trifluoro-methyl- 
ketone and oleamide-carbamate increased the total time of SWS 2 when compared 
with the vehicle (ρ<0.01). In addition, oleic-trifluoro-methyl-ketone increased the 
total time of REM sleep (p<0.01). In view of the observation it is likely that these 
novel compounds may serve as useful tools to further define the biological role of 
oleamide.
(Research supported by 1R01 MH58542)
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272.19
EFFECTS OF THE SLEEP-IND UC IN G  LIPID O LEAM IDE ON 
BODY TEM PERATURE IN RATS T. F. W. H orn1* . B. Cravatt2. J. 
EШgГ⅞QП2⅛iλЗ-Qggг2.. U-Gombari 3. and ,Ł  J··_H⅜ņrikşeņ3, Institute for Medical 
Neurobiology, Otto-von-Guericke University M agdeburg, G erm any1, and 
Departments of Chemistry2 and Neuropharm acology3, The Scripps Research 
Institute, La Jolla, CA 92037, USA.
Previously, we reported the structure and sleep-inducing properties of cis-9- 
octadecėnamide (oleamide), a lipid-amide isolated from the cerebrospinal fluid of 
sleep-deprived cats. Fatty acid amide hydrolase (FAAH), the degradative enzyme for 
anandamide and oleamide, has selective distribution in neurons within the rat 
central nervous system including the hypothalamus which is a major site of the 
regulation of autonomic functions also involved in sleep regulation. Male Sprague- 
Dawley rats (200-300g) were implanted with radio telemetry transmitters and body 
temperature and motor activity were recorded in 10-min. intervals for up to 48 
hours. Intraperitoneal (i.p.) injections of oleamide (5mg or 10 mg i.p. in 1 ml 
peanut oil) caused a dose dependent decrease in body temperature from 37.5 to 36.5 
or 35.5° C, respectively. This hypothermic response was also accompanied by a 
decrease in motor activity. The vehicle peanut oil had no effect on body temperature 
or motor activity. When 2-octyl-V-bromoacetoacetate, an inhibitor of the 
endogenous oleamide hydrolysis by FAAH was injected, body temperature and 
motor activity also decreased. The hydrolysis resistant oleamide derivative 
oleamide-carbamate displayed a different course of the hypothermia: the minimum 
occurred about lh  later compared to oleamide, with a shorter duration. Oleamide- 
carbamate failed to alter motor activity. Together, these results suggest that a 
common factor of the sleep inducing properties of the fatty acid primary amides 
might be their ability to decrease body temperature. Supported by MH58542(B.C.)

272.20
EFFECT OF ZOLPIDEM ON CEREBRAL BLOOD FLOW DURING SLEEP: A H；s0- 
PET STUDY. A. Buck1*. L· Finelli2. H.P. Landolť. C. Roth2. T. Berthold1. P. 
Achermann2 and A.A. Borbély2. 1 PET Center, University Hospital and institute 
of Pharmacology, University of Zürich, Switzerland

In the present study we investigated the effects of zo!pidem, a commonly 
used hypnotic acting as a benzodiazepine receptor agonist, on regional 
cerebral blood flow (rCBF). Eight healthy males (21-27 y) participated in the 
imaging study which consisted of a baseline night in the sleep laboratory and 
two experimental nights at a 1-week interval in a PET scanner. The 
experimental nights were preceded by 40-h sleep deprivation to promote sleep 
in the PET scanner. Zolpidem 20 mg or placebo were administered orally 30 
min before bedtime in a double-blind, crossover design. Four 60-s brain scans 
were scheduled during each session for wakefulness prior to sleep, stage 2, 
stage 4 and REM sleep. PET data were analyzed using statistical parametric 
mapping (SPM96). In stage 2 and 4 combined relative rCBF was lower for 
zolp¡dem than placebo in the basal ganglia and in a part of the precentral 
gyrus. Higher relative rCBF values (possibly corresponding to less absolute 
decrease of rCBF) were observed in a large part of the superior and middle 
frontal gyrus, and in a restricted part of the inferior frontal gyrus. Evidence for 
treatment related differences was also obtained for REM sleep. In a separate 
analysis of drug and placebo nights highlighting areas where rCBF values 
correlated specifically with REM sleep, negative correlations emerged for large 
parts of the frontal gyrus, paralimbic-limbic structures and adjacent cortical 
regions for zolpidem, but not for placebo. These results indicate that zolp¡dem 
exerts sleep state dependent changes in rCBF in specific brain regions. Their 
relationship to the effects on the sleep EEG remains to be analyzed.

BIOLOGICAL RHYTHMS AND SLEEP: MELATONIN

273.1

CIRCADIAN RHYTHMS OF RETINAL DOPAMINE AND 
SEROTONIN IN C57BL/6 MICE LACKING MELATONIN S.E, 
Doyle. M.S. Grace, and M. Menaker*. NSF Ctr. for Biological Timing 
and Dept, of Biology, Univ, of Virginia, Charlottesville, VA 22903.

Melatonin has been implicated as a key mediator of circadian changes 
in the retina including dopamine production, sensitivity to light, and 
photoreceptor morphology. We have shown that melatonin is not 
required for high amplitude photoreceptor outer segment disk shedding 
in cyclic light or rhythmic shedding in constant darkness (M.S. Grace et 
al., Invest. Ophthalmol. Vis. Sci. Ş9:S236). We have now tested 
whether rhythmic melatonin production is required for rhythmic changes 
in retinal content of dopamine (DA) and its metabolites, and serotonin 
(5HT). We held C57BL/6 mice (which genetically lack the ability to 
synthesize melatonin) in cyclic light followed by constant darkness for 
10 days while monitoring wheel-running behavior. Mice were killed 
under infrared illumination at 3 hour intervals relative to each individual’s 
rhythmic locomotor activity. Retinas were individually homogenized in 
perchloric acid and exưacts separated by reverse-phase HPLC with 
electrochemical detection. We found that DA content exhibited a clear 
circadian rhythm with peak levels occurring late in the subjective day and 
early in the subjective night. Neither dihydroxyphenylacetic acid 
(DOPAC) nor homovanillic acid, the 2 major DA metabolites, exhibited 
significant changes over the circadian cycle. 5HT, however, exhibited a 
robust (3-fold) rhythm with peak levels early in the subjective night. 
These results demonstrate that the circadian timing system regulates 
retinal DA and 5HT levels, and show that rhythmic melatonin synthesis 
is not required for expression of these neurochemical rhythms in the 
retina. Support: MH 56647 to MM.

273.3
MELATONIN ANTAGONISES DOPAM INERGIC INDUCTION OF CREB 
PHOSPHORYLATION AND C-FOS EXPRESSION VIA D1 RECEPTOR IN 
SUPRACH1ASMATIC NUCLEUS OF NEONATAL SYRIAN HAMSTER IN 
VITRO. I.L. Schurov. M.H.Hastings*. Dept. Anatomy, Univ. Cambridge, Downing 
St.CB2 3DY,U.K.

The circadian clock of the suprachiasmatic nuclei (SCN) of perinatal rodents is 
entrained by maternally derived cues. The SCN of neonatal Syrian hamsters 
expresses high affinity receptors for melatonin (MEL) and dopamine (DA). These 
agents have contrasting entraining actions in vivo: MEL signals night and 
dopaminergic cues indicate circadian day to the pup. We have demonstrated 
previously that both forskolin and DA are able to activate the phosphorylation of the 
transcriptional regulator Ca2+/ cyclic AMP response element (CRE) binding protein 
(CREB) in the hamster SCN in vitro (McNulty et al. 1998 Eur. J. Neurosci. 10, 
1063). This may be an important step in the clock resetting mechanism. The aim of 
this study was to test the role of D1 receptor-mediated signalling in the regulation of 
CREB, identified as immunoreactivity (-ir) to phospho-CREB (pCREB), and 
expression of the immediate early gene, c-fos. Primary cultures of neonatal hamster 
SCN, prepared as described (McNulty et al. 1998), were treated with various 
agonists, then fixed and processed for dual immunocytochemistry. Nuclear pCREB- 
ir and c-Fos-ir was examined in putative GABA-ir SCN neurons, and other cells, and 
expressed as relative grey scale values. Within an experiment, all procedures were 
conducted simultaneously with identical reagents to ensure comparability. DA 
caused a dose dependent (-7 to -4 M) increase in pCREB-ir in GABA-ir but not non- 
GABA neurons. This effect was mimicked by the D1 agonist SKF 81297, and 
blocked by the D1 antagonist SCH 23390 (-6 M). DA (-5M) also induced c-Fos-ir in 
GABA but not non-GABA-ir neurons. SKF 81297 (-5 M) mimicked the effect of 
DA on cFos-iг. Treatment with MEL (-9 M) blocked the action of DA on c-Fos-ir in 
GABA neurons. The results confirm the role of D1 receptor mediated signalling in 
the SCN. and taken with previous findings (McNulty et al. 1998) they highlight the 
antagonistic biochemical actions of DA and MEL in the neonatal SCN. Supported by 
Wellcome Trust (04747ƒZ/94), Churchill College. Camb. & CVCP. U.K.

273.2
MELATONIN GENERATES AN OUTWARD POTASSIUM CURRENT IN RAT 
SUPRACHIASMATIC NUCLEUS NEURONS M. van den Tod, M.L.H.J. Hermes*.
P. Delagrange and R.M. Buiis. Netherlands Institute for Brain Research,Amsterdam, 
The Netherlands and Institut de Recherches Internationales Servier,Courbevoie Cedex, 
France.

The mammalian suprachiasmatic nucleus (SCN) contains receptors for the pineal 
hormone melatonin (MEL). Extracellular recordings have shown that MEL reduces the 
spontaneous firing rate of rat SCN neurons in hypothalamic slices. We investigated the 
ionic mechanism underlying this inhibition using a variation of the perforated patch- 
clamp recording technique. This technique was used because it (i) enables a long-term 
registration of stable firing rates of SCN neurons and (ii) does not interfere with 
intracellular cAMP levels presumed to mediate the MEL influence.

In cuưent-clamp mode, bath application of MEL (1 µM) at circadian time 5-12 
resulted in an irreversible 46% decrease in the spontaneous firing rate of 15/32 (47%) 
SCN neurons. In the presence of tetrodotoxin ( i 'l  X; 5OOnM) MEL induced a membrane 
hyperpolarization in all (n=2O) neurons tested. The membrane hyperpolarization 
amounted to 5.8 ± 0.6 mV (mean ± S.E.M.) and was accompagnied by a decrease in 
input resistance of 12.4 ±2.1 %. In voltage-clamp mode (in TTX) at a holding potential 
of -40 mV, MEL generated an outward cuưent of 11.0 ± 1.9 pA (n=l5) and increased 
the slope conductance by 22.0 ± 4.8 % (n=7). The MEL current became zero at a 
calculated membrane potential of 92.1 mV and showed, in the majority of cases, only 
little reversal to an inward current with more negative potentials. A 5-fold increase of 
the extracellular potassium concentration resulted in a 36.7 mV positive shift of the 
reversal potential of the MEL current, close to the predicted value for a pure potassium 
current. The MEL cuưent was not mimicked by serotonin (1 µM; n=2).The MEL 
cuưent was not blocked in the presence of muscarine (10 µM), nor in the presence of 
tolbutamide (50 µM) or quinine (100 µM) (n=2).

The results indicate that MEL can reduce the firing rate of the majority of, if not all, 
the SCN neurons through the generation or activation of an as yet unidentified 
potassium conductance.

This work was supported by a grant from Institut de Recherches Internationales 
Servier.

273.4
MEL1A RECEPTOR SEQUENCE IN OCTODONDEGƯS
J. Svdnor. B.A.Tate* and G.S, Richardson. Dept, of Medicine,
Brown Univ. School of Medicine and Miriam Hospital, Providence, RI 

A regulatory role for the pineal hormone melatonin (MEL) in the 
timing of sexual maturation has been hypothesized in primates. Al
though precocial, the onset of puberty in the degu (Octodon degus ), a 
hystricomorph rodent, does not occur until several months of age. This 
prolonged period of sexual maturation makes the degu a superior ro
dent model for characterization of MEL’s role in timing pubertal onset 
and, in particular, evaluation of the hypothesis that age-dependent 
changes in MEL receptor expression may gate the timing of puberty. 
As a first step in characterizing MEL receptor expression, we are at
tempting to sequence the MEL receptor mRNA using homologies to 
known sequences in related species. Reverse transcriptase polymerase 
chain reaction (RT-PCR) was carried out on mRNA isolated from the 
hypothalamus and cortex of degus and rats. The primers used were de
signed against the human sequence for M ella (Reppert et al, Neuron 
13:1177, 1994), the most prevalent subtype of MEL receptor, and 
against rat ß-actin. The actin primers gave a strong band from both rat 
and degu cDNA made from either hypothalamus or cortex. The Mella 
primers yielded a single band from the degu hypothalamus and no 
bands from degu cortex or from rat tissue. The degu band was se
quenced and the resulting 260 base pair sequence showed 86% homol
ogy with published sequences for both human and hamster (Phodopus 
sungorus) and 83% homology with the mouse. The degu sequence 
overlapped with 43 base pairs of the partial sequence that has been 
published for the rat with which there was 81% homology.
Supported by a grant from the Rhode Island Foundation
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273.5
HUMAN MELATONIN RECEPTO RS: M OLECULAR STRUCTURE OF 
LIGAND BINDING SITES. F. Mseeli*. M.I. Masana. M.L. Dubocovich. Dept. 
Mol. Pharmacol. Biological Chemistry and Northwestern Drug Discovery Program, 
Northwestern Univ. Med. Sch, Chicago, IL, 60611.

The aim of this study is to generate mutants of the human mt] and MT2 melatonin 
receptors to characterize the molecular structure of agonist and antagonist binding 
sites. The human G-protein-coupled melatonin receptors (mt| and MT2) show only 
60% homology at the aminoacid sequence level and can be distinguished 
pharmacologically using synthetic melatonin analogues. Understanding the 
molecular structure of ligand binding sites is important for the development of 
novel subtype selective drugs. The human melatonin receptors bind 2-[‘25I]- 
iodomelatonin with high affinity (KD= 44 ± 6.8 pM for mb; KD= 149 ± 15 pM for 
MT2) and show a distinct pharmacological profile [pKi: mt, and MT2]: melatonin 
(9.7, 9.7), 6-chloromelatonin (8.9, 9.5), luzindole (6 .8, 8.1), 4-phenyl 2- 
chloroacetamidotetraline (4P-CADOT) (6.5, 8.9). Ten to twenty times variation in 
receptor density, when expressed in either COS-7 or CHO cells did not affect the 
KD of the radioligand or the affinity of analogues for competition with 2-['251]- 
iodomelatonin binding. However, the level of receptor expression affected the 
efficacy of melatonin analogues as deteπnined in GTP shift 2-[125I]-iodomelatonin 
binding assays and forskolin stimulated cAMP formation. Luzindole acts as an 
inverse agonist and 4P-CADOT as an antagonist in both low and high expresscr 
CHO-mtj cells. However, these analogues are competitive melatonin antagonists on 
low expresser CHO-mt2 cells and partial agonists on high expresser CHO-mt2 cells. 
The N-terminal FLAG-tagged (DYKDDDDK) mb and MT2 subtypes expressed in 
COS-7 cells bound 2-('251]-iodomelatonin with the same affinity and pharmacology 
than the wild receptors. Point mutations of the FLAG-tagged human melatonin 
receptor subtypes based on computer modeling analysis are in progress to 
characterize the molecular structure of agonist and antagonist binding sites. 
Supported by MH 42922.

273.7

MELATONIN RECEPTOR SUBTYPE EXPRESSION IN HUMAN 
CEREBELLUM. W. M. Al-Ghoul1,2*. M. D. Herman3 and M. L. Dubocovich1,2. 
‘Department of Molecular Pharmacology and Biological Chemistiy and 
Northwestern Drug Discovery Program, Northwestern University Medical School, 
Chicago IL 60611 and departm en t of Neurosurgery, Lutheran General Hospital, 
Park Ridge, IL 60068.

Recent pharmacological and molecular studies suggest an important functional 
role for the MT2 melatonin receptor subtype in the mammalian central nervous 
system and vasculature (Dubocovich et al., Faseb J. 1998, in press). In human 
brain, studies of distribution of melatonin receptors have been limited to evaluation 
of 2-[l25I]-iodomelatonin binding sites and mb melatonin receptor mRNA 
expression. Here, we report cellular differences in expression of melatonin receptor 
subtypes in human cerebellum assessed by in situ hybridization using selective mb 
and MT2 antisense oligonucleotide probes. Sections of human cerebellar cortex 
obtained during routine surgery and snap-frozen in liquid nitrogen were used for 
hybridization utilizing digoxigenin-labeled mb and MT2 probes. The hybridization 
signal was detected using alkaline phosphatase conjugated anti-digoxigenin IgG 
followed by the chromagen BCIP/NBT. Our findings include: (1) the first 
demonsfiation of MT2 melatonin receptor mRNA expression in human CNS to 
cerebellar Bergmann glia, (2) tire localization of melatonin mb receptor mRNA 
expression to both basket-stellate cells and granule cells, and (3) the localization of 
mt) and MT2 subtype mRNAs in cerebellar arterioles where both subtypes were 
found in the smooth muscle layer and endothelial cells. Specific 2-[‘25I]- 

iodomelatonin binding defined by melatonin (1 µM) was high in the outer 
molecular layer and moderate in the granule cell layer. Together our data suggest 
heterogeneity of melatonin receptor subtype expression in the human cerebellum, 
i.e., mt] in granule cells and basket-stellate cells and MT2 in Bergmann glia. 
Supported by MH 42922 (MLD) and T32 ES 07124 (WMA).

273.9
MODULATION OF ESTROUS CYCLE AND LH, FSH, AND M ELATONIN 
LEVELS, BY PINEALECTOM Y AND SH AM -PINEALECTOM Y IN 
FEMALE RATS. R.C.Dardes ‘.E .C .Baracat1. M,J.Simoes2 and M.L.Dubocovich3*  
‘Dept. Gynecology and ¾istology, Federal Univ, of São Paulo, Brazil and 3Dept. 
Mol. Pharm. Biol. Chem., Northwestern Univ. Med. School, Chicago, IL 60611.

In polyestrus mammals, like humans and laboratory rodents, melatonin influences 
the age of sexual maturation, timing of the ovulatory cycle and gonadal 
steroidogenesis. Here we report the effects of pinealectomy (Px) and sham- 
pinealectomy (SPx) on serum LH and FSH levels, urinary 6-sulphatoxymelatonin 
(6-SMT) excretion and estrous cycle periodicity, in female Wistar rats (3-4 months) 
maintained on 12/12 L/D cycle. Orbital venous plexus blood and urine samples were 
collected from the same rat during the estrus phase before (control), and 7 and 55 
days after surgeiy. Serum LH levels (ng/ml) were significantly lower 7 days after 
Px (1.04 ± 0.22, n = ll) , when compared with control values (2.23 ± 0.21) and 
recovered 55 days after Px (2.25 ± 0.24). Similar results were obtained with FSH. 
LH and FSH levels were not changed in SPx rats. By contrast, urinary 6-SMT levels 
(ng/ml) were significantly lower 7 days after SPx (16.5 ± 1.8, n=6). 6-SMT levels 
returned to conưol values after 55 days (69.6 ± 10.2) which indicates pineal gland 
integrity. 6-SMT levels remained low after Px (control: 74.7 ± 6 .6 ; 7 days: 12.1 ± 
0.8; 55 days: 10.8 ± 2.2, n = ll) ,  confirming the surgical removal of the pineal gland. 
The low 6-SMT levels in Px rats suggest synthesis of melatonin in sites other than 
the pineal gland. Daily vaginal smears showed a time dependent increase in the 
duration of the esfious cycle in Px rats (estrus phase: 1 day in control; 3-4 days 
after 45days Px). These results demonstrate that the pineal gland modulates the 
length of the estrous cycle and that SPx, by inducing inflammatory process could 
affect melatonin levels. This reduction in urinary 6-SMT may be attributed to high 
levels of serum corticosterone occurring after surgical manipulations. Supported by 
CAPES-Brasilia, DF, Brazil.

273.6
M ELATONIN TREATM ENT INCREASED INVERSE AGONIST EFFICACY 
AT TH E HUMAN mt, M ELATONIN RECEPTO R M.I. Masana*. M.P. Romero 
Muñoz. J·A. Glaser and M.L. Dubocovich. Dept. Molecular Pharmacology and 
Biological Chemistry, Northwestern Drug Discovery Program, Northwestern 
University Medical School, Chicago, IL 60611.

Prolonged exposure of human mt] melatonin receptors to melatonin desensitized 
the melatonin-mediated inhibition of forskolin-stimulated cAMP formation in CHO 
cells expressing this subtype (CHO-mti). The competitive MT2 melatonin receptor 
antagonist, luzindole act as an inverse agonist on the mt] melatonin receptor subtype. 
In CHO-mt] cell membranes, luzindole decreases basal 35S-GTPγS binding and 
shows a higher apparent affinity for competition with 2-[125I]-iodomelatonin binding 
when assayed in the presence of GTP. Here, we report the effect of melatonin (400 
pM for 8 hours) treatment on the efficacy of melatonin and luzindole on the 
stimulation of 35S-GTPγS binding and on the competition for 2-[125I]-iodomelatonin 
binding. 2-[125I]-iodomelatonin binding to mt]-CHO cells membranes was carried 
out in Tris-HCl (50 inM) ⁄  MgCl2 (10 µM) in the absence or presence of 100 µM 
GTP, 1 mM EDTA, 150 inM NaCl. Melatonin treatment reduced the apparent 
affinity of melatonin for the mt] receptor, as evidenced by a reduction in the ability 
of GTP to shift the melatonin competition curve (KiaTP/Ki affinity ratios: vehicle 
6.38 ± 1.27, n=4, melatonin treated 3.08 ± 0.58, n=4, p<0.05). In contrast, this 
treatment increased the affinity of luzindole for the mt, melatonin receptor (vehicle: 
Ki = 310 ± 34 nM, n=3; melatonin treated: Ki = 105 ± 18 nM, n=4, p<0.05). 
Agonist treatment also reduced the ability of melatonin to stimulate 35S-GTPγS 
binding (vehicle: 223.2 ± 1.8 % of basal, melatonin treated. 178.0 ± 6.8 %, p<0.01) 
and increased the efficacy of luzindole to inhibit basal 35S-GTPγS binding (vehicle
95.7 ± 3.1 %, melatonin treated 79.2 ± 2.1 %, p<0.01). Prolonged melatonin 
treatment induced desensitization of the mt, melatonin receptor, probably by shifting 
the receptors to a conſoπnational state that exhibits lower affinity for agonists and 
higher affinity for inverse agonists. Supported by MH 42922 and MH 52685.

273.8
SU PPR E SSIO N  O F M E L A T O N IN  IN H U M A N  PL A SM A  BY LIG H T  
A N D  NIM ODIPINE.. S. BenloucifЧ  M.L. Dubocovich1, S I, Finkel2, and 
P.C. Zee3. ‘Molecular Pharmacology and Biological Chemistry, ⅛sychiatry, 
and 3Neurology, Northwestern Univ. Med. Sch., Chicago, IL 60611 

Calcium channel antagonists improve motor and cognitive performance in old 
humans and animals. W e previously found that nimodipine potentiates light- 
induced phase delays o f  circadian activity rhythms in young and old mice (Abst. 
Soc. Neurosci. 1997,23:510), suggesting that calcium channel antagonists may also 
improve plasticity in the circadian timing system. Here we studied the ability o f  
nimodipine to potentiate the light-induced suppression o f  melatonin levels in 
plasma. Seven healthy subjects (ЗM, 4F, 22 - 34 years old) were admitted on 
two occasions (3 weeks apart) to the Clinical Research Center at Northwestern 
University. Subjects received placebo or nimodipine (30 mg, orally) 30 min 
prior to light ( 2 - 3  am, 500 lux). Blood was collected every 30 min from 
midnight to 5:00 am and melatonin levels were measured by RIA (ALPCO). 
Melatonin levels 30 minutes following nimodipine (65.6 + 7.2 pg/ml) were not 
different from control (57.9 + 4.8 pg/ml). Exposure to light alone resulted in a 
marginal suppression o f  melatonin levels (16.7 +  9.0% o f  pre-light levels, p = 
0.09). Combined treatment with nimodipine and light reduced melatonin levels 
44.6 + 5.9% (p < 0.01; p < 0.05 vs. placebo). Melatonin levels returned to 
basal values one hour following light exposure (4:00 am). Additional studies 
will be required to determine whether nimodipine suppresses melatonin directly 
or enhances the effect o f  light. S upported  in p a r t by  Ư SPH S grants NCRR- 
00048, K 0J AG 008J0, a  B ayer C orporation Educational Grant, an d  a  
P ollack  G rant fro m  the B uehler C enter on A g in g  a t NW Ư.

273.10
MELATONIN BLOCKS DAYTIME SEROTONERGIC PHASE ADVANCES OF 
THE SUPRACHIASMATIC CIRCADIAN PACEMAKER IN VITRO. R.A. Prosser*. 
Dept, of Biochemistry & Cellular & Molecular Biology, University of Tennessee, 
Knoxville, TN 37996.

The mammalian circadian clock in the suprachiasmatic nucleus (SCN) 
produces 24 h rhythms of neuronal activity in vitro. Various neuromodulators 
phase-shift the SCN clock in vitro, including serotonin (5-HT), its agonists, and 
melatonin (MEL). 5-HT maximally advances the SCN clock during mid subjective 
day, while MEL advances the clock about 4 h later. Here we investigated 
interactions between the 5-HT agonist (+)8-hydгoxy-DPAT (DPAT) and MEL.

For these experiments brain slices prepared from male Sprague-Dawley rats 
were maintained as described previously (J.BioI.Rhvthm 8:1). Drugs were bath 
applied on day 1 in vitro for 1 h. In blocking experiments MEL was applied 15 min 
prior to and after co-application with DPAT. 5 min samples of single-cell activity 
were made during day 2 in vitro. Neuronal firing rates were grouped into 2 hr 
running averages to determine time-of-peak. Phase shifts were calculated as the 
difference in time-of-peak from untreated controls (zeitgeber time (ZT) 6.0+0.35, 
n=3, where ZT 0 = liαhts-on)(Soc.Neuròsci·Abst·23: 512).

We have shown that DPAT(Ю uM) advances the SCN clock 3.67±O.54 h, n=3) 
when applied at ZT 6 (Soc.Neurosci·Abst.23: 512). Here we confirm previous 
results showing that MEL (ЮnM) advances the SCN clock when applied at ZT 
10 (mean advance: 4.O±.7lh, n=2), but not when applied a tZT 6 (peak advanced
0.25 h, n=1). Co-administration of MEL with DPAT at ZT 6 prevented the DPAT- 
induced advances (mean shift: 0.0+ 0.61 h, n=3). These results parallel our 
findings that neuropeptide Y blocks DPAT-induced phase shifts at ZT 6 
(Soc.Neurosci·Abst.23: 512). It is possible that MEL and neuropeptide Y block 5- 
HTerg¡c advances of the SCN pacemaker through similar mechanisms.

This work was supported by NIH grant MH53317.
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273.11
TTX BLOCKS BACLOFEN-INDUCED PHASE ADVANCES OF THE 
SUPRACHIASMATIC CIRCADIAN PACEMAKER IN VITRO. H E. B e rg e ro n , B . 
D a n ie lso n . K .R . B iggs , J .C . H a ll*  a n d  R .A . P ro s s e r . D e p t, o f  B io c h e m is try  & 
C e llu la r  &  M o le c u la r B io lo g y , U n iv e rs ity  o f  T e n n e s s e e , K n o x v ille , T N  3 7 9 9 6 .

T h e  m a m m a lia n  c irc a d ia n  c lo c k , lo c a te d  w ith in  th e  s u p ra c h ia s m a t ic  n u c le u s  
(S C N ), p ro d u c e s  24  h rh y th m s  o f  n e u ro n a l a c tiv ity  in  v itro . T h is  c lo c k  ca n  be  
p h a s e -s h ifte d  in  v itro  by a n u m b e r o f  n e u ro tra n s m itte rs . O n e  s u c h  tra n s m itte r , 
G A B A , a d v a n c e s  th e  S C N  c lo c k  d u r in g  m id -s u b je c tiv e  d a y  th ro u g h  b o th  G A B A Д 
( N e u гo s c i L e tt.1 6 6 :81 ) a n d  G A B A в (S o c .N e u ro s c i.A b s t.2 3 : 5 1 0 ) re c e p to rs . T h e  
G A B A a a d v a n c e s  o c c u r  in  v iv o  in th e  p re s e n c e  o f  te tro d o to x in  (T T X : Br. R e s .7 7 2 : 
176), c o n s is te n t w ith  a  d ire c t a c tio n  on  th e  p a c e m a k e r. H e re  w e  in v e s tig a te d  
w h e th e r  th e  in  v itro  G A B A в-in d u c e d  a d v a n c e s  a re  a ls o  n o t in h ib ite d  by T T X .

F o r th e s e  e x p e r im e n ts  b ra in  s lic e s  p re p a re d  fro m  m a le  S p ra g u e -D a w le y  ra ts  
w e re  m a in ta in e d  a s  d e s c r ib e d  p re v io u s ly  (J .B io I.R h v th m  8 :1). D ru g s  w e re  b a th - 
ap p lie d  on day  1 in  v itro  fo r  1 h. In b lo c k in g  e x p e r im e n ts , T T X  w a s  a p p lie d  15 m in  
p r io r  to  a nd  a fte r  c o -a p p lic a tio n  w ith  th e  G A B A в a g o n is t, b a c lo fe n  (B A C ). 5 m in  
s a m p le s  o f  s in g le -c e ll a c t iv ity  w e re  m a d e  d u r in g  d a y  2 in  v itro . In d iv id u a l n e u ro n a l 
fir in g  ra te s  w e re  g ro u p e d  in to  2 h r  ru n n in g  a v e ra g e s  to  d e te rm in e  tim e -o f-p e a k . 
P h a s e  sh ifts  w e re  c a lc u la te d  a s  th e  d if fe re n c e  in t im e -o f-p e a k  fro m  u n tre a te d  
c o n tro ls  (z e itg e b e г tim e  (Z T ) 6 .0 + 0 .0 , n=2 , w h e re  Z T  0 = lig h ts -o n ).

P re v io u s  re s u lts  in d ic a te  th a t a d m in is tra t io n  o f  T T X  by  its e lf  a t Z T  6  d o e s  n o t 
s h ift  th e  S C N  p a c e m a k e r  ( B ra in  R e s .5 7 3 :3 3 6 ). W e  h a v e  a ls o  p re v io u s ly  sh o w n  
th a t B A C  a p p lie d  a t Z T  6 a d v a n c e s  th e  c lo c k  l.7 ± O .4 9  h, n = 4  (S o c .N e u ro s c i. 
A b s t.2 3 :5 Ю ). In th e s e  e x p e r im e n ts , c o -a p p lic a tio n  o f  T T X  w ith  B A C  c o m p le te ly  
b lo cke d  th e  a d v a n c e s  n o rm a lly  in d u c e d  by B A C  a lo n e  (m e a n  sh ift: O.O±O.62 h, 
n=4 ). T h e s e  re s u lts  in d ic a te  th a t  th e  G A B A в re c e p to rs  a s s o c ia te d  w ith  th e s e  in  

v itro  p h a s e  a d v a n c e s  a re  n o t lo c a te d  on  S C N  c irc a d ia n  p a c e m a k e r  ce lls .
T h is  w o rk  w a s  s u p p o rte d  by N IH  g ra n t M H 5 3 3 1 7  (R A P ).

273.12
NPY DOSE-DEPENDENTLY INHIBITS CABAв-INDUCED ADVANCES OF 
THE SCN CIRCADIAN CLOCK IN  VITRO. K.R. Biggs* and R.A. Prosser. 
Dept, o f Biochem. & Cell. & Molec. Biol., Univ, of Tenn., Knoxville, TN 37996.

The suprachiasmatic nuclei (SCN) in mammals contain a circadian clock that 
expresses 24 h neuronal activity rhythms in vitro. The G A B A в agonist baclofen 
(BAC) advances this clock when applied at zeitgebeг time (ZT) 6 (where ZT 
O=lights on; Soc. Res. Biol. Rhythms Abstr. 5 :96). Stimulation o f  G A B A Ц receptors 
can increase cAMP, and increases in cAM P underlie serotonergic (5-HT) and 
pituitary adenylate cyclase-activating peptide (PACAP)-induced advances at ZT 6. 
Since NPY blocks 5-HT and PACAP-induced shifts, probably through blocking 
increases in cAMP, we tested whether NPY blocks BAC-induced shifts at ZT 6.

SCN brain slices from adult male Sprague-Dawley rats were prepared and 
maintained as described (J.Biol.Rhythms 8:1). Drugs were bath-applied at ZT 6 on 
day 1 in vitro. In blocking experiments, NPY was applied for 15 minutes prior to 
and following co-application with BAC. Neuronal activity was recorded on day 2 to 
determine the time o f  peak activity. Phase shifts were determined by comparing the 
time-of-peak in treated slices to that o f  control slices (ZT 5.5±O.ЗЗ, n=4).

BAC (IµM ) advances the SCN clock l.7±O.49 hrs (n=4) when applied alone. 
NPY (lµ M ) failed to block this 
effect. However, at 5µM and 10 µM 
NPY reduced and eliminated, 
respectively, BAC-induced advances.
These results are consistent with 
BAC advancing the clock through 
mechanisms similar to those o f  5- 
HT- and PACAP-induced shifts.
Support: NIH grant M H53317 (RAP)

273.13
IN OLD HAMSTERS A MELATONIN-AGONIST ACCELERATES ADAPTATION 
OF CIRCADIAN RHYΊΉMICITY TO A SHIFT EN THE LIGHT-DARK CYCLE.
O, y¾nR≤£th\ F.W. l uгek1, E. Moçaër2*
'CERB. University of Brussels, Belgium. *I.R.I. Seгvier, Courbevoie Cedex, France.
Aging has deleterious effects on the circadian clock and its response to photic or non 
photic synchronizers. It has been hypothesized that the age-related decline in circulating 
levels of melatonin may underlie some effects of aging on the circadian clock.
One pronounced aging marker of hamsters circadian system is a loss of response to the 
phase-shifting effects of activity-inducing stimuli (e.g., dark pulses). We have recently 
shown that chronic treatment with S-20098, a melatonin agonist, can dose-dependently 
restore the ability of old hamsters to phase shift (advance or delay) in response to 6-h 
dark pulses. In view of restorative effects, we thought to determine whether S-20098 
could modify the rate of reentrainment of the circadian clock in old hamsters subjected 
to abrupt shifts in the light-dark (LD) cycle.
Old male golden hamsters (21-24 months) fed with regular powdered food or food 
containing high concentration of S-20098 (i.e. 2,000 ppm) were kept in running wheel 
cages under a regular dim 14:10 LD cycle (light intensity < 20 lux at cage floor level). 
Animals of both groups were subjected to an abrupt 8-h advance in the LD cycle. After 
stable reentrainment to the new LD cycle, those animals were subjected to an abrupt 8-h 
delay in the LD cycle. Number of days necessary for the activity rhythm to 
resynchronize to the new LD cycle were individually calculated for the advance or the 
delay shift, and compared between control and treated animals (unpaired Student's t 
test). After the 8-h advance shift, old conưols (N = 11) resynchronized their activity 
rhythm in 22 ± 1 days, while old S-20098 treated (N = 8) resynchronized in 17 ± 2  
(p < 0.006). After the 8-h delay shift, old conưols (N = 10) resynchronized in 33 ± 3 
days, while old S-20098 ưeated (N = 8) resynchronized in 24 ± 3 days (p < 0.02). Those 
data, showing that S-20098 can facilitate by ≈ 25 % circadian resynchronisation in old 
hamsters, suggest their usefulness in the treatment of age-related disorders in circadian 
function.
Inst. Rech. Int. Servier, R01-AG-09297, P01-AG-11412, Belgian FRSM.
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274.1
CLONING A N D  EXPRESSION OF DROSOPHILA D U NC E  
HOMOLOGS IN THE ZEBRA FINCH. B,E. T h o m p so n * 1, ₣ . Freking2,
B.A. Schlinger2, and J.A. Cherry1. 'Dept, o f  Psychology, Boston Univ., 
Boston, M A 02215; T>ept. o f  Physiological Science, UCLA, Los Angeles, 
CA 9 0095-1527 .

In Drosophila, d u n c e  codes for a cA M P-specific phosphodiesterase 
(cA M P PDE) that is required for learning and m em ory. Four distinct 
hom ologs o f  d u n ce  exist in rodents and humans, but little is known about 
cAM P PDEs in other vertebrates. Songbirds have em erged as excellent 
animal models o f  learning and m em ory so we decided to examine the 
expression o f cAM P PDEs in these species. As a first step, we have begun  
to clone cAM P PDEs from the zebra finch (ZF). Using primers based on 
conserved sequences from other species, we used RT-PCR to clone  
putatative d u n ce  hom ologs from ZF whole brain m RNA. One 700 bp PCR 
product was sequenced and found to be 80% and 94% hom ologous to 
dunce  PDEs from Drosophila and rat, respectively. Using this PCR product 
as a probe, Southern blots o f  various digests o f  ZF genom ic DNA  
displayed 2-3 bands in each lane, suggesting that at least 2 d u n ce  
h om ologs may exist in ZF. U sing the same probe, Northern blots were 
exam ined. A dominant band o f  3.2kb was observed in adult male 
telencephalon, pectoгalis m uscle and cerebellum, in adult fem ale  
hippocam pus and diencephalon, and in the telencephalon o f  3-5 day-old  
hatchling fem ales. A weaker band was seen in adult fem ale adrenal and 
ovary. A fainter hybridizing band was also found at 4.4kb in all tissues 
except m uscle, as w ell as a weak band at 4.8kb in adult male telencephalon. 
N o signals were seen in testes from rat or ZF. These data suggest that 
several d u n c e - like PDEs exist in ZF. They are expressed widely in the 
songbird brain and may be involved in diverse neural functions during 
developm ent and in adulthood.
Support: D C 03019 (JAC), NSF fellow ship (BET), and IBN 9602139 (BAS).

274.2
AROM ATASE IN THE BRAIN OF A SUB-OSC1NE BIRD. BA Schlinger*. 
SE. London, JD. Schultz and CL Saldanha. Dept, o f  Physiological Science, 
Lab o f  Neuroendocrinology, BRI, UCLA, Los A ngeles, CA 90095-1527.

The conversion o f androgen to estrogen in brain by the enzyme aromatase is 
a critical feature o f several sex-steroid dependent brain functions. In many 
vertebrates, including birds from four Orders o f  non-songbirds (Galliformes; 
Psittaciformes; Charadriiformes; Columbiformes), aromatase is concentrated 
in hypothalamus (HPOA) and in limbic structures associated with the control 
o f  reproductive behavior. A different pattern has been seen in oscine songbirds 
(Passeriformes); aromatase is expressed at high levels in several brain regions 
including the neostriatum and hippocampus. W e tested the idea that high 
telencephalic aromatase expression evolved together with the oscine neural 
song system  by measuring aromatase in the brain o f a sub-oscine, passerine 
bird, the Golden-collared Manakin (M anacus v ite llinus) that we know lacks a 
nissl-stained neural song system. Adult male (n=6 ) and female (n=4) manakins 
were collected o ff  active courtship leks in Panamanian forests. Aromatase 
activity (conversion o f ¾ -androgen into 3H-estrogen) in manakin brain was 
compared to activity in an oscine songbird (zebra finch; n=3) and in a non
songbird (quail; n=3). Aromatase was detected in the HPOA o f all 3 species, 
but in the caudal neostriatum and hippocampus, significant activity was 
detected only in the manakin and zebra finch. These data suggest that high 
telencephalic aromatase may be a trait o f all passerine birds, and is not a 
specialization associated with song. Perhaps high neural aromatase in 
primitive songbirds was a pre-adaptation for the evolution o f oscine song. 
Supported by NSF IBN 9602139
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274.3
ANDROGEN METABOLISM IN THE JUVENILE OSCINE FOREBRAIN: 
A CROSS-SPECIES COM PARISON AT NEURAL LOCI IMPLICATED IN 
LEARNING AND MEMORY. CJ Saldanha1 *. SE London1. K Sanford2 .
NS Clayton^. & BA Schlingeŗl . 1 Dept, o f  Physio Sci & LNE, BRI, UCLA, 
Los Angeles, CA 90095 & ^Section NPB, UC Davis, Davis, CA 95616.
Estrogens (E) and androgens (A) can affect neural structures associated with 

learning and memory. Songbirds show remarkable memory capabilities e.g. 
during song learning and food storing. However, little is known about the 
availability o f  steroids to forebrain structures during the sensitive phase for 
song learning or seasonally during food storing. W e measured the activites 
ofaromatase, 5α- and 5ß-reductase in the forebrains o f  juvenile pygmy 
nuthatches and mountain chickadees (oscine, storers), house wrens and house 
sparrows (oscine, non-storers). Enzyme activities were assayed in the 
hippocampus (HP), anterior neostriatum (N A N ) and caudomedial 
neostriatum (NCM ) to include loci implicated in spatial memory, song 
acquisition, and song perception respectively. HP aromatase did not differ 
between storers and non-storers suggesting the specialized HP function o f  
food caching songbirds is not associated with differences in E synthesis at 
this age. Aromatase activity was highest in the HP and NCM , but very low in 
the NAN. 5α-reductase was low in the HP, but high in NA N and NCM. 
Finally, 5ß-reductase was highest in the N A N  follow ed by NCM and HP. 
These data suggest that E, rather than A, may affect HP function in many 
songbirds. Further, E and A may influence song perception, but these studies 
do not support an effect o f  local androgen metabolism on the pathways o f  
song acquisition. Supported by N SF IBN 9120776 and the JD French 
Alzheimer’s Foundation.

274.5
ONTOGENESIS OF SYLLABIC MAPS IN THE CAUDOMEDIAL 
NEOSTRIATUM OF CANARIES.
S. Ribeiro*. G. A. Cecchi. M. O. Maenasco and C. V. Mello.
The Rockefeller University, 1230 York Avenue, New York, NY, 10021, USA.

The immediate early gene ZENƘ can be induced by conspecifíc song 
in the caudomedial neostriatum (NCM) of songbirds. We have recently shown 
that presentation of natural song syllables (whistles) to adult canaries (ACN) 
results in highly clustered ZENK patterns which are topographically organized 
by frequency along NCM ’s dorso-ventral axis. Artificial stimuli of same 
frequencies elicit responses of much less specificity, indicating that the 
information present in the ZENK maps is enough for a fine discrimination of 
similar stimuli. We here set out to investigate: 1) whether the genesis of mature 
whistle maps in NCM is completed before adulthood or not and; 2) whether 
this syllabic representation is innate or, on the contrary, can be affected by early 
experience. We studied juvenile canaries exposed only to canary songs (JCN), 
and juvenile canaries exposed only to zebra finch songs (JZF). Animals were 
stimulated with the repetition of a single canary whistle; ZENK patterns were 
revealed by immunocytochemistry as previously described (Mello & Ribeiro, 
1998). We found that the whistle patterns obtained in JCN differ substantially 
from those previously observed in ACN, the former being less clustered and 
ventrally shifted respect to the latter. Furthermore, whistle maps in JZF were 
clearly distinct from maps seen in both ACN and JCN. First, JZF maps had 
about twice the number of labeled cells observed in the other two groups. 
Second, the patterns were remarkably shifted towards ventral NCM (even more 
than in JCN), but their clustering was comparable to that observed in ACN. 
Taken together, our results suggest that NCM syllable maps found in adult 
canaries 1) are not yet fully developed in juveniles and; 2) can be modified by 
experience at early ages.
(Work supported by NIDCD, Mathers Foundation, Kluge Fellowship and 
CNPq).

274.7
UOCAL COMMUNICATION IN HUMMINGBIRDS P. Rousseloť. C.U. Mello1, J. 
Шelliard2. M.L. da Silua2. A. Ferreira1. A. Costa* K. Leon1. E.D. Jaruis1*. lab. 
oĩ Animal Behauior,The Rockefeller Unīu, Neш ⅛rk , NV 10021; lab. de Bioacustica, 
Unicamp, São Paulo, Brasil; Ίnst.PsicologiąUSP, São Paulo, Brasil; and Museu de Biologia 
Mello Leitao,SantaTereza,ES, Brasil.

As presented in the accompanying abstract, expression analysis of 
the ZENK gene has been used to map uocal control areas in tшo 
hummingbird species common in the Brazilian Atlantic rain forest, 
fíphаntochroа cirrhochloris and Glаucis hirsutа. Here шe report on the 
uocal behauior o f these birds in free ranging conditions. 
fíphаntochroа song is re la tiue ly stereotyped and usually begins ш ith  
a high-pitched introductory note, folloшed by a repetitiue 2 note 
sequence consisting of frequency-modulated stacks. In contrast, 
Glаucis song is more complex, usually beginning ш ith  a uariable 
introductory note, folloшed by m otifs  composed of a repertoire of 
8-10 notes. These notes are produced in ascending and descending 
frequency modulated sequences. Both species appear to  use song in 
a uariety o f contexts, fíphаntochroа typ ically sings шhile perched on 
a tree branch, in defense of the immediate te rrito ry  and/or nearby 
food source, or during courtship. On the o ther hand, Glаucis шas 
obsemed to  sing e ithe r шhile perched or шhile fly ing ш ithout any 
apparent food source association, fíphаntochroа is apparently more 
aggressiue than Glаucis in its  encounters ш ith  o ther conspeciſics and 
heterospecifics. This behauioral analysis ш ill form  a basis fo r  
determining the presence or absence o f uocal learning in these 
hummingbird species. Supported by Kluge funds, CNPq and NIDCD 
02853.

274.4
Immediate-early gene expression in juvenile gallinaceous birds in 
response to conspecifíc and heterospecific maternal calls. K. D. Long*,
J. M. Salbaum and E. Balaban. The N eurosciences Institute, San Diego, 
CA 92121.
Previous research has shown a relationship between IEG expression and 
the learning o f  novel song types in oscine birds. We were interested in 
learning whether changes in IEG expression would also occur in 
gallinaceous birds like chickens and Japanese quail, whose ability to 
identify their species calls is largely unlearned. We have previously 
identified and sequenced the quail hom ologue o f  egr-1 , which is similar 
in structure to other avian versions o f  the IEG dubbed ZENK. Dig- 
labeled riboprobes o f  chicken and quail ZENK were generated and 
applied in the follow ing paradigm. Individual chickens and quail were 
played one exemplar o f  either the conspecifíc or heterospecific maternal 
call for 30 minutes on day 2 posthatching. Each brain was then 
immediately excised, quick frozen, and sectioned for in situ  
hybridization. To equalize labeling artifacts, brains were processed in 
pairs containing one conspecifíc case and one heterospecific case. Dig 
labeling density was found to be differentially higher in specific 
forebrain nuclei o f  birds which heard the conspecifíc maternal call. 
These results suggest that an elevation in immediate-early gene activity 
in the forebrain occurs in response to more behaviorally salient calls, 
and may indicate possible mechanisms for the innate recognition o f  
conspecifíc calls in gallinaceous birds. Supported by Neurosciençes 
Research Foundation.

274.6
ANALYSIS OF A SYLLABIC REPRESENTATION IN THE BRAIN OF 
CANARIES.
G.A. Cecchi*. S. Ribeiro. C.V. Mello. M.O. Magnasco.
The Rockefeller University, 1230 York Avenue, New York, NY. 10021, USA.

We have recently shown the existence of an auditory representation of song 
syllables in the caudomedial neostriatum (NCM) of canaries, whereby different 
syllables are mapped onto neuronal ensembles distinctly characterized by the 
spatial organization and level of activity of cells expressing the early gene 
ZENK. We are interested in how stimuli fed into the auditory pathway are 
transformed into brain representations. We performed a quantitative analysis of 
the relationship between the set of syllables and the set of their representations in 
NCM, as revealed by ZENK immunocytochemistry. We modelled the cochlea as 
a Fourier analyzer and mapped the set of stimuli onto the first three components 
of a Principal Components Analysis (PCA) of this synthetic cochlea (SC). We 
then analysed the transformation of the SC input, as revealed by the first three 
components of a PCA of the ZENK expression patterns. These are organized in 
such a way that each class of syllables is allocated a unique subspace of the 
PCA. Artificial syllables are stretched out and separated from the subspace 
occupied by natural syllables of similar frequencies. In addition, combined 
syllables and their components are organized into non-overlapping subspaces. 
This is in contrast with the SC, where the local frequency information dominates 
the organization, such that natural and artificial syllables of same frequencies are 
mapped closely together, and combined syllables are intertwined with their 
components. Our results suggest that there is an active reorganization of the 
auditory input as it ascends from the cochlea to NCM, so as to grant salience to 
the syllabic identity of the stimulus.
(.Mathers Foundation, NIDCD, Kluge Fellowship and CNPq).

274.8
GENE EKPRESSI ON REUEALS BRAIN AREAS INU0LUED IN UOCAL
COMMUNICATION IN HUMMINGBIRDS C·U. Mello1*. S. Ribeiro1. J. Uielliard2. M. 
L. da Silua2, D. Ueπtura3 and E.D. Jaruis1. 'Lab. of Animal Behauior,The Rockefeller 
Un¡u, Neш ⅛rk, NV 10021; lab. de Bioacustica, Unicamp, São Paulo, Brasil; Зl nst. Psícologia, 
USP, São Paulo, Brasil; and Ntiseu de Biologia MbIIo Leitao, Santa Tereza, ES, Brasil.

Uocal learning is thought to  haue euolued independently in songbirds, 
parrots and hummingbirds. Brain regions inuolued in uocal
communication haue been mapped in songbirds and parakeets, but not 
in hummingbirds. To address this uoid, шe took aduantage of the fact 
tha t the immediate early gene ZENK is induced in auditory or uocal 
control brain areas шhen songbirds and parakeets hear or produce song. 
Шe noш haue examined fíphаntochroа cirrhochloris and Glаucis hirsutа, 
tш o hummingbird species common in eastern Brazil. Шe compared birds 
singing in te rrito ria l defense in the fie ld  fo r at least 30 minutes ш ith  
birds hearing conspecifíc song playbacks, and ш ith  silent controls. The 
birds шere then captured and killed, and brain ZENK expression 
analyzed by in situ hybridization. Birds шho heard song but did not sing 
had marked ZENK expression in regions o f the caudomedial 
telencephalon tha t closely resemble auditory areas of songbirds, 
including NCM, portions o f fie ld  L, CMHU, and caudal PR. Birds tha t sang 
shoшed, in addition, ZENK induction in discrete nuclei reminiscent of 
the anterior forebrain pathшay of songbirds and parakeets (K/LPOm, 
IMAN/NAo and HUo/HUo). Thus, there are marked neuroanatomical 
sim ilarities of ZENK a ctua tion  patterns during song perception and 
production across uocal learning auian orders. I t  remains to be 
determined шhether these result from conuergent euolution, or from  
conservation of tra its  deriued from a common ancestor. Supported by 
Kluge ſelloшsh¡ps, CNPq, and NIDCD grant 02853..

Society for Neuroscience, Volume 24 ,1998



700 MOLECULAR NEUROETHOLOGY: AVIAN FOREBRAIN MONDAY AM

274.9
CONTENT DEPENDENT BRRIN RCTIURTION. E.ũ. Jaruis. C. Scharff. M 
Grossman. JД. Ramos and F. Nottebohm*. Lab. of Animal Behaυior, The 
RockeſeQerUn¡u,N⅝NVI 0021

Шhen nuclei o f the anterior forebrain uocal pathшay, i.e. I MAN of 
the auian corteĸ and Rrea H o f the basal ganglia, are lesioned in 
juυenile  zebra finches uocal learning is disrupted. Шhen lesioned in 
adults no e ffe c ts  on learned song production are detected. In 
contrast lesions o f nuclei in the posterior pathuiay, HUC and RR of the 
corteH, a ffe c t song production at all ages, ⅛ t, the act o f singing 
induces a strong immediate early gene response in nuclei o f both the 
anterior and posterior pathuiays o f adults, indicating tha t both are 
actiue during singing. To address th is enigma, шe examined uocally 
induced expression o f the transcriptional regulator ZENK in the brains 
o f zebra finch males шho sang in d iffe re n t behauīoral contexts. Шe 
found tha t the anterior pathшay consists o f medial and lateral 
feedback loops in шhich actiuation o f the form er loop depends on to  
шhom the bird sings. Female-directed singing is accompanied by high 
leuels o f ZENK expression restricted mainly to  the medial anterior 
loop and the dorsal cap o f RR. Undirected singing is accompanied by 
actiuated expression in both the medial and lateral anterior loops, 
and all o f RR. The Rrea K- and RR-projecting cells of HUC shoш equal 
actiuation ш ith  both singing behauiors. Шe conclude tha t although 
uocal m otor output of directed and undirected singing d if fe r  l it t le ,  
the brain’s molecular, and presumably electrophysiological, actiuation  
d if fe r  greatly. These results demonstrate th a t knoшing the precise 
context o f a birds singing behaυior has im portant consequences 
toшards understanding song nuclei function. Supported by Kluge 
funds and NIHM.

274.11
AGE AND PHOTOPERIOD EFFECTS ON ZENK INDUCTION IN EUROPEAN 
STARLINGS. D.L. Duffy *. G.E. Bentlev. and G.E. Ball. Dept, of Psychology. 
The Johns Hopkins University, Baltimore, MD 21218.

The immediate early gene ZENK (also known as zif-268, egг-1, NGFI-A, and 
Krox-24) encodes a zinc finger transcriptional regulator. Stimulation with 
conspecific song induces ZENK expression in a similar pattern in several bird species 
with the highest expression occurring in the caudomedial neostriatum (NCM) and the 
caudomedial hyperstriatum ventrale (cmHV). We have now focused on addressing 
whether ZENK expression in female starlings following song stimulation: (1) 
exhibits seasonal variation in a species in which song is used during the breeding 
season and (2) exhibits variation in juveniles which are relatively naive to song. 
Adult photorefractory (i.e., non-breeding, housed on l 8L:6D) and photosensitive 
(i.e., reproductively active, housed on И L:IЗD ) female starlings were isolated 
individually for 2 days in sound attenuating chambers and were then presented with 
either conspecific male song or silence from a speaker for 30 min. Additionally, 
juvenile photorefractory female starlings were presented with conspecific song for 30 
min. Sixty minutes after stimulus onset the birds were perfused and the ZENK 
protein was localized via immunocytochemistry using a primary antibody grown 
against a portion of the mammalian egr-1 peptide sequence. Song stimulation 
resulted in a significant increase in ZENK expression in NCM and cmHV in both 
adults and juveniles, with no differences observed across reproductive condition or age 
group. Thus, despite a seasonal change in the behavioral response of females to 
song, ZENK induction following song playback is equally robust across reproductive 
condition. Also, consistent with previous reports in zebra finches, even limited song 
exposure during ontogeny will result in ZENK expression in young birds at levels 
similar to those observed in adults. Furthermore, in a species in which song plays a 
primary role in reproduction, ZENK induction is equally robust in sexually immature 
and sexually mature females following song playback.
Supported by NSF IBN 951425.

274.13
COLOCALIZATION OF VOCALIZATION-DRIVEN ZENK PROTEIN 
EXPRESSION AND NADPH-d IN VOCAL CONTROL NUCLEI OF NESTLING 
AND ADULT BUDGERIGARS. Todd F. Roberts* We∩ru Liana. Steven E. Brаuth 
and William S. Hall. Dept. O f P sychology, Univ. O f MD., C ollege Park, MD, 20742.

ZENK immunohistochemistry was used in adult and nestling budgerigars (M . 

Undula tus), aged 1-5 weeks, to identify neuronal subsets, incorporated into 
functional circuits for vocalization, which also express nicotinamide adenine 
dinucleotide phosphotase diaphorase (NADPH-d). Nuclei studied were the central 
nucleus of the anterior archistriatum (AAc), central nucleus of the lateral 
neostriatum (NLc), oval nucleus of the hyperstriatum ventrale (HVo), oval nucleus 
of the anterior neostriatum (NAo), magnocellular nucleus of the lobus 
parolfactorius (LPOm), and magnocellular nucleus of the dorsomedial thalamus 
(DMm).

The results show that neurons are recruited into functional circuits as early as 
2 weeks posthatch in all nuclei, although the number of ZENK+ neurons increased 
substantially between 2 and 3 weeks. This is consistent with the idea that the 3-5 
week posthatch ‘transitional’ periods are characterized by a shift from simple 
unlearned foodbegging calls to individually distinctive calls under control of 
forebrain circuits.

We found colocalization of ZENK and NADPH-d in some neurons at all age 
points. This indicates that throughout development vocal nuclei contain multiple 
neuronal subsets susceptible to vocalization-driven ZENK expression, including 
some subsets which also express NADPH-d.
This research w as supported by NIH G rant MH4O698 to SEB

274.10
DISSOCIATION BETWEEN ELECTROPHYSIOLOGICAL AND GENOMIC 

RESPONSES TO SONG IN JUVENILE ZEBRA FINCHES
R. Stripling*, A. Kruse, D. Clayton, and S. Volman+

Beckman Institute, Univ, of Illinois, Urbana IL 61801; *NSF, Arlington, VA 22230.
Presentation of tape recorded birdsong activates ZENK expression in the 

caudomedial neostriatum (NCM) of songbirds, but ZENK induction is not a constitutive 
or automatic response to electrophysiological activity. When one song is repeated the 
ZENK response to that song specifically declines, even though cells in NCM continue 
to fire in response to that song (Mello et al., 1995). The ZENK response has been 
studied mostly in adult birds, but recently it was found that it first emerges in juvenile 
zebra finches between 20 and 30 days of age (d2ö-dЗO), and is further delayed in birds 
reared in isolation (Jin & Clayton, 1997). All of these observations suggest that the 
ZENK response must be subject to modulatory influences, and we hypothesized that 
this may effectively govern the efficiency of memory storage in NCM or in its efferent 
targets (Stripling et al., 1997). Our goal now is to define the physiological signals that 
are necessary and sufficient for ZENK activation. Single-unit electrophysiological 
analysis in adult birds indicated a  correlation between rapid habituation in firing rate and 
ZENK induction (Stripling et al., 1997). To test the generality of this correlation, we 
analyzed the electrophysiological responses of NCM units in isolate-reared dЗO, aid 
normal d2O and dЗO juvenile zebra finches. As in adults, NCM units in all juveniles 
responded robustly to song playback. Cells fired less strongly to other classes of 
stimuli (e.g., tones when compared to songs), but tended to fire equally well to different 
individual songs. In all juveniles, firing rates habituated during repetitions of novel 
song, even in juveniles that had not yet developed the ZENK induction response. Thus, 
the habituation of electrophysiological responses is not by itself a sufficient trigger for 
IEG induction, but it may still be necessary. These results suggest a further 
dissociation between gross physiological activity and "immediate early" gene expression 
in the brain. These results also suggest that the auditory processing system of very 
young or experience-deprived (isolate) birds is as well developed as that of normal adult 
subjects. Supported by NIH grant ROl MH52O86 and an NSF graduate fellowship 
(AK).

274.12
BEHAVIORALLY RELEVANT VARIATION IN MALE SONG INDUCES 
D1FFERERNTIAL EXPRESSION OF THE I EG ZENK IN A SUB-REGION OF 
NCM IN FEMALE STARLINGS. T. O, Gentneг*. D. L. Duffy, P. K⅛louclis. Ľ. 
Ellis. G. F. Ball. Department of Psychology, Behavioral Neuroendocrinology Group, 
Johns Hopkins University, Baltimore, MD 21218.

In songbirds, cells in several regions of the auditory telencephalon (e g , 
caudomedial ventral hyperstriatum [cmHV] & the caudomedial neostriatum [N(ľM|) 
show higher levels of expression of the immediate early gene [IEG] ZENK in 
response to the playback of conspecific song as compared to heterospeđſic song or 
other species atypical sounds. Thus, these areas and the IEG ZENK have been 
implicated in the processing of conspecific communication signals. Female starlings 
use male song to make mate choice decisions, and display a robust behavioral 
preference for longer as compared to shorter male song bouts. This experiment 
examined the effect of variation in male song bout length on the expression of ZENK 
in female starlings. Three groups of females were exposed to songs from a single 
male starling over a period of 30 min. The first group was exposed to 27.5 min of 
song: 6 bouts (mean length = 23.36 s) repeated 13 times each. The second group was 
exposed to 27.5 min of song: 6 bouts (mean length = 59.15 s) repeated 4 times each. 
The third group was exposer! to 6.4 min of song: 6 bouts (mean length = 23.36 s) 
repeated 3 times each. Stereological estimates of the ZENK protein product revealed 
by immunocytochemistry show a clear trend of higher expression in both cmHV and 
NCM for those females exposed to longer song bouts. Subsequent analyses of 
expression densities in sub-regions in NCM reveal significantly higher levels of 
ZENK protein expression in the ventral portion of NCM in the females exjюscd to 
longer song bouts compared to both the groups exposed to shorter song bouts. T hese 
data suggest that songbirds possess central processing mechanisms that are biased to 
detect behaviorally relevant variation in consļ>ecific signals; and further, that ZENK 
plays an important role in mediating these central sensory biases.
Supported by NSF IBN 9514525 & NIH ROINS35467

274.14
TYROSINE HYDROXYLASE IN TELENCJ:PHALIC VOCAL CONTROL NUCLEI 
OF THE BUDGERIGAR. W illiam  S. Hall. K ristin J, Heaton. Kelly K, Cookson, Todd

F. R oberts . Steven E. Brаuth. D epartm ent o f Psychology, University o f Maryland, 

C ollege Park MD. 20742.

W e used immunohistochemistry to compare tyrosine hydroxy lasѳ(TH ) labeling in fibers 

and te rm ina ls o f te lencephalic vocal control nuclei in both m ale and fem ale adult 

b u d g e r¡g a rs (Ш o p s /ffa c i/s  undulatus).

Within the central nucleus o f the anterior arch istria tum  (AAc) staining resem bles that 

o f the surround ing  archistr¡atal fields, except fo r portions o f the ventra l archistriatum  

w h ich  exhib ited substantia lly m ore T H +  fibe rs  than o ther parts  o f the archistriatum. 

F ew er f ib e rs  and fiber baskets w ere p resent in the central nuc leus o f the lateral 

neostriatum (NLc) than in surrounding fields. Both the oval nucleus o f the hyperstriatum  

ve n tra le  (HVo) and anterior neostriatum  (NAo) exhib ited less fiber staining than 

surrounding fie lds although fiber staining in the medial NAo (NAom) resem bles that of 

surrounding neostriatal fields. Staining patterns in the m agnocellu lar nucleus o f the lobus 

parolfactorius (LPOm) also resemble those o f surrounding fields. No staining differences 

w ere seen between m ale and fem ale budgerigars.

As in songbirds, TH staining in vocal contro l nuclei in budgerigars  can be distinguished 

from that o f surrounding fields. However, in songb irds such as zebra finch, vocal control 

nuc le i tend to show  enhanced TH staining com pared to surrounding fie lds while in 

budgerigars TH staining in vocal nuclei is e ither sim ilar to that o f surrounding fie lds or is 

less prominent. These results support the idea that m odification o f the TH system  related 

to the evolution o f vocal learning occurred independently in songb irds and parrots. 
Supported by Whitehall S91-17 (WSH), MH4O698 (SEB)
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274.15
EFFECTS OF DEAFENING ON NADPH-d STAINING OF 
FOREBRAIN AUDITORY AND VOCAL CO N T R O L NUCLEI IN 
THE BUDGERIGAR. Wenru Liang. James T. Heaton and Steven E. 
Brauth*Dept. Psychology, Univ, o f MD., College Park, MD. 20742.

We compared staining for nicotinamide adenine dinucleotide 
phosphatase diaphorase (NADPH-d) in telencephalic auditory and vocal 
control nuclei in normal adults with staining in 2 adult budgerigars 
(Melopsiítacus undulatus) completely deafened at 10-11 days 
posthatching and 2 adults partially deafened at 10-11 days posthatching.

In completely deafened birds, densities of NADPH-d neurons were 20- 
25% lower in the central nucleus o f the anterior archistriatum (AAc) and 
oval nucleus of the anterior neostriatum (NAo). There was also reduced 
staining in completely deafened birds in the neuropil o f NAo, the oval 
nucleus of the hyperstriatum ventrale (HVo), both the dorsal and ventral 
subdivisions o f AAc (AAcd and AAcv) and two auditory nuclei, the 
caudal nucleus basalis (Bas) and lateral Field L. The most conspicuous 
staining decreases were observed in the dorsolateral AAcd and caudal 
Bas. Prominent, large neurons in the magnicellular nucleus o f the lobus 
parolfactorius (LPOm) which project to the magnocellular nucleus o f the 
dorsomedial thalamus were less frequently stained in deafened animals.

Similar staining decreases were observed in one male who sustained 
bilateral AAc lesions at 9 days posthatch. Taken together these results 
imply that auditory and/or vocal stimulation are needed to maintain 
normal patterns of NADPH-d staining in these nuclei in budgerigars.
This research was supported by NIH Grant MH4O698 to SEB.

274.16
SONG-INDUCED CREB PHOSPHORYLATION IN THE 

SONGBIRD BRAIN H. Sakaαuchi1 ·2⅜. K. Wada3. M. Maekawa1 
& M. HaαiwaraЗ. 1Dept. of Physiol., Dokkyo Univ., Sch. of Med.; 
2pRESTO, Japan Science and Technology Corporation; Mibu, Tochigi 
321-0293 Japan; ¾ept. of Neuroendocrinol., Med. Res. Inst., Tokyo 
Med. & Dent. Univ., Chiyoda, Tokyo 101 Japan.

Transcriptional factor cAMP response element binding protein 
(CREB) underlies the formation of long-term memory in a remarkable 
diversity of animals from mollusks to mammals. A birdsong is an 
important model system for study of neural mechanism of learning and 
memory.ln orderto establish the relationships between CREB and 
song learning, the distribution of CREB in the song control nuclei was 
studied by immunohistochemistry using a monoclonal antibody against 
human CREB. The antibody recognized Zebra Rnch CREB as a 45 
kDa band on Western blotting of the bird brain homogenate. CREB- 
immunoreactive(IR) cells with high staining intensity was found in the 
HVC and areaX, but not LMAN. Combining retrograde tracers with 
immunihistochemistry,we determined that CREB-IR cells in the HVC 
project to area X. In addition, we found song-induced CREB 
phosphorylation in X-projecting HVC neurons using immunohisto
chemistry of a polyclonal antiserum against phosphorylated CREB 
(Hagiwara et al. 1993).Hearing conspefic song from a speaker for 30 
min increased the number of phosphorylated CREB neurons in the 
HVC as compared to birds which heared white noise or no song. Both 
the basal number of phosphorelated CREB-IR neurons and the 
number of song-induced phosphorelated neurons were higher in young 
birds compared to adults. These results suggest the possibility that 
CREB plays a ơudal role in sensory process of song learning.

INVERTEBRATE LEARNING AND BEHAVIOR II

275.1
ACTIVITY OF PƘC BUT NOT PKA IS IMPORTANT FOR 
INDUCTION OF DISSOCIATION-INDUCED LONG-TERM 
HYPEREXCITABILITY OF A P L Y S IA  SENSORY NEURONS. ‰  
Liao*. E. Grose and E. T. W alters. Dept. Integrative Biol., Univ, of 
Texas - Houston, TX 77030.

Axotomy of SNs in A p ly s ia  causes long-term h y p erex c ita b ility  
(LTH) of SN somata that lasts w eeks. Here w e describe evidence for 
the involvem ent of protein kinases in the induction and expression of 
LTH produced by dissociation for cell culture. Superfusion w ith  th e  
PKA inhibitor, Rp-8-cpt-cAM PS, during dissociation (1-1.5 mM) and 
for 20 hr afterwards (0.5 mM) had no significant effect on th e  
excitability of SN s tested after 4-5 d in culture compared to untreated 
controls (1 s test pulse: 23.7 vs. 23.5 spikes, n=5l and 57 ce lls), 
indicating that PKA activation is not necessary for induction of LTH. 
Application of a non-specific kinase inhibitor, staurosporin, during 
dissociation (5µM) and for 20 hr afterwards (0-lµM ) com p letely  
abolished LTH in culture 3 d later (2 s test pulse: 2.9 vs. 35.1 spikes, 
n=l5 and 20 cells), indicating that protein kinase activation is  
necessary for LTH induction. Evidence that one of the required 
kinases is PKC was provided by a significant reduction of LTH 3-4 d 
after applying H7 during dissociation (O.4mM) and for 20 hr  
afterwards (0-0.1mM)(15.5 vs. 29.4 spikes, n=6O and 47 cells). 
Staurosporin (5µM) 6 d after dissociation sign ificantly reduced 
expression of LTH (19.0 vs. 49.9 spikes, n=8 and 8 cells). H7 at 3-4 d 
did not sign ificantly reduce expression of LTH (41.3 vs. 45.5 spikes, 
n = l4  and 13 cells). Protein kinases appear important for many phases  
of LTH, w ith PKC being more important for induction of LTH in 
Aplysia  SNs than PKA. Supported by NIH grant NS35979.

275.2
NO, cGMP, and PKG CONTRIBUTE TO THE INDUCTION OF LONG
TERM HYPEREXCITABILITY OF A P L Y S IA  SENSORY NEURONS BY 
NOXIOUS STIMULATION. M. R. Lewin* and E. T. W alters. Dept, of 
Integrative Biology, Univ, of Texas - H ouston Medical School, TX 77030.

Intracellular injection of cGMP induces a protein-synthesis-dependent 
long-term  hyperexcitability (LTH) o f Aplysia  sensory neurons (SNs), and 
does so at much lower concentrations than cAMP injection (Lewin & 
Walters, SN S Absłr. 23:1958, 1997; unpublished observations). We h a v e  
developed a sem i-intact preparation that allow s selective treatment of 
SNs before noxious mechanical stim ulation of the ipsilateral body w a ll.  
Superfusion of the CNS w ith  the NO synthase inhibitor, L-NMMA  
(ImM ), for 5 min before and 10 min after injury of the unanesthetized body 
wall significantly reduced 24hr LTH in each preparation examined (n=2 
anim als, 49 cells). Sim ilarly, the guanylyl cyclase inhibitor, ODQ  
(ЮµM), during noxious stim ulation sign ificantly reduced LTH (n=5 
animals, 39 cells), as did m ethylene blue (ЮµM, n=8 cells). SNs injected 
w ith the PKG antagonist, PKI-G (lOOµM), showed less excitability  after  
body-wall injury than uninjected SNs or SNs injected with Fast Green dye  
in 3 of 3 preparations (14 cells injected with PKI-G). Similar reduction of  
excitability  was seen after injection of the PKG antagonist, KT5823 (3 
injected cells). These data indicate that noxious body-w all stim ulation  
causes activity-dependent release of neuromodulators that activate a 
NO-cGMP-PKG pathw ay, and that this p athw ay makes a substantial 
contribution to the induction of LTH. An interesting difference between 
the cGMP and cAMP pathways is that low  extracellular Ca2+ levels, and 
BAPTA injection, significantly reduce LTH caused by injection of cAMP, 
w hereas these conditions enhance LTH produced by injection of cGMP. 
Supported by NIH grant NS35979.

275.3
CONDITIONED INHIBITION TRAINING EFFECTS UPON LIGHT- 
MODULATED BEHAVIORS IN HERMISSENDA J. I. KIM* AND J
FARLEY. Program in Neural Science, Indiana University, Bloomington, IN, 
47405.

Previous research has demonstrated that Hermissenda exposed to explicitly 
unpaired (EU) presaltations of light and rotation exhibit enhanced phototaxis in 
open-field tests in a light gradient, and correlated decreases in excitability of 
ocular Type B photoreceptors. Here, we report that inhibitory learning in 
Hermissenda is also reflected in a different response measure: enhancement of 
light-elicited foot-expansion, measured as an increase in the area of the pedal 
musculature in contact with a substrate. Comparisons of area changes for EU 
vs. Home Cage control animals and EU vs. Random control animals after 
training revealed significantly greater foot response area for the EU group 
during light presentations. This increase for EU animals was a specific 
outcome of the inhibitory signaling arrangement between light and rotation, 
since Home Cage control and Random control animals failed to show the 
enhancement while animals exposed to light-rotation pairings exhibited light- 
elicited decreases in foot area (“clinging”), as in previous reports. Although 
there was no correlation between pedal musculature responses changes and 
phototactic behavior in the open-field for Home Cage control and Random 
controls, a moderately strong negative correlation (r= -.43) was apparent for 
EU animals. The implications of this correlation for organization of neural 
circuits mediating phasic (e g., clinging) and rhythmic (e.g., pedal wave) pedal 
musculature responses will be presented.
Supported by grants from NIH

275.4
CONTRIBUTION OF POSTSYNAPTIC CA2+ TO THE IND UCTION OF 
PTP IN THE NEURAL CIRCUIT FOR SIPHON WITHDRAWAL
h .H ..Schaffhausen, T, M. Fischer & T. I. Carew*. Depts. of Psychology and 
Biology, Yale University, N ew  Haven, CT 06502

Previous studies in A plysia  have revealed a novel post-synaptic Ca2+ 
component to post-tetanic potentiation (PTP) at the LE sensory neuron (SN) 
to LFS motor neuron (MN) synapse w ithin the neural circuit for the siphon 
withdrawal reflex (SWR)(Lin & Glanzman, 1994; Bao et al., 1997). Recent 
studies in our laboratory show  that PTP at an interneuronal site in the SWR 
circuit (the inhibitory synapse from LЗO to L29) does not require post- 
synaptic  Ca2+ (Fischer et al., 1997). Since the SN s, the LЗO and L29 
interneurons, and the M Ns are interconnected, the SWR circuit provides the 
opportunity to examine the specificity of post-synpatic Ca2+ dependency in 
PTP at a variety of synaptic sites.

Target sp ec ific ity  w as exam ined by determ ining w hether a post- 
synaptic injection of a Ca2+ chelator (BAPTA) reduced PTP at synapses that 
share a com m on pre-synaptic cell (SN) but differ in their post-synaptic  
targets (an LFS M N and an L29 interneuron). Our results show that post- 
synaptic BAPTA injection reduced PTP at the SN to M N synapse (n=29; 
p<0.02) but did not affect PTP at the LE to L29 synapse (n=l4; N.S.). Input 
specificity was examined by comparing PTP at two synapses with differing 
presynaptic neurons (the LE SN and the L29 interneuron) that share a 
com m on post-synaptic target (LFS M N). Preliminary results suggest that 
post-synaptic BAPTA injection reduces PTP at the LE input but not the L29 
input to the LFS M N. C ollectively, these results suggest that the post- 
synaptic Ca2+ com ponent to PTP is both target specific and input specific. 
(Supported by NIH grant MH 41083 to TJC.)
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275.5
CHARACTERIZATION AND MODULATION OF ACTIVITY- 
DEPENDENT PLASTICITY AT THE L29-MN SYNAPSE IN 
APLYSIA. A .S . B r is to l1. T .M . F is c h e r* 1, a nd  T .J . C a re w 12. D e p t, o f P s y c h .1 & 
B io l.2, Y a le  U n ive rs ity , N e w  H a ve n , C T  0 6 5 2 0 .

S e ve ra l s ite s  in th e  n e u ra l c irc u it fo r  th e  s ip h o n  w ith d ra w a l re f le x  
(S W R ) e x h ib it  a c t iv ity -d e p e n d e n t p la s tic ity . F o r e x a m p le , th e  re c u r re n t 
s y n a p s e  fro m  th e  in h ib ito ry  in te rn e u ro n  LЗO o n to  th e  e x c ita to ry  in te rn e u ro n  
L 2 9  s h o w s  se ve ra l fo rm s  o f s h o r t- te rm  e n h a n c e m e n t (S T E ): f r e q u e n c y  
fa c ilita tio n  (FF), a u g m e n ta tio n  (A U G ), a n d  p o s t- te ta n ic  p o te n t ia t io n  (P T P ) 
(F is c h e r e t al., 1 9 9 7 a ). M o re o v e r, th is  s y n a p s e  e x h ib its  m e ta p la s tic ity : 
A U G /P T P  a re  d o w n -re g u la te d  b y  ta il s h o c k  a n d  s e ro to n in  (5 H T )(F ίs c h e r e t  
a l. ,1 9 9 7 b ) . O th e r  s ite s  w ith in  th e  S W R  c irc u it a lso  s h o w  S T E . F o r e x a m p le , 
th e  s y n a p s e  fro m  L 2 9  to  th e  L F S  m o to r n e u ro n  (M N) s h o w s  P T P  (F ro s t & 
K a n d e l, 199 5 ). T h is  ra is e s  th e  q u e s t io n  o f w h e th e r  m e ta p la s tic ity  is a  fe a tu re  
c o m m o n  to  all s y n a p s e s  in th e  S W R  c irc u it th a t s h o w  S T E , o r is s y n a p s e -  
s p e c ific . T o  e x a m in e  th is  q u e s tio n , w e  h a v e  c h a ra c te r iz e d  P T P  a t th e  L 2 9 -M N  
s y n a p s e  a n d  h a v e  b e g u n  to  e x p lo re  th e  e ffe c ts  o f 5 H T  on  th is  fo rm  o f s y n a p tic  
p la s tic ity .

W e  firs t e s ta b lis h e d  th e  tim e  c o u rs e  o f  P T P  fo llo w in g  a  b r ie f te ta n u s  
in d u c e d  by in tra c e llu la r  d e p o la r iz a tio n  o f L 2 9  (5 se c , 2 0 H z ). W e  o b s e rv e d  an 
in c re a s e  in  th e  L 2 9 -M N  E P S P  th a t w a s  g re a te s t w h e n  te s te d  at 10 s e c  (m e a n  
in c re a s e  =  2 0 0 % ; p < .05 ), b u t still s ig n if ic a n t at 6 0  s e c  (m e a n  in c re a s e  = 
1 2 5 % ; p <  .05), a n d  a t 5  m in  a fte r  te ta n u s  (m e a n  in c re a s e  =  7 0 % ; p < .0 5 ). W e  
n e x t e x a m in e d  th e  e ffe c ts  o f 5 H T  (2 m in e x p o s u re , 5 0  µM ). F irs t, w e  fo u n d  
th a t th e  L 2 9 -M N  E P S P  w a s  re d u c e d  w h e n  te s te d  im m e d ia te ly  fo llo w in g  5 H T . 
S e c o n d , in c o n tra s t to  th e  L З O -L29  s y n a p s e , w e  fo u n d  th a t P T P  at th e  L 2 9 -  
M N  s y n a p s e  w a s  u n a ffe c te d  (o r o c c a s io n a lly  e v e n  e n h a n c e d )  w h e n  te s te d  1 0  
m in  a fte r  5 H T  tre a tm e n t. A lth o u g h  p re lim in a ry , th e s e  re s u lts  s u g g e s t th a t 5 H T - 
in d u c e d  m e ta p la s tic ity  m ay b e  s y n a p s e -s p e c if ic  in th e  n e u ra l c irc u it fo r  th e  
S W R . (S u p p o rte d  b y  N IH  g ra n t M H 4 1 0 8 3  to  T .J .C )

275.7
SEROTONERGIC MODULATION OF AN INTERNEURON 
CRITICAL FOR LEARNING IN THE MEDICINAL LEECH. B.D. 
Burrell*, E. Montgomery, and C.L. Sahley. Departm ent of 
Biological Sciences, Purdue University; West Lafayette, IN 47907.

The modulatory neurotransmitter serotonin (5HT) plays an 
im portant role in associative and non-associative learning of the 
medicinal leech (Hirudo medicinalis) shortening reflex (Ehrlich et al, 
1992; Sahley, 1994). Previous experiments have suggested that 
one potential pathw ay for 5HT modulation involves facilitation of 
the S-cell (Belardetti et al, 1982; Sahley, 1995). The S-cell is an 
intemeuron that contributes to the shortening response, but is not 
necessary for performance of the reflex. However, the S-cell is 
critical for learning-induced behavioral plasticity of the shortening 
response (Sahley, 1995). In the following series of experiments, 
the effects of 5FIT on the S-cell were observed and compared with 
changes in S-cell response properties observed during non- 
associative learning. The effects of 5HT on the S-cell were 
concentration specific. Intermediate to high concentrations of 5HT 
induce a decrease in the spike initiation threshold to intracellularly 
injected current, while low concentrations increase the initiation 
threshold. Sensitization and dishabituation training induce a 
decrease in the S-cell initiation threshold that resembles the 
facilitating effects of 5HT. In addition, 5HT also facilitates S-cell 
activity induced by photo-stimulation. (NIH# 665482 & NIMH# 
MH44789).

275.9
PREPULSE INHIBITION OF SIPHON BENDING AND INKING IN THE 
MARINE MOLLUSC, ΛPLYSIA CALIFO RNIA. D.L. Mongeluzi*. L.-M. Tian, 
W.N. Frost. Dept. Neurobio. & Anat., Univ. Texas Med. Sch., Houston, TX 77225.

Studies in humans and other vertebrates have demonstrated that presenting a weak 
stimulus just prior to a startle-eliciting stimulus reduces the amplitude of the startle 
response. This phenomenon, known as prepulse inhibition (PPI), exposes an 
important nervous system sensory gating mechanism that is incompletely understood.

We recently demonstrated the first example o f PPI in an invertebrate, the marine 
mollusc Tńtonia ďюmedea. To determine whether PPI is a property of invertebrate 
nervous systems in general, we here investigated whether it could be demonstrated in 
the marine mollusc Ap¡ysia californica, a preparation highly suited for cellular studies.

We found that a 100 ms vibrotactile prepulse to the neck, beginning 250 ms before a 
1 s tail shock, blocked the pronounced tailward siphon bend normally produced by the 
tail shock (n=6). Because the vibrotactile prepulse produced siphon consưiction in 
some animals, this response loss could have been due to a competing motor response 
(i.e., constriction), rather than PPI. To exclude this possibility, we repeated the 
procedure using a weak head shock prepulse that produced no siphon response on its 
own. Significant inhibition o f siphon bending was again obtained. Systematically 
varying the prepulse - tail shock interval revealed that this inhibition was highly 
transient, with a significant effect lasting just 250 ms (n=Ю). An initial set of cellular 
experiments revealed that tactile prepulses produce a short-lasting inhibition o f the 
excitatory LFSB siphon motor neuron response to tail nerve shock (5 preps, 6 cells).

We also tested for PPI of a second behavior in Aplysia -  the inking response to 
strong tail shock. We found that a 100 ms vibrotactile prepulse beginning 250 ms 
before tail shock onset completely blocked inking in eighty percent of the animals 
tested (n=Ю). Our present study extends the generality o f PPI in :nvertebrates, and 
establishes Aplysia as a model system in which to explore its cellular mechanisms. 
Supported by NIH grants NS36500 and NS07373.

275.6
SEROTONERGIC NEURONS EM BEDDED IN MULTIPLE MOTOR 
NETW ORKS FORM AN AROUSAL SYSTEM CAPABLE OF SPECIFIC OR 
GENERAL ACTIVITY IN THE MOLLUSK RLFURORRANCHAĽA 
CALIFORNICA J, Jin⅛'¯  ̄ , R. G illette1. Dept. Molecular and Integrative 
Physiology. University of Illinois. Urbana. IL 61801. "Dept. Physiology . Mt 
Sinai School of Medicine. New York. NY 10029 

Behavioral arousal can be specific to distinct behaviors or can act more 
generally on multiple behaviors We have identified 5-HTcrgίc neurons, largely 
acting as facilitatory elements, embedded in distinct neural networks for 1) 
defensive behaviors including escape swimming and avoidance turning, 2) 
feeding behavior, and 3) ciliary locomotion. The 5-HTergic As 1-4 ensemble of 
the defensive networks in the ccrcbroplcural ganglion facilitates escape 
swimming as intrinsic modulatory elements (as do their DSI homologs in the 
slug Tritonia). and avoidance turning by exciting a turning intemeuron. A4. a 
necessary element for turning. The 5-HTergic metaccrcbral giant (MCG) and 
adjacent 5-HTergıc cells form an ensemble active during feeding and appear to 
mediate feeding arousal. The coupled 5-HTergıc G neurons of the pedal ganglia 
are putative activators of ciliary- locomotion. While each neuron cluster is co- 
active with their respective networks, their non-specific activity can be 
coordinated by activity in the As 1-4 ensemble. As 1-4 monosy naptically excite 
both pedal G neurons and the MCG neurons with fast EPSPs, and slow EPSPs 
lasting tens of seconds. The specific coupling o f the 5-HTcrgic clusters in the 
lΊenrobrcmchaea CNS is consistent with a general arousal network loosely 
coordinated by a cerebropleural group. As I-4, thought to be specifically 
activated by mcchanoceplive, often noxious, sensory inputs. Supported by NIH 
ROl NS26838.

275.8
DIFFERENTIAL EFFECT OF 5-HT ON SYNAPTIC CONNECTIONS OF LE 
AND RF SENSORY NEURONS IN THE ABDOMINAL GANGLION OF 
APLYSIA. M. Storozhuk1,2, V.F. Castellucci2 and L. DesGroseilłers3*. 
1A.A.Bogomoletz Institute of Physiology, Kiev, Ukraine, 2Dept. of 
Physiology and 3Biochemistry, Univ. Montréal, Canada, HЗC ЗJ7.

T h e  m o n o s y n a p tic  c o n n e c tio n s  b e tw e e n  th e  s e n s o ry  n e u ro n s  (S N s) o f the 
w ith d ra w a l re f le x e s  in A p ly s ia  a n d  th e ir  fo llo w e r  n e u ro n s  p ro v id e  a n  a ttra c tive  
m o d e l fo r  a n a ly z in g  s y n a p tic  m o d u la tio n  re la te d  to  v a r io u s  ty p e s  o f le a rn in g . In 
th e s e  re fle x e s , 5 -H T  fa c ilita te s  th e  s e n s o ry  n e u ro n s  o u tp u t. T h e  S N s  o f the 
s e n s o ry  c lu s te rs  in th e  a b d o m in a l g a n g lio n  (L E , rL E , R E  a n d  R F ) sha re  
c o m m o n  m e c h a n o re c e p to r  p ro p e rt ie s  (D u b u c  a n d  C a s te llu c c i 1 9 9 1 ). O n  the 
o th e r  h a n d , th e  R F  S N s  d if fe r  fro m  th e  o th e r  S N s  in  th e ir  s e n s it iv ity  to  va rious  
n e u ro m o d u la to rs  o f th e  re fle x  (5 -H T , S C P , D o p a m in e  a n d  F M R F ). To 
e x a m in e  if th is  d if fe re n c e  a ls o  a p p lie s  to  R F  s y n a p tic  c o n n e c tio n s , w e  s ta rte d  
to  te s t th e  e ffe c t o f o n e  m o d u la to r, 5 -H T .

W e  s im u lta n e o u s ly  re c o rd e d  th e  E P S P s  p ro d u c e d  b y  L E  a n d  R F  S N s  and 
fo u n d  th a t L E -L F S  c o n n e c tio n s  w e re  fa c ilita te d  b y  5 -H T  (1 0  u M ) w h ile  R F -L14  
c o n n e c tio n s  w e re  in h ib ite d . T h e  in h ib ito ry  e ffe c t w a s  n o t d u e  to  s h u n tin g  in the 
p o s ts y n a p tic  n e u ro n . T h e  c o n n e c tio n s  b e tw e e n  R F  a n d  L 7  w e re  a ls o  in h ib ite d  
b y  5 -H T  a lth o u g h  th e  e ffe c t w a s  s m a lle r . C o n n e c tio n s  b e tw e e n  R F  a n d  L14 
w e re  e ffe c tiv e ly  b lo c k e d  b y  C N Q X  (1 0 0  uM ) s u g g e s tin g  th a t th e  tra n s m itte r  
a n d  th e  p o s ts y n a p tic  re c e p to rs  in v o lv e d  in th e s e  c o n n e c tio n s  a re  s im ila r  to 
th o s e  m a d e  b y  th e  S N s  fro m  o th e r  c lu s te rs .

T h is  d if fe re n tia l e f fe c t  o f 5 -H T  m a y  re f le c t th e  fa c t  th a t th e  R F  m o n o s y n a p tic  
c o n n e c tio n s  a re  p re fe re n tia lly  d ire c te d  to  th e  in k  m o to r  n e u ro n s  (L 1 4 ) w h ile  
th o s e  o f th e  o th e r  S N s  a re  d ire c te d  m a in ly  to  th e  s ip h o n  a n d  g ill m o to r 
n e u ro n s  ( i.e .L F S  a n d  L 7 ). T h e  m o d u la to ry  re q u ire m e n ts  fo r  th e s e  tw o  d iffe re n t 
ty p e s  o f re s p o n s e s  ( in k in g  a n d  w ith d ra w a l)  c o u ld  b e  d if fe re n t. S u p p o rte d  by 
M R C  a n d  N IM H .

275.10
A NEW C. ELEGANS CHEMOTAXIS STRATEGY. J. T. Pierce* and S. R. 
Lockѳrv. Institute of Neuroscience, 1254 University of Oregon, Eugene, OR 
97403.

Although 40 neurons and more than 19 genes are known to contribute to 
chemotax¡s in the nematode C. ѳlѳдаns, how the worm orients its movement 
to a chemical gradient remains unclear. The position of the worm’s 
chemosensoгy organs implies that the worm samples chemical 
concentration at a single point in space. Thus, C. ѳlѳдаns chemotax¡s is 
likely to be a response to the time derivative of concentration (dC/ơf). We 
tested this idea using a tracking system to record the instantaneous position, 
speed, and turning rate of single worms as a function of time during 
chemotaxis in a Gaussian shaped gradient. We found a strong correlation 
between abrupt changes in direction, which we have named sharp turns, 
and dC/dt. Worms preferentially made sharp turns after a sustained (1-15 s) 
period in which dC/dt < 0, but not after a sustained period in which dC/dt ≥ 0. 
Sharp turns did not correlate with the absolute concentration of attractant. 
Further analysis revealed that after a sharp turn, the worm’s new orientation 
was, on average, up the gradient. This suggests a chemotaxis mechanism 
in which sharp turns, triggered by a period of dC/dt < 0, keep the worm more 
or less on course. To test whether such a mechanism is sufficient for 
chemotaxis in C. ѳlѳдаns, we imposed the observed correlation between 
sharp turns and dC/dt on a stochastic model of worm displacement during 
chemotaxis assays. Model worms reproduced C. ѳleдаns chemotaxis at the 
level of individual tracks and population behavior, and predicted the tracks of 
worms performing chemotaxis in a planar gradient. We are now tracking 
mutant worms, and worms in which neurons have been ablated in order to 
identify the role that identified neurons and genes play in chemotaxis.

Supported by NIMH MH51383, NSF IBN9458102, ONR N00014-94-1- 
0642, The Sloan Foundation and The Searlѳ Scholars Program.

Society for Neuroscience, Volume 24 ,1998



MONDAY AM INVERTEBRATE LEARNING AND BEHAVIOR ĨI 703

275.11
BRAIN MUTATIONS IN D. MELANOGASTER: INFLUENCE ON ANESTHETIC 
SENSITIVITY. A. Walcourt* and H.A. Nash. Laboratory of Molecular Biology, 
NIMH Building 36/ Room 1B08 Bethesda MD 20892-4034 USA.

Despite major research efforts, the mechanism of action of general anesthetics has 
remained an enigma. Numerous target sites have been suggested for producing the 
characteristic effects of anesthetics but there is no conclusive evidence that favors any 
one of these candidates and the central target of anesthetic agents is still unknown.

Genetics is a useful tool in this quest. Mutants showing altered responses to 
anesthetics have been isolated in organisms as diverse as the mouse, the roundworm and 
the fruit fly. Drosophila is a useful model since the behavioral responses of this animal 
to anesthetics are reminiscent of those of higher animals and are observed at very 
similar doses. We have previously monitored electrophysiologically the neural pathway 
involved in the fly’s escape response and shown that its 4.0 ms pathway is sensitive to 
clinical doses of inhalation anesthetics. Since the critical target of general anesthetics in 
the escape reflex is located in the brain, an important issue is the specificity of the 
assay, i. e., the degree to which anesthetic sensitivity is altered by global vs. local 
changes in the brain. The mushroom bodies (MBs) are a prominent pair of neuropil 
structures in the fly brain that function as a major center for integration of sensory 
signals; output from the MBs connects to the motor limb of the escape pathway. Here 
we show that, with one important exception, mutations reported to severely affect the 
MBs do not alter the anesthetic sensitivity of the escape response.

ED50 values (v/v%) for halothane and enflurane in Canton-S and Cantonized
mushroom body mutants (strains were provided by S. deBelle)

CS mb∏ 1smu
4

mud ceb`
Halothane 
(95% CL)

0.49
(0.46-0.51)

0.49
(0.43-0.55)

0.53
0.49-0.57)

0.13
(0.11-0.14)

0.50
(0.46-0.55)

Enflurane 
(95% CL)

0.45
(0.42-0.49)

0.53
(0.49-0.56)

0.49
(0.46-0.52)

0.29
(0.27-0.31)

0.46
(0.42-0.49)

275.13
M OD ULA TION O F V O LT A G E -S E N S Π ΊV E  IO N IC  C U R R EN TS O F 
HONEY BEE M U SH RO O M  B O D Y  K E N Y O N  CELLS.
B. G ruenew ald*. C. Pelz and R. M enze l. N eurobiology, Free U niversity  
Berlin, D -14195 Berlin, Germ any

The insect m ushroom  body plays a  crucial role during  olfactory 
learning processes. W e used w hole-cell patch-clam p techniques to 
investigate voltage-sensitive K + and C a2+ cuư en ts  o f intrinsic m ushroom  
body K enyon cells o f  the honey bee, Apis mellifera. The m ushroom  bodies 
were dissected from  pupal and adult anim als. Kenyon cells were 
dissociated and kept in prim ary neuron culture for 2-5 days. V oltage- 
sensitive K+ currents consist o f  a slow  and a fast transient current and a 
non-inactivating, TEA -sensitive com ponent. The rapidly activating 
transient K+ current (A-type K+ current) show s half m axim um  steady-state 
activation at around -5 5  m V and can be reduced to 50%  by external
4-am inopyridine (5 mM ). Increasing the external K + concentration  from  2 
to 10 mM  increases the conductance and accelerates recovery from  
inactivation o f the A current. The kinetic properties o f activation, 
inactivation, and recovery from  inactivation o f the A -type K+ current were 
analysed in detail. O ur findings indicate that the A current is a shaker 
current as described in other system s. V oltage-sensitive C a2+ currents 
activate at around -4 0  m V and peak betw een -1 0  and 0  m V. They consist 
o f a fast activating and a sustained, slow ly inactivating com ponent. W e are 
currently investigating m odulatory effects o f behaviourally relevant 
biogenic am ines, like dopam ine and octopam ine, and com ponents o f 
intracellular signaling cascades, like cA M P analogs, on the K+ and C a2+ 
cuưents. These neurom odulations o f ionic cuư en ts  o f  K enyon cells may 
provide a cellu lar m echanism  underlying experience-dependent neural 
plasticity. Supported by the Deutsche Forschungsgemeinschaft, SFB515/C5.

275.15
DEVELOPMENT OF MUSHROOM BODIES IN THE HONEY BEE AND ITS 
EXPERIMENTAL MANIPULATION: D. Mailin'. O. Ganeshina'·2. S. Schafer1 and 
R. Mcnzcl*1. Ίnst. fur Ncurobiologie, FU Berlin, D -14195 Berlin, Germany; 
⅛cchcnov Inst. Russian Acad. Sci., 194223 St.-Petersburg, Russia.

In the honey bee. Apis mellifera, each mushroom body is composed of a medial 
and a lateral subunit. To further our understanding of mushroom body development 
we studied the proliferation pattern and programmed cell death (PCD) of mushroom 
body intrinsic elements, the Kenyon cells. At the beginning of larval stage 3, 
precursors of Kenyon cells are arranged in two large distinct cell clusters in each 
brain hemisphere. Each of these clusters produces Kenyon cells of the respective 
mushroom body subunit. Incorporation of BrdU revealed high mitotic activity in 
these cell clusters. The uniform size of proliferating cells indicates symmetrical cell 
divisions of Kenyon cell precursors. During all larval and early pupal stages BrdU 
labeled nuclei arc homogeneously distributed throughout the proliferation centres. 
At late pupal stage 4, stained nuclei concentrate predominantly at the bottom of the 
clusters. Before the proliferation period ceases at late pupal stage 5, PCD starts to 
occur and lasts until pupal stage 6 . Apoptotic cells, which were detected using the 
TUNEL method, arc located predominantly in the periphery of the cell clusters. 
However, areas containing apoptotic and dividing cells overlap to some degree. 
Thus, both ncurogcncsis and PCD, determine the final number of Kenyon cells in 
the adult.

Hydroxyurea applied to stage 1 larvae causes selective deletion of Kenyon stem 
cells and thus mushroom body ablations in adults. Hydroxyurea-induced defects 
ranged from deletion of one to all four mushroom body subunits. Since always 
complete subunits arc deleted each mushroom body subunit must originate from a 
single stem cells. These findings also show that in honey bees selective mushroom 
body ablation with hydroxyurea is a feasible method that provides a tool to test the 
involvement of mushroom bodies in learning and memory.
Supported hy the Deutsche Forschungsgemeinschaft

275.12
ANATOM ICAL LO CALIZA TION O F TH E CAM KINASE ∏ REQUIREM ENT 
FO R  LEA RN IN G AND M EM O R Y  IN T H E  C O U R TSH IP CO ND ITIO NING 
ASSAY IN DROSOPHILA. M.A. Joiner and L.C. Griffith*. Dept, o f Biology and 
Center for Complex Systems, Brandeis University, Waltham MA 02254.

Global inhibition calcium/calmodulin-dependent kinase II (CaMKII) in whole 
animals leads to defects in both learning and memory. In the associative learning assay 
courtship conditioning, male flies learn to suppress courtship of virgin females by prior 
conditioning with a mated female. Females stimulate male courtship by both visual 
and positive pheromonal cues. Mated females also give off an aversive pheromone, 
which acts as a  negative cue. The amount o f aversive pheromone which the mated 
female gives off increases as she is courted by the male. It is the association of these 
two pheromonal cues, with their dtfferent temporal profiles, that leads to suppression of 
courtship o f the mated female and the subsequent inactivity toward the test virgin 
female.

To identify structures of the fly brain that require CaMKII for normal learning and 
memory, we express a CaMKII inhibitor under control o f UAS, a yeast transcription 
factor (GAL4) binding sequence. Males with a GAL4 insert expressing the inhibitor 
peptide throughout the brain show both learning and memory defects. Localization and 
level of expression o f GAL4 is assayed by ß-galactosidase activity in GAL4;UAS-lacZ 
males and by confocal imaging of GFP in GAL4;UAS-GFP males.

Using a  series o f enhancer trap lines expressing GAL4 in limited regions of the 
CNS, we have assayed the performance o f flies expressing the inhibitory peptide in 
each o f these areas of the brain in GAL4;UAS-inhibitor males. GAL4 lines that 
express at high level in the mushroom bodies or parts of the central complex show 
memory deficits when expressing the inhibitory peptide under UAS control. Defects in 
the response to the mated female during conditioning are revealed in lines expressing 
the inhibitor peptide in the antennal lobe. Expressing the inhibitor peptide in other 
brain regions or in the thoracic ganglion does not appear to have an effect on learning 
or memory. Memory can be rescued in males that globally express the inhibitor 
peptide by co-expressing a wild-type isoform of CaMKII.

275.14
TH E RO LE O F PK A  IN O LFA C TO R Y  M EM O R Y  O F TH E H O NEY BEE 
A N A L Y ZED  U SIN G  A N TISEN SE T EC H N IQ U E. A. Fiala, U, M ülle r* ,
R. M enzel. Free Univ. Berlin, N eurobio logy, D -14195 Berlin , G erm any.

In m any m odel system s PK A has been show n to be an im portan t 
com ponen t in learning and m em ory processes. The form ation  o f  
o lfactory  m em ory can be studied in honey bees in detail on the 
behavioral level. W e are investigating the role o f  PK A  in acquisition, 
consolidation  and long-term  reten tion  o f o lfactory  m em ory  in the h oney  
bee, Apis mellifera. As a new approach  we estab lished  the an tisense 
technique in the bee, focusing on the reduction  o f  the cataly tic subunit o f  
PK A. In jection  o f phospho rth io ate -m o d ified  an tisen se-o lig o n u cleo tid es  
com plem entary  to the m RNA sequence o f a cataly tic subunit o f h o n ey  
bee PK A  into the brain causes a  slight decrease o f  the am ount o f  cataly tic 
subunit by about 15% six hours after injection. M easurem ents o f  PK A 
activity also show a reduction  after injection o f an tisense 
o ligonucleotides. Injection o f m issense control o ligonucleo tides has no  
significant effect on PK A. The am ount o f PK C as a control is not affected 
by these antisense or control o ligonucleo tides. U sing b io tin -lab e led  
oligonucleotides the distribution  o f injected o ligonucleo tides in the b rain  
and the cellu lar uptake are shown. Im m unohisto log ical staining o f PKA 
reveals a preferential expression  o f PK A  in the m ushroom  bodies. 
Therefore, we assum e that the an tisense effect is m ost p ro n o u n ced  in this 
neuropile. Since the effect o f the an tisense o ligonucleo tides is transient, 
an effect o f  reduction o f PK A  activity  can be investigated at specific tim e 
points during  o r after learning. Behavioral experim ents show that this 
slight reduction  o f PK A  activity during  acquisition  does not affect 
acquisition  itself, but im pairs consolidation  o f m em ory several hours a fte r 
training. In current experim ents we are exam in ing  the effect o f an tisense 
o ligonucleo tides at several tim e points after acquisition  on m em o ry  
retention. Supported  by the D eutsche F orschungsgem einschaft (SFB 
515/C 5).

275.16
SENSORY A N D  MOTOR MEMORY OF INJURY IN  APLYSIA: 
MULTIPLE EFFECTS REVEALED IN ISOLATED GA NG LIA A N D  A 
SEM I-INTACT PREPARATION. C.A. M iller* and  E. T. W a ltP rs . D ep t, 
o f In tegrative Biology, UT - H o uston  M edical School, TX 77030.

C entral traces of p e rip h e ra l injury p ro v id e  an  o p p o rtu n ity  to explore  
p rim itiv e  m em ory m echanism s. Long-term  h y p e re x c ita b ility  (LTH) of 
nociceptive sensory neuron (SN) som ata in A plysia  begins 2-3 d  a f te r  
ip s ila te ra l nerve injury and  lasts w eeks (W alte rs e t al. Science 253:797, 
1991). W hen injury is produced under an esth esia , LTH is triggered  by 
axoplasm ic signal m olecules tran sp o rted  to the  SN soma. W e find t h a t  
sign ifican t LTH of ip s ila te ra l SNs (com pared to c o n tra la te ra l SNs) can 
also be induced  by  p inching and  cutting  one side  of the  tail in vivo (n=62 
and  55 SNs in 7 an im als). This effect is p resum ably  a c tiv ity  d ependen t 
because it is expressed in iso la ted  gang lia  a t a tim e (24-48 h r  a fte r t a i l  
injury) before slow  axoplasm ic signals can contribute. In a d d itio n , 
ip s ila te ra l tail motor neurons (M Ns) a re  s ign ifican tly  m ore exc itab le  
th an  c o n tra la te ra l M Ns (n=56 and 47 M Ns in 7 an im als). W e are  now 
exam ining  the re la tiv e  contributions of in trinsic  changes and  continuing 
extrinsic m odu la tion  to LTH produced by tail injury in SNs and  M Ns. 
LTH of both  SN s and  M Ns is ev id en t 1 d  a fte r  in vivo  tail cut, crush, or 
shock w hen  tested  in a sem i-in tac t ta i l /C N S  p rep a ra tio n . H ow ever, 
control cells show  sim ilar h y p e re x c ita b ility  in th is  p rep a ra tio n , 
a p p a re n tly  induced by securing the  tail and  a tta c h in g  it to a s tra in  
gauge. An unexpected finding  w as that strong tail shock (but not crush) 1 
d  e a rlie r  com pletely  abo lished  tail contraction  evoked by in tra c e l lu la r  
stim u la tio n  of central tail M Ns. Intense noxious s tim ula tion  produces 
complex sensitiz ing  and  in h ib ito ry  effects th a t depend on the  type  of 
noxious stim ulus. Supported  by N IH  grants NS35882 and  MH12006.
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275.17
NEURAL ANALOG OF SITE-SPECIFIC SENSITIZATION EN HA NC ES  
SYNAPTIC RESPONSES A N D  EXCITABILITY OF INK MOTOR 
NEURONS IN APLYSÌA. M. A. Ungless* and E. T. W alters. Dept, of 
Integrative Biology, Univ, of Texas -  H ouston M edical School, TX, 77030.

To examine central mechanisms underlying memory of perip heral 
injury, w e are investigating alterations in sensory neurons, motor neurons, 
and intemeurons in the abdominal ganglion produced by a brief series of 
high frequency shocks (HFS) to the siphon nerve -  an LTP paradigm  th a t  
is a neural analog of siphon injury and site-specific sensitization. W e  
have begun by examining the responsiveness of ink motor neuron L14 
before and 2 hr after HFS training. Synaptic responses to weak test 
stim uli to the siphon nerve were sign ificantly potentiated compared 
both to baseline L14 responses and to 2-hг L14 responses in untrained, 
control preparations. In addition, siphon nerve test responses were 
significantly greater than branchial nerve test responses, indicating a 
pathw ay-specific component. H owever, branchial nerve test responses 
were sign ificantly potentiated, suggesting a general sen sitiza tion -lik e  
component as w ell. Both effects m ight involve intrinsic changes in th e  
ink motor neurons since HFS training caused significant increases in L14 
soma excitability . W hen 2-hr tests were performed in a solution  
containing elevated levels of C a2+ and Mg2*, synaptic potentiation was  
still observed, suggesting that HFS facilitated monosynaptic connections 
from siphon afferents. Because L14 receives mono- and polysynaptic  
connections from LE sensory neurons, it w ill be interesting to examine th e  
roles, in this form of memory, of known plasticity in these sensory neurons 
and the intemeurons they excite (e.g., Hebbian LTP, facilitation by 
extrinsic modulators such as 5-HT, activity-dependent extrinsic 
m odulation, and disinhibition). Supported by NIH grant NS35882.

INGESTÏVE BEHAVIOR: POMC 

276.2276.1
EFFECTS OF UCN AND CRF-LIKE MOLECULES ON THE 
FEEDING PATTERN IN FREE FEEDING RATS. M. Spina1’4*. E. 
Merlo-Pich3. J. Rivier2, W. Vale2 and G.F. KootӮ ‘The Scripps 
Research Institute, Dept, of Neuropharmacology, and 2Clayton 
Foundation Laboratories for Peptide Biology, The Salk Institute, La 
Jolla, CA 92037, USA; 3Glaxo-Wellcome, Medicine Research Institute, 
Verona 37100, Italy; in stitu te  for Medical Neurobiology, Otto-von- 
Guericke University, Magdeburg, D-39120, Germany.

Corticotropin-releasing factor (CRF) is known to be secreted in 
response to stress. Exogenous administration o f CRF produces a dose- 
dependent behavioral activation and enhances behavioral responses to 
stress and suppresses appetite. Recently another peptide structurally 
similar to CRF has been isolated in the brain, urocortin (UCN). This 
peptide was found to have a powerful effect in depressing food intake 
up to 6 hours at lower doses compared to CRF. In this study different 
doses o f four CRF-related peptides (rat/human CRF, ovine CRF, 
rat/human CRF (6-33) and UCN), were administered 
intracerebroventricularly, following a latin square design. Rats were 
trained to obtain food pellets (45mg) or water (ЮOul) ad libitum using 
a nose-poke response. Food intake was analyzed for 12 hours after the 
injection. The results confirm the powerful anorectic effect o f CRF and 
UCN, with UCN being significantly more potent in suppressing food 
intake. The CRF fragment CRF (6-33), which binds with very high 
affinity the CRF-binding protein (CRF-BP) and has very poor affinity 
for the CRF receptors, has no significant effect on food intake. These 
results provide further support for the role o f the CRF system in 
appetite regulation, with a particularly important role for UCN. 
Supported by NIH DK 26741

276.3
EFFECTS OF FOOD DEPRIVATION ON CONCENTRATION AND MOLECULAR 
FORMS OF α-MELANOTROPIN IN RAT HYPOTHALAMIC NUCLEI. C.W. 
Wilkinson.1,4* E.A. Colasurdo.4 S.O. Reed.4 R.W. Beckham. III.4 D.D. Rasmussen.1-2 s and 
R.J. Seelev3. 'Dept, of Psychiatry and Behavioral Sciences and 2Medicine, University of 
Washington, departm ent of Psychiatry, University of Cincinnati, 4GRECC and 5Research 
and Development, VA Puget Sound HCS, Seattle and Tacoma, WA 98143.

The hypothalamic opiomelanocortinergic system is comprised of peptides including the 
α-melanotropin (MSH) and ß-endorphin families that are derived from the precursor 
molecule pro-opiomelanocortin produced by neuronal cell bodies in the arcuate nucleus. 
α-MSH-like peptides are released from nerve terminals in other hypothalamic areas and 
bind to MC receptors. The MC4 receptor is strongly implicated in the control of food 
intake; e.g., MC4 agonists reduce food intake and antagonists increase eating. α-MSH 
is N-terminally acetylated and C-terminally amidated but also exists in diacetyl and 
desacetyl forms. Acetylated forms of α-MSH have generally been found to have more 
potent effects on food intake than the desacetyl form, and post-translational processing 
of α-MSH can alter its biological activity. If α-MSH is a mediator of food intake, then 
deprivation may result in altered MSH processing. We investigated the effects of food 
deprivation on the concentration and molecular forms of α-MSH in extracts of 
dorsomedial, paraventricular, and arcuate nuclei of the hypothalamus. Adult male Long- 
Evans rats were divided into two groups: one fed ad libitum and the other food-deprived 
for 40 hours. Blood was collected for measurement of plasma ACTH, corticosterone, and 
leptin concentrations; brains were removed, blocked and frozen. Hypothalamic nuclei 
were microdissected from 300 µm coronal sections using the Palkovits punch technique. 
Punches of specific nuclei from each treatment group were pooled and extracted for high 
pressure liquid chromatography (HPLC) to separate specific molecular forms of α-MSH- 
related peptides. Eluate fractions were assayed for α-MSH immunoreactivity. 
Preliminary data show an 88% reduction in plasma leptin concentration in the deprived 
rats (6.17 ± 0.40 vs. 0.74 ±0 .12  ng/ml) and a 2-fold increase in plasma corticosterone 
(8.90 ± 1.72 vs. 21.40 ± 3.50 ng/ml). Supported by Dept, of Veterans Affairs.

A  S P E C IF IC  M E L A N O C O R T IN -4  R E C E P T O R  A G O N IS T  R E D U C E S  F O O D  
IN T A K E  O F  o b /o b  A N D  d b !d b  M IC E . J .L . L a c h e y 3, K. B la k e 3, S .C . W o o d s 3*, 
K . Y a g a lo ff2, M .W . S c h w a rtz 1 a n d  R .J . S e e le y 3. Ό e p t .  o f M e d ic in e , P u g e t 
S o u n d  V A  H e a lth  C a re  S y s te m , U n iv , o f W a s h in g to n ; 2D e p t. o f M e ta b o lic  
D is e a s e s , H o ffm а n n -L а R o c h e , In c .; 3D e p t. o f P s y c h ia try , U n iv , o f C in c in n a ti, 
C in c in n a ti,  O H  4 5 2 6 7 .

C N S  m e la n o c o r t in -4  (M C 4 ) re c e p to rs  h a v e  b e e n  im p lic a te d  in th e  c o n tro l of 
fo o d  in ta k e  a n d  b o d y  w e ig h t. S p e c ific a lly , M C 4  re c e p to rs  m e d ia te  th e  e ffe c ts  
o f th e  a d ip o c y te  h o rm o n e  le p tin  on  fo o d  in ta k e . Ŵ e  th e re fo re  e x p lo re d  the  
in te ra c tio n  o f le p tin  a n d  m e la n o c o rt¡n  re c e p to r  a c tiv ity  b y  a d m in is te r in g  a 
s p e c if ic  M C 4  a g o n is t to  le p tin  d e fic ie n t (o b /o b ) a n d  le p tin  re s is ta n t (d b /d b ) 
m ic e , as  w e ll a s  in  w ild  ty p e  (W T ) c o n tro ls , a n d  w e  m e a s u re d  fo o d  in ta k e  o ve r 
t im e . B a s e lin e  (1 -h r) fo o d  in ta k e  a v e ra g e d  0 .3 3 , 0 .5 0 , a n d  0 .4 7  g fo r  th e  W T , 
o b /o b , a n d  d b /d b  m ic e , re s p e c tiv e ly . 1 00  µ g  o f th e  M C 4  a g o n is t R O 2 7 -3 2 2 5  
(IP ) h a d  no  e ffe c t fo o d  in ta k e  in  a n y  g ro u p  a f te r  1 , 4 , o r  2 4  h rs  w h e n  
c o m p a re d  to  s a lin e  in je c tio n  b a s e lin e s . T h e  la rg e r d o s e  (2 0 0  µg ) s u p p re s s e d  
fo o d  in ta k e  a fte r  1 h r (-64 , -7 4 , a n d  - 8 4 %  fo r  W T , o b /o b , a n d  d b /d b ,  
re s p e c tiv e ly ) . P e rc e n t s u p p re s s io n  d id  n o t re lia b ly  d if fe r  a m o n g  g ro u p s . T h e  
s u p p re s s io n  o f fo o d  in ta k e  w a s  le ss  a fte r  4  h rs  a n d  a b s e n t a fte r  2 4  h rs . 
A lth o u g h  n o t s ta t is t ic a lly  re lia b le , th e  re d u c tio n  o f fo o d  in ta k e  b y  R O 2 7 -3 2 2 5  
a p p e a re d  g re a te r  in th e  o b /o b  a n d  d b /d b  th a n  in  th e  W T  m ice , a n d  th e re  w ere  
s lig h t (n o n -s ig n if ic a n t)  e ffe c ts  on  fo o d  in ta k e  o n  th e  s u b s e q u e n t te s t day. In 
s u m m a ry , a  s p e c if ic  M C 4  a g o n is t is e ffe c tiv e  in re d u c in g  fo o d  in ta k e  in lep tin  
d e fic ie n t a n d  le p tin  re s is ta n t m ic e , s u g g e s tin g  th a t th e  o b e s ity  o f th e s e  m ice  
m a y  b e  a m e n a b le  to  d ru g s  ta rg e te d  to  th e  M C 4  re c e p to r

276.4
PARAVENTRICULAR NUCLEUS INJECTIONS OF UROCORTIN 
SUPPRESS FEEDING AND CARBOHYDRATE METABOLISM. D.V. 
Coscina'*, C. Bishop', G.F. K oob\ J. Rivier3, W. Vale3 and P.J. Currie1. 
'Department of Psychology, Wayne State University, Detroit, MI 48202, 
departm ent of Neuropharmacology, The Scripps Research Institute, and 
3TҺ℮ Clayton Foundation Laboratories for Peptide Biology, The Salk 
Institute, La Jolla CA 92037.
The neuropeptide corticotropin-releasing factor (CRF) is believed to act on 

the central nervous system to alter energy balance and influence both food 
intake as well as sympathetically-mediated thermogenesis. CRF has also 
been reported to blunt the orexigenic effects of dynorphin, norepinephrine 
and neuropetide Y. The recently identified CRF-related neuropeptide, 
urocortin (URO), has also been shown to decrease feeding in food-deprived 
and non-deprived rats as well as eating induced by paraventricular nucleus 
(PVN) injection of NPY. The present experiments characterized further the 
feeding and metabolic effects of URO by examining its impact after PVN 
infusions at dark onset in ad-lib fed male rats. In feeding tests, URO (0.25-1 
µg) or vehicle was administered 5 min prior to lab chow access. Intakes were 
measured 1, 2 and 4 hrs postinjection. In separate rats, the metabolic effects 
of URO were monitored in the absence of food in an open-circuit calorimeter 
which measured oxygen consumption (V 0 2) and carbon dioxide production 
(V C 02) used to compute respiratory quotient (RQ; V C 02/V 0 2). URO 
suppressed spontaneous feeding at all times studied and reliably decreased 
RQ within 30 min of infusion. These results suggest that URO-sensitive 
mechanisms within the medial hypothalamus may curtail food intake by 
depressing whole-body carbohydrate metabolism. (Supported by WSU).
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276.5

THE RELATIVE IMPORTANCE OF MELANOCORTINERGIC 
RECEPTORS IN MEDIATING THE EFFECTS OF LEPTIN IN 
GENETICALLY OBESE (OB/OB) MICE. J.J. Tavlor.* N. 
MendaгQzgueta. H.T. Bergen. Dept, of Human Anatomy & Cell 
Science, University of Manitoba, Winnipeg, Canada RЗE OWЗ.

It has been demonstrated that the inhibitory effects of leptin on food 
intake and body weight may be mediated by pro-opiomelanocortinergic 
(POMC) neurons since antagonism of melanocortinergic receptors 
blocks the effects of leptin in normal rodents and a melanocortinergic 
receptor agonist also inhibits food intake and weight gain. The present 
study examined whether melanocortinergic receptors are equally 
important in mediating the effects of leptin in genetically obese mice as 
in lean controls. Genetically obese (ob/ob) mice and their lean controls 
were implanted with a chronically indwelling cannula into the lateral 
ventricle. In the first experiment the melanocortinergic receptor agonist 
was infused centrally and it produced similar decreases in food intake 
and body weight (35% decrease) in both lean and obese mice. In the 
second experiment the mice were infused centrally with leptin 
following central infusion of either saline or the melanocortinergic 
receptor antagonist SHƯ9l 19. Pretreatment with SHU9l 19 completely 
blocked the effects of leptin in lean mice but was only partially 
effective in blocking the effects of leptin on food intake in obese mice 
and did not block the inhibitory effect of leptin on body weight. These 
results suggest that non-melanocortinergic receptors are important in 
mediating the increased sensitivity to leptin observed in genetically 
obese mice. Supported by Man. Med. Serv. Fdn. and Child. Hosp. R. F.

276.7
HYPOTHALAMIC POMC AND FOS LEVELS ARE RAPIDLY REGULATED 
BY FASTING AND ACUTE REFEEDING IN THE FEMALE RAT.
C. A, Priest,*1 T, M. Mizuno.2 C. V. Mobbs2 and J. L. Roberts2. 'Dept, of 
Anatomy & Neurobiology, Univ. Maryland School of Medicine, Baltimore, MD 
21201. 2Fishberg Research Center for Neurobiology, Mt. Sinai School of Medicine, 
New York. NY 10029.

In the rat hypothalamus, changes in pro-opiomelanocortin (POMC) gene 
expression have been implicated in the regulation of feeding behavior. Previously, 
we have shown that a 48hr fast significantly reduces the levels of POMC mRNA in 
the mouse hypothalamus, suggesting that POMC gene products may serve a role in 
signaling satiety cues. In addition, immunohistochemistry for ß-endorphin neurons 
in the arcuate and periarcuate hypothalamus of fully fed rats shows that a large 
percentage of the ß-endorphin immunoreactive (-ir) cells are also immunoreactive for 
Fos. As AP-1 activation constitutes a major regulatory pathway for POMC gene 
expression, we have hypothesized that rapid changes in Fos levels within POMC 
neurons may constitute a mechanism through which acute changes in food intake are 
regulated. To examine this possibility, the current studies used adult, ovariectomized 
female rats which were fasted for 48hrs and had food replaced for 0, 1 or 5hrs prior to 
perfusion for immunohistochemistry or before tissue collection for RNA isolation. 
Stereological techniques were used to estimate the numbers of arcuate and periarcuate 
neurons which were singly- or doubly-labeled with antisera raised against ß- 
endorphin or Fos. Fasting reduced the overall number of ß-endorphin-ir neurons in 
the hypothalamus and virtually eliminated Fos-ir within ß-endorphin-ir neurons 
(p<0.0001). Acute refeeding paradigms rapidly and significantly up-regulated Fos-ir 
within ß-endorphin-ir neurons. Further studies will examine acute changes in c-fos 
and nuclear POMC RNA levels under the same experimental conditions. We predict 
that similar rapid effects of feeding will be reflected in rapid changes at the level of 
gene transcription. Support: Aaron Diamond Postdoctoral Fellowship to C. A. P.

276.9

GLUCOSE-REGULATED HYPOTHALAMIC NEURONS: 
SIMILARITIES TO AND DIFFERENCES FROM 
PANCREATIC MECHANISMS. X. J. Yana*. L.-M. Kow, C.V. 
Mobbs. Rockefeller University and Fishberg Center, Dept, of 
Geriatrics, and Neural Aging Labs., Mt. Sinai School of 
Medicine, New York, NY 10029.

We have previously reported evidence that glucose 
regulates hypothalamic neurons using a mechanism similar to 
that in pancreas. This hypothesis was further assessed in the 
current study using single-cell extracellular recording in rat 
hypothalamic brain slices. As in the pancreas, hypothalamic 
glucose-regulated neurons were sensitive in the range of 5 to 
20 mM glucose, and although most metabolizable sugars 
could substitute for glucose, pyruvate could not. However, in 
contrast to the pancreas, lactate and glycerol could also 
substitute for glucose. Since lactate was effective but pyruvate 
was not, this strongly supports an important role for NADH in 
the sensing ľnechanism. Furthermore, response to glucose 
was equally inhibited by two glucose transport inhibitors, 
phloridzen and phlorizen. However, GLUT-2, thought to be the 
glucose tranporter most involved in the pancreatic 
mechanism, is specifically inhibited by phloretin. These data 
suggest there are important similarities, but a few differences, 
in the glucose-sensing mechanisms in pancreas and 
hypothalamus. Supported by NIH (DK 50110).

276.6
EFFECT OF THE MELANOCORTIN RECEPTOR AGONIST, MTU, ON RAT 
FEEDING BEHAVIOR AND OTHER PHYSIOLOGICAL PARAMETERS 
MEASURED BY TELEMETRY. B. M uγpҺv ', C.Nunes ', A M. Fairfaurst ', M. 
Hanawav 1 and T N.Mellin 1 Dept, of Pharmacology, Merck Research Laboratories; 
Rahway, NJ 07065.

Feeding behavior, thermoregulatory, antipyretic, and cardiovascular effects can be 
modulated by activation of melanocortinergic neurons. Administration of the cyclic 
heptapeptide MTU, an agonist of melanocortin receptors 1 ,3 ,4  and 5 (MCR-1, MCR- 
3, MCR-4 and MCR-5), reduces food intake in genetically obese ob/ob mice, in fasted 
mice, as well as, in both ad lib fed rats and mice. Although the acute effects of MTU on 
food intake are well documented, little has been published on the long-term effects of 
this peptide on feeding and drinking patterns, body temperature, or motor activity. In 
this experiment, we examined the effects of a single, pre-dark cycle, third ventricular 
(ЗV) injection of M Π I (ϋ.5µg) on feeding, drinking, activity and core body temperature 
in ad lib fed rats. MTU treated rats demonstrated significant reductions in both feeding 
frequency and duration up to 48 hours post dose compared to vehicle injected controls 
(P<0.01). Decreases in both feeding frequency and duration corresponded to a significant 
reduction in food consumption (P<0.01). Interestingly, there was no difference in 
drinking frequency or total water consumed in MTU and vehicle injected rats. MTU 
treated rats had elevated core body temperature compared to vehicle treated rats between 1 
hour and 11 hours post dose (P<.0.01). Temperature of MTU treated rats returned to 
control levels at +11 hours and remained comparable to vehicle treated rats over the next 
37 hours. Finally, MTU had no effect on the gross motor activity of these animals. 
Reductions in both feeding frequency and duration as a result of MTU treatment are 
consistent with a proposed role for MCR-3 and MCR-4 in the regulation of feeding 
behavior. The increases in body temperature observed suggests that these MCR’s may 
also play a role in thermoregulation. More selective MCR agonists and antagonists will 
be needed to assign specific functions to each MCR. Research supported by Merck&Co.

276.8
GOLD-THIOGLUCOSE (GTG) REDUCES HYPOTHALAMIC 
PROOPIOMELANOCORTIN (POMC) mRNA CORRELATED 
WITH BODY WEIGHT GAIN AND IMPAIRED SENSITIVITY 
TO LEPTIN. T.M. Mizuno*. H. Bergen. C. Priest. J. Roberts, 
and C.V. Mobbs. Fishberg Center, Neural. Aging Labs., Mt. 
Sinai Sch. of Med., New York, NY 10029.

Impairments in the production or sensitivity of alpha- 
MSH is associated with several forms of obesity, and POMC 
mRNA is stimulated by leptin. The present study addressed 
the quantitative relationship between hypothalamic POMC 
mRNA and the development of obesity in mice sacrificed 3 
weeks after ¡.p. injection of GTG (0.8 mg/g b.w.). GTG-injected 
mice had significantly higher body weights and leptin mRNA 
compared to saline-injected controls. Hypothalamic POMC 
mRNA was significantly decreased (about 45%) in GTG- 
induced obese mice compared to controls. Weight gain and 
leptin mRNA after GTG were significantly and inversely 
correlated with hypothalamic POMC mRNA, but not with NPY 
mRNA. Furthermore, GTG-injected mice were significantly 
less sensitive to the effects of i.p.-injected leptin (1 µg/g 
b.w./day for 1 week) on body weight and food intake than 
controls. These data suggest that hypothalamic POMC or 
products similarly sensitive to GTG play a critical role in 
regulating body weight and mediate effects of leptin on body 
weight and food intake. Supported by NIH (DK 50110).

276.10
THE KAPPA-OPIOID ANTAGONIST GNTI REDUCES U50.488-, 
DAMGO-, AND DEPRIVATION-INDUCED FEEDING IN RATS. D C. 
Jewett*13 M.Gгace4r R.M. Jones2. P.S. Poгtoghese2. C.J. Billington34. and
A.S. Levine3,4. ’Dept, of Psychology, Barat College, Lake Forest, IL 60045; 
2Dept. of Medicinal Chemistry, School of Pharmacy, Univ, of MN, 
Minneapolis, MN 55455; 3Dept. of Medicine, Univ, of MN, Mpls., MN 
55455; and 4VA Medical Center, Mpls., MN 55417.

Antagonists selective for kappa- (e.g. nor-BNI) and mu- (e.g. B- 
FNA) opioid receptors have previously been shown to reduce both mu- 
and ⅛/w-opioid-induced feeding. The anorectic effects o f  GNTI, a 
newly synthesized antagonist selective for kappa-oņюìǻ receptors, 
were studied in rats following 24-hг food deprivation, intraventricular 
(i.e.v.) injection o f the kappa-opìo\ǻ agonist U5O,488 (100 µg) or the 
ли/-opioid agonist DAMGO (10 nmol). Food deprivation, DAMGO, 
and U50-488 produced a 2- to 3-fold increase in 4-hr food intake. 
GNTI, administered 15 min prior to food access reduced deprivation-, 
DAMGO-, and U5O-488-induced feeding. GNTI (0.032-0.32 nmol;
i.e.v.) reduced the orexigenic effects o f deprivation by 45-55%. GNTI 
(0.032-0.32 nmol) reduced DAMGO-induced feeding by 20-80%. 
GNTI (0.32 nmol) decreased U5O,488-induced feeding by 60%. Taken 
together, these studies suggest that GNTI is a very potent anorectic 
agent and opioid antagonist in rats. Like nor-BNI, GNTI reduced 
feeding induced by both mu- and kappa-opioid agonists. Supported by 
ƯSPHS Grants DA 03999, DA 01533, the Minnesota Obesity Center, 
and the Department o f Veterans Affairs.
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276.11
RESISTANCE TO DIET-INDUCED OBESITY IS ASSOCIATED 
WITH INCREASED HYPOTHALAMIC POMC mRNA, 
DECREASED NPY mRNA, AND INCREASED LEPTIN mRNA. 
Ң.Ҭt BçгgeДг1 * ,T.·M· M⅜⅞uflQ⅜2 J J · l aylĢr,1 Ç·-У.,·Mq⅛.Ьs2: !Dept. of 
Human Anatomy & Cell Science, University of Manitoba, Winnipeg, 
Canada RЗE OWЗ; 2Mt. Sinai Sch. of Med., New York, NY 10029.

Diet-induced obesity is characterized by elevated leptin levels and it 
has been demonstrated that leptin stimulates proopiomelanocortin 
(POMC) mRNA and inhibits neuropeptide Y (NPY) mRNA in the 
hypothalamus. The present study examined if diet-induced obesity 
entails leptin resistance or relative leptin insufficiency by measuring 
POMC and NPY mRNA in the hypothalamus, and leptin mRNA in 
adipose tissue, in mouse strains prone (C57BL/6) or resistant (A/J) to 
obesity on a high-fat (HF) diet. The mice were fed either a HF diet or 
normal rodent chow over a 14 week period. The HF diet significantly 
decreased hypothalamic NPY mRNA in obesity-resistant mice (55 %) 
but not in obesity-prone mice and significantly increased hypothalamic 
POMC mRNA in obesity-resistant mice (375 %) but not in obesity- 
prone mice. The HF diet also produced a 3.7 fold greater increase in 
leptin mRNA in obesity-resistant mice relative to obesity-prone mice. 
These results are consistent ,with the hypothesis that the anti-obesity 
effects of leptin involve NPY and POMC neurons in the hypothalamus 
and that resistance to the obesity-inducing effects of a HF diet involves 
increased leptin expression in adipose tissue together with decreased 
NPY and increased POMC expression in the hypothalamus. Supported 
by Manitoba Medical Service Foundation and NIH.

276.13
GABA RECEPTORS IN NUCLEUS ACCUMBENS SHELL REGULATE 
FEEDING BEHAVIOR: REGIONAL MAPPING AND CHARACTERIZATION 
OF MACRONUTRIENT SELECTION. A.M. Basso* and A.E. Kelley. 
Department of Psychiatry, Medical School, University of Wisconsin-Madison, 
Madison, WI 53719.

Previous studies in this laboratory have demonstrated that either stimulation of 
GABA receptors or blockade of AMPA/kainate receptors in the nucleus accumbens 
(Acb) shell elicits a strong feeding response in satiated rats. The aims of the 
present study were to investigate the areas of the Acb shell involved in the 
GABAergic modulation of feeding behavior, and to characterize this response using 
specific macronutrient diets with high content of either carbohydrates (CH), or fat. 
We also tested the consumption of water or a saline solution (0.6 % NaCl), which 
lacks intrinsic caloric value but is highly palatable for rats. The GABA agonist 
muscimol (0, 20 and 50 ng/0.5µl) was infused bilaterally in all the experiments 
according to a within-subjects design. The mapping study indicated that muscimol 
only in medial Acb shell, but not in ventral or lateral shell, elicited the feeding 
response. The macronutrient preference study (cannulae in medial Acb shell), 
indicated that muscimol increased the intake of CH and fat diets when they were 
presented individually, however, it did not affect saline solution intake. In a choice 
experiment, the GABA agonist equally increased the intake of both macronuưient 
diets. The profile of muscimol-induced feeding stands in contrast to opioid 
stimulation of the Acb, which enhances palatability and has marked preferential 
effects on fat intake. These results suggest that a very circumscribed area in the 
Acb shell is sensitive to the muscimol-induced feeding, and support the idea that 
GABA-sensitive neurons in medial Acb shell control output pathways that activate 
feeding, likely via the lateral hypothalamus, but do not modulate palatability and 
rewarding properties of food. Supported by NIDA grant # DA04788 to AEK.

276.15
NEUROANATOMICAL PATTERNS OF FOS-ĲKE IMMUNOREACTIVITY 
INDUCED BY A PALATABLE MEAL AND MEAL-PAIRED ENVIRONMENT 
IN SALINE- AND NALTREXONE-TREATED RATS. T.H. Park* and K.D. 
Carr. M¡llhauser Laboratories, Dept, of Psychiatry, New York University 
Medical Center, New York, NY, 10016.

Opioid antagonists block the positive hedonic response to food taste and 
are potent inhibitors of palatability-driven feeding. However, the specific 
brain regions within which opioid peptide secretion contributes to the 
maintenance of palatability-driven feeding have not been clearly 
established. In the present study, c-Fos immunohistochemistry was used to 
identify regions rostral to the hindbrain that display cellular activation in 
response to a palatable meal and to the meal-paired environment. Further, 
it was determined whether any of the cellular responses could be prevented 
by pretreating animals with naltrexone. Nineteen brain regions known to be 
involved in gustation, appetite and reward functions were examined. 
Ingestion of the palatable meal (3.0 g of 30% shortening, 20% sucrose and 
50% powdered Purina rat chow) increased Fos-like immunoreactivity (FLI) 
in lateral hypothalamus (LH), ventral tegmentum (VTA) and medial preoptic 
area (MPOA), and decreased FLI in the habenula (Hab). The meal-paired 
environment increased FLI in the VTA and nucleus accumbens shell 
(NACshell). Naltrexone (1.0 mg/kg, ¡.p.) did not block consumption of the 
small meal but did prevent all of the distinctive increases in FLI induced by 
the meal and meal-paired environment. Since naltrexone, itself, increased 
FLI in VTA, NACshell, central amygdala (ceA) and lateгodorsal bed nucleus 
of the stria terminal¡s (BSTLD), the blunting of ingestion reward by this dose 
of naltrexone may result from direct or transsynaptic activating effects on 
opponent neuronal activity within this highly interconnected set of structures 
that mediate and modulate reward.
Supported by DA-03956, KO2 DA-00292, and T32 DA-07254 from 
NIDA/NIH.

276.12
S T R IA T A L  M O D U L A T IO N  O F  O P IO ID -IN D U C E D  P A L A T A B L E  
F E E D IN G : A N A T O M IC A L  M A P P IN G  S T U D IE S  
M ,Z h an g ; A. E. K e lley  P sy c h ia ty  D ep a r tm e n t, U n iv , o f  W isco n s in - 
M a d iso n , 6001 R e se a rc h  P a rk  B lv d , M a d iso n , W I 5 3 7 1 9

Endogenous opioid peptides have been found to be involved in the modulation of 
feeding behavior in both humans and animals. Our previous studies suggest that 
opioid systems within nucleus accumbens, a region involved in the processing of 
reward-related information, may participate in feeding behavior by modulating taste 
and micronutrient preference for food, especially those with high content of fat and 
sugar. The present studies were designed to map the effective subregions of striatum 
which are sensitive to opioid-mediated enhanced fat intake, and to investigate neural 
circuits activated by consumption of palatable food by analyzing Fos-like 
immunoreactivity, a marker for neuronal activation, in different brain regions. In 
non-food deprived rats, the mu receptor agonist D-Ala2, NMe-Phe4. Glvol5- 
enkephalin (DAMGO: 0, 0.025, 0.25 µg/0.5 µl) was microinjected into ventrolateral 
striatum, dorsal striatum and subregions of nucleus accumbens including core, 
medial and lateral shell. The results suggest that enhanced feeding of a highly 
palatable high-fat diet can be elicited by stimulating mu receptors in ventral striatum 
rather than in dorsal striatum. Furthermore, it was found that within ventral 
striatum, stimulation of lateral regions produced a relatively greater effect. These 
lateral ventral striatal regions (ventrolateral striatum, lateral shell, and lateral core) 
receive extensive inputs from gustatory cortex and olfactory cortex. Finally, Fos 
expression in amygdala and cortical regions including anterior olfactory nucleus, 
insular cortex, gustatory sensory' cortex and piriform cortex were found to be 
strongly activated by ingestion of fat, especially in rats previously challenged by 
intra-accumbens injection of DAMGO combined with large amount of tat 
consumption. These findings suggest that the ventral striatum play a modulatory 
role in the evaluation of the sensory or hedonic properties of food via its integration 
of sensory information arising from cortical and subcortical areas.
Supported by grant # DA0931 1 from NIDA

276.14
NALTREXONE DOES NOT PREVENT THE OBESITY INDUCED BY 
ANTIPSYCHOTIC DRUGS IN RATS. T. Baptista». A. LaCruz. A. Acosta. 
and L. Hemández. Department of Physiology, Los Andes University 
Medical School, Mérìda, Venezuela.

Few pharmacological treatments are cuҥently available to counteract 
the obesity induced by antipsychotic drugs (AP). The opioid antagonist 
Naltrexone (NAL) significantly reduced body weight in patients receiving 
antidepressants drugs or lithium salts (1). As dopamine and brain opiates 
are functionally related, we assessed whether NAL may prevent the 
obesity induced by the AP Sulpiride (SUL) in female rats (2).Three 
experiments were conducted: a) the effects of daily injections of NAL 
(0.25, 0.5,1, 2, 4 or 6 mg/Kg.ip. for 21 days) or saline, on body weight and 
food intake; b) the effects of NAL (at the same dose as in the experiment 
(a) on body weight and feeding in rats simultaneously receiving SUL (20 
mg/Kg.ip. for 21 days), c) the acute effects on food intake of NAL (50 µg), 
SUL (25 µg), SUL + NAL or vehicle bilaterally injected in the Perifornical 
Lateral Hypothalamus. Neither systemic nor iπtrahypσthalamic NAL 
affected food intake or body weight. In addition, NAL did not prevent the 
obesity induced by systemic SUL, or the acute hyperphagia and polidypsia 
observed after local administration of SUL. These results suggest that the 
obesity induced by SUL is not mediated by opiates.
(1) Zimmeгmann et al. Biol. Psychiat: 4 1 : 747-749,1997. (2) Baptièta, T. 
et al. Prog. NeuroPsychopharmacol. & Biol. Psychiat: 22: 187-198, 1998.

Supported by CONICIT, Grant S1-96000775.

276.16
CHRONIC NALTREXONE IN THE INTERMEDIATE NUCLEUS 
OF THE SOLITARY TRACT INCREASES PRODYNORPHIN 
mRNA IN THE AMYGDALA.
Michael J, GlasČ¯ Catherine M. Kotz. Jacquie E. Briggs. Charles J. 
Billington. and Allen S. Levine. Minnesota Obesity Center, Veterans 
Administration Medical Center, Minneapolis, MN 55455.
Food intake is affected by adm inistration of opioids into the 
hindbrain and forebrain, and food intake itself alters brain opioids 
within the same areas. In order to better determine the relationship 
between neural opioid connections and food intake, we assessed 
changes in food intake and levels of propeptide dynoгphin (ProDyn) 
and proenkephalin (ProEnk) mRNA in the amygdala (AMY) in 
response to delivery of naltrexone or artificial cerebrospinal fluid 
(aCSF) into the intermediate nucleus of the solitary tract (iNTS), via 
an osmotic minipump for 14 days. In order to assess changes in 
opioid mRNA due solely to reduced food intake a separate control 
group receiving aCSF had food intake restricted to the same level as 
die naltrexone group (i.e. vehicle-pair-fed). Amygdaloid ProDyn was 
significantly elevated in rats administered naltrexone compared to 
vehicle infused rats (147% of vehicle, p=.007) and vehicle infused 
pair-fed rats (94% of vehicle, p=.75), while there was no difference 
between vehicle and vehicle-pair-fed groups. However, ProEnk did 
not differ between groups. These results indicate that opioid receptor 
blockade in the iNTS is associated with inhibition of food intake, and 
elevated ProDyn, with no change in ProEnk in the amygdala. 
Together these data suggest that opioid-opioid connections influence 
food intake through a distributed neural network spanning the iNTS 
and AMY. Supported by NIDA DAO3999, T32 DA07097, DK 
42698, and Dept. Veterans Affairs.
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276.17
CHRONIC SUCROSE INGESTION ƯPREGULATES OPIOID 
TONE IN LIMBIC BUT NOT AUTONOMIC REGIONS, f f i  
Pomonis*. CJ Billington. and AS Levine Graduate Program in 
Neuroscience, Univ, of Minnesota and VA Medical Center, 
Minneapolis, MN 55417.

We and others have suggested that ingestion of sweet and other 
palatable foods results in opioid release. Naloxone (NLX) has been 
shown to induce c₣os immunoreactivity (c₣os-ĬR) in selected brain 
nuclei presumably due to release from opioid inhibition. In the present 
study 28 rats had access to either tap water or a 10% sucrose solution 
for 3 weeks. We then injected the rats with NLX (10 mg/kg) or saline 
and sacrificed them 60 min later. In the central nucleus of the amygdala 
(CNA) NLX alone significantly increased cFos-IR by 309% whereas, 
in rats given NLX following chronic sucrose exposure cFos-IR in the 
CNA increased by 454%. A similar pattern was seen in the lateral bed 
nucleus of the stria terminalis where NLX resulted in a significant 
increase in cFos-IR of 281%, while NLX following sucrose exposure 
increased cFos-IR by 441%. In both instances, the sucrose potentiated 
increase is significantly different from that seen when NLX was give 
alone. We also found that cFos-IR increased significantly in 
dorsomedial and venưomedial hypothalamic nuclei, and the lateral 
division of the arcuate nucleus following naloxone adminisưation, but 
only in those rats drinking the sucrose solution. Lastly, cFos-IR 
activity did not change in the autonomic areas examined: the 
paraventricular nucleus, the A l/C l cell groups, and the locus coeruleus. 
These data suggest that chronic consumption of sucrose solution 
increases opioid tone in brain regions involved in affective aspects of 
food intake regulation.

276.19
ENDOCRINE CONTROL OF LONG PHOTOPERIOD-INDUCED 
INCREASE IN FOOD CONSUMPTION IN A MALE PASSERINE 
BIRD (Junco hyemalis). Dloniak S.. York. A Λ  and Deviche, P . Inst. Arc
tic Biology, Univ. Alaska Fairbanks, Fairbanks, AƘ 99775.

Previous studies demonstrated an important role for the opioid system and 
for gonadal steroids in the control o f  food intake (FI). In small passerine 
birds, FI is generally higher when subjects are exposed to long (LD) than to 
short (SD ) photoperiod, but the neuroendocrine mechanisms involved are 
poorly understood. We investigated the relative importance o f  opioids and 
gonadal steroids in the control o f  this difference and the relationships be
tween FI and body condition in adult male Dark-eyed Juncos (Junco hy
emalis). (1) During the breeding season, daily food consumption and body 
mass (BM ) were higher and lower, respectively, in LD- than in SD-exposed  
males. (2) These differences were unaffected by chronic administration o f  
the opioid antagonist, naloxone (NAL; Alzet® osmotic minipumps: 2 mg/kg 
BM.hr'1; 24 days), suggesting that the opioid system does not mediate dif
ferences in FI or BM between SD and LD birds. (3) During the breeding 
season, LD castrated (Cx) juncos ate less than LD Cx males receiving tes
tosterone (T) treatment at physiological doses, suggesting an important role 
for T in the mediation o f  LD effects on FI. (4) In contrast, SD Cx and SD Cx 
+ T males had a similar FI. T administration to Cx males did not modify 
BM whether birds were exposed to LD or SD. These findings demonstrate 
an important modulatory role for T, but not opioids, in the regulation o f  LD- 
induced hyperphagia. They indicate an interaction between T and photo
period in the control o f  feeding, and they suggest that photoperiodmediated 
alterations o f  FI and BM depend on distinct endocrine mechanisms.

276.18
NALTREXONE PRODUCES CONDITIONED TASTE AVERSION IN RHESUS 
MONKEYS. K.L. Williams2 and J. H. Woods1-2*. ’Dept, o f Pharmacology and 
2Dept. o f Psychology, University of Michigan, Ann Arbor, MI 48109-0632.

Pre-treatment with opioid antagonists, such as naltrexone (NTX), reduces 
fluid consumption and affects fluid preference. Clinical trials with alcoholics using 
NTX report nausea as a side effect. This study was designed to determine if NTX 
produces an effect that could be the basis for and results in conditioned taste aversion. 
Four opioid antagonist-naive rhesus monkeys responded for fluids from a 2-spout 
operant panel for 30' per day. Four lip contacts on a spout produced 0.5 ml of fluid 
from that spout. The solutions available were Kool-Aid flavor #1 and water (day 1), 
Kool-Aid flavor U2 and water (day 2), and water/water (day 3). Thirty minutes prior 
to the drinking on days 1 and 3, the monkeys received intramuscular saline injections. 
NTX 0.32 mg/kg was given as a pre-treatment on day 2. After repeating this 3-day 
cycle 8 times, the monkeys received a choice of Kool-Aid #1 and Kool-Aid #2 during 
the sessions for 7 days. During the choice sessions, 3 of 4 monkeys displayed an 
aversion to the NTX-paired fluid (Kool-Aid t‡2). Then after 7 days of access to only 
water, 2 if  4 monkeys continued to show a conditioned aversion. However, when 
only the NTX-paired fluid and water was available, the conditioned aversion 
extinguished within 3 days for these monkeys. Thus, pre-session NTX produces 
behavioral effects that are similar to those produced during traditional conditioned 
taste aversion. The reduced consumption and fluid preference effects caused by NTX 
pre-treatment may be due to mild nausea which may play a role in NTX’s clinical use 
in alcoholics. Supported by NIAAA grant AA-11424.

276.20
DAMGO’S BIDIRECTIONAL EFFECTS ON MILK INTAKE IN NEONATAL 
AND INFANT GENETICALLY OBESE AND LEAN MICE. L.M. Wilson*. A.J. 
Pomarenski, B.A. Penhall, and B.N. Yu. Dept, of Psychology, Univ, of Manitoba, 
Winnipeg, MB, Canada RЗT 2N2.

How early in ontogeny is the µ-opioid receptor phenotype of the lepσЬHepob mouse 
expressed? Adult obese mice have elevated numbers of hypothalamic µ receptors, with 
enhanced affinity for their natural ligand ß-endorphin. Blockade of opioid receptors 
with antagonists, such as naloxone and naltrexone, decreases food intake at lower 
doses in adult obese than lean mice (Margules et al„ 1978), and preliminary evidence 
suggests that nalưexone-ưeated preweaning lepobHepob mice decreased milk intake 
during suckling (Feldkircher & Wilson, 1987). Because opioid receptor subtypes 
mature sequentially pre- and postnatally, with µ receptors appearing and maturing first, 
we injected whole litters of 6- and 12-day-old lepob/lepob and +1? (lean) mice 
subcutaneously with either isotonic saline, .01, or .1 mg/kg body weight of the µ 
agonist DAMGO [D-Ala2, N-Me-Phe\Gly*-ol] enkephalin before cross-fostering them 
to milk-replete dams for 1 hr. Changes in pups’ weights, expressed as percentages of 
pretest weights, served as indirect measures of milk intake. At both ages, both 
lepobHepob and +1? littermates gained more at the .01 mg dose than at 0.1 mg dose, 
which did not differ from vehicle gains at 6 days and were lower than vehicle gains at 
12 days (ps < .05). There were no Phenotype X Dose interactions. When these data are 
incorporated with those of Yu & Wilson (1995), where DAMGO doses from 0.5-4.0 
mg/kg suppressed milk intakes in 6- and 12-day-old lepobHepob and +1? mice, a picture 
of early, bidirectional, dose-dependent µ-opioid effects on milk intake appears, without 
sưong evidence for differential µ involvement between obese and lean pups.

Research supported by NSERC-Canada Grant 7937 to LMW. BNY held a Manitoba 
Health Research Council Graduate Studentship.

____________________________________________________________________STRESS II

277.1 277.2
IN T E R FE R E N C E  W IT H  NMDA R E C E P T O R  A C T IV A T IO N  
IN TH E DORSAL RA PH E N U CLEU S PR EV E N TS PO O R  
ESCA PE R E SPO N D IN G  AND E N H A N C E D  
C O N D ITIO N E D  FEA R CAUSED BY E X P O S U R E  TO  AN 
U N CO N T RO L LA B LE S T R E S S O R  R.E. Grahπ*. L.R. 
Watkins. S.F. Maier. Behavioral Neuroscience Program, Department 
of Psychology, University of Colorado, Boulder, Colorado, 80309.

Exposure to an uncontro llab le  stressor, such as inescapable  tailshock  (IS) 
in rats, transiently  alters shuttlebox escape perfo rm ance  and co n d itio n ed  
fear responding . The effect o f  IS on these behaviors does not occur if 
the sam e am ount, intensity , and duration  o f tailshock  is under the subjects' 
control. The neural m echanism s that m ediate the consequences o f  IS are 
know n to involve activation o f se ro tonerg ic  cells in the dorsal rap h e  
nucleus (DRN ). The m ediator(s) o f  this activation are cu rren tly  b e ing  
explored . The present experim en t was conducted  to d eterm ine if 
activation o f N M D A  receptors contributes to increased  DRN activity, an d  
consequently , poor escape respond ing  and enhanced  co nd itioned  fear 
m easured 24 hr after exposure  to IS. The N M D A  recep to r an tagonist 2- 
am in o-5-phosphonovaleric  acid (APV , 5ng/µ l/rat) or an equal volum e o f 
saline was m icro in jected  into the DRN either before  IS or b efo re  
behavioral testing 24 hours later. Both im paired  shuttlebox escape 
perform ance and enhanced  cond itioned  fear follow ing IS were p reven ted  
by APV given before IS. APV adm in istration  before  testing  did not 
reverse the shuttlebox escape deficit. E nhanced co n d itio n ed  fear in IS- 
treated subjects was slightly  attenuated  by APV m icro in jected  p rior to 
testing. These results suggest that g lutam ate release during  IS co n trib u tes  
to the cascade o f events in the DRN which m ediate the behavioral 
m anifesta tions o f IS. Support provided  by NIH G rant #M H5O479.

EFFECTS OF CHRONIC RESTRAINT STRESS A N D  CORTICOSTERONE 
TREATMENT ON SPATIAL MEMORY IN RATS. K  Yamada, S. Morimoto. 
Y. Ichitani*and T. Iwasaki. Inst, o f Psychology, Univ, of Tsukuba, Tsukuba, 
Ibaraki 305, Japan.

Chronic stress and corticosterone (CORT) treatment cause neuroanatomical 
changes in the hippocampus, such as atrophy o f pyramidal CAЗ apical dendrites. 
The hippocampus has been known as a critical structure for spatial memory in 
rats, and it has been reported that chronic stress and CORT treatment impair 
radial arm maze or Y maze performance. In this study, we investigated whether 
chronic restraint stress and CORT treatment impair Morris watermaze performance 
in rats. Male adult Wistar rats were subjected to restraint stress 6h/day (10:00- 
16:00) in a wire mesh restrainer or subcutaneous injection of CORT (10 mg/day) 
for 21 days. In restraint-stressed rats, blood sampling procedures for measurement 
of serum CORT level were conducted once a week 2h before and 30 min, 3 h, 6 
h after the beginning of daily restraint stress session. All subjects were trained in 
the Morris water maze 4 trials/day for 4 successive days. Only CORT treatment 
but not restraint stress significantly retarded the acquisition o f Morris water 
maze task. Serum CORT level for restraint-stressed rats in the first week reached 
to the peak level at 30 min after the beginning of stress, and thereafter high level 
of CORT w'as maintained for several hours. In the second and final week o f  
restraint stress, however, the peak of CORT level lowered and it recovered to the 
basal level more rapidly. Thus our results suggest Morris water maze, w'h¡ch 
seems to be one of the aversive learning tasks, has a resistance to the influence 
of chronic stress and this fact may have a close relationship with hypothalamo- 
pituitarv-adrenal response.
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277.3
BITING FLY INDUCED ANALGESIA: SEX DIFFERENCES AND 
NMDA MEDIATED ONE TRIAL LEARNING M. Kavaliers*. D.D. 
Colwell. E. Choleris and K.-P. Ossenkopp. Neuroscience Program and 
Lawson Research Institute, University of Western Ontario, London, 
Ontario and Agriculture and Agri-Food Canada, Lethbridge, Alberta.

Biting flies are a natural aversive stimuli commonly encountered 
by wild and domestic animals and humans. A 30 minute exposure to 
biting flies (stable flies, Stomoxys calcitrans) elicited a naloxone sensitive 
opioid mediated analgesia that was of greater magnitude in male than 
female deer mice. In contrast, a 5 min exposure elicited a non-opioid 
analgesia that was blocked by the competitive NMDA antagonist, NPC 
12626, in males but was insensitive to the NMDA antagonist in females. 
Fly-naive mice did not exhibit an analgesic response to either control 
house flies or to stable flies whose biting mouthparts have been removed. 
However, mice that had received a single exposure to intact stables flies 
exhibited significant analgesia when exposed 24 h later to biting flies that 
were incapable of biting. This “one trial learning” was absent in mice that 
were administered the NMDA antagonist prior to their initial exposure to 
intact flies. Naloxone, which blocked the initial intact stable fly induced 
analgesia, did not alter the acquisition of the analgesic response to 
modified stable flies. These findings support the involvement of NMDA 
systems in the mediation of rapid aversive learning to biting flies. 
Supported by NSERC and Agriculture and Agri-Food Canada.

277.5
C O N TR O LLA BILITY  OF FO RCED  SW IM  FAILS TO PRODU CE 
D IFFEREN CES IN CO N TE X TU A L FEAR, B EH A V IO RA L DESPAIR, 
AND RU NN IN G W HEEL ACTIVITY. P.L. Brown*. B.N, M amm ola. 
and R.C. Drugan. Dept, o f  Psychology, Univ, o f  NH, Durham, NH 03824 

W hile Learned H elplessness Theory has a long history as an animal 
model o f  stress and coping, little research has investigated how well this 
theory generalizes to other form s o f  stress. In a previous poster, we 
described a device used with rats which allow s for the sim ultaneous 
analysis o f  contro llab ility  o f  forced swim stress, with a yoked and 
restrained control. As reported previously, yoked rats exposed to 80 
inescapable swim  trials show ed an increased am ount o f  defecation upon 
re-exposure to the context when com pared to escape rats, suggesting 
conditioned fear. In a replication and extension, we subjected rats to 100 
forced swim  trials, but failed to replicate this finding. It also showed no 
d ifference in open field activity  on the second day two hr follow ing a five 
min forced swim, w hich was given im m ediately after the context re
exposure. A second experim ent showed escape anim als had a higher 
level o f  defecation upon re-exposure to the context 24 hr later. A five- 
m inute behavioral despair test given after the re-exposure dem onstrated 
that both escape and yoked anim als show ed enhanced im m obility in 
com parison to naive and restrained controls. M easures o f  open field 
activity  failed to show any long term effects o f  controllability  on running 
wheel activity  or body weight. This work was supported by PHS Grant 
M H45475 to RCD.

277.7
A D EN O SIN E U PTA K E IN H IB ITO RS M IM IC TH E EFFECTS OF 
IN ESC A PA BLE SH O CK  ON LA TER ESC A PE PER FO R M A N C E IN 
RATS. S. Saade*, S. S. Com den. and T. R. M inor. Dept, o f  Psychology, 
U niversity o f  California, Los Angeles, CA 90095-1563.

Exposure to a series o f  unsignaled, inescapable tail shocks produces a 
deficit in escape perform ance 24 hr later in rats. We have argued that this 
behavioral im pairm ent results from excessive neural activation and 
consequent m etabolic failure in brain regions and pathw ays that m ediate fear 
and defensive behavior. A denosine is liberated into extracellular space where 
it binds to specific purine receptors to potently inhibit neural excitation, 
thereby facilitating recovery o f  energy hom eostasis. U nfortunately the 
inhibition o f  excitatory transm ission precludes neuronal processing in system s 
responsible for adaptive defensive behaviors -  perform ance deficits ensue. 
As additional support for this hypothesis, here we show that blockade o f  the 
nucleoside uptake transporter, a m ajor deactivation m echanism  for adenosine, 
w ith S-(4-N itrobenzyl)-6-th¡onosine (NBTI: 0.5, 2.0, or 5.0 µg i. c. v) 
produces deficits in escape perform ance sim ilar to those resulting from 
inescapable shock. These data suggest that endogenous adenosine is acting 
centrally  to m ediate behavioral im pairm ent in the learned helplessness 
paradigm .
Research supported by a grant from the University o f  California Academic 
Senate.

277.4
NEUROSTEROIDS, ACUTE SWIM STRESS, AND 
NAVIGATIONAL LEARNING AND MEMORY IN THE MORRIS 
WATER MAZE. R.C. Drugan* and J.R. Pelletier. Dept, of Psyc., 
Univ, o f NH, Durham, NH 03824.

Although previous work has shown the stress-induced release of 
neurosteroids in both swim and restraint stress paradigms, their 
impact on subsequent learning and memory has not been studied. 
Rats exposed to ambient swim stress after receiving injections of 
4MA, which inhibits 5alpha reductase and Зbeta-Steroid 
dehydrogenase, two enzymes shown to reduce parent steroid 
compounds into bioactive metabolites, showed impairments in both 
navigational learning and memory compared to swim stressed rats 
who received a vehicle injection. Conversely, nonstressed rats who 
received 4MA showed a facilitation in naviagational learning and 
memory compared to nonstressed vehicle-treated controls. These 
effects were not seen when animals were injected with MK9O6, a 
more selective neurosteroid synthesis inhibitor which inhibits 
primarily 5alpha reductase. These results suggest that neurosteroids 
do play a role in learning and memory, but have differential effects 
in stressed versus nonstressed subjects. This work was supported by 
PHS Grant #MH45475 to RCD.

277.6
SEX DIFFERENCES IN BEHAVIORAL REACTIVITY TO RESTRAINT AND 
SWIM STRESS IN THE RAT AS MEASURED BY EXPLORATION AND 
ALCOHOL-INDUCED MOTOR ATAXIA. T.R. Tawabkhan *.B.N.Mammola. 
R.C. Drugan. Dept, of Psychology, Univ, o f New Hampshire, Durham, NH, 
03824.

Environmental stressors have been shown to cause behavioral, neurochemical, 
and neuroanatomical changes in the rat. Animal models of stress reactivity have 
often been employed in the development of therapies for affective disorders in 
humans. Many studies use shock stress, and most use male rats. These 
experiments compare male and female rats on both immobilization (IMM) and 
ambient-temperature swim stress (SS). Exploration behavior was measured in the 
open-field (OFT) both pre- and post-stress; the ataxic effects of a .6 g/kg dose of 
ethanol were measured using a rotarod treadmill.

Sex differences were observed for both measures. Females exhibited less motor 
ataxia following ETOH administration. There were no significant effects of stress 
There is a possibility of ceiling effects; future research necessitates a dose- 
response analysis of ETOH-induced ataxia in both male and female animals.

Females were more active in the OFT than males. In general, animals were less 
active in the second OFT. Further, differences were observed in the pattern of 
exploration over the 10 minute OFT exposure, and both IMM and SS were shown 
to alter behavior between OFT’s.

These data extend prior work illustrating sex differences in stress and alcohol 
reactivity. Given substantial sex differences in the incidence of depressive 
disorders in humans, animal models of stress that are intended to further our 
understanding of human psychopathologies must employ both male and female 
subjects.

Supported by PHS Grant MH45475 and a University of New Hampshire 
Graduate School Research Enhancement Award.

277.8
A D EN O SIN E M ED IA TES G LU TA M A TE-IN D U CED  BEHAVIORAL 
D EPRESSIO N IN TH E LEA RN ED H ELPLESSNESS PARADIGM  IN 
RATS. A. M. Hunter. N. Arfai, T. R. Minor* . Departm ent o f  Psychology, 
U niversity o f  California, Los Angeles 90095-1563.

The present experim ents explored the role o f  com pensatory adenosine and 
it’s relationship to m etabolic stress in the “ learned helplessness” (LH) effect. 
B ilateral cannulations were perform ed on 32 rats to allow  for injection into 
anterior cingulate cortex (A C) 5-8 days follow ing surgery. Bilateral 
intracortical m icroinjection o f  glutam ate (ЮOwg) into AC produced 
perform ance deficits lh r  (Experim ent I) and 72h (Experim ent II) following 
injection. Rats injected with glutam ate showed shuttle-escape deficits 
rem iniscent follow ing exposure to inescapable shock. Adm inistration o f 
adenosine receptor antagonist caffeine (7m g/kg) 10 m inutes prior to escape 
test reversed behavioral deficits in rats receiving glutam ate lh  but not 72h 
prior to test. These results are consistent with a m etabolic stress model o f  
helplessness which suggests that neuronal overactivation results in neuronal 
fatigue and a com pensatory increase in regulation by the nucleoside adenosine 
as a hom eostatic and neuroprotective m easure. The potent inhibitory effect o f 
adenosine on excitatory transm ission in brain precludes adaptive 
neuroprocessing in brain regions subserving fear and defensive behavior. 
Perform ance deficits ensue as a consequence.

Research supported by a grant from the University of 
California Academic Senate.
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277.9
IN V O L V E M E N T  O F  H Y P O T H A L A M IC  E N D O T H E L IN -1  IN  S C A L D  IN D U C E D  
STR E S S  W .J .  Y u a n . Y .M . J ia n g . Z .H . X ia n α . W .M . M ia o . a n d  G .B . G u *. 
D e pa rtm en t o f  P h y s io lo g y , S e c o n d  M ilita ry  M e d ic a l U n iv e rs ity , S h a n g h a i, 
200433, P .R . C h in a

E ndo th e lίn -1  is  a  p o te n t v a s o c o n s tr ic t iv e  p e p tid e . It p la y s  a  p iv o ta l ro le  in 
m ed ia ting  s t re s s - in d u c e d  v a s o c o n s tr ic t io n  a n d  s tre s s  u lc e rs . E n d o th e lin -1  in 
h y p o th a la m o -h y p o p h y s ia l s y s te m  a p p e a rs  to  b e  in v o lv e d  in  v a s o p re s s in  
secretion d u r in g  h y p o v o le m ic  a n d /o r  o s m o t ic  s tre s s . In th e  p re s e n t s tu d y , n o n - 
isotopic in s itu  h y b r id iz a tio n , n o r th e rn  b lo t, a n d  ra d io im m u n o a s s a y  w e re  
em ployed to  d e te rm in e  th e  p o s s ib le  ro le  o f h y p o th a la m ic  e n d o th e lin -1  in  s c a ld  
induced s tre s s . H ig h  d e n s ity  o f e n d o th e lin -1  m R N A  c o n ta in in g  n e u ro n s  w e re  
de tected in  th e  h y p o th a la m ic  m a g n o c e llu la r  n e u ro s e c re to ry  n u c le i,  in c lu d in g  th e  
p rincipa l p a rt o f th e  s u p ra o p tic  n u c le u s , a s  w e ll a s  th e  m a g n o c e llu la r  d iv is io n  o f 
the p a ra v e n tr ic u la r  n u c le u s . S o m e  e n d o th e lin -1  m R N A  c o n ta in in g  c e lls  w e re  
also fo u n d  in  th e  p e r iv e n tr ic u la r  n u c le u s , n u c le u s  c irc u la r is ,  a n te r io r  
h yp o th a la m ic  n u c le u s , a n d  th e  e p e n d y m a l m e m b ra n e  o f th e  th ird  v e n tr ic le  in  th e  
p reoptic a re a . H y p o th a la m ic  e n d o th e lin -1  m R N A  in c re a s e d  s ig n if ic a n t ly  1 h o u r 
a fter sca ld  a n d  c o n t in u e d  to  in c re a s e  u p  to  2  fo ld  th a n  th e  c o n tro ls  b y  3  h o u rs . 
On the  c o n tra ry , s c a ld  d ra m a t ic a lly  d e c re a s e d  e n d o th e lin -1  le v e ls  in  th e  
h yp o tha lam us a n d  th e  n e u ro h y p o p h y s is . H o w e v e r , s c a ld  d o e s  n o t a p p e a r  to  
alter e n d o th e lin -1  le v e ls  in  th e  a d e n o h y p o p h y s is .  In c o n tra s t  to  d e c re a s in g  
endothelin-1 le v e ls  in  th e  h y p o th a la m u s  a n d  n e u ro h y p o p h y s is ,  s c a ld  s e e m s  to  
increase p la s m a  e n d o th e lin -1  le v e ls . T h e s e  re s u lts  s u g g e s t th a t  e n d o th e lin -1  
re leased fro m  th e  h y p o th a la m u s  m a y  p a r t ic ip a te  in  n e u ro e n d o c r in e  fu n c tio n s  a n d  
h ypo tha lam us m a y  b e  a n  im p o r ta n t s o u rc e  o f  in c re a s e d  c irc u la t in g  e n d o th e lin -1  
during s tre ss . S u p p o r t e d  b y  C h in a  N a t io n a l  N a t u r a l  S c ie n c e  F o u n d a t io n  

Grant3967O243

277.11
RECURRENT A G G R ES SIVE EPISO D ES EN TRAIN  AU TO NO M IC 
ACTIVITY AN D  DO PAM INE RELEASE IN N. AC CU M BENS. P.F. 
Ferrari*. A .M .M . van Erp. W. Tornatzƙv. K.A. M iczek . Dept, of 
Psychology, Tufts University, M edford, M A 02155.

Dopamine (DA) in n. accum bens (NAC) increases in response to 
salient aversive and rewarding stim uli. Recurrent aggressive episodes 
have been shown to entrain autonom ic circadian rhythm s in resident 
rats in preparation to fighting. The objective o f th is study w as to test the 
hypothesis that predictab le aggressive challenge is anticipated by 
increased sym pathetic and m esolim bic DA activity. A ggressive male 
rats were entrained to a 12Һ:12Һ light-dark cycle (lights off at 12:00 PM) 
and implanted w ith both te lem etry senders to m onitor heart rate (HR) 
and core tem perature (Tc) and w ith a probe to sam ple DA and 5HT 
release in NAC by in vivo m icrodia lysis. L ight-entra ined resident males, 
left undisturbed until m icrodia lysis, were com pared to resident males 
that confronted a m ale in truder daily at ligh ts-o ff fo r ten consecutive 
days. The day follow ing the last encounte r m icrodia lysis sam ples were 
obtained for 8h covering the period before and a fter the scheduled 
encounter. L ight-entra ined rats show ed an increase in heart rate 
synchronized to the light-dark cycle but no system atic change in DA was 
detected. W e confirm ed the rise in HR prior to the scheduled aggressive 
encounters indicating tha t these confronta tions can function as effective 
Zeitgeber. C oncurrent w ith th is tachycard ia , DA in NAC began to 
increase before the scheduled encounte r and peaked at 12:00 PM. This 
may suggest a role o f the m eso lim b ic DA system  not only in response to 
stressful! events but also in anticipating the physio logica l dem ands of 
the social confrontation. Supported by USPHS AA05122, DAO2632

277.13
BRAIN NORADRENERGIC RESPONSES TO FOOTSHOCK AFTER 
CHRONIC ACTIVITY WHEEL RUNNINĢ. J. Soares1 , P.V. Holmes3,
K.Į. Renner4, G.L. Edwardsƒ B.N. Bunnell3, and R.K. Dishman*. 
Ɗepts.oŕ Exercise Science, 'Physiology, and Psychology, The Univ, of 
Georgia, Athens, Georgia 30602, and ΊĽ>ept. of Biology, The Univ, of 
South Dakota, Vermillion, S.D.

The effects of chronic activity wheel running on brain noradrenergic 
responses to footshock stress were examined using in vivo and in situ 
methods. Male Fischer 344 rats were random ly assigned to individual 
shoebox cages w ithout (SED) or w ith access to activity wheels (AW). 
Stereotaxic surgery was performed 4-6 weeks later to implant guide 
cannulae for microdialysis in brain frontal cortex. Seven days post
surgery, microdialysis probes were inserted in SED and AW rats and 
perfused w ith artificial cerebrospinal fluid. Dialysate was sampled 
every 20 min during a 2-h baseline, a 40-min bout of intermittent, 
scrambled footshocks (2 mA), and a 1-h recovery. Rats were killed 
under halothane anesthesia 90-120 min after footshock. Levels of 
Norepinephrine (NE) and 3,4-dihydroxyphenyl-acetic acid (DOPAC) 
in the dialysates were measured by high-performance liquid 
chromatography with electrochemical detection. Levels of tyrosine 
hydroxylase (TH) mRNA and c-ƒos mRNA in the locus coeruleus (LC) 
were measured using in situ hybridization histochemistry with 
autoradiographic analysis. NE levels in frontal cortex were the same 
for SED and AW rats at baseline, but were elevated in SED vs. AW 
rats during and after footshock. Footshock increased levels of TH 
and c-ƒos mRNAs in the LC, but SED and AW rats did not dflfer in 
these measures. The findings suggest that wheel running blunts NE 
release in brain frontal cortex in response to footshock but does not 
influence TH gene expression in the LC.

277.10
SO C IA L D EFEA T STRESS U PREG Ư LA TES µ-O P IO ID  RECEPTO R 
m RN A  IN V EN TR A L T E G M EN TA L A R EA  O F RATS.
E.M . N ik u lin a1*, R.P. H am m er, J r .1, K .A. M ic z e k ': and R.M . K ream 3, 
D epartm ent of P sych ia try ', P sy ch o lo g y ' and A nesthesio logy ', Tufts 
U niversity , Boston and M edford, M A 

The ventral tegm ental area (V TA ) is the origin o f  the m esolim bic 
dopam ine system , which has been im plicated in the response to stress and 
the rew arding  properties o f  drugs o f  abuse. D opam ine cells in the VTA 
receive an opioid m odulatory  influence via local G A BA  in tem eurons. 
H yperpolarization  by opio ids reduces the inhibitory G A B A -m ediated  
synaptic input to the dopam ine cells. Social stress was hypothesized to 
alter expression  o f µ-opio id  receptor m R N A  in the VTA. E xperim ental 
rats (L o n g -E v a n s )  d isplayed subm issive and defensive responses to 
attack by a resident stim ulus rat. They were subsequently  protected and 
exposed to threats by a resident for 1 h. D efeated rats were perfused at 
1/2, 2, and 6 h after initial stress exposure. O ther groups included naive 
rats and control rats exposed to a novel cage for 1 h. µ -O pioid  receptor 
m RN A  levels were detected  by in situ hybridization h istochem istry and 
am ount o f labeling was m easured in the V TA and the substantia nigra 
(SN). The basal level o f expression  was low in the V T A  and m oderate in 
the pars com pacta  o f  the SN in naive and control rats. Social defeat stress 
increased µ -receptor m RN A  expression  in V TA  neurons located m ostly 
in the lateral part, with peak induction two hours after defeat. A high 
level o f  µ -receptor m RN A  expression  rem ained in the V TA  6 h after 
stress. Social stress did not affect µ-recep to r m RNA expression  in the SN. 
These data  suggest that µ-opio id  receptor expression in the VTA  m ay be 
involved in the long-term  consequences o f  social defeat stress. Supported 
by DAO9822, DAO2632 and D A 04128.

277.12
EFFECTS OF IMMOBILIZATION STRESS ON THE P13 MIDLATENCY 
AUDITORY EVOKED POTENTIAL IN THE RAT. H. Miyazato». R·D. 
Skinner and E. Garcia-Rill. Dept, of Anatomy, Univ, of Arkansas for Medical 
Sciences, Little Rock, AR 72205.

We demonstrated that the rat P13 auditory evoked potential has the same 
characteristics as the human P l/P 5 0  potential: 1 ) sleep state dependence, 2) 
rapid habituation, and 3) blockade by scopolamine (Brain Res. Bull. 37,
1995). The P13 potential appears to be generated, at least in part, by 
pedunculopontine nucleus (PPN) outputs, since this potential is suppressed in 
a dose-dependent manner by microinjections into the PPN of, among other 
substances, the alpha-2 noradrenergic agonist clonidine. The locus coeruleus 
(LC) is activated by stress and sends noradrenergic inhibitory projections to 
the PPN. The present study was undertaken to determine the acute effects of 
immobilization (IMB) stress on the midlatency auditory evoked potentials in 
the rat. Adult male Sprague-Dawley rats (n=6) were implanted under 
anesthesia for vertex (Vx) and auditory cortex (ACx) recordings. Two weeks 
after surgery, they were placed in a sound-attenuating chamber either with 
IMB (prone in a restrainer for 60 min) or without IMB (control). Auditory 
click stimuli (103 dB, 0.2 Hz) were delivered before, during and after IMB 
until 32 responses were averaged. IMB had a significant effect on the 
amplitude of the Vx-recorded P13 potential (P<0.0001). The P13 potential 
was decreased within 10 min after the beginning of IMB until up to 40 min. 
This IMB-induced suppressive effect on P13 amplitude was blocked for 20 min 
by pretreatment with the alpha-2 noradrenergic antagonist yohimbine (5 
m g /k g  i.p.). In contrast, IMB had no effect on the amplitude of the ACx- 
recorded P7 potential, the primary cortical response. These results suggest 
that the P13 potential is suppressed by IMB, presumably via noradrenergic 
inputs from the LC to the PPN. Supported by PHS grant NS2O246 and The 
UAMS Medical Endowment Fund.

277.14
C -F O S  IM M Ư NOREACTIVITY A FT ER  A C U PU N CT U RE 
STIMULATION IN RATS. Kohmann. C .M Λ  Medeiros, M.A. and
L .E .A .M .M ello. Dept, of Physiology, UNIFESP-EPM , São Paulo 
04023-900, Brazil.

Needle insertion (acupuncture) in "sedative points" as S36, SP6 , SC6 
and Yin Tang is able to attenuate restraint-related behavior in rats 
(Braz.J.Med.Biol.Res. 30:1445-1450, 1997). Here we used the c-Fos 
immunohistochemistry to assess the brain structures activated after 
acupuncture application in rats. Adult, Wistar EPM-1 (200-250g), rats 
were immobilized and submitted to needle insertion in acupuncture 
points S36, SP6, SC6 and Yin Tang for 2 h. Control animals were only 
subject to immobilization for 2 h. Immediately after immobilization 
animals were deeply anesthetized (thionembutal, 50 mg/kg, i.p.) and 
perfused with saline and PFA 4%. Cryostat frozen coronal sections 30 
µm thick were processed immunocytochemically for c-Fos. Fos- 
immunoreactive neurons were subject to semi-quantitative assessment in: 
cerebral cortex, preoptic area, septal area, intralaminar thalamic nuclei, 
habenula, hippocampal formation, paraventricular hypothalamic nucleus, 
central and medial amygdaloid nuclei, and periaqueductal gray matter. 
No significant difference in the c-Fos expression was found between the 
2 groups. We suggest that the basal c-Fos expression induced by 
restraint stress may mask the specific pattern c-Fos expression which 
might be induced acupuncture. The observed anxiolytic-like behavioral 
effects induced by acupuncture in rats could not be linked to any specific 
set of neural structures at this point.

Research supported by: FAPESP, PRONEX and CNPq; MAM is a 
FAPESP fellow (97/1095-0).
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277.15
CHANGES IN BEHAVIORAL PATTERNS FOLLOWING CHRONIC PREDATOR 
EXPOSURE IN FEMALE LONG-EVANS RATS. J.N. Nikulina*. D C. Blanchard. 
M.A. Hebert. R. Figueira. C. Markham. O K. Nishimura, C.S, Granda and R.J. 
Blanchard. Bekesy Laboratory of Neurobiology. Univ. oſHawaii, Honolulu, HI 96822.

In a painless model of psychological stress female rats were exposed daily for three 
weeks to an innate predator threat stimulus, a cat. On each day rats were moved in 
their home cages to a test room and placed under an empty cat chamber with a wire- 
mesh bottom for a five minute pre-cat period. The cat was then introduced into the 
chamber, for a one-hour exposure period. Controls were exposed to a toy cat. Whereas 
toy cat -exposed subjects exhibited a variety of non-defensive behaviors (e.g., lying, 
locomotion, rearing), cat-exposed rats displayed extremely high (80-90%) levels of 
crouching and freezing during the exposure period. Crouching declined only slightly 
over 21 days of exposure indicating only minor habituation of the rat’s defensive 
response. Over days there was increased freezing in the pre-cat exposure period , 
indicating development of contextual fear conditioning. Rats were sacrificed 
immediately after the last cat exposure session and adrenals, thymus, spleen, and 
brains were collected. Adrenal weights were higher in cat-exposed animals compared 
to controls, indicating chronic activation of the hypothalamic-pituitary-adrenal axis, 
consistent with earlier findings of elevated CORT in cat-exposed male rats. Thymus 
and spleen weights were not reliably different. Brains are being analyzed for changes 
in alpha2-adrenoceptors.

Most ethological stressors (eg., resident-intruder paradigm, visible burrow system, 
etc.) do not allow for the study of female chronic stress response, and direct comparison 
of female chronic stress responses to those of males, important phenomena in terms of 
consistent clinical data that females are more susceptible to certain stress-related 
psychopathologies, such as anxiety and depression. Because cat exposure is a natural 
stressor for both male and female subjects, and there was no significant behavioral 
habituation over days, chronic cat exposure paradigms may provide an advantageous 
situations for description of gender differences in effects of stress response and for 
analy sis of the biological mechanisms of those differences. Supported by NSF IβN95 
11349.

277.17
INTERACTIONS OF STRESS, ALCOHOL, AND SEROTONIN IN 
LEARNED HELPLESSNESS. S. Eguae2, P. Williams1, M. Steciuk\ S. 
Alade2, W. Walton2, G.L. Kramer1*, F. Petty3. ‘North Texas Veterans 
Health Care System at Dallas; 2Paul Quinn College at Dallas; JDept. of 
Psychiatry, University of Texas Southwestern Medical Center at Dallas; 
Dallas, TX 75216

In clinical populations there exists a well recognized coưelation between 
depression and alcohol abuse. Despite this observation, there have 
apparently been no systematic investigations studying the interaction of 
alcohol in the teamed helplessness model. In this model, inescapable stress 
results in behavioral depression. Serotonin has been shown to be an 
important neurotransmitter in the learned helplessness model. The present 
study explores the interactions between stress, alcohol, and serotonin withm 
the framework of the learned helplessness model. Preliminary results 
demonstrate a biphasic effect o f acute alcohol in response to a severe stressor 
such that as opposed to saline controls ethanol at a dose of 0.5 mg/kg (i.p.) 
had no effect, while 1.0 mg/kg resulted in a decreased proportion of rats 
displaying helpless behavior, and 2.0 mg/kg resulted in an increased number 
of rats displaymg helpless behavior. Chronically administered ethanol had 
no effect on the proportion of rats displaying helpless behavior. It is 
expected that the results o f this study will shed more light on the roles of 
alcohol and serotonin in the learned helplesness model. (Supported by V.A. 
Medical Research Service)

277.19
CHRONIC PSYCHOSOCIAL STRESS ALTERS THE DENSITY OF 
DOPAMINE DΓLIKE BINDING SITES. M.J. Mijnster». E. ĭsovich 
and E. Fuchs. German Primate Center, 37077 Göttingen, Germany.

The present study was designed to investigate the impact o f a 
naturalistic type o f stress on dopamine receptors. We used the well- 
characterized psychosocial stress paradigm in tree shrews. In this 
paradigm, the co-existence o f two male tree shrews in one cage leads 
to a stable dominant-subordinate relationship, resulting in major 
endocrinological and behavioral changes in the subordinate animal. 
Animals were exposed to 5 weeks o f subordination stress, leading to 
constant weight loss and elevation o f urinary cortisol and 
noradrenaline excretion. With in vitro autoradiography, dopamine D2- 
like binding site characteristics were investigated in several regions of 
the brain. Saturation experiments with [125I]-epidepride revealed 
changes in the number of binding sites but not in their affinity. In the 
nucleus accumbens and in the nucleus caudatus B„^ values were 
increased, whereas in the putamen B„„, values were not changed. In the 
hippocampal CA1 region a major increase in B„^ was observed. Other 
brain regions are still under investigation. In conclusion, the present 
results indicate that 5 weeks o f psychosocial stress induce an 
upregulation of D2-like binding sites in striatal and hippocampal 
regions.

This work was supported by the EU and DA AD.

277.16
ATTENUATION OF STRESS-INDUCED SEPTAL FOS-LIKE 
IM M UNOREACTIVE^ (FOS-LI) IN HELPLESS RATS. M. Steciuk1. M. 
Kram2. G.L. Kramer*, and F. Petty2*. 'North Texas Veterans Health Care 
System at Dallas; ⅛>ept. o f Psychiatry, University of Texas Southwestern 
Medical Center at Dallas; Dallas, TX 75216 

In the learned helplessness model inescapable stress results in behavioral 
depression. Another effect o f stress is the expression of immediate early 
genes such as c-fos. Antidepressants have been shown both to aiter Fos-LI 
and to reverse and prevent helpless behavior. Previous research has shown 
that serotonin is an essential neurotransmitter in the learned helplessness 
model. The present study examines the expression of c-ſos in response to a 
20-mınute stressor in naïve, sham, helpless and non-helpless animals 
Animals in the sham, helpless, and non-helpless groups showed significantly 
lower Fos-LI in response to stress than animals in the naïve group in all the 
amygdaloid regions and in the hypothalamic paraventricular nucleus. Most 
striking was the finding that helpless animals showed significantly reduced 
Fos-LI in the crescentic septal nucleus (lateral septum) in response to stress 
as compared to animals in the non-helpless, naïve, and sham groups. This 
result may suggest that decreased Fos-LI in the crescentic septal nucleus 
reflects a decrease in serotonergic transmission in this region in helpless 
animals. (Supported by V.A. Medical Research Service).

277.18
EXPOSURE TO CHRONIC SOCIAL STRESS PRODUCES CHANGES IN 
DIURNAL ACTIVITY AND REDUCED MOBILITY IN THE PORSOLT SWIM 
TEST IN C57 MICE. Yudko. E Λ  Newsham. K.. Mowrev. K.. Holmes. I .  Ring. R.. 
and Shepherd. J. Dept, of Psychology, Univ, of Hawaii, Honolulu, HI 96822

Chronic social stress is frequently associated with the neurochemical, physiological 
and behavioral changes observed at the onset of major depressive disorder in humans. 
Ethological studies in rats, mice and baboons suggest that chronic social stress 
produces comparable changes in non-human animals (Blanchard et al., 1995; 
Sapo)sky, 1992; Kudryavtseva et al„ 1991). In this context, previous studies in this 
laboratory have shown that, following long-term exposure to intermittent social defeat, 
and continuous habitation ¡n close proximity to a paired dominant, subordinate male 
C57 mice exhibit severe deficits in cognitive performance in the Morris water maze 
procedure. Thus, following lepeated daily trials, both dominant and control (no¡¡- 
exposed) mice successfully learned to locate a submerged platform with progressively 
shorter latencies. Chronically-stressed subordinates showed no improvement in the 
task over trials

The present studies assessed any possible effects of similar social stress experience 
on diurnal activity and mobility in the Porsolt swim test. Experiment one compared 
dominants and subordinates with controls at diffeient time periods during the day. 
Behavioral measures included locomotor activity, rear, dig, lie, groom, crouch, stand, 
eat and drink. While there was no main effect of status six. hours after lights •on, or 
immediately before lights-out, there was an effect or status immediately after lighls- 
on. Time-sampling analysis indicated a decrease in activity in subordinates with a 
complimentary increase in lie compared to dominant and control animals. Experiment 
two indicated a decrease in mobility for subordinates compared with controls in the 
Porsolt swim test. Taken together, these findings continue to support chronic social 
stress as a potential model for screening antidepressants.
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278.1
GLUTAMATERGIC REGULATION OF BASAL AND STIMULUS- 
ACTIVATED DOPAMINE RELEASE IN THE PREFRONTAL CORTEX, 
Rvuichi Takahata* and Bita Moghaddam. Dept Psychiatry, Yale University 
School of Medicine, VAMC 116A/2, West Haven, CT 06516, and Dept 
Neuropsychiatry, Osaka Medical College, Takatsuki, Osaka 569, Japan 

The present study was undertaken to determine whether basal and stimulus- 
activated dopamine release in the prefrontal cortex (PFC) are regulated by 
glutamatergic afĩerents to the PFC or the ventral tegmental area (VTA), the 
primary source of dopamine neurons that innervate the rodent PFC. In awake 
rats, blockade of NMD A or AMPA receptors in the VTA, or blockade of 
AMPA receptors in the PFC, profoundly reduced dopamine release in the 
PFC suggesting that the basal output of dopamine neurons projecting to the 
PFC is under a tonic excitatory  control of NMDA and AMPA receptors in 
the VTA and AMPA receptors in the PFC. Consistent with previous reports, 
blockade of cortical NMDA receptors increased dopamine release suggesting 
that NMDA receptors in the PFC exert a tonic inhibitory  control on 
dopamine release. Blockade of NMDA or AMPA receptors in the VTA as 
well as blockade of AMPA receptors in the PFC reduced the dopaminergic 
response to mild handling suggesting that activation of glutamate 
neurotransmission also regulates stimulus-induced increase of dopamine 
release in the PFC. In the context of brain disorders that may involve cortical 
dopamine dysfunction, the present findings suggest that abnormal basal or 
stimulus-activated dopamine neurotransmission in the PFC may be secondary 
to glutamatergic dysregulation. Supported by National Institute of Mental 
Health and U.S. Veterans Administration.

278.3
CHARACTERIZATION OF A NOVEL WORKING MEMORY TASK FOR 
THE RODENT, Julie Aultman and Bita Moghaddam*. Dept Psychiatry,
Yale Univ Sch Med, VA Med Cư 116A/2, West Haven, CT 06516.

The T-maze delayed alternation task is routinely used to assess working 
memory in rodents. However, animals quickly become overtrained in this task 
necessitating imposition of long inter-trial delays. In this study we established 
and characterized a discrete-trial T-maze delayed alternation paradigm which 
involves continuous changing of strategy and thus is not prone to overtraining 
as in ordinary T-maze delayed alternation. In this task, instead of consecutive 
trials o f  continuous alternation, animals were presented first with a forced 
run, i.e., they were given access to only one (randomly chosen) arm of the 
maze and rewarded after entering that arm. After a delay (0, 10 or 40 sec 
for the present study) they were presented with both arms and were rewarded 
for entering the arm that they had not entered on the previous (forced) run.
At each delay, animals were given 10 paired trials of randomly chosen 
forced runs, followed by choice runs. Anim als were trained until their 
performance stabilized for at least 5 consecutive days at all delays. It was 
found that over a period of 4 weeks, performance remained stable. The 
performance was worsened by ibotenic acid lesions of the medial prefrontal 
cortex and by systemic injection of scopolamine (in a dose-dependent but 
delay-independent manner) and NMDA antagonists (in a dose- and delay- 
dependent manner). Systemic injections of amphetamine and dopamine D2 
antagonists, however, were without a significant effect on performance. 
Supported by National Institute of Mental Health and U.S. Veterans 
Administration.

278.5
D1 INVOLVEMENT UNDER A VISUAL WORKING 
MEMORY PARADIGM. A E. Hale and J.C. Horvitz*. 
Dept. Psychology, Beh. Neuroscience Lab.. Columbia 
University. NY. NY 10027.

Prefrontal D1 dopamine activity' has been 
implicated in working memory functions. In order to 
investigate DA involvement in memory processes, we 
have developed a matching-to-sample paradigm requiring 
rats to maintain a representation of a visual (flashing or 
non-flashing light) stimulus over a varying delay period 
(0, 4, 10 s). After the delay, animals demonstrate memory 
of the event by pressing one of two levers: either a lever 
cued by the matching or by the non-matching light 
condition. Because the sample stimulus and the location 
of the matching/non-matching stimuli vary across trials, 
animals cannot use a behavioral/postural representation of 
the correct response, but rather are forced to recall the 
sensory event itself. The effects of D1 (SCH23390) versus 
D2 (raclopride) disruption on working memory function 
are discussed. Supported by Columbia University.

278.2
NORMALIZATION OF COGNITIVE AND MOTORIC EFFECTS OF 
PHENCYCLIDINE BY A GROUP II METABOTROPIC GLUTAMATE 
RECEPTOR AGONIST, Barbara Adams* and Bita Moghaddam. Dept 
Psychiatry, Yale University School of Medicine, VA Medical Center 116A/2, 
West Haven, CT 06516.

Phencyclidine (PCP) and other antagonists of the n-methyl-d-aspartate 
(NMDA) receptor produce cognitive and motoric disruptions that mimic 
some aspects of schizophrenic symptomatology and are used routinely as 
animal and clinical models of schizophrenia. It is generally believed that 
altered corticolimbic glutamatergic and dopaminergic neurotransmission 
mediate PCP’s cognitive and psychotomimetic effects. Here we used a novel 
approach to normalize the behavioral effects of PCP by targeting the group II 
metabotropic glutamate receptors (mGluRs) which modulate glutamatergic 
neurotransmission by presynaptic mechanisms. Stimulation of this group of 
receptors in the rodent, at an agonist dose that had no effect on spontaneous 
activity, profoundly attenuated PCP-induced working memory deficits, 
hyperlocomotion, and stereotypy. This behavioral reversal was accompanied 
by reduced activation of glutamate efflux by PCP, but not by reduced 
presynaptic dopaminergic hyperactivity in cortical or subcortical regions. 
These data suggest that targeting the group II mGluRs presents a novel 
therapeutic strategy for normalizing glutamatergic dysfunction in psychiatric 
disorders. Our findings also provide striking evidence for functional 
dissociation between dopaminergic neurotransmission and behavioral effects 
of PCP that may be relevant to schizophrenia. Supported by National 
Institute of Mental Health and U.S. Veterans Administration.

278.4
A NEUROCOMPUTATION AL THEORY OF THE DOPAMINERGIC 
MODULATION OF WORKING MEMORY FUNCTIONS IN THE PREFRONTAL 
CORTEX (PFC). D. Durstewitz*. M. Kelc & O.Gü∩türkün. Biopsychology, Ruhr- 
University oť Bochum, D-44780 Bochum. Germany.

The PFC of mammalian and avian species is critically involved in working memory, 
and the dopaminergic modulation of PFC neurons and networks plays an important in 
role in mediating these functions. Working memory deficits are characterized by an 
unability of the animals to held active a neural representation of critical, goal-related 
information in the absence of external cues, to guide forthcoming action. To explain 
these impairments that occur after PFC lesions and dopamine receptor blockade, and to 
unravel the possible biophysical mechanisms by which dopamine might participate in 
these functions, we constructed a neural network consisting of simple two-compartment 
leaky-integrator neurons, which allowed for realistic implementation of dopaminergic 
effects on several ion channels, and GABAergic feedback. Model simulations showed 
that during the delay phases of working memory tasks dopaminergic modulation is 
necessary to held active neural representations in the network, and to protect this goal- 
related activity against interfering stimuli that would otherwise easily wipe out active 
representations from short term memory. Dopamine had this effect by means of 
enhancing a proximal persistent Na+ current and reducing a dendritic Ca^+ current, as has 
been shown by Yang & Seamans (1996), and by reducing excitatory synaptic 
transmission. The persistent Na+ current strengthened recurrent excitatory feedbacks 
between active neurons coding for the critical representation, and thereby also increased 
inhibitory feedback for non-pattern units, thus stabilizing the active cell assembly in the 
memory net. The reduction of excitatory synaptic transmission and dendritic Ca2+ 
channels had the additional effect of diminishing the impact of intervening stimulus 
patterns on the active, goal-related representation. Thus, our network study provides a 
possible explanation for the deficits observed after dopaminergic system or PFC lesions 
in working memory tasks in mechanistic terms. Supported by the Deutsche 
Forschungsgemeinschαft and the AĮfricd- Krttpp· Siiftung by grunts to O.G and D.D.

278.6
THE ALPHA-2 NORADRENERGIC AGONIST GUANFACINE 
IMPROVES SPATIAL WORKING MEMORY IN WILD TYPE MICE 
BUT NOT MICE WITH POINT MUTATIONS OF THE GENE FOR 
THE ALPHA-2A RECEPTOR JS Franowicz*. L Kessler. C Morgan. 
AFT Amsten. Section of Neurobiology, Yale Univ. Sch. Med., New 
Haven, CT 06520-8001.

Alpha-2 agonists have previously been shown to improve spatial 
working memory performance in both aged and young monkeys and 
aged rats. The alpha-2A receptor subtype is thought to mediate this 
cognitive improvement, as compounds with higher affinity for this 
subtype are more potent at improving task performance. Recently, mice 
with mutations in the gene for the alpha-2A receptor have been created 
which do not show the typical hypotensive response to alpha-2 agonist 
treatment (MacMillan et al, l996,Science 273: 801-3). The present study 
evaluated the effect of guanfacine (GFC) on delayed alternation 
performance in wild-type mice and mice with inactivated alpha-2A 
receptors. Wild type mice exhibited a dose/response profile similar to 
that previously seen in monkeys: they were impaired by low doses 
(0.001 - 0.01 mg/kg) and improved by higher doses (0.5 - 1.0 mg/kg) of 
GFC. In contrast, task performance in the alpha-2A mutants was not 
altered by any dose of GFC. This supports the hypothesis that alpha-2A 
receptors play a significant role in the spatial working memory 
improvement produced by alpha-2 agonists. Task performance 
following GFC treatment is also being evaluated in mice with knockouts 
of the alpha-2B and alpha-2C genes to explore the relative involvement 
of these receptor subtypes. Supported by AG 06036.
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278.7
FIRST AND REPEATED ORAL CAFFEINE DIFFERENTIALLY AFFECTS MEDIAL 
PREFRONTAL DOPAMINE, SEROTONIN AND GABA TRANSMISSION AND 
BEHAVIOR AS REVEALED BY IN VIVO MICRODIALYSIS. F  Boland. J.C. 
Glemrøn, C. Herron* and W.T. O ’Connor. Department of Human Anatomy and 
Physiology, University College, Dublin 2, Ireland.

Dopamine (DA) and serotonin (5HT) transmission in the medial prefrontal cortex 
(mPFC) mediates attention, arousal and addictive behaviour. The adenosine Aı and A2 
receptor antagonist caffeine is a popular CNS stimulant which displays a similar 
behavioral profile. In the present study we employed microdialysis to study the effects of 
a first and repeated (24hrs later) exposure to oral caffeine (30mg/kg, i.e. equivalent to 3 
cups of coffee in the human) on dialysate levels of DA, dihydroxyphenylacetic acid 
(DOPAC), γ-aminobutyric acid (GABA) and the 5HT metabolite 5-hydroxyindoleacetic 
acid (5HIAA) in the medial prefrontal cortex (mPFC) and on locomotion and reactive 
behavior.
First exposure to oral caffeine increased dialysate DA (+108±6%) and 5HIAA (+52±9%) 
while DOPAC levels were decreased (-26.34 ±1%) compared to basal levels and this was 
associated with increases in locomotion (+107±29%) and responsivity to a tactile 
stimulus (+125±17%) (n=8). In conưast, a repeated exposure to oral caffeine 24hrs 
later attenuated the increase in DA (+34±4%) and the decrease in DOPAC (-4.22± 
0.34%) while dialysate 5HIAA levels were increased still further (+85±12%) and these 
neurochemical effects were associated with an attenuated effect on locomotion (+29± 
13%) and enhanced responsitivity to a tactile stimulus (+239±9%). First and repeated 
exposure to oral caffeine did not alter dialysate mPFC GABA levels.
The attennuated increase in mPFC DA release and locomotion following repeated 
caffeine is similar to that reported for other psychostimulant drugs and may underlie the 
development of psychic dependence while the fact that the enhancement in 5HIAA 
levels (indicating a further reduction in mPFC 5HT release) parallels a further increase 
in behavioural reactivity, suggests that the ability of repeated caffeine to reduce mPFC
5-HT release may underlie the increase in attention and arousal reported by individuals 
even after prolonged use.
Supported by the Health Research Board (Ireland).

278.9
ACTIVATION OF DOPAMINERGIC TRANSMISSION SYSTEM IN MEDIAL 
PREFRONTAL CORTEX OF GERBILS DURING ACQUISITION OF A 
SUCCESSFUL AVIOANCE STRATEGY IN THE SHUTTLE-BOX. H.Stark»,
A.Bischof, H. Scheich. Leibniz Institute for Neurobiology (IfN), Brenneckestr. 6, 
39118 Magdeburg, Germany.

The response of the dopaminergic (DA) transmission system in right medial 
prefrontal cortex (mPFC) o f gerbils (Meriones unguiculatus) was investigated in 
different phases of acoustic avoidance conditioning. After onset o f acoustic 
stimulus a electric footshock followed with a delay o f 5 sec. The tone stimulus (CS) 
and the footshock (US) could be terminated by changing shuttle-box compartments. 
During behavioral experiments the animals were subjected the microdialysis from 
the mPFC (Stark and Scheich, 1997).

The analysis o f  the behavior in the shuttle-box during the training sessions was 
carгried out with a NOLDUS video observation system. The acquisition o f the 
successful avoidance strategy during the training session (the escape from electric 
footshock (US) by changing the shuttle-box compartment after onset o f a tone (CS)) 
was divided in different phases: After onset of ttaining the animals started to 
respond to the initially indifferent tone stimulus by an attention reaction (signal 
detection). To this phase the animals changed the shuttle-box compartment only 
after onset o f the footshock. In the next phase o f learning the gerbils jumped more 
frequently over the hurdle at the start o f  the tone (CS) (signal evaluation). Finally a 
stabil plateau o f the conditioned response was established thus a successful 
behavioral strategy was consolidated. During the phase o f signal evaluation the 
activity o f the DA system was strongly increased in contrast to the preceding phase 
of signal detection. There are indications that during the retrieval o f the CR in 
retraining sessions the DA system is only moderately activated.
Stark H., and Scheich H., J. Neurochem„ 68, 691-697 (1997).
Supported by DFG, STA 464/1-1

278.11
SEX DIFFERENCES IN SOMATOSENSORY GATING EFFECT OF 6-OHDA 
LESIONS OF THE MEDIAL PREFRONTAL CORTEX (M-PFC) ON PREPULSE 
INHIBITION OF ACOUSTIC STARTLE T.L. Thompson*. M B. Osteen and C.C. 
Moore Division of Basic Sciences, Mercer Univ. Sch. Of Med., Macon, GA 31207.

We have shown previously that 6-OHDA lesions o f the mPFC produce an increased 
dopaminergic activity in the nucleus accumbens in both ovariectomized (OVX) and 
intact cycling female rats as measured by in vivo voltammetry. In the current study we 
report the effect o f  6-OHDA lesions on a behavioral correlate o f subcortical 
hyperactivity, prepulse inhibition (PPI) o f the acoustic startle reflex. PP1 was measured 
using a SR-Lab Prime Startle Reflex System. Each session consisted o f a randomized 
presentation of 3 trial types: 1] a startle pulse (ЮOdB, 40msec); 2] a startle pulse 
preceded 100msec by a prepulse (Юdb above background. 20msec) or 3] background 
white noise at 6OdB. A total o f  60 trials were presented during each session. PPf was 
defined as: (100-[ampl prepulse trial/ampl on startle trial] x 100). Drugs (apomorphine,
7-OH-DPAT HBr, haloperidol) or saline were administered i.p 5min. prior to the start 
o f the behavioral testing. Significant differences were observed in PPI between intact 
males and steroid deficient females. PPI was significantly attenuated in females. This 
difference was lost following apomorphine or 7-OH-DPAT treatment. 6-OHDA lesions 
resulted in an attenuation o f PPI in both males and OVX females and this effect was 
reversed by haloperidol treatment. The ability o f agonists to modify startle following 6- 
OHDA lesions was also investigated In addition to gender differences in PPI, 
differences were also observed in maximal startle amplitude. While no differences were 
observed following saline treatment of intact animals, gender differences were observed 
in lesioned animals. Both males and females showed a reduction in startle amplitude 
following 6-OHDA treatment but startle amplitude in females was reduced to 30% of 
that observed in lesioned males. These data support previous results suggesting that 
steroid exposure may modulate DA activity in the nucleus accumbens and further 
suggest that this exposure may be important in alterations in sensorimotor gating 
observed under conditions of pathologically increased DA activity MUSM 2-26714.

278.8
NICOTINIC MODULATION OF MESOPREFRONTAL DOPAMINE SYSTEMS: 
PHARMACOLOGY AND SITE OF ACTION. T P, George*. C D. Verrico, L. Xu 
and R.H. Roth. Division of Substance Abuse, Departments of Psychiatry and 
Pharmacology, Yale University School of Medicine, New Haven, CT 06520-8066.

Schizophrenics have cortical dysfunction which may involve the 
mesoprefrontal dopamine (DA) system. In chronic schizophrenia, prevalence rates of 
nicotine dependence approach 90%, and nicotine use may reduce stress and 
ameliorate cognitive disfunction. Our studies in rodents have focused on nicotinic 
acetylcholine receptor (nAChR) modulation o f mesoprefrontal DA systems.

We have previously shown that repeated, but not acute, nicotine pre-treatment 
reduces footshock stress-induced mesoprefrontal DA metabolism and immobility 
responses, and that this effect follows an “inverted ư ’ dose response (Yerkes-Dodson) 
relationship, with maximal effects produced at nicotine doses of 0.15 mg/kg, sc. This 
effect of nicotine is dependent on mecamylamine (MCA)-sensitive nAChR stimulation 
and is antagonized by the opiate antagonist naloxone. Our current studies have 
examined these effects of nicotine using: 1) local infusion of mecamylamine into cell 
bodies (ventral tegmental area, VTA) and terminal fields (mPFC) of mesoprefrontal 
DA neurons in order to determine the site of action of nicotine; and 2) the 
pharmacology o f nicotine effects using selective nAChR antagonists.

Our results using bilateral local infusions of MCA (0.1-1.0 µg/siđe) into VTA 
or mPFC in saline and nicotine pre-treated rats suggests a modulatory role for 
somatodendritic (VTA) versus terminal field (mPFC) пACҺRs on mesoprefrontal DA 
neurons under basal and stress-induced states. Further characterization of nAChR 
modulation of mesoprefrontal DA neurons is being explored with dihydгo-ß- 
erythroidine (a ß2 selective blocker) and methylycaconitine (an α7 selective blocker). 
Hence, nicotinic receptor regulation of mesoprefrontal DA neurons may have 
relevance to prefrontal dysfunction and the high rates of smoking in schizophrenia.

Supported by L.P. ЬΛarkey Trust, NARSAD, NIDA and NIMH

278.10
RACLOPRIDE ADMINISTERED INTO THE PREFRONTAL CORTEX OR 
THE BASOLATERAL AMYGDALA FAILS TO ATTENUATE THE 
REINFORCING PROPERTIES OF FOOD REWARD. A. L. Chausmeг* and 
A. Ettenberg. Behavioral Pharmacology Laboratory, Dept, of Psychology, 
Univ, of California, Santa Barbara, 93106.

The current experiment examined the ability of the selective D2 
receptor antagonist, raclopride, to prevent the reinstatement in operant 
responding produced by a single reinforced trial in the midst of extinction. In 
previous work, we reported that systemic raclopride dose-dependently 
attenuated response-reinstatement while a selective Dt antagonist does not. 
We have also reported that administering raclopride directly into the nucleus 
accumbens does not attenuate response reinstatement. The current study 
investigated the effects of raclopride infused directly into the medial pгefontal 
cortex (PFC) or the basolateгal amygdala (BLA). Hungry rats (implanted 
with bilateral caπnulae aimed at the PFC or BLA) were trained to run a 
straight-alley for food. The operant was then extinguished with non- 
reinfoгced trials. In this paradigm, a single reinforced trial was sufficient to 
reinstate operant running on the next trial 24 hrs later (i.e. Test Day). 
Pretreating rats on the reinforced trial with raclopride (0.0 or 5.0 
ug/0.5ul/side IC) did not prevent response reinstatement. These data suggest 
that selective antagonism of D2 receptors within the medial prefrontal cortex, 
basolateгal amygdala, or nucleus accumbens, cannot in and of itself account 
for the attenuation of response reinstatement observed following systemic 
raclopride. Supported by NIDA grant DA08042.

278.12
THE LOCUS COERULEUS IS INVOLVED IN THE CONTROL OF THE 20 KHZ 
INDUCED PANIC LIKE BEHAVIOUR IN THE RAT. S. Neophvtou. S.R, Beckett.
S. Aspley ' & C.A. Marsden. (SPON: British Neuroscience Association) School of 
Biomedical Sciences, Nottingham University, Nottingham U.K.; 1 Knoll
Pharmaceuticals R&D, Pennyfoot Street, Nottingham, U.K.

Ultrasonic vocalisation calls in the 20-30 kHz range are produced by rats in 
aversive situations, such as predator exposure and artificially generated 20 kHz 
ultrasound (91-101 dB) can produce defensive flight behaviour in the Lister hooded 
rat. This behaviour is similar to the response seen following electrical or chemical 
stimulation of brain regions known to mediate aversive responses. Ultrasound- 
induced defence is associated with activation of c-fos expression in central nuclei 
which constitute the brain aversive system and is sensitive to pharmacological 
manipulation with both anxiolytic and anxiogenic compounds. The defence response 
in rats may be considered analogous to unconditioned panic attacks in man. The 
present study concerns the role of the central noradrenergic system in the regulation 
o f 20 kHz ultrasound induced behaviour.

6-OHDA (4 µg in 1 µL total volume) lesions of the locus coeruleus (LC) were 
used to reduce central noradrenergic activity. Ultrasound exposure produced 
intensity-related defence behaviour in Lister hooded rats characterised by a 
significant increase in the maximum speed, distance travelled and average speed 
(active phase). On cessation of ultrasound exposure rats adopted a transient low 
activity strategy (inactive phase lasting 20-100 sec).

Injection of 6-OHDA into the LC resulted in significant NA reduction in the 
hypothalamus, frontal cortex, LC and periacqueductal grey measured by HPLC (2 
weeks post administration) with no significant change in 5-HT or DA levels. 
Lesioned rats showed a significant attenuation of the post ultrasound freezing 
behaviour (inactive phase) without any effects on the active phase.

These findings indicate that the locus coeruleus is involved in the regulation of fear 
related behaviour in the rat. [Funded by University of Nottingham & Knoll Pharm.]
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278.13
EFFECT OF D-AMPHETAMINE ON PREPULSE INHIBITION IN 
DOPAMINE D2, D3, AND D4 RECEPTOR KNOCKOUT MICE. R.J, 
Ralph*,1 G.B. Vartv.1 M.A. Kelly.2 Y-M. W ang.4 M.G. Caron.4 D.K. Grandv.3 
M.J. Low2 and M.A. Gever1. 'Dept. of Psychiaưy, UC San Diego, La Jolla, CA 
92093-0804; 2Vollum Institute, 3Dept of Physiology and Pharmacology, OHSU, 
Portland, OR 97201; 4HHMI, Dept, of Cell Biol., Duke Univ. MC, Durham, 
NC 27710.

Prepulse inhibition (PPI) is an operational measure of sensorimotor gating 
wherein a startle response is significantly reduced when the startle stimulus is 
preceded by a low intensity prepulse. Deficits in PPI have been reported in 
patients with psychiatric disorders, including schizophrenia. Consistent with 
the dopamine (DA) hypothesis of schizophrenia, DA agonists disrupt PPI in 
rats and mice. These disruptions can be reversed by both typical and atypical 
antipsychotics in rats, but the identity of the relevant DA receptor subtype(s) is 
unclear. We used genetically altered strains of “knockout” mice lacking the 
DA D2, D3 or D4 receptors to investigate the involvement of each subtype in 
the modulation of PPI and the disruption of PPI produced by the indirect DA 
agonist d-amphetamine (AMPH). There were no significant differences in 
baseline PPI or startle between the DA D2 (+/+), (+/-) or (-/-) mice. AMPH, 
however, disrupted PPI only in the D2 (+/+) mice, having no effect on PPI in 
the D2 (-/-) mice. DA D3 (+/+) and (-/-) mice had comparable levels of 
baseline PPI and startle. After AMPH treatment, both genotypes had 
significant disruptions in PPI. DA D4 (-/-) mice had higher baseline PPI and 
lower startle magnitude than D4 (+/+) mice; however, both genotypes showed 
significant disruptions in PPI following treatment with AMPH. These findings 
indicate that the AMPH-induced disruption of PPI is mediated via the DA D2 
receptor and not the D3 or D4 receptor subtypes.
This work was supported by DA09620, MH42228 and NARSAD

278.14
INCREASED DOPAMINE D2ŵe RECEPTORS IN THE NUCLEUS ACCUMBENS, 
BUT NOT THE STRIATUM. OF PREPULSE INHIBITION DEFICIENT 
ISOLATION-REARED RATS. M E . Baгdgetť. G.B. Vartv2*. J.D. Henry1, N R. 
Swerdlow2. and M.A. Gever2. 'Psychiatry Department, Washington University School 
of Medicine, St Louis, MO 63110. ⅜sychiatry Department., University of California 
San Diego, 9500 Gilman Drive, La Jolla. CA 92093-0804.

Prepulse inhibition (PPI) of the startle response is a cross-species operational 
measure of sensorimotor gating that is reduced in neuropsychiatric disorders such as 
schizophrenia. Recent studies have demonstrated that rats reared under conditions of 
isolation from weaning through to adulthood display deficits in PPI. Furthermore, 
dopamine (DA) D2 receptor antagonists and atypical antipsychotics reverse these PPI 
deficits. This study examined whether DA D2_ļlke receptors were altered in the brains 
of PPI deficient isolation-reared rats. Male Sprague-Dawley rat pups (40 g) were 
raised from weaning in either normal social conditions (SOC: 3 per cage, n = 12) or 
conditions of isolation (ISO; 1 per cage, n = 15). Animals were housed in these 
conditions throughout the study. Eight weeks after weaning, startle reactivity and PPI 
were measured in a standard startle paradigm. After behavioral testing, animals were 
sacrificed; their brains were removed immediately and sectioned. A binding assay 
using the D2_i⅛є selective antagonist [3H] spiperone, measured binding affinity (Kd) and 
numbers of DA D2.ı⅛e receptors (Bmax) in the nucleus accumbens (NA). anterior 
striatum (AS), and posterior striatum (PS). SOC and ISO rats exhibited similar levels 
of startle reactivity; however, PPI was reduced significantly in the ISO rats. 
Preliminary findings from the binding assays indicated that numbers of D2⅛ e 
receptors were increased significantly in the NA, but not in the AS or PS of ISO rats, 
compared to SOC animals. These findings further support a role of DA in the 
mediation of isolation-induced sensorimotor gating deficits. Furthermore, any such 
effects of DA are likely mediated by Dl·llke receptor subtypes within the NA.
This work was supported by NIMH grants MH52885 and MHOl 109.
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279.1
DƯRAΉON OF AFTER DISCHARGE INDUCED BY PERFORANT PATH 

TETANIC STIMULATION IS MODERATELY SUPPRESSED IN COX-2 

KNOCKOUT MOUSE.

T.Sudo1. Y.Kawakami* E.Maru2. K.Yamagata3. ‘Dept.of Physiol. Tokyo Women’s 

Med. Univ.; ⅜>ept. of Physiol. Nippon Med. School; 3Dept. of Molec. Neurobiol. 

Tokyo Metropolitan Insti. for Neurosci.; 'Shinjuku-ku, Tokyo, Japan, 162-8666

ProstaglandinE2 (PGE2) has been reported to enhance Ca2+- dependent glutamate 

release from cultured astrocytes, however, the effects of PG on neuronal excitability is 

unknown. We investigated the modulating effects of PG on seizure formation induced 

by acute perforant path kindling in a cyclooxygenase2 (COX-2) knockout mouse. 

Electroencephalogram and field potentials evoked by perforant path stimulation were 

chronically recorded in freely moving mouse. The mean duration of after discharges 

elicited by tetanic perforant path stimulation before status epilepticus was shorter in the 

mutant than in the wild type mouse, while there was no significant difference between 

the mean stimulus numbers requeued to induce status epilepticus in the two mice. We 

also examined the effects of a COX-2 inhibitor, NS398, on kindling formation in the 

wild type mouse.

Results suggest that PG is induced during seizure in the mouse hippocampus 

(Yamagata et al. previously reported an increase in COX-2 mRNA expression after 

seizure) and may enhance neuronal excitability.

279.3
SYNAPTIC VESICLE GLUTAMATE UPTAKE IN EPILEPTIC (EL AND EP) 
MICE. S.M. Lewis1*. F.S. Lee2, T. Amano1, M. Todoгova4, T.N. Sevfríed4, and 
T. Ueda1,2,3. ’Mental Health Research Institute, Departments o f ⅜harmacology and 
⅜sychiatry, Medical School, The University o f Michigan, Ann Arbor, Michigan, 
48109; “Biology Department, Boston College, Chestnut Hill, Massachusetts 02167.

The ATP-dependënt glutamate uptake system of synaptic vesicles was investigated 
in epileptic mice (EL and EP) and in genetically related control mice. EL mice 
were compared to DDY and ABP mice at two different ages: 46 days (seizures 
absent) and approx. 400 days (seizures present). EP mice were compared to ER and 
BALB/c mice at 60 days (seizures present). Synaptic vesicles were isolated from 
four different brain regions: cerebral cortex (with and without the hippocampus), 
hippocampus, cerebellum, and brain stem. Glutamate uptake was measured for each 
preparation. In EL mice, ATP-dependent glutamate uptake was increased in the 
cerebral cortex minus hippocampus compared to the control mice at age 400 days. 
No difference was found at the earlier age before seizures had begun. Furthermore, 
no differences were found in the other brain areas between EL and the control mice. 
In contrast, no differences were found in ATP-dependent glutamate uptake between 
the EP and the control (ER and BALB/c) mice in any o f the brain regions, except 
for increased glutamate uptake activity in the brain stem o f the ER mice. This 
finding did not correlate with epilepsy, as the brain stem activity o f the other control 
mouse (BALB/c) did not differ from the EP mouse. We conclude that, in the EL 
model o f epilepsy, ATP-dependent vesicular glutamate uptake activity is increased 
in a brain region-specific maimer (cerebral cortex without hippocampus) correlating 
with the presence of seizures. This was not found in the EP model o f seizures, 
suggesting a unique role for vesicular glutamate uptake in the EL model. This work 
was supported by Postdoctoral Fellowship NS09737-02 (SML), NΊH grant NS 
23355 (TNS), and Javits Neuroscience Investigator Award NS 26884 (TU).

279.2
ABNORMAL EXCITABILITY OF HIPPOCAMPAL CAЗ NEURONS OF NODA 
EPILEPTIC RATS (NER) WITH RELATION TO AGE AND ACOUSΉC PRIMING. 
Ryosuke Hanaya*, Masashi Sasa#, Kumatoshi Ishihara#, Koji Iida, Tomohide Akimitsu, Tadao 
Seгikawa##, Atsushi Noda###, and Kaoгu Kurisu. Dept of Neurosurg. and #Pharmacol., Hiroshima 
Univ. Sch. of Med., Hiroshima 734, ##Inst. of Lab. Anim„ Fac. of Med., Kyoto Univ., Kyoto 
606-01, ###Res. Inst. for Anim. Sci. in Biochem. and Toxicol. Kanagawa, 229, Japan.

The genetically defined Noda epileptic rats (NER) found in Crj: Wistar rat colony show 
spontaneous tonic-clonic convulsions once per 30 hr. Recently, we have found that acoustic 
priming (AP) at weekly intervals from 3 weeks of age consistendy induces seizures on acoustic 
stimulation, and a long-lasting depolarization shift accompanied by repetitive firings is observed 
in hippocampal CAЗ pyramidal neurons of adult NER with seizures. The present 
electrophysiological study using hippocampal slice preparations of NER was performed to elucidate 
whether or not this abnormal firing in CAЗ neurons developed with age, and were potentiatedby 
AP the abnormal neuronal activities of hippocampal CAЗ neurons. Thirty and 12 slicesof 
respectively 14 NER and 10 normal Wistar rats did not indicate any significant difference in 
resting membrane potentials of CAЗ neurons between two strain. When a single stimulus was 
deliv ered to the mossy fibers of NER of more than 6 weeks, the CAЗ neurons showed LDS and 
after -hypeipolarization following the abnormal firing. In addition, when higher stimulation intensity 
was given, abnormal firings were also evoked in hippocampal CAЗ neurons of NER (age : 4-5 
weeks) when they did not show any seizures, although the depolarization shift in younger NER 
was shorter than that in NER aged more than 6 weeks. These abnormal firings were evoked in 
30% of all CAЗ neurons of NER tested in both strain. Age-matched Wistar rats showed only 
single action potentials with single mossy fiber stimulation. The LDS with mossy fiber stimulations 
was not significantly altered in the AP animals, compared with controls. The number of CAЗ 
neurons showing LDS remained unaffected in AP animals, compared with the controls, respectively. 
However, input resistance of LDS-free neurons in AP animals was decreased, compared with 
that in control animals. Bath application of nicardipine (lOnM) inhibited this LDS accompanied 
by repetitive firing and after-hyperpolarization without affecting the first spikes induced by mossy 
fiber stimulations. Furthermore, nicardipine (lOnM) inhibited the Ca2+ spikes elicited by applying 
a depolarizing pulse in neurons of NER with seizures, although even a higher dose (lOOnM) did 
not affect those in Wistar rats. The findings that NER showed abnormal excitability of CAЗ 
neurons at an age free of tonic-clonic convulsions suggests that the hippocampus serves as an 
epileptogenetic site involved in die abnormal Ca2* channel functions in NER, and AP decreases 
the threshold of excitability in CAЗ neurons.

279.4
NORMOTOPIC AND HETEROTOPIC CELLULAR PROLIFERATION 
IN THE DEVELOPING TISH CORTEX. M.J. Anz¡vino. J.L. Collins.
E.A. Frankel. F. Schottler H. Scrable* and K.S. Lee. Dept, of 
Neurological Surgery, Univ, of Virginia, Charlottesville, VA 22908.

Cortical heterotopia are commonly observed in the brains of 
intractable epileptic patients. A clear understanding of the 
mechanisms contributing to the formation of cortical heterotopia could 
provide insights into the disturbances associated with misplaced 
neurons. We have previously shown that bromodexyurid¡ne labeled 
cells are present in both normotopic and heterotopic sites in the 
embryonic (E) tish cortex after brief (2 hr) post-injection survival 
times. This finding suggested that heterotopic neurogenesis may 
occur in the tish brain. The present study further examined this issue 
by investigating two additional indices of cellular proliferation. 
Proliferating cell nuclear antigen (PCNA), which marks m¡totically 
active cells in S-phase, was present in cells in both the normal 
ventricular zone and in a heterotopic position in the superficial 
intermediate zone. Heterotopic proliferating cells were observed as 
early as E14, the earliest time point examined. Mitotic profiles in 
toluídine-stained semithin sections were also observed in both the 
ventricular zone and in the superficial intermediate zone. These 
findings reinforce the concept that heterotopic cellular proliferation 
occurs in the developing tish cortex. This event is already established 
prior to the birth or migration of the majority of cortical plate neurons. 
Taken together, these observations suggest that heterotopic cellular 
proliferation, in addition to disturbed neuronal migration, contributes 
to the formation of heterotopia in the tish cortex. Support: NS34124.
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279.5
DIFFERENTIAL SUSCEPTIBILITY TO EPILEPTIFORM ACTIVITY IN 
NORMOTOPIC AND HETEROTOPIC NEURONS OF THE TISH 
BRAIN. Z-F. Chen, F. Schottler and K, S. Lee*. Dept, of Neurological 
Surgery, Univ, of Virginia, Charlottesville, VA 22908.

Misplaced (heterotopic) cortical neurons are increasingly 
recognized as a feature of epileptic brains. However, the role of 
heterotopic neurons in epi)eptogenesis is poorly understood. The 
present study examined the effects of proconvulsant treatment on 
normotopic (NT) and heterotopic (HT) neurons in a neurologically 
mutant rat (tish) exhibiting large subcortical band heterotopia. In vitro 
brain slices from control or tish brains were treated with ascending 
concentrations (200-1,000 µM) of penicillin-G together with reduced 
magnesium concentration (0.5 mM). In control slices, the threshold 
for eliciting spontaneous bursting was 45O±2OµM (mean±sem). The 
threshold was somewhat lower in the tish brain (4OO±28µM and 
42O±l8µM for the NT and HT areas, respectively). When a cut was 
placed between the normotopic and heterotopic areas, the threshold 
of the NT area was reduced to 243±l9µM. In contrast, the threshold 
was substantially increased in the HT area; 4 slices exhibited a 
threshold of 800 µM while 2 slices did not burst at concentrations up 
to 1,000 µM. These findings indicate that NT neurons are more prone 
to display penicillin-induced bursting than HT neurons in the tish 
brain. In addition, the HT neurons appear to have a net inhibitory 
influence on the bursting of NT neurons. These observations are 
consistent with the concept that properly positioned neurons may play 
a more critical role in epileptogenesis than misplaced neurons in 
certain large cortical heterotopia. Supported bv NS34124.

279.7
ARTIFACT-FREE VIDEO-EEG RECORDINGS OF THE GENERALIZED 
TONIC-CLONIC SEIZURE OF GEPR-9S AND GEPRЗs. P.CЉЬe'*. M.F.D. 
Moraes'2. P.K.Mishrα1. M. Chαvαli1 and N. Garcia-Cairasco2 I. Department of 
Biomedical and Therapeutic Sciences University of Illinois College o f Medicine at 
Peoria. USA. 2. Physiology Department. Ribeίrao Preto School of Medicine. U. Sao 
Paulo, Brazil.

The objective was to record noise-free EEG of the Genetically Epilepsy-Prone Rat 
(GEPR), along with behavioral correlates during a seizure in unrestrained behaving 
animals. The GEPR exhibits acoustically triggered generalized tonic-clonic seizures 
and often times the EEG recording with conventional techniques has resulted in 
recordings with embedded EMG noise. This problem is not unique to recording 
EEG in a GEPR. It also also in clinical settings in epilepsy patients. For noise-free 
recordings, we developed a system which consists o f a head connector with FET 
pre-amplifiers and battery, signal conditioning device (5OOOx gain, I Hz - 100Hz 
filters, Axon Instruments), A/D converter (M PI00 Biopac) and video/PC-PC/video 
computer boards for recording image data. This system was adequately grounded 
and allowed Video-EEG recordings in an artifact free recording system. Subjects o f 
this study were: 12 GEPR-9s 13 GEPR-Зs and 4 controls. Each animal was 
implanted with three monopolar/referential electrodes chosen among the following 
areas: cortex, inferior colliculus, reticular formation and caudal medulla. The 
GEPR9s video/EEG data were quite similar for all recorded animals: 1) basal 
desynchronized EEG before sound stimulus; 2) increase in EEG frequency after 
stimulus and before seizure onset; 3) high amplitude polyspikes during massive 
myoclonic thrusts with or without a running prelude; 4) electrodecremental response 
during initial tonic extension; 5) polyspikes and waves during clonic tonus; 6) low 
amplitude EEG during post-ictal flaccίdity. Unlike GEPR9s, the GEPRЗ Video-EEG 
data varied among animals. Support: CAPES-PDEE 0951/96-0-Brazil; and 
Department o f Biomedical and Therapeutic Sciences funds.

279.9
ALTERATION IN GABAa RECEPTOR ACTIVATION IN GEPR-9 NEURONS 
EXISTS PRIOR TO SEIZURE SUSCEPTIBILITY. L.R. Molnaг*. W,W. Fleming and
D.A. Tavloг. Dept, of Pharmacology & Toxicology, West Virginia University School of 
Medicine, Morgantown, WV 26506-9223.

Previous studies from this laboratory have indicated that cerebellar Puгkinje 
neurons from adult genetically epilepsy-prone rats (GEPR-9) are specifically subsensitive 
to GABAд-receptor activation compared to control animals. Seizure susceptibility 
develops in GEPR-9 rats only after postnatal day 15. Thus, if the GABAA-receptor 
subsensitivity also exists prior to this seizure susceptibility, it is possible that the decrease 
in sensitivity may contribute to the seizure prone state rather than being a consequence 
o f prior seizure activity. In order to investigate this possibility, the pharmacological 
sensitivity o f Puгkinje neurons in 300 µm sagittal cerebellar slices were studied using 
standard intracellular recording techniques and superfusion o f known concentrations of 
agonists. Concentration-response curves were constructed for Puгkinje neurons of both 
GEPR-9 and Sprague-Dawley rats postnatal age 10-14 to GABA, muscimol, glutamate, 
aspartate, and norepinephrine. Concentration-response curves for Puгkinje neurons from 
GEPR-9 rats indicate a significant (p<0.05) 4-fold rightward shift o f the ECÎ0 to both 
GABA (22 µM vs. 5 µM) and muscimol (2 µM vs. 0.5 µM) with no difference in 
maximal responses compared to Sprague-Dawley Puгkinje neurons. However, 
concentration-response curves for glutamate, aspartate, and norepinephrine were not 
significantly different between these animal strains (p>0.05). Thus, the previously 
described specific subsensitivity to GABAA-receptor activation in adult GEPR-9 animals 
also exists prior to the development o f seizure susceptibility in these animals and may, 
in fact, contribute to the development o f the seizure-prone state. Supported in part by 
NIH training grant T32 GM07039 and funds from the Mylan endowment.

279.6
DUAL FUNCTIONAL WHISKER REPRESENTATIONS IN THE 
SOMATOSENSORY CORTEX OF THE TISH MUTANT RAT.
F. Schottler*, J.M. Leland and K.S. Lee. Dept, of Neurological 
Surgery, University of Virginia, Charlottesville, VA, 22908

The organization of ‘functional’ whisker representations 
was examined in the somatosensory cortex of the neurologically 
mutant tish rat. The neocortex of this animal contains 
subcortical band heterotopia resembling those seen in some 
human epileptic patients. After clipping all but the vibrissa 
examined, a single whisker (e.g. E3) was stimulated for 30 
minutes in the presence of 14C-2-deoxyglucose (2DG), and 
‘functional’ activity of cortical areas was examined using 
autoradiography of 2DG incorporation. Enhanced 2DG uptake 
was observed in somatosensory portions of both the 
normotopic and heterotopic cortices of tish animals. The 
location of the enhanced 2DG activity in normotopic cortex 
corresponds well with previous studies of whisker 
representations in normal animals. In conjunction with previous 
work, these data provide strong evidence for ‘functional’ 
representations of somatosensory information in both the 
heterotopic region and overlying normotopic cortex of Tish rats. 
Supported bv NS34124.

279.8
SEIZURE EEG OF NAÏVE AND ACOUSTICALLY STIMULATED GEPR-9S: 
FACTORS IMPORTANT FOR EVOLUTION OF SEIZURE-EXPERIENCED 
PHENOTYPE. P.K. Mishra*. M.F.D. Moraes12. M. Chavali1. C. Moraes12. N. 
Garcia-Cairasco2 and P.C. Jobe1. 1.University o f Illinois College o f Medicine, 
Peoria, IL 61656 2.University o f Sao Paulo, Ribeirao Preto, Brazil.

Previously, we reported that the EEG during a generalized tonic-clonic seizure of 
GEPR-9s appears to be synchronous in the brainstem and cortex, even though these 
seizures are primarily driven by the brainstem. These EEGs were recorded from 
deeply implanted electrodes in seizure experienced GEPRs exposed to a 3 weekly 
acoustical stimulation protocol to screen GEPRs. Naritoku et al, (1992) reported 
that epileptiform activities in brainstem seizures are predominant in the brainstem 
with a secondary generalization in the cortex in response to seizure repetition. 
Therefore, we conducted this study to test the hypothesis that increasing levels of 
generalization o f epileptiform activity occurs with seizure experience. We attempted 
to test multiple seizure episodes, or elapsed time after seizures, or both, necessary to 
produce an increased caudal to rostral generalization o f seizures. We implanted 9 
seizure-naïve GEPR-9s with electrodes to record monopolar EEGs from cortex, 
reticular formation, inferior colliculus and caudal medulla. Artifact free video-EEGs 
were recorded using a system that was developed in our laboratory (see Moraes et al, 
this meeting). In order to determine the evolution o f the cortical synchronization 
and overall electrographic amplification with seizure experience, these animals were 
subject to repetitive acoustic stimulation of 75dB SPL, 12 to 16kHz frequency 
sweep. Progressive stimulation revealed a clear evolution from non-evίdent 
epileptiform EEG activity on the first acoustic stimulation to a progressively higher 
amplitude, prolonged duration and appearance o f the typical epileptiform EEG 
waveform morphology. However, the 6th daily stimulation did not result in an adult 
phenotypical EEG. To investigate the effect o f time alone and repetitive stimulation 
on EEG activity after the 6Λ stimuli, 5 GEPRs were allowed a 2-week rest, while 4 
were stimulated 3 times in the same period. Conclusion: Both factors influence 
epileptiform EEG progression.

279.10
FLATHEAD(FH), A NOVEL NEUROLOGICAL M UTANT DISPLAYS 
SPO NTANEOUS SEIZURES DURING EARLY POSTNATAL  
DEVELOPM ENT. M R . Sarkisian S.Rattan S R  D ’M ello, and J.J. 
L oT urco*. Dept, o f  Physiology and Neurobiology, Univ, o f  Connecticut, 
Storrs, CT 0 6 2 6 9 .

Disruptions in normal CNS developm ent are often associated with 
epilepsy. This study characterizes seizures in a novel genetic model o f  
developmental epilepsy, the Flathead (FH) rat. Anim als (n=76) ages P0- 
P22 were monitored for clinical and electrographic seizure activity. The 
effects o f  various AEDs on seizure frequency and duration were also 
assessed: phenobarbital (PB)(40m g/kg), phenytoin (PH T )(7.5m g/kg), 
valproic acid (V PA )(400m g/kg), and eth osuxim ide(E T S)(600m g/kg). FHs 
display episodes o f  behavior characterized by w hole-body tremor, strub 
tail, alternating forelim b clonus, and com plete tonus. EEG recordings 
from neocortex reveal that FH seizures are bilateral and appear around P7. 
Seizures then occur at a frequency o f  approximately 6 /hour from P7 to 
P I 8 and average duration o f seizures increases through development. PB, 
PHT, VPA, and ETS failed to block seizures; however, PB and PHT 
significantly increased the interval between seizures without affecting  
duration, while VPA decreased the duration o f  seizures without affecting  
seizure interval. Seizures in FH occur at a constant and high frequency  
during a proscribed period during early postnatal development. In 
addition these seizures were not blocked by com m only administered  
AEDs. Since FH is a single locus mutant displaying a highly regular 
pattern o f  seizure activity, it is an ideal m odel for exam ining the process 
o f  epileptogenesis in the develop ing brain, evaluating new AED therapies, 
and determining the identity o f  a gene essential to the normal 
developm ent o f  cortical excitability.

Supported by NIH grant M H 56524 to J.J.L., the K lingenstein fund to 
J.J.L., an NSF grant IB N 9 5 l 1013 to S.R.D., and, in part, by research grant 
H D 20806, NIH.
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279.11
EFFECTS OF THE COGNITIVE ENHANCER NEFIRACETAM ON 
THE ABNORMAL BEHAVIORS OF EL (EPILEPTIC) MICE IN 
ASSOCIATION WITH PERIPHERAL-TYPE BENZODIAZEPINE
receptors. γ, NaKarnQto*1,..g, ,tøџq⅛shima1’2, $· Nakayama1,
Ł SЬi〇t¾Пİ3-âŋd-Mл·Y¢§ҺİÌ1 · 1Dѳpt. of Neurophysiology, Tokyo 
Institute of Psychiatry, Tokyo 156-8585, 2Dѳpt. of Psychology, 
Wasѳda Univ., Tokyo 162-8644, and 3Tokyo R & D Center, 
Daiichi Pharmaceutical Co., Ltd., Tokyo 134-8630, Japan.

We have previously reported that peripheral-type benzo
diazepine receptors (PBR) are involved in the epileptic seizures 
of EL mice (Nakamoto et al., Brain Res. 717, 91-98, 1996) and 
may be associated with their fear-response (Nakamoto et al., 
Soc. Neυrosci. Abstr. 23, 813, 1997). In the present study, we 
investigated the effects of nefiracetam, a cognitive enhancer, on 
the PBR-related abnormalities in EL mice. Nefiracetam (> 15 
mg/kg, p.o.) was effective in inhibiting convulsions of EL mice 
that were induced by PBR agonist Ro 5-4864 (10 mg/kg, i.p.), 
whereas for DDY mice (control animal), the drug was ineffective 
(up to 80 mg/kg, p.o.) in preventing Ro 5-4864-induced seizures. 
On an elevated plus-maze (EPM), EL mice treated with a low 
dose of nefiracetam (3 mg/kg, p.o.) showed a reduced fear- 
response like untreated control animals. The results suggest 
that nefiracetam is effective in suppressing increased fear and 
seizure responses associated with PBR, possibly by interacting 
with the receptors.

279.13
COLOCALIZATION OF GABA-Ap RECEPTORS AND FOS IN THE 
MIDBRAIN OF THE AUDIOGENIC SEIZURE-PRONE LONG-EVANS RAT. 
T-J. Raπdazzo1. K.C. Ross1, and J.R. Coleman12* Depts. of Psychology1 and 
Physiology*, Univ, of South Carolina, Columbia, SC 29208.

Audiogenic seizure (AGS) susceptibility in the Long-Evans rat results from 
exposure to intense auditory stimulation during a critical developmental 
period. Previous research identified increased Fos activation in auditory 
midbrain structures of AGS-prone subjects. Functional abnormalities of the 
GABAergic system have also been associated with AGS susceptibility. The 
present study examined localization and density of neurons labeled with 
antibodies directed against Fos and GABA-Aß receptors in the inferior 
colliculus (IC), dorsal nucleus of lateral lemniscus (DNLL), and pontine 
reticular nucleus (PRN) in AGS-prone and control subjects.

AGS subjects (n=4), primed on PND 16 using a 10 kHz tone at 125 dB 
SPL for 8 m., were tested for susceptibility on PND 30 using 125 dB white 
noise. Control subjects (n=4) were not primed for AGS. Between PND 60-80, 
subjects were exposed to 2 m. white noise and sacrificed 1/2-1 h. later. 
Alternate sections were immunochemically labeled for either Fos, GABA-Ap 
receptors, or both Fos and GABA-Ap receptors. Overall, AGS-prone subjects 
exhibited 4.5 times more Fos labeling and 8.0 times more GABA-Ap receptor 
labeling than controls. Co-labeled neurons were observed in all structures 
examined, primarily in AGS subjects. The most prominent GABA-Ap receptor 
labeling was observed in more rostral areas, particularly in the external 
nucleus of IC. Fos labeling was heaviest in the caudal regions of examined 
structures. Co-labeled neurons were observed mainly between the 
extremities of these structures. These results suggest that postnatal acoustic 
priming alters neural excitability and GABA-Ap receptor distribution.
Supported by South Carolina Honors College, SC Epilepsy Association, and 
NSF SBR-9619958.

279.12
PHYSICAL MAPPING OF MASSĴ AND ANALYSIS OF CANDIDATE GENES 
FOR AUDIOGENIC SEIZURES IN FRINGS MICE. Sha∩a L. Skradski*1. H. 
Steve White1,2. Louis J. Ptacek3. ’Dept. Pharmacology and Toxicology, 
2 Anticonvulsant Screening Project, 3Depts. Neurology and Human Genetics, University 
of Utah, Salt Lake City, UT, 84112.

The Frings audiogenic seizure-susceptible mouse is a model of sensory-evoked 
reflex seizures. The seizure phenotype arose from a spontaneous mutation on a 
swiss albino background. Previous breeding data from (Frings x C57BL/6J)Fl x 
Frings backcross mice suggest that the seizure phenotype is due to the recessive 
inheritance of a highly penetrant single gene. Initial mapping with 257 of the N2 
mice associated the Frings seizure-susceptibility gene, named mass1 for monogenic 
audiogenic seizure-susceptible, with MIT microsatellite markers in the middle of 
chromosome 13. Several candidate genes that map in the region have been analyzed. 
Recombinants were identified between massl and adenylyl cyclase II (adcy2) which 
places adcy2 proximal of the interval. A dopamine transporter (datl) is mapped to 
this region of chromosome 13. While no polymorphisms were identified to rule out 
this candidate genetically, analysis of mRNA showed no differences between Frings 
and control mouse brains. Furthermore, no differences were detected in the uptake or 
binding of dopamine by the transporter. Likewise, no polymorphisms or alterations 
in expression have been identified in the gene for the sodium/hydrogen exchanger 
isoform (nheЗ) which also maps to the massl region. A physical map of the region 
is being constructed using yeast and bacterial artificial chromosomes (YACs and 
BACs). Studies are in progress utilizing mapped clones to identify novel 
polymorphic markers and cDNAs in the massl region that will be used to narrow 
the interval and, ultimately, identify the genetic mutation responsible for seizures in 
Frings audiogenic seizure-susceptible mice.

Support for this research has been provided by the American Foundation for 
Pharmaceutical Education Pre-Doctorate Fellowship (SLS); NIH Contract N01-NS-4-2311 
NINDS (HSW); NIH Grant NS327l 1, H.H.M.I. (UP).

279.14
EFFECTS OF REPEATED AUDIOGENIC SEIZURE TESTING ON THE 
AUDITORY BRAINSTEM RESPONSE IN THE LONG-EVANS RAT. K.C, 
Ross1! ħ/LM. Mullanev1. J.R. Coleman12. and W.A. Cooper3. Depts. of 
Psychology , Physiology2, and Speech-Language Pathology & Audiology3, 
Univ, of South Carolina, Columbia, SC 29208.

Audiogenic seizure (AGS) activity in the Long-Evans rat results from priming 
during a critical period. Previous research revealed shorter auditory brainstem 
response (ABR) latencies for AGS subjects at high stimulus intensities and 
longer latencies at low stimulus intensities. The present study examined the 
effect of repeated exposure and stimulus rate on ABR latencies in AGS- 
susceptible and control animals. AGS subjects (SZ; n=5), primed for AGS on 
PND 14 by exposure to 10 kHz tone bursts for 8 m. at 125 dB p.e. SPL, were 
tested for AGS on PND 28 using 125 dB white noise. Control subjects were 
either exposed to white noise on PND 28 (CE; n=5) or not exposed (CNE; 
n=5). Three AGS behavioral tests were given to CE and SZ subjects between 
two ABR recordings (pre and post) made at five (pre) and seven (post) months. 
ABR stimuli were 8 kHz tone pips delivered unilaterally at 90 dB at a rate of 
21/s and 81/s.

SZ subjects displayed wild running and clonic episodes during AGS testing, 
while CE displayed no seizure activity. SZ subjects displayed the shortest 
latencies for Waves la, lb, In, III, llln, and IV. A stimulus rate effect was 
determined for all waveforms, with the shortest latencies occurring at 21 Is. 
Shorter latencies were observed after behavioral testing (post) for Waves lb,
In, and VI. An interaction of stimulus exposure and rate was obtained for 
Waves lb and In; shorter latencies were obtained after behavioral testing (post) 
at the 81/s rate. These results demonstrate increased excitability in the 
peripheral auditory system and suggest that repeated AGS testing increases 
the excitability of the auditory pathway. Supported by SC Epilepsy Association 
and NSF SBR-9619958.
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280.1

ΓHE INJURY OF GLUTAMATE RECEPTORS IN CHILDREN WITH 
DIFFERENT NEUROLOGICAL DISEASES. O.V.Globa*. 
E.G.Sorokina. N.V.Andreenko. 0.I.Maslova. V.G.Pi- 
nelis. Dpt. of Neurological Diseases and membrano- 
logy, Inst, of Pediatrics, RAMS, Moscow, 117963, 
Russia
In our previous work we showed the increased le

vel of autoantibodies (aAB) to AMPA GluRl in blood 
serum in children with epilepsy (E). but mechanism 
of formation of aAB is still unknown. The objecti
ve of the present work was to study the role of 
the Ca2+. the cyclic GMP in children with E. Rett 
syndrome (Rs) and with phenylketonuria (PKU). In 
all groups of patients the level of aAB was in 1.5 
times higher. than in control group, in patients 
with Rs and PKU the level of aAB was increased 
even without seizures.The negative correlation 
between serum CCa2+Ĵ and aAB content was revealed 
in all groups.The cGMP level in patients with E 
and Rs was in 5-8 times and in PKU in 20 times 
higher than in control group. In children with RS 
the high level of cGMP was mentioned in CSF and it 
was in 3-5 times higher than cAMP level.Taking in
to account a great role of NO in activation of gu- 
anylate cyclase and elevation of cGMP, the obvious 
and most attractive conclusion is that NO and Ca2+ 
are playing the important role in injury of CΊuR 
and formation of aAB to them.

280.2
HUMAN EPILEPTIC TEMPORAL LOBE SLICES: CURRENT-SOURCE-DENSITY 
PROFILES OF SHARP FIELD POTENTIALS AND LAMINAR DISTRIBUTION OF 
TRANSMITTER RECEPTORS E.-J. Speckmann». M. Qü. R. Köhlinα. K. Zilles 
Institut für Physiologie, Robert-Koch-Str. 27a, Münster; C. & O. Vogt Institut für 
Hirnforschung, Düsseldorf, Germany

Epilepsy is thought to be associated with a disturbance in the network function of 
brain tissue. Such a dysfunction could be reflected in hightened excitability along with 
changes in transmitter receptor distribution. Current-source-density (CSD) analyses 
of spontaneous sharp field potentials or induced epileptiform activity were performed 
in combination with autoradiographic measurements of the densities of NMDA, 
AMPA, kainate and GABAa receptors in human neocort¡cal slices from epilepsy 
patients.
Human neocort¡cal tissue (Gyr. temp, inf.) was obtained from patients (n=21) 
undergoing epilepsy surgery. Informed consent was obtained from all patients. Slices 
(n=23; 500 µm) were cut with a vibratome and maintained in artificial cerebrospinal 
fluid. Sharp field potentials were recorded with an 8-channel electrode perpendicular 
to the pial surface; CSD analyses were done off-line. Epileptiform activity was 
induced by omission of Mg2⅜ from the bath fluid. Tissue slices from 
electrophysiological experiments or adjacent tissue blocks were frozen in isopentane, 
cut by a cryostate microtome and labeled for autoradiographic demonstration of 
glutamatergic and GABAergic receptors with tritiated MK 801, AMPA, kainate, and 
muscimol. Receptor density was determined with an image analyzer. 
-Electrophysiology: Spontaneous sharp field potentials appeared in 15 of 23 slices. In 
the rest (n=8) epileptiform activity was induced. With spontaneous potentials, both 
under control (n=437; 14 slices) and 0-Mg2ł conditions (n= 335; 10 slices), largest 
current sinks appeared in granular and supraganular layers in 95% of all potentials 
(n= 335, 10 slices). In slices displaying only induced activity, largest currents sinks 
were granular or supragranular in only 75% of all potentials (n=286 in 8 slices). 
-Autoradiography: Compared to autoptic control tissue, AMPA receptor density was 
increased in all laminae. No changes were found for the other receptors.
Supported by DFG Sp 108/14-1
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280.3
LAMINAR MICROELECTRODE ARRAY RECORDINGS FROM HUMAN 
TEMPORAL CORTEX AND HIPPOCAMPUS. I. U lbeгť2*. G. Heiť. G. Karmos2. 
L. M. Shuer1 and E. Halgren3,4. 'Dept. Neurosurgery, Stanford Univ. Medical Center, 
Stanford, CA 94305; 2Inst. for Psychology o f the Hungarian Academy of Sciences, 
Budapest, Hungary; 3INSERM CJF97-06; 4Dept. of Radiology, Univ, of Utah.

Intracortical field potentials were recorded from an epileptic patient undergoing 
anterior temporal lobectomy. Under general anesthesia, a multi-channel laminar 
microelectrode array was inserted into the inferior temporal gyrus and (after temporal 
pole resection) into the middle part of the hippocampus. Tissue samples from the 
resected areas were preserved to define the electrode tracts. Electrical activity was 
collected with an MRI compatible, 22-channel electrode array. Data was digitized at 
ЮkHz/channel and stored continuously. To study the local generators of the 
intracortical electrical activity, multi unit activity (MUA) and one dimensional current 
source density (CSD) profiles were computed. Slow wave rhythmic components were 
analyzed. In the case of the inferior temporal recording, rhythmic 8-10Hz theta was 
the most prominent activity. No local generator, MUA or epileptic discharges were 
found. Hippocampal recording revealed <ł ) low amplitude, 9-11Hz rhythmic activity, 
b j  high amplitude 10-11 Hz sinusoid bursts and a)  irregular, sharp, epileptiform-like 
spikes. Field potential profiles o f л ,  b. and a  were distinct and characteristic. Their 
CSD profiles showed similar spatio-temporal sink-source configurations, only the 
amplitudes of the current densities varied. The most prominent changes in MUA were 
observed in case b. At the superficial elecfrodes an MUA increase was associated with 
a CSD sink suggesting an excitatory mechanism in the CA1 stratum pyramidale. At 
deep electrodes an MUA increase was associated with a sink-source-sink 
configuration suggesting a dentate gyrus stratum granulosum excitatory process. Both 
patterns alternated with the opposite patterns, suggesting co-localized IPSPs. In 
conclusion, the main generators of hippocampal activity in this state appear to be 
synapses in the layers containing the pyramidal and granule cell somas.

Supported by HFSPO-RG26/96, USPHS-NS1841, and ONR.

280.5

A LARGE JAPANESE FAMILY WITH PAROXYSMAL DYSTONIC 
CHOREOATHETOSIS; GENETIC LINKAGE TO CHROMOSOME 2q.
H.Matsuo 1)2)*, K.Kamakura^), M.Saito^), M.Okan〇!), Y.Tadanc>!),
K.Kaida1), T.Masaki1), J.Fukuda2), H.Tanaka2), and S.Tsuji2). 
l)Third Dept, of Internal Medicine, 2)FirstDept. of Physiology, National 
Defense Medical College, Saitama; and 3)Dept. of Neurology, Brain 
Research Institute, Niigata Univ., Niigata, Japan.

A large Japanese family with paroxysmal dystonic choreoathetosis 
(PDC) is investigated to check for linkage of this condition with 
chromosome 2q. At least 17 members in six generations have been 
affected by PDC. We interviewed and examined 26 family members, 
eight of whom revealed choreoathetosίs/dystonia-like involuntary 
movement, and one of whom revealed no involuntary movement but only 
muscle stiffness like the aura of PDC. Genetic linkage studies were 
carried out with 35 polymorphic DNA markers in this family. The 
maximum pairwise LOD score of 2.32 was obtained for D2S2148 at a 
recombination fraction of 0.06. Obligate recombination events in affected 
members showed that the PDC gene is localized to a 14.5-cM interval 
lying between D2S317 and D2S339. The woman with only muscle 
stiffness also had the disease haplotype and transferred it to her typical 
PDC-affected daughter. These results confirmed linkage of PDC to 
chromosome 2q32-36 in a Japanese family. Furthermore, based on the 
results of clinical and genetical analyses, we suggest that muscle stiffness 
without involuntary movement may represent a "forme fruste" of PDC. 
Supported by the Ichiro Kanehara Foundation.

280.7
INCREASED EXPRESSION OF THE ß2 AND ßЗ GABA-A RECEPTOR 
SUBUNITS IN THE DENTATE MOLECULAR LAYER IN PATIENTS 
W ITH M ESIAL TEM PO R AL LOBE EPILEPSY. G. S perk1*. S. 
K a nd lh o fe r1'3. T. Czech2. C. Baum gartner3. C, Schw arzer1. and
H. M aier4. 1Depts. of Pharm acology and 4P a tho logy , 6020- 
Innsbruck, and U n ive rs ity  C lin ics  of 2N e u ro s u rg e ry  and 
3Neurology, 1090-W ien, Austria.

We investigated the distribu tion of 4 m ajor subunits of the 
G ABA-A receptor (α1, ß2, ßЗ and γ2) in h ippocam pal tissue 
which was surg ica lly removed for trea tm ent of m esial tem poral 
lobe epilepsy and in 12 post mortem  contro ls. In 20 of 22 
patients investigated pronounced Am m on 's horn sclerosis was 
observed. In post mortem  h ippocam pal tissue, all 4 subunits 
investigated were found throughout the dendritic  areas of the 
hippocam pus. In the dentate gyrus, the α1 and the γ2 subunits 
were preferentially found in the m olecular layer, whereas the ß2 
and ßЗ subunits were m ain ly located in granule cells. In all 
e p ile p tic  pa tie n ts , inc lud ing  those  tw o w ith  n o n -sc le ro tic  
h ipocam pi, m arkedly increased ß2- and ßЗ-IR were observed in 
the m olecu lar layer. On the other hand, there was a slight 
decrease in α1 -IR  and no change in γ2-IR in the ep ilep tic  
patients. Our data indicate a marked upregulation of the ß2 and ßЗ 
subunits, carry ing the recognition site fo r GABA, in ep ilep tic 
patients. We thank Dr. W. S¡eghart for the g ift of the antisera. 
Supported by grants of the Austrian Science Foundation and 
Austrian National Bank.

280.4
IN T ER N EU R O N S IN  CA1 O F TH E H U M A N  H IP PO C A M PU S AS  
R E V E A LE D  BY  IM M U N O Ш ST O C H E M IC A L  L O C A L IZ A T IO N  O F  
A  N E U R O N A L  N U C L E A R  PR O T EIN  A N D  G A B A . N. Zhang1*. S.A. 
Taŉtakran1 and C.R. H ouser1,2. 'Dept, o f  Neurobiology and Brain Research 
Institute, UCLA, and 2V A  M edical Center, W est LA, Los Angeles, CA  
90095.

Localization o f  a neuron-specific nuclear protein, N euN  (M ullen et al., 
Development 116:201, 1992), was used to study the distribution o f  neurons 
in the human hippocampus from control autopsy and temporal lobe epilepsy 
specim ens. During these studies, w e identified a population o f  small 
presumptive intemeurons in CA1 that were more numerous than expected  
on the basis o f  N issl staining and were numerically greater than their 
counterparts in CA2 and CAЗ. These neurons were diffusely distributed in 
a relatively w ide band throughout stratum lacunosum-m oleculare, rather 
than being concentrated in a narrow band at the interface between strata 
radiatum and lacunosum-moleculare, as in the rat. The majority o f  the 
neurons were quite small in size and had an average major diameter o f  7 
µm. The cells exhibited the ultrastructural features o f  intemeurons, and 
som e were labeled for GABA. Furthermore, many o f  the neurons were 
strongly labeled for the α l  subunit o f  the G A B A Д receptor. In temporal 
lobe epilepsy specim ens, many o f  these neurons were preserved despite a 
marked loss o f  pyramidal cells in C A L Additional information about the 
connectivity and function o f  this distinct group o f  intemeurons in both 
normal and epileptic tissue is needed. Supported by V A  M edical Research 
Funds.

280.6
EDITING OF RNA OF THE GLUTAMATE RECEPTOR SUBUNIT GLUR2 IN 
CORTICAL AND HIPPOCAMPAL TISSUES OF EPILEPTIC PATIENTS.
U. Musshoff1. G. Kortenbгuck1. R. Kŏhling1. M.Madeia1*. E.-J. Speckmann1. 1. Tuxhom2. 
P. Wolf2. H. Pannek3. F. Oppel3. *lnstitut fur Physiologie, 48149 Münster, ⅛pilepsie- 
Zentrum, Bethel/Bielefeld, 3Neurochirurgische Klinik, Gilead, Bethel/Bielefeld, Germany.

Editing of RNA plays an important role in determining physiological characteristics 
of AMPA receptors. Thus, by editing a site of the mRNA for the GluR2 subunit the 
Ca2+ permeability of the AMPA receptors is controlled. This site, designed as the Q/R 
site according to the amino acids, encoded by the unedited (Q) and edited (R) RNA, 
respectively, is nearly 100% edited in human cortex and hippocampus. The present 
study analyzes the extend of the GluR2-RNA editing in surgically excised tissues 
from patients with pharmacoresistant temporal lobe epilepsy (TLE). Resected tempo
ral lobe tissues from 10 patients were investigated. Surgically excised tissues were 
immediately frozen to -7O°C. Human tissue obtained at autopsy (n=3) served as 
normal control tissue. Total RNA was isolated from the cerebral cortex or hippocam
pus and reverse transcribed into cDNA. The region across the edited sequence was 
amplified by PCR using GluR2-specifĭc primers. The extend of RNA editing was 
analyzed by restriction analysis of the PCR product with the enzyme Bbvl which 
identifies the sequence of the nonedited RNA. The size of the PCR product with 
GluR2-specific primers was 231 bp. This band was not cut in tissues from temporal 
cortex (n=6) and hippocampus (n=6) of epileptic patients after incubation with the 
enzyme Bbvl, indicating that in these brain regions the GluR2-mRNA was complete
ly edited. The data indicate that in tissue of patients with TLE RNA editing of the 
GluR2 subunit seems to be not altered compared to the control tissue.

280.8
INCREASED Q A *-DEPENDENT INACTIVATION OF VOLTAGE- 
ACTIVATED CA CURRENTS IN HIPPOCAMPAL GRANULE CELLS OF 
PATIENTS WITH TEMPORAL LOBE EPILEPSY AND AMMON’S HORN 
SCLEROSIS . H. Beck1*. M. Jeub\ A. Lie1, I. Blümcke2 and C.E. E k e r‘. Depts. of 
Epilej>tology1 and Neuropathology2, Univ. Bonn Med. Ctr., 53105 Bonn, Germany

Ca^J-dependent inactivation of voltage-dependent Ca^" channels (VCCs) has been 
shown to be increased in the kindling model of epilepsy due to reduced levels of the 
Ca2"-binding protein Calbindin-D28k (CB) in dentate granule cells. Therefore, we 
investigated the Ca^ -dependent inactivation of high-threshold VCCs in dentate 
granule cells isolated from the resected hippocampus of patients with therapy- 
refractory temporal lobe epilepsy (TLE) and Ammon’s horn sclerosis (AHS group) 
using the patch-clamp method. In addition, we analyzed a group of patients without 
AHS showing a lesion in the temporal lobe (lesion group). Immunohistochemistry 
for CB was performed for all specimens investigated electrophysiologically.

In the AHS group, Ca^" currents showed rapid time-dependent inactivation during 
prolonged command pulses and a slow removal of inactivation when no exưinsic 
buffer was present. In addition, pronounced Ca""-dependent inactivation was 
observed following prior C a '+ entry during a conditioning pulse in double-pulse 
experiments. Ca2*-dependent inactivation could be blocked either by using Ba2* as a 
charge carrier or by including Ca^" buffers in the pipette solution (EGTA 11 mM or 
BAPTA 5 mM). Compared to the AHS group, the lesion group showed significantly 
less Ca2"-dependent inactivation. This difference correlated with an abundant 
expression o f the Ca^ binding protein CB in the lesion group while dentate granule 
cells in the AHS specimens showed marked loss of CB.

These results suggest that similar to the kindling model, a pronounced reduction of 
CB is paralleled by an increased Ca2 -dependent inactivation of Ca2* currents in 
patients with AHS. [Supported by the SFB 400 and grant EL 122/7 o f the DFG and 
a Univ. Bonn Ctr. Grant BONҒORJ
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280.9
ALTERED PATTERNS OF Ca^/CALMODULIN-DEPENDENT PROTEIN 
KINASE II AND CALCINEURIN IMMƯNOREACTIVITY IN THE 
HIPPOCAMPUS OF PATIENTS WITH TEMPORAL LOBE EPILEPSY.
A. Lie*1. I. Blümcke¯. H. Beck'. O.D. Wiestler2 and C.E. Eiger1. Dept, of 
Epileptology1 and Neuropathology2, Univ. Bonn Med. Ctr., 53105 Bonn, 
Germany.

Ca“7caImoduIm-dependent protein kinase II (CaMKII) and calcineurm 
represent neuronal Ca2+-dependent enzymes which dynamically modify several 
common substrates in the mammalian brain via phosphorylation/ 
dephosphorylation cycles. Studies in animal models indicate that altered 
expression and activity o f these enzymes may be involved in epilepsy. We have 
analyzed their immuno-histochemical distribution in hippocampi of 28 temporal 
lobe epilepsy (TLE) patients and 13 controls. TLE specimens were classified as 
Ammon's horn sclerosis (AHS) or focal lesions without alteration of 
hippocampal cytoarchitecture.

Compared to control and lesion-associated TLE specimens, striking changes in 
the distribution pattern of both enzymes were found in the dentate gyrus (DG) of 
AHS specimens: whereas CaMKII labeling was significantly increased in the 
granule cell somata and their proximal dendrites, calcineurin immunoreactivity 
was significantly reduced in the granule cell somata. Furthermore, calcineurin 
staining in controls showed high levels in the inner molecular layer with a sharp 
demarcation towards the outer molecular layer. In AHS, calcineurin staining was 
reduced in the inner molecular layer, with partial loss of this demarcation. These 
findings raise the possibility, that an up-regulation of CaMKII with a 
concomitant down-regulation of calcineurin in the DG of AHS specimens may 
cause a pathogenetically relevant imbalance of neuronal Ca~7calmodulin- 
dependent phosphorylation/dephosphorylation systems.

This work is supported by the DFG (Graduiertenkolleg and SFB 400), 
BONFOR and the Gertrud Reemtsma Stiftung of the Max-Planck-Gesellschaft.

280.11
DISABILITY OUTCOMES PRE AND POST HEMISPHERECTOMY IN 
CHILDREN WITH EPILEPSY. C. Graveline13*. P.A. Hwang2. Departments of 
'Rehabilitation Services and 2Neurology, The Hospital for Sick Children, 
departm ent of Physical Therapy, University o f Toronto, Toronto, Ontario, Canada, 
M5G 1X8.

Standardized disability evaluation of children pre and post hemispherectomy may 
provide insight into the impact of such extensive surgery on their autonomy. The 
identification of predictors of disability may suggest an optimal timing of surgery 
period that enhances the children’s independence outcomes. 17 children were 
included in this study: 13 post op and 4 pre op candidates. The Activity Scale for 
Kids (ASK) and the Pediatric Evaluation of Disability Inventory (PEDI) were 
administered to children according to their age group. Significant predictors of 
disability after surgery including the interval between seizure onset and surgery 
(p<0.05) as well as the age at surgery (p<0.05) were identified for a number of 
disability domains of the ASK (personal care, dressing, eating and drinking, 
miscellaneous, stairs, standing, transfers and global score). Clinical outcome measure 
such as the Gross Motor Function Measure showed significant prediction value of the 
ASK scores (p<0.05). Post op children 5 years of age and younger score almost 4 
standard deviations below the average score for all domains o f the PEDI (self-care, 
mobility and social function). The pre op child showed normative scores within 2 
standard deviations of the average for his age. No significant predictors of surgical 
outcomes could be related to the PEDI scores. Standardized disability measures such 
as the ASK and the PEDI are useful tools in the evaluation o f children pre and post 
hemispherectomy. Predictors of optimal timing of surgery in terms of disability 
outcome can be identified. Careful weighting of the impact of severe seizure 
disorder, medication administration and disability prognosis must be done when 
considering surgical intervention.
Supported by the Bloorview Children’s Hospital Foundation.

280.13

m R N A  FO R  TH E C A R D IA C  SO D IU M  C H A N N E L  IS EX PRESSED  
IN BR AIN: PO TEN TIA L R E L A T IO N SH IP  B E TW EE N  EPIL EPSY  
A N D L O N G  Q T 3 SY N D R O M E (LQ TЗ). D.C. Ippensen1, S.E. A rze1,
V.H. Lee3, S.E. Poduslo1, A.M . Carpenter3, P.W. Coates3, and L.M. 
Donahue3,2*. 'D ivision o f  Neurology, Texas Tech University Health 
Sciences Center; 2Cascade B iologies, Inc., Portland, OR, 97225; 
d epartm ent Cell B iology and Biochemistry, Texas Tech University 
Health Sciences Center, Lubbock, TX 79430.

Expression o f  the rat (RH-I/SkM 2) and human (ҺH1/SCN5A) 
tetrodotoxin-resistant (TTX-R) voltage-sensitive sodium channels is 
thought to be specific to cardiac tissue. U sing RT-PCR analysis, we 
detected ҺH1/SCN5A m RNA in both fetal and adult human brain. W e also 
detected RH-I/SkM 2 m RNA in both newborn and adult rat brain using 
RNase protection assays and in s itu  hybridization. This expression was 
observed primarily in developing lim bic structures in the cerebral 
hemispheres and diencephalon o f  the forebrain, and in the medulla o f  the 
brain stem. Interestingly, mutations in the human ҺH1/SCN5A gene are 
associated with LQTЗ, which presents a significant risk o f  sudden death 
from cardiac arrhythmia caused by altered kinetics o f  the mutant channels. 
Significantly, the clinical literature suggests a relationship between sudden 
unexpected death in epilepsy and cardiac arrhythmia, including the 
m isdiagnosis o f  one for the other. Our data suggest a possible resolution to 
this controversy: som e mutations in h H l/S C N 5 A  may cause epilepsy due 
to the presence and activity o f  ҺH1/SCN5A in the brain. W e are currently 
sequencing the ҺH1/SCN5A gene from selected epilepsy patients. 
Supported by the NIH (HD29400; L.M .D.)

280.10
LACK OF CORTICAL CONTRAST GAIN CONTROL IN HUMAN 
PHOTOSENSITIVE EPILEPSY. V. Porciatti* ', P. Bonanni 7 R, G u e ư i n i and A. 
Fiorentini 1 Inst, of Neurophvsiol. CNR, Pisa: 2 Inst. Of Child Neurol. Psych, and 
Educat. Psychol. Univ., and Res. Inst. Stella Maris, Pisa 56127 Italy.

Although most of v isually induced seizures arc apparently generalized, seizure 
origin in the occipital cortex has been demonstrated in some patients, in the absence 
of any detectable brain lesion. The same patients may also exhibit other seizure 
types, suggesting that seizure activity may independently originate from other 
hyperexcitable cortical areas. The epilepsy syndrome resulting from repeated 
visually induced occipital seizures in otherwise normal subjects has been defined as 
idiopathic photosensitive occipital lobe epilepsy (IPOE). We studied 10 patients (age 
= 15.7 ± 3.2 years) with lfЧЭE. Alì showed standard VEPs of high amplitude to both 
bright flashes and checkerboard patterns. In the same patients, under drug control, 
we have recorded VEPs in response to patterns (gratings modulated sinusoidally in 
space and time) of different spatial and temporal frequency and chromaticity in 
order to (1) better define the range of visual stimuli resulting in VEPs of abnormally 
high amplitude, and (2) have a better insight of cortical mechanisms of 
hyperexcitability . In 12 age-matched control subjects, the VEP temporal function for 
achromatic gratings shows typically two amplitude maxima, at 6-8 Hz and 16 Hz. In 
IPOE. the form of the VEP temporal function was atypical and inconsistent among 
subjects. In control subjects the function relating VEP amplitude to Log stimulus 
contrast typically saturates at moderate contrasts (about 20%), whereas in IPOE the 
VEP amplitude does not saturate and reaches abnormally high values at moderate- 
high contrast. This result indicates that cortical mechanisms of contrast gain control 
are lacking or severely impaired in IPOE. By contrast, the form of VEP temporal- 
and conưast functions is virtually normal for chromatic stimuli (equiluminant red- 
green). This suggests specific impairment of achromatic mechanisms in IPOE.

280.12
ACUTE RASMUSSEN’S ENCEPHALITIS: ARE THERE PATIENTS WITHOUT 
AUTOANTIBODIES TO GLUTAMATE RECEPTOR GluRЗ? J. Tonnes1. 
M. Haiek2, N. Mirkovic1, B. Stierli1, J.T. Behπnann1, H.G. Wieser2 and P. Streit*1. 
'Brain Research Institute, University ơf Zürich, CH-8029 Zürich; ~Neurologische 
Klinik, UniversitätsSpital, CH-8091 Zürich, Switzerland.

Reports on autoantibodies to the AMPA-type glutamate receptor subunit GluRЗ in 
Rasmussen’s encephalitis (RE; Rogers et al., Science 265:648-651, 1994; Twyman et 
al., Neuron 14:755-762, 1995) led to ideas on underlying pathophysiological 
mechanims and on novel diagnostic and therapeutic approaches for this rare but 
devastating form of childhood epilepsy.

To test for the presence o f anti-GluRЗ antibodies in sera and CSF of RE patients we 
used an assay that appeared to be the same as that applied in the original 
publications; thus, immunocytochemistry was performed on HEK 293 and COS-7 
cells that expressed GluRЗ following transfection. Immunoreactivity was also 
assessed in immunoblotting experiments on extracts from such cells and from rat 
brain tissue, by a histoblotting procedure on material from rat brain sections and by a 
dot assay on synthetic peptides that represented the sequence domain GluRЗ(24O- 
401). With CSF, sera and immunoglobulin preparations from RE patients no specific 
signals or patterns of immunoreactivity could be detected in any of the assay systems. 
A monoclonal antibody recognizing GluR2/3 that was used for control yielded robust 
signals in the immunocytochemical and immunoblotting assays. The 4 patients 
investigated showed all the histopathological signs of RE and an epilepsia partialis 
continua. While 3 patients were adult chronic cases, a 5 year-old boy was in an acute 
state of the disease. In this latter case, plasmapheresis induced a transient reduction of 
seizure frequency.

The negative findings point to either a deficiency of our assay systems or the 
absence of autoantibodies to GluRЗ in certain RE patients.
Supported by Swiss Natl. Foundation (31-49385.96). Sanofì Winthrop Foundation.
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281.1
S E IZ U R E  S U P P R E S S IO N  B Y  V A G U S  N E R V E  S T IM U L A T IO N  
D O E S  N O T  D E P E N D  O N  C A P S A IC I N -S E N S I T I V E  C -F IB E R S .
SJΞ. K rahl*, N . O gan, S. S enanayak e, & A . H andforth. N eu ro lo g y  
S erv ice, W est L os A n g eles  V A  M ed ica l C enter, 11301 W ilsh ire  
B ou levard , L os A n g eles , C A  9 0 0 7 3 .

Early anim al stu dies on the anticonvu lsant m ech an ism s o f  vagu s  
nerve stim ulation (V N S ) suggested  that seizure suppression requires the 
activation  o f  sm all, unm yelinated  vagal C -fibers. H ow ever, e ffec tiv e  
therapeutic stim ulation param eters appear to be subthresh old  for th ese  
fibers in hum ans, and there are no clin ica l reports o f  au ton om ic sid e-  
effects that w ou ld be expected  i f  these fibers w ere m a x im a lly  activated . 
W e report here that se lective  destruction o f  C -fibers w ith  capsaicin  d oes  
not affect V N S -in d u ced  seizure suppression  in rats.

Sprague D a w ley  rats received  a total o f  125 m g /k g  i.p. cap sa icin  or  
veh icle  in three injections over a tw o-day period. S even  days later, a c u ff  
electrode w as im planted on  the left cervical vagus nerve. A fter tw o  days, 
rats w ere g iv en  6 0  m g /k g  i.p. pen tylen etetrazol (PT Z ) and seizure  
sev er ity  w as m easured. T w o d ays later, V N S  (1 -m A , 0 .5 -m s b iphasic  
p ulses at 2 0  H z) w as initiated and rats w ere in jected  w ith  PTZ. C -fıber  
lo ss  w a s verified  at the co n c lu sio n  o f  the exp erim en t b y  p erform in g a 
ch em o sen so ry  test.

V N S  e ffe c tiv e ly  reduced seizure severity  in both cap sa ic in - and  
veh icle-treated  rats. T h ese  resu lts ind icate that activation  o f  cap sa icin -  
sen sitive C-fibers is not necessary for V N S -in d u ced  seizure suppression.

This work w as supported in part by V A  M erit A w ards (A .H ., S .E .Ƙ .)  
and a research grant from the E p ilep sy  Foundation o f  A m erica  (S .E .K .).

281.3
LEFT VAGUS NERVE CHRONIC STIMULATION IN CATS. EFFECTS ON 
EPILEPTOGENESIS (AMYGDALA ELECTRICAL KINDLING)-. BEHAVIORAL 
AND ELECTROGRAPHIC CHANGES. A. Femández-Guardiola*. A. Martinez, A 
Valdés-Cruz. V.M. Magdaleno-Madrigal. D. Martinez and R. Femández-Mas. Inst. 
Mex. Psiquiatría SSA and Fac. Psicología-UNAM. México, 14370 D.F.

There is evidence of changes in neuronal central network provoked by chronic vagus 
nerve (VN) peripheral stimulation. We have found an inhibitory effect on amygdaloid 
kindling (AK) in the cat using the peripheral VN stimulation. Eighteen adult male cats 
were implanted in both temporal lobe amygdalae, both lateral geniculate bodies and 
prefrontal cortices. A bipolar hook stainless steel electrode was implanted in the 
unsectioned left VN in Sham and experimental group. In five cats (control) and three 
cats Sham-operate only AƘ was performed. The remaining ten cats were recorded 
under the following experimental conditions: VN stimulation during one minute plus 
AK followed by VN stimulation alone also during one minute, four times between 
11.00-14.00 hours. At different times VN stimulation was arrested and AK was 
continued until kindling stage VI was reached. VN stimulation provoked left miosis, 
abdominal contractions and pseudo-hallucinatory behavior. Polygraphic changes were: 
a significant augmentation of eye movements and visual evoked potentials as well as 
an increase of the PGO waves density in REM sleep. AK was completed (stage VI) in 
control animals, in 23.4 ± 3.7 and in Sham 23.3 ± 5.5 trials. In animals with VN 
stimulation the AK was significantly delayed, remaining for long time in behavioral 
stages I-III, and showing a reduction of afterdischarge duration and frequency. Stage 
VI was never reached despite 50 AK except when the VN electrodes were accidentally 
broken or vagal stimulation intentionally arrested. A regression analysis was performed 
between the number of AK stimulations necessary to reach behavioral stage VI and the 
number of simultaneous VN stimulations. Comparison revealed a significant polynomic 
correlation (rs=0.78). This analysis shows that 20 days of AK trials alone were 
necessary to reach stage VI of kindling. Ours results indicate that left VN electrical 
stimulation interfere with amygdaloid kindling epileptogenesis. This anticonvulsant 
effect could be related with the increase of REM sleep.

Supported by CONACYT 3605-N, DGAPA-UNAM IN-203396 and PUIS-UNAM 
4841-707.

281.5
RAPID INDUCTION OF GRANULE CELL DISPERSION IN THE DENTATE 
GYRUS OF THE ADULT RAT HIPPOCAMPAL FORMATION BY OUABAIN
A. I. Omar, V. V. Senatorov. M. Tiberi* and B. Hu. Loeb Medical Research Institute, 
Ottawa Civic Hospital, Ottawa, Ontario, Canada K1Y 4E9.

The dentate granule cell layer (GCL) o f the adult rat hippocampal formation 
undergoes extensive neurogenesis and remodelling o f mossy fibers in response to 
prolonged excitotoxic stimuli'. To examine the underlying cell mechanisms, we 
stereotaxically coinjected a sub-epileptic dose of Ouabain (lnm ol) and a fluorescence 
nucleic-acid staining dye, ethidium bromide (E.B., 2OµM) into the dentate gyrus o f the 
adult rat hippocampal formation. Rats were perfused and brain sectioned at 1 ,2 , 3, 4, 
6, 8, 24 hrs and 8 days post-injection. Epifluorescence and confocal microscopy 
consistently showed the appearance o f a popuation o f bipolar neurons with intact 
plasma membranes and intense fluorescence. At 1, 2 and 3 hrs, intensely labelled 
neurons (ILN) were strictly located along the ventral limb o f the GCL (site of 
injection) and areas o f the hilus and molecular cell layer immediately adjacent to it. At 
4 and 6 hours, ILN were more widely spread over the entire area o f the molecular cell 
layer and have drastically increased in number. ILN were absent from the contralateral 
hippocampus receiving vehicle injection. Co-injection o f Ouabain, E.B. and the 
lipophilic dye, (Dil) (50µg/ml) confirmed the bipolar nature o f ILN and further 
revealed numerous nerve fibers originating from the GCL, traversing the molecular 
cell layer and crossing the hippocampal fissure. This finding closely resembles the 
phenomenon o f mossy fiber sprouting described previously1. However, the more 
robust and rapid nature o f the response seen in our study is somewhat surprising. We 
therefore propose that the simultaneous use o f Ouabain, E.B. and Dil may provide a 
useful model for studying early mechanisms underlying excitotoxicity-dependent 
neurogenesis, cell dispersion and nerve fiber remodelling. Supported by MRC o f 
Canada.
1: J of Neurosc. 17:3727-3738, 1997

281.2
S U B D IA P H R A G M A T IC  V A G O T O M Y  P R E V E N T S  T H E  
S E IZ U R E -S U P P R E S S IN G  E F F E C T S  O F  S Y S T E M IC  
E P IN E P H R IN E . A . H andforth*, S. Senanayak e, N . O gan. & S.E. 
Krahl. N eu rology Service, W est L os A n geles V A  M edical Center, 11301 
W ilsh ire B ou levard , L os A n g eles , C A  9 0 0 7 3 .

S y stem ic  epinephrine can suppress seizure a ctiv ity  d esp ite  an 
in ability  to cross the blood-brain  barrier. K in d lin g  rates can be slow ed  
in rats after epinephrine adm inistration, and footsh ock  and other  
stressors, w h ich  are know n to increase p lasm a catecholam ine levels, can  
reduce the severity  o f  electrosh ock  seizures. Our laboratory has 
dem onstrated that peripheral ep inephrine adm inistration can a lso  
suppress p entylenetetrazol (PT Z ) seizu res in rats. W e n o w  report that 
subdiaphragm atic v a g o to m ies  prevent ep inephrine-in duced  seizure  
suppression.

A  subdiaphragm atic v a g o to m y  w as perform ed on  fem ale  Sprague- 
D a w ley  rats. A fter 3 - 5  days, anim als w ere g iv en  sy stem ic  epinephrine  
or saline, fo llo w ed  15 m inu tes later b y  6 0  m g /k g  PTZ. T w o  days later, 
the rats w ere g iv en  the reciprocal drug and tested  again. V a g o to m ies  
w ere verified  b y d eterm in ing the rate o f  stom ach  em p tying.

E ffec tiv e  anticonvu lsant d o ses  o f  ep inephrine fa iled  to suppress  
P T Z -indu ced  seizu res in the v a g o to m ized  rats. T h ese  data su g g est that 
the seizure-suppressing e ffects o f  epinephrine are m ediated b y the vagus  
nerve.

This work w as supported in part b y  V A  M erit A w ards (A .H ., S .E .K .) 
and a research grant from the E p ilep sy Foundation o f  A m erica (S .E .K .).

281.4
LONG-TERM CONTINUOUS, INTERMITTENT VAGUS NERVE STIM U
LATION PRODUCES NERVE ADAPTATION THAT M AY SUPPRESS 
SEIZURES. K.B. Clark *•', D .C  Smith1, and R .A  Browning2. Depts. o f  Psych
ology 1 and Physiology^, Southern Illinois University, Caibondale, IL 62901 .

Continuous, intermittent vagus nerve stimulation (VNS) suppresses seizure 
expression in both animals and humans and becom es more efficacious as de
livery proceeds. Moreover, unpubliŵed observations from our laboratories 
indicate that rats receiving chronic VNS at therapeutically effective parameters 
show diminished nerve responsiveness. Together, these and other findings 
suggest that nerve adaptation may partly underlie the anticonvulsive effects 
produced by VNS. To test this hypothesis further, eight male Long-Evans rats 
were each implanted with an electrode system along the left cervical vagus and 
with a 1,0-M Ω electrode in the left frontal cortex. VNS ( 1.0 m A, 30  Hz, 0.5- 
ms pulse width, 30 .0 -s on,5.O -m in off) was begun 48  hr following surgery, 
during which time baseline potentials were recorded. Twenty-four hours later, 
input-output measurements confirmed mean reductions in the instantaneous 
slope o f  vagal A (p < .03), B (p  < .05), and C fiber (p  < .05) evoked responses 
compared to baseline levels. Marked increases also were observed for the 
mean peak latency o f  B and C fiber potentials (p < .03). Nerve responsiveness 
further worsened with increased VNS frequency, improved with increased 
VNS intensity, and recovered to baseline levels following 24  hr o f  no VNS. 
Additionally, spectral analysis o f  cortical activity revealed an increase in total 
power (p < .03) and a shift from fast to slow beta frequencies (p < .05) that 
moderately coưelated with the occurrence o f  nerve adaptation. Lastly, our 
calculations, using ion-kinesis values obtained from vagal fibers (K eynes & 
Ritchie, 1965), show that chronic VNS may increase K+ efflux, giving rise to 
the presently observed adaptation by elevating the membrane potential o f  
vagal fibers and slowly inactivating their Na+ conductance. These data col
lectively demonstrate that chronic VNS lowers vagal afferent activity and may, 
via this process, ultimately suppress seizures by altering states o f  arousal.

281.6
FA ST  RIPPLES A N D  30-50 H z O SC IL L A T IO N S IN TH E D E N T A TE  
G Y R U S O F R A TS W ITH  C H R O N IC  E PIL EPSY . A, Bragin*, C.L. 
Wilson, R. Andres. G. Mathem, I. Fried and J. E ngel, Jr. Dept, o f  Neurology, 
Neurosurgery & Brain Research Institute, UCLA School o f  M edicine, Los 
A ngeles, CA 90095

It is believed that oscillatory activity is a primary m echanism  for  
coordinating neuronal activity in different normal mental processes, but it is 
not clear how pathologic synaptic reorganization during epileptogenesis 
alters oscillatory cerebral patterns.

W e studied the electrical activity o f  the rat dentate gyrus (DG ) 
continuously for a period o f 90 days follow ing unilateral intrahippocampal 
kainic acid injection. Wide band local field potentials and unit activity 
recordings were carried out using bilaterally implanted m ovable 
m icroelectrodes in freely m oving rats.

Two patterns o f interictal transients are found in the DG o f the lesioned  
hippocampus in rats displaying recurrent spontaneous seizures. First, 22 0 -  
500 Hz, 0.1-1.5 mV oscillations, (fast ripples, FR), which, can occur alone or 
be superimposed on a 20-80  msec, 0 .5 -3 .0  m V positive wave. Second, a 
com plex interictal transient, which consists o f  a slow positive wave ( 1 -6  mV  
amplitude and 200-600 m sec duration) upon on which an initial burst o f  FR 
slowed into 30-50  Hz frequency gamma oscillations. The oscillation  
amplitude ranges from 200 µV to 1.5 mV. The rate o f  occurrence o f both 
events is 1-6 per minute. Both types o f  interictal events reverse polarity at the 
granular layer. During the interictal state these events were recorded only  
within a 1.0-1.5 mm area adjacent to the lesion.

W e hypothesize that such hypersynchronous activity in areas adjacent to 
the kainate lesion were triggered by local clusters o f  highly interconnected  
neurons, creating a mechanism by which pathological activity repetitively 
discharges to target brain areas eventually causing recurrent epileptic  
seizures. (Supported by NIH grants N S -33310, NS-O28O8, and KO8 NS 
0 1 6 0 3 )
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281.7
A MEASURE OF THE CORRELATION DIMENSION IN AN IN VITRO MODEL 
OF EPILEPSY. Maryam A. Mohajer1-2. Marc R. Pelletier1*. Shokrollah S. Jahгorш1.
Berj L. Bardakjian2, Frances K. Skinner1-2 and Peter L. Carlen'.‘Dept. of Physiology, 
*lnstitute of Biomedical Engineering, Playfair Neuroscience Unit and Toronto Hospital 
Research Institute, Toronto, ON, Canada

The hallmark of epilepsy is the paroxysmal and synchronous firing o f a population of 
neurons. The regularity of the behavior of a nonlinear system such as an interacting 
population of neurons, can be characterized via the correlation dimension. The correlation 
dimension is a measure of the minimum number of degrees of freedom in a dynamic system, 
which in our study was used to 1) distinguish between stochastic and deterministic 
processes and 2) characterize the dynamics of the underlying deterministic system. We 
computed the coưelation dimension in epileptiform discharges produced in an in vitro 
seizure model. Epileptiform discharges were evoked by repeated tetanic stimulation (100 
Hz, 2 sec duration, once every 10 min for a total of 10 tetani) delivered to the Schaffer 
collaterals in combined entorhinal cortex/ hippocampal slices prepared from Wistar rats 
(18 -30 days of age). Whole-cell (N=8) and extracellular (N=5) responses were recorded 
in the stratum pyramidale of the CA1 region. The coưelation dimension was measured 
before, during, and after the onset of primary (evoked) and secondary (spontaneous) 
afterdischarge (AD) using the Grassberger-Procaccia algorithm for calculating the 
coưelation dimension. We found that in both infra- and extracellular recordings, during 
each period of AD, the dynamics of the system gave rise to low values of the coưelation 
dimension (~3). Immediately before and after the onset of AD, the system either showed 
evidence of stochasticity or gave rise to greater values o f the coưelation dimension (~5-13). 
We observed that the dimensionality of ictal discharges was decreased compared to either 
pre- or postictal events, which suggests that the dynamics underlying the ictal phase is less 
complex. The predictive power of detecting a decrease in dimensionality prior to an ictal 
event might be of potential therapeutic importance, e.g., programming of chronically 
implanted stimulators, a novel therapeutic intervention. Supported by the MRC & NSERC.

281.9
P A T T E R N S  O F  E X C IT A B IL IT Y  C H A N G E S  A N D G L U C O S E  
M E T A B O L IS M  IN  E X P E R IM E N T A L L Y  IN D U C E D  C O R T IC A L  
M A L F O R M A T IO N S  C. Redecker. M. Lutzenburg. P. G ressens, P. Evrard, 
O·W. W itte. G. H agem ann*. Dept, o f  N eurology, H einrich-H eine- 
Ư niversity, Düsseldorf, Germ any. Dept, o f  Pediatric Neurology, Hôpital 
Robert-D ebré, Paris, France

M alform ations o f  cortical developm ent are increasingly recognized in 
association with severe epilepsy, neuropsychological disorders and mental 
retardation. Focal cortical dysplasias were induced in new born rat pups by 
intracerebral injection o f the glutam atergic agonist ibotenate. The resulting 
cytoarchitectonic lesion associates focal loss o f  deep cortical layers, ectopic 
neurons in superficial layers and sulcus form ation, m im icking hum an 
polym icrogyria and m igration disorders. Electrophysiological stim ulation 
using the paired-pulse protocol in slice preparations o f  adult anim als did not 
reveal any changes in cortical inhibition, w hereas low -intensity stim ulation 
elicited N M D A -dependent hyperexcitability  in w idespread cortical regions, 
consisting o f  long-lasting, m ultiphasic field responses, appearing with high 
variability as all-or-none events. T hese w idespread excitability  changes were 
not observed in sham -operated anim als with sm all superficial ectopias but 
intact deep cortical layers, but restricted zones o f  increased excitability  were 
found in these anim als as well as in controls. D eoxyglucose autoradiography 
show ed a typical m etabolic pattern in the area o f  structural lesion with 
absence o f w idespread alterations. This study dem onstrates that focal 
cortical dysplasias induce w idespread changes in cortical excitability but 
only focal alterations in glucose m etabolism .

(Supported by Re 1315/1-1 and SFB 194 from Deutsche 
Forschungsgem einschaft)

281.11
A T H R E E -D IM E N SIO N A L  M IC R O E L E C T R O D E  ARRAY F O R  SLICE 
CU LTU RES. H .ļahnsen*, P.Thiébaud‡, M .K oudelka-H ep‡.
B.W .Kristenscn§ M .G raưarola¶. Univ.Copenhagcn D K , ‡ IM T Neuchatel 
C H , § IMB Odense DK  & ¶ DIBE Genoa I.

Potentially slice cultures are powerful preparations useful for long-term  
studies o f  both normal function and pathological conditions o f  the CNS. It is a 
problem , however, that it is virtual impossible to  obtain  high-quality 
recordings from the same cells over extended periods o f  tim e. We are therefore 
currently developing a m icroclectrode array for slice cultures o f  the mammalian 
CNS, that can be used for long-term  stim ulation and recording o f  extracellular 
signals o f  a quality, that can be com pared w ith those obtained w ith  standard 
metal o r glass electrodes.

The array has 34 platinum  electrodes shaped as cones w ith  a hight o f  47  µm. 
The electrodes are approx. 35 µm  wide at the base and are insulated except for 
the top  15 µm. The electrodes are placed on a perforated silicon wafer 
(porosity about 35% ). Thus, the culture m edium  can reach the tissue from  
underneath, and the device can be used w ith insert slice cultures as well as with 
cultures m aintained with the roller-tube m ethod.

Initial experiments with the m icroelectrode array confirm  that it can be used 
both for stim ulation and for recording. W hen slice cultures o f  hippocam pus 
from newborn rats were placed on the array they could be m aintained in 
healthy condition for several weeks. Stim ulation o f  and recording from  
pyramidal CA1 neurons dem onstrated that the new array produced signals 
with a m uch better signal-to-noise ratio than conventional planar arrays. 
Supported by EEC grant no. BIO4-CT97-23O7 and The Danish M RC.

281.8
A pparent Diffusion Coefficients following Pilocarpine-Induced Seizures: 
Correlation with Anatomical Changes. A. Obenaus*, E. Kendall, G. Sarty. Dept 
o f Medical Imaging, Royal University Hospital, University of Saskatchewan, 
Saskatoon, SK Canada S7N OW8

Magnetic resonance imaging (MRI) is the cuưent diagnostic standard for 
localizing and evaluating the extent of hippocampal sclerosis in patients with 
temporal lobe epilepsy (TLE). Small animal studies using conventional MRI have 
been less frequent due to poor resolution of brain structures. Nevertheless, the MRI 
findings in experimentally induced epilepsy are consistent with those described in 
human studies. Diffusion-weighted imaging has been applied to the detection of 
ischemic damage. Diffusion weighted imaging (DWI) detects random motion of 
water molecules that are quantified as apparent diffusion coefficients (ADC). 
During ischemia, water shifts from the extracellular to the confined intracellular 
space and can be detected as a decrease in ADC (Pierpaoli, Radiology, 189:439, 
1993). Using this background, we investigated whether changes in ADC were also 
observable following induction of seizure activity by injection of pilocarpine. In 
addition, the time course of these changes was documented. In control animals, no 
regional differences in the ADC were observed in the hippocampus, piriform or 
retrosplenial cortex after imaging in a 1.5 T MR scanner. Increases in the ADC are 
observed within the hippocampus of pilocarpine-treated rats as early as 24 hours. 
Quantification of the ADC revealed a 100-200% increase that was maintained for 
up to 4 weeks, the last time point studied. The piriform cortex exhibited decreased 
ADC values that were maximal at 24 hours and returned to control levels by 7 days 
after seizures. At time points greater than 1 week the retrosplenial cortex did not 
show any observable changes in ADC. These changes in ADC coưelate with the 
well-established histopathological changes reported previously (Obenaus, J. 
Neurosci., 13:4470, 1993). Diffusion weighted imaging provides a sensitive method 
to non-invasively investigate the progression and mechanisms underlying 
epileptiform activity within different brain regions. Our findings also suggest that 
DWI may preserve a record of recent seizure activity in epileptic regions o f the 
brain. Supported by Health Services Utilization and Research Commission Grant.

281.10
S O U R C E  M O D E L IN G  O F SE IZ U R E  S P E C T R A L  C O M P O N E N T S
K.J. E rikseĩĩ and N orm an K. S o . EE G  D epartm ent, L egacy  G ood  
Sam aritan H osp ita l, Portland, O R 9 7 2 1 0 .
Objective: T o  study the electrica l source m od elin g  o f  the constituent 
spectral bands o f  e lectrica l seizu re on set activ ity .
Methods: 128 channel EE G  data w as recorded for 1 hour using  
G eo d esic  S en sor N ets  and N et A m p s (E lectrica l G eo d es ic s, Inc.). An 
ep ilep tic  seizure w as captured during the last f iv e  m inu tes o f  recording. 
T h e seizu re on set w as determ in ed  by a c lin ica l neu rop h ysio log ist. The  
EEG  w a s tem porally  bandpass filtered into the fo llo w in g  frequency  
bands: 1-4, 4 -8 , 8 -1 3 , 13-30 , and 1-50  H z. Source m od elin g  was  
perform ed w ith E M S E  softw are (S ou rce/S ign a l Im aging) separately on 
each  band. O ne to four d ip o les  w ere fit to the 2 0 0  m s interval at 
seizure onset.
Results: D ip o le  fits to the 1-4, 4 -8 , 13-30  bands w ere very poor. The 
fits to the 8-13  H z band m atched  the full data set at 1-50 H z with three 
d ip o les  provid ing a g o o d  fit, tw o  in the right fronto-tem poral region and 
a third varyin g b etw een  the bands.
Conclusion: For this ca se, m ost o f  the variance accounted  for by the 
d ip o le  m od elin g  procedure occurs in a narrow frequ en cy band.
Source o f support: M edical R esearch Foundation o f  O regon. N et 
A m p s on loan from  E lectrical G eo d esic s, Inc. E M SE  on loan from  
S ou rce /S ign a l Im aging.

281.12
V IS U A L IZ IN G  B R A IN  A C T IV A T IO N  A S S O C IA T E D  W ITH  
K IN D L IN G  A N D  P R O P A G A T IO N  O F EP IL E PT IC  S E IZ U R E  IN  
A W A K E  A N IM A L S  U S IN G  FM R I C .F .F e r r is 1* M . M a tt in g ly 2. K . Lahti 
ł . J. A . K in g . 1 P sychiatry  D e p t ., U n iv . M assachu setts M ed ica l C tr ., 
W orcester , M A  0 1 6 5 5 ; 2Bruker M ed ica l, In c ., B iller ica , M A  01821  

M ale rats w ere  fitted into a n ovel head and b ody h old er used to 
im m o b ilize  fu lly  co n sc io u s anim als for functional m agn etic  reson ance  
im agin g (fM R I). B O L D -b ased  functional im ages w ere  obtain ed  on  a 4 .7  
T Bruker B iosp ec  spectrom eter usin g  a g rad ien t-ech o  pu lse  seq u en ce. 
Im ages w ere  acquired ev ery  18 sec o ver  a 21 m in  test period . A n im als  
w ere  g iv en  an IP in jection  o f  p en ty len etetrazo l (P T Z ). A n im als se ized  
w ith in  tw o  m in  o f  in jection  fo llo w e d  by c y c lic  bouts o f  ton ic m otor  
activ ity  o ver  the rem aining test p eriod . M u ltip le  cortica l areas, 
hippocam pal, thalam ic and m idbrain nuclei sh ow ed  tem poral ch an ges in 
sign al in tensity . In gen era l, the putative k indling that preced ed  each  m otor  
se izu re  w as ch aracterized  by enhanced  sign al in tensity in the right 
entorh inal/tem poral cortex  and dentate gyru s. Just prior to se izu re  the left 
tem poral/parieta l cortex  sh ow ed  increased  sign al in tensity . S eizu re w as  
ch aracterized  by intense signal ch an ge in the tem p oral/p arieta l cortex  w ith  
a d ecrease  in sign al over the frontal cortex . A ll anim als w ere  acquired and 
cared for in accord ance w ith  the g u id e lin es  p u b lish ed  in the N IH  Guide for  
the Care and Use o f Laboratory Animals (anim al assurance #  AЗЗO6 - l ) .  
T h is w ork  w as supported by the N IM H  (M H 5 2 2 8 0  to C F F  and N S F /D B I  
9 6 0 4 9 3 7  to JAK )
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282.1
TNF RECEPTO R SUBTYPE BINDING TO  AM YLOID ß PEPTID E AS A 
NEURODEGENERATIVE M ECHANISM  IN A L ZH EIM ER’S DISEASE. Ļ÷
B. Yang*. J. Rogers, and Y. Shen. Roberts Alzheimer’s Research Center, Sun 
Health Research Institute, Sun City, AZ 85372.

Several lines of evidence suggest that tumor necrosis factor-α (TNF-α) and its 
receptors may contribute to the pathophysiology of Alzheimer’s disease (AD). For 
example, activated microglia produce TNF-α, and TNF-α levels are increased in 
AD brain and serum samples. Both neurotoxic and neurotrophic actions have been 
reported for TNF-α, results that we believe may be explained by the existence of 
two TNF receptor subtypes, p55 and p75. The p55 receptor contains an 
intracellular "death domain", whereas our previous studies have shown that knock
down of the p75 receptor increases neuronal vulnerability to amyloid ]8-peptide 
(Aß), suggesting a neuroprotective function. Here, we provide further 
characterization of relationships between Aß and p55 and p75 TNF receptor 
subtypes, and the potential role of these interactions in AD pathophysiology.

Protein dot-blot techniques with Aß 1 -42 and Aß fragments demonstrate that the 
p75 TNF receptor more avidly binds longer length Aß  fragments (A ßl-22, A/31-40, 
A/31-42) than shorter fragments (A/31-11, A/31-16). The p55 TNF receptor binds 
all these fragments. Transient transfection of the NT2 human neuronal precursor 
cell line with the p55 TNF receptor followed by exposure to A/31-42 leads to a 
decrease in TNF-α binding compared to unexposed cells, as well as significant 
neurotoxicity at Aßl-42 concentrations as low as 10 nM. By contrast, p75 
transfection and Aß exposure results in a significant increase in TNF-α binding, and 
an absence of significant neurodegeneration at A/31-42 concentrations as high as 10 
µM. AD cortical samples, where Aß exposure occurs widely, show a decreased 
IC50 for p55 TNF receptor binding and an increased ICS0 for p75 TNF receptor 
binding compared to similar samples from nondemented elderly controls.

Supported by NIA AGO7367 and a Zenith Award from the Alzheimer’s 
Association.

282.3
P R E S E N C E  O F  IN S U L IN -L IK E  G R O W T H  F A C T O R -I IN 
A M Y L O ID  ß  P E P T ID E  C O N T A IN IN G  N E U R IT IC  P L A Q U E S  IN  
A L Z H E IM E R ’S D IS E A S E  B R A IN . S. Jafferali. R. O uirion and S. Kar*. 
D ouglas H ospital R esearch Center, Dept, o f  Psychiatry, M cGill 
U niversity , M ontreal, Q uebec, C anada H 4H  1RЗ.

A ssim ilated evidence indicates that the neurotoxic potential o f  
am yloid ß  (A ß) peptide and an alteration  in the level o f  grow th factor(s) or 
their receptors m ay possibly be involved in the process o f  
neurodegeneration seen in A lzheim er’s d isease (AD). Recently, we have 
show n that insulin-like grow th factor-I (IG F-I), a p leiotropic polypeptide 
w hich addresses a w ide spectrum  o f  neuronal and non-neuronal cells, 
pro tects and rescues h ippocam pal cu ltured  neurones against A ß  toxicity  
(S. D oré et al., Proc. Natl. Acad Sci. USA 1997, 94: 4772). In the present 
study, using  im m unocytochem istry, w e have evaluated the cellu lar 
distribution  o f  IGF-I in A D  (n = l 1) and age-m atched contto l (n=6) brains. 
In the norm al control brains, IGF-I im m unoreactivity  w as localized in the 
pyram idal neurones o f  the frontal cortex, pyram idal cell layer (C A 1 -CA4) 
and the h ilar neurones o f  the hippocam pus, and in som e Purkinje cells o f  
the cerebellum . The granular cell layer o f  the h ippocam pus exhibited 
rather w eak labelling. In A D  brains, A ß  contain ing  d iffuse, neuritic and 
vascular plaques w ere evident m ostly  in  the grey m atter o f  the cortical 
areas and the hippocam pus. IGF-I-like im m unostaining, in addition to the 
neurones, was found to be localized in a sub-population o f  A ß  containing 
neuritic plaques both in the frontal cortex and the h ippocam pus o f  AD 
brains. These results, together w ith other evidence, suggest that IGF-I m ay 
be involved in A D  pathogenesis particu larly  in the cascade o f  events 
leading to the developm ent and grow th o f  senile p laques.(Supported by 
B anting R esearch Foundation and M RC C)

282.5
CHARACTERIZATION OF TH E R ECEPTO R FOR ADVANCED 
GLYCATION ENDPRODUCTS (RAGE) IN BRAIN SAM PLES AND 
CULTURES FROM  ALZHEIM ER’S DISEASE AND NORM AL ELDERLY 
PATIENTS. L.-F. Lue1*, Y. Shen1, S. Yan2. D. Stem2, and J. Rogers1. ‘Roberts 
Alzheimer’s Research Center, Sun Health Research Institute, Sun City, AZ 85372, 
and “Department of Physiology, Columbia University, New York, NY 10032.

RAGE is a cell surface receptor for advanced glycation endproducts (AGEs) and 
amyloid ß-peptide (Aß). Because both AGEs and Aß  accumulate in the brain of 
patients with Alzheimer’s disease (AD), we investigated the expression and 
immunolocalization of RAGE in postmortem AD and nondemented elderly (ND) 
cortical samples, as well as glial cultures derived from rapid autopsies of these 
patients. The techniques employed for characterization included immunohisto- 
chemistry at the light level, immunoelectron microscopy, and in situ hybridization.

Protein and mRNA for RAGE were present in situ in neurons and glia. Brain- 
derived microglia, which were immunoreactive for RAGE, migrated toward and 
phagocytized Aß deposits in culture, increasing the extent of their RAGE expression 
in the process. These findings are consistent with our light level and EM studies 
of tissue sections wherein RAGE immunoreactivity was more pronounced in the 
vicinity of Aß deposits, with immunogold co-localization of RAGE and Aß at the 
ultrastructural level. RAGE also co-localized with the plasma membrane, as 
expected for a membrane receptor.

These data confirm the presence of RAGE in the aged brain, particularly the AD 
brain, and suggest that RAGE expression is influenced by and may play a role in 
cellular interactions of Aß. Such interactions of RAGE with Aß would be expected 
to be sustained chronically in the AD brain, where they may contribute to a variety 
of pathophysiologic mechanisms, including receptor-mediated oxidant stress, 
cytokine expression, and apoptosis.

Supported by NIA AGO7367 and a Zenith Award from the Alzheimer’s
Association.

282.2
DEFICIENT NF-дcB AND INCREASED IxBα EXPRESSION IN 
A LZHEIM ER’S DISEASE. L. Brachova*. J. Rogers, and Y. Shen. Roberts 
Alzheimer’s Research Center, Sun Health Research Institute, Sun City, AZ 85372.

NF-xB is a transcription factor involved in the regulation of gene expression 
induced by various stimuli, particularly pathogens and pro-inflammatory cytokines. 
The activation of cytoplasmic NF-xB heterodimer, consisting o f p5O and p65 
polypeptides, is followed by its translocation to the nucleus and requires the 
degradation of its suppressor, IxB. Low levels of cytoplasmic NF-/cB and high 
levels o f IxB are associated with NF-ĸB activation. Because NF-xB-mediated signal 
transduction mechanisms have been suggested to play a role in amyloid ß-peptide 
(Aß) neurotoxicity in Alzheimer’s disease (AD), we have examined the expression 
of NF-xB and IxBα in the AD brain.

Using Western blot techniques we found that cytoplasmic p65 NF-xB is 
significantly decreased and IxBα is significantly increased in postmortem AD 
compared to nondemented elderly (ND) superior frontal gyrus samples. Because 
such changes might potentially contribute to neurodegenerative mechanisms, we 
transiently transfected IxBα into the NT2 neuronal precursor cell line, using LDH 
release an an index of cell death. At high transfection levels (5 µg), NT2 cells 
exhibited significant increases in LDH release within 4 hours compared to NT2 cells 
at low transfection levels (1 µg) or nontransfected controls. Moreover, exposure 
of IĸBα-transfected cells to as little as 100 nM Aßl-42 further increased 
cytotoxicity, and was accompanied by a significant decrease in cytoplasmic p65 NF- 
xB within 30 min. These results suggest that one potential mechanism of Aß 
neurotoxicity may be through receptor-mediated alterations in p65 NF-xB and/or 
IxBα.

Supported by NIA AGO7367 and a Zenith Award from the Alzheimer’s 
Association.

282.4
INSULIN-LIKE GROW TH FACTOR-Π/MANNOSE-6-PHOSPHATE 
RECEPTO RS ARE EXPRESSED IN NEURITIC PLAQUES AND 
NEUROFШ ţЏLLARY TANGLES O F A LZHEIM ER’S DISEASE BRAIN.
E. V aucher1 , J. Guevara2,Y. R obitaille2, R. Q uirion and S. K ar D ouglas 
Hospital R esearch C enter, Dept, o f  Psychiatry, M cGill University, 2Dept. 
o f  Pathology, Hopital Ste-Justm e, M ontreal, Canada H4H 1RЗ

The insulin-liĸe grow th factor-II/m annose-6-phosphate (IG F-II/M -6-P) 
receptor is a m ultifunctional protein w hich b inds different classes o f  
ligands including IGF-II, retinoic acid and M -6 -P bearing lysosom al 
enzym es. Besides participating  in transm em brane signal transduction and 
endocytosis, this receptor also functions in the targeting o f  newly 
synthesized lysosom al enzymes. In A lzheim er’s disease (AD ) brain, the 
m arked overexpression o f  certain  lysosom al enzym es in vulnerable 
neuronal populations and their association to ß-am yloid  (A ß) containing 
neuritic p laques have recently  been correlated  to altered m etabolic 
functions (C ataldo et al., J. Neurosci. 1996, 16: 186-199). These data m ay 
suggest a role for these receptors in AD. In the present study, we 
investigated the anatom ical distribution  o f  these receptors in selected 
regions o f  A D  ( n = l2) and age-m atched norm al (n= 8) postm ortem  brains 
using light and confocal m icroscopies. Im m unocytochem ical results 
show ed that IGF-II/M -6-P receptors are selectively d istributed in 
pyram idal neurones o f  frontal cortex and hippocam pal regions o f  norm al 
control brains. In AD  brains, apart from  tnese neurones, IGF-Π/M -6-P 
receptors are found to be expressed  in a subpopulation o f  A ß  containing 
neuritic plaques and som e Tau-positive neurofibrillary tangles. 
Interestingly, a small percentage o f  plaque-like structures are found to 
express only IGF-II/M -6-P receptors but no detectable A ß containing 
peptide im m unostaining. These results together w ith the altered levels o f  
lysosom al enzym es provide an anatom ical basis to suggest a role for IGF- 
II/M -6-P receptors m  AD. (Supported by Banting Research Foundation 
and M RCC)

282.6
DISTINGUISHABLE EFFECTS OF PRESENILIN-1 AND APP717 MUTATIONS 
ON CEREBRAL Aß42 AND Aß4O DEPOSITION IN SENILE PLAQUES.
A.Tamaoka*(l), K.Ishii(l)(2), F.Miyatake(l), S.Shoji(l), P.H.St Geoгgc-Hyslop(3), 
and H.Mori(2). Department of Neurology, University of Tsukuba, Tsukuba, Ibaraki 
305(1); Department of Molecular Biology, Tokyo Institute of Psychiatry, Setagaya, 
Tokyo 156, Japan(2); Center for Research into Neurodegenerative diseases, 
University of Toronto, Canada(3).

Both AP P and PS-1 are causal genes for early-onset familial Alzheimer's disease 
(AD) and produce an increase in the long-tailed form of Aß42, the earliest 
demonstrable Aß deposition in brains. To determine whether both APP and PS-1 
mutations show the same effect on cerebral Aß deposition, we examined 
immuπohistochem¡cally Aß deposition in senile plaques in brains of 29 familial AD 
(23 PS-1,6 APP) cases and 14 sporadic AD cases using two monoclonal antibodies 
which recognize either the carboxyl terminus of the long-tailed form (Aß42) or the 
short-tailed form (Aß4O). We observed that mutations in both APP and PS-1 were 
associated with a significant increase of Aß42 in plaques. Furthermore, we found 
an unexpected differential effect of APP717 and PS-1 mutations on Aß42- and 
Aß40-plaque deposition. In comparison to sporadic AD cases, A P P l\l mutation 
cases had an increased density of Aß42 plaques (measured as the number of 
p laques/m m 2), while PS-1 mutation cases had an increased density and area 
occupied by Aß42-plaques. PS-1 but not APP717 mutation cases also had a 
significantly increased density of Aß4O-plaqucs. Effects of PS-1 mutations on 
Aß4O deposition could be site-dependent, indicative of site-dependent multiple 
functions in PS-1. Our results suggest that APP717 mutations affect the increase of 
Aß42 species but PS-1 mutations cause multiple dysfunction including the 
fundamental increase of Aß42 in familial AD brains.
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282.7
Influences of Aging, APOE E Genotype and Pnesenilin Mutations on Endocytic 
Abnormalities in Alzheimer’s Disease. A. Całaldo*. J. Barnett and R. Nixon. Nathan 
Kline Institute/NYU Med. Center. Orangeburg, NY 10962.

We have shown that the functional activities of endosomes and lysosomcs are 
abnormally upregulatcd in neurons of at-risk brain regions in sporadic Alzheimer's 
disease (AD). Because the endocytic pathway is a site of convergence for many etiological 
factors linked to AD pathogenesis, we have further investigated whether AD risk factors 
such as the AЮ E г.4 genotype, pгesenilin (PS) mutations, and normal aging exacerbated 
these alterations. Using immunocytochemistiy and morphometry, we found in neurons of 
individuals with no clinical symptoms of AD and who displayed minimal AD 
neuropathology' that the mean total cndosomal volume was 50% higher than controls and 
that these changes appeared before substantial Aß deposition. By contrast, in other 
neurodegenerative disorders, endosomal volume in neurons in severely affected regions, 
fell within the control range. We found that aging alone docs not account for increased 
cndosomal volume, as morphometric analyses of several brain regions from normal 
individuals, 3 ntos to 85 yrs of age, displayed no differences in total endosomal volume. 
In brains of individuals carrying one or two AЮ E ε4 alleles and exhibiting mild 
neuropathology, the mean total endosomal volume was increased 1.5 fold compared to 
cases with APOE ε2/3 or ε3/3. Endocytic alterations in AD were a consequence of 
increased Aß accumulation because in individuals with PS1 mutations and high levels of 
Aß, the mean total endosomal volume was similar to the control mean. In this same 
group, however, cathepsin (Cat) D levels were elevated and, neurons in vulnerable 
regions displayed high numbers of Cat D-positive late endosomes and lysosomcs, Our 
results suggest that endocytic abnormalities are among the earliest manifestations of 
sporadic AD and are not a consequence of Aß accumulation. Increased endocytosis, is not 
part of normal aging, but is influenced by tire AЮ E ε4 allele. PS1 mutations are 
associated with high levels of Aß. but no endocytic changes, consistent with evidence that 
increased Aß production in some forms of familial AD occur by non-endosomal routes.

282.9
A N E W L Y  D E S IG N E D  A N T IB O D Y  T O  R A C E M IZ E D  
ASPA R TA TE FO R  D A TING ß-A M Y L O ID  D E P O S IT S . B.Y. Azizeh, 
E. Head. M.A. Ibrahim. F,M. LaFerla* and C.W^Coima∩. Institute for Brain 
Aging and Dementia, University of California, Irvine CA 92697-4540, USA.

Senile plaques are extracellular amyloid deposits consisting o f 39-42- 
hydrophob¡c, amino acid residues called ß-amyloid protein (Aß), which is generated 
by the proteolytic processing o f the amyloid precursor protein (APP). ß-Amyloid, 
being a long-lived protein, undergoes post-translational modifications at their 
aspartyl residues. These modifications include isomerization and raccmization, 
from an L-Asp to a ß-linkage on the side chain to form L-isoAsp and from L-Asp 
to D-Asp, respectively through a cyclic succinimide common intermediate. In this 
report, a polyclonal antibody was raised against a synthetic peptide, [D-Asp^, 
C y s^ ļA ß l-1 6 , containing a D-Asp at position 7 and a Cys residue at position 16. 
The affinity purified antibody was characterized by ELISA, SDS-PAGE and 
immunoblotting analysis. Immunohistochcmical studies in AD brain tissue 
indicates that D-Asp amyloid is present as extracellular deposits in the form of 
senile plaques and within a subset o f pyramidal neurons in the hippocampus. 
Intracellular amyloid is punctate and is often co-local¡zed with NFTs. These 
findings suggest that a large proportion o f plaques are formed from long-lived 
versions of the amyloid protein. An accumulation o f inưacellulaг D-Asp may be 
due to inadequate repair of the enzyme PIMT responsible for "flipping" D-Asp to 
L-Asp, within individual neurons and limited exposure o f amyloid due to its 
fibrillar nature. Antibodies against racemίzed or isomerized forms o f ß-amyloid 
protein may allow us to determine the age o f the deposits.

This work was supported by the National Institute of Aging (NIA), National 
Research Service Award (NRSA) AG00096 (BYA & MAI), NIA AG 12694 and 
ADRC AG05142.

282.11
TEMPORAL DEPOSITION OF COMPLEMENT IN PLAQUES IN RELAΉON TO 
Aß DEPOSITION, NEURITIC CHANGES AND GLIOSIS IN DOWN’S 
SYNDROME BRAIN. S,E^ Stoltzπerl 2,_T.J. Grenfell1, C, M ori1. V.A. Zhukareva3* 
D,J. Sclkoe1 andC.A. Lemeгe1. 'Center for Neurologic Disease, Brigham and Women’s 
Hospital and Harvard Medical School, Boston, MA 02115; ¾arvard University, 
Cambridge MA; 3UPenn School o f Medicine, Philadelphia, PA.

Alzheimer’s disease (AD) is characterized by the progessive deposition of amyloid-ß 
(Aß) in plaques, neuritic degeneration and gliosis; multiple inflammatory proteins 
accrue in Aß plaques in AD. Trisomy 21 (Down’s syndrome, DS) provides a model for 
examining AD pathology. The Aß precursor protein (ßAPP; chr 21) is overexpressed 
in DS. Aß deposition in brain tissue can begin as early as the second decade and 
increases with age. This deposition is followed by neuritic changes and gliosis. By 
age 40, most DS patients have developed classical AD pathology, including abundant 
neuritic plaques and tangles. Here, we have immunohistochemically examined the 
deposition o f complement proteins (C lq, C3 and C9) in plaques in a series of DS 
brains (ages 3-73 yr) and compared each with markers of Aß, dystrophic neurites and 
gliosis. Complement immunoreactivity (IR) was not detected in a 12 yo DS brain in 
which many amorphous Aß42 IR deposits, but no neuritic changes or gliosis, were 
observed. The earliest C lq  IR was detected at age 15 and found within the central 
portion of the more spherical, compacted Aß plaques; C3 and C9 IR were not observed. 
The earliest detection of C3 and C9 IR was in a subset of compacted plaques in the 
brain of a 29 yo DS patient in which compacted Aß, neuritic changes and gliosis were 
observed. After age 30, all brains showed a majority o f Aß plaques IR for C lq ; fewer 
plaques had C3 IR. At all ages, C9 IR was the least prevalent. No definitive C5b-9 IR 
has been detected; studies are ongoing. We conclude that deposition of Aß precedes that 
of C lq  which occurs prior to that of C3 or C9 in DS brain. C lq  IR appears to be 
associated with the compaction of Aß prior to neuritic changes. C3 and C9 IR were 
detected in plaques in DS brains in which neuritic changes and gliosis were found. 
Double labeling studies are currently underway. Funding: NIHAG06173

282.8
ELEVATED LOW DENSITY LIPOPROTEIN IN ALZHEIMER DISEASE 
CORRELATES WITH BRAIN Aß 1-42 LEVELS. Y. M. Kuo1*. M R.

A. E. Roher1. 1 Sun Health Research Institute, Sun City, AZ. 85351;2 Parke-Davis 
Pharmaceutical Research, Ann Arbor, MI. 48106.

Alzheimer disease (AD) is characterized by the profuse accumulation o f Aß 
peptides, localized in the extracellular space o f the cerebral cortex and vascular 
walls. Epidemiological studies have suggested that the presence o f the Apo E ε4 
allele as well as cardiovascular morbidities such as atherosclerosis, myocardial 
infarction, coronary artery disease and hypertension are risk factors for AD. In the 
present study we investigated the potential relationships between the levels of 
serum lipids and brain cholesterol, and the amount o f AßN-40 and N-42 in the 
cerebral cortex, in neuropathologically demonstrated AD (n=64) and control (n=36) 
subjects. All individuals in the study were Apo E genotyped. The results indicated 
that the AD cohort had significantly higher levels o f  serum LDL cholesterol, Apo
B, Aß N-40 and N-42, and lower levels o f HDL and white matter cholesterol than 
the control group. Our findings also showed that the amount o f the brain’s AßN-40 
in AD, but not N-42, is strongly correlated with Apo E ε4 allele dosage. 
Interestingly, in the AD cohort there were positive correlations between the amount 
o f AßN-42 and the levels of total serum and LDL cholesterol, and Apo B. Our data 
suggest that elevated serum cholesterol, by an unknown mechanism, participates in 
the pathophysiology o f AD. Epidemiological studies have clearly indicated that 
lowering the levels o f  serum cholesterol, through diet, exercise and drugs, can 
profoundly affect the incidence o f cardiovascular disease. Likewise, the control of 
cardiovascular disease risk factors may also offer the possibility o f delaying the 
onset o f Alzheimer disease.
Supported in part by a grant (AG-11925) from The National Institute on Aging.

282.10

THE PRESENCE OF ISOASPARTIC ACID IN 6-AMYLOID PLAQUES IN 
ALZHEIMER’S DISEASE AND DOWN’S SYNDROME INDICATES 
PLAQUE AGE. M.l. Fonseca1. E. Head2. P. Velazquez1. C.W. CotmaгP 
and A. Tenner1* 1Dept Molecular Biology and Biochemistry; institu te  for 
Brain Aging and Dementia , Univ. California Irvine; Irvine , CA 92697.

The presence of extracellular senile plaques consisting of deposits of 
fibrilla r 6-amyloid is a characteristic ∩europathołogical feature of 
Alzheimer’s disease (AD). We have developed a novel antibody to a 
hypothesized “older isomer* of the amyloid protein. This antibody was 
raised against a sequence of the 6-amyloid peptide containing isoaspaгtic 
add at position 7 (isoasp-7), a nonenzymatic modification found in long- 
lived proteins. Plaques containing isoasp-7 are thioflavine positive and 
are found throughout the frontal and entoгhinal cortices of AD patients 
with few or no plaques present in cerebellum . In frontal cortex deposition 
of isoasp-7 amyloid differs between AD and Down's syndrome (DS). In 
AD the distribution of isoasp-7 tends towards more dustered deposits but 
with a widespread distribution in all cortical layers . In DS isoasp-7 
plaques are found primarily in the supeгfidal layers of the cortex. Within 
individual plaques, isoasp-7 amyloid is found primarily in the core of the 
plaques with nonisomerízed amyloid ΐn the outer edges. Activated 
microglia and astrocytes are assodated with plaques containing both 
forms of amyloid. Using image analysis the amount of isoasp-7 amyloid 
deposition was found to be correlated with dementia severity in AD and 
age in DS. The results indicate that our antibody against isomerized 
amyloid could be useful to date the age of amyloid plaques .
Supported by NIH NS35144, NIH AG12694 and ADRC AGO5142

282.12
THE LEVELS OF SOLUBLE VERSUS INSOLUBLE BRAIN Aß 
DISTINGUISH ALZHEIMER’S DISEASE FROM NORMAL AND 
PATHOLOGIC AGING J. Wane. D.W. Dicksont. J.O. Troianowski and V.M.¯ 
Y.Lee*. Dept, o f Pathology and Laboratory Medicine, Univ o f Pennsylvania 
Sch.of Medicine, Philadelphia, PA 19104, and †The Mayo Clinic, Jacksonville, FL 

Since the abundance and solubility of Aß peptides are critical determinants 
o f amyloidosis in Alzheimer’s disease (AD), we used a sandwich enzyme- 
linked immunosorbent assay to determine the levels o f total as well as soluble 
and insoluble A ß l-4 0  and A ß l-4 2  in the cortex o f AD brains, and compared 
these levels to those in the cortex o f age matched normal and pathologic aging 
brains. The average levels o f total cortical soluble and insoluble A ß l-4 0  and 
A ß l-4 2  were highest in AD, lowest in normal aging and intermediate in 
pathologic aging. However, there was a  20 fold increase in the average levels 
of insoluble A ßl-40 in the AD brains compared to pathologic aging brains, 
while the average levels of insoluble A ßl-42 in AD brains were increased only 
about 2 fold compared to pathologic aging brains. We also observed that the 
percentage of soluble A ßl-4Ö  and A ß l-4 2  (extracted with TBS) were highest 
in the normal brain comprising about 50% and 23% o f the total Aß, 
respectively. The percentage o f soluble A ßl-40  and A ßl-42 were negligible 
compared to insoluble Aß in AD brain while the percentage o f soluble A ßl-40 
(8%) and A ßl-42 (0.8%) in pathologic aging brains were intermediate between 
AD and normal brains. Thus, AD is accompanied by a  progressive shift of 
brain A ßl-40 and A ßl-42 from soluble to insoluble pools, and pathologic 
aging may be a transition state between the normal aging brain and the AD 
brain. The more dramatic increase in the average levels o f insoluble A ßl-40 
versus insoluble A ßl-42 in the AD brain compared to the pathologic aging 
brain suggest that this surge in A ßl-40  may play a critical role in promoting the 
onset or progression of AD.
National Institute on Aging
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282.13
R e so lu b iliza tio n  of A lzheim er and  A PP tran sg en ic  be ta  am y lo id  
p laque  by copper che la to rs. Danielle N. Gray*. Robert A. Chernv+. Colin L. 
Masters+.Rudolph E. Tanzi and Ashlev I. Bush. Genetics and Aging Unit, Harvard 
Medical School, Massachusetts General Hospital, Boston, MA, USA. 
+Neuropathology Lab, Mental Health Research Institute of Victoria, Australia.

Abeta (Aß) amyloid deposition is thought to be an integral event in the 
pathogenesis of Alzheimer's disease. The biochemical mechanism that causes 
normally, soluble Abeta to aggregate is uncertain. We have previously shown that 
physiological concenưations of zinc and copper induce Aß amyloid aggregation in 
vitro, a reaction that is reversible with chelation. Recently, we have also shown that 
Aß reduces bound copper to the Cu(I) species. Other recent studies have established 
that copper, zinc and iron are highly concentrated in amyloid deposits in Alzheimer's 
disease. Extending these findings, we examined the effects of triethylenetetramine 
(TETA), a metal chelator with a high affinity for copper, and bicinchoninic acid 
(BCA), a specific chelator of copper I, upon extraction of Aß into the soluble 
fraction of AD human brain homogenates. Temporal lobes were obtained from 
histopathologically confirmed AD brains and homogenized in the presence or 
absence of various concentrations (O.lmmM - 20 mM) of TETA and BCA in 
phosphate buffered saline pH 7.4. Brain homogenate was subfractionated by 
ultracentrifugation at 100 000 x g for ЗOmin at 4° C. The soluble fraction was 
collected, concentrated, and assayed for soluble Aß by Western blotting. As 
compared to the same brain samples homogenized in phosphate buffered saline 
alone, chelation of copper caused a significant increase in the amount of soluble 
amyloid beta. Similar results were obtained using brain tissue from amyloid-bearing 
APP transgenic mice. These data confirm that the use of copper chelators may have 
therapeutic utility in AD.
Supported by funds from Prana Corporation, UNCF/Merck Fellowship (to DNG), 
AFAR (Paul Beeson Award to AIB) and NIH (1R29AG12686).

282.15
SUBSTANTIAL ß-AMYLOID DEPOSITION IN PRECLINICAL ALZHEIMER’S 
DISEASE IS ASSOCIATED WITH INCREASED NUMBER AND RATE OF 
FORMATION OF TANGLES. J.L. Price1* and J.C. Morris2. 'Dept, o f Anatomy & 
Neurobiology, 2Depts. of Neurology and Pathology, and ‘·2Alzheimer’s Disease 
Research Center, Washington Univ. School of. Medicine; St. Louis, MO 63110.

Previously reported studies have shown that even very mild Alzheimer’s Disease 
(AD) cases, Clinical Dementia Rating (CDR) 0.5, are characterized by large numbers 
of neuritic and diffuse ß-amyloid plaques in the neocortex and substantial neuro
fibrillary tangles and loss o f neurons in the entorhinal and perirhinal cortical areas (EC 
and PrC) and hippocampal field C A 1. This implies that the changes underlying AD 
must begin at an earlier, preclinical stage prior to detectable cognitive change. Such 
cases have been identified in a study o f 40 nondemented (CDR 0) cases (age 51-93).

CDR 0 cases could be divided into three groups based on their pattern o f amyloid 
deposition. Group A had no plaques detectable with silver stains or immunohisto- 
chemistry. Group B had patches o f diffuse plaques in the neocortex, ranging from a 
few very small patches to many larger patches. Group C had a much larger density of 
neuritic as well as diffuse plaques, widely distributed throughout the neocortex and 
limbic areas. These closely resemble CDR 0.5, and are considered preclinical AD.

Tangles are found in all CDR 0 cases, preferentially in the same vulnerable areas 
(EC, PrC and CA1). Their average concentration increases exponentially with age 
even in the absence of plaques. In Group A the rate o f increase in tangle density with 
age is slow, although it is faster in the older cases (age>74) than in younger cases. 
Group B has only slightly more tangles, and a slightly greater rate o f increase with age, 
than Group A. Group C, however, has substantially more tangles, comparable to the 
density in CDR 0.5 cases, and a markedly greater rate of increase with age.

This is interpreted to indicate that the substantial amyloid deposition in preclinical 
AD cases converts a slow process o f tangle formation associated with aging into a 
much faster process that leads inexorably to the severe stages o f AD.

Supported by NIH grants AG03991 and AG05681.

282.17
COMPARISON OF EARLY MARKERS FOR ALZHEIMER’S DISEASE TYPE 
NEURODEGENERATION WITHIN THE HYPOTHALAMUS D. Kamel. A. Salehi. 
M.A.F. Sonnemans. C. van Eden*. D.F. Swaab, and F. W, van Leeuwen. Neth. Inst, 
for Brain Res., Meibergdreef 33, 1105 AZ Amsterdam ZO, the Netherlands.

The neuropathological diagnosis of Alzheimer’s Disease (AD) is based upon the 
presence of certain hallmarks: neuritic plaques, tangles and neuropil threads in the 
cerebral cortex and hippocampus. The neuropathology of the hypothalamus is 
different, with neuritic plaques observed only rarely and curly-shaped tangles present 
depending on the area. Alz-50 is one of the early markers for AD neuropathology, but 
it also stains neurons of non-demented persons. MCI appeared to be superior to Alz- 
50 in this respect (Jicha et al., J. Neurosci. Res. 48, 128, 1997).

Recently frameshift mutations (dinucleotide deletions) were found in ß-amyloid 
precursor protein (ßAPP) and Ubiquitin B (Ubi-B) transcripts, which are translated 
in the +1 reading frame (van Leeuwen et al., Science, 279, 242-247, 1998). 
Antibodies recognizing the resultant mutant proteins (i.e. ßAPP*‘ and Ubi-B+1) were 
raised. In the frontal/temporal cortex and hippocampus (CA,, subiculum), intense 
immunoreactivity was seen in hallmark structures of AD and Down syndrome (DS) 
patients as well as in elderly non-demented controls, where some initial 
neuropathology is present. In young controls, no immunoreactivity was observed. 
These results suggest that ßAPP*‘ and Ubi-B+1 expression is an early event in AD. In 
the hypothalamus, intense staining was reported with Alz-50 in the nucleus tuberalis 
lateralis (NTL), which lacks neuritic plaques or tangles (Swaab et al., Brain Res., 590, 
239, 1992). The NTL was also labeled by Ubi-B+I antibodies. Therefore, consecutive 
paraffin sections at the level of the nucleus basalis of Meynert (NBM), 
tuberomamillary nucleus (TM), and the NTL were stained with Alz-50, MCI and 
Ubi-B+I. Within these nuclei, which display differing degrees of neuropathology, all 
three antibodies showed an intense reaction in neurons of AD and DS patients. Non- 
demented controls (>49 years of age) had a small number of positive cells and fibers 
with both MCI and Ubi- B+l Presently we are determining in a larger group of non- 
demented controls which immunoreactivity shows up first: Alz-50, MCI orUbi-B*1. 
Brain material was obtained from the Netherlands Brain Bank (coordinator Dr. R. 
Ravid). Research supported by Netherlands-America Fulbright Committee.

282.14
EXTRACELLULAR NEUROFIBRILLARY TA NG LES ARE IM M U N O - 
PO SITIV E FO R TH E 40 CARBOXY-TERM IN AL SEQUENCE OF 
ß-AM YLOID PROTEIN IN  N O RM A L A G IN G  A N D  
NEURO DEGEN ERA TIV E DISEASE
C lau d ia  Schw ab *‘, H aru h ik o  A k iy am a2 and P atrick L. M_çGeer1 
‘K insm en Lab. of N eurological Research, Dept, of P sychiatry, U niversity  of 
British Colum bia, V ancouver, B.C. C anada, V6T 1ZЗ, 2 Tokyo Institu te  of 
P sych ia try , Jap an

N eurofibrillary  tangles (NFTs) form  in a nu m b er of neurodegenerative 
d iso rders, includ ing  A lzhe im er's  d isease (AD). In A D  it is uncerta in  how  and 
if ß-am yloid  (Aß) d eposition  is rela ted  to NFT form ation . NFTs lead to the 
dea th  of neu ro n s b u t persist as ex tracellu lar NFTs (eNFTs) or ghost tangles. 
There have been w idely  d iffering reports  on w h eth er Aß directly  b inds to 
NFTs. H ere w e s tu d y  NFTs an d  their ap p a re n t rela tionsh ip  w ith  Aß in 
cases of AD, D ow n Syndrom e (DS), park inson ism -dem entia  complex of G uam  
(bodig), p rogressive su p ran u c lea r palsy  (PSP) and  elderly  control brains 
u sing  a panel of an tibodies w hich  recognize d ifferent ep itopes of Aß. We 
find that in all cases and  in all b rain  reg ions exam ined, the m ajority of 
ex tracellu la r NFTs are  sta ined  w ith  an tib o d ies  to the 40 carboxyterm inal 
ep itope  of Aß (Aß4O) b u t not o ther Aß epitopes. This p a tte rn  of sta in ing  is 
d iffe ren t from  the Aß positive  'tan g le  associated  am yloid  dep o sits ' 
(TAADs), w hich are im m unopositive  for all ep itopes of the Aß molecule. 
This Aß4O ep itope m ay rep resen t a processed  residue of a longer form  of Aß, 
ind ica ting  a re la tionsh ip  be tw een  Aß and  NFTs. C rossreactiv ity  w ith other 
ep itopes associated w ith  NFTs cannot be ru led  out, a lthough  there are no 
hom ologies w ith  tau or o ther know n proteins.
S u p p o rted  by the Jack Brown and  Fam ily AD Research Fund, the A lzh e im er 
A ssociation of C anada  and  in d iv id u a l British C olum bians.

282.16
A M Y 117 E X PR E SSIO N  IN AD  BR A IN : A L IG H T  A N D  EL EC TRO N  
M IC R O SC O PIC  A N A L Y S IS  S. D. Styre∩*, G, C, Styren and S.T. 
D eK osky. Depts. o f  Psychiatry and N eurology, Western Psychiatric 
Institute & Clinic, University o f Pittsburgh Sch. o f  M ed., Pittsburgh, PA  

Deposition o f Aß plaques and neurofibrillary tangles represent the 
pathological hallmarks o f A lzheim er’s disease. However, such aberrant 
protein deposition is not restricted to these m oieties. Schmidt et al. (Am. J. 
Path, 1997,151: 69-80) reported that a particular set o f  antibodies raised 
against purified neurofibrillary protein recognized, instead, a 100 kD  
protein localized to discrete clusters in AD  brain. While this protein has 
yet to be characterized, it was restricted to affected regions in AD  brain 
but not to Aß plaques We stained paraform aldehyde fixed AD  frontal 
cortex sections acquired through the University o f  Pittsburgh A lzheim er’s 
Disease Research Center with AM Y 117 antibody (gift o f  John 
Trojanowski and Virginia Lee) to confirm  the previous findings and to 
determine the ultrastructural appearance and distribution o f this protein. 
Analysis o f digitized, double-labeled frontal cortex sections revealed no  
spatial co-localization o f  Thioflavin-S positive plaques with A M Y 117  
immunoreactivity. These findings were confirm ed by double labeling  
with anti-Aß antibodies and A M Y 117. D igitized sections were overlaid in 
a double frame buffer to determine spatial co-localization. Only random,
2-dim ensional registration was observed and only on rare occasions. 
Ultrastructural analysis o f  A M Y 117 deposition revealed two types o f  
subcellular localization. The first appeared as long discontinuous 
extracelluar fibrils associated with disrupted or degenerating neuropil. 
Deposition was also associated with membrane profiles and cytoplasm ic  
inclusion bodies o f  unknown type. These findings confirm  the report o f  
Schmidt et al. and suggest that AM Y 117 deposition may be differentially  
expressed in degenerating regions o f AD  brain. The function and 
pathophysiology o f this protein and the reason for its differential 
deposition remain under study, Supported by AG 05133 and AG 13672

282.18
FRAMESHIFT MUTATIONS IN ß-AMYLOID PRECURSOR PROTEIN AND 
UBIQUITIN-B RNA IN HUMAN NEURONAL CELL LINES E.M. Hoi.1’ J.A. 
Sluiis,1 M.A.F. Sonnemans,1 R.Versteeg2 and F,W, van Leeuwen 1 Netherlands 
Institute for Brain Research, 1105 AZ Amsterdam, The Netherlands and 2Dept. of 
Antropogenetics, University of Amsterdam, The Netherlands.

Recently we reported on the presence of aberrant RNAs in the cerebral cortex and 
the hippocampus of Alzheimer’s disease (AD) patients (Van Leeuwen et al. 
Science: 279:242 1998). A dinucleotide deletion in or adjacent to a GAGAG-motif 
in ß-amyloid precursor protein (ß-APP) and ubiquitin-B (UBI-B) transcripts leads 
to the generation of +1 proteins, i.e. proteins with a wild-type N-terminus and, due 
to the shift in reading frame, an abeưant C-terminus. In many neurons ß-APP+l and 
UBI-B+1 are co-expressed, indicating a general cause leading to an inadequate 
degradation of aberrant RNAs and allowing accumulation of +1 proteins. An in 
vitro system is required to obtain more information about how these aberrant RNAs 
are generated and why they are translated into +1 proteins. Our previous studies 
indicated that the incidence of dinucleotide deletions is promoted by transcriptional 
activity of the cells. Thus, transcriptionally highly active human neuronal tumor cell 
lines might be suitable candidates for mechanistic studies. Indeed, we could 
demonstrate that the CHP-100 cell line generates ß-APP mRNA with exactly the 
same mutation as shown in AD patients: a GA-deletion in a GAGAG-motif in exon 
9 of ß-APP. However, up till now we were unable to detect the ß-APP+1 protein by 
immunocytochemistry. This implicates that ß -A P P ‘ is rapidly degraded, or secreted 
into the cell culture medium. In the CHP-100 and SK-N-AS cell lines we could 
detect UBI-B+1 protein with confocal microscopy and with a radioimmunoassay. In 
addition we found indications that CHP-100 cells secrete Ubi-B+1. This was 
confirmed by immunoelectron microscopy where we found UBI-B+I near the cell 
membrane. In conclusion, aberrant RNAs are produced in human neuronal cell lines 
and, in case of UBI-B, the +1 protein can be easily detected. These cell lines might 
serve as an in vitro system in which generation of aberrant RNAs related to AD and 
production of +1 proteins can be studied.

Funding: ISAO and Hersenstichting, the Netherlands
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282.19
INTRACELLULAR LOCALIZATION OF Aßl-42 IN RAT 
HIPPOCAMPAL NEURONS IN VIVO FOLLOWING CHALLENGE 
WITH 60 µM CHLOROQUINE: A LIGHT AND ELECTRON 
MICROSCOPIC IMMUNOGOLD STUDY. G.K. Rieke*. K. 
Jacobson. J.T. McCormack and J. Rada. Dept. of 
Anatomy and Cell Biology, School of Med. and 
Health Sciences, Univ, of North Dakota, Grand 
Forks, ND 58202.

The amyloid beta fragment(Aßl-42) is neuro- 
toxic to neurons of the cerebral cortex, septal 
nuclei, diagonal band and hippocampus following 
continuous challenge with the peptide. Apoptosis 
in affected neurons was assessed by the ApopTag 
modification of the basic TUNEL procedure. Hip
pocampal neurons challenged in vivo with 60 µM 
chloroquine accumulated immunoreactive intracel
lular Aß fragments. Double-bridge immunocyto- 
chemistry was used to tag the Aß antigen with a 
40 ηm gold particle. EM immunogold showed that 
intracellular Aß was associated with mitochon
dria. Perturbation of mitochondrial function by 
Aß-induced lipid peroxidation of mitochondrial 
membranes with the generation of toxic aldehydes 
(4-hydroxynanonenal) could be a means by which 
intracellular Aßl-42 destroys neurons.
Suported by UND FAC Grant 1813-0412-PRJ2125.

282.20
SEQUESTRATION MECHANISM FOR AMYLOID ß PLAY A ROLE IN THE 
KIDNEY K. Tsuzuki’>*. R, Fukatsu2). Y. HavashR T. Yosh¡da*>. N. Sasaki2’. H. 
Yamaeuchi3’, M. Tateno4) and N. Fu iiiº. Depts. of ’’Microbiology and neuropsychiatry, 
Sapporo Med. Univ., South 1, West 17, Sapporo 060-8556, Japan, 3)College of Medical Care 
and Technology, Gunшa Univ.,4) Dept, of Pathology, Sapporo City General Hospital.

Alzheimer’s disease (AD) affected brain is characterized by the deposition of amyloid ß 
protein (Aß). Aß is proteolytic cleavage product of amyloid precursor protein (APP) that 
vary slightly at the carboxy-teгm¡nus, yielding species of 40, and 42(43) amino acids. These 
species have been reported to aggregate easily to form amyloid fibrils, playing some 
different role in AD pathogenesis. Recently, soluble Aß is found in CSF, serum, and culture 
media. It has been postulated that Aß is sequestered by extracellular proteins, preventing 
amyloid deposition. On the other hand, APP is widely expressed in virtually all neuronal and 
non-neuronal tissues with highest levels of expression in the brain, muscle, and the kidney. 
Interestingly, no amyloid has been observed in any other organs but the brain. These 
evidence prompted us to study sequestration mechanism for Aß in the kidney.

Immunohistochem¡cal studies demonstrated that both Aß4O, and Aß42 species were 
observed in the proximal tubules, while Aß4O was seen dominantly in the distal tubules. 
Transthyretin (TTR) was also observed in the proximal tubules, and colocalized with 
Aß4O, and Aß42. Western blot analyses of kidney homogenate revealed that 15 kDa 
protein bands, presumably monomeric TTR, and approximate 23 kDa bands were 
detectable with anti TTR antibodies. Immunopreticipation and Western blot analyses 
using combination of anti Aß, Aß4O, Aß42, and TTR antibodies, demonstrated that 15 
kD, and approximate 23 kDa bands were observed in the eluate.

Our data demonstrate that Aß species, and monomeric TTR are present in the 
kidney with characteristic distribution, and that monomeric TTR binds Aß. Although 
we cannot exclude the possibility that other proteins may bind Aß, TTR play a role for 
sequestration of Aß. This may provide an explanation that no amyloid deposits are 
observed in other systemic organs except the brain and a new therapeutic strategy for
AD.
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283.1
CEREBROSPINAL FLUID, BUT NOT SERUM Aß42 CONCENTRATION 
IS DECREASED IN A LZH EIM ER'S DISEASE. T. Tapiola.*1 T. Pirttilä.1 T. 
Kivimäki.3 P.D. Mehta.4 P. Riekkinen Sr.1,2 and H,. S¢i∩i∏¢ũ1. Department o f 
Neuroscience and Neurology1, A. I. Virtanen Institute2. University Hospital and 
University o f Kuopio, Finland, Ylinen Central Institution in Pirkanmaa Social 
Services Association o f Communes3, Ylŏjärvi. Finland, Institute for Basic 
Research for Developmental Disabilities4. Staten Island, New York, USA

Formation o f diffuse and mature amyloid plaques is a characteristic feature in 
Alheimer’s disease (AD). Soluble forms o f ß-amyloid, sAß42 and sAß4O, are 
found from CSF and blood. AD related mutations increase the production o f the 
long form (Aß42) in vivo and in vitro. CSF sAß42 measurement might help the 
antemortem diagnosis o f  AD.

We measured CSF and serum concentrations o f sAß42 and sAß4O from 41 
patients with AD (mean age 71 years), from 30 old controls (65 years) and 12 
young controls (26 years) and serum concentrations from 30 Down’s syndrome 
patients (48 years) using an ELISA assay. There was a significant decrease of 
CSF sAß42 levels in AD compared to those o f old controls (median 39 vs 120 
pg/ml Kruskall-Wallis p<0.005). Levels o f  CSF sAß4O did not differ between AD 
patients and controls (median 11.2 vs 9.9 ng/ml). There was no correlation 
between age and CSF sAß42 or sAß4O concentrations. Serum levels o f sAß42 
and sAß4O were increased in patients with Down's syndrome compared to those o f 
AD patients and controls (median 380, 200 and 170 pg/ml for sAß4O, and 250, 0 
and 0 pg/ml for sAß42).

Low levels o f sAß42 in CSF may be due to enhanced binding into the plaques. 
Because o f an overlap o f CSF sAß42 levels, it is not useful as a diagnostic marker 
for AD. However, in combination with other markers it may be used for diagnosis 
or monitoring progression o f AD. (The study was supported by the Academy of 
Finland.)

283.2
CSF-Aßl-42 LEVEL IS CORRELATED WITH CEREBRAL GLUCOSE 
METABOLISM IN ALZHEIMER’S DISEASE. N. Okamura1. H. Aгai* M. 

Higuehi1. T. Matsui1. M. TashiroЧ M. lloh2. T. Iwatsubo\ T. Tomita\ H. Sasaki1. S. 

Higuchi4 ’Dept, of Geriatric Medicine, Tohoku Univ. School of Medicine; ^Cyclotron 

and Radioisotope Center, Tohoku Univ.; 'Dept, of Neuropathology and Neuroscience, 

Graduate School o f Pharmaceutical Sciences, Univ, of Tokyo.; 4Kurihama National 

Hospital, Japan

Elevated levels of tau and lowered levels of Aß,.42⅜4„ in cerebrospinal fluid 
(CSF-tau and CSF-AßM2ł4з,) are recently suggested to be most reliable 
biochemical markers of Alzheimer‘s disease (AD). In order to address the 
question if such biochemical markers are able to track a fundamental feature 
leading to a progressive and massive death of neurons in AD, cerebral glucose 
utilization using 2-[l8F)fIuoro-2-deoxy-glucose was quantified by positron 
emission tomography in fifteen AD patients with defined levels of the CSF-tau 
and CSF-Aßs ending at Aßl·40 and Aßм2(4í,. The CSF-Aß,.42(4,, levels most 
consistently and significantly correlated with global cerebral glucose 
metabolism, but either the CSF-Aßl·4〇 or the CSF-tau levels did not. Taking 
together with other recent studies, the present study suggests that the CSF-Aß,. 
42(4з, levels reflect residual brain metabolism in AD, and that the quantification 
of the CSF-Aß,.42(43) and the CSF-tau levels will play a distinct role in clinical 
practice of AD.

283.3
TWO STEP PROTOCOL FOR ALZHEIMER'S SOLUBLE AMYLOID ß 
PROTEIN ISOLATION FROM NORMAL HUMAN CSF LIPOPROTEIN. ЬL
V.Koudinova. T.T.Berezov. R.Beaviз. A.Kumar. and A.R.Koudinov*. Russian 
Academy of Medical Science, Research Center for Mental Health, Institute 
of Biomedical Chemistry, Timoshenko Street, 38,27, Moscow, 121359 Russia, 
New York U.Medical Center, New York, 10016, USA, The Weizmann Institute, 
Department of Neurobiology, Rehovot, 76100, Israel, koudin@imb.imb.ac.ru.

In normal human plasma and CSF the soluble amyloid beta protein (sAß) is 
associated with the HDL (Biochem B¡ophys Res Commun (1996) 223, 592- 
597). The aim of the present work was to develop simple protocol for isolation 
of sAß from the CSF. To this end HDL were first obtained by 60 h 
ultracentrifugation (UC) of the CSF at the density of 1.25 g/ml (39 g KBr per 
100 ml of the CSF) and the sAß and apolipoproteins (apo) were fractionated 
by reverse phase (RP) HPLC on a C4 analytical column over the 30 min 
linear gradient of 20 to 80% acetonitrile in 0.1% TFA. Separated sAß and apo 
fractions were characterized by SDS/PAGE, immunobtot analysis and mass 
spectrometry (Biull Eksp Biol Med (1997) 124, 425-428). The following 60- 
min-RP-HPLC step yielded additional ~2 fold purification of the sAß. Once 
calibrated with ant¡-sAß antibodies (6E10, Senetek, PLC), the method 
(TABLE) can be used for the routine preparation of the native CSF sAß.

Purification of sAß from normal human CSF.
Fraction Volume, ml Total protein sAb, nq* Purification, fold
Whole CSF 60 21.25 mq *· 0
UC supernatant 6 0.25 mα 451 100
1st 30 min RP-HPLC, x5 2 0.5 ;ug 357 50000
2nd 60 min RP-HPLC 0.25 *. 250 100000
*) bv the densitometry of sAb fluoroqrams; **) below sensitivity
Supported by RAMS, Senetek, PLC., and Feinberg Fellowship.

283.4
LIPOPROTEIN-FREE AMYLOIDOGENIC PEPTIDES IN 
PLSMA ARE ELEVATED IN THE PATIENTS WITH 
ALZHEIMER’S DISEASE AND DOWN’S SYNDROME.
E. Matsubar a J .  Ghiso2, B. Franoione2, M. Amari1. Y_·.
Tomidokoгo‘, Y. Hariαava1 *, Ҟ . O⅛amoto1 and M. Sho¯ii. 1 Dept, 
o f Neưrology. Gunma University School o f Medicine, Gunшa 371-8511, Japan; 
2Dept. of Pathology. New York University Medical Center.

Amyloid ß (Aß) is the major constituent ofthe fibrils deposited in senile plaques 
and cerebral blood vessels o f patients with Alzheimer’s disease (AD) and Down's 
syndrome (DS). This peptide is now known to be a normal soluble component 
(sAß) in plasma, cerebrospinal fluid (CSF), urine and brain parenchym«г Дn 
increased amount of sAß in AD and DS brains precede the appearanceof Aß deposits, 
suggesting that sAß species may represent immediate precursors o f the deposited 
fibrils. Soluble Aß circulates in plasma mainly in association with high density 
lipoprotein (HDL) particles, although the proportion of sAß free and lipid-associated 
has not been clearly defined. In HDL. sAßco-localize with apolipoprotein J. which 
has been shown to maintain and stabilize the peptide solubility in vitrυ. We 
hypothesized that a disequilibrium o f the l¡poprotein-sAß interaction may a key 
determinant to initiate the cascade làvoting Aß aggregation. Here we demonstrate 
that in nonnal conditions, more than 90% of sAß is associated with lipoprotein 
particles. In sporadic AD, free sAß42 but not sAß4O is increased in approximately 
2.4-fold while in DS there is a marked elevation of both lipoprotein-free Aß species. 
These results suggest that lipoprotein-dissociation may be a key pathological step 
in the Aß amyloidogenes¡s process.

Suppo∏ed by the Sandoz foundation, the Sasakawa Health Science Foundation, 
Chiyoda Mutual Life Foundation, and NIH grants ARO2594 and AGO589I.
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283.5
CHARACTERIZATION OF AMYLOID ß PROTEIN (Aß) DEPOSITED IN SKIN 
ΉSSUES. S.Matsuno(l), A.Tamaoka(l), S.Shoji(l), H. Nagata*(2), S.Ono(3), N. 
Shimizu(3). Department of Neurology, Institute of Clinical Medicine, University of 
Tsukuba, Tsukuba, Ibaraki 305(1); Ibaraki Prefectural University o f Health 
Sciences, Ami, Ibaraki 300-0394 (2); Department of Neurology, Teukyo University 
School of Medicine, Ichihara Hospital Ichihara, Chiba 299-01, Japan(3).

Extensive Aß deposition is one o f the characteristic findings in brains o f patients 
with Alzheimer's disease (AD). Although Aß-immunoreactivities have been 
detected in skin from patients with AD, Down's syndrome and amyotrophic lateral 
sclerosis (ALS), whether Aß-immunoreactivity in biopsied skin is altered among 
these disorders still remains conftoversial. In order to investigate the possibility that 
Aß-immunoreactivity in skin could be an reliable marker for these disorders, we 
have chaгcterized Aß deposited in skin tissues from patients with ALS and controls.

Skin biopsy specimens were taken from five ALS patients and from five controls 
with other neurological diseases matched for age and sex. In immunocytochemical 
studies, we employed three monoclonal antibodies (BS85, BA27, and BCO5) raised 
against Aß25-35, A ßl-40, and Aß35-43, respectively. Aß-immunoreactivity with 
each monoclonal antibody was found in the epidermis and in some blood vessels 
and glandular elements of the dermis in all ALS patients and controls examined. 
Both Aß4O and Aß42 were detected in skin samples extracted with detergents or 5M 
guanidine hydrochloride, the amounts of which were at similar levels between an 
ALS patient and a control. Immunoblotting using BA27 and BCO5 revealed 4 kDa 
and higher molecular weghts proteins in skin specimens both from a patient with 
ALS and a control, presumably showing Aß and its oligomers. Our results suggest 
that Aß deposition in skin tissues can be found both in patients with ALS and in 
controls, precluding its diagnostic usefulness for ALS. Analyzing Aß deposition in 
control skin samples would provide important imformations to elucidate the 
pathomechanism by which Aß is deposited in brains of patients with AD.

283.7

Neuronal Uptake of ß-Aшyloid
B.S. Abrahams1,2*, B.P. Connop1, P.B. Reiner1. ‘Kinsmen Laboratory of 
Neurological Research, 2Graduate Program in Neuroscience, University of British 
Columbia, Vancouver, BC, Canada. V6T 1ZЗ. (e-mail: pbr@unixg.ubc.ca)

One of the most prominent neuropathological (eatures of the Alzheimer’s brain 
is the presence of extracellular plaques containing beta amyloid (Aß). In contrast 
to the intense effort being mounted to study factors regulating Aß production, 
mechanisms which may be responsible for clearance of Aß from the extracellular 
space have received comparatively little attention. Nonetheless, it has been 
shown that non-neuronal cells are able to endocytose Aß which has been 
complexed to activated alpha-2-macroglobulin (α2M*), a protease inhibitor 
which co-localizes with Aß in plaques. As Alzheimer’s disease is a disorder of 
the central nervous system, the question of whether neurons are able to clear Aß 
from the extracellular space is one of considerable importance. To test the 
hypothesis that neurons can take up Aß. we have developed an assay system in 
which uptake of synthetic human Aß,.42by rat neurons can be readily measured. 
Cells derived from E17 day rat brains were plated in Neurobasal medium 
(supplemented with B-27) to obtain pure neuronal cultures. After one week of 
growth, cultures were exposed to synthetic A ßı.42 pretreated with α2M* 
(generously provided by Dudley Strickland). Cell lysates were then 
electrophoretically separated and probed by Western blot with the human Aß 
specific monoclonal antibody WO-2 (kind gift of Konrad Beyreuther), thereby 
permitting detection of exogenously applied Aß without contamination of Aß 
derived from the rat neurons. Results suggest that low nM concentrations of Aß 
pretreated with α2M* are internalized by rat neurons, and further implicate 
α2M* in the process of Aß clearance in the brain. (Supported by MRC and the 
Louise Brown Chair in Neuroscience)

283.9

THE EFFECT OF AGE ON ALZHEIMER’S AMYLOID-BETA 
INDUCED NEURODEGENERATION. H, Yu* and J. McLauπn, 
University of Toronto,Centre for Research in Neurodegenerative Diseases, 
Toronto, Ontario, Canada.

An important subset of neurodegenerative dementing disorders is 
that which manifest age-related, Alzheimer-like neuropathologies such as 
Alzheimer’s disease, Down’s Syndrome and dementia pugilistica. These 
disorders are characterized by a loss of neurons which lead to clinical 
decline. Activated central nervous system glial cells are strategically 
located close to most of the pathological lesions associated with these 
disorders. It has also been proposed that vulnerability of the aging brain 
may dictate the response of glial cells to neurotoxicity. We propose that 
neurons in the presence of mixed glial cells isolated from aged rodent 
central nervous system have an enhanced neurotoxicity and that this is the 
result of compromised glial cells. We have developed a model of the aged 
central nervous system and evaluated the role of aged glial cells in Aß- 
induced neurotoxicity. The ability of these cells to clear toxins from the 
extracellular space is a critical step in controlling neuronal degeneration. 
We demonstrate that glial cells isolated from increasing aged animals show 
a decreased ability to phagocytose Aß and thereby decrease the resultant 
Aß-toxıcity. We demonstrate that cytokine production in aged glial cells 
have a higher basal level of pro-inflammatory cytokines with respect to 
cells isolated from newborn animals. Optimization of toxin clearance and 
minimization of cellular activation is the ultimate goal for prevention of 
pathological lesions, neuronal degeneration and clinical decline. Studies 
optimizing phagocytic processes in the aged population of cells are now 
under investigation.,_

® F u n d in g :  O n t a r i o  M e n t a l  H e a l t h  F o u n d a t io n

283.6
Internalization of Abeta 1-42 but not Abeta 1-40 by Dog Leptomeningeal 
Vascular Smooth Muscle Cells

T. Haskë‡L. Evans, H. LeVine III and M.R. Emmerling
Department o f Neuroscience Therapeutics, Parke-Davis Pharmaceutical Research 
Division of The Warner-Lambert Company, Ann Arbor MI 48105 U.S.A.

The accumulation of Beta Amyloid peptide (Aß) in the cerebral vasculature is a 
pathology commonly found in Alzheimer’s disease brains. In the present study, 
we sought to determine if  this vascular deposition could involve the uptake of Aß 
by vascular smooth muscle cells. We have examined the uptake of freshly 
solubilized A ßl-40 or A ßl-42 peptide by dog leptomeningeal vascular smooth 
muscle cells (DLVSMC) using an ELISA technique. As the Aßl-42 level 
decreased in media over time, there was a corresponding increase in level of 
Aßl-42 in cell lysate, while there was no change in the level o f A ßl-40 in either 
media or cell lysate over 24 hours. Incubation of DLVSMC with Aßl-42 
resulted in 2-fold increase in the level of Aßl-40 in cell lysate, while added A ßl- 
40 had no effect. Congo Red and Heparan sulfate proteoglycan, both amyloid 
fibril binding molecules, inhibited Aßl-42 uptake by these cells. These results 
suggest that vascular smooth muscle cells may selectively internalize and 
accumulate Aßl-42 , which may be involved in cerebrovascular amyloid peptide 
deposition.

Supported by Warner-Lambert Company.

283.8
UPTA K E A N D  IN TR A CELLU LA R A C C U M U LA T IO N  OF A M Y LO ID  ß- 
P R O TEIN (A ß) B Y  M ICRO GLIA. H. Akivama1 . H, Kondo1, E. Tannno1. K, 
Ikeda1, and P. L. McGeer2. ‘Tokyo Institute o f Psychiatry, 2-1-8 Kamikitazawa, 
Setagaya-ku, Tokyo 156-8585, Japan, and ‘Kinsmen Laboratory o f Neurological 
Research, University'o f British Columbia, Vancouver, B.C., V6T 1ZЗ, Canada 

Amyloid ß-protein(Aß) positive granules occur in microglia and astrocytes in 
brains o f patients with Alzheimer’s disease(AD). Aß granules in glial cells were 
positive for a monoclonal antibody, 4G8(Aß 17-24), but negative for 6E lO (A ßl- 
17). These glial cells are likely to be involved in the removal o f  Aß from brain. 
Intracellular accumulation o f Aß may indicate that the uptake exceeds the ability 
o f these cells to degrade Aß. In this study, intracellular accumulation o f Aß in rat 
microglia was investigated in vitro and in vivo. Microglial cells were prepared 
from primary cultures o f mixed glial cells from newborn rats. Following the 
exposure to Aß 1 -40 or Aß 1 -42 for 24 h, cells were harvested after the additional 
incubation for 0 to 14 d in the culture medium which did not contain Aß. Cells 
were stained with antibodies to Aß and 0X 42. a marker for rat microglia. 
Granular accumulation o f Aß was found in many microglia. Microglia containing 
Aß positive granules were much fewer in cultures exposed to A ß l-4 0  than those 
exposed to the same concentration o f A ßl-42 . Aß positive granules remained in 
microglia after the 14 d incubation without Aß. We also injected A ß l-4 0  into the 
rat brain. Following the appropriate intervals, rats were sacrificed and the brain 
tissues were examined immunohistochemically. Granular accumulation oťA ß was 
seen in microglia in and around the Aß-injected area. Some Aß granules were 
6E10(-)/4G8(+). while others were positive for both antibodies. Within the glial 
cells Aß may be degraded, with the C-terminal fragment being more slowly 
broken down than the N-terminal fragment.
Supported by grant-in-aid from the Ministry o f  Education, Science and Culture o f Japan.

283.10
COMPLEMENT COMPONENT C1q MODULATES THE PHAGOCYTOSIS OF 
Aß BY MICROGLIA. Scott D. Webster*. Manuel D. Galvan and Andrea J. 
Tenner. Department of Molecular Biology and Biochemistry, University of 
California, Irvine, CA 92697.

Recent studies showing that microglia are capable of internalizing the 
amyloid ß-peptide in culture suggest that these cells have the potential for 
clearing deposits of Aß in the Alzheimer’s disease brain. Unfortunately, 
clearance of Aß is apparently a slow process in the Alzheimer's brain, and 
mechanisms which regulate the removal of Aß may therefore be of clinical 
interest. Interaction of microglia with Aß is thought to occur via the 
macrophage scavenger receptor (MSR), but may also involve binding of 
complement proteins which opsonize Aß fibrils (such as C1q and C3b) to 
microglial cell surface receptors for these proteins. Previous studies from this 
laboratory have shown that C1q enhances Fc receptor-mediated phagocytosis 
in microglia, and in the current work we investigated the effects of C1q on the 
phagocytosis of Aß1-42 by cultured rat microglia. We measured the uptake 
of 14C labeled Aß1-42 from culture medium, and electron microscopic 
examination of parallel cultures treated with nonlabeled Aß1-42 confirmed 
internalization of the peptide by these cells. In contrast to results seen for Fc 
receptor-mediated phagocytosis, the presence of C1q resulted in a dose- 
dependent decrease in Aß1-42 uptake by microglia. We hypothesize that, 
since C1q and the MSR appear to recognize overlapping sites in Aß, binding 
of C1q to Aß blocks the interaction of Aß with MSR and therefore inhibits 
uptake. These results may help explain the relatively inefficient clearance of 
Aß observed in the Alzheimer's brain, and suggest that mechanisms which 
interfere with the binding of C1q to Aß may be of therapeutic value by revealing 
sites on Aß necessary for its removal.
Supported by NIH NS35144.
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283.11

Expression o f R ecom binant A lzheim er's A m yloid Beta protein as soluble 
1-40 and 1-42 peptides Xiang Shao-ĸ Ruben G. Vidal#, Jorge Ghiso#, Bias 
₣яngio∩e#. Tom Wisniewski^ and Peter D. Goгevic¯K #Dept.of Pathology, NYU 
Medical Center, 550 1st Ave., New York, NY 10016 and +I)ept of Medicine, Mount 
Sinai School of Medicine, One Gustave Levy Place. New York, NY l(Ю29

It has been widely suggested that the Amyloid beta peptide can serve as an 
initiator in the pathogenesis of Alzheimers disease. Although full-length Amyloid 
precursor protein (APP) has been expressed in insect cells, and fragments of APP, 
including species corresponding to carboxyl-terminal, cell-associated cleavage products, 
have been expressed in Ė. Cob, so far, no research group has been able to express the 
39-43 residue Amyloid beta peptide itself successfully in a recombinant form. 
Preliminary experiments utilizing the yeast two-hybrid and a T7 expression vector in 
E.coli indicated cytotoxicity to the host cells, presumed due to its propensity to form 
fibrillar aggregates at high concentrations intгace!lularly. In order to circumvent 
toxicity, PCR techniques were used to construct Amyloid beta fusion peptides placed 
between Maltose Binding protein (MBP) and Intcin-Chitin Binding Domain (In-CBD) 
expressed as a periplasmic protein in the vector pMal-p2, and a short form linked to 
In-CBD for expression in cytoplasm by using vector pCΎB-1. Since these constructs 
contain no extra DNA base pairs, the final peptides correspond to the native peptide 
sequence, except for an N-terminal Methionine residue in the case of In-CBD fusions. 
When expressed in E. cob BL21DFЗ following induction with ITPG, recombinant 
proteins bound amylose resin through MBP domain, and Chitin bead through CBD for 
affinity purification. Full-length constructs appeared to undergo cleavage at factor Xa 
site, yielding recombinant peptides that appeared to resemble intact peptide by sizing 
experiments. Various conditions for release of 40 and 42 residue peptides by reduction 
following binding to chitin have been examined, and immunobiotting with epitope- 
specific and bodies used to confirm the presence of these fusion proteins and cleavage 
peptides. Recombinant forms of Amyloid peptides isolated under nondenaturing 
conditions will be used to analyze toxicity due to conformational transitions, and to 
produce radiolabeled peptide for binding and clearance studies.
Work supported by NIH grant NS35092 and the Alzheimers Association

D E G E N E R A T IV E  D IS E A S E : A L Z H E IM E R ’S — B E T A  A M Y L O ID : A N IM A L  M O D E L S  I

284.1
DECREASED CSF LEVELS OF α-SECRETASE-CLEAVED AMYLOID 
PRECURSOR PROTEIN IN AGED FISCHER-344 RATS: CORRELATION TO 
COGNITIVE BEHAVIORAL DEFICITS. J,J. Anderson1*, F. Menzaghi‘, G, Holtz1, 
P.P. Baskin1, R. Wang2, L. Mazzarelli2, and S.L. Wagner1. 'SIBIA Neurosciences, 
Inc., La Jolla, CA 92037; rockefe lle r University, New York, NY 10021.

The amyloid precursor protein (APP) undergoes proteolysis at several sites to 
produce a number o f functionally relevant peptides. The soluble APP derivatives α- 
sAPP and ß-sAPP are produced by cleavage at the a- and ß-sites, respectively, while 
ß-amyloid (Aß) results from dual cleavage at the ß-and γ-sites. Aß is the primary 
constituent of senile plaques associated with Alzheimer’s disease. In contrast, α- 
sAPP may play a role in neuroprotective processes and in normal aging. We 
examined the levels of α-sAPP, total sAPP (α- and ß-sAPP combined), and Aß in 
cerebrospinal fluid (CSF) from 3, 13, and 23 month-old Fischer-344 rats. Western 
blot analysis using selective antibodies revealed 50% less total sAPP and α-sAPP in 
cisternal CSF from 23 month old-rats compared to 3 and 13 month-old animals. Mass 
spectrometric analysis indicated, however, that A ß |.4〇 in CSF was not different 
between the three age groups. In a second group of young (5-6 months of age) and 
aged (24-25 months of age) Fischer-344 rats, spatial working and reference memory 
were assessed in a water maze followed by collection of CSF. As a group, the aged 
rats consistently performed below the young rats in both working and reference 
memory tests. The aged rats also had 49% less CSF α-sAPP than did their younger 
counterparts. There was a positive correlation (r = 0.52 - 0.57, p < 0.001) between 
memory deficits and CSF α-sAPP in these young and aged rats. The present results 
suggest that there is a positive association between CSF levels of α-sAPP and 
cognitive performance in rats and that α-sAPP may be involved in normal aging 
processes. Although aged rats are not a model of Alzheimer’s disease per se, these 
results are consistent with clinical findings suggesting that reduced CSF α-sAPP 
correlates with cognitive deficits in Alzheimer’s disease.

284.3
AMYLOID PRECURSOR PROTEIN SECRETION IS IMPAIRED 
FOLLOWING CHOLINERGIC DENERVATION AND HIPPOCAMPAL
sympathetic  ingrow th . MJLJ⅛ŵeraon*. P,S, P¾гsqп⅞ and L.Ę,
Harrell. Alzheimer's Disease Center, Depts. of Psychology and 
Neurology, VA and Univ, of Alabama at Birmingham Medical 
Centers, Birmingham, AL 35294.

The rodent model employed by our laboratory shares some 
characteristics with Alzheimer’s disease (AD), including 
impairment of the muscarinic receptor {mACҺR)/G-protein 
complex. Three months following medial septal (MS) lesions alone 
(cholinergic denervation/CD group) or MS lesions + hippocampal 
sympathetic ingrowth (HSI group), mAChR affinity was shown to bt 
significantly decreased as compared to controls, using the non- 
selective ligand f3HJ-QNB.

The niļ and m3 AChRs are involved in the processing of the 
amyloid precursor protein (APP), and mAChR stimulation results 
in increased levels of APP secretion. However, since mAChRs are 
impaired in AD, this would suggest reduced APP processing via the 
non-amyloidogtenic secretory pathway. Using our rodent model, 
Western blotting suggests that decreased mAChR affinity does resul 
in decreased carbachol-stimulated APP secretion in CD and HSI 
groups as compared to controls (preliminary results). HSI animals 
appear to have similar levels of full-length, membrane-bound APP 
as compared to controls, while CD animals appear to express a 
lower basal level of APP. Our studies may have implications for th< 
understanding of amyloidogenesis in AD.
(Partially supported by VA Merit Review to LEH)

284.2

INCREASED LEVELS OF AMYLOID PRECURSOR PROTEIN IN THE 
CEREBR A L CORTEX OF AGED RATS ARE CO RR ELA TED  W ITH 
REDUCED ACETYLCHOLINESTERASE ACTIVITY. L. Lin*. A. Mattsson.
B. Geoгgievska. O. Isacson. Neuroregencration Laboratory, Harvard Medical 
School, McLean Hospital, 115 Mill St., Belmont, MA 02178

Alzheimer’s disease (AD) is a common degenerative disorder in the elderly. AD 
is characterized by amyloid deposition, neurofibrillary tangles and cognitive deficits 
associated with loss of cholinergic neuron in basal forebrain. The etiology of AD is 
still unclear, but many studies suggest that the aging process plays a role in the 
pathogenesis of this disease. The current experiments address the link between APP 
expression and cholinergic changes with age in the rat.

Six aged (28 month) and six young (2.5 month) male Fisher 344 rats were used in 
this study. Under terminal pentobarbital anesthesia, brains were removed and cut in 
half. The left hemisphere of each brain was postfixed in 4% PFA overnight for 
histochemisưy. Aceltycholinesteгeas (ACҺE) staining was performed and optical 
density of ACҺE activity in cerebral cortex, hippocampus and striatum was measured 
using quantitative densitometry. The right hemisphere of each brain was immediately 
dissected into cerebral cortex, striatum, hippocampus and cerebellum on ice, 
sonicated, centrifuged and then supernatants were collected and electrophoresed on 
10% SDS-polyacrylamide gels. The membranes were incubated in primary APP 
antibody (2 2 0 1 ,  1:500), finally developed with ECL. Quantitation was done using 
densitometry. On average, there were no significant ACҺE decreases in the regions 
measured in aged rats compared to young rats. However, the preliminary Western 
blot data indicate a significant increase of APP levels (17% ± 2.85%) in cerebral 
cortex of aged rats compared to young controls. Interestingly, using regression 
analysis of all animals, there is a negative correlation (r=-O.73; p<0.05) between APP 
levels and ACҺE in cerebral cortex.

The correlation between APP and cholinergic activity in aged rat cerebral cortex 
suggests that interactions between APP metabolism and cholinergic degeneration 
may contribute to the pathogenesis of AD.
(Supported by McLean Hospital.)

284.4
CHRONIC OVEREXPRESSION OF AMYLOID PRECURSOR 
PROTEIN (APP) AFTER TRAUMATIC BRAIN INJURY IN RATS. Ļ  
R. Ciallella*. H. Q. Yan. X. Ma. D. W. Marion. S. T. DeKoskv. and C. E. 
Dixon. Departments of Neurosurgery and Psychiatry, University of 
Pittsburgh Medical Center, Pittsburgh, PA.

Both traumatic brain injury (TBI) and Alzheimer’s disease (AD) 
produce cholinergic and metabolic deficits that may contribute to 
neurodegeneration and abnormal pathology. There is increasing 
evidence linking AD and TBI, including upreguiation of APP in head 
injured patients (McKenzie et al. 1994 NeuroRep.6::I6I). To further 
investigate this linkage, wre tested the hypothesis that controlled 
cortical impact (CCI) injury would produce chronic upreguiation of APP 
protein levels at 4 weeks following injury. Our previous studies 
demonstrated significant changes in cholinergic proteins at this time 
point (Ciallella et al. 1998. Exp, Neurol. In Press). For APP 
immunohistochemistry, injured (4 m/sec, 2.5-2.9 mm) and sham 
animals (3-5 per group) were perfused with 4% paraformaldehyde and 
coronal sections (35 µm thick) were cut through the cortex and dorsal 
hippocampus. Semi-quantitative measurements of APP protein in 
cortical and hippocampal homogenates from injured and sham rats 
(n=4) were assessed using western blot analysis. The same N-terminal 
antibody was used in all studies. A marked increase in cortical and 
hippocampal APP protein was demonstrated bilaterally by both 
immunohistochemistry and western blot in injured rats compared to 
sham controls. This demonstrates that a single TBI can lead to chronic 
upreguiation of APP, concurrent with chronic alterations in cholinergic 
markers. Supported by NINDS-T32NS07391, CDC-R49CCR- 312296, 
NIH-R01NS33150, NIH-R01NS21458, and AG05133.
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284.5
KAINIC ACID-INDUCED SEIZURE INCREASES ßAPP m RNA IN THE 
RAT HIPPOCAMPUS. K.S.Panickar*, J. Shi, O. Rabbani, G. Guan, A. 
Pachori & J.W .Simpkins. Center for N eu robiology o f  A ging, University 
o f  Florida Health Science Center, G ainesville, FL 32610, USA.
The present study was designed to investigate the possible role o f  
excitatory amino acids in the pathogenesis o f  A lzheim er’s D isease (A D ). 
We injected fem ale rats with either the excitotoxin kainic acid (12  mg/kg, 
sc) or saline (1 m l/kg). The experim ental animals developed seizure 
between 45  and 90  minutes fo llow ing kainic acid administгation. The 
animals were decapitated at 90  minutes (n=4), 24 hours (n=3) or 1 week 
(n=4) follow ing the tonic-clonic seizure and the hippocam pus removed. 
Total RNA was extracted from the hippocampus and the m RN A levels o f  

am yloid precursor protein (ßAPP) was measured using RT-PCR. Actin  
was used as an internal control o f  RT-PCR and the ratio o f  APP mRNA  

to actin m RNA was calculated. There was a 48%  increase in the mRNA  
that included the Kunitz protease inhibitor dom ain (KPI) and the 
transmembrane dom ain o f  APP at 9 0  m inutes follow ing seizure when  
compared to controls. At 1 day and 1 w eek fo llow ing the seizure there 
was a 64% increase (p<0.05) and 65% increase (p<0.05), respectively in 
APP m RNA. There was also an 11%, 18% and 22% increase in the 
m RNA encoding only the ưansm em brane dom ain o f  APP at 90  minutes, 
1 day and 1 week, respectively, follow ing the seizure but it was not 
significantly different from the controls. These results suggest that 
excitotoxic insult m ay play a role in the pathogenesis o f  A D  by elevating 
levels o f  the m RNA for ßAPP. (Supported by N1H Grant AG 10485 to 
JWS).

284.7
RAGE MEDIATES IN VIVO TRANSPORT OF ALZHEIMER’S Aßl-40 and Aßl-42 
PEPTIDES AT THE BLOOD-BRAIN BARRIER IN RODENTS W. Miao«. J.B. Mackic*.. 
J. Ghiso⅜. S. Yamada*f S. Jovanovic*. J.G. McComb*. W. Van Nostrand*. S.D. Yan*. B. 
Frangione*. D. Stem1. B.V. Zlokovic*. Dept, o f Neurosurgery, USC School o f Medicine 
and Children’s Hospital L.A., Los Angeles, CA 90033, ⅜Dept. o f Pathology, NYU Medical 
Center, New York, NY 10016, sDept. o f Medicine, SUNY at Stony Brook, Stony Brook, 
New York 11794, £Dept. o f Pathology, Columbia University, College of Physicians and 
Surgeons, New York, NY, 10032

We have suggested that transport and sequestration at the blood-brain barrier (BBB) of 
Alzheimer’s amyloid ß (Aß) peptides, A ß ,.4〇 and A ßM2, may play a critical role in 
controlling the levels o f Aß in the CNS. Recent studies indicated that brain endothelial 
receptor for advanced glycation end products (RAGE) mediates Aß transcytosis across an 
in vitro human brain endothelial monolayer, while both RAGE and scavenger receptor 
(SR) are involved in cell surface binding and endocytosis o f Aß. In this study, an 
intracarotid brain infusion/capillary depletion technique was used to explore the roles of 
RAGE and SR in regulating the BBB permeability and sequestration of human and rodent 
forms o f Aßмo and Aßм2 under in vivo conditions in rodents. In guinea pigs, the presence 
ofanti-RAGE antibody ( 10-40 µg/ml rabbit anti-human RAGE IgG) or sRAGE (10 molar 
excess of the extracellular domain o f purified recombinant human RAGE) in the arterial 
cerebral inflow reduced by > 70% and > 90% the BBB permeability to both human 
isoforms of Aß, respectively. The binding and brain capillary sequestration of Aßмo were 
inhibited by 66% by anti-RAGE (> 10 µg/ml) and by 33% by a SR ligand, fucoidan (100 
µg/ml). In contrast, fuciodan did not affect Aß BBB transport. The BBB transport and 
sequestration of murine Aß,.40 were both significantly higher compared to the human 
isoform, but still sensitive to RAGE inhibition. We conclude that both RAGE and SR 
mediate in vivo endothelial endocytosis of circulating Aß at the BBB, while only RAGE 
is involved in its transcytosis into the CNS. (NS34467)

284.9
A ß-AMYLOID/PERLECAN DOUBLE TRANSGENIC MOUSE MODEL TO 
STUDY THE ROLE OF PERLECAN (A SPECIFIC HEPARAN SULFATE 
PROTEOGLYCAN) IN ß-AMYLOIDOSIS. M. Hart*L J.R. LindsevL D. PhamL
A. Smith1. J.R. Hassell2. A.D. Snow3, and K. FukuchiL iDept. of Comparative 
Med., Univ, of Alabama at Birmingham, Birmingham, AL 35294; 2Shrineгs 
Hospital for Children, Tampa, FL 33612; 3Dept. of Pathology, Univ, of 
Washington, Seattle, WA 98195.

Immunohistological techniques have demonstiated the co-localization of heparan 
sulfate proteoglycans, particularly perlecan, to all types of amyloid deposits, 
including those of Alzheimer’s disease. Furthermore, perlecan gene expression has 
been shown to preceed amyloid formation in a mouse model of AA amyloidosis. 
Therefore, we are investigating the possibility that perlecan plays a role in the 
formation of amyloid deposits. We previously established transgenic mice 
overexpressing the C-terminus (SßC) of the ß-amyloid precursor protein (Am. J. 
Pathol,149:219-227). These SßC mice develop fibrillar amyloid deposits in acinar 
cells of the pancreas. SßC mice were crossed to transgenic mice overexpressing 
mouse perlecan to create double transgenic mice. Both transgenes were strongly 
expressed in the pancreas as evidenced by Western analysis. In addition, 
immunohisшchemistry techniques revealed consistent perlecan accumulaton in the 
pancreas. At this time, no remarkable immunohistochemical difference (N = 12) has 
been observed in the degree or time of onset of pancreatic amyloid deposition when 
comparing the double transgenic mice versus the SßC mice. However, more mice 
need to be evaluated for a more complete analysis. Supported in part by the National 
Institute of Health (AG12850, RRO7OOЗ, and CA13148).

284.6
ESTROGEN ATTENUATES OVER-EXPRESSION OF MESSENGER RNA 
THAT ENCODES ß-AMYLOID PRECURSOR PROTEIN IN AN ANIMAL 
MODEL OF FOCAL ISCHEMIA. J.Shi'*, K.S.Panickar', S.H.Yana2.
O.Rabbani', and J.W.Simpkins'. Dept, of Pharmacodynamics and Center for 
Neurobiology of Aging1, Dept, of Neurosurgery2, Univ. Florida, Gainesville, FL 
32610.

Cerebral ischemia is documented as a risk factor for late onset Alzheimer’s 
disease. Since estrogen replacement therapy benefits the outcome of cerebral 
stroke in post-menopausal women, we designed the present study to investigate 
the effects of estrogen on the expression o f ß-amyloid precursor protein (APP) 
mRNA following focal ischemia in female rats. Female rats were 
ovariectomi/.ed (OVX) for two weeks. A single dose of 17 ß-estrad¡ol (E: ) (100 
µg'kg) was injected л.c two hours before unilateral middle cerebral artery 
(MCA) occlusion. Brain samples were harvested from ischemic core and 
penumbra of cortices at one hour and twenty-four hours after MCA occlusion. 
The expression of APP mRNA was assessed by RT-PCR. At one hour after 
MCA occlusion, OVX rats had an increase in APP mRNA of 67.9% (p<0.05) in 
the penumbra. E2 treatment reduced this APP mRNA over-expression by 26.3% 
in that region. At twenty four hours following MCA occlusion, OVX rats had an 
increase in APP mRNA of 52.9% and 57.0% (p<0.05) in the core and penumbra, 
respectively. E3 treatment reduced the APP mRNA over-expression by 61.0% 
and 48.6% (p<0.05) in these two regions, respectively. These effects appeared to 
reflect an interaction between hormonal environment and ischemia, since in 
control rats (non-MCA occlusion) there were no differences in APP mRNA 
expression among OVX, OVX-E2 treated and intact female rats. The present 
study demonstrates that estrogen may have an important role in reducing the 
over-expression of APP mRNA following focal ischemia. (This study is 
supported by NIA grant AG 10485 and Apollo Biopharmaceutics. Inc.)

284.8
PR ESY N A PTIC  AND PO STSY N A PTIC  ß-A M Y L O ID  PR ECU RSO R 
PRO TEIN S (ß-A PP) AND PRESENILΓNS (PS 1 & 2) IN TH E RO D EN T 
CEREBELLU M  AND H IPPO CA M PU S.
C. R ib au ť , G. H uber2, A.-M . H aeberlé1, S. M oussaoui3. J, M ariani4, Y. Baillv1*
1 Laboratoire de Neurobiologie cellulaire, UPR 9009 CNRS, 67084 Strasbourg, France,
2 Hofſmann-La Roche Fº, Basel, Switzerland, я Rhône-Poulenc Rorer, F-94403, Vitry 
sur seine, France,4 UMR 7624 CNRS, Univ. P.& M. Curie, Paris, France

The Alzheimer’s disease (AD)-related presenilins (PS) and ß-amyloid precursor 
protein isoforms have been located in either the presynaptic (axonal) or the 
postsynaptic (dendritic) compartments of the cerebellar synapses but were detected 
almost exclusively in the postsynaptic dendrites of the hippocampal synapses using 
single labelling immunocytochemistry in brain sections of the adult rat and mouse. 
Since pre- or postsynaptic immunoreactivity of each protein labels distinct synapses of 
the same types, PS and ß-APP could have distinct pre- and postsynaptic functions of 
different relative importance between the cerebellum and the hippocampus. Avidin- 
biotin-peroxydase and immunogold double labelling immunocytochemistry co-localizes 
PS and ß-APP within the pre- or the postsynaptic compartments of the Purkinje cell 
synapses in the cerebellar cortex of the adult rat. The proteins arc not detected in 
facing synaptic compartments suggesting that interactions between synaptic PS and ß- 
APP could occur within the presynaptic or the postsynaptic compartments, the latter 
being emphasized in the hippocampus. In the developing cerebellar cortex of the rat, 
the PS and ß-APP synaptic distribution patterns of the adult is already established 
eleven days after birth at the same time as the mature configuration and synaptic 
properties of these circuits. During earlier stages of postnatal development (days 3 and 
8 after birth), most of PS and ß-APP immunoreactivity is found at the surface and 
within growth cones, axonal profiles and presynaptic boutons suggesting that they may 
have specific function(s) in axogenesis and synaptogenesis while membrane and 
intracellular immunoreactivity of the postsynaptic dendrites is more discrete up to the 
second postnatal week.

284.10

INTRAVASCULAR BETA-AMYLOID INFUSION INCREASES 
BLOOD PRESSURE: IMPLICATIONS FOR A VASOACTIVE 
ROLE OF ß-AMYLOID IN THE PATHOPHYSIOLOGY OF 
ALZHEIMER’S DISEASE. G.C. Su1*. G. Aгendash1. K. Biuestad2.
F. Crawfoгɗ\ and M. Mullarv. 'Alzheimer’s Research Laboratory, 
Dept, o f Biology, 2Dept. o f Psychology, and 3Roskamp Laboratories, 
Dept, o f Psychiatry, Univ, o f South Florida. Tampa, FL 33620 

Hypertension has been recognized as a risk factor for Alzheimer’s 
disease (AD). Moreover, plasma ß-amyloid (Aß) levels are elevated in 
several mutations linked to familial AD, as well as in some sporadic AD 
individuals. To determine the in vivo effects o f Aß oh blood pressure, 
A ß м 〇 was infused intravenously/intra-arterially (0.58 nmol final 
concentration) into anesthetized adult male rats. In spontaneous 
hypotensive animals [mean arterial blood pressure (MAP)<ЮO mm Hg], 
both intravenous and intra-arterial Aß infusion resulted in substantial 
increases in MAP compared to vehicle distilled water infusion. This 
vasopressor action o f A ßм〇 was not, however, seen in animals that were 
hypertensive (MAP>IЗO mm Hg) or normotensive (MAP=100-129 mm 
Hg) prior to infusion. In additional animals, sodium nitroprusside 
(SNP) was used to induce an acute state o f hypotension prior to 
treatment. A ß м 〇 was able to accelerate MAP return from SNP-induced 
hypotension, but infusion o f A ßм2, 〇г a control peptide (rat amylin) had 
no such effect. These results demonstrate that circulating A ßм〇 can 
exert vasopressor actions in vivo and suggest a pathophysiologic role for 
vascular Aß in AD.
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284.11
TR A N SG EN IC  M IC E W IT H  N E U R O N A L O V ER E X PR ESSIO N  OF 
HU M A N  C Y C LO O X Y G EN A SE-2: A  M O D EL OF ALZH EIM ER'S 
D ISEA SE N E U R O D E G EN ER A TIO N  L. Ho. K. Kellev*. C. B lanco. P.S. 
A isen and G.M . P asinetti N euroinflam m ation  R esearch Laboratory, D ept o f  
Psychiatry, M t. Sinai School o f  M edicine, N ew  York, N Y  10029 

E pidem iological studies suggest non-steroidal an ti-inflam m atory drugs 
(N SA ID s) favorably influence the c linical course o f  A lzheim er’s d isease 
(AD ). The m echanism s and the site o f  action o f  N S A ID s in the prevention 
and treatm ent o f  A D  are unknow n. W e previously found nearly  2-fold 
e levation o f  cyclooxygenase (CO X -2) content in neurons o f  AD  frontal 
cortex com pared  to  non-A D  contro ls (Pasinetti and A isen, 1998). To further 
explore the ro le  o f  CO X -2 in neurodegeneration, w e generated a  transgenic 
m ouse m odel w ith neuronal overexpression  o f  hum an CO X-2. A hybrid gene 
w as prepared in w hich  the expression  o f  a cD N A  sequence contain ing  the 
entire ҺCOX-2 coding  reg ion  is regulated by the rat neuron specific enolase 
(N SE) prom oter. The neuronal hum an cyclooxygenase-2 (N H C) transgene 
was introduced into fertilized, one-cell B6CЗ (C 57bl/6 x  C ЗH )F2 m ouse eggs 
via pronuclear injection. F ive founder transgenic  m ice w ere identified. In the 
two lines presently  characterized  (N H C5, N H C32), the expression o f  ҺCOX- 
2 is selectively expressed  in N SE-im m unoreactive neurons, as assessed by in 
situ hybridization and im m unocytochem istry. P relim inary studies indicate 
that neurons derived  from  N H C 32 transgenic m ice show increased 
suceptibility  to  N M D A  and A ß-m ediated neurotoxicity  com pared to  control 
litterm ates. F urther studies w ith these transgenic m ice w ill be useful to  the 
design o f  an ti-inflam m atory  drug trials to  slow  the rate o f  progression o f  AD. 
Supported by N IA  A G 13799, AG 14239, AG 05138 (p ilo t) to  GM P.

284.13
EVIDENCE FOR BOTH INTRACELLULAR AND EXTRACELLULAR 
CEREBRAL ß-AMYLOID FIBRIL DEPOSITION IN THE CANINE MODEL OF 
HUMAN AGING AND DEMENTIA USING IMMUNOGOLD LABELING 
TECHNIQUES: AN ELECTRON MICROSCOPE STUDY.
↑E. Head*. 2R. Toгp. 3N.W. Miloram. 2O.P. Ottersen & 1C.W. Cotman 
’ institute for Brain Aging and Dementia, U. California, Irvine, CA, 92697, 
departm ent of Anatomy, U. Oslo, Oslo, Norway, departm ent of 
Psychology, U. Toronto, Scarborough, Ont., Canada, M1C 1A4.

The canine brain accumulates ß-amyloid in the form o f diffuse senile 
plaques. The rate of accumulation varies as a function of age, which 
suggests that the canine is a useful in vivo system for studying the 
relationship between ß-amyloid deposition and neuronal dysfunction. We 
have used post-embedding immunocytochemistry at the electron microscopic 
level to determine the subceliular distribution of ß-amyloid peptide in the 
frontal and parietal cortex of 8 behaviorally characterized dogs ranging in age 
from 1 and 12 years. ß-Amylo¡d immunoreactiv¡ty was found in the form of 
both intracellular and extracellular fibrils that were approximately 8 nm in 
width. Intracellular fibrils were found in close proximity to GFAP fibers within 
astrocytes. In one dog that was impaired on several cognitive tasks, 
extensive amyloid deposition was associated with spongiform changes, 
vascular pathology and the presence of dying cells. Extracellular ß-amyloid 
was present in bundles that were closely associated with myelin sheath 
degeneration. These results suggest that ß-amyloid is present in fibrillar 
form within astrocytes and within myelinated axons. Fibrillar ß-amyloid may 
destroy the myelin sheath of neurons to cause neurodegeneration.
Supported by NIA Grant #AGI2694.

284.15

DOES ßPP CAUSE INCLUSION BODY MYOSIΉS? A 
MOUSE MODEL OF INCLUSION BODY MYOSITIS. M,G, 
Hearn*, L.-W. Jin’, C.E. O⅜bum, N. Dang, and GJM. Martin. Dept, o f  
Pathology, Dept, o f  Neuropathology1, Univ, o f Washington, Seattle, WA 
98195.

Inclusion body myositis (IBM) is the most common progressive muscle 
degenerative disease in patients 55 years o f  age and older. It leads to severe 
disability. Histologically, the involved muscle fibers contain “blue-rimmed 
vacuoles” ultгastгucturally corresponding to filamentous inclusions. The 
vacuolated fibers show increased staining o f many antigens that are also found 
in lesions characteristic o f  Alzheimer’s disease (AD).

We will describe a line o f transgenic mice that may exhibit some features o f  
IBM. These mice overexpress the signal sequence and carboxyl-terminal 99 
amino acids o f  the ß-amyloid precursor protein (ßPP) gene under the control o f  
the cytomegalovirus enhancer/ chick ß-act in promoter. Our construct also 
contains an amino acid substitution at the α-secгetase cleavage site that appears 
to affect α-secгetase cleave. Quadriceps muscle from these mice display 
necrotic fibers and intrasaгcoplasmic, congophilic inclusion bodies 
ultгastгucturally composed o f fine filaments. We will present in vivo analysis 
o f the IBM phenotype and in vitro analysis o f ßPP protein products. The study 
o f  muscle degeneration and amyloidosis in IBM may yield insights into the 
mechanism o f neuronal degeneration and amyloidosis in AD. Our mouse 
model will also provide a unique system to study the formation o f intracellular 
amyloid.

This work was supported by R35 AG 10917 (GMM) from NIA.

284.12
GENETIC BACKGROUND CHANGES THE PATTERN OF FOREBRAIN 
COMMISSURE DEFECTS IN TRANSGENIC MICE UNDEREXPRESSING THE 
ß-AMYLOID-PRECURSOR PROTEIN. F. Magara1, U, Müller3. H.-P. Lіp p 1.
C. Weissmann2. M. Stagliar1. D.P. Wolfer1*. Institutes of ’Anatomy and 2Molecular 
Biology I, University of Zürich, CH-8057 Zürich Switzerland, and 3Neurochemistry, 
MPI for Brain Research, D-60528 Frankfurt Germany.

We have previously reported corpus callosum defects in transgenic mice 
expressing the ß-amyloid precursor protein (ßAPP) in a truncated form and at only 
10% of normal levels. This indicates a possible involvement of ßAPP in the regulation 
or guidance of axon growth during neural development. In order to determine to 
which degree the ßAPP mutation interacts with genetic background alleles of the 
129/SvEv and 129/01a strains that predispose for forebrain commissure defects 
already in wildtype animals, we have assessed the size of the forebrain commissures in 
a new sample of 298 mice. Lines with mixed genetic background were compared with 
congenic lines obtained by backcrossing to the parent strains C57BL/6 and 129/SvEv 
or 129/01a. Mice bearing a null mutation of the ßAPP gene were also included in the 
analysis.

We show that, independently of genetic background, both lack and 
underexpression of ßAPP are associated with a brain weight reduction of 
approximately 10% and a reduced size of the forebrain commissures, especially of the 
ventral hippocampal commissure. In addition, both mutations drastically increase the 
frequency and severity of callosal agenesis and hippocampal commissure defects in 
mouse lines with 129/SvEv or 129/01 a background.

ßAPP may be involved in molecular interactions with one of the factors 
predisposing for commissure defects in the 129 strains. Alternatively, it may disturb 
developmental timing through an independent effect, to a degree which can be 
compensated as long as other disturbing factors are absent. Supp. Human Frontier 
Science Program and Swiss NF 31-42347.94.

284.14
REGIONAL DIFFERENCES IN THE DISTRIBUTION OF Aß4O AND Aß42 
IN THE BRAINS OF AGED RHESUS MONKEYS
R. A. Durham*, F. Bian, M. J. Callahan. M. R. Emmerling, and L. C. Walker 
Neuroscience Therapeutics, Parke Davis Research Division, 2800 Plymouth Road, 
Ann Arbor, Michigan, USA 48105

Sensitive antibody-based assays have made it possible to distinguish 
between the two most common forms of beta amyloid (Aß4O and Aß42) in the 
Alzheimer brain. However, there is little information on the relationship between the 
levels of these Aß peptides and the appearance of senile plaques in different regions 
of the aged brain. To this end, brains from two rhesus monkeys aged (34 yr.), and one 
middle aged monkey (17 yr.) were divided mid-sagittally; one hemisphere was 
dissected and frozen on dry ice, and the other hemisphere was fixed for histological 
analysis. A sandwich enzyme-linked immunosorbent assay (ELISA) was used to 
measure Aß levels in brain homogenates from frozen samples of frontal cortex and 
cerebellum. For comparison the amyloid plaque load in the corresponding brain 
region of the contralateral hemisphere was graded on a scale of 0-5 by two 
independent observers. Neither Aß4O nor Aß42 was detectable by ELISA or by 
ίmmunohistochemistry in frontal cortex or cerebellum of the 17 year old monkey. In 
contrast, the frontal cortex of both aged monkeys had very high levels of Aß4O 
( X = 325 ng/mg protein) and Aß42 (X  = 584 ng/mg protein) as well as numerous 
immunostained amyloid deposits. Taken together, Aß4O and Aß42 make up nearly 
0.1% of the total protein in this brain region. On the other hand, the cerebellum had 
low levels of Aß4O ( X = 0.5 ng/mg protein) and Aß42 ( X  = 0.2 ng/mg protein), and 
no detectable amyloid deposits in either aged monkey. These data suggest that there 
are important regional variations in Aß4O and Aß42 levels, and that these are related 
to the appearance of amyloid plaques in the cortex of the aged rhesus monkey brain. 
Supported by Warner-Lambert.

284.16
O Y E R E X PR E SSIO N  O F T H E  ß-A M Y LO ID  P R E C U R S O R  
PR O T E IN  IN  SK E LET A L M U SCL E O F T R A N S G E N IC  
M IC E : TO W A RD  AN A N IM A L M O D E L O F IN C L U S IO N  
BODY M Y O S IT IS . Michael C. Sugarman*. Malcolm A. Leissring 
& Frank M. LaFerla. Department of Psychobiology, 1109 Gillespie 
Neuroscience Research Facility, University of California, Irvine, CA 
92697-4545.

Skeletal muscle fibers of individuals afflicted with inclusion body 
myositis (IBM) accumulate certain proteins traditionally found in 
Alzheimer’s disease (AD) brains, including ß-amyloid (Aß), ß-amyloid 
precursor protein, hyperphosphorylated tau, ubiquitin, alpha 1- 
antichymotrypsin, and apolipoprotein E. We hypothesize that Aß plays 
a central role in the pathogenesis of IBM. Accordingly, we have 
derived transgenic mice in which we targeted expression of APP to 
skeletal muscle. Specifically, this model allows us to investigate 
whether increased levels of APP in skeletal muscle eventually leads to 
unmanageable production of Aß and subsequently to pathological 
changes resembling IBM. In order to specifically target transgene 
expression to skeletal muscle, the muscle creatine kinase (MCƘ) 
promoter was used to drive expression of APP. Southern blot analysis 
has identified 5 founder mice. These founder lines have been bred and 
expression analysis of the F, generation is under investigation. 
Histological and immunohistochemical analyses will be carried out on 
transgenic muscle fibers to test for the presence of abnormally 
accumulated proteins characteristic of IBM and AD.

Supported by NIA Grant R29AG/AR15409 and the Lucille P. Markey 
Charitable Trust fund.
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284.17
T A R G E T E D  E X P R E S S IO N  O F  ß -A M Y L O ID  T O  S K E L E T A L  
M U S C L E : T O W A R D  A T R A N S G E N IC  M O D E L  O F  IN C L U S IO N  
B O D Y  M Y O S IT IS . M alcolm  A. L eissring* , M ichael C. Sugaгm an, & 
Frank M . LaFerla . D epartm ent o f  P sychob io logy , 1109 G illespie 
N euroscience Research Facility, U niversity  o f  C alifornia, Irvine, CA 
9 2 6 9 7 -4 5 4 5 .

Inclusion body m yositis (IB M ) is the m ost com m on m uscle disease 
affecting  individuals over 50 years o f  age. M uscle fibers from  IBM  
patien ts contain  abnorm al accum ulations o f  m any o f the sam e p ro te ins 
associated  with A lzhe im er’s d isease (A D ), includ ing  ß-am yloid  (Aß), ß- 
am yloid  p recurso r protein, h y p e rp h o sp h o ry la ted  tau, ubiquitin , alpha 1- 
an tichym otrypsin , and ap o lipopro te in  E. T o test the hypothesis  that the 
in tracellu lar accum ulation  o f  A ß is necessary  and sufficien t to cause m any 
o f the pa tho log ica l features o f  IBM , we have genera ted  transgenic m ice 
overexpressing  hum an Aß u nder the transcrip tiona l contro l o f  the 5 ’ 
regulatory  reg ion  o f the muscle creatine kinase (MCK) gene. S o u th ern  
blot analysis has identified  10 fo u n d er an im als to  be in teg ration -positive  
for the MCK-Aß transgene, m ost o f  w hich were capab le  o f  germ -lin e  
transm ission  o f the intact transgene. In all founder anim als, expression  o f  
the transgene was detectab le  by R T-PC R o f tail RN A. Initial N orth ern  
blot analysis o f  skeletal m uscle from  several F, lines has identified a 
n um ber o f  lines that express the transgene at high levels. P lanned or in 
progress are several ex perim en ts a im ed at fu rther characterizing  the 
various lines in term s o f  transgen ic  RN A  and pro tein  expression  levels in 
skeletal m uscle and o ther tissues. Extensive histo logical and im m u n o - 
histochem ical analyses will be carried  out on transgen ic  m uscle fibers to  
test for the presence o f the abnorm ally  accum ulated  proteins characteristic 
o f  IBM  and AD.

Supported  by NIA G rant R 2 9 A G /A R 15409 and the Lucille P. M arkey 
C haritab le  T rust fund.

284.18
NOVEL, SELECTIVE BUTYRYLCHOLINESTERASE (BCҺE) 
INHIBITORS FOR THE TREATMENT OF ALZHEIM ER’S 
DISEASE (AD). N,Ң, Gre⅞g ,P .Қ . L⅛ iгi, T·T_ S·QДgг⅝¾ĭ l , T· Ųţ⅜џkj, Q·.S ·Y u , 
K·T.Y· Shaw. H.W. Holloway. R.C. Mver. W,Ç. Wallace, V, Haгoutunian, D.K. 
Ingram. Lab. Cellular & Mol. Biol., GRC/NIA/NIH, Baltimore, MD 21224; Cure 
Inc., Silver Spring, MD 20906; The Mt. Sinai Sch. Med., New York, NY 10468; 
Inst. Psychiatric Res., Indiana Univ. Sch. Med., Indianapolis, IN 46202 

Cymserine, (-)-/?-cymylcarbamoyl eseroline, and Λ/(l) and N(8) analogs were 
synthesized as novel, potent and selective inhibitors of human BCҺE. In rats, 
cymserine readily entered brain (brain/plasma ratio 40:1), was rapidly cleared (brain 
and plasma tı/2 <60 min) and reversibly inhibited BCҺE for an extended duration (tı/2 
>8 h). In doses up to 30 mg/kg i.p., it had minimal effect on locomotor activity or 
stereotypy. However, it dramatically improved cognitive performance in doses as low 
as 0.5 mg/kg i.p.; as determined in a 14-unit T-maze. Cymserine, additionally, 
altered the processing of ß-amyloid precursor protein (ß-APP), the source of 
neurotoxic amyloid ß-peptide (Aß), to favor nonamyloidogenic products. 
Administered to human SH-SY5Y neuroblastoma cells in vitro, cymserine 
dramatically reduced total levels of both secreted and cellular ß-APP; as determined by 
Western blot using mAb 2 2 0 1 ,  which recognizes all mature forms of ß-APP and 
whose epitope is ß-APPбб-8i. Administered to rats, 2.5 mg/kg i.p. daily x 14, 
cymserine had no effect on total levels of ß-APP, as determined by Western blot 
analysis of CSF with mAb 2 2 0 1 .  However, it dramatically reduced levels of ß- 
APPγ, ß-APP attached to Aß, as measured by mAb 266 whose epitope is Aßıз-28. 
Furthermore, cymserine reduced levels of both secreted total ß-APP and ß-APPγ in 
rats with forebrain cholinergic lesions down to those of naive animals. Taken 
together, these studies suggest that selective, reversible, brain BCҺE inhibition by 
cymserine or analogs holds potential for the treatment of AD, offering actions on 
memory and intervention at the level of ß-APP and its processing.
Supported by intramural NIA and NIH-ROl (D.K.L. and V.H)
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285.2285.1
AGE-DEPENDENT CHANGES IN BRAIN AND PLASMA AMYLOID ß 
PROTEIN IN THE TG2576 MODEL OF ALZHEIMER’S DISEASE. Ţ. 
Kawarabavashi*. L.H. Younkin and S.G. Younkin. Mayo Clinic Jacksonville, 
Jacksonville, FL 32224, USA

We examined brain Aß in the Hsiao Tg2576 mouse model o f AD by extracting 
first in Tris buffered saline (TBS), then in 1% Triton X-100, then in 2% SDS, and 
finally in 70% formic acid (FA). In mice 1-5 months old, where there is no Aß 
deposition, most of the Aß in Tg2576 brains requires SDS for extraction. The first 
sign of aggregation occurs at 6-7 months with the appearance and selective 
increase of Aß42 and Aß4O in the FA fraction. Remarkably, these changes occur 
with little or no accompanying increase in the TBS, Triton X-100, or SDS 
fractions. Between 6 and 11 months, there are definite increases in the SDS and FA 
fractions, but essentially no accompanying changes in the TBS or Triton X-1Ü0 
fractions. Remarkably, the biochemical change that occurs by 11 months is 
accompanied by minimal histological evidence of Aß deposition, although single 
plaques can be observed in virtually every section. Thus, biochemical assessment 
of brain Aß is a sensitive way to quantitate early AD-like changes in Tg2576 mice. 
Between 11 and 17 months there is an explosive increase in both the SDS and FA 
fractions with total Aß rising to levels like those observed in AD brain. By 16-17 
months, histological deposition of Aß is also evident at levels like those observed 
in AD brain. It is well established that Aß42 declines in the CSF of subjects with 
AD, and this decrease could conceivably cause plasma Aß42 to decline because 
CSF, which normally flows into plasma, has high Aß relative to plasma. To assess 
this possibility, we examined plasma Aß in Tg2576 mice. Plasma Aß4O and Aß42 
both showed substantial, highly significant decreases in the 11-17 month interval 
when most Aß deposition occurs in the Tg2576 brain. This suggests that serial 
measurement of plasma Aß may be a useful way to detect those who are depositing 
brain Aß and who are likely to develop AD. (Support: NIA AGO6656. AG 12685)

EFFECT OF APOLIPOPROTEIN E ON AMYLOID ß 40 and 42 PEPTIDE 
DEPOSITION AND C.LIAL ACTIVATION IN THE V717F ҺAPP TRANSGENIC 
MOUSE. J.Saura1*. K.R.Bales2, T.Verina3. V.Petegnief2, P.Piccardo3. B.Ghetti3,
S.M.Paul1,2. Dept, of 'Pharmacology and Toxicology, and ^Pathology, l.U. School of 
Medicine, Indianapolis, IN 46285, and 2Neuroscience Discovery Research, Lilly 
Research Laboratories, Indianapolis, IN 46285.

Amyloid ß peptide (Aß) deposition is a key pathological feature of Alzheimer’s 
disease (AD). There appear to be two major Aß species, Aß42 and Aß4〇, differentially 
processed and deposited in AD brains. We have recently demonstrated that in the 
V717F ҺAPP “amyloid depositing” mouse (PDAPP mouse) the absence of 
apolipoprotein E (apo E) dramatically reduces Aß deposition and prevents the 
formation of thioflavin-S positive deposits (Bales et al. Nature Genet. 17, 263, 1997). 
To determine whether apoE preferentially affects Aß4〇 or Aß42 deposition, brains from 
6 month old PDAPP+/+ mice caưying 0, 1 or 2 apoE alleles (n=6 per genotype) were 
examined using quantitative immunocytochemistry with two pairs of antibodies specific 
for Aß4〇 and Aß42. In the hippocampus and cerebral cortex of PDAPP+/+ apoE +/+ mice, 
Aß42 was the most abundant species, since the area of Aß4〇 immunostaining was 
approximately 50% of that stained for Aß42. The absence of apoE resulted in a decrease 
in the area immunostained with Aß40 and Aß42 of approximately 95% and 84%, 
respectively. In these animals Aß4〇 immunostaining was only 10% of that observed for 
Aß42. Finally, PDAPP+/+ apoE+/ mice had similar area of Aß42 deposits but 2.5 times 
greater area of Aß4〇 deposits, when compared with PDAPP+/+apoE л mice. Staining of 
microglia and astrocytes with Tomato lectin and GFAP antibodies respectively, 
revealed the presence of reactive glial cells associated with Aß deposits in the 
PDAPP+/+ apoE +/+ brain. Virtually no reactive glial cells were seen in association with 
Aß deposits in PDAPP+/+ apoE '̂̂  mice. Our data suggest that apoE is required for the 
deposition of both Aß species in the V717F ҺAPP transgenic mouse, with the effect 
being more marked for Aß4〇 than for Aß42. This observation is interesting in the light of 
recent data suggesting that apoE4 may preferentially enhance Aß4〇 deposition in AD 
brain (Gearing et al. Ann.Neurol. 39, 395, 1996).

285.3
EFF EC T O F H U M AN A POE ON Aß D E PO SITIO N  IN VIVO
D. M. H oltzm an2*, K. R B ales', S. W u:, Y. S u n 2, A. M. F ag an 2, M. 
P arsadan iaiť , S. M. P au l1. 'N euroscience D iscovery Research, Lilly 
Research L aboratories and :Dept. o f N eurology, CSNSI, and M ol. 
Biology & Pharm acology, W ashington U niversity School o f  M edicine, 
St. Louis, M O 63110.

The ε4 allele o f apolipopro tein  E (apoE ) is associated  with increased  
risk for A lzhe im er’s disease (AD ). The m echanism  u nderly ing  this 
association is unknow n. Recently, apoE  knockou t (a p o E 7 ) m ice were 
crossed to transgenic m ice overexpressing  A PPv7IľF. W hile A PPV7I7F; 
apoE"/+ m ice had abundant A ß-im m unoreactive (IR) and th ioflav ine-S  
deposits at 6 m onths o f age, A P PV7I7F; a p o E л m ice had significantly  less 
Aß-IR and no th ioflavine-S deposits (N ature G enetics 1 7 :263 ,1997). 
This suggests that m ouse apoE som ehow  facilitates Aß deposition  in 
vivo. W e have now asked whether hum an apoEЗ and apoE 4 expressed  
specifically  in astrocytes influences Aß deposition. A P PΛ∏Γ; apoE 7 m ice 
were crossed with transgenic m ice expressing  apoEЗ or ap o E 4  in their 
astrocytes in the absence o f m ouse apoE (G F A P -A P O E З+/ or GFA P- 
A P O E4*\ J. N eurosci. 18:3261, 1998). A PPV717F; a p o E 7 m ice had no  
apoE-IR  in brain and show ed no Aß or th ioflav ine-S  positive deposits at 
13 w eeks o f age. A P PV7, ,F; APOE4"' 13 week old litterm ates had d iffuse 
A P O E-IR  and scattered Aß-IR deposits in cortex and h ippocam pus with 
no th ioflavine-S deposits. A P PvД'l7F; apoE 4" ', A PPV717 ; ap o E З w, and  
APPV7I7f; ap o E 7, anim als are also being assessed at later tim epoin ts. 
P lasm a cholesterol levels did not d iffer betw een any o f the lines 
exam ined to date. The current data  suggest that expression  o f h u m an  
apoE4 in the brain influences Aß deposition  in vivo. (G rant support: 
Beeson Physician Faculty S cholar Aw ard from  AFAR).

285.4
D O U B LE T R A N S G E N IC  M IC E  C A R R Y IN G  M UTA NT A M Y L O ID  ß P R E 
C U R S O R  P R O T E IN  AND P R E S E N IL IN  1 G E N E S EX P R E S S  A C C E L E R 
ATED A L Z H E IM E R -L IK E  P H E N O T Y P E . K .Sugava1-2*, S. Jerom e1-2. D. Bгvan3. 
M, M cKinney3, K. Duff3 and V. K um ar1-2. ‘Wcstside VA M edical Center, Chicago, IL 
6 0 6 1 2 .2Dept. o f Psychiatry, Univ, o f Illinois at Chicago, Chicago, IL 6 0 6 1 2 .3Mayo 
Clinic Jacksonville, Jacksonville, FL 32224.

Amyloid ß precursor protein (APP), presenilin 1 (PS1) and PS-2 mutations arc 
known to be genetic causes of early onset A lzheim er’s disease. The mutant APP 
transgenic mice have been available as a model o f Amyloid ß (Aß) deposition. The 
mutant PS1 ưansſect¡on of cultured cells increases amyloidgcnic Aß production by 
alteration o f APP processing. Thus we hypothesized that the mutant APP and the mu
tant PS1 double ưansgenic mice would produce a higher level o f amyloidgcnic Aß. 
This may cause earlier Aß deposition and glial activation in the brain. Using combined 
method of immunohistochemistry and [35S)-riboprobe in situ hybridization histochem
istry (ISHH), we investigated level of Aß deposition and glial activation in the 5 months 
old double ưansgenic mice. Gene expressions for glial fibrilliary acidic protein (GFAP), 
inducible type niưicoxide synthase (i-NOS), s-100 and APP were visualized on anti- 
GFAP or anti-Aß (4G8) immunostained sections. Amyloid b depositions were de
tected in the cortex and the hippocampus of these double ưansgenic mice; however, it 
was not detected in the conưol or PS1 single ưansgenic mice. Asưocytcs (GFAP posi
tive cells) surrounded the area of Aß depositions. Aß immuno-positive cells in the area 
o f Aß depositions expressed GFAP gene; therefore these cells may be asưocytcs con
taining Aß fragments. I-NOS, and s-100 were also expressed in higher level in these 
cells. Remarkable APP gene induction was observed in some cells, but it was not sig
nificantly expressed in Aß or GAFP immuno-positive cells in the double transgenic 
mice. These results indicate that ( 1) addition of mutant PS 1 gene increase amyloidgcnic 
Aß production, (2) asưocytcs were activated in the area of Aß depositions, (3) asưo- 
cytes may be involved in APP processing, and in the formation o f Aß depositions, (4) 
APP may be predominantly produced in other type o f cells (i.e. neurons). These find
ings provide new insight into amyloidgcnic Aß production in AD.
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285.5
OVEREXPRESSION OF M UTANT ß-AM YLOID PRECURSOR PROTEIN 
SEVERELY ATTENUATES HIPPO CA M PAL SYNAPTIC TR A N SM ISSIO N  
IN AN  ALZHEIM ER'S DISEASE MOUSE MODEL.
Albert Y· Hsia*. Lennart Mucke, Robert C. M alenka. and Roger A. N ico ll. 
Depts. of C ellu lar & M olecular Pharm acology, N eurology, Physiology, and  
Psychiatry , and  the G ladstone M olecular N eurobiology Program , 
University  of C alifornia, San Francisco, CA.

A lzh e im er's  d isease (AD) is ch a rac te rized  by profound neuronal 
degeneration  w hich  is lim ited  to specific b rain  regions, no tably th e  
h ippocam pus and o ther areas considered crucial for learn ing  and memory. 
An elucidation  of the m olecular p a th w a y s  lead ing  to the  degeneration  of 
neurons m ay p o in t to targets for therapeutic  in tervention . Using a transgenic 
mouse m odel overexpressing hum an m utan t ß-am yloid  precursor p ro tein  
(APP), w e set o u t to stu d y  changes w hich m ight occur p rio r to the form ation 
of am yloid plaques. Electrophysiological record ings from the h ippocam pus 
revealed a m arked  loss of functional connectiv ity  betw een h ip p o ca m p a l 
CAЗ and CA1 cells w h ich  progressed w ith  age. Since both  APP and its  
cleavage product, the ß-am yloid  p ep tid e  (Aß), h av e  been shown to h a v e  
signaling roles, we next addressed  w hich  of these m olecules m ight in i t ia te  
the observed  effects. W e analyzed  two ad d itio n a l APP mouse m odels w i th  
either inhib ited  or enhanced  ß-am yloid p rodu ctio n , and found th at the loss 
of functional connectivity  correla ted  w ith  concentrations of Aß, ra th e r th a n  
APP. As a first step  in addressing  possible dow nstream  effects of Aß, we 
found th a t there  is a selective u p regu la tion  of N M D A  recep to r-m ed ia ted  
synaptic currents on CA1 cells, opening the possib ility  th a t cells in th is  
region m ay bear an increased su scep tib ility  to NM D A recep to r-m ed ia ted  
excitotoxicity. (Supported by the NIH.)

285.7
PROFOUND MITOCHONDRIAL DYSFUNCTION IN TRANSGENIC  
MICE OVEREXPRESSING V717F ß¯AMYLOID PRECURSOR  
PROTEIN. D T a lp a d e * ‘, R B etarb e t‘, JT  G re e n a m y re 1, E P e ttu s1. T  Guido¯ 
and D G a m e s '. N eurology and P h a rm a c o lo g y 1, Em ory  U niversity. Atlanta. 
G A 30322 & A thena N eurosc iences2, South San Francisco , CA  94080.

D efects in energy  m etabolism  have been associated  with several 
neurological d isorders including A lzhe im er’s d isease (AD ). In this study we 
analyzed the d istribution  o f two p ro teins o f  the m itochondria l electron  
transport chain (ETC) in the brains o f  transgen ic  m ice that express high 
levels o f  hum an m utant V 717F  ß-am yloid  p recu rso r protein (APP) and 
which exhib it age-dependen t form ation  o f am yloid  plaques. A lthough  
these m ice have no overt neuronal loss, m itochondria l dysfunction  m ay 
predispose to selective vulnerability . W e assessed the expression  o f  
m itochondrial p ro teins using  antibodies to N D 1, a m itochondria lly  encoded 
subunit o f  com plex  I and to CO IV , a nuc lear encoded  subunit o f  com plex  
IV in 12 transgenic  and 12 norm al, age-m atched  mice. W e also m easured  
N A D H -enhanced [⅜ ]d ih y d ro ro te n o n e  (D H R ) b ind ing  to com plex  I. The 
transgenic m ice had dense accum ulations o f  am yloid  p laques in neocortex , 
h ippocam pus and dentate  gyrus, which were identified  using ЗD6, an 
an tibody against the Aß peptide. In the transgenic  m ice, ND I 
im m unostain ing  was m arkedly  reduced  in cortex , h ippocam pus and dentate 
gyrus and there was a com plete  absence o f stain ing  in the p laques. 
S im ilarly , expression o f CO IV  was m arkedly reduced in the sam e areas and 
was com pletely  absent in reg ions occup ied  by p laques. N A D H -enhanced  
DHR b inding  was reduced  s ignificantly  by 50 - 60%  in dentate  gyrus of 
transgenic anim als. These results ind icate  that overexpression  o f m utant 
APP and am yloid  p laque fo rm ation  are associated  with a p ro fo u n d  
reduction  in constituen t com ponen ts o f  the m itochondria l ETC. Secondary  
m itochondria l im pairm ent is central to the patho logy  and, possibly, the 
pathogenesis o f  AD.

(Supported by PHS grants A G 11755 and NS33779)

285.9
ACCRUAL OF Aß-ASSOCIATED PROTEINS IN PLAQUES IN THE PD-APP 
TRANSGENIC MOUSE BRAIN. T.J. Grenfell1. C. Mori'. S. Stoltz∩er1, K. Bales2,
K. Khan3. D.Games3. D.J. Selkoe1 andC.A. Lemere1*. BWH, Harvard Medical School, 
Boston, MA 02115; 2Eli Lilly & Co., Ind, IN, ^Athena Neurosciences, So. SF, CA.

AD is characterized by the presence of Aß plaques often associated with activated 
microglia and reactive astrocytes. Inflammatory proteins colocalize with a subset of Aß 
plaques in AD brain, suggesting a possible therapeutic target. We have 
immunohistochemically examined the temporal progression of deposition of various 
inflammatory proteins in Aß-IR plaques in heterozygous PD-APP transgenic mice aged
8-20 months. Antibodies to complement C lq  and C3 but not C5b-9 detected a subset 
of mostly compacted Aß plaques in tg mice at all ages; the number of C lq  and/or C3 
IR plaques increased with age, following the temporal pattern of Aß deposition: 
cingulum and hippocampus before neocortex. The complement proteins were detected in 
only a small subset of Aß plaques at all ages. C lq-IR  colocalized in part with MAC-1- 
IR microglia and with APP-IR neuritic plaques and also occurred in some neurons. C3- 
IR colocalized in part with microglia and with plaques surrounded by GFAP-IR reactive 
astrocytes; a subset of these astrocytes were C3-IR. Extracellular matrix proteins 
(ECMs) were detected in plaques in older (16-20 mo) mice by multiple antibodies to 
collagen IV, fibrooectin and laminin. ECM IR occurred in a variety of plaque types and 
was often close to GFAP-reactive astroctyes. We are now examining the younger mice 
for ECM immunoreactivity. Apo J and vitronectin IR occurred in a subset of plaques in 
mice as young as 8 mo and increased with age. These plaques were often surrounded by 
GFAP-IR astrocytes. Three antibodies to transcription factor NFkB subunit p65 
detected a subset of Aß plaques first at 12 mo, after which the number of NFkB-IR 
plaques increased with age. GFAP-IR in astroctyes colocalized with some NFkB-IR 
plaques. Double-labeling with neuritic and glial markers is underway to clarify the 
contribution of each of the described markers to the AD pathologic cascade. (*NĨH 
AG06173)

285.6
EV ID ENCE OF OXIDATIVE STRESS AND IN VIVO NEUROTOXICITY 
OF BETA AM YLOID IN A TRANSGENIC M OUSE M ODEL OF 
ALZHEIMER‘S DISEASE. P Bozneг1 Y-J. Chvan.1 R.A. Om ar.2 K. Hsiao.3 
G. Peπ¯v.4* M.A. Smith. M. Pappolla.1 ’Dept, o f  Pathology', Univ, o f  South 
Alabama Medical Center; M obile, AL 36617; 2Dept. o f  Pathology', Univ, o f  
Louisville; 3Dept. O f Neurology , Univ, o f  M innesota; 4Dept. O f  Pathology , 
Case W estern Reserve Univ.

Oxidative stress may play significant but yet undefined roles in AD. To gain 
further insight into the role o f  oxygen free-radical in this disease, we studied 
the expression o f  CuZn supcroxidc dism utase (SOD) and hem oxygenase-1 
(H O -1), two established m arkers o f  oxidative stress, in a transgenic mouse 
model o f AD. The mice overexpresscs a m utated APP transgenc and develops 
behavioral changes and plaque-like am yloid (A ß) deposits. 
Immunohistochemistry' with anti-SOD and anti-HO-1 antibodies revealed a very 
pronounced increase o f  these proteins only in aged transgene positive mice. 
Interestingly, the distribution o f  the oxidative burden was largely overlapping 
with dystrophic neuritic elements in the mice as highlighted with anti-ubiquitin 
and anti-tau antibodies. The results provide strong support for the hypothesis 
that Aß is neurotoxic in vivo and that such toxicity is mediated by frce-radicals. 
To obtain further experimental evidence for such interpretation (i.e., a cause- 
effect relationship between Aß and oxidative neurotoxicity) PC 12 cells were 
exposed to increasing concentrations o f  Aß or to oxidative stress. In agreement 
with the in vivo  findings, either treatm ent caused marked induction o f  SOD or 
HO-1 in a dose dependent fashion. These results validate the transgenic 
approach for the study o f  oxidative stress in AD. S u p p o r te d  by  a  g r a n t  
b y  t h e  N a t i o n a l  I n s t i t u t e  o f  H e a l th .

285.8
A G E -D E P E N D E N T  D E F IC IT S  IN S P A T IA L  M E M O R Y  A N D  
H IPPO C A M P A L LTP IN VIVO IN A P P TR A N S G EN IC  M ICE. M W. 
Jo n e s1, T .V .P . B lis s 1, K .K. H sia〇 2, and P.F. Chapm an-**. 1Dept. of 
N europhysio logy, N IM R, Mill H ill, London N W 7 1AA, UK; ^D ept. o f  
N eurology, Univ, o f  M innesota, M inneapolis , M N 55455; ^S choo l o f  
B iosciences, C ardiff University , C ard iff CF1 ЗU S, UK.

M ice overexpressing  hum an am yloid precursor protein (H uA PP.SW E) 
d e m o n s tra te  a g e -d e p e n d e n t  d e f ic its  in  le a rn in g  an d  m em o ry , 
acco m p an ied  by the ap p earan ce  o f  h isto p a th o lo g y  ch a rac te ristic  o f  
hum an A lzheim er's d isease (A D ). Previous reports have indicated that 
synaptic plasticity  is com prom ised  in the dentate gyrus and CA1 regions 
o f  hippocam pal slices prepared from  aged (>12 m o.), but not young (2-3 
m o.) tran sg en ic  m ice. W e have now ex tended  these o bserva tions  by 
e x a m in in g  lo n g -te rm  p o ten tia tio n  (L T P ) in vivo  in a n a es th e tised  
H uA PP.SW E transgenic m ice and  their litterm ate controls.

M ice w ere a n aesth e tised  w ith  e ith e r urethane  o r pen to b arb ita l.an d  
ex tracellu lar fie ld  potentials evoked in the h¡lus o f the dentate gyrus by 
stim ulation  o f  the perforant path. T etan ic  stim ulation  o f the perforant 
path (6  series o f 6  trains o f  6  stimuli at 400H z, 200m s betw een trains, 20s 
betw een series) produced significant L T P  o f the hilar EP S P  slope in 2- 
m onth  o ld non-transgenic m ice as well as I3-m onth  o ld non-transgenic 
co n tro ls  ( to  128+10%  and  120+7%  o f  contro l a t 5 0 -60m in  a fte r the 
te tan u s). In c o n tra s t, E P S P  slope rem ained  a t 82+ 1 2 %  o f  con tro l 
fo llo w in g  tetan ic  stim u la tio n  o f  the perfo ran t path  in 13-m onth o ld  
transgenic mice.

T he above resu lts  support the hypothesis that these m ice develop , in 
para lle l w ith  th e ir  A D -like  h isto p a th o lo g y , fu n d am en ta l d e fic its  in 
hippocam pal synaptic plasticity  that m ay underlie their poor perform ance 
in tests o f  learning and m em ory.
Supported by M RC (M W J, TV PB & PFC), and NIH (KK H).

285.10
The PDAPP transgenic mouse model of Alzheim er’s disease displays a lower 
seizure threshold and enhanced response to pro-inflam m atory stimuli. R.J. 
Mark*, L.N. Boggs, K.S. Fuson, K. Keane-Lazar, and P.C. May Neuroscience 
Research, Eli Lilly and Company, Indianapolis, IN

Transgenic mice which over-express a mutant form of the Amyloid 
Precursor Protein (Games et al., 1995) develop significant Amyloid ß-Peptide 
(Aß) deposition in a brain region specific manner as a function of age. Despite 
the presence of a large amyloid plaque burden in these aged animals, there is no 
significant neuronal cell loss. We tested the hypothesis that transgenic animals 
would show altered responses to a peripherally administered excitatory amino acid 
as compared to non-transgenic litter mate controls. We injected three month old 
mice, which do not yet show amyloid deposition, IP with 4 mg/kg domoic acid. 
At this dose of domoic acid 22% of control mice displayed seizure activity, while 
67% of the transgenic mice had seizures. Peripherally administered domoate 
induced an increase in hippocampal interleukin lß  (IL-lß) protein. 12 hours 
following 4 mg/kg domoate, non-transgenic mice showed a two fold elevation in 
hippocampal IL-lß protein, while transgenic mice showed a four fold increase. 
We also report an altered inflammatory response in aged animals to peripherally 
administered lipopolysaccharide (LPS). Aged, plaque-laden, transgenic mice 
show a greater IL-1 ß response to LPS in the hippocampus than do non-transgenic 
litter mates. However, the two groups show similar IL -lß  responses in the 
cerebellum, a brain region which develops no amyloid plaques. In continuing 
studies we are determining whether the alterations we observe in this transgenic 
mouse are due to Aß or to the elevated levels of APP that are also present in the 
mice.
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285.11
EARLY COGNITIVE DEFICITS IN APPSW TRANSGENIC MICE 
ARE SEX-DEPENDENT AND OCCUR PRIOR TO ß-AMYLOID  
DEPOSITION. D. K in g 1*. M. M u llan 2, F. Craw ford2. T. S terk 1. I  
M e n e n d e z 1 and G. A гen d ash 1. 'A lzh eim er’s R esearch  Laboratory, 
Depart, o f  B io lo g y , and 2ƙ o sk a m p  Laboratories, D ept, o f  Psychiatry, 
U niv, o f  South Florida, T am pa, FL 33 6 2 0 .

To determine i f  early cognitive/sensorim otor deficits ex ist in transgenic 
m ice (APPsw) overexpressing human am yloid precursor protein (APP), Tg+  
and Tg- animals w ere com prehensively tested over a 5 -w eek  period. 
Anim als were 3- and 9-m onths o f  age at the com pletion o f  behavioral 
testing. The performance o f  Tg+ animals at both ages w as no different 
from that o f  Tg- controls in water m aze acquisition, passive avoidance, and 
active avoidance testing. H ow ever, Tg+ animals w ere cognitively impaired  
at 3- and/or 9-m onths o f  age in Y -m aze alternation, water m aze m emory 
retention, circular platform perform ance, and perform ance in the cued water 
m aze. The cognitive im paim ients present at either age were show n to be  
gender-dependent. Therefore, analysis o f  behavioral data without regard to 
sex  m asks early sex-related deficits in Tg+ animals and/or reflects a deficit 
present exclusively  in Tg+ m ales or Tg+ fem ales. In summary, this study 
demonstrates the presence o f  profound, sex-related cognitive deficits in 
APPsw transgenic m ice at an early age — prior to overt A ß deposition in the 
brain (H olcom b, 1998). The results suggest that elevated brain levels o f  
soluble/fibrillar A ß induce C N S pathophysiologic changes that bring about 
behavioral impairments before plaque formation.

285.13
APPSw TRANSGENIC MICE EXPOSED TO KUREZ/DURSBAN 
GAs INSULT: COGNITIVE IMPAIRMENT ACCOMPANIED BY 
ELEVATED HIPPOCAMPAL LEVELS OF PHOSPHORYLATED 
TAU AND HIPPOCAMPAL SYNAPTOPHYSIN LOSS. G
Aгendash1 . P. Pom pl1. L. Prockop2. W. Kem3. Z. Suo4. and M. MullaiťΓ 
1 Alzheimer's Research Laboratory, Dept, o f  B iology, 2Dept. o f  Neurology, 
4ƙoskam p Laboratories, Dept, o f  Psychiatry, Univ, o f  South Florida 33620  
and 3Dept. o f  Pharmacology, Univ, o f  Florida, Gainesville, FL 32610.

There is evidence suggestive that exposure to the organic solvent Ƙurez or 
to the organophosphate-containing insecticide Dursban can cause cognitive 
impairment. To determine i f  APPSW m ice (wherein brain ß-amyloid levels 
are elevated by 6-8  months o f  age) are particularly susceptible to these 
environmental toxins, 7-nюnth old I g r  and Tg- mice were exposed to normal 
air or to mist containing both Kurez and Dursban (K /D) for a period o f  3 
hours. Transgenicity alone (Tg+ conưols) resulted in cognitive impairment in 
a circular platform spatial task and associated increases (> 100%) in 
hippocampal levels o f  phosphorylated tau. K/D exposure alone (in Tg- m ice) 
also induced cognitive impairment, which was associated with decreased 
hippocampal levels o f  synaptophysin. Although exposure o f  Tg+ animals to 
K /D did not result in any greater cognitive impairment than either variable 
separately, a similar decrease in hippocampal synaptophysin was manifested. 
Hippocampal and neocortical nicotinic receptor densities were not different in 
any o f  the three experimental groups compared to Tg- controls. These results 
indicate that: 1) APPSλy transgenic m ice exposed to K /D exhibit a 
combination o f  pathophysiologic changes greater than those present in Tg+ or 
K/D exposed animals separately, and 2) cognitive impairment and elevated 
levels o f  phosphorylated tau occur in APPSW transgenic animals before the 
reported overt ß-amyloid deposition in the brain. Thus, elevated brain levels  
o f  soluble/fibrillar ß-amyloid in Tg+ animals in combination with K/D  
exposure induces pathophysiologic changes resulting in cognitive impairment, 
synaptophysin loss, and hyper-phosphorylation o f  tau.

285.15
CHANGES IN TH E LEVELS O F mRNA FO R SEVERAL FACTORS IN THE 
BRAIN OF ß-AMYLOID PROTEIN-INFUSED RATS. Y. Suwa*'·2. K. Yamada2. 
A. ĭmaizumi1 and T. Nabeshima2. 'Institute for Bio-medical Research, Teijin Ltd., 
Hino, Tokyo 191-8512, JAPAN and departm ent of Neuropsychopharmacology and 
Hospital Pharmacy, Nagoya University School of Medicine, Showa-ku, Nagoya 466- 
8560, JAPAN.

We have previously reported that continuous i.c.v. infusion of ß-amyloid protein 
(Aß) results in memory impairments and reduction of nicotine- and KMnduced 
acetylcholine and dopamine release in the frontal cortex (FC), hippocampus (HPP) 
and striatum (STR) of rats. It is of great interest to elucidate the mechanisms underlying 
these neuronal dysfunctions, since the apparent neuronal cell death is not observed in 
the brain of Aß-infused rats.

In the present study, we analyzed the changes in the levels of mRNA for several 
factors, such as IL-6, IL-6R, CNTF and NT-3 in the brain regions of Aß-infused rats. 
After rats had been i.c.v. infused with 300 pmol/day of Aß(l-40) continuously for 19 
days, the levels of mRNA were determined using the reverse transcriptase-polymerase 
chain reaction (RT-PCR) and compared to those of control rats which had been infused 
with the inactive Aß(40-1). The levels of IL-6 mRNA in FC, the parietal cortex (PC) 
and STR were increased in Aß( 1-4O)-infused rats, whereas those of IL-6R mRNA in 
these regions were decreased. Although IL-6 mRNA was not detected in HPP of both 
the Aß(l-4O)-infused and conưol rats, the level of IL-6R mRNA in HPP was increased 
in Aß(l-4O)-infused rats. On the other hand, the levels of NT-3 mRNA were decreased 
in FC and PC of Aß(l -4O)-infused rats, but those of CNTF were not changed in all the 
regions examined.

These results suggested that the expression of these factors in the brain might be 
affected by Aß. It must be further studied whether these changes appear as the cause of 
neuronal dysfunctions or the process for repair.

285.12
APPSW TRANSGENIC MICE ARE VULNERABLE TO 
COGNITIVE IMPAIRMENT FOLLOWING HYPOXIA OR 
HYPEROXIA EXPOSURE: EVIDENCE THAT HYPOXIA OR 
HYPEROXIA TREATMENT COULD INDUCE COGNITIVE 
DEFICITS IN HUMANS PRE DISPOSED TO ALZHEIMER’S 
DISEASE. P. Pom pl1 . G. Aгendash1. T. Shim izu3*1 F. Crawford \  and M, 
M ullan3. 'Alzheimer’s Research Laboratory, Dept, ď  Biology, Psychology and 
⅜*sy(⅛tiy/Roєkarnp Laboratories, Univ, o f South Florida, Tanлpa, FL 33620.

Brain h yp ox ia  routinely occurs during general anesth esia , often  
resu ltin g  in treatm ent w ith  100%  o x y g en  (hyperoxia). F o llo w in g  such  
h yp o x ia  and/or hyp erox ia  treatm ent, patients have been  know n to 
d ev e lo p  dem entia. T h e present study w as d esign ed  to determ in e i f  the 
A P P SW tran sgenic m ou se  m od el for A lzh e im er’s D isea se , w h erein  brain 
ß -am ylo id  lev e ls  are e lev a ted  by 6 -8  m onth s o f  age, is m ore vulnerable  
to c o g n itiv e  im pairm ent induced by h yp ox ia  and/or h yp eroxia  than non- 
tran sgenic control anim als. S ev en  m onth o ld  A P P SU T g+ , and Tg- m ice  
w ere in itia lly  tested  for 8 days in a circular platform  spatial task, after 
w h ich  they rece iv ed  on e  o f  the fo llo w in g  insults: 1) 30  m inu tes o f  6 % 
o x y g en  (h y p o x ia ), 2 )  three hours o f  100%  o x y g en  (h yp erox ia ), 3 ) a 
com b in ation  o f  hyp ox ia /h yp erox ia , or 4 )  three hours o f  20%  o x y g en  
(sham  control). H yp oxia  or hyperoxia  in T g- controls induced  either no  
or m in im al c o g n itiv e  im pairm ent in the re-learn ing phase o f  circular  
platform  testing. In sharp contrast, Tg+ an im als subjected  to either  
h y p o x ia  or h yp erox ia  sh o w ed  a substantial c o g n itiv e  im pairm ent in re
learning that in v o lv ed  both h igher esca p e  la ten cies and a greater num ber 
o f  errors. T h ese  resu lts su ggest that hum ans g en etica lly  pre-d isp osed  to 
A lzh e im er’s d isea se  and/or th ose w ith  increased  brain ß -am ylo id  lev e ls  
have an increased  risk o f  d ev e lo p in g  c o g n itiv e  im pairm ent fo llo w in g  
h yp oxia  anchor hyperoxia  insult.

285.14
THE THIRD COMPLEMENT COMPONENT IS ASSOCIATED 
WITH AMYLOID PLAQUES IN HUMAN APP695SWE 
TRANSGENIC MICE
J.X. Yu.1 B.M. Bradt.1 K. Hsiao2 and N.R. Cooper1*. 1Dept. of 
Immunology, the Scripps Research Institute, La Jolla, CA 92037. 
2Dept. of Neurology, Univ, of Minnesota, Minneapolis, Minnesota 
55455

Mutations in the amyloid precursor protein (APP) gene are 
associated with early-onset familial Alzheimer’s disease (AD). One 
of the hallmarks of AD is the formation of neuritic plaques (NP), 
largely composed of the 39-43 residue amyloid ß peptide (Aß). 
Complement components have been found by ourselves and others 
to be present in human AD NP. We and others have also shown 
that fibrillar Aß is a potent complement activator in vitro.

We developed potent antibodies to murine C3 by immunizing 
rabbits with purified recombinant mouse C3 generated in E. coli in 
order to examine the role of the complement system in the 
development of AD in a murine model. Expression and distribution 
of C3 in the brain of older human APP695SWE transgenic mice 
has been investigated using immunoh¡stochemistry. Murine C3 
was strongly associated with NP and also was found to be 
expressed in neurons, but not in glial cells. C3 was absent from the 
brains of nontransgenic littermates. These results are consistent 
with complement activation by fibrillar Aß in NP in transgenic 
mouse brains. Supported by funding from the NIH (N53Y682) and 
Novartis (SPF 1141).

285.16
EFFECT OF INTRACEREBROVENTRICULAR INFUSION OF ß-AMYLOID 
ON CHOLINE ACETYLTRANSFERASE ACTIVITY AND NEUROPEPTIDE 
LEVELS IN THE RAT BRAIN. S. Nag and F. Tang*. Department o f Physiology, 
The University of Hong Kong, Hong Kong.

The toxic effect of ß-amyloid protein (ßA), which forms the core of senile 
plaques in the brains o f Alzheimer's disease patients, was investigated. ßA 1-40 
(300 pmol/day) was continuously infused for 14 days into the lateral ventricle o f the 
rat brain by a Alzet mini-osmotic pump. The control group o f animals received the 
vehicle (30% acetonitrile/0.1% TFA). Water maze test was carried out during 10-13 
days.

After 14 days animals were decapitated, cerebral cortex and hippocampus were 
dissected on ice and were stored frozen until biochemical analyses. Choline 
acetyltransferase (CҺAT) activities were measured by a radioenzymatic assay and 
somatostatin (SOM), substance P (SP) and neuropeptide Y (NPY) levels by specific 
radioimmunoassays.

Water maze data showed a clear memory deficit in ßA infused animals. We 
found significant decreases in CҺAT activities and SOM levels in cerebral cortex 
and hippocampus o f the ßA-infused rats. Cortical SP levels were also decreased 
whereas NPY levels were not significantly altered in these animals as compared to 
vehicle infused controls. These results suggest that ßA infusion induce cholinergic 
neurodegeneration, which is supported by the finding o f a poor performance in the 
water maze. The decrease in SOM and SP levels could be related to the depleted 
CҺAT activity, but the possible direct toxic effect o f ßA on these neuropeptides can 
not be ruled out.

This study was supported by RGC grant 338/034/0010.
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285.17
BEHAVIORAL AND NEUROPATHOLOGIC CHANGES INDUCED BY 
CENTRAL INJECTION OF CARBOXYL TERMINAL FRAGMENT (Л; ß- 
AMYLOШ PRECURSOR PROTEIN IN MICE. D.K. Song1. K.W. Lee . Y.-H 
Suh3. *Dept. of Pharmacol., Coll o f M ed, Hallym U niv .2. Dept, o f Neurology 
and 3Dept. o f Pharmacol. Coll o f Med. Seoul National Univ. ; Chunchon 220- 
702, Korea

Expression of the carboxyl-terminal fragment (CT) o f theß-amyloid precursor 
protein (ßAPP) in transgenic animal has been linked with neurotoxicity. 
However, it remains to be clarified whether the neurotoxicity was caused by 

ß-amyloid protein (Aßs) derived from CT, or by CT itself. To study the in vivo 
neurotoxicity of CT, mice were given a single intracerebroventricular (i.c.v) 
injection 〇f a recombinant 105- amino acid CT (CT105, 68.5 - 685pmol, i.c.v), 
and changes in behavior and in brain histology were examined. Animals given 
with CT 105(410 or 685 pmol, i.c.v) showed a dose-dependent impairment in the 
passive avoidance performance, whereas A ßl-42  (685pmol) or boiled CT105 had 
no effect. CT105 (685pmol, i.c.v) induced reactive gliosis in neocortex and 
hippocampus, and neurodegeneration in in neocortex. These results indicate that 
centrally administered CT105 induces behavioral impairment and 
neuropathologic changes, suggesting the direct toxic effect of CT105 per se.

285.19
REPEATED AGGREGATED Aß INJECTIONS TREATED WITH IBUPROFEN: 
BEHAVIOR AND CNS RESPONSE IN RATS. J.P. Cleaгv*. J. Hofmeisteг. M. 
Fritz, and E. O'Hare. Behavioral Pharmacology Laboratory, VA Medical Center, 
and Department of Psychology, University o f Minnesota, Minneapolis, MN 55417.

Rats were trained to stable performance under a 2-link chain schedule. In the first 
link, the first lever press to occur after a 15 sec delay produced entry into Link 2, 
under which food reinforcement was delivered for the first press after 15 sec (Chain 
FI 15, FI 15). When animals showed stable performance under the chain schedule, 
they were anesthetized and cannulae were implanted bilaterally into the CAЗ area of 
die anterior dorsal hippocampus. After recovery, subjects were injected daily, for 15 
consecutive days, with Aß (1-42) aggregates (n=Ю) or saline (n=5). Aggregate 
injections were 1.0 µl, containing approximately 200-400 synthetic fibrillar Aß 
aggregates ranging from 2-90 µm in diameter. Bilateral daily CAЗ saline injections 
were also 1.0 µl. Half the rats (n=5) in the Aß-injected group were treated with 
daily ibuprofen (10.0 mg, twice daily), starting 2 days before surgery, while the 
other half received daily sucrose (10%) via the same route (TO). Saline-injected rats 
received daily sucrose. Rats were tested daily under the Chain FI 15, FI 15 
schedule. Rats showed no behavioral impairment regardless o f group or treatment 
during the first 120 days following surgery. Treatment was continued for and 
additional 30 days after which animals were sacrificed under pentobarbital 
anesthesia. Rat brains were stained for positive anti-Aß immunofluorescence and 
Thioflavin S positive Aß deposits. (Supported by: Alzheimer's Association Grant 
RG2-96-066; and VA Merit Review, Awarded to J. Cleary)

285.18
IN VIVO TOXICITY OF Aß 1-40 AND 1-42 AND IN VIVO AND IN VITRO 
TOXICITY OF AN AGGREGATING DIMER OF Aß 25-35. L.K. Burling1. W.D. 
Moon1. C.J. Pike2. J. Nowick3. R.G. Plotner1. P. Govarzu1. Ftľ W arner. C.W. 
Cotman2 and D.H. Mali∩*1 ’ Univ. of Houston-Clear Lake: Houston. TX. 77058.
2 Inst, for Brain Aging and Dementia and 3Dept. of Chemistry, Univ, of 
Californ¡a-lrvine, Irvine, CA., 92697; 4Umv. of Texas HSC, Houston, TX 77030.

Aß 1-40 and 1-42 dissolved in deionized water, or deionized water vehicle, 
were cortically injected in rats at 9 or 15nmol/2µl. Rats were sacrificed 2 weeks 
after 9 or 15 nmol injections or 4 weeks after 9 nmol injections. Brain sections 
were stained with cresyl violet and area of degeneration was scanned and 
quantitated by a digitizer. At two weeks, both doses of both peptides resulted in 
significantly greater areas of degeneration than did vehicle alone, but the 
doses were not significantly different from each other. At 4 weeks, 9 nmol of 
each peptide produced significantly greater degeneration than vehicle alone. 
The greatest area of degeneration occurred 4 weeks after Aß 1-40 injection.

Some aspect of ß-sheet structure appears necessary for Aß toxicity. In ß~ 
sheet structure, R group orientation defines the overall surface topography of 
the ß-sheet and is dependent on the alignment of the individual peptide chains. 
A series of Aß peptides were synthesized in which the relative orientation of 
two Aß 25-35 strands were varied systematically. These peptides were 24- 
residues long with two Aß 25-35 regions connected at residues 12-13 (by Pro, 
D-Ala) to form a type II ß-turn. One of these, Dimer 1, was in perfect 
antiparallel registration. In Dimer 3, the sequence of the second Aß 25-35 
region was shifted by two residues; the sequence of Aß residues was 27-28- 
29-30-31-32-33-34-35-25-26. Dimer 1 formed aggregate structures whereas 
Dimer 3 did not. In cultured rat hippocampal neurons, Dimer 1 induced toxicity 
but Dimer 3 did not. Cortical injection of 3 nmol/3µl Dimer 1 in deionized water 
resulted in significantly larger areas of degeneration than vehicle alone when 
rats were sacrificed 2 or 4 weeks post injection. The area of degeneration 
following injection of Dimer 3 was not significantly different from vehicle.

285.20
NEUROTOXICITY A N D  OXIDATIVE DA M AG E O F BETA AM YLOID 1-42 
VERSUS BETA AM YLOID 1-40 IN  THE M OUSE CEREBRAL CORTEX.
A. M . K le in  N ,W . K ow ailL  a n d  R.ĩ. F e rra n te  B ed fo rd  VA M C, B oston 
U niversity  School o f M edicine, Boston, M A.
Senile p laq u es  (SP), a  n eu ro p a th o lo g ica l h a llm ark  o f A lzh e im er's  d isease 
(AD), a re  ch a ra c te rize d  b y  e x trace llu la r  a c cu m u la tio n s  of b e ta  am ylo id  
(Aß). A g g reg a ted  A ß is n eu ro to x ic  in  v itro  a n d  h as  b een  sh o w n  to be 
m ed ia ted  th ro u g h  o x idative  m echan ism s. SPs p red o m in an tly  con ta in  Aß42 
w ith  a  sm all a m o u n t of assoc ia ted  Aß4O. The fo llow ing  e x p e rim en t w as 
u n d e rtak en  to  d e te rm in e  the neurotoxic  an d  o x idative p ro p ertie s  of Aß42 as 
co m p ared  to  Aß4O in  th e  m o u se  cerebral cortex. In jections of Aß42 w ere 
m ad e  in to  the frontal cortices of th ree  m o n th  o ld  C57B L/6  m ice w ith  control 
in jections o f Aß4O in to  th e  c o n tra la te ra l h e m isp h e re . O n e  w eek  p o s t 
in je c tio n , m ic e  w e re  sa c r if ic e d  a n d  th e i r  b r a in s  w e re  s ta in e d  
im m unocy tochem ically  to  d e te rm in e  lesioned  a reas a n d  o x idative  dam age. 
T he a re a  o f a s tro g lia l reac tiv ity , as d e fin e d  b y  im m u n o cy to ch em ica l 
s ta in in g  for g lia l f ib rilla ry  ac id ic  p ro te in  (G FA P), a n d  th e  n u m b er  of 
reac tive  as tro cy tes  w e re  u sed  to  id en tify  th e  les io n ed  areas. M arkers of 
o x id a tiv e  s tre s s  to  p ro te in s  (3 -n itro ty ro s in e ) ,  D N A  (8 -h y d ro x y -2 - 
d e o x y g u a n o s in e ), a n d  en z y m e s  in d u c e d  b y  o x id a tiv e  s tre ss  (hem e- 
oxygenase-1) w ere  u se d  to  d e lin ea te  th e  a rea  of o x id ativ e  dam age . Aß42 
w a s  a s so c ia te d  w i th  a s ig n if ic a n tly  g r e a te r  a re a  o f a s tro g lia l  
im m u n o reac tiv ity  an d  sign ifican tly  g rea te r  n u m b ers  of reactive astrocytes 
th an  Aß4O. A ll th ree  m ark ers  o f o x id ativ e  d a m a g e  sh o w ed  a g rea te r  area 
of im m u n o reac tiv ity  a ro u n d  th e  Aß42 in jection  as co m p ared  to the  Aß4O 
injection site. T hese f ind ings a re  co n sis ten t w ith  p rev io u s  in vitro studies 
an d  su g g est th a t Aß42 is m o re  n euro tox ic  an d  gen era tes  m ore  free radical 
dam age  th en  Aß4O. Supported  by  N IH  g ran ts MH11692 an d  AG13846.
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C E R E B R A L  G L U C O S E  U T IL IZ A T IO N  F O L L O W IN G  S E L E C T IV E  
IM M U N O L E S IO N  O F  T H E  B A S A L  F O R E B R A IN  C H O L IN E R G IC  S Y S T E M  IN 
R A T S . M .H . B a s s a n t1 *, F. P o in d e s s o u s -J a z a t1 , B . S c h m id t2 . 1 IN S E R M  U 

161 , 2 rue  d 'A lé s ¡a , 7 5 0 1 4 , P a ris , F ra n c e . 2  C N S  R e s e a rc h , T ro p o n w e rk e  
G m b H  & C o  K G , N e u ra th e r R ing  1, D -5 1 0 6 3  K ö ln , G e rm a n y .

O u r  o b je c t iv e  w a s  to  e v a lu a te  th e  e f fe c t  o f a  s e le c t iv e  c h o lin e rg ic  
d e a f fe r e n ta t io n  o n  c e r e b ra l m e ta b o lic  ra te  o f  g lu c o s e  ( C M R (g lu ) ) .  
C h o lin e rg ic  n e u ro n s  in  th e  n u c le u s  b a s a lis  m a g n o c e llu la r is  (n B M ) w e re  
le s io n e d  b y  u n ila te ra l ( r ig h t)  m ic ro in je c t io n  o f th e  im m u n o to x in  1 9 2  Ig G - 
s a p o r in  in 12 ra ts . S h a m -le s ¡o n e d  ra ts  (n = 7 ) re c e iv e d  a n  e q u iv a le n t a m o u n t 
o f s a l in e .  A t  7  d a y s  p o s t - in je c t io n ,  a c e t y lc h o l in e s te r a s e  (A C Һ E ) 
h is to c h e m is try  re v e a le d  a n e a r ly  c o m p le te  lo ss  o f c h o lin e rg ic  fib e rs  in  ta rg e t 
a re a s  o f n B M . C M R (g lu )  w a s  th e n  d e te rm in e d  in 2 4  c o r t ic a l a n d  13  s u b 
c o r t ic a l re g io n s  b y  th e  q u a n t ita t iv e  (1 4 C )D G  te c h n iq u e  o f  S o k o lo f f .  In 
le s io n e d  ra ts  (n = 7 ), r ig h t- le ft  d if fe re n c e s  w e re  fo u n d  o n ly  in  re tro s p le n ia l 
c o r te x . H o w e v e r, a  tre n d  to w a rd  C M R (g lu )  re d u c t io n  o n  th e  le s io n e d  s id e  
w a s  fo u n d  in a ll c o rt ic a l re g io n s  (m e a n  d e c re a s e  7 % , p < 0 .0 2 ) . C h a n g e s  in 
s u b c o r t ic a l re g io n s  w e re  lim ite d  to  b a s a l fo re b ra in  c h o lin e rg ic  n u c le i (n B M , 
m a g n o c e llu ia r  p re o p tic  a re a , h o r iz o n ta l d ia g o n a l b a n d  n u c le u s ) . A t 21 d a y s  
a f te r  n B M  le s io n  (5  ra ts ) , A C Һ E  a c t iv ity  re m a in e d  m a rk e d ly  re d u c e d  in 
ip s ila te ra l c o r t ic a l re g io n s . C o r t ic a l C M R (g lu )  w a s  s t ill lo w e r  in  le s io n e d  as  
c o m p a re d  to  in ta c t h e m is p h e re  (6 % , p < 0 .0 5 ). C h a n g e s  in  s u b c o r t ic a l a re a s  
w e re  re s tr ic te d  to  ∩B M  a n d  m a g n o c e llu ia r  p re o p t ic  a re a . O u r  re s u lts  s h o w  
th a t th e  s p e c if ic  le s io n  o f th e  c h o lin e rg ic  n M B  n e u ro n s , fo llo w e d  b y  a m a rk e d  
lo ss  o f c h o lin e rg ic  in n e rv a tio n , in d u c e s  o n ly  a  m ild  d e c re a s e  in C M R (g lu )  a n d  
s u g g e s t th a t th e  c h o lin e rg ic  d e a ffe re n ta t io n  p la y s  a t b e s t a  m a rg in a l ro le  in 
th e  c e re b ra l h y p o m e ta b o lis m  o b s e rv e d  in A lz h e im e r 's  d is e a s e . T h e  e ffe c ts  
o f A C Һ E  in h ib ito rs  o n  C M R (g lu ) in  le s io n e d  ra ts  a re  c u r re n t ly  b e in g  s tu d ie d . 
(S u p p o rte d  by a g ra n t fro m  B a ye r-P h a rm a , F ra n ce )

Pentynoic acid analogues a re  anti-am nesic and attenuate  age-dependen t 
loss of neuroplastic  potential in rodents.
K J. M urphy1. G.B. Fox’. K. Ehleгs2. A¯W. O'Connell1. E Drews2. H. Nan2 and
C.M. Regan1*. ’Department of Pharmacology, University College, Belfield, 
Dublin 4, Ireland and d ep artm en t of Food Toxicology, University of 
Hannover, Bischofsholer Damm 15, D30173 Hannover, Germany.

Morphofunctional change associated with memory formation is 
mediated, in part, by modulations of neural cell adhesion molecule (NCAM) 
prevalence and polysialylation within the cortico-hippocampal pathway. As 
basal NCAM polysialylation state exhibits age-dependent decline, agents 
which augment NCAM function are likely to attenuate cognitive deficits 
associated with aging or neurodegeneration. The anticonvulsant valproate (2- 
propylpentanoic acid; VP A), exhibits many ‘neuгotrophin-like’ actions in viưo 
and analogues, such as pentyl-4-yn-VPA, induce NCAM expression in a dose- 
dependent manner. We now demonstrate pentyl-4-yn-VPA to be anti-amnesic 
and prevent NCAM-dependent neuroplastic decline in Wistar rats. Acute 
adminisưation of pentyl-4-yn-VPA (50.4-84mg/kg) in the Зh post-training 
period followed by scopolamine (0.8mg/kg) at the 6h post-training time 
significantly prevented the amnesia produced by scopolamine alone. Daily 
intraperitoneal administration of pentyl-4-yn-VPA (16.8-50.4mg/kg) from 
postnatal day 40-80, resulted in a significant, dose-dependent attenuation in 
the frequency of NCAM polysialylated neurons which, at the maximal dose 
employed, resulted in an approximate 10% sparing in the dentate gyrus of the 
hippocampal formation and a 50% sparing in the entorhinal/perirhinal cortex. 
These effects were specific to pentyl-4-yn-VPA as they did not occur with the 
inactive 2-(2-methyl)-4-yn-VPA analogue. In conclusion, the ‘neuгotrophin- 
like’ actions of pentynoic acid analogues may provide a novel drug strategy for 
the treatment age-dependent cognitive decline. This work was supported by 
American Biogenetic Sciences Inc.
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286.3
BEHAVIOURAL AND DEGENERATIVE CHANGES IN THE BASAL FOREBRAIN  
SYSTEMS OF ADULT AND AGED RATS: A Q UANTITA TIVE STUDY IN THE 
REGIONS OF THE BASAL FOREBRAIN BEFORE AND AFTER LEVO-ACETYL- 
CARNITINE TREATM ENTS. I. Gritti 1, M. Mariotti 1. N. Coгsico 2. R. Freddi 1. S. Milano 2 
Imer¡ L.* 1 and M. Mancia 1. 1 Centro Interdipart¡mentale "L.l.T.A.-Vialba"-lnst¡tute of Human 
Physiology II, University of Milan, Milano, 2 Sigma-Tau, S.p.A., Pomezia, Roma, Italy, 1-20157.

The aim of this study was to examine the degree of atrophy and cell loss in the various 
basal forebrain (BF) cholinergic regions in behaviourally impaired adult and aged rats, to 
correlate the magnitude of the degenerative cells changes w ith  the severity of spatial 
learn¡ng/memory impairments, and to find out whether Acetyl-L-Carnitine (ALCAR) long-term 
treatments can induce changes in the behaviour and in the BF cells of adult and aged rats. 
Three groups of male untreated rats [6 young rats (6-months-old); 5 adult ones (12-months- 
old) and 6 aged ones (21-months-old], and tw o groups of male rats treated w ith  ALCAR (60 
mg/Kg/die/os) for over six month [4 adult rats (12-months-old) and 6 aged ones (21-months- 
old], were tested for spatial learning and memory using the Morris'water-maze task. One 
month after the last behavioural testing all the rats were anaesthetised and perfused w ith  an 
aldheide mixed solution. Six serial sections were cut throughout the BF regions of each rat and 
processed histologically (for Nissl and Kluver-Barrera) and ¡mmunohistochemically, for choline- 
acetyl-transferase (CҺAT)- and glutamic acid decarboxylase (GAD)- immunohistochem¡stry. The 
CҺAT + and GAD + neurons of each rat of each group were drawn, counted and measured 
w ith the aid of a computerized image-analysis system within the cytoarch¡tectonically defined 
major BF regions. Impairments in the Morris' water-maze performance and degenerative 
changes of the CҺAT + and GAD + BF neurons were observed in the adult and aged untreated 
rats. In the majority of the BF regions, the size and number of the CҺAT + neurons of the adult 
and aged untreated rats were significantly reduced as compared to the young ones (P<O,O5). 
A chronic treatment w ith  ALCAR of the adult and aged rats significantly attenuates the 
impairments in spatial learning/memory performance as compared to the untreated adult and 
aged rats (P<O,O5). The number and size of the CҺAT + neurons of the adult and aged 
ALCAR treated rats were similar to the CҺAT + BF neurons of the young untreated rats. The 
present results provide evidence for the existence of spatial learning/memory impairments and 
degenerative changes in the major cholinergic BF groups during ageing in the rat. These 
findings suggest that long-term treatments w ith  ALCAR significantly attenuate the impairment 
in spatial learning/memory performance and have a neuroprotective effect on the central 
cholinergic BF system of adult and aged rats, suggesting that ALCAR may protect cholinergic 
pathways from aged-associated degeneration.

286.5
IN T R A C E L L U L A R  A N T IO X ID A N T S  A T T E N U A T E  R A D IC A L  
A N D  C Y T O K IN E  PR O D U C T IO N  BY  A D V A N C E D  G L Y C A TIO N  
E N D  P R O D U C T S G. M ü n ch 1* A . N eu m an n 1. A . W o n g 1. C. 
L o sk e1. A . W e ß e ls1 R. S c h in z e l1. M . G erlach2 and P. R ie d e r er  
P h y s io lo g ic a l  Chem istry I, B iocenter, 9 7 0 7 4  W urzburg and ⅛ lin ic a l  
N eurochem istry , Psychiatric H osp ita l, 9 7 0 8 0  W urzburg, G erm any

O ne o f  the m ost com m on  post-translational m odification o f  long- 
lived  proteins is  the form ation o f  ’’advanced g lycation  endproducts” 
(A G E s). In A lzheim eгs d isease  (A D ), A G E s accum ulate in 
neurofibrillary tan gles, H irano b od ies and ß-am yloid  plaques. A D  is  
a lso  characterised by a chronic inflam m atory process su ggested  by the 
presen ce o f  activated m icroglia  w ith  subsequent relase o f  com plem ent 
proteins and cytok in es. In addition, increased lev e ls  o f  ox id ized  and  
nitrated proteins indicate the production o f  superoxid e and nitric ox id e . 
A  causal link betw een  all these characteristic hallm arks o f  A D  m ay the 
A G E  induced activation o f  N F kB  regulated gen e exp ression  including  
I L - lß , IL -6 , T N F -α  and iN O S .

W e sh o w , that incubation o f  N - l l  m ou se m icroglia ce lls  w ith 0 .5  
µ Ы  o f  a m odel A G E , B S A -A G E , induced IL -6  and iN O S  exp ression  
in a dose-d ep en dent m anner. T h is upregulation can be attenuated by  
thiol antioxidants (thioctic acid , N -acety lcyste in e), phenolic  
antioxidants (1 7 α -  and ß-estradiol) and spin  traps (P B N ). T h ese  data 
su g g est that these com p ou n d s have a dual neuroprotective action as 
radical scaven gers and anti-inflam m atory drugs.
S ou rces o f  funding: C lau ssen -S tiftu n g, Centaur Pharm aceuticals (to  
G M ), D A A D  (to  A W ).

286.7
RALOXIFENE INCREASES HIPPOCAMPAL CHOLINE 
ACETYLTRANSFERASE ACTIVITY IN OVARIECTOMIZED RATS.
X. Wu. M. GIİп∏Ty . Su, B. Ni, H. Cole, H. U. Bryant, S. M. Paul, Lilly 
Research Laboratories, Eli Lilly and Company, Indianapolis, IN 46285

Selective estrogen receptor modulators (SERMs) demonstrate tissue- 
selective estrogen receptor (ER) agonist or antagonist properties. Raloxifene, a 
prototypical SERM, has ER agonist properties in bone but antagonist properties 
in the uterus and breast (Bryant and Dere Proc. Soc. Exp. Biol. Med. 217: 45- 
52, 1998). To characterize the ER agonisưantagonist profile of raloxifene in 
the CNS, we have examined its effect on the activity of a known ER-responsive 
gene product, choline acetyltransferase (CҺAT) in the hippocampus of 6 month 
old ovariectomized (OVX) Sprague-Dawley rats. CҺAT, the rate-limiting 
enzyme for acetylcholine synthesis, is reduced in the hippocampus of patients 
with Alzheimer’s disease. OVX rats (3 weeks post-OVX) were administered 
estradiol-l7ß (E2-I7ß) (0.03 mg or 0.3 mg/day for 3 or 10 days) or raloxifene 
(3 mg/kg/day for 3 or 10 days) or vehicle. Sham operated rats served as 
controls. CҺAT activity was determined in homogenates from the 
hippocampus, hypothalamus and cerebral cortex using a radioenzymatic assay 
(Schoepp et al., J. Neural Transmiss. 78: 183-193, 1989). CҺAT activity was 
decreased by > 50% in the hippocampus of OVX compared with control rats (p 
< 0.001). No significant changes in CҺAT activity were observed in either the 
cerebral cortex or hypothalamus. By contrast, both raloxifene and E2-I7ß 
treatment increased CҺAT activity in OVX rats (p < 0.05 either drug/dose vs. 
OVX) and to approximately the same extent. CҺAT activity in the 
hippocampus of raloxifene or E2-I7ß treated OVX rats was not significantly 
different than that of sham controls. Our data demonstrate that raloxifene has 
ER agonist properties on at least one ER-responsive enzyme (CҺAT) in the 
hippocampus of rats.

286.4
DIFFERENTIAL EFFECTS OF SELECTIVE AND NON-SELECΉVE LESIONS 
INTO THE NUCLEUS BASALIS MAGNOCELLULARIS ON NICOTINIC 
ACETYLCHOLINE RECEPTORS IN CORΉCAL AREAS OF THE RAT 
BRAIN. I. BEDNAR*. R. DASTRANJ-SEDGHL X. ZHANG and A. 
NORDBERG. Dept, of Clinical Neuroscience and Family Medicine, Div. of 
Molecular Neuropharmacology, Karolinska Institute, Huddinge University Hospital, 
S-141 86 Huddinge, Sweden.

Basal forebrain (BF) cholinergic neurons are implicated in the pathogenesis of 
several neurodegenerative disease such as Alzheimer's disease (AD). Nicotinic 
acetylcholine receptors (пACҺRs), located both pгe- and postsynaptically, are 
composed of a diverse array of subunits and have a range of pharmacological 
properties and are involved in cognitive functions such are memory and learning. It 
has been shown that пACҺRs are decreased in postmortem AD brains and imaging 
PET studies confirm this findings. BF lesions in experimental animals are used to 
produce cholinergic deficits which mimic symptomatology of AD, including 
learning deficits. In this study, nucleus basalis magnocellalaris (NBM) lesions were 
made by ibotenic acid and 192-IgG saporin to study changes in пACҺRs. Choline 
acetyltransferase activity (CҺAT) activity was measured in different brain regions to 
verify lesions on the cholinergic system. We found a significant decrease in the 
number of пACҺRs, labelled by [¾]-cytisine but not by [¾]-epίbatidine, in parietal 
cortex of the ibotenic acid lesioned rats compared with those of control animals. The 
number of пACҺRs in non-cortical areas were unchanged. 192-IgG saporin did not 
alter the number of пACҺRs in any of the brain regions. Our results suggest that a 
large proportion of пACҺRs in parietal cortex of the rat brain are presynaptic and 
located on non-cholinergic neurons. Moreover, ibotenic acid lesions not only 
decrease the number of α4ß2 subtypes but also induce an increase in the number of 
other пACҺRs subtype(s). Effect of chronic nicotine treatment on пACҺRs after the 
lesions will be investigate.

286.6
PHARMACOLOGIC ACTIVATION OF THE GLYCINE AND POLY AMINE 
MODULATORY SITES OF THE NMDA RECEPTOR IMPROVES 
PERFORMANCE OF AGED RATS IN A 14-UNIT T-MAZE. R C, Mever*. J, 
Munoz. E L. Spangler, and D.K. Ingram. Gerontology Research Center, NIA, 
NIH, 5600 Nathan Shock Drive. Baltimore, MD 21224.

We have previously demonstrated that activation of either the glycine or 
polyamine modulatory sites of the N-methyl-D-aspartate (NMDA) glutamate 
receptor can attenuate learning deficits in young rats induced by NMDA 
receptor blockade, and that simultaneous activation of these sites can reverse 
this learning deficit (Meyer et al, Psychopharmacology 135,3, 1998). D- 
cycloserine (DCS) was used as an agonist for the glycine site and spermine 
(SPM) was used as an agonist for the polyamine site. Furthermore, combined 
doses of DCS and SPM that reversed the learning deficit were only one-fifth of 
the most effective dose of either drug given alone.

In the present study we assessed whether these treatments could improve 
maze performance of aged rats. Aged (21-22 mo) male Fischer-344 rats were 
randomly assigned to 6 different drug treatment groups; DCS (25 or 50 mg/kg), 
SPM (2.5 or 5 mg/kg), DCS+SPM (5 and 0.5 mg/kg, respectively), or vehicle 
controls. All rats received i.p. injections (one in a m. and one in p.m.) over 4 
consecutive days On Day 1, rats were injected and returned to their cages On 
Day 2. rats were trained to avoid shock in a straight runway. On Days 3-4. rats 
received training in a 14-unit T-maze (4 trials in a m. and 4 trials in p.m ). 
Consistent with our previous findings in young rats, both DCS and SPM. in a 
dose-dependent manner, attenuated the age-related learning impairment in the
14-unit T-maze. Also, the combined treatment of DCS and SPM reversed the 
learning impairment at doses that were just one-fifth that of the least effective 
dose of either drug given alone. These results provide further evidence that the 
glycine and polyamine modulatory sites of the NMDA receptor are involved in 
memory formation, and point to a strong synergistic interaction between these 
two sites that could be exploited in the search for cognition enhancing drugs.

286.8
FK96O, A POTENTIAL ANTIDEMENTIA DRUG, AMELIORATES THE MEMORY 
DEFICITS IN RATS AND IN RHESUS MONKEYS THROUGH A NOVEL 
MECHANISM OF ACTION. M , Yam azaki1, N , M atsuç>ka ‘ , N -M a℮įla ! ,i,-Yanıagw h į1, 
I ,  G ,.A i¿ д er2* , Y· M otQ yam a1, K· Shim o m w a 1 a∏d Y· N q(sų1. 'Tsukuba Research 
Laboratories, Fujisawa Pharmaceutical Co. Ltd., Tsukuba, Ibaraki 300-2698. Japan; 
'Laboratory of Neuropsychology, NIMH, NIH. Bethesda, MD 20892.

FK96O [ΛЧ4-acetyl-l-pipeгazinyl)-p-fluoгobenzamide monohydrate], the compound 
which we have recently identified as a novel class of antidementia drug, was evaluated for 
its ability to reverse the memory deficits in rats models of amnesia using passive 
avoidance, Morris water maze and 8-arm radial maze tasks, and also the deficits in short
term memory of rhesus monkeys. In addition, we compared the effects of FK96O with 
those of cholinesterase inhibitors like physostigmine and E2020. FK96O (0.1-10 
mg/kg, i.p.) ameliorated the memory impairments in rats not only with scopolamine (1 
mg/kg, i.p.) treatment but also with nucleus basalis magnocellularis (NBM) lesions in 
all behavioral tasks. Furthermore, FK96O significantly restored the impaired memory in 
aged (23-27 months old) rats where neither physostigmine (0.01-1 mg/kg, i.p.) nor 
E2020 (0.032-3.2 mg/kg, i.p.) affected the deficits. When the actions of FK96O were 
assessed in rhesus monkeys. FK96O (1-32 µg/kg, i.m.) significantly restored the deficits 
in shot-term memory produced by scopolamine (10 µg/kg, i.m.). The beneficial effects 
of FK96O on the scopolamine-induced memory impairment in the passive avoidance and 
water maze tasks were abolished by brain somatostatin depletion by the cysteamine (200 
mg/kg, s.c.) pretreatment. Neurochemical analysis in vivo revealed that the treatment 
with FK96O (0.32-320 mg/kg, p.o.) significantly increased hippocampal somatostatin 
contents in rats with similar dose-response relationship to that on memory deficits. 
From these results, we conclude that FK96O is more efficacious for its cognitive 
enhancing actions in rodents and in nonhuman primates than those of cholinesterase 
inhibitors, and FK96O ameliorates cognitive dysfunction through a novel mechanism of 
action which involves an activation of the somatostatinergic neurotransmission possibly 
in the hippocampus.
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286.9

FK96O, A P O T E N T IA L  A N T ID E M E N T IA  DRUG, A U G M E N T S 
TH E  L O N G -T ER M  P O T E N T IA T IO N  IN  G U IN E A -PIG  
H IPPO C A M PA L  S L IC E S T H R O U G H  T H E  N O V EL 
M EC H A N ISM  W H IC H  IS M E D IA TE D  BY AN A C TIV A TIO N  
O F SO M A TO ST A TIN E R G IC  N E R V O U S SY STEM . T. In〇ue`. N.
Matsuoka2, A. Moriguchi1, K. Shirakawa1. H. Satoh1, T. Goto1 and M. Satoh3*. 
'Medicinal Biology Research Laboratories, Fujisawa Pharmaceutical Co.Ltd., 
Osaka, Japan; 2Exploratory Research Laboratories, Fujisawa, 
Pharmaceutical Co.Ltd., Tsukuba, Ibaraki, Japan; departm ent of Molecular 
Pharmacology, Faculty of Pharmaceutical Sciences, Kyoto University, Kyoto 
Japan

We have reported that FK96O (N-(4-acetyl-l-piperazinyl)-/>- 
fluorobenzamide monohydrate), a novel antidementia drug of piperazine 
derivative, improves memory deficits in various models of amnesia in the 
present study, in rats and monkeys. To clarify the mechanism of action, the 
effects of FK96O on long-term potentiation(LTP) was examined in the mossy 
fiber-CAЗ pathway of guinea-pig hippocampal slice. FK96O had no 
significant effects on the basal response before tetanus but significantly 
augmented the development of LTP after tetanus with maximal effects being 
observed at the concentration of 10 7M. This effect was not observed in 
slices which were prepared from cysteamine pretreated animals to deplete 
somatostatin, indicating that the somatostatinergic neurons in the 
hippocampus are involved in the augmenting action of FK96O on the LTP. 
To confirm the effect of FK96O on somatostatinergic nervous system, 
neurotransmitter release from rat hippocampal slices was then evaluated. 
FK96O had no effects on the acetylcholine, norepinephrine, or aspartate 
release. However, FK96O significantly increased high K÷-evoked release of 
somatostatin with similar concentration-response relationship to that on 
LTP. These data demonstrates that FK96O augments the LTP in the mossy 
fiber-CAЗ pathway through an activation of somatostatinergic nervous 
system in the hippocampus.

286.11
FK96O, A NOVEL POTENTIAL ANTIDEMENTIA DRUG. MODULATES 
REGIONAL CEREBRAL BLOOD FLOW RESPONSE ABOLISHED BY 
SCOPOLAMINE BUT NOT BY HA-966: PET STUDIES IN RHESUS MONKEYS. 
S. Yamazaki'. H. Tsukada2. A. Noda¯\ T. Inoue4, N. Matsuoka1*. T. Kakiuchi2. S. 
Nishiyama2 and S. Nishimura3. 'Exploratory Research Laboratories, Fujisawa 
Pharmaceutical Co. Ltd., Tsukuba, Ibaraki, Japan; 2Central Research Laboratory, 
Hamamatsu Photonics K. K., Hamakita, Shizuoka, Japan; ’Basic Research 
Laboratories and 4Medicinal Biology Research Laboratories, Fujisawa Pharmaceutical 
Co. Ltd., Osaka, Osaka, Japan

Our previous studies have demonstrated that FK96O (УV-(4-acetyl-1-piperazinyl)-p- 
fluoгobenzamide monohydrate), a novel antidementia drug of piperazine derivative, 
exerts beneficial effects on memory deficits in various animal models of amnesia in 
rats and in rhesus monkeys. The interactions of FK96O with cholinergic and 
glutamatergic neuronal systems were evaluated with respect to the regional cerebral 
blood flow (rCBF) response to the vibrotactile stimulation in the unanesthetized 
monkeys with [150 ]H 2O and a high resolution posiưon emission tomography (PET). 
The vibrotactil stimulation given on right hand paw induced a significant increase in 
the rCBF response in the contralateral somatosensory cortex of the monkey brain. 
This increment was abolished either by scopolamine (50 µg/kg, i.v.), a muscarinic 
cholinergic receptor antagonist or HA-966 (1000 µg/kg, i.v ), an antagonist of the 
glycine modulatory site on the N-methyl-D-aspartate (NMDA) receptors. The 
administration of FK96O (1, 10, 100, 1000 µg/kg, i.v.) significantly restored the 
abolished rCBF response produced by scopolamine, whereas the highest dosage of 
FK96O minimally affected the abolished response by HA-966. These findings suggest 
that the potential antidementia drug FK96O reverses the abolishment of rCBF response 
to somatosensory stimulation via enhancement of cholinergic neurotransmission, not 
via glutamatergic system in nonhuman primates.

286.13
IMPROVEMENT BY NEFIRACETAM OF ß-AMYLOID-(1-42)- 
INDUCED LEARNING AND MEMORY IMPAIRMENTS IN RATS.
T. Nabəshima1. K. Yamada1. T. Tanaka12. T. Sh iotanľ and T. Kamevama2. 
1Dept. of Neuropsychopharmacol. and Hospital Pharm., Nagoya Univ. Sch. of 
Med., Nagoya 466-8560, Japan and 2Dept. of Chem. Pharmacol., Fac. of 
Pharmaceut. Sci., Meijo University, Nagoya 468-0077, Japan.

Amyloid ß-peptide (Aß), the major constituent of the senile plaques in 
the brains of patients with Alzheimer’s disease (AD), is cytotoxic to neurons 
and has a central role in the pathogenesis of the disease. We have 
previously demonstrated that continuous infusion of Aß into the cerebral 
ventricle in rats results in learning and memory impairments. In the present 
study, we investigated the effects of nef¡racetam [N-(2,6-d¡methylphenyl)-2- 
(2-oxo-1-pyrrolidinyl) acetamide, DM-9384] on Aß-(1-42)-induced learning 
and memory deficits in rats. In the Aß-(1-42)-infused rats, spontaneous 
alternation behavior in aY-maze, spatial reference and working memories in a 
water maze task, and retention of passive avoidance learning were 
significantly impaired as compared with those in Aß-(40-1 )-infused control 
rats. Nef¡racetam, at a dose rage of 1 to 10 mg/kg, significantly improved 
learning and memory deficits in the Aß-(1 -42)-infused rats when it was 
administered p.o. 1 hr before the behavioral tests. Nef¡racetam, at the dose 
of 3 mg/kg, increased the activity of choline acetyltransferase in the 
hippocampus of the Aß-(1-42)-infused rats. These results suggest that 
nef¡racetam is useful for the treatment of patients with AD.

Supported by aGrant-in-A¡d for Science Research from the Ministry of 
Education, Science, and Culture of Japan (# 07557009 and 07557303).

286.10
FK96O, A NOVEL ANTIDEMENTIA DRUG, INCREASES SYMMETRICAL 
SYNAPSES IN THE HIPPOCAMPUS OF AGED RATS.
K. Noda. K. Nakano. K. Ohara. I. Yamaeuchit and N. Okado* ‡
Toxicol. Research Labor., †Drug Discov. Research, Fujisawa Pharm. Co. Ltd., 
Kashima, Osaka 532, Japan, ‡ lnsti. of Basic Medical Sci., Univ, of Tsukuba, 
Tsukuba, Ibaraki 305, Japan.

FK96O, a novel antidementia drug, has been shown to ameliorate spontaneous 
amnesia in aged rats as well as experimental amnesia in rats, monkeys and human 
volunteers. Our previous studies have demonsưated that FK96O dose-dependent)y 
increased the density of axodendritic synapses in the stratum radiatum of the 
hippocampal CAЗ region in the aged rat. In the present study, an attention has been 
directed to changes on the two classes of synapses (symmetric and asymmetric) in the 
hippocampal CAЗ region and lamina I of the parietal cortex. Fischer F344 rats (24 
months old) were given orally FK96O or its vehicle for 3 consecutive days. Twenty- 
four hours after the last dosing, the animals were deeply anesthetized and 
transcardinally perfused with a fixative. The density of synapses was quantitatively 
determined by electron microscopy. FK96O increased the density of axosυmatic 
synapses in the pyramidal cell layer of the hippocampal CAЗ region. More 
interestingly, individual computations have revealed that FK96O (0.32, 3.2. 
32mg/kg) dose-dependently and significantly increased the number and density of 
symmetrical synapses in the stratum pyramidale, while only the highest dosage (32 
mg/kg) of the drug increased asymmetric synapses in the same region. In contrast to 
the hippocampus, the density of synapses was not changed in the parietal cortex. 
These findings suggest that FK96O has different effects on the synaptic density in 
different classes of synapses and in different regions of the brain of aged rats. 
(Supported by Fujisawa Pharm.)

286.12
EFFEC TS O F THE PO T EN T IA L  A N TID E M E N T IA  C O M PO U N D  KA- 
672.H C L  ON D O PA M IN E  AN D  H Y D R O X Y L  FREE R AD ICALS IN RATS: 
AN IN V IV O  M IC R O D IA LY SIS STU D Y . P. Teismann and B. Fereer*. Inst, of 
Pharmacology and Toxicology, University of Marburg, D-35O32 Marburg, Germany

Structure-activity studies on scoparon derivatives led to the identification of 
KA-672.HC1 (7-Methoxy-6-[3-[4-(2-methoxyphenyI)piperazin-l-yl]propoxy]-3,4- 
dimethyl-2/ƒ-1 -benzopyran-2-one hydrochloride) as a potential antidementia agent 
for the treatment of Alzheimer’s Disease [Nöldner et al., (1996) Drugs of the Future 
21: 779-781]. KA-672.HC1 has modulatory effects on dopaminergic and 
serotoninergic neurotransmitter systems and shows NMDA antagonistic properties. 
This is the first study to demonstrate the effects o f KA-672.HC1 on dopaminergic 
and serotoninergic neurotransmission and alterations in hydroxyl free radical levels 
in vivo.

Microdialysis experiments were caҥied out in freely moving male Wistar rats 
implanted with a microdialysis probe (CMA 12, 4 mm) and perfused with a calcium 
reduced Ringer’s solution. After obtaining a stable baseline, KA-672.HC1 (1 mg/kg 
i.p.) was injected. The baseline was set as 100 %. HPLC analysis of the 20 min 
dialysate fractions showed a significant increase in DOPAC (131 %) and HVA 
(136 %) levels, whereas dopamine and 5-HIAA were not significantly altered. In 
another set o f experiments 5 mM salicylic acid was added to the perfusion solution 
in order to measure 2,3-dihydroxybenzoic acid (2,3-DHBA) as a marker for 
hydroxyl radicals. KA-672.HC1 (1 mg/kg i.p.) did not produce any difference in 2,3- 
DHBA levels compared with saline treated controls. Furthermore, we calculated 
serotonin turnover (5-HIAA/5-HT) from cortical and striatal tissue preparations. 
Sixty min after administration of KA-672.HC1 (0.1 or 1 mg/kg i.p.) rats were 
sacrificed and cortical and striatal tissue was prepared for HPLC-determination. KA- 
672.HC1 significantly increased serotonin turnover in the striatum.

Our results suggest that KA-672.HC1 may be beneficial for the treatment of 
Alzheimer patients by its modulatory effects on the serotoninergic and dopaminergic 
system. (Supported by Dr. Willmar Schwabe, Karlsruhe, Germany)

286.14
NOVEL NEUROPROTECTIVE APPROACHES FOR THE TREATMENT 
OF ALZHEIMER’S DISEASE L.B.Willardf¯ B.Hauss-W℮grzvniak & G.L. 
Wenk. Division o f  Neural Systems, Memory and Aging, University o f  Arizona; 
Tucson, AZ 85724

Chronic inflammatory processes may play a role in the neural mechanisms that 
underlie the degeneration o f basal forebrain (BF) cholinergic cells in Alzheimer’s 
Disease. Lipopolysaccharide (LPS) produces an inflammatory response in the 
brain and induces the release o f  interleukins and other cytokines. To induce 
chronic neuroinflammation, an indwelling cannula was implanted into the BF o f  
young rats. The BF o f each rat was infused with either LPS or artificial CSF for 
74 days using osmotic minipumps. The infusions produced cholinergic cell loss 
and activation o f  astrocytes and microglia. In the present study, several 
pharmacological compounds were investigated for their neuroprotective role in 
the LPS-induced neuroinflammation, A non-competitive NM DA receptor 
antagonist (memantine, Merz) attenuated the cytotoxic consequences o f  chronic 
inflammatory processes upon cholinergic BF cells, but did not diminish the 
activation o f  microglial and astrocytes. A COX-2/lipoxygenase inhibitor (CI987, 
Paгke-Davis) attenuated the activation o f  microglia and astrocytes. The effects 
o f  infusions o f  LPS into the fourth ventricle upon glia activation were also 
attenuated by a COX-2 inhibitor (NO-flurbipгofen, NicOx). In addition, the 
immunomodulatory properties o f  morphine will also be presented. Supported by 
AG 10546; Alzheimer’s Assoc., IIRG-95-004; NĬDA T32DA-07295; Paгke- 
Davis, Ann Arbor, MI; MERZ + Co. Frankťurt/Main, Germany; & NicOx,
S.A. France.
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286.15
AGE-DEPENDENT ELEVATION OF CYCLOOXYGENASE-2 mRNA IN 
HIPPOCAMPAL FORMATION OF APPҜ670NM671L X PS1MI46L DOUBLY 
TRANSGENIC MOUSE BRAIN Y. Wei*1. M.N. Gordon2. J.Campbell1, S.A. 
Benkovic2. P.S. Aisen1. L. Ho1. D.G. Morgan2, and G.M. Pasinetti1 Neuroin
flammation Res. Lab., Dept of Psychiatry1, Mt Sinai School of Med., NY,
NY 10029; Alzheimer's Res. Lab.1, Dept of Pharm., USF, Tampa, FL 33612 

In previous studies, we demonstrated induction of cyclooxygenase-2 (COX- 
2), a key enzyme in the synthesis of inflammatory prostanoids, in neurons 
exposed to amyloid ß-peptide (Aß) (Pasinetti and Aisen, 1998). In this study, 
we report age-related, region-specific induction of COX-2 mRNA in the brain 
of doubly transgenic mice carry ing both mutant amyloid precursor protein 
(APPk670N mò71L) and mutant presenilin 1 (PS1M146L) transgenes. These mice 
developed a heavy load of fibrillar Aß deposits in cortex and hippocampus by 
6 months of age (Holcomb and Gordon et al., 1998). Using x-ray 
autoradiography quantification of in situ hybridization with rat COX-2 cDNA 
as a probe, we found that the expression of COX-2 mRNA is elevated by 
37% (n=6, p<0.05 after Bonferroni's correction for multiple comparisons) in 
the CAЗ subdivison of the pyramidal layer of the hippocamapal formation of 
12 month old APP x PS1 mice compared to 6 month old mice; there was no 
difference between CAЗ COX-2 expression at 3 and 6 months of age. No 
changes in COX-2 mRNA expression were found in other subdivisions of the 
hippocampal formation, or in parietal cortex, at any age. These findings 
suggest that APPk670N m67И x PS1M146L mice may be a useful model to 
investigate the relationship between COX-2 induction, amyloid deposition, 
and other molecular changes associated with AD neuropathology. Support: 
AG 13799, AG 14239, AG05138 (pilot) to GMP.

286.16
CHOLINE ACETYLTRANSFERASE ACTIVITY IN DIFFERENT 
STRAINS OF MALE AND FEMALE MICE. Afif A. El-Assadi.* 
Mark Miller, and W.S. Messer. Jr.. Department of Medicinal & 
Biological Chemistry, College of Pharmacy, The University of 
Toledo, Toledo, OH 43606

Decreased levels of choline acetyltransferase activity represent one 
consistent neurochemical deficit associated with Alzheimer’s disease. 
Lower cholinergic function is associated with impaired cognitive and 
memory function in Alzheimer’s patients. Over the past few years, 
several animal models of Alzheimer’s disease have been developed, 
including transgenic mice expressing mutant forms of human amyloid 
precursor protein (APP).

In order to determine the effects of elevated APP levels on 
cholinergic systems, we first established baseline measurements of 
choline acetyltransferase activity in two strains of mice. Choline 
acetyltransferase activity was measured from mouse brain by 
assessing incorporation of [¾]acetyl-CoA into acetylcholine. The 
average Vmax values were higher in male C57B16 mice (23 ± 2.6 
nmol/mg protein/min) than in either female C57B16 mice (18 ± 3.9 
nmol/mg protein/min) or female B6/SJL mice (17 ± 2.5 nmol/mg 
protein/min). Km values also were higher in male mice.

The data suggest that the sex of the animals may be an important 
factor in evaluating the effects of mutant APP on choline 
acetyltransferase activity. These studies form the basis for further 
studies of transgenic mice expressing mutant APP, and assessing the 
role of the cholinergic system in learning and memory function.

This work was supported by NS 31173.
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287.1
INTERACTIONS OF AGING AND ESTROGEN IN THE 
RESPONSE TO ALZHEIMER’S-LIKE DEAFFERENTATION.
D.J. Stone*. I. Rozovskv. C.P. Anderson. T.E. Morgan. L.M. 
Lopez. M. Wei. Y. Song and C.E. Finch
Andrus Gerontology Center and Department of Biological Sciences, 
University of Southern California, Los Angeles, CA 90089 

The neurotrophic effects of estrogen are well documented both in 
vivo and in vitro. In response to entorhinal cortex lesioning (ECL), 
17 estradiol (E2) increases both dendritic outgrowth and synapse 
formation (Stone et al., 1998 J. Neurosci. 18:3180-3185.) This 
neurotrophic effect may be in part responsible for the protective effect 
of estrogen replacement therapy in Alzheimer’s disease; however, the 
majority of work on E2’s neurotrophic effects has been done in 
young animals. The inability of aged animals to respond to post 
OVX E2 with an LH surge suggests the loss of some aspects of the 
estrogen effect with age. This raises the question as to whether the 
neurotrophic response to E2 occurs in aged animals. Young (3 
month) and old (18 month) female Fisher 344 rats were 
ovariectomized (OVX), and given a unilateral ECL one week later. 
At the time of ECL, rats were either given E2 (in sesame oil vehicle) 
or sham implants. Rats were sacrificed at one or two weeks after 
ECL. In young rats, E2 caused a non-significant 35% increase in 
GFAP mRNA, whereas in old rats E2 caused a 50% increase in 
GFAP mRNA (p< 0.05). E2’s effect on synaptic remodeling in aged 
animals will be examined by following the astrocytic (apoE, apoJ) 
and neuronal (synaptophysin, MAP-2, GAP 43) responses. 
(Supported by AG05766-02 to D.J.S. and AG13499-01 to C.E.F.).

287.2
PROGESTERONE IN CONJUNCTION WITH ESTRADIOL HAS 
NEUROPROTECTIVE AND RESTORATIVE EFFECTS IN AN ANIMAL 
MODEL OF ALZHEIMER’S DISEASE, J.M, Vongher* and C.A. Frye. 
Neuroscience Program, Connecticut College, New London, CT 06320.

Restorative and neuroprotective effects of steroid hormones, estradiol 
(EB) and progesterone (P), were investigated in an animal model of 
Alzheimer’s disease (AD). Rats received EB, P, EB + P, or 
vehicle/cholesterol immediately after (Experiment 1) or prior to 
(Experiment 2) intrahippocampal colchicine infusions, which depletes 
endogenous acetylcholine. Intrahippocampal colchicine produced long 
latencies, distances, and wandering in the water maze in addition to 
hippocampal damage. Chronic administration of hormones, which 
produced circulating concentrations of hormones within physiological 
range, after colchicine did not affect water maze performance or 
ameliorate hippocampal damage compared to cholesterol control 
(Experiment 1). Chronic hormones differentially affected choline 
acetyltransferase (CҺAT) levels in the CA1 region of the hippocampus with 
EB + P > P or EB > cholesterol and had a tendency to affect neuronal 
integrity (Experiment 1). When acute EB (10 µg SC) + P (500 µg SC) was 
given prior to intrahippocampal colchicine latencies, distances, and 
wandering in the water maze were reduced, and neuronal survival increased 
in the CA1 region of the hippocampus compared to all other conditions 
(Experiment 2). Acutely administered hormones were in the physiological 
range, and EB + P increased CҺAT in the CA1 region compared to all 
other acute conditions. These findings suggest physiological 
concentrations of EB + P, when administered before hippocampal damage, 
may have neuroprotective actions by ameliorating hippocampal damage 
and possibly by enhancing CҺAT levels in the CA1 region .Funded by  
Whitehall (96-10) and Donaghue (96-01) Foundations, and NSF (9514463)

287.3
DIFFERENTIAL CHANGES IN HIPPOCAMPAL SYNAPTIC MARKERS FOLLOWING 
AFFERENT LESIONS. M.J. Ramirez. W.G. Honer1 and P.T. Francis*. Dementia Res. 
Lab., Div. Biochem., UMDS, London, UK.'Dept Psychiatry, UBC, Vancouver, Canada.

It has been demonstrated that cognitive impairment in Alzheimer’s disease (AD) is related 
to a substantial loss of nerve terminals and proteins associated with synapses. This decrease 
may be a primary pathological change or may simply accompany neuronal loss. To model 
this aspect of the neurodegeneration in AD, we have investigated the synaptic alteration in 
the rat hippocampus after the disruption of excitatory inputs to this cerebral region, which 
is considered to mimic the earliest stages o f AD. Entorhinal cortex and medial septum 
lesions in rats (n=4)were used to examine by immunohistochemistry the effects of removing 
glutamatergic and cholinergic innervation to the hippocampus on the distribution of three 
different synaptic proteins, SNAP-25, synaptophysin and syntaxin. Electrolytic lesions of 
the entorhinal cortex (ECL) were assessed by visual exammation of brain sections after Nissl 
staining. One week after intraparenchymal septal injections of the immunotoxin 192-IgG- 
saporin, ChAT-positive cells in the region were almost completely lost along with ACҺE 
fibre staining in the hippocampus.The highest levels of SNAP-25 staining were found in the 
stratum radiatum of the hippocampus, followed by st. oriens > inner molecular layer (IML) 
> hilus > st. luciens > outer molecular layer (OML) > st. lacunosum-moleculare. A different 
pattern o f expression was found with both synaptophysin and syntaxin, the st. luciens 
showing the strongest immunoreactivity, followed by the hilus > st. radiatum > oriens > 
OML > IML > st. lacunosum-moleculare. Three days after ECL, a significant increase in the 
syntaxin staining was noticeable in both the IML and OML, accompanied by a significant 
decrease in SNAP-25 staining in the hilus. One week after ECL lesion, staining for SNAP- 
25 was decreased in the OML. In saporin-lesioned animals, syntaxin staining in the st. 
luciens and SNAP-25 expression in the hilus and st. luciens were decresed three days and 
one week after the cholinergic lesion respectively. Synaptophysin levels, not modified after 
ECL, were decreased (hilus and IML) in the septal-lesioned animals. The present results 
indicate a preferential loss of SNAP-25 immunostaining after glutamatergic lesion, while 
a non-specific loss of all synaptic proteins studied was observed after the cholinergic lesion.

287.4
MEASUREMENT OF CERULOPLASMIN AND C3 IN BRAIN 
REGIONS FROM PERFUSED AND NONPERFUSED RATS. D. 
Lpeffler*, M . Linder. E. Harel, M. Paul and P. 
LeWitt. Clinical Neuroscience Program, Sinai 
Hospital, Detroit, MI 48235.

Proteins are frequently quantified in brain 
homogenates, which include blood vessels as well 
as brain parenchyma. This study examined the 
influence of cerebral vascular contents on 
measurement (by ELISA) of ceruloplasmin (CP) and 
complement factor 3 (C3) in rat brain homo
genates. Ventral midbrain, frontal cortex, 
striatum, and cerebellum were obtained after 
cardiac perfusion with PBS or sham perfusion. CP 
and C3 concentrations in perfused specimens were 
5.9% and 12.5% of those in unperfused specimens 
(means for all four regions). In perfused 
specimens, CP was greater in ventral midbrain 
than in other regions (p < 0.05), while no 
differences were present for C3. Conclusions： 

(1) protein measurements in brain homogenates 
may reflect cerebral vascular content, rather 
than brain parenchyma, for proteins present in 
peripheral blood; (2) elevated CP in ventral 
midbrain may reflect the increased oxidative 
stress reportedly present in substantia nigra. 
(Supported by National Parkinson Foundation.)
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287.5
IS SYNAPSE LOSS IN ALZHEIMER’S DISEASE RELATED TO OXIDATIVE 
STRESS? H.M Carman*. J.K. Hamrick. D.A.Price. S.W.Scħeff. Sanders-Brown 
Center on Aging, University of Kentucky, Lexington, KY 40536-0230.

Alzheimer’s disease is characterized by a progressive cognitive deterioration coupled 
with marked changes in personality. Many pathological changes such as neurofibrillary 
tangles and neuritic plaques are first encountered in the central areas of the limbic 
system before clinical symptoms appear. It is unknown which specific lesion or to what 
magnitude the disease process must attain before the intellectual decay reaches the 
clinically critical point. The major correlate of dementia severity is loss of synaptic 
density, which is reflective of a loss of synaptic plasticity. Very little is known about 
the cause of this synapse loss or the brain’s ability to replace lost synaptic contacts. 
Mounting evidence suggests that oxidative stress may be involved in mechanisms of 
neuronal degeneration. Moreover, the CNS is particularly prone to oxidative stress 
because of its high oxygen uptake, its relatively low levels of antioxidant defenses, and 
the high iron content of some brain regions. The present experiment was designed to 
further explore this relationship between synaptic density and oxidative stress.

Male SD rats, Зmonths of age were subjected to intraventricular injections of 
ethylcholine aziridinium (AF64A) to induce oxidative stress. Five days after the 
injections, the entorhinal cortex (EC) was ablated unilaterally and animals allowed to 
survive for 10 or 15 days. Control animals received either vehicle alone and an EC 
ablation or AF64A alone and no EC ablation. Removal of the EC partially denervates 
the ipsilateral hippocampus and has previously been demonstrated to elicit a 
compensatory synaptic replacement response. Modem stereological methodology is 
utilized employing the physical disector method, coupled with reference volume 
assessment, according to the Cavalieri principle. It is hypothesized that young adult 
rats with increased oxidative stress are impaired in initiating and maintaining a 
compensatory response following the EC lesion.
Supported by NIH AG 12986

287.7
SELECTIVE LESION OF THE CHOLINERGIC BASAL FOREBRAIN CAUSES A LOSS OF CORTICAL NEUROPEPTIDE Y AND SOMATOSTATIN NEURONS. Z.-J. 
Zhang*1, D.A. Lappi2, C.C. Wrenn1, T.A. Milner3 and R.G. W iley1. ‘Lab of 
Neurology, VAMC, Nashville, TN 37212; Advanced Targeting System, San 
Diego, CA 92191; 3Dept. of Neurology & Neuroscience, Cornell Univ.Med.CoII., 
New York, NY 10021

Degeneration o f the cholinergic basal ſorebrain (CBF) and changes in cortical 
neuropeptide levels have been reported in Alzheimer’s disease. In the present 
study, we sought to determine if a selective cholinergic lesion of CBF could affect 
the number and distribution of neuropeptide Y (NPY) and somatostatin (SS) 
immunoreactive neurons in the neocortex of rats. Brain sections were evaluated 
at survival times of 1, 2, 4, 8, 12, 24, 48, 78 and 100 weeks after selective CBF 
lesion using i.c.v. 192-saporin. Following the immunotoxin lesion o f the Nbm the 
number o f NPY-Iabeled neurons decreased 33% in the frontoparietal cortex and 
60% in the occipital cortex compared to age-matched normal controls at most 
survival time points. A significant loss o f SS-labeled neurons in both cortical 
regions was seen 12 weeks after 192-saporin injection with no further change up 
to 100 week survival time. The effect o f age on peptidergic populations was 
evaluated in normal control rats. The number o f NPY and SS immunoreactive 
neurons in normal aged rats (21-26 months) decreased by 42% in the 
frontoparietal cortex and 27% in the occipital cortex when compared with young 
(3-6 months) and middle-aged (9-14 months) rats. When both control and 
lesioned animals were pooled for linear regression, a significant correlation was 
found between the number o f cortical NPY- and SS-labeled neurons and cortical 
acetylcholinesterase (ACҺE) staining intensity. These findings indicate: 1) 
cholinergic denervation o f the Nbm is correlated with a decrease in neocortica! 
NPY and SS neurons analogous to that observed in Alzheimer’s disease and 
aging; 2) the degree of the loss of cortical NPY and SS neurons seems to be 
related to the extent of the reduction o f cortical ACҺE intensity in both toxin- 
injected and normal aged rats. These findings may reflect a trophic dependence 
of NPY and SS neurons on cholinergic input. Supported by VA Medical 
Research Service, NIMH and NIH.

287.9

THE DISTRIBUTION OF NEURODEGENERATЮN AFTER SODIUM AZIDE 
INHIBITION OF CYTOCHROME OXIDASE DOES NOT RESEMBLE THAT 
IN ALZHEIMER’S DISEASE. D.S. W olf* and J.T . G re e n a m y re . D epartm en t 
o f N eurology, Em ory U niversity , A tlan ta , G A  30322.

M etabolic dysfunc tion  has been im plicated  in n eu ro d eg en erativ e  
d iseases including  P a rk in so n ’s and A lzh e im er’s disease (AD ). Deficits in 
c y tochrom e oxidase (COX ), the term inal enzym e in the electron  transport 
chain, have been observed  in AD . T he ro le CO X  plays in the 
n eu rodegeneration  observed in A D  is unknow n. P revious studies rep o rted  
that chronic infusion o f 1 m g/kg/hr sodium  azide for 2 weeks in rats caused  
a 35 - 40%  decrease in CO X  activity and im paired  p erfo rm ance  on spatial 
m em ory tasks (B e n n e tt e t  al, J  G e r  P s y c h ia tr  & N e u ro l 5 :9 3 , Ì 9 9 2 ). Yet. the 
n eu ropa tho log ic  correlates o f  sodium  azide infusion  were not de te rm ined . 
Therefore , we investigated  w hether chronic  sodium  azide exposure  can cause 
neurodegeneration , p articu larly  in areas co m p ro m ised  in AD. Sodium  azide 
was adm inistered  to rats via a subcu taneous osm otic m ini-pum p at 1 
m g/kg/hr (n = 8), 0.5 m g/kg/hr (n = 3), o r 0  m g/kg/hr (contro l; n = 4) for 2 
w eeks. The high dose o f sodium  azide was lethal in 7 o f  8 subjects; the low 
dose caused  no lethality . M easurem ent o f  C O X  inhib ition  using optical 
densitom etry  o f h istochem ically  stained sections show ed an 80 - 99%  
decrease in the high dose anim als and a 20 - 70%  decrease in the low dose 
subjects. At both  doses, the striatum  had the greatest relative decrease in 
activity , the lateral o lfactory tract the least. S uccinate  d eh ydrogenase  activity 
was increased after both  sodium  azide doses by up to 25% , possibly as an 
attem pt at m etabolic  com pensation , but the striatum  show ed a 10 - 20%  
decrease in activity in rats receiv ing  the h igh dose. In these anim als, there 
was cell loss and intense H S P72 sta in ing  in striatum . O ther areas, in clud ing  
h ippocam pus, were spared. Thus, a lthough  inhib ition  o f CO X by sodium  
azide can cause selective neuro d eg en eratio n , the d istribu tion  o f p a th o lo g y  
does not appear to m atch that observed  in AD. (S u p p o r te d  b y  A G !  1 7 5 5  a n d  
A G 1 4 6 4 8 ) .

287.6
EFFECTS OF INTERLEUKIN-lß  AND QUISQUALIC ACID INJECTION INTO 
THE NUCLEUS BASALIS OF ADULT RATS ON iNOS AND COX-2 
EXPRESSION AND ON NEUROTRANSMITTER FUNCTIONS. IMPLICATION 
FOR ALZHEIMER DISEASE. F. Casamenti. C. Scali. C.Prosperi. G. Pepeu and 
MG.Giovannini *. Dept. Pharmacology, University o f Florence, Italy 
Alzheimer’s disease (AD) is characterized by loss of neurons and presence o f senile 
plaques and neurofibrillary tangles in specific regions o f the brain. Amyloid 
deposits in senile plaques are surrounded by reactive glial cells as well as by a large 
number of inflammatory proteins. Inflammatory processes are considered to play an 
important role in the disease progression. The present research was carried out with 
the aim of investigating the pathogenic role o f inflammation in the neuronal damage 
and neurotransmitter changes occurring in AD. Three groups o f experiments were 
performed: group 1: Interleukin-1 ß (IL-ß) (10 U/lµl), group 2: quisqualic acid 
(QUIS) (O.5µl of 0.12 M solution) and group 3: IL-ß (10 U /lµl) plus QUIS (O.5µl of 
0.12 M solution). A single injection of each substance was stereotaxically performed 
into the right nucleus basalis (NB) o f adult rats. IL-ß injection was followed by 
rapid activation o f both microglial cells and astrocytes. COX-2 immunoreactivity in 
the NB cells was present within 4-74 h after injection, while we observed iNOS 
positive cells 7 days after injection. Microdialysis investigations revealed a transient 
increase in reactive nitrogen intermediates, no changes in ACҺ release and a delayed 
increase in GABA release in the ipsilateral cortex. QUIS induced a significant 
reduction (-60%) in the number o f CҺAT-positive neurons in the NB and a 
significant 45% decrease in ACҺ release in the ipsilateral cortex at 7 days post
injection. Preliminary results from animals co-administered with IL-lß and QUIS 
demonstrate an intense widespread glia reaction and a strong expression of 
inflammatory markers. The eff~**\s on neurotransmitter changes are under 
investigation.
Supported by University of Florence.

287.8
DIFFERENTIAL SUBCELLULAR DISTRIBUTIONS OF ELECTRON 
TRANSPORT PROTEINS IN BRAIN: MITOCHONDRIAL
HETEROGENEITY? E.H. Pettus*. R. Betarbet. J. Lah & J.T. 
Greenamvre. Department of Neurology, Emory University. Atlanta, 
GA 30322

With the growing recognition that mitochondrial alterations may play 
a role in neurodegeneration, it is important to define the regional and 
subcellular distributions of OXPHOS (oxidative phosphorylation) 
enzymes. The current study focuses on the subcellular distributions of 
subunits of complex I (NADH:ubiquinone oxidoreductase) and 
complex ΓV (cytochrome c  oxidase) in the brain. Rat brains were 
homogenized and fractionated by differential gradient centrifugation. 
Fractions were assayed for protein concentration and prepared for gel 
electrophoresis and western blotting. Studies were conducted with a 
polyclonal antibody against ND1, a mitochondrially encoded complex I 
subunit ( P e t tu s  e t  a l ,  S o c . N e u r o s c ì .  A b s tr .  2 3 ,  1 9 9 7 )  and monoclonal 
antibodies against COl (a mitochondrially encoded complex IV 
subunit) and CO4 (a nuclear encoded complex IV subunit) ( M o le c u la r  
P r o b e s ) . Immunolabeling was detected by chemiluminescence. All 
three antibodies showed enriched labeling in the synaptosomal and 
mitochondrial fractions relative to the original homogenate. COl and 
CO4 antibodies labeled the mitochondrial fraction more intensely than 
the synaptosomal fractions, this difference being more pronounced for 
CO4. In contrast, ND1 appeared to be distributed equally evenly in the 
synaptosomal and mitochondrial fractions.

This evidence, together with immunocytochemical data, implies a 
variable stoichiometry of OXPHOS subunits in different cellular 
domains. ( S u p p o r te d  b y  A G 1 1 7 5 5  a n d  A G 1 4 6 4 8 )

287.10
Neurostrol , a potent anti-inflammatory drug to treat Alzheimer’s Disease 
Ç-Y⅛ o：Pełfrey*, R.Cacabelos§, A. Alvarez § and A.. C. Allison¥
Neurocal, Inc., Mountain View, CA*, Ěuroespes, Spain§ and Dawa, Inc., Belmont, 
CA¥
Neurostrol™, a plant-derived triterpene, was found to be a potent anti-inflammatory 
and antioxidant drug that also increases memory, learning, and psychomotor activities 
in animal models. Neurostrol™ is the most potent known small molecule inhibitor of 
the production of TNF-α (100-300 nM) and IL l-ß  (10-30 nM) by human monocytes 
and by human macrophages. In addition, Neurostrol™ was found to have powerful 
anti-inflammatory properties as potent as glucocorticoids without their side effects.
We have identified an additional mechanism by which Neurostrol™ exerts anti
inflammatory activity, by inhibiting NF-ĸB, a transcription factor implicated in 
cytokine-induced endothelial cell activation. Such endothelial cell activation includes 
the expression o f adhesion molecules, VCAM-1 and inducible nitric oxide synthetase 
(iNOS). We have found that Neurostrol™ at 20-200 nM concentration, in a similar 
manner, inhibits the expression of iNOS but not the function of the constitutive cNOS 
in rat macrophages stimulated with LPS. The IC5O was approximately 100 nM. This 
drug was effective when added before, after, or with the cytokines, TNF-α and γ 
interferon (IFNγ). Neurostrol™ was also found to be fifteen times more potent an 
antioxidant than α-tocopherol in preventing lipid oxidation. Neurosưol™ was also 
tested in behavioral studies in 3-month-old rats in the OUCEM-86 (Osaka University 
Computerized Electronic Maze) system and in a rota-rod apparatus. We have found 
that Neurostrol™ administered intraperitoneally to rats at 7 µg/kg statistically 
significantly improves memory, learning, and psychomotor activity. In summary, 
Neurostrol™ has a highly desirable drug profile in ưeating Alzheimer’s disease (AD) 
and related neurodegenerative disorders when die neurodegenerative conditions are 
mediated or amplified by an inflammatory process as shown in the case of AD.
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287.11
DIFFERENTIAL EFFECTS OF HUMAN APOLIPOPROTEIN E ISOFORMS ON 
SPATIAL LEARNING/MEMORY REVEALED IN Apoe KNOCKOUT MICE.
J. Rabeг*†Ĳ. D. Wong†, M. Buttim†Ĳ. M. Oгth⅜, S. Bellostaí, R.E. Pitaş‡^ R·W, 
Mahlevt¶^. and L. Mucke†∏. †Gladstone Molecular Neurobiology Program; 
‡Gladstone Institute of Cardiovascular Disease; Departments of ¶Medicine, 
IINeurology, and ^Pathology, University of California, San Francisco, CA 94141.

Apolipoprotein E (apoE) mediates the redistribution of lipids among cells and is 
expressed at highest levels in brain and liver. Human apoE exists in three major 
isoforms. Compared with apoEЗ, apoE4 increases the risk of cognitive impairments, 
lowers the age of onset of sporadic and familial Alzheimer’s disease (AD), and decreases 
the response to AD treatments. However, the effects of distinct human apoE isoforms 
on the brain remain to be defined. We have used the neuron-specific enolase (NSE) 
promoter to express human apoEЗ or apoE4 at similar levels in neurons of transgenic 
mice that lack endogenous mouse apoE (Apoe '̂~). NSE-apoE4 mice were significantly 
impaired in acquisition of a water maze task compared with both wildtype mice and 
Apoe~*~ littermate controls lacking human apoE expression. This indicates that the 
expression of apoE4 is worse than having no apoE at all, consistent with a pathogenic 
gain of function. In contrast, NSE-apoEЗ mice performed as well as or better than 
wildtype mice in the water maze task, suggesting that apoEЗ can more than adequately 
compensate for the lack of murine apoE in the brains of Apoe~'  ̄ mice. Compared with 
wildtype controls, NSE-apoE4 and Apoe '̂^ mice, but not NSE-apoEЗ mice, showed 
significant impairments in vertical exploratory behavior. All apoE4-induced behavioral 
deficits increased with age and were seen primarily in females. These findings 
demonstrate that distinct human apoE isoforms have differential effects on brain 
function in vivo and that age and gender influence the susceptibility to apoE4-induced 
functional CNS impairments. They also underline the need to consider APOE 
genotype-gender interactions in the design and assessment of AD treatments.

287.13
NEUROPROTECTIVE EFFECTS OF DEHYDROEVODIAMINE.HC1 ON 
NEURONAL DAMAGE AND COGNITIVE IMPAIRMENT IN ANIMAL 
MODELS OF DEMENTIA:ENTOŖHINAL CORTEX LESION AND FOCAL 
CEREBRAL ISCHEMIA. C.-H.Park*. Y.-J. Lee3. S.-H. L℮℮2Γ Y.-H. Suh' . 'Dept, 
o f Pharmacol., Coll, o f Medicine, Neuroscience Res. Inst., 2Dept. o f Neurosu 
rgery, Seoul National Univ., 3Dept. of Veterinary, Cheju National Univ., 28 
Youngon-dong, Chongno-gu 110-799, Seoul, Korea

Major causes o f dementia in adults are Alzheimer’s Disease and cerebral 
vascular disease induced by ischemia stroke. We investigated whether 
Dehydroevodiamine.HCl (DHED), a constituent o f Evodia Rutaecarpa, has 
favorable effects on neuronal damage and memory impairment in the rat model of 
two types associated with dementia that are unilateral electrolytic entorhinal 
cortex lesion and transient focal cerebral ischemia model. Repeated 
intraperitoneal administration o f DHED (6.25mg/kg) for 7 days once a day 
significantly reversed the cognitive impairment in a passive avoidance test.

Histological analysis also showed a decrease o f the neuronal loss in the 
hippocampus and dentate gyrus compared with non-treated group. And the infact 
size in left hemisphere at 6mm posterior to frontal pole where is most vulnerable 
region to MCA occlusion was markedly reduced in DHED treated groups.

We first reported that DHED has protective activities on the neuronal loss and 
behavioral deficits in rat models o f entorhinal cortex region and focal cerebral 
ischemia. In addition, we have previously identified that DHED has 
anticholinesterase and antiamnesic activities.

Therefore DHED might be used for the treatment of various dementia caused by 
Alzheimer disease along with ischemia stroke although further studies are 
remained to identify pharmacological mechanism o f DHED on dementia.

287.12
THOSE CONFOUNDED SPATIAL DEFICITS IN AGED RATS: AN 
ANALYSIS OF DEFICITS IN EPISODIC PLACE LEARNING AND 
HINDLIMB MOVEMENT IN AGED FISCHER 344 RATS. RHaun.1* 
M. BeИeгman.2 and I. Q. Whishaw.12 1NeuгoDetective Inc.; ⅛ ept. of 
Psychology, Univ, of Lethbridge, Lethbridge, Alberta, Canada T1K ЗM4.

Aging rodents display a wide range of disorders in cognitive and motor 
function, but the relationships among them are not well understood. In 
this study 6 mo. and 24 mo. old male Fischer 344 rats were given 
distributed and massed training on a swimming pool place task, a probe 
test and a matching-to-place test. In addition they were tested for eating 
ability, skilled reaching, walking and swimming patterns, righting ability, 
jumping ability and circadian activity. Compared to young rats the aged 
animals were impaired on both 1-trial/day and 8¯tria!s/day place-learning 
tasks and the impairment was much greater with massed training. The 
old rats did show evidence of learning these tasks in the probe trials, but 
despite some learning of this single-place task they showed no learning 
on the matching-to-p!ace task. On the motor tests, aged rats were 
unimpaired on an eating speed test, as well as on a гeachίng-for-food- 
test and a forequarter righting test, but they were impaired in hind-limb 
righting, axial righting, walking in a straight alley, paddling in water with 
the hindlimbs, and in jumping out of a box. In activity tests the old rats 
walked less, reared less, and groomed more. These data demonstrate 
that an unambiguous interpretation of place learning deficits in the 
watermaze by aged Fischer rats is confounded by a selective 
impairment in use of their hindlimbs, since spatial performance requires 
use of the hindlimbs. (Supported by NeuroDetective, Inc.)

TRAUMA: MEDIATORS I 

288.2288.1
LATERAL FLUID PERCUSSION BRAIN INJURY ALTERS trkB AND 
trkC mRNA LEVELS IN RAT HIPPOCAMPUS. R.R. Hicks'*.L. Zhang2. 
H.S. Dhillon3. M,R. Prasad3. K.B. Seroogy2. 'Division of Physical Therapy, 
department of Anatomy and Neurobiology, department of Surgery, 
University of Kentucky, Lexington, KY 40536.

We have previously described alterations in brain-derived neurotrophic 
factor (BNDF) and neurotrophin-3 (NT-3) mRNA levels in the hippocampus 
following lateral fluid percussion brain injury (FP) in rats. To further 
investigate the role of neurotrophin signaling mechanisms following 
experimental brain trauma, we now describe alterations in the mRNA levels 
of their high-affinity receptors, trkB and trkC, respectively. Following a FP 
injury of moderate severity (2.0 atm), trkB and trkC mRNA expression was 
examined in rat hippocampus using in situ hybridization with survival 
periods of lh, Зh, 6h, 24h, or 72h (n=4/group) and compared to sham injured 
controls at equivalent time points (n=3/group). Hybridization for trkB 
mRNA was significantly increased between 3 and 6 h, and trkC mRNA was 
significantly decreased at 24 h bilaterally in the granule cells of the dentate 
gyrus following FP injury. No time-dependent alterations were observed in 
hippocampal subfields CA1 and CAЗ for either of the two neurotrophin 
receptor mRNAs. These data 1) demonstrate that FP injury differentially 
modulates expression of trkB and trkC mRNAs in the hippocampus; 2) 
complement our previous studies that have shown similar alterations in 
BDNF and NT-3 mRNAs in this same region of the hippocampal formation; 
and 3) support a role for BDNF/trkB signaling mechanisms in secondary 
events associated with traumatic brain injury. (Supported by DOD grant 
DAMD17-97-1-7011 and NIH grants NS35164 and NS34264).

S Y N E R G IS T IC  EFFEC TS O F HIGH EXTRACELLULAR 
PO TAS SIU M  C O N C E N T R A T IO N S  AND HYPO XIA O N  
N E U R O A C TIVE AM IN O  AC ID S IN H IPPO C AM PU S. Y. M atsushita 
K. Shima*, H Katoh and H. Nawashiro. Dept, of Neurosurgery, National 
Defense Medical College, Tokorozawa, Saitama 359-8513

O ur previous stud ies have dem onstrated excessive release of 
excitatory (EAAs) and inhibitory am ino acids (lAAs) induced by closed 
concussive brain in jury fo llowed by transient hypoxia, which m ay 
induce uncoord inated up- and down-regulation of those receptors (Katoh 
et at., 1997, Brain Res, 758, 153). In the present studies, we have 
examined the synerg istic effects of the high extracellular K+ 
concentrations and hypoxia  on neuroacitve EAAs and lAAs in 
hippocam pus. To determ ine the extracellular levels of glutamate (GLU), 
taurine, g lycine and G ABA using in v ivo  microdialysis technique, male 
S p rague-D aw ley rats were implanted w ith the dia lysis probe into the 
bilateral hippocam pus. The d ia lysate sam ples were collected every 10 
min until 1 h after moderate hypoxia  for 30 min. The high K+ 
concentrations at 40 mM and 150 mM were applied. O ne dialysis probe 
was perfused w ith Krebs solution and the other was with high K+ 
solution. The GLU levels was significantly increased at 40 mM K+, but 
did not differ s ignificantly at 150 mM. After hypoxic insult, increases in 
GLU concentrations were sustained at 150 mM K+, but did not produce 
significant changes in 40 mM K + and control groups. This s tu d y  
suggests tha t; when hypoxia is superim posed upon extracellular high 
K+, a prolonged increase in EAAs m ay contribute to increase the 
selective vu lnerab ility  of h ippocam pus.
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288.3
TISSUE FACTOR AND TISSUE FACTOR PATHWAY INHIBITOR IN THE 
CEREBROSPINAL FLUID. A Kudo. M Suzuki*. Y Kưbo. K Yoshida. Y 
Otawara. T Suzuki. M Doi. K Kuroda. A Oαawa. Dept, of Neurosurgery, 
Iwate Medical Univ. Morioka 020-8505 Japan 

Hemostasis in the brain is ot great importance because successive 
bleeding results in intracranial hypertension and death. Enormous 
production of thrombin occurs in the cerebrospinal fluid (CSF) following 
subarachnoid hemorrhage (SAH). Tissue factor (TF) are expressed in 
astrocytes and arachnoid cells whereas tissue factor pathway inhibitor 
(TFPI), which suppresses the extrinsic pathway, occurs in only a small 
number of microglia of the brain. These observations suggested to us that 
the brain is protected against bleeding by continuous readiness for 
activation of the extrinsic pathway of blood coagulation, that is by an 
imbalance between the levels of TF and TFPI. Therefore, we analyzed the 
levels of TF, TFPI and thrombin generation in the CSF of 36 patients with 
SAH and 17 control subjects. The levels of TF in the CSF of control 
subjects and patients with SAH were not significantly different, but both 
were much higher than the 95% reliable range of normal blood. TFPI was 
undetectable (below 10 ng/ml) in both patients and controls. Thrombin 
generation, assayed as thrombin-antithrombin III complex, in the CSF of 
control subjects was almost the same level as in normal blood, but that in 
the CSF of patients with SAH was extremely high. These results suggest 
that the imbalance between TF and TFPI may be present even under 
normal physiological conditions. These characteristic features indicate a 
continuous imbalance toward activation in the control of the extrinsic 
pathway, which would tend to protect the brain against potential bleeding.

288.5
INFUSION OF [13C7] QUINOLINIC ACID IN THE SPINAL CORD 
TO EXAM INE EFFECTS ON ENDOGENOUS QUINOLINATE 
SYNTHESIS. J. R. Yates* L A. R. B lig h t1 and M. P. Heves 2. 1 Div. 
of Neurosurgery, Univ. N. Carolina, Chapel Hill, NC 27599, and 2 
Lab. of Neurotoxicology, NIMH, Bethesđa, MD 20892.

Synthesis by activated macrophages of high concentrations of 
quinolinic acid (QUIN), a neurotoxic metabolite of tryptophan, has been 
implicated in a range of inflammatory neurological conditions. Local 
tissue concentrations of QUIN rise by two orders of magnitude in the 
spinal cord of guinea pigs following compression injury, coincident 
with onset of secondary functional deficits. To examine the possibility 
that extracellular QUIN may itself, through positive feedback, contribute 
to the inflammatory response, exogenous [13C7] QUIN was infused 
into the thoracic spinal cord parenchyma of adult guinea pigs for 7 days, 
using an Alzet 2001 osmotic pump connected by vinyl tube to a ЗЗG 
stainless catheter, delivering, at a rate of lµL/hr, a 125 mM solution of 
either [13C7] QUIN or, as a control, the structurally similar nicotinic 
acid. Infusion of [13C 7] QUIN was associated with some delayed 
behavioral deficits, similar to, but less severe than, those following 
compression injury. Infusion of both QUIN and nicotinic acid resulted 
in variable inflammatory lesions of the spinal cord. Exogenous [13C7] 
QUIN and endogenous QUIN levels in the tissue at 7 days following 
the start of infusion, were measured by GC-MS. Similar elevations of 
endogenous QUIN at the infusion site occurred following QUIN and 
nicotinic acid infusions. These data suggest exogenous extracellular 
QUIN itself does not contribute significantly to further macrophage 
activation, as measured by additional QUIN synthesis. Supported by 
the SCRF/PVA, the APA , and grant NS 33687 from NIH-NINDS.

288.7
L A T E R A L  F L U ID  P E R C U S S IO N  IN J U R Y  IN  T H E  D E V E L O P IN G  
R A T : N O  E V ID E N C E  F O R  A N  E N D U R IN G  C A L C IU M
A C C U M U L A T IO N  M,.L ,P rìn s  », Ç. Osteen, Ą,⅛  MooreanJ D A , Jjovda. 
Molecular and Medical Pharmacology and Division of Neurosurgery, UCLA Sch. of 
Med., Los Angeles, CA 90095-7039.

Calcium flux has long been considered to contribute to cellular pathophysiology 
following central nervous system injury. Previous work from our laboratory has 
demonstrated that ^calcium  (45Ca++) accumulates diffusely for as long as 48 hours 
following a lateral fluid percussion (FP) injury in adult rats.1 To determine the 
timecourse of 45Ca++ accumulation after FP injury in the developing rat, 9 postnatal 
day 17 (PI 7) and 9 P28 Sprague Dawley rats were anesthetized and a moderate (2.65- 
2.75 atm) lateral FP injury was delivered. Twenty-four, 48, and 96 hours after the 
insult 45Ca++ autoradiography (lµCi/gm, i.v.) was conducted. Five hours after 
isotope injection, animals were sacrificed and coronal sections (2Oµm) were obtained 
and exposed to film. Optical densities were obtained and a percentage difference 
relative to the contralateral side was determined for the cortex and hippocampus (-3.8 
bregma). The present results demonstrate little evidence of 45Ca++ accumulation in 
the ipsilateral cortex in both P17 and P28 rats at 24,48 and 96 hours, respectively 
(P17: 3.6%±O.З, 8.6%±l.O, 4.83% and P28: 6 .7% ±l.5, 8.3±l.O, -O.2±O.8). Nor 
was there any pronounced 45〇 a++ accumulation in the ipsilateral hippocampus in 
either P17 or P28 rats at these timepoints (P17: 4.l%±O.6, 2.7%±O.8, 4.0% and 
P28: -0.1% ±2.5, 2.7% ±l.2, l.2%±O.9). The evidence that 4^Ca++ does not 
accumulate following injury supports our previous work indicating that FP early in 
life does not produce enduring neurochemical/metabolic cascade compared to adults, 
resulting in faster recovery/sparing.2

1. Fineman, I., et al., Brain Research, 1993, 624 (94-102).
2. Prins, M., et al„ Journal Cerebral Blood Flow and Metabolism Abstract, 1997.
Supported by : NS27544, NSЗOЗO8, Lind Lawrence Foundation

288.4
METHYLPREDNISOLONE REDUCES FUNCΉONAL DEFICITS IN 
SPINAL CORD INJURY, BUT DOES NOT AFFECT QUINOLINATE 
LEVELS. E,G, A rrington1, J.R. Y ates1, A.R. B light*1 and M.P, 
H eves1 2 *. 1 Div. of Neurosurgery, Univ. N. Carolina, Chapel Hill, NC 
27599; 2 Lab. of Neurotoxicology, NIMH, Bethesđa, MD 20892.

Studies in a guinea pig model of spinal cord injury have implicated 
inflammatory responses, particularly synthesis of quinolinic acid (QUIN) 
by activated macrophages in secondary loss of function and tissue 
damage. We examined whether the corticosteroid, methyl-prednisolone 
sodium succinate (MP) which has been shown to improve outcome in 
human spinal injury, would do so in this animal model, and whether it 
might act by reducing macrophage invasion and local synthesis of 
QUIN. Adult guinea pigs, anesthetized with ketamine/ xylazine/ 
acepromazine, were injured by lateral compression of the T12 spinal cord 
to 1.2mm over a 5mm length, as described previously. Their behavior 
and somatosensory evoked potentials (SEP) were monitored at intervals 
for 12 days. MP (30 or 60 mg/kg) or an equivalent volume of vehicle 
solution was injected IP at 30 min. post injury, then (15 or 30 mg/kg, 
respectively) at 2, 4 and 6 hrs. Tissue samples were collected at 12 days 
for analysis of QUIN by GC-MS. Both dose regimens of MP attenuated 
secondary functional deficits and the gradual reduction of SEP 
amplitude. The usual elevation of tissue QUIN at the injury site was not 
affected by MP treatment. These data suggest that MP acts to block 
secondary deficits by a mechanism different from that associated with 
previous interventions that reduce QUIN accumulation (silica or 4- 
chloro, 3-hydroxy-anthranilate). M acrophage activation may not be 
affected by MP at these dose regimens. Supported by the
SCRF/PVA, the APA, and grant NS 33687 from NIH-NINDS.

288.6
EFFECTS OF DEVELOPMENTAL REARING CONDITIONS ON TRAUMATIC 
BRAIN INJURY. B.V. Nahed. D.A. Kozlowski. S.M. Lee* and D.A. Hovda. Div. of 
Neurosurgery, Mol. & Med. Pharmacology and Brain Injury Research Center, UCLA 
School of Medicine, Los Angeles, CA 90095

Previous studies have shown that rats housed in an Enriched Environment (EE) 
develop thicker cortices, specifically increasing the number of synapses, blood vessels, 
and glial cells. This study tested the effects of traumatic brain injury (TBI) on adult 
rats that were developmental^ reared in an EE and compared to age-matched conưols 
reared in standard vivarium conditions (CO).

Nine male Sprague-Dawley rats at postnatal day 21 (P2l) were housed in an EE 
consisting of a two-story cage filled with various objects that provided motor, 
olfactory, tactile and visual stimulation. After 17 days (P38), the rats were removed 
from the EE and placed in standard vivarium conditions. At P89 (350-400 g), both EE 
and CO groups were injured under anesthesia using a mild controlled cortical impact 
(1.7 m/s). Immediately after injury, were tested for motor deficits using foot fault and 
limb preference tests. Six weeks after CCI injury, both groups were processed for 
H&E and analyzed for lesion volume and cortical thickness. Analysis o f the percent of 
contralateral foot faults indicated that EE animals initially performed more poorly than 
controls, but recovered faster to pre-injury baseline levels (12 vs. 23 days, 
respectively). However, there was no significant difference in limb preference between 
the EE and CO groups. Histological analysis demonstrated a 44.4% increase in lesion 
volume for die EE group when compared to controls (p < 0.02, Student’s t-test). The 
EE group had thicker cortices than the CO group in both the parietal and occipital 
areas (8.0%, p < 0.04 and 10.93%, p < 0.002, respectively). These findings show that 
TBI in enriched animals results in more marked neurodegeneration and acute behavioral 
dysfunction, but these enriched animals may maintain a higher capacity for normal 
recovery, (supported by NIH grants NSЗOЗO8 and NS27544, Lind Lawrence 
Foundation and MacDonald Family Foundation)

288.8
UPREGULATION OF BASIC FIBROBLAST GROWTH FACTOR 
EXPRESSION DURING THE CRITICAL PERIOD FOLLOWING  
ANTEROM EDIAL CORTEX LESIONS.
K.A. Buytaert *, A.E. Kline, S. M ontanez, E.L. Likler, V. Bow ie and
T.D. Ңernandez. Behavioral Neuroscience Program, Department o f  
Psychology, University o f  Colorado, Boulder, CO, 80309-0345.

Basic fibroblast growth factor (bFGF) is a polypeptide with known  
trophic effects in the mammalian brain and has been shown to be  
increased follow ing a variety o f  CNS insults. Follow ing anteromedial 
cortex (AM C) lesions, there is a critical period o f  12 hours to 6 days 
during which the recovery process is vulnerable to manipulation. We 
were interested in determining the pattern o f bFGF expression during  
the post-lesion critical period. Follow ing unilateral AMC lesions, 
somatosensory deficits were assessed with the bilateral tactile stimulation 
tests in male Long-Evans rats. Anim als were then prepared for 
imm unohistochem istry during (12, 24 & 48 hours and postoperative 
days 4 & 6), as well as after (8 , 14, 19 and 28 days) the critical period. 
We found a time dependent increase in bFGF expression within the 
critical period that also correlated with behavioral recovery patterns. 
Thus, the pattern o f  bFGF-positive astrocyte expression during the 
critical period follow ing AM C lesions appears to contribute to the 
process o f  functional recovery.

Supported by NINDS Grant N S -30595, the Alfred P. Sloan  
Foundation (TDH), Hoechst Marion Roussel and the Howard Hughes 
Undergraduate Research Initiative (ELL,VB).
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288.9
NEURAL MECHANISMS UNDERLYING THE EFFECTS OF 
KINDLING AND PHENOBARBITAL IN THE RECOVERING BRAIN. 
S Montanez *, A·E· Kline, J.C. Suozzi, S E. Butler, C.J. Millar,
K.A. Buytaert, and T.Ď. Hernandez. Behavioral Neuroscience Program, 
Department of Psychology, LJniversity of Colorado, Boulder, CO 80309.

Amygdala kindled seizures have contrasting effects on functional 
recovery when evoked during the 6 day post-lesion critical period. 
Specifically, subconvulsive seizures (Stage 0) have no impact on 
recovery, while convulsive seizures (Stage 1) impede recovery as does 
the coupling of phenobarbitał (PHB) with Stage 0 seizures. We sought 
to determine the neural mechanisms underlying these behavioral effects. 
To this end, we assessed neural atrophy and basic fibroblast growth 
factor (bFGF) immunoreactivity in the striatum ipsilateral to 
anteromedial cortex (AMC) lesion in the following groups: Stage 0, 
Stage 1, and PHB+Stage 0. Male Long-Evans rats sustained AMC 
lesions and were implanted with stimulating electrodes in the ipsilateral 
amygdala. Animals experienced Stage 0, Stage 1 or PHB+Stage 0 
seizures during the post-lesion critical period and behavioral recovery 
was assessed. Histological analysis of striatal atrophy did not correlate 
with altered functional recovery patterns, while bFGF expression did. 
Specifically, bFGF-positive astrocytes were decreased in the Stage 1 and 
PHB+Stage 0 seizures groups relative to animals having Stage 0 seizure 
activity or lesion alone. These data suggest that striatal atrophy may not 
be modulated by kindled seizures, but bFGF expression is modulated in 
a manner consistent with recovery patterns.

Supported by NINDS Grant NS-30595, the Alfred P. Sloan 
Foundation (TDH), Hoechst Marion Roussel, and the Howard Hughes 
Undergraduate Research Initiative (JCS, SEB, CJM).

288.11
EX PR E SSIO N  OF G LU C O C O R T IC O ID  R E C E PT O R  FO L LO W IN G  SPINAL  
CO R D  IN JU R Y . P. Yan h O unL i1-2. C.Y. H su2. J. X u2. S.W. Chen2, and X.M. Xu1*. 
‘Depts. Anat. & Neurobiol., St. Louis Univ. Sch. of Med., St. Louis, MO 63 104;2Center for 
the Study of Nervous System Injury and Dept. Neurol., Washington Univ. Sch. of Med., St. 
Louis, MO 63110.

It has been demonstrated that methylprednisolone (MP), a glucocorticoid, given within 8 
hrs after the initial trauma, can significantly improve neurological function following spinal 
cord in jury (SCI). The neuroprotective effects of MP on SCI may be associated with its anti
lipid peroxidation and anti-inflammation functions. Although the glucocorticoid receptor 
(GR) has been suggested to mediate the action of MP, limited knowledge is available about 
its role in modulating the pathological processes of SCI and in mediating the action of MP. 
Presently, we tested whether GR expression was increased after SCI and, if so, what was the 
time course for that expression. We further identified cell types that were induced to express 
GR using immuno-electron microscopy (immuno-EM). Thirty-six adult Long Evans female 
rats received spinal cord impact injuries at the T9 vertebral level by dropping a 10-gm rod 
at a height of 12.5mm using a weight drop device developed at New York University. The 
rats were killed at l5min, 4h, 8h, Id, 3d, 7d, l4d, 28d post-injury (n=4 for each group). 
Sham-operated rats (n=4), receiving laminectomy only, served as controls. We demonstrated 
that there was a GR baseline expression in the spinal cord of sham-operated controls, 
evidenced by both immunocytochemistiy and western blot assays. GR expression was 
increased as early as 15min post-injury, reached its peak at 4 and 8hs, and declined sharply 
at Id. By 14 and 28 ds, the expression of GR returned to its baseline level. During its peak 
expression, the GR was most intensely labeled close to the site of injury and decreased 
gradually up to 5-7 mm rostrally and caudally. GR immuno-positive cells include neurons, 
astrocytes and oligodendrocytes, identified by immuno-EM. We conclude that GR expression 
is significantly increased following SCI and that the time window for its expression is 
correlated to the therapeutic time window for MP. (Supported by NШ NS3723O, Paralyzed 
Veterans of America’s Spinal Cord Research Foundation and The Daniel Heumann Fund for 
Spinal Cord Research).

288.13
C E L LU LA R  C O M PA R T M E N T A L ĬZ A T IO N  OF THE IN D U C IBL E  N ITR IC  
O X ID E  SY N T H A SE  (İNOS) m R N A  FO L LO W IN G  T R A U M A T IC  BR A IN  
INJU R Y  (TBI). T. Petrov*. C. Owen. J.A. Rafols, Dept. Of Anatomy and Cell Biology, 
Wayne State Univ. Sch. of Med., Detroit, MI 4821.

Nitric oxide (NO) is present in the intact CNS, but its increased release is thought to be 
involved in a cascade of events that have toxic effect on CNS neurons. Several enzymes 
are involved in its synthesis, but ǐNOS is activated only after brain injury and contributes 
to excessive NO synthesis.

We utilized Marmarou’s acceleration TBI model (impact to the skull with 4OOg from 
2m) to study the expression of the gene that encodes for the synthesis of iNOS. Brain 
tissue was prepared for detection of iNOS expression with in situ hybridization using 
oligoprobes which were visualized autoradiographically. Four hours following TBI we 
observed expression of iNOS in endothelial cells in cortical blood vessels. Macrophage
like cells also displayed a strong labeling and were observed in blood vessels and in the 
surrounding neuropil. In addition, strong expression of iNOS was detected in many 
cortical neurons, primarily in the superficial layers. Expression of this gene was also 
observed in hippocampal neurons, mainly in CAЗ, the hilus and in intemeurons. Neuronal 
iNOS expression was reduced by approximately 50% 24h after TBI.

The results suggest a complex interaction between different cellular types for NO 
synthesis (and release) following TBI. It is likely that after the primary impact iNOS 
upregulation in endothelial cells leads to generation of free radicals in these cells which 
ultimately could result in lipid peroxidation in their membranes and disruption o f the 
blood- brain barrier. As a consequence facilitated macrophage (iNOS- positive) invasion 
would contribute to the initial release of NO in the neuropil. The early upregulation of the 
iNOS gene in some neurons may be related to noxious effects of NO in neighboring cells. 
The persistent expression of iNOS in neurons 24h following the trauma may account for 
the secondary effects of CNS neuronal injury.

Supported by the Detroit Neurotrauma Center at Wayne State University.

288.10
ELECTRICAL KINDLING AFTER BRAIN DAMAGE: IMPACT OF 
SEIZURE FOCUS ON FUNCTIONAL RECOVERY. A.E. Kline*,
S. Montaŭez, C.J. Millar, H.A. Bradley, S.E. Butler, J.C. Suozzi, and
T. D Hernandez. Behavioral Neuroscience Program, Department of 
Psychology, University of Colorado, Boulder, CO 80309-0345.

We have previously shown that convulsive seizures (Stage 1) evoked 
ipsilateral to an anteromedial cortex lesion during, but not after, the 
6 day post-lesion critical period impede functional recovery (Hernandez 
& Warner, 1995). The specific aims of this study were to determine if 
Stage 1 kindled seizures similarly disrupt recovery when elicited in the 
hemisphere c o n tr a la te r a l to lesion, and to examine potential neural 
mechanisms underlying the differential effects of seizures. Male Long- 
Evans rats sustained cortex damage and were implanted with stimulating 
electrodes in the contralateral o r  ipsilateral amygdala. Stage 0 & Stage 1 
kindled seizure groups were compared to Nonkindled controls. 
Functional recovery was assessed via the bilateral tactile stimulation tests 
beginning 48 hrs after surgery (preceding kindling). We found that 
while Stage 1 seizures initiated ipsilateral to cortex lesion hindered 
recovery, Stage 1 seizures initiated c o n tr a la te r a l had no impact. 
Comparison of cumulative afterdischarge could not be responsible for 
this outcome since both the Stage 0 and Stage 1 groups were 
comparable on this measure. Lesion-induced striatal degeneration could 
also not account for differences in recovery patterns. The data suggest 
the detrimental effects of Stage 1 kindled seizures are hemisphere- 
dependent. Investigation of other neural mechanisms may provide 
additional insight regarding the functional impact of kindled seizures.

Supported by NINDS Grant NS-30595, CRCW, the Alfred P. Sloan 
Foundation (TDH), Howard Hughes Undergraduate Research Initiative 
(CJM, SEB, JCS) and an APA Neuroscience Fellowship (AEK).

288.12
E X P R E SSIO N  OF T U M O R  N E C R O SIS FA C TO R  R E C E PT O R  (TN F-R ) AND  
N U C L E A R  FA C TO R  K A PPA  B (N F-ĸB) IN  A D U L T  RA TS FO LLO W IN G  
TRAUM ATIC SPINAL CORD INJURY. Oun Li ‘•Ч  P. Yan *. C.Y. Hsu \  J. Xu \  Y.
H e2. and X.M. Xu *. 'Depts. Anat. & Neurobiol., St. Louis Univ. Sch. of Med., St. Louis, 
MO 63Ю4;Чľenterforthe Study of Nervous System Injuiy and Dept. Neurol., Washington 
Univ. Sch. of Med., St. Louis, MO 63110.

Post-traumatic inflammation has been suggested to contribute to the secondary tissue 
damage after spinal cord injury (SCI). TNF-α is a key inflammatory mediator which is 
expressed following SCI. The effect of TNF-α is suggested to be mediated through its 
receptor TNF-R and, in turn, the activation of a pro-inflammatory transcription factor NF- 
kB. In the present study, we tested if TNF-R and NF-ĸB were expressed after SCI and, if 
so, the time course for each expression. Adult Long Evans rats received a spinal cord 
impact injury at the T9 vertebral level by dropping a 10-gm rod at a height of 12.5mm 
using a New York University device. The rats were killed at l5min, 4h, 8h, Id, 3d, 7d, 
l4d, and 28d post-injury (n=4 per group). Sham-operated rats (n=4) receiving only a 
laminectomy were used as controls. We demonstrated that, in sham-opeгates, no TNF-R 
immuno-reactivity was observed. TNF-R immunoreactivity was detected as early as l5min 
post-injury, reached its peak at 4 and 8hs, and declined sharply at Id. By day 3, a moderate 
increase in TNF-R expression was found, forming a second peak. The TNF-R labeling 
decreased again at 7d and returned to the control level at 14 and 28ds. During its 
expression, TNF-R staining was most intense at the site close to the lesion and decreased 
distally. TNF-R positive cells included neurons, astrocytes and oligodendrocytes. In 
contrast to the TNF-R expression, no prominant peak expression of NF-ĸB was found. NF- 
ƙB positive cells were mainly glial cells in the white matter and were always associated 
with tissue damage. We conclude that both TNF-R and NF-ĸB are expressed after SCI and 
that the expression pattern for each is somewhat different. Their expresions, along with the 
expression of TNF-α, may contribute in part to the secondary damage after SCI (Supported 
by NIH NS3723O, Paralyzed Veterans of America and The Daniel Heumann Fund for 
Spinal Cord Research).

288.14
DELAYED INCREASES IN GLUCOSE UTILIZATION FOLLOWING CORTICAL 
IMPACT INJURY. A. Samii. S.M. Lee. D.A. Hovda*. Neurosurgery, Mol. & Med. 
Pharm. and Brain Injury Res. Center, UCLA Sch. of Med., Los Angeles, CA 90095 .

Previous studies have demonsưated an immediate increase in cortical glucose uptake 
following a traumatic brain injury, which was followed by a chronic metabolic 
depression. This study investigated the presence of increased cortical [14C]2-deoxy-D- 
glucose (2DG) uptake at delayed time points (2-8h) following a unilateral cortical 
contusion. Twenty-seven Sprague-Dawley rats (250-350g) were injured under 
anesthesia over the left parietal cortex using a mild controlled cortical impact (1.7 m/s; 
2mm depth). At 2 ,4  and 8h after injury, all cases were injected with 2DG (~4O µCi, 
i.p.), sacrificed after 45 min and processed for autoradiography and H&E-staining. The 
contusion core and penumbra were compared to the contralateral homotopic cortex and 
summarized below. Number of cases (and frequency) of increased, normal and decreased 
2DG uptake are indicated for each time point.

Postin iurv Im∏acted Increased Normal Decreased
2h (n=9) core

penumbra
7 (78%) 
2 (22%)

2 (22%) 
3 (33%)

0 (0%) 
4 (44%)

4h (n=9) core
penumbra

7 (78%) 
3 (33%)

2 (22%) 
2 (22%)

0 (0%) 
3 (44%)

8h (n=9) core
penumbra

2 (22%) 
0 (0%)

5 (55%) 
0 (0%)

3 (33%) 
9 (100%)

The average increases in 2DG uptake in the contusion core were 29 .l±  10.1% at 
2h, 22.l±5.5%  at 4h, and l2.4±3.6%  at 8h. During the first 4 h, 94% of all cases 
showed focal areas of intense metabolic activity (40-67% increase), which decreased in 
frequency to 55% at 8h post-injury. These focal “hot spots” were typically found 
within the contusion core. These results demonstrate that delayed cortical increase in 
2DG uptake is a prevalent finding within the injured hemisphere, but markedly 
decreases in frequency at 8 h post-injury, (supported by NIH grants NSЗOЗO8 and 
NS27544, Lind Lawrence Foundation and MacDonald Family Foundation)
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288.15
EXPERIMENTAL SUBARACHNOID HEMORRHAGE INDUCES TIME 
DEPENDENT CHANGES IN CYOCHROME OXIDASE ACTIVITY AND 
GLUCOSE UTILIZATION OF RAT BRAIN. T.C. Glenn*. A.B. Patel. D.A. Hovda.
N.A. Martin. Div. Neurosurgery, Univ, of California, Los Angeles, CA 90095-7039.

Experimental traumatic brain injury (TBI) induces an acute increase in glucose 
utilization that is followed by a period o f hypometabolism. Furthermore, oxidative 
metabolism capacity, as measured by cytochrome oxidase histochemistry (CO), is 
depressed for an extended period post-TBI. This study describes the time course of 
oxidative and glucose metabolism changes following experimental subarachnoid 
hemorrhage (SAH), a frequent complication o f TBI in humans. Rats (Sprague- 
Dawley, 300-350 g) were divided into two groups, Sham and SAH which are injected 
with 0.3 ml o f autologous blood via the cistern magna. Animals were sacrificed at 1, 3, 
and 7 days and brains were sectioned and analyzed in 24 specific regions o f interest 
(ROI) for cerebral oxidative and glucose metabolism by CO and [14C]-2-deoxy-D- 
glucose autoradiography (2DG), respectively. The ROI were: frontal, parietal, 
temporal, occipital, cortices; caudate; septum; amygdala; CA1 and CAЗ hippocampi; 
anterior, ventral, dorsalmedial, thalami; globus pallidus; corpus callosum; anterior 
corpus callosum; inferior and superior colliculi; hypothalamus; cerebellar cortex; locus 
cerulus; medial geniculate; dorsal raphe; red nucleus; substantia nigra. Day 1 SAH 
brains (nf=3) showed no significant change in CO compared with Sham (n=4, 
ANOVA, Tukey’s post hoc); however, 2DG was significantly increased 13 ROI 
(p<0.05, range 11-24% increase vs. Sham). Day 3 SAH brains (n=3) exhibited a 
significant increase in CO in 11 ROI compared with Sham (p<0.05, range 4-9% 
increase vs. Sham); however, 2DG was not significantly different from Sham 
(P>0.05). Conversely, Day 7 (n=3) showed a decrease in CO in 11 ROI compared with 
Sham (range 3-11% decrease vs. Sham). These data show that dynamic changes occur 
in both oxidative and glucose metabolism following SAH. In conclusion, the fact that 
experimental SAH alone can significantly influence cerebral metabolism underscores 
its role as a potential mediator o f the metabolic disturbances associated with TBI. 
Support: MacDonald Family Foundation a n d  NSЗOЗO8

288.16
CYTOCHROME C OXIDASE II IN TRAUMA: AN INDEX OF 
METABOLIC DYSFUNCTION AND RECOVERY MECHANISMS.
L.K. Harris. K.M. Golden. T. M.Reeves. J.T. Povlishock and L.L.Phillips* . 
Department of Anatomy and Division of Neurosurgery, Medical College of 
Virginia/Virginia Commonwealth University, Richmond, VA 23298 USA

Traumatic brain injury(TBI) can induce a reduction of glucose metabolism 
and the depression of mitochondrial oxidative phosphorylation (Yoshino, et al., 
1991; Chan, et al., 1992). Evidence exists for reduced cytochrome oxidase 
(CO) activity after TBI (Hovda, et al., 1991), as well as a persistent (1 hr-14 
days) reduction in state 3 respiratory rate (Xiong, et al.,1997). Since 
cytochrome c oxidase II (COII) is critical to molecular oxygen consumption 
and ATP production, we hypothesized that COII may reflect levels of TBI 
pathology and the success of postinjury recovery. We now report studies 
examining COII mRNA expression at lhr, 6hr and 7 days after TBI.

Northern blots of hippocampal mRNA from fluid percussion TBI ( FPTBI) 
and combined FPTBI and entorhinal deafferentation were probed for COII 
sequences. Densitometric analysis showed a significant induction of COII 
mRNA in FPTBI 7 days postinjury. This COII mRNA elevation was 
supported by increases in hippocampal CO histochemical activity. COII 
mRNA in the combined injury was reduced relative to FPTBI alone. Our initial 
findings from FPTBI cases at 1-6 hr suggest COII mRNA expression parallels 
changes in brain metabolism after TBI. These results indicate that COII is 
vulnerable to TBI and that COII response may be a discriminator for metabolic 
dysfunction and recovery after TBI. Support: NIHNS12587 and the 
Commonwealth Center for Study of Brain Injury.

TRAUMA: RECOVERY

289.1
UNILATERAL SENSORIMOTOR CORTEX INJURY AND FORELIMB USE 
IN RATS AND PRIMATES: A COMPARATIVE ANALYSIS SUGGESTING 
HIERARCHICAL, SPECIES-TYPICAL CONTROL OF LIMB FUNCTION.
P.F. Frohlich1*. J.L. Humm1. R J . Moгecraft2. D.C. James1, and T. Schallert1. 
‘Psychology Dept, and Institute for Neuroscience, Univ. Texas at Austin, Austin, 
Texas 78712; 2 Anatomy Dept., University of South Dakota, Vermillion, SD 
57069.

Hooded rates (n = 10) and Rhesus Macaques (n = 7) were evaluated for recovery of 
forelimb function after unilateral sensorimotor cortex lesions. Primate data were 
obtained from various media that documented studies conducted by Derek Denny- 
Brown during the I960’ and 1970’s (see also Vilensky, Gilman, & Dec [1994], 
Annals of Neurology, 36(2)\ 247-251). Both rats and primates were filmed in a 
non-home enclosure and evaluated for recovery of symmetrical use of the forelimbs 
for: (a) grasping a stick inserted through openings in the enclosure; (b) postural 
support during movements along vertical surfaces; and (c) limb placement during 
landing following rearing movements. Rats displayed a significant ipsilateral limb 
preference for all 3 movements. Their preference for using the ipsilateral limb for 
movements along vertical surfaces did not recover, but limb use for landing and 
grasping recovered rapidly, within a month after injury. In contrast, primates 
continued to display a significant ipsilateral limb preference (in descending order of 
severity) for grasping, landing and wall placing for up to 18 months (last testing 
day varied). Analysis of bimanual simultaneous forelimb use, one forelimb for 
grasping and the other for wall placement, revealed a species-specific hierarchy of 
movement where grasping takes precedence over wall placing for primates and the 
reverse for rats. Supported by NIH and Texas Advanced Research Program.

289.2
THE ACTIONS OF THEOPHYLLINE AND 8-PHENYLTHEOPHYLLINE IN 

MEDIATING FUNCTIONAL RESTITUTION AFTER CERVICAL SPINAL CORD 
INJURY.

K. D. NANTWI* and Ħ. G. GOSHGARIAN.
Dept, of Anatomy and Cell Biology, Wayne State Univ., Sch. of Med., Detroit, MI.

The objective in the current investigation is to quantitatively assess the 
respiratory-related, receptor-mediated actions of theophylline and 8-phenyltheophylline 
on functional hemidiaphragmatic recovery after C2 spinal cord hemisection in adult 
female rats using electrophysiological techniques. In addition to being bronchodilators, 
both compounds are adenosine receptor antagonists, with different affinities for the 
receptor binding site. To directly test adenosine receptor involvement in the actions of 
the compounds, the adenosine analog, L-PIA was employed after theophylline or 8- 
phenyltheophylline. Twenty four hours after hemisection, animals were reanesthetized 
with pentobarbitol (40 mg/kg, i.p.). A tracheostomy was performed, and the femoral 
artery and vein separately cannulated to monitor blood pressure and administer drugs 
respectively. Both the contralateral and ipsilateral phrenic nerves were exposed and 
separately placed on bipolar platinum recording electrodes and covered with mineral 
oil to prevent diying.

Both drugs induced functional recovery in the previously quiescent ipsilateral 
phrenic nerve in a dose-related manner. Maximum recovery was within 75-85% of 
control level activity (i.e., contralateral phrenic nerve activity ). In both instances, drug- 
induced activity was reversed and later blocked by subsequent administration of the 
adenosine analog, L-PIA. While both drugs induced recovery, the responses after 8- 
phenyltheophylline were variable (positive in 6/ 10 cases), probably because of the 
drug’s short half life. We confirm our previous observation on the qualitative actions of 
theophylline that the drug induces recovery in the paralyzed hemidiaphragm by adenosine 
receptor activation. Furthermore, theophylline administration can offer a therapeutic 
window of opportunity in the treatment of ventilator-bound spinal cord injured patients.

Supported by NIH (NICHHD) Grant HD 35766

289.3
PER IPH ER A L ALPHA-A DRENO CEPTOR RESPONSIVENESS IN A
TETRA PLEG IC PA TIEN T W ITH  CH RO NIC COCAINE USE
A.V. Krassioukov1*, G.A. Delaney*, R.W. Teasell3. and J.M .O. Arnold3 1 The
Robarts Research Institute, 2 Parkwood Hospital, 3 The London Health Science 
Center, University o f Western Ontario, London, Ontario, Canada, N6A 5K8.

We present a case of a high level spinal cord injured individual (C4 tetraplegia, 
Frankel D) with a history of cocaine abuse who exhibited peripheral alpha 
adrenoceptor hyperresponsiveness significantly different from a group of otherwise 
similar quadriplegic individuals without drug abuse. Cocaine is a psychomotor 
stimulant that acts by blocking the neuronal re-uptake of norepinephrine, serotonin 
and dopamine by presynaptic fibers. The concentration of noradrenaline required to 
vasoconstrict the dorsal feet vein to half baseline value in a group of quadriplegics 
not using cocaine was 1.6 ng/min. This was six to seven times less than that of 
controls (10.9 ng/min, p < 0.02). However, the concentration of noradrenaline 
required to achieve half baseline vasoconstriction in our one individual with chronic 
cocaine use was 5.8 ng/min, a value between controls and quadriplegics. Resting 
mean arterial pressure and heart rate, from three consequent measurements before 
the experiment, were 89 ± 2.5 mmHg, 58 ± 3 beats/min, respectively. Plasma 
noradrenaline and adrenaline levels were 285 and 24 pg/ml, respectively. Resting 
mean arterial pressure, heart rate and plasma catecholamine levels in this one 
subject were within the parameters that were registered for the group of six 
tetraplegic patients reported previously. This case study suggests that cocaine may 
alter alpha-adrenoceptors responsiveness to noradrenaline in quadriplegics. The 
likely cause o f this change was felt to be cocaine’s interference with catecholamine 
reuptake at the synaptic level leading to a reduction in upregulatory 
hypeưesponsiveness of alpha-adrenoceptors to a local infusion of noradrenaline.

289.4
VULNERABILITY TO α , -ANTAGONIST'S REINSTATEMENT OF HEMIPLEGIA 
IN RATS RECOVERED AFTER CEREBRAL TRAUMA IS STABLE OVER TIME 
Stibick, D.L.* & Feeney. D M ., Depts. of Psychology & Neurosciences,
University of New Mexico. Albuquerque, NM 87131 USA.

A single dose of prazosin (PRAZ), an αı -noradrenergic (NA) antagonist, transiently 
reinstates hemiplegia as measured by a beam walk (BW) task when administered to 
recovered rats 30 days after sensorimotor cortex (SMCx) contusion (Feeney & 
Westerberg, 1990, Can J Psychol, 44, 233-252 ). In cat, this class of drug reinstated 
BW deficits 8 mos. after SMCx ablation (Feeney, et al., 1983, Fed Am Soc Exp Biol. 
42, 1157.). However, no systematic studies have determined the duration of tune for 
which brain-injured animals are vulnerable. This study systematically addressed the 
duration of reinstatement vulnerability by PRAZ by within subject dose response 
studies at 1. 3, & 6 mos. post-contusion produced by the weight drop method

Forty male Sprague-Dawley rats were randomized to either sham surgery or right 
SMCx contusion groups. Animals were completely recovered on the BW task at 30 
days, then given a low dose of PRAZ (2 mg/kg, i.p ), propranolol (PROP. 5 mg/kg). a 
ß-NA antagonist, or SAL. BW scores were measured at 1. 3. & 6 hours and 1. 2. & 3 
days post-injection. This procedure was repeated for a medium dose (PRAZ=4 mg/kg: 
PROP=IO mg/kg; or SAL) and for a high dose (PRAZ=8 mg/kg; PROP=2O mg/kg; or 
SAL) of drug. The entire regimen was repeated at 3 & 6 mos. post TBI.

The data showed that rats are equally vulnerable to transient reinstatement by PRAZ. 
but not PROP, at 1, 3 & 6 mos. post-injury. The reinstatement in injured animals is 
dose-dependent and correlated to the severity of the initial deficit 24 hrs post-injury 
(r=.99, high dose PRAZ, 3 mos.). Reinstatement is not due to a hypnotic drug effect 
as the deficits were always unilateral in contused animals and were observed 
bilaterally in sham controls only at higher doses. This study demonstrates that 
"recovery" is a fragile state disrupted by selective antagonists to a ¦ NA. but not ß N.A 
receptors. Funded by UNM RAC grant.
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289.5
L O SS A N D  R E C O V E R Y  O F C O N T R A L A T E R A L  LIM B  
IM M O BILITY D U R IN G  SW IM M IN G  A F T E R  S E N SO R IM O T O R  
C O R T EX  L E SIO N S: A  M ET H O D  F O R  E X A M IN IN G
R E ST O R A T IO N  O F IN H IB IT O R Y  M O T O R  F U N C T IO N . J. L eigh 
H um m *. S teven  Stoltz &  T im othy Schallert Departm ent o f  
P sy ch o lo g y  and Institute for N eu ro sc ien ce , U n iversity  o f  T exas at 
A u stin , A u stin , T X  7 8 7 1 2

Unilateral les io n s  o f  the forelim b representation area o f  the rat 
sensorim otor cortex (F L -S M C ) cause asym m etrical lim b u se , as 
anim als rely preferentially on  the non-im paiгed forelim b for postural 
support and m otor b ehaviors. T h ese defic its recover over tim e. 
Unilateral F L -SM C  les io n s a lso  disrupt the norm al sw im  pattern o f  
adult rats, w h ich  typ ically  hold  both forep aw s m otio n less  underneath  
the ch in , usin g  on ly  the h indlim bs for stroking m ovem en ts (se e  a lso  
W hishaw  et a l., 1981). F o llo w in g  a unilateral F L -S M C  les io n , rats 
hold o n ly  the non-im paiгed forelim b m o tio n less , and m ake stroking  
m ovem ents w ith  the impaired forelim b that are characteristic o f  
immature anim als. The normal adult sw im  pattern is  eventually  
reestablished. T he e ffec ts  o f  serial les io n s and o f  forced  d isu se o f  the 
impaired forelim b on  the adult sw im  pattern are currently being  
investigated. W h ile  m ost tests o f  m otor recovery in v o lv e  m ovem ent  
as an endpoint, this test in v o lv es  in h ib itio n  o f  m ovem ent as an 
endpoint. Our data su g g est that a ssess in g  the ability to u se  the 
norm al sw im  pattern fo llo w in g  cortical injury m ay b e a u sefu l w ay  to 
m easure recovery o f  inhibitory m otor control.
Supported by the T exas A d van ced  R esearch  Program .

289.7
M S G  A D M IN IS T R A T IO N  C A N  R E T A R D  O R  F A C IL IT A T E  
R E C O V E R Y  O F  F U N C T IO N  F O L L O W IN G  C O R T IC A L  
IN J U R IE S , D E P E N D IN G  O N  T H E  D E M A N D S  O F  T H E  
B E H A V IO R A L  T A S K . C.L. Hart*. D. Robinson. G.W. Davis. & T.M. Barth. 
Department of Psychology, Texas Christian University, Fort Worth, TX 76129.

MSG (monosodium glutamate) is used as a flavor enhancer in many food products 
sold throughout the world. The primary metabolite of MSG, glutamate, is potentially 
neurotoxic when administered at relatively high doses. In an intact animal, several 
protective mechanisms such as the blood-brain barrier and neuronal and glial reuptake 
systems prevent glutamate from reaching neurotoxic levels in the brain. However, 
previous studies have demonstrated that MSG can be neurotoxic in animals with weak 
blood-brain barriers.

The present experiments were conducted in order to determine if MSG has adverse 
effects in animals with lesions in the neocortex. Damage to the neocortex causes a 
temporary disruption o f the blood-brain barrier as well as alterations in normal 
neuronal and glial reuptake systems in areas around the site of the injury. It was 
expected that the disruption of these protective mechanisms in the brain might allow 
glutamate to reach neurotoxic levels in tissue surrounding the site of an injury, 
resulting in greater behavioral deficits than those produced by the lesion alone.

In the first experiment, rats received an electrolytic lesion in the forelimb area o f the 
somatic sensorimotor cortex, followed by daily injections of MSG (200mg/kg) or 
saline for 7 days. The results were MSG-treated rats showed a significantly slower rate 
o f recovery on forelimb placing tests when compared to saline-treated animals. In a 
second experiment, rats received contusion injuries in the medial frontal cortex, 
followed by daily injections o f MSG (200mg/kg) or saline for 14 days. MSG-treated 
rats showed an acceleration o f spatial memory acquisition in the Morris water maze 
when compared to control animals with cortical damage. The results o f these 
experiments suggest that MSG consumption could affect neurological outcome in 
individuals with recent brain injuries.

289.9
MICROGLIAL AND ASTROGLIAL REACTIONS AFTER LESIONS OF 
DESCENDING TRACTS IN THE HUMAN SPINAL CORD. A.B. Schmitt1. A. 
Buss'. G,A· Brook1, J. Noth1* , G.W. KгeutzberR2 and W. Nacimiento1. 'Dept. of 
Neurology, Technical Univ Sch. of M ed.D-52057 Aachen; ⅛>ept. of 
Neuromorphology , Max-Planck-Institute for Psychiatry. D-82152 Martinsricd. 
Germany.

We investigated, by immunohistochemical studies, responses of microglia/ 
macrophages on post mortem human spinal cord tissue of patients who died after 
spinal trauma or stroke. We observed a strong increase of LCA- and HLA-DR- 
positive microglial cells in the intermediate gray and in the ventral horn of patients 
with short post injury' survival times (4-14 days). Only a small proportion of the 
microglia stained for CD68 A significant number of T- or B-cells could not be 
detected. No increase of GFAP-positive astrocytes could be seen at these time 
points. After longer survival times (5 weeks to 4 months), LCA-immunorcactivity 
(IR) and HLA-DR-IR were clearly reduced in the grey matter, but were abundant 
and colocalized with CD68-IR specifically within the corticospinal tract. Elevated 
HLA-DR-IR and CD68-IR were still detectable 1 year after trauma or stroke. 
Between 5 weeks and 4 months a moderate increase of GFAP-positive astrocytes 
could be observed within the grey matter. After 2 years HLA-DR/CD68 positive 
microglia had reached control levels and a GFAP-positive astrocytic scar could be 
detected. Our results suggest, that the induction of HLA-DR on microglial cells in 
the grey matter reflects a state of activation related to the phagocytosis of 
presynaptic terminals by microglia in target regions of descending fibre tracts, 
rather than functioning as antigen presenting cells. In the white matter, the removal 
of degenerating axons by phagocytic microglia, which express both HLA-DR and 
CD68 antigens is a slower process which occurs over a period of months and is 
followed by a astrocytic scar.

289.6
PRACTICE-RELATED CHANGES IN RAPID MOVEMENT INITIATION IN 
TRAUMATIC BRAIN INJURY PATIENTS. D. Waddell. Jr.u  and L.P,
Abraham2-3 * ♦. ‘Center for Human Movement Studies, Georgia Institute of 
Technology, Atlanta, GA 30332; 2Dept. of Kinesiology & Health Education, 
⅛iomedical Engineering Program, and institute for Neuroscience, Univ, of Texas at 
Austin, Austin, TX 78712.

Movement variability, typically high in traumatic brain-injured (TBI) patients, has 
often been used as an indicator o f acquisition of motor skills. A bilateral ballistic, 
self-term mated, 90° elbow flexion reaction time task (moving the forearm from 
horizontal to vertical) was studied across 7 days for a TBI population (N=9) to assess 
parametric variation indicative o f learning a simple task. A 2 (Simple, Choice RT) 
x 2 (Unilateral, Bilateral Response) x 7 (Day) Repeated Measures ANOVA was 
performed on the means and standard deviations o f six dependent kinematic and 
electromyogгaphical variables: premotor time (PMT), reaction time (RT), 
electromechanical delay (EMD), movement time (MVT), agonist burst duration 
(BDUR) and end point error (ERR). Data were collected for five consecutive days 
with two follow up sessions five days later. Day effects were seen for ERR as 
subjects became more accurate across time with repeated practice o f the task.
Laterality main effects were observed characterizing possible motor programming 
linkages across limbs in bilateral movements. Simple/Choice effects have long been 
identified in normal and patient populations and were again noted here. Multiple level 
interactions were observed between simple and choice movement paradigms in 
unilateral and bilateral movements. These data suggest TBI patients show limited 
persistent improvements in coordination of a simple skill with extensive practice.

Sponsored in part by Healthcare Rehabilitation Center, Austin, TX.

289.8
DEPRESSION AND BRAIN INJURY HISTORY IN PSYCHIATRIC χ 2⅜ 
PATIENTS. R. Holtzer, R.G. Burriqht, P.J. Donovick ' 
1Eπvironmental Neuropsychology Laboratory, Dept, of 
Psychology, State University of New York at Binghamton, 
Binghamton, NY 13902, ^Neuropsychology Unit, Division of 
Behavioral Health, United Health Services Hospitals,
Johnson City, NY 13790.

The relationship between Traumatic Brain Injury (TBI) and 
depression was investigated in a psychiatric population. 
Based on self reports participants were assigned to three 
groups: 1. No history of TBI, 2. Reported but not confirmed 
TBI, 3. Confirmed TBI. Scores on the Beck Depression 
Inventory-11 (BDI-II) at the time of admission and at 
discharge revealed a significant improvement over time 
regardless of TBI condition. The participants in the 
confirmed TBI condition showed, on average, more severe 
depression compared to the other two conditions as well as 
higher depression scores at discharge. Reliability 
measures of the participants' report of TBI history are 
provided as well as the validity of their report of general 
psychological distress as measured by the validity scales 
of the Minnesota Multiphasic Personality Inventory-II 
(MMPI-II). The participants in the non-conf irmed TBI 
condition shewed, on average, lower reliability in reporting 
TBI history as well as questionable validity of ccmplaints 
of psychological distress compared to the participants in 
other two conditions.

289.10
ELECTROPHYSIOLOGICAL EVIDENCE FOR IMPAIRED 
COGNITION 8 YEARS AFTER MILD HEAD INJURY. D.M. 
Bernstein1 M. Wong1, J.P. Oqilvie2, M. Gaetz3, K. Jantzen3, H. 
Weinberg3, and C MacKenzie3*. ⅛ept. of Psvhologogy, Simon 
Fraser University; 2Dept. of Physics, University of Toronto; 3Dept. 
of Kinesiology, Simon Fraser University, Burnaby, B.C. Canada.

Mild head injury (MHI) has been defined as a blow to the head 
which forces one to stop what one is doing due to confusion, 
dizziness, nausea or brief unconsciousness. MHI is very 
common and is typically believed to result in a relatively swift and 
complete recovery. However, some researchers are beginning 
to challenge this assumption1. The present study is a partial 
replication and extension of our previous work. In comparison to 
matched controls, university students with self-reported MHI 
(mean time since injury = 8 years) and with normal pattern visual 
evoked potentials (PVEPs) exhibit reduced P300 amplitude on a 
standard auditory discrimination task as well as impaired 
cognitive performance on a task involving sustained and divided 
attention. These results, coupled with our previous work, seem 
to indicate that MHI is associated with long-term, subtle cognitive 
impairment, even in the absence of cognitive complaint. 
Moreover, our findings point to a pathophysiological basis to this 
impairment, (funded by SSHRC).
1 D.M. Bernstein, S. Lawson, and S.J. Segalowitz (1996). J. Intnl. Neuropsych, Society. 
2, 18.
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289.11
AGE BUT NOT SEX AFFECTS MOTOR RECOVERY AFTER 
SENSORIMOTOR CORTEX (SMCTX), INJURY IN THE RAT.
LB. Goldstein* & S. Bullman. Durham VA & Duke Univ., Durham, NC 27710

Both age and sex can influence recovery after brain injury. To 
determine the impact of these variables on motor recovery, young (2 month 
old) and old (5-6 months old) male and female rats were first trained to 
traverse a narrow elevated beam. Rats then underwent suction-ablation of 
the right SMCTX or sham operation. Motor recovery was measured by 
repeated testing on the beam over 3 weeks. Rats were then sacrificed, the 
brains dissected, and lesion extents measured.

All rats trained without difficulty. Sham-operated rats performed 
perfectly regardless of age or sex throughout testing. There was no 
difference in beam-walking scores among the groups of lesioned rats on the 
first trial 24 hrs. after injury (Kruskal-Wallis H=0.18, p=0.98). There was a 
significant effect of age (Two-way ANOVA F132=29.58, p<0.0001) but not 
sex (ANOVA F132=0.78, p=0.38) on subsequent recovery. Further, there 
was no statistical interaction between these variables (ANOVA F., з；>=O.94, 
p=0.34). Older rats had significantly poorer recoveries as compared to 
younger rats, regardless of sex (Fisher LSD, p=0.003 for young vs. old 
females; p=0.0001 for young vs. old males). Histological analysis showed 
no significant differences among the groups with regard to lesion surface 
area (ANOVA F332=1.02, p=0.40) or medial extent (ANOVA F332=0.06, 
p=0.98).

These data show that motor recovery after unilateral injury to the 
sensorimotor cortex varies with age, but not sex.

Supported by the Department of Veterans Affairs.
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290.1
INDUCTION OF EPH B3 RPTK AFTER SPINAL CORD INJURY. J.D. 
Miranda*. L.A. White. C.A. W illson. A.M arciłlo. J.Jagid. and S.R. 
Whittemore. The Miami Project and Dept. Neurological Surgery, Univ. Miami 
Sch. Med., Miami, FL 33136

Spinal cord injury (SCI) in adult rats initiates a cascade o f  events producing 
a non-permissive environment for axonal regeneration. This non-favorable 
environment could be due to the expression o f  repulsive factors. The 
repellent activities o f  the Eph receptor protein tyrosine kinases (RPTK) have 
been well characterized in vitro and in vivo during CNS ontogeny. However, 
the possible role that Eph RPTKs may play after CNS trauma is unknown. 
We proposed that the re-expression o f  Eph RPTKs m ay be one o f  the 
molecular cues that restrict axonal regeneration after SCI. Rats received a 
contusive SCI at T10 and RT-PCR studies demonstrated the presence o f  all 
Eph B RTPKs and ephrin B m RNAs at the site o f  the injury as w ell as in 
regions rostral and caudal to the lesion. In situ hybridization studies after 1, 
3 and 7d demonstrated: l)lo w  levels o f  expression in sham animals only in 
ventral horn and intermediate gray matter neurons, 2)a marked up-regulation 
o f  Eph B3 mRNA in cells located in the white matter at the lesion epicenter, 
but not rostral or caudal to the injury site, and 3)an increase in Eph B3 mRNA  
in neurons in the ventral horn and intermediate zone o f  the gray matter, rostral 
and caudal to the lesion. Immunohistochemical analyses were consistent with 
the mRNA results. These results suggest that Eph B3 may be a mediator in 
the non-permissive environment after SCI. Similar in situ hybridization and 
immunohistochemical studies with other Eph B RPTKs and Ephrin B family 
ligands are in progress. Supported by The Miami Project to Cure Paralysis, 
N S 26887, N S 10304, and the Lois Pope LIFE Foundation.

290.2

CHRONIC SUBDURAL HEMATOMA MAY BE ENLARGED BY ENHANCED 
ANGIOTENSIN IV(ANGIV) AND ENÐ0THELIN 1(ET 1)
K. Shiraishi *. Dept. Neurosurgery, Soga Clinic, Monbetsu City, 

Hokkaido, 094 0021, JPN
Capsules of the chronic subdural hematoma were studied with 

Histocheшical methods. Thirty cases of the hematoma were used 
for this study, each of which had a clear traumatic history and 
had no associated metabolic disorders such as diabetes or liver 
dysfunction. All cases were treated by single burr hole 
irrigation under local anesthesia consisting of 1 % lidocaine. 
The dura with capsule was excised without coagulation. With ABC 
methods, all of hematoma capsules were stained with ET-1 and 
Ang IV. The attached dura was positive with Ang IV. In three 
cases of chronic subdural hematoma, where patients did not hope 
surgical operations, ACE ìnhibitor(Captri1) was prescribed for 
14 days in order to block Ang IV activity. Three weeks later, 
all three hematomas were absorbed, it is concluded that chronic 
subdural hematoma.may be enlarged by elevated ET~T, which is 
induced through AnglV, and that ACE inhibitor was effective to 
reduce the hematoma.

290.3 290.4
CYTOSKELETAL DISRUPTION FOLLOW ING SPINAL CORD INJURY: RAPID 
LOSS O F MAP2 AND DELAYED LOSS O F NEUROFILAM ENT PROTEINS.
S.X. Zhang. J.E. Springer and J.W. Geddes* Sanders-Brown Center on Aging and 
Department of Anatomy and Neurobiology, University of Kentucky, Lexington, KY 
40536.

Other than a loss of neurofilament proteins, disruption of the neuronal cytoskeleton 
following spinal cord injury has not been characterized. Previously, we observed a rapid 
loss of MAP2, accompanied by calpain activation, following spinal cord injury Ų 
Neurochem 69:1592, 1997). The purpose of the present study was to compare the time 
course of the loss of MAP2 with that of neurofilament proteins, and to examine alterations 
in two other cytoskeletal proteins: tau and glial fibrillary acidic protein (GFAP). The New 
York University impactor device was used to induce 25-mm impact injury on spinal cord 
segment T10 in adult, female, Long-Evans rats. At various times following injury (lh-4 
wks), rats were euthanatized and spinal cords were processed for light microscopy, western 
blots, and immunocytochemistry. One hour after injury, MAP2 immunostained dendrites 
in the lesion epicenter decreased in number, but the neuronal soma had a darker 
appearance. This persisted at later time points. One hour after injury, tau-1 
immunoreactivity in the epicenter of the lesion appeared intensified. A shift in the tau 
migration pattern on immunoblots was indicative of tau dephosphorylation. One-to-four 
weeks after injury, tau-1 immunoreactivity in the corticospinal tract was lost caudal to the 
lesion, but was •maintained on the rostral side. Six hours after injury, there was a mild 
disruption of neurofilament protein immunoreactivity in white matter axons, but a 
pronounced loss of neurofilaments was not evident until one week following injury. 
Similarly, GFAP immunoreactivity did not increase until one week after the injury. At two 
weeks a GFAP-positive glial scar was evident at the boundary between the spared tissue 
and the cavity in the epicenter. The results suggest that distinct mechanisms are involved 
in the rapid loss of MAP2 and delayed loss of neurofilament proteins following traumatic 
spinal cord injury. Supported by the Kentucky Spinal Cord and Head Injury Research 
Trust (GA-9601-K, JWG and SA-95O2-K3, JES).

TRAUMATIC BRAIN INJURY (TBI) INCREASES ß-AMYLOID PEPTШE 1-42 
IN CEREBROSPINAL FLUID. C. A. Rabv*l. M. D. Watson 1. M. C. Morganti- 
Kossmanņ2. T, Kossmann2, R F Stahel2. L.M. Evans1. P. D. Mehta3. K. Spiēģēĩ1. 
Y-M·—Kuo . A. E. Roher . and M. R. EmmerlingL ^Neuroscience Therapeutics, Parke- 
Davis Pharmaceutical Research Division, Warner-Lambert Company, 2800 Plymouth Rd., Ann 
Arbor, MI 48105; ^Department of Surgery, Division of Trauma Surgery, University Hospital, 
CH-8091 Zürich, Switzerland; ⅜ ew  York Institute for Basic Research, 1050 Forrest Hill 
Road, Staten Island, New York 10314; ⅛aldeman Laboratory for Alzheimer’s Disease 
Research, Sun Health Research Institute, Sun City, Arizona 85372.

Severe head trauma is a risk factor for the development of AD. Head injury results 
in accumulation of Aß in brain. But, it remains to be determined if TBI also increases 
Aß levels in CSF. To answer this question, in the present study the amounts of Aßl-40 
and Aßl-42 were measured in the ventricular CSF obtained daily from six TBI patients 
by immunoassays. Our means values for A ßl-40 (0.69 ± 0.20 ng/mL) and Aßl-42 
(0.16 ± 0..07 ng/mL) in control CSF were similar to those reported in other studies.
The daily levels of Aß 1-40 from individual trauma patients differed modestly in com
parison to the average value of Aßl-40 obtained from control CSF, whereas the daily 
amount of Aßl-42 in CSF after brain trauma was clearly elevated over control. The 
increases in TBI Aßl-42 were still seen upon normalizing the values to total CSF pro
tein. The average of all the Aßl-42 values (1.12 ± 0.13 ng/mL) measured in the TBI 
CSF was significantly different from the amount of Aßl-42 found in the control CSF 
(p < 0.0001), but no significant difference occurred between the average TBI Aßl-40 
level (0.86 ± 0.07 ng/mL) versus control CSF. The higher Aßl-42 levels found in TBI 
CSF increased the Aßl-42/AЫ-40 ratio in control compared to TBI patients from 0.23 
to 1.30, respectively. When analyzing the mean daily Aßl-42 CSF concentrations in 
the six TBI patients, Aßl-42 levels peaked in the first week of injury followed by a 
decline toward control over the subsequent weeks. In contrast, relatively little change 
occurred in the mean levels of Aßl-40 in the same period. ßAPP, the precursor protein 
for Aß, was relatively unchanged in the same time frame.
Funded by Parke-Davis
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290.5
EXPRESSION OF APOLIPOPROTEIN D FOLLOWING CORTICAL IMPACT 
INJURY IN THE RAT. G. Franz, M. Reindl, T. Berger, I. Unterrichter, E. 
Schmutzhard, W. Poewe, and A. Kampfl*. Dept, of Neurology, University Hospital of 
Innsbruck, A-6020 Innsbruck, Austria.

Apolipoprotein D (ApoD) is a widely expressed transporter protein thought to bind 
and transport sterols, steroid hormones and arachidonic acid. In the central nervous 
system, ApoD is expressed in astrocytes, oligodendrocytes and isolated neurons. 
ApoD is markedly increased in the regenerating peripheral nerve following crush 
injury. A recent immunohistochemical study has shown an increased expression of 
ApoD in hippocampal neurons destined for subsequent cell death following kainic 
acid injection.

In order to investigate the role of ApoD during traumatic brain injury, ApoD mRNA 
expression was studied by RT-PCR in the cortex and hippocampus at various time 
points from 15 minutes to 14 days following unilateral cortical impact injury in the rat.

In sham injured animals, hippocampal samples showed 1,5 fold higher ApoD mRNA 
levels than did cortical samples. In injured animals, mRNA levels were not different to 
sham animals up to 24 hours post-injury ipsilateral to the injury site. In the ipsilateral 
cortex, mRNA levels began to increase 72 hours post-injury, peaked at 4 days and 
slowly decreased until 14 days after injury. In the hippocampus, mRNA increased 
continuously from 36 hours to 14 days post-injury, with highest levels at 14 days after 
injury. In both, cortex and hippocampus, ApoD mRNA levels increased twofold 
compared to appropriate regions in sham animals. No changes in ApoD levels were 
observed contralateral to the impact site.

In conclusion, our preliminary data suggest that ApoD is increased after 
experimental traumatic brain injury. Current studies investigate the cellular 
localisation of ApoD expression following impact brain injury.

This study was supported by the Austrian Science Foundation, Grant No. 
P12287MED.

290.7
IN T E R C E L L U L A R  A D H ESIO N  M O L E C U L E -1  (IC A M -1 ) 
PA R T IC IP A T E S  IN TH E IN FLA M M A TO R Y  R E S P O N S E  TO  
TR A U M A TIC BRAIN IN JU R Y . S.M. Knoblach *. A.G. Yakovlev and A.I. 
Faden. Georgetown Institute for Cognitive and Computational Sciences, 
Georgetown University Medical Center, Washington DC 20007

Traumatic brain injury (TBI) activates inflammatory cascades whose components 
(cytokines, PAF, thromboxanes) include potential inducers of intercellular adhesion 
molecule-1 (ICAM-1) expression. In addition, ICAM-1 facilitates inflammatory 
events, such as leukocyte extravasation, that may contribute to tissue destruction. 
Therefore, we examined the hypothesis that ICAM-1 may be involved in the 
pathophysiology of TBI. RT-PCR and immunocytochemistry were used to evaluate 
ICAM-1 mRNA and protein expression at various times after moderate (2.6 atm) 
lateral fluid-percussion injury in the rat. Separate studies examined the effect of 
treatment with anti-ICAM-1 antibodies on neurological recovery, and on cortical 
neutrophil infiltration, as assessed by myeloperoxidase activity.

ICAM -1 mRNA significantly increased from 4 to 24 hr after TBI in the ipsilateral 
cortex. No elevations in ICAM-1 mRNA occurred early (30 min) or late (1-3 wks) 
after injury. ICAM-1 protein was occasionally localized to the intraluminal surface 
of cerebral vessels in injured cortex at 1 hr after TBI, and in uninjured controls. 
However, at 10 and 24 hr after TBI, the number of both large and small ICAM-1 
positive vessels markedly increased.

Neurological recovery was assessed after intravenous administration of anti-ICAM- 
1 antibody (1 mg/kg at 1,10 and 24 hr after TBI), equal doses of IgG (nonspecific 
control antibody) or saline. Treatment with either anti-ICAM-1 or IgG improved 
recovery compared to saline controls at 14 days after TBI. Anti-ICAM-1 treated 
animals showed somewhat higher neuroscores than those treated with IgG. Anti- 
ICAM-1 also reduced myeloperoxidase activity compared to saline controls at 26 hr 
after injury. Together, these data suggest a pathophysiological role for ICAM-1 in 
secondary injury after TBI. (CDC CCR306634 and NCMRR T32HD07459).

290.9
C U /ZN -SU PERO X ID E DISM UTASE (SOD 1) IN H Y PO G LO SSA L NUCLEUS 
FO LLO W IN G  N ERV E INJURY. P. Cherry1. L.D. M itchell1* and W .H .A  Yu2. 
‘Dept, o f Physiology & Pharmacology; 2Dept. o f Cell Biology & Anatomical 
Sciences, City University o f New Y ork M edical School, New York, NY 10031.

We have shown previously that axotomy o r transien t disruption o f axonal 
transport system without W allerian degeneration induces nitric oxide synthase 
(NOS) expression in the parent neurons. The production o f nitric oxide (NO) 
under such conditions are likely to exceed the norm al physiological levels. The 
sim ultaneous production of NO  and superoxide anion leads to  the  form ation of 
peroxynitrite, a cytotoxic oxidant implicated in the pathogenesis of 
neurodegenerative disorders. This study examined superoxide scavenger SOD1 in 
the hypoglossal nucleus following nerve injury. The hypoglossal nerve o f adult rats 
was unilaterally crushed, avulsed, o r exposed to vinblastine for 20 min to block 
axonal transport. The animals were perfused transcardially with aldehyde fixative. 
Thirty-micron-thick frozen sections o f  the lower m edulla were incubated with 
polyclonal an ti-SO D l antibody, followed with ABC reagents conjugated with 
peroxidase. Hypoglossal neurons and neuronal processes traversing the hypoglossal 
nucleus exhibited robust SOD1 immunoreactivity (IR ). Following axotomy or 
vinblastine treatm ent, SOD1 IR in the ipsilateral hypoglossal nucleus was markedly 
reduced relative to  the intact side. The m ost dram atic reduction occurred in the 
neuronal processes whose origins were not determ ined. Following target 
reinnervation or resum ption o f axonal transport, SOD1 IR  returned  to pre-lesion 
levels, concurrent with the abatem ent o f NOS expression. In contrast, SOD1 IR 
rem ained reduced in the nerve avulsion paradigm where NOS expression persisted, 
and neuronal cell death was extensive. W e are  considering the possibility that 
SOD1 and NOS are reciprocally regulated at the level o f  gene expression. 
Alternatively, excessive levels o f NO, superoxide anion, o r products of their reaction 
may reduce the IR o f phenotypically expressed SOD1. S upported by PSC-CUNY 
Research Award #668265.

290.6
İNOS AND NITROTYROSINE EXPRESSION IN THE SPINAL CORD AFTER 
TRAUMATIC INJURY. J. X u1*, S.W.Chen1, P.Yan2, J.S.Beckma∩3, X.M.Xu2, C.Y. 
Hsu1. 'Dept, of Neurology and Center for the Study of Nervous System Injury, 
Washington Univ. Sch. Med, St. Louis, MO 63110; 2Dept Anat. & Neurobiol., St. 
Louis Univ. Sch Med, St. Louis; 3Depts. Anesth. and Biochem., Univ, of Alabama.

Inflammatory reaction may contribute to the secondary injury after spinal cord 
injury(SCI). iNOS plays a key role in inflammatory processes by generating NO which 
may react with superoxide to form peroxinitrite, a highly reactive and toxic oxygen 
free radical. Induction of iNOS expression is mediated by a pro-inflammatory 
transcription factor, NF-kB, which is activated by cytokines such as TNFα. We have 
previously reported the expression of both TNFα and NF-kB following SCI in a rat 
SCI model using an NYU impactor. In this study, we explore the expression of iNOS 
in the same rat model. iNOS expression was intense 24 h post SCI but declined at day 
3 based on Western blot analysis. A second iNOS peak was noted on day 7. The 
intensity of iNOS expression was trauma dose dependent. Immunohistochemistry 
study revealed little iNOS immunoreactivity in sham-operated spinal cord and was 
intensely expressed in blood vessels and cells in the gray matter especially around the 
central canal. Peroxinitrite reacts with tyrosine residues in proteins to form 
nitrotyrosine leading to impaired protein function. Nitrotyrosine expression by Western 
blot analysis was also increased after SCI. Proteins of various molecular weights from 
traumatized spinal cord were noted to exhibit immunoreactivity with a monoclonal 
anti-nitrotyrosine antibody. Results from the present and previous studies establish a 
probable inflammatory cascade: trauma¯>TNFα expression->increase in NF-kB 
binding-^ iNOS expression->excessive NO production->peroxiniírite generation 
-^nitrotyrosine formation·->neural dysfunction. Therapeutic interventions directed at 
this inflammatory cascade to reduce post-traumatic inflammatory reaction and 
subsequent secondary injury remain to be explored. Supported by NIH grant NS3723O, 
Paralyzed Veterans of America, and Daniel Heumann Fund for Spinal Cord Research.

290.8
IN C R E A S E D  L E V E L S  O F  3 -H Y D R O X Y K Y N U R E N IN E  (3 -H K )  
A F T E R  SP IN A L  C O N T U S IO N  IN JU R Y  IN  R A T S. *G. C ereso li-  
B orron i* . ⅛ ,X ·  D o n e , ¾ ·J·A· A ren d s . 2A F azzaro . ⅛ .D .  M a. ŻY.Y. H e. 
2C .Y . H su . *R .Schw arcz & 2M .F . Jacα u in . ^M ary land  P svch . R es. C tr .. 
B a ltim o re , M D  21228, an d  ⅜ e p t .  N eu ro lo g y  and  C e n te r  fo r  the  S tudy  o f 
N erv o u s System  In ju ry , W ash. U n iv . School M ed ., St. L ou is, M O  63110.

M any  n e u ro n s and  glial cells d ie  a f te r  sp in a l co n tu sio n  in ju ry . In  o u r 
a tte m p t to reveal possib le  co n tr ib u tio n s  o f  the  k y n u ren in e  p a th w ay  to 
in ju ry - in d u c e d  cell d e a th , we (Ja c q u in  e t a l., Soc. N eu ro sc i. A b s tr., ’97) 
p rev io u sly  show ed  th a t in je c tio n s  o f  3 -H K  (a k y n u ren in e  m etab o lite  and  
f re e  rad ica l g en e ra to r)  in to  th e  ad u lt m ouse sp in a l c o rd  p ro d u ce  e x te n 
sive n e c ro tic  cell d e a th  larg e ly  in th e  g ray  m a tte r , an d  th a t  su ch  d ea th  is 
b lo ck ed  by  c o - in je c t io n  o f  an  a n ti-o x id a n t .  T h is  im p lie d  th a t  en d o g 
enous 3 -H K  levels m ay in crease  fo llo w in g  sp in a l co n tu s io n  in ju ry  an d  
p lay  a  ro le  in  the  p a th o p h y sio lo g y  o f  in ju ry - in d u c e d  cell d ea th . T hese 
hypo th eses  w ere  tes ted  in  a d u lt fem a le  L o n g -E v a n s  ra ts . T h e  T 10 sp inal 
seg m en t was su b je c ted  to  c o n tu sio n  in ju ry  using  th e  N Y U  im p ac to r. 3 -  
H K  co n c en tra tio n s  w ere m easu red  by  H P L C  a t the  in ju ry  e p ic e n te r , the  
sp ina l segm ents b o rd e r in g  the  e p ic e n te r , an d  in  the  u p p e r  ce rv ica l co rd .
3 an d  7 days p o s t- in ju ry ,  3 -H K  levels in creased  ap p ro x . 4 - fo ld  a t the 
e p ic e n te r  (p  < 0.05 each ), b u t n o t b ey o n d , an d  re tu rn e d  to co n tro l levels 
by  12 days (N  = 6 p e r tim ep o in t). In  s im ila rly  p rep a re d  ra ts , the  a n ti 
o x id an t ca ta lase  (2 0 0 -4 0 0  u n its /m l) ,  in je c te d  in to  the  in ju ry  ep ic e n te r  
f ro m  1-3 days, fa iled  to in flu e n ce  the p a tte rn  o f  cell d ea th . M o reo v e r, in  
the  ra t, as in  the  m ouse, 3 -H K  caused  c a ta la se -p re v e n tab le  cell d e a th  in  
the  v ic in ity  o f  a th o rac ic  in je c tio n  site . We co n c lu d e  th a t  3 -H K  is not 
lik e ly  to  be a m ajo r d e te rm in a n t o f  the  ex ten siv e  cell d e a th  seen  a fte r  
sp ina l in ju ry . S upport: D E  07734, D E  07662, NS 37230 an d  NS 16102.

290.10
INTRACEREBRAL ACTIVATION OF THE IMMUNE S\ЫL·Wi IN THE ADULT 
RAT FOLLOWING EXPOSURE TO ľ •*? PLл.ST.
A. Säliö12, A. Suneson1*, L-L. Larsson‘. Ч . S ensson' and J.K.E. Persson1-4. 
‘Defence Research Establishment, Division of Human Sciences, S-172 90 
Stockholm; 2Univ. of Gothenburg, Depts. of Anatomy & Cell Biology and Surgery; 
Karolinska Institutet, ⅞ ept. of Clinical Neuroscience, Section of Neurosurgery, 
Karolinska Hospital; 4Dept. of Medical Laboratory Sciences & Technology, Division 
of Clinical Neurophysiology, Huddinge Univ. Hospital; Sweden.

Recent studies nave shown that reactions of neuronal and non-neuronal cells will 
occur in the brain after exposure of the skull to a moderate air blast, not causing any 
primary parenchymal or vascular damage to the brain. The aim of this studv was to 
identify possible secondary injury mechanisms with respect to the glial cell response 
and the expression of complement factors.

Anaesthetized rats were exposed to a pressure characterized air blast generates by 0.5 
or 2.0 gram charge weight or pentaerytnrittetranitrate at a distance of 1 m in an open 
shock tube. Six hours, 18 hours, 48 hours, one and three weeks, respectively, 
following blast exposure the rats were reanaesthetized, perfused and their brains 
removed followed by immunohistochemical processing for detection of markers which 
label microglial cells (complement receptor 3) and astrocytes (glial fibrillary acidic 
rotein). In material from rats surviving one week after blast exposure, in situ 
ybridization for detection of complement factor CЗ-mRNA was done as well.
Compared to sham-exposed rats, there was a significant increase in complement 

receptor 3 immunoreactivity in all investigated parts of the brain following exposure 
to either charge at 18 hours, 48 hours, one and three weeks, but not at six hours after 
blast, and an increased g lia l  fibrillary acidic protein і і п г і ¿ü îs ·>r·. activity <n hippocampus 
and hypothalamus at 48 hours and one week following exposure to either charge. In 
addition there was a regional increase ;r. · 2 ■■ ЧNA concentrated over non-neuronal 
cells following exposure to either charge at ew  week after blast. Light microscopic 
examination of cresyl violet stained sections from representative parts of the brains did 
not reveal any histological differences between the experimental and the sham groups.

This study shows a gradual glial cell reaction followed by a local synthesis of 
complement factor C3 by non-neuronal cells in the central nervous system, indicating 
an intracerebral activation of parts of the cellular as well as the humoral components 
of the immune system after a non-penetrating skull injury not causing any primary 
brain tissue damage. If these events have any effects on brain structure or function in 
the long run remains, however, to be evaluated.

This study was supported by grants from the Swedish National Defence Research 
Establishment and the Laerdal Foundation for Acute Medicine.
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290.11
ROLE O F CALCIUM  CHANNELS IN TRAUM ATIC SPINAL CORD W HITE 
M ATTER INJURY. S.K. AgrawaΓ and M.G. Fehlines. Playfair Neuroscience Unit, The 
Toronto Hospital Research Institute, University o f Toronto, Toronto, Ontario, Canada 
M5T2S8

Recent work has suggested the presence of voltage-gated Ca2+ channels in CNS white 
matter and a potential role in the pathophysiology o f anoxic injury. To examine the 
relevance o f these findings to traumatic spinal cord injury. We used a combination of 
electrophysiological approaches in an in vitro model o f SCI and confocal 
immunocytochemistry.

A strip o f 30mm length o f dorsal column was isolated from the spinal cord o f adult rats, 
pinned in an in vitro recording chamber which was perfused with oxygenated Ringer. 
Compound action potentials (CAP) were recorded extracellularly from microelectrodes. 
Injury was accomplished by compressing the dorsal column strip in vitro with a 2 g clip 
for 15 sec. Immunocytochemistry was performed on spinal cord white matter.

The CAP decreased to 70.4 ± 1 .9  % of control after clip compression injury. Removal 
of extracellular Ca2+([Ca2+]e) and replacement with 1,5mM EGTA promoted significantly 
greater recovery o f CAP amplitude (86.3 ± 7.6 % of control) after injury. Partial blockade 
of voltage-gated Ca2+ channels with a low concentration o f cobalt and cadmium (20 and 
5OµM) also conferred in improvement in CAP amplitude (CAP amplitude 82.8 ± 1.2% 
of control). Higher concentrations of Co2+ (2mM and 200 µM) and Cd2+ (2OOµM) 
iưeversibly reduced CAP amplitude in uninjured dorsal column segments suggesting a 
neurotoxic effect. Blockade of L-type and L+N type voltage-gated Ca2+ channels with 
diltiazem (5OµM) and diltiazem + ω-conotoxin also conferred improvement in CAP 
amplitude (CAP amplitude 81.6 ± 1.9% and 84.5 ± 8.2% o f control). With 
immunocytochemistry we identified the presence o f L-type, N-type and P/Q type 
immunopositive glial cells.

In summary, reduction o f [Ca2+]e confers improvement in CAP amplitude after spinal 
cord injury in vitro. The injurious effects of Ca2+ in traumatically injured CNS white 
matter appear to be partially mediated by voltage-gated Ca2+ channels. The presence of 
Ca2+ channel labeling on glial cells suggests a role for these cells in the mechanisms of 
traumatic spinal cord axonal injury. (Supported by PSI Foundation)

290.13
ASTROCYTES AND MACROPHAGES ARE IMMUNOREACTIVE FOR 
NERVE GROWTH FACTOR FOLLOWING SPINAL CORD INJURY IN 
RATS. N R. Krenz* and L.C. Weaver. University of Western Ontario and the 
John P. Robarts Research Institute, London, Ontario, Canada, N6A-5K8.

In the first few weeks following spinal cord injury, the amount of nerve 
growth factor (NGF) in the cord is known to increase sharply in rats. This 
increase in NGF could be responsible for the aberrant sprouting of primary 
afferent fibers that occurs in the injured cord. We have found that intrathecal 
infusion of neutralizing antibody to NGF prevented the sprouting of 
unmyelinated afferent fibers in the dorsal horn two weeks after cord 
transection. The area of unmyelinated afferent fibers in laminae III-V of the 
dorsal horn was decreased from 8699±23 µm2to 495O±I7 µm2 when antibody 
to NGF was infused for two weeks following cord transection. However, the 
source of the NGF responsible for this sprouting has not been identified. In this 
study, NGF immunoreactivity was examined in the spinal cord of rats one and 
two weeks after cord transection. The cell types generating NGF in the injured 
cord were identified using immunocytochemistry for markers of 
oligodendrocytes, astrocytes (glial fibrillary acidic protein; GFAP), and 
microglia/macrophages (OX-42 and ED-1). Immunostaining for NGF could be 
found in GFAP-immunopositive astrocytes in the white and grey matter 
throughout the spinal cord after injury. NGF immunoreactivity was also found 
in macrophages that congregate in and around the lesion site at one and two 
weeks after injury. Since NGF appears to be produced by reactive glia or 
possibly by blood-borne monocytes, preventing gliosis or inflammation could 
inhibit afferent fiber sprouting. This may reduce or eliminate some of the 
harmful sequelae of spinal cord injury, such as autonomic dysreflexia and 
chronic pain. Supported by MRC Canada.

290.15
DISTRIBUTION OF RETINALDEHYDE DEHYDROGENASE-LIKE IMMUNO
REACTIVE CELLS IN THE INJURED RAT SPINAL CORD. D.J. Morassutti*. 
R.-H. Liu. Y.P. Zhang and P. McCafferv3. Dept, of Neurological Surgery, Univ, of 
Louisville School of Medicine, Louisville, KY 40202; and “Division of 
Developmental Neuroscience, E.K. Shriver Center, Waltham, MA 02254.

Our recent studies have demonstrated that the activity level of retinaldehyde 
dehydrogenase-2 (RALDH-2), a retinoic acid synthetic enzyme, was elevated 
substantially in the injured rat spinal cord. In this study we wished to identify the 
cells responsible for retinoic acid synthesis following spinal cord injury. Mild or 
moderate NYU-impactor contusions were made to the thoracolum bar region of 
adult rats. Fourteen days following the injuries the spinal cords were processed 
for RALDH-2 indirect fluorescence immunocytochemistry. Based on distribution 
and morphology, two distinct types of RALDH-2-like immunoreactive cells were 
observed in the spinal cord. Type I cells were found both in normal and injured 
cords, and they were observed exclusively in the white matter. Type IT cells were 
found only in the injured cords, and were present exclusively within the injured 
areas. Strong RALDH-2 immunoreactivity was also found in the perineurium of 
the spinal roots and the arachnoid membrane. Quantitative analysis revealed that 
the number of Type I cells in the injured cords decreased significantly in 
comparison to the normal cord. No statistically significant difference was 
observed between mildly and moderately injured rats. Type II cells were 
observed only in the injured cords, with a much greater number of Type II cells 
within moderately injured than in mildly injured cords. Double labeling studies 
revealed all RALDH-2-positive cells to be immuno-negative for GFAP; MAP-2; 
and 0X 42 (a microglial cell marker). Only Type I cells were RIP immuno
positive (oligodendroglial cell marker). This study suggests that the increase in 
RALDH-2 level following the spinal cord injury results from the increase of Type 
II RALDH-2-positive cells. We postulate that these cells migrate into the injured 
sites from the adjacent arachnoid membrane, where the RALDH-2-positive cells 
proliferated substantially following the spinal cord injury. Supported by Kentucky 
Spinal Cord and Head Injury Research Trust Grant to DJM.

290.12
F K B P -25 m R N A  IS U P R E G Ư L A T E D  IN  C E R E B E L L U M  OF 
R A T S  S U B JE C T E D  TO  T R A U M A T IC  B R A IN  IN JU R Y .
L den D aas. L. v o n  M elchner. J. Eichner and V . Fischer*
D ept, o f  C N S  R esearch, M erck  K G aA , D - 6 4 2 7 l ,  Darm stadt, 
Germ any

The lateral fluid percussion  m ethod w a s used  to  induce traumatic 
brain injury (T B I) in the rat cerebral cortex. F ive days after the 
induction o f  the injury, brains o f  trauma and sham -operated  
control rats w ere  d issected  and frozen  in liquid nitrogen. 
F o llow in g  total m R N A  extraction o f  the tissue, m R N A  
differential d isplay w a s perform ed w ith  several primer 
com binations. B an ds significantly increased or decreased in 
trauma brains w ere  exc ised  and clon ed  for sequencing. Analysis 
o f  on e  170-bp band, up regulated in the cerebellar hem isphere  
contralateral to  the site o f  injury, revealed a 95%  h o m ology  w ith  
hum an FK5O6 2 5 -k D  binding protein  (F K B P -25). This up 
regulation w a s confirm ed w ith  R T -P C Ŕ  and dotb lot techniques. 
The involvem ent o f  cerebellum  in the C N S  resp on se to  TBI w as  
confirm ed in a parallel study w h ich  sh ow ed  a dram atic decrease  
the num ber o f  cerebellar Purkinje cells  labeled w ith  antibodies to  
calbindin D 28k .

290.14
NEURONAL NITRIC OXIDE SYNTHASE EXPRESSION IS UP- 
REGULATED FOLLOWING TRAUMATIC INJURY TO RAT BRAIN 
V.L. Raqhave∩dra Rao^. A. Doαan and R.J. Dem psey. Dept, of 
Neurological Surgery, University of Wisconsin, Madison, Wl 53792.

Glutamate-induced excitotoxic neuronal death was thought to be 
mediated by the NMDA-receptor stimulated production of nitric oxide (NO) 
by neuronal nitric oxide synthase (nNOS). Excitotoxic neuronal damage 
is a hall mark of traumatic brain injury (TBI). To understand the role played 
by NO and nNOS in TBI-induced neuronal damage, we studied the 
protein and mRNA levels of nNOS in the brains of rats as a function of 
time after TBI. Brain injury was induced in adult, male, Sprague-Dawley 
rats with a controlled cortical impact device (at a velocity of 3 m/sec and 
2 mm deformation) under halothane anesthesia. Sham-operated rats 
served as control. Groups of injured rats were killed at different periods 
(2h, 6h, 12Һ, 1 day, 3 days and 7 days) after the injury and the levels of 
nNOS mRNA and protein were examined in the ipsilateral (injured) and 
contralateral (uninjured) cortex by RT-PCR and immunoblotting. 
Compared with either sham-operated control or the respective 
contralateral cortex, there was a significant increase in the nNOS mRNA 
(by ~1.5 to 2.5 fold, p<0.05) and protein (by ~2 to 3.5 fold, p<0.05) levels 
in the ipsilateral cortex between 2h and 12Һ after the injury. Increased 
expression and activity of nNOS leads to elevated NO levels which may 
have a role in the secondary neuronal death following TBI. (Supported by 
NIH, VA and UW-Madison).
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291.1
SUBCHRONIC PHENCYCLIDINE EXPOSURE REDUCES BASAL 
DOPAM INE EFFLU X AN D AUGM ENTS THE CHOLINERGIC AND  
CATECHOLAMINERGIC RESPO NSE TO CLOZAPINE.
J.D. Jβntsch*. L. Dazzi. R.H. Roth. Depts. of Neurobiology, Psychiatry and 
Pharmacology, Yale University School of Medicine, New Haven, CT 06510.

Subchronic exposure to the NM D A/glutam ate receptor antagonist  
phencyclidine (PCP) resu lts in cognitive dysfunction and reduces dopam ine  
(DA) u tilization  in  th e prefrontal cortex (PFC). In th ese  stu dies, w e used  in 
vivo m icrodialysis to test  w hether long-term  PCP exposure altered  
acetylcholine (ACҺ), norepinephrine (NE) and DA efflux in  the PFC of the  
aw ake rat; th e three tran sm itters were m easured in  th e sam e anim als.

R ats were subchronically exposed to sa lin e or PCP (5 m g/kg BID for 7 
d), w ithdraw n for 7 d, im planted and then  dialyzed. B asal, restin g  DA  
levels in  the PFC were sign ificantly (p<0.005) reduced (to 58% of th at in  
sa line-treated  subjects), w h ile ACҺ and N E levels were unaffected. Acute 
PCP treatm en t (2.5 mg/kg) increased DA efflux in  control subjects (+80% of 
baseline); th is  effect w as sign ificantly attenuated  in  anim als previously  
exposed to PCP (+35% of baseline); PC P-induced increases in N E and ACҺ 
release were unaffected. C lozapine (15 mg/kg) increased ACҺ and DA  
release in  control subjects (+98% and +92% of b aseline, respectively). 
Interestingly, subchronic PCP-exposed anim als show ed a  significantly  
greater increase in  ACҺ and DA release after clozapine than  did controls 
(+355% and +690% of baseline, respectively).

T h ese data confirm our previous findings of reduced DAergic 
tran sm ission  in PFC after long-term  PCP adm inistration. Furtherm ore, 
our data su ggest that clozapine-induced increases in DA or ACҺ release  
m ay subserve its  cognitive effects in  th is  p utative m odel of schizophrenia. 
Support from PHS award MH57483 and a grant from the Stanley Foundation.

291.3
EFFECTS OF 1GMESINE IN PRECLINICAL ANTIDEPRESSANT TESTS. JJL 
Kinsoгa, Jr.*, A-E. Corbin, B.J. Snyder, J.N. Wiley, L.T. Meltzer and T.G. Heffner. 
Neuroscience Therapeutics, Parke-Davis Pharmaceutical Research Division, Warner- 
Lambe»-‘ Co., Ann Arbor, MI 48105.

Igmesine is a selective sigma ligand, which is currently in clinical trials as an 
antidepressant. We report here on the profile of igmesine in two preclinical tests of 
antidepressant-like activity. In the tail-suspension test, antidepressant activity is 
characterized by a decrease in the cumulative duration of immobility and an increase 
in the average power of movement. In CD-I mice, igmesine, 30 and 100, but not 10, 
mg/kg IP, significantly decreased immobility. Similar effects were produced by the 
standard antidepressants desipramine (30 mg/kg IP) and sertraline (30 mg/kg IP). In 
rats, a modification of the behavioral despair swim test o f Porsolt was used. In this 
modification, a wire mesh wheel is present in the water bath at the water-air interface. 
Because most of the activity exhibited by rats in this situation is directed at the wheel, 
wheel revolutions, which can be recorded automatically, can be used to quantify 
activity. The test is conducted using normotensive male Wistar-Kyoto rats, since 
prior studies in our laboratory have demonstrated that this strain of rat is more 
sensitive than S-D rats to the effects of antidepressants. Igmesine at 32 and 64 
mg/kg IP, increased wheel rotations, indicating antidepressant-like activity. Similar 
activity was produced by imipramine (15 mg/kg IP) and fluoxetine (15 mg/kg IP). 
To examine if the effects in rats were due to stimulant-like activity, the effects of 
igmesine on locomotor activity (LMA) in both non-acclimated and acclimated male 
S-D rab, were evaluated. In non-acclimated rats, igmesine 16-64 mg/kg IP produced 
a significant decrease in LMA. In acclimated rats, igmesine did not affect LMA at 16 
and 32 mg/kg and slightly increased LMA at 64 mg/kg IP. Thus, these data suggest 
'hat igmesine has the preclinical profile of an antidepressant drug and that it does not 
have the profile of a psychomotor stimulant. (Supported by Warner-Lambert Co.)

291.5
EFFECTS OF KETAMINE AND MK-801 ON REGIONAL 2- 
DEOXYGLUCOSE UPTAKE. G.E. Duncan*JN. Leipzig. J.A. Lieberman. Dept, 
of Psychiatry and Neuroscience Ctr., Univ, of North Carolina at Chapel Hill, NC 
27599

NMDA receptor antagonists such as ketamine can precipitate psychotic reactions 
in schizophrenic subjects and induce a constellation of behavioral effects in 
healthy individuals that resemble positive, negative, and cognitive symptoms of 
schizophrenia. Thus, investigation of neurobiological consequences of NMDA 
receptor antagonist administration could have heuristic value for understanding the 
pathophysiology of schizophrenia and therapeutic actions of antipsychotic drugs. 
Although ketamine has well documented NMDA antagonistic properties, the drug 
also interacts with a number of other neurotransmitter systems. To clarify the role 
o f NMDA receptor antagonism in ketamine induced alterations in behavior and 
regional brain metabolic activity, the effects of ketamine were compared with the 
more selective non-competitive NMDA antagonist MK-801. Mice were singly 
housed for 3 hrs before administration of drugs and exhibited minimal locomotor 
activity after this habituation period. Administration of ketamine (30mg/kg) 
induced a continuous locomotor activation for 20-30 min, during which the mice 
exhibited saliently staggered gait. MK-801 (0.3 mg/kg) also induced a state of 
continuous locomotor activity but the gait was quicker in comparison to ketamine 
and no staggering was noted. The behavior o f mice given MK-801 was similar to 
that induced by low doses of amphetamine. Both ketamine and MK-801 induced 
substantial and similar neuroanatomically selective alterations in regional 2-DG 
uptake. To determine if the alterations in 2-DG uptake by the NMDA antagonists 
related to increased dopaminergic neurotransmission, effects of MK-801 were 
compared to amphetamine with regard to brain metabolic patterns. The behavior of 
mice given 4 mg/kg amphetamine was indistinguishable from that of mice given
0.3 mg/kg MK-801. However, the brain activity patterns were distinctly different 
for the two treatment conditions. The results suggest that ketamine-induced 
alterations in regional brain metabolism may relate to a reduction in NMDA 
receptor function, and that neurobiological consequences produced by sub
anesthetic doses of ketamine in humans reflect a similar action of the drug. 
(Supported by MH-33127, MH-00537, and HD-0311)

291.2
ACUTE PHENCYCLIDINE EXPOSURE INCREASES ACETYLCHOLINE 
AND CATECHOLAMINE RELEASE IN RAT PREFRONTAL CORTEX IN  
VIVO: MODULATION BY S-(-)HA966 AN D CLONDINE.
L, Daz⅞i*. J.D, Jentsch. R.H, Roth. Depts. of Psychiatry, Neurobiology and 
Pharmacology, Yale University School of Medicine, New Haven, CT 06510.

Acute adm inistration of the non-com petitive N-m ethyl-D- 
aspartate/glutam ate receptor antagonist phencyclidine (PCP) to rats  
m odulates several neurotransm itter system s, including dopam ine (DA), 
glutam ate and GABA, in  prefrontal cortex (PFC). In th ese  stu dies, we 
exam ined the effects of acute PCP exposure on DA, acetylcholine (ACҺ) and  
norepinephrine (NE) release u sin g  in vivo  m icrodialysis and m ethods 
optim ized for m easuring all three neurotransm itters in the sam e fraction.

A cute PCP exposure (0.1-5 m g/kg) dose-dependently increased ACҺ 
release in th e PFC Likew ise, DA and N E efflux were increased after 
system ic adm inistration (2.5 mg/kg) and after intra-PFC perfusion with  
the drug (10-100 uM), w h ereas ACҺ release w as uneffected after local 
adm inistration. S-(-)HA966 (3 m g/kg) selectively  antagonized th e increase 
in DA release induced by system ic PCP treatm en t (2.5 mg/kg), while  
clonidine (0.01 m g/kg) w as able to reduce th e PCP-induced increases in  
both ACҺ and catecholam ine efflux.

Th ese stu d ies dem onstrate that acute PCP adm inistration affects 
dopam inergic and cholinergic transm ission in PFC and th at th ese  
resp onses are differentially sen sitive to pharm acological m odulation. 
M oreover, th ese data show th at cholinergic and dopam inergic system s in  
PFC are to som e exten t independently regulated. Further "within animal" 
stu d ies of drug effects on m ultiple neurochemical system s m ay yield  
im portant in sigh ts regarding neurotransm itter interactions in  the PFC. 
Supported in part by PHS grants MH14092 and MH57483.

291.4
CHANGES IN ADULT BRAIN AND BEHAVIOR CAUSED BY AMYGDALA 
AND ADJACENT LIMBIC DAMAGE: IMPLICATIONS FOR THE ETIOLOGY 
OF SCHIZOPHRENIA. F. M. Hanlon*. R. S. Astur. and R. J. Sutherland. Depts. 
of Psychol. & Neurosci., Univ, o f New Mexico, Albuquerque.

Schizophrenic symptoms may result from early, specific brain damage causing 
aberrant maturation of certain brain structures en cascade, such as the hippocampus, 
amygdala, prefrontal cortex, ventricles, and forebrain dopamine systems. We have 
investigated this idea using a predictive rat model of schizophrenia, focusing on adult 
cognitive, social, neuropharmacological, and forcbrain structural pathology after 
neonatal amygdala or other limbic system damage. We measured many aspects αf 
brain morphology, sensitivity to forebrain dopamine system activation, and specific 
cognitive processes in adult rats that received electtolytic damage to either the 
amygdala or adjacent limbic areas, including the hippocampus, 48 hr after birth. The 
behavioral measurements involved tasks which depend upon the integrity of the 
hippocampus, amygdala, or prefrontal cortex, locomotor response to apomorphine and 
amphetamine, and a social communication task. Rats with neonatal limbic damage 
showed poor performance on tasks sensitive to the hippocampus and the prefrontal 
cortex and more apomorphine-induced locomotion after puberty than the sham lesion 
group. Preliminary results investigating the rats with neonatal anterior amygdala 
damage suggest no impairment on the hippocampal sensitive task and no significant 
differences in amphetamine-induced locomotion. However, deficits in social 
communication of flavor preferences were seen in these adult rats. Brain morphology 
was assessed for rats with neonatal limbic damage by measuring the volume of the 
amygdala, hippocampus, frontal and cerebral cortices, and lateral and third ventricles. 
The rats with limbic damage showed smaller amygdalae and hippocampi, and larger 
lateral ventricles. Thus, early limbic, including the amygdala and hippocampus, 
damage may cause adult behavioral, morphological, and neuropharmacological deficits 
that resemble those seen in adult schizophrenics. [Supported by SRAC, Quad-L αf 
UNM, and HHMI to UNM School of Medicine.]

291.6
Effects of Excitotoxic Neonatal Ventral Hippocampal and Medial 
Prefrontal Cortical Lesions on Insulin and Insulin-like Growth 
Factor Receptor Binding in Rat Brain. M. Carli. G. Flores. G. Wood. S. 
Subramaniam, R, Ouirion. L. Srivastava* and S. Kar. Douglas Hospital Research 
Centre, Department of Psychiatry, McGill University, Montreal, Québec. Canada.

Excitotoxic lesion of ventral hippocampus (VH) or medial prefrontal cortex 
(MPFC) in neonatal rats leads to various behavioral abnormalities that appear post- 
pubertally [after postnatal day (PD) 56] and may be putatively linked to schizophrenia. 
Some of these behaviors may involve developmental changes in specific brain areas 
subserving multiple neurotransmitters. Growth factors, among them, insulin and 
insulin-like growth factors (IGFs), play a key role in lesion-induced synaptic 
reorganization and repair. As a first step towards understanding the role of these 
factors in neonatal VH and MPFC-lesioned animal models, we have assessed the 
hippocampal expression of receptors for insulin and 1GF-II. Bilateral ibotenic acid 
lesions of V Қ  MPFC or both were performed in PD7 Sprague-Dawley rats and 
binding was determined in the dorsal hippocampus at PD56 using [125I]insulin and 
[l25I]IGFII in an autoradiographic assay. In sham-lesioned animals, a high density of 
[,25Í]IGF-II binding was localized primarily in the pyramidal cell layer o f CA1-CAЗ 
subfields and in the granular cells of the dentate gyrus (DG). [l25I]insulin binding sites 
were found to be concentrated in the CA1 subfield and in the molecular layer of DG. 
Among the lesioned groups, [125I]IGF-II binding was found to be markedly increased 
in all subfields of the hippocampus in VH lesioned rats, but not in MPFC or in double- 
lesioned rats. [125I]insulin binding, on the other hand, did not exhibit alteration in any 
region of the hippocampus following either VH, MPFC or double lesion. These results 
when analyzed with reference to the established role of IGF-II receptor in endocytosis 
and intracellular trafficking, warrant further investigation of IGFs and their receptors 
in possible synaptic plasticity in VH-lesioned rats. (Supported by MRC Canada).
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291.7

STRAIN-SPECIFIC EFFECTS OF NEONATAL VENTRAL HIPPOCAMPAL 
LESIONS CAN BE REVERSED BY CROSS FOSTERING G.K. Wood*. D. 
Baгbeau. R. Ouirion. L.K. Srivastava. Douglas Hospital Research Centre, Depts. of 
Psychiatry and of Neurology and Neurosurgery, McGill University, Montreal, PQ.

It has recently been demonstrated that not only do rats neonatally lesioned in the 
ventral hippocampus postpubertally develop behavioral sensitivity to amphetamine, 
but that the expression of the sensitivity is strain specific. For example, small ventral 
hippocampal lesions that do not affect Sprague-Dawley rats, cause d-amphetamine- 
induced hyperlocomotion in Fisher rats. Furthermore, Lewis rats do not become 
sensitive to amphetamine even with large ventral hippocampal lesions, suggesting a 
genetic vulnerability to develop behaviors that may have relevance to schizophrenia 
(Lipska, PNAS, 8906,92; 1995). However, one question remains to be answered: 
What contribution is the fostering of the pups making towards the behavioral 
outcome. In an attempt to clarify the issue, half of a group of Fisher and Lewis rats 
were cross-fostered at birth and then the normal and cross-fostered pups were 
lesioned with ibotenic acid (0.15 ug) in the venưal hippocampus at postnatal day 
seven. Following postnatal day 56 the locomotion of the different groups were 
monitored after injections of 1.5 mg/Kg of d-amphetamine. As previously described, 
lesioned Fisher rats demonstrated amphetamine-induced hyperlocomotion compared 
to sham operated conưols, while lesioned Lewis rats did not differ from sham 
operated conưols. However, lesioned Lewis rats that were cross-fostered with Fisher 
dams did demonsưate amphetamine-induced hyperlocomotion compared to cross- 
fostered sham operated Lewis rats. Furthermore, Fisher rats cross-fostered with Lewis 
dams did not express amphetamine-induced hyperlocomotion. These results indicate 
that the strain specific effects of neonatal ventral hippocampal lesions can not be 
assumed to be purely due to genetic differences, but that the fostering of the rats 
impacts on the behavioral outcome of the rats, (supported by MRC and NSERC 
Canada, and FRSQ).

291.9
EFFECTS OF OLFACTORY BULBECTOMY AND ENVIRONMENTAL 
COMPLEXITY ON NORADRENERGIC FIBER DENSITY IN RAT 
CEREBRAL CORTEX. Kodish. I.1* & Black. J.E.1'2-3 'Dept Psychiatry, 
2Neuroscience Program, 3Beckman Institute, Univ Illinois Urbana- 
Champaign.

Previous work (e.g., Kitayama et al., Biol Psych, 1997) has shown 
that chronic stress can cause retraction of noradrenergic axons (NE) 
originating in the locus coeruleus, accompanied by behavioral changes 
consistent with depression. Treatment with antidepressants causes 
behavioral recovery and axon regrowth. These changes may be related to 
mechanisms of depression.

In this study, we wanted to see if an alternative animal model of 
depression (olfactory bulbectomy) would produce similar axonal 
changes, and if prior experience in a complex social environment could 
protect against such changes. We used 31 adult male Long-Evans rats, 
with half of them in environmental complexity (EC; housed in social 
groups with changes of novel objects) and half in standard, solitary lab 
housing (1C). Half of each group was then given bilateral olfactory 
bulbectomy (OB) or a sham procedure (SH). Their behavior was then 
assessed in open field, elevated plus-maze, and Porsolt forced swimming 
test. Routine immunocytochemistry was used to stain their brains for 
dopamine ß hydroxylase, a marker for NE axons. Unbiased stereological 
methods were then used to measure Lv (length per volume) in anterior 
cerebral cortex. Behavioral and anatomical results were analyzed by a 
2X2 ANOVA. EC had greater Lv than 1C (F(l ,27)=6.5, p<.O2), and OB 
was nonsignificantly lower than SH. Lv (mm/mm3; mean ±SEM):
EC-SH 9.7± 0.9; IC-SH 8.2 ± 0.5; EC-OB 9.0 ± 0.3; IC-OB 7.6 ± 0.4. 
Behavioral tests will be reported. Supported by NARSAD.

291.11
INTERACTION OF PCP AND CLOZAPINE ON PREPULSE-INHIBITION OF 
ACOUSTIC STARTLE IN RATS: ACUTE AND CHRONIC STUDIES.
B.J. Snyder and L.T. Meltzer.* Neuroscience Therapeutics, Parke-Davis 
Pharmaceutical Research Division, Warner-Lambert Co., Ann Arbor, MI 4 8 105.

PCP-induced disruption o f prepulse inhibition (PPI) of acoustic startle (AŜ) is a 
frequently used test for novel antipsychotic agents. Part o f the the use of this model 
is based on the ability of clozapine (CLZ) to antagonize the effects of PCP. However, 
this effect is either not always observed or occurs at only one or two prepulse stimuli. 
In addition CLZ doses are usually lower than those used in other tests of 
antipsychotic actions, especially those involving repeated treatment (20 mg/kg) and 
even though antipsychotic effects develop over time, the effects o f chronic CLZ on 
the PCP-induced disruption PPI o f AS have not been studied. To try to address some 
of these issues, we evaluated the effects of PCP on PPI after both acute and chronic 
treatment with CLZ. In acute studies with a 20 min. CLZ pretreatment and a 10 min. 
PCP pretreatment, mixed results were observed in the interaction of acute CLZ, 5 & 
20 mg/kg IP, on PCP, 3 mg/kg IP, disruption o f PPI. In one experiment, CLZ, 5 
mg/kg IP, produced a partial reversal of the PCP-induced disruption of PPI, whereas 
in a separate experiment, no reversal was observed. In a single experiment, CLZ 20 
mg/kg IP, produced a partial reversal o f the PCP-induced disruption o f PPI. With a 1 
hr pretreatment o f both PCP, 3 mg/kg IP, and CLZ, 5 and 20 mg/kg IP, there was no 
effect on the PCP-induced disruption o f PPI. In rats that received CLZ, 20 mg/kg SC, 
for 20 days and were tested on day 21 with CLZ, 20 mg/kg IP, and PCP, 3 mg/kg IP, 
only a partial reversal of the PCP-induced disruption o f PPI was observed. Thus, in 
these initial studies, chronic treatment with CLZ did not increase it’s ability to reverse 
PCP-induced disruption o f PPI. Since the antipsychotic-like effects of CLZ in 
animals are thought to increase with repeated treatment, these data suggest that the 
interaction of PCP and CLZ in this test do not reflect antipsychotic effects. 
(Supported by Warner-Lambert Co.)

291.8
ACTIVATION AND INHIBITION OF MEDIODORSAL THALAMIC 
TRANSMISSION INFLUENCES LOCAL GABA AND MEDIAL PREFRONTAL 
DOPAMINE AND GABA RELEASE. A DUAL PROBE MICRODIALYSIS IN THE 
CONSCIOUS RAT. J.C, Gle∩∩on, B. Earley- * and W.T. O'Connor. Department of 
Human Anatomy and Physiology, University College. Dublin. Ireland. *Tcagasc Grange 
Research Centre. Dunsany. County Meath. Ireland.

The mediodorsal thalamic nucleus (MDT) projects to the medial prefrontal cortex 
(mPFC) via an excitatory MDT-mPFC glutamate pathway . In this study we employed 
dual probe microdialysis to increase and decrease transmission in this pathway by 
studying the effects of intra-MDT perfusion with N-methyl D-aspartate (NMDA. l(Ю. 
300, 6OOµM. 2Omins) and low Ca2⅛ perftisate (l(ЮµM, ЮOmins) on local GABA and 
ipsilateral mPFC dopamine (DA) and GABA release in the conscious rat. Intra-MDT 
NMDA (100. 300 and 6OOµM) increased local GABA (+68+16%. 2Omins: +90±I7%. 
4Omin and +43±6%. 6ümin v ’s basal levels respectively) and this was also associated 
with a prolonged increase in mPFC DA (+130±26%. 4Omin: +48+10%, 8Omin and 
+225±20%, 8Omin respectively). However, while the lower (100, ЗOOµM) NMDA 
concentrations elicited a rapid and transient increase in mPFC GABA (+75±9%. 2Omin: 
+ 140±29%. 2Omin respectively ) the higher 6OOµM concentration was without effect on 
mPFC GABA release. Intra-MDT perfusion with low Ca2 was associated with a 
gradual decrease in local GABA (-32+5% after ЮOmins) which was not immediately 
reversed upon switching back to a normal Џ.e. 2.4mM Ca 2 ) perfusate while a rapid, 
and reversible decrease (-44+9% , 6Omin) was observed in mPFC DA but not GABA (-4 
±7%) release. Thus, MDT NMDA receptor activation increases local GABA and mPFC 
DA and GABA release in a non-linear, dose related fashion while inhibition of MDT 
transmission by perfusion with low Ca 2 decreases local GABA and mPFC DA but not 
mPFC GABA release. Taken together, these findings indicate a key role for MDT 
GABA transmission in the direct and indirect regulation of mPFC DA and GABA 
release respectively possibly via an inhibitory regulation of the excitatory MDT-mPFC 
glutamate pathway . Supported by the Health Research Board (Ireland)

291.10
L A M O T R I G I N E  P R E V E N T S  N M D A  A N T A G O N I S T  
N E U R O T O X IC IT Y . V . J e v to v ic -T o d o ro v ic* . J.W . O ln ev . and N .B . 
Farber. Washington Univ., St. Louis, MO 63110

A n ta g o n ists  o f  the N M D A  glu tam ate (g lu ) receptor, in c lu d in g  
p h en cy c lid in e  (P C P ), k etam in e and M K -8 0 1 , injure n eurons in the  
posterior cin gu late/retrosp len ia l cortex  (P C /R S C ) in rats and produce  
a sch izop h ren ia -lik e  p sy ch o s is  in hum ans. T h e n eu ro to x ic  action  o f  
N M D A  an ta g o n ists  (N A ) is m ed ia ted  by a c o m p le x  d is in h ib itio n  
m ech an ism  in w h ich  N A  a b o lish  G A B A erg ic  in h ib ition , resu ltin g  in 
the sim u ltan eou s e x c e ss iv e  release o f  at lea st  tw o  neurotransm itters at 
recep tors lo ca te d  on  vu ln erab le  P C /R S C  n eu ron s (a ce ty lc h o lin e  at 
m u scarin ic  receptors and g lu  at n o n -N M D A  recep tors). H erein  w e  
report that lam otrig ine — an an tiep ilep tic  that inh ib its the presynaptic  
re lea se  o f  g lu tam ate  — can  p rotect a g a in st M K -8 0 1 ’s n eu ro to x ic  
e ffe c t  in rat m ost lik e ly  by p reven tin g  the e x c e s s iv e  release o f  glu  at 
n o n -N M D A  receptors. B ased  on the ab ility  o f  G A B A erg ic  agents to 
attenuate both the neu rotoxic  and p sy ch o to m im etic  e ffe c ts  o f  N A , and 
on the inability  o f  N A  to induce th ese  tw o  e ffec ts  prior to puberty, w e  
h a v e  p rop osed  that d is in h ib itio n  o f  sim ila r  c ircu itry  u n d erlies  the  
n eu ro to x ic  as w e ll as the p sy c h o to m im e tic  actio n s o f  th ese  drugs. 
C on sisten t w ith  this proposal K rystal and co lle a g u e s  recen tly  found  
that la m o tr ig in e  can  a tten u ate  th e p s y c h o to m im e t ic  e f f e c ts  o f  
k etam in e. Further co n firm a tio n  o f  th is p rop osa l c o m e s  from  the  
find ing (see  N ew co m er  et al, this m eetin g) that α 2 adrenergic agon ists  
can prevent both the neu rotox ic  and the p sy ch o to m im etic  e ffe c ts  o f  
th ese agents. T h ese  fin d in gs su g g est that N A  n eu rotox icity  is a usefu l 
m o d el for s tu d y in g  th e p a th o p h y s io lo g y  o f  p sy c h o tic  d isord ers. 
Supported by AG11355, DA05072, SDAC DA00290 (NBF), and RSA MH 38894 
(JWO).

291.12
PRIOR EXPOSURE TO CHRONIC COCAINE (COC) PREVENTS THE 
DISRUPTIVE EFFECTS OF DOPAMINE AGONISTS ON PREPULSE 
INHIBITION IN RATS J.J. Byrnes*. J. Onton. and R. P. H am m er. Jr.
Depts. o f  Pharm acology, Psychiatry , and N euroscience, Tufts 
U niversity  School o f  M edicine, Boston, M A  02111.

D rug-induced  a lteration  o f prepu lse  inhib ition  (PPI), an index o f 
sensorim otor gating, has been proposed as a valid anim al m odel o f 
sch izophrenia  sym ptom s. B ehavioral sensitization  fo llow ing repeated 
psychostim ulant treatm ent a lso has been used as an anim al m odel o f 
schizophrenia. The results o f  recent studies attem pting  to  sensitize 
disruption  o f PPI using  repeated  am phetam ine have been conflicting.
In an attem pt to differentia te  these responses, we tested the hypothesis 
that a behaviorally  sensitizing regim en o f C O C  w ould lead to an 
altered sensitivity  to the d isrup tive effects o f  acutely adm inistered 
dopam ine agonists on PPI. M ale rats received  7 daily C O C  (30 m g/kg, 
i.p.) o r vehicle treatm ents, a 7-day w ithdraw al period, and a drug 
challenge fo llow ed by PPI testing. Ίn  E xperim ent I, an im als chronically  
treated w ith CO C or vehicle received a C O C  challenge; chronic 
treatm ent p roduces robust behavioral sensitization  upon challenge. In 
Experim ent II, anim als previously  treated w ith CO C or vehicle received a 
drug challenge consisting  o f e ither APO (1 or 3 m g/kg, s.c.) or vehicle. 
The results indicate that acute CO C  significantly  disrupts PPL This 
effect was com pletely  b locked in anim als ch ronically-treated  with 
(COC). M oreover, disruption  o f PPI by acute A PO  adm inistration  was 
significantly  attenuated  in an im als chronically  exposed  to C O C. These 
data indicate that chronic  CO C treatm ent induces a subsensitiv ity  o f 
dopam ine recep to rs, an effect w hich m ight function  to  “norm alize” 
sensorim otor gating  deficits. Supported  by U SPH S A w ard R01 
DAO9822 and T 32  M H  19924.
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291.13
ISOLATION REARING OF MICE INDUCES DEFICITS IN PREPULSE 
INHIBITION OF THE STARTLE RESЮ NSE. G B, Vartv. V. Lehmann-Masten* 
and M·A. Gever Psychiatry Dept., UC San Diego. La Jolla. CA 92093-0804.

Prepulse inhibition (PPI) of the startle response is a cross-species operational 
measure of sensorimotor gating that is reduced in schizophrenia. Rat pups reared 
under conditions of isolation from weaning through to adulthood exhibit locomotor 
hyperactivity and deficits in PPI. Furthermore, isolation-induced PPI deficits are 
reversed by both typical and atypical antipsychotics. As there is much interest in 
mouse behavior, particularly due to the introduction of genetically altered mice, the 
aim of this studyr was to examine whether isolation of mice would induce PPI deficits 
similar to those seen in the rat. Thirty male and thirty female 129/SvEms+-TEƙ?/J 
mice were raised from weaning in either normal social conditions (3-4 per cage) or 
conditions of isolation (1 per cage). Animals were housed in these conditions 
throughout the study. Six weeks after weaning, locomotor activity was measured in 
an open field, followed immediately by a test of startle reactivity and PPI. One week 
later, all mice were re-tested in the startle paradigm. Multiple prepulse parameter 
sessions were used manipulating prepulse intensity (3-12 dB) or inter-stimulus 
interval (ISI: 50-200 ms). Isolation-reared male and female mice exhibited locomotor 
hyperactivity compared to social controls. In male mice, isolation rearing had no 
effect on startle reactivity. Furthermore, at weeks 6 and 7, there was no effect of 
isolation rearing on PPI in the variable prepulse intensity session. Isolation rearing 
did, however, induce PPI deficits in male mice when tested using variable ISI 
conditions at weeks 6 and 7. In female mice, isolation rearing had no effect on startle 
reactivity. Furthermore, isolation rearing did not affect PPI in female mice in either 
of the parameter sessions. These studies have shown that, as with male rats, isolation 
rearing of male mice induces deficits in sensorimotor gating, specifically PPI; 
however, isolation rearing o f female mice had no affect on PPI.
This work was supported by NIMH grant MH52885.

291.15
MK-801 DISRUPTS PREPULSE INH IBITION O F ACOUSTIC STARTLE IN 
M ALE M ICE. A. Nardi. D. F. Wozniak*. G. Brosnan-Watters. N. B. Farber and J. 
W. Olney. Dept. Psychiat.,Washington Univ. Sch. Med., St. Louis, MO 63110. 
Moderate doses of N-methyl-D-aspartate (NMDA) receptor antagonists like MK-801 
induce reversible neuronal injury in the posterior cingulate/retrosplenial cortices 
(PC/RSC) in male mice and a high dose of MK-801 (10 mg/kg) induces neuronal 
necrosis in the PC/RSC. in addition, a low dose of MK-801 (0.05 mg/kg) induces an 
acute impairment in a type of spatial learning in male mice while a high dose of MK- 
801 results in the same spatial learning deficit that becomes chronic in nature. 
Another well-known side effect of NMDA antagonists is that they induce a 
schizophrenomimetic reaction in humans. In the present study, we used prepulse 
inhibition (PPI) of the startle response, which is an animal model of the deficient 
sensorimotor gating observed in schizophrenic patients, to study the effects of low to 
high doses of MK-801 in male albino mice. PPI refers to the attenuation of a startle 
response which occurs when the startling stimulus is immediately preceded by a 
weak prestimulus. In one experiment, mice were injected SC with either saline, or 
0.1, or 0.2 mg/kg MK-801 and 30 min later were tested on PPI. The PPI session 
consisted of presentations of either a startling stimulus (120 dB pulse) by itself or 
immediately preceded by prepulses that were either 4, 12, or 20 dB above 
background noise (65 dB). Both doses of MK-801 significantly disrupted PPI 
although the effect was somewhat dependent on the sound pressure level of the 
prestimulus. Both doses also significantly increased the startle response. In another 
experiment, 0.05 mg/kg was not found to disrupt PPI or alter startle. To test the 
potential chronic effects of a high dose of MK-801, mice were tested on the PPI 
procedure and then injected SC with 10 mg/kg MK-801. They were allowed to 
recover for 19 days, at which point they were retested on the PPI procedure. This 
high dose of MK-801 failed to disrupt PPI or startle levels although there was some 
evidence suggesting that habituation of the startle response was altered by the drug. 
In summary, unlike its effects on spatial learning, MK-801 disrupts PPI and alters 
startle at 0.1 and 0.2 mg/kg, but a high dose may not induce chronic changes in these 
indices. Supported by AG 11355.

291.17

ALCOHOL CONSUMPTION, IMIPRAMĬNE, AND 
EMOTIONAL BEHAVIOR IN WKY RATS, A STRESS- 
RESPONSIVE RAT STRAIN. A .M .T. Pare1 and W .P. Pare2*. 
*Dept. Psychol., Washington Coll., Chestertown, MD; 2V.A. 
Medical Center, Perry Point, MD 21902.
In a preliminary study, Wistaг Kyoto (WKY) rats consumed more 
alcohol than Sprague Dawley (SD) rats when offered a choice 
between a 7% alcohol solution and tap water. Since WKY rats are 
stress-reactive, a subsequent study was conducted to determine if 
alcohol consumption functioned in an anxiolytic fashion for WKY 
rats. WKY and SD rats were assigned, on the basis of preliminary 
open field test (OFT) scores, to either an alcohol-access treatment or 
to a water-only treatment for 27 days and subsequently observed in 
the OFT and the elevated-plus maze (EPM). Alcohol reduced 
"emotionality" in the OFT (i.e ., reduced response latency and 
increased activity) and reduced time in the closed arm o f the EPM 
for WKY rats. In a subsequent study, the anti-depressant, 
imipramine, reduced alcohol consumption in WKY rats and 
decreased time in the closed arm o f the EPM for WKY rats. These 
data provide additional support for the supposition that WKY rats 
represent a useful animal model for studying depressive behavior. 
(Supported by V.A. Medical Research Service).

291.14
PRENATAL STRESS GENERATES ADULT RATS WITH BEHAVIORAL AND 
NEUROANATOMICAL SIMILARITIES TO HUMAN SCHIZOPHRENICS. Ker- 
Neαg Li∏. A-J. Baгel¾. M, Chang. E. Dtcus. S. Garrett. M, Levine, Ş, Qгai and William O. 
McClure*. Dept, o f Biol. Sci., Univ, o f Southern California, Los Angeles 90089-2520.

A great deal of evidence suggests that at least some fraction o f schizophrenia is caused 
by errors in fetal development, probably originating in the sixth month of pregnancy and 
possibly involving stress to the mother. To test the fetid developmental hypothesis o f 
schizophrenia, we have stressed pregnant rats at a critical stage o f development and 
examined the behavior and neuroanatomy o f the resulting pups when they reach young 
adulthood. In three major experiments carried out over four years, pregnant Wistaг strain 
rats were immobilized once each day for 30 to 300 s at 10am on days el 1 -el4 incl. of 
gestation. Other mothers were left unhandled as a control, litters were culled to 8 
animals of mixed sex within 43 hr of birth. At day p2O the pups were weaned and housed 
for the duration of the experiment in pairs of the same sex and same treatment group, and, 
when possible, the same litter. Pups were tested for prepulse inhibition o f the acoustic 
startle response and for open field behavior at various ages, and were sacrificed for 
neuroanatomical evaluation at about p9O.

Prepulse inhibition is reduced in the treated animals. The reduction is noticeable at ages 
> pЗO, but becomes significant only at ages > p7O (p ~ 0.01). In a similar manner, 
increased rearing in the open field is significant, but only at ages > p7O. These changes 
suggest a spontaneously occurring hyperđopaminergia which becomes manifest only after 
puberty. In this sense, the behavioral data mimic those seen with human schizophrenics. 
Anatomical studies o f p9O animals also show increased disorganization o f hippocampal 
pyramidal ce¤s (p ~ 0.03) and reduced size o f cells in the prefrontal cortex (p ~ 0.005). 
Both these changes are also seen in human schizophrenics. In all cases, short times o f 
immobilization (60 - 90 sec) were more effective than longer ones (300 sec). Taken 
together, the data suggest that rats treated with mild but not severe prenatal stress are very 
like schizophrenics, providing evidence to support the fetal developmental hypothesis. 
Prenatalły stressed rats may provide a model with construct validity for the human disease. 
Supported by the Hedco Foundation and the NIH.

291.16
C L IN IC A L C O R R E L A T E S O F ST A R T L E  PR EPU LSE IN H IB IT IO N  
D E F IC IT S  IN  SC H IZ O P H R E N IA  K.A. Young*, P.B. Hicks, I. Steele 
Russell, P. Allen, A.S. Comalli, and M.B. Smith. Texas A&M University HSC 
Department of Psychiatry and Behavioral Science, Scott & White Clinic and the 
Central Texas Veterans Health Care System, Waco, Texas, 76711.

The clinical correlates of startle prepulse inhibition (PPI) deficits in 
schizophrenics have not been well described. We measured startle responses in 
veterans with schizophrenia (n=42), PTSD (n=27) and normal confrols (n=42 and 
33) as part of a psychophysiological test battery. The Positive and Negative 
Syndrome Scale (PANSS) was administered to the schizophrenics within one hour 
of testing. The mean startle PPI ratio (prepulse trials/startle-only trials) was 
significantly elevated in both PTSD and schizophrenic groups. Using an arbitrary 
cut-off of 0.5 to define abnormal PPI, 43% of the schizophrenics, 33% of the 
PTSD subjects, and 3 and 11% of the controls were categorized as abnormal. 
Schizophrenics with or without PPI deficits had similar PANSS ratings for 
Positive, Negative and Autistic clusters (Pentagonal Structure Model - White et al„
1997). W isconsin Card Sorting and Continuous Performance Task did not 
differentiate the two groups. The same proportion of subjects in each group 
reported experiencing auditory hallucinations during the testing session (30%). 
Increasing the cut-off to 0.7 produced similar results. Activation and Dysphoric 
symptom clusters, however, and impulsivity, tension, affective lability and 
difficulty delaying gratification items were significantly elevated in the 
schizophrenics with PPI deficits. The data suggest that startle PPI deficits, which 
are expressed in a minority of schizophrenics, may be linked to neural circuits 
underlying impulsivity/activation. These "dimensional" symptoms are also 
elevated in several of the other psychiaưic populations such as PTSD in which 
startle PPI deficits have been described. Since schizophrenics with PPI deficits do 
not appear to have prominent cognitive deficits or elevations in positive 
symptoms, the present data do not support a link between startle PPI deficits and 
cenưal inhibitory processes contributing to psychotic symptoms (ie., the sensory 
overload theory). Supported by the DVA, S&W Hospital and TAMUHSC.

291.18
NEUROCHEMICAL EFFECTS OF ACUTE RAPID-RATE 
TRANSCRANIAL MAGNETIC STIMULATION: AN
INTRACEREBRAL MICRODIALYSIS STUDY
M.E. Keck*. K. Ebner, I. Sillaber. A.Post. G. Kohl. R. Landgraf.
F. Holsboer and M. Engelmann. Max-Planck-Institute of Psychiatry, Dept, 
o f Neuroendocrinology, D-80804 Munich, Germany 

The use of the rapid-rate transcranial magnetic stimulation (rTMS) technique as a 
new therapeutic tool in the treatment of depression in psychiatry is under 
discussion. Indeed, several lines o f  evidence resulting from preclinical and clinical 
studies point towards an antidepressant efficacy. To investigate the effects of acute 
rTMS treatment on intra-hypothalamic release of arginine vasopressin (AVP) and 
amino acids, urethane-anesthetized male Wistaг rats were stereotactically implanted 
with custom-made metal-free microdialysis probes into the paraventricular nucleus 
(PVN). To monitor for monoamines probes were implanted into the dorsal 
hippocampus. Anesthetized animals were treated with rTMS for in total one hour 
using the MagPro™ Dantec with a circular shaped prototype coil. The initial 
current direction was clockwise. rTMS consisted o f twenty trains (20 Hz x 5s) 
separated by two-min pauses. We found no indication for changes in intra-PVN 
release o f AVP. However, the release o f taurine, glutamate, aspartate and serine 
was selectively stimulated within this nucleus by rTMS (p<0.05). In the 
hippocampus the concentration of 5-hydroxyindolacetic acid was elevated after 
stimulation (p<0.05), indicating an increase in serotonin turnover rate. Taken 
together, these data provide first evidence for a stimulatory effect of rTMS on 
selected neurotransmitter/ neuromodulator systems in different brain areas. Further 
studies have not only to evaluate the physiological impact o f the changes observed 
but will also contribute to the characterization o f the biological basis of the 
phenomena reported in clinical trials.
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292.1
THE D IFFE R EN TIA LLY  A L C O H O L -SE N SITIV E H A S/LA S RA TS 
ARE D IFFE R EN TIA LLY  SEN SITIV E TO  NICO TIN E. C.M . de Fiebre*.
N.C. de F iebre. S. SalvanL R. D aw son, Jr., P.M . Seym our. Dept, o f  
Pharm acology, Univ, o f  N orth  T exas H SC, Fort W orth, TX  76107-2699.

A lcoholism  and sm oking are highly  and positively  correlated; yet, the 
factors w hich  influence the developm ent o f  this form  o f  polydrug abuse 
have yet to  be elucidated. In the present study, the sensitivity  o f  the H igh- 
(HAS), Control- (C A S) and Low -A lcohol Sensitivity  (LA S) rats to 
nicotine-induced depressions o f  locom otor activity  and body tem perature 
as well as to nicotine-induced  seizures w as exam ined. B oth replicate 
alcohol sensitive lines (HAS1 and H A S2) w ere m ore sensitive to  the 
activity depressing  effects o f  n icotine than  w ere the alcohol insensitive 
lines (LAS1 and LA S2). The control line (CA S) displayed interm ediate 
sensitivity. N o significant line differences w ere seen on the o ther tests; 
however, fem ales w ere m ore sensitive to nicotine-induced  seizures than  
were m ales. U sing  a  recently  developed HPLC assay, serum  and brain 
levels o f  nico tine and cotinine have been  m easured in  these anim als 
follow ing n icotine injection. These prelim inary  data suggest that the HAS 
and LA S lines differ in  CN S sensitivity  to  n icotine and that these 
differences do not arise because o f  d ifferences in the absorption, 
d istribution or rap id  m etabolism  o f  nicotine. Sensitivity  d ifferences will 
be d iscussed in  rela tion  to the resu lts o f  planned n icotinic ligand binding 
studies. T hese findings support the hypothesis that there is overlap in the 
genetic regulation  o f  CN S sensitivities to  ethanol and nicotine.
T h is  p r o je c t  w a s  s u p p o r te d  b y  a  g r a n t  f r o m  th e  N IA A A  ( A A - 0 9 5 8 5 ) .  

H A S /C A S /L A S  r a ts  w e r e  g e n e r o u s ly  s u p p l ie d  b y  D r s .  R ic h a r d  D e i t r i c h  

a n d  L a u r a  D r a s k i  o f  th e  U n iv e r s i t y  o f  C o lo r a d o  H e a l t h  S c ie n c e s  C e n te r .

292.3
QTL ANALYSIS OF THE STIMULANT AND DEPRESSANT EFFECTS OF 
ETHANOL ON LOCOMOTOR ACTIVITY IN THE BXD RECOMBINANT 
INBRED SERIES. K. Demarest,1* L. .Cıpp,? L A  McCaughгan, Jг.,ĩandR . 
Hitzemaπn2. Departments of Neurobiology1 and Psychiatry2, SƯNY at Stony Brook, 
Stony Brook, NY 11794.

Low to moderate doses o f ethanol produce stimulation of locomotor activity in the 
DBA/2J inbred mouse strain but inhibit or have little effect on activity in the 
C57BL/6J inbred strain. A previous study by Phillips et al. (1995) mapped 
quantitative trait loci (QTL) in the BXD Recombinant Inbred (RI) series for ethanol's 
(2g/kg) effects on locomotor activity in the initial 5 minute interval. QTLs were 
detected on chromosomes 3, 10, 11,12, 17 and 18. These QTLs are likely to 
represent the genes influencing the initial activational effects of ethanol. The genetic 
influences which mediate the stimulant effects o f the first five minutes of the ethanol 
trial, however, are likely to be relatively independent o f the depressant effects of 
ethanol (produced in the C57BL/6J strain) occurring in latter intervals. Thus, a 
different set of QTLs would be expected for ethanol-induced locomotion in the 5 to 
20 minute, interval. The present study involved phenotyping 294 mice in 22 sưains 
of the BXD RI series for ethanol-induced locomotion at a dose of l.5g/kg ethanol for 
the 5 to 20 minute interval o f activity. The average number o f animals per strain was 
13. The two most extreme strains were 18 with an increase in activity of 6276 
cm/15min and strain 9 with a decrease in activity o f -6583 cm/15 min. The strain 
means were correlated with the strain distribution patterns for 1282 marker loci of 
known chromosomal location and polymorphic between the C57BL/6J and DBA/2J 
strains. QTLs were detected on chromosomes 1,2,4 and 6 at p<.01. For 
confirmation o f these QTLs, 900 male B6D2 F2 intercross progeny were phenotyped 
for locomotor response to ethanol. The extreme phenotypic averages closely 
matched the extreme phenotypes for the BXD RI strains (6180 cm/15min and -3260 
cm/15min). To date, the QTL on chromosome 2 has been confirmed (D2MIT102, 
x-s.7).
Supported by AA-11034.

292.5
SENSITIVITY TO ETHANOL ATAXIA IN M OUSE LINES SELECTED FOR 
HIGH AND LOW  ETHANOL-INDUCED LOCOM OTOR ACTIVATION. S.L. 
Boehm II. T.J. Phillips. P. Metten*. and J.C. Crabbe. Portland Alcohol Research 
Center, Department o f  Behavioral Neuroscience, Oregon Health Sciences 
University and VA M edical Center, Portland, Oregon, 97201.

Ethanol-induced locomotor activity has been suggested to share common neural 
circuits with those mediating ethanol-induced euphoria or reward. That ethanol- 
induced locomotor stimulation is a heritable trait is supported by the successful 
selective breeding o f  the FAST and SLOW  selected lines, selected for high and low 
ethanol-induced locomotor activity, respectively. In addition to ethanol-induced 
locomotor activation, SLOW  mice were shown to be more sensitive to ethanol- 
induced grid test ataxia than FAST mice, suggesting comm on genetic influence for 
both ethanol-related traits. The experiments reported here further investigated 
sensitivity to ethanol ataxia in FAST and SLOW  mice. Immediately following an 
intraperitoneal injection o f 2.5 g/kg ethanol or equivalent amount o f  saline, mice 
were tested on the accelerating rotarod, fixed-speed rotarod, or the static dowel. 
Latencies to fall were recorded and brain ethanol concentrations were determined. 
Results suggest that while FAST and SLOW  mice differ in sensitivity to ethanol- 
induced ataxia on the different tasks, their sensitivities appear to be task dependent. 
That is, there is no common genetic influence with ethanol-induced locomotor 
activity that generalizes across multiple tests o f  ataxia. Ataxia is complex, 
comprising elements such as gait, balance, and grip. Each m easure o f  ataxia may 
tap a different subset o f  these elements such that the “ataxia” tested by one 
apparatus is qualitatively different from the “ataxia” tested by another.

These experiments were supported by NIAAA training grant #T32AAO7468 and 
grants from the Department o f  Veterans Affairs.

292.2
GEN ETIC  D IFFEREN CES IN NEUROACTΓVE STERO ID  SEN SITIV ITY 
D U RIN G  ETH A N O L W ITH D RA W A L. D.A. Finn*, A.D. Douglass. B. 
Patterson, J. D orow  and J.C. C rabbe. V A M C Research & Dept. Behav. 
N euroscience, O H SU, Portland, O R  97201.

O ne hypothesis in the laboratory is that genetic d ifferences in ethanol 
w ithdraw al severity  are due, at least in part, to m odulatory effects o f  
neuroactive steroids. These endogenous steroids w ith GA BA -agonist 
properties m ay m odulate w ithdraw al via alterations in  b iosynthesis or 
sensitivity  fo llow ing exposure to chronic ethanol. R ecent w ork dem onstrated 
that e thanol-w ithdraw ing rats had enhanced  sensitivity  to  the anticonvulsant 
effect o f  a llopregnanolone (or З α ,5 α -P ) as well as to the potentiation  o f  
G A B A -stim ulated chloride uptake. Since we recently  found that inbred 
strains differed  in sensitization  to the an ticonvulsant effect o f  Зα ,5α -P  during 
ethanol w ithdraw al in a m anner consisten t w ith their d ifferences in 
w ithdraw al severity, the present studies w ere conducted  to m easure steroid 
sensitivity  during ethanol w ithdraw al in m ice w hich w ere selectively bred to 
be sensitive (i.e., W SP) and resistan t (i.e., W SR) to handling-induced 
convulsions fo llow ing exposure to chronic ethanol. M ale W SP and W SR 
m ice were exposed to 72 hr ethanol vapor or air. W hole brain m icrosacs 
w ere prepared  from  anim als at 6 hrs follow ing rem oval from the inhalation 
cham bers (i.e., at peak w ithdraw al). P relim inary resu lts suggest that 
sensitization  to Зα ,5α-P -induced  potentiation  o f  G A BA -stim ulated chloride 
uptake occurred in  m icrosacs prepared  from  ethanol w ithdraw ing W SR, but 
not W SP m ice. This d ifference betw een genotypes in steroid sensitivity 
during  w ithdraw al is consistent w ith their selected d ifference for withdrawal 
severity. Supported by grant A A 10760 (NIA A A ) and the VAM C.

292.4
GENETIC CORRELATIONS BETWEEN ACOUSTIC STARTLE 
PARAMETERS AND CHRONIC ETHANOL WITHDRAWAL SEVERITY IN 
WSP AND WSR MICE. I.Y.Ponomarev and J.C.Crabbe*. Portland Alcohol 
Research Center, Department Of Veterans Affairs Medical Center, and 
Oregon Health Sciences University; Portland, OR 97221.

The present study examined the genetic correlation between chronic 
ethanol withdrawal severity and acoustic startle response in replicated lines 
of mice selected for high (Withdrawal Seizure Prone; WSP) and low 
(Withdrawal Seizure Resistant; WSR) susceptibility to handling-induced 
convulsions after withdrawal from chronic exposure to ethanol. Identification 
of traits that are genetically correlated with the selection response can be a 
powerful method for identifying potential mechanisms. Previous 
investigations showed that amplitude of the acoustic startle reflex (ASR) and 
prepulse inhibition (PPI) are affected by ethanol withdrawal and can serve as 
sensitive measures of physical dependence. In the present experiments 
naive WSP and WSR mice of both replicates were placed in startle chambers 
and exposed to a series of white noise stimuli of different intensities. The 
maximum startle amplitude of ASR and percent PPI were used as the 
dependent variables. Compared to WSP mice, subjects of both WSR 
replicates were more sensitive to auditory stimuli of low intensities. Mice of 
the WSR-2 line were also more reactive to high sound intensities and 
displayed a higher level of PPI than WSP-2 mice. In contrast, no differences 
were found between WSP-1 and WSR-1 animals for either measure. These 
data partially support a genetic association between chronic ethanol 
withdrawal severity and acoustic startle response.

Supported by NIH grant AA10760 and a grant from the Department of 
Veterans Affairs.

292.6
D IFFE R EN C ES IN TH E C O N TE N T O F EN D O G EN O U S OPIO ID 
P R E C U R SO R  m RNA AN D R E C E P T O R  D E N SITY  BETW EEN  AA AND 
A N A RA TS. P.W .M arinelli*, N .T.Jam enskv, K. Kiianm aa & C.
Gianoulakis. Douglas H ospital Research Center and M cGill University. 
M ontreal. Quebec, H 4H  1RЗ, Canada.

Alcohol is the oldest and m ost ubiquitous o f  psychoactive drugs It is also 
a drug  that shares m any properties with opiates, and one whose consumption 
can be altered by opioid agonists and antagonists. Given that an association 
m ay exist between the rew arding effects o f  ethanol intake, and the 
endogenous opioid system, we set out to  look for basal differences in opioid 
peptide m RN A  content and receptor density between rats bred selectively for 
their high (AA) and low (AN A) alcohol consumption. In situ hybridization 
was used to  estim ate the content o f  pro-enkephalin (pro-enk), and pro- 
dynorphin (pro-dyn) m RNA s between rats from  each line Results indicated 
th at AAs had had a significantly greater content o f  pro-enk m RNA in the 
arcuate nucleus and amygdala, and pro-dyn m RNA, in the arcuate and 
septum  (p < .05). Autoradiography w as perform ed using ⅛  ligands for µ, δ, 
and k opioid receptors. O f the regions investigated, the m ost significant 
difference observed was a greater receptor density o f  µ receptors in the shell 
region o f the  nucleus accum bens and the prefrontal cortex o f the AA animals 
Furtherm ore, AA rats dem onstrated m arkedly g reater binding overall for the 
µ opioid receptors. These results are in line with our previous findings and 
suggest that the endogenous opioid system m ay p lay  a role in controlling 
differences in ethanol drinking between AA and AN A rats.
Supported by a gran t from  N SER C  o f Canada
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292.7
GENETIC DIFFERENCES IN PURKINJE CELL LOSS FOLLOW ING 
ETHANOL EXPOSURE DURING THE BRAIN GROWTH SPURT: A DOSE 
RESPONSE STUDY. J.C. M ahonev1. C.R. Goodlett2. & J.R. W est1.* Dept. 
Anatomy & Neurobiology, Texas A&M Health Science Center, College Station, 
TX 77843-11141; Dept. Psychology, IUPUI, Indianapolis, IN 46202-32752.

Previous comparisons of Maudsley Reactive (MR) and Marshall (M52O) rats 
indicate that, with regard to cerebellar weight reduction and Purkinje cell loss, the 
MR strain was very susceptible, whereas the M52O strain was relatively resistant 
to postnatal exposure to high daily doses of ethanol. The present study extends 
these findings by evaluating effects over three ethanol doses. Pups from timed 
MR and M52O litters were implanted with gastric tubes on postnatal day (PD) 5 
and artificially reared from PD 5-10. Using a within litter design, pups were 
exposed to 4.4, 5.5 or 6.6 g/kg/day ethanol, or a control formula isocalorically- 
matched to the 5.5 g/kg/day dose. These treatments were delivered in 4 of 12 daily 
feeds on PD 5-9. Other litters o f  the same strains were normally reared by 
lactating dams. The pups were perfused on the morning of PD 10, their brains 
removed and weighed, and the cerebella embedded in a glycomethacгylate resin and 
sectioned at ЗOµm. Nissl-stained Purkinje cells were counted using the 3- 
dimensional optical disector. Reductions in the total number of Purkinje cells 
relative to artificially reared conưols were 28% (4.4 g/kg/day ethanol group), 33% 
(5.5) and 55% (6.6) in the MR strain, and 38% (4.4 ), 35% (5.5 ) and 39% (6.6) 
in the M52O strain. There were no strain differences in the peak BAC's produced 
by these doses, which increased incrementally as a function of dose. The findings 
indicate that the strain difference in susceptibility to neonatal ethanol-induced 
Purkinje cell loss is evident under conditions of heavy binge-like exposure, when 
the mean peak BAC’s range from 300-400 mg/dl. Supported by AA05523 and 
AA07313 (JRW)

292.9

B E H A V IO R A L  INH IBITIO N IN R A TS SE LEC TIV E LY  
B R E D  FO R A L C O H O L  PR E FE R E N C E . M .R . B lan k en sh ip * . 
T .M . M vers. G .B . S m ith . P .R . Finn and J.E . S te in m e tz . 
Program in Neural S c ien ce , D ept, o f  P sy ch o lo g y , Indiana 
U n iversity , B lo o m in g to n , IN 4 7 4 0 5 .
In an o n go in g  effort to characterize the behavioral ten d en cies o f  
rats that have been se lec tiv e ly  bred for alcoh ol con su m p tion , our 
lab has dem onstrated d ifferen ces b etw een  the P , N P , H A D , and 
L A D  lin es in term s o f  approach and avo id an ce  b eh av iors. T h e  
ex p er im en ts  reported here w ere  d e s ig n ed  to tax beh av iora l 
inhib ition in th ese lin es o f  rats. U sin g  a p a ssiv e  avo id an ce  task  
(step -d o w n ), w e found that the P rats take m ore trials to reach  
criterion. T h e N P , H A D  and L A D  rats h o w ev er , learn eq u ally  
fast. U sin g  a D R L  task w e w ere ab le  to  ch a lle n g e  resp on se  
inh ib ition  w ith 5 , 10 and 15 seco n d  d elay  in tervals. A lth ou gh  
the total num ber o f  rewards that each  group rece iv ed  w ere the  
sam e, the P rats barpressed m ore on the first day after sw itch in g  
to a longer delay  interval than the other lin es. In other w ords, 
the P rats had d ifficu lty  suppressing  resp on ses on the se ss io n s  
in w h ich  they  learned a new  tim in g  strategy. T h ere fo re , w e  
b elieve that poor response inhibition in the P rats is an important 
factor in ex p la in in g  the behavioral d ifferen ces  b etw een  th ese  
lin es o f  rats in the a lcoh o l n aive state. (Supported  by N IA A A  
grant #R O IA A  1 0 1 2 0 -0 1 A 1.)

292.8
DIFFERENCES IN MEASURES OF AGGRESSION IN ALCOHOL- 
PREFERRIN G AND NON-PREFERRING RAT LINES. K.L, Nowak* R S , Cгile:
D.L. McKinzie: J.M. MuγpҺv: L. Lumeng; T.-K. Li. Depts. Psychiatry & Med., Indiana 
Univ. Sch. Med. and Dept, of Psychology, Purdue Sch. of Science, IUPUI & VAMC, 
Indianapolis, IN, 46202
Water competition and resident-intruder paradigms were used to assess line differences 
in aggressive behavior. In the water competition test, adult male weight- and age- 
matched P and NP rats (N = 10/line) were housed together for 4 weeks with ad lib food 
and water. Water was removed 24-hrs prior to testing. Home-cage behavior was 
recorded for 15 min following reinstatement of a single water bottle. P rats spent a 
greater period of time in contact with the water spout, suggesting greater dominance 
and/or aggression (p < .05). Aggressive and social behaviors were then assessed in male 
P and NP rats (N = 7-10) in a resident-intruder paradigm. P and NP rats (Bwt = 56Og 
± 50) were single-housed with ad lib food and water for 5 weeks. An intruder male 
Wistar rat (Bwt = 285g + 8) was inưoduced into the target rat’s home tub, devoid of 
food and water, and behavior was recorded for 15 min. Frequency (Freq.) and duration 
(Duг.) of defensive behaviors of the Wistar rat (freezing and lying on back), aggressive 
behaviors of the P or NP rat (lateral attack and on-top attack), aggressive behaviors by 
both animals (fights and boxing) and social behavior (ano-genital sniffing and 
grooming) were measured. NP rats had a significantly higher Freq. and Dur. of fights 
and lateral attacks than P rats, engaging in these behaviors 25-35 times more and 30-40 
times longer than P rats. However, these behaviors were extremely low in the P rat 
(Freq. < 1; Dur. < 3 sec). Wistar intruders of NP rats had a greater Freq. and Dur. of 
lying on their back (p < .05), and a trend toward more freezing. In contrast, P rats 
showed increased grooming of the intruder and a greater Freq. of sniffing (p < .05), 
approximately twice that of the NP rat. The resident-intruder results suggest that the 
NP rat is more aggressive and the P rat is more social. The results suggest that the link 
between aggression and alcohol intake is not simple and may involve other factors such 
as social dominance and anxiety. (AA 07462, AA 07611, AA 10717)

DRUGS OF ABUSE; AMPHETAMINES—MOLECULAR STUDIES

293.1

A T T E N U A T IO N  O F M E T H A M P H E T A M 1N E -1N D U C E D  
IN C R E A S E  IN S T R IA T A L  N F -ĸ B  A C T IV IT Y  IN S U P E R O X ID E  
D IS M U T A S Ľ  T R A N S G E N IC  M ICE. M . A sanu m a* and  
J. L. C ad et. M olecu lar N europsychiatry  S ectio n , N IH / N ID A , 
Intramural R esearch Program, B altim ore, M D  21 2 2 4 .

A ctivation  oťth e transcription factor, N F -ĸ B , is  know n to be  
regulated by cellu lar redox status. R eactive o x y g en  sp ec ie s  are 
in vo lved  in the m etham phetam ine-indu ceđ neurotoxicity to 
m onoam ineгgic  system s. W e exam in ed  the p ossib le  in vo lvem en t o f  
tłľ' su peroxid e anion in the N F -ҝ B  resp onse observed  in the m odel o f  
m etham phetam ine-indu ced  tox icity  by using C u ,Z n -superoxide  
dism utase tran sgenic m ice . M etham phetam ine (5 . 10, 2 0  in g /k g , i.p. 
X 4 w ith  2  h-in terval) in jections to non-transgenic m ice caused  d ose-  
dependent activation o f  striatal kB s ite-b in d in g  protein. In non- 
transgenic m ice, striatal N F -ĸB  D N A -b in d in g activity increased  
s ign ifican tly  at 1 h, and peaked at 3 h, after the last in jection  o f  
m etham phetam ine ( 10 m g/k g , i.p .X 4  w ith 2 h-in terval). 
M etham phetam ine-ind uced e levation  o f  striatal N F -ĸB  activ ity  w as  
sign ifican tly  attenuated in C u ,Z n -superoxide d ism utase transgenic  
m ice in a g en e dosage-d ep en dent fash ion , with h om o zy g o u s  
transgenic m ice  sh ow in g  the greatest attenuation. The present results 
su ggest that reactive o x y g en  sp ec ies  generated by m etham phetam ine  
in jections can activate N F -ĸB  D N A -b in d in g  in the striatum during  
m etham phelam ine-indu ced  tox ic  process.

293.2

O V E R E X P R E S S IO N  O F H U M A N  C Ό PPE R /Z IN C - 
S U P E R O X ID E  D IS M U T A S E  IN T R A N S G E N IC  M ICE AT TE N U A TE S  
O X ID A T IV E  ST R E S S  C A U S E D  BY
M E T H Y L E N E D IO X Y M E T H A M P H E T A M IN E  (M D M A , E C ST A SY ). 

S. Javanth i, 1 B. L ad en h eim 1, A. M. A n d rew s ,2 and J. L. C ad et1. 

‘M o lecu lar N europsychiatry  S ection , N IH /N ID A , Baltim ore M D. 
la b o r a to r y  o f  C lin ica l S c ien ce , N ĨH /N IM H , B eth csd a M D.

A dm inistration υť 3,4-methyIenedioxymelhamphetaın∏ ì℮ (M D M A. 4 x 20 
m g/kg) to non-transgenic C D -1 m ice (non-Tg) caused marked depletion in 
dopam ine (DA ), 3,4-d ihydroxyphenylacetic acid (DOPAC) and 5-hydrox- 
y tryptam ine (5-H T) in the caudate putam en (CPu). There were no significant 
changes in serotonergic m arkers in the hippocam pus (Hip) and frontal cortex 
(FC). H om ozygous Cu/ZnSO D  trangenic m ice (Tg) show partial protection 
against the toxic effects o f  M D M A  on striatal DA markers. In addition,
M D M A  injections caused m arked decreases in copper/zinc superoxide 
d ism utase (Cu/ZnSO D ) activity in the FC, CPu and Hip o f w ild-type mice. 
There were concom itant M D M A -induced decreases in catalase (CAT) activity 
in the CPu and Hip, decreases in glutathione peroxidase (GSH -Px) activity in 
the FC as well as increases in lipid peroxidation in the FC, CPu, and Hip of 
w ild-type m ice. In contrast, adm inistration o f M DM A to hom ozygous ,SOÐ-Tg 
mice caused no significant changes in antioxidant enzym e activities nor in lipid 
peroxidation. These results provide further substantiation o f a role for oxygen- 
based radicals in M D M A -induced neurotoxicity.
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293.3
DIFFERENTIAL REGIONAL ZIF268 mRNA EXPRESSION IN AN 
ESCALATШG/DOSE BINGE MODEL OF AMPHETAMINE-INDUCED 
PSYCHOSIS. P.D. Shilling*. J.R. Kelsoe. R. Kuczenski. D S . Segal Dent of 
Psychiatry, University California, San Diego, CA 92093.

Amphetamine (AMPH)-induced psychosis is most often associated with a high dose 
multiple daily binge pattern of stimulant abuse. To best model these conditions in 
rats we used an escalating/dose binge animal model (Segal and Kuczenski, J 
Neuroscience 1797:2551,1997). Animals were pretieated with escalating doses of 
AMPH (1.0-8.0mg/kg) over 4 days, then administered 9 daily runs (8.0mg/kg every 
two hours) (4 injections/day). Other animals received either multiple injections of 
saline, saline followed by acute AMPH (8.0mg/kg) or single daily injections (SDI) of 
AMPH (8.0mg/kg) in parallel with the escalating dose binge treatment. The 
escalating/dose binge treatment has been reported to result in the progressive emer
gence of a unique behavioral profile which includes both quantitative and qualitative 
changes in locomotor activity and a decrease in the time spent in stereotypy. One hour 
after the last injection all animals were sacrificed and in situ hybridization was 
performed with antisense probes for zifì68. Acute AMPH resulted in a significant 
elevation of zifì68  mRNA in both the nucleus accumbens (NA) and dorsal striatum 
(DS). After SDI zifì68  mRNA expression was no longer elevated above saline controls 
in the DS. In contrast, zifì68  expression was still significantly elevated above baseline 
in the NA. Binge exposure attenuated the response in the NA to baseline.

After acute AMPH the cenưal amygdaloid nucleus (CNA) exhibited the largest 
increase in zifì68  mRNA expression of all regions analyzed. In addition, the sensoiy 
related DA postsynaptic regions exhibited a similar zifì68  mRNA expression profile 
that differed from all other regions analyzed. Like NA, DS and CNA, zifì68  mRNA 
expression significantly increased after acute treatment. However, after binge ưeatment 
zifì68 mRNA expression was not significantly attenuated (i.e. no tolerance relative to 
acute treatment). The relationship of these changes in zifì68  mRNA regional 
expression patterns to the behavioral and neurochemical àlterations in response to 
multiple binge ưeatment will be discussed. [Supported by NШ]

293.5
REGULATION OF µ-OPIOШ RECEPTOR mRNA LEVELS DURING 
DEVELOPMENT AND EXPRESSION OF AMPHETAMINE BEHAVIORAL 
SENSITIZATION. A, Vecchiola. P. Collveг. R  Labaгca. K. Maeendzo*. Lab. 
Biochemical Pharmacology, Dept of Cell and Molecular Biology, Faculty of 
Biological Sciences, Catholic University of Chile, Santiago, Chile.

Repeated psychostimulant administration to rodents results in behavioral 
sensitization characterized by an enduring augmentation in locomotor response. 
Neuroadaptive changes in the mesolimbic DA system and its neuronal 
interconnections act in concert to permit or obstruct the development and 
expression of behavioral sensitization. One of these neuronal connections is the 
endogenous opioid system, which participates in some of the behavioral effects 
induced tty psychostimulants. We have previously shown that in rats that 
developed amphetamine-induced behavioral sensitization, µ-opioid receptor 
(MOR) mRNA levels were downregulated in the nucleus accumbens shell (NAc 
sh e ll) and upregulated in the rostral striatum (rSTR), compared to the acute and 
saline groups.
The aim of the present study was to investigate 1) if  this regulation is related to 
behavioral sensitization, by meassuring the levels o f MOR mRNA in rats treated 
repeatedly with AMPH but which did not show increased locomotor activity, and 
2) if  this regulation represents a long lasting effect of AMPH, by meassuring the 
levels of MOR mRNA in rats that expressed sensitization in response to a 
challenge injection after 1 and 3 weeks of abstinence.
We are presently performing in situ hybridization studies to determine the levels 
of MOR mRNA in NAc shell, NAc core and rSTR in these rats, using a 
digoxigenin labeled cRNA probe. Quantification of MOR mRNA will be 
accomplished by computer analysis of digitized images.
(Supported tty Fondecyt grant 1960440)

293.7
EFFECT OF ACUTE ADMINISTRATION OF METHAMPHETAMINE ON 
ACTIVITY OF CALCIUM/CALMODULΓN-DEPENDENT PROTEIN KINASE II IN 
RAT BRAIN. J. Suemaгu, K. Akiyama*, and S. Kuгoda. Dept, of Neuropsychiatry, 
Okayama University Medical School, Okayama 700-8558, JAPAN 

Calcium/calmodulin-dependent protein kinase II (CaM-Kinase II) is a family of 
multtfunctional protein kinese, and is involved in numerous functions of plasticity in 
the central nervous system. CaM-Kinase II may be involved in psychostimulant- 
induced behavioral sensitization, which is considered as one form of neural plasticity. 
The present study investigated the effect of acute administration of methamphetamine 
(METH) on CaM-Kinase II activity in the fractions which were prepared from rat brain 
homogenates and eluted through a phosphocellulose column. Western blot confirmed 
that these fractions contained CaM-Kinase II. CaM-Kinase II activity was determined 
by the amount of phosphorylation of syntide-2 in the presence of both calcium and 
calmodulin. CaM-Kinase II activity was significantly reduced 1,3,6 and 24h after an 
acute administration of METΉ (4 mg/kg, i.p.) in the parietal cortex, frontal cortex, 
striatum and hippocampus, but returned to the control level by 1 and 4 weeks after the 
acute administration of METH. In each brain area, the reduction of CaM-Kinase II 
activity was peaked at Зh. Pretreatment with 0.5 mg/kg SCH2339O blocked the 
reduction of acute METH-induced CaM-Kinase II activity in the cerebral cortex, 
whereas pretreatment with 0.25 mg/kg MK-801 partially but significantly prevented the 
effect of METH on CaM-Kinase II activity in the cerebral cortex. Neither SCH2339O 
nor MK-801 alone induced change of CaM-Kinase ∏ activity. These results suggest 
that CaM-Kinase ∏ activity undergoes down-regulation after an acute METH 
administration, and that activation of dopamine D1 receptors and N-methyl-D-aspartate 
receptors are involved in this down-regulation of CaM-Kinase II activity in the rat 
brain.

293.4
MDMA (“ ECSTASY” ) INDUCED C -F O S  EXPRESSION IN RAT 
BRAIN: A DOUBLE LABELING STUDY.
I.S . M cG reα o r¯1. C .P . S te p h e n s o n 1. P .E . M a lle t1 *. A .N . T o p p le 2 a n d

G .E . H u n t2 . 1 D e p a r tm e n ts  o f P s y c h o lo g y ,  a n d  P s y c h o lo g ic a l  
M e d ic in e , U n iv e rs ity  o f S y d n e y , N S W  2 0 0 6 , A u s tra lia .

R a ts  w e re  g iv e n  a s in g le  d o s e  o f M D M A  (0, 5 o r  2 0  m g /k g ). T h e  d ru g  
p ro d u c e d  a  d o s e  d e p e n d e n t  in c re a s e  in  lo c o m o to r  a c t iv i t y  a n d  
h y p e r th e rm ia  th a t la s te d  fo r  th e  2 h o u r  p e r io d  p r io r  to  p e r fu s io n . 
Im m u n o h is to c h e m is try  s h o w e d  th a t th e  d ru g  c a u s e d  s ig n if ic a n t d o s e -  
d e p e n d e n t in c re a s e s  in c - fo s  e x p re s s io n  in  m e d ia l p re fro n ta l c o rte x , 
n u c le u s  a c c u m b e n s  (c o re  a n d  s h e ll) , la te ra l s e p tu m , c a u d a te  p u ta m e n  
(m e d ia l a n d  la te ra l) ,  o lfa c to ry  tu b e rc le ,  b e d  n u c le u s  o f th e  s t r ia  
te rm in a lis , p a ra v e n tr ic u la r  n u c le u s  o f th e  h y p o th a la m u s , p a ra v e n tr ic u la r  
th a la m u s , c e n tra l n u c le u s  o f th e  a m y g d a la , v e n tra l te g m e n ta l a re a , 
E d ¡n g e r-W e s tp h a l n u c le u s  a n d  ra p h e  n u c le i. C o -s ta ¡n ¡n g  fo r  c -fo s  a n d  
ty ro s in e  h y d ro x y la s e  o r 5 -H T  s h o w e d  th a t c - fo s  e x p re s s io n  w a s  p re s e n t 
in d o p a m in e rg ic  n e u ro n s  in th e  v e n tra l te g m e n ta l a re a  a n d  s e ro to n e rg ic  
n e u ro n s  in th e  m e d ia n  rap h e . C -fo s  e x p re s s io n  a fte r  th e  2 0  m g /k g  d o s e  
w a s  a ls o  p ro m in e n t in b ra in  s ite s  in v o lv e d  in  th e  re g u la t io n  o f f lu id  
b a la n c e  in c lu d in g  th e  s u p ra o p tic  n u c le u s . W ith  re p e a te d  a d m in is tra t io n  
o f M D M A  (5 m g /k g  e a ch  d a y  fo r  f iv e  c o n s e c u tiv e  d a y s ) th e re  w a s  litt le  
e v id e n c e  o f d o w n re g u la tio n  o f th e  c -fo s  re s p o n s e . T h e s e  re s u lts  e x te n d  
p re v io u s  s tu d ie s  o f M D M A -in d u c e d  c -fo s  e x p re s s io n  a n d  s h o w  th a t th e  
d ru g , a t d o s e s  s im ila r  to  th o s e  th a t h u m a n s  u se , in d u c e s  a  w id e s p re a d  
a n d  h ig h ly  d is t in c t iv e  p a tte rn  o f b ra in  a c tiv a tio n .

National Health and Medical Research Council of Australia

293.6
G L U C O C O R T IC O ID  AND M IN E R A L O C O R T IC O ID  R E C E P T O R  
niRN A s E X P R E S S IO N  IN D U C E D  BY M E T H A M P H E T A M IN E  IN 
TH E BRAIN OF TW O INBRED STRAINS OF RATS. Y. Numachi*. S. 
Yoshida. H. Mntsuokn. and M. Sato. Dept. Psychiatry, Tohoku Univ. School of 
Med., Sendai, 980-8574 JAPAN.

Recently, a role of the hypothalaino-pituitary-adrenocortical (HPA) axis in 
facilitating the behavioral and neurochemical effects of psychostimulants has been 
proposed. Corticosterone exerts its biological effects via intracellular receptors, termed 
type I (mineralocorticoid receptor: MR) and type II (glucocorticoid receptor: GR). Two 
inbred strains of rats, Fischer 344/N (F344) and Lewis/N (LEW), have markedly 
different HPA axis as well as behavioral responses to psychostimulants: F344 rats 
show hyperresponsive HPA axis and no significant sensitization to cocaine, whereas 
LEW rats display blunted response in HPA axis and develop cocaine-induced 
locomotor sensitization. The present study examines the development of stereotypy 
sensitization and the brain expression of mRNAs for GR and MR, in 
methamphetamine (MAP)-treated F344 and LEW rats. Animals received i.p. injections 
with chronic saline (SAL: once daily for 21 days), chronic saline and acute MAP 
(AM: saline for 20 days and 4 mg/kg MAP on the 21st day), or chronic MAP (CM: 4 
mg/kg MAP for 21 days) and were sacrificed three hours after the last injections. 
Striatum, hippocampus, and cerebellum were quickly dissected on ice and total RNA 
was isolated for northern analyses. LEW rats developed stereotypy sensitization 
significantly earlier than F344 rats. AM significantly decreased GR and MR mRNAs 
expression in hippocampus of LEW and cerebellum of F344, compared to SAL. CM 
significantly increased GR and MR mRNAs expression in all brain regions of F344 
compared to AM, without hippocampus for GR mRNA, while decreased GR mRNA 
in striatum and MR mRNA in all brain regions in LEW compared to SAL. These 
results suggest that CM increased brain expression of GR and MR mRNAs in F344 
rats because of their exaggerated HPA axis responses, while decreased in LEW for their 
blunted responses in HPA axis, which might be related to their susceptibility to 
MAP-induced behavioral sensitization. [Supported in part by grant-in-aid for Scientific 
Research (C)(2) #09670973 (SY)]

293.8
N E U R O N A L  N IT R IC  O X ID E  S Y N T H A S E  A C T IV IT Y  IN  R A T S  
T R E A T E D  W IT H  M E T H A M P H E T A M IN E  D  D esaiah  *. S L N  
Reddv. S. Z  Imam  and S. F. A li. D epartm ent o f  N eu ro logy , U niv. M iss. 
M ed . C tr ,  Jackson, M S  3 9 2 1 6  and D iv . N eu ro to x ., N C T R /F D A , 
Jefferson, A R  7 2 0 7 9 .

M etham phetam ine (M E T H ) is  a potent psychostim ulant kn ow n  to  
produce neurotoxicity. T he dopam inergic pathw ay is particularly sensitive  
to  M ETH . Recent studies show ed that 7-nitroindazole, a se lective inhibitor  
o f  neuronal nitric o x id e  synthase (n N O S ), provided protection  against 
M E T H  neu rotoxicity  b oth  in  v itro  and in  v ivo . T he present studies w ere  
con d u cted  to  determ ine the n N O S  activity in various region s o f  the brain 
o f  young adult m ale Sprague - D a w ley  rats treated w ith  different d o ses  o f  
M ETH . Rats w ere injected IP with 5 ,1 0 ,2 0  and 4 0  m g /k g  and 2 4  hrs after  
the rats w ere  sacrificed and the brain region s w ere  quickly d issected . The  
c y to so lic  fractions w ere  prepared and the n N O S  activity w a s determ ined  
using the ЗH  - citrulline assay. T he resu lts sh ow ed  that nN O S activity w as  
significantly increased in rats treated w ith  M E T H . T he increase w a s d o se  
dependent reaching a m axim um  o f 4 0  - 50%  o ver  the control values. The  
activation o f  n N O S  is k n ow n  to  increase the synthesis o f  N O  w h ich  is 
in vo lved  in the regulation o f  several neurotransm itter pathw ays including  
catecholaminergic system. Reducing the M E T H  induced production  o f  N O  
b y  pretreatm ent w ith  se lectiv e  inhibitors o f  n N O S  provides protection  
against M ET H .
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293.9
DIFFERENTIAL DISPLAY EVIDENCE FOR INCREASED 
V↕MENTIN EXPRESSION DURING METHAMPHETAMINE-IN
DUCED APOPTOSIS I N  V IT R O . M. T. McCoy* and J. L. Cadet. M.D. 
Molecular Neuropsychiatry Section, NIH/NIDA, Intramural Research 
Program, Baltimore, Maryland 21224 

METH is a drug of abuse that is a known activator of a number of transcrip
tion factors and an inducer of apoptosis. These observations suggest that 
METH could cause its effects through gene regulation. Using differential 
display techniques, we have identified a cDNA that is upregulated in an 
immortalized neural cell line that has been exposed to toxic doses of METH. 
Search of GenBank reveals that this cDNA is analogous to sequences of the 
gene for the cytoplasmic intermediate filament (IF), vimentin. Northern 
hybridization revealed a time-dependent increase in vimentin mRNA which 
peaked at 4 hrs. Immunofluorescence with confocal laser scanning microscopy 
showed marked changes in the distrubution of vimentin like immunoreactivity 
over the flrst few hours of drug exposure and only punctate areas of vimentin 
IF after 24 hours of METH exposure. These changes in vimentin-like immu
noreactivity were associated with structural changes in cells, appearance of 
vacuoles in the cytoplasm, and repositioning of the nucleus in an eccentric 
position. These observations suggest that the increase in vimentin gene expres
sion might be a compensatory response to METH-induced degradation of 
vimentin IF. These studies raise the possibility that perturbations in vimentin IF 
might participate in the cytoplasmic changes that occur during the apoptotic 
process.

293.10
H E A T  S H O C K  P R O T E IN  90 m R N A  E X P R E S S IO N  IN D U C E D  BY 
S U B C H R O N IC  M E ΊΉ A M P H E T A M IN E  T R E A T M E N T  IN  T H E  R A T  
B R A IN . Sum iko Y oshida*. Yohtaro Num achi. Hiroo M atsuoka. and M itsumoto 
S ato . Department o f Psychiatry, Tohoku University School o f M edicine, Sendai, 
980-8574 JAPAN.

Methamphetamine (M AP) induced hyperthermia and strong induction o f heat 
shock protein (MSP) 72 in mouse hippocampus (Goto, 1993). Two inbred strains o f 
rats, Fischer 344/N (F344) and Lewis/N (LEW), differ in their behavioral responses 
to psychostimulants. Present study exam ines the effects o f subchronic treatment o f 
MAP on hyperthermia and brain expression o f  HSP9O mRNA in F344 and LEW. 
Rats received 4 mg/kg/day MAP (i.p.) for 21 days. On 1st and 20th day, their rectal 
temperature were measured at 0, 1 hr, 2 and 3 hrs after injection. On the last day o f 
treatment, rats were sacrificed Зhrs after injection. The striatum, hippocampus and 
cerebellum  were quickly dissected from the brain to extract total RNA. HSP9O 
mRNA expression in the brain was examined using northern blotting hybridization. 
On the 1st day, rectal temperature increased by 1 hr and returned to base line by 3 hrs 
in both strains as a result o f  MAP injection. On the 20th day, hyperthermogenic 
effect o f  MAP was still observed in F344, but not in LEW. Acute MAP treatment 
significantly increased the expression o f  HSP9O m RNA in the striatum, and 
cerebellum  in both strains. Chronic MAP treatment significantly increased the 
expression o f HSP9O mRNA in the striatum, hippocampus and cerebellum o f F344, 
but significantly decreased the expression o f  HSP9O m RNA in the same brain 
regions o f  LEW. These results showed; 1) there were apparent d ifferences in 
hyperthermia and brain expression o f HSP9O mRNA induced by subchronic MAP 
treatm ent betw een F 344 and LEW, 2) LEW  acquired the tolerance in 
hyperthermogenic effect o f MAP during subchronic treatment, 3) HSP9O mRNA  
expression was consistent with the changes in the rectal temperature. [Supported in 
part by grant-in-aid for Scientific Research (C)(2) #09670973 (SY)]

293.11

T IM E D E P E N D E N T  C H A N G E S  IN  B A S IC  F IB R O B L A S T  G R O W T H  
FA C TO R  IM M U N O H IST O C H E M IS T R Y  A F T E R  R E PE A T E D  
A D M IN IST R A T IO N  O F A M PH E T A M IN E . C. F lo res* . D , R od aros and
J. Stew art. Center for Studies in B ehavioral N eu ro b io lo g y , C on cordia  U n i
versity, M ontreal, Canada, H ЗG  1M 8.

The locom otor stim ulant e ffects o f  am phetam ine (A M P H ) are enhanced  
after repeated intermittent adm inistration. This sensitization  takes tim e to 
d evelop  and is  long-lasting . Several find ings su ggest that long-term  plastic  
changes in the midbrain dopam inergic (D A ) system  underlie behavioral 
sensitization . H ere, w e  exam ined  w hether repeated interm ittent adm ini
stration o f  A M P H  is associated  w ith  ch an ges in b asic  fibroblast grow th  
factor (bFG F) exp ression  in D A  c e ll  b od y  regions. R ats w ere g iv en  three 
in jections o f  either saline or A M P H  (3 m g/k g), on e  every  other day. 
bFG F im m u n oh istoch em istry  (ЬFG F-IR) w a s a ssesse d  2 4  h, 7 2  h, 1 
w eek , and 1 m onth after the last drug injection. G radual increases in  
ЬFGF-IR w ere observed  in A M PH -treated anim als. B eca u se  glutam ate  
plays a role in the d evelop m en t o f  behavioral sensitization , w e  further in 
vestigated  whether glutam ate antagonists w ou ld  prevent the e ffects  o f  
A M P H  on ЬFGF-IR. The n on -sp ec ific  glutam ate antagonist kynurenic  
acid  (1 0 0  m g/kg i.p. tw ice  a day for 10 days) and the N M D A  antagonist 
M K -801  (0.1 m g/k g /d ay  s.c. v ia  o sm otic  m in ipum p for 10 d ays) pre
vented  and attenuated, resp ectively , the A M P H  effec ts  on  b ₣G F-IR . 
A M P H -associa ted  changes in ЬFGF-IR w ere not observed  in D A  
m eso lim b ic  term inal regions. T h ese find ings su ggest that glutam ate m ay  
contribute to the develop m ent o f  sensitization  to the behavioral and neuro
ch em ical e ffects  o f  am phetam ine by increasing the exp ression  o f  neurotro
phic factors w ithin  the c e ll  b ody region o f  D A  neurons. Supported by  
M R C , Canada, F C A R , Q uebec.

D R U G S  O F  A B U S E : O P Ю ĨD S  A N D  O T H E R S — N IC O T IN E

294.1

S P O N T A N E O U S  N IC O T IN E  A B S T I N E N C E  S Y N D R O M E  IN  T H E  
R A T  IS  A T T E N U A T E D  B Y  T H E  N IT R IC  O X ID E  S Y N T H E S IS  
IN H IB IT O R  N IT R O -L -A R G IN IN E  (L -N N A ). J.R. L ak e*. S C. 
Johnson. W .E . Schw ein le. C .D . Cadle, T P .  U pchurch . M . Shenoi. and 
D·H . M alin. U niv, o f  H ou ston -C lear Lake, H ou ston , T X  7 7 0 5 8 .

N itric ox id e  synthesis m ay be one o f  several com m on  m echanism s 
underlying dependence on  a variety o f  habit-form ing drugs. N itric oxide  
synthase (N O S ) inhibitors have been  reported to  alleviate op iate and 
ethanol abstinence signs. Last year w e  reported that the N O S  inhibitor 
L -N N A  dose-d ep en d en tly  alleviated m ecam ylam ine-precipitated nicotine  
abstinence syndrom e in the rat. T he present study determ ined w hether  
L -N N A  could  a lso  prevent spon tan eou s nicotine abstinence. T w enty-four  
rats w ere  rendered dependent by s.c. infu sion o f  9 m g/k g /d ay  nicotine  
tartrate v ia A lzet o sm otic  m inipum p. T h e pum ps w ere  rem oved  164 h 
after implantation. Each rat w a s  assessed  for abstinence signs at 17 h and 
2 0  h fo llo w in g  term ination o f  n icotin e infusion. Im m ediately prior to  the  
2 0  h observation, subjects received  s.c. injections o f  9 ,1 8  or 30  m g/k g  L- 
N N A  or v eh icle  alone. E ach  rat’s abstinence a lleviation score w a s its 
num ber o f  abstinence signs at 2 0  h as a percen tage o f  its sign s at 17 h. 
There w a s a significant negative linear trend o f  abstinence sign s as a 
function o f  L -N N A  d ose, p<. 01. A ll 3 L -N N A  d o se  grou p s differed  
sign ificantly from  controls accord ing to  D u n n ’s p o st-h o c  procedure. In an 
additional experim ent w ith  8 n icotin e abstinent rats, the effect o f  L -N N A  
w a s attenuated sign ificantly m ore by co-ad m inistration o f  L -A rg, w hich  
co m p etes  for a ccess  to  N O S , than by D -A rg , w h ich  d o e s  not com pete. 
T h ese  results, togeth er  w ith  the previou s study on  m ecam ylam ne- 
precipitated n icotin e abstinence, su g g est that nitric o x id e  synthesis is 
critical to  the exp ression  o f  n icotine abstinence syndrom e.
(N ID A  D A 0 8 2 6 0  and U H C L  Faculty R esearch  Fund)

294.2
SELECTIVE c-fos INDUCTION AND A DECREASE IN DOPAMINE RELEASE IN 
THE CENTRAL NUCLEUS OF AMYGDALA IN RATS DISPLAYING A 
MECAMYLAMINE-PRECIPITATED NICOTINE WITHDRAWAL SYNDROME.
G.Panagis*. B.E.Hildebrand, T.H.Svensson and G.G. Nomikos. Dept. Physiology & 
Pharmacology, Sect. Neuropsychopharmacology, Karolinska Institutet, S-171 77 
Stockholm, Sweden.

In this work Fos immunohistochemistry was used to study changes in neuronal activity 
in major nerve terminal regions of the ascending dopaminergic system during nicotine 
withdrawal. Rats were infused for 14 days with nicotine via subcutaneously implanted 
minipumps, whereas control animals carried empty pumps. Abstinence was induced via 
systemic administration of the nicotinic receptor antagonist mecamylamine. The behavior 
of each animal was observed for 30 min after mecamylamine and 90 min later its brain 
was processed for Fos-like immunoreactivity. After mecamylamine, the score of 
abstinence signs increased in the nicotine-treated rats, as compared to the respective 
controls. The number of Fos-positive nuclei was substantially increased in the central 
nucleus of amygdala (CNA) in animals undergoing mecamylamine-precipitated 
withdrawal, whereas no significant changes in c-fos expression were observed in the 
basolateral amygdala, the nucleus accumbens, the striatum or the medial prefrontal 
cortex. Given the purported role of dopamine (DA) in the CNA in the regulation and 
expression of anxiety, which is believed to be a core symptom of withdrawal from 
several drugs of abuse, in a second experiment utilizing in vivo microdialysis, we 
examined if nicotine withdrawal is accompanied by alterations in DA release in the 
CNA. After mecamylamine, DA concentrations significantly decreased in nicotine- 
treated animals below pre-injection levels and in comparison to controls. These data 
indicate that a mecamylamine-precipitated nicotine withdrawal syndrome is accompanied 
by a selective induction of c-fos and a concurrent decrease in DA release in the CNA, 
which may underlie major clinical symptoms provoked by smoking cessation.

Supported by the Medical Research Council of Sweden, Karolinska Institutet, Swedish 
Match, Ltd. and the Council for Tobacco Research, Inc., USA.
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294.3
CHRONIC NICOTINE-INDUCED SENSITIZATION OF LOCOMOTOR ACTIVITY 
IN THE RAT IS ASSOCIATED WITH AN INCREASE IN c-fos AND NGFI-A mRNA 
LEVELS PREFERENTIALLY IN THE MEDIAL PREFRONTAL CORTEX. 
G.G.Nomikos*. P.Svenningsson. G.Panagis. B.Schilström. B.B. Fredholm and
T.H.Svensson. Dept. Physiology & Pharmacology, Sect. Neuropsychopharmacology, 
Karolinska Institutet, S-171 77 Stockholm, Sweden.

We have previously shown that chronic nicotine administration in the rat results in an 
enhanced basal and nicotine-induced Fos immunoreactivity preferentially in the medial 
prefrontal cortex (mPFC). Here, nicotine was administered chronically in rats to study 
if changes in their locomotor activity are associated with alterations in the expression of 
mRNAs encoding for the immediate early genes (IEGs) c-fos and NGFI-A, and the 
neuropeptide precursors preproenkephalin, prodynorphin, preprotachykinin and 
prosomatostatin in the main projections areas of the mesolimbocortical dopaminergic 
system. Rats were injected with saline or nicotine (0.5 mg/kg, s.c.) once daily for 12 
days; on days 1, 7 and 13 locomotor activity in response to saline or nicotine (0.5 
mg/kg, s.c.) was measured for 60 min, and 30 min later their brains were processed for 
in situ hybridization histochemistry. Challenge injections of nicotine resulted in a 
substantial increase of locomotor activity in animals treated chronically with nicotine 
compared to controls. Chronic nicotine and challenge with nicotine in sensitized animals 
resulted in an increase in c-fos and NGFI-A mRNA levels selectively in the mPFC and 
also in a decrease in preprotachykinin mRNA levels in the nucleus accumbens, whereas 
other mRNA levels did not change significantly in any area examined. The major finding 
of this study is that chronic nicotine-induced sensitization of locomotor activity is 
accompanied by a selective increase in the expression of the IEGs c-fos and NGFI-A in 
the mPFC. These data may be significant both for nicotine-induced behavioral 
sensitization in experimental animals and for the appearance of nicotine dependence in 
humans, particularly in association with major psychiatric disorders.
Supported by the Medical Research Council of Sweden, Karolinska Institutet, Swedish 
Match Ltd. and the Council for Tobacco Research Inc., USA.

294.5
EFFECTS OF NICOTINE ON BONE AND CALCIOTROPIC 
HORMONES IN RATS. YҠ. Funαľ  U. Iwaniec3. D. M. Cullen3. 
M. P. Akhter3. M.C. Haven2 and P. Timmins2. 1Dept. of Oral 
Biology, Univ, of Nebraska Med. Ctr (UNMC), Dental Sch. 
Lincoln, NE 68583; 2Dept. of Microbiology and Pathology,
UNMC, Omaha, NE 68198 and 3Osteoporosis Res. Ctr., 
Creighton Univ. Med. Sch., Omaha, NE 68131.

This study determined the effects of three months nicotine 
administration on bone formation and resorption end-points and 
serum levels of several calciotropic hormones in 7 month old, 
virgin female albino Sprague-Dawley rats. The animals were 
implanted with Alzet osmotic minipumps containing either saline, 
nicotine (3.0 mg/kg/day) or nicotine (4.5 mg/kg/day) for a period 
of three months. Serum, tibia, femur and lumbar vertebrae were 
collected for hormonal determinations and other parameters, 
which included histomorphometry, bone mineral density, bone 
mineral content and bone strength. Nicotine-treated rats 
showed a significantly lower level of 25-hydroxyvitamin D 
(P <0.01) as compared to controls. Furthermore, nicotine 
significantly decreased the mineral apposition rate of the tibial 
diaphysis, tibial diaphysis cortical area and area of the lumbar 
vertebrae. In conclusion, prolonged nicotine administration 
reduces osteoblast activity. (Supported by Smokeless Tobacco 
Research Council, Inc. N.Y.)

294.7
EFFECT OF 6-HYDROXYDOPAMINE (6-OHDA) LESION IN NUCLEUS 
ACCUMBENS ON LOCOMOTOR EFFECTS OF NORNICOTINE IN RATS. 
T.A. Green1*. R.W. Brown1. L.P. Dwoskin2. and M.T. Bardo1. 1Dept. 
Psychology and 2College of Pharmacy, University of Kentucky, Lexington,
KY 40506.

Previous work has shown that bilateral lesions of the mesolimbic 
dopamine pathway abolish the locomotor stimulant effect of nicotine. Similar 
to nicotine, the nicotine metabolite nornicotine binds to neuronal nicotinic 
receptors and also releases dopamine in the rat striatum. The present study 
assessed the role of mesolimbic dopamine in nomicotine-induced locomotor 
activity. Rats were given sham surgery or were injected bilaterally with 6- 
OHDA in the nucleus accumbens and allowed to recover for one week. Rats 
were then injected with 5 mg/kg (±)-nomicotine or saline once every other 
day for a total of 7 injections. Immediately following each injection, rats were 
given a 60 min locomotor test. On the final test day, all rats received a 
challenge injection of 0.5 mg/kg (-)-nicotine. In sham rats, acute nornicotine 
produced initial hypoactivity followed by rebound hyperactivity. With 
repeated injections, sham rats showed tolerance to the hypoactive effect and 
sensitization to the hyperactive effect of nornicotine. Upon subsequent 
nicotine challenge, the nornicotine groups showed higher activity levels than 
the saline group. The lesion did not alter either the initial hypoactivity or the 
rebound hyperactivity following acute nornicotine. However, it significantly 
attenuated development of locomotor sensitization across repeated 
injections. No significant lesion effect was obtained on the nicotine 
challenge day. These results suggest that the nomicotine-induced 
sensitization, but not tolerance nor cross-reactivity to nicotine, involves the 
mesolimbic dopamine system.

(Supported by USPHS grants DA05312 and DAO8656.)

294.4
E F F E C T S  O F  N I C O T IN E  O N  S Y N A P T I C  P L A S T I C I T Y  IN  
T H E  R A T  P R E F R O N T A L  C O R T E X . J.L . G ia c c h in o * . R .-S . 
L ee. P, G riffin  and S J ,  H en rik sen . D ept, o f  N eu rop h arm aco logy ,
T h e Scripps R esearch  Institute, La Jolla , C A  9 2 0 3 7 .

T h e prefrontal cortex  (PFC ) functions in co g n itiv e  p ro cesses  essentia l 
to the form ation o f  organized and m otivated  behaviors. T h ese  processes  
are s ig n if ic a n tly  in flu en ced  n ot o n ly  by  drugs o f  ab u se, but a lso  by  
a g in g . W e  h a v e  p r e v io u sly  reported that sp o n ta n eo u s  and e v o k e d  
a c tiv ity  o f  m ed ia l P FC  n eu ron s and th eir  r e sp o n se  to  ex c ita to ry  
neurotransm itters are m o d ified  by both sy ste m ic  and e lectrop h oretic  
adm inistration o f  n icotin e in halotn ane-anesthetized  rats. In the present 
stu dy, the e ffe c ts  o f  n ico tin e  on  long-term  potentiation in the PFC  w ere  
eva lu ated  and an alyzed  w ith  resp ect to age-related  d ifferen ces  in PFC  
neuronal resp onse. In addition, the e ffe c ts  o f  n ico tin e  on  sp on tan eou s  
neuronal activity in the PFC o f  unanesthetized rats w ere investigated.

E xtracellu lar record in gs w ere  m ad e from  m ed ia l PFC neurons in  
haloth ane-anesthetized  and unan esthetized , free ly -m o v in g  m ale F ischer  
3 4 4  rats. S p on tan eou s and ev o k e d  a c tiv ity  w ere  ex a m in ed  in y ou n g  
adult (3 -6  m o n th s) and ag ed  (2 4 -2 7  m o n th s) rats fo llo w in g  eith er  
sy s te m ic  a d m in istra tion  o f  n ic o tin e  ( 0 .5 -1 .5  m g /k g , im .) or lo ca l  
application (electrophoresis) o f  n icotin e (50  or 100 m M ). T he e ffec ts  o f  
n ico tin e  on  sp on tan eou s firing , stim u lu s/resp o n se  cu rv es, paired -pu lse  
fa c ilita tio n  and sy n a p tic  p o ten tia tio n  w ere  in v e stig a te d . S y stem ic  
n ic o tin e  in crea sed  fir in g  rate and e v o k e d  u nitary  r esp o n se  in  the  
m ajority  o f  c e lls  s tu d ied . M eca m y la m in e  (5 .0  m g /k g , l .p .)  reversed  
th ese e ffects . Long-term  potentiation o f  PFC ev o k ed  resp onse w a s a lso  
a ffected  by n ico tin e . F o llo w in g  adm in istration  o f  n ico tin e , aged  rats 
e x h ib ite d  m ark ed  a u g m en ta tio n  o f  e v o k e d  s in g le  c e l l  a c tiv ity  and  
im proved induction o f  long-term  potentiation.
(Supported by S D A C  #DAOO2Ol and N ID A  #D A O 83O l)

294.6
L O N G -T E R M  N E U R O T O X IC  EFF EC TS O F  IN  UTERO  N IC O T IN E  
E X PO SU R E  AS D E T E C T E D  BY Ή  M RS C .C . C loak*. R .E. Poland. 
D ep artm en t of Psychiatry, H arb o r-U C L A  M edical C en ter, T orrance, C A  
90509 and U C L A  Brain Research Institu te , Los Angeles, C A  90024.

T he persisten t neuro tox ic  effects of p renatal exposure to  n ico tine were 
assessed by  in vitro p ro to n  (5H ) m agnetic resonance spectroscopy ( Ή  MRS) 
in  male and female adult offspring. Regional concen trations o f several 
m ajor brain  m etabolites w ere determ ined , including N -acetylaspartate 
(NA A), creatine, choline, gam m a-am inobutyric acid (GABA), glutam ate, 
and m yo-inositol. Some of these m etabolites reflect n euronal in teg rity  (e.g·, 
N A A ), w hereas others are involved in energy m etabolism  (e.g., creatine) o r 
neurotransm ission  (e.g., g lutam ate and GABA). F o r this study , pregnan t 
dams w ere im planted  w ith  an osm otic p um p to  adm inister placebo o r 
nico tine [6.0 m g /k g /d a y  (high dose) (HD ) o r 0.3 m g /k g /d a y  (low dose) 
(LD)] from  day five of gestation un til p artu ritio n . O ffspring  exposed to  
nico tine in utero, show ed significant long-term  changes in  som e brain 
m etabolites, in  a dose, sex, and brain  region specific m anner. In  particular, 
fo r females, there  was a significant (p < .0 5 ) reduction  o f N A A  (-18%) and 
glutam ate (-20%) in  the  left hippocam pus o f the  H D  group w ith  sim ilar 
trends for bo th  m etabolites (approx. -8%) in the  LD  group. F o r males, 
there  was a significant (p <  .05) decrease in G A BA  in the left frontal cortex 
in bo th  the H D  (-28%) and LD (-31%) groups. Since Ή  MRS can be 
perform ed on  hum an  brain in vivo, results from  this anim al study can be 
related to  fu ture  studies of hum ans exposed to  nico tine during  early 
developm ent. (Supported in  part by the  State of C A  Tobacco Related 
Disease Research Program  (TRD RP) grant n u m b er 6IT-0071).

294.8
NEUR O C H EM IC A L A ND B EH A V IO R A L  E FFEC T S OF  
N IC O TIN E IN THE PER IA D O L E SC E N T  RAT.
L.Amiri1*. P.R.Sanberg2 and C.L.Kirstein3
‘̂ Departments of Psychology and 3Pharmacology and Experimental 
Therapeutics, 2The Neuroscience Program, and the "Division of 
Neurosurgery, University of South Florida, Tampa FI 33620

Recent surveys indicate a rise in adolescent smoking. Cigarettes have 
been identified as the first abusable substance used by adolescents and 
are implicated in setting a pattern of subsequent drug use. Nicotine has 
been identified as the addictive substance contained in cigarettes which 
maintains this pattern of abuse.

Nicotine, similar to all drugs of abuse, has been shown to induce an 
increase in dopamine levels in the nucleus accumbens septi (NAcc). 
Following exposure to acute or repeated nicotine (0.1, 0.4, or 0.6 
mg/kg, s.c.), twice per day on postnatal days (PND) 21-24, pups were 
challenged with one of the listed doses on PND 25. Using in  v i v o  
microdialysis, neurochemical changes in the nucleus accumbens, 
including NE, DA, DOPAC and HVA levels, resulting from nicotine 
administration were determined. Locomotor activity was also 
measured using Digiscan monitors (Accuscan). Nicotine induced an 
increase in dopamine in the nucleus accumbens and increased 
locomotor activity over saline-injected controls. Dose-dependent 
changes in both measures were found. These data demonstrate that 
adolescent animals are sensitive to both the mesolimbic dopamine 
enhancing and locomotor stimulant effects of nicotine. Taken together, 
these studies provide a basis to examine the rewarding and addictive 
properties of nicotine during development and establish an animal 
model which more closely parallels human abuse patterns.
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294.9

PR E V IO U S C O -A D M IN IS T R A T IO N  O F M K -801 B L O C K S  TH E  
E X PR E SSIO N  O F LO C O M O T O R  S E N SIT IZ A T IO N  T O  N IC O T IN E  
IN  R A TS: S T A T E  D E P E N D E N C Y ? J. E. K elsev *  and T. B e e r . D ept. 
P sy ch o lo g y , B ates C o lleg e , L ew isto n , M E  0 4 2 4 0 .

Co-adm inistration o f  the N M D  A  receptor b locker d izocilp in e (M K - 
8 0 1 ) has been show n to b lock  the tolerance and locom otor sensitization  
produced b y repeated in jections o f  several addictive drugs. H ow ever, 
interpretation o f  these e ffects is com p licated  by the find ings that M K - 
801 has locom otor activating and sen sitiz in g  e ffects  o f  its o w n  and m ay  
a lso  produce state dependency. In tw o  exp erim en ts, four groups o f  
L on g E vans m ale rats w ere g iv en  either saline, n ico tin e (.4  m g/kg), 
M K -801  (.25  or .075 m g/k g), or M K -8 0 1 /n ico tin e  in com b in ation  and 
tested  for locom otion  in an open  fie ld  on alternate days for 5 session s. 
A s expected , repeated in jections o f  nicotine produced locom otor  
sensitization , and exp ression  o f  this sensitization  in resp onse to a test 
injection o f  n icotine w as b lock ed  b y the previou s co-adm inistration o f  
both d o ses  o fM K -8 0 1 . H ow ever, repeated in jection s o f  both d o ses  o f  
M K -801 and the M K -801 /n icotin e com b inations a lso  increased  
locom otion  across the 5 sess io n s, indicatin g that M K -801  did  not retard 
the develop m ent o f  sensitization . M oreover, the anim als previou sly  
injected w ith the M K -801 /n icotin e  com b inations w ere subsequently  
less activated by M K -801 than w ere the anim als that had p reviou sly  
received  on ly  M K -801 , consistent w ith  the p ossib ility  o f  state 
dependency. Thus, w h ile  co-ad m inistration o f  M K -801 can b lock  the 
expression  o f  locom otor sensitization  to n icotine, it is not clear that this 
e ffect represents b lockade o f  the d evelop m en t o f  sensitization .

294.11

NICOTINE SELF-ADMINISTRATION IN MALE AND FEMALE 
RATS ON FIXED AND PROGRESSIVE RATIO SCHEDULES OF 
REINFORCEMENT E.D, Donnv*. A.R. Caę¢iula. C D . Shupenko, 
M.M. Mielke. S. Booth. A.S. Hoffman. C.A. Imerito. C. Rose. S.E. 
McCallum Department o f Psychology, University o f Pittsburgh, 
University o f Pittsburgh Cancer Institute 

Several lab oratories have reported iv n icotine self-ad m inistratioń  (SA) 
in m ale rats using fixed ratio (FR) reinforcem ent schedules. H ow ever, 
research on other drugs suggests that SA on a p rogressive ratio (PR) 
schedule o f  reinforcem ent m ay provide an im proved m easure o f  
reinforcing efficacy. R esu lts ind icate that for m ale S prague-D aw ley rats, 
large, but stab le , individual d ifferen ces in breaking point (BP) w ere seen  
across daily  sessions. The BP varied as a function  o f  dose and was 
reduced by p h arm acological b lockade o f  n icotin ic  receptors. Saline  
extinction  on a PR  schedule w as slow  to d evelop  and the environ m ental 
cues w h ich had been paired w ith  n icotine appeared to lengthen the  
extinction process. T h ere are know n gen d er d ifferen ces in sm oking  
b ehavior w hich m ay at least in part be exp la ined  by d ifferen ces in 
n icotin e’s reinforcing effects. F u rtherm ore, gen d er d ifferen ces in SA o f  
other drugs have been reported. For these reason s, w e began to exam ine  
iv n icotine SA  in fem ale rats. E arly resu lts in d icate  that Sprague-D aw ley  
fem ales w ill acquire stab le n icotine self-ad m inistration . D ose response  
analyses for acquisition  on FR  schedules and B P on a P R  schedule w ill be 
presen ted. Supported by N ID A  grant D A -10464.

294.13
EFFECTS OF PRECĩPITATED NICOTINE WITHDRAWAL ON BRAIN 
REWARD THRESHOLDS AND SOMATIC SIGNS: CENTRAL AND 
PERIPHERAL MECHANISMS. Shelly S. Watkins*. George F. Kooh and 
Athiπa Markou. Department of Neuropharmacology, The Scripps Research 
Institute, La Jolla, CA 92037.

Nicotine withdrawal has been characterized in human and non-human animals, and is 
associated with a varkty of affective and somatic symptoms. The studies described 
below assessed somatic signs of nicotine withdrawal and decreased reward, an affective 
sign, reflected in elevations in intracranial self-stimulation (ICSS) thresholds during 
nicotine withdrawal. Rats trained on an ICSS cuưent threshold procedure were prepared 
with osmotic minipumps delivering 9 mg/kg/day nicotine tartrate or saline. Beginning 
on day 6 of nicotine or saline exposure, rats received several systemic injections of 
mecamylamine, dihydю-ß-erythroidine (DHßE), or chlorisondamine before the ICSS 
session and observation of somatic signs. Nicotine withdrawal precipitated by 
mecamylamine, a noncompetitive nicotinic receptor antagonist acting at both central 
and peripheral nicotinic acetylcholine receptors (пACҺRs), produced elevations in 
thresholds and dose-deļ>endent increases in somatic withdrawal signs in nicotine-treated 
rats. Nicotine withdrawal precipitated by DHßE, a competitive nicotinic receptor 
antagonist acting primarily at central пACҺRs, produced dose-dependent elevations in 
thresholds but did not ‘precipitate somatic signs. Nicotine withdrawal precipitated by 
chlorisondamine, a peripheral nAChR antagonist, produced somatic signs, while 
having a small effect on thresholds. These results indicate that precipitated nicotine 
withdrawal leads to a withdrawal syndrome characterized by diminished reward and/or 
somatic signs through antagonism at пACҺRs. Further, these data provide evidence 
for a dissociation between somatic signs of nicotine withdrawal, which are both 
centrally and peripherally mediated, and elevations in reward thresholds, which are 
mediated by antagonism at central пACҺRs. [Supported by a Novartis (AM), & NIDA 
grants DA00213 (AM) and DAO4398 & DAO8467 (GFK)ļ.

294.10
NICOΉNE-LIKE EFFECTS OF CYTISINE DERIVATIVES IN VIVO. R. 
Mansbach*. F.D. Tinglev. C. Rovetti, T. Davis. L. Chambers. W, Volberg. C, Fox. S. 
Sands. E. Arnold. L. Lebel. A. Elder, J. Huang. D. Schulz and B.T. O ’Neill Dept, of 
Neuroscience, Pfizer Central Research, Groton CT 06340 

Cytisine is a naturally occurring product of Laburnum anagyroides and other plant 
species which binds potently to nicotinic receptors in the central nervous system (IC50 
~ 0.5 nM). In vivo, cytisine produces effects which partially reproduce those of 
nicotine, and in vitro data suggest that this compound acts as a partial agonist at the 
α4ß2 receptor subtype (Papke and Heinemann, Mol. Pharmacol. 45:142-9, 1994). In 
the present study, effects of cytisine and several potent analogs were examined on 
dopamine turnover in the rat nucleus accumbens, a neurochemical index of nicotinic 
receptor stimulation, as well as in two behavioral models known to reflect the drug’s 
psychoactive effects, nicotine discrimination and nicotine drug self-administration. 
Cytisine itself produced an increase in dopamine turnover that ranged from 30-50% of 
the response elicited by nicotine, and also attenuated the effect of nicotine on this 
measure. Several substituted cytisine derivatives with binding IC5Os ranging from 0.2- 
15 nM produced similar effects, providing further evidence that these compounds act as 
partial agonists at central nicotinic receptors. In rats trained to discriminate injections 
of nicotine (0.4 mg/kg) from saline, cytisine produced a dose-dependent partial 
substitution (55%) for nicotine that was reversible by the noncompetitive nicotinic 
antagonist mecamylamine. Several cytisine derivatives also produced nicotine-like 
effects, with maximum substitution levels ranging from 40-95%. Finally, three of these 
analogs, acetyl, chloro and bromo, were found to selectively decrease lever-pressing 
maintained by intravenous self-administration of nicotine in rats (30 µg/kg/infusion), as 
did pretreatment with nicotine itself. Taken together, these data indicate that potent 
nicotinic ligands based on cytisine act as partial agonists in vivo at neuronal nicotinic 
receptors that are considered to mediate the subjective and reinforcing effects of 
nicotine. Such partial agonists may have therapeutic potential for the ưeatment of 
nicotine dependence. (Supported by Pfizer Inc.)

294.12
NORNICOT1NE IS SELF-ADMINISTERED INTRAVENOUSLY AND 
REDUCES NICOTINE SELF-ADMINISTRATION IN RATS. M.T. Bardo1*, 
T.A. Green1, J.M. Valone1, P.A. Crooks2 and L.P. Dwoskin2. 1Dept. 
Psychology and 2College of Pharmacy, University of Kentucky, Lexington, 
KY 40506.

Although nornicotine has a behavioral profile similar to nicotine, it is not 
known if nornicotine can serve as reinforcer similar to nicotine. To 
examine this possibility, rats were first trained to lever press for food 
reinforcement on an FR5 schedule. Following the food reinforcement 
phase, rats were assessed for intravenous self-administration of (-)- 
nicotine (0.03 mg/kg/infusion), (±)-nornicotine (0.3 mg/kg/infusion) or 
saline in 60 min daily sessions. A two-lever procedure was used in which 
responding on one lever (active lever) was followed by infusion of the drug 
or saline, and responding on the other lever (inactive lever) had no 
consequence. The schedule of reinforcement on the active lever was 
gradually increased from an FR1 to an FR5. Rats responding for either 
nicotine and nornicotine received significantly more infusions than rats 
responding for saline and made over 85% of their responses on the active 
lever, clearly demonstrating that drug infusions controlled responding.
Test doses above and below the training doses revealed relatively flat 
dose effect curves for both nicotine and nornicotine self-administration 
rates. In a separate experiment, pretreating rats with nornicotine (1-10 
mg/kg, sc) prior to the session decreased nicotine self-administration. 
These results suggest that nornicotine may serve as a useful substitute for 
nicotine pharmacotherapy.

(Supported by USPHS grants DA05312 and DAO8656.)

294.14
N ICO TIN E AND CEREBR A L BLOOD FLOW  DU RING A W ORKING 
M EM ORY TASK. M Ernst*, PH Jons, JA M atochik, JD  Van Horn, SJ 
Heishman, JE Henningfield", and ED London. N ational Institute on Drug 
Abuse, Baltim ore, M D 21224; ^Pínney A ssociates, Bethesda, MD 

N icotine enhances vigilance and im proves cognitive perform ance, 
w hereas nicotine w ithdraw al im pairs perform ance on tasks o f  m em ory 
and attention (H eishm an et al., 1994). The anatom ical substrates o f  
nicotine on w orking m em ory were studied in 11 sm okers (31.8+6.8 y.o.) 
and 11 nonsm okers (30.2+7.1 y.o.) using PET and H2 ^ O -w a te r .  Each 
subject participated in 2 independent PET sessions on 2 separate days one 
w eek apart. In one session the subject received nicotine gum (4 mg), and 
in the other session placebo. Sm okers were abstinent from nicotine for 
12 h at the start o f  each PET session and experienced nicotine withdrawal 
(M ¡nesotta rating scale). Each PET session consisted o f  6 scans acquired 
during a resting condition, a w orking m em ory task (2-back) and a control 
task, each repeated tw ice. W hen nonsm okers received placebo , 
s ignificant activation (p<0.01) was greater on the left than right side, and 
was present in Brodm ann area (BA) 46 (prefrontal cortex), BA 4-6 
(central sulcus), BA 39 (post parietal), and BA 31 (m id-cingulate). 
Following nicotine administration, cortical activation had a sim ilar 
pattern, but was enhanced. W hen nonsm okers received placebo 
(withdrawal), a sim ilar pattern o f  activation was present, but with 
opposite lateralization (R>L). During nicotine administration (reversal 
o f  withdrawal), cortical activation was not enhanced. The lack o f 
significant enhancem ent o f  activation in sm okers, in contrast to that in 
nonsm okers, suggest an effect o f  tolerance.
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294.15
NICOTINE DEPENDENCE AMONG ALCOHOLICS AND 
NON-ALCOHOLICS. J. Yo⅛hino1. T, Saito2*. Y. Sengoku2, N, 
Ikeda2. M. Nakamura2. 'Dept, of Nursing and Occupational 
Therapy, School oť Health Sciences, Sapporo Medical 
University.; Sapporo 060-8556 Japan

Self-report symptom profiles for nicotine psychic 
dependence and nicotine physical dependence were examined in 
data obtained from 400 male and 100 female smokers. The 
subjects consisted of 418 healthy volunteer and 82 alcoholics. 
The questionnaire used in this study, consisted of items of the 
ICD-10 and DSM-IV. The ratio of nicotine dependence 
diagnosed according to the ICD-10 criteria was lower in 
alcoholics (22.0%) than in non-alcoholics (54.4%). A total of 
19.4% of alcoholics experienced “progressive neglect of 
alternative pleasures or interest in favour of smoking” ; however, 
only 2.2% of non-alcoholics had the same experience. Although 
the ratio of nicotine physical dependence diagnosed using the 
DSM-JV criteria (nicotine withdrawal), was 4.9% in alcoholics, 
only 0.3% of non-alcoholics exhibited nicotine physical 
dependence. These results indicate that there may be cross
dependence between ethanol and nicotine and suggest that 
nicotine dependence potential is not much stronger than that 
reported among social smokers.

294.17
THE EFFECTS OF TOBACCO SMOKING ON TOPOGRAPHIC EEG AND 
ATTENTION. X. Xu1 and E.F. Domino2*, ⅛ept. of Psychology, 
Grand Valley State University; ⅛ept. of Pharmacology, 
University of Michigan, Ann Arbor MI 49109-0632.

Quantitative electroencephalography (EEG) was used to 
measure human brain electrical changes produced by tobacco 
deprivation and smoking in the present study. Sixteen scalp 
cortical recording sites monitored regional changes in brain 
activity. The quantitative EEG was subdivided into delta, 
theta, alpha 1, alpha 2, beta 1 and beta 2 bands for topo
graphic mapping. A demanding version of the Stroop test was 
used to determine tobacco smoking effects on attention. The 
version used was more difficult than in previously reported 
studies. Healthy drug and substance free adult male and 
female volunteers were divided into nonsmoker and smoker 
groups according to their smoking status. They were 
instructed to abstain from tobacco products for at least 12 
hours overnight before the next morning's experiment. The 
EEG was taken before and after smoking either a fake placebo 
cigarette for nonsmokers or the cigarette of their choice for 
smokers. Subjects were also asked to perform the Stroop test 
before and after smoking the placebo or tobacco cigarette. 
Tobacco deprivation increased low frequency and decreased 
high frequency EEG activity. Tobacco smoking significantly 
decreased delta and increased alpha 2 and beta 1 activity, 
and increased the Stroop effect. Although tobacco smoking 
stimulated brain electrical activity, it did not improve 
performance of a difficult Stroop test. (Supported in part 
by NIDA grants DA-07226 and DA-10992.)

294.16
HPLC ASSAY FOR NICOTINE AND COTININE IN PLASMA AND BRAIN. ⅛ 
Salvani'. R. Dawson. Jr.1, N.C. de Fiebre2, M.W. Martin*2, C.M. de Fiebre2. 'Dept, 
of Pharmacodynamics, College of Pharmacy, Univ of Florida, Gainesville, FL 
32610; ⅛ ept of Pharmacology, Univ. North Texas HSC, Fort Worth, TX 76107.

The aim of this study was to develop a simple and reliable assay for measuring 
nicotine and its major metabolite, cotinine, in plasma and brain using an extraction 
method compatible with reverse phase HPLC separation and UV detection. 
Sequential solid phase extraction on silica columns followed by extraction using 
octadecyl (C l8) columns gave the best results. Samples were spiked with 
phenylimidazole (PI) as an internal standard, extracted on silica columns (PrepSep, 
Fisher Sci) and eluted with 10% NH4OH. The eluent was then extracted on Cl 8 
columns and eluted in 1 ml of a solution containing 40% CH3CN and 60% HPLC 
mobile phase (triethylamine, З.65g/L; 1-heptanesulfonic acid, O.6g/L; KH2P 0 4, 
4.08g/L; citric acid, 8.83g/L; pH=6.0-6.5, with 9% CH3CN as the organic modifier). 
The analytes were separated using a C l8 3 µm (4.6x100 mm) column (Microsorb- 
MV, Rainin Inst.) and detected by absorbance at 256 nm (0.001 AUFS). The 
analytes were well separated and endogenous interfering substances did not co-elute 
with authentic standards. Recovery after extraction of spiked serum samples 
averaged (N=5) 5l±5, 64±IO, and 52±IO% for nicotine, cotinine and PI respectively. 
Recovery of PI from spiked samples of nicotine-injected rats averaged 67±2% 
(N=77) from plasma and 23±2% (N=43) from brain. Interday assay precision 
(coefficient of variation) was determined based on daily calibrations for 2 months 
and was found to be 7%, 9% and 9% for nicotine, cotinine and PI respectively. The 
limits of detection for nicotine from plasma samples is approximately 8 ng/ml and 
for cotinine is about 13.6 ng/ml. The assay is currently employed to measure 
nicotine and cotinine levels in plasma and blood from nicotine-injected rats.
This project was supported by a grant from the NIAAA (AA-09585). HAS/L·AS 
rats were generously supplied by Drs. Richard Deitrich and Laura Draski of the 
University o f Colorado Health Sciences Center.

294.18
BEHAVIORAL AND PHYSIOLOGICAL EFFECTS OF VOLUNTARY AND 
NON-VOLUNTARY SMOKING IN NORMAL SMOKERS R.F. Mucha*. V. 
Müller. G. Reinholz and P. Pauli. Inst. Med. Psychol, and Behav. Neurobiol 
Univ. Tuebingen, 72074 Tuebingen, Germany.

Data from laboratory animals suggest that physiological and behavioral 
effects of drugs of abuse may be influenced pharmacodynamically by a 
change from voluntary to involuntary drug intake. Due to a lack of 
systematic studies on this variable especially in the human we compared 
the effects of smoking a normal cigarette using two different smoking 
protocols. A mixed group of healthy, lightly-deprived cigarette smokers, 
one half heavy and the other light smokers, were tested with 2 cigarettes. 
The cigarettes were each smoked over a 6-min with an intercigarette- 
interval of at least 20 min. One was smoked as normal (free), the other 
according to instructions when to suck and inhale (paced); the number of 
puffs during paced smoking was made comparable to that of the free 
smoking. The results indicated that free smoking, in comparison to paced 
smoking, was more satisfying, more pleasurable and more relaxing that 
paced. However, the two types of smoking produced a similar reduction 
in the urge to smoke and a similar peak increase in heart rate. Similarly, 
there were no differences in the eyeblink startle response elicted by a 95 
dB tone measured before, during and after smoking except for the first 
startle probe after completion of smoking; in this case it was longer after 
the cigarette smoked with the free protocol than that with paced.
Therefore, smokers may be a useful model to study differences seen 
when a natural drug intake ritual is changed. Paced smoking may be 
emotionally negative relative to the free smoking and this may manifest 
itself both on a behavioral and physiological level.

(Support: DFG and Tuebingen Addiction Research Center)
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C H A N G E S  IN  ST R IA T A L  N M D A  A C T IV IT Y  A F T E R  C H R O N IC  
A N T IP S Y C H O T IC  D R U G  T R E A T M E N T . S .P. B an erjee1.
E .Y ablonsky¯A lter1. K, F lynn1. L G, Z u ck. T  I, L idsky2* 1. D ept, o f  
Pharm acology, C U N Y , N Y , N Y  10031 2. Inst, for B a sic  R esearch, 
Staten Island, N e w  Y ork  10314.

R esearch  from  this and other laboratories has dem onstrated that 
antip sychotic drugs, at clinically relevant concentration s, affect  
glutam ate N M D A  receptors. B oth  antip sychotic  e fficacy  and som e  
adverse e ffects (e .g . tardive dysk inesia) b eco m e  evid en t on ly  w ith  
chronic adm inistration. A ccord in gly  w e  studied the long-term  effects  
(9  m onth s) o f  a conventional and atypical antip sychotic  (halop eridol 
and clozap in e) adm inistered daily to  rats on  N M D A  activ ity  a ssessed  
by functional neurochem istry. N eith er haloperidol nor clozap in e  
affected  either affinity or functional activity at cortical N M D A  
receptors. In contrast, both drugs increased activ ity  at striatal N M D A  
receptors w ith  the e ffect o f  haloperidol ex ceed in g  that o f  clozapine. In 
addition, both drugs increased the affinity o f  g lutam ate for its binding  
site on  striatal N M D A  receptors w ith  the effect o f  haloperidol tw ice  
that o f  clozapine. Thus, w h ile  both  drugs affect striatal N M D A  
activity, haloperidol has a greater augm enting effect on striatal 
glutam atergic m echanism s. Further analysis w ill be necessary  to  
determ ine i f  this effect contributes to  h a lop erid o l’s high risk o f  m otor  
s id e-effects.

IND UCTIO N o f  N F-ĸB  A C TIV ITY  D U RING HA LO PERIDO L 
IND U CED  TO X ICITY  IN C LO N A L HIPPO CA M PA L CELLS- 
SU PPRESSIO N  OF N F -ĸB  A N D  N EU RO PRO REC TIO N  BY 
AN TIO X ID A N TS.

A .Post*. F. H olsboer and C. Behl, M ax-Planck Inst, o f  Psychiatry, 
M unich, Germ any.

H aloperidol (HP), a dopam ine receptor antagonist, is cytotoxic to 
m ouse hippocam pal HT22 cells in a concentration dependent 
m anner and causes cell death by oxidative stress. Addition o f 
haloperidol to HT22 cells led to an increase in intracellular 
peroxides and a tim e-dependent drop in the intracellular glutathione 
(G SH ) levels. H aloperidol-induced oxidative cell death was 
prevented by the pineal horm one m elatonin, its precursor N-acetyl- 
serotonin and m ost effectively by α-tocopherol. These antioxidants 
inhibited the haloperidol-induced intracellular peroxides 
accum ulation and stabilized the G SH content upon the challenge 
w ith haloperidol. A t the m olecular level haloperidol induced DNA 
binding activity  and the transcriptional activity  o f  the transcription 
factor N F -ĸB  w hich could be blocked by the neuroprotective 
an tioxidants indicating that the activation o f  NF-ĸB  may be 
involved in haloperidol-induced oxidative cell death in vitro.

S ociety for N euroscience, Volume 24 ,1998



754 NEUROPSYCHIATRĨC DISORDERS: PHARMACOLOGICAL AGENTS—ANTIPSYCHOTIC DRUGS I MONDAY AM

295.3
T H E  E X P R E SSIO N  OF m R N A s F O R  N E U R O T R O P H IN S  A N D  
TH EIR  RECEPTO RS IN  T H E  R A T  B R A IN  A F T E R  C H R O N IC  
CL O Z A PIN E A D M IN IST R A T IO N .
A .-M . Linden*. G. W on g and E. C astrén. Laboratory o f  M olecular 
P harm acology, A .I.V irtanen Institute, U n iversity  o f  K u op io , P .O .B o x  
1627 , F IN -70211 K uopio , Finland.

C lozapine is a prototype o f  atypical antip sychotics and the m ost 
effective  treatment for schizophrenia available. Its m echan ism  o f  action 
is not fully understood. It is su g g ested  that c lozap in e , like other 
antipsychotics m ay have adaptive and neuroprotective properties.

The aim  o f  this study w as to in vestigate  w h ether neurotrophins, brain- 
derived neurotrophic factor (B D N F ) and neurotrophic factor-3 (N T -3 ),  
are involved in the actions o f  c lozap in e. W e also  studied the effects o f  
clozapine treatment on M K -801 induced increase o f  the B D N F  
expression  in the entorhinal cortex.

The effect o f  acute (2 4  h) or chronic (1 7  d) clozap in e (2 5  m g/kg/d) 
treatment on the m R N A  lev e ls  o f  neurotrophins and their receptors were  
m easured from  horizontal brain section s u sin g  in  s itu  hybridization . The 
m R N A  levels w ere altered neither by chronic nor by acute clozapine  
treatment in the brain regions stu died here. H o w ev er , M K -801  induced  
increase o f  B D N F  m R N A  ex p ressio n  in the entorhinal cortex w a s  
reduced by acute but not by chronic c lozap in e treatment.

Our results suggest that antip sychotic actions o f  c lozap in e  are m ediated  
through m olecu les other than neurotrophins. M oreover, clozapine may  
play a role in attenuating the e ffec ts  o f  M K -801 on gen e  expression .

This study is supported by the A cadem y o f F in land  and Sigrid  Juselius 
fo u n d atio n .

295.5
ANTIPSYCHOTIC DRUGS INCREASE THE PHOSPHORYLATION 
STATE OF DARPP-32. K.A. Albert*12, L. Lannfelt2, M.R. Ebben1. 
G.L. Snvder2. and P. Greengaгd2 ‘Depts. of Psychiatry, and Neurology 
and Neurosci., Cornell Univ. Med. Coll., 1300 York Ave., New York, 
N.Y. 10021 and 2Lab. of Molec. & Cell. Neurosci. The Rockefeller 
Univ. 1230 York Ave., New York, N.Y. 10021

The neurotransmitter dopamine has been consistently implicated in 
schizophrenia. Dopamine regulates the state of phosphorylation of 
DARPP-32. In its phosphorylated state DARPP-32 is a potent protein 
phosphatase inhibitor which modulates the function of many key cellular 
proteins, such as neurotransmitter receptors, voltage-gated ion channels 
and ion pumps, thus mediating the effects of dopamine in the brain. We 
have recently demonstrated that the antipsychotic drug raclopride increases 
the state of phosphorylation of DARPP-32. To increase our understanding 
of the mechanism of action of antipsychotic drugs, we have now 
compared the effects of different classes of antipsychotic agents on the 
phosphorylation state of DARPP-32. In rat striatal slices, treatment with 
haloperidol, chlorpromazine, clozapine, or risperidone resulted in 
increased phosphorylation of DARPP-32. Thus, while these four drugs 
represent different classes of antipsychotic medication, with different 
receptor profiles, they have in common that they increase the 
phosphorylation of DARPP-32. These results are consistent with the 
possibility that the phosphorylation state of DARPP-32 is an important 
component of the therapeutic effect of antipsychotic medications. 
(Supported by a fund established in the New York Community Trust by 
DeWitt-Wallace (KA), and USPHS Grants NS 01715 (KA) and 
MH40899 (PG)).

295.7

AMPHETAMINE4NDUCED REARING STEREOTYPY STRONGLY 
REDUCED BY THE nNOS4NHIBITOR 7-NITROINDAZOLE M. LvonЧ J. 
Alexander2. C. N. Karson 1,3 1Dept. of Psychiatry and Behav. Sciences,
Univ. Arkansas Med. Sci., Little Rock, AR 72205;5 Dept, of Psychology, Univ. 
Alabama at Birmingham, AL; 3John L. McClellan Memorial Veterans Hospital, 
Little Rock, AR.

Behavioral stereotypy is a cardinal feature of both schizophrenia and 
amphetamine (Amph)-psychosis. It has been hypothesized that increased 
NOS activity relates causally to schizophrenia, and that NOS inhibitors may 
have neuroleptic functions (Karson et al., 1996)4. Present experiments tested 
whether NOS inhibitors Nº-nitro-L-argin¡ne methyl ester (L-NAME), and 7- 
nitroindazole (7-NI), would counteract amphetamine-induced stereotypies.

METHODS: Experiment 1: M/Foffspring of S-D dams exposed to 
Amph (AM) during mid-gestation, were compared to offspring of nonhandìed 
(NH) dams, under saline, and 2.5 mg/kg Amph+saline, followed by either 
Amph+l-NAME (20mg/kg), or Amph+L-NAME (300mg/kg). Rats were scored, 
blind to treatment, for rearing, licking, gnawing, and head-down stereotypies. 
Experiment 2: NH rats were exposed, counterbalanced, to saline, dimethyl 
sulfoxide (DMSO vehicle), Amph+saline, or Amph+7-NI/DMSO at 7-NI doses 
of 1.0, 5.0, and 18.0 mg/kg. Behavior was scored as in Experiment 1.

RESULTS: Experiment 1 revealed anti-amphetamine effects of L- 
NAME on normal behaviors, but only limited reduction in rearing stereotypy, 
even at 300 mg/kg, in both AM and NH rats. AM rats increased licking 
stereotypy at 300 mg/kg. In Experiment 2 . NH animals under 7-NI, at all 
doses tested, showed almost no rearing stereotypy, and no other stereotypies.

CONCLUSIONS: 7-NI strongly counteracts amphetamine-induced 
stereotypies, and therefore may have unusually strong neuroleptic effects. 
“United States Patent No. 5,527,825 - June 18, 1996.

295.4
DIFFERENTIAL REGULATION OF BRAIN D E R IV E D  
NEUROTROPHIC FACTOR (BDNF) mRNA IN RAT BRAIN BY 
CHRONIC HALO PER ID O L, RISPERIDONE, AND C L O Z A P IN E  
TREATMENT. J. Chlan-Fournev, X.-M. Li, A.V. Juorio*, P. Ashe, and 
A.A. Boulton. Neuropsychiatry Research Unit, Department of Psychiatry, 
University of Saskatchewan, Saskatoon, Saskatchewan, S7N 5E4, Canada 

Increasing evidence that early intervention in schizophrenia with atypical 
neuroleptics improves long term outcome not only suggests ongoing neur
onal atrophy in the disorder, but that the success of atypical neuroleptics to 
prevent further clinical deterioration is due to alteration of factors (such as the 
neurotrophins) which play a role in the survival and synaptic remodelling of 
neurons. We have previously reported (Soc. Neurosci. Abstr., 747.27, 
1997) significant differences in the regulation of hippocampal BDNF mRNA 
by predominantly dopamine D2 vs. serotonin 5-HT2 receptor blocking neuro
leptics. While chronic haloperidol treatment significantly decreased hippo
campal BDNF mRNA in comparison to controls (F(5,12) = 6.969, p < 0.0029; 
post hoc p <  0.01), there was also a trend for predominantly 5-HT2 blocking 
neuroleptics to upregulate hippocampal BDNF mRNA. A dose response 
study was employed to confirm these results and to explore the effects of 
varying the relative D2:5HT2 blocking ratios of the atypical neuroleptics 
risperidone and clozapine. Male Wistar rats received daily I P. injections of 
either vehicle, haloperidol, risperidone or clozapine for 20 days at various 
doses. Preliminary results by image analysis confirm that haloperidol 
decreases hippocampal BDNF mRNA, and that risperidone and clozapine 
modestly upregulate hippocampal BDNF mRNA. These findings suggest that 
if atypical neuroleptics can prevent further neuronal deterioration in 
schizophrenia, it may be due to their ability to positively regulate neuro- 
trophin synthesis upon chronic administration. (Supported by Sask. Health., 
the Schizophrenia Soc. of SK, and the Ian Douglas Bebѳnsѳѳ Foundation.)

295.6
EFFECTS OF CHRONIC HALOPERIDOL, SULPIRIDE, CLOZAPINE 
TREATMENTS ON THE mRNA EXPRESSION OF DOPAMINE 
RECEPTORS AND GnRH IN THE RAT BRAIN. WS Choi,* MO Kim, 
JH Kim, GJ Cho, and BJ Lee.1 Depts. of Anatomy and Neurobiology, 
Coll, of Medicine, Gyeongsang National University, Chinju-si, Kyungnam, 
660-280; ‘Dept, of Biological Science, University of Uísan, Ulsan, 680-749, 
Korea.

The regulation of the dopamine (DA) receptors mRNA by chronic 
antipsychotic drugs treatment is of considerable interest, in part because 
these drugs are known to upregulate striatal D¡ and Dг receptors. The 
previous studies have focused on the regulation of striatal DA receptor, 
while less is known about the regulation of DA receptors in the others 
brain areas. The aim of this study was to examine the effects of 
haloperidol, sulpiride and clozapine on the regulation of DA receptor mRNA 
expression in the rat brain. We also examined the changes of GnRH 
mRNA. Adult male Sprague-Dawley rats were administrated orally with 
antipsychotic agents or water for 21 days. DA Dı, D2 receptor and GnRH 
mRNA levels were determined by in situ hybridization. Haloperidol tended 
to highly upregulate DA receptor mRNA in the striatum, nucleus aecumbens, 
olfactory tubercle and other brain areas. Sulpiride modestly increased the 
expression of DA receptors. However, clozapine ưeatment had no effect on 
DA receptor mRNAs in the same area. Antipsychotic agents treatment 
differentially regulated the GnRH mRNA expression. Haloperidol and 
sulpiride decreased the expression of GnRH mRNA but clozapine showed no 
significant changes in the GnRH mRNA. These results suggest that 
antipsychotic drug has differential effect on DA receptor mRNA expression 
in the rat brain and these agents downregulate expression of the GnRH 
mRNA probably through dopaminergic system.

295.8
STIMULATION OF CENTRAL BUT NOT PERIPHERAL ALPHA-1 
ADRENOCEPTORS DISRUPTS PREPULSE INHIBITION IN RATS.
B.S.Carass〇 l. V.P.Bakshi^. M.A.Gever1, R.Kuczenksi*k ' Dept, of Psychiatry, 
UCSD, La Jolla CA 92093-0804; ⅜ e p t.  of Psychiatry, UW Madison, Madison W1 
53719.

The startle response to an intense stimulus (“pulse”) is diminished when a non
startling stimulus (“prepulse”) is presented immediately before the pulse. This 
phenomenon, called prepulse inhibition (PPI) is thought to provide an operational 
measure of sensorimotor gating and is deficient in schizophrenic patients. Previous 
studies have shown that systemic administration of a centrally active alpha-1 
adrenergic agonist (cirazoline) disrupts PPI and increases measures of autonomic 
arousal in rats. The present study investigates the relative contribution of cenưal vs. 
peripheral alpha-1 receptors in these effects. In separate groups of rats, PPI was 
measured after either systemic (intraperitoneal, IP) or central (intracerebroventricu
lar , ICV) administration of the selective alpha-1 adrenergic agonists methoxamine 
(0, 2, 5 or 10 mg/kg IP and 0, 30 or 100 µg/ 5 µl ICV) or phenylephrine (0, 50 or 
100 µg/ 5 µl ICV), neither of which readily crosses the blood-brain-barrier. The test 
session consisted of acoustic pulses (120 dB) presented either alone or preceded 100 
msec by prepulses that were 3 ,6  or 12 dB above the background noise (65 dB). ICV 
administration of either alpha-1 agonist resulted in a dose-dependent disruption in 
PPI, but not in autonomic arousal. In contrast, systemic administration of 
methoxamine had no effect on PPI, but increased autonomic measures. These 
findings indicate that stimulation of central but not peripheral alpha-1 adrenoceptors 
causes a disruption in PPI dissociable from changes in autonomic arousal, and may 
suggest a possible role for cenưal alpha-1 adrenoceptors in the sensorimotor gating 
deficits observed in schizophrenia. Supported by Grant R02-DA02925
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295.9
ROLES OF CENTRAL oų-ADRENORECEPTOR SUBTYPES IN MK-801- 
INDUCED BEHAVIORS. S.H. Kaíka1. H.M. Vargas2, and R. Corbett1*, 'in  Vivo 
CNS Pharmacology, investigative Pharmacology, Hoechst Marion Roussel, Inc., 
Route 202-206, P.O. Box 6800, Bridgewater, NJ, 08807.

Atypical antipsychotic drugs bind to dopamine, serotonin, and adrenergic (AR) 
receptors. Blockade of oq-ARs is thought to underlie the peripheral and central side- 
effects of these drugs. However, the otı-AR antagonist, prazosin, has been shown to 
be active in a preclinical animal model of schizophrenia, namely, MK-801-induced 
hyperlocomotion (Mathe et al., Eur. J. Pharmacol. 309:1-11, 1996). To date, 
molecular biological techniques have identified three oų-AR subtypes; α IΛ , oqB, and 
α 1D· We sought to identify the receptor subtype responsible for this activity seen in 
the MK-801-induced locomotion and falling assay (MK-FL) and compared this 
activity in a dopamine mediated antipsychotic assay, the climbing mouse assay 
(CMA; Corbett et al., Psychopharmacol. 120:67-74, 1995). Prazosin (o℮įa/b/d anta
gonist) dose-dependently antagonized MK-FL (ED5〇 of 0.4 mg/kg), while it was 
much less potent in CMA (-43% @ 20 mg/kg), a profile similar to clozapine. The 
selective α ļA antagonists 5-methylurapidil (5-MU) and RS 17053 had a similar 
profile to prazosin. 5-MU and RS 17053 both antagonized MK-FL with ED5〇’s of
1.7 and 3.7 mg/kg, respectively, but were inactive up to 20 mg/kg in CMA. The 
selective otiB antagonists L-765,314 and (+) cyclazosin were much less active in MK- 
FL with ED5〇’s of 20 mg/kg and 9.0 mg/kg respectively. In addition, these 
compounds were also inactive in CMA. The selective α ĮD antagonist BMY 7378 had 
an intermediate activity in MK-FL, with an ED5ΰ of 7.7 mg/kg, however this 
compound also had activity in CMA with an ED 5〇 of 7.9 mg/kg. This data suggests 
that selective antagonism of central α ]A -AR block MK-FL. Therefore, blockade of 
this receptor subtype may contribute to the clinical efficacy of some antipsychotic 
agents.

M O N D A Y  P M  _____________________________________  S Y M P O S IA
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SY M POSIUM . M A IN T A IN IN G  STA B LE SPA TIA L R E P R E S E N 
TA TIO NS. R.A. A n d ersen , C aliforn ia  Inst, o f  Tech. (C hairperson); 
M.E. G o ld b e rg , National Eye Inst., NIH ; D.J. C raw fo rd , Y ork  U niv.; D. 
K lein feld , Univ, o f C alifornia, San D iego.

Since the tim e o f H elm holtz, it has been appreciated  that spatial 
representations m ust be updated  to  take into accoun t eye, head, an d  
body m ovem ents to ensure stable percep tion  and accurate  m ovem ents. 
However, un til recently  neither the sites nor the natu re  o f  these 
com pensations has been know n. R ecent studies, review ed in this 
sym posium , show that these com pensations occur th ro u g h o u t m an y  
areas o f  the cerebral cortex, and that these com pensa to ry  m echan ism s 
use a variety o f internally  generated  cues. G o ldberg  will describe  
neurons in the lateral intraparieta l area  (LIP), frontal eye field , and the 
superior collicu lus that shift their receptive fields b riefly  a round  the 
tim e o f a  saccade, so that a  stim ulus w hose spatial location w ill be  in the 
output vector location for a  neuron  after a saccade will evoke a 
response even if  it only appears befo re  the saccade. A ndersen  will 
describe a newly discovered  parietal reach  reg ion  (PRR ) in m o n k ey s 
which represents visual and auditory targets for reach  m ovem ents in eye 
coordinates, m odulated  by eye and lim b position  signals, and how  this 
representation  is updated  across saccades. C raw ford  will describe  
hum an p sychophysical experim en ts w hich  support the idea  that 
ex ternal reg istry  o f  reach targets is m ain tained  across 3D eye 
m ovem ents by rem app ing  targets in a retino top ic  space. K leinfeld  
exam ines how  rats extract a stable picture  o f  the  w orld by u tiliz ing  b o th  
coro llary  d ischarge and peripheral reafference as positional refe rences 
for their actively m oving sensors, their vibгissae.

297
SYMPOSIUM. THE ROLE OF POSTSYNAPTIC PROTEIN KINASES AND 
PHOSPHATASES IN CALCIUM REGULATED SYNAPTIC PLASTICITY. Paul 
Kelly. University of Texas Medical School (Chair), Howard Schułman. Stanford 
University School of Medicine, Andres Baπ¯ia. Oregon Health Science University, and 
David Sweatt. Baylor College of Medicine.

Postsynaptic Ca2+ is required for synaptic plasticity, and the dynamic balance 
between protein kinases and phosphatases is critical for the initiation and/or expression 
of plasticity. This symposium focuses on synaptic plasticity triggered by Ca2+ and 
downstream targets including Ca27calmodulin-dependent kinase II (CaM KII), AMPA 
receptors, PKC, MAP-kinase and calcineurin (CaN). Autophosphorylation of CaM KII 
is essential for LTP, spatial learning, and hippocampal place cell stability. CaM kinase 
II can decode the frequency of Ca2+ spikes, and provides a molecular switch that may 
play a role in activity-dependent synaptic plasticity. Recent studies have shown that the 
activation of CaM KII and its phosphorylation of AMPA receptors occurs during LTP; 
AMPA receptor phosphorylation potentiates AMPA-mediated currents, and may 
interact with other postsynaptic signaling pathways.

The short- and long-term activation of PKC occurs in LTP. The MAP-kinase cascade 
is one target of modulation by PKC and cyclic AMP signaling pathways, and activation 
of the MAP-kinase pathway is necessary for LTP. The roles of these signaling cascades 
in LTP will be discussed, as well as mechanisms that regulate K*-channel function and 
the activation of transcription factors.

Inhibition of the postsynaptic phosphatase CaN up-regulates synaptic transmission 
by a mechanism involving Ca2+ mobilization. Postsynaptic Ca2+ mobilization stimulated 
by IP3 receptor agonists up-regulates basal synaptic transmission and requires 
downstream Ca27calmodulin pathways. Postsynaptic CaN activity also modulates 
short-term synaptic facilitation and limits the magnitude of tetanus-LTP.

Together, these results show that intracellular Ca2+, downstream signaling pathways 
and the balance between protein phosphorylation and dephosphorylation are important 
in neuronal and synaptic plasticity, and may contribute to cellular mechanisms of 
learning and memory.

E X C IT O T O X ĬC ĨT Y  A N D  C E L L  D E A T H  IV

3 0 0 .1

EX TRA CELLULA R PH OSPH ATE CAUSES A SH IFT FR O M  NAAG TO 
GLUTAM ATE TO XICITY IN A TISSUE CULTURE M OD EL O F ISCHEM IA.
J J. Vornov*, A.ΰ. Thomas, and B.S. Slusher Johns Hopkins University School of 
Medicine and Guilford Pharmaceuticals Inc, Baltimore, MD.
N-Acetylaspartylglutamate (NAAG) is a potential storage form of glutamate. 2-PMPA 
is a novel neuroprotectant that inhibits NAALADase, the enzyme that catalyzes the 
release of glutamate from NAAG. Since phosphate is also an inhibitor of NAALADase, 
we examined its effects in detail. Injury in rat dissociated cortical cultures was measured 
by LDH release after 24 hours of recovery. Ischemia was simulated with 20 min of 
metabolic inhibition by 2-deoxyglucose and KCN. Extracellular phosphate increasingly 
blocked injury reaching maxima, protection at 12 µM. At higher phosphate 
concentrations injury increased, creating a ‘U ’-shaped dose-response curve. We 
hypothesized that this curve was the sum of the protective effect of the blockade of 
glutamate release from NAAG at low concentrations and an independent toxic effect 
at higher concentrations. The protective half of this curve was measured in isolation by 
directly blocking NAAG toxicity (3 mM). The IC50 for phosphate to block NAAG 
toxicity was 6 µM. To isolate the toxic half of the phosphate dose response curve, the 
dose response against metabolic inhibition was measured again in the presence of 2- 
PMPA, ensuring enzyme inhibition at all phosphate concentrations. In the presence of 
2-PMPA, the ‘U ’-shaped phosphate dose response was converted to a simple dose- 
dependent injury curve with an ED50 of 16 µM. Since the injury observed at low 
phosphate concentrations could be blocked by either 2-PMPA or MK801, this injury 
is presumably due to glutamate derived from NAAG. On the other hand, the injury 
observed at high phosphate concentrations could not be blocked by NAALADase 
inhibition, but was still attenuated by M K-801. The injury must, therefore, be due to the 
remaining endogenous glutamate which is not derived from NAAG. Thus, as phosphate 
increases, NAAG toxicity decreases and direct glutamate toxicity is amplified, resulting 
in a ‘U’-shaped curve.

300.2

NAALADase INH IB ITIO N  INCREASES NAAG LEVELS FO LLOW ING RAT 
M CAO. K. M. Wozniak1*, J .Estrada1, Y.W u1. M . Yudkoff2 P.F. Jackson and B, S, 
Slusher1. Guilford Pharmaceuticals Inc, Baltimore, MD1; University o f Pennsylvania, 
PA2.

Excessive glutamate is thought to contribute to the brain damage induced by ischemia. 
We have previously reported that inhibition of the neuropeptidase N-acetylated-α-linked 
acidic dipeptidase (NAALADase, carboxypeptidase G2) by 2-PMPA (2- 
(phosphonomethyl)pentanedioic acid) markedly attenuates the increase in ischemia- 
induced extracellular glutamate (by over 80%, p<0.05, Soc. Neurosci. Abstr: 232,2301, 
1997). Since NAALADase cleaves the neuropeptide N-acetylaspartylglutamate (NAAG) 
to yield glutamate, a reciprocal increase in NAAG would be hypothesized to occur in the 
presence of NAALADase inhibition. To test this hypothesis, we conducted in vivo 
microdialysis during middle cerebral artery occlusion (MCAO) in rats and analyzed for 
NAAG using GC/MS. Extracellular NAAG rose only slightly during occlusion but rose 
significantly beginning at reperfusion, an increase which was enhanced 3-fold by 2- 
PMPA pretreatment (100 mg/kg i.p.). Thus, during reperfusion, the expected reciprocal 
changes in NAAG and glutamate were observed extracellularly, supporting the 
hypothesis that glutamate is, in part, derived from NAAG. However, during ischemia, 
extracellular NAAG levels did not rise and were not sensitive to PMPA treatment. 
Although initially puzzling, we hypothesized that NAAG remained intracellular during 
occlusion and therefore was not detectable by microdialysis. To test this, we measured 
brain tissue content of NAAG in similarly treated MCAO- animals after one hour of 
occlusion. 2-PMPA-treated animals exhibited a 60% higher tissue content of NAAG 
compared to vehicle-treated (p=0.006), confirming the reciprocal relationship between 
tissue NAAG and extracellular glutamate. These results suggest that glutamate released 
during ischemia is in part, derived from intracellular NAAG. The relevance of these 
findings will be discussed.
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300.3
CHARACTERIZATION OF GLUTAMINASE AND AMINO ACIDS 
AT PROLONGED TIMES AFTER EXPERIMENTAL FOCAL 
CEREBRAL ISCHEMIA. R. N ew com b*. A. Pierce1. T. K ano1. W. M eng‘. 
P. Bosque-H am ilton1. L. Tavloг2. N. Cuгthovs2. and E.H. L o 1. *N eurex  
Corp., M enlo Park, CA 94025, d ep artm en t o f Biochem istry and 
M olecular B iology, Colorado State University, Fort Collins, CO 80523 , 
‘Neuroprotection Research Lab, Harvard M edical School, M ass. General 
Hospital East, Bldg 149, Charlestown, M A 02129

Glutaminase is a significant contributor to extracellular glutamate 
after neuronal injury in vitro (J. B iol. Chem. 272, 11276). As a step 
towards characterizing the role o f  the enzym e in neuronal injury in vivo, 
glutaminase activity was measured in central and peripheral regions o f  the 
ischem ic distribution o f  rat cortex at 6 , 24, and 48h after permanent focal 
ischem ia (M CAO). Although glutaminase activity decreases in the central 
ischem ic area, significant activity remains in areas o f evolving damage, 
even after 48h ischem ia. Western blots show no detectable change in 
glutaminase m olecular weight or total immunoreactivity, regardless o f  the 
degree o f  inactivation. Significant amounts o f  glutam ine remain in 
ischem ic tissue at prolonged times after MCAO, while tissue amounts o f  
glutamate are highly correlated with decreases in glutam inase activity. In 
vivo dialysis probes were inserted into the ischem ic periphery at 24h post 
MCAO. Glutamate is significantly and selectively elevated in these 
dialysates. Perfusion o f the glutaminase substrate, glutamine, and the 
activator, phosphate, results in further, and specific, elevations in dialysate 
glutamate. In sum, significant glutaminase activity remains in the periphery  
o f  the ischem ic lesion at 24 and 48h, where it can contribute directly to 
elevated extracellular glutamate. Inactivation o f the glutam inase in central 
areas o f the ischem ic lesion does not involve significant proteolytic  
degradation, and likely involves a specific molecular event. Supported by  
Neurex Corp. and NIH.

300.5
INCREASE IN EXTRACELLULAR K+ CONCENTRATION INHIBITS THE 
NMDA-MEDIATED C a2+ INFLUX AND EXCITOTOXIC1TY. L. Kiedгowski*. 
The Psychiatric Institute, Department o f Psychiatry, University of Illinois at Chicago, 
IL 60612.

In ischemic brain, glutamate (GLU) receptors are activated while the trans
membrane Na+ and Ƙ" concentration gradient (NaKG) has virtually collapsed. One 
may expect that the NaKG collapse may affect Ca2+ homeostasis by depolarizing the 
cell and by modifying the operation o f the plasma membrane Na7Ca2+ exchanger 
(NaCaX). To study the role of NaKG in excitotoxicity, primary cultures of cerebellar 
granule cells (CGCs) were exposed to NMDA, GLU or kainate while monitoring the 
plasma membrane potential; cytoplasmic concentrations of Na+ ([NaŤ]c), K+ ([Kτ]c), 
and Ca2+ ([Ca2+]c); 45Ca2+ uptake; and neuronal viability. NMDA, GLU or kainate 
promptly depolarized the plasma membrane and adjusted [Na+]c and [K+]c to their 
respective ambient concentrations. Increasing extracellular K+ concentration (ĮҠ+]e) to 
60 mM concurrent with an equimolar decrease in [Na+]e subdued the changes in [K’]c 
and [Na+]c and prevented GLU excitotoxicity, which was accompanied by 80% 
reduction o f the NMDA-elicited Ca2+ influx. Li+ mimicked the inhibitory effect of K+ 
on the NMDA-mediated Ca2+ influx, but N-methyl-D-glucamine (NMDG) had the 
opposite effect. NMDG, unlike Li+, counteracted plasma membrane depolarization by 
NMDA, and, by preventing the decline in the electrochemical Ca2+ driving force, 
greatly enhanced Ca2+ influx and excitotoxicity. L i\  in contrast to K+, did not 
depolarize the plasma membrane; therefore, the inhibitory effects of both L Ґ  and K+ 
on the NMDA-mediated Ca2+ influx were not related to any increase of plasma 
membrane depolarization additional to that caused by NMDA itself. An increase in K" 
or Li+ concentration may deactivate the reverse mode of NaCaX operation fueled by 
high [Na+]c. However, NMDA removal promptly inhibited Ca2+ influx whereas it 
failed to affect high [Na+]c. Therefore, it is unclear whether the Ca2+ influx was 
actually fueled by [Na+]c. One has to also consider that NaKG may modulate NMDA- 
mediated Ca2+ influx by yet another mechanism.

300.7
ENERGY IMPAIRMENT LEADS TO THE ACCUMULATION OF GLUTAMATE 
IN THE EXTRACELLULAR COMPARTMENT. D.A. P i Monte*. I. Tokaг and 
J.W. Langston. The Parkinson’s Institute, Sunnyvale, CA 94089.

Maintenance o f low levels o f extracellular L-glutamate to prevent excitotoxic 
neuronal damage is likely to be a critical function of astrocytes. In this study, 
addition of 500 µM L-glutamate to primary cultures of astrocytes was followed by its 
efficient clearance from the extracellular space within a 150 min incubation period. 
When cells were preincubated with three inhibitors of the mitochondrial respiratory 
chain, i.e. rotenone, antimycin A or 1-methyl-4-phenylpyridinium ion (MPP+), 
clearance of L-glutamate occurred at a significantly lower rate. This effect appeared to 
be dependent upon the degree o f energy perturbation since higher concentrations or a 
longer preincubation period with these toxic agents resulted in a  more pronounced 
inhibition of L-glutamate elimination. Such inhibition was unlikely to be due to 
nonspecific cell damage since (i) it occurred at a time when cell membrane integrity 
was still preserved, and (ii) no reduction in L-glutamate clearance was observed in the 
presence of another toxic agent, i.e. paraquat, which damaged astrocytes without 
impairing energy metabolism. Rotenone-, antimycin A- and M PPЧnduced failure of 
L-glutamate clearance was accompanied by a slight, though statistically significant, 
decrease in ATP levels. No evidence was found that reactive oxygen species 
contributed to the inhibition o f L-glutamate uptake. Indeed, neither the spin trapping 
agent α-phenyl-tert-butyl nitrone nor the lazaroid antioxidant U-74389G nor the 
disulfide-reducing agent dithiothreitol were capable of protecting against the effects of 
rotenone, antimycin A or M PP7 These studies provide first evidence that the ability 
of astrocytes to clear L-glutamate from the extracellular space is significantly 
compromised after inhibition of energy metabolism. Failure of L-glutamate clearance 
by astrocytes could play an important role in linking energy metabolism defects to 
excitotoxicity in neurodegenerative diseases. Supported by The Parkinson s Institute, 
Mylan Pharmaceuticals and by grant Ml ROЗ ES08627-01 from the NIEHS.

300.4
EX C ITO TO X IC  CELL D E A T H  OF C E R E BEL LA R  G R A N U L E  
CELLS R E Q U IR ES A C T IV A T IO N  O F G A B A  R E CEPTO RS.
Q. C h en 1, K. M oulder2, T. T e n k o v a \ and C. R o m a n o 14* D epts. o f  
‘O phthalm ology, 2M olecu lar B io lo g y , ^Psychiatry, and 4N eu ro b io lo g y , 
W ashington  U n iversity  S ch o o l o f  M ed ic in e , St. L ou is. M O  63 1 1 0 .

A lthough excitotoxic  cell death is  usually  consid ered  a C a2+- 
dependent process, in certain neuronal system s there is strong evidence  
that it is independent o f  C a2+ and is instead remarkably dependent on 
extracellular C ľ. W e have sh ow n  in isolated chick em bryo retina that 
the lethal C ľ entry is through G A B A  and g lycine receptors. To 
determ ine if  ligand-gated Cľ channels contribute to excitotoxic cell 
death in other neurons, w e  exam ined  K A -ind uced  cell death in cultured 
rat cerebellar granule c e lls . G A B A  receptor blockade with either a 
com petitive (bicuculline) or noncom petitive (picrotoxin) antagonist 
provided com plete neuroprotection, b lock ing g lycine receptors with  
strychnine w as not. The protective effect o f  bicuculline w as overcom e  
w ith ex c ess  G A B A . Potentiating G A B A  receptor resp on ses with  
pentobarbitol exacerbated K A  toxicity. K A  stim ulated Cľ uptake by the 
granule c e lls , and this w as b locked by the G A B A  antagonists. A  
subpopulation o f  neurons in the cultures w as found to have high  
concentrations o f  G A B A , and this presum ably is the source o f  the 
G A B A  that leads to receptor activation and lethal Cľ entry.

T h ese results indicate that, paradoxically , inhibitory receptor 
activation is critical for excito tox ic  ce ll death, at least in som e neurons.

Supported by N S 3 6 6 7 2 , EY O 2687, and an unrestricted grant from  
R esearch to Prevent B lin dness.

300.6
EARLY PROCESS OF GLUTAMATE NEUROTOXICITY IS INDEPENDENT OF 
SUPEROXIDE RADICAL IN RAT HIPPOCAM PAL CULTURE. S. Yamamoto1*. 
Ş, Ҭęrąkawз2, T· Sakurai2. S. Matsumura2. K. Uemura1. 'Depart, o f Neurosurgery and 
2Photon Med. Res. Center, Hamamatsu Univ. Sch. of Med., Hamamatsu, 431-3192, Japan

We have obseryed by lucigenin-induced chemiluminescence (CL) that superoxide 
radical (0 2̂ ) does not increase but decreases following glutamate exposure in cultured rat 
hippocampal slice (Soc Neurosci 23:1666, 1997). In this study, to elucidate the 
relationship between Oy and glutamate neurotoxicity, we examined: 1) how glutamate 
could affect the mitochondrial (Mit) function, a source o f intracellular 0 2; 2) whether 
glutamate would induce morphological changes in the neurons when Oy is removed. In 
rat hippocampal culture, Oy generation was analyzed by CL, and Mit membrane potential 
was measured using rhodamine 123 (Rh 123) as fluorescent dye. Using video-enhanced 
contrast differential interference contrast (VEC-DIC) microscope, we observed 
morphological changes o f the hippocampal neurons induced by glutamate under 
scavenging 0 2̂ with a superoxide dismutase (SOD) mimic [Mn (III) porphyrin], which 
freely diffuses across the cell membrane.

Rotenone (100 µM), a Complex I inhibitor, and glutamate (1 mM) decreased 0 2 
generation rapidly, while KCN (10 µM), a Complex IV inhibitor, increased it. 
Interestingly, glutamate inhibited the increase in 0 2 elicited by KCN. In 20 mm, 
glutamate reduced fluorescence intensity of Rh 123, indicating disrupting Mit membrane 
potential. Under the VEC-DIC microscope, the nuclei in the slice developed granularity 
within 20 min following glutamate exposure, showing the process of DNA fragmentation 
Ų  Neurosci Res 43:613-622. 1996). While the SOD mimic (30 µM) almost completely 
scavenged 0 2' in the slice measured by CL in 30 min. this treatment did not affect the rapid 
nuclear change in the neurons induced by glutamate.

We conclude: 1) glutamate impairs the upstream part of Mit respiratory chain and 
decreases 0 2̂ production in the neuron; 2) the process of DNA fragmentation induced by 
glutamate is independent of 0 2 generation. (Supported by a grant from The 30th Mitsui 
Welfare Foundation)

300.8
SEC RETO RY  PH O SPH O LIPA SE A 2 (sP LA 2) EN H A N C E M E N T OF 
GLUTAM ATE-INDUCED CA LCIUM  INCREASE: M ECH AN ISTIC STUDIES.
M. A. DeCoster* and N. G. B azan . LSU M edical Center, N euroscience Center, 
N ew  O rleans, LA 70112.

W e have previously reported that sPLA 2s affect neuronal function and survival 
(B rain Res. 693:101,1995; JBC 2 7 1 :32722 ,1996) and calcium  influx. W e found 
that low concentrations o f  an sPLA 2 (25-50 ng/m l) purified from  bee venom  
enhances glutam ate-induced toxicity  and intracellular calcium  concentration 
([C a2+],) increase in p rim ary cortical neurons in vitro. N eurotoxicity  o f  glutam ate 
(G lu) and sPLA 2, together, was m ore than additive com pared to the toxicity  o f  
either com pound alone. P retreatm ent with sPLA 2 at these concentrations also 
enhanced subm axim al G lu-induced calcium  increases in cortical neurons as 
m easured by confocal laser scanning m icroscopy. W hile treatm ent w ith 1 µM 
Glu resulted in transien t [Ca2+], increases that returned 66%  to baseline in 84 
seconds, pretreatm ent for 3 m inutes w ith sPLA 2 resulted in sustained [Ca2+]¡ 
increases, with [Ca2+ľ  returning only 5% to baseline. A t a threshold  response 
concentration o f 250 nM  Glu, the average neuronal recovery tim e to  baseline was 
15 seconds, which was increased to 128 seconds w ith sPLA 2 pretreatm ent. Wre 
have recently  found sim ilar responses in prim ary h ippocam pal neurons. 
Furtherm ore, the non-com petitive N M D A  receptor antagonist, M K-801 (300 
nM ), inhibited m uch o f  the sPLA 2 enhancem ent o f  [Ca2+], increase, w hile the 
calcium  channel blocker, cobalt (100 µM ), was ineffective. Finally, the 
glutam ate uptake inhibitor L-trans-pyrollid ine-2 ,4-d icarboxylic  acid (25 µM ) 
m im icked the effects o f  sPLA 2, greatly  enhancing neuronal [Ca2+], increases in 
response to  low glutam ate (0 .1-5µM ) addition. These m echanistic studies 
indicate that m uch o f  the enhancem ent o f  G lu-induced [Ca2+], increases by sPLA 2 
m ay be due to m odulation at the N M D A  receptor and/or o f  g lutam ate uptake 
m echanism s. (Supported by N S 23002).
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300.9
ACTIVITY OF JNK AND p38 STRESS KINASES, C-JUN
PHOSPHORYLATION, AND C-JUN/AP-1 DNA BINDING ACTIVITY 
FOLLOWING KAINIC ACID INDUCED SEIZURES
Kirsten Mielke, S. Brecht, A. Dorst. T. Herdegen*. Institute o f Pharmacology, 
CAU, Hospitalstr. 4, 24105 Kiel

The inducible transcription factor c-Jun is a mediator of the cellular stress 
response evoked e.g. by UV radiation or oxidative stress in non-neuronal cells and 
which is associated with apoptosis. Its transcriptional activity is enhanced by 
phosphorylation o f serine residues 63 and 73 by JNKs. We examined the 
expression and activity o f the MAP-kinases JNK1, p38 and ERK as well as o f their 
substrates, the transcription factors c-Jun and ATF-2, following systemic 
application o f kainic acid in the adult rat brain. Unexpectedly, JNK is the only 
MAP kinase activated in this model of excitotoxicity. JNK1 activity rapidly 
increased after 3 h from moderate basal to maximal levels between 6 h and 12 h , 
whereas ERKs fell from their substantial basal levels, p38 was characterized by a 
high basal activity that became almost absent and did not return to basal levels 
even 10 days after KA application. The expression o f all three MAP-kinases and 
AT₣-2 did not change. c-Jun was rapidly expressed in various compartments and 
triggered by early activation o f the proximal AP-1 site occupied by ATF-2 o f the c- 
jun promotor; whereas its later expression correlated with the predominant binding 
of c-Jun and, to a lesser extent, ATF-2 to the distal AP-1 site. Super-shift assays 
demonstrated that c-Jun, but not ATF-2, bound to AP-1 sites in the substance P and 
collagenase, but not in the cyclo-oxygenase 2 promotor.

These experiments provide novel insights into the transcriptional control o f the 
c-jun promotor; as well as the translation, phosphorylation and DNA-binding o f c- 
Jun in the adult rat brain.

3 0 0 .11

NEURODEGENERATION IN AMYOTROPHIC LATERAL 
SCLEROSIS (ALS) RESEMBLES APOPTOSIS AND MAY OCCUR 
BY A PROGRAMMED CELL DEATH MECHANISM. L J Martin* 
Departments o f Pathology and Neuroscience, Johns Hopkins Univ. Sch. 
Med., Baltimore, MD 21205.

The mechanisms for neurodegeneration in ALS are not understood. We tested 
the hypothesis that the neurodegeneration in ALS resembles apoptosis and that a 
programmed cell death (PCD) mechanism may be operative in this disease. A  
staging scheme was formulated for the morphological progression o f  
neurodegeneration. After an initial chromatolytic stage, motor neurons 
progressively undergo DNA fragmentation and condensation o f  the cell body and 
nucleus. This staging arrangement reveals that motor neuron degeneration in ALS 
resembles apoptosis. Changes occur in the subcelłular expression o f  cell death 
proteins that would promote apoptosis. In selectively vulnerable CNS regions in 
ALS, the pro-apoptotic proteins Bax and Bak are elevated in the mitochondrial- 
enriched membrane fraction. Bax in mitochondrial-enriched membrane fractions 
was also detected as an 43 kD protein, suggesting an abnormal formation o f  Bax- 
Bax dimers or Bax interactions with other proteins (e.g., Bcl-2) in ALS. In contrast, 
the anti-apoptotic protein Bcl-2 is decreased in the mitochondrial-enriched 
membrane compartment but increased in the cytosol. The increase in Bcl-2 in the 
cytosolic fractions o f  ALS cases was paralleled by an increased presence o f  a Bcl-2 
immunoreactive band at -5 0  kD, suggesting the release o f  Bcl-2 from intracellular 
membranes and formation o f  Bcl-2 dimers or interactions with other proteins in the 
cytosol. We conclude that neurodegeneration in ALS occurs by a PCD mechanism 
involving a subcelłular redistribution o f  death proteins. S u p ported  by N S 3 4 l 00

300.10
NEURONAL DEATH FROM KAINIC-ACID-INDUCED SEIZURES IS 
MORPHOLOGICALLY NECROTIC DESPITE “APOPTOTIC” BIOCHEMICAL 
FEATURES. D.G. Fujikawa.* B. Cai, S.S. Shinmei and S.G. Allen. Exp. Neurol. 
Lab., VA Med. Ctr., Sepulveda, CA and Dept, of Neurology and Brain Res. Inst., 
UCLA Sch. of Med., Los Angeles, CA.

Neuronal death from lithium-pilocarpine (LPC)-induced status epilepticus (SE) and 
kainic-acid-induced SE (KASE) is NMDA-receptor mediated. LPCSE produces 
acidophilic neurons by hematoxylin-and-eosin (HE) stain which are ultrastructurally 
necrotic despite intemudeosomal DNA cleavage (“DNA laddering”) and in situ DNA 
nick-end labeling (positive TUNEL staining). In this study we hypothesized that the 
same is true for KASE. Male Wistar rats were given 12-15 mg/kg KA i.p. to induce 
generalized clonic SE (n=7). Controls received normal saline i.p. (n=6). After 3 h of 
SE diazepam and phenobarbital were given i.p. to stop SE, and 24 and 72 h later rats’ 
brains were either perfusion-fixed in situ with 4% paraformaldehyde, 0.2% 
glutaraldehyde for light-microscopic (LM) examination with HE and TUNEL stain 
and ultrathin sections for electron-microscopic (EM) examination, or 72 h after SE in 
unperfused rats (n=4 in SE and control groups) DNA was extracted for agarose gel 
electrophoresis from the six brains examined by EM. As previously described for 
LPCSE, acidophilic neurons were found 24 and 72 h after SE by HE stain. Some of 
these neurons had TUNEL-positive nuclei which were lightly stained in adjacent 
sections at 72 h but not 24 h after SE, as in LPCSE. At 24 and 72 h, the EM 
counterpart of acidophilic neurons were electron-dense, shrunken, angulated necrotic 
neurons with condensed, pyknotic nuclei, small, dispersed chromatin clumps and 
vacuolar cytoplasmic degeneration. No apoptotic neurons were seen. At 72 h, DNA 
laddering was found in the four most damaged brain regions examined by EM. Thus, 
like LPCSE, KASE produces both LM and EM evidence of neuronal necrosis despite 
DNA laddering, considered to be a hallmark of apoptosis, and positive TUNEL 
staining, which may be seen in necrosis as well. Both biochemical features of 
apoptosis also occur in necrotic neurons. (VA-supportєd.)

300.12
GLYCERALDEHYDE-3-PHOSPHATE DEHYDROGENASE AS A POSITIVE 
MEDIATOR OF CELL DEATH; ITS IMPLICATION IN TOXICITY OF 
NITRIC OXIDE AND TRIPLET REPEAT DISEASES.
A. Sawa. L.J. Hanle, L.D. Hester*, M. Takahashi, J.K, Cooper^V. Çolomer,
Ş. Eng⅞lę∩d¢r, Q. Schilling. J··ß,W gQd, A, K¾ķizŲka, R·. Mҗgoliş, A.H. Shaщ.
C.A. Ross, and S.H. Snvder. Dept, of Neuroscience, Johns Hopkins Univ. Sch. of 
Med., Baltimore, MD 21205

We and several other groups have recently reported that glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) translocates to particulate fractions, including the nucleus, 
during cell death after its overexpression. Antisense oligonucleotides to GAPDH show 
protective effect against cell death, suggesting the possibility of GAPDH as a positive 
mediator of cell death. GAPDH binds the gene products of triplet repeat diseases, such as 
huntingtin, but its pathophysiological meaning is not clear yet. To evaluate the possibility 
that GAPDH works as a mediator of cell death in CAG-triplet repeat diseases, we 
transfected GAPDH and triplet repeat disease genes (huntingtin, MJD cDNA constructs) 
into HEK-293 cells. Overexpression of GAPDH alone showed no toxicity. Overexpression 
of disease gene products showed toxicity only when the CAG repeat was expanded. Longer 
CAG repeats caused more toxicity. GAPDH augumented this toxicity. GAPDH glycolytic 
activity increased in parallel with GAPDH protein levels, suggesting that loss of GAPDH 
glycolytic activity is not involved. We also found a gain-of-toxic effect of GAPDH in the 
cell death paradigm elicited by nitric oxide (NO). Utilizing NOS-293 cells, stably 
transfected with neuronal NO synthetase (nNOS) gene, we found augumented toxicity 
following transient transfection by GAPDH. This toxicity was abolished by NOS 
inhibitors. No toxicity occuưed in cells transfected with mutant GAPDH in which the 
cystein targeted by NO was replaced with alanine. Taken together, we propose that (1) 
GAPDH may be a positive mediator of cell death including CAG-triplet repeat diseases,
(2) its toxic mechanism may be a conversion from glycolytic enzyme to a toxic molecule in 
some pathological states, (3) one candidate for this conversion mechanism may be 
posttranslational modification by NO.

supported by USPHS grant MH18501 to SHS, brain science grant (Japan) to AS
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301.1
INTERACTION STUDY BETWEEN PRESENILIN-1 PROTEIN AND 
BCL-2 D. Moratto, A. Alberici L. Benussi. L. Gasparini. R. Ghidoni, 
S. Moraschi, M. Trabucchi1. A. Bianchetti, J.H. Growdon2. R. 
Nitsch3. G. Binetti* I.R.C.C.S. Centro San Giovanni di Dio- 
Fatebenefratelli, Via Pilastroni 4, 25123 Brescia, Italy; 1Dept. of 
Experimental Medicine and Biochemical Sciences, University of 
Rome Tor Vergata, Rome, Italy; 2Dept. of Neurology, Harvard 
Medical School, Boston, MA, USA; 3Center for Molecular 
Neurobiology, University of Hamburg, Hamburg, Germany.

Alzheimer disease (AD) is the most common form of dementia. 
Most cases of familiar AD are caused by mutations in gene 
encoding presenilin-1 (PS1), a transmembrane protein localized 
expecially in reticulum endoplasmatic (ER) and Golgi apparatus 
which undergoes regulated alternative processing during 
apoptosis. Bcl-2 is mainly a mitochondrial membrane protein that 
plays a pivotal role in suppression of programmed cell death, 
regulating calcium ions homeostasis and acting at least in part as a 
docking protein which pull other proteins out of the cytosol. The aim 
of this study is to investigate the possible interaction between PS1 
and Bc!-2. To test our hipotesis PS1 was expressed together with 
Bcl-2 by transient co-transfection of COS-7 cells. Lysates of these 
cells were immunoprecipitated with a monoclonal antibody for Bcl-2 
or a polyclonal antiloop antibody for PS1, and western blotted. A 
coimmunoprecipitation band was detected. This binding suggests a 
synergistic activity between the two proteins.

301.2

IDENTIFICATION OF SORCIN AS A SELECTIVE CELLULAR  
INTERACTOR FOR PRESENILIN 2.
T.-W. Kim*. W. P. PettingelL· R, E. Tanzi. Genetics and Aging Unit, 
M assachusetts General Hospital, Harvard M edical School, M A 02129.

The presenilin genes (PS1 and PS2) appear to be responsible for 30-  
40% o f early onset familial Alzheimer's disease (FAD). The b io logical 
roles o f the presenilins and how their pathogenic mutations confer FAD  
are unknown. PS1 and PS2 proteins are enαoproteolytically processed to 
form two stable N- and C-terminal fragments while only trace levels o f  
full-length holoprotein are present in vivo. Both proteins share significant 
overall amino acid similarity except in their N-term ini and large 
hydrophilic loops, suggesting that these domains may be o f  importance 
for unique biological functions. PS1 was shown to interact with 
mammalian hom oю gues (e.g. catenins) o f  the D ro so p h ila  Arm adillo  
fam ily, that are involved in the Wnt signaling pathway. In this study, we 
searched for cellular interactors for the large hydrophilic loop o f PS2. We 
initially observed a high degree o f hom ology between 31 amino acids o f  
the large hydrophilic loop o f PS2 and the N-terminal region o f synexin  
(annexin VII), that is a known interacting domain for sorcin. Sorcin is a 
member o f the Ca2+-binding protein fam ily with five EF-hand m otifs. 
Interaction o f  endogenous PS2 with sorcin was then demonstrated by  
complementary co-im m unoprecipitation o f m yc-tagged sorcin with 
separate PS2 antibodies specific to the large hydrophilic loop dom ains 
(gifts o f  Drs. G. Thinakaran and T. Iwatsubo). As expected, sorcin  
interacted with PS2 but not with PS1 which lacks h om ology to synexin . 
When PS2 was overexpressed by transient transfection, the binding o f  
sorcin with endogenous PS2 was partially inhibited, suggesting that sorcin  
preferentially interacted with the saturable pool o f  endogenous PS2 loop  
fragment instead o f the overexpressed, short-lived pool o f  PS2. Our 
studies show that sorcin is a selective cellular interactor for PS2 and the 
interaction may be crucial for the physiological and/or pathological 
functions o f PS2. [supported by the N IH  a n d  the Partners Investig a to r  
A w ard]
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301.3
M O LECU LA R IN TER A C TIO N  B ETW EEN  PR E S E N IL IN  1 AND 
ß-CA TEN IN  IN N O RM AL AND A P O P T O T IC  CELLS
G. Tesco*. T.-W. Kim and R.E. Tanzi
Genetics and Aging Unit, Massachusetts General Hospital and Harvard Medical School, 
Charlestown, MA, 02129, USA.

Recently it has been shown that the large hydrophilic loop of presenilin 1 (PS1) 
physically interacts with ß-catenin in non-neuronal cells and with Э-catenin in the brain 
(Zhou J. et al. 1997). During apoptosis, PS I, which is normally cleaved within the 
domain encoded by exon 10, undergoes a caspase-mediated "alternative" cleavage 
resulting in the production of smaller C-terminal fragments (CTFa) that are shown to 
be elevated in cells expressing familial Alzheimer's disease mutant presenilins. ß- 
catenin is also shown to be cleaved at two distal site (C-terminus and N-terminus) by 
caspase(s) during apoptosis. The aim of this study was to confirm the interaction 
between PS1 and ß-catenin in H4 human neuroglioma cells and evaluate whether 
apoptosis-associated cleavage of PS1 and/or ß-catenin affects the interaction. Time 
course experiments showed that ß-catenin is initially cleaved into a ~9O kD fragment 
and later into a fragment of ~65 kD which becomes the predominant species after 24 
hrs of staurosporine (STS) treatment. The PS1 CTFa appears after 8 hrs of STS 
treatment. Normal and apoptotic cells were immunoprecipitated with anti-PS 1-loop 
antibody (gift of G. Thinakaran and S. Sisodia) or anti-ß-catenin antibody (Transduction 
laboratories), ß-catenin co-immunoprecipitated with the normal C-terminal fragment 
(CTF) of PS1 in normal cells and in STS-treated cells, but not with the CTFa. When 
the immunoprecipitation was performed with anti-PS 1-loop antibody, the normal CTF 
of PS1 was able to bind with both the ~9O and ~65 kD caspase-cleaved species of ß- 
catenin indicating that both holoprotein and caspase cleaved ß-catenin binds the normal 
CTF of PS1 but not the CTFa. Our study demonstrates that apoptosis-associated 
cleavage of PS1 abolishes the m olecular interaction with ß-catenin, raising the 
possibility that enhanced levels of CTFa, in apoptotic or PS1 mutant cells, might 
disrupt the interaction and the cellular function of PSl/ß-catenin complex.

Supported by NIA and NINDS. G. Tesco is a recipient of a John Douglas French 
Alzheimer's Foundation fellowship.

301.4
ASSOCIATION OF PRESENILIN 1 WITH ß-CATENIN.
A, Takashima1*. M. Muravama1. O. Murayama1. T. Honda1. James 
Palacino2. Benjamin Wolozin2 .Laboratory for 'Alzheimer's Disease, R1KEN, 
BSI, 2-1 Hirosawa, Wako-shi, Saitama 350-01, Japan ,2 Department ofPharmacology, 
Loyola University Medical Center, 2160 South First Ave., Maywood, IL 60153, USA

Alzheimer’s disease is a progressive neurological disorder, 
characterized by the accumulation of amyloid ß (Aß) protein in senile 
plaques and paired helical filaments (PHF) composed of hyper 
phosphorylated tau in neurofibrillary tangles (NFT). Mutations in 
presenilins affect Aß processing. Recent studies indicate that cell lines, 
transgenic mice or patients expressing mutant forms of PS1 show a 
selective increase in production of Aßµ4 2 . Mutations in the presenilins 
also activate apoptotic pathways and render neurons more vulnerable to 
stressors, such as Aß neurotoxicity. However, the underlying 
mechanism has not been clear. Recently, we found PS1 associated with 
GSK-Зß and its substrate tau in vitro and in vivo. This suggested that 
PS1 may act as a molecular tether, connecting GSK-Зß with important 
substrates, much like the kinase binding proteins AKAP and RACK1 
modulate activity by controlling the association of protein kinases A and 
C with their substrates. ß-Catenin is a substrate for GSK-Зß and the 
level of cytosolic ß-catenin, which is a component of Wnt/Wingless 
signaling pathway, is regulated by the GSK-Зß activity. Then, we 
investigated the interaction of PS1 with ß-catenin.

301.5
P R E S E N IL IN -1 IS A S S O C IA T E D  W IT H  C L IP -170, A  
M IC R O T U B U L E  IN T E R A C T IN G  PR O T E IN . N . T eza p s id is1*.
A .A . Joh n sin gh 1, H .-C . Li2, S. E fth im io p o u lo s1, J.S. Jacobsen3, T .E . 
K reis4 and N .K . R o b a k is1. *Dep. o f  P sych iatry  and F ishberg R esearch  
C enter for N eu ro b io lo g y  and 2D ep . o f  B ioch em istry , M t. Sinai S ch o o l 
o f  M ed ic in e , N Y ; 3D ep. o f  C N S  D isord ers, W y eth -A yerst Research, 
Princeton , NJ, U S A ; 4D ep . o f  C ell B io lo g y , U n iversity , S c ien ces  III, 
C H -1211  G en eva 4 , Sw itzerland.

H ere w e  describe our strategy to  screen a brain exp ression  library 
for proteins ab le to bind sp ec if ica lly  to  the large cy to p la sm ic  loop  o f  
p resen ilin -1 (P S -1L ). C andidates are further characterized for  
differential b inding to  P S -1 L  carrying fam ilia l A D -lin k ed  m utations. 
W e report that o n e  o f  th e c lo n es  id en tified , e n co d es  for C LIP-C , the  
C -term inal tail o f  C ytop lasm ic  L inker P ro te in -170 (C L IP -170), 
kn ow n  to  con join  m em brane organ elles to  m icrotu bules. B in d in g  
requires C a2+ and m utated P S -1L  has a h igher affin ity  for C L IP-C , as 
determ in ed by saturation b in d in g curves. In agreem ent, by treating  
neuroblastom as w ith  agen ts kn ow n  to  in crease intracellu lar C a2+ 
(thap sigargin  and ion o m y cin ), it w a s ob served  that cellu lar m utated- 
PS-1 co-im m un oprecip itated  w ith  C L IP -170 in larger quantities  
com pared to  W T. Sim ilar con d ition s are kn ow n  to  favor the  
production  o f  A ß . T h is raises the p ossib ility  that the interaction o f  P S -  
1 w ith  C L IP -170 is  in tricately in v o lv ed  in the p ro cessin g  o f  APP. 
[Supported by th e A lzh e im er’s A sso c ia tio n  grant R G 1 -9 6 0 9 8  (N T.) 
and N 1H  grant A G 0 8 2 0 0  (N .K .R .)]

301.6
PRESENILIN 1 INTERACTS WITH AMYLOID PRECURSOR PROTEIN IN THE

ALZHEIMER’S AND CONTROL BRAINS. Y. Igeta1*. E. Matsuhara1. Y. Tomidokoro1.

İl. Dept, o f  Neurology,

Gunma Univ., Maebashi, Gurima, 371-8511, Japan.

Mutation o f presenilin I and 2 (PS1, PS2) are responsible for development o f AD 

pathology in ADЗ and AD4 families. The role of mutant PS1 results in increase o f the 

extracellular concentration o f Aßl-42. The binding PS1 with amyloid precursor protein 

(APP) was found in a variety of cell lines. To clarify the characters of PS-l/APP 

complex further in the human brains, 5 sporadic AD brains and 5 control brains were 

examined by isoelectrofocusing, immunoprecipitation and Western blot analysis. 

Isoelectrofocusing o f the CHAPS extracted fraction in AD brains revealed that the pH 

range o f APP distributed from 3.5 to 6.4, those o f PS 1-CTF was from 3.5 to 7.1, and 

those o f PS1-NTF was from 4.0 to 6.8. There were no significant difference between 

AD and control brains. Immunoprecipitation o f samples after isoelectrofocusing showed 

both anti-PS 1 CTF and anti-PS 1NTF antibody unequivocally retrieved APP. Both 

PS I CTF and PS IN were coprecipitated with APP. The pH range o f the APP-PS1CTF 

complex were distributed from 3.5 to 6.4., whereas those o f APP-PS1NTF complex was 

presented from 4.6 to 6.8. These findings suggest that APP-PS1CTF, APP-PS1NTF 

were actually present in the brains o f  normal control and AD.

301.7
U N EX PECTED  SPECTRU M  A N D HIGH D ETECTIO N RA TE OF DIS
EA SE-CA U SIN G  M U TA TIO N S IN PA TIEN TS W ITH  A CLIN IC A L DI
A G N O SIS OF EARLY O N SET FA M ILIA L A LZH EIM ER  DISEA SE
U. Finckh1’4. U. Mann24. T. Müller-Thomsen2'4. C. Egeers3. D. Naber2’4. R.M. 
Nitsch4,5*. A. Gal1,4. Depts. of 'Human Genetics, ⅛sychiatry, and ^Neurology, 
4Alzheimer’s Disease Research Group, ^Center for Molecular Neurobiology, Univ. 
Hospital Eppendorf, Butenfeld 42, 22529 Hamburg, Germany.

Presenile dementia is a common sign of hereditary neurodegenerative diseases 
including familial Alzheimer disease (FAD), Huntington disease and prion diseases. 
We determined the frequency of disease-causing mutations in FAD patients who 
were seen in our memory disorders clinic, and who fulfilled the NINCDS-ADRDA 
criteria for a clinical diagnosis of AD. FAD patients were selected for onset o f de
mentia before the age of 60, and for positive family history that was assumed if at 
least one first-degree relative with dementia was reported. PCR-amplified coding 
exons of the presenilin genes PS I and PS2 (a total o f 20 exons), exons 16 and 17 of 
the gene encoding amyloid precursor protein (APP), and the coding region of the 
gene encoding the prion protein (PRNP) were directly sequenced in 11 unrelated 
patients. Seven disease-causing mutations were identified, two in PS1 (E318G; 
P105L), three in APP (all V717I), and two in PRNP (P102L; T183A [see Soc. Neu- 
rosci. 1998 abstract by R. M. Nitsch et al.]).

Our data demonstrate both an unexpectedly high frequency and a unique spec
trum of disease-causing mutations in the four genes analyzed in patients who ful
filled diagnostic criteria of early onset FAD. Given the high detection rate of disease- 
causing mutations in our set o f  samples, DNA analysis may be a useful tool for fu
ture clinical differential diagnostics in presenile dementia syndromes. The discovery 
of two disease-causing mutations in PRNP suggest to include molecular genetic 
analysis of the prion protein gene in the differential diganosis of dementing syn
dromes that resemble early-onset FAD (Funded by DFG grant NI 486/2-1).

301.8
N-TERM INAL TRUNCATION O F  PRESENILIN-1 DUE TO AN OUT- 
FRAM E DELETION M UTATION C  De Jo∩ghe1. C Tvsoe2. 1. Vanderhoeven1.
C. Van Broeckhove∩1 , D, C. Rubinsztein2, L. Hendriks*1 Neurogenetics 
Laboratory, Flanders Interuniversity Institute for Biotechnology (VIB), Born-Bunge 
Foundation (BBS), University of Antwerp (UIA), Department of Biochemistry, 
Universiteitsplein 1, B-2610 Antwerpen, Belgium.2 East Anglian Medical Genetics 
Service Molecular Genetics Laboratory, Box 158, Addenbrooke’s NHS Trust, Hills 
Road, Cambridge, CB2 2QQ, U.K.

Mutations in the presenilin 1 (PS-1) gene have been described in early-onset 
Alzheimer’s disease (EOAD). The vast majority of these mutations are missense 
mutations. However, we recently reported an out-frame deletion of PS1 exon 4 (Δ4) 
or part of exon 4 (∆4<；,yp,¡c). In both cases a frameshift occurs, resulting in a premature 
stop codon.

We expressed the PS-1 Δ4 and PS-1 ∆4cryp,¡c cDNAs in mammalian cells. A ~7 kDa 
peptide, ending at the premature stop codon, was shown to be rapidly degraded and 
thus of no functional importance. However, we also observed the formation of N- 
truncated PS-1 proteins, resulting from alternative translation initiation . To elucidate 
whether the EOAD in patients carrying this mutation is caused by a dominant 
negative effect of the truncated PS-1 or by haploinsufficiency of wild type PS-1, the 
biological (mis)function of the N-truncated PS-1 is currently being investigated.

This research was supported by the Interuniversity Attraction Poles (IƯAP P4/17), 
the Fund for Scientific Research-Flanders (Belgium) (FWO), the EU BIOTECH 
Program (BIO2-CT96-O743), the International Alzheimer’s Research Foundation 
(IARF), the Focused Giving Program of Johnson & Johnson and Addenbrooke’s 
NHS Trust. DCR is a Glaxo Wellcome Research Fellow. CDJ is a research assistant 
of the Fund for Scientific Research-Flanders (Belgium) (FWO).We thank S.S. 
Sisodia and G. Thinakaran for providing us with the anti-PS 1-loop antiserum and E. 
Vanmechelen and H. Va∩derstίchele for Aß analysis.
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301.9
PS-1 ALZHEIMER’S DISEASE: IS α-SYNUCLEIN INHERENT TO THE AD 
PROCESS? CF Lippa*¯. T IwatsuboL M L Schmidt*. DMA ManiΓ, L Nee^, B 
O’Connell. D Pollen*. P Sΐ George-Hvslop". VM-Y Lee*. JO Trojanowski*. *' 
Allegheny University of the Health Sciences, Philadelphia PA; ''University of 
Tokyo, Tokyo; *University of Pennsylvania School o f Medicine, Philadelphia PA;
Manchester University, Manchester UK; ^NINDS, Bethesda MD; "University of 

Toronto, Toronto; +University o f Massachusetts Medical Center, Worcester MA 
Mutations o f the α-synuclein gene are a cause o f Parkinson’s disease, and 

α-synuclein is a major component o f Lewy bodies (LB). To evaluate the pattern o f 
α-synuclein immunoexpression in Alzheimer’s disease (AD) due to presenilin-1 
(PS-1) mutations we examined available regions in 28 PS-1 AD patients (8 
C410Y, 13 A246E, 1 L286V, and 6 M146L mutations) using an antibody against 
α-synuclein (LB5O9; monoclonal). Results were compared to data derived from 23 
dementia with Lewy body (DLB) cases, α-synuclein immunoreactivity was present 
in 82% of PS-1 cases where tissue from limbic regions was available. It was most 
marked in the amygdala where six o f  10 cases showed innumerable LB which 
sometimes co-localized with neurofibrillary tangles. Intraneuronal α-synuclein 
immunoreactivity was present, but less intense, in the deep layers o f the 
parahippocampal gyrus (53% of cases), cingulate gyrus (44% of cases), and 
neocortex (24%). The regional and laminar distribution o f α-synuclein was 
generally similar in PS-1 AD and DLB. However, the relative proportion of LB 
located in subcortical regions was less in some PS-1 cases compared to DLB. α- 
synuclein immunoreactivity was not specific for any of the PS-1 mutations; cases 
from each o f the four groups were affected. We conclude that α-synuclein 
immunoreactivity is often plentiful in the amygdala and not uncommon in other 
limbic regions in early-onset PS-1 AD. Based upon these findings we cannot 
exclude the possibility that localized α-synuclein expression is an inherent part of 
rhe AD process, in at least some AD populations. Supported by AG 13623.

301.11
MOLECULAR GENETICS AND MUTATIONAL ANALYSIS OF THE 
DROSOPHILA PRESENILIN GENE. I. L¡v∩e-Bar. Y. Guo, and G. L. 
Boulian∩e*. Program in Developmental Biology, The Research Institute, 
Hospital for Sick Children, 555 University Avenue, Toronto, Ontario M5G 
1X8, Canada.

Mutations in two presenilin genes PS1 and PS2, have been linked to 
familial Alzheimer's disease (FAD). Here we report the molecular and 
genetic characterization of the Drosophila melanogaster presenilin 
homologue, Dps. Dps has been mapped to chromosome 3 at position 
77B. The gene consists of 9 exons and 8 introns, with the exon/intron 
structure highly conserved with human PS1 and the C. Elegans 
homologue sel-12. Dps gives rise to several transcripts which are 
expressed throughout development. The predicted amino acid sequence 
of DPS bears 52% overall identity with human presenilins. Using anti- Dps 
antibodies, we found that the Dps protein accumulates in the nurse cells 
and in the developing oocyte. The protein also accumulates in the larval 
CNS. Dps null mutants are homozygous lethal at second instar larva. The 
subcellular distribution of some neural-specific proteins is altered in these 
mutant larvae CNS. Transgenic flies ectopically expressing Dps in the 
imaginal discs had extraneous sensory bristles in the eye and thorax. This 
phenotype was used for a genome-wide screen of enhancers/suppressors 
of Dps activity. The analysis of mutant Dps, and of other genes it interacts 
with, will determine the normal function of presenilins and provide insight 
into the mechanisms of Alzheimer's Disease.
Supported by MRC, Alzheimer's Society and AHAF.

301.13
SUBCELLULAR LOCALIZATION OF PR ESEN ILINS AND CH ARACTERI
ZATION O F A “ STABILIZATION CO M PLEX ”. S. H. Kim*. G. Thinakaran 
and S. S. Sisodia. Neuropathology Laboratory, Departments o f Pathology and 
Neuroscience, The Johns Hopkins Univ. School o f Medicine, Baltimore, MD21205.

Mutations in PS1 and PS2 are causative in the majority of early-onset familial 
Alzheimer’s disease(FAD) pedigrees. PSî and PS2 undergo endoproteolytic cleavage 
generating N- and C-terminal fragments. We have investigated the subcellular distri
bution of PS1 and PS2 in various cell lines using Iodixanol-based linear density 
gradient(ILDG). While the full length PS1 strictly colocalizes with ER markers, the 
PS1 derivatives are present not only in ER fractions but also in less dense fractions. 
These fractions enriched with PS 1 fragments do not colocalize with markers of Golgi 
apparatus, trαns-Go\gi network or endosomes. Supporting these studies, double 
immunofluorescence labeling revealed that PS1 immunoreactivity considerably over
laps with ER-specific markers. Even in cells treated with nocodazole which blocks 
the retrograde transport from Golgi to ER, PS 1 immunoreactivity is totally separa
ted from Golgi markers. Collectively these data suggest that fractions enriched with 
PS 1 fragments represent subcompartment(s) o f the ER or transport vesicles. The N- 
and C- terminal fragments o f PSÎ fully cofractionate in ILDG, consistent with our 
previous demonstration that the two derivatives associate with each other. The 
FAD-linked ΔE9 variant, which fails to be cleaved, also shows a biphasic 
distribution pattern similar to the PS1 fragments supporting the notion that this 
mutant is functionally active. Subcellular distribution o f other FAD-linked PS1 
mutants is not significantly different from that o f wild type PS1. In contrast to PS1, 
PS2 fragments as well as full length PS2 are enriched in ER fractions suggesting 
PS1 and PS2 fragments localizes in different subcellular compartments and perform 
different physiological functions. We are currently characterizing the fractions 
enriched with PS 1 fragments and isolating protein complexes and membrane vesicles 
containing the PS1 fragments. Supported by NIH, NIA, Korea Research Foundation, 
the Adler Foundation and the Develbiss Fund.

301.10
DIFFERENTIAL EXPRESSION AND LOCALIZATION OF FULL-LENGTH 
PRESENILIN-1 ISOFORMS IN ALZHEIMER’S DISEASE. H. Hartmann1 
Menqlan Yuan and B. A. Yankner. Dept. Neurology, Harvard Medical School 
and The Children’s Hospital, Boston, MA, USA, present address: Univ, of 
Frankfurt, Dept. Pharmacology, Biocenter, 60439 Frankfurt, Germany.

The brain-specific AD pathology of patients who harbour PS1 mutations 
suggests that the brain is particularly susceptible to subtle alterations of PS1 
protein. To identify potential brain-specific mechanisms, we examined PS1 
expression in brains from familial (FAD) and sporadic AD (SAD) cases, in 
brains from cases with other neurodegenerative diseases, and in unaffected 
controls. By Western blot analysis with an antibody against the loop region 
of PS1, three different PS1 full-length isoforms were identified in the adult 
human brain. The lowest MW band, migrating at about 50 kD, co-migrated 
with the full-length PS1 band generated by overexpression of PS1 in COS 
cells. These PS1 isoforms were also detected in human cortical cultures, but 
were absent in peripheral human tissues, indicating brain-specific 
generation of full-length PS1 isoforms. Phosphatase treatment did not alter 
the migration of the full-length isoforms. The three PS1 isoforms showed 
differential sensitivity to heat-induced aggregation. The two higher MW 
isoforms were not affected by boiling, whereas the lowest MW isoform 
aggregated. The ratio of the lowest MW isoform to the two higher MW 
isoforms was increased sevenfold in FAD cases with PS1 mutations relative 
to the control group (p<0.001); in SAD cases the ratio was increased about 
3-fold (p<0.01). No difference was found between the group of other 
neurodegenerative diseases and the control group, indicating an AD-specific 
mechanism. In AD cases, the lowest MW isoform was enriched in the 
insoluble fraction. In addition, the 20 kD C-terminal fragment was also 
enriched in the insoluble fraction in the AD cases. These results suggest 
that full-length PS1 isoforms are differentially expressed in the AD brain and 
are associated with insoluble structures. This may reflect the involvement of 
PS1 in the cytoskeletal pathology of AD.
Supported by grants from NIH, Alzheimer’s Association and Novartis Ltd. to 
BAY and by the Deutsche Forschungsgemeìnschaft (HH).

301.12
C H A R A C T E R IZ A T IO N  O F C -T E R M IN A L  F R A G M E N T -SPE C IFIC  
A N TIB O D Y  A N D  L O C A L IZ A T IO N  O F  T H E  F U L L -L E N G T H  
P R E S E N IL IN  1 IN N U C LE A R  E N V E L O PE . T. H o n d a 1. N. N ih o n m atsu ',K . 
Y asutake2, K. S a to2. S. T a n a k a 2. O. M u ra y a m a 1. M. M u ra v a m a ¦, N. N u k in a 3* 
and  A. T a k a sh im a 1. 'L ab . fo r  A lzh e im er’ s Disease, and 3Lab. fo r  CAG 
rep ea t Diseases, Brain Science Institu te , R IK EN , Saitam a 3 5 1 -0 1 9 8  and 
M itsu b ish i Kasei Institu te  o f  L ife  Sciences, T o k y o  194, Japan .

We m ade  a p o ly clo n a l an tib o d y  M 5 to the loop  d o m ain , am in o  acids 
2 9 9 -3 1 3 , o f  h u m an  presen ilin  1 (PS 1) . W estern b lo t analyses show ed that 
this an tib o d y  M 5 specifically  reco g n ized  the p rocessed  C -term inal PS1 o f  
≈2O kD and  rarely  reacted  with the fu ll-len g th  PS1 o f  ≈48kD . T h e  
specific ity  o f  M 5 was fu rth e r  co n firm ed  by ELISA  u sing  the an tig en  p ep tide  
(2 9 9 -3 1 3 )  and  the lo n g er pep tid e  L 2 8 l (2 8 1 -3 1 1 ) . T h e  an tigen  pep tid e  
was im m u n o reac ted  in a dose  d e p e n d en t m an n er f ro m  10 12 M and  m ax im u m  
reactivity  was d etected  a t co n cen tra tio n s  g rea te r than 1 0 7 M. A lth o u g h  the 
later pep tid e  co n ta in s  a lm o st fu ll sequence  o f  the an tigen  pep tid e , no 
im m u n o reac tiv ity  to L 2 8 l was observed  at c o n cen tra tio n s  less than 1 0 9 M. 
N ext, we syn thesized  16 ov erlap p in g  oc tap ep tid es  o f  the an tigen  p ep tide  
covalently  b o u n d  to the p ins and  im m unoreactiv ity  to M 5 was ex am in ed . 
T h e  D P EA Q R R  seq u en ce , the am ino  acid residues 302  to 3 0 8 , was 
d e te rm in ed  to be the ep ito p e . T hese results suggest that the an tib o d y  M5 
reco g n izes  C -term inal fra g m en t in a co n fo rm a tio n -d e p e n d e n t m anner, no t in 
a c leaved en d -sp ec ific  m an n er. T h e  im m u n o cy to ch em istry  using  the 
an tib o d y  M5 c o m b in ed  with Һ L З 12, which reco g n izes  both  fu ll-len g th  and 
C -term ina l f ra g m en t o f  PS1, cou ld  d istingu ish  the location  o f  the fu ll- 
leng th  PS1 fro m  that o f  processed  *°SL T h e  fu ll-len g th  PS1 was 
p referen tia lly  located in n u c lear enve lope , while the processed  PS1 was 
m ain ly  in ER. T h e  fam ilia l A lzh e im er’ s disease-associated  m uta tions  
in h ib ited  the nu c lea r en v e lo p e -o rien ta tio n  o f the fu ll-len g th  P S Î.
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302.1
NORMAL AGE-RELATED CHANGES IN SEM ANTIC A N D  
EPISODIC MEMORY: EVIDENCE FROM FU N C TIO N A L
M AGNETIC RESONANCE IM AGING. M. W. Prull*1. G. T. Stebbins3. 
J. D. E. Gabrieli1. M. C. Carrillo3. J. Doгfman3. J. E. Desmond1. G. H. Glover2. 
Departments of Psychology1 and Radiology2, Stanford University, Stanford, CA 
94305; departm ent of Neurological Sciences, Rush-Presbyterian-St. Luke’s 
Medical Center, Chicago, IL 60612.

Normal healthy aging is associated with relative stability in semantic 
memory for old information (i.e., meanings of common words), and with relative 
decline in episodic memory for newly-acquired information. We used functional 
magnetic resonance imaging (fMRI) to investigate the brain bases of age-related 
stability and decline in these forms of memory. Images of the frontal lobes were 
taken from a group of young adults (age range = 18-30) and a group of healthy 
older adults (age range = 65-85) while each participant classified words into 
semantic categories (test of semantic memory) and, in a subsequent scan, made 
yes/no judgments during a recognition test of these words (test of episodic 
memory). Brain activation associated with each task was compared to activity 
associated with a perceptual baseline task (judging whether words appeared in 
upper or lower case). Semantic memory was associated with left-lateralized 
activity in frontal cortical areas for young and older adults, with young adults 
showing more widespread activity. Episodic memory was associated with right- 
lateralized frontal activity in young adults but with more bilateral activity in older 
adults. These results are discussed in terms of potential age-related changes in the 
brain bases underlying differential age-related changes in semantic and episodic 
memory, but interpretations must be taken cautiously until more is known about 
age-related changes in the hemodynamic response function that gives rise to fMRI 
signals. Supported by NIA and ONR.

302.3
EFFECTS OF REPETITION AND COMPETITION IN LEFT PREFRONTAL 
CORTEX DURING WORD GENERATION. S.L. Thompson-Schill* 1. ŅL 
DΈsposito2. & I.P. Kan1. Departments of Psychology1 and Neurology2, University 
of Pennsylvania, Philadelphia, PA 19104.

Two interpretations have been offered for the finding that activity in the left 
inferior frontal gyrus (IFG) increases during word generation. Initially this finding 
was taken as evidence that left IFG subserves semantic retrieval (e.g., Petersen et 
al., 1989). Recently this claim was challenged by a study which demonstrated that it 
is the selection of knowledge among competing responses, and not semàntic 
retrieval per se, that mediates activity in left IFG (Thompson-Schill et al., 1997). 
Both of these hypotheses can account for the finding that repeated word generation 
causes a decrease in left IFG activity (Raichle et al., 1994), either because of 
decreased retrieval or decreased competition as a result of repetition. However, only 
the selection hypothesis would predict that repetition could result in an increase in 
left IFG activity, under conditions in which repetition increases competition. This 
prediction was tested in the current study, in which common nouns were presented 
twice while multiple whole brain echoplanar fMRI images were acquired. On the 
first presentation of a noun, subjects covertly generated a related word (e.g., an 
action). On the second presentation of that noun, subjects either generated the same 
type of response (e.g., an action again) or a different type of response (e.g., a color). 
Behaviorally, subjects were faster to generate words on the second presentation for 
both same-attribute and different-attribute responses. Activity in left IFG, relative to 
the first presentation, decreased for same-attribute responses but increased for 
different-attribute responses. We argue that same-attribute priming decreases 
competition among alternatives, but different-attribute priming increases 
competition from the primed, but irrelevant attribute and thus causes an increase in 
left IFG activity. This increase, which is not predicted by a simple semantic 
retrieval account of left IFG activity, is consistent with the hypothesis that left IFG 
subserves the selection of semantic knowledge among competing alternatives.

(Supported by the James S. McDonnell Foundation and the National Institute on Aging)

302.5

FUNCTIONAL MRI INVESTIGATION OF M EM ORY FOR NEW  A N D  
FAMILIAR FACES
C. Leveroni1. S.M . Rao2*. M. Seidenbeгg1. A. M aver12. and L. Mead2 
*Dept. o f  Psychology, Finch University o f  Health Sciences/The Chicago 
Medical School; ¾ ep t. o f  Neurology, Medical College o f  W isconsin, 
Milwaukee, W I, 53226

Human and animal lesion models o f  memory have suggested that there is a 
dissociation between the neural systems involved in retrieving old and new  
memory. Lesions to medial temporal lobe structures (e.g., hippocampus, 
parahippocampal gyrus, entorhinal cortex) impair the ability to acquire new  
declarative memories, but the ability to recall remote memory is relatively 
preserved. Conversely, lesions to anterior temporal cortical areas selectively 
disrupt the recall o f  remote memory. W e tested the notion that the 
recognition o f  remote and recent memories are dissociable using whole brain 
functional magnetic resonance imaging (fM RI) in 11 healthy volunteers. 
Activations associated with the recognition o f  famous feces and newly 
learned unfamiliar faces were compared using paired ţ-tests between the two 
sets o f  images on a γoxel-by-voxel basis. Compared to the recognition o f  
newly learned faces, famous face recognition activated bilateral anterior 
temporal areas (superior, middle, and inferior temporal gyri), left posterior 
dorsolateral frontal cortex, and bilateral anterior frontal cortex. Significant 
differences between the two tasks were not observed in the medial temporal 
lobe. These findings provide evidence that recall o f  remote memory is 
mediated by a fronto-temporal cortical system. They do not provide evidence 
that the medial temporal lobe is differentially involved in the retrieval o f  
recent and remote memory in the intact brain.

302.2
FM RI OF DEVELOPM ENTAL CHANGES IN IM PLICIT AND 
EXPLICIT MEMORY. Chandan J. Vaidya*, John D. E. Gabrieli, John E. 
Desmond, & Gary H. Glover. Departments of Psychology and Radiology, 
Stanford University, Stanford, CA 94305
A variety of memory functions such as encoding and retrieval improve from 
childhood to adulthood. Improvements in memory functions are linked to 
maturational changes in the frontal lobes. Some memory functions such as 
implicit retrieval, however, remain stable from 3 years to young and old 
adulthood. The hemodynamic signatures of memory functions that show 
developmental change and stability, respectively, remain unknown. Using 
fMRI, we visualized frontal lobe activation during semantic encoding, 
explicit retrieval, and implicit retrieval, in subjects ranging in age from 8 
years to young adulthood. Twelve coronal slices (7 mm thick) from the AC 
to fronto-polar regions were acquired in a GE 1.5 T magnet using a gradient 
echo spiral pulse sequence, with TR=IO8O, TE=4O, and Flip Angle=78 
degrees. Subjects performed 2 encoding scans, 1 implicit and 1 explicit 
retrieval scan, each in an alternating block design (5 blocks, 20 words/block, 
2.16 sec/word). For encoding, subjects performed semantic (Man-made?) 
and perceptual (Capital letters?) decisions on words. For implicit retrieval, 
subjects made semantic decisions on repeated words and perceptual 
decisions on new words For explicit retrieval, subjects made recognition 
memory decisions (Remember this?) and perceptual decisions; half the 
words for recognition were semantically encoded in an earlier scan. For 
semantic encoding and explicit retrieval, the same frontal lobe areas were 
activated in all subjects, but activation was more widespread within each 
region in children. For implicit retrieval, simlar regions showed decreased 
activation in all subjects.
Supported by funds from El Camino Hospital.

302.4
ENCO DING  OF FAMOUS AN D NONFAM OUS FACES USING  

fM R I. Ж  Kellev*. R.L. Buckner. F.M. Miezin. N J . Cohen. M.E. Raichle. and 
SJL  Petersen. Washington Univ. School o f  Medicine, St. Louis, MO and Univ, of 
Illinois, Champaign, IL.

In a previous fMRI study, we examined three encoding tasks in which materials 
were manipulated to place varying demands on verbal and nonverbal processing. 
Encoding o f words (i.e., verbal encoding) yielded a robust left-lateralized activation in 
dorsal frontal cortex (D FQ  whereas encoding o f unfamiliar feces (i.e., nonverbal 
encoding) yielded a homologous right-lateгalized activation. Encoding o f namable 
objects, which are amenable to both verbal and nonverbal encoding, produced bilateral 
dorsal frontal activation. These results suggest a hemispheric specialization in DFC 
for verbal and nonverbal encoding processes. However, this differential activation in 
DFC occurred during encoding tasks that used different stimulus materials.

The present study addresses whether this hemispheric asymmetry could be 
invoked for stimuli o f  one material type (faces) by varying the ease with which a 
verbal label could be applied to each item. Ίb do this, we scanned subjects during two 
face encoding tasks: encoding o f nonfemous unfamiliar feces and encoding of famous 
namable faces. For both tasks, subjects were told to remember the feces for a 
subsequent memory test

Consistent with our previous study o f face encoding, a significant right- 
lateгalized dorsal frontal activation was observed for the encoding o f nonfemous feces. 
By contrast, encoding of famous faces produced bilateral dorsal frontal activations that 
were similar to the activations observed previously for namable object encoding. 
These results suggest that the dorsal frontal asymmetries are not dependent solely 
upon material type but rather reflect the codes available for encoding such materials.

Supported by NS32979, Charles A. Dana Foundation, and McDonnell Center 
for Higher Brain Function

302.6
HUMAN MEMORY ENCODING: THE LEVELS OF PROCESSING EFFECT 
EXPLORED WITH BLOCK-TRIAL fMRI R.L. Buckner1*. A.D. Warner12. W. 
Koutstaal2. D.L. Schacteг2. and B.R. Rosen1. ’MGH-NMR Center, Charlestown MA 
02129; ¾ arvarđ University, Cambridge MA 02138.

Previous neuroimaging studies have highlighted possible roles for prefrontal and 
medial temporal regions in memory encoding. Studies examining levels of processing 
(LOP) effects have documented activation of left frontal cortex after deep encoding, but 
have either not examined or have failed to find activation in medial temporal regions. 
To determine if these areas could be modulated by LOP, 12 subjects were imaged 
during incidental encoding of words (BOLD fMRI, l.5T GE scanner with ANMR EPI, 
ЗxЗx7mm voxels, 16 AC-PC slices, TR=2sec). For deep encoding, subjects made 
abstract/concrete decisions; for shallow encoding, subjects made uppercase/lowercase 
decisions (Demb et al., J Neurosci 1995). Subsequent recognition of words was 85% 
and 47% in the deep and shallow encoding conditions, respectively. fMRI results 
indicated that both deep and shallow encoding activated similar visual <tnd motor 
regions, consistent with their shared perceptual and motor demands. Comparing deep to 
shallow encoding revealed robust increases in left prefrontal (near BAs 44/6) and frontal 
opercular (near BAs 47/45) cortices, and in an anterior region of the medial wall near 
"preSMA.” More modest right-lateгalized regions were observed in roughly 
homologous locations. These findings suggest that left prefrontal cortical regions are 
components of a pathway that promotes memorization of verbid materials, with 
engagement of these regions modulated by LOP. Left medial temporal regions woe 
active for both deep and shallow encoding, suggesting that these regions may be more 
automatically engaged during task performance and less dependent on specific encoding 
task instructions. Frontally mediated processes may be involved in strategic and 
volitional aspects of encoding which act interdependent^ with more automatically 
engaged medial temporal regions to promote memory formation. (Support: NIDCD 
DCO3245, NIA AG08441, Human Frontiers Science Program).
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302.7
HUMAN MEMORY ENCODING: LEFT PREFRONTAL AND TEMPORAL 
ACTIVATION CORRELATES WITH SUBSEQUENT MEMORY USING EVENT- 
RELATED fMRI. A.D. Wagner1,2*. M. Rotte‘. W. Koutstaal2. A. Maril2. D.L. 
Schacter2. B·R. Rosen1. & R.L. Buckner1. ’MGH-NMR Center, Charlestown MA 
02129; ¾ arvard University, Cambridge MA 02138.

Blocked-design neuroimaging studies have implicated prefrontal and mediíü temporal 
regions in memory encoding. These encoding-related activations could reflect global 
processing differences, rather than trial-specific effects. We used event-related fMRI 
methods that allow for rapid intermixed trial presentation to determine, at the triíü 
level, whether encoding-related activation differs for items subsequently remembered 
relative to items subsequently forgotten. During six incidental encoding scans, 
semantic decisions were made for words presented once every 2 sec (BOLD fMRI, З.ÜT 
GE scanner with ANMR EPI, ЗxЗx7mm voxels, 16 AC-PC slices, TR=2sec, N=IЗ). 
Following scanning, subjects performed yes-no recognition indicating their confidence 
when making an “old” response. fMRI data were analyzed by comparing encoding trials 
subsequently remembered with high confidence to trials subsequently forgotten 
(misses). Behaviorally, accuracy on the semantic decision task was equivalent for 
remembered and forgotten items, indicating that subsequent memory effects do not 
reflect task-accuracy differences. fMRI results revealed similar activation in visual and 
motor regions irrespective of subsequent memory. In contrast, subsequently 
remembered items elicited greater activation relative to misses in left prefrontal (near 
BAs 44/6 and 45/47), frontal opercular (near BAs 47/45), fusiform (near BA 37), and 
parahippocampal cortices (near BAs 35/36). These modulations were independent of 
time-on-task (duty cycle) effects. These findings suggest that differences in activation 
may reflect trial-by-trial differences in the recruitment of encoding processes mediated 
by left prefrontal and medial temporal regions, processes that act interdependently to 
promote memory formation for verbalizable material. (Support: NIDCD DC03245, 
NIA AG08441/AG05778, Human Frontiers Science Program).

302.9
MAGNITUDE OF SUSTAINED ENTORHINAL ACTIVITY CORRELATES 
WITH SUCCESS OF DECLARATIVE MEMORY FORMATION: AN 
EVENT-RELATED fMRI STUDY. Q. F<?rnánd¢¿：4*, J·B . Pгęwgr2, Z ,⅛ Λ  
G.H. Glover3, and J.D.E. G abrieli1’2. *Dept. of Psychology, 2Neuroscience 
Program, and ⅛ ep t. of Radiology, Stanford Univ., Stanford, CA 94305. 4Dept. 
of Epileptology, Univ, of Bonn, 53105 Bonn, Germany.

Functional neuroimaging studies have shown the quantitative relationship 
between medial temporal lobe (MTL) blood flow and success of declarative 
memory encoding. The time courses of underlying changes of neuronal activity 
are, however, unclear. Event-related fMRI was used to explore localization and 
time course of MTL activity during intentional word list learning and their 
correlation with subsequent memory in a word-stem cued recall test. The 
experiment consisted of eight study-distraction-test phases, with functional 
imaging occurring during study. Functional data were acquired at 1.5 T using a 
gradient echo spiral sequence. A correlation (voxel-wise Kendall’s procedure) 
between the fMRI signal at study and the number of subsequently recalled 
words revealed in five out of six subjects clusters of pixels with a significant, 
positive correlation in the entorhinal cortex bilaterally. A Kolmogrov-Smirnov 
statistic revealed in the same imaging planes greater activity during word-study 
than fixation within the inferior frontal gyrus and inferior premotor cortices in 
all subjects (left > right). The prefrontal and premotor activations exhibited a 
transient hemodynamic response pattern time-locked to item presentation but no 
differences correlated with subsequent memory performance. In contrast, 
activations within the EC showed a sustained activity, and the magnitude of this 
activity correlated strongly with the subsequent memory performance. This 
pattern of activation suggests that the entorhinal contribution to later successful 
memory for words was based on an encoding state, which appears to have been 
determined prior to the presentation of study items. [Supported by NIA, NCRR, 
NIGMS, and DFG]

302.11
IS PREFRONTAL CORTEX ACTIVATION RELATED TO 
RETRIEVAL SUCCESS? S. Corkin* 1. J. Bucci1. N. Makris2. C.E. Stem2, B.R. 
Rosen2. R.G. González2 ‘Dept. Brain & Cog. Sci. & Clin. Res. Center, MIT, 
Cambridge, MA 02139; 2MGH-NMR Center, Charlestown, MA 02129.

There is an ongoing discussion about the role of prefrontal cortex in episodic 
memory. During retrieval, prefrontal activation may indicate either retrieval success, 
retrieval effort and search, or postretrieval monitoring processes. We tested the 
hypothesis that prefrontal activation during recognition is related to retrieval success. 
In an fMRI study, amnesic subjects (2M ,IF; mean age 63.7; mean education 15.3) 
performed separate encoding and recognition tasks in a 3 Tesla GE scanner with echo- 
planar retrofit by Advanced NMR and a gradient echo sequence (imaging parameters: 
TR=25OOms, TE=6Oms, ЗxЗx7mm voxels, 20 coronal slices with 1mm gap). 
Encoding data were collected during 2 novel picture blocks and 2 familiar picture 
blocks per 4-min run. Recognition data were collected during 2 picture recognition 
(old/new) blocks and 2 picture identification (indooг/outdoor) blocks per 4-min run. 
Data analysis used the Kolmogorov-Smimov test and Cardviews (software, D. 
Kennedy). All subjects performed the recognition test at chance. Nevertheless, all 
showed significant task-related changes in signal intensity in prefrontal cortex 
(Brodmann areas 46, 9, and rostral 8) during recognition (p<.0008). The prefrontal 
activation was left-sided in one subject, right-sided in one subject, and bilateral in the 
third. These results suggest that prefrontal activation is related to retrieval effort or 
postretrieval processing, and not to retrieval success. SıţţюrtвdbyNHAG066Q5&AG14432

302.8
PARAHIPPOCAMPAL RESPONSES TO SINGLE EVENTS PREDICT 
WHETHER THOSE EVENTS ARE REMEMBERED OR FORGOTTEN. 
J= B,.Bŗęwgŗ*. ‰ Zh¾oЛL H, Gloveru.and L.P: fĽ.·G⅜bгielh Neuroscience Program, 
Depts. of Psychology and Radiology, Stanford University, Stanford, CA 94305.

Event-related functional magnetic resonance imaging (fMRI) allows the calculation 
of an average impulse response to separate events. We used event-related fMRI to 
examine brain activation differences due to successful or unsuccessful memory 
formation (the difference due to memory, or Dm, effect). Six subjects (3 male, 3 
female) were scanned as they classified each of 96 color photographs as an indoor or 
outdoor scene. Responses and reaction times were recorded using a button box with 
optic switches. The pictures were presented for 2.88s and were replaced by a fixation 
point during the intertrial interval of 12.88s. During the experiment, functional data 
were acquired every 720ms using a gradient echo spiral sequence sensitive to T2* 
(l.5T, TR/slice=9O; total TR≈36O; TE=4O; flip angle=5O). Thirty minutes after the 
scanning session, subjects were given an unexpected memory test. For the pictures 
that had been viewed during the scan, we identified and averaged the trials according to 
the subject’s subsequent memory (i.e. recognized with confidence, recognized with less 
confidence, or unrecognized). Two voxel-wise activation maps were created. One 
compared T2* signal during the presentation of the stimulus to that of fixation and 
revealed regions activated by the onset of the visual stimulus. The other revealed 
regions whose activity was coưelated with greater subsequent memory. While several 
regions were activated by the onset of the visual stimulus, only activations of bilateral 
parahippocampal cortex and right inferior frontal sulcus significantly correlated with 
increasingly successful subsequent recognition. These results suggest that greater 
activation in the parahippocampal cortex and right inferior frontal sulcus is associated 
with better encoding of the visual scenes into memory. [Support: NIH GM07365 and 
AG 12995]

302.10
MATERIAL SPECIFIC AND NONSPECIFIC PREFRONTAL 
ACTIVATIONS ASSOCIATED WITH ENCODING AND RETRIEVAL OF 
EPISODIC MEMORIES. J. D. E. Gabrieli*. R. A. Poldrack. & A. D. 
Wagner. Depts. of Psychology, Stanford University, Stanford, CA 94305.

Functional neuroimaging studies of prefrontal regions during episodic 
memory encoding and retrieval have suggested that encoding relies pri
marily upon left prefrontal regions whereas retrieval relies primarily upon 
right prefrontal regions for both verbal and nonverbal materials. In con
trast, there is considerable neuropsychological evidence that relates verbal 
processes with the left hemisphere and nonverbal processes with the right 
hemisphere. In order to examine whether verbal and nonverbal encoding 
and retrieval rely upon common regions, we performed functional mag
netic resonance imaging (FMRI) during encoding and retrieval of words 
and nonverbal textures. During separate FMRI scans examining encoding 
and retrieval, subjects were presented with blocks of words, textures, or 
fixation points; At encoding, subjects attempted to the remember the 
items for later test. At retrieval, half of the items were repeated from the 
encoding scan, and subjects performed yes/no recognition judgments. Di
rect comparison of word to texture encoding demonstrated material- 
specific lateralization of processing, with left prefrontal regions more ac
tive for word encoding and right prefrontal regions more active for tex
ture encoding. However, common regions were also active bilaterally for 
words and textures. At retrieval, activation in dorsolateral prefrontal cor
tex was lateralized in a material-specific fashion, as during encoding. Ac
tivation in right anterior prefrontal cortex, however, was greater for words 
than for textures. These results suggest that both material-specific and 
material-nonspecific activations occur during episodic encoding and re
trieval. Supported by grants from the NIA.

302.12
RIGHT MESIAL TEMPORAL LOBE BLOOD FLOW CORRELATES WITH 
SUCCESSFUL EPISODIC RETRIEVAL DURING VISUAL-VERBAL PAIRED 
ASSOCIATE LEARNING. B.J. Krause12. B. Horwitz3. D. Schmidt1’2. F.M. 
Mottaghy12. U. Halsband4. H Herzog . H. Hautzel1'2. H.-W, Müller-Gärtner12*. 
'Dep. o f Nuclear Medicine, H.-H.-University, 40225 Düsseldorf, Germany, 
institute o f  Medicine, Research Center, 52425 Jülich, Germany, na tiona l 
Institute on Aging, NIH, Bethesda, USA, institu te  for Medical Psychology and 
Behavioral Neurobiology, E.-K.-University, 72074 Tübingen, Germany

The aim of this study was to cross-correlate the rCBF during retrieval of word 
pair associates with the proportion o f correctly recognized items across individual 
subjects. This analysis specifically takes advantage o f individual variability in 
behavioural performance and voxel-by-voxel blood flow rate.

14 right-handed volunteers performed a visual verbal paired-word associate 
memory task. The volunteers underwent positron emission tomography (PET). O-
15-butanol was used as tracer o f regional cerebral blood flow. Image analysis was 
performed using the SPM software and programs written in MATLAB. Correlation 
coefficients were evaluated for data obtained during the retrieval task between 
individual performance and standardized rCBF in all brain voxels.

The highest correlation between individual retrieval performance and rCBF was 
observed in a region in the right mesial temporal lobe (r=0.78, p<0.01). Other 
areas showing weaker correlations (r>0.70, p<0.01) included the left cerebellum, 
right superior temporal gyrus and right prefrontal gyrus.

This correlational analysis provides evidence for a relation between episodic 
retrieval success and rCBF in the right mesial temporal lobe. Medial temporal lobe 
structures have been previously assumed to be involved in reactivating stored 
representations. Our results further specify the function o f the right mesial 
temporal lobe by showing that it is not only the attempt o f reactivation, but 
successful reactivation that correlates best with rCBF.
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α-SYNUCLEIN AND THE NEURITIC PATHOLOGY OF DEMENTIA WITH 
LEWY BODIES: PARALLELS WITH TAU PROTEIN IN ALZHEIMER'S 
DISEASE. Ann C. McKee*. Robert J. Ferrante, and Neil W. Kow all. 
G eria tric  Research Education and C lin ica l Center, Bedford VAMC and 
Dept o f Neurology and Pathology, Boston University School o f 
M edicine; Bedford MÁ 01730.

Dementia w ith  Lewy bodies (DLB) is characterized neuropatholog- 
ica lly  by in traneurona l Lewy bodies, neuronal loss and gliosis in the 
brainstem , basal ganglia, amygdala and cerebra l co rtex (especially 
lim b ic -re la ted  co rtex). Recently the  synaptic p ro te in  α-synuclein 
has been im plica ted in the  pathogenesis o f Parkinson’ s disease (PD) 
because m uta tions o f α-synuclein cause fa m ilia l PD and α-synuclein 
is a key constituen t o f Lewy bodies. We exam ined the  d is tr ibu tion  o f 
α-synuclein im m unoreactiv ity  in six postm ortem  bra in specimens 
from  patien ts  w ith  DLB using a m onoclonal α-synucle in  antibody 
(courtesy Dr. David Clayton) in order to  de fine  the  ex ten t o f 
pa thologica l change in DLB. As expected, Lewy bodies were 
in tense ly α-synuclein im m unoreactive . A s trik ing  array o f abnorm al 
neurites in the  v ic in ity  o f Lewy bodies in the  cerebra l cortex, 
hippocampus, amygdala, and substantia nigra w e re  α-synuclein 
im m unoreactive. Im m unoreactive fibe rs w e re  k inked, tw is ted , and 
bulbous; closely resem bling the  m orphology o f tau-im m unoreactive  
neurites typ ica lly  found in A lzhe im er’s disease (AD). Our findings 
show th a t n e u ritic  pathology is a key patho log ica l fe a tu re  o f both 
AD and DLB. The prote ins involved de fine  the  specific  diseases but 
the  m orphologica l substrate associated w ith  dem entia  is very s im ila r 
in both. Funded by VA and NIH (AG13846)

303.3
EFFICACY OF A DOPAMINE D, RECEPTOR AGONIST DEPENDS ON 
SEVERITY OF PARKINSONISM. M. Goulet* and B.K. Madras. Harvard Medical 
School, New England Regional Primate Research Center, Division of 
Neurochemistry, Southborough, MA 01772-9102 

The clinical utility of D, dopamine receptor (DAR) agonists in the treatment of 
Parkinson's disease is promising. Selective D, and D2 DAR agonists have been shown 
to exert potent antiparkinsonian effects in the MPTP (1-methy 1-4-phenyl-1,2,3,6- 
tetrahydropyridine) monkey model of Parkinson's disease. As different degrees of 
motor impairment are observed in progressive idiopathic Parkinson's disease, it is 
important to assess the therapeutic potential of D[ DAR agonists at different degrees 
o f parkinsonism. We investigated the effects o f the selective and high affinity D, 
DAR agonist SKF 81297 and a D2 DAR agonist quinelorane in monkeys (Macaca 
fascicularis) displaying mild motor impairment (2 doses of 0.6 mg/kg, i.v. MPTP, 
1 month apart) or severe motor impairment (3 doses o f 0.6 mg/kg, i.v. MPTP within 
10 days). In normal monkeys (n=3), SKF 81297 and quinelorane did not promote 
increased motor activity. In subjects that displayed severe parkinsonism (n=3), SKF 
81297 and quinelorane effectively reversed the parkinsonian motor deficits. In 
contrast, preliminary data indicate that SKF 81297 is ineffective in alleviating mild 
parkinsonian symptoms (n=3). Interestingly, quinelorane reduced the balance in the 
monkeys displaying mild motor impairment. D, DAR agonists relieved severe 
parkinsonism, but the therapeutic benefit in moderate parkinsonism remains 
uncertain. These data show that the effectiveness o f a D, DAR agonist depends on 
the degree o f parkinsonism and suggests that the DAR response may change in the 
course of neuronal degeneration. Our findings are relevant for evaluation of novel 
drug therapies for Parkinson's disease.

Supported by NS 305556, DA 06303, DA 00304, RR 00168.

303.5
DOPAMINE Ό↓ RECEPTOR CHANGES IN PARKINSON’S 
DISEASE D.C. Mash*. M.J. Hurley. J.K. Stalev. and P.G . 
Jenner. Neurology Dept., University of Miami School of Medicine, 
Miami, Florida 33136, Ư.S.A. and Neurodegenerative Disease 
Research Centre, King’s College, London SWЗ 6LX, Ư.K. 
Quantitative receptor autoradiography was used to examine the 
expression of dopamine D r łike receptors in the anterior striatum and 
nucleus accumbens of patients dying with Parkinson’s disease. The 
density of specific [3H]-SCH23390 binding sites was increased in 
dorsolateral (158%), ventromedial (184%) and ventrolateral (184%) 
quadrants of the caudate nucleus, the dorsomedial (176%) quadrant 
of the putamen and in lateral (199%) and medial (174%) aspects of 
the nucleus accumbens in Parkinson’s disease cases (n = 5) 
compared to age-matched controls (n = 3). All the Parkinson’s 
disease patients had been receiving treatment with indirect or direct 
acting dopaminergic agonists at the time of death. Of interest was the 
finding that the density of specific [⅛ -SC H 2339O  binding sites 
was unaltered in the anterior striatum and nucleus accumbens of one 
untreated Parkinson’s disease case examined. (This case had 
confirmed Lewy bodies in the substantia nigra.) This effect suggests 
that the upregulation of striatal and limbic dopamine Dr like 
receptors seen in this study was a response to the treatment. Further 
investigation into the effect of drug treatment on dopamine Dļ 
receptor expression in Parkinson’s disease is therefore warranted. 
Supported by the National Parkinson Foundation, Inc. Miami, FL.

303.2
MUTATION, SEQUENCE ANALYSIS AND ASSOCIATION 
STUDIES OF α-SYNUCLEIN IN FAMILIAL AND SPORADIC 
PARKINSON’S DISEASE. A. Paгsian*. Z H. Zhang. S. 
Chakravertv. B. Racette. M. Rundle. A. Goate and J.S. Perlmutter. 
Departments of Neurology, Psychiatry & Genetics, Washington 
University, School o f Medicine, St. Louis, MO 63110.

It has recently been demonstrated that a mutation within the α- 
synuclein gene on human chromosome 4 segregates with the 
Parkinson’s Disease (PD) phenotype in an Italian family. A fragment 
o f α-synuclein also called non-Aß component o f Alzheimer’s Disease 
(AD) amyloid has been identified as a minor component o f the senile 
plaque and vascular amyloid in the AD brain. To evaluate the role of 
the α-synuclein gene in the development o f familial and sporadic PD, 
we have screened for exon four mutation, sequenced the entire open 
reading frame o f the α-synuclein gene in familial cases o f PD and used 
a polymorphism within the gene to test for association in familial and 
sporadic cases o f PD. None o f the familial cases o f PD carried a 
mutation within the α-synuclein gene and no association was detected 
between PD and alleles o f a dinucleotide repeat marker within the α- 
synuclein gene. We conclude that variation within the α-synuclein 
gene does not play a significant role in the risk for PD in our sample. 
Supported by St. Louis APDA and NIH grants AA09515, NS31001, 
NS32318.

303.4
M O D U LA TIO N  O F D O PA M IN E D3 R E C E P T O R  NU M BER IS 
RE LA TE D  TO  EX PESSIO N  O F PA R K IN S O N IA N  SIGN S
J.N. Joyce*1, H. Ryoo1, J. S. Schneider2, S. Ueda3. 1 Parkinson’s Research 
Center, Sun Helath Research Institute, Sun City, AZ , 2Dept Pathology, 
Anatomy and Cell Biology, Thomas Jefferson University, Philadelphia, PA and 
3Dept. Histology and Neurobiology, Dokkyo Univ Sch Med, Tochigi, Japan

In the adult rat, cat and human brain the dopamine (DA) D3 receptor is 
expressend in the islands of Calleja (ICj) and the nucleus accumbens shell (NAS). 
In addition, in the cat and human D3 receptor density is high in the medial caudate 
nucleus. These regions are thought to be the preferential target of the mesolimbic 
DA system. Nonetheless, 6-OHDA induced loss of nigrostriatal (NSB) system 
results in a marked loss of D3 receptor and mRNA in the NAS/ICj. Similarly, in 
Parkinson’s Disease (PD) destruction of the NSB leads to loss of postsynaptically 
located D3 receptors in all regions of the striatum. To further examine the 
relationship between nigrostriatal DA loss and changes in striatal D3 receptors, 
we examined D3 receptor/mRNA levels in a novel animal model of PD, the zitter 
rat (Neurosci Abstr, 1997, 23:1654) and in cats symptomatic for and 
spontaneously recovered from MPTP-induced parkinsonism. The zitter rat 
mutation causes abnormal metabolism of superoxides, a substantial loss of DA in 
the CPu and some loss in the NAS, with degeneration of TH-positive neurons in 
the SNpc. The degeneration of the NSB leads to a 95% decline in D3 receptor 
number/mRNA in the NAS and ICj. Symptomatic MPTP-treated cats are 
profoundly akineteic and have >90% DA loss in all regions of striatum. By 6 wks 
after MPTP administration, cats spontaneosly recover gross motor function 
accompanied by partial recovery of the ventral striatal DA innervation. In 
symptomatic cats, there was a 50 to 70% loss of D3 receptors in striatal regions. 
Gross behavioral recovery is correlated with normalization or elevations 
(particularly the NAS) of D3 receptor number in striatal regions. Thus, changes 
in D3 receptor number correspond to damage to the NSB and appear related to the 
expression of parkinsonian signs. Funded by MH 56824 and AG09215 to JNJ 
and NS23980 to JSS.

303.6
BILATERAL REGULATION OF DOPAMINE D2 RECEPTOR NUMBER IN 
PRIMATE STRIATUM. R.D. Todd1* and J.S. Perlmutter2. 'Depts. o f Psychiatry and 
Genetics, 2Neurology and Neurosurgery, Washington University School of Medicine 
St. Louis, MO 63110.

The pioneering work o f Boehme and Ciaranello (1981,1982) demonstrated that brain 
dopamine D2-like receptor expression is under genetic control. Recently, we found that 
unilateral lesioning o f dopaminergic cell bodies in baboon brain by 1-methy 1-4- 
phenyl-1,2,3,6-tetrahydropyridine (MPTP) resulted in large and complex bilateral 
changes in striatal D2-like receptor binding over the course o f 500 days (Todd et al,
1996). Pharmacological and mRNA studies to distinguish D2, D3 and D4 dopamine 
receptors demonstrated that post-MPTP increases in receptor binding are due to 
changes in D2 receptor number. Further analysis of these data demonstrates that there 
is a markedly positive linear relationship between receptor number in the MPTP 
injected and non-injected striata following this unilateral environmental insult. The 
linear correlations between receptor concentration on the MPTP and non-injected sides 
for putamen and caudate were 0.96 (p <0.001) and 0.90 (p <0.01), respectively. In 
contrast, striatal dopamine content was reduced greater than 97 percent on the injected 
side in all animals but unchanged on the non-injected side. New [3H]-spiperone 
binding competition studies using the D2/D3 preferring agonist 7-hydroxy-2 (di-n- 
propyl)-aminotetгaline (7-OH-DPAT) and GTP analogues were conducted to 
discriminate whether bilateral changes in D2 receptor number are due to changes in 
low or high affinity D2 receptors. For post-injection time points showing increased 
receptor binding, only low affinity D2 receptors were present in MPTP injected 
striatum. The usual concentration o f high affinity D2 receptors was found in the non- 
injected striatum (0.06 to 0.08 pmoles/mg protein) with an increased number o f low- 
affinity D2 receptors. These observations demonstrate there is a mechanism that 
regulates receptor number bilaterally in primate brain over at least a ten-fold range of 
receptor expression. Such transhemispheric mechanisms may be synaptic or humoral. 
Supported by NIH NS31001, NS32318, MH 31302, Am. Parkinson’s Disease Assoc.
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303.7
D IFF E R E N T IA L  R E SP O N S E S TO  A P O M O R P H IN E  IN  
ELECTROPHYSIOLOGICALLY IDENTIFIED REGIONS OF THE 
HUMAN PALLIDAL COMPLEX. A. S tefaniΛ 2* P. S tanzioneΛ 2 A. 
B assi2 P. M azzone.3 G. Gattoni.2 T. Vangelista.3 Щ  Q, Bfim ш й 2 . 
1 IRCCS S. Lucia, Via Ardeatina 306 00179; 2 Dept. Neuroscience 
Univ, di Tor Vergata, Via di Tor Veгgata 135, 00133; 3 Istituto di 
Neurochiгurgia, Ospedale CTO, ASL RMC Rome Italy.

We have simultaneously recorded from multiple stations of the basal 
ganglia in parkinsonian patients undergoing stereotaxic neurosurgery. In 
particular, we analysed the firing pattern of both external and internal 
globus pallidus (GP) before and during the adm inistration of the 
dopaminergic agonist apomorphine. Intгaputaminal stimulation was also 
delivered, in order to obtain reliable post-stimulus, averages in both 
areas. In GPi a fast occurring excitatory peak was modulated by 
apom orphine (in com bination with clin ical im provem ents, see 
JNeuralTransm 1997,104:895). At variance, in GPe less consistent 
responses were observed: a long inhibitory period (40-100 ms) followed 
by a plateau resistant to the dopaminergic agent. In terms of intrinsic 
excitability and firing pattern, it was possible to identify 3 regions inside 
the pallidal complex: i) GPe (at +5/+2 mm with respect to the 
intercommissural line), whose substantial unsensitivity to apomorphine 
is at odd with classical models based on the so-called "indirect pathway"; 
ii) a dorsal GPi (+1/-1 mm) in which apomorphine may reduce the 
occurrence of bursting behavior; and iii) ventral GPi, characterised by 
the apomorphine-induced large decrease in excitability. Interestingly, 
this electrophysiological segregation may account for the acclaimed 
differences in clinical results obtained by stimulating dorsal vs. ventral 
pallidal targets. (Supported by MS and Telethon grants).

303.9
Lesions of the pedunculoponήne nucleus cause Parkinsonian-like akinesia.

M. Bracewell*. L. Davies, TZ Aziz, J.Winter and JF Stein, University Laboratory of 
Physiology and Dept, of Neurosurgery, Oxford, OX1 ЗPT. UK

Akinesia is the most disabling symptom of Parkinson's disease. Unlike tremor, akinesia is 
not alleviated by stereotactic thalamotomy, but it does improve after posteroventral 
pallidotomy. This implies that a route out o f the basal ganglia other than the ascending 
thalamocortical pathway is responsible for akinesia. The main descending projection of 
the globus pallidus originates in the posteroventral part of the medial pallidum and projects 
inhibitory terminals to cholinergic and glutamateгgic neurones in the region of the brainstem 
pedunculopontine nucleus. We have therefore been making stereotaxic, unilateral or 
bilateral, radiofrequency or kainate fibre sparing lesions in the pedunculopontine region in 
macaque monkeys. After unilateral lesions the animals became very akinetic bilaterally, 
though worse on the contralateral side; but after a week they recovered to 86% of their 
prelesion activity. Both the basal ganglia projections to the PPN and its onward projections 
to the lower brain stem and spinal cord are bilateral; probably therefore the surviving 
contralateral pathways were able to compensate for unilateral lesions. After small bilateral 
fibre sparing lesions the akinesia was profound but the animals recovered to 40% of their 
prelesion activity after 1 week and to 85% 2 weeks later. These results suggest that 
Parkinsonian akinesia may result from pallidal overinhibition of the pedunculopontine 
region. Thus it is probable that pallidotomy alleviates it by relieving this inhibition.

Supported by the UK Medical Research Council and the Norman Collinson Foundation.

3 0 3 .11

IMPAIRED ALTERNATING WORD FLUENCY IN NON-DEMENTED 
PATIENTS WITH PARKINSON’S DISEASE, BUT NOT IN A SUBGROUP 
OF COGNITIVELY INTACT PD PATIENTS. R.F. Zee*. B. Matthews.
S. Markwell. and R. Elble. Center for Alzheimer Disease and Related Disorders, 
Southern Illinois Univ. Sch. of Med., Springfield, IL 62702.

We previously reported impaired alternating word fluency (AWF) in a group of 
non-demented patients with Parkinson’s disease (PD) which we interpreted as a 
deficit in executive functioning consistent with a frontal systems disorder. The 
purpose o f the present study was to replicate this finding in a new sample o f non- 
demented PD patients and controls, and to examine AWF in cognitively intact 
PD patients and controls. A group o f non-demented PD patients (MMSE>26) 
were compared to an age, gender, and educationally matched control group on 
measures o f phonemic word fluency (PWF), semantic word fluency (SWF), and 
AWF. In addition, subgroups o f PD patients and control subjects who were 
intact on a battery o f  memory and non-executive cognitive tests were compared. 
Subjects consisted o f a group o f 27 non-demented PD patients (age= 69.67+/- 
10.40; educ=13.48+/-3.39; MMSE =28.3O+/-l.54) and 27 normal control 
subjects (age= 70.4l+ /-l 1.09; educ=13.81+/-3.14; MMSE=28.67+/-I.9O). The 
cognitively intact subgroups consisted o f 9 PD patients and 18 matched control 
subjects. The AWF total score was significantly poorer (p=.01) in the PD group 
compared to the control group (M+/-SD: PD group = 29.96+/-14.09; control 
group=38.81+/-10.13), but there was no difference between the groups on PWF 
(PD = 33.96+/-17.64; controls =37.85+/-l 1.14; p=.34) or SWF (PD = 53.56+/- 
19.60; control=59.56+/-13.27; p=.19). None of the word fluency measures were 
impaired in the cognitively intact PD subgroup. This study replicates our 
previous finding o f a selective deficit in alternating word fluency in a group of 
non-demented PD patients, but this deficit was not found in a subgroup of 
cognitively intact PD patients.

303.8
RIШZOLE PREVENTS DYSKINESIAS IN PARKINSONIAN MARMOSETS. B E H A V IO R  

A N D  h i s t o l o g y . A. Imperato*. M.C. Obinu. M. Reibaud, V. Blanchard and S. 
Moussaoui. RHONE-POULENC RORER, Centre de Recherche de Vitry- 
Alfortville, 13 quai Jules Guesde, Vitry sur Seine, France, 94403.

Dyskinesias occur in 30-80% of patients with Parkinson’s disease receiving 
chronic L-DOPA therapy.

Dyskinesias also occur rapidly after chronic L-DOPA treatment in non human 
primates in which parkinsonism is induced by MPTP.

The aim of the present study was to evaluate if Riluzole (Rilutek®), a Na+ 
channel blocker with preferential activity for the inactivated state of the 
channel, has effects on the dyskinesias induced by L-DOPA administration in 
marmosets made parkinsonian by three injections of MPTP (2 mg/kg s.c, the 
second injection 6 days after the first one, and the third injection 11 days after 
the second). Riluzole (10 mg/kg p.o., b.i.d.) or sucrose solution was 
administered for 14 weeks starting from the day of the third MPTP injection. 
Treatment with L-DOPA (25 mg/kg p.o., t.i.d. for 12 weeks) started two weeks 
after the third MPTP injection.

We found that Riluzole in association with L-DOPA prevented the induction 
of dyskinesias and improved the locomotor activity in parkinsonian 
marmosets. Histological analysis of these animals has shown a trend of 
neuroprotection for dopaminergic nerve terminals/fibers in the group treated 
with Riluzole, although this effect was not significant in this protocol.
These results show that the association Riluzole/L-DOPA improves the 
behavioral dyskinetic score and locomotor activity suggesting that the 
Riluzole/L-DOPA association could be a good therapy for Parkinson’s disease.

303.10
EST IM A T IO N  O F L E SIO N  V OLUM ES IN PA LLID O TO M Y  
PR O C E D U R E S: A CUTE VS C H R O N IC  V O LU M ES. R .C .  
F rvsin ger* . K. N eg o ro . J, M . B ronstein , D . M asterm an, J. M azziotta, 
M . C oh en  and A . D e  Salles. D e p îs . o f  N e u ro b io lo g y , N e u r o lo g y ,  
S u r g e ry  a n d  th e  B ra in  R e se a rc h  In stitu te , U C L A  M ed . S c h o o l,  L o s  
A n g e le s , C A  9 0 0 9 5 .  T he v o lu m e and location  o f  the les io n  within G lob u s  
Pallidus (G P ) is  presum ed resp onsib le  for rem ission  o f  m otor sym p tom s  
o f  Park in son ’s d isease  fo llo w in g  posteroventral pallidotom y. W e 
exam ined  lesion  v o lu m e estim ated from  acute postoperative M R scans and 
M R  scans taken > 3  m o. p ost-op eratively . W e calculate lesion  s ize  as 
v o lu m es, percent o f  G P  and “n orm alized” vo lu m es. T he correlation  
am ong th ese lesion  estim ates, and the degree to w h ich  any o f  these  
estim ates correlate w ith  3 m o. postoperative ou tcom es w ere calculated. 
W e perform ed fo llo w -u p  scan s on 21 patients w ith  a total o f  2 4  lesions. 
T o  date w e  have norm alized v o lu m es for 17 o f  th ese and can d efin e lesion  
s ize  as a percent o f  preop G P vo lu m e in 5  ca ses . N o  estim ates o f  acute 
v o lu m e w ere g o o d  predictors o f  chronic lesion  vo lu m e. A cu te lesion  
s iz e , as estim ated by v o x e l volum e, correlated o n ly  m oderately with  
estim ates based on radius in 3  p lanes (r= .6 4 ), but w as s ligh tly  better in 
correlating w ith  chronic les io n  s ize  (r= .3 6  vs r=.O6 ). W e have correlated 
3 m onth p ost-op  scores for U P D R S  subtests 1-31 and A ctiv ities o f  Daily  
L iv in g  (A D L ) w ith  les io n  v o lu m es for 13 patients. Larger acute lesion  
vo lu m e sh o w ed  a non -sign ifican t trend toward having better U P D R S  
o u tcom e (r = - .3 5 ) , w h ile  larger chronic lesion  vo lu m es sh ow ed  a poorer  
o u tcom e (r= .7 2 ). N eith er acute nor chronic vo lu m es correlated w ith  ADL  
scores . T h ese  fin d in gs su ggest that acute and chronic lesion  volum es  
provide very different types o f  inform ation about the clin ical status o f  
postsu rgical pallidotom y patients. S u p p o r te d  b v  N I H  N S O I5 9 7

303.12
VERBAL PLANNING DEFICIT IN OTHERWISE COGNITIVELY INTACT 
PATIENTS WITH PARKINSON’S DISEASE. B. Matthews. R.F. Zee.
R. Elble*. and S. Markwell. Center for Alzheimer Disease and Related 
Disorders, Southern Illinois Univ. Sch. o f Med., Springfield, IL 62702.

Previous research has suggested that non-demented patients with Parkinson’s 
disease (PD) have a frontal systems disorder characterized by selective deficits 
in executive functioning. In the present study a group o f non-demented PD 
patients who were intact on a battery o f memory and other cognitive tests were 
compared to an age, gender, and educationally matched control group on a wide 
variety o f executive functioning measures. Subjects consisted of a group of 9 
cognitively-intact PD patients (age= 65.2+/-9.24; educ=14.66+/-3.70; MMSE 
≈29.67+/-O.7O) and 18 normal control subjects (age= 69.9+/-10.4; 
educ=14.38+/-2.4; MMSE=29.0+/-2.06). The only significant findings were the 
task analyses performed as part o f a verbal planning task. The PD group scored 
significantly poorer (p=.03) than the control group on the task analysis for 
planning a party (M+/-SD: PD group = 6.22+/-3.07; control group=9.67+/-4.09) 
and there was a strong trend for the PD group being poorer (p=.05) on the task 
analysis for planning a trip (M+/-SD: PD group = 6.55+/-3.00; control 
group=9.88+/-4.39). The fact that the task analysis on each o f the two verbal 
planning tasks were impaired in the PD group provides convergent validity for 
the finding. These findings indicate that cognitively intact PD patients have a 
highly selective deficit in executive functioning in the area of verbal planning.

Society for Neuroscience, Volume 24 ,19 9 8



764 NEUROTROPHIC FACTORS: BIOLOGICAL EFFECTS MONDAY PM

304.1
ROLES OF NEUROTROPHINS IN NORADRENERGIC SPROUTING AND 
NEUROPATHIC PAIN INDUCED BY NERVE INJURY X-F Zhou*. Y-S Deng.
E.T. Chie, O. Xue. J-H Zhong. E.M. McLachlan1. R.A. Rush and C.J. Xian2 
Department of Human Physiology and Centre for Neuroscience, Flinders University 
of South Australia, GPO Box 2100, Adelaide 5001, Australia; 'Prince of Wales 
Medical Research Institute, Randwick, NSW 2031 .2Child Health Research 
Institute, Women and Children’s Hospital, Adelaide, S.A. 5001.

Injury to a peripheral nerve induces in the dorsal root ganglia (DRG) sprouting 
of sympathetic terminals around large diameter sensory neurons. This pathological 
change may be implicated in the chronic pain syndromes seen in some patients with 
peripheral nerve injury. In a previous study, we found that satellite cells in response 
to nerve injury synthesize neurotrophin low affinity receptor (p75) (J.Neurosci. 16: 
2901-2911). Using in situ hybridization and immunohistochemical techniques, we 
now have found that nerve growth factor (NGF) and neurotrophin-3 (NTЗ) are 
upregulated in satellite cells surrounding neurons in lesioned DRG of rats as early as 
48 hours after nerve injury and this response lasts for at least two months. 
Quantitative analysis showed that the levels of mRNAs for NTЗ and NGF increased 
in ipsilateral but not contralateral DRG. We also found that noradrenergic sprouting 
around the axotomized neurons was associated with p75-immunoreactive satellite 
cells. Antibodies specific to nerve growth factor or neurotrophin-3, delivered by an 
osmotic mini pump to the DRG via the lesioned L5 spinal nerve, significantly 
blocked noradrenergic sprouting. The NTЗ or NGF antibodies also partially blocked, 
with a different time course, the allodynia triggered by L5 spinal nerve lesion. These 
results implicate satellite cell-derived neurotrophins in the induction of sympathetic 
sprouting and neuropathic pain following peripheral nerve injury. Supported by an 
ARC grant (#A97O2348).

304.3
OVEREXPRESSION OF BDNF IN THE SUPERIOR COLLICULUS 
MEDIATED BY ADENOVIRAL VECTORS PERTURBS THE 
TOPOGRAPHIC REFINEMENT OF RETINAL PROJECTIONS IN RATS.
S. ĩsenmann*1. A. Cellerino2. C. Gravel•\ M. Bähг'.
1 Neurologische Universitätsklinik, D-72076 Tübingen, Germany; 2 Institute) di 
Neurofìsiologia, Pisa, Italy; 2 Centre de recherche, Université Quebec, Canada 

Retinal ganglion cells (RGCs) making inappropriate topographic connections 
are selectively eliminated during the period of naturally-occuring cell death. In 
rodents, a transient projection to the caudal superior colliculus disappears during 
development as the result of activity-dependent competition with contralaterally- 
projecting RGCs converging on the same target12. We tested whether 
overexpression of BDNF, which has a neurotrophic action on RGCs and might 
be present in limited amounts in the superior colliculus, suppresses this form 
of activity-dependent competition and stabilizes transient retinal projections.

Adenoviruses carrying a functional BDNF gene under the control of the CMV 
promoter were injected in the superior colliculus of postnatal day 0 (P0) rats. 
Overexpression of BDNF in the superior colliculus was demonstrated by 
immunohistochemistry and in situ hybridization. BDNF expression was 
detected up to two weeks after injection and then rapidly declined. Anterograde 
and retrograde tracing at P12-P14 revealed larger numbers of ipsilaterally- 
projecting RGCs in Ad-BDNF treated rats as compared with untreated or Ad- 
lacZ treated rats. However, counts of optic nerve axons did not reveal an 
increase in the total number of RGCs.

Our results suggest that excess of target-derived BDNF reduces the selective 
elimination of RGCs making inappropriate topographic connections without 
changing the overall amount of programmed RGC death.
1 Fawcett et al., (1984) Proc. Natl. Acad. Sci. USA 81, 5589-5593
2 Simon et al., (1992) Proc. Natl. Acad. Sci. USA 89, 10593-10597 
Sponsored by grants from the DFG, and the IKFZ (BMBF).

304.5
BDNF CONTRIBUTES TO THE LATE PHASE OF LTP. S.L. Patterson* and E.R. 
Kandel†. Ctr. Neurobiol. & Behav., Columbia Univ., College of Phys. and Surg., 
†HHMI, New York, NY 10032.

Synaptic plasticity in the hippocampus has multiple forms: a short-term form 
which involves the modification of existing proteins, and longer-lasting forms which 
require the activation of cAMP-dependent protein kinase (PKA), gene transcription 
and the synthesis of new proteins. Several studies suggest that the neurotrophin 
BDNF is an important modulator of early LTP (E-LTP) at the Schaffer collateral- 
CA1 synapse in hippocampal slices. However, because most of these experiments 
were done on slices in which BDNF was absent or reduced at the start of the 
experiment, the role of neurotrophins in the later stages of LTP (L-LTP) remains 
unclear. Treatment of slices with TrkB-IgG beginning within 30 minutes of the 
induction of LTP can block the establishment of stable L-LTP (Kang et al., 1997). 
However, activity-evoked increases in BDNF mRNAs typically don't reach maximal 
levels until several hours post-stimulus. Thus, these studies do not address the 
functions of BDNF synthesized in response to activity. This new BDNF may play a 
role in the consolidation of changes in synaptic efficacy, and ultimately in behavior.

Application of forskolin, which enhances glutamate agonist-evoked increases in 
BDNF niRNA in hippocampal cultures (Zafra et al., 1992), also induces potentiation 
similar to tetanus-induced L-LTP in hippocampal slices. We have found that 
pretreatment of slices of mouse hippocampus with TrkB-IgG greatly reduces both the 
magnitude and duration of forskolin-induced potentiation. In parallel experiments, 
we have found that continuous treatment with TrkB-IgG, beginning 1.5 hrs after the 
stimulus (multiple high frequency trains), will reduce L-LTP. In slices from BDNF 
knockout mice, tlļe same stimulus protocol produces stable L-LTP, though at lower 
levels than seen in wild-type mice. In contrast, a theta burst protocol which evokes 
stable L-LTP in wild type animals, evokes only E-LTP in BDNF knockout mice, or 
(Kang et al., 1997) in slices pretreated with TrkB antiserum. In sum, these results 
suggest that BDNF interacts with the signal transduction pathways which underlie 
longer-lasting forms of plasticity in the hippocampus in complex, but important ways. 
[Supported by NARSAD and NIH.]

304.2
TRKB SIGNALING MODULATES SPINE DENSITY BUT NOT 
DENDRITE STRUCTURE IN CULTURED PURKINJE CELLS.
M .E. M orrison*, A. Shim ada, and C A . M a so n . Dept, o f  P athology, 
Ctr. for N eurobiology and Behavior, C olum bia U niv., NY , N Y  10032, 
and Dept, o f Pathology, N agasaki Univ. Sch. o f  M edicine, N agasaki 
852, Japan.

N eurotrophins cooperate w ith neural activ ity  to  m odulate CNS 
neuronal survival and dendritic differentiation . In a previous study, 
we dem onstrated that a critical balance o f neurotrophin  signaling  and 
neural activity  is required for Purkinje cell survival in cocultures o f  
purified granule and Purkinje cells (M orrison  and M ason, 1998 J. 
N eurosci. 18:3563). H ere we investigate w hether TrkB  signaling 
regulates dendrite and spine developm ent o f  Purkin je  cells. In 
cocultures o f granule and Purkinje cells, continuous treatm ent with 
BD N F over a 2-w eek postnatal cu lture  period  increased  the density  o f  
Purkinje cell dendritic spines w ithout causing a shift in the 
proportions o f headed and filopodia-like  spines. The increase in 
spine num ber was blocked by adding T rkB -IgG  to the m edium  
together with BD NF. W hile B D N F did not consisten tly  m odify the 
m orphology o f dendritic spines, treatm ent w ith T rkB -IgG  alone 
yielded spines w ith longer necks than those in contro l cultures. None 
o f these treatm ents altered Purkin je cell dendritic  com plexity . These 
analyses reveal a role for TrkB signaling in m odulating  spine 
developm ent, consisten t w ith recently  reported  effects  o f 
neurotrophins on synaptic p lasticity . M oreover, these processes can 
be studied separately from  dendrite outgrow th  in this reductionist 
system  o f purified  pre- and post-synaptic  neurons.

(BD N F and TrkB -IgG  generously  supplied  by Dr. G. 
Y ancopoulos, Regeneron. Supported  by N R S A  NSO9864 (M E M ) and 
N IH  NS 16951 (CA M ).)

304.4
ENDOGENOUS NEUROTROPHIN-3 REGULATES SHORT-TERM 
PLASTICITY AT LATERAL PERFORANT PATH-GRANULE CELL 
SYNAPSES. M erab Kokaia, F redrik  A szteły* , C arlos B alet S indreu , 
K lara O lofsdotter, D im itri M . K u llm an n 1, and P ile  L indvall. Section o f  
Restorative N eurology, W allenberg N euroscience Center, S -22 l 85
Lund, Sw eden; 'Dept, o f  C linical N eurology, Inst, o f N eurology, Q ueen 
Square, London W C 1N  ЗBG, UK.

In the adult rodent brain, neurotrophin-3 (N T-3) is m ainly localized in 
dentate granule  cells and its expression  is decreased  by seizure activity 
(Bengzon et al., 1993, N euroscience 53: 433-446). U sing field and  
whole-cell patch-clam p recordings, we have exam ined the role o f  
endogenous N T-3 for excita tory  synaptic transm ission  at lateral 
perforant pa th-dentate  granule  cell synapses in h ippocam pal slices fro m  
N T-3 knock-ou t (+/-) and wild type (+/+) m ice. Paired -pu lse  facilitation  
(PPF) was reduced in the NT-3+/- mice, as were synaptic responses 
evoked by a brief, h igh-frequency  train o f  afferent stim ulation. L o n g 
term  potentiation induced by tetanic stim ulation was how ever u n affec ted . 
Incubation o f slices from  N T-3+/- m ice with recom binan t N T-3 reversed 
the deficit in PPF indicating  that the im paired short-term  plasticity  does 
not result from  a developm ental abnorm ality . E xperim ents using  the 
protein synthesis inhibitor, cyclohexim ide, show ed that the rescue effect 
occurred through a m echanism  requiring  de novo  p rotein synthesis. N o 
changes in overall presynaptic  release probability  or desensitization  o f  
AM PA receptors were detected. A ttenuation o f short-term  plasticity  m ay 
represent a protective response which lim its the propagation  o f  
ep ilep tiform  activity from  the en torh inal cortex to the h ippocam pus. In 
agreem ent with this hypothesis, NT-3+/- m ice exhib it a re tardation  o f  
ep ilep togenesis evoked by daily  k indling  stim ulations in the am y g d ala  
(E lm er et al., 1997, Exp. Neurol. 145: 93-103).
Supported by a grant from  the Sw edish M RC.

304.6
THE RECEPTORS FOR GDNF ARE EXPRESSED BY SUB POPULATIONS 
OF ADULT RAT RETINAL GANGLION CELLS (RGC) AND GDNF 
PREVENT RGC DEATH AFTER OPTIC NERVE AXOTOMY 
Finn Hallbŏök^*, Paloma Peinado-RamŏnЬ2 an(ļ Manuel Vidal-Sanz2. *Dept. of 
Neuroscience, Uppsala University, Uppsala, Sweden, 2Lab. of Experimental 
Ophthalmology, Faculty of Medicin, Murcia University, Murcia, Spain.

The strong correlation between GDNF-responsiveness, GDNF receptor 
expression and c-Ret kinase activation by GDNF binding, suggest that neuronal 
populations found to express the GDNF receptors are likely to be able to benefit 
from the neurotrophic activities of GDNF. We have studied the expression of the 
GDNF receptors: c-Ret, GFRal, and 2 in the adult rat retina and found that sub 
populations of retinal ganglion cells express c-ret, GFRal and 2 mRNA. Injection 
of GDNF protein in adult axotomized eyes could postpone death of approximately 
19% of the retinal ganglion cells after 7 days. Intra ocular grafts of fibroblasts 
prevented death of axotomized retinal ganglion cells and fibroblasts producing 
GDNF preferentially supported c-Ret expressing retinal ganglion cells as shown by 
an increased number of c-Ret expressing cells among the surviving cells. The 
expression of GDNF, c-ret, GFRal and 2 mRNA was studied in retina and tectum 
at different time points after axotomy. The results showed that GDNF mRNA is 
expressed at low levels in the retina which increase after optic nerve section, c-ret 
mRNA levels decrease after axotomy and the decrease is likely to correspond to the 
loss of c-Ret expressing neurons as a result of the axotomy. GFRal and 2 mRNA 
levels increase both in retina and in the tectum after exotomy. A transient increase 
occurs already after 4 hours with higher levels after 7 days. Taken together, these 
results suggest that GDNF and its receptors play roles in the normal visual 
pathway involving a sub population of retinal ganglion cells and may be a part of 
an endogenous mechanism to counteract and minimize cell death after injury to the 
visual pathway. Grant sponsor: Swedish Medical Research Council; Grant 
number: 10660-02 (FH); Grant sponsor: EU; Grant number: BMH4CT96-0976, 
Grant sponsor: Göran Gustavssons research foundation (FH).
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304.7
TOTAL PREVENTION OF MOTOR NEURON DEATH PROMOTED BY 
GLYCOSAMINOGLYCANS AND INSULIN-LIKE GROWTH FACTOR-I 
COMBINATION TREATMENT. A. Gorio1*. L. VerganiL M.Losa1. A.
Torsello2, E·E. Muller2, and A.M. Di Giulio1. *Lab. for Research on the 
Pharmacology of Neurodegenerative Disorders and 2Neuroendocrinology, Dept. 
Medical Pharmacology, Via Vanvitelli 32, 20129 Milano, Italy 

Motor neuron disease in the wobbler mouse is characterized by forelimb 
progressive weakness, muscle atrophy and motor neuron death. Standard 
behavioral tests were used to monitor forelimb grip strength, holding time and 
running speed. Quantitative muscle morphometry and innervation were evaluated 
by histological means; motor neuron survival was evaluated by retrograde labeling 
with horseradish peroxidase (HRP). Wobbler mice were diagnosed at 3 weeks of 
life, the daily treatment with IGF-I (20 µg/kg or lmg/kg) and GAGs 1 mg/kg was 
then begun and continued up to 9 weeks of life. The behavioral deficit was 
progressive reaching the lowest level at 9 weeks, single treatments delayed of 3 
weeks the onset of the disease but the decay slope was similar. Co-treatment 
(GAGs 1 mg/kg plus IGF-I 20 µg/kg) fully prevented both behavioral deficits and 
muscle atrophy. HRP-retrogradely labeled triceps motor neuron number gradually 
declined from 160 (Зw) to 40 (9w), but the loss was fully prevented by means of 
the co-treatment. IGF-I content of rat denervated muscles was increased up to 70 
fold. Daily IGF-I treatment caused a dose dependent marked reduction of IGF-I 
serum levels, while GAGs promoted a marked increase. Preliminary data suggest 
that GAGs effect on serum IGF-I is apparently under the control of GH. Our 
results show that GAGs-IGF-I co-treatment blocks the development of 
motoneuron disease and that GAGs likely improve IGF-I bioavailabilty.
The project was supported by Grant 974 from Telethon-Italy

304.9
CA2+/CALMODULIN-DEPENDENT PROTEIN KINASES II AND IV PRO
MOTE SURVIVAL BUT DIFFER IN THEIR EFFECTS ON NEURITE 
GROWTH IN RAT SPIRAL GANGLION NEURONS. ĩ. Bok. M.R. Hansen. 
X. Zha. and S.H. Green*. Depts. of Biological Sciences & Otolaryngology, 
University of Iowa, Iowa City, IA 52242.

Depolarization promotes spiral ganglion neuron (SGN) survival, in a man
ner that involves both an autocrine neurotrophin pathway and a cAMP-de- 
pendent pathway. Because simultaneous inhibition of both the neurotrophin 
and cAMP pathways does not fully abrogate the trophic effect of depolar
ization, at least one additional depolarization-dependent trophic signaling 
pathway must exist. Our data implicate Ca2+/calmodulin-dependent pro
tein kinases (CaMKs) in this pathway. SGNs express CAMKIIß (cytoplas
mic) and CaMKIV (nuclear). Depolarization of SGNs causes CREB phospho
rylation that is blocked by CaMK inhibitors calmidazolium (CMZ) and 
KN-62, demonstrating CaMK activation by depolarization. CMZ and KN- 
62 partially inhibit SGN survival in depolarizing conditions, indicating 
that CaMK activity is necessary for part of the trophic effect of depolariza
tion. Transfection of C-terminal-truncated, constitutively active CaMKII or 
CaMKIV, but not of normal CAMKs, promotes SGN survival in absence of 
other trophic stimuli. Thus, CaMK activity, whether derived from CaMKII 
or CaMKIV, is sufficient to promote SGN survival. Survival-promoting ef
fects of truncated CaMKII and CaMKIV are not additive, suggesting that 
they act via a common effector. Transfection of truncated CaMKII, but not of 
truncated CaMKIV, into SGNs prevents neurite outgrowth. This difference 
in the actions of CaMKII and CaMKIV appears to be due to differences in ki
nase targets rather than localization because the truncated forms, unlike 
normal CaMKs, are not restricted in their subcellular localization.
Supported by AOS, DRF, NIH grant DC02961 and training grant DC00040.

304.11
PROTRH EXPRESSION IS CRITICAL FOR HYPOTHALAMIC NEURONAL 
SURVIVAL: THE MECHANISM OF APOPTOSIS Lu-Guang Luo*1. SL Lee2. 
RM Lechan2* JianHua Jian2. and IM P Jackson1. 1 Division of Endocrinology, Rhode 
Island Hospital, Brown University School of Medicine, Providence, RI 02903; 
⅜ iv ision  of Endocrinology, New England Medical Center, Tufts University School 
of Medicine, Boston, MA 02111.

TRH has a neuroưophic role in the CNS as shown by its capacity to 
accelerate recovery from spinal cord injury. To investigate the mechanism of TRH 
effects in the CNS, we used recombinant antisense TRH adenovirus (TRHav) to 
'knock out' TRH in cultured 17 day fetal rat diencephalon. TRHav is a replication 
deficient adenovirus shuttle carrying the rat TRH cDNA in an antisense orientation in 
the virus vector, pACMV-pLpA. Dissociated hypothalamic neurons were treated with 
10 µì of TRHav (1012 PFU/ml) and adenovirus containing a ß-galactosidase transgene 
(ß-gal) driven by the CMV promoter was used as control. The morphology, ß-gal 
enzyme histochemistry (X-gal staining) and TRH content (fmol/well) were used to 
measure the effect of antisense TRH virus. Control adenovirus mediated ß-gal 
transfection efficiency was nearly 85% as shown by positive X-gal staining, without 
effect on cell morphology, TRH content or the normal response to glucocorticoid 
(Dex) exposure with enhanced TRH expression. A significant 90% decline of TRH 
content (И .l6±4.9v5 104.14 ± 9.2; p<0.01 ) as well as changes in neuronal
morphology (shrunken cell bodies and short dendrites) were observed at 14 and 21 but 
not 7 days after TRHav treatment. Addition of 10 µg synthetic TRH peptide along 
with TRHav, but not Dex, prevented the morphological changes. No morphological 
changes were seen in wild type AtT 20 cells, a pituitary cell line which does not 
produce TRH. To investigate whether neuronal death from loss of proTRH was due to 
apoptosis, we examined neuronal DNA change by fluorescent Dye H33342 staining, 
TUNEL staining and DNA laddering analysis and found 80 - 90% positive H33342 
and TUNEL staining and a 180 to 200 bp DNA fragment on DNA laddering analysis 
as compared with control. These results indicate that proTRH gene expression 
prevents neuronal apoptosis and may play a  role in neuronal development.

304.8
RESCUE OF MOTONEURONS FROM INJURY-INDUCED CELL DEATH 
BY HEPATOCYTE GROWTH FACTOR (HGF) IN THE NEONATAL RAT.
W. Wu*1, H. Chai’, W.M. Wong1, D.M.Prevette2, R.W.Oppenheim2, A.Kato3, 
’Dept, of Anatomy, The University of Hong Kong, Hong Kong, 2Neurobiology 
and Anatomy, Wake Forest Univ.,Sch.Med., Winston-Salem, NC, USA, 3Dept 
of Pharmacology, University of Geneva, Switzerland.

To test the effect of HGF on motoneuron survival following axonal injury in 
neonatal animals, a unilateral sciatic nerve section was performed on mid-thigh 
level of postnatal day 1 to 2 rats. A small piece of gelfoam, which was 
presoaked with Юµg of HGF, was apposed to the proximal stump of the cut 
sciatic nerve. Axotomized control animals received the same treatment 
paradigm with vehicle (i.e. 0.9% NaCl). Animals were perfused 3, 7, or 14 days 
after the injury and the L4 spinal cord segments were removed. Tissues were 
embedded in paraffin and 8 µm serial sections were cut. Sections were stained 
with cresyl violet and cells in the lateral motor column with a large nucleus 
(>10 µm) containing 1 or 2 distinct nucleoli were counted. The unoperated 
contralateral side of the spinal cord was used as normal control. In axotomized 
control animals, about 60% of motoneurons survived in the L4 spinal segment 
by 3 days after the injury, and 47% and 31% of them survived by 7 and 14 days 
post-injury respectively. In HGF treated animals, the surviving motoneuons in 
the L4 spinal segment was 82% by 3 days, 62% by 7 days, and 47% by 14 days 
post-injury. Differences in motoneuron survival between HGF treated animals 
and control were statistically significant. Results of the present study shows that 
a single local dose of HGF can enhance motoneuron survival following axonal 
injury in neonatal animals.(Supported by HK RGC, CRCG grants and NIH 
grant NS20402)

304.10
M OLECULAR M ECHANISM S O F SURVIVAL AND APOPTOSIS IN 
CEREBELLAR NEURONS
S.R. Datta1. H. Dudek1. X. Tao1, S. Masters2. H. Fu2.Y. Gotoh1 and M E. 
Greenberg1*, ⅛ v .  Neuroscience, Children’s Hospital, and Dept, of Neurobiology, 
Harvard Medical School, Boston, MA; ¾ ept. of Pharmacology, Emory University, 
Atlanta, GA.

Using biochemical and molecular genetic approaches we have examined signal 
transduction pathways that regulate the survival of neurons in the central nervous 
system. Activity of the Ras/MAP kinase pathway appeared uninvolved in the IGF-1- 
mediated survival of cultured cerebellar granule cells; in contrast, IGF-1 potently 
activated the phosphatidylinositol-3-OH kinase, as well as two of its targets, the p7O 
S6 kinase and the serine-threonine kinase Akt. The drugs wortmannin and 
LY294002, structurally distinct PIЗK inhibitors, blocked p7O and Akt activation and 
induced apoptosis of cells cultured in IGF-1. Inhibition of p7O had no effect on 
survival. However, transfection with constitutive and dominant-negative Akt 
constructs revealed that Akt function is necessary and sufficient for the survival of 
these primary neurons. Biological targets of Akt important in survival were also 
identified. We show that growth facto- activation of the PIЗK/Akt signaling pathway 
culminates in the phosphorylation of the BCL-2 family member BAD, thereby 
suppressing apoptosis and promoting cell survival. Akt phosphorylates BAD in vitro 
and is sufficient and necessary for BAD phosphorylation in vivo. In addition, Akt 
blocks the B AD-induced death of granule neurons in a site-specific manner. These 
findings define a mechanism by which growth factors directly inactivate a critical 
component of the cell intrinsic death machinery . Experiments are currently underway 
to define further the role of BAD in vivo, and to identify novel targets for Akt that 
may also be involved in survival phenomena. 
funded by NIH grant CA43855

304.12
IN C R EA S ED  A C TIV ITY  O F SU PER O X ID E D ISM U T A SES IN  
N E R V E GROW TH FA C TO R  (N G F) TR A N S G EN IC  M IC E 
SU BJECTED  TO  PER M A N E N T FO C A L IS C H E M IA . B. O n ten ien te1',
C. G u ég an 2, A. N ico le4, I. C eballos-P icot4 and B. SoIaL ’łNSERM¯ 
U 4 2 l, F aculté de M édecine, 94010 Créteil cec!ex; "CNRS U M R 655  i 
and 3U P R ES-EA 2128, U niversité de Caen, 1 4 0 7 4 2 and 1 4 0 3 2 3 Caen; 
4CN RS U R A 1335, H ôpital N ecker, 75743 Paris 15, F rance.

The neuroprotective potential o f N G F  against oxydative stress has 
been investigated in vivo using a m ouse line transgenic  (tg) fo r NGF. 
C 57B l/6xB 6D 2 tg and wild type (wt) adult (25 -30g) m ale m ice were 
subjected to focal perm anen t ischem ia by occlusion  o f the m idd le  
cerebral artery (M C A O ). In com parison  to wt anim als, tg m :ee 
d isp layed  a 40%  reduction  o f the cortical infaгcted territo iy , 2 4 h  
post-M C A O . How ever, infaгcted volum es were sim ilar in wt and tg 
m ice w ithin the first hours post-occlusion , sugge sting  that N G F acted  
to b lock  the progression  o f neuronal dam age, ather than  its initial 
extent. Dram atic reduction  o f apQptotic bodies in tg m ice fu rth e r 
indicates an involvem ent o f  N G F in an ti-apop to tic  pathw ays. In o rd er 
to determ ine the m echanism s o f N G F  neuropro tec tive  action, we 
analyzed  two m arkers o f  distinct an tioxydan t m etabolic  pathw ays 
know n to be activated in ischem ia, i.e. activities o f m anganese (M n) 
and cupper/z inc (Cu/Zn) superoxide d ism utases (SO D ), and o f  
glu tath ione peroxidase (G SH -Px). N o changes in activ ities o f  G SH -Fx 
were observed  betw een N G F-tg and wt m ice during  the course  c f  
ischem ia. Tg m ice disp layed  h igher basal levels o f  C u/Zn-SO D  
activities, and significantly  d ifferen t M n- and C u/Z n-SO D  activities 
This study indicates that, in vivo, N G F is involved in the pro tection  〇 i 
ischem ia-induced  apopto tic  neuronal death  via specific activation  o f  
one o f the m ajor pathw ays involved in cellu lar detoxification ..
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305.1
THE RO LE O F EXCITATION AND INH IBITION IN THE 
ORIENTATION TUNING O F SIM PLE AND CO M PLEX CELLS IN CAT 
STRIATE CORTEX. Luis M. Martinez* José-Manuel Alonso, R. Clay Reid and 
Judith A. Hirsch. Laboratory o f Neurobiology, The Rockefeller University, New 
York, NY 10021.

Different models of the emergence of orientation selectivity in the visual cortex 
ascribe various roles to inhibition, from crucial to insignificant. Thus, we have 
studied the relative contribution of excitation and inhibition to orientation 
selectivity by making whole cell recordings in vivo. First, the spatial distribution 
o f excitation (push) and inhibition (pull) were mapped with small, flashed dark 
and light squares (Jones & Palmer, J  Neurophys 58: 1187, 1987). Second, the 
orientation tuning for net excitation and inhibition were computed from responses 
to moving dark and light bars. Cells with alternating on and off subregions were 
termed simple and those which lacked separate on and off responses, complex.

For simple cells, the point by point distribution of push and pull in the .field 
predicted orientation preference. Both the elongation o f the field and the relative 
strength o f excitation and inhibition in adjacent subregions seemed to influence 
sharpness of tuning. For example, cells with long subregions (length/width ≥ 3) 
were sharply tuned, while cells with shorter fields were often less selective for 
orientation. In the presence o f strong flanking inhibition, however, cells were 
sharply tuned, regardless o f the length/width ratio o f the component subfields. In 
addition, as reported before (Ferster, J  Neurosci 8: 1172, 1988), the strongest 
excitation and inhibition were typically evoked at the preferred orientation.

For complex cells, it was not possible to predict orientation preference based on 
the responses to small squares. In some cases, the inhibitory and excitatory 
tuning were similar, in other instances the inhibition was more broadly tuned. 
(NIH EY09593 and EYO5253, the Klingenstein Fund and the HFSPO).

305.3

TU N IN G  OF M EM B R A N E  C O N D U C T A N C E  C H A N G E S IN  
SIM PLE CELLS O F T H E  C A T ST R IA T E  C O R T EX

M atteo Carandini12*, Jeffrey A n d erso n 1 and D a v id  F erster1 

'Departm ent o f  N eu ro b io lo g y , N orthw estern  U n iv ersity , IL 6 0 2 0 8  
¾ o w a r d  H ughes M edical Institute and C enter for N eural S c ien ce , N ew  
Y ork U n iversity , N Y  10003

T h e m em brane conductance o f  s im p le  c e lls  in the striate cortex  (V I )  
can grow  substantially  during v isu a l stim u lation  (B org-G raham  et al.,
1998). T o  determ ine the v isu a l properties and p o ss ib le  syn ap tic  origin  o f  
th ese conductance increases, w e  recorded the m em brane potentia l o f  cat 
V I sim p le  c e lls  w h ile  in jectin g  steady currents and p resen ting  
sin usoidal drifting grating patterns o f  varyin g contrast and orientation.

M em brane con d u ctan ce grew  w ith  stim u lu s contrast by 6 0-280%  and 
in so m e  c e lls  w as strongly  m od u lated  in tim e. T h e con d u ctan ce  
increases w ere tuned for orientation, and w ere invariab ly  m axim al at the 
c e ll ’s preferred orientation. B eca u se  o f  th is tun ing, the conductance  
increases cou ld  not sharpen the orientation tuning o f  the c e lls , and cou ld  
not provide a gain-control m ech an ism  that dep en d s on contrast alone.

B y  assu m in g  that the con d u ctan ce ch an ges w ere en tirely  synaptic  in 
origin , w e  further derived  the excitatory  and inhib itory synaptic  
con d u ctan ces und erly ing the v isu al resp on ses. E xcita tion  and in h ib ition  
had sim ilar preferred orientations and tuning w id th s, su g g estin g  that 
orientation tuning is not sharpened by intracortical inh ib ition .

S u p p o r te d  b y  N a tio n a l  E y e  In s t i tu te  G ra n t R 0 J  E Y O 472б.

305.5
RELATIONSHIPS OF SYNAPTIC INPUT PATTERNS TO ORIENTATION 
PREFERENCE MAPS IN FERRET VISUAL CORTEX B. Roerig* and L.C. Katz. 
Howard Hughes Med. Inst, and Dept, o f Neurobiology, Duke Univ. Med. Cntr., 
Durham, NC 27710.

Receptive field properties o f visual cortical neurons are generated by the 
integration of thalamocortical inputs with excitatory and inhibitory intracortical 
circuits. Several models have been proposed to explain the intracortical contribution 
to orientation selectivity including cross-orientation models in which intracortical 
inhibition sharpens tuning by suppressing non-preferred responses and recurrent 
models in which intracortical excitation among iso-orientation tuned cells combines 
with broadly tuned iso - orientation inhibition to produce intracortical sharpening of 
an initial orientation bias provided by thalamic afferents. To investigate whether 
intracortical connection patterns support these models we related synaptic inputs to 
individual neurons located in supra- and infragranular layers to orientation 
preference maps in visual cortex o f juvenile ferrets (P39 - P48) using a combination 
of in vivo intrinsic signal imaging, in vitro patch clamp recording, and scanning 
laser photostimulation (n=2l neurons from 10 animals). Excitatory and inhibitory 
inputs were distinguished by recording from cells at different holding potentials (- 
60 and -20 mV). Local inputs (those originating from within a 500 µm radius of 
postsynaptic cells) and long-range excitatory inputs to upper and lower layer 
pyramidal cells originated preferentially from iso-orientation domains (within 30° 
o f the postsynaptic cell’s orientation preference; 56 % o f local inputs in the upper 
layers, 51 % in the lower layers, 52 % of long-range inputs in layers 2/3, 51 % in 
lower layers). Some layer 5 cells showed broad tuning o f excitatory inputs and large 
zones o f  inhibitory input that were not observed in the upper layers. In contrast, 
inhibitory inputs to pyramidal neurons were broadly tuned in all layers, with a bias 
toward iso-orientation inhibition (48%). Thus the relationship between synaptic input 
maps to individual cells and orientation maps are most consistent with recuҥent models 
of orientation selectivity. Supported by NIH (NEI) EY07690 (L. C. K.) and a Human 
Frontier Science Program postdoctoral fellowship (B.R.).

305.2
THE RECEPTIVE FIELD STRUCURE OF INHIBITORY COMPLEX CELLS 
MIRRORS THAT OF EXCITATORY COMPLEX CELLS IN CAT STRIATE 
CORTEX. Judith A. Hirsch* José-Manuel Alonso and Luis M. Martinez. 
Laboratory o f Neurobiology, The Rockefeller University, New York, NY 10021.

Our goal is to understand how inhibitory and excitatory inputs combine to 
build the visual cortical receptive field. For simple cells the problem is 
straightforward; the spatial opponency o f on and off responses allows the selective 
activation o f EPSPs and IPSPs. For complex cells, on and off responses overlap, 
impeding separate recruitment o f excitation and inhibition. To learn about the role 
of inhibition in the complex receptive field, we recorded from inhibitory neurons 
and compared their responses to those o f excitatory cells. The approach was to 
record intracellularly with dye-filled pipettes from area 17 in vivo while presenting 
flashed light and dark squares (Jones & Palmer, 1987, J  Neurophys 58:1187) or 
moving bars. Inhibitory cells were distinguished by their brief spikes, their 
smooth rather than spiny dendrites, and their compact, local axonal arbors.

Complex cells fall into two groups, based on their station in the cortical circuit: 
first order cells receive substantial direct input from the thalamus and second order 
cells do not. We recently reported that first order cells have a signature synaptic 
physiology such that their responses reliably capture the pattern o f thalamic input. 
The behavior of second order cells is far more varied (Hirsch et al., 1997 Soc 
Neurosci Abstr 23: 1668). This divide in response quality holds for smooth cells 
too. Thus, the receptive fields o f first order complex smooth cells (n=3) mirror 
those o f thalamorecipient, complex spiny cells. Likewise, the range o f response 
patterns seen in second order smooth cells (n=6) reflects that o f other cells at the 
same cortical stage. We are currently determining whether or not orientation 
tuning in the spiny and smooth cell populations is matched as well. (Supported by 
NIH grants EY09593 and EYO5253, the Klingenstein Fund and the HFSPO).

305.4
FU N C T IO N A L  O R G A N IZ A T IO N  O F T H E  CO R T EX : SPA T IA L  
FR E Q U E N C Y  M A PS A N D  O R IE N T A T IO N  M A PS IN  TH E  
M A M M A L IA N  PR IM A R Y  V ISU A L  C O R T EX  Prashanth. Ak. R.
E v e r so n . D. O rbach. B . K night. M . G abbav. L .Sirovich and E. K aplan*.
M t. Sinai School o f M edicine o f C U NY , NY , NY , 10029  

The visual cortex analyzes stimulus modalities such as position, orientation, 
spatial frequency (SF), etc. The organization of the neuronal populations that respond 
to a given modality is of considerable interest, as is its relationship to the organization 
of other response modalities and to structural features of the visual cortex such as 
cytochrome oxidase blobs and ocular dominance columns 

We imaged intrinsic optical signals from the striate cortex of anaesthetized and 
paralyzed macaque monkeys and cats while the animals viewed drifting sinusoidal 
gratings of various spatial frequencies at several orientations and fixed temporal 
frequency. We used extensions of principal component analysis (PCA) to generate 
activity maps of regions that responded to various SFs, various orientations and 
ocularity. The activity maps were analyzed again with PCA to establish the most 
fundamental representation of the activity maps. As we have reported recently (Ak et al 
NS abstr ‘97, Everson et al, PNAS *98,), in the cat visual cortex the activity maps are 
well approximated by linear combinations of two fundamental maps (basis functions), a 
pair for orientation responses and a different pair for SF. The basis functions in each 
pair are 90 deg. out of phase as SF (or orientation) varies. This result is inconsistent 
with the proposed ’two stream’ (or one basis picture) model of SF selectivity of the 
primary visual cortex (Hubener et al., '97,)

Preliminary results show similar features in the macaque cortex. Our analysis reveals 
pinwheel-like structures with a smooth and continuous representation of optimal SF 
responses across the cortex. We are examining the relationship of the SF pinwheels 
with other organizational features of the cortex

Supported by: E Y 11276. MH50166, EY 01867, RPB, ONR N0014-93-I2079..

305.6
RESPONSES OF NEURONS IN V I OF ALERT MONKEYS TO STIM ULI 
TH AT IM PAIR ORIENTATION DISCRIM INATION IN MAN. W. Li1*. P. 
Thier2 and C. Wehrhahn1. ‘Max-Planck-Institut für biologische Kybernetik, 
Spemannstr. 38, 72076 Tuebingen, Germany; 2Neurologische Universitätsklinik, 
Sektion für Visuelle Sensomotorik, Hoppe-Seyler-Str. 3, 72076 Tübingen, Germany.

Responses of VI neurons to stimuli confined within the classical receptive field 
(CRF) are affected by contextual stimuli. These effects have been interpreted as the 
possible neural basis of various perceptual phenomena. In a previous psychophysical 
study (Wehrhahn, Li and Westheimer, Perception 25:1053, 1996) we found that 
human orientation discrimination of a line is impaired to a different extent by 
presenting masks of various configurations, and the data indicate that masking effects 
could be the result of interactions between cells in VI. We tested this possibility by 
recording from single- and multi-units in VI of awake fixating rhesus monkeys, while 
presenting stimuli consisting of a center line and different types of surrounding masks 
made up of elements of constant overall length (straight lines, semicircles, circles or 
dots). For about 80% of the units, the responses to a line centered on CRF were 
suppressed at all orientations by a mask composed of randomly oriented lines. In all 
further experiments the target line of the same length as CRF was presented at optimal 
orientation. A mask made of randomly oriented straight lines tended to give the 
strongest suppression compared with masks made of random semicircles, circles or 
dots. In about 50% of the units a weak initial suppression induced by a random dot 
mask was followed by a substantial increase of the firing rate relative to that observed 
without mask. When masks were made of random lines, suppression increased with 
increasing masking area. We also tested masks composed of lines that were either 
parallel or orthogonal to the optimal center line within the CRF. In both cases the 
masks suppressed the responses elicited by the optimal line, with the parallel mask 
having a significantly stronger effect. These results are compared with our 
psychophysical findings (see companion abstract Wehrhahn and Li., this Volume). 
Supported by DFG (SPP Physiologie und Theorie neuraler Netze)·
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305.7
ORIENTATION-SPECIFIC ADAPTATION EFFECTS IN CAT 
PRIMARY VISUAL CORTEX. V. Dгagoi*, J. Sharma, and M. Sur. Dept, 
of Brain and Cogn:tiv< Sciences, MIT, Cambridge, MA 02139.

Prolonged adaptation to tilted lines produces striking aftereffects re
sulting in the distortion of the perceived orientation of vertical lines in a 
direction away from the adapting orientation (tilt aftereffect -  TAE). To 
investigate the effect of adaptation on orientation tuning we recorded from 
42 neurons in primary visual cortex (VI) of anaesthetised adult cats us
ing multiple electrodes. We measured the response of each neuron to 16 
drifting high-contπsi square-wave gratings, that differed in orientation and 
direction of movernзr；t, during 3 conditions: (1) before adaptation; (2) after 
2 mins of adaptation to gratings of fixed orientation; (3) after 10 mins of 
recovery from adajtaUon. To maintain the adaptation, during condition 2 
each stimulus was ^receded by a 5-s topping-up presentation of the adapt
ing grating. Consistent with psychophysical results showing maximum TAE 
for orientation đifftπnces between 10° and 30° (adapting minus test stimu
lus orientation), we fэunđ that when the difference (D) between each cell’s 
preferred orientation arid that of the adapting stimulus was 22.5°, 100% of 
cortical neurons (7/7) shifted their preferred orientation in a direction away 
from the adapting orientation; when D  =  45°, 63.3% of cells (7/11) showed 
similar repulsive shifts in orientation preference; when D  =  60°—90°, 8.33% 
of cells (2/24) showed tome form of shift (1 attractive and 1 repulsive). The 
maximum magnitude of the shift was about 22.5°, and both simple and com
plex cells showed the aftereffect. Most of the cells investigated showed full 
recovery from adaptation. The shift aftereffect was also time-dependent: 
short (10s) adapting gratings did not induce any effect. We also investi
gated the tuning width after adaptation. In general, when the adapting 
orientation and tin cell’s preferred orientation were orthogonal ( D  = 90°) 
the orientation tunirg broadened, but as D decreased the postadaptation 
tuning width rema ned unchanged. Supported by EY07023

305.9
PARALLELS BETWEEN PSYCHOPHYSICAL AND NEURONAL 
MODELS OF ORIENTATION TUNING J. Braun*, D.K. Lee, L. Itti,
C. Koch. Dept. CNS, Caltech, Pasadena, CA 91125.

The origin of orientation selectivity in primary visual cortex remains 
controversial. A plurality of evidence suggests that three factors are 
important: weak orientation bias from LGN input, recurrent excitation 
from nearby orientation columns, and recurrent inhibition from some
what more distant columns (e.g. Sompolinsky, Shapley, 1997, C гir O p  
N e u ro b io l 7: 514-22). We find that psychophysical orientation tuning 
arises in a very similar way and can be modeled by weakly tuned lin
ear filters, excitation between filters of similar tuning, and inhibition 
between filters of a somewhat wider range of tuning. We characterize 
psychophysical orientation sensitivity by measuring human thresholds 
for discriminating contrast or orientation of Gabor patterns. To assess 
interactions between filters, we measure thresholds in the presence and 
absence of superimposed patterns of different orientation. To assess 
top-down effects, we measure thresholds in the presence and absence 
of visual attention. (Attention is manipulated with a demanding con
current task). All results are explained quantitatively by a population 
of linear filters (FWHM ≈6O°), excitatory interactions within ≈ ±15°, 
and inhibitory interactions within ≈ ±30°. Three conclusions emerge: 
(i) Recurrent excitation/inhibition sharpens orientation timing (to ≈4O° 
FWHM), increases contrast gain (by ≈8O%), and renders tuning inde
pendent of contrast. The functional principle appears to be co m ,p e ti
tio n  between filters, (ii) The effect of attention (at this level) is sim
ply to strengthen competition between filters, (iii) To the extent that 
psychophysical thresholds reflect neuronal selectivity, the present model 
makes detailed quantitative predictions as to how neuronal orientation 
selectivity depends on a wide range of factors, including superimposed 
patterns of different orientation and visual attention. (NIMH Grant 
MH56484-01, NSF Engineering Research Center at Caltech.)

305.8
C o r tic a l  D y n a m ic s  a n d  t h e  L a m in a r  O r g a n iz a t io n  o f  O r ie n t a t io n  
T u n in g  in  M a c a q u e  V I .  D . L. Ringach*, M. J. Hawken, and R. Shapley. Cen
ter for Neural Science, New York University, New York, NY 10003.

The dynamical and steady-state responses of cells to oriented grating pat
terns were studied in the different layers of monkey primary visual cortex (area 
VI). Steady-state orientation tuning curves were obtained using drifting sinusoidal 
grating stimuli. The dynamics of orientation tuning were measured by reverse cor
relation in the orientation domain. It is found that: (a) nearly all the cells in layer 
4C ß  and the bottom third of layer 2 + 3 are broadly tuned; moderately tuned 
cells are found in layer 4ơα, 4A, 4B, and layer 5; the sharpest tuned cells in VI 
are found in layer 6, and the middle of layer 2+3. (b) The dynamics of orien
tation tuning depends on laminar location. As orientation tuning evolves with 
time, some cells exhibit a local minimum of their orientation tuning profile at an 
angle lying between their preferred orientation and the orientation orthogonal to 
it; we call this effect flank suppression . Neurons with flank suppression are only 
found outside layer 4C. (c) Cells that exhibit flank suppression tend to have small 
orientation tuning bandwidths. (d) Flank suppression results from a dynamical 
response that appears to have two components: an oriented excitatory compo
nent followed by a delayed suppressive component that is also tuned and has a 
similar preferred orientation but broader orientation tuning, (e) The suppressive 
component is spatial-phase invariant, suggesting it originates from complex cells, 
a population of simple cells with incongruent spatial-phases, or both. Therefore, 
the phenomenon of flank suppression is difficult to reconcile with a model that 
solely invokes summation of spatially aligned LGN receptive fields.

Supported by NSF-IBN-9720305, NIH-EY01472 and NIH-EY08300

305.10
RELATIONSHIP OF FEEDBACK CONNECTIONS FROM AREA V2 TO 
ORIENTATION DOMAINS IN AREA VI OF THE PRIMATE. A. Shmuel, M. 
Korman, M. Hard, A. Grinvald* and R. Malach. Dept, o f Neurobiology, The 
Weizmann Inst, o f Science, Rehovot 76100, Israel.

Feedback connections are a ubiquitous feature o f cortical organization, yet little is 
known about their functional organization. The aim o f the current study was to 
characterize the organization o f feedback connections from area V2 to VI and the 
relationship o f these connections to orientation domains. Functional maps for 
orientation were obtained from owl (Aoutus) monkeys using optical imaging of 
intrinsic signals. The border between the areas was identified while imaging. 
Subsequently, injections of Biotinylated dextran-amine (BDA) were targeted to 
pre-selected orientation domains in V2. Alternate tangential sections of the flattened 
cortex were stained for BDA and Cytochrome Oxidase. The histochemical patterns 
were digitized and superimposed on the functional maps using the superficial 
vasculature.

Axon terminals of connections from V2 to VI were found both in the 
supra-granular and the infra-granular layers. Feedback axons in supra-granular 
layers formed a fine network in which a set of patches could be discerned. These 
patches were both fuzzier and smaller than the patches o f intrinsic horizontal 
connections in V2 (mean patch area O.O62±O.OOЗ mm2, n=96, in V2; vs.
O.O32±O.OOЗ mm2, n=4l, in VI supra-granular layers). The patches of feedback 
connections in the supra-granular layers overlapped a wide range of orientation 
domains, but tended to preferentially target domains having orientation preference 
similar to that found at the injection site. We conclude that a non-random 
relationship exists between the orientation maps o f VI and V2 and the 
corresponding feedback connections.

Supported by grants from Minerva, Gif, The Wolfson Foundation and Ms. Enoch.

305.11 305.12
C o l o r  a n d  L u m in a n c e  In t e r a c t io n s  in  M a c a q u e  VI. E.N. Johnson, 
M.J. Hawken Ǻ¿ R. Shapley*. Center for Neural Science, New York University, 
New York, NY 10003.

We are investigating linear and non-linear interactions between chromatic and 
luminance stimuli in macaque primary visual cortex (VI) by recording extracellu
lar visual responses of single neurons in anaesthetized, paralyzed macaque mon
keys (M. fascicularis). We measured response as a function of contrast for lumi
nance (black/white) sine wave gratings in the presence of equiluminant (red/gгeen) 
sine wave pedestals, and contrast response functions for equiluminant gratings 
in the presence of luminance pedestals. Luminance and equiluminant gratings 
were matched in size, orientation, spatial frequency, temporal frequency, and di
rection of drift. About 42% of the total population (N = 76) either summed 
the luminance-and-color-evoked signals linearly, or had no response to one of the 
stimuli and showed no non-linear effect of superposition. Of the neurons that 
showed non-linear interactions between luminance and color stimuli (44/76), 75% 
showed suppression, while in the remaining 25% there was enhancement. Nearly 
70% of the total population responded preferentially to luminance, and approxi
mately half of these cells showed non-linear interactions between luminance and 
equiluminant stimuli. A small number of neurons (about 7% of our sample) re
sponded preferentially to chromatic stimuli, responding robustly to equiluminant 
gratings, and weakly or not at all to black/white luminance gratings. Of these, 
almost all showed non-linear interactions between luminance and color. Almost all 
the neurons that responded robustly to both luminance and equiluminant stim
uli (about 24% of our sample) showed non-linear interactions between luminance 
and color. These neurophysiological results suggest that neural signals evoked by 
color and luminance stimuli interact in a non-linear manner in VI cortex during 
suprathreshold visual perception.
Supported by NIH-EY01472.

DEMONSTRATION OF CH RO M A TIC OPPONENCY IN THE MACAQUE 
STRIATE CORTEX. J .J . Kulikowski1*. T.R. V idvasagar2. B. D reher3 and 
A.G. Robson1 'Visual Sciences Lab. U.M I.S.T., M anchester UK,  ̂Australian 
N ational University and ⅜ydney University, Australia.

M any cells in prim ate striate visual cortex, V I, have chrom atic-opponent 
inputs. However, chromatic-opponency of extracellularly recorded single units 
is not easy to show when “ background” activity is 
absent, since antagonistic ("negative") responses 
cannot be seen. We propose a test for linear 
chrom atic-opponency using chrom atic-isolum inant 
slowly moving bars. Unlike bars moving at optimal 
velocities (evoking maximal responses), bars 
moving at suboptimal velocities elicit responses 
which reflect spatial differentials of the receptive 
field profiles. Fίg.l shows peristim ulus response 
histogram s of a concentric cell (green on-centre) to 
moving red and green bars at 2 velocities: 2º/s 
(optimal) and O.25º/s (suboptimal). At the optim al 
velocity the response to a red b a r is negative 
(noticeable only due to m easurable background 
activity in this cell). By contrast, for slowly moving 
bars the responses to both bars are  differentiated, 
revealing the positive component of antagonistic 
responses. Clearly, this approach allows us to detect 
chrom atic opponency even in cells w ithout 
background activity. The power of this approach in 
revealing chrom atic opponency will be com pared to 
th at of the chromatic-specific local and scalp Visual 
Evoked Potentials. Supported by The Royal 
Society, UK and the NH&M RC of Australia.
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306.1

WITHDRAWN

306.2
PROTEIN MONO-ADP-RIBOSYLATION AS A PHARMACOLOGICAL 
TARGET OF EXPERIMENTAL DIABETIC NEUROPATHY. A.M. P i Giulio*. 
E. Lesma. and A. Gorío. Lab. for Research on the Pharmacology of 
Neurodegenerative Disorders, Dept. Medical Pharmacology, Via Vanvitelli 32, 
20129 Milano, Italy

We have recently shown that in dorsal root ganglia, superior cervical ganglion 
and retina of diabetic rats there is an excessive mono-ADP-ribosylation of selected 
proteins. Treatment of diabetic animals with silybin an inhibitor of protein mono- 
ADP-ribosylation counteracted the excessive protein modification and prevented 
the typical drop in substance P axonal ưanspoгt. By using bi-dimensional gel 
elecffophoresis we observed that the inhibition of excessive protein mono-ADP- 
ribosylation in diabetic animals prevented the pathological increase of the level of 
some specific proteins in the liver. Cytoskeleton beta tubulin 1 and tropomyosin 
cellular levels were increased by 30% in diabetic rats, such protein accumulation 
was unaffected by insulin treatment, in spite of the normoglycemic effect, but fully 
prevented by silybin. A similar phenomenon was also observed with heat shock 
protein 60 (HSP6O), such accumulation is prevented by silybin and not by insulin 
suggesting a significant improvement o f general cellular functions in diabetic rats. 
On the other hand, proteins involved in signal ưansduction such as Gi and protein 
kinase C inhibitor 1 are normalized by both insulin and silybin. A novel inhibitor 
(XK1) of protein-mono-ADP-ribosylation developed in our lab in addition to the 
above effects fully prevents the decay in peripheral nerve conduction velocity and 
appears a good candidate as leading compound for the development of new agents 
active upon diabetic peripheral neuropathy.
The project was funded by AIM

306.3
A N TI-N O -C Y STEIN E A N TIBO D IES A R E PRED ICTIV E 
M A R K ER S FO R SY M PTO M ES IN EAE
K .G P etry 1, J.J. R odriguez2, W. M ayo2, M.F. M ontaron2*, N. A brous2 
M. LeM oal2, A .ĭ. B o u llem e1. ĩnstitu t François M agendie, INSERM  
‘Ư394 et ⅛ > 5 9 , 1 rue C am ille  Saint Saëns, F -33077 Bordeaux, France 
A m ajor obstacle in preventive treatm ent o f  m ultip le sclerosis (M S) is 
the lack o f  a predictive diagnostic tool for aggravating relapses. Sera o f  
all clinical M S form s, in particu lar o f  chronic progressive and acute 
relapsing form s, contain high levels o f  an ti-S-nitroso-cysteine 
an tibodies (anti-N O -cysteine abs) representing  an indirect indicator for 
sustained N O  release w hich results in nitrosation  o f  cysteine residues 
and generates im m unogenic m yelin  proteins.
We have tested the hypothesis w hether an ti-N O -cysteine abs constitute 
a biological predictive m arker for the clinical outcom e o f  M S in the 
anim al m odel o f  experim ental au to-im m une encephalom yelitis (EAE). 
In the EAE Lewis rat an ti-N O -cysteine abs were identified as early 
specific m arker for the inflam m atory process o f  dem yelination and 
related functional disability. This predictive d iagnostic tool for late 
outcom e o f  clinical sym ptom s w as evaluated by correlating the anti- 
N O -cysteine abs response w ith the loss o f  hind lim b m uscular strength 
and the loss o f  cerebellar m yelin. In EAE, the anti-N O -cysteine abs 
response which was already present at day 6 allow s m ore than 95%  
prediction for the 8 to 10 days later appearing  physiopathological 
sym ptom es. For the first tim e, a biological param eter is proposed as 
predictive o f  neurological outcom e in this anim al m odel o f  MS.

306.4
BRAIN BANKING IN MULTIPLE SCLEROSIS COM BINED WITH MAGNETIC  
RESONANCE IMAGING (MRI). R. Ravid1*, D.F. Swaab1, W. Kamphorsť. P. van 
deг Valk2, Ch. Polman3, Ph. Scheltens3, F. B aгkhof, G.J. Lycklam a à N iįeholť, 
J.H.T.M· van W aesberghe4 and M .A.A. van W alderveen4 
'Netherlands Brain Bank; 2Pathologıcal Institute, Free University; 3Dept. o f  
Neurology, Free University Hospital; 4MR centre for MS research, Free University 
Hospital. Netherlands Brain Bank, Amsterdam, 1105 AZ, The Netherlands.

The Multiple Sclerosis (M S) Brain Bank operates in Amsterdam since 1990 and 
provides specim ens for research on MS obtained via a rapid autopsy programme. 
Samples include fresh frozen as w ell as fixed brain, spinal cord and cerebro
spinal fluid (CSF) specim ens for a variety o f  studies which apply morphological, 
im m unocytochem ical, neurochemical, in situ hybridization, PCR and sequence 
analysis, tissue culture and many other m odem  neurobiological techniques.
Prior to performing the autopsy the brains undergo an MRI scan in a plane similar 
to the one used for dissection to facilitate lesion detection. Using T1 and T2- 
weighted spin echo (SE) for MRI on unfixed brains detected many lesions.
The hypointense lesions were lustopathologically correlated with severe tissue 
destruction including axonal loss. The anatomical location, appearance, texture and 
size o f  the lesion were exam ined m acroscopically during dissection and 
m icroscopically on fixed sections and than compared with the lesions on the MRI 
scan.

In the past 7 years our brain bank has supplied specim ens from 655 clinically  
and neuropathologically w ell documented cases: MS (88), control subjects (285) 
and disease controls (282) for 50 research projects world wide. B y com bining the 
clinical data with the neuropathological diagnosis, the post-mortem MRI scans, 
previous CT and MRI scans obtained from the patient’s neurologist and the CSF 
analysis, we are able to supply w ell documented specim ens for research on MS.
The MS-brain bank is supported by the Foundation for the Support o f  MS Research.

306.5
N E U R O P R O T E C T IV E  E F F E C T S  O F  C R E A T IN E  IN  A  T R A N S G E N IC  
A N IM A L  M O D E L  O F  A L S . M . F lin t B e a l*1 . R o b e rt J . F e r ra ∩ te 2 . R u s s e ll T . 

M a tth e w s 1 . M ik h a il B . B o g d a n o v 1 . A u tu m n  K le in 2 . G e ra ld  M u e l le r 1 . 

M a r ie k e  W e r m e r 1 . R im a  K a d d u r a h - D a o u k 3 . a n d  P e te r  K l iv e n y i1 . 

1 N e u ro lo g y  S e rv ic e , M a s s a c h u s e tts  G e n e ra l H o s p ita l,  B o s to n , M A  0 2 1 1 4 , 

2 G e r ia t r ic  R e s e a rc h  E d u c a t io n  C lin ic a l C e n te r ,  V A  M e d ic a l C e n te r ,  
B e d fo rd , M A  0 2 1 7 3  a n d  3 A v ic e n a  G ro u p , C a m b rid g e , M A  0 2 1 3 9 .

M ito c h o n d r ia l d y s fu n c t io n  a n d  o x id a t iv e  d a m a g e  m a y  p la y  a  ro le  in th e  
p a th o g e n e s is  o f a m y o tro p h ic  la te ra l s c le ro s is . M ito c h o n d r ia l v a c u o liz a tio n  
o c c u rs  in  t r a n s g e n ic  m ic e  w ith  a  h u m a n  G 9 3 A  c o p p e r /z in c  s u p e ro x id e  
d is m u ta s e  (S O D 1  m u ta tio n  lin k e d  to  a m y o tro p h ic  la te ra l s c le ro s is  (A L S ). 
C re a t in e  a d m in is tra t io n  h a s  b e e n  s h o w n  to  s ta b il iz e  th e  m ito c h o n d r ia l 
tra n s it io n  p o re  a n d  to  im p ro v e  c e llu la r  b io e n e rg e tic s . O ra l a d m in is tra t io n  
o f c re a tin e  d o s e -d e p e n d e n t ly  im p ro v e d  m o to r  p e r fo rm a n c e  a n d  e x te n d e d  
s u rv iv a l in th e  G 9 3 A  tra n s g e n ic  A L S  m ic e . W e  e x a m in e d  th e  e ffe c ts  o f 1%  
c re a t in e  a d m in is tra t io n  o n  p re s e rv a t io n  o f m o to r  n e u ro n s  a t 1 2 0  d a y s  o f 
a g e  a s  c o m p a re d  to  lit te rm a te  c o n tro l m ice . A t 1 20  d a y s  o f a g e  th e re  w a s  
a  5 0 %  lo s s  o f m o to r  n e u ro n s  w h ic h  w a s  c o m p le te ly  p ro te c te d  b y  o ra l 
a d m in is tra t io n  o f c re a tin e . E x a m in a t io n  o f th e  s u b s ta n t ia  n ig ra  s h o w e d  
a p p ro x im a te ly  a  2 S %  lo s s  o f ty ro s in e  h y d ro x y la s e  n e u ro n s  in  th e  G 9 3 A  
m ic e . O ra l a d m in is t ra t io n  o f c re a t in e  p ro te c te d  a g a in s t  th e  lo s s  o f 
s u b s ta n tia  n ig ra  n e u ro n s . O ra l a d m in is tra t io n  o f c re a tin e  p ro te c te d  a g a in s t 
in c re a s e s  in  s p in a l c o rd  c o n c e n tra t io n s  o f 3 -n it r o ty ro s in e .  C re a t in e  
a d m in is t ra t io n  a ls o  p ro te c te d  a g a in s t  3 - n it r o p r o p io n ic  a c id  in d u c e d  
i n c r e a s e s  in  th e  c o n v e r s io n  o f 4 - h y d r o x y b e n z o ìc  a c id  to  3 ,4 -  
d ih y d ro x y b e n z o ic  a c id  in  th e  t r a n s g e n ic  A L S  m ic e . T h e s e  s tu d ie s  
d e m o n s tra te  th a t  o ra l a d m in is t r a t io n  o f  c r e a t in e  e x e r ts  s ig n i f ic a n t  
n e u ro p ro te c tiv e  e ffe c ts  in a  t ra n s g e n ic  a n im a l m o d e l o f A L S , a n d  s u g g e s t 
th a t c re a tin e  a d m in is tra t io n  m a y  be  a  n o v e l th e ra p e u t ic  s tra te g y  fo r  A L S .

306.6
INCREASED CSF N 0 2/N 0 3̂ LEVELS IN AMYOTROPHIC LATERAL SCLEROSIS 
(ALS). S. Poαun'1 , D. Taskiran1, A. Saqduvu2, N. Yuceyar2 and F.Z Kutav3. Ege Un. 
School of Med., Depts. Of Physiol.1, Neurol.2 and BiochemΛ Izmir, Turkey

Abnormal glutamate (glu) metabolism is implied in the pathogenesis of ALS and 
CSF glu levels appear to be elevated. Synaptic actions of glu are mainly terminated 
by reuptake, therefore inefficient transport can lead to increased glu and 
subsequently to neurotoxicity. Since nitric oxide(NO) inhibits glu transport, excessive 
amounts of NO could underlie the glu induced neurotoxicity in ALS. Stable 
metabolites of NO (N 0 2+N〇з) were determined in serum and CSF of sporadic ALS 
patients (ЗM, ЗF; mean age 48.5 + H.9)and in patients diagnosed with pseudotumor 
cerebri devoid of any neuropathology (controls; ЗM, 6F; mean age 48.6 + 19.7). 
Multifactorial ANOVA with disease (ALS, control), sex (male, female) and medium 
(CSF, serum) as factors and total N 0 2+N 03 levels as the dependent variable, showed 
interactions between disease and 
sex (Fı,ıs=9.35, p<0.006), medium 
and sex (F i ,-і5=7.83, p<0.010) and 
significant main effects of disease 
(Fı,15=7.69, p<0.011), sex
(Fı 15=8.06, p<O 010) and medium 
(Fı 15=4.62, p<0.043). As depicted in 
the figure, the N 0 2+N 03 levels were 
higher in ALS, in males and in serum 
samples compared to controls, 
females and CSF, respectively. In 
addition, the elevation in N 0 2+N 03 
levels in ALS was higher in females 
than males and furthermore, while the difference between serum and CSF N 0 2+N 03 
levels was significant in males (higher in serum) no such difference was observed in 
females. Taken together, our results suggest that NO may be involved in the 
pathogenesis of ALS directly or indirectly and in a sexually dimorphic manner.

Supported by grant SBAG-U/15-1 from TUBITAK.

Total nitrite/nitrate levels
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306.7
ALTERED STABILITY  O F M UTATED C O PPER /ZINC 
SUPERO XIDE DISM UTASES (CuZnSO D) IN AM YO TR O PH IC  
LATERAL SC LER O SIS (ALS)
H.VölkeΓ, M. Selzle. A.C. Ludo lph. Dept, o f Neurology, Univ. Ulm, 
A lbert-E inste¡n-A llee 11, D-89081 Ulm, G erm any.

M utations o f the SOD1 gene, which encodes the enzym e 
CuZnSOD, are associated w ith fam ilia l ALS. The pathogenesis by 
which the m uta tions lead to the loss o f anterior horn cells is 
unknown. It has been reported tha t the toxic action o f m utated 
enzym e is due to changes in the protein s tructure and stability.

W e studied the tim e dependence o f the enzym atic activity o f four 
CuZnSO D variants. M uta tions linked to rapid ly progressive (am ino 
acid substitu tion A4V), classic (G93A) or a benign (D9OA) course o f 
ALS were in troduced into the SOD1 cDN A by site d irected 
m utagenesis. Folding properties o f the recom binantly expressed 
proteins w ere analyzed by gel e lectrophoresis and enzym atic assay. 
The protein w ith the only known recessive m uta tion (D9OA) showed 
an unexpected gel e lectrophore tic m obility indicating a possible 
structural rearrangem ent. There fore  we exam ined the stability o f 
enzym atic activity. Like the w ild type enzym e all m uta tions showed 
maximum enzym atic activity a fte r one day o f refo lding. In contrast to 
the w ild type enzym e the m uta ted varian ts lost 48%  (D9OA) to 71% 
(G93) o f the ir enzym atic activity w ith in the  subsequent three days. 
These data show that a reduced stability o f m utant CuZnSO D m ay 
be the cause o f SOD1 dysfunction in ALS.

306.9
Tau, ß-amyloid џ_42į> neuromodulin and NSE levels in CSF as markers fo r  neuronal 
integrity in children under chemotherapy. H. Vanderstichele'. S.Van Gool2. E. Van 
Kerschaver', A.Van de Voorde*. E.Vanmechelen*'. ΊnnogeneticsNV, Ghent, Belgium; 
2Dept. Pediatrics, University of Leuven, Belgium (fax:32-9-241.09.17)

A number of biochemical markers have recently become available which reflect 
conditions o f the central nervous system (CNS), relating to cell death, axon 
growth/re-induction, inflammation,and blood-brain barrier dysfunction. A biochemical 
index o f neuronal function, which could be used together with anatomical imaging or 
psychological testing, would be o f a great help to improve the clinical diagnostic 
accuracy and therapeutic monitoring of clinical trials.

Neurodegeneration is a feature o f several neurological disorders.The influence of 
chemotherapy on neuronal damage was evaluated in a longitudinal study design with 
leukemia patients (age 2-16 years, non-B acute lymphoblastic leukemia(ALL) n=l2) 
without CNS involvement, treated according to EORTC 58881 protocol. In these 
patients, several samples of cerebrospinal fluid (CSF) were taken as a follow-up of 
the treatment (LDH, white blood cell count,etc.). On the remaining CSF, biochemical 
analyses were performed (tau, neuron specific enolase (NSE), neuromodulin (NM), ß- 
amyloid (1.42)). Tau, neuromodulin, and NSE were used as marker for axonal, growth 
cone or total cell damage; ß-amyloid (1.42) for altered neuromodulation. At baseline, no 
correlation was found between tau levels and white blood cell count or lactate 
dehydrogenase. During induction-chemotherapy for ALL, mean increases o f  3.3-, 2.2-,
2.7-, and 1.5-fold were found for tau, NM, NSE and ß-amyloid (M2), respectively. This 
effect was most likely due to combined use of chemotherapy (methothrexate) and 
glucocorticoids. Evaluation o f CSF data in function of time revealed a strong parallelism 
between these four parameters, which is in striking contrast to available data in 
Alzheimer’s disease, vascular dementia, or stroke.

These findings illustrate that chemotherapy results in neurodegeneration, as reflected 
by changes in CSF markers. The relevance for prediction o f learning disabilities is still 
under investigation.

306.11

IN VITRO NEURONAL ROUTING OF PALMITOYL PROTEIN TFΠOESTERASE 
AND ASPARTYLGLUCOSAMINIDASE: IMPLICATIONS TO TWO
NEURODEGENERATIVE LYOSOMAL STORAGE DISEASES. O. Heinone∩1*. A. 
Kvttälä*. E. Lehm uşl. L. Peltonenk A, Ja lankof 1 Department of Human Molecular 
Genetics, National Public Health Institute, FIN-00300 Helsinki, Finland.

Infantile neuronal ceroid lipofuscinosis (INCL) and aspartylglucosaminuria (AGU) 
are two lysosomal storage diseases that are characterized by the progressive mental 
deterioration and premature death of the patients. INCL is caused by the mutations in 
the gene encoding palmitoyl protein thioesterase (PPT) that removes fatty acid 
palmitate residues from various S-acylated proteins in vitro. Mutations in PPT lead to 
almost total loss of cortical neurons and massive gliosis in affected brain areas. 
Aspartylglucosaminidase (AGA) is required in glycoprotein catabolism in the 
lysosomes and mutations in the AGA gene mainly influence folding and activation of 
the nascent AGA enzyme precursors and result in a failure of the lysosomal transport. 
Unlike INCL, no significant atrophy is detected in the AGU brain. We have used 
replication-defective adenovirus and Semliki Forest virus vectors to monitor the 
synthesis and processing of both PPT and AGA in murine CNS neurons. Also, the 
effects of most common mutations in both enzymes have been studied. The processing 
steps of AGA were found to be similar to the peripheral cells, but both the 
accumulation of ťhe inactive precursor molecule and delayed lysosomal processing of 
the enzyme was detected. AGA was distributed to the cell soma and neuronal 
processes, but was not found in the nerve terminals. Endocytotic capability of neurons 
was comparable to that of peripheral cells and endocytosis was blocked by free 
mannose-6-phosphate. Inưacellulaг processing of PPT was also found to be similar in 
neurons and non-neuronal cells. Interestingly, in neurons PPT was extensively targeted 
to the synapses and colocalized significantly well with a presynaptic marker 
synaptophysin. This data will form an important basis for understanding the normal 
functions of these enzymes as well as the brain-targeted therapy for AGU and INCL.

306.8
INCREASED EXPRESSION O F BAX AND BAD IN A MOUSE 
M ODEL O F FAMILIAL ALS. S. V u kosavic, M . N e y s ta t, V. 
Jackson¯L ew is, G. A im er, N . R om ero and S. P rzed b orsk i* . D ep t. 
N eu ro lo g y , Colum bnia U n iv ersity , N e w  York, N Y  10032.

P rev io u sly , w e  dem onstrated that overexp ression  o f  hum an  
B cl-2  attenuates neurodegeneration in a transgenic m ou se m odel o f  

fam ilial A L S  (S cien ce, 2 7 7 :5 5 9 -5 6 2 , 1997). B c l-2  fam ily  c o n s is ts  o f  
b oth  p ro -a p o p to tic  and a n ti-ap op totic  p rotein s and thus all have b een  

linked to  program m ed cell death. In th is stu d y , w e  a ssessed  the  
exp ression  o f  th e B c l-2  fam ily  m em bers B c l-2 , Bc1-Xl, B ax, and Bad  
in spinal cord from  transgenic m ice expressing m utant hum an  

cop p er/z in c-su p erox id e  d ism utase (m S O D l)  and their nontransgenic  
litterm ates. L ev els  o f  spinal cord m R N A  and protein  w ere an a lyzed  at 
differen t stages. T h e exp ression  o f  p ro -a p o p to tic  bax m R N A  w as  
sign ifican tly  increased at 1 (a sy m p to m a tic ), 3 (early sy m p to m s), and 6 

m on th s (en d  stage); bad m R N A  exp ression  increased at 6  m onth s on ly . 
B ax and B ad protein  exp ression  a lso  increased at 3 and 6  m onths. 
W hile B cl-2  and Bc1-Xl m R N A  lev e ls  w ere unaffected, their protein  
lev e ls  w ere reduced at 3 and 6 m onths. T h is stu d y  dem onstrates that 

increased ex p ressio n s o f  B ax  and B ad parallel neurodegeneration, thus  
su p p ortin g  the role o f  a p o p to s is  in the death o f  m otor neurons in 

m S O D l transgenic m ice.

306.10
T H E M U R IN E m RN A  TR A N SC R IPTS O F TH E X -LINK ED JU V EN ILE 
R E TIN O SC H ISIS G EN E A R E PH O TO REC EPTO R-SPEC IFIC . S.N.M. 
R eiď * ,N .I. P iriev 1, N .B . A khm edov1, M. D anciger1, C.A. Kozak2 and D.B. 
F arber1. 'Jules Stein Eye Institute, U C LA  School o f  M edicine, Los Angeles, 
CA 90095; 2N IA ID , B ethesda, M D 20892.

A  fam ily o f  cell adhesion proteins characterized by a com m on 
F A 58C /discoidin dom ain is know n for its involvem ent w ith several cellular 
processes such as blood coagulation, cell aggregation, cell adhesion, signal 
transduction across m em branes, tight junction  form ation, and neural circuit 
form ation. M em bers o f  this fam ily include discoidins, coagulation factor V 
and VIII, neurotrophic tyrosine-kinase receptor 3, BA 46 antigen, neuropilin, 
neurexin, etc. Som e o f  these proteins are linked to serious illness such as 
hem ophilia, and others are associated w ith various carcinom as and are even 
used as targets in experim ental cancer radioim m unotherapy. Here, we 
describe the cDN A encoding a new  m em ber o f  this fam ily, isolated from  a 
pool o f  photoreceptor-specific cD N A s obtained by substractive hybridization 
o f  norm al and photoreceptorless m ouse retinal cDN As. N orthern blot 
analyses and in situ hybridization data show ed that the protein encoded by 
this identified cD N A  is specifically  expressed by photoreceptors o f  the retina. 
Its m RN A  is abnorm al in retinoblastom a cells and its gene is the m urine 
hom olog o f  the gene associated w ith X -linked juven ile  retinoschisis. This 
is a degenerative retinal disease characterized by M üller cell defects. Our 
findings constitute the first piece o f  evidence show ing that X -linked juvenile  
retinoschisis originates from  abnorm alities in a photoreceptor protein. 
Supported by grants from  N IH  (EYO8285) and The Foundation Fighting 
Blindness.
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307.1
E le v a tio n  o f  m o rp h in e  a b s t in e n c e  in  m ic e  w ith  a m u ta tio n  in  
th e  g en e  e n c o d in g  I 2 -l ip o x y g e n a se
D u xin  S u n 1,2, C o lin  D . Fu n k 1,2 and Julie A . B le n d y 1*
D e p a r tm e n t  o f  P h a r m a c o lo g y 1 a n d  C e n te r  f o r  E x p e r im e n ta l  

T h e r a p e u t ic s 2, U n iv e r s i ty  o f  P e n n s y lv a n ia ,  P h i la d e lp h ia . ,  P A  1 9 1 0 4 -  
6 1 0 0

R ecen t studies have sh ow n that µ -o p io id  receptors in G A B A ergic  
presynaptic term inals are sp ec if ica lly  cou p led  to potassium  
conductance by a phosp h olip ase A 2 , arachidonic acid and 12- 
l ip o x y g en a se  pathw ay (V aughn et.a l., N ature (1 9 9 8 ), 390 , 6 11 .)  
Inhibition o f  the 12 -lip o x y g en a se  pathw ay se lec tiv e ly  blocked  
o p io id  inh ib ition  o f  G A B A erg ic  synaptic currents. T o further 
in vestigate  the role o f  th is pathw ay in op iate action  w e  exam ined  the 
behavioral and b ioch em ica l co n seq u en ces  o f  opiate w ithdrawal in 
m ice  w ith  a gen etic  d isruption o f  the leu k ocyte-typ e  1 2 - 
lip o x y g en a se  g en e (Sun and Funk, JBC (1 9 9 6 ), 2 7 1 , 2 4 0 5 5 ). In these  
m ice , 4 out o f  5 hallm ark features o f  m orphine w ithdraw al w ere  
enhanced  com p ared to litter m ate controls. Prelim inary data su ggests  
that no alterations in the d eve lop m en t o f  tolerance has occurred in 
th ese  m ice  based on  the a ssessm en t o f  ana lgesia  in the hot-p late test. 
H ow ever  b ase lin e  recording o f  an a lgesic  resp onse revealed  a slightly  
elevated  lev e l o f  ana lgesia  in sa line treated m utant m ice. B ioch em ica l 
assays are in progress to determ ine the extent o f  adenyl 
cy c la se /cA M P  alterationsin  th ese m ice.

307.3
D I F F E R E N T  D E P E N D E N C E  I N D U C E D  B Y  C H R O N I C  
D E L T O R P H IN  II A D M IN IS T R A T IO N  IN  W IL D -T Y P E  A N D  
M O R  D E F F IC IE N T  M IC E . R. M a ld o n a d o 1 * . D . H u tch eso n 1. E. 
V alien t1. H. M atthes2 . B. K ieffer2 and B.P. R oq u es1. 1 U 266  INSERM  - 
U R A  D 1 5 0 0  CN RS, Paris, France. 2 UPR 9 0 5 0  C N R S, ES B S, Illkirch, 
Strasbourg, France.

M ice deficient in the mu-opioid-receptor gene (M O R) represent an useful 
m odel to investigate the role o f  mu and delta-opioid receptors in the different 
opioid-mediated responses. M OR deficient m ice showed a complete abolition 
o f  the analgesic e ffects, rewarding properties and physical dependence  
induced by morphine. H owever, the analgesic effects produced by the delta- 
opioid selective agonists, DPDPE and deltoгphin II, were preserved in MOR  
deficient m ice. W e have now  investigated rewarding e ffects and physical 
dependence produced by the repeated administration o f  deltoiphin II in these 
animals. W ild-type and M OR deficient m ice were implanted with a stainless 
steel cannula into the lateral ventricle and, after a w eek  for recovering, the 
rewarding effects induced by deltoгphin II (6 µg/5µl) were investigated using 
the place preference paradigm. After the conditioning phase, w ild-type m ice 
show ed a place preference for the deltoгphin II conditioned compartment. 
Deltoгphin Il-induced conditioned place preference was not observed in MOR  
deficient m ice. In a second experim ent, an A lzet m inipum p (M odel 2001) 
containing a deltoгphin II solution (10  µg/µ l) was subcutaneously implanted 
and connected through plastic tubing to the intraventricular cannula. M ice  
received a chronic perfusion o f  deltoгphin II (10  µg/h) during 6 days, and 
withdrawal was precipitated by n aloxone adm inistration (3 m g/kg, s.c.). 
W ild-type animals show ed a m oderate but sign ificant incidence o f  several 
sign s o f  withdrawal. This m oderate abstinence w as suppressed in M OR  
d efic ien t m ice. T h erefore, m u-op io id  receptors are necessary  for the 
rewarding effects induced by deltoгphin II and for the physical dependence 
produced by chronic administration o f  high doses o f  this compound.

307.5
THE D2 DO PAMINE RECEPTOR (DRD2) GENE AN D  M ETHADONE 
TREATM ENT O UTCOM E OF OPIOID-DEPENDENT PATIENTS.
E .P .N ob le ,1 B .R .L a w fo rd ,2 T .R itc h ie ,1 R .M .Y ouna .2 and X .Z han α1. 
Dept, o f P sych ia try  and B iobehaviora l S ciences, UCLA, Los Angeles, 
CA 9 0 0 2 4 ; Dept, o f P sych ia try , U n ive rs ity  o f Q ueensland, Brisbane, 
A ustra lia .

A  to ta l o f 95  op io id -dependen t pa tie n ts  (D SM -IV  crite ria ), trea ted  
w ith  m ethadone, w e re  fo llo w e d  over a one year period, in an 
o u tp a tie n t se ttin g . The freq uency  o f the  Tаq\ A1 allele o f the DRD2 
gene in these pa tie n ts  w a s 1 9 .5 %  com pared to  5 .4 %  in con tro ls  free  
o f cu rre n t or past a lcoho l/d rug  abuse (P= .002). T w e n ty - tw o  o f these 
pa tie n ts  (Group A) dropped ou t o f the  program  and 73  com p le ted  it. 
O f those  w h o  com p le ted  the  program , 5 4  w e re  considered to  be 
tre a tm e n t successes (Group 2) and 1 9 w e re  tre a tm e n t fa ilu res  (Group 
3), as ascerta ined by am ount o f hero in use, urine te s tin g  and o ther 
crite ria . The freq uency  o f the  A1 a lle le w a s h ighest in G roup 3 
(4 2 .1 % ), fo llo w e d  by G roup 1 (2 2 .7 % ) and w a s lo w e s t in Group 2 
(9 .3 % ). The m ore than  4 -fo ld  h igher fre q u e n cy  o f the  A1 allele in 
G roup 3 com pared to  G roup 2 w a s s ta tis tic a lly  s ig n ifican t 
(P = .0 0 0 0 2 ) . The average use o f hero in (gram s/day) w a s m ore than 
tw ic e  as grea t in pa tie n ts  w h o  had (A 1 +) than  those  w h o  did not have 
(A T ) th e  A1 allele o f the  DRD2 gene (A 1 + = 0 .5 5 1  ± 0 .0 9 7 ,  A ľ  
=  0 .2 4 9  ±  ,0 5 0 ;P = 0 .0 0 1 ) .

The presen t s tu d y  suggests th a t a subgroup o f op io id -dependen t 
patien ts  w h o  failed to  achieve trea tm en t success w ith  m ethadone m ay 
require o the r pha rm aco log ica l in te rve n tio n s . (Supported by the  
S m ithers Foundation .)

307.2
GENE EXPRESSION PROFILE OF M ORPHINE REINFORCEM ENT IN RATS: 
ANALYSIS FROM INDIVIDUAL NA c MEDIUM  SPINY NEURONS  
Scott E. Hembv* and James H. Eberwine. Dept. Pharmacology and Psychiatry, 
University o f Pennsylvania; Philadelphia, PA 19104 

Medium spiny neurons (M SN s) o f the nucleus accumbens (NAc) are an integral 
com ponent in the neural pathways involved in opiate reinforcement. Whereas previous 
studies have demonstrated altered expression o f individual m RNAs as a result o f opiate 
administration, the effects due to opiate reinforcement are likely the result of 
concomitant changes in multiple genes in specific neuronal populations. The present 
study was undertaken to coưelate coordinate changes in the expression o f multiple 
genes from individual NAc M SNs with morphine reinforcement. Male Sprague 
Dawley rats were assigned to one o f three groups (n=5/group) to 1) self-administer 
morphine (3.0 mg/inf) under an FR4 schedule o f reinforcement with 24 hr daily access 
(min 30 days), 2) receive morphine or 3) saline infusions yoked to the infusions o f the 
self-administering rat. Rats were sacrificed 5 min follow ing the last drug infusion and 
the brains were removed. Plasma was removed by heart puncture for analysis of 
morphine and the glucoronide metabolites. Cryostat sections were cut sagitally 
through the N A c. M SNs neurons were im m unohistochem ically labeled with calbindin 
for visualization. Comparisons were made with medium spinŷ neurons from the dorsal 
striatum. Following, cD N A s were synthesized from poly(A )-m R N A s using an oligo- 
dT-T7 RNA primer-promoter and avian m yeoblastis reverse transcriptase. cD NA was 
collected from individual NA c medium spiny neurons by aspiration into patch 
electrodes followed by double-strand cD N A  synthesis. Radiolabelled aRNΛ was 
synthesized using T7 RNA polymerase and used to probe reverse Northern blots. 
Numerous candidate m R NAs (including dopamine and opiate receptors, G-protein 
subunits, endogenous opiates, cAM P pathway constiuents, immediate early genes and 
various transcription factors) are being assessed for differential expression. In addition, 
cD N A  arrays containing >18,000 genes are also being screened. Results will be 
presented in terms o f expression related to morphine reinforcement and to the direct 
effects o f morphine on gene expression in these neuronal populations. Supported by 
NIH N S26473 (JHE) and NIDA D A -05736 (SEH).

307.4
IN T R A C E R E B R O V E N T R IC U L A R  H E R O IN  A N A L G E S IA  IS δ, 
k  or µ  O P IO ID  R E C E P T O R  M E D IA T E D  D E P E N D IN G  O N  
S T R A IN  O F IN B R E D  M IC E . J,M . F u iim o to 1 * . J.J. R a d v ^ m d
G .ΐ. E lm er2 , r e s e a r c h  S erv ice , V eterans A ffa irs M ed ica l Center, 
M ilw a u k ee , W I 5 3 2 9 5 ; ^ B eh av iora l P h a rm a co lo g y  and G en etics  
S ectio n , D IR /N ID A / NTH, B altim ore, M D  2 1 2 2 4

O p io id  recep tor m ed iation  w a s d eterm in ed  from  IC V  heroin  
E D 5 0  va lu es  at 10 m in. in  the tail f lic k  test d ifferen tia lly  a ffected  
by co -a d m in istra tio n  o f  o p io id  recep tor an ta g o n ists , n altrinđole  
(1 0  µ g , δ) and n orb in altorp h im in e, \  B \T  (1 0  µg. ҟ) or 2 4  hour 
treatm ent w ith  ß -fu n a ltrex a m in e , ß -F N Λ  (2 5  ng, µ ). IC V  heroin  
E D 5 0  (95%  C l) in C 5 7 B L /6 J  w a s 1.2 (0 .6 -2 .2 )  µ g . N altrinđole  
sh ifted  the v a lu e  to 5 .5  (3 .1 -1 0 )  µg  (4 .6  fo ld ) w h ile  ß -F N A  and N- 
B N I produced  no shift. N -B N I sh ifted  the E D 5 0  v a lu es  5 and 3.7  
fo ld  in B A L B /c B y J  and A K R /J, r e sp ec tiv e ly . In rem ain in g  three 
str a in s , ß - F N A  p r o d u c e d  s e le c t iv e  s h if t s .  T h u s , h ero in  
a n tin o cicep tio n  w a s m ed iated  in C 5 7 B L /6 J  by δ, in B A L B /cB y J  
and A K R /J  by ƙ and in  D B A /2 J , C B A /J  and  C З H /H eJ  b y µ  
receptors. A n ta g o n ism  o f  IC V  heroin  an a lg esia  in C 57B L /6J , by  
intrathecal (IT) b icu cu llin e  in d icated  in v o lv em en t o f  a d escen d in g  
sy stem  w ith  sp inal G A B A  receptors; in  other strains, antagonism  
by IT  m eth y serg id e  or y o h im b in e  in d ic a te d  sp in a l 5H T  or N E  
in v o lv e m e n t  c o n s is t e n t  w ith  k  or µ r e c e p t o r  a c t iv a t io n  
su p rasp in a lly . O p io id  recep tor  resp o n se  m ed ia tin g  IC V  heroin- 
in d u ced  a n a lg esia  is  g en o ty p e-d ep en d en t. S u p p orted  by N ID A , 
D A 0 0 4 5 1  and V eteran A ffa irs M ed ica l R esearch  Funds.

307.6
DRUGS OF ABUSE: CONDITIONED TASTE AVERSION OR 
REWARD COMPARISON. P.S. Griαson*. P. Lvuboslavskv.
D. Tanase, R. Twining, and C. Freet. Behavioral Science,
Penn State College of Medicine, Hershey, PA 17033.

Intake of a saccharin conditioned stimulus (CS) can be 
suppressed when paired with a known aversive stimulus (LiCI) 
or a known reinforcing stimulus (sucrose). Experiments were 
conducted to determine whether the suppressive effects of 
morphine and cocaine on CS intake were consistent with 
aversive conditioning (conditioned taste aversion) or appetitive 
conditioning (anticipatory contrast). The results showed that, like 
appetitive conditioning, the suppressive effects of morphine, but 
not LiCI, were influenced by the deprivation state of the animal, 
the strain of the animal investigated (¡.e., Lewis vs. Fischer rats), 
and an intact gustatory thalamus. Together these data provide 
evidence in support of the conclusion that the reinforcing, rather 
than the aversive, properties of drugs of abuse are responsible 
for suppressing intake of a gustatory CS following taste-drug 
pairings. *Supported by NIDA grant DA 09815.
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307.7
PCP T R IG G E R S A P O P T O T IC  N E U R O D E G E N E R A T IO N  IN T H E  
D E V E LO PIN G  R A T  C N S. N .B. ₣arber. D .₣ . W ozniak. M.T. Price*. C. 
Ikonomidou. J.W. O lnev. W ashington University, St. Louis, MO and 
Humboldt University, Berlin, Germany.

P h a rm a co lo g ica l b lo ck a d e  o f  N M D A  g lu ta m a te  recep tors during  
synaptogenesis triggers a robust apoptotic n eu rodegenerative reaction in 
the d ev e lo p in g  rat brain (se e  Ik on om id ou  et al., th is m eetin g). V arious  
N M D A  antagonists induce this reaction, in clu d in g  tw o  m ajor drugs o f  
abuse, a lcoh ol (see  O ln ey  et al., th is m eetin g) and p h en cy c lid in e  (PCP, 
angel dust). Our fin d in gs indicate that adm in istering PC P to 7  day o ld  
infant rats by a d o s in g  reg im en  ca lcu la ted  to m aintain  b lo ck a d e  o f  
N M D A  receptors for 6  to  8 c o n se cu tiv e  h ours, tr iggers a w a v e  o f  
apoptotic n eurodegeneration  d e le tin g  large num bers o f  neurons from  
m ajor brain reg io n s, in c lu d in g  the n e o c o r te x , th a lam u s and basal 
ganglia. S in ce the sen sitive  period o f  syn ap togen esis occurs postnatally  
in the rat but prenatally  in the hum an, our fin d in g  that PC P triggers  
n eu ro d eg en era tio n  in the in fan t rat brain m ay h a v e  r e le v a n c e  to  
neurobehavioral d isturban ces a sso c ia ted  w ith intrauterine exp osu re  o f  
the hum an fetus to PC P. Our e v id en ce  supports the interpretation that 
N M D A  recep to r  b lo c k a d e  m a y  b e  la rg e ly  r e sp o n s ib le  fo r  the  
neurobehavioral seq u elae associated  w ith  intrauterine exp osu re to either  
PCP or a lco h o l. W h ile  PC P is not k n o w n  to p rod u ce  su ch  sev ere  
m ental im pairm ent as a lcoh o l can ca u se , this m ay relate to the fact that 
m aternal abuse o f  a lco h o l en ta ils  im b ib in g  m u ltip le  drinks o ver  an 
exten d ed  period o f  hours, w h ereas PC P intake is u su a lly  lim ited  to a 
sin gle  d ose  that m ay not m aintain N M D A  receptor b lock ad e for the full 
duration (6 - 8  hrs) required to trigger a m a ss iv e  n eu rod egen erative  
resp o n se. Supported by AG 11355, D A  05072 , E Y  0 8 0 8 9 ,  S D A C  
D A 0 0 2 9 0  (N B F ) and RSA M H 38894 (JWO).

307.9
CHARACTERIZATION OF THE TIME COURSE FOR DEVELOPMENT 
OF TOLERANCE TO Δ ⅝ TR AH YD ROC AN NAB IN OL . C. E. Bass. B.
R. Martin*. Dept, of Pharmacology and Toxicology, Medical College of 
Virginia of Virginia Commonwealth University; Richmond, VA 23298.

The molecular events underlying the development of tolerance to Δ9- 
tetrahydrocannabinol (Δ9-THC) are poorly understood. Previous studies 
have produced results that were often contradictory, possibly due to 
differences in the regimen by which tolerance was produced. In order to 
determine the importance of drug exposure time in the development of 
tolerance our laboratory has characterized the time course by which 
tolerance develops. Male ICR mice were injected with 10 mg/Kg of Δ9- 
THC twice a day. Twenty four hours after the last injection the mice were 
challenged with Δ9-THC and tested for antinociception and depression of 
spontaneous activity. Dose response curves were generated and ED^ 
values obtained. 0.5 days of injections produced no significant tolerance. 
1.5 days resulted in a 7 fold increase in tolerance to Δ9-THC’s 
antinociceptive effects, however no significant change in hypoactivity was 
observed. 3.5 days of injections resulted in a 12 fold increase in tolerance 
to antinociception and spontaneous activity respectively. After 6.5 days of 
injections, mice treated with Δ9-THC demonstrated a 6 fold and 10 fold 
increase in tolerance to both measures. Recovery was also studied by 
injecting mice for 6.5 days with Δ9-THC and then testing after 3.5 and 6.5 
days of rest. A 10 fold and 4 fold increase in tolerance was observed in 
antinociception with 3.5 and 6.5 days of rest respectively. However, no 
significant tolerance was observed in hypoactivity for either time point. 
Our results indicate that tolerance develops quickly to Δ9-THC. Also, the 
antinociceptive tolerance is slow to recover. These findings raise the 
possiblity that more than one mechanism is responsible for the 
development of tolerance. Supported by NIDA DA03672.

307.11
A N  A N D  A M ID E A N D  C A N N A B IN O ID  A N A L O G S  IN H IB IT  
H IG H  A F F IN IT Y  G L U T A M A T E  N E U R O T R A N S M Γ Π Έ R  
U P T A K E  IN C O R T IC A L  A S T R O C Y T E S .
Am ruthesh C S h iv a ch a ť . Eari F. E llis2 and D o u glas C . 
E ikenburgT * 'D ept, o f  Pharm acological and Pharm aceutical 
S cien ces , C o lleg e  o f  Pharm acy o f  U n iversity  o f  H ou ston , H o u sto n , 
T X  7 7 2 0 4  and 2D ept. o f  P harm acology and T o x ic o lo g y , Virginia  
C om m on w ealth  U n iv . S ch o o l o f  M ed ., R ich m on d , V A  2 3 2 9 8 .

W e have previou sly  sh ow n  that Δ 9-tetrahydrocannabinol and 
the en d ogen ou s cannabinoid anandamide stim ulate arachidonic acid 
release in cortical astrocytes and the cannabinoid receptor antagonist 
S R 1 4 1 7 1 6 A  b lock s this resp on se. S in ce  arachidonic acid 
accum ulation is kn ow n  to inhibit astroglial glutamate 
neurotransm itter uptake, the purpose o f  this study w a s to determ ine 
whether cannabinoids inhibit astrocyte glutam ate uptake. Incubation  
o f  cortical astrocytes w ith  various cannabinoids inhibited the 
sodium -dependent high affinity glutam ate uptake in astrocytes. 
A m ong the fiv e  cannabinoid agon ists w e  tested , H Ư 2 1 0  w as the 
m ost potent inhibitor w h ile  anandam ide w a s the least. A lso  a 
positive correlation w as ob served  betw een  cannabinoid-induced  
arachidonic acid release and inhibition o f  glutam ate uptake in 
astrocytes. Further, addition o f  fatty acid-free b ov in e  serum  
album in b locked cannabinoid-induced inhibition o f  glutamate 
uptake, p o ssib ly  by binding to released arachidonic acid . Thus 
en d ogen ou s and ex o g en o u s cannabinoids m ay produce their cellular 
e ffec ts , in part, by releasing effector m olecu les su ch  as arachidonic 
acid w h ich  m ay m odulate glutam ate neurotran sm ission (su p p o r te d  
b y  D A  -0 8 6 7 7  to  E F E  a n d  ĬN -1 0 5 S  to  A C S ) .

307.8
A C U T E  M A R IJ U A N A  EF FE C T S O N  R C B F  A N D  C O G N IT IO N : A  
PE T  S T U D Y . D .S . O ’L eary* . R. I. B lo c k . M . F lau m . L .L . B o le s  
P o n to . G .L . W a tk in s. & R .D . H ic h w a . M en ta l H ea lth  C lin ica l  
R esearch Center, U n iversity  o f  Iow a, Iow a C ity , IA  5 2 2 4 2  

R C B w as m easured w ith  PET usin g [O -l 5 ]w ater in 5 volunteers who  
w ere occa sio n a l recreational users o f  the drug. T o  our k n o w led g e , w e  
are the first to in v estig a te  the e ffe c ts  o f  sm o k in g  m arijuana on brain 
function  u sin g  PET during perform ance o f  a co g n itiv e  task. Sub jects  
w ere im aged  prior to, and fo llo w in g  sm ok in g  o f  a m arijuana cigarette, 
as th ey  repeated ly  p erform ed an auditory a ttention  task . W e found  
rCBF increases in a num ber o f  brain region s (e .g ., frontal lo b es, lateral 
cereb ellu m ) that sh o w ed  in creased  rC B F in p rev iou s im a g in g  stu dies  
(M ath ew  et al. J  o f  C e r  B l F I & M e t , 1992 , 12 :750; V o lk o w  et al., 
P s y c h  R e s  N e u r o ,  1 9 9 6 , 6 7 :2 9 ) , w h ic h  a s s e s s e d  the e f f e c ts  o f  
m arijuana on subjects during a resting  state. A d d itio n a lly , w e  found  
dram atic rC B F reductions fo llo w in g  m arijuana sm o k in g  in reg ion s o f  
the tem poral lob e  that w e  h ave found to be se n s it iv e  to attentional 
e ffe c ts  during the auditorily-presented  c o g n itiv e  task  (O ’L eary et al., 
F Iu m a n  B r a in  M a p p in g ,  1 9 9 7 , 5 :4 2 2 ). It s e e m s  p o ss ib le  that the 
reduction  o f  task -related  rC B F in tem poral lo b e  c o r tices  m ay be a 
direct n eu rob io log ica l correlate o f  the acute c o g n itiv e  im pairm ent that 
is cau sed  by sm ok in g  marijuana.

307.10
EV ID EN C E FO R  FU N C T IO N A L C A N N A BIN O ID  R E C E P T O R S  ON 
N E U R O E N D O C R IN E  G T 1-7 C E L L S. L .L .M u r p h y * . R .M ic h e ls o n .
M .W .C ollard  and J .Ĩ.H u ggen v ik . D epartm en t o f  P h y s io lo g y , Southern  
Illin ois U n iversity  S ch oo l o f  M ed icin e, Carbondale, III 6 2 9 0 1 .

A cu te  adm inistration o f  Δ ӵ-tetrah yd rocan n ab in ol (T H C ) or sp e c if ic  
can n ab in o id  receptor a g o n ists  ( ie , W IN 5 5 ,2 I2 ;  C P 5 5 9 4 0 ; m ethanan -  
d am id e) p rod u ces a profound in h ib ition  in lu te in iz in g  h orm on e (L H )  
s e c r e t io n , p resu m a b ly  v ia  su p p r e ss io n  o f  g o n a d o tr o p in -r e le a s in g  
h orm on e (G n R H ) re lease . U s in g  the im m o rta lized  G n R H -secretin g  
neuronal G T 1-7  c e ll lin e, w e  ex a m in ed  the e ffe c ts  o f  the can n ab in oid  
receptor agonist W IN 5 5 ,2 I2  (W IN ) and antagonist S R 1 4 1 7 1 6 A  (S R ), on 
G nRH  secretion . G T 1-7  c e lls  w ere grow n to co n flu en cy  in 35  m m  w ells  
in D M E M  (4 .5  g/1 g lu co se ) w ith  10% fetal c a lf  serum  and gen tam icin . 
C ells  w ere w ashed  tw ice  w ith  D M E M  (n o  phenol red or serum ) and then  
incubated w ith  either v eh icle  (D M E M  contain ing 0 .001%  D M S O ) or 10, 
5 0  or 100 µ M  W IN  in the a b sen ce or p resen ce o f  5 0  µM  forskolin  for 2 
hr ( n = l2  w ells /trea tm en t group). B asa l le v e ls  o f  G nR H  after 2 hr 
averaged  9 -1 6  pg/m l m edia; there w as no e ffec t o f  W IN  on basal G nRH  
release. Forskolin  stim ulated  an approxim ate 8 -fo ld  in crease in G nRH  
( 8 8± 6  p g /m l) w h ich  w as reduced in a d ose-related  m anner by the Ю µM  
(4 9 ± 3 p g /m l), 5OµM (4 l± 2 p g /m l)  or ЮOµM (2O±4 p g /m l) d o ses  o f  W IN . 
Forskolin a lso stim ulated an approxim ate 7 -fo ld  increase in cA M P  (basal: 
0 .4  p m o le s /m l vs  stim u la ted : 3 .6  p m o le s /m l m ed ia ) w h ic h  w a s  
sig n ifica n tly  reduced by all d o ses  o f  W IN . Interestingly , the incubation  
o f  G T 1-7  c e lls  w ith  S R  a lon e (1 0 -1 0 0 µ M ) produced  a sig n ifica n t d ose-  
related increase in both cA M P  lev e ls  and G nR H  release. T h ese  results  
su g g e s t  that G T 1 -7  c e lls  co n ta in  ca n n a b in o id  recep tors that, w h en  
activated , inh ib it in creases  in cA M P  and co n seq u en t G nR H  re lea se  
fo llo w in g  G T 1-7  ce ll stim ulation, (supported by N IH  D A 0 5 0 4 2 )
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308.1
D O  A T Y P IC A L  A N T IP S Y C H O T IC S  A G E N T S  IN T E R A C T  W IT H  5 H T 1Д 
R E C E P T O R S  A N D  M O N O A M IN E  U P T A K E  S IT E S  IN  V IV O ?  K .W . P e rry *. 
S . H e m ric k -L e u c k e . D. C . E va n s . W . Z h a n o . B. W a in s c o tt.  D .L . N e lso n . P .A . 
C a rte r. D .T . W o n α . N .A . M o o re  a n d  F .P . B v m a s te r. N e u ro s c ie n c e  
R e s e a rc h , E li L illy  a n d  C o ., In d ia n a p o lis , IN  4 6 2 8 5 -0 5 1 0  

R e c e n t d a ta  s u g g e s t th a t s e v e ra l a ty p ic a l a n tip s y c h o tic  (A A P ) a g e n ts  m a y  
be  a g o n is ts  a t th e  5 H T 1Д re c e p to r  a n d  a ls o  in h ib it  m o n o a m in e  re u p ta k e . 
T h e re fo re , w e  h a v e  in v e s tig a te d  th e  a b il ity  o f A A P  to  a c tiv a te  5 H T ,Д 
re c e p to rs  a n d  b lo c k  m o n o a m in e  re u p ta k e  in v itro  a n d  in v ivo . Z ip ra s id o n e , 
c lo z a p in e  a n d  q u e tia p in e  s t im u la te d  35S -G T P γ S  b in d in g  in c e ll lin e s  
t ra n s fe c te d  w ith  5 H T 1Д re c e p to rs  w h e re a s  o th e r  A A P  te s te d  h a d  litt le  o r no  
e ffe c t. Z ip ra s id o n e  w a s  a  re la t iv e ly  p o te n t a n d  e f f ic a c io u s  5 H T 1Д a g o n is t in 
v itro . In v iv o , th e  5 H T 1Д a g o n is t 8 -O H -D P A T  c a u s e d  b e h a v io ra l e ffe c ts  su c h  
a s  lo w e r lip  re tra c tio n  a n d  f la t b o d y  p o s tu re , b u t th e  A A P  in c lu d in g  
z ip ra s id o n e  d id  n o t p ro d u c e  5 H T tд-lίk e  b e h a v io ra l e ffe c ts . 8 -O H -D P A T  a n d  
c lo z a p in e  in h ib ite d  th e  e x  v iv o  b in d in g  o f 3H -8 -O H -D P A T , b u t th e  o th e r  A A P  
w e re  in e ffe c tiv e , s u g g e s tin g  in v iv o  th e y  d id  n o t a p p re c ia b ly  o c c u p y  5 H T 1Д 
re c e p to rs . F u rth e rm o re , th e  A A P  d id  n o t in h ib it  e x  v iv o  b in d in g  to  th e  5 H T  
tra n s p o rte r. H o w e v e r, a ll th e  A A P  p o te n tly  in h ib ite d  in v iv o  b in d in g  o f 3H- 
s p ip e ro n e  to  5 H T 2Д re c e p to rs  in fro n ta l c o rte x . In n e u ro c h e m ic a l s tu d ie s , th e  
A A P  a lte re d  s tr ia ta l le v e ls  o f th e  d o p a m in e  m e ta b o lite  D O P A C , in d ic a tin g  
b lo c k a d e  o f d o p a m in e  re c e p to rs , b u t d id  n o t d e c re a s e  fro n ta l c o rte x  5 - 
h y d ro x y in d o le a c e tic  a c id  (5 -H IA A ) le v e ls  a s  s e e n  w ith  5 H T 1Д a g o n is ts  a n d  
5 H T  re u p ta k e  in h ib ito rs . T h u s , th e s e  d a ta  d e m o n s tra te  th a t  A A P  in v iv o  
h a v e  litt le  if a n y  e ffe c t on  5 H T 1Д re c e p to rs  o r  5 H T  u p ta k e  a t th e  d o s e s  te s te d  
a n d  fu r th e r  s u g g e s t th a t in te ra c tio n  w ith  5 H T ,Д re c e p to rs  d o e s  n o t p la y  a 
m a jo r  ro le  in th e ir  a n tip s y c h o tic  a c tiv ity .

308.3
NF-kB (p65) AND NGFI-C STIMULATE REPORTER ACTIVITY THAT IS 
CONTROLED BY THE RAT 5-HT1A RECEPTOR PROMOTER. O.C. Meiier*. 
M,F. Dallman and D. Pearce. UCSF, San Francisco, CA 94143-0444

We have cloned 3.6 kb of the rat 5-HT1A receptor 5' flanking region, and have 
started studies on transcriptional regulation of this gene using reporter constructs 
consisting of various lengths of 5-HT1A receptor promoter in a promoterless CAT 
reporter. These were ưansfected into undifferentiated H19-7 cells, a SV4O TAg- 
immortalized cell line from E l 8 rat hippocampus.

Basal activity of reporters under control of 3.6 or 1.6 kb fragments of 5-HT1A 
receptor 5' flanking region was not detectable. Several consensus sites for putative 
positive regulators are present in the most proximal 1.6 kb of the 5' flanking region, 
in particular for AP-1 (e.g at -440 and -1300 bp from transcription start), NGFI-C (- 
625 bp) and NF-kB (-68,-365 bp). These factors are co-expressed with the 5-HT1A 
receptor in vivo, and may thus be biologically relevant regulators of the gene. 
Coưansfection of expression vectors for NGFI-C (and NGFI-A), and the p65 subunit 
of NF-kB lead to significant induction of the CAT reporters under control of 3.6 
(p65) or 1.6 kb (p65 & NGFľs) of the 5-HT1A receptor 5' flanking region. 
Expression of c-fos and c-jun protein (that form AP-1) did not induce reporter 
activity, although a control reporter driven by a consensus AP-1 site was activated. 
A ưuncated reporter that lacked the NGFI-C site could not be stimulated by 
coưansfection of the NGFI-C expression vector, while p65 was still able to induce 
high levels of CAT activity. The most proximal NF-kB site is located -70 bp from 
the ATG, downsưeam of most of the multiple ưanscription inititiation sites that 
were determined by 5'RACE. A reporter that lacks the first 86 bp upsưeam from the 
ATG (and this NF-kB site) was not stimulated by p65.

Thus, both NGFI-C (and -A) and NF-kB/p65 can act as positive regulators of rat 
5-HT1A receptor promoter. These may direct ưanscription in vivo, in view of their 
hippocampal expression in adult rat. We speculate that p65-stimulated ưanscription 
may be a target for the repression of 5-HT1A receptor expression by activated 
corticosteroid receptors that is observed in rat hippocampus in vivo.

308.5

N E U RO BIO LO G Y  OF A N X IETY  IN S E R O T O N IN  ı д  RECEPTO R 

KN OCK O U T M ICE. E. S ib ille1*, C. P arks2 , T, R o b in so n 2 , Z .S a rn y a i3 ,
D. B en jam in^, H. B ak e r^ ,T . S h en k ^  and M. Totl∏
⅛ e p t .  o f  Pharm acology, Cornell University  M edical College, NΎC, NY 
10021; ⅜ o w a rd  H ughes M edical Institute, Dept, o f  M olecu lar Biology, 
P rinceton University; ^L aborato ry  o f N eu ro endocrino logy , R ockefeller 
U niversity; “̂ C enter o f  A lcohol Studies, Rutgers U niversity; -^Cornell 
University  M edical C ollege, Burke M edical R esearch Institute.

The role of brain serotonin (5-H T) has been im plicated in a num ber o f  
physio logical processes and pathological conditions. T hese effects are 
m ediated by m ore than 14 d ifferent 5-H T  receptors. D ue to its putative 
role in anxiety, the 5 -H T lд receptor, located both pre- and 
postsynaptically , has received a lot o f  a ttention.

W e have inactivated the gene encod ing  the 5 - H T j a  recep to r in mice, 
and found that receptor deficient (K O ) m ice show heigh tened  anxiety . 
M utant anim als also show ed increased behavioral and n e u ro en d o crin e  
stress responses. Since pre-synaptic  5 - H T ] a  au to recep to rs negatively 
regulate  5-H T  release and increased  sero tonerg ic  n euro transm ission  
induces anxiety,’ we hypothesize  that the anx iety -like  behav io r o f  
recep to r deficient anim als is due to the loss o f  pre-synap tic  receptors. 
The altered stress response on the o ther hand is m ore consisten t with the 
loss o f postsynaptic receptors. Therefore , 5 -H T j a  recep to r KO m ice 
represent a valuable m odel to study the neurobio logy o f  these d isorders. 
S upported  by N A RSA D  and a predoctoral fellow ship  from  the PҺRM A 
foundation  (E .S .).

308.2
G lucocorticoid and REST-M ediated Repression o f the Human 
5H T1A R eceptor G ene. Sylvie Lem onde, Stephen J.M orris, Karen E. 
Chaundy* and Paul R. Albert. Depts. of Cellular and Molecular Medicine and Medicine 
and Neuroscience Research Institute, University of Ottawa, Ottawa, Canada, K1H-8M5.

We have investigated the promoter/enhancer activities of the human 5HT1A 
receptor gene using a series of luciferase reporter constructs including up to 6Kb of 5’ 
flanking sequence. These constructs were ưansiently ưansfected into various cell lines 
expressing (rat raphe RN46A, mouse septal SN-48) or not (HEK 293) endogenous 
5HT1A receptors. We have identified a proximal ubiquitous 393 bp promoter region 
which correlates with the MAZ binding sites previously shown to be important 
regulators of TATA-less promoters (Parks and Shenk, 19%). In SN-48, a model of 
postsynaptic 5HT1A expressing neurons, dexamethasone preưeatm ent (12Һ, luM) 
suppresses the transcription of the 5HT1A receptor gene by acting at a putative 
glucocorticoid element located between -226 and -138  bp of the initial ATG codon. 
This element differs from previously characterized consensus GRE sequences and may 
thus represent a novel glucocorticoid regulatory element. 8-OH-DPAT preưeatment did 
not mediate any agonist response in SN-48 cells. The promoter region is flanked by a 
repressor located between -1128 and -393 bp of the ATG codon that is most active in 
receptor negative HEK 293 cells. Interestingly, in RN46A, a model of presynaptic 
serotonergic raphe neurons, repressor activity was located at a different site between 
-3438  and-1128 bp upstream  of the ATG codon, suggesting cell-type specific 
regulation of the 5HT1A receptor gene. A consensus RE-1 element located at -1565 to 
-1551 of the initial ATG codon m ediated repression by REST in RN46A cells 
transfected with exogenous REST. Unlike SN-48 cells, the RN46A cells did not 
respond to glucocorticoid pretreatment. We have identified a novel glucocorticoid 
responsive region in the proximal 5’ flanking region of the human 5ҤΓ1A receptor, and 
partial repression of the gene by a consensus RE-1 element located in the upstream 
repressor region of the gene. Supported by MRC Canada .

308.4
IN H IB IT IO N  O F  C G R P  S E C R E T IO N  B Y  5 -H T 1  
A N T IM IG R A IN E  D R U G S . P X , Durham and A.F. R u sso*. 
Dept, o f  P h ysio logy and B iophysics, Univ, o f  Iowa, Iow a City, IA 
5 2 2 4 2 .

W e have begun to elucidate the mechanism by which serotonergic 
antimigraine drugs regulate calcitonin gene-related peptide (CGRP) 
expression in sensory neurons. Serum levels o f  CG RP are elevated 
in all types o f  vascular headache, including migraine. Treatment 
with the antimigraine drug sumatriptan, a selective 5-HT1 receptor 
agonist, caused CGRP levels to return to normal coincident with the 
alleviation o f  headache. T o determine the m echanism by which 
sumatriptan directly inhibits CGRP secretion, w e  have established 
primary cultures o f  trigeminal neurons that express 5-H T l 
receptors. The rate o f  CGRP release was markedly increased by 
depolarization (using KC1), forskolin, phorbol esters, capsaicin, 
and an inflammatory soup (IFS) containing bradylrinin, 5-H T, 
histam ine, and P G E ,. Sumatriptan treatment inhibited the Re
mediated increase in CG RP in a dose and time dependent manner. 
Sumatriptan also w as capable o f  repressing stimulation by IFS. 
Interestingly, w e determined that activation o f  the 5 -H T l receptors 
by sumatriptan is coupled to a sustained increase in intracellular 
calcium levels. W e are currently testing whether the prolonged  
elevation in calcium represses CG RP release by inhibiting 
endocytosis o f  synaptic vesicles. Results from our studies provide 
insight into the regulation o f  CG RP expression by inflammatory 
agents and have defined a novel mechanism by which serotonergic 
antimigraine drugs may regulate the release o f  CG RP and other 
inflammatory neuropeptides from trigeminal neurons.
Supported by N Ш  H D 25969 , AH A 9 6 013860 , and National 
Headache Foundation Award.

308.6
5-H T 2a A N D 5-H T2C A G O N IST  H IG H  A FFIN IT Y  BIN D IN G  
PR ED IC TS EFFICAC Y. C.Egan*. A. DuPre. E, Grinde. K. Herrick- 
Davis. and M, Teitler. Dept, o f  Pharmacology and Neuroscience, 
Albany Medical College, Albany, N Y  12208.

The ternary complex model o f  receptor activation has been the 
accepted model describing the interaction o f  agonists with G-protein 
coupled receptors (GPCRs). This model predicts that upon agonist 
interaction, the GPCR will undergo a conformational change to interact 
with a G-protein (high affinity state o f  the receptor). The ability o f  an 
agonist to elicit this response can be measured through the use o f  
radiolabeled agonists. Recently, several studies have shown that this may 
not be an accurate representation o f  GPCR/agonist interaction, that is, the 
ability o f  an agonist to convert the GPCR to the high affinity state may 
not be related to second messenger system stimulation. To determine if  a 
relationship exists between agonist high affinity binding and efficacy, 
⅜ a g o n is ts  and ⅜ a n ta g o n ists  were used to measure the high and low  
affinity states o f  5 -HT2a and 5-HT2c receptors and 3H-IP production was 
used to measure agonist efficacy. Several classes o f  agonists were used 
in this study; the phenylisopropylamines, tryptamines, ergots, and 
phenylpiperazines. The results presented will show that there is a 
relationship between the receptor affinity ratio (KL/K H) and agonist 
efficacy. Data will be presented to show that compounds such as LSD  
and lisuride, which have low  affinity ratios have low  efficacy, while 
compounds such as the phenylisopropylamines and tryptamines that have 
high affinity ratios are also highly efficacious. These studies suggest that 
receptor affinity ratios are predictive o f  agonist efficacy. Supported •by 
MH5665O (MT) and M H57019 (KHD).
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308.7
INTERACTION BETWEEN CONSERVED ARG IN HELIX 3 (H3) AND GLƯ IN 
HELIX 6 (H6) STABILIZES AN INACTIVE STATE OF THE HUMAN 5-HT2A 
RECEPTOR. S·C.Scalfon. BJ_Ebersole*. S. Dгacheva. J. Ballesteros, and
H. Weinstein. Mount Sinai School o f Medicine, New York, NY 10029.

Experiments on rhodopsin involving Cys crosslinking, spin labeling, and 
engineered Zn binding sites, suggest a proximity between H3 and H6 at the 
cytoplasmic boundaries in the inactive conformation of the receptor. Computational 
modeling of the H3 and H6 interactions in the 5-HT2 receptors suggests that the side 
chains of R3.5O and E6.30 are in close proximity and could form an ionic bond. 
R3.5O is found in H3 o f all rhodopsin-family GPCRs and is known to be essential 
for receptor activation. Different orientations o f R3.5O side chain were recently 
shown to correspond to active and inactive receptor states. Eб.30, located in the distal 
segment o f the third cytoplasmic loop, is conserved in neurotransmitter receptors. 
We hypothesize that an ionic interaction between R3.5O and E6.30 favors the inactive 
conformation of the receptor. To investigate this possibility, E6.30 in the human 
5-HT2A receptor was mutated to D, N, Q and L and transiently expressed in COS1 
cells. Expression levels were determined by [ЗH]ketanserin binding assays. 
Receptor activation was evaluated by measuring the accumulation of [ЗH]inositol 
phosphates (IP). All mutants could be activated by the agonist 5-HT. Relative to 
vector-transfected cells, cells expressing WT receptor showed elevated accumulation of 
IPs in the absence of agonist which could be inhibited by ketanserin and other inverse 
agonists, consistent with constitutive activity (CA) of the WT receptor. Cells 
expressing the N, Q, and L mutants showed lower levels o f expression than those 
expressing WT, but higher levels o f ketanserin-sensitive, agonist-independent 
activity, indicating enhanced CA in these receptors. In contrast, despite 2-fold higher 
expression levels, cells expressing the D mutant showed little or no ketanserin- 
sensitive basal activity. These data demonstrate that receptor activation is enhanced 
when the acidic residue in the 6.30 position is removed and support the hypothesis 
that the ionic interaction between the conserved R3.5O and E6.30, which favors the 
inactive receptor state, is disrupted upon mutation to N, Q, or L. Supported by NIH 
grants DAO9O88, DA 09083, and DA00060.

308.9
IDENTIFICATION OF RESIDUES SPECIFYING 5-HTM VERSUS 5-HT2C 
RECEPTOR SUBTYPE SPECIFICITY. W,K. Kгoeze». E.I. Gelbeг. K. Kristiansen &
B.L. Roth. Departments o f Biochemistry and Psychiatry, Case Western Reserve 
University, School o f Medicine, Cleveland, OH 44106

The rat 5-HT2a and 5-HT2C receptors are members o f the G-protein coupled receptor 
family; as such, they have 7 transmembrane helices, with an extracellular amino 
terminus and an intracellular carboxy terminus. The transmembrane helices are highly 
conserved between these receptors, being approximately 80% identical, and differing at 
only 34 positions. Previous studies have shown that residues conserved in the 
transmembrane helices between the 5-HT2A and 5-HT2C receptors are primarily 
responsible for ligand binding. However, the residues that are responsible for the 
differences in antagonist specificity between the 5-HT2A and 5-HT2C receptors remain 
largely unknown. Studies using chimeric receptors suggested that TM1, 2, 6 and 7 may 
contain residues responsible for these differences. 5-HT2A to 5-HT2C point mutations 
have been made for all 34 positions at which these receptors differ. Of 26 point 
mutations tested to date, only the L123V mutant showed an elevated (more 5-HT2C- 
like) K¿ for the antagonist spiperone, whereas the L123V, M132L, A149P and A346S 
mutants showed elevated K4 values for the antagonist haloperidol. The extracellular 
loops o f the 5-HTM and 5-HT2C receptors also differ significantly; chimeric constructs 
in which the 5-HTг〇 receptor extracellular loops were swapped in to the 5-HTм 
receptor by “sticky-feet mutagenesis” were also tested for differences in antagonist 
binding. It is likely that double or triple mutants may need to be analyzed in order to 
fully understand the differences in antagonist specificity between the 5-HT2A and 5- 
HT2C receptors; such studies are in progress. (Supported by NШ MHO 1366 and 
MH57635).

308 .11

SEGREGATION OF 5-HT2A  AND 5·HTЗ  SEROTONIN 
RECEPTORS IN PRIMATE PREFRONTAL CORTEX.
R.L, Ja⅛afí* and P,S. Goldman-Rakic. Section o f Neurobiology, Yale University 
School of Medicine, New Haven, CT 06510. E-mail：jakab%Ьrucc@ biomed med.yaU.edu 

The roles of 5-HT2A and 5-HTЗ serotonin receptors (5-HT2AR and 5-ҤΓЗR) in 
cognitive processes are in the focus o f clinical and pharmaceutical research, but the 
cortical circuits which provide the framework for their actions are obscure. In order to 
specify the neural circuits mediating serotonergic modulation o f pyramidal cell 
excitability, we identified the neuronal subtypes expressing these receptors in the 
macaque prefrontal cortex using double label immunocytochemical techniques and 
electronmicroscopy. The double label experiments detected the two receptors 
simultaneously, and also each receptor in combination with the intemeuron markers 
GABA, parvalbumin (PA), calbindin D-28k (CB), calretinin (CR) or substance P 
receptor (SPR). Our results demonstrate that the two receptors do not coexist in 
cortical neurons. Pyramidal cells contain 5-HT2ARs (with the strongest label in their 
apical dendrites) but lack 5HTЗRs. Large and medium-size interneurons contain 5- 
HT2ARs, whereas small interneurons express 5-HTЗRs. Morphological, subcełlular, 
and neurochemical characteristics are consistent with the segregation of the 5-HT2AR 
and 5-HTЗR to "perisomatic" and "distal dendritic" inhibitory GABAergic neurons, 
respectively. 5-HT2AR was restricted to PA-positive neurons with large basket cell 
morphology, and other medium-ŧo-large size PA- and CB¯positive multipolar neurons - 
fast-spiking intemeurons known to specialize in "perisomatic” inhibition o f pyramidal 
cells. 5-HT2AR was also expressed in a minor group o f CR-positive intemeurons. 
Conversely, 5¯HTЗR was absent from these cell types and was only expressed in small 
intemeurons, predominantly in SPR- and CB¯positive neurons with neuragliaform cell 
morphologies - late-spiking neurons specialized in "distal dendritic” inhibition. These 
anatomical constraints predict that the distinct serotonin actions are segmented along 
the pyramidal neuron tree; the distal dendritic segment is preferentially receptive to a 
5¯HΊЗR¯mediated indirect inhibition; the proximal apical dendritic segment - to a 5- 
HT2AR-mediated direct facilitation; and the perisomatic region - to a 5-HT2AR- 
mediated indirect inhibition. Supported by : NARSAD, MH44866, EJLB Foundation.

308.8
CONSERVED AROMAΉC RESIDUES IN  TM6 OF G-PROTEIN COUPLED 
RECEPTORS ACT AS A N  ACTIVATION "TOGGLE SW ITCH". Ĩ.A. 
Ballesteros1. B.ĩ. Ebeгsole1. S. Dгacheva*. F. G uam ieriL2. Ş.Ç. Sealfo∏l and

H. W ein stein* 1 M ount Sinai School of M edicine1 NY, NY 10029; Sam off 
Corporation2, Princeton, NJ 08543.

W ith transmembrane segm ent (TM6) of neurotransmitter GPCRs m odeled  
as α-helix, the conserved aromatic residues F6.44, W6.48, F6.51, and F6.52 
cluster on a com m on face of TM6. This structural motif, the "aromatic cluster 
in TM6", w as show n to face the binding site crevice. Spectroscopy studies 
found that rhodopsin activation entails a tilt of W6.48, which w e interpret 
structurally as a rotameric sw itch of the Trp from gauche+ to trans. Our 
analyses of know n protein structures and M onte Carlo sim ulations show  
that the conform ations o f W6.48, F6.44 and Ғ6.52 m ust be interdependent, 
allow ing the aromatic cluster to function as a "toggle switch" that shifts 
from gauche+ to trans upon receptor activation. This hypothesis w as tested  
b y introducing ß -branched residues at positions i-4 or i+4 from  the Trp, 
designed to produce predicted changes in the rotamer configuration of the 
aromatic cluster. A n lie  at i-4 (F6.44I) is expected to induce a clash with  
W6.48 in the (inactive) gauche+ conform ation, thus driving it into the trans 
that corresponds to the active receptor state; F6.44I should be an activating 
mutation. Experimentally, the F6.44I m utant in the 5-HT2A reeeptor show s 
con stitu tive  activ ity  and decreased  affin ity for the inverse agonist  
Ketanserin. A n ∏e at i+4 (F6.52I) should induce a clash w ith  W6.48 in the 
trans (active) conformation, thus driving it into the (inactive) gauche+; the 
F6.52I m utation  sh ou ld  be inactivating . E xp erim entally , the F6.52I 
m utation abolished basal activity and produced increased affin ity for 
Ketanserin. The results support the structural hypothesis. Supported by 
NIH grants DAO9O88, DA09083, 5T32DA07135 and KO5 DA00060.

308.10
T a r g e te d  D is r u p t io n  o f  t h e  δ-H T 2A  R e c e p to r  G e n e  in  T r a n s g e n ic  
M ic e . ⅜LA. Gingrich1*2*. E. SibШe». M. Zhou*. M. Toth3. R. Hen2 
*Dept. o f  D evelopm ental Psychobiology, *Center for Neurobiology and  
Behavior, N ew  York S tate  Psychiatric Institu te  and Columbia University, 
N ew  York, NY 10032, 3D ept. of Pharm acology, Cornell U niv. Med. 
College, N ew  York, NY

In m ice, th e 5-HT 2A receptor plays a role in  the m odulation of 
stress  resp onses, anxious behaviors, and m ed iates the m otor effects and  
discrim inative properties o f hallucinogens. In hum ane, th e 2A receptor is  
an im portant target for psychiatric m edications used  in  th e treatm en t of 
schizophrenia, anxiety, and depression. To further in vestigate  the role of 
the 5-HT 2A receptor in  th ese  functions, w e disrupted th e 2A locus in  
mice by hom ologous recom bination. A  9  kb Eco RI fragm ent o f the m ouse  
2A gene w as iso lated  and m odified to integrate a cassette  conferring 
neom ycin resistan ce. This construct w as electroporated into W 9.δ  
embryonic stem  cells and 288 donee were analyzed . Three clones p o sse ss  
th e desired hom ologous recom bination even t (targeting efficiency of 
~l:Ю 4). One of th ese  clonal lin es w as am plified and  iцjected into  
developing C 57/B6 b lastocysts, yielding four chimeric m ice w ith  90-100%  
representation of the m u tan t cell line. Three o f th ese  four an im als  
appear healthy, fertile, and capable o f germ-line tran sm ission . Mice 
lacking th e δ-HT 2A receptor should prove valuable tools in  elucidating  
th e role o f  th is  receptor in  m ed iatin g the effects of serotonin in  th e CNS.

JAG is a  recipient o f a NARSAD Young Investigator Award and a  NIMH 
Schizophrenia Research Fellowship. This work is funded in part by a New York 
State Psychiatric Institute Research Grant.

308.12
NOVEL ACTIONS OF INVERSE AGONISTS ON 5-HT2c RECEPTOR 
SYSTEMS. K.A. Berg1 B.D. Stout'. J.D. Cropper1 S. Maavani2. W.P. 
Clarke1. Depts. of Pharmacology1, Univ, of Texas Health Science Center, San 
Antonio, TX 78284 and Anesthesiology2, Mount Sinai Medical Center, New 
York, NY 10029.

In cell systems where ligand-independent (constitutive) receptor activity is 
altered (such as when receptors are overexpressed or mutated), acute treatment with 
inverse agonists reduces basal effector activity while prolonged exposure leads to 
sensitization of receptor systems and receptor upregulation. Few studies, however, 
have reported effects of inverse agonists in systems where non-mutated receptors 
are expressed at relatively low density. Here, we investigated the effects of inverse 
agonists at human 5-HT2C receptors expressed stably in CHO cells (=250 
fmol/mg protein). In these cells, there is no receptor reserve for 5-HT and 5-HT2C 
inverse agonists, such as SB 206553, mianserin and clozapine, did not reduce 
basal inositol phosphate (IP) accumulation nor arachidonic acid (AA) release but 
behaved as simple competitive antagonists. Prolonged treatment (24 hr) with 
inverse agonists enhanced selectively 5-HT2C-mediated IP accumulation but not 
AA release. The enhancing effect occurred within 4 hrs o f treatment, reversed 
within 3-4 hrs (after 24 hr treatment) and could be blocked with neutral 
antagonists (e.g. 5-methoxygramine) or weak positive agonists (e.g. lisuride). The 
enhanced responsiveness was not due to receptor upregulation but may involve 
changes in the expression o f the G proteins, G « i2 and Gα iЗ· Interestingly, 24 hr 
exposure to the inverse agonists, SB 206553 and clozapine, acting at 5-HT2C 
receptors, selectively enhanced IP accumulation, but not AA release, elicited by 
activation of endogenous purinergic receptors. These data suggest that actions of 
inverse agonists may be mediated through effects on receptor systems that are not 
direct targets for these drugs.
(Supported by USPHS grants DA 09094 and HD 26437).
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309.1
VMAT2 IS THE TRANSPORTER MEDIATING SEQUESTRAΉON OF 
MONOAMINES IN RAT AND HUMAN PLATELETS, MAST CELLS, AND 
CUTANEOUS DENDRITIC CELLS.
E. Weihe‘*. M. Anlauf. M.K.-H. Schafer1. W. Hartschuh2. L.E. Eiden3. Inst, of 
’Anatomy and Cell Biology, Philipps University, 35033 Marburg, 2Dept. of 
Dermatology, University of Heidelberg, Germany, ’Section on Molecular Neuroscience, 
Lab. of Cell, and Mol. Regulation, NIMH, NIH, Bethesda, MD.

The VMAT2 isoform of the vesicular monoamine transporter was first identified in 
brain and in a rat basophilic leukemia cell line. Subsequently, VMAT2 was shown to be 
the isoform exclusively responsible for vesicular storage of histamine, catecholamines 
and serotonin in neurons, and of histamine in ECL cells of the stomach. VMAT1 is the 
major vesicular transporter in neural crest-derived endocrine cells. Initial attempts to 
visualize VMATs and their mRNAs in bone marrow derived monoamine-containing 
cells such as tissue mast cells was initially unsuccessful. Improved visualization of both 
VMAT1 and VMAT2 at the immunohistochemical level demonstrates that mucosal and 
connective tissue mast cells throughout the organism express VMAT2 as evidenced by 
coincident staining for tryptase and VMAT2 in skin, gut, heart, liver, lymphoid and 
nervous tissues. Splenic megakaryocytes strongly express VMAT2 but not VMAT1, 
indicating that VMAT2 is the serotonin transporter of platelet secretory granules. 
VMAT2 is expressed by bone-marrow-derived CD la-positive cutaneous Langerhans 
cells which have monoamine-handling capabilities. VMAT1 was absent from these cell 
types. Identification of VMAT2 as the transporter of amine-handling migratory cells of 
bone marrow origin may facilitate the study of the function of these cells in 
inflammation, tissue injury, and antigen presentation. Evidence for expression of 
VMAT2 in human mast cells, mastocytoma and mastocytosis, provide pharmacological 
avenues for imaging and possibly treatment of these conditions and others associated 
with mast cell secretion. Supported by the DFG and Volkwagen Foundation.

309.3

5 H T -M O D U L A T E S  P R O T E I N  K I N A S E  C - D E P E N D E N T  
P H O S P H O R Y L A T I O N  A N D  T R A F F I C K I N G  O F  H U M A N  
S E R O T O N I N  T R A N S P O R T E R . S . R am am oorth v*  and R .D . 
B la k e lv . D ep t. P harm acol. & Ctr. for M o l. N e u r o sc i., V an derb ilt  
U n iv . M ed. Ctr., N a sh v ille , T N -3 7 2 3 2 -6 6 0 0 .

T h e sero to n in  transporter (S E R T ) appears to  b e  a cu te ly  
regu la ted  b y  m u ltip le  k in a se  and p h o sp h a ta se  lin k ed  p ath w a y s. 
A c tiv a tio n  o f  PK C  in 293-Һ S E R T  c e lls  d im in ish es  5H T  uptake  
capacity  through the rapid redistribution o f  transporter proteins from  
the c e ll  surface (Q ian et.a l, J. N eu ro sc i 17: 4 5 , 199 7 ). In p arallel, 
Һ SERT p rotein s are p h o sp h o ry la ted  and p h o sp h o ry la tio n  can  be  
en h an ced  b y P P 1 /2 A  inhib ition  (R am am oorthy et. al, J. B io l. C h em . 
273: 2 4 5 8 , 1998). In the present study, w e  further exp lore  the ability  
o f  5H T  and other substrates to  m odulate  ҺSERT phosp h ory la tion  as 
w ell as surface exp ression  o f  ҺSERT protein. P re-exposure o f  c e lls  to 
5H T  and D -a m p h eta m in e  b ut n o t d o p a m in e  or n o rep in ep h rin e  
decreased  P K C -m ediated  ҺSERT p h osph orylation  in a concentration  
and N aC l-dependent m anner an effec t a lso  b lo ck ed  by sp ec ific  SE R T  
an tagon ists. M oreover, ex p o su re  to 5H T  prior to the a ctivation  o f  
PK C b lock ed  the PK C -in duced  decrease in  c e ll  surface exp ression  o f  
ҺSER T p rotein . T o g eth er  th e se  data su p p ort th e p o s s ib il ity  o f  
intrinsic, activity dependent regulation o f  ҺSERT phosph orylation and 
trafficking. Interestingly, 5H T  fa ils  to  b lo ck  Һ SERT fo llo w in g  P P 2A  
in h ib it io n , s u g g e s tin g  m u lt ip le  p a th w a y s  for  p o sttra n s la tio n a l  
regulation  o f  SE R T  exp ression . Supported by N IH  A w ard D A 0 7 3 9 0  
to R .D .B  and N A R S A D  Y ou n g  Investigator A w ard to S .R .

309.5
IM MƯNOCYTOCHEM ICAL LOCALIZATION OF THE G LUTAM ATE  
TRANSPORTERS IN M AM M ALIAN M YELINATED A X O N S S. L i . Y. 
Ren* and P.K. Stys. Loeb Research Institute, Ottawa Civic Hospital and 
University o f  Ottawa, Ottawa, Ontario, Canada K1Y 4E9 
High affinity Na-dependent glutamate transporters located in the plasma 
membrane o f  both neurons and glial cells  play a central role in uptake o f  
glutam ate from  extracellu lar space and p o ssib ly  contribute to non- 
vesicular release o f  glutamate under som e circumstances. The regional and 
cellular localization o f  different glutamate transporter subtypes, GLT1, 
G LAST and EAAC1 has been investigated in gray matter o f  central 
nervous system , but the distributions o f  these glutam ate transporter 
proteins are not w ell know n in m amm alian m yelinated axons. In the 
present study, w e exam ined the cellular localization o f  each glutamate 
transporter subtype in adult rat central and peripheral m yelinated axons 
usin g im m unochem istry w ith  su b ty p e-sp ec ific  antib od ies to G LT1, 
G LAST and EAAC1. Longitudinal sections o f  dorsal spinal root, dorsal 
spinal column and optic nerve were exam ined using confocal m icroscopy. 
GLT1 and EAAC1 displayed similar patterns: in dorsal roots staining was 
seen on the outer m yelin sheath and at the nodal gap. Faint axoplasm ic 
signal w as a lso  detected, accentuated at the nodal constriction. Dorsal 
colum n and optic nerve axons were distinctly stained along their m yelin  
sheaths. Although G LAST staining w as found in sim ilar regions, in 
contrast to GLT1 and EA AC 1, the m yelin  sheath appeared to be stained  
throughout its entire thickness with GLAST label. GLAST signal was also 
faintly detected within the axoplasm  o f  spinal axons and at the nodal 
region o f  optic nerve. Conclusion: m yelinated axons express three types 
o f  glutamate transporter. The precise role o f  these transporters in this 
non-synaptic regions is unknown, but their activity m ay contribute to axo- 
glial signaling or axonal injury under pathological conditions.
Supported by internal grant.

309.2
DEVELO PM EN T O F SEROTONIN TRANSPORTER IN PRENATAL RAT 

BRAIN F.C. Zhou*. J.K. Zhang. Department o f Anatomy and M edical Neurobi
ology Program, Indiana University School o f M edicine, Indianapolis, IN 46202 

Serotonin (5-H T) has been proposed to be a signaling chem ical for neuronal 
developm ent. The 5-H T transporter (5-H TT) is critical in regulating the 5-H T 
function, and thus the 5-H T m ediated neuronal differentiation. We report here 
that the appearing and expression o f 5 -H TT during robust neuronal develop
m ent using the anti-5-H TT antibody, 5-HTT-N (Zhou et al., 1996). The 5- 
H T T appears as early as our detection o f 5-H T  neurons at em bryonic day 14 
(E14). The 5-H TT-im m unostaining (-im) som a w ere seen in both ascending 
and decending raphe prim ordia. Intensive 5-HTT-im  axons w ere coursing in 
the m edial forebrain bundle (M FB) trajectory. The 5-HTTs outlined the grow 
ing tip and entire length o f projecting axons. N o 5-HTT-im  som a was seen in 
nigral or locus ceruleus prim ordia, suggesting the specific association o f 5- 
H T T with 5-H T neurons. A t E l 6, 5-HTT-im  axons, taking the exact trajectory 
course o f 5 H T axons, m arched beyond M FB and reached ganglionic em i
nence. Varicosities are prom inent along the 5-HTT-im  axons at this stage. At 
E l 8, 5-HTT-im  fibers taking ventral raphe-cortical projection curving around 
genus o f corpus callosum , arrived in the frontal cortex. M eanw hile, dorsal 
projecting 5-HTT-im  axons entered fascicularis retroflexus innervating 
habenular nucleus. By the E2O, 5-HTT-im  fibers d isperse into m any brain 
regions and becom e sparse and thin. In all tim e course, the 5-HTT-im  fibers 
are indistinguishable from  the known 5-H T fibers in d istribution and in density. 
These observations indicate that 5-HTTs are (a) associated specifically  with 5- 
H T neurons, (b) expressed w ithin few days o f birth o f  the 5-H T  neurons, (c) 
expressed on 5-H T axons prior to the synaptical sites, (d) d istributed on great 
majority, if  not all, o f 5-H T axons. The abundant 5-H TT during developm ent 
suggests that 5-H TT be active in regulating prenatal 5-H T  function, and that 5- 
HTTs distribute on the axons o ther than the term inals as we previously re
ported. Supported by PHS M H 50602 to F.C.Z.

309.4
SUBSTRATE AND PROTEIN DETERMINANTS OF PERMEATION 
THROUGH THE SEROTONIN TRANSPORTER. E.M. Adkins*. E.L. 
Barker. M.A. Gray, and R.D. Blakely. Dept, of Pharmacology and Center 
for Molecular Neuroscience, Vanderbilt Universiy, Nashville, TN 37232- 
6600.

The serotonin (5-HT) transporter (SERT) eliminates the action of the 
neurotransmitter following synaptic release. The contact sites between 
SERTs and 5-HT that allow for selective recognition and permeation are 
unknown. Previous studies in our lab have determined the sites of 
interaction of SERT antagonists using SERT chimeras and species-scanning 
mutagenesis and the divergent pharmacologic properties of human and 
D rosophila m elanogaster SERTs (ҺSERT and dSERT, respectively). We have 
now adopted these methods to search for domains and residues controlling 
permeation of 5-HT itself. Screening of tryptamine derivatives against 
ҺSERT and dSERT reveals rank order potency differences for the blockade 
of [ЗH]5-HT uptake in the two species variants, with differences in potency 
up to 80-fold evident. Using cross-species chimeras, we have established 
that TMD I contributes to the ability of indole nitrogen-substituted 
derivatives, such as N-isopropyltryptamine and 5-methoxy-N- 
isopropyltryptamine (Lilly Research Laboratories), to discriminate ҺSERT 
and dSERT. A residue in the first transmembrane domain that appears to 
contribute to this interaction, Y95 in ҺSERT, F9O in dSERT, has previously 
been shown to be a site of interaction for the antagonists mazindol and 
citalopram. These studies link the sites of binding for SERT substrates and 
antagonists and implicate TMD I interactions with 5-HT permeation. 
Ongoing studies seek to extend these findings to other regions of the 
indoleamine structure and probe the differential accessibility of identified 
residues in the permeation pathway using substituted cysteine scanning 
mutagenesis. (This work supported by NIH grants DA07390 to R.D.B. and 
DAO5679 to E.L.B.)

309.6
M A C R O SC O PIC  A N D  M IC R O SC O PIC  PR O PE R T IE S O F A  
C L O N E D  G L U T A M A T E  T R A N S P O R T E R  CH LO RID E  
C H A N N E L . J.L W adiche and M .P . K avanaugh*.V ollu m  Institute, 
O H S U , Portland, O R  97201

The behavior o f  a Cl" channel associated w ith a c lon ed  glutamate 
transporter w as studied u sin g intracellular and patch recording  
techniques in X e n o p u s  o o cy tes  injected w ith the hum an EAAT1 
cR N A . Channels cou ld  be rapidly activated by application o f  
glutamate to either face o f  ex c ised  m em brane patches. The channel 
exhib ited  strong selectiv ity  for chaotropic anions and had a m inim um  
pore diameter o f  ~5 Å . N o  uncoup led  flu x  o f  glutam ate through the 
channel w as detected. Cl  ̂ flu x  w a s m uch less  tem perature-dependent 
than N a+-cou pled  glutam ate flux. Stationary and non-stationary n oise  

analysis w as con sisten t w ith  a su b-fem tosiem en Cl^ conductance and 
a m axim um  channel P〇 ~ 0 .0 2 . U s in g  the transporter blocker  
dihydrokainate, a sign ificant channel P〇 in the absence o f  am ino acid  
w as revealed that corresponded to 15-20%  o f  the m axim um  in 
saturating D-aspartate. Large d ifferen ces w ere seen  in the 
m acroscopic kinetics o f  channels activated by rapid p u lses o f  L- 
glutamate or D-aspartate, substrates that are transported at different 
rates. A  m odel w as d evelop ed  that accurately described  the channel 
and transport k inetics w ith  a direct correspond en ce o f  channel gating  
to state transitions in the transporter cy c le . The data su g g est that 
glutamate transporters bind glutam ate rapidly and d isp lay  intrinsic 
channel behavior. Supported b y N IH  grant N S 3 3 2 7 0 .
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309.7
K+- INDUCED REVERSAL OF ASTROCYTE GLUTAMATE UPTAKE IS 
PREVENTED BY COMPENSATORY REDUCTIONS IN INTRACELLULAR Na+
R.A. Swanson, C.R. Rose*. K. Farrell. B.R. Ransom, and S.G. Waxman Dept, of 
Neurology, Univ, of California and VAMC, San Francisco, CA 94121.

Rising external K+ concentrations can induce reversal of glutamate uptake in 
whole cell patch clamp and isolated membrane preparations. Increased K+ 
concentrations in brain extracellular fluid has been postulated to similarly 
induce reversal of glutamate uptake in situ. Such a coupling to extracellular ion 
concentrations would, however, undermine the important role of glutamate 
uptake in brain homeostasis. Since regulatory mechanisms operative in intact 
cells may not be evident in more reduced preparations, regulation of glutamate 
uptake reversal was studied in a cortical astrocyte cultures. Exposure to high 
K* medium failed to induce reversal of glutamate uptake at any K* 
concentration. Fluorescence measurement of intracellular Na* showed that the 
transmembrane sodium gradient, which is the primary driving force for 
glutamate uptake, was maintained during incubation in high K* by 
compensatory reductions in intracellular Na+. By contrast, ATP depletion 
induced by metabolic inhibitors induced a massive glutamate efflux that was 
accompanied by an increase in intracellular Na* and a collapse of the 
transmembrane Na* gradient. These data suggest that reversal of glutamate 
uptake is normally prevented during elevated extracellular K* at least in part by 
compensatory reductions in intracellular Na*. Regulation of intracellular Na* 
appears to be a previously unrecognized mechanism for maintaining the 
astrocyte glutamate equilibrium potential independent of changes in 
extracellular fluid composition.

Supported by NIH R01 NS31914 and the Dept, of Veterans Affairs

309.9
IN-VIVO NITRIC OXIDE SYNTHASE (NOS) INHIBITION FACILITATES 
GLUTAMATE TRANSPORT IN RATS. E.O. K ovlu*1. S. Demireoren1, D, 
Taskiran1. M.J. Kuhar1-2 and S. Poeim1. Ege Un. 'Center for Brain Research, Izmir, 
Turkey and "Emory Un., Yerkes Regional Primate Center. Atlanta. GA, USA.

Reuptake is a major mechanism of inactivation of released glutamate (Glu), an 
excitatory amino acid neurotransmitter in the brain. Nitric oxide (NO) inhibits 3H- 
Glu uptake in synaptosomes prepared from rat brain; this effect is partially reversible 
and is more significant in the hippocampus compared to c.striauiш and cerebellum 
(Pogun et al„ 1994). Glu uptake inhibition could modulate learning and memory by 
increasing the availability of glutamate in the synaptic cleft. Glu is also a well known 
neurotoxin in certain situations such as in the ischemic or post-ischemic brain; 
glutamate transporters.'by reuptake, can save neurons from excessive stimulation 
and damage. NO synthase (NOS) inhibitors prevent glutamate's neurotoxicity 
implying the mediation of NO (Dawson et al.. 1991). Also a decrease in glutamate 
uptake has been found in brain tissue treated with neurotoxic levels of NMDA (Hu et 
al.. 1991). The present study was undertaken to study the effects of in-vivo NOS 
inhibition on ex-vivo glutamate uptake. Male Sprague Dawley rats were injected 
with Nω Nitro-L-arginine (50 mg/kg. i.p) or saline and decapitated at various times 
post-injection (5. 10, 15. 30, 60. 120 min); ⅜ G lu  uptake and stable metabolites of 
NO (NO2+NO3) were determined in synaptosomes prepared from the hippocampus. 
Our results show a significant facilitation (11%. p<0.04) of uptake at 15 min post
injection, when the total NO2+NO3 levels are 7.5 % (p<0.02) lower than controls. 
However, while lower NCĻ+NCb levels persist up to 120 minutes, the facilitation of 
glu transport does not accompany this decline, suggesting a possible compensatory 
mechanism. Our results suggest that NOS inhibition and the subsequent lowering of 
brain NO levels result in a transient facilitation of glu uptake in rat hippocampus.

This study was supţ×>rted by grant SBA (i-ί’J/15-ļſюnı Tl JBĴTΛK.

309.11
KINETIC ANALYSIS OF ZINC TRANSPORT BY THE Zn272H+ 

ANTIPORTER (ZAP) IN RAT BRAIN. R.A. Colvin*. Program in 
N eurobiology, Dept, o f  B iological Sci,, Ohio Univ.; Athens, OH 45701.

The data presented in this paper provide convincing evidence for the 
existence o f  a large capacity plasma membrane zinc antiporter (ZAP) in rat 
brain. Rat brain plasma membrane vesicles and 65Zn2+ were used to analyze 
Zn2+ transport. Zinc uptake was saturable with respect to extravesicular Zn2+ 
concentration. Hill plot analysis demonstrated a lack o f  cooperativity in 
Zn2+ activation o f  Zn2+ uptake. Zinc uptake was inhibited in the presence o f  
1 mM N i2+, Cd2+, or Co2+. Calcium (1 mM) was less effective and M g2+ had 
no effect. The initial rate o f  zinc uptake was dependent on extravesicular H+ 
concentration. Zinc uptake also was very sensitive to ionic strength, being 
inhibited when ionic strength was increased. The ionic strength effect was 
not due to the addition o f  a specific cation and anion, as the same effect was 
seen in the presence o f  various different anions and cations. The ionic 
strength effect may be a result o f  the effect o f  membrane surface charge on 
local zinc ion concentration. Zinc uptake reached a maximum after 1 to 2 
minutes and remained stable for up to 10 minutes. V esicles that were 
preloaded with 65Zn2+ could be induced to release 65Zn2+ by increasing 
extravesicular H+ or addition o f  1 mM nonradioactive Zn2+. These data are 
consistent with an electroneutral, freely reversible antiport. Based on the 
Hill analysis the normal modes o f  transport probably are Zn27Z n2+ exchange 
and Zn2+/2H + antiport. ZAP is likely to be involved in the reuptake o f  zinc 
into the presynaptic fiber after stimulation to replenish synaptic vesicle  
stores. Glial cells may also contain ZAP activity. ZAP is likely to be 
important for maintaining cellular zinc hom eostasis and may be involved in 
elevations o f  intracellular zinc that contribute to glutamate toxicity. 
Supported by a grant from AHA M id-America Research Consortium.

309.8
GLUTAMATE INDUCES A RAPID INCREASE IN GLUTAMATE UPTAKE 
ACTIVITY IN MOUSE ASTROCYTE CULTURES. S. Duan, K. Farell, J.K. 
Guenza, B.A. Stein*, and R.A. Swanson Dept, of Neurology, U.C.S.F. and 
V.A.M.C., San Francisco, CA 94121.

Glutamatergic activity is known to influence astrocyte glutamate transporter 
expression in brain. Prolonged exposure of cultured astrocytes to glutamate is 
reported to up-regulate the expression of glutamate transporters in mouse 
cultured astrocytes through activation of kainate/AMPA receptors (Neuroreport 
1996, 8: 261). In the present study we report that glutamate also has a rapid 
effect on glutamate uptake activity in cultured astrocytes, and this effect is not 
mediated by kainate/AMPA receptors. Confluent astrocyte cultures were pre
incubated with 0.1 mM glutamate for various time periods and the uptake of 
[14C] glutamate was measured in the presence of ЮOµM unlabeied glutamate. 
Pre-incubation with glutamate for 15 minutes produced a 50% increase in 
glutamate uptake rate, and a maximum of 98% increase was attained after 1 
hour pre-incubation with glutamate. This effect was dose dependent over the 
range of 0.003 to 10 mM; mimicked by D-aspartate (0.1 mM) but not by kainate 
(0.1 mM) or quisqualate (0.2 mM). The glutamate effect was not blocked by 
kainate/AMPA receptor antagonists CNQX (O.O4mM) or DNQX (0.1 mM), nor by 
the metabotropic glutamate receptor antagonist MCPG (0.5 or ЗmM). These 
results suggest the existence of a rapid regulatory feedback mechanism 
whereby increased extracellular glutamate induces increased uptake capacity. 
This mechanism is distinct from the pathway which mediates glutamate 
regulation of transporter expression.

Supported by NIH R01 NS31914 and Dept, of Veterans Affairs

309.10
LOCALISATION OF A TAURINE TRANSPORTER IN THE RETINA AND 
OTHER TAURINE-RICH REGIONS OF THE BRAIN. D.V. Powl: 
N X . Barnett2 and K. Buller*. ’Dept. O f O phthalm ology and Visual Science. 
Ư Ґ  Houston Medical School, University o f Texas; 2Vision, Touch and 
Hearing Research Centre, Dept, of Physiology and Pharmacology. University 
of Queensland, Australia; 3Dept. o f Physiology and Pharm acology. 
University o f Queensland, Australia.

Taurine is one o f the most abundant amino acids in the central nervous 
system but almost nothing is known about its function apart from its possible 
role as an osmolyte. In the cat retina, dietary taurine deficiency leads to 
degeneration of photoreceptors, suggesting that these cells need to take up 
exogenous taurine. This implies that these cells must express a taurine 
transport system. As part o f our studies to investigate taurine function we 
have raised an antibody to a cloned high affinity taurine transporter (Smith 
et al., 1992. Mol. Pharmacol 42: 563). We show that in cat and rabbit 
retinae this transporter is localised to the taurine-containing photoreceptors, 
whilst in rat retinae (where bipolar cells also contain high levels of taurine) 
the transporter is associated with both photoreceptors and bipolar cells. 
T ransporter expression is elevated over synaptic term inals suggesting that 
transporter-m ediated release and or re-uptake of taurine might preferentially  
occur at such loci. In other regions of the brain, taurine transporter 
expression is associated with loci where high levels of taurine are present, 
such as the m olecular layer of the cerebellum . Transporter expression is not 
restricted to neurons but is also present in some glial populations such as the 
taurine-containing glia of the posterior pituitary. This suggests that glial 
cells also have a role in regulating extracellular levels of taurine and possibly 
using it as a signalling molecule. An understanding of the distribution and 
expression o f this transporter in response to physiological m anipulations will 
shed new light on the role o f taurine in the retina and other brain regions.

Funded by NHM RC, Australia.

309.12
ƯP-REGƯLATION OF Na+-K+-2CΓ COTRANSPORTER ACTIVITY 
IN GLIAL CELLS UNDER HIGH [K ⅛  a Ca++-MEDIATED 
PROCESS. D. Suifand G. Su. Department of Neurological Surgery, 
University of Wisconsin-Madison, School of Medicine, Madison, WI. 53792.

Na+-K+-2CΓ cotransporters in astrocytes have been observed to play a 
role in the clearance o f excess K+ in the extracellular space o f the central 
nervous system (CNS). However, it has not been extensively 
investigated whether activity o f the cotransporter in astrocytes is altered 
under conditions o f increased extracellular concentration o f potassium 
([K+]〇) and what molecular mechanisms are underlying high [K+]〇- 
induced change o f the cotransporter activity. In this study, we examined 
activity o f Na+-K+-2CΓ cotransporter in C6 glial cells under 
physiological and elevated levels o f [K+]〇. Expression o f an 
approximately 160 kDa protein in C6 cells was recognized by an anti
cotransporter antibody. Bumetanide-sensitive K+ uptake was 
significantly stimulated and became an essential K+ uptake mechanism 
as [K+J〇 was higher than the ceiling level. It was completely abolished 
in the absence o f either extracellular Na+ or Cľ. Low extracellular Ca++ 
and BAPTA-AM significantly decreased high [K+]〇-induced stimulation 
o f the cotransporter activity. These results indicate that Na+-K+-2Cľ 
cotransporters in glial cells play an important role in K+ homeostasis in 
the CNS. Supported by AHA, HHMI Research Resources Program fo r  UW- 
Med. School, and a Research Grant from  the UW-Madison Graduate School.
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310.1
C L IN IC A L  A N D  G EN E TIC  A N A L Y S IS  O F A  L A R G E  C H IN E SE  
FA M IL Y  W ITH  M Y O C L O N IC  E P IL E PSY , PR O G R E S S IN G  
TR EM O R  A N D  A T A X IA . G .X .W a n g , 1 Y ,X , Z h o u , 1-2 * J. X ia o ,3 
X .Z . L iu . S T su ji,4 B .X . Y a n g . 1 L .G . G oldfarb2. 'N eu rogen etics  
U n it, D epartm ent o f  N eu ro lo g y , China-Japan Frien dship H osp ita l, 
H ep in g li, B e ijin g  1000 2 9 , P .R . China; 2C lin ica l N eu rogen etics  
U nit, M ed ica l N eu ro lo g y  Branch, N IN D S , N IH , B eth esd a , 
M D 20892-4129; d e p a r tm e n t o f  Internal M edicine, FenD ai 
H osp ital, B e ijin g , P .R . China; d e p a r tm e n t  o f  N e u ro lo g y , Brain  
Research Institute, N iigata  U n iversity , 1 A sah im ach i, N iigata  9 5 1 , 
Japan.

W e describe a large C h inese kindred com p risin g  130 m em bers  
in s ix  generations o f  w h ich  16 are affected  w ith  m y o clo n ic  ep ilep sy , 
progressive ataxia and tremor. The d isease  on set occurs in early  
adulthood. N either genetic  anticipation nor phenotypic variation  
w ere evident. A ll affected  individuals m anifested  w ith  ataxia, 
postural trem or and seizures. Their electroencephalogram  sh ow ed  
generalized  sp ikes or m ultisp ikes and s lo w  w a v e  co m p lex es . The  
disease prognosis w as com p aratively  ben ign , the frequ en cy o f  
seizures decreased sign ificantly  in the fifth  or sixth  decade o f  life , 
and tremor and ataxia becam e p rogressive at approxim ately the sam e  
tim e. The disease is  inherited as an autosom al dom inant trait. W e  
exclud ed  C A G  repeat expansion  in the D R P L A  g en e and the 
in volvem en t o f  the C A C N L 1A 4 gen e  by perform ing linkage  
analysis. C lonazepam  proved to be e ffec tiv e  for prevention ep ileptic  
attacks, w h ile  trem or did not disappear. T he d isease  in this fam ily  is  
a n ovel type o f  autosom al dom inant ep ilep sy .

310.3
BIOGENIC AMINES IN THE HUMAN HIPPOCAMPUS IN PATIENTS WITH 
NEOCORTICAL(NTLE) VS MESIAL TEMPORAL LOBE EPILEPSY(MTLE) 
IDENTIFICATION WITH IN SITU MICROVOETAMMETRY.P.A.Broderick123*
P. Jean-Baptiste1,2. P. Burns1’3. S.V. Pacia4. W.K, Doyle5, and O. Devinskv4.
*Dept. Physiol. & Pharmacol., The City Univ, of N.Y. Med. Sch., 2CUNY Grad. 
Sch., 3MARC, MBRS, CRS Scholars Program, CCNY, NY 10031, ⅛>ept. Neurol. & 
5Neurosurg., NYU/HJD Comprehensive Epilepsy Center, NY 10003.

In epilepsy patients diagnosed with NTLE or MTLE, we have previously found, 
preliminarily, in a small group of patients (N=3) (Soc. Neurosci. 23:1283, 1997) that 
NE is virtually absent in neocortical tissue o f NTLE patients and present in high 
concentrations inJMTLE patients. In this report, we analyze concentrations of NE, 
dopamine (DA) and serotonin (5-HT), in subparcellations o f resected human 
hippocampal tissue from five patients with NTLE and nine patients with MTLE. 
Each HPC specimen was placed in Ringer’s Lactate; stearate indicator 
microelectrodes were inserted into pyramidal layer, granular layer of the dentate 
gyrus, polymorphic layer and alveus. Ag/AgCl reference microelectrodes and 
auxiliary microelectrodes were placed contralaterally to the indicator microelectrode. 
Recordings o f oxidation potentials were taken at each site and DA, NE and 5-HT 
were identified by their characteristic potentials in vitro. Methods are published 
(Broderick, Neurosci. Lett. 95;I988; Broderick, Br. Res., 495;I989). The results 
showed that NTLE patients exhibited NE depletion in at least 50% of HPC 
subparcellations and DA was present in high concentrations in HPC of NTLE 
patients. MTLE patients (seven o f nine) on the other hand, exhibited high 
concentrations of NE and lower concentrations of 5-HT in HPC. In the remaining 
two patients, one exhibited DA only in alveus, whereas the other exhibited DA in 
granular and polymorphic layers. These remaining two patients, however, had 
probable neocortical involvement. The data suggest that NTLE and MTLE may be 
distinguished by biogenic amine signatures in human HPC. [ Supp: FACES;NYU].

310.5
MODULATION OF CALCIUM CHANNELS BY GROUP I AND GROUP II 
METABOTROPIC GLUTAMATE RECEPTORS IN DENTATE GYRUS NEURONS 
FROM PATIENTS WITH TEMPORAL LOBE EPILEPSIES. T.B. Schumacher*1. J. 
Schramm1, C.E. Eiger2 and C. Steinhäuser1. Exp. Neurobiology, Dept, of 
Neurosurgery1 and Epileptology2, Bonn Univ., 53105 Bonn, Germany.

Metabotropic glutamate receptors (mGluRs) are becoming increasingly interesting as 
potential drug targets for the treatment of epilepsies. In vivo experimental findings have 
demonstrated a proconvulsant activity of DHPG, a selective group I mGluR agonist and 
an anticonvulsant activity of 4CЗHPG, a group I antagonist and group II agonist. To 
shed light on putative underlying mechanisms, we examined effects of mGluR 
activation by (S)-DHPG (50 µM) and (S)-4CЗHPG (500 µM) on high-voltage-activated 
(HVA) Ca2+ channels in neurons (n=47) acutely isolated from the dentate gyrus of 
patients with pharmaco-resistant temporal lobe epilepsies (TLE) using the patch-clamp 
technique. We found an unexpected high variability of DHPG effects in cells obtained 
from different patients. This concerned both, patients with Ammon’s horn sclerosis 
(AHS) and patients with lesion-associated TLE. In one group of patients (n=4), almost 
all the cells analysed possessed DHPG-sensitive Ca2+ channels whereas in the 
remaining patients (n=5), such type of modulation was much less abundant. 
Subdividing the suspended AHS cells according to morphological criteria revealed 
DHPG-sensitive Ca2+ channels in 67 % and 24 % of presumed interneurons and granule 
cells, respectively. DHPG effects were blocked by the group I mGluR antagonists 
CPCCOEt, MCPG and 4CЗHPG. Moreover, in four of six patients, 4CЗHPG itself 
inhibited HVA currents by 10 % (16 of 21 cells). This inhibition was blocked by 
MCCG, a selective group II mGluR antagonist, suggesting that 4CЗHPG modulates 
HVA currents through activation of group II mGluRs. Considering the heterogeneity of 
functional properties of cells derived from different patients as revealed in this study, it 
seems necessary to search for additional parameters to better correlate cellular 
properties with different forms of TLE. Supported by BONFOR grant 111/10 of Bonn 
University and SFB 400 of the DFG.

310.2
BIOGENIC AMINES IN THE HUMAN NEOCORTEX IN PATIENTS WITH 
NEOCORTICAL(NTLE) VS MESIAL TEMPORAL LOBE EPILEPS Y(MTLE): 
IDENTIFICATION WITH IN SITU MICROVOLTAMMETRY. S.V. Pacia1*.
W, K. Dqу⅛2, 0 , D¢vinsky1, L,Jsan-Baptisíe3’4, and P.A. Broderick3,4. *Depts. 
Neurol, and 2Neurosurg., NYU/HJD Comprehensive Epilepsy Center, NY 10003. 
3Dept. Physiol. & Pharmacol., CUNY Med. Sch.; 4CUNY Grad. Sch., NY 10031.

Our previous study with a small number o f patients (N=3), (Soc. Neurosci. 23: 
1283, 1997),showed that NTLE patients exhibited norepinephrine (NE) 
depletion, whereas MTLE patients exhibited high concentrations o f NE. We now 
present data on these NE differences derived from a larger group o f patients 
(N=I4). Each neocortical specimen was placed in Ringer’s Lactate; stearate 
indicator microelectrodes were placed in temporal gray matter, Ag/AgCl 
reference with microelectrodes and auxiliary microelectrodes were placed 
contralaterally to the indicator microelectrode. Dopamine (DA), NE and 5-HT 
were identified by their characteristic oxidative potentials in vitro. The detailed 
methods have been published (Broderick, Neurosci. Lett. 95:275,1988; 
Broderick, Br. Res., 495:115, 1989). The results show that four o f five patients 
with NTLE did exhibit NE deficiency in the neocortex. Additionally, these 
patients exhibited high concentrations of DA in neocortex. In contrast, eight of 
nine patients with MTLE exhibited high concentrations o f NE in neocortical 
tissue. Serotonin was present in neocortex in both groups, but concentrations 
tended to be lower in MTLE. Given the importance of the presence of /иRNA 
expression for specific DA receptors in neocortical tissue (Meador-Woodruff et 
a l,  Neuropsychopharmacol., 15:17; 1996) the data suggest that an impairment 
might occur in the catecholamine pathway in NTLE patients, which causes an NE 
deficiency. The data also suggest that biogenic amine signatures in human 
neocortical tissue o f epilepsy patients could be useful in defining epilepsy 
subtypes and directing treatment for selected patients. [ Supp: FACES; NYU].

310.4
TH E K C N Q 2 PO T A S S IU M  C H A N N E L  IS M U T A T E D  IN  A N  
IN H E R IT E D  E P IL E PSY  O F N E W B O R N S . N . S in g h * . C. Charlier.
D . Stauffer. V . E. A n d erson 1. M . Sanguinetti and M . Leppert. D ept 
H um an G en etics, U n iv , o f  U tah, SL C , U T  8 4 1 1 2  and 'U n iv , o f  
M in nesota , M in n eap olis , M N  55 4 5 5 .
B en ign  Fam ilial N eonatal C on vu lsion s (B F N C ) is an autosom al 
dom inantly inherited ep ilepsy  characterized by recurrent generalized  
seizures in the newborn infant. Seizu res begin  at three days o f  life  and 
spontaneously remit after three to four m onths. D esp ite  norm al 
d evelop m ent seizures recur later in life in approxim ately 16% o f  B F N C  
cases. Positional c lon in g  has determ ined that one o f  the gen es  
resp onsib le  for B F N C  is a n ovel potassium  channel K C N Q 2 w h ich  
b elon gs to the fam ily  o f  K vL Q T l potassium  channels. W e have  
identified  8 d isease-cau sin g  m utations in our fam ilies w ith B F N C . 
T h ese include a large deletion , a pore fram eshift, a pore m issen se, a 
m issen se  in transm em brane dom ain VI, and 4  m utations in the 559  
am ino-acid , h igh ly  conserved  C-term inal. S eq u en ce analysis is being  
done to identify the mutations in 8 additional fam ilies. T he gen om ic  
structure indicates that K C N Q 2 is m ade up o f  at least 16 ex o n s and 
additional B A C  clon es are being used to isolate the exon-intron  
boundaries at the 5 ’ end o f  K C N Q 2 to be used  for m utational analysis. 
The C-term inal o f  K C N Q 2 contains tw o sp lice  variants, on e  o f  w h ich  
appears to be expressed  on ly in adult brain and not in fetal brain. 
E lectrophysio logic  studies are underway to determ ine the differential 
gating characteristics o f  these tw o  sp lice  variants. In addition, tw o  
m issen se m utations, a n onsense m utation and a distal C-term inal 
insertion have been introduced into K C N Q 2 and w ill be coexp ressed  
with w ild-type K C N Q 2 to determ ine their e ffects  on channel function. 
Supported by NIH grant NS 32666.

310.6
FUNCTIONAL ANALYSIS OF ASTROCYTES IN ACUTE HIPPOCAMPAL 
SLICES DERIVED FROM PATIENTS WITH TEMPORAL LOBE EPILEPSIES. C  
Steinhäuser*, W. Schröder, S. Hinterkeuser, G. Seifert and J. Schramm. Exp. 
Neurobiology, Dept, of Neurosurgery, Bonn University, D-53105 Bonn, Germany.

Temporal lobe epilepsy (TLE) is associated with selective neuronal loss in the 
hippocampus and reactive gliosis. Here, we applied the patch-clamp technique to 
acute hippocampal brain slices prepared from surgical specimens of patients suffering 
from pharmaco-resistant TLE. Astrocytes were recorded in the CA1 stratum radiatum 
region and the molecular layer of the dentate gyrus. In patients with Ammon’s horn 
sclerosis, the glial cuưent pattern resembled properties characteristic of immature 
astrocytes in the mammalian hippocampus. Depolarizing voltage steps activated 
delayed rectifier and transient (IA) K+ currents as well as TTX-sensitive Na+ currents 
(INa) in all the sclerotic human astrocytes analyzed (n=27). In CA1, half maximum of 
IA activation and inactivation occurred at about -7 mV and -55 mV. Current densities 
of INa and IA were 8 pA/pF (maximum) and 25 pA/pF (V=+70 mV). Hyperpolarizing 
voltages elicited inward rectifier currents that inactivated at membrane potentials 
negative to -120 mV (10 pA/pF, V=-110 mV). In addition, the human astrocytes 
expressed glutamate receptors of the AMPA subtype. When suppressing presynaptic 
glutamate release, kainate activated receptor responses (8 pA/pF, 0.5 mM kainate, 
V=-70 mV) that were potentiated by the AMPA-selective modulator, cyclothiazide. 
Comparative measurements were performed in the same region in cells of patients 
with lesion-associated TLE. These cells possessed prominent time- and voltage- 
independent cuưents with a significantly reduced AMPA-receptor cuưent density. It 
appears that astrocytes in human sclerotic tissue return to their earlier, immature 
cuưent pattern which might reflect changes in the proliferation state of these cells. 
Supported by SFB 400 of the Deutsche Forschungsgemeinschaft and Fonds der 
Chemischen Industrie.
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310.7
DETERMINATION OF SEIZURE PROPAGATION PATHWAYS BY 
INHIBITORY-LIKE SURROUND IN PRIM ATE VISUAL CORTEX, Michael 
M. Haglund* and Ty J. Olson, Departments of Surgery (Neurosurgery) and 
Neurobiology, Duke University Medical Center, Durham, NC 27710.

Neocortical epileptic foci are becoming an increasingly recognized cause for 
medically intractable epilepsy. In order to understand the patterns of seizure 
propagation through the neocortex, optical imaging during visual stimulation was 
performed after the creation o f an acute epileptic focus with bicuculline, a GABA-A 
antagonist, in the primate striate cortex. Previous studies have shown that optical 
imaging of the intrinsic signal is able to identify both functional and epileptiform 
activity in human neocortex (Haglund et al., Nature 358:20, 1992). Prior work has 
also demonstrated apparent alternating patterns of positive (excitation) and negative 
(?inhibition) intrinsic signal when seizures were triggered in primate visual cortex 
with full field visual stimulation (Haglund and Blasdel, Epilepsia 34:40, 1993).

A simple receptive field of visual cortex (VI) was identified by electrophysiological 
extracellular single unit recording. In order to minimize the area of cortex stimulated, 
only this field was visually activated to trigger seizure activity. An acute epileptic 
focus was created at the mapped site by the local application (0.5 x 0.5mm) of 
bicuculline (ImM). Optical imaging of the intrinsic signal was performed both before 
and after the creation of the epileptic focus. Under epileptogenic conditions, the 
excitatory, positive intrinsic signal wave spread outward from the focus at 6- 
Юmm/min. This signal was surrounded by patches of negative intrinsic signal. 
When the positive signal was within 75Oµm of the negative patches, its rate of spread 
slowed, often to less than lmm/min.

The propagation of bicuculline-induced seizure activity across neocortex is greatly 
affected by the presence o f an apparent inhibitory surround. The extent of effect of 
negative surround is in accordance with long range horizontal connections.

This project funded by NIH K08-01828 and Sloan Foundation Fellowship to MMH.

310.8
TRANSIENTLY REDUCED SYNTHESIS AND PROLONGED IMPAIRMENT 
OF PERIKARYAL STORAGE OF PARVALBUMIN IN HIPPOCAMPAL 
INTERNEURONS OF THE CHRONICALLY EPILEPTIC GERBIL.
C. Nitsch1*, R. Bender2 and M.-C. Hoffmann1, 1 Institute of Anatomy, Univ, 
of Basel, Pestalozzistr. 20, CH-4056 Basel, Switzerland; institu te  of 
Anatomy, Univ, of Freiburg/Br. Germany.

The Mongolian gerbil is known as a genetic model of epilepsy. 
Exploratory behavior in a stressful situation is most effective in provoking 
seizures. Modifications in inhibitory hippocampal circuits are thought to be 
responsible for the seizure sensitivity of the gerbil. We have previously 
shown the loss of parvalbumin (PV) immunoreactivity from GABAergic 
nonpyramidal CA1 neurons in gerbils submitted to a prolonged weekly 
seizure inducing test situation. In the present study, in situ hybridisation of 
PV mRNA was carried out in parallel to PV-immunocytochemistry in order to 
investigate the influence of seizures on synthesis and storage of PV. The 
morphometric analysis revealed in CA1 a marked downregulation of PV 
mRNA as well as PV protein 1 hour after the last generalized seizure. While 
PV protein remains low after a seizure interval of 2 to 3 days, PV mRNA 
returns to the level observed in non-seizing gerbils. These seizure induced 
changes in PV turnover and storage capacity in CA1 GABAergic neurons 
may impair their calcium buffering and thus fast-spiking capability. The CA1 
field represents the final output region to extrahippocampal brain areas. A 
progressive impairment of the inhibitory control of CA1 projection neurons 
may contribute to the kindling-like seizure behavior observed in repeatedly 
tested gerbils.

Supported by funds of the Univ, of Basel

310.9
EPILEPSY-INDUCED CHANGES IN EXPRESSION OF PROTEINS 
REGULATING PROGRAMMED CELL DEATH IN HUMANS D.C. Henshall'· R. 
Clark2. P.D. A delson3 M. Chen.1 S.C. Watkins.4 S.H. Graham'. J. Chen'. R.P. 
Simon1*. *Dept. of Neurology, ⅛)ept. of Anesthesiology-CCM. 3Dept. of 
Neurological Surgery, 4Dept. of Cell Biology & Physiology, University of Pittsburgh, 
Pittsburgh, PA 15213.

Cell death following ischemic and traumatic brain injury, may be regulated by 
apoptosis-related gene products. However, little is known about the role of such genes 
in human epilepsy or their participation in the cell death associated with recurrent 
seizures. The present study addressed whether programmed cell death regulatory 
proteins are expressed in brain tissue from patients with seizures refractory to 
anticonvulsant therapy.

Brain tissue samples from male and female seizure patients undergoing left or right 
temporalobectomy for intractable epilepsy (n=9), were compared to brain bank 
controls (n=6). Total protein was extracted and examined by western blot analysis 
using antibodies against Bcl-2, BcIxl, Bax, plO fragment of ICE and CPP32. 
Immunocytochemistry was performed for Bcl-2. Western blots for each protein were 
semi-quantified using densitometry.

Levels of CPP32 and Bc1Xl protein were increased in seizure patients Vs control 
(F=<O.O5). Levels of the cleaved plO fragment of ICE were also significantly 
increased, whilst the precursor form, proICE, was significantly reduced. Levels of 
Bcl-2 and Bax tended to be increased over control, although this did not reach 
statistical significance. Immunocytochemical labeling of brain tissue for Bcl-2 protein 
identified a primarily neuronal location.

These are the first data to support the expression of genes regulating programmed 
cell death in brain tissue from epilepsy patients. There appears to be an on-going 
balance between death effector (ICE, CPP32) and repressor (Bcl-2. Bci-xL) genes in 
tissue subject to recurrent seizures. These findings contribute to our understanding of 
the mechanisms controlling seizure-induced cell death.

310.10
QUANTITATIVE TRAIT LOCUS (QTL) FOR MAXIMAL ELECTROSHOCK 
SEIZURE THRESHOLD (MEST) IN C57BL/6J (B6) AND DBAУ2J (D2) MICE 
MAPS TO DISTAL CHROMOSOME 1. T.N. Ferraro*, G.T. Golden, M. Laibinis, 
G.G. Smith. R.E Longman, N. Mulholland, D. Zamboni, R.J. Buono, W.H. 
Berrettini. Center for Neurobiology and Behavior, University of Pennsylvania, 
Philadelphia, PA 19104 and DVAMC, Coatesville, PA 19320.

We recently mapped several loci that contribute to the large difference 
between B6 (resistant) and D2 (sensitive) inbred mice in susceptibility to seizures 
induced by the convulsant drugs kainic acid and pentylenetetrazol and showed that 
a locus on distal chr 1 (Szsl) accounts for a substantial portion of the genetic 
variance between these strains. In order to identify genetic influences on the 
difference between B6 and D2 mice in a non-pharmacological seizure model, 
parental (n = 32 per strain), FI (n = 20) and F2 (n = 297) intercross mice were 
tested for MEST using a classical protocol. QTL mapping is carried out by 
determining genotypes for microsatellite markers across the entire murine genome 
in F2 mice exhibiting the extreme lowest (n = 48) and highest (n = 41) MEST 
values. Initial focus is on distal chr. 1 markers with ‘first-pass’ statistical 
evaluation involving χ 2 contingency table analysis of marker allele distributions. 
Results revealed a large strain difference in MEST with mean (+SD) values of 78.6 
+ 7.2 and 26 ±2.1  mA for B6 and D2 mice, respectively. FI and F2 progeny had 
intermediate MEST values and heritability was estimated at greater than 80%. 
Preliminary mapping revealed the presence of a QTL on distal chr. 1 as reflected 
by χ2 values associated with significance at p < 0.0001 for markers DIMitЗO and 
DIMitl5O. MEST becomes the third distinct seizure phenotype for which a 
genetic factor located in the interval between 70-100 cM on chr. 1 significantly 
influences the differential response of B6 and D2 mice. We conclude that this 
region harbors a gene(s) of fundamental importance in mediating neuronal 
excitability that leads to seizures. Supported by NINDS grant ROl-NS33243.

310.11
THE 1A2 NA,K-AIPASE SUBUNIT GENE IN C57BL/6J AND DBA/2J MICE: A 
CANDIDATE FOR INFLUENCING STRAIN SPECIFIC SEIZURE SENSITIVITY.
D.L. Zamboni1*. RJ. Buono2. G.T. Golden2,3. W.H. Berrettini2, and T.N. Ferraro2, 
department of Genetics, Thomas Jefferson University, Philadelphia, PA 19107, 
department o f Psychiatry, University o f Pennsylvania, Philadelphia, PA 19104, and 
⅛>VAMC, Coatesville, PA 19320.

DBA/2J (D2) mice are much more sensitive to experimentally-induced seizures than 
C57BL/6J (B6) mice. Previously, our lab performed a quantitative trait locus (QTL) 
analysis o f chemically-induced seizures on F2 mice from a B6/D2 intercross that 
revealed a QTL on chromosome 1 accounting for over 20% of the genetic variance in 
differential seizure susceptibility between strains (Mammalian Genome 8:200, 1997). 
This region of chromosome 1 contains various candidate genes, including the α2 (la2) 
subunit o f the Na,K-ATPase, a logical candidate for influencing seizure susceptibility 
since seizures are characterized by abnormal neuronal firing. Furthermore, the 
activity of ATPase, which determines the neuronal membrane potential and controls 
electrical activity, is known to be different between the two strains ŲNeurochem. 42: 
529, 1984 and J  Neurochem. 46: 1370, 1986). To determine if  a variation o f the 
ATPase la2 gene might be involved in the difference in seizure susceptibility between 
D2 and B6 mice, total RNA was isolated from half of a whole brain o f mice from both 
strains and usçd as template for reverse transcription PCR (RT-PCR). The RT-PCR 
produced seven overlapping fragments for each strain, encompassing the entire Зkb 
coding region of the cDNA. Six o f these amplified fragments have been cloned into a 
vector and the la2 sequence compared to known sequences in GenBank. After 
matching sequences with DNAsis sequence alignment software, preliminary data 
indicates 17 nucleotide changes between strains which result in 4 amino acid changes. 
These changes are being further investigated as possible contributors to the seizure 
phenotype. This work is supported by NINDS grant ROl-NS33243. DLZ was 
supported by the Foerderer Foundation from 1995 to 1997.

310.12
GENETIC SUSCEPTIBILITY OF HUMAN TEMPORAL LOBE 
EPILEPSY. R.J. Buono »L T.IVLFerraro1. E L  Financier1. M.J. O'Connor2 M.R.

and Behavior, University of Pennsylvania, Philadelphia, PA 19104.,
2 Department of Neurosurgery, 3 Department of Neurology, Thomas Jefferson 
University Hospital, Philadelphia, PA 19107., 4 Department of Pediatric 
Neurology, Children's Hospital of Philadelphia, Philadelphia, PA 19104.

The purpose of our study is to identify human gene variations related to 
temporal lobe epilepsy (TLE). Our strategy is to catalog polymorphisms in 
candidate genes, measure their prevalence in a case-control study, and perform 
genetic association studies on those polymorphisms over-represented in 
diseased versus control individuals. Candidate genes were identified by 
quantitative trait loci mapping in a murine model of TLE, kainic acid induced 
seizures (Ferraro; 1997, Mam. Gen. 8:200). Subsequent murine studies 
including congenic production implicate a region of distal mouse chromosome 
one as harboring a gene (s) with a moderate effect on seizure susceptibility and 
indicates this locus is related to primary generalized epilepsy as well. The α2 
subunit of the NaK-ATPase and a potassium ion channel gene KIR 4.1 are the 
prime candidate genes for study, as ion homeostasis is strongly linked to 
seizure phenotype. To study candidate gene structure and expression, we 
isolated DNA, RNA and protein from TLE brain tissue removed for seizure 
remediation. Polymerase chain reaction (PCR) single strand conformational 
polymorphism (SSCP) and DNA sequencing have been used to examine 30% 
of the exons of the human NaK-ATPase 1A2 gene and thus far have identified 
two polymorphisms. One polymorphism is a 4bp insertion into the in tronl- exon 
2 splice junction. A second is a single nucleotide polymorphism in exon three 
which does not affect amino acid coding sequence but is more prevalent in TLE 
patients than controls (TLE [n=2O] vs. controls [n=24]; χ 2=15.13, p< 0.0001, 
99% Cl, 1 df). Identifying susceptibility genes in common complex forms of 
epilepsy will lead to better diagnostic criteria as well as provide the basis for anti
convulsant drug design, (support: Center for Neurobiology, Univ, of PA)
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311.1

CO CA IN E D O SE-D EPEN D EN T A C TIV A TIO N  BY ЗT fM R I.
R Gollub1*. H Breiter1,2. I Elman1. H Kantor2. D Gastfriend‘. J Riorden1. S Krause1. N 
Makris2. D Kennedy2, T Campbell2. B Rosen2 & R Weisskoff2. ‘MGH Department of 
Psychiatry and 2NMR Center, Charlestown, MA 02129.

We have previously demonstrated the feasibility (Gollub et al, JCBFM, in press) of 
using fMRI to investigate the acute effects of cocaine infusion and reported the network 
of brain regions activated by cocaine (Breiter et al, Neuron, 1997). In this study we 
extend our findings using a higher field strength magnet to show dose-dependence of the 
cocaine effects in single subjects.

Cocaine dependent subjects were given 3 infusions (saline, 0.1 mg/kg, and 0.6 mg/kg; 
max dose 40 mg) one per 18 minute scan separated by 45-60 minutes under double blind 
conditions. ECG, HR, ETCO2, BP, ACTH, cortisol, cocaine levels & subjective 
ratings (RUSH, HIGH, LOW & CRAVING) were measured. Images were collected on a 
GE ЗT Signa imager using a head coil and a GE sequence [TR=4OOO ms, TE=ЗO ms, 
Flip=6Oº, resolution 3 x 3 x 4  mm, 272 images/slice, 27 slices parallel to the 
intercommisural plane]. All data sets were motion-corrected and statistical maps (KS 
with drift correction & smoothing) used to identify infusion related activation.

Physiologic responses to saline and 0.1 mg/kg cocaine were indistinguishable. One 
subject reported euphoria in response to saline, 2 in response to OЛ mg/kg and all 4 in 
response to 0.6 mg/kg cocaine. In each subject, the pattern of regional activation to 0.6 
mg/kg cocaine closely matched our previous report and included signal increases in the 
caudate, putamen, globus pallidus/basal forebrain, cingulate, lateral prefrontal and 
temporal corticies. Signal decreases were found in the medial frontal/orbital gyrus. The 
statistical maps from subjects experiencing dose dependent euphoria showed a 
corresponding graded activation. For example, in one subject, magnitude of activation 
(1.6 + 1.3%, 0.9 ±  0.3%, 0.4 + 0.3%) and duration (532, 200 and 0 seconds) in the 
region of the bilateral caudate/nucleus accumbens matched the subjective response to 0.6, 
0.1 and 0 mg/kg respectively.

Supported by NIDA 00275, 00265, 09467 & NIH M01 RR01066 to MGH-GCRC.

311.3
DOPAMINERGIC INFLUENCES ON COCAINE-INDUCED REGIONAL BRAIN 
ACTIVATION: A 2DG STUDY. RCW Jones Ш. T Chou. J-JA Marota. JB 
Mandeville, R Weisskoff, M Moskowitz. B Rosen, and BE Kosofskv*. Depts of 
Anesthesia, Neurology, and Neurosurgery; Laboratory of Mol. and Dev. Neurosci., 
and NMR Center, MGH- East, Harvard Medical School, Boston, MA 02119.

Utilizing Sokoloffs 2DG method (J. Neurochem. 28:897-916,1977), we 
compared the ability of cocaine administration (0.0 or 1.0 mg/kg, iv) to induce 
functional brain activation in halothane-anesthetized, paralyzed (pancuronium) SD 
rats compared to awake, behaving rats. The D1 dopamine receptor antagonist 
Schering 23390 (0.1 mg/kg, iv, 10 minutes prior to cocaine administration) was 
tested for its ability to block cocaine-induced brain activation in both anesthetized 
and awake animals. This experiment was designed to determine the contribution of 
dopaminergic mechanisms in contributing to cocaine-induced brain activation, and to 
explore the influence of halothane anaesthesia on cocaine-induced brain activation, to 
facilitate interpretation of parallel fMRI studies.

Approximately 100 anatomic regions were selected and measured for glucose 
uptake. Our results in awake animals demonstrate robust activation in striatum as 
well as motor and limbic cortices (20-50% increase) following administration of 1.0 
mg/kg cocaine. Results from halothane-anesthetized (0.75%) animals demonstrate a 
somewhat altered dose-response pattern in which modest activation is seen in 
striatum and limbic cortices following administration of cocaine at 1.0 mg/kg, iv. 
Schering pretreatment (0.1 mg/kg iv, 15 min prior to cocaine infusion) abolished 
striatal and cortical cocaine-induced activation in both awake and anesthetized 
animals. These 2DG findings confirm results that others have obtained in awake 
rats, and extend those findings to halothane-anesthetized rats. The rat model we have 
utilized in the 2DG experiments described above, in parallel with fMRI and laser 
doppler experiments reported separately (Marota et al.) have identified the regional 
and temporal specificity of brain activation following acute cocaine administration, 
and the relevance of dopaminergic mechanisms (supports DAO9467).

311.5
A N O V E L TR EA TM EN T STR A TEG Y  F O R  C O C A IN E A D D IC T IO N . A. E. 
M organ1. S. L. D ew ey1,5. C. R. A shbv2. Jr.. B. H oran2. E. L. G ardner3. J. 
L ogan1. O.V. R ice1. S. A. K ushner4. J. D. B rodie5. M. Lenore3*. *Chem Dept. 
BNL, Upton, N Y , ⅛ e p t  o f  Pharm  H ealth  Sci, St. John 's, Jam aica, N Y , 3D ept o f  
Psych and N eurosci, A lbert Einstein College o f  M edicine, B ronx, N Y , 4D ept o f  
Pharm, Boston ư ,  Boston, M A, ⅛ e p t  o f  Psych, N Y U , N Y  10016.

B ehaviors associated with cocaine addiction are linked to its ability  to 
rapidly alter m esocorticolim bic DA  in the CNS. W e exam ined the utility  o f  
gam m a vinyl-G A BA  (GV G, Vigabatin®), a  selective and irreversible suicide 
inhibitor o f  G A B A -T  that elevates endogenous G A B A  and potentiates 
G A BA ergic inhibition, in blocking cocaine's biochem ical and behavioral 
effects. W e report that pretreatm ent w ith G V G  abolished cocaine-induced 
increases in synaptic D A  in the non-hum an prim ate brain and selectively 
abolished cocaine-induced CPP w hile having  no effect on  CPP for a  food 
rew ard in rodents. In addition, G V G had no effect on locom otor activity , did 
not induce catalepsy, and had no effect on cocaine delivery  to  the CN S. These 
findings represent the first dem onstration o f  the use o f  a specific irreversible 
inhibitor (GV G) w hose designed therapeutic activ ity  is targeted  at a 
neurotransm itter system  (G A BA ) w hich is d istinct from  but functionally-linked 
to its necessary site o f  action (D A ) for the treatm ent o f  cocaine addiction. 
R ather than target the  G A B A  receptor com plex  w ith a GA BA  
m im etic/enhancing com pound, this novel approach w ith G V G  takes advantage 
o f  the prolonged effects o f  an irreversible inhibitor w ithout the  addictive 
liability  frequently  associated w ith com pounds that act directly  at the receptor 
level. Clinical trials w ith G V G  are currently  being developed. Supported by 
U S D O E /O B ER  (D E -A C 02-98C H 10886) and N IM H  M H49165.

311.2
DOPAMINERGIC INFLUENCES ON COCAINE-INDUCED ACTIVATION IN 
RAT BRAIN: AN fMRI STUDY. J-JA Marota, JB Mandeville, BE Kosofsky.TI 
Avata. L LaPo∩te. M Fove. RCW Jones Ш, R Weissleder, R Weisskoff. C 
Kornetskv*. M Moskowitz. and B Rosen. Depts of Anesthesia, Neurology, and 
Neurosurgery; Laboratory of Mol. and Dev. Neurosci., and NMR Center, MGH- 
East, Harvard Medical School, Boston, MA 02119; Departments of Psychiatry ami 
Pharmacology, Boston University School of Medicine, Boston, MA 02118.

We performed functional studies in the rat to identify the pattern and determinants 
of cocaine-induced brain activation and to assess the importance of the D1 receptor 
to these induced changes. Anesthetized, naive HSD rats received intravenous (iv) 
cocaine over 30 seconds at doses up to 5 mg/kg. Utilizing Blood Oxygen Level 
Dependent (BOLD) functional magnetic resonance imaging (fMRI), there was a 6% 
signal increase in frontal cortex 5 minutes after cocaine injections of 0.5 and 1.0 
mg/kg. A similar dose- and time-dependent response was obtained using laser 
doppler flowmetry (LDF), which revealed 30-40% increases in cerebral blood flow 
(CBF) in frontal cortex but no CBF change in occipital cortex. Using an exogenous 
contrast agent to significantly enhance MRI sensitivity relative to BOLD signal, we 
confirmed a rostral greater than caudal gradient of cocaine-induced cortical activation 
as measured by relative cerebral blood volume (CBV) and identified a more modest 
activation of dopamine innervated subcortical structures, including striatum and 
nucleus accumbens. Cocaine-induced forebrain activation, as assessed by fMRI and 
LDF, was completely blocked by prior adiministration of the selective Dl- 
antagonist SCH-23390 (0.1-0.5 mg/kg, iv). The observed pattern of regional 
activation, and the attenuated response following pretreatment with the D 1 receptor 
antagonist, identify the relevance of D1 dopaminergic mechanisms to the acute 
effects of cocaine action in rat brain. Additional experiments have been conducted to 
explore the influence of prior chronic cocaine exposure (i.e., self-administration) on 
these fMRI patterns of cocaine-induced brain activation (supported by DAO9467).

311.4
D O PA M IN E T R A N S PO R TER  OC CU PA N CY  BY INTR A V EN O U S 
M ETH Y LPH EN ID A TE: IM P L IC A T IO N S  FO R  ITS R E IN FO R C IN G  
EFFECTS ND Volkow1,2*, ĢJ W ang1, JS Fowler1. SJ Gatlev1. J LoganL YS 
Ding 1, SL Dewey1' A Gifford1, N Pappas1. ‘Brookhaven National Laboratory,
Upton, NY 11973; 2Dept Psychiatry SUNY Stony Brook, Stony Brook, NY, 11794.

Concern has been raised about the potential reinforcing effects of methylphenidate, 
(Ritalin) a drug used widely in children with Attention Deficit Disorder, since it 
blocks dopamine transporters (DAT), which are the target of cocaine's reinforcing 
effects. In this study we measured the efficacy of intravenous methylphenidate (MP) 
to block DAT in the human brain and compared its effects to those we had previously 
obtained for intravenous cocaine. Methods Occupation of DAT by MP was measured 
with PET using [π C]cocaine as a DAT ligand, in 8 controls, in whom we assessed 
occupancy for different MP doses. The ratio o f the distribution volume of 
[ИC]cocaine in striatum to that in cerebellum, which corresponds to Bmax/Kd +1, 
was used a measure of DAT availability. In parallel subjective effects (“high”, “rush” 
and “restlessness) were measured. Results MP produced a dose-dependent blockade of 
DAT, with an estimated ED50 (dose required to block 50% of the DAT) of 0.07 
mg/kg. The estimated ED50 for intravenous cocaine calculated using previously 
published data was 0.13 mg/kg. DAT occupancies were significantly coưelateđ with 
the concentration of MP in plasma (r = 0.72, p < 0.001). MP significantly increased 
self reports of “high” (p < 0.008) and "rush" (p < 0.03). The magnitude of the 
"high" was significantly correlated with the degree of DAT occupancy (r = 0.41, p < 
0.05). However, there were subjects who had significant DAT blockade but did not 
perceive a "high". Discussion Intravenous MP is as effective as intravenous cocaine 
in blocking DAT in the human brain and DAT blockade, as for cocaine, was also 
associated with the "high". However, the fact that there were subjects who despite 
significant DAT blockade did not experience the "high", suggests that DAT blockade 
is not the only variable required for the "high". Also in analyzing the reinforcing 
effects of MP it is important to realize that when used therapeutically it is given by 
the oral and not the intravenous route of administration. Support: DOE and NIDA.

311.6
MU OPIOID RECEPTOR BINDING CHANGES IN CHRONIC COCAINE USERS 
AFTER ACUTE COCAINE CHALLENGE IN EARLY AND LATE ABSTINENCE. 
B,-Bencherifi.P, Gore_lick^R. Nelson. R. Stauffer. Ħ.T. Ravert. W.B. Mathews. J.L. 
Musachio. R.F. Dannals and J.J. Frost*. The Johns Hopkins Univ., Baltimore, MD 

The purpose of this study is to determine if dynamic changes in opioid receptor 
binding occur in vivo following an acute pharmacological challenge with cocaine and 
if these changes are different in early and late abstinence. Regional mu opioid receptor 
binding (mOR) was measured in chronic cocaine users using 1 ⅛ -carfentanil (CFN) 
and PET using a four PET scan-protocol following 7 and 90 days of monitored 
cocaine abstinence in a closed ward. A thermoplastic mask was used for PET 
positioning after MRI localization of an amygdala-occipital plane. A morning baseline 
and an afternoon challenge scan after acute administration of cocaine (8Omg-l2Omg 
intra-nasal) 5 minutes after an IV bolus of CFN were obtained at 7 and 90 days. Nine 
subjects (34 ± 3 years) on day 7 and six subjects (34 ±  4 years) on day 90 were 
studied. Plasma cocaine levels were assayed and psychological effects of drug were 
assessed with the Minnesota craving scale and other tests. The ratio ([region- 
occipital]/occipital) on average data from 35-82 min was used for mOR quantification. 
Data were analyzed using 1) region of interest (ROI) and 2) statistical parametric 
mapping (SPM). Changes in mOR binding at 7 and 90 days in each subject were 
regressed against their average plasma cocaine level (10-65 minutes) obtained at 7 and 
90 days. ROI showed a significant positive correlation between changes in binding and 
mean plasma cocaine level at 7 and 90 days in the right caudate, thalamus, amygdalae 
and parietal cortex (Pearson r= 0.73-0.90) while SPM showed the 3D extent of these 
regional correlations. Changes in mOR correlate with plasma cocaine level and are 
less prominent after prolonged abstinence. These changes following cocaine challenge 
will likely help elucidate the role of the opioid system in reinforcement mechanisms 
following abstinence.
NIDA DA09479-03
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311.7
ANTIPLATELET THERAPY FOR REGIONAL CEREBRAL PERFUSION 
DEFICITS IN CHRONIC COCAINE ABUSERS. C  Gottschalk*. H. Rinder. S. 
Sanabria, J. SeibvL H. Dev, and T. Kosten. Depts o f Psychiatry, Neurology, Laboratory 
Medicine and Radiology, Yale School o f Medicine; West Haven, CT 06516.

This project tests the effects o f standard doses of aspirin and amiloŗide therapy during 
acute abstinence on the multiple, focal decreases in cerebral blood flow found in 
chronic cocaine abusers. This four-week protocol uses inpatients in order to insure 
compliance with the medications and complete abstinence from cocaine. Cerebral 
perfusion rCBF is assessed using Tc-99m-HMPAO-SPECT (single photon emission 
computed tomography). Subjects: We recruit active cocaine abusers without another 
Axis I diagnosis. They cannot have Ш V or any medical condition or treatment that 
might alter cerebral blood flow. Procedure: Each subject is randomized to Aspirin, 
Amiloŗide, or placebo in a double-blind protocol. SPECT scanning is performed with a 
Picker PRISM 3000XP on days 2, 14, and 30. Platelet studies and neuropsychological 
tests are administered the same days. Outcome: The two primary measures are 
normalization of cerebral perfusion and platelet function. We will also correlate 
composite measures of cerebral perfusion with cognitive performance. Secondary 
analyses will examine whether baseline platelet measures predict response to either 
agent. As these abnormalities are randomly distributed, image analyses are performed 
within-subjects only. Three types of analysis will be presented: 1) using ROIs defined 
by counts relative to scan maxima, to evaluate the degree of change in abnormal 
regions during the course of study; 2) using a composite measure of the total degree of 
flow abnormality in segmented images; and 3) relative to a normative brain SPECT 
database, using Statistical Parametric Mapping (SPM96). Preliminary analysis of 
subgroups shows that the dose of amiloŗide used is insufficient to achieve the degree of 
platelet normalization desired. The relation of platelet function to cerebral 
vasoregulation will be discussed.
Supported by NIDA P5O DA-04060 & DA 00167

311.9
PREVENTION OF COCAINE-INDUCED BEHAVIORAL TOXICITY BY 
NMDA/GLYCINE SITE AND COMPETITIVE ANTAGONISTS. R.R. 
Matsumoto*. R.L. Brackett. B. Pouw and J.F. Blvden. University of Oklahoma 
Health Sciences Center, Dept, of Pharmacol. & Toxicol., Oklahoma City, OK 73190.

NMDA receptors appear to be involved in the behavioral toxic effects of cocaine. 
Therefore, different classes of NMDA receptor antagonists were compared for their 
ability to attenuate cocaine-induced convulsions and lethality in mice. Male Swiss 
Webster mice were pre-treated (i.p.) with vehicle or an antagonist from one of the 
following classes: NMDA/glycine site antagonist (ACEA-1021, ACEA-1031, 
ACEA-1328, DCQX, R(+)-HA-966, 7-chlorokynurenic acid), competitive antagonist 
(CPP, D-AP7), channel blocker (MK-801, memantine), or allosteric modulator 
(ifenprodil, ColOЮ22). After a 15 min pre-treatment period, the mice were given a 
convulsive (ED97) or lethal (LD97) dose of cocaine, 60 or 125 mg/kg, i.p, 
respectively. Pre-treatment with NMDA/glycine site antagonists dose-dependently 
attenuated cocaine-induced convulsions and lethality (P<0.05); this protection was 
pharmacologically antagonized with the NMDA/glycine site partial agonist D- 
cycloserine. Pre-treatment with the competitive antagonists also protected against 
cocaine-induced convulsions and lethality (P<0.05). In contrast, the channel 
blockers and allosteric modulators protected against cocaine-induced convulsions 
(P<0.05), but aside from the marginal effects of ifenprodil, failed to prevent death. 
Significantly, i.p. administration of NMDA/glycine site antagonists (ACEA-1021, 
ACEA-1031, ACEA-1328) after a normally lethal dose of cocaine, prevented death 
in a significant number of animals (P<0.05) under conditions where they had only 2- 
4 min in which to rescue the mice. The data indicate that NMDA receptors are 
involved in end stage events after a cocaine overdose. Therefore, pharmacological 
interventions, particularly those aimed at the glycine modulatory site, may have 
clinical potential for the treatment of cocaine overdose. (Supported by OCAST)

311.11

IMPAIRED SPATIAL MEMORY AND LONG-TERM POTENTIAΉON (LTP) 
AND NEURONAL ATROPHY IN THE DENTATE GYRUS AFTER CHRONIC 
COCAINE ADMINISTRATION IN RATS. Z. Sarnvai1-2*. C.D. Conrad1. S. Lev1.
C. Pavlides1. K.D. Beck3. V. Luine3. M.J. Kreek2 and B.S. McEwen1. Lab. of 
Neuroendocrinology1 and Lab. of Biology of Addictive Diseases2, Rockefeller 
University; Dept, of Psychology3, Hunter College, CUNY, New York, NY 10021 

Chronic cocaine abuse results in cognitive impairments in humans. We 
established an animal model to study cocaine-induced cognitive impairments in rats 
and investigated possible physiological, morphological and neurochemical 
mechanisms, and the role that adrenal steroids may play. Rats were treated with 
cocaine or saline in a “binge” pattern (15 mg/kg cocaine, i.p.; ЗX a day) for 3 and 6 
weeks, to mimic long-term human cocaine use. Hippocampus-dependent, spatial 
memory was measured by using a Y-Maze test followed by the measurement of 
plasma corticosterone (CORT). LTP was recorded from the dentate gyrus (DG) with 
stimulation of the medial perforanth path. Dendritic morphology of the CAЗ 
pyramidal and DG granule cells was studied by Golgi staining and light 
microscopy. In addition, neurotransmitters and their metabolites in the DG were 
measured by HPLC. Six weeks of “binge” cocaine administration resulted in: (1) a 
chronic elevation of CORT, (2) spatial memory impairments, (2) an inhibition of 
LTP; (3) dendritic atrophy of the granule cells in the DG, but not of the pyramidal 
cells in CAЗ; (4) elevated serotonin and GABA levels in the DG. (5) Rats with 
fewer granule cell dendrites showed worse spatial memory and a negative correlation 
was found between CORT and both spatial memory and number of granule cell 
dendrites in the DG. These results suggest that chronic cocaine administration leads 
to cognitive impairments through morphological and physiological changes in the 
DG. Activation of the HPA axis may play a role in cocaine-induced changes in 
HPC plasticity. Supported by the A.V. Davis Foundation and NARSAD (ZS); 
DA05130, DA00049 (MJK) and MH41256 (BSM) from NIH.

311.8
COCAINE (COC) ADDICTION THERAPY: DRUGS ACTING ON THE 
REINFORCING MECHANISMS M. Gioreetti*.1 L. Pulvirenti.1’2 C. Balducci,2
E. Izzo.2 E. Costa1 & A. Guidotti.1 'The Psychiatric Institute, Dept, of 
Psychiatry, U1C, Chicago, IL 60612. ⅜ ept. Neuropharmacol. Scripps Res. Inst. 
La Jolla, CA 92037.

The increment of dopamine (DA) content in microdialysates of the nucleus 
accumbens shell (NAS) elicited by COC injected in freely-moving rats is highly 
dependent on the rate and the amount o f DA released via impulse flow- 
dependent exocytosis. The firing rate o f DA ventral tegmental area (VTA) NAS 
neurons is under inhibitory control by GABA and excitatory control by 
glutamate, regulated "inter alia" by the amount o f DA released. Thus, by using 
drugs that increase GABAergic-or decrease glutamatergic neurotransmission, 
one should be able to attenuate psychomotor activity and the reinforcing 
properties of COC. Here, we show that imidazenil (IM), a partial positive 
allosteric modulator of GABAΛ receptor function, dose-dependently (0.15-2.5 
µmol/kg i.p.) inhibits the COC-induced increase in DA content in dialysates of 
the NAS and attenuates the COC-induced increase in locomotor activity without 
eliciting sedation, ataxia, or tolerance liability. Furthermore, in rats trained under 
a continuous reinforcement schedule (FR1), IM dose-dependently decreases the 
rate o f COC self-administration, reduces the maximum FR ("breaking point") of 
the response to COC self-administration under a progressive ratio schedule, and 
shifts downward the COC (0.06 - O.5mg per infusion) dose-effect function 
measured within-session and between-session. Oral administration o f IM (2.5 
µmol/kg) also decreases the rate o f COC self-administration in rats trained under 
a continuous reinforcement schedule (FR1). In addition, these effects of IM are 
devoid of tolerance liability, whereas pharmacologically equieffective doses of 
the full positive allosteric modulator o f GABAÄ receptor fiinction, diazepam, 
produce tolerance. These preclinical studies show that IM, reduces COC seeking 
behavior and may be a promising candidate to treat cocaine abuse in humans. 
Grant: E. C. MH5600-02.

311.10
ENHANCED SYNAPTIC EFFICACY IN THE NUCLEUS ACCUMBENS 
DURING THE ACQUISITION OF COCAINE-SEEKING BEHAVIOR Ļ  
Pulvirenti*. J. Criado. C. Balducci. G.F. Koob and S.J. Henriksen 
Dept. Neuropharmacol., Scripps Res. Inst., La Jolla, Ca 92037 

The nucleus accum bens (NAC) is as a c ritica l s tructure 
m edia ting in travenous cocaine se lf-adm in is tra tion  in rodents 
and excitatory am ino acid (EAA)-dependent synaptic plastic ity 
has been described w ith in the NAC. The present study was 
designed to determ ine the neural changes in synaptic efficacy 
associated w ith the acqu is ition of coca ine-seeking behavior. 
Evoked field responses in the NAC shell and core regions in vivo 
were exam ined after stim ulation of fim bria  affe rents in rats 
exposed to either one or five days of intravenous cocaine self
a d m in is tra tio n . A cq u is itio n  of co ca in e -se e k in g  b e h a v io r 
s ign ifican tly  increased paired-pu lse  fac ilita tion  (PPF) of the 
lo n g -la te n cy  P25 com pone n t of the  evoked  p o te n tia l. 
Furthermore, a marked potentiation of the P25 potentia ls was 
also observed follow ing tetan ic stim ulation of NAC afferents. 
These effects were observed in the shell, but not in the core and 
did not occur in cocaine-yoked control anim als or in anim als 
performing the same operant response for food reward. Both the 
increased PPF of the P25 component and the enhancement of the 
P25 potentia ls were reversed by the EAA NMDA receptor 
antagon is t CGS 19755 and w ith the non-N M D A receptor 
antagonist NBQX. An EAA-dependent enhancem ent of synaptic 
efficacy in the NAC shell after the first exposure to cocaine may 
therefore be critical for the development of cocaine dependence.

311.12
DOSE-RELATED ALTERATIONS IN NEOCORTICAL CYTOARCHITECTURE 
FOLLOWING PRENATAL COCAINE EXPOSURE. JO Ren. E Tabit. and BE 
Kosofskv*. Laboratory of Molecular and Developmental Neuroscience, 
Massachusetts General Hospital-East, Harvard Medical School, Boston, MA 02129.

We have developed a (SW) mouse model of transplacental cocaine creating three 
prenatal treatment groups: a cocaine group (COC: 40 or 20 mg/kg, sc, cocaine HC1 
divided evenly across twice daily doses from E8-E17), a saline-injected pair-fed 
group (SPF4O), and a saline-injected group with food available ad libitum (SAL). 
On postnatal day (P)l, each litter was surrogate fostered. P9 (juvenile) or P5O 
(adult) animals were perfused with 4% paraformaldehyde, brains were sectioned at 50 
microns, then stained for Nissl-substance with cresyl violet. Sections through the 
primary sensory cortex (SI) at the level of the anterior commissure were selected for 
analysis. Using an MCID image processing system, we analyzed coronal brain 
sections from 15-20 mice from each group, at each postnatal age. The full thickness 
of SI cortex was measured at 5X mag including parcellation of infragranular and 
supragranular compartments. The cellular density of that same field of SI was 
quantitated at 20X mag by computer-assisted counting of labeled elements. Our data 
reveals that in P9 COC2O animals the supragranular compartment comprised a 
larger fraction of the cortical thickness, as compared to SAL control animals 
(p<0.01), though total cortical thickness was unchanged. However, P5O COC4O, 
COC2O, and SPF4O animals had thinner cortex (p<0.05). Though P9 COC4O, 
COC2O and SPF 40 animals had the same number of cells/area as compared to SAL 
control animals, P5O COC4O and COC2O animals had a significantly lower number 
of cells than did SAL control animals (p<0.05), which were indistinguishable from 
SPF 40 animals. These findings, combined with cumulative BrDU and Dil studies 
in progress extend our previous findings, identifying separate effects of cocaine vs. 
cocaine-mediated malnutrition in disrupting neocortical cytoarchitecture in juvenile 
and adult mice exposed to cocaine transplacentally, findings which may be relevant 
to human infants exposed to cocaine in utero (supported by DA00175, DA08648).
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311.13
A D IRECT CO M PA R ISO N  OF M ETH Y LPH EN ID A TE A N D  C O C A IN E ON 
N U CLEU S A C CU M B EN S D O PA M IN E (D A ) IN  FR EELY  M O V IN G  RATS. 
O.V. R ice‘, A. E. M organ1. N. D. V olkow 2, J. S. F ow ler1, S. L. D ew ey1*. ‘D ept 
o f  Chem , BNL, U pton, NY , 2M edical Dept, BN L, Upton, NY , 11973.

In an ongoing effort to com pare the physiologic properties o f  
m ethylphenidate (M P) w ith cocaine (coc) in the CN S, we exam ined the effects 
o f  M P or coc on nucleus accum bens DA using in vivo m icrodialysis in freely 
m oving rats. Guide cannulae were surgically  im planted into the right nucleus 
accum bens at least 5 days prior to  study. Probes w ere inserted into guide 
cannulae and anim als were placed in bow ls the n ight before the study. After 
establishing a stable baseline m easurem ent (at least 3 m easurem ents within 
10% o f  one another), anim als received either M P (10 or 20 m g/kg) or coc ( 10 
or 20 m g/kg) via an intraperitoneal injection. W ithin 40-60 m inutes follow ing 
injection, D A  reached a m axim um  peak value. DA  peaked at approxim ately 
260%  (10 m g/kg) and 560%  (20 m g/kg) o f  baseline follow ing coc 
adm inistration while it peaked at approxim ately 480%  (10 m g/kg) and 860%  
(20 m g/kg) follow ing M P adm inistration. In addition, w hile there w ere no 
differences betw een the tw o drugs in the am ount o f  tim e it took  to  reach a 
m axim um  peak value, it took longer for DA to return to baseline values 
follow ing M P, consistent w ith the known pharm acokinetics o f  labeled M P 
com pared w ith coc. These prelim inary data suggest that while both com pounds 
produce profound and rapid increases in extracellular DA, there are m arked 
d ifferences in the absolute m axim um  values obtained as well as the duration o f 
the effects. Future studies are designed to exam ine possible differences in 
gastrointestinal transport and b ioavailability  as it relates to  absolute m olar 
concentrations o f  each drug. Supported by U S D O E /O B ER  (DE-ACO2- 
9 8 C H 10886) and N IM H  M H49165.
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312.2312.1
FIERCE; A NOVEL MOUSE MUTANT WITH DEVELOPMENTAL, 
NEUROLOGICAL AND BEHAVIORAL ABNORMALITIES IS DELETED FOR 
TAILLESS. E.M. Simnson.1* C.L. M ahalïev.‘ K.A. Yount!.1 N.L. Hawes.'
B.Chang.' J.R. Saiυnz.' R.S. Smith.' E.F, Rissman.’ R,T. Bronson.* R.J. Nelson,3 
M.L. Berry1. 'The Jackson Laboratory, Bar H;ubor, ME 04609; 2TҺ℮ Johns Hopkins 
University, Baltimore, MD 21218-2686; ’University oť Virginia, Ch;ưlottesville, VA 
22906-9003; 4Tuťts University, Boston, MA 02111.

The ’fierce’ mouse mutation was recovered as a linked event during the induced 
mutagenesis of Zfa. Recombination between the two loci allowed characterization of 
the fierce mutation, independent of the original targeted gene. We have studied the 
fierce mutation on three genetic backgrounds; C57BL/6J, 129/JEms, and B6129FT 
On all three backgrounds Fierce is recessive and viable. Fierce homozygotes appe;ư 
normal at birth, but between 2-3 weeks they fail to gain weight and then remain 
small. First observed a te  16, there is diťťerenti;ü development of brain regions and 
associated structures. By adulthood, the cerebellum rem;üns unaffected, but hypoplasia 
of the cerebrum, olfactory lobes, and retina is present. Behavior is affected such that 
by 3 weeks animals are ‘hard to handle’ and adult males are aggressive. The fierce 
phenotype is most extreme on the C57BL/6J background where homozygoles ;ue 
blind, both sexes are highly aggressive, and the females lack maternal behavior. 
Testosterone and corticosterone levels did not differ. Immuno-reactivities of estrogen 
and androgen receptors in general did not differ, except in the bed nucleus of the stria 
terminal is where male fierce had more intense AR-ir and less ĽR-ir than control 
males. Molecukư studies revealed that fierce is a chromosomal deletion encompassing 
at least Tlx, the mouse homolog of the Drosophila orphan nuclear receptor ‘tailless’. 
The published transcription of Tlx coincides well with the sites of fierce abnormality, 
and an induced mutation of Tlx is phenotypically similar to fierce (Monaghan el al., 
1997, Nature 3*Ю, 515). Thus, Tlx is a strong candidate to be the gene, or one of the 
genes, responsible for the fierce phenotype. Funded by NIH-Mental Health to EMS.

312.3
NMDA-MEÛIATED SYNAPTIC TRANSMISSION IN THE LATERAL 
AMYGDALA IS NOT POTENTIATED IN FEAR CONDITIONED ANIMALS. IW
McKernan and P. Shi∩∩ick-Gallaαher*. Dept, of Pharmacology and Toxicology, 
Univ, of Texas Medical Branch, Galveston, TX 77555-1031.

We have shown using the fear-potentiated startle paradigm that excitatory 
synaptic transmission in the medial geniculate to lateral amygdala synapse is 
potentiated in slices from fear conditioned animals. This potentiation is evident 
in composite as well as AMPA-mediated synaptic potentials (Nature 390:607, 
1997). In this work we compared the isolated NMDA response in fear 
conditioned animals with the NMDA response in unpaired control and naïve 
control animals. We analyzed NMDA receptor mediated paired-pulse facilitation 
(PPF) and found a strong correlation between the amplitudes of the 1st and 2nd 
NMDA EPSCs and a voltage dependence of NMDA PPF suggesting a 
postsynaptic contribution to NMDA PPF. In fear conditioning NMDA PPF was 
significantly decreased compared to naïve and unpaired control groups 
(p<0.0001). These data suggest that perhaps pre- and postsynaptic factors may 
play a role in the decrease in NMDA PPF in fear conditioned animals. The 
slopes of the input-output curves of NMDA isolated EPSCs (Mg++-free ACSF, 
5µM NBQX) in fear conditioned animals were unchanged compared to naïve 
and unpaired control (p>0.05). NMDA synaptic responses, calculated as the 
portion of the composite response blocked by D-APV, showed a decrease in the 
NMDA input-output relationship with fear conditioning. These findings correlate 
with in vivo data showing that infusion of NMDA antagonists into the amygdala 
(Gewirtz and Davis, 1997) enhance the expression of fear-potentiated startle. 
These data suggest that the decrease in NMDA PPF may reflect a presynaptic 
increase in transmitter release but a postsynaptic mechanism may occlude the 
change in the functional input-output relationship. It is possible that the 
postsynaptic differences in AMPA and NMDA EPSCs may contribute to the 
incongruity in their input-output relationships in fear conditioning. (Supported by 
John Sealy Memorial Endowment Fund for Biomedical Research and MH11221).

R E W A R D -R E L A T E D  S IN G L E -U N IT S  R E C O R D E D  F R O M  T H E  
N U C L E U S  A C C U M B E N S  O F  T H E  F R E E L Y -M O V IN G  R A T . P.H. 
Janak,* T.C. Caulder, and D.J. Woodward**. C ellular N eurobio lgy  Branch, 
N ational Institute on D rug Abuse, NIH , Baltim ore, M D, 21224 and #Dept. o f  
Physiology &  Pharm acology, W ake Forest Univ. School o f  M edicine, 
W inston-Salem  N C 27157.

The present study w as designed to  characterize rew ard-related  neural 
activ ity  in the nucleus accum bens (NA C) o f  rats responding  for solutions o f  
ethanol, sucrose, or w ater. E xtracellu lar spike activity  o f  8-35 units was 
recorded sim ultaneously during 53 sessions from  m icrow ire arrays 
chronically  im planted into N A C o f  m ale rats (n = l4 ) during the perform ance 
o f  a liquid-reinforced operant behavior. Tw o rew ard-related  patterns were 
observed: 1) b rie f  (<2-sec) changes in spike activ ity  im m ediately  following 
the delivery o f  the reinforcer on each trial, and 2) longer duration changes 
that for som e units w ere correlated w ith the tim e spent by the ra t at the liquid 
delivery spout. B oth types o f  responses prim arily  w ere decreases in spike 
activity. E xam ination o f  the sam e units recorded from  a subject across 
d ifferent days indicated that the rew ard-related responses to a reinforcer are 
stable, w hile the responses o f  a given neuron to d ifferent reinforcers m ay be 
distinct. Overall firing rate and burst characteristics over the entire session 
did not differ betw een rew ard- and non-rew ard-related units. Thus specific 
task-linked differences exist am ong subpopulations o f  neurophysiologically  
sim ilar N A C neurons. These resu lts indicate that N A C neurons encode each 
drug and non-drug rew ard  in a stable and specific fashion and lend further 
support to the participation o f  the N A C in the control o f  rew ard-seeking 
behavior. Supported by AA10980 (DJW) & AAO7565 (PHJ) NC Gov.Inst. 
Young Investigator Award (PHJ).

312.4
ROLE OF THE AMYGDALA IN DYADIC SOCIAL INTERACTIONS & THE 
STRESS RESPONSE IN MONKEYS. N.J. Emerv.1,3,4. C.J. Machado.4 S.P. 
Mendoza,2,4 J.P. Capitanio,2,4 W.A. Mason.24 and D.G. Amaral. 1,3,4 * Depts. of 
'Psychiatry, Psychology, 3Ctr. for Neuroscience & 4Calif. Reg. Primate Res. Ctr., 
Univ. California; Davis, CA 95616.

The primate amygdala has been implicated in the interpretation of species-specific 
signals and the initiation of appropriate behavioral and physiological responses. This 
study reports the effect of amygdala lesions on dyadic social interactions and the 
hypothalamic-pituitary-adrenal (HPA) axis response to social stress. After location of 
the amygdala was verified in 6 adult male rhesus macaques (Macaca mulatto) using 
MRI, bilateral lesions were performed with ibotenic acid (A-IBO group). Six non- 
lesioned adult males served as controls. All animals were unfamiliar with each other. 
All possible dyads (A-IBO/A-IBO, control/control, A-IBÓ/control) were observed for 
one 20 minute session. Data included social and nonsocial behaviors, ratings of 
behavioral dispositions, and spatial position. Blood samples were collected at the 
beginning and at the end of the study and following each dyadic session for analysis 
of stress-related hormones (cortisol and ACTH). Hormonal levels did not differentiate 
the response to either A-ШO or control animals. Control animals showed a greater 
overall response than A-IBO animals to experimental conditions. A-IBO and control 
animals initiated and received more positive social behaviors with A-IBO than with 
control partners, and more negative social behaviors with control than with A-ШO 
partners. Controls performed more nonsocial behavior than A-IBO animals with both 
A-IBO and control partners. Both A-IBO and control animals were rated as more 
confident, more affiliative and less avoidant when paired with A-IBO animals than 
when with control animals. These data suggest that the amygdalectomized animals are 
perceived as less threatening by other animals and are less fearful.
Supported by NIMH Grant MH41479 and NIH RR00169
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312.5
AFFECT MODULATION OF STARTLE IS DISRUPTED BY 
RIGHT, BUT NOT LEFT, TEMPORAL RESECTIONS 
INVOLVING THE AMYGDALA. D, Bovvers*. R. Gilmore. R. Bauer. 
M.Rogisl‰ S.Kortenkamp. D.Gokav. M, Bradley, & S.Roper. Univ. Florida, 
Gainesville, FL 32610

In humans, enhanced startle eyeblinks are associated with negative affective 
states such as fear and anxiety. Although amygdala lesions in rodents diminish 
fear potentiated startle responses, relatively little is known about the role o f  the 
human amygdala in emotion-enhanced startle. O b jec tiv es . To determine 
whether anterior temporal resections, involving the amygdala, disrupt affect 
m odulation o f startle and if laterality (right vs left) effects exist M ethods. 
Patients with nonlesюnal temporal lobe epilepsy (TLE) and controls viewed 
positive, negative, and neutral pictures for 6 sec each, during which time white noise 
bursts (95db) were bmaurally presented to elicit startle eyeblinks. Slide ratings of 
valence and arousal were also obtained. The TLE patients had unilateral right 
(N=I2) or left (N=Ю) seizure foci and were evaluated before and after temporal 
lobectomy. All were left language dominant and matched for seizure onset and 
duration. Results. Presurgically, both TLE groups and controls had greater startle 
reactivity' when viewing aversive vs positive pictures. Postsurgically, startle 
reactivity during aversive pictures was selectively disrupted by right (but not 
left) anterior temporal removals. This m ismodulatю n was not due to 
m isperception o f aversive stimuli since slide ratings were unchanged by either 
right or left temporal removals. Conclusion. Our findings suggest asymmetries 
in affect modulation of startle in humans. In the context o f  aversive stimuli, the 
right anterior temporal region encompassing the amygdala appears to play a 
crucial role in downstream modulation o f  the subcortical startle circuitry 
Supported by: NS93211, MH54632. P50-MH32384. CRC RR00082

312.7
REGIONAL SPECIFICITY IN PROCESSING AFFECTIVE FACES: 
AN fMRI STUDY. A. Hariri*. M. Strojwas. M. Dapretto. M. Zeineh. M. 
Sigman and S. Bookheimer. Brain Mapping Division, UCLA School of Medicine, 
Los Angeles, CA 90095.

Introduction: Prior functional imaging studies have demonstrated involvement of 
the amygdaloid complex during discrimination of fearful vs. neutral faces, suggesting 
that this structure plays an integral role in processing of facial expression. We used 
functional magnetic resonance imaging (fMRI) to differentiate brain regions associated 
with face-specific processing, affect identification and perception of facial affect.

Methods: Four healthy right-handed volunteers (2 males and 2 females) completed 
two runs consisting of three experimental conditions: 1) matching upright and 
inverted faces, 2) identifying the negative affect of an upright face and 3) matching the 
negative affect (anger or fear) of upright faces. As a control, subjects performed a 
form matching task which required making a difficult discrimination between circles 
and ellipses. Sixteen slices (4 mm thick, 1 mm gap) were acquired on a GE Signa ЗT 
scanner with an ANMR EPI upgrade using an asymmetrical spin-echo sequence 
(TRЛΈ/180 offset = 2500 ms/70 ms/25 ms).

Results: Coưelational analyses revealed strong right and weaker left hemisphere 
activation in the fusiform gyrus at the level of the collateral sulcus during all face vs. 
form matching tasks. Interestingly, significant bilateral activation of the amygdala 
was evident during matching of negatively affective faces but not during identification 
of affect.

Discussion: These results indicate that perception of facial affect is subserved by 
primitive emotional networks, while the identification of affect requires more complex 
cognitive processing. Activation of the amygdala during the processing of affective 
faces does not necessarily occur as a by-product of perception.

Supported by DHHS grant HD 35470.

312.9
BRAIN RESPONSE DURING IMAGINAL AGGRESSIVE BEHAVIOR IN 
HEALTHY YOUNG MALE AND FEMALE SUBJECTS: A PET- rCB₣ STUDY. Ł  
Pietrini. M. Guazzelli1. K. Jaffe. N. Sandhu. J. Grafman*. Cognitive Neuroscience 
Section, NINDS, NIH, Bethesda MD (USA); (1) Dept, of Psychiatry, University of 
Pisa Medical School, Pisa (Italy).
The aim of this study was to determine which cerebral regions respond to aggressive 
behavior, and if there are differences between male and female subjects. Eight male 
(mean age+SD: 22+3 yŕ.; education 16+1 yr.) and seven female (22±l yr.; education: 
l5 ± l yr.) healthy volunteers who had no hx of psychiatric or behavioral disturbances 
and had good imagery abilities underwent a series of 15-0-water PET scans to measure 
regional cerebral blood flow (rCBF) while they were imagining situations involving 
neutral (control) or aggressive behaviors presented in a randomized sequence. 
Capability to imagine the different scenes, degree of emotional response, and changes 
in heart rate and blood pressure were measured during each scan. Imagery scale scores 
did not differ between males and females and showed that both groups produced equally 
detailed and clear mental representations for each situation. In both groups, the 
aggressive behavior conditions were associated with significant increases in heart rate 
and significantly greater anger, frustration and anxiety as compared to the neutral 
condition. rCBF increased significantly in the bilateral cingulate cortex during the 
aggressive conditions as compared to the neutral scan in the female but not in the male 
subjects. In contrast, males but not females, showed significant rCBF increases 
mainly in the primary and association visual cortical regions. Thus, despite similar 
imagery abilities and changes in peripheral physiologic parameters, in females 
imagining aggressive behavior elicited a far more selective response in brain areas 
crucial for emotional processes whereas in males the response was limited to visual 
areas. These results are consistent with, and further expand on, a previous report 
(George et al., Biol Psychiatry 40:859, 1996) indicating greater limbic activation in 
women than in men during induction of transient sadness and may help explain the 
greater likelihood of females to develop affective disorders. (Supported by NINDS IRP; 
Italian Minister for University and Scientific/Technological Research).

312.6
NEURAL CORRELATES O F EMOTION-LADEN EPISODIC MEMORY 
RETRIEVAL RD. Lane12*. P. M-L. Chua1, PC , Fletcher1 and R.J. Dolan1. !The 
Wellcome Department of Cognitive Neurology, Institute of Neurology, London WC1N 
ЗBG, U K. and “̂ Department of Psychiatry, The University of Arizona College of 
Medicine, Tucson, AZ, 85724-5002.

Memories for specific events are more likely to be recalled if they have an emotional 
content. We examined whether there are specific neural correlates of incidental and 
intentional retrieval of emotion-laden episodic memories. Eleven healthy male subjects 
were studied with PET and 150 - water under 12 conditions in a 3 (pleasant, unpleasant 
or neutral) x 2 (familiar or unfamiliar pictures) x 2 (presence or absence of retrieval 
effort) factorial design. Photographs from the International Affective Picture System 
were used as stimuli to be recalled during subsequent PET imaging. Data were analyzed 
in SPM97. Conjunction analyses were performed to determine the location and 
significance of overlap in findings for pleasant and unpleasant memories. Pleasant and 
unpleasant incidental recall (familiar vs. unfamiliar) overlapped significantly in right 
dorsolateral prefrontal cortex (28,36,50; Z=4.28). Effortful retrieval (presence vs. 
absence of retrieval effort) of pleasant and unpleasant memories overlapped 
significantly in right mid-temporal (58,8,-14; Z=4.89) and left superior temporal (-50.- 
28,6; Z=3.98) cortices (both p< O5 corrected). Successful intentional recall (effortful 
recall of familiar) of pleasant and unpleasant memories overlapped significantly 
(p< OOl uncorrected) in one area that included left entorhinal cortex and amygdala 
(-12,4,-30; Z=4.0). These results indicate that there is a specific functional neuroanatomy 
underlying the incidental and intentional retrieval of emotional experiences. They extend 
previous findings by demonstrating that the type of retrieval of emotional content 
influences the degree of participation of right prefrontal cortex, which is known to be 
activated during successful retrieval, and entorhinal cortex, which is an essential 
component of the medial temporal system supporting declarative (conscious) memory.
This research was supported by National Institute of Mental Health MH00972 and the 
Wellcome Trust.

312.8
LIMBIC AC TIV A TIO N  TO AVERSIVE VISUAL STIMULI: EFFECT OF 
EM O TIO N A L INTENSITY S. F. Tavlor*. I, L iberzon . L. R. D ecker. S. 
M inoshim a. R. A. K oeppe. Dept, of P sychiatry & Int. M e d /N u c  M ed., Univ, of 
M ichigan M ed. Ctr., A nn  A rbor, MI, 48109-0118.

A versive visual stim uli elicit cerebral activity  in  m idbra in , dienchephalon  
an d  ex ten d ed  am y g d ala . H o w ev er, in  ac tiv a tio n  s tu d ie s , im ages have  
g enerally  n o t been  m atch ed  w ith  n e u tra l s tim u li on  non-affective charac
teristics, such as color com position. To ad d ress  this issue, w e h a d  subjects 
rate  over 100 im ages on aversive in tensity  (facial m utila tion , d ead  bodies) and  
sem antic  com plexity  (num ber of objects subjects could  nam e). From  these 
im ages, w e assem bled  d ig itized  im age sets of n eu tra l, m o d era te  an d  strong  
in tensity . W e balanced  an d  m atched  the im age sets on sem antic  com plexity  
an d  content (hum an faces and  figures). Color com position  (red, green, b lue & 
gray  channels) w as ana lyzed  an d  ad justed . A n in d ep en d en t set of subjects 
u n d e rw e n t 8 PET scans w ith  the  [0-15] w a te r  m eth o d o lo g y  an d  v iew ed  2 
blocks each of n eu tral, m odera te  or strong  im ages (5 sec/im ag e), or a fixation 
cross. Each im age w as d isp layed  on a v ideo  m onito r for 5 sec, an d  subjects 
gave a verbal rating  of unp leasan tness on a 5-poin t scale. Subjects confirm ed 
the relative subjective in tensity  of the im age sets (neut = 1.1 ±  0.14, m od  = 3.15 
± 0.59, strong  = 3.80 ± 0.82). The activation  p a tte rn  for the stro n g  im age set 
(m inus neu tral) rep licated  our p rio r  finding  of dienchephalic  activation  (x, y, 
z: -8, -4, -9, Z  = 3.89), p lu s  ac tiva tion  in  the  r ig h t in su la  (Z = 4.72). As 
p red ic ted , activation  for the  m odera te  im ages (m inus n eu tra l) y ielded  low er 
m ag n itu d e  signals in  lim bic regions (insula Z = 3.07, d ienchephalon  Z = 2.31). 
D irect com parison  of stro n g  m in u s m o d era te  im age sets rev ea led  a lim bic 
focus in  the  d ien ch ep h alo n  (-12, 3, -11, Z  = 3.06). These fin d in g s  confirm  
lim bic activation  to aversive stim uli and  p ro v id e  p re lim in a ry  ev idence of a 
"dose response" function  to  em otional intensity . Supported by NARSAD
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313.1
IN  V IT R O  PR O P A G A T IO N  A N D  D IF F E R E N T IA T IO N  OF  
M U L T IP O T E N T IA L  N E U R A L  P R O G E N IT O R  CE LL S FR O M  
H U M A N  FETAL BR A IN . Z. Zhang*. B io  Whittaker, Inc., W alkersville, 
M D  2 1 7 9 3 -0 1 2 7 .

Until recently, m ost o f  the neural p rogenitor cells  w ere  isolated  from  
fetal rodent central nervous system  (C N S ). The progenitor cells  w e  have  
iso la ted  recently from  the fetal hum an brain resem ble in m any resp ects  
th ose from  the em bryonic rat brain. In both primary and secondary  
expanded cultures, the cells form spherical aggregates o f  undifferentiated  
cells  in suspension and are im m unoreactive for the progenitor marker 
nestin. W hen plated on  an adhesive substrate, th ese  cells  can be induced  
to  differentiate into both neurons and g lia  as confirm ed by the expression  
o f  resp ectiv e  neuronal and glial m arkers, such as M A P -2 , M A P -5 , ß 
tubulin III and G FAP. The proliferation potential o f  the progenitor cells  
w a s dem onstrated by both an increase in nucleic acid synthesis and 
incorporation o f  B rdU  into the nuclei. Therefore, the neural progenitor  
cells derived from  the d evelop in g hum an C N S  can be used  for such  
purp oses as clinical and laboratory transplantation, and pharm aceutical 
and to x ico lo g ica l research.

313.3
EFFECTS OF DOPAMINE ON STRIATAL PROGENITOR CELL 
PROLIFERATION IN VITRO. P. G. B⅛de‘* and T. Goto1-2 ‘Neurology, 
Massachusetts General Hospital & Harvard Medical School, Charlestown, MA 
02129 and 2Pediatrics, Keio University School of Medicine, Tokyo, Japan.

Cells of the corpus striatum arise from the lateral ganglionic eminence (LGE), a 
transient embryonic structure that forms the lateral walls of the lateral ventricles. In 
mice, the LGE is apparent on embryonic day 11 (E ll ;  day of conception = E0) as 
newly bom cells accumulate in the striatal anlage. From this time onward, cell cycle 
parameters of LGE progenitors differ from those of neighbouring cerebral cortical 
progenitors. Intrinsic and environmental factors are thought to contribute to the 
acquisition of distinctive cytokinetic properties by LGE progenitors. Among the 
environmental factors, dopamine may be one because dopaminergic axons from the 
substantia nigra are present in the striatal anlage; LGE progenitors express dopamine 
receptors, or their mRNA; and dopamine has antimitotic activity. We found that in 
mice, tyrosine hydroxylase immunoreactive axons (presumptive nigro-striatal 
dopaminergic axons) arrive in the ventro-lateral telencephalon on E12 and invade the 
medial regions of the developing striatum on E13. Using a bromodeoxyuridine 
(BUdR) labeling paradigm we found that proliferative activity declines in the LGE 
and cell cycle parameters of LGE progenitors change over the interval E l l  to E13. 
As those cell cycle changes temporally coincide with the arrival of nigral axons, we 
hypothesized that dopamine may influence LGE cell proliferation. To test this 
hypothesis, we used an explant culture system. Explants of E13 mouse 
LGE/striatum ware cultured in rat tail collagen in a serum-free medium for 5-12 
hrours with dopamine (50 or 100 µM) and glutathione (lOOµM; to inhibit dopamine 
oxidation); or with glutathione alone (as controls). BUdR (ЮµM) was used to 
measure proliferative activity. Dopamine decreased proliferative activity of LGE 
progenitors and apparently promoted cellular output. Thus, dopamine may be an 
environmental factor that contributes to the development o f a cytokinetically distinct 
ganglionic compartment in the embryonic forebrain by modifying proliferative 
activity of LGE progenitors. Supported by NĪNDS grant #NS32657.

313.5

D IF F E R E N T IA T IO N  O F  C L O N A L  A D U L T  S P IN A L  C O R D  S T E M  C E L L S  
F O L L O W IN G  T R A N S P L A N T A T IO N  IN T O  T H E  A D U L T  R A T  C N S . L .S . 
S h ih a b u d d in * .  P. H o rn e r . J . R a v  a n d  F .H . G a g e . L a b . o f G e n e tic s , T h e  
S a lk  In s titu te , La  Jo lla , C A  9 2 0 3 7 .

A d u lt  s p in a l c o rd  s te m  c e l ls  (A S C S )  g ro w n  in  F G F -2  re m a in  
u n c o m m itte d , w ith  o n ly  a  sm a ll fra c tio n  d if fe re n tia t in g  in to  c e lls  w ith  m a tu re  
n e u ro n a l o r  g lia l p h e n o ty p e s . In th is  s tu d y  w e  te s te d  w h e th e r  c u ltu re d  
A S C S  c a n  s u rv iv e  a n d  d if fe re n t ia te  fo llo w in g  g ra f t in g  in to  th e  in ta c t C N S  
a n d  w h e th e r  th e y  a re  c o m m it te d  to  a  s p e c if ic  re g io n a l fa te  o r  c a n  c h a n g e  
a c c o rd in g  to  th e  re g io n  o f th e  h o s t C N S  in  w h ic h  th e y  a re  tra n s p la n te d ?  
A S C S  c e lls  la b e le d  w ith  B rd U , w e re  g ra fte d  to  th e  a d u lt ra t sp in a l co rd  and  
h ip p o c a m p u s . T h e  g ra ft p o s it io n , d is tr ib u t io n  o f A S C S  a n d  th e ir  fa te  w e re  
e x a m in e d  a t tw o  a n d  s ix  w e e k s  p o s tg ra f t in g .  S e c t io n s  o f th e  g ra ft s ite s  
w e re  im m u n o s ta in e d  fo r  B rd U , to  id e n tify  g ra f te d  c e lls , a n d  th e  fo llo w in g  
a n tib o d ie s : N e u N , to  id e n tify  m a tu re  n e u ro n s , G F A P , to  id e n tify  a s tro c y te s , 
a n d  R IP , to  id e n tify  o lig o d e n d ro c y te s . Im m u n o s ta ¡n ¡n g  re v e a le d  th a t A S C S  
h a d  s u rv iv e d  a t a ll t im e  p o in ts  in  e a c h  re g io n  w ith  no  tu m o r  fo rm a tio n , and  
th e re  w a s  a b ro a d  d is p e rs io n  o f g ra fte d  c e lls  a w a y  fro m  th e  in je c tio n  s ite . 
In th e  s p in a l c o rd , th e  h o m o ty p ic  n o ∩ -n e u ro g e n ¡c  s ite , A S C S  e x p re s s e d  
a s tro g lia l a n d  o l¡g o d e n d ro g lia l m a rk e rs  b u t no  n e u ro n a l m a rk e rs . W h e re a s , 
in  th e  G C L  o f th e  h ip p o c a m p u s , a  h e te ro ty p ic  n e u ro g e n ic  s ite , A S C S  
e x p re s s e d  n e u ro n a l m a rk e rs . H o w e v e r , A S C S  e x p re s s e d  g lia l m a rk e rs  in 
o th e r  h ip p o c a m p a l re g io n s . T h e s e  re s u lts  s u g g e s t th a t  A S C S  c e lls  c a n  
s u rv iv e  a n d  d if fe re n t ia te  in  th e  a d u lt  C N S . A S C S  re ta in  d e v e lo p m e n ta l 
p la s t ic ity ,  a n d  th e ir  fa te  is d e te rm in e d  b y  re g io n a l e n v iro n m e n ta l s ig n a ls . 
F u r th e rm o re ,  A S C S  c a n  re s p o n d  to  n e u ro g e n ic  d i f fe re n t ia t io n  c u e s  
p e rs is te n t in  th e  a d u lt  C N S  a n d  a re  a b le  to  g e n e ra te  h e te ro ty p ic , re g io n  
s p e c if ic , n e o u ro n a l p h e n o ty p e s . C o lle c t iv e ly ,  th e  g ra f t in g  d a ta  s u g g e s ts  
th a t th e re  a re  no  m a jo r  d if fe re n c e s  in  in  v iv o  c o m m it tm e n ts  o f s te m  ce lls  
d e r iv e d  fro m  b ra in  a n d  s p in a l c o rd . S u p p o r te d  b y  c o n tra c t N IN D S  N 0 1 -N S -  
6 -2 3 4 8 , A m e r ic a n  P a ra ly s is  A s s o c ia t io n  a n d  T h e  H o llF e ld e r  F o u n d a tio n .

313.2
Adult ſorebrain and spinal cord m ultipotent stem cells p o sse ss  
overlapping growth requirem ents. P. Frölichsthal-Schoeller. A .L .V escovi*. 
A. Gritti. R. Galli. M. Ferrario. E.A. Parati. National Neurological Institute “C. 
Besta” Milan, 20133, Italy.

The subventricular zone (SVZ) underlying the ependymal layer o f the lateral 
ventricles contains neural stem cells that contribute new neurons to the adult 
olfactory bulb. Recently, neural stem cells have been isolated from the adult spinal 
cord (SC) which, differently from the SVZ stem cells, could not be expanded in vitro 
by epidermal- (EGF) or fibroblast growth factor (FGF2) alone, requiring the 
simultaneous exposure to both these growth factors (GFs). Hence, EGF-responsive 
stem cells could not be isolated from the adult spinal cord (W eiss et al., J. Neurosci. 
16:7599, 1996). By improving the efficiency o f the culturing technique, we have 
demonstrated that the lumbar region o f the adult m ouse SC contains multipotent 
precursors that express stem cell characteristics in response to EGF alone. When 
single cells from adult lumbar SC tissue were plated at clonal density (< 25 cell/cm 2) 
in the presence o f EGF alone, a total o f 25±6 (n=9) spheres were formed after 7-10 
days in vitro. Self-renewal and multipotentiality o f the EGF-responsive SC cells 
were demonstrated by subcloning experiments. Each single primary sphere gave rise 
to 67±I8 (n=6) secondary spheres that could undergo further subcloning or could be 
differentiated to generate neurons and glia. Serial subculturing could be performed 
weekly for over two months with SC cells retaining both multipotentiality and self
renewal. Importantly, at each time in culture, EGF could be replaced by FGF2 that 
was able to support the expansion and self-renewal o f  EGF-generated multipotential 
SC stem cells. The exposure o f SC stem cells grown in the presence o f  EGF to both 
GFs simultaneously significantly increased the expansion rate o f the stem cell 
population. These findings suggest that stem cells from the adult forebrain SVZ and 
SC possess overlapping growth requirements and that EGF and FGF2 can act on the 
same SC stem cell population whose mode o f expansion varies upon exposure to 
alternative combinations o f GFs.

313.4
G R O W T H  FA C T O R  IN D U C ED  M O D U L A T IO N  O F P R O G E N IT O R  
PR O L IF E R A T IO N  IN  TH E A D U L T  SPIN A L C O R D  P .J .H om er*, 
A .E .P ow er , G. A . R am irez, G .K em perm ann, H .G .K uhn, J .,W inkler, 
T .D .P a lm er and F .H . G a g e . Laboratory o f  G en etics, Salk  
Institute, La Jolla, C A , D ep . N eu ro sc ien ces , U C S D , L a Jolla , C A , D ep . 
N eu ro lo g y , R egensburg, G erm any

W e exam in ed  the spinal cord o f  B rdU  treated rats to  determ in e the rate, 
distribution and p h en otyp ic  fate o f  d iv id in g  c e lls . R ats w ere g iv en  BrdU  
(5 0 m g /K g /d a y ) for 2 w eek s  in con ju n ction  w ith  IC V  artificial 
cerebrospinal flu id  (aC SF ), EG F, bFG F, bFG F p lu s heparin sulfate, 
IG F -1, or N G F  (3 6 0 n g /d a y  or 5 .0  n g /d ay) and sacrificed  at 2 or 6  w eek s  
fo llo w in g  the first in jection . B rdU  p o sitiv e  c e lls  w ere stereo lo g ica lly  
quantitated in  coronal sectio n s from  L 2 ,T 8 , and C 7. Parenchym al, p ial and  
ependym al c e lls  w ere counted  separately. A t 2 w eek s, a surprisingly  large  
num ber o f  d iv id in g  c e lls  w ere o b served  in  control an im als (2 I8 ± 3 5  per  
4Oµm section ). C ells  w ere m ost concentrated in  the lateral w h ite  matter. A  
on e  hour p u lse  o f  B rdU  revealed  that th ese  c e lls  are not m igratory and that 
the lateral spinal w h ite  matter m ay contain  clon a l pop u la tion s o f  g lia l 
progenitors. Interestingly, bFG F and EG F sig n ifica n tly  increased  the  
num ber o f  proliferating c e lls  w h ile  N G F  sig n ifica n tly  decreased  labeled  
c e lls  at 2 w eek s. T h ese  data su ggest that g lia l c e ll rep lacem en t throughout 
adulthood and progenitor p roliferation  rates m ay b e exp erim en tally  
m odulated  b y grow th  factors. Support: H ollfe ld er  Foun dation , A m erican  
P aralysis A sso c ., N IN D S -N O l-N S 6 2 3 4 8 , and the Sam  and R o se  Stein  
Institute for R esearch  on  A g in g  (S IR A ).

313.6
GENETIC CONSTRAINTS ON NEUROGENESIS AND COGNITIVE 
PERFORMANCE ARE OVERCOME BY ENVIRONMENTAL 
ENRICHMENT. E.P. Brandon*. G. Kempermann. and F.Ħ. Gage. 
Laboratory of Genetics, The Salk Institute for Biological Studies, La 
Jolla, CA 92037.

Adult neurogenesis in the dentate gyrus is regulated by both genetic 
and environmental factors. 129Sv/J strain mice have significantly less 
hippocampal neurogenesis than other inbred mouse strains and also do 
not perform well on learning tasks. Here we have investigated whether 
living in an enriched environment can stimulate neurogenesis and 
improve behavioral performance in 129Sv/J mice. A pilot study 
comfirmed that 129Sv/J mice performed poorly on the Morris water 
maze and other tasks relative to three other strains: C57BL/6, BALB/c, 
and CD1. After living in an enriched environment for two months, 
l29Sv/J mice performed significantly better than control 129Sv/J on all 
tests. Environmentally stimulated 129Sv/J mice also had nearly double 
the number of proliferating cells in the subgranular zone of the dentate 
gyrus. Four weeks later, phenotypic analysis revealed nearly 100% 
more surviving neurons in the dentate of mice living in the enriched 
environment. This response to enrichment is in contrast to that 
previously observed in C57BL/6 mice: while C57BL/6 show no change in 
proliferation, but an increase in survival of newborn neurons, 129Sv/J 
show an increase in proliferation, and actually a decrease in survival 
relative to total newborn cells. That living in an enriched environment 
resulted in better learning performance indicates that genetic 
constraints upon learning can be overcome by environmental 
stimulation. Moreover, these results extend the correlation between 
learning and hippocampal neurogenesis. Funded by NIA and ISRT.
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313.7
GENETIC INFLUENCE ON CELL PROLIFERATION, SURVIVAL AND DIF
FERENTIATION IN ADULT HIPPOCAMPAL NEUROGENESIS OF M. SPRETUS 
AND THREE INBRED STRAINS OF LABORATORY MICE. G. Kempermann* and
F. H. Gage. The Salk Institute for Biological Studies, Laboratory of Genetics, La Jolla, 
CA 92037, USA.

Regulation of hippocampal neurogenesis in adult mammals occurs on different 
regulatory levels, including cell proliferation, survival and differentiation. We here 
investigated whether adult hippocampal neurogenesis in the wild-derived strain M. 
spretus differed from three commonly used inbred laboratory strains A/J, CЗH/HeJ and 
DBA/2. Neurogenesis was examined by labeling proliferating cells in the dentate gyrus 
with bromodeoxyuridine (BrdU). Phenotypic analysis was performed with confocal 
microscopy of sections stained with immunofluorescent triple-labeling for BrdU and 
neuronal marker NeuN or astrocytic marker SlOOß.

Proliferation of cells in the subgranular zone was very similar in the 4 strains ex
amined. A significant difference was only found between the two extremes, A/J, which 
had about 2100 ± 570 (mean ± s.d.) labeled newborn cells per dentate gyrus (after 6 days 
of BrdU-injections), and DBA/2, which had ≈ 1400 ± 260. CЗH/HeJ had ≈ 1500 ± 600 
and M. spretus 1550 ± 270. Survival of BrdU-labeled cells after 4 weeks was 19% in 
A/J andDBA/2, 21% in M. spretus, but 37% in CЗH/HeJ. Survival in CЗH/HeJ was 
significantly different from M. spretus and DBA/2 and the difference from A/J was 
marginally significant. Analysis of phenotypic differentiation revealed that in relative 
terms DBA/2 produced significantly fewer new neurons than the other three strains (47% 
vs. 56 to 66%). However, DBA/2 produced significantly more new astrocytes (28% vs. 
9 to 16%). In absolute terms there were 370 ± 120 new neurons in CЗH/HeJ, 250 ± 60 
in A/J, 130 ± 50 in DBA/2, and 190 ± 130 in M. spretus.

These results indicate that wild-derived strain M. spretus did not differ significantly 
in adult hippocampal neurogenesis from commonly used laboratory strains. The present 
study extends our earlier report on strain differences in hippocampal progenitor cell 
proliferation and survival by demonstrating the genetic backgound influences the 
distribution of cell phenotypes. Cell proliferation again proved to be a poor indicator of 
net adult neurogenesis. Funded by NIA, APA and 1SRT.

313.9
NURR1 EXPRESSION IN PRIMARY AND EXPANDED MESENCEPHALIC 
CULUTRES. M.A. Caldwell1*. S B, Hanmfĩv2 and C.N. Svendsen1. ’MRC Centre 
for Brain Repair, ¾ epartm ent of Pathology, University of Cambridge, UK 
Nurrl is an orphan nuclear receptor, belonging to the steroid/thyroid hormone 
receptor gene super family of transcription factors. It is expressed predominately in 
the central nervous system, including developing and mature dopaminergic 
neurons. Recent studies have demonstrated that N urrl may be essential for the 
induction of phenotypic markers of ventral mid-brain dopaminergic neurons 
whose generation is thought to be specified, at least in part, by the floor plate 
derived morphogenic signal sonic hedgehog (SHH). However the precise role of 
Nurrl in this differentiation pathway has not been established. We have 
previously shown that precursors derived from the E l 4 ventral mesencephalon of 
the rat and expanded for 1 week in FGF-2 + heparin lose their ability to 
differentiate into ΊΉ  neurons (Caldwell and Svendsen, Exp. Neurol. In press). 
Therefore, the aim of this study was to compare the expression of mRNA for N urrl 
in primary mesencephalon (using RT-PCR) with that of expanded mesencephalic 
precursors in order to establish whether a lack of N urrl expression may correlate 
with an absence of TH expression in neurons developing from these cells. Results 
indicate that Nurrl is expressed in both primary and expanded cultures. However, 
for equal RNA loading the message was significantly less in  the expanded cell 
population suggesting a down regulation of N u ư l in these cells. This may be 
partially responsible for the lack of TH expression found neurons derived from 
these cultures. Northern analysis is presently being carried out to quantify and 
compare the exact level of expression. Supported by the Wellcome Trust and the 
ESF.

313.11

DIFFERENTIAL OLIGODENDROGENIC POTENTIAL IN THE RODENT 
EMBRYONIC SPINAL CORD S. Chandran. A. Compston. N. Scolding. A. E. 
R osse⅜ nd C.N. Svendsen. MRC Cambridge Centre for Brain Repair, Robinson 
Way, Cambridge CB2 2PY,UK.

The origin of oligodendrocytes in the developing rodent spinal cord is unclear. 
While some studies suggest oligodendrocyte progenitors arise exclusively from the 
ventral neuroepithelium, others conclude that both halves o f the spinal cord have 
oligodendrogenic potential In this study we confirm that significant numbers of 
oligodendrocytes and their immediate (A2B5+) precursors are present only in the 
ventral spinal cord of the E14 embryonic rodent. However, we also show that in 
the presence of EGF and FGF-2 isolated dorsal derived cells proliferate and can 
subsequently differentiate into oligodendrocytes. This observation provides 
another mechanism for oligodendrogenesis within the dorsal spinal cord in 
addition to ventro-dorsal migration of oligodendrocyte precursors. Furthermore, 
bromodeoxyuridine studies of cultures grown in the absence of exogenous 
mitogens demonstrate that spinal cord neurones are mitogenic for the A2B5 
positive O2-A progenitor cell and not for the A2B5 negative oligodendrocyte 
precursor. Our results suggest that within the dorsal spinal cord a pre-O2-A cell 
exists and that additional influences other than neurons alone (which are the 
predominant cell in primary cultures) are required to stimulate this more primitive 
oligodendrocyte precursor population. Supported by the MRC and Wellcome 
Trust.

313.8
HEPARIN STABILISES FGF-2 AT 37°C AND INCREASES FGF-2 
RECEPTOR ACTIVATION. M.G. ter Borg1. M.A. Caldwell1. F.Ciccolini1. H. 
Badinε2* and C.N. Svendsen1. ’MRC Centre for Brain Repair, University of 
Cambridge, UK. 2MRC Laboratory for Molecular Biology, Hills Road, Cambridge, 
UK.
FGF-2 is vital for the proliferation and survival of many types of neural tissue. 
This study was undertaken to assess stability of FGF-2 at 4°C and 37°C using the 
quantikine ELISA assay (R&D Systems, UK). Results indicate that at 4°C, FGF-2 
remains stable for at least I week. In stark contrast to this, at 37°C FGF-2 levels 
fall to approximately 8% after 48 hours in the absence of cells. However, heparin 
prevents this degradation at 37°C such that by 48 hours 85% remains, and by day 
8 approximately 68% still remains in the absence of cells. The effect of heparin 
could not be mimicked by fetal calf serum or other proteoglycans such as 
chondroitin sulfate, hyaluronic acid, keratin sulfate or dermatan sulfate). After 48 
hours in the presence of cells (embryonic rat striatum (200,000 cells/ml) cultured 
at 37°C), FGF-2 alone levels were approximately 7%, while FGF-2 + heparin 
levels were approximately 63%. By day 8, FGF-2 levels had decreased to 
approximately 1%, while FGF-2 + heparin levels had decreased to approximately 
10% suggesting active uptake of FGF-2 by the growing cells. The rate of 
expansion of the cells was measured using the MTT assay and coưelated with the 
utilisation of FGF-2. We also investigated whether heparin affects the ability of 
FGF-2 to activate its own receptor. This was assessed using CREB 
phosphorylation as a functional read-out of FGF-2 receptor activation. Cells were 
stimulated with FGF-2 with or without heparin. The duration of receptor 
activation and number of stimulated cells were compared under each condition. 
Preliminary results indicate that heparin may cause increased FGF-2 receptor 
activation. Supported by the Wellcome Trust.

313.10
AN IN VITRO MODEL SYSTEM TO STUDY THE DIFFERENTIATION OF 
HUMAN NEURAL STEM CELLS T.OstenfelcL M .A.Caldwell. C.N. Svendsen 
(Sponsored by the BNA). MRC Cambridge Centre for Brain Repair, Cambridge 
University Forvie Site, Robinson Way. Cambridge CB2 2PY, UK.
The availability of defined populations of human neural stem cells, which retain 
the capacity to differentiate into both neurones and glia, has important 
implications for studying human CNS development and for clinical neural 
transplantation programmes. Here we have examined how human precursors 
differentiate following long-term in vitro expansion in FGF-2 and EGF (see 
accompanying poster). When single cell suspensions underwent differentiation 
over 99% of cells gave rise to glia. However, if cells were plated as clusters the 
proportion giving rise to neurones increased to over 10%. Neuronal yield was 
further increased to over 50% when whole spheres were plated. When whole late 
passage spheres were exposed to a poly-L-lysine substrate there was an initial 
outward migration of GFAP-positive astrocytes. Between 4 and 14 days, radial 
processes often developed along which immature Tujl -positive neurones could be 
seen to migrate, many of which matured into cells expressing the neuronal marker 
MAP-2ab. It is clear that the initial migration and subsequent differentiation of 
precursor cells can be modulated by a critically-defined period of serum exposure. 
Studies with fetal calf and human placental serum indicate that (i) there is an 
inverse relationship between serum concentration and the ratio of derived neurones 
and glia and (ii) serum concentration correlates positively with neuronal cell body' 
size. The initial migration of glial cells in the absence of serum could be enhanced 
when laminin was used as a substrate. Bromodeoxyuridine pulse-chase studies 
showed that following plating of spheres, migrating progenitor cells continue to 
divide prior to neuronal differentiation. We speculate that this culture method 
provides an accessible model for recapitulating the stages of human neurogenesis, 
migration and differentiation. Supported by the Wellcome Trust.

313.12
A NEW METHOD FOR THE LONG TERM GROWTH OF HUMAN NEURAL 
STEM CELLS. C.N. Svendsen1’, M G. ter Borg1, R.J.E. Armstrong1, Anne E 
Rosser1, S. Chandran1, T. Ostenfeld1, Z. Zhang2 and I. Sarel2. ’MRC Cambridge 
Centre for Brain Repair. Cambridge University Forvie Site. Robinson Way, 
Cambridge CB2 2PY, UK. ⅛iowhittaker. Inc. 8830 Biggs Ford Road. 
Walkersville, MD 21793, USA

There are no published reports which have described in detail the long term self 
renewal of human neural precursor cells, although the short term growth of such 
cells is well established. In this study, precursor cells were isolated from the 
developing human brain and. in the presence of both EGF and FGF-2 grew as 
sphere shaped clusters. Using traditional passaging techniques and culture 
mediums the rate of growth was extremely slow and only a 12 fold expansion in 
total cell number could be achieved. However, when intact spheres were sectioned 
into quarters, rather than mechanically dissociated, cell-cell contacts were 
maintained which permitted the rapid and continual growth of each individual 
quarter which expanded to the size of the mother sphere within 14 days. Using 
this method we have achieved a 10 million fold increase in cell number over a 
period of less than 200 days and consider these to be self renewing stem cells. 
Upon differentiation, whole spheres gave rise to progenitors which appeared to 
migrate along radial processes. At both early and late passages, over 50% of these 
cells differentiated into neurons while approximately 30% developed into 
astrocytes. Although oligodendrocytes were found at early passages, none were 
seen when whole spheres were differentiated from late passages suggesting that 
either (i) the long term cultures contain a self renewing bi-potent 
neuronal/astrocyte stem cell or (ii) the coưect plating conditions to induce 
oligodendrocyte differentiation have not yet been found. This simple and novel 
culture method allows the continual expansion of non-transformed human neural 
stem cells for use in drug discovery , ex vivo gene therapy and clinical neural 
transplantation. Supported by the Wellcome Trust and MRC.
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313.13
REGULATION OF DOPAMINERGIC DIFFERENTIATION IN STEM  
CELLS DERIVED FROM ADULT BRAIN B Y  THE SHH A N D  NURR1 
SIG N A L IN G  PA T H W A Y . Kazuhiro Sakurada, M ik iko O hshim a- 
Sakurada, Theo D. Palmer, and Fred H. G age* Lab, o f  Genetics, The Ŝalk 
Institute, La 5olla, CA 92037.

The adult rat hippocampus contains multipotent se lf  renewing stem cells 
(A H SC ) that can differentiate into neurons, oligod en d rocytes and 
astrocytes both in vivo and in vitro. Cultures o f  AHSC grafted to the adult 
rostral migratory pathway generate tyrosine-hydroxylase (TH) postive  
neurons in the olfactory bulb. W e have also shown that retinoic acid (RA) 
and neurotrophins collaborate to generate TH neuron in vitro.

To understand the signal transduction machinery for fate determination to 
TH positive neurons, w e analyzed gene expression in AHSC culture. W e 
found that in the culture o f AHSC, RA or forskolin (FSK ) induced TH  
m RN A when com bined with FG F-2 withdrawal. In this condition, 
Dopam ine beta hydroxylase (DBH ) was not induced in AH SC cultures 
which demonstrate that TH expression was more specific to dopaminergic 
differentiation. In addition, Nurrl was expressed in AH SC culture and 
upregulated by FSK  treatment. Furthermore, RA led to Gli m RN A  
accum ulation w hich is con sisten t with activation  o f  Shh signal 
transduction. H owever, infection o f AH SC with a retrovirus producing 
Shh-N did not increase TH m RNA when induced to differentiate by FGF  
withdrawal. W e therefore predicted that RA activates additional factors 
that are involved in TH expression. U sing degenerate PCR primers we 
have found several hom eobox genes that are expressed in AH SC culture 
prior to differentiation. W e will described the potential role o f  these genes 
in AHSC differentiation.
Supported by H ollfelder Foundation, American Paralysis A ssoc., NINDS  
N O l-N S 62348 and NINDS 08514.

313.15
MITOGENIC FACTOR IN CO NDITIONED M ED IA FROM  A D ULT  
PROGENITOR CELLS ACTS CO-OPERATIVELY W ITH FGF-2. P. 
Taupin*, J. Ray, W.H. Fisher and F,H. Gage. The Salk Institute, La Jolla, 
CA 92037, USA

Progenitor cells isolated from adult rat hippocampus can be induced to 
proliferate in the presence o f FGF-2 (20  ng/m l) in vitro and can be 
cultured for a long period o f  tim e through m ultiple passages. The 
conditions for proliferation and passage require the cells be maintained at 
high density. When plated at low  density, even in the presence o f high 
concentrations o f FGF-2, the adult progenitor cells die. The requirement 
for maintaining cells  at high density to induce their proliferation may 
suggest that an endogenous factor(s) secreted by the cultured cells may 
act with FG F-2 to induce proliferation. W e therefore co llected  
conditioned media (CM) from the high density cultures and added it to 
low  density cultures o f adult progenitor cells in the presence o f  FGF-2. 
W e found that even when the cells were plated at a clonal density (1-200  
cells/w ell), the CM induced proliferation. The combination o f CM and 
FGF-2 also induces proliferation o f progenitor ce lls  from other brain 
areas, irrespective o f  ages and species. Many known trophic factors have 
been tested, but so far none could mimic the effect o f the CM. Preliminary 
characterization o f the m itogenic factor show that it is has a molecular 
w eight > 10 kDa. T hese data suggest that rapidly div id ing adult 
progenitor ce lls  synthesize and secrete a factor(s) that acts as an 
autocrine/paracrine factor in maintaining progenitor cells in a proliferative 
state. The partial purification and characterization o f  the factor w ill be 
presented.
Supported by Cancer Center Salk and NIH NS-6-2348,

313.17
POSTNATAL EXPRESSION OF PHOSPHOLIPASE D mRNA IN RAT BRAIN. 
J.H.F. Peng* and P.G. Rhodes. Dept, o f Pediatrics/Newbom Medicine, The Univ, 
o f Mississippi Med. Ctr,, Jackson, MS 39216.

Phospholipase D (PLD) plays a vital role in many novel signaling pathways by 
catalyzing the hydrolysis of phosphatidylcholine generating phosphatidic acid, which 
is a precursor of diacylglyceral, and respectively, a novel and a classic second 
messenger in signal transduction. Examination of PLD gene expression is an 
important step to unravel the mechanism of brain development. Therefore, the 
objective of this study is to analyze the PLD mRNA transcripts in the brain during 
postnatal development as compared to the adult rat. Nonradioactive-Iabelled probes 
were prepared by incorporation of biotin-14-dCTP into DNA synthesized by 
Polymerase Chain Reaction (PCR) employing primers based on rat PLD sequences 
and using λgtlO lysate of rat brain cDNA library as DNA template. The mRNAs 
were prepared from brains of aged 1 day (Id), 8d, 2Od, and adult rats. The 
concentration of mRNA transcripts was determined by Reverse Transcriptase (RΊҔ- 
PCR. Purified mRNA (250 ng) was used for RT-PCR amplification of PLD DNA. 
The amplified DNA fragments were separated by agarose gel electrophoresis, 
downward transferred to Hybonđ-N+ membranes, and hybridized with non- 
radioactive probes. The signals were detected by chemiluminescent method, and the 
intensities of the bands were quantitated by densitometric scanning. This study 
reveals two spliced PLD mRNA isoforms in rat brain. The high molecular weight 
(mw) transcripts were relatively high at first day after birth, reached maximum at the 
8th day, then decreased at 20th day and in the adult life. On the other hand, the low 
mw transcripts were initially low at day 1, moderately higher at day 8, then decreased 
at day 20, and remained at low level in the adult brain. Our results indicated that 
PLD transcription in the early days o f life is very active, which correlates well with 
intensive neuronal activity during early postnatal brain development. Supported by 
UMC Newborn Med. Funds.

313.14
GROWTH FACTOR EFFECTS ON PROLIFERATION AND 
DIFFERENTIATION OF NEURAL PROGENITORS IN THE 
ADULT RAT BRAIN.
H,G, Kuhn1? C· Eckert-Cooper1. G. Kempermann2. F.H. Gage2. J. 
Winkler1,3. Dept, of Neurology, Univ. Regensburg, 93053 
Regensburg. Germany; 2Lab. of Genetics, The Salk Institute, La Jolla, 
CA 92037; ⅜ ept. of Neurosciences, Univ. California San Diego, La 
Jolla, CA 92093.

The regulation and function of neurogenesis in adult animals are 
still largely unknown. Previous experiments analyzed the effects of 
chronic intracerebroventricular infusion of growth factors on progenitor 
populations in adult rat brains. Progenitor cells of the lateral ventricle 
wall were significantly increased in EGF and FGF-2 treated rats. But 
the effects seen in the granule cell layer o f the hippocampus were 
limited. (1) We therefore combined FGF-2 with heparan sulfate to 
enhance the penetration of FGF-2 into the parenchyma. Animals 
received FGF, FGF-2+heparansulfate or artificial cerebrospinal fluid 
for two weeks into the lateral ventricle, accompanied by daily systemic 
injections of bromodeoxyuridine (BrdU). (2) In vitro data indicated that 
IGF-1 has survival promoting effects and induces neuronal 
differentiation of uncommitted progenitor cells. To test in vivo effects 
on progenitor cells we also infused IGF-1 into the ventricular system of 
adult rats. Ongoing investigation aims at stereological quantification and 
confocal analysis of proliferation and differentiation promoting effects 
of these factors in the hippocampus and the subventricular/olfactory 
bulb system.
G.K. is supported by the Deutsche Forschungsgemeinschaft, J.W. is a 
Brookdale Foundation fellow.

313.16
RESPONSIVENESS TO EGF AND b₣G F ESTABLISH DIFFERENT 
DEVELOPM ENTAL STAGES OF NEURAL PRECURSOR CELLS OF 
EMBRYONIC MESENCEPHALON. J. Santa-Olalla and L. Covarrubias*. Depto. 
Genética y Fisiología Molecular, Instituto de Biotecnología, UNAM. APDO. 510- 
3, Cuernavaca, Morelos 62250, México.

EGF and/or bFG₣ induce the proliferation of neural precursor cells from several 
central nervous system (CNS) regions in vitro (1). We have previously described 
two different embryonic mesencephalic precursor cell populations (2), which differ 
in their capacity to form colonies in response to EGF and/or b₣GF. One of them, 
present in the ventral mesencephalon (VM), forms colonies in the presence of 
either EGF or b₣GF, while the second, localized in the dorsal mesencephalon 
(DM), proliferate only in the presence of EGF+bFGF. In this work we show that, 
for colony formation, DM cells need only b₣GF for the first 24 hrs. Absence of 
growth factors for 3 or 6 days before adding EGF+bFGF for additional 8 or 5 days, 
respectively, gave rise to very few colonies. However DM cells previously treated 
with b₣GF could survive without growth factor for at least 5 days before adding 
EGF, resulting in similar number of colonies as when both growth factor were 
added from the beginning of culture. Also we show that b₣GF support survival of 
EGF responsive precursor cells from both ventral and dorsal mesencephalon in 
subcultures. Therefore, in the mesencephalon, responsiveness to EGF and bFGF 
help to establish a possible developmental linkage between different precursor 
cells. Our data suggest that ventral and dorsal population of precursor cells are in 
different stage of differentiation but within the same lineage, where those of DM 
are in the earliest stage detected.

1. -Weiss,S. et al. TINS, 19: 387-393 (1996).
2. - Santa-Olalla,J and Covarrubias L J. Neuroscience Res. 42: 172-183 (1995). 

This Work was supported by CONACyT 0174-PM and UNAM/DGAPA

313.18
A SINGLE G PROTEIN-COUPLED RECEPTOR ENCODED BY vzg-l/lpA1/edg-2 
MEDIATES MULTIPLE CELLULAR RESPONSES TO LYSOPHOSPHATIDIC 
ACID (LPA). N. Fukushima* and J. Chun. Dept, of Pharmacol. UCSD, San Diego, 
CA92093-0636.

Extracellular lysophosphatidic acid (LPA) produces diverse cellular responses, 
including cell proliferation and actin rearrangement, in various types of cells. Recent 
reports of several molecularly distinct G protein-coupled LPA receptors have raised the 
possibility that the responses to LPA stimulation could be mediated by the 
combination of several uni-functional receptors, rather than a single, multifunctional 
receptor. To address this issue, we analyzed one receptor encoded by ventricular zone 
gene-l/vzg-1 (Hechtet al., (1996) J. Cell Biol., 135, 1071-1083, also referred to as 
łpA1ledg-2), using a heterologous expression system consisting of two cell lines from 
neuronal (B103 neuroblastoma) or non-neuronal (RH7777 hepatoma) lineages that 
neither express vzg-1 nor respond to LPA. Results show that: (1) VZG-1 expression 
in RH7777 produced specific 3H-LPA membrane binding sites; (2) VZG-1 expression 
mediated G protein activation in response to 1 nM - 1 µM LPA in membrane 
preparations from RH7777 and B103, as determined by the [35S]-GTPγS binding 
assay. Combination with immunoprecipitation showed direct coupling of VZG-1 to 
G¡; (3) VZG-1 expression mediated LPA-induced stress fiber foimation in RH7777 and 
neurite retraction in B103, both of which were blocked by C3 exoenzyme, an inhibitor 
for Rho; (4) VZG-1 expression and LPA stimulation activated the serum response 
element, which regulates gene transcription, and increased DNA synthesis through G¡ 
and Rho pathways. These results demonstrate that VZG-1 expression was necessary 
and sufficient to mediate well-known multiple effects of LPA. We suggest that a 
single receptor, encoded by vzg-1, can activate multiple LPA-dependent responses in 
cells from distinct tissue lineages, and that LPA signaling may play an important role 
in cortical neurogenesis through VZG-1-mediated cytoskeletal changes, gene 
expression and cell proliferation. [Supported by the NIMH]
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313.19
SIGNAL T R A N S D U C T IO N  OF LY SO P H O S P H A T ID IC  A C ID  
RECEPTORS IN BA CU LO V IR U S-1N FECTED  SF2l CELLS A N D  
XENOPƯS O O CY TES. Ƙ. K ak izaw a1. H. N o m u ra1. I. S h im ohira ‘. A. 
Yoshida1*, M. K obayashi2 an d  H. U eda1 *Dept. M ol. P h arm aco l, & 
Neurosci., N agasaki U niv ., Sch. P h arm ac . Sci., N agasaki 8 5 2 -8 5 2 1 , 
Japan; 2D ept. P h arm aco g n o sy , O saka U niv ., Fac. P harm ac . Sci., Suita 
565, Japan.

L ysophosphatid ic  acid (L P A ) is n o w  a ttra c te d  by n euroscien tists , 
since it p o ten tia lly  has som e effects on neurogenesis. In Xenopus  o o cy te s  
without any exogenous expression , 1 µM LPA  evoked inward currents o f  
100-1000 nA  at th e  hold ing  p o te n tia l  o f  -60  mV, but th ey  were rapidly 
desensitized upon rep e a ted  challenges o f  LPA . T h e  desensitization  was 
p ro tec ted  by th e  p reincubation  with K T -5 7 2 0 , a P K A  inhib itor. U nder 
the presence o f  this inh ibitor, the L P A -curren ts were p h arm aco log ically  
characterized to  use PLC , araguspongine E /x estospong in  C -sensitive  
InsPЗ rec e p to r and  th apsigarg in -sensitive  Ca2+ s to re s  and  chloride 
channels. C loned L P A -recep to rs  including vzg-1 (J. Cell B iol., 1996: 135, 
1071-1083) a n d P S P 2 4  (Proc. Natl. A cad. Sci., 1996: 93, 1 4 3 6 7 -1 4 3 7 2 ) 
were also ch a rac te rized  by m easuring  th e  ch loride c u rren ts  an d  G 
p ro te in -ac tiv a ted  inw ard rec tify in g  p o tassium  curren ts. In in vivo 
reconstitu tion  e x p e rim en ts  using th e  baculovirus/Sf2l cell expression  
system, vzg-1 was found to be coupled  to G∏, G〇ļ and Gļ ь but not C⅜. T h e  
signaling o f  P S P 2 4  an d  G p ro te in -c o u p led  e ffe c to r  m echan ism s will be 
also discussed.

313.20
EMERGING ROLES FOR SHC ADAPTOR PROTEINS IN DIFFERENTIATING HUMAN CNS 
PROGENITOR CELLS. L. Conti. C. D e Fraia. S. G ovoni1, B. Haddad2. M. Peschanski2 
and E. C a tta n eo * . I n s t .P h a r m a c o l.S c i .U n iv .M ila n o ,V ia  B a lz a r e tt i  9
M l;⅛ s t .Pharmacol.,PV,IRCCS S.Giovanni D io ,B S;⅛ SE R M  U42l,Creteil, France.

Cytoplasm ic signalling proteins play a fundamental role in determining cell 
responsiveness to extracellular stimuli. The SH2/PTB containing ShcA gene was found 
to encode for three protein isoform s acting as adaptor m olecules coupling Receptor 
protein Tyrosine Kinase to the ras signalling pathway, by virtue o f their association to 
Grb2 adaptor. The recent cloning o f two other Shc-like genes (ShcB/Sli and ShcC/Rai) 
has greatly increased the interest about these connector m olecules in intracellular 
signalling mechanisms. We have previously demonstrated that, in the rodent brain, levels 
of ShcA proteins are tightly regulated, both temporally and spatially, during mammalian 
neurogenesis, indicating that important variations in the levels o f ShcA proteins occur at 
the transition from proliferation to differentiation o f  brain neuroblasts. In fact, ShcA  
mRNAs and proteins are confined to the germinal epithelium, an area o f  the developing 
brain where active proliferation o f brain neuroblasts is known to occur (Conti et al. 
PN A S,I997). In adulthood, ShcA is lost from post mitotic neurons with the exception of 
the olfactory epithelium. In this study we have utilized cultured human CNS progenitor 
cells (from cortex or striatum, age 8-9 weeks post conception) to investigate the role of 
She members in proliferating and differentiating neuroblasts. As observed for rodent brain 
cells  (in vivo and in vitro), important changes in ShcA content are evident also in 
differentiating human CNS cells. Remarkably, ShcA is replaced by ShcC in mature 
neurons. Variations in the intracellular levels o f adaptor proteins may thus represent one 
o f the mechanisms by which a differentiating cell changes its ability to respond to a given 
factor, allowing a cell to choose between proliferation and differentiation. To analyze the 
significance o f the observed changes in ShcA and ShcC levels during differentiation, we 
challenged the human CNS cells at various stages o f their in vitro differentitation with 
specific growth factors, known to have different roles on proliferating and differentiated 
CNS cells. Data will be presented on the degree o f activation o f  the Shc(s) m olecules and 
o f the M A PK(s) follow ing stimulation with EGF, bFGF and CNTF. (Supported by 
AIRC, Italy #442/96, Telethon-Italy A .71 and, partially, by the H DSA, USA, to E.C.).

CELL D IFFERENTIATION AND M IGRATION III

314.1
6 A M IN O N IC O T IN A M ID E  IN S U B C O M M IS S U R A L  O R G A N  IT S  
R E L A T IO N S H IP  T O  H Y D R O C E P H A L U S  D U R IN G  O N T O G E N Y  IN  
W IS T A R Я A T . 1. H e rre ra -V a z Q u e z 1*. C .R o s a d o , G . E s p in o s a  . M . 
C a ld e ro n  .L. Lóp℮z. Ί D e p t. o f  A n a to m y . F a c . M e d  U N A M ; ¿ L ab . 
C y to g e n e tic , Inst. C s. A tm o s p h e ra  U N A M , C d . U n ¡v e rs ¡ta ry , M é x ic o  0 4 5 1 0
D.F.

T h e  s e c re to ry  a c t iv ity  o f  th e  s u b c o m m is s u ra l o rg a n  (S C O ) is  kn o w n  to  
in f lu e n c e  n e u ro n a l d e v e lo p m e n t th ro u g h  g ro w n  fa c to rs , c e ll-a d h e s io n  
m o le c u le s , c o m p o n e n ts  o f  th e  e x tra c e lu la r  m a tr ix  a n d  g u ia n c e  m o le c u le s . 
W e  s tu d ie d  S C O  c r it ic a l d e v e lo p m e n ta l m o m e n ts . B e s id e s , 6  +
a m in o n ¡c o tin a m id e  (6  A N ) in je c te d  in tra p e r ito n e a ly  (IP ) in h ib its  N A D (P  ) 
re q u ire d  to  p ro d u c e  6 g lu c o n a te d h y d ro g e n a s e , w h ic h  in h ib its  g ly c o lis is . 
O u r h y p o te s is  w a s  to  a p p ly  6 A N  to  8 ,1 2  a n d  1 5 m g /k g . d o s e s , on  th e  
tw e lv e th  d a y  o f  g e s ta tio n a l d e v e lo p m e n t in  W is ta r  R a ts . T h e s e  d o s e s  
p ro d u c e  h y d ro c e p h a lu s  a n d  o th e r  m a lfo rm a t io n s  a t g e s ta t io n a l c o n c lu s io n . 
T h e  re s u lts  a t 8 a nd  12 m g . s e e m e d  lit t le  s ig n if ic a t iv e .  In 1 5 m g . d o s e s  
th e re  w a s  a d e c re a s e  in  h e ig h t, d is a p p e a ra n c e  o f  c e rv ic a l n a rro w n e s s  a nd  
m a c ro c e p h a ly  by  v e n tr ic u la r  e n la rg e m e n t. A t  a h is to lo g y c a l o b s e rv a tio n  
le v e l th e re  w e re  c h a n g e s  in  th e  n o rm a l c e lls  o f  S C O . B y  s c a n n in g  e le c tro n  
m ic ro s c o p y  (S E M ) o b s e rv a tio n  w e  re p o rte d  a q u e d u c ta l s te n o s is  w ith  
h y d ro c e p h a lu s . (A c k n o w le d g e m e n t fo r  re v ie w  to : M . C h a v e z  a n d  M .D . A . 
F e r ia : s u p p o rte d  b y  D e p . A n a to m y  a n d  D iv . P o s g ra d e , F a c . M e d ic in e  
U N A M , 6 0 1 -0 2 )

314.3

E X P R E S S IO N  O F D O U B L E C O R T IN  C O R R E L A T E S  W IT H  
D E V E L O P M E N T  O F L A M IN A T E D  S T R U C T U R E S  IN  T H E  
C H IC K  B R A IN . P.L . J effrey ,1* R .C . H en k e 1 and A.J. H annan2. 
'D ev elo p m en ta l N eu ro b io lo g y  U n it, C h ild ren ’s M ed ica l R esearch  
In stitu te , W e n tw o r th v ille , N S W  2 1 4 5  A u stra lia ;  2U n iversity  
Laboratory o f  P h y sio lo g y , O xford, U K  O X 1 ЗPT.

T h e u n iq u e  sp atia l arrangem ent and fu n c tio n a l d iv e rs ity  o f  
neurons in the brain is lik e ly  to be ach iev ed  v ia  a variety o f  gene  
products w h ich  co n v ey  spatial and tem poral s ign a ls  both w ith in  and 
b e tw e e n  n eu ron s. T h rou gh c D N A  library sc re e n in g  w e  h ave  
id en tified  g en es  w h ich  are exp ressed  in a n e u ra l-sp ec if ic  m anner  
during brain d eve lop m en t. S eq u en c in g  in d ica tes  that o n e  o f  the 
c lo n es , 18C 15 , m ay be the ch ick  h o m o lo g u e  o f  d ou b lecortin , a 
hum an X -lin k ed  g en e found to be m utated in su b cortica l lam inar  
heterotopia (double cortex syndrom e) and lissen cep h a ly  (G leeson  et 
al., C ell 92  (1 9 9 8 ) 63; des Portes et al., C ell 9 2  (1 9 9 8 )  5 1 ). The  
1 8 C 15  m R N A  c o n ta in s  m u ltip le  m o tifs  w h ic h  are k n o w n  to  
regulate m R N A  stab ility  in resp onse to in d u ctive  s ign a ls, and these  
m o tifs  are co n serv ed  b e tw een  the ch ick  and hum an seq u en ces. 
D ou b lecortin  is  found to be ex p ressed  at p eak  le v e ls  during early  
d ev elo p m en t o f  the cereb ellu m  and forebrain  and is exp ressed  in 
other C N S  regions including the tectum , spinal cord and dorsal root 
gan glia . T h is study d em onstrates both  and spatia l and tem poral 
r eg u la tio n  o f  d o u b leco r tin  e x p r e ss io n  in th e  c h ic k  w h ic h  is  
a sso c ia ted  w ith  early  e v e n ts  in brain d e v e lo p m e n t, in c lu d in g  
neuronal m igration.

314.2
GENETIC A N D  EXPRESSION ANA LY SIS OF DOUBLECORTIN,
MUTATED IN THE ‘DOUBLE CORTEX’ SYNDROM E AND X-LINKED  
LISSENCEPHALY.
J.G. G leeson1, K.M. A llen 1. J.W. Fox'. R.F. L uo1. E.D. Lamperti‘. S. Min∩erath2, 
W .B. Dobvns2. M.E. R oss2. C.A. W alsh1*‘Div. Neurogenetics, Dept. Neurology, 
Beth Israel D eaconess Medical Center, Boston, M A 02115 USA, ⅜)ept. Neurology, 
U o f Minnesota, email.cwalsh@bidmc.harvard.edu

Mutations in the X-linked gene doublecortin (dex, HsX), which encodes a protein 
with no obvious structural homologues, are found in patients with the neuronal 
migration disorders “double cortex” (DC) syndrome and X-linked lissencephaly. In 
affected pedigrees, females display DC (also known as subcortical band heterotopia or 
laminar heterotopia) and males display lissencephaly. Mutation analysis o f dex in 31 
females with DC representing 7 families and 24 sporadic patients identified 13 unique 
coding region mutations. Mutations were identified in 6 o f 7 pedigrees investigated 
(86%) but only in 8 o f  24 (33%) sporadic DC patients. Pedigrees, which generally 
display a less severe clinical phenotype, usually have single amino acid substitution 
mutations, whereas sporadic patients are more likely to have premature protein 
termination mutations, suggesting a reproductive bias for the less severe substitution 
mutations. Am ino acid substitution mutations clustered around two areas o f  the gene, 
suggesting that these regions may be critical in the function o f  dex.

W e investigated the mRNA expression pattern o f dex during development in the 
mouse. Using in situ hybridization, expression is highest in post-mitotic neurons in 
the SVZ, IZ and CP o f the developing cortex at E l4-16. Expression continues at 
high levels through P0, where message is detected diffusely in the maturing cortical 
plate, suggesting that the neuronal migratory defect in DC is cell autonomous. 
(Supported by the HFSP, the NIND S National EpiFellows Foundation)

314.4
Early Regional Patterning o f the M edial Telencephalon
Shubha Tole* and Elizabeth A. Grove, University of Chicago, Chicago, IL 60637

We are interested in how the cerebral cortex is patterned in development, to give 
rise to distinct areas. In neocortex, thalamic afferents have been proposed as a 
candidate for conferring regional identity on different cortical areas. In the 
hippocampus, an archicortical structure, we find that regional specification precedes 
the earliest reported afferents to the hippocampus. Our data suggests that patterning 
in the medial cerebral cortex occurs by a different mechanism.

We have focused on the two major hippocampal fields, CA1 and CAЗ. Classical 
defining features of fields CA1 and CAЗ, such as cell morphology and innervation 
patterns, first appear only after birth. We have previously shown that, several days 
before birth, molecular markers permit identification of presumptive CA1 and CAЗ 
fields. CA1 neurons express SCIP, a POU-domain gene, from embryonic day (E) 
15.5, and CAЗ neurons express KA1, a glutamate receptor subunit, from E14.5.

To begin to explore the mechanisms by which the hippocampal formation is 
patterned, we selected several additional markers that are first expressed in the 
hippocampal formation at E l5.5, and identify restricted regions o f this tissue. We 
now have a molecular assay for sub regions of the hippocampal formation, 
including an early marker for the dentate gyrus. We asked if, prior to E l5.5, local 
cues are sufficient to pattern the various regions of the hippocampal formation, or if 
extrinsic signals are required from elsewhere in the brain. We isolated a portion of 
E12.5 medial telencephalon in explant culture. After 3 days in vitro, these explants 
generate a remarkable regional expression of all the molecular markers in our assay.

We conclude that by E l2.5, some regional patterning is intrinsic to a portion of 
the medial telencephalon. One candidate source o f patterning cues that was included 
in our explants is the cortical hem, a putative signaling center at the medial edge of 
the telencephalon. Signaling molecules of the Wnt and BMP gene families are 
intensely expressed in the hem. E l2.5 explant cultures present an ideal system to 
test the role of the cortical hem in patterning the medial telencephalon.
Funded by: AAUW, Comm. Cancer Biol. (Univ. Chicago), NIH R29 NSЗ5622-01
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314.5
N otch  1 sig n a lin g  in  th e  d ev e lop ing  co rte x  a n d  its  m o d u la tio n  by 
m am m alia n  N u m b  p ro te in s . L. R edm ond1*, S. O h 1, G. W einm aster2, W . 
Z h o n g \ Y.N. Jan3 and A. G ho sh 1; ’Dept. N euroscience, Johns H opkins 
M edical School, B altim ore, M D; 2Dept. B iol. C hem ., U C LA , Los Angeles, 
CA; ¾ H M I, ƯCSF, San Francisco, CA.

Activation o f the N otch signaling pathw ay is know n to influence cell 
fate decisions in D rosophila. To determ ine w hether m am m alian  N otch 
proteins serve sim ilar functions in cortical neurogenesis we have exam ined 
N otch 1 expression and signaling in the developing  rodent cortex. 
Im m unohistochem ical analysis indicates that N otch 1 is expressed  both in 
the ventricular zone (VZ) and the cortical plate (CP). W hereas all o f the 
Notch 1 im m unoreactivity  is excluded from  the nucleus in V Z cells, it is 
present in the nucleus o f m any C P cells, ind icating  that neuronal 
differentiation  is accom panied  by a translocation  o f N otch 1 to the 
nucleus. To determ ine if  N otch 1 could signal in postm ito tic  neurons, 
various dom ains o f  N otch 1 w ere expressed  in roden t cortical cultures. In 
these transfection experim ents, a truncated  N otch 1 construct (F C D N l), 
which included the entire cy toplasm ic dom ain o f N otch  1, localized  to the 
nucleus and was capable o f activating transcrip tion  m ediated  via 
endogenous CB F-1, the m am m alian  Su(H ) hom ologue. N otch  1 
constructs w hich lacked the RA M 23 dom ain w ere m arkedly  attenuated  in 
their transactivation potential, ind icating  that in teractions involving this 
dom ain are im portan t for signaling to the nucleus. P revious studies have 
shown that the RA M 23 dom ain can interact with CBF-1 as well as with 
m am m alian N um b (Nb) and N um blike (N blk). E xpression  o f N b and 
N blk in cortical cultures strongly inhib ited  the ability  o f F C D N l to signal 
to CB F-1. In addition, Nb and N blk  expression  led to m arked changes in 
dendritic m orphology. These observations suggest that m odulation  of 
N otch signaling by N b and N blk contributes to the regulation  o f dendritic 
m orphology in the developing  cerebral cortex.

S upported  by N IH  R O l N S 36176-01.

314.7
CONTROL OF THE CELL MIGRATION FROM THE LATERAL 
GANGLIONIC EMINENECE TO THE NEOCORTEX BY NEUROTROPIC 
FACTORS AND NEUROREPULSIVE FACTORS N. Tamamaki1*, R. 
Takauji1, Y, Sugimoto2, and K. Fujimori1 DepL of Anatomy1 and Dept, of 
Ophtalmology2, Fukui Medical School, Matsuoka, Fukui 910-11 Japan

Recently we reported that the lateral ganglionic eminence (LGE) is a 
source of neocortical neurons that are supplied by tangential cell migration in the 
intermediate zone (IZ). Since the cell migration is not guided by any radial glial 
fibers, there should be other mechanisms to guide them to the neocortex. To 
address this issue, we investigate the expression of neurotrophic factors and 
repulsive factors in the developing rat telencephalon. We focused on the 
expression of the netrinl, SemapholinШ, SemapholinlV, Semapholin E, and their 
receptors. Double staining of D il labeling and in situ hybridization revealed that 
the migrating cells from the LGE to the neocortex express DCC (a netrinl 
receptor) and neuropilin 2 (a receptor for SemapholinsШ,IV, and E) in the lower 
part of the IZ, and neuropilin (a Semapholin Ш receptor) in the upper part of the 
IZ. Expression of netrinl was found in the ventricular zone of the ganglionic 
eminence and in the striatum. The striatum also expressed Semapholins Ш and 
IV. In addition, the signal of Semapholin IV was found in the cortical plate, and 
that of Semapholins Ш was fond in the temporal part of the IZ. The expression 
patterns of DCC, neuropilin and neuropilin 2 on the migrating cells imply that the 
migrating ceils are heterogeneous in the population. The migrating cells may be 
sorted out into different destination through different reactions to each 
Semapholin. Netrin may make the migrating cells in the lower IZ extend their 
axons to the striatum by its trophic action through DCC.

314.9
GABAa RECEPTOR SUBUNIT mRNAS IN NEURO NA L PRECURSOR CELLS 
FROM  TH E ANTERIOR SUBVENTRICULAR ZO NE (SVZa) OF THE 
NEONATAL FOREBRAIN. R .R. Stewart . G .M . Hoge. T. Zigova and M.B. 
Luskin* Laboratory of M olecular & Cellular Neurobiology, NIAAA, NIH, 
Bethesda, M D 20892-8115 and Departm ent o f Cell Biology, Emory University 
School o f M edicine, Atlanta, GA 30322-3030.

Precursor cells originating from the SVZa have atypical properties in that they 
express neuron-specific markers and divide while migrating; SVZa cells terminate 
in the olfactory bulb where they differentiate into granule and periglomerular 
intemeurons. Similarly, SVZa cells in vitro also express neuron-specific tubulin 
and divide. Since the neurotransm itter GABA typically inhibits mature neurons, 
it was surprising that during development, GABA depolarizes ventricular zone 
cells and newly differentiating neurons. In addition, GABA has been shown to 
regulate cell proliferation and migration as well as to act as a trophic factor. In 
this study, we have determined the sensitivity o f SVZa precursor cells to GABA 
and muscimol, the GABAa receptor-specific agonist, and identified the types of 
subunit mRNAs that are present in acutely isolated P0 SVZa using RT-PCR (PCR 
200 ng o f cDN A per reaction and 30 cycles). SVZa cells in culture showed 
responses to GABA and muscimol that were blocked by the GABAa receptor- 
specific antagonist, bicuculline. Total RNA isolated from  SVZa had detectable cc2- 
4, ß l-3  and γ2S subunits, whereas by comparison P0 olfactory bulb total RNA had 
detectable α l-5 , ß l-3 , γ l ,  γ2S , γ2L , γЗ  and δ  subunits. Thus, cultured SVZa 
cells have functional GABAa receptors and SVZa expresses a subset o f the GABAa 
receptor subunits that were detected in olfactory bulb. Experiments are now 
underw ay to determine the GABAa receptor subunit combinations present in 
individual SVZa cells that are sensitive to GABA. This work was supported by 
the intramural research program  o f NIAAA, NIH (LM CN-SP-01) and an 
extramural NID CD grant to MBL.

314.6
NON-RADIALLY MIGRATING NEURONS IN BOTH EMBRYONIC AND 
ADULT RAT FOREBRAIN EXPRESS AMPA RECEPTORS PERMEABLE 
TO CALCIUM. N. König *. M. Durand. M.J. Drian and G Alonso EPHE Quant. 
Cell. Neurobiol, INSERM U 336, Univ. Montpellier 2, 34095 Montpellier Cedex 05, 
France.

In addition to the well-known radial migration along glial fibers, neurons may use 
another mode for traveling over long distances: non-radial or tangential migration. 
Striking examples include embryonic basal forebrain neurons invading the neocortical 
anlage (Tamamaki et al., 1997), and young neurons or neuroblasts traveling from the 
adult striatal sub ventricular zone towards the olfactory bulbs (Rousselot et al., 1995). 
Among the possible factors controlling this migration is the concentration of 
intracellular calcium. Knowing that glutamate receptors of the AMPA type permeable 
to calcium are prominent at early stages o f neural development (König et al., 1994), 
we examined the expression of these receptors in both populations Sections of 
embryonic day 14-16, or adult, forebrain were double-stained using antibodies 
against polysialylated (PSA) NCAM and AMPA receptor subunits respectively. 
Localization and co-localization of the proteins has been analyzed by confocal dual 
laser-beam microscopy Ventro-dorsally migrating embryonic neurons, and caudo- 
rostrally migrating adult neurons, were PSA-NCAM positive Most of these cells 
expressed GluR-1 protein, but few if any GluR-2 protein. The expected permeability 
of the ion channels to divalent cations was confirmed using cobalt loading o f unfixed 
cells (followed by silver-intensification) in the presence of specific agonists. Our 
results suggest that the intracellular calcium concentration o f non-radially migrating 
neurons can be modified by AMPA-receptor activation. This, in possible relationship 
with PSA-NCAM expression, may be a common mechanism controlling long-range 
migration o f both embryonic and adult neurons.
Work supported by INSERM, AFM and IRMΈ

314.8
A COLLECTION OF cDNAs ENRICHED IN EMBRYONAL CORTICAL 
LAYER 1. C. Garcia-Frigola12, F, Burgaya1, S. Alcantara1, L. de Lecea2 *, E. 
Soriano1. 'Dept, of Animal and Plant Cell Biology, Univ, of Barcelona, Av.
Diagonal 645, 08028 Barcelona, Spain; 2Dept. of Molecular Biology, The Scripps 
Research Institute, 10550 North Torrey Pines Road, La Jolla, CA 92037.

Cajal-Retzius cells are pioneer neurons located in cortical layer I, which appear at 
early stages of cortical development and disappear once the cortical structures have 
been established. Cajal-Retzius cells selectively express reelin, the protein whose 
absence in reeler mutant mice gives rise to migratory abnormalities in the cortex. 
Ectopic transplantation of Cajal-Retzius cells induces radial glia phenotype which is 
the essential scaffold that neurons utilize to migrate from the ventricular zone to the 
pial surface, forming the typical laminated structure o f the cortex. All these 
evidences indicate that Cajal-Retzius cells are important in migratory events that 
take place during cortical histogenesis. To elucidate the molecular mechanisms 
underlying the role of Cajal-Retzius cells in these migratory processes during 
development, we have isolated a collection of cDNA clones enriched in mouse 
embryo cortical layer I by subtractive hybridization. We have subtracted mRNAs 
from mouse E16 embryo cortical layer I against mRNAs obtained from the rest of 
the cortex (whole cortex minus Layer I) of the same age.

Sequence analysis of 93 cDNA clones from the subtracted library revealed that 
46% of the sequences encoded already known proteins whereas 54% were novel 
sequences. We analyzed the expression pattern of some of the isolated cDNAs by in 
situ hybridization and Northern blot. Six clones showed enriched expression in the 
outer cortical layers in the brain of mouse E16 embryos. Interestingly, some of 
these clones also showed regulated developmental expression and very low levels 
of mRNA concentration in adult tissue. Our results suggest that these cDNA clones 
may encode proteins important in cortical histogenesis. (Supported in part by 
CICYT (Spain)).

314.10
SIGNALS REGULATING Meis2 GENE EXPRESSION IN THE 
DEVELOPING VENTRAL TELENCEPHALON H. Toresson. S. Ҟimnrя1 and
K. Campbell*. Wallenberg Neuroscience Centre, Lund University, 223 62 Lund, 
Sw eden.1 NCI, NIH, Bethesda, Maryland 20892, USA.

The mammalian striatum is composed of several different classes of neurons 
with different embryonic origins. Transplantation studies have revealed that the 
striatal projection neurons and certain intemeurons are generated in the lateral 
ganglionic eminence (LGE) whereas other intemeurons are generated in the medial 
ganglionic eminence (MGE). The signalling events controlling striatal 
specification are largely unknown. In a subfraction screen aimed at identifying 
genes with enriched expression within the LGE as compared to the MGE we 
found the retinoic acid (RA) inducible homeobox gene Meis2. We show that the 
LGE is a localized source of retinoids and that indeed, RA has a positive effect on 
the differentiation of striatal neurons in vitro. The expression pattern of Meis2 in 
the ventral telencephalon is complementary to that of sonic hedgehog (shh), 
suggesting that SHH signalling might act to limit Meis2 expression. Thyroid 
transcription factor-1 (TTF-1) (also known as T/ebp or Nkx2.1), is an interesting 
gene in this context since it is expressed in the MGE and has been shown to be 
induced by SHH. At E12.5, a timepoint when both the MGE and LGE are 
formed, TTF-1 -/- mice lack telencephalic shh and also display an apparent medial 
expansion of Meis2 expression. Based on these results we suggest that ventral 
telencephalic Meis2 expression is dependent on retinoid signalling and is repressed 
medially by SHH/TTF-1.
This research was funded by the Swedish MRC and AFA.
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314.11
NEOHISTOGENESIS OF EMBRYONIC CEREBRAL CORTEX FROM 
ORGANOTYPIC CULTURES. C.Hedin-Pereira1. E.C.P. de Moraes1. M. F. 
Santiago2. R. Mendez-Otero2 & R. Lent1*  ⅛ epto. Anatomia, ICB-UFRJ and 
2Pгogr. Neurobiologia, IBCCF-UFRJ, Rio de Janeiro, 21941-590, Brazil. 
During cerebral cortex histogenesis, neurons in terrupt proliferation and 
migrate predominantly on radial glia (RG) to the surface qf the cortical 
plate. There they uncouple from the RG and differentiate. We have 
investigated the neoformation of cortical tissue out of slice preparations. 
Coronal slices (35Oµm) were prepared from E15 hamster brains, plated in 
Petriperm dishes and covered with medium. After 2-7 days in the 
incubator (5% C02) a monolayer was formed outside the slice. Vimentin 
and GFAP immunoreactivity showed that RG processes emerge from the 
slice unfasciculated, in which case the newly formed tissue began just 
outside of the slice border, or in bundles which defasciculated further out. 
DIC imaging showed small, round cells adhered to RG processes. Class I II  
ß-tubulin immunoreactivity revealed a dense neuronal plexus where RG 
processes eventually defasciculated. Some of these cells had a clearly 
pyramidal morphology. Specific markers were used to establish their 
neuronal identity: MAP-2, 9-O-acetylated gangliosides and LAMP. GFAP 
and Vimentin-positive astrocytes were also found in this external tissue. 
Cajal-Retzius cells within the marginal layer of the slice were labeled with 
Dil and Calbindin immunohistochemistry. Our results show that an 
organized cortical tissue is formed de novo when brain slices are 
maintained in vitro. Under these conditions, radial glia are able to grow 
out of the slices and support neuronal migration. RG processes and 
migrating cells traverse the Cajal-Retzius cell layer and nevertheless are 
able to uncouple and differentiate several hundred microns from the slice 
border.
Financial support: CNPq, FAPERJ, TWAS, FINEP, PRONEX-2.

314.13
PSA -N -CAM  IM M U N O PO SITIV E M IG R A T IN G  N E U R O N A L 
CLUSTERS IN TH E A D U LT G U IN EA  PIG N E O C O R TE X . A. T. M.
S. Islam 1, A.. Kuгaoka.1, T. Scki2, K. Hirata1 ,aшi ,M. K aw abuchi1*. 
]Dept. o f  A natom y, Faculty o f M ed., K yushu Univ., F u k u o k a  812-82, 
Japan; 2Dept. o f A natom y, Sch. o f  M ed., Ju n ten d o  Univ., H ongo, 
T o k y o  113, Japan.

S tructural brain  repair has becom e a possib ility  w ith the iden tification  
and characterization  o f persistent n eu ro n a l p ro g en ito r  cells in bo th  the 
neonatal and adult brain  (G oldm an, S.A. and Luskin, M.B., T IN S Vol. 
21, No. 3, 1998). As the cerebral cortex  develops, n eu ro n a l p recurso r 
cells divide in the ventricular zone, ad jacen t to the ventricle. A fter the 
final mitosis, neurons m igrate outw ard into d iffe ren t layers o f  cortex. 
The highly  polysia ly lated  isoform  o f  neural cell ad h esio n  m olecule  
(PSA -N -CA M ) regulates these n europ lastic  events by prevalence 
m odulations and the add ition  o f a -2,8 linked  p o lysia lic  (PSA) 
hom o p o ly m ers . To exam ine the m o rp h o lo g ica l basis o f  PSA -N -C A M  
in tangential cell m igration, a co m p ared  im m u n o cy to ch em istry  was 
studied using  5 -b ro m o d eo x y u rid in e  (B rdU ) to d iffe ren tia te  betw een 
p ro life ra tin g  and m igrating  cells; and with S I 00 pro tein , an astroglial 
m arker in brain  ( S I 00) to d ifferen tia te  betw een n eu ro n a l and glial 
elem ents in the adult gu inea pig fo reb ra in . Im m u n o b lo t assay for anti- 
PSA -N -CAM  antibody, as well as charac te ristic  spa tio -tem pora l 
con fig u ratio n  o f its PSA m oiety  ran g in g  from  focal p u n c ta te  clusters to 
n euronal linearity in the ou ter b o rd er o f  the ex ternal g ran u la r  layer o f 
the frontal cortical reg ion  evinced crucial role o f  PSA -N -C A M  in the 
adult neocortieal plasticity.

314.15
CELLULAR AND MOLECULAR SPECIFICATION OF STRIATAL 
INTERNEURONAL SUBTYPES. M. Olsson. C. Fagersfröm. A. Biöridund* and K. 
Campbell. Wallenberg Neuroscience Center, Lund University, S-22362 Lund, Sweden.

The mammalian striatum is thought to derive embryonically from both the medial 
(MGE) and lateral ganglionic eminence (LGE) in the ventral telencephalon. Earlier 
transplantation studies have indicated that the LGE is the major source of striatal 
projection neurons, however, the origin of the striatal intemeuгonal subtypes was 
unclear. We have recently shown that while somatostatin-containing intemeurons arc 
generated in both MGE and LGE grafts, cholinergic neurons are almost exclusively 
found in MGE grafts. These results suggested that striatal cholinergic intemeurons 
may derive from the MGE and migrate laterally into the developing striatum.

To further analyze this problem we have studied the expression of the MGE- 
speeifĭc homeobox protein, Thyroid transcription factor-1 (TΊΓF-1, a.k.a. Nkx2.ƯΓ- 
Ebp). TTF-1 expression marks the MGE from it’s earliest existence and is maintained 
in this structure until late embryonic stages as well as in it's derivatives (e.g. 
pallidum) into adulthood. Furthermore, TTF-1 expression appears to be a characteristic 
of cells derived from the MGE and not the LGE, since TTF-1-positive cells were only 
observed in MGE transplants. Interestingly, however, scattered TTF-1 expressing 
cells are also seen in the adult striatum. The TTF-1-positive cells in the striatum (as 
well as those in the basal forebrain and pallidum) were found to be either cholinergic 
or parvalbumin-containing, while the striatal projection neurons (as marked by 
DARPP-32 expression) or somatostatin-containing intemeurons did not express TTF- 
1. Using an antibody to TrkA (a marker of cholinergic neurons) we studied the 
development of cholinergic neurons in the embryonic forebrain. Starting at El 5.5 in 
the rat, TrkA-positive cells were visible ventral to the MGE and septal anlage. By 
E l7.5, TrkA -expressing cells were distributed through the basal forebrain, pallidum 
as well as scattered cells in the sưiatum. TrkA-positive cells were observed to co
express TTF-1 extensively.

These results support the notion that sưiatal cholinergic intemeurons derive from 
the MGE and suggest that TTF-1 may play an important role in their development. 
This research was funded by die Swedish MRC and AFA

314.12
ALDOLASE C/ZEBRIN II EXPRESSION IN NEONATAL RAT FOREBRAIN.
SM Staugaitis1,2. M Zeгlin2, JM Levine3. R Hawkes4. JE Goldman2*. 'Cleveland 
Clinic Foundation, OH, 3SUNY Stonybrook, NY, “Univ. Calgary, Alberta,
2Columbia University, New York, NY 10032.

Lineage fracing using the BAG retrovims has shown that progenitor cells of the rat 
forebrain subventricular zone (SVZ) migrate into gray and white matter and 
differentiate into astrocytes and oligodendrocytes. We have endeavored to identify 
genes expressed by these cells using differential display PCR. RNA was isolated from 
neonatal SVZ, oligodendrocyte progenitor cultures, and control tissues. A partial 
sequence identical to Aldolase C/Zebrin II (ALDC/ZII) was present exclusively in the 
SVZ preparation. In situ hybridization of one-week-old rat brains revealed patches of 
high expression in the SVZ at its lateral aspect and near the ventricle. Scattered 
positive cells were seen in other parts of the SVZ and in gray and white matter. 
Immunofluorescence staining confirmed high expression in the SVZ. Radial glial 
fibers were also stained. Positive cells in cerebral cortex and white matter had several 
processes. One process occasionally extended to a blood vessel, which appeared 
ensheathed by immunoreactivity. Double labeling showed that most ALDC/ZIU cells 
had weak vimentin reactivity, but only a minority was GFAP *-. NG2 
immunoreactivity, which is associated with oligodendrocyte progenitors, was not seen 
in ALDC/ZII+ cells. Immunostains were performed on brains injected with BAG 
virus at P0 and sacrificed 5 days later. ALDC/ZII was not seen in 101 BAG+ SVZ 
cells. ALDC/ZII staining was seen in 14/40 (35%) BAG+ cells in cortex and 5/36 
(14%) cells in white matter. NG2 staining was seen in 3/144 (2%) BAG+ SVZ cells, 
4/40 (10%) cortical cells and 9/16 (56%) white matter cells. These data suggest that, 
in the neonatal rat ſorebrain, ALDC/ZII is expressed in astrocytes and appears at an 
early stage in this lineage. Cells arising in the P0 SVZ acquire immunoreactivity for 
ALDC/ZII or NG2 during migration into cortex and white matter. The failure to 
identify cells immunoreactive for both ALDC/ZII and NG2 raises two possibilities: 
either these two antigens are expressed by two distinct lineages or they are expressed 
by non-overlapping stages of the same lineage. (Supported by NTH ROl NS 17125)

314.14
CHARACTERIZATION OF THE ROSTRAL MIGRATORY STREAM DURING 
MAMMALIAN FOREBRAIN DEVELOPMENT. V. Pencea*1, C M  Smith1 and 
M.B. Luskin1. 1 Department of Cell Biology, Emory University School of Medicine, 
Atlanta, GA 30322.

Studies from our lab have revealed that a distinct region in the anterior 
portion of the neonatal subventricular zone (SVZa) contains primarily neuronal 
progenitor cells that are highly proliferative, although they express a neuronal 
phenotype (Menezes et α/., 1995). The SVZa-derived cells migrate along a 
stereotypical pathway, the rostral migratory stream (RMS), to the olfactory bulb 
where they become interneurons. We were interested in determining when and 
how the pathway leading to the bulb forms. In order to characterize the cellular 
composition of the proliferative layers of the developing forebrain, we have 
undertaken immunohistochemical studies using antibodies that recognize neurons, 
including TuJl, anti-N-CAM, anti¯MAP2, as well as an antibody to GFAP, 
expressed by astrocytes. Parasagittal and coronal sections of the rat forebrain, at 
various developmental ages from embryonic day 16 (E16) to postnatal day 60 
(P6O), were used. We have found that at E17 the neuroepithelium of the 
rhinencephalon is not a homogeneous population of cells. Rather within the the 
neuroepithelium there is a patch of similarly oriented cells that uniformly express 
a neuronal phenotype (TuJl+, N-CAM+, MAP2+); the patch is surrounded by 
regions which are GFAP(-) and contain sparse TuJl staining. This patch extends 
from the anterior horn of the lateral ventricle to the olfactory ventricle. The patch, 
which extends from medial to lateral, approaches the ventricular lining, but does 
not proceed to the anterior tip of the olfactory ventricle. At E2O this patch of cells 
is significantly larger and by E22 (P0) and PI the patch becomes indistinguishable 
from the TuJl(+) SVZa and rostral migratory stream. Until P4 the RMS is 
GFAP(-). We are currently investigating whether the cells within the patch can he 
distinguished by their mitotic activity and the migratory behavior. (Supported by 
NIDCD and March of Dimes).

314.16 -
DENDRITOGENESIS IN CULTURES FROM FERRET CEREBRAL CORTEX. 
M. Zervas. S.U. Walklev* and K. Dobrenis. Dept, of Neuroscience, Albert 
Einstein College of Medicine, Bronx NY 10461.

Gangliosides are differentially expressed during ferret cerebral cortical 
development and have been implicated in pyramidal cell dendritogenesis (Zervas 
& Walkley, Soc. Neurosc. Abstr. 23:79, 1997). To further investigate a functional 
role of gangliosides in dendritogenesis we established long-term cultures of 
cortical neurons from E30 ferret neocortices. Cells at 1 DIV were round and 
predominantly unipolar. By 8 DIV most neurons (identified by MAP-2 
immunofluorescence) displayed a pyramidal-like morphology, with a triangular 
soma and thick apical process of 62.5 ± 34.6µm (mean length ± SD) which often 
bifurcated. All pyramidal neurons had 1-5 basilar dendrites with the majority 
(76%) displaying .1-2 primary basilar dendrites of 45.8 ± 33.5µm. Ninety-eight 
percent of pyramidal neurons exhibited an abundance of GM2 ganglioside 
immunoreactivity consisting of punctate vesicular-like staining within somata. 
After 24 DIV a shift toward more elaborate pyramidal neuron morphology 
occurred. Pyramidal neurons displayed an apical dendrite of 114.0 ± 8O.5µm with 
68% displaying three to five basilar dendrites o f 88.7 ± 49.7µm, many of which 
(45%) bore secondary arbors of 44.7 ± ЗO.7µm. GM2 expression persisted in 
somata but was also prominent within basilar dendrites. Pyramidal neurons at 67 
DIV were fully-developed with numerous dendrites displaying discrete, punctate 
GM2 immunoreactivity and little or no GM2 expression within somata. Inhibiting 
ganglioside synthesis beginning at 1 DIV with ЮOµM ΛҶn-butyl)· 
deoxynojirimycin (NB-DNJ) resulted in only 27% of pyramidal neurons having 
basilar dendrites at 8 DIV versus 100% in control cultures. There was also a 
significant diminution (d<0.01; Student’s t-test) in primary and secondary dendrite 
length. Neurons showed a considerable reduction in the amount of GM2 
ganglioside immunoreactivity supporting the effectiveness of the inhibitor. These 
results provide further support for a functional role of gangliosides in ferret 
cortical pyramidal neuron dendritogenesis. (NS07098)
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314.17
Dopamine and Estrogen Accelerate the Expression of Parvalbumin in the Developing 
Rodent Prefrontal Cortex. N.R.Ross1*. L.L.Porter1,2. ‘Neuroscience Program; departm ent 
of Anatomy & Cell Biology; Uniformed Services University; Bethesda, MD 20814.

Dopamine (DA) has been implicated in the pathophysiology of schizophrenia. Currently, 
it is believed that neurodevelopmental abnormalities in the brain result in a predisposition 
toward schizophrenia. It is known that DA affects cortical development; and that, during 
development, estrogen (17ßE) may affect DA levels. Therefore, the study of DA and 
l7ßE effects upon cortical development seems integral to the understanding of 
schizophrenia. The purpose of these experiments was to study the effects of DA and 
l7ßE upon parvalbumin (PV) expression in rodent prefrontal cortex during development. 
Organotypic slice cultures of the prefrontal cortex were prepared from neonatal rats 
(postnatal day 2/3) and maintained for 7 or 14 days in vitro (DIV) in serum-enriched 
medium and medium treated with either: DA (10 µM), l7ßE (10'7 M), or DA + l7ßE 
. Cultured slices were then fixed and immunostained for PV immunoreactivity. Under 
control conditions, somata immunoreactive for PV were rarely visible in slices taken at 
7 DIV. By 14 DIV, PV immunoreactive cell bodies and fibers were found, but were 
restricted to the deep laminae of control slices. In comparison, slices cultured for 7 DIV 
in all the treatment groups consistently contained sparse numbers of PV immunoreactive 
somata in the deep laminae. At 14 DIV, slices in all treatment groups exhibited PV 
immunoreactive cell bodies and fibers throughout all laminae. These results indicate that 
both DA and estrogen can accelerate the expression of parvalbumin in the rodent 
prefrontal cortex. These developmental alterations may relate to structural changes 
observed in the cortices of schizophrenics.

314.18
DELETION OF THE NMDA-R1 RECEPTOR IN MICE ACCELERATES THE 
MATURATION OF CORPUS CALLOSUM PROJECTION NEURONS IN VISUAL 
CORTEX. A.J. Elberoeг*. Dept, of Anatomy and Neurobiology, The Univ, 
of Tennessee, Memphis, College of Medicine, Memphis, TN 38163.

Factors affecting the timing of developmental events in neocortex are not 
well known. The corpus callosum (CC) is a neocortical pathway that is well 
defined, extensively studied, and easily accessed. The goal was to study the 
role of the NMDA-R1 receptor in the development of CC projection neurons 
(CCpn) using breeding stock of transgenic mice w ith deletion of the NMDA- 
R1 receptor (NR1) (Forrest et al., Neuron 13:325-328, 1994} .

The offspring of NR1-/+ mice were transcardially perfused with 4% 
paraformaldehyde on postnatal day (P) 0, 7 and 10; tissue samples were 
taken for PCR genotyping. Since NR1-/- die within 8-15 hours after birth 
(Forrest et al., 1994), P0 mice were perfused prior to the death of any pup. 
In sagittally bisected brains, Dil crystals were applied to the anteroposterior 
extent of the m¡dsagittal CC bundle. Tissue was stored in the dark at 37° 
C during Dil diffusion. Sections were morphologically analyzed with a 
confocal laser scanning microscope; this was completed prior to genotyping.

The CCpn at P0 in NR1 + / +  mice were primitive and appeared to be 
migrating, in NR1-/- had well developed apical and basilar dendrites, and in 
NR1-/+ had simpler apical and basilar dendrites. The CCpn at P7 in 
NR1+/+  were similar to those of the P0 NR1-/+, but in NR1-/+ had 
elaborate dendrites and formed 2 tangential bands. The CCpn at P10 in 
NR1 + /+  formed 2 tangential bands; in NR1-/+ area 17 the supragranular 
tangential band was significantly reduced, and in area 18a the CCpn were 
more heterogeneously distributed. These results indicate that total deletion 
of the NMDA-R1 receptor accelerates CC development; partial deletion 
accelerates to a lesser extent. Supported by NIAAA grant 11325.

ABSTRACT 314.19 APPEARS AT THE BOTTOM OF PAGE 796.
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315.1
NETRINS ARE CHEMOATTRACTANTS FOR NEURAL CREST-DERIVED 
CELLS THAT COLONIZE THE DEVELOPING BOWEL. Y. Tiangl. M. T. 
Tessier-Lavigne⅜ T.P. Rothman. & M.D. GershorДX Dept, of Anat. & Cell 
Biol., ^Columbia Univ., P&S N. Y., NY. 10032; 2UCSF, San Fran., CA 94143 

The enteric nervous system (ENS) is formed by cells that migrate to the 
bowel from the neural crest. These crest-derived emigres thus have to find 
the gut and, after entering the bowel, the correct sites in which to give rise to 
ganglia. The hypothesis was tested that their localization is aided by one of 
the netrin molecules acting as a long-range chemoattractant. The expression 
both of netrins and their receptor, DCC (deleted in colorectal cancer), can be 
detected in the developing chick intestine by RT-PCR as early as E5 (the 
youngest age examined). Although netrin expression persists throughout 
embryogenesis, DCC expression is developmentally regulated and is 
maximal at E12. At E7, the enteric mucosa and mesenchyme in the region of 
the presumptive layer of circular smooth muscle become netrin- 
immunoreactive. Crest-derived cells were immunoselected from the 
dissociated E6 intestine with HNK-1 monoclonal antibodies and cultured. 
Exposure to netrin-1 (0.5 µg/ml) enhanced neuronal survival and neurite 
extension. Immunoselected crest-derived cells or explants were co-cultured 
with stably transfected netrin-l-secreting or control EBNA cells. Crest- 
derived cells appeared to migrate toward the source of netrin-1 and would 
even leave explants to do so. Addition of anti-DCC sera to explants of gut 
inhibited the extension of neurites and prevented the inward migration of 
crest-derived cells. These data are compatible with the idea that netrin(s) act 
as guidance molecules in the colonization of the bowel by crest-derived cells 
and the formation of the ENS. Supported by NIH grant NS15547.

315.2
T H A L A M O C O R T IC A L  A X O N S IN F L U E N C E D  IN V IT R O  BY  
A T T R A C T A N T  A N D  R E P E L L E N T  A C T IV IT IE S  R E L E A S E D  
BY TISSU ES A LO N G  TH EIR  IN V IV O  PA TH W A Y .
JE Braisted*, R Tuttle, R Stim ac and P P M  O'Leary. M olecular 
Neurobίology Lab, The Salk Institute, La Jolla, CA  

Thalam ocortical axons take a stereotypic trajectory from dorsal 
thalamus (dTh) to the cortex, initially growing ventrally through the 
diencephalon, and then as they approach the ventral diencephalon, 
turning laterally  into the d ev e lo p in g  striatum . W e therefore  
hypothesized that the ventral diencephalon produces a repellent, and the 
striatum produces an attractant that guide thalamocortical axons into 
and/or through the nascent internal capsule. To test this hypothesis, 
explants o f dTh were cocultured in collagen gels at a distance from the 
lateral edge o f ventral d iencephalon, or the m edial edge o f the 
develop ing striatum, d issected from 2OOµm vibratom e sections o f  
E13.5-E14.5 mouse brains. Cultures were examined after 1.5 days, and 
dTh neurites outgrowth was assigned to one o f  three categories: 
explants that had more neurite growth ‘towards’ or ‘away’ from the test 
tissue, or explants that had similar amounts o f growth on the side facing 
and opposite to the test tissues ( ‘sam e’). dTh neurite outgrowth was 
biased towards striatum and away from ventral diencephalic explants. 
Since netrin-1 in expressed in the develop ing striatum and attracts 
cortical neurites in vitro, we examined the expression o f netrin-1 , and 
its receptor, DCC, in E13.5-E14.5 m ouse brains. W e found that the 
pathway o f  thalamic axons through the striatum is coincident with 
netrin-1 expressing cells. W e also found that DCC is expressed in dTh. 
These data suggest that the ventral d iencephalon and d evelop ing  
striatum secrete soluble activities that may guide thalamocortical axons 
into and through the nascent internal capsule, their pathway through the 
striatum to cortex, and that netrin- 1 may be the striatal attractant 
activity. Supported by NS 31558.

315.3
THE AXONAL GUIDANCE MOLECULE UNC-69 IS CONSERVED FROM C. 
ELEGANS TO HUMANS. S. Tharin1*. B. Wightman2. N. Tsung3. E. Hartwieg\
G. Garriga4. H.R. Horvitz3 and M.O. Hengartner1. 1. Cold Spring Harbor 
Laboratory, PO box 100, Cold Spring Harbor, NY 11724. 2. Biology Department, 
Muhlenberg College, 2400 Chew St, Allentown, PA 18104 3. Howard Hughes 
Medical Institute, Department of Biology, Massachusetts Institute of Technology, 77 
Massachusetts Ave, Cambridge, MA 02139. 4. Department of Molecular and Cell 
Biology, 401 Barker Hall, University of California, Berkeley, CA, 94720.

The unc-69 gene is required for axonal guidance, outgrowth and fasciculation in 
Caenorhabditis elegans (C. elegans). In unc-69 mutants dorsal and ventral guidance 
defects, as well as prematurely terminated axons, are observed. Furthermore, the 
dorsal and ventral nerve cords are defasciculated in these mutants. An unc-69-lacZ 
fusion construct is expressed predominantly in neurons; expression is most 
prominent in the nerve ring and ventral nerve cord. Preliminary immunofluorescence 
data supports this expression pattern and suggests that UNC-69 is also localized to 
commissures, unc-69 encodes a novel protein with a predicted coiled-coil motif near 
its C-terminus. UNC-69 shows significant similarity to the predicted products of 
previously uncharacterized human, mouse and Drosophila genes (tentatively called 
hunc-69, munc-69 and dmnc-69, respectively), identified by expressed sequence tags. 
hunc-69 mRNA is enriched in human fetal brain, although its expression is not 
restricted to this tissue. HUNC-69, MUNC-69 and DRUNC-69 are also predicted to 
form coiled-coil structures near their C-termini. The predicted vertebrate proteins are 
77% identical to UNC-69 over the predicted coiled-coil regions. The high degree of 
sequence conservation in this region leads us to predict that homophilic and/or 
heterophilic interactions, mediated by the coiled-coil domain, are required for LΓNC-69 
function. Supporting this notion is the observation that UNC-69 fusions interact 
with each other in the yeast two-hybrid assay. (Supported by grants from the 
American Cancer Society (BW), March of Dimes (GG), Howard HughesMedical 
Institute (HRH) and the National Institutes of Health (MOH and GG). GG is a 
McKnight Scholar. HRH is an investigator of the Howard Hughes Medical Institute. 
MOH is a Rita Allen Foundation Scholar.)

315.4
PREGANGLIONIC PROJECTIONS TOWARD THEIR TARGET AREA ARE 
GUIDED BY A CHEMOATTRACTANT. Y. P. L. Yip*. J. W. Yip and C. 
C apгio tti Dept, of Neurobiology, University o f Pittsburgh, Sch. of Med., 
Pittsburgh, PA 15261

Sympathetic preganglionic neurons of the chick are located around the 
central canal (Column of Temi). Their axons exit the spinal cord in the ventral roots 
along with somatic motor axons. While somatic motor axons continue to project 
peripherally in the spinal nerves, preganglionic axons turn ventrally to project toward 
the sympathetic ganglia. In this study, we asked whether sympathetic preganglionic 
projections toward their target area are guided by a chemoattractant.

Spinal cord fragments containing preganglionic neurons, or somatic motor 
neurons, as well as dorsal root ganglia were co-cultured with tissues explanted from 
the sympathetic preganglionic target area (the prospective sympathetic trunk and the 
adjacent paraxial mesoderm) in three dimensional collagen matrices. Cultures were 
fixed 40 hours later and stained with E/C8, a monoclonal antibody against 
neurofilaments in preganglionic, sensory and motor axons. Results showed that 
neurons from most explants containing preganglionic neurons project predominantly 
toward the preganglionic target tissue. Such is not the case for motor and sensory 
neurons, which showed either little outgrowth or non-directed outgrowth. 
Additionally, explants of spinal cord containing preganglionic neurons were presented 
with a choice of 'target' and non-targeť tissues. 'Target tissues' consisted, as before, 
o f tissues of the prospective sympathetic trunk region and the adjacent paraxial 
mesoderm. 'Non-target tissue' consisted of tissue from around the spinal nerve 
pathway. Results showed that explants containing preganglionic neurons extend 
axons preferentially toward the 'target tissue' and rarely extend axons toward the 'non
target tissue'. Together, these experiments suggest that preganglionic axons are 
attracted to their target region by some diffusible factors, and that such factors are 
found specifically in the preganglionic target tissue. (Supported by NS 23916)
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315.5
IS THE SOLUBLE ATTRACTANT FOR GNRH AXONAL PATHFINDING 
TO THE MEDIAN EMINENCE (ME) DERIVED FROM ENDOTHELIAL 
CELLS? M.J. Gibson*. L. Ingraham, and A. Dobrianskv. Dept. Medicine, 
Mount Sinai School of Medicine, New York, NY 10029.

GnRH is released into the fenestrated capillaries of the ME and trans
ported to the pituitary, where it stimulates gonadotropin production and 
reproductive development. GnRH axons reach the ME as early as the 14th 
day of embryonic development in the normal mouse. In adult hypogonadal 
mice that fail to make GnRH peptide, GnRH neurons in intraventricular 
grafts derived from normal perinatal preoptic area (POA) innervate the 
host’s ME. With co-cultures of organotypic explants of POA and selected 
neural tissues on collagen/laminin coated membranes in insert chambers, 
we showed that the mediobasal hypothalamus (MBH) containing the ME is 
a preferential target of GnRH axons (Endocrinology 138:3956, ’97). As the 
studies suggested a diffusible chemoattractant, we tested the efficacy of 
MBH-conditioned media. Heparin-coated acrylic beads were soaked either 
in MBH or control media (DM) and adhered to the membrane with colla
gen/laminin. Significantly more and longer GnRH axons grew out upon the 
membrane from the P1 POA explants towards the MBH-media beads than 
away (Endo.Soc.Ann.Mtg. ‘98). An important terminus for GnRH axons in 
the ME is the fenestrated capillary. The present study tested the hypothesis 
that capillary endothelial cells, known to secrete numerous growth factors, 
produce a soluble attractant for GnRH fibers. We cultured mouse brain 
microvascular endothelial cells in DM. The conditioned media (EM) was 
collected. POA explants were co-cultured for 1 wk with beads soaked in EM 
or DM. More GnRH fibers grew towards EM beads than away; there was no 
difference with DM beads. The findings suggest that endothelial cells may 
contribute to the soluble GnRH-attractant(s) derived from the ME.
Supported  b y  NIH NS2O335.

315.7
ECTOPIC EXPRESSION OF FIBROBLAST GROWTH FACTORS 
REPULSE DEVELOPING RETINAL A X O N S. S·M cľarlane\  
Neuroscience Research Group, Univ, o f  Calgary, Calgary, Alberta T2N  
4N1.

Fibroblast growth factor (FGF) signaling has been implicated in the 
extension and initial targeting o f Xenopus  retinal ganglion cell (RGC) 
axons. Our previous data shows that appropriate FGFR function is 
required for RGC axons to recognize their major midbrain target, the 
optic tectum; altering either the presentation o f  FGF ligand or the ability 
o f RGC growth cones to see the FGF signal, by blocking receptor 
activity, resulted in axons bypassing the tectum. To test the possibility  
that changes in FGF levels can guide RGC axons we ectopically  
expressed cD N A s encoding secretable forms o f  FGF in or near the 
developing optic pathway and follow ed tíie behavior o f  RGC axons 
growing out to their target.

At stage 26, a mixture o f DOSPER/ C S2-cD N A  was injected through 
the skin into the developing brain. Embryos were injected with either 
FGF constructs and/or a control GFP construct. Embryos developed until 
stage 40 when retinal axons have normally reached their target. Retinal 
fibers were anterogгadely labeled with HRP, and FGF expressing cells 
were visualized by immunostaining with anti-FGF-2 (R& D System s) or 
by co-transfection with GFP. Optic axons encountering FGF-expressing 
brain cells were repulsed at a distance, but control GFP-expressing brain 
cells did not alter their trajectories. These data suggest that FGFs can 
guide growing axons, although it remains to be determine whether this 
occurs via a direct or indirect mechanism.
This work was supported by MRC o f  Canada and by AHFMR.

315.9

AX O N PATHFINDING IN THE HINDLIM B OF H GF/SF NULL MICE. 
S. A. Banerjee1*. M. Tessier-Lavigne2 and L.T. LandmesseU 1 Dept, o f  
Neurosci. Case Western Reserve University, and ¾ .H .M .I  and Dept, o f  
Anatomy, University o f  California, San Francisco.

Hepatocyte growth factor/scatter factor (HGF/SF) and its cognate receptor 
c-m et are required for m yoblasts to migrate into the limb. In HGF/SF null 
m ice this process is perturbed resulting in the absence or severe reduction in 
limb muscles. Earlier studies in these m ice have also described subtle defects 
in the branching o f motor axons in regions distal to the plexus in the 
forelimb. In this study we investigate in more detail the specific defects in 
axon pathfinding in the hindlim b. Initial characterization o f the axon 
branching patterns in w ild-type m ice was performed by D il labeling o f  
individual segmental spinal nerves. These patterns were highly stereotypical 
in both their trajectories and branching patterns. Similâr analysis o f the 
HGF/SF null mutants showed that the specific segmental projection pattern 
o f axons into the major nerve trunks was unaltered. H owever, the extent and 
number o f more distal branches was reduced, with som e branches being  
more severly affected than others. A sim ilar but m ilder, less penetrant 
phenotype was observed in heterozygotes. These results suggest that the lack 
o f appropriate target m uscles in the hindlimb does not severely affect the 
ability o f  axons from sp ecific segm ental levels to be guided into the 
appropriate nerve trunks. This guidance must thus involve signals from non- 
m yogenic cells in the limb, possibly in combination with selective axonal 
fasciculation. The defects in distal branching may result from lack o f muscle 
or an absence o f  H G F/SF, the h eterozygote phenotype being more 
suggestive o f the latter. W e are currently analyzing branching patterns in c- 
met knock-out m ice as well as identifying which individual m uscle nerves 
are affected and the extent o f  the defect in each. Supported by NIH grant 
NS 19640 and H.H.M.I.

315.6
BDNF AND GDNF EXERT OVERLAPPING AND DIFFERENTIAL EFFECTS ON 
AXONAL GROWTH OF CORTICAL NEURONS WITH DIFFERENT 
PROJECTION TARGETS IN VITRO.
K.M. Giehl*', P. Mestres1, Q. Yan2, V. Castellani3, and J. Bolz3.
‘Anatomisches Institut, Universität des Saarlanđes, D-6642l Homburg, Germany; 
2Amgen Inc., Thousand Oaks, USA; 3INSERM U37l, Cerveau et Vision, 69500 
Bron/Lyon, France.

Developing cortical neurons establish specific intracortical connections within 
the individual cortical layers and long distance projections to subcortical targets such 
as the spinal cord and several brain stem areas. It has been shown previously that NT- 
3 has a differential influence on the collateralization of neocortical layers И/IИ and VI 
neurons which establish intracortical connectivity (Bolz et al,, 1997, Soc. Neurosci. 
Abstr. 23: 566.1). We were now examining whether the neurotrophic factors BDNF 
and/or GDNF influence axonal growth of cortical neurons that develop intracortical 
connections (layers II/III) and/or long distance projections to subcortical targets (layer 
V). The correct preparation of cortical layer V was established by retrograde labelling 
of corticospinal neurons with Dil 7 days before culture. Both BDNF and GDNF 
promoted axonal elongation of layer V neurons in slice cultures from 7 days old rat 
sensorimotor cortex. In contrast, no effect on axonal elongation was observed ori 
layer II/III neurons. Furthermore, BDNF increased collateralization of both layers 
II/III and layer V neurons while GDNF had no effect on collateralization. We 
conclude that BDNF and GDNF have both overlapping and differential effects on 
cortical axon growth, both with regards to specific layers and the parameters axonal 
length and collateralization. In addition, these results suggest that axonal elongation 
and branching o f layer V neurons are determined by different signalling pathways.

This work was supported by a HБSP grant to J.B..

315.8
NT-3 IS A REPELLENT AND AN ATTRACTIVE GUIDANCE CUE 
FO R  SUBPOPULATIONS O F CO RTICA L NEURONS V. Castellani* and 
J. Bolz. INSERM U37l, Bron, Frańce.

Over the past years, new functions have been attributed to the neurotrophins 
in the regulation of neuritic morphology. Recent work suggested that NT-3 
plays a role in axonal pathfinding and target recognition in various regions of 
the brain. In the cerebral cortex, neuronal circuits are precisely organized in 
the cortical layers. During cortical development, NT-3 and its known receptors 
TrKC and TrKB are expressed in discrete laminae, suggesting that NT-3 could 
participate in the elaboration of layer-specific cortical connections. We 
reported previously that NT-3 exerts either promoting or inhibitory effects on 
axonal growth and branching o f cortical neurons, depending on their laminar 
phenotype. Here we examined whether NT-3 might regulate axon trajectories 
of cortical neurons. Layer 6 and layers 2/3 neurons were cultured on narrow 
alternating stripes of laminin and laminin with NT-3. We observed that most 
fibers extending from layer 6 explants grew in the lanes with NT-3. In 
contrast, axons from layers 2/3 explants avoided the lanes with NT-3 and grew 
preferentially in the lanes with laminin alone. This guidance effect could be 
abolished with specific NT-3, antibodies. To examine whether in the 
developing cortex, endogenous levels of NT-3 are able to exert a guidance 
function, we cultured cortical neurons on alternating stripes composed of 
cortical membranes incubated with NT-3 antibodies and untreated membranes. 
In this case, layer 6 axons preferred to grow in the native membrane lanes, 
whereas the converse was true for layers 2/3 axons. Thus, our finding indicate 
that substrate-bound NT-3 is a guidance cue for cortical axons. In the 
developing cortex, the restricted expression o f NT-3 together with its 
multifunctional properties could contribute to regulate the laminar specificity 
of cortical circuits (supported by HFSP).

315.10
THE CIRCADIAN RELEASE OF A CHOROID PLEXUS DERIVED INHIBITORY 
FACTOR CYCLICLY INHIBITS CEREBELLAR GRANULE CELL GROWTH
A.R. Bicknese*. Dept, of Neurology, SUNY at Stony Brook NY 11794

Unlike other mammalian neuronal precursor pools, differentiation and growth of 
cerebellar granule cells occurs postnatally in a proliferative zone on the cerebellar 
cortical surface. This superficial location allows interaction with the meninges and 
cerebrospinal fluid (CSF). Previous work {Bicknese et. al, Soc. Neuroscience Abstract
1997) demonstrated both the meninges and choroid plexus secreted an unknown 
chemotrophic factor that inhibited in vitro granule cell axon growth.

The choroid plexus is a secretory structure that produces CSF. In culture it 
exerted a powerfiil inhibitory effect on axon growth. This unknown choroid plexus 
inhibitory factor (abbreviated CPIF) was further studied in timed cultures.
Cerebellum were harvested from postnatal day 4-6 rat pups. The crowns o f the 
cerebellar folia were minced and the explants suspended in a 3-D collagen gel. 
Choroid plexus were removed from the base of the cerebellum and the fourth 
ventricle and suspended within gels. Cerebellar axon outgrowth was measured every 
12 hours.

In control cultures, axons grown without choroid plexus had linear growth and 
were significantly longer than those grown with choroid plexus, or in media that had 
been conditioned by choroid plexus.

A surprising finding was the cyclic pattern of axon growth in the presence o f the 
choroid plexus. In co-culture, axon length followed a 12-hour cycle o f inhibition 
followed by a 12-hour cycle of growth. Thus, both growth and suppression occurred 
in bursts 24 hours apart, supporting the cyclic production o f the unknown CPIF.

Cyclic or circadian release of a growth regulating substrate implies a 
developmental clock within the choroid plexus regulating release of the CPIF. A 
circadian generator or clock affecting neuronal growth in the CNS has not been 
described previously. This observation has broad implications for the regulation of 
neuronal cell cycle and axon outgrowth. Supported by NIH (KO8-NSOl 728)
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316.1
TWO-PHOTON IMAGING OF DENDRITIC SPINES OF 
CEREBELLAR AND CORTICAL CELLS TRANSFECTED WITH 
GFP. A. Dunaevsky*1, N. Heintz2, C.A. Mason1 and R. Yustē \ 'Dept, 
of Pathology, 1 'Ctr. for Neurobiology and Behavior, 3Dept. of Biol. 
Sci. Columbia Univ., NY, NY 10032. ΉHMI and Rockefeller Univ.

Dendritic spines are sites of majority of excitatory input in the 
brain. The formation of dendritic spines is poorly understood and is 
mainly deduced from static images of neurons at different 
developmental stages. The molecular mechanisms regulating spine 
formation are also unknown. The introduction of two photon 
microscopy has allowed high resolution imaging of dendritic spines in 
living brain slices. Here we report an experimental approach in which 
dendritic spine dynamics in mammalian cells can be monitored in live 
brain slices for expanded periods of time.

Cerebellar and cortical slices from P10 mice were transfected with a 
CMV promoter/Enhanced Green Fluorescent Protein (EGFP) reporter 
construct using biolistic gene transfer. After 24 hours in culture on 
Millicell inserts, slices were imaged with a custom-made two-photon 
microscope using 810 nm, 100 fsec mode-locked excitation light. 
GFP transfection resulted in fluorescent labeling of many cells per 
slice. Dendritic shafts were studded with numerous protrusions and 
individual dendritic spines, both filopodial and headed, were clearly 
visible with excellent signal to noise ratio. Spines were imaged using 
time-lapse protocols for several hours without any visible damage and 
with negligible photobleaching. This approach will facilitate the 
analysis of the dynamics of developing spines and allow to test the 
role of neurotrophins and other candidate molecules in the regulation 
of spine formation. (Supported by NIMH training grant MN 15174- 
21, NIH NS 16951 (CAM) and by the Beckman Foundation and 
EY11787-01A1 (RY))

316.3
A R IA -IN C R E A SE D  E X PR E SSIO N  O F IM M E D IA T E  E A R L Y  
G E N E S IS IN V O L V E D  IN  T H E R E G U L A T IO N  O F A C H R  G E N E  
E X P R E S S IO N . J.Si. and L. M e i.* D ept, o f  Pharm acol., U n iv , o f  
V irgin ia  Sch. o f  M ed., C h arlottesv ille, V A  2 2 9 0 8 .

A R IA /neuregulin  is b e lieved  to be a nerve-produced trophic factor to 
stim ulate  ACҺR sy n th esis  in the syn ap tic  area. W e  and others have  
p rev iou sly  dom onstrated that ind u ction  o f  ACҺR g en e  exp ressio n  by  
A R IA  requires activation o f  the erbB /R as/M A P kinase sign a l pathway. 
T h e A R IA -in d u ced  activ a tio n  o f  M A P  k in a se  is  tran sient, y e t  the  
ACҺR g en e  ex p ressio n  rem ains e lev a ted  for hours after the A R IA  
stim ulation, su ggestin g  that other sign a lin g  m ech an ism s e x is t  to a llo w  
for the su sta in ed  e lev a tio n . In d eed , w e  fo u n d  that A R IA  in d u ced  
ex p ress io n  o f  im m ed ia te  early  g e n e s  (c - fo s  and c -ju n ) in  C 2 C 1 2  
m yotu b es, w h ich  occurred prior to that o f  ACҺR g en es. E xp ression  
o f  c -fo s /c -ju n  g en es  w a s e lev a ted  w ith in  5 m in , p eak ed  at 3 0  m in , 
returned to the basal lev e l 6 0  m in after the A R IA  stim ulation. A R IA - 
in d u ced  c -fo s /c - ju n  g e n e  e x p r e ss io n , l ik e  A C Һ R g e n e , required  
a ctiv a tio n  o f  e rb B /M A P  k in a se , but n o t P I-3  k in a se , in  C 2 C 1 2  
m y o tu b es. A R IA  a lso  activ a ted  Jun k in a se  in  C 2 C 1 2  m y o tu b es. 
Inhib ition  o f  c -J U N  a ctiv ity  b y  o v erex p ressin g  a d om in an t n eg a tiv e  
m utant o f  c-jun attenuated or abohshed  the A R IA -in d u ced  activation o f  
ACҺR ε su b u n it g e n e  e x p r e ss io n  in  C 2 C 1 2  c e lls .  T h ese  resu lts  
su g g e s t  that c-Ju n  is  in v o lv e d  in  the reg u la tio n  o f  A C Һ R  g e n e  
e x p ress io n  by A R IA . W e are further in v e stig a tin g  th e  m o lecu la r  
m ech a n ism s u n d erly in g  th is regu la tion . (S u p p orted  b y  N IH  grant 
N S 3 4 0 6 2 .)

316.5
ACETYLCHOLINESTERASE AT THE NEUROMUSCULAR JUNCTION: 
MECHANISMS OF ACCUMULATION. C la ir e  L·egav . E r ic  K re jc i. 
P h i lip p e  A sch e r*  a n d  le a n  M a ss o ư lié . ENS, CNRS URA 1857, 46 rue 
d ’Ulm , 75005 Paris, France
A cety lch o lin estera se  (ACҺE) reg u la tes  ex tracellu lar a ce ty lch o lin e  
lev e ls  a n d  th u s con tro ls the ch o lin erg ic  sy n a p tic  tra n sm issio n , e.g . 
at th e n eu ro m u scu la r  ju n ction  (NM J). T he accuracy o f th is control 
r e lie s  o n  th e  lo c a lisa t io n  o f  ACҺE m o le c u la r  fo rm s a n d  th e  
cata ly tic  e ff ic ien cy  o f  th e en zy m e. A t  th e NM J, ACҺE is an ch ored  
in  th e  sy n a p tic  b asa l la m in a  th ro u g h  a c o lla g e n  p ro te in , C o lQ , 
fo rm in g  a c o m p le x  h e tero -o lig o m er . In th is  h e ter o -o lig o m er  o n e  
to  th ree tetram ers o f  ca ta ly tic  su b u n its  can  fill ea ch  stra n d  o f a 
c o lla g e n  trip le h e lix . C o -a ccu m u la tio n  o f  th e tw o  p artners o f  th is  
h eter o -o lig o m er  are o b se r v ed  at th e  N M J o f s te r n o m a sto id  an d  
s o le u s  m u s c le  b y  im m u n o h is to c h e m is t r y ,  u s in g  s p e c if ic  
a n t ib o d ie s  r a ise d  a g a in s t  rat ACҺE a n d  C o lQ . H o w e v e r ,  a 
d e v e lo p m e n ta l  s tu d y  s h o w s  th a t th e  p r o c e sse s  le a d in g  to  th is  
a c c u m u la t io n  are  d if fe r e n t  fo r  AC Һ E a n d  C o lQ . In  s itu  
h y b r id iza tio n  s h o w s  that ACҺE m R N A s b e g in  to  accu m u la te  at 
th e  s ite s  o f  sy n a p tic  co n ta cts  as s o o n  as th e y  are e sta b lish ed , in  
b o th  fast an d  s lo w  m u scle s . In  co n tra st, C o lQ  m R N A s rem a in  
d is tr ib u ted  all a lo n g  th e  m u sc le  fibers in  th e  so le u s . In th e  fast 
s tern o m a sto id  m u scle , th ey  b eco m e  p ro g r e ss iv e ly  fo ca lized  at the  
NM J d u r in g  d ifferen tia tion . T h ese  o b serv a tio n s are corrob orated  
b y  R N A  p rotection  assays: R PA  s h o w s  that C olQ  is  n o t  e x p ressed  
in  ex traju n ction a l s e g m e n ts  o f  th e  ste r n o m a sto id  m u sc le , w h ile  
s im ila r  le v e ls  are o b s e r v e d  in  e x tra ju n ctio n a l a n d  ju n c tio n a l  
seg m en ts  o f  th e so leu s. T he accu m u la tio n  o f C olQ  in  so le u s  NM Js  
is  therefore a p ost-tran sla tion a l e v e n t  that w il l  b e  d iscu sse d .

316.2
PHYSIOLOGICAL, OPTICAL AND MOLECULAR CHARACTERIZATION OF 
THE AVIAN RENSHAW CELL AND OTHER LAST ORDER INTERNEURONS IN 
THE EMBRYONIC SPINAL CORD. P. Wenner*, M. Mat¡se ,̂ A. Joyner  ̂and M.J. 
OƊonovan. LNLC, Bethesda, MD 20892, ^Skirball Inst., NYU, New York, NY 10016.

Studies of the development of spinal networks have been difficult because of the 
relative inaccessibility of their constituent intemeurons. This study focuses on an accessible 
set of intemeurons: those projecting directly to motoneurons (last order interneurons). 
Whole cell recordings were made from chick embryo (embryonic day 9-11) spinal 
interneurons and spike-triggered av» raging (STA) of ventral root potentials was used to 
identify the existence of a last order ¡ rojection to motoneurons. Less than 25% of the cells 
tested were last order by this criterion. Preliminary evidence suggests that spike- 
triggered averaging can be used to detect potentials in muscle nerves allowing the 
specificity of the projections to be established.

Last order intemeurons were further characterized by their synaptic input from 
muscle afferents and the ventral roc t . Less than 10% of all recorded intemeurons received 
direct input from the ventral roots. 8/10 of these cells projected directly to motoneurons 
based on the STA and may be the avian equivalent of the mammalian Renshaw cell. In one case 
where pharmacological data was obt< ined the last order connection was GABAergic. 
Physiologically characterized spinal i terneurons were injected with biocytin and 
subsequently processed for the expression of the engrailed transcription factor. 18/60 
biocytin-labelled cells were engrailed oositive including: 3/3 Renshaw cells, 10/11 last order 
intemeurons, and 8 cells where last order connections could not be detected.

Avian Renshaw cells, together with other interneurons, were labeled retrogradely 
through the VLF with a calcium-sensitive dye and imaged. Subsets of labelled cells were 
activated following stimulation of specific muscle nerves (dorsal roots cut) indicating the 
existence of specificity in the recurrent motoneuronal projection to Renshaw cells at this 
age. We were also able to map the distribution of Renshaw cells in the rostrocaudal axis. 
These techniques should prove useful in understanding the development of synaptic 
specificity in the spinal cord.

316.4
SELECΉVE INTERACTION OF ERBB PROTEINS WITH ADAPTOR 
PROTEINS GRB2 AND SHC IN RESPONSE TO ARIA. S. Won ‘*M. Colledge2, 
S.C. Froehneг2. L. Mei *. ‘Dept, of Pharmacology, University of Virginia, School of 
Medicine, Charlottesville, VA 22908; ¾ ept. of Physiology, University of North 
Carolina at Chapel Hill, Chapel Hill, NC, 27599.

ARIA (ДCҺR inducing activity) is а motor-neuron derived trophic factor which 
stimulates transcription of genes encoding nicotinic acetylcholine receptor (ACҺR) 
subunits to help maintain a high density of AChRs in the synaptic region of muscle 
at the neuromuscular junction. Several elements of ARIA’s signaling pathway have 
been identified - ARIA stimulates tyrosine phosphorylation of the erbB proteins and 
also activates the MAP kinase pathway. MAP kinase activation via the Raf/MEK 
pathway is required for the ARIA-mediated induction of ACҺR genes. To further 
elucidate the signaling mechanism initiated by ARIA, we have investigated the 
ARIA-induced association between the erbB receptors and the adaptor molecules 
Grb2 and She, common to the MAP kinase pathway. In co-purification experiments 
from C2C12 myotubes, ARIA increased the association of Grb2 with both erbB2 and 
erbBЗ. These ARIA-induced Gгb2-erbB complexes also contained She and the ras 
guanine nucleotide exchange factor SOS. In addition, ARIA also increased the 
association of She with Grb2 and erbBЗ but not with erbB2. Pull-down experiments 
using GST-fusion proteins of the different domains of Grb2 and She identified the 
Grb2 SH2 domain and the She PTB domain as the links to the erbB receptors. Taken 
together, these data suggest that classic components of the MAP kinase pathway 
(She, Grb2, and SOS) may also be involved in the ARIA-induced transcription of 
ACҺR subunits. Furthermore, the selective association of She with erbBЗ but not 
erbB2 suggests there may be selective signaling by the different erbB receptors in the 
transduction of ARIA’s effect on inducing ACҺR gene expression.
Supported by grants from the NIH (L.M. and S.C.F.) and a fellowship from the 
Royster Society of Fellows (M.C.).

316.6
M uSK  IN D U C E S ECTO PIC ACҺR E X PR E SSIO N  A . Sander. B .A . 
H esseг. B . Sakm ann* and V . W itzem ann MPI für med. Forschung, Abt. 
Zellphysiologie, Jahnstг. 29, Heidelberg, Germany.

The induction o f  postsynaptic specia lization s at the neurom uscular 
junction is regulated by signaling m olecules released from the motor nerve 
terminal. Agrin, a ~2OO kD extracellular matrix protein, is thought to play 
a major role in the differentiation o f  the postsynaptic apparatus. There is 
ev id en ce that interaction betw een agrin and a m u scle  sp ec ific  kinase  
(M uSK ) in itiates sign als that lead to acety lch o lin e  receptor (ACҺR) 
synthesis and accumulation. W e used direct gene transfer into single fibres 
o f  innervated rat m uscle in v ivo  to overexpress M uSK  at extrasynaptic 
sites. O verexpression o f  M uSK , even  in the absence o f  agrin, provides 
sufficient kinase activity to induce the ectop ic  expression  o f  ε-su bunit  
specific transcripts. AChRs were expressed as sm all aggregated speckles  
around the injected site. In contrast to M uSK  induced A C hR s, agrin 
induced AC hRs were clustered into large spatially restricted aggregates. 
These results support the v iew  that agrin based induction o f  postsynaptic  
sp ecia lization s is  m ediated by M uSK  sign alin g . A grin , how ever, is 
required for the organisation o f  AChRs into clusters.
Supported in part by the Deutsche Forschungsgemeinschaft.
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316.7
MUSCLE AGRIN AGGREGATES THE MUSK RECEPTOR TYROSINE 
KINASE IN VIVO
D M  Hauser1. AJ. Denzeг. B. Schumacher1. H.R. Brenner2 and M.A. Ruegg1*. 
1Dept. of Pharmacology, Biozentгum; and 2Dept. of Physiology; Univ, of Basel, 
Klingelbergstrsse 70, CH-4056 Basel, Switzerland.

Efficient synaptic transmission at the neuromuscular junction (NMJ) requires a 
high degree o f local specializations of pre- and postsynaptic cells. Splice variants of 
agrin released from motor neurons are essential for the formation of synaptic 
specializations in the muscle fiber inducing aggregation of acetylcholine receptors 
(AChRs). The MuSK receptor tyrosine kinase (RTK), a component of a 
transmembrane signaling complex, mediates the postsynaptic specializations 
induced by neural agrin. Unlike the motor neuron, the muscle fiber synthesizes 
agrin splice variants that are not capable of clustering AChRs on cultured 
myotubes. Their contribution to the formation of neuromuscular structures is not 
known. Here, we analyzed the role of muscle agrin in vivo by injecting its cDNA 
expression constructs into adult rat soleus muscle. We show that the local ectopic 
expression of muscle agrin induces the aggregation of endogenous MuSK RTK 
but not of other postsynaptic proteins like AChRs or гapsyn. This is in contrast to 
neural agrin that induces the formation of the complete postsynaptic apparatus 
(including MuSK) when expressed at ectopic sites. MuSK aggregation alone is 
observed when neural agrin lacking the domains sufficient for ACҺR clustering was 
ectopically expressed. Our results suggest that there is an agrin mechanism for 
MuSK aggregation which is independent of neural agrin-induced postsynaptic 
differentiation. We conclude that this pathway may be important for the 
development of the NMJ. Supported by the Swiss NSF and the Swiss FRMD.

316.9
H E T E R O PH IL IC  A D H E S IO N  M E C H A N IS M S  B E T W E E N  N  
A N D  R  C A D H E R IN S  W .S . Shan . H. T anaka. G .R , P h illip s . K. 
A m d t*an d  D .R . C olm an

T he cadherin fam ily  o f  adhesion  m o lecu les  that m ed iate  ca lc iu m  
dependent c e ll adhesion is w id e ly  exp ressed  in the C N S . W e have  
postu lated  that on ce  neurites h a v e  b een  gu id ed  to  the v ic in ity  o f  
their cogn ate  target m em branes, it is  the p o larized  d istribution  o f  
different cadherins along axonal and som atodendritic surfaces, and 
ultim ately , sp ec ific  cadherin se lf-a sso c ia tio n , that help  to "link-up  
and lock -in"  n a sc ien t syn ap tic  co n n e c tio n s . C o n ce iv a b ly , the  
co n d itio n s  for th is m o d e l co u ld  b e  s a tis f ie d  b y  h o m o p h ilic  
a d h esion  b etw een  the ap p rox im ately  4 0  d ifferen t cad h erin s and  
cad h er in -re la ted  p ro tein s  e x p r e sse d  in  th e C N S . H o w e v e r ,  
heterophilic adhesive interactions b etw een  different cadherins have  
a lso  b e e n  d em o n stra ted . In th is  s tu d y , w e  h a v e  b e g u n  to  
investigate  the m olecular basis for ad h esive interactions b etw een  2 
C N S  cadherins: N - (neural) and R - (retinal) cadherin s, w h ich  have  
sim ilar prim ary structure and are c lo s e ly  related  in  a m in o  acid  
seq u en ce . C ell tran sfection  ex p er im en ts  revea l that N -cad h erin  
e x p r e s s in g  c e l l s  s tr o n g ly  c o -a g g r e g a te  w ith  R -c a d h e r in  
transfectants. In contrast, E -cadherin  ex p ressin g  c e lls  d o  not c o 
a g g reg a te  w ith  e ith er N -  or R - cad h erin  ex p resso rs . W e are 
currently testin g  by site-d irected  m u tagen esis and through the use  
o f  the cou p led  X en o p u s o o c y te  sy stem  m o d e ls  for the m olecu lar  
basis for ad h esive interactions b etw een  N - and R - cadherins.

S u p p o r t e d  b y  N IH .

316.11
OVEREXPRESSION OF EPHRIN A5 IN MUSCLE DISRUPTS 
NEUROMUSCULAR TOPOGRAPHY. M.B. Laskowski.1* G.Feng.2 M. 
Nichol.2 and J.R. Sanes2, ‘Department o f Biological Science, University of 
Idaho, Moscow, ID 83843, and d epartm en t o f Anatomy and Neurobiology, 
Washington University School of Medicine, St. Louis, MO 63110.

The rostrocaudal axis o f each spinal motor pool is systematically mapped 
onto the rostrocaudal axis of its target muscle during mammalian 
embryogenesis, and these topographic maps are restored when synapses 
regenerate following denervation in the adult (Laskowski and Sanes J., 
Neurosci., 1988). We recently found that a membrane-bound ligand o f eph 
kinases, ephrin A5, is selectively expressed by developing rostral muscles and 
selectively inhibits neurite outgrowth from caudally derived motomeurons in 
vitro (Donoghue et al., Mol. Cell Neurosci., 1996). Here, to test whether 
ephrins affect topography, we used a myosin promoter to express ephrin A5 in 
caudal muscles o f transgenic mice. In normal mice, motor axons from lumbar 
spinal segments 2-4 form an orderly rostrocaudal map on the gluteal muscles. 
Neuromuscular junctions appeared normal in the transgenic mice, but the map 
was nearly abolished, suggesting that some ligand o f eph kinasis (though not 
necessarily ephrin A5) contributes to establishment o f synaptic topography. 
Together with studies implicating ephrins in formation of the retinotectal map 
(Flanagan and Vanderhaeghen, Ann. Rev. Neurosci., 1998), these results 
suggest that related mechanisms regulate mapping in the central and pripheral 
nervous systems. Further analysis showed that appropriate spinal segments 
innervated the transgenic gluteus, that subsets of gluteal motoraxons were 
appropriately distributed to the superior and inferior gluteal nerves, and that 
intramuscular nerve branching was not detectably altered. These results suggest 
that ephrins regulate synaptic selectivity, as well as axon guidance. (Supported 
by NIH and MDA.)

316.8
C A D H E R IN S  IN  S Y N A P T I C  S P E C I F I C A T I O N  A N D  
PL A S T IC IT Y  H . Tanaka. G .R . P h illip s. W .S . Shan . L .M . F idler. 
Ҟ . Arndt and D .R . C o lm a n * . D ept, o f  M o l. B io .,  M t. S in ai Sch. 
M ed. N Y , N Y  10029

T h e syn ap tic  ju n ctio n a l c o m p le x  (SJC ) in  the central nervou s  
sy ste m  is  a structure that is  m ain ta in ed  b y  tig h t a d h es io n  o f  
opp osin g  pre- and post-synaptic m em branes. W e have proposed  that 
in the central SJC the differential exp ression  o f  ea ch  o f  the about 4 0  
cadherin s ex p ressed  in  brain m ay form  the b asis  for se le c tiv ity  in  
lin k in g -u p  and lo c k in g - in  o f  cen tra l s y n a p se s . F urth erm ore , 
cadherin s m ay participate in and e v e n  m ed iate  certa in  structural 
rea ư a n g em en ts  o f  the syn ap se  that accom p an y  neuronal activ ity . 
C o n s i s t e n t  w ith  t h e s e  id e a s ,  w e  h a v e  f o u n d  b y  
im m u n ocytoch em istry  that certain m em bers o f  the cadherin  fam ily  
are d ifferen tia lly  lo ca lize d  at syn ap tic  p ro file s  a lon g  w ith  k n ow n  
sy n a p tic  m arkers. In h ip p ocam p al neu ron al cu ltu res, w h ere  N -  
cad h erin -con tain in g synaptic  p rofiles  are abundant, w e  o b served  a 
r e d u c t io n  a n d  r e d is t r ib u t io n  o f  s y n a p t ic  N - c a d h e r in  
im m u n o rea c tiv ity  as w e ll  as rearran gem en ts o f  oth er  sy n a p tic  
m arkers in resp o n se  to neuronal d ep o la r iza tio n  fo llo w in g  h ig h  
p o ta ss iu m  treatm en t. In o th er  s tu d ie s , w e  h a v e  d e v e lo p e d  
su b ce llu la r  fraction ation  m eth o d s that u t iliz e  the ca d h erin s and  
cadherin -binding proteins as m arkers for id en tifica tion  and analysis  
o f  the variou s typ es o f  SJC s to  provid e additional to o ls  to  m onitor  
m olecu lar  ch a n g es that m ay occu r  as a c o n se q u e n c e  o f  synaptic  
activity.

S u p p o r t e d  b y  N IH .

316.10
MEMBRANES DERIVED FROM ROSTRAL AND CAUDAL EMBRYONIC 
MUSCLES SHOW DIFFERENT PROPERTIES IN SUPPORTING ROSTRAL AND 
CAUDAL SPINAL NEURITE GROWTH. H. Wane* and M.B. Laskowski. 
Department o f Biological Sciences, University of Idaho, Moscow, ID 83844-4207.

Our previous studies have demonstrated that the rostrocaudal axes o f spinal motor 
pools are systematically mapped onto the rostrocaudal surface o f axial muscles of the 
rat (Laskowski and Sanes, J. Neurosci. 7:252, 1987). To further investigate molecular 
cues involved in motoneuron innervation during development, a modified stripe assay 
was developed based on the methods o f Walter et al. (Development 101:685, 1987) 
and Wang et al. (Soc. For Neurosci. Abstr. 23:878, 1997). Rostral (forelimb) or caudal 
(hindlimb) E l8 rat muscle membranes were layered onto lanes on a nucleopore filter. 
Transverse slices from rostal (cervical) and caudal (lumbar) E l5 spinal cord were 
cultured side-by-side on the filter coated with a single type of muscle membrane, either 
rostral or caudal. After four days, neurites were stained and their lengths were 
measured from the ventral horn sides o f cultured spinal cord slices. It was found that 
on rostral muscle membrane lanes, the average caudal neurite length was 63% of 
caudal neurite length (n = 80); on caudal muscle membrane lanes, however, the 
average caudal neurite length was 79% of rostral neurites (n = 60). These results 
suggest that El 8 rostral muscle membranes have an inhibitory property to growth of 
caudal neurites. Caudal muscle membranes, however, show less inhibition to rostral 
neurites. E l8 rostral muscle membranes may bear a positional label that selectively 
inhibits caudal neurite growth. At this stage of development, caudal muscle 
membranes, however, are less discriminating in supporting neurite growth. Part of this 
difference in neurite outgrowth could be explained by delay in development of lumbar 
spinal cord.

Supported by NIH.

316.12
Brain·conditioned medium induced excitatory synaptogenesis between 
identified Lymnaea neurons may require activity dependent mechanisms 
Bjoгgum. M.C.* Hamakawa. T.. Takasaki. M. and Sved. N.I., Department of 
Anatomy and Cell Biology, Faculty of Medicine, University o f Calgary, 
Calgary, Alberta, T2N 4N1 Canada

Our research is focused at the cellular and molecular mechanisms that 
determine specificity of synapse formation in the nervous system. To this end, 
we have developed an in vitro model system where both excitatory and 
inhibitory synapses between identified Lymnaea neurons can be reconstructed 
in a soma-soma configuration. Our laboratory has previously demonstrated 
that the inhibitory synapses between right pedal dorsal 1 (RPeDl) and visceral 
dorsal 4 (VD4) reform in a soma-soma configuration, in the absence o f brain 
conditioned medium (CM). Here we show that CM is required for excitatory 
synaptogenesis between soma-soma paired neurons RPeDl and visceral dorsal 
2 (VD2). Moreover, in the absence of CM (DM only), VD2 made an 
inappropriate inhibitory synaptic connection with RPeDl. However, within 6- 
8 hr. of CM perfusion, the appropriate excitatory synapses appeared between 
RPeDl and VD2. Moreover, CM perfusion also eliminated inappropriate 
(inhibitory) synaptic connections between VD2 and RPeDl. This plasticity of 
synaptic connections required both protein synthesis and transcription. To test 
whether CM-induced synaptic plasticity between RPeDl and VD2 involved 
activity-dependent mechanisms, long term intracellular recordings were made 
from both pre and postsynaptic cells either in the presence or absence of CM. 
Evidence will be presented to demonstrate that both DM and CM differentially 
regulate the activity pattern of cultured cells. Since CM significantly enhanced 
neuronal excitability, we postulate that trophic factor-induced excitatory 
synaptogenesis between RPeDl and VD2 is most likely activity dependent.
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316.13
Target cell contact induces calcium hotspots during soma-soma synaptogenesis 

between identified Lymnaea neurons
Feng Z.P.*» Goldberg. J.I.†.Lukowiak, K. and Sved.N.1. Respiratory and Neuroscience 
Research Groups, Faculty o f Medicine, University o f Calgary, Calgary, Alberta, 
Canada T2N 4N1. † Department of Biological Sciences, University o f Alberta, 
Edmonton, Alberta, Canada T6G 2E9

Presynaptic calcium channel clustering is a  feature o f mature neuromuscular 
synapses. Whether Ca2+ channels also cluster at the central synapses has not yet been 
fully deduced. Moreover, the precise timing of Ca2+ hotspots development and their 
involvement in synapse formation, has not yet been determined. To address some of 
these issues, we used a highly tractable cell culture system of soma-soma synapses 
between identified Lymnaea neurons. Appropriate chem ical synapses were 
reconstructed between right pedal dorsal one (RPeDl) and visceral dorsal 4 (VD4) in a 
soma-soma configuration, and action potential evoked Ca2+ signals were monitored 
during synapse formation. Specifically, Fuгa-2 ratiometric Ca2+ images were acquired 
from either single cells or paired neurons during synaptogenesis. In single VD4 cells, 
depolarization evoked calcium signal was evenly distributed throughout VD4 somata 
(n=lЗ). When paired with RPeDl, however, an intense Ca2+ signal was localized (“hot 
spots”) in VD4 at its contact site with RPeDl (n=l2). The incidence o f Ca2+ hotspots 
(83%, n=l2) coincided well with the appearance of synaptic transmission between the 
paired cells (86%, n=5O). To test further the specificity o f Ca2+ hotspot formation, we 
used a three-cell model, where presynaptic neuron (RPeD l) was soma-soma paired 
with both it postsynatpic target (VD4) and a non-target cell (VD1). Ca2+ hotspots in 
RPeDl localized only at its contact site with VD4, but not with VD1. Since pairing 
between non-target cells failed to induced Ca2+ gradients in the presynaptic cell, our 
data demonstrate that Ca2+ hotspots were target contact specific. Taken together, this 
study shows that; 1) Ca2+ hotspots develop at specific presynaptic sites during synapse 
formation, 2) Ca2+ hotspots are target cell contact specific and 3) presynaptic 
machinery is uniquely specialized at soma-soma synapses.

316.15
EGF-induced specificity and plasticity of excitatory synaptogenesis between 

identified Lymnaea neurons is mediated via receptor tyrosine kinases.
T. Hamakawa*. G.T. Nagle†. S.D. Painter†. M. Takasaki. K .Lukowiak and NT. 
Sved. Respiratory and Neuroscience Research Groups, Faculty of Medicine, 
University of Calgary, Calgary, Alberta, Canada T2N 4N l.†M arine Biomedical 
Institute, The University o f Texas Medical Branch, Galveston, Teaxas 77550, USA.

Neurotrophic factors regulate many aspects o f neuronal development - 
ranging from cell survival to neurite outgrowth. Recent studies have shown that 
various neurotrophic factors can also modulate the efficacy of synaptic transmission 
at mature synapses. However, their direct role/s in synapse formation has not yet 
been fully determined. Utilizing soma-soma synapses between identified Lymnaea 
neurons, we have previously shown that brain-derived conditioned medium (CM) is 
required for excitatory but not inhibitory synaptogenesis in cell culture. CM-induced 
excitatory synapse formation required transcription, de novo protein synthesis and 
receptor tyrosine kinases (Trk). To test whether CM-induced affects on excitatory 
synapse formation could also be mimicked by Lymnaea albumen gland-derived EGF, 
cells were soma-soma paired either in the presence or the absence o f EGF. 
Specifically, in defined medium (DM), right pedal dorsal 1 (RPeD l) failed to 
establish its excitatory synapse with visceral dorsal 2 (VD2, n= 64). Instead, an 
inappropriate inhibitory synapse developed between VD2 and RPeD l (100%). 
W hen cultured in the presence o f EGF (4OOnM, n= l8 ), however, appropriate 
excitatory synapses formed between RPeD l and VD2 (44%). M oreover, the 
incidence of inappropriate, inhibitory synaptic connections between VD2 and RPeDl 
was significantly reduced (78%) by EGF. EGF-induced effects on the excitatory 
synapse formation between RPeDl and VD2 were blocked by Trk inhibitor 
Lavendustin A (ЮµM). Whereas, Lavendustin B did not affect this synaptogenesis. 
Taken together, our data show that Lymnaea albumin gland-derived EGF promotes 
excitatory synaptogenesis and that these effects are mediated via Trk.

316.17
THE ROLE OF PERISYNAPTIC SCHWANN CELLS IN THE DEVELOPMENT 
AND GROWTH OF THE FROG NEUROMUSCULAR JUNCTION A.A.
Heưera*. H. Qiang. and C.-P. Ko. Dept, of Biological Sciences, University of 
Southern California, Los Angeles, CA 90089-2520.

Perisynaptic Schwann cells (PSCs), the glia that cap nerve terminals at the 
neuromuscular junction (NMJ), play a role in guiding regeneration and sprouting of 
nerve terminals in adult muscles. The present study tested if PSCs also play a role in 
development of the NMJ in tadpoles and young frogs (Ҳenopus). Supracoracoideus 
(pectoral) muscles were double-labeled with monoclonal antibody 2A12 for PSCs 
and FM4-64 for terminals, or α-bungarotoxin for acetylcholine receptors (AChRs). 
Some muscles were triply labeled. Synaptogenesis was evident when the muscle 
first appeared (Stage 58) and as fibers were added rapidly (St. 58-65). New 
synapses appeared as small (~5 µm) appositions o f terminal and ACҺR at the distal 
ends o f short nerve branches. PSC processes always covered these initial contacts 
but often extended 5-10 µm beyond them. At slightly later stages, prominent webs 
of PSC processes not only covered the rapidly growing junctions, but also extended 
tens of µm away from synapses. These PSC extensions were most common near the 
distal tips of junctional branches, which are sites of synaptic growth. In 
postmetamorphic and early juvenile stages, as fibers approached their adult number 
and size, junctional growth slowed. As this occurred, synapses took on their adult 
configuration, in which the terminal branches were elongated, precisely aligned 
with AChRs, and capped with PSCs showing few extensions.

The results suggest that, similar to regeneration and remodeling o f adult NMJs, 
PSC processes may lead, and play a role in, the growth of nerve terminals and 
ACҺR clusters during development of frog NMJs. (Supported by NĪH grants 17954 
and 24805 and an MDA grant).

316.14
RETROGRADE SIGNALING DURING SYNAPTOGENESIS REGULATES 

TRANSMITTER SECRETORY MACHINERY OF AN IDENTIFIED L Y M N A E A  NEURON IN CELL CULTURE
P. Lovell1. B. McMahon and N. I. Sved, Department o f  Anatomy, Faculty of 
Medicine, University of Calgary, Calgary, Alberta, T2N 4N1 Canada

This study was aimed at identifying cell-cell signaling mechanisms that 
regulate transmitter secretory machinery of an identified Lymnaea neuron during early 
synaptogenesis. Specifically, appropriate chemical synaptic connections between 
right pedal dorsal 1 (RPeDl- the giant dopaminergic neurons) and visceral dorsal 4 
(VD4) were reconstructed in a soma-soma configuration. Freshly isolated VD4 
somata were used as “sniffer cells”, and the ưansmitteг secretory capabilities of 
RPeDl were tested at various time points during its synapse formation. Utilizing this 
model system, we previously reported that R P eD l’s transmitter secretory machinery 
was transiently suppressed during synapse formation with VD4. This transmitter 
suppression was target cell contact specific and required de novo protein synthesis. 
To test whether VD4-induced dopamine suppression from RPeDl was transcription 
dependent, cells were paired in the presence of actinomycin D (transcription inhibitor 
- 5µg/ml). Chronic actinimycin D treatment restored dopamine release from RPeDl, 
suggesting that VD4-induced regulation o f its secretory machinery required 
transcription processes. To resolve whether VD4-induced dopamine suppression 
from RPeDl required either membrane bound or diffusible factors, RPeDl was paired 
with “pre-fixed” (paraformaldehyde) VD4 somata for 12-18hrs. Despite extensive 
and sustained membrane contacts, the fixed VD4 failed to suppress dopamine release 
from RPeDl. These data showed that VD4-induced transmitter suppression in RPeDl 
did not involve membrane bound signaling molecules. To address this issue further, 
cells were paired in the presence of receptor tyrosine kinase inhibitor (Lavendustin 
A). Lavendustin A did not prevent VD4-induced dopamine suppression from RPeDl, 
nor did it block the inhibitory synaptogenesis between RPeD l and VD4. Taken 
together our data implicate VD4-derieved, retrograde signaling molecule/s in 
regulating the transmitter secretory machinery of RPeDl during synapse formation.

316.16
GLIAL SIGNALS PROMOTE THE FORMATION OF EFFICIENT SYNAPSES.
F. W. Pfrieger*. Synapse Group, Max-Delbrueck-Center for Molecular Medicine, 
13122 Berlin, Germany.

The signals that control the formation and maturation o f synapses in the central 
nervous system are barely known. Previously, Pfrieger and Barres suggested that 
signals from glial cells may play a crucial role in synaptogenesis (Science 277: 1684- 
1687). Culturing purified rat retinal ganglion cells (RGCs) with or without glial cells 
had shown that neurons can form synapses with typical ultrastructure in the absence 
of glial cells. However, glial cells increased the number o f synapses, strengthened 
their efficacy and potentiated the spontaneous synaptic activity without affecting 
neuronal survival or excitability. Now, I tested two hypotheses on how glial signals 
could evoke these effects. Glial cells could control the molecular composition of 
synapses by inducing specific components of the synaptic machinery. Immunoblots 
o f RGCs cultured for 15 days with or without glial cells from rat optic nerve showed 
that neurons in glia-free cultures synthesize synaptic proteins including synapsin I, 
synaptotagmin, synaptophysin, syntaxin and SNAP 25. Glial cells did not increase 
their amount significantly indicating that neuronal signals alone control the levels of 
these synapse components. The enhancement of synaptic efficacy in cultures with 
glial cells could be due to an increased electrical activity in a neuronal network with 
more synaptic connections. In order to study glial effects on synapse formation in the 
absence of a neuronal network, I developed a method to culture single RGCs with or 
without glial cells. Whole-cell recordings revealed that single RGCs showed no 
spontaneous synaptic activity unless glial cells were present indicating that glial 
signals affect synapse development independently from network activity. Together 
these results suggest that signals from glial cells control specific aspects of synapse 
formation.
This work was supported by a grant from the Max-Delbrueck-Center for Molecular 
Medicine.

316.18
SY N A PSE FO RM A TIO N  O F C U LTU R ED  N EU RO N A L NETW O RK S ON 
PA TTER N ED  SILA N E SU BSTR A TES W. M aΛ 2* O.Y. L iu .2'3 D. Jung.2 P. 
M anos,2 A. Schaffner,3 J,L . B arker3 and D .A. S tenger1 1 C enter for B iom olecular 
Science and Engineering, N aval Research Laboratory, W ashington, D .C .20375; 
2 Science A pplications International C orporation, R ockville  M D  20850; 3 Lab 
N europhysiology, N IN D S, N ational Institutes o f  H ealth, B ethesda M D 20892.

C ontrolling synapse form ation is a key to the construction  o f neuronal 
netw orks on chem ically  defined surfaces in culture. H ow ever, the process of 
synapse form ation in netw orks grown on artificial surfaces is relatively unstudied. 
In the present study, hippocam pal neurons dissociated from  em bryonic day 19 
rats were cultured in serum -free m edium  on line (DETA ) - space (13F) patterns 
prepared on coverslips using  an A rF excim er laser. In each experim ent, neurons 
were concurrently  plated onto non-pattem ed coverslips coated with poly-D - 
lysine. Presynaptic specialization was identified by im m unostaining for a synaptic 
vesicle antigen, synapsin I, and functional synaptic connectiv ity  was identified 
by recording sim ultaneously from  pairs o f neurons using  the w hole-cell patch- 
clam p technique. The first puncta o f  synapsin I im m unoreactiv ity  and the 
em ergence o f spontaneous m iniature postsynaptic currents (SM PCs) were 
observed in day 3-4 cultures, in which neuronal som a and rapidly-grow ing 
dendrites (M A P2+) were faithfully  patterned and co-localized  with synapsin I 
puncta on DETA lines. A fter day 7, synapsin I puncta w ere fully developed on 
DETA lines along with increased SM PCs and the appearance o f evoked 
postsynaptic currents showing a progressive m aturation o f functional synapses in 
patterned neuronal netw orks, which were sim ilar to those cultured on poJy-D- 
lysine. The results suggest the possibility  o f  using  patterned silane substrates to 
control synapse form ation o f neuronal netw orks in vitro.
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316.19 316.20
THE PRE-SYNAPTIC CYTOMATRIX PROTEINS, PICCOLO AND 
BASSOON IN DEVELOPMENT OF HIPPOCAMPAL NEURONS IN 
CULTURE R. Zhai*1. G. Olias1. E. D. Gundelfinger2. C. C. Garner1. ‘Dept, of 
Neurobiology, University of Alabama at Birmingham; Birmingham, AL 35294, 
2Leibniz Institute for Neurobiology, Brenneckestr. 6, D-39118 Magdeburg, 
Germany

Active zones are regions of nerve terminals juxtaposed to the post-synaptic 
density (PSD) where synaptic vesicles dock, fuse and neurotransmitters release. 
Our molecular characterization of active zones have identified two pre-synaptic 
cytomatrix proteins, Piccolo (420 kDa) and Bassoon (410 kDa). They are 
restricted within nerve terminals to active zones. In this study we have examined 
a possible role for these proteins during synaptogenesis by using hippocampal 
cultures as a model system.

The immunofluorescent study revealed that both Piccolo and Bassoon are 
expressed in early differentiating neurons as they begin to extend neurites. In 
stage 2 neurons (within 24 hrs in culture), both proteins exhibited a fine 
punctate pattern which in stage 3 neurons (2 to 3 days in culture) became 
restricted to distal axonal processes and growth cones. After 4 to 5 days in 
culture, synapses began to appear along dendritic profiles. Piccolo and Bassoon 
appeared in synapses as they form where they colocalized with synaptotagmin I. 
By 5 to 9 days in culture, post-synaptic structural proteins and neurotransmitter 
receptors began to colocalize with Piccolo and Bassoon. This data indicated that 
Piccolo and Bassoon involved in the early stage of synaptogenesis.

Supported by NIH-NIA ROl AG 12978-02

cDNA Cloning And Sequence Analysis Of P iccolo, A 
Novel Component Of The Pгesynaptic Cytom atrix, W. .1.

M uller. E. D. G undelfinger. C.C. Garner
Department of N eurobiology, The University of Alabam a
at Birmingham , Birmingham , AL 35924-0021

The molecular mechanisms underlying the development and 
maintenance of neuronal synapses have not been fully elucidated. 
Previously, a combined immunological and genetic approach to isolate 
novel components of synaptic junctions identified a pгesynaptic protein 
called Piccolo. It was shown that Piccolo is a CNS specific protein 
selectively localized to the pгesynaptic terminal. In this study, we 
report that Piccolo is encoded by a 16 kb mRNA with a deduced amino 
acid sequence of 4900 residues (-540 kDA). Protein structure analysis 
of Piccolo reveals a proline rich region and two putative zinc finger 
domains in the N-terminus. Sequence comparison demonstrates no 
significant homology to any known protein with the exception of the 
recently described protein, Bassoon. Specifically, strong homology is 
found between the two zinc finger domains as well as other regions of 
both proteins. Thus, Piccolo and Bassoon may be members of a new 
family of proteins orchestrating events at the pгesynaptic membrane. 
-This work supported by grant NIH-NIA RO1-AG12978-02

N E U R O T R A N S M IT T E R  S Y S T E M S  A N D  C H A N N E L S : A C E T Y L C H O L IN E  A N D  A M IN O  A C ID S

317.2317.1
DEVELOPMENTAL EXPRESSION OF [ 125I]-R T I-1 21 BINDING SITES IN 
MOUSE BRAIN; EFFECTS OF PRENATAL NICOTINE EXPOSURE. J.A. 
Sparks* andJ.R. Pauly. College of Pharmacy, University of Kentucky, 
Lexington, KY 40536-0082.

Prenatal exposure to drugs of abuse that affect the b ra in  
dopaminergic system (e.g. cocaine, am phetamine, n icotine) is known 
to alter the ontogeny of central catecholam ine neurons. In the present 
study, we tested whether prenatal n icotine exposure influences the 
developmental expression of RTİ-121 binding in mouse brain. [ 125l ] -  
RTI-121 binds with high a ffin ity  and se lec tiv ity  to the pгesynaptic  
dopamine transporter. Female C57BI/6 mice received as a d r in k in g  
solution, either 2% saccharin or nicotine (200 µg/m l in 2%  
saccharin) for one month p rio r to mating and throughout pregnancy. 
Control and nicotine-exposed animals were euthanized on GD17, 
GD19, PN5, PN10, PN15, PNЗO, and PN6O and tissue sections were 
prepared for [ 125I]-R T I-1 21 autoradiography. On G D 17  and GD19, 
the retina was the only region that demonstrated m easurable R T I-1 2 1  
binding. By PN5, additional brain regions including the nucleus 
acumbens, olfactory tubercle, caudate putamen, entopeduncular 
nucleus, VTA and substantia nigra had s ign ifican t RTI-121 binding. 
Between PN5 and PN6O, R T I-121 binding increased increm enta lly  in  
each brain region, at each developmental stage. In mice exposed to 
prenatal nicotine, there was an overall trend for reduced [ 125I ] - R T I  - 
121 binding activ ity , although the only s ign ifican t decreases were 
measured in the retina on GD 19 and PN10. Supported the U n iv e rs ity  
of Kentucky Center for Drug and Alcohol Research and DA-08443.

DEVELOPMENTAL EXPRESSION OF NEURONAL AND MUSCLE NICOTINIC 
RECEPTOR SUBUNITS IN CHICK SPINAL CORD AND LIMB-BUD MUSCLE.
C. J. Keiger ’*, D. Prevette 2 and R. W. Oppenheim 2. 1 UNC Craniofacial Center, 
School o f Dentistry, Univ, o f North Carolina, Chapel Hill, NC 27599; 2 Dept, of 
Neurobiology & Anatomy, and the Neuroscience Program, Wake Forest Univ. School 
of Medicine, Winston-Salem, NC 27157.

In the chick embryo, spinal motor neurons (MNs) begin to innervate muscle 
between E5 and E6, and subsequently, one-half o f these MNs undergo cell death 
between E6 and E10. Because nicotinic acetylcholine receptors (пACҺRs) may 
mediate axonal guidance and neuronal survival signals, we have examined the 
expression o f nAChR subunits in spinal cord neurons and muscle between E4 and 
E l4. Lumbar spinal cord and limb-bud muscle were dissected from embryos at E4, 
E7, E9 and E14 and analyzed in triplicate for the expression o f chick nAChR subunit 
and GAPDH mRNAs by RT-PCR. Spinal cord neurons expressed abundant levels of 
α l and α8 nAChR and GAPDH mRNA at E4. The muscle-type α l  nAChR subunit 
mRNA decreased through E14 in the spinal cord whereas the other mRNAs remained 
at the same relative level. Limb-bud muscle also expressed abundant levels o f α 1 and 
α8 nAChR and GAPDH mRNA at E4. Similar to the expression pattern o f spinal 
cord neurons, mRNA for the neuronal α8 nAChR subunit decreased through E14 in 
the limb-bud muscle whereas the other mRNAs remained at the same relative level. 
The α l  and α8 nAChR subunit transcripts expressed in both the spinal cord and 
limb-bud muscle at E4 were confirmed by DNA sequence analysis. These data show 
that neuronal α8 and muscle α l nAChR subunit mRNAs are expressed in both the 
lumbar spinal cord and peripheral target muscle tissue early in development, and may 
suggest a possible function for these, as well as for other subunits presently being 
examined, in axonal guidance and neuronal survival. Immunocytochemistry w ill also 
be used to examine the expression of nAChR subunit proteins in lumbar spinal cord 
and limb-bud muscle at E4, E7, E9 and E l4.

CЖ supported by the RJR-UNC Collaborative Olfactory Research Program; DP and
RWO supported by NIH Grant 20402.

317.3

C O M P A R A T I V E  P H A R M A C O L O G I C A L  A N D  
E L E C T R O P H Y S I O L O G I C A L  C H A R A C T E R I S T I C S  O F  
E M B R Y O N IC  H U M A N  D R G  N E U R O N S . A.Y.Valeyev*1. 
J.C.Hackman12,A.M. Holohean1,2, P.M.Wood3 and R.A.Davidoff1,2 

, Veteran’s Administration Medical Center2, 
and The Miami Project3, University of 

Miami, School of Medicine, Miami, Florida 33101
Our previous experiments have reported on the properties of GABA- 

activated Cľ channels in human cultured embryonic dorsal root ganglion 
(DRG) neurons. The present experiments used patch-clamp methods to 
further characterize the whole-cell Cľ conductance activated by GABA 
and GABAa receptor agonists and modulators. The cultured embryonic 
DRG neurons varied between 20  and 30  µm  in diameter, were ovoid 
in shape and possessed neurites of varying lengths. All compounds 
were applied by pressure pulse from closely positioned micropipettes. 
DRG neurons did not respond to applications of baclofen, taurine, or 
glycine, but all neurons responded to micromolar concentrations of 
GABA, muscimol, isoguvacine, pentobarbital and alphaxalone. Noise 
analysis of membrane current variances induced by the latter compounds 
showed that* the time open components were best fitted by double or 
triple Lorentzian functions. For each compound, however, we observed 
different combinations of Cľ channels with different open times. 
Elementary conductances were: GABA (1 0  µ M ), 2 2 .6  pS; muscimol 
(1 0  µ M ),1 6 .3  pS; isoguvacine (1 0  µM ), 17.6 pS; pentobarbital (5 0  µM )
17.1 pS; and alphaxalone (1 .0  µM ), 2 9 .0  pS. In sum, all of the GABA 
agonists or modulators were able to evoke Cľ conductances in these 
cells. (Supported by Medical Research Service, DVA and ƯSPHS 
grants NS 3 0 6 0 0  and NS 0 9 9 2 3 ).

Neurophysiology Laboratory 
Department of Neurologyr

317.4
CHEMOSENSITIVITY OF GRANULE CELLS AND PURKINJE CELLS IN THE 
DEVELOPING RAT CEREBELLUM: RESPONSES TO GABA. Corinne M. 
Spencer* and Hermes H. Yeh. Depts of Pharmacology and Neurology, Program in 
Neuroscience, UCONN Health Center, Farmington, CT 06030.

During cerebellar development, granule cells migrate from the external granule cell 
layer (EGL) to the internal granule cell layer (IGL). Purkinje cells, in itially multi
layered, become aligned into a monolayer. The dynamics of histogenesis extend 
beyond migratory patterns to include the expression of neurotransmitter receptors. 
For example, the expression of the α6 GABAД receptor subunit, unique to granule 
cells, is a developmentally regulated phenomenon. Here, we report on our initial 
findings correlating granule cell and Purkinje cell development with GABA response 
profiles indicative of the expression of candidate GABAa receptor subunits.

Whole-cell GABA-activated current responses were monitored in granule cells and 
Purkinje cells identified by lucifer yellow filling in thin slices (120-150 µm) derived 
from rat cerebella (postnatal day-0 to -30). Furosemide (0.01-1 mM), diazepam (0.5 
µM) and zinc (100 mM) were used in combination to assess the contribution of α6- 
and/or α l  subunit-containing GABAa receptor isoforms. GABA (0.01-1 mM) 
induced either no responses or small responses in immature granule cells in the EGL. 
This switched abruptly to a robust response in granule cells migrating through the 
molecular and Purkinje cell layers, typified by sensitivity to both furosemide and 
diazepam. The pattern of dual sensitivity to furosemide and diazepam persisted in 
granule cells that have migrated to the IGL. In contrast, Purkinje cells at all 
postnatal ages tested consistently displayed sensitivity to diazepam and insensitivity 
to zinc and furosemide. mRNA profiling of the electrophysiologically-recorded cells 
thus far have revealed prominent expression of the α l  subunit message in both 
granule cells and Purkinje cells. That of the α6 message and protein, as well as their 
relative abundance as a function of time in postnatal development, is being analyzed.

Supported by PHS grants NS2483O and AA03510
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317.5
GABAд RECEPTOR EXPRESSION IN ҺNT NEURONS AS REVEALED BY 
COMBINED ELECTROPHYSIOLOGY A N D  mRNA EXPRESSION PROFILING. 
Hermes H. Yeh*. Pamela W, Yeh andCorinne M. Spencer. Depts o f Pharmacology 
and Neurology, Program in Neuroscience, UCONN Health Center, Farmington,, CT 
06030.

The human teratocarcinoma NT2 cell line is unique in its capacity to yield highly 
enriched populations of postmitotic neurons upon induction o f differentiation by 
retinoic aicd. Terminally differentiated NT2 (ҺNT) neurons display a com plem ent of 
phenotypes that includes polarized morphology, expression o f neuron-specific 
cytoskeletal marker proteins and neurotransmitter receptors such as ionotropic 
glutamate and GABAa receptors. In this study, a combination o f patch clamp 
electrophysiology and m RNA expression profiling was employed to investigate the 
functional and molecular coưelates o f  GABAΛ receptor expression in the course of 
differentiation from NT2 stem cells to ҺNT neurons.

NT2 stems cells were unresponsive to GABA (0.1 - 100 µM ). Consistent with 
this, RT/PCR-based profiling o f the stem cells indicated that m R NAs encoding 
GABAa receptor subunits were absent. Follow ing the regimen o f retinoic acid 
treatment, however, GABA elicited current responses in all o f the ҺNT neurons tested 
within three weeks after plating on Matrigel or poly-D -lysine. The G ABA response 
was reversibly blocked by bicuculline, and displayed a sharp concentration-response 
curve (threshold and maximal response at [GABA] ≈ 5 and 50 mM , respectively). 
Tests using loreclezol, diazepam, zinc and ethanol revealed G ABAa receptors with 
different pharmacological properties, suggesting the presence o f heterogeneous 
receptor isoforms. For example, G ABA responses monitored in the majority o f ҺNT 
neurons were sensitive to diazepam but not to zinc. However, a subpopulation 
revealed diazepam-insensitive and zinc-sensitive GABA responses, and this could be 
correlated with expression o f the α 4 /ß l/γ З  subunit combination. Both loreclezol 
(100 µM) and ethanol ( 10 & 50 mM) modulated G ABA responses o f ҺNT neurons.

Supported by a grant from  Layton B ioscience, Inc.. PHS NS2483O and AA035Ì0.

317.7
C H A N G IN G  P R O P E R T IE S  O F  G A B A a  R E C E P T O R S  D U R IN G  
E A R L Y  N E O C O R T IC A L  D E V E L O P M E N T . David F. Owens* and 
Arnold R. Kriegstein. Department of Neurology and The Center for 
Neurobiology and Behavior, Columbia College of Physicians and Surgeons, 
NY, NY 10032.

Neocortical precursor cells in the embryonic ventricular zone (VZ) 
express functional GABAд receptors. GABAд receptors are also found on 
immature neurons in the developing cortical plate (CP). Although GABAд  
receptor activation in both cell types leads to membrane depolarization, 
the GABAд receptor properties in these distinct cell populations have not 
been compared. Using electrophysiological techniques we find that 
G A B A д receptors on VZ cells have a higher affinity for G A B A  and are 
relatively insensitive to receptor desensitization, properties that would 
maximize the likelihood of receptor activation by low levels of agonist. In 
contrast to G ABAд receptors on CP cells which begin to be activated 
synaptically around birth, we find no evidence that GABAд receptors on 
VZ cells are synaptically activated. Instead, there appears to a tonic 
gradient of G A B A  release that can activate VZ GABAд receptors in a non- 
synaptic fashion. Although G ABAд receptors are present at much lower 
density in VZ cells when compared to CP neurons, precursor cells in the 
VZ are coupled into multi-cell clusters by gap junction channels, thus 
G A B A д  receptor activation can influence multiple VZ cells. Together 
these results suggest that GABAд receptors on precursor cell clusters may 
be activated by G A B A  released into the VZ environment. Furthermore, 
the functional changes in receptor properties between VZ and CP cells 
may reflect the endogenous mode of receptor activation (i.e., non-synaptic 
vs. synaptic).
Supported by NIH/NINDS 2ROl NS 2122223-10 and March of Dimes 
FY95-0879.

317.9
TR A N SIE N T  PA T C H Y  D IST R IB U T IO N  O F G A B A д R E C E PT O R  
SU B U N IT S IN  TH E N E U R O E PIT H E L IA L  C E L L  L A Y E R  D U R IN G  
FO R E B R A IN  D E V E L O PM E N T  I. Marie*, D. Marie, J. Yang, W. Sieghart \  
J.-M. Fritschy2 and J.L. Barker LNP, NINDS, NIH, Bethesda, MD; ^Department of 
Biochemical Psychiatry, University Clinic for Psychiatry, Vienna, Austria; ^Institute 
of Pharmacology, University of Zurich, Zurich, Switzerland
The distribution of 12 (<xl-6, ßl-3, γl-3) GABAд receptor subunits was investigated 
using immunohistochemical techniques during the time of cortical plate formation in 
embryonic rats. At the onset of corticogenesis (E l5), immunostaining revealed the 
presence of oc2-5, ßl-2 and γl-3 subunits in the ventricular zones of the anterior parts 
of the forebrain. The α4, ß l and γЗ subunits were distributed in the cells throughout 
the neuroepithelial layer of the forebrain, whereas cc2-5, ß2 and γl-2 subunit 
immunoreactivities were localized in distinct patches. Clusters of immunopositive 
cells were associated with the ventricular angles, particularly the cortico-striatal 
sulcus, where all of the above-mentioned subunits were identified. No patchy subunit 
distribution was observed within the developing neocortex at this time. The majority 
of labeled cells shared many of the morphological features of migrating neurons.
They were vertically oriented with respect to the pia, with an elongated bipolar soma 
one ascending and one descending process. The cells lining the ventricles had an 
ascending process extending toward the pial surface. After the emergence of the 
cortical plate (E l8-19), the pattern of immunostaining changed. Patchy 
immunostaining, particularly with ß l-2 and γl-2 subunit-specific antibodies, was now 
observed in the ventricular zones of the striatum, neocortex and hippocampus. The 
striatal primordium was the most heavily labeled, and immunostaining with several 
antibodies revealed migratory cells streaming out of the cortico-striatal sulcus. 
Moreover, all of the investigated subunits (with the exception of α l and αť>) were 
now present in the cortical plate as well, first appearing in the venư〇-lateral, then in 
the dorso-medial parts of the neocortex. By the time of birth (E22), 
immunohistoehemistry revealed a loss of the patchy distribution of GABA д  receptor 
subunits around ventricles, coinciding with the disappearance of the neuroepithelial 
cell layer.

317.6
NEURAL ACTIVITY AS A REGULATORY SIGNAL FOR CEREBELLAR GRANULE CELLS 
PROLIFERATION AND SURVIVAL. L.N. Borodinsky1*. J,H. Neater M.L. Fiszman1. 1Lab. de 
Neurociendas, Centro de Investigadones Médicas Albert Einstein -  CIMAE, Buenos Aires, 
Argentina; ⅞iology Dept., Georgetown University, Washington D.C, USA.

Neural activity due to high potassium or neurotransmitters appears to be an essential cue 
in the development of the CNS. We evaluated the role of depolarizing KCI concentrations and 
GABA on the in vitro proliferation of immature cerebellar granule cells and the survival of the 
differentiated phenotype. Cerebella were exdsed from 6-8 day old rats and cell suspensions 
were plated in serum-free or 10% FBS supplemented medium. Cell proliferation was 
assessed measuring ⅜-thymidine incorporation 24 hours after plating (drug treatments 
were done 2 hours after plating), and cell survival using the MTT assay and cell counting 7 
days after plating (drug treatments were done 48 hours after inoculation). The addition of 
25mM KCI lead to a 34±4%  (n: 10) increase on DNA synthesis, and this effect was 
completely blocked by ЮmM MgCI2 and ЮµM nifedipine. GABA (0.1-100µM ) also inσeased 
the proliferation of immature cerebellar granule cells (23±1% , n: 10) and the effect was also 
blocked by MgClг and nifedipine. In order to evaluate which intracellular pathway was 
involved we used a mitogen activated protein kinase kinase (MAPKK) inhibitor (PD98059), 
and we found that this inhibitor effectively blocked the increase on cell proliferation induced 
by both 25mM KCI and GABA. Additionally, we tested cell survival when cells were treated 
either with 25mM KCI or GABA and resulte showed that depolarizing concentrations of KCI 
promote survival producing a ЮO±2O% (n: 6) inσease on cell survival when compared with 
cultures grown in resting conditions (5mM KCI). This increase was blocked by MgClг and 
nifedipine, but was not blocked by PD98O59. On the contrary, GABA did not affect cell 
survival. We conclude that high KCI and GABA induced an inσease in the proliferation 
mediated by the influx of calcium through voltage gated calcium channel of the L-sυbtype 
and the consequent activation of MAPKK cascade. The fact that GABA failed to affect cell 
survival seems to be related to the loss of capability to activate calcium influx. High 
potassium cell survival inσease is not mediated by the MAP kinase cascade.
Supported by FIRCA/NIH grant 13R03TW0035101 (MF) and DAO2297 (JN).
* Fellowship Fondo de Becas de Investigadones Biomédicas Ernestine Lectoure.

317.8
PHYSIOLOGICAL PROPERTIES OF GABAERGIC NEURONS IN THE 
EMBRYONIC RAT CORTEX ARE DOMINATED BY GABA д RECEPTOR/CL ̂  
CHANNEL ACTIVITY. D. Marie*, I. Marie, W.Sieghartl , J-M. Fritschy2 and J.L. 
Barker. LNP, NINDS, NIH, Bethesda, MD; ^Department of Biochemical Psychiatry, 
University Clinic for Psychiatry, Vienna, Austria; ⅜ stitu te of Pharmacology, 
University of Zurich, Zurich, Switzerland

We used fluorescent physiological indicator dyes in conjunction with flow 
cytometry and digital videomicroscopy to record membrane potential and cytosolic 
calcium (Ca2+c) levels in embryonic (E) rat cortical cells before and after exposure to 
micromolar concentrations of GABA. Depolarizing effects to GABA were first 
detected at E12 in <5% of the cells and were not accompanied by changes in Ca2+c. 
During the neurogenic period (El 3-19), the proportion of cells depolarized by GABA 
increased from 15 to 86%, correlating with the number o f post-mitotic tetanus toxin 
(TnTx) immunopositive neurons. At E19, virtually every neuron isolated from the 
cortical plate/subplate (CP/SP) regions depolarized in response to GABA while >50% 
also exhibited a sub-micromolar increase in Ca 2+℮. Most o f these pharmacological 
effects were Cl^ ion dependent, mimicked by muscimol and blocked by bicuculline, 
implicating GABAд receptor/Cl" channels, which were immunoidentified to include 
αЗα4ßЗγ2γЗ GABAд receptor subunits. In contrast, <50% of neurons isolated from 
the ventricular/subventricular zones (VZ/SVZ) depolarized to GABA and <25% 
exhibited Ca2+c responses. Few (<10%) o f non-neuronal BrdU +/nestin+/TnTx7A2B5' 
/TuJl^ cells responded to GABA while radial glial cells and 0-2A progenitors were 
unaffected. Omission o f albumin, which was used empirically in the recording media 
to block the endogenous activity o f GABA, depolarized and elevated Ca 2+c levels in 
many CP/SP neurons, most o f which were GAD + and GABA+. These effects were 
attenuated by the G ABAд receptor/Cl^ channel antagonists bicuculline and 
picrotoxin, by furosemide, which blocks C l '  ion transport into cells, by 3- 
mercaptopropionic acid, which blocks GAD activity, and by anti-GABA antibody, 
which complexes surface-accessible GABA. The results suggest that the 
physiological properties o f GABAergic CP/SP neurons are dominated by GABA A 
receptor/Cl" channel activity, that reflects on-line GABA synthesis and secretion.

317.10
CHANGES IN MONOSYNAPTIC INHIBITION DURING DEVELOPMENT OF 
MOUSE SOMATOSENSORY CORTEX. M. Ouardouz*. C  Johnson and A. Agmon. 
Department of Anatomy, West Virginia University, Morgantown, WV 26506-9128.

Intracortical inhibition is reported to be present as early as the first postnatal days 
(Agmon et al., J. Neurosci 16:4684-95, 1996), however little is known about the 
changes affecting intracortical inhibitory postsynaptic currents (IPSCs) during early 
postnatal development. In this study, whole cell patch clamp recordings were used to 
investigate the properties of IPSCs in developing mouse somatosensory cortex during 
the first 16 postnatal days (P2 to P16). Monosynaptic GABAд receptor-mediated 
IPSCs were isolated pharmacologically, by bath application of AP5 and CNQX, and 
by including cesium in the recording solution. In all ages tested, the responses were 
completely and reversibly blocked by bath application o f bicuculline. The IPSC 
conductance increased significantly with age, ífrom 1 +0.2  nS (P2-6, n = 22) to 
5.3 + 0.9 nS, (P14-16, n= 6). The IPSC latency, measured from the beginning of the 
stimulus artifact, decreased from 7.16 + 0.6 ms at P2-6 to 3.4 + 0.1 ms at P14-16. The 
rise time (from 10 to 90% of peak amplitude) and half width (duration of IPSC at half 
amplitude) shortened from 11.5 + 1.7 ms and 138.7 + 15.0 ms (P2-6) to 3.1 + 0.3 ms 
and 56.2 + 11.6 ms (P14-16), respectively. Application of the GABA uptake blocker, 
nipecotic acid, did not affect the time course of the responses in all age tested (n = 7). 
The I-V  relationships of IPSCs were linear at all ages studied. The mean reversal 
potential was more negative in older animals (P2-6: -29.1 + 1.6 mV, P14-16: -45.0 + 
0.3 mV), with cesium methanesulfonate as the main electrolyte; with symmetric 
chloride concenftations (CsCl as main electrolyte), reversal potentials of IPSCs from 
all ages were around 0 mV. Our results show that monosynaptic GABAд receptor- 
mediated currents in mouse somatosensory cortex have slower rise and decay kinetics 
during the first, compared to the second, postnatal week; the prolonged IPSC time 
course during the first postnatal week may compensate for the small IPSC amplitude 
during that period of development. Supported by DHHS HD33463
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317.11
EXPRESSION OF THE NEURONAL K7CГ COTRANSPORTER KCC2 SWITCHES 
THE ACTION OF GABA FROM DEPOLARIZING TO HYPERPOLARШNG IN 
NEONATAL RAT HIPPOCAMPAL NEURONS C. Rivera*. J. Voіpіo. E. Ruusuvuori.
H. Lahtinen. U. Piгvola. M. Saaгma. K. Kaila. Department of Biosciences, Division of 
Animal Physiology and Institute of Biotechnology, University of Helsinki, Finland.

GABA is the main inhibitory transmitter in the adult brain, and it exerts its dominant 
eífect via activation of anion (largely Cľ) permeant GABAa receptors, which leads to an 
influx of Cľ and to a consequent postsynaptic hyperpolarization. However, during early 
development of hippocampal neurons, GABAa receptor-mediated responses are 
depolarizing which can evoke neuronal spiking, activate voltage-gated calcium channels and 
act in synergy with glutamateгgic mechanisms to alleviate the voltage-sensitive Mg2* block 
of NMDA receptors. The present work shows that the mechanism underlying the 
ontogenetic change in GABAergic transmission is set by the developmental regulation of the 
expression of the neuronal K*/Cľ cotransporter, KCC2. Northern blots of KCC2 mRNA as 
well as in situ hybridization experiments of the rat hippocampus showed that at postnatal 
day 0 (PO), KCC2 expression was not detectable and a steep increase took place starting at 
P5. In contrast to this, RT-PCR analysis of hippocampal specimens of the guinea pig, a 
species with precocious neonates, showed an abundance of KCC2 transcripts present already 
at PO. The GABAa receptor-mediated currents underwent a marked positive shift (about 10 
mV) in their driving force in sharp microelectrode recordings (non-CΓ filling solution) from 
semi-acute slices exposed to a phosphorothionate protected KCC2 antisense oligonucleotide 
(PODN) for 8 hours. This shift was tightly linked to an abolishment of the KCC2 protein as 
detected in Western blots. The corresponding sense PODN had no effect on GABAa receptor 
mediated currents. Furthermore, single-cell RT-PCR experiments showed that in the 
majority of neurofilament positive hippocampal pyramidal cells KCC2 mRNA did not co
express with the isoenzyme KCCl.The present results show that the functional maturation of 
postsynaptic inhibition mediated by GABAa receptors in the hippocampus is set by the 
developmental regulation of the expression of the K+/CΓ cotransporter, KCC2. Supported by 
the Sigrid Juselius Foundation, The Academy o f Finland and the Swedish Council for 
Natural Sciences.

317.13
DEPOLARIZING GLYCINE RESPONSES IN FRESHLY ISOLATED 
NEURONS OF THE VENTRAL TEGMENTAL AREA (VTA) OF 
NEONATAL RATS. J.H. Ye*1. K. Kmjević2. P.L.Liu1. JJ. McArdle1. 
’Depts. Anesthesiology, Pharmacology & Physiology, NJ Med Sch 
(UMDNJ), Newark, NJ 07103,2Anaesthesia Res Dept., McGill Univ, 
McIntyre Med Bldg, 3655 Drummond St, Montreal, QC HЗG 1Y6 
Canada
The gramicidin-perforated patch technique was used to record glycine- 
activated responses in neurons (n=7O) freshly isolated from the VTA of
2-7 day old Sprague-Dawley rats. The resting membrane potential ranged 
from -52 to -92 with a mean of -72.5 ± 4.6 mV (n=2l). Superfusion of 
these neurons with extracellular solution containing 100 µM glycine 
induced a membrane depolarization of 45.3 ± 8.0 mV (n=8). This effect 
depended on the concentration of glycine with an EC50 of 22 µM. When 
examined under voltage-clamp recording conditions, the glycine activated 
current reversed direction at holding potentials positive to the resting 
membrane potentials. Specifically, reversal potentials ranged from -10 to 
-36 mV with a mean of -20.5 ±2.2 mV (n=l6). Both the voltage and 
current responses to glycine were blocked by 0.5 µM strychnine. These 
data suggest that glycine acts on a strychnine-sensitive receptor to 
depolarize developing neurons of the VTA. (S u p p o r te d  b y  g r a n ts  f r o m  
the  U M D N J  F o u n d a tio n  a n d  C a n a d ia n  M e d ic a l  R e s e a rc h  C o u n cil).

317.15

UPREGULATION OF NMDAR 2B SUBUNIT IN THE SUPERIOR 
COLLICULUS OF NMDAR 2A KNOCKOUT MICE S. Lin*. M. 
Townsend and M. Constantine-Paton. Yale University, Department of 
MCD Biology, New Haven, CT 06520.

NMDA receptors (NMDAR) are thought to play a critical role in 
activity dependent retino-tectal map refinement. It is believed that 
NMDÂRs are tetramers, composed of an essential zeta 1 (Cl) subunit 
complimented by epsilon 1-4 (ε) subunits which modulate the kinetics 
of the channel. It has been shown that receptors containing ξl-ε2 
channels have a prolonged current fall time when compared with 
receptors containing ζ 1 -ε 1.

We have used western blotting to study changes in subunit 
expression in the superior colliculus of developing mice. We observe 
that the ε2 subunit is expressed earlier than εl, such that while.ε2 
levels peak at postnatal day 8 (P8) and then decline, εl levels increase 
through postnatal day 20 (P2O). We have now applied a similar 
analysis to εl knockout mice (εl KO). This analysis indicates that the 
kinetics of subunit expression in mice lacking εl, seem to follow the 
normal developmental progression. However, when we compare levels 
of expression, as early as P5, εl KO mice express approximately 2 
times the amount of ε2 as wild type (WT) animals relative to the levels 
of ζl. This increase persists through PI5. We hypothesize that KO 
animals are retaining higher levels of ε2 to compensate for the absence 
of εl. This should result in retention of more effective NMDARs. 
Ongoing experiments are examining both the response of the GABA 
inhibitory system and post-translational mechanisms for modifying 
NMDAR function in these animals.

Work supported by NIH grant NS3229O (MCP) and NIDA DA 
07290-03SΓ (MT)

317.12
CONSTRUCTION AND CHARACTERIZATION OF RECOMBINANT 
ADENO-ASSOCIATED VIRUS (AAV) FOR GAD GENE DELIVERY 
Ł MiL·ǻXҺait¾j℮g4 ąnd A, Tpbшl 2.-- Depts. of neurology, 
Physiological Science,3 Brain Research Institute, University of 
California, Los Angeles, CA 90095; 4Division of Pediatrics, City of Hope 
National Medical Center, Duarte, CA.

We have made recombinant AAV to deliver the genes encoding the two 
GABA-producing enzymes, GAD65 and GAD67, into the central nervous 
system. We first estimated the transduction efficiency of recombinant 
AAV that carried human placenta alkaline phosphatase (αAP) in several 
cell lines of neural origin. Individual neural cell lines had different 
efficiencies of AAV transduction. At MOI of 2, a mouse astrocytic 
(BAS8.1) and a rat neuronal (RNЗЗB) cell lines showed 30% and 17% 
αAP-positive cells, whereas a mouse neuronal cell line (CN1.4) had only 
0.5% αAP-transduced cells. AAV-GAD65 and AAV-GAD67 transduced 
the astrocytic and neuronal cell lines with similar efficiencies. GAD gene 
expression was sustained for several passages under selective culture 
conditions. These AAV vectors also successfully drove expression of 
αAP and GAD transgenes in  vivo , after stereotaxic injection into rat brain. 
These results demonstrate that AAV vectors can be used as vehicles to 
turn neural cells into local GABA pumps. Such in  s itu  engineered cells 
could potentially restore both paracrine and synaptic GABA inhibition in 
animal models of epilepsy, Huntington’s disease, and Parkinson’s disease.
(Supported by Grant NS22256 to AJT and Gene Therapy Grant to 
JM from UCLA)

317.14
ACTIVITY BLOCKADE IN DEVELOPING FERRET VISUAL CORTEX INHIBITS 
THE EXPRESSION OF THE NR2A SUBUNIT OF THE NMDA RECEPTOR.
A.L.Sm ith*1'2, I.D.Thompson1, J.Chilton1, G.E.Baker1 and H.Monyѳг2. 
1University Laboratory of Physiology, Parks Road, Oxford OX1 ЗPT, U.K. 
2ZMBH, Im Neuenheimer Feld 282, 69120 Heidelberg, Germany.

During cortical development the duration of NMDA receptor channel 
currents decreases, presumably reflecting a change in the requirement for 
temporal summation of inputs. This decrease in channel latency is at least 
partly due to an NR2B to NR2A switch in the subunit composition of NMDA 
receptors. In order to determine whether this sw itch is activity-dependent, 
we have investigated the effects of local administration of activity-blockers 
on NR2 mRNA expression in the developing visual cortex of the ferret. NR2A- 
D mRNA levels were quantitatively assessed by radioactive in situ 
hybridization using 35S-labelled species-specific oligonucleotide probes. 
A ctiv ity  blockers were locally-administered for 1 to 3 weeks by implantation 
of 2OOµm sheets of Elvax polymer loaded w ith TTX. Extracellular 
electrophysiological recordings in implanted ferrets confirmed that activity 
was silenced to a depth of at least 1 mm below slices of TTX Elvax. In normal 
cortex a shift in the predominant NR2 subunit mRNA from NR2B to NR2A 
was found to occur during the first postnatal month. Blocking activity during 
this period had no effect of the levels of NR2B, NR2C or NR2D transcripts, 
but produced a dramatic reduction in NR2A mRNA levels in the vicinity of the 
implant. Similar reductions in the levels of NR2A mRNA were observed below 
implanted Elvax slices containing the NMDA receptor antagonist MK-801, 
suggesting that signalling via NMDA receptors controls visual cortical NR2A 
expression levels during development. Neonatal activity blockade appears to 
preserve NR2A mRNA levels in an immature state.
Supported by the Schilling Foundation and The Wellcome Trust.

317.16
M O D U LA TIO N  OF N M D A R  M E D IA T E D  C A LC IU M  RESPONSE IN  
DEVELOPING SUPERIOR CO LLICU LUS NEURONS IN  CULTURE.
S.J. HШ-Felberg* and M . Constantine-Paton. Yale University, Department 
o f Molecular, Cellular, and Developmental Biology, New Haven, CT 
06511.

Calcium signaling in neurons is important for transmitter release, 
synaptic plasticity, and transcriptional control. Since the N M D A  receptor is 
a major source o f calcium entry fo r developing neurons, we utilized Fluo-3 
imaging to investigate the developmental changes in Δ [Ca++]i produced by 
ЮOµM N M D A /10µM  glycine stimulation in superior collicu lus neurons 
grown 4, 7 and 14 days in culture. Previously we have shown a significant 
drop in N M D A  initiated Δ [Ca++] i in neurons in culture fo r 1 week 
compared to neurons in culture fo r 4 days. This decrease in Δ [Ca++]i does 
not appear to be directly associated w ith an increase in expression o f 
NR2A, since both NR2A and NR2B increase dramatically on cells grown 
between 4 and 7 days in culture. We have therefore been investigating 
other mechanisms that may be involved in the decrease in N M D A R  
mediated calcium in flux. Calcineurin, a major soluble calmodulin-binding 
protein in the brain, is a calcium/calmodulin-dependent serine/threonine 
protein phosphatase that has been shown to shorten the duration o f the 
N M D A  channel open time. Our prelim inary data suggests that neurons 
w ith a lower Δ [Ca++]i are sensitive to FK5O6 (0.5 µM ), a blocker o f 
calcineurin, and increase their Δ [Ca++] i by approximately 30%. 
Dantrolene, a blocker o f ryanodine sensitive calcium stores, decreases the 
N M D A R  initiated calcium in flux in 4 day cultures between 30-40%.
These findings suggest that the developmental drop in calcium entry in SC 
neurons in culture may be due in part to post-translational modifications 
o f the N M D A  receptor and/or developmental changes in calcium mediated 
calcium release from internal stores. This work was supported by 
NS 10409-0l(SJH F) and NS3229O(MCP).
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317.17
FU N C TIO N A L CH A N G E IN N M D A  RE C E PTO R S D U RIN G  
DE V E LO PM EN T . T. Hivama1. K  Kivosue1, S. B. Sato2*. T. Taguchi1. 
łLab. of Neurotechnology, Osaka Naťl. Res. Inst. (ONRI), Ikeda 
563-8577, Japan; 2Dev. Biophysics, Kyoto Univ. Graduate School of 
Science, Kyoto 606, Japan.

Functional change of receptors have been suggested to play 
important roles in the formation of synapse. To investigate the 
synapse formation in CNS, we have developed the dissociation 
culture system of chick cerebral neurons. Using the culture, we 
have previously reported that the synapse formation proceeded 
with the increase in days in vitro plus in vivo (embryonic 
equivalent days; E.E.days) and that neurons of E.E.days 11 had 
only silent synapses which composed of NMDA receptors, whereas 
neurons of E.E.days 17 had synapses of both NMDA and non- 
NMDA receptors. To investigate the function of single NMDA 
receptor in each stage, outside-out patch membrane was excised 
from neurons of each E.E.Days, and perfused with the solution 
containing glutamate. The mean open time of a NMDA receptor in
E.E.days 11 neurons was significantly larger than that in E.E.days 
17 neurons. On the other hand, there was no change in the 
conductance. On neuronal membranes, functional NMDA receptor 
in E.E.days 11 existed more densely than those in E.E.days 17. 
These results suggested the functional change in NMDA receptors 
related to the conversion of silent synapses into unsilent ones.

317.19
DEVELOPMENTAL CHANGES IN MGLUR-MEDIATED CALCIUM  
HOMEOSTASIS. L. Zirpel*. A. Ç. Peterson. D. A. Taylor and T. N. Parks. 
Department of Neurobiology &  Anatomy, University of Utah School of Medicine, 
Salt Lake City, UT 84132.

Brain stem auditory neurons in the chick require eighth nerve activation of 
metabotropic glutamate receptors (mGluRs) for maintenance of intracellular calcium 
homeostasis. Internetting this activation results in an increase in intracellular . 
calcium concentration followed by cell atrophy, degeneration, and death of many 
neurons. While these phenomena are well characterized in late embryonic and early 
post-hatch chicks, little is known-about the role of mGluRs and calcium 
homeostasis during the development of brain stem auditory nuclei. The goal of this 
study was to characterize the expression of mGluR5, IP3 receptors and 
sarcoplasmic/endoplasmic reticulum Ca2+ ATPases (SERCAs) during auditory 
neuron development, and to investigate their roles in calcium homeostasis.

Protein expression was quantified in fixed tissue using fluorescent 
immunocytochemistry, and calcium responses were assayed using fura-2 ratiometric 
imaging in live brain stem slices. Tissue from four developmental ages was 
analyzed: 1) prior to synaptic function (E10); 2) very low levels of synaptic activity, 
i f  any (E13); 3) prominent spontaneous synaptic activity, but little externally driven 
activity (E l5), and 4) high levels of spontaneous and acoustically driven activity 
(E l8). MGluR5 and SERCA expression decrease between E10 and E15 (perhaps due, 
in part, to changes in localization), but show no changes between E l5 and E l8. IP, 
receptor expression increases between E10 and E13 with no change at later time 
points. Peak [Ca2+]¡ response to mGluR activation also increases with age. Confocal 
XT scanning shows that the temporal kinetics of overall calcium buffering in NM 
neurons does not change with development, but the spatial distribution of a given 
Ca2+ signal does. These results suggest that the mGluR-mediated calcium 
homeostasis of chick brain stem auditory neurons develops in parallel with the 
development of synaptic activity, thus allowing the neurons to spatially “ sculpt” 
Ca2+ signals and their downstream events to fit changing levels of afferent input. 
(Supported by NIH grants HD07491 and DC00144.)

317.21
GIANT DEPOLARIZING POTENTIALS: THE SEPTAL POLE OF
HIPPOCAMPUS ACTS AS A PACEMAKER IN THE INTACT 
SEPTO-HIPPOCAMPAL COMPLEX IN  VITRO. X. Leinekugel1,1. Khalilov1, G. 
Mandl*2, Y. Ben-Ari1 and R. Khazipov1. 1INSERM U29, 123 Bd de Port Royal, 
75014 Paris, FRANCE; ⅜ ept. Physiology, M cGill University, 3655 rue Drummond, 
Montréal, OC HЗG 1Y6, CANADA.

In neonatal hippocampal slices, Giant Depolarizing Potentials (GDPs) provide, 
during the first postnatal week, neuronal synchronized firing and calcium 
oscillations. Using multiple simultaneous electrophysiological recordings, we 
investigated the spatio-temporal characteristics of GDPs in the recently described 
preparation of intact neonatal septo-hippocampal complex in vitro. Combined whole 
cell (in single or pairs of cells) and extracellular field recordings (1 to 5 
simultaneous recording sites) from CAЗ hippocampal region and Various parts of 
the septum indicated that GDPs originate in the septal poles of hippocampus and 
propagate to medial septum and temporal poles of both hippocampi simultaneously. 
GDPs were abolished in the medial septum but not in the hippocampus following 
surgical separation of both structures, suggesting hippocampal origin of GDPs. 
GDPs also propagated in the septo-temporal direction in both septal and temporal 
hippocampal isolated halves. This was associated with a corresponding gradient of 
GDPs frequency in isolated transverse portions of hippocampus, the most septal 
portions being the most active. Therefore, GDPs coordinate hippocampal and 
septal neuronal activities and support a septo-temporal orientation of hippocampal 
activity, which may modulate the development of neuronal connections in the 
immature limbic system.

317.18
DEVELOPMENT OF NMDA-RECEPTOR-SUBUNIT-1 EXPRESSION IN THE 
CORTEX AND HIPPOCAMPUS OF THE NORMAL AND E,N-NOS GENE 
KNOCKOUT MOUSE. D.M. Boé*BC. Hauschild. R  J. Cork, and R.R. Mize. Dept, of 
Cell Biology and Anatomy and the Neuroscience Center, LSU Medical Center, New 
Orleans, LA 70112.

Nitric oxide (NO) is a free radical implicated as a retrograde messenger in the 
refinement of axonal pathways and synaptic plasticity in the cerebral cortex (Cx) and 
the hippocampus (Hip). Although NO production is thought to be due to Ca2+ influx 
through the NMDA receptor/channel, little is known about the effect of NO on the 
developmental expression of the NMDA receptor. We have used NMDA receptor 
subunit-1 (NR1) immunocytochemistry to examine the onset of expression and 
distribution of the NMDA receptor in normal mice and in mice in which the genes for 
the neuronal and endothelial isoforms of nitric oxide synthase (NOS) have been 
disrupted (e,nNOS knockout mice). We labeled sections from mice aged P1-P10, and 
adult. Using a computer based microscope plotter, histograms were generated which 
illustrated both the density and the distribution of all NR1 labeled neurons in selected 
regions of Cx and Hip. In Cx of normal mice, there was a nonuniform distribution of 
NR1 labeled cells at all ages examined. At each age, the densest concentration of 
neurons was found in layers 2-3, with a distinct reduction in labeled cell density in 
layer 4 and a moderate density in layers 5-6. In addition, the total number of labeled 
cells in the cortex decreased with age. A similar pattern of cortical labeling was found 
in the e.nNOS knockout mice. In CAl-Hip, between PI and P5, NRl-labeled cells 
were distributed in a broad band, about 10-15 cells wide, corresponding to the 
pyramidal cell layer. The width of this band progressively decreased until, in adult 
animals, most NRl-labeled cells formed the pyramidal cell layer, about 4-5 cells 
wide. This developmental sequence was essentially the same in both normal and 
e,nNOS knockout mice. We conclude that expression of the NMDA receptor develops 
normally in the absence o f NOS and, presumably, NO. This finding suggests that the 
NMDA receptor distribution is not affected by the presence or absence of NO. 
Supported by USPHS grants NEIEY-02973 and NINDS NS-36000.

317.20
GLUTAMATERGIC CURRENTS IN DEVELOPING DENTATE GYRUS 
GRANULE CELLS Gui-lan Ye? Xuesong Liu, Joseph F. Pasternak, Barbara L. 
Trommer Division o f Pediatric Neurology, Evanston Hospital, Evanston, IL 
60201 and Dept, o f Pediatrics and Neurology, Northwestern University Medical 
School, Chicago, IL 60611

We used whole cell cell patch clamp recordings in hippocampal slices from 5-12 
d rats to study glutamatergic currents evoked in developing dentate gyrus granule 
cells (GCs, N=47). Recordings were made in ACSF containing 100 µM picrotoxin 
at Vholding= -70 mV (AMPA cuҥent) and Vholding=+40 mV (NMDA current) in 
response to medial perforant path stimulation (initial stimulus intensity 150 µAmps, 
112 µsec). Cells were filled with biocytin for subsequent confirmation o f cell type 
and assessment o f morphologic maturity. Four response types were seen: In Type
1 GCs (N=7, input resistance (IR)=З.O±O.ЗGΩ, mean±S.E.; resting membrane 
potential (RMP)= -31.4 ±2.OmV,) no synaptic response could be evoked. In Type
2 GCs (N=2l, IR=2.61±0.2, RMP=-36.0±2.1) no AMPA cuҥent was evoked but 
NMDA cuҥent was present. In Type 3 GCs (N=I4, IR=1.8±0.1, RMP=-47.6±2.8) 
both AMPA and NMDA cuҥents were evoked at the initial stimulus intensity; 
decreasing the stimulus intensity resulted in an NMDA cuҥent that persisted after 
the AMPA cuҥent was eliminated. In Type 4 GCs (N=5, IR=1.3±0.1, RMP= 
-54.2±2.6) NMDA cuҥent could not be evoked when stimulus intensity was 
lowered sufficiently to eliminate the AMPA cuҥent. The peak NMDA cuҥents 
were comparable (28.3+4.4 pA, mean ±S.E. vs. 29.5±4.8 pA) in Type 2 and 3 
cells. Type 1 and 2 GCs appeared morphologically less mature than Type 3 and 4 
GCs and had coҥespondingly higher IRs (p <0.01 ) and more depolarized RMPs (p 
< 0.01). These data suggest that as assessed by medial perforant path stimulation, 
NMDA receptors become functional prior to AMPA receptors during GC 
maturation.
Supported by the E. Carton and R.L. Ruggles Research Funds, Evanston Hospital.

*314.19
CHARACTERIZATION OFTHE SUB VENTRICULAR ZONE AND ROSTRAL 
MIGRATORY PATHWAY IN ADULT HUMAN BRAIN. J. Vinet. P. J. Bernier.
L.J. Poirier*, and A. Parent. Centre de recherche Université Laval Robert-Giffarđ, 
Beauport, Québec, Canada, G1J 2GЗ

The subventricular zone (SVZ) is the main source of gliogenesis during early 
postnatal period. It is also thought to persist and remain mitotically active in 
mammalian brain throughout adulthood. In rodents, a specific area of SVZ located 
within the rostral wall of the lateral ventricles and termed anterior SVZ (SVZa) was 
shown to generate neuroblasts that migrate tangentially into olfactory bulb forming 
the rostral migratory pathway (RMP). In contrast to rodents, however, brain regions 
that may have the potential for de novo neurons genesis in adults are believed to be 
absent in primates, including humans. We have addressed this issue by studying the 
expression of various molecular markers of neurogenesis and morphogenesis in 
post-mortem tissue from young, adult and aged normal individuals. Single and 
double-immunostaining studies of markers such as proliferating cell nuclear antigen 
(PCNA), glial fibrillary acidic protein (GFAP), tenascin-C (an extra-cellular matrix 
protein), nestin (a neuronal precursor marker), polysialylated neural cell adhesion 
molecule (PSA-NCAM) and the anti-apoptotic protein Bcl-2 have provided the first 
evidence for the existence of a well developed SVZ and RMP in humans. Parasagittal 
sections through the basis of the rostral forebrain have clearly revealed the 
continuity between the mitotically active SVZa, at the ventral tip of the lateral 
ventricle, and the highly immunoreactive RMP, which could be followed up to the 
olfactory bulb. After coҥection for the marked difference in brain size, the 
mitotically active SVZ was found to be larger and more widespread in humans than 
in rodents. The RMP was also very well developed in humans, despite the fact that 
the olfactory system is overall markedly reduced in primates compared to rodents. 
Our data also suggest that PSA-NCAM may serve as a guide to SVZ neuroblasts that 
migrates towards the olfactory bulb, whereas Bcl-2 may help these migrating 
neuroblasts to survive until they reach their target and become fully incorporated- 
into the olfactory bulb circuitry. [Supported by the MRC of Canada].
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and Migration III, which appears on page 788.
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318.1

ENDOGENOUS NEƯROTROPHIN 4/5 IS NO T TRANSPORTED IN 
RAT SCIATIC NERVE. RA Rush*, SH Zhang and X-F Zhou 
Department o f Human Physiology, Flinders University o f  South 
Australia and Centre fo r Neuroscience, GPO Box 2100 Adelaide SA 5001 

Neurotrophin (NT) 4/5 is a member o f the nerve growth factor 
neurotrophin fam ily. Both motor and sensory neurons synthesize trkB, 
the high a ffin ity  receptor for NT4/5 and its homologue brain-derived 
neurotrophic factor (BDNF). Radiolabeled BDNF and NT4/5 have been 
shown to be retrogradely transported w ith in both motor and sensory 
neurons. In addition, both these neurotrophins are able to support the 
survival o f  these neurons in vitro  and in vivo. For this study, we have used 
both polyclonal and monoclonal antibodies (Chemicon, Inc) to study the 
transport o f  endogenous NT4/5 in the mature rat sciatic nerve and 
compared this to our previous findings for BDNF. Immunohistochemical 
analysis showed that neither NT4/5 nor BDNF are transported in motor 
axons o f  the adult rat, despite the retrograde and anterograde transport 
o f BDNF w ith in sensory axons. Immunoassay o f NT4/5 protein in 
ligated nerves confirmed the lack o f transported factor at several times 
after ligation. The absence o f  transported endogenous NT4/5 in motor 
neurons is particularly intriguing since NT4/5 m RNA and protein are 
readily detectable in normal muscle and nerve and suggests that the 
primary role for this factor in motor function is focused at the nerve 
terminal and not the cell soma as occurs for other neutrophic factors, 
including NT4/5 homologues.

Supported by an N H & M R C  o f Australia grant, #970018

318.3

C O N S T IT U T IV E L Y  SECRETED N E U R O TR O P H IN -3 C A N  BE 
D IR E C TE D  TO  T H E  R E G U LA T E D  SECR ETO RY P A T H W A Y  BY 
D IM E R IZ A T IO N  W IT H  BDNF. H .F, Farhadi. S.J. M owla, K. Petrecca. 
T.E. Kennedy* S.J. M orris. N.G. Seidah1* and R.A. Murphy . Montreal 
Neurological Institute, M cG ill University, Montreal, QC HЗA 2B4. Ч ľR IM , 
Montreal, QC H2W  1R7, Canada.

Neurotrophin-3 (NT-3) has an essential role in the development o f specific 
populations o f neurons. W hile much is known about the spatiotemporal 
expression o f the protein, the mechanism by which NT-3 is secreted remains 
to be identified. In a previous study from  our lab (M ow la et al., 1998) we 
demonstrated that NGF is prim arily secreted w ith in  the constitutive pathway 
whereas BDNF is principally directed to the regulated secretory pathway. In 
the present study we used a vaccinia virus (V V ) expression system to express 
NT-3 in AtT-20 cells to examine the mechanism o f secretion o f NT-3. Results 
obtained from  pulse-chase experiments, secretogogue-induced release, and 
immunocytochemistry suggest that NT-3 is released constitutively, as is the 
case for NGF. Co-expression o f NT-3 and α l-P D X , a selective inh ib ito r o f 
furin-Iike enzymes, partially inhibits NT-3 processing and directs some o f the 
protein to the regulated pathway. By co-infecting cells w ith  V V  coding for 
BD NF and NT-3, we have been able to form  heterodimers o f the two 
proteins. We show that the heterodimer is prim arily sorted to the regulated 
pathway. Therefore one neurotrophin can direct the sorting o f another w ith in 
brain neurons.
Supported  by M R C  Canada (RAM  and  NGS) a n d  Iranian M C H E  (SJM)

318.5

GENERATION OF NT-3 CONDITIONAL KNOCKOUT MICE.
L. M a and L. F. Parada*. Center fo r Developm ental B io lo gy , 
Un iv, o f Texas Southwestern M edica l center , Dallas, T X  75235.

N euro troph in -3  (N T -3 ) is a member o f the neuro troph in  
fa m i ly  m o le c u le s  th a t s u p p o rt the  s u r v iv a l and 
d if fe re n tia t io n  o f neurons d u rin g  em b ryo n ic  deve lopm ent 
and a fte r b irth . N T-3 knockout m ice have defects in  many 
parts o f  the perip hera l nervous system such as loss o f 
m uscle spindles, G o lg i tendons and a m a jo r ity  o f T rkC  
expressing dorsal roo t gang lion  neurons. N T -3  knockou t 
m ice die w ith in  several days postnata lly . To fu rthe r study 
the function  o f N T-3 in  a more defined and specific way, we 
have generated a mouse strain in  w h ich  N T -3  gene can be 
deleted in  a tissue or tem poral specific  manner. A  construct 
was made that NT-3 gene was flanked by two loxP sites o f the
E .co li C re-loxP  system. A fte r  transfection  th is construct in to  
ES ce lls , tw o clones were obta ined w ith  both  5' and 3' 
hom ologous recom bination. N T-3 gene w ou ld  be successfully 
de le ted  upon tra n s fe c tio n  w ith  C re -e xp re ss in g  p lasm id . 
W e've got germ line transfer o f the altered N T -3  gene. We 
ca ll these m ice as N T З -loxP  m ice. C u rren tly  the N T З-loxP  
m ice are being bred to a synapsin l-C re mouse stain to study 
the effect o f NT-3 deletion in CNS where the function  o f NT-3 
is s t i l l  obscure. A lso  mouse stra ins tha t express Cre 
spec ifica lly  in  skeletal muscle and cardiac muscle tissues are 
in  progress and w i l l  be bred to the N T З-loxP  m ice to study 
the e ffe c t o f N T -3  d e p le tio n  in  m uscle  ce lls  on the 
d iffe re n tia t io n  and s u rv iv a l o f  the in n e rv a tin g  neurons. 
(su p p o r ted  by N IH  R01 N S 3 3 1 9 9  )

318.2
SIGNIFICANCE OF NT-3 IN OLIGODENDROCYTE PROGENITOR CELLS. &  
Kumar. M.A, Kahn, D, Licbl. L.F, Parada and J. de Vcllis*. Mental Retardation 
Research Center, Departments of Psychiatry and Neurobiology, UCLA, School of 
Medicine, Los Angeles, CA 90024-1759.

The presence of a full-length TrkC receptor for neurotrophin-3 (NT-3) in 
oligodcndrogliai (OL) cells 1ms been described (Kumar and de Vellis, J Neurosci. Res. 
44:490-498, 1996). We liave identified a population of bipolar progenitor cells in the 
OL lineage that responds to NT-3. In these cells, a cascade of PTK-mediated signal 
transduction events are recognized involving autophosphorylation of receptor, 
activation of p2Iras and mitogen activated protein kinase, ERK2. The NT-3-mediated 
PTK-response is sensitive to the presence of K252a, an inhibitor of the tyrosine kinase. 
We explored a possible proliferation, cell survival, and differentiation role of NT-3 in 
the progenitor OL cells in vitro and in vivo in the presence and absence of platelet 
derived growth factor (PDGF-AA), a known potent mitogen for progenitor OL cells. 
We find tlmt NT-3 promotes progenitor OL cells' commitment to enter into S-phase of 
the cell cycle to initiate DNA synthesis in a manner similar to PDGF-AA. 
Furthermore, NT-3 augments the proliferation capacity o f PDGF-AA when added 
together. In corroboration with our in vitro studies, in vivo results have shown an 
increase in the progenitor OL marker, glycerol phosphate dehydrogenase (GPDH), 
following an intracerebral injection of NT-3, PDGF-AA or a combination of both 
growth factors into PN4 rats. The most significant increase in GPDH expression was 
observed when both growth factors were administered together. The cell survival study 
rev ealed cleavage of poly (ADP-ribosc) polymerase (PARP) in the progenitor OL cells 
lacking NT-3 or PDGF-AA, suggesting the presence of an ICE-like protease-mediated 
activity. In agreements with these findings, examination of NT-3 knockout mice has 
revealed a marked reduction in OL cell numbers when compared to their wild type 
counterpart. (Supported by NICHDO6576).

318.4
NEUROTROPHIN-3 EXPRESSION IN THE M OUSE ENTORHINAL CORTEX  
S. Bichet*, and E. Castrén. A.I.Virtanen Institute, University o f Kuopio, P.O.Box 
1627, FIN -70211 Kuopio, Finland.

Neurotrophin-3 (NT-3) is a member o f the NGF-related family o f neurotrophic 
factors. These factors are expressed very early during development in peripheral as 
well as central nervous system suggesting an important role during development. NT- 
3 is among the earliest neurotrophic factors expressed in the embryonic nervous 
system since it was shown to be expressed in the neural tube and in neural crest cells. 
In the brain, the expression was shown to be restricted to the hippocampus in adult, 
and transient in cingulate cortex during the 2 weeks postnatal.

Here we show the expression o f NT-3 in the limbic cortex during pre- and 
postnatal development. As a model for NT-3 expression in the brain we used 
transgenic mice where the gene for NT-3 was replaced by the LacZ gene by 
homologous recombination (Farinas et al. 1994). By a standard LacZ staining we were 
able to identify the NTЗ/LacZ areas o f expression. Interestingly, NT-3/LacZ is highly 
expressed in the entorhinal cortex from embryonic day 18.5 and the expression is 
maintained in adult, although at lower levels. In situ hybridization experiments in rat 
brain showed a similar pattern o f expression in the developing entorhinal cortex but 
this latter method was not sensitive enough to see the expression in adult.

Since the entorhinal cortex establish connections with different brain regions and 
particularly with the dentate gyrus, we are currently studying the regulation o f the 
expression o f NT-3 in entorhinal/hippocampal slice culture and in dissociated 
neuronal culture from entorhinal cortex.
This study was supported by the Sigrid Juselius Foundation and the Academy of 
Finland.

318.6
Q UAN TITATIVE RT-PCR TO AN ALYSE THE EXPR ESSIO N OF NT-3 
IN THE DEVELO PIN G  M OUSE SPIN AL CORD.
K·A. Bailey* and A. G ibbons. Dept, o f B iological Sciences, M onash 
University, C layton, Vic. Austra lia  3168

During the deve lopm ent o f the nervous system  there is a period of 
large scale neuronal death. A t this stage, neurons are dependent on 
the presence o f neurotrophic factors to support the ir survival. Many 
neurotrophic factors have been shown to support m oto r neuron 
survival during this critical stage, including m em bers o f the 
neurotrophin fam ily such as BDNF, NT-3 and NT-4/5. W e are 
in terested in understanding the expression levels and cellu lar 
distribu tion o f these factors and the ir receptors in the deve loping spinal 
cord. Such an understanding will a llow  us to study the regulation o f 
neurotrophin expression and the in teraction between the different 
factors and receptors. W e have used quantita tive RT-PCR to analyse 
the levels o f m RN A fo r the neurotrophin NT-3 at various stages o f 
developm ent. O ur studies indicate tha t NT-3 m R N A is present in the 
spinal cord before em bryonic day 12 (E12) and increases in 
concentration during deve lopm ent. This corresponds to an increase in 
NT-3 m RN A levels during the period o f natura lly occurring neuronal 
death. By day E15 - E16 the levels s tart to  decrease a lthough NT-3 
m RN A can still be detected in the spinal cord fo llow ing birth.
Support: ARC sm all research grant.
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318.7
NEURAL, IMMUNE, AND ENDOCRINE TISSUES CONTAIN 
IDENTICAL NEUROTROPHIN-3 PROHORMONE ISOFORMS I
Lakshmanan. I. Geerling. M.G. Ervin* and M. Reinshagen. Harbor-UCLA 
Medical Center, Torrance, CA, Vysya College, Salem, India and University of 
Ulm, Ulm, Germany.

At variance to the presently held view that NT-3 precursor is processed into 
mature NT-3 immediately upon its arrival to trans-Golgi network (FEBS Lett. 
379:247, 1996), we recently reported the presence of 80 and 32 kDa NT-3 
prohormone isoforms in human and rat hippocampus (the site of synthesis) (Soc. 
Neurosci. Abs. 23:134.2, 1997 and Ann. Neurol. 42:500, 1997). In the present 
study, we have extended our investigation to examine the product of the NT-3 
gene in immune and endocrine tissues. Freshly dissected rat pituitary gland and 
mouse spleen were homogenized in 2OmM tris-HCl buffer, pH 8.8 containing 
NaCl (ЮmM), EDTA (ImM), NP-40 (0.5%), and Na-deoxycholate (0.5%) using 
a tíssuemizeг. The homogenates, diluted (1:5) with Laemmli’s electrophoretic 
sample buffer, were processed for Western analysis and the immunoreactive 
bands were identified with chemiluminescence using the ECL reagent or I ^ 5 ,  
labeled goat anti-rabbit IgG. Antibody to prepro-NTЗ (-72 to -111) 
immшюstained two distinct bands with molecular masses of 80 and 32 kDa. 
Both forms of NT-3 prohormones were present in both pituitary and spleen. 
Studies are in progress to determine the molecular nature of the BDNF- and NT- 
5 gene products. In summary, the definitive presence of similar molecular 
species of NT-3 prohormone suggests that these two isoforms may mediate the 
physiological functions of the NT-3 gene in neural, immune, and endocrine 
tissues. Support: Vysya college fund andl DFG789/2-2.

318.9

PERSEPHIN IS A GLIAL CELL-DERIVED NEUROTROPHIC  
FACTOR. J. Jaszai. L. Farkas. B. Reuss, J. Strelau. K. Unsicker and
K. Krieglstein*. Neuroanatomy, University of Heidelberg, INF 307, 
D-69120 Heidelberg.

Persephin (PSP) is the m ost recently discovered  m em ber o f  the  
G D N F fam ily o f  neurotrophic factors. G D N F has been show n to be 
w idely  d istributed in the nervous system ; its cellu lar localisation  is pre
d om in antly neuronal. T he d istribution  o f  P SP  in the nervous system  is 
largely unknow n. W e have used an R T -P C R  approach  to start address
ing the putative functional sign ificance o f  PSP  by determ in ing sites o f  
its synthesis in the neonatal rat brain . G en erally , tw o tran scrip ts w ere  
found. N eural tissues analysed include cortex , h ippocam pus, striatu m , 
di¯ and m esencephalon, cerebellu m , hindbrain  and sp inal cord (cervi
cal, thoracal and lum bar) as w ell as su p erior cervical and d orsal root 
ganglia. As non-neuronal tissues sciatic nerve, optic  nerve and prim ary  
astroglia l cultures w ere included as w ell. A s all la tter  tissues w ere  
strongly  pos. for PSP  m R N A  w e postu late that g lia l cells are the cellu lar  
source o f  PSP  synthesis resu lting in its a lm ost un iform  expression  in the  
nervous system . To test the hypothesis w h eth er P SP  m ight act as a 
target-derived  factor, as suggested for G D N F , the m otoneuron  axis has 
been analysed . PSP  is synthesized in skeleta l m uscle and, to a higher  
extent, in the sp inal cord. H ow ever, s in ce expression  levels o f  PSP  
m R N A  do not d iffer betw een thoracic and lum b ar segm en ts, it is un
likely  that m otoneurons represent the predom inan t site  o f  its synthe
sis. W e conclude that PSP  is synthesized  th rou gh ou t the nervous 
system , its cellu lar source being predom inan tly  g lia . Supported by DFG.

318.11
NEUROTROPHĬN AND GDNF MESSENGER RNAS ARE EXPRESSED IN 
DEVELOPING HUMAN TEETH. C.A. Nosrat1*. ļ, N〇SГaŧl . À. Seieer2. L. Olson1. 
Depts. of 1 Neuroscience and 2Clinical Neuroscience and Family Medicine, Karolinska 
Institute, Stockholm, Sweden.

Neurotrophic factors regulate survival, differentiation, growth and plasticity in the 
nervous system. In addition, neurotrophic factors have been implicated in morpho
genetic events during tooth development in rodents, based on their specific and shifting 
temporospatial expression patterns.To determine whether these findings in rodents 
could be related to humans, we have now studied nerve growth factor (NGF), brain 
derived neurotrophic factor (BDNF), neurotrophin 3 (NT-3) and glial cell-line derived 
neurotrophic factor (GDNF) mRNA expression patterns in developing teeth of humans. 
Aborted human fetal tissues were obtained by procedures approved by a human ethical 
committee. Using in situ hybridization histochemistry, we found distinct and specific 
patterns o f neurotrophin and GDNF mRNA expression in the developing human teeth. 
NGF mRNA levels were low and confined to scattered positive cells predominantly in 
the dental mesenchyme. BDNF mRNA was expressed with higher levels and was seen 
in the mesenchyme located laterally to the dental organ, as well as in epithelial struc
tures (inner dental epithelium and enamel knot). NT-3 mRNA was observed in localized 
areas in the inner and outer dental epithelium and in cells in the dental mesenchyme. 
GDNF mRNA was found in the dental follicle and with higher levels at different sites in 
the inner dental epithelium. Based on these findings, we suggest that neurotrophins and 
GDNF might be involved in morphogenetic events during tooth development also in 
humans.

Supported by the Faculty of Dentistry, Karolinska Institute.

318.8
IMMUNODETECTION OF GDNF PROHORMONE AND ITS 
PROCESSED PROTEINS IN HIPPOCAMPUS K Huff*. I. Geerling. V.E. 
Evsselein. and M. Reinshagen. Haibor-UCLA Medical Center, Torrance, CA 
90502 and University o f Ulm, Germany.

We recently reported immunoblotting evidence for the presence of NGF- and 
NT-3 prohormone isoforms in mouse, rat, and human hippocampus. These 
findings together with the presence of proBDNF-derived proteins in recombinant 
BDNF preparations prompted us to examine the molecular nature of GDNF in 
the hippocampus. Freshly dissected rat and mouse hippocampal tissues were 
frozen on dry ice and then homogenized in 2OmM tris-HCl buffer, pH 8.8 
containing NaCl (ЮmM), EDTA (ImM), NP-40 (0.5%) and Na-deoxycholate 
(0.5%) using a tissuemizer. The homogenates diluted (1:5) with Laemmli's 
electrophoretic sample buffer, which were processed for Western analysis and 
immunoreactive bands were detected using I ̂ - la b e led  goat anti-rabbit IgG. 
The antibody to the prepro-GDNF domain sequence 87 to 100 strongly 
immшюstained two proteins with molecular masses of 56 and 47 kDa and 
moderately immшюstained proteins with molecular masses of 30, 28, and 19 
kDa. The antibody to prepro-GDNF domain sequence 51 to 61 strongly 
immunnreacted with multiple proteins that migrated between 38 and 46 kDa. In 
addition, the antibody immшюstained proteins with molecular masses of 67, 21, 
and 19 kDa. The comigration of protein (42kDa) that was immunoreactive to 
both antibodies suggests the existence o f post-translationally modified 
unprocessed GDNF prohormone. The presence of proteins that were 
immunoreactive either to mature (domain 87 to 100) or pro-region (domain 51 to 
61) specific antibodies suggests that the limited processing of the GDNF 
prohormone generates proteins containing either the mature or pro-region o f the 
precursor. Support: IBD Center; DFG 789/2-2.

318.10
U L T R A S T R U C T U R A L  A N A L Y S IS  OF A C T IV IT Y -D E P E N D E N T  
N E U R O T R O P H IN  R E L E A S E  IN  H IP P O C A M P A L  P R IM A R Y  
C U L T U R E S  T R A N S D U C E D  B Y  A D E N O V IR U S  
A . Gartner*, Y . Sĥostak, H T h o e n e n . M ax  P lan ck  Institute o f  
N eu ro b io lo g y , A m  K lop fersp itz  18A , 8 2 1 5 2  M artinsried, G erm any  

To elu cid ate the role o f  neurotrophins (N T s) in activ ity-d ep en d en t  
neuronal p lastic ity  it is m andatory to lo ca lize  the s ites  o f  their activ ity-  
dependent release at the cellu lar lev e l. N T 6 , a f ish  N T , shares conserved  
reg ion s w ith  the other N T s but ad d ition ally  contains a heparin binding  
dom ain  m ed iatin g  the adhesion  o f  th is m o le c u le  to c e ll  surface heparan  
su lfate  proteoglycan s. Therefore N T 6 is su itab le  to  id en tify  the sites o f  
a ctiv ity -d ep en d en t N T  secretion  a v o id in g  d iffu sio n  artefacts. N T 6  w as  
overexp ressed  in p ostm ito tic  h ippocam pal neurons in order to obtain  
detectab le quantities o f  N T 6  release. This w as a ch iev ed  b y  constructing  
a replication defic ien t adenovirus carrying m y c-ta g g ed  N T 6 under the 
control o f  a C M V -prom otor. W e  sh o w ed  that N T 6  is released  upon KC1 
d epolarization  b y W estern  blot. The su b cellu lar d istribution at the light  
m icro sco p ic  lev e l corresponds to that o f  B D N F m y c  and N G F  in 
hippocam pal neurons: a patchy sta in ing a lon g  th e p rocesses and the  
so m a  cou ld  b e c o lo ca lized  w ith  E R  and G o lg i m arkers. T he surface  
distribution o f  N T 6  after stim ulation  w ith  5OmM KC1 w a s m onitored by  
im m u n oh istoch em istry  at the E M  lev e l and quantitated by stereo log ica l 
procedures. The N T 6m y c released  b y  depolarization  preferentially  
labelled  the surface o f  the neurites as com p ared to the c e ll som a.

318.12
EXPRESSION OF GDNF, RET AND GFR-o⅛/GFR-c⅛ DURING THE 
ΊΊMECOURSE OF EXPERIMENTAL COLΓΠS IN THE RAT. M
Reinshagen1. J. Engele2, J, Lakshmanan3*. I. Geerling1. Ң, Rohm1 . V.E. 
Evsselein3. 'Department of Medicine I and 2Department o f Anatomy and Cell 
Biology, University of Ulm, ⅛>ivision o f Gastroenterology, Harbor-UCLA 
Medical Center, Torrance, CA.

GDNF knockout mice lack most o f their enteric innervation. Since the enteric 
nervous system is crucial for mucosal defense we examined the expression of 
GDNF and its receptor complex components RET/GFR-α during different stages 
of experimental colitis. Normal and inflamed colon, removed at 4h, 8h, Id, 3d, 
7d and l4d were examined for mRNA specific for GDNF, RET, GFR-α, and 
GFR-o⅛ by RT-PCR. Additionally the tissues were processed for 
immunohistochemistry and immunoblotting analysis with polyclonal antibodies 
(Pro-Hormone Science, CA) specific to domains in the mature GDNF and in the 
proregion o f the GDNF precursor. RT-PCR revealed an upregulation of mRNA 
for GDNF, RET and GFR-α2 during the first 24 h after induction of colitis. 
There was intense staining of the myenteric and submucosal plexus as well as 
epithelial cells in normal colon. During inflammation, there was additionally a 
marked increase o f staining near the base of the crypts and in the inflammatory 
cells infiltrated in the lamina propria. Both the mature GDNF domain specific 
antibody and the pro-GDNF domain specific antibody (AA 51-61) 
immшюstained similar molecular species of protein (47 and 56 kDa) by western 
analysis. The intensity of the immunoreactive bands was upregulated during the 
course o f inflammation. In summary, the upregulation of mRNA for GDNF, 
RET and GFR-α，ı and GFR-o⅛ and the proteins immunoreactive to mature and 
pro-GDNF domain specific antibodies implies a role for the GDNF-gene and its 
products in the pathophysiology of colonic inflammation.
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318.13
GDNF¯PRODUCING ASTROCYTES PROTECT NIGRAL NEURONS FROM 
6-HYDROXYDOPAMINE-INDUCED NEUROTOXICITY IN A MOUSE 
MODEL OF PARKINSON’S DISEASE. C  Su. M C  Mondloch and L.A. 
Cunningham*. Dept, of Neurosciences, Univ, of New Mexico Sch. Medicine, 
Albuquerque, NM 87131.

We previously described a recombinant murine retrovirus that confers 
GDNF expression to purified type I mouse astrocytes in culture (115 pg 
GDNF/24 h/105 cells; Su et al., 1997, Soc. Neuгosci. Abstr.). GDNF expression 
was found to persist for at least four weeks following implantation o f the 
retгoviгally transduced asưocytes into the adult mouse striatum (3-5 pg 
GDNF/mg). To determine whether GDNF-producing astrocytes provide 
neuroprotection to nigral dopaminergic neurons, adult mice received 
ίntranigral grails of normal asưocytes or asưocytes infected with the GDNF 
refrovίral vector ( 100,000 cells in 2 µl saline) followed 6 days later by an 
intгastriatal injection of 6-OHDA (16 µg) on the same side. Neuroprotection 
was evaluated at two weeks using immunocytochemical and behavioral 
measures. The amount o f tyrosine hydroxylase immunostaining in the pars 
compacta region o f the substantia nigra on the lesioned side was 89 + 19% of  
that on the unlesioned side in mice receiving GDNF-producing asưocytes, 
compared to 6 + 3% and 14 + 6  % in mice receiving normal asưocytes or 6- 
OHDA only. Similarly, the rate o f amphetamine-induced rotational behavior 
(5 mg/kg, i.p.) was dramatically improved in mice that received GDNF- 
producing asưocytes (0.7 + 0.7 turns per minute; tpm) compared to mice 
receiving normal asưocytes (5.4 ±  1.4 tpm) or 6-OHDA only (11.9 ±  4.8 tpm; 
n=8-9/gгoup). HPLC analysis is currently underway to determine whether the 
neuгoprotective effects of GDNF-producing astrocytes are also correlated with 
increased nigral and/or striatal dopamine content. Supported by NINDS 
NS32562 and by the National Parkinson’s Foundation.

318.15
HUMAN N E U R O B L A S T O M A  A N D  G L IO B L A S T O M A  CELL L IN E S  
DIFFERENTIALLY R E G U L A T E  G L IA L  CE LL LIN E -D E R IV E D  
NEUROTROPHIC FA C TO R  (G D N F ) E X P R E S S IO N  A . N . V erity*. 
T. L. W vatt. W . H . L ee . P. A . Baeckeг and R. M . J o h n so n . D ept, o f  
Molecular and C ellular B ioch em istry , Center for B io lo g ica l R esearch , 
Neurobiology U nit, R och e  B io sc ie n c e , Palo  A lto , C A  9 4 3 0 4 .

We have screened hum an neuronal and glial cell lin es for secretion o f  
GDNF by enzym e linked im m unosorbant assay  (E L IS A ). S K -N -A S  
neuroblastoma and U -8 7 M G  gliob lastom a ce lls  secreted relatively h igh  
basal levels o f  G D N F . In resp on se to a w id e  range o f  grow th  factors, 
cytokines and pharm acophores the tw o  cell lin es differentially  regulated  
GDNF release. A  2 4  h exp osu re to the proinflam m atory cy to k in es , 
tumor necrosis factor-α (TNFoc; 10 ng/m l) or interleu kin-lß  (ÍL -lß ; 10 
ng/ml), induced G D N F  release 4 - and 14-fo ld  resp ectively  in U -8 7 M G  
cells, but repressed G D N F  release from  S K -N -A S  ce lls  b y  as m uch as 
80%. Fibroblast grow th  fa cto r -1, -2 , and -9  (5 0  n g /m l), the 
prostaglandins, P G A 2, P G E 2 and P G I2 (1 0  µM ), phorboł 1 2 ,1 3 -  
didecanoate (1 0  nM ), okadaic acid (1 0  n M ), dexam ethasone (1 µM ), 
vitamin D 3 (1 µm ) and 5 0  m M  K C L  a lso  differentially  affected G D N F  
release from  U -8 7 M G  and S K -N -A S  ce lls . A  result shared b y  both cell 
lines w as a 2 -3 -fo ld  increase in G D N F  release b y  d b -cA M P  (1 m M ) or  
forskolin (1 0  µM ). R T -P C R  analysis o f  steady state G D N F  m R N A  
levels correlated w ith  ch an ges in exưacellu lar G D N F  lev e ls  in U -8 7 M G  
cells but, w ith  the excep tion  o f  KC1 treatment, rem ained static in S K -N -  
AS ce lls . Our studies su g g est G D N F  exp ression  can be regulated by  
multiple sign alin g  pathw ays and that syn th esis/release m ay be  
differentially controlled in ce lls  o f  glial (U -8 7 M G ) and neuronal (S K -N -  
AS) phenotype.

318.17
INFLUENCE BCL-2 GENE FAMILY EXPRESSION A N D  REGULATION  
OF APOPTOSIS IN DRG N EURONS DURING  DEVELOPM ENT J. X. 
Tong*. M. A. Voeelbaum. R, Perugu. X. Zheng, and K. M. Rich 
Department o f  Neurological Surgery, W ashington University School o f  
Medicine, St. Louis, MO 63110

Trophic factor withdrawal induced apoptosis in developing dorsal root 
ganglion (DRG) neurons is a model system  for investigation o f  the regulation 
o f apoptosis. As is the case in vivo, embryonic rat DRG neurons initially 
require nerve growth factor (NGF) for survival in vitro, but after 21 days in 
culture most neurons survive without it. W e have extended these 
observations by examining whether AK T activation could be under 
developmental control, as well, and whether the changes in BA X  and BCL-X  
observed in vitro  are also found in vivo. W e examined AK T activation by 
Western blot analysis o f  Ser473 phosphorylation o f  this protein in day-in
culture (DIC)-5 and D IC -2 l  neurons in the presence and absence o f  NGF. As 
expected we found that withdrawal o f  NGF in DIC-5 neurons resulted in loss 
o f AKT phosphorylation. However, w e could not detect phospho-AKT in 
DIC -2l neurons either in the presence or absence o f  NG F. Consistent with 
our in vitro  data, w e found that BA X  levels dramatically declined to 
undetectable levels in dorsal root ganglia dissected from rat pups between 
post-natal days 0 to 19. Remarkably, BCL-X levels rose dramatically over 
this time period, resulting in a BA X/BC L-X ratio decrease o f  much greater 
magnitude, in  vivo, than observed in  vitro . W hile these results support our 
conclusion that regulation o f  apoptosis in DRG neurons may occur at the level 
o f  bcl-2  gene family expression, they raise the possibility that the signal 
transduction pathway may be interrupted at the level o f  AK T activation.

This work was supported by Nil I grant 2 R01 NS 29477-05 and McDonnell Center 
for Cellular and Molecular Neurobiology in Washington University.

318.14
REGULATION OF GLIAL CELL LIN E-DER IVED  
NEUROTROPHIC FACTOR (GDNF) EXPRESSIO N IN

Ч.J.S. Treanor. Depts. o f neuroscience & ^Clinical Resources, Amgen Inc. 
Thousand Oaks, CA 91320

GDNF was originally purified from a glioma cell line based on its 
ability to stimulate dopamine uptake in primary ventral midbrain cultures. 
Subsequently, GDNF was also shown to be a potent neuroưophic factor in 
other types o f neurons, such as motoneurons. GDNF is being developed as 
therapeutic molecule to treat certain neurodegerative diseases. It will be 
important to understand the molecular events which regulate GDNF expression 
and secretion. The potential design and development o f small molecules with 
the capacity to cross the blood-brain barrier and up-regulate GDNF production 
in patients with neurodegenerative diseases such as Parkinson’s or ALS would 
have numerous advantages. In the developed nervous system, GDNF is 
expressed at extremely low levels. Therefore, we chose rat C6 glioblastoma 
cells as our model system to investigate the regulation o f GDNF gene 
expression and protein production. The effect o f certain ligands o f nuclear 
receptors on GDNF gene expression was measured by using Prism PCR, a 
sensitive and quantitative PCR method. In a dose responsive manner, 1,25- 
dihydrovitamin D3 (VD3), a metabolically active form o f vitamin D3, up- 
regulated GDNF gene expression by up to 9-folds. Comparable increase of 
GDNF protein was also detected in culture medium by GDNF ELISA. 
Similarly, ưeatment o f 9-cis-retinoic acid (9cRT) or all-ưans-retinoic acid 
increased both GDNF mRNA and GDNF protein in cultured C6 cells. It is well 
known that receptors for 9cRT and all-trans RT or VDЗ form receptor 
heterodimers, further research will address if  additive effects exist in co-treatment 
o f these compounds. (Sponsored by Amgen Inc.)

318.16
EXPRESSION OF NEUREGULIN RECEPTORS (ErbB2-4) IN ADULT RAT  
BRAIN. K. Gerecke*S.L. Carroll and J.M. W vss . Depts. o f  Cell B iology and 
Pathology, Univ, o f  Alabama at Birmingham, Birmingham, AL 35294.

The neuregulin (NRG) family o f  growth and differentiation factors and 
their erbB receptors play essential roles in the normal development o f  the 
peripheral and cenfral nervous systems. Although the region-specific 
disfribution and function o f  these proteins during embryonic and early 
postnatal development has been examined, little is known regarding the 
localization and role o f  these m olecules in adult brain. In the present study, 
w e focused on the expression and imm unocytochem ical localization o f  
ErbB2-4 in the adult (60 day old) rat brain. Northern blot and ribonuclease 
protection assays demonsfrate that all three erbB receptors are expressed in 
multiple regions o f  mature rat CNS. Brain regions containing erbB 
receptors were identified by labeling coronal and sagittal brain sections with 
rabbit polyclonal antibodies recognizing individual ErbB receptors; signals 
were detected by tyramiđe signal am plification with diaminobenzidine 
deposition. Cell types expressing these proteins were identified by 
multilabel im m unofluorescence using glial and nuclear (bisbenzamide) 
stains. ErbB2 immunoreactivity was observed in association with both 
neurons and glia as w ell as with a dense punctate pattern in neocortex and 
hippocampus. Staining for ErbBЗ was more resfricted, being particularly 
intense on glia. ErbB4 was densely expressed throughout adult rat brain, 
and was localized primarily (although not exclusively) in the cytoplasmic 
compartment o f  neurons; erbB4-positive neuronal populations were found in 
multiple cortical regions including hippocampus, cerebellar granular neurons 
and several brainstem nuclei. In contrast, double-label immunohisto- 
chemistry indicates that asfrocytes are not erbB4 immunoreactive. Thus, in 
the mature rat brain, erbB receptors are w idely expressed, suggesting that 
NR G s and their erbB receptors continue to perform important functions well 
after initial connections mature in the postnatal animal. Supported by NIH.

318.18
NEƯROTROPHIN EXPRESSION IN THE DEVELOPING OLFACTORY 
SYSTEM: POTENTIAL FOR ANTEROGRADE EFFECTS. K. M. Guthri¿⅛nd 
Ç, M. Gall. Department of Anatomy and Neurobiology, University of California, 
Irvine, CA 92697.

Neurotrophins play critical roles in the survival and differentiation of 
many neuronal populations at early developmental stages. Recent studies have 
expanded on the hypothesis that innervating neurons obtain trophic support in a 
retrograde manner and have proposed that anterograde mechanisms contribute to 
development of postsynaptic neurons in tлe CNS. It is weľ； established that the 
olfactory nerve has an organizing effect on the forebr. in and may induce 
development of the olfactory bulb from rostral telencephalon. To determine the 
types and distributions of neurotrophins and trk receptors expressed in the 
olfactory system during forebrain innervation, we examined expression of 
mRNAs for nerve growth factor (NGF), brain-derived neurotrophic factor 
(BDNF), neurotrophin-3 (NTЗ), trks and p75 in the rat brain from embryonic 
day (E) 12, through day of birth, using in situ hybridization. Low levels of 
BDNF mRNA and high levels of NTЗ mRNA were present in olfactory 
epithelium from E l 4-El 6, with levels declining at later ages. NTЗ mRNA was 
also transiently expressed in the developing neocortex and olfactory bulb from 
E14-E16. Trk mRNA was not detected in the epithelium at any age examined, 
however both trk B and C were expressed at high levels in the developing 
forebrain and bulbs by E14, with trk B showing a distinct laminar distribution. 
Trk A expression was not detected in the brain or epithelium at any age, 
however NGF cRNA densely labeled superficial bulb at E l 6 and mRNA for p75 
was expressed by cells in the lamina propria and along the olfactory nerve 
pathway at E l6. The spatial and temporal distribution of neurotrophin and trk 
expression suggests that the sensory epithelium may provide anterograde trophic 
cues to forebrain and olfactory bulb during early development.
Supported by N1DCD grants DC-ODOЗO5l and R29DC03547 to K. M. G.
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319.1
G A B A -M E D IA T E D  E X C IT A T O R Y  S Y N A P T IC  C U R R E N T S  A R E  
P O T E N T IA T E D  B Y  N E Ư R Ö T R O P H IN -3  IN  D E V E L O P IN G  
H Y P O T H A L A M IC  N E U R O N S  A T  A  P R E S Y N A P T IC  SITE. X. -B. 
Gao* and A.· N. van den Pol. Departm ent o f  Neurosurgery, Ya le  
University School o f Medicine, New Haven, C T 06520.

Neurotrophic factor-3 (N T-3) supports the survival and differentiation 
o f various types o f neurons in  both the central and peripheral nervous 
systems. Electrophysiological actions o f  NT-3 have not been examined 
in  developing CNS neurons. In  th is study, the effect o f  NT-3 on 
developing G A B A erg ic  synapses was investigated in  hypothalam ic 
neurons. Neurons from  dorsomedial hypothalami were dissociated from  
the brains o f E15-E18 Sprague-Dawley rat embryos and cultured in  
serum-free medium. W hole-ce ll recordings were made on 3-7 days old 
neurons in  the presence o f C N Q X and AP5. M inutes after application, 
NT-3 induced a substantial dose-dependent and long-lasting potentiation 
o f spontaneous postsynaptic cuưent (sPSC) frequency (160% o f control) 
in  13 out o f 16 neurons. In  contrast, no increase was found in  
synaptically mature cultures. The frequency o f m iniature PSCs in  the 
presence o f tetrodotoxin was also potentiated (157% o f control) by NT- 
3, suggesting a presynapüc locus o f the effect. Bath app lica tion o f 
K252a prevented the enhancement o f  sPSCs frequency by N T-3, 
suggesting NT-3 acts through activation o f tyrosine kinase. Decreasing 
extracellular calcium  w ith  B A P T A  blocked the augmentation o f sPSC 
frequency by NT-3, suggesting the in flu x  o f calcium  was required fo r 
the presynaptic fac ilita tion  o f NT-3. Together, our results suggest NT-3 
enhances G A B A  release during the developmental period when G A B A  is 
depolarizing and raises in trace llu la r calcium . Thus, one mechanism 
through which NT-3 may in fluence neuronal development is through 
presynaptic potentiation o f G A B A  excitation. Supported by N IH  NS 
31573, NS 34887, NSF, and the AFOSR.

319.3
Expression o f a dominant negative Trk B receptor, T l ,  reveals a requirement 
fo r presynaptic signaling in BDNF-induced synaptic potentiation in cultured 
hippocampal neurons. Y.-X. Li. Y. Xu. D. Ju. H.A. Lester. N. Davidson* and E. 
Schuman. Caltech, Division of Biology 156-29, Pasadena, CA 91125.

The neurotrophins, including nerve-growth factor (NGF), brain-derived 
neurotrophin (BDNF) and neurotrophin-3 (NT-3), have fast actions (within minutes) 
on neurotransmission at central and peripheral synapses. The neurotrophins exert 
their effects on synaptic strength by interacting with the Trk family of receptor 
tyrosine kinases. While pharmacological approaches have been useful in elucidating 
BDNF signaling mechanisms, including Trk receptor kinase activity, they do not 
provide an unambiguous assessment o f the contributions o f the pre- or postsynaptic 
cell to signaling. To address the synaptic locus o f BDNF signaling, we constructed an 
adenovirus vector containing a truncated TrkB receptor gene and a GFP reporter gene 
(Ad-GFP-TrkB.Tl) and a control adenovirus vector containing a GFP reporter gene 
only (Ad-GFP). Cultured hippocampal neurons (E l8) were infected with the above 
adenoviral constructs and dual whole-cell recordings were obtained from synaptically 
connected pairs. In experiments in which both pre- and postsynaptic neurons were 
infected by Ad-GFP (n = 11), BDNF induced significant potentiation o f evoked 
EPSCs. In experiments in which both pre- and postsynaptic neurons (n = 8) were 
infected with Ad-GFP-TrkB.Tl, however, none o f the pairs o f cells examined 
exhibited significant synaptic potentiation. Infection o f the postsynaptic neuron alone 
(n = 19) with Ad-GFP-TrkB.Tl did not affect the ability of BDNF to enhance evoked 
synaptic responses. In contract, infection o f the presynaptic neuron alone (n = 15) 
prevented the BDNF-induced enhancement. Similar results were observed for 
BDNF-induced increases in mini frequency. These experiments reveal that in 
cultured hippocampal neurons, BDNF-TrkB signal transduction occurs in the 
presynaptic neuron, leading to a change in the efficacy o f neurotransmitter release.

This work was supported by NIH grant MH-49176.

319.5
NERVE GROWTH FACTOR INCREASES SODIUM CURRENT BUT DOES 
NOT REVERSE THE EFFECT OF AXOTOMY’ ON BULLFROG 
SYMPATHETIC B-NEURONS. William F. Dгvden*. Saobo Lei1, and Peter A, 
Smith Dept, of Pharmacol, and Division of Neuroscience Univ, o f Alberta, 
Edmonton, T6G 2H7, Canada and ‘Dept. Physiol., Univ. Toronto, Toronto, ON, 
M5S 1A8, Canada.

Sciatic nerve section (axotomy) increases both TTX-(tetrodotoxin)-sensitive 
and TTX-insensitive Na+ currents ‰ )  in B-cells of bullfrog sympathetic 
ganglion without altering their kinetics. M-type K + current (Iм) is also increased 
whereas the delayed rectifier K+ current (Iĸ ) is decreased (Jassar et al., J. 
Physiol., 472, 203, 1993 and 479, 353, 1994). We found that similar changes 
occur when B-cells are dissociated and grown in serum-free, defined-medium 
culture in the presence of ЮµM cytosine arabinoside for 15 days. To test 
whether these effects result from loss of availability o f nerve growth factor 
(NGF), we attempted to reverse them by addition o f 200ng/ml ß NGF to the 
cultures. However, NGF promoted a further increase in both TTX-sensitive and 
TTX insensitive components of Ь⅛ without alteration in the ratio of the 
underlying conductances or their activation or inactivation kinetics. Iĸ was not 
restored by NGF and Iм was unaffected. These results argue against the 
hypothesis that axotomy or culture-induced changes in Na+ and K + channel 
properties in sympathetic neurons result from loss o f retrograde supply o f NGF. 
Since the NGF-induced increase in іn3 was blocked by the transcription 
inhibitors, cordecepin (2OµM) or actinomycin D (O.Olµg/ml), NGF appears to 
exert selective control over Na+ channel synthesis without altering synthesis of 
the M- or delayed rectifier type K+ channels.

Supported by Rick Hansen Man in Motion Foundation and MRC o f Canada.

319.2
CHRONIC BDNF TR EATM ENT ALTERS SYNAPTIC TRANSMISSION 
IN  DISSOCIATED HIPPOCAM PAL CULTURES. M . McLean Bolton* and 
Donald C. Lo Dept. Neurobiology, Duke University, Durham, NC 27710.

In recent years, neurotrophins have been implicated as having a major role 
in activity dependent refinement o f synaptic connectivity during 
development. An increasing body o f evidence indicates that exogenous 
neurotrophins rapidly enhance synaptic transmission between hippocampal 
neurons. In contrast, in formation on how long-term neurotrophin treatment 
affects synaptic transmission is just beginning to emerge.

In this context, we examined how chronic neurotrophin treatment alters 
synaptic transmission in dissociated hippocampal neurons. Cultures were 
treated for 1-2 weeks w ith BDNF and compared w ith  untreated controls and 
cultures in which endogenous BDNF was antagonized w ith  TrkB-IgG. We 
found that BDNF dramatically enhanced spontaneous activity, increasing the 
spontaneous action potential firing  rates by 2.5-fold relative to controls. This 
increase in circuit activity is not due to differential neuronal survival, nor can 
it  be explained by a decrease in the number o f inhib ito ry neurons relative to 
excitatory neurons. In fact, BDNF m ild ly  increased the relative number o f 
GABAergic neurons. BDNF did increase the frequency and amplitude o f 
sEPSCs and this may be responsible at least in part for the observed 
enhancement o f synaptic transmission. Other aspects o f excitatory 
transmission, such as the kinetics o f isolated N M D A  sEPSCs were not 
affected by long term BDNF treatment.
Supported by N IH  NS32742 and the M cKnight Foundation (DCL), by N IH  
NRSA M H 1 1519 (M M B).

319.4
SPONTANEOUS SEIZURE-LIKE EVENTS IN DENTATE GYRUS GRANULE 
CELLS IN SLICES WITH MOSSY FIBER SPROUTING AND PERFUSION 
WITH BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF). H.E. Schaгf- 
man‘ ^ *J ·H . Goodman1 and A .L  Sollas1. ⅝ elen Hayes Hosp., W. Haver- 
straw, N Y  10993; ⅛ epts. Pharm. &  Neurol., Columbia U n iv., N Y , NY.

BDNF is a neurotrophin which also appears to affect synaptic transmiss
ion. In hippocampus, mossy fiber (M F) axons o f dentate granule cells(GCs) 
are highly immunoreactive for BDNF, and BDNF appears to enhance exc
itatory transmission from  GCs to their targets by a preferential action on 
MFs (Scharfman, J. Neurophysiol.78,1997). We hypothesized that GCs 
would be BDNF-sensitive under conditions where MFs target GCs, which 
is thought to occur after M F  sprouting. This may be relevant to epilepsy, 
because seizures increase BDNF in MFs, and M F  sprouting can occur in 
epileptics. Therefore, we examined the effects o f BD NF on GCs in rat 
slices after M F sprouting follow ing pilocarpine-induced status epilepticus. 
Recordings were made from  GCs extra- and intracellularly in slices >  2  
months after pilocarpine. A fte r 100 ng/m l BDNF (provided by Amgen- 
Regeneron Partners) bath-application, but not heat-inactivated BDNF, there 
were spontaneous periods o f GC discharge in 3 o f 20 slices w ith particular
ly dense sprouting. A fte r bath-application o f both BDNF and 10/і M  bicucu- 
lline, spontaneous seizure-like events lasting 50ms to > 5 m in  occurred in 
GCs in all slices w ith sprouting (n =  2O), but in no slices without it (n =  10). 
Sprouting was shown by staining slices w ith an antibody to neuropeptide Y 
after the recordings. The results support the hypothesis that BDNF modul
ates M F transmission, that these effects persist after synaptic reorganiza
tion, and that BDNF can be proconvulsant. Supported by NS 30831.

319.6
THE COM PLEX TEM PORAL PROFILE OF BDNF-ENHANCED 
SYNAPTIC TRANSM ISSIO N IN  HIPPOCAM PAL NEURONS. R.A. 
Crozier*. E·S. Levine, Ĩ,B. Black, and M.R. Plummer. FAS Division o f 
L ife  Sciences, Rutgers University, Piscataway, NJ and Dept. Neuroscience 
&  Cell Biology, UMDNJ/Robert Wood Johnson Medical School, 
Piscataway, NJ.

Recent work from our laboratory and others have shown that brain- 
derived neurotrophic factor (BDNF) exerts rapid modulatory effects on 
synaptic transmission. To gain greater insight into the physiological 
relevance o f this phenomenon, we have begun to define the time course o f 
BDNF action and the underlying biochemical mechanisms. Whole-cell 
recordings o f spontaneous excitatory postsynaptic currents (EPSC’s) from 
cultured hippocampal neurons were performed during a 20-minute 
exposure to BDNF. This treatment frequently (13 o f  22 recordings) 
produced a two component response in which an early increase in synaptic 
efficacy (w ithin 5 minutes) was followed by a secondary increase (at 
approximately 15 minutes). The two components were separated by a 
transient decline in activity to nearly baseline levels. O f the 9 remaining 
recordings, 4 exhibited sustained elevation o f  synaptic efficacy without 
clear separation into early and late components, and 5 showed only an 
early response. Preliminary experiments w ith staurosporine have 
implicated protein kinase C in the late response. Neither H-89, an 
inhibitor o f  protein kinase A  nor cycloheximide, a protein synthesis 
inhibitor, affected the early or late component. These studies suggest that 
BDNF-induced enhancement o f synaptic transmission is a multifaceted 
process that can elic it sustained, as well as acute, changes in hippocampal, 
activity. Supported by grants from the N IH  (HD 23315, NS34061).
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319.7
BDNF ACUTELY INCREASES N M D A  RECEPTOR CHANNEL  
OPEN PROBABILITY. E,S. Levine*, R.A. Crozier. G.C. Tombaugh. 
I B, Black, and M.R. Plummer. Dept. Neuroscience & Cell Biology, 
UMDNJ/Robert Wood Johnson Medical School, Piscataway, NJ and 
FAS Division o f  Life Sciences, Rutgers University, Piscataway, NJ.

Members o f  the neurotrophin gene family play important roles in a 
wide range o f  developmental events. In addition to promoting neuronal 
survival and differentiation, these factors also acutely modulate the 
efficacy o f  synaptic transmission in the hippocampus. In the present 
studies, whole-cell and single-channel recordings from cultured 
hippocampal neurons revealed a novel mechanism responsible for 
enhanced synaptic strength. Specifically, brain-derived neurotrophic 
factor (BDNF) augmented responses to iontophoretically-applied 
glutamate, but not acetylcholine. Activation o f  trkB neurotrophin 
receptors was critical, as glutamate currents were not affected by nerve 
growth factor or neurotrophin-3. Single-channel recordings revealed 
phosphorylation-dependent alterations in N M D A  channel open 
probability and number o f  openings, without changes in conductance or 
mean open time. In addition, the N M D A  receptor antagonist MK-801 
prevented the BD N F-induced increase in synaptic activity in cultured 
hippocampal neurons, further suggesting that neurotrophins modulate 
synaptic transmission via changes in NM D A  receptor function. Current 
studies focus on defining neurotrophin actions in hippocampal slices. 
(Supported by NICHD H D 23315 & N IN D S N S 34061)

319.9
NERVE GROWTH FACTOR (NGF)-ACTIVATED CALCIUM 
CURRENTS IN PC12 CELLS M. Jia.1* M. Li.1 H. Jiancf.2 
P.G. Nelson1 and G. Guroff2 laboratory of 
Developmental Neurobiology and 2Section on Growth 
Factors, NICHDƒ NIH, Bethesda, MD 20892

Neurotrophin-mediated calcium uptake appears 
to be a key element in neurotrophin-induced 
synaptic plasticity. The channels involved have 
not been identified and the way in which the 
neurotrophins activate those channels is not 
known. Experiments using 45Ca2+ have shown that NGF 
stimulates calcium uptake into PC12 cells. The 
time course of this stimulation, being maximal at 
between 3 to 4 minutes, is similar to that of the 
effects of the neurotrophins on synaptic 
transmission in cultured neuromuscular junctions. 
Thus NGF-stimulated calcium uptake into PC12 
cells might be a model of events leading to long
term potentiation or other forms of 
neuroplasticity. Accordingly, whole cell calcium 
currents were recorded from PC12 cells with the 
perforated patch technique. Currents were evoked 
by step depolarization from a holding potential 
of -90 mV. 100 ng/ml of NGF increased L-type 
calcium currents by 40% within 2 minutes, and 200 
ng/ml produced a doubling. BDNF induced a smaller 
increase. These data show that in PC12 cells NGF 
increases the function of at least one kind of 
voltage-sensitive calcium channel.

319.11
PROPERTIES OF INDIVIDUAL NT-3- TREATED AXOTOMI2ED MUSCLE 
AFFERENT FIBERS AND THEIR SPINAL PROJECTIONS. L. M. Me∩dell*2.
R. D. Johnson1 and J. B. Munson1. 1Umv. Florida, Gainesville, FL 32610 and 
& ⅛UNY- Stony Brook, Stony Brook, NY 11794.

In previous work (Munson et al., J. Neurophysiol. 1997) NT-3 applied to 
the proximal cut end of the medial gastrocnemius (MG) nerve not only 
prevented the decline of EPSP amplitude elicited in heteronymous 
motoneurons by axoto'mized MG group la fibers, but increased EPSP 
amplitude above values found in intact preparations. Here we report on the 
discharge properties of individual afferents in NT-3- treated axotomized 
nerves and on their central projections. The transected MG nerve in adult 
cats was placed in a GoreTex cuff connected to an osmotic minipump 
containing NT-3 (60µg/ day) for 4- 5 weeks. In terminal experiments under 
Nembutal individual MG afferents recorded in dorsal roots were activated by 
probing and/or stretching the cuff. Presumptive former groups I and II 
afferents maintained their conduction velocity, fiber diameter, stretch 
sensitivity, and slowly adapting discharges ail of which are decreased after 
chronic axotomy with no access to peripheral targets. Moreover, as seen 
previously after acute axotomy or after regeneration into skin, group II 
afferents had a lower stretch threshold and higher incidence of resting 
d¡shaгge while group I afferents were prone to a post-activation high 
frequency discharge. This permitted the use of spike triggered averaging to 
determine whether the enlarged composite EPSP amplitude was due to 
increased single fiber projection frequency or enlarged EPSP amplitude. 
Comparison of composite and single fiber EPSP amplitude is complicated 
by differences in discharge history of the la afferents. However, initial 
observations suggest that the enlarged composite EPSP amplitude beyond 
values observed in intact preparations results from modest increases in both 
the EPSP amplitude and projection frequency of these afferents. Supported 
by NIH. NT-3 from Regeneгon.

319.8
NERVE GROWTH FACTOR (NGF)-INDUCED CALCIUM INFLUX 
AND INTRACELLULAR MOBILIZATION IN ЗTЗ CELLS 
EXPRESSING NGF RECEPTORS H. Jianα.1* Y. Kataairi.1 
Z. Yu.2 K. Takeda.2 G. Dickens.1 A. Chabuk,1 V. 
Ferrans.2 and G. Guroff1 ⅛ection on Growth Factors, 
NICHD, and ⅜athology Section, NHLBI, NIH, 
Bethesda, MD 20892

The neurotrophins have been implicated in acute 
regulation of synaptic plasticity and presynaptic 
calcium uptake plays a key role in this process. 
One of the short-term actions of the neurotrophins 
is to modulate the intracellular calcium levels in 
a number of different cell types. Regulation of 
calcium uptake and intracellular mobilization by 
NGF was investigated in NIH ЗTЗ cells stably 
transfected with either the high-affinity human 
NGF receptor pl4O11* or the low-affinity human NGF 
receptor p75NGFR, using calcium imaging analysis by 
confocal microscopy. In ЗTЗ-trk cells, NGF can 
increase both calcium uptake and intracellular 
calcium mobilization and these effects can be 
blocked by K-252a. In kinase-deficient trk- 
transfected cells, NGF does not induce either 
calcium influx or calcium mobilization. In ЗTЗ-p75 
cells, NGF can induce increased calcium uptake, 
but not intracellular calcium mobilization. Thus 
NGF can utilize both high-and low-affinity NGF 
receptors to alter intracellular calcium levels.

319.10
NEUROTROPHIN EFFECTS ON CAPSAICIN-INDUCED INWARD 
CURRENTS OF SENSORY NEURONS IN THE RAT X.-Q. Shu* and L. M. 
Me∩dell, SUNY- Stony Brook, Stony Brook, NY 11794.

NGF sensitizes the behavioral response to (Lewin et al., J. Neurosci. 1993) 
and the discharge of (Rueff and Me∩dell, J. Neurophysiol. 1996) nociceptors 
to noxious heat, both typically within 30 min. Here we have examined the 
effects of NGF on the response of dorsal root ganglion (DRG) neurons to 
capsaicin whose receptors are present on nociceptors and activated by 
noxious stimuli. Whole cell patch clamp recordings were made from 
dissociated neurons obtained from young adult rats (100- 150g). Small cells 
(< ЗOµ) were selected, virtually all of which had a shoulder on the 
descending limb of the spike characteristic of nociceptors in vivo. An 
electrode containing 1 µM capsaicin was placed close to the patched cell and 
a brief pressure pulse was applied. The resulting inward current averaged 
about 500 pA. The response to a second pulse of capsaicin 10-min. later 
was typically substantially attenuated (by an average of 90%). In cells where 
NGF (20 ng/ml) was bath- applied during the 10 min. interstimulus period, 
the attenuation was substantially reduced (to a mean of 50%). The 2 groups 
of cells were similar in mean diameter and initial capsaicin- evoked inward 
current. In control experiments application of NT-3 resulted in attenuation of 
the second response similar to that for untreated cells. These findings 
suggest that NGF, whose receptor trkA is present on a majority of 
nociceptors, can regulate capsaicin- evoked cuҥents implicated in 
nociception. Previous data indicate that long term exposure to NGF is 
required to maintain capsaicin sensitivity of DRG neurons in culture (Winter 
et al., Neuron, 1988). The present results extend these findings in 
suggesting that NGF can have a short- term effect on capsaicin-induced 
inward cuҥents. This may contribute to the acute sensitizing effects of NGF 
on thermal nociception. Supported by NIH. NGF provided by Genentech.

319.12
NT-3 REVERSES ESTABLISHED SENSORY AND MOTOR NERVE 
CONDUCTION DEFICITS IN DIABEΉC RATS. A.P. Mizisin*. N.A. Calcutt. 
Ш LД ⅛ ∏riшaи ь A· GaLlэghęr, P· Fernyhough. Dept, of Pathology, UCSD, La Jolla, 
CA 92093 and Dept, of Pharmacology, Queen Mary and Westfield College, London E l 
4NS, UK.
Altered expression of neurotrophic factors in nerve and target tissues of 

hyperglycemic rats prompts their use to coưect disorders in diabetes. We investigated 
the ability of NT-3 to reverse established deficits in streptozotocin-diabetic male Wistar 
rats (60 mg/kg ip) by examining nerve conduction, axonal caliber and neurofilament 
composition of sensory and motor components of the peripheral neuraxis. After 2 
months, diabetic rats were either left untreated, or treated with NT-3 (1 mg/kg/ЗX per 
week sc) or insulin (slow-release insulin implants) for an additional month. MNCV 
and SNCV were measured at onset and after 2 and 3 months, and tissue was sampled 
for histology (all time points) and analysis of neurofilament composition (3 months 
only). Over 3 months, conduction velocity increased in control, but not untreated 
diabetic, animals so that MNCV and SNCV in diabetic rats were significantly decreased 
compared to control values after 2 or 3 months of diabetes (all P<0.003). NT-3 or 
insulin treatment completely reversed both conduction deficits. Compared to controls,
3 months of untreated diabetes resulted in significantly decreased mean axonal caliber in 
the dorsal (P<0.05) and ventral (P<0.01) roots and sural (P<0.01), but not peroneal, 
nerve. Insulin, but not NT-3, attenuated decreased mean axonal caliber in the nerve 
roots, while in the distal sural nerve both treatments were effective. No significant 
effects of diabetes or NT-3 treatment on levels o f phosphorylated NF-H levels occurred 
in the peroneal nerve. Diabetes resulted in a significant decrease (P<0.05) in 
phosphorylated NF-H detected by the RT97 antibody in the dorsal and ventral roots that 
was not reversed by NT-3 treatment. In contrast, increased NF-H phosphorylation in 
the sural nerve was reversed by NT-3 treatment. These data demonstrate that NT-3 
treatment can reverse established conduction velocity deficits in experimental diabetes 
in a manner associated with restoration of axonal caliber and NF-H phosphorylation in 
distal sensory, but not motor, nerves. Supported by NIH Grant NS32339.
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319.13
CHRONIC ADENOVIRUS-MEDIATED EXPRESSION OF TRUNCATED TRK 
RECEPTORS IN SKELETAL MUSCLE FIBERS IN VIVO. F.P. Ruggiero. M. 
Gonzalez. 0. Chang. A.L. Cannon. M.M. Rich. S. Kгaner &  R.J. Balice-Gordon*. 
Dept, o f Neuroscience, Univ, o f Pennsylvania Sch. Med., Philadelphia, PA 19104.

When endogenous neuгotrophins are scavenged with chimeric molecules consisting 
of the extracellular high-affinity binding domain of the trkB receptor fused to the Fc 
portion of human IgG, acute and reversible changes in spontaneous and evoked 
neurotransmitter release are observed at adult neuromuscular junctions (Gonzalez & 
Balice-Gordon, this volume). To determine the role o f trk receptor mediated signaling 
in modulating synaptic structure and function on a longer time scale, we are over
expressing truncated forms of trk receptors lacking the tyrosine kinase domain in 
muscle fibers using recombinant adenovirus and studying junctions on infected fibers 
in living mice over time. We have generated an adenovirus construct incorporating 
CMV as a promoter, a mouse trkB .tl cDNA (gift of M. Barbacid) epitope tagged on 
the carboxy terminus with hemagglutinin (ha), an IRES sequence and GFP as a 
fluorescent reporter (AdCMVtrkB.tlha-GFP). We also have generated an adenovirus 
encoding the biologically inactive marker genes lacZ and GFP as a control 
(AdCMVlacZ-GFP). GFP expression enables us to identify infected fibers with 
fluorescence microscopy in vivo; and vitally stained junctions can then be compared to 
non-infected fibers in the same muscle. Immunostaining showed that >90% of GFP 
positive fibers express the HA epitope which is localized to the membrane. Western 
blot analysis showed that the transgene products were the predicted molecular weight. 
After infection of full length trkB-expressing PC 12 cells with AdCMVtrkB.tlha-GFP, 
we observed a several fold increase in the amount o f BDNF required to induce neurite 
extension compared to controls. Thus truncated trkB affects neurotrophin signaling via 
full length trkB in a dominant-negative fashion. After infection with 
AdCMVtrkB.tlha-GFP in vivo, neuromuscular junctions on GFP positive fibers 
appear to be partially dismantled. We are presently generating truncated trkC and trkA 
constructs and using these tools to explore the possibility that trk receptor mediated 
signaling plays a role in ongoing neuromuscular synaptic maintenance. Supported by 
grants from NIH and a McKnight Neuroscience Scholar award to R.B.-G.

319.14
MODULATION OF ADULT M AMMALIAN NEUROMUSCULAR SYNAPTIC 
TRANSMISSION BY TRKB LIGANDS. M. Gonzalez* and R.J. Balice-Gordon. 
Dept. Neuroscience, Univ, o f Pennsylvania Sch. of Med., Philadelphia, PA 19104.

The three cell types that comprise neuromuscular junctions, the terminal Schwann 
cell, motor nerve terminal and postsynaptic muscle fiber, exchange trophic and other 
factors anterogradely and retrogradely, suggesting that signaling at this synapse is 
multidirectional and involves all three cell types. We are interested in determining the 
role of neuгotrophins that signal through trk receptors in modulating neuromuscular 
synaptic structure and function. Endogenous neuгotrophins released at adult junctions 
were scavenged with ‘receptor bodies’ consisting of the trk receptor extracellular high- 
affinity binding domain fused to the Fc portion of human IgG (Shelton et ał., 1995; gift 
o f Regeneron Pharm., Inc.). Incubation o f mouse stemomastoid nerve-muscle preps in 1 
µg/ml trkB-IgG for 30 min. induced rapid and reversible changes in spontaneous and 
evoked neurotransmitter release. A  6-8 fold increase in spontaneous mepp frequency was 
observed that returned to control levels after washout of trkB-IgG. No changes in mepp 
amplitude or rise time were observed. Nerve evoked epps showed a modest decrease in 
amplitude during 0.1-1 Hz stimulation, but rapidly decreased and often failed completely 
during 10 Hz stimulation. Junctions from control muscles or in trkB-IgG incubated 
muscles after washout showed no epp decrement or failure at 10 Hz stimulation. No 
effect on spontaneous or evoked synaptic transmission was observed after incubation in 
trkA-IgG or IgG alone. We are presently studying the effects of trkC-IgG. Our results 
suggest that there is a moment to moment release of neuгotrophins that signal through 
trkB by the cells that comprise the neuromuscular junction. These ligands can modulate 
spontaneous and evoked neurotransmitter release. Preliminary results suggest that 
chronic scavenging of endogenous ligands for trkB by adenovirus mediated over
expression o f a truncated, non-signaling receptor on muscle fibers may induce structural 
and functional dismantling of junctions. These observations suggest that exchange tf 
ligands that signal through the trkB receptor acutely modulate synaptic transmission and 
play an important role in ongoing synaptic maintenance. This work was supported by 
grants from NIH and a McKnight Neuroscience Scholar award to R.B.-G.

N E U R O T R O P H IC  F A C T O R  R E C E P T O R S  A N D  C E L L U L A R  M E C H A N IS M S  II

320.1
DEVELOPMENTAL EXPRESSION OF TrkB IN THE MURINE PRIMARY 
SOMATOSENSORY CORTEX. F. Hahn* and D. Riddle. Dept. Of Neurobiology and 
Anatomy, Wake Forest University School o f Medicine; Winston-Salem, NC 27157.

Accumulating evidence suggests Brain-Derived Neurotrophic Factor (BDNF) and 
other neuгotrophins are important regulators of neuronal development and differentiation 
in the cerebral cortex. In order to better understand which classes of cortical neurons may 
be sensitive to neurotrophic regulation, we have examined by immunohistochemistry the 
expression o f TrkB (the high-affinity receptor for BDNF and NT-4) in the developing 
murine somatosensory cortex prior to, during, and after the period o f greatest dendritic 
growth and synaptogenesis. CF-1 mice were sacrificed on postnatal day 7 (P7), P12, P15, 
P22, PЗO, or as adults. Coronal sections of the brains were processed for demonstration 
o f TrkB-like immunoreactivity (TrkB-IR) using a rabbit polyclonal antibody that 
recognizes an intracellular domain o f TrkB (Santa Cruz), a biotinylated secondary 
antibody, and avidin-biotin-peroxidase or tyramide amplification. TrkB-IR neurons were 
evident in several neural regions at all ages examined. Isolated and widely-distributed 
neurons with intense TrkB-IR were scattered throughout the neocortex, hippocampus, 
and midbrain. Several distinct neuronal populations were clearly but less intensely 
labeled, most notably pyramidal neurons in the entorhinal cortex and neurons o f the 
pyramidal and molecular layers o f the hippocampus. The pattern of TrkB-IR in the 
developing neocortex was largely consistent with reports o f TrkB mRNA expression in 
young and adult animals and TrkB-IR in adults, with greater TrkB-IR on neurons in the 
infra- and supragranular layers o f cortex than in layer IV. The primary somatosensory 
region (SI) was distinct, however, with a significantly higher density o f TrkB-IR 
neurons in layer IV compared to more medial cortical regions. Preliminary observations 
indicate there are at least two separate populations o f TrkB-positive neurons in layer IV 
of SI, one that expresses TrkB only through the period o f greatest dendritic growth and 
synaptogenesis (approximately P10 to P22) and another that maintains TrkB-IR into 
adulthood. These observations suggest TrkB ligands may play an important role in the 
development of granular neurons in SI, perhaps influencing the patterning and timing 
of dendritic growth.
Support: Institutional funds from the WFUSM.

320.3
SIN G L E  CE LL m R N A  E X P R E S S IO N  PR O FIL ES O F E L E C T R O - 
PH Y SIO L O G IC A L L Y -C H A R A C T E R IZ E D  H IP PO C A M PA L  
N E U R O N S  H .C . T se n g . 1 A . T e lfe ia n .2 * M . B a y b is . 1 and M .A . 
D içh ţeŗ l 3 .  1 D av id  M ah on ey Institute o f  N eu ro lo g ica l S c ien ces , 
⅜ >ept. o f  N eurosurgery, ^D ept. o f  N e u ro lo g y , U n iv ersity  o f  
Pen n sy lvan ia  S ch o o l o f  M ed ic in e , Philad elphia , P A  191Ö4.

In a variety o f  neurological d iseases it appears that inhib itory (I) and  
excitatory (E) neurons have differential sen sitiv ities to ex c ito to x ic  or 
h yp oxic  insults. Therefore, w e  set out to  id en tify  d ifferen ces in  
grow th factors and their receptors b etw een  s in g le  I and E  neurons in  
the rat h ippocam pus by estab lish ing exp ression  p rofiles for candidate  
gen es, w ith  the h yp oth esis that I and E neurons w o u ld  h ave d ifferent 
neurotrophic requirem ents. W h o le -ce ll patch clam p  recordings w ere  
m ade in  C A 1 pyram idal neurons (n = 12) and C A 1 stratum radiatum  
intem eurons (n =7) using  infrared m icroscop y  to v isu a lize  the 
neurons, w h ich  w ere a lso  characterized electro p h y sio lo g ica lly  and  
m orp h olog ica lly  by  b iocytin  staining. T h e exp ression  p rofiles o f  these  
neurons w ere then estab lish ed  using an antisense R N A  am plification  
procedure and quantitated u sin g a Phosp h olm ager. In tem eurons w ere  
found to express m ore neurotrophin-4, m ore p la telet-d erived  grow th  
factor receptor B , and less  Trk B  receptors than p yram idal neurons. 
W e co n clu d e that the neurotrophic resp on ses or requirem ents m ay be  
different b etw een  I and E  neurons. T h is d ifferen ce m ay help  elu cidate  
the m echan ism  betw een  se lective  ce ll-ty p e  sp ec ific  neuronal dam age  
and death, and m ay w e ll provide n ew  targets for se lec tiv e  
pharm acotherapy. [Supported b y  N S 2426O  (M .A .D .)]

320.2
CHOLINERGIC INTERNEURONES IN THE RAT STRIATUM EXPRESS 
TRK B RECEPTORS. M.I.Bell,2'3 A.K.Dixon,3 K.Lee,3 R.G.Williams,3 
P.J.Richardson,1 R.D.Pinnock,3* M.V.Sofroniew,2 J.Hughes3. 'Dept. Pharmacology, 
Univ, o f Cambridge; 2MRC Cambridge Centre For Brain Repair; ⅛arke Davis 
Neuroscience Research Centre; Cambridge, CB2 2QB, UK.

It is well established that cholinergic neurones in the rat basal forebrain are 
responsive to nerve growth factor (NGF) through trkA receptors. In the present 
study we have examined whether aspiny cholinergic intemeurones in the rat 
striatum express trkB receptors.

ЗOOµm coronal slices containing the striatum were prepared from 13-15 day-old 
Sprague-Dawley rats. Cholinergic intemeurones were visually identified using infra
red video microscopy and were preferentially targeted for whole-cell patch-clamp 
recordings. Retrospective immunocytochemical processing confirmed their 
cholinergic nature. Cells were voltage clamped at -6OmV with an intracellular 
(pipette) solution containing lЗOmM KC1. Under these conditions miniature 
inhibitory post synaptic potentials (mIPSCs) were observed and were readily 
abolished by bath application of ЮµM bicucullίne. Bath application of 100ng/ml 
brain-derived neurotrophic factor (BDNF) for 20 minutes caused an increase in 
these mIPSCs in 4 out o f 7 neurones tested. In a separate series o f experiments, the 
cell contents were harvested from cholinergic intemeurones and the mRNA 
amplified by single-cell reverse-transcriptase PCR. This demonstrated the 
expression of trkB receptor mRNA in a subpopulation o f neurones. To verify the 
functional expression of trkB receptor protein, immunocytochemical analysis was 
performed. Colabelling with fluorescent antibodies confirmed that a subgroup of 
cholinergic intemeurones expressed trkB receptors.

In conclusion, these studies suggest that trkB receptors are functionally expressed 
in cholinergic intemeurones in the rat striatum.

Supported by The Medical Research Council and Parke Davis Neuroscience, UK

320.4
GAS6, A NEW LIGAND FOR RECEPTOR TYROSINE KINASES: 
IMMUNOLOCALIZATION AND AGE-RELATED CHANGES IN THE BRAIN. Ķ  
Tsaioun **, N. Denisova1. M. Obiπl. M. Provost , R. Bronso⅛ . and J. A. Joseph 
'USDA Human Nutrition Res. Ctr. on Aging at Tufts Univ. Boston, MA 02111 

Gas6 is a newly discovered ligand for a family of human receptor tyrosine kinases 
(RTK's) (Rse, TyroЗ, Axl). Of interest here is that these TK's have been shown to be 
preferentially expressed in the brain and may have cell protective properties under 
conditions where there are deficits in other growth factors. Since it is believed that there 
may be increased cell death in aging and in neurodegenerative diseases, it became of 
interest to determine the putative changes in gas6 in various brain areas as a function of 
age. In this regard, in the first experiment we showed that there were age-related, area- 
specific decreases in gas6 levels in rat (24 mo Fischer 344) brain synaptosomes isolated 
from three areas, the striatum, hippocampus and cortex. A putative Gas6 splice variant, 
gas652, increased in the old animals relative to fully expressed gasč? . In a subsequent 
study we used immunohistochemical analyses to examine other areas of the brains of 
young (6 mo) and old (24 mo) Fischer rats and to more specifically localize gas6. The 
results showed that the Gla-containing N-terminal part of gas6 was co-localized with the 
Axl receptor in the membranes of the Purkinje cells in the granular cell layer of the radial 
glial of the cerebellum. Conversely, the anti-C-terminal gas6 antibody stained diffusely 
inside the Purkinje cells. There also appeared to be gas6 staining in hippocampal 
pyramidal neurons. We postulate that gas6 is produced by the glia and acts in signal 
transduction via activation of its RTK on the surface of the neighboring neurons. We are 
currently analyzing the immunohistochemical data from these and other brain areas from 
old, as well as young animals, but preliminary results from the synaptosomal analysis 
suggest that the age-related reductions in gas6 may reflect age-related changes in 
membrane physical structure (e.g., increased membrane rigidity) or alterations in the 
degree of post-translational modification of gas6. Either of these factors could influence 
the binding of gas6 to its receptor, perhaps altering cell viability.
Supported in part by the USDA and the Nat. Inst, on Aging grant #AGOO2O9.
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320.5
IDENTIFICATION OF THE NOVEL PROTEIN TYROSINE KINASE, FOCAL 
ADHESION KINASE (FAK), IN THE POSTSYNAPTIC DENSITY OF RAT 
BRAIN. S.Y. L i n ⅜  W uł Λ  J.L. Xu1. G.W. Len1 and Ĩ.B. Black1'2. ł Dept. 
of Neurosđenee and Cell Biology, ƯMDNJ/RWJ Med. Sch. and 2Graduate 
Program in Physiology and Neurobiology, Rutgers-The State Univ, of New 
Jersey, ₧cataway, NJ 08854.

FAK is a protein tyrosine kinase specifically regulated by Fyn, which plays 
critical roles in long-term potentiation (LTP), a model of synaptic plasticity 
associated with learning and memory. Fyn mutant mice reportedly have 
impairments in the induction of LTP due to hypophosphorylation of FAK in the 
mutants. Despite its functional importance, however, the expression and function 
of FAK at the synaptic level remain to be established. To begin defining the roles 
of FAK in synaptic function, we examined expression in hippocampus, cerebral 
cortex, olfactory bulb and cerebellum. Our Western blot analyses, using anti-FAK 
antibodies, indicate that levels o f FAK were enriched in the PSD, compared to 
homogenate and synaptic membranes, from which the PSD was derived. The 
purified PSD was used to define developmental expression and regional variation in 
FAK. Significant expression of FAK was observed during the first two weeks 
after birth and during adulthood. In addition, FAK had widespread distribution 
among different regions, with enrichment in the hippocampus. Our data suggest 
that the expression of synaptic FAK is both developmentally regulated and 
regionally specific. Because Fyn is an intrinsic PSD component, our findings 
raise the possibility that FAK may participate in Fyn-dependent synaptic cascades 
at the postsynaptic site.

(Supported by NICHD 23315)

320.7
LIGAND-DEPENDENT REGULATION OF THE NEƯROTROPH IN
RECEPTORS TrkA  AND TrkB
M. T. Serejo, E. Hoppe, M. Gŏtz*, and Y.-A. Baгde. Max-Planck Institute for 
Neurobiology, Department o f Neurobiochemistiy, 82152 Martinsried, Germany 

The regulation o f the nemotrophin receptors trkk  and trkB by their respective 
ligands NGF and BDNF was investigated in primary neuronal cultures, as well as 
in a neuronal cell Иne. Treatment o f TrkB-expressing cerebellar granule cells 
with BDNF causes a profound and long-lasting down-regulation o f the trkB 
receptor. By contrast, exposing p*⅛A-expressing chick sympathetic neurons to 
NGF (up to 5 ng/ml) does not change the levels o f trkk  protein. Cross-linking 
experiments using radiolabeled neurotrophins indicate that while cell surface 
binding o f BDNF is abolished at all time points examined (24 to 72 hours 
following BDNF treatment), binding o f NGF on sympathetic neurons is only 
temporarily reduced at 24 hours and recovers to control levels already after 48 
hours. A similar differential regulation also occurs in a neuroblastoma cell line 
transfected with the cDNA encoding the trkk  or trkB receptor. In these cells, a 
complete disappearance o f cell surface trkB is observed following exposure to 
BDNF, while trkk  remains essentially unchanged following incubation with 
NGF. Constructs encoding chimeric receptors between trkk  and trkB were then 
expressed to delineate the domain(s) accounting for the behaviour of these 
receptors following ligand binding. These swapping experiments reveal that the 
cytoplasmic domain o f trkk  and trkB, and not their transmembrane or 
extracellular domains, is responsible for the regulation o f these receptors 
following exposure to the neurotrophins. (M.T.S. was funded by the Portuguese 
Gulbenkian PhD Program in Biology and Medicine)

320.9

TR A N SG E N IC  M IC E O V E R E X P R E S S IN G  T R U N C A T E D  trkB 
R E CE PTO R IN  N E U R O N S . T. Saarelainen*. M . M oshnvakov*. 
M. Saarm a*. L een a  A lh on en  and E. Castrén. A .I.V irtanen  Institute, 
U n iversity  o f  K u op io , P .O .B o x  1627, 7 0211  K u op io , F in lan d , 
in s titu te  o f  B io tech n o lo g y , U n iversity  o f  H elsin k i, 0 0 0 1 4  H elsin k i, 
Finland.

The function o f  en d ogen ou s brain derived neurotrophic factor  
(B D N F ) and its receptor trkB in adult brain is not w ell understood. 
In order to elu cidate the con seq u en ces o f  reduced B D N F  availability  
in the central nervous system , w e  produced m ice  overexp ressin g  
truncated trkB ( T l)  receptor isoform . TrkB T1 c D N A  tagged  with  
Flag-octapeptide w as p laced under T h y -1 prom oter, w h ich  directs  
expression  in postnatal neurons. Three independent lin es w ith  a 
sim ilar distribution pattern w ere generated. E xp ression  w as  
particularly high in hippocam pus, layer V  o f  the cerebral cortex and 
in thalam us. In contrast, no transgene exp ression  w as d etected  in 
striatum and cerebellu m  or in peripheral organs. T ransgene  
expression  increased prom inently betw een  postnatal days 14 and 18, 
when the exp ression  level w as about 20  fo ld  com pared to the 
end ogen ou s truncated trkB expression . C oin cid en t w ith the increase  
in exp ression , m ost o f  the h o m o zy g o u s m ice  d ied  at about P I 6  due  
to an unknow n cause. H eterozygou s m ice  w ere v iab le  and fertile, 
although they sh ow ed  defic its in tests w h ich  m easure m otor activity  
and balance. T h ese m ice provide a valuable m odel to in vestigate  the 
role o f  en d ogen ou s B D N F  in brain.
Supported by Sigrid  Juselius Foundation and the A ca d em y  o f  
Finland.

320.6
BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) AND SYNAPTIC 
PLASTICITY: LOCALIZATION OF TRKB RECEPTORS TO HIPPOCAMPAL 
GLUTAMATERGIC NEURON POSTSYNAPTIC DENSITIES AND NUCLEI IN 
VIVO. K. W u *⅞ Γ . Aoki3, A. Ełste3. X L. X u1 , G.W. Len1, S.Y. Lin1 and
I.B. Black1’2. Dept, of Neuroscience and Cell Biology, Robert Wood Johnson Med. 
Sch.; 2Graduate Program in Physiology and Neurobiology, Rutgers-The State Univ, 
of NJ, ₧cataway, NJ 08854; Center for Neural Sciences, New York Univ.,
New York, NY 10003.

BDNF supports the long-term survival of multiple brain and peripheral 
neurons. In addition, recent studies revealed that BDNF acutely increases synaptic 
transmission in hippocampal neurons, and enhances long term potentiation (LTP), a 
cellular model of memory. The locus of action of BDNF has yet to be determined: 
evidence supporting both pre- and postsynaptic sites of action has been presented. 
Here, We report that, by light and electron microscopy, trkB immшюreactivity was 
localized to hippocampal neurons and all layers of the overlying visual cortex. In 
visual cortex, tricB was localized to postsynaptic densities (PSDs) of dendritic 
spines, which formed asymmetric synapses with terminals containing small clear 
vesicles, characteristics of excitatory, glutamatergic synapses. In addition, striking 
concentrations of trkB were detected in nuclei of neurons with axo-somatic 
synapses. Within the nucleoplasm, trkB was homogeneously distributed, 
rather than adhering to heterochromatin or the nuclear envelope. In contrast, BDNF 
itself was undetectable in nuclei by Western blot analysis or by either light or 
electron microscopy . The PSD localization of trkB supports a postsynaptic locus of 
action in synaptic plasticity, and nuclear localization suggests a transcriptional role 
of the receptor in the absence of BDNF.

(Supported by EYO8O55 to C.A. and NICHD 23315)

320.8
BDNF REGULATES THE PROTEIN LEVELS OF ITS RECEPTOR AND 
OTHER ASSOCIATED MOLECULES IN RODENT FOREBRAIN 
M. Nar¡sawa-Saito*, and H. Nawa Departments of Molecular Neurobiology, 
Brain Research Institute, Niigata University, Niigata 951, Japan

It has been proposed that neurotrophins are indispensable factors 
for the neuronal survival and development, although the precise mechanism 
of how they work is still unknown. We have reported that they regulate the 
expression of various synaptic proteins including neurotransmitters. There 
are several evidences that neurotrophin treatments increase their own 
receptor expression. In contrast, trkB receptor is down-regulated under 
certain conditions by its ligands. By Western blot analysis, we investigated 
how BDNF affects at its full length receptor (~p145) protein level. In rat 
cortical cultures, expression of trk B-like protein was greatly reduced with 
daily application of BDNF (50 ng/ml for 4 days) compared to non-treated 
ones(87% reduction, p<0.033). Furthermore, trk B-like protein was 
increased in BDNF knock out mouse (214% increase, p<0.002) compared to 
their wild type siblings. These data indicate that the trkB expression is 
positively and negatively regulated to maintain a certain level of BDNF 
signaling. The molecular mechanism of the trkB regulation and its influences 
on trkB-assoc¡ated proteins are now under investigation.

Supported by Grant-in-AidforSRPA-MESC, Japan.

320.10
CLONING AND CH AR AC TER IZA TIO N OF A NEW  T R K B  
EX O N .
R.E. Rodriguez*. F. Alvar. E. Miguel-Velado. R. González-Sarmiento. 
Departamento de Bioquímica y Biología Molecular y Unidad de Medicina 
Molecular-Departamento de Medicina. Facultad de Medicina. Universidad de 
Salamanca.

Neurotrophins play a critical role in the development and maintenance of the 
mammalian nervous system, and bind specifically to the three known Trk 
tyrosine kinase receptors TrkA, TrkB and TrkC. TrkB is a receptor fo r 
neurotrophins BDNF and NT-4/5. Up to now, three different TrkB transcripts, a 
full-length and two truncated ones, have been described in mice and rat. 
Nevertheless, in human a fu ll lenght and one truncated isoformhave been 
described.

In an attempt to characterize new isoforms of the human TRKB gene, we have 
screened a human brain cDNA library, using a human cDNA TRKB probe. 
Several clones were isolated. A 1.8 Kb clone was characterized. Sequencing of 
this clone show that it contains the 3 ’ end of the TRKB cDNA up to nucleotide 
2475. Upstream of this nucleotide we have characterized a new sequence. 
Analysis of a human genomic library demonstrated that this new sequence 
correspond to a yet undescribed TRKB exon. This new sequence is inserted at the 
same site where an alternative exon has been described in TRKC.

RT-PCR experiments indicate that this exon is detected in transcripts from 
adult human brain.

This study was supported by grants: FIS 96-2090, CICYT SAF96-0148 and 
Fundación Ramón Areces.
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320.11
IDENTIFICATION OF TRKB.T4, A NEW TRUNCATED TRKB ISOFORM.
B. Hinkle and S. C. Feinstein*. Neuroscience Research Institute and 
Interdepartmental Program of Biochemistry and Molecular Biology, 
University of California, Santa Barbara, CA 93106 

The trkB family of neural transmembrane receptors include tyrosine kinase 
containing isoforms as well as several alternatively spliced "truncated 
receptors" possessing identical extracellular ligand binding domains but 
very short intracellular domains. We have isolated a cDNA clone encoding a 
unique truncated trkB receptor, designated as trkB.T4, from a cat occipital 
cortex library. The encoded intracellular domain sequence is identical to 
the tyrosine kinase containing isoform for 74 amino acids inward from the 
membrane and then diverges, prior to the beginning of the kinase domain. 
Genomic Southern analysis supports that this cDNA is not the product of an 
unspliced mRNA, a common cloning artifact. Both RNA and RT-PCR 
analyses confirm the existence of this trkB isoform and indicate that it is 
expressed at very low levels in a restricted set of tissues. Although trkB.T4 
does not have a kinase domain, we have hypothesized that ligand induced 
dimerization creates a unique intracellular structure, which results in second 
messenger activation through the association of cytoplasmic proteins.
Since our cDNA does not contain the transmembrane and extracellular 
domains, we constructed a chimeric receptor providing the necessary 
sequences from rat trkB. In order to test our signaling hypothesis, this 
construct was stably transfected into mouse fibroblast L cells. Although 
BDNF treatment of trkB.T4 expressing cells does not induce expression of 
c-fos, it does result in increased tyrosine phosphorylation of the she 
adapter protein. Future experiments are designed to elucidate the specific 
molecular components which interact with she during trkB.T4 signal 
transduction. Supported by NIH pre-doctoral fellowship MH11498-02 (BH), 
The American Foundation For Aging Research (BH), Sigma Xi (BH) and NIH 
R01- EY10739 (SCF).

320.13
EARLY ABNORMALITIES OF PROCESS ELONGAΉON IN TrkB DEFICIENT 
NEOCORTICAL NEURONS. M.A. Gates. C.C. Tai. andJ.D. Macklis*. Department 
of Neurology &  Program in Neuroscience, Harvard Medical School; Division of 
Neuroscience, Children’s Hospital, Boston, M A 02115.

TrkB receptor ligands are thought to be important in neuronal differentiation and 
survival in the CNS, and in neocortex in particular, based on their developmental 
expression, effects in vivo, and analysis in vitro. Targeted gene deletion of the TrkB 
receptor (TrkB -/-) results in neonatal lethality in most mice, due to cranial sefisory and 
swallowing defects, making it difficult to directly determine the role of TrkB signaling 
in neocortical neuronal development and survival. To directly analyze the effect(s) of 
TrkB signaling on the process outgrowth and survival of neocortical neurons, cells 
from the neocortex of postnatal day 0 TrkB -/- and wildtype mice were dissociated and 
cultured for morphologic and immunocytochemical analysis. After 3-4 days in vitro, 
MAP-2 immunostaining revealed that >50% of neurons from wildtype mice extended 
prominent dendritic processes (processes >10 µm long), while only 12% of neurons in 
TrkB -/- cultures showed similar growth. The average dendritic length among process- 
bearing, MAP-2+ cells was 2-fold greater among wildtype neurons. Much of the 
process growth from TrkB -/- neocortical cells appeared to be undifferentiated, stubby 
somatic protuberances rather than refined, elongated dendrites. Currently, we are 
analyzing the long-term survival of TrkB -/- neocortical neurons in culture, and 
determining their axonal connectivity and development in embryonic TrkB -/- mice in 
vivo. Results from the present work suggest that TrkB signaling may be important to 
the initial process development of immature neocortical neurons. Further investigation 
into the axonal and dendritic growth, and survival, of TrkB deficient neurons may 
provide additional insight into the role of TrkB ligand signaling during neocortical 
development and may offer a better understanding of TrkB-mediated effects on the 
maintenance of neocortical neurons following initial development. Supported by MOD 
FY96-0928 and MRRC HD18655

320.15
LAR TYROSINE PHOSPHATASE RECEPTOR: CLONING,
SEQUENCING AND EXPRESSION OF A PUTATIVE SECRETED 
ISOFORM. T. Yang*. J.S. Zhang. Y.M. Xie and F. M. Longo. Dept, of 
Neurology, UCSF-VAMC, San Francisco, CA 94121.

Receptor protein tyrosine phosphatases (PTPs) are likely to play a crucial 
role in neuronal development. Developmentally-regulated and nervous system- 
preferential expression of Leukocyte Common Antigen-Related (LAR) PTP 
receptor isoforms and our finding of cholinergic neuronal atrophy and decreased 
cholinergic target innervation in the hippocampus of LAR-deficient mice 
supported our hypothesis that LAR regulates mammalian neural development 
(Longo et al, 1993; Zhang and Longo, 1995; Yeo et al, 1997; Zhang et al,
1998). The mechanisms by which LAR might regulate neuronal survival 
and/or neurite outgrowth are unknown. In the present study we used Rapid 
Amplification of cDNA Ends (RACE) and RT-PCR strategies to clone and 
sequence a LAR mRNA isoform containing an upstream retained intron with a 
putative translation start site and a downstream retained intron with an in
frame stop codon. The presence of these sites in a mRNA isoform 
corresponding to a specific region of the LAR extracellular domain predicts an 
~ 11 kDa secreted LAR protein isoform containing cell adhesion motifs. RT- 
PCR expression studies demonstrated that the proportion of LAR transcripts 
encoding this secreted isoform mRNA isoform varies considerably across 
different tissues with the highest level detected in spinal cord. Corresponding 
cDNA was subcloned into pBlueBacHis2B vector and an LAR protein isoform 
of the predicted size expressed in Sf9 cells. This recombinant protein and 
synthetic peptide fragments corresponding to the putative LAR secreted protein 
are being assessed for activity modulating neuronal survival, aggregation and 
neurite outgrowth. Support: NIA-AG09873 and the VA Merit Review (FL).

320.12
M O R PH O LO G IC AL C H A N G E  ELICITED B Y  trkB.Tl 
E X P R E S S IO N  IS IN H IB IT E D  B Y  T H E TY R O SIN E KINASE 
A C T IV IT Y  O F trkB.TK +.
A . H aapasalo*. T. Saarelainen. G . W on g , and E. Castrén. Laboratory 
o f  M olecular Pharm acology, A .I.V irtanen Institute, University of 
K u op io , P .O .B o x  1627, 702 1 1  K u op io , Finland.

E xp ression  o f  the truncated trk B .T l receptor causes a ligand- 
independent m orphological change in N 2 a  m ou se neuroblastoma cells, 
w h ich  do not exp ress trkB sp lice  variants endogenously. This 
m orphological change is characterized by m assive outgrowth of 
filopσdia  and p rocesses and is not restricted to c e lls  o f  neuronal lineage. 
W hen trk B .T K + is co ex p ressed  w ith trk B .T l in N 2 a  cells, the 
m orphological change produced by trk B .T l alone is suppressed 
sign ificantly . C oexp ression  o f  trk B .T K + and trk B .T l plasmids at 
different ratios indicated that the inhibitory effect o f  trk B .T K + is dose- 
dependent. Addition o f  trkB ligand brain-derived neurotrophic factor 
(B D N F ) or b lock in g the function o f  the en d ogen ou s ligands by trkB- 
IgG  m olecu les did not in fluence the inhibitory effect o f  trkB.TK +. The 
inhibitory e ffect o f  trk B .T K + w a s blocked  by addition o f  the tyrosine 
kinase inhibitor K 252a . T h ese data dem onstrate that trkB.TK +, and 
specifically  its tyrosine kinase dom ain , inhibits the morphological 
change induced by trk B .T l in a ligand-independent m anner. This may 
be due to overexp ression  o f  trk B .T K + , w h ich  leads to ligand- 
independent activation o f  the receptor. Our results su g g est that the two 
receptors interact and reciprocally in fluence their respective actions. 
T h is study is supported by the A cad em y o f  Finland and Sigrid  Juselius 
Foundation.

320.14
LAR PHOSPHATASE RECEPTOR: CENTRAL NERVOUS SYSTEM 
LOCALIZATION AND FUNCTIONAL IMPLICATIONS. F.M.Longo* and 
T.T.Yeo. Dept. Neurology, UCSF-VAMC, San Francisco, CA 94121 

Tyrosine phosphorylation constitutes a fundamental mechanism controlling cell 
growth and differentiation. Regulation of tyrosine phosphorylation is mediated by 
interaction of tyrosine kinases and phosphatases. The LAR phosphatase receptor is a 
prototype member of the tyrosine phosphatase receptor family that contains 
extracellular immunoglobulin-like motifs and intracellular tyrosine phosphatase 
domains. We have found that LAR is expressed by mammalian neurons and that its 
expression and alternative splicing are regulated by development and neuronal injury 
(Longo et al., 1993; Zhang and Longo, 1995; Zhang et al., 1998). In the present 
study we took advantage of transgenic mice expressing a truncated LAR/ß- 
galactosidase reporter gene to localize the expression of LAR in the central nervous 
system using LacZ histochemistry. Similar to what we reported by in situ 
hybridization of LAR mRNA expression, high levels of LAR-linked LacZ staining 
were observed in the cortex, striatum, hypothalamus, hippocampus, brainstem and 
cerebellum. In the cortex and hippocampus, a region- and layer-specific pattern of 
LAR-LacZ expression was observed. LAR-LacZ was expressed at high levels in 
layers 3 and 5 in the motor and sensory cortex while a relatively low-level expressior 
was observed throughout the retrosplenial cortex. In the hippocampus, a high level o 
LAR-LacZ expression was observed in CAЗ, dentate gyrus and hilus, but none 
detected in CAL LAR-deficient mice demonstrated a significant decrease in the level 
of cholinergic neurotransmitter synthetic enzyme CҺAT activity in the hippocampus 
This finding is consistent with our previous study showing that these mice displayed 
morphological abnormalities of the basal forebrain cholinergic system (Yeo et al., 
1997). These studies further implicate a role for LAR in mediating neuronal function 
in the central nervous system. [Support: NIA-AG09873, Beeson Award, VA to FL].

320.16
Identification o f  G as6 , a putative ligand for Sky and  A x l receptor 
tyrosine kinases, as a n ovel neurotrophic factor for h ippocam pal neurons
H Funakoshi1*. T. Yonemasu*.T. Nakano2. K. Matsumoto1 and T. Nakamura1 
l·Div. Biochemistry, Biomed. Res. Ctr., Osaka Univ. Med. Sch., Osaka 565, 
Japan, and ¾ iscovery Res. Lab. II, Shionogi &  Co., Ltd., Osaka 553, Japan 

Sky (also known as TyroЗ and Rse) (Ohashi et al., 1994) is a member of 
AxlДJFO receptor tyrosine kinase fam ily, which has two im m unoglobulin 
( Ig )- like  repeats and two fibronectin type I I I  (FN IH )-like  repeats in the 
extracellular domain. Recently, Gas6 has been identified as ligand for all 
members o f A x l receptor tyrosine kinase fam ily; A x l, Sky and c-Mer with 
different a ffin ity  (in  this order). However physiological function o f Sky and 
Gas6 in the nervous system are poorly  understood, despite its importance in 
the nervous system suggested by the structural feature and predominant 
expression o f Sky in the brain. Here we show by RNAse protection assay 
(RPA) and/or by in situ hybridization analysis that sky and gas6 mRNAs 
were expressed in adult hippocampus. Furthermore this expression was 
regulated in a sim ilar manner during development; levels were low during 
em bryonic stages, gradually increased during development and reaching its 
highest levels in the adult. Sky- but not A x l-  im m unoreactivity was observed 
in the pyram idal layer o f adult hippocampus, suggesting the roles o f Sky and 
Gas6 in hippocampus during development and in the adult. Recombinant rat 
Gas6 attenuated hippocampal neuronal cell death caused by serum starvation 
in vitro, indicating that Gas6 is a novel neurotrophic factor fo r hippocampal 
neurons in vitro. F inally, gas6 showed regulated expression in the 
hippocampus after ka in ic acid stimulation and in the sciatic nerve after nerve 
transection. Taken together, these find ings indicate the physiological 
importance o f Gas6 and Sky receptor tyrosine kinase in both CNS and PNS.
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320.17
A 1 4 -M E R  P R O S A P T ID E  A C T IV A T E S  A  G -P R O T E IN  R EC EPTO R  A N D  
D IM INISHES C A L C IU M  F LU X  IN S Y N A P TO S O M E S . L . Y a tf ta n d  J .S . 

O ’ B r ie n  D e p t, o f  N e u ro s c ie n c e s ,  U n iv ,  o f  C a l i f o r n ia ,  S an  D ie g o , 

La J o lla , C A  9 2 0 9 3 .
P ro s a p o s in  is  a n o v e l n e u r o t r o p h ic  f a c t o r  w h ic h  a c t iv a te s  

s ignal t r a n s d u c t io n  b y  b in d in g  to  a G - p r o te in  a s s o c ia te d  r e c e p t o r  
in n e u ro n a l c e lls .  P ro s a p t¡d e s  w h ic h  a re  p e p t id e s  o f  1 1 - 1 4  a m in o  
acid re s id u e s  f r o m  th e  n e u r o t r o p h ic  se q u e n c e  o f  p ro s a p o s in ,  h a v e  
a c t iv i ty  e q u iv a le n t  t o  p ro s a p o s in .  U s in g  s y n a p to s o m a l m e m b ra n e  
p re p a ra t io n s  f r o m  r a t  b ra in  w e  h a v e  d e m o n s tra te d  t h a t  a 1 4 - m e r  

p ro s a p tid e  (T X L ID N N A T E E IL Y ; w h e r e  X = D - a la n in e )  e n h a n c e d  
GTPγS35 b in d in g  t w o - f o ld  in  a d ose  d e p e n d e n t m a n n e r  a nd  th e  
b in d in g  w a s  a b o lis h e d  b y  t r e a t m e n t  w i t h  a m u ta n t  1 4 - m e r  
(T X L ID D N A T E E IL Y ; w h e re  X = D - a la n in e ) .  M a x im a l s t im u la t io n  
o c c u rre d  a t  a c o n c e n t r a t io n  o f  1 .4  nM  s im ila r  t o  t h e  K d  f o r  b in d in g  

to  th e  p u ta t iv e  p r o s a p o s in  r e c e p to r .  In  a d d i t io n  K - s t im u la t e d  
s y n a p to s o m a l 45Ca u p ta k e  a s s a y  d e m o n s tra te d  t h a t  th e  1 4 - m e r  
p ro s a p tid e  d e c re a s e d  c a lc iu m  in f lu x  in t o  s y n a p to s o m a l 
p re p a ra t io n s  b y  a p p r o x im a te ly  2 0 %  a f t e r  5  m in .  o f  e x p o s u re .  

These r e s u l t s  in d ic a te  t h a t  p r o - s a p o s in  an d  p r o s a p t¡d e s  m a y  
re g u la te  s y n a p t ic  t r a n s m is s io n  į n  v iv o  t h r o u g h  a c t io n  o n  c a lc iu m  

( α l  s u b u n i t )  c h a n n e ls  w h ic h  c o u ld  e x p la in  th e  a m e l io r a t io n  o f  
th e rm a l h y p e ra lg e s ia  and  a l lo d y n ia  in  a n im a l m o d e ls  o f  
n e u ro p a th ic  p a in  o b s e rv e d . W o rk  s u p p o r te d  b y  N IH /N ID D K  

D K 0 7 3 1 8 - 1 8  (L Y )  a n d  M y e lo s  N e u r o s c ie n c e s  ( J S O ) .

NEURONAL DEATH III

321.1
D N A  R E P A I R  A C T I V I T Y  A N D  A P O P T O S I S  A S  N E U R O N A L  R E S P O N S E  T O  
O X I D A T I V E  S T R E S S  I N  M I C E  O V E R E X P R E S S I N G  S O D .  P .  C O R S I * a n d  
G .  B R E S C I A 0 .  * D i p .  d i  F a r m a c o l o g i a  e  F i s i o l o g i a  U m a n a ,  
º D i p .  d i  M e d i c i n a  I n t e r n a  e  d e l  L a v o r o ,  F a c o l t à  d i  M e d i c i n a  

e  C h i r u r g i a ,  U n i v e r s i t à  d i  B a r i ,  7 0 1 2 4  B a r i ,  I t a l y .
D N A  r e p a i r  a c t i v i t y  a n d  a p o p ŧ o t i c  c e l l  d e a t h  a s  n e u r o n a l  

r e s p o n s e  t o  o x i d a t i v e  s t r e s s  i n  m o u s e  t r i s o m y  1 6  c o r t i c a l  
c u l t u r e s  a r e  h e r e  r e p o r t e d .  M i c e  t r i s o m y  1 6  a r e  k n o w n  t o  b e  
a n  a n i m a l  m o d e l  o f  D o w n ' s  s y n d r o m e  d u e  t o  a  s i g n i f i c a n t  h o 
m o l o g y  b e t w e e n  t h e  h u m a n  c h r o m o s o m e  2 1  a n d  t h e  m o u s e  c h r o m o  
s o m e  1 6  ( M M Ư 1 6 ) .  A m o n g  t h e  g e n e s  p r e s e n t  o n  t h e  c h r o m o s o m e  
1 6 ,  t h e  g e n e  f o r  s u p e r o x i d e  đ i s m u ŧ a s e  ( S O D )  i s  p r e s e n t  i n  a n  
e x t r a  c o p y  d u e  t o  t h e  t r i s o m y  c o n d i t i o n .  I n  o u r  e x p e r i m e n t a l  
m o d e l ,  i n c r e a s e d  l e v e l s  o f  S O D  m R N A  w e r e  a s s e s s e d  t h e  s e m i  
q u a n t i t a t i v e  R T - P C R  m e t h o d  w h i l e  S O D  e n z i m a t i c  a c t i v i t y  w a s  
c a l c u l a t e d  o n  a  1 2 %  p o l y a c r y l a m i d e  e l e c t r o p h o r e s i s  g e l  i n  d e  
n a ŧ u r i n g  c o n d i t i o n s .  S O D  o v e r e x p r e s s i o n  a p p e a r s  t o  i m b a l a n c e  
t h e  c e l l u l a r  d e f e n s e  t o  f r e e  r a d i c a l s  p r o d u c t i o n  l e a d i n g  t o  
n e u r o n a l  d a m a g e .  T h e r e f o r e ,  i n  o u r  e x p e r i m e n t a l  p a r a d i g m  t h e  
r o l e  t h a t  U V - i n d u c e d  o x i d a t i v e  s t r e s s , i n  t h e  p r e s e n c e  o f  H  
〇2 ， p l a y s  i n  D N A  r e p a i r  a c t i v i t y ,  i n  D N A  s i n g l e  s t r a n d  b r e a k s  
p r o d u c t i o n  a n d  i n  n e u r o n a l  a p o p t o s i s  w a s  c o n s i d e r e d .  O u r  p r e  
l i m i n a r y  d a t a  i n d i c a t e  t h a t  S O D  o v e r e x p r e s s i o n  s e e m s  t o  c o r  
r e l a t e  w i t h  d e c r e a s e d  D N A  r e p a i r  a c t i v i t y  a n d  a p o p t o s i s .

321.3
INVOLVEMENT OF REACTIVE OXYGEN SPECIES IN DNA DAMAGE-INDUCED 
NEURONAL APOPTOSIS. E. J. Morris*. J. R Bavnes. H  M. Geller. Dept, of 
Pharmacology, UMDNJ-Robert Wood Jolшson Medical School, Piscataway, NJ, 08854.

Previous studies have demonstrated that reactive oxygen species (ROS) are important 
modulators of neuronal apoptosis and are produced during trophic deprivation in various 
paradigms. We have demonstrated that treatment of neurons with ROS produces 
significant DNA damage in the form of DNA strand breaks and that this can lead to 
neuronal apoptosis. Moreover, it has also been demonstrated that highly specific DNA 
damaging agents can induce neuronal apoptosis involving a signal transduction pathway 
with sliared elements of that induced by trophic deprivation. In this report, we utilized 
primary cultures of rat cerebral cortical neurons to investigate the role of ROS during 
DNA damage-induced neuronal apoptosis. Analysis of ROS production using the redox- 
sensitive probe, C-DCDHF-DA, revealed that treatment of neurons with the DNA 
damaging agents, camptothecin (CPT) or cytosine arabinoside (AraC) for 1 hour 
resulted in enhanced C-DCDHF-DA fluorescence suggesting intracellular peroxide 
formation. As positive control, treatment with 10 µM hydrogen peroxide resulted in a 
significant burst of C-DCDHF-DA fluorescence whereas the superoxide anion producer 
menadione did not result in C-DCDHF-DA fluorescence in neurons. Moreover, 
extracellular addition of catalase significantly attenuated camptothecin-induced 
neuronal apoptosis but treatment with superoxide dismutase 1 was ineffective. These 
data demonstrate important roles for ROS during DNA damage-induced neuronal 
apoptosis. However, although previous studies suggest that superoxide anion is an 
important regulator of trophic deprivation-induced neuronal death, ROS production 
following treatment with DNA damaging agents appears to result in peroxide formation. 
Supported by the NIH.

321.2
IM M A T U R E  H IP P O C A M P A L  N E U R O N S  IN  VITRO  S H O W  
IN C R EA SED  S U S C E P T IB IL IT Y  TO  R E A C T IV E  O X Y G E N  SPECIES.
A ·A · Koshy_1. L .M . A lm l j ļ . M . Tauber2 *, D .M , F errie ro1. ⅛ e p t. o f 
Neurology, U n iversity o f C a lifo rn ia  San Francisco; C A  94143 and 
^University o f Berne, Switzerland.

Reactive oxygen species are believed to be mediators of hypoxic-ischemic (H-I) 
brain injury, and, in the neonate, hydrogen peroxide (H2〇 2) appears to play a 
prominent role. While overexpression of superoxide dismutase 1 is protective in 
adult transgenic mice (SOD1 Tg) exposed to H-I, neonatal SOD1 Tg mice experience 
more brain injury and show an increase in hippocampal ⅝ O 2 compared to controls. 
In particular, the hippocampus shows more injury than the cortex. In addition, we 
recently have shown that primary murine immature cortical neurons are more 
sensitive to H2〇 2 than are mature neurons in vitro. Thus, to confirm and elucidate 
this regional H2〇 2 sensitivity after H-I, we developed primary, pure murine 
hippocampal cultures, which were established from E l5 CD-I embryos. Eighteen to 
24 hours after plating, cultures were exposed to 10 µM Ara-C for 24 hours to inhibit 
astrocyte proliferation and were subsequently exposed to 50 or 100 µM H2〇 2 for 5 
minutes at either DIV 6 or D IV 20. Cell death was quantified by LDH assay, and 
confirmed by trypan blue. Sister cultures were immunocytochemically stained with 
GFAP or NSE on the same days to confirm purity. Hippocampal cultures were more 
sensitive to the H2〇 2 exposure at DIV 6 compared to DIV 20 at both 50 and 100 
µM. (p= 0.0051) GFAP staining confirmed that the cultures contained only 5% 
astrocytes, but in the DIV 20 cultures, some of these cells were highly arborized. 
Like the cortical system, immature hippocampal neurons are uniquely sensitive to 
H2〇 2> and the cells lose this sensitivity as they mature in vitro. This developmental 
sensitivity may underlie the differences observed between the developing and adult 
central nervous system in animal models. Support: HHMI medical student 
fellowship (AAK), NS33997 (DMF), and NS34028 (MT).

321.4
DEVELOPMENT OF AGE-DEPENDENT RESISTANCE TO DNA DAMAGE- 
INDUCED APOPTOSIS IN CEREBELLAR GRANULE NEURONS. N, K, 
Goldsmith†. A. A Romero†. E, J, Morris†, D. S, Parks, L. A. Greene‡. H. M, Geller*†. 
†Dept. of Pharmacology, UMDNJ-Robert Wood Johnson Medical School, Piscataway. 
NJ, 08854. §Neuroscience Research Institute, University of Ottawa, CAN, ‡Dept. of 
Pathology and Center for Neurobiology and Behavior. Columbia Univ. New York, NY. 
10032.

Apoptosis of cultured cerebellar granule neurons (CGNs), by lowered extracellular 
potassium (K+) ion, has been a useful model for the study of the signal transduction 
pathways of neuronal death. In this study, we compared the effects o f K+ deprivation 
and γ-irradiation (γ-IR) of CGNs on the apoptotic signal transduction pathways of these 
paradigms. Consistent with previous sħidies, K+ deprivation resulted in significant 
death of CGNs when cells were switched from 30 mM to 5 mM Ю at 7 days in vitro  
(DIV). In addition, K+ deprivation also resulted in significant death of younger (2 DIV) 
neurons. However, neurons developed an age-dependent resistance to death induced 
by γ-IR; 1-2 DIV neurons were sensitive wliile 7 DIV neurons were completely resistant. 
In addition, treatment of CGNs with pther DNA damaging agents, including UV- 
irradiation and camptothecin, resulted in similar sensitivity profiles. In order to 
characterize γ-IR-induced death, we utilized time-lapse videomicroscopy and 
demonstrate that treatment of 2 DIV CGNs by γ-IR resulted in plasma membrane 
contraction and blebbing and by cytoplasmic shrinkage characteristic of apoptosis. 
Neuronal apoptosis induced by γ-IR could be inhibited by the macromolecular synthesis 
inhibitors, act-D and cycloheximide, as well as cyđin-đependent kinase (CDK) 
inhibitor, flavopiridol suggesting a role for novel gene expression and CDK activation 
during DNA damage-induced apoptosis of CGNs. These data demonstrate specific 
apoptotic signaling pathways during DNA damage-induce apoptosis which appear, in 
part, to be controlled by age-dependent modulators. Supported by the NIH (HMG, 
LAG), ALS Foundation, Blanchette Rockefeller Foundation, and Aaron Diamond 
Foundation (LAG; DSP).

Society for Neuroscience, Volume 2 4 ,1998



806 NEURONAL DEATH III MONDAY PM

321.5
FREE RADICAL SCAVENGERS COMBINED W ITH  APOPTOΉC 
INHIBITORS PROTECT AG AINST NECROSIS IN  NEURONS 
FOLLOWING X-RAY-INDUCED D N A  D AM AG E G.T. Gobbel* and N. 
Gomez Brain Tumor Research Center ƒ Dept, of Neurological Surg., Univ, of 
Calif., San Francisco, CA 94143-0520.

Low doses of x-rays induce D N A  damage and apoptosis whereas h ig h  
doses induce necrosis in  rat cortical neurons growing in vitro. This statement 
is based on our find ing that cyclohexim ide (CHX; 10 µM) abolishes 
apoptosis due to 32 Gy of x-rays, but i t  does not completely in h ib it ce ll 
death after 96 Gy, possibly due to necrosis. However, the processes leading 
from D N A  damage to apoptosis and necrosis are poorly understood. We 
attempted to modulate lip id  peroxidation and free radica l production to 
determine the role of these factors in radiation-induced neuronal apoptosis 
and necrosis. D im ethy l sulfoxide (DMSO; 1%), a hydroxy l rad ica l 
scavenger, and trolox (1 mM), a v itam in  E analogue, had no effect m  ce ll 
death after apoptosis-inducing (4 Gy) or necrosis-inducing (96 Gy) x-ray 
doses. When neurons were treated w ith  both CHX and DMSO, there were 
no signs of apoptosis or necrosis. DMSO was s t ill protective in combination 
w ith  CHX when added w ith in  15 m in  after irrad ia tion but not when added 
2 h after irrad ia tion . A  1 h treatment w ith  hypoxanth ine and xanthine 
oxidase to induce production of superoxide radicals and lip id  peroxidation 
caused neuronal degeneration starting 5-6 h later, but there were no signs of 
nuclear fragmentation suggesting that superoxide free radicals and l ip id  
peroxidation induce necrosis. Our results suggest that free radica ls 
contribute to necrosis but not apoptosis fo llow ing x-ray-induced D N A  
damage. Treatment w ith  combinations of agents to in h ib it both apoptosis 
and free radical production may be more effective than either agent used 
alone. Supported by N IH  grants CA 13525 and NS 35782.

321.7
ROLES OF REACTIVE OXYGEN SPECIES IN N ITRIC OXIDE- 
MEDIATED LYSIS AND APOPTOSIS IN  NEURONS AND G LIA L  CELLS 
Jiz-Yuh W ang. San-Nan Yang* and Jia-Yi Wang
Dept, of Physiology and Graduate Institute o f Life Sciences, National Defense 
Medical Center, Taipei, Taiwan.

Reactive oxygen species (ROS), including the superoxide anion (·〇 2 )̂, 
hydroxyl radical (ΌH) and hydrogen peroxide (H2O2), can play an important 
role in ischemia ⁄  reperfusion injury in the brain. Oxidative stress and damage by 
ROS have also been implicated as causal factors in a variety of human 
neurodegenerative diseases in which reactive microglia are involved. Microglia 
in the reactive state are known to release ·〇 2 ,̂ H2O2, an¢̂  NO in  response to a 
variety of stimuli. The interaction between NO and superoxide anion (·〇 2_) 
forming toxic peroxynitrite (ONOO^) has been proposed to play a pathogenic role 
in  neuronal injury. In the present study we examined the interactions between 
NO and Ҧ 〇 2 in mediating lysis and apoptosis in cultured neurons and glial 
cells. Our results indicated that the NO-releasing compounds sodium 
nitroprusside (SNP) and S-nüroso-N-acetyl-D, L-penicillamine (SNAP) by 
themselves elicited lysis of neurons or glial cells in a concentration- and time- 
dependent manner. Brief exposure to H2O2 f〇r as little ^  30 111111 was sufficient 
to induce cell death which occurred over the period o f 24 hrs as indicated by LDH 
and MTT assay. In addition, apoptosis (evidenced by DNA laddering and DAPI 
stain) was syneгgistically induced by sublytic concentrations of SNP plus H2O2 or 
SNAP plus H2〇 2 · The H2O2 scavenger catalase inhibited the elevation of nitrite 
accumulation and lysis by SNP; while DMTU (a *OH scavenger) enhanced the 
elevation of nitrite accumulation but reduced lysis by SNP in cultured neurons 
and glial cells. These data suggest diffemtial roles o f various ROS in NO- 
mediated lysis and apoptosis in  neurons and glial cells.

(Supported by NSC 87-2314-B016-097)

321.9
INHIBITION OF NEURONAL APOPTOSIS BY A  
METALLOPORPHYRIN SUPEROXIDE DISMUTASE MIMIC.
M. Patel.* Departments of Medicine, National Jewish Medical 
and Research Center and the University of Colorado Health 
Sciences Center, Denver, CO 80206.

The objective of this work was to determine whether free 
radicals play a pathogenic role in neuronal apoptosis. The 
ability of Mn(lll) tetrakis benzoic acid porphyrin (MnTBAP), a 
superoxide dismutase (SOD) mimic, to inhibit staurospor¡ne- 
induced neuronal apoptosis was tested in mixed 
cerebгocortical cultures. Staurospoг¡ne produced 
concentration-dependent cell death which was markedly 
inhibited by MnTBAP. Immunocytochemical analyses of 
cultures for neuron- and astrocyte-specific markers, revealed 
that high concentrations of staurospoг¡ne induced the death of 
both neurons and astrocytes; both cell types were protected by 
MnTBAP. A less active congener of MnTBAP failed to protect 
cells against staurosporine-induced apoptosis. MnTBAP also 
protected cortical cultures against ceram¡de-induced apoptosis. 
These results support a role for oxidative stress in neuronal 
apoptosis.

Supported by grants NS 17771 from NINDS (Dr. J. O. 
McNamara, Duke University) and the Epilepsy Foundation of 
America (M. Patel).

321.6
EFFECT OF MPP+ ON OXIDAΉVE STRESS IN DOPAMINERGIC NEURONS
K. Nakamura1,2 *. V. Bindokas3, J. Marks4. D. Wright1. D. Frim⅞̀ R.J. Miller23 aid
U.J. Kang1,2'3. ‘Dept, of Neurology, 2Cmte. Neurobiol., 3Dept. Pharm. & Physiol. 
Sci., 4Dept. of Pediatrics, ⅛)ept. Surgery, Univ, of Chicago, Chicago, IL 60637.

1-Methyl-4-phenylpyridinium (MPP+) is selectively toxic to dopaminergic neurons 
and has been used to model Parkinson's disease. Nevertheless, the mechanism of MPPł 
toxicity remains unclear. High doses of MPP+ reduce complex I activity in various 
nondopaminergic cell types, and toxicity may result from subsequent superoxide (0r ) 
formation or ATP depletion. We examined the effect of MPP+ on 0 2 - production in 
cultured mesencephalic neurons using the fluorescent dye hydroethidine. Dopaminergic 
neurons, which were identified using subsequent immunohistochemistry for tyrosine 
hydroxylase, had lower baseline levels of 0 2- production than nondopaminergic 
neurons. Addition of 5 µM MPP+ selectively killed 60% of dopaminergic neurons by 
48 hours, but did not increase 0 2 - levels acutely or 24 hours post-treatment. Acute 
treatment with 100 µM MPP+ increased 0 2- production, but no selective increase in 
dopaminergic neurons was noted. Depletion of glutathione syneгgistically increases 
MPP+ toxicity in our paradigm and in vivo. Nevertheless, 24 hour treatment with 5 
µM MPP+ did not affect levels of reduced glutathione in either cell type, as assessed 
using the dye monochlorobimane. Lastly, we examined mitochondrial membrane 
potential using the dye JC-1. Dopaminergic neurons were found to have lower baseline 
mitochondrial potentials, but this was not affected by 24 hour exposure to 5 urn 
MPP+. In contrast, 24 hour treatment with 1 µm rotenone, a concentration that killed 
15% of dopaminergic neurons by 48 hours, was found to significantly decrease 
mitochondrial membrane potentials in all cell types.

Our baseline data suggest that dopaminergic neurons may handle free radicals more 
efficiently, but may be particularly sensitive to energy deficits. In addition, MPP" 
toxicity cannot be solely explained by an inhibitory effect on complex I or the 
generation of 0 2- in dopaminergic neurons. (Supported by NPF, PDF, ƯPF, and 
USPHS grants NS07113 and NS32080.)

321.8
O X ID A T IV E  S T R E S S  IS  N O T  R E Q U IR E D  F O R  N E U R O N A L  
A P O P T O S IS  IN  C O R T IC A L  C E L L  C U L T U R E S . B. R y u *  E .Y . K im  and
B .J. G w a g . D e p t, o f  P h a rm a c o lo g y  A jo u  U n iv . S ch . o f  M e d .; S u w o n , K o rea  
4 4 2 -7 4 9 .

W e  e x a m in e d  if fre e  ra d ic a ls  a re  in v o lv e d  in th e  p ro c e s s  o f  ne u ro n a l 
a p o p to s is  u s in g  s e v e ra l d e a th  p a ra d ig m s  in d u c e d  in  c o r t ic a l c e ll cu ltu re s . 
N e u ro n a l a p o p to s is  w a s  in d u c e d  by e x p o s u re  to  s e ru m  d e p riva tio n , 
s ta u ro s p o r in e  (a  n o n -s e le c tiv e  p ro te in  k in a s e  in h ib ito r , 10 - 3 0 0  nM ), 
c a ly c u lin  A  (a  s e le c tiv e  in h ib ito r  o f  s e r / th r  p h o s p h a ta s e  I a n d  II A , 1 0 - 7 0  
n M ), o r  2 5 -3 5  fra g m e n t o f  b e ta  a m y lo id  ( 1 0 - 1 0 0  µ M ). A ll o f  th e  a bove  
p ro d u c e d  h a llm a rk s  o f  n e u ro n a l a p o p to s is  s u c h  a s  c e ll b o d y  sh rin ka g e , 
c h ro m a tin  c o n d e n s a tio n , a n d  d e a th  s e n s it iv e  to  c y c lo h e x im id e  o v e r the 
n e x t 2 4  hr. H o w e v e r, n o n e  o f  a n tio x id a n ts  (tro lo x , N -a c e ty lc y s te in  (N A C ), 
c a ta la s e , M n T B A P ) d id  n o t in te r fe re  w ith  th e  n e u ro n a l a p o p to s is  ind u ce d  
in th e  c u rre n t s tu d y . T h is  s u g g e s ts  th a t  f re e  ra d ic a ls  m a y  n o t be  n e c e s s a ry  
fo r  th e  n e u ro n a l a p o p to s is . A d d it io n a l e x p e r im e n t w a s  p e rfo rm e d  to  te s t 
th e  p o s s ib ility  th a t o x id a tiv e  s tre s s  w o u ld  in d u c e  n e u ro n a l a p o p to s is . 
C o rt ic a l n e u ro n s  e x p o s e d  to  b u th io n in e  s u lfo x im in e  (B S O , 1 - 1 0  m M ), 
H 2〇2 (1 0  -  3 0 0  µ M ) o r  m e n a d io n e  ( 5 - 1 5  µ M ) u n d e rw e n t n e c ro s is  m a rke d  
by  p ro m in e n t ce ll b o d y  s w e llin g  w ith in  2 4  h r. B S O -, H 20 2-, a n d  m e n a d io n e - 
in d u c e d  n e u ro n a l d e a th  w a s  b lo c k e d  by  tro lo x , c a ta la s e , a n d  N AC , 
re s p e c tiv e ly . H o w e v e r, n e ith e r  D N A  d y e s  n o r  p a tte rn s  o f  D N A  
fra g m e n ta tio n  d if fe re n tia te d  fre e  ra d ic a l- in d u c e d  n e c ro s is  fro m  a p o p to s is . 
W e  a re  c u rre n tly  a n a ly z in g  in tra c e llu la r  le v e ls  o f  re a c tiv e  o x y g e n  sp e c ie s  
to  p e rc e iv e  a p u ta tiv e  ro le  o f  fre e  ra d ic a ls  d u r in g  a p o p to s is . S u p p o rte d  by 
K o re a n  M in is try  o f  H e a th  a n d  W e lfa re  g ra n t H M P -9 6 -M -2 -1 0 4 6  (B JG ).

321.10
IN V O L V E M E N T  OF R E A C T IV E  O X Y G E N  SPECIES (ROS) IN  C E LL  
D E A T H  O F R A T  C U LTU R E D  S P IN A L M O TO N E U R O N S. F.Irie12* 
and Y.Hirabayashi1. JLab. for Cellular Glycobiology, Frontier Research Program, 
and ⅜pecial Researcher, Basic Program, The Institute of Physical and Chemical 
Research (RIKEN), 2-1 Hirosawa, Wako, Saitama 351-0198, Japan.

In spinal cord during embryonic stage, motoneurons are known to undergo 
apoptotic cell death. This cell death is also observed in the culture system of 
motoneurons isolated from rat spinal cord o f embryonic day 14. In this study, 
we have examined involvement o f reactive oxygen species (ROS) in the cell 
death during development using the isolated spinal motoneuron culture, since 
ROS are shown to be associated w ith apoptosis in a variety o f cells. Staining 
o f the cultured motoneurons w ith a fluorescent probe for detection o f ROS, 
C-DCDHF-DA, demonstrated that ROS generation was increased up to 6h 
culture. Antioxidants, N-acetylcysteine and U-74389G, prevented 
motoneuron cell death suggesting involvement o f ROS generation in 
apoptosis o f developing motoneurons. We previously reported that 
application o f sphingolipid backbone molecule, ceramide protected the 
cultured motoneurons from apoptosis-like cell death during development (F. 
Irie  and Y. Hirabayashi. Soc. for Neurosci. (1997) 23, 1156). The ROS 
generation was inhibited by treatment w ith cell-permeable ceramide (C6-Cer) 
but not w ith dihydro-Cб-Cer. A  sim ilar inhibitory effect was also observed 
by treatment w ith Cer-generating enzyme, sphingomyelinase. This structural 
specificity was identical to that o f survival-promoting effect o f Cer. Based on 
these results, ROS generation is one o f signal pathways for induction o f 
apoptotic cell death o f developing spinal motoneurons, and Cer plays a role in 
regulation o f ROS generation system.
(Supported by Special Postdoctral Researchers Program (F.I.), Grant-in Aid for 
Encouragement of Young Scientists (F.I.), and Frontier Research Grant (Y.H.))
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321.11

PEROXISOME P R O L IF E R A T O R  R E C E P T O R  NUC-1 
PARTICIPATES IN  R E A C T IV E  O X Y G E N  S P E C IE S  
MEDIATED N E U R A L  A P O P T O S IS  AND N E U R O N A L 
D E G E N E R A T IO N . J.N . K e lle r .H  L.C. P e tt ig r e w . l*!  S.D. 
Craddockl.and W illiam R. M a rk e s b e rv l^ l .  1 Sanders Brown 
Center on Aging, and ^Departments of Neurology and ^Pathology, 
University of Kentucky, Lexington, KY 40536-0230.

Peroxisome proliferator receptors (PPr) are members of the steroid 
receptor family and have been studied primarily for their role in 
adipogenesis. The PPr NUC-1 is present in neurons throughout the 
central nervous system suggesting a probable role for NƯC-1 in 
neuronal activities. To determine the possible functions o f NƯC-1, 
neural derived PC12 and SY5Y cultures were transfected with NƯC-1 
cDNA and examined for alterations in neuronal physiology. Cells 
transfected with NƯC-1 displayed increased levels of apoptosis as 
compared to cells ưansfected with vector alone or untransfected 
cultures. Additionally, cultures transfected with NƯC-1 were more 
susceptible to apoptosis following oxidative insults such as beta 
amyloid, FeSO4, 4-hydroxynonenal, staurosporine, and trophic factor 
withdrawal. Studies in untransfected PC 12, SY5Y, and primary 
hippocampal neurons exposed to oxidative insults showed increases 
in NƯC-1 protein within 4 hours, suggesting that NUC-1 may 
participate in neuronal death. Lastly, increased levels of NUC-1 
protein were detected within 2 hours following the 4 vessel occlusion 
model of brain injury. Taken together, these data indicate a probable 
role for NƯC-1 in reactive oxygen species mediated neuronal loss. 
Supported in part by grants from the John D. French Foundation, 
Abercrombie Foundation, and NIH (l-POl-AGO5l 19).

321.13
ADENOSINE PREVENTS NEURONAL APOPTOSIS BY REDUCING THE 
PROLIFERATION RATE OF ASTROCYTES.
P,P· M ich e l*  *, M . M a rie n 2, M . R u b e rg 1, F. C o lp a e r t2 a n d  Y . A g id 1. * IN S E R M  
U289, H ô p ita l d e  la S a lp ê tr iè re , 7 5 0 1 3  P a ris , a n d  zC e n tre  d e  R e c h e rc h e  
Pierre F ab re , C a s tre s , 8 1 1 0 6 , F ra n c e .

W e h a v e  p re v io u s ly  s h o w n  th a t th e  p u r in e rg ic  n u c le o s id e  a d e n o s in e  
(Ado) can  p re v e n t n e u ro n a l d e g e n e ra tio n  in a  c u ltu re  m o d e l w h e re  
m e se n ce p h a lic  d o p a m in e rg ic  (D A ) n e u ro n s  d ie  p ro g re s s iv e ly  by  a p o p to s is  
(M ichel e t a l,, A b s t. S o c . N e u ro sc ¡., 2 3 , 8 9 3 , 1 9 9 7 ). T h e  a im  o f  th e  p re s e n t 
study w a s  to  fu r th e r  e x a m in e  th e  u n d e r ly in g  m e c h a n is m  o f n e u ro p ro te c tio n . 
Surviva l p ro m o tin g  e ffe c ts  o f  A d o  (5O-ЗOOµM + E H N A , an  in h ib ito r  o f  
adenos ine  d e a m in a s e )  w e re  m im ic k e d  b y  s e v e ra l a n t ic a n c e r  d ru g s  (0 .0 5 - 
1µM), in c lu d in g  a ra -C  a n d  f lu o ro d e o x y u r id in e  (M ic h e l e t a l., J. N e u гo c h e m ., 
69, 1499-, 1 9 9 7 ) s u g g e s tin g  th a t A d o  m ig h t a c t  a s  a n  a n tim ito tic . 
C o n s is te n t w ith  th is  h y p o th e s is ; (1 ) c o n c e n tra t io n s  o f  th e  n u c le o s id e  th a t 
w ere  n e u ro p ro te c tiv e  led  to  a  s ig n if ic a n t re d u c tio n  o f  th e  n u m b e r  o f  G F A P +  
as tro cy te s  a n d  to  a  d e c re a s e  in th e  u p ta k e  o f  [З H ]- th y m id in e ; (2 ) A d o  
b locked th e  d e tr im e n ta l e ffe c ts  o f  E G F , a  m ito g e n  th a t, in o u r  m o d e l, 
s tim u la te s  D A  c e ll d e a th  by p ro m o tin g  th e  p ro life ra tio n  o f  a s tro c y te s . A t  
op tim a l c o n c e n tra t io n s , a rə -C  a n d  A d o  w e re  fo u n d  e q u a lly  e ffe c tiv e  in 
p re ve n tin g  n e u ro n a l a p o p to s is . T h is  is s till c o m p a tib le  w ith  th e  id e a  th a t 
both c o m p o u n d s  a c te d  on  a c o m m o n  ta rg e t, ¡.e., p ro life ra tin g  a s tro c y te s . 
The re s u lts  s u g g e s t th a t  p h a rm a c o lo g ic a l a g e n ts  w h ic h  m o d u la te  
ex tra c e llu la r  le v e ls  o f  a d e n o s in e  a n d /o r  its  p re c u rs o r  A T P , m a y  be  u s e fu l in 
the t re a tm e n t o f  p ro g re s s iv e  n e u ro d e g e n e ra tiv e  c o n d it io n s  a s s o c ia te d  w ith  
a s tro g lio s is .
Supported by INSERM and C.R.P.F.

321.15

MICROGLIAL CONDITIONED MEDIUM TRIGGERS APOPTOSIS IN BOTH 
IMMATURE AND MATURE HIPPOCAMPAL NEURONS. L.T. Ho. LS.Jakobson*. 
and M.P. Flavin. Dept, of Paediatrics, Queen’s University, Kingston, Ontario, 
Canada. K7L 2V7.

We have shown that conditioned medium from activated microglia (MgLCM) can 
kill EI9 hippocampal neurons at day 5-8 in culture (Exp Neurol 145:462-70,1997). 
Death appears to be triggered by tissue plasminogen activator (tPA) secreted by 
the microglia(Soc Neurosci Abs744.16,1997). It is not clear whether this phenome
non occurs only in neurons which are not fully differentiated. We thus compared the 
effects of MgLCM on rat hippocampal neurons at day 5-7 to day 12-14 in vitro . 
Neuronal cultures were obtained by dissociating E19 hippocampus and culturing in 
serum-free conditions. Microglia were isolated from fetal rat cortical cultures. They 
were activated by lipopolysaccharide. MgLCM was collected 24 hours later. MgLCM 
was applied to the neurons for 24 hours and it’s effects were compared with NMDA 
10 µM and glutamate 50 µM. Neuronal status was assessed using ethidium bro
mide exclusion, acridine orange distribution and TUNEL labelling. The mean per
centage viable neurons in control, MgLCM, NMDA and glutamate-exposed neurons 
was 89,33,38 and 38 respectively in younger cultures compared to 88,36, 36 and 
36 respectively in the more mature cultures. Apoptotίc death predominated although 
there was relatively more necrotic death and process destruction in excitotoxin- 
exposed cultures. The data may indicate that the neuronal phenotype was already 
established in the younger cultures or that tPA can trigger death pathways in hippo
campal neurons independent of stage of differentiation. This pattern contrasts with 
other triggers of apoptosis such as growth factor deprivation. Supported by the 
Heart and Stroke Foundation of Ontario.

321.12

APOPTOSIS AND MICROGLIA IN THE FETAL HUMAN 
BRAIN. S. Rakic and N.Zeeevic*. Department o f Neurology, University of 
Connecticut School o f  Medicine, Farmington, CT 06030-1840.

The programmed cell death (apoptosis) during early brain de
velopment may represent the signal for the penetration o f microglia into the 
CNS. To study this phenomenon, the onset and the distribution o f apoptoic 
cells, visualized by in situ TUNEL method, was correlated with that of 
microglial cells labeled with antibody to human macrophages antigen CD68 
(EBM-11, Dako), or Tomato lectin (Vector). Twenty one human embryos and 
fetuses, from 4.5 to 27 gestational weeks (g.w.) were studied. Sparse apoptoic 
cells were observed at 4.5 g .w . in the ventricular zone (VZ) of the neural 
tube. Ip subsequent weeks, the number of apoptoic cells in the human brain 
increased 2-3 times. Proliferative zones, such as the ventricular (VZ), 
subventricular zone (SVZ), and ganglionic eminence, along with the subplate 
layer (SP) o f the neo-cortex, contained the majority o f all apoptoic nuclei 
observed in the first half of gestation. While the appearance of microglial cells 
and apoptoic nuclei was correlated temporally, their spatial correlation was not 
observed consistently. While at some sites, such as SVZ and the internal 
capsule, both population o f cells were seen, in others, such as the cortical plate, 
only a few TUNEL labeled cells along with numerous microglial cells were 
observed. In contrast, in the ganglionic eminence only apoptoic nuclei and no 
microglial cells were found. This finding suggests that microglia are not 
involved in removing the apoptoic nuclei during the CNS development. 
However, the possibility that apoptosis represents the necessary initial signal for 
microglia to enter the CNS can not be ruled out. Supported by grant MH53945.

321.14
SPINAL CORD INJURY IN IT IA TES APOPTOSIS OF NEURONS AN D  
G L IA  M ED IA TE D  V IA  THE TN F-α SIGN ALING  PA TH W A Y. S. Du*. Y. 
Lee. G. Markelonis. Y. K im 1, and T. Oh. Dept, o f Anatomy &  Neurobiology, 
Univ, o f  Maryland School o f Medicine, Baltimore, M D  21201, USA, and 
1 School o f  Pharmacy, Seoul National Univ., Seoul, Korea.

We are interested in the cellular changes which fo llow  spinal cord in jury 
induced by an acute crush. A fte r crush, we observed apoptotic cells, including 
neurons and oligodendrocytes, by the TU N EL staining method. The peak 
number o f TUNEL-positive cells was seen in the time-frame between 24 and 
48 hours after the insult. Cells undergoing apoptosis were observed for weeks 
after the in jury. TNF-α, a cytotoxic cytokine, was produced at the lesion 
center as early as 1 hour after the crush in jury as evidenced by 
immunocytochemical detection. W ith the activation o f more and more 
astrocytes and m icroglia, and w ith  the in filtra tion  o f phagocytic macrophages, 
the expression o f  TN F-α gradually extended rostrally and caudally to a 
distance several m illimeters from the original lesion site. The expression o f 
iNOS, a target gene for TNF-α, was detected by immunohistochemistry and via 
the NADPH-diaphorase activity. The AP-1 transcription factor was induced 
after the spinal crush as evidenced by immunoreactivity for c-Jun. Bax, a well- 
known mediator o f  programmed cell death, was found to be expressed in some 
c-Jun-positive cells as demonstrated by a double-staining technique. We 
suggest that after spinal cord in ju ry neuronal and glia l apoptosis is mediated by 
the activation o f the AP-1 transcription factor through a signaling pathway 
induced by TNF-α. Supported by N IH  grant NS34534-THO.

321.16
A COMPARISON BETWEEN GDNF, NEUTƯRIN AND 
PERSEPHIN IN PROMOTING MOTONEURON SURVIVAL. ĮĻ 
Oppenheim*. S. Wang and D. Prevette. Dept, o f Neurobiology and 
Anatomy, Wake Forest Univ Sch o f Med, Winston-Salem, NC 27157.

O f the many different neurotrophic factors that have been shown to 
promote motoneuron (MN) survival in vitro or in vivo following 
exogenous administration, glial cell line-derived neurotrophic factor 
(GDNF) is the only one so far in which targeted gene deletion reduces 
MN survival in embryonic and postnatal mice. Recently, two new 
members of the GDNF family have been identified, Neuturin (NT) and 
Persephin (PSP). We have compared the effects o f NT and PSP with 
GDNF on MN survival įņ vitro and įņ vivo in the chick embryo. In 
vivo, all three agents promoted MN survival in a dose dependent 
manner with GDNF being the most effective, followed by NT and 
PSP (35%, 19% and 14% increase over control at optimal doses). 
None o f the factors affected spinal sensory neuron survival. 
Following target deletion by limb-bud removal, GDNF, but not NT or 
PSP, rescued MNs. Finally, both GDNF and NT promoted MN 
survival in vitro in a dose dependent manner, whereas PSP had little, 
if  any, effect. At comparable doses, GDNF was about 30% more 
effective than NT in promoting MN survival įņ vitro. O f the three 
GDNF family members identified so far, GDNF is considerably more 
effective than either NT or PSP in promoting MN survival.
NIH Grant NS20402
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321.17
TH E ROLE OF GDNF IN  M OTO NEUR O N S U R V IV A L  DU RING  THE 
PERIOD OF N A T U R A L L Y  O CCU RR IN G  C E LL D E A TH  IN  GDNF 
D EFIC IENT M IC E
L. ShenДД  H. W estpha ll- R. W . Oppenheim^ . 1 La b o ra to ry  o f 
Mamm alian Genes and Development, National Institute o f Health and 
Human Development, National Institutes o f Health, Bethesda, M D  20892- 
2790; ⅜ e p t. o f Neurobiology and Anatomy, Wake Forest Univ. Sch. Med. 
Winston-Salem, NC 27157-1010.

Exogenous application o f many neurotrophic factors has been 
shown to promote, the survival o f developing motoneurons (M N ) in vitro 
and in vivo. However, single or double targeted deletions o f many o f these 
genes has little  i f  any effect on M N  numbers in embryonic or postnatal mice 
(e.g., BDNF, NT-3, NT-4). GDNF is an exception in that homozygous (-/-) 
mutant m ice exhibit a 20-30% decrease o f M Ns at birth. To determine 
whether this loss is due to ce ll death vs im paired p ro life ra tion  or 
d iffe rentia tion , we have quantita tive ly examined M N  numbers from  
embryonic day (E) 12.5 to E l 8.5 in GDNF +/+, +/-, and -/- animals. There 
was a significant decrease in surviving M Ns and an increase in pyknotic 
MNs beginning on E14 in -/- animals. Prior to E14 (on E l2 and E13) M N  
numbers were comparable in +/+, +/-, and -/- embryos. Sensory neurons 
(DRG) and spinal intemeurons were unaffected in the -/- embryos examined 
on E l 8.5. Various populations o f crania l M N s are presently being 
examined. To further define the subpopulations o f M Ns lost in GDNF -/- 
embryos, we are using in situ hybridization and RT-PCR to examine GDNF 
receptor fam ily subtypes in control and G DNF deficient mice. GDNF is 
required fo r the survival vs the generation or phenotypic specification o f 
subpopulations o f developing MNS (Supported by N IH).

321.19
ENVIRONMENTAL ENRICHMENT PREVENTS SPONTANEOUS APOPTOSIS AND 
PREVENTS KAINATE-INDUCED SEIZURES IN THE WISTAR RAT.
D. Y o un d* M. Draαunow1 and M.J. Purina1'2' 1Dept. o f M olecu lar M edicine, Univ, of 

Auckland, Auckland, New Zealand, 2Dept. o f Neurosurgery, Yale Univ., CT 06520-8039 
Exposure o f rodents to an enriched environm ent prom otes survival o f neuronal 

precursor progeny w hich contributes to an increase in dentate granule cell layer volum e 
(Kempermann G. et al., Nature 3 8 6 ,4 9 3 -4 9 5 1 9 9 7 ). We have determ ined whether the 
surv iva l-p rom oting  effects of enrichm ent are th rough prevention of apoptosis. Male rats 
(n=6) were housed together in an enriched environm ent while control lίtterm ates (n=6) 
were ind iv id ua lly  isolated under standard laboratory conditions w ith  no stim ulating 
objects. After three weeks, TU NE L-labellingand stereological analysis to determ ine 
granule cell layer vo lum e showed s ign ifican tly  fewer TUNEL-labelled cells at the h ila r- 
granule cell border o f the enriched h¡ppocam puscom pared to controls. D ouble-labelling 
w ith NeuN and T0A D -64 confirmed the neuronal identity o f cells undergo ingce ll death. 
We also determ ined w hether environmental enrichm ent w ou ld protect against kainate- 
induced seizures. In a separate group o f enriched and control animals, adm in istration of 
8m g/kg i.p. kainate led to 4 ou t o f 6 control animals exh ib iting seizure behaviours 
inc lud ing  “wet-dog-shakes”  (WDS), w ith  3 animals also show ing m otor seizures and 1 
animal developing status epilepticus (SE). In contrast, no enriched animal had sign ifican t 
WDS or m otor seizures in the 2h observation period. In jection o f 10m g/kg i.p. kainate 
the fo llo w in g day resulted in a fu rther 2 contro ls developing SE and again, no enriched 
animal showed any WDS orS E . The absence o f seizure-induced neuronal damage in the 
h ippocam pus by analysis w ith cell death markers inc lud ing  clusterin 
im m unohistochem istryandTU N EL-labellingconf¡rm ed the enrichm ent-induced resistance 
to kainate seizures. W hile the m echanism s responsib le fo r prov id ing  th is  resilience to 
insu lt are unclear it may involve upregulated growth factor expression (see Law lor P.A. 
et al). Supported by the NZ HRC and Marsden Fund.

321.18
INCREASED HIPPOCAMPAL EXPRESSION OF GDNF AND BDNF M AY MEDIATE 
RESISTANCE TO KAINATE-INDUCED SEIZURES FOLLOWING ENVIRONMENTAL 
ENRICHMENT IN THE WISTAR RAT.

PA Lawlor.1* D. Younα! M. Draαunow.1 and M.J. During.1'2 1Dept. o f M olecu lar Medicine, 

Univ, o f Auckland, Auckland, New Zealand, 2Dept o f Neurosurgery, Yale Univ., CT 06520- 
8039

Environmental enrichm ent stim ulates dentate granule cell neurogenesis, inh ibits 
apoptosis o f granule cell precursor progeny and prevents developm ent o f kainate-induced 
seizures. The biochemical m echanisms mediating these effects are uncertain bu t are likely 
to involve growth factors such as g lia l-derived neuro troph ic factor (GDNF) and brain- 
derived neurotrophic factor (BDNF) w hich mediate cell survival, function and plasticity. To 
determ ine whether increased growth factor expression could be involved in mediating 
some o f these effects, we housed male rats (n=6) in an enriched environm ent w hile control 
lίtterm ates (n=6) were s ing ly  isolated under standard laboratory conditions. After 3 
weeks, GDNF, BDNF and trkB ¡m m unohistochem istry was conducted on hippocampal 
sections. GDNF ¡mmunoreactivity in the neuropil o f the h ippocam pus was elevated in 
enriched animals compared to controls as confirmed by density measurements. This was 
associated w ith a concom itant increase in GDNF mRNA levels in dentate granule and 
pyramidal cells. S im ila rly, BDNF ¡mmunoreactivity in the m ossy fibres was elevated in 
enriched hippocam pus compared to controls. TrkB ¡m m unoreactivity in control 
hippocam pus was found in CA1 neurons and h ila r interneurons. However, in the enriched 
h ippocam pus there were increased num bers o f T rkB-ίm m unoreactive h ila r neurons. Double 
TrkB ¡m m unohistochem istry w ith specific h ila r cell markers inc lud ing  parvalbumin, 
calb ind in and som atostatin showed that the large m ajority o f TrkB expressing cells also 
expressed parva lbum in .As these cells are also GABAergic and as BDNF can regulate 
GABAergic interneuron phenotype, upregulated BDNF and trkB expression may lead to 
increased GABAergic function in the h ippocam pusform ing the underly ing mechanism for 
enrichm ent-induced seizure resistance. Supported by the NZ HRC and M arsden Fund. We 
thank Q. Yan (AMGEN) fo r the generous g ift o f BDNF antibody.

321.20
GLIAL DERIVED NEUROTROPHIC FACTOR (GDNF) PROTECTS MIXED 
MESENCEPHALIC CULTURES FROM 6-HYDROXYDOPAMINE (6-OHDA) 
TOXICITY. B .C . K ra m e r*  a n d  C . M v til in e o u . M t. S in a i S c h o o l o f  M ed ic ine , 
F is h b e rg  C e n te r  fo r  N e u ro b io lo g y , D e p a r tm e n t o f  N e u ro lo g y , N e w  Y o rk , N.Y. 
1 0 0 2 9 .
G D N F  h a s  b e e n  re p o rte d  to  be  a p o te n t n e u ro tro p h ic  fa c to r  fo r  dopa m in e  

n e u ro n s  (L in  e t a l., S c ie n c e  2 6 0 :1 1 3 0 -2 ;1 9 9 3 ). O u r  p re v io u s  s tu d ie s  have 
s h o w n  th a t t r e a tm e n t w ith  G D N F  is  s u f f ic ie n t  to  p ro te c t p u re  neurona l 
m e s e n c e p h a lic  c u ltu re s  fro m  M P P + to x ic ity  (H o u  e t a l., J. N e u rochem . 
6 6 :7 4 -8 2 ; 1 9 9 6 ) b u t n o t f ro m  6 -O H D A  to x ic ity  in  v itro  (H o u  e t al., J. 
N e u ro c h e m  6 9 :7 6 -8 3 ; 1 9 9 7 ). H e re  w e  in v e s t ig a te d  w h e th e r  G D N F  is ab le  to 
p ro te c t m ix e d  m e s e n c e p h a lic  c u ltu re s  (n e u ro n a l a n d  g lia l)  fro m  6 -O H D A  
to x ic ity .  W e  s h o w  th a t G D N F  t re a tm e n t is  a b le  to  re s c u e  d o p a m in e  neurons 
in m ix e d  c u ltu re s  e x p o s e d  to  6 -O H D A . M e s e n c e p h a lic  c u ltu re s  were 
p re p a re d  fro m  E 1 4  ra t e m b ry o s  a n d  m a in ta in e d  in m e d iu m  c o n ta in in g  10% 
h o rs e  s e ru m , 10%  fe ta l c a lf  s e ru m , a n d  2 m M  g lu ta m in e . 6 -O H D A  tre a tm e n ts  
w e re  d o n e  in  m e d ia  c o n ta in in g  5%  h o rs e  s e ru m  a n d  2 m M  g lu ta m in e . G D N F 
(1 0  n g /m l)  s ig n if ic a n t ly  (p < 0 .0 5 ) re d u c e d  th e  to x ic ity  o f  10, 2 0 , 30  and  40 µM 
6 -O H D A , a s  d e m o n s tra te d  b y  in c re a s e d  d o p a m in e  u p ta k e  in G D N F  trea ted  
c u ltu re s  c o m p a re d  to  u n tre a te d  c o n tro ls . A t  50  µ M  6 -O H D A  th e  e ffe c t o f 
G D N F  w a s  n o t s ig n if ic a n t. T h e s e  d a ta  s u g g e s t th a t  G D N F  m a y  re q u ire  the 
p re s e n c e  o f  g lia l c e lls  in  o rd e r  to  h a v e  a n e u ro p ro te c t iv e  e f fe c t  a g a in s t 6- 
O H D A  to x ic ity .  S u p p o r te d  by th e  B a c h m a n n -S tra u s s  D y s to n ia  an d  P ark inson  
F o u n d a tio n , Inc.
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322.1

BIOCHEMICAL AND MORPHOLOGICAL CONSEQUENCES OF 
TARGETED DELETION OF A CYCLIC NUCLEOTIDE-GATED 
CHANNEL (OCNC-1). H, Bakeгl*, D.M, Cummings 2, J.W. 
Margolis2, L. Franzen ƒ S.ĭλ Munger a, R.R. Reed F.L. Margolis2. 
^Cornell Univ. Med. Coll, at Burke Med. Res. Inst.; White Plains, NY 
10605; 2Univ. Maryland Sch. Med.; Baltimore, MD 21201; 3Dept.
Mol. Biol. & Genetics, Johns Hopkins Univ.; Baltimore, MD 21205.

Transduction of odor stimuli is thought to occur through a cation- 
selective OCNC-1. Neonatal mice lacking this channel do not have 
detectable excitatory responses (EOG) to odors. The current studies 
examined adult mice for morphological and biochemical correlates of 
OCNC-1 deficiency in olfactory epithelium (OE) and bulb (OB). 
Compared to wild type, the OE of null mice had fewer neurons 
immunoreactive for olfactory marker protein (OMP) and GAP-43. 
Greatly reduced OB size in null mice was accompanied by dramatic 
reductions in TH activity and immunoreactivity in most glomeruli. 
By contrast, TH-positivity persisted in a small population of 
glomeruli, possibly “necklace glomeruli”, on medial and lateral 
aspects of the caudal olfactory bulb. cFos and TH showed parallel 
patterns of expression and regulation. Ectopic OMP fibers in the 
external plexiform layer of OB were reminiscent of patterns during 
ontogeny. The number of PAX6-labelled cells was greater in the 
rostral migratory stream in null versus control mice, but may be 
reduced in the OB of null mice. Thus, OCNC-1 may play a role in 
normal development of both the OE and OB. The data also suggest 
that a subset of glomeruli are innervated by receptor cells that 
transduce sensory information by mechanisms not requiring OCNC-
1 .
Supported by NIH Grants AGO9686 (HB) DC03112 (FM) & HHMI 
(RRR).

322.2

EXPRESSION OF PUTATIVE OLFACTORY RECEPTORS IN A 
NOVEL OLFACTORY CELL LINE LEADS TO ODORANT 
RESPONSES. Julie R. Murrell1 and Dale D. Hunter2*. гCell, Molecular, 
and Developmental Biology Program and ¾ epts. o f Anatomy, Neuro
science, and Ophthalmology, Tufts Univ. Sch. Med., Boston, MA 02111 

The setting for interactions between the nervous system and much of 
the chemical world is in the neurons within the olfactory epithelium. A 
large family o f putative odorant receptors (PORs) has been postulated to 
mediate these interactions. However, there is currently little data to 
support a direct role for PORs: expression o f many o f the proteins has 
not been demonstrated in vivo, and no successful system has been 
described for expression o f PORs in vitro.

As a first step in designing an effective in vitro model for olfactory 
neurons, we created cell lines from progenitor cells within the olfactory 
epithelium. These oncogenically transformed cells divide rapidly in 
culture, and express markers of the progenitor cell. Upon differentiation, 
the cells express several neuronal and olfactory markers, suggesting that 
these lines are indeed representative o f the olfactory neuron lineage.

The lines were transfected with constructs encoding several PORs; 
interestingly, the expressed proteins are correctly trafficked to the plasma 
membrane. Surprisingly, expression o f a POR confers typical olfactory 
neuron responses to odorants: a marked increase in intracellular calcium 
in response to odorant. We are currently determining whether expression 
o f a particular POR confers response to a particular class o f odorant.

Together, our data suggest that the lines that we have created are good 
models for olfactory sensory neurons. Use o f these lines should help to 
define the role of PORs in olfactory detection.

Supported by Tufts University and NINDS.
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322.3
PLASTICITY AND TURNOVER OF OLFACTORY RECEPTOR NEURONS IN 
THE AFRICAN CLAWED FROG (XENOPUS LAEVIS). D.M. Higgs* and G.D. 
Bud. Dept. Mol. Cell. Biol., Univ, o f Arizona, Tucson AZ, 85721, U.S.A.

The olfactory receptor neurons of the African clawed frog (Xenopus laevis) 
exhibit a high degree of plasticity during metamorphosis. In larvae, the main 
olfactory epithelium exists in the principal cavity and consists o f both microvillar 
and ciliated receptor cells. After metamorphosis, only ciliated receptor cells are 
found in this cavity and their axons innervate a new target, the newly formed, dorsal 
region of the olfactory bulb. A new olfactory cavity, termed the middle cavity, 
forms during metamorphosis. This cavity contains both microvillar and ciliated 
receptor neurons which innervate the original, now ventral, olfactory bulb. To 
investigate whether existing neurons in the principal cavity change morphology and 
axon termination site or are completely replaced, we injected RΓΓC-fluorescent 
beads (Lumaflour, Inc.; Naples, FL) into the offactory bulb o f larval X. laevis prior 
to the onset of metamorphosis. Animals were perfused, either as early larvae or 
after completion of metamorphosis, with 4% paraformaldehyde and sectioned on a 
Vibгatome. In larvae, beads were retгogradely transported to the cell bodies of 
olfactory receptor neurons in the principal cavity within 13 days. To examine 
potential survival of olfactory receptor neurons, other animals were sacrificed after 
metamorphosis (5 weeks after injection). Labeled cells were never found in the 
principal cavity after metamorphosis nor was there any label in the middle cavity. 
There was still label in the olfactory bulb at the site o f injection, suggesting that 
the absence of label in the nose was due to death of neurons during metamorphosis 
rather than loss o f fluorescence or rejection o f the beads by the olfactory receptor 
neurons. These results suggest that there is complete turnover in the neuronal 
population in the principal cavity o f X. laevis during metamorphosis. Supported 
byNIH-NINDS (NSO7363) & NIH-NINDS (NS37147).

322.5
SENSORY DEAFFERENTATION AND OLFACTORY BULB MORPHOLOGY IN 
ZEBRAFISH
K.R. Poling and P.C. Brunies*. Department of Psychology, Univ, o f Virginia, 
Charlottesville, VA 22903

Because o f its easy accessibility for genetic manipulations and potential for the 
study of tissue interactions, the zebrafísh is an important development model.
However, little is known about its olfactory development. In the present study, we 
used olfactory deafferentation to examine whether, as in amniotes, the presence of 
functional sensory epithelium is crucial to normal brain development. Both adult and 
juvenile stages o f development were examined. Experimental groups underwent 
unilateral cautery of the rosette (the olfactory sensory epithelium) and were then 
allowed to survive for 4 weeks. Fish were then fixed and plastic sections were 
produced and analyzed using an image analysis system. Total bulb volume, as well as 
laminar volumes for the olfactory nerve, glomerular, mitral cell/plexifoπn, and 
granule cell layers, were calculated. Percent differences between the control and 
experimental sides of cauterized fish were calculated. Juveniles were most affected 
by sensory deafferentation with an approximately 45, 50, and 80% reduction in total 
bulb, olfactory nerve, and glomerular volumes, respectively. Adults were also 
affected although not as dramatically, with approximately 15, 20, and 25% reduction 
in the same layers. These results suggest that while the brain is more susceptible to 
the lack of sensory epithelium in young animals, even adult zebrafisħ are affected by 
this manipulation. Similar manipulations have relatively little effect on bulb volume 
in adult mammals. This research w ill be used as a basis to examine whether higher 
brain centers are affected by the loss of sensory epithelium, and how regeneration 
affects brain morphology after a temporary loss o f sensory input (i.e. after olfactory 
nerve transection).

Supported by NIH grant DC 02400 and HD 07323.

322.7
EMBRYONIC ORIGINS OF AVIAN BRAINSTEM AUDITORY NUCLEI. K.S. 
Cramer* and E.W RubeĻ VMB Hearing Research Center, Dept, of 
Otolaryngology-HNS, University of Washington, Seattle, WA 98195.

In the avian brainstem, nucleus magnocellularis (NM) receives 
tonotopically organized innervation from the cochlear ganglion, and projects 
to nucleus laminaris (NL) on both sides in a highly ordered manner. This 
high degree of specificity is present early in development. The mechanisms 
by which this specificity is established are not known. One potentially 
important component of the development of brainstem auditory nuclei is cell 
lineage. Sharing a common cell lineage represents a possible mechanism for 
establishing specificity of connections and maintaining a tonotopic 
arrangement within these nuclei. Previous studies suggest that NM and NL 
arise from a common group of cells within the embryonic rhombic lip, with 
NM cells generated earlier than NL cells.

To begin to examine the role of cell lineage, we have mapped the fate 
of embryonic day 3 (E3) rhombencephalon according to the rhombomeric 
origin of cells. We pressure injected the lipophilic dye Dil into small areas of 
the hindbrain at E3 in ovo and documented the location of the injection site 
using a fluorescent dissection microscope and digitally acquired images. 
Injections were typically 20 to 50 µm in diameter. Embryos grew until E9-E12 
and were fixed, sectioned, and analyzed for the distribution of Dil labeled 
cells. Injections into rhombomere 5 (R5) led to staining in both NM and NL, 
as well as in nucleus angularis (NA) and the superior olivary nucleus (SON). 
R4 provides a large contribution to NA and SON and may also produce some 
NM and NL cells. Injections into R6 led to staining in NM with very few cells 
labeled in NL. Injections into R7 did not label NM or NL. Our results suggest 
a high degree of overlap in the rhombomeric origins of NM and NL, and are 
consistent with the possibility that NM and NL arise from common precursors 
within the rhombic lip. Supported by NIH Grant 00395

322.4
THE OLFACTORY NERVE IS NECESSARY FOR OLFACTORY BULB 
FORMATION. X. Want*C. Gao and R.B.Norgren .Dept, o f Cell Biology & Anatomy, 
University o f Nebraska Medical Center, Omaha, NE 68198

Which cellular interactions are necessary for the differentiation of the telencephalon? 
One- component o f the telencephalon, the olfactory bulb, is particularly amendable to 
experimental analysis. Previous studies have indicated that olfactory nerve plays a role 
in olfactory bulb formation. We experimentally tested the hypothesis that the olfactory 
nerve is critical for olfactory bulb formation by ablating the olfactory placode before it 
differentiated in chick embryos. Thus, no olfactory nerve was formed in these animals. 
As expected, only a small cone of tissue was found on the ablated side, while the 
unoperated control side had a normal olfactory bulb. To test the possibility that the failure 
o f the olfactory bulb to develop was the result o f disruption o f other cells which might be 
necessary for olfactory bulb formation, e. g., neural crest-derived frontonasal 
mesenchyme, a second series of experiments were conducted in which the ablated chick 
olfactory placode was replaced with a quail olfactory placode. It was possible to verify 
that the olfactory epithelium was of quail origin with the quail-cell specific antibody 
QCPN, which immunostains the perinuclear region o f quail cells. Since the olfactory 
nerve is derived from the olfactory epithelium, we infeưed that an olfactory nerve 
originating from a quail olfactory epithelium is also o f quail origin. Animals in which a 
chicken olfactory epithelium was present on the operated side were not included in our 
analysis. We found an olfactory bulb on the operated side only when the ectopic olfactory 
nerve made contact with the telencephalon. Preliminary evidence suggests that the size 
o f the olfactory bulb on the operated side is correlated with the size of the ectopic 
olfactory nerve. These quail chick chimeras allowed us to test another hypothesis; that 
one way the olfactory nerve contributes to olfactory bulb formation is as a conduit for 
cells migrating to the telencephalon from the olfactory placode. Preliminary evidence 
indicates that Schwann cells o f the olfactory nerve layer of the olfactory bulb do originate 
in the olfactory placode but that tyrosine hydroxylase-expressing neurons o f the olfactory 
bulb do not originate in the olfactory placode. This work was supported by NIH grant NS 
01719 (RBN).

322.6
DISTRIBUTION OF GAP-43 IMMUNOREACTIVITY IN THE SALMON BRAIN 
INDICATES REGIONS OF STRUCTURAL REORGANIZATION DURING 
POSTEMBRYONIC PERIODS. L.O.E. Ehhesson.1 S O E. Ehhesson.2* R 
EkströmT ⅛ept. Zoology, Univ, of Lund, Sweden, institute of Marine Science, 
Univ, o f Alaska, U.S.A.

Previous studies have demonstrated changes in retinal and pineal projections in the 
brain during salmon parr-smolt transformation (smoltification). a mid-life critical 
period. In view of these observations, this study sought to localize GAP-43 
immunoreactivity (GAP-43ir)in the salmon brain to help determine which other systems 
are likely to change during smoltification. Furthermore, by identifying when the 
staining is increased in specific systems, it may be possible to define where and when the 
systems are changing. In addition, identification of those areas with high levels of GAP- 
43ir throughout life may contribute to understanding where in the CNS synaptic 
remodelling may continue to occur. Such brain regions may be involved in imprinting, 
ocean migration, and/or homing. It is well documented that salmon use olfaction to find 
their natal stream from the time they re-enter their river. However, one of the most 
mysterious phenomena in salmon research relates to what neural and sensory systems 
salmon use during its ocean migration.

This study demonstrated that GAP-43ir is widely yet specifically distributed in fibers 
throughout the salmon brain. The high GAP-43 levels found in olfactory bulb, 
telencephalon, hypothalamus-pituitary axis, pineal and visual systems coưespond well 
with areas known to change during smoltification in salmon and suggest new systems for 
further investigation. During smoltification, transient GAP-43ir fibers appeared in 
specific proliferative zones, coinciding with the timing of transient serotonergic cells in 
the habenula and preoptic area.

(Supported by the Swedish Natural Science Research Council)

322.8
p27 /K ίp l, a Cyclin-Dependent Kinase In h ib ito r, is Required fo r  the 
Normal Development of the Mouse Aud ito ry  Sense Organ P. Chen,
D. Lim*, and N. Segil, Dept, of Cell &  Molecular Biology, House Ear Institute,
Los Angeles, CA 90057

Cells in the developing organ of Corti, the auditory sense organ of the 
mouse, undergo their terminal mitosis on embryonic day 14, prior to their 
morphological differentiation. The biochemical machinery that regulates this event 
is largely unknown. Here we show that the onset of expression of p27/Kipl, one of 
the cyclin-dependent kinase inhibitors, correlates with withdrawal of the progenitor 
cells of the organ of Corti from the cell cycle and is restricted to the cells of the 
sensory regions of the cochlea. Shortly thereafter, on E l6, p27/Kipl is down- 
regulated in the differentiating sensory hair cells. In contrast, the expression of 
p27/Kipl in the non-sensory supporting cells which surround the hair cells continues 
during their subsequent morphological differentiation and persists into adulthood. 
Examination of p27/Kipl null mice reveals that supernumerary hair cells are present 
in mutant organ of Corti, and that the requirement for p27/Kipl during the 
development of organ of Corti is dosage-dependent. Consistent with the role of CKIs 
in regulating cell cycle withdrawal in other differentiating cell types, the expression 
of p27/Kipl in the sensory epithelia of the inner ear and the abnormalities that are 
associated with p27/Kipl null mice strongly suggests that p27/Kipl may play a role 
in the withdrawal of these cells from the cell cycle. In addition, the persistence of 
p27/Kipl in the nonsensory supporting cells suggests its potential role in 
maintaining proliferative ability in the organ of Corti.
*This work is supported by House Ear Institute
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322.9
DEVELOPMENT OF VESTIBULAR AXONS OF THE XENOPUS L·AEVIS 
VIIITH CRANIAL NERVE. S,A. Cicero, V.L. Lopez-Anaya, W.M, Doyon, E.E, 
Serrano*. Biology Dept., New Mexico State University, Las Cruces, NM 88003.

We are interested in the development of the auditory and vestibular system of 
the Xenopus laevis inner ear. Previously we examined development of the saccular 
and papiłlar branches of the VПIth cranial nerve (Lopez-Anaya et ał., J. Morph, 
1997, 234:263-276). Here we extend our findings to include vestibular axons that 
innervate the sensory areas of the horizontal canal, anterior vertical canal and the 
utricle. Our goal is to quantitatively determine increases in axon number and size, 
and to investigate the process of axon myelination. Results from the diverse 
branches can be combined to form an integrated model of inner ear development 
that includes sensory end organ specific differences.

Inner ears from stage 47, stage 52, post-metamorphic (1-5 day), adolescent (6-9 
months), and adult (2 year+) animals were prepared for light microscopy and 
TEM. Data were collected from standardized regions of the anterior ramus. 
Results show a continuous increase in myelinated axon number from stage 52 to 
adult ages in utricular and canal branches. Cross-sectional area and myelination 
also increase throughout the development of the vestibular axons, well into adult 
life. Thus in X  laevis, our preliminary findings suggest increased post- 
metamorphic addition of axons to the sensory areas of the utricle and canals, as 
well as branching of pre-existing axons. These results contrast sharply with our 
previous observations of saccular and papiłlar branches. Axons of these branches 
do not increase significantly in number after metamorphosis. Taken together, our 
results highlight differences in the developmental pattern of sensory end organ 
innervation.

Supported by NIGMS S06-GM08136-22 and NASA-NMSGC grants to EES. 
SAC is the recipient of a NASA-NMSGC Graduate Fellowship, WMD and VLL 
are MBRS trainees.

322.11
RECOVERY OF GUSTATORY FUNCTIONAL RESPONSE IN SOLITARY 
TRACT NEURONS AFTER PERIPHERAL NERVE CRUSH AND 
REGENERATION. M.A. Barry*. Neuroscience Program, Univ, of Connecticut 
Health Center, School of Dental Medicine, Farmington, CT 06030-3705.

The recovery of the gustatory system is being investigated following severe 
nerve crush and regeneration of the chorda tympan¡ nerve (CT) in the golden 
Syrian hamster. Only 33% of myelinated fibers regenerate following this 
procedure and NaCI -drinking induced c-fos staining in the parabrachial 
nucleus only recovers about 50% of normal. In this study, the functional 
properties of units in the rostral part of the nucleus of the solitary tract (NST) 8 
weeks following CT crush was compared to normal controls. Single NST units 
were recorded in urethane-anesthetized hamsters during stimulation of the 
fungiform taste field with: 0.03 & 0.1 M Na acetate, 0.1 & 0.3 M sucrose, 0.1 
& 0.3 M KCI, 0.01 M HCI, or 0.003 M saccharin (hemicalcium salt). In addition, 
the high concentrations of all stimuli were mixed with 10 µm amiloride. Cluster 
analysis (based on 5 sec net responses to stimuli) revealed that all Crush and 
normal units could be divided into 4 clusters corresponding to sucrose, Na, 
KCI, and HCI best units. The temporal pattern, response specificity, and 
response profile of the units were largely unaffected by treatment. The 
amplitude of the response was reduced for the HCI and KCI best units, but not 
for the more abundant sucrose and NaCI best units. This recovery is 
remarkable considering the reduction of peripheral inputs. Given our earlier c- 
fos results, we suggest that fewer sucrose- and NaCI-best NST units respond 
to anterior tongue stimulation, but those that do respond normally. Also there 
may be peripheral or central gain in this system that could account for 
observed functional recovery.
Supported 2P50-DC00168-16 from NIDCD, NIH.

322.13
PHARMACOLOGICALLY DISTINCT EFFECTS OF AP5 A N D  CPP AT NM DA  
RECEPTORS IN VISUAL SYNAPSES IN THE SUPERIOR COLLICULUS (SC) OF 
NORMAL AND DARK REARED RATS. K.E.Binns*. V. Lane. J.P.Tumer. T.E,Salt. Dept 
Visual Science, Institute o f Ophthalmology, UCL. Bath Street, London, EC IV  9EL.

We have previously shown that in the superficial grey layer (SGS) o f the SC the 
role o f NM DA-receptors (NM DA-rs) in visual transmission is enhanced by dark rearing. 
This effect is likely to result from an experience-dependent change in the NR2 sub-unit 
composition (and ion channel kinetics) o f NM DA-rs in visual synapses. T he relevance of 
these changes to physiological sensory transmission is unclear. Some NM DA-r antagonists 
are selective for NM DArs assembled from different NR2s. We investigated whether the 
pharmacological properties o f those NM DA-rs mediating visual response were affected by 
dark rearing.

In vivo study: Under urethane anaesthesia, we recorded extracellular single neurone 
activity in SGS with multi-barrel iontophoretic pipettes containing NM DA, AM PA and two 
competitive antagonists AP5 and CPP (which have some selectivity between NM DA-rs 
composed ofN R l + NR2a andNRl+NR2b). Visual responses (to moving bars) and agonist 
responses were challenged with AP5 and CPP. In each case the antagonist ejection current 
(and duration) selectively blocked the response to NM DA but not AMPA ejected on the same 
neurone. In light reared rats (LRs) both antagonists had equivalent effects. The visual 
responses o f 7/11 neurones were reduced from control levels by means (±SEM ) o f 22±6%  
and 21 ±4 % by AP5 and CPP respectively. The visual responses o f 4 neurones were 
unaffected by either antagonist. In dark reared rats (DRs) AP5 reduced the visual responses 
o f all neurones by 5 1±7% but CPP had little or no effect (mean reduction = 7±4%, n= 13).

In vitro study: In slices (media contained ЗOµM bicucullme and ImM CGP35348) 
we recorded £EPSPs in SGS evoked by optic layer stimulation (0.2Hz). D ose response plots 
for AP5 and CPP showed that after dark rearing the maximum effect o f both drugs on 
reduction o f the fEPSP was greater (AP5-LRsl=5O±2[3], DRs= 8O±4[6]; CPP- LRsl= 
55±IO[3], D R s=99±2[4], mean±SEM[n]). A lso in dark reared rats, potency o f AP5 was 
increased but the potency o f CPP was little different (IC5Os A P 5- L R s= ll.7µ M , 
DRs=2.OµM; CPP- LRs=2.2µM , D R s=l .4µM).

These data are evidence that visual experience induces a change in the molecular 
foim o f those NM DA-rs which are specifically located in synapses with the visual input.

W ork Supported by the Welcome Trust

322.10
THE EFFECTS OF TIME VS. REGENERATION ON THE RECOVERY OF 
SALT DISCRIMINATION FUNCTION FOLLOWING CHORDA TYMPANI 
TRANSECTION. S.L. Kopka. L. C. Gera∩ and A .C . Spector*. Dept, of 
Psychology, Univ, o f  Florida, G ainesville, FL 32611.

The ability o f  rats to discriminate NaCI from KCI is disrupted after chorda 
tympani transection (CTX), but recovers by 49  days after surgeiy concomitant 
with the regeneration o f  the nerve. W e tested whether this recovery is due to 
regeneration o f  the chorda tympani nerve or sim ply to tim e since surgery 
allowing for nervous system  reorganization. All rats were presurgically trained 
in an operant NaCI vs. KCI discrimination task. Rats tested starting 69 days 
after CTX in which nerve regeneration was allowed (n=5), recovered the same 
degree o f  function as those tested starting 69 days after receiving sham surgery 
(n=5). Performance o f  these groups was slightly worse than the group tested 
starting 7 days after receiving sham surgery (n=4). Performance o f  the rats 
tested starting 69 days after CTX in which nerve regeneration was prevented 
(n=5), w as severely disrupted; the impairment in these rats was not 
sign ificantly different than that seen in rats tested starting 7 days after CTX 
(n=5). Additionally, rats with regenerated nerves were just as sensitive to the 
discrimination-disruptive effects o f  the epithelial sodium channel (ENaC) 
blocker, amiloride, as sham animals. Performance in CTX rats without 
regenerated nerves was further degraded by amiloride treatment suggesting 
that ENaCs can be found in taste receptors innervated by other nerves. It 
appears that nerve regeneration is an essential component underlying recovery 
o f  salt discrimination function follow ing CTX.
Supported by NID C D  grants R01-D C 01628 and K 04-D C 00104.

322.12
DEVELOPMENT AND MOLECULAR IDENTITY OF EXTRARETINAL PHOTORECEPTORS 
IN EARLY LIFE STAGES OF MARINE TELEOSTS
Forsell J.. Ekström PΛ  Helvik J.· Blackshaw S„ Kallesø T„ deGrip W.and HplmqvigLB, 
Dept. Zoology, Univ, of Lund, Sweden, Dept. Molecular Biology, Univ, o f Bergen, Norway, Dept. 
Biochemistry, Univ, of Nijmegen, The Netherlands and Dept. Neurosci, John Hopkins Univ., U.S.A.

Extraretinal (non-visual) photosensitive structures, such as the pineal and parapineal 
organ and different brain regions, are well documented in non-mammalian vertebrates and 
an increasing number of different types of photopigments are currently being discovered in 
different species and structures, and specific developmental stages. The pineal organ in the 
Atlantic halibut is proposed to control the Iighưdark influenced timing of hatching.

We investigated the presence and developmental pattern of extraretinal photosensitive 
structures in three marine teleost species, the Atlantic halibut, herring and cod. Antibodies 
against photoreceptor cells (zpr-1, zpr-2; Mab Fac. Univ. Oregon), opsins (cone- (clone 
CERN-874; W. deGrip) or rod-specific (clone CERN-886; W. deGrip) and cone/rod (clone 
OS-2; A. Szćl)), aгrestin, a-transducin, and the transmitter molecules serotonin and GABA, 
were used for immunocytochemical detection. At mid-(herring/cod) late-(halibut) 
embryonic stages, pineal cells are immunoreactive for opsin (cone/rod), aгrestin, a- 
transducin, GABA and serotonin. In all species, the corresponding immunoreaction in the 
retina is detected several days later. In the developing halibut and herring larva, the 
photoreceptor marker zpr-1 stains cells throughout the pineal organ while no staining is 
detected in the cod. The zpr-1 stains retinal cells only in halibut (day 14 larva). No staining 
was detected with zpr-2. Cone- or rod-like staining is present in the epiphysial complex, 
displaying numerous and widely distributed rod-like cells whereas cone-like cells comprise 
a restricted subpopulation. In newly hatched cod, cone-like staining is present in cells of a 
separate structure, possibly the parapineal organ, and in the retina. This staining pattern is 
not found in day 6 or 14 cod larva, or in halibut larva. So far,these antigens have not been 
detected in the brain. Recent partial cDNA sequence analyses from adult halibut, indicate 
green opsin-like expression in both brain and pineal, and UV opsin-like expression in the 
pineal. RT-PCR using primers designed to parapinopsin, indicates expression of 
corresponding opsins in cod (embryo/larva), and in adult halibut brain and pineal. In  s i tu  
hybridization studies, using cRNA-pгobes derived from catfish parapinopsin, revealed 
expression in pineal cells of embryonic herring. Current studies aim to determine the 
partial cDNA sequences of extraretinal photopigments and their distributional expression 
during development. (Supported by TMR Large Scale facility, NORFA and Norwegian Research Council.)
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323.1

BACKGROUND ILLUMINATION HAS DIFFERENTIAL EFFECTS 
ON ERG SPECTRAL SENSITIVITY OF THE DEVELOPING 
ZEBRAFISH. J. Bilott¾1 Ł  Saszik,1 A. Hughes.2 C. Giving and I. 
Abramov3*. 'Dept, o f Psychology, Western Kentucky Univ., Bowling 
Green, KY 42101; 2Dept. o f Psychology, Univ, o f Louisville; 3Dept. o f 
Psychology, Brooklyn College o f CUNY.

In zebrafish (D anίo rerio), rods appear to develop later than cones. 
This study examined the effects o f background illumination on the 
spectral sensitivity of developing zebrafish. Spectral sensitivity functions 
were derived from zebrafish o f various ages under different levels of 
white background illumination. Sensitivity was derived from ERG fa- 
wave responses to 200 ms monochromatic stimuli. For 6-8, 13-15 and 
21-24 days postfertilization subjects, there was no difference in the 
spectral sensitivity functions obtained with backgrounds o f 5 and 0.05 
µW/cm2. In addition, for the 6-8 dpf subjects, there was little difference 
in the functions obtained at these backgrounds and under dark-adapted 
conditions. With age, functions obtained under dark-adapted conditions 
gradually became higher in absolute sensitivity and received more rod 
contributions. In adults, spectral sensitivity functions obtained under 
dark-adapted and 0.05 µW/cm2 backgrounds were higher in absolute 
sensitivity compared to functions obtained with a 5 µW/cm2 background. 
The effects o f background illumination on spectral sensitivity can be 
attributed to differences in rod and cone contributions with age. 
Supported by KY NSF/EPSCoR (OSR9452895).

323.3

SUBSTANCE P EXPRESSION IN TECTAL NEURONS IS DEPENDENT  
ƯЮN DEPOLARIZATION IN A D ULT BUT NOT TADPO LE RAN A 
PIPĨENS. S. Tu* and E.A. D ebski. School o f  Biological Sciences, Univ, o f  
Kentucky, Lexington, KY 4 0 5 0 6

The optic tectum processes visual information and is the major target 
of retinal ganglion cells in amphibians. Am ong its cells is a population o f  
neurons immunoreactive to substance P (SP). Our previous work has 
shown that SP expression in tectal neurons is optic nerve-dependent in 
both mature (Liu and Debski, J. Neurobiol. 29: 517-5 3 4 , 1996) and 
developing animals (Tu and Debski, Soc. Neurosci. Abstr. 23: 1160, 
1997). Here we investigated whether optic nerve-dependent regulation o f  
SP expression in adult and tadpole Rami pipiens is mediated by  
depolarization o f tectal neurons.

Retinal ganglion cells release glutamate at the optic tectum. In order to 
block postsynaptic depolarization without blocking retinal ganglion cell 
activity, the slow release plastic Elvax was used. Elvax, containing either 
CNQX, an antagonist to the non-NM D A receptors, or vehicle (sham), was 
implanted on the bare surface o f the tectal lobes o f adult frogs or tadpoles 
for 6  weeks. In both groups o f animals, CN QX -containing Elvax 
disrupted the retinotectal topographic map. In adults, chronic treatment 
with CNQX also decreased the percent o f  SP-like immunoreactive (SP-ir) 
cells in layer 6  in the tectal lobe contralateral to the treatment. This result 
is consistent with findings obtained previously with unilateral optic nerve 
transection. However, CNQX treatment had no effect on the percentage o f  
SP-ir cells in either tectal lobe in tadpoles. Both retinotopic map 
organization and SP expression were unchanged by sham Elvax. Our 
results indicate that the optic nerve regulates the expression o f SP 
differently in develop ing and mature tecta. Supported by NSF grant IBN- 
9514614.

323.5
DEVELOPMENTAL REGULATION OF Ca2+ M O B ILIZAT IO N  BY 
METABOTROPIC GLUTAM ATE RECEPTORS IN  THE VISUAL 
CORTEX. L.A. Schrader*. J.J. HaЫitz. and M.J. Ftiedlander. Dept, ɗ  
Neurobiology, University of Alabama at Birmingham, AL 35294.

We have previously described a transient form of synaptic potentiation in the 
visual cortex termed covariance induced potentiation (CIP). CIP can be induced in 
pyramidal neurons in both adult and immature cortex, however the mechanisms ď  
CIP induction undergo a dramatic developmental change. CIP induction is 
dependent on NMDA receptors in adult cortex, but less dependent on NMDA 
receptors in immature cortex (Harsanyi and Friedlander, J. Neurophysiol., 77:1284- 
1292, 1997). However, CIP can be blocked in some pyramidal neurons in the 
immature cortex by blocking both the NMDA and metabotropic glutamate receptors 
(Schrader and Friedlander, Soc. Neurosci. Abstr. 23:1267), indicating that mGluRs 
are involved in CIP induction in immature cortex. This suggests that mGluRs are 
either not functional in the adult cortex, or they uncouple from the plasticity cascade. 
Thus, we combined Ca2+ imaging with fluo-3 and patch clamp techniques to 
investigate Ca2+ mobilization from intracellular stores by activation of mGluRs in 
layer M i l  pyramidal neurons from immature and adult cortex. lS,ЗR-ACPD (100 
µM) caused a transient, single-peaked increase in intracellular Ca2+ in 53% (8/15) t f  
pyramidal neurons from immature cortex (<16 days) and in only 28% (5/18) t f  
pyramidal neurons from adult cortex (> 35 days). The duration of the increase in 
intracellular Ca2+ was 45-100 seconds, and the peak was larger in immature cortex 
(70-300% over baseline) than in adult cortex (30-150% over baseline). This increase 
in Ca2+ was accompanied by either a small reduction o f Rш (10-20%) or no change in 
Rш or Em. These results suggest that the mGluRs coupled to IP3 turnover and 
subsequent Ca2+ release (mGluRl and/or mGluR5) are developmentally regulated in 
the visual cortex, and this decrease in the efficiency of Ca2+ release from intracellular 
stores by mGluRs may be responsible for CIP becoming completely dependent on 
NMDA receptors in adult animals.
This project supported by NIH grants EY05116, EY07033-20, HD32901, and 
HD531109.

323.2
DEVELOPMENT OF THE CORTICOTECTAL PROJECTION IS 
UNAFFECTED BY ELEVATED SEROTONIN LEVELS. T.A. Cmko¯ 
Hoppenians,* J. Yaggie, R.D. Mooney, and R.W. Rhoades. Dept, o f  Anatomy 
and Neurobiology, Medical College o f Ohio, Toledo, OH 43614-5804.

A previous study from this laboratory showed that elevated 5-HT levels in the 
hamster’s superior colliculus (SC) induced by a single subcutaneous injection o f
5,7-dihydroxytryptamine (5,7-DHT) at birth (P-0) resulted in an abnormally 
widespread terminal distribution o f the uncrossed retinotectal projection. The present 
study investigated whether the corticotectal projection in such animals at maturity 
was similarly altered: in particular, whether corticotectal axons were numerous in 
the doгsalmost stratum griseшn superfic¡ale (SGS), as occurs in hamsters younger 
than P-10, or, as in normal adult hamsters, were restricted to the lower SGS and 
stratum opticum  (SO). Adult hamsters (P>6O) injected at birth with 5,7-DHT (N=8) 
or normal controls (N=7) were injected with HRP into occipital cortex and 
processed for anterograde tracing o f corticotectal terminals in the SC. The section 
with the heaviest labelling from each animal was digitized using polarized darkfield 
optics, and a labelling density profile as a function o f SC depth was obtained. Data 
were compared by repeated measures ANOVA: normals and 5,7-DHT-treated 
hamsters were not significantly different in total labelling; in both groups labelling 
density increased significantly with depth; there was no significant interaction 
between experimental treatment and SC depth for labelling density. These data 
suggest that the failure o f retinotectal axons, but not corticotectal axons, to achieve 
normal terminal fields after neonatal elevation o f 5-HT in the SC is likely to result 
from decreased retinotectal synaptic activity mediated by presynaptic 5-HT1B 
receptors. Surprisingly, there was no compensatory expansion in corticotectal 
fields.

Supported by EY 08861, IBN 9309597.

323.4
STABLE PROPERTIES OF SPONTANEOUS EPSCS AND MINIATURE RETINAL 
EPSCS DURING THE DEVELOPMENT OF ON/OFF SUBLAMINATION IN THE 
FERRET LATERAL GENICULATE NUCLEUS C. D. Hohnke* and M. Sur. 
Department o f Brain and Cognitive Sciences, MΓΓ, Cambridge, M A 02139

The lateral geniculate nucleus (LGN) of the ferret undergoes a period of 
dramatic activity-dependent growth and reorganization during early postnatal life. 
For example, retinal projections to the LGN progressively segregate in an activity- 
dependent manner first into eye-specific laminae and subsequently into sublaminae 
that receive inputs from either ON-center or OFF-center affeгents. In order to study 
the development of synaptic efficacy during this period, we recorded spontaneous 
and miniature excitatory post-synaptic currents (EPSCs) from relay cells o f the LGN 
during ON/OFF sublamination. The rise times, areas, half-widths, decay times and 
inter-event intervals o f spontaneous EPSCs (sEPSCs) recorded at the beginning of 
ON/OFF sublamination were not different from those recorded after its completion. 
Typically sEPSC areas were small (10-20 fC), but varied greatly both within and 
between neurons. The frequency of sEPSCs was also quite variable, ranging from 
0.2 to 5 Hz. sEPSCs were CNQX-sensitive and were equivalent to miniature EPSCs 
(mEPSCs) recorded in the presence of TTX. No difference was observed between 
sEPSCs recorded at room temperature and those recorded at 34°C, and strontium 
could be substituted for calcium with no effect on sEPSC shape.

In order to analyze retinal synapses specifically, we analyzed mEPSCs evoked 
with optic tract stimulation in the presence of strontium. Replacing calcium with 
strontium in the extracellular solution caused a significant decrease in evoked 
synchronous transmitter release and an increase in asynchronous release of quanta. 
Retinal mEPSCs were similar to sEPSCs: their properties remained constant dining 
sublamination, their areas were small and quite variable, and they were CNQX- 
sensitive. These data argue for a remarkable stability in the components o f synaptic 
transmission during a period o f major synaptic rearrangement in the LGN.

Supported by EY 11512 and EY 07023.

323.6
RETINAL INPUT INDUCES A CALCIUM-MEDIATED PLATEAU POTENTIAL 
IN CELLS OF THE DEVELOPING RAT SUPERIOR COLLICULUS. R. R. Mize*. 
R, J, Cork , and F-S. Lo. Department of Cell Biology and Anatomy and the 
Neuroscience Center, LSU Medical Center, New Orleans, LA  70112 

Using an in vitro isolated brainstem preparation o f neonatal rats (P0-P14), we 
examined the characteristics of retinotectal transmission with whole-cell patch 
recording techniques. The developmental expression of NMDA receptors was also 
examined using NMDA receptor subunit 1 (NMDAR1) iπununocytochemistry. 
Stimulation of optic tract fibers (OT) evoked an EPSP that was mediated by both 
NMDA and non-NMDA receptors in neurons of the superficial superior colliculus 
(SC). In most cells, after P3, the EPSP was followed by an IPSP. The IPSP 
dramatically curtailed the late NMDA component of the EPSP; presumably via a 
shunting mechanism. Spatial (increase stimulation intensity) or temporal summation 
(3 pulses at 20 Hz) of EPSPs resulted in a long-lasting (>500 ms) plateau potential 
that depolarized the neuron to -30 mV (or more) and partially inactivated Na+ spikes. 
Nitrendipine (10 µM), a L-type Ca2+ blocker, blocked the plateau but left the 
underlying EPSP intact. Thus, the Ca2+-mediated plateau was triggered by the EPSP 
with a threshold for plateau activation of about -40 mV. D-APV(100 µM), an NMDA 
receptor antagonist, also blocked the plateau. When NMDA receptors were blocked, 
temporal summation of 3 non-NMDA-EPSPs at 20 Hz failed to induce the plateau, 
even though the nonNMDA-EPSPs depolarized the cell to -40 mV. A  long 
depolarization is required to activate the plateau because neither Na+ spikes nor non
NMDA-EPSPs were able to trigger it. In some cells, the plateau was induced only 
after application of bicuculline (10 µM), an antagonist of GABAΛ receptors, 
indicating that a GABAa-IPSP could prevent the plateau by shunting the NM DA- 
EPSP. However, blocking GABAв receptors with Saclofen (100 µM) had no effect on 
the activation of the plateau. Stimulation of OT with a train of pulses (50 Hz, 1 sec) 
induced a long-lasting plateau potential, which might play a role in long-term 
changes in synaptic efficacy. NMDAR1 antibodies intensely labeled superficial SC 
during this period. Supported by USPHS NIH EYO2973 and NS36000.
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323.7
OPTICAL IMAGING OF INTRACELLULAR CALCIUM AND NEURONAL 
ACTIVITY IN VISUOCORTICAL SLICES DURING DEVELOPMENT; 
EFFECT OF NORADRENALINE APPLICATION M. Kobavashi1. T. 
Sugai2. N. Onoda2, Y. Watanabe1. and K. Imamura1* *Dept. of Neurosci., 
Osaka Biosd. Inst., Osaka 565-0874, ¾ept. Physiol., Kanazawa Med. 
Univ., Ishikawa 920-02, Japan.

Experimental manipulation of visual experience during a well-defined 
postnatal sensitive period induced marked changes in cortical physiology, 
ultimately leading to anatomical rearrangements of the termination 
pattern of thalamic afferents in the visual cortex. We have considered that 
the central noradrenergic system plays important roles in the regulation of 
this activity-dependent plasticity. In the present study, we studied effects 
of noradrenaline (NA)on the intracellular concentration of Ca2+ ([Ca2+]į) and 
propagation of neuronal activity by using visuocoritcal slices prepared from 
Long-Evans rat with different ages. [Ca2+]¡ was measured with an optical 
imaging system (Argus-50 or 100) and a calcium indicator, fura-2. 
Propagation of the neuronal activity evoked by the electrical stimulation of 
white matter was studied by either multi-electrode dish (MED) imaging 
system or optical imaging system (HR Deltaron-1700) with a voltage 
sensitive dye. Application of NAincreased [Ca2+]¡ dose-dependenly and the 
effect was most prominent in the visuocoritcal slices prepared from the 
sensitive period animals. Glial contribution to the [Ca2+]į response was 
suggested by incubating slices with a gliotoxin, fluorocitrate. NA was also 
found to suppress markedly the propagation of neuronal activity evoked by 
the stimulation of white matter. Pharmacological experiments showed 
that a  j receptors are primarily involved in both action of NA. These 
results suggest that NA in visual cortex induces larger [Ca ]̂¡ response 
during the sensitive period and generally suppresses the horizontal spread 
of neuronal activity evoked by radial activation.

323.9
DEVELOPMENTAL CHANGES IN THE NEUROTRANSMITTER REGULATION 
OF CORRELATED SPONTANEOUS RETINAL BURSTING ACΉVITY. E.D. 
Miller. W.T. Wong, R.O.L. Wong*. Dept, of Anat. &  Neurobiol., Washington Um`'. 
Sch. Med., St. Louis, MO 63110.

Spontaneous bursting activity in retinal ganglion cells (RGCs) in the developing 
ferret retina is generated throughout the period when the retinal circuitry is being 
established. Before glutamate-containing bipolar cells form connections, activity in 
RGCs requires excitatory drive from cholinergic amacrine cells (Feller et al„ Spience 
272, 1996). To examine the potential role for glutamate in mediating RGC bursting 
activity during the period when bipolar cells are present, we compared the effects of 
ionotropic glutamate receptor antagonists before (postnatal day (P)7-8) and after 
(P20-22) bipolar cell synaptogenesis. In P7-8 retinae, the NMDA receptor antagonist, 
APV (lOOµM) reduced bursting frequency (by 39%) as did the non-NMDA receptor 
antagonist NBQX (ЮµM; by 21%). In combination, the blockers synergistically 
reduced bursting frequency (by 76%) but did not eliminate bursting per se. In P20-22 
retinae, these antagonists, when applied individually, reduced bursting frequency 
more markedly (APV by 55% and NBQX by 45%); when applied together, they 
completely eliminated bursting activity. These results show that while spontaneous 
bursting activity is potentiated by glutamate before bipolar cell synaptogenesis, it 
becomes completely dependent on glutamate after bipolar cell synapses mature. By 
contrast, cholinergic transmission, while required for bursting activity early on, is not 
required after bipolar synaptogenesis; application of neuronal nicotinic receptor 
antagonists (lOOµMDHßE, lOOµM hexamethonium, or 4OµM mecamylamine) did 
not depress the bursting activity in P20-22 retinae. Taken together, these results 
suggest that the major excitatory drive underlying the correlated bursting activity 
shifts from cholinergic to glutamatergic transmission; this transition is reflected in the 
addition of bipolar cells to the circuitry in the developing retina.
Supported by NIH (R.O.L.W.).

323.11
SPA T IA L  A R R A N G E M E N T  O F S Y N A P S E S  O N  A C T IV E  
D E N D R IT E S  C O U L D  A R IS E  F R O M  H E B B IA N  L E A R N IN G

K.A. Archie*, Neuroscience Program, USC, MC 2520, LA, CA 90089, and
B.W. Mel. Dept, of Biomedical Engineering, USC, MC 1451, LA, CA 90089.

The dendrites of cortical neurons contain physiologically potent voltage- 
dependent conductances. Modeling studies have shown that these active con
ductances can lead to nonlinear synaptic boosting, w ith potential significance 
for a variety of neuronal computations (e.g., Mel et ah, J. Neurosci., 1998).

In the present work, we use compartmental models to study biologically 
plausible mechanisms for development of the spatial arrangement of synapses 
needed to exploit dendritic nonlinearities. A single modeled cell takes inputs 
from an image grid; the spatial arrangement of synapses on the cell is in itia lly  
random. We present a set of training images, each a vertical bar in a different 
location on the image grid. A Hebbian learning rule is used to determine the 
fate of individual synapses: each synapse is assigned a score equal to the aver
age product of the presynaptic activity (i.e., the conductance of the synapse) 
and the smoothed postsynaptic voltage. In im itation of standard concepts in 
neuronal development, synapses with high scores are retained w ith high prob
ability, while those with low scores are more likely to be eliminated. Each 
vacated synaptic site is reassigned an input from a randomly selected location 
on the image grid. Repeating the presentation/pruning cycle leads to spatial 
ordering of the synapses that supports position-independent orientation tun
ing, akin to that exhibited by a visual “complex” cell. Our results confirm that 
a Hebbian learning rule operating in a neuron w ith active dendrites can lead 
to the extraction of task-related higher-order features in the input. Supported 
by NSF and ONR.

323.8
DIVERSE AM ACRINE CELL TYPES PARTICIPATE IN RETINAL 
W AVES IN THE DEVELOPING FERRET. K.L. Myhr*and R O L, Wong, 
Dept, o f  Anatomy and Neurobiology, W ashington University School of 
M edicine, St. Louis, MO 63110.

Correlated spontaneous retinal activity in the form o f propagating waves 
may underlie the developmental refinement o f connectivity between retinal 
ganglion cells and their central targets. Previous studies demonstrated that 
only som e amacrine cells participate in the waves, suggesting that the active 
cells may be comprised o f a unique population o f intemeurons. However, 
pharmacological studies suggest that both cholinergic and gamma- 
aminobutyric acid (G ABA)-containing amacrine cells regulate the spatial 
and temporal properties o f  the waves. But, because cholinergic amacrine 
cells colocalize GABA, a single population o f amacrines may be 
responsible for modulating the wave activity. To test this hypothesis, we 
have examined what classes o f amacrine cells participate in the waves. 
Spontaneous activity in the neonatal ferret retinal wholem ount (postnatal 
days P8 to P10, and P19 to P 2 l)  was monitored using calcium  imaging, 
and active or inactive amacrine cells with cell bodies displaced to the 
ganglion cell layer were subsequently intracellularly dye-filled to reveal 
their m orphology. It is well established that transmitter content of 
amacrine cells can be inferred from their morphology. At all ages studied, 
about 85% o f all displaced amacrine cells participated in the waves; the 
active population included small, medium and large-field cells, including 
starburst (cholinergic) cells. A similar diversity was observed in the 
inactive population. In addition, imm unolabeling the retina after calcium 
imaging for G ABA demonstrated that there is no consistent relationship 
between activity and GABA-immunoreactivity. Thus, it is likely that 
neurotransmitter modulation o f the wave activity is provided by several 
classes o f  amacrine cells.
Supported by NIH grants and Klingenstein Fellow ship to R.O.L.W.

323.10
MODEL OF cAMP-DEPENDENT ALTERATIONS IN THE DYNAMICS OF THE 
SPONTANEOUS ACTΓVTΓY OF THE DEVELOPING RETINA D. Stellwagen*. 
D,A. BuΰSi. D,S. ,R¢khsaг. CJ. Shatz, M ·B. Feller, Howard Hughes Medical 
Institute, Department of Molecular and Cell Biology and Department of Physics, 
University of California, Berkeley, CA 94720, and NINDS/NIH, Bethesda, MD 
20892.

Spontaneous waves of coưelated activity sweep across the ganglion cell layer of the 
neonatal mammalian retina, and drive the organization of ganglion cell axons in the 
lateral geniculate nucleus. These waves have distinct spatio-temporal properties, 
which can be accurately re-created by a system level model of the developing retina , 
that incorporates the amacrine and ganglion cells known to participate in waves. We 
have demonstrated that the spatio-temporal properties of the waves are controlled by 
the intracellular levels o f cAMP, which are endogenously regulated by adenosine 
release. Blocking adenosine transmission or cAMP production greatly diminishes the 
frequency of waves. Artificially increasing cAMP levels dramatically increases 
retinal activity and produces waves which are much larger in area, faster in 
propagation velocity, and more frequent in o c c ш t ℮п c ℮. These alterations in wave 
dynamics can be reproduced by the model through modifications of the parameters 
corresponding to spontaneous initiation rate, cell threshold, and intrinsic refractory 
period of the model amacrine cells. These results lead to the testable prediction that 
elevation in cAMP levels result in a decrease in the number of excitatory inputs 
required to recruit a given cell into a wave, and, surprisingly, a decrease in 
spontaneous cellular activity of the amacrine cells. By modeling the distinct 
changes in wave properties resulting from cAMP modulation, we can define possible 
cellular mechanisms o f cAMP action. These results imply that levels of cAMP may 
control the patterns of retinal activity and consequently the nature of the correlations 
relayed by the ganglion cells to more central structures.
Supported by NIH MH48108 to CJS, DOE LDRD 3668-27 to DAB and DSR, 
ARCS Foundation Fellowship to DAB, and IRP,NINDS to MBF.

323.12
M O D E L IN G  T H E  IN F L U E N C E  O F E Y E  M O V E M E N T S  O N  TH E  
D E V E L O P M E N T  O F O R IE N T A T IO N  SE L E C T IV IT Y
M. Rucci, G.M. Edelman and J. Wray*, The Neurosciences Institute, 10640 John 
Jay Hopkins Drive, San Diego, CA 92121.
In the primary visual cortex of many mammals, cells are found that selectively 
respond to edges oriented along specific directions. In the last decade, several 
studies have advanced the hypothesis that the spatial structure of neuronal ac
t iv ity  in the lateral geniculate nucleus (LGN) may play a crucial role in the 
development of orientation selectivity. Although orientation selectivity seems 
to appear in many species before eye-opening, substantial evidence supports the 
idea that orientation tuning is further refined through visual input. After eye
opening, the spatio-temporal structure of visual stimulation depends not only- 
on the characteristics of the environment, but also the way the environment is 
scanned by means of eye movements. This spatio-temporal structure will be re
flected in the correlation of activity patterns within the LGN. In this study, we 
have analyzed the influence of eye movements on the activity of LGN cells, and 
the potential action of the resulting correlation patterns on the development of 
orientation selectivity. A model of the LGN and the developing primary visual 
cortex was coupled to a robotic oculomotor system. This allowed the model to 
be exposed to static and time-varying natural scenes acquired during controlled 
movements of a camera. W ith this model, a number of experiments were per
formed replicating studies in which cats were raised with different eye movement 
impairments. The development of orientation selectivity was found to be depen
dent on the eye movements performed. These results, which replicate those seen 
in the cat, originated from changes in the temporal dynamics of spatial correla
tion patterns among LGN cells, due to differential eye movements. This study, 
by extending principles described in previous models to the temporal domain, 
provides a mechanism by which the final distribution of preferred orientations 
in the visual cortex can be directly influenced by eye movements. (Supported 
by Neurosciences Research Foundation).
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323.13
THE ROLE O F C Y T O C H R O M E -O X ID A S E  BL O B S IN  T H E  D E V E L 
OPMENT O F O C U L A R  D O M IN A N C E  A N D  O R IE N T A T IO N  M A P S . 
David G. Tones*, K e v in  L e y to n -B r o w n . D e p t  o f  C o m p u te r  S c ien ce , 
McMaster U n iv e r s ity , H a m ilto n , O N , C a n a d a

Various c o m p u ta t io n a l m o d e ls  d e sc r ib e  h o w  a H e b b ia n  m e c h a n ism  
for synaptic m o d if ic a t io n  c a n  g iv e  r ise  to  th e  o r d e r ly  a r r a n g e m e n t o f  
functional p r o p e r tie s  w ith in  p r im a r y  v is u a l  c o r tex . C o rre la ted  fir in g  
patterns a m o n g  v is u a l  in p u ts , c o u p le d  w i t h  c o m p e t i t iv e  in te r a c tio n s , 
are thought to  le a d  to  th e  d e v e lo p m e n t  o f  o c u la r  d o m in a n c e  a n d  o r i
entation p re feren ce  m a p s . T h ere  is  e v id e n c e ,  h o w e v e r , th a t s o m e  co r
tical features, su c h  a s  n u m b e r  a n d  a r r a n g e m e n t o f  c y to c h r o m e -  
oxidase b lo b s, m a y  b e  le s s  e x p e r ie n c e  d e p e n d e n t  a n d  m o re  in n a te . 
The goal o f  th is  w o r k  is  to  in v e s t ig a te  th e  r o le  th a t m o r e  m e ta b o lic a lly  
active c y to c h r o m e -o x id a se  b lo b s  m a y  p la y  in  c o n s tr a in in g  th e  o v e r a ll  
pattern o f ocu la r  d o m in a n c e  a n d  o r ie n ta t io n  p r e fe r e n c e  m a p s  in  p r i
mary v isu a l co rtex . A  n e w  c o m p u ta t io n a l m o d e l  h a s  b e e n  d e v e lo p e d  
to explore th e  fu n c tio n a l m a p s  th a t e m e r g e  a s  a r e su lt  o f  a lo ca l H e b 
bian m ech a n ism , c o r re la tio n s  a m o n g  g e n ic u la te  in p u ts , a n d  a v isu a l  
cortex w ith  n o n h o m o g e n e o u s  m eta b o lic  c a p a b ilit ie s .  T h e  m o d e l  p r e 
dicts that m o re  c o m m o n  v is u a l  fe a tu r e s  w i l l  te n d  to  b e  r e p r ese n te d  
near cy to ch ro m e b lo b s , w h e r e a s  le s s  fr e q u e n tly  o c c u r r in g  fea tu res , 
such as b in o cu la r  c o in c id e n c e  o r  sp e c if ic  o r ie n ta t io n s , w i l l  te n d  to  b e  
represented in  in te r -b lo b  r e g io n s . T h e  d e v e lo p m e n t  o f  c erta in  a sp e c ts  
of visual cortica l m a p s  m a y  th e re fo r e  b e  l in k e d  to  th e  a r r a n g e m e n t o f  
intrinsic cortica l fea tu res .

Sponsored by grants from  NSERC & MRC

323.15
LATERAL C O N N E C T IV IT Y  C AN P R O V ID E  A  SC AF
FOLD FOR O R IE N T A T IO N  M A P S : A  C O M P U T A T IO N A L
STUDY. H . Z. Shouval*1, D. H . Goldberg1, J. P. Jones2
W. A. Shelton2, M. Beckerman2 and L. N Cooper1. 1 Departments of 

Neuroscience, Physics and the Institute for Brain and Neural Systems Brown 
University, Providence, R I 02912; 2Computer Science and Mathematics 
Division, Oak Ridge National Laboratory, Oak Ridge, TN  37831.
It is well-established that the development of orientation selectivity is 
experience-dependent. However, recent experiments indicate that the lay
out of orientation preference maps is remarkably stable and experience- 
independent. To reconcile these seemingly paradoxical results, we investigate 
a scaffold for the orientation preference map, consisting of anisotropic la t
eral connections, is laid down in horizontal circuitry early in development. 
We present a quantitative implementation of the scaffold model that simul
taneously satisfies the requirements of plasticity and stability. The model 
consists of BCM neurons that interact via a static, anisotropic lateral connec
tivity. The visual environment is modeled by a set of natural images. Feedfor
ward and lateral connectivity work in concert to form sharply tuned orienta
tion maps: lateral connectivity provides an experience-independent structural 
framework for the emerging orientation map, while feedforward connectivity 
provides the experience-dependent component of map development that is 
crucial for adult-like orientation tuning. Simulations of this model give re
sults in agreement w ith experiments on normal rearing, and reverse suture. 
Experiments that can distinguish this model from others are proposed and 
simulated. This work was supported by the Charles A. Dana Foundation, the 
National Science Foundation and the Office of Navel Research.

323.14
MODELING OCULAR DOM INANCE DEVELOPMENT: RELATIONSHIP 
TO RETINOTOPY, AND THE EFFECTS OF INPU T CORRELATIONS ON 
COLUMN W IDTH. E. Erwin* and K.D. M ille r. W.M. Keck Center for Inte
grative Neuroscience and Dept, of Physiology, UCSF, San Francisco CA 94143.

Previously, we have shown that ocular dominance (OD) columns may de
velop through activity-dependent mechanisms, w ith patch width determined in 
one of two ways. A cortical mechanism relies on “Mexican-hat” intracortical 
interactions: locally excitatory, but inhibitory at longer distances within the 
width of LGN afferent divergence. An LGN-based mechanism relies on a con
straint on the sum of efficacies of each LGN cell’s efferent synapses. We now 
show that the LGN mechanism robustly matches other physiological results.

In monkey V I layer 4, receptive field retinotopic position proceeds forward 
w ith in each eye’s column, but jumps back at the transition between columns, 
before again proceeding forward. In a 1-D model, representing a slice perpendic
ular to the monkey’s OD columns, the LGN mechanism produces such interlaced 
retinotopic maps if  the following conditions are met: (1) cortical interactions are 
excitatory w ith in the width of divergence of LGN inputs; (2) activities within 
a single-eye LGN layer are positively correlated over the distance for which in
puts converge on common cortical cells; and (3) activity correlations between 
the two eyes’ layers are non-negative, at least at short distances. Formation of 
the monkey retinotopy pattern w ith the cortical mechanism is much less robust. 
A 2-D model shows similar results, but has not been explored as extensively. 
Different topographic relationships form in other parameter regimes; compar
ison to experimentally determined relationships in other species, such as cat, 
may suggest the corresponding parameter regimes in which development occurs.

W ith the LGN-based mechanism in the specified parameter regime, OD 
column width depends on (1) the width of intra-cortical excitation, and (2) 
the length-scales of and (3) the relative magnitudes of within- and between-eye 
correlations. In particular, reducing between-eye correlations produces wider 
OD columns. A similar effect has been reported for strabismic cats; i f  verified, 
this would support the LGN-based model. Supported by grants from NIH 
(EY11001-01) and the Searle Scholars’ Program.

323.16
A SINGLE LEARNING RULE FOR THE FORMATION OF EFFI
CIENT REPRESENTATIONS AND FOR THE SEGMENTATION OF 
MULTIPLE STIMULI. K. Körding and P. König*. Institute of Neuroin
formatics, ETH/UNIZ, Gloriastr. 32, CH-8006 Zürich, Switzerland

A variety of learning rules have been proposed for the self-organization 
of cortical networks. We have demonstrated that a local Hebbian-like 
learning rule, inspired by recent physiological results1’2,3, applied to the 
afferent connections of a network leads to a decorrelation of the receptive 
fields4. Here we apply the same learning rule to the intrinsic connections 
of a neuronal network of excitatory and inhibitory units. It is demonstrated, 
firstly, that the resulting tangential connections reflect Gestalt properties 
of the stimuli used. In particular, neurons with similar preferred orientation 
and collinearly aligned receptive fields become connected. Secondly, 
activating the network with superpositions of different stimuli leads to 
the formation of synchronous assemblies that represent the individual 
components..Thirdly, the learning rule allows high learning rates to be 
used so that each stimulus only needs to be shown a few times.

In conclusion, the proposed learning rule may be applied to afferent 
as well as intrinsic connections of a neuronal network and rapidly leads 
to a pattern of connectivity which supports efficient representation and 
segmentation of multiple stimuli.

1 Markram H et al. (1997) Science 275:213-215;2Stuart G.J. &  Sakmann B (1994) 
Nature 367:69-72; Tsubokawa H &  Ross WN (1996) J Neurophysiol 76:2896-2906;
4 Körding K &  König P (1998) Supp Eur J Neurosci 11

(Supported by the Swiss National Foundation)

REGENERATION: IM M UNOLOGICAL ASPECTS

324.1

IDENTIFICATION OF THE FK506 (NEUROIMMUNOPHILIN) TARGET 
MEDIATING NERVE REGENERATION. B.G. Gold*†^. V. Densmore†. M. 
Zelenv-Poolev† and H.S. Gordon†. †Center for Research on Occupational & 
Environmental Toxicology (CROET) and ^Department of Cell &  Developmental 
Biology, Oregon Health Sciences University, Portland, OR 97201.

The immunosuppressant FK5O6 dose-dependently accelerates nerve regeneration 
(Gold, Mol Neurobiol 15:285, 1997) via a mechanism distinct from its 
immunosuppressant activity, as shown by the ability of nonimmunosuppressant 
derivatives to speed regeneration (Steiner et al., Nature Med 3:1, 1997; Gold et 
ąl., Exp Neurol, 147:269, 1997). In contrast, suppression of T-cell proliferation 
is mediated by calcineurin inhibition following binding to its binding protein 
(immunophilin), the peptidyl prolyl isomerase FKBP-12. Current thinking 
regarding the mechanism for nerve regeneration is focused exclusively on FKBP- 
12, also present in neurons. To date, however, all FKBP-12 neuronal targets are 
associated with calcineurin (which, as stated above, has been ruled out for nerve 
regeneration). Despite this myopic focus, FKBPs consist o f a family of 
chaperone proteins with distinct, yet largely unidentified, functions.

We will present in vitro and in vivo data identifying the nerve regenerative 
target for neuroimmunophilin ligands which w ill change current understanding of 
how these agents accelerate axonal growth. Consequently, our results w ill also 
reveal a novel intrinsic nerve regenerative mechanism. A  model w ill be presented 
whereby interaction with this target leads to an increase in c-jun and GAP-43 
expression, âltered synthesis of which may play a role in the ability of 
neuroimmunophilin ligands to increase nerve regeneration.

Supported by CROET funds.

324.2
EFFICACY OF DELAYED OR DISCONTINUOUS FK5O6 ADMINISTRATION 
ON NERVE REGENERATION IN THE SCIATIC NERVE CRUSH MODEL: 
LACK OF EVIDENCE FOR A CONDITIONING LESION-LIKE EFFECT. H.S. 
Gordon†. M. Zelenv-Poolev†. M.-S. Wang*† and B.G. Gold†^. †Center for Research 
on Occupational &  Environmental Toxicology and ^Department of Cell & 
Developmental Biology, Oregon Health Sciences University, Portland, OR 97201.

FK5O6 dose-dependently accelerates nerve regeneration in the sciatic nerve crush 
model (Gold, Mol Neurobiol 15:285, 1997). The rate of axonal regeneration for 
sensory neurons is maximally increased from 3.8 mm/day in control animals to 5.1 
mm/day in rats given daily subcutaneous injections of FK5O6 at a dose of 5 mg/kg 
(Wang et al., JPET  282:1084, 1997). Interestingly, this level of increase is 
comparable to that produced by a conditioning lesion (Jacob and McQuarrie, 
J Neurobiol 24:356, 1993). Since the conditioning lesion effect is reduced with time 
(optimal effect within 7 days of test lesion), we asked whether the effect of FK5O6 on 
regeneration is elicited during the initial (first week) exposure period; i.e., subsequent 
injections are not necessary to achieve maximal axonal regeneration. A corollary to 
this question is whether there is a "window-of-opportunity" for FK5O6 responsiveness. 
In accordance with our previous studies in which rats received FK5O6 for 18 days, rats 
given a sciatic nerve crush injury received FK5O6 (5 mg/kg, s.c.) from days 0-8 (group 
1) or 9-17 (group 2) and were perfused with 5% glutaraldehyde at day 18. Mean axonal 
areas in the soleus nerve were increased from 0.7 ± 0.03 µm2 (number of nerves, n=9) 
to 1.0 ± 0.04 µm2 (n=6) and 1.1 ± 0.04 µm2 (n=6) in groups 1 and 2, respectively; 
mean values were 1.3 ± 0.04 µm 2 (n=6) from animals treated for 18 days. 
Considering the delay to onset for axonal regeneration (for group 1), there is no 
difference in the effect of FK5O6 between groups 1 and 2. In contrast, the number of 
myelinated axons was larger in group 1 (10 ± 3.0) than in group 2 (3 ± 1.3), most 
likely secondary to earlier onset o f myelination in group 1. We find no evidence that 
FK5O6 produces a conditioning lesion-like effect nor that there is a "window-of- 
opportunity" for the potential clinical use of FK5O6 (or its nonimmunosuppressant 
derivatives) in peripheral nerve injuries.
Supported by CROET funds.
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324.3
FK5O6 IMPROVES AXONAL REGENERATION THROUGH A PERIPHERAL 
NERVE GRAFT IN THE SCIATIC NERVE TRANSECTION MODEL. M.-S. 
Wang†, M. Zelenv-Pooley†, H.S. Gordon†, S.J. Archibald* ^ and B·G· Gold† ††. 
†Center for Research on Occupational &  Environmental Toxicology (CROET) and 
††Department of Cell &  Developmental Biology, Oregon Health Sciences 
University, Portland, OR 97201, and ^Integra LifeSciences, Plainsboro, NJ 08536.

FK5O6 dose-dependently accelerates nerve regeneration in the sciatic nerve crush 
model (Gold, Mol Neurobiol 15:285, 1997) via a mechanism distinct from its 
immunosuppressant activity, as shown by the ability o f nonimmunosuppressant 
derivatives to speed regeneration (Steiner et al., Nature Med 3:1, 1997; Gold et al., 
Exp Neurol, 147:269, 1997). In this study, we examined whether FK5O6 can 
increase regeneration of a severed nerve reconnected by an artificial nerve graft, a 
more clinically relevant model. A 4-mm section of the left sciatic nerve was 
removed and the proximal and distal stumps reconnected with a polyethylene tube 
(1.2 mm, inner diameter) leaving a 4.5 mm gap. Rats received daily subcutaneous 
injections of FK5O6 (5 mg/kg) or saline and were perfused with 5% glutaraldehyde 
at 3 weeks. Axons from the FK5O6-treated rats were larger in size at all levels 
distal to the transection; axonal areas were increased from 4.4 ± 0.2 µm2 to 5.4 
±0.1 µm2 (p < 0.005) in the tube and from 0.4 ± 0.04 µm 2 to 0.5 ± 0.03 µm2 
(p < 0.05) in the soleus nerve. Studies w ill be also be presented comparing the 
effects of FK5O6 on regeneration using polyethylene tubes filled with various 
matrix materials (e.g., collagen). These studies are the first to demonstrate that a 
neuroimmunophilin ligand can increase axonal regeneration through an artificial 
graft bridging a transected peripheral nerve. We suggest that FK5O6 (or its 
nonimmunosuppressant derivatives) may be useful for repairing peripheral nerve 
injuries.

Supported by Integra LifeSciences.

324.5
FK5O6, BUT NOT G PI-1046, RESCUES AXOTOM IZED CENTRAL  
NEURONS, INC REA SES M AP K INASE PHOSPHATASE-1 (M K P-1) AND  
SUPPRESSES c-JUN
C.Winter (1). A. Martin-V illa lba ∏), J. Schenkel (1). M. Zimmerma∩nΠL A.S. 
Popratiloff (2)*, E. Bürger (3), T. Herdegen Π.4Ì (1) II. Institute o f Physiology, 
Heidelberg; (2) Institute o f Anatomy, Köln; (3) Boehringer Ingelheim Pharma 
KG, Ingelheim; (4) Institute o f Pharmacology, Kiel, Germany.

Transection o f mamillo-thalamic tract (M T) and medial forebrain bundle 
(MFB) in the adult rat provokes complete neuronal death in the axotomized sub
stantia nigra pars compacta (SNC) whereas axotomized neurons o f the mamil-lary 
body (CMm) survive. Axotomized SNC and CMm neurons express c-Jun tran
scription factor that is N-terminally phosphorylated at its S73 by activated c-Jun 
N-terminal kinases (JNKs). Both, c-Jun and JNK are supposed to be linked to neu
ronal death and survival, and JNK can be inactivated by MKP-1.

Daily subcutaneous injection o f the immunosuppressant FK5O6 (2 mg/kg; 
Fujisawa Comp., Japan) dramatically increased the survival o f axo-tomized SNC 
neurons and the expression o f tyrosin hydroxylase (TH) at least up to 60 days, and 
enhanced the expression o f MKP-1 in the CMm. Moreover, FK5O6 substantially 
reduced c-Jun expression and phosphorylation in the CMm and SNC. In contrast 
to FK5O6, GPI-1046 did neither affect survival o f SNC neurons, nor TH or c-Jun 
expression. MKP-1 is expressed in surviving CMm for at least 20 days, but not in 
the degenerating SNC following M T/M FB trans-section, and is enhanced by 
FK5O6 in the CMm. Our data show for the first time the neuгoprotective effect o f 
the immunosuppressant FK5O6 on axotomized central intrinsic otherwise com
pletely degenerating neurons.

324.7
SY STEM IC A D M IN IS T R A T IO N  O F T H E  IM M U N O PH IL IN  
L IG A N D  G PI 1046 IN  M P T P  T R E A T E D  M O N K E Y S . J.H. 
K ordower1*, M ,E. E m b org1; P. S h in \B . R oitbeгg2, J. Sram ek1, Y.-P. Chu1, 
G.S. H am ilton3, P.D. S u zd a k \ and J.P. Steiner1 łRes. Ctr. for Brain 
Repair and Dept. Neurological Scien ces, Rush Presb. Med. Ctr., Chicago, 
EL 60612; 2Dept. Neurosurgery, Univ. Illinois Sch. M ed., Chicago 111. 
6 0 6 1 2 ,3Guilford Pharm aceuticals, Baltim ore M D. 21224  

System ic administration o f  im m unophilin ligands such a GPI 1046  
have been demonstrated to provide trophic influences to dopam inergic  
neurons in rodent m odels o f  Parkinson's disease (PD). The present study  
assessed whether oral administration o f  GPI 1046 could prevent the 
structural and functional consequences o f  M PTP administration in 
nonhuman primates. M onkeys received daily oral administration o f  
vehicle  (n=5) or one o f  4  doses o f  GPI 1046 (0 .3  mg; 1.0 mg; 3.0 mg; 
or 10 mg/kg; n=5 for each group). Tw o weeks after drug treatment, all 
m onkeys received a unilateral intracarotid injection o f  MPTP. Daily drug 
administration continued for 6 weeks p ost-lesion  after which time the 
m onkeys were sacrificed. M onkeys were assessed 1) for perform ance on  
a hand reach task, 2) for general activity; and 3) for clinical function  
based upon a PD  rating scale. A ll groups o f  m onkeys displayed deficits 
on each behavioral measure as well as sign ificant losses o f  striatal 
dopam ine, TH-ir nigral neurons, TH  m RNA, and TH-ir striatal optical 
density. M onkeys in the 1.0 m g/kg group displayed a statistically 
significant attenuation o f  the behavioral deficit in general activity and 
clinical rating. A number o f  animals in all o f  the GPI 1046 dose  
treatment groups displayed m orphological evidence o f  neuroprotection, 
but due to interanimal variability these effects failed to reach statistical 
significance when the group data were analyzed. These data will be 
discussed in terms o f  the potential for im m unophilin ligands to provide 
trophic influences for PD. (Supported by Guilford Pharmaceuticals).

324.4
E V A L U A T IO N  O F T H E N E U R O T R O P H IC  PROPERTIES OF 
FK5O6, G P I-1046  A N D  R A P A M Y C IN
E. M . Parker*. C. K. Bab ij. E. O ngin i. A . M on op oli and G. Lozza. 
Sch erin g-P lou gh  R esearch  Institute, K en ilw orth , N J and M ilan, Italy

Im m unophilin  ligands such  as rapam ycin, FK 5O6 and G P I-1046 have 
been reported to exert neurotrophic e ffects in vitro and in vivo. 
H o w ev er , w e  found n o m arked neurotrophic e ffects o f  FK5O6 and 
G P I-1046 in PC 12 ce lls . In contrast, as p rev iou sly  reported, rapamycin 
m arkedly increased neurite outgrow th in PC  12 ce lls  in the presence of 
lo w  concentrations o f  nerve grow th  factor (N G F ) (E C 50=Ю  nM ), but 
w as in effective  in the absence o f  N G F . U n lik e  FK 5O 6 and G P I-1046, 
rapam ycin inhibits cell cyc le  progression . Other cell cyc le  inhibitors 
su ch  as cic lop irox and flavopiridol a lso  increased neurite outgrowth in 
PC  12 cells  in the presen ce o f  lo w  concentrations o f  N G F  (E C 50=250 
nM  and 100 nM , resp ectively ). The neuгoprotective e ffects  o f  FK5O6, 
rapam ycin and G P I-1046  w ere a lso  tested in a rodent model of 
permanent cerebral focal ischem ia. The com p ou n d s w ere administered 
10  m inutes after m iddle cerebral artery occ lu sion  and infarct size was 
a ssessed  2 4  hours later. FK 5O6 and rapam ycin (1 m g/kg i.v .) 
decreased infarct v o lu m e by 40%  and 37% , resp ective ly , whereas GPI- 
1046  (3 m g /k g  i.v . or 1 0-30  m g /k g  s .c .)  w as in e ffectiv e . T h ese  data do 
not support the previou s su g g estio n  that FK 5O6 and G P I-1046 have 
neurotrophic properties. R apam ycin has neurotrophic activity in vitro 
that can be ascribed to its ability to inhibit cell cy c le  progression. 
B ecau se  rapam ycin is  neurotrophic in vitro w h ile  FK 5O6 is not, the 
neuгoprotective e ffects  o f  these com p ounds in v iv o  are probably not due 
to neurotrophic activity.

324.6
THE FKBP NEUROIMM UNOPHILIN LIGAND GPI-1046 ENHANCES 
RETINAL GANGLION CELL SURVIVAL AND ARRESTS AXONAL 
DYING BACK FOLLOWING OPTIC NERVE TRANSECTION. D.T. Ross*.
H. Guo. Y. Chen. P. Howorth and J.P Steiner. Department of Research, Guilford 
Pharmaceuticals, Inc, Baltimore, MD 21224.

Transection of the mammalian optic nerve results in a brief period of abortive 
regeneration, but the majority of axotomized neurons die and the axons from many 
persisting ganglion cells die back beyond the optic nerve head. The small molecule 
FKBP neuroimmunophilin ligand GPI 1046 has been shown to enhance neurite 
outgrowth in culture, enhance peripheral nerve regeneration, and stimulate 
sprouting within the CNS following partial deafferentation. The present study was 
designed to examine the neuгoprotective effects of GPI 1046 following optic nerve 
transection.
Retinal ganglion cells in adult male Sprague Dawley rats were retrogradely labeled 
by fluorogold injection in the LGNd and four days later the optic nerves were 
transected 5mm behind the globe. Groups of animals received either GPI 1046 
10mg/kg/day s.c or vehicle for 28 days. A ll experimental animals and sham 
controls were sacrificed 90 days after transection.
By 90 days only -10% of the FG labeled ganglion cell population survived but less 
than half of these neurons maintained axons that extended past the optic nerve head, 
as detected with RT97 neurofilament immunohistochemisty. GPI 1046 treatment 
produced only a moderate degree of perikaryal neuroprotection, sparing ~25% of 
the ganglion cell population, but preserved the axons of virtually all protected 
neurons in the proximal stump of the transected nerve. These results indicate that 
treatment with the FKBP neuroimmunophilin ligand GPI 1046 produces a 
fundamental alteration in the pathological process following injury to CNS tracts.

324.8
IM P L A N T A T IO N  O F S T IM U L A T E D  H O M O L O G O U S  
M ACROPHAGES IN TO  TRANSECTED SPIN AL CORD LEADS TO 
ITS P A R TIA L  RECOVERY. O. Lazarov-Spiegler. O. Rapalino. I. Agranov.
E. Yoles*, G. J. Velan and M. Schwartz. Department of Neurobiology, Weizmann 
Institute of Science, 76100 Rehovot, Israel.

The mammalian CNS (central nervous system) fails to regenerate its axòns 
following injury. In most injured tissues, an effective dialog with macrophages is 
essential for creating conditions conducive to successful healing. We have suggested 
that this regeneration failure of the mammalian CNS is an outcome of its restricted 
dialog with the immune system, probably as a result of its immune-privilege status. 
In this study we circumvented this restricted dialog by implanting macrophages, 
preexposed ex vivo to peripheral nerve segments, into transected adult rat spinal cord. 
This treatment stimulated tissue repair and partial recovery of motor function, 
manifested by movement of hind limbs, plantar placement of the paws, and weight 
support. Electrophysiologically, the recovery was demonstrated by cortically-evoked 
hind limb muscle response. We substantiated these findings immunohistochemically 
by observing nerve fibers in the transected site, and by tracing descending fibers 
distally to it by anterograde labeling. In recovered animals, re-transection of the cord 
above the primary transection site led to loss of locomotor activity and cortically- 
evoked electromyographic responses, indicating the involvement of long descending 
spinal tracts in the achieved recovery. This treatment may have encouraged 
regeneration by creating, through macrophage activation, extraneuronal environment 
like that in injured peripheral tissues, particularly injured peripheral nerves. Injection 
of macrophages into the site of injury is relatively non-invasive, and since the cells 
are homologous, it may be developed into a clinical therapy.
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324.9
EXACERBATION OF FACIAL MOTONEURON (FMN) LOSS FOLLOWING 
FACIAL NERVE TRANSECTION IN SEVERE COMBINED 
IMMUNODEFICШNT (SCID) MICE. C.J. S℮γp℮. A.P. Kohш. C.B.
Huppenbaueг. V.M. Sanders, and KJ. Jones*. Dept, o f Cell Biology,
Neurobiology, and Anatomy, Loyola University Chicago, Maywood, IL  60153.

Over the last several years, the field o f neuroimmunology has provided evidence 
that interactions exist between the immune system and the nervous system. The 
goal of this study was to determine i f  the immune system plays a role in peripheral 
nerve repair following nerve damage. SCID mice carry a spontaneously arising 
autosomal recessive mutation that results in mice lacking functional T and B 
lymphocytes. Therefore, the SCID mouse provides an excellent model for studying 
the role of T and B cells in the reparative response of peripheral motoneurons. We 
performed a transection of the facial nerve at its exit from the stylomastoid foramen 
in seven SCШ mice (-/-) and seven sibling pair (+/-) control mice, and used the left 
(uncut) side as an internal control. Four weeks following facial nerve transection, 
the brains were removed, frozen, and 25µm cryostat sections were collected 
throughout the length of the facial motor nucleus. The sections were stained with 
thionin and the rostral end of the facial motor nucleus was used to match the left 
(uncut) and right (cut) sides. Surviving FMN that contained a nucleus were then 
counted, and the percentage change between the left and right sides was calculated 
and compared between groups. FMN survival in sibling pair mice was found to be 
87% ±3.0 compared to the control side, which is consistent with the literature. In 
contrast, SCID mice had an average FMN survival o f 52% ±3.5 compared to the 
control side. These data suggest that the immune system, specifically T and/or B 
cells, may be involved in increasing FMN survival after peripheral nerve injury. 
Supported by NIH grants NS28238 (KJJ) and AI37326 (VMS).

TRANSPLANTATION III

325.1
Engraftable Human Neural Stem Cells, Propagated By Either Genetic 
Or Epigenetic Means, Can Respond To Developmental Cues I n  V i v o , 

Differentiate Into Deficient Neurons, & Express Foreign Genes C. Yang1 
JД  ψ \  S,AшшLc, Simcnin1, AWįll⅜1, L L  Щ⅛ghцE¿ M· ŵŵ⅛⅜2, BL J ⅞ ⅛ n . JД . 
Wolfe4. S.U. Kim . &  EY. Snwfa¯*Dŗts. oſNeurology &  Peürics Onkiαſs ₧ p .  &  HawidMed 
Sdi, Boston, MAQ2l 15, ⅛ o n á  E>e₧ùtute; Nǽoná hsütuteofЊdtħ, Bđtesǽ, MD 20892, ⅜few 
Eng⅛d Regional PrimaeCtr., HarvadMed Sdг, Sαŵbαuлgh, M A01772, ⅛fept ďPathobkӝ⅜y & 
Or fcrCαnpαШ\eMэd Genetics, Sdг of Vetєrinay Mad , Univ, of Fensylvaπią Philadelphia, PA 
19104, ̂ Ъivision cfNαюlogy, Dept ofMød, Univ. Hœp„ Univ, of Шtish Columbia, Vancouver, BC, 
Cana⅛V6Γ2B5.

Recent evidence has suggested that engraftable neural cells with stem cell 
features exist in the rodent central nervous sytem (CNS) &  that such cells may be 
of value for both the study of neural development &  for gene transfer &  cell 
replacement. It has not yet been determined whether such insights might be 
extended to cells from the human CNS. Stable clones of neural stem cells (NSCs) 
have been isolated from the telencephalon (ventricular zone) of a 15 week human 
fetus. In vitro, these self-maintaining, self renewing clones can spontaneously give 
rise to all 3 neural cell types (neurons, oligodendrocytes, astrocytes). Following 
transplantation into germinal zones o f the developing newborn mouse brain, they, 
like their rodent counterparts, can participate in aspects of normal development, 
including migration along well-established migratory streams to widely 
disseminated CNS regions, differentiation into multiple developmentally- &  
regionally-appropriate neural cell types in response to microenvironmental cues, &  
interspersion non-disruptively with host neural progenitors &  their progeny. 
Readily genetically engineered prior to transplantation, human NSCs are capable of 
expressing foreign reporter transgenes in vivo in these widely dissemiated 
locations. Further supporting their promise for future gene therapeutic 
applications, the secretory products from these human NSCs can cross-coưect a 
prototypical genetic metabolic defect in both target neurons &  glia in vitro as 
effectively as do mouse NSCs. Finally, human cells appear capable of replacing 
specific deficient neuronal populations in a mouse model of neurodegeneration &  
impaired development. (Supported by NINDS grant NS33852).

325.2
PROPAGATION AND CHARACTERIZATION OF NEURAL PROGENITOR 
CELLS DERIVED FROM THE EMBRYONIC HUMAN SPINAL CORD, 
BRAINSTEM, AND FOREBRAIN. X. Cui3. M. K. Carpenter1. À. Seieer2 and
L. Wahlberg1, 3*. 1 - Cell and Molecular Neurobiology, CytoTherapeutics, Inc., 
Lincoln, RI, USA; 2 - Department of Geriatric Medicine, Karolinska Institute, 
Huddinge University Hospital, Stockholm, Sweden; 3 - Department of Clinical 
Neuroscience, Section of Neurosurgery, Karolinska Institute, Stockholm, Sweden.

There is a growing body of data showing that rodent neural progenitor/stem cells 
from different anatomical regions of the embryonic central nervous system (CNS) can 
be cultured for long periods (months) while maintaining multipotency. We asked 
whether neural progenitor cells from human embryonic anatomical counterparts could 
be isolated and yield progenitor cell cultures that could be propagated. First trimester 
(6-6.5 weeks gestation) human embryonic tissues were collected and grossly divided 
into forebrain, brainstem and spinal cord. The tissues were mechanically dissociated 
and kept in serum-free, defined media in the presence of growth factors including 
epidermal growth factor (EGF) and basic fibroblast growth factor (b₣GF).

The results show that progenitor cells from all three regions can be expanded for at 
least 4 months. The forebrain and spinal cord cultures expanded the fastest and could 
be passaged every 7-14 days. The mesencephalic cultures showed a similar rate 
initially but after about 60 days in vitro, slowed their overall rate of expansion. The 
undifferentiated progenitor cells incorporated bromodeoxyuridine (BrdU) and showed 
nestin immunoreactivity. Upon differentiation, the progenitor cells from all three 
regions gave rise to the three major cell types of the CNS: neurons, astrocytes and 
oligodendrocytes. Regional differences in the relative number of phenotypes formed 
were observed but, because of the single embryonic sources, need to be repeated 
before any major conclusions can be drawn. In conclusion, these data show that 
neural progenitor cells can be derived and propagated from three major regions of the 
developing human CNS and may provide a source of transplantable cells for the 
treatment of CNS diseases. This study was funded by CytoTherapeutics, Inc.

325.3
M ULTIPO TEN TIAL IM M O R TALIZE D  PRECURSOR CELLS FROM TH E 
HU M AN H IP P O C A M P A L  R E G IO N : G R A F T IN G  TO T H E  RAT 
HIPPOCAMPUS 2LJâckson1, K. C harles1, D. Pache1, L. Holden-Dy℮2*, B. 
S tringer3 and G Foster 1. Ш G M E D , U n ive rs ity  o f Wales, C a rd iff CF1 
ЗUS; 2School of Biological Sciences, U n ive rs ity  o f Southampton; 3School of 
Dentistry, U n ive rs ity  o f Sheffield, U K  

In v itro  production of large quantities of neural precursor cells has relied 
on either expanding neura l stem cells or on enhancing the rep lica tion  o f 
neural progenitors. Recently, the la tte r  has been achieved in  several 
species by im m orta liz ing  w ith  a v ira l oncogene such as v-myc or SV4OT. 
Here we report the production of cell lines from  the hum an hippocampal 
region. N eura l progen itor cells from  te rm ina tion  m ate ria l a t 7 - 9 weeks 
of gestation were re tro v ira lly  transduced a t 33°C w ith  a construct 
comprising a tem perature-sensitive m u ta n t of SV4OT linked  to G418r . 
After selection w ith  G418, two o f the m any clones were isolated (H 1A  &  
H1B) and expanded to flask level. Inac tiva ting  the oncogene product by 
raising the tem pera ture to 39°C led to d iffe ren tia tion  of the precursor 
cells. U nder various d iffe re n t sets o f cond itions, such as a fte r the 
addition of trophic factors, cells gave rise to e ither neurones or astrocytes 
as identified im m unohistochem ically. S u rv iva l and phenotype depended 
both on the clone and its  m ilieu . G ra ftin g  o f the cell lines in to  the 
immunosuppressed ra t hippocampus resulted in  the long-term  su rv iva l of 
the cells. M u lt ip le  phenotypes were apparent in  such gra fts , w ith  
in tegration in to  the host neurop il. There was li t t le  difference in  the 
disposition o f the two clones, and no evidence o f continu ing cell rep lication 
or cell death was found. The cell lines m ay be useful fo r exam in ing the 
nature vs. n u rtu re  o f neura l development. Supported by the Wellcome 
Trust.

325.4
IN  VITRO PR O LIFERATIO N OF H U M AN NEURAL PROGENITOR 
CELLS TH A T M A IN T A IN  G ROW TH FACTOR REG U LATIO N. M. K
Carpenter *. X, C u i. J. Jackson . S. Sherman . Z. Hu . S. Bruhn . R. Fricker , Å. 
Seiger . L. Wahlberg . Cell and Molecular Neurobiology, CytoTherapeutics, Inc., 
Lincoln, RI 02906; Dept. Clin. Neurosci., Karolinska Inst., Dept, of Geriatric Med., 
Huddinje Univ. Hospital, Stockholm, Wallenberg Neurosci. Center, Lund, Sweden.

A population of human neural progenitor cells from the human embryonic 
forebrain (gestational weeks 5-11) have proliferated in vitro as non-adherent spheres 
for at least one year (30-40 passages) using defined serum-free media culture 
conditions. To date, we have cultured at least 8 different “ cell lines” which all 
proliferate at similar rates and have similar differentiative capacity. Upon 
immunocytochemical staining for a variety of markers, all the spheres show positive 
immunoreactivity for nestin. A small number of GFAP and ß-tubulin-positive cells 
were identified within the spheres indicating the heterogeneity of this population.

When plated on appropriate substrate, this population of cells can differentiate into 
all three major neural phenotypes, neurons, astrocytes and oligodendrocytes. 
Depending on the “ cell line” and culture conditions, 20-40% of the cells form ß- 
tubulin-positive neurons; 15-50% GFAP-positive astrocytes; and 0-15% GalC- 
positive oligodendrocytes. Immunocytochemistry and/or RT-PCR analysis 
demonstrates that this population of differentiated cells contains specific neuronal 
subtypes (e.g. GABAergic) and reveals expression of the neurotrophin receptor, trkB. 
Exposure to BDNF during differentiation can increase the number of neurons. 
Furthermore, pre-exposure to specific growth factors before differentiation can 
influence the percentage of cells which form neurons. For example, the presence or 
absence of basic fibroblast growth factor (b₣GF) and/or leukemia inhibitory factor 
(LIF) appears to modulate the quantity of neurons. This study demonstrates that 
exposure to growth factors and/or cytokines prior to or during the differentiation 
process can influence the fate of these cells. The in vitro proliferation of populations 
of neural progenitors whose differentiation can be regulated in vitro may provide a 
source of cells for transplantation to treat some CNS disorders.
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325.5
SITE-SPECIFIC DIFFERENTIATION OF HUMAN NEURAL PROGENITOR 
CELLS AFTER TRANSPLANTATION TO THE DEVELOPING RAT CNS. 
U.Englund1. R,A ,₧ ¢k⅞ť2, M JŁ£âφĉnîŝi2, JJa¢kson2, § ,Sh¢m ш 2 ĭĽWi¢torm1* 
and A·Björklund1 'Lund University, Wallenberg Neuroscience Center, Dept, of 
Physiology and Neuroscience, Lund, Sweden. 2CytoTherapeutics Inc. Lincoln, RI. 
02865, USA.

Expandable human neural progenitor cells have been generated from the embryonic 
forebrain, and cultured in serum-free growth factor-containing medium, for over one 
year, with repeated passaging every 7-14 days. This population is able to form several 
phenotypes characteristic of the mature central nervous system (CNS): neurons, 
astrocytes and oligodendrocytes in vitro, even after long periods in culture. In this 
study we compared different cultures of human neural progenitors in their ability to 
differentiate after transplantation to the neonatal rat brain.

Cell suspensions of small spheres from either 6.5wk, 7wk, 8.5wk or 9wk fore
brain, at passage 4-28, labelled with Bromo-deoxy-uridine (lµM , 48 hours), were 
transplanted to the postnatal day 1 (PI) rat CNS, in either the hippocampus, striatum, 
midbrain, cerebellum or spinal cord. The neonates received no immunosuppression and 
grafts were analysed at 2-15 wks. There was good graft survival, with extensive 
migration of BrdU-positive cells either specifically within the subgranular layer of the 
dentate gyrus (DG); or throughout the striatum, in particular toward the globus 
pallidus. Cells were double stained by immunohistochemistry with antibodies for 
BrdU and neuronal markers, or single-labelled with a human-specific Tau antibody, and 
revealed that grafted cells had undergone site-specific neuronal differentiation, both in 
the DG and striatum, extending axons from the striatal transplants in to the fibres of 
the internal capsule. Further analysis of both neuronal and glial differentiation in other 
transplant sites is currently underway. These results indicate that human growth factor- 
dependent progenitor cells are able to differentiate appropriately after transplantation to 
different regions of the developing CNS. Supported by the Wellcome Trust, the 
Wenner Gren Foundation, the Segerfalk Foundation and Swedish MRC.

325.6
SITE-SPECIFIC DIFFERENTIATION OF HUMAN NEURAL PROGENITOR 
CELLS AFTER TRANSPLANTATION TO THE ADULT RAT BRAIN. 
RA₣ri¢ker1,2*, M,K,Caгp<?гłtóг2, C, Winkler1, M,A,Gales1, and A,g jŵklw d1. ‘Lund 
University, Wallenberg Neuroscience Center, Dept, of Physiology and Neuroscience, 
Lund, Sweden. 2CytoTherapeutics Inc. Lincoln, RI. 02865, USA.

Human neural progenitor cells can be generated from the embryonic forebrain, and 
cultured in growth factor-containing medium, for over one year, with repeated 
passaging every 7-14 days. These cells retain differentiative capacity, and form several 
characteristic phenotypes of the mature central nervous system (CNS): neurons, 
astrocytes and oligodendrocytes in vitro, even after long-term culture. In this study we 
compared two different cultures of human progenitors after transplantation to the adult 
rat brain.

Cell suspensions of small spheres from either 6.5 wk or 9 wk forebrain, at passage
9-21, labelled with Bromo-deoxy-uridine (BrdU, lµM , 48 hours), were transplanted to 
the adult rat brain, in either the anterior subventricular zone, rostral migratory 
pathway (RMP), hippocampus or striatum. The adult rats were maintained under 
cyclosporin immunosuppression during the timecourse of the experiment, and the 
brains were assessed either 2 or 6 weeks after transplantation. BгdU-labelled grafted 
cells exhibited extensive migration along the RMP to the olfactory bulb (OB); within 
the subgranular layer of the dentate gyrus (DG); and nondirectionally throughout the 
striatum. Double-labelling for BxdU and other phenotypic markers, revealed that 
grafted cells had undergone site-specific neuronal differentiation; forming tyrosine 
hydroxylase-positive neurons in the periglomerular layer of the OB; calbindin- 
positive neurons in the subgranular and granular layers of the DG; and calbindin and 
DARPP-32-positive cells in the striatum. Single-labelling using a human-specific 
Tau antibody, showed Tau-positive neuronal projections along the internal capsule to 
the globus pallidus. These results indicate that human growth factor-dependent 
progenitor cells are able to respond to local environmental signals in the adult brain, 
undergoing site-specific neuronal differentiation. Supported by the Wellcome Trust, 
the Wenner Gren Foundation and Swedish MRC.

325.7 325.8

W id e s p r e a d  M ig r a t io n  o f  E m b r y o n ic  N e u r o n a l  P r ec u r s o r s  
G r a f t e d  in t o  t h e  A d u l t  B r a in .
H. W ichterle* and A . A lv a rez-B u y lla . R o ck efe ller  U n iversity , N e w  

York, N Y  1 0021 , U S A
M igration o f  transplanted neurons through m ultip le adult brain regions is 

essential fo r repair o f diffuse brain degeneration. Here we compared the 
migratory capacity o f  14-16 day old embryonic forebrain neuronal 
precursors grafted into the adult brain. Germinal layers o f  neocortex •̀ 
(NCT), lateral (LGE) and medial ganglionic eminences (M G E) were 
dissected from mice carrying a LacZ marker controlled by a neuron specific 
promoter (NSE::LacZ). Neurons from N C T were incapable o f  m igration 
through the host brain, regardless o f  site o f  transplantation. LGE grafts 
placed into striatum or thalamus were also unable o f  extensive migration. 
However, when LGE was grafted into the adult subventricular zone (SVZ), 
large number o f LGE derived cells migrated and differentiated into 
intemeurons in the olfactory bulb (OB). In contrast to N C T and LGE, 
neurons derived from M GE dispersed extensively (radius 1.3mm) through 
the adult thalamus, striatum, cortex and septum, but were unable to fo llow  
the directional guidance cues to the OB. M GE neuronal precursors migrate 
in itia lly  arranged as chains along blood vessels and then disperse as 
individual cells. In conclusion, we identified two neighboring regions in the 
basal embryonic forebrain, containing neuronal progenitors w ith  distinct 
m igratory behavior. O nly LGE neuronal precursors are capable to decipher 
the migratory cues used by SVZ precursors migrating to the OB. More 
importantly, we identified a restricted neuronal population in MGE capable 
o f  widespread dispersion through the adult brain parenchyma.
(N IH  grants HD 32116 and NS 28478)

M IG R A T IO N  OF HU M AN H N T  NEURONS IN  TH E VITREOUS 
AND RETINA AND IN  V ITR O . T. K o n o b u 1^  F. S e s s le r 3 , L -Y .
L u 〇 l ,  J. L eh m an n *  1 ⅛ e p t s .  N eu ro su rg ery  and 3 A n a to m y  and 
N e u r o b io lo g y , A lle g h e n y  U n iv e r s ity  o f  th e  H ea lth  S c ie n c e s ,  
P hilad elphia and ⅜ îa r a  M edical U n iversity , K ashihara, Nara, Japan.

Trophic factors promote survival, differentiation, 
migration, and process elongation in neurons. Following 
their injection into the vitreous, the human neuronal cell 
line ҺNT manifests all these trophic responses. The most 
readily quantified of these trophic responses is migration: 
Dil-labeled ҺNT cells injected into the vitreous 
progressively accumulate at the vitreous-retinal interface 
and some continue across the ganglion cell layer, into the
u u i e i  J

Survival % of total
time, found in
days deep retina

3 0%
1 4 1 0%
28 1 7%

ohotoreceptor layer.

In vitro, ҺNT cells cluster spontaneously. Alterations in 
the rate of cluster formation were studied, in Dil-labeled 
ҺNT cells in culture. This system offers opportunities to 
identify tropic mechanisms in vitro and in vivo.

S u p p o r te d  b y  L a y to n  B io sc ie n c e .

325.9
COTRANSPLANTING FETAL RPE WITH RETINA REPAIRS ADULT 
DEGENERATED RCS RAT RETINAS. R.B. Aramanť'2* M J. Seiler1'2.
S.L. Ball1. Depts. of Ophthalmology & Visual Sciences, and 2Anatomical 
Sciences & Neurobiology, University of Louisville, Kentucky 40202

Because many retinal diseases affect both retinal pigment epithelium 
(RPE) and photoreceptors, retinal repair should involve the transplantation 
of RPE and neural retina together. Most transplantation studies have used 
only RPE or neural retina separately. In our study, albino RCS rats were 
used as recipients at an age when they have lost most of their 
photoreceptors. As donors, pigmented BrdU-labeled rat E18 fetuses were 
used. Gel-embedded retinal pieces with attached RPE sheets were grafted 
as intact sheets to the subretinal space. The recipient rats were sacrificed 
after at least ~6 wks. Sections were stained for rhodopsin (Dr. Molday, 
Vancouver BC), S-antigen (Dr. Donoso, Philadelphia PA), rod α-transducin 
(Dr. Fung, Los Angeles CA), BrdU, and with PNA and WGA lectins.

The transplanted pigmented RPE sheets had been successfully placed 
on top of the dysfunctional host RPE or onto Bruch’s membrane. Transplant 
photoreceptors in contact with the cotransplanted RPE developed parallel 
inner and outer segments. At the edges of the transplants, rosette formation 
was sometimes seen. Cone- and rod interphotoreceptor matrix domains 
were labeled with PNA and WGA. Photoreceptors stained for rhodopsin, 
S-antigen, and rod α-transducin. Transducin immunoreactivity was most 
intense in parallel layers of fully developed photoreceptors. In rosettes, 
photoreceptors had only weak transducin immunoreactivity.

Our study shows that (1) it is possible to transplant intact sheets of fetal 
retina and RPE together; (2) in recipients with defective RPE, 
cotransplanted fetal RPE sheets are necessary and responsible for full 
development of graft photoreceptors. This offers hope for retinal diseases 
which affect both RPE and photoreceptors.

Supported by NIH EY08519; the Vitreoretinal Foundation, Louisville; the 
Murray Foundation Inc.; the Kentucky Lions Eye Foundation; the Research 
to Prevent Blindness; and private funds.

325.10
SUBRETINAL TRANSPLANTATION OF SCHWANN CELLS. V. K. Gulίapalli.
M. del Ceưo. P. G. Shraeer. M. N. Rasband. A. W, Custer, B. Castillo, and C. del 
Ceưo*. University o f Rochester Medical School, Rochester, NY 

Schwann cells (SC’s) possess neurotrophic properties. In order to explore the 
possibility that these properties may have a rescuing effect on degenerating 
photoreceptors, we first tested the viability and safety of subretinal Schwann cell 
transplantation. Sciatic nerves from newborn Fischer 344, Long Evans, and Sprague 
Dawley rats were used as a source of SC’s. The nerves were enzymatically digested 
to obtain SC’s which were then cultured and purified. The cultured SC’s were 
positive for S-100. Adult rats were used as homologous hosts for ưansplantation. 
After labeling with D il, SC’s were injected into one eye while the other eye received 
the vehicle. For autologous ưansplantation, SC’s were cultured from biopsies of 
sciatic nerve o f adult Sprague Dawley rats, labeled with polystyrene microspheres, 
and ưansplanted back into the same animals in the subretinal space. The hosts were 
sacrificed 17-35 days after ưansplantation and the eyes processed for light and 
elecưon microscopy. The cultured SC’s exhibited bipolar or ưipolar morphology 
with round to oval nucleus. Grafted SC’s were seen in the subretinal space as a 
monolayer or in small clusters, and were identified by morphology, location and 
specific label. There was no evidence of continued proliferation of the grafted cells, 
inflammation, neovascularization or fibroblastic proliferation in the subretinal 
space. In conclusion, 1) It is possible to isolate viable SC’s from sciatic nerves 
ranging in age from embryonic to adult. 2) Transplantation of these cells into the 
subretinal space is a safe procedure free of complications. 3) The possibility of 
obtaining cells SC’s from adult nerves opens the way for autologous grafting.

Supported by Dr. Sam Williams, RP Foundation Chicago Chapter, Rochester Eye 
and Human Parts Bank, NS 17965
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325.11
APOPTOSIS IN  NEURAL R E TIN A L TR A N S P LA N TA TIO N  M anuel 
del Cerro1*. Chi-Chao Chan2. Vamsi K  G u lla p a lИ 1. Dawn M atteson2. 
and Coca del Cerro1. Medical School1, Rochester, NY and National Eye 
Institute2, Bethesda, MD.

Our aim was to define the chronology of apoptotic cell death in neural retinal 
transplants with the ultimate goal of improving the survival by lim iting apoptosis. 
Embryonic (E2l) rat neural retina was dissociated and transplanted into the subretinal 
space of light damaged adult rats. The hosts were sacrificed on either post- 
ưansplantation day 0, 3, 10, or 30. Eyes (n=l2/time point) were prepared for 
morphological analysis and for histochemistry. Histologically, apoptotic cells woe 
seen at all time points, with a peak at post-transplantation days 3 and 10. DNA 
fragmentation was determined by TUNEL assay, and expression o f other markers of 
apoptosis, viz., Fas, FasL, Bax and Bcl-2 were determined by immunohistochemistry. 
The results of apoptosis are given in the table below which corresponds well with 
morphologic kinetics. (Grading: scale of 0-4+ based on staining intensity and number 
of positive cells).

T im e TU N E L Fas FasL Bc!-2 Bax
Day 0 + 2-3+ 2-3+ 1-2+ 1-2+
Day 3 3+ 3+ 3+ 1+ 2+
Day 10 1-2+ 2-3+ 1-2+ 1-2+ 1-2+
Day 30 + 2-3+ 2+ 1-2+ 1-2+

In conclusion, unlike the acute apoptosis occurring in other neural transplants, 
apoptosis in subretinal transplantation is more delayed and protracted, but extensive 
nonetheless.
Acknowledgments: Dr. Sam Williams, Rochester Eye and Human Parts Bank, and 
Research to Prevent Blindness

325.13
WIDESPREAD MYELINAΉON FOLLOWING INTRAVEN
TRICULAR TRANSPLANTATION OF EMBRYONIC STEM CELL- 
DERIVED OLIGODENDROCYTES. O. Brüstle12* K.N. Jones2, K. 
Kaгram‘. K. Choudharv2. R. Learish3.L D . Duncan3. R.D.G. McKav . 
Institute of Neuropathology, University of Bonn Medical Center, 53Í05 

Bonn, Germany; ⅛MB/NINDS/NIH, Bethesda, MD, USA; ⅛chool of 
Veterinary Medicine, University of Wisconsin, Madison, WI, USA.

Transplantation of oligodendrocytes is increasingly explored as a 
therapeutic tool for the treatment of demyelinating diseases. These efforts 
are hampered by the limited availability of donor tissue and the fact that 
these diseases comprise large areas of the nervous system. We have 
explored totipotent embryonic stem (ES) cells as an alternative source for 
the generation of oligodendroglial donor cells. Glial precursors derived in 
vitro from ES cells show close similarities to glial progenitors isolated 
from the developing brain. During in vitro differentiation in defined 
medium, CNTF induces an astrocytic phenotype while T3 promotes 
oligodendroglial differentiation. Transplants into myelin-deficient (md) 
rats were used to study the myelination potential of these cells. To achieve 
widespread delivery of the donor cells, they were not injected into the 
tissue but merely deposited in the ventricle of embryonic rats. The 
transplanted cells left the ventricular system and incorporated into various 
regions throughout the host brain were they differentiated into both 
astrocytes and oligodendrocytes. ES cell-derived oligodendrocytes 
formed PLP- and MBP-positive myelin sheaths around host axons. The 
in vitro generation of functional oligodendrocytes from ES cells will allow 
the molecular dissection of gliogenesis under defined conditions and 
offers a new source of donor cells for remyelinating transplants.
Supported by the NINDS and BONFOR.

325.15
MK-801 ATTENUATES HALOPERIDOL-INDUCED C-FOS AND ZIF/268 
EXPRESSION IN LATERAL GANGLIONIC EMINENCE TRANSPLANTS IN A 
RAT MODEL OF HUNTINGTON’S DISEASE. N. Hussain1*, B. A. Flumerfelt1 and
N. Raiakumar‘ 2̄ Departments of ‘Anatomy &  Cell Biology and ⅛sychiatry, Univ, of 
Western Ontario, London, Canada, N6A 5C1.

Huntington’s disease is an inherited neurodegenerative disorder characterized by a 
progressive degeneration o f the striatum. Recently, transplanting fetal striatal tissue has 
been shown to restore certain behavioral and neurochemical abnormalities in animal 
models of Huntington’s disease. The purpose o f the present study was to investigate 
the neurochemical features o f lateral ganglionic eminence (LGE) transplants and their 
functional integration with the host brain. Sprague-Dawley rats were unilaterally 
lesioned by intrastriatal infusion o f quinolinic acid (240 nmol/µl). Two months post
lesion, the animals received stereotaxic injections o f cell suspensions ò f LGE from E14 
day embryos into the lesioned striatum. Two months after transplantation, the grafted 
rats were injected with either saline, haloperidol (3 mg/kg, i.m.), or haloperidol 
preceded by MK 801 (1 mg/kg, i.p.). Two hours following injection, rats were 
transcardially perfused with buffered 4% paraformaldehyde and their brains were 
sectioned and processed for immunohistochemistry. The graft contained numerous, 
well-developed neurons with large patches o f calbindin and TH immunoreactive areas, 
resembling the striatum. These patches also contained numerous parvalbumin and 
CҺAT-positive neurons. Haloperidol induced c-fos and zif/268 expression in the TH- 
positive patches. However, following MK 801 injection, haloperidol-induced c-fos and 
zίf/268 expression appeared to be suppressed in these patches. These results suggest 
that the grafted LGE gives rise to a large amount o f striatal-like tissue which receives 
dopaminergic innervation from the host. The suppression o f haloperidol-induced c-fos 
and zifr268 by MK 801 indicates that the graft-derived striatal neurons are functionally 
innervated by glutamate fibers, very likely from host cerebral cortex, [supported by the 
Ontario Mental Health Foundation]

325.12
O LIG O D E N D R O C Y T E  PR O G EN ITO RS IN C O R P O R A TE  IN T O  
W ID ES PR E AD  REG IO N S O F T H E  B R A IN  F O L L O W IN G  IN T R A 
V E N T R IC U L A R  T R A N S P LA N T A T IO N  AN D  PRODUCE M Y E L IN  IN  
T H E  M Y E L IN  D E F IC IE N T  R A T  E M B R Y O .
R. bearish1,3, O. Brustle2, S. Zhang'. M . Haak-Frendscho3*, and I. Duncan1. 
'LM B/N IN D S/N IH , Bethesda, M D ; School o f Veterinary Medicine, Univ, o f 
Wisconsin, Madison, WI. ¾ s tit.  o f Neuropathology, Univ, o f Bonn Medical 
Center, Germany, ⅜romega Corporation, Immunology and Neurobiology 
R&D, Madison, W I.

Transplantation o f oligodendrocytes has been suggested to have future 
therapeutic significance in human myelin disorders. To explore this idea 
further, we have transplanted oligodendrocyte progenitors into the ventricular 
system o f the embryo o f myelin-deficient (md) rat, a mutant which lacks 
proteolipid protein (PLP) in its scattered, but rare myelin sheaths. We have 
established a population o f nestin-positive progenitor cells from the striatal 
sub-ependymal zone o f neonatal rats. To assay the in vivo behavior o f these 
cells, they were transduced to express the lacZ gene and transplanted into the 
ventricles o f 17 md rat embryos. Transplant recipients sacrificed at the age of 
20 days and 3 months showed lacZ-positive donor cells in a variety of host 
brain regions, including corpus callosum, optic tract, and hippocampus. 
Double labeling revealed that lacZ-positive donor cells had formed PLP- 
positive myelin Sheaths around host axons w ith a normal compacted 
morphology. These data demonstrate that oligodendroglial progenitors 
transplanted into the embryonic rat brain incorporate into a variety o f host 
brain regions where they differentiate into myelinating oligodendrocytes. 
(Supported by N IH  grant NS33710)

325.14
RESTORATION OF LINDANE-DEPLETED GLIA BY FETAL 
TRANSPLANTS FROM THE SUBVENTRICULAR ZONE IN RATS.
J.E. Wells and J.D. Cross.* Department of Psychology, Allegheny 
College, Meadville, PA 16335.

A rodent model of Multiple Sclerosis was created using Lindane, a 
pesticide that halts myelin formation in neonatal animals. Two groups 
of rats were demyelinated with Lindane on postnatal days 8-11. Group 
One received a daily oral dose of 25 mg of lindane per kg bodyweight. 
Group Two received a daily oral dose of 50 mg of Lindane per kg 
bodyweight. The group which received the 50 mg/kg dose was 
significantly more demyelinated (p=.006) than the 25 mg/kg group. On 
postnatal day 14, half of subjects from both Lindane treatment 
conditions received a tissue transplant from the subventricular zone of 
the forebrain of a 18day gestational age rat fetus into the host 
cingulum This region of the fetal brain is the origin for cells that 
develop into oligodendrocytes, the cells responsible for myelin 
formation in the central nervous system. Upon sacrifice at postnatal 
day 30, the brains of subjects from both demyelinated groups that 
received transplants contained more myelin than the corresponding 
demyelinated control groups that did not receive the transplants 
(p=.009 for the 50 mg/kg group and p=.O37 for the 25 mg/kg group). 
After additional research is performed, this technique may have 
potential application in the treatment of Multiple Sclerosis.
This project was supported by the Howard Hughes Medical Institute 
(# 71196502502).

325.16
V O LU M E TR IC  MEASUREM ENTS OF THE DARPP-32 PO SITIVE 
COMPARTM ENTS IN  ORGANOTYPIC SLICE CULTURES OF THE 
FE TAL PIG G A N G LIO N IC  EM INEN CE A N D  V E N TR A L 
M ESENCEPHALON. A. Dahl-Jøгgensen‘, T. E. Johansen2* and J. 
Z im m er1. ‘Dept, o f Anatomy ana Cell B iology, Univ, o f Odense, 
D enm ark;2 NeuroSearch A/S, Glostrup, Denmark.

Fetal porcine neurons from  the striatal anlage are o f potential use 
fo r intracerebral grafting therapies in H untin ton’ s disease. Using E35 
fetal pig donors, we examined the differentia l development and growth 
o f striatal projection neurons and fibers from  the lateral (LGE) and 
medial ganglionic eminences (MGE), by growing slices o f LGE and 
M GE fo r 4-10 and 14 weeks on semiporous membranes in serum- free 
medium. The LGE and M G E were placed on either side o f a slice o f 
ventral mesencephalon (V M ) o f the same donor age. The volume o f the 
parts o f the cultures immunoreactive fo r DARPP-32, a marker fo r  
striatal projection neurons and their fibers, were estimated using the 
Cavalieri estimator o f volume on the immunostained cryostate sections 
o f the cultures. Both positively staiped cells and fibers were included in 
the measured volumes. For LGE the DARPP-32 positive parts comprised 
44.57% ± 3.09 (mean o f all survival times ± SEM; N = 6-9 per survival 
time) o f the total LGE volume. The corresponding values were 19.34% 
± 2.75 fo r V M  and 6.77% ± 1.35 fo r MGE. The staining in V M  
prim arily consisted o f DARPP-32-positive fibers from  the LGE. This 
staining appeared to become more extensive after 6 weeks in vitro. The 
study demonstrates -a) that E35 fetal porcine nigrostriatal tissue can 
develop and be maintained in organotypic slice culture fo r several 
weeks, reaching beyond the chronological time o f birth and -b) that 
striatal projection neurons prim arily arise from  the LGE. Supported by 
the Danish MRC, Biomed 2, and the Danish Parkinson Foundation.
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326.1

Pituitary gland aplasia and dysplasia.
I. Kjaer*, J.W. Keeling, B. Fischer Hansen.
Institute of Odontology, Faculty of Health Sciences, University of Copenhagen, 
Denmark; Royal Hospital for Sick Children, Edinburgh, Scotland; Hvidovre Univer
sity Hospital, Denmark.
Investigations o f the human prenatal pituitary gland are extremely rare and occur 
sporadically, mostly as case reports.
Aim: The aim o f a long series of studies, here presented for the first time to a 
neuroscience audience, has been to show the pituitary under normal and various 
pathological conditions in the first half of human fetal life.
Material and methods: The following fetal material (7-23 wks GA) forms the back
ground for the presentation: 31 normal, 4 holoprosencephalic, 10 anencephalic, 15 
spina bifida and cranial encephalocele, 19 trisomy-18, 22 trisomy-21, and 16 fetuses 
with various craniofacial malformations. From all fetuses the midsagittal cranial base 
block, including the pituitary region, was excised, embedded in paraffin and serially 
sectioned. Histological and immunohistochemical techniques, including hormone 
markings, were used.
Results: Under normal conditions the pituitary gland with the adenohypophysis and 
neurohypophysis lies in a saddle-shaped sella turcica. Pituitary aplasia is seen 
together with sella turcica malformation in transphenoidal encephalocele and in 
various rare craniofacial malformations. Pituitary dysplasia with sella turcica 
malformation is seen in holoprosencephaly, anencephaly, spina bifida and cranial 
encephelocele and in trisomy 18. The sella turcica malformation differs in the 
different types. In trisomy 21 dysplasia of the pituitary gland is a rare finding. 
Conclusion: Previously unkown types of pituitary aplasia and dysplasia are shown. 
The different pathological courses of development in the region w ill be related to the 
notochordal interaction with Sonic hedgehog in the various genotypes.
Key words: Cranial, Neural tube, Embryo, Field.

326.3
MOLECULAR ANALYSIS OF SCHIZOPHRENIA A N D  BIPOLAR 
DISORDER BY cDNA EXPRESSION ARRAY. K. H yder1, R. Yolken2, A. 
Chenchik1, N. Johnston2, F. Yee2, E.F. Toгrey2*, T.S. K ildu ff3* and the 
Stanley Neuropathology Consortium
'CLONTECH Laboratories, Inc., Palo A lto , CA 94303; 2Johns Hopkins 
Univ. Medical School, Baltimore, M D 21205; ¾tanford Univ., Dept. 
Biological Science, Psychiatry, Stanford, CA 94305.

Schizophrenia and bipolar disorder are im portant human psychiatric 
diseases affecting more than 2,000,000 ind ividuals in  the United States. 
Recent epidemiological studies have indicated that disease risk in  some 
individuals may be associated w ith  environmental factors such as infections 
and other modulators of in flamm ation w ith in  the central nervous system. 
These factors may result in  m odulation of gene transcription w ith in  the 
central nervous system w ith  the resulting manifestation of the disease 
phenotype. The study of RNA expression in  brain tissue obtained post
mortem from  individuals w ith  these diseases m ight provide a practical 
method for the analysis of gene-environmental interactions associated w ith  
human neuropsychiatric diseases. We employed the Atlas cDN A array for 
expression p ro filing  of disease and normal brain tissue obtained by the 
Stanley Neuropathology Consortium. The methods used for brain collection 
and clinical evaluation have been previously described (Johnston et al, J 
Neuroscience Methods, 77:83-92,1997). These samples were obtained from 
individuals w ith  documented schizophrenia and bipolar disorder and were 
matched for age, sex, and pre-and post-mortem variables. We isolated 
total RNA and poly A+ m RNA from  each cerebellum and lymphocyte 
sample. 32P-labeled probes were synthesized from  both total RNA and 
m RNA and hybrid ized to the Atlas Human cDN A Expression Array, a 
layout of 588 genes. We identified several mRNAs that had different 
levels of expression.

326.5
Impaired Sine Wave Speech Perception in Developmental Dyslexics.

Hogg J, Rosner B &  Stein JF, University Laboratory of Physiology, Oxford, OX1 ЗPT, 
UK (SPON : British Neuroscience Association).

‘Sine wave speech’ consists of frequency-modulated pure sinusoids that track the centre 
frequencies of the three lowest formants of speech, without any amplitude modulation. It 
is easily understood by most listeners; but three different theories about the phonological 
difficulties experienced by developmental dyslexics predict that they should find sine wave 
words more difficult to identify than normal readers do. We therefore presented nine sine 
wave speech sentences four times to 12 adult developmental dyslexics and 12 controls. As 
predicted the dyslexics identified significantly fewer words correctly than the controls did
(p < 0.01).

Two of the three theories suggest that dyslexics should have particular trouble with sine 
wave words containing stop consonants. But phonetic analysis showed that the dyslexics 
missed more words with fricatives without stops than words with stops but no fricatives, 
whereas the number of errors made by the normal readers was similar for the two word 
types. These results confirm our previous findings that many dyslexics are impaired at 
tracking changes in the frequency of sounds, and they suggest that this impairment may 
contribute to their difficulties with phonological analysis, particularly o f fricatives.

Supported by the Wellcome Trust and the Rodin Remediation Foundation

326.2

Pituitary gland in human prenatal hydrocephalus.
T.W. Kjaer*, B. Fischer Hansen, I Kjaer.
John F. Kennedy Institute of Mental Retardation, Glostrup; Hvidovre University 
Hospital; Department of Orthodontics, School of Dentistry, Faculty of Health 
Sciences, University of Copenhagen, Denmark.

The aim of this study was to describe the pituitary gland/sella turcica region in 
fetuses with hydrocephalus and to compare the findings with previously reported 
normal findings. Such studies have not been reported before.
The pituitary gland/sella turcica region from 14 human fetuses (GA 15—21 weeks), 
aborted therapeutically following ultrasound diagnosis was investigated by histologi
cal and histochemical methods as part of the parents’ written consent to autopsy of 
the CNS.
In all fetuses there were malformations in the region, ranging from minor dis
placement of adenopituitary tissue (n=4) to ectopic position of adenopituitary tissue 
in the cranial base and occasional aplasia of the neuropituitary (n=8).
Fetuses with hydrocephalus combined with radiographically visible axial malforma
tions had more extensive pituitary gland/sella turcica malformations than fetuses 
without these axial malformations. Since the notochord initiates both CNS formation 
and axial skeletal formation, it is suggested that the pituitary gland/sella turcica 
malformations in fetuses with hydrocephalus are due to changes in the notochordal 
gene expression cranially. Also along the course of the notochord such changes may 
occur.
Grants: Funding was provided mainly by the "IM K Almene Fond".

326.4
MAGNETIC RESONANCE IM AGING  IN CHILDHOOD ONSET 
SCHIZOPHRENIA. J.G. Levitt1 R.E. Blanton2 R. Asamow2, R. Caplan1, A.W. 
Toga, J.T. McCracken1*. 'Division of Child Psychiatry, UCLA; laboratory of 
Neuro Imaging, UCLA, Los Angeles, CA 90024.

The neurophysiological mechanisms underlying schizophrenia are 
unknown, however, a variety o f experimental data demonstrate that temporal 
lobe functions may be implicated in the symptoms seen in this disorder. The goal 
of this pilot study was to investigate possible limbic system abnormalities in 
children with schizophrenia as compared to normal children. METHODS: 
Fifteen children meeting DSM-IV criteria for schizophrenia and fifteen normal 
children were investigated. The mean age o f the schizophrenic children was 13.3 
± 3.3 years vs. 12.2 ± 2.6 years for the normal children. The mean IQ was 89 ± 
18 for nine schizophrenic children and 119 ± 10 for the normal children. MRI 
scans were performed on a 1.5 Tesla GE Signa MR scanner (GE Medical 
Systems, Milwaukee, WI) using a coronal plane SPGR at 1.4 mm slice thickness. 
Volumes were assessed by manually tracing bilateral anterior and posterior 
hippocampus, amygdala and temporal lobes. RESULTS: Volumes o f the left 
amygdala were significantly (p < .03) increased in the schizophrenic children 
(1979.3 ± 370.2 cu. cm.) as compared to the normal children (1734.6 ± 280.7 
cu.cm.). DISCUSSION: These preliminary data o f significantly increased left 
amygdala volumes in children with schizophrenia compared to normal children 
support a hypothesis of limbic system dysfunction in schizophrenia. We are 
currently trying to replicate these findings in an independent series o f children 
with schizophrenia.

Supported in part by a Stanley Foundation Grant

326.6
PERINATAL ANTECEDENTS OF READING DISABILITY
K.A. Flannery, * 1 , J. L¡ederman, 2and L. Daly,3.
1 Psychology Dept., St. Anselm College, 2 Brain Behavior and 
Cognition Program, Boston University,3 Newmarket Networks

Migrational anomalies observed in individuals with a history of 
reading disability suggest that this disorder can be traced back to 
event(s) that occur some time between the end of the first trimester 
and the beginning of the second trimester. To address this issue 
we took advantage of the comprehensive data base of medical, 
obstetric, labor and delivery variables which were recorded in the 
National Collaborative Perinatal Project. From approximately 33, 
000 subjects with complete data, about 1400 children were 
identified as having reading disability based upon a) whether 
reading scores were at least 1.5 standard errors of prediction poorer 
than that expected given their age and intelligence, and b) a variety 
of exclusionary variables. Control subjects were selected to match 
the children with reading disability in terms of 7 demographic 
variables. Thus, there were no significant differences between the 
samples in terms of either maternal age, education, socioeconomic 
status, race, or children’s age, birth order and sex. One suggestive 
finding was that there was more than a doubling of the incidence of 
reading disability among those children whose mothers were 
administered an (unspecified) attenuated live vaccine during either 
the first or the second trimester, but not the third trimester.

Supported by NIMH Grant # ROЗ MH47O49 to J. L¡ederman
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326.7
INFANT PROCESSING OF AUDITORY TEMPORAL INFORMATION: LINKS 
TO FAMILY HISTORY AND LATER LANGUAGE OUTCOME. A.A. Benasich 
and P. Tallal*. Center for Molecular and Behavioral Neuroscience, Rutgers 
University, 197 University Ave., Newark, NJ 07102.

Links between impaired temporal processing abilities and language-based learning 
disabilities in older children and adults have been well-documented. We have 
demonstrated that auditory temporal processing (ATP) thresholds can be assessed in 
the first year of life using a technique comparable to that used in older children 
(Benasich & Tallal, 1993). In the prospective longitudinal study described, two 
groups of infants: normal control infants with no family history of language-based 
learning disorders (FH-) and infants from families with a positive history of learning 
disorders (FH+) were first tested at 6 to 9 mths of age. A two-alternative forced 
choice auditory temporal processing task was used to assess infants' ATP thresholds 
and a visual infant-control habituation/recognition-memory task examined the 
relation of processing speed across tasks (Benasich &  Tallal, 1996). The normative 
range of temporal processing thresholds in 6 to 10 mth infants was established. 
Significant relations among ATP thresholds, habituation, and recognition memory 
were observed. Robust differences in mean ATP thresholds were seen in FH+ 
infants as compared to control infants (FH-). Mean ATP thresholds were 148.2 ms. 
(SD = 77.2 ms) for FH+ infants and 70.6 ms. (SD = 25.1 ms) for FH- infants. At 
16, 24 and 36 months of age these same infants were evaluated on measures of 
expressive and receptive language as well as general cognitive performance. ATP 
threshold at 7.5 mths strongly predicted language variables at 16, 24, and 36 mths 
in both subject groups. At 24 and 36 months of age, FH+ infants and FH- infants 
were significantly different in language comprehension and production scores. 
Relations between early ATP abilities and later language and cognitive development 
through year three as well as the results of discriminant function analyses w ill be 
reported and discussed.

This research was supported by Grant ROl-HD29419 from NIH/NICHD to A.A.B. 
with additional support from the Charles A. Dana Foundation.

326.9
INDIVIDUAL D E T E C T IO N  OF T E M P O R A L  HYPO PER FU SIO N 
WITH PET IN  A U T IS T IC  C H IL D R E N . N, Boddaert. M . Zilbovicius*.
C. Barthélémv· P. Belin. L. Thivard. Ph, Remv. J.-B. Poline and Y. Samson. 
SHFJ, CEA, Orsay and INSERM  U 316, CHU Bretonneau, Tours, France.

We have recently described a bitemporal hypoperfusion in a group of 16 
children with primary autism using high resolution PET camera and SPM analysis 
(HBM, 98). Here we investigated whether temporal hypoperfusion could be 
detected in individual autistic patients. Therefore, we reanalyzed PET H2150  
studies obtained at rest with the same premedication in 21 children with primary 
autism (from 5 to 13 years old) and 10 non-autistic control children (from 5 to 12 
years old). The scan of each autistic child was compared to the entire group of 
scans of control children using SPM 96 software (compare group statistical 
analysis). SPM maps were thresholded at p < 0.01, uncorreted for extension. Were 
considered as abnormal the foci localized at the same anatomical area that was 
previously detected as abnormal in the group analysis (left and right Brodmann’s 
area 22 and 21). The mean Talairach’s space coordinates (x, y, z) of these foci 
were: 1) + /- 50, - 30, 7 mm (left or right superior temporal gyrus) and 2) + /- 50, 
-17, -6 (left or right gyrus temporalis medius). A  temporal hypoperfusion was 
detected in 16 out 21 autistic children (77%). The temporal hypoperfusion was 
bilateral in 12 out 16 autistic children. It was located at the right side in 3 autistic 
children and at left side in one.

These results showed that the temporal hypoperfusion previously observed in a 
group of autistic children may be detected in individual patients suggesting that 
high resolution PET and SPM analysis can now be used as a diagnosis tool in 
childhood autism. Supported by INSERM network # 489001 and PHRC 95.

326.11

Serotonin Transporter Prom oter Variants in Autistic Disorder: Genetic 
Transmission, Behavioral Association, and Relationship to Platelet 
Serotonin Measures. U S. Tordjman, *L. Gutneckt, ]M, Carlier, `E. Spitz, 
2C. Antoine, 'F Slama, 3D. J. Cohen. 2P, Ferrari. P L. Roubertoux. and 
3G.M. Anderson*. UPR 9074 CNRS Génétique Neurogénétique et 
Comportement, Orléans, France; 2TҺ℮ Fondation Vallée, ưniversité de Paris- 
Sud, Le Kremlin Bicetre, France; 3Dept. o f Child Psychiatry, Yale University 
School of Medicine, New Haven, CT USA.

Transmission o f the long (/) and short (s) alleles o f the promoter 
polymorphism in the serotonin (5-hydroxytryptamme. 5HT) transporter gene. 
SLC6A4, was examined in autistic disorder. Although the ⁄  allele was 
transmitted significantly above chance rate (40/64 vs 32/64 expected; TD T χ 2, 
F=4.00, p=.O46), ⁄  allele transmission was not significantly elevated compared 
to the rate in unaffected siblings (40/64 vs. 23/42; NS). No significant 
associations were observed between genotype and the major domains o f 
autistic behavior. However, s allele transmission was associated with a 
greater degree o f communication and social impairment when the behavioral 
domains were dichotomized (mild/mođerate vs. severe). An increased median 
rate of platelet 5HT uptake was observed in // genotype individuals compared 
to those with Is and ss genotypes (1.11, 0.78 and 0.60 nmol 5HT/min/109 
platelets, respectively; M -W  ư-test Z=2.8, p=0.005).

The results raise interesting issues regarding possible behavioral and 
biochemical effects o f the promoter alleles and point out the need for further 
research in this area. Supported by INSERM, CNRS, Ministry for Research & 
Technology, and the NIMH (USA).

326.8

INCREASED DISCRIMINATION OF "FALSE MEMORIES" IN AUTISM 
SPECTRUM DISORDER. D.Q. ReversdorfT* R,W. Smith.2 G. 
Crucian,3 Ш , Ander$on.3_LKeillor.3 A. Barrett.3 I. Hughes.3 
GJ, Felopulos.4 M.L. Bauman.5 S.E. Nadeau.3 K.M. Heilman3.
*Dept. of Neurol., Ohio St. U. Med. Ctr.Д654 Upham Drive, 
Columbus, OH 43210; 2Heywood Hospital, Gardner, MA; 3Dept. of 
Neurol., U. of Florida, Coll, of Med., Gainesville, FL, 32610-0236; 
4Dept. of Child Psychiatry; 5Dept, of Pediatric Neurology, Mass. 
General Hospital, Boston, MA.

Autism is associated with disordered social interaction and 
communication. These behaviors have been attributed to 
"weak central coherence," or impaired ability to utilize 
context, which may be related to semantic network 
dysfunction. To determine if high functioning adults with 
autism spectrum disorder (ASD) have semantic network 
dysfunction, we examined the influence of context on recall by 
using the "false memory" test. In this test, lists of words are 
presented to subjects. Each list contains words highly related 
to index words not on the list. Subjects are then given a 
recognition test. Positive responses to the index words 
represent "false memories". Individuals with ASD are able to 
discriminate "false memory" items from true items 
significantly better than matched control subjects. This 
suggests that semantic representations are less distributed in 
high functioning adults with ASD, and suggests that the "false 
memory" test is sensitive to alterations in semantic network 
function.

Support: Stallone Fund

326.10
An ELECTROPHYSIOLOGICAL STUDY OF VISUAL AND AUDITORY 
SUSTAINED ATTENTION IN AUTISM. J. Williams. C.M.OI¡ver. and D W  
Shucard* Dept. Of Neurology, SUNY @ Buffalo, 100 High St. (D-6), Buffalo, NY 
14203.

Previous electrophysiological studies with autistic subjects have shown 
attenuated P300 amplitude to auditory stimuli during sustained attention tasks. 
Results of studies in the visual modality have not been as consistent. In the 
present investigation, parallel versions of auditory and visual continuous 
performance tasks (CPTs) were used in conjunction with electrophysiological 
measures to study target detection and response inhibition during sustained 
attention in autistic individuals. Participants were 6 autistic males and 6 normal 
controls between the ages of 13-25 years, matched for age, sex, and 
handedness. Event-related potentials (ERPs) were recorded from 12 scalp sites 
during the two CPTs. Both CPTs incorporated target detection (Go) and 
response inhibition (No go) conditions. The P300 (P3 ) components of the ERP, 
recorded for the Go and Nogo conditions and across auditory and visual CPTs, 
were compared between the autistic and control subjects. Data for midline scalp 
sites are reported here. The analyses of P3 amplitude showed that the auditory 
CPT was more sensitive than the visual in distinguishing between the two 
groups. For example, there was a significant group x lead x condition interaction 
obtained only for the auditory CPT. Further, the most significant difference 
between the two groups occurred for the Nogo (response inhibition) condition. 
These findings suggest that differences in cortical organization between the two 
groups studied, may be responsible for the topographical relationships obtained 
in this study and that these relationships are more profound in the auditory 
modality.
This work was funded, in part, by the Ralph Hochstetter Medical Research Fund 
in honor of Dr. Henry C, & Bertha H. Buswell and, in part, by the Departments of 
Psychiatry and Neurology, State University of New York, Buffalo.

326.12
A IM E D  A N D  B A L L IS T IC  M O V E M E N T S  IN  C E R E B R A L  
P A L S IE D  A D U L T S : T H E  E F FE C T S O F O C U L O M O T O R  
L E A R N IN G . M . LeGaгe*. D . H unt, and A . G um p. D ep t, o f  
Psych o logy; B iom ed ica l E n gineering Program ; California State  
U n iversity, Sacram ento, C A  9 5 8 1 9 -6 0 0 7 .

I f  ocu lo m o to r  skill contributes to  aim ed m ovem en ts, then  
m ovem ent tim e (M T ) should be m ore strongly related to  the  
ratio o f  target size/d istan ce after v isu o m o to r  training but the  
relationship b e tw een  M T  and target d istance (ballistic  
m ovem en t) should not b e affected . M ovem en t tim e w a s tested  
pre- and p o st-o cu lo m o to r  training in 2  cerebral palsied adults 
(C P ) and 1 norm al adult (N )  and in 4  CP w ith ou t training in a 
Fitts' L aw  paradigm  w ith  12 Indices o f  D ifficu lty  (ID ). Saccadic  
accuracy and fixation  duration (2 4  step s) w ere  m easured by the  
corneal reflection  m ethod  and scen e  cam era during 
reinforcem ent learning (80%  criterion). T he untrained subjects  
m ade ballistic m ovem en ts on ly  on  tw o  sets o f  tests  spaced 3 -6  
m onths apart. T he trained subjects m ade ballistic m ovem ents  
both pre- and post-training (M T , distance shared variance  
> .9 0 ) , but their M T s conform ed m ore strongly  to  Fitts' L aw  
after training. The shared variance for M T  and ID  increased by  
11%  (N ) and >28%  (C P). T h ese  resu lts support the hypothesis  
and indicate that ocu lo m o to r  and aim ed m ovem ent organization  
m ay be similar in CP and N .
Supported by N S F -B C S 9 1 0 7 2 7 6 , U nited Cerebral P alsy  
E d ucation  and R esearch  Fdn., and C S U S  R esearch  Aw ards.
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326.13
MOVEMENT SEGMENTATION AND COMPENSAΉON DURING REACHING 
IN CHILDREN WΠΉ CEREBRAL PALSY. A. Jobin. A. Luta. R. Forget* and M
F. Levin. School o f Rehabilitation, University o f  Montreal and Research Centre, 
Rehabilitation Institute o f Montreal, CANADA HЗS 2J4.

Stable spatial and temporal inteŋoint coordination patterns begin to emerge 
between 12 and 15 months o f age and continue to develop up until and perhaps 
beyond the age o f 3. Pre- or perinatal brain damage affects the maturation of the 
nervous system and leads to, among others, deficits in motor and postural control 
referred to as cerebral palsy (CP). The combination of these deficits affects the 
stability and smoothness o f reaching movements in CP children. We compared the 
kinematics of a 3D reaching task in hemiplegic and quadriplegic CP children with 
those o f age-matched healthy children (aged 6 to 15). Seated subjects made self- 
paced pointing movements without corrections from a near to a far target located on 
a table placed in front o f them. The distance between targets varied from 25 to 40 
cm depending on the length o f the child's arm. Movements (n=12-15) o f arm and 
trunk segments were recorded with infrared markers at 200 Hz (Optotrak). Data was 
analysed in terms o f movement times, angular and endpoint velocities, the number 
o f movement units (segmentation) and interjoint and intersegment (arm vs trunk) 
coordination. In CP children, mean movement times were longer (CP: 0.88 (0.23) s, 
Healthy: 0.59 (0.18) s) and movements were composed o f more movement units 
(CP: 3.7 (0.9) units; Healthy: 1.6 (0.5) units), hi addition to temporal segmentation, 
movements were spatially segmented shown by a disruption in the inteŋoint 
coordination between the elbow and shoulder. Reaches in CP children were also 
characterized by a decreased control of the elbow and shoulder excursion and an 
increase in the excursion o f the trunk. Results suggest that CP children compensate 
reaching deficits by increased trunk involvement Kinematic characterization of 
postural and reaching deficits may be used to assess the effectiveness o f therapeutic 
interventions. Supported by RRRMOQ and REP AR, Quebec.

326.14
POSSIBLE MOLECULAR (IM M UNO LO GIC) MECHANISMS OF 
DIABETIC FETOPATHY/ENCEPHALOPATY T.S.Budvkina1.
B.B.Gnedenko2. A.A.Makarova2. Q.V. Kudryashova2, A.B PoIetaev2* 'Moscow 
Regional Res. Inst, for Obstetrics &  Gynecology; 2Medical &  Ecological Fund 
“ Chernobyl-Test”  - Russian State Medical University, Moscow, Russia

Background: The diabetic fetopathy (DF) is the often reason of disturbances in 
the development of fetal nervous system (diabetic encephalopathy DE) during the 
pregnancy of women with diabetes mellitus (DM). Pathogenesis of DF/DE is vague. 
We suppose the crucial role of immunological mechanisms. Results: Using 
ELISA 2-3 fold increase in IgG antibodies (Ab) to insulin and to insulin receptors 
in sera of diabetic mothers as well as in sera of their newborns was detected. Also 
the prominent (approximately 70%) crossreactivity of anti-insulin Ab (obtained by 
affine chromatography from some patients’ sera) with Nerve Growth Factor (NGF) 
was revéaled. Our clinical observations after children 4-8 y.o. born from women 
with DM demonstrate that severity of neurological disorders correlates with level of 
anti-NGF Ab in sera. Conclusion: Taking into account that IgG pass the 
placental barrier easy, it could be supposed, that the crucial mechanism for DF/DE 
development may be the accumulation in fetus maternal anti-insulin Ab. These Ab 
can bind and block NGF and other immunologically related neurotrophins. This 
kind of binding could presumably take place due to pathological immunoreactivity 
to the minor (NGF-like) insulin epitopes. The additional evidence of this 
crossreactivity is high titers of anti-insulin Ab in sera of animals, which were 
immunized by pure NGF-protein. I f  it is true, some therapeutic measures directed 
to reduce anti-insulin/anti-NGF Ab level in diabetic women before and during the 
pregnancy, could be effective for the prophylactics of DF.

PRESYNAPTIC M ECHANISM S: MODULATION 

327.2327.1
ACTIVATION OF D2-LИCE DOPAMINE AUTORECEPTORS REDUCES 
QUANTAL SIZE IN  PC12 CELLS. Y. Schmitz*. E.N. Pothos. V. D avila. S. 
Pгzedborski and D. Sulzer. Depts of Neurology and Psychiatrv, Columbia 
University; NYSPI, NY, NY 10032, USA.

D2-like dopam ine (DA) autoreceptors are G-coupled proteins th a t  
provide negative feedback on DA release by inhibiting tyrosine 
hydroxylase (TH) and reducing neuronal activity by m odulating ion 
channels. In previous studies using PC12 cells to observe vesjcular  
catecholam ine secretion, w e found that the quantal size (i.e. DA released  
per synaptic vesicle exocytosis) could be m odulated as a population  
(Pothos, J·Neurochem. 1996,66:629; Sulzer J. Neurosci., 1995, 15:4102). Here 
and in Pothos et al. (this m eeting) w e exam ine D2 autoreceptor-related  
m odulation of quantal release. U sing RT-PCR, w e found that PC12 cells  
display D2 and D4 but not D3 autoreceptors. The D2 agonist quinpirole (0.5 
µM for 30 min) decreased DA  synthesis by 50%, but had no effect on DA  
reuptake. Using amperometric detection of quantal release follow ing  
stim ulation w ith  h igh KL w e found that this exposure of quinpirole a lso  
reduced quantal size by 50%. The quinpirole-m ediated effects on both TH  
and quantal size were com pletely blocked by the D2 antagonist su lp iride  
(40 µM). The effect on quantal size w as reversed by L-DOPA, w h ich  
bypasses the requirement for TH activity in DA synthesis. Quinpirole a lso  
reduced the frequency of quantal release events, indicating that both 
"synthesis-m odulating" and "impulse-m odulating" autoreceptors can 
coexist on the same cell. The results provide a first demonstration of 
receptor-mediated change in quantal size.
Funded by: The Aaron Diam ond Foundation, NARSAD, Parkinson's Disease 
Foundation, NID A 10154 & 07418.

327.3
A T P  F A C IL IT A T E S  T H E  SP O N TAN EO U S G L Y C IN E R G IC  IPSCs 
(sIPSCs) IN  A C U T E L Y  D IS S O C IA T E D  D O R S A L H O R N  
NEURONS. J. S. Rhee*T Z. M . Wang and N. Akaike Dept, o f Physiol., 
Fac. o f Med., Kyushu Univ., Fukuoka 812-8285. Japan.

ATP has not only a role fo r energy source fo r liv ing  cell but also a fast 
excitatory neurotransmitter action at CNS. We investigated the 
m odulatory effect o f ATP on the glycine release from  the nerve terminals 
o f g lyc inerg ic  interneurons pro jecting to rat spinal dorsal horn neurons, 
which are receiving, processing and transmitting the in form ations 
regarding various modalities o f peripheral inputs like  pain. Our 
mechanical dissociation technique o f  mammalian CNS neurons could 
im prove greatly the studies o f such inh ib ito ry  presynaptic nerve 
terminals. By this technique, we dissociated the dorsal horn neuron 
attached w ith inh ib ito ry  presynaptic nerve endings, namely 'synaptic 
bouton preparation'. In  the presence o f  TTX , bicuculline, AP V and 
CNQX, spontaneous g lycinerg ic IPSCs (sIPSCs) w ith 1-ЗHz were 
recorded constantly. The frequency o f sIPSCs was increased dose- 
dependently w ithout affecting the current amplitude by adding Ю^8 to 
IO^4m  ATP. The frequency increase was also m im icked by ATP receptor 
(f*2X) agonist, 2-MetS-ATP. Such ATP action on the sIPSCs was not 
affected by adding 1 0 '4M  Cd2+ but disappeared w ith the Ca2+-free 
external solution, indicating the existence o f the m odulation through P2X 
receptors coupled to cationic channels, which are permeable to 
extracellular Ca2+. Consequently, the facilita to ry effect o f ATP on the 
g lycine release from  nerve terminals results in the depression o f the 
excitatory neurotransmitter-evoked depolarization. Thus, the ATP 
receptors on the g lycinerg ic nerve endings could be pointed out as one o f 
the functional autoregulation systems fo r pain contro lling.

SEROTONERGIC FACILITATION ON GABAERGIC SPONTANEOUS 
INHIBITORY POSTSYNAPTIC CURRENTS (sIPSCs) IN THE 
DISSOCIATED RAT BASOLATERAL AMYGDALOID NEURONS.
S. ҞOYAMA* and N. AKAIKE. Dept, of Physiol., Fac. of Med., Kyushu 
Univ., Fukuoka 812-8582, Japan.

In the rat basolateral amygdaloid (ABL) neucli, the neurons are divided into 
two cell types, such as large pyramidal shaped cells and small ovoid shaped cells. 
The former large cells containing excitatory amino acids project their nerve 
terminals to prefrontal cortex areas. The latter small cells containing GABA 
project the inhibitory nerve terminals on large cells in the ABL neucli which 
receives serotonergic afferents from the dorsal raphe neucli. These neuronal 
networks contribute to regulate animal cognitive-behavial changes. In the present 
study, we dissociated the ABL neurons attached with the presynaptic endings, 
namely 'synaptic bouton preperation'. When the nystatin-perforated patch 
recording was made on the ABL synaptic bouton preperation under the voltage- 
clamp condition, GABAergic sIPSCs were recorded. 5-HT had both facilitatory 
and inhibitory effects on these sIPSC frequencies without affecting their 
amplitudes. As our previous work revealed that inhibitory effect of 5-HT was via 
5-HTļд receptor, we used a specific agonist of 5-HTз receptor, m-chlorophenyl- 
biguanide (mCPBG), which enhanced sIPSC frequencies. This facilitatory effect 
of mCPBG on sIPSCs was blocked by tropisetron, a specific antagonist of 5- 
HT3 receptor. In Ca2+-free solution, effect of mCPBG was also abolished. 
Thus, we especially investigated the intracellular Ca2+ signalling pathway from 
the activation of 5-HTз receptor to the enhancement of presynaptic GABA 
releases.

327.4
NICOTINIC ENHANCEMENT OF THE PRESYNAPTIC GABA 
RELEASE IN THE SUPRACHIASMATIC NUCLEUS EXPLANT 
CULTURE OF THE RAT. I. Kawamoto*. Dept, of Physiology, 
Yokohama City Univ. Sch. of Med., Yokohama 236-0004, Japan.

The suprachiasmatic nucleus (SCN) plays an essential role in 
generating a circadian clock in the mammal and receives cholinergic
inputs from basal forbrain. The present study was designed to
investigate reguratory roles of cholinergic system for GABAergic 
transmisson occourring in the SCN. Whole-cell patch-clamp 
recordings were made from neurons in the SCN explant culture 
preparations at -  60 mV of the holding potential. Spontaneous
postsynaptic currents (sPSCs) or miniature postsynaptic currents
(mPSCs) were observed in the absence or presence of 1 µM tetrodotoxin, 
respectively. Spontaneous postsynaptic currents were observed at a 
mean frequency or amplitude of 1.38 Hz or 25.0 pA, respectively, 
reversed at around 0 mV (Ecı = 0 mV), and abolished reversibly by 10 
µM bicuculline, indicating that sPSCs observed were GABAergic. The 
frequency of sPSCs was increased by 384 % (5.30 Hz) by 100 µM 
nicotine without changing the mean amplitude of sPSCs. The effect of 
nicotine on the natures of mPSCs was same as those of sPSCs. These 
results suggest that the activation of neuronal nicotinic acetylcholine 
receptor resulted in the enhancement of the GABA release from the 
presynaptic terminal in an action-potential independent manner in the 
SCN explant cultures.
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327.5
MECHANISM OF ß - ADRENERGIC RECEPTOR-MEDIATED
FACILITATION OF INHIBITORY TRANSMISSION ON RAT CEREBELLAR 
PƯRKINJE CELLS. F. Saitow. S. Safake and S. Konishi*. Mitsubishi Kasei 
Institute of Life Sciences, Tokyo, 194-8511, Japan.

Previous studies showed that monoamines, serotonin and norepinephrine 
(NE) elicit long-lasting facilitation of GABAergic transmission between rat 
cerebellar intemeuron and Purkinje cells (PCs). This study aimed first to 
determine whether the NE-induced facilitation is produced by pre- or 
postsynaptic mechanism. Inhibitory postsynapüc currents (IPSCs) evoked by paired- 
pulse stimulation (PPS) were recorded from PCs using rat cerebellar slices and whole-cell 
patch clamp technique. Changes in variance of the amplitude ratio (VAR) between first and 
second IPSCs produced by PPS were compared following pre- and postsynaptic 
manipulations of transmission efficacy. When the IPSC was presynaptically enhanced by 
increasing extracellular Ca2+ concentrations, the VAR was decreased. In contrast, the 
postsynaptic GABAa receptor antagonist bicuculline suppressed the IPSC amplitude without 
significant change in the VAR. Thus, the VAR appeared to become smaller when 
transmission efficacy is presynaptically increased Application of ЮµM NE and 
isoproterenol (ISP) increased the amplitude of IPSCs, while the VAR was decreased during 
the NE- and ISP-induced facilitation. Therefore, the findings are consisted with the notion 
that NE facilitates cerebellar GABAergic transmission through a presynaptic mechanism 
coupled with ß-adrenergic receptors in  basket cells (BCs). Wenext carriedout 
double-recordings from PCs and BCs and examined the effects of NE on BC-driven IPSCs. 
Cell-attached recordings showed spontaneous spiking of the BC, and NE and ISP increased 
the frequency of the spikes. IPSCs driven by the spontaneous BC spikes were recorded 
form the PC. These spike-driven IPSCs were enhanced by NE in 3 cells and decreased in 
6 cells. Our data suggest that NE acts on GABAergic intemeurons and presynaptically 
enhances the inhibitory transmission on the PC and that the increase in spike firing of the BC 
contributes, at least in part, to the ß-adrenergic facilitation of IPSC.

327.7
INVOVEMENT OF THE AD ENOSINE NEƯROM ODƯLATORY SYSTEM 
IN THE BE N ZO DIAZEPINE-IND UC ED DEPRESSION OF EXCITATORY 
SYNAPTIC TRANSM ISSIO NS IN  RAT HIPPOCAM PAL NEURONS IN  
VOTRO. E. Narimatsu and M . A o k i.*  Dept, o f Physiology, Sapporo 
Medical University School o f Medicine, Sapporo 060-0061, Japan

It has been reported that various benzodiazepines inh ib it adenosine 
uptake. W e investigated the benzodiazepine (m idazolam)-induced 
depression o f excitatory synaptic transmissions through the adenosine 
neuromodulatory system in rat hippocampal slices. Field EPSPs (fEPSPs), 
elicited by stimulation o f Schaffer collateral or perforant path at 0.05 Hz, 
were recorded from  C A 1-stratum radiatum or DG-stratum moleculare in 
oxygenated ACSF. In itia l fEPSP slopes were analyzed fo r assessing the 
drug effects. M idazolam  (1 µM ) depressed both CA1- and DG-fEPSPs 
transiently; CA1- and DG-fEPSPs were in itia lly  depressed to approximately 
75 % of control and then gradually recovered. The m idazolam-induced 
depression was not affected by b icuculline (G A B A a  receptor antagonist), 
although it  was com pletely antagonized by am inophylline (adenosine 
receptor antagonist). D ipyridam ol (adenosine uptake inh ib ito r) depressed 
these fEPSPs in the s im ilar manner as did midazolam. EH N A (adenosine 
deaminase in h ib ito r) also depressed these fEPSPs transiently but in a 
different manner. Adenosine depressed these fEPSPs continuously. There 
was no significant regional difference between CA1 and DG in the effects 
of the drugs used. The results suggest that midazolam depresses excitatory 
synaptic transmissions through the adenosine neuromodulatory system by 
inhibiting adenosine uptake w ithout regional difference between CA1 and 
DG in hippocampal slices.

327.9
MELATONIN-SEROTONIN STUDIES IN  CRAYFISH 
NEUROMUSCULAR SYNAPSES. D. C. S liwka and S.J. Vélez*. Dept, 
of B iological Sciences, Dartmouth College, Hanover, N .H . 03755 

Both m elatonin and serotonin in d iv id u a lly  increase 
junction potentia ls (JP's) recorded fro m  c ray fish  
neuromuscular synapses (Soc. Neurosci. A bstr. 22,:774 and 
20:1338). To fu rthe r elucidate the mechanisms o f action o f 
melatonin, synapses in  the supe rfic ia l f le x o r muscles o f the 
crayfish Procam barus c lark iì were exposed to (1) extended 
applications o f m elatonin, (2) double app lica tions o f 
melatonin, and (3) a so lution o f m elatonin or serotonin that 
maximized the JP response fo llo w e d  by a m ela ton in /sero ton in  
combined solution. JP's were m onitored from  the muscle 
fibers w ith  m icroelectrodes w h ile  s tim u la tin g  the largest 
excitor axon to the muscle. JP's increased w ith in  m inutes o f 
exposure to 10^3M  m elatonin, s tab iliz ing  a fte r 10 minutes to 
values 140-270% h igher than sizes recorded in  R ingers 
(percentage increase was inverse ly  p ropo rtiona l to in it ia l JP 
size). A fte r a Ringers wash, a second app lica tion  o f m elatonin 
generated .a s im ila r response. M axim um  JP enhancement was 
obtained using 1 x 10_5M  serotonin or 8 x 1 0 '3M  m e la ton in , 
but JP sizes increased fu rthe r by subsequent exposure to a 
combined 1 or 8 x 1 0 '3M  m e la to n in /1 0 "5M  serotonin so lution. 
These results suggest that m elatonin and serotonin are acting 
at d iffe rent presynaptic sites to enhance tran sm itte r release.

(Supported by Dartmouth College Research Funds)

327.6
Reduction of Glutamate Transmission by suf-fM Interleukin-1 ß Is 
Mediated by An Adenosine-Dependent Mechanism in Rat 
Hippocampus. L. Z h an g12 \  Y . Z h ang', W .P. Lu⅛3, T .D . W hite1. C. 
W u 1’4* & H, M o ld o fsk y 1’3. Playfair N eurosci. U n it l,  Toronto H ospital, 
D ept. M ed ic in e  (N eu rol.) 2, Ctr. S leep  &  C h ron obiòl ., B lo o rv iew  
E p ilep . P rog.4, U n iv . Toronto, T oronto, C anada M 5T  2S 8 . Dept. 
P harm acol5 , U n iv . D a lh ou sie , H alifax , Canada

Extracellular and w h o le -ce ll recordings w ere perform ed in the 
hippocam pal CA1 region o f  rat brain s lic e s  at 3 3 ° . Perfu sion  o f  slices  
w ith  interleukin-lß  ( ĨL -lß ) ,  at the concentration  as lo w  as 10 1̄7 M  for
3-4  m in, caused a reversible decrease in glutam ate synaptic resp onses, 
but enh an ced  the p h arm aco log ica lly  iso la ted  G A B A -A  IPSC s. The 
reduction  o f  glutam ate resp on ses b y  I L - lß  w a s attenuated by using  
antib ody-n eu tralized  I L - lß  or in  the p resen ce o f  IL-1 receptor  
antagonist IL -lra , and it w as prevented  by p h arm acological b lockade  
o f  ad en osin e A , receptors. In addition, I L - lß  fa iled  to suppress the 
g lu tam ate resp on ses at 2 2 °C . A t 33 °C , the decrease in the glutam ate  
resp on ses by I L - lß  sh o w ed  an on set sig n ifica n tly  slow er than that 
induced by stable adenosine analogue. The present data suggest for the 
first tim e that the activation o f  IL-1 system  m ay regulate the glutam ate  
excitation  in central neurons at p h ysio log ica l con d ition s, probably v ia  
p rom otin g  the release o f  en d ogen ou s adenosine. Supported by  
C anadian M R C  and Heart and Stroke Foundation.

327.8
MODULATION OF EXOCYTOSIS BY P2 RECEPTORS IN BOVINE ADRENAL 
CHROMAFFIN CELLS. A.D. Powell. N.V. Maưion* and E.P. Seward. Dept, of 
Pharmacology, School o f Medical Sciences, University o f Bristol, Bristol BS1 8TD,
U.K.

Chromaffin cells secrete catecholamines and ATP from large dense core vesicles 
by Ca2+-dependent exocytosis. ATP is known to inhibit voltage dependent Ca2+ 
channels in these cells (Currie and Fox, 1996, Neuron 16: 1027-36) and thus may act 
as a negative regulator o f secretion. We have investigated the effects o f 2- 
methylThioATP (2-MeSATP), an ATP analogue, on Ca2+ entry and exocytosis in 
single cells, using combined voltage-clamp and capacitance measurements. Cells 
were voltage-clamped at -9OmV in perforated patch configuration and stimulated with 
either single long depolarisations or a train of depolarisations, to +20mV.

2-MeSATP (0.1-100 nM) caused a concentration-dependent inhibition of Ca2+ 
entry in response to single 20-200 ms depolarisations with a maximal inhibition of 
48±3% (n= 11). During a train o f 20 depolarisations o f 20 ms, inhibition o f Ca2+ entry 
and exocytosis was limited to the first 5 pulses. The inhibition of exocytosis was 
significantly greater than that of ICa (59±IO% and 34±3%, n=9), suggesting an effect 
on secretion independent o f Ca2+ entry. The inhibition o f both ICa and exocytosis was 
pertussis toxin-sensitive, and could be partially reversed by depolarising prepulses to 
l2OmV, suggestive o f a direct interaction o f Gi/o G-protein ßγ subunits with the Ca2+ 
channels.

These results support the hypothesis that released ATP may act as a negative 
regulator o f Ca2+ dependent exocytosis. Supported by the British Medical Research 
Council and Wellcome Trust.

327.10
IN F LU E N C E  OF N E U R O M O D U LA TO R S  AN D  V E S IC LE  D O C K IN G  
R E L A T E D  PR O TEIN S ON T H E  K IN E T IC S  OF V E S IC U LA R  
RE LEA SE. R.C. Southard. J.L W inslow1. P. He. D. Chen2. S.W. Whiteheart2. 
J.D. Porter*3, and R.L. Cooper. Sch. o f Biol. Sci.; Dept, o f Biochem.2; Dept, 
o f Dept, o f Anatomy and Neurobiol.3, Univ, o f Kentucky, Lexington, KY. 
40506 and Dept, o f Physiol., Univ, o f Toronto, Toronto, Canada, M5S-1A8.1

Synaptic vesicle transport, docking, and fusion to the presynaptic nerve 
terminal are important regulated steps for synaptic transmission at the NMJ. 
The release o f transmitter at the neuromuscular junction o f crayfish is quantal 
in nature. We assessed the mechanisms and related kinetics o f vesicular release 
during the enhancement and depression o f synaptic efficacy by the exogenous 
application o f neuromodulators (serotonin and eedysone). In order for a vesicle 
to be released it  must 1st dock at the presynaptic membrane and in the presence 
o f Ca2+ a fusion pore for evoked transmitter release occurs. To determine i f  
increasing the number o f docked vesicles can change the rate o f multiple 
releases, α-SNAP was injected into the nerve terminals and the kinetics of 
release was measured. Serotonin (5-HT) stimulates an IP3 cascade which leads 
to phosphorylation o f a number o f proteins related to vesicular transport 
(synapsins) and docking. α-SNAP injections increases the number o f rapidly 
releasable vesicles. The presence o f 5-HT or α-SNAP at the terminal results in 
a faster rate o f release for multiple events without a detectable change in the 
in itia l rate o f primary events. Whereas the presence o f eedysone decreases the 
rate o f multiple events and results in an increase in  latency jitte r o f vesicular 
release. Supported by N IH  and ACS (S. W. W.) and Univ, o f K Y  Research and 
Graduate Studies (R.L.C.).
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327.11
THE EFFECTS OF NEUROMODULATORS ON SYNAPTIC 
TRANSMISSION AT THE DROSOPHILA NEUROMUSCULAR 
JUNCTIONS. W.S. Neckamever* and R.L. Cooper1 Dept. Pharm. &  Physiol. Sci., 
St. Louis Univ., St Louis, MO 63104; Sch. Biol. Sci. and Center for Ecol., Evol. & 
Behavior, Univ. Kentucky, Lexington, KY 40506-0225‘.

Neuromodulators are known to function as important signaling molecules in 
animals, and can alter activity of the central and peripheral nervous systems. One 
neuromodulator in particular, serotonin (5-HT), is involved in the behavioral 
expression of dominance and aggression in widely evolutionary diverged species. 
In Drosophila melanogaster, 5-HT modulates heartbeat (Johnson et al., 1997; 
McCormick et al., 1997) and voltage dependence of delayed rectifier and Shaker 
potassium channels (Hevers and Hardie,l995). Less is known about the 
neuromodulator roles of dopamine. Although dopamine has been shown to 
modulate female sexual receptivity and habituation, a form of learning, in 
Drosophila (Neckameyer, 1998a, b), it is also required for normal development of 
both gonadal and other tissues (Neckameyer, 1996).

We examined if  5-HT and dopamine would have an effect on Drosophila NMJs. 
The synaptic efficacy was measured of Drosophila melanogaster motor neurons at 
the neuromuscular junctions of high- and low-output terminals during the third instar 
larva stage, by recording evoked and spontaneous quantal cuưents and using quantal 
analysis. With this approach, one can assess pre- as well as post-synaptic 
differences induced by the addition of particular neuromodulators. Dopamine, at low 
doses (ЮµM), initially causes a slight enhancement of the EJP amplitude by 
increasing the number of vesicles released but after a few minutes causes an overall 
reduction in the EJP amplitude by reducing the number of vesicles that are released 
from the presynaptic nerve terminal. The rate of the reduction is dose dependent. 5- 
HT did not show any effect on the EJP or quantal release in the NMJs examined. 
Supported by NSF-IBN 9423616 (W.S.N.) &  Univ, of KY Research and Graduate 
Studies (R.L.C.).

327.13
GROUP II METABOTROPIC GLUTAMATE RECEPTOR-MEDIATED 
SUPPRESSION OF PRESYNAPTIC CALCIUM INFLUX AT MOSSY FIBRE-CAЗ 
SYNAPSE. H. Kamiya* and S. Ozawa. Dept, of Physiol., Gunma 
Univ. Sch. of Med., Maebashi 371-8511, Japan.

Metabotropic glutamate receptor type 2 (mGluR2) has been 
shown to exert a presynaptic inhibitory action at hippocampal 
mossy fiber synapse. Although electron microscopic analysis 
has revealed that mGluR2 is localized at the preterminal zone 
of mossy fibers, it is not clear whether such axonal mGluR2 
affects Ca2+ influx in the presynaptic terminals. To 
elucidate mechanisms underlying the mGluR2-mediated 
presynaptic inhibitory action, we examined the effect of 
DCG-IV, a selective agonist of group II mGluRs (mGluR2/3), 
on presynaptic Ca2+ influx at the mossy fiber terminals. 
Following selective loading of the mossy fiber pathway with 
fluorescent Ca2+ indicator rhod-2 AM, both transient increase 
in the presynaptic Ca2+ concentration (pre[Ca2+]ŧ) and field 
excitatory postsynaptic potential (EPSP) evoked by mossy 
fiber stimulation were recorded in mouse hippocampal slice 
preparations. Bath application of DCG-IV at 1 µM almost 
completely suppressed field EPSP, and suppressed pre[Ca2+]t 
to approximately 70 % of the control. Taking account of the 
non-linear dependency of presynaptic Ca2+ influx on EPSP 
amplitude, the DCG-IV-induced suppression is mediated mainly 
by the reduction of presynaptic Ca2+ influx, although we could 
not exclude the additional involvement of direct modulatory 
action on the release machinery downstream of Ca2+ influx. 
Supported by Core Research for Evolutional Science and 
Technology of Japan Science and Technology Corporation.

327.15
ANGIOTENSIN II MODULATES EXOCYTOSIS IN BOVINE ADRENAL 
CHROMAFFIN CELLS VIA MULTIPLE TYPES OF G-PROTEINS. Д,
Tescheшacher. G. Henderson* and E.P. Seward. Dept, o f Pharmacology, School of 
Medical Sciences, University o f Bristol, Bristol BS8 1TD, U.K.

Previous studies have shown that Angiotensin II (ATII) type 1 receptors can 
couple to both Gj/0- and Gq-proteins, thereby inhibiting adenylate cyclase activity and 
stimulating IP3 production, respectively. We have investigated the effects o f ATII 
receptor activation on Ca2+ dependent signalling and exocytosis in isolated bovine 
adrenal chromaffin cells. Recordings o f membrane capacitance changes and Ca2+ 
cuưents were combined with measurements o f intracellular Ca2+using Fura-2. Cells 
were voltage-clamped at -80 mV in perforated patch configuration and Ca2+ dependent 
exocytosis was evoked by 40 ms voltage steps to +20 mV.

Superfusion o f cells with ATII (1-100 nM) inhibited Ca2+ cuưents by 30 % 
(n=Ю) in a pertussis toxin (PTX)-sensitive manner. This inhibition could be reversed by 
40 ms prepulses to 120 mV, suggestive o f a direct interaction o f G protein ßγ subunits 
with Ca2+ channels. Capacitance rises were modulated bidirectionally, depending on the 
ATII concentration used. At low concentrations, ATII inhibited exocytosis to 54.7 ±
10.4 % o f control (n = 5). However, at high concentrations (100 nM), in spite o f Ca2+ 
cuưent inhibition, ATII potentiated exocytosis to 289.3 ± 58.7 % o f control (n = 5). The 
latter effect was preceded by a transient increase in intracellular Ca2+ and was PTX- 
insensitive, indicative o f a Gq mediated pathway. The specific AT I receptor antagonist 
losartan prevented all observed effects o f ATII (n=3). These results show that activation 
o f AT I receptors modulates exocytosis bidirectionally via distinct G protein signalling 
mechanisms.
Supported by the Wellcome Trust.

327.12
NON-GENOMIC, PHYSIOLOGICAL RESPONSES OF ECDYSONE (20-HE) 
AT THE NEUROMUSCULAR JUNCTIONS OF LARVAL DROSOPHILA 
THAT LACK THE ABILITY TO PRODUCE ECDYSONE. P. He. H, Li. P,H. 
Bonner*. D. Haưison, G. Jones, D. Jones and R.L. Cooper, Sch. of Biol. Sci. and 
Center for Ecol., Evol. &  Behavior, Univ, of Kentucky, Lexington, KY. 40506.

The ecd1 mutation results in a reduction in the synthesis of ecdysteroid in the 
prothoracic gland (Henrich et a l, 1993, Dev. Gen. 14:369-377). The active form of 
ecdysone, 20-Hydroxyecdysone (20-HE), surges prior to molt and is responsible for 
the change in behavior and anatomical restructuring during the molt cycle. At 10 µM 
20-HE, excitatory junction potentials are reduced in amplitude within minutes, 
indicating a non-genomic effect in 3rd instar wild type strains. In order to determine 
the site of action of the hormone, focal-macropatch recordings of synaptic currents 
were made at neuromuscular junctions. The high-output (Is) and the low-output (lb) 
motor nerve terminals that innervate muscles 6 and 7 released fewer synaptic vesicles 
for each stimulation while exposed to 20-HE. Since the size and shape of synaptic 
currents from spontaneous releases did not change, the effects of the 20-HE are 
presynaptic.

Third instar larvae of the temperature sensitive mutation ecd1 are used to test the 
sensitivity of bath applied 20-HE in a greatly-reduced endogenous ecdysteroid 
background. Investigation into the physiological and morphological state of NMJs 
w ill be reported for this mutation. Muscles m6 &  m7 are apparently larger than those 
of the control strain, indicating altered input resistance. Current studies address the 
potential of presynaptic regulation in maintaining a constant postsynaptic response 
in the face of a larger target tissue. Supported by Univ, of KY Research and Graduate 
Studies (R.L.C.), NSF-IBN-97-23944 (D.H.), NSF-IBN-93-18247 (G.J. & D.J.). 
Thanks to Dr. Henrich for the ecd1 flies.

327.14
A ROLE FOR cAMP IN LONG-TERM DEPRESSION AT HIPPOCAMPAL 
MOSSY FIBER SYNAPSES. T. Tzounopoulos*. R. Janz4. T. C Südhof4. R. A. 
Nicoll2,3, and R. C. Malenka*1,2. Dept.’s of ‘Psychiatry, ⅜hysiology, and ⅛elîular 
and Molecular Pharmacology, University of California, San Francisco, CA. 94143. 
4Dept.’s of Molecular Genetics and Howard Hughes Medical Institute, University of 
Texas Southwestern Medical Center, Dallas, TX. 75235.

Extensive analysis of LTP at hippocampal mossy fiber synapses (MF LTP) 
suggests.that it is due to an activity-induced increase of cAMP levels that leads to the 
activation of PKA and subsequent phosphorylation of protein(s) that regulate 
neurotransmitter release. In contrast, little is known about the signaling mechanisms 
that are responsible for the triggering of mossy fiber LTD (MF LTD). We have found 
that application of L-CCG-I (20 µM for 15 min), an mGluR II agonist, elicited MF 
LTD only when combined with presynaptic activity. Prior application of the 
membrane permeable Ca2+ chelator, EGTA-AM (200 µM), blocked the L-CCG-I 
induced MF LTD. These results suggest that the minimal requirements for the 
induction of MF LTD are activation of mGluRII receptors and presynaptic activity 
that provides a necessary Ca2+ influx.

To examine the role of the cAMP-PKA signaling pathway in MF LTD, we first 
applied the adenylyl cyclase activator forskolin which increased the magnitude of the 
MF LTD elicited by L-CCG-I. In contrast, application of Sp-8-CPT-cAMPs (100 
µM), a cAMP analog, blocked L-CCG-I induced MF LTD. These findings suggest 
that a decrease in cAMP levels due to inhibition of adenylyl cylase is an important 
trigger for MF LTD. Consistent with this proposal, preincubation of slices with the 
PKA inhibitors, KT572O (1 µM) and Rp-8-Br-cAMPs (100 µM) prevented the 
induction of MF LTD by prolonged (15 min) 1 Hz stimulation. Finally, synaptically- 
induced MF LTD, like MF LTP, was absent in mice lacking the synaptic vesicle 
protein rabЗA. These findings suggest that MF LTD is triggered by an mGluRII- 
mediated decrease of cAMP levels which leads to an inhibition of PKA activity and a 
reversal of the biochemical processes that underlie MF LTP. Supported by grants 
from NIH and the McKnight Endowment Fund for Neuroscience.

327.16
THE ROLE OF THE GUANINE NUCLEOTIDE EXCHANGE FACTOR 
MSEC7-1 ON SYNAPTIC TRANSMISSION IN XENOPUS NEURO
MUSCULAR JUNCTIONS. J. Rettig1, U. Ashery1, V. Scheuss1. H. Koch2, N. 
Brose^and E. Neher1, 1Dept. of Membrane Biophysics, MPI f. biophysical 
chemistry, D-37070 Goettingen, Germany; 2Dept. of Mol. Neurobiology, 
MPI f. experimental medicine, D-37073 Goettingen, Germany.

GTP-binďmg proteins are known to be essential for the synaptic vesicle 
cycle. They shuttle between plasma membrane and in tracellu lar 
compartments depending on their nucleotide-bound state. Activation of 
G-proteins occurs via guanine nucleotide exchange proteins (GEPs) 
which promote the exchange of GDP for GTP. msec7-1, a rat hom ologue 
of the yeast sec7 gene, has been shown to act as a GEP on ADP- 
ribosylating factor (Arf). We analyzed the effect of msec7-1 on synaptic 
transmission by injecting its mRNA into early Xenopus embryos. Cultured 
neuromuscular junctions containing msec7-1 in the presynapse exhibited 
a 3-5 times higher frequency of spontaneous synaptic currents (SSCs) 
compared to control synapses. In addition, the SSC amplitude was 
increased by a factor of 2, resulting in a ten times higher total charge per 
time unit. In order to investigate if msec7-1 also affects the size of evoked 
postsynaptic currents (EPSCs), we stimulated msec7-1 containing neurons 
at high frequency. The initial EPSC amplitudes were elevated, but 
returned to control values exponentially with time.
We conclude that msec7-1 activates a presynaptic GTP-binding protein 
which leads to an increase in synaptic efficiency. The m olecu lar 
mechanism of this process remains to be elucidated.
(Supported by HFSP grants and the Deutsche Forschungsgemeinschaft)
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327.17
EVIDENCE FOR THE EXISTENCE OF TWO [¾]Gpp(NH)p BINDING SITES 
IN RAT BRAIN CORTICAL MEMBRANES. T Emяnnelli12. F. Page!1, A  
Rļggner1. V, Antunes1 and D O G Souza1* 1Dept. 〇f  Biochem., ICBS, UFRGS, 
Porto Alegre, Brazil, 97105-900; 2Dept. o f Food Technol. and Sci„ CCR, ƯFSM, 
Santa Maria, Brazil, 90035-003.

Guanine nucleotides (GN) intracelíuíarfy modulate the activity o f  G-proteins 
which are involved in neurottansmitter signal transduction across the plasma 
membrane. However, increasing evidence indicate that GN may extracellularly 
modulate the glutamatergic system through mechanisms unrelated to G-proteins 
(FEBS Lett. 355: 205-208, 1994). It was identified in a chick cerebellar kainate
binding protein (Embo J. 15:1548-1556, 1996) a site quite similar to the site where 
GN bind to G-proteins. Gpp(NH)p, a non-hydrolyzable GTP analog, tightly binds 
to G-proteins in cerebral membranes, in such a way that it remains bound even 
after exhaustive washing membrane procedure (stable sites) (FEBS Letters 355: 
205-208, 1994). It also binds to another site(s) in a reversible way, being removed 
by exhaustive washing membrane procedure (unstable sites). Previous results from 
our group indicate that the unstable sites are involved in extracellular binding of 
GN to glutamatergic receptors (FEBS Lett. 406:114-118, 1997). Using this 
methodological approach, we observed that in rat (Wistar) brain cortical 
membranes, (¾]Gpp(NH)p was able to rapidly associate (plateau around 10 min) 
to stable sites (resistant to washing). Scatchard analysis revealed only one 
population of binding sites (Kd=3l nM, Bmax=76 pmol/mg) after 15 min o f  
incubation. On the other hand, banding of [¾]Gpp(NH)p to stable and unstable 
sites (no membrane washing) reached a plateau after two hours o f incubation. 
Scatchard analysis also revealed only one population o f binding sites (Kd=79 nM, 
Bmax=223 pmol/mg) after 150 min o f incubation. In this incubation time (150 
min) Gpp(NH)p preferentially labeled the unstable sites, since in this longer 
incubation time stable sites were reduced to 20%. These results provided additional 
evidence of distinct properties for two populations o f GN binding sites in rat brain 
membranes. Supported by CNPq/PRONEX grant 41960904.

327.19
GTP-γ-S INDUCES AN ACTIN M ATRIX ASSOCIATED WITH COATED 
ENDOCYTIC INTERMEDIATES IN PRESYNAPTIC REGIONS. Jenny 
Gustafsson1. Oleg Shupliakov1. Kohii Takei2, Peter Low1,Pietro De Camilli2, 
Lennart Brodin'*. ⅛ept. of Neuroscience, Karolinska Institutet, S-171 77 
Stockholm, Sweden; ⅜ept. of Cell Biology, Howard Hughes Medical Institute, 
Yale University School of Medicine, New Haven CT 06510.

Major similarities have emerged between mechanisms of exocytosis in yeast 
and mechanisms of exocytosis at the synapse. The conservation of endocytic 
mechanisms from yeast to neurons is less clear. Studies on synaptic vesicle 
endocytosis have emphasized the key role of the clathrin coat and dynamin, while 
genetic studies on endocytosis in yeast have demonstrated a major function of the 
actin cytoskeleton. We report here evidence for a close relationship between the 
actin cytoskeleton and the clathrin/dynamin endocytic machinery. (1) Regions of 
nerve terminals enriched in clathrin coated pits and vesicles were found to contain 
actin-like filaments (lamprey and rat brain synapses). (2) Presynaptic microinjection 
of GTP-γ-S into living reticulospinal synapses in lamprey induced a massive 
formation of actin-like filaments in a region directly surrounding the active zone and 
coated endocytic intermediates. (3) Incubation of rat brain synaptic membranes with 
brain cytosol, ATP, and GTP-γ-S also resulted in massive formation o f actin-like 
filaments in proximity to the coated endocytic intermediates. The filaments were 
shown to contain actin by immunogold-labeling. Our results suggest that coat 
proteins and the actin cytoskeleton may interact directly and cooperate in the 
endocytosis of synaptic vesicle membranes. Supported in part by the Swedish MRC 
and the NIH.

327.18

CO M PARING  G0 D ISTR IBU TIO N  IN  A  CHOLINERG IC 
PRESYNAPTIC T E R M IN A L W IT H  M O N O C LO N AL A N D  
PO LYC LO N AL AN TIBODIES. R.R. M iro tzn ik1*. X . Zheng1. J.Ҟ. 
Northup2 and E.F. Stanley1. 1 Synaptic Mechanisms Section, N ĨNDS, NIH, 
Beťhesda, M D 20892 and 2 Signal Transduction Section, NIDCD, NIH, 
Rockville, M D  20850.

Heterotrimeric G-proteins play an important role in the modulation o f 
presynaptic calcium channels at a nerve terminal. We have applied 
immunostaining to the calyx-type nerve terminal o f  the chick c ilia ry  
ganglion to determine the distribution o f  the G〇 type G-protein alpha 
subunit. We have tested three antibodies, all generated against the entire 
bovine brain Gα0, and have found that the monoclonal antibodies give 
different staining patterns than the polyclonal antibody. Two different 
monoclonal antibodies labeled the surface o f  the calyx terminal on both 
the presynaptic and the back (non-synaptic) face w ith  sparse, spotty 
staining. Neither labeled the calyx cytoplasm. A  polyclonal antibody also 
gave spotty staining o f  the entire calyx surface but the spots were at a 
much higher density. Moreover, this antibody also labeled the cytoplasm 
o f  the calyx w ith  spotty staining (that only partia lly colocalized w ith  the 
synaptic vesicle marker, synaptotagmin). Western b lot analysis confirmed 
the specificity o f  all the antibodies fo r chick. These results suggest that 
the monoclonal antibodies recognize only a subset o f  G〇-protein w ith in  the 
nerve terminal.

PRESYNAPTIC MECHANISMS: MODULATION BY GLIA

328.1
PROSTAGLANDIN-E2 STIMULATES AN ASTROCYTE-EVOKED NMDA AND 
NON-NMDA GLUTAMATE RECEPTOR DEPENDENT SLOW INWARD 
CURRENT IN NEURONS. Rita P. Sanzgiri*. Alfonso Araque and Philip G. Havdon 
Laboratory of Cellular Signaling, Iowa State University, Ames, IA 50011.

Recent Ca2+ imaging studies in cell culture and in situ have shown that Ca2+ 
elevations in astrocytes stimulate glutamate release and increase neuronal Ca2+ levels, 
and that this astrocyte-neuron signaling can be evoked by prostaglandin E2 (PGE2) 
(Parpura et αl., 1994, Nature 369: 744-747; Pasti et al., 1997, J  Neurosci 17:7817- 
7830, Bezzi et al., 1998, Nature 391:281-285). Araque et al. (1998, Eur J  Neurosci 
10:2129-2142) have demonstrated that mechanical or electrical stimulation of 
astrocytes raises their internal Ca2+ levels and evokes a glutamate-mediated slow 
inward current (SIC) in adjacent neurons. We investigated the electrophysiological 
consequences of the PGE2-mediated astrocyte-neuron signaling using whole-cell 
recording on cultured rat hippocampal cells.

We found that focal application o f PGE2 to astrocytes evoked a Ca2+ wave in 
neighboring astrocytes (86%, n=6) and a SIC in the adjacent (<200 µm) neurons 
(52%, n=27). Inward currents reached the maximum amplitude (2O±3.5 pA) between 
1-45 s after stimulation. This neuronal response was reduced by 50 µM D-AP5 (19%, 
n=2l) and was practically abolished in the presence o f D-AP5 and 10 µM CNQX 
together (5%, n=16), suggesting that it is mediated through both NMDA and non- 
NMDA glutamate receptors. The SIC remained unaffected by the metabotropic 
glutamate receptor antagonists, MCPG and MAP4 (49%, n=22).

In conclusion, our results provide electrophysiological evidence for ligand-induced 
astrocyte-neuron signaling and confirm our hypothesis that astrocyte-neuron 
signaling is associated with glutamate-dependent currents in adjacent neurons.

Supported by the NIH to P.G.H.; A.A. is a HFSP postdoctoral fellow.

328.2
CALCIUM ELEVATION IN ASTROCYTES CAUSES AN NMDA RECEPTOR- 
DEPENDENT INCREASE IN THE FREQUENCY OF MINIATURE SYNAPTIC 
CURRENTS. A. Araque*, R.P. Sanzgiri, V. Parpura and P.G. Havdon. Laboratory 
o f Cellular Signaling. Iowa State University, Ames IA 50011.

Elevation o f internal Ca2+ in astrocytes evoked a glutamate-dependent slow inward 
cuưent (SIC) in neurons and a transient increase in the frequency o f miniature 
postsynaptic currents (mPSCs) (Araque et al., 1998, Eur J  Neurosci 10:2129-2142). 
We studied the mechanisms underlying the astrocyte-induced increase in miniature 
synaptic transmission in cultured rat hippocampal neurons (8-25 days in vitro).

Mechanical stimulation o f astrocytes transiently increased the frequency o f both 
excitatory and inhibitory mPSCs without modifying their amplitudes (Haydon and 
Araque, Soc Neurosci Abstr, 1997, 23:359). Thapsigargin or BAPTA injection into 
single astrocytes prevented both the propagation o f astrocyte Ca2+ waves and the 
increase in the frequency o f mPSCs. UV photolysis o f the Ca2+-cage NP-EGTA (see 
Parpura et al., Soc Neurosci Abstr, 1998) injected into single astrocytes increased the 
frequency of mPSCs. Therefore, a Ca2+ elevation in astrocytes is necessary and 
sufficient to induce an increase in the frequency o f inhibitory and excitatory mPSCs.

The astrocyte-induced increase of mPSC frequency was unaffected by 
metabotropic glutamate receptor antagonists or by CNQX, but it was antagonized by 
extracellular Mg2+ or D-AP5, indicating that it was mediated by NMDA receptors. 
These receptors are not postsynaptic, because specific block o f postsynaptic NMDA 
receptors with MK-801, dialysis o f BAPTA in the postsynaptic cell, or incubation 
with NO-Arg did not impair the astrocyte-induced increase o f mPSC frequency.

In conclusion, Ca2+ elevations in astrocytes modulate spontaneous excitatory and 
inhibitory synaptic transmission by increasing the probability o f transmitter release 
through the activation of NMDA receptors, probably present on the presynaptic 
terminal.

Supported by the NIH to P.G.H.; A.A. is a HFSP postdoctoral fellow.
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328.3
CALCIUM ELEVATION IN ASTROCYTES IS SUFFICENT TO CAUSE AN 
NMDA RECEPTOR-DEPENDENT INCREASE IN THE FREQUENCY OF 
MINIATURE SYNAPTIC CURRENTS. V, Parpura*. A. Araαue. R.P. Sanzgiri. and 
P.G. Haydon. Laboratory o f Cellular Signaling. Iowa State University, Ames, IA 
50011.

Elevation o f internal Ca2+ in astrocytes induces the release of glutamate (Parpura et 
al., 1994, Nature 369: 744-747), which can evoke a transient increase in the 
frequency of miniature postsynaptic currents (mPSCs) (Araque et al., 1998, Eur J  
Neurosci 10: 2129-2142). Araque et al. (Soc Neurosci Abstr, 1998) demonstrated 
that a calcium elevation in astrocytes is necessary for the modulation o f synaptic 
transmission. Using photolysis and cultured mixed hippocampal cells, we asked 
whether a calcium elevation in astrocytes is sufficient to cause an increase in the 
frequency of mPSCs.

Single astrocytes were microinjected with the UV-sensitive Ca2+ -cage NP-EGTA 
(together with the fluorescent dye fluoro-ruby to identify the injected cell) that was 
photolyzed using one to six 4 ns UV (337 nm) pulses delivered through a UV 
transmitting optical fiber (beam diameter 10-15 µm) (Parpura and Haydon, 1998, 
¡8Ŵ Forum Eur Neurosci, In Press). Photolysis increased intracellular Ca2+ as 
monitored using fluo-3. In parallel experiments, photolysis in astrocytes evoked an 
increase in the frequency o f mPSCs recorded in adjacent neurons, that was 
prevented by D-AP5. However, UV stimulation o f either uninjected astrocytes or 
fluoro-ruby injected astrocytes had no effect.

Taken together these experiments demonstrate that Ca2+ elevations in astrocytes 
are sufficient to induce an increase in frequency o f both inhibitory and excitatory 
mPSCs by activating NMDA receptors.

Supported by the NIH and the Biotechnology Council at Iowa State University; 
A.A. is a HFSP postdoctoral fellow.

328.5
ELEVATION OF Ca2+ IN PERISYNAPTIC SCHWANN CELLS MODULATES 
SYNAPTIC TRANSMISSION AT THE FROG NEUROMUSCULAR JUNCTION. 
A. Castonguav* and R. Robitaille. Dept, of physiology, Université de Montréal, 
Canada, HЗC ЗJ7.

Owing to their physiological characteristics and their close contact with synapses, 
glial cells may play an active role in the modulation of the synapse. At the frog 
neuromuscular junction (NMJ), peiisynaptic Schwann cells (PSCs) respond to synaptic 
activity by releasing Ca2+ from their internal stores. This study aimed at testing the role 
o f Ca2+ elevation in PSCs on synaptic transmission. In order to investigate the effects 
o f this elevated [Ca2+]i, we used thapsigargin (tg), an inhibitor of the Ca2+-ATPase 
pump located on the endoplasmic reticulum (ER). PSCs and muscle fibers were loaded 
with fluo 3-AM, and the nerve terminal with Calcium Green -1 dextran (MW 3000), 
back filled from the cut end of the nerve. Tg induced a rise of [Ca2+]i in the PSCs but 
neither affected the internal stores o f muscle fibers nor the stores of nerve terminals. 
This suggests that tg acts only on PSCs at the NMJ. Electrophysiological recordings 
were performed to determine i f  synaptic fransmission were affected by the elevation of 
[Ca2+]i in the PSCs. A three-fold augmentation of the amplitude of evoked end-plate 
potentials (EPPs) was observed in the presence o f tg. Ca2+ imaging experiments on 
nerve terminals revealed that Ca2+ entry evoked by motor nerve stimulation (100 
Hz/100 ms), was increased in the presence of tg by an average of l2O±6% (n=6). These 
results suggest that changes in EPP amplitude were due to an increase of 
neurotransmitter exocytosis from the nerve ending. The duration of Ca2+ responses 
induced by tg in PSCs was only 10 min, whereas the effect on synaptic transmission 
and Ca2+ entry lasted for up to 40 min. Thus, it  is unlikely that the effect of tg on EPP 
amplitude and evoked Ca2+ entry resulted from an elevation of extracellular Ca2+ 
following the release of Ca2+ from the PSCs. These results indicate that elevation of 
[Ca2+]i in PSCs can modulate transmitter release at the frog NMJ.

This work was supported by MRC and FCAR grants to R.R. and a GlaxoWellcome 
studentship to A.C.

328.7
M ET A BO LIC  C O UPLING  BE TW EE N  GLIA A N D  N E U R O N S IS 
R E Q U IR ED  FOR N E U R O N A L  SY N C H R O N O U S  A C T IV IT Y  IN  
CULTURED HIPPOCAM PAL NEURONS.
*C. V erderio. l A .  B acci. l S . C oco. 2M. Parenti*. 2’3R. F esce. 4G . 
Fum agalli. M. M atteoli. ^ N R  Cell, and M ol. Pharmacol. Ctr., 2Dept. o f  
M edical Pharm acology, U n iv, o f  M ilan, 3D IB IT -S cien tific  Inst. S. 
Raffaele, M ilan, Italy; 4Inst. o f  Pharm acology, Univ, o f  Verona, Italy.

Spontaneous and synchronous oscillations o f  calcium  concentration  
([C a^+ ]i) and o f  membrane potential occurred in a lim ited population o f  
glutam atergic h ippocam pal neurons grow n in prim ary culture in 
physio logical conditions. The oscillatory behavior was found to be long  
lasting (hours) and occurred in synaptically connected ce lls  strictly as
sociated with underlying astrocytes, as dem onstrated by im m unocyto- 
chem ical stainings at the end o f  the experim ent on the sam e recorded 
cells. Neuronal oscillations required m etabolically active astrocytes, since 
the application o f  the g lial m etabolic b locker fluoroacetate (FAc 200  
µM ) resulted in the abolishm ent o f  the synchronous oscillatory activity. 
We investigated whether the glutam ate-glutam ine cycle  in astrocytes and 
the astrocyte-operated delivery o f  glutam ine to the presynaptic terminal 
were essen tia l for the long-term  m aintenance o f  this synchronized  
a ctiv ity . G lutam ine synthetase b lock  in astrocytes by m ethionine  
su lfoxim in e (M SO  100 µM ) resulted in the im pairm ent o f  neuronal 
oscillations. The M SO -m ediated block o f  the synchronous activity was 
prevented when glutam ine (100  µM ) was present in the bath solution. 
M oreover, the oscillatory activity could be rescued by the acute addition 
o f  glutam ine after M SO  treatment. T h ese data dem onstrate the crucial 
role o f  astrocytes in feed ing the nerve terminal with glutam ine, thus 
allow ing this enhanced form o f  synaptic transmission being long lasting.

328.4
MODULATION OF SYNAPTIC EFFICACY AND SYNAPTIC DEPRESSION BY 
GLIAL CELLS AT THE FROG NEUROMUSCULAR JUNCTION. R. Robitaille* 
CRSN, Dept, de physiologie, Univ, de Montréal, Montréal, Canada, HЗC ЗJ7.

Glial cells surround synapses and are responsive to synaptic activity. This study 
aimed at testing the hypothesis that glial cells modulate synaptic activity and regulate 
the release o f  transmitters. The frog neuromuscular junction (nmj) was used since 
it is a simple synapse where the anatomical relationship between the nerve terminal 
and perisynaptic Schwann cells (PSCs), glial cells at this synapse, is preserved. PSCs 
respond to and are modulated by transmitters released during nerve activity which 
activate several types o f  receptors coupled to G-proteins. Hence, non-hydrolysable 
analogues o f  GTP were used to modulate PSCs activity. A procedure was designed 
to specifically modulate PSCs by injecting drugs into them without affecting their 
activity or the release o f  neurotransmitters by the nerve terminal. When the activity 
o f G-proteins o f  PSCs was potentiated by GTPγS, a reduction o f  57% was observed 
in the amplitude o f synaptic responses evoked at 0.2 Hz. However, the frequency of 
spontaneous events and homosynaptic facilitation were not affected. This effect was 
mediated by PTX-sensitive and insensitive G-proteins since PTX treatment only 
partially occluded the effect o f  GTPγS injection. In addition, the action was 
presynaptic since the amplitude and the duration o f  the spontaneous responses were 
not affected. The blockade o f  G-proteins by GDPßS had no effect on transmitter 
release suggesting that the PSCs do not tonically regulate nerve terminal activity. 
However, synaptic depression induced by high frequency stimulations (10 Hz) was 
significantly reduced when G-proteins o f  PSCs were blocked by GDPßS. These 
results indicate that PSCs at the frog nmj regulate transmitter release and synaptic 
depression upon their activation by endogenous neurotransmitters. Thus, glial cells 
are active partners at the synapse.

328.6
S C H W A N N  CELL W R A P P IN G  O F F R E E Z E -F R A C T U R E D  FROG  
M O T O R  N E R V E  T E R M IN A L S IS D E C R E A S E D  IN  S Y N A P S E S  
T H A T  H A V E  M O R E  A C T IV E  Z O N E  P E R  U N IT  L E N G T H  OF 
N E R V E  TE R M IN A L . Peter A. P a w so n *. D ep'ts o f  P h ysica l Therapy 
& B io lo g y , U tica  C o lleg e  o f  Syracu se U n iv ersity , U tica , N Y  13502.

A  recently com p leted  quantitative freeze-fractu re study o f  normal 
frog  m otor nerve term inals sh o w ed  that term in als varied over a 5- 
fo ld  range in the m ean am ount o f  activ e  zo n e  (A Z )/u n it length o f  
nerve term inal (J. N eu rocyto l., In Press). T h e presen t study addresses 
the extent o f  Schw ann ce ll w rapp ing o f  presynaptic  m em brane as 
revealed  by freeze-fracture. S o m e  earlier e.m . stu d ies h ave  suggested  
that the am ount o f  Schw ann ce ll in terd ig itation  is inversely  
correlated w ith term inal release e ff ica cy . In the presen t study, there 
w as no ev id en ce  o f  Schw ann ce ll o cc lu s io n  o f  A Z s, i.e ., interposing  
th em selv es  directly  b etw een  A Z s and p ostsyn ap tic  cell.

A  quantitative m easure o f  the degree o f  Sch w an n  ce ll w rapping o f  
term inals is the d ifferen ce b etw een  the term inal m em brane width  
(Sch w an n  cell free w idth) and the distance b etw een  the m uscle  
m em brane rid ges (gutter w idth) o b served  in freeze-fracture. Junctions 
w ith greater am ounts o f  A Z /µ m  term inal len gth  h ave  h igh er terminal 
width/gutter width ratios, ind icatin g  that they had proportionately  
less  Schw ann cell w rapping a lon g the lateral ed g es  o f  the terminal.

(O riginal research w a s supported by N IH  grants to A lan D. 
G rinnell, and by the Burrstone A w ard from  U tica  C o lleg e  to PAP).
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329.1
WHOLE CELL RECORDINGS FROM LAYER V PYRAM IDAL NEURONS IN 
THE NEOCORTEX OF YOUNG AND AGED RATS: CHANGES IN 
MORPHOLOGICAL PROPERTIES AND SYNAPTIC INPUTS. T. P. W ong1*.
G. Marchese1. Y. De Koninck1. A. Ribeiro-da-Silva1,2, and A. C. C uello1. 
jDept. o f Pharmacology & Therapeutics, JDept. o f  Anatomy & Cell B iology, McGill 
Univ., Montreal, Quebec, HЗG 1Y6.

Morphological and physiological changes o f  the synapses in the aged cerebral cortex 
have been related to cognitive deficits in senescence. W e have shown recently an age- 
related decline o f  the number o f  all cortical presynaptic boutons in the parietal II re
gion in Brown Norway x Fischer 344 hybrid rats (1 to 24 months old), and the deple
tion was more pronounced in the deeper cortical layers V and VI (18% vs 8% in layers 
I to IV; Wong et al., Neuroscience  84:403, 1998).

To better understand the functional significance o f  this decline in presynaptic input 
to the postsynaptic target, w e performed a combined morphological and elєctrophysi- 
ological study o f  the layer V pyramidal neurons. W hole-cell patch-clamp recordings 
were obtained from cortical layer V neurons in brain slices o f  both young ( 1 -2 months) 
and aged animals (>30 months). To isolate the synaptic inputs from terminals apposed 
onto the recorded neurons, 1 µM tetrodotoxin was added to the bathing solution to 
block action potential propagation. Both excitatory and inhibitory receptor-mediated 
miniature (action potential independent) postsynaptic currents (m PSCs) bombarding 
the neuron were recorded. All recorded neurons were labeled with biocytin. At the 
end of each recording, the slice was fixed in an aldehyde mixture and processed for 
microscopical observation. Camera lucida  reconstructions o f  the recorded neurons 
were used to compare the morphological properties o f  the basal dendrites. Comparison 
of dendritic morphology between young and aged pyramidal neurons showed a reduc
tion in the number o f  high order branches o f  basal dendrite in the pyramidal neurons o f  
aged rats, with an almost complete disappearance o f  the highest order branches. This 
reduction reflected a loss o f  dendritic structures in the deeper cortical laminae for syn
aptic contacts. In addition, w e found that both mEPSCs and mIPSCs have significant 
longer rise time and decay time constant, but with no apparent change in frequency and 
amplitude, in aged animals when compared to those recorded in young animals.

The increase in rise time o f  mPSCs and the decrease in high order basal dendrites in 
aged layer V pyramidal neurons may be related to the decrease in synaptic counts in 
layer V and VI. (Supported by NIA, NINDS and the Croucher Foundation)

329.3
AMPA RECEPTOR ACTIVATION IS NECESSARY FOR MAINTENANCE OF 
DENDRITIC SPINES IN CA1 PYRAMIDAL CELLS. R. A. McKinney*. 
M, Capogna. B. H. Gähwiler. and S. M. Thompson1 Brain Research Institute, 
University o f Zurich, CH-8029 Zurich, Switzerland; 1Department o f Physiology, 
University o f Maryland School o f Medicine, Baltimore, MD 21201 

Changes in synaptic structure are likely to represent an important mechanism 
underlying lasting changes in synaptic sfrength during memory formation. Glutamate 
receptor activation is critical for induction of short-term physiological synaptic 
plasticity, but the mechanisms responsible for inducing structural plasticity are not 
known. We investigated the influence o f synaptically released glutamate on 
postsynaptic structure by comparing the effects o f deafferentation, glutamate receptor 
antagonists, and blockers o f glutamate release on dendritic spine density and shape in 
mature hippocampal slice cultures. CA1 cell spine density decreased after transection 
of Schaffer collaterals, as well after blocking non-NMDA receptors 
pharmacologically or blocking transmitter release with botulinum toxin in unlesioned 
cultures for 7-14 days. Most o f the spines remaining after these manipulations were 
short and stubby. NMDA receptor antagonists increased spine length and decreased 
spine density only slightly. The lesion- and botulinum toxin-induced loss of spines, as 
well as the change in spine shape, were largely prevented by simultaneous application 
of the non-NMDA receptor agonist AMPA (0.1 µM). Tetrodotoxin did not affect 
spine density. Synaptically released glutamate thus exerts a trophic action to maintain 
dendritic spines in CA1 cells by acting on AMPA receptors. Because spines were lost 
after botulinum toxin but not tetrodotoxin, we suggest that the low level o f AMPA 
receptor activation produced by spontaneous vesicular glutamate release (minis) is 
sufficient for maintaining dendritic spines in the absence o f presynaptic action 
potential discharge. Supported by the Swiss National Science Foundation (31- 
41829.94)

329.5
SYNAPTIC EVENTS M EDIATED ONLY BY N M D A  RECEPTORS IN  
ISOLATED AUTAPTIC HIPPOCAMPAL NEURONS. S.N. Gomperts*. R.C. 
Malenka, and R.A. N ico ll. Neurosci. Grad. Prog., Depts. of Psych., Physiol., 
and Cełl.and Molec. Pharm., University of California, San Francisco, CA94143.

Glutamatergic synapses have been thought to have both AMPARs and 
NMDARs, and the recent observation of synaptic events mediated solely by 
NMDARs ('silent synapses') has prompted tw o alternative explanations. One 
hypothesis posits that, some synapses have only functional NMDARs. An 
alternative hypothesis proposes that synapses have both AMPARs and 
NMDARs, and that NM DAR-only synaptic events derive from  the spillover of 
synaptically released glutamate onto the NMDARs of neighboring cells 
(Kullmann et al, Neuron 17:461-474,1996). The spillover event in this scenario 
would preferentially activate NMDARs over AMPARs because of the higher 
affinity of NMDARs for glutamate. We have utilized isolated autaptic 
hippocampal neurons to address the origin of NM DAR-only synaptic events. 
In autapses, the spillover hypothesis would not predict N M D AR activation in 
the absence of AM PAR activation because any spillover activation of 
NMDARs should be accompanied by the concomitant synaptic activation of 
both AMPARs and NMDARs at the site of release. In  in itia l observations, we 
found that the 1 /C V 2 of the N M D AR  component of the EPSC is greater than 
that of its AM PAR component. Because the 1 /C V 2 of the EPSC is thought to be 
proportional to the number of release sites contributing to the evoked 
response, this suggests N M D AR  sites in  excess of AM PAR sites. When we 
examined spontaneous quantal events, we observed NM DAR-only mEPSCs, 
distinguishable from  dual component events on the basis of rise time. We 
conclude that spillover cannot account for all NM DAR-only events and 
suggest that synapses vary according to their complement of receptors.

(Supported by the NIH and the McKnight Endowment Fund for Neuroscience)

329.2
AC TIVITY-D EP EN D EN T REGULATIO N OF DENDRITIC SPINE 
M ORPHOLOGY IN  CULTURED HIPPOCAM PAL NEURONS. E. Korkotian, 
M. Goldin. I. Ginzburg and M . Segal* Department o f Neurobiology, The 
Weizmann Institute, Rehovot 76100, ISRAEL 

Embryonic hippocampal neurons grown in-vitro for 3-4 weeks possess stable 
arrays o f  dendritic spines, which show little  spontaneous morphological 
variations over time, unlike their younger counterparts. I f  however, their 
network activity is increased by blockade o f  inhibition or facilitation o f 
excitation, dendritic spines undergo fast and massive calcium-dependent 
morphological changes that can be detected w ith in hours o f exposure to the 
insult. In previous studies we have shown that spine shape determines the 
degree o f  interaction w ith the parent dendrite, and so it became imperative to 
fo llow  changes in the morphology o f  individual dendritic spines over time o f 
exposure to the insult, and to correlate changes in spine morphology and 
function. We have developed conditions for long term monitoring o f individual 
neurons in culture, using a laser scanning confocal microscope. We exposed 
dendrites to either pulses o f caffeine, which cause m ild (200-300nM) and 
transient increases in [Ca]i, or to glutamate, resulting in massive (up to 1 µM ) 
and prolonged increase in [Ca]i. Caffeine caused (a) de-novo formation o f 
spines, (b) elongation o f existing spines and (c) changes in the spine head. 
Glutamate, on the other hand, caused only contraction o f existing spines, but not 
formation o f  novel ones. These changes were observed w ith in 1-2 hrs o f 
exposure to the drugs. Using calcium sensitive dyes, we explore the functional 
significance o f the morphological changes in spines occurring in-vitro. Using 
GFP-1 inked expression vectors introduced into the mature neurons, we now 
explore the molecular events underlying the formation o f new dendritic spines 
in-vitro. Supported by the Binational US Israel Science Foundation.

329.4
MORPHOGENESIS INDUCED BY SYNAPTIC ACTIVITY IN LIVING CA1 
PYRAMIDAL NEURONS. M. Maletic-Savatic*, R. Malinow and K. Svoboda. Cold 
Spring Harbor Laboratory, Cold Spring Harbor, 11724, New York.

Although they were discovered over one hundred years ago, the formation and 
function o f dendritic spines are still an enigma. Their minute size renders them 
extremely difficult to study in a living tissue. Here, we examine i f  synaptic activity 
can change spine morphology. We infected a small sub-population of CA1 neurons 
(1-10 neurons per slice) in organotypic cultured hippocampal slices (derived from 
PND 8 rats; 2-10 days in culture) by extracellular micro-injection with a neurotropic 
recombinant Sindbis virus expressing enhanced green fluorescent protein (EGFP). 
Under a custom built two-photon laser scanning microscope, infected neurons 
produced bright, homogeneous fluorescence throughout their dendritic and axonal 
arbors, revealing detailed morphology including spines and filopodia. Dendrites 
could be imaged repeatedly at high resolution for many hours without any sign of 
photobleaching or phototoxicity. A glass stimulating electrode (1 MΩ) was placed 
close (5-10 µm) to a target dendrite. Repeated three-dimensional imaging, in the 
absence o f synaptic stimulation, revealed considerable baseline morphological 
dynamics on timescales of minutes: spines and filopodia appeared and disappeared 
or changed shape (see also Dailey &  Smith. 1996. JNsci 16: 2982). Following the 
delivery of a tetanic stimulus (2 trains o f 100 pulses at 100 Hz), the number and 
length of spine-like structures increased significantly (p < 0.001, N=I2). This growth 
was restricted to a region o f the dendrite close to the stimulating electrode, with no 
change at a control site > 100 µm away. Stimulus-induced growth was long-lasting 
(over one hour; N=4) and reversibly blocked by 100 µM APV (p<  0.002 , N=8), 
indicating that synaptic activation of NMDA receptors is required. In addition, weak 
stimuli (200 pulses at 10 Hz) did not evoke significant growth, while subsequent 
tetani produced dramatic changes. Hence, postsynaptic sites can respond to synaptic 
stimulation with growth o f spine-like structures.
(Supported by NINDS, Mathers Charitable Foundation, Pew Foundation, HFSP)

329.6
A B S E N C E  OF A M P A  R E C E P TO R  C L U S T E R IN G  IN  
PO STS YN APTIC ALLY S ILEN T SYNAPSES D. Liao*. X. Zhang. R. 
O’Brien & R. Huganiг. Howard Hughes Medical Institute, Department of 
Neuroscience Johns Hopkins University School of Medicine Baltimore MD 21205 
Synapses containing only N M D A  receptors (silent synapses) have recently 
been detected electrophysiologically and have been suggested to play an 
important role in synaptic plasticity. To examine the morphological basis 
fo r silent synapses we studied the d istribution o f N M D A  and A M PA 
receptors in hippocampal neurons in culture. Using antibodies against 
N M D A  and AM PA receptors we can easily detect these receptors w ith a 
high signal to noise ratio. N M D A  receptors are clustered on the dendritic 
shaft as early as one week in culture and 40% o f these clusters colocalize 
w ith  synaptophysin. In contrast, A M P A  receptor subunits are not 
synaptically located but are diffusely distributed throughout the neuron. 
A fte r two weeks in culture, N M D A  receptors clusters appear both in 
dendritic spine and shafts and almost completely (>90%) overlap w ith 
synaptophysin staining. Synaptic clusters o f A M P A  receptors begin to 
appear two weeks after culturing and colocalize w ith N M D A  receptors. 
However, 60-80% o f the excitatory synapses in many neurons do not 
contain significant A M PA receptor clustering. Even after three weeks in 
culture, more than 50% o f the synaptic N M D A  receptor clusters do not 
contain A M P A  receptors. These results indicate that the previously 
described silent synapses in hippocampal slices may be due to the physical 
absence o f A M PA receptors at excitatory synapses. SPONSORED BY 
HHM I.
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329.7
MODIFICATION OF SYNAPTIC SAMPLING DURING LTP RESULTS IN 
APPARENT PRESYNAPTIC CHANGES.
J.C. Poncer  ̄ and R. Malino⅝v, Cold Spring Harbor Laboratory. Cold Spring 
Harbor NY11724

Changes in presynaptic function, such as PPF, during LTP have been reported 
and interpreted as evidence for a presynaptic locus o f  LTP expression. Howevei. 
postsynaptically "silent” synapses, lacking AMPA receptors, may be recruited during 
LTP by addition o f  AMPA receptors. If such synapses show more (or less) PPF than 
synapses with AMPA receptors, their recruitment during LTP could result in apparent 
changes in presynaptic function.

To test this hypothesis, we performed perforated-patch recordings from dentate 
gyrus granule cells and compared paired pulse ratios (PPR) o f  synaptic responses 
mediated by AMPA or NM DA+AM PA receptors before and after LTP induction. The 
PPR o f  the mixed response (PPRN, A), recorded at +40m V, was not significantly 
affected after LTP induction. In contrast, the PPR o f the synaptic response mediated 
purely by AMPA receptors (PPRA), measured at - 6OmV, changed according to the 
initial difference between PPRN.A and PPRД. In cases where PPRA was initially less 
than PPRn, a, LTP increased PPRA. In cases where PPRA was initially more than 
PPRn.,д, LTP decreased PPRД. When PPRΛ and PPRN+A were initially similar, then 
PPRД remained unchanged during LTP. In contrast to LTP, application o f  adenosine 
A 1 receptor agonist (2 -chloro-adenosine) or antagonist (theophylline), which 
produced a similar change in the amplitudes o f  synaptic responses mediated by 
AMPA or NM DA+AM PA receptors, also produced similar changes in PPRД and 
PPRn.a·

Our data suggest that the functional recruitment o f  previously postsynaptically 
silent synapses during LTP, by allowing sampling o f  additional synapses, can result in 
an apparent change in the global presynaptic properties.
Supported by The Human Frontier Science Program Organization, (JCP) and NÌNDS CRM).

329.9
OPTIMIZED RECORDINGS AN D  PHYSIOLOGICAL IMPLICATIONS OF 
RAPID (-1 0 0  µs) MINIATURE ENDPLATE CURRENT RISE TIMES. J.R. 
STILES.1 TV, KOVYAZINA .1 W. VA N  PER  KLOOT .2 AN D  M.M. SALPETER*  
⅛ect. o f Neurobiology & Behavior, Cornell Univ., Ithaca, NY 14853; ⅛ ep t. of 
Physiology & Biophysics, SUNY, Stony Brook, NY 11794.

Quantitative models o f acetylcholine (ACҺ) release at vertebrate neuromuscular 
junctions are hampered by highly variable literature values for miniature endplate 
current (mEPC) 20-80% rise times (t,s), which can accomodate widely differing times 
for ACҺ exocytosis. At one extreme are - 8 0  µs trs for lizard (Anolis carolinensis) 
intercostal muscle, modeled with rapid vesicular fusion pore expansion (Stiles et al, 
1996, PNAS USA 93:5747). At the other extreme are 200-400 µs trs for frog (Rana 
pipiens) and mammalian tissues, consistent with slow pore expansion and protracted 
ACҺ release (Van der Kloot, W., 1995, Biophys. J. 69:148). In the present study we 
tested whether long L values stem from recording limitations since rapid current 
transients are difficult to measure accurately. W e developed highly optimized 
extracellular (EC) and voltage clamp (VC) methods to measure tr, and compared 
results from lizard and frog muscles. W e show how system bandwidth can be 
measured directly to ensure that tr is not prolonged by EC microelectrode filtering, 
how subtle VC artifacts can dramatically shorten or prolong apparent t„ and how the 
measured clamp current can be critically damped to eliminate such artifacts while 
recording. For frog muscle, the mean EC t, was 116 ±  52 µs (SD, n = 1053), and the 
mean VC tr was 125 ±  45 µs (n = 2249). These rapid tr values are similar to those 
previously published for the lizard (Stiles et al, 1996), and are consistent with a model 
o f ACҺ exocytosis at endplates based on rapid fusion pore expansion and passive ACҺ 
diffusion. Thus, our results do not require any o f the mechanisms for slow release 
proposed for endocrine or neuroendocrine cells on the basis o f capacitance or 
amperomeưic measurements. Supported by NIH K 08N S01776 (JRS) NS 10340 (W V) 
and G M 10422 (M MS).

329.11
FACTORS SHAPING THE TIME COURSE OF NMD A RECEPTOR-MEDIATED 
SYNAPTIC CURRENTS. M I. Glavinovic* Departments of Anaesthesia Research 
and Physiology, McGill University, Montreal, P.Q., Canada.

The time course of NMDA receptor-mediated synaptic currents is very slow, but 
the reasons for it are poorly understood. It has been argued that glutamate buffering 
by NMDA receptors does not contribute to its time course (Lester et al., Nature, 
346: 565, 1990), based on the finding that the time course of NMDA receptor- 
mediated synaptic currents is insensitive to a blockade of NMDA receptors by an 
antagonist. However, given that the validity of such an argument in central 
excitatory synapses containing NMDA receptor channels has never been examined, 
the involvement of glutamate buffering in shaping the time course of NMDA 
receptor-mediated synaptic currents remains unresolved. In this study we simulate 
the NMDA receptor-mediated synaptic currents using Monte Carlo technique 
(Glavinovic and Rabie, Pflugers Arch. 435: 193, 1998) and assume that the kinetics 
of gating of NMDA channels are as reported by Clements and Westbrook (Neuron, 
7: 605, 1991). Depending on the number of glutamate molecules released, the time 
course of decay of NMDA receptor-mediated synaptic currents can be insensitive, to 
decrease or increase by a marked (five fold) reduction in the density of NMDA 
channels. In contrast an elimination of the repeated binding of glutamate to NMDA 
receptors leads to a marked shortening of decay time of synaptic currents, which is 
still well above the single channel mean open time. The shortening is relatively 
greater the lower the number o f glutamate molecules released. A direct evaluation 
of the glutamate concentration in the synaptic cleft supports these findings. It is 
concluded that the insensitivity o f the time course of NMDA receptor-mediated 
synaptic currents to the blockade of NMDA receptors is not a convincing evidence 
for the lack of involvement of glutamate buffering in shaping their time course. 
Glutamate buffering by NMDA receptors can contribute, and markedly, to the long 
time course of NMDA receptor-mediated synaptic currents.
Supported by the Medical Research Council o f  Canada.

329.8
NSF BINDING TO GLUR2 REGULATES SYNAPTIC TRANSMISSION
J.T.R·Isaacł ‘. A.Nishimuπe*. E.Molnar†, J.Noel†, S.R.Nash*, M .Tagaval
S.NakanishiN J.M.Henley4, and G.L. Collingridee†.
†Dept. Anatomy, University o f  Bristol, Bristol B S 8 1TD, U.K., ‡Dept. Biological 
Sciences, University o f  Kyoto, Kyoto, Japan, and ¶School o f  Life Science, Tokyo 
University o f  Pharmacy and Life Science, Tokyo 192-03, Japan.

AMPA glutamate receptors comprise a number o f  subunits, G luR l-4. Edited 
GluR2 is highly expressed in hippocampus, and its presence in the receptor 
com plex confers the low Ca24 permeability o f  the receptor ion channel. N- 
ethylmaleim ide-sensit¡ve fusion protein (NSF) is highly expressed in the CNS and 
plays an essential role in general membrane fusion events including 
neurotransmitter release. Using the yeast 2-hybrid system, a specific interaction 
between the intracellular C-terminal domain o f  GluR2 (ct-GluR2) and NSF was 
identified. No interaction was observed with G luR l, GluR4, GluR6 or NMDAR1. 
GluRЗ exhibited a very weak interaction. The site o f  interaction was identified as 
a 10 amino-acid region from Lys844 to Gin853. Decapeptides corresponding to this 
sequence on GluR2, a scrambled version (scGluR2), and the same region on 
GluR4c, were loaded (100 µM) into CA1 pyramidal cells in hippocampal slices 
using whole-cell recordings. The GluR2 peptide, but not the scGluR2 or GluR4c 
peptides, caused a rapid reduction in the amplitudes o f  evoked excitatory 
postsynaptic currents (EPSC; at 30 mins = 58 ± 6 % o f  baseline, n = 18). A similar 
effect was also observed when an anti-NSF antibody (50 µg/m l) was loaded into 
neurons (at 40 mins = 59 ± 8 % o f  baseline, n = 12). In cultured hippocampal 
neurons GluR2 peptide, but not GluR4c peptide, caused a rapid reduction in the 
response to exogenously applied AMPA (at 30 mins = 72 ± 7 % o f baseline, n = 
6). These data show that NSF binds directly and specifically to GluR2, and 
suggest that AMPA receptors can move rapidly to and from the postsynaptic 
membrane in an NSF-dependent manner.
Supported by the MRC and Wellcome Trust.

329.10
RE-EVALUATION OF NONSTATIONΛRY CURRENT-VARIANCE ANALYSIS OF 
GLUTAMATE RECEPTOR MEDIATED mEPSCs IN HIPPOCAMPUS. R. Capek 
and M.I. Glavinovic2'3. Departments of Pharmacology1, Anaesthesia Research2 and 
Physiology3 McGill University, Montreal P.Q., CANADA.

Nonstationaгy fluctuation analysis is a standard method used to estimate the single 
channel current and the number of functional channels at a synapse. Recent study 
however showed this methodology as unreliable in a glycinergic Mauthner cell synapse 
(Kruk et al., Biophys. J. 73: 2874, 1997). It was suggested that this is due to the 
nonuniform concentration profile o f transmitter experienced by receptors We evaluated 
this methodology using Monte Carlo simulation (Glavinovic & Rabie, Pflugers Arch 
435: 193, 1998) in an excitatory synapse in hippocampus. Since this synapse, unlike 
glycinergic synapse, is very compact the lateral equilibration of transmitter is expected to 
be very rapid, and all AMPA receptors are expected to ‘see' the same concentration of 
glutamate. Current-variance plots evaluated from rise and decay cuưent segments were 
nevertheless found to be different, but unlike in glycinergic synapse the former had 
consistently lower variance. Single channel currents were as a rule underestimated, but 
only ‘moderately' (1-30%), while the number of AMPA channels was both under- and 
over-estimated, ol!en grossly. Greater saturation of AMPA receptor channels provided 
higher, but not necessarily more accurate estimates. Glutamate concentration in the cleft 
equilibrated laterally within ~5O µs, but the variability of glutamate concentration 
(instantaneous): a) followed a very different time course; its rapid decrease was followed 
by a more gradual increase, b) was greater the lower the number of molecules released 
and c) was spatially nonuniform, having a prominent and a persistent peak close to the 
release point. Finally the efficacy o f glutamate in evoking postsynaptic response was not 
constant during an mEPSC. In presence o f dcsensitization it decreased, but in its presence 
a small decrease was followed by a rebound. These are all confounding factors that render 
nonstationaгy fluctuation analysis unreliable even when all receptors ‘see’ on average the 
same transmitter concentration
Supported by the M edical Research Council o f  Canada.

329.12
PROPERTIES OF NM DA RECEPTO R-M EDIATED CURRENTS IN 
CE REBELLAR UN IPO LAR BRUSH CELLS.
Y·-B· Liu, D. Kamm. S. Birnstiel* and N.T. Slater. Department o f  Physiology, 
Northwestern University Medical School, Chicago, IL 60611 U .S.A.

Unipolar brush cells (U BCs) are cerebellar interneurons enriched in the granular 
layer o f the nodulus. UBCs receive glutamatergic input from a single mossy fiber 
(M F) which forms a giant synapse, and the synaptic current is very long-lasting 
(> ls ;  Rossi et al., 1995; Kinney et al., 1997). Studies o f  the A M PA receptor- 
mediated EPSC prompted the hypothesis that the long time course and biphasic 
shape o f the EPSC resulted from an entrapment o f glutamate in the synaptic cleft. In 
the present study we have further investigated this proposal by exam ining the 
properties o f single N M D A  receptor-channels and EPSCs using w hole-cell and 
excised outside-out patch recordings from UBCs in parasagittal slices (200 µm thick) 
o f young rat cerebellar nodulus (P I0-20). All experiments were carried out in Mg2+- 
free solution (+ 6 µM  glycine, 10 µM  bicuculline & 10 µM  CNQ X). The peak of 
the MF-evoked NM DA receptor-mediated EPSCs displayed a linear Ĭ-V  relation (-50 
to +50 mV). Neither the 10-90% risetime (31 ± 1 ms) nor the decay time constant 
(well fit with a single exponential; 296 ±  6 ms) displayed any voltage dependence. In 
contrast, the NM DA EPSC in adjacent granule cells exhibited a biexponential decay 
which increased in duration with membrane depolarization. Single NM DA receptor- 
channels in outside-out patches from UBCs displayed high-conductances o f 50-60 pS 
([Ca2+](,= lm M ). The open time was increased by depolarization (4m s at -90mV to 
9.5m s at -ЗOmV). Changes in [Ca2+]⅛, produced a 30-40%  decrease o f  conductance 
with a 10-fold increase o f Ca2+ over the range 0.25 to 2.5 mM, The mean open 
time, however, was insensitive to [Ca2+](, These results, together with previous 
reports o f the high M g2+ sensitivity o f  the EPSC (R ossi et al., 1995), indicate that 
UBCs possess primarily N M D A  receptors com posed  o f  N R 2A  and/or NR2B 
subunits, and the time course o f the decay o f the EPSC is determined largely by the 
diffusional escape o f glutamate from the cleft, rather than by the kinetic properties of 
the channels. Supported by N S34840 & D C 002764 to N.T.S.
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329.13

SMALL INTER-PSD DISTANCES AND VARIABILITY IN ASTROGLIAL 
COVERAGE SUGGESTS THAT GLUTAMATE SPILLOVER OCCURS 
AT MANY BUT NOT ALL HIPPOCAMPAL CA1 SYNAPSES.
K. M. Hams* and R. Ventura D¡v. Neurosci. Dept. Neurol. Children’s 
Hosp. and Harvard Medical School, Boston, MA 02115

Recent work at cerebellar and hippocampal synapses shows that 
glutamate escapes the synaptic cleft and diffuses for several ms after 
release (Bergtes et al. 1997 PNAS, 94:14821-14825; Bergles and Jahг, Neuron, 1997, 
19:1297-1308). Cerebellar synapses are known to be encased by 
Bergmann glial processes (Spacek, 1985, Anat. Embryoi. 171:245-252). Among 
their many functions, glial processes are important for uptake of 
glutamate. Here serial EM was used to investigate the occurrence of 
astrocytic processes at hippocampal CA1 synapses. Astrocyte-synapse 
relationships were studied for 184 synapses in the middle of s. radiatum 
of perfusion-fixed, or in vitro hippocampal slices from 3 adult (pnd 49- 
75) rats. 39% of the synapses had no astrocytic coverage. An estimate 
of astroglial coverage of the synaptic cleft was determined for each of 
the other 61% of synapses, by adding the number of sections in which 
an astrocytic process abutted the perimeter of the synaptic cleft and 
dividing by the total number of sections the perimeter spanned. 23% 
had at least one outlet from the cleft without an intervening astrocytic or 
neuronal process between it and a neighboring synapse. Nearest- 
neighbor distances between synapses with outlets could be as close as 
0.1 micron and varied up to several microns. These results suggest 
that the amount of glutamate spillover could range widely for synapses 
in hippocampal area CA1, depending both on distance and tortuosity of 
the path to neighboring synapses and the amount of astrocytic and 
neuronal coverage at the synaptic cleft.

Supported by: NS21184 and MHЮA57351 (funded jointly by 
NIMH, NЮA, NASA) to KMH, and P30HD18655 (J.VoIpe PI)

329.15
GLIAL CONTRIBUTION TO G LUTAMATE UPTAKE AT SCHAFFER 
COLLATERAL/COMШSSURAL SYNAPSES IN  THE HIPPOCAMPUS.
D.E.Bergles* and C.E.Jahr. Vollum Institute, Oregon Health Sciences University, 
Portland, OR 97201.

Astrocytes in the hippocampus express glutamate transporters at a high density, 
accumulate exogenous glutamate, and have processes which are near synaptic 
terminals, suggesting that they play an important role in removing the extracellular 
glutamate released at excitatory synapses. We have recently shown that transporter 
currents generated by the electrogenic cycling o f these transporters can be detected 
in astrocytes in the CA1 region following stimulation o f Schaffer 
collateral/commissural fibers (Neuron, 19:1297), indicating that at room 
temperature glutamate released from these terminals escapes the synaptic cleft and 
reaches glial membranes. Given the high Q ,〇 o f glutamate flux exhibited by 
transporters, at physiological temperatures neuronal transporters may be more 
effective in restricting the diffusion o f glutamate from the cleft.

Raising the temperature from 22-24° (rt) to 36° increased the amplitude and 
speeded the kinetics o f anion-potentiated transporter currents elicited by ЮmM L- 
glutamate in patches removed from CA1 astrocytes. The turnover rate o f these 
transporters, estimated by the time necessary for the current to recover from the 
steady-state level, decreased from 23.7ms at гt to 11.6ms at 36°. Transporter 
currents elicited in CA1 astrocytes through stimulation o f Schaffer 
collateral/commissural fibers persisted at 36°. These synaptic transporter currents 
began with a shorter delay and exhibited more rapid kinetics, similar to changes 
observed in patches. In contrast, glutamate transporter currents were not observed 
in CA1 pyramidal neurons following either afferent stimulation or application of 
ЮmM L-glutamate to nucleated, outside-out patches removed from these cells. 
These data suggest that the transporters in astrocyte membranes are primarily 
responsible for the uptake o f glutamate released at Schaffer collateral/commissural 
synapses in area CA1. Supported by NIH NS21419.

329.14

FAST NEUROTRANSMITTERS CAN ACT AT A DISTANCE: 
M E A S U R E M E N T  OF S Y N A P T IC A L L Y  R E L E A S E D  
GLUTAMATE OUTSIDE THE CLEFT. J.A. Dzubav and C.E. Jahг* 
Neuroscience Graduate Program, Vollum Institute, OHSU; Portland, 
OR 97201

AMPA receptors and glutamate transporters expressed by Bergmann 
glial cells (bg) are activated by neurotransmitter released from the 
terminals of climbing fibers (cf) synapsing onto Purkinje cells in the 
cerebellum. The location of these glial receptors and transporters 
outside but nearby the synapse makes them ideal detectors of any 
glutamate that escapes from the synapse. We used the change in 
affinity of the AMPA receptors produced by cyclothiazide (CTZ) to 
measure the concentration of glutamate reached at bg membranes. By 
comparing the increase in amplitude of the cf-evoked AMPA receptor 
response in bg caused by CTZ (840% +/- 240%, n=8) to the CTZ 
induced shift in the glutamate dose response curve (EĊ5os: 1560 uM 
in control vs. 522 uM in CTZ, measured in outside-out patches) we 
estimate that the extrasynaptic transmitter reaches —150 uM. This 
contrasts with the higher synaptic levels, thought to rapidly rise to a 
peak concentration above 1 mM in the cleft, but is still high enough to 
activate metabotropic and other perisynaptic receptors. Neither the 
transporter currents in bg nor the EPSC in Purkinje cells were altered 
by CTZ indicating the lack of a presynaptic effect of CTZ at the cf 
terminals, which have a high probability of release. Supported by 
NIH grants MH11978 (J.A.D.) and NS21419 (C.E.J.).

329.16
A KINETIC  M ODEL FOR THE PURKINJE NEURON G LUTAMATE 
TRANSPORTER. T.S. Otis1* &  C.E.Jahr2. 'Dept, of Neurobiology, UCLA School 
of Medicine, Los Angeles, CA and 2Vollum Institute, Oregon Health Sciences 
University, Portland, OR.

Excitatory amino-acid transporters (EAATs) are the major pathway for clearing 
the neurotransmitter L-glutamate (L-GLU) from the extracellular space following 
synaptic release. EAATs are expressed throughout the brain by glial cells and various 
neurons such as cerebellar Purkinje neurons (PNs). Activation of EAATs by substrate 
gates an anion conductance which, unlike the movement H+, Na+, and K+ ions, is not 
stoichiometrically linked to substrate flux. In order to better understand the operation 
of EAATs and the relationship between the anion conductance and substrate 
translocation, experiments were performed using rapid applications of transporter 
ligands to outside-out patches removed from rat PNs. Pulses of L-GLU activated 
anion currents associated with EAATs which were weakly antagonized by the 
transporter antagonist kainate. By itself, kainate blocked a resting anion conductance 
observed in the absence of L-GLU. Transporter cшτents in response to jumps into 
[L-GLU] under a variety of conditions were used to construct a simple kinetic model 
of the transporter incorporating ion and substrate binding steps and anion conducting 
states. The model simulates anion conductance and L-GLU flux thus permitting 
several predictions regarding the dynamics of transport at synapses. For example, the 
concentration-dependent binding rate of L-GLU is rapid, similar to binding rates 
suggested for ligand-gated glutamate receptors. At high [L-GLU], transporters cycle 
at a steady state rate of 13 ⁄  s. The model predicts a high efficiency of transport - 
once bound, a glutamate molecule is more likely to be transported than to unbind. 
Physiological concentrations of internal Na+ significantly slow glutamate transport. 
Finally, a fixed proportion of anion and L-GLU flux is expected over a wide range of 
circumstances, providing theoretical support for using net charge flux to estimate the 
amount and time course of L-GLU transport. Supported by NS21419 (CEJ).

POTASSIUM CHANNEL PHYSIOLOGY, PHARMACOLOGY AND MODULATION I

330.2330.1

KATP CHANNELS IN H UM AN M EDULLO BLA STO M A T E 67l AND  
RAT PRIMARY NEURONAL CELLS IN CULTURE: 
PHARMACOLOGICAL CHARACTERIZATION, A N D  ROLE IN  
CELLULAR CALCIUM  DYNAM ICS A N D  NEUROPROTECTION J. J. 
Lynch III*, K. L. Anderson, E. J. Molinari, T. R. Miller, J. Sullivan, M. 
Gopalakrishnan, J. D. Brioni, N eurological and Urological Diseases 
Research, Abbott Laboratories, Abbott Park, IL 60064-3500.

The KATp channel is a m ultimeric com p lex  com posed o f a sulfonylurea  
receptor (SUR) and an inwardly rectifying K+ channel (K ,R6 .n) which is 
involved in the coupling o f  energy balance and cellular excitability. In 
contrast to pancreatic and sm ooth m uscle K λttp channels, the 
pharmacological properties and functional roles o f  neuronal KA11> channels 
remains to be elucidated. In this study w e have characterized KA11> channels 
in a human m edulloblastom a cell line (T E 6 7 l)  and in primary neuronal 
cultures isolated from rat E l 8 brain. Prototypical potassium  channel 
openers (PCOs) evoked concentration-dependent membrane potential 
changes in T E 67l cells, as assessed by D iB A C 4(3) fluorescence, with a rank 
order potency (EC50), P1075 (0 .96  nM) >  (-)-eromakalim ( l .3  µM ) = 
pinacidil (3 .9  µM ) > diazoxide (50  µM ). Responses evoked by P I 075  
were inhibited by glyburide suggesting participation o f  KATP channels. 
Agonists such as acetylcholine and carbachol evoked concentration- 
dependent increases in calcium  influx in T E 67l cells  as measured by flu o-  
3 fluorescence assays. These responses were attenuated by atropine and by 
PCOs such as (-)-crom akalim . In primary neuronal cultures, cell death 
induced by high extracellular glutamate (500 µM ) was inhibited by PCOs 
such as (-)-crom akalim  as well as by the N M D A  antagonist, M K -801. 
These studies collectively show that the neuroprotective effects o f  PCOs 
may be mediated by activation o f  neuronal KATP channels and m odulation  
o f intracellular calcium  dynamics.
[Supported by: A b b o tt Laboratories]

SENSITIVITY OF KV1.1-NULL MICE TO TEA. L. Zhou*. A. Messing and
S.Y. Chiu. Depts. o f Physiology and Pathobiological Sciences, and Waisman 
Center, Univ, o f Wisconsin, Madison, W I53706.

Fast (blocked by 4-AP) and slow (blocked by TEA) K  channels are known 
to interact in myelinated axons and modulate excitability. Kv 1.1 is a fast K 
channel that belongs to the SAαfer-related subfamily and is expressed in 
peripheral myelinated nerves. Here, we examined the role o f TEA-sensitive K 
channels in K v l.l-n u ll mice (P20-P40) generated by Smart et al. (1998). In 
the phrenic nerve-diaphragm preparation, TEA (5 mM) abolished 
neuromuscular transmission in the null mutant within 10 min, but was without 
effect in wild type mice. Concomitantly, spontaneous nerve activities appeared 
in the nerve trunk of the null but not wild type mice. When the phrenic nerve 
trunk was severed from the terminal, the spontaneous nerve activities were 
eliminated. Intracellular recordings of evoked postsynaptic potentials (PSPs) 
in single muscle fibers, immobilized by cutting, showed that TEA induced 
spontaneous PSPs at a frequency o f ~Ю Hz that faded to zero in 10 min. In the 
triangular stemi nerve-muscle preparation immobilized by curare, TEA 
induced spontaneous presynaptic currents at a similar frequency but showed 
no signs o f fading. Half maximal induction o f spontaneous activities was 
-0.75 mM TEA. When lidocaine was locally or ionophoretically applied to the 
endplate regions, the spontaneous presynaptic cшτents were sometimes totally 
abolished. However, in some cases, the spontaneous presynaptic current 
changed polarity without being blocked. We suggest that TEA-induced 
spontaneous nerve activities originate from the nerve terminal and/or from 
local branch points, and that TEA-sensitive channels exert critical influences 
over neurotransmission following K v l. l deletion. Supported by NIH grant 
23375.

S ociety for N euroscience, V olume 24 ,1998
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330.3
DEFECTS IN FINE MOTOR SKILLS IN  K v l.ł-N U LL  MICE. C.L.Zhang*. A. 
Messing and S.Y. Chiu. Depts. o f Physiology and Pathobiological Sciences, and 
Waisman Center, Univ, o f Wisconsin, Madison, W I 53706.

In the cerebellum, the Shaker K  channel K v l . l is expressed at the basket cell 
terminals that innervate the Purkinje cell. We have previously shown, using 
K v l. 1-null mice generated by Smart et al. (1998), that K v l . l plays a role in 
modulating GABAergic inhibition o f the Purkinje cell in slice recordings. Here, 
we examined motor skills in the K v l. l null mice. Two behavioral tests 
(stationary thin rod and rotarod) were employed. Mutant mice (3-5 weeks old) 
and age-matched wild type littermate controls were used. A ll tests were 
performed with the investigator blinded as to the genotype. Since K v l. l null 
mice are known to display spontaneous epileptic activities, we unplanted 
electrodes in some mice to monitor EEG activity during the tests. For the 
stationary rod test, mice were placed on a thin horizontal plexiglass rod (15 mm 
diameter, 50 cm long, and 40 cm high to discourage jumping o ff the rod) and the 
retention times measured. For the rotarod test, mice were placed on a plastic 
roller (40 mm diameter) that was accelerated from 4-40 rpm in 5 minutes and the 
retention times recorded. In the stationary thin rod test, mutants showed a 
significantly shorter retention time than the wild type, being 18.3+/-4.3 s, 29+/-
15.3 s, 57.8+/-28.l s (n=l5) in the mutants and 82.8+/-14.6 s, 158.2+/-20.1 s, 
Î72.5+/-2O.4 s (n=27, P<0.01) in the wild type in three consecutive test days, 
respectively. Body weights o f the two groups o f mice were not different, being
9.8 +/- 2.4 g in the mutant and 11.1 +/- 3.0 g in the wild type (P>0.05). In 
contrast, the rotarod test revealed no differei.ee in the retention time, being 
77.7+/-25.6 s in the mutant (n=Ю) and 82.4+/-18.4 in the wild type (n=2O, 
P>0.05) on the first day o f test, respectively. Our results suggest that fine motor 
skills are selectively affected by the K v l. l null mutation. Supported by NIH 
grant 23375.

330.5
Attenuation o f inducib le contralateral tu rn ing  in  the hem ipark in - 
sonian ra t model by K ir6 .2  antisense. I.Lamensdorf. N. Meiri2. J. Harvey- 
White1. D. Jacobowitz\ IJ · Kopin1*. NINDS, 'Clin. Neurosci. Branch, 2Lab.of 
Adaptive System, 3NIMH, Lab.of Clin. Sci., NIH, Bethesda, MD 20892

ATP dependent potassium channel (KATP) couples metabolism of the cell 
and its electrical activity. In the brain there is high density of the channel in the 
basal ganglia (BG) especially in the substantia nigra (SN) and the globus pa!lidus 
(GP). These areas are considered to be an output nucleus of the BG and involved in 
motor regulation. Pharmacological modulation o f KATP channel within the BG, 
induced changes in GABAergic activity as well as behavioral changes. However, the 
drugs used, were administrated in relatively high concentrations which might not be 
selective to KATP channel . The KATP channel is a complex o f two proteins Kir
6.x, and SUR.x. The most characterized KATP channel is the pancreatic channel 
which is an heteromultimers of Kir6.2 and SUR1. Antisense technology to knock 
down on Kir6.2 protein was used to selectively decrease KATP channel activity . In 
view of the selective localization and the possible importance of the channel in 
movement disorders we tested the role of Kir6.2 in the hemiparkinsonian rat model.
6-Hydroxydopamine was injected unilaterally to the SN of the rat, and a guide cannula 
was implanted above the ipsilateral GP. Two weeks after lesioning we measured the 
contralateral circling in response to apomorphine (0.25 mg/kg sc). Kir6.2 antisense, 
sense (2nmol) or vehicle were repeatedly infused through the guide cannula for 6 days. 
Eight hours after the last infusion we tested the rats response to apomorphine. 
Following the behavioral experiment the rats were sacrificed, and striatum, SN and 
GP were taken for further analysis. Administration o f Kir6.2 antisense caused a 
significant and specific reduction by 80% in Kir6.2 mRNA level. The reduction in 
the GP Kir6.2 mRNA level diminished apomorphine induced contralateral turning. 
This indicates that the KATP channel is involved in motor regulation, probably 
through the modulation of the GABAergic system.

330.7

LOSS OF INWARD RECTIFIER CURRENT REGULATION 
IN PREMIGRATORY GRANULE CELLS OF THE WEAVER 
MOUSE CEREBELLUM P. Rossi*, G. DeFilippi, S. Arrnano, V. 
Tag¡ietti, E. D'Angelo. Istituto di Fisiologia Generate, ưniversita' di 
Pavia, 1-27100, Pavia, Italy.
Considerable interest has recently focused on the weaver mutation, which 
causes inward rectifier channel alterations leading to profound impairment 
o f  neuronal differentiation and to severe motor dysfunction in mice. The 
principal targets o f  mutation are cerebellar granule cells, most o f  which fa il 
to differentiate and degenerate in a premigratory position. Two hypotheses 
have been put forward to explain the pathogenetic role o f  mutant inward 
rectifier channels, namely that inward rectifier channel activity is either 
lacking or altered. We have addressed this question by performing whole
cell recordings o f  inward rectifier currents from  granule cells in cerebellar 
slices obtained at different developmental stages from  wild-type and 
weaver mutant mice. In w ild  type mice, the inward rectifier cuưent changed 
from a G-protein-dependent to constitutive activation as granule cells 
developed from premigratory to postmigratory stages. In weaver mutant 
mice, G-protein-dependent inward rectifier currents were absent in 
premigratory granule cells. A  population o f  putative granule cells in the 
postmigratory position expressed a constitutive inward rectifier cuưent with 
properties compatible with mutated G IRK2 channels expressed in 
heterologous systems. Since granule cells degenerate at the premigratory 
stage, the loss o f  inward rectifier cuưent and its regulation o f  membrane 
potential are like ly to play a key role in the pathogenesis o f  weaver 
neuronal degeneration.

Supported by Telethon, MĲRST, CNR and INFM o f  Italy.

330.4
INCREASE IN G A M M A  O SCILLATIO NS A N D  ALTERED LEARNING 
PERFORMANCE IN  A  MOUSE DEFICIENT FOR THE K + CHANNEL Kv3.1. 
R o lf H. Joho.‘* Chi Shun H o1 and Gerald A. Marks.2 ‘Dept. Cell Biology and 
Neuroscience, and 2Dept. o f  Psychiatry, UT Southwestern Medical Center, Dallas, 
T X  75235.

The voltage-gated K + channel Kv3.1 is expressed in a subset o f GABAergic 
intemeuons. Kv3.1-expressing neurons in the hippocampus, the striatum, and the 
thalamic reticular nucleus (nRT) contain the calcium-binding protein parvalbumin, 
a marker fo r fast-spiking GABAergic inhibitory intemeurons. It is likely that a 
high density o f Kv3.1 channels contributes to short duration action potentials and 
high-frequency firing. We generated a Kv3.1-deficient mouse using homologous 
recombination (Ho e t a l ., PNAS 94:1533, 1997). The expression in nRT and in 
cortical intemeurons suggests a role for Kv3.1 in thalamocortical and cortical 
function. Here, we report that fast and slow oscillations in the somatomotor cortex 
are altered in the freely-behaving Kv3.1-deficient mouse. Homozygous Kv3.T' 
mice have 15-25 % reduction o f  relative delta power (0.7-4.4 Hz) suggesting that 
KvЗ. 1-channel function in the nRT is instrumental fo r the synchronization of slow 
oscillations; in addition, K vЗ .U ' mice show a dramatic increase o f relative and 
absolute gamma power. Because gamma oscillations (30-70 Hz) may be important 
in alertness and in the processing o f  distinct features into coherent percepts, we 
studied the behavioral consequences o f  altered gamma rhythms. Indeed, 
homozygous KvЗ.ΓA mice performed better than w ild  type in an active avoidance 
task. The Kv3.1 mutant mouse could serve as a suitable model to study the 
generation and maintenance o f  gamma rhythms and their involvement in alertness 
and behavior. (Supported by the Kent Waldrep National Paralysis Foundation.)

330.6
D E FE C TIV E  PO TASSIUM  CURRENTS IN  ATAXIA 
TE LA N G IE C T A S IA . Peter H. Reinhart1*. Theresa D'Souza1. Nelson Rhodes2. 
Christine D. Foster3. Yael Ziv4. David G. Kirschs. Yosef Shiloh4. Michael B. Kastarv, 
and Tona M. Gilmer2. 'Department o f Neurobiology, Duke University Medical 
Center, Box 3209, Durham, NC 27710, Departments o f 2Cancer Biology and ^Clinical 
Pharmacology, GlaxoWellcome, 5 Moore Dr., Research Triangle Park, NC 27709. 
USA, 4Department of Human Genetics, Sackler School of Medicine, Tel Aviv 
University, Ramat Aviv 69978, Israel, 5TҺ℮ Johns Hopkins Oncology Center, Johns 
Hopkins Hospital, Ross 345, 720 Rutland Avenue, Baltimore, MD 21205, USA.

Ataxia Telangiectasia (AT) is an autosomal recessive disorder characterized 
by cerebellar degeneration, oculocutaneous telangiectases, thymic deficiencies, 
increased sensitivity to ionizing radiation, and predisposition to malignancies. The 
gene responsible for AT (designated ATM, for AT mutated) was identified by 
positional cloning and encodes a large protein (~35OkDa) with a carboxyl terminal 
domain sharing some homology to the catalytic domain o f phosphatidyl inositol 3- 
kinase (PlЗ-kinase). Similarities exist between the progressive cerebellar ataxia in AT 
patients and a number o f neurodegenerative diseases in both mouse and man involving 
specific mutations in ion channels and/or ion channel activity. These relationships led 
us to investigate the possibility of defective ion channel activity in AT cells. We 
examined changes in the membrane potential o f AT fibroblasts in response to 
extracellular cation addition and found that the ability of AT fibroblasts to depolarize 
in response to increasing concentrations of extracellular K+ is significantly reduced 
when compared with control fibroblasts. Electrophysiological measurements 
performed with three different AT cell lines, as well as primary AT fibroblast cultures, 
reveal significant differences in outward rectifier K+ channels. Outward rectifier K+ 
cuưents are largely absent in AT fibroblasts in comparison with control cells. These 
defects can be coưected in AT fibroblasts transfected with the full length ATM 
cDNA. These data implicate, for the first time, a role for ATM in the regulation of K+ 
channel activity and membrane potential. Supported in part by NIH grant NS31253 
and a GlaxoWellcome Collaborative Research Program award to P. H. R.

330.8
FU N C TIO N A L AN ALY SIS  AN D  M O LE C U LAR  PROFILING  OF SINGLE 
DO PAM INERG IC WEAVER NEURONS. B. L iss* and J. Roeper Center fo r 
M olecular Neurobiology, 20246 Hamburg, Germany.

The distinct pattern o f neuronal cell loss in cerebellum and substantia 
nigra (SN) o f weaver mice is caused by a single missense mutation in the 
pore o f a G-proteirt regulated inwardly rectifiy ing  K-channel (G irk2). We 
analysed dopaminergic (D A ) SN neurons o f 14 days old wildtype 
(C57bl/J6) and weaver (B6/CBA-AW VA) mice com bining slice patch clamp 
and single-cell RT-PCR techniques. In contrast to wildtype, in wv(+/+) mice 
most D A  neurons had depolarized membrane potentials and showed no 
spontaneous electrical activity. They displayed additional inward currents 
which were completely blocked by lOOµM QXЗ 14. The mean amplitude o f 
the QXЗ 14-sensitive current was -89.6±9.5pA at -5OmV (n = l7 ). It had a 
mean conductance o f 4.O±O.4nS with a reversal potential at -27.4+5.9m V 
(n=7) indicating that wvGirk2-mediated channels in SN D A  neurons lost 
their normal K-selectivity. W ildtype D A  neurons were only m arginally 
affected by QXЗ 14. In addition, wv(+/+) D A  neurons showed no clear 
response to GTPγS-dialysis while the corresponding w ildtype neurons 
dίspayed a characteristic activation o f inwardly rectify ing K-currents (Erev: 
-92.7±2,2mV (n=6)). W ith single-cell RT-multiplexPCR we correlated the 
electrophysiological phenotype o f single D A  neurons w ith their expression 
profile  o f G irk l-4  subunits. In 10 o f 12 tested SN D A  neurons only 
transcripts o f G irk2 were expressed while G irk l,  GirkЗ, and G irk4 
transcripts were not detected. In contrast, in D A  neurons o f the ventral 
tegmental area (V T A ) or in G ABAergic SN neurons, which both survive in 
weaver, G irk2 was coexpressed with other members o f the G irk -fam ily . 
These results indicate that homomeric wvG irk2 channels mediate a non- 
selective conductance in SN D A  neurons which might trigger 
neurodegeneration. However, the formation o f heteromeric G irk-channels 
m ight protect surviving D A  midbrain neurons in weaver mice.

This work was supported by a DFG grant to J. Roeper (RO 972/4-2)
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330.10330.9
INTRACELLULAR CALCIUM  IS ELEVATED IN WEA VER HOMOZYGOTE A N D  
HETEROZYGOTE CEREBELLAR GRANULE CELLS. A . B. Harkins1 *, L. W on', A , 
Heller1. S. D louhv2. Y. Feng2. B. Ghetti2, and A. P. F o x 1. ‘Univ, o f  Chicago, Chicago, 
IL 60637 and Indiana Univ. School o f  M edicine, Indianapolis, IN 46202.

The weaver (wv) m ouse suffers a loss o f  cerebellar neurons and severe motor ataxia 
secondary to a point mutation in the putative pore-forming H5 region o f  the G protein- 
coupled, inwardly-rectifying K channel (GIRK2). The mutation results in a loss o f  ion 
selectivity for the K+ channel, specifically, an increase in permeability to Ca2+which may 
contribute to the observed neuronal cell death. In this study, w e monitored intracellular 
calcium levels ([Ca2+]¡) in cerebellar granule cells from hom ozygote {wv/wv) and 
heterozygote (vw /+) weavers, and compared the data to wildtype ( + /+ ) mice. Cerebellar 
granule cells from E19 m ice were grown as bilaminar cultures on a glial feeder layer in 
the continued presence o f  0.1 mM Q X -314 for 3-4 days to increase neuronal survival 
(Koftiji et al., 1996). The cells were removed from Q X -3 14 for 1-3 hours to load fura-2 
prior to measurements o f  [Ca2+]¡ levels with a fura-2 based imaging system. A ll [Ca2+]¡ 
measurements were performed without knowledge o f  tissue genotype. Both wv/wv and 
wv/+ granule cells had elevated resting calcium levels compared with wildtype cells. 
Resting [Ca2+]į was 199 ± 12% (n = lЗ l;  p<0.001) in wv/wv granule cells and 144 ± 5% 
(n=5l8; p<0.001) in wv/+ granule cells compared to resting [Ca2+]¡ in wildtype neurons 
(n=234). Cells were depolarized with a 50 mM K+ solution and the increase in [Ca2+]¡ 
was measured. The increase in [Ca2+]¡ o f  the wv/wv and wv/+ granule cells in response 
to 50 mM K+ was less than the increase in [Ca2+]¡ o f  the wildtype granule cells. With 
50 mM K+ stimulation, [Ca2+]¡ in wv/wv granule cells was 62 ± 8% (n=94; p<0.01) and 
in wv/+ granule cells was 54 ± 3% (n=244; p<0.01) o f  the response to 50 mM K+ in 
wildtype neurons (n=Ю l). These results suggest that elevated calcium levels in the 
cerebellar granule cells are a factor in the underlying neuropathology o f  the weaver 
mutant mouse.

Supported by NS 14426 and N S27613.

BKCa C H A N N EL  IN C U L TU R ED  RAT C ER E B EL L A R  G RA N U LE CELLS. 
M.-L. Linne‘̄ 3* and T.O. Jalonen1,2. ‘Univ, o f  Tampere, Medical School; 2Tampere 
Univ. Hospital, Dept, o f  Neurology; 3Tampere Univ, o f  Technology, Signal 
Processing Laboratory; 33101 Tampere, Finland.

Large-conductance calcium-dependent potassium channel (BKCa) has so far been 
detected in various cell types including neurons, glia, muscle and epithelial cells, but 
detailed characterizations are mostly done on non-neuronal and non-mammalian 
cells. As yet, it has not been reported in rat cerebellar granule cells, though has been 
found in mouse granule cells (Fagni et al, Eur. J. Neurosci. 3:778, 1991). In mature 
neurons BKca is known to contribute to the afterhyperpolarization and spike 
frequency adaptation. This study characterizes the single-channel conductance, 
voltage-sensitivity, kinetics and pharmacological profiles o f  BKCa in rat cerebellar 
granule cells using patch-clamp cell-attached (C-A) and excised patch configurations. 
BK，ca was detected in granule cells in pure neuronal cultures and co-cultures from 
postnatal day 7 (P7) rats cultured for 1-7 days (DIC 1-7) with 25 mM K+ and serum. 
Relatively high proportion o f  the cells (40 % ) showed BKCa activity with high K+ in 
the pipette. The chord conductance was 130-140 pS in C-A configuration with 140 
mM K+ in pipette and 5 mM K+ in bath. With these solutions and in C-A 
configuration, BKCa activated at pipette potentials negative from -60 mV, 
corresponding depolarized transmembrane potentials. No difference in voltage- 
sensitivity was found in cells between DIC 1-7.

It is known that immature cells may express at least two main modes o f BKCa 
channel behavior (flickering and normal mode; see Mienville and Barker, Pflügers 
Arch. 431:763, 1996). In our studies on the P7 rat granule cells the BKCa switched 
from normal to flickering mode when the cell was depolarized for long periods 
(minutes). This time- and voltage-dependency o f  the mode change may represent the 
transitional channel behavior during the maturation o f  the cells. Supported by Emil 
Aaltonen Foundation and Väisälä Fond (M.-L.L) and Med. Res. Fund o f Tampere 
Univ. Hospital (T.O.J).

330.11 330.12
SUPPRESSION OF NEURONAL EXCITABILITY BY 
HETEROLOGOUS EXPRESSION OF A LOW THRESHOLD K+- 
CHANNEL.
B, H. W h ite*. M. D. W him . W. J._Joiner and L. K. K aczm arek. Dept, 
of Pharm acology, Y ale U n iversity , N ew  H aven , CT 06520

U n derstanding in  d eta il how  different typ es of neurons contribute to 
the function o f th e  nervous system  w ill require m ethods for selectively  
m anipulating neu ron al a ctiv ity  in  b eh av in g  an im als. In particular, 
a m eans o f reversib ly  su p p ressin g  neuronal a ctiv ity  in  specific  
classes o f neurons w ill be n ecessary  to define which neurons are 
necessary7 to gen erate  specific behaviors. W ith the goal o f develop ing  
such m ethods, we h ave  b een  in v estig a tin g  the ab ility  o f low-threshold  
K+-channels to in h ib it neuronal activ ity  by actin g  a s  current shunts.

Building on gating-charge stu d ies o f the D ro so p h ila  Shak er channel, 
we have prepared four G reen F luorescent P rotein-tagged K`·"-channel 
constructs w hich activate  a t vo ltages ranging from -40 m V to -100 mV 
in oocytes. W e h ave expressed  one o f th ese  constructs in  m olluscan  
neurons w h ere it  activates a t -95 m V and effectively  clam ps the cells to 
the reversal potentia l for K+ (-70 mV). N eurons exp ressin g  th is  
channel (or its  analogue w ith ou t GFP) had input resistan ces of 1-8 
m egaohms a t -70 mV, w h ile  non -exp ressin g  controls had  input 
resistances o f 70-140 m egaohm s. N eurons expressing  the construct 
were e ssen tia lly  un resp on sive to both d epolarizing and  
hyperpolarizing current in jections o f 1 nA. In addition, action  
potentials could not be elic ited  by current in jections o f up to +10 nA, 
about 20-fold higher than  the threshold for action p otential generation  
in n on -exp ressin g  n eurons.
(Supported by NIH  grant N S  18492 to LKK.)

CHANNEL ACTIVATION Ή M E CONSTANT ADVERSELY AFFECTS ACTIVA
TION PARAMETERS MEASURED BY RAMP PROTOCOLS. Geoffrey G. 
Schofield*. Dept. Physiology, Tulane University Medical School, New Orleans, LA 
70112.

Investigation of single channel behavior often requires measurement of channel 
activation parameters under a variety of conditions. In order to obtain the steady-state 
open probabilities (P〇) to determine steady-state activation, the membrane patch may 
be held at extreme potentials for prolonged periods which often results in loss of the 
patch. Ramp protocols used to obtain a “quick”  estimate of single channel conductance 
appear to be less deleterious to the patch than prolonged periods at positive or negative 
holding potentials. The pseudomacroscopic current obtained from the average of many 
ramp-induced single channel openings can provide activation parameters by expressing 
the current as a fraction of the single channel current at any voltage during the ramp 
Fig 1. The resulting P〇-V curve is well f it  by a Boltzmann function. However, single 
BK channel currents elicited by a lms/mV 
(-100 to +100 πiV) ramp protocol appeared 
to activate at potentials 20 mV more 
positive than steady state currents and were 
less voltage sensitive Fig 1. Monte-Carlo 
simulations of single-channel behavior 
revealed a similar positive shift o f V⅛ when 
estimated from ramp protocols ςƒ steady- 
state voltages. Moreover, like the authentic 
BK channel the positive shift was greater 
with faster ramps. Slowing the forward rate 
constant in the simulation and thus 
increasing the activation time-constant 
increased the error between Vh measured 
from ramps and that measured from constant holding potentials. The apparent positive 
activation shifts induced by voltage ramps occur because channel opening lags behind 
the voltage due to the channel activation time constant. Since channel deactivation lags 
behind the voltage with -ve going ramps, simulations suggest that averaging currents 
from +ve and -ve going ramps may provide a means to correct errors in half activation 
potential but not voltage sensitivity. Supported by NIH 48796

330.13
MITOGEN-INDUCED Ca2+-DEPENDENT K+ WHOLE-CELL CURRENTS IN 
YOUNG AND AGED T-CELL CLONES OF C57BL/6 MICE. J. Wu1*. Y.X. 
Zeng2 & K. Hirokawa3. *Dept. o f Neurology, New Mexico Univ. Sch. o f Med., 
Albuquerque NM 87İ31, USA; 2Dept. o f Pathology, Tokyo Metropolitan 
Institute of Gerontology, .Tokyo, Japan; 3Dept. of Pathology and Immunology, 
Tokyo Med. and Dent. Univ., Tokyo, Japan.

Exposure of T-lymphocytes to mitogenic stimulation induces a cascade of early 
cellular events including phosphoinositide (PI) degradation, Ca2+ mobilization, 
and consequent activation of a variety of Ca2+-dependent effector molecules, which 
play critical roles in cell proliferation and differentiation. Since it is hard to record 
direct mitogen-induced Ca2+-dependent K+ whole-cell currents using the 
conventional whole-cell patch-clamp technique, there is little electгophysiological 
evidence to explain the intracellular mechanism from mitogenic stimulation to 
activation of Ca2+-activated K+ channels. Here we provide this missing evidence. 
Using nystatin perforated whole-cell patch recording, we now report that the 
mitogenic plant lectin, concanavalin A (Con A) induces a long-lasting Ca2+- 
dependent K+ cuưent ( ⁄ q>∏ a) *n young T-cell clones, but not in aged ones. 
Whereas a Ca2+ ionophoгe, ionomycin (INM), which releases Ca2+ from 
intracellular stores thereby bypassing receptor activation and early signal 
transduction, evokes the Ca2+чİependent K+ cuưents (I ¡nm) ύı both young and 
aged T-cell clones. The protein tyrosine kinase (PTK) inhibitor, heгbimycin A 
(ЗxlO·6 M) but not the G protein blocker, pertussis toxin (PTX, 500 ng m ľ1) 
completely prevented the I  c〇n a» but did not affect the I  ¡nm· It is concluded that 
directly applied mitogenic agents induce Ca2+-dependent outward K+ currents in 
perforated whole-cell recording condition. PTK, but not PTX-sensiüve G 
proteins, play a critical role in mediation of the signal transduction from Con A 
stimulation to activation of the Ca2+-dependent K+channels. Aged T-céll clones 
lack response to Con A, but not to INM, implying that an impairment of the 
early signal pathway, perhaps the PTK, might be involved in the mechanism of 
the age-related decline o f the pгoltfeгative response of T lymphocytes to mitogenic 
stimulation.

330.14
TH E EXPRESSION PATTER N OF KCNQ2 SPLICE VARIAN TS IN  
NEUR O N AL PR O LIFE R A T IO N  AND D IFFE R E N TIA TIO N
C. Iannotti,1 P. Dargis,2 E. Martin,2* E. Christian,2 and J. A iyar.1 'Target 
Discovery Department and ⅜espiratory, Inflammatory and Neurological 
Diseases Department, Zeneca Pharmaceuticals, Wilmington, DE 19850.

We have cloned the long (L) and short (S) splice variants o f KCNQ2, a 
voltage-gated potassium channel gene that was recently shown to be associated 
with inherited forms o f epilepsy (Singh et. al., Nature Genetics, 1998; Bievert et. 
al., Science, 1998). The two variants differ in their C-termini. Northern blot 
analysis reveals that KCNQ2L is expressed exclusively in human brain (adult 
and fetal), where it is restricted to neuronal rather than glial cells. KCNQ2S 
expression is weak in adult brain, but is prominent in fetal brain and in testes. 
The neuroblastoma line, IMR 32, expresses only KCNQ2S. However, upon 
neuronal differentiation, there is a dramatic upregulation o f KCNQ2L. These 
data suggest that the long splice variant o f KCNQ2 is seen in terminally 
differentiated neurons, while the shorter variant is associated with proliferating 
cells such as those in fetal brain and neuroblastoma lines. Consistent with this 
hypothesis is the detection of KCNQ2S transcripts in adult brain tumors. 
KCNQ2L, when expressed in HEK 293 cells, produces a slowly activating, non
inactivating potassium cuưent at voltages greater than -10 mV. The cuưent is 
blocked potently by TEA (< 1 mM), but is insensitive to scorpion toxins. 
KCNQ2S does not appear to produce functional channels in these cells. Co
transfection o f KCNQ2L and S constructs leads to suppression o f K+ cuưents. 
These findings suggest that differential expression o f KCNQ2 splice variants 
may play a significant role in neuronal development.
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330.15
C lustering o f  N a + and K + C h annels D uring D ev e lo p m en t o f  
M yelinated Central N ervou s S ystem  A x o n s. M. N. Rasband*1.
J. S. Trimmer2. S. R. Levinson3, and P. Shгager4. 'Dept, o f Biochemistry and 

Biophysics, “Dept, o f Neurobiology and Anatomy, U. o f Rochester, Rochester NY, 
2SUNY, Stony Brook NY, 3U. o f Colorado, Denver CO.

The distributions o f  N a+ and K+ channels (Ƙ v l.l  and Ƙ v l.2 )  were 
investigated throughout development in the rat optic nerve using 
immunofluorescence microscopy. Nodal N a+ channels were first detected at 
postnatal day 12 (P12), but only in regions that were myelinated. At this early 
developmental stage, Na+ channel clusters were very broad, with an average 
length o f 2 µm, but some were as long as 4.5 µm. Over the course o f  the next 
two weeks the number o f  Na+ channel clusters increased 6-fold. Concurrently, 
the average length o f  nodal N a+ channel aggregates decreased to 1 µm, with 
a maximum length o f  1.5 µm. At days P15-P20, individual nodes had Na+ 
channel immunoreactivity in one o f  three different distributions: broad, binary, 
or focal. By P26 only focal, nodal clusters were seen, reminiscent o f  the 
distributions described in developing peripheral nerve where Schwann cells 
are responsible for clustering o f  nodal N a+ channels. K vl .2 was first detected 
in juxtaparanodal zones at day PI 5, but only adjacent to 10% o f  nodes. Only 
by P4O did 100% o f  juxtaparanodes have detectable Ƙ vl.2 . In contrast, Ƙ v l.l  
was detectable in only 12% o f  juxtaparanodes, where it colocalized with 
Ƙv 1.2. This differs markedly from the observation that Kv 1.2 is always found 
colocalized with Ƙvl .1 in PNS axons. These results suggest that myelinating 
oligodendrocytes may be involved in the clustering and localization o f  Na+ 
channels, and that optic nerve axons have different requirements for K+ 
channel activity than PNS axons. Supported by NIH and NM SS.

330.17

A SLOWLY DEACTIVATING ERG CURRENT IN RAT LACTO- 
TROPHS. R. Schafer. I. Wulfsen. C.K. Bauer. J.R. Schwarz*. Inst. 
Physiol., Univ. Hamburg, Martinisư. 52, D-20246 Hamburg, Germany.

In clonal rat pituitary cells (GH3/B6 cells) an ERG K current is present 
which is most probaby induced by the rat homologue of HERG (Bauer et 
al., Receptors and Channels 1998, in press). Native rat lactotrophs from 
primary culture also exhibit an ERG-like current which can be isolated 
by the use of specific blockers of ERG channels. The drug-sensitive 
current showed inward rectification and highly variable inactivation 
kinetics, which could best be described by a fast and a slowly 
deactivating component. The time- and voltage-dependent properties of 
the fast deactivating current component were identical to the ERG 
current of GHз/Bб cells. The slowly deactivating drug-sensitive cuưent 
component (ERGslow) was different from ERG currents so far 
described: The time constants of deactivation determined in the potential 
range between -100 and -140 mV differed by a factor of more than 10, 
whereas the time course of recovery from inactivation was only slightly 
slower for the ERGslow current. Half activation of the fast component 
measured at 20 mV was achieved after 150 ms and that of the ERGslow 
current after 6.5 s. The potential dependence of deactivation of the 
ERGslow current was shifted by about 40 mV to more negative 
membrane potentials if compared with RERG. In addition, ERGslow had 
a lower sensitivity to E-4031 (K〇 = 25.3 µM) than RERG (KD = 6.7 
µM). Single cell RT-PCR using primers for the recently cloned r-ergl, r- 
erg2 and r-ergЗ genes revealed that all lactotrophs contained mRNA for 
at least one of the three erg channels. E rgl mRNA was present in most 
lactoưophs, but there were also lactoưophs containing in addition 
mRNA for erg2 and/or ergЗ.

330.16
E A R L Y  EX PR E SSIO N  O F A NO V E L K + C U R R E N T  IN RA T  
M IC R O G LIA . S·A. Ƙotecha and L. C. Schlichter*. University o f  Toronto, 
Dept, o f  Physiology and Toronto Hospital Research Inst., Toronto, Canada.

This study analyzed the biophysical and pharmacological properties of 
voltage-dependent Ƙ+ currents (Kv) in rat microglial cells and asked whether 
current expression correlates with cell proliferation. To approximate ex vivo 
conditions we used a cell-isolation technique known as tissue printing. The 
advantages o f  this technique are that it requires no enzymatic treatment, 
culture time is minimal and cell classes retain their anatomical features and 
organotypic distribution seen ex vivo. To discriminate microglia from other 
CNS cells in tissue prints, we used morphological differences and 
immunohistochemical markers specific for microglia (OX-42 or EDI 
antibodies), astrocytes (α-GFAP) and fibroblasts (α-fibronectin). In the 
whole-cell patch-clamp configuration, Kv currents in tissue-printed microglia 
displayed properties different from those previously reported. For instance, 
the voltage-dependence o f  gating was shifted to depolarized potentials: V t/2 for 
activation was shifted to -5 mV and inactivation was shifted to -30 mV. In 
addition, prior to five days in culture, 89% o f  Kv currents in tissue-printed 
microglia failed to display cumulative inactivation (a hallmark o f  K vl.3 
currents) with interpulse intervals o f  5, 10, 30 and 60 sec. Moreover, this Kv 
current was not significantly inhibited (<2O%) by toxins that block K vl.3  —  
agitoxin-2 (5-50 nM), margatoxin (5 nM) or charybdotoxin (10-50 nM). In 
contrast, Kv currents in tissue-printed microglia that were cultured for greater 
than 5 days showed cumulative inactivation at varying stimulus intervals and 
were significantly inhibited (30-55% ) by 5 nM agıtoxın-2. Thus, Kvl.3-like 
current expression appears to develop with time as microglia proliferate in 
culture. To determine if  expression o f  the non-inactivating Kv (non-Kvl.З) 
current was characteristic o f  non-proliferating microglia, we correlated 
bromodeoxyuridine (BrdU) uptake (a marker o f  proliferating cells) with the Kv 
cuưent type in individual cells. We found that 90% o f  microglia expressing a 
non-inactivating Kv cuưent were BrdU negative. This observation suggests 
the non-inactivating Kv cuưent in tissue-printed microglia is characteristic o f  a 
more “resting” state. Supported by the Heart & Stroke Foundation and Medical 
Research Council o f  Canada.

ACETYLCHOLINE RECEPTORS: NICOTINIC—<⅝7 SUBUNITS

331.1
TRAUMATIC BRAIN INJURY SELECTIVELY REDUCES HIPPOCAMPAL 
ALPHA 7 NICOTINIC CHOLINERGIC RECEPTORS. J.R. Paulv*A∩d S.W. 
Scheff2. 1 College of Pharmacy and departm ent of Anatomy and 
Neurobiology, Univ, of Kentucky, Lexington, KY 40536-0082.
Traumatic brain injury (TBI) is known to cause alterations in CNS 

cholinergic markers including a loss of CҺAT activity and reduced 
muscarinic receptor density. Aberrations in brain cholinergic 
transmission have been hypothesized to underlie the cognitive deficit 
that may persist following TBI. The purpose of the present study was to 
compare the effects of TBI on hippocampal muscarinic and nicotinic 
cholinergic receptor binding. Adult male Sprague-Dawley rats were 
sham-operated, or subjected to a cortical contusion injury using an 
electronically controlled pneumatic impacting device (2 mm cortical 
deformation; N=5). Rats were euthanized 48 hours post-injury and 
brains were prepared for quantitative receptor autoradiography. 
Cryostat sections were collected so that the binding of [3H]-epibatidine 
(α З /α 4  nAChr), alpha-[125l]-bungarotoxin (BTX; α7 nAChr) and 
[3H]-scopolamine (M1-MЗ muscarinic) could be compared on adjacent 
tissue sections. TBI induced a significant decrease in [125I]-BTX binding 
in several hippocampal regions including the dentate gyrus, pyramidal 
cell layer, CAT, CA2 and the subiculum. BTX binding was also 
significantly decreased throughout the entire ipsilateral cerebral 
cortex. On adjacent sections in the hippocampus and cortex, there were 
no significant changes in [3H]-epibatidine or [3H]-scopolamine binding. 
The high calcium permeability of the alpha 7 nicotinic receptor may be 
relevant to the loss of BTX binding seen following TBI.

331.2
Synaptic and Nonsynaptic Localization of the α7 Nicotinic Receptor Subunit 
in Relation to Physiologically and Anatomically Identified Prefrontal Cortical 
Neurons. M. Lubin,*1 C.S. Leonard2, and C. Aoki1. 'Center For Neural Science. 
NYU. New York. NY 10003 &  2New York Medical College, Valhalla, NY 10595.

Knowledge of the subcellular localization of the α7 nicotinic acetylcholine 
receptor subunit (α7 nAchR) is crucial for understanding this subunit’s role in 
synaptic transmission, signal integration, and, due to its high permeability to 
calcium, calcium-dependent second messenger processes. Our previous electron 
microscopic immunolocalization study in guinea pig medial prefrontal cortex 
revealed that the α7 nAchR can occur in all segments of both pyramidal and 
nonpyгamidal cells at both synaptic and extrasynaptic sites (Soc Neurosci Absl 
23:383, 1997). However, not all neurons are immunoreactive and the distribution 
within each process is highly discontinuous. We therefore sought to determine 
whether the distribution of α7 nAchRs within single neurons is also heterogenous.

We present evidence of the relationship of immunoreactive (-ir) sites to single 
guinea pig medial prefrontal cortical neurons that were characterized by 
intracellular recording and filling with biocytin in vitro. Shapes of somata. 
patterns of axonal and dendritic arbors, and the prevalence of spines were 
successfully visualized by marking the biocytin with fluorescence for light 
microscopy and with preembedded silver intensified gold for electron microscopy. 
The elcctrophysiological recordings revealed membrane properties expected from 
regular spiking pyramidal and nonpyгamidal cells. Immunocytochemistry for the 
α7 nAchR was performed using a monoclonal antibody (mAB 306) directed 
against an intracellular portion of the subunit and ABC-pcroxίdase as the label. 
Evidence of α7 nAchR-ir sites within and in the vicinity of identified neurons is 
described and supports the claim that the α7 nAchR may have multiple roles 
depending on its specific location within neurons. (Support: NIMH Training
Grant MH 19524 &  NШ-EY8055, NSF-RCD 92-53750 &  HFSP RG-1693 to C.A.)

Society for Neuroscience, Volume 24 ,1998



MONDAY PM ACETYLCHOLINE RECEPTORS: NICOTINIC—α7 SUBUNITS 831

331.3
THE NON-EQUIVALENCY OF HOMOMERIC RAT α7 NEURONAL 
NICOTINIC RECEPTOR BINDING SITES DEMONSTRATED USING p- 
AMINOPHENYL ARSONOUS ACID (p-APA). T.H. Tran1*. K. Wenbere1. M. 
Oui⅛2. and R.H. Loгing1. 'Dept. Pharmaceutical Sciences, Northeastern University, 
Boston, MA 02115; 2TҺ℮ Parkinson’s Institute, Sunnyvale, CA 94089.

The ability of α7, α 8 , and α9 neuronal nicotinic receptor (nAChR) subunits to form 
homomeric functional receptors has triggered conffoversies about the number of 
binding sites per homomeric oligomer. α 7 /GH4Ci cells have been shown to express 
only homomeric rat α7 receptors (Quik et al., J. Neurochem. 67:145, 1996). p- 
Aminophenylarsonous acid (APA) at a saturating concentration (1 mM) blocks 
approximately half the binding sites of 125I-α-bungarotoxin (125I-α-BGT) when the 
α7 receptors are reduced by dithiothreitol (DTT, 1 mM, 10 min; APA IC50 -30  µM, 
10 min) and shows no effect on the oxidized form of receptors. In contrast, the 
alkylating agent, Bromoacetylcholine (BAC, 100 µM, 10 min) blocks nearly all the 
125I-α-BGT binding sites of reduced receptors, but also has no effect on the oxidized 
form. The effects of APA and BAC are not reversed by 5,5’-dithio-bis(2- 
nitrobenzoic acid) (DTNB, 1 mM, 10 min). However, the antiarsenical 2,3- 
dimercapto-1-propane sulfonic acid (DMPS, 1 mM, 10 min) can reverse the 
arsenylation effect of APA even up to 24 hours, but DMPS does not reverse the 
alkylation effect of BAC. Scatchard analysis shows APA decreases the number of 
binding sites (B∏,ax), but has little effect on the affinity (KD) of l25I-α-BGT. APA 
partially protects reduced α7 receptors from further alkylation by BAC. The partial 
blocking effects of APA suggest that homomeric α7 receptors contain at least two 
binding sites and that the binding sites are nonequivalent. Supported by NIH 
NS22472.

331.5
MODULATION OF α7- AND αЗ- CONTAINING NICOTINIC RECEPTOR 
EXPRESSION IN SH-SY5Y CELLS AND PRIMARY HIPPOCAMPAL 
NEURONES. D.L Ridley and S.Wonnacott*. Dept Biology &  Biochemistry. 
University of Bath, Bath, B A2 7AY, UK.

α7-Type nicotinic acetylcholine receptors (пACҺRs), coưelated with [l25I]-α- 
bungarotoxin (α-bgt) binding, are upregulated by chronic nicotine in vivo' and in 
vitro in primary rat hippocampal cultures2 and the SH-SY5Y human neiưoblastoma 
cell line3. In sympathetic neurones, α7 пACҺRs are upregulated by ƘC1 
depolarisation through a Ca2+-dependant mechanism4. This study aims to explore the 
cellular pathways underlying the modulation^- nAChR binding sites in SH-SY5Y 
cells and in primary hippocampal neurones. [!25I]-α-bgt binding sites are upregulated 
by 37% and 51% by treatment with nicotine (ЮµM) and KC1 (2OinM) respectively 
for 4 days. Upregulatюn by KC1 is prevented in tire presence of 1-|Λ',0-bis-(5- 
isoquinolınesulfonyl)-iV-methyl-L-tyrosyl]-4-phenylpiperazine, KN-62 (5µM), a
specific Ca2+-calmodulin-dependent protein kinase II (CaM-kinase II) inhibitor, and 
in the presence of the L-type Ca2+ channel blocker, verapamil (5µM). KN-62 and 
verapamil alone produced no significant differences from conưol. In conưast. 
upregulation elicited by nicotine was unaffected by these drugs. Corresponding results 
were obtained with E18 primary hippocampal cultures. These data suggest that 
upregulation produced by nicotine and by KCİ are the result of two different cellular 
mechanisms.

SH-SY5Y cells also express αЗ-containing nAChR3 that can be labelled with [3H|- 
epibatidine. Nicotine (ЮµM) and the novel nicotinic agonist 3-[(4- 
dimethylamino)cinnamylidene]anabaseine maleate. DMAC (ЮµM), upregulated 
(3H]-epibatidine binding sites by 36% and 43% respectively; upregulation was not 
prevented by KN-62 or verapamil. KC1 (2OmM) did not upregulate [3H|-epibatidine 
sites, suggesting that this nAChR subtype is not modulated by depolarisation, in 
contrast to α7 nAChR.

Funded by MRC. Organon Laboratories Ltd. and BAT Co.
'Collins A C. etal., (1990) Brain Res Bull.. 25: 373-379 
⅛arrantes G.E. et al., (1995) Brain Res., 672: 228-236.
3P℮ng X. et al., (1997) Molecular Pharmacology. 51: 776-784.
4D℮ Koninch P & Cooper E. (1995) J. Neuroscience. 15: 7966-7978.

331.7

NEUROPROTECTION, NEUROTOXICITY AND SELECTIVE 
ALPHA7 NICOTINIC RECEPTOR ACTIVATION. E.M. Mever1*.
Y. L i1. W.J. M illard2. Y.J. He2. R.L. Parke1-  ⅛ ept. of 
Pharmacology and Therapeutics, 2 Dept, of Pharmacodynamics, 
Univ, of Florida, Gainesville, FL 32610.

Selective alpha7 nicotinic receptor agonists such as DMXB 
improve performance in several memory-related behaviors and 
protect against neurotoxicity induced by trophic factor deprivation, 
amyloid-exposure, or NMDA-mediated excitotoxicity. Apoptosis of 
differentiated PC 12 cells, which is triggered by concomitant removal 
of NGF and serum, can be prevented by low cono-Urations of 
DMXB that induce small, protracted elevations in reccţчor-mediated 
calcium influx. Similar levels of alpha7 receptor activation 
protected: I) PC 12 cells exposed to A-beta (25-35); and 2) primary 
neuronal rat brain cultures from NMDA-induced toxicity. 
Neuroprotection was associated with PKC-actn ¡υn, and was 
blocked by the PKC blocker bis-indolemaleımıde. Higher 
concentrations of DMXB were associated with rapid receptor- 
desensitization which in turn reduced cell survival through a 
mechanism involving tyrosine protein kinase activation. The 
neurotoxicity induced by DMXB is prevented by a selective alpha7 
receptor blocker applied 10 sec before, but not after, the agonist, 
suggesting that the toxicity results from the brief calcium-spike prior 
to desensitization. Our results indicate that desensitization of alpha7 
receptors in vivo may be too rapid for any CNS toxicity. (Funded in 
part by POl AG 10485)

331.4
MIDBRAIN DOPAMINERGIC NEURONS POSSESS α7-CONTAINING  
NICOTINIC ACETYLCHOLINE RECEPTORS M.R. Kasten». V I. 
Pidoplichko. R.S. Broide. F.G. Goldner. J.W. Patrick. J.A. Dani. Division o f  
Neuroscience, Baylor College o f Medicine, Houston, TX 77030.

The mesolimbic dopamine system acts to shape behaviors by reinforcing 
biologically rewarding events and is thought to be one potential site for the 
addictive effects o f  nicotine from tobacco. Previous studies have demonstrated 
the presence o f  relatively slow currents from midbrain dopamine neurons that 
are activated by nicotine in the physiological range found in smokers (0.5 µM; 
Pidoplichko et al, Nature, 1997; M.R. Piccolotto et al, Nature, 1998). By 
combining very rapid nicotinic agonist application techniques and tyrosine 
hydroxylase immunohistochemistry, we have found fast nicotinic currents in 
midbrain dopamine neurons in culture and in midbrain slice preparations. 
These currents were activated and rapidly desensitized by high concentrations 
o f nicotine or acetylcholine and were blocked by nanomolar concentrations o f  
methyllycaconitine, consistent with characteristics o f  α7-containing receptors. 
In addition, autoradiographic analysis revealed 125I-α-bungarotoxin binding 
sites in the ventral tegmental area and substantia nigra. Taken together, these 
data demonstrate the presence o f  α-bungarotoxin scnsitive/α7-containing 
receptors on midbrain dopaminergic neurons. Because physiologically 
relevant concentrations o f nicotine can activate nicotinic acetylcholine 
receptors, we hypothesize that the α7-containing receptors could participate in 
the nicotinic processes that influence midbrain dopaminergic neurons during 
smoking. S u p p o r te d  b y  the NIH, N IN D S, a n d  N1DA

331.6
CORTICAL DISTRIBUTION PATTERNS OF α4, α7 and ß2 NICOTINIC 
ACETYLCHOLINE RECEPTOR SUBUNITS IN THE AD U LT RAT.
T. Kelter1, A. Wevers1, J. Lindstrom2, R. Schröder3*, N. Moser1, U. Schütz1,
B. W itter1 and H. Schröder1. Depts. o f 'Anatomy and 3NeuroIogy, Univ, o f 
Köln, 50931 Köln, FRG, 2Dept. o f Neuroscience, School o f Medicine, Univ, 
o f Pennsylvania, Philadelphia, PA, USA.

In vivo and in vitro animal models are used to model nicotinic acetyl
choline receptor (nACҺR)-mediated transmission in the cerebral cortex. A 
systematic account o f the area-specific distribution o f nAChR subunits as a 
reference inventory o f normal findings, however, is still lacking.

By means o f immunohistochemistry (ABC technique) on vibratome sec
tions (5Oµm) using monoclonal antibodies 270 (ß2), 299 (α4) and 306 (α7) 
we have screened the different neocortical areas o f the adult rat brain for the 
distribution o f the three subunits.

As previously shown for different neocortical areas o f the human cerebral 
cortex (S ch rö d er a n d  W evers, A lz h e im e r  's P i s  R e v  3 :2 1 -3 3 , 1 9 9 8 ) a pre
ferential localization o f all three subunits in numerous pyramidal neurons 
was observed with only minor differences in the areal distribution pattern 
depending mostly on their cytoarchitectonical characteristics. With regard to 
the distribution o f α4 and ß2 11ACҺR subunits, these findings provide an 
additional hint to the cellular colocalization o f these subunits as a prerequiste 
to form the high-affinity nicotine α4 ⁄  ß2 11ÀCҺR. The data obtained w ill ser
ve as the basis for the correlation o f in vivo and in vitro histochemical 
findings with normal distribution patterns.

Supported by the Deutsche ľorschungsgemeinschaft (Schr 283/18-1, 18-2)

331.8
HETEROLOGOUS EXPRESSION OF EPIBATIDINE- AND α- 
BUNGAROTOXIN¯BINDING HUMAN α7-NICOTINIC RECEPTOR IN A 
NATIVE RECEPTOR-NULL HUMAN EPITHELIAL CELL LINE J.H, 
Pens* and R.J. Lukas. Division of Neurobiology, Barrow Neurological Institute, 
Phoenix, Arizona 85013

Human α7 nicotinic acetylcholine receptors (α7-nACҺR) were expressed in a 
native nACҺR-null SH-EP1 human epithelial cells (SH-EPl-pCEP-hα7). The 
established clonal lines possess high affinity l25I-labeled α-bungarotoxin (I-Bgt; 
Kd = 18.64 nM, Bmax = 361 fmol/mg) and [3H]-labeled epibatidine 
([3H]EBDN) binding sites (Kd = 0.55 nM, Bmax = 155 fmol/mg). About 75% of 
I-Bgt-binding α7-nACҺR is on the cell surface. I-Bgt binding competition 
assays show that EBDN binds with higher affinity than Bgt (IC5Os = 1.73 nM 
and 31.5 nM, respectively) to human α7-nAChR. [3H]EBDN binding 
competition assays confirm that EBDN binds with higher affinity than Bgt 
(IC5Os = 1.23 nM and 22.2 nM, respectively). Pharmacological profiles for 
drugs acting to compete for [3H]EBDN binding to these transgenic α7-nAChR 
perfectly matches pharmacological profiles for I-Bgt binding to human native 
α7-nACҺR naturally expressed in SH-SY5Y human neuroblastoma cells and to 
transgenic α7-nACҺR in SH-EP1 cells (rank order potency: methyllycaconitine 
> dimethyl-phenyl-piperazinium > nicotine > cytisine > d-tubocurarine > 
carbachol). Treatment o f SH-EPl-pCEP-hα7 cells with (-)-nicotine for 2 days 
led to a significant increase in the density of [3H]-EBDN and I-Bgt binding sites 
(up to 100%) just as for native α7-nACҺR in other human cell lines. The effect 
o f nicotine (10 nM to ЮOuM) was both dose and time dependent. These results 
demonstrate that stable expression of the human α7 subunit can give rise to cell 
surface receptors that bind [3H]-EBDN or I-Bgt with high affinity and exhibit 
homologous regulation and pharmacological properties consistent with native 
neuronal α7-nACҺR. Funded by ADCRC, and CTR.
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331.9

AR-R17779: THE FIRST HIGH AFFINITY, SUBTYPE-
SELECTIVE FULL AGONIST AT THE RODENT oc7 NICOTINIC 
ACETYLCHOLINE RECEPTOR (пACҺR). J.Goгdon. D.A.Gurlev.
O.Tгan. A.Machulskis. J.Zongгone. S.Luhowskvi. T.Rvan, R.Mack. J.Loch III.
M.Balestгa. T.DeCorv. A.Saπroognaгo. N.Wright. P.Veгhoest. J.Macoг. A. Koveг.
E.Wu. R.Griffith, G.Mullen. R.Muгrav. and J.Blosseг*. Astra Arcus USA, Inc., 
Three Biotech, One Innovation Dr., Worcester, MA 01605.

An understanding of the functions of α7 пACҺRs has been hampered by the lack 
of selective ligands. We report here on the in vitro pharmacology of AR-R 17779, 
a subtype-selective full agonist at the rodent α7 пACҺR. This compound exhibits 
high affinity for the α7 пACҺR (K,=9l nM vs 480 nM for (-)nicotine ; 125I-α-BTX 
binding to rat hippocampal membranes) and was highly selective vĵ other пACҺR 
subtypes: 1300 x vĵ α l  ( 125I-BTX binding to BCЗH1 cell membranes); 180 x vĵ αЗ 
(⅜epibatadine binding to PC12 cell membranes); and 180 vs α4 (⅜ nicotine  
binding to rat forebrain membranes). AR-R 17779 was also 180 x selective vĵ the 
M l muscarinic receptor (⅜pirenzepine binding to rat cortical membranes) and 
330 x selective vĵ the 5HTз receptor (⅜ zacopride binding to rat small bowel 
musculaгis membranes). Using cuưent activation of rat α7 пACҺRs expressed in 
Xenopus oocytes as a functional assay, AR-R17779 was found to be more 
efficacious (96 vs 58 % I.A.) and more potent (EC50 of 25 vs 58 µM) than 
nicotine; moreover, AR-R 17779, unlike nicotine, lacked long lasting antagonist 
activity (D.A. Gurley et αl. this meeting). In conưast, AR-R17779 is a poor 
agonist at stimulating (non-α7) nicotinic-mediated ⅜ dopam ine release from 
sfriatal slices (EC50 > 1 mM vs 0.8 uM for nicotine). In summary, AR-R17779 
should be a useful compound for investigating the functions of mammalian α7 
пACҺRs. [Supported by Astra Arcus USA]

331 .11

AR-R 17779, A SELECTIVE α-7 NICOTINIC AGONIST, HAS ANXIOLYTIC 
AND SENSORY GATING-ENHANCING PROPERTIES AND REDUCED 
NICOTINE-LIKE SIDE EFFECTS.
F. Kaiser, T. Hudzik, A. Borrelli, S. Awere, C. Cramer and D. Widzowski*. A stra 
Arcus USA, P.O. Box 20890, Rochester, NY 14602.

AR-R 17779 is a novel, selective, full agonist at α-7 nicotinic receptors which we 
have characterized in several behavioral tests. In elevated plus maze in DBA/2 mice, 
AR-R 17779 increased both entries into and time spent in open arms o f the maze at 
doses of 10 and 20 mg/kg. In fear-potentiated startle in rats, the compound decreased 
the response to the conditioned stimulus at 20 mg/kg. In both o f these tests, AR-R 
17779 had a magnitude of effect which was similar to diazepam. In a food-reinforced, 
anti-conflict test, AR-R 17779 did not increase punished responding (lever-pressing) 
at any dose tested (up to 56 mg/kg), unlike diazepam which increased punished 
responding at doses of 1 to 10 mg/kg. These results suggest that AR-R 17779 has 
moderate anxiolytic properties. In DBA/2 mice with deficits in pre-pulse inhibition of 
acoustic startle (PPI), AR-R 17779 restored the pre-pulse effect to a level comparable 
to normal, non-impaired mice (CF-1). In rats trained to discriminate 0.4 mg/kg 
nicotine from vehicle injections, AR-R 17779 did not substitute for nicotine, even at 
rate-suppressing doses. In rats exploring a familiar open field, both nicotine and 
cytisine (non-selective agonists) induced dose-related, biphasic effects on exploratory 
activity, increasing activity at low doses to a peak (e.g. 0.5 mg/kg o f nicotine) but 
stimulating less activity at higher doses. In contrast, AR-R 17779 did not increase 
exploratory activity at any dose tested (1 to 100 mg/kg). Finally, nicotine induced 
symptoms of neuromuscular impairment (ataxia, tremor) at doses of 1 mg/kg and 
above, while AR-R 17779 induced such symptoms only at doses of 100 mg/kg and 
above. These results show that AR-R 17779, a selective α-7 nicotinic agonist, has 
anxiolytic properties and can restore sensory gating in impaired mice (with possible 
relevance to psychosis) and that this compound has reduced nicotine-like side effects.

331.13
EXPRESSION OF THE HUMAN α7 NEURONAL NICOTINIC 
ACETYLCHOLINE RECEPTOR AND A PARTIAL GENE DUPLICATION. 
C Drebinq1*, J Loqel2, K Benhammou1, M Robinson1, J Gault1, K 
W alton1, J Meriwether2, M Short1, J Hopkins2, R Berger1, M 
Maslak2, C Breese1 and R Freedman1,2 and S Leonard12. 1Depts of 
Psychiatry and Pharmacology, Univ of Colorado Health Sciences 
Center and 2V. A. Medical Center, Denver, CO 80262.

The human α7 neuronal nicotinic receptor is expressed in human 
brain and can also be detected in cycloheximide treated immortalized 
lymphocytes by ectopic PCR. Immortalized lymphocyte cell lines and 
post-mortem brain from normal human subjects were used for a 
genetic screen of cDNA polymorphisms in full-length and duplicated 
transcripts. The full-length α7 transcript includes sequence from all 
10 exons; the duplicated α7 transcript contains exons 5-10 preceded 
by 4 novel exons α7A, α7B, α7C, and α7D. The novel exons exist in 
multiple copies in DNA, but only one copy is associated w ith the α7 
partial duplication. The mRNA containing these novel exons is 
expressed in normal human brain and can be RT-PCR amplified from 
immortalized and · primary lymphocytes and PMN blood cell 
preparations. Analysis of full-length transcripts by SSCP and 
sequencing suggest that various conservative polymorphisms exist in 
the general population. E×onic splice variants are present in 
transcripts from both full-length and duplicated genes. Transcripts 
from the gene duplication contain a tw o  base pair deletion and a non
conservative mutation in some normal subjects. The frequency of 
these various mutations will be detailed in control subjects.
Supported by NIH M H44212, DAO9457 and VA Research Service.

331.10
COMPARISON OF NICOTINE AND THE ALPHA 7-SELECΉVE AGONIST AR-R 
17779 ON nACHR α7 EXPRESSED IN XENOPUS OOCYTES. D.A. Guriev*. T. 
Lanthoгn. T. Rvan, S. Luhowskvi. J. Gordon. Astra Arcus U.S.A., Rochester, NY 14602.

AR-R 17779 binds preferentially to the α7 пACҺR subtype (180-fold selectivity over 
α4ß2) in rat brain (see J. Gordon et al., this meeting). We show that AR-R 17779 elicits 
current in oocytes expressing пACҺR α7 from both chick and rat. Data summarized in 
table below are the average ± S.E.M. of 4-6 oocytes. Efficacy is defined as % control 
current (cuưent elicited by ЗmM ACҺ).

AR-R 17779 was found to be more potent and efficacious than nicotine at rat α7 but 
less potent and efficacious than nicotine at chick α7 . Results with nicotine were in close 
agreement to published values (JPET283:979-992,1997 ; Mol.Pharm.45:212-220, 1994).

Consistent with previous reports on the rat пACҺR α7 (JPET 283:979-992,1997) we 
find that higher concentrations of nicotine (ЗOOµM) cause a long lasting inhibition of 
subsequent ACh-gated cuưent; inhibition by nicotine at the chick receptor was more 
pronounced. ACҺ cuưent 5 minutes after nicotine exposure was 20+5% of control for 
chick and 67+6% of control for rat. AR-R 17779 lacks this long-lasting inhibitory 
activity at both chick and rat α7 ; ACҺ cuưent after AR-R 17779 (ЗOOµM) exposure was 
98±2% for chick and 92±5% for rat.

In conclusion, AR-R 17779 is more potent and more efficacious than nicotine at rat 
пACҺR α7 expressed in oocytes. Moreover, AR-R 17779 lacks long-lasting inhibitory 
activity. These results provide more evidence for species specific differences in the 
agonist binding site of пACҺR α7.

_______ Nicotine ______ AR-R 17779
___________________ EC50 (µM) Efficacy EC50 (µM) Efficacy___________

rat α7 48±6 58±2 25±4 96+5
chick α7 9.9±l.4 75+1 422+47 6O±4

331.12
GENOMIC ORGANIZATION AND PARTIAL DUPLICATION OF THE 
HUM AN α7 NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR 
SUBUNIT GENE. S Leonard1 2⅜, J G ault1, M Robinson1, R Berger1, C 
Drebing1, J Logel2, J Hopkins2, T M oore1, J M eriw e ther2, S Jacobs2, 
EJ K im 1, M J Choi1, K W a lton1, C Breese1, R Freedman1-2. Depts. of 
’ Psychiatry and Pharmacology, Univ, o f Colorado Health Sciences 
Center, and 2V .A . Medical Center, Denver, CO, 8 02 62 .

The human α7 neuronal n icotin ic acetylcholine receptor gene and a 
partial α7 gene dup lica tion have been characterized from  genomic 
DNA. The fu ll-length α7 gene was isolated from  PAC clones and is 
sim ilar in structure  to  the chick α7 gene w ith  ten exons and 
conserved splice junction  positions. The size of the human gene is 
estim ated to  be larger than 65 kb. A  puta tive  prom oter 5 ' o f the 
translation s tart in exon 1 has been cloned and sequenced. The 
prom oter region lacks a TATA box and has a high GC content 
(77% ). Consensus Sp1, AP-2, Egr-1, and CREB transcrip tion  facto r 
binding sites appear to  be conserved between bovine and human 
genes. The α7 пACҺR gene was found to  be partia lly  duplicated w ith  
both loci mapping to  the chrom osom e 15q 13-14  region not more 
than 1Mb apart. A  yeast a rtific ia l chrom osom e (YAC) contig was 
constructed over a genetic distance of 10 cM tha t includes both α7 
loci and the region between them . Four novel exons are described, 
located in genomic clones containing the partia lly  duplicated gene. 
The duplicated sequences, including the novel exons, are expressed 
in human brain. This w o rk  was funded by NIH grants M H 44212  and 
DAO9457, and the Veterans A ffa irs  Medical Research Service.

331.14
EXPRESSION IN HUMAN BRAIN OF NOVEL EXONS ASSOCIATED WITH A 
PARTIAL DUPLICATION OF THE α7 NEURONAL NICOTINIC RECEPTOR. Ę 
Dudek2*. J Gault1. M Robinson1, C Adams1. R Freedman123. MD Browning2. S 
Leonard1,2,3. Depts. of Psychiatry1 and Pharmacology2, Univ of Colorado Hlth Sci 
Ctr, and VA Med Ctr, Denver3, CO 80262.

The gene for the human α7 neuronal nicotinic receptor subunit, which maps to 
human chromosome l5ql4, has been cloned and DNA suưounding the gene 
isolated (Gault et al, 1998, In Press, Genomics). Proximal to the full-length gene, 
exons 5 to 10 have been duplicated with intervening intron sequences. Four novel 
exons (A,B,C, and D) were found 5’ to exon 5 in the duplication clones. These 
novel exons are expressed as mRNA in human brain with duplicated exons 5-10. 
These exons were also found in several Expressed Sequence Tagged (EST) clones in 
GcnBank. An EST clone containing exon A, part of B and exons 5-10 was fully 
sequenced and registered with GenBank (AF036903). In vitro transcription and 
translation from this cDNA results in several products, one similar in size to the 
full-length gene (~63kd) and other major bands of (~4Okd). An open reading frame 
beginning in exon B of cDNA clone AF06903 was found. In the present study, we 
were interested in determining whether any expressed human brain proteins contain 
the novel exons. We prepared antibodies to a peptide corresponding to the amino 
acid sequence for exon A. The polyclonal antibody we raised was affinity purified 
on a peptide antigen column and then used to probe western blots of human 
postmortem material from hippocampus and cingulate cortex. The antibody labeled 
a single band in tissue from both brain regions and there was little evidence of any 
breakdown products suggesting that the levels of this polypeptide may be stable in 
human postmortem samples. Moreover, the immunolabeling of this band was linear 
with protein load indicating that the antibody to exon A can be used to quantify this 
polypeptide in human postmortem samples. This work was funded by NIH Grants 
MH44212 and DAO9457, and the Veterans Affairs Medical Research Service.
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331.15
ABNORMAL REGULATION OF THE HIGH AFFINITY NICOTINIC 
RECEPTORS IN SCHIZOPHRENIA. C.R. Breese , M.J. Lee, CΈ. Adams, B 
Sullivan, K. Benhammou, ƘM. Gillen, and S. Leonard. Department of 
Psychiatry and Neuroscience Program, University of Colorado Health Sciences 
Center, and the V.A. Medical Center, Denver, CO 80262.

Previous studies in human postmortem hippocampus and thalamus have 
shown that schizophrenic subjects who smoke have an abnormally low degree of 
nicotinic receptor upregulation compared to normal control smokers. Current 
studies were undertaken to: 1) characterize [3H]-epibatidine, a novel nicotinic 
receptor ligand, in human postmortem brain; and 2) verify our previous results in 
a larger subject population by comparing nicotinic receptor binding in cortex, as 
well as the caudate, an area known to have nicotine modulated dopamine 
release, of normal control subjects with varying smoking histories (n=57), and 
subjects diagnosed with schizophrenia (n=33). In cortex, [3H]-epibatidine binding 
was highly correlated with [3H]-nicotine binding within subjects (r-0.925), 
suggesting that these ligands are measuring the same receptor type. In contrast 
to the expected increases in nicotinic receptor binding observed in normal control 
smokers (p>0.05), there was no difference in binding in the caudate, and only a 
marginally significant difference in cortex between non-smoking and smoking 
schizophrenics (p=0.05). In both brain regions, schizophrenic smokers had 
significantly reduced nicotinic receptor binding compared to normal control 
smokers (p<0.05). When examined in relation to smoking history, schizophrenic 
subjects had a decrease in the slope of the regression lines of 54% in cortex, and 
60% in caudate relative to normal subjects. Scatchard analysis using cortical 
tissues indicated the changes in receptor number were not related to changes in 
binding affinity. Studies are underway to examine levels of dopaminergic receptor 
populations in these brain regions, as well as the contribution of changes mRNA 
expression. These results lend further support to an abnormality in the 
regulation of the high affinity neuronal nicotinic receptors that may be involved in 
the neuropathophysiology of schizophrenia. [USPHS Grants MH44212, 
DAO9457, AA11164, and HD07408 and VA Medical Research Service]

331.17

SIN G L E  CE LL R T -P C R  A N A L Y S IS  O F R A T  H IP P O C A M P A L  
N E U R O N S  FO R  m R N A  E X P R E S S IO N  O F пACҺR  α 4  A N D  α 7  
S U B U N IT S  A N D  G A D  65  A N D  67 . S . S u d w eek s*  &  J.L. Y ak el. 
Laboratory o f  S ignal Transduction, N IE H S /N IH , R T P, N C  2 7 7 0 9 .

Interneurons in the CA1 field of the rat hippocampus have recently been shown 
to express a functional nicotinic acetylcholine receptor (пACҺR) response (Jones 
and Yakel, 1997 J. Physiol. 504.3:603). This response was reported to be 
partially (about 80%) blocked by α-bungarotoxin (α-BgTx), suggesting the 
involvement of the пACҺR α7 subunit in a large portion of the receptors. A 
functional пACҺR response was also shown to be absent in the principle 
excitatory neurons of the CA1 stratum pyramidale. To further characterize these 
two populations of neurons, we performed single cell reverse transcription- 
polymerase chain reaction (RT-PCR) analysis for the mRNA expression of 
пACҺR α4 and α7 subunits and the glutamic acid decarboxylase (GAD) 65 and 
67 isoforms. Visually identified neurons in 300 µm thick coronal hippocampal 
slices from 11-19 day old rats were analyzed using whole cell recording 
techniques coupled with single cell RT-PCR. Statistical analysis using an 
independent sample t-test of group means (two-tailed, P<0.05, treating the 
relative proportions of positively expressing cells as means) showed significantly 
different patterns of mRNA expression between the interneurons and the stratum 
pyramidale neurons. A higher percentage of the interneuron population was 
expressing detectable levels of пACҺR α subunits and GAD mRNAs. These 
results support the hypothesis that the α-BgTx sensitive пACҺR response in CA1 
hippocampal interneurons is the result of a receptor population containing both 
the α4 and α7 пACҺR subunits, and that these interneurons are GABA-ergic in 
nature.

Supported by the N IH  intramural program

331.19

N icotinic aη Receptors: Functional Receptors Contain aη 
Subunits in Two Different D isulfide-bonded C onform ations.
S. R ak hilin * . Y .F . V allejo. D .S . M cG eh ee . R .C . D гisdeL  D . Sagheг &
W .N . G reen . D ept. Pharm . &  P h y sio l. S c i., U . C h ica g o , C h ica g o , IL.

U sin g  aη  subunits exp ressed  in tsA 2O l ce lls  and ep itope-tagged  in 
their extracellular dom ain , w e  dem onstrate that α7 subunit co m p lex es  are 
inserted into the plasm a m em brane, but do  not form  functional channels 
or bind α-bun garotoxin  (B gt). Fun ctional, B gt-b in d in g receptors can be 
expressed  if  the m em brane-spanning and cytop lasm ic dom ain s o f  the aη 
subunit are replaced by the h o m o lo g o u s region s o f  the 5 H T з subunit. A  
com p arison  o f  the fo ld in g  and assem b ly  o f  α 7/ 5 H T 3 chim eras w ith  that 
aη subunits revealed sign ificant d ifferen ces. B oth  subun its appear to be 
in the sam e conform ation im m ediately fo llo w in g  subunit sy n th esis . 
α 7/ 5 H T 3 subunits, un lik e aη subunits, und ergo a tim e-dependent change  
in redox state that requires the form ation o f  intrasubunit d isu lfid es , 
apparently w ithin the aη dom ain o f  the α 7/ 5 H T 3 chim era. The 
appearance o f  this secon d  subunit conform ation co in cid es w ith  B gt 
binding site form ation and the tw o  α 7/ 5 H T 3 subunit conform ations  
assem bled  together into surface receptors. In ce ll lines o f  neuronal origin  
that produce functional aη receptors, aη subunits undergo a 
conform ational change sim ilar to the α 7/ 5 H T 3 subunit, aη sub u n its, 
thus, can fo ld  and assem ble b y  tw o  different p ath w ays. Sub units in a 
s in g le  conform ation assem ble into nonfunctional receptors, or subunits 
undergo additional fo ld ing in specia lized  ce lls  to produce functional 
receptors w ith  subunits in tw o  conform ations. Our resu lts su g g est that 
α 7 subunit d iversity can be ach ieved  postranslationally and is required 
for the assem b ly  o f  functional hom om eric receptors. Supported by grants 
from the NIH, Brain Research Foundation and an Am. Heart Assoc. Fellowship (SR).

331.16
THE EFFECT OF NICOTINE AND HALOPERIDOL ON HIGH AFFINITY 
NICOTINIC RECEPTORS AND DOPAMINE D2 RECEPTORS IN THE RAT 
BRAIN. M.J. Lee*1, C.R. Bгeese 2, and S. Leonard 123 ’Neuroscience 
Program and Departments of 2Psychiatry and 3Phaгmacology, University of 
Colorado Health Sciences Center, Denver, CO 80262.

Roughly 90% of schizophrenics are smokers compared to about 20-30% of 
the general population. This suggests a potential role for the nicotinic 
acetylcholine receptor in the neuropathophysiology of schizophrenia. Recent 
studies in this laboratory using human post mortem brain tissue from smokers 
and non-smokers demonstrated an increase in [3H]-nicotine binding that is 
reversible and dose-dependent. Reversible and dose-dependent up-regulation 
was reduced in schizophrenics who smoke. These results suggested abnormal 
regulation of nicotinic receptors in schizophrenic patients.

One of the complications involving human post-mortem brain tissue is 
controlling for the variability in the drug histories of the subjects. Commonly 
prescribed anti-psychotic drugs have many documented effects on central 
neurotransmission systems in the brain including dopaminergic transmission. 
We investigated the possibility that haloperidol, a commonly prescribed anti
psychotic drug and dopamine D2 receptor antagonist, can affect nicotinic 
receptor levels in the central nervous system. Rats were injected with either 
haloperidol, nicotine, or both for a period of 6 weeks. Homogenate binding 
assays with [3H]-nicotine and [3H]-epibatidine were used to assess high affinity 
nicotinic binding sites in specific areas of the brain. Nicotinic binding levels were 
elevated in nicotine-only treated rats as well as rats receiving haloperidol and 
nicotine. No increase in nicotinic binding was observed with haloperidol alone. 
[3H]-Spiperone binding showed expected increases in D2 binding levels in the 
striatum with haloperidol that was not effected by nicotine. No major effects 
were observed on dopamine D1 or muscarinic cholinergic binding levels. These 
results show that there is no effect of haloperidol on nicotine induced 
upregulation of nicotinic binding in the rat and suggest that decreased nicotine 
binding in brains of schizophrenic smokers is not due to chronic treatment with 
typical neuroleptics. [Support: USPHS Grants MH44212, DAO9457, AA11164, 
Neuroscience training grant T32HD07408 and VA Medical Research Service]

331.18
Neuronal α-Bungarotoxin Receptors Are H om om ers 
Composed of Five aη Subunits. R·C· D risdel. S . Rakhilin &
W .N . G reen*. D ept. Pharm. P h ysio l. S c i., U . o f  C h icago , C h icago , IL 
6 0 6 3 7 .

The exact subunit com p osition  o f  neuronal nicotinic acetylcholine  
receptors (A C hR s) that bind α -b u n garotoxin  (B gt) rem ains u n k now n. 
W e have previou sly  sh ow n  that PC 12 cells  exp ress a sin g le , 
h om ogen eou s population o f  these B gt receptors (BgtR s; R an gw ala et a l., 
1997). In this study, w e  have determ ined the subunit com p osition  o f  
these receptors and found that they are pentam ers com p osed  so le ly  o f  a η  
ACҺR subunits. Several observations led to this co n clu sio n . U nder  
conditions in w h ich  PC 12 B gtR  subunits are partially cross linked to 
each other and l25I-B gt, receptors migrate on SD S -p olyacrylam id e gels  
as a ladder con sistin g  o f  fiv e  bands. The apparent m olecular w eight o f  
each band is a m ultiple o f  the m onom er-B gt cross linked com p lex  (64  
kD ). On w estern blots o f  affinity purified PC 12 B g tR s, a η  subunit- 
specific  antibodies bind to a sin g le  band w h ich  m igrates at an apparent 
m olecular w eight o f  56  k D , w h ich  correspond s to the m onom er band 
observed  in cross-lin k in g experim ents m inus B gt (m ol. wt. =  8 kD ). A  
sin gle  band o f  identical m olecu lar w eight w as a lso  observed  after affinity  
purification and SD S-p olyacrylam ide ge l electrophoresis o f  m etabolically  
labeled  PC 12 BgtR s. R esu lts o f  tw o-d im en sion a l gel analysis o f  labeled, 
affinity purified B gtR s is a lso  con sisten t w ith the presen ce o f  o n ly  a η  
subunit protein. Our data provide direct ev id en ce that B g tR s found in 
PC 12 ce lls  are a η  subunit hom om eric pentamers and are structurally 
different from  other A C h R s, w h ich  are heterom eric pentam ers. Supported 
by grants from the NIH, Brain Research Foundation and an American Heart 
Association Fellowship (S.R.).

331.20
M E M B R A N E  T O P O L O G Y  O F  T H E  α 7  N I C O T IN I C  
A C ET Y LC H O LIN E R E C E PTO R .
J. Grigston. H .M .A. VanDongen. and A.M.J. VanDongen*
Dept Pharmacol &  Cancer Biol, Duke Univ Med Ctr, Durham, NC 227710.

Hydrophobicity profiles o f all ligand gated ion channels display four 
hydrophobic segments (M l-M 4), the first three of which are closely spaced. In all 
these channels, the amino terminus contains elements critical for ligand binding, 
while the M2 segment is thought to line narrow part of the ion conduction 
pathway. The observation that open channel blockers (MK-801, mecamylamine) 
cannot distinguish glutamate receptors from nicotinic receptors, suggested that the 
pores of ligand gated ion channels are structurally related. This conservation is 
supported by the fact that the M2 regions of all ligand ion channels display 
significant amino acid homology with pore-forming regions of voltage-gated K 
channels. The current membrane topology model for the nicotinic receptor 
assumes that all four M-segments span the membrane once as an alpha-helix. 
However, we and others have challenged this topology model for the ionotropic 
glutamate receptor family. In this new topology, M2 forms a re-entrant hairpin 
loop, similar to the pore-forming region of voltage-gated K channels. Because of 
the above-mentioned evidence for structural conservation, we have re-examined 
the membrane topology o f the nicotinic receptor. Novel N-glycosilation 
consensus sequences were introduced in the M 3-M 4 linker, as well as in the 
C-terminus. Altered N-glycosylation is evaluated using Western analysis. In 
addition, cysteine substitutions were introduced before M l,  in the M l-M 2  and 
M 2-M 3 linkers and past M3. Accessibility o f the introduced cysteines to 
membrane-impermeable thiol-specific reagents is evaluated using 
electrophysiology assays on Xenopus oocytes expressing mutant receptors.
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331.21
GENERATION AND ANALYSIS OF TWO HOMOZYGOUS LETHAL MICE 
WITH MUTATIONS IN NEURONAL NICOTINIC RECEPTOR GENES: THE α7 
L247T AND THE ß4.«3.<x5 CLUSTER DELETION. A. Orг-Uгiгcgcг.'* M, Kcdmi1. 
A. Haπncli».2 M, Segal.2 L. Goldberg.3 !. Lorcn/.o.3 H. Dana,1 W. Xu.3 J.W, Patrick.4 
A.L. Beaudcl3. 'Genetic Institute. Tcl-Aviv Sourǎsky Medical Center and "The 
Wci/mann Institute of Science, Rehovot. Israel, and 3Dept. Molecular and Human 
Genetics and 'Dept, of Neuroscience. Baylor College of Medicine. Houston, TX.

We have generated mice with multiple single and combinatorial mutations in α 
and ß neuronal nicotinic acetylcholine receptor (nAChR) subunit genes and report 
here our progress in the analysis of two phenotypically lethal homo/ygous mice.

α7 homo-oligomeric receptors that carry a L247T substitution in the ion channel 
core in-vitro previously demonstrated paradoxical pharmacology and significantly 
higher calcium permeability. An homozygous L247T mutant mice was generated by 
using a ¡oxľ shuttle vector. Most mutants die several hours after delivery and 
abnormal postnatal phenotype can be detected before the start of lactation. To 
determine the cause of lethality they are analyzed by morphological and 
electrophysiological methods.

The ß4, αЗ and α5 nAChR subunits arc tandemly arranged in a gene complex 
which is conserved in human, rat. mouse and chicken. A null mutation for the entire 
complex was generated by crc-mcdiatcd deletion in embryonic stem cells Animals 
homozygous for this mutation are lethal, and demonstrate multiple abnormalities 
affecting anatomy and function of multiple systems. In comparison to the single α.3 
nAChR lethal mutation (see W. Xu. et al) the triple mutant reveals a more severe 
phenotype in terms of mortality and inv olvement of internal organ systems.

The mutants w ill increase our understanding of the normal role of these nACliRs in 
the peripheral and central nervous system and their contribution to development and 
normal function of various systems. Supported by the Council for Tobacco Research.

331.23

NEURONAL ACHRS CO N TAIN ING  α7 SUBUNITS ARE 
CO NCENTRATED ON SO M ATIC SPINES. R.D. Shoop. 
M,E, M artone* ł. N. Yam ada†. M. H. E llisш an† and D.K. 
B e r g . Dept. B iology & †Nat. C enter for M icroscopy and 
Im aging Res., Dept. Neurosci., UCSD, La Jolla , CA 92093.

Little is known about the ultrastructural distribution of 
nicotinic ACh receptors on neurons. M ost abundant are 
receptors containing α7 subunits (α7-AChRs), found at high 
levels on chick ciliary ganglion (CG) neurons. Previous 
confocal studies reported perisynaptic α7-AChR clusters on 
CG neurons w hile electron m icroscopy (EM) suggested the 
receptors were associated w ith sm all protrusions from the 
soma. We exam ined α7-A C hR s on acutely dissociated CG 
neurons from  em bryonic day 15 chicks using imm unogold  
and EM. Labeling with α-bungarotoxin and 10 nm colloidal 
gold showed α7-ACҺRs concentrated  on fin ger-like somal 
projections. A 3D analysis o f the projections in 1-2 µm 
thick sections was perform ed using high voltage EM and 
electron tom ography. R econstructions o f the plasmalemm a  
revealed discrete clusters o f projections, and the projections 
were heavily lined with α7-ACҺRs. M any fewer α 7 -A C h R s  
were detected on adjacent sm ooth plasm a m em brane. The 
projections apparently represent som atic spines: they have 
the expected dim ensions (ca. 0.2 µm diam.; < 2 µm length), 
co n ta in  fila m e n to u s  a c tin , and lack  m icro tu b u le s .  
Sequ estering α7-ACҺRs on som atic sp ines may facilitate  
local regu lation  o f  receptors by syn ap tic  even ts while  
protecting the cell body from  calcium  influx through the 
receptors. (NIH RR04050, NS12601 & NS35469; TRDRP).

331.25

FUNCTIO NAL BLO CK ADE OF NEURO NAL ACHRS BY 
IN T R A C E L L U L A R  D IA L Y SIS W ITH  M O N O C LO NA L  
A N T IB O D IE S : I D E N T IF IC A T IO N  O F AN  α 7 -
CO N TAIN ING  R ECEPTO R  SU B T Y P E . I. C uevas, and
D.Ҟ . Berg*. Depart, o f Biol., UCSD, La Jolla, CA 92093.

Rat intracardiac ganglion (IC) neurons express nicotinic 
ACh receptors w ith α7 subunits (α7-ACҺRs) that bind α- 
b u n g a ro to x ¡n  (α B gt). α B g t¯ sen sitiv e  resp on ses  in IC 
neurons exhibit 7-A C hR -like pharm acology, but desensitize  
slow ly and are blocked reversibly by αBgt, in contrast to 
α7-A C hR  respon ses in o th er  cells . U sing in trace llu lar  
application o f m onoclonal antibodies (m Abs), wҽ show here 
that in IC neurons α7-ACҺRs generate the currents.

Cultured (2-4 days) IC neurons from neonatal rats were 
studied w ith w hole-cell patch-clam p recording techniques. 
mAbs (10 nM) were delivered via the patch pipette (10 min 
dialysis). W hen mAb 35 (which recognizes α l ,  αЗ, and α5, 
but not α7 subunits) was used, currents of -3.3 ±  0.5 and 
-1.8 ±  0.3 nA (mean ± SEM; n=8) w ere evoked by 0.5 mM 
ACh (-60 mV) in the absence and presence o f 50 nM α B gt, 
respectively (com parable to that seen w ithout m Abs). In 
contrast, with mAb 319 (specific for an intracellular epitope 
of α7), currents o f -1.9 ± 0.3 and -1.5 ±  0.3 nA (n=14) 
were obtained in the absence and presence o f αBgt. The 
results dem onstrate that m Ab 319 specifica lly  blocks the 
αBgt-sensitive response, that IC neurons contain α7-A C Һ R s  
with distinct kinetic and binding properties, and that α7- 
AChRs can be selectively  m odulated at intracellu lar sites 
with an anti-α7 mAb. (NIH NS12601 & NS35469; TRDRP)

331.22
MICE HOMOZYGOUS FOR THE α 7  L247T NICOTINIC  
ACETYLCHOLINE RECEPTOR MUTATION SHOW IN C R EA SED  
NEURONAL APOPTOSIS AND DIE WITHIN 24 HOURS OF BIRTH.
R.S. Broide1*, A. Orr-Uгtreger3. H. Dang1. M.R. Kasten‘. J.A. Dani‘ , A.L. Beaudet2 
andJ.W. Patrick1: Departments of ‘Neuroscience and 2Molecular and Human Genetics, 
Baylor College of Medicine, Houston, TX 77030 and 3Genetic Institute, Tel-Aviv 
Sourasky Medical Center, Israel.

Recent studies have shown that a threonine for leucine 247 substitution (L247T) in 
the channel domain of the α7 nicotinic acetylcholine receptor (nAChR) increases 
agonist affinity, decreases the rate of desensitization and gives rise to an additional 
channel conductance. We have generated mice that stably express this mutant form of 
the α7 nAChR using the techniques of homologous recombination and here report 
characteristics of these mice. Mice heterozygous for the L247T mutation are viable 
and neuroanatomically normal compared to wild-type littermates. In situ hybridization 
demonstrated similar levels of α7 mRNA expression in both L247T heterozygous and 
wild-type adult mouse brains. However, [ l25I]α-bungarotoxin (α-BTX) binding site 
levels were slightly reduced throughout the brains of L247T heterozygotes compared to 
wild-type. In contrast to the heterozygote mice, the homozygote L247T mice do not 
suckle and die within 24 hours of birth. Autoradiograpic analysis of α7 mRNA and 
α-BTX binding site expression in brains from wild-type and heterozygous P() pups 
revealed high levels within the somatosensory cortex (SSI) and the hippocampus, 
while brains of L247T homozygous littermates exhibited an overall reduction in levels 
of both α7 mRNA and α-BTX binding sites. Moreover, neurohistochemical analysis 
revealed positive TUNF.L staining throughout the SSI and in the hippocampus of 
L247T homozygotes. Electrophysiological evaluation of cultured hippocampal 
neurons from wild-type, heterozygous and homozygous littermates showed distinct 
nicotine-evoked currents, all blocked by MLA. These observations suggest that 
neurons in the developing brain expressing minimal levels of α7 L247T mutant 
пACҺRs are susceptible to premature apoptosis, possibly due to increased Ca2+ influx. 
Supported by USPH grant 5R37DA04077 and the Binational Science Foundation.

331.24

TRANSPORT OF α7-C O N TA IN IN G  NEURO NAL ACHRS 
ALO NG  TH E SC IA T IC  N E R V E . A .L . R oth . W .G. 
C onrov*. and D .Ҟ . B erg. Departm ent o f B iology, UC San 
Diego, La Jolla, CA 92093.

N icotinic acetylcholine receptors (AChRs) blocked by α- 
bungarotoxin (αBgt) can m odulate neurotransm itter release 
presynaptically and are thought to contain α7 subunits. We 
turned to the sciatic nerve as a possible source of such 
receptors for com parative purposes. We report here that the 
sciatic nerve contains receptors indistinguishable from α7- 
contain ing receptors (α7-ACҺRs) on neuronal som ata and 
that the receptors are transported distally in the nerve.

Detergent-extracts prepared from em bryonic day 18 chick 
sciatic nerves were assayed for α7-ACҺRs in two-site solid- 
phase im m u n op recip ita tion  assays w ith su b u n it-sp ec ific  
m on oclon a l a n tib o d ie s  to  te th er  th e recep to rs  and  
ra d io io d in a ted -α B g t to quantify them . The nerves contain 
su b stan tia l am ounts o f the recep tors, and com petition  
b in d in g  stu d ies  show  th em  to be p h a rm aco log ica lly  
in d ist in g u ish a b le  from  α7-ACҺRs in the chick ciliary  
gan glion . L igation  exp erim en ts  at p osth atch  day 8 
demonstrate that α7-ACҺRs in the sciatic nerve are in transit 
to the periphery. The receptors may well be motoneuron α7- 
AChRs destined for presynaptic sites at the neurom uscular 
junction . A possibility  still to consider, however, is that 
some or all may be sensory in origin, destined for peripheral 
locations and unknown function: sensory neurons produce
low levels o f α7-ACҺRs, and extend processes along the 
sciatic nerve. (Supported by the NIH, TRDRP, & DAAD)

331.26
CHARACTERIZATION OF A RAT NEURONAL NICOTINIC ACETYLCHOLINE 
RECEPTOR α7 PROMOTER. R,T. Bovd* and U. Naaavarapu Departmѳnl 
of Pharmacology, The Ohio State University College of Medicine, 
Columbus, Ohio, 43210.

пACҺRs binding the snake venom toxin, α-bungarotox¡n 
(αBgt), are expressed in the CNS as well as in autonomic neurons, and 
function as ligand-gated cation channels. Many of these αBgt-AChRs 
contain the α7 subunit. Isolation of the α7 promoter will aid in 
understanding the mechanisms controlling α-Bgt-AChR expression, 
and could provide a mechanism to implement cell-type specific over- 
expression of the α7 gene.

A rat genomic library was screened using a rat α7 cDNA as a 
probe. Several genomic clones containing the α7 gene were isolated. A
2.4 kb genomic fragment containing the 5’ end of an α7 cDNA was 
sequenced completely. Restriction fragments from this genomic region 
were subcloned into a luciferase expression vector and transfected into 
PC12 cells. A putative α7 promoter was identified which could be 
expressed in PC12 cells, but not in L6 cells (rat skeletal muscle 
myoblasts). Ribonuclease protection assays and 5’ RACE were used to 
determine the transcriptional start site. Several consensus 
transcription factor binding site sequences were present in a 178 
nucleotide DNA with promoter activity. These included Sp1 and Myc- 
Max. The functional roles of these sequences was determined.
This work supported by AHA (Ohio Affiliate), Bremer Foundation 
(Columbus, Ohio) and NIH Grant NS29746.
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331.27
NICOTINIC α7 RECEPTOR EXPRESSION MODULATES CELLULAR 
GROWTH CHARACTERISTICS. G. Jevarasasineam*. L. Chizmar, and M. 
Ouik. The Parkinson’s Institute, Sunnyvale, CA 94089.

The function o f the α7 nicotinic acetylcholine receptor subtype in the nervous 
system is unclear although emerging evidence suggests an involvement in the 
modulation o f presynaptic inputs and neuronal plasticity. A difficulty in 
assessing a role for this receptor may relate to the presence o f other nicotinic 
receptor subtypes whose activation masks effects mediated through α7 
receptors. As an approach to investigate the role o f the α7 receptor subtype in 
growth, we have used a relatively simple system consisting o f a cell line (GH4C, 
cells) stably expressing transfected α7 receptors and no other nicotinic receptor 
subtypes. Untransfected cells (con), a transfected cell line expressing negligible 
amounts o f receptor (#10), and two clonal cell lines expressing relatively high 
receptor titers, #29 (22.4 fmoł/106 cells) and #57 (13.1 fnıol/106 cells), were 
used. A 50% decrease in ¾-thymidine incorporation was observed in the cell 
lines (#29 and #57) expressing the receptor as compared to control and #10 cells. 
This effect was observed at different cell densities and was time dependent. 
MPTP and it active metabolite MPPł , toxins which cause cellular degeneration, 
resulted in decreased ¾-thymidine incorporation in control GH4C, cells after 24 
hours. Interestingly, exposure to these toxins resulted in a greater decline in 3H- 
thymidine incorporation in the #29 and #57 cell lines as compared to the control 
and #10 cells, demonstrating an enhanced vulnerability to the neurotoxins in 
cells expressing α7 receptors. Both these toxins inhibited α-bungarotoxin 
binding with an IC50 o f 50-100 µM. The above results suggest that the presence 
o f α7 receptors may modulate cellular growth properties. Supported by the 
Verum Foundation.

331.28
M O D U L A T IO N  B Y  ZIN C  IO N S O F W ILD  A N D  M U T A N T  

N E U R O N A L  α 7  N IC O T IN IC  R E C E PTO R S. EL Palma. L ·  M aggi.
F. Eusebi* and FL M iledi. D ept. Exp. M ed. R om e U n iv ., V ia  delle  
M essi ď O ro 156 100158 Rom a &  Lab. Cell. &  M ol. N euгobiol., 
U n iv .o f California Irvine, CA  92 7 1 7 -4 5 5 0 .

Zn2+ is largely present in several regions o f  the brain, stored in 
synaptic v escicles o f  nerve terminals and released upon stim ulation at 

concentrations nearly 1 µM . A  large body o f  ev id en ce indicate that 
Zn2+ serves pleiotropic functions in cell tissues, for instance acting as 
m odulator o f  postsynaptic neurotransm itter receptors in the central 
nervous system . A  study w as m ade o f  the effects o f  Zn2+ on 
h o m o m e ric  neuronal nicotinic receptors expressed  in X e n o p u s  
oo cy tes  after injection o f  c D N A  en cod in g the w ild  type chick α 7  
subunit. Zn2+ alone did not e lic it m em brane currents while  
acetylcholine elicited  large currents ( і Acһ) that w ere reduced by Zn2+ 
in a reversible and d ose-d ep en dent manner, with a half-inhibitory 

concentration o f  27 µM  and a H ill co effic ien t o f  0 .4  respectively. The  
inhibition o f  L a , by Zn2+ w as com p etitive and voltage-ind ep en dent, a 
behavior incom patible with a channel blockade m echanism . It is 
conclu ded  that Zn2+ behaves as a reversible blocker o f  wild α 7  
receptor suggesting that at p h ysiological con cen ư ation s Zn2+ is a 
neurom odulator a lso o f  h o m o m e ric  nicotinic α 7  receptors. T h is work  
w as supported by T elethon fello w sh ip  (to E .P.).
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332.2332.1
FUNCTIONAL PROPERTIES OF HUMAN αЗß2 AND αЗß4 NICOTINIC 
ACHRS IN PERMANENTLY TRANSFECTED CELLS. M.E. Nelson*. F. Wang. 
A. Kurvatov. and J.M. Lindstrom. Department of Neuroscience, University of 
Pennsylvania Medical School, Philadelphia, PA 19104.

Human αЗß2 and αЗß4 AChRs have been permanently transfected into tsA2Ol 
human embryonic kidney cells. Here we describe the electгophysiological 
characterization of these AChRs using whole-cell and single channel patch clamp. 
Comparisons between the two cell lines show the influence of the ß subunit on human 
αЗ ACҺR pharmacological and kinetic properties. Each ACҺR type was activated by 
acetylcholine (ACҺ) or nicotine (Nic) with the following EC*s: 209 or 70 µM, 
respectively for αЗß2 and 79 or 55 µM respectively for αЗß4 AChRs. Compared to 
ACҺ, Nic had 60% and 80% efficacy on αЗß2 and αЗß4 AChRs, respectively. αЗß2 
AChRs exhibited extremely rapid desensitization, while αЗß4 AChRs desensitized 
more slowly. The time constants for the decay of each subtype were 84 ms for αЗß2 
AChRs and 380 ms for αЗß4 AChRs. For comparison to αЗß2 AChRs to illustrate 
the effect of the α subunit on ACҺR functionality, human α4ß2 AChRs in 
permanently transfected tsA2Ol cells were also characterized. The EC*s for this 
ACҺR were 67 and 27 µM for ACҺ and Nic, respectively. Nic had 85% efficacy. 
The decay of α4ß2 currents was biexponential with time constants of 124 and 674 
ms. Thus, the ß2 subunit (compared to ß4) accelerates the decay and raises the EC* 
of αЗ AChRs, while the α4 subunit (compared to αЗ) slows the decay and lowers the 
EC* of ß2 AChRs.

Single channel currents recorded from the αЗß4 cells revealed open times of 5.4 
and 32.4 ms. These values differed from the values for αЗß4 AChRs expressed in 
Xenopus oocytes, which had open times of 1.4 and 8.1 ms. Interestingly, αЗß4 ACҺR 
channels in tsA2Ol cells exhibited frequent subconductance level transitions that were 
not observed for this ACҺR expressed in oocytes. These differences show the 
expression system influence on ACҺR functional properties. (Support: NRSA 
fellowship to M.N. and grants to J.L. from NINDS, STRC, CTR, and MDA)

CORRELATION BETWEEN DESENSITIZATIO N AN D  UP- 
REGULATIO N FOR α4ß2 AND αЗß4 NEUR O N AL NICO TIN IC  
RECEPTORS. C.P. Fenster*, T. Whitworth, M .L. Beckman, M.W. Quick 
and R.A.J. Lester. The Department o f Neurobiology, Univ, o f Alabama at 
Birmingham, Birmingham, A L  35294 

Chronic exposure to low (tobacco-related) concentrations o f nicotine 
induces upregulation o f neuronal nicotinic acetylcholine receptors 
(пACҺRs) in brain. It has been hypothesized that this upregulation is 
coưelated with the magnitude o f receptor desensitization. To test this 
hypothesis, we first examined the magnitude o f desensitization induced by 
twenty-four hour incubation in various nicotine concentrations for αЗß4 
and α4ß2 пACҺRs expressed in Xenopus oocytes. Dose response curves 
reveal the affin ity for desensitization is approximately ten-fold higher fo r 
α4ß2 (IC50 = 24 ± 7 nM ) than for αЗß4 пACҺRs (IC 50 = 213 ± 108 
nM). Next, we compared these results to upregulation o f receptor number 
induced by chronic treatment by measuring specific [ЗH]nicotine b inding 
to intact oocytes. For α4ß2 пACҺRs, upregulation was dose-dependent; 
two-fo ld increases in receptor number occurred w ith incubation o f 60 nM  
nicotine. Two-fold upregulation o f αЗß4 receptor number required 
incubation with 1 µM  nicotine. Nicotine concentrations that failed to 
induce desensitization (1 nM for α4ß2 and 60 nM for αЗß4) failed to 
induce receptor upregulation. These data show that α4ß2 and αЗß4 
пACҺRs exhibit d ifferent affinities for nicotine-induced desensitization 
and, consistent with the hypothesis that desensitization initiates 
upregulation, demonstrate that the magnitude o f desensitization coưelates 
w ith the magnitude o f receptor upregulation.

Supported by PHS grant NINDS NS31669

332.3
IDENTIFICATION OF UPSTREAM SEQUENCES REQUIRED 
FOR EXPRESSION OF THE ACETYLCHOLINE RECEPTOR 
SUBUNIT GENE als IN DROSOPHILA
D P , Ma, H. Luo, J G. Ma. J. Russak, M  Pierzchala, A Radulescu  
and T. Schm idt-G lenew inkel*. Departm ent o f  B io log ica l Sciences, 
Hunter C ollege and Graduate Center o f  C U N Y , N e w  Y ork, N Y  10021 

The a ls  g en e en cod es an α -lik e  subunit o f  one o f  the tw o  subtypes o f  
neuronal nicotinic acetylcholine receptors (nA C hR ) from  D ro so p h ila .  W e 
are interested in studying the regulatory seq u en ces required for temporal 
and spatial expression o f  the a ls  gene. Primer extension  analysis and 
RA C E -PC R  w ere carried out to  establish the transcription start site in 
both embryo and adult flies. S eq u en ces  flanking the 5'-side o f  the 
transcription start site w ere obtained by screening a gen o m ic  library. 
Sequences o f  various len gth  w ere clon ed into the P -elem ent vector  
CZ2OXN generating prom oter fusion w ith the la c Z  reporter gene. After 
establishing balanced transform ed stocks, w h o le  m ount em bryos and 
frozen sections from head and from the w h o le  body o f  adult flies  w ere  
analyzed for expression o f  the la c Z  g en e  to  establish  the minimum  
sequences required for a ls  expression in D ro so p h ila .
Supported by P S C -C U N Y  Grant 6 6 7 1 7 8  and RCM I Aw ard R R -03037, 
N1H

332.4
α4-lß2 AND αЗß4 NEURONAL NICOTINIC ACETYLCHOLINE 
RECEPTORS HAVE MULTIPLE COMPONENTS IN THEIR AGONIST 
CONCENTRATION-RESPONSE RELATIONSHIPS. J.G. Connolly* and P.J.O. 
Covcгπton. Dept, of Physiology and Pharmacology, University of Strathclyde. 
Royal College, 204 George Street, Glasgow, G1 1XW, Scotland, U.K..

We have studied agonist responses of rat neuronal nicotinic receptors expressed 
in Xenopus oocytes using voltage clamp techniques. In general, agonist 
concentration-response plots for the αЗß2, αЗß4, α4-lß2, α4-lß4 and α7 
combinations were poorly fitted by a single component Hill-equation. A two 
component Hill equation for α4-lß2 gave a significantly better fit than one 
component regardless of whether equal weights (p<0.01) or weights of 1/variance 
(p<0.01) were used, and ECs〇 estimates of 0.30 ± 0.08 µM and 58.3 ± 21.1 µM 
were obtained. The equal weights (p<0.01) and weights of 1/variance (p<0.05), 
two-component fits for αЗß4 also showed a significant improvement over single 
component Ills, and gave estimates for EC5〇 values of 39.0 ± 4.81 µM and 2919 ± 
3466 µM. Thus expression of pairs of nicotinic receptor subunits in Xenopus 
oocytes may produce more than one functionally distinct receptor subtype. These 
fils revealed an especially high affinity site for the α4-lß2 combination. Native 
receptors containing these subunits may be therefore be more sensitive to the 
effects of smoking than previously suspected and published EC5〇 values for all 
multiple subunit combinations may need to be re-evaluated.

Acknowledgements: We would like to acknowledge the support of The 
Wellcome Trust, The M.R.C. (U.K.), The Royal Society, S.H.E.R.T., and the 
Strathclyde University Research and Development Fund. We would also like to 
thank Profs. Sieve Heinemann, David Johnson (Salk Institute), Jim Boulter, 
(UCLA) and Robert Duvoisin (Cornell University) for the provision of ACҺR 
subunit cDNAs. We also thank Prof. David Colquhoun and Dr Alasdair Gibb 
(University College London) for helpful discussions and analytical software (DC).
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332.5
A NOVEL APPROACH FOR DETERMINING THE SURFACE 
ACCESSIBILITY OF INDIVIDU AL RESIDUES OF THE NICOTINIC 
ACETYLCHOLINE RECEPTOR. A. Spura. N. Freedman. S. Agгawal and E. 
Hawrot*. Department of Molecular Pharmacology, Physiology, and Biotechnology, 
Brown University, Providence, RI 02912.

In order to elucidate residues of the nicotinic acetylcholine receptor (nAChR) that 
participate in α-bungaгotoxin (α-Bgtx) binding, we previously designed a series of 
mouse muscle nAChR mutants between positions 183 and 198 of the α-subunit, 
wherein individual amino acids were replaced by a cysteine. We demonstrated that 
residues W187C, V188C, F189C, Y190C and P194C are each in a position to 
contribute to the α-Bgtx binding site in native receptors, whereas the other residues, 
aside from C 192/193, do not seem to be involved in α-Bgtx binding. In order to 
characterize this region further, we have designed a novel approach that allows us 
to systematically scan the surface accessibility of individual residues. In this 
approach, Cys-substituted mutant α-subunits are transiently expressed in HEK, and 
a biotin moiety is covalently attached by modification with MTSEA-Biotin. 
Subsequently, cells are lysed and the biotinylated proteins are isolated using 
streptavidin-agarose. Biotinylated α-subunit is then detected by Western blotting 
with an anti-α antibody. Using this strategy, we have been able to confirm that the 
thiols introduced by W187C and F189C mutations are surface-exposed as expected. 
In addition, reduced wild-type receptors can be successfully biotinylated and detected 
on the Western blot, whereas the H186C mutant appears to be expressed at very low 
levels on the cell surface. Importantly, biotinylation of both reduced wild-type and 
surface-accessible mutant receptors can be blocked by preincubation with the thiol 
modifier, Bromoacetylcholine (BrACh), indicating the specificity of the assay.

This assay should be applicable to mapping the surface accessibility of other 
residues on the nAChR or on other cell-surface receptors that can be expressed in a 
heterologous system. (Supported by NIH-GM32629 &  NS34348).

332.6
A CATION-π INTERACTION AT αTRPl49 GOVERNS ACTIVATION OF THE 
MOUSE MUSCLE NICOTINIC RECEPTOR: UNNATURAL SIDECHAINS, AB 
INITIO CALCULATIONS, AND A TETHERED AGONIST. W. Zhone. J. P. 
Gallivan. Y. Zhang. H. Dang*. H. A. Lester, and D. A. Dougherty. Caltech, 
Divisions o f Biology and of Chemistry and Chemical Engineering, Pasadena, CA 
91125.
Although crystallographic data show that a cation-π interaction participates in the 
binding o f the quaternary ammonium group o f acetylcholine (ACҺ) to the catalytic 
site o f acetylcholinesterase, there has been no proof for such an interaction at ligand
gated channels. Using the nonsense codon suppression technique for unnatural 
amino-acid mutagenesis and oocyte expression, we substituted several Trp 
derivatives for wild type (WT) Trp residues at positions α86, αl49, αl84, and 
γ55/δ57. At αl49 only, there were major changes in EC50. Within the structurally 
similar series of fluorinated Trp derivatives, log(EC50) changed linearly with the 
calculated cation-π binding energy. We then synthesized and incorporated Tyr- 
OЗQ, which can position the quaternary ammonium group like one in van der Waals 

contact with the 6-ring o f αTrpl49. Receptors 
with Tyr-OЗQ at position α l49 showed 
standing currents, particularly when they 
contained a single M2 Leu9’ Ser mutation (ß 
subunit) that renders the receptor more 
sensitive to agonists but does not itself 
produce activation. The standing currents had 

single-channel amplitudes identical to those o f WT receptors, were blocked by QX- 
314, by TMB-8, and by d-tubocurarine, and desensitized during additional responses 
to ACҺ, showing constitutively active nicotinic channels. Thus a cation-π interaction 
at αTrpl49 governs activation. Supported by NS-11756 and NS-34407.

332.7
NICOTINE SENSITIVITY AND NICOTINIC RECEPTOR LEVELS IN CREBα-δ 
NULL MUTANT MICE. J.A. Stitzel1*. J.H. Kogan2, A J, Silva2, and A C. Collins1. 
IBG1, University of Colorado, Boulder, CO 80309, Cold Spring Harbor Laboratory2, 
Cold Spring Harbor, NY, 11724.

Alterations in the cAMP signaling pathway are believed to be involved in 
tolerance development and withdrawal in animals chronically treated with opiates. 
Reduction of one of the components of this pathway, the cAMP response element 
binding protein (CREB), has been shown to attenuate symptoms of nalôxone- 
precipitated morphine withdrawal. In addition, mice that have been engineered to 
lack the α and δ isoforms of CREB exhibit decreased tolerance to morphine and 
show reduced withdrawal symptoms.

Very little is understood about the molecular mechanism underlying addiction to 
nicotine. However, nicotine has been shown to induce components of the cAMP 
pathway in vitro. Therefore, we examined CREBα-δ null mutant mice for their 
sensitivity to the hypothermic and locomotor-depressant effects of an acute challenge 
of nicotine. These measures have been shown previously to be good predictors of 
tolerance development to nicotine. Preliminary data indicate that CREB mutant mice 
are less sensitive to nicotine than their wild type littermate controls for both the 
hypothermia and locomotor activity measures. This observation suggests that the 
cAMP signaling pathway may play a role in determining acute sensitivity to nicotine 
and may be important for the development of tolerance to nicotine.

Nicotinic receptor levels were also measured in these mice. Initial findings 
indicate that there is a modest ( 20%), yet significant, reduction in α-bungarotoxin 
(α-BTX) binding in hippocampus. No significant alterations in receptor levels, as 
measured by α-BTX binding or high affinity epibatidine binding, were detected in 
any other brain region although some trends were observed. Supported by DA- 
03194, D A -10156, and DA00197 to ACC, M H 11461 to JHK, and MH33098 to AJS.

332.9
HETEROGENEOUS NUCLEAR RIBONUCLEOPROTEIN K DIFFERENTIALLY 
AFFECTS SP1- AND SPЗ-MEDIATED TRANSCRIPTIONAL ACTIVATION 
OF A NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR PROMOTER. Q  
Du. I.N. M elnikova and P.D. G ardner*. Dept, of M olecular M edicine, 
Univ, of Texas Health Science Center, San Antonio, TX 78245.

The neuronal nicotinic acetylcholine receptor g en e fam ily co n sists  o f  
e lev en  m em bers, α 2 -α 9  and ß2-ß4. Three o f  the g e n e s , th ose encoding  
the αЗ , α5  and ß4 subun its, are tightly clustered w ith in  the gen om e. 
T h ese three subunits constitute the predom inant acetylcholine receptor 
subtype exp ressed  in the peripheral nervous sy stem . T he genom ic  
proxim ity o f  the three gen es su g g ests  a regulatory m echan ism  ensuring  
their coordinate exp ression . H o w ev er , it is  likely that g en e-sp ecific  
regulatory m echan ism s are a lso  function ing as the exp ression  patterns o f  
the three g en es , w h ile  sim ilar, are not identical. W e previou sly  
identified regulatory elem ents w ithin  the ß4 prom oter region and 
dem onstrated that these elem ents sp ecifica lly  interact w ith  nuclear 
proteins. O ne o f  these e lem en ts, E l ,  interacts w ith  the regulatory factor 
Purα , as w ell as three other unidentified D N A -b in d in g  proteins with  
m olecular m asses •o f 31 , 65  and 114 kD a. A nother elem ent, E 2 , 
interacts w ith  S p l and SpЗ. A s E l  and E 2 are im m ediately adjacent to 
one another, w e  postulated that the proteins that bind to the elem ents 
interact to regulate ß4 g en e expression . H ere w e  report the identification  
o f  the 65-k D a E l -binding protein as heterogen eou s nuclear 
ribonucleoprotein K and dem onstrate that it d ifferentially affects the 
transactivation o f  ß4 prom oter activity by S p l and SpЗ.
Supported by The National Institutes o f  H ealth , The C ou ncil for 
T ob acco R esearch and The S m o k eless  T ob acco  R esearch C ou ncil.

332.8
LOCATION AND COMPOSITION OF α-CONOTOXIN M il (α-Ctx M il) 
BINDING NICOTINIC RECEPTORS IN MOUSE BRAIN. P. Whiteaker*1 M.J. 
Marks1 J.M· McIntosh2 M.R. Picciotto3 J.-P. Chaneeux4 and A.C. Collins.1 *lnst. for 
Behav. Genetics, Univ, o f Colorado, Boulder, CO 80309; ⅜)epts. of Biol, and 
Psychiatry, Univ, of Utah; 3Dept. o f Psychiatry, Yale Univ. Sch. of Med; 4Lab. of 
Mol. Neurobiol., Inst. Pasteur, Paris, France.

Nanomolar concentrations of α-Ctx M il (a peptide toxin, isolated from the 
predatory cone snail C. magus) specifically block heterologously expressed αЗß2- 
subtype nAChRs, and antagonize a component of nicotine evoked rat and mouse 
striatal [¾]dopamine release in vitro, [¾]epibátidine (5OOpM) binding was used in a 
regional search for α-Ctx Mil-binding nAChRs in mouse brain. Filưation binding 
and autoradiography revealed a restricted pattern of α-Ctx MH-sensitive 
[¾ļepibatidine binding sites. 6.6±l.7% (n=5) of specific [¾]epibatidine binding in 
whole brain was α-Ctx MH-sensitive. High levels (69.7±4.O fmol mg'1 protein; n=5) 
of α-Ctx Mil-sensitive sites were found in superior colliculus. Lower levels (26.7 -
12.5 fmol mg'1 protein) were detected in thalamus, striatum, olfactory tubercules, 
midbrain, &  inferior colliculus. α-Ctx M il potently (Ki = 3.4±O.9 nM; across six 
regions) displaced [¾]epibatidine but not (-)-[3Hļnicotine or [125I]α-Btx binding (Ki 
> lµM). A proportion (≈I5%) of mouse brain [¾]epibatidine binding sites is less 
sensitive to cytisine than the classical ‘high affinity agonist binding site.’ These sites 
are located in regions where αЗ nAChR subunits are found, and binding in the 
presence of cytisine (lOOnM) showed α-Ctx MH-binding sites to be a sub-set o f these 
‘cytisine insensitive’ nAChRs. In mice lacking the ß2 nAChR subunit most (but not 
all) (¾]epibatidine binding is lost. However, α-Ctx Mil-sensitive binding is 
abolished. These data suggest that α-Ctx M il interacts with a native nAChR that has 
a limited distribution, is a component of the ‘cytisine insensitive’ [¾]epibatidine 
binding population, and is likely to contain αЗ and ß2 subunits.

Grant support: DA-03194, DA-10156, DA-00197, MH-63631 and GM-48677.

332.10
HIGH LEVEL EX PRESSIO N OF SO LU BLE LIG A N D -BIN D IN G  
D O M A IN S OF THE NICOTINIC A C ETYLC H O LIN E RECEPTOR  
(ACҺR) IN Y E A ST P IC H IA  P AST O RJS. Z.-Z. W ang*. Y. Y A O . Dept, 
o f  Neurobiology, Univ, o f  Pittsburgh Sch. o f  M ed., Pittsburgh, PA 15261.

Structural studies o f  neurotransmitter receptors at high resolution  
have been hampered by the lack o f  a heterologous expression system  that 
can produce large quantities o f  receptor protein in native conform ation. 
Here, w e have expressed the entire N-term inal, extracellular domain o f  the 
α  subunit o f  m ouse m uscle ACҺR ( α 2 l  1) in yeast P ich ia  P asto ris  under 
control o f  the alcohol oxidase promoter. G uided by the signal sequence o f  
yeast α-m ating factor, α 2 11 is secreted as a soluble protein into culture 
m ed ium  at a high concentration (3.5 m g/liter). It sedim ented as a 4.2 S 
m onom er on a sucrose gradient, and migrated as a 29 kDa g lycosylated  
polypeptide on SD S-PA G E. A ll secreted α 2 l l  in the m edium  folded  
properly as shown by high affinity binding activity to l25I-α-bungarotoxin  
(k D ~ lO 11 M ) and to the m onoclonal antibody m Ab35. In addition, w e have 
fused each o f  the entire extracellular dom ains o f  the α  and δ subunits o f  
the ACҺR ( α 2 l l  & δ225) to the Fc dom ains o f  imm unoglobulin G. When 
coexpressed  in P ic h ia , the tw o fusion proteins were secreted into culture 
m edium  as a heterodim er linked by disulfide bonds betw een their Fc 
regions. The α δ  heterodimer w as water-soluble, and showed high affinity  
binding activity to 125I-α-bungarotoxin w h ich can be com peted by the 
cholinergic agonist, carbam ylcholine, and the antagonist, ¿/-tubocurare 
(IC5〇 ~  2X1 O'6 M). These data suggest that the yeast expression system  is 
a usefu l tool for generating soluble, ligand-binding dom ains o f  ACҺR 
am enable for structural analysis by N M R  and x-ray crystallography. 
(Supported by a n ew  faculty startup grant from the U niv, o f  Pittsburgh)
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332.11
BiP ATPase M U TA N TS  IN H IB IT  SU BU N IT  FO LD IN G  OF THE 
N IC O TIN IC  A C E TY LC H O LIN E  RECEPTOR (ACҺR). Y. Y A O .' I  
Chen2* and Z.-Z. W ang1. ’Department o f  Neurobiology, Univ, o f 
Pittsburgh Sch. o f  Med., Pittsburgh, PA 15261; departm ent o f 
Physiology, Univ, o f  Utah Sch. o f  Med., Salt Lake C ity, UT84108.

A  requisite step in the biogenesis o f  subunit proteins o f  the ACҺR is 
a slow folding reaction o f  the nascent polypeptide chains in the 
endoplasmic reticulum (ER). Properly folded α  subunit acquires a mature 
conformation which allows it to bind α-bungarotoxin (α -B uTx) and 
assemble w ith  other subunits. Previous studies have suggested that BiP, 
an abundant lumenal protein o f  the ER, forms stable complexes w ith 
misfolded α  subunit that is slow ly degraded. Here, we have re-examined 
the role o f  BiP in receptor fo ld ing reaction using several well- 
characterized BiP ATPase mutants that can bind substrate proteins but are 
unable to release them in response to ATP hydrolysis. When transfected 
into COS cells expressing mouse muscle ACҺR α  subunit, BiP mutants 
which fails to bind ATP (G227D), to undergo an ATP-mediated 
conformational change (T37G), or to hydrolyze ATP (T229G), all 
inh ib ited fo ld ing o f the α  subunit as measured by assay o f  high a ffin ity  
binding activ ity to α-bungarotoxin. Both w ild-type and mutant BiPs 
bound to unfolded α  subunit. The w ild-type B iP was released from α  
subunit when the subunit became folded, whereas the BiP mutants were 
not released and hence prevented maturation o f the bound subunit. These 
results suggest that fo ld ing  o f  the ACҺR α  subunit is dependent on a 
transient interaction w ith  BiP. BiP must be released from  the complex 
before the subunit protein is converted to the mature conformation. 
(Supported by a faculty startup grant from  the Univ, o f  Pittsburgh)

332.13
IN H IB IT IO N  OF CURRENTS FROM α4ß2 NEURONAL NICOTINIC 
RECEPTORS BY ANESTHETIC STEROIDS. K.G. Paradiso. K. Bums, 
and J,H. Steinbach*. Dept, o f Anesthesiology, Washington University 
School o f Medicine, St. Louis, MO 63110.

We studied the effects of a series o f anesthetic steroids on the 
physiological properties o f Rat α4ß2 neuronal nicotinic receptors stably 
expressed in HEK 293 cells. A  fast perfusion system was used to deliver 
ligand and or steroid to cells which were whole cell patch clamped. The 
amplitude of the response, the rise to peak and the decay o f cuưent due to 
desensitization were all dependent on the concentration o f acetylcholine 
(ACҺ) used to activate the receptors. To test the effects of steroids on these 
currents, cells were pre-exposed to steroid for ЗOsec. prior to a test pulse of 
ACҺ. Each o f the ten steroids tested had an inhibitory effect on the 
receptors. The greatest effect was seen with the steroid Зα-OH-5α- 
androstane-17ß-carbonitrile (+ACN), which had an IC-50 o f l.8±O.lµM  
and a H ill coefficient o f 2.O±O.2. The smallest effect was found with 
Зß-OH-5ß-androstane-17α-carbonitrile (-A C N ), which had an IC-50 of 
4.6±O.6µM and a H ill coefficient of l.З±O.2. In addition, block by both of 
the ACN compounds was found to be non-competitive. A ll o f the 
remaining compounds tested have a blocking efficacy which is no greater 
than +ACN but no less than -A C N . Comparison o f the chemical structures 
o f the steroids and their blocking efficacy suggests that a carbonitrile 
connected to carbon 17 in the ß position is important for the maximal 
inhibition seen with +ACN. Both the location and the orientation of this 
carbonitrile appear to be important in determining the degree of block. Such 
comparison o f steroids and their effects on different ion channels could help 
to explain the anesthetic effects o f these steroids.
(Supported by N IH  grant R01 NS 22356 and P01 6M47969)

332.15
EXTRACELLULAR DIVALENT CATIONS BLOCK THE α9 NICOTINIC 
RECEPTOR IN A VOLTAGE-DEPENDENT MANNER. E, Katz1.2* M . 
Verbitsky1, C. Rothłin1, D. Vetter3, S. Heinemann3 and A.B. Elgoyhen1. 1 Inst 
de Inv. en Ingeniería Genética y Bioĩogía Molecular, ⅞ ep t. Biología, FCEyN, 
Univ. Buenos Aires, Argentina and 3TҺ℮ Salk Institute, La Jolla, CA.

The α9 subunit of the nicotinic receptor family expressed in Xenopus oocytes 
forms an homomeric cationic channel that is permeable to Ca2+. The aim of this 
work was to study the modulation exerted by extracellular divalent cations on the 
acetylcholine-gated currents ŪAch) through the α9 receptor. A non-linear current- 
voltage relationship (I-V) was obtained by the application of 2s voltage ramps (+50 
to -120 mV) to α 9-expressing Xenopus oocytes, preincubated with BAPTA-AM 
and bathed in normal saline (1.8 mM Ca2+). It presented a region of negative slope 
at hyperpolarized potentials, a maximal inward cuưent at -70 mV and a strong 
rectification up to +10 mV (Erev ~ -15 mV). Reduction of [Ca2+]e to 0.2 mM 
significantly increased inward Ļjc⅛. The ratio Iдch 0.2 mM Ca2+ÍІAcҺ L8 mM 
Ca2+ varied with voltage: +50 mV, l.O8±O.l; -70 mV, 2.6±O.6; -110 mV, 
11.2±3.3 (n=5). When 4s double voltage ramps (-120, +50, -120 mV) were applied 
to oocytes bathed in normal saline, the amplitudes of the Ia 〇һ obtained in the 
depolarizing and hyperpo!arizing directions differed significantly at -70 mV (Iдch 
hyperpolarizing ramp/ Iдch depolarizing ramp: l.85±O.2, n=9). I-V curves obtained 
by the double voltage ramp protocol in low Ca2+ solutions were identical in both 
directions. When either Ba2 f or Mg2+ were substituted for 1.8 mM Ca2+, inward 
\дch was also blocked with respect to that at positive potentials. These results show 
that divalent cations block the α9 receptor in a voltage-dependent manner, 
suggesting that their site of action lies within a region of the receptor that is sensing 
the membrane electric field.

Supported by National Organization for Hearing Research, HHM1 International 
Program and Fogarty International Research Collaboration.

332.12
αЗ/α 1 CHIMERIC NICOTINIC ACETYLCHOLINE RECEPTOR SUBUNITS 
SENSITIVE TO α-BUNGAROTOXIN. M.M . Levandoski'» E. Cooper2 and U  
Hawrot1. 'Dept, o f Molecular Pharmacology, Physiology &  Biotechnology, Brown 
University, Providence, RI 02912; 2Dept. o f Physiology, M cGill University, 
Montreal, QC, Canada HЗG 1Y6.

Subtypes of the nicotinic acetylcholine receptors (nAChRs) are characterized by 
a very diverse pharmacology. In particular, the muscle (α l)  type and neuronal 
nAChRs containing the α7, α8 and α9 subunits are blocked by the classical 
nAChR antagonist α-bungarotoxin (αBGTX) with subnanomolar affinity while 
receptors containing αЗ and α4 subunits are not blocked even at micromolar 
concentrations. We are studying the molecular determinants o f the specificity of 
αBGTX for nAChRs by heterologous expression in Xenopus oocytes, measuring 
agonist-evoked currents by the two-electrode voltage clamp technique. A chimeric 
subunit in which 5 of the divergent amino acids in the region near the vicinal 
cysteines 192 and 193 of the rat αЗ subunit were replaced with the corresponding 
residues of the Torpedo α l sequence (αЗ: G YKHEIKYNCC; αЗ /α l[5 ] chimera: 
G W KHVYYTC C) were co-expressed in oocytes with either the rat ß2 or ß4 
subunits. These chimeric subunit combinations show block by αBGTX in a dose- 
dependent manner (e.g., IC50 for αЗ/α 1 [5Jß2 -50 nM), whereas control αЗß2 and 
αЗß4 nAChRs are not blocked by αBGTX at concentrations up to 10 µM. The 
EC50s of the chimeric nAChRs’ responsiveness to acetylcholine are similar to those 
of the wildtype combinations. Not unexpectedly, the rates of recovery from 
αBGTX block (during toxin washout) suggest that additional residues are needed 
for the nearly irreversible blockade seen in muscle nAChRs. Supported by NIH 
(GM32629 &  NS34348) and Amer. Heart Assoc., R l Affiliate (960451 OS).

332.14
DIFFERENT POPULATIONS OF NICOTINIC RECEPTORS LABELED BY 
f125I]EPIBATГОINE AND [125I]A-85380. K.J. Kellaг*. R.A Gillis. M I. Dávila- 
García. M.T. Bingaman. W.P. Norman. J.L. Musachio2 and D.C. Perry3. Dept. 
Pharmacology, Georgetown Univ., Washington, DC 20007,2Division o f Nuclear 
Medicine, Johns Hopkins, Baltimore, MD, 21287 and 3Dept. Pharmacology, 
George Washington Univ., Washington, DC 20037 

A8538O is a nicotine analog with high affinity and selectivity for the α4/ß2 
subtype o f neuronal nicotinic receptors (Neuropharmacology 35 725,1996). The 
frog skin alkaloid epibatidine (EB) also has high affinity for the α4/ß2 subtype, 
as well as for other neuronal subtypes including those containing αЗ subunits 
(but not α7). In the present study, we used 0.5 nM [!25I]A-85380 to selectively 
label α4/ß2 sites in rat brain, and compared this distribution in adjacent sections 
labeled with 0.3 nM [125ΓjEB (to label all high affinity neuronal receptor subtypes 
other than α7), or with [ !25I]EB in the presence o f 10 nM unlabeled A-85380 
(this condition should give labeling o f all subtypes other than α7 and α4/ß2). 
[1251]A-85380 yielded excellent quality' autoradiographic images with very low 
nonspecific binding. The distribution o f binding was very similar to that 
previously reported for [3H]cytisine, pH]nicotine or [3H]acetylcholine. Several 
regions were densely labeled by [125I]EB but not by [ !25I]A-85380, including the 
pineal gland and the fasciculus retroflexus. In numerous other areas, binding 
with [ I25I]A-85380 was much lighter than with [125I]EB, indicating that they 
contain subtype(s) other than α4/ß2. These regions included the interpeduncular 
nucleus, medial habenula, anteroventral thalamic nucleus, nucleus ambiguus, 
substantia gelatinosa, nucleus o f the solitary tract, cuneate nucleus, and dorsal 
motor nucleus o f the vagus. These studies demonstrate the presence o f nicotinic 
receptors subtypes other than α4/ß2 or α7 in important brain regions. Supported 
by NIH grant DA06486.

332.16
TH E α9 N IC O T IN IC  RECEPTOR SHARES PHARMACOLOGICAL 
PROPERTIES W Ҥ H GABA a , GLYCINE A N D  5-HT3 RECEPTORS. C.V. 
R o th lin1, M. Verbitsky*, E. Katz1'2 and A.B. Elgoyhen1*. Unstituto de 
Investieaciones en Ingeniería Genética y Biología Molecular (CONICET- 
ƯBA), 2Dept Biología, FCEyN, University of Buenos Aires, Argentina.

The molecular cloning o f α9, the receptor that most like ly  
mediates synaptic transmission between efferent cholinergic fibers and 
outer hair cells of the cochlea, has shown that its primary structure is th a t 
of a nicotinic receptor type (Elgoyhen et αl., Cell 79: 705, 1994). However, 
its pharmacological properties are not the ones classically described for 
nicotinic receptors. The aim of the present w o rk was to analyze the effect 
of drugs that interact w ith  members o f the ligand-gated ion channel 
fam ily of genes which includes GABAд, glycine and 5-HTз receptors. In 
α9-expressing oocytes neither GABA, glycine nor serotonin evoked ionic 
currents. Serotonin blocked the α9 receptor w ith  and IC50 of 300 µM. In 
add ition, the G ABA д antagonist b icuculline, as w e ll as the glycine 
antagonist strychnine, and the 5-HT3 antagonist ICS 205,930, blocked 
currents elicited by acetylcholine. The rank order of potency was: 
strychnine (ICӡ〇: 0.02 µM)>ICS 205,930 (IC50: 0.18 µM)>bicuculline (IC50: 
0.7 µM). In all cases the antagonism was reversible and was overcome by 
increasing the concentration of acetylcholine, indicative of a competitive 
type of block. These results indicate that the α9 receptor should share 
some functional determinants w ith  other members of the ligand-gated ion 
channel gene superfam ily. Moreover, the properties described for the 
recombinant receptor (i.e. block by strychnine and bicuculline) are sim ilar 
to that reported for the native cholinergic receptor of hair cells.

Supported by Howard Hughes Medical Institute International Program 
and National Organization for Hearing Research .
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332.17
SURFACE RECEPTOR EXPRESSION DETERMINANTS. MECHANISM.
666Kellv T. Dinelev* and James W. Patrick. Division of Neuroscience, Baylor College of 
Medicine, Houston TX 77030.

Nicotinic acetylcholine receptors (nAChR) containing the alpha7 subunit are the receptor for alpha-Bun- 
gaгotoxin in mammallian brain. When alpha7 nAChR’s are transiently expressed in cell lines of either neu
ronal or nonneuronal origin, the surface receptor expression level is below the detection limit o f a 
quantitative alpha-Bungarotoxin binding assay whereas toxin binding sites and pentameric receptor can be 
detected in whole cell lysates.

Two classes of alpha7-5HTЗ chimera receptor subunit cDNA’s were engineered in order to identify sur
face expression determinants for these receptors. The cDNA constructs encode the extracellular ligand 
binding domain of the alpha7 nAChR and the transmembrane domains and cytoplasmic loop of the 5HTЗ 
serotonergic receptor. Since the ligand binding domain is contributed by alpha7, iodinated alpha-Bungaro- 
toxin and antibody raised against this domain are labelling tools to study chimeric alpha7-5HTЗ receptors. 
The V201 chimera, a fusion at valine 201 between the alpha7 and 5HTЗ types of receptor subunits, has 
been previously described is characterized by expressing tens of thousands of toxin binding sitess on the 
surface of transfected cells. These receptors migrate as pentameгs in a sucrose gradient. The V219 chi
mera, a fusion at valine 219 within transmembrane domain 1, is characterized as expressing pentameric 
receptors in ưansfected cells yet the receptor protein is not expressed on the cell surface above the detec
tion limit of an iodinated alpha-Bungarotoxin binding assay. The V219 chimera receptor’s expression phe
notype is sim¡lsr to the alpha7 nAChR.

Four amino acid positions within these chimeras act as surface expression determinants. Two of which, 
at position 207 and 218, dramatically alter surface expression levels of the V201 and V 219 chimera recep
tors when individually introduced. When the V201 chimera 5HTЗ-like amino acids at positions 207 and 
218 are mutated to alpha7-l¡ke amino acids, V201 chimera receptor surface expression significantly 
decreases. When the V219 chimera alpha7-like amino acids at positions 207 and 218 are mutated to 5HTЗ- 
like amino acids, alpha-Bungarotoxin binding sites are detected on the surface of ưansfected cells. The 
total number of toxin binding sites in lysates of cells expressing the V201 or the V219 chimera receptor is 
equivalent when the parent chimera is compared to the point mutants generated from it. This result indi
cates that the changes in surface receptor expression level for each class of chimera receptor is due to a 
redisưibution between inttacellular and surface pools of receptor. Toxin purification and quantitative 
immunoblot of transfected cell lysates verily this observation. For each class of chimera receptors and the 
point mutants generated from them, the amount of toxin binding protein detected in cell lysates is equiva
lent. Supported by F3l DAO5694 and NS 13546.

332.19
D ifferentia l sensitivity to the antagonist effects o f mecamylamine and 
nicotine regulated by the ACҺR beta subunit TM 2 domain. J.C . 
Webster1. M.M. Francis2, and R.L. Papke*1-2. Departments of 'Pharmacology and 
2Neuroscience, Univ, of Florida Coll, o f Med., JHMHSC, Gainesville, FL 32610.

The interior portion of the second putative transmembrane domain (TM2) of 
nicotinic ACҺR subunits has been implicated to be the gating domain of the channel 
and the binding site for some use-dependent inhibitors. By evaluating the sensitivity 
o f receptors containing chimeric beta subunits, we have recently reported that this 
domain may regulate the accessibility of bis-piperidine compounds to inhibitory 
binding sites outside of the membrane’s electric field. We now report that differences 
in this domain between muscle (SIFALLTL) and neuronal (CIS VLLAL) beta subunits 
also selectively regulate both the sensitivity to the ganglionic blocker mecamylamine 
and secondary inhibition by nicotine. Specifically, wild-type αЗß4 receptors show a 
marked sensitivity to mecamylamine, while chimeric αЗß4(ßlTM2) receptors are 
virtually insensitive to this drug. Likewise, wild-type muscle receptors are insensitive 
to block by mecamylamine when co-applied with ACҺ, but chimeric αlßl(ß4tm2)γδ 
receptors are sensitive to block by mecamylamine. Nicotine behaves as a mixed 
agonist/antagonist, and the presence of the muscle TM2 sequence in a neuronal 
receptor complex greatly enhances the antagonist activity of this compound, measured 
as a decreased response to control ACҺ applications after the application of nicotine. 
While there was less than 25% inhibition by ЮOµM nicotine in wild-type αЗß4 
receptors, chimeric αЗß4(ßlTM2) receptors were inhibited by more than 95% after 
application of 100 µM nicotine. The mecamylamine block of αЗß4 was determined to 
be highly voltage-dependent, and the nicotine block of the chimera was found to be 
only weakly voltage-dependent. The blocking and voltage dependence data suggest that 
nicotine and mecamylamine inhibition may be derived from a binding site within the 
TM2 region. We hypothesize that nicotine’s effects may be associated with the 
threonine residue of the muscle sequence, while mecamylamine’ s effects may be 
associated with the serine residue in the neuronal sequence, which is deeper in the pore, 
consistent with a larger voltage dependence.

Supported by NIH R01 NS3288

332.21
α  SUBUNIT CONTRIBUTIONS TO APPARENT AFFINITY FOR 
IMIDACLOPRID OF RECOMBINANT NICOTINIC ACETYLCHOLINE 
RECEPTORS.
D.B.Sattelle1*, J.Freeman1, N. Mongan‘ and K. Matsuda2.
'The Babraham Institute, Laboratory o f Molecular Signalling, Dept, o f Zoology, 
University of Cambridge, Downing St, Cambridge, CB2 ЗEJ. 
laboratory o f Pesticide Chemistry, Dept, o f Agricultural Chemistry, Faculty of 

Agriculture, Kinki University, 3327-204, Nakamachi, Nara 631, Japan.

Imidacloprid, a major new insecticide, shows selectivity for insects over vertebrates. 
Its effects have been studied on recombinant nicotinic acetylcholine receptors 
expressed in Xenopus oocytes. Imidacloprid is a partial agonist on chicken neuronal 
α,4ß2 receptors and on the hybrid Drosophila SAD chicken ß2 receptor. By contrast 
(+)-epibatidine, (-) nicotine and acetylcholine were all full or near full agonists. The 
EC50 of Imidacloprid was lowered by replacing the chicken cc4 subunit by the 
Drosophila SAD α subunit. This α subunit substitution also resulted in an increase in 
EC50 for (+)-epibatidine, (-) nicotine and acetylcholine. Thus the Drosophila SAD α  
subunit contributes to the greater apparent affinity for Imidacloprid o f the 
recombinant insecťvertebrate heteromeric nicotinic receptor. The effect o f 
Imidacloprid has also been tested on expressed chicken α7 homomeric nicotinic 
receptors. A partial agonist action o f Imidacloprid was also observed. Site - directed 
mutagenesis on α7 has identified N-terminal residues that affect receptor-nicotinoid 
interactions.

This work was supported by the U.K. BBSRC and the E.U. TMR Program.

332.18
C H A R A C T E R IZ A T IO N  O F M IC E  L A C K IN G  T H E  N IC O T IN IC  

R E C E P T O R  α 4  S U B U N IT  L .M . M aru b io*. M .I. D a m ą i$ . M .M . 
A rrovo-Jim enez. M . C ordero-Erausquin. N . L eN o v ère . M . H uchet. C. 
Lena, and J.P. C h angeux. Institut Pasteur, B io tech n o lo g ie s , 25  rue du 
Dr. R oux, 7 5 7 2 4  Paris C ed ex  15, F R A N C E . §D ept. o f  Pharm acology, 
M edical C o lleg e  o f  V irgin ia, R ichm ond 2 3 2 9 8 -0 6 1 3 , U S A .

N ico tin e  has been  sh ow n  to have w id e-sp read  e ffec ts  in the central 
nervous system  by binding to on e  or m ore o f  the num erous subtypes o f  
n icotin ic  acety lch o lin e  receptors (nA C hR ). H ow ever, the in vo lvem en t  
o f  a particular subunit in the pharm acological and behavioural e ffects  o f  
n icotin e  has been  d ifficu lt to  a ssess. W e h ave m ade a m utant lin e o f  
m ice  by gen e  targeting and h o m o lo g o u s recom bination  that lack s the 
neuronal α4  subunit o f  the nA C hR , o n e  o f  the m ost w id e ly  exp ressed  
subunits in the C N S . M utant m ice  d ev e lo p e  norm ally , are capable o f  
reproduction, and are ind istin guishab le from  their w ild -ty p e  litterm ates 
in a cage. B y  in  s itu  hybridization , the α 4  subunit m R N A  is absent in 
m utant m ice , h ow ever , no  ch an ges in the lev e l o f  ex p ressio n  o f  other  
n ico tin ic  subunits is  observed , ⅞ n ic o t in e ,  and ⅞ c y t i s i n e  b inding  
s ites  are absent in m ost brain reg ion s o f  m utant m ice , how ever , so m e  
binding d oes remain in the interpeduncular nucleus, indicating that α4  is 
in v o lv ed  in m ost, but not all, o f  the h igh -affin ity  n icotin e-b in d in g sites. 
In addition, e lec tro p h y sio lo g ica l recordings from  brain s lic e s  reveal a 
marked lo ss  o f  nicotine-induced  currents in the thalam us and substantia  
nigra p a rs  c o m p a c ta  in mutant m ice. T h ese m ice w ill be instrum ental in 
exa m in in g  the role o f  h igh  a ffin ity  n ico tin ic  receptors in the d iverse  
behavioral e ffe c ts  o f  n ico tin e . In particular, the a n a lg esic  e ffe c t  o f  
n icotin e  w ill b e m ore c lo se ly  exam in ed . (C N R S , C o lleg e  de France, 
A M F, T he C ouncil for T ob acco R esearch, and N IH  D A  0 5 2 7 4 )

332.20
STATE-DEPENDENT MODIFICATION OF CYSTEINE-SUBSTITUTED 
MUTANTS OF THE NICOTINIC ACETYLCHOLINE RECEPTOR AGONIST 
BINDING DOMAIN. T.S.Russin*. T.K. Phull. and JЛ\ McLaughlin. Department of 
Pharmacology, Tufts University School of Medicine; Boston, M A 02111.

The nicotinic acetylcholine receptors (nAChR) are ligand-gated ion channels 
which mediate synaptic transmission at the neuromuscular junction and in the CNS. 
These receptors are pentameгs consisting of two agonist-binding α subunits and 
three structural subunits (in muscle, α2ßγδ). Agonist binding sites are thought to be 
primarily comprised of several discontinuous domains around conserved aromatic 
residues of the α subunit amino terminus. In this study, we used a library of 
cysteine-substituted mutants of the mouse muscle α subunit that spans one of these 
domains (G183 to PI 97) to develop a surface map of the binding domain.

Wild type or mutant mouse muscle α subunits were expressed transiently in HEK 
293 cells with the ß, γ, and δ subunits. Inhibition of 125I α-Bgtx binding by prior 
exposure to [2-(Trimethylammonium)ethyl] methanethiolsulfonate Bromide 
(MTSET) was used to determine the accessibility of each residue. Together with 
previous studies, results indicated that five consecutive residues at positions between 
αHl86-Yl9O are accessible to modification. We also examined whether MTSET 
modification could be altered by concurrent presence of nicotinic ligands. The 
nicotinic antagonist Curare protected αPl94C from MTSET modification, while an 
agonist, Anatoxin, protected αVl88C from modification. Importantly, the 
protection seen at αVl88C was dose-dependent, being more pronounced at low 
agonist concenưations. These results suggest that modification, or protection, or 
both, are state-dependent phenomenon that w ill vary according to the conformation 
of the receptor (i.e., closed, open, or desensitized). They also demonstrate that the 
scanning mutagenesis approach can be successfully applied to studies of ligand- 
induced conformational changes in the receptor binding domain.
Supported by NINDS award to J.T.M (NS34417)

332.22
FUNCTIONAL PROPERTIES OF NOVEL ACETYLCHOLINE RECEPTOR ε 
SUBUNITS IDENTIFIED IN NORMAL AND CONGENITAL MYASTHENIC 
MUSCLE. C.F. Newland*. R. Croxen. A. Vincent. J. Newsom-Davis and D. Beeson 
Neurosciences Group, Institute of Molecular Medicine, Oxford, OXЗ 9DS, UK.

Acetylcholine receptor (ACҺR) deficiency is a recessively inherited congenital 
myasthenic syndrome in which neuromuscular transmission is impaired as a result of 
reduced numbers of ACҺR. We have identified a homozygous deletion of the first 
nucleotide of exon 12 in the ACҺR ε-subunit gene (εl267delG) in five unrelated cases 
of ACҺR deficiency that co-seggregates with the disease. In addition, we found that 
both healthy and AChR-deficient muscle contain two populations of ACҺR ε-subunit 
mRNA, a wild type and a transcript that retains i∏ưon 11. Four ε-subunit polypeptides 
are therefore predicted: normal wild type with four transmembrane domains M l-M 4; 
two variants in which inclusion of inưon 11 or the εl267delG mutation alone result in 
loss of M4; and a third variant in which the combination of εl267delG and retention 
of intron 11 returns exon 12 to its correct reading frame and thus conserves M4. We 
have used expression of α, ß, δ and ε subunits in Xenopus oocytes, whole-cell and 
single-channel recording, and l25I-α-bungarotoxin binding to determine the functional 
consequences of the variant ε subunits. Surface binding of 125I-α-bungarotoxin and 
whole-cell current amplitude show that expression of AChRs harbouring the two 
mutant ε polypeptides was substantially reduced, accounting for the disease 
phenotype. Surprisingly, the variant ε subunits that lack M4 are incorporated into 
functional ACҺR. These AChRs have similar single channel conductances, and 
modestly reduced ECţ〇 , compared with wild type (ECM , in µM: wild type 29.5±2.l, 
εl267delG with intron 11 2O.5±2.l, wild type with intron 11 6.7±O.6 and εl267delG 
3.9±O.5). Single channel kinetic analysis is being used to determine the precise effect 
on the activation properties of the ACҺR. The results demonstrate, remarkably, that 
ion channel function can be maintained in the absence of the ε subunit M4 domain. 
Supported by the Muscular Dystrophy Group of Great Britain
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332.23
EXPRESSION AND ASSEMBLY OF NEURONAL NICOTINIC RECEPTORS IS 
BOTH HOST-CELL AND RECEPTOR-SUBTYPE DEPENDENT: RESULTS WΠΉ 
HUMAN ADENOVIRUS. W. Sweileh1*. K Wenbeгg1, JForsaveth2 and R.H. Loring.1 
Dept. Pharmaceutical Sci., Northeastern Univ., Boston, MA 02115; 2Neurex Corp., 
Menlo Park, CA 94025.

Cooper &  M illar Ų.Neurochem. 68:2140, 1997) demonstrated that expression of α7 
receptors is dependent upon the cell line in which the gene is expressed. However, the 
two cell lines they found to express epitope-tagged α7 subunits already expressed 
endogenous α7 receptors. We evaluated their hypothesis further by testing for 
expression of either rat α7 receptors (measured by 125I-α-bungarotoxin binding) or rat 
α4ß2 receptors (measured by 3H-cytisine binding) in cell lines that endogenously 
express neither receptor subtype. We screened five cell lines (GH4C1, SH-EP1, CV1, 
SN-56, and CHO-CAR) that were negative for surface nicotinic receptors but were 
positive for human adenovirus receptors, as measured by infection with lac-z 
expressing virus. Cells were ưansfected by co-infecting with an adenovirus which 
provided a tetracycline-sensitive ưansactivating promoter (tTA) for viruses encoding 
the α7, ß2, and α4 subunits. No expression was observed in the absence of tTA or in 
the presence of 1 µg/ml tetracycline. When surface receptors were measured, GH4C1 
cells expressed over 20 fold more α7 receptor than any other cell line, and variably 
expressed low leVels o f α4ß2; SH-EP1 cells expressed both α7 and α4ß2; CV1 cells 
expressed 2-10 fold more α4ß2 than any other cell line, but no α7; CHO-CAR cells 
variably expressed low levels o f α4ß2, but no α7; while SN-56 cells expressed neither 
receptor subtype. Reverse-transcriptase PCR experiments are underway to determine 
whether all cell lines equally transcribe subunit mRNAs. Expression of α7 in GH4C1 
cells is sensitive to 30 µM cyclosporine, as reported for α7 expression in oocytes 
(Helekar et al., Neuron 12:179, 1994). These results suggest that expression and 
assembly of neuronal nicotinic receptors is both host-cell and receptor-subtype 
dependent. Supported by NIH-NS22472.

332.24
COEXPRESSION OF NICOTINIC ACETYLCHOLINE RECEPTOR ALPHAЗ 
AN D  ALPHA6 SUBUNIT mRNAS IN  RAT BRAIN CATECHOLAM INE 
NEURONS. U.H. Wi∩zer-⅞erharW Y. Chen2 F.M. Leslie2. 1 Department 
of Pharmacology and Toxicology, Medical College o f V irg in ia  /V irg in ia  
C om m onw ealth U n ive rs ity , Richmond VA  23298; d e p a rtm e n t of 
Pharmacology, University of California, Irvine, CA 92697.

Neuronal nicotinic acetylcholine receptors (nAChR) are pentameric ion 
channels, composed o f different combinations o f α and ß subunits, which 
contribute to tne heterogeneity o f ∩AChRs. We have recently shown the 
expression of αЗ subunits in dopaminergic neurons of the substantia nigra 
(SN) and ventral tegmental area (VTA) and of αЗ and α6 in noradrenergic 
neurons of the locus coeruleus (LC). To further characterize the expression of 
nAChR in catecholaminergic neurons, we used in situ hybridization w ith  full- 
length riboprobes to examine co-expression of αЗ and α6 in S N /V TA and LC. 
Cross-reactivity between the highly homologous probes, as determined by in 
situ hybridization using p⅝]-laD℮íed riboprobes for αЗ or α6 in the presence 
of non-radioacüye α6 or αЗ respectively, was not detected and resulted in no 
reduction of [3⅜]-hybridization signal. In the S N /V TA , the majority of 
dopaminergic cells expressed αЗ and α6, and thus co-expressed both subunits. 
However, a small area of the dorsorostral SN compacta expressed α6 mRNA, 
but was negative for αЗ. Similarity, a subpopulation of α6-positive neurons in 
the VTA, especially around the m idline area, did not co-express αЗ. In the LC 
α6 m RNA expression was strongly detected in all noradrenergic cells, 
however, coexpression w ith  αЗ mRNA was more pronounced in the dorsal 
LC. The data show widespread co-expression of αЗ and α6 nAChR subunit 
mRNAs in catecholaminergic cell groups of the S N /V TA  and LC. However, 
α6 mRNA is more widespread, in S N /V TA  and LC, and this differential 
expression could give rise to differentia l pharmacological properties of 
∩AChRs in different projection areas. Supported by PHS grant DA 10612.

EXCITATORY AMINO ACID RECEPTORS: STRUCTURE—FUNCTION STUDIES

333.2333.1

M O L E C U L A R  D E T E R M IN A N T S  FOR A M P A  R E C E PTO R  
D E S E N S IT IZ A T IO N  Y. Ster∩-Bach1. S. Russo2. M. Neuman1 and C. 
Rosenmund2*. 'Hebrew University-Hadassah Dental School, Jerusalem 91120, Israel 
and 2MPI ſ. Biophysical Chemistry, 37070 Göttingen, Germany

Desensitization of the α-amino-3-hydroxy-5-methly-4-isoxazole-propionate 
(AMPA) subtype of ionotropic glutamate receptors is thought to shape synaptic 
responses and act as a neuroprotective mechanism at synapses in the central nervous 
system. Desensitisation at the molecular level is poorly understood, however. In this 
study, we have analysed the kinetic properties of chimeric receptors in which regions 
of the AMPA receptor subunit GluRЗ are exchanged for the corresponding regions of 
the kainate receptor subunit GluR6 . Glutamate receptors and chimeras were 
transiently expressed in HEK293 cells and desensitisation was measured by 
application of 10 mM glutamate onto outside-out patches using a rapid solution 
exchange system.

Replacing SI of GluRЗ (a segment of app. 150 amino acids immediately preceding 
the first transmembrane region and forming part o f the binding domain) with the 
corresponding SI of GluR6 resulted in a fu lly  active, but completely 
nondesensitising receptor. Backsubstitutions of GluRЗ sequences revealed three 
segments within SI that modified desensitization properties. Mutations in the region 
near the first transmembrane domain resulted in partial block of desensitization. 
Another region in the N-terminal part of SI reduced the rate of resensitization. 
Thirdly, a single amino acid exchange in vicinity of residues that bind glutamate 
binding blocked desensitization of completly. Mutation at this site had an identical 
effect on other AMPA receptors. Further mutations indicate that this site interacts 
with residues either outside SI or with neighboring subunits. The close spatial 
arrangement of residues involved in glutamate binding and desensitization suggests 
that glutamate binding directly triggers both activation and desensitization of AMPA 
receptors and is also consistent with the occurrence of desensitization without channel 
opening, a state in which a bound agonist is required. This work was supported by 
BSF (Y.S.-B.) and a Helmholtz fellowship (C.R).

FLIP/FLOP-DEPENDENT DESENSITIZATION KINETICS OF THE 
UNEDITED FORM OF AMPA RECEPTOR SUBUNIT GLƯR2. M. Koike. 
S. Tsukada. K. Tsuzuki* and S. Ozawa. Dept, of Physiol., Gunma Univ. 
Sch. of Med., Maebashi 371-8511, Japan.

AMPA receptor channels (AMPARs) mediate fast excitatory 
neurotransmission in most central synapses. The four subunits 
composing AMPARs (GluRl-GluR4) exist in two distinct forms, flip and 
flop, generated by alternative splicing of a 115-base pair. Among GluRl- 
GluR4, the GluR2 subunit plays a key role in determining functional 
properties of AMAPRs such as Ca2+ permeability and rectification 
properties. In this study, we aimed to reveal differences in kinetic 
properties between the flip and flop splice variants in the recombinant 
GluR2 AMPAR. We used the unedited form of GluR2 (GluR2Q) with 
glutamine (Q) at the Q/R site, since veiy little current response to 
glutamate was recorded when the edited form of GluR2 (GluR2R) with 
arginine at this site was expressed in Xenopus oocytes. Fast applications 
of 1 mM glutamate via a piezo-driven solution exchange device to 
outside-out membrane patches of the oocytes caused current responses 
that desensitized rapidly both in the flip and flop forms. However, the 
desensitization time oonstant was much faster in the flop (1.2±0.05 ms, 
mean±S.E.M., n=37) than in the flip (5.9 ±0.17 ms, n=5O). Recoveryfrom 
desensitization was investigated by applying two brief pulses of 
glutamate with various intervals. Recovery time constant was faster in 
the flip than the flop (11.8 ms for flip vs 31.4 ms for flop).
Supported by Grant-in-Aid for Scientific Research from the Ministry of 
Education, Science, Sport and Culture of Japan, and Core Research for 
Evolutional Science and Technology of Japan Science and Technology.

333.3

THE CO DO M AIN OF THE NR1 SUBUNIT IS C R IT IC A L  FOR Ca- 
DEPENDENT INACTIVATIO N OF NMDA RECEPTORS I. Kгupp*. B. Vissel†.
C. Thomas. S.F. Heinemann† & G.L. Westbrook. Vollum Institute, Oregon Health 
Sciences University, Portland OR and † Salk Institute, La Jolla CA.

Ca-dependent inactivation of the NMDA receptor is a negative feedback 
mechanism operative at central glutamatergic synapses. Previous studies in our lab 
proposed a model for inactivation, in which the NMDA receptor is linked to the actin 
filament by a putative, Ca-sensitive modulatory protein. Recently, several proteins, 
including Ca/calmodulin (CaM) and α-actinin, have been shown to interact with the 
NR1 subunit of the NMDA receptor. Using the patch-clamp technique in transfected 
HEK293 cells and peptide-binding assays, we examined if  these two proteins and their 
interaction with the cytoplasmic regions o f NR1 are required for inactivation.

Initial experiments with alternatively spliced NR 1-variants and truncation mutants 
expressed with NR2A showed that the first 30 residues distal to M4 (aa 834-863) are 
essential for inactivation. This region, called CO, is common to all NR1 splice variants. 
The last five residues of CO (aa 859 to 863) were crucial, because their truncation 
abolished inactivation. Neutralization of positive charges by point mutations in this 
region also reduced inactivation. In binding experiments with corresponding peptides, 
CaM-binding was positively correlated with the presence and degree o f inactivation 
observed with the NR1 mutations. However, whole-cell experiments using CaM- 
inhibitors gave results inconsistent with the idea that Ca/CaM-binding to CO is the sole 
factor responsible for inactivation. To investigate a role for α-actinin, we coexpressed 
different α-actinins with NRl-4a/2A heteromers. α-actinins are homodimers with each 
subunit containing an actin-binding domain, four spectrin repeats and a C-terminal 
domain with two EF-hand motifs. Expression of a Ca-sensitive non-muscle α-actinin 
had no effect on inactivation, but an α-actinin truncation mutant containing only the 
spectrin repeats abolished inactivation, α-actinin muscle isoforms with EF-hands, 
predicted to be non-functional, reduced inactivation. We propose that CO is latched to 
the actin filament by α-actinin and that inactivation results from the calcium-dependent 
release of this latch. Supported by N¡H (GLW, SFH), McKnight Foundation (SFH), 
HFSP (JK, BV↓ and NHMRC of Australia (BV).

333.4
IN T R A C E L L U L A R  D E TE R M IN A N TS  OF D E SE N S IT IZA TIO N  
K IN E T IC S  IN  R E C O M B IN A N T  K A IN A T E  RECEPTORS. G.T. 
Swanson* and S.F, Heinemann. Molecular Neurobiology Laboratory, The 
Salk Institute for Biological Studies, La Jolla, CA 92037.

The structural changes that underlie activation and desensitization o f 
glutamate-gated ion channels are not well understood. Indeed, until recently 
the elements o f the receptor proteins involved in these gating processes 
were mostly unknown. In non-NMDA receptors, certain residues in the 
extracellular loop between M3 and M4 determine aspects o f channel 
kinetics (Partin et al., Neuron, 1995; Swanson et al., Neuron, 1997). Also, 
results based on N M D A  receptor chimeras support the involvement o f 
domains in the amino-terminal region in subunit-specific desensitization 
(Kгupp et al. and V illarroel et al., Neuron, 1998).

We are exploring the structural determinants o f kinetics in recombinant 
kainate receptors, which exhibit cell-to-cell variability in their 
desensitization rates when expressed in HEK 293 cells. Kainate currents 
from GluR5-expressing cells have desensitization rates that vary by 500- 
fold. Cells that have fast-desensitizing kainate currents also show fast 
desensitization w ith glutamate. We have found that mutation o f Y844, a 
carboxy-terminal residue in GluR5, produces a slowly desensitizing 
receptor that exhibits little  inter-cell variability. We are currently exploring 
possible intracellular mechanisms, including tyrosine phosphorylation and 
protein-protein interaction, that might modulate receptor kinetics through 
interaction with, or modification of, this amino acid residue. Supported by 
grants from  the NIH and the McKnight Foundation to SFH and NRSA 
fellowships to GTS.
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333.5
A CYSTEINE RESIDUE IN GLUR6 INVOLVED IN 
RECEPTOR DESENSITIZATION AND LIGAND BINDING.
C.J. Price* and L .A . R aym ond. D epartm ent o f  Psychiatry, U niversity  
o f  British Colum bia, V ancouver, British C olum bia V 6T  1ZЗ.

A  characteristic feature o f  n o n -N M D A  receptors is that they 
d esen sitize  rapidly during exposure to glutam ate. T o identify am ino  
acid residues important for this process in the kainate receptor subunit 
G luR 6, w e have m ade m utations and a ssessed  the functional 
co n seq u en ces by w h ole  cell patch clam p recordings from  transfected  
H EK  293  ce lls . W hen cystein e 71 9  w as m utated to serine (C 719S ), 1 
m M  glutam ate-induced desensitization  w as markedly slow ed , with the 
tim e constant for onset o f  d esensitization  increasing from  7 .6  ±  0 .22  
m s to 5 1 .5  +  3 .1 4  m s (m ean +  SEM ; n = 7 and 16 respectively). 
Furthermore, the tim e required to recover from  desensitization  was 
a lso  increased, from  2 .93  s to 4 .5 4  s. A ccom p an yin g these e ffects on 
desensitization , the glutam ate d ose-response curve show ed a leftward  
shift for C 719S  relative to w ildtyp e, w ith the E C 50 for glutam ate 
sh iftin g to approxim ately 180 µM  from  3 3 0  µM . C ysteine 719  
therefore m ay play a major structural role in the G luR 6 receptor. 
H ow ever, because its rem oval does not result in loss o f  function, it is 
not required for m aintaining the basic tertiary structure o f  the G luR6. 
R esearch was supported by the Heart and Stroke Foundation o f  B.C. 
and Yukon (CJP) and the M edical Research C ouncil o f  Canada 
(LA R ).

333.7
COMPARISON OF THE LIGAND BINDING DOMAINS OF ΊΉ E  KAINATE 
RECEPTORS GLUR6 AND GLƯR7. C.Villmann*. N. Stmt/ and M. Hollmann. 
Glutamate Receptor Laboratory, Max-Planck-Institute for Experimental Medicine, 
Hermann-Rein-Sư.3, D-37075 Göttingen, Germany

Although the kainate (KA) receptors GluR6 and GluR7 are 86 % homologous and 
belong to the same glutamate (Glu) receptor subfamily, they have distinct 
elecưophysiological features. It has been described by others that both receptor 
subtypes show comparable ligand binding (KDs for KA are 95 nM for GluR6 and 77 
nM for GluR7, respectively). However, in contrast to GluR7, homomerically expressed 
GluR6 is able to conduct current in Xenopus oocytes. Recently, it  has been shown that 
GluR7 is activated only by unphysiologically high agonist concentrations. 
Additionally, GluR7 does not respond to the agonist domoale and shows only weak 
potentiation when treated with the lectin concanavalin A (ConA).

The ligand binding site (LBS) is composed of two non-contiguous domains (SI and 
S2). We set out to investigate i f  one or both domains determine the functional differ
ences between GluR6 and GluR7. We constructed chimera by recombining the two 
parts of the LBS of GluR6 and GluR7 (with the ion pore derived from either GluR6 or 
GluR7), thus separating the SI from the S2 domain. A ll four chimeras were capable of 
forming functional ion channels which could be activated by physiological concen 
trations of Glu and KA. For chimeras containing the N-terminal part of GluR7 and the 
C-terminal part of GluR6 current amplitudes and EC5Qs for KA and Glu measured after 
ConA treatment were comparable to wildtype GluR6 . By contrast, for chimeras 
composed of the N-teгminal part of GluR6 and the C-terminal part of GluR7 currents 
evoked by Glu or KA were significantly reduced while EC5os were little different from 
wildtype GluR6 . Our data demonstrate that each domain of the LBS of GluR7 in 
combination with the respective second domain derived from GluR6 is capable of 
forming functional ion channels. We conclude that failure of formation oł GluR7 ion 
channels functional at physiological agonist concentrations is due to an inefficient 
interaction of the two domains of the LBS leading to inefficient signal ưansduction to 
the ion pore. Supported by the Deutsche Forschungsgemeinschąft, and SFB 406.

333.9
CHARGED RESIDUES IN THE PORE REGION REGULATE INTRINSIC 
RECTIFICATION AND POLYAMINE BLOCK IN GLUR6 . V.Panchenko.
C.GIasser and M.L.Maver*. LCMN, NICHD, NIH, Bethesda, MD 20892.

The Q/R (0) site and D/E (+4) position, which forms a conserved negatively charged 
ring in non-NMDA receptors, were mutated in GluR6 to study their role in 
peπneation and the blocking action o f polyamines. Neutral, negatively and positively 
charged amino acids were substituted to determine their influence on rectification in 
the presence and absence of polyamines. Intrinsic rectification was studied using 
HEK293 cell outside-out patches. Polyamine block was quantified by Woodhull 
analysis of conductance-voltage (G-V) relationships obtained from two elecưode 
voltage clamp responses in Xenopus oocytes. The introduction of negative charge into 
position 0 by substituting E or D reduced polyamine affinity without greatly affecting 
the voltage dependence of block or intrinsic rectification. Substitution o f residues with 
different size at position 0 revealed a decrease in polyamine block with reduction in 
size, with similar intrinsic rectification as for wt. Positively charged residues at 
position 0 (R and K) resulted in outward rectifying responses both in oocytes and 
HEK293 cell patches similar to those recorded in HEK293 cell patches with no 
blocker applied. With H at position ü it was possible to alter polyamine block by 
changing extracellular pH. In contrast, charge neutralization at +4 with Q or N reduced 
outward rectification recorded in the absence o f polyamines as well as decreasing the 
voltage dependence o f p.olyamine block. Charge reversal at +4 (E594K) resulted in 
inward instead o f outward intrinsic rectification which was also observed in the 
absence o f extracellular Ca and Mg. Our data suggest that a negatively charged ring at 
+4 but not at the Q/R site is required for strong voltage dependence o f polyamine 
block. The sensitivity o f intrinsic rectification in the absence o f polyamines to charge 
neutralization at +4 suggests this site also interacts with permeant ions.

Supported by NICHD

333.6
AGONIST-INDUCED CHANGES IN ACCESSIBILITY OF SUBSTITUTED 
CYSTEINE REVEAL DYNAMIC STRUCTURE OF M3-M4 LOOP REGION OF 
GLUTAMATE RECEPTOR GLUR6. S. S. Basirv1, P. Mendoza1, P. D. Lee1, and L. 
A. Raymond*’*·2,3. 'Kinsmen Laboratory of Neurological Research, Department of 
Psychiatry, department o f Physiology and div is ion of Neurology, The University of 
British Columbia, Vancouver, B.C., V6T 1ZЗ Canada.

Recent evidence indicates that the structure of ionotropic glutamate receptors 
(GluRs) is unique among the ligand-gated ion channel superfamily. However, the 
structure of the segment linking membrane domains M3 and M4 (M3-M4 loop) 
remains somewhat controversial. Whereas a variety of data indicate that the M3-M4 
loop is extracellular, other studies suggest that certain residues within this loop are 
sites of phosphorylation and channel modulation by intracellular protein kinases. To 
reconcile these conflicting data, we hypothesized that the GluRs have a dynamic 
structure in which, upon agonist binding to and activation of the channel, a portion of 
the M3-M4 loop containing putative phosphorylation sites may translocate across the 
membrane to the cytosolic side. In order to test this hypothesis, we mutated a putative 
PKA-phosphorylation site located in the M3-M4 loop of GluR6 (Ser684) to Cys, 
allowing further modification of this residue by Cys-specific reagents. Using a 
combined biochemical and electrophysiological approach, we determined that in the 
ligand-unbound state of GluR6(S684C), Cys-684 is accessible from the extracellular 
side to modification by a Cys-specific biotinylating reagent as well as by streptavidin. 
In addition, we found that this residue becomes inaccessible for biotinylation upon 
agonist binding and activation of the channel. However, our electrophysiological data 
indicates that translocation o f Cys-684 to the cytoplasmic side is unlikely. The results 
of our biochemical and electrophysiological experiments indicate that residue 684 in 
the M3-M4 loop of GluR6 is located extracellularly in the channel’s ligand-unbound, 
closed state, as well as in the ligand-bound, activated state.
This work was supported by the Medical Research Council o f Canada (LAR).

333.8
R E L A T IO N S H IP  B E T W E E N  T H E  S T R U C T U R E  O F  L IG A N D  A M IN O  A C ID S  
A N D  T H E  A C T IV A T IO N  O F  M O U S E  N M D A  R E C E P T O R : K, S a k a ta 2, T. 

F u ku sh im a 2, R. S h in g a i2* ,  M. M a ts u m o to 1 a n d  T. O g u ru s u 2, ↑ S c h o o l o f 
A llie d  M e d ica l S c ie n c e s , H iro sa k i U n ive rs ity , H iro sa k i, 0 3 6  J a p a n ; ⅛ e p t .  o f 
C o m p u te r a n d  In fo rm a tio n  S c ie n ce , Iw a te  U n ive rs ity , M o rio ka , Iw a te  020 - 
8 5 5 1 , Ja p a n .

N-methyl-D-aspartic acid (NM DA) receptor is activated by glycine 
and L-glutamate binding. Various amino acids can activate the 
receptor w ith  binding to the glycine site. Here the structural 
requirement for amino acid to activate the receptor was investigated 
by electrophysiological experiment and computer simulation. cRNAs 
of mouse NM D A receptor ε l and ζ l subunits were coinjected to 
Xonopus oocyte. Response of amino acid was recorded by voltage-clamp 
method. A ll the amino acids were applied w ith  10 µM L-glutamate. 
Among 39 amino acids (D and L form of 20 common amino acids except 
glycine), glycine and D and L forms of serine, alanine and cysteine 
activated the NM D A receptor.

M inim um  energy structure of amino acid was calculated by the 
program package TINKER. The electron charge distribution w ith in  the 
ligand was calculated by WinMOPAC. Charge distributions w ith in  the 
side chains of ligand molecules showed the negative relationship to 
their sensitivies.

To activate the NM DA receptor, it is suggested that the liģand should 
have carboxyl and amino groups and short side chain connecting to the 
α carbon; the charge w ith in  the side chain might affect to the 
sensitivy of binding to the glycine binding site.

333.10
DETERM INANTS OF Ca2+ TRANSPORT IN NM DA RECEPTOR 
CHANNELS RESIDE IN THE M3 SEGM ENT OF THE NR1- 
SƯ BU NIT L.P. Wollmuth*L C. Beck. P.H. Seeburg and B. Sakmann
+Dept. of Neurobiology and Behavior, SƯNY, Stony Brook, Stony Brook, NY and 
MPI für med. Foгschung, Abt. Zellphysiologie and Mol. Neurobiologie, Jahnstr. 29, 
Heidelberg, Germany.

NM DAR channels transport Ca2+ about four-fold more efficiently than 
Ca2+-permeable AMPAR channels. This difference is not due to the 
composition o f the Q/R/N-site and apparently reflects that the outer 
vestibule o f NM DAR channels contains a high affinity site for Ca2+ which 
is absent in AMPAR subunits. To identify the molecular determinants o f 
this difference, we took advantage o f ⅛ e fact that Ca2+ permeability 
measured under biionic conditions in pure external Ca2+ (0.3 to 110 mM) 
is concentration dependent in NM DAR but not in AM PAR channels. 
Substitution o f charged and polar residues in the M3 segment o f the NR1- 
subunit but not o f  those in the M 1 or M 4 segment nor in the M3 segment 
o f the NR2A-subunit altered Ca2+ permeability. Most notable is that 
substitution o f  residues in a complex o f charged residues and a proline 
(DRPEER) positioned C-terminal to the M3 segment in the NR 1-subunit 
altered Ca2+ permeability only at low concentrations (0.3 and 1.8 mM). In 
contrast, substitutions o f residues deep in the pore, including those at the 
channel’s narrow constriction, reduced Ca2+ permeability only at high 
concentrations (1.8 and 110 mM). These patterns o f  changes in Ca2+ 
permeability are consistent with the DRPEER complex constituting an 
external site for C a2+. The DRPEER complex is absent in AMPAR  
subunits and may mediate the functional difference in fractional Ca2+ 
currents between these receptor subtypes.
Supported in part by a Alexander von Humboldt fellowship to LPW.
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333.11
GLUTAMATE RECEPTOR DELTA 2 SUBUNIT (GRID2) WITH LURCHER 
MUTATION FORMS AN AMPA-LIKE CHANNEL. J. Zuo' \  L. Wollmuth2, C. 
Beck2. P. Seeburg2. N. Heintz'. and T. Kuner2* . 'Howard Hughes Medical Institute, 
Rockefeller University, New York, NY 10021, USA; 2Dept. of Molecular 
Neurobiology, Max-Planck Institute for Medical Research, 69120 Heidelberg, 
Germany; ’Dept, of Developmental Neurobiology, St. Jude Children’s Research 
Hospital, Memphis, TN 38105.
Grid2 is an orphan ionotropic glutamate receptor with approximately 25% 

homology to either AMPA- or NMDA- receptors. We have demonstrated that 
neurodegeneration in lurcher (Lc) mice results from an Ala-to-Thr transition in the 
highly conserved transmembrane segment III of the Grid2 protein and this mutation 
results in a constitutively open channel (Nature, 388:769). To study Ca2+ permeation 
properties of Grid2u we expressed Grid2 and Grid22'7 mutant channels in the HEK293 
cells. Grid2u displayed significant whole-cell currents in the presence of 130 mM 
NaCI. External Ca2+ modulated whole-cell currents in the presence of Na+: at 2 mM 
[Ca2+]„ currents were larger as compared with currents at 0 mM or 20 mM [Ca2+]〇. 
Reversal potentials recorded in the presence of different external Ca2+ concentrations 
did not exhibit significant concentration-dependent shifts in comparison to comrol, 
suggesting that Grid2^ is only poorly permeable to Ca2+. Furthermore, I-V curves 
were doubly rectifying in the presence of Ca2+, similar to the I-V relation of AMPA 
receptors lacking GluR-B. To further substantiate that these currents are conducted 
through a pore formed by Grid2^ itself, we substituted the critical Q residue (position 
618) in the M2 segment to an R residue in the Grid2^ protein. Interestingly, the R 
form of Grid2Łí revealed less prominent potentiation in the presence of Ca2+ and a 
more linear I-V relation. In summary, these data indicate that Grid2^ forms an 
AMPA-like channel which is also supported by the fact that the M2 segment of Grid2 
is more homologous to AMPA receptors than to NMDA receptors. This work was 
supported in part by NIH Cancer Center Support CORE grant P30 CA21765 and by 
the American Lebanese Syrian Associated Charities (ALSAC).

333.12
CHARACTERIZATION OF 52 GLUTAMATE RECEPTORS BY A MUTATION 
THAT CAUSES CHANNEL ACTIVITIES. K. K o h d a *T . K ondo, M. T o m o m u ra , 
a nd  M. Y u za k i St. J u d e  C h ild re n ’s Res. H osp ., M em ph is , TN  38105.

A n  o rp h a n  g lu ta m a te  re c e p to r 52 b e lo n g s  to  th e  io n o tro p ic  g lu ta m a te  re ce p to r 
fa m ily  and  is p re d o m in a n tly  e x p re s s e d  in c e re b e lla r  P u rk in je  ce lls . A lth o u g h  its 
nu ll m u ta tio n  c a u se d  im p a irm e n t o f m o to r co o rd in a tio n  and  loss  o f lo n g -te rm  
d e p re s s io n  in the  ce re b e llu m , the  e x a c t fu n c tio n  o f  52 is n o t c lear. H ow eve r, a 
re c e n t f in d in g  th a t a p o in t m u ta tio n  o f 52 (5 2 Lc), w h ich  is id e n tifie d  in lu rc h e r  

a ta x ic  m ice , ca u s e s  co n s titu tive ly  o pen  ch a n n e l a c tiv it ie s  s u g g e s te d  th a t 52 
m ay be in vo lve d  in fo rm in g  c h a n n e ls . S in ce  a g o n is ts  fo r  52 have  n o t been  id e n 
tified , p ro p e rtie s  o f  p u ta tive  52 c h a n n e ls  can  on ly  be in fe rre d  fro m  the  a n a lys is  
o f  ch a n n e l a c tiv it ie s  o f  52 Lc. Thus , w e  tra n s ie n tly  e xp re sse d  52Lc in H E K 2 9 3  
ce lls  a n d  an a lyze d  the  ch a n n e l a c tiv it ie s  by w h o le -ce ll v o lta g e -c la m p  m e th o d  
52 lc fo rm e d  a co n s titu tive ly  ope n  c h a n n e l th a t w a s  n o t in h ib ited  by N M D A  re 
c e p to r a n ta g o n is t M K -801 and  A M P A /K A  re c e p to r a n ta g o n is ts  G Y K I5 2 4 6 6  o r 
J S T X . 10 m M  M g2+ p a rtia lly  re d u ce d  th e  52LC cu rre n t in a v o lta g e -in d e p e n d e n t 
m an n e r. T h e  cu rre n t sh o w e d  re c tif ica tio n  a t ne g a tive  po ten tia ls , w h ich  is c h a r
a c te r is tic  o f  a il n o n -e d ite d  fo rm s  o f  A M P A /K A  rece p to rs . C ha n g in g  e x tra c e llu la r  
C a 2:̂ o r C ľ  d id  n o t s ig n ifica n tly  s h ift re ve rsa l p o te n tia ls  o f  52LC cu rre n ts , s u g 
g e s tin g  low  p e rm e a b ility  o f 52LC to  th e s e  ions. In te res ting ly , C a 2+ ions  show ed  
a p p a re n t b lo ck in g  e ffe c t on the  5 2 LC cu rre n ts . A lth o u g h  it is still no t c le a r 
w h e th e r w ild  typ e  52 fo rm s  c h a n n e ls , th e se  d a ta  su g g e s t th a t 52 m ay have 
u n iq u e  ch a n n e l p ro p e rtie s  a m o n g  io n o tro p ic  g lu ta m a te  re cep to rs . T h is  w o rk  
w a s  su p p o rte d  in p a rt by N IH  C a n c e r C e n te r S u p p o rt C O R E  g ra n t PЗO 
C A 2 1 7 6 5  and  by the  A m e ric a n  L e b a n e se  S yrian  A sso c ia te d  C h a ritie s  (A L S A C ).

EXCITATORY AMINO ACID RECEPTORS: PROTEIN-PROTEIN INTERACTIONS

334.2334.1
EXPRESSION OF NMDAR2 RECEPTOR SUBUNIT IN RAT SOMATOSENSORY 
CORTEX - SYNAPTIC LOCALIZATION AND RELATIONSHIP WITH PSD 
PROTEINS. J.G. Valtschanoff 1̄. K. Phend1* . R.J. Wenthold2. M. ShengЗ. 
and R.J. W einberα1. 1Dept. of Cell Biology & Anatomy, UNC, Chapel 
Hill, NC 27599.; 2 Lab. of Neurochemistry, NIDCD, NIH, Bethesda, MD 
20892; 3Dept. of Neurobiology, HHMI, Harvard, Boston, MA 02114.

Functional NMDA receptors exist as heterom eric combinations of 
NR1 and NR2 subunits. We employed postem bedding ¡mmunocyto- 
chem istry to study the expression of NR2A and NR2B in adult rat 
somatosensory cortex at EM level. Gold particles coding for NR2A/B 
were largely associated with asymmetric synapses. Some labeling was 
found in dendrites, where gold particles labeled microtubules. Synaptic 
labeling for NR2 was concentrated over the postsynaptic membrane and 
PSD of asymmetric synapses, and sparser over the synaptic cleft and 
the presynaptic profile. Quantitative measurements revealed that along 
the synapse, gold particles were concentrated halfway between the 
center and the edge of the active zone. Along the axo-dendritic axis, 
particle density was highest at the postsynaptic membrane with some 
spread (up to 50 nm) towards the pre- and post-synaptic parts. In 
doub le-sta ined m ateria l, NR2 co loca lized in some, but not all, 
synapses with NR1 and with the NMDA anchoring proteins PSD-95, 
GKAP, and CRIPT. This provides structural evidence for heteromeric 
NMDA receptors anchored at the postsynaptic mem-brane of cortical 
synapses. Supported by award # NS29879 (to RJW).

AMINO-TERMINAL FRAGMENTS OF GLUR1 INTERACT WITH NATIVE 
GLURI AND GLUR2 SUBUNITS. C.T. Schulteis* and S.F. Hei∩emann. 
Molecular Neurobiology Laboratory, The Salk Institute for Biological Studies, La 
Jolla, CA 92037.

AMPA receptors are composed of a multimeric assembly of GluRs 1, 2, 3, and 4. 
Subunit composition determines several critical receptor properties. The subunit 
association domains of acetylcholine receptors, glycine receptors, and some voltage- 
dependent potassium channels have been localized to the amino terminus. To define 
regions of the AMPA receptor subunit critical for assembly, the ability of truncated 
GluRl proteins to associate with full length GluRl and GluR2 subunits was 
evaluated. Two GluRl truncations were constructed: (1) R1-840Δ, consisting of 
the amino terminus and membrane domains with the carboxyl terminus deleted, and 
(2) Rl-528Δ containing only the amino terminus. Both truncations were fused to a 
carboxyl-terminal Myc/His tag, and co-expressed with wild-type GluRl or GluR2 in 
HEK293T cells. Cell lysates were subjected to purification on a Ni2+ resin to 
isolate His-tagged protein or to immunoprecipitation with antibodies directed against 
the GluRl or GluR2/3 carboxyl terminus. Upon co-expression of the truncations 
and native GluRl, Ni2+ purification yielded not only the truncated fragment as 
expected, but also the wild-type GluRl. The reciprocal experiment using antibodies 
directed against the full-length GluRl protein also precipitated both truncated 
proteins. As a control for specificity of interaction, the proteins were expressed in 
different cells and cell lysates mixed prior to purification, in which case interactions 
were not detected. Similar results were obtained upon co-expression with the GluR2 
subunit. These results demonstrate that the amino terminus of GluRl may be a 
region of subunit association in both homomeric and heteromeric AMPA receptors, 
while the carboxyl terminus is not necessary for subunit association. Smaller 
amino-terminal fragments will be constructed to further narrow the region(s) of 
subunit association. This work was supported by grants from the NIH.

334.3
C L O N IN G  A N D  C H A R A C T E R IZ A T IO N  O F A  N O V E L  G LƯ R 4  
IN T E R A C T IN G  PR O T EIN  C .A . R ogers* . W .R . A llen . J.D. Burrill 
and S .F . H ein em an n . M olecu lar  N e u r o b io lo g y  L ab oratory, Salk  
Institute, La Jolla, C A  92037

G lutam ate receptor subunits have been  sh ow n  to interact w ith  a 
variety o f  intracellular scaffold ing proteins, w h ich facilitate functions 
such as receptor c lu sterin g, sign al transduction, and anchoring at 
synaptic sites. Several o f  the glutam ate receptor interacting proteins 
contain PD Z  dom ain s, or c o iled -co iled  interacting m otifs . U sin g  a 
L exA -b ased  yeast tw o-hybrid  system  w e  screened  36  x l 〇6 c lo n es  
o f  a m ouse em bryo c D N A  library using G luR 4 C-term inal bait and 
identified  a n ovel interacting protein w h ich  lack ed a P D Z  or co iled -  
c o iled  dom ain . The interaction w as sp e c if ic  for G luR 4, s in ce  no  
interaction w as ev id en t w ith  other ion otrop ic  glutam ate receptor  
subunits. C lon in g  o f  the full len gth  c D N A  from  rat hippocam pal 
c D N A  library revealed  an open  reading fram e o f  1248 bp and a 
predicted protein cod in g  region o f  3 7 6  aa. S eq u en ce analysis using  
PSO R T  predicted cy top lasm ic  loca liza tion  w ith  a lack  o f  nuclear  
targeting and transm em brane d om ain s. T h e protein  con ta in s N -  
terminal proline rich region  fo llo w ed  by cyste in e-r ich  dom ain s, as 
w ell as con sen su s sites for N -m yristoy la tion , protein kinase C and 
tyrosine kinase phosphorylation. Northern B lot analysis o f  adult rat 
tissu es dem onstrated the expression  o f  a 3 .3  kB m essage  in kidney, 
heart, sp leen  and lung. In-situ  hyb rid ization  ex p er im en ts  have  
dem onstrated exp ression  in d iscreet brain areas. W e are currently  
exam ining the localization and p ossib le  function o f  this protein in rat 
brain. T h is  w o rk  w a s  s u p p o r te d  b y  th e  N IH , N A R S A D  a n d  the  
M cK n ig h t F ounda tion .

334.4
ID E N T IF IC A T IO N  OF K A IN A T E  RECEPTOR SU B U N IT  G LUR7b 
AS SO C IATE D  PROTEINS H.H. S ch iffe r*. C.A. Rogers, and S.F. 
Heinemann. Molecular Neurobiology Laboratory, Salk Institute, La Jolla, 
CA 92037

The carboxy-te rm in i o f g lutamate receptors, w h ich are 
in tracellularly localized, have been shown to be important for receptor 
function and signal transduction at the synapse. Several new proteins have 
been identified which bind directly to these domains. We have recently 
identified a new splice variant o f the kainate receptor subunit GluR7 
m RNA which has a 40 nucleotide insertion 3’ to the region encoding 
TM IV . This introduces a fгameshift in the GluR7 transcript, which encodes 
a functional receptor (named GluR7b) w ith a novel c-terminal amino acid 
sequence. A two-hybrid screen in yeast was performed using the GluR7b c- 
terminus as bait to identify proteins which specifically interact w ith the c- 
terminus o f GluR7b. 2 x lO 7 clones o f a whole mouse embryo library ( E l8) 
were screened. One positive clone was identified which interacts exclusively 
w ith GluR7b and not w ith GluR7a or other ionotropic glutamate receptor 
subunits. The DN A sequence o f this clone revealed a new protein sequence 
which matched sequences only found in the dbest database. The D N A 
sequence o f human and mice ES>T clones predicts a 320 aa protein, 
containing a coiled coil and a nucleotide binding domain. RT-PCR analysis 
on mouse brain total RNA identified several splice variants o f this protein. 
Currently, we are studying the interaction o f this new protein w ith the 
GluR7b subunit and putative roles o f this protein for GluR7b localization 
and function.
This work was supported by the NIH and the McKnight Foundation.
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334.5
FU N C T IO N A L  C H A R A C T E R IZ A T IO N  OF TH E A M P A  
R E C E PT O R -N SF -SN A P CO M PLE X . P. O sten*. L. Khatri. B. 
A. States. M. F. Barry, and E. B . Z iff . H HM I and Dept, o f  
B iochem istry, N Y U  M edical Center, 5 5 0  First A v e , N ew  York, 
N Y  10016

The A M PA  receptor form s an A T P-hydrolysis regulated co m 
plex with N -eth ylm aleim id e-sen sitive fusion  protein (N S F ) and 
α ,ß-soluble  N S F  attachm ent proteins (S N A P s). T his interaction  
is m ediated by the C-term inal peptide o f  one o f  the A M P A  
receptor subunits, G luR 2. W e dem onstrate that the N S F  binding  
is inhibited by 2 aa m utation in the C-term inal region sp ec ific  
for this subunit. W e provide a stoich iom etric m easurem ent o f  
the A M PA  receptor-N SF com p lex  indicating that 1 A M P A  
receptor can be associated with 1 hexam er o f  N S F  under co n d i
tions o f  inhibited A T P hydrolysis. In addition, w e sh ow  that the 
molar ratio o f  N S F :S N A P  in binding w ith  G luR 2 C -term inus 
and with t-SN A R E  syntaxin is very sim ilar w h ich  su ggests that 
the sam e m olecular com p lex  ex ists in binding to both proteins. 
N S F  is know n to d isassem ble the proteins o f  the S N A R E  m em 
brane fusion apparatus, syntaxin, synaptobrevin  and S N A P 2 5 , 
in a chaperone-like interaction driven by A T P hydrolysis. This  
N S F  function is now  believed  to occur after the event o f  m em 
brane fusion, during a process o f  protein sorting and recyclin g  
necessary for the next round o f  fusion. W e are currently testing  
a m odel according to w h ich  N S F  can function as a chaperone in 
the m olecular processing o f  the A M P A  receptor.(Suppoгted by 
Howard Hughes Medical Institute).

334.7
INTERACTION OF AMPA RECEPTORS WITH PICK1

J. X ia1. J.L. Staudi∩ger2. S. Zhang‘ * and R,L. Huganiг1 
'The Howard Hughs Medical Institute, Department o f Neuroscience, the 
Johns Hopkins University School o f Medicine, Baltimore, M D 21205. 
2GlaxoWellcome, Research Triangle Park, NC 27709

Glutamate is the major excitatory neurotransmitter in the central 
nervous system. Glutamate receptors play an important role in LTP and 
LTD, which have been proposed to be cellular models for learning and 
memory. To identify proteins involved in the clustering and modification 
o f glutamate receptors, we used the C-terminus o f the AM PA receptor 
GluR2 subunit to screen a rat hippocampus yeast two hybrid library. We 
found that GluR2 interacted with a PDZ domain containing protein 
called P ick l, which was originally cloned as a PKC interacting protein. 
We found that GluRЗ and GluR4c, which share the same C-terminus as 
GluR2, also interact with P ickl in the yeast two hybrid system. Mutation 
o f the C-terminus o f GluR2 blocked the interaction between GluR2 and 
P ickl. In addition, in cotransfected mammalian cells P ickl and GluR2 
formed a complex and P ick l induced the clustering o f GluR2. 
Immunostaining o f cultured hippocampal neurons revealed that P ick l 
was enriched in synapses and co-localized w ith GluR2. These results 
suggested that P ickl may play an important role in the clustering and 
modification of AM PA receptors.
Supported by HHM I, NIH.

334.6
INTERACTION OF AMPA RECEPTOR SUBUNIT GluR2 W ITH THE N- 
ETHYLM ALEIM IDE SENSITIVE FACTOR I.S on g , S .K .K am b oj. J.Xia. 
H .D o n g . R .J.O ’B rien*, and R .L .H u ganir. D ep t N eu ro sc ien ce , H HM I, 
Johns H opkins S ch ool o f  M edicine, Baltim ore, M D  212 0 5

Protein-protein interactions have recently been shown to be critical for the 
proper synaptic targeting of neurotransmitter receptors. In the present study 
we sought to identify proteins which interact w ith the AM PA receptor 
subunit, GluR2. Using the GluR2 C-terminal tail as bait in the yeast-2-hybrid 
system, we found this subunit interacted with N-ethylmaleimide sensitive 
factor (NSF). NSF plays an essential role in intracellular membrane fusion 
events and has been implicated in the exocytosis o f synaptic vesicles. The 
yeast assay showed that the interaction between NSF and GluR2 was specific 
and did not occur w ith G luR l, GluRЗ, or GluR4. This interaction was 
confirmed in a mammalian system using coimmunoprecipitation from the 
transfected HEK-293T cells. Furthermore, NSF was detected from anti- 
GluR2/3 immunoprecipitates using Triton-X 100 solubilized brain membrane 
preparations, demonstrating the association of NSF with GluR2 in vivo.

To investigate the functional significance o f the GluR2-NSF interaction, we 
recorded mEPSCs from cultured hippocampal neurons. A fte r sampling a 
series o f control mEPSCs, a C term inal GluR2 fragment peptide, 
corresponding to the region that interacted with NSF, was perfused into cells. 
This resulted in a decline in mEPSC amplitude o f -30  %, while a control 
peptide produced no significant reduction in mEPSC amplitude. These results 
suggested that NSF may play a role in the modulation o f AM PA receptor 
function through its specific binding to GluR2 subunit.

Supported by HHMI, NIH, and The Wellcome Trust

334.8
HOMER IB  REGULATES THE SURFACE EXPRESSION OF TYPE 
I METABOTROPIC G LU TA M A TE RECEPTORS. K.W. Roche*', J.C. 
Tu2, R.S. Petralia', B. X iao2, R.J. Wenthold', and P.F._W orley2. 
'Laboratory o f Neurochemistry, NIDCD, NIH, Bethesda, M D  20892; 
2Dept. o f Neuroscience, Johns Hopkins University, Baltimore, M D  
21205.

Homer la  (H Ia) is an immediate early gene that is upregulated in 
response to synaptic activity and has been shown to interact directly 
with Type I metabotopic glutamate receptors (Brakeman et al., 1997). 
Recently, a long form o f H I a, Homer lb  (H lb ), has been identified 
which also interacts with metabotropic glutamate receptors, but unlike 
H la  is constitutively expressed throughout the brain (Xiao et al., 
submitted). Using immunocytochemical techniques, we have 
characterized the subcellular distribution o f mGluR5 expressed in 
HeLa cells by itself or coexpressed with H la  or H lb . mGluR5 is 
expressed on the surface o f HeLa cells when expressed alone or with 
H la , whereas mGluR5 is retained within the cell when coexpressed 
with H lb  as determined by surface labelling cells with antibodies 
raised against an extracellular epitope o f mGluR5. When cells are 
permeabilized and stained, it is apparent that coexpression with H lb  
causes mGluR5 to be localized to an extensive reticulum as well as in 
large perinuclear organelles. mGluR5 mutants which do not interact 
with H lb  are not retained within the cell. Using EM, we have 
characterized the subcellular localization o f H lb  in both cerebellum 
and hippocampus. H lb  is highly enriched in the region directly under 
the postsynaptic density consistent with a potential role in targeting o f 
receptor to the postsynaptic membrane. Supported by the NIGMS 
PRAT program, the ШDCD intramural program, and NIDA.
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335.1
2-AMΓNOBICYCLO[2.1.1 ]HEXANE-2,5-DICARBOXYLIC ACID, A CONFOR- 
MATIONALLY RESTRICTED ACPD ANALOGUE, IS A POTENT AGONIST 
OF METABOTROPIC GLUTAMATE RECEPTORS. A. P. Kozikowski*1. D. H 
Ste¢nsm¾'. G, L. Aгaldi'. W Tückmanteľ. S. Wane1. S. Pshenichkin2. E. Suгina2. 
and J. T. Wгoblewskr. 'Georgetown Institute for Cognitive and Computational 
Sciences and department o f Pharmacology, Georgetown University School of 
Medicine, Washington D.C. 20007.

Many of the biological studies that have been conducted in the area of mGluR 
research have made use o f the agonist (15,3/?)-ACPD. This compound have been 
shown to act at both the group I and group II mGluRs. Since ACPD is somewhat 
flexible, with four distinctive conformations being identified from molecular 
modeling studies for the trans isomer, and five conformations for the cis isomer, it 
was of interest to examine the activity o f an ACPD analogue that has been 
constrained through the introduction o f a single carbon atom bridge. Accordingly, 
we have prepared an aminobicyclo[2.l.l]hexanedicarboxylic acid (ABHxD) 
analogue of ACPD. The synthesis was accomplished by use of an intramolecular 
[2+2] photocycloaddition reaction, in which four distinct isomers were isolated. Of 
these four compounds, only a single isomer, ABHxD-I, was found to be a potent 
agonist o f the mGluRs. The biological activity o f the new compounds was tested on 
CHO or BHK cell lines with stable expression o f the particular mGluR subtypes. 
Receptor activation was determined by measurements of phosphoίnositide 
hydrolysis for group I mGluRs, and o f forskolin-induced cyclic AMP accumulation 
for group II and III mGluRs. ABHxD-I, which expresses the fully extended 
glutamate conformation, was found to be more potent than ACPD at all six mGluR 
subtypes that were investigated, and to be comparable to or more potent than the 
endogenous ligand, glutamate. The calculated ECS0 values were: 1.6 µM for 
mGluRl, 0.72 µM for mGluR5, 0.33 µM for mGluR2, 2.2 µM for mGluRЗ (tested 
at the mGluRЗ/1 chimeric receptor), 23 µM at mGluR4 and 5.3 µM at mGluR6. 
Interestingly, in spite o f its fixed conformation ABHxD-I, like glutamate, shows 
little subtype selectivity. However, ABHxD-I showed no agonist activity at NMDA 
or non-NMDA glutamate receptors. The new compound is a potent wide-spectrum 
mGluR agonist devoid of activity at ionotropic glutamate receptors with potential as 
a starting point in the design of subtype selective mGluR ligands. (Supported by 
Pharmac¡a-Upjohn and NIH grants NS28130 and NS01720.)

335.2
PHARMACOLOGICAL CHARACTERIZATION OF THE HUMAN 
METABOTROPIC mGLUlα RECEPTOR EXPRESSED IN TRANSFECTED CHO 
CELLS USING AN INDUCIBLE SYSTEM.
E. Hermans. R.A,J. Challiss and S.R. Nahorski*. Dept of Cell Physiology & 
Pharmacology, University of Leicester, LEI 9HN, United Kingdom.

Controlled expression o f the human metabotropic glutamate receptor mGlulα was 
obtained in transfected CHO cells using an isopropyl ß-D-thiogalactopyranoside 
(IPTG)-inducible system. Stimulation of cells previously incubated for 18 h in the 
presence o f IPTG with the agonists L-quisqualate or (15,3/?)-1 -aminocyclopentane- 
1,3-dicarboxylic acid resulted in the hydrolysis of phosphoinositides, as revealed by 
increases in inositol 1,4,5-trisphosphate levels, or by significant accumulation of 
[3H] inositol polyphosphates (InsPs) in the presence of L i+. The extent o f this response 
was directly dependent on the concentration of IPTG added to the culture medium. 
Increasing the receptor density not only resulted in an increase in the maximum 
response to the agonists L-quisqualate, (15,3/?)-1 -amiлocyclopentane-1,3-dicarboxylic 
acid and (S)-3,5-dihydroxyphenyl-glycine, but also in an increase in their potencies in 
activating phospholipase C. In contrast, the activity of the mGlulα receptor 
antagonists (S)-α-methyl-4-carboxyphenylglycine and (S)-4-carboxy-3-hydroxy- 
phenylglycine for inhibition of the effects of L-quisqualate or (S)-3,5- 
dihydгoxyphenylglycine was found not to be dependent on receptor expression level. 
Partial agonist activity was observed when using (15,3/?)- 1-aminocyclopentane-1,3- 
dicarboxylic acid. However, this compound was found to almost behave as a full 
agonist when the receptor was expressed at a maximum level, indicating that the 
intrinsic activity o f the (15,3/?)-l-aminocyclopentane-l,3-dicarboxylic acid is 
dependent on the receptor density in this model. Taken together, these data indicate 
the importance of studying the functional coupling of metaboơopic glutamate 
receptors in a model in which the expression level is tightly controlled.
E. Hermans is a Visiting Research Fellow of the Wellcome Trust.
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335.3
UPF 596 ACTIVATES mGIuR5 BUT NOT m G luRl IN BRAIN SLICES 
AND MODULATES EXCITABILITY OF CA1 PYRAMIDAL CELLS. Ł  
At⅛¢¢i,.Gu Mann&i.m  A,M·. Pugli<?s¢, R. P¢Щ¢¢iaī r, R, ÇoπadsttiÜĩ-̄ &·JŁ
Moroni. Dept. Pharmacology, University o f Florence, Florence, Italy and Inst, 
of Medicinal Chemistry, University o f Perugia, Perugia, Italy.

In order to study the role o f mGluRl and mGIuR5 in the CA1 pyramidal 
cells, we used broad spectrum agonists o f group 1 mGlu receptors and UPF 
596, a recently synthesized antagonist o f mGluRl with partial agonist activity 
on mGIuR5 (Pellίcciari et a l, J. Med Chem„ 39: 2874-2876, 1996).

We characterized the pharmacological profile o f UPF 596 in brain slices and 
in transfected BHK cells. PI hydrolysis was studied in cerebellar and 
hippocampal slices. UPF 596 did not stimulate PI hydrolysis in the cerebellum, 
a structure known to express mostly m G luR l. In this preparation the compound 
reduced the effects o f 1S,ЗR-ACPD. In the hippocampus, a structure known to 
express mostly mGIuR5, UPF 596 (30-300 µM) stimulated PI hydrolysis. Its 
maximal activity was 56.6±9.6% o f that exerted by 100 µM lS,ЗR-ACPD.

The effects o f UPF 596 on membrane potential, input resistance and cell 
excitability in CA1 pyramidal cells were studied by convention intracellular 
recording. UPF 596 (50-100 µM, 10 min application) induced: i) a 
depolarization o f cell membrane potential (1 l± l.2  mV; n=l5); ii) an increase in 
input resistance (l2±3 MΩ; +30%; n=l5); iii)  a reduction in the spike 
frequency adaptation (number o f action potentials from 5±O.8 in control to 
l4± l during treatment; n=l5); iv) a reduction in the amplitude o f 
afterhyperpolarization. These effects were not antagonized by 300 µM AIDA, a 
selective mGluRl antagonist. The effects o f UPF 596 were similar to those o f 1 
tnM CHPG, a selective (Doherty et a l, Neuropharmacol., 36: 265-267; 1997) 
mGIuR5 agonist. In conclusion, our data indicate UPF 596 as an useful tool for 
studying the physiological role o f mGIuR5 in the central nervous system. 
Supported by European Commission (BIO4-CT96-OO49 and BЮ4-CT9¢-0752).

335.5
ACTIVATION OF mGluRs BY ENDOGENOUS EXCITATORY AMINO ACIDS 
MIMICS DSI OF GABAERGIC IPSCS IN HIPPOCAMPAL CA1 NEURONS IN 
VITRO. W. Morishita* and B. E. Alger. Dept, of Physiology, Univ, of Md. Sch. 
Med., Baltimore, MD 21201.

We recently reported that activation of Group I mGluRs by mGluR agonists 
mimicked and occluded DSI in hippocampal CA1 neurons1. Moreover, the mGluR 
antagonist, (S)-MCPG blocked DSI supporting the hypothesis that glutamate or a 
glutamate-like substance may be involved in the induction of DSI. ⅛ the present 
study, we iontophoresed L-glutamate (L-Glu) or L-cysteinesulphinic acid (L-CSA) 
onto hippocampal CA1 pyramidal cells to see whether they could produce a DSI- 
like suppression of GABAлergic IPSCs. Under conditions where ionotropic 
glutamate receptors were antagonized by 100 µM APV and 40 µM CNQX both L- 
Glu and L-CSA induced a transient suppression of IPSCs. The suppressions by 
either agonist were blocked by 2.5-5 mM (S)-MCPG. While the actions of L-Glu 
were blocked by lower concentrations of (S)-MCPG than those that blocked DSI, 
the effects of L-CSA were blocked by similar concentrations of (S)-MCPG that 
blocked DSL These results indicate that the two endogenous excitatory amino acids 
can mimic DSI. However, based on its sensitivity to (S)-MCPG, L-CSA rather than 
L-Glu may be a better candidate for mediating hippocampal CA1 DSL Supported 
by NIH NS30219 and 22010.
1) Morishita W, Kirov SA, Alger, BE (1998) Evidence for metabotropic glutamate 

receptor activation in induction of depolarization-induced suppression of 
inhibition in hippocampal CAL J. Neurosci. In press.

335.7
MODULATION OF METABOTROPIC GLUTAMATE RECEPTOR ACTIVITY 
BY EXTRACELLULAR DIVALENT CATIONS. A. Fгancesconi and R. M. 
Duvoisin*. M. Dyson Vision Research Institute, Cornell University Medical 
College; New York, NY 10021.

A distinguishing feature of metabotropic glutamate receptors (mGluRs) is the 
presence of a very large extracellular domain where the glutamate-binding site is 
located, within a region which shares structural similarities with bacterial 
periplasmic binding proteins. Hence, mGluRs differ in their mode of ligand 
interaction from other GPCRs in which the binding site is nested within the 7 
transmembrane domains. It has been shown for several GPCRs that the affinity of 
the ligand for the receptor can be modulated by divalent cations, such as Mg2+ and 
Ca2+. We therefore investigated the possibility that divalent cations might also 
affect mGluR activity. To this end, mGluR lα, (a group I mGluR coupled to the 
phospholipase C pathway), was transiently expressed in HEK 293 cells and its 
ability to stimulate inositol phosphates accumulation in the presence of increasing 
concentration of Ca2+ and/or Mg2+ was determined. We found that mGluR lα  can 
be activated by stimulation with Ca2+ alone (EC50 1.7 mM), but that the Mg2+ 
effect was negligible. Co-expression of mGluR2 (a group II mGluR coupled to 
inhibitory Gα subunits) with a chimeric G protein, G0/q, which retains the 
coupling specificity of Gα0 but activates phospholipase C, showed that also this 
receptor responds to Ca2+ stimulation. The specificity of this effect was verified 
by expressing the lacZ gene which showed no response. Thus, Ca2+ at 
physiologic concentration found at the synapse can modulate the activity of both 
post-synaptic and pre-synaptic mGluRs. Interestingly, Zn2+, which is also 
physiologically released at the synaptic site, produced an inhibitory rather than 
stimulatory effect on mGluRlα activity, possibly by antagonizing the Ca2+ effect. 
(Supported by the NEI and the Rudin Foundation).

335.4
DIFFERENTIAL EXPRESSION OF METABOTROPIC GLUTAMATE 
RECEPTOR 1 AND 5 IN HIPPOCAMPAL ORIENS-ALVEUS INTERNEURONS. 
J.A. van Hooft.* R. Giuffrida1 and H. Monyer. ZMBH, University of Heidelberg, 
69120 Heidelberg, Germany; Ίstituto di Chimica Biologica, University of Catania, 
95125 Catania, Italy.

Metabotropic glutamate receptors (mGluR) are expressed in intemeurons and are 
thought to be involved in the induction and maintainance of synchronous oscillations 
in interneuron networks. However, the mGluR- and intemeuron subtypes involved are 
not known. Using in situ patch clamp, intemeurons located in stratum oriens and 
alveus of the rat hippocampal CA1 area were tested for a response to the application of 
the non-selective mGluR agonist ACPD (100 µM). Under voltage clamp conditions 
(VҺ=-80 mV), 60 % of the intemeurons responded with an inward current, which was 
resistant to a cocktail of blockers of synaptic transmission (TTX, picrotoxin, CNQX, 
AP-5). The inward current was blocked by the type I mGluR antagonist S(+)-4- 
phenylglycine and was mimicked by the type I mGluR agonist DHPG. Thus, the 
ACPD-induced inward current is mediated by postsynaptic type I mGluR receptors. 
Intemeurons could be subdivided into 3 types on the basis of their spiking pattern, the 
size of the mGluƙ-mediated inward current, the somatic location and dendritic 
arborization (as assessed by biocytin filling) and the expression of type I mGluR (as 
assessed by single cell RT-PCR). Intemeurons located at the oriens-alveus border with 
dendrites oriented in parallel to stratum pyramidale were regular spiking (20-30 Hz), 
had either a large (-200 pA) or a small (-90 pA) mGluƙ-mediated inward current and 
expressed either both mGluRl and 5 or predominantly mGluRl, respectively. The third 
intemeuron type was fast spiking (60 Hz), was located in stratum oriens, often close to 
stratum pyramidale, with dendrites perpendicular to stratum pyramidale, had small (-60 
pA) mGluƙ-mediated inward cuưents, which often oscillated, and expressed 
predominantly mGIuR5. A further characterization of the intemeurons subtypes and 
their involvement in intemeuron network oscillations is currently being performed. 
Supported by a NATO Science Fellowship to JAvH and the DFG (grant Mo 432/3-1).

335.6
Investigation into the possible mechanisms of mGlu modulation o f synaptic 

transmission in cultured rat hippocampal autapses.
T. J. BushelҐ and R. J. Miller, Department o f Pharmacological and 

Physiological Sciences, The University o f Chicago, Chicago, IL. 60637, USA. 
Using hippocampal autaptic cultures, we investigated the modulation of 
glutamatergic synaptic transmission by agonists at all three subgroups of 
metabotropic glutamate receptors (mGlus) and the possible mechanisms underlying 
this modulation.
Autaptic glutamatergic synaptic transmission was sensitive to agonists from all 
three subgroups of mGlus. DHPG (50 µM), an agonist at mGlu, and mGlu5, 
depressed transmission by 53.3 ± 5.8 % (12/16 cells) as did the selective mGlu5 
agonist, CHPG (ImM; 52.6 ± 3.7 %; 8/12 cells). LY35474O (100 nM) and DCG- 
IV (500 nM), selective agonists at group II mGlus depressed transmission by 57.2 ± 
6.2 % (9/13 cells) and 80.4 ± 8.6 % (3/4 cells) respectively. The selective group III 
agonist, L-AP4 (10 µM), also depressed synaptic transmission by 58.4 ± 8.1 % 
(10/13 cells).
The possibility that the modulation of Ca2* and/or K+ channels was responsible for 
the observed effects on transmission was investigated in identified glutamatergic 
autapses. In all glutamatergic cells tested, the mGlu agonists CHPG, DHPG, 
LY35474O and L-AP4, did not modulate the observed Ba2* currents or K+ ramps. 
Finally, experiments were performed to see whether mGlu agonists could modulate 
mEPSCs. L-AP4 was the only mGlu agonist tested which depressed frequency of 
mEPSCs (17.0 ± 2.9 %; 5/6 cells) with no effect being observed on the amplitude. 
These data suggest that mGlus can modulate glutamatergic synaptic transmission 
observed in hippocampal autapses, although the exact mechanism by which this 
occurs is not clear.
Supported by The Wellcome Trust (T.J.B) and grants DA02121, MH40165 and NS335O2 
(R.J.M).

335.8
SELECTIVE ALLOSTERIC MODULATION OF GROUP I METABO
TROPIC GLUTAMATE RECEPTORS BY CALCIUM. S. Pshenicĥkin*
A. Surin, E. Surina and J.T. Wroblewski. Dept, of Pharmacology, Georgetown
University Medical Center, Washington, DC 20007.

Group-1 metabotropic glutamate receptors activate phospholipase C and 
intracellular Ca2+ mobilization, while the remaining mGluRs inhibit cAMP 
formation. Cloning of a Ca2*- and glutamate-sensitive receptor from salmon brain 
and its high homology with mGluR la suggested that mammalian mGluRs may 
respond to elevated Ca2* concentrations. To examine this hypothesis we used cell 
lines with stable expression of mGluR subtypes. Receptor activation was determined 
by measurements of phosphoinositide (PI) hydrolysis and intracellular Ca2* mobili
zation for group I mGluRs, and of forskolin-induced cAMP accumulation for group 
II and HI mGluRs. In cell lines expressing group I mGluRs (mGluRla, lb and 5a) 
increase of Ca2* concentration (0.1-20 mM) enhanced agonist-induced responses. In 
contrast, increased Ca2+ concentrations had no effect on agonist-induced responses in 
cells expressing group II and III receptors (mGluR2, 3, 4, 6, 7 and 8 were tested). In 
absence of agonists, elevated Ca2* increased PI hydrolysis in cells expressing group I 
receptors. However, this effect was inhibited by the receptor antagonists MCPG and 
4CPG, and it was completely eliminated in the presence of glutamate pyruvate 
transaminase, indicating that Ca2* enhanced the action of endogenously present 
glutamate but failed to activate directly group I mGluRs. Ca2* also potentiated 
mGluRl-induced cAMP increases, and failed to enhance PI hydrolysis activated by 
A1F3, indicating that its action is not mediated by direct effects on phospholipase C. 
In cells expressing group I mGluRs Ca2+ enhanced the potency of agonists, but not 
their maximal effects. Changes of Ca2+ within the physiological range (0.5-1.5 mM) 
produced a significant increase in the potency of agonists to induce PI hydrolysis, 
and increased the sensitivity of intracellular Ca2* responses to mGluR agonists. Two 
chimeric receptors, in which the extracellular N-terminal domain of mGluRla was 
replaced by the corresponding domains of the Ca2+-insensitive mGluR2 or mGluRЗ 
showed a Ca2+ sensitivity similar to mGluRl, indicating that Ca2* interacts with 
mGluRl receptor domains other than the N-terminal glutamate-binding domain. Our 
results indicate that group I mGluRs posses an allosteric regulatory site which is 
activated by physiological Ca2* concentrations and enhances agonist-induced 
responses. (Supported by NIH grants NS28IЗO andNSOĴ 720.)
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335.9
INTRACELLULAR CALCIUM  SIGNALS AND INOSITOL TRISPHOSHATE 
FORMATION INDUCED BY W ILD TYPE AND MUTATED GROUP I 
METABOTROPIC GLUTAMATE RECEPTORS EXPRESSED IN HEK293 
AND CHO CELLS. A. Surin*. S. Pshenichkin. E. Surma and J.T. Wroblewski. 
Dept, o f Pharmacology, Georgetown Univ. Med. Center, Washington, D. C. 20007.

Group-I metabotropic glutamate receptors (mGluRl and mGluR5) activate 
phospholipase C but induce distinct patterns o f intracellular Ca2+ [Ca2+], 
mobilization. mGluRla receptors trigger transient peaks followed by sustained 
[Ca2+]¡ elevation, whereas mGluR5a produce [Ca2+]¡ oscillations. It has been 
proposed that mGluR5-induced [Ca2+]¡ oscillations result from cyclic 
phosphorylation and dephosphorylation of a unique Thr84O residue which is absent 
in mGluRl receptors. We have investigated the patterns o f [Ca2+], responses in HEҜ 
293 cells expressing wild type mGluRl a and mGluR5a, as well as mutant receptors 
in which amino acid residues in homologous positions o f mGluRl a (Asp854) and 
mGluR5a (Thr84O) were exchanged or substituted for alanine (mGluRlaD854T, 
mGluRlaD854A, mGluR5aT84OD, and mGluR5aT84OA mutants). Although the 
mutation o f Asp854 in mGluRla to Thr yielded receptors with an oscillatory 
response, similar responses were observed when this residue was replaced with Ala, 
or when Thr84O in mGluR5a was substituted with Ala. Moreover, responses of the 
mutated receptors were converted to transient peaks by the protein kinase C inhibitor 
bisindolylmaleimide, despite the absence o f the Thr residue. Our studies indicate that 
Thr84O is not the target o f the phosphorylation controlling the oscillatory response. 
In addition, the mutated mGluR5aT84OD receptor (but not mGluR5aT84OA) showed 
an increased proportion o f transient, mGluRla-like, [Ca2+]¡ responses suggesting a 
possible role for the Asp854 residue in non-oscίllatory mGluRla responses. In 
parallel experiments we have determined the time-course o f agonist-induced IP3 
formation in CHO cell lines with stable expression o f mGluRla, mGluR5a and 
mGluRlaD854T. Only wild type GluRla receptors caused a rapid elevation of IP3 
formation. However, the ability of mGluR5a and mGluRlaD854T to induce rapid 
IP3 formation was increased by treatment with the PKC inhibitor. Our data suggest 
that differences in the pattern o f [Ca2+]j responses observed among group I mGluRs 
may result from their different ability to induce rapid IP3 formation, which is 
enhanced by the presence of Asp854 residue in mGluR \a.(Supported by N¡H grants 
NS28ìЗO and NSOI720.)

MONDAY PM

335.10
CHARACTERIZATION OF THE SUSTAINED CALCIUM INCREASE EVOKED 
BY GROUP I mGluR ACTIVATION IN RAT CORTICAL NEURONES AND GLIA. 
L ·S, PlΩtheŗς>1, A. Mathie2 and C.D. Richards1 (SPON: British Neuroscience 
Association); Dept, o f Physiology, Royal Free Hospital School o f Medicine, London,
U.K.; ⅛ept. o f Pharmacology, University College London, London, U.K.

Activation o f Group I mGluR’s elicits a sustained increase in [Ca2+]¡ in rat cortical 
neurones and glia. This response consists of an initial transient increase (peak) in 
[Ca2+]¡ followed by a sustained elevation (plateau) which is Zn2+-sensitive and 
dependent on extracellular Ca2+. In the present study we have examined events 
underlying this Ca2+ signal. Primary cortical rat neuronal and glial cell cultures were 
prepared from 2-4 day old rat pups. Cultures were maintained for 5-11 days in 
bicarbonate-buffered MEM supplemented with 2.5% fetal calf serum. [Ca2+], was 
monitored with the ratiometric dye, fura-2, and fluorescence signals were captured 
using a CCD camera system. The peak-plateau response in neurones is not dependent 
on Ca2+-entry via VDCCs, since Zn2+ (ЮOµM) does not significantly affect VDCCs in 
these cells (n = 14). Application o f ryanodine (5µM) had no apparent effect on basal 
[Ca2 ]j, nor did it prevent the appearance o f the peak-plateau response associated with 
mGluR activation in neurones (n = 16) and glia (n = 6); thus, ryanodine-sensitive Ca2+ 
stores do not play a central role in the shaping of this Ca2+ signal. The involvement of 
PTX-sensitive G-proteins (Gj/G〇) in the Ca2+ signal has also been examined. Using the 
mGluR agonist DHPG (ЮOµM), the peak-plateau response in neurones (n = 8) and glia 
(n = 11) was found to be PTX-insensitive, however, in approx. 50% of neurones, the 
development o f the plateau phase was inhibited by PTX. In addition, we have further 
characterized the pharmacological basis of this sustained calcium signal. Application of 
the specific mGluR5 agonist, CHPG (ImM), elicited an initial transient followed by a 
sustained elevation in [Ca2+]j in both neurones (n = 10) and glia (n = 11) similar to that 
evoked by non-subtype selective Group I agonists. Therefore, it appears that mGluR5 
activation is responsible for this characteristic sustained increase in [Ca2+]j in rat 
cortical neurones and glia. We thank The Wellcome Trust for financial support.
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335.11
A GROUP I METABOTROPIC GLUTAMATE AGONIST, DHPG, INCREASES 
PHOSPHOINOSITIDE HYDROLYSIS AFTER I.C.V. INJECTION. M.J. Chamberlain 
and M.P. Johnson*. Neuroscience Dept., L illy  Research Laboratories, Eli L illy  &  Co., 
Indianapolis, IN 46285.
Metabotropic glutamate receptors (mGluR’s) are grouped by similar second messenger 
coupling and pharmacology. The Group I receptors, including mGluRl and mGluR5, 
couple to phosphoinositide (PI) hydrolysis and are activated by 3,5-dihydгoxy- 
phenyiglycine (DHPG). However, there have been no reports o f the in vivo effects on 
phosphoinositide (PI) hydrolysis after icv injection o f a Group I agonist. In order to 
examine the in vivo PI effects, rats (male, Sprague-Dawley, 175-185 g) were pretreated 
with [ЗH]myoinositol icv 24 h prior to LiCl injection. One h after Lithium treatment 
animals were given vehicle, or 3 - 0.03 µmol DHPG icv, 1 h prior to sacrifice. The 
amount of [ЗH]inositol monophophate (IP) formed from crude hippocampal and 
cerebellar homogenates was determined using standard ion chromatography methods. 
As seen in the figure, DHPG showed a dose-dependent increase in hippocampal [ЗH]IP 
formed. Doses o f 3 to 0.1 µmol DHPG resulted in a significant 2-fold increase in 
[ЗH]IP formed in vivo, while a 
dose o f 0.03 µmol DHPG did not 20 
result in a significant increase in 1β
[ЗH]IP formation. A similar 
effect was seen in cerebellum. £ ,4 
This method should be usefully |  ,2 
in determining effective doses o f ¡* 10. 
mGluR Group I agonists and f· β
antagonists. A pharmacological Ş β 
charac-terization of this effect 4
will be presented. 2

335.12
MGLU1 RECEPTOR MEDIATED POTENTIATION OF CEREBROCORTICAL 
[*H]-GLUTAMATE RELEASE IN THE ABSENCE OF ARACHIDONIC ACID
M .E . R e id . N .J . T o m s . E .P . S e w a rɗ a n d  P .J . R o b e r ts .
D e p a r tm e n t o f  P h a rm a c o lo g y , U n ive rs ity  o f  B ris to l, B S 8  1T D , U .K .

P re v io u s  s tu d ie s  have  sh o w n  th a t th e  n o n -s p e c ific  G ro u p  l/ll m G lu R  a g o n is t 
(1 S ,З R )-1 -a m in o c y c lo p e n ta n e -1 ,3 -d ic a гb o x y lic  ac id  ((1 S ,З R )-A C P D ) is ab le  to  
e n h a n c e  4 -a m in o p y r id in e  (4 -A P ) (b u t n o t K > e v o k e d  [3H ]-g !u ta m a te  re le a se  fro m  
ce reb roco rtica l syn ap tosom es via G roup  I m G lu  re ce p to r a c tiva tio n  (m G lu 1 & 5 ). T h is  
e ffe c t is on ly  observed  in the  p resence  o f exogenously  a p p lie d  a ra c h id o n ic  ac id  (AA) 
w h ich  is th o u g h t to  sensitise p resynap tic  P K C  to  D A G  a n d  invo lve  P K C -m e d ia te d  K ł  
c h a n n e l inh ib itio n . (1 S ,З R )-A C P D  a lo n e  h a s  a lso  b e e n  s h o w n  to  su p p re ss  a to n ic  
adenos ine  A , recep to r m ed ia ted  inh ib itio n  o f  g lu ta m a te  re le a se , an e ffe c t obse rved  
u n d e r e ith e r 4 -A P  o r K + e vo ke d  d e p o la r iz a tio n  w h ic h  is  m im ic k e d  by p h o rb o l es te r 
tre a tm e n t.
W e  de m o n s tra te  th a t the  se lective G ro u p  I a g o n is t (R S )-3 ,5 -d ih yd ro xyp h e n y lg lyc in e  
((R S )-D H P G ) (Ю O µM ) p o te n tia te d  4 -A P  (2OOµM) a nd  K ł  (5 0  m M ) evo ke d  re le a se  
( 1 4 3 .5 4  ± 2 .7 3 %  a nd  1 21 .5  ± 4 .4 5 %  c o n tro l re s p e c tiv e ly  ) in th e  a b se n ce  o f 
exogenous ly  app lied  A A . T h is  e ffe c t w a s  in h ib ite d  by th e  s e le c tive  P K C  inh ib ito r Ro 
3 1 -8 2 2 0  (Ю µ M ) a nd  w a s  u n a ffe c te d  by co -in c u b a tio n  w ith  B S A  ( 1m g  m l '). 
F u rth e rm o re , th e  se le c tive  m G lu  5 re c e p to r a g o n is t (R S )-2 -c h lo ro -5 - 
h y d ro x y p h e n y lg ly c in e  (C H P G ) (З m M ) had  no  e ffe c t on 4 -A P  evo ke d  re lease . 
H ow ever, (R S )-1 -a m ino indan -1 ,5 -d ica rbo xy licac id  (A ID A) (Ю O µM ) a se le c tive  m G lu  
1 re c e p to r a n ta g o n is t fu lly  re ve rse d  Ю µ M  (R S )-D H P G  in d u ce d  po ten tia tion .
T hese  resu lts  dem o n stra te  tha t activation o f G roup  I m G lu  re ce p to rs , in th e  abse n ce  
o f  A A , is s u ff ic ie n t to  p o te n tia te  [3H ]-g lu ta m a te  re le a s e  fro m  ra t ce re b ro co rtica l 
syn a p to so m e s and th a t the  recep to r responsib le  a p pea rs  to  be th e  m G lu  1 re cep to r. 
It is u n c le a r  a t p re s e n t w h e th e r  (R S )-D H P G  is a c tin g  to  p o te n tia te  re le a se  d ire c tly  
o r a c ts  via th e  su p p re s s io n  o f  an  in h ib ito ry  p a thw ay.

In Vivo Hippocampal PI Hydrolysis

335.13
CYCLOOXYGENASE AC TIVATIO N PLAYS A CENTRAL ROLE IN THE 
Caî+-DEPENDENT G LUTAM ATE RELEASE MECHANISM FROM 
ASTROCYTES A. Volterra* and P. Bezzi. Inst. Pharmacol. Sci., Univ. Milan, 
Italy, 20133

Co-activation of AMPA and group I metabotropic glutamate receptors (mGluRs) 
on astrocytes stimulates glutamate (glu) release via a novel Ca2ł dependent process 
mediated by prostaglandins (PGs). In hippocampal slices, PG-mediated glu release 
from astrocytes activates GluRs of the sшгounding neurons, indicating an integrated 
astrocyte-synapse communication which may play critical roles in synaptic 
plasticity and in neurotoxicity (Bezzi et al. Nature 391:281.19981. Here we show 
that PGs also mediate the Ca2*-dependent glu release from astrocytes in response to 
bradykinin (BK, Parpura et al., Nature 369:744.19941. Thus: (a) BK (0.1-1 µM) 
elicits PGE, formation in astrocytes; (b) BK-ev〇ked glu release is inhibited by 
indomethacin (INDO 1 µM, -60%), a cyclooxygenase (COX) blocker. Interestingly, 
NS-398 (1-10 µM), a selective COX-2 inhibitor, also reduces release by either GluR 
agonists or BK. GluR stimulation activates at least 2 sequential Ca2ł-dependent 
processes involved in the astrocyte release cascade: the first one required for PLA, 
activation; the second one triggered by PGs and crucially involved in transmitter 
release. By measuring [Ca2’ ]i elevations in populations of astrocytes loaded with the 
dye Fura-2/AM, we found that stimulation with either 50 µM AMPA+ 5OµM t- 
ACPD or 100 µM glutamate significantly enhanced [Ca2ł]i (from 90 to 400-440 
nM). In the presence of COX inhibitors (INDO lµM  or aspirin 5 µM) such elevation 
was strongly reduced (-59/65%). Therefore, PGs mediate a major component of the 
overall [Ca2+]i rise induced by GluR stimulation. Finally, the release mechanism was 
slowly inhibited (20Һ, -60/70%) by tetanus neurotoxin (2 µg/ml), a blocker of 
exocytosis, acting downstream to PGs. A ll together the present data highlight the 
crucial role o f COX activation in this new Ca2łdependent release cascade. Supported 
by EU Biomed2 BMH4-CT95-0571 and Telethon Italy grant 754 to A. V.
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336.1
'PURE' NR2B-CO NTAINING  SYNAPSES HAVE A H IG H  RELEASE 
PROBABILITY IN  CULTURED HIPPOCAMPAL NEURONS.
P. Chavis. G. L. Westbrook*. Vollum Institute, OHSU, Portland OR 97201 USA.

We measured the probab ility  of glutamate release (Pr) at autaptic 
hippocampal synapses by using a method based on the progressive block of the 
NM DA receptor-mediated EPSCs by MK-801 (Rosenmund et al. Science 1993). 
After 7-10 days in v itro  (DIV), progressive block by MK-801 showed two 
components consistent w ith  both high and low Pr release sites; whereas after 
14-21 DIV a single component was observed, consistent w ith  a uniform  
population of release sites w ith a low Pr. (Tovar et al. Neurosci. Abs. 1995).

We examined the hypothesis that high Pr terminals might represent newly 
formed synapses w ith specific postsynaptic properties. As expected after 6-8 
DIV, progressive block by MK-801 had two time constants (τfast=2.4±0.8, 
τslow=18.1±1.8 s tim u li,n=Ю) w ith  a preponderance of low  Pr sites 
(73.7±O.O5%). However, after 9-15 DIV, only the low  Pr component was 
observed (τslow=19.23±1.98 stimuli, n=9). In the presence of ifenprodil (3 µM), a 
specific blocker of NR2B-containing receptors, only a low Pr component was 
observed at 6-8 DIV (τslow=19.2±1.1 stimuli, n=9). Washout of ifenprodil after 
MK-801 block of low Pr sites, unmasked the high Pr sites (τfast=5.3±1.6, n=3). 
Moreover, ifenprodil blocked the NM D A EPSCs amplitude by 25.O±2.O% (n=4), 
a value identical to the fraction of high Pr sites (28.8+0.05%). These results 
suggest that newly formed synapses have a high Pr, and an NM D A component 
that consists of 'pure' NR2B-containing receptors. Chronic treatment w ith AP5 
(100 µM), which increase the number of N M D A receptors clusters (Rao et al. 
Neuron 1997), increased the block of NM D A EPSCs by ifenprodil (100%, n=4). 
These sites had a uniform ly high Pr (τslow=4.4±0.2, n=4, 7-12 DIV). But by 13 
DIV, ifenprodil block decreased (58.OЗ±6.49%, n=3) as did Pr (τ=Ю .4±l.l, n=6), 
suggesting that developing synapses undergo coordinated changes in pre- and 
postsynaptic properties. Supported by NIH grants MH466ĩЗ/NS26494 (GL·W) and 1NSERM (PC).

336.3
CO NTRO L O F SY N A PTIC  ST REN G T H  B Y  G L U T A M A T E T R A N S 
PORTERS R. Turecelf&  L.O. Trussell Dept, o f  Physio logy, U. W isconsin , 
M adison, 53706.
In the chick n. magnocellularis, activation o f auditory nerve fibers generates 
large, glutamatergic EPSCs mediated by A M P A  receptors. In patch clamp 
studies of these neurons in brain slices, we have examined the role o f glutamate 
uptake systems in controlling the size and shape o f the AM PA receptor EPSC, 
particularly during repetitive synaptic activity. Application o f glutamate in the 
presence o f antagonists o f ionotropic glutamate receptors caused activation of 
TH A (threoßhydroxyaspartate, an uptake blocker)-sensitive inward currents in 
CsN03 -filled glial cells adjacent to neurons, suggesting the presence of 
transporters in the neighborhood of the synapse. In the presence o f THA, the 
amplitude of the evoked EPSC in neurons filled with CsMeS03 was unchanged. 
However, TH A markedly enhanced and prolonged a slow phase o f the EPSC 
decay at room temperature, consistent with delayed removal of synaptically- 
released glutamate. Since delayed removal o f glutamate might prolong the 
desensitized state o f the AM PA receptor, we asked i f  transporter inhibition 
controls the response to repetitive stimulation. Stimulation o f the synapse at 0.01- 
100 Hz produced a frequency-dependent decline in response amplitude, with 
nearly complete depression seen at 100 Hz. In the presence o f THA, depression 
was enhanced for EPSCs at 10 and 30 Hz, and slightly greater depression was 
evident at all frequencies after 10 stimuli vs only 2. These data suggest that 
transporters may regulate the responsiveness o f synapses during repetitive activity 
by promoting the recovery of AM PA receptors from desensitization. Supported 
by NIH NS28901.

336.5
INWARDLY RECTIFYING AMPA RECEPTORS ARE REQUIRED FOR 
SYNAPTIC DEPRESSION IN CAЗ INTERNEURONS Fernanda Laezza* James 
J. Doherty and Raymond Dingledine. Dept, of Pharmacol., Emory Univ., Atlanta, GA 

Intemeurons in the CAЗ str. rad¡atum of the rat hippocampus can be segregated 
into two categories according to their AMPA receptors subtype expression. In type I 
intemeurons, AMPA mediated EPSCs exhibit linear current voltage relationships (IV) 
and are not blocked by the polyamine Joro toxin (JSTX) or N-(Hydroxyphenyl- 
propanoyl)-spermiлe (NҢPP), whereas in type II intemeurons evoked EPSCs are 
inwardly rectifying and blocked by polyamines. In acutely dissociated CAЗ 
intemeurons, AMPA receptors o f type I intemeurons have low calcium permeability, 
whereas AMPA receptors o f type II intemeurons exhibit higher calcium permeability. 
These observations suggest that inwardly rectifying AMPA receptors can be a source 
for synaptic calcium entry in type II intemeurons. To determine whether calcium 
entry through AMPA receptors contribute to induction of synaptic plasticity, we 
studied the effect o f tetanic stimulation o f synaptic input to type I and II intemeurons 
in the hippocampus slice preparation. EPSCs were evoked by electrical stimulation of 
CAЗ pyramidal cells and recorded from single intemeurons under whole cell voltage 
clamp conditions, in the presence of bicuculline (10 µM) and D-APV (50 µM). After 
establishing a control baseline of low frequency (0.16 Hz) stimulation, three brief 
trains (100 Hz x 0.3 sec) were applied while the intemeuron was voltage clamped at - 
70 mV. Following the tetanic stimulation, a long lasting synaptic depression was 
induced in type II (n=I 1), but not type I intemeurons (n=lЗ). When the membrane 
potential was held at +40 mV, no synaptic depression was observed in type II 
intemeurons following tetanic stimulation (n=4). In addition, i f  the tetanus was 
delivered to type II intemeurons in the presence of 10 µM NHPPs, synaptic 
depression did not occur (n=3). These results suggest that Ca2+ permeable AMPA 
receptors mediate activity-dependent synaptic depression in type II intemeurons. 
Supported by NIH.

336.2
PROLONGED INHIBITION OF GLUTAMATE REUPTAKE 
DOWNREGULATES NMDA RECEPTOR FUNCTIONS IN CULTURED 
CEREBELLAR GRANULE CELLS.
G. Cebers, A. Cebere, T. Yakovleva*, A. Wagner and S. Liljequist. Department of 
Clinical Neuroscience, Karolinska Institute, S-17176 Stockholm, Sweden 
In the present study we have examined the effects of prolonged treatment with the 
glutamate reuptake inhibitor L-trans-pyrrolidine-2,4-dicarboxylate (PDC) on 
glutamate receptor properties in primary cultures of rat cerebellar granule neurons. 
We compared the neurotoxicity of glutamate receptor agonists, their effects on 
neuronal ‘t5Ca> uptake and free cytoplasmic Ca1- concentration, as well as [Tl]MK- 
801 binding in control and PDC-exposed cultures. Exposure to PDC increased 
glutamate concentration in the culture medium up to 48 h after PDC addition. The 
unique conditions of steadily increasing medium glutamate concentration notably 
changed the functional properties of NMDA receptors in granule cells. Already after 
24 h of PDC exposure, acute addition of NMDA exerted only a tiny fraction of 
normally observed effects. In cells exposed to PDC, both NMDA-induced 
neurotoxicity and Ca ł̂ fluxes were strongly diminished or absent. Nonlinear 
regression analysis of NMDA receptor antagonist ļ/H]MK-80.1 binding to cerebellar 
granule cell membranes in control cultures displayed a homogenous set of binding 
sites, whereas in PDC-treated cultures the existence of heterogenous low- and high- 
affinity binding sites was revealed. We propose that observed changes in NMDA 
receptor mediated functional effects of glutamate may be due to rearrangement of 
NMDA receptor subunit composition that renders these receptors less sensitive to 
agonist stimulation.

This study was supported by the Swedish Medical Research Council.

336.4
KAIN ATE RECEPTOR ACTIVATIO N EXCITES HIPPOCAMPAL 
INTERNEURONS. M. Frerking1. R.C. Malenka2,3 and R.A. N ico ll*13. Depts. 
of Cellular and Molecular Pharmacology1, Psychiatry2, and Physiology3, University of 
California, San Francisco, CA, 94143.

It has been reported that kainate (KA) receptors down-regulate GABA 
release from hippocampal intemeurons onto CA1 pyramidal cells. To 
investigate the locus o f this action, we have examined the actions o f KA  on 
IPSCs recorded from CA1 cells in hippocampal slices. Bath application o f 10 
µM KA in the presence o f the AMPA receptor antagonist G YKI 53655 caused 
a large decrease in the amplitude o f IPSCs evoked by extracellular stimulation 
(elPSCs). This effect was not due to postsynaptic changes, because KA did 
not reduce miniature IPSC (mIPSC) amplitudes, nor was it due to a direct 
effect o f KA  on the release process, as KA  did not alter the frequency o f 
mIPSCs. KA  also had no significant effect on paired-pulse modulation, 
suggesting no change in calcium handling in the terminal. However, KA did 
cause a massive increase in the frequency o f TTX-sensitive spontaneous 
IPSCs (sIPSCs), indicating a presynaptic increase in neuronal excitability.

To directly confirm this hypothesis, we recorded from intemeurons in 
current-clamp. KA  caused a GYKI-resistant depolarization o f the 
intemeurons, and an increase in the spiking rate from <1 Hz to around 6 Hz. 
Simulating this action o f KA  by increasing the frequency o f extracellular 
stimulation to 6 Hz caused a depression o f elPSC amplitude sufficient to 
explain the reduction o f the elPSC by KA. We conclude that KA  receptors on 
intemeurons can cause an increase in excitability which, when sustained, 
indirectly decreases stimulus-IPSC coupling. Supported by NIH Training 
Grant 2T32NS07067 (MF) and N IH  grants (RM, RN).

336.6
FREQUENCY DEPENDENCE OF SYNAPTIC INPUT TO DENTATE 
INTERNEURONS IN NORMAL AND EPILEPTIC RATS. James J. Doherty*, 
and Raymond Dingledine. Dept, of Pharmacol., Emory Univ., Atlanta, GA.
We have shown that functional synaptic inputs to intemeurons located at the hilar 

border in the dentate gyrus remain present following status epilepticus in pilocarpine 
(PILO)-treated epileptic rats, however changes in both excitatory drive, onto 
intemeurons and synaptic inhibition occur in the dentate gyrus of seizure-experienced 
rats. A single injection o f PILO (320-350 mg/kg, i.p.) was used to induce an acute 
status epilepticus, followed by a chronic state characterized by spontaneous recurrent 
seizures. Individual intemeurons located at the dentate-hilar border were visually 
selected for whole cell patch recording from age matched control and PILO-treated 
adult (36-60 days old) rats. The group II-selective mGluR agonist, DCG-IV (1 µM), 
depressed synaptic input to hilar border intemeurons more effectively in PILO-treated 
rats (9 ± 9 % of control amplitude; n=3) than in untreated controls (66 ± 9 % of 
control amplitude; n=3). In slices taken from the same animals, paired pulse 
inhibition of perforant path input to dentate granule cells was reduced. Thus, we 
hypothesize that frequency dependent depression of excitatory drive onto some 
intemeurons in the epileptic brain is enhanced when glutamate levels become 
elevated, such as during repetitive activation.

To address this possibility, we examined the frequency dependence of excitatory 
synaptic input from either dentate granule cells or CAЗ pyramidal cells onto dentate 
intemeurons in slices from both normal adult and PILO-treated epileptic rats. In 
normal controls, repetitive (5-20 Hz) stimulation of synaptic inputs to intemeurons 
progressively depressed evoked EPSCs to 49 ± 7 % of control amplitude (n=3). This 
progressive depression of granule cell input to intemeurons was enhanced in PILO- 
treated rats. These data indicate increased susceptibility to activity-dependent 
depression at excitatory synapses onto intemeurons in the dentate gyms in epileptic 
rats, resulting in a transient reduction in synaptic inhibition in the dentate gyms. 
Supported by NIH and the American Epilepsy Society (JD).
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336.7
AMPA RECEPTOR DESENSITIZATION MODULATES SYNAPTIC RESPONSES 
TO REPETITIVE AFFERENT STIMULATION BUT DOES NOT DETERMINE THE 
WAVEFORM OF SINGLE SYNAPTIC RESPONSES. A. Arai* and G. Lynch. Dept, 
o f Psychiatry and Ctr. for the Neurobiology o f Learning and Memory, Univ, o f 
California, Irvine CA 92697.

Relationships between the kinetic properties of AMPA receptors and the properties 
o f fast excitatory transmission were investigated using modulatory drugs. In patches 
excised from hippocampus, the benzothiadiazide compound cyclothiazide blocked 
receptor desensitization but had only a weak influence on receptor deactivation, i.e., on 
the decay of responses produced by a one-millisecond pulse of glutamate. The ampakine 
drug CX516 (BDP-12) produced an opposite pattern of effects: a fourfold slowing of 
deactivation with little change in desensitization. The halfwidth of field EPSPs 
measured in the CA1 region o f hippocampal slices increased by 44% in the presence of 
CX516 but by less than 15% at concentrations of cyclothiazide that fully blocked 
desensitization in patch experiments. These results indicate that receptor desensitization 
does not play a substantial role in determining the waveform of individual responses. 
Different conclusions were obtained, however, when synapses were repetitively 
activated at 50 Hz. Cyclothiazide produced a progressive increase in the amplitude of 
the later responses relative to responses recorded in the absence of drug. After 
normalization to the first response, the amplitudes of the fourth to sixth responses were 
increased by 20-25% in regular recording medium and by as much as 40% when 
transmitter release was enhanced in a high-calcium medium. This effect was diminished 
when the stimulation frequency was reduced to 33 or 25 Hz. CX516 which has only a 
small influence on desensitization kinetics did not cause such a differential facilitation 
of the later responses. These results suggest that the desensitization of AMPA receptors 
contributes importantly to synaptic activity during high frequency bursts of afferent 
activity (supported by AFOSR 95-1-0304 and Cortex Pharmaceuticals).

336.9
K A IN A TE- A N D  A M PA -T Y P E  C H A N N E L S IN DEVELO PING  
CEREBELLAR G RAN ULE CELLS. T.C.M . Smith. L.-Y . W ang and 
J.R. Howe.*Dept. o f  Pharmacology, Yale University, New  Haven, CT, 06520.

Currents through kainate- and AM PA-type channels were recorded in 
cerebellar slices from granule cells in the external germinal layer (EGL), 
molecular layer, and internal granule cell layer (IGL). In slices pretreated 
with concanavalin A (Con A), 10 µM kainate evoked currents (5 to 25 pA) in 
12 o f  14 granule cells in the EGL o f  P5 to PI 1 mice. These currents were not 
blocked by the AMPA-receptor antagonist GYKI 53655. In the absence of 
Con A ưeatment, higher kainate concentrations (300 to 600 µM ) did not 
evoke currents in EGL cells. The results indicate that functional kainate-type 
channels are expressed in proliferating granule cells, whereas AM PA-type 
currents are largely absent. Kainate-type currents were also detected in IGL 
cells o f  P17 to P I9 mice. Spectral density analysis o f  whole-cell currents gave 
Ύnoise values o f  3.1 ±0.5 pS for EGL cells (n = 7), and 1.3 ±  0 .2 pS for IGL 
cells , indicating that the unitary conductance o f  kainate-type channels 
declines during granule cell developm ent. W ithout Con A, kainate gave 
cuưents o f  50-410 pA at -60 mV in IGL cells (£ C 5o = 96 ±  14 µM, n = 5). 
N oise analysis o f  w hole-cell currents through AM PA-type channels (which 
were also detected in cells migrating through the molecular layer) gave 7hoise 
values substantially smaller than values estimated previously for synaptic 
AM PA-type channels in granule cells. In outside-out patches from the soma 
o f  IGL cells, kainate evoked low -noise responses which gave γ∏oise values 
below 1 pS. In total, the results suggest the presence o f  extrasynaptic, low- 
conductance AM PA-type GluRs in differentiated granule cells. Supported by 
NS 30996 to JRH.

336.11
ELECTROPHYSIOLOGICAL EVIDENCE OF FUNCTIO NAL HIGH- AND 
LO W -AFFINITY BINDING  SITES A T  N A TIVE AM PA RECEPTORS.
V. Rvbalchenko, E. Jover* and R. Schlichter. Univ. Louis Pasteur, UM R 7519 
CNRS, Neurophysiologie Cellulaire et Integrée, 67084 Strasbourg, France.

AM PA receptor (AMPAR) binding sites (b.s.) o f different affinities have 
been reported in brain membrane preparations and/or cell lines expressing 
AMPARs composed o f GluR2 (flip ) subunits. Using a concentration clamp 
method for rapid application o f agonists, we studied whole-cell AM PAR 
mediated cuưents in dorsal horn (DH) neurons freshly isolated from laminae I 
and II o f 9-14 day old rats. In these neurons, expressing a high level o f GluR2 
(flip ) subunits, the dose-response curves (DRCs) for L-glutamate-, AM PA- and 
kainate-evoked cuưents were biphasic, although they were due to a single 
population o f AMPARs. In the low concentration zone (<500 µM ), DRCs 
reached a local saturation. Simultaneously, the desensitization time constant 
(Xdes) 〇f  AMPA-evoked cuưents was stabilized. A t higher concentrations, a 
second component o f DRC developed for all three agonist tested. Neither τdes 
nor the monoexponential character o f desensitization o f AMPA-evoked 
cuưents were changed further in this high concentration zone. These 
observations might be explained by the existence o f high- and low-affin ity (HA 
and LA ) modes o f gating o f AMPARs. The HA mode o f gating was 
accompanied by constant (2-3 ms) delay in appearance o f ionic cuưents, which 
was independent o f agonist concentration. This delay disappeared in a 
threshold-like manner, fo llowing the activation o f the LA  mode o f gating. We 
suggest that H A  and LA  agonist binding sites control two distinct modes of 
gating o f AMPARs in DH neurons.
This work and V.R. were supported by Eli Lilly fellowship.

336.8
EVIDENCE FOR COMPLEX DESENSITISATION OF 
CRAYFISH GLUTAMATE CHANNELS 

O. Tour. H. Parnas*and I. Parnas
The O tto Loew i M inerva Center fo r C e llu lar and M olecu lar 
Neurob io logy and the Department o f Neurobiology, the Hebrew 
U n iversity, Jerusalem, Israel 91904.

W e have studied desensitisation o f crayfish glutamate channels in 
outside-out patches em ploying a devise fo r fast application o f 
glutamate. W e found that the desensitisation tim e constant ( τ D) does not 
depend on glutamate concentration (fo r concentration range o f O.ЗmM 
to 2OmM). A d d ition a lly , we found that applying low  glutamate 
concentration can produce substantial desensitisation w ithout detectable 
activation o f the channels.

To c la rify  the underlying mechanism o f the desensitisation process 
we simulated various kinetic models o f ligand gated channels in search 
o f  a model that com plied w ith  all the experimental findings.

W e conclude that the experimental and sim ulation results strongly 
suggest that in these glutamate channels substantial desensitisation 
occurs from  the partly liganded as w ell as from  the fu lly  liganded 
channel.

This research was supported by the DFG, Germany, SFB 391 grant.

336.10
D EVELO PM ENTAL REG U LA TIO N O F AM PA RECEPTO R  
K IN ETIC S IN T H E A V IAN CO C H LE A R  N U CLEUS. J.J. Lawrence* 
and L.O. Tnissell. Neuroscience Training Program and Department o f  
Physiology, University o f  Wisconsin, Madison 53706.

Neurons o f  the avian nucleus magnocellularis preserve the timing o f  
signals in their auditory nerve input through the convergence o f  several key 
adaptations, including somatic end-bulb synapses on adendritic somata, low 
threshold potassium cuưents, and postsynaptic AM PA receptors having rapid 
gating kinetics. In this study, we examined whether the specialized properties 
o f  AM PA receptors in auditory neurons might be the result o f  critical cellular 
interactions during embryogenesis. Using fast flow techniques, we applied 10 
mM glutamate to excised patches under conditions in which NM DA  
receptors were blocked and measured the exponential time constant o f  AMPA 
receptor desensitization kinetics (τ⅛*) at different stages o f  development. In 
brain slices, mean τ⅛з in patches from E ll-1 3  was 3.4 ±  1.4 ms (±SD), 
significantly slower (p = .001) than in patches from E 17 (1.49 ±  .27 ms).
The identification o f  these cells was coưoborated through studies o f  acutely 
isolated neurons identified as nMag via retrograde labeling with 
tetramethylrhodamine dextran. Here, AM PA receptor τ⅛j in E l 0-E l 1 
neurons (4.55 ±  2.0 msec) was significantly (p < .001) slower than in E17-18 
neurons (1.79 ±  .09 ms). These data indicate that the kinetics o f  AMPA 
receptors in nMag are under developmental control during the period 
coinciding with the onset o f  synaptic transmission. Supported by NIH 
DC02004.

336.12
DEVELOPMENT OF SPONTANEOUS BIO ELECTRIC ACTIVITY IN 
DISSOCIATED CORTICAL NEURONS GROWING ON MULTI ELECTRODE 
PLATES. W.P.A. Willems1. J. v. Pelt1. W. Rutten2. M.A. Comer1: P.S. Wolters1 and
G.J.A. Ramakers'.(SPON: European Neuroscience Association) 'Neurons and Networks, 
Netherlands Inst, for Brain Res., Amsterdam, The Netherlands; ‰st. for Biomed. Tech., 
Electr. Eng. Dep., Univ, o f Twente, The Netherlands.

Spontaneous generation o f bioelectric activity (BEA) in cortical tissue cultures is 
dependent on neuronal network development (Ramakers et al. 1990, Exp. Brain Res. 79: 
157). Studies to investigate this relationship were limited by the use of glass electrodes 
which do not allow long term recording from the same neurons over days or weeks. To 
circumvent this problem we studied the development of spontaneous action potential 
discharges by culturing neurons on multi electrode plates (MEPs) which allow 
longitudinal recording from up to 61 micro electrodes (tip diameter: Юµm).

Fetal rat cortical neurons (ED 18) were cultured on MEPs. These were screened 
electrophysiologically twice a week, from 6 days in vitro (DIV) onward. Action 
potentials had mean signal to noise ratios of 4.4 (noise: ±20 µV, action potential ±90 µV) 
and were recorded as time stamps.

Firing activity was first observed at 6 DIV and reached maximum levels at 17 DIV 
(approx. 1 Hz). The number of active sites peaked at 14-17 DIV. Activity was recorded 
up to 36 DΓV. Activity of single neurons was reliably recorded for up to 16 hours. Based 
on action potential shape and minimal interval length most active sites reflected single 
unit activity. Spontaneous BEA was reversibly blocked by a combination o f the 
glutamatergic antagonists DNQX and APV, indicating that spontaneous electric activity 
is to a large extend network dependent. Blocking the GABA„ receptor by application of 
PTX resulted in stereotyped burst firing. Spontaneous electric activity on different 
electrodes showed a high degree of synchronicity at the level o f bursts, but not at the 
level of single spikes. Using these MEPs we are now studying the role of electric activity 
in neuronal network formation.
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336.13
ENHANCEM ENT OF AM PA RECEPTOR-M EDIATED CURRENTS 
IN M ECHANICALLY INJURED CORTICAL NEURONS P.B. 
GOFORTH, E. ELLIS, L.S SA TIN * Dept, o f  Pharm acology and 
T oxicology and Dept, o f  Physiology, Virginia Com m onwealth Univ.; 
Richmond, V A  23298.

Ionotropic glutamate receptors have been shown to play a role in 
neurotrauma. Using an in vitro cell injury m odel, we exam ined the 
effects o f  mild, sublethal m echanical injury on  AM PA-m ediated  
currents in 12-16  day cultured cortical neurons. Recordings made 
using the whole cell patch clam p technique revealed that a 
subpopulation (34%) o f  injured neurons exhibited increased transient 
and steady state responses to AM PA (1 0 0  µM) and a reduction in 
desensitization com pared to control neurons. M ean norm alized peak 
current density increased significantly from 6.6 ± 0.6 pA/pF (n = 2 6 ) to
8.5 ±  0 .9  pAУ́pF (n = 3 5 ) and mean norm alized steady state current 
density increased significantly from  3 .8  ±  0 .4  pA/pF (n = 3 2 ) to 7 .3  ± 
0.8  pA/pF (n = 4 2 ) in control versus injured cells respectively. The 
current-voltage relationship o f  injured neurons showed increased slope 
conductance but no change in reversal potential. Additionally, the 
ECsoS o f  control and injured neurons were nearly identical. AM PA  
receptor desensitization was blocked by 100 µM cyclothiazide c o 
applied with 100 µM AM PA or when 2 0 0  µM kainate was used; in 
these cases, cuưent densities did not differ between control and injured 
neurons. These results demonstrate that the injury-induced  
enhancement o f AM PA current most likely results from a reduction in 
AM PA receptor desensitization. Alterations in AM PA receptor 
function m ay contribute to the secondary pathophysio logy observed  
following traumatic brain injury. Supported by NIH/NINDS 27214

336.15
THE EFFECT OF PATCH ISOLATION ON THE KINETICS OF AMPA AND 
GABAa RECEPTORS. M. Mareulis and C.-M. Tang*
Dept o f Neurology, Univ, o f Maryland Sch. of Med., Balt. Md. 21201.

Can the fast mEPSC and mIPSC be accurately modeled from the kinetics 
of AMPA and GABAa receptors isolated in outside-out membrane patches? This 
assumption has been found to be accurate in many fundamental respects. In this 
study we rexamined this issue with respect to two specific issues, the desensitization 
kinetics of AMPA receptors and the deactivation kinetics of GABAД receptors. Pairs 
of 1-ms glutamate pulses separated by a variable interval were photoreleased on the 
dendrites of cultured hippocampal neurons under rapid local superfusion. Recovery 
from desensitization of in situ dendritic AMPA receptors consistently followed a 
single exponential (~48 ms). Recovery for receptors in excised outside-out 
membrane patches, however, required a two exponential fit (47 ms, 61%; 287 ms, 
39%). Incorporation o f the slow component of recovery in a kinetic model of the 
AMPA receptor confirmed our earlier observation that AMPA receptors desensitized 
to a greater extent in patch recordings compared to whole cell recordings.

Rapid focal photolysis of caged GABA directed on dendritic GABAa 
receptors did not elicit the fast component of deactivation prominently observed from 
receptors in excised patches. In this respect in situ GABAΛ receptors more closely 
mimic the decay of mIPSCs. These findings suggest that subtle but significant 
differences may exist between synaptic and isolated AMPA and GABAΛ receptors. 
(Supported by VA Medical Research)

336.17
EFFECT OF NEUROSTEROIDS ON NMDA RECEPTORS 
COMPRISING DIFFERENT ISOFORMS OF THE NMDAR1 
SUBUNIT. A, Malavev, N. Yaqhoubi. S. Russek. T. Gibbs. D. Farb*. 
Laboratory of Molecular Neurobiology, Dept, of Pharmacology, Boston 
University School of Medicine, Boston, MA 02118.

Seven isoforms of the NMDAR1 subunit (NR1XXX) are formed by 
alternative RNA splicing. NMDA receptors composed of different NR1 
subunit isoforms differ in agonist affinity and modulation by Zn2+, 
polyamines and PKC. We employed an oocyte expression system to assess 
the effects of neurosteroids on NMDA receptors containing different NR1 
subunit isoforms. Application of pregnanolone sulfate (Зα5ßS) to 
oocytes injected with NR1XXX/NR2A mRNAs resulted in reversible and 
apparently noncompetitive inhibition of the membrane current induced 
by application of the receptor agonists L-glutamate or NMDA. The EC5〇s 
(24 - 43 µM) and efficacies (76 - 100% inhibition) for Зα5ßS action 
were similar for all seven NR1XXX isoforms tested. In contrast to Зα5ßS, 
pregnenolone sulfate (PS) reversibly potentiated agonist-induced 
current through NR1XXX/NR2A receptors. Potentiation was associated 
with an increase in the agonist lmax, with almost no change in EC5〇. 
While the PS EC5 〇 was similar for all seven splice variants (17 to 31 
µM), the maximum potentiation ranged from 47% (for NR11П) to 
143% (for NR1 〇〇〇). These results provide further evidence for the 
existence of distinct modulatory sites of action for PS and Зα5ßS. 
Moreover, the three-fold difference in PS efficacy demonstrates that 
the presence or absence of the small (27-38 amino acid) inserts in 
NR1 subunit controls the sensitivity of NMDA receptors to PS. Funded 
by NIMH Grant 2R01MH4946-06.

336.14
AGONIST-SPECIFIC DIFFERENCES IN THE UNITARY PROPERTIES 
OF HOMOMERIC GluRl RECEPTORS
S. N. Irizaггv. K. E. Pemberton*, and J. R. H ow e. Dept, o f  Pharmacology,
Yale University, N ew  Haven CT, 06520.

Patch-clamp techniques were used to study G luR l homomeric channels 
transiently expressed in HEK 293 cells. Concentration-response data were 
obtained for kainate- and glutam ate-activated w h ole-cell currents in the 
presence o f  cyclothiazide. The ЯC50 values for kainate and glutamate were 
24 ±  2 µM  and 75 ±  14 µM  (n = 4  and 7 cells, respectively). Steady-state 
w hole-cell currents evoked by saturating concenhations o f  glutamate were 2 to 
3 times larger than those evoked in the same cell by saturating concentrations 
o f  kainate. Spectral density analysis o f  agonist-evoked cuưent noise revealed 
differences in the unitary conductance and p 〇p℮n for the kainate- and 
glutam ate-activated cuưents. The p 〇p℮n o f  G luR l channels activated by 
saturating agonist concentrations was greater with glutamate (0 .8) than with 
kainate (0.6). However, most o f  the difference in the size o f  the maximal 
whole-cell cuưents was accounted for by differences in the apparent unitary 
conductance, which was 5.5 ±  0.5 pS with kainate (n = 39 spectra) and 
14 ±  2.5 pS with glutamate in  = 36 spectra). Preliminary results support the 
conclusion that kainate-activated single-channel cuưents are smaller than 
glutamate-activated cuưents. These results, together with previous work by 
Sw anson e t al. Ų . N eu ro sc i. 17: 58-69, 1997), suggest that agonist-specific 
differences in unitary conductance may be a com m on feature o f recombinant 
AM PA-type channels.

Supported by NIH  training grants T 3 2 -G M 0 7 3 2 4  and T 3 2 -N S 0 7 1 3 6 .

336.16
POTENTIATION OF KAINATE CURRENTS BY 17ß-ESTRADIOL IN MOUSE 
HIPPOCAMPAL NEURONS IS INDEPENDENT OF GENOMIC ESTROGEN 
RECEPTORS. Q. Gu and R.L. Moss*. Dept, of Physiology, Univ, of Texas 
Southwestern Medical Center, Dallas, TX 75235.

17ß-Estradiol (E2), when applied to isolated rodent hippocampal neurons, 
potentiates the kainate-induced current. The action is rapid (within 3 minutes of 
application), stereospecific and reversible upon removal of the steroid. The 
potentiation can be mimicked by 8-bromo-cAMP, a membrane permeable 
analog of cAMP. Although the time course of estrogen potentiation is too rapid 
to be explained by the classical mechanism of steroid action, the presence of 
two genomic estrogen receptors (ERα and ERß) in the hippocampus leaves 
open the possibility of ERα or ERß involvement. In the present study, we 
examined the action of E2 in mice in which ERα has been genetically knocked 
out (ERKO) or chemically blocked by IC1182,780 (ICI), an antagonist of ERα 
and ERß. The kainate induced response showed similar characteristics in the 
wild type group and in the ERKO group. E2 (50 nM, 3 min) application 
increased the amplitude of kainate currents in both groups. The potentiation is 
similar to that previously observed in rats (Gu and Moss, 1996,1998). Current- 
voltage curves suggest that E2 does not alter the kinetics of the kainate 
receptor-channels but increases the conductance. In another set of 
experiments, preincubation with ICI (100 nM, ~ЗO min) had no effect on kainate 
currents and E2 could still enhance the amplitude. These findings indicate that 
neither ERα nor ERß is involved in the action of E2 on kainate currents, and that 
a novel site and pathway, which appear to be independent of the genomic 
mechanism, may play a role in estrogen modulation of excitatory 
neurotransmission in the hippocampus. This study was supported by NIH grant 
MH 47418.

336.18
A  ROLE FOR PREGNENOLONE SULPHATE IN RETINAL ACUTE  
EXCITOTOXICITY. P. Guameri*1. C. Cascio2. D. Russo3. G. De LecÅ T. 
Piccoli2, V . Sciuto1. F. P iccoli2 and R. Guameri1 . 1ĩst. Biologia dєllo Sviluppo, 
⅝ t. Metodologia Diagnostica Avanzata, CJЧЛ, Palermo; ⅜ t. Neuropsichiatria, 4Ist. 
Biologia, Univ. Palermo, Italy

In the isolated retina, we previously demonstrated that stimulation o f  
NM D A receptors increases the pregnenolone and pregnenolone sulphate (PS) 
synthesis and the blockade of cholesterol side-chain cleavage cytochrome P45O 
attenuates and likely delays neuronal cell death (Guameri et al., Europ. J. 
Neurosci., 1998). Since PS has been reported to positively modulate NM DA  
receptor-mediated responses (Wu et al., M olec.Pharmacol. 1991; Irwin et al., 
JPhaimacolExp.Therφ., 1994), here we investigated the possible role o f PS in 
NM DA-induced acute retinal toxicity. Measurements o f LDH release and 
morphological analysis revealed that retinal cell viability was affected by the 
mere exposure to PS, in a dose- (10-250µM ) and time- (45-90 min) dependent 
manner, and higher NM DA-induced toxicity was reported after the 
coapplication o f PS and 5OµM NM DA. In the presence o f a submaximal 
NM D A dose (10 µM ), lower and non-toxic PS concentrations (0.1-10 µM) 
also potentiated retinal toxicity. Selective NM DA receptor antagonists 
(22OµM CPP or ЮµM MK 801) and a specific Cľchannel inhibitor (4OOµM 
DIDS) which is known to prevent acute cell death, reduced toxicity developed 
when PS was added alone and together with NM DA. The results indicate that 
PS causes retinal toxicity through NM D A receptors and even at low  
concentrations it may potentiate a mild NM D A insult. In addition, the osmotic 
destabilization resulting in acute swelling and cell lysis appear to be the 
primarily cause o f PS-induced neuronal cell death.

Society for Neuroscience, Volume 24 ,1998



848 EXCITATORY AMINO ACШ RECEPTORS: PHYSIOLOGY, PHARMACOLOGY AND MODULATION V MONDAY PM

336.19
OVARIECTOMY AND GONADAL STEROIDS MODULATION OF GLUTAMATE 
LEVELS AND GLUTAMATE RECEPTORS OF THE NMDA AND AMPA 
SUBTYPES. M. Cvг*. O. Ghгibi and T. P i Paolo. Dept o f Molec. Endocrinology, 
CHUL Res. Center and Fac. of Pharmacy, Laval University, G1V 4G2, Québec, Canada.

Steroids hormones regulate neuroendocrine and behavioral functions of the brain 
using diverse molecular mechanisms. We have investigated the effect o f 10 months 
ovariectomy and a correction therapy beginning 2 weeks before sacrifice with l7ß- 
estradioł (10 µg, b.i.d.), progesterone (720 µg, b.i.d.) or a combination of these two 
steroids on specific binding of NMDA and AMPA receptors as well as on amino acids 
levels in the rat brain. Specific binding was determined by autoradiography of coronal 
brain slices in the frontal cortex, nucleus accumbens, striatum, frontoparietal cortex and 
hippocampus using [эH]glutamate or [ЭH]AMPA. We have used HPLC with U.V. 
detection to determine the contents o f GABA, glutamate, glutamine, glycine and taurine 
extracted from frontal cortex homogenates and derivatized with dansyl chloride. We 
observed a decrease o f NMDA receptor binding in the CA1 and dentate gyrus of 
hippocampus after ovariectomy that was connected by the estradiol treatment 
Progesterone had no effect while the combined treatment tended to increase binding. 
Specific binding to NMDA receptors in the CA2/3 and to AMPA receptors in the CA1, 
CA2/3 and dentate gyrus of hippocampus remained unchanged following ovariectomy and 
steroid treatments. In the other regions investigated, ovariectomy had no effect on 
NMDA and AMPA receptor binding whereas the estradiol treatment decreased NMDA 
receptor binding in the frontal cortex and the dorsal part of striatum and decreased AMPA 
receptor binding in the frontal cortex, the striatum, the nucleus accumbens and the 
frontoparietal cortex. Progesterone treatment tended to decrease the AMPA and NMDA 
receptors binding and the combined treatment was without effect in these regions. 
Amino acids in the frontal cortex remained unchanged after ovariectomy or treatments. 
Our results show regional specificity of the effect o f hormonal withdrawal or treatment 
with gonadal steroids on the AMPA and NMDA receptors, with greater activity of 
estradiol than progesterone. Supported by the MRC of Canada.

336.20
ENHANCED BINDING OF NM DA RECEPTORS IN PRE-PUBERTAL 
RAT BRAIN REGIONS FOLLOWING NEONATAL OLFACTORY  
BULBECTOM Y G. Flores.1* O. Ibáñez.1 A,B. Silva.1 P  I. Limón,1 R.Ouirion2 
and L. K. Srivastava2. ⅛ stituto de Fisiología. Universidad Autónoma de Puebla, 
Puebla, Mexico. 2Douglas Hospital Research Centre, Departments o f  Psychiatry, 
McGill University, Montreal, Quebec, Canada.

Olfactory' bulbectomized (OBX) rats show a variety o f  behavioral and 
neurochemical deficits that parallel human depression. Excitatory amino acids 
may play an important role in behavioral manifestation o f  OBX rats and 
depression (Harvey, 1996, Human Psychopharmacology. 11:309-319) and 
chronic antidepressant treatment affects ligand binding properties o f  NM DA  
receptors in cerebral cortex. W e investigated the impact o f  neonatal OBX on 
the N-M ethyl-D-Aspartate (NM DA) subtype o f  glutamate receptor 
development. Pre- and post-pubertal developmental expression o f  NM DA  
receptors was determined by [ l25I]-MK-801 binding in the olfactory bulbs 
projection regions o f  neonatal [postnatal day 7 (PD7)] OBX rats After 
anesthesia by hypothermia the bulbs were aspirated with a blunt needle 
connected to a vacuum pump. Prepubertally (at PD4O) rats show a significant 
increase in the [ШI]-MK-801 binding in the piriform cortex, dorsal 
hippocampus, inner and outer layers o f  the frontal cortex and outer layer o f  the 
cingulate cortex. However, postpubertally (PD62) no significant differences 
in [і2Ί]-M K-801 binding were observed between sham-operated, normal 
control and neonatal OBX rats in any o f  the brain regions analyzed. These 
results suggest that neonatal OBX may alter the functional development and 
maturation o f  NM DA receptors in some o f  the olfactory' bulbs projections 
regions and thus may mediate behavioral deficits in these animals. (Supported 
by MRC Canada, FRSQ and FUNSALUD M exico)

OPIATE RECEPTOR: µ 

337.2337.1
PLCßЗ TRANSGENIC MICE HAVE INCREASES IN µ-OPIOID 
BEHAVIORAL AND CELLULAR RESPONSES. G.M. Samoriski*1. J.P. 
McLaughlin2. W. Xie2, H, Jiang2. D. Wu2, J.M. Bidlack2 and R.A. Gross12. 
Departments of 'Neurology and ⅛harmacology &  Physiology, University of 
Rochester School of Medicine and Dentistry, Rochester, NY 14642.

Cellular mechanisms that modulate opioid-mediated antinociception are largely 
unknown. Opioid receptors couple to a number of signaling pathways, including 
voltage-dependent Ca++ channels and phospholipase C, the interaction of which ţnay 
affect the behavioral response. Mice devoid of the ßЗ isoform of phospholipase C 
(PLCßЗ (-/-)) were found to exhibit a one-fifth reduction in the antinociceptive ED5〇 

values for morphine compared to their wild-type (PLCßЗ (+/+)) cohorts. In addition, 
receptor binding studies demonstrated no differences in whole brain Bmax and K¿ for 
µ, ƙ  and δ opioid receptors between the two phenotypes. Whole cell Ca↔ currents 
from acutely dissociated dorsal root ganglion neurons (DRG) from (+/+) and (-/-) 
mice were similar in magnitude and kinetics. Similarly, each phenotype exhibited a 
CTOP-sensitive concentration-dependent reduction in the peak ICa and an increase in 
the proportion of cells responding to the application of the µ-opioid agonist DAMGO 
(100, 300, 3000 nM). However, reductions in peak ICa were significantly larger in 
DRGs lacking the PLCßЗ isoform at the 300 and 3000 nM concentrations compared 
with those in (+/+) DRGs. In addition, at each concentration tested, a larger 
proportion of (-/-) cells (85 -  100%) exhibited a >10% reduction in peak ICa in 
response to DAMGO than did (+/+) neurons (61 -  80%). These data demonstrate that 
deletion of a single isoform of PLC has significant consequences on the response to 
opioid peptides both at the behavioral and cellular levels. We speculate that 
differences in the efficacy of opioid-mediated responses are regulated by intracellular 
signaling mechanisms.

Supported in part by NIDA grants DAO7232 (GMS, JPM), G M 53¡62 (DW), 
DAO3742 (JMfí), DA 10 5 !4  (RAG), and the AHA (DW) and TRC (DW).

VISC ER AL C H EM IC A L A N T IN O C IE PT IO N  IN D U C ED  BY  O PIO ID  
A G O N ISTS IN  µ -O PIO ID  R E C E PTO R  K N O C K O U T  M IC E. Xiao¯Fei 
L i1. Ichiro S ora1. Stephen K insev1. N obue K itanaka1. Junich i K itanaka1, 
H ong-B ing W ei*1. M asahiko F un ada1 & G eorge R. U h l.1’2 M ol 
N eurobiol, IR P -N ID A /N Ш 1, & D epts N eurol & N sci, JH U SM 2 
B altim ore, M D 21224.
D espite the p revalence and clin ical im portance o f  v isceral pain, it is only  
relatively recently that investigative efforts have begun to focus on the  
m echanism s o f  visceral pain. R ecent availab ility  o f  tran sgenic µ -opioid  
receptor knockout m ice allow s exploration o f  roles for µ  receptors in the  
antinociceptive responses induced by occupancies o f  each o f  the opioid  
receptors. In order to d efine role o f  µ  receptor in antinociception  
against visceral chem ical stim uli, three opioid receptor subtype agonists  
w ere com pared for their activity in inhib itin g w rith ing behaviour  
induced by a v iscero/p eriton eal noxious stim ulu s in µ¯opioid receptor  
knockout m ice. In the present resu lts, hom ozygous m ice lack ing µ  
receptor had few er w rith ing nociceptive responses induced by acetic acid  
than w ild-type mice. The µ  agonist m orphine and the δ agonist SNC8O 
failed to induce antinociception to chem ical stim uli in hom ozygous m ice. 
In contrast, the k agonist U¯§O,488 induced sign ificant analgesia against 
visceral chem ical stim uli. Antinociception to v isceral chem ical stim uli by 
µ¯ and δ agonist are dependent on µ  receptor, but not k agonists. These  
resu lts should help guide developm ent o f  im proved agents to treat 
visceral pains.
Supported  by NID A In tram u ral Research Program .

337.3
H eroin and M orphine 6ß-glucuronide Fail to Induce A n tinociception  
in µ -O pioid  Receptor K nockout M ice. N obue K itan ak a1 *. Ichiro Sora‘ 
. Stephen K in sey1. Junichi K itan ak a1. N an cy G ood m an 1. Zhizhen  
Zeng' & G eorge R. U h l.12 M ol N eurobiol, IR P -N ID A /N IH 1, & Depts  
N eurol & N sci, JH U SM 2 B altim ore, M D 21224.
M orphine is com m only used to treat pain , heroin  (3,6- 
diacetylm orphine) and its m ajor m etabolite m orphine 6ß-glu cu ron ide  
(M 6G ) are also analgesic. To assess possib le d ifferen ces in the receptor  
basis o f  the analgesic actions o f  m orphine, heroin  and M 6G , w e tested  
the influences o f  these com pounds in th erm al nociceptive tests in 
w ildtype m ice and in m ice with deletions o f  one copy (heterozygotes)  
or two copies (hom ozygotes) o f  the µ-opioid  receptor gene. In w ildtype  
m ice, m orphine, heroin and M 6G  induced m axim al antin ociception at
5 6 .3  and 30 m g/kg, respectively in 55oC hot-p late and 53oC  ta il-flick  
therm al alangesia testing. N eith er m orphine, heroin  or M 6G  
produced any sign ificant analgesia in µ¯opioid receptor hom ozygous 
knockout m ice devoid o f  this receptor. H etero-zygous m ice w ith  one 
µ-opioid  receptor gene copy displayed right and dow nw ard sh ifts in 
m orphine, heroin and M 6G  analgesic dose-effect relationsh ip. These  
results support a near-total µ-op io id  receptor dependence o f  the  
analgesic actions o f  each o f  these three com p ounds, and fail to support 
a requirem ent for a heroin -specific op iate receptor subtype. 
Supported  by NID A In tram ural Research Program .

337.4
EFFECTS OF MORPHINE GLUCURONIDES ON OPIOID RECEPTORS 
A T THE NEURONAL LEVEL. A. Ratka». L. R. Baker. L, L. Bennett. E. D. 
Andersen. A. J. Dye. Department o f  Pharmaceutical Sciences, College o f  
Pharmacy, Idaho State University, Pocatello, ID 83209.

Morphine (M ) is predominantly metabolized to morphine-6-glucuronide 
(M6G) and morphine-3-glucuronide (MЗG). Morphine glucuгonides have 
pharmacologic activity; M 6G has been found to be a more potent analgesic 
than M, while MЗG is known to antagonize the effect o f  M. The goal o f  the 
present study was to characterize the effects o f  morphine glucuгonides on 
opioid receptors at the neuronal level. Opioid-responsive, differentiated human 
neuroblastoma SK -N-SH  cells were used. Cyclic AM P responses to M, 
attributed to the activation o f  opioid receptors, are well defined in SK-N-SH  
cells. Changes in cAM P level, measured by radioimmunoassay, served as a 
marker o f  opioid receptor function. Treatment with 10 µM  o f  M6G, M or 
M ЗG resulted in a significant inhibition o f  prostaglandin Ei(PGEi)-stimulated 
accumulation o f  cAM P by 60%, 42%  and 37%, respectively. M6G inhibited 
PGEi-induced cAM P accumulation by 60% at 10 µM, by 47%  at 1 µM, and 
by 50% at 0.1 µM. MЗG had a dose dependent inhibitory effect on PGEi- 
induced cAM P accumulation: 20% at 10 µM  , 12% at 1 µM, and 5% at 
0.1 µM. Pretreatment with MЗG abolished the effect o f  M 6G and significantly 
reduced the effect o f  M (from 42 to 24%). Naloxone (10 µM ) prevented the 
effect o f  M, reduced the effect o f  M6G, and did not change the effect o f  MЗG. 
These results suggest that morphine glucuгonides induce changes in 
intracellular cAM P effector system and modify the function o f  opioid receptors 
at the neuronal level. [Supported by the NSF-EPSCoR: EPS-9350539]
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337.5
LACK OF CROSS-TOLERANCE BETWEEN MORPHINE AND MORPHINE-6-GLUCURONJDE AS 
REVEALED BY LOCOMOTOR ACTIVITY IN MICE M.Grung. S. Skuгtveit. A, Ripel. M. Handal 
and J. Mørland (SPON: European Neuroscience Association)
National Institute of Forensic Toxicology, P.Box. 495 Sentrum, 0105 OSLO, NORWAY.

In humans, morphine is conjugated to morphine-3-glucuronide (MЗG) and mor- 
phine-6-glucuronide (M6G). Mice however, show no detectable amounts of M6G in 
plasma after morphine administration. M6G has been reported to be a more potent 
analgesic than morphine itself. Locomotor activity in mice increases after both mor
phine- and M6G-administration'. The aim of this study was to investigate whether 
mice developed tolerance to the locomotor-enhancing effect o f M6G as has been 
shown for morphine. Secondly, we wanted to study if  there was cross-tolerance be
tween the two drugs.

Morphine or M6G (20 µmol/kg) was administered s.c. to C57BL/6J mice daily for 
2-8 days. The locomotor activity (total distance travelled and movement time) during 
habituation period (1,5 h) and 3 hours after drug administration was monitored.

After repeated M6G- or morphine-administration we observed tolerance develop
ment. The mice showed a reduction in locomotor activity already on the second day 
(50 % (M6G) and 35 % (morphine) of the activity recorded on the first day). When 
mice treated with M6G on the first day was administered morphine the next day, we 
observed 70 % of the activity recorded after morphine-administration to drug naive 
mice. The same lack of cross-tolerance was observed when mice treated with 
morphine for one day was administered M6G the next day (80 % of the activity 
recorded after M6G-administration to drug naive mice).

In conclusion we found lack o f cross-tolerance between M6G and morphine after 
M6G or morphine-administration indicating that the drugs act on different opiate re
ceptors mediating the locomotor effect. This is in accordance with other studies re
porting lack o f analgetic cross-tolerance between morphine and M6G after 5 days of 
morphine administration2.

1 Grung e l  a ì. Pharmacol.&Tox¡col. 82. 3-10 (1998) 2 Rossie/d/. Neurosc¡. Lett. 216. 1-4 (1996)

337.7
H UM AN M U O PIOID RECEPTO R: G ENE STRUC TU RE AND  
PO LYM O RPHISM . Zaiļie J. W ang*Ichiro Sora. and G eorge R. Uhl. Mol. 
N eurobiology, NIDA IRP& D epts. Neurol. & Nsci·, Johns H opkins Univ., 
Baltim ore, M D 21224.
The mu opioid receptor (M O R) m ediates the analgesic and rewarding  
effects o f  opioids including m orphine. Individuals d isplay varying M O R  
levels in brain, response to opioid drugs, and vu lnerability  to drug abuse. 
To exam ine potential genetic bases for these individual d ifferences, we  
cloned over 50 kb o f  M O R genom ic sequence including each protein
coding exon. Seven kb sequence, 5 ’ to the translation start, has 75%  
hom ology to the m ouse counterpart in certain regions, suggesting potential 
additional exon(s) or highly conserved regulatory regions. A  num ber o f  di¯ 
and trinucleotide repeats have been m apped on the cloned M O R by either  
direct sequencing or Southern blotting. W e are seek ing useful m arkers 
from  these m icrosatellites. O ne tandem  repeat, several hundred bp 5 ’ to 
the third coding exon, has a predom inate genotype o f  20 copies o f  GT  
repeats, and displays at least 5 d ifferent genotypes in the population. 
Several single nucleotide polym orphic (SN P) m arkers have also been 
identified. A  frequent SNP located at the intron between second and third  
coding exons. The allele frequencies w ere 44%  for G and 56%  for C, and 
did not differ between 124 control Caucasian subjects and 185 drug  
abusers. Understanding the gene structures regulating M O R  expression  
should help to understand the individual d ifferences in pain perception, 
response to opioid and drug abuse vulnerability.
Supported by NIDA Intramural Research Program.

337.9
TRANSCRIPTIONAL REGULATION OF MOUSE µ-OPIOID 
RECEPTOR GENE J. L. Ko. H. C. Liu. S. R. Minnerath. M. W. 
Wessendorf* and H. H. Loh From Department of Pharmacology and 
Department of Cell Biology and Neuroanatomy*, University of Minnesota, 
Medical School, Minneapolis, MN 55455 

Previously, the existence of dual (distal and proximal) promoters was 
reported in the mouse µ-op¡oid receptor (mor) gene using serial 
deletional and transfection analyses. Further utilizing the RT-PCR assay, 
we found that mor mRNA in the mouse brain was predominantly initiated 
by proximal promoter. The presence of a silencer, which is located 
between the distal and proximal promoters and specifically suppressed 
the distal promoter activity, may contribute the predominance of the 
proximal promoter for the regulation of mor gene in brain. To further 
analyze the proximal promoter of the mouse mor gene, in the region 
between -450 to -249 relative to the translational start site, we identified 
the cis-DNA regulatory elements and trans-acting protein factors that are 
important for activity. Our results revealed that both mor inveгtѳd-GA 
(iGA) motif and canonical Sp1 binding sites were required for the 
promoter activity. Using electrophoresis mobility shift analysis, we 
identified the Sp transcription proteins which specifically bind to these 
motifs. Mutation of these motifs, resulting in a loss of Sp binding, led to a 
decrease in activity. In cotransfection assays using Drosophila SL2 cells, 
Sp transactivated the promoter in a manner dependent on the presence 
of mor ¡GA and canonical Sp1 binding motifs. Our results suggest that 
combined or cooperative interaction of Sp transcription factors within the 
proximal promoter is necessary for activation of mor gene transcription, 
(supported by NIH research grants DA-00546, DA-01583, DA-05695, 
KO5-DA-7O554, and A&F stark fund of the Minnesota Medical 
Foundation)

337.6
DPDPE STIMULATES G PROTEIN ACTIVITY THROUGH µ- AND δ-OPIOID 
RECEPTORS AS DETERMINED IN µ KNOCKOUT MOUSE BRAIN 
MEMBRANES. Y. Hosohata* T.H. Burkev. I. Sora.1 G.R. Uhl.123 V.J. Hrubv.
W.R. Roeske and H I. Yamamura. Departments of Pharmacology, 
Biochemistry, Psychiatry and Chemistry and the Program in Neuroscience, 
University of Arizona, Tucson, AZ 85724; ’Molecular Neurobiology Branch, 
National Institute on Drug Abuse-IRP, 5500 Nathan Shock Dr., Baltimore, MD 
21224; Departments of 2Neurology and 3Neuroscience, Johns Hopkins School 
of Medicine, Baltimore, MD 21224.

We examined the ability of the δ-opioid receptor agonists (+)-4-[(αR)-α- 
((2S ,5R )-4 -a lly l-2 ,5 -d im ethy l-1 -p ipeгaz iny l)-3 -m ethoxybenzy l]-N ,N - 
diethylbenzamide (SNC8O), Deltorphin-ll, c[D-Pen2, Phe4, D-Pen5]enkephalín 
(DPDPE) and c[D-Pen2, pCI-Phe4, D-Pen5]enkephalin (pCI-DPDPE) to mediate 
G protein activation in membranes prepared from control mouse brains and 
brains from mice genetically manipulated to delete the µ-opio¡d receptor. We 
found that both Deltorphin-ll and SNC8O-stimulated G proteins in control or 
receptor-deficient membranes. The potency and intrinsic activity of these drugs 
was virtually identical between control and µ-opioid receptor deficient 
membranes. Conversely, there was a significant reduction in the intrinsic 
activity of DPDPE and pCI-DPDPE in the µ-opioid receptor deficient 
membranes as compared to control. These data suggest that Deltorphin-ll and 
SNC8O stimulate G proteins through µ-op¡o¡d receptor independent 
mechanisms, whereas DPDPE and pCI-DPDPE stimulation is mediated 
through both δ- and µ-op¡oid receptor-dependent mechanisms. This research 
was supported in part by grants from the Arizona Disease Control Research 
Commission, USPHS and NIDA (DAO6284).

337.8
STUDIES OF RECEPTOR FUNCTION OF A SINGLE NUCLEOTIDE 
POLYMORPHISM IN THE HUMAN MU OPIOID RECEPTOR 
GENE. C. Bond1’*, K.S. LaForee3. M. Tian1. D. Melia .̄ S. Zhang12. L. 
Bore3. J. Gong1,2. J. Schluger3. J.A. Strong1,2. S.M. Leal4. J.A. Tischfìelď. 
M.J. Kreek3. and L. Yu1’2. ‘Dept, of Med. & Mol. Genetics, Indiana Univ. 
Sch. of Med., Indianapolis, IN 46202; 2Dept. of Cell Biol., Neurobiol. & 
Anat., Univ, of Cincinnati College of Med., Cincinnati, OH 45267; 
laboratory on the Biol, of Addictive Diseases, and laboratory of 
Statistical Genetics, The Rockefeller University, New York, NY 10021.

Opioid drugs play important roles in the clinical management of pain, 
as well as in the development and treatment of drug abuse. Mu opioid 
receptor is the primary site for the most commonly used opioids, 
including morphine, heroin, fentanyl, and methadone. We have identified 
several single nucleotide polymorphisms (SNP) in the human mu opioid 
receptor gene. The most prevalent genetic polymorphism is an SNP that 
alters a putative N-glycosylation site in the N-terminal of the mu opioid 
receptor. To explore any potential effects of this SNP on the cellular 
function of the mu opioid receptor, we examined the ligand binding 
properties in mammalian cells and the receptor-mediated activation of G 
protein-coupled potassium channels in X e n o p u s  oocytes. Our results 
indicate that this SNP affects both receptor affinity for an endogenous 
opioid peptide and the potency of this peptide to activate the receptor.

Supported by an American Heart Association Indiana Affiliate 
fellowship to C.B. and NIH grants to M.J.Ƙ, J.A.T., and L.Y.

337.10
CHARACTERIZING INTRACELLULAR MODULATORS OF MU 
OPIOID RECEPTOR SIGNALING BY EXPRESSION CLONING. 
J.W. Yates* and L. Yu. Dept, of Cell Biology, Neurobiology & Anatomy, 
Univ, of Cincinnati College of Med., Cincinnati, OH 45267-0521.

Endogenous opioid peptides, such as endorphins, and exogenous 
opioids, such as morphine and heroin, elicit various biological effects, 
including analgesia, respiratory depression, and euphoric effects, which 
may lead to physical dependence and addiction. Prolonged usage of 
opioids also may result in tolerance. Opioid receptors mediate these 
effects to depress neuronal firing and inhibit neurotransmitter and 
hormone release. How opioid receptors are involved in the long-term 
effects of opioid drugs are not known. In particular, there is a lack of 
understanding of intracellular factors that modulate the receptor-mediated 
signaling process. The mu opioid.receptor is the major cellular target of 
the most commonly used opioid drugs. We sought to screen cDNA 
libraries for factors that may interact with the mu receptor via protein- 
protein interaction. To accomplish this, we made a GST-fusion protein 
construct containing the carboxy terminus of the human mu opioid 
receptor attached to the GST moiety. The fusion protein was expressed, 
purified and cleaved off of the GST tag. This cleaved protein was then 
labeled with 32P using a vector-supplied PKA site and used as a probe. A 
number of positive clones were isolated and are being characterized. One 
such clone encodes a possible zinc-finger motif-containing protein.

Supported by NIH grants R01-DA11891 and R01-DA09444 to L.Y.
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337.11
MU OPIOID RECEPTOR ACTIVATION OF MAP KINASE 
CASCADE INVOLVES A PATHWAY DISTINCT FROM THE 
CYCLIC AMP/PKA PATHWAY. W. A i]’* and L. Y u 1’2 'Dept, o f 
Med. & Mol. Genetics, Indiana Univ. Sch. of Med., Indianapolis, IN 
46202; 2Dept. of Cell Biology, Neurobiology & Anatomy, Univ, of 
Cincinnati College of Med., Cincinnati, OH 45267-0521.

We investigated the involvement of protein kinases in mediating mu 
opioid receptor activation of MAP kinase. Activation of the mu opioid 
receptor resulted in a transient elevation of the MAP kinase activity. This 
effect involves the MAP kinase cascade, as inhibition of the MAP kinase 
kinase, MEK, completely blocked the increase in MAP kinase activity. 
The mu opioid receptor is known to be negatively coupled to the adenylyl 
cyclase/cAMP/protein kinase A (PKA) pathway; however, our data 
showed that stimulating adenylyl cyclase with forskolin or activating 
PKA with a cAMP analogue had no effect on mu opioid receptor- 
stimulated increase in MAP kinase activity, indicating that the 
cAMP/PKA pathway is not involved in mediating the mu opioid receptor 
effect. Inhibition of protein tyrosine kinase, protein kinase C, or PI 3- 
kinase all significantly reduced the magnitude of mu opioid receptor- 
induced increase in MAP kinase activity, implicating the involvement of 
these kinases. Our results show that the cross-talk between the mu opioid 
receptor and the MAP kinase cascade involves multiple protein kinases, 
and is mediated by a pathway distinct from the cAMP/PKA pathway.

Supported by NIH grants R01-DA11891 and R01-DA09444 to L.Y.

337.13
MU OPIOID AGONIST DAMGO STIMULATES AND PGE-1 INHIBITS 
NA,K-PUMP IN SH-SY5Y HUMAN NEUROBLASTOMA CELLS. Ķ 
Woolcock Rodriguez and S. Corev Specht*. Dept. Pharmacology and Institute 
of Neurobiology, Univ. Puerto Rico, Medical Sciences Campus, San Juan, PR 
009801.

The effect of prostaglandin E, and DAMGO ([D-Ala2, N-M℮-PҺ℮4, 
Gly5 ol]-Enkephalin), a mu-opioid agonist, on Na,K-ATPase activity was 
examined in intact, retinoic acid-differentiated SH-SY5Y human 
neuroblastoma cells. Only the αЗ isoform of Na,K-ATPase was found to be 
present in either control or differentiated cells. The cells were permeabilized 
with alamethacin (20 µg/ml), then treated with 1 µM PGE, ± the mu-opюid 
agonist DAMGO (0.01-1 µM) for 10 min. Preincubation with PGE, inhibited 
maximal Na,K-ATPase activity to 40% of control, with peak inhibition 
occurring after 10 min pre-incubation. When 1 µM DAMGO was included in 
the pre-incubation mixture, activity was not different from control, whereas 10 
nM DAMGO had no effect, and 100 nM restored activity only partially. The 
stimulatory effect of 1 µM DAMGO was blocked by naloxone (10 µM), and 
was reproduced by 150 µM 8-bromo-cyclic AMP. Production of cyclic AMP 
was 7.4 ± 0.38 pmol/mg protein during maximal inhibition with PGE,, and 3.4 
± .23 with both PGE, and DAMGO. Adding 5 mM IBMX raised the amount 
of cyclic AMP by 20-fold. These results demonstrate that opioid agonists 
modulate the activity of Na,K-ATPase measured under Vmax conditions, 
especially in the presence of heterologous inhibition. This effect may 
contribute to the neuroinhibitory effect of opioid neurotransmitters. [Supported 
in part by NIH MARC GM18554 and RR-03051],

337.15
THE EFFECT OF µ-OPЮlD RECEPTOR ANTISENSE ON THE RECOVERY OF 
µ-OPЮID RECEPTORS FOLLOWING CHRONIC ETORPHINE TREATMENT. 
S. Shah, A. Duttaroy and B.C. Yobum*. College o f Pharmacy and Allied Health 
Professions, St. John’s University, Queens, NY 11439.

Previous studies from our laboratory indicate that chronic (7 day) etorphine 
treatment in vivo decreases µ-opioid receptor density (≈ 40 %) in the brain with a 
coordinate decrease in opioid agonist potency. Following the end o f treatment, µ- 
opioid receptors recover gradually over a course of 7 days with full recovery on the 
7th day following termination o f etorphine treatment (Sehba et al., 1997). The 
present study was conducted to determine if  the loss o f tolerance and the recovery 
of µ-opioid receptors, which is associated with an increase in µ-opioid receptor 
mRNA, can be altered by a µ-opioid receptor antisense. Mice were implanted s.c. 
with an osmotic minipump that infused etorphine (250µg/kg/day) for 7 days. 
Controls were implanted with inert placebo pellets. On the 7th day the pumps and 
pellets were removed and antisense (directed towards the first 18 nucleotides o f the 
coding region o f the mouse µ-opioid receptor) or mismatch oligonucleotides or 
dH20  were injected intracerebroventricularly (30µg/mouse) every 12 hours for a 
period o f 7 days. Cumulative dose-response studies and binding studies were 
conducted using a µ-selective ligand, DAMGO, at four different time intervals (24h, 
72h, 120Һ and 168Һ) during the recovery phase. Results suggest that µ-opioid 
receptor antisense significantly retards the recovery from antinociceptive tolerance. 
Preliminary data for the 24h-time point o f the recovery phase, indicate that 
antisense also retards the recovery o f µ-opioid receptors by ≈ 25%. These data 
suggest that the recovery from etorphine induced downregulation and 
antinociceptive tolerance may involve de novo synthesis o f µ-opioid receptors and 
supports our previous conclusion that etorphine-induced increases in µ-opioid 
receptor mRNA drive recovery o f receptors. (Supported by NIDA DA 04185).

337.12
DOSE-DEPENDENT EFFECTS OF HEROIN ON HIPPOCAMPAL 
THETA. R,A, Ç⅝l⅛ş*, J,R,Çr⅛ςtø, Ş.Ç, £tęffçn⅜ĉn, Ŗ,i£  Lç£ 
and S.J. Henriƙsen. The Scripps Research Institute, La Jolla, CA 
92037.
Conditioning and learning processes are known to play a key role in 

drug addiction. Brain regions such as the hippocampus are involved 
in learning and may also regulate opiate-seeking behavior. We have 
previously shown that heroin produces dose-dependent effects on 
VTA facilitation of dentate field potential responses. Low doses of 
heroin (0.1 mg/kg, s.c.) decreased, whereas a higher dose (0.6 
mg/kg, s.c.) significantly increased VTA facilitation. Heroin also has 
a dose-dependent effect in behavioral studies, in that animals 
demonstrate a conditioned place preference (CPP) at both higher and 
lower doses, but only show CP aversion during withdrawal from the 
higher dose. We sought to determine whether the dose-dependent 
effects of heroin on VTA facilitation resulted from opioid effects on 
theta and if theta rhythm was affected in the heroin CPP paradigm. In 
halothane-anesthetized rats, tail-pinch-induced theta suppressed VTA 
facilitation of dentate responses. Whereas 0.1 mg/kg heroin had no 
effect, 0.6 mg/kg heroin blocked tail-pinch-induced theta. In the 
heroin CPP paradigm, rats were first habituated with free access to all 
compartments, and on alternating days, administered 0.1 mg/kg heroin 
i.p. (in the non-preferred compartment) or saline and then tested for 
compartment preference. Theta rhythm moderately increased during 
both saline and heroin training sessions but markedly increased during 
the testing session, relative to habituation. These data suggest that 
hippocampal theta is an important index of the rewarding properties of 
opioids. (Supported by DA-08301, AA-10075 and AA-06420).

337.14
APPARENT INSENSITIVITY OF THE HOTPLATE LATENCY TEST FOR 
DETECTION OF ANTINOCICEPTION FOLLOWING SINGLE DOSE M6G 
ADMINISTRATION TO RATS. S.M.South* and M.T.Smith. School of 
Pharmacy, the University of Queensland, St. Lucia, Brisbane, Qld. 4072.
There is limited published data regarding the systemic potency or the time-course 
of morphine-6-glucuronide’s (M6G) antinociceptive effects when assayed using 
the hotplate latency test. Therefore this study was designed to evaluate the 
‘apparent’ levels of antinociception observed in rats using the tail flick and 
hotplate latency tests following individual intravenous (i.v.) or
intracerebroventricular (i.c.v.) administration of M6G.

Adult male SD rats received single doses of i.v. M6G (1.9 or 5.4 µmol) or i.c.v. 
M6G (0.22 - 3.3 nmol). Antinociception was quantified using the tail flick 
followed 30 s later by the hotplate test in the same rats over a 3 h experimental 
period. The latency data were normalised to % Maximal Possible Effect (%MPE).

Following administration of both 1.9 µmol and 5.4 µmol M6G high levels of 
antinociception (> 50% MPE) were observed using the tail flick latency test, 
whereas only baseline levels of antinociception were observed in the same rats 
using the hotplate latency test. Following i.c.v. dosing, M6G was significantly 
more potent (greater extent and longer duration of ‘apparent’ antinociception) 
when assessed using the tail flick compared with hotplate test. The slopes of the 
sigmoidal dose-response curves were considerably different with a much steeper 
dose-response relationship being apparent for the tail flick latency data. These 
findings are consistent with the view that distinctly different mechanisms mediate 
the spinal and supraspinal antinociceptive effects of M6G. In conclusion, these 
data strongly indicate that M6G’s antinociceptive effects are mediated 
predominantly by a spinal mechanism and this should be considered when 
selecting an appropriate antinociceptive test for M6G.
The University of Queensland Research Grant Scheme funded this research.

337.16
µ-OPIOID DESENSITIZATION AND TOLERANCE ARE DISTINCT 
PROCESSES THAT AFFECT DIFFERENT Ca++ CHANNEL POPULATIONS.
R.A. Gross*1,2 and G.M. Samoriski*. Depts. of 'Neurology and ⅛harmacology & 
Physiology, University of Rochester School of Medicine, Rochester, NY 14642.

Neuronal high voltage-activated calcium channels are an important route of Ca++ 
entry and are regulated by various transmitters, including µ-opioid peptides. 
Attenuation of the functional response of Ca++ channels following acute and 
prolonged exposure to the µ-opioid agonist DAMGO was characterized in cultured rat 
neonatal dorsal root ganglion neurons. Whole cell Ca++ currents were evoked at +10 
mV in media which blocked Na+ and K+ currents, with 5 mM Ca↔ as the charge 
carrier. Cells exposed to DAMGO (5 µM) for 24 hrs showed a near complete loss in 
the regulation of voltage-dependent Ca++ channels during subsequent DAMGO (3 
µM) application ( ‘tolerance’). By contrast, DAMGO-induced Ca↔ current reduction 
is attenuated by -50% following short-term exposure (8-10 minutes) to 3 µM 
DAMGO (desensitization). In addition, desensitization appears to affect the 
regulation of a subset of Ca++ channels. Cells with modest DAMGO-mediated 
reductions in peak ICa exhibited only weak reversal of opioid-mediated inhibition of 
Ca↔ current when preceded by a 80 ms depolarization to +100 mV. These cells 
typically did not desensitize and the prepulse facilitation remained unaltered. Neurons 
whose peak ICa was reduced by > 25% by DAMGO exhibited a more pronounced 
prepulse-induced reversal of the DAMGO effect on Ca++ current. Continuous 
microperfusion with DAMGO resulted in a significant loss of µ-opioid-mediated 
reduction of peak ICa and a concomitant reduction in the ability of a prepulse 
depolarization to partially relieve the DAMGO-mediated inhibition. These data 
suggest that desensitization and tolerance are separate processes, first affecting µ- 
opioid regulation of a subset of Ca++ channels, but ultimately engaging processes that 
alter the regulation of all subtypes of high-voltage activated Ca↔ channels by µ- 
opioids.

Supported by NIDA Grants DAO7232 (GMS) and DA10514 (RAG).
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337.17

CHRONIC HEROIN SELF-ADMINISTRATION IN RATS: 
DECREASE IN MU OPIOID RECEPTOR-ACTIVATED G- 
PROTEINS IN SPECIFIC BRAIN REGIONS. S.R. Childer£ L.J. 
Sim. L. Vogt. D.E. Sellev & TJ. Martin. Dept. Physiol./Pharmacol., 
Wake Forest Univ. Sch. Med., Winston-Salem, NC 27157.

Using [35S]GTPγS autoradiography, we previously (J . N e u r o s c i .  
[1996] 16, 2684) showed that chronic treatment of rats with morphine 
for 10-12 days produced specific decreases in mu opioid-stimulated 
[35S]GTPγS binding in several brainstem nuclei. The same technique 
was used in brain sections from rats trained to self-administer i.v. 
heroin for 6-10 weeks, with up to 300 mg/kg/day of heroin. Sections 
were assayed for both mu (DAMGO)- and delta (DPDPE)-stimulated 
[35S]GTPγS binding. Analysis of autoradiograms confirmed results 
of chronic morphine treatment, with significant decreases in DAMGO- 
stimulated [35S]GTPγS binding in brainstem nuclei including 
parabrachial nucleus, locus coeruleus, dorsal raphe nucleus and 
nucleus tractus solitarius. In contrast to the results of chronic 
morphine treatment, chronic heroin self-administration produced 
significant decreases in DAMGO-stimulated [35S]GTPγS binding in 
several forebrain structures, including thalamus and amygdala. In the 
same sections, no changes were observed in delta opioid stimulation of 
[35S]GTPγS binding. These data suggest that region-specific 
desensitization of mu opioid-activated G-proteins occurs after either 
chronic opioid treatment or self-administration.

Supported by NIDA (DAO6634, DAOO287 and DA00247).

337.19
ESTROGEN CONJUGATED TO BOVINE SERUM ALBU M IN  (E-6- 
BSA) INDUCES IN TE R N A LIZATIO N  OF µ-OPIOID RECEPTOR 
THROUGH A NONGENOMIC M ECHANISM  IN  THE M E D IA L 
PREOPTIC AREA. У.Q uezada, Ҡ .Sш chak←P.E_Micey_ych*. Dept, o f  
N eurobiology & Lab. o f  N euroendocrinology, Brain Res. Inst., UCLA  
School o f  M edicine, Los A ngeles, CA 90095.

Recently, we showed that estrogen induced internalization o f  µ-OR within  
30 m inutes (J. N euorsci., 18, 1998). To determine if  estrogen-induced  
internalization was dependent on the activation o f  intracellular estrogen  
receptors, estrogen covalently coupled to bovine serum albumin (E -6-B SA ) 
was introduced into the medial preoptic area (M PO). Ovariectomized rats were 
implanted with a unilateral guide cannula aimed at the M PO. One week later, 
just dorsal to the MPO an insert (30 gauge) packed with 2 µg o f  estradiol-17ß, 
E-6-BSA (Steraloids) or cholesterol was implanted through the guide cannula. 
Two additional groups were freated with naltrexone prior to estradiol-l7 ß  or 
E-6-BSA treatment. Animals were perfused 4 hours later (n=6/treatment) and 
were processed for µ-OR im m unohistochem istry. C onfocal m icroscopy  
revealed that E-6-BSA induced internalization o f  µ-OR was similar to estradiol- 
l7 ß  induced internalization. Pretreatment with naltrexone b locked estradiol- 
l7 ß  internalization but only partially inhibited E -6-B SA  induced 
internalization. Cholesterol treatment did not induce internalization. Estrogen 
conjugated to BSA was prevented from diffusing into the ce ll suggesting that 
estrogen is not needed to activate its intracellular receptors to induce µ-OR  
internalization. This outcom e supports our hypothesis that the rapid release o f  
endogenous opioid peptides by estrogen is not dependent on genom ic processes 
and is mediated at the level o f  the plasma membrane. Supported by NS 21220, 
HD 07228, & National M edical F ellow ships, Inc.

337.18
DIFFERENTIAL COUPLING OF CLONED δ- AND µ-OPIOID RECEPTORS TO 
G-PROTEIN α-SUBUNITS AND EFFECTORS IN TRANSFECTED RAT 
PITUITARY CELLS. P.L. Prather* and J. L. Adams. Dept, of Pharmacology 
and Toxicology, Univ, of Arkansas for Med. Sciences, Little Rock, AR 72205.

As a means to delineate differences in the way δ- and µ-opioid receptors 
relay intracellular messages, we previously stably transfected G Қ  cells with 
cloned δ- and/or µ-opioid receptors and showed important differences in their 
ability to couple to specific effectors. Both receptor types produced inhibition 
of adenylyl cyclase activity whether expressed alone or in combination in the 
same cell; however, µ-opioid receptors could act alone to inhibit L-type Ca2+ 
channels whereas δ receptors could not inhibit Ca2+ channels unless µ 
receptors were also present. Pretreatment of cells with pertussis toxin 
blocked regulation of effectors by both receptors in all cell lines. To determine 
if the interaction of opioid receptors with G proteins could account for the 
differential receptor/effector coupling, in the present study activation of G 
proteins was examined in GH3 membranes using agonist-induced 
incorporation of [32P]aziďoanilido-GTP into pertussis toxin sensitive G¡/〇α 
subunits followed by SDS-PAGE and autoradiography. Data obtained from full 
dose-response curves employing selective agonists revealed that, whether 
expressed alone or in combination in the same cell, δ - and µ-opioίd receptors 
differed in the pattern of maximal activation of Gα subunits. Stimulation of δ 
receptors produced a greater activation of G〇α -|, followed by Gį〇2 = G〇α 2 > 
Gį¢xЗ· In contrast, stimulation of µ receptors produced the greatest activation 
of G〇α2. followed by G¡〇2 > G〇α ı > Gjαз· While these results alone do not 
explain the observed differential coupling of δ and µ receptors to effectors in 
these clones, it does demonstrate that opioid receptors can exhibit significant 
differences in their signal transduction pathways, even when expressed in the 
same cell line. (Supported by NIDA grant DA10936.)

337.20
DIFFERENT OPIOID RECEPTORS FROM ZEBRAFISH. A. Baггallo*. 
R. Gonzǻlg¾-Saπnie¤to#. R.ŁRodriguez. Department of Biochemistry and Molecular 
Biology and #Departament of Medicine. Faculty of Medicine. University of 
Salamanca.

Opiate drugs mediate their effects through opioid receptors that have been shown 
to belong to the seven transmembrane domain G-protein coupled receptors family. 
Four different (δ, µ, k and ORL) opioid receptors have been cloned from different 
mammals which resulted to have a high degree of homology. Opioid and their 
receptors are not exclusive of mammals; opioid peptides and opioid binding sites have 
been described in amphibian, fish and invertebrates.

Here ⅜ve report the cloning, molecular characterization, expression and 
distribution of three putative opioid receptors from a teleost organism, the zebгafĭsh 
(Danio rerìo), a well known model for developmental studies. We have recently 
published the cloning and molecular characterization of a δ-Iike opioid receptor in this 
species, and we are actually studying its pharmacological profile. A µ-like opioid 
receptor has been isolated from a genomic library using a probe for rat mu opioid 
receptor. From the sequence of the genomic clones, we designed oligonucleotides to 
perform RT-PCR on zebгafĭsh brain RNA; the resulting product was sequenced to 
confirm identity and used to screen a zebгafĭsh brain cDNA library constructed in λ- 
ExCell phage vector. From this library, we isolated several clones which resulted to be 
approximately 77% homologous to the mammalian µ opioid receptor. We have also 
observed that the exon-intron boundaries in exons 1 to 3 were conserved. In order to 
study expression of our clones, we designed oligonucleotide probes (digoxigenin- 
label!ed) and used them for in situ hybridization studies for the putative opioid 
receptors in adult zebrafishes. Characteristic and differentiated pattern of expression for 
the three genes were obtained.

This study was supported by Fondo de Invesügación Sanitaria (grant 96/2090), 
Junta de Castilla y León (grant SA/IO95) and Fundación Ramón Aгeces.
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338.1

DISTRIBUTION OF ENDOMORPHIN-2-IMMUNOREACTIVITY IN RAT 
BRAIN, T.L. Pierce* and M.W. Wessendorf. Dept. Cell Biology & 
Neuroanatomy, Univ. Minnesota, Minneapolis, MN 55455.

Endomorphin-2 (Tyr-Pro-Phe-Phe-NH2) is a novel endogenous opioid 
selective for the µ-opioid receptor. In this study we examined the distribu
tion of endomorphin-2-immunoreactivity (ir) in rat brain. Fifty µm sections 
of rat brain were immunofluorescently stained for endomorphin-2 using a 
previously characterized antiserum (Pierce et al., NeuroReport 9: 385-389, 
1998). Upon microscopic examination, dense endomorphin-2-ir fibers and 
varicosities were observed in many areas known to contain µ-opioid 
receptors, including the supramammillary nuclei, septal nuclei, the periaque
ductal gray, substantia nigra, the lateral parabrachial nucleus, locus 
coereuleus, the nucleus of the solitary tract (NTS), and the substantia gelati- 
nosa of the medulla and the spinal cord. Scattered varicose fibers were also 
observed in nucleus raphe magnus, the ventral tegmental area, in the pontine 
nuclei, in layers of the superior colliculus, and in the amygdala. Endomor
phin-2-ir fibers were also occasionally observed in areas in which labeling 
for µ-opioid receptors has been reported to be low (e.g., zona incerta). 
Interestingly, only occasional endomorphin-2-ir structures were seen in the 
striatum, an area reported to express high levels of µ-opioid receptors. Cell 
somata immunoreactive for endomorphin-2 were observed at the ventral lat
eral border of the spinal trigeminal nucleus, in the NTS, in the parabrachial 
region and the hypothalamus. We conclude that endomorphin-2 is widely 
distributed among CNS regions, and that it is associated largely but not 
exclusively with regions expressing µ-opioid receptors.
Supported by PHS grant DA 09642 from NIDA.

338.2
INMMUNOHISTOCHEMISTRY FOR ENDOMORPH1NS IN THE RAT CNS
B.Anton*.I.Martinez,R. Acevedo. J.C, Calva, A.Valdez, M.Leon-Qlea and P. Leff. Div 
Investigaciones Clínicas y Neurociencias. Instituto Mexicaлo de Psiquiatría. México, D.F. C.P. 
14370.

Endomorphin-l(endo-1) and endomorphin-2 (endo-2) were isolated from bovine brain and 
have the greatest selectivity and affinity for the mu opiate receptor. We generated rabbit antisera 
for endo-1 and endo-2 and used to map its immunoreactive material in the rat CNS. Antisera were 
screened for specificity to endomorphins using both an immunodot-blot and an antibody capture 
ELISA assays. An antibody capture competitive ELISA was used to assess antisera specificity 
Our results showed that two antisera against endo-1 cross-reacted 15-20% endo-2 at the 1C,,, 
level. In addition, two antisera against endo-2 cross-reacted <10% endo-1 at the IC5„ level. For 
immunohistochemistry, antigen affinity-purified antisera (A-APA) from whole reactive sera was 
used. Due to cross-reactivity patterns displayed by our antisera, immunoreactive material that was 
detected in tissue was referred to as eπdo-1-2-Iikc immunoreactivity (E-l-2-LI). Specific staining 
was assessed by preabsorption of A-APA with synthetic endomorphins. In the telencephalon, 
staining was observed in neuropil and scattered somata within olfactory areas, pyriform cortex, 
superficial layers of cortical fields and the amygdala as well as in the stratum pyramidale through 
CA-l-CAЗ fields and in the granule cell layer of the hilus dentate of the hippocampus. E-l-2-LI 
was moderate in neuropil in caudate-putamen , nucleus accumbens, pallidum and in septal nuclei. 
In the diencephalon, staining was observed in perithalamic and thalamic nuclei. High E-l-2-LI 
was localized in neuropil and scattered somata in mesencephalic structures such as substantia 
nigra, superior and inferior colliculli, periaqueductal gray and interpeduncular nucleus. Pons- 
medulla showed moderate to high staining in neuropil and scattered somata localized in several 
sensory and motor nuclei such as the pontine, raphe complex, olivary and trigeminal complex, 
reticular nuclei as well as in the nucleus of the solitary tract. In the spinal cord, high E-l-2-LI 
was localized in many fibers distributed in superficial layers of the dorsal horn.and in the 
Lissauer tract area. Specific staining in cerebellum was observed in deep nuclei. Localization of 
E-l-2-LI showed a good correlation with reported distribution of MOR-LI which support a role 
of these two peptides as natural ligands for the mu-opiate receptor in the CNS of rat. We thank 
NIMH Chemical Synthesis Program for the generous gift of synthetic endo-1 and endo-2. 
Supported by FUNSALUD.
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338.3
E N D O M O R P H IN -L IK E  I M M U N O R E A C T I V E  IN  T H E  R A T  
D O R S A L  H O R N  A N D  IN H IB IT IO N  O F S U B S T A N T IA  G E L A T IN O S A  
(S G ) N E U R O N S . S . Y . W u 1*. S . L. D u n 1. T . M . W гig h ť .J .-K . Chang2 
and N . J. D u n 1. ’D ept, o f  Pharm acol. Jam es H . Q u illen  C ol. M ed ., East 
T en n essee  State U n iv .,  Johnson C ity , T N  376 1 4 ; 2Phoenix  
Pharm aceu ticals, Inc. M ountain  V ie w , C A  9 4 0 4 3 .

F ib er-lik e e lem en ts in the superfic ia l layers o f  the rat dorsal horn w ere  
p o sitiv e ly  labeled  w ith  end om orp h in -lik e im m unoreactiv ity . W h ole-ce ll 
patch recordings w ere m ade from  SG  neurons o f  lum bar spinal cord slices  
o f  24 -3 0 -d a y -o ld  Sprague D a w ley  rats. E xcitatory postsyn aptic potentials  
(E P S P s) o f  short latency w ere ev o k ed  in SG  neurons by electrical 
stim ulation  v ia a concentric  b ipolar e lectrod e p laced  near the dorsal root 
entry zon e . E ndom orphin 1 and 2  (1 and 10 µ M ) applied by superfusion, 
depressed  the E P SPs by an average o f  3 6 ± 6 % ,( n = 1 0 )  and 9 3 ± 3 %  
( n = 3 ) .  In addition, the peptid es hyperpolarized  SG  neurons and blocked  
neuronal d isch arges. H yp erp olarization , w h ich  persisted  in  a tetrodotoxin  
(0 .3  µM )-K reb s so lu tion , w as associated  w ith  a decrease o f  m em brane  
resistan ce. The se lectiv e  µ -op ia te  receptor antagonist ß-funaltrexam ine  
(1 µ M ) b lock ed  the synaptic depressant and m em brane hyperpolarizing  
effec ts  o f  endom orphin  1 and 2 . The d etection  o f  im m unoreactivity in 
nerve fibers o f  superficia l layers o f  the dorsal horn in conjunction  w ith  
the inhib itory action  o f  endom orphins o n  SG  neurons support the 
hyp oth esis that the peptid es m ay fu n ction  as an en d ogen ou s µ-receptor  
ligand in the dorsal horn. (Supported by N S 1 8 7 1 0 ).

338.5
µ-OPIOID AND NMDA GLUTAMATE RECEPTORS CODISTRIBUTE IN 
MANY SPINY DENDRITES AND A FEW AXONS IN STRIATAL 
PATCHES. H. Wanq*. K.N. Gracv and V.M. Pickel. Department of 
Neurology and Neuroscience, Cornell University Medical College, New 
York, NY 10021.

M orphine-induced catalepsy is augmented by NMDA receptor 
antagonists, suggesting that opiates and glutamate target common sites 
within the caudate-putamen nucleus (CPN), a region critically involved in 
motor function. To test this hypothesis, we examined the electron 
microscopic localization of ¡mmunoreact¡vίties for µ-opioid receptor (MOR) 
and for NMDA receptor subunit NR1 in patch compartments of rat CPN. By 
light microscopy, MOR-immunoreact¡vity (IR) was intensely located within 
patches, whereas medium-sized neurons containing IR for NR1 were more 
uniformly distributed throughout the CPN. Electron microscopy of the 
patch compartment showed that MOR and NR1 were present in many of the 
same dendrites and dendritic spines, as well as per¡karya. Dually labeled 
spines received asymmetric excitatory-type synapses from terminals, which 
was either unlabeled, or contained MOR- and/or NR1-IR. In these dendritic 
spines, MOR-IR was mainly localized along non-synaptic plasma 
membranes, whereas NR1-IR was associated most often with cytoplasmic 
organelles, and occasionally along non-synaptic plasma membranes, or 
within asymmetric postsynaptic densities. Both MOR-IR and NR1-IR were 
also sometimes seen in the same axon terminals, some of which formed 
asymmetric synapse, typical of glutamatergic terminals. We conclude that 
postsynaptic dendritic spines are the primary sites for functional interaction 
involving µ-opioid and NMDA receptor agonists in the CPN, but their 
postsynaptic actions may also reflect dual regulation of glutamate release by 
presynaptic NMDA and µ-opioid receptors. (Supported by grant NIDA DA 
04600.)

338.7
CELLULAR LOCALIZATION OF ĸ-OPIOID RECEPTORS IN CONTACT WITH 
DYNORPHIN-CONTAINING TERMINALS IN THE RAT NUCLEUS ACCUMBENS 
SHELL. E.E.O. Colaαo*2. A.L. Svinqos2. C. Chavkin1. V.M. Picket2 . ’ Dept, of 
Pharmacology, Univ, of Washington; 2 Dept, of Neurology and Neuroscience, 
Cornell Univ. Medical College, NY, NY, 10021.

The nucleus accumbens shell (AcbSh) is a region uniquely involved in mediating 
the aversive states induced by ĸ-opioid receptor (KOR) activation. To investigate 
the specific cellular targets of KOR activation, we examined the electron 
microscopic immunocytochem¡cal localization of an antipeptide antibody directed 
against KOR in the AcbSh of rat. In addition, we dually labeled tissue for KOR and 
dynorph¡n (Dyn) to examine the spatial relationship between KOR and its 
endogenous ligand. KOR immunoreactivity was distributed mainly along discrete 
segments of the plasma membrane, and among select clusters of small synaptic 
vesicles in axon terminals. These terminals either lacked recognizable synaptic 
specializations, or formed asymmetric excitatory-type synapses. KOR labeling was 
more infrequently associated with postsynaptic densities and extrasynaptic plasma 
membranes of dendritic spines receiving input from unlabeled terminals that 
formed asymmetric synapses. KOR labeling also was occasionally localized to 
glial processes, where the immunoreactivity was restricted along the plasma 
membrane. In dually-labeled tissue sections, Dyn immunoreactivity was seen in 
axon terminals that contained large dense core vesicles (DCVs), and apposed 
terminals, dendritic spines, and glial processes labeled for KOR. Our results 
suggest that in the AcbSh, Dyn is released from DCVs to activate KOR, having a 
primary role in the regulation of presynaptic neurotransmitter release, but also in 
the postsynaptic responses of spiny neurons, and modulation of non-neuronal 
sites. (Supported by NIDA DA04600)

338.4
COMPARATIVE ANALYSIS OF THE SUBCELLULAR DISTRIBUTION OF 
THE MU-OPIOID RECEPTOR (µOR) W ITH TWO EXCITATORY AM INO 
ACID RECEPTOR SUBTYPES IN THE RAT LOCUS COERULEUS (LC). E¿
Van Bockstaele*. K.G. Commons#, J. Peoples and A. Saunders. Dept, of Path., 
Anat. & Cell Biol., Thomas Jefferson Univ., Phila., PA 19107; #Dept. of Neurobiol. 
& Behavior, Rockefeller Univ., New York, NY 10021.

Antagonist precipitated opiate withdrawal causes a substantial increase in the 
discharge rate of LC neurons which is mediated by enhanced excitatory amino 
acid (EAA) transmission. Increased EAA transmission may drive opioid sensitive 
neurons in the LC that participate in the expression of withdrawal symptoms by 
acting at either kainate, AMPA or N-Methyl-D-Aspartate (NMDA) type receptors. 
We examined the ultrastгuctural localization of the µOR with respect to either 
kainate (KA) or the R1 subunit of the NMDA (NR1) type glutamate receptors in 
the LC. Gold-silver labeling for µOR and peroxidase labeling for either KAr or NR1 
indicated that the µOR was often localized to the plasmalemma of dendrites that 
also exhibited labeling for either EAA receptor sübtype. The µOR/KA and 
µOR/NRl dually labeled dendrites were usually postsynaptic to axon terminals that 
contained heterogeneous types of vesicles and formed asymmetric (excitatory- 
type) synapses. In contrast to the KAr which was identified primarily in somata and 
dendrites, NR1 was also found in axon terminals as well as glial processes. Glial 
processes containing NR1 occasionally exhibited immunolabeling for µOR and 
were often directly apposed to µOR dendrites in the LC. Furthermore, NR1 
receptors on axon terminals were sometimes presynaptic to µOR labeled dendrites. 
These results demonstrate several cellular sites whereby EAA and opioid ligands 
act in the LC. Actions of ligands at KAr may directly activate µOR containing 
neurons in the LC whereas actions at NMDA receptors may modulate opioid 
sensitive neurons through multiple cellular mechanisms. Pharmacologic occupancy 
of these differentially distributed receptors may be clinically relevant to the 
expression of symptoms associated with the opiate withdrawal syndrome known to 
be partly subserved by this brain region. Supp.: NIDA R29 DAO9O82, ROЗ 
DA 10450, AHA 96002240, MH4OOO8 to E.J.V.B. and NIDA DAO5833 to K.G.C.

338.6
Q U A N T IT A T IV E  S IN G L E  C E L L  R T -P C R  D E M O N S T R A T E S  
S E L E C T IV E  µ -R E C E P T O R  T R A N S C R IP T IO N  U N D E R L Y IN G  
O PIO ID  A N A L G E S IA . S.C . S ilb e r t* L2. D .W . B ea ch a m L  and E .W . 
M cC lesk ev L 'The V ollu m  Institute, O regon H ealth S c ien ces  U niversity, 
Portland, O R 9 7 201; 2W ash in gton  U n iversity  S ch o o l o f  M ed ic in e , St. 
L ou is, M O  63 1 1 0 .

O p iates and e n d o g en o u s  o p io id  p ep tid es , su p p ress pain w ith ou t  
affecting  other sen sation s and d ecrease transm itter release from  sensory  
neurons by inhib iting presynaptic C a2+ currents. O piates b lock  the slo w  
and persistent ‘seco n d ’ pain o f  unm yelinated C -fıbers, leav in g  intact the 
fast and transient ‘f irst’ pain o f  m yelin ated  A δ  fibers. T he µ -o p ia te  
receptor m ediates the analgesic actions o f  m orphine. W e address w hether 
se lec tiv e  transcription o f  the µ-receptor in sensory neurons accounts for 
the se le c tiv ity  o f  m orp hin e an a lg esia . W e took  ad van tage o f  tw o  
preparations o f  sensory neurons - one containing labeled  nociceptors, the 
other m ech a n o recep to rs  and stretch recep tors. W e im p ro v ed  the  
sensitiv ity  and resolution o f  sin gle  ce ll R T-PCR so  that receptor m essage  
lev e ls  are ex p lic itly  quantified in individual neurons. B y  m easuring both  
m odulation o f  C a 2+ currents and µ -receptor m R N A  in the sam e ce ll, w e  
dem onstrate that m echan o- and stretch receptors do not transcribe the µ -  
receptor gen e , thus exp la in in g  their in sen sitiv ity  to op iates. M oreover, 
receptor m essage leve ls correlate w ith both op io id  sensitivity and ce ll size  
in n o c icep to rs . S e n s itiv ity  and m essa g e  e x p r e ss io n  is co m m o n  in 
nociceptors sm aller than ЗOµm diam eter and reduced in those larger than 
4Oµm , the in  v iv o  sou rces o f  C- and A δ -fib er s , re sp ec t iv e ly . T h is  
c o rresp o n d en ce  o f  e x p r e ss io n  and se n s it iv ity  im p lie s  that sen so ry  
neurons regulate µ-receptor transcription to con fin e op io id  m odulation to 
n o c icep tiv e  sen sa tio n s, sp e c if ic a lly  con cen tratin g  this m od u lation  in 
secon d  pain nociceptors. (S u p p o r te d  by  N1H  g ra n t D A 0 7 4 1 5 )

338.8
LOCALIZATION OF K-OPIOID RECEPTORS TO 
DOPAM INERGIC A N D  GABAERGIC NEU RO N S IN 
VENTRAL TEGMENTAL AREA (VTA) IN  RATS. 
A.E.Kalyuzhny* and  M.W. W essendorf. D ept. Cell Biology 
& N euroanatom y, Univ. M innesota, M inneapolis, M N  
55455

Previous studies have reported  tha t activation of ĸ- 
opio id  receptors in VTA block µ -opio id -induced  activation 
of dopam inergic  system s. In the p resen t study , w e used  
tw o-color fluorescence im m unocytochem istry  to exam ine 
the relationship  of the cloned ĸ-opioid receptor (KOR1) to 
dopam inerg ic  (DA) an d  GABAergic neu rons  in the  VTA. 
A n an tiserum  raised against the c-term inal p o rtion  of 
KOR1 w as com bined w ith  an tibod ies recognizing  either 
tyrosine hydroxylase  (TH) or GABA. The secondary  an ti
bodies tha t w ere  used  w ere conjugated  w ith  cyanine 3.18, 
FITC or cyanine 5.18. W e observed th a t K O R l-ir neu rons 
in  the VTA som etim es expressed TH -ir or GABA-ir. The 
presence of K O R l-ir in TH -ir VTA n eu rons  is consistent 
w ith  the anti-µ-opioid effects of ĸ-opioid agonists being  
exerted d irectly  upo n  DA neurons. In add ition , expression  
of KOR1 by GABA-ir neurons suggests tha t ĸ-opioid ago
nists m igh t have direct effects on  GABAergic neu rons  as 
well. S upported  by PHS g ran t DAO4523 from  NIDA.
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338.9
R edu ction and R ecovery  o f  D elta  O pioid  R eceptor Im m unoreactivity in  
the Superficial D orsal H orn o f  Lumbar Spinal Cord after Intrathecal 
Injection o f  A n tisen se O ligon u cleotid e. M .R . R ie d l1*. E. B ilsk v 2. U . 
A гvid sson 1. L .S. S to n e1. L. V u lch an ova1. J. Lai2. F. Porreca2. and R.
E ld e1. U n iv e r s ity  o f  M in nesota, M in n eap olis , M N  554 5 5  and 2ư n iversity  
o f  A rizona, T u cson , AZ.

M ale, ICR m ice  received  tw ice  daily  intrathecal in jections o f  delta  
op ioid  receptor antisense o ligon u cleotid es  for three days b y  direct lumbar 
puncture into the subarachnoid space b etw een  vertebrae L5 and L6. 
A n im als w ere perfused on  day 2, 4 , 5, and 7 and the spinal cords sectioned  
for im m unohistochem istry. D elta  o p io id  receptor im m unoreactivity  
(D O R l-ir )  w as dram atically reduced in the su perficial dorsal h om  o f  
lumbar spinal cord leve l L5. V ery little change in D O R l- ir  w as observed  
in the superficial dorsal h om  o f  L4 and L6 spinal cord, nor in the region  
surrounding the central canal. T his reduction w a s not present after 1 day  
o f  antisense treatment, but w as readily apparent after 3 days o f  treatment. 
O ne day after the cessa tion  o f  antisense treatm ent, D O R l- ir  w as increased  
over norm al lev e ls  and 3 days after cessa tion  o f  treatm ent, D O R l- ir  had 
returned to norm al leve ls. Th is study dem onstrated that the reduction o f  
D O R l-ir  in the superficial dorsal h o m  after antisense o ligon u cleotid e  
treatment w as tim e-dependent and reversible. Furthermore, the reduction  
o f  D O R l- ir  in  spinal cord L5 su g g ests  that intrathecally injected antisense  
oligon u cleotid es w ere taken up b y  dorsal root gan g lion  c e lls  c lo se  to the 
site  o f  injection, and not b y  term inals o f  L5 dorsal root gan g lion  ce lls  in 
the spinal cord dorsal hom . Supported b y  grants from  N ID A .

338.11
DERM O R PH IN -SAP: A  T O X IN  TA R G ETED  A T  NEURONS E X 
PRESSING TH E  M U  O P IA TE  RECEPTO R. R.G. W ilev* &
D.A.Lappi. VAM C, Nashville, TN 37212 and Advanced Targeting Sys
tems, San Diego, CA 92191.

Experiments with transgenic mice that have no functional mu opiate 
receptor have shown that the mu receptor is necessary and sufficient for 
most actions o f morphine. Using a complementary technique, “Molecular 
Neurosurgery,”  we sought to determine i f  a toxin consisting o f a mu 
receptor-specific ligand, dermorphin, coupled to the ribosome inactivating 
protein, saporin, can eliminate neurons expressing the mu opiate receptor. 
Adult male Sprague-Dawley rats were microinjected w ith 13-60 ng o f 
dermorphin-saporίn (N=8) or vehicle (N=4) unilaterally into the striatum 
using stereotactic technique. A fte r 14 days, rats were sacrificed and brain 
sections processed for demonstration o f mu opiate receptor, choline 
acetyltransfeгase and parvalbum¡n using standard indirect peroxidase 
immunocytochemistry. Sections were are also processed for cresyl violet 
and NADPH-diaphorase. Vehicle (saline) injections produced no signifi
cant changes. The lowest dose o f dermorphin-sap produced minimal 
changes but the highest doses (52-60 ng) produced significant decreases in 
mu receptor staining around the injection site. Choline acetyltransfeгase 
and NADPH-diaphorase stains showed decreased numbers o f labeled 
striatal intemeurons around the injection site. Parvalbumin staining showed 
minimal change in numbers o f neurons but decreased neuropil staining. 
Cresyl violet stained sections showed necrosis centered around the injection 
tract at the higher doses. The zone o f decreased mu receptor staining was 
greater than the area o f necrosis at all doses. We interpret these results as 
showing that dermorphin-saporin is toxic to neurons expressing the mu 
opiate receptor. This toxic conjugate may have numerous experimental and 
possibly therapeutic uses. Supported by N IM H, Advanced Targeting 
Systems and the Department o f Veterans Affa irs Medical Research Service.

338.13

E X PR E SSIO N  OF µ OPIOID RECEPTO R m R N A  IN TH E M ED IA L  
PR EO PTIC A R E A  O F JU V E N IL E  R A T S. C .C . G u lled g e* l. M. B ia los
2. R .S . B rid ges 2Λ. R,P. H am m er. Jr. l ·2. D ep ts. o f  ıP h arm acology & 
Experim ental Therapeutics, 2Psychiatry, and ЗBiom edical S ci., Tufts 
U n iversity , Boston  M A  02111 and N . G rafton M A  01 5 3 6 .

Previous studies indicate that activation o f  µ -opioid  receptors inhibits 
parental behavior in ju ven ile  and adult rats. The latency to begin parental 
behavior increases with age, from  w eanling  (21 days o ld) rats that begin  
parental behavior 1-2 days after exposure to newborn pups, to older 
ju ven iles  (30  days old) that require 5 -6  days o f  pup exposure before they 
express the behavior. There is no sex  differen ce in latency. W e  
hypothesized that this age-related increase in latency to begin parental 
behavior is m odulated by an increase o f  µ-receptor expression in the 
m edial preoptic area (M PO A ), a region in w hich µ-receptors regulate 
parental behavior. In  situ  hybridization histochem istry with a 4 5 0  base 
pair riboprobe spanning transmembrane regions III and IV o f  the rat 
µ-receptor was used to m easure µ-receptor m R N A  in the M PO A  o f  male 
and fem ale S p rague-D aw ley rats that w ere 21 , 24 , 27 , 30 , or 33 days 
old. U sin g  autoradiographic film  analysis, w e  observed that the central 
M PO A  expressed very dense µ-receptor m R N A , and that µ-receptoг 
m R N A  expression in this region w as p ositive ly  correlated with age. N o  
sex  difference in M PO A  µ-receptor m R N A  expression w as present. 
T h ese results suggest that µ-receptors in the M PO A  m ay m odulate the 
latency to begin parental behavior in ju ven ile  rats. Supported by F32  
HDO839O (CC G ), R01 M H 5 6 5 9 0  (R S B ) and R01 D A 0 9 8 2 2  (RPH ).

338.10
S E X DIFFERENCES IN .EXPRESSION AND ESTROGENIC 
REGULATIO N OF M ET-ENKEPHALIN IN LIMBIC BRAIN AREAS. 
M.Febo1- F. Rivera1. J.A. Anαulo2 and A  C. Seαarra1*.1 Dept o f Physiology, 
Univ, o f Puerto Rico, Sch. of M edicine, San Juan, PR 00936; Dept, of 
Biol. Sciences, Hunter College, CUNY, NY, NY. 10012.

Estrogenic regulation o f preproenkephalin expression was studied in 
two limbic brain structures involved in motivational behaviors, the preoptic 
area (PO A) and the caudate nucleus. Sprague Dawley rats were 
gonadectom ized and a fte r one week, trea ted w ith estradiol benzoate 
(40µg/kg) fo r two days. An im als were sacrificed at day 74 o f age, and 
cryosta t sections were hybrid ized to a 35S preproenkephalin 
o ligonucleotide probe. Sections were analyzed at the single cell level 
and preproenkephalin levels were quantified w ith the assistance of an 
image analysis system. Gonadectomized rats exhibited a sex difference 
in preproenkephalin  levels per cell som a in both brain areas studied, 
m ale soma containing higher preproenkephalin levels than females. 
Estrogen increased preproenkephalin  m RNA in the POA and caudate 
nucleus o f fem ale rats. The current estrogen regim e had no effect on 
enkepha linerg ic  expression o f adult m ales in the brain areas studied. 
These  results indicate a gender d ifference in prepгoenkephal¡n levels 
w h ich  are independent o f circulating sex stero id levels and in the 
regu la tion  o f enkephalinerg ic expression in the brain areas studied. 
These sex differences may be correlated w ith differences in motivational 
behaviors. This work was supported in part by NIH, RCMI grant 
RR03051 and an institutional grant from  the Un¡v.of PR, MSC.

338.12
INCREASED EXPRESSION OF POMC mRNA IN THE ARCUATE NUCLEUS OF 
JUVENILE RATS. P.E Mann*, B A. Rigero, G.Foltz. R.S.Bridges. Dept, of 
Biomedical Sci., Tufts University Sch.Veterinary Medicine, N.Grafton, MA 01536.

Male and female juvenile rats (18-25 days of age) w ill display parental behavior 
either immediately or within 1-2 days after coming in contact with conspecific pups. 
By 30 days of age, however, the latency to respond parentally increases to adult 
levels (5-6 days). Since previous studies have demonstrated the involvement of the 
endogenous opioid system in adult maternal behavior and in juvemle parental 
behavior, the objective of the following study was to determine if  there were changes 
in the number of cells that express POMC mRNA in the arcuate nucleus of the 
hypothalamus during the critical developmental period when juvenile rats change 
from fast responders to slow responders. Litters from donor Sprague-Dawley female 
rats were culled to 4 males and 4 females the day after parturition. On day 20 
postpartum litters were weaned and the juvenile rats individually housed. Only one 
female and male from each litter was assigned to each experimental group. On days 
21, 24, 27, 30, and 33 days of age juvenile rats (N=6) were sacrificed, their brains 
removed and frozen on powdered dry ice, and stored, desiccated, at -80°C. Frozen 
sections (14 µm) were collected from the reưochiasmatic area to the mammillary 
bodies. ISHH was performed using a digoxigenin-labeled POMC riboprobe. The 
POMC fragment corresponds to 337 base pairs of exon 2 and 500 base pairs of exon 
3 of the POMC gene. Cells which contained reaction product were counted under 
the light microscope. The were no significant differences between male and female 
juvenile rats in the number of cells that express POMC mRNA at any time point. 
Significant changes in the number of POMC cells were found as the animals 
increased in age from day 24 to day 30 (p<0.05). These results indicate that 
alterations in brain opioid gene expression may underlie the dramatic change in the 
latency to become parental that occurs in prepubertal rats during this developmental 
period. (Supported by NIH Grant MH56590 [RSB])

338.14
DISCRETE SUBPOPULATIO NS OF N O N P R IN C IP A L NEURONS 
C O N TAIN  M U O PIO ID  RECEPTOR IM M U N O R E A C TIV ITY  IN  RAT 
H IP P O C A M P U S . C.T, Drake* and T.A. M ilner. Dept. Neurology and 
Neuroscience, Cornell Univ. Medical College, New York, NY 10021 

Physiological studies have demonstrated that mu opioid receptor (MOR) agonists 
inhibit GABAergic neurotransmission in the hippocampus. We previously localized 
hippocampal MOR-immunoreactivity (-1) to some GABAergic neurons, where its 
presence in dendrites and axon terminals suggests both postsynaptic and presynaptic 
sites of action. The objective of the present study was to further elucidate the 
identity of MOR-I neurons in the CA1 region of hippocampus, to better understand 
the specific cellular targets of MOR agonists. By light microscopy, MOR-I was in 
scattered perikarya and processes in all laminae. MOR-I cells (n=l882) were 
nonhomogeneously distributed: stratum (s.) pyramidale contained 49 (*2)%, s. 
oriens/alveus 29 (±2)%, s. radiatum 13 (±l)%, and s. lacunosum-moleculare 8 (±l)%. 
This distribution and the diverse somatic morphology suggest that more than one 
population of intemeurons may be modulated by MOR activation. To determine 
which neurochemically-identified nonprincipal cell populations contain MOR-I, 
sections were dual-labeled for MOR-Î and cholecystokin¡n (CCK)-, calretinin (CR)·, 
somatostatin (SS)-, or parvalbumin (PV)-I and examined by electron microscopy. 
MOR-I often was colocalized with PV-I in axons, terminals, and dendrites. The 
distribution and synaptic targets of many PV+MOR labeled profiles resembled those 
of the PV-containing basket cells. In confiast, MOR-I was not observed in CCK-I 
profiles, suggesting that the CCK-positive basket cells are not directly inhibited by 
MOR agonists. A few SOM-I dendrites and terminals contained MOR-I, suggesting 
that a subset of SOM neurons are modulated by MOR activation. However, no 
colocalization of MOR-I and CR-I was observed, indicating that the CR-containing 
nonprincipal cells, which inhibit other nonprincipal neuron populations, are not 
directly modulated by MOR activation. These findings suggest that MORs modulate 
specific populations of nonprincipal neurons, and furthermore that MOR agonists 
may directly affect both feedforward and feedback inhibition of pyramidal cells. 
Support: DA08259, Aaron Diamond Postdoctoral Fellowship.
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338.15

ULTRASTRUCTURAL EVIDENCE FOR PROMINENT POSTSYNAPTIC CO
LO CALIZATION OF c⅛ -ADRENERGIC AND MU (µ)-OPIOID RECEPTORS
IN THE RAT LOCUS COERULEUS. A. Saunders*. D. Rosin* and E.J. Van 
Bockstaele. Dept, of Path., Anat. & Cell Biol., Thomas Jefferson Univ., Phila., PA 
19107; *Dept. of Pharm., Univ, of Virginia, Charlottesville, VA 22908 

α 2-Adrenergic and µ-opioid receptor (µOR) agonists are known to inhibit the 
activity of noradrenergic neurons by acting at receptors which have been shown to 
share the same type of potassium channel in LC neurons. We have also previously 
demonstrated (Van Bockstaele et al. Brain Res. 718: 61-75; 1996) that separate 
axon terminals containing either the adrenergic synthesizing enzyme,
phenylethanolamine-N-methyl transferase, or leucine'-enkephalin converge on 
common dendrites in the LC. To identify common subcellulaг loci at which ligands 
of the C subtype of the ou-adrenergic receptor (α ;c-AR) and the µOR may modulate 
LC discharge activity, we examined the cellular distribution of peroxidase labeling 
for α 2C-AR and gold-silver labeling for the µOR in single sections through the LC of 
adult rat brain. At the light microscopic level, c⅛-AR immunoreactivity (IR) and 
µ()R labeling were localized to extгanuclear portions of LC cell bodies and 
dendrites. F.lectгon microscopy revealed that α2Ľ-AR-IR was prominently co
localized with µüR-IR in many but not all dendrites in the LC. In dually labeled 
dendrites, α2C-AR-IR was associated with intracellular organelles, subsurface 
cisternae and dendritic cytoplasm immediately adjacent to postsynaptic densities 
formed by unlabeled axon terminals. µ()R-IR was commonly identified on 
extrasynaptic portions of the plasma membrane but was also associated with 
intracellular organelles. The peroxidase marker for the α 2Ľ-AR and gold-silver 
deposits for the µOR often overlapped subcellulaг organelles in common portions of 
the cytoplasm. Unlabeled axon terminals often formed asymmetric (excitatory-type) 
contacts with dendrites exhibiting both α 2CΆ R  and µOR immunoreactivities. Our 
results indicate that α 2C-ARs and µORs are often situated in common postsynaptic 
targets in the LC which are often contacted by excitatory-type afferents. Supp: 
MH40008 and NIDA R29 DAÜ9082 and ROЗ DA 10450 and AHA grant 96002240 
to E.J.V.ß; Scott. Rite Schiz. Res. Prog, and Tour. Syndr. Perm. Res. Fund to D.R.

338.17

OPIOID RECEPTOR-LIKE (ORL1) RECEPTOR mRNA EXPRESSION AND 
ORPHANIN FQ BINDING IN THE RAT CNS. Charles R. Neal. JrΛ  Alfred 
Mansour. Huda Akil and Stanley J. Watson. Jr. Mental Health Research Institute. 
University of Michigan Medical Center. Ann Arbor, Michigan 48109-0720.

The novel opioid-like orphanin receptor and its endogenous ligand, oгphanin FQ 
(OFQ), has been implicated in numerous behavioral and physiologic processes. The 
distribution of OFQ in the central nervous system of the rat has been recently 
described, but less is known concerning ORL1 receptor expression and binding. This 
study is undertaken to compare the distribution of ORL1 receptor mRNA expression 
in the adult male rat brain with OFQ binding to the ORL1 receptor.

Adult male rats were sacrificed by decapitation, their brains removed, immediately 
frozen in isopentane at -ЗO°C, sectioned coronally at l5µm then stored at -  8O°C. 
Sections were used for either receptor autoradiography, using 125I-Tyrl4-OFQ as the 
ORL1 receptor ligand, or in situ hybridization, using a 700 base cRNA riboprobe 
extending from the 5' UT to 611 bases within the protein coding region. ORL1 
receptor mRNA expression and OFQ binding demonstrated excellent correlation 
throughout the CNS. In the forebrain, receptor binding and mRNA expression were 
most robust throughout several cortical regions, the diagonal band, lateral septum, 
endopiriform nucleus, globus pallidus, bed nucleus of the stria terminalis, medial 
preoptic area, multiple hypothalamic nuclei, medial nucleus of the amygdala, and the 
anterior and midline thalamic nuclei. In the brainstem and spinal cord, ORL1 mRNA 
expression and receptor binding were most robust in the substantia nigra, ventral 
tegmental area, central gray, raphe nuclear complex, locus coeruleus, vestibular 
nuclei, inferior olivary complex, prepositus hypogjossus, spinal trigeminal nucleus, 
solitary nucleus, the ventral and dorsal horns of the spinal cord, and the dorsal root 
ganglia. ORL1 receptor distribution, like that of OFQ, is widespread, supporting a 
diverse role for this system in numerous physiologic, autonomic and behavioral 
systems. Supported by ROl-DAO892O and ROl-DAO2265.

338.16
A COMPREHENSIVE IMMUNOHISTOCHEMICAL MAPPING OF NOCICEPTIN- 
ORPHANIN FQ PEPTIDE IN THE CNS OF RAT P. Leff. 1. Martinez. R. Acevedo. J.C. 
Calva, M. Leon-Olea, S.L. Cruz*1 and B. Anton. Div. Investigaciones Clínicas y Neurociencias. 
Instituto Mexicano de Psίquiatría, México, D.F. 'Dpto. Farmacología y Tox. CINVESTAV.

Few studies have reported on anatomical distribution of nociceptin/orphanin FQ-like 
immunoreactivity (N/OFQ-LI) mostly in areas involved in nociception. However, there are no 
reports of a comprehensive mapping of N/OFQ-LI throughout the rat CNS. In the present study, 
we have generated rabbit antisera against synthetic nociceptin-orphanin FQ(F-15-Q) that was 
used to generate a detailed anatomical mapping of N/OFQ-LI throughout the rat CNS. A 
competitive ELISA and dot blot assays showed that several antigen affinity-purified rabbit (A- 
APA) antisera selectively detected F-15-Q with no recognition to dynorphin and BAM,,,. For 
immunohistochemistry, specificity of staining was assessed by preabsorption of A-APA with the 
antigen F-15-Q. In the telencephalon, specific staining was observed in neuropil in areas such as 
olfactory bulb and olfactory-related areas, in the stratum pyramidale and stratum radiatum 
through CA-l-CA-3 fields as well as in the granule cell layer of dentate gyrus of the 
hippocampus. In the amygdala, very high expression of N/OFQ-LI was observed in a dense 
neuropil within the basomedial-basolateгal nuclei. Low to moderate staining was observed in 
fibers and fine puncta in caudate-putamen and nucleus accumbens as well as in scattered cells 
distributed through superficial layers of cortical fields. Moderate to high expression of N/OFQ-LI 
in neuropil was observed in most diencephalic nuclei such as the septal nuclei, bed nucleus of 
stria terminalis as well as in the ventromedial and arcuate nuclei. Moderate to high N/OFQ-LI 
was also observed in neuropil localized in mesencephalic structures such as ventral tegmental 
area, substantia nigra, superior and inferior collicuili, periaqueductal gray and interpeduncular 
complex. Pons-medulla showed a moderate to high N/OFQ-LI in neuropil and scattered cell 
bodies localized in many nuclei such as the pontine, raphe complex, superior and inferior olive, 
sensory trigeminal complex, nucleus of solitary tract as well as in reticular nuclei. In the spinal 
cord, high labeling was observed in a dense plexus of fibers localized in superficial layers of the 
dorsal horn while low staining was observed in ventral horn. Specific staining in cerebellum was 
localized in deep nuclei. The widespread distribution of N/OFQ-LI supports for other modulatory 
roles of this peptide besides nociceptive processing. We thank Dr. Chris Evans for the generous 
gift of synthetic nociceptin. Supported by FUNSALUD.

338.18
IM M UN O LO G IC AL DETECTION OF ORL-1 RECEPTOR-CONTAINING 
NEURONS IN THE RAT CORTEX. G. Monteillet-Agıus K. H. Gvlvs* &  C. 
J. Evans. Department o f Psychiatry &  Biobehavioral Sciences, UCLA-NPI, 
Los Angeles, CA 90024-1759.

The O R L-1 (Opioid Receptor Like) receptor participates in the modulation 
o f numerous pharmacological effects, such as nociception, locomotion, and 
learning. Extensive mapping w ith the monoclonal IgG l, Mab ORL-1 N-144, 
showed a wide distribution o f the receptor throughout the central nervous 
system, mainly on fiber processes. Confocal analysis o f double labeled 
sections showed no apparent co-localization o f ORL-1 receptor with mu 
opioid receptor, enkephalin or GAD67. In another attempt to identify the 
population o f cells expressing the O R L-1 receptor, we have developed an in 
vitro procedure to redistribute the receptor immunoreactivity Vibratome slices 
o f  Sprague-Dawley rat brain were maintained in oxygenated artificial 
cerebrospmal flu id and perfused w ith a large amount o f  OFQ (50 µM), the 
endogenous agonist for O R L-1 receptor. Slices were then fixed in 4% 
paraformaldehyde, cut 40 µm-thick and processed for immunostaining with 
Mab ORL-1 N-144. Significant changes in the distribution o f ORL-1 
receptors was observed in the cortex compared to that obtained on sections 
from animals perfused in vivo with paraformaldehyde. Highly 
immunoreactive oval- and pyramidal-shaped cell bodies were observed in 
layers IV -V  and their major process extended from layers IV -V  to layer I.
This protocol provides more extensive morphological analysis o f O RL-1 
receptors in the cerebral cortex.
This work was supported by the N ID A  Center Grant DA05010 and the Shirley 
&  Stefan Hatos Neuroscience Research Foundation.

DOPAMINE RECEPTORS: ANATOMY AND PHYSIOLOGY I

339.1

DO PAM INE D ì RECEPTO R AC TIVATIO N PO TEN TIATES K+- 
EVOKED [¾ ]G A B A  RELEASE FROM SY N A PTO SO M E S OF RAT 
SU BSTAN TIA NIGRA PARS RETICULATA BY AC TING  ON L- 
TYPE VO LTA G E -D EPE N D EN T C a2+ CH AN NELS. R. Bahena*.
L.E. Soria, B. Florán and J,A. Aгias-M ontaño. Depaгtam ento de 
Neurociencias, CINVESTAV, México, D.F., México.

Dopamine Dr receptoг activation potentiates Ƙ -evoked ļ⅜ ]G A B A  
release from rat substantia nigra pars reticulata (SNr) synaptosomes 
(1) and enhances L-type Ca2+ currents in striatal neurones (2). In this 
work we studied the effects o f L-type C a2+ channel activation on Dļ 
receptor-mediated potentiation o f Ƙ -evoked [3H]G ABA release.

In SNr synaptosomes preloaded with [3H]G ABA (40 nM) and 
perfused with Kгebs-HEPES buffer (37°C, 0.5 ml.m¡n'1) the D і agonist 
SKF-38393 (2 µM) increased [⅜ ]G A B A  release (164 ± 9%  o f that 
induced by 15 mM Kfy This action was blocked by 100 nM nimodip¡ne 
and was mimicked by Bay K 8644 (100 nM). The addition of either 
forskolin (10 µM) or 8-Bromo-cAMP (250 µM) increased [3H]GABA 
release to values similar to those obtained with SKF-38393. These 
actions were not additive with that o f the Dļ agonist. These results 
suggest that Dr receptor activation potentiates Ƙ -evoked [3H]GABA 
release by activating L-type voltage-dependent Ca2+ channels via a 
cAMP-dependent pathway. 1. R. Bahena et аl., Soc. Neurosci. Abstr. 
908.17, 1997; 2. Suгmeier et аl., Neuron 14; 385, 1995. Supported by 
CONACYT(1381-PN) and CINVESTAV.

339.2

DOPAMINE Dl/5 RECEPTOR ACTIVATION INFLUENCES N- &  L-TYPE Ca2+ 
CHANNELS TO MODULATE DENDRITIC Ca2ł POTENTIALS IN PYRAMIDAL 
PREFRONTAL CORTEX (PFC) NEURONS. C.R.Yang12*. J.K.Seamans3 &
N.Gorelova1. Dept, o f ‘Psychology, &  ⅛sychiatry, Univ. British Columbia, 
Vancouver, Canada V6T 1Z4.3Comput. Neurobiol., Salk Inst., La Jolla, CA, 92037.

Mesocortical dopamine (DA) inputs interact with dendritic Ca2+ channels in PFC 
pyramidal neurons to functionally modulate spike bursts, signal amplification, and 
lasting changes in synaptic plasticity. The nature o f this interaction was examined in 
deep layer V-V l pyramidal neurons o f rat PFC slices. Voltage responses were 
recorded in current-clamp mode since it was difficult to adequately voltage-clamp 
potentially distal sites o f Ca2+ electrogenesis in PFC neurons. Complex somato
dendritic Ca2+ potentials consisting o f ‘humps’ (CaH), spikes (CaS; <5Oms) or 
plateaus (CaP; > 100ms) were evoked intгasomatically (KAc/Cs+-filled electrode), or 
imradendrically from -5OmV by depolarizing cuưent pulses (100-400ms) in 
TTX,TEA,4AP (Seamans et al 1997 J Neurosci, 17:5936). While bath-applied N- 
type Ca2+ antagonist tσ-conotoxin GVIA (ЮnM) potently suppressed the peak 
amplitude and the main body o f the CaS; the L-type Ca2+ antagonist nimodipine or 
nifedipine (10-40µM) blocked CaH, and broadened the repolarizing shoulder o f the 
CaS to a CaP. Thus, N-type Ca2+ channels may be responsible for the peak o f the 
evoked CaS while L-type channels mediate CaH and post-spike components. Anti
oxidants Na+ metabisulfite or ascorbic acid (>25µM), which are normally co-applied 
with DA or its D l/5 agonists, indiscriminately suppressed the amplitude and half
width o f CaS and CaP when applied alone. However, bath application o f DA 
(4OµM) or D l/5  agonists (5µM SKF81297, A77656) without anti-oxidants 
attenuated the amplitude o f CaS and/or shifted its activation to more positive 
potentials. In contrast, in some cells recorded intгasomatically or directly from the 
apical dendrite, the duration o f the CaS &  CaP, and the amplitude o f the CaH were 
augmented following bath, or focal dendritic puff application o f SKF81297 to layer 
III-V. These augmentations were attenuated by subsequent application o f 
nimodipine. D l/5  receptor stimulation may therefore attenuate the N-type 
component, but facilitate the L-type component o f dendritic Ca2+ potentials to 
provide functional “ tuning”  o f the amplitude and duration o f dendritic signals 
(Funded by EJLB Foundation, MRC o f Canada).
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339.3
A L T E R A T I O N S  I N  L O C A L  C E R E B R A L  G L U C O S E  
U T IL IZ A T IO N  P R O D U C E D  B Y  S E L E C T IV E  D 3 D O P A M IN E  
R E C E P T O R  B L O C K A D E . B , J L ·¢ v и ttV iL Ł  ,.ClQSŽL Ш  .X L. 
P azd em ik . D ept, o f  Pharm acology, U n iv , o f  K ansas M ed ical Center, 
Kansas C ity, K S 6 6 1 6 0 -7 4 1 7

The D 3 dopam ine receptor, lo ca lized  prim arily in lim b ic brain areas, 
is a potential an tip sych otic  site. T h e e ffec ts  o f  D 3 receptor b lockade  
on neuronal activ ity  w ere determ ined u sin g  the [ 14C ]-2 -d eo x y g lu c o se  
m ethod. F re e ly -m o v in g , adult, m a le , S p ra g u e-D a w ley  rats w ere  
injected s.c. w ith  sa lin e  or /-nafadotride (1 m g/k g). T h is d ose o f  /-  
nafadotride is b eh av iora lly  a c tiv e  and is  1 0 -fo ld  lo w er  than a d ose  
producing sign ifican t in  vivo  occu p an cy o f  D 2 receptors (L evant and 
Vansell, N europsychopharm ., 17:67, 1997). T he [ 14C ]-2 -d eo x y g lu co se  
procedure w a s in itiated  30  m in after th e adm in istration  o f  the test  
com pound. The rate o f  g lu c o se  utilization in sp ec if ic  brain regions w as  
determ ined by quantitative autoradiography. /-N afad otrid e produced  
significant increases in g lu co se  utilization in the nucleus accum bens core 
and shell con sisten t w ith  the stim ulation o f  locom otor  activ ity  elic ited  
by th is d o se  o f  th e drug. / -N a fa d o tr id e  a lso  in crea sed  g lu c o se  
utilization in the lateral habenula sim ilar to  antip sychotic  drugs. Th ese  
observations indicate that b lock ad e o f  D 3 receptors produces a unique  
pattern o f  alterations in local cerebral g lu c o se  utilization  su ggestive  o f  
potential an tip sych otic  activ ity  w ith ou t a liab ility  for extrapyram i dal 
effects. Supported by N IM H  M H  52839

339.5
ACTIVATION OF DOPAMINE D l-LIKE RECEPTOR DEPOLARIZES RAT 
STRIATAL LARGE ASPINY NEURONS. Toshihiko Aosaki* and Yasuo 
Kawaguchi Lab. Neural Circuits, RIKEN, Nagoya, Aichi 463, Japan.

The aim of this study was to elucidate electrophysiologically the actions of 
dopamine and SKF38393, a Dl-like dopamine receptor agonist, on the membrane 
excitability of striatal large aspiny neurons (cholinergic interneurons). Whole
cell and perforated patch clamp recordings were made of striatal cholinergic 
neurons in rat brain slice preparations. Bath application of dopamine (1-100 µM) 
evoked a depolarization/inward current with an increase, decrease or no change in 
membrane conductance in a dose-dependent manner. This effect was antagonized 
by SCH2339O, a D l-like dopamine receptor antagonist. The current-voltage 
relationships of the dopamine-induced current determined in 23 cells suggested 
two conductances. In 10 cells the cuưent reversed at -94 mV, approximately 
equal to the K+ equilibrium potential (E k); in 3 cells the I-V curves remained 
parallel, whereas in 10 cells the current reversed at -42 mV that suggested an 
involvement of a cation permeable channel. Change in external K+ concentration 
shifted the reversal potential as expected for Ek in low Na+ solution. The 
cuưent observed in 2 шM Ba2+-containing solution reversed at -28 mV. These 
actions of dopamine were mimicked by application of SKF38393 (1-50 µM) or 
forskolin (10 µM), an adenylyl cyclase activator, and were blocked by 
SCH2339O (10 µM) or SQ22536 (300 µM), an inhibitor of adenylyl cyclase. 
These data indicate that dopamine depolarizes the striatal LA cells by a D l- 
mcdiated suppression of resting K+ conductance and an opening of a non-selective 
cation channel in an adenylyl cyclase-dependent manner. Supported by Frontier 
Research Program.

339.7
STIM ULATION OF FO RW ARD LO CO M O TIO N BY SC H -23390  
A N D  RACLOPRIDE IN  d-AM PH ETAM INE-TR EA TED RATS. P. 
Salm i, K. M alm gren, T.H. S v en sso n  and  S. A h len iu s* , D epartm en t  
o f P h y sio lo g y  & Pharm acology, K arolinska Institute, S-171 77 
Sċ>dertälje, S w ed en .

In í/-am p hetam in e-treated  (4.0 m g  k g ’ s.c.) rats th e se lectiv e  d o 
p am in e (D A ) D, and D 2/3 receptor a n tagon ists SC H -23390 (2.5-20.0  
µg kg'1 s.c.) and raclopride (12.5-100.0 µ g  k g 1 s.c.), resp ective ly , pro
d u ced  a b ip h asic  pattern o f effects on  forw ard loco m o tio n , as ob
served  in an op en -fie ld  arena (≈O.5 m 2). Thus, at the lo w  d o ses  o f 
SC H -23390 (2.5-10.0 µ g  k g ’) or raclopride (12.5-50.0 µ g  k g ’), there  
w a s a statistica lly  sign ifican t increase in  forw ard  locom otion , fo l
lo w e d  b y su p p ression  o f the b eh av ior  at the h igh er  d o ses . The SCH- 
23390-ind uced  (5.0 µg kg ’) s tim u lation  o f forw ard lo co m o tio n  w a s  
partially  an tagon ized  b y  con com itan t raclopride treatm ent (12.5-
25.0 µg kg ’) and  the corresp on d in g  rac lop rid e-in d u ced  (12.5 µg kg ’) 
stim u lation  w a s  fu lly  an tagon ized  b y  treatm en t w ith  SC H -23390  
(2.5-5.0 µg kg ’). Furtherm ore, the SC H -23390- or raclop rid e-in d u ced  
stim u lation  o f forw ard lo co m o tio n  w a s  a lso  a n ta g o n ized  b y  treat
m en t w ith  the α ,-adren oceptor antagon ist p ra zo sin  (1.0 m g kg  ̀ s.c.). 
T hese ob servation s su g g est that u n d er co n d itio n s of an increased  
general tone at brain D A  receptors, there is a m u tu al inh ib itory  sy n 
ergy b e tw een  d op am in e  D, and D 2/3 receptors.

Supported by Astra Arcus AB

339,4
EFFECTS OF STRIATAL SYNAPTIC DOPAMINE ON ["C]RACLOPRIDE 
BINDING IN CONSCIOUS MONKEY BRAIN: PET AND MICRODIALYSIS 
STUDIES. H. Tsukada*. T. Kakiuchi, S. Nishivama. andN. Hзracfa. Central Res. 
Lab., Hamamatsu Photonics, 5000 Hirakuchi, Hamakita, 434-8601 Japan.

Several studies have demonstrated that since ["C]raclopride (RAC), a dopamine (DA) 
D2 receptor ligand, has moderate affinity to the receptors, its binding might be modulated 
by the synaptic dopamine. These stu(fies have mainly been performed using the 
anesthetized animals. It is well known that anesthetics themselves modulate the 
ligand-receptor binding. In the present study, the effects of DA release into the synaptic 
cleft on the binding of ["C]RAC were evaluated in five male monkeys (Macaca mulatto) 
under conscious condition. ["C]RAC binding was measured by a high-resolution animal 
PET (Hamamatsu SHR-7700), and the extracellular (EC) DA concentration in the 
striatum were monitored by microdialysis, both o f which were performed in the same 
animals.

The systemic administration of the “direct” DA enhancers, GBR12909 (0.5, 2 and5 
mg) or methanphetamine (0.1, 0.3 and 1 mg/kg) increased EC DA concentration, and 
decreased ["C]RAC binding in the striatum dose-dependently. The administration of the 
“ indirect”  DA enhancers, benztгopine (a muscarinic cholinergic antagonist; 0.1, 0.3 and 
3 mg/kg) or ketanserine(5-HT2 antagonist; 0.3,1 andЗ mg/kg) also induced the increased 
EC DA concentration and the decreased ["C]RAC binding in a dэse-dependcnt manner. 
However, the plots of % change in ["C]RAC binding against that in EC DA showed the 
different correlation patterns between the “đrect”  and “ indirect”  DA enhancers. Thus, 
although the magnitude o f increase in EC DA concentration induced by benztгopine or 
ketanseгine were relatively smaller than that induced by GBR 12909 or methanphetamine, 
the “ indirect”  DA enhancers reduced ["C]RAC binding to the same degree as induced by 
the “direct”  DA enhancers. These results suggested that the striatal EC DA was not 
exclusive factor to modulate ["C]RAC binding in vivo. Supported by HPK.

339.6
D O P A M IN E  D3 RECEPTOR ANTISENSE REDUCES c-fos AND 
N G FI-B  m RNA LE V E LS  IN  THE RAT FO R E BR A IN . M. Tremblay, C. 
Rouillard and D. Levesque*, Neuroscience Unit, CHƯQ Research Centre 
(Pavilion CHƯL), Québec, QC, Canada, G1V 4G2 and Faculty o f  
Medicine, Laval University, Québec, Canada.

The role o f the dopamine D3 receptor in the central nervous system is 
s till not well understood. We have investigated the effects o f an antisense 
oligodeoxynucleotide (ODN), directed against the D 3 receptor mRNA, on 
rat brain transcription factor mRNA levels (c-fos and NGFI-B). Injections 
o f O D N (s)：were made into the lateral ventricle by means o f a brain 
cannulae attached to an osmotic minipump, l.c.v. injections lasted fo r 
five days at a flow  rate o f 1 µl/h. Three groups o f animals were used: 
vehicle (Ringer), missense D3-ODN and antisense D ?-ODN (all ODNs at 8 
µg/µl, n=Ю rats/group). The effects o f ODN injections on dopamine 
receptor levels were measured by receptor autoradiography using R(+)7- 
h yd roxy-[⅜ ]D P A T  binding (D 3) and [3H]raclopride binding (D Д  The 
effects o f the ODN strategy on basal c-fos and NG FI-B mRNA levels were 
evaluated by in situ hybridization techniques using specific [35S]UTP- 
labeled complementary RNA probes. D2 receptor binding was not affected 
by none o f the ODN treatments used. However, D 3 receptor binding was 
significantly decreased in the shell o f nucleus accumbens o f  rats receiving 
the D 3 antisense ODN. It remained unaffected in control groups. 
Concomitant reductions o f basal c-fos mRNA levels in both medial 
prefrontal and cingulate cortices after the D 3 antisense ODN 
administration were observed. Basal NGFI-B mRNA levels were also 
reduced in cingulate cortex, nucleus accumbens shell and dorsomedial 
striatum. These transcription factor mRNA levels were not changed in 
other striatal subregions, and in control groups. These data suggest that D 3 
receptors may exert a tonic regulation over the expression o f these 
transcription factors. This supports a constitutive activity o f the D 3 
receptor in the rat forebrain. This work was supported by the Fonds de la 
Recherche en Santé du Québec (FRSQ) (DL, CR) and the National Alliance 
for Research on Schizophrenia and Depression (NARSAD) (DL).

339.8
D O P A M IN E  A C T IV A T E S  IN W A R D  R E C T IF Y IN G  K + C H A N N E L  
IN  R A T S U B S T A N T IA  N IG R A  PARS C O M PAC TA N E UR O N S. 
S .U c h id a ,  J. Nabekura, H . Ishibashi* and N . Akaike. Dept, o f 
Physio l., Fac. o f  M ed., Kyushu U n iv ., Fukuoka 812-8582, Japan.

Dopaminergic neurons o f substantia nigra pars compacta (SNc) have 
a functional negative feedback system for controlling their own 
activities through autoreceptor. The function o f  D A  was investigated 
on the SNc neurons freshly dissociated from  10-14 day-old rats. 
Application o f  D A  to the large SNc neurons hyperpolarized the 
membrane, resulting in reducing the frequency o f spontaneous action 
potentials, w h ile  small SNc neurons did not respond to DA . In a 
voltage-clamp mode, D A  elicited an inward rectifier K + current (1d a )> 
and its single channel conductance was 56 pS. Quinpirole, a Ҧ  
agonist, m im icked DA, wh ile  s(-)-su lp iride, a D2 antagonist, inhibited 
⅛A· Intracellular application o f G TP, GDP-ßS, GTP-γS and IA P  
revealed an involvem ent o f LAP-sensitive G TP binding protein in I d a - 
M odulations fo r intracellular cAM P , P K A  and PKC, had no effect on 
Id a - Inside-out single channel current recording analyses supported 
the idea o f  the direct coupling between G protein and K + channel. 
These results suggest that D A  acts on D2-like receptor and activates an 
inward rectifier K+ channel coupled w ith  IAP-sensitive G protein.
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339.9
DOPAM INE DEPLETION ALTERS THE ELECTROPHYSIOLOGICAL 
EFFECTS OF D1 A N D  D2 AGONISTS IN  THE BASAL G AN G LIA  OF 
BEHAVING RATS. K, C H o o p e г ^ C  ĩ. Haгbeson. and G. V. Rebec. 
Program in Neural Science, Indiana University, Bloomington, IN  47405.

The basal ganglia contain a large population of D1 and D2 dopamine 
receptors, w hich are thought to act synergistically and to depend on 
endogenous dopamine to function properly. Previously, we have used 
freely m oving rats to study the electrophysiological effects o f systemic 
injections of selective D1 and D2 agonists in  the striatum, the inpu t 
nucleus of the basal ganglia, and the globus pallidus, an output of the 
striatum. In the present experiment, we depleted dopamine to determine 
the separate effects of each type of receptor, and to determine the extent 
to which certain behaviors and electrophysiological responses depend on 
a D l-D 2 interaction.

Endogenous dopamine was unilaterally depleted w ith  the neurotoxin 
6-hydroxydopamine (6-OHDA) from one group of adult male rats and left 
in tact in another. A fte r recovery, the activ ity  of single striata l and 
pa llida l neurons was m onitored before and after adm in istration of 
quinpirole (1.0 m g /kg  s.c.) or SKF-81297 (0.5 m g /kg  s.c.). Our results show 
that D1 and D2 receptors function d ifferently in intact and dopamine- 
depleted animals and suggest that the presence of endogenous dopamine 
is necessary fo r D1 and D2 receptors to interact to produce norm al 
functioning of the basal ganglia.

Supported by N ID A  (DA02451)

339.10
DOPAMINE D2 RECEPTORS MODULATE DOPAMINE SYNTHESIS 
AND RELEASE IN A  MESENCEPHALIC MODEL OF AUTORECEPTOR 
FUNCTION. K.L. O'Malley1*. I. Yamaguchi4. F. Dalman2. M. M offat1.
R.D.Todd3. 'Depts. o f  Anatomy and Neurobiology, 2Anesthesiology, and 
3Psychiatry, Washington University School o f  M edicine, St. Louis, MO 
63110; 4Dept. o f  Pediatrics, Georgetown University M edical Center, 
Washington D.C.

Activation o f  dopamine autoreceptors reduces synthesis and release o f  
dopamine as well as decreasing the firing rate o f  action potentials. To further 
characterize autoreceptor function we have established and characterized a 
primary mesencephalic neuronal system from embryonic day 14 Sprague- 
Dawley rats. Using RT/PCR and agonist stimulation we have determined that 
only D2 receptors are expressed on days 8 and 12 in vitro  (DIV). On both DΓV 
8 and 12 activation o f  D2 receptors inhibited depolarization induced release o f  
dopamine in a dose dependent fashion. At 1 uM quinpirole inhibition was 30% 
+/- 2% (IC5O = 8 x 10-9 M) which could be blocked by 1 uM eticlopride or 
pertussis toxin. Quinpirole-mediated effects desensitized with a time course 
o f  60 min. Similarly, quinpirole inhibited L-Dopa accumulation to the same 
extent on DIV 8 and 12, an effect that was also blocked by eticlopride. In 
contrast receptor stimulation only inhibited forskolin stimulated cAM P levels 
on DIV 12. Finally, quinpirole mediated inhibition o f  depolarization- 
dependent release was blocked by P- and Q-type channel blockers suggesting 
these channels play a role in mediating autoreceptor function. These results 
suggest that autoreceptor inhibition o f  dopamine synthesis and release utilizes 
mechanisms independent o f  cAM P pathways and that D2 receptor coupling 
changes during development.
Supported by NIH D A 08818 and M HЗ1302.
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340.1
C H A R A C TER ISTIC S OF A G O N IST IC  EFFEC TS OF (-)- 
ST EPH O L Ш IN E O N  D , D A  R E C E PTO R S. L.J.C hen. J.Liu. X .G uo  
Y .M .D in g , and G .Z .J in *. Dept, o f  Pharm acology, Shanghai Institute 
o f  M ateria M edica, C h inese A cad em y o f  S c ien ces, 2 9 4  Tai-Y uan Rd., 
Shanghai 2 0 0 0 3 1 , China.

(-)-S tep h olid in e (S P D ), iso lated  from  C h inese herb S tep h a n ia  
in te rm ed iu m  Lo, p o ssesses  the dual action to dopam ine (D A )  
receptors on the rotational behavior in the 6 -O H D A  lesioned  rats. 
Furthermore, by m eans o f  receptor binding assay, electrop hysio logy  
and neuro-pharm acological tests, it has been show n that SPD  is 
antagonist to D 2 or D ı receptors in the norm al sensitiv ity  o f  rats and 
has agonistic  action to D | receptors at the supersensitivity. In the 
present work, SPD  enhanced the e ffic ien cy  o f  signal transduction  
m ediated by Dı receptors in the striatum, and increased the 
phosphorylation o f  D A R P P -32  in vo lved  in D ı receptors for 
augum entation o f  the physio log ica l function. In the radioim m unoassay  
and in  s itu  hydrodization, S P D  increased the contents o f  dynorphin  
and PPD  m R N A  in the lesion ed  sid e o f  the striatum. A nd SP D  also  
increased the counted num ber o f  Fos p ositive  n uclei per m m 2. A ll the 
results indicate that SPD  p o ssesses  the D ı agonist action in the basal 
ganglia, w h ich  stim ulates the activity o f  direct circuit to regulate the  
extrapym idal m otor m ovem ent. The D ļ agonist action o f  SPD  thus is 
benefit to  the therapy o f  Parkinson’s d isease.

340.3
[ UbI ]  NOREPIDEPRIDE; A D3 PREFERRING LIGAND,  
CHARACTERIZATION AND AUTORADIOGRAPHIC LOCALIZATION. R.M.  
K e s s l e r 1, R.W. R i e c k 1*. N . S .  M a s o n 1, M . S .  A n s a r i 1, W.Q.  
W h e t s e l l  J r 2, ⅛ e p t  o f  R a d i o l o g y ,  V a n d e r b i l t  U n i v e r s i t y  
M e d i c a l  C e n t e r ,  N a s h v i l l e  TN 3 7 2 3 2 - 2 6 7 5 ;  2D e p t .  o f  
P a t h o l o g y ,  V a n d e r b i l t  U n i v e r s i t y  M e d i c a l  C e n t e r  
The  d o p a m i n e  (DA) D3 r e c e p t o r  i s  a member o f  t h e  D2 
f a m i l y  o f  r e c e p t o r s  t h a t  h a s  p r e f e r e n t i a l  l o c a l i z a t i o n  i n  
l i m b i c  r e g i o n s .  As t h e  r e g i o n a l  c o n c e n t r a t i o n  o f  d o p a m i n e  
D3 r e c e p t o r s  i s  i n  t h e  l o w  n a n o m o l a r  r a n g e  o r  l e s s ,  v e r y  
h i g h  a f f i n i t y  a n d  h i g h  s p e c i f i c  a c t i v i t y  r a d i o l a b e l l e d  
l i g a n d s  s e l e c t i v e  f o r  t h e  DA D3 r e c e p t o r s  a r e  n e e d e d  f o r  
a u t o r a d i o g r a p h i c  s t u d i e s .  We h a v e  e x a m i n e d  a n um be r o f  
s u b s t i t u t e d  b e n z a m i d e s  w i t h  h i g h  a f f i n i t y  f o r  t h e  D2 
f a m i l y  o f  r e c e p t o r s .  W h i l e  m o s t  s h o w e d  n o  m o r e  t h a n  
t h r e e - f o l d  p r e f e r e n c e  f o r  t h e  D3 v e r s u s  D2 r e c e p t o r ,
[ 125I ]  n o r e p i d e p r i d e  d e m o n s t r a t e d  o v e r  a t e n - f o l d  

p r e f e r e n c e  f o r  t h e  D3 (KD o f  9OpM) v e r s u s  t h e  D2 r e c e p t o r  
(KD o f  1 µM) . [ !2ЬI ]  n o r e p i d e p r i d e  d e m o n s t r a t e d  l o w

a f f i n i t y  f o r  o t h e r  DA r e c e p t o r s ,  n o r a d r e n e r g i c ,  
s e r o t o n e r g i c ,  G A B A e r g ic  a n d  o p i a t e  r e c e p t o r s .  
A u t o r a d i o g r a p h y  o f  human b r a i n  w a s  p e r f o r m e d  u s i n g  [·^‘ l ]  
n o r e p i d e p r i d e  i n  t h e  p r e s e n c e  o f  10 µM d o m p e r i d o n e .  A r e a s  
o f  r e l a t i v e l y  h i g h  b i n d i n g  i n c l u d e d  t h e  v e n t r a l  s t r i a t u m ,  
v e n t r a l  p a l l i d u m ,  a n t e r i o r  n u c l e u s  o f  t h e  t h a l a m u s ,  
m a m m i l l a r y  b o d i e s ,  m a m m i l l o t h a l a m i c  t r a c t ,  s u b s t a n t i a  
n i g r a ,  p a r t i c u l a r l y  m e d i a l l y ,  a n d  i n  t h e  n i g r o s t r i a t a l  
t r a c t .  T h e s e  f i n d i n g s  a r e  c o n s i s t e n t  w i t h  a l i m b i c  
d i s t r i b u t i o n  o f  D3 r e c e p t o r s  a n d  s u g g e s t  a p r e s y n a p t i c  
l o c a l i z a t i o n  o f  a t  l e a s t  so m e  D3 r e c e p t o r s  i n  t h e  
s t r i a t u m  a n d  a n t e r i o r  n u c l e u s  o f  t h e  t h a l a m u s .

340.2
DEVELOPMENT OF DOPAMINE D-2 RECEPTOR AGONISTS AS POTENTIAL 
¡N VIVO IMAGING AGENTS FOR PET. J. Mukheгjee*. B. Shi and Z-Y. Yang. 
Department of Medicine/Nuclear Medicine, Kettering Medical Center, Wright State 
University, Dayton, OH 45429.

High-affinity state of G-pгotein coupled receptors are believed to be the functional 
state and may therefore be more accurate targets in order to study brain activity. A 
majority of the radiotracers used in positron emission tomographic (PET) studies of 
dopamine D, receptors are antagonists which bind to both low- and high-affinity state 
of the receptors. We have synthesized high affinity agonists which may be developed 
as potential in vivo radiotracers in order to exclusively study the high-affinity state. 
Our approach has been two-fold: One is the development of a high affinity new lead 
agonist, ZYY-339 and its fluoгinated analogs; and second is the development of 
“ silent agonists” . We have prepared analogs of PPHT which contain a cyclohexyl 
group instead of a phenyl group. Incorporation of the cyclohexyl group as in ZYY- 
339 (2-(jV-cyclohexylethyl-Λ'-propyI)amino-5-hydroxytetralin, shown in Figure) 
significantly enhances the affinity of these compounds. In ¾-spiperone assays using 
rat striata, ZYY-339 exhibited subnanomolar affinity for D-2 receptor high-affinity 
sites (IC5〇= 0.010 nM). Removal of the phenolic hydroxyl however, decreased the 
affinity dramatically. We also analyzed the effect of 5’-guanylylimidodiphosphate 
(Gpp(NH)p, 150 µM), the non-hydrolysable GTP analog on ZYY-339 using ⅜  
spiperone assays. Binding of ZYY-339 was reduced by more than an order of

magnitude at the high affinity site, indicative of an 
agonist behavior. Radiosynthesis of "C-ZYY-339 is 
being carried out using "C-propionyi chloride and 
subsequent reduction (asteгik in Figure indicates 
position of label) and in vivo binding studies are 
currently underway.

S u p p o r t e d  b y  U . S .  D e p a r t m e n t  o f  E n e r g y  DE-FGO2- 9 8E R 6 2 5 4 0

340.4
D IF F E R E N T IA L  L A B E L IN G  O F  D O P A M IN E  D 4  A N D  S IG M A  S IT E S  
IN  H U M A N  T IS S U E S  B Y  U -1 0 1 9 5 8  D .M . H e lm e s te Ч  S .W . T a∩Q 1.
T . Shioiг⅛1. M . M its u h a s h i2 4, H . F a n α \  R . V u 3 a n d  C. R e is t13 1D e p t. o f  
P s y c h ia try  a n d  H u m a n  B e h a v io r, ⅛ e p t .  P a th o lo g y , U n iv e rs ity  o f  
C a lifo rn ia , Irv in e , C A  9 2 6 9 7 ; 3L o n g  B e a ch  V A  M e d ic a l C e n te r, Long  
B e a c h , C A  9 0 8 2 2 ; 4H ita c h i C h e m ic a l R e s e a rc h  C e n te r, Irv in e , C A  
9 2 6 9 7 .

U n til re c e n tly , th e re  h a s  b e e n  a la c k  o f  s p e c if ic  l ig a n d s  fo r  d o p a m in e  D 4 
re c e p to r la b e lin g . T rit¡a te d  U -1 0 1 9 5 8  w a s  d e v e lo p e d  as  a n e w  d o p a m in e  D 4 
re c e p to r  lig a n d . W e  te s te d  th is  n e w  lig a n d  in  h u m a n  tis s u e s  a n d  d is c o v e re d  
th a t u n d e r a p p ro p r ia te  c o n d it io n s , it la b e ls  n o t o n ly  d o p a m in e  D 4 re c e p to rs , 
b u t a ls o  s ig m a -1 - lik e  s ite s  (2 -4  nM  K d ) in  h u m a n  b ra in  a nd  c e lls  te s te d  
(c e re b e llu m , ly m p h o c y te s , n e u tro p h ils , S K -N -M C  π e u ro -b la s to m a  ce lls ). In 
a ll t is s u e s  e x a m in e d , th e  d o p a m in e  D 4  re c e p to r  c o m p o n e n t o f  3H -U -1 0 1 9 5 8  
b in d in g  a v e ra g e d  10%  o r  le ss  o f th e  s ig m a -1  like  s ite s , w h ic h  w e re  2 0 0  
fm o le s /m g  p ro te in  B max in  ly m p h o c y te s  a n d  n e u tro p h ils , 1500  fm o le s /m g  
p ro te in  B max in  c e re b e llu m , a n d  o v e r  8 0 0 0  fm o le s /m g  p ro te in  B max in  S K -N - 
M C  c e lls . A n a ly s is  o f  m R N A  c o n firm e d  th e  p re se n ce  o f  b o th  s ig m a -1  and  
d o p a m in e  D 4  re c e p to r  m R N A  in S K -N -M C  n e u ro b la s to m a  ce lls . In 
ly m p h o c y te s , o n ly  s ig m a -1  m R N A  w a s  q u a n tif ia b le . G iv e n  th e  lite ra tu re  on 
a re la t io n s h ip  b e tw e e n  s ig m a  an d  d o p a m in e  s y s te m s , th e s e  c e lls  a nd  
lig a n d s  su ch  a s  U -1 0 1 9 5 8  m a y  be  u s e fu l fo r  fu r th e r  e lu c id a tio n  o f  p o te n tia l 
d o p a m in e  D 4  a n d  s ig m a  re c e p to r in te ra c tio n s .(C N S  fro m  N N R S B , V A M C , 
L o s  A n g e le s ), (n o n -g ra n t fu n d in g ).

¢α„~o
X = OH; Z Y Y -3 3 9
X = H
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340.5
DOPAMINE RECEPTOR DISTRIBUTION IN RODENT MOTOR CORTEX: AN 
IMMUNOHISTOCHEMICAL AND IN SITU HYBRIDIZATION ANALYSIS. P.W. 
Awenowicz* and L.L. Porter. Neuroscience Program, USUHS, Bethesda, MD 

Parkinson's disease (PD) is characterized by degeneration of the neurons in the midbrain 
dopaminergic system. The resulting dopamine (DA) depletion is selective for motor areas 
of the neocortex. The role of DA in the normal motor cortex, as well as its 
pathophysiology in PD is not yet understood. DA receptor distribution has not been 
studied extensively. There are 2 families of DA receptors, D1 (D1 and D5) and D2 (D2, 
D3, and D4) which have been identified in many regions of the cortex. Differences in 
cortical neuronal responses to dopamine may be attributed to receptor mediated 
mechanisms. The aim of the study was to immunohistochemically determine the laminar 
distribution of DA D5 receptors and DARPP-32 (a DA regulated phosphoprotein and 
putative marker for D1 receptors), and to identify specific neuronal types that express D5 
receptors and/or DARPP-32 in the rodent motor cortex. The rabbit anti-DARPP-32 
polyclonal antibody labeled a band of pyramidal shaped neurons spanning layers II-VI of 
rodent motor cortex. The greatest number of DARPP-32 immunoreactive (ir) neurons was 
found in layer VI (65%). Layer V containted 31% and layers II-III contained 4% of the 
DARPP-ir neurons. The goat anti-D5 polyclonal antibody labeled neurons spanning 
layers II-VI. These neurons were pyramidal in shape with apical dendrites extending 
towards the pial surface. Most D5-ir neurons were found in layer V (62%), fewer were 
found in layer VI (23%) and even fewer in layers II-III (15%). A double labeling 
experiment revealed a population of neurons in deep layer VI in which DARPP-32 and 
D5 receptors were co-localized. The second aim of this study was to examine the laminar 
distribution of mRNA for D1 and D2 receptors. D1 and D2 mRNA was detected by in 
situ hybridization with biotinylated oligonucleotide probes. Preliminary evidence suggests 
that D1 mRNA is present in neurons of layers II-VI of rodent motor cortex with the 
highest levels of expression found in layers II-III. D2 mRNA appears to be restricted to 
neurons of layers II-V with the highest levels of expression found in layers II-III. These 
experiments are part of a series, tò determine DA circuitry in normal cortex.

340.7

LOCAL HORIZONTAL AFFERENTS TERMINATE ONTO SPINES THAT 
ARE DEVOID OF D1 RECEPTOR. E.C. Mulv*. K. Sziαeti, and P.S. 
Goldma∩-Rakic. Departments of Psychiatry and Neurobiology, Yale University 
School of Medicine, New Haven, CT.

Working memory performance is dependent on optimal stimulation of the 
D1 dopamine receptor in prefrontal cortex. It has been shown that the D1 
receptor modulates glutamate induced currents and is located adjacent to 
asymmetric, presumably glutamatergic synapses on pyramidal spines and 
nonpyramidal dendritic shafts. However, the source of the axon terminals 
synapsing onto D1+ postsynaptic targets, and hence the identity of the 
inputs that are modulated by D1, is currently unknown.

To address this question we combined transport methods with D1 
immunostaining. Injections of PHA-L were made into area 9 of macaque 
prefrontal cortex to label intrinsic, patchy horizontal projections within this 
area. We used a combination of BDHC and DAB to label the transported 
PHA-L and D1 receptor. Selected patches of label in layers l-llla, 2-8 mm 
distant from the injection site, were processed for electron microscopy. 
6PHA-L labeled axons making synapses were identified and photographed 
in serial section. We identified 44 synapses made by PHA-L labeled axons 
and all were asymmetric. Of these, 41 synapsed onto spines, 2 synapsed 
onto shafts and 1 synapsed onto an undetermined target. None of the 44 
targets postsynaptic to PHA-L labeled axon terminals were D1+. We 
examined the targets of 94 randomly selected axon terminals from 
unspecified sources, which gave rise to asymmetric synapses, and 19 were 
D1+. These ratios are significantly different, χ2=10.314, p=0.0013.

These findings demonstrate that horizontal afferents specifically target 
spines that do not contain the D1 receptor. This suggests that the effects of 
D1 agents on working memory are not the result of direct modulation of local 
horizontal connections in primate prefrontal cortex. The source of excitatory 
inputs to D1 containing spines remains to be specified. Supported by NIMH 
P5O MH44866 and a Pfizer Postdoctoral Fellowship (ECM).

340.9

ANALYSIS OF BINDING AT THE DOPAMINE D2 RECPTOR IN LIVING 
BRAIN SLICES FROM FISCHER AND LEWIS RATS UTILIZING POSITRON 
EMISSION TRACERS. S.D. Schlussman‘. G.Ortu2. M. Bergstrom2. A. Ekeskog2. 
K-J Fasth2. P. Siŏberg2. Ann Ho1. B. Lángstŏm2 and M.J. Kгeek'* 1 The Rockefeller 
University, NY, NY 10021 2 Uppsala University PET Center, Uppsala Sweden.

The Fischer and Lewis strains of rats are known to differ in their circadian 
hypothalamic-pituitary-adrenal axis (HPA) activity, their hormonal response to 
stress and their propensity to self administer drugs o f abuse. Earlier studies from our 
laboratory, in the Fischer rat, have shown that cocaine significantly alters dopamine 
D2 receptors and that dopamine D2 receptor antagonists block HPA activity . In this 
study we compared these two strains utilizing the technique o f positron emission 
tracer (PET) ligand binding in living brain sections which provides the advantages 
of approximating the in-vivo situations while allowing multiple in vitro 
manipulations in the same tissue with short exposure times due to the short half-life 
and high specific activity of the [nC] positron emitters.. This method allows in vitro 
studies at short exposure times due to the short half-life and high specific activity of 
the [UC] positron emitters. Three hundred µm sections, containing both the caudate 
putamen and the nucleus accumbens, were incubated in oxygenated buffer 
containing either 5 nM or 1 nM [UC] raclopride , washed for 10 min in fresh buffer 
and exposed to a phosphoimaging plate. Specific (striatal) binding o f raclopride 
was determined⅜as fmol/pixel with the cortex serving as the control region. The data 
was analyzed with a 2 way ANOVA between Strain and Free Ligand and with 
Striatal Binding as the dependent variable. The analysis revealed a significant Strain 
effect (F (1 g) = 66.58 p < 0.00005), and Newman -Keuls post hoc tests demonstrated 
that raclopride binding was greater in Lewis rats compared to Fischer rats, at both 
the 1 nM and 5 nM concentrations (p < 0.05 and p < 0.0005 respectively). These 
data demonstrate that Fischer and Lewis rats, which are thought to differ in their 
vulnerability to drugs o f abuse, also differ in their binding at the D2 dopamine 
receptor in brain regions involved in mediating the rewarding effects of drugs of 
abuse. Support: NIH-DA-P5O-O5IЗO and NIH-DA-K05-00049.

340.6
ULTRASTRUCTƯRAL LO C A LIZA TIO N  OF DOPAMINE D1 OR D2 
RECEPTOR IMM ƯNOREACTΓVΠΎ IN STRUCTURES POSTSYNAPTIC TO 
TYROSINE HYDROXYLASE-PO SITIVE TERM IN ALS IN THE M ONKEY 
STRIATU M . X  An*. DA Lewis, and SR Sesack. Departments o f Neuroscience 
and Psychiatry, University o f Pittsburgh, PA 15260.

Dopamine (DA) neuromodulation o f forebrain neurons is mediated primarily 
through D1 and D2 receptors (D1R/D2R), although the relative localization of 
these receptors to D A  synapses is not known. In a recent study o f the monkey 
neocortex, immunoperoxidase staining for D IR  was reported to occur at a 
distance from synapses formed by terminals labeled with immunogold-silver for 
tyrosine hydroxylase (TH) (Smiley et al., 1994, PNAS 91:5720-5724). We sought 
to utilize sim ilar methodology to examine these relationships in the monkey 
dorsolateral caudate nucleus, where both D l and D2 receptors are expressed more 
robustly than in the cortex. In fields containing D IR  immunolabeling, electron 
microscopic examination revealed 189 TH + terminals, o f which 144 (76%) 
contacted D1R+ spines or dendrites. O f these contacts, 47 (33%) exhibited 
features o f symmetric synapses in 1-4 adjacent serial sections. O f these synapses, 
18 (38%) exhibited peroxidase product for D IR  in the region postsynaptic to the 
TH + terminal. In tissue labeled for D2R, 206 TH+ terminals were observed, o f 
which 134 (65%) contacted D2R+ spines or dendrites. O f these contacts, 46 
(34%) were symmetric synapses. O f these synapses, 34 (74%) exhibited 
peroxidase product for D2R in the region postsynaptic to the TH+ terminal. These 
results are consistent with the presence o f at least some DA receptor in the region 
immediately postsynaptic to D A  terminals. However, the findings argue for a 
potentially greater synaptic localization o f D2R versus D IR  in the monkey 
nigrostriatal DA system. Support: USPHS NS 19608.

340.8
On the distribution patterns of D1, D2, tyrosine hydroxylase and dopamine 
transporter immunoreactivities in the ventral striatum of the rat: Indications 
for volume transmission compartments A. .Tansson*. M. Goldstein. B. Tinner. 
M. Zoļi, J.H. Meador-Woodruff, J.Y. Lew, AЛ. Levey, g Ł·Wąţ§o⅛ Ļ.F. Agnati 
and K. Fuxe Dept, of Neuroscience, Karolinska Institute, Stockholm, Sweden,
Dept, of Psychiatry, New York University Medical Center, New York, NY, USA, 
Dept, of Neurology, Emory University, Atlanta, GA, USA, University of Michigan, 
Mental Health Research Institute, Ann Arbor, MI, USA, Sect, of Physiology, Dept, 
of Biomedical Sciences, University of Modena, Modena, Italy,

The distribution of dopamine D1 and D2 receptor immunoreactivities in the 
nucleus accumbens and the olfactory tubercle o f adult and postnatal male rats were 
compared with the distribution of tyrosine hydroxylase and dopamine transporter 
immuno-гeactivities. An overall codistribution o f D1 and D2 receptor 
immunoreactivities with tyrosine hydroxylase immunoreactivity was found in the 
nucleus accumbens and the olfactory tubercle. However, the major finding in this 
study was, following a more detailed analysis in coronal sections of the shell part of 
the nucleus accumbens, the existence of nerve cell patches of strong D1 receptor 
immunoreactivity associated with low D2 receptor, dopamine transporter and 
tyrosine hydroxylase immunoreactivities. These patches were mainly surrounded by 
areas o f strong D2 receptor, tyrosine hydroxylase and dopamine transporter 
immunoreactivities. The patches formed a continuous tubular nerve cell system in 
the shell part of the nucleus accumbens. Since this nerve cell system was found to be 
surrounded by a high density of dopamine terminals, it may represent a 
compartment where dopamine transmission mainly act on D1 receptors via local 
diffusion (i.e., via volume transmission). In conclusion, the present paper gives new 
aspects on the chemical microarchitecture of the nucleus accumbens.
(Supported by the Swedish Medical Reseach Council and the Marcus and Marianne 
Wallenberg Foundation)

340.10

ACUTE ADMINISTRATION OF SCH2339O INCREASES D↑ 
RECEPTOR ON NONPYRAMIDAL NEURONS IN RAT mPFC

S. A. Davidoff. H.M. Chu. M. Deborah Lew* and F. M. Benes. Laboratory 
for Structural Neuroscience, Mailman Research Center, McLean Hospital, 
Harvard Medical School, 115 Mill Street, Belmont MA. 02178

Atypical antipsychotic drugs, such as clozapine and olanzapine, 
antagonize both Di and D2 receptors, but little is known regarding their 
pharmacologic effect on specific neuronal elements within local cortical 
circuits. To characterize the effect of short-term antagonism of the Di 
receptor, either normal saline or SCH2339O (1.0 mg/kg/day) were 
administered for 48 hours via Alzet osmotic pumps. The receptor 
density (Bmax) and affinity (K<j) of this receptor was measured on large 
neurons (LNs), small neurons (SNs) and in the surrounding neuropil 
(NPL) of layer VI in the rat mPFC. Frozen sections were incubated in 
⅝H]SCH2339O (1-8nM) in the presence or absence of the competitive 
inhibitor SKF38393 (Ю µM). A high resolution Scatchard analytic 
technique was employed to determine the K<j and Bmax values for LNs, 
SNs and NPL and revealed a significant increase (82%) in Bmax on 
neuronal cell bodies (p= 0.03), but not in neuropil of drug-treated 
animals. Further analysis indicated the increase in Bmax was present 
on SNs (94%, p=O.OЗ) but not LNs in SCH2339O treated rats. In 
contrast, K<j values for LNs, SNs, and NPL were not significantly 
altered by drug treatment. Overall, these results suggest that short
term administration of a selective antagonist may induce a preferential 
upregulat¡on of D, receptors on intemeurons in layer VI of rat mPFC.

Supported by NARSAD, MH00423 and MA42261.
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340.11
D2, BUT NOT D l, DOPAMINE RECEPTOR OVERPRODUCTION 
IS INFLUENCED BY GONADAL HORMONES DURING 
ADOLESCENCE. S,L. Andersen*. A. Thompson and M.H. Teicher. Dept, oť 
Psychiatry, Harvard Medical School, Laboratory for Developmental 
Psychopharmacology, McLean Hospital, Belmont, MA 02178.

We have previously shown that Dl and D2 dopamine receptors are overproduced 
and eliminated by a minimum of 35% in the striatum of male rats, but not female 
rats during the periadolescent period (Andersen et al 1997). In order to determine 
whether this overproduction or elimination was due to gonadal hormone surges that 
begin at 28 days of age, the density of striatal D l and D2 receptors was examined at 
40 and 80 days of age after gonadectomy in male and female rats. Quantitative 
autoradiography of D l and D2 receptors with Scatchard analysis (0.01-4 nM) of ЗH- 
SCH-23390 and ЗH-YM-09151-2, respectively, was performed, and data were then 
analyzed with LIGAND. Results from n=4 subįects/age/condition suggest that D2, 
but not D l receptors, change as a result of gonadectomy treatment. Specifically, D2 
receptors were 76% and 71 %, respectively, of controls in castrated males and 
ovariectomized females. By 80 days of age, D2 receptors remained attenuated in the 
males only, while no difference was observed between ovariectomized and control 80 
day-old females. These differences suggest that testosterone, possibly through its 
conversion to estrogen by aromatase enzymes, may mediate the overproduction of D2 
receptors during periadolescence in males. Similarly, the peripubertal increase in 
estrogenic stimulation in females may mediate the age-dependent increase in D2 
receptors at 40 days. The divergence between males and female elimination of D2 
receptors following early gonadectomy suggests an additional mechanism is involved 
in the pruning process. We hypothesize that these findings may help explain why 
Tourette’s Syndrome and ADHD are much more prevalent in males than females and 
wane in severity during adolescence.
Supported by NIMH R01-43743, the Scottish Rite Foundation, and the Tourette’s 
Syndrome Association.

340.13
ACTIVITY-DEPENDENT AND USE-DEPENDENT REGULATION OF 
DOPAMINERGIC D l-L IK E  AND D2-LIKE RECEPTOR EXPRESSION IN 
DEVELOPING CORTICAL NEURONS. E. Kwong and O. Cm*. Neuroscience 
Graduate Program, and Dept, of Ophthalmology, Univ, of British Columbia, 
Vancouver, B.C., Canada V5Z ЗN9.

The five known subtypes of dopaminergic receptors can be grouped into two 
subclasses: D ļ-like receptors (Dļ and D5) and D2-like receptors (D2, D3, and D4), 
based on their structure, pharmacology, and signal transduction mechanisms. 
Activation of D 1 -like receptors stimulates adenylyl cyclase activity and cAMP 
formation, whereas activation of D2-like receptors inhibits adenylyl cyclase. In the 
present study, fluorescence-conjugated ligands Bodipy-SCH23390 and Bodipy-NAPS 
were employed to label Dj-like and D2-like receptors, respectively, in neurons derived 
from frontal cortex of embryonic rats. The receptor binding sites were visualized and 
analyzed using a laser scanning confocal microscope. Neurons were cultured initially 
with normal medium for a week, and were then treated with various drugs for another 
week. To examine activity-dependent expression of D ļ-like and D2-like receptors, 
either TTX was used to block neuronal activity, or a high concentration of KC1 was 
used to depolarize the membrane potential. To examine use-dependent expression of 
D 1 -like and D2-like receptors, SKF38393, SCH2339O, bromocriptine and spiperone 
were used each individually to activate or block Dļ or D2 receptors, respectively. At 
the end of the second week, Dļ-like and D2-like receptors were fluorescently labelled and 
were quantitatively analysed. Our results showed that fluorescently labelled receptors 
tended to form clusters with a diameter of about 1 µM and were distributed on both 
somata and dendrites. Chronic treatment with TTX reduced the number of fluorescent 
clusters of both D ļ-like and D2-like receptors, while chronic treatment with KC1 
increased the number of fluorescent clusters of both D l-like and D2-like receptors. We 
also found that chronic treatment for one week with SCH2339O, a D ļ receptor 
antagonist, can up-regulate the expression of D ļ-like receptors, whereas chronic 
treatment for one week with bromocriptine, a D2 receptor agonist, can down-regulate 
the expression of D2-like receptors. In addition, chronic treatment for one week with 
spiperone, a D2 receptor antagonist, can down-regulate the expression of D ļ-like  
receptors. These results suggest that both neuronal activity and dopaminergic receptor 
occupancy are important factors that may determine the density of dopaminergic 
receptors in the frontal cortex during maturation process.

Supported by Natural Sciences and Engineering Research Council of Canada.

340.15
LOCALIZATION OF DOPAMINE D l A RECEPTOR mRNA IN THE DOMESTIC 
CHICK TELENCEPHALON. Z. Sun. J. Coffman* and A. Reiner. Dept. An at. & 
Neurobiol., Univ, of Tennessee, Memphis, TN 38163.

Previous studies have examined the distribution of D l class dopamine receptors in 
chick telencephalon using receptor binding autoradiography. In mammals, pharmaco
logically defined D l class dopamine receptors are coded for by at least two distinct 
dopamine receptor genes (termed D l and D5). Similarly, three Dl-like dopamine re
ceptor genes (Dl A, DIB, and DID) were recently cloned and characterized as pharma
cologically distinct in chicks. Based on sequence homology and pharmacological pro
files, the D1A was reported to be the avian counterpart of the mammalian D l recep
tor, and consistent with the report that only D l A was found to be strongly expressed 
in the chick brain. To characterize the specific cellular localization and distribution of 
the D l A receptor mRNA in chick, we prepared an oligonucleotide probe complemen
tary to the region encoding the third intracellular loop of the D l A receptor, which is 
highly divergent from that in DIB and DID dopamine receptor genes. Film and 
emulsion autoradiography were used. Intense hybridization signals were observed in 
the cortical region termed the hyperstriatшn vcntrale (HV), and in the medial striatum 
(lobus parolfactorius) and the lateral striatum (paleostriatum augmentatum). Intense 
signal was also observed in the olfactory tubercle. At the microscopic level, it was 
found that at least half of all neurons in die medial striatum and somewhat less than 
half in lateral striatum expressed D l A receptor gene. More silver grains were ob
served over neurons in medial than lateral striatum. The majority of neurons in HV 
expressed D l A. Scattered neurons in the dorsal pallidum (paleostriatum primitivum) 
and ventral pallidum (ventral paleostriatum) were also labeled. The expression of 
D1A receptor gene In chick basal telencephalon coincides well with that reported in 
ligand binding studies for D l class dopamine receptors. This suggests that D1A re
ceptors are likely to be the main type of D l class dopamine receptors located in stri
atal neurons of the avian basal ganglia. Supported by NS-19620 (A.R.).

340.12
EFFECTS OF HALOPERIDOL DISCONTINUATION ON DOPAMINERGIC D2 
RECEPTORS IN RATS: IMPLICATIONS FOR PET STUDIES. L. Besret. K.J. 
Page, C.H· Homer* and S B. Dunnett. MRC Cambridge Cenưe for Brain Repair, 
University of Cambridge, Foгvie Site, Robinson Way, Cambridge CB2 2PY, 
England.

Knowledge regarding the delay in dopaminergic D2 receptors returning to baseline 
after a prolonged antipsychotic treatment is of considerable importance since this 
binding site could serve as a biological marker in the evaluation of the development 
of early neurodegenerative syndroms as well as the monitoring of the survival and 
growth of the grafts (e g. Huntington’s disease). Thus, the present study was 
undertaken to determine the washout delay after a chronic haloperidol-treatment 
liable to induce lasting changes in binding that contuse quantitation of a PET scan. 
Adult male Lister Hooded rats were administered haloperidol (1.5 mg/kg, i.p.) 
injections once daily for 21 days. Control rats were subjected to injection of vehicle 
(0.9% saline with acetic acid, pH 7.0, 2 ml/kg, i.p ). The spontaneous locomotor 
activity was evaluated and randomly recorded twice a week during the ưeatment and 
at different intervals following the last administration. For each time-point, the 
density of D2 binding sites were assessed by autoradiographic experiments using 
[¾jraclopride; and in situ hybridization histochemistry of D2 mRNAs expression 
were performed with [зsS]-radiolabelled oligonucleotides. Animals were tested at 
different times after the last injection; haloperidol enhanced the locomotion activity 
before the period of treatment was complete. One week after the last adminisfration, 
a peak of locomotor activity was observed. Haloperidol-treated animals displayed a 
higher spontaneous locomotor activity than control rats (ANOVA), and following 7 
weeks of haloperidol withdrawal, the spontaneous locomotor activity return to 
baseline and no significant differences among groups were registered from this time- 
point. These data indicate adaptative changes leading to supersensitivity of the 
dopaminergic system until 7 weeks after treatment discontinuation. The effects of 
haloperidol on mRNAs level and D2 receptor densities w ill be presented.

340.14
D3 RECEPTOR AGONISTS ENHANCE TH E  S U R V IV A L OF DO PAM INE 
NEURONS IN TISSUE C U LTU RE. P M  Caгvev*C.W. Tong, and Z.D. Ling. 
Dept, o f Pharmacology, Rush Medical College, Chicago, IL  

The direct-acting, dopamine (DA) agonist pramipexole (PPX) has been shown to 
provide neuroprotection to DA neurons in several in vitro and in vivo systems. The 
mechanism(s) responsible are unknown although PPX’ s 7-fold preference for D3 
receptors and its antioxidant actions may be involved. Here we examined these 
proposed mechanisms by evaluating the effects o f other drugs with properties similar 
to PPX in E l5 mesencephalic cultures. The number o f tyrosine hydroxylase 
immunoreactive (THir) cells was used as an index o f DA neuron survival. Like 
PPX. the D 3 preferring agonists 7-OH-DPAT and PD 128,907 dose-dependently 
increased the number o f TH ir cells in culture following 72 hours incubation. In 
contrast, 4 other DA agonists with greater affinity for D2 than D3 receptors did not 
produce this effect. The ability o f PPX to attenuate the T H ir cell loss normally 
produced by levodopa was potentiated when D3 but not D2 agonists were 
conincubated with PPX. In contrast, 2 different D3 antagonists dose-dependently 
attenuated PPX's neuroprotective effect whereas D2 antag- onists were without 
effect in this regard. Like PPX, D3 agonists also increased the production o f a 
mesencephalic-derived neurotrophic activity (~35 kDa). Interestingly, neither 7-OH- 
DPAT nor PD 128,907 by themselves prevented the TH ir cell loss produced by 
levodopa unless an antioxidant (α-tocopherol) was coincubated with the D3 agonists. 
Taken together these data are consistent with the hypothesis that PPX produces its 
neuroprotective benefit by stimulating D 3 receptors and scavenging free radicals. 
These data are also consistent with the notion that D3 receptor activation increases 
the production o f a 35 kDa DA autotrophic factor that is oxidant labile. (Supported 
by Pharmacia and Upjohn).

340.16
POSTNATAL DEVELOPMENT OF DOPAMINE D4-LIKE RECEPTORS: 
COMPARISON W ITH D2-L IK E  RECEPTORS AND DOPAMINE 
TRANSPORTERS RJ, Baldessaгini.* E.C. Tomasini. and F.I. Tarazi, Department 
of Psychiatry &  Neuroscience Program, Harvard Medical School; Mailman Research 
Center, McLean Hospital, Belmont, MA 02178.

Postnatal development (PD) of dopamine (DA) D4-like receptors was assessed at 
PD days 7,14,21,28,35,45,60 with in vitro receptor autoradiography in rat caudate- 
putamen (CPu), nucleus accumbens (NAc), frontal cortex, hippocampus, and 
entorhinal cortex. Results were compared to D2-like receptors in the same regions, as 
well as to DA transporters in CPu and NAc. D2-like (02/3/4) receptors were assessed 
with [¾]nemonapride; D4-like receptors were quantified with [⅛]nemonapride with 
300 nM S[-]-raclopride and other masking agents included, at sites >75% occluded by 
the D4-selective ligand L-745,870. DA transporters were measured with [⅛]GBR- 
12935. Both D2- and D4-like receptor levels increased from PD7 to a peak at PD28 
in CPu (4.3- and 3.3-fold, respectively) and NAc (3.6- and 2.9-fold), then declined 
significantly by 28%-33% to adult levels at PD 35-60 in both brain regions. In 
hippocampus, frontal and entorhinal cortex, D2- and D4-like receptors had a different 
pattern of development, increasing by 3.8-5.8-fold from PD7 to maximal levels at 
PD35 that remained unchanged to PD6O. Binding to the DA transporters increased 
continuously by 5.7-fold in CPu and 6.0-fold in NAc from PD7 to PD6O. These 
findings suggest: [1] D4- and D2-like receptors follow a similar course of 
development in several cortical, extгapyramidal, and limbic brain regions of rat 
forebrain; [2] DA transporters continued to develop despite D2- and D4-like receptor 
pruning in CPu and NAc; and [3] DA receptor pruning occured in CPu and NAc but 
not other regions examined, reflecting mainly the elimination of excessive 
postsynaptic, and not presynaptic, DA receptors.
Supported by NIMH grants 19905, 34006, 47370, and the B.J. Anderson Foundation.
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340.17
INVOLVEMENT OF DOPAMINERGIC SYSTEM IN MIGRAINE: 
GENETIC EVIDENCE. M. Del Zompo*. A, Cherchi. M.A. Palmas. M. 
Ponti. M.E. Stochino. G,L. Gessa. M,P. Piccaгdi. Department o f  
Neurosciences “B.B. Brodie”, University o f  Cagliari, 1-09124 Cagliari, Italy.

Migraine is a common, debilitating disorder which seems to be caused by 
a combination o f  genetic and environmental factors.
The hypothesis o f  a dopamine receptor hypersensitivity in migraineurs is 
supported by various authors. W e are performing a genetic study to test the 
involvement o f  DA  receptor genes DRD1, DRD2, DRDЗ, DRD4 and DRD5 
in migraine. W e used the Transmission Disequilibrium Test (TDT), a 
family-based association method, to examine an isolated population such as 
Sardinians. W e are studying 100 nuclear families o f  patients affected by 
migraine without aura (according to IHS criteria). The presence o f  symptoms 
caused by altered function o f  dopaminergic system, such as nausea and 
yawning, allowed us to identify a clinical subgroup o f  “dopaminergic” 
probands. At the time we have already results o f  the first 50 triads and no 
association was detected using the TDT test between DRDЗ, DRD4 and 
migraine without aura either in the overall sample or in the dopaminergic 
migraineurs. N o difference was observed in DRD2 overall allele distribution, 
although the allelic distribution at the DRD2 locus differed significantly in 
the subgroup o f  dopaminergic migraineurs (p=0.004). Allele 1 was the 
individual allele that appeared to be in disequilibrium with migraine without 
aura (p=0.02). The genetic approach could provide molecular support to the 
hypothesis that the hypersensitivity o f  the dopaminergic system represents 
the patophysiological basis o f  migraine.
This work was supported by Italian “Ministero ưniversità e Ricerca 
Scientifica e Tecnologica”.

340.18
ENHANCED D, DOPAMINE RECEPTOR/G PROTEIN COUPLING IN 
UNILATERAL 6-HYDROXYDOPAMINE-LESIONED RATS. G. Cai. H -Y. Wane. 
S. Bhamre* and E. Friedman. Department of Pharmacology, MCPφ Hahnemann School 
of Medicine, Allegheny University of the Health Sciences, Philadelphia, PA 19129

Chronic interruption of the nigrostriatal dopaminergic pathway sensitizes the response 
of striatal dopamine receptors to exogenous dopamine agonists. The underlying 
mechanism for this sensitization is not well delineated. The present study examined 
striatal Dı receptor and G protein function and their interaction in unilateral 6- 
hydroxydopamine-lesioned rats. The sensitized D! dopaminergic response was evident 
by the contralateral rotations induced by the selective Dı receptor agonist, SKF 39383 (5 
mg/kg, s.c.) and by an increase in dopamine (100 µM)-stimulated adenylyl cyclase 
activity in membranes of the ipsilateral striatum. On the lesioned side, dopamine (1 
µM)-ίлduced [35S]GTPyS binding and [¾]palmitate incorporation to Gsα protein were 
increased by 75% and 110% over that found in the control side. These changes were not 
accompanied by an alteration in either D] receptor density or its associated Gs protein 
level, assessed by [⅜]SCH2339O radioligand binding and immunoblots using specific 
Gsα antibody, respectively, suggesting that the development of the Dı receptor 
supersensitivity may be due to altered interaction between Dı receptor and its associated 
Gs protein. The direct coupling of the Dı receptor with Gsα was determined by 
monitoring [¾]SCH2339O binding in Gsα immunopгecipitates of solublized striatal 
membranes using a specific Gsα antibody. While a comparable basal Dı receptor/Gsα 
coupling was found in control and lesioned striata, dopamine (1 µM)-stimulated Dı 
receptor/Gsα coupling was increased by 50% in membranes prepared from lesioned 
striata. These results indicate that enhanced Dı receptor/Gsα protein coupling underlies 
the supersensitivity of Dı receptors that results from interruption of the nigrostriatal 
dopaminergic pathway. (Supported by NS29514)

340.19
Activation of p38 MAPK and JNK in SK-N-MC Human Neuroblastoma Cells 
by D I Dopamine receptor stimulation: Kunihiro Urvu*. Xuechu Zhen. Hoau-Yan 
Wang and Eitan Friedman. Department of Pharmacology, Allegheny University of 
the Health Sciences, Philadelphia, PA19129
ERK can be activated by receptor tyrosine kinases such as growth factor receptors 
and by stimulation of G-protein-coupled receptors, while JNK and p38 MAPK are 
activated by stress responses such as UV irradiation and osmotic sưess and by 
inflammatory cytokines. Recent studies indicate that G-proteins are also involved in 
the regulation of p38 MAPK and JNK pathways. In the present study, we 
investigated whether the MAPKs pathways, ERK, p38 MAPK and JNK, are 
involved in the D l dopamine receptor signaling cascades in SK-N-MC human 
neuroblastoma cells which express a high density o f D l dopamine receptors. We 
found that the Dı dopamine receptor agonist SKF38393, induced activaion of 
p38MAPK and JNK in a time- and dose-dependent, while ERK activity was not 
changed by Dı dopamine receptor stimulation. The maximal stimulations of p38 
MAPK and of JNK were observed after 15 min of incubation with 100 µM 
SKF38393. In contrast, 10 µM of the D2 dopamine receptor agonist quinpirole, did 
not activate p38 MAPK or JNK. Treatment o f cells with 10 µM of the Dı dopamine 
receptor antagonist SCH23390, significantly inhibited the activation of p38 and of 
JNK which was elicited by SKF38393. These results indicate that the activation of 
p38 MAPK and JNK signaling pathways is mediated by the dopamine D, receptor in 
SK-N-MC neuroblastoma cells. Furthermore, dibutyryl cAMP mimicked the 
SKF38393-mediated stimulation of p39 MAPK and JNK, and inhibition of PKA by 
1 µM H89 or 10 µM Rp-cAMPs markedly attenuated the activation of p38 MAPK 
and JNK. On the other hand, the selective PKC inhibitor, calphostin C, did not block 
the activation of p38 MAPK and JNK that is elicited by Dı dopamine receptor 
stimulation. The results, therefore, demonstrate for the first time, that the Gs- 
coupled Dı dopamine receptor activates the p38 MAPK and the JNK signaling 
pathways via a PKA dependent mechanism. (Supported by NS29514)

340.20
ACTIVATION OF EXTRACELLULAR SIGNAL (ERK)-REGULATED KINASE 
BY D4 DOPAMINE RECEPTORS (DAR) REQURIE Src, SHC-Grb2 VIA Gi 
PROTEIN: X. Zhen . H,-Y. Wang. K. Urvu. G. Cai. C. Smith and E. Friedman*1' Dept 
of Pharm, Allegheny Univ. Hlth. Sci, Philadelphia, PA19129

ERK was shown to play an essential role in cell proliferation and 
differentiation. Little is known of its role in the DAR signal transduction. We 
demonsưate that dopamine (DA) and quinporole (QP); dose- and time-dependently 
activate ERK 1 and ERK2 in SK-N-MC human neuroblastoma cells. Maximal stimula
tion of ERK1/2 was achieved by a 10 minutes exposure to 10 µM QP or DA. In 
contrast, the Dı DAR agonist, SKF38393 did not effect ERK. Pretreated the cells with 
sulpiride, a D2-like DAR antagonist, abolished DA and QP-induced activation of 
ERK, suggesting a D2-like DAR-mediated event. Since it was reported that SK-N- 
MC cells express D4 DAR, we tested i f  D4 DAR stimulation could also activate ERK 
in MN9D cells stablely transfected with D4 DA receptor. QP (10 µM) induced 6-fold 
stimulation of ERK activity in D4DAR expressing cells, implicating stimulation of D4 
DAR in activation of ERK in SK-N-MC. Gα protein profile analysis demonstrated 
that SK-N-MC cells express Gα]&3 Gas and Gα, however, only Gα)&3 were found to 
be associated with ЗH-spipeгone binding sites. Furthermore, pretreatment of cells with 
100 ng /ml PTX blocked the activation of ERK induced by DA or QP, indicated that 
Gi-protein mediates the activation of the ERK. To further ERK activation by QP was 
blocked by trpsine kinase inhibition with 100 µM genistein, implying that tyrosine 
kinase is required for ERK activation. In viưo immunocomplex kinase assays showed 
that QP elicits rapid and transient activation peak (2-fold) of Src kinase and 1 µM 
herbimycin A, a selective Src inhibitor, markedly inhibited this effect. Enlianced 
tyrosine phosphorylation of SHC protein was also observed in cell ưeatment with QP. 
This occurred simultaneously with an increase in Grb2 binding to SHC. QP induced 
SK-N-MC cell proliferation, which was completely prevented by 10 µM PD 098059, 
a specific MAP kinase inhibitor. In summary, activation of ERK by the Gi coupled D4 
DAR is mediated via Src, SHC-Grb2 and ultimately contributes to cell proliferation. 
(Supported by NS29514)
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341.2341.1

A ROLE FOR CLATHRIN-MEDIATED ENDOCYTOSIS ÍN 
REGULATION OF NOREPINEPHRINE TRANSPORTER. PA
Bauman, S Apparsundaram. and RD Blakely.* Dept, of 
Pharmacology, Center for Molecular Neuroscience, School of 
Medicine, Vanderbilt University, Nashville, TN 37232.

The activity of the human norepinephrine transporter 
(ҺNET) is regulated by multiple signalling pathways. We 
have previously used [ЗH]-norepinephrine uptake and [3H]̄  
nisoxetine cell surface binding assays in ҺNET-transfected cells 
to show downregulation of ҺNET following treatment with 
PKC activators such as ß-phorbol 12-myristate-13-acetate 
(PMA). We hypothesize that losses in transport and binding 
capacity reflect endocytosis of ҺNET, possibly via a clathrin- 
dependent pathway. Pretreatment of cells with hypertonic 
sucrose, potassium-free buffer or concanavalin A, each of 
which has been shown to inhibit clathrin-mediated 
endocytosis, blocks the loss of uptake and binding observed 
after PMA pretreatment. Preliminary data in co-transfected 
cells indicate that the expression of a dominant-negative 
dynamin mutant can also block PMA-induced 
downregulation of ҺNET. Together these data support a role 
for clathrin- and dynamin-dependent mechanisms in the 
regulated surface expression of catecholamine transporters. 
This work is supported by NIH award NS33373 to RDB.

DOWN-REGULATION OF STRIATAL DOPAMINERGIC TRANSMISSION IN 
THE NOREPINEPHRINE TRANSPORTER KNOCKOUT MICE. 
R.R.Gainetdinov*, F.Xu, Y.-M.Wang, S.R.Jones, S.Penland, G .W .M iller &  
M.G.Caron Howard Hughes Med. Inst., Dept, o f Cell Biology and 
Medicine, Duke Univ. Med. Center, Durham, NC 27710

Norepinephrine transporter knockout (NET KO) mice were created by 
homologous recombination (Xu et al., Soc. Neurosci. Abstr., 1998). NET 
KO mice demonstrate locomotor hypoactivity, especially in a novel 
environment. However, locomotor responses to cocaine and amphetamine 
were markedly elevated. To examine whether the dopamine (DA) system 
is altered in NET KO mice, a detailed neurochemical analysis in the 
striatum o f these mice was performed. Striatal tissue levels o f DA and 
metabolites 3,4-dihydroxyphenylacetic acid (DOPAC) and homovanillic 
acid (H V A ) were found to be decreased in NET KO mice. Low-perfusion- 
rate microdialysis also revealed decreased extracellular levels o f DA, 
DOPAC and H V A  in the striatum o f freely moving NET KO mice. It is 
unlikely that down-regulation o f striatal D A  parameters can be explained 
by degeneration o f the dopaminergic neurons since other markers o f 
striatal DA neuron integrity tested by Western blotting were either intact 
(DAT, TH) or only slightly decreased (V M A T2). Protein levels o f the D l 
D A  receptor were not changed. M icrodialysis studies also revealed that the 
ability o f cocaine to elevate striatal extracellular D A  levels was unaltered 
in NET KO mice. These data, along with similar observations in mice 
heterozygous for V M AT2 deletion (Wang et al., Neuron, 1997, 19: 1285- 
1296), suggest that down-regulation o f presynaptic dopaminergic 
transmission and consequent postsynaptic supersensitivity might be 
responsible for the increased sensitivity to psychostimulants. Supported in 
part by NÌH grant DA 05749 (S.R.J.) and NS 19576 and a Bristol Myers 
Squibb Unrestricted Award (M.G.C.).
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341.3

C L O N IN G  A N D  F U N C T IO N A L  E X P R E S S IO N  OF T H E  SP L IC IN G  
V A R IA N T S O F R A T N O R E P IN E P H R IN E  T R A N SPO R TE R . ŞL 
K itavam a*. T. Ikeda. C. M itsuhata. T. Sato. K . Morita and T. D oh i. 
Dept, o f  Pharm acology, H iroshim a U n iv . Sch. o f  Dentistry, H iroshim a  
7 3 4 - 8 5 5 3 ,Japan.

Norepinephrine transporter (N E T ) cD N A  w as clon ed from  rat brain 
by polym erase chain reaction (PC R ) -based rapid am plification o f  cD N A  
end (R A C E) method. Isolated clon es from  5 ’- and 3 ’-R A C E w ere  
predicted to cod e 5 ’- and 3 ’-regions o f  rat N E T  cD N A  being 3 .3 k b  length. 
From  these nucleotide sequence, several sets o f  primers w ere design ed  
and full length cD N A  o f  rat N E T w as clon ed  by R T -PC R  using rat brain 
total R N A . T w o  p ositive am plifications having unexpected sizes o f  4.Okb  
and 2 .2 k b  w ere obtained. Furthermore, shorter product included tw o  
different clon es. B y  sequence analysis o f  these clon es including 3 ’-R A C E  
product, w e  have 4  different splicing variants o f  rat N E T at 3 ’-regions 
including coding and non-coding regions. Predicted am ino acid sequence  
o f  these variants revealed tw o isoform s different at C-terminal, 
designated rNETa and rNETb. C-terminal o f  rNETa sh o w ed  high  
h om ology  to human N ET, but that o f  rNETb sh o w ed  no h om ology to 
any kn ow n  proteins. Functional exp ression  o f  rNETa in CO S cells and 
pharm acological characterization confirm ed the expressed  transporter to 
be the w ell-k n ow n  rat NET. On the other hand, rNETb sh ow ed  no  
transport activity, and w as dom inant negative. T h ese results su g g est that 
alternative sp lic in g  o f  N ET R N A  is a novel m echanism  o f  the regulation 
o f  adrenergic synaptic transm ission.

341.5
A SUPERFUSION STUDY ON THE MECHANISM OF CARRIER-MEDIATED  
RELEASE IN CELLS STABLY EXPRESSING THE CLONED HUMAN  
DOPAMINE OR NORADRENALINE TRANSPORTER. E.A. Singer'* and Ch. 
Pifl2. ‘Dept o f  Pharmacology and ⅛ ep t. Biochemical Pharmacology, Univ. Vienna, 
Währinger Str. 13a, A -1090 Vienna, Austria.
Amphetamine and related substances induce release o f  dopamine and noradrenaline 

from nerve terminals. According to the traditional model o f  facilitated exchange 
diffusion releasing substances are substrates o f  the plasmalemmal amine transporter 
and the releasing action o f  any transporter substrate requires uptake into the ce,t .h is  
hypothesis was tested in superfusion and uptake experiments using human embi_yonic 
kidney 293 (HEK-293) cells stably transfected with the human plasmalemmal 
dopamine (D AT-cells) or noradrenaline transporter (N AT-cells). The cells were 
grown on on glass cover slips, incubated with the metabolically inert transporter 
substrate 3H-N-methyl-4- phenylpyridinium (3H-MPP+) and transferred to superfusion 
chambers. Superfusate was collected in 30-second fractions. Dopamine (DA, tested in 
DAT-cells), noradrenaline (NA, tested in NAT-cells) and amphetamine (AMP, tested 
in DAT- and N AT-cells) led to concentration-dependent increases in И -release. 
Lowering N a+ or CΓ in the superfusion buffer to 0 or low millimolar concentrations 
caused inversely concentration-dependent increases o f  release. Maximally effective 
concentrations o f  DA (100 µM), NA (100 µM) or AMP (10 µM) failed to further 
increase release previously induced by 0, 5 or 10 mM Na+. By contrast, at low Cľ 
concentrations (3 mM with DAT-cells and 2 mM with N AT-cells), all agents 
produced a clear-cut additional augmentation o f  release. Uptake o f  DA (100 µM) and 
NA (100 µM), however, measured in the same batches o f  cells was o f  equal 
magnitude at low N a+ as compared to low Cľ concentrations. The mechanism o f  
facilitated exchange diffusion would predict that the uptake o f  substrates correlates 
with the release they induce. The present results cannot be fully explained b  ̀ (his 
mechanism.

341.7
A 30 AMINO ACID RESIDUE REGION AT THE N-TERMINUS OF THE 
NOREPINEPHRINE TRANSPORTER CONTAINS A BASOLATERAL 
SORTING SIGNAL FOR EPITHELIAL CELLS H.H. ‘Gu*. B. 3Giгos. M.G. 
Tľaгon. M. ⅛aplan and G. 'Rudnicƙ. ’Dept, of Pharmacology; ⅛ent. of 
Physiology. Yale University. CT 06510:3Dem. Cell Biol, &  Med, Duke Univ.

Dopamine transporter (DAT) and norepinephrine transporter (NET) are very 
closely related with an overall identity of 78% in amino acid sequence. They share 
many similar mechanistic properties, but have distinct drug inhibition profiles. 
When expressed in epithelial ceh⅛, L л ľ  is sorted to the apical membranes and 
NET is sorted to the basolateral membranes. To identify possible sorting signals 
for neurotransmitter transporters we expressed DAT-NET chimeras in MDCK 
cells (a canine kidney epithelial cell line) and localized the proteins with immuno- 
cytochemistry, cell-surface-biotinylation, and transport assays. A DAT- (amino 
acid 1-434) NET (435-620) chimeric protein was sorted to apical membranes as 
was the wild type DAT, suggesting that the C-terminal portion of DAT is not 
important for the apical DAT sorting in MDCK cells. In contrast, replacement of 
the N-teгminal portion of DAT with NET sequence (including transmembrane 
domains 1 and 2) targeted the chimeric protein to basolateral membranes. Deletion 
of the first 58 amino acids of DAT (preceding TM l) did not change the apical 
localization of the protein, whereas the addition of corresponding sequence from 
NET targeted the chimeric protein to basolateral membranes suggesting that die 
N-teгminus of NET contains a basolateral sorting signal in MDCK cells. We 
further narrowed down the region by making four more chimeras between DAT 
and NET within the N-terminal region. The removal or addition of die first half 
(2-28 NET) of NET N-terminus did not change the sorting of the ưansporter. In 
contrast, the deletion of the second half (29-58 NET) from the NET-DAT chimera 
restored the apical sorting of the wild type DAT, whereas the addition of these 30 
residues to the truncated DAT (sorted ω the apical membranes) brought the 
protein to the basolateral membranes. Supported by grants from NIDA

341.4
COCAINE ACTS AS AN APPARENT COMPETITIVE INHIBITOR AT THE 
OUTWARD-FACING CONFORMATION OF THE HUMAN 
NOREPINEPHRINE TRANSPORTER: KINETIC ANALYSIS OF INWARD 
AND OUTWARD TRANSPORT. NH. Chen and J. B. Justice, Jr*. Department 
o f Chemistry, Emory University; Atlanta, GA 30322 

The inhibition by cocaine of inward and outward transport of the cloned human 
norepinephrine transporter (ҺNET), and the association of the inhibitory behaviors 
o f cocaine with its specificity for the conformations o f the ҺNET were 
investigated. This was done using rotating disk electrode voltammetry in 
transfected cells. The uphill uptake of external DA, the lack of inhibition by 
internal substrates on DA uptake, and the accelerated exchange o f internal DA by 
external m-tyramine supports a carrier model in which the ҺNET alternates 
between outward-facing and inward-facing conformations. Cocaine exhibited 
competitive inhibition on DA uptake, which was insensitive to intracellular 
substrates. In contrast, the inhibition by cocaine o f the m-tyramine-induced DA 
efflux appeared noncompetitive relative to intracellular DA, but competitive 
relative to extracellular m-tyramine. Simultaneous measurement of m-tyгamine 
uptake and accompanied DA efflux showed that cocaine did not alter the ratio of 
DA efílux/m-tyramine uptake at various concentrations of intracellular DA, with 
similar potency for inhibiting the two processes. Additionally, the inhibition 
profile of cocaine was unrelated to the addition time of cocaine: simultaneously 
with or earlier than a substrate. A ll of the findings are consonant with a mutually 
exclusive interaction between cocaine and substrates at the outward-facing 
conformation of the ҺNET, possibly resulting from its external binding the ҺNET. 
This action directly prevents the inward transport of external substrates, thereby 
inhibiting the outward transport of internal substrates by reducing the availability 
o f the inward-facing conformation. Consequently, the experimental inhibition 
behavior of cocaine depends on the conformations of the ҺNET to which the 
transported substrate is exposed.
Supported by NIDA R03DA10896 and K02DA00179.

341.6
EVIDENCE FOR ALTERED NOREPINEPHRINE TRANSPORT IN BRAIN IN 
ACUTE LIVER FAILURE
A.Michalak and R.F.Butteгworth*. Neuroscience Research Unit, CHUM 
Campus Saint-Luc (University of Montreal), Montreal, Quebec, Canada 
H2XЗJ4

An accumulating body of evidence suggests that dysfunction of 
noradrenergic activity could contribute to the pathogenesis of hepatic 
encephalopathy (HE) in acute liver failure (Michalak et al., Hepatology 
27,1998). In order to address this issue, rats with acute liver failure due to 
hepatic devascularization (portacaval anastomosis followed 48h later by 
hepatic artery ligation) were subjected to microdialysis probe (CMAУ12: 2mm x 
0.5mm) implantation. Extracellular concentrations of norepinephrine (NE) in 
frontal cortex were analysed by high performance liquid chromatography and 
were significantly increased (70%, p < 0.01) at coma stage of HE. In order to 
further evaluate noradrenergic function in HE, densities of binding sites for the 
NE transporter ligand [3H] nisoxetine were measured using quantitative 
autoradiography in a separate group of rats. Densities of [3H] nisoxetine 
binding sites were selectively reduced by ~ЗO% (p < 0.05) in frontal cortex, 
thalamus and superficial grey layer of superior colliculus at coma stages of HE 
in rats with ischemic liver failure compared to control groups of animals. These 
findings suggest that the increase of extracellular NE concentrations in brain in 
acute liver failure is due to decreased reuptake of NE from the synaptic cleft, 
resulting from a NE transporter deficit and that alterations of noradrenergic 
neurotransmission are involved in the pathogenesis of HE in acute liver failure. 
(Supported by MRC Canada)

341.8
METHCATHINONE AND 2-M ETHYLAMINO-1-(3,4-METHYLENEDIOXY- 
PHENYL)PROPAN-1-ONE (METHYLONE) SELECTIVELY INHIBIT 
PLASMA MEMBRANE CATECHOLAMINE REUPTAKE 
TRANSPORTERS. N .V .C ozzi. '* M.K. Sicvert.' A.T. Shчlgin.2 P. Jacob HI.3 
A.E. Ruoho.' 'Dept, o f Pharmacology, UW Medical School, Madison, WI 
53706; 21483 Shulgin Road, Lafayette, CA 94549; 3Dept. o f Medicine and 
Psychiatry, UC San Francisco, San Francisco, CA 94110.

Methcathinone, the benzylic ketone analog o f methamphetamine (M A), and 
methylone, the benzylic ketone analog o f 3,4-methylenedioxymethamphetamine 
(M DM A), were synthesized and tested for their abilities to inhibit monoamine 
uptake in vitro. Methcathinone and methylone were threefold less potent than 
MA or MDMA at inhibiting [3H]5-HT uptake into human platelets, with IC5〇’s o f
31.4 ± 7.3 µM and 5.8 ±  0.7 µM , respectively. In C6 glial cells stably 
expressing the rat dopamine transporter, methcathinone and methylone were 
similar in potency to MA and MDM A, with ICso’s for [3H]DA uptake o f 0.36 ±
0.06 µM and 0.82 ± 0 .1 7  µM, respectively. Methcathinone and methylone were 
also similar in potency to MA and MDMA in C6 cells expressing the human 
norepinephrine transporter, with IC5〇’s for [ H]NE accumulation o f  0.51 ±  0.10  
µM and 1.2 ±  0.1 µM ,respectively. The benzylic ketone m oiety of 
methcathinone and methylone had a large (tenfold) negative impact on the abilities 
o f these drugs to inhibit the vesicular monoamine transporter (VM AT2) compared 
to MA and MDMA. In VM AT2-containing bovine chromaffin granules, the 
IC⅞∩’s for [3H]5-HT uptake were 103 ±  15 µM for methcathinone and 125 ±  16 
µM for methylone. These results indicate that methcathinone and methylone are 
potent and selective inhibitors o f plasma membrane catecholamine reuptake 
transporters, with more modest effects at the serotonin reuptake transporter. These 
drugs are essentially inactive at the vesicular monoamine transporter.

Support: National Alliance for Research on Schizophrenia and Depression 
(NVC); American Heart Association (MKS); NIH Grant N S33650 (AER).
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341.9
INTERFERO N-α REGULATES THE NO REPINEPH RINE  
TRANSPORTER IN CULTURED BOVINE ADRENAL  
MEDULLARY CELLS. Y. Tovohiгa. N . Yanagihaгa. Y. U e z o n o .
K . Min ami*. S . U en o  and F. ĩzum i* Depts. o f  Pharm acol, and 
*A n esthesio l., U n iv , o f  O ccup. & Environ. Health, S ch o o l o f  M edicine, 
K itakyushu 8 0 7 -8 5 5 5 , Japan

The norepinephrine transporter is expressed  in norepinephrine  
neurons and regulates the concentration o f  norepinephrine in synaptic  
cleft by reuptake in the neurotransm ission. Adrenal m edullary cells are 
derived em bгyologically  from neural crest and are functionally  
h om ologou s w ith  the p ostganglion ic  sym pathetic neuron. It has been  
reported that interferons m odulate the neuroendocrine and neural 
functions o f  the brain in addition to their roles as im m une mediators. 
Treatment o f  cultured adrenal medullary cells w ith  inteгfeгon-α (IF N -α )  
decreased the uptake o f  [3H ]norepinephгine by the cells in tim e- and 
concentration- dependent m anners. The inhibitory effect w a s associated  
with a reduction in the m axim al velocity  o f  transport process w ith no  
sign ificant change in the M ichaelis-M enten constant. Scatchard analysis 
o f  [⅛ ]đ esip гa m m e binding revealed that I F N -α  decreased the m axim al 
binding without any change in the d issociation  constant. 
D ow n-regulation o f  protein kinase C w ith  phoгbol 12-m yristate 
13-acetate freatment for 48  h dim inished the IF N -α -in d u ced  resp onses. 
T h ese find ings su g g est that IF N -α  su p p resses the function o f  
norepinephrine transporter by reducing the density o f  the transporter in 
cell m em branes through, at least in part, a protein kinase C pathw ay.

341.11
(-)-PINDOLOL INCREASES DIALYSATE LEVELS OF DOPAM INE (D A) AND  
NORADRENALINE (N AD), BUT NOT SEROTONIN (5-HT), IN THE FRONTAL 
CORTEX (FCX) OF FREELY-MOVING RATS. F. Leieune*. A. Gobeгt. J-M. Rivet.
C. Melon. L. Cistarelli and M.J. M illan. I.d.R. Servier, 125 Chemin de Ronde, 78290  
Croissy, Paris, France.

(-)-Pindolol can enhance the therapeutic actions o f  antidepressant agents. Herein, 
w e examined its influence upon dialysate levels o f  5-HT, DA and N A D  quantified in 
the FCX o f  freely-m oving rats by HPLC/coulometric detection1.

Drug Dose (m g/kg, s.c.) Class 5-HT NAD DA
(-)-Pindolol 20.0 "Mixed" -20 + 110* + 90*

2.5 0 + 30 + 30*
Clenbuterol 20.0 ß-AR AGO + 10 + 380* + 190*

2.5 + 10 + 140* + 55*
8-OH-DPAT 0.16 5-HT,д AGO -60* + 160* + 120*
WAY 100,635 0.16 5-HT,д ANT + 5 + 20 0
GR 125,743 2.5 5-HT,ц ANT 0 + 20 + 10
Data are maximal actions (over Зh) expressed (%) relative to basal values (defined as 
0 %). *P < 0.05. AGO = agonist; ANT = antagonist and AR = adrenoceptor.

(-)-Pindolol increased levels o f  DA and N A D , but not 5-HT, in FCX. The action o f  
(-)-pindoloI was shared by clenbuterol, but not by GR 125,743 or WAY 100,635. 
Although 8-OH-DPAT also increased DA and N A D  levels, it decreased those o f  5-HT. 
WAY 100,635 (0.16) abolished the action o f  8-OH-DPAT but did not affect 
(-)-pίndolol. In conclusion, (-)-pindolol increases synaptic levels o f  DA and NAD , but 
not 5-HT, in FCX. This action o f  (-)-pindolol may involve its partial agonist properties 
at ß-ARs. (-)-Pindolol may, thus, influence depressive states via a modulation o f  
frontocortical dopaminergic and adrenergic transmission.
'Gobeгt, A. et ai, Neuroscience, 84: 413-429,1998.
This work was supported by Servier Pharmaceuticals.

341.13
BLOCKADE OF VMAT2 ENHANCES MPP+ TO XIC ITY IN 
STRIATA OF RATS BUT NOT MICE. R.G.W. Staal* L. Manzino and
P.K. Sonsalla. UMDNJ-RWJMS. Dept. Neurology, Piscataway, NJ 08854.

It has been well documented that mice are more sensitive to the 
neurotoxic effects o f MPTP than are rats. This difference can not be 
accounted for by species differences in striatal MPP+ levels, DAT function 
or MAO activity. We have recently demonstrated that the affinity of MPP+ 
for VMAT2 is similar for rat and mouse, but that striatal vesicles from rat 
have a 2 fold greater uptake of MPP+ than that seen in mouse striatal 
vesicles. This suggests there may be greater MPP+ sequestration into 
striatal vesicles of rat vs. mouse. In the present study, we used in-vivo 
microdialysis to determine the extent of MPP+ toxicity in striata o f mice and 
rats in which vesicular sequestration of MPP+ was blocked. A low dose of 
MPP+ was infused for 15 min on Day 1, either in the presence or absence of 
a VMAT2 inhibitor (Ro 4-1284). On Day 2, a challenge dose o f MPP+ was 
infused for 15 min. The dopamine released by this challenge was measured 
as an indicator of toxicity. In rats treated with Ro 4-1284, the dose 
response curve for MPP+ toxicity was shifted significantly to the left as 
compared to saline pretreated rats. In contrast, in the mouse, no significant 
left shift o f the *dose response curve was observed, suggesting that 
disruption of vesicular function in the mouse contributes little to the toxicity 
o f MPP+. These findings indicate that disruption o f vesicular function has 
more profound effects on MPP+ toxicity in rats than in mice and supports 
the hypothesis that sequestration o f toxins into vesicles can protect against 
their deleterious actions. This work was supported by grant AGO8479.

341.10
ß -A D R E N E R G IC  R E C E PTO R S R E G U L A T E  T R A N SPO R T E R  
D E P E N D E N T  U P T A K E  IN S K -N -S H  C E LL S. T .T. N eu v en * . B .G . 
M cG onn igal. J.P. Stabila. Y .T . T sen g , and J.F. Padburv. D epartm ent o f  
Pediatrics, W om en and Infants’ H osp ita l o f  R h ode Island, Brow n  
U n iversity  S ch o o l o f  M ed ic in e , Providence, RI 0 2 9 0 5 .

The human neuroblastom a S K -N -S H  cell line w as u se¢  to characterize 
the ß -adrenergic receptor subtype m odulating the ⅜ n o rep in ep h r in e  (3H- 
N E ) uptake. The N E  uptake p rocess is  m ed iated  b y  the sp ec ific  plasm a  
m em brane norepinephrine transporter. The ß -adrenergic agonist, 
isoproterenol, produced a d ose- and tim e-depend en t decrease o f  3H -N E  
uptake into S K -N -S H  ce lls . T he h alf-m axim al inhib itory concentration  
(IC 5〇) o f  isoproterenol w as 10 µM , and total inh ib ition  o f  3H -N E  uptake 
w as ach ieved  by 30  m inutes. The uptake is b locked  b y  pre-incubation  
w ith  propranolol. D ob utam ine, a ß ,-ad ren ergic  agonist, produced a 
potent inhib ition o f  3H -N E  uptake, w ith  an IC 50 o f  0.1 µM . The 
dobutam ine-induced decrease o f  uptake is b locked  b y pre-incubation with  
m etoprolol, a ß ,-antagonist. The fo llo w in g  p h arm acological agents (up 
to 10 µM ) did not produce any s ign ifican t e ffect on  uptake activity: 
albuterol, terbutaline, IC I-118,551, B R L -37344 , phenylephrine, prazosin, 
B -H T  933 and rauw olscine. T h ese resu lts su g g est that activation o f  the 
ß ,-adrenergic receptor subtype m ed iates the inhib itory effect o f  3H -N E  
uptake into neuroblastom a ce lls . (Supported b y  D A 0 7 7 5 3 )

341.12
AL TE R ED  R E SPO NSES TO  STRESS A N D  A N TID E PR E SSA N TS IN  
H ET E R O Z Y G O U S V E SIC U LA R  M O N O A M IN E T R A N SPO R TE R  2 
(V M A T 2) K N O C K O U T  M ICE. Y-M . Wang. F. Xu. R. Oaklev. W. 
Wetsel* and M.G. Caron. Depts. o f Cell Biology and Psychiatry, and the 
Howard Hughes Medical Institute, Duke University, Durham, NC 27710.

Monoamines are known to be important mediators o f various 
physiological responses such as stress. We have generated a mouse line 
where the V M A T 2 gene has been disrupted (Wang et al., Neuron 19:1285, 
1997). V M A T 2 is expressed prim arily in the CNS where it serves as a 
conduit to transport monoamines into secretory vesicles. The purpose o f 
our studies was to test the responses o f the heterozygous V M A T 2 
knockout (KO ) mice to psychological and physiological stress. In an 
automated rodent tail suspension test designed to assess depression or 
despair, heterozygous V M A T 2 KO mice show a reduced number o f 
escape attempts relative to w ild type (WT) controls. When treated with 
tetrabenazine, the specific V M A T 2  blocker, heterozygotes appear to be 
less sensitive to the drug than the WT animals. Surprisingly, in the same 
behavioral test, the heterozygotes exhibit a heightened response to the 
specific norepinephrine transporter blocker, desipramine, and a decreased 
response to the specific serotonin transporter blocker, fluoxetine, as 
compared to W T mice. Despite having body temperatures identical to 
those o f the W T mice at room temperature, heterozygotes show an 
impaired ability to thermoregulate in cold (4°C) and hot (37°C) 
environments. In summary, V M A T 2 heterozygotes display altered 
responses to both psychological and physiological stressors, and exhibit 
novel differences in their responses to the two different types o f 
antidepressants. Supported by NIH grant #NSI9576, Bristol-Myers 
Squibb Unrestricted Neuroscience Award and Zeneca Pharmaceutical 
Neuroscience Award to M.G.C.

341.14
Cardiovascular Function in V esicu lar M onoam ine T ransporter (VM AT2) 
K nockout M ice. K aori Itok aw a1. Ichiro Sora1. Lucinda L. M in er1 .Pedro  
Jose3 & G eorge R ·U hl** M ol Neurobiol, IR P-N ID A /N IH 1, & Depts Neurol 
& Nsci, JH USM 2 B altim ore, M D 21224; Dept Pediatrics, G eorgetow n Univ.3 
W ashington , DC 20057.

V esicu lar . m onoam ine transporters (V M A T 2) pum p m onoam ine  
neurotransm itters from  neuronal cytoplasm  into synaptic  vesicles, from  
w hich am phetam ines can cause their release. Initial assessm ents o f  
cardiovascular function in anesthetized heterozygous VM A T2 knockout 
(KO ) m ice w ith fem oral catheters revealed m oderately elevated heart 
rates(4O2 vs.365) as w ell as s y s to lic ( ll7  vs. 98) and diastolic(90vs.65) blood  
pressures greater than those o f w ildtype m ice. T o extend these 
observations, we now report telem etered E Ҟ G  and body tem perature  
recorded from  freely m oving mice.* U nanesthetized heterozygous mice 
revealed sign ificantly decreased heart rate (376vs.438) and body  
tem perature (32.9 vs,36.4ºC ) com pared to w ild-type. PQ  intervals were 
s ig n if ic a n tly  lon ger in h eterozygou s m ice than in w ild ty p e  
(38.lvs.4O .7m sec), while Q RS duration did not d iffer  between these  
genotypes. Analysis o f  cardiovascular function in aw ake m ice adds to 
understanding o f  the role that m onoam ine com p artm entalization  mediated  
by VM A T2 plays in the regulation o f  the heart and blood circulation, 
provides a system  for testing am phetam ine effects.
S u pported  by N ID Λ In tram ural R esearch Program.
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341.15
HUMAN VESICULAR MONOAMINE TRANSPORTER 2 GENE: 5’ PUTATIVE 
REGULATORY REGION POLYMORPHISM. M. Hazama. S, Li. I. Sora and G.R. 
Uhl Molecular Neurobiology Branch, NIDA-IRP &  Depts Neurol &  Neuroscience, 
Johns Hopkins University School o f Medicine, Box 5180, Baltimore, MD 21224.

The principal brain vesicular monoamine transporter ( VMAT2 ) pumps 
monoamines into synaptic vesicles. It  is thus a strong candidate gene for 
maintaining normal activities in the monoaminergic systems implicated in murine 
locomotor modulation, behavioral reward and a number of human 
neuropsychiatric and neurodegenerative disorders including drug abuse. It  was 
known that there are no significant human individual differences in VMAT2 
affinities for ligands but significant individual differences in level of VMAT2 
expression in human have been reported. Mouse models suggest that these sorts of 
differences could have behavioral consequences. For seeking the factors which could 
affect the level of VMAT2 expression, we have analyzed 6~9 kb of the 5’ flanking 
genomic sequence of human and murine VMAT2 genes and identified a multi-island 
region of more that Зkb with focal sequence conservation between two species. In 
this region, a polymorphic locus was identified. I t  is located at about 5kb 5’ to the 
transcription start site. This locus consists of simple repeat (CA)m-(GA)n with the 
four nucleotides GAGG in the middle. By PCR and sequencing techniques, we have 
genotyped 297 Caucasian, 177 drug abusers and 120 controls. The predominant 
alleles at this locus, (CA)7-(G A)„ (CA),-(GA),,and (CA)I4-(G A),„ are named A,B 
and C respectively. The common genotype is AA, with frequency of 50% in drug 
abuser and 58% in control. The genotype of AB is 36.7% in drug abuser and 28.3% 
in control. These frequencies of genotype is not significant difference between two 
groups. This polymorphic locus could be a candidate factor for contributing to 
individual differences in level of expression o f this important gene for monoamine 
function, VMAT2. Support: NIDA-IRP, NIH.

SECOND MESSENGERS AND PHOSPHORYLATION V

342.1
IMMUNOLOGICAL EVIDENCE THAT THE ß ISOFORM OF 
Ca2+/CALMODULIN-DEPENDENT PROTEIN KINASE IV IS 
EXPRESSED IN THE CEREBELLAR GRANULE CELLS AS A 
DISTINCT ENTITY. H. Sakaαami*. and H. Kondo. Division of 
Histology, Department of Cell Biology, Graduate School of Medical 
Sciences Tohoku University, Sendai, 980-8575, Japan.

Ca2+/calmodulin-dependent protein kinase IV (CaMKIV) is 
expressed in the cerebellar granule cells as two monomeric isoforms 
with Mr values of 65,000 (α) and 67,000 (ß). We have previously 
demonstrated that the ß isoform is different from the α  isoform only by a 
unique 28-amino acid N-term¡nal extension by cDNA cloning (Sakagami 
et al., ‘93). However, the relationship between α and ß isoforms is still 
controversial, because the ß isoform is suggested to be only post- 
translational modification of the α isoform.

In this study, we provide immunological evidence that the ß isoform 
is present as a distinct translational product by raising the specific 
antibody against the ß isoform. In the mature cerebellum, CaMKIVß- 
¡mmunoreactivity is confined to the nuclei of the cerebellar granule cells, 
in contrast to the axonal and nuclear localization of CaMKIVα. In situ 
hybridization analysis also confirms that the expression of CaMKIVß 
mRNA is confined to the cerebellar granule cells, in contrast to the 
relatively wide expression of CaMKIVα in the brain. In the developing 
cerebellum, CaMKIVß-immunoreactivity is apparent in the cerebellar 
granule cells during postnatal second and third weeks, while 
ČaMKIVα-immunoreactivity transiently appears in the Purkinje cells 
until the first two postnatal weeks and becomes detectable in the 
cerebellar granule cells after the first postnatal week. From our present 
findings, we conclude that the ß isoform is present as a distinct entity 
and that both isoforms are differentially regulated in the brain. 
Supported by Grants from the Ministry of Education, Science, and 
Culture of Japan.

342.3
A NOVEL MECHANISM FOR REVERSING THE 
AUTOPHOSPHORYLATION OF CA27CALMODULIN-DEPENDENT 
PROTEIN KINASE II: AUTODEPHOSPHORYLATION. S.A. K im . A. 
Hudmon1. and M.N. Waxham. Dept, of Neurobiology & Anatomy, Keck Center for 
the Neurobiology of Learning & Memory, University of Texas Health Science Center 
at Houston, Houston, TX 77030-1501.

The multifunctional Ca27calmodulin-dependent protein kinase II (CaMKII) is 
regulated by autophosphorylation at Thr2’6. We have observed that 
autophosphorylated CaMKII (composed o f only α  subunits) has the ability to 
dephosphorylate itself in the presence of ADP. This phenomenon of 
autodephosphorylation was found to occur rapidly (asymptotic within 30 seconds) 
and to be nucleotide specific (did not occur with AMP, GTP, and GDP). By using 
phosphorylation site mutants, we have found that the dephosphorylation occurs 
mostly at Thг2*6 with minimal dephosphorylation of other sites. Additionally, the ß 
isoform also exhibited autodephosphorylation, indicating the phenomenon is not 
peculiar to the α isoform. This autodephosphorylation effect reverses CaM trapping 
and CaJ7CaM-independent activity. We hypothesize that the mechanism of 
autodephosphorylation is the reversal of the transferase reaction by CaMKII, using 
the autophosphorylated subunit and ADP as substrates, presumably forming ATP. 
This autodephosphorylation phenomenon may act as a novel mechanism for 
regulating CaMKII activity in cells since the concentration o f the donor 
(autophosphorylated CaMKII subunits) is high due to the effective concentration of 
Thr386 to the proximity of the catalytic site. The role of autodephosphorylation in 
regulating the phosphorylation state o f CaMKII in neurons will be discussed. 
(Supported by NIH grant NS26O86.)

1 Presently at the Department of Neurobiology, Stanford University School of 
Medicine, Stanford, CA 94305.

342.2
MELATONIN INHIBITS CALM ODULIN DEPENDENT MULTIPROTEIN KINASE 
II AUTOPHOSPHORYLATION IN SYNAPTOSOM ES FROM RAT 
HYPOTHALAM US. M. Mendez'. M.E. Hernandez2, F. Antón-Tav3. F. Femández-de 
M iguel4*. and G. Benítez-King 2. 'Depto. Endocrinología, 2Depto. Neurofarmacología, 
DIC, Instituto Mexicano de Psiquiatría. 3Depto. Biología de la Reproducción, CBS, 
Universidad Autónoma Metropolitana-lztapalapa. 4*Depto. Neurociencias, Instituto de 
Fisiología Celular, UNAM , M éxico D.F., M éxico.

Melatonin (MEL) is a pineal secreted hormone that modulates both neurotransmitter 
synthesis and release. It binds to calmodulin (CaM) with a high affinity and acts as a CaM 
antagonist. The hormone inhibits Ca27Calmodulin-dependent multiprotein kinase II 
(CaM-kinase II) activity and autophosphorylation in vitro. Recently, it has been shown 
that MEL also activates Ca2+-dependent protein kinase C (PKC). Both protein kinases 
phosphorylate a broad spectrum o f  substrates in the Central Nervous System. 
Phosphorylation o f  synaptic proteins plays a key role in vesicle transport and 
neurotransmitter release. In the present work we studied the effects o f  MEL on CaM- 
kinase II autophosphorylation and ⅜ d o p a m in e  release from rat hypothalamic 
synaptosom es in basal and high K+ conditions. CaM-Kinase II was separated by gel 
electrophoresis and identified with a specific anti-ßCaM kinase II antibody by western 
blot. Densitometric scanning o f  autoradiograms showed that basal protein phosphorylation 
was increased by 50% in the presence o f  35 mM K Cl and 100 µM CaCl2. CaM-Kinase 
II autophosphorylation was inhibited by 40% in synaptosomes incubated for 30 min with 
1 ∏M MEL, in both basal and high K+ conditions. Moreover, basal ⅜ d o p a m in e  release 
was inhibited in the presence o f  1 nM MEL. The results suggest that antagonism o f  CaM 
by MEL may be involved in the hormone modulation o f  neurotransmitter release through 
regulation o f  CaM-Kinase II autophosphorylation and activity.
Supported by CONACYT, M éxico, Grants N o 3220P-N 9607 and N o 4 2 0 0-5 -1412PN.

342.4
REGULATION OF CaM KINASE Ĳ ACTIVITY IN RAT CNS NEURONS 
IN CULTURE. P. De Koninck* and H. Schulman. Dept, o f  Neurobiology, 
Stanford Univ. School o f  Medicine, Stanford, CA 94305-5125.

Neuronal activity is accompanied by transient changes in cytosolic Ca2+ 
that may relay information intracellularly. W e have recently shown that the 
Ca2+/calmodulin-dependent protein kinase II (CaM kinase ∏) has the 
biochemical ability to decode the frequency o f Ca2+ spikes in vitro into 
differential levels o f  Ca2+-independent activity (autonomy), which results 
from kinase autophosphorylation. Therefore, we hypothesized that the kinase 
might be able to decode the frequencies o f  Ca2+ spikes in nerve cells. To test 
this, we have been investigating changes in CaM kinase ∏ activity, 
determined by substrate phosphorylation, in neonatal rat hippocampal and 
cortical neurons developing in culture. Preliminary results indicate that CaM 
kinase II autonomy increases approximately 2 fold in hippocampal neurons 
between 1 and 2 weeks o f development in culture. The establishment of  
functional synapses between the neurons over this period may contribute to 
the increase in autonomy. Indeed, we observed, with patch clamp recordings, 
a large increase in synaptic activity in the cultures over the second week. 
Furthermore, blocking synaptic transmission with 6-cyano-7- 
nitгoquinoxaline (CNQX) or action potential firing with tetrodotoxin 
significantly reduced CaM kinase ∏ autonomy. To test whether the frequency 
o f action potential firing by neurons affects the level o f  CaM kinase ∏ 
autonomy, we are stimulating the neurons with brief (1 ms) field potentials at 
different frequencies. Results from such experiments may help to understand 
how different patterns o f electrical activity control signaling mechanisms 
within neurons. Supported by NIH, HFSPO, FCAR and MRC Canada.

Society for Neuroscience, Volume 24 ,1998



MONDAY PM SECOND MESSENGERS AND PHOSPHORYLATION V 863

342.5
M U T A TIO N A L A N A L Y SIS IND IC ATES T H A T  TH E SE Q U EN C E  
316-329 DO ES N O T  C O R R ESPO N D  TO  TH E LIN K ER REG IO N  
OF α-CaM K II. A . D o sem eci. T .S . R eese* . J.D. Petersen. C. C hoi 
and S. B eushau sen . N IN D S , N IH , B e th esd a , M D  2 0 8 9 2 .

The neuron-specific α-isoform  o f  CaM KII form s a rosette-shaped  
multimeric holoenzym e. The C-terminal dom ains o f  8 -1 0  subunits 
associate into a central particle, w hile the N-term inal kinase dom ains 
o f the individual subunits m ake up the suư ound ing peripheral 
particles. It has been generally accepted that a 12 am ino acid  
sequence betw een the association and kinase dom ains o f  the subunits 
are the linkers between the central particle and the peripheral particles 
of the holoenzym e. In the present study w e sought to test this 
assumption by generating a mutant CaM KII that lacks this sequence. 
The wild type and the mutant (deletion o f  the residues 316-329) have  
similar autophosphorylation properties and both y ield  a proteolytic  
fraction o f - 3 0  kD a upon digestion with α-chym otrypsin. Electron  
micrographs o f  rotary shadow ed replicas o f  the mutant show  
morphology similar if not identical to the w ild type, with the thin link 
between the petals and the central association dom ains v isib le in som e  
instances. These results dem onstrate that, contrary to previous 
beliefs, the peptide sequence com prising residues 3 1 6 -3 2 9  o f  the α- 
CaMKII does not correspond to the linker dom ain. The above  
conclusion, com bined with the results from a study by Shen & M eyer  
(1998) which defines the association dom ain as the C-terminal 135 
am ino acids (344-478), narrows dow n the localization o f  the linker 
dom ain to a sequence o f 15 am ino acids betw een residues 330-343.

342.7
CR ITICA L A M IN O  A C Ш  R E SID U E S OF AIP, A  H IG H LY  
SPECIFIC IN H IBITO R Y  PE PTIDE OF C A L M O D U L IN - 
D E P E N D E N T  PR O T EIN  K IN A SE  II Y. Shigeri1*. A. Ishida2. Y. 
T atsu1. K. U eg a k i1. 1. Kameshita2 S. O kuno2. T. Kitani2. N . Y u m o to 1. 
H. Fuiisaw a2 d ep a rtm en t o f  Organic Materials, Osaka N ational 
Research Institute, A IST , M ITI, Ikeda, O saka 5 6 3 -8 5 7 7 ,d e p a rtm en t  
o f  Biochem istry, Asahikaw a M edical C ollege, Asahikawa 0 7 8 -8510 , 
Japan

The importance o f  the individual amino acid residues o f  AIP 
(K K A L R R Q E A V D A L ), a highly specific inhibitor o f  calm odulin- 
dependent protein kinase II (CaM KII), w as studied to im prove its 
inhibitory potency. Replacem ent o f  Aгg6 , Gin?, or Ala9 by other 
am ino acid residues produced a marked increase in the IC 50  value. 
L eu4  and V a l l º  w ere also sensitive to replacem ent, but som e  
hydrophobic amino acids could be substituted for these residues: 
replacem ent o f  V a i l〇 by Phe or He decreased the IC 50 value. 
Although replacem ent o f  AlaЗ, G lu8 , Ala 12, and Leu 15 by other 
residues produced no significant increase in the IC 50 , the substitution  
o f  L ys for AlaЗ produced about 3-fold  decrease in the IC 5 0 . An AIP  
analog (K K Ķ L R R Q EA FD A Y ), in which AlaЗ and ValЮ  w ere  
replaced with Lys and Phe, respectively, show ed an IC50  value as 
lo w  as 4  nM, indicating that it is a useful tool for studying the 
physiological roles o f  CaM KII. This w ork w as financially supported  
by M ITI, Japan

342.9
N-M ETHYL-D-ASPARTATE RECEPTOR-MEDIATED OXIDATION AN D  
PHOSPHORYLATION OF NEUROGRANIN/RCЗ AN D  NEƯROM ODULIN  
/GAP43 IN RAT BRAIN SLICES. J. Li. L. Baltas. K .-P. Huang, and F. L. 
Huang*. NICHD, NIH, Bethesda, Maryland 20854-4510.

The states o f oxidation and phosphorylation o f  two neural-specific Ca2+- 
sensitive calmodulin (CaM)-binding proteins, neurogranin/RCЗ (Ng) and 
neuгomodulin/GAP-43 (Nm ), were analyzed following treatment o f rat brain 
slices with N-methyl-D-aspartate (NM DA). Ng is a postsynaptically located 
protein which can be oxidized by nitric oxide (NO) to form intramolecular 
disulfide bonds. The oxidized Ng has an increased mobility upon non-reducing 
SDS-PAGE and can be monitored by immunoblot analysis. Nm is a 
presynaptically located phosphoprotein which can be phosphorylated up to 4 mol 
phosphate/mol. The extent o f  phosphorylation o f this protein was monitored by 
electrospray mass spectrometry. Treatment o f  rat brain slices with NM DA  
resulted in a dose-dependent oxidation o f Ng (EC50 -1 0 0  µM ). The NM DA- 
induced effect was transient, it reached maximum (-30%  oxidation) within 3-5 
min and declined to baseline in 30 min. The NM DA-mediated response was 
blocked completely by 250 µM o f the NM DA receptor antagonist AP5 and by 
50 µM of NO synthase inhibitor N-nitro-L-arginine methyl ester. The NM DA  
treatment did not cause oxidation o f the Nm, but it enhanced the phosphorylation 
o f this protein. Levels o f both di- and tri-phospho Nm were increased in the 
NMDA-treated slices, suggesting increment at multiple phosphorylation sites. 
These results demonstrate that stimulation o f NM DA receptor(s) induces the 
oxidation and phosphorylation, respectively, of the postsynaptic and presynaptic 
CaM-binding proteins. Oxidation o f Ng and phosphorylation o f Nm may elevate 
the free CaM level to modulate the neuronal CaM-dependent enzymes.

342.6
α K A P  - A  CaM  K IN A SE  ∏ A N C H O R IN G  PROTEIN EN C O D E D  B Y  

A  G E N E  W ITH IN  TH E G E N  FOR TH E BR A IN -SPE C IFIC  α-C aM  
K IN A SE  II. K .-U . Bayer1. K. Harhers2 &  H. Schulm an1* ‘Dept, o f  
N eu rob io logy , Stanford U n iv . S ch ool o f  M edicine, Stanford, CA  
9 4 3 0 5 -5 1 2 5 ; 2H einrich-Pette-Inst. für Experimentelle V irolologie und 
Im m unologie an der U niv. H amburg, D -20251  H amburg, Germany. 
Ca27calm odulin-dependent protein kinase ∏ (CaM kinase ∏) is present 

in a m em brane-bound form that phosphorylates synapsin I on neuronal 
synaptic vesic les and the ryanodine receptor at skeletal m uscle 
sarcoplasm ic reticulum (SR ), but it is unclear h ow  this solu ble enzym e  
is targeted to m em branes. W e demonstrate that α K A P , a non-kinase 
protein encoded by a gene within the gene o f  α-C aM  kinase II, can 
target the CaM  kinase ∏ holoenzym e to die SR as an intrinsic membrane 
protein. Our results indicate that αK A P  i) is anchored to the membrane 
by an N-terminal hydrophobic dom ain, ii) can co-assem ble with 
catalytically competent CaM kinase II isoform s and target them to the 
membrane regardless o f  their state o f  activation, and iii) is colocalized  
and associated with rat skeletal m uscle CaM  kinase II in v iv o .  α K A P  
is therefore the first demonstrated anchoring protein for CaM kinase II. 
CaM  kinase II assem bled with α K A P  retains normal enzymatic activity 
and the ability to becom e Ca2+-independent fo llow ing  
autophosphorylation. F inally , w e  have identified a new  variant o f  ß- 
CaM  kinase II w hich contains a putative SHЗ dom ain binding sequence, 
termed ß зм-CaM  kinase II, and is one o f  the CaM  kinase II isoform s 
associated with α K A P  in skeletal m uscle SR.
Supported by NIH  grant G M 40600; and a DFG  research fellow ship to 

K .-U . B.

342.8
IN VIVO STUDIES OF S-100B AND CALMODULIN (CAM) 
ON THE AUTO-PHOSPHORYLATION OF CA27  
CALMODULIN KINSAE II (CAM KINASE ∏),
K. Charlston1. F. Anεenstein2 and E. Azmitia1*. 'Dept, of Biology, 100 
Washington Square East, New York Univ.; New York, NY 10003, ⅞eckman 
Inst., Univ. Illinois, Urbana, IL 61801.

S-100B is a protein that acts as a ưophic factor in the mammalian brain. CaM 
kinase II is a multifunctional protein in the oeлtгal nervous system that plays a 
major role in synaptic transmission, long term potentiation, and neuronal 
plasticity. CaM kinase II has endogenous affinity for CaM as its substrate, so the 
kinase can become stimulated. In this study, we examined if exogenous S100B 
will phosphorylate CaM kinase II. Cortex cells from fetal E16 Sprague Dawley 
rats were grown in cell culture for seven days. Cells were incubated for 1.5 
hours with varying concentrations of S-100B and CaM in a radioactive 
phosphorous 32 medium. After incubation, ưeated cells were homogenized and 
incubated at 0° C with anti-CaM kinase II. Protein A sepharose was used to 
isolate the CaM kinase II auto-phosphorylated complex. According to ANOVA 
comparing the conưol CPM’s to the CPM’s of cells treated with S-100B and 
CaM at 20 nM and 500 nM, there is a significance difference between these 
groups (P=.O4, F=4.3, and Fcr∏·= 4.2). When these groups were compared with 
the Post Hoc Tukey statistical test, there is a significant difference between the 
conưol group and the group that contained stimulation of CaM kinase II with S- 
100B at 20 nM. Reactions were all compared to a control that lacked both S- 
100B and CaM for baseline readings. These results indicate (1) exogenous 
S100B can stimulate CaM kinase II in cortical cells; (2) exogenous calmodulin 
has minimal activity. Therefore, glial derived S100B may play an important 
role in those activities associated with CaM kinase II phosphorylation.
Supported by NIMH-MH55250

342.10
REDOX MODULATION OF P38-KINASE IN PRIMARY GLIAL CELL 
CULTURE. K. Hensley1. K A , Robinson1. C.A. Stewart1. O.N. Pve‘ and R.A. 
Flovd*1. 'Free Radical Biology and Aging Research Program, Oklahoma Medical 
Research Foundation, Oklahoma City, OK 73104.

Reactive oxygen species have lately been reevaluated as second messengers 
or modulators of signal transduction. Numerous transcription factors are activated 
by exposure to hydrogen peroxide (H：0 ；); however, the biochemical sources and 
targets of ЊO： remain to be elucidated. In an effort to better understand the 
relationship between ncuroinſlaiшnatoiy signal transduction and oxidative sưess, a 
scries of experiments were executed in primary rat glial cell culture. Using 
antibodies specific to the phosphorylated (activated) form of p38 protein kinase, we 
find that this transcription factor-activating enzyme is phosphorylated (activated) by 
cither interleukin-lß or hydrogen peroxide. P38 activation in response to IL lß  is 
biphasic within a 60 minute time frame and increases linearly thereafter. P38 
activation in response to cither IL lß  precedes expression of proinſlammatory 
cytokine genes (!L !α, IL lß . IL6 and TNFα) as deteπnined by multiprobe 
ribonuclease protection assays and is antagonized by antioxidant treatments. 
Interestingly, p38 phosphorylation kinetics reciprocally correlate with protein 
phosphatase activ ity as measured by three different methodologies. Moreover, both 
exogenous H：0 ： and okadaic acid (an organic serine ⁄  threonine protein phosphatase 
inhibitor) mimic IL lß  activation of p38 and subsequent cytokine gene expression. 
Finally, fluoromctric measurement of H；CЬ efilux in adherent glial cells indicates 
that IL lß  induces H:0 : biosynthesis within minutes of application and during the 
timeframe of phosphatase inactivation. These data suggest that endogenously- 
generated H：0 ： is used in glial cells to transiently inactivate certain subsets of 
protein phosphatases which, in the absence of cytokine stimulation, constitutively 
suppress the p38 protein kinase module. Supported by grants from NIH (NS35747) 
and the Oklahoma Center for the Advancement of Science and Technology (HR97- 
067).
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342.11
N-ACEΊΎL-CYSTEINE A ND PHENYĹ-TERT-BUTYLNITRONE PREVENT IL·lß, 
H2〇2, A N D  HYPEROSMOTIC ACTIVATION OF P38 A N D  THEIR INACTIVATION 
OF PHOSPHATASES IN PRIMARY RAT GLIAL CELLS.
K. A. Robinson. K. Hensley. C. A. Stewart. Pyg Q·. P. Grammas*. R. A. Floyd 

Signal transduction kinase cascades allow cells to respond dynamically to environmental 
stress, cytokines, and growth factors through rapid phosphorylation o f  mitogen-activated 
proteins. Reactive oxygen species (ROS) such as H20 2, and Ò2‘* have been implicated as 
second messengers which can, under specific conditions, potentiate kinase cascades, although 
the precise relationship between ROS and cellular kinase regulation remains to be elucidated. 
In this study, IL-lß, H2〇2, and hypcrosmolarity were found to dually phosphorylate 

(activate) p38MAPƘ while simultaneously inactivating phosphatases in primary rat glial cells. 
Phosphorylation was measured by quantitative Western blotting with phosphatase activity 
being assayed by the fluorogenic substrate difluoromethyUumbelliferyl phosphate (diFMUP). 
Phenyl-ŵ//-butyl nitrone (PBN), a radical spin trap, and N-acctyl-cysteine (NAC), an 

antioxidant were examined for their effects on the activation o f  p38MAPK and total 
phosphatase activity. Pretreatment o f primary rat glial cells for 2 hr with either PBN or NAC 
at 1 mM significantly suppressed IL-lß (10 ng/tnļ) and H20 2 (0.5 mM) activation o f  p38MAP1¢, 
however, only NAC suppressed ρ38MAPK when activated via hyperosmolarity. PBN and NAC 
both significantly protect against IL-lß·, H20 2-, and hyperosmolarity-induced phosphatase 
inactivation. Both PBN and NAC at 1 mM suppressed p38MAPK activation in unstimulated 
cells to levels significantly below' that o f control. The results o f  these experiments indicate that 
agents know'n to alter cellular redox states significantly modulate the ρ38MAPK mediated signal 
amplification system in primary glial cells when activated by IL-lß, H2〇г, or hyperosmolarity. 
This suggest that oxidizing agents generated by p38MAPK-activating factors may function to 

inactivate regulatory protein phosphatases during the signal transduction event, thereby 
maximizing the response sensitivity o f  the corresponding protein kinase cascade. Supported 
by grants from NIH (NS35747) and the Oklahoma Center for the Advancement o f  Science 
and Technology (HR97-067).

342.12
NEURABIN IS A SYNAPTIC PROTEIN LINKING p7O S6 KINASE  
AND THE NEURONAL CYTOSKELETON, P.E Burnett*, S. 
Blackshaw, M.M. Lai, I.A. Qureshi, A.F. Burnett, D.M . Sabatini, and 
S l·l Snyder. Dept, o f Neuroscience, Johns Hopkins University Sch o f  
Med., Baltimore, MD 21205 and Whitehead Institute for Biomedical 
Research, Cambridge, M A 02142.

p7O S6  kinase (p 7 0 S6k) is a m itogen activated protein kinase w h ich  
plays a central role in the control o f  m R N A  translational. It 
physio logically  phosphorylates the S 6  protein o f  the 4 0 s  ribosom al 
subunit in response to m itogenic stim uli and is a downstream  
com ponent o f  the rapam ycin-sensitive pathway w h ich  includes 
RAFT1 and the im m unophiĩin FK BP12. Here w e  report c lon ing o f  a 
neuronally enriched PD Z dom ain containing protein that b inds p 7 0 S6k 
and is identical to neurabin (neural tissue-specific F-actin binding  
protein). W e demonstrate the neurabin-p70S6k interaction by yeast tw o- 
hybrid analysis and biochem ical techniques. p 7 0 S6k and neurabin 
coimmunoprecipitate from  transfected H E K 293 ce lls . Site directed 
m utagenesis o f  neurabin implicates its PD Z dom ain in the interaction 
with p 7 0 S6k, and deletion o f  the carboxyl-term inal five  am ino acids o f  
p 7 0 s¿k abrogates the interaction. Co-transfection o f  neurabin in 
H EK 293 ce lls  activates p 70S6k kinase activity. The m R N A  o f  neurabin 
and p 7 0 S6k sh ow  striking colocalization in brain sections by in situ  
hybridization. Subcellular fractionation o f  rat brain demonstrates that 
neurabin and p 7 0 S6k both localize to the soluble fraction o f  
synaptosom es. B y  w ay o f  its PD Z dom ain, the neuronal specific  
neurabin m ay target p 7 0 s6k to nerve term inals. Supported by  
Ư .S .P .H .S . M H -1 8 5 0 1 .

342.13
PROTEIN KINASE A ACTIVITY IS MODULATED BY COMMON 
COMPONENTS OF WHOLE-CELL PATCH-CLAMP INTERNAL RECORDING 
SOLUTIONS. G. Vargas and M.T. Lucero*. Dept, of Physiology, Univ, o f Utah; 
Salt Lake City, UT 84108.

The properties of a diversity of ion channels are frequently modulated by 
phosphorylation of specific residues in the channel. The phosphorylation is usually 
mediated by specific kinases such as protein kinase A (PKA) or protein kinase C 
(PKC). When studying ion channel physiology by whole-cell patch-clamp recordings, 
the activity of cellular kinases can be altered by the components of the iņtemal 
recording solution. The purpose of this study was to examine the effect of several 
common components of internal whole-cell recording solutions on the activity of the 
catalytic subunit of PKA. The activity of PKA was measured by scintillation 
counting of radioactive phosphate incorporated into kemptide, the PKA substrate. 
Each of the components tested were added to the reaction buffer to the final required 
concentration and 2 aliquots of the reaction buffer were tested at 2, 5, 10 and 20 
minutes after the addition of the гadiolabelled ATP. The components tested were (in 
mM): 125 KF, 125 KMeS<¾, 125 KAspartate, 11 EGTA, 5 TEA, 1 glutathione. 
Addition of KF to the reaction buffer caused a 98% reduction of PKA activity (10 
minute time point) when compared to control. A similar effect was observed when 
bovine serum albumin (BSA) was omitted from the reaction buffer: after 10 minutes 
of reaction time, a 97% reduction on PKA activity was observed. Addition of 
KM℮S04, KAspartate, EGTA, TEA and glutathione to the reaction buffer caused a 
82%, 103%, 80%, 20% and 31% increase in PKA activity respectively after 10 
minutes of reaction. These results demonstrate that internal activity of PKA is highly 
dependent on the composition of the internal solution. Therefore, careful attention 
to the composition of internal solution is warranted when studying ion channel 
physiology and modulation by kinases. This work was supported by a Ford 
Foundation Fellowship to GV and NIH NIDCD DC02994-01 to MTL.

342.14
ASSOCIATION OF PKA V IA  AKAP15 TO RAT BR AIN  
VOLTAGE-SENSITIVE SODIUM CHANNELS. V icki C . 
Tibbs. Peter C. Gray. W illiam  A. Catterall. and Brian .1. 
M u rp h y * . Department of Pharmacology, University o f 
Washington, Seattle WA 98195.

Brain voltage-sensitive sodium channels are regulated by cAMP-dependent 
protein kinase (PKA). Phosphorylation o f multiple residues on the alpha 
subunit causes a reduction in sodium current. In the present study we show 
that partially purified detergent-solubilized preparations o f sodium channel 
isolated from rat brain contain an endogenous cAMP-stimulatable protein 
kinase activity that co-purifies with the channel. We confirm this by showing 
in Western blots that the regulatory (RII) and catalytic subunits o f PKA are 
both present in these preparations. We employed RИ-biotin overlays and 
identified a low molecular weight, RИ-binding A-kinase anchoring protein 
(AKAP) in this sodium channel preparation. The RII-AKAP interaction was 
specific since HT-31 a competitive inhibitor peptide o f AKAP-RII 
interactions, selectively blocked RII binding to the sodium channel-associated 
AKAP while a control peptide, HT-31P, did not. We found that the co
purifying sodium channel AKAP is immunoreactive to antibodies generated 
against AKAP15 (Gray et al. Neuron in press, 1998) and that these antibodies 
co-precipitate detergent solubilized rat brain sodium channel. We isolated the 
co-purifying AKAP from rat brain membranes, characterized it by enzymatic 
digestion and by mass spectrometry (LC/MS/MS), and confirmed by sequence 
comparison that it is AKAP15. Together our results suggest that PKA is 
physically associated with the detergent-solubilized rat brain sodium channel 
complexes and that this association is mediated by AKAP 15, a novel AKAP 
that has recently been shown to associate PKA with voltage-gated L-type 
calcium channels in skeletal muscle.

Supported by NIH grants T32 N S07332 and NS 15751.
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THE INTRACELLULAR NEURONAL CALCIUM-SENSORS VIĲP/NVP-1,
-2 AND -3: CALCIUM-MYRISTOYL-SWITCH AND FUNCTIONAL 
ACTIVITY. K.-H. Braunewelľ. C. Soilker and E. D. Gundelfi∩αer. Le¡bn¡z- 
Institute Neurobiology, P.O. Box 1860, D-39008 Magdeburg, Germany.

VILIP/NVP-1, -2 and -3 (neural visinin-like-proteins or VILIPs) are 
members of a neuronal family of EF-hand calcium-sensor proteins, which 
also include:s recoverin, hίppocalcin and the neurocalcins. VILIPs are 
expressed by different subsets of neurons in the brain, the olfactory 
epithelium of rat and in the retina of different species at the time of terminal 
differentiation and synaptogenesis. The members of this family are 
postulated to act as calcium-sensor molecules of neuronal signaling 
cascades. To investigate the cellular functions of VILIPs we transfected the 
neural cell lines C6, PC12 and NG108-15 with wild-type VILIPs and 
myristoylation mutants, lacking a N-term¡nal myristoylation consensus 
sequence. Immunocytochemical studies revealed that wild-type VILIP-1 was 
strongly associated with membrane structures, whereas the mutant VILIP-1 
was mainly detected in the cytosol of cells. In fractionation experiments 
myristoylated wild-type VILIPs, but not the non-myristoylated mutant VILIPs 
were able to interact with the membrane in a calcium-dependent manner. 
Therefore, a calcium-myr¡stoyl-sw¡tch mechanism can be described for all 
VILIPs. We are also interested in the Involvement of VILIPs in calcium- 
regulated cellular signaling. In transfected glioma cells, wild type VILIP/NVP- 
1 strongly enhanced, whereas the myristoyl mutant reduced, cAMP levels 
following direct stimulation of adenylyl cyclase type VI. In addition, in 
transfected C6 cells VILIP-1 also influences non-st¡mulated cAMP-levels 
leading to differentiation of these cells into an astrocyte-like phenotype. By 
influencing the cAMP-pathway VILIP might be involved in cAMP-dependent 
differentiation processes during development and/or synaptic plasticity of 
neurons. The possible functions of VILIP-2 and -3 are currently under 
investigation. This work is supported by the DFG

cAMP AND CALCITONIN GENE-RELATED PEPTIDE INCREASE 
NEUROKININ, RECEPTOR BINDING SITES ON NEONATAL RAT SPINAL 
NEURONS. V.S. Seybold.*M. Reuttei . K. McCarson and L. Abrahams. Dept, o f 
Cell B iology and Neuroanatomy Univ, of Minnesota, Minneapolis, MN 55455 and 
Dept, o f Pharmacology, Univ, o f Kansas, Kansas City, KS 66160.

The gene for the rat NK, receptor contains the consensus sequence for the cAMP 
response element. Therefore, we tested the ability o f cAMP to alter the binding of 
125I-Bolton Hunter (BH)-SP to primary cultures o f neonatal rat spinal neurons. 
Addition o f dibutyryl cAMP (dbcAMP) to cultures resulted in a dose-dependent 
increase in 125I-BH-SP binding after 24 hours, with a maximum increase o f 50% in 
response to 3 mM dbcAMP. The effect was mimicked by forskolin (50 µM) but not 
dbcGMP (ЗmM). The dbcAMP-induced increase in binding most likely occurred on 
neurons in the cultures because no effect on binding was observed in cultures of non
neuronal cells. Treatment with cycloheximide blocked the dbcAMP-induced increase 
in 125I-BH-SP binding, suggesting that the increase was due to synthesis o f new 
receptor. To test this hypothesis, NK, receptor mRNA levels in cultures treated with 
dbcAMP were quantified using a solution hybridization-nuclease protection assay. 
dbcAMP caused a 5-fold increase in mRNA for the NK, receptor 4 hr after addition of 
drug, and this effect was mimicked by forskolin. Because calcitonin gene-related 
peptide (CGRP) causes an increase in cAMP in these cultures, we determined whether 
treatment with CGRP would increase 125I-BH-SP binding as well. CGRP enhanced 
l25I-BH-SP binding but was less effective than dbcAMP, producing a maximal increase 
of only 25% at 24 hr after addition of CGRP (1 nM, final concentration). CGRP had 
no effect on binding to non-neuronal cells. It remains to be determined whether the 
effect o f CGRP on l25I-BH-SP binding is also mediated by increased expression of 
mRNA for the NK, receptor. These data suggest that CGRP, most likely co-released 
with SP from terminals o f primary afferent neurons in the spinal cord, may modulate 
SP neurotransmission in the spinal cord over a long time course by increasing the 
expression o f NK, receptors.
These studies were supported by NS 17702 and DAO7234
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343.3
EFFECTS OF CALCIUM DEPLETION ON BASAL AND FORSKOLIN 
STIMULATED CYCLIC AMP RESPONSE ELEMENT BINDING PROTEΓN 
PHOSPHORYLATION IN HT-22 AND SK-N-SH CELLS. E.K. Monde. K.S. 
Panickar. P S. Green. K E, Gridley. W.J. Millard*. J.W. Simpkins. Center for teh 
Neurobiology o f  Aging, University o f  Florida, Gainesville, FL 32610.

The cAMP response element binding protein (CREB) is a transcription factor 
believed to be associated with neuronal plasticity and long term memory. In vivo  
studies have suggested a neuroprotective role for CREB. Calcium has been 
shown to play an integral role in the cascade pathways that lead to 
phosphorylation o f  several transcription factors including CREB.

In this study we examined a time-dependent response o f  phosphorylated CREB 
(pCREB) immunoreactίon to the depletion o f  extracellular calcium ш two distinct 
cell types: SK-N-SH cells, a human peripheral neuroblastoma cell line, and HT-22 
cells, a transformed mouse hippocampal cell line. These cell lines have 
compatible baseline CREB immunoreactivity and both show a 2-3 fold mcrease 
in pCREB immunoreactivity following exposure to 50 µM forskolin. Within 5-15 
minutes o f extracellular calcium depletion, the SK-N-SH cell line showed a 2 fold 
decrease in baseline pCREB which was followed by a rebound increase in pCREB 
immunoreactivity Similar results were seen when the cells were forskolin 
stimulated prior to calcium depletion In contrast, basal pCREB levels in HT-22 
cells remained unchanged with removal o f  extracellular calcium. Forskolin 
stimulation prior to calcium depletion in these cells however, resulted in a bi- 
phasic increase in pCREB levels. These results indicate that basal pCREB levels 
in SK-N-SH cells are more dependent on the presence o f  extracellular calcium 
than basal pCREB levels in HT-22 cells. Further both cell types possess recovery 
mechanisms which compensate for the decline in pCREB levels. (Supported by 
NIH AG 10485 and Apollo BioPharmaceutics, Inc.)

343.5
TRANSCRIPTION FACTOR AND NEUROPEPTIDE GENE EXPRESSION IN RAT 
STRIATAL NEURONS: A METABOTROPIC GLUTAMATE RECEPTOR
SENSITIVE STIMULUS-TRANSCRIPTION COUPLING. J. O. Wang*. Dept, of 
Pharmacol., Howard Univ. Col. of Med., 520 W Street, N.W., Washington, D.C. 20059.

Metabotropic glutamate receptors (mGluR) are densely expressed by stгiatonigral 
and sưiatopallidal projection neurons in rat sưiatum. Activation of mGluRs in this brain 
region alters local transmitter release and behaviors of experimental animals. Of 
particular, this type of glutamate receptor participates in the regulation of ưanscription 
factor and neuropeptide gene expression in the striatal neurons as demonstrated in the 
current study. In chгonically-cannulated rats, unilateral injection of a selective mGluR 
agonist, ACPD, into the rat striatum elevated mRNA expression of transcription factors, 
c-fos and zif/268, and neuropeptides, preprodynorphin (PPD), substance P (SP) and 
preproenkephalin (PPE), in the injected dorsal striatum as revealed by quantitative in 
situ hybridization. The elevation of all five mRNAs after ACPD was dose-dependent. 
The two transcription factor induction was typically rapid and transient, as opposed to 
the delayed and prolonged three peptide gene induction. Inưastriatal injection of 
mGluR antagonist, MCPG (10 nmol), which itself did not affect basal expression of five 
striatal gene expression, attenuated ACPD-stimulated c-fos, PPD and PPE, but not 
zif∩68 and SP, mRNA expression. Systemic injection of ionoưopic NMD A receptor 
antagonist, CPP (10 mg/kg, i.p.), had no effect on c-fos, but partially attenuated ziў268, 
gene expression induced by intrastriatal ACPD. Systemic D) dopamine receptor 
antagonist, SCH2339O (0.1 mg/kg, i.p.), did not alter the ability of ACPD to induce 
either ưanscription factor gene expression. In addition, acute ACPD injection did not 
alter behavioral activity. These data demonstrate a facilitatory regulation of constitutive 
mRNA expression of transcription factors and neuropeptides in sưiatal neurons by local 
mGluR-mediated glutamatergic ưansmission. The prominent involvement of mGluRs 
in the stimulus-ưanscription coupling of sưiatal gene expression may be of significance 
in development of neuroplasticity underlying long-term adaptive changes in cellular 
physiology related to a variety of neurological disorders. (Supported by a grant 
DA 10355 from NIDA/NIH and a research grant from Latham Trust).

343.7
N O V E L M EN BER S O F VE SL/H O M ER  FA M IL Y  O F PROTEINS  
CO N T A IN IN G  A PD Z-D O M A IN  T H A T  B IN D  M ETABO TR O PIC  
G L U T A M A T E  R E C E PT O R S. A, Kato 1 ¿ ?F. O zaw a2 . Y . S aitoh2 .
H. S u g iy a m a 1. and K. Inokuchi2
^Dept B io lo g y , K yushu U n iv. Fukuoka, Japan 812-8581  
^M itsubishi K aseí Inst L ife Sci, T ok yo, Japan 194-8511

V esl-S  (1 8 6  am inѳ acids, a lso called  Homer) is a protein containing  
EV H 1- and PD Z -like dom ains w h ose  expression  in the hippocam pus is 
regulated during long-term  potentiation (LTP) (1 ,2 ) .  Here w e  report 
additional m em bers o f  the V esl/H om er fam ily o f  proteins, V esl-L  and 
Verg. V esl-L  (3 6 6  am ino acids) a sp licin g variant o f  V esl-S , shares N- 
terminal 175 am ino acids with V esl-S  and contains additional am ino  
acids at the C-term inus. Verg (3 5 4  am ino acids, coded for by the vesl-  
related gene) w as highly related to V esl-L  in that both contain EV H -1- 
and PD Z -like dom ain at the N-term inus (86  %  conservation) and an 
M C C -like dom ain and a leu cine zipper at the C-terminus. In contrast to 
vesl-S , w e observed  no changes in the lev e ls  o f  vesl-L  and verg  
m R N A s during dentate gyrus LTP. A ll these proteins interacted with 
metabotropic glutam ate receptors (m G luR 1 and m G luR 5) as w ell as 
several hippocam pal proteins in  v itro . V esl-L  and V erg, but not V esl-S , 
interacted with each other through the C-term inal portion that w as  
absent in V esl-S . V esl-L  and Verg m ay m ediate clustering o f  m G luRs 
at synaptic junctions. W e propose that V esl-S  m ay be in volved  in the 
structural changes that occur at the synapses, in w h ich  group I 
m etabotropic glutam ate receptors function, during the m aintenance 
phase o f  LTP by m odulating the redistribution o f  synaptic com ponents.
I. Kato, A ., Inokuchi, K. e t  a l ., F E B S  L e t t ., 4 1 2 , 183-1 8 9 , 1997.
2. Brakem an, P.R ., W orley , P.F. e t  a l ., N a tu re ,  386, 2 8 4 -2 8 8 , 1997.

343.4
T H E  W IL D -T Y P E  H U M A N  H IS T A M IN E  H 2 R E C E P T O R :  
C O N STITU TIV E AC TIV IT Y  A N D  ST R U C T U R A L  IN STABILITY. 
A ,E . A le w ijn se .  M .J . S m it. M . H o ffm a n n . D . V e r z ijl , H. 
T im m erm an and R. L eurs*. L eid en /A m sterd am  C enter for Drug  
R esearch , D iv is io n  o f  M ed ic in a l C h em istry , V rije U n iv ersite it, 
A m sterdam , 1081 H V, The Netherlands.

The human H2 receptor sh o w ed , lik e the rat H 2 receptor (1 ), 
constitu tive activity in CH O  ce lls . The inverse agonists, c im etid ine, 
ranitid ine and fam otid in e, inh ib ited  the co n stitu tiv e  a ctiv ity  w ith  
p o te n c ie s  sim ilar  to th ose  d eterm in ed  at the rat H 2 receptor. 
B u rim am ide, h o w ev er , b eh aved  as a w eak  partial ago n ist at the 
hum an H 2 receptor w hereas it w as a neutral antagonist at the rat H 2 

receptor.
Studies on the receptor m odulation after long-term  drug treatment 

suggested a structural instability o f  the constitutively active human H 2 

receptor. L on g-term  treatm ent w ith  either a partial agon ist or an 
in verse  a gon ist resu lted  in an in crease  in recep tor e x p ressio n . 
Furthermore, at h igh concentrations histam ine a lso  sligh tly  increased  
the receptor exp ression  w hereas at low  concentration s it induced a 
sign ificant reduction in H2 receptor expression . Structural instability  
o f  the hum an H 2 receptor can p erfectly  ex p la in  th ese  resu lts as 
occupation o f  any ligand w ill reduce the instability  thus resulting in 
higher cellular expression levels.
1. Sшit, M. J. et al. (1996) Pгoc. Natl. Acad. Sci., 93, pg 6802.

343.6
BSLHPs : Brain-Specific L in ·7  Homologue Proteins that 
are Selectively Enriched in Brain as Complex w ith the 
PSD-95/SAP-90 Protein Fam ily.

Kiwon Jo and David S. Bredt*. Dept, of Physiology, University of 
California at San Francisco, San Francisco, CA 94143.

In CNS, the synaptic junctional proteins associated with pre- and post- 
synaptic membranes are presumed to play an important role in synaptic 
plasticity by modulating the tight junction between two membranes.
An analogy to this type of cell-cell tight junction has been found during 
the vulval induction in C. elegans. The proper localization of LET-23 
receptor tyrosine kinase to the cell junction is required for a tyrosine 
kinase signaling pathway, mediated by a distant type of cell-cell tight 
junction. Lin-7 is directly bound to LET-23 and the binding is essential 
for the proper localization of LET-23 and, in turn, signaling activity for 
the vulval induction. We have identified two Lin-7 homologue proteins 
(BSLHP) from mouse and human. They showed almost 80% identity in 
amino acids sequences and 80% identity to Lin-7. These proteins have a 
conserved domain structure comprised of a unique N-terminal domain 
Lin-7 and a C-terminal PDZ motif. Interestingly, BSLHPs are 
selectively expressed in brain in a complex with the PSD-95/SAP-90 
protein family which is implicated in the organization of synaptic- 
structure. These findings imply that the BSLHP family is another class 
of synaptic junctional protein and that this new family may play an 
important role in the modulation of synaptic plasticity.

343.8
REGULATION OF N-CAM PROMOTER AC TIVITY BY MODULATION OF 
AMPA RECEPTORS IN HIPPOCAMPAL SLICE CULTURES P.W. 
Vanderklish . B.D. Holst. K.L. Crossin. &  G.M. Edelman.*Dept. Neurobiol., Scripps 
Institute, 10550 N. Torrey Pines Rd., La Jolla CA 92037
An emerging body of evidence supports the idea that regulation of cell-cell and cell- 
matrix interactions is integral to the expression of certain forms of adult neuronal 
plasticity. Of value in elaborating this hypothesis are studies that test for links 
between adhesion molecule expression and synaptic activity in brain regions 
characterized by structural and functional plasticity. Recently, we reported enhanced 
activation of the promotor for the neural cell adhesion molecule (N-CAM) following 
adminίsưation of a positive allosteric modulator o f AMPA receptors (ampakine) to 
mice heterozygous for an insertion of a ßgal reporter into the N-CAM gene (Holst et 
al. ‘98, PNAS, 95: 2597). To characterize this effect in detail, we have utilized 
organotypic slice cultures of hippocampus prepared from heterozygous mice. 
Following a 2Omin exposure to 2OOuM ampakine, levels of the ßgal reporter were 
maximally elevated at 8hrs post-treatment (28 ± 6%, n=22). The increases were 
blocked by CNQX, an AMPA receptor antagonist. The magnitude of the ampakine- 
induced N-CAM promoter activation was greatest in 2 week-old cultures. In younger 
cultures (<10 days), which display spontaneous activity, CNQX applied alone had 
suppressive effects on ßgal expression. In addition, the basal level of ßgal expression 
in un&eated slices decreased with time in culture. Together these findings suggest that 
spontaneous activity present in younger slices led to promoter activation. Additional 
data suggest that regulation of the N-CAM promoter by AMPA receptor-mediated 
depolarization is in part sensitive to the NMDA receptor antagonist AP5. Further use 
of this system should help identify other receptors/channels involved subsequent to 
AMPA receptor-mediated depolarization, as well as second messengers responsible 
for ưanslating depolarization into promoter regulation. This work supported by NIH 
grant HD09635 and a grant from the G. Harold and Leila Y. Mathers Foundation.
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343.9
Pharmacological Identification of Glutamatergic and Adenosinergic Components of 
Haloperidol-Induced Gene Induction and Behavior Chartoff. E.H.'. Ward. R.PΛ 
Unis. A.S.3* Dorsa. D.MΛ 1 Program in Neurobiology and Behavior 2, 3,4 Depts. of 
Psychiatry and Pharmacology, University of Washington; Seattle, WA 98195.

The typical antipsychotic drug, haloperidol, acts primarily as a dopamine Dļ 
receptor antagonist. Administration of this drug to rodents elicits an induction of 
the immediate early gene c-fos and the gene for the neuropeptide neurotensin (NT) 
in the dorsolateral striatum. Catalepsy is a characteristic behavior seen with acute 
haloperidol, and it is thought to be correlated with the increase in NT. The D 2 
receptor is negatively coupled to adenylate cyclase by a Gį protein, and previous 
work from our lab has shown the necessity of the cAMP dependent protein kinase A 
enzyme in mediating both c-fos and neurotensin induction. We hypothesize that 
blockade of D2 receptors by haloperidol relieves the inhibition on adenylate cyclase 
and hence inputs from Gs coupled receptors combined with excitatory input from 
the cortex activating NMDA receptors might be responsible for the induction of 
gene expression and catalepsy. Adenosine A 2a receptors are colocalized on D2 
neurons and are Gs coupled. NMDA receptors are also located postsynaptically on 
striatal neurons. We tested our hypothesis by co-administering an NMDA 
antagonist, MK-801, and/or an adenosine A 2a antagonist, CSC, in conjunction with 
haloperidol. Catalepsy was measured, as well as c-fos and NT mRNA levels by in 
situ hybridization. Either MK-801 or CSC given alone with haloperidol reduced 
behavior as well as gene induction. Remarkably, blocking NMDA and A 2a 
receptors simultaneously, completely abolished halopeгidol-induced catalepsy and 
dramatically reduced the mRNA levels of c-fos and NT. These results demonstrate 
a tight correlation between NT mRNA levels in the DLSt and catalepsy, and 
indicate that activation of both NMDA and A 2a receptors are necessary for the gene 
induction and behavior induced by haloperidol.

Supported by a NARSAD Distinguished Investigator Award

343.11
NEURONAL PAS-DOMAIN PROTEIN-1 (NPAS-1): A bHLH
TRANSCRIPTION FACTOR EXPRESSED IN GABAERGIC INTERNEURONS 
PLAYS A ROLE IN MOTOR COORDINATION. Y.-D, Zhou1. R. Diaz- 
Arrastia2*, and S.L. McKnighť. Depts. o f ‘Biochemistry and 2Neurology, Univ, of 
Texas Southwestern Medical Center, Dallas, TX 75235.

Recent molecular biological studies have identified a family of transcription 
factors designated basic helix-loop-helix (ЬHLH)-PAS proteins. Members of this 
family have been shown to play important roles in a wide spectrum of biological 
processes. Here we report on the possible function of NPAS-1, a recently 
described (PNAS 94:713, 1997) member of this family that is expressed 
exclusively in the central nervous system. In rodents, NPAS-1 is first detected in 
late embryonic life, peaks in the early post-natal period, but is still abundantly 
expressed in adult animals. Immunocytochemistry shows that NPAS-1 is found 
exclusively in the nucleus of a subset of neurons, and staining is seen only in cells 
that co-express GABAergic markers.. In the cortex and hippocampus, the factor is 
expressed in a small subset of widely scattered neurons. Clusters of NPAS-1 
positive neurons are found in the amygdala, the medial septal diagonal band, 
certain nucleii in the thalamus, the pontine periaqueductal gray, and the ventral 
pons. A subset o f NPAS-1 containing neurons in the cortex and hippocampus also 
express neuropeptide Y, and another subset co-express somatostatin. NPAS-1 
neurons in the pontine periaqueductal gray co-express n-NOS. We have also 
produced NPAS-1 null mice by homologous recombination. The knockout mice 
are viable, fertile, and behave normally in their home cages. Open field-testing 
shows that they have normal spontaneous locomotor activity. Rotarod testing 
reveals a deficit in motor coordination in the NPAS-1 knockout animals when 
compared to conơols. The rate of motor learning, however, is normal in the 
NPAS-1 null mice.
(Supported by NIH R〇1DK52031(S.L.M), ƘO8NSOI763 (R.D.-A), and the 
Welch and Chilton Foundations (S.L.M.)

343.13
SYNERGISTIC SIGNALING OF CNTF AND TGF-ß SUPERFAMILY MEMBERS 
R L.Pitts , J .Conover , J.N.Coulombe 1 ⅛ & A.J.Symes1,2 ‘Graduate Program 
in Neuroscience, Depts. or Pharmacology and ºAnatomy & Cell Biology, 
Uniformed Services University, Bethesda, MD.

Activin, a TGF-ß superfamily member, effects neuropeptide expression 
in some peripheral neurons. We have previously shown that, in NBFL 
neuroblastoma cells, activin induces expression of the vasoactive 
intestinal polypeptide (VIP) gene through the 180bp cytokine response 
element (CyRE). The CyRE mediates the transcriptional induction of VIP 
by the neuropoietic cytokine ciliary neurotrophic factor (CNTF). We report 
here that TG F-ß induces luciferase activity in NBFL cells transfected with 
a CyRE luciferase reporter plasmid and that the TG F-ß regulated Smad 
transcription factors, are expressed in NBFL cells and translocate to the 
nucleus after treatment with either activin or TGF-ß. When transfected 
NBFL cells are treated with either activin or TG F-ß together with CNTF a 
substantial increase in luciferase activity is detected compared with 
treatment with any one agent. This suggests that the signaling pathways 
of CNTF and the TGF-ß superfamily members are able to synergize to 
induce gene expression through the VIP CyRE. To determine whether the 
gp130 signaling subunit of the CNTF receptor is involved in this synergy 
we cotransfected NBFL cells with TrkC-gp130 chimeric receptors and the 
CyRE luciferase reporter plasmid. Treatment with NTЗ (the natural ligand 
for TrkC) has no effect on untransfected NBFL cells. However, treatment 
of transfected cells with NTЗ and TGF-ß is sufficient to reproduce the 
synergistic signaling to the VIP CyRE indicating that the cytoplasmic tail 
of gp130 is the initiator of the CNTF signals which interact with those of 
TGF-ß . Interestingly, in the presence of NTЗ, a chimeric TrkC-OBR 
receptor is able to signal to the VIP CyRE and to synergise with TGF-ß 
initiated signaling pathways. Also, the TG F-ß reporter ЗTPlux, responds 
syneгgistically to CNTF and TGF-ß, suggesting that the synergy between 
CNTF and TGF-ß superfamily members may be reciprocal. Supported by 
USUHS grants RO75E× and C070FU.

343.10
CALPAIN-M EDIATED CYTOSKELETAL DISASSEMBLY FOLLOWING  
BRIEF EXPOSURE TO NMDA IS ATTENUATED BY AN INTEGRIN  
ANTAGONIST IN HIPPOCAMPUS. Ben A. Bahr*. Dept, of Pharmaceutical 
Sciences and the Neurosciences Program, Univ, o f Connecticut, Storrs, CT 06269.

Recent studies have indicated that integгin-type signal transduction is necessary for 
the stable modulation o f hippocampal synapses (Bahr et al., 1997 J. Neuroscience 
17:1320; Stäubli et al., 1998 ibid. 18:3460). Integrin attachment to matrix ligands is 
known to lead to the formation o f focal adhesion complexes and the local activation 
o f the signaling enzyme calpain (see Earnest et al., 1995 J. Biol. Chem. 270:27259; 
Rock et al., 1997 ibid. 272:33377). Also, the associated calpain activity is believed 
to stabilize the focal contacts and regulate membrane architecture, thereby inducing 
the cytoskeletal reorganization needed to facilitate functional change in glutamate-gated 
channels which occurs with synaptic plasticity. The present study addressed whether 
integrin contacts are necessary for the cytoskeletal dynamics produced by NMDA 
receptor activity underlying plasticity induction. Accordingly, long-term hippocampal 
slices were briefly exposed to 200 µM NM DA and 4 mM Ca¤ 2 in the absence or 
presence o f the integrin antagonist GRGDSP (400 µM; 1-h preincubated), and 
then assessed for evidence o f cytoskeletal disassembly using antibodies specific for the 
calpain cleavage site in spectrin. The 148-kDa N-łerminal spectrin breakdown product 
(BDP) produced by NM DA exposure o f 2-5 min was markedly decreased by the 
RGD antagonist but not by the inactive peptide GRGESP. The BDP immunoгeactivity 
was found localized to punctate patterns along dendritic processes in the stratum 
radiatum o f CA1 and less so in CAЗ, and the punctate staining was mostly absent 
vŵen NMDA was applied in the presence o f the integrin blocker. Extended NMDA 
activation (>Ю  min) abolished the RGD effect, indicating that integrins cannot 
regulate pathologic levels o f calpain activity. These results suggest that stable channel 
modulation requires an integrin response which influences cytoskeletal and glutamate 
receptor organization, and that calpain is involved in such signal transduction.

343.12
PROTEIN KINASE C AND CYTOKINE REGULATION OF VIP GENE 
TRANSCRIPTION CONVERGE ON COMMON CIS-ACTING ELEMENTS 
Sung Ho Hahm and Lee E. Eiden*. Section on Molecular Neuroscience, 
Laboratory of Cellular and Molecular Regulation, NIMH, Bethesda, MD 20892.

Protein kinase C is a key signal transduction component involved in up- 
regulating neuropeptide gene transcription in endocrine and neuronal cells. Phorbol 
ester treatment increases VIP levels in human neuroblastoma cells 5-10-fold, and in 
primary chromaffin cell cultures 20-50-fold. To identify the upstream elements of 
the VIP gene to which the protein kinase C pathway signals, the VIP 
promoter/enhancer with various deletions and/or mutations was fused to the 
luciferase reporter gene and transfected into quiescent or stimulated SK-N-SH cells. 
Sequences in which mutations affected transcriptional responsiveness were then 
employed as 32P-labeled oligonucleotides in gel-shift assays to identify potential 
trans-acting factors binding to them. The previously identified TSE (tissue specifier 
element) located at —4.3 kb was required for high overall expression, but not PMA 
induction, in SK-N-SH cells. The promoter-proximal VIP-CRE, and a consensus 
TRE located at —2.3 kb, were also not required for PMA induction. Discrete base- 
substitution mutations were made within a 180-bp region of the VIP gene (-1.33 
to -1.15 kb) important for neurotrophin/cytokine responsiveness (Symes et al. 
Mol. Endocrinol. 8:1750, 1994). Mutations in a STAT binding site, an AP-1 
binding site, and a conserved dyad symmetry element (DSE) (Sena et al., DNA 
Sequence 5: 25, 1994) each decreased PMA induction by more than 50%. PMA 
induced binding of Jun-immunoreactive nuclear proteins to AP-1 and DSE 
oligonucleotides, and a second protein complex which was also induced by CNTF. 
Binding of nuclear proteins to the STAT-1 site revealed multiple STAT- 
immunoгeactive bands after treatment with PMA, some of which were also induced 
by CNTF. Induction by PMA of binding factors including those induced by CNTF 
raise the possibility that protein kinase C is a component of the cytokine signal 
transduction pathway in neuroblastoma cells, or shares common signal 
transduction module(s) with this pathway.

343.14
C H A R A C TER IZA TIO N  O F A  N O V E L  R E G IO N  IN  TH E VIP  
C Y T O K IN E  R E S P O N S E  EL EM EN T. E .A . Jon es. J.R . C on over and 
A .J. S v m e s*. D ept, o f  P h arm acology, U n iform ed S erv ices  U n iversity  
o f  the H ealth S c ien ces , B eth esd a, M D  2 0 8 1 4 .

V asoactive intestinal peptide (V IP) ex p ressio n  is induced by the 
cytok in e, c iliary neurotrophic factor (C N T F ). W e prev iou sly  identified a 
18Obp elem ent in the V IP prom otor w h ich  is necessary  and suffic ient to 
m ediate transcriptional activation o f  the V IP  g en e b y C N T F . W e also  
sh o w ed  that in the hum an neuroblastom a cell lin e, N B F L , C N T F  
induces Stat and A P-1 transcription factor binding to sp ec ific  sites in the 
C yR E. N o w  w e  report that an additional 28bp region  at the 3 ’ end o f  the 
C yR E  contributes to C N T F-m ediated transcriptional activition o f  the VIP  
gene. In N B F L  c e lls  transfected w ith  C yR E -lu ciferase reporter p lasm id s, 
deletion  o f  the m ost 3 ’ 28bp, or mutation o f  4bp  w ithin  this site , results 
in a reduction o f  C N T F-m ediated  induction o f  luciferase activity by 
approxim ately 80% . Th is region d oes  not contain any know n  
transcription factor co n sen su s s ites. G el sh ift analysis with  
oligonucleotide probes from  the 28bp reg ion , indicate that several 
different nuclear protein com p lexes from  N B F L  ce lls  bind to these 
seq u en ces. B in d in g is not altered by C N T F  treatment. A  panel o f  
oligon u cleotid es sp ec ific  for know n transcription factor binding sites also  
fa il to com p ete for binding, su ggestin g  that the 28b p  region m ay bind as 
yet, unidentified  transcription factors in v o lv ed  in C N T F  regulation o f  
neuronal gen e  exp ression .

Th is w ork w a s supported by U S U H S  grant R 0 7 5 E X  and N IH  grant 
R 2 9 N 5 3 5 8 3 9 .
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343.15
ID E N T IF IC A T IO N  O F T C F /L E F  R E S P O N S E  E L E M E N T  
B IN D IN G  PR O T EIN S EXPRESSED IN  B R A IN . X. B. W ang*, 
K. Ţ. O 'D o n o v a n  a n d  ĭ. M . B a ra b a n . D e p t, o f  N e u r o sc ie n c e ,  
Joh n s H o p k in s  U n iv e r s ity  S c h o o l o f  M e d ., B a ltim o re , M D  
21205

R ecen t s tu d ie s  in d ic a te  th a t k e y  ć o m p o n e n ts  o f  th e  
w in g le s s  p a th w a y  are e x p r e sse d  b y  n e u r o n s  in  a d u lt  brain . 
T h u s, th is  p a th w a y , in it ia lly  id e n tif ie d  in  m o r p h o g e n e s is  as a 
s ig n a llin g  p a th w a y  l in k in g  c e ll su rfa ce  recep to r  a c tiv a tio n  to  
tran scr ip tion a l a ctiv a tio n , m a y  a lso  m ed ia te  c h a n g e s  in  g e n e  
ex p r e ss io n  in  m atu re  n eu ro n s. S tim u la tio n  o f  th is  s ig n a llin g  
p a th w a y  in  oth er  ce ll ty p es  lea d s  to a c tiv a tio n  o f  m em b ers o f  
th e T c f /L e f  fa m ily  o f  tran scrip tion  factors. T o a sses s  w h eth e r  
the tran scriptional arm  o f  th is p a th w a y  is active  in  a d u lt  brain , 
w e  h a v e  p er fo rm ed  g e l-sh ift  s tu d ie s  o n  b ra in  ex tra cts  w ith  
p rob es co n ta in in g  the T c f /L e f  re sp o n se  e le m e n t seq u en ce  and  
h a v e  d e tec ted  tw o  se q u en ce -sp ec ific  D N A  b in d in g  co m p lex es . 
T h ese  f in d in g s  su p p o r t  o u r  w o r k in g  h y p o th e s is  th a t th e  
w in g le s s  p a th w a y  reg u la tes  g e n e  tran scr ip tion  in  a d u lt  b ra in  
an d  fo cu s  a tten tio n  o n  d e f in in g  w h e th e r  th is  D N A  b in d in g  
c o m p le x  rep resen ts  a n o v e l  or p r e v io u s ly  id e n tif ie d  m em b er  
o f  th e  T c f /  Lef fa m ily . W e  are a d d r e s s in g  th is  i s s u e  b y  
screen in g  a h ip p o c a m p a l c D N A  library u s in g  th e  y e a s t  o n e -  
h y b rid  a p p ro a ch  w ith  th e  T c f /L e f  r e sp o n se  e le m e n t  as bait. 
S u p p o rted  b y  N IM H  a n d  N ID A .

343.17

NERVE GROW TH FACTO R T R A N S-A C TIV A TE S THE  
G A L A N IN  G ENE IN RA T P H E O C H R O M O C Y T O M A  
(PC 12) CELLS. À . R ö k a eu s*  and  K . J ia n g . D e p t, o f  M e d ic a l  
B io c h e m is tr y  and  B io p h y s ic s ,  K a ro lin sk a  I n s titu te t , S -1 7 1  7 7  
S tock h olm , Sw ed en .

T h e e x p r e ss io n  o f  the n eu ro en d o crin e  p ep tid e  g a la n in  (G A L ) is  
e le v a te d  upon n erve stim u lation , injury, and  in v itro  b y  p h orb o l 1 2 - 
m yristate 13-acetate, the latter su g g estin g  that protein  k in ase  C  (PK C )  
a ctiv a tio n  m ay  be in v o lv e d . N e r v e  g row th  fa cto r  (N G F ) h a v e  b een  
sh ow n to activate PK C and a lso  recently to e levate  G A L  m R N A  in the rat 
basal forebrain sim ilar to the e levation  o f  G A L -exp ression  in A lzh eim er's  
patients (A P ). P lasm id s con ta in in g  d ifferen t len gth  o f  the b o v in e  G A L -  
prom oter fused  to luciferase w ere transfected into rat p h eoch rom ocytom a  
(P C  12) c e lls .  In d o in g  so , w e  co u ld  fu n c tio n a lly  id e n tify  an N G F -  
resp on sive region  in the G A L -prom oter b etw een  91 and 68  bp upstream  
o f  the transcriptional start site  and that the sa m e prom oter-reg ion  w as  
im portant a lso  for m axim al basal activ ity . M oreover, e lec trica l m o b ility  
sh ift a ssa y s rev ea led  that n u clear  ex tra cts  o b ta in ed  from  PC  12 c e lls  
appear to contain  N G F -in d u cib le  factors that b ind  to  an o lig o n u c le o tid e  
correspond ing to the prom oter-region  -8 3  to  - 6 8 , as w e ll as to  a secon d  
o lig o n u c le o tid e  corresp on d in g  to  the p rom oter-reg ion  -6 6  to  -4 3  and  
c o n ta in in g  a c A M P  r e s p o n s e  e le m e n t  ( C R E ) - l ik e  e le m e n t  
(T G A C G C G G ). T h ese  data in d icate  that p rotein -b in d in g  to  the form er  
prom oter-region , or to  both  reg io n s, m ay m ed iate  the fu n ction a l N G F -  
resp on se m apped to the G A L -p rom oter-reg ion  -91 to  -6 8 . T h u s, it m ay  
be suggested  that N G F-in duced  G A L -gen e  activation and protein-binding  
as d em on strated  m ay b e  in v o lv e d  in the in crea sed  G A L -e x p r e ss io n  
ob served  in the basal forebrain o f  rats. Sup ported  by S w ed ish  M R C  
and K arolinska institutet.

343.16
EFFECT OF PREVIOUS PTZ TREATMENT ON PTZ-INDƯCED CONVULSIONS 
IN tPA-⁄- MICE. T.L. Riplev. T. Duka* and D.N. Stephens. Laboratory of 
Experimental Psychology. University of Sussex, Brighton, BN1 9QG, U.K.

Tissue plasminogen activator (tPA) is thought to play a role in synaptic remodeling as 
it is induction by high levels of neuronal excitability leading to LTP and electrical 
kindling (Qian e¡ al. 1993; Nature 361:453). It is also induced during seizure activity, 
and mice that the lack the gene that encodes tPA (tPA-⁄- mice), have been shown to 
have reduced susceptibility to PTZ-induced seizures (Tsirka et al. 1995; Nature 
377:340). Here we investigate the susceptibility of tPA-⁄- and wild-type (WT) mice to 
intravenous PTZ following prior exposure to acute or repeated PTZ treatment.

tPA-⁄- and WT mice were divided into 3 groups and received 6 daily injections (i.p.): 
(1) repeated PTZ (30 or 45 mg/kg); (2) acute PTZ (5 saline treatments followed by 
PTZ 30 or 45 mg/kg >: and (3) control group (saline injections). Activity was scored 
daily for 30 min on a scale from 0 (no seizure activity) to 7 (full tonic-clonic seizure). 
24h after the last treatment all animals received PTZ (4.55 mg/ml) via tail vein infusion 
(15 ml/h) and the dose required to induce first tonic twitch was calculated.

Acute PTZ significantly increased behavioural score in a dose-dependent manner 
over the saline treated controls (p<0.001 tPA-⁄- and WT mice). Repeated PTZ, 45 but 
not 30 mg/kg, resulted in a significant increase in this score in both groups of mice 
(p<0.05, repeated gp đa> 1 and acute gp same dose). tPA-/- mice required significantly 
more PTZ to initiate first tonic twitch than WTs with saline, acute or repeated 30 mg/kg 
PTZ pretreatments (p<0.05). There was no difference in PTZ dose to first twitch when 
acute and repeated pretreatments were compared within each dose and mouse group.

tPA-⁄- control mice needed a higher concentration of PTZ to initiate first tonic twitch 
than WT controls but this difference was not reflected in activity score following acute 
PTZ or rate of kindling Repeated PTZ treatment (45 mg/kg) lead to an increase in 
activity score (kindling) but did not alter the dose of PTZ needed to initiate first tonic 
twitch in either mouse group suggesting that tPA may be involved in the initiation but 
not further behavioural expression of seizure activity. Funded by an MRC ROPA grant.

343.18
SPATIOTEMPORAL PATTERN OF MAP KINASE ACTIVATION IN HIPPOCAMPAL 
DENDRITES. Ga∩g-Yi W u *, Karl De¡sseroth, Richard W . Ts¡e∩. Dept. Molec. & Cell. Phys., Stanford 
Univ. School of Med., Stanford, CA 94305.

Activation of MAP kinases has been implicated in long-term memory as w ell as in long-term  
potentiation, raising questions concerning the role of MAP kinases at the synapse. Here w e study the 
spatial distribution, kinetics and mechanisms of activation of MAP kinase in cultured hippocampal 
neurons, paying particular attention to dendrites. Using an antibody specific for dually-phosphorylated 
MAPK IERK1/EĦK2), w e were able to monitor w ith high resolution MAPK activation in dendrites or 
somata in response to either depolarization or application of the neurotгophin 6DNF. Brief direct K* 
depolarization 13 mini gave rise to progressive MAPK activation in dendrites, dependent on 
extracellular Ca2\  w ith very little effect seen a t 3 min, a strong signal a t 10 min, and a return to basal 
levels by 80 min in almost all cases. This dendritic MAPK activation was largely inhibited by blocking 
NMDA receptors with AP5 or by inhibiting L-type Ca2* channels w ith nimodipine, and completely 
blocked by both antagonists together, despite the abundance of other Ca2ł entry pathways in 
dendrites. This pattern is reminiscent of that seen for calmodulin mobilization, and likewise may 
suggest a role for local Ca2* signaling. On the other hand, a single pulse (10 mini of BDNF gave rise to 
dendritic MAPK activation that did not depend on external Ca2\  The “on* kinetics w ere similar to the 
high K* response, but w e saw little or no decline from peak activation even after 60 min despite 
removal of BDNF at 10 min. The difference in K*-induced and BDNF-iπduced responses could be 
attributed to persistent kinase activity upstream of MAPK, consistent w ith  previous work in P C I2 cells 
using continuous stimulation, since delayed application of the MEK inhibitor PD98O59 caused a prompt 
return of MAPK activation to its basal level. The different characteristics of the depolarization- and 
BŪNF-induced MAPK activation processes could have profound implications. The depolarization-induced 
activation in dendrites would be appropriate for short-term tasks (e.g. controlling early changes in 
synaptic strength), while the mechanisms supporting the more prolonged MAPK activation in dendrites 
would have the stability needed for a local “tag ' to interpret globally distributed factors from nucleus 
or soma. Supported by grants from the NIH.
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344.1

ROLES OF VASOPRESSIN IN THE NEURONAL CONNECTIONS BETWEEN 
THE AREA POSTREMA AND NUCLEUS TRACTUS SOLITARIUS.
K. M îgitaL Y T akaπo* l .  N. Horj2. J. ManakoL H. Ariu∏цl . K.Yamamoto2. R. 

SaitoL  K. Honda1 and H. Kamîva1. 1) Dept, of Pharmacol., Fac. of Pharmaceut. 
Sci., Fukuoka Univ., Fukuoka 814-0180, Japan; and 2) Dept, of Pharmacol., Fac. of 
Dentist., Kyushu Univ., Fukuoka 812-0054, Japan.

The area postrema (AP) and the nucleus tractus solitarius (NTS) may play an 
important role for cardiovascular regulation. Our previous studies have shown that the 
injection o f the arginine-vasopressin (AVP) VI antagonist into the AP modifies 
decreases in blood pressure and heart rate induced by glutamate injected into the NTS. 
These results have suggested that AVP sensitive neurons in the AP might regulate 
arterial baroreceptor reflex through the neuronal connections with the NTS neurons. 
However, it is not clear about the functional relationship between the AP and the NTS. 
In this study, we examined that effects of AVP on neuronal activities in the AP neurons 
by recording spontaneous single unit discharges. The coronal or semi-horizontal slices 
(400 µm) containing the AP and the NTS were prepared from male Wistar rats (200- 
300 g). AVP or its antagonists were added to perfused Krebs-Ringer solution. AVP 
showed dual actions dose-dependently on the spontaneous discharges in the AP 
neurons; inhibitory and excίtatoiy effects. Stimulating electrodes were placed on the 
AP and/or solitary tract (ST), and unit discharges were recorded from the NTS neurons 
and the AP neurons. It was found that some of the NTS neurons received the neuronal 
inputs from both the AP and the ST. The NTS neuronal activity in response to electrical 
stimulation of AP were blocked by non-NMDA receptor antagonist CNQX, scarcely 
blocked by NMDA receptor antagonist AP-5. When AVP applied to the AP locally, the 
NTS neurons were excited and their excitations were blocked by CNQX. These results 
may suggest that there are two types of AVP sensitive neurons in the AP and that the 
AP neurons responding to the endogenous AVP send the information via the non- 
NMDA receptor into the NTS neurons and modify arterial baroreceptor reflex.

344.2
INVOLVEMENT OF GABAa AND GABAв RECEPTORS IN INHIBITION OF 
NUCLEUS TRACTUS SOLITARIUS (NTS) AND DORSAL VAGAL 
PREGANGLIONIC NEURONES (DVPNS) BY VAGAL AFFERENT 
STIMULATION D. Jordan* &  Y. Wang. Department o f Physiology, Royal Free 
Hospital Medical School, LONDON NWЗ 2PF, UK.

Activation o f vagal afferents produces a long lasting inhibition o f NTS neurones 
(Bennett et al., J. Physiol., 332, 77P, 1982) and DVPNs (Jones et al., J. Physiol., 507, 
869-880, 1997). We used ionophoretic application o f GABA receptor ligands 
combined with extra- or intracellular recording o f NTS and DVPN cells in vivo to test 
whether GABAa and or GABAв receptors mediated these evoked inhibitions.

A ll experiments were performed on anaesthetized and ventilated rats. DVPNs were 
identified by antidromic activation from vagal stimulation whilst NTS neurones were 
identified by their location and synaptic input from vagal stimulation. In the DVPNs 
mean resting membrane potential was -49.3±l.5 mV. Vagal stimulation evoked an 
IPSP (onset latency 35.3±3 ms, duration 72l±7O ms, amplitude -8 .l± l.3  mV, n=6). 
Ionophoretic application o f the GABA* receptor antagonist bicucultine, but not the 
glycine receptor antagonist strychnine, attenuated the amplitude (-20%) and duration 
(-16%) o f the evoked IPSPs. In NTS cells, vagal stimulation inhibited ongoing 
discharge (onset 48±4.2 ms, duration 496.9±4l.9 ms, n=29). Application o f 
bicuculline (n=M) significantly delayed the onset but not the end-time o f the evoked 
inhibition. The GABAjj receptor antagonist CGP35348 had no effect on the evoked 
inhibition when given alone (n=l2) but markedly potentiated the effect o f subsequent 
application bicuculline (n=5). Again, application o f strychnine was without effect on 
the evoked inhibition (n=4).

These data suggest that NTS and DVPN cells receive a long lasting inhibitory input 
from vagal afferents that is mediated by partly by GABA* receptors. In addition, at 
least in the NTS, GABAв receptors contribute to the inhibitory response.

(This work was supported by the British Heart Foundation.)
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344.3
EFFECT OF BLOCKADE OF CENTRAL 5-HT1A RECEPTORS ON 
CARDIOPULMONARY AND BARORECEPTOR REFLEXES. M.R. Skinner. 
A.G. Ramage* &  D. Jordan. Departments o f Physiology &  Pharmacology ,
Royal Free Hospital Medical School, LONDON NWЗ 2PF, UK.
Activation o f central 5-HT,A receptors in anaesthetized rabbits potentiates the 

excitation o f cardiac vagal outflow produced by stimulating cardiopulmonary or 
baroreceptor afferents (Skinner et al, Br. J. Pharmacol., 120, 25P, 1997) and 
chemoreceptor afferents (Skinner et al., J. Physiol., 501, 72P, 1997) and these are 
prevented by prior administration of WAY-100635, a 5-H‰ receptor antagonist 
(Skinner et al., J. Physiol., 504, 197P, 1997). The present experiments were 
designed to determine i f  these receptors play a physiological role in these reflexes.

Experiments were performed on urethane anaesthetized, atenolol-pretreated 
rabbits. Aortic baroreceptor afferents were activated by electrical stimulation o f the 
left aortic nerve (1ms, 5-7.5V, 5s) and cardiopulmonary afferents activated by a 
bolus injection o f phenylbiguanide (PBG; 5-20 µg kg') into the right atrium. 
Recordings were made o f baseline and reflexly-evoked changes in mean arterial 
pressure (BP), ECG, renal (RNA) and phrenic nerve activities (PNA).
Intracistemal administration o f WAY-100635 (100 µg kg1, n=5) had no effect on 
baseline R-R interval or PNA but tended to reduce BP and increase RNA. 
Activation of cardiopulmonary afferents evoked a reflex increase in R-R interval, 
hypotension, increase in PNA and renal sympathoinhibition. A ll these reflex 
changes were significantly reduced 5 min following administration o f WAY- 
100635. In addition, the antagonist also significantly reduced the reflex increase in 
R-R interval and hypotension evoked by aortic nerve stimulation.

These data confirm that central 5-HT,A receptors play a role in cardiac vagal 
activation by baroreceptor and cardiopulmonary reflexes, and in addition 
demonstrate that the receptors are active in the anaesthetized animal.

(This work was supported by the British Heart Foundation.)

344.5
R E S P O N S E S  TO  G R O U P I M E T A B O T R O P IC  G L U T A M A T E  
R E C E PT O R  A C T IV A T IO N  IN TH E N U C L E U S  T R A C T U S  
SO L IT A R IU S  (N T S ) R E Q U IR E  S Y N A P T IC  T R A N S M IS S IO N . H .W . 
V o g ľ. C .M . F o le v 1. P .J. M u e lle r '. S .A . F ń s k e v 1. M . H a v 1. M .J. S u lliv a n 2*, 
a n d  E .M . H a s s e r 1. 1 D ept, o f  Vet. B io m ed . S c i2, D ep t, o f  P h y s io l., a n d  
D a lto n  C a rd io v a sc u la r  Res. Ctr., Univ, o f  M isso u ri, C o lu m b ia , M O  6 5211  

P reviou s w ork  from  th is laboratory in d icates that the group I s e lec tiv e  
m G luR  agon ist, 3 ,5 -d ih y d ro x y p h en y lg ly cin e  (D H P G ) e lic its  resp on ses  
co n sisten t w ith  exc ita tion  o f  neurons in the N T S . T h is stu dy evalu ated  
w h ether activation  o f  group I m G lu R s in the N T S  co u ld  e lic it  
card iovascu lar resp on ses after C oC l2 w h ich  w a s u sed  to b lo ck  synaptic  
transm ission. U rethane an esth etized  rats w ere instrum ented for recording  
m ean  arterial pressure (M A P ), heart rate (H R ), and lum bar sym p athetic  
nerve activity (L S N A ). Unilateral in jections w ere m ade into the N T S  using  
multibarrel g lass m icropipettes. A d m inistration  o f  100 m M  C o C l2 d id  not 
block  the responses to 10 m M  glutam ate (G lu). D ecreases in M A P , H R  and 
L S N A  due to 1 m M  D H PG  w ere a b o lish ed  b y  C o C l2. A fter C o C l2 D H P G  
and G lu  adm inistered together e lic ited  greater d ecrem en ts in M A P  (- 
24.2±IO  m m H g), H R  (-57 .O ±I9 bpm ), and L S N A  (-4 9 .7 ± l 1% control) than 
G lu a lone (M A P: - l8 .3 ± 8  m m H g, HR: -З l.O ± 2 2  bpm , L S N A : -2 4 .9 ± 7 .4 %  
control)(n=3). F o llo w in g  b lock ad e o f  synaptic  inputs, activation  o f  group  
I m G lu R s in the N T S  d oes  not e lic it  d irect card iovascu lar resp onses. 
H ow ever, group I m G lu R s m ay facilitate  ion otrop ic  glutam ate receptor  
e ffects . (H L -5 4 6 6 9 , H L 5 0 3 0 4 , A H A -M O )

344.7
AC TIVATIO N OF GABAa BUT NOT G ABAв RECEPTORS IN THE 
NTS BLOCKED THE BRADYCARDIC RESPONSE OF THE 
CHEMOREFLEX IN AW A KE RATS. J.C. Calleгa1, L.G.H. Bonagamba1. 
A. Nosiean2. R. Lasuzzi2 and B.H. Machado1*,1 Dept. Physiology, School of 
Medicine of Ribeirão Preto, USP, 14049-900, Ribeirão Preto, SP, Brazil and 
2INSERM U288, C.H.U. Pitić-Salpêtrière, 75634, Paris, France.

The effects of bilateral microinjections of muscimol (GABAa agonist, 
50 pmol/50 nl) or baclofen (GABAв agonist, 12.5 pmol/50 nl) into the NTS on 
the bradycardic and pressor responses of the chemoreflex (KCN, 40 µg/rat, i.v.) 
were evaluated in unanesthetized rats. Microinjection of muscimol into the NTS 
produced a significant increase in basal mean arterial pressure [(MAP), l2 l±8  
vs Ю3±3 mmHg], no change in the basal heart rate (HR), blocked the 
bradycardic response to chemoreflex activation (-l95±23 vs -37± ll bpm), while 
the pressor response was not affected (n=6). The effects of muscimol on the 
basal MAP and on the bradycardic response of the chemoreflex were blocked by 
prior microinjection of bicuculline (GABAa antagonist, 40 pmol/50 nl) into the 
NTS. Microinjection of baclofen into the NTS produced a significant increase in 
basal MAP (l37±9 vs Ю8±4 mmHg), no changes in HR and no effects on the 
bradycardic and pressor responses of the chemoreflex (n=7). The data show that 
the activation of GABAΛ but not GABAв receptors in the NTS inhibits the 
bradycardic response of the chemoreflex while the pressor response was not 
affected by the activation of GABA receptors. We conclude that GABAa but not 
GABAв receptors play an inhibitory neuromodulatory role in the neurons of the 
NTS involved with the parasympathetic component of the chemoreflex and also 
that GABA receptors are not involved with the modulation of the sympatho- 
excitatory component of the chemoreflex. Supported by FAPESP, CNPQ, 
PRONEX, INSERM and USP-COFECUB.

344.4
T H E EFFEC TS OF A C T IV A T IO N  OF G R O U P  III M E T A B O T R O P IC  
G L U T A M A T E  R E C E PT O R S IN  T H E  N U C L E U S  T R A C T U S  
SO LITA RIUS REQ U IRE ION OTRO PIC G L U T A M A T E  R E C E P T O R S. 
Q,U . Ы ç ‰ L ·l  M_цgllgr, H .W , VQg l S .A. Frisksy, J .C . S ch adt*. M , H ay,
E .M . H asser D ep t, o f  Vet. B io m e d . Sci. a n d  D a lto n  C a rd io v a sc u la r  
R e se a rc h  C tr., Univ, o f  M isso u r i, C o lu m b ia , M O  65211 .

Activation o f  group i n  m etabotropic glutam ate receptors (m G lu R s) w ith  
L (+ )-2-am in o-4-p h osp h on ob u tyric  acid (L -A P 4 ) in the nucleus tractus 
solitarius (N T S ) decreases mean arterial pressure (M A P ), heart rate (H R ), 
and lumbar sym pathetic nerve activity (L S N A ). This study evaluated the 
role o f  synaptic transm ission and N -m eth yl-D -asp artate  (N M D A )  
recep tors in the resp onses produced by group III m G luR s. Urethane  
anesthetized rats w ere  instrum ented to  record M A P, H R, and L S N A , and 
w ere placed in a stereotaxic  apparatus. Unilateral N T S  m icroinjection o f  
L -A P 4 (lO m M , 30  nl) decreased M A P  (Δ  -2 9 ± 4  m m H g), H R  (Δ  -6 6 ± I 8 

bpm), and L S N A  (Δ  -4 2 ± I 2  % control). N T S  injection o f  ЮOmM C oC l2 

(n=5) to b lock  synaptic activity abolished the resp on se to  L -A P 4 (Δ M A P  
-O.5±O.З m mHg, Δ H R - l± l  bpm, Δ L S N A  -O.O±O % control). Injection o f  
2-am in o-5-p h osp h on ova leric  acid (A P 5 , Ю mM ), to  se lective ly  b lock  
N M D A  receptors, abolished the response to L -A P 4 N T S  injection (Δ M A P  
-4 ± 3  m m H g, Δ H R  - l З ±8  bpm, Δ L S N A  -O.O±O % control; n=5). In 
addition, CoCl2 eliminated the resp onse to  N M D A . W e co n clu d e that the  
effects o f  activation o f  group III m G luR s in the N T S  require N M D A  
receptors. (H L -5 4 6 6 9 , H L -5 0 3 0 4 , A H A -M O ).

344.6
M E C H A N IS M S  M E D IA T IN G  R E SP O N SE S TO  M IC R O IN JE C TIO N  OF 
A  PU T A T IV E  G R O U P II M E T A B O T R O PIC  G L U T A M A T E  R E CE PTO R  
A G O N IS T  IN  TH E N U C L E U S  T R A C T U S  S O L IT A R IU S  (N T S ). P.J. 
M ueller*. C .M . F olev . H .W . V o g l. S .A . Friskev. M. H av and E .M . H asser. 
D e p a r tm e n t o f  V e terinary  B io m e d ica l S c ie n c e s  a n d  D a lto n  C a rd io v a sc u la r  
R e se a rc h  C enter, U n ivers ity  o f  M isso u r i-C o lu m b ia , C o lu m b ia , M O  65211.

M etabotropic glutam ate receptor (m G lu R ) activation in the N T S  produces  
sym p ath oin h ib itory  resp on ses inclu d in g d ecreases in arterial pressure  
(M A P ), heart rate (H R ) and lum bar sym p athetic  nerve a ctiv ity  (L S N A ). 
The purpose o f  this study w as to determ ine the role o f  synaptic transm ission  
and N -m eth y l-D -asp artic  acid  (N M D A ) receptors in resp on ses e lic ited  by  
N T S  m icroin jection  o f  the putative G roup II se le c tiv e  m G lu R  agonist, 
(S ,ľR ,2 'R ,3 'R )-2 -(2 ,3 -d icarb oxycyclop rop yl) g ly cin e  (D C G -IV ). Urethane  
an esth etized  rats w ere instrum ented to record M A P , H R  and L S N A . Rats 
w ere p laced  in a stereotaxic  apparatus and m ultibarrel g la ss  m icropipettes  
w ere p osition ed  unilaterally  into the N T S . D C G -IV  (3 0  nl; 0.1 m M ) 
produced decreases in M A P  (-26± 3  m m H g), H R  (-5 4 ± 2 8  bpm ) and L S N A  
(-3 6 ± l3 c o n tr o l) . L ow er concentration s o f  D C G -IV  (O .O lm M , 30  nl every  
10s for 1 m in.) potentiated responses to N M D A  (25 µM , 30  nl). R esp on ses  
to D C G -IV  (0.1 m M ) w ere abolished by the N M D A  antagonist, 2 -am in o-5- 
p h osp h on ova ler ic  acid  (A P -5 , 10 m M ) or C oC l2 (Ю Om M ). T h ese  data 
su g g est that D C G -IV  m ay act in the N T S  through G roup II m G lu R s by  
p otentiating  ton ic  g lutam atergic input to N M D A  receptors. It is a lso  
p o ssib le  that D C G -IV  acts at N M D A  and/or Group II m G lu R s to produce  
direct exc ita tion  o f  N T S  neurons. (H L -5 4 6 6 9 , H L -5 0 3 0 4 , A H A -M O ).

344.8
ENHANCED GABAa-MEDIATED INHIBITION OF NUCLEUS TRACTUS 
SOLITARIUS FOLLOWING BARORECEPTOR DENERVATION IN RATS. 
Tahir Tellioglu and Alan F. Sved*. Dept, of Neuroscience, Univ, of Pittsburgh, 
Pittsburgh, PA 15260.

Two weeks following sino-aortic baroreceptor denervation (BD), microinjection 
of the GABAд-antagonist, bicuculline methiodide (BIC) into the NTS elicits a large 
decrease in arterial pressure (AP) and heart rate (HR) that does not occur in 
baroreceptor-intact rats. This response in rats with BD has been interpreted as a 
chronic adaptation of the brain to the lack of baroreceptor input. The present study 
sought to examine the time course of development of this response and to determine 
whether it would generalize to another GABAa receptor antagonist, gabazine (GZ). 
BD or sham surgery was performed on halothane-anesthetized, adult male Sprague- 
Dawley rats 1-10 days prior to study. Rats were cannulated to allow recording of AP 
and HR while conscious, and to allow assessment of baroreceptor reflex-evoked 
changes in HR; all BD rats used in this study showed no change in HR in response to 
increases and decreases in AP elicited by intravenous injection of phenylephrine and 
nitroprusside, respectively. Following baroreceptor-reflex testing, rats were 
anesthetized with chloralose, paralyzed, ventilated, and prepared for microinjection 
of BIC (10 pmol) or GZ (10 pmol) into NTS. In rats tested 7-10 days following BD, 
unilateral injection of BIC and GZ into the NTS produced similar decreases in AP 
(GZ: -36±4 mm Hg; BIC: -4O±2 mm Hg, n=6/group) whereas neither drug elicited a 
significant decrease in AP in control rats. During the first week following BD, 
injection of BIC into the NTS elicited progressively greater decreases in AP; for 
example, on the fourth day following BD the BIC-evoked depressor response (-33±5, 
n=6) was significantly greater than that observed 2 day (¯I2±3, n=3) following BD 
and less than that observed 7-10 days post-BD. These results demonstrate that 
enhanced GABAA-mediated inhibition of the NTS develops progressively during the 
first several days following BD.

Supported by N1H grant (HL55687) and by TUBITAK.
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344.9
MECHANISMS INVOLVED IN THE CARDIOVASCULAR RESPONSES 
PRODUCED BY GABAa RECEPTORS AGONIST INTO THE NTS OF 
CONSCIOUS RATS. Landulpho* C. D. A. P. and Colombari, E. 
Department of Physiology - UNIFESP-EPM - São Paulo - Brazil - 04023- 
060.
Specific  aim s: Microinjection of GABAb agonist into the Nucleus Tractus 
Solitarii (NTS) increases mean arterial pressure (MAP) in conscious rats by 
increasing both sympathetic tonus and vasopressin release. The 
mechanisms involved in the cardiovascular response produced by GABAa 
agonists microinjections remain unclear. In this study we investigated the 
mechanisms involved in the cardiovascular responses produced by 
bilateral microinjections of muscimol (GABAa agonist) into the NTS of 
conscious rats.
Methods and results: Male Wistaг rats received guide cannulas in the 
direction of the NTS for microinjections and were implanted with chronic 
femoral arterial and venula cannulas to measure mean arterial pressure 
(MAP) and injections of drugs, respectively. Bilateral microinjetions of 
muscimol (1nmol/100nl) into the NTS of conscious rats (n=6) increased 
MAP from Ю3±5 mmHg to 169±5 mmHg (p<0.05). Intravenous treatment 
with prazosin (1mg/Kg, i.v.) decreased MAP to 64±5 mmHg and increased 
heart rate by 71 ±20 bpm, suggesting a reflex tachycardia. Rats then 
received intravenous injection of Manning compound (vasopressin 
antagonist) that did not affect MAP.
C onclusion: These data suggest that the increase in MAP produced by 
inhibition of the NTS with muscimol resulted from an increase in 
sympathetic tonus. Vasopressin does not appear to be involved in this 
hypertension. In addiction, the NTS inhibition by muscimol does not seems 
to interfere with the sympathetic component of the baroгeflex.
Support: FAPESP and CNPq.

344.11
THE EFFECTS OF 17ß-ESTRADIOL ON RAT AREA POSTREMA Kł 
CURRENTS ZC. L i * M. Hay Dalton Cardiovascular Research Center, Dept.of 
Veterinary Medical Science, University of Missouri, Columbia, MO 65211 

Estrogen, particularly 17ß-estradiol, has long been proposed to delay the onset of 
atherosclerosis and hypertension. Although the peripheral vasodilatory effects of l7ß- 
estradiol have been well documented, its potential involvement in the central 
regulation of cardiovascular function is yet to be established. The area postrema is a 
circumventricu!ar organ in the hindbrain which is known to be important in the 
central regulation of cardiovascular function. It does not have a blood brain barrier and 
thus is accessible to both humoral and neural signals that are essential to 
physiological and pathological autonomic regulation. The purpose of this study was 
to determine the acute effects of 17ß-estradiol on voltage-gated potassium channels in 
cultured area postrema neurons. Area postrema neurons were isolated from 12-day-old 
Sprague-Dawley rats, enzymatically dispersed, triturated and plated for cell culture. 
Whole-cell patch clamp recordings were obtained from these neurons following 36-48 
hours in culture. Bath solution consisted of (in mM) 137 NMDG, 5.4 KC1, 1.0 
MgCl2, 2.0 CaCl2, 10.0 glucose, and 10.0 HEPES, pH 7.4. Pipette solution 
consisted of (in mM) 145 KAsp, 10.0 glucose, 1.0 MgCl2, 2.0 CaCl2, 2.2 EGTA 
and 5.0 HEPES, pH=7.20. From a -80 mV holding potential, a step depolarization to 
+20 mV evoked an outward K+ current (IK). 17ß-estradiol (5OnM) significantly 
increased peak IK  by 5l±29% in 7 of 9 neurons (гange= 12-235%, p<0.05). In 2 
neurons, 17ß-estradiol decreased peak IK  by 52% (range=49-54%). The onset of these 
responses was rapid and peaked within 1-4 minutes. These effects were repeatable and 
recoverable in 5 neurons. The results suggest that 17ß-estradiol modulates area 
postrema IK  and that these effects are most likely due to a non-genomic mechanism 
of 17ß-estradiol action. Future studies w ill determine what receptors are utilized by 
17ß-estradiol and what types of area postrema potassium channels are modulated. 
(Supported by AHA)

344.13
17ß-ESTRADIOL MODULATES NORMAL AND VAGAL STIMULATION- 
INDUCED CHANGES IN THE BAROREFLEX SENSITIVITY OF MALE 
RATS. Tarek M. Saleh* and Barry J. Connell. Dept. Of Anatomy & Physiology, 
Atlantic Veterinary College, University of Prince Edward Island, Charlottetown, 
P.E.I., Canada C1A4PЗ

Female mammals have an enhanced baroгeflex sensitivity compared to their 
male counterparts, leading researchers to speculate that estrogen modulates autonomic 
tone. Therefore, this study tests the hypothesis that exogenous estrogen can enhance 
the baroгeflex sensitivity o f male rats. Male Sprague-Dawley rats anaesthetized with 
sodium thiobutabarbitoi (50 mg/kg) were instrumented to measure blood pressure and 
heart rate and for the intravenous injection o f drugs. The baroгeflex was tested using 
intravenous injections of phenylephrine and the cardiovascular responses were plotted 
to obtain a measure o f the sensitivity o f the cardiac baroгeflex. Intravenous injection 
o f estrogen produced dose-related increases in the baroгeflex sensitivity due to an 
increase in the magnitude o f the reflex bradycardia. In a second group of animals, 
stimulation of the vagus nerve for 2 hours resulted in a decrease in baroгeflex 
sensitivity. This effect was blocked when estrogen was administered immediately 
prior to the end of stimulation. In a third group o f animals, estrogen was administered 
intravenously wjiile vagal and renal sympathetic efferent activity were continuously 
monitored. The results from this study revealed that estrogen produced a significant 
increase in vagal efferent activity only. This change in autonomic tone was completely 
abolished following the local bilateral microinjection o f the estrogen receptor 
antagonist, ICI 182,780 (1 pMol in ЗOnls) into the nucleus ambiguus. In conclusion, 
intravenous injection o f estrogen in male rats significantly enhanced baroгeflex 
sensitivity and blocked the attenuation o f the baroгeflex sensitivity observed following 
2 hours o f vagal stimulation. The mechanism o f these estrogen-induced effects was 
primarily due to a centrally-mediated enhancement o f parasympathetic tone.
This work is supported by an A VC internal grant (#612222).

344.10
MORPHOLOGICAL CORRELATES OF SYNAPTIC RESPONSES IN 
IMMATURE NEURONS OF THE RAT NUCLEUS TRACTUS SOLITARIUS
B.N. Smith.* T.L. Sampson, əηd F,E, Dudek. Dept, of Anat. and Neurobiol., 
Colorado State Univ., Fort Collins, CO 80523.

Combined morphological and electrophysiological analyses in slices have 
suggested that synaptic responses in NTS neurons are correlated with 
specific neuronal morphological types (Kawai and Senba, J. Comp. Neurol., 
373:309, 1996). We used whole-cell patch-damp recordings and biocytin- 
filling in an intact brain stem-cranial nerve preparation to correlate synaptic 
activity to neuronal morphology in the NTS of 2-5 day old rats.

Digitally-reconstructed biocytin-labe!led neurons had a mean soma 
diameter of 12 ± 1 µm and 2-9 primary dendrites. The axon of some 
neurons (n=4) exited the NTS and coursed to the ventrolateral medulla. 
The remaining neurons were grouped, based on soma diameter, into small 
(n=6) and large (n=9) local neurons (i.e., with no clear axon leaving the 
nucleus). All neurons displayed excitatory synaptic responses after vagal 
stimulation. Unlike results from recordings in slices, all neurons received 
spontaneous inhibitory input. In addition to constant-latency responses to 
vagal stimulation, variable-latency responses that were were excitatory 
and/or inhibitory were observed in a variety of neuron types. In some 
neurons (n=7), both types of variable-latency response were observed.

Our data suggest that local synaptic circuits are functional in the NTS 
early in postnatal development. Further, patterns of local input to individual 
neurons are more complex than suggested previously. Supported by a 
fellowship from the American Heart Association of Colorado (BNS) and a 
grant from the AFOSR (FED).

344.12
THE EFFECTS OF 17ß-ESTRADIOL ON RAT AREA POSTREMA 
NEURONAL ACTIVITY. ZC. Li, J.Pamidimukkala. M. Hay* Dalton
Cardiovascular Research Center, Dept, of Veterinary Medical Science, Univ, of 
Missouri, Columbia, MO 65211

The area postrema is a·circumventricular organ in the hindbrain which is known 
to be important in the central regulation of cardiovascular function. It does not have 
a blood brain barrier and thus is accessible to both humoral and neural signals that 
are essential to physiological and pathological autonomic regulation. Estrogen, 
particularly 17ß-estradiol, has long been proposed to delay the onset of 
atherosclerosis and hypertension. Although the peripheral vasodilatory effects of 
17ß-estradiol have been well documented, its potential involvement in the central 
regulation of cardiovascular function is yet to be established. The purpose of this 
study is to determine the acute effects of systemic 17ß-estradiol on area postrema 
neuronal activity in rats. 2-3 month-old female Sprague-Dawley rats were 
anesthetized with urethane and the femoral artery and vein were catheterized to 
measure the blood pressure and deliver agents, respectively. The rat was then 
mounted on a stereotaxic apparatus and the area postrema was exposed. Glass 
microelectrodes with tip resistances of 10 MΩ were filled with ЗM NaCl and were 
used to record from the area postrema. The frequency o f area postrema neuron 
spontaneous activity ranged from 0.2 to 9.9Hz range, average 3.62 Hz. 17ß- 
estradiol (2ng) decreased mean blood pressure by Ю.9±5.9mmHg (14%), decreased 
heart rate by 39.6±I4.6BPM (14%), and decreased area postrema neuronal activity 
by l.8±l.5Hz (49%). The onset o f these effects was rapid (within 1 min) and long- 
lasting (>8 minutes). These effects were repeatable in different rats. The results 
suggest that 17ß-estradiol inhibits area postrema neuronal activity and that these 
effects are most likely due to a non-genomic mechanism of 17ß-estradiol. Future 
studies will determine if  these effects are due to changes in peripheral blood pressure 
or the activation of estrogen receptor in the area postrema. (Supported by AHA)

344.14
HEMODYNAMIC EFFECTS ELICITED BY MICROINJECTIONS OF 
IONOTROPIC GLUTAMATERGIC AGONISTS INTO THE NUCLEUS 
TRACTUS SOLITARH (NTS) OF CONSCIOUS RATS. A.C.R. Dias* and E. 
Colombari. Dept, of Physiology, UNIFESP-EPM, São PauIo-SP. Brazil, 04023-060.

Microinjections o f L-glutamate (L-glu) into the NTS of conscious rats elicit a dose- 
related pressor and bradycardic responses, and different regional hemodynamic effects. 
Therefore, we sought to determine the hemodynamic effects elicited by microinjections 
of NMDA and non-NMDA receptors agonists into the NTS of conscious rats. Four 
days before the experiments adult male Wistaг rats were anesthetized with Ketamine 
(100mg/Kg; ip) and guide cannulas were implanted in the direction o f the NTS. One 
day before the experiments, rats were anesthetized with halothane 2% and miniaturized 
pulsed Doppler flow probes were placed around the renal (RB), superior mesenteric 
(MB) and aortic (AB) arteries. Animals were also instrumented with a femoral arterial 
cannula in order to record mean arterial pressure (MAP) and heart rate (HR). NMDA 
and non-NMDA (AMPA) agonists produced a biphasic response in MAP: 
microinjections of lower doses (0.1; 1.0 pmol/ЮOnL) decreased it (NMDA: -5+4; 
-30+17 mmHg, respectively; n=4; AMRA: -30+8; -46+9 mmHg, respectively; n=8) and 
higher doses (5.0; 10.0 pmol/lOOnL) elicited a dose-related increase in MAP (NMDA: 
5.0: from -24+17 to 35+10 mmHg; 10.0: from -43+4 to 28+13 mmHg, n=4; AMPA: 
5.0: from -31+11 to 36+10 mmHg 10.0: from -23+12 to 41+7 mmHg n=8). Both 
agonists induced bradycardia: NMDA (from -33+20 to -180+39 bpm, p<0.05) and 
AMPA (from -77+33 to -163+24 bpm). Percentual change o f the vascular resistances 
(in mmHg/kHz) showed a vasoconstriction in the RB (NMDA: from 0.4+1% to 
20+11%; AMPA: from 23±I6% to 67+19%, p<0.05) and in the MB (NMDA: from 
0.6+4% to 28+11%; AMPA: from 16+6% to 60+37%), and in the AB (NMDA: from 
0.2+2% to 104+33%, p<0.05; AMPA: from 34+28% to 66±4O%). In addition, AMPA 
also elicited vasodilation in the AB (from -5+6% to -21+8%, p<0.05). The 
hemodynamic effects are not uniform among the NMDA and non-NMDA receptors 
activation in the NTS. Supported by CNPq and FAPESP.
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344.15
COMMISSURAL NTS (commNTS) LESIONS POTENTIATE HYPERTENSION 
PRODUCED BY BILATERAL CAROTID OCCLUSION (BCO) PROBABLY VIA 
PARTIAL WITHDRAWAL OF AORTIC BARORECEPTOR INPUTS. M A  Sato2 *
J.V. Menani1. O.U. Lopes2 and E. Colombaгi2. 'Dept, of Physiological Sciences, 
UNESP-School of Dentistry, Araгaquara-SP, Brazil, 14801-903; 2Dept. of Physiology, 
UNIFESP-Escola Paulista de Medicina. Sao Paulo-SP, Brazil, 04023-060.

Acute commNTS lesions potentiate the 1st and 2nd component (comp) o f the 
pressor response to BCO during 60 sec in awake rats. The aortic baroreceptor 
denervation (ADNx) also potentiates the pressor response to BCO. The specific aims of 
this study were: 1) to verify the effect of acute commNTS lesions on the pressor 
responses to BCO in rats with ADNx and 2) to determine the effect of chronic 
commNTS lesions on the cardiovascular responses to BCO. Study 1: Male Wistar rats 
were submitted to cannulation of the femoral artery, commNTS lesion or sham lesion, 
ADNx and inflable cuffs were implanted around the common carotid arteries. At least 
24 hours later, after basal mean arterial pressure (MAP) recorder, the BCO was made. 
The basal MAP of rats with sham lesion plus ADNx (l27±2 mmHg, n=6, p<0.01) was 
greater compared to rats with commNTS lesion plus ADNx (lO4±2 mmHg, n=6). We 
did not observe any difference in the pressor response to BCO between rats with sham 
lesion plus ADNx (Is* comp=+75±3 mmHg and 2nd comp=+7l±4 mmHg) and rats with 
commNTS lesion plus ADNx (Ist comp=+8O±2 mmHg and 2nd comp=+73±4 mmHg). 
Study 2: Rats underwent commNTS lesion or sham lesion. After 9 days, those animals 
were submitted to cannulation of the femoral artery and inflable cuffs were implanted 
around the carotid arteries. The next day, after basal MAP was recorded, the BCO was 
performed. There was no difference in the pressor response to BCO between commNTS 
lesioned (n=9) and sham lesioned rats (n=9). These data suggest that commNTS lesion 
effects may be due to partial withdrawal of aortic baroreceptor inputs. Chronically a 
reorganization in the activity o f the remaining aortic baroгeceptors or in the 
baroreceptor reflex in a whole could be contributing to the normalization of the 
cardiovascular responses to BCO.
Supported by FAPESP and CNPq.

344.17
CARDIOVASCULAR EFFECTS ELICITED BY SUBSTANCE P MICRO
INJECTED INTO THE NUCLEUS TRACTUS SOLITARII (NTS).
A.P.L. Abdala2. A.S. Haibara1, E. Colombaгi2*. Depts. of Physiology, 'UFMG, 
2UNIFESP-EPM; São Paulo, SP, Brazil, 04023-060.
It has been suggested that excitatory amino acid L-glutamate (L-Glu) is involved in 
primary cardiovascular afferent pathways in the NTS. However, other studies have 
indicated the neuropeptide substance P (SP) as a potential neurotransmitter and/or 
neuromodulator in these pathways. Therefore, we sought to evaluate the 
cardiovascular effects due to uni- and bilateral SP microinjections into the NTS, as 
well as its effects on L-Glu elicited pressor and brađycardic responses, microinjected 
at the same site of conscious rats. Five days before experiments, Wistar male rats 
(250-35Og) received NTS directed guide cannulas implants for microinjections, and 
one day before, a femoral arterial catheter for arterial pressure and heart rate 
recordings. Unilateral SP microinjections (Inmol/lOOnL) increased both mean 
arterial pressure (MAP) and heart rate (HR), reaching maximal response 5 minutes 
later (+20±2mmHg and +43±13bpm, p<0.05, n=7), returning to base line 30 minutes 
later. Doses o f 10 and 100 pmol of SP bilaterally microinjected raised MAP, that 
reached a maximum at 90 seconds (+41±6mmHg and +35±9mmHg, p<0.05, n=5), 
which was maintained for 5 minutes (+18±5mmHg and +23±9mmHg, p<0.05, 
respectively). Previous unilateral SP microinjection (lnmol) reduced both pressor 
(+29±4mmHg vs. +5±3mmHg, p<0.05, n=5) and brađycardic ( -lll± l6 b p m  vs. 
-4O±2lbpm, p<0.05) L-Glu evoked responses. No statistically significant changes 
were observed for vehicle microinjections (distillated water) on each protocol 
controls. The present results show that SP increases MAP and HR, and also interferes 
with L-Glu ehcited cardiovascular responses, suggesting SP involvement in 
endogenous neurotransmission and/or ghitamatergic neuromodulation within the 
NTS.
Supported by FAPESP and CNPq.

344.19

LESION OF THE NODOSE GANGLION DOES NOT INFLUENCE (3- 
ENDORPHIN INHIBITION OF ENDOGENOUS NOREPINEPHRINE 
RELEASE FROM THE A2 NORADRENERGIC N UCLEUS IN VITRO. J.A. 
Ca∏¯* and A.T. Lovering. Dept, o f  B iological Sciences, Texas Tech University, 
Lubbock, TX 79409-3131.

W e previously demonstrated that ß-endorphin acts on µ-opioid receptors 
to inhibit K+-evoked norepinephrine release from the A 2 area o f  the caudal 
dorsomedial medulla in rats. Others have shown that unilateral vagotomy 
results in a depletion o f  µ-opioid receptor binding and immunoreactivity in the 
ipsilateral dorsal medulla. To determine whether vagal µ-opioid receptors are 
involved in controlling norepinephrine release from A2 neurons we examined 
the effects o f  nodose ganglion removal on ß-endorphin inhibition o f  
norepinephrine release in vitro. M ale Sprague-Dawley rats received unilateral 
nodose ganglionectom y on their right side while the left side received sham  
surgery. Fourteen days after ganglionectomy, CDM M  slices were hemisected 
ipsilateral or contralateral to the site o f  ablation and incubated in the presence 
or absence o f  control media or media containing human ß-endorphin, _3, ( 10'бM) 
under basal (5 mM) and depolarizing (25 m M ) K+ conditions. Ganglionectomy 
did not significantly affect norepinephrine content o f  the CDM M  ipsilateral or 
contralateral to the ablation. There was no difference in ß-endorphin inhibition 
o f  K+-evoked norepinephrine between slices contralateral and ipsilateral to the 
ablation. W e conclude that the µ-opioid receptors controlling norepinephrine 
release in the CDM M  are not located on vagal afferents.
Supported by a Grant-in-Aid from the American Heart Association.

344.16
C A R D IO V A S C U L A R  R E S P O N S E S  T O  M IC R O IN J E C T IO N S  O F  
G L U T A M A T E  IN T O  T H E  n T S  O F  D E C E R E B R A T E  R A T S . H ,N . 
Sapru*. T. Bhatnagar and A . Dhruva, S ection  o f  N eurosurgery, N e w  
Jersey M edical S ch oo l, N ew ark , NJ 0 7 1 0 3 .

In anesthetized rats, m icroinjections o f  glutam ate (L-G lu) into the nTS 
elic it depressor and brađycardic responses. H ow ever, in con sc iou s freely  
m o v in g  rats, sim ilar m icro in jection s e lic it  pressor and brađycardic  
responses. Th ese divergent resu lts have b een  attributed to the e ffect o f  
anesth etics. A  rein vestigation  o f  the e ffec ts  o f  L -G lu  into the nTS in 
unan esthetized  decerebrate rats b ecam e n ecessary  in order to reso lve  
this controversy. A  m apping o f  nTS in these rats, using m icroin jections  
o f  L -G lu, confirm ed that depressor and brađycardic resp on ses w ere  
e lic ited  from  all the sites in the nTS exten d in g  from  the calam us  
scriptorius (C S ) to a lev e l about 1 m m  rostral to it. Pressor resp onses  
w ere elic ited  by such injections on ly  from  the chem oreceptor projection  
site (a region o f  the com m issural subnu cleus, 0 .1 -0 .5  m m  caudal to the 
C S , 0 -0 .5  m m  lateral to the m id lin e  and 0 .4 -0 .5  m m  d eep  from  the 
m edullary surface). W hen urethane w as adm in istered  in travenously in 
unanesthetized decerebrate rats, the resp on ses to m icro in jection s o f  L- 
G lu  rem ained unchanged . T h ese ob servation s ind icate that there is no 
an esth etic-in d u ced  alteration o f  the card iovascu lar resp on ses to 
m icroin jection s o f  L -G lu  into the nTS.
Support: N IH  H L 2 4 3 4 7  and A H A  (NJ a ffiliate).

344.18
FREQUENCY- AND TIME-DEPENDENT DEPRESSION OF SOLITARY 
TRACT-EVOKED POSTSYNAPTIC CURRENTS (EPSCs) IN NUCLEUS OF 
THE SOLҤARY TRACT (NTS) NEURONS. M. L. Avlwin*. Programas de 
Faгmacoiogía Molecular y Clínica y Fisiología, İCBM, Facułtad de Medicina, 
Univeгsidad de Chile, Santiago, Chile.

Although some of the baroгeflex adaptation occurs at the baroreceptor site, 
there is a significant neural component to this process. The NTS is the central 
site where visceral afferent fibers (including those from baroгeceptors) first 
synapse. Frequency-dependent depression of synaptic transmission (excitatory 
postsynaptic potentials) has been described for the solitary tract (TS) input to 
the NTS. However, the mechanism of this depression is unknown. We studied 
the frequency dependence and time course of TS-evoked synaptic currents in 
NTS cells in voltage clamp mode. Rat transverse medullary slices (200 µm) 
were superfused with (mM) NaCI 125; KCI 2.5; MgCI2 1; NaH2P 04 1 25, 
NaHCOз 25; dextrose 10; CaCI2 2; bicuculline 0.01 and bubbled with 95% C⅛ ⁄  
5% C 0 2. Electrodes (3-6 MΩ) contained (mM) CsF 145; NaCI 5; MgCI2 1; EGTA 
10; Hepes 10; Mg-ATP 3; Na-GTP 0.2; pH 7.4. NTS cells were held at -100 
mV and EPSCs were measured at stimulus frequencies of 0.5, 1, 2, 5, 10, 20 
and 50 Hz. TS stimulation (2-15 V, 0.1 ms, 0.1 Hz) evoked EPSCs with onset 
latencies of 3.7-8.8 ms. Noπmalized ratios of 2nd /1s* EPSC peak amplitudes 
were O.86±O.И, ũ.69±0.13, O.64±O.I9, O.45±O.I4, ũ.45±0.18, O.37±O.I2 and 
0.31±0.16 (mean±SD) at frequencies of 0.5, 1, 2, 5, 10, 20 and 50 Hz 
respectively (n=7 cells). The time course of the depression was frequency- 
dependent; the higher the frequency, the faster the depression. There was 
significant depression at frequencies equal or greater than 5 Hz; which are 
within the normal range of firing for the TS fibers conveying baroreceptor 
information. This indicates that, under physiological conditions, the synapses 
between TS terminals and NTS cells in the baroгeflex pathway are depressed. 
These results suggest some constraints to the possible mechanisms 
responsible for the frequency-dependent depression at the TS-NTS synapse.

344.20
FOS PROTEIN EXPRESSION IN THE NUCLEUS TRACTUS SOLITARII AFTER 
BRADYKININ INJECTION INTO THE IV CEREBRAL VENTRICLE OF RATS. 
M.F.R. Ferrari and D.R Fioг-Chadi* Department of Physiology, Institute of Biosciences, 
University of São Paulo, SP. Fax: 55 11 818 7416

It is known that injections of brađykinin (Bk) into the ΓV cerebral ventricle causes 
hypertensive responses. The nucleus tractus solitarii (NTS) and the paratrigeminal 
nucleus of the medulla oblongata are postulated to be involved in the Bk pressor 
response. The present work intends to verify specific groups of neurons in the medulla 
oblongata, by means of Fos protein immunoreactivity, that are activated by Bk. Male 
Wistar rats weighting approximately 22Og were anesthetized with chloral hydrate and 
placed in a stereotaxic frame for intracerebroventricular injections. The rats received an 
injection (2µl) of phosphate-buffered-saline or of brađykinin (100pmol/µl) during a 
period of 120s. One hour later the animals were deeply anesthetized, perfused 
transcardially with saline followed by a parafolmaldehyde solution and their brains were 
excised and pos-fixed. Coronal brain sections were obtained in a cryostat and processed 
for immunohistochemistry of Fos protein adapted to stereology. After systematic 
sampling, series of sections including every fifth section were obtained from the NTS. 
The series were incubated with Fos antiserum and indirect immunoperoxidase 
technique was employed for the detection of the immunoreaction. A qualitative analysis 
of the sections revealed the presence of scattered Fos immunoreactivity profiles in the 
nucleus of neurons in the NTS of the saline injected rats. A massive increase in the 
number and intensity of Fos immunoreactive profiles was observed in the NTS of the Bk 
injected rat. Fos positive cells were distributed throughout the cardiovascular region of 
the NTS, specially in the comissural and medial subdivisions of the nucleus. The results 
suggest that Bk may exert its central modulatory action on arterial pressure in the NTS 
by activating a transcriptional control via Fos expression.
Financial Support: Fapesp (97/5952-5) and CNPq (521004/97-7 and 113583/97-4)

Society for Neuroscience, Volume 24 ,1998



MONDAY PM CARDIOVASCULAR REGULATION: PERIPHERAL MECHANISMS 871

345.1
“AUTOCRINE” ACTIVITY-DEPENDENT INHIBITION OF BARORECEPTOR 
ACTIVITY: A NOVEL MECHANISM OF BARORECEPTOR RESETTING.
G.J. Davis 1. R. Fazan. J гλ  F.M. Abboud1 and M.W. Chapleau12*.
1Univ. of Iowa Coll, of Med.; ^Veterans Affairs Med. Ctr.; Iowa City, IA 52242.

Baroreceptor (BR) activity increases during acute hypertension but 
subsequently declines over time. This “BR resetting” has been attributed to the 
viscoelastic properties of the blood vessel wall and to activation of the BR Na* 
pump. We hypothesized that chemical “autocrine” factors released from 
activated BR terminals may also contribute to BR resetting. BR terminals were 
ant¡drom¡cally activated by electrical stimulation of the peripheral end of the 
crushed left aortic depressor nerve (ADN) in anesthetized rats. BR activity was 
only transiently inhibited after selective A-f¡beг stimulation (5 V, .02 ms, 80 Hz 
for 5 s) recovering to baseline within 30 s (96±4%). However, simultaneous 
stimulation of nonmyelinated C and myelinated A-fibers (5 V, 2 ms pulse 
duration) at low frequencies (5-20 Hz) evoked sustained inhibition of afferent BR 
activity after the period of stimulation (n=5). The magnitude of inhibition was 
related to the duration (table, n=5) and frequency (n=2) of stimulation.

BR Activity Post-Stim. (% baseline)
Stim, Duration Baseline 5Л 30 s 6 0 s  120 s 240 s

5 s Stimulus 100 48±Ю* 68±5* 81±4* 97±2 Ю2±6
10 s Stimulus 100 39±9* 49±7* 7O±7* 83±9‘ 102±11
20 s Stimulus 100 33±7* 42±5* 55±6* 69±8* 96±12

* P < .05 vs. baseline
Mean and pulsatile arterial pressure remained constant during and after ADN 
stimulation. The results indicate that activation of BR C-f¡bers causes sustained 
inhibition of afferent activity that is related to the duration and frequency of 
activation. We propose that an inhibitory factor released from activated C-fıber 
terminals contributes to baroreceptor resetting.
(NIH HL14388, VA)

345.3
EFFECTS OF L-THREO-DOPS ON BLOOD PRESSURE AND 
TILTING-INDƯCED ORTHOSTATIC HYPOTENSION IN RABBITS.
H. Amo. K. Matsumoto. M. Nakamura. H. Sakamoto*. H. Noguchi and Y. 
Ohno. Discovery Research Laboratories II, Research Center, Sumitomo 
Pharmaceuticals Co., Ltd., Osaka 554-0022, JAPAN

L-threo-DOPS(L-DOPS) is a synthetic, non-physiological amino acid 
precursor of 7-norepinephrine(NE) that is decarboxylated by L-aromatic 
amino acid decarboxylase (AADC) both in vivo and in vitro. We examined 
here, the effects of L-DOPS on tilting-induced orthostatic hypotension in 
reserpine-treated conscious rabbits to evaluate the ameliorative effects on 
neurogenic orthostatic hypotension in human. L-DOPS (3 and 10 mg/kg, 
i.v.) significantly elevated blood pressure(BP) in anesthetized rabbits, and 
this was maintained for over 1 hr. The pressor effect of L-DOPS was 
inhibited by carbidopa (AADC inhibitor) and prazosin (αi antagonist), but 
not by propranolol (ß antagonist). In conscious rabbits, head-up tilt 
(angle:9Oº ) for 60 sec induced a transient BP fall which returned to the 
normal BP level within the first 5 sec. Reserpine treatment (1 mg/kg, s.c.) 
reduced the BP by about 30 mmHg and produced persistent orthostatic 
hypotension during the head-up tilt. L-DOPS (3 mg/kg, i.v.) significantly 
increased the lowered BP level from about 60 to 90 mmHg. In addition, L- 
DOPS ameliorated the impaired compensatory pressor response to the 
tilting in reserpine-treated animals, in that, the tilting-induced BP fall 
recovered to the normal BP level usually within 30 sec of the tilting. The 
ameliorative effects of L-DOPS on tilting-induced orthostatic hypotension 
were inhibited by carbidopa and phentolamine. These findings suggest that 
L-DOPS mitigates the neurogenic orthostatic hypotension through its 
conversion to NE and activation of m adrenoceptors.

345.5
M EL A T O N IN  IN H IBITS N O R E PIN E PH R IN E  R E L E A SE  FR O M  
PE R IV A SC U L A R  NERV ES IN FE M A L E  R A T  C A U D A L  
A R T E R Y . D .N .K ra u se . S. D o o len . and S .P . D u ck ies* . D ept, o f  
Pharm acology, C o llege  o f  M edicine, U n iversity  o f  California, 
Irvine, C A  9 2 6 9 7 -4 6 2 5 .

The pineal horm one m elatonin enhances the constrictor e ffect o f  
perivascular adrenergic nerves in the therm oregulatory rat caudal 
artery. Th is effect is decreased in fem ale arteries isolated  w h en  
lev e ls  o f  estrogen  are h igh, i.e . during proestrus and w ith  estradiol 
adm inistration fo llo w in g  ovariectom y (O V X  +  E). The reduction  
in m elatonin potentiation o f  constriction that results from  estrogen  
exp osu re is  especia lly  apparent at low er  nerve stim ulation  
frequencies (2  H z vs. 5 H z). W e have sh o w n  that m elatonin can  
act directly on vascular sm ooth m u scle  w here it appears to produce  
tw o  opp osin g  resp onses, constriction  and dilation . T he latter effect  
is enhanced by estrogen and blocked  by se lective  M T 2 receptor 
antagonists. The p ossib ility  that m elatonin a lso  m odulates 
perivascular adrenergic nerves w a s investigated  by m easuring  
release o f  ⅜ n o r e p in e p h r in e  ( ⅜ N E )  from  perfu sed  caudal artery 
segm en ts fo llo w in g  fransmural electrical stim ulation (1 -4  H z). 
M elatonin had no sign ificant e ffect on ¾ - N E  release from  male 
arteries; h ow ever it inhibited release in fem ale (O V X  +  E) arteries 
in a concentration dependent m anner (1 0 ' 10 -  10 '7 M ). T h ese data 
su ggest the presen ce o f  prejunctional m elatonin receptors on  
sym pathetic nerves that are up-regulated by estrogen.

S u p p o r te d  b y  N I H  R 0 1  H L -5 0 7 7

345.2
NITRIC OXIDE DONORS AND CYCLIC GMP ELEVATORS ENHANCE THE 
CALCITONIN GENE-RELATED PEPTIDE (CGRP)-INDUCED PRODUCTION OF 
CYCLIC AMP IN VASCULAR SMOOTH MUSCLE CELLS L. F. Lu and R. R, Fiscus. 
(SPON: The Hong Kong Society of Neurosciences). Dept, of Physiology, Fac. of 
Medicine, The Chinese University of Hong Kong, Shatin, N. T , Hong Kong, China.

Calcitonin gene-related peptide (CGRP) is a neuropeptide which can cause 
endothelium-dependent vasorelaxation in some arteries. These responses are all dependent 
on de novo synthesis of nitric oxide (NO) in endothelial cells and appear to involve a 
mechanistic link between cyclic GMP and cyclic AMP responses in smooth muscle cells. 
We suppose that nitric oxide potentiates the effect of CGRP via inhibition of cyclic-GMP- 
inhibited-phosphodiesterase (type III PDE) in smooth muscle cells, allowing accumulation 
of cyclic AMP and mediates the direct vasodilator effects of CGRP. We used two nitric 
oxide donors, sodium nitroprusside (SNP) and 6-(2-hydroxy-1-methyl-2-nifrosohydrazino)- 
N-methyl-l-hexanamine (NOC-9) to see if  the nitric oxide donors can potentiate the 
elevation of intracellular cyclic AMP caused by CGRP via cyclic GMP in cultured vascular 
smooth muscle cells. We also used brain natriuretic peptide (BNP), an intracellular cyclic 
GMP elevator, and SK&F 94120, a type Ш PDE inhibitor to investigate the links between 
cyclic GMP, type Ш PDE, and cyclic AMP inside smooth muscle cells. SNP (10 µM), 
NOC-9 (10 µM) and BNP (lµM ) could increase intracellular cyclic GMP of vascular 
smooth muscle cells to levels of similar magnitude (2-3 fold). SNP (10 µM), NOC-9 (10 
µM) and BNP (lµM ) enhanced the CGRP (10 nM)-induced elevation of cyclic AMP by 
29.9%, 21.8% and 21.4%, respectively. Thus, these three agents caused similar 
enhancement of CGRP-induced intracellular cyclic AMP elevation with that by 10 µM 
SK&F 94120 (26.0%). Our results suggested an important relationship between CGRP 
and nitric oxide from endothelium in cardiovascular system. Nitric oxide released from 
endothelium caused an increase of intracellular cyclic GMP. CGRP acts on its receptor on 
smooth muscle cells and triggers a production of cyclic AMP. Cyclic GMP inhibits type III 
PDE, causing accumulation of cyclic AMP and further relaxation.

(Supported by a grant from the Research Grants Council of Hong Kong Earmarked 
Grant No. CUHK 266/96M)

345.4
ONDANSETRON PREVENTS THE INCREASE IN 
BARORECEPTOR REFLEX SENSITIVITY INDUCED BY 
STIM ULATION OF VAGAL GASTRIC AFFERENTS IN THE RAT
H. S. Oreг* &  M. Durakoglugil. Department of Pharmacology, Faculty of Medicine, 
Hacettepe University, 06100 Ankara, Turkey.
It has been shown that the activation of 5-HT3 receptors within the nucleus tractus 
solitarius produccsan inhibitory effect on vagal component of the baroreceptor reflex 
(BR). However, no effect was reported on blood pressure with 5-HT3 antagonists. 
This may raise the possibility that the modulatory action of serotonergic activation 
takes place only during "exceptional situations". The aim of this study is to provide a 
mode! that simulate such "exceptional situations", in which the BR sensitivity is 
changed and to investigate the effects of 5-HT3 receptor antagonist ondansetron under 
these circumstances.
Male Sprague-Dawley rats were used. An increase in BR sensitivity was induced by a 
long-term (10 min) electrical stimulation of the central end of the gastric nerve under 
urethane anesthesia (1.4 g/kg, i.v.). BR testing was made with a bolus injection of 
phenylephrine (3-10 µg/kg). BR sensitivity, calculated as the ratio of maximal 
decrease in heart rate over maximal increase in the mean arterial pressure, increased 
more than two fold following the electrical stimulation (n=l6). The recovery lime of 
the heart rate was also prolonged. The increase in sensitivity lasted about 30 min and 
BR responses returned gradually to the control level afterwards. Short-term electrical 
stimulation (10 s to 2 min) failed to induce, and atropine (30 µg/kg, i.v.) 
pretreatment prevented the increase in BR sensitivity. Intravenous administration of 
ondansetron (0.4-0.8 mg/kg) prior to gastric stimulation eliminated completely the 
increase in BR sensitivity (n=6).
These results show- that peripheral sensory' afferents originating from areas that arc not 
related to the cardiovascular regulation modulate BR and that serotonergic mechanisms 
may be involved. Supported by TUBITAK-SBAG 1601 and HUAF 96.01.101.005

345.6
BRADYKIŃIN-MEPIATED ACTIVATION OF ISCHEMICALLY SENSITIVE 
ABDOMINAL VISCERAL AFFERENTS: CONTRIBUTIONS FROM # THE
PHOSPHOINOSITIDE AND CYCLOOXYGENASE PATHWAYS. Z-L Guo. I.D. 
Svmons. I.C. Longhurst . Division of Cardiovascular Medicine, University of 
California, Davis, CA 95616.

We have shown that cyclooxygenase (CO) and protein kinase C (PKC) 
inhibition independently attenuate bradykinin (BK)-induced increases in the activity 
of ¡schemically sensitive visceral afferents. The present study evaluated whether 
combined PKC and CO inhibition attenuates BK-med¡ated activation of ischemically 
sensitive abdominal visceral afferents more than inhibiting either pathway alone. 
Single-unit activity of abdominal visceral C-fiber afferent nerves was recorded from 
the right thoracic sympathetic chain of anesthetized cats. After identifying an 
ischemically sensitive C-fiber, afferent unit activity was measured before and during 
3 repeated injections of BK (1-2µg/kg i.a; Group 1, n = 5). In Group 2 (n = 5), the 
second and third BK injections were performed after CO inhibition (COx, 
indomethac¡n, 5 mg/kg, i.v), and ¡ndomethac¡n + PKC inhibition (PKCx, PKC 19-36, 
20 µg/kg, i.v), respectively. The sequence of drug administration was reversed in 
Group 3 (n = 6). Data reflect changes in discharge activity (imp/s) from baseline. * vs. 
1st BK; † vs. 2nd BK (both p<0.05).

Group 1 BK BK BK
1.07 + 0.10 1.05±0.21 1.15 ±0.13

Group 2 BK + COx + COx+ PKCx
Ί.14±0.27 ũ.59±0.12* 0.18±0.09*Ť

Group 3 BK + PKCx + PKCx + COx
1.1δ±0.26 O.74±O.2O* 0.22±0.06*ł

These results suggest that combined blockade of CO and PKC reduces BK-¡nduced 
activation of ischemically sensitive visceral afferents more than inhibiting either 
pathway alone. Thus, the CO and phosphoinositide systems both contribute to the 
effect of BK on sensory nerve afferents. (Supported by NIH HL36527).

S ociety for N euroscience, Volume 24 ,1998



872 CARDIOVASCULAR REGULATION: PERIPHERAL MECHANISMS MONDAY PM

345.7
CALCITONIN GENE-RELATED PEPTIDE (CGRP)· AND NEUROKININ A 
(NKA)-INDƯCED EXCITATION IN GUINEA PIG INTRACARDIAC  
NEURONS. S.X. Xi-M ov. J.C. Hancock. D.B. Hoover and M.D. Mivamoto*. 
Dept, o f  Pharmacology, East Tennessee State Univ.; Johnson City, TN 37614.

CGRP and NKA are coexpressed in afferent fibers innervating parasympathetic 
neurons o f  guinea pig intracardiac ganglia. The goal o f  the present experiments 
was to study actions o f  CGRP and NKA on intracardiac neurons. Whole mount 
preparations o f guinea pig atria containing intact neurons were used for standard 
intracellular recording. CGRP pressure microejection (100 µM, 0.3-3.5 s) evoked 
a small, slow-onset membrane depolarization with a slightly reduced input 
resistance in 7 o f  9 neurons tested. The mean amplitude o f  depolarization was 
5.l±O.З mV (range 1-11 mV; 100 µM, 2 s) with a duration o f  54.3±l 1.2 s (range 
19-86 s). The depolarization was increased with increasing duration o f  
microejection. A direct effect on the ganglion cell membrane was assumed as the 
depolarization was not affected by low Ca2+ Kreb’s solution. Estimated reversal 
potentials o f  the depolarization were -14 , -10 and -2 mV in 3 different neurons. 
Anodal break action potentials were observed with CGRP exposure. NKA  
pressure microejection (100 µM, 0.5 s) caused a small, slow-onset depolarization 
in 7 o f  7 neurons tested. Amplitude and duration o f  the depolarization were 
7.6± l.3  mV and 68.5±IЗ.O s, respectively. The depolarization amplitude was 
reduced to 30 % o f the control with an N K 3 receptor antagonist, SR 142801 
(superfusion, 30 nM, 8 min). Membrane excitability was increased by NKA since 
anodal break action potentials occurred. Both CGRP and NKA increased the 
frequency and amplitude o f spontaneous EPSPs. A direct action on postsynaptic 
nicotinic receptors was not likely since their membrane depolarization actions 
were not affected by hexamethonium (0.1 mM). These observations indicate the 
possibility for interactions between peptidergic and cholinergic transmission. 
Supported by NIH grant HL54633.

345.9
SIGNALING MECHANISMS FOR MUSCARINIC RECEPTOR-MEDIATED 
CORONARY VASOCONSTRICTION IN THE RAT. Y. Zhang. D.B. Hoover and R.H. 
Baisden*. Depts. o f Pharmacology and Anatomy &  Cell Biology, East Tennessee State 
University; Johnson City, TN 37614.

It is known that acetylcholine causes constriction in rat coronary resistance vessels by 
stimulating M3 muscarinic receptors. This study was designed to investigate intracellular 
mechanisms that contribute to this vasoconstriction. Potassium-arrested rat hearts were 
perfused with modified Krebs-Ringer bicarbonate buffer at a constant flow rate, and the 
perfusion pressure was monitored as an indicator o f coronary vascular resistance. Dose- 
dependent responses to the selective muscarinic receptor agonist bethanechol were 
examined in the absence and presence o f specific inhibitors. Bethanechol was given by 
either bolus injections (100 µl) or infusion (100 µl/min) into the perfusion system. 
Vasoconstrictor responses to bethanechol were eliminated by perfusion with Ca2*-free 
buffer. The voltage-operated calcium channel (VOCC) blocker nifedipine (10 µM) 
decreased the maximal constrictor response to bethanechol by 61%, while the receptor- 
operated calcium channel (ROCC) blocker SK&F96365 (10 µM) converted the effect of 
bethanechol into vasodilation. This vasodilation was completely abolished if  nifedipine 
was also present. Infusion of bethanechol produced a tonic vasoconstriction with no 
evidence of desensitization. This response could be rapidly and reversibly blocked by 
simultaneous infusion o f SK&F96365. These results indicate that VOCCs might be 
required for vasodilation and ROCCs might be essential to vasoconstriction evoked by 
bethanechol. The phospholipase A2 (PLA2) inhibitor p-BPB (5 µM) suppressed the 
maximum pressor response by 43%, while inhibition o f cyclooxygenase (10 µM 
indomethacin) or 5-lipoxygenase (10 µM esculetin) decreased this effect by 32% and 
34%, respectively. The combined use o f these two blockers did not produce further 
inhibition. The protein kinase C (PKC) inhibitor chelerythrine (5 µM) reduced the peak 
vasoconstriction to bethanechol by 79%. These data suggest that PKC and ROCCs have 
major roles in the vasoconstrictor response to bethanechol. VOCCs and mediators in the 
PLA2 signal transduction pathway (such as thromboxane and leukotrienes) also contribute 
to this vasoconstriction. Supported by NIH HL54633.

345.11
NEURAL MECHANISMS RELEASING NPY DURING EXERCISE'. 
B.T. Brofeldť. S.G. Haves.2 and M.P. Kaufman2*. Divisions of 
1 Emergency Medicine and Cardiovascular Medicine, University of 
California, Davis, CA 95616

Although there is evidence that exercise causes sympathetic 
postganglionic neurons to release neuropeptide Y (NPY), the 
neural mechanisms responsible are not known. Using decerebrate 
unanesthetized cats, we investigated the possibility that central 
command and/or peripheral feedback is responsible for the release 
of this neuropeptide during exercise. NPY concentrations were 
measured by radioimmunoassay in blood taken from the aorta 
while cats were at rest and while they performed dynamic exercise 
for one minute on a treadmill. Exercise was induced by electrical 
stimulation (80 µA) of the mesencephalic locomotor region (MLR). 
Dynamic exercise induced by MLR stimulation increased NPY 
concentrations from 114±42 to 301 ±124 pg/ml (P<0.05). MLR 
stimulation while the cats were paralyzed had little effect on NPY 
concentrations. Before stimulation, NPY concentrations averaged 
294±141 pg/ml, whereas after one minute of MLR stimulation they 
averaged 367±I53 pg/ml (P>0.05). MLR stimulation while the cats 
were exercising and while the cats were paralyzed evoked similar 
increases in mean arterial pressure (MAP). While the cats were 
exercising, MAP increased from 137±11 to 216±21 mmHg. 
Likewise, while the cats were paralyzed, MAP increased from 
138±17 to 2OЗ±I4 mmHg. One interpretation of our findings is that 
peripheral feedback causes NPY to be released by the sympathetic 
nervous system during dynamic exercise. NIH HL 54534.

345.8
ID E N TIFIC A TIO N  OF T A C H Y K IN IN  REC E PTO R  SU B T Y P E S TH AT  
M E D IA T E  N E G A T IV E  C H R O N O TR O PIC  R E SPO N SE S TO  
N E U R O K IN IN  A  IN G U IN E A  PIG H EAR T. Y . Chang. D .B . H oover* and 
J.C. H an cock . Dept, o f  Pharm acol., East T en n essee State U niv.; Johnson  
City, T N  37614 .

Adm inistration o f  the sensory neuropeptide neurokinin A  (N K A ) causes 
a prom inent bradycardia in isolated  guinea p ig  hearts through activation o f  
tachykin in receptors. In the present study, w e  used tw o m ethods to 
investigate the role o f  tachykinin receptor subtypes in m ediating the negative  
chronotropic response to N K A . R eceptors w ere desensitized  using subtype 
selective agonists or b locked using subtype selective antagonists. A  standard 
dose o f  32 nm ol N K A  w as g iven  by bolus injection. Desensitization w ith the 
N K j agonist [Sar9,M e t(0 2) и ]SP  did not a ffect the bradycardic action o f  
N K A . N K 2 receptor desensitization  w ith  G R 64349  sign ificantly  decreased  
the negative chronotropic response to N K A  (48.5%  decrease in heart rate vs 
8.9% , P < 0 .01). D esensitization  w ith  the N K 3 agonist [M ePhe7]N K B  also 
reduced the response to N K A  but to a lesser extent (39.1%  decrease vs 
23.3% , P < 0 .01). C om bined desensitization  w ith  N K 2 and N K 3 agonists 
elim inated the bradycardic effect o f  N K A  (47.7%  decrease vs 2.4% ). 
R esp on ses to 1 nm ol ACҺ w ere unaffected b y  tachykinin receptor 
desensitization. The N K 2 antagonist SR 48968 (30  nM ) reduced the negative  
chronotropic response to N K A  by 62% , w h ile  the N K 3 antagonist SRI 42801 
(3 0  nM ) caused a 12% decrease. T h ese results indicate the negative  
chronotropic action o f  N K A  occurs m ainly through activation o f  N K 2 

receptors but also in vo lves the N K 3 subtype. Supported by NIH  H L 54633.

345.10
VITAMIN E, BLOOD PRESSURE AND MEMBRANE FLUIDITY IN RATS. 
A.D. Dalhouse* and Abbas Pezeshk. Dept, of Psychology and 
Chemistry, Moorhead State Univ. Moorhead, MN 56563.

Vitamin E was found to lower blood pressure (BP) and 
increase membrane permeability in rats. This study 
investigated the effects of vitamin E on the BP and 
erythrocyte membrane fluidity in hypertensive (SHR) and 
normotensive (WKY) rats. Membrane fluidity was assessed 
using spin labeling technique and electron paramagnetic 
resonance (EPR) spectroscopy. Rats were given vitamin E,
3 days/week for 3 weeks and BP was measured once weekly, 
using the tail-cuff method. The EPR spectra of the spin 
label incorporated in erythrocyte of blood collected via 
heart puncture, was larger for SHR than WKY rats. Also, 
the EPR spectra of the spin label for vitamin E treated 
SHR and WKY rats were lower than their controls. The BP 
of SHR rats was higher than that of WKY rats, however, 
vitamin E treated SHRs had significantly lower BP than 
their controls. Vitamin E treated WKYs showed slightly 
lower BP than their controls, but the difference was not 
significant. These data suggest that antioxidants, like 
vitamin E, may be effectuating their beneficial effects on 
BP by altering the membrane permeability of cells.

345.12
ALTERATIONS IN THE EXPRESSION OF FETAL MYOCARDIAL GAP 
JUNCTIONAL PROTEINS AS A RESULT OF IN UTERO EXPOSURE 
TO COCAINE.
W. Lai, M. A, Bosçh, B. R. Naylor, ЬL J· .Kelly*, Q. Қ, RpnnęĶlęiv. 
Department of Physiology and Pharmacology, Oregon Health Sciences 
University, Portland, OR 97201, and Division of Neuroscience, Oregon 
Regional Primate Research Center, Beaverton, OR 97006 

Cocaine abuse in pregnant humans has been associated with certain 
congenital heart defects. To investigate the effects of chronic cocaine 
exposure on the developing myocardium, we are studying the gap 
junctional protein, Cx43, in the primate heart model. By using DNA 
primers from the human sequence, a PCR fragment specific for Cx43 
was obtained from monkey genome which is 98% homologous to the 
human Cx43. This fragment was used as a radiolabeled probe in 
ribonuclease protection assays to assess the expression of Cx43 mRNA. 
Gravid rhesus monkeys were administered cocaine starting from day 22 
of gestation at a dose of Зmg/kg IM 4x daily and the fetuses were then 
taken by cesarean section at days 60, 70, and 130 of gestation. 
Currently, our preliminary data in 70-day gestational fetal ventricular 
myocardium shows that Cx43 is highly expressed in the heart and as a 
result of cocaine exposure, there is a decrease in the expression of 
Cx43 which is trending towards significance (12.90 + 2.33 pg/µg vs. 
10.27+ 1.23 pg/µg, p=0.056, n=3 in each group). Supported by NIH 
Grants DA07165 and P5100163.
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345.13
N O C IC E P T IN  A N D  E N D O M O R P H IN  D E C R E A S E  H E A R T  R A T E  
A N D  B L O O D  P R E S S U R E  P O S S IB L Y  B Y  A C T IV A T IN G  V A G A L  
A F F E R E N T S  IN  U R E T H A N E -A N E S T H E T IZ E D  R A T S . E. H . K w ok*  
and N . J. D u n . D ept, o f  P harm acol. Jam es H . Q u illen  C ol. M e d ., East 
T en n essee  State U n iv .,  Johnson  C ity , T N  3 7 6 1 4 .

In ureth ane-anesthetized  rats, i. v . adm in istration  o f  the recently isolated  
opiate peptid es n oc icep tin  ( 1 , 10  and 10 0  n m o l/k g ) and endom orphin  1 

and 2 (1 0 , 30  and 100 n m o l/k g ) d ose-d ep en d en tly  and reversibly  
decreased  the heart rate and low ered  the m ean arterial pressure. 
En dom orph in  1 and 2 w ere about eq u a lly  e ffe c tiv e . The bradycardia and 
h y p o ten siv e  e ffec ts  o f  en d om orp h in s, but not n oc icep tin , w ere  
antagonized  by prior i .v .  in jection  o f  n a lo x o n e  (2  m g /k g ). Pretreatm ent 
o f  the rats w ith  atropine su lfate or the quaternary derivative atropine  
m ethylnitrate (2  m g /k g , i .v . )  largely  prevented  the bradycardia and 
h y p o ten siv e  e ffec ts  o f  en dom orphins and to a lesser  extent nociceptin . 
S im ilar ly , bilateral v a gotom y nearly b lock ed  the bradycardia and 
h yp oten sive  e ffec ts  o f  en dom orphins and to a lesser extent nociceptin . 
T he resu lts sh ow  that the tw o  n ew  opiate  p eptid es adm inistered  
sy stem ica lly  produce bradycardia probably by activating  vagal afferents, 
w h ereas, the h y p o ten siv e  e ffec t  m ay be secon dary to a d ecrease o f  
cardiac output. A s a sm all d ecrease in b lood  pressure and heart rate 
rem ained in rats pre-treated w ith  atropine or had undergone bilateral 
v a g o to m y , n oc icep tin  m ay have an additional site o f  action . (Supported  
by H L 5 1 3 1 4  and N S 1 8 7 1 0 ).

345.15

A U G M E N T E D  H Y PO T E N SIO N  W ITH IN T R A C ISTE R N A LL Y  
INJECTED C A LC IU M  IN R A T ’S M ODEL O F SA L T -S E N S IT IV E  
H Y P E R T E N S IO N . T. K u w a k i . 1 2 A . O no, 1 F. H ayash i. '* M. Kum ada2 
and T. F u jita \ 'D ept. P h y sio l., Sch . M ed., Chiba U n iv ., Chiba 26 0 -  
8 6 7 0 , Japan; 2D epts. P h ysio l. &  Tnt. M ed ., U n iv. T o k y o .

H igh calcium  diet prevents sa lt-sen sitive hypertension w h ile  not 
affects on arterial pressure (A P ) in salt-resistant controls. Here, w e  tested 
the hyp oth esis that calcium  sensitivity in the central nervous system  m ight 
be enhanced by salt-loading. U sin g  sa lt-sensitive spontaneously  
hypertensive rats (S H R ) and salt-resistant W istar K yoto  rats (W K Y ), w e  
com pared the e ffect o f  intracisternally adm inistered calcium  on AP, renal 
sym pathetic nerve activity (R S N A ) and heart rate (H R ) betw een salt- 
loaded (8 .0 0 %  NaCI) group and control diet (0 .6 6 %  NaCI) one. After 4  
w eek s o f  either diet regim en, the anim als w ere anesthetized with  
halothane and artificially ventilated for m easurem ent o f  cardiovascular  
parameters. In a basal condition, A P and R S N A  w ere sign ificantly higher 
in salt-loaded S H R  than in control diet S H R , w h ile  those in W K Y w ere  
not affected by salt-loading. Intracisternal administration o f  0 .1 -4  µm ol o f  
CaCI2 dose-d ep en dently  decreased A P, R S N A  and H R in both salt-loaded  
W K Ÿ and control diet W K Y in a sim ilar m agnitude. In control diet S H R , 
only the highest d o se  o f  C aC l2 w as effective. In salt-loaded S H R , on the 
other hand, 0 .1 -4  µm ol o f  CaCI2 dose-d ep en dently  decreased  
cardiovascular parameters m easured. M oreover, at 4  µm ol o f  CaC l2, 
decreases in A P and H R w ere sign ificantly larger in salt-loaded S H R  than 
in control diet S H R . T h ese supersen sitivity to calcium  in salt-loaded S H R  
seem ed not from  the difference in Ca2+ concentrations in the cerebrospinal 
fluid. Salt-induced supersen sitivity to calcium  may account for a part o f  
antagonistic effect o f  calcium  supplem entation to high salt diet.

345.17

E S T R O G E N  A N D  T E S T O S T E R O N E  IN F L U E N C E  M Y O G E N IC  
T O N E  IN  M A L E  R A T  C E R E B R A L  A R T E R IE S . G .G . G eary. D .N . 
K rau se* , and S .P . D u ck ie s . D ep t. P h arm aco l. C o ll. M ed ic in e , U n iv . 
C a lif., Irvine, C A , 9 2 6 9 7 -4 6 2 5 .

G en d er  and c ircu la tin g  h o rm o n e statu s s ig n if ic a n tly  in flu en ce  the 
in c id e n c e  o f  cereb rovascu lar d isea se . W e  h a v e  p rev io u sly  sh o w n  that 
seru m  estra d io l is in v e rse ly  rela ted  to m y o g e n ic  to n e  in  fem a le  rat 
cerebral arteries. T h e presen t stu dy d eterm in ed  the in flu en ce  o f  estradiol 
or testo stero n e  on cerebral arteries from  o rch ie c to m iz e d  (O R X ) m ale  
rats. Cerebral arteries w ere  iso la ted  from  m ales: in tact ( l.7 ± O .З  n g /m l 
serum  testosteron e  [T ], 5 9 ± 2 3  p g /m l serum  estrad io l [E ]); O R X  (<0.1  
n g /m l T , l 7 5 ± l l 7  p g /m l E); O R X + E  (< 0 .1  n g /m l T , 2 I 8 ± 9 9  pg/m l E); 
or O R X + T  (O.4±.OЗ n g /m l T; l9 3 ± lO 6  p g /m l E ). L u m en d iam eter w as  
m easured  in cannulated  arteries in  resp on se  to step  in creases in pressure  
(2 0 -8 0  m m  H g) in p h y s io lo g ic a l sa lt so lu tio n  (P S S ); w ith  inh ib ition  o f  
N O  sy n th a se  (A G -nitro-L -argin ine m eth y l ester , N A M E , 10 µM ); or 0  
Ca++ +  E D T A  (1 m M ). O n ly  m axim um  p a ss iv e  d iam eters from  O R X + T  
w e r e  s ig n if ic a n t ly  s m a lle r  th an  O R X  (2 8 9 ± 7  v s . З l2 ± 6 µ m ,  
re sp ec tiv e ly ). O R X  and O R X + E  had s ig n if ic a n tly  le s s  m y o g en ic  tone  
(E D T A -P S S ) than m ale or O R X + T . N A M E  ca u sed  greater constriction  
o f  arteries from  m a le  at 2 0  m m  H g co m p a red  to O R X , O R X + E , or 
O R X + T . M y o g e n ic  to n e  in  th e a b sen ce  o f  N O  (E D T A -N A M E ) w a s  
s ig n if ic a n tly  greater in  m a le s , O R X + E  and O R X + T  as com p ared  to 
O R X . T h ese  data  su g g e s t  that te s to ste r o n e  acts  on  sm o o th  m u scle  
m ech an ism s to alter m y o g en ic  tone w h ile  estrogen  in flu en ces  m y o g en ic  
tone through both N O -d ep en d en t and sm ooth  m u scle  m ech an ism s. Thus 
circulating gonadal horm ones regulate m y o g en ic  tone o f  cerebral arteries.

[ N IH  R O l  H L -5 0 7 7 5 ] .

345.14
ROLE OF PLASM A O SM O LA LITY IN CO NTRO L OF RENAL  
SY M PA TH ET IC  N E R V E  A C TIV IT Y  IN W A T ER  D E PRIV ED, 
CO NSCIO U S RATS. V.L. Brooks* and K.E. Scrogin . Dept, o f  Physiology  
& Pharm acology, O regon Health Scien ces University; Portland, OR 97201.

Previous studies in water deprived (W D ), conscious rats demonstrat
ed that decreases in plasm a osm olality  to normal decrease arterial pressure 
(M A P) and lumbar sym pathetic nerve activity (L S N A ), suggesting that 
elevated osm olality  tonically  increases L S N A  and M AP. This study was 
performed to determ ine i f  renal sym pathetic nerve activity (R SN A ) is 
sim ilarly affected. Rats (n=4) w ere W D 48 hr, and instrumented with femoral 
arterial and venous catheters and a renal nerve recording electrode the day 
before the experim ent. W D increased osm olality  from 289+ 2  to 304+2  
m O sm /kg H20  (p<0.05). The rats were first treated with a VI vasopressin  
antagonist (M anning com pound; 5µg) to prevent com p licating effects o f  
changes in vasopressin on M AP and R S N A . The VI antagonist decreased  
M AP (120+4  to 115+5 m m H g), and increased R S N A  (99+3 to 138+7 % 
control) and heart rate (470+ 8  to 502+ 16  bpm; all p< 0.05). Subsequent 
infusion o f  5% dextrose in water (125 µL/m in) then progressively decreased  
osm olality  to 288+ 2 m O sm /kg H20  over 120 min (p <0 .05), decreased M AP  
from 118+3 to 107+4 m m H g (p <0.05), but did not sign ificantly alter RSNA  
or heart rate. These results suggest that increases in osm olality  tonically  
support M AP, but not R S N A , in W D rats. M oreover, the results em phasize 
that elevated vasopressin chronically suppresses R S N A  and contributes to the 
m aintenance o f  M AP during W D. Supported by NIH HL 35872.

345.16
THE PEPTIDERGIC INNERVATION OF HUMAN PERFORATING 
CEREBRAL ARTERIAL TERRITORIES. S. Gulbenkian.'*M. Cunha e Sâ1'2 and
C.P. Barroso1. 'Unit o f Cell Morphology and Image Processing, Gulbenkian 
Institute o f Science, Oeiras, Portugal; department o f Neurosurgery, Garcia de 
Orta Hospital, Almada, Portugal. C.P.Barroso was supported by a grant 
PRAXIS XXI BD/3575/94

The auiouomic innervation o f human cerebral vessels has been well 
documented in humans, essentially at the level o f the larger “ inflow” or 
capacitance vessels at the base o f the brain. On the other hand, little is known on 
the innervation o f human perforating cerebral arterial territories. These arteries 
subserve blood to vital nervous centers and have a markedly reduced caliber 
compared to the parent arteries from which they emerge. In the present study, 
segments from thalamo perforators and lenticulostriate arteries were collected 
from fresh autopsy specimens and fixed in Zamboni’s fixative. Tissues were 
processed as whole mount preparations for immunohistochemistry using an 
indirect immunofluorescence staining method in combination with primary 
antibodies raised against the general neuronal marker protein gene product 9.5 
(PGP), tyrosine hydroxylase (TH), and the neuropeptides neuropeptide Y (NPY), 
vasoactive intestinal peptide (VIP), calcitonin gene-related peptide (CGRP) and 
substance P (SP). PGP-immunoreactive nerve fibers were numerous and present at 
the adventiatial-medial border. No differences were noted in the pattern found in 
distinct anatomical territories. NPY- and TH-immunoreactive nerve fibers were 
the densest nerve population, VIP-immunoreactive nerves were less numerous and 
CGRP- and SP-immunoreactive nerve fibers were generally sparse.
In this study >t was found that the perforating arteries receive a relatively dense 
peptidergic innervation. These results reinforce the idea that the perivascular 
innervation supplying these arteries may be o f major importance in certain stages 
o f deranged flow regulation as seen in hypertensive crisis or transient ischemic 
conditions.

345.18
RADIOLIGAND BINDING A N D  FUNCTIONAL CHARACTERIZ
ATION OF AN ANGIOTENSIN II TYPE 1 RECEPTOR NATIVELY  
EXPRESSED ON HUM AN KAN-TS CELLS. S.E. Perschke*. S. 
Chang. E. Good and B. Glaeser. NOVASCREEN Division, O ceanix 
Biosciences Corp., Hanover, M D 21076.

Screening o f  the human neuroblastoma KAN-TS cell line through 
approximately 100 radioligand binding assays revealed substantial 
levels o f  specific binding in the presence o f  the Angiotensin II Type 1 
(A T l)-selective [Sar , [' 5I]-Tyr4, ƒ/e⅜]-Angiotensin II (20 pM), but not 
in the presence o f  50 pM o f  the AT 2-selective [ 125I]-Jyr*-Angiotensin 
II. Competition curves testing Angiotensin II human (IC50 o f  9.6 nM) 
and its related antagonists ([S a r ,  ƒ/eǺ]-Angiotensin II, DuP753, [Sar , 
VaЃ, A l a ]-Angiotensin II, and PD 123,319), showed responses similar 
to binding with tissue known to contain AT| receptors (IC5〇 o f  0.82,
1.8, 27.2, and > 10,000 nM respectively). Equilibration o f  the KANTS 
cells with [S a r , [l25\]-Tyr4, l ie 8]- Angiotensin II, was slow , occruing in 
approximately 3 hours at room temperature, the same as for the AT j 
receptor found in rat liver. Noticeable degradation o f  bound counts was 
observed at 37°C, but not at room temperature. The AT| receptor on 
KANTS cells was found to have a K¿ o f  approximately 8.1 x Ю 1̄0 M 
and a Bmax o f  305 fm ol/m g protein.

Preliminary studies using a Molecular D evices Cytosensor 
microphysio-meter revealed physiological coupling by an increase in 
the acidification rate (metabolic rate) follow ing exposure o f  live KAN
TS cells to 5 µM Angiotensin II.
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346.1
ROLE OF THE IH CURRENT IN RESPIRATORY RHYTHM GENERATION 
DURING NORMOXIA AND HYPOXIA.
M. Thobv-Brisson*, P. Telgkamp, J.M. Ramirez. Dept. Anatomy, University o f 
Chicago, Chicago, IL 60637, USA.

In most neural networks the Ih current is important for rhythm 
generation by providing a hyperpolarization-activated pacemaker depolarization 
(Pape, 1996). We examined its role in an in vitro model for respiration: the 
transverse slice preparation o f mice (Ramirez et al, 1996, J.Physiol). This 
preparation contains the rhythm generating network within the Pre-Bötzinger 
complex (PBC) and a motor output in the hypoglossus (X II) nucleus. Blockade o f 
the Ih cuҥent (5mM CsCl or ЮOµM ZD 7288) causes an increase in busting 
frequency in the PBC (137%) and amplitude o f the integrated activity in the X II 
(150%). Under voltage clamp conditions, the Ih current starts to activate at 
-5OmV with a fast and a slow time constant and is fully activated within 2s. 
Following a respiratory burst this current is fully activated long before the onset 
of the subsequent burst (after approx. 5s). Thus, as demonstrated in the bridge 
mode, the Ih current opposes synaptic inhibition by “ clamping”  most inspiratory 
neurons to a membrane potential o f -55mV. Pharmacological blockade o f the Ih 
current abolishes the Ih-induced repolarization, and promotes an earlier onset and 
increased amplitude of respiratory bursts. Our data suggest that during normoxic 
conditions the Ih current causes in the respiratory network the inactivation o f 
bursting properties which decreases the frequency and amplitude of rhythmic 
activity. In contrast, during anoxia a decreased synaptic inhibition and open 
probability o f KCa channels leads to a decreased activation o f the Ih current and 
thus to an augmentation o f respiratory activity.

346.3
C 0 2- AND HYPOXIA-INDUCED MODULATION OF PHRENIC NEUROGRAM 
RESPONSES TO ACTIVATION OF PRE-BÖTZINGER COMPLEX. I.C, 
Solomon* and N.H. Edelman. Dept, of Physiology and Biophysics, SUNY at 
Stony Brook, Stony Brook, NY

We have previously demonstrated that microinjection of DL-homocysteic acid 
(DLH), a glutamate analog, into the pre-Bötzinger complex (pre-BötC; the 
proposed locus of respiratory rhythm generation) can produce either phasic or 
tonic excitation of phrenic nerve discharge. The influence of respiratory network 
drive on the DLH-induced tonic response is unknown. We therefore examined 
the effects of chemical stimulation (DLH; 10 mM; 20 nl) of neurons located in the 
pre-BötC during hyperoxic (P 02 > 175 mmHg) modulation of C 0 2, and during 
normocapnic hypoxia in chloralose-anesthetized, vagotomized, mechanically 
ventilated cats. Unilateral microinjection of DLH into the pre-BötC during hyperoxic 
normocapnia (PaC02 = 39.3±2.2 mmHg; n=11) produced a non-rhythmic tonic 
excitation of phrenic nerve discharge. This tonic excitatory response to unilateral 
microinjection of DLH was decreased by hypocapnia (PaC02 = 29.4±l .5 mmHg; 
n=9) and increased by hypercapnia (PaC02 = 59.7±2.8 mmHg; n=11). In addition, 
during hypercapnia, respiratory rhythmic oscillations were superimposed on the 
tonic phrenic neurogram. These respiratory rhythmic oscillations had an increased 
frequency of bursts compared to the baseline (p<0.05). The tonic response to 
DLH was also increased during normocapnic hypoxia (PaC02 = 38.5±3.7 mmHg; 
p〇2 = 38.4±4.4 mmHg; n=4) and was associated with respiratory rhythmic 
oscillations. These findings demonstrate that tonic inspiratory activity evoked by 
stimulation of the pre-BǒtC is influenced by and integrates with modulation of 
respiratory output by chemoreceptors. Supported by HL16022, AHA/NJ Affiliate.

346.5

M A N I P U L A T I O N  O F  S Y N A P T I C  I N H I B I T I O N  IN  T H E  
P R E B O T Z IN G E R  C O M P L E X  A L T E R S  B R E A T H IN G  IN  V IV O  IN  
R A T . A . M o n n ie r . F. H a v a sh i and D .R . M c C r im m o n * . D e p t.  
P h y sio lo g y  &  Inst, for N e u r o sc ie n c e , N orth w estern  U n iv . M ed . Sch.; 
C h icago , ÍL 6 0 6 1 1 .

T h e p reB o tz in g er  c o m p le x  (p reB o tC ) has b een  p ro p o sed  to be  
essen tia l for respiratory rhythm  generation . W e h ave p rev io u sly  sh ow n  
(F A S E B  J. l2 :A 4 9 4  , 1 9 9 8 ) that the p reB otC  can be id en tif ied  by a 
ch aracteristic  d y srh y th m ia  or ta ch y p n ea  e lic ite d  by sm a ll in jec tio n s  
in to  th is reg io n  o f  an ex c ita to ry  am in o  acid . In the p resen t stu d y , 
m ultibarrel p ip ettes w ere u sed  to: 1 ) e ject an exc ita tory  am in o  acid  for  
loca liza tion  o f  the p reB otC , and 2 ) e jectio n  o f  agents that w o u ld  either  
a ctiv a te  or b lo c k  the a c tiv a tio n  o f  in h ib itory  a m in o  ac id  sy n a p ses  
w ith in  the preB otC . Injected  su b stan ces included: b ic u cu llin e  (5 m M ), 
a G A B A  recep tor an tagon ist; m u sc im o l (2  m M ), a G A B A  receptor  
agon ist; strychnine (2 m M ), a g ly c in e  receptor antagonist; and cob a lt  
acetate (75  m M ) to b lo ck  syn ap tic  tran sm ission . U n ila tera l m u scim ol  
in jectio n s into the p reB otC  e lic ite d  an irregular b reath ing rhythm  and  
pattern. C om parable ch a n g es w ere not e lic ited  by m u scim o l in jection s  
cau d al to  the p reB otC . B ila tera l b ic u c u llin e  in jec tio n s  resu lted  in a 
reversa l o f  th e B reu er -H er in g  r e fle x  in w h ich  w ith h o ld in g  lung  
in fla tio n  resu lted  in a d e crea se  in am p litu d e  o f  in teg ra ted  phrenic  
nerve bursts w h ile  lo w  intensity  stim ulation  o f  a vagu s nerve increased  
the p eak  a m p litu d e  o f  p h ren ic  n erv e  a c tiv ity . T h e  f in d in g s  are 
c o n s is ten t w ith  a ro le  for  sy n a p tic  in h ib itio n  w ith in  the p reB otC  in 
respiratory rhythm  generation .

Supported by N IH  grants H L /N S -4 0 3 3 6  &  H L /N S -6 0 0 9 7 .

346.2
PHARMACOLOGICAL IDENTIFICATION OF HYPOXIA-INDUCED REDUC
TION OF CA++-CURRENTS IN THE RESPIRATORY NETWORK OF MICE.
F.P· Elsen*. J.M. Ramirez. Dept. Anatomy, UoC, Chicago, IL 60637, USA.

Severe hypoxia (anoxia) causes an initial augmentation followed by a depression 
and cessation o f breathing (apnea). To investigate the underlying cellular 
mechanisms an in vitro model for respiratory rhythm generation was used: the 
transverse medullary slice o f mice (Ramirez et al. 1997). This preparation generates 
spontaneously respiratory rhythmic activity which can be recorded extracellularly 
from hypoglossal (XII) rootlets. Anoxia, induced by replacing carbogenated artificial 
CSF with one containing a mixture o f 95% N2 and 5% C 02, elicits a response which 
resembles the hypoxic response o f peripheral chemoreceptor-deafferented in vivo 
animals. Here, we examined the anoxic effect on calcium currents recorded from re
spiratory neurons in the Pre-Bötzinger complex (PBC), the area which is responsible 
for respiratory rhythm generation. Ca++ currents were isolated in the whole-cell patch 
clamp configuration using intracellular CsCl and TEA and extracellular TTX, BaCl2 
and TEA. Low-voltage activitated (T-type) currents were isolated by using different 
holding potentials (-60 mV, -90 mV). Subtypes o f high-voltage activated currents 
were isolated by specific antagonists: L-type (nifedipine), N-type (ω-ctx MVIA), 
P-type (ω-aga 1VA) and Q-type (ω-ctx MVIIC). Hypoxic conditions reduced the 
current amplitude by 48-53% without affecting significantly the T-type cuҥent am
plitude. The reduction in the amplitude was primarily due to the hypoxic modulation 
o f L- and N-type channels. The functional relevance o f these subtypes was assessed 
by blocking pharmacologically these channels. Blockade o f the L-type cuҥent had 
no effect on rhythm generation, while blocking the N-type channel lead to a central 
apnea. We are cuҥently investigating the hypothesis that the N-type cuҥent modu
lation is the first step in a cascade of events that affect synaptic transmission, KCa 
channel open probability and Iн current activation.

346.4
LOCALIZION OF NEURAL NETWORKS FOR EUPNEIC BREATHING AND 
GASPING IN MEDULLARY SLICES OF MICE.
J.M. Ramirez*. S.P. Lieske. P.Telgkamp. M. Thobv-Brisson Department o f Anatomy, 
University o f Chicago, Chicago, IL 60637, USA.

In this study we provide evidence that eupneic activity and gasping are 
generated in transverse slice preparations o f juvenile mice (2-4 weeks). Using low 
resistance electrodes two rhythmic activities were recorded within the pre-Bötzinger 
complex (PBC): (a) A fast rhythm (cycle length 3-5s) characterized by augmenting 
and low amplitude bursts, presumably "eupneic activity", (b) A slow rhythm (cycle 
lenth 20-30s) characterized by decrementing large amplitude bursts, presumably 
"gasping". Gasps occuҥed primarily during anoxia, but often also during control 
conditions. Similar to in vivo observations, we also found under in vitro that neurons 
with post-inspiratory discharge during eupneic activity were activated in phase with 
inspiration during gasps. Augmenting inspiratory neurons during eupneic activity 
were decrementing during gasps. Phase-spanning expiratory neurons were inhibited 
only during inspiratory eupneic activity, not during gasps. During anoxia gasps 
persisted, while post-inspiratory activity was suppressed. To map the area of 
rhytmicity low-resistance surface electrodes were moved iд defined 100 µm steps 
horizontally from ventral to dorsal and from midline surface to the lateral edges o f 
one half o f the slice. A site o f maximal integrated burst amplitude for both 
rhythmicities was revealed at the following coordinates (in µm): 990 lateral of 
midline, 660 medial o f lateral edge, 380 from ventral surface and 1370 from dorsal 
surface. Rhythmicity extended 110 lateral, 160 medial, 160 dorsal and 380 ventral, 
but no rhythmicity was recorded beyond this area. During hypoxia the amplitude of 
rhythmic bursts decreased in the area o f previously maximal activity, while large 
amplitude rhythmicity occuҥed dorso-medial to this area: 660 from ventral surface 
and 330 medial to the midline. Since, preliminary data suggest that it is possible to 
obtain slices that exhibited only anoxia-induced gasping, we are cuҥently 
determining the rostral-caudal extent o f eupneic versus gasp-like activities.

346.6
MECHANISMS FOR SYNCHRONIZED BURSTING OF PACEMAKER NEU
RONS IN THE PRE-BÖTZINGER COMPLEX: COM PUTATIONAL MODEL 
AND EXPERIMENTAL OBSERVATIONS R. J. Butera, Jτ.P `*  J. C. Smith? 
and J. Rinzel.1'2,3 *Math. Research Branch, NIDDK ； 2Lab of Neural Control, 
NINDS, NIH, Bethesda, MD 20892 ; 3Center for Neural Science and Courant 
Inst, of Math. Sciences, NYU, NY, 10013.

The pacemaking kernel generating respiratory rhythm in mammals is hy
pothesized to be a subnetwork of neurons w ith intrinsic voltage-dependent 
bursting properties in the pre-Bötzinger complex. These neurons are coupled by 
excitatory amino-acid (EAA) mediated synapses and controlled by convergent 
synaptic inputs including tonic excitation. Simulations were run of a network 
of model pacemaker neurons (Butera et al., Soc. Neurosci. Abs. 1997,23:1252) 
w ith heterogeneous (randomly distributed) intrinsic membrane properties with 
and without EAA synaptic coupling. There were two primary effects of EAA 
coupling on the bursting dynamics of individual neurons: a decrease in the 
mean and variance of burst frequencies across the population ; and an increase 
in the mean burst duration. These findings are consistent w ith experimental 
observations in vitro (e.g. Johnson et al., J. Neurophysiol. 1994, 72:2598-2608). 
Greater degrees of heterogeneity required a stronger mean coupling strength for 
synchronization of bursts. This synchrony was disrupted through several dif
ferent mechanisms: decreasing the mean level of coupling strength; increasing 
parameter heterogeneity; or reducing the level of neuron depolarization, which 
decreased the number of neurons in the voltage range for intrinsic bursting. 
In these cases partial synchrony occurred, w ith most neurons bursting every 
cycle, but with a subpopulation of neurons bursting at higher frequencies. The 
existence of synchronous activity was relatively insensitive to the sparseness of 
synaptic connectivity at a given mean level of coupling strength. In general, 
both parameter heterogeneity and excitatory coupling made bursting more ro
bust: the range of mean intrinsic membrane parameter values for bursting was 
much larger for the network than for an isolated cell. In addition, heterogeneity 
of cellular and synaptic properties can account for the temporal dispersion of 
spike-frequency histograms recorded from bursting neurons in vitro.
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346.7
C H E M O SE N SIT IV ITY  O F R ESPIR A TO R Y  PA C E M A K E R  N E U R O N S  IN  
THE PRE-BÖTZINGER COMPLEX IN VITRO. S. M. Tohnson*l,2 . C.O. 
T r o u t h .2 and Ĭ.C. S m ith l .  İLab . o f N eura l C on tro l, N IN D S , N IH , 
Bethesda, M D  20892 and ^D epartm ent of Physio logy & Biophysics, 
Howard University, Coll, of Med., Washington, D.C. 20059.

Physiological evidence suggests that chemosensory neurons located 
w ith in  the ventrolateral reticular form ation of the m edulla are critica lly  
invo lved  in  the generation and regu la tion  of spontaneous rhythm ic 
breathing. We have previously reported that th in  (200-350 µm) transverse 
m edu lla ry  slices from  neonatal rats (PO-P5) conta in ing  the rhythm  
generating kernel in  the pre-Bötzinger com plex (pre-BötC) exh ib it 
chemosensitivity (Johnson et al., Soc. Neurosci. Abs. 23: 1252, 1997). These 
slices generate spontaneous motor discharge on hypoglossal (XII) nerves, 
where the discharge frequency increases m onotonically as the pH  of the 
slice bathing solution is reduced. We tested the hypothesis that these 
network level responses arise from  in trinsic chemosensitivity of pre-BötC 
pacemaker neurons. We identified  and tested insp ira tory  neurons that 
continued to burst rhythm ically after synaptic transmission in  the slice was 
b locked under cond itions  o f lo w  e x tra ce llu la r ca lc ium  or by 
pharm acologica lly blocking excitatory transmission mediated by non- 
N M D A  receptors w ith  CNQX. Incrementally elevating hydrogen ion in the 
slice bathing solution at constant C〇 2 (5%) over the pH  range 7.4 - 6.5 
reversibly caused up to 50% increases in the burst frequency of these neurons, 
s im ilar to the frequency change of the entire netw ork before blocking 
synaptic transmission. Our results suggest that pre-BötC pacemaker neurons 
have in trins ic  chem osensitivity and that these neurons are m a in ly  
responsible for the chemosensory m odulation o f rhythm  in  the isolated 
respiratory network in vitro. (SMJ was supported by ONR Grant-N-00014- 
94-1-0523).

346.8
REAL-TIME FUNCTIONAL IMAGING OF HYPOGLOSSAL PRE-MOTOR 
AND MOTOR NEURONS IN THIN MEDULLARY SLICES IN VITRO. C.G. 
Wilson*. N. Koshiya. and J.C. Smith. Laboratory o f Neural Control, NINDS, 
NIH, Bethesda, MD 20892.

We have previously described work in which the respiratory rhythm generator 
has been isolated in thin (-200-300 microns) transverse slices of the neonatal rat 
medulla (Smith et al. Science 254:726-729,1991; Soc. Neurosci. Abs. 23: 1253, 
1997). These slices contain the pre-Bötzinger complex (pre-BötC) and sufficient pre
motor circuitry for generation of inspiratory motor discharge on the hypoglossal 
nerves (XII). The spatial organization of the inspiratory drive transmission pathway 
between the rhythm-generating kernel in the pre-BötC and the X II motoneurons has 
not been established. To elucidate this pathway, we used activity-dependent, 
calcium-sensitive dyes to retrogradely label and functionally image rhythmically 
active inspiratory hypoglossal motoneurons and pre-motoneurons in the slice 
preparations (Koshiya and Smith, Soc. Neurosci. Abs. 23: 1252, 1997). 
Motoneurons were labeled with calcium green-1, dextran (10,000 MW) applied to 
the most rostral hypoglossal rootlet. Motoneurons exhibiting transient increases in 
Ca2+-dependent fluorescence (Ca2+-activity) synchronized with the X II discharge 
were most heavily concentrated in the genioglossus region in the ventral half of the 
X II motor nucleus. To label pre-motoneurons, calcium green-1 AM  was 
microinjected along the ventrolateral margin o f this region to f ill incoming axons. 
After retrograde axonal transport/diffusion, inspiratory pre-motor neurons exhibiting 
calcium activity were found distributed in the tegmental field between the X II motor 
nucleus and pre-BötC. The highest density of labeled cells in 5 experiments was 
located immediately dorsal to the semi-compact division of nucleus ambiguous. The 
functionally imaged cells were also structurally imaged with IR-DIC for whole-cell 
patch-clamp recording. This functional neurotracing and imaging approach should 
allow the organization of the pre-motor inspiratory drive transmission pathways to 
be mapped and visualized simultaneously with the activity o f the rhythm generating 
interneurons in the pre-BötC (see Koshiya and Smith, this volume).

346.9
EFFECTS OF MICROINJECTION OF AMINO ACIDS INTO PRE-BOTZINGER 
COMPLEX ON RESPIRATION IN ADULT RATS. Y.ZҺeng‘, C.Li', W.Yu1 and 
A.D. Miller2*. 1 Dept.of Physiology, West China Univ.Med.Sci., Chengdu, Sichuan 
610044, P.R,China;2 Lab.of Neurophysiology,Rockefeller Univ.,New York,NY 10021.

It has been reported that the pre-Botzinger complex (PBC) is the crucial area 
for respiratory rhythmogenesis in newborn rat in vitro. The present study was 
carried out to verify this hypothesis in adult rat in vivo by microinjection o f 
different amino acids into the PBC. The experiments were performed on 
Sprague-Dawley rats o f either sex, which were anesthetized with sodium 
pentobarbital (i.p.) and bilaterally vagotomized. Unilateral injection o f the 
excitatory neurotoxin, kainic acid (KA) (pH 7.4) (n=7), could initially lengthen 
the duration o f inspiration, shorten the duration o f expiration, and increase the 
respiratory frequency. Rhythmic respiration ceased in 2 out o f the 7 rats and 
remained in the other 5 rats 20 minutes after the unilateral injection. A 
subsequent injection o f KA into the other side o f PBC terminated the respiration 
o f the other 5 rats as well. Unilateral injection o f KA into the facial nucleus 
(n=5) lengthened the duration o f both inspiration and expiration and decreased 
the respiratory frequency, and never abolished respiration. Unilateral injection 
o f the excitatory amino acid, L-glutamate (pH 7.4), shortened the duration o f 
expiration (n=5). Unilateral injection o f the inhibitory amino acids, either 
glycine (pH 4.0) (n=6) or γ-aminobutyric acid (pH 4.0) (n=5), shortened the 
duration o f inspiration. Microinjection o f saline with pH 7.4 (n=3) or pH 4.0 
(n=3) into the PBC did not have a significant effect on respiration. These results 
indicate that the PBC in adult rats could promote the expiration-inspiration 
phase transition. It might serve as a driving source o f inspiratory on-switch and ⁄  
or expiratory off-switch mechanism.

Supported by grant from the National Committee o f Education o f P.R.China

346.10
BLOCKING  OF IN HIBITO RY SYNAPTIC TRANSMISSION IN THE 
RESPIRATORY NETW ORK CHANGES THE A C T IV IT Y  PATTERN OF 
RESPIRATORY NEURONS.
D. Büsselberg*. A.M . Bischoff, D.W. Richter. University o f Göttingen, 
Physiology, Humboldtallee 23, D-37073 Göttingen, Germany

The function o f the respiratory network depends on synaptic inhibition 
between different types o f  respiratory neurones in the pre-Bötzinger complex. 
The effect o f blockade o f synaptic inhibition on medullary respiratory activity 
was tested in the working heart-brainstem preparation. M ice (postnatal day 17 
to 21) were decerebrated at the pre-collicular level under halothane anaesthe
sia and perfused intra-arterially w ith artific ia l cerebrospinal flu id. Respiratory 
activity was recorded from phrenic nerve and compared w ith the outflow  in 
the brachial is plexus. Both signals were rectified and integrated. Fine tipped 
microelectrodes (70-100 M Ω ; filled with potassium methlysulfate and 
BAPTA) were used for intracellular recordings o f respiratory neurons. G ly
cine and/or G ABA receptor antagonists (strychnine and/or ± bicuculine) were 
added to the perfusate to block synaptic inhibition.

Low concentrations o f strychnine and/or ±bicuculine (<Ю µM ) disturbed 
the outflow in phrenic nerve, althrough rhythmic activity o f the respiratory 
network persisted. Brachialis nerve remained silent at these concentrations, 
but the post-inspiratory activity o f neurons in the pre-Bötzinger complex was 
shifted to inspiratory, while the inspiratory activity remained unchanged. Pre- 
inspiratory activity was no longer related to certain respiratory phases. Higher 
concentrations o f glycine and G ABA receptor antagonists resulted in a seizure 
like activity as determined in plexus brachialis recordings. This activity was 
transmitted to phrenic nerve as well as to single respiratory neurons.

Supported by Deutsche Forschungsgeme¡nschaft.
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347.1

FU NC TIO NAL C O N N EC TIV ITY  AN D  RESPONSES DURING  F IC TIVE 
COUGH OF INSPIRATO RY NEURONS IN THE ROSTRAL 
VE N TR O LATER AL M E D U LLA R Y  RESPIRATORY NETW ORK. D. M. 
Baekev, K. F. Morris, Z. L i, B.G. Lindsey and R. Shannon*. Physiology and 
Biophysics, Neuroscience Program, Col. Med., Univ. South Fla., Tampa, FL 
33612.

We proposed previously a model for the generation o f  the cough motor 
pattern by the ventrolateral medullary respiratory network. In these 
experiments, effective connectivity o f inspiratory neurons was evaluated to 
determine the plausib ility  o f model connections. Decerebrated, 
thoracotomized, paralyzed, phrenic-triggered ventilated, adult cats were used. 
The spike trains o f  many single neurons were recorded simultaneously 
throughout the network w ith tungsten microelectrode arrays. Neurons were 
characterized according to their discharge pattern (e.g., 1, E, AUG, DEC, etc) 
and tested for axon projections to the spinal cord, phrenic motoneurons and 
laryngeal muscles w ith antidromic stimulation and spike-triggered averaging 
methods. Neuron discharge, phrenic, lumbar and recurrent laryngeal efferent 
neurograms were monitored during fictive coughs produced by mechanical 
stimulation o f the intrathoracic trachea. Interpretation o f short-time scale 
features in cross-correlation and spike-triggered average histograms 
suggested that: a) rostral I-A U G  neurons had excitatory influences on caudal 
bulbospinal I-AUG  neurons, phrenic motoneurons and inspiratory laryngeal 
motoneurons, b) rostral I-DEC cells had inhibitory influences on other rostral 
I-A U G  and E-AUG neurons. Neuron discharge patterns during cough were 
consistent w ith the inferred connectivity and supported many proposed model 
connections. (Supported by N IH  HL49813)

347.2

COMPARISON OF N-METHYL-D-ASPARTATE (NM DA) RECEPTOR 
SUBUNIT PROTEIN AND SUBUNIT mRNA DISTRIBUTION IN THE CAT 
AND RAT MEDULLA OBLONGATA.
M. Ferreira. Y.-H. Wang. J.R. Wrathall2. W.P. Norman. M. Beгtolino, R. A, 
G illis and B.B. Wolfe*. Departments of Pharmacology and 2C℮11 Biology, 
Georgetown University School of Medicine, Washington DC 20007.

NMDA-activated ionotropic glutamate receptors in the medulla oblongata play 
important roles in the modulation of gastrointestinal (GI), respiratory, and 
cardiovascular function. It has been well documented that NMDA receptors are 
comprised o f different subunits (NR1, 2A, 2B, 2C, and 2D). Various subunit 
compositions give rise to multiple electrophysiological and pharmacological 
profiles in these receptors. Traditionally, the cat has been the model of choice in 
studying these areas of central nervous system conưol. The rat is an increasingly 
used model. Thus, the NMDA subunit distribution is compared and contrasted in 
these two species. The disttibution of NR1, 2A, 2B, and 2D proteins and their 
mRNAs were studied using western blots and in situ hybridization, respectively. 
The nuclear groups of interest were the following: area postrema, inferior olive, 
dorsal motor nucleus of the vagus, hypoglossal nucleus, medial nucleus tractus 
solitarius, ventrolateral NTS, rostral ventrolateral medulla, raphe nuclei, nucleus of 
the spinal tract of V, cuneate nucleus, and the gracile nucleus. NR1 and NR2A 
subunits and mRNAs were highly expressed in all nuclei in both species and levels 
correlated well. On the other hand, NR2B and NR2D subunits and mRNAs varied in 
their disttibution throughout the medulla. Also, the two species differed in their 
expression of these two subunits and their mRNAs. For example, neither 2D 
protein nor its mRNA was found in cat, whereas this subunit was abundantly found 
in the rat medulla. Differing regional expression of NMDA subunits could be the 
basis for developing drugs that target specific NMDA receptors and the functions 
that they modulate. This could also explain differences in responses to drugs 
affecting NMDA receptors in the two species. Supported by NIH grant NS28130 
and NS36246.
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347.3
EFFECT OF KAINIC ACID AND ELECTRICAL DESTRUCTION 
OF THE MEDULLARY RAPHE. David G. Bernard* and Julia E. 
Rives. Dept, o f Biology, University o f  Texas at Arlington, Box 19498, 
Arlington, XX 76019.

The medullary raphé was examined for regions that produced changes in 
phrenic nerve activity (PNA) and blood pressure (BP) in response to 
injections o f 2% kainic acid (KA) or to electrical stimulation. Adult male 
Sprague-Dawley rats were anesthetized, vagotomized, paralyzed and 
artificially ventilated. The ventral medullary brainstem was exposed and 20- 
100 nl injections o f mock cerebrospinal fluid (mCSF) or KA (dissolved in 
mCSF) were made into different regions o f the raphé. These sites were also 
electrically stimulated and destroyed while recording femoral arterial blood 
pressure, end-tidal C 02, and integrated PNA. The injection locations were 
verified by post-mortem anatomical evaluation. PNA and mean BP were 
expressed as a percent o f the pre-injection control and changes were 
compared to that o f mCSF. For electrical stimulation, changes were 
compared with pre-stimulation recordings. Mock CSF did not changed the 
measured variables, however KA increased PNA and in some instances had 
a biphasic response, i.e. an increase followed by a decrease. Generally KA 
depressed blood pressure. Electrical stimulation or destruction consistently 
stimulated PNA, but depressed blood pressure. None o f these interventions 
were able to produce apnea which suggests that this region may not be vital 
in maintaining cardiorespiratory activity. (Supported by AHA-95023030)

347.5
EXPRESSION OF C-FOS PROTEIN IN THE RATS CENTRAL NERVOUS 
SYSTEM ELICITED BY PHRENIC NERVE STIMULATION. O.E. Malakhova and 
P.W. Davenport*. Dept, o f Physioliological Sciences, University o f Florida, 
Gainesville, FL 32610

Stimulation o f phrenic nerve afferents (PNA) has been previously shown to activate 
neurons in the various regions o f the spinal cord, brainstem and higher brain regions 
using a variety o f electrical and anatomical techniques. However, identification these 
various regions simultaneously activated by PNA information has not been reported. 
Experiments were performed with urethane anaesthetized rats to identify neurons in the 
CNS activated by unilateral electrical stimulation o f phrenic nerve afferents using 
immunohistochemical detection o f c-Fos like proteins. c-Fos labeled neurons were 
found in the spinal cord, brainstem and forebrain. The c-Fos labeled neurons were 
found in the cervical spinal cord ipsilateral to the side o f the PNA stimulation. c-Fos 
labeled neurons in the cervical spinal cord (C3-C5) contained cells in laminae I-II o f the 
dorsal hom. Within the brainstem, c-Fos labeled neurons were found bilaterally in the 
medial subnuclei o f the nucleus o f the solitary tract and in the rostral ventral respiratory 
group. A smaller number were observed in ventrolateral medullary reticular formation . 
Within the forebrain, neurons containing c-Fos immunoreactivity after PNA stimulation 
were found bilaterally in the paraventricular and supraoptic hypothalamic nucleus and 
in the paraventricular thalamic nucleus and along o f the central nucleus o f the 
amygdala. Few, i f  any c-Fos labeled neurons were observed in the same structures o f 
control (sham operated) animals. These data indicate that PNA information originating 
in the phrenic nerve is conveyed to a number o f central neural areas. The presence of c- 
Fos in these structures suggests that these neurons are involved in PNA information 
processing and an important component o f central mechanism regulating respiratory 
function. However, the absence o f c-Fos labeling does not necessarily exclude a neural 
structure from participating in the processing o f PNA information. (Funded by College 
o f Veterinary Medicine, University o f Florida)

347.7
BRAIN STEM NETWORK MEDIATING APNEIC REFLEXES IN THE RAT.
N.L. Chamberlin* and C. B. Saper Dept. Neurology, BIDMC, Harvard Medical 
School, Boston, MA 02115

Apnea is an important protective reflex response that can be triggered by 
irritation of the upper airway, but the central mechanisms responsible for eliciting 
sensory-induced apnea are not well understood. Recent studies have emphasized the 
role of the Kölliker-Fuse nucleus in producing apnea and proposed a trigemino- 
parabrachial pathway for mediating these reflexes. However, in our earlier study of 
apneic responses produced by glutamate stimulation in the dorsolateral pons, we 
found apneic responses were elicited from the area just ventral to the Köllikeг-Fuse 
nucleus, rather than within it. Because this more ventral region was not known to 
be related to the respiratory control system, we combined chemical 
microstimulation with both anterograde and retrograde axonal tracing to characterize 
the sites in the pons that produce apneic responses. We found that apneic sites were 
consistently associated with the intertrigeminal region, between the principal 
sensory and motor trigeminal nuclei. Injections of anterograde tracer at these sites 
labeled a pathway to the ventral respiratory group, in the ventrolateral medulla. 
Injection of reưograde tracer into this target region in the ventrolateral medulla 
disclosed a previously unrecognized population of neurons among the trigeminal 
motor rootlets. Injection of retrograde tracer into this intertrigeminal region 
demonstrated inputs from portions of the spinal trigeminal nucleus and the nucleus 
of the solitary tract that have been associated with producing sensory apnea. Our 
observations suggest that the intertrigeminal region receives a convergence of 
sensory inputs capable of driving apneic responses and that it may represent a 
common link between input from different portions of the airway and the 
respiratory neurons that mediate apneic reflexes.
Supported by NS22835 and The Massachusetts Thoracic Society

347.4
FUNCTIONAL RESILIENCY OF INSPIRATORY MOTOR DRIVE IN 
AWAKE RATS AFTER CHRONIC C4/C5 SPINAL CONTUSION. D C, 
BqIş℮г*. G.W. S¢hг¡msher,_B.E· _Q’Steeπ, J.M. McKenzie, C,A. Jarosik. 
and P.J. Reier. Dept Of Physiological Sciences and Depts. Of 
Neuroscience and Neurosurgery, Univ. Of Florida, Gainesville, FL, 32610.

Patients with cervical spinal injuries can have impaired ventilation, 
primarily due to a loss of motor drive to inspiratory muscles. We 
speculated that rats with C4/C5 spinal contusions would have an altered 
respiratory pattern manifest by reduced tidal volume and elevated 
respiratory frequency. Frequency and tidal volume were monitored in 
awake Wistar rats with a head-out plethysmogгaph. Rats were subjected 
to contusion injury of the spinal cord at the C4/C5 level by the MASCIS 
device (12.5 mm drop height). The respiratory pattern was monitored for 
three months post injury in the contusion group (n=Ю) and a matched 
control group (n=11). C4/C5 spinal contusion injury did not significantly 
alter respiratory frequency or tidal volume in the contusion group. 
Spontaneous augmented breaths occuҥed in every animal and 
represented approximately 2.5-fold greater inspired volume than eupneic 
tidal breaths. However, there was no difference in the volume of 
augmented breaths between the control and contusion groups. 
Pulmonary mechanics measurements conducted in anesthetized rats at 
three months post-injury revealed no differences between the control and 
contusion groups for baseline dynamic pulmonary compliance, baseline 
airway resistance, or airway responsiveness. These results indicate that 
inspiratory motor drive during eupnea and augmented breaths in awake 
rats is not impaired by chronic spinal injury in the region of the caudal 
phrenic motor nucleus. (Supported by 1P01NS35702).

347.6
FACTORS INFLUENCING HISTOLOGICAL VARIABILITY IN THE 
MEDULLA OF THE ADULT GOAT. L. Geiger. C. Dean, B. Spretl. and H. 
Forster*. Depts. o f Physiol., Medical College o f WI; Milwaukee, WI 53226 and 
Dept, o f Anesth., Zablocki VA Center; Wood, WI 53214.

The objective was to create an anatomic atlas o f the major medullary respiratory 
nuclei o f goats. We examined the medullae o f 31 adult goats ranging in weights 
from 17 to 88 kg. The goats were euthanized, and their medullae were saline and 
fixative (4% paraformaldehyde) perfused, harvested, frozen, and serially sectioned 
at 40 µm thickness. The sections were stained withΌ.5% Neutral Red. To 
determine histological variablility, the rostral poles o f the dorsal motor vagal nucleus 
(X), hypoglossal (XII) nucleus, and the nucleus ambiguus (NA), and the caudal pole 
o f the facial nucleus (VII) were measured with respect to obex. We performed 
linear regression analysis to determine i f  distance varied with body weight. There 
was statistically significant histological variation with body weight in the distance 
from obex with increasing weight (p < .02) for the VΊI, X, and X II nuclei. However, 
these differences were small as over a range of 50 kg body weight, the distance from 
obex changed by only 1 to 1.5 mm. Nine of the thirty-two goats had in vivo 
measurements made including: the lateral distances between the abducens (VI) 
nerves and the most rostral X II nerve rootlets, and the rostral-caudal distance 
between the X II and V I nerves. These data were then compared to the 
measurements made post-fixation to determine the factor that the brainstem shrinks 
upon fixation which was subsequently coưelated to weight. The goat medulla 
shrank 14% more in the rostral-caudal direction in a 70 kg goat than in a 20 kg goat. 
The medial-lateral distance did not exhibit a statistically significant shrink factor 
with goat weight. Goat weight and fixation shrinkage are important factors to 
consider when performing stereotaxic surgery with the aid o f a histological atlas of 
the goat medulla. (Supported by NIH 25738 and Veterans Administration).

347.8
BOTZINGER NEURONS DO NOT EXPRESS GAD-67 mRNA. A.M. 
Şçhreihofeг*, R. L. Stometta. and P.G. Guvenet. Dept, o f Pharmacology, University 
of Virginia; Charlottesville, V A 22908.

The Botzinger (BOTZ) neurons of the rostral ventrolateral medulla (RVLM) inhibit 
many other types of respiratory-related neurons within the medulla oblongata by 
releasing a transmitter whose identity remains unknown. We examined whether 
BOTZ cells are GABAergic by testing whether they express GAD-67 mRNA. GAD- 
67 encodes an isofoπn of glutamic acid decarboxylase (GAD) that is expressed by 
the vast majority of GABAergic neurons in the brainstem. In chloralose-anesthetized 
rats we recorded phrenic nerve activity and performed extracellular recordings of 
RVLM units. BOTZ cells were identified by their characteristic discharge during the 
late expiratory phase of die respiratory cycle and by their contralateral axonal 
projection to the caudal venưolateral medulla. Using the juxtacellular labeling 
method, BOTZ cells were individually filled with biotinamide which was later 
revealed by incubation with avidin CY-3. GAD-67 mRNA was detected in the same 
material using a digoxigenin-labeled cRNA probe transcribed from a 3.2 kb I)NA 
clone (courtesy of A. Tobin). The probe was revealed with an anti-digoxigenin 
antibody and by the generation of a brown reaction product catalyzed by alkaline 
phosphatase. None of the 9 BOTZ cells labeled with biotinamide had detectable 
levels of GAD-67 mRNA though they were sшгounded by numerous GAI)-67- 
positive neurons. As a positive control we used the same juxtacellular method to 
label with biotinamide 12 substantia nigra pars reticulata neurons known to be 
GABAergic. Eleven of these cells contained clearly detectable levels of GAl)-67 
mRNA. The results show that the juxtacellular labeling method can be combined 
with in situ hybridization for GAD-67 mRNA to identify GABAergic neurons 
recorded extracellularly “ in vivo” . The data indicate that BOTZ neurons do not 
express GAD-67. This suggests that BOTZ neurons are not GABAergic or. if  so, that 
the cells express predominantly the other isozyme of GAD (GAD-65). This work was 
supported by NIH grants HL28785 and F32 HL09643-02, and by SCRF Grant 1737.
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347.9

GABA RECEPTORS IN THE PHRENIC NUCLEUS OF THE*
RAT. V. C. Chitravanshi and H .N . Sapru. S ection  o f  N eurosurgery, 
N e w  Jersey M edical S ch o o l, N ew ark , N J 0 7 1 0 3 .

The phrenic nucleus w as identified by m icroin jections o f  N M D A  in 
u reth ane-anesthetized  adult, m ale W istar rats. M icro in jection s o f  

G A B A -a and G A B A -b receptor-agonists (m u sc im o l and b aclofen , 
resp ective ly ) at the sam e site d ecreased  the am plitude o f  the phrenic  
nerve bursts. M icroin jection s o f  G A B A -a and G A B A -b receptor  
antagonists (b icuculline and 2 -hydroxysaclofen , resp ectively) b locked  
as w ell as reversed the e ffects o f  their resp ective agonists. B icu cu llin e  
and 2 -hydroxysaclofen  did not attenuate the resp onses to an unrelated  
agon ist (N M D A ) ind icatin g the sp ec if ic ity  o f  their actions. T h ese  
resu lts w ere confirm ed by recording extracellu lar action  p otentials  
from sin g le  phrenic neurons. M icropressure applications o f  m u scim ol 
and b aclofen  d ecreased  the a ctiv ity  o f  sin g le  phrenic neurons; this 
effect w as blocked  as w ell as reversed by m icropressure application s  
o f  b icu cu llin e  and 2 -h y d ro x y sa clo fen , resp ective ly . T h ese  resu lts 
dem onstrated the presen ce o f  G A B A  receptors on the neurons in the 
phrenic nucleu s and su ggested  that their activation  resu lts in the 
d ecrease o f  the phrenic nerve burst-am plitude.
Support: N IH  H L 2 4 3 4 7  and A H A  (NJ affiliate).

347.10
TRANSNEURONAL TRACING OF NEURAL PATHWAYS CONTROLLING 
ACTIVITY OF ABDOMINAL MOTONEURONS IN THE FERRET. I. B illig1*.
J.M. Foris'. J.P. Card2 and B.J. Yates12. 'Dept, of Otolaryngology; 2Dept. of 
Neuroscience; Univ, of Pittsburgh, Pittsburgh PA 15213.

It is well-established that the dorsal and ventral respiratory groups are responsible for 
both generating the respiratory rhythm and imposing that rhythm on respiratory 
motoneurons. Previous studies have also shown that stimulation of vestibular afferents 
affects both expiratory and inspiratory spinal nerve discharge. However, lesions of the 
main respiratory groups do not abolish vestibulo-respiratory reflexes. This suggests 
that additional descending pathways are also important for relaying vestibular signals to 
spinal respiratory motoneurons.

To determine the locations of premotor expiratory neurons outside of the main 
respiratory groups, we injected the transneuronal tracer pseudorabies virus-Bartha into 
the left rectus abdominus muscle. These experiments were conducted in the ferret, a 
species that is phylogenetically similar to the cat, because motor circuitry in the cat has 
restricted tropism for this pseudorabies virus.

The results show the presence of infected abdominal motoneurons distributed in cond 
segments T12-LЗ. At post-inoculation survival times >3 days, transneuronally-labelled 
intemeurons were distinguishable at thoracic and lumbar levels of the spinal cord and in 
brainstem areas rostral to the obex, including the paramedian, magnocellular, 
gigantocellular and lateral reticular nuclei, in addition to areas containing the ventral 
respiratory group. Some neurons were also labelled in the medullary raphe nuclei, 
although the number was not extensive until survival times of 5-6 days.

These results demonstrate that neurons located outside of the ventral respiratory group 
provide inputs to expiratory motoneurons, and may mediate behaviors such as 
responses to vestibular stimulation and vomiting that involve changes in abdominal 
muscle activity. It is noteworthy that the pattern of transneuronal labelling in the 
brainstem resembles that following injections of virus into the diaphragm 
(Yates et al. ’98). Supported by NIH grant # R0ìDC-03732

347.11
TR A C IN G  O F N E U R A L PA T H W A Y S C O N T R O L L IN G  A C TIV IT Y  
O F D IA PH R A G M  M O T O N EU R O N S IN TH E FE R R E T USIN G  
T R A N SN E U R O N A L  T R A N SPO R T  O F P SE U D O R A B IE S VIR US.
B.J. Yates'-2*, J.A. Sm ail12, S.D. Stocker2 and J.P. Card2- Depts. 
O tolaryngology and ‘Neuroscience, Univ. Pittsburgh, Pittsburgh, PA 
15213.

Previous studies have shown that neurons other than those in the medullary 
respiratory groups are involved in activating phrenic motoneurons during a number of 
behaviors, including vomiting and reaction to vestibular stimulation. The location 
of premotor inspiratory neurons outside of the main medullary respiratory groups is 
largely unknown, particularly in emetic species. In the present study, the 
transneuronal tracer pseudorabies virus was injected into the diaphragm of the ferret, 
and the location of retrogradely labeled motoneurons and transneuronally labeled 
premotor neurons in the brainstem and cervical and thoracic spinal cord was mapped. 
Large labeled cells that were interpreted as being phrenic motoneurons were located in 
the C,-C7 segments, and smaller transneuronally-labeled cells were present at all 
levels of the cervical spinal cord, mainly in the intermediate zone. At post
inoculation survival times > 3 days, transneuronally-labeled intemeurons were located 
in the thoracic spinal cord and portions of the brainstem, including the midline 
pontomedullay reticular formation and the lateral medullary reticular formation. In 
contrast, previous studies in the rodent have shown that only a few neurons in the 
midline innervate phrenic motoneurons (Dobbins and Feldman, 1994). Double- 
labeling studies revealed that although the infected midline neurons were located in 
the proximity of serotonergic neurons, only some of the virus-containing cells were 
positive for serotonin. These findings suggest that neurons in the midline of the 
medulla and pons may play a particular role in controlling activity of phrenic 
motoneurons during inspiratory behaviors unique to emetic animals (such as 
vomiting).

Supported by NIH grants R01 DC03732 and MH53574.

SOMATIC AND VISCERAL AFFERENTS: ANATOMY AND PHYSIOLOGY

348.1

REGIONAL SEGREGATION OF PACINIAN AFFERENTS IN HUMAN 
NERVES. G. Wu1, R. Ekedahl'. B. Stark2. T. Caгlstedt4, B. Nilsson3 and Rolf G. 
Hallin1*. 'Dept. Med. Lab. Sci. Technol., S ec t Clin. Neurophysiol., Huddinge 
Univ. Hosp., 2Dept. Neurosci., Karolinska Inst., 3R. Technol. Inst., Stockholm, 
Sweden and 4PNI-unίt, R. Natl. Orthop. Hosp. Trust, Stanmore, UK.

Pacinian corpuscles (PCs) are important touch receptors with extreme 
sensitivity to high frequency vibration. In human nerves a low density of PC 
afferents was found in single fibre recordings with tungsten electrodes. Based on 
psychophysical data it was proposed that PC messages were processed via a 
distinct sensory channel.

To further explore the characteristics o f the human PCs microneurography 
with thin calibre concentric needle electrodes was performed in the median nerve 
of normal adults. Test stimuli included skin vibration of small amplitudes, <20 
µm, delivered by tuning forks oscillating at 128 or 256 Hz. Among 128 recording 
sites, there were only 13 sites where PC units were identified. In individual PC 
sites, two, sometimes even three PC afferents were found. In addition, clustered 
PC afferents exhibited adjacent or overlapping receptive fields in the hand. These 
findings suggested that PC afferents might be partially segregated in the nerve. 
Furthermore, all PC units tested were entrained 1:1, without repetitive firing to 
the applied vibration. It was frequently seen that more than one PC unit 
responded at each vibratory cycle. Such synchronous discharges of several PC 
afferents to each stimulus cycle might represent a new type of discharge pattern 
for coding of vibrotactile stimuli.

The data provided additional information regarding the functional organisation 
of the human peripheral nerve and the mechanisms underlying the sense of 
vibration in man with special regard to population behaviour of neighbouring PC 
mechanoreceptors.

Supported by the Magnus Beгgvalls Foundation, the Karolinska Institute and 
the Wenner-Gгen Foundation.

348.2
NEUROPEPTIDES IN THE MERKEL CELL-NEURITE COMPLEXES OF THE 
RATS. M.S.Leung*. K.K.Poon, and C.C.Wong. Dept, o f Physiology, Faculty of 
Medicine, Chinese Univ, of Hong Kong, Shatin, N.T., Hong Kong.

Merkel cell-neurite complexes are the slowly adapting type II cutaneous 
mechanoreceptors. They consisted of a cluster o f Merkel cells with attachment of 
adjacent nerve terminals which respond to light touch on the skin. There has been long 
argument about the possible involvement of neurotransmitters in the transduction of 
physical (mechanical) stimuli into electrical signals in such receptors. Vibrissal hair on 
the face of male rats (~ 200 gm) was excised out for the dissection o f the ring of Merkel 
cells from the sinus hair follicle. About 1200 sheets of Merkel cells were taken. Skin 
area adjacent to the sinus hair follicles were taken as the controls. The total RNA 
extracted were subjected to reverse transcription to get the cDNA. PCR were then 
carried out using 32P-labeled dCTP and specific primers for the different possible 
neuropeptides. In order to semi-quantitate the relative amount of mRNA for the different 
neuropeptides found in the Merkel cells, the amount of mRNA for the household gene 
ß-actin was employed to normalized the results for different target genes. The 
radioactive labeled PCR products after 8% native polyacrylamide gel electrophoresis 
were quantified using a phosphorimager. VIP, tyrosine hydroxylase, substance P and 
acid sensitive ionic channels were found to have a higher abundance in Merkel cells as 
compared to the control samples. Other neuropeptides such as VIP receptor, pro
enkephalin, GAP-43, CGRP, BDNF, NGF and GFAP were also detected in Merkel cells 
but their relative abundance were not significantly higher than the controls due to the 
large variance. Since the Merkel cell-neurite complexes are located at the epidermo- 
dermal border of the hairy skin, it is extremely difficult to isolate without any attachment 
of other cutaneous tissue. In the sinus hair the Merkel cell- neurite complexes are 
confined at the sinus position o f the follicle in a ring form which can be easily 
recognized after loading with quniacrine and subsequent UV illumination. It is 
impossible to get pure Merkel cells without any attachment of nerve fibres the large 
variation of the results might be due to the contamination form the nerve terminals.
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348.3
MULTIPLE VARICOSITY TYPES IN VIP SENSORY AXONS.

Morgan, C .w f, •Ohara, P.T., and Brown, M .E .
Dept. Pathology and Anatomy, Eastern Virginia Medical School, Norfolk, VA 23501 

and •Dept. Anatomy, UC Medical School, San Francisco, CA 94143 
Vasoactive Intestinal Polypeptide (VIP) was identified in the sacral spinal 

cord o f  cats using a pre-embedding antibody reaction to VIP antisera and 
HRP/DAB processing. VIP was observed in Lissauer’s tract and in the lateral 
collateral pathway consistent with previous reports o f  pelvic visceral sensory 
axons. The tissue, when cut in ultrathin sections and examined with the 
electron microscope, revealed a range o f  VIP varicosity types based upon 
their content o f  clear vesicles (CLV) and large dense core vesicles (LDV). 
50% o f  267 varicosities appeared to contain mostly densely packed CLVs and 
had fewer than 15 LDV/sq µm; 43% displayed a more balanced mixture o f  
CLVs and LDVs; and 7% appeared to be almost all LDVs having greater than 
30 LDV/sq µm and few visible CLVs. Synaptic specializations similar to 
Gray’s Type I were seen most frequently though Gray’s Type II and puncta 
adherentia were also observed. CLVs were always associated with synaptic 
specializations but LDVs were seldom near these structures. Furthermore, 
specializations were in greatest number in varicosities with the fewest LDVs.

The proximity o f  CLVs to synapses is consistent with a dependence upon 
high calcium channel activity and a rapid release o f  neurotransmitter to a 
restricted postsynaptic site. In contrast, the LD V ’s may release their 
neurotransmitter elsewhere from the terminal in a paracrine manner involving 
slower, more extended post synaptic activity. If this were true then we would 
speculate that the different VIP terminal types serve different functions.

This research has been supported by NIDDK, R01-DK49480

348.5
INGUINAL AND PREPUTIAL GLANDS OF THE FEMALE RABBIT 
Oryctolagus cuniciilus: MORPHOLOGY AND INNERVAΉON. M. Maгtfnez- 
Gŏmez*. Y. Cruz. M. Guameros, M. Flores and R.E. Hudson. Instituto de 
Investigaciones Biomédicas, UNAM, México, D.F.; Centro de Investigaciones 
Fisiológicas, UAT, Tlaxcala, Tlax., México.

In some mammals, like rabbits, reproductive and social communication 
depends o f odor signals. These arise from several internal and subcutaneous 
scent glands. Rabbits have inguinal and preputial subcutaneous glands in the 
perineal area. The later was first described in fem ales in our laboratory. Both 
glands are near to genital region and may be are involved in reproductive 
signals. Their functions are not clear and their morphology has been analyzed 
only for inguinal glands principally in males; the innervation has not been 
studied. So, the aim o f the present work was to describe the innervation o f the 
preputial and inguinal glands and their morphological characteristics in intact 
and ovariectomized female. The glands were taken from the same animal.

The results show that fibers innervating inguinal and preputial glands arise 
from lumbosacro trunk (L7, S ь S2, and S3). This appears in three types of 
distribution. Female rabbits have two inguinal glands each having three 
components: one sudoriferous (~34.32  mm) and two sebaceous (—10 and 5.7 
mm) units, this structure has a kidney shape. It also has several preputial 
glands, (average 47), their lengths are approximately 6.65 mm. These form a 
necklacelike ring around the entrance to the vagina. Each gland (cauliflower 
shape) is associated with a pilo-sebaceous canal covered by connective tissue, 
taking a bottle shape. The morphological characteristics o f  the glands did not 
change with the ovariectomy. This suggest that main regulation o f  these glands 
be by a neural way independent o f  the reproductive state. (CO NACyT 118080; 
CONACyT 4012PB).

348.7

THE EFFECTS OF EXOGENOUS CUES ON TACTILE 
ATTENTION. S,J. Bolanowski. R.T. Verгillo*, F. McGlone. J. Cohen 
and L.Pawson. Inst. Sensory Res., Syracuse Univ., Syracuse, N.Y. 
and Unilever Research, Portsunlight, England.

Inhibition of return (IOR) refers to the selective-attention phenomenon 
whereby a stimulus cue inhibits the perception o f a test presented to the 
same location. In vision, IOR has been shown to last at least 2 sec. In 
order to determine if  tactile attention operates similarly, an exogenous 
divided-attention task was used in which test stimuli were presented to 
either the left or right thenar eminence o f 5 observers in the presence or 
absence o f to-be-ignored cues. Cues and tests were identical 
(frequency, 100Hz; duration, 50msec; amplitude, ~ ЗOdB S.L ., 
Contactor size, 2.9 cm2). In each trial, the observer depressed a 
footswitch after which the cue was randomly presented 1,2,3 or 4 sec 
later to either of the two hands. Subsequent to the cue, the test stimulus 
was presented randomly to either o f the two hands at times ranging 
from 0.5 to 9 sec after the cue. The observer released the footswitch as 
quickly as possible after detecting the test. This latency was the 
dependent variable. Each condition was tested three times on each 
observer and the results averaged. Control experiments tested reaction 
times to bilaterally presented cues and tests. No functional asymmetries 
were found. When the cue and test were located on the same hand, the 
reaction times were significantly longer (50 msec, p > 0.001) than when 
the cue and test were presented to different hands for all cue-test time 
separations used. Although a masking effect may have contributed to 
the increased latencies for short cue-test time separations (1 sec), IOR 
lasted as long as 9 sec. It is possible that a similar time course of IOR 
may exist for the visual system. Supported by Unilever Corp.

348.4
CHANGES IN ELECTROPHYSIOLOGICAL AND PHARMACOLOGICAL 
PROPERTIES OF RAT BLADDER AFFERENT NEURONS FOLLOWING 
AXOTOMY. N. Yoshimura* and W.C. de Groat. Dept, of Pharmacology’, Univ, of 
Pittsburgh Sch. Med., Pittsburgh, PA 15261.

Damage to the afferent pathway to the urinary bladder due to diabetic neuropathy or 
surgical manipulation of pelvic organs such as the rectum or uterus often induces a loss 
o f bladder sensation and/or reduced micturition reflex activity. The present study 
investigated the functional properties of bladder afferent neurons (B-AN) obtained from 
adult rat L6-S, dorsal root ganglia 2 to 3 weeks after axotomy, using whole-cell patch- 
clamp recordings. B-AN were labeled by retrograde axonal transport of a fluorescent 
dye, Fast Blue, injected into the bladder wall 1 week prior to axotomy, which was 
performed by the removal of the major pelvic ganglion on one side. The properties of B- 
AN on the axotomized side were compared with those on the intact side. Axotomized 
B-AN had smaller diameter (21.5 ± 0.7 µm, mean ± SEM, n=35) and cell input 
capacitance (23.5 ± 1.3 pF) than intact B-AN (26.8 ± 0.9 µm and 29.8 ± 2.5 pF, n=44). 
The majority o f intact and axotomized B-AN (73 and 74%,respectively) exhibited 
tetrodotoxin (TTX, 1 µM)-resistant action potentials, however, the mean amplitude of 
TTX-resistant spikes in axotomized B-AN was reduced (52.4 ± 6.4 mV) when compared 
with intact B-AN (71.3 ± 5.9 mV), and action potentials in 11 of 21 axotomized B-AN 
did not overshoot OmV. However both groups of neurons exhibited similar resting 
membrane potentials and thresholds for spike activation. Current density of TTX- 
resistant INa in axotomized B-AN was significantly smaller (30.3 ± 8.2 pA/pF, n=21) than 
in intact neurons (62.6 ± 5.2 pA/pF, n=23), but the TTX-sensitive INa density was not 
changed. In addition, only 1 of 21 axotomized B-AN with TTX-resistant spikes was 
sensitive to capsaicin (up to 2 µM), while 19 of 23 intact B-AN with TTX-resistant spikes 
were sensitive to capsaicin (EC50= 213 nM). These results indicate that after axotomy, 
B-AN were smaller in size, and had decreased expression of TTX-resistant Na+ channels 
and reduced sensitivity to capsaicin. These changes might contribute to the diminished 
bladder sensation and/or the impairment of the micturition reflex following injury to the 
neural pathway to the bladder. (Supported by NIH grant DK 49430)

348.6
SCIATIC AND FEMORAL NERVE SENSORY NEURONS OCCUPY 
DIFFERENT REGIONS OF THE L4 DORSAL ROOT GANGLION IN THE 
ADULT RAT. A.Puigdellívol Sanchez1, A.Prats Galino1. D.Ruano G il1. B. 
Ulfhake2*. and C. Molander23. 'Dept o f Morphological Sciences, Faculty of 
Medicine, Univ. Barcelona, 08036 Barcelona, Spain; 2Dept. o f Neuroscience, 
Karolinska Institutet, S-171 77 Stockholm; 3Dept. o f Surgical Sciences, 
Ƙarolinska Hospital, S-171 76 Stockholm, Sweden.

This study demonstrates topographically separate distributions o f sciatic 
and femoral nerve neuronal somata in the L4 dorsal root ganglion (DRG) o f the 
adult Sprague Dawley rat. The distribution of labelled sensory neuronal somata 
in 10 µm thick longitudinal serial sections was mapped after retrograde axonal 
tracing with one or two of the fluorescent dyes Fast Blue, Fluoro-Gold, or 
Diamidino Yellow from the proximal ends o f the transected sciatic and femoral 
nerves. A computer software was developed to demonstrate a three-dimensional 
reconstruction o f the outline o f the L4 DRG with labelled neurons inside. The 
majority of the retrogradely labelled sensory neurons were found in the L4-6 
DRGs from the sciatic nerve, and in the L2-4 DRGs from the femoral nerve. In 
the L4 DRG, which is the main DRG shared by both nerves, most femoral 
nerve neurons were found in its dorsal and rostral parts. In more ventral parts of 
this DRG, the number o f labelled femoral nerve neurons became gradually 
reduced and distributed only in its rostro-lateral part, leaving only a small 
number of neurons in its most ventral part. Sciatic nerve neurons were found 
mainly medially and ventrally in this DRG and clearly outnumbered the femoral 
nerve neurons. The populations appeared to be clearly separated with few 
overlapping neurons in the boundary zone.

This study was supported by the Programa Sectorial de Promoción 
General del Conocimiento (PM96/0059), the Fundació Marató TVЗ (003-97) and 
the Swedish Medical Research Council 11566.

348.8
EM IMMUNOCYTOCHEMISTRY OF THE CYTOSKELETAL 
PROTEINS OF THE PACINIAN CORPUSCLE. L. Pawson. N. 
Slepeckv. G.A, Enebretson* and S.J. Bolanowski. Inst. Sensory 
Res. Syracuse Univ. Syracuse, NY 13244.

EM immunocytochemistry was performed on PCs from cat 
mesentery using antibodies to tubulin, neurofilament 200 and actin to 
study the composition of the neurite and the axoplasmic extensions 
(filopodia). The PCs were fixed (2% paraformaldehyde and 1% 
glutaraldehyde), dehydrated and embedded in Unicгyl™. Pale gold-to- 
silver sections (-80 nm) were cut and collected on 200 mesh nickel 
grids. After the sections were etched and blocked with normal goat 
serum, the primary antibodies were applied. A secondary antibody 
coupled to colloidal gold particles (10 nm) was subsequently applied. 
Control sections used normal goat serum in place of the primary 
antibody. The results showed: a) tubulin present in the body of the 
neurite, but not in the filopodia; b) neurofilament 200 present in the 
main body o f the neurite but no gold particles were seen in the 
filopodia and c) while some actin was present in the body of the 
neurite, the gold particles were very dense in the fìlopodial area. The 
results suggest that since there are no neurofilaments or microtubules 
in the filopodia but much actin (i.e., microfilaments), the filopodia 
appear to be specialized elements of the neurite. For comparison, 
actin, but neither microtubules nor neαrofilaments, is seen in the 
stereocilia of cochlear hair cells. It is thought that the actin acts to 
stiffen the stereocilia assisting in the transduction process in hair cells. 
Thus, the presence of actin in the filopodia, as in the stereocilia of hair 
cells, supports the hypothesis that it is these elements that are the sites 
for transduction in PCs. Supported by NШ.
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348.9
5-HT ACTIVATES INTESTINAL INTRINSIC PRIMARY AFFERENT 
NEURONS VIA 5-HT3 RECEPTORS IN THE GUINEA PIG MYENTERIC 
PLEXUS. PP Bertrand*. WAA Ku∩ze1. JC Bornstei∩ and JB Furness1 Depts 
of Physiology and ’ Anatomy & Cell Biology, University of Melbourne, Parkville 
3052, Victoria, AUSTRALIA

Sensory transduction mechanisms underlying activation of intrinsic primary 
afferent (sensory) neurons to chemical stimulation of the mucosa are 
unknown, but may involve the release of 5-HT from enterochromaff¡n cells 
onto nerve endings. To examine this idea, the receptors through which 
exogenous 5-HT acts upon the nerve endings were characterized.

Short segments of guinea pig ileum were dissected to reveal the myenteric 
plexus over half of the circumference of the preparation. Focal stimulating 
electrodes and fine glass pipettes containing chemical substances were used 
to stimulate the mucosa in the intact half of the preparation. Intracellular 
elѳctrophysiological recordings were taken from myenteric neurons that had 
AH type electrophysiological characteristics and Dogiel type II morphology.

Electrical or chemical stimulation of the mucosa elicited bursts of action 
potentials (APs) recorded at the cell soma. Puffs of 5-HT (3 - 30 µM) or 
2-methyl 5-HT (1 mM, 5-HT3 agonist), applied locally to the mucosa, elicited 
bursts of APs, while puffs of α-methyl 5-HT (1 mM, 5-HT2 agonist) or 
5-methoxytryptaminѳ (10 µM, 5-HT1t2,4 agonist), did not. Superfused 
granisetron and tropisetron (1 to 10 µM, 5-HT3 antagonists) reduced the 
number of APs in response to 5-HT and 2 methyl 5-HT, but not to electrical 
stimulation. Higher concentrations of tropisetron (30 µM), but not granisetron, 
blocked the response to electrical stimulation.

These results suggest that exogenous 5-HT activates intrinsic afferent 
nerve endings via a 5-HT3 receptor and further suggest that other 
substances, released during electrical stimulation, might also participate in 
sensory transduction. Supported by DK09162 and 963213 (AUST).

348.11
PERIPHERAL ORGANIZATION OF SCROTAL SKIN DERMATOMES IN ADULT 
MALE RATS. P. Pacheco12*. L.I. García1. M.I. Vázqu¢71. M.E. Hemández1 and J. 
Manzo1. ’ institute) de Neuroetología, Universidad Veracruzana, Xalapa, Ver. 2Instituto 
de Investigaciones Biomédicas, ƯNAM, México, D.F. México.

The scrotum is an important skin area for the testis temperature regulation. This 
charasteristic allows the gonad to acomplish the spermatogenesis process as well as 
steroidogenesis. In spite o f this, the scrotal skin has only been used as a model to study 
brain structures associated with the thermoafferent system, without considering its 
peripheral spinal-integrated innervation. Recently, we found that the scrotal skin is 
innervated by two separated nerve branches originated at the sacral plexus. The 
manipulation o f these branches results in the secretion o f semen with spermatozoa, 
suggesting a role o f scrotal skin afferents in ejaculation. In this study we further 
analyzed electrophysiologicaly the afferent fibers innervating the scrotal skin, with the 
aim to describe their topographic organization in both the scrotum and dorsal roots.

Wistar male rats (250-350 g/bw) were anesthetized with urethane, and were placed on 
a bed that allowed the ventral approach to the scrotal skin. Then they were fixed in a rat 
spinal unit, and two surgeries were carried out. One exposed the two nerves of the 
scrotal skin, while the other exposed the dorsal roots L3 to S2. Recordings o f dorsal 
roots were obtained after electrical stimulation o f the two scrotal nerves, and 
mechanical stimulation o f the scrotal skin with Von Frey fibers.

Results showed that electrical stimulation o f the nerve branch innervating the 
proximal half o f the scrotal skin produced discharge on L5-L6 dorsal roots. The branch 
innervating the distal half produced discharge on L6-S, dorsal roots. Mechanical 
stimulation allowed to identify three dermatome areas, a proximal innervated by dorsal 
root L5, a medial innervated by L6, and a distal innervated by Sl· These results indicate 
that scrotal skin afferents enter the spinal cord through three different dorsal roots, 
suggesting an intraspinal wide spread o f the axons that could account for their role in 
triggering reflex responses as those related with thermoregulation and ejaculation.

CONACYT Grant 2O95P-N (P.P.)

348.13
INNERVATION IN THE M YSTACIAL VIBRISSAE OF THE CAT.
S. Ebaгa*, K. Kumamoto, F. Fukuda, H. Ohtake, T. Matsuura Dept, o f 
Anatomy, Meiji Univ, o f Oriental Med., Kyoto 629-0392, Japan

The mystacial vibrissae on the whisker pad, which have large sinuses 
around their follicles, are characteristic tactile hairs so that they are densely 
innervated by abundant sensory nerve fibers as well as by autonomic nerve 
fibers on their hair root. In this study we immunohistochemically examined 
the innervation in the mystacial vibrissae o f the cat using following anti sera; 
protein gene product 9.5 (PGP9.5), calcitonin gene related peptide (CGRP), 
substance P (SP), vasoactive intestinal polypeptide (VIP), and neuropeptide Y 
(NPY). PGP9.5-like immunoreactive (LIR) nerve fibers were distributed 
widely in the vibrissae. PGP9.5-LIR myelinated fibers terminated as several 
sensory endings; 1) nerve terminals nearby the Merkel cells at the rete ridge 
collar (RRC), 2) circumfeгen t  ially distributing nerve fibers in the inner 
conical body, 3) nerve terminals nearby the Merkel cells at the level o f the 
ring sinus (RS), 4) lanceolate endings, 5) reticular endings and 6) 
corpuscular-like endings. Morphological structures of lanceolate and reticular 
endings o f the cat showed some differences as compared with that o f the rat. 
Abundant PGP9.5-like fine varicose nerve fibers (unmyelinated) were also 
disfributed around these endings except the reticular endings, densely in the 
hair papilla, and on the wall o f the blood vessels. On the other hand, 
immunoreactivity against another antisera were detected only in the varicose 
nerve fibers. CGRP-, SP-, and VIP-LIR nerve fibers were distributed 
consistently with PGP9.5-LIR varicose nerve fibers. But VIP-LIR nerve fibers 
were detected only in the lower level o f the RS. NPY-LIR nerve fibers were 
detected only on the wall o f the blood vessels nearby the capsule and around 
the hair bulb. The Merkel cells both at the RRC and at the level o f RS, 
showed CGRP- and VIP-like immunoreactivity.

348.10
NEURAL- AND ENDOTHELIUM-MEDIATED CHANGES IN BLOOD 
FLOW WITH SUSTAINED SMOOTH MUSCLE FUNCTION IN DIABETIC 
PATIENTS. S. Kilo*. L.A. Khalil. R. Freeman. Dept, o f Neurology, BIDMC, 
Harvard Univ., Boston, MA 02215.

Early blood flow changes are found in diabetic patients without 
histopathological evidence of structural changes in microvasculature. Reports on 
the underlying pathophysiological mechanisms are conflicting. The purpose of the 
present study was to investigate the involvement of peripheral sensory nerve fibers 
on the cutaneous microcirculation in diabetic patients.

The cutaneous microcirculation in the forearm of diabetic patients and controls 
was evaluated. (1) Seven incrementing doses (5*IO^4 to 0.5 mC/mm2) of the 
endothelial dependent vasodilator acetylcholine (ACҺ) and the NO-donor sodium 
nitroprusside (SNP) were applied to the skin using iontophoresis. Direct and axon 
reflex mediated vasodilatation were continuously recorded using laser Doppler 
flowmetry (inside and 0.8 and 1.2 cm outside the stimulated area). (2) Capsaicin, 
(CAP, 1% in 70 % ethanol) which activates C-fibers, was applied topically. After 
thirty minutes, the areas of flare and hyperalgesia to pin prick were mapped.

The CAP evoked areas flare and hyperalgesia were diminished by ~4O % in 
diabetic patients. No difference was found in the magnitude o f blood flow evoked 
by SNP iontophoresis in both diabetics and confrols. The axon-reflex mediated as 
well as the direct, endothelium-mediated increase in blood flow induced by ACҺ 
was significantly reduced in diabetic patients.

These data indicate that the early blood flow changes seen in diabetes have a 
neural as well as an endothelial component with preserved NO mediated 
vasodilatation. The endothelial mechanisms include a decreased sensitivity of the 
endothelium to ACҺ or changes in NO production or liberation. The neural 
mechanisms include structural or physiological changes at the level of the afferent 
sensory nerve fiber or an alteration of the signal transduction pathway.
Supported by; ROl HL59459

348.12
TEMPORAL RESPONSE MODELS OF THE MECHANORECEPTIVE SYSTEM 
IN THE HUMAN HAND. D.T.V. Pawluk*. Division o f Engineering and Applied 
Sciences, Harvard University; Cambridge, MA 01238.

We present models of the peripheral mechanoreceptive system in the human hand, 
consisting o f the mechanical response o f the skin, the mechanical response o f the end 
organs, the creation o f the generator potential and the initiation o f an action potential, 
for 1-D displacement stimuli. Models were developed for the four different afferent 
types (SAI, SAII, FAI and FAII) based on their experimental response to sinusoidal 
skin displacements varying in amplitude and frequency1. Our approach was to 
examine the system as a whole, with the goal o f attributing different aspects o f the 
nerve fiber response to the various components o f the system.

The mechanics o f the skin, end organs and nerve fiber were modeled by simple 
networks o f springs and dampers. The mechano-electrical transduction was assumed 
to be the same for all receptor types with the generator current modeled as a half
wave rectification o f the displacement o f the nerve membrane. A common model was 
also used for the impulse initiation, which was described by Hodgkin-Huxley-like 
equations. One conclusion from our analysis is that the skin can be considered 
linearly elastic for mechano-transduction despite the fact that it is known 
experimentally to be nonlinear and viscoelastic.

The results show that the Hodgkin-Huxley equations coupled with simple 
mechanical components capture the essential properties o f the frequency responses of 
the receptors both in magnitude and phase. The models predict well the SAI and SAII 
afferent time series responses to position ramp-and-hold stimuli2, exhibiting: (1) a 
static response, (2) a higher firing rate during the indentation ramp portion which 
increases with increasing velocity o f indentation, and (3) no firing on retraction. The 
models predict the FAI and FAII afferent responses2 less well, although they do 
exhibit the afferents’ primary characteristic o f having no static response.
1 Johansson et al., Brain Research. 244, 17-25 (1982).
2 Johansson et al., Personal Communication. (1997).
Supported by: Office of Naval Research Grant N00014-92-J-1887.

348.14
PEPTIDERGIC NERVE FIBERS IN THE PACINIAN CORPUSCLES OF SKIN 
FOLD OF CAT FINGER TIP. K. Kumamoto*, S. Ebaгa, F, Fukuda H.Ohtake and 
T. Matsuura. Dept, o f Anatomy, Meiji University of Oriental Medicine, Kyoto 629- 
0392,Japan.

Pacinian corpuscles are encapsulated mechanoreceptors and composed of sensory 
nerve terminals, lamellar cells which form the inner and outer cores, and capsules. Our 
previous experiments have shown that a couple of corpuscles in the wall of the urinary 
bladder contain both sensory nerve terminals and tyrosine hydroxylase immunoreactive 
nerve fibers. In this study, we investigated peptidergic nerve fibers contained in the 
corpuscles of the subcutaneous tissue.

Calcitonin gene-related peptide (CGRP)- and substance P (SP)-like immunoreactive 
(LIR) nerve fibers were examined in Pacinian corpuscles of the subcutaneous tissue of 
skin folds in the cat front paw at the light and electron microscopic levels. Both 
immunoreactive nerve fibers were fine varicose fibers and found in two parts of the 
corpuscles by light microscopy; 1) beside the myelinated sensory nerve fibers in the 
outer core and around the unmyelinated terminals in the inner core, and 2) around the 
blood capillaries in the proximal region of the corpuscles. The former immunoreactive 
fibers entered a corpuscle with an myelinated sensory nerve fiber, ran spiralled around 
it in the outer core and paralleled with a nerve terminal in the inner core. However, the 
latter fibers did not penetrate into the inner core. Immunohistochemical experiment 
with serial sections revealed co-existence of CGRP and SP in same fibers. Electron 
microscopy revealed that CGRP- or SP-LIR nerve fibers were; 1) beside myelinated 
sensory nerve fibers or in the wall of blood capillaries in the proximal region of the 
corpuscle, and 2) between the inner core and outer core lamellae. Immunoreactive 
products were localized within the dense-cored vesicles (33-133 nm in diameter), around 
the clear vesicles (26-53 nm in diameter), and in the outer membrane of the mitochondria 
of the varicosities. No special contact between these immunoreactive varicosities, 
intervaгicose fibers, sensory nerve terminals, or the lamellar cells was observed.
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349.1
TEMPORAL DEVELOPMENT OF CENTRAL SENSITISATION FOLLOWING 
INTRAPLANTAR CARAGEENAN INJECTION IN RAT SPINAL CORD IN 
VITRO. G. Hedo. J.M.A. Laird and J.A. Lopez-Gaгcia. Dept, o f Physiology, Univ, of 
Alcala, 28871 Madrid, Spain. (SPON: European Neuroscience Association).

Both peripheral and central sensitisation are involved in the hypersensitivity that 
follows tissue damage. The aim o f the present investigation was to study the temporal 
course o f central sensitisation after inflammation using an in vitro preparation o f the 
spinal cord (which guarantees the absence of peripheral elements) and to compare this 
with the time course of the hypersensitivity to tactile stimuli.

Rats of 8-12 days o f age were used. In behavioural experiments their threshold for 
mechanical stimulation was evaluated using von Frey filaments prior to an intraplantar 
injection o f carrageenan and then 3 h, 6 h and 20 h after the injection. In the 
electrophysiological experiments the animals were anaesthetised at the same times 
post-injection and their spinal cords removed, hemisected, placed in a recording 
chamber and superfused with oxygenated ACSF. Trains (20 stimuli; 1Hz) o f low (2T) 
and high intensity (200 µA; 300 µs) electrical stimuli were delivered to the L4-L5 
dorsal root and the reflex responses (wind-up) were recorded from the coưesponding 
ventral root using tight fitting suction electrodes.

The von Frey threshold decreased 3 h after inflammation (from 32 mN to 5.7 mN, 
median values) and stayed low for the remaining period o f observation (6h: 5.7 mN; 20 
h: 8 mN). The wind-up amplitude had increased Зh after inflammation for both 
intensities tested compared to control (low: from 0.08 ± O.OlmV to 0.16 ± O.O5mV; 
high: from 0.44 ± 0.05 to O.89±O.2) and stayed elevated at 6 h (low: O.I6±O.O5 mV; 
high: 0.81 ± 0.14 mV) and 20 h (low: 0.17 ± 0.02 high: 0.87 ± 0.1 mV).

The data indicates that central sensitisation has a rapid development and a long time 
course matching the behavioural hypersensitivity to tactile stimuli.

Supported by the Ministry o f Education, Spain (CICYT SAF97-0104) and Boehringer 
Ingelheim.

349.3
SENSIΉZAΉON OF ARTICULAR AI •EE RENTS TO MECHANICAL STIMULI 
BY SUBSTANCE P IS MEDIATED BY THE NK1 RECEPTOR. U. Hanesch. 
M. Pawlak and R. F. Schmidt*. Physiologisches Institut der Univeгsität Würzburg, 
Röntgenring 9, D-97070 Würzburg, Germany.

The inflammatory mediator substance P (SP) produces a variety of biological effects 
in several tissues that are mainly mediated by the tachykinin receptor neurokinin 1 
(NK1) and, to a lesser extent, by the neurokinin 2 receptor (NK2). In the knee joint of 
the rat SP was recently shown to sensitize fine primary afferent fibers to mechanical 
stimulation, thereby contributing to the development of hyperalgesia. Aim of the 
present study was to determine whether the sensitizing effect of SP on articular afferent 
fibers is mediated by the NK1 receptor.

Single afferent units supplying the rat's knee joint were isolated from the saphenous 
nerve and characterized electrophysiologically. The mechanosensitivity was tested by 
innocious and noxious inward and outward rotations of the joint before and after i.a. 
application of 200 µl of SP (105 - lơ 3 M) close to the joint. Following, 200 µl of the SP- 
antagonist RP67580 (kindly provided by Rhône-Poulenc Rorer) was administered 
(105 - 10 3M) and the responses to passive movements were recorded. Thereafter, SP 
(105 - 103 M) was injected once more and the mechanical stimulus protocol was 
continued.

SP significantly (t-test) increased the responses to passive joint movements in 5 of 11 
units. The responses to SP were dose-dependent in the range of 10.5 to 103 M. In 4 of 
the 5 SP-sensitive units the specific NK1-antagonist RP67580 dose-dependently and 
reversibly suppressed the activity to passive movements nearly to control level. This 
effect was most prominent during noxious rotations.

In conclusion, the NK1-antagonist RP67580 is able to antagonize the sensitizing 
effect of SP in a large proportion of slowly conducting articular afferents. Following SP 
application enhanced the afferent activity again. We, therefore, suggest that the 
sensitization of afferents by SP in the rat’s knee joint is mediated by the NK1 receptor. 
Supported by the SFB353/B10

349.5

Tissue acidosis induces heat hyperalgesia in human skin
AND SENSITIZES RAT CUTANEOUS NOCICEPTORS TO HEAT 
STIMULATION. K . H . S teen * and H . W egn er. Dept, o f  Dermatology, 
Univ. Bonn, D -5 3 105 Bonn, Germany.

T issu e a c id o sis  o f  hum an skin  has b een  sh o w n  to induce sustained  
graded pain  together w ith  m echan ical h y p era lgesia  (S teen  and R eeh; 
N eu rosc i Lett 154 (1 9 9 3 ) 1 1 3 -1 1 6 ), w h ich  correspond s to pH -induced  
n ocicep tor exc ita tion  and sen sitiza tion  to punctuate m echan ical stim uli 
in rat skin , in  v itro  (S teen  et a l.; J N eu ro sc i 12 (1 9 9 2 ) 8 6 -9 5 ). The 
m ech an ism s o f  heat h yp eralgesia  rem ain to be clarified . Thus, 
thresholds o f  heat pain w ere repeatedly m onitored  using a Peltier  
therm ode (M ed o c) during con tin u ou s in filtration  o f  the forearm  skin o f  
13 volu n teers w ith  pH  5 .2  so lu tion . T h is resu lted in a transient 
reduction in heat pain  thresholds from  4 4 .9 ° C  (± 0 .4  S E M ) to 4 3 .7 ° C  
(±  0 .5 4 ;  p < 0 .0 2 ,  W ilco x o n  test) after 15 m in , on  average, w h ich  w as  
ev en  m ore pronoun ced  w h en  com p ared  to an increase o f  thresholds in 
control se ss io n s w ith  neutral in fu sion  (4 6 ° C  ±  0 .5 5 ;  p <  0 .0 0 7 ,  ư -te s t).  
In the rat skin  saphenous nerve preparation, w h en  repeated heat stim uli 
(2 0  s, 5 m in  intervals) w ere applied during a 3 0  m in superfu sion  o f  
recep tive fie ld s  w ith  pH  6 .1  so lu tion , a p rogressive  low erin g  o f  the heat 
thresholds from  3 8 .4 ° C  (± 1 .9 ) to 3 5 ° C  (±  0 .5 )  after 14 m in  ( n = l З :  
p < 0 .0 0 9 ,  W ilco x o n ) w as found, together w ith  a sign ifican t increase o f  
hfeat-induced n ocicep tor resp onse by 92%  after 19 m in ( p < 0 .0 5 ) .  In a 
control popu lation  w ith  neutral p erfu sion  ( n = l 2 ) the heat response  
decreased  by 30% ; the d ifferen ce  b etw een  sess io n s w as a lso  sign ificant  
( p < 0 .0 3 ,  ư - te s t) .  H yp era lgesia  to heat can  be induced by sustained  
tissu e a c id osis and protons sen sitize  n oc icep tors to heat stim ulation. 
T h is c learly  points to  the role o f  protons as m ed iator o f  inflam m atory  
pain and hyperalgesia . The work was supported by DFG, grant Ste 593/1-3.

349.2
ABSENCE OF PROLONGED SENSITIZATION IN SPINAL CORD 
NOCICEPTIVE NEURONS; AN ELECTROPHYSIOLOGICAL ANALYSIS OF 
PROTEIN KINASE Cγ (PKCγ) MUTANT MICE.
W.J. Martin* and A ĩ Rяshяimv Depts. of Anatomy and Physiology and Keck 
Center for Integrative Neuroscience, UCSF, San Francisco, CA 94143.

Activation of various second messengers contributes to long-term increases in 
the excitability o f dorsal hom neurons and to persistent pain conditions produced by 
injury. We previously reported that mice with a deletion of the gene that encodes 
PKCγ do not exhibit the behavioral or anatomical consequences of injury. Here, we 
recorded single unit acitivity from neurons in the lumbar dorsal hom of urethane- 
anesthetized wild-type (WT) and PKCγ mutant (KO) mice after chemical activation 
of primary afferent C-fibeгs. We first identified wide dynamic range (WDR) neurons 
that responded to both innocuous and noxious stimuli. Next, mustard oil (MO) was 
applied to the hinđpaw and subsequent responses to both thermal (contact thermode: 
41°, 45° and 49°C) and mechanical (brush) stimuli were recorded for at least two 
hours. Before MO, there was no difference in baseline activity or in the responses of 
neurons to thermal or mechanical stimuli. The evoked response to MO did not differ 
in the WT and KO mice and immediately after MO, the spontanous firing rate, size 
of receptive fields and stimulus-induced neuronal activity of WDR neurons in both 
WT and KO mice increased. However, the increased excitability of neurons in the KO 
mice was transient, decaying to pre-MO levels within 30 mins. By conưast, the 
increased excitability of neurons in WT mice was long-lasting, enduring for two to 
four hours. These results suggest that PKCγ is required for the establishment and 
maintenance o f long-term changes in the responsiveness o f nociceptive neurons after 
injury and may provide a physiological basis for the failure o f mice with a deletion of 
PKCγ to develop the allodynia and hyperalgesia associated with persistent injury. 
Supported by: NS 14627 and DAO8377.

349.4
ROLE OF NERVE GROWTH FACTOR IN A RAT MODEL FOR 
POSTOPERATIVE PAIN. T.J. Brennan M.T. Barr1. P.K. Zhan1. D.L. 
Shelton2*. ‘Dept. Anesthesia, University of Iowa, Iowa City, IA 52242; 
Ч3enentech, Inc., South San Francisco, CA 94080.

Nerve growth factor (NGF) exerts its effects by binding to high-affinity tyrosine 
kinase A (tгkA) receptors expressed in a variety of tissues. NGF is released during 
tissue injury by incision (Neuroreport 5:2281). Exogenous administration of NGF 
causes thermal and mechanical hyperalgesia in experimental animals (J Neurosci 
13:2136). Because a surgical incision causes thermal and mechanical hyperalgesia, 
we examined the effect of trkAIgG fusion protein (ưkAIgG), that binds and inhibits 
endogenous NGF, in a rat model for incisional pain.

Rats underwent a plantar incision and 2 hours later, responses to punctate and 
nonpunctate mechanical stimuli and withdrawal latency to radiant heat woe 
measured. Rats were tested on the day o f incision and daily for 4 days. .TricAIgG 
was administered IV 2 hrs after incision (5 mg/kg; n=7). IgG was utilized as the 
vehicle control (n=7).

In vehicle treated rats the average paw withdrawal latency to the thermal stimulus 
decreased from l5 .6 ± l.2  sec before surgery to 4.O±O.7 sec 2 hr after surgery. 
Hyperalgesia was persistent: 1, 3 and 5 hr after vehicle injection and on
postoperative days 1 through 4 average withdrawal latencies were 4.4±l.5 , 4.5±l.O, 
3.7±O.6, 4.7±l.O, 6.6±2.4, 7 .2±l.7, and 8.6±2.l sec. In the group receiving 5 
mg/kg tгkA IgG, the withdrawal latency decreased to 3 .7 ± l.l  sec after incision. 
One hr to 4 days alter drug injection, the Latencies were 4.5± l.3 , 6 .l± l.8 , 7.3±O.9, 
8.9±l.5, 9.4±2.9, ll.7±3.7  and ll.6±2 .4  sec, respectively (p<0.05 vs vehicle from 
3 hrs to 4 days). Responses to mechanical stimuli were unaffected. Pre-incision 
administration of 5 mg/kg of tгkA IgG produced similar results compared to 
postưeaunent.

We conclude, NGF is necessary for the maintenance of thermal hyperalgesia after 
incision. These data strengthen the evidence that thermal and mechanical 
hyperalgesia occur in part via different mechanisms.

349.6
LPS INDUCES HYPERALGESIA OF INTRACRANIAL CAPSAICIN 

SENSITIVE AFFERENTS IN CONSCIOUS RATS 
R.H.A Kemoeг*. M.B. Stюelstгa. W.J. Meiiler. G.J. Ter Horst.

Department of Biological Psychiatry, Anaesthesiology, University Hospital 
Groningen, the Netherlands

Migraineous and non-migraineous headache is reported of highest intensity after 
an infection. This study examined whether activation o f the immune system can 
induce hyperalgesia o f intracranial capsaicin (caps) sensitive afferents. In a 
conscious rat model the effects o f intraperitoneal injected lipopolysaccharides (LPS) 
on behavior and c-fos expression in the trigeminal nucleus caudalis layer I, II (TNC 
I,II) elicited by intгacistemally applied capsaicin was studied.____________________

Control LPS(L)+V℮Һ. LPS(H)+Vѳh.; Sal.+Capз LPS(L)·HCapз LPS(H>⅜Caps
(∏=5) (n=β) (∏=5) j (n=8) (n=8) (n=7)

mean ± SEM mean ± SEM mean ± SEM ； mean ± SEM mean ± SEM mean ± SEM
TNCI,II 10,3 ± 2,1 10,1 ± 1,2 16,9 ± 5.4 \ 103,1 ± 22,0 61,0 ± 12,0 164,8 ± 20,4*

Exploring 10Θ.6 *  5,5 98,0 ± β,8 52,8 ± 12,0* ： 67,0 ± 8,6 53,4 ± 10,8 26,9 ± 4,7*
Immob*зation 10,1 ± 5 ,5 7,7 ± 4,3 65,8 ± 11,3*1 24,2 ±7 ,2 46,6 ± 8.1* 69,1 ± 6,7*

Active pain 0,0 ± 0.0 11,8 ± 8,0 0.0 ± 0,0 ： 20,7 ± 7,7 19,3 ± 6,7 23,8 ± 5,7
*p<0.05 from control (Anova) *p<0.05 from Sal+caps (Anova)

Low (L) LPS (0.75 mg/kg) concentrations potentiated capsaicin-induced 
immobilisation behavior observed during the 2 minutes of 250 nM capsaicin 
infusion whereas c-fos expression was not affected. High (H) concentrations of LPS 
(37.5 mg/kg) increased the number of capsaicin-induced c-fos positive cells in the 
TNC ЦI (control: 10 ± 2, high LPS: 17 ± 5, caps: 103 ± 22, LPS + caps: 165 ± 20). 
No effects o f LPS were observed on capsaicin induced active ‘pain’ behaviour 
(scratching/grooming o f head, escape).

The hyperalgesic action o f an activated immunesystem on intracranial capsaicin 
sensitive afferents of the head may explain why migraineous and non-migraineous 
headache İS of highest intensity after an infection. Supported by Glaxo-Wellcome B. V
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349.7
COMPARISONS OF PAIN RESPONSES IN MALE RATS VERSUS FEMALE 
RATS DURING DIFFERENT STAGES OF THE ESTROUS CYCLE.
M.A. Ruda*1, H.B. Bradshaw2, J.E. M iller1. O.D. Ling1. 'Pain and Neurosensory 
Mechanisms Branch, National Institute of Dental Research, NIH, Bethesda, MD 
20892, ⅛>ept. of Psychology, Florida State University, Tallahassee, Florida 32306 

An important variable in pain responsiveness may be the interaction of sex steroids 
with the nervous system. This study compared the responses of male and cycling 
female Sprague-Dawley rats to a noxious stimulus in a model of persistent pain. Rats 
were tested for paw withdrawal latency to a noxious radiant heat stimulus prior to and 
24 hours after receiving a unilateral hindpaw injection of 0.2ml of complete Freund's 
adjuvant (CFA). Female rats were behavioral)y tested over a 14 day period, and their 
estrous cycle was monitored by daily vaginal smears. For Northern blot analysis, the 
L4-L5 spinal cord segments were removed and RNA extracted. Blots were hybridized 
to a 32P labeled cDNA probe for preprodynorphin (DYN), which encodes a kappa 
opioid peptide up-regulated in the spinal cord following hindpaw inflammation and 
hyperalgesia. mRNA levels were normalized to GAPDH and quantified on a 
phosphor imager. Prior to CFA injection, there was no significant difference in paw 
withdrawal latencies between male and female rats and no differences seen in females 
at different phases of the estrous cycle. However, post-CFA injection, the female rats 
in proestrus and pseudopregnancy showed significantly increased hyperalgesia 
compared to the males and compared to female rats in other estrous stages. Both male 
and female animals showed an up-regulation of spinal DYN mRNA expression 
ipsilateral to the inflamed paw. However, the greatest increase in DYN expression was 
seen in the proestrus females. There was no change in the level of DYN expression on 
the contralateral side of the spinal cord. In the female estrous cycle, the peaks in the 
ovarian steroid hormones estrogen and progesterone occur during proestrus and levels 
of both of these hormones are elevated during pseudo-pregnancy. Therefore, the 
changes in spinal cord DYN expression and behavioral hyperalgesia observed during 
these stages suggest a link between pain responses and steroid hormones.
(Supported by the NIDR Division of Intramural Research.)

349.9
TACTILE STIMULATION ENHANCES SECONDARY HYPERALGESIA 
INDUCED BY INTRADERMAL INJECTION OF CAPSAICIN. H T. Kim*. 
S.E. Lee. P  H. Lee and J.M. Chung. Marine Biomed. Inst., Depts. o f  Anat. 
& Neurosci. and Physiol. & Biophys., Univ. Texas Med. Br., Galveston, TX 
77555.

This study investigated the effect o f  tactile inputs on the development o f  
secondary hyperalgesia induced by intradermal injection o f  capsaicin.

Capsaicin (ЗOµg in 2Oµl o f  olive oil) was injected intradermally into the 
middle o f  the plantar surface o f  one hind foot under halothane anesthesia in 
male Sprague-Dawley rats (250-350g). Following injection, one group 
(experiment) o f  rats was kept under light halothane anesthesia for 30 min and 
intermittent tactile stimuli (a series o f  8-10 strokes o f  brushing within a 2-3 
sec time period, repeated once every 30 sec) were applied to the plantar 
surface o f  the digits. The other group (control) o f  rats was kept under 
anesthesia without any tactile stimulation. The mechanical threshold o f  the 
paw for hind limb flinching was then determined with von Frey filaments 
using the up-down method.

Control rats showed capsaicin induced hyperalgesia for 2-3 hours. By 
contrast, stimulated animals (experimental group) showed a much longer 
hyperalgesia (>7 hrs). The rats which received intradermal injection o f  
vehicle only did not show hyperalgesia.

These results indicate that activation o f  low threshold mechanoreceptors 
modulates the secondary hyperalgesia induced by intradermal capsaicin 
injection. This suggests an important role for Aß inputs in the process o f  
central sensitization. (Supported by NIH grants N S З 1680 and N S 11255)

349.11

NOS INHIBITOR ANTAGONISM OF PGE2-!NDUCED MECHANICAL 
SENSITIZATION OF CUTANEOUS C-FIBER NOCICEPTORS IN THE RAT.
X. Chen* and J.D. Levine. Dept, of Anatomy, Medicine, Oral and 
Maxillofacial Surgery, Univ, of California, San Francisco, CA 94143.

Prostaglandins, metabolites of arachidonic acid, released during 
tissue injury and inflammation, sensitize primary afferent nociceptors. 
While it has been suggested that their effect on nociceptors is 
mediated mainly via the cAMP second messenger system, recent 
evidence suggests that nitric oxide (NO) is also involved in peripheral 
pain mechanisms. Single unit recording was employed from 
cutaneous C-f¡ber afferents of the saphenous nerve in vivo in rats to 
test the hypothesis that NO contributes to the sensitization of 
nociceptors to mechanical stimuli induced by hyperalgesic 
prostaglandins. We measured von Frey hair mechanical threshold as 
well as response evoked by 10 s sustained threshold mechanical 
stimulation before and after injection of prostaglandin E2 (PGE2) alone, 
and NOS inhibitor Λ^-methyl-L-arginine (L-NMA) or its inactive 
stereoisomer Λ/®-methyl-D-arginine (D-NMA) plus PGE2, adjacent to 
the receptive field of cutaneous C-fibers. After intradermal 
administration of PGE2, mechanical threshold significantly decreased 
and the number of action potentials to sustained mechanical 
stimulation significantly increased. However, the reduction o f 
mechanical threshold and increase in number of action potentials to 
sustained mechanical stimulation induced by PGE2 was blocked by L- 
NMA, but not D-NMA. It is suggested that nociceptor sensitization 
induced by hyperalgesic prostaglandins is NO dependent.
(Funded by NIH NS21647)

349.8
VISCERAL HYPERALGESIA AND ACUTE RESPONSES TO CHEMICAL BUT 
NOT MECHANICAL VISCERAL STIMULI ARE ABOLISHED IN NK1 
RECEPTOR KNOCKOUT MICE. J.M.A. Laird1*. T. Olivar1. C, Roza1. C. De 
Felipe2 & F. Cervero1. (1)Dept. of Physiology, Univ. Alcalá, Madrid, Spain, 
(2)lnst¡tuto de Neurociencias, Univ. Miguel Hernandez, Alicante, Spain.

Almost all visceral afferents contain substance P (SP), but the roles of SP and 
its receptor (NK1) in visceral pain and hyperalgesia are unknown. Here we have 
studied visceral nociception in a recently described mutant mouse with a 
disruption of the NK1 receptor (De Felipe et al 1998, Nature 392, 394).

Wild-type (WT) and NK1 receptor knockout (KO) 129Sv x C57-BL/6 mice were 
used. In awake mice, visceral nociception was assessed using the writhing test 
(i.p. acetylcholine or hypertonic saline). In anaesthetised mice, pseudoaffect¡ve 
reflex responses to distension of the normal or inflamed colon, to instillation of 
acid in the colon or duodenum and to noxious paw pinch were tested.

There were no differences between WT and KO mice in responses to visceral 
mechanical stimuli (writhing test, distension of normal colon) or to paw pinch 
However, KO mice showed much smaller responses than WT mice to visceral 
chemical stimuli (acid injection in the colon or duodenum). WT mice developed 
greatly enhanced responses to distension of the colon 1 hour after inflammation 
(visceral hyperalgesia), whereas in KO mice there was no change in 
responsiveness. WT mice also showed significantly greater plasma 
extravasation in the inflamed colon (Evan’s Blue method) than the KO mice.

We conclude that the NK1 receptor is important in mediating nociceptive 
responses to acute chemical but not mechanical stimuli in viscera, for the 
expression of visceral hyperalgesia and for visceral neurogenic inflammation.

Supported by grants from the DGICYT, CICYT, Boehringer Ingelheim, the 
Comunidad Autónoma de. Madrid, and the Generalitat Valenciana.

349.10
EARLY INVOLVEMENT OF LOCAL NOS TYPE III (ecNOS) IN A-FIBER 
MECHANOSENSITIVITY AND THERMAL HYPERALGESIA FOLLOWING 
PERIPHERAL NERVE INJURY D, Levy*1. M. Tal2 and D.W. Zochodn¿. lDept. of 
Clinical Neurosciences and the Neuroscience Research Group, Uni. of Calgary, Alberta 
Canada T2N4N1. *Dept. of Anatomy and Cell Biology, Hebrew Uni. Med. & Dent. Sch. 
ISRAEL.

The mechanisms underlying ectopic hyperexcitability of injured peripheral nerves and 
their putative role in enhanced nociception and neuropathic pain are poorly understood. 
The inflammatory reaction following a nerve injury may provide mediators, such as nitric 
oxide (NO) that activate injured primary afferents. In this study we examined the 
hypothesis that local activation of nitric oxide synthase (NOS), particularly the endothelial 
constitutive NOS isoform (ecNOS) plays a role in ectopic hyperexcitability of injured 
neurons and hyperalgesia. Peripheral nerve injury was created in rats by placing four loose 
ligatures around the right sciatic nerve producing a chronic constriction injury (CCI). For 
behavioural studies, the left sciatic nerve also underwent a sham exposure. The local effect 
either L-NAME or D-NAME on ectopic discharges and mechanosensitivity of injured 
fibers from 48 h. and 14 day CCI rats was tested using fme axon bundles recordings 
proximal to the injшy site. In addition, the local effect of the NOS inhibitors L-NAME, D- 
NAME, L-NAME + L-Arg, 7-NI and AG was tested on behavioural indices of neuropathic 
pain in 48 h. and 14 day CCI rats.

L-NAME, but not D-NAME eliminated ectopic mechanosensitivity but not spontaneous 
discharges in 48 h. CCI rats. There was no effect on fibers in 14 day CCI rats. Local 
application of L-NAME to the injury site, but not other NOS inhibitors, alleviated thermal 
hyperalgesia only at 48 h. in a dose and time responsive manner. These results suggest that 
early local activation of ecNOS and NO release may play a role in ectopic 
mechanosensitivity and thermal hyperalgesia.

Research supported by MDAC and MRC.

349.12
CONTRIBUTION OF CENTRAL, DESCENDING FACILITATORY 
INFLUENCES FROM THE RVM TO SECONDARY, BUT NOT PRIMARY 
HYPERALGESIA. M.O. Urban*. P, K. Zah∩ and G.F. Gebhart. Department 
of Pharmacology, University of Iowa, Iowa City, IA 52242 

Several reports have recently demonstrated a role for descending pain 
facilitatoгy systems from the rostral ventromedial medulla (RVM) in central 
sensitization and hyperalgesia following peripheral injury. In the current 
study, we examined whether descending nociceptive facilitatoгy influences 
from the RVM differentially contribute to enhanced behavioral nociceptive 
responses in models of primary hyperalgesia (noxious stimulus applied to 
site of injury) and secondary hyperalgesia (noxious stimulus applied 
adjacent/d¡stant to site of injury). Microinjection of the soma-selective 
neurotoxin ibotenic acid (0.2 µg) was used to produce selective lesions in 
the RVM of Sprague Dawley rats, and the effects of these lesions were 
determined in three different models of hyperalgesia: 1) ¡ntгaplantar 
injection of carrageenan (3%, ЮO µl) and measurement of the thermal paw 
withdrawal response (P\Λ〇 (primary hyperalgesia), 2) ¡ntraart¡cular injection 
of caгrageenan/kaolin (3%, 100 µl) into the knee and measurement of the 
PW (secondary hyperalgesia), and 3) topical application of mustard oil 
(100%, 20 µl) to the hind leg and measurement of the thermal tail-flick 
reflex (TF) (secondary hyperalgesia). Similar to previously obtained results, 
a lesion in the medial RVM (nucleus raphe magnus) completely blocked 
facilitation of the TF following topical mustard oil compared to sham-lesion 
controls. Additionally, a bilateral lesion of the dorsal RVM (nuclei reticularis 
gigantocellularis) completely blocked facilitation of the PW observed 3 
hours following intraarticular carrageenan/kaol¡n injection. In contrast, a 
bilateral lesion of the dorsal RVM was ineffective in blocking, facilitation of 
the PW observed 3 hours following intraplantaг carrageenan injection. 
These data support a significant role for descending nociceptive facilitatoгy 
influences from the RVM in secondary, but not primary hyperalgesia. 
Supported by DA 02879 (G.F.G.) and DA 11431 (M.O.U.)
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349.13

TH E PR EO PTIC H Y P O T H A L A M U S  M ED IA TES H Y P E R A L G E S IA  
IN D U C E D  B Y  IN T R A V E N O U S A D M IN IS T R A T IO N  O F  LIPOPOĽY- 
SA C C H A R ID E  IN  R A TS. T. O ka* 2. Y  A b e 1’3. K . O ka1. T  H oгi1 and 
S . Takahashi3 . ⅛ e p t .  o f  P h ysio logy , 2D ept. o f  P sy ch o so m a tic  M e d .,  
3Dept o f  A n esth esio logy, K yu sh u  U niv. Fu k u ok a 8 1 2 -8 5 8 2 ,  Japan  

It is w e ll k n o w n  that peripheral adm inistration o f  
lipopolysaccharide (L P S ) in d u ces h yp era lgesia . W e h ave p rev iou sly  
reported that the m icroinjection o f  prostaglandin E 2  (P G E 2 ) in to the 
preoptic area o f  the hypothalam us in d u ces hyp era lgesia  in rats. S in ce  
peripheral adm inistration o f  L P S  stim ulates the exp ressio n  o f  a 
cyc lo o x y g en a se  (C O X ) 2  m R N A  in the brain, w e  h yp oth esized  that 
P G E 2 syn th esized  in the P O A  m ay m ediate the h yp era lgesia  induced by  
intravenous ( i.v .)  injection o f  L P S . T h e present stu dy w a s  undertaken to 
investigate w h ether the L P S  (i.v .)-in d u ced  hyp eralgesia  is m ediated by  
the production o f  prostanoids in the P O A . A n  i.v . adm inistration o f  L P S  
at 10  and 10 0  µ g /k g  produced hyperalgesia  as  a s se s se d  by the plantar 
test 9 0  m in and 3 0 -6 0  m in after in jection , resp ectively, in c o n sc io u s  rats. 
The tim e w h en  the hyperalgesia  occurred , abdom inal temperature h as not 
to started rise y e t. T he L P S  (1 0 0  µ g /k g , i .v .)- in d u ced  h yperalgesia  w a s  
com p letely abolished  by the bilateral m icroin jection  o f  d ic lo fen ac  
( l.O n g ) , an inhibitor o f  C O X 1 and 2 , and N S 3 9 8  ( l .O n g ) ,  a se lec tiv e  
C O X  2 inhibitor, into the P O A . T h ese  f in d in g s su g g e s t  that the sy n th esis  
o f  prostanoids in the P O A  is in v o lv ed , at least partly, in the peripheral 
L P S-induced  hyperalgesia.

349.14
PERSISTENCE OF COLD HYPERALGESIA IN INFLAMMATORY AND 
NEUROPATHIC PAIN MODELS AS DETERMINED WITH THE COLD PLATE.
G. Jan∩i*1 and L. Jasmin12. Depts. of 'Neurosurgery and 2C℮11 Biology, 
Georgetown University; Washington, DC 20007.

Studies of nociception most often rely only on heat and/or mechanical stimuli to 
quantify altered nociceptive responses, while sensitivity to cold is only seldom 
tested. We used a recently designed cold plate apparatus, consisting of an 
aluminum plate (41x31 cm) containing coiled copper tubing through which 
constant temperature 50% methanol is circulated. We tested paw withdrawal 
responses to cold (5"C) in rats with chronic constriction injury (CCI) of the sciatic 
nerve or complete Freund’ s adjuvant (CFA) induced inflammation of the hindpaw 
(CFA was injected s.c. in the dorsal aspect of the left hindpaw using a 30 ga 
needle). Testing in rats with CFA began immediately after treatment, while in 
CCI rats testing had to be delayed until day 30, when these animal bore full 
weight on both hindpaws. At 5"C, normal rats did not show brisk paw lifting, 
while experimental rats consistently lifted their injured paw. Simultaneous testing 
of responses to radiant heat and Von Frey hairs mechanical stimuli over a two 
month period post-injury revealed persistent cold hyperalgesia in both models. 
Cold was a more robust indicator of the hyperalgesic state, and at two months was 
the only abnormal parameter in the CFA group. In both models, cold behavior 
diminished after systemic administration of morphine (1 to 5 mg/kg/s.c.), 
clonidine (0.06 to 0.25 mg/kg/s.c.), or lidocaine (0.06 to 1.8 mg/kg/i.v.). 
Unexpectedly, both morphine and clonidine were more effective in reducing cold 
plate responses in CCI rats, while lidocaine was equally potent in both models of 
injury. Lidocaine would act peripherally since its quaternary derivative had the 
same dose dependent antinociceptive effect. Systemic naltrexone (0.01 to 1.0 
mg/kg) increased responses to cold, suggesting a tonic action of endogenous 
opiates in this model. Interestingly, naltrexone and morphine ceased to affect 
responses to cold two months post-CFA treatment. These results emphasize the 
relevance of cold testing to detect chronically altered nociceptive responses. 
MRC (Canada).

349.15

COMPARISONS BETWEEN TWO RAT MODELS OF SCIAΉCA CAUSED BY 
HERNIATED NUCLEUS PULPOSUS. C.Y. C h en . J.M. Cavanaugh. S. Kallakuri. 
A C. Ozяktяv Bioengineering Center, Wayne State University, Detroit, MI 48202 

It is hypothesized that herniated nucleus pulposus ¢NP) causes a chemical radiculitis. 
In this study, both allografted and autografted NP models were used to compare the 
effects of NP on behavioral and neurophysiologic changes. 32 male Sprague-Dawley 
rats were used (Table. 1). Fresh auto- or allo-graft NP or fat tissue was injected into the 
L4/5 epidural space. Paw withdrawal threshold to stimulation was determined during 
the survival period. Hind paw was probed with a 27 gauge needle attached to load cell 
in autograft-group and with blunt calibrated nylon filaments in allograft-group. On the 
7th, 30th or 42nd day, neurophysiologic recordings were made to determine mechano- 
and ischemic- sensitivity o f the dorsal roots. Results: In NP groups, hyperalgesia 
developed in acute stage and hypoalgesia developed in chronic stage. Sensation 
remained unchanged in fat groups. The behavioral changes were different between 
auto- and allo-graft groups due to using different probes (Fig. 1). Squeezing fat-exposed 
dorsal roots with a nylon filament elicited nerve discharge o f about 0.1 sec duration 
(force=l.5grams). Squeezing 7-day NP-exposed dorsal roots (force≈0.8 gram) elicited 
prolonged afterdischarges (45 sec). Ischemia in 7-day NP-exposed nerve root segments 
evoked periodic discharges. 1 hour o f ischemia increased mechano~sensitivity of the 
NP-exposed nerve roots. Neurophysiologic changes were similar between auto- and 
allo-graft groups. Prolonged afterdischarges may be the source o f sciatic pain. 
[Supported by NШ #AR4I739 (JMC), Arthritis Foundation-Michigan Chapter and 
OREF Research Grant (CYC)]. 60T ----------------- ------------------------

Tablet Autografted Allografted
NP Fat NP Fat

7 day 4 3 4 3
30 day 3 3
42 day 3 3
Control 3 3

349.16
THERMAL AND CHEMICAL HYPERALGESIA INDUCED BY SUB
CHRONIC STRESS. L. Quintero. M. Moreno. C. Avila. J. Arcava. H, 
Suarez-Roca*. Section of Pharmacology, Institute de Investigaciones 
Clinicas. Facuitad de Medicina, University of Zulia and INBIOMED, 
Apaгtado 1151, Maracaibo, Venezuela.

Exposition to environmental stressors produces an acute pain 
inhibition both in animals and humans. In the present study, we found 
that rats subjected to a sub-chronic stress of daily 10-20 min sesions of 
forced swimming for 3 days showed a 30 % reduction in the hot plate 
latency and a 60 % increase in the nociceptive behavior during inhibitory 
interphase in the formalin test, 24 and 48 hours after the last swimming, 
respectively. Both thermal and chemical nociception were negatively 
correlated with the third swimming session times. The treatment with 
tryciclic antidepresant clomipramine (2.5 mg/kg/day,¡.p.), started 3 days 
before the stress and kept for the rest of the experimental protocol, 
blocked both the thermal and chemical hyperalgesia. Clomipramine did 
not affect either chemical or thermal nociception in control rats not 
sujected to stress. In conclusion, sub-chronic stress produce a long- 
lasting increase in nociception of either phasic or tonic noxious stimuli. 
Since this hyperalgesia is observed only in the inhibitory interphase of 
the formalin test and it is reversed by the treatment with clomipramine, 
sub-chronic stress could cause a reduction in the activity of the 
monoamine-containing inhibitory descending fibers which modulate 
nociception at the spinal dorsal hom (Supported by Institute de 
Investigaciones Clinicas).
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350.1

S Y S T E M IC  A D M IN IS T R A T IO N  O F L P S A C T IV A T E S  
CYTOKINE-REG ULATED TRAN SCR IPTIO N FACTO RS IN RAT  
TRIGEMMINAL GANGLIA. L.A Kobierski*. S. Srivastava, O, Smirnova.
D. Boгsook Neural Plasticity Research Group, Dept, of Anesth. and Critical Care, 
Mass General Hospital and Harvard Medical School, Charlestown, MA 02129.

Maintainance of homeostasis in response to various stressful stimuli, 
particularly in response to infection and inflammation, is dependent on 
communication between the immune and nervous systems. The bacterial 
endotoxin LPS is one such stressor that mimicks many effects of bacterial 
infection including fever, inflammation, and hyperalgesia. Systemically 
administered LPS can potentially influence nervous system function at a number 
of levels which include activation of the hypothalamic-pituitary axis and 
stimulation of peripheral sensory afferents via proinflammatory cytokines. In this 
study we are particularly interested in characterizing molecular pathways that 
underlie LPS-induced hyperalgesia. Since LPS and inflammatory cytokines, at 
least in part, exert their effects on immune and nervous system function via the 
regulation o f specific transcription factors we have measured the effects of 
systemic LPS on two inflammation-associated transcription factors, NFkB and 
STAT, in peripheral sensory neurons. Swiss webster mice (20 g) were injected 
intraperitoneally with doses of LPS ranging from 0.01 mg/kg up to 10 mg/kg and 
transcription factor activation was measured in extracts of trigemminal ganglia. 
STAT DNA binding complexes were activated at much lower LPS concentrations 
than were NFkB complexes (0.05mg/kg vs 0.4 mg/kg). Both transcription factor 
complexes were activated with a similar timecourse, peaking at approximately 2 
hгs and remaining elevated 8-10 hrs post-injection. Somewhat surprisingly, 
induction of STAT complexes was further induced by intraperitoneal injection of 
dexamethasone (DEX), while DEX had no effect on the induction of NFkB 
complexes. Additional studies are being done to further characterize the 
mechanisms by which these transcription factors are activated by LPS and to 
identify potential target genes. Supported by NIDA grant DA 10160.

350.2

PERIPHERAL INFLAMMATION INCREASES NOCICEPTIN/ORPHANIN FQ 
BINDING IN THE SUPERFICIAL LAMINAE OF THE RAT SPINAL CORD.
Y·¯P· Jia· D·R· Linden. J.R. Serie⅞nd V.S. Sevbold . Dept, of Cell Biology and 
Neuroanatomy, University of Minnesota, Minneapolis, MN 55455 and Dept, of 
Biology, Macalester College, St. Paul, MN 55101.

Immunohistochemical studies in rat show high densities of nociceptin- 
immunoreactive axons and varicosities in the superficial laminae of the dorsal hom of 
the rat spinal cord. Data from electгophysiological and behavioral studies indicate that 
nociceptin receptors in the spinal cord inhibit spinal transmission of noxious stimuli 
and development of central mechanisms of hyperalgesia. We used receptor 
autoradiography to explore the regulation of nociceptin/orphanin FQ neurotransmission 
in conjunction with peripheral inflammation. Binding of [¾]nociceptin (1 nM) was 
quantified in spinal segment L4 of untreated rats and rats killed at 2 ,4  and 8 days 
following injection of complete Freund’s Adjuvant (CFA) into one hind paw. 
Densitometric analysis of autoradiograms showed that [3H] nociceptin binding increased 
20-25% in medial and lateral laminae I-II, bilaterally, at 4 days following injection of 
CFA compared to untreated rats. No change in binding occurred in lamina X at the 
times examined, indicating that the changes were most likely due to the peripheral 
inflammation and not due to variability in technical factors. The increase in 
[¾]nociceptin binding coincided with attenuation of thermal hyperalgesia in the 
injected hind paw, and apparent hypoalgesia in the contralateral paw. Biochemical 
studies confirmed that specific binding of [¾]nociceptin to sections of rat brain was 
consistent with characteristics of the nociceptin receptor. Together, these results 
suggest that spinal nociceptin receptors are up-regulated during hyperalgesia. This 
change may contribute to endogenous mechanisms of antinociception to attenuate the 
hyperalgesia induced by persistent peripheral inflammation.
These studies were supported by NS 17702.
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350.3
SUBSTANCE P RECEPTOR EXPRESSION AND INTERNALIZATION IN SHORT AND 
LONG TERM IN INFLAMMATORY PAIN STATES. P. Honoré*. P.M. Mennino. M.P. Finke. SD . 
Rogers. B.J. Allen. J.R. Ghilardi. M.L Nichols A.I. Bяshяum, J-M. Besson and P.W. Mantvŉ. 
VAMC, Mpls, MN55417, INSERM U161, Paris, Anat. Dept., UCSF, CA94143, Preventive 
Sciences Dept., U ot MN, Mpls, MN55455.

Previous studies have shown that a significant population of lamina I neurons expressing the 
substance P receptor (SPR) correspond to neurons that project to the thalamus anďor to a 
parabrachial region. Additionally, these lamina I SPR positive neurons have been shown to play 
a significant role in the signaling of moderate to intense pain and in the maintenance of 
hyperalgesia. In the present study, we compared and contrasted the expression and 
internalization of the SPR in the spinal cord in four peripheral inflammatory pain states.

Following injection of formalin into the hindpaw, there was a marked internalization of the 
SPR ŉ lamina I neurons, during both the first and second phases of the formalin response 
whereas 3 hours following injection of carrageenan in the hindpaw, there was no evidence of 
either SPR internalization or SPR up regulation. In contrast, 3 days following injection of 
complete Freund’s adjuvant (CFA) in the hindpaw and 21 days following CFA injection in the 
tail vein (which induces a marked polyarthritis), there was a marked SPR up regulation in 
laminae I and II SPR positive neurons but no evidence of ongoing SPR internalization in any of 
these models similar to that observed in the formalin treated animals.

These data suggest that SP, released from primary afferents, induces SPR internalization 
in neurons located in superficial laminae of the spinal cord following an acute inflammatory 
stimulus. In contrast, long term inflammatory pain states appear to induce up regulation of 
the SPR in laminae I and II without any evidence of ongoing SP release in these long term 
inflammatory pain states. These data suggest that there is an immediate release of SP in 
acute inflammatory pain states but that SP is not tonically released in long term inflammatory 
pain states. Rather in long term inflammatory pain states, there is a marked up regulation of 
SPR in lamina I SPR positive spinal cord neurons suggesting that SP and SPR contribute to 
nociceptive signaling. Supported by NINDS, VA Merit Review and AFRT

350.5
PERIPHERAL INFLAMMATION FACILITATES Aß FIBER-MEDIATED 
SYNAPTIC INPUT TO THE SUBSTANTIA GELATINOSA OF THE ADULT RAT 
SPINAL CORD. H. Baba* and C.J. Woolf. Department of Anesthesia and Critical 
Care , Massachusetts General Hospital, Boston, MA 02129.

Whole cell patch clamp recordings have been made from substantia gelatinosa (SG) 

neurons in thick adult rat transverse spinal cord slices with attached dorsal roots to 

study changes in synaptic transmission induced by peripheral inflammation. In slices 

from naive rats, primary afferent stimulation at Aß fiber intensity elicited polysynaptic 

excitatory postsynaptic currents (EPSCs) in only 14 of 57 (25%) SG neurons. In 

contrast, Aß fiber stimulation evoked polysynaptic EPSCs in 39 of 62 (63%) SG 

neurons recorded in slices from rats inflamed by an intraplantar injection of complete 

Freund's adjuvant 48h earlier (p<0.0001). Although the peripheral inflammation had 

no significant effect on the threshold and conduction velocities of Aß, Aδ and C fibers 

recorded in dorsal roots, the mean threshold intensity for eliciting EPSCs was 

significantly lower in cells recorded from inflamed rats (naive: 33.2±l5.l µA, n=57; 

inflamed: 22.8±l 1.3 µA,n=62. P<0.001) and the mean latency of EPSCs elicited by Aß 

fiber stimulation in inflamed rat was significantly shorter than that recorded from 

naive rats (3.3±l.8 ms n=36 vs. 6.O±3.5 ms n=l2, p< 0.005). The facilitation of Aß 

fiber-mediated excitatory input to the substantia gelatinosa following peripheral 

inflammation may contribute to inflammatory hyperalgesia and allodynia. Supported 

by the Human Frontier Science Program (RG73/96) and the Wellcome Trust (039631).

350.7
D o r s o la te r a l  fu n ic u lu s - le s io n s  (D L F X ) u n m a sk  in h ib ito r y  
m echanism s w hich m odulate the e ffects o f  innocuous m echanical 
stim ulation on spinal Fos expression after inflam m ation. R. Dubneг*.
F. Wei and K. Ren. Dept OCBS, UM Dental School, Baltimore, MD 21201.

To examine the contribution of low threshold primary afferent input to the 
development of allodynia and the involvement of descending pathways, we 
investigated the effects of repeated innocuous brush on inflammation-induced spinal 
Fos expression in DLFX rats following inflammation. A ll rats were inflamed by 
injecting 0.05 ml of complete Freund’s adjuvant (CFA, 1:1 oil/saline) into one 
hindpaw. Twenty-one hours after CFA, repeated innocuous stimulation was delivered 
to the dorsum of the inflamed paw by a No. 3 paint brush that was attached to an 
orbital shaker and the stroking frequency was synchronized to the shaker rotation (25 
cycles /min). The stimulus was on for 5-min and off for 5-min for a total duration of 
1 hour. The rats were perfused at 24 hours after CFA injection. The L4-5 spinal cord 
was processed for Fos immunocytochemistry. In sham-operated rats receiving 
brushing (n=4), the number of Fos-labeled neurons was significantly higher in 
ipsilateral laminae I-II ( l4 . l± l . l  vs. 3.6±O.2, p<0.001) and laminae III-IV  (l5.4±2.3 
vs. 2.9±l.3, p<0.05) when compared to sham-operated rats without brushing (n=3). 
In contrast, the light brushing resulted in a slight suppression o f Fos expression in 
ipsilateral laminae V -V I (I9 .2± l.4  vs. 24.6±2.2, p<0.05). DLFX alone (n=7) 
elicited a significant increase in CFA-induced Fos expression in all laminae. 
Brushing in DLFX rats (n=6) produced less increases in Fos-expгession in laminae I- 
IV  and completely suppressed DLFX alone-induced increase in Fos expression in 
laminae V-VIĲ, as compared to brushing in sham-operated rats. The brushing-induced 
inhibition of Fos expression in laminae V-VI was even greater in DLFX rats. These 
results indicate that the innocuous mechanical stimulation o f a inflamed paw gives 
rise to facilitation of neuronal activity in laminae I-IV  and inhibition of neuronal 
activity in laminae V-VI. We propose that there is unmasking of inhibitory 
mechanisms after DLFX that reduce the facilitatory effect in laminae I-IV  and enhance 
the inhibitory effect in laminae V -V I produced by the mechanical stimulation. 
Supported by DA 10275.

350.4
NERVE SPROUTING IN INFLAMED DENTAL PULPS IN THE DOG
G, R, H〇Ц¾〇dļ*, Ҙ._Mi A l-Įíąd ląq iM ·V,·N. N⅞rhi2, &_P._Ļ⅛ņdгy1 
Universities of ‘Michigan, U.S.A. and, ⅛uopio, Finland.
The role of C fibers in the response to tissue injury is complex. Some C fibers 
respond primarily to the threat of injury and others only when injury actually 
occurs. Many may be ‘silent’ during inflammation and send little or no sensory 
information centrally. This seems to be particularly pronounced in the dental pulp 
where extensive inflammatory lesions can occur in patients who report no 
discomfort. Some or all C fibers appear to sprout in or around injury sites and 
contribute to the inflammation that they detect by releasing peptides. Peptide 
release was first described in the dental pulp for substance P (Olgaгt et al. Pain 4, 
153, 1977) although morphologically CGRP seems to be more prominent 
(Kimberly &  Byers Anat. Rec. 222, 289, 1988). Different degrees of inflammation 
may differentially affect different groups of C fibers. We have attempted 
morphologically to coưelate some of the inflammatory and neural changes in 
injured dental pulps in the dog .

Under general anesthesia cavities were prepared in the teeth of adult 
dogs. After acid etching, human caries was placed on the cavity floor and the 
cavity filled with composite resin. The dental pulp beneath the cavities was 
examined histologically after various time periods using immunohistochemical 
techniques. An attempt was made to coưelate nerve sprouting (by staining for 
GAP 43) and changes in peptidergic nerves (CGRP, substance P) with individual 
elements of the inflammatory process (Interkeukin lα , stress proteins, 
neutrophils). Sprouting was evident only in more severe lesions but CGRP-IR 
fibers increased in density even after milder injury. Stress proteins seem to be a 
sensitive indicator of pulpal injury. The density of neutrophils present coưelates 
well with the extent of neural changes in milder lesions.

350.6
INCREASE IN CONDUCTION VELOCITY (CV) OF NOCICEPTIVE 
DORSAL ROOT GANGLION (DRG) NEURONES DURING HINDLIMB 
INFLAMMATION. L. Diouhri and S.N. Lawson* Dept, of Physiology, Medical 
School, University Walk, Bristol BS8 1TD. UK.

We have recently shown that hindlimb inflammation causes a decrease both in the 
durations of action potentials (APs) of C and Aδ-fibre nociceptive DRG neurones 
and in the afterhyperpolarisations of Aδ and Aoc/ß nociceptive units (Djouhri et 
al. 1997.J.Physiol. 5O4:IOOP) The present experiments were aimed at investigating 
whether the CV of DRG neurones is also altered during hindlimb inflammation. 
Two groups of young guinea pigs (150-300g) were used. In one group, a unilateral 
hindlimb inflammation was induced 2 or 4 days prior to recordings, by two 
intradermal injections under halothane anaesthesia of complete Freund’s adjuvant 
(CFA, 70 µl) in the foot and leg. The other group was шrtreated. Intгasomal 
recordings from L6 and SI DRG neurones and extracellular compound AP (CAP) 
recordings from S2 dorsal root nerves were made in CFA treated and untreated 
animals deeply anaesthetized with pentobarbitone (50 mg/kg i.p.). The temperature 
at the DRGs was 28.5-31°C. Neurones were classified from their dorsal root CVs as 
C, Aδ or Aα/ß units and characterised as nociceptive or low threshold 
mechanoreceptive (LTM) units according to their responses to mechanical and 
thermal stimuli. Compared to untreated animals, there was an overall upward shift 
in CVs across the entire CV range in nociceptive but not in non-nociceptive 
neurones, particularly marked and significant in A-fibre nociceptors with a 26% 
mean increase in both Aδ and Aα/ß units. This was confirmed by CAP recordings 
which showed a significant decrease (17 %) in the mean latency of the Aδ wave but 
not of C nor of Aß waves, as expected since the Aß wave would be dominated by 
non-nociceptive neurones. The changes may be due to altered density, expression or 
activation of ion channels such as Na channel α-subunits which are known to be up- 
regulated during inflammation. Supported by The Wellcome Trust, grant to SNL

350.8
Differential effects of selective lesions of the nucleus raphe 
magnus and locus coeruleus on inflammation-evoked Fos 
protein expression in subpopulations of spinoparabrachial 
neurons. F. Wei*. R, Dubneг and K. Ren. Department of Oral and Craniofacial 
Biological Science, University of Maryland Dental School, Baltimore, MD 21201.

We have recently reported that selective chemical lesions in the medullary nucleus 
raphe magnus (NRM) and pontine locus coeruleus (LC) enhanced inflammation- 
induced Fos protein expression in the rat spinal dorsal horn. To determine whether the 
enhanced descending modulation occurs on ascending projection neurons, we evaluated 
the effects of selective chemical lesions in the NRM and LC on inflammation-induced 
Fos protein expression in supraspinally projecting spinoparabrachial neurons that were 
retrogradely labeled by microinjection of Fluoro-Gold, a retrograde tracer, into the 
bilateral pontine parabrachial area. A ll rats were inflamed with an intraplantar 
injection of complete Freund’s adjuvant (CFA, 0.05 ml, 1:1 oil/saline) to induce Fos- 
like immunoreactivity in the spinal cord. In single stained sections, retrogradely 
labeled cells (in 0.03 mm-thick sections) were mainly located in the superficial dorsal 
horn (4.7±O.З), the reticulated area of the neck of the dorsal horn (3.8±O.4), the area 
suҥounding the central canal (3.4±O.З) and the lateral spinal nucleus (4.l±O.6). After 
microinjection of 5,7-DHT (0.004 mg, n=9), a selective serotoninergic neurotoxin, 
into the NRM, there was a significant increase in the number of Fos-LI 
spinoparabrachial projection neurons in the lateral reticulated area o f the neck of the 
dorsal horn (43.5±4.7% vs. l8.8±6.4% of the total number o f retrogradely labeled 
neurons; p<0.01) 24 hr after injection o f CFA as compared to vehicle-injected controls 
(n=7). In contrast, the noradrenergic destruction in the LC by a systemic injection of a 
selective noradrenergic neurotoxin, DSP-4 (100 mg/Kg, i.p., n=8) resulted in an 
increase in double-labeled neurons in the ipsilateral superficial dorsal horn (43.7±5.4% 
vs. 26.1 ±3.1% of the total projection neurons, p<0.05), when compared to vehicle- 
treated rats (n=3). These results indicate that the descending inhibition from the NRM 
and LC suppress ascending spinoparabrachial projection neurons in the deep and 
superficial dorsal horn, respectively. Supported by DA 10275
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350.9
Effects of four herbal extracts on inflammatory pain and 
hyperalgesia. 1 A. Young. F, Wei. S. Zou. R. Dubneг. N. R. Mvslinski* and
K. Ren. Department o f Oral and Craniofacial Biological Sciences, University of 
Maryland Dental School, Baltimore, MD 21201, (^Minority Initiative Program).

We evaluated the effects o f four herbal medicine exttacts on a rat model of 
inflammatory hyperalgesia. Inflammation was induced by injecting complete 
Freund's adjuvant (CFA, 0.05 ml, 1:1 oil/saline) into one hindpaw of the rat. The 
four herbs that are frequently prescribed in traditional Chinese medicine for treatment 
of pain were used: "Duhuo” (DH, Radix Angelicae Pubescentis), Bai-jiang-cao (BJC, 
Patriniae Herba cum Radice),Yan-hu-suo (YHS, Rhizoma Corydalis) and Sanqi 
(Panax Notoginseng). The paw withdrawal latency (PWL) to a noxious thermal 
stimulus, edema and locomotor behavior were quantified. The crude water extracts of 
the herbs were prepared and injected i.p. After CFA injection, the PWLs were 
significantly longer at 2h, 3d and 7d in rats receiving DH (n=5, p<0.05) and at 2h, 
5h, and 7d in BJC treated rats (n=5, p<0.05), when compared to saline-treated rats 
(n=6). The peak hyperalgesia at 24h, however, was not affected by DH or BJC. The 
rotarod performance was slightly reduced by BJC (p<0.05 at 15 rpm, n=4) but not by 
DH treatment (n=4). DH reduced edema at Id, 3d and 7d (p<0.05) and BJC only 
reduced edema at 24 h (p<0.05) after CFA. YHS produced an attenuation of 
hyperalgesia at 2h, Id, 3d, and 7d after inflammation (p<0.05, n=5) and a reduction of 
peak edema at Id (p<0.01). There was a reduction in rotarod performance in YHS- 
treated rats (p<0.05, at 15 and 45 rpm, n=4), suggesting that the effect o f YHS on 
PWL may be a result o f motor impairment. Sanqi did not produce any significant 
effect on inflammation and hyperalgesia. Thus, antihyperalgesic and anti 
inflammatory effects were identified in water extracts of the three herbs. Further, the 
effects of herb extracts mainly delayed the development of hyperalgesia and reduced its 
recovery time. These results indicate that some herbal extracts may provide an 
alternative approach for the treatment o f persistent inflammatory pain and 
hyperalgesia. (Supported by DA10910 and in part by NCRR NIH Minority Initiative 
Program RR10162-03).

350.11
ELECTROACUPUNCTURE ATTENUATES HYPERALGESIA AND 
MODULATES FOS PROTEIN EXPRESSION IN RATS WITH UNILATERAL 
PERSISTENT INFLAMMATION. L. Lao1. G. Zhang1. F. Wei 2. B. M. Berman1. R. 
M.Meszler2 and K. Ren2. Complementary Medicine Program, School of Medicine; 
2Dept. of OCBS, Dental School; University of Maryland, Baltimore, MD 21201.

This study was designed to investigate the effect of electroacupuncture (EA) on 
persistent inflammation and hyperalgesia, and to examine whether acupuneture 
modulates the inflammation-induced Fos protein expression in the spinal cord. The 
inflammation and hyperalgesia were induced in rats by injecting complete Freund’s 
adjuvant (CFA, 0.05 ml, 1:1 oil/saline suspension) into one hindpaw of the rat. Rats 
were divided into EA-tгeatment (3 V, 10 Hz, 0.1 ms for 20 min, n=6) and placebo- 
control (needles attached to the skin superficial to the EA point, n=6) groups. EA was 
applied immediately and at 2 h after the CFA injection. Paw withdrawal latency 
(PWL) to a noxious thermal stimuli showed that acupuncture-treated rats had a 
significantly increased PWL than that of control rats at 2 h and 5 d after the injection 
of CFA (p<0.05). However, no significant difference was observed between the 
groups at 5 h and 24 h when hyperalgesia peaked. Meanwhile, the paw edema was 
significantly reduced in the acupuncture-treated rats at 24 h after the injection 
(p<0.01). Inflammation-induced Fos-like immunoreactivity at lumbar enlargement 
(L4-5) showed significant difference between the EA-treated and control animals at 2 
h after CFA injection. Rats receiving EA have fewer Fos-stained neurons than that of 
controls in the medial half of the ipsilateral laminae I-II (l2.2±5.2 vs 27.8±7.4 per 
section, p<0.01, n=3) where the primary afferents from the inflamed paw terminate. 
Interestingly, EA-treated rats showed more Fos-stained cells in the contralateral 
laminae III-IV  (p<0.05) than control rats. These results suggest that EA is effective in 
delaying the onset and facilitating the recovery of inflammatory hyperalgesia but may 
not be efficacious against severe hyperalgesia. One mechanism of EA may be 
through inhibition of neuronal activation at the spinal level.
Supported by DA10910 and UM Dental School.

350.13
R E P E A T E D  A F F E R E N T  C O N D IT IO N IN G  P R O D U C E D  
C U M U L A T IV E  E FFEC T O N  O S T E O A R T H R IT IC  K N E E  PA IN
G .L .Y , C heing* and C .W .Y . H ui-Chan. D epartm ent o f  R ehabilitation  
S c ien ces , T he H on g  K on g  P o ly tech n ic  U n iv ersity , H um  Horn, 
K o w lo o n , H on g  K on g

The present experiment evaluated the cumulative effects o f repeated trascutaneous 
electrical nerve stimulation (TENS) on the sensory and affective aspects o f pain i.e. 
intensity and unpleasantness o f pain in patients with chronic osteoaгthritic knee.

Thirty-two patients, aged 50 to 70, were matched on age, gender and body mass 
ratio before being allocated to 2 groups. One gròup received 60 min of 
conventional TENS while the other received placebo stimulation on each workday 
over a 4-week period. Patients were requested to rate the daily (i) pain intensity and 
(ii) unpleasantness o f pain by 2 separate, colour-coded visual analogue scales (VAS) 
before stimulation from session, to session2〇. A follow-up session was conducted 
4 weeks after the cessation o f the treatment period.

The group mean score of pain intensity dropped gradually over time, from a 
normalized value o f 100% in session, to 54.2% in session2ü in the TENS group, and 
to 56.7% in the placebo group. By using regression analysis, the drop was 
statistically significant within each group (p<0.001). It was shown that the average 
pain intensity was significantly lower in the TENS group (p=0.012) over time. 
Similar results were obtained for the unpleasantness o f pain, with the mean VAS 
score dropping to 56.3% and 59.8% in session20 in the TENS and placebo group 
respectively. Again, the drop was statistically significant within each group 
(p<0.001), and the average score o f unpleasantness was significantly lower in the 
TENS than placebo group over time (p=0.010). The VAS scores in the follow-up 
session were more or less maintained in both groups for both intensity and 
unpleasantness o f pain.

Our present findings suggest that repeated TENS application could produce 
cumulative inhibition on the subjective rating o f intensity and unpleasantness of 
pain in patients with chronic osteoaгthritic knee.

350.10
COERUIJЮSPINAL ANTINOCICEPTION DURING UNILATERAL PERIPHERAL 
INFLAMMATION IN THE RAT. M. Tsuгuoka*1. Y. Hiruma*, Y. Yamakami1. K. 
Matsutan⅛ and Y. Matsuť. ‘Dept, of Physiology and T3ept. o f Fixed Prosthodontics, Showa 
Univ. School o f Dent., Tokyo 142, Japan

We have shown that unilateral peripheral inflammation reduces inhibitory effects o f locus 
coeruleus (LC) stimulation on nociceptive responses o f dorsal horn cells contralateral to 
the site of inflammation, whereas LC stimulation is still effective in the dorsal horn 
ipsilateral to the site of inflammation. The present study examined this phenomenon and 
the involvement of supraspinal structures.

In rats anesthetized with sodium pentobarbital (2.4 mg/kg/h i.v.) and paralyzed with 
sodium pancuronium (0.24 mg/h i.v.), a bipolar stimulating electrode was inserted into the 
LC ipsilateral to the site o f inflammation. In a behavioral study, rats had a chronically 
implanted monopolar stimulating electrode in the LC. Antinociception was assessed by 
the prolongation o f paw withdrawal latency to noxious heating.

Recordings were made from 57 multireceptive dorsal horn cells with receptive fields 
either contralateral or ipsilateral to the site o f inflammation. Carrageenan-induced 
inflammation significantly reduced coeruleospinal inhibitory’ effects in the dorsal horn 
contralateral to the site of inflammation compared to the dorsal horn ipsilateral to the site 
o f inflammation. This reduction was reversed by additional inflammation in the non- 
inflamed paw. When a hemisection o f the thoracic cord contralateral to the inflamed paw 
prior to inflammation was made, the reduction o f inhibitory effects was not observed. In 
a behavioral study, following inflammation, coeruleospinal antinociception was reduced 
in the non-inflamed paw. Additional inflammation in the non-inllamed paw reversed this 
reduction. The hemisection permitted coeruleospinal antinociception in the non-inflamed 
paw. These results suggest that the reduction of coeruleospinal inhibition on nociceptive 
responses of dorsal horn cells contralateral to the site of inflammation is mediated by the 
supraspinal structures and that this reduction is eliminated by additional inflammation in 
the non-inflamed paw. (Supported by a grant from Japan Private School Promotion 
Foundation.)

350.12
IN C R E A S E D  IN C ID E N C E  O F D O R S A L  ROOT G A N G L IO N  
N E U R O N S  W ITH  S P O N T A N E O U S  ACTIVITY A N D  T H E  
R E S P O N S E S  T O  B R A D Y K IN IN  A N D  C A P S A IC IN  IN  
A D J U V A N T  A R T H R IT IC  R A T S . M . K asaĩ⅛ nd K. M izum ura. Dept. 
N eural R egu la tion , R es. Inst. Environ. M ed ., N a g o y a  U n iv ., N ag o y a  
4 6 4 -8 6 0 1 ,  Japan

Intracellular recordings w ere obtained from  small s ized  (< 3 0  µ  m ) 
dorsal root gan g lion  (D R G , L 4-L 6) neurons o f  intact m ale W istar rats 
(8 0 -2 0 0  g , control rats) and the rats w ith  adjuvant arthritis (A A  rats). 
A A  w ere induced b y  injecting a  su sp en sion  o f  Freund's com plete  
adjuvant (0 .6 - 3 .0  m g in 0 . 1 ml paraffin o il) intradermally into the 
distal third o f  the tail. D R G s o f  A  A  rats w ere rem oved 2 -5  w eek s after 
the inoculation . In fresh ly  dissociated  condition, percentage o f  neurons 
w ith  sp on tan eou s action potentials in the A A  rats w as sign ificantly  
greater than in control rats (23%  vs 0% , p< 0 .01  by χ  2 -test). T h is  
abnorm al activity so m a  o f  D R G  neurons m ay be in volved  in the 
painful state in adjuvant-induced inflam m ation.

T h e percentage o f  depolarized neurons b y bradykinin (B K , 0 .1  µ  M ) 
and capsaicin  (C A P , 0 .1 -1 0  µ  M ) in the A A  rats w as sign ificantly  
increased com pared w ith  the control rats at 2  days-cu ltivation w ithout 
N G F  (53%  v s  18% to  B K  and 82%  vs 53%  to C A P, p < 0 .01  by χ  2  
-test, resp ective ly ). T h is  increased sensitiv ity  to B K  and C A P  w as  
sim ilar to that o f  D R G  neurons from  the control rats cultured w ith  
N G F . T h is  result su g g ests  a  possib ility  that N G F  produced in 
in flam m atory tissues in A A  rats increases sensitiv ities to B K  and C A P  
o f  D R G  n eurons.

350.14
CHRONIC ACTIVATION OF HYPOTHALAMO-PITUITARY 
ADRENOCORTICAL AXIS BY FOOD RESTRICTION 
ATTENUATES ADJUVANT INDUCED ARTHRITIS IN RATS. 
R.Rokyta, J.Jurčovičová, D.Ҟrsová, H.Štastná,
M.Valchal·⅛ A.Yamamotová,Department ofNormal, 
Pathological and Clinical Physiology,3rd Faculty 
of Medicine, Charles University,Prague,Czech 
Republic.

The effect ofchronic activation of hypothala- 
mo-pituitary-adrenocortical axis (HPA) by food 
restriction on the development of adjuvant 
arthritis in male Long Evans rats was studied. 
Food restriction by 40% elicited enhanced corti
cal levels in nonarthritic rats.40% food restric
tion in arthritic rats has not further increasing 
of the corticosteron levels of rats with adjuvant 
arthritis. Serum prolaction levels(PRL)remained 
suppressed in arthritic as well as in food 
restricted animals.Enhanced limb paw swelling of 
arthritic rats was attenuated by food restriction 
as well as the parameters of the oxidative stress 
measured by serum N〇2NCӋ and total antioxidative 
capacity in the spleen.Higher pain-induced 
analgesia in AA rats was restored after food re
striction. These results show a beneficial effect 
of food restriction on inflammatory parameters 
during adjuvant arthritis.Supported by GAČR 305-98/106'4
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351.1
INCREASING THE EFFICIENCY OF THE FORMALIN TEST. R. Ocvirk* and F.V. 
Abbott. Dept o f Psychiatry, McGill Univ, Montreal, QC HЗA 1A1.

We compared the Dubuisson &  Dennis continuous pain scoring system for the formalin 
test with a time-sampling (TS) method, and then used the TS method to explore the trade
o ff between the formalin concentration and MPE50 for morphine. To validate the TS 
method, rats were scored by two raters, one continuously and the other every minute. In 
addition to scoring pain behaviours, the TS rater also recorded the behavioural state. The 
fit for the formalin concentration-effect relation was marginally better for the TS method 
(see table). Sampling at 2 min intervals did not result in a loss o f power. The morphine 
dose-effect relationship, using 1% formalin, was similar for the two methods. The 
behavioural state measure was sensitive to the sedative effects o f morphine. Time- 
sampling represents a considerable improvement in the formalin test as it allows up to 8 
animals to be tested simultaneously, and for rats to be rated on other axes such as

%  FORMALIN 
OГ MG/KG

CONTINUOUS RATΓNG 
M P E jo s lo p e

TIME-SAMPLING
M P E 50 slo p e

phase 1 1.3 (0.3 -4.9) 21.1 ± 10.5 1.3 (0.6-2.7) 28.6 ± 10.9

phase 2 1.0 ( 0 .8 -  1 .2) 5 l.4±  5.4

00©p

52.5 ±6.2

m orphine 1.0 (0.3-3.9) -17.3 ±8.5 0.9 (0.2-4.1) -16.8 ±8.5
A set of morphine dose-effect curves for 0.75% to 6.75% formalin were done using the 

time-sampling method. The MPE50 for morphine increased systematically with formalin 
concentration until 2.25% formalin, but did not increase further, suggesting that formalin- 
induced pain intensity does not continue to increase beyond this point, although the pain 
response does last longer.
Supported by Natural Science and Engineering Research Council o f Canada

351.2
CHARACTERISTICS OF PRIMARY AND SECONDARY HYPERALGESIA 
AFTER THERMAL INJURY IN RATS. N. Nozaki-Taguchi. J.H.Jun and 
T.L.Yaksh* Department of Anesthesiology, University of California, San Diego, 
CA 92093-0818

Cutaneous injury yields primary (on-site) and secondary (off-site) hyperalgesia. 
We have developed a rat model of thermal injury and characterized the spatial 
distribution of primary and secondary hyperalgesia, as well as the pharmacological 
features by the treatment of peripheral and spinal mu-opioid agonists. A focal 
thermal injury was induced in halothane-anesthetized male Holtzman-Sprague- 
Dawley rats, by placing their plantar surface of the paw on a 52°C surface (45 sec). 
This produces mild erythema without any tissue damage, such as blistering. 
Thermal hyperalgesia was assessed by the thermal paw withdrawal latency and 
mechanical allodynia by the hindpaw withdrawal thresholds to von Frey hairs 
applied to the injured and uninjured regions of the paw. Effect of pre- and post
treatment with peripherally acting mu-opioid-agonist - loperamide was compared 
with that of intrathecally (IT) administered morphine on the development of 
hyperalgesia. Loperamide (cream emulsion: 5%, 1.7%, Vehicle: 100 mg) was 
topically applied for 10 min under halothane anesthesia. IT morphine (0.1, 1, 10 
µg) was administered through chronically implanted intrathecal catheters. Mild 
thermal injury of the rat paw produced significant primary (on-site) thermal 
hyperalgesia with mild tactile allodynia and profound secondary (off-site) tactile 
allodynia but no thermal hyperalgesia. Pre and post treatment with IT morphine 
dose-dependently blocked the development of primary and secondary hyperalgesia 
(allodynia). Pre- and post treatment with loperamide blocked the primary 
hyperalgesia. However, pre- but not post- treatment with loperamide reduced the 
development of tactile allodynia. These results suggest that the acute peripheral 
injury initiates, but is not necessary for the maintenance of secondary tactile 
allodynia. (Supported by DA02110)

351.3
ENDOMORPHIN-l-INDUCED ANTI-HYPERALGESIA BUT NOT 
ANTINOCICEPTION IS BLOCKED BY NALOXONE IN THE RAT 
TAIL-FLICK TEST J.L. Henrv* & .1. Ritchie. Depts. of Physiology & 
Psychiatry, McGill University, Montreal, QC HЗG 1Y6

Effects of the endogenous ligand for the µ-opiate receptor ligand, 
endomorphin-1, were studied on 4 paradigms of nociception, including one 
of acute nociception and 3 of hyperalgesia. Sprague Dawley rats (300-350 
g) were used in the tail-flick test. In awake rats ¢n = 8), endomorphîn-1 
(6.5 nmol intrathecally) increased the baseline reaction time. The 
hyperalgesia induced by intrathecal (ith.) administration of substance P 
(6.5 nmol) and the hyperalgesia induced by ith. administration of NMD A 
(1 nmol) were also blocked by endomorphin-1. Control animals given 
artificial CSF exhibited normal hyperalgesic responses to substance P and 
NMDA administration. In rats anesthetized lightly with Na¯pentobarbital 
(20 mg/kg) and chloral hydrate (120 mg/kg), and given 10 mg/kg naloxone, 
immersion of the tip of the tail for 90 s in water at 55°C elicited the 
previously¯reported hyperalgesia. A second immersion in control rats (n 
= 8) elicited an identical hyperalgesia but in those given endomorphin-1 
(n = 8) just before the second immersion, the second such response was 
not observed. The increase in baseline reaction time suggests that 
endomorph¡n-1 has antinociceptive effects, and the block of chemically- 
and synaptically-induced hyperalgesia suggests that spinal effects of 
endomorphin-1 are also antĩ-hyperalgesic. When Naloxone was given 10 
min before testing, the anti-hyperalgesia was blocked but the 
antinociception was not. Supported by the Canadian MRC

351.4
A N A L G E S IC  E F F E C T S  O F  I .C .V . E N D O M O R P H IN -1  &  -2 , 
A N D  M O R P H IN E  IN  T H E  F O R M A L IN  T E S T  IN  M IC E . R  D

Sqі¢пі℮г1:2.. A,L,· Yð€caring-*'·2. Λ,M ZqЫ , A. J, Kasim2 & .J E,. Zadm. 
'Departm ent o f  Psych o logy , U n iversity o f  N e w  Orleans, L A  70148;  
*Veterans Affairs M edical Center, N e w  O rleans, L A  7 0 1 4 6 .

T w o recently isolated  peptides, en d om orp h in -1 (T yr-Pro-Trp-Phe- 
NH j) and endomorphin-2 (Tyr-Pro-Phe-Phe-NH j), have been reported  
to  be highly selective µ-opioid receptor agonists with analgesic actions  
in the tail-flick test. To further a ssess the analgesic properties o f  these  
peptides, the effects o f  endom orphin-1 , endom orphin-2 , and m orphine 
w ere exam ined in the form alin test. M ale S w iss  W ebster m ice w ere  
injected I.C .V . w ith endom orphin-1 (0 , 1 ,3 ,  10 µg), endom orphin-2  
( 0 ,1 ,  3, 10 µg), or morphine (0, 1 ,3 , 10 µ g ) 5 min before injection o f  
2 0  µl o f  5% formalin s.c. into the plantar surface o f  on e  hind-paw. 
The m ice w ere then observed for 6 0  min after form alin injection. The 
amount o f  tim e the form alin-injected p aw  w a s licked, and locom otor  
activity w ere recorded. E n d om orp h in -1, endom orphin-2, and 
m orphine produced dose-d ep en d en t analgesia. T he duration o f  
analgesia w a s shorter for endom orphin - 1 and -2  than for morphine. 
Increased locom otor effects w ere observed after the tw o  highest d oses  
o f  morphine, but not after endom orphin-1 or -2. Supported by the V A  
(JEZ & A Ж ) and N ID A  Grant D A  118 3 9  (A L V ).

351.5

DIFFERENCES AMONG BXD Rl STRAINS FOR MORPHINE 
ANTINOCICEPTION IN THE WRITHING AND HOT PLATE ASSAYS.
H.S» H a iņ*. M .L . Helms. L.A. O ’Toole, and J .K . Belknap Dept. Of 
Behavioral Neuroscience, Oregon Health Sciences U niversity, 
Portland, OR 9 72 0 1 .

Several reports suggest d iffe re n t mechanism s fo r nociceptive and 
antinociceptive processing in various pain assays. Studies using 
se lective ly bred lines o f mice indicate these d ifferences m ay be due 
to  underlying genetic fa c to rs . To examine th is  possib ility , the BXD 
recom binant inbred stra ins w ere tested  fo r antinociceptive e ffe c ts  o f 
m orphine in the w rith ing  assay. These m ice have been show n to  
sign ifican tly  d iffe r in morphine antinociception on the hot-plate  
assay. Mice w ere habituated to  cylinders fo r 30  m in, injected w ith
0 . 75 m g/kg morphine or saline (10 m l/kg , s .c .). T w e n ty  m inutes  
post-in jection, mice were injected w ith  0 .6 5 %  acetic acid (10 m l/kg,
1. p.), placed •back in the cylinders, and the number o f w rithes  
produced in the next 30  m in w as recorded. Analysis o f variance  
detected a s ign ificant d iffe rence in morphine antinociceptive e ffe c ts  
among BXD Rl stra ins. These data w ill be used as an initial step fo r  
a quan tita tive  tra it loci (QTL) m apping project to  assess w he ther loci 
influencing morphine antinociception in the w rith ing  assay are the  
same loci influencing morphine antinociception on the hot-p la te .

Supported by NIDA institu tiona l tra in ing grant (HSH) and VA  
M erit Review (JKB).

351.6
EFFECT OF MORPHINE ON LICKING RESPONSE TO VAGINAL 
BALLOON DISTENSION IN RATS Young Wook Yoon*. Hee Chul Han. Min- 
Goo Lee and Seung K il Hong Neuroscience Research Institute and Department of 
Physiology, College o f Medcίne, Korea University, Seoul 136-705, Korea.
Aim: This study is to test the effect o f morphine in licking response due to vaginal 
ballooning and to elucidate whether the level o f estrogen can affect the effect of 
morphine or not. Method: Twenty five adult female virgin rats (200-220 g) 
maintained on a 12/12 light-dark cycle (light on 7 a.m.) were used. The behavioral 
tests were conducted before and lh r after, 4hr after, 8hr after i.p. morphine (3 and 5 
mg/kg; n=l2) or morphine with naloxone (n=6): a small latex balloon was inserted 
into the vagina and inflated at a rate o f 4.2 ml/min. The latency o f licking response 
was measured with a cut-off time o f 40 s. The vaginal pressure was also measured at
0.49 ml balloon distension (7 s inflation). Seven rats were used for a test o f estrogen 
effect on morphine effect. They got the behavioral tests 3 weeks after ovariectomy 
(OVX; n=4) or ovariectomy with a estrogen pellet (EST; n=3). Results: Vaginal

pressure was not 
changed by morphine 
or naloxone. The 
licking latency was 
significantly elongated 
by morphine with dose- 
response relationship 
and gradually reco
vered 4hr after injec

tion. There was no difference o f morphine effect on licking latency between EST and 
OVX group. Conclusion: Morphine could relieve mechanically induced vaginal pain 
with dose-response relationship. But morphine effect might not be modulated by se
rum estrogen level (supported by Korea Research foundation Grant# 01F0250).
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351.7
MORPHINE INDUCED RELEASE OF GABA, GLYCINE AND GLUTAMATE IN 
THE DORSAL HORN OF THE SPINAL CORD IN ANAESTHETIZED RATS. C-O. 
Stiller,1* H. Gustafsson.1 and J. Bergquist2. 'Dept, o f Physiology and Pharmacology, 
Karolinska Institute.; S-171 77 Stockholm.; 2Dept. o f Psychiatry and Neurochemistry, 
Univ, o f Gothenburg,; S-431 80 Mölndal.

Objective: To study the effect o f spinal morphine on GABA, glycine, glutamate and 
aspartate release in the spinal dorsal horn at L4-L6.

Methods: In vivo microdialysis technique was used in halothane anaesthetised rats 
(n=8-11), with quantification o f amino acids by capillary electrophoresis with laser- 
induced fluorescence detection.

Results: Perfusion o f the dialysis probe with morphine (100 µM) induced a 
signſicant 4-fold increase o f GABA, 2-fold increase o f glycine, 13 fold increase in 
glutamate and an almost 2-fold increase in aspartate (not significant).

Conclusion: An increased release o f GABA and glycine in the dorsal horn may 
contribute to the analgesic effects o f spinally administered morphine, whereas a spinal 
release of glutamate is likely to counteract opioid analgesia.
Supported by Swedish Medical Research Council and Astra Pain Control AB

351.9

S P IN A L  S E N S IT IZ A T IO N  M A Y  B E  IN D U C E D  BY  C H R O N IC  
M O R PH IN E A D M IN IST R A T IO N .
Y. K irihara. Y . S a ito , K. H ara, Y, Y am am ori*  and Y . K osak a  
Dept, o f  A n esth esio lo g y ., Sh im ane M e d .ư n iv ., Izum o, 6 9 3  Japan

R ecen t stu d y  h a v e  d em o n stra ted  that the d e v e lo p m e n t o f  
to lerance to m orp hin e and h y p era lg esia  m igh t be in terrelated  by  
co m m o n  neural substrates that interact at the lev e l o f  ex c ita tory  
am in o  acid  related intracellu lar even ts. T h is stu dy w as d esig n ed  to 
in v estig a te  ch a n g es in behavioral resp on ses to n o x io u s  and non-  
n o x io u s  stim u li fo llo w in g  ch ro n ic  intrathecal a d m in istra tion  o f  
m orphine.

A n intrathecal catheter w as im planted in the subarachnoid space  
in m ale  S p r a g u e -D a w le y  rats u nd er p en tob arb ita l a n e sth es ia .  
M orphine (2 0  µ%) or sa line w ere intrathecally adm inistered tw o tim e  
a day for 5  d ays. R ad iant h eatin g  to h ind paw  and tou ch  w ith  
S em ín es-W ein stein  m on ofilam en t (S W M ; from  0 .0 0 4 5  g to 2 9 .0  g) 
w ere e m p lo y e d  to m easure resp o n ses  to n o x io u s  heat and non-  
n o x io u s  m ech a n ica l s tim u li, r e sp ec t iv e ly . M ea su rem en ts  w ere  
p erform ed  ev ery  day b e fo re  and a fter  first a d m in istra tio n  o f  
m orphine.

T he latency to radiant heat before m orphine adm inistration was 
sig n ifica n tly  decreased  in the m orp hin e group on  day 5 , w h ile  the 
sa lin e  group sh o w ed  no s ig n ific a n t ch a n g es  in  the la ten cy . T h e  
threshold  to S W M  w a s gradually  d im in ish ed  and the m ean valu e
decreased to 6 .0  ± 6 .  l g o n  day 5  from  2 6 .7 ± 5 .7 g  on day 1.

C hronic intrathecal adm inistration o f  m orp hin e facilita ted  the 
response activ ity  to nox iou s and n on -n ox iou s stim uli, su g g estin g  the 
induction o f  spinal sensitization .

351.11
M EDIATION OF ENDO M ORPHIN-2-IN D U C E D  ANALGESIA  
BY DIPEPTIDYL PEPTIDASE IV IN RATS.
R. Shane*. S. W ilk and R.J. Bodnar. N europsychology Doctoral 
Program, Graduate School and University Center and Queens 
College, C U N Y  & Department o f Pharmacology, Mount Sinai 
School o f  M edicine, Flushing, NY  11367 and NY  NY 10029.

Endomorphin-2 (Tyr-Pro-Phe-PheNRj) possesses high affinity for 
mu opioid receptors and produces potent analgesia in mice. Its 
structure appears to satisfy the substrate requirements o f  the 
proteinase enzym e, dipeptidyl peptidase IV. The present study 
evaluated whether a potent and specific inhibitor, Ala-Pyrгolidonyl-2- 
nitrile (Ala-Pyrr-2-CN), o f  this enzyme would potentiate endomor- 
phin-2 -induced analgesia, and whether a more metabolically-stable 
D-Pro2 endomorphin-2 analog would elicit analgesia at lower doses. 
Endomorphin-2 was an excellent substrate for dipeptidyl peptidase 
IV, degrading tw ice as fast as the chromogenic substrate, Ala-Pro- 
naphthylamide. In contrast, D-Pro2-endomoгphin-2 was totally resis
tant to this enzym e’s action. Whereas endomoгphin-2 (0 .1-100 ug, 
icv) significantly increased tail-flick latencies and jump thresholds, 
D-Pro2-endomorphin-2-induced analgesia was more marked, longer- 
acting and more potent (0.001-1 ug). Ala-Pyгr-2-CN (10-50 nmol) 
elicited analgesia, and potentiated the analgesic actions o f  
endomorphin-2. These data strongly suggest that dipeptidyl peptidase 
IV inactivates endomorphin-2 in v ivo , and thereby modulates its 
central analgesic actions.

351.8
M O R PH IN E  PR E T R E A T M E N T  FA IL S TO  A L T E R  S U B S E Q U E N T  
E X P R E S S IO N  OF TY R -W -M IF-1 -IN D U C E D  A N A L G E S IA  IN  
R A T S. R. L. B e l l1*, J. G. C am bre1, R. D. O lso n 1, G. A . O lso n 1, A . L. 
V accarin o1, W . L. N o r e s1, J. E. Zadina2, &  A . J. K astin 1'2. 'U niv , o f  N e w  
O rleans and 2V A  M edical Center and Tulane U n iv . S ch o o l o f  M ed icin e, 
N e w  O rleans, LA .

T yr-Pro-T rp-G ly-N H 2 (T yr-W -M IF -1) has been  iso la ted  from  both the 
hum an and b ov in e  brain. Tyr-W -M IF-1 binds se le c tiv e ly  to the µ -opiate  
receptor, and behaviorally  exerts a pronoun ced a n a lgesia  w h ich  is  
n aloxon e reversib le. W e sou gh t to exam in e  the e ffec ts  o f  pretreatm ent 
w ith  the prototypic µ -agon ist, m orphine, on  the subseq u en t exp ression  
o f  ana lgesia  induced by Tyr-W -M IF-1. In Exp. 1, m ale S p ragu e-D aw ley  
rats w ere g iv en  pretreatm ents o f  icv  m orphine (15  µg/5 µl: 1/day) or 
sa lin e for 4  days and tested  for m orphine an a lgesia  (15  µ g /5  µl: tail- 
flick ) on  day 5. A n im als pretreated w ith  m orphine d isp layed  tolerance, 
relative to th ose pretreated w ith  sa line, thus ver ify in g  the paradigm . In 
Exp. 2 , m ale S p ragu e-D aw ley  rats w ere pretreated w ith  m orp hin e or 
sa lin e as in Exp. 1. On day 5, the anim als w ere tested  for Tyr-W -M IF-1  
an algesia  (2 0 0  µg/5  µl, icv: ta il-flick ). It w a s fou n d  that Tyr-W -M IF-1  
an algesia  did not d iffer b etw een  m orp hin e- and saline-pretreated  
anim als. Thus, pretreatm ent w ith  m orphine did not resu lt in the 
exp ression  o f  cross-to lerance to T yr-W -M IF-1 analgesia . Supported by  
the U n iversity  o f  N e w  O rleans and the V A .

351.10
MICROINJECTION OF MORPHINE NEAR THE A7 CATECHOLAMINE 
CELL GROUP PRODUCES OPPOSING EFFECTS ON NOCICEPTION 
THAT ARE MEDIATED BY DIFFERENT ALPHA-ADRENOCEPTORS 
IN THE SPINAL CORD. J.E. Holden 1. Eric J. Schw artz2, and H.K. 
Proudfìt2. 1Dept. o f M edica l-Surg ica l Nursing, 2Dept. o f Pharm acology, 
Univ, o f Illinois at Chicago, Chicago, IL 60612.

M eth ionine-enkephalin  (m ENK) neurons in the ventrom edia l m edulla 
project to neurons adjacent to sp inally-pro jecting noradrenerg ic neurons 
in the A7 cell group. These m ENK neurons appear to  facilita te 
nociception because m icroinjection o f m orphine (7.6 nm ol) in the A7 
region produces hypera lgesia m ediated by a lphaг adrenocepto rs in the 
spinal cord. However, a higher dose o f 15 nm ol did not a lter e ithe r the 
tail flick o r the foot w ithdrawal response la tency. These results suggest 
that the high dose o f m orphine produces opposing effects on 
nociception that cancel each other. To test th is hypothesis, we 
m icroinjected 15 nm ol o f m orphine near the A7 cell group o f Sprague 
Dawley rats and then in jected a lpha-adrenocep tor antagon ists 
in trathecally. M orphine had no e ffect on nociceptive response 
la tencies, but the a lpha2-adrenoceptor antagon ist, yohim bine (97 nmol), 
produced hyperalgesia, w h ile  the alpha., antagon is t W B4101 (97 nmol) 
produced significant antinociception (p < .05). These results suggest 
that m icroinjection o f m orphine near the A7 catecholam ine cell group 
produces both facilita tion and inhibition o f nociception  that is m ediated 
by a lpha,- and a lpha2 -adrenoceptors, respectively. This w ork was 
supported by USPHS G rant DA03980 from  the National Institute on 
Drug Abuse.

351.12
GENDER DIFFERENCES IN ANALGESIA ELICITED BY 
MORPHINE IN THE PERIAQUEDUCTAL GRAY IN RATS. 
E.K. Krzanowska and R.J. Bodnar*. Neuropsychology Doctoral 
Program, Graduate School and University Center and Queens 
College, CUNY, Flushing, NY 11367.

Gender differences in morphine analgesia following systemic 
and ventricular administration occur with male rats displaying 
greater magnitudes and potencies o f effects than females. Adult 
gonadectomy enhances morphine analgesia in ovariectomized 
females, but not in castrated males. The periaqueductal gray 
(PAG) appears critical for gender differences since it mediates 
sex- and hormone-dependent reproductive behaviors as well as 
interactions between sex hormones and opioid peptides, inclu
ding pгeproenkephalin gene transcription by estradiol. The 
present study evaluated whether gender and adult gonadectomy 
altered morphine (1-10 ug) analgesia in the PAG on two 
nociceptive tests. Whereas male rats displaying near-maximal 
morphine analgesia at a 2.5 ug dose, female rats displayed only 
moderate morphine analgesia at doses as high as 10 ug. While 
castrated and sham-operated males displayed a similar dose- 
response pattern, ovariectomized females displayed enhanced 
analgesia relative to sham-operated females tested during the 
estrous phase. These data strongly suggest that the PAG is a 
critical site mediating sex differences in morphine analgesia.
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351.13
INTERACTION OF GENOTYPE AND SEX IN SUPRASPINAL MORPHINE 
ANALGESIA. B. Kest '*, S. W ilson2, and J.S. M og il2. 'Dept, o f Psychology,
The College o f Staten Island/CUNY and IBR Center for Developmental Neuroscience, 
Staten Island, NY 10314 and ⅛)ept. o f Psychology, University of Illinois at Urbana- 
Champaign, Champaign, IL 61820.

Sex differences in opioid analgesic magnitude have been reported, but their existence 
remains controversial. However, we have previously demonstrated the existence of 
sex-specific gene effects on pain-related traits. As an initial step in the quantitative 
trait locus (QTL) mapping o f sex-specific genes related to morphine analgesia, we 
assessed nociceptive sensitivity and supraspinal morphine analgesia in male and female 
mice o f 11 inbred mouse strains purchased from The Jackson Laboratory. Nociceptive 
thresholds were assessed using the 49°C tail-withdrawal test. Mice were then 
anesthetized and injected with morphine via the intracerebroventricular (i.c.v.) route 
and retested on the tail-withdrawal test. This procedure was repeated with increasing 
doses o f morphine until each mouse was profoundly analgesic. Morphine AD 5〇 values 
were subsequently determined following construction o f cumulative dose-response 
curves. In three strains (AKR/J, C57BL/6J, and CЗH/HeJ), males exhibited 
significantly higher baseline latencies than females. Morphine analgesic potency was 
found to be significantly higher in AKR/J, CЗH/HeJ, and SWR/J males than females, 
but greater in CBA/J females than males. In all other strains (BALB/cJ, SJL/J, 
C57BL/6J, 129/J, A/J, DBA/2J, and LP/J), no significant sex differences in basal 
nociception or morphine analgesia were observed. The data support the importance of 
both genotype and sex in nociceptive sensitivity and morphine analgesia. Further, 
these findings suggest that the controversial nature o f such sex differences may be at 
least partially due to the fact that various laboratories have tested different subject 
populations. This work was supported in part by NIH Grant 1R29DA11394-01 to 
JSM.

351.15
CHEMICAL STIMULATION OF THE PREIAQUEDUCTAL GRAY MATTER 
ATTENUATES NEUROPATHIC PAIN SYMPTOMS IN THE RAT.'jin-Hun 
Sohn*. ⅛ae Hwan Lee, 1S℮ Hun Park, 3Jae Wook Ryu, ⅛onq Ok Kim.1 Dept, 
of Psychology, 3Dept. of Rehabilitation, Chungnam Naťl Univ., Taejon, Korea 
and 2Yonse¡ Medical Research Institute, Yonsei Univ., Seoul, Korea

We have previously demonstrated electrical stimulation of the ventral 
periaqueductal gray matter (PAG) produced analgesia in neuropathic pain rats. 
Also it was found that this antinociception is produced via the descending pain 
inhibitory system (Sohn et al., 1998). The present study sought to determine 
whether the vental PAG stimulation-produced analgesia (SPA) depends on the 
descending opioid system.

Male Sprague-Dawley rats were chronically implanted with a guide cannula 
in the PAG under ketamime anesthesia and both tibial and sural nerves were 
completely cut. Pain sensitivity was measured using von Frey filament and 
acetone applied to the sensitive area for 1 week postoperatively. Opioids such 
as DAMGO and enkephaline and glutamate were injected into the PAG for 
additional 2 weeks.

L-sodium glutamate microinjected into the PAG produced antinociception. 
DAMGO, a mu-opioid agonist, and enkephaline, a delta-opioid agonist were 
highly effective in reducing neuropathic pain. These effects were reversed by 
naloxone. These results suggest that the cell bodies in the ventral PAG, not 
the fibers around it, are activated to produce SPA, and that opioid receptors 
are specifically involved in the descending pain inhibition system. (Supported by 
KOSEF Grant # 961-0506-050-2 to J.-H. Sohn)

351.17
ANALGESIC EFFICACY OF MORPHINE IN INFLAMED, NON-INFLAMED 
AND PERINEURAL TISSUE IN DENTAL SURGERY PATIENTS. ŅĻ 
Schafer*. R. Likar. R. Sittl. K. Gгagpeг. C. Stein. Deps. o f Anesthesiology in 
Berlin/Geгmany, Erlangen/Germany and Klagenfurt/Austria.
Opioid receptors are expressed in primary afferent neurons o f animals and 
humans. Experimental studies have shown that local injection o f opioids into in
flamed tissue elicits analgesia but is ineffective when administered into non- 
inflamed tissue or perineurally. In parallel, we examined in a clinical model of 
inflammatory tooth pain the analgesic efficacy o f local morphine treatment under 
these three conditions. Patients undergoing dental surgery were randomly 
assigned to an injection o f local anesthetic (aгticaine) plus 1 mg morphine either 
into inflamed (n=22) or non-inflamed (n=27) submucous tissue or perineurally 
(n=28). Patients in the control group for each condition (n=22, n=27, n=28, 
respectively) received aгticaine plus saline. Postoperative pain intensity was 
assessed by the Visual Analog Scale (VAS) and Numeric Rating Scale at 2,4, 6, 
8, 10, 12, 16, 20, and 24 h. In addition, patients recorded the occurence o f side 
effects and the supplemental consumption o f diclofenac. Pain scores were 
reduced to a similar extent in all groups up to 8 h postoperatively due to the local 
anesthetic effect. Thereafter, pain scores and the supplemental consumption of 
diclofenac were significantly lower in patients receiving 1 mg morphine into 
inflamed submucous tissue than in the conưol group for up to 24 h. Patients 
receiving 1 mg morphine into non-inflamed tissue or perineurally did not show 
any further reduction in pain scores. Consistent with previous experimental 
studies our results show in patients undergoing dental surgery that injection of 
1 mg o f morphine into inflamed tissue results in significant and prolonged anal
gesia, whereas administration into non-inflamed tissue and perineurally is not 
effective. This clearly demonstrates under conưolled clinical conditions that 
analgesic effects o f peripheral opioids are most effective at the inflammatory site.

351.14
AMYGDALOID-THALAMIC INTERACTIONS MEDIATE THE ANTI
NOCICEPTIVE ACTION OF MORPHINE MICROINJECTED INTO THE 
PERIAQUEDUCTAL GRAY. G. S. Borszcz'·2* and N. G. Streltsov2. 'Dept, of 
Psychology, Wayne State Univ., 2Dept. o f Psychology, Dartmouth College, Hanover,
N .H .03755.

Previous research in this laboratory has established that the susceptibility of 
pain behaviors to the antinociceptive action of morphine microinjected into the 
ventrolateral periaqueductal gray (vPAG) is dependent on the level o f the neuraxis at 
which the behaviors are organized (BNS, 1995, 109, 502-522). These studies 
employed the testing paradigm o f Carroll &  Lim (1960), in which pain behaviors 
organized at spinal (spinal motor reflexes = SMR), medullary (vocalizations during 
shock = VDS), and foгebrain (vocalization afterdischarges = VAD) levels are elicited 
by tailshock. The minimum effective doses o f vPAG-administered morphine that 
elevated VAD, VDS and SMR thresholds were shown to be lµg, 2.5µg, and 5µg, 
respectively.

We recently reported that vPAG morphine-induced increases in VAD and 
VDS thresholds were reversed by the bilateral microinjection o f the serotonin 
receptor antagonist methysergide into either the amygdaloid central nucleus (ACe) or 
nucleus parafascicularis thalami (nPf). The present study demonstrates that ACe and 
nPf interact in mediating vPAG morphine-induced increases in vocalization 
thresholds. Increases in VAD thresholds produced by the administration o f lµg 
morphine, and increases in VAD and VDS thresholds produced by administration of 
2.5µg or 5µg morphine were challenged by the combined unilateral injection of 
methysergide into ACe and nPf. The doses of methysergide (O.5µg - 5µg) that were 
chosen were ineffective in reducing morphine-induced increases in VAD or VDS 
thresholds when administered into only ACe or nPf. However, the combined 
administration o f methysergide into ACe and nPf was observed to reduce morphine- 
induced increases in VAD and VDS thresholds in a dose-dependent manner.

Supported by R01 NS27668 from NINDS.

351.16
PERIPHERAL MORPHINE ANALGESIA IN DENTAL SURGERY. R. Likar1 *, 

R. S ittl2. G. Bematzkv3. C. Stein4 and M. Schafer4. 'General Hospital, Pain 
Clinic, A-9026 Klagenfurt, Austria; 2Inst. f. Anaesthesiologie, Erlangen, Germany; 
^University of Salzburg, Austria; 4Dep. of Anaesth., Benjamin Franklin Univ., 
Berlin, Germany

Most studies about peripheral morphine were done in knee surgery and have 
demonsưated potent and long lasting postoperative analgesia. As the direct application 
of morphine into the pain generating site of injury and inflammation appears most 
promising, we examined direct morphine infiltration of the surgical site in an unique 
clinical model of inflammatory tooth pain. Forty-four patients undergoing dental 
surgery entered into this prospective, randomized, double-blind study. Before surgery 
they received, together with a standard local anesthetic solution (aгticaine plus 
epinephrine) a submucous injection of either 1 mg of morphine (group A) or saline 
(group B). Postoperative pain intensity was assessed using the visual analog scale and 
numeric rating scale at 2, 4, 6, 8, 10, 12, 16 and 20 h after surgery. In addition, 
patients recorded the occuưence of side effects and the supplemental consumption of 
diclofenac tablets. Results of 27 patients were analyzed (group; A: n=l4, B: n=lЗ).

Pain scores, which were moderate to severe preoperatively, were reduced to a 
similar extent in both groups up to 8 h postoperatively. Thereafter, pain scores in 
group A were significantly lower than those in group B for up to 24 h, demonstrating 
the analgesic efficacy of additional morphine. The time to first analgesic intake and 
the total amount of supplemental diclofenac were significantly less in group A than 
in group B. No serious side effects were reported. Our results show that 1 mg of 
morphine added to a local anesthetic for dental surgery results in significant 
improvement of postoperative analgesia. Since the majority of dental surgeries is 
accompanied with an inflammatory reaction, supplemental morphine may be of 
benefit for the relief of postoperative pain.

351.18
MORPHINE-FLUOXETINE INTERACTIONS: ANALGESIC AND SIDE 
EFFECTS IN NORMAL VOLUNTEERS. D.D. Sheπ12*B.A . Coda13. Q. 
Nαuven1, G. Donaldson1. L. Risler1. 1Fred Hutchinson Cancer Research Center, 
Seattle, WA, 98104; Departments of Pharm aceutics and 3Anesthesiology, 
University of Washington, Seattle, WA 98195

Morphine can effectively reduce severe pain, but its dosage may be limited 
by undesirable side effects. We evaluated the ability of fluoxetine, a SSRI, to 
enhance morphine analgesia without increasing side effects.

Fifteen healthy volunteers gave informed consent and participated in this 
double-blind, crossover study. All received drugs in 4 combinations (morphine+ 
fluoxetine, morphine+placebo, saline+fluoxetine, and saline+placebo) on study 
days at least 2 weeks apart. Subjects took fluoxetine ЗOmg or placebo on the 
evening before each infusion day. A computer-controlled infusion pump was 
used to achieve step-wise morphine concentration plateaus of 15, 30 and 60 
ng/ml (or saline). Electrical stimulation of a tooth produced “strong but tolerable 
pain”. Nausea, sedation, pruritus, mood, pupil size, respiratory drive, and digit- 
symbol substitution were measured. The test battery was administered at 
baseline, at each of the 3 morphine levels, and at 2 time points after morphine 
infusion. Plasma morphine, fluoxetine and nor-fluoxetine were measured. 
Analysis included repeated measures ANOVA, Wilcoxon, and paired t-tests.

Fluoxetine improved analgesia very slightly (p<0.05). Less sedation (p<O.02), 
less nausea (p<0.05), and improved mood (p<0.01) occurred with combined 
morphine-fluoxetine, and may represent a clinical advantage. Morphine plasma 
concentration, pruritus and ventilatory drive were unaffected by fluoxetine.

Acute administration of 30 mg oral fluoxetine produces a minimal increase in 
morphine analgesia, and a significant improvement in nausea, sedation, and 
mood disturbance. In contrast, adding fluoxetine to a morphine infusion within 
the plasma morphine concentration range of 15-60 ng/ml does not increase 
opioid-induced side effects, nor does it alter morphine pharmacokinetics. 
Supported by NIDA (DA 05513)
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351.19
EVALUATION OF PAIN THERAPY IN AUSTRIA BY PRESCRIPTION OF 
OPIATES AND BY THE CONTENTMENT OF PATIENTS. P.Bematzkv1 *,
R. Likar2 and G. Bematzkv1. 1 University of Salzburg, Hellbrunnersư. 34, A-5020 
Salzburg, Austria; 2General Hosp., Pain Clinic, St. Veitersư. 47, Klagenfuгt, Austria

There is a marked deficit in pain therapy. Many prejudices against the 
presciption of opioids were pronounced several times. In Austria a new prescription 
form was inưoduced by new legislation in the last year. Therefore we investigated in 
this study the prescription of opioids in Austria. A  questionnaire with over 30 parts 
was sent to 5.359 practical medical doctors (except those in hospitals). The questions 
concerned the most common pain-diseases, the knowledge about opioides and the 
personal knowledge about pain. We were also focussing on the aspects why opioids 
were not being prescribed. The feed-back was 16 %. The most common pain-diseases 
causing patients to attend medical doctors were painful diseases such as low back pain 
(84,2 %), tumor-pain (41,5 %) and head-pain (25,4 %). 82,8 % o f all medical doctors 
believe that their knowledge about pain is sufficient. 89,3 % know the WHO-step 
ladder. 91 % have used special forms for the prescription of opioids. There are clear 
indications of regional trends in pain knowledge in different regions of Austria. Only 
a few medical doctors did not prescribe opioids because of old prejudices.

In this study we could demonstrate that the medical doctors of Austria are 
well-informed about pain ưeatment. Further we could show with this questionnaire 
study that old prejudices regarding addiction or other side effects such as constipation 
are not still as important as they were in the past. As it is important to know more 
about the real acceptance o f opioid treatment and pain relief, primarily in patients 
undergoing pain-therapy we could see in patients that the reality does not fit to the 
results we could get with the pain questionnaire to practical medical doctors. So we 
have to assume that most medical doctors who are good informed about pain therapy 
have sent back the questionnaire and most of them who are not enough informed did 
not send back the pain questionnaire (84 %).
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352.1
ANALGESIC AND DISCRIMINATIVE EFFECTS OF LEF553, A 
PERIPHERALLY ACTING µ-OPIOID. M. D. B. Swedbѳrα*. L. 
Alari. M. Stǻhlberα. A-L Ask and A¯C Ericson. Astra Pain Control, 
Concept Division, S-151 85 Södertälje, Sweden.

LEF553 is a tetrapeptide with potent binding to the µ-opioid 
receptor (11 nM) and with a 50 and 230 fold selectivity over k  and δ 
opioid receptors respectively. LEF553 was an agonist in the mouse 
vas deferens and guinea-pig ileum assays. In the rat tail-flick test, 
used as a central assay, LEF553 and morphine produced EDso⅛ 
(µmol/kg, s.c.) of 31 and 2.8, respectively. In the rat formalin test, 
used as an assay for peripheral, inflammatory pain, LEF553 and 
morphine produced EDso's (µmol/kg, s.c.) of 3.8 and 7.6, 
respectively. LEF553 (10 - 100 µmol/kg, s.c.) was tested in a rat 
morphine (10 µmol/kg, s.c., 30') drug discrimination assay. LEF553 
produced a maximum of 30% morphine appropriate responding at 
the highest dose tested (100 µmol/kg). Rates of responding were 
not significantly affected. These data demonstrate that LEF553 at a 
dose more than 25 times its analgesic EDs〇 in the formalin test 
produced only 30 % morphine appropriate responding, whereas 
morphine at a dose 3 times its analgesic EDю in the rat formalin 
test produced more than 90% morphine appropriate responding. 
These data suggest that LEF553 produces analgesic effects at 
doses far below its opioid like discriminative effects and may be a 
good prototype for peripherally acting µ-opioids.
Funded by Astra Pain Control.

352.2
D IF FER EN TIA L EFFEC TS O F µ , δ, A N D  K -O PIO ID  R E C E P T O R  
A G O N IST S O N  TH E RESPO N SE TO  M E C H A N IC A L  ST IM U L I IN  µ - 
O PIO ID  R E C E PT O R  K N O C K O U T  M IC E . Perry N. Fu ch s1. C arolina  
R o z a 4. Ichiro S o r a s, H iroshi U jike 5*, G eorge U h l3,5. and Srinivasa N. 
R aja2. N eurosurgery1, A nesthesiol2. N eurol. &  N sci.3 Joh ns H opkins 
School o f  M edicine, M olec. N eurobiol. N ID A Л R P 5, B altim ore, M D ,2I287 , 
U SA , D ept. Physiol., Fac. M edicine, U niv. A lc a la 4, M adrid 28871, Spain. 
M u-opioid  receptor transgenic knockout hom ozygous, h eterozygous, and  
w ild-type transgenic m ice w ere used to test the freq u en cy o f  paw  
w ithdrawal response (FPW ) to m echanical stim uli in d ru g-free, m orphine, 
U-5O,488H and D PD PE treated an im als. N o sign ificant genotype- 
dependent d ifference in paw  w ithdraw al frequencies w ere noted in 
untreated m ice. M orphine produced a dose dependent, naloxone 
reversible, attenuation o f  FPW  in w ild-type and h eterozygous m ice, but 
had no effect in hom ozygous m ice. T he kappa agonist U-5O,488H  
produced a sim ilar dose dependent, n aloxone reversib le, attenuation  o f  
FPW  in both w ild-type and hom ozygous m ice. T he d elta agonist D PD PE  
decreased FPW  in w ild-type m ice, but had no effect in hom ozygous m ice. 
These findings ind icate that; 1) m orphine effects on FPW  to m echanical 
stim uli is m ediated predom inantly v ia  the m u recep tor system ; 2) the 
action o f  the putative delta-opioid  receptor agonists, but not kappa-opioid  
agonists, m ay require m u-opioid  receptor expression . S u pported  by N IH  
g ra n t N S 26363 an d  In tram ural R esearch Program .

352.3
R E C E P T O R -S E L E C T IV E  A N T A G O N IS M  O F O P IO ID  
ANTINOCICEPTION IN FEMALE VS. MALE RATS. R.M Craft*.
T .I. Walpole. S.A. Bernal and T.A. M iura. Dept, of Psychology, 
Washington State University, Pullman, WA 99164-4820.

To determine whether sex differences in opioid analgesia reflect sex 
differences in opioid receptor activation, female and male adult, Sprague- 
Dawley rats were tested for opioid antinociception after i.c.v. ß- 
funaltrexamine (ß-FNA), nor-binaltorphimine (norBNI) or naltrindole 
(NTI), µ, k and δ receptor-selective antagonists, respectively. ß-FNA (0, 
10, 20 µg) dose-dependently antagonized 52 °C hotplate antinociception 
induced by 0.056 mg/kg s.c. fentanyl administered 1-14 days later in both 
sexes; 20 µg jS-FNA did not block antinociception induced by 1.0 mg/kg 
s.c. Ư69,593 or 100 nmol i.c.v. DPDPE in either sex. NorBNI (0, 1, 
10 µg) dose-dependently antagonized antinociception induced by U69,593 
administered 1-28 days later in both sexes; 10 µg norBNI did not block 
antinociception induced by fentanyl or DPDPE in females, but slightly 
attenuated DPDPE·s effects in males. NTI (0, 1, 10 µg) dose- 
dependently antagonized antinociception induced by DPDPE administered 
15 -  30 min later, but only in males; furthermore, 10 µg NTI did not 
block fentanyl- or U69,59-induced antinociception in males. In females, 
NTI also did not block fentanyl-induced antinociception, however, NTI 
enhanced Ư69,593-induced antinociception. This study suggests that 
there are sex differences in opioid receptor activation with some opioids. 
-  Supported by DAĴO284 from the National Institute on Drug Abuse.

352.4
ENDOMORPШN-1 AND ENDOMORPШN-2, ENDOGENOUS LIGANDS FOR THE µ- 
OPЮЮ RECEPTOR, MODULATE RESPONSES OF TRIGEMINAL NEURONS 
EVOKED BY EXCITATORY AMINO ACЮS. X-M W anc*. K.-M. Zhang. L.O. Long and 
S.S. Mokha. Department of Anatomy and Physiology, Meharry Medical College, Nashville, 
TN 37208.

Endomorphin-l (Tyr-Pro-Trp-Phe-NFU and endomorphin-2 (Tyг-Pro-Pħe-Pħe-NH2 ) 
isolated recently from the bovine brain have been suggested to be endogenous ligands for 
the µ-opioid receptor [Zadina et &1., Nature 386:499-502 (1997)]. Behavioural evidence 
indicates that the new peptides produce a potent analgesic action in mice. The present 
investigation was designed to examine the effects of endomorphin-l and endomorphin-2 
administered microiontophoretically in the medullary dorsal horn on the responses evoked 
by excitatory amino acids. Extracellular single-unit recordings were made using the central 
barrel of a seven-barrel micropipette from nociceptive specific (NS), wide dynamic range 
(WDR) and low threshold (LT) neurons in the medullary dorsal hom (trigeminal nucleus 
caudalis) in anesthetized rats (urethane, 1.5 g/kg, i.p.). The remaining barrels were filled 
with freshly made solutions of the following drugs: endomorphin-l (10 шM in double- 
distilled water, pH 5.0); endomorphin-2 (10 mM in double-distilled water, pH 5.0); N- 
methyl-D-aspartic acid (NMDA, 50 mM in 150 mM NaCl, pH 8.0); (±)-α-amino-3- 
hydroxy-5-methylisoxazole-4-pгopionic acid (AMPA, 10 mM in 150 mM NaCl, pH 8.0); 
and naloxone hydrochloride (20 mM in double-distilled water, pH 5.0). Microiontophoretie 
application of endomorphin-l reduced the NMDA-evoked responses of 6/6 NS neurons and 
20/24 WDR neurons. Endomorphin-2 reduced the NMDA-evoked responses of 2/2 NS 
neurons and 7/10 WDR neurons. The effects of endomorphins were not modality specific 
since the NMDA-evoked responses of 8/11 LT neurons were also reduced. 
Microiontophoretically applied naloxone that blocked the effects of DAMGO, a selective 
agonist at the µ·opioid receptor, antagonized the effects of endomorphin-l in 8/8 neurons 
and endomoгphin-2 in 7/9 neurons. The predominantly inhibitory effect in the medullary 
dorsal horn suggests that endomorphins are involved in producing antinociceptive action. 
Supported by grants from NШ (DE-10903; RR 03032; DERR 10595)
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352.5
MODULATION OF RESPONSES OF TRIGEMINAL NOCICEPTIVE NEURONS BY 
KAPPA OPIOIDS: ROLE OF GONADAL STEROIDS. K .-M . 7hяng», X.-Vf W яn℮ яnri 
S .S .. Mo⅛ha. Department of Anatomy and Physiology, Mehaπy Medical College, 
Nashville, Tennessee 37208.

We reported previously that kappa opioids produce significantly stronger antinociceptive 
action in female rats than in male rats [Abs. Soc. Neurosci. 23, 402.9, 1997]. The present 
investigation was designed to determine if gonadal hormones contribute to the differential 
modulation of NMDA-evoked responses by kappa opioids. Extracellular single-unit 
recordings were made from nociceptive specific (NS) and wide dynamic range (WDR) 
neurons in the superficial and deeper dorsal horn of the medulla (trigeminal nucleus 
caudalis) in anesthetized (urethane) rats using the central barrel of a seven-barrel 
micropipette. The remaining barrels were filled with freshly made solutions of the 
following drugs: NMDA; AP-5; U·5O,488H; and nor-BNI. Microiontophoгetic application 
of U-SO,488H reduced the NMDA-evoked responses in 94% (32/34) of nociceptive 
neurons (NS and WDR) in the proestгous/estrous female rats compared to 66% (19/29) in 
diestrous female rats. In contrast, U-5O,488H reduced the responses of 33% (14/42), 
facilitated the responses of 33% (14/42) and produced a biphasic change in the responses 
of 31% (13/42) of nociceptive neurons in male rats. The duration o f the inhibition was 
longer in the proestrous female as compared to the male or the diestrous female. In 
ovariectomized (OVX) rats, kappa opioids reduced the responses of 29% (10/34), 
facilitated the responses of 29% (10/34) and produced a biphasic effect in the responses of 
35% (12/34) of nociceptive neurons. U-5O,488H reduced the responses of 100% (3/3) of 
nociceptive neurons in OVX rats that received estrogen replacement. Our observations 
provide a neural correlate for the clinical observations of the greater efficacy of kappa 
opioids in women and indicate a role for gonadal hormones in generating gender-specific 
actions of kappa opioids.
Supported by NШ (DE 10903; RR 03032; DERR 10595)

352.7
µ A N D  δ, NOT BUT ĸ, OPIOID AGONISTS SELECTIVELY INHIBIT ONLY 

PRESYNAPTIC EXCITATORY TRANSM ISSION IN SUBSTANTIA  

GELATINOSA OF ADULT RAT SPINAL CORD.

T. Kohno . E. Tanaka* . K. Shim oii . H. Higashi and M. Yoshimura 

Dept o f Anesthesiology, Niigata Univ. Sch. o f Med., Niigata 951, Japan 

Whole cell patch clamp recordings were made from substantia gelatinosa (SG) 

neurons in adult rat spinal cord slices to study the presynaptic mechanisms of opioid 
agonists on primary afferent transmission. Both µ receptor agonist (DAMGO, 1 µM) 
and δ receptor agonist (DPDPE, 1 µM) inhibited the amplitude of Aδ afferent fiber- 
evoked excitatory postsynaptic cuưents (EPSCs) by 27 % and 17 ℅, respectively. 
DAMGO and DPDPE also suppressed the frequency of miniature EPSCs by 61 % and 
23 %, respectively, without affecting amplitude distributions. The k receptor agonist 
(U-69593, 1 µM), however, had little effect on both the evoked and miniature EPSCs. 
Neither DAMGO nor DPDPE affected the amplitude of postsynaptic currents produced 
by AMPA. suggesting a presynaptic site of action of these opioid receptor agonists. 
Evoked and miniature inhibitory postsynaptic cuưents (IPSCs) mediated by GABAΛ or 
glycine receptor were not significantly affected by µ, δ and K receptor agonists. These 
observations suggest that opioids, particularly through µ and δ receptors, predominantly 
suppress excitatory synaptic transmission by reducing glutamate release from primary 
afferent terminals. This presynaptic modulation of the sensory transmission might be a 
possible mechanism for antinociceptive effects produced by the intrathecal administra
tion of opioid agonists.

352.9
KAPPA OPIOID INHIBITION OF LONG-TERM POTENTIATION IN THE RAT 
SPINAL CORD SLICE. B. Tavloг1. C. Chavkin2 and G.W. Teгman‘*. Depts. o f 
Anesthesiology1 and Pharmacology2; University o f  Washington, Seattle, ŴA. 98195.

The central nervous system has been found capable o f remarkable plasticity, 
demonstrating functional and structural changes as a result of incoming stimuli, which 
may play a role in such diverse phenomena as neural protection, epileptogenesis, 
learning and memory, opiate tolerance and certain chronic pain states. In the last 
several years we have studied the role o f opiates and their receptors in modulating one 
model o f synaptic plasticity - long-term potentiation (LTP) -  in hippocampal and 
spinal cord in vitro slice preparations. In the hippocampus, rapid repeated stimulation 
o f affeгents to primary cells in the dentate and CAЗ regions produce long lasting 
increases in synaptic strength (LTP); induction o f which is blocked by kappa opiate 
receptor agonists. More recently, in the spinal cord, we have demonstrated mu opiate 
receptor mediated inhibition o f LTP induction in primary afferent evoked.responses o f  
dorsal horn neurons. The current studies examine the effects o f kappa opioids on LTP 
o f Lamina I neuronal responses to primary afferent stimulation.

Transverse slices were made from the lumbar spinal cord o f 14-21 day old rats and 
perfused with 〇2-bubbled aCSF containing bicuculline (10 µM) and strychnine (1 
µM). Whole cell voltage clamp o f Lamina I neurons was established using infrared 
aided microscopy. EPSCs were elicited using a bipolar electrode in the ventrolateral 
Tract o f Lissauer« LTP was induced with twelve 0 .1Hz 1 sec trains o f 10 Ĥz 1-5 msec 
pulses at intensities seen to produce consistent EPSCs. Drugs were added to the 
perfusate and data was analyzed using ANOVA with an alpha value o f 0.05.

Neither the kappa agonist U69,593 (lµ M )(n=l2) nor the kappa antagonist, 
norbinaltorphimine (nBNI, ЮOnM) (n=6) had a significant effect on stimulus-induced 
EPSC mean amplitude prior to LTP induction. Post-LTP however, Ư69,593 produced 
a significant nBNI¯reversible inhibition o f EPSC mean amplitude (n=6), suggesting a 
role for kappa opiate receptors in modulating LTP expression. (Supported by 
DAOO266.)

352.6
TRK-820 EXHIBITS BOTH KAPPA AGONIST AND MU ANTAGONIST 
PROPERΉES. R.N. DeHaven*, A C. Chang, J.D. Daubert, J.A. Cassel, S.L 
Gottshall, D.L. DeHaven-Hudkins, E. Mansson, and G. Yu. Adolor Corporation, 
Malvern, PA 19355.

TRK-820 is a kappa-selective agonist reported to be in Phase II clinical trials for 
the treatment of pain associated with cancer. We synthesized TRK-820 and 
evaluated it for opioid-like activity in vitro and in vivo. In receptor binding assays, 
using membranes from Chinese hamster ovary cells expressing cloned human 
receptors, TRK-820 inhibited [¾diprenorphine binding with Kį values of 0.36 nM 
at the kappa, 2.0 nM at the mu, and 40 nM at the delta opioid receptors. Scatchard 
analyses of [¾diprenorphine binding in the presence of several concentrations of 
TRK-820 showed that TRK-820 was a competitive inhibitor of the binding at the 
cloned mu receptor. TRK-820 stimulated [35S]GTPγS binding to membranes from 
the kappa receptor-expressing cells to 176% of control with an EC<¡〇 value of 0.17 
nM compared with a maximal stimulation of 170% of conưol and an EC5〇 value of 
17 nM for U5O,488 in the same membranes. TRK-820 failed to stimulate 
[3,S]GTPγS binding to membranes from mu receptor-expressing cells at 
concentrations up to 10 µM. However, it inhibited the stimulation of [35S]GTPγS 
binding induced by loperamide in these cells with a potency, as determined by its 
K¢ value, of 0.4 nM. Schild analysis of the inhibition of loperamide-mediated 
[35S]GTPγS binding in mu opioid receptor-expressing cells showed that TRK-820 
behaved as a competitive antagonist in this system. In vivo, TRK-820 produced 
potent antinociception in the late phase formal in-induced flinching assay with an 
A50 value of 2.2 µg following i.paw injection and 0.02 mg/kg following s.c. 
administration. We conclude that TRK-820 is a potent kappa agonisưmu 
antagonist that is effective and potent in an in vivo model of inflammatory pain.

352.8
ACTIVATIO N OF PERIPHERAL M U  AND KAPPA  OPIOID RECEPTORS  
INHIBITS CAPSAICIN-INDUCED THERM AL HYPERALGESIA IN RATS.
M.C. K o*1, J.E. Tuchman1, M.D. Johnson2, K. W iesenauer1 and J.H. W oods1-2. 
Depts. of'Psychology and Pharmacology, Univ, o f  Michigan, Ann Arbor, MI 48109.

An experimental pain model was developed in rats using capsaicin in a warm 
water tail withdrawal assay. The purpose was to investigate whether the 
activation o f  peripheral opioid receptors can inhibit capsaicin-induced 
nociception in rats. When administered s.c. into the tail, capsaicin (0.3-10 µg) 
dose-dependently produced thermal hyperalgesia manifested as reduced tail 
withdrawal latencies in 45°C water, from a maximum value o f  15 sec to 
approximately 5 seconds. This quick-onset and short-lasting effect was mediated 
locally, because the same amount o f  capsaicin injected s.c. in the back had no 
effect on the tail withdrawal latency. Co-administration o f  a selective mu agonist, 
fentanyl (0.32-3.2 µg), or a selective kappa  agonist, U5O,488 (10-100 µg), dose- 
dependently inhibited capsaicin-induced hyperalgesia. This local antinociception 
was antagonized in a surmountable manner by small doses o f  an opioid 
antagonist, quadazocine. Quadazocine had higher antagonist potency against 
fentanyl than U5O,488. This could reflect quadazocine’s higher affinity for mu 
relative to kappa  receptors. In addition, when injected s.c. in the back, the highest 
locally effective doses o f  quadazocine against both agonists did not antagonize 
local antinociceptive effects, indicating that the site o f  action o f  locally applied 
mu or kappa  agonists is in the tail. These results provide evidence that activation 
o f  peripheral mu and kappa  receptors can inhibit capsaicin-induced nociception 
in rats. This procedure could be a useful tool for evaluating peripherally acting 
analgesics without central side effects. (Supported by USPHS Grant DA 00254).

352.10
INHIBITION OF OFF-CELL ACTIVITY IN THE ROSTRAL  
VENTROM EDIAL M EDULLA AFTER MICROIONTOPHORESIS OF 
THE KAPPA-OPIOID AGONIST U5O,488. I D. M en g *  and ILL. 
Fields. Dept o f  N eurology and the K eck Center for Integrative 
Neuroscience, University o f  California, San Francisco, CA 94143.

The effect o f  kappa agonists on specific functional classes o f  rostral 
ventromedial (RVM ) neurons remains unknown. In vitro , three cell 
types have been defined in the RVM  slice based on responses to m u- 
and kappa-opioid agonists. One group o f  neurons was hyperpolarized  
by mu agonists, a second group was hyperpolarized by kappa agonists, 
and a third group was not affected by either. In vivo , three classes o f  
neurons have been defined based on activity related to the tail flick. 
O n-cells burst and off-cells pause just prior to the tail flick, while 
neutral cells show no tail flick related change in activity. Mu agonists 
selectively inhibit on-cell activity. We studied the effects o f  a kappa  
agonist on RVM  neurons in v ivo  in order to explore the relationship  
between the in vitro  pharmacological classifications and the in v ivo  
functional classifications. Single? RVM  neurons were recorded  
extracellulaгly in lightly anesthetized rats using 7 barrel 
m icroiontophoresis electrodes. The effect o f  iontophoгesing the kappa  
agonist, U5O,488 on spontaneous and kainic acid evoked activity o f  
functionally characterized RVM  neurons was determined. U5Ó 488  
inhibited 7/8 off-cells, 0/7  on-cells and 0/3 neutral cells. These results 
indicate that neurons which are hyperpolarized by kappa agonists in 
vitro  likely are related functionally to off-cells. Supported by U.S. 
P.H.S. Grant D A  01949.
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352.11
M O D U L A T IO N  OF M E C H A N O SE N SΓ Π V E  PELVIC N E R V E  
AFFER ENTS B Y  INTRAC O LO N IC k -OPIOГО A G O N ISTS. 2L 
Su*. V . Julia and G.F. Gebhart. Departm ent o f  Pharm acology, College  
o f  M edicine, University o f  Iowa, Iow a City, LA 52242.

W e have previously shown that responses o f  p elvic nerve afferent 
fibers to noxious m echanical stimulation (distension) are dose- 
dependently attenuated by intrarterial ĸ-, but not µ- or δ- opioid  
receptor agonists (O R As). The goal o f  the present study was to 
exam ine the effects o f  intracolonic administration o f  the O R A s on 
mechanical responses o f  pelvic nerve afferent fibers innervating the 
colon o f  the rat. An approximately 7  cm  length o f  descending colon was 
isolated in situ to permit intracolonic perfusion and colorectal distension  
(C R D ) with Krebs solution. To date, 22  fibers in the SI dorsal root, 
identified by electrical stimulation o f  the pelvic nerve, have been studied 
with fluid CR D (40  mmHg; 30  sec). Intracolonic administration o f  the 
k-O R A s U62,O 66 and E M D 6 l,7 5 3 , but not the δ-O R A  S N C -80  or the 
µ-O R A  fentanyl, produced dose-dependent inhibition o f  responses to 
fluid CRD in 8/11 (to 3 8 .7  ±  10 % o f  control at 10^3M  ) and 3/9  fibers 
(to 4 8 .0  ±  9 .7  % o f  control at 10*3M ), respectively; intrarterial 
administration o f  ĸ -O R A s attenuated responses o f  the 9 fibers not 
affected by intracolonic ƙ-O R A s administration. Inhibition by U62,O 66  
w as reversed by intгacolonic naloxone (10'3M ). Intracolonic ĸ-O R A s 
can effectively reduce the m echanosensitivity o f  pelvic nerve afferents, 
supporting previous demonstration o f  peripheral ĸ -O R A  actions on 
noxious visceral input. Supported by N S  19912.

352.13
NITROUS O XIDE (NzO) AN TIN O C IC EP TIO N  IN MICE: AN TAG O N IS M  
BY DYNO RPHIN  (DYN) A N TIS E R A  AN D  PO TEN TIATIO N BY 
EN DO PE PTID AS E 24.11-IN HIBITO R . E.M. Branda. J.T. Ramza, D C , 
Lobner*, L.K. V aughn, L.F. Tseng and R.M. Q uock. Univ. Illinois Col. 
Med., Rockford, IL 61107, Med. Col. W isconsin, M ilwaukee, W l 53226, 
and M arquette Univ., M ilwaukee, W l 53233.

N20  antinociception in m ice is blocked by *-o p io id  receptor 
antagon ists [Q uock and G raczak, Brain Res 440 :35, 1985; Q uock et al, 
E u rJ  Pharmacol 175:97, 1990] and m ay occur secondary to neuronal 
release o f an endogenous opioid peptide (EO P) tha t activates brain ĸ- 
opioid receptors [Q uock and V aughn, Analgesia 1:151, 1995]. To 
fu rthe r test th is hypothesis, m ale NIH Sw iss mice, 20-25 g, were 
pretreated ¡.c.v. w ith rabbit antisera (AS) to  various opioid peptides or 
w ith inhib ito rs o f d iffe rent pep tidases involved in the  degradation of 
EOPs. M ice w ere then exposed to N20  in oxygen, and antinociceptive 
responsiveness was m easured using the acetic acid abdom inal 
constriction test. N20  antinociception  w as se lective ly a ttenuated by 24- 
hr pre trea tm ent w ith AS  to DYN but not to m eth ionine-enkephalin . In 
other experim ents, N20  antinociception w as sign ifican tly enhanced by 
pre trea tm ent w ith phosphoram idon, an inh ib ito r o f endopeptidase 24.11 
wh ich has been im plicated in DYN degradation , but not bestatin, an 
inh ib ito r o f am inopeptidase, an enzym e im plicated in degradation of 
certa in EO Ps a lbeit not DYN. These find ings are all consistent w ith the 
hypothesis tha t N20  antinociception in the m ouse abdom inal constriction 
test is m edia ted by endogenous DYN acting on central /r-opioíd 
receptors. (Supported by NIH G rant DA-10047.)

352.15
THE DELTA AGONIST, SB-235863A REVERSES THERMAL 
HYPERALGESIA IN A RAT MODEL OF ESTABLISHED NEUROPATHIC 
PAIN S. Bingham, P.TDavev. G. Dondio. A.A.Paгsons. A, Colombo and P. 
Zaгatin*. SmithKline Beecham Pharmaceuticals, New Frontiers Science Park 
North, 3rd Ave, Harlow, Essex CM 19 5AW, UK and Via Zambeletti, 20021 
Ðaranzate di Bollate, Milan, Italy

Pharmacological and clinical evidence indicates that neuropathic pain is 
relatively insensitive to opioids (Dickenson et al. (1997) Gen. Pharmac. 28 (5): 
633-338). This study investigates the effects of the selective, non-peptide delta 
receptor agonist SB-235863A in a rat model of established neuropathic pain. 
Partial ligation of the left sciatic nerve was performed (Seltzer et al. (1990) Pain 
43: 205-218). 14 days after surgery, animals were selected on the basis of a 
postural change of the operated foot and an ipsilateral/contralateral ratio of 
<80% for withdrawal latency to a radiant, thermal stimulus. Sham animals were 
also prepared. SB-235863A or saline was administered (s.c.) daily, withdrawal 
latencies to the thermal stimulus recorded for ipsilateral and conffalateřal feet 
and thermal hyperalgesia assessed. On day 14 following surgery, thermal 
hyperalgesia was present in ligated rats, but not in sham rats. On day 15 SB- 
235863A significantly reversed thermal hyperalgesia compared to saline and 
withdrawal latencies were significantly different to day 14. On day 17 the 
hyperalgesia was still attenuated compared to day 14. There was no effect of SB- 
235863 on the contralateral foot or in sham animals. These data demonstrate that 
activation of delta opioid receptors by SB-235863A alleviates thermal 
hyperalgesia in a rat model of established neuropathic pain but has no effect on 
normal nociceptive responses to heat.

352.12
IN V E S T IG A T IO N  OF A  PE R IPH E R A L , K A P P A -O P IO Ш -L IK E  
R E C E P T O R  U S IN G  A N T IS E N S E  M E D IA T E D  K N O C K D O W N . 
S.Ҟ.Joshi*. X .S u . J .N .S en gu p ta  and G .F G eb h aгt. D epartm ent o f  
P h arm acology, U n iversity o f  Iow a, Io w a  City, IA  55 4 2 .

ĸ -o p io id s  have been  sh ow n  to  attenuate resp on ses o f  pelv ic  nerve  
fibers to  n ox iou s co lorecta l d istension  (C R D ) through an interaction  
w ith  a peripheral, possib ly  n ovel, ĸ -op io id -lik e  receptor. T h e aim o f  
the present study w a s to  in vestigate  w h ether th is peripheral ĸ -op io id -  
like receptor is different from  th e k  recep tor w h ich  has been  clon ed  
and characterized in the C N S . A n tisen se o lig o d eo x y n u cleo tid es  
(O D N s) targeting the clon ed  ĸ -o p io id  recep tor (K O R ) w ere  
adm inistered intrathecally (1 2 .5  µg , tw ice-d a ily  for 4  days). K O R  
antisense, but not m ism atch O D N  treatm ent, b lock ed  the  
antin ociceptive actions o f  intrapaw (ip aw ) adm inistered k  agonists  
E M D  6 1 ,7 5 3  and U -6 9 5 9 3  in th e form alin-flinch test in the rat. The  
antin ociceptive actions o f  the ipaw  adm inistered mu agonist D A M G O  
and the delta agonist deltoгphin, h ow ever, w ere  unaffected by K O R  
antisense treatm ent. In contrast to  the resu lts obtained in the form alin  
test, K O R  antisense O D N  treatm ent did n ot b lock  E M D  6 1 ,7 5 3  
attenuation o f  p elv ic  nerve afferent fiber resp on ses to  co lo n ic  
distension  in th o se  animals p reviou sly  tested  w ith  form alin. T h ese  
data support the ex isten ce  o f  a novel, ĸ -op io id -lik e  recep tor localized  
in the co lon . Supported by N S  19912.

352.14
ICV ADM INISTRATION OF SELECTIVE 5  A N D  K OPIOID RECEPTOR  
A G O NISTS PR O D UC E AN TINO CIC EPTIO N W ITH LIM ITED SIDE  
EFFECTS IN THE RAT. C  G. Leung*. M. B, W einger, C. W ieslander. D. 
W ood. L. Davidson. C. Brisbane. C. Tanguilig. S. Ghausi. and G . Schulteis. 
Dept, o f  Anesthesiology, ƯC San D iego School o f  M edicine, La Jolla, CA.

The relative potency, efficacy and duration o f  action o f  µ , δ and K opioid  
receptor agonists were determined for a variety o f antinociceptive (tail dip, 
paw withdrawal), sedative (catalepsy, loss o f  righting), and respiratory (rate, 
tidal volum e, minute ventilation) endpoints. The µ-agonist DAM GO  (0.1- 
30 nm ol) produced potent and long-lasting antinociception, catalepsy, loss 
o f  righting, and respiratory suppression. D A M G O ’s effects were reversed 
by ICV pretreatment with the µ -selective antagonist CTAP. The K -selective 
agonist U5O,488H (3 -300  nm ol) produced dose-dependent but incom plete 
antinociception (50% maximal possible effect, MPE) yet had no significant 
effect on righting, catalepsy, or respiration. The δ ı-selective agonist DPDPE  
(3 -3 0 0  nm ol) and the δ2-se lective  agonist deltoгphin II (DELT; 5-115  
nm ol) produced transient and incom plete (50%  M PE) antinociception  
(reversed by the δ-selective antagonist naltrindole; N Ή ) without significant 
catalepsy or loss o f  righting. Although a high dose o f  DPDPE (300 nmol) 
produced m axim al antinociception and marked catalepsy, neither effect  
could be reversed by N Ή , suggesting non-specific actions at this high dose. 
DPDPE (5-25 nm ol) and DELT (5 -60  nm ol) stim ulated respiratory rate 
and minute ventilation; high doses o f  DPDPE (200  nm ol) and DELT (115  
nm ol) produced a m odest decrease o f  tidal volum e and m inute ventilation  
that was not reversed by NTI, again suggesting the effects were not δ 
receptor-m ediated. Although µ  agonists produce antinociception with 
greater potency, efficacy, and duration o f action than the selective δ and K 
agonists tested, the latter appear to be relatively devoid  o f  sedative and 
respiratory side effects at analgesic doses. Supported by N ID A  D A I 1295 
to GS and MBW .

352.16
SB 235863, A NEW NON PEPTIDIC DELTA OPIOID RECEPTOR AGONIST 
WITH ANTIHYPER ALGESIC ACTIVITY
PozzfΌ·. Angelici O·. Petгone G,. Petrillo R . Clarke G.D.. Visenti∩ L„ Farina 
C,. Scheideleг M.A. and Dondio G. SmithKline Beecham Pharmaceuticals, Via 
Zambeletti, 20021 Baгanzate di Bollate, Milan, Italy.

SB 235863 is a new pyrrolomorphinan characterized in viưo as a highly 
selective delta opioid agonist showing a delta nanomolar affinity and selectivity 
ratios of more than 200 versus mu and kappa opioid receptors. The 
antihyperalgesic activity of SB 235863 has been examined in a model of 
hypersensitivity to a thermal stimulus (Plantar Test) induced by the intraplantar 
injection of carrageenan in rats. Oral administration of SB 235863 raised 
latencies to the thermal stimulus in a dose related fashion with a potency 
comparable to that of codeine taken as reference drug. The antihyperalgesic 
effect of SB 235863 was antagonized by the selective delta opioid antagonist 
naltrindole but not by the mu antagonist ɓefα-FNA or the kappa antagonist nor- 
BNI, suggesting that the effect of SB 235863 in this model is mediated by the 
activation of delta opioid receptors. Data will be also shown for experiments 
aimed at evaluating a number of potential opioid side effects including 
tolerance/withdrawal properties of the compound. The results of these studies 
suggest that SB 235863 is an exciting prototype of a novel class of 
antihyperalgesic agents acting through the selective activation of the delta opioid 
receptor.
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352.17
E N H A N C E M E N T  OF TH E A N T IN O C IC E P T IV E  EFFEC TS OF 
SUPRASPINALLY ADM INISTERED µ A N D  δ 2 OPIOID RECEPTOR 
AGONISTS UNDER CONDITIONS OF PERSISTENT INFLAMMATORY  
NOCICEPTION. R.W. Hurley* and D.L. Hammond. Department o f  Anesthesia 
and Critical Care, University o f  Chicago, Chicago, IL, 60637.

Substantial evidence indicates that the antinociceptive effects o f  systemically- or 
intrathecally-administered µ opioid receptor agonists are enhanced under conditions 
o f  inflammatory pain. This study examined whether the antinociception produced 
by µ and δ 2 opioid receptor agonists microinjected in the ventromedial medulla 
(VM M ) was altered in rats with acute (4 hr), sub-acute (4 days) or chronic (2 
weeks) inflammatory nociception. N ociceptive thresholds were determined using 
the radiant heat paw-flick test. Rats received either a unilateral intraplantar 
injection o f  Complete Freund’s Adjuvant (CFA) or saline. The opioid receptor 
agonist was microinjected in the VM M  and nociceptive thresholds were re
determined. Four hours, 4 days and 2 weeks after an intraplantar injection o f  CFA, 
the dose-response relationships o f  the δ2 opioid receptor agonist [D-Ala2, Glu4] 
deltorphin (DELT) were shifted to the left. A similar enhancement was observed 
after microinjection o f  the µ opioid receptor agonist [D-Ala2, N-M℮-PҺ℮4, Gly5-〇l] 
enkephalin (DAM GO). Thus, the dose-response relationship o f  DAMGO was 
shifted to the left o f  that in control rats at each time point after the injection o f  CFA. 
These results suggest that the antinociceptive effects o f  both δ2 and µ opioid 
receptor agonists are enhanced at supraspinal sites under conditions o f  acute, sub
acute and chronic inflammatory nociception. The enhanced antinociceptive effects 
o f  opioid agonists after system ic administration is likely to result from alterations 
in their potency and efficacy at supraspinal sites, as well as the spinal cord and 
periphery. Supported by DA 06736 (DLH), HD 007009 and DA 05784 (RWH).

352.18
CHARACTERIZATION OF THE INTERACTION BETWEEN SUPRASPINAL  
A N D  SPINAL δ, A N D  δ2 OPIOID RECEPTORS IN THE PRODUCTION OF 
ANTINOCICEPTION IN THE RAT. D.L. Hamm ond.1-2* R.W. Hurley.12: T.S. 
Grabow.‘ and R.J. Tallarida.3. 'Department o f  Anesthesia and Critical Care, 
2Committee on Neurobiology, University o f  Chicago, Chicago, IL 60637; 
departm ent o f  Pharmacology, Temple University, Philadelphia, PA. 19140 

This study used isobolographic analysis to determine how δ, and δ2 opioid 
receptors in the ventromedial medulla (VM M ) interact with their respective receptor 
in the spinal cord to produce antinociception. Rats were implanted with an 
intrathecal catheter and with an intracerebral guide cannula directed at the VMM. 
Concomitant administration o f  the δ, opioid receptor agonist [D-Pen2,5]enkephalin 
(DPDPE) at supraspinal and spinal sites in a fixed-dose ratio produced 
antinociception in an additive manner. In contrast, concomitant administration o f  
the δ 2 opioid receptor agonist [D-Ala2,Glu4]deltorphin (DELT) at supraspinal and 
spinal sites in a fixed-dose ratio produced antinociception in a supra-additive 
manner. Thus, the dose-response relationship for the experimental mixture was 
about 400-tim es more potent than predicted by an additive interaction. Further, it 
was found that at higher doses o f  DELT, the supra-additive interaction converted 
to an additive interaction. The markedly different nature o f  the interaction o f  spinal 
and supraspinal δ, and δ2 opioid receptors agonists provides additional evidence for 
the existence o f  different subtypes o f  the δ opioid receptor. These results suggest 
that the development o f  system ically-active δ2 opioid receptor agonists would be 
preferable to δ, opioid receptor agonists. The finding that as the total dose o f  
DELT was increased the interaction became additive suggests that different 
m echanism s may mediate the effects o f  low and high doses o f  δ2 agonists. 
Supported by DA 06736 (DLH), HD 07009-21, DA 05784 (RWH) & DAO9793 (RJT).
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353.2353.1
DISTINCT ROLE OF ORPHANIN FQ AND ALTERATION OF ORPHANIN 
FQ IM MUNOREACИVITY IN FORMALIN PAIN OR ELECTRO
ACUPUNCTURE-INDUCED ANALGESIA AT BRAIN AND SPINAL LEVELS 
OF RAT*. G.C.Wu‘ J. L. Wang. C.B. Zhu. X D. Cao. State Key Lab. of Med. 
Neurobiology, Shanghai Med. Univ., Shanghai 200032, China.

It has been established that orphanin FQ (OFQ) plays an important role in pain 
modulation since its discovery in 1995. Yet, whether OFQ’s role is same at both 
brain and spinal levels is controversy and the change of OFQ immunoreactivity (ir) 
along with pain reaction remains unknown. In the present study, formalin (5%, 100 
µ 1) was injected subcutaneously into the plantar surface of one hindpaw. OFQ was 
injected intracerebroventricularly (icv) or intrathecally (ith) just before the formalin 
delivery. Electroacupuncture (EA) was applied at “Zu-San-Li”  (St 36) and “ Kun 
Lun” (UB6O) points in the hindlimb 30 min before the formalin injection. OFQ-ir was 
observed 30 min after relevant treatment by immunocytochemical (ICC) methods. As 
previously reported (Zhu, et al, Neurosci Lett, 1997, 235:37-40), icv OFQ (>lµg) 
enhanced formalin-induced pain response. However, ith OFQ (0.1-5 µg) produced an 
inhibition on formalin pain. EA induced an obvious inhibition on formalin pain, 
which could be antagonized by icv OFQ (0.1-5 µg). The ICC results showed that 
changes of OFQ-ir after formalin treatment are different in brain and spinal cord. 
OFQ-ir in neurons and the number of OFQ-ir positive neurons reduced in brain 
(nucleus septum, hypothalamus, PAG, etc.) but increased in spinal cord (I-II layers) 
(vs. those in control group). When EA inhibited formalin pain, the OFQ-ir in neurons 
and number o f positive neurons were further decreased in the brain, and also reduced 
in spinal cord (vs. those in formalin-treated rats). The reduction of OFQ in neurons is 
possibly induced by the increased release. In conclusion, the present results suggest 
that OFQ plays a hyperalgesic role and antagonizes EA-induccd analgesia in brain, 
but has analgesic effect at spinal level. Formalin-induced pain may partially 
contribute to the increased release of OFQ in brain but decreased release in spinal 
cord, and EA may play its analgesic role partially via enhancing the release of OFQ at 
spinal level. ’Supported by NSFC and STCS.

NOCICEPTIN ACTS AS AN ANTI-OPIOID PEPTIDE IN THE FREUND'S 
ADJUVANT MONOARTHRITIC RAT MODEL
R. Bertorelli, L. Coҥadi∩i. K. Rafiα and E. O∏qini* Schering-Plough Research 
Institute, Milan 20132 Italy

Intracerebľoventriculaг (i.e.v.) injection of nociceptin/orphanin FQ, the 
endogenous agonist of the opioid like orphan receptor (ORL·i) is reported to 
produce hyperalgesia, while intrathecal injection inhibits spinal sensitization. 
Effects of nociceptin and other analgesic compounds on pain response and 
morphine-induced analgesia in adjuvant-induced arthritic rats were 
investigated. Pain response was assessed by measuring paw withdrawal 
threshold to thermal stimulus, using the plantar test. Morphine (1, 3,10 mg/kg, 
s.c.) and the GABAb agonist, baclofen (1, 3,10 mg/kg, s.c.) dose-depe∩dently 
delayed the response of paw withdrawal. The higher doses increased paw 
withdrawal threshold by 90% and 70% vs vehicle, respectively. Hyperalgesia 
was also reversed by paracetamol (300 mg/kg, p.o.; p<0.05, 13% vs vehicle) 
and indomethacin (3 mg/kg, ip; p<0.01, 30% vs vehicle). Nociceptin (1, 3, 10, 
30 nmol, i.e.v.) had no significant effect on pain threshold. Given 30 min after 
morphine, nociceptin produced a short-lived reversal of morphine analgesia 
(p<0.05). Results indicate that in this chronic pain model, nociceptin has no 
analgesic/hyperalges¡c effects but reverses morphine-induced analgesia. 
Further studies using spinal administration of nociceptin are necessary to 
clarify the role of this peptide during the development of chronic inflammation. 
Supported by  SPRI

353.3
A N T I-H Y P E R A L G E S IC  A N D  A N T I-A L L O D Y N IC  E F FE C T S OF  
IN T R A T H E C A L  N O C IC E PT IN  IN  R A T S AFTER  S P IN A L  CO RD  
IN JU R Y , PE R IPH ER A L N E R V E  IN JU R Y  A N D  IN FL A M M A T IO N
J.-X . H a o * . X .-J . X u . I. S. X u  and Z. W iesen fe ld -H allin . D ept. M ed. 
Lab. S c i. & T ech n o l., D iv . C lin. N eu ro p h y sio l., K arolinska Institute, 
H uddinge U n iv . H osp ita l, H uddinge, S w ed en

N o cicep tin  is a heptadecapeptide w h ich  is an en d ogen ou s ligand for 
the orphan op io id  receptor-like G -protein  coupled  receptor (O R L i). At 
the spinal lev e l, the predom inant e ffect o f  nociceptin  appears to be 
antin ociceptive as a ssessed  by both behavioral and electrop nysio logical 
m ethods. The present study w as conducted to system atically  exam ine  
the efficacy  and potency o f  intrathecal (i.t.)  nociceptin  in alleviating  
abnormal pain-related behaviors in rats after carregeenan-induced  
peripheral inflam m ation, a photochem ically-indu ced  partial peripheral 
nerve ischem ic injury and spinal cord injury. It w as found that i.t . 
nociception  dose-d ep en dently alleviated m echanical and co ld  allodynia- 
like behavior in the tw o  m od els o f  neuropathic pain. The heat 
hyperalgesia associated  w ith  peripheral inflam m ation w as a lso  
sign ificantly reduced, although tne e fficacy  o f  the anti-hyperalgesic  
effect o f  nociceptin in the inflam m ation m odel w as decreased . I .t . 
nociceptin  a lso induced sign ificant antinociception on the tail flick  test in 
all three groups o f  rats. H ow ever, the antinociceptive e ffect o f  
nociceptin w as sign ificantly reduced in rats w ith  peripheral nerve  
injury. T h ese results indicated that spinally  adm inistered nociceptin  has 
anti-allodynic and anti-hyperaglesic e ffect in animal m od els o f  tonic or 
chronic pain o f  different orig in s. Peripheral inflam m ation and nerve  
injury m ay induce spinal p lasticity w h ich  leads to altered potency and 
efficacy  o f  nociceptin . (Supported by S w ed ish  M R C , European  
C om m ission  and Astra Pain Control).

353.4
O N  T H E  E F F E C T S  O F  I N T R A T H E C A L  N O C I C E P T I N  
O N  F L E X O R  R E F L E X  E X C I T A B I L I T Y  IN  R A T S  
A F T E R  I N F L A M M A T I O N  O R  P H E R I P H E R A L  N E R V E  
S E C T I O N . Z. W iesen feld -H allin * . I.S . X u . S . G rass and X .-J .  
X u . K arolinska Institute, D ept. M ed. Lab. S c i. &  T ech n o l., D iv . 
C lin. N eu ro p h y sio l., H uddinge U n iv . H osp ita l, S w ed en .
W e exam ined the e ffects o f  intrathecal (i.t.)  nociceptin , the 
en d ogen ou s ligand for the orphan op io id -lik e receptor, on the 
ham string nociceptive flexor reflex in decerebrate, sp inalized , 
unanesthetized rats after carrageenan-induced inflam m ation or 
unilateral sciatic nerve transection. I.t. nociceptin (1 0  ng to 10 µ g)  
induced a dose-d ep en dent, reversible d epression  o f  the flexor reflex  
in norm al rats. An initial moderate reflex facilitation w as observed  in 
som e experim ents at low er d oses (1 0  or 100 ng). A  sim ilar resp onse  
pattern w as observed  in experim ents conducted 1-3 days after 
subcutaneous carrageenan or 10-16  days after unilateral sciatic nerve 
section . H ow ever,- the overall m agnitude and duration o f  reflex  
depression  induced by nociceptin w as sign ificantly increased in rats 
w ith nerve injury com pared to inflam m ation . T h ese results 
confirm ed an inhibitory action o f  nociceptin on nociceptive input at 
spinal level in rats and supported our behavioral resu lts that i.t. 
nociceptin exerted anti-hyperalgesic and anti-allodynic e ffects in rat 
m odels o f  chronic pain after inflam m ation or nerve injury. It is 
su ggested  that the e ffect o f  nociceptin m ay be m odulated by  
inflam m ation and nerve injury. In particular, unlike m orphine, there 
seem s to be no reduction in the e fficacy  and potency o f  spinal 
nociceptin after peripheral nerve axotom y. (Supported by S w ed ish  
M R C , European C om m ission  and A stra Pain Control).
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353.5
Opioid receptor plasticity in mu opioid receptor knockout (MOR KO) 
m ice follow ing persistent inflam m ation. ^>^C. Oiu*. Зļ. Sora. ^K. Ren. 
Зģ . Uhl, and Įr . Dubner .  ̂Dept. OCBS, Dental School, ⅜ ep t. Anesth., School of 
Medicine, Univ. Maryland, Baltimore, MD 21201; ^NIDA-IRP, & Dept. Neurol, and 
Neurosci., Johns Hopkins Univ. School Medicine, Baltimore, MD 21224.

The generation of transgenic mice offers a promising approach to the identification 
of novel mechanisms that contribute to persistent pain conditions. In MOR KO mice 
we studied the functional plasticity of remaining opioid receptors in a model of 
inflammatory hyperalgesia. Baseline paw withdrawal latency (PWL) to a noxious 
thermal stimulus was determined. The PWLs of KO mice were 7.77±O.I8 (n=ЗO) 
which was significantly shorter than that of heterozygous (HET, 8.82±O.25, n=4O, 
p<0.01) and wild type (WT, 9.I5±O.27, n=33, p<0.001) mice. Following an 
intraplantaг injection of 0.005 ml complete Freund's adjuvant (CFA), PWLs were 
dramatically decreased in all mice. The hyperalgesia peaked at 8-24 h after 
inflammation. There were no significant differences in the magnitude of hyperalgesia 
among the three genotypes until 4d after CFA. Significantly longer PWLs were 
present in the KO mice at 4d and 6d after CFA as compared to HET (p<0.05) and WT 
(p<0.01) mice, suggesting a faster recovery from hyperalgesia in KO mice. Selective 
agonists were injected intrathecally (50 nM, i.t.) at the peak hyperalgesia to examine 
the functional activity of opioid receptors. DAMGO (mu-selective) produced analgesia 
in HET and WT mice but had no effect in KO mice. DPDPE and deltorphin (delta- 
selective) produced analgesia in all genotypes with a significant greater effect seen in 
KO mice (p<0.05). U69,593 (kappa-selective) produced similar analgesia in all mice. 
At 96 h after inflammation, naloxone (2 mg/kg, i.p.) restored hyperalgesia in all 
genotypes. However, only in KO mice, did naloxone restore hyperalgesia that was not 
significantly different from peak hyperalgesia. Naltrindole (delta-selective antagonist, 
1 nM, i.t.) partially restored the hyperalgesia only in KO mice. These results strongly 
suggest that a compensatory mechanism has developed in MOR KO as a result of 
persistent inflammation and hyperalgesia. The delta subtype o f opioid receptor may 
play a major role in this functional plasticity. Supported by DA10275, DEI 1964.

353.7
SPATIAL AND TEMPORAL CORRELATION OF SPINAL DYNORPHIN CONTENT 
WITH BEHAVIORAL SIGNS OF NERVE INJURY. M. Ibrahim. M. Chawla. 2. 
Chenαmin. J. Lai. F. Poггeca. T.P. Malan. Jr.* Departments of Anesthesiology 
and Pharmacology, University of Arizona, Tucson, AZ 85724 

We have hypothesized that increased spinal dynorphin content after nerve 
injury may contribute to spinal sensitization, perhaps through an NMDA 
receptor-mediated mechanism. This hypothesis predicts that increased spinal 
dynorphin content should correlate temporally and anatomically with spinal 
hyperresponsiveness. Here, possible correlation of the time course and 
distribution of spinal dynorphin content with the time course of nerve injury- 
induced behaviors were studied after ligation of the L·/Ц or S2 spinal nerves 
in S.D. rats. Tactile allodynia was measured as withdrawal threshold to von 
Frey filaments and thermal responsiveness was determined as response 
latency to radiant-heat applied to the paw. Dynorphin content in the spinal cord 
was measured by competitive immunoassay using an antibody specific fo 
dynorphin ţ \↑-↑-η· After L5/L6 spinal nerve ligation dynorphin immunoгeactivity 
increased in the lumbar dorsal quadrant ipsilateral, but not contralateral, to the 
side of nerve injury. This increase was seen throughout the lumbar and sacral 
spinal segments, but not in thoracic or cervical segments. No changes in 
dynorphin content were seen in ventral spinal cord. ⅝ nerve ligation also
Êreduced an increase in dynorphin content in the lumbar spinal cord along with 

ict¡le allodynia and thermal hyperalgesia of the hindpaw. Increased dynorphin 
immunoгeactivity was detecteα 2 days after nerve injury, reached a maximum 
at 10 days and persisted for 35 days. Similarly, allodynia was detected 2 days 
after nerve injury and persisted for 35 days. Both allodynia and increased 
dynorphin content resolved by 55 days after spinal nerve liαation. The increase 
in dynorphin content across multiple spinal segments after ligation of eithe 
L/Le or ⅜ nerves are spatially consistent with observations of multisegmental 
spinal sensitization after nerve injury and support the hypothesis of a 
sensitized state of the spinal cord promoted by increased dynorphin content. 
This hypothesis is also supported by the temporal correlation between nerve 
injury-induced behavior and spinal dynorphin content. Supported by the 
Arizona Disease Control Research Commission and NIDA.

353.9
OPIOID GENE TRANSFER USING HERPES VECTORS REVERSES 
INTRATHECAL PERTUSSIS TOXIN-INDUCED HYPERALGESIA IN MICE. D. C. 
Yeomans*, S. Amin, S. Wilson, C. Laurito, and Y. Lu. Depts. o f Anesthesiology and 
Anatomy and Cell Biology, University o f Illinois at Chicago. Chicago, IL 60612.

Intrathecal injection o f Pertussis Toxin (PTX) produces thermal hyperalgesia in 
mice p,in 70 223 228 This hyperalgesia is thought to be mediated by the ribosylation of G¡ 
and G0 proteins linked to neurotransmitter receptors which normally inhibit nociception. 
The studies described here used a novel method to transfer human preproenkephalin 
gene into primary afferent nociceptors in attempt to ameliorate this hyperalgesia. All 
experiments were approved by the UIC Animal Care Committee.

A single intrathecal 10 µg injection o f PTX in female Swiss-Webster mice 
produced hyperalgesia to both Aδ and C fiber heat stimuli lasting ~ЮO days. At 10 
days after PTX injection, the left hindpaw was scarified and topically treated with 10 
µl o f  one o f the following solutions: a) 10s pfu o f Herpes Simplex type I virus into 
which the gene for human preproenkephalin was inserted into the thymidine kinase TK 
region (virus KPE); b) 108 pfu of a similar virus with the gene for ß - glactasidase (ƘZ); 
or vehicle. Two and four weeks after infection, we tested behavioral responses again 
to determine whether these treatments attenuated PTX-induced hyperalgesia.

Both the vehicle and KZ virus treated animals continued to demonstrate 
significant (ANOVA p < 0.05) thermal hyperalgesia compared to non-PTX treated 
animals, as indicated by shorter response latencies for both the C and Aδ tests. In 
contrast, animals treated with the KPE virus demonstrated no hyperalgesia, as indicated 
by a return to control latencies. These data indicate that infection with viruses 
encoding the proenkephalin gene reverses the hyperalgesia produced by PTX-induced 
inactivation o f inhibitory G proteins. This may, in turn, indicate a regenerative role for 
enkephalins released in the proximity o f primary afferent terminals. This study was 
supported by USPHS Grant DAO8256 (DCY).

353.6
COM PENSATORY MEDIATION OF INTRAPERΓΓONEAL 

INJECTION-RELATED STRESS-INDUCED ANALGESIA IN 
DOUBLE ß-ENDORPHIN/ENK£PHALĬN KNOCK-OUT MICE 

Sonva G. W ilson1, M alcolm  J. Low2’*. Jeffrey S. M o d i1 
‘Department of Psychology and Program in Neuroscience, University of Illinois at 

Urbana-Champaign, Champaign, IL 61820; 2Vollum Institute, Oregon Health Sciences 
University, Portland, OR 97201.

Sưess-induced analgesia (SIA) associated with pain-testing procedures can represent 
a major experimental confound, especially when using mildly noxious stimuli. We have 
previously demonsưated that inưacerebroventricular (i.c.v.) vehicle injections in mice 
can produce an opioid-mediated SIA (Mogil et al., Neuroscience, 75:333-337, 1996). 
We find presently that even injections by the intraperitoneal (i.p.) route can produce 
this phenomenon. To investigate the mechanism underlying “injection-related SIA,” 
we used transgenic knock-out (KO) mice lacking ß-endorphin and/or enkephalin, as 
well as their wild-type (WT) controls. All mice were tested for nociceptive sensitivity 
on a constant temperature 52°C hot plate 20 min following one of three manipulations: 
no injection, saline (10 ml/kg, i.p.) or naloxone (10 mg/kg, i.p.). We found that WT 
mice exhibited a significant SIA from the saline injection alone (an average latency 
increase of ≈3 s), and that this SIA was completely antagonized by naloxone. In 
ß-endorphin KO mice, no injection-related SIA was observed, indicating that release of 
this opioid peptide is necessary to produce the phenomenon. Supporting the specific 
role of ß-endorphin is the finding that enkephalin KO mice displayed unaltered 
injection-related SIA. Surprisingly, double ß-endorphin/enkephalin KO mice also 
displayed robust, naloxone-sensitive, SIA. The fact that these double KO mice exhibit 
injection-related SIA despite their lack of ß-endorphin suggests that a compensatory 
mechanism has been activated. We are currently investigating the possibility that this 
compensatory mechanism involves the release of dynorphin. Supported by NIH Grant 
1R29DA11394-01 to JSM.

353.8
N A LO X O N E R E K IN D LE S N E U R O PL A ST IC  C H A N G E S IN D U C ED  IN  
TR IG E M IN A L  (V) N O C IC EPT IV E N E U R O N S B Y  M U ST A R D  O IL  
A P PLIC A TIO N  TO  R A T TO O T H  PU L P. C .Y . Chiang. Ŝ.J. Park*. J.W. 
Hu and B J. Sessle. Faculty o f  Dentistry, University o f  Toronto, Toronto, 
Canada, M5G 1G6.

We have previously demonstrated that administration o f  naloxone 
“rekindles” increased jaw muscle electromyographic activities induced by the 
inflammatory irritant and C-fıbre excitant mustard oil (MO) to the rat tooth 
pulp or temporomandibular joint. The aim o f  this study was to test if  
naloxone (local application to V subnucleus caudalis, i.t .)  can rekindle the 
neuroplastic changes evoked in caudalis nociceptive neurons by pulp 
application o f  MO. Single unit activity ( n = l5 )  was recorded in caudalis 
from wide dynamic range (W DR) and nociceptive-specific (NS) neurons in 
chloralose/urethan-anestnetized rats. Each nociceptive neuron’s spontaneous 
activity, mechanoreceptive field (RF) size, mechanical threshold and response 
magnitude to graded pinch (50 g , 100 g , and 200 g) stimuli applied to the RF 
were assessed prior to and throughout a 40  min period after MO application 
to the exposed ipsilateral maxillary molar pulp. In the control group (6 NS, 
3 W DR neurons), MO application induced a brief significant increase in 
neuronal spontaneous activity (> 4 0 0 %  o f  control, P < 0 .0 5 ) ,  a long-lasting 
and significant expansion o f  the RF (≡2OO% o f  control, P < 0 .0 1 ) ,  a 
significant (P < 0 .0 5 )  decrease in mechanical threshold, and a significant 
increase in the response magnitude to pinch (200 g) stimuli. In the drug 
group (ЗNS, ЗW DR neurons), MO was similarly applied and was followed  
25-30 min later by naloxone application (20 µg/10 µl, i.t .) . Compared with 
the control group, naloxone significantly augmented the increases in 
spontaneous activity and RF size (both P < 0 .0 1 ,  Fisher exact test), but not in 
mechanical threshold and pinch responses. In 3 animals treated with pulpal 
application o f  mineral oil and 1 intact animal, naloxone itself did not induce 
any neuroplastic changes in caudalis nociceptive neurons. These results 
indicate that central opioid depressive mechanisms can be activated bv pulpal 
application o f MO and may serve to limit the duration o f som e o f the evoked 
neuroplastic changes. Supported by NIH grant D E -04786.

353.10
ANALGESIA PRODUCED BY HIGH AND LOW FREQUENCY 
TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION (TENS) IS 
BLOCKED BY OPIOID RECEPTOR ANTAGONISTS IN ARTHRITIC RATS.
K.A. Sluka*. M.C. Deacon. A.L. StibaL S. Strissel. A. Terpstгa. Physical Therapy 
Graduate Program, University of Iowa, Iowa City, LA 52242 

TENS is commonly used by physical therapists to treat a variety of painful 
conditions. However, the neurophysiological mechanisms are largely unknown. 
Therefore, we tested the hypothesis that both high and low frequency TENS work 
by activating opioid receptors in the spinal cord. Rats were tested for responses to 
radiant heat applied to the paw before and after induction of arthritis by injection of 
kaolin and carrageenan into the knee joint. TENS was then applied to the inflamed 
knee joint in rats treated spinally with opioid receptor antagonists (naloxone, 
naltrindole, U5O,488) or ACSF (control). Following knee joint inflammation there 
is a decrease in the paw withdrawal latency to heat, secondary hyperalgesia. Either 
high or low frequency TENS (sensory intensity) reverses (л℅ 100%) the secondary 
hyperalgesia to heat in arthritic rats. Blockade of spinal µ opioid receptors by 
selective doses of naloxone prevents the analgesia produced by low frequency 
TENS. High doses o f naloxone that also block δ and ƙ opioid receptors prevents the 
effects of high frequency TENS. Blockade of spinal δ opioid receptors 
(naltrinodole) prevents the analgesia produced by high frequency TENS. In 
contrast, blockade of ƙ opioid receptors (U5O,488) had no effect on the analgesia 
produced by either high or low frequency sensory TENS. Thus, the present data 
suggest that low frequency sensory TENS works by activating µ opioid receptors 
spinally, while high frequency sensory TENS activates δ opioid receptors spinally. 
Supported by a Central Investment Fund for Research Enhancement grant from the 
University of Iowa.
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353.11
TENS REDUCES PRIMARY HYPERALGESIA A N D  DORSAL HORN  
NEURON SENSITIZATION IN RATS. P.Gopalkrishnan* and K. A. Sluka 
Physical Therapy Graduate Program, Neuroscience Graduate Program, 
University o f  Iowa, Iowa City, 52242

Transcutaneous electrical nerve stimulation (TENS) is advocated for a 
variety o f painful conditions. Frequency and intensity o f  TENS may affect 
different aspects o f  pain like thermal and mechanical hyperalgesia. 
Determining the most effective intensity and frequency will enable better 
relief. The purpose o f this study was to examine the effect o f TENS on 1) 
primary hyperalgesia induced by acute inflammation (3% carrageenan into 
hindpaw) and 2 ) activity o f  sensitized dorsal horn neurons.

High (100Hz) and low (4Hz) frequency TENS at high and low intensities 
were applied for 20 min to the paw at the site o f inflammation. The paw 
withdrawal latency to radiant heat, threshold to mechanical stimuli, and the 
spontaneous pain behavior were tested for a period o f 24 h. High frequency, 
high intensity TENS was found to be most effective in reducing primary heat 
and mechanical hyperalgesia for a period o f 24h, while low  frequency, high 
intensity TENS reduced thermal hyperalgesia for 8h.

Sensitization o f dorsal hom neurons was manifested as an increased 
receptive field size, increased spontaneous firing and increased response to 
brushing, pressure and pinch. Both high and low frequency, high intensity 
TENS reduced sensitization o f dorsal hom neurons.

W e thus recommend an application o f high frequency, high intensity 
TENS to produce a better effect in people with inflammation. Supported by 
EMPI, Inc., and a Central Investment Fund for Research Enhancement grant 
from the University o f  Iowa.

353.13
IMPROGAN INDUCES MORPHINE-LIKE ANTINOCICEPTION IN OPIOID 
KNOCKOUT MICE. J - W, ,Nэ)WЭІKa,  A, , Schuller0, Y, Zbu V J- Zh9 ∏gb, Ң, W· 
Mengeº, R^Leursc, H. Timmerman0. J. Pin⅜arb and L. B. Hough3* aDept. of 
Pharmacology and Neuroscience, Albany Medical College, Albany, NY 12208; 
bDept. of Neuroscience and Cell Biology, UMDNJ, R.W. Johnson Med School, 
Piscataway, NJ 08854; ºLeiden/Amsterdam Center for Drug Research, Vrije 
University, Amsterdam, The Netherlands.

Improgan, a cimetidine analog, has been shown to induce antinociception 
following intracerebroventricular (icv) administration in rodents (Li et al., JPET 
276: 500, 1996). This effect is independent of known histamine receptors and 
is also unaffected by the opioid antagonist naltrexone (Li et al., Brain Res. 
748: 168, 1997). To further investigate possible opioid mechanisms for 
improgan antinociception, the effects of this compound were studied in µ and δ 
knockout mice. MOR-1 and DOR-1 deficient mice were generated by 
replacement of exons 1 and 2, respectively, with neomycin resistant 
cassettes. Genotypes were produced by mating and verified by Southern 
blots and radioligand binding. Antinociception was measured by the 55° C hot 
water tail immersion test before and after icv injections. Improgan (30 µg) 
induced maximal antinociception in w¡ldtype (+/+), heterozygous (+/-) and 
homozygous (-/-) MOR-1 knockout mice for up to 2 hrs, with no differences 
between groups. In the same subjects, morphine (10 mg/kg, s.c.) 
antinociception was attenuated (+/-) or eliminated (-/-) as compared with 
control groups (+/+). Similar results with improgan were obtained with all 3 
DOR-1 genotypes. In addition, preliminary data in ҝ  (KOR-1) knockout mice 
show significant antinociception in all genotypes. Thus, improgan-like 
compounds induce analgesia by mechanisms that are independent of the 
three major opioid receptors. Brain-penetrating derivatives of these agents 
may be clinically useful analgesics (Supported by DA-09040 & DA-03816).

353.15
EXTRACELLULAR CHOLECYSTOKININ (CCK) LEVELS IN THE 
SPINAL CORD DORSAL HORN OF MORPHINE TO LERANT  
RATS STUDIED BY IN  V IV O  M IC R O D IA L Y SIS. P. Alster*. G.A. 
Lucas. O. Hoffmann and Z. Wiesenfeld-Hallin. Karolinska Institute, Department of 
Medical Laboratory Sciences and Technology, Division of Clinical 
Neurophysiology, Huddinge University Hospital, Sweden.

There is considerable evidence that CCK is an endogenous opioid antagonist. 
We now tested the effect of morphine tolerance on spinal CCK levels. We monitored 
the extracellular level of CCK under spontaneous and K+-evoked release in the spinal 
cord dorsal hom of morphine tolerant Sprague-Dawley rats. Two morphine pellets 
(2x75 mg) were implanted s.c. and plasma morphine concentration was monitored up 
to 96 h post-implantation. In a separate group of animals the tail flick test and 
naloxone-precipitated withdrawal were used to test tolerance and dependence. Basal 
and K+-evoked released of CCK were monitored after 96 hours of morphine- or 
placebo-pellet implantation, when rats were tolerant. The dialysis probe (o.d. 0.24 
mm; 2.0 mm long; molecular cut-off 5OkD) was inserted into the lumbar dorsal horn 
(L4-L6) and perfused with Krebs-Ringeг solution at a constant rate of 3.5 µl/min. 
Basal, naloxone and K+-evoked levels of CCK were analyzed by radioimmunoassay 
using a specific CCK antiserum. We failed to detect differences in basal CCK levels 
in placebo- and morphine-pellet groups since most of samples were below the 
detection limit of the assay (0.6 pM). In placebo-pellet implanted rats 100 mM K+ 
in the perfusion medium induced a more than 2-fold increase in the extracellular level 
of the peptide and no difference was found in comparison with morphine-pellet 
animals, where K+ evoked a 3-fold increase in the extracellular level o f the peptide. 
In a separate group of animals naloxone (2 mg/kg i.v.) failed to increase CCK levels 
above baseline. Thus, differences in the spontaneous and evoked outflow of CCK in 
tolerant and non-tolerant rats is still an open question. Supported by the Swedish 
MRC, the European Commission, Astra Pain Control and a fellowship from  
CAPES Foundation (Brazil) to G.A. Lucas

353.12
INHIBITORY EFFECT OF GINSENOSIDES ON SENSORY TRANSMISSION ΓN THE 
RAT SPINAL CORD SLICES IN VITRO. Y. I. Kim1*. S. H. Kim', H. S. Na1. S.-Y. Nah2. 
and S. K. Hone'. 'Dept. Physiol., Korea Univ. Col. Med.; Seoul, Korea 136-705; 2Dept. 
Physiol., Chonnam Univ. Col. Vet. Med.; Kwangju, Korea 500-757.

Ginseng, a traditional oriental medicine, contains biologically active saponins called 
ginsenosides. Recent evidence indicates that, like opioids, crude extract of ginseng 
inhibits Ca2* channels in sensory neuronal somata through a mechanism involving pertussis 
toxin-sensitive G-proteins and suppresses electrically evoked contraction of ileum smooth 
muscle. Furthermore, the evidence indicates that g¡nsenoside Rf (but no other types of 
ginsenoside) reproduces all the effects of the crude extract and has an analgesic effect 
against tonic pains. In the present study, we examined whether ginseng total saponin (i.e., 
mixture of various types of ginsenoside) could inhibit the excitatory postsynaptic currents 
(EPSCs) recorded in substantia gelatinosa (SG) neurons in the spinal -cord following dorsal 
root stimulation. Our working hypothesis was that the analgesic effect o f ginsenosides is 
through inhibition of primary sensory transmission.

Male Sprague-Dawley rats (250-350g, n=8) were used in this study. Under urethane 
anesthesia (1.25 g/kg, ip.), the spinal cord (L3-L6) was excised with a dorsal root attached, 
and a parasagittal slice (600 µm) containing the SG and the root was cut. The slice was 
transferred to a gas interface recording chamber superfused with artificial cerebrospinal 
fluid (pH 7.4, 35°C, bubbled with 95% 0 2-5% C02), and whole-cell recordings from SG 
neurons were obtained with the use of patch pipettes containing CsCI (100 mM), TEA-C1 
(20 mM) and the lidocaine derivative QX-314 (10 mM). Bath-application of ginseng 
total saponin (5 or 10 mg/100 ml) attenuated the EPSCs (n=8 neurons) evoked by dorsal 
root stimulation (0.1-1.5 mA, 0.1-0.5 ms) at the holding potential of -15mV~-35 mV. 
The effects of total saponin were concentration-dependent (16.4 ± 8.0% and 27.9 ± 5.9% 
reduction, respectively) and reversible (n=4).

These results support the hypothesis that the analgesic effect of ginsenosides is through 
inhibition of Ca^-dependent neurotransmitter release from the nociceptive primary afferent 
terminals. However, the results do not negate the possibility that the analgesic eff.·ct is 
due to postsynaptic actions.

353.14
ABSENCE OF TOLERANCE TO IMPROGAN ON THERMAL 
NOCICEPTIVE TESTS IN RATS. M.D. Bannoura3’ , J.W. Nalwalk3. Y. 
Tanq3. M.E. Carlile3, R. Leursb, W. M engeb, H. T im m erm an6 & L.B. 
Hough3. 3Dept. of Phaгamcol. & Neurosci., A lbany M edical College, 
A lbany NY 12208; bLeiden/Am sterdam  C enter fo r Drug Res., Vrije 
Univ., Am sterdam , The Netherlands.

Previous studies have shown that the im progan, cim etidine analog, 
induces antinociceptive responses fo llow ing in tracerebroventricu lar (icv) 
adm in istration in rodents (Li et al., JPE T 276: 500, 1996). This effect is 
thought to be independent o f known opioid and h istam ine receptors (Li 
et al., Brain Res. 748: 168, 1997; Nalwalk et.al., Soc. fo r Neurosci. 
Abstract, 1998). The present study utilized daily icv in jections to 
investigate the deve lopm ent and expression o f to lerance to the 
antinociceptive effects o f im progan in m ale Sprague Dawley rats. 
Radiant heat ta il-flick and hot-plate tests were used to assess 
antinociception. W hen rats w ere acutely given e ithe r im progan (ЮOµg) 
or m orphine (5Oµg) via a chronic indwelling icv cannula, antinociceptive 
scores o f 85-100%  o f m axim um  were attained 10 to 30 m inutes post
in jection. Daily adm inistration o f m orphine resulted in a significant 
decrease in antinociception, from  100% (day 1) to  40%  (day 4). In 
contrast, 4 days of im progan trea tm ent did not s ignificantly reduce the 
level o f im progan antinociception. Thus, im progan, which produces 
m orphine-like antinociception in the rat, does not induce tolerance. 
These results suggest that brain-penetrating im progan-like drugs may 
be clin ica lly useful analgesics. (Supported by DA-03816).

353.16
SUPRASPINAL SITES ARE NECESSARY FOR CCK RECEPTOR 
ANTAGONIST ENHANCEMENT OF MORPHINE ANALGESIA. 
A.E. Friedrich* and G.F. Gebhaг¢. Department of Pharmacology, 
University of Iowa, Iowa City, LA 52242.

Cholecystokinin (CCK) modulates nociceptive transmission at the 
level of the spinal cord. Previous studies have shown that intrathecal 
(ith.) CCK antagonizes the effects of morphine analgesia, while ith. 
CCK receptor antagonists enhance the analgesic potency of ith. 
morphine. CCK release is thought to be increased following opioid 
administration. However, the source of this spinal CCK is not 
definitively known. The present experiments were designed to 
determine if supraspinal sites are responsible for spinal CCK release 
following ith. morphine. Tail flick (TF) latencies were recorded in both 
intact and spinalized rats. After baseline latencies were determined, ith. 
morphine alone or ith. proglumide, a CCK receptor antagonist, 
followed by ith. morphine were administered. The antinociceptive 
potency of ith. morphine did not differ between intact and spinal 
transected rats. In intact rats, coadministration of proglumide with 
morphine significantly enhanced the antinociceptive potency of 
morphine. In spinal transected rats, however, coadministration of 
proglumide with morphine did not affect the antinociceptive potency of 
morphine, suggesting that supraspinal sites are necessary for release of 
spinal CCK following ith. morphine administration. Supported by DA 
02879.
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353.17
STRESS REDUCES MORPHINE’S ANTINOCICEPTIVE POTENCY: ROLE OF 
SPINAL CHOLECYSTOKININ (CCƘ). A.A. Hawrank¿ſ M.E. Serafim and D.J. 
Smith. Pharm/Tox & Anes, Robert C. Byrd HSC o f WVU, Morgantown WV 26506 

The antinociceptive potency of opioids is altered by stress. In fact, repetitive 
exposure o f rats to noxious heat produces stress-induced analgesia as detected using 
the tail flick test, but decreases the antinociceptive potency o f the opioid peptide ß- 
endorphin when it is microinjected into the periaqueductal gray region of the 
midbrain (PAG) (Analgesia 3: 101, 1997). The effect o f  this stressor on the 
antinociceptive action o f morphine was examined in the current study. In non- 
stressed rats, the microinjection of morphine in the PAG produces a dose dependent 
increase in tail flick latency (TFL) (morphine dose, 0, 3, 6 , 10, and 30 nmol: %MPE 
= 1.14 ± 0.91,21.26 ± 4.9, 23.87 ± 3.87, 64.60 ± 8.43, 88.34 ± 8.75). In stressed rats, 
the dose response curve for the antinociceptive actions o f morphine was shifted to the 
right, and only the 10 and 30 nmol doses produced an increase in TFL above the 
stress-induced level o f 23.86 ± 3.76. The effect o f these doses was 2-3 fold less than 
expected. Also, morphine potency was reduced to a similar degree following 
intraperitoneal administration. Spinal CCƘ dependent, anti-analgesic processes 
appear to be involved in the stress-induced reduction o f morphine’s potency. The 
effectiveness o f a 10 nmol dose o f morphine in the PAG, or a 3 mg/kg dose 
intraperitoneally is the same in stressed and non-stressed rats receiving a CCKB 
receptor selective dose (0.1 ng) of the receptor antagonist L-365,260 administered 
intrathecally. Thus, we have demonstrated that stress reduces the antinociceptive 
potency o f morphine not only in the PAG, but also following systemic administration. 
Since, stress influences the potency of narcotics, it may an important physiological 
component to be considered in the clinical management o f pain. Moreover, CCƘ 
receptor antagonists may improve the reliability of narcotic therapy.

Supported by NIH GM0076 and a WVU School o f Medicine Research Grant

V IS U A L  C O R T E X : S T R IA T E  V I

354.1
HOW DISTINCT ARE THE LATERAL GENICULATE NUCLEUS (LGN) INPUTS 
TO AREAS 17 AND 18 IN THE CAT? J.D. Bovd1 ♦. V.A. Casaeгande1 >2Λ  and A.B. 
Bonds 4 Depts. o f 1 Cell Biology, ^Psychology,  ̂Ophthalmology & Visual Sciences, 
and 4School of Engineering, Vanderbilt University; Nashville, TN 37232.

X and Y cells of cat LGN project to visual areas l7and 18. Two models of parallel 
processing of X and Y streams have been proposed. In one model, X and Y cells project 
in parallel to areas 17 and 18, respectively, while in the other model, X and Y inputs are 
partially segregated into different layers within the same area. To discriminate between 
these alternatives, recordings were made in 17 and 18 of anaesthetized paralyzed cats in 
which Muscimol was used to silence cellular activity leaving the responses of afferents 
intact. LGN fibers were monocular and responded to large spots flashed at high 
temporal frequencies. Stationary counteгphased gratings o f different spatial frequencies 
were presented, and the response modulation at the 2nd harmonic (2nd-H) was divided 
by that at the fundamental (lst-H) to give an index of non-linearity (Hochstein and 
Shapley, 1976). Some units recorded in area 17 showed responses typical of LGN Y 
cells. At preferred spatial frequencies 1 st-H responses dominated while with increasing 
spatial frequency the 2nd-H increased until 2nd-H responses equaled or surpassed the 
lst-H. •Maximum non-linearity indices in these Y axons were 1 to 2. Areal7 Y axons 
were distinguishable from X axons where the 2nd-H responses were minor and not tuned 
for higher spatial frequencies. In area 18, all units recorded showed strong 2nd-H 
responses. While some units in area 18 resembled the Y units in area 17, others differed 
in that 2nd-H responses were present at lower spatial frequencies and non-linearity 
indices were higher (4 and above) than in area 17. These findings support a third model 
in which both X and one class of Y cells project to area 17 and two classes o f Y cells 
project to area 18. Thus in cats, there is evidence for parallel processing in the 
geniculocortical pathway both within and between visual areas. Supported by EY01778, 
EYO3778, EY08126, HD15052, & Center for Cellular & Molecular Neuroscience.

354.3
REEXAMINATION OF THE DYNAMICS OF SHUNTING INHIBITION IN 
VISUAL CORTEX IN-VIVO  AND IN-VITRO  C. Monier*, L. Borg-Graham,
E. Lucas-Meunieг, Y. ₣ égn ac Institut Alfred Fessard, CNRS, 91198 Gif-suг- 
Yvette, France

We have compared evoked synaptic conductance increases in cells in visual 
cortex with patch recordings in-vivo (cat, flashed optimal oriented light stimuli) 
and in-vitro  (rat, electrical stimulation o f white matter). The evoked ΔG,·∏(ť) 
(change relative to the resting conductance G rest) and E reυ{t) waveforms were 
continously measured from steady-state voltage clamp at 2 to 12 holding po
tentials (Borg-Graham et al., Nature 1998). We find an average maximum  
ΔG,·∏ of 110% (range 60 to 220%) in-vivo and 280% (range 60 to 1,500%) in- 
vitro. The larger ΔGin in-vitro may be due in part to a higher input resistance 
{Rin=  84±64M Ω  in-vivo and l7O±ЮOMΩ in-vitro); the peak G,·∏(ť) was similar 
(30ns, range 5 to 9OnS in-vivo and 24nS, range 1 to ll5 n S  in-vitro), and corre
lated with Greet in both conditions. A simple linear decomposition of G,·∏(ť) gave 
an average 15% ratio of the integrated excitatory versus inhibitory components.

Plots of ΛGin(t) versus Erev(t) were characterized in all cases by a peak of 
ΔG,·n around an Eгev (-63±5m V in-vivo, -69±9m V in-vitro) near the resting 
potential (-73±9m V in-vivo, -7O±9mV in-vitro), with descending flanks towards 
more positive Ereυ (dominant excitation) and in some cases more negative Erev 
(dominant hyperpolarizing inhibition). The consistent shape o f these phase plots 
suggests that shunting inhibition is the largest component of synaptic activation 
that reaches the soma, and/or peaks are constrained by a larger visibility of  
proximal GABA¿ versus more distal excitatory inputs. The latter interpretation 
implies that a large excitatory conductance is never elicited without a large 
inhibitory conductance. In contrast to previous studies, synaptic input evoked 
in both the in-vitro and in-vivo preparation can show similar excitatory and 
inhibitory dynamics, with a large component due to shunting inhibition.
Funded by grants to Y.F. from GIS Cognisciences and HFSP (RG0103/1998-B).

354.2
VARIABILITY OF NEURAL ACTIVITY AS A RESULT OF ELECTRICAL 
STIMULATION IN CAT PRIMARY VISUAL CORTEX. D. J. Warren*. R. A. 
Normann. John A. Moran Laboratory in Applied Vision & Neural Sciences, 
University of Utah, Salt Lake City, UT 84112.

While it is held that mature cortex exhibits little plasticity, recent work indicates 
that primary visual cortex changes its neural activity in response to elecưical 
stimulation (Leonhaгdt, et al, 97). We have investigated the duration and extent of 
the change as this could impact the feasibility of a vision neuroprosthesis. Using 
cross correlation analysis and receptive field measurements, we have examined the 
changes in neural connectivity produced by current injection. A 100-electrode array 
was used to record neural activity simultaneously from groups of neurons in Area 17 
of cats. The electrodes have a 1 mm length and are arranged in a regular 10 by 10 
grid with 0.4 mm spacing between adjacent electrodes. Five electrodes, separated by 
3 mm, were stimulated with 250-Hertz trains of 15 biphasic current pulses of 60-µA 
amplitude and 0.2 millisecond duration, repeated once a second, for four hours. The 
stimulation resulted in an increase in the number of single units exhibiting correlated 
firing. Further, most units showing correlated firing before stimulation displayed a 
stronger correlation after stimulation. This trend occurred for units near the site of 
stimulation and at a distance. The changes dissipated within 4 hours. Paradoxically 
the strong change in the firing pattern was not accompanied by a significant change 
in the size and relative locations of the receptive fields when compared to the 
variability observed prior to stimulation. From the increase in correlated firing, we 
conclude that synaptic connectivity is augmented over a large extent. The lack of any 
meaningful change in the receptive field properties indicates either that the 
enhancement is non-specific to any particular pathway or correlation analysis is a 
much finer assay of connectivity. The results suggest that these changes in neural 
activity may not preclude electrical stimulation by a neuroprosthesis.

This work is supported by the Whitaker Foundation and NSF Grant IBN 94-24509.

354.4
EFFECT OF SENSORY DEAFFERENTATION ON MONOAM1NERGIC 
NEUROTRANSMITTERS IN THE VISUAL CORTEX OF THE ADULT CAT Y. 
Ou. L. Arckens. F. Vandesande*. Lab. Neuroendocr. & Immunol. Biotechnol., 
Katholieke Unίversiteit Leuven, B-3000 Leuven, Belgium.

The aim of this study was to investigate the influence o f sensory deafferentation on 
the total concentration o f dopamine (DA), noradrenaline (NA), adrenaline (A), 
serotonin (5-HT), and their major metabolites, 3,4-dihydroxyphenylacetic acid 
(DOPAC), 4-hydroxy-3-methoxyphenylacetic acid (HVA) and 5-hydroxyindole-3- 
acetic acid (5-HIAA) in the visual cortex o f the cat. Two normal control cats and two 
experimental cats with a binocular 10° central retinal lesion were used. 200 µm 
cryostat sections of the visual cortex were made. Tissue samples were cut out 
including the 6 cortical layers from the normal and deafferented portion of area 17 
which could be distinghuished based on decreased zif-268 mRNA expression 
following the lesion as determined by in situ hybridization. After homogenization and 
centrifugation o f the tissue samples, the supernatants were used for quantitative 
determination o f catecholamines, serotonin and their metabolites using a microbore 
HPLC method in combination with electrochemical detection. The pellets were used 
for protein determination in order to express our results as pg monoamine/µg protein. 
In control cats there is no significant difference in all the monamine concentrations 
between the portion o f area 17 subserving peripheral vision and the portion 
subserving central vision. In the experimental animals however the concentration of 
NA, DA, 5-HIAA, DOPAC and HVA were significantly decreased in the deafferented 
portion o f area 17. A decrease was also observed for 5-HT and A, although 
statistically not significant. These results suggest that the concentration o f the 
monoaminergic neuromodulators is regulated in an activity-dependent manner in cat 
visual cortex.

This work was supported by the Belgian Queen Elisabeth Medical Foundation, the 
Belgian program of Inter-University Poles of Attraction (nº P4/22) and the Fund for 
Scientific Research - Flanders, Belgium.
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354.5
POSTNATAL GROWTH OF CAT PRIMARY VISUAL CORTEX REVEALED BY 
EARLY OCULAR DOMINANCE PATTERNS. S, Rathien'». K.E. Schmidt'. W. 
Singer1 and S. Löwel12. 'Max-Planck-Institut für Himforschung, Deutschordenstr. 
46, D-60528 Frankfurt am Main, Germany; 2Leibniz-Institut fìlr Neurobiologie, 
Bгenneckestr. 6, D-39l 18 Magdeburg, Germany.

A prominent feature o f the primary visual cortex is its segregation into different 
anatomical and functional modules. One aspect o f this modular organization is 
represented by the segregation of left and right eye afferents into ocular dominance 
(OD) columns. Interested in the dynamics o f this segregation, we studied the 
appearance o f OD-columns and the growth o f the primary visual cortex o f cats 
during postnatal development. The time-course o f the segregation process was 
visualized by functional labeling o f the columns with 2-deoxyglucose (2-DG) 
autoradiography after monocular stimulation in 18 kittens aged 3 to 10 weeks. 
Columnar spacing and the size o f the activated cortical region were determined on 2- 
DG autoradiographs of flat-mount sections. A columnar 2-DG pattern was already 
visible in 3 week old kittens. Extending recent optical imaging experiments (Crair et 
al. (1998) Science 279:566), our data further show that an adult-like pattern of 
functional OD-columns was present at 4 weeks. The quantitative analyses 
demonstrated an enlargement of the size of the activated cortical region by 56% 
between the 3rd and 10th postnatal week. Most o f the increase (38%) occurred 
between the 3rd and 6th postnatal week. In the same period, the distance between 
adjacent columns remained constant. Our findings demonstrate that the organization 
o f functional OD-columns appears adult-like at an age at which the anatomical 
segregation o f the thalamocortical afferents o f the two eyes is still in progress. Thus, 
the layout of the input connections appears to be influenced by intrinsic cortical 
factors. Since cortical growth is not accompanied by an increased spacing o f OD- 
columns new functional modules must be added during the first postnatal weeks to 
occupy the enlarging cortical sheet. Supported by the DFG (SFB 185) and MPG

354.7
REAL-TIME, IN-VIVO PREDICTION OF NEURON CORTICAL LOCATION BY 
TRIANGULATION OF SPIKE SIGNALS FROM SILICON ELECTRODE 
RECORDING ARRAYS. P.A. Hetherineton* &  N.V, Swindale. Dept, of 
Ophthalmology, Univ, of British Columbia, Vancouver, BC, Canada V5Z ЗN9.

Multiple unit recording electrodes have typically come in two flavours: arrays of 
single elecưodes and tetrodes. Recently, a new class of electrode has been developed 
at the U. Michigan Center for Neural Communication Technology. These electrodes 
have one or more thin, sharp tipped shafts on which many recording sites are located. 
Like the single-electrode, the silicon elecưode permits easy penetration of pia mater 
with little tissue damage. Like the tetrode, it can record a greater number of units, each 
with superior unit isolation. However, unlike single electrodes and teưodes, because 
the recording sites can be arranged in an array of known locations, the silicon electrode 
permits the location of signal sources to be computed by triangulation, much like 
personal cellular telephones can be located from an array of receivers.

We have developed several triangulation techniques for the real time, in-vivo 
prediction of the 2½D location of neurons from a single shaft of a silicon electrode 
(spikes are most likely located in front of the shaft). The locations of units are 
represented by the centers of elliptical and homogeneous clusters, which are easily 
tracked with each advance of the electrode (or shift in tissue). Initial results from a 
probe with linear arrays of 4 recording sites showed consistent and reliable 2D plots of 
small (10-60µm) clusters with predicted locations about 30-60µm away from the 
closest recording site. The fabrication of a probe with a 2D staggered arrangement of 
16 recording sites is near completion and will afford the possibility of 2½D location 
prediction. While all 16 channels are triggered for every spike event, the actual number 
of dimensions in which units are categorized is only 3: cortical space. We have 
developed clustering algorithms which can plot the predicted 2½D location of each unit 
and categorize each event. In multiple unit recordings, this technique will allow real
time estimates of the cortical layer of each unit, and the distances between them. With 
sufficiently long arrays, entire cortical columns might be investigated, providing a 
better understanding of cortical processing. -  Supported by MRC Canada MT12848, 
NSERC OGPO178702, and NIH/NCRR P4I RR09754-04 to CNCT.

354.9
TIME COURSE OF HETEROSYNAPT1C AND HOMOSYNAPTIC INTEGRATION OF 
THALAMIC INPUTS TO CORTICAL NEURONS IN CAT AND MONKEY.
W. Martin Usrey⅝ Jose-Manuel Alonso2, John B. Reppas', and R. Clay Reid'. 
'Department o f Neurobiology, Harvard Medical School, Boston, MA, 02115. 
laboratory o f Neurobiology, The Rockefeller University, NY, NY, 10021.

The effect o f spike timing on postsynaptic potentials has been studied in many 
neural systems, but its influence on postsynaptic firing, in vivo, has received less 
attention. Previous work in our laboratory has shown that spikes from two geniculate 
neurons reinforce each other and are more likely to bring a target cortical neuron tό 
threshold when they arrive within ~3 msec o f each other. In the present study, we 
asked whether two spikes traveling down a single geniculate axon interact and, i f  so, 
what is the time course o f their interactions.

Simultaneous recordings were made from pairs o f connected neurons in the lateral 
geniculate nucleus (LGN) and layer 4 o f primary visual cortex to determine whether 
temporal features o f a geniculate spike train influenced the likelihood o f evoking 
cortical spikes. Receptive fields were mapped using a white-noise stimulus; 
connectivity was assessed using cross-correlation analysis. Once neurons with 
monosynaptic connections were identified, the geniculate spike train was examined to 
determine whether certain patterns o f activity led to a changed probability o f evoking 
cortical spikes. Results indicate that a spike’s location in the geniculate spike train does 
influence the probability of evoking cortical spikes. For pairs o f geniculate spikes with 
interspike intervals ranging out to ~2O msec, the efficacy o f second spikes is much 
greater than that o f first spikes. Thus pairs o f spikes traveling down the same 
geniculate axon can interact to influence the firing o f cortical neurons over much 
longer periods o f time than two spikes traveling down separate axons. These results 
suggest that several mechanisms influence interactions between geniculate spikes—a 
short-lasting postsynaptic mechanism and a longer lasting, possibly presynaptic 
mechanism. Supported by EY06604, EY10115, EY05253, and The Howard Hughes 
Medical Institute.

354.6
SPIKE-SORTING OF TETRODE RECORDINGS IN CAT LGN AND V I
SUAL CORTEX: CROSS-CHANNEL CORRELATIONS, THRESHOLDS, AND 
AUTOMATIC METHODS B.D. Wright, S. Rebrik* and K.D. M iller W.M. Keck 
Center for Integrative Neuroscience and Dept, of Physiology, UCSF, San Fran
cisco CA 94143.

Tetrodes (four electrodes sufficiently nearby to record the same cells, with 
different amplitudes on each electrode) provide enriched information for dis
crimination and thus allow simultaneous recording from many nearby cells. We 
find that the noise in tetrode recordings is highly correlated across channels 
(typical cross-channel correlation coefficient 0.7-0.95), LGN recordings being 
more correlated than in cortex.

Based on this, spike detection can be optimized by “prewhitening” the signal 
across channels so that the resulting noise distribution is spherically symmet
ric. Using a spherical thresholding surface for detection gives more than a 2-fold 
increase in the ratio of classifiable to non-classifiable spikes compared to tra
ditional thresholding methods. This approach is also important for automatic 
methods of spike-sorting. For example, clusters clipped by the thresholding sur
face are difficult to fit w ith parameterized models. Merely lowering the thresh
old to avoid this problem results in an overwhelming number of non-classifiable 
small-amplitude spikes if  a non-optimized detection procedure is used.

We are currently investigating a number of automatic methods, either in the 
4-amplitude space, the full 4-channel waveform space, or intermediate spaces. 
One such method is a probabilistic version of principal component (PC) analysis 
in the tetrode waveform space. This method is local in the sense that we rep
resent spike clusters as a mixture of PC analyzers and each cluster is described 
in terms of the lower dimensional space of PCs for that particular cluster. We 
discuss the u tility  of these methods for spike-clustering and visualization.

Supported by NIH grant NS33787-01 and by a grant from the Searle Schol
ars’ Program.

354.8
CENTRAL VISUAL PATHWAY FROM THE RETINAL NIGHT VISION 
PORTION TO AREA 18 BY WAY OF THE PARVOCELLULAR PART OF THE 
DORSAL LATERAL GENICULATE NUCLEUS IN THE CAT. J. Kawanol ,4,
M. Kudo*2. and H. SakuгajЗ. İDept. of Anatomy, Sch. of Medicine, Kanazawa 
Univ., Kanazawa 920-8640, JAPAN; ⅜ept. of Anatomy, ⅜ept. of Otolaryngology 
and Anatomy, Faculty of Medicine, Shiga University o f Medical Science, Otsu, 520- 
2192, JAPAN; 4d іv . o f Morphological Neural Science, Kumamoto Univ., Graduate 
Sch. of Medical Sciences, Dept, of Neuroscience and Immunology, Kumamoto 860- 
0811, JAPAN.

In our previous study (Kawano, J. Comp. Neurol. 392: 439-457, 1998), we 
have reported that the parvocellular part of the dorsal lateral geniculate nucleus 
(Cparv), the W-cell system relay, projects to layer III in area 18. During the course of 
the study, we noticed that anterograde labelings in layer III  in area 18 were 
abundantly seen only when anterograde tracers were affected into the rostral part of 
the Cparv, where the tapetum lucidum region of the retina (TLR) is represented. The 
TLR is a light-reflecting semicircular part in the superior half of the retina, and is 
considered to be a night vision part in the cat. The rest part o f the retina is a non
reflecting pigmented region, and is considered to be a day vision part. In this tract 
tracing study using WGA-HRP, the possible rostrocaudal difference of the Cparv, 
which is roughly retinotopically organized, in the cortical projections to area 18 was 
examined in comparison with that to area 17. In area 18, Cparv neurons receiving 
retinal inputs from the central part of the TLR (reflecting part) project to layer III, 
whereas Cparv neurons receiving retinal inputs from the periphery and/or the outside 
of the TLR (non-reflecting part) yield scanty labeled terminals in layer III. In area 
17, both populations of the Cparv neurons equally project to layer III. Thus, the 
visual pathway originating in the TLR to area 18 by way of the rostral part of the 
Cparv may constitute an independent central visual pathway in this carnivore 
species. Supported by a Gгant-in-Aid for Scientific Research C (09680739) from the 
Ministry of Education, Science, Sports, and Culture of Japan.

354.10
IN VITRO AND IN VIVO RELEASE CHARACTERISTICS OF MUSCIMOL- 
CONTAINING ELVAX. A .C .Dempster. I.D.Thompson and A.L.Smith (SPON: 
British Neuroscience Association). University Laboratory of Physiology, Parks 
Road, Oxford OX1 ЗPT, U.K.

In order to locally and reversibly silence intrinsic activity in specific brain 
regions we have produced Elvax polymer slices loaded w ith  the GABAД 
receptor agonist muscimol. Aqueous solutions of muscimol were emulsified 
w ith Elvax dissolved in dichloromethane (10% w/v) to give final 
concentrations of 10 or 75mM muscimol. Preparations were poured onto a 
glass plate at -7O°C, freeze-dried and then sectioned on a v¡bratome to give 
2OOµm slices of up to ЗOOmm2 in area. Inclusion of trace quantities of 
[3H]muscimol allowed us to monitor the release characteristics of the slices. 
Daily measurement of release in vitro (PBS, 0.5m l, 37°C, changed daily) 
revealed that muscimol was released from 75mM preparations for up to 45 
days. However, slices implanted over adult and juvenile ferret cortex blocked 
activity for up to 16 weeks (see Akerman et аL, this meeting). Upon 
removal, in vitro monitoring demonstrated that these implants were still 
releasing, implying that daily monitoring underestimates the duration of 
release in vivo. A fter an initial 24 hour burst, release declines gradually and 
slices were found to be exhausted once 60%  of the incorporated muscimol 
had been released. In order to estimate the diffusion pathlength of muscimol 
released in vivo, slices containing high concentrations of [3H]muscimol 
(1:10,000 molecules) were implanted over adult ferret cortex for between 
24 hours and 1 month. Autoradiography of brain sections revealed a highly 
localised distribution of drug directly beneath the implant, w ith  significant 
levels of muscimol reaching up to 1mm from the slice. Similar release 
characteristics are found for other low molecular weight compounds. 
Supported by The Wellcome Trust, UK (045508/Z/95).
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354.11
LONG-TERM AND REVERSIBLE BLOCKADE OF CORTICAL ACTIVITY BY 
ELVAX ENCAPSULATED MUSCIMOL.
Akerman C.J.. Baker G.E.. Dempster A. C.. Smith A.L. &  Thompson. I.D.
(SPON: British Neuroscience Association). University Laboratory of Physiology, 
Parks Road, Oxford, OX13PT, U.K.

Extracellular electrophysiological recordings were used to assess the functional 
blockade of cortical activity by the GABAa receptor agonist muscimol. The 
muscimol was incorporated into the slow release polymer Elvax at a concentration of 
75 mM and placed over the visual cortex of ferrets. The temporal and spatial 
properties of the resulting blockade of cortical neuron activity was assessed by 
responses to simple visual stimuli (c.f. Chapman et al J. Neurosci. 11:1347).

Temporal characteristics of the muscimol effects were assessed in terms of 1) how 
quickly cortical blockade occurred after placement o f the sheet of muscimol-Elvax 2) 
how long this blockade was sustained, and 3) how soon these effects were reversed 
after its removal. Recordings were performed at either 0, 2, 6 or 16 weeks after Elvax 
placement and were made through a hole in the centre of the Elvax. Within two hours 
of placement no visual cortical responses were recorded throughout the depth of the 
underlying cortical layers (1500 µm); normal, non-oгiented geniculate activity was 
recorded in layer IV. This level of blockade was maintained for 6 weeks and was 
reversible such that after removing the Elvax, normal cortical responses were recorded 
within 2 hours. Spatial characteristics of the muscimol-Elvax effects were such that 
by week 16 blockade of visual responses was reduced to the more superficial cortical 
layers (700 µm). The lateral extent of functional blockade was assessed by comparing 
the nature of responses under the Elvax with those at known distances from its edge. 
This showed a similar pattern to the depth profile. At 2 weeks normal responses were 
recorded 1500 µm from the Elvax edge, whereas by the 6th and 16th weeks this had 
reduced to a distance of 500 µm from the edge. The spatiotemporal kinetics of 
cortical blockade correlated with known in vitro release properties of the muscimol 
Elvax (Dempster et al. at this meeting). Supported by the Wellcome Trust.

354.13
L-AP4 AFFECTS THE SPONTANEOUS ACTIVITY BUT 
NOT THE VISUAL RESPONSE OF NEURONS IN AREA 17.
C.J. Beaver. O-H. Ji- &  N.W. Daw*. Dept. Ophthalmology &  Visual Science, 
Yale University, New Haven, CT 06520-8061 

L-(+)-2-amino-phosphonobutyric acid (L-AP4), a selective Group III 
metabotropic glutamate agonist, has been shown to have disinhibitory effects in 
the somatosensory cortex of the rat'. Previous work from our laboratory in sliçe 
preparations o f rat visual cortex found that L-AP4, acting presynaptically, 
significantly reduces the size o f evoked EPSPs in layers 2, 3, 5 and 6 but not in 
layer 4. We have investigated what effect L-AP4 has on neurons in area 17 o f the 
cat, whether there are any laminar differences, and i f  the effects vary as a function 
o f age. Responses of neurons in area 17 neurons were recorded extracellularly to 
optimal stimulation and the effects o f iontophoretic application o f L-AP4 
(ЮOmM at -40 to -7OnA) on the spontaneous activity and visual response was 
measured. In general, application of L-AP4 increased the spontaneous activity of 
neurons but had comparatively little effect on the visual response. Similar effects 
were observed in all layers but neurons in layers 2/3 showed the largest increases. 
The effects were greatest in animals of 3-5 weeks and decreased in older animals 
(>6.5 wks). The results presented here are similar to the disinhibitory effects 
observed in the somatosensory cortex1. L-AP4 may affect inhibitory transmission 
at Group III receptors located directly on the terminals o f inhibitory cells or by 
reducing glutamate release from terminals that form synapses with inhibitory 
intemeurons.
'Wan, H.,and P.M.B. Cahusac (1995) Neuropharm.
⅜ n, X., and N.W. Daw (in press). Brain Res.
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354.15
IS SYNAPTIC DEPRESSION PREVALENT IN VIVO AND DOES IT  
CONTRIBUTE TO CONTRAST ADAPTATION? M. V, Sanchez-Vives*. D. A. 
McCormick and L. G. Nowak. Section of Neurobiology, Yale University School of 
Medicine. New Haven, CT 06510.

Contrast adaptation is a phenomenon by which the visual system adjusts its 
sensitivity to the contrast that prevails in the outside world. One possible mechanism of 
contrast adaptation in the primary visual cortex, which is associated with a decrease in 
neuronal responsiveness, is through a reduction in the excitability of the postsynaptic 
neuron. Indeed, we have previously shown that contrast adaptation is associated with 
hyperpolarization that may result from the activation of an intrinsic potassium current. 
Another possible mechanism is through synaptic depression. Here we investigated the 
characteristics of synaptic depression in vitro and in vivo in the primary visual cortex 
and consider whether or not this may contribute to contrast adaptation.

Repetitive (5-20 Hz) electrical stimulation of cortical and thalamic axons was 
applied to slices of ferret visual cortex maintained in vitro in order to mimic the 
discharge of neurons during presentation of a high contrast stimulus. This lead to a 
strong synaptic depression, with the amplitude of control EPSPs (obtained at 0.2 Hz) 
being reduced by an average of 57% at 3-5 Hz and 86% at 20 Hz. Recovery to the 
control amplitude was complete after 5 to 60 sec (n=l6 ). In contrast, EPSPs obtained 
in vivo in cat area 17 after electrical stimulation (5-20 Hz) of the lateral geniculate 
nucleus (n=4) or the cortical white matter (n=7) can be either depressed or facilitated. 
Facilitated EPSPs reach an amplitude representing 120-130% of the control value, 
while depressed EPSPs were reduced by 15% at 5 Hz and 50% at 20 Hz. In all but one 
case recovery was complete in less than 2 sec. In addition, the visually evoked and 
modulated response of simple cells (FI component) to the presentation of a drifting 
grating was not significantly different before and after the presentation of a high 
contrast grating (mean amplitude difference, pre minus post : 0.13 mV ± 0.78 (SD), 
n= 10). These results suggest that: I) Synaptic depression does not contribute strongly 
to contrast adaptation. 2) Synapses in vivo may be in a state of sustained depression, 
due to the presence of an ongoing activity. Supported by NIH and NSF.

354.12
APDC Attenuates Cortical EPSPs H.J. Flavin* and N.W. 
Daw Dept. Ophthalmology and Visual Science, Yale 
University School of Medicine, New Haven, CT. 06520- 
2089.

Recent evidence suggests that metabotropic glutamate 
receptor (mGluR) activation can modulate excitatory 
neurotransmitter release. The current study examined the 
effect of the Type II (mGluR 2,3) agonist APDC (2R,4R- 
4-aminopyrrolidine-2,4-dicarboxylate) on the EPSP 
response of rat visual cortical neurons. Whole cell 
recordings were obtained for each cell with
iontophoretic drug application. The stimulating 
electrode was positioned to activate the predominant 
excitatory input. In all layers, APDC consistently 
attenuated the EPSP. Data are presented as the percent 
remaining EPSP which represents the ratio of the 
response in the presence of APDC to the control 
response. Layer II/III, 74.0% (n=6 cells); Layer IV,
68.6% (n=4); Layer V, 65.2% (n=7); and Layer VI, 72.4% 
(n=l4) . Preliminary data with ppf (paired pulse 
facilitation) and GDP-B-S (in the patch pipette) 
indicate that ppf is larger in the presence of APDC and 
that the APDC reduction of EPSP is not blocked by GDP-B- 
S. Thus, the APDC modulation of EPSP is a presynaptic 
effect. The Type II mGluR modulation of EPSP differs 
from that of Type III mGluR modulation (see Jin and Daw, 
1998) in that Type II mGluRs attenuate the EPSP in all 
layers of cortex. Such regulation may be important in 
the setting of excitatory tone in visual cortex and in 
the extraction/processing of visual information. 
Supported by R01EY11353.

354.14
NU CLEAR RESPIRATORY FACTOR-2 α  SUBUNIT: CORRELATION 
W ITH CYTOCHROM E OXIDASE AN D  REGULATION BY 
FU NC TIO NAL A C T IV IT Y  IN M O N KEY V IS U A L CORTEX. Feng Nie 
and Margaret W ong-Riley*. Department o f Cell Biology, Neurobiology &  
Anatomy, Medical College o f Wisconsin, Milwaukee, W I 53226 .

Previous studies have shown that a transcription factor o f the ets 
family, nuclear respiratory factor 2 (NRF-2), can activate in vitro the gene 
expression o f  cytochrome oxidase (CO), a mitochondrial enzyme o f 
oxidative metabolism. Our present goals are to determine i f  the distribution 
o f NRF-2 α  subunit proteins correlated w ith that o f CO activity in the 
macaque monkey visual cortex, and i f  the level could be perturbed by visual 
deprivation. We generated polyclonal antibodies specifically against human 
NRF-2 α  subunit. In normal monkeys, patterns o f NRF-2 α  distribution 
resembled closely that o f CO activity: (1) NRF-2 α  immunoreactivity was 
localized in both nuclei and cytoplasm o f neurons, but the levels differed 
among various laminae; (2) layers IVC, IVA , and V I, which had high CO 
activity, were more densely labeled by NRF-2 α  than layers I, IVB, and V, 
which contained lower levels o f both NRF-2 α  and CO activity; and (3) CO- 
rich puffs in layers II and III contained a higher level o f NRF-2 α  than CO- 
poor interpuffs. A fte r two weeks o f monocular impulse blockade with TTX, 
there was a clear reduction o f NRF-2 α  in deprived ocular dominance 
columns, in parallel with decreases in CO activity. These results suggest 
that local levels o f NRF-2 in monkey visual cortex closely reflect neuronal 
physiological and metabolic levels revealed by CO activity, and that the 
expression o f NRF-2 α, like that o f CO, is tightly regulated by neural 
functional activity (Supported by N IH  grant EYO5439).

354.16
FUNCTIONAL ARCHITECTURE OF FERRET VISUAL CORTEX: RELATION 
OF CALLOSAL INPUTS TO IDENTIFIED OCULAR DOMINANCE 
TERRITORIES D. Fitzpatrick*. H.J, Chisum. W.H, Bosking. &  L.E. White. 
Department of Neurobiology, Duke University Medical Center, Durham, NC 27710.

We used a variety of physiological and anatomical methods to explore the spatial 
arrangement of ocular dominance (OD) domains, its relation to the map of visual 
space, and the distribution of neurons that give rise to callosal projections. Across 
the ferret visual cortex, distinct teưitories can be recognized that differ in the size 
and arrangement of OD domains. In the caudal pole where the binocular segment of 
the contralateral visual hemifield is represented, OD domains take the form of small 
islands or stripes. In dorsal occipital cortex, the small contralateral eye domains 
merge anteriorly into a prominent, continuous band elongated in the medial-to-lateral 
axis. This contralateral eye band contains a representation of as much as the central 
10 degrees of the ipsilateral visual hemifield. Anterior to this zone and 
interdigitating with it is a second prominent band, dominated by input arising from 
the ipsilateral eye, which contains a reversed representation (consistent with V2) of 
the central 20-30 degrees of the contralateral visual hemifield. In principle, 
visuotopic callosal projections to the ipsilateral visual hemifield representation could 
arise from either the small domain territory in the caudal pole, the large ipsilateral 
eye domains in dorsal occipital cortex, or both, since each of these regions represents 
the same portion of visual space. Large injections of retrograde axonal tracers placed 
in dorsal occipital cortex produce a heavy concentration of retrogradely labeled 
neurons in the infragranular layers of the contralateral hemisphere within and 
anterior to the large ipsilateral eye domains. Few if  any labeled cells are present in 
the caudal pole where the small domains are found. More restricted injections placed 
in the ipsilateral visual hemifield representation preferentially label cells in regions 
of the large ipsilateral eye domains that represent the same location in visual space. 
Thus, the callosal projections to the representation of the ipsilateral visual hemifield 
arise preferentially from topographically corresponding locations that share the same 
ocular preference. Supported by EYO6729, EYП488 & The McKnight Foundation.
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354.17
RETINOTOPY OF CONNECTIONS WITHIN AND BETWEEN AREAS V I TO V5 
OF MACAQUE VISUAL CORTEX. A.Angeìucci*. J.S.Lund. E.Walton. and J.B. 
Levitt. Institute of Ophthalmology, University College London, London EC IV 9EL 
UK.

We wished to determine the topographic logic of monosynaptic reciprocal 
connections within and between the primary visual cortex, V I, and the visual 
association areas V2-5 of macaque monkey cerebral cortex. We have examined the 
dimensions of the intra- and interareal fields of orthograde and retrograde label 
resulting from small injections o f cholera toxin B made in these cortical areas.

We conclude that, in all the areas examined, the total spread of intraareal 
connections around any injected point includes only neurons that share any part of 
the aggregate classical receptive field of the neurons at the injected point. Thus, 
intraareal monosynaptic connections are not sufficiently extensive to account for all 
surround modulation of that aggregate field.

Orthograde connections from V I to the extrastriate areas are commensurate with 
the retinotopic representation of the aggregate classical receptive field of the V I 
injection site. The retrograde projections from the extrastriate areas to V I arise from 
regions which include the representation of the V I injection site in their aggregate 
receptive field. The scale of these feedback pathways differs for each area but is 
sufficient to provide monosynaptic connections to a V I injected point several times 
the diameter of that point’s aggregate receptive field.

Within each area, both intra- and interareal orthograde projections are distributed 
discontinuously in small patches or stripes, suggesting functional segregation. In V I, 
retrograde label from injections in extrastriate areas is topographically matched to 
the patchy orthograde label from the same injection; with larger injections these 
discontinuities in V I label can f i l l  in. In extrastriate cortex, retrograde label from V I 
injections is more continuously distributed even with small injections.
Supported by the MRC, Wellcome Trust and EC.

354.19
RELATIONSHIP BETWEEN DENDRITIC CURRENT TRANSFER AND 
CURRENT DISCHARGE RELATION OPTIMIZES INPUT AMPLIFICATION 
BY A POPULATION OF RECURRENTLY CONNECTED NEURONS.
D.A. Blank* and R.J. Douglas. Inst, o f Neuroinformatics, ETH/UNIZH, Gloriastrasse 
32, CH-8006, Zurich.

In previous theoretical studies, we have demonstrated how a population of 
recuưently connected linear threshold neurons can amplify feedforward input current 
supplied to them (Douglas et al, Science, 1995). The aim of this study was to 
investigate how a nonlinear, saturating current-discharge relationship would influence 
amplification by the population. We modeled such a population with firing rate 
models and with compartmental models of simplified cortical neurons. The effective 
synaptic current of the modeled neurons was replaced by a somatic current that was 
an arbitrary synaptodendritic transfer function (SDTF) of the afferent discharge rates. 
We found that for a linear SDTF, the amplified cшτent-discharge relationships were 
very steep around threshold and shallow for stronger currents. This form of 
amplification has two disadvantages. Firstly, weak and noisy inputs are 
disproportionately amplified, because the resulting amplification exhibits a large gain 
for low feedforward currents; and secondly, the operating range of the neurons is 
reduced because of the shallow slope of the amplified cuưent-discharge relationship 
for stronger input currents. The quality of the population amplification could be 
greatly improved, i f  the SDTF was not simply linear, but optimized to match the 
characteristics of the current-discharge relation. We used a sigmoidal function that 
reduced synaptic efficacy for low and high-frequency stimuli. This lead to an 
amplified cuưent-discharge relationship that was relatively linear with a moderate 
slope in an operating range between 0.3 and 1 nA o f feedforward cuưent and then 
saturating for larger feedforward cuπents. These results suggest that active dendritic 
cuưents could shape the amplification of feedforward input cuưent by a recuưently 
connected population of neurons, by matching their SDTF to their intrinsic cuưent- 
discharge relationship. (Supported by the Swiss National Foundation 5002-42787).

354.18
A QUANTITATIVE ACCOUNT OF 3-D BOUTON SPACING. R.D. Kina*. D,M. 
Egelman. P.R. Montague. Center for Theoretical Neuroscience, Division of 
Neuroscience, Baylor College of Medicine; Houston, TX 77030.

Hebbian models o f neural wiring can account for synaptic connection patterns at 
the scale of tens o f microns. These models show how synaptic terminals with 
coưelated activity come to innervate common volumes of tissue. Sibling boutons 
from a parent axon represent a case of highly coưelated synaptic terminals which 
suggests that they should exhibit a high degree of clustering in common volumes of 
tissue. We have addressed this issue by examining three-dimensional bouton 
distributions derived primarily from geniculocortical and cortico-pulvinar axons 
from cat and monkey. We have found that, even in an ocular dominance column, the
3-D spacing of sibling boutons from a single axon is relatively sparse. This same 
conclusion holds for the cortico-pulvinar axons. The axons examined included Y-cell 
axons from kittens (Kitten PC), parvocellular axons from macaque monkey (Monkey 
PC), a layer 1 GABAergic interneuron from a kitten (Kitten GABA), and cortico- 
pulvinar axons from macaque monkey (Monkey CP). We have developed a 
quantitative relation that captures the statistics of the three-dimensional bouton 

distribution (see figure). The average nth 
nearest neighbor distance (rn } is a function 
of the first nearest neighbor distance, 

(r„) =  ( η ) л / 2 n - 1 for n=l,2... This

relationship can be understood by 
hypothesizing the release of an axon-specific 
signal upon the aưival of each spike-sibling 
boutons attempt to minimize the signal by 

adjusting their precise spacing. Supported by NIMH Grant R01 MH52737, and 
NIMH/MNFP award M H 19547.

354.20
DYNAMICS OF THE ON/OFF BALANCE OF SUBTHRESHOLD VERSUS SPIKE 
RECEPTIVE FIELDS IN AREA 17. F. Chavane. C  Monier. P. Baudot. L. Borg- 
Graham and Y. Frégnac*. Institut Alfred Fessard, CNRS, 91198 G¡f-sur-Yvette, 
France.

In the visual cortex, two major types of receptive field (RF) are classically defined, 
Simple and Complex, based partly on the degree of spatial overlap between ON and 
OFF responses. Recent intracellular data suggest that a transient shunting inhibitory 
signal, present for each contrast transition of the stimulus, may influence the dynamics 
of the balance between excitation a〇d inhibition (Borg-Graham et al., Nature, 1998).

Sharp and patch electrodes have been used to record synaptic responses in response 
to optimally oriented light and/or dark bars flashed across the RF width. A 
"discreteness” ratio (RJ was applied both to the spike rate and subthreshold potentials. 
Rjj is defined as the absolute value of the difference between ON and OFF responses 
integrated over the stimulus duration, summed over all tested positions, and normalized 
by the sum of the absolute values of all responses. This ratio is bound between 1 
(complete spatial segregation) and 0 (complete overlap o f ON/OFF responses). On the 
basis of spike activity, discreteness is continuously distributed between 0 and 1, with 
R0 larger for Simple RFs. Discreteness derived from ON and OFF subthreshold 
response is about 70% that based on spike activity. When the depolarizing and 
hypeгpolarizing parts of the responses are analyzed separately, hypcrpolaгizations arc 
more spatially segregated (R„~0.5) than depolarizing responses (R〇~0.3). A time- 
locked analysis of the evolution of the subthreshold discreteness shows that most 
Simple cells start from a Complex-like state during the early part of the visual 
response, and that ON/OFF segregation increases during the later part o f the response. 
Time-slice analysis of dominant and opponent responses indicate that both responses 
normally combine excitatory and inhibitory inputs. The dynamics o f the discreteness 
ratio may thus provide detailed insights o f the intracortical synaptic reverberation.
This work was funded by grants to Y.F. from GIS-Cognisciences and HFSP (RG0103/1998-B).

Average nearest neighbor distances 
analyzed from 3D reconstructions of four 
neurons (+/- SEM) compared with theory
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O P T IC A L  IM A G IN G  O F F U N C T IO N A L  S T R U C T U R E  E V O K E D  
BY  C O M P L E X  A N D  S IM P L IF IE D  O B J E C T S  I N  M A C A C A  A R E A
T E . K. T sun oda*. M. N ish izak i. U. R aiaeonalan  and M. T an ifuii. Lab. 
Integrative Neural System s, Brain Science Institu te , RIKEN, Saitam a, J a p a n

TE neurons respond selectively to m oderately complex features o f object 
im ages (Tanaka, e t  al., 1991), and those which respond to sim ilar feature  
cluster in  columnar fash ion (Fujita, e t al., 1992; Gang, e t al., 1996).

This stu dy w a s aim ed to address the q uestion  how functional clusters of 
neurons in  area TE are related to representation o f complex objects. F irst, by 
unit recording, the complexity o f an  effective v isu a l stim u lu s w a s reduced 
system atica lly  to determ ine th e ‘critical feature’ o f th e cell in  a n esth etized  
m onkeys. Then, optical im aging w as conducted w ith  a stim u lu s se t  including  
1) original complex ob ject, 2) ‘critical feature’ and 3) stim u li a t  interm ediate  
sta g es  of complexity.

Different complex objects, which did not seem  to share common object 
features, activated different se ts  of m ultiple discrete sp ots in the im aged  
region (7 .0  ×  7 .0 mm), w ith  very little  overlap am ong different stim uli. On the  
other hand, w h en  the distribution o f sp ots o f sim plified  stim u li w a s  
compared w ith  th a t of the original object, tw o types of d istribution were 
observed: 1) sp o ts’ d istributions were identical in  sim plified object and  
original object, 2) som e of the spots of the sim plified  object were the sam e a s  
the spots o f original object, but others were not.

Th ese findings support the idea that, in  area TE, a t lea st  som e o f complex 
objects are represented by particular com binations of c lu sters o f neurons, each  
o f which represents a m oderately complex geom etrical feature.

Supported by the J ap an ese Science and Technology Agency.

THE ROLE OF M ACAQUE VISUAL AREAS V 4 A N D  TEO IN VISUAL  
PRIMING. A. Cowev. V. Walsh and A.C. Nobre? Dept, o f  Experimental 
Psychology, University o f  Oxford, OX1 ЗUD, U.K.

In simple feature visual search tasks in which the target can be one o f  two 
alternative stimulus types, repeated presentation of the same target item yields 
a reaction time advantage (priming effect). W e investigated the possibility that 
two visual areas (V4 and TEO) in the macaque visual system  were involved  
in this priming effect. M onkeys were trained to detect the presence o f a green 
target from an array o f  red distгactors or a red target from an array o f green 
distгactoгs n a series o f  interleaved trials. M onkeys without visual cortex 
lesions showed the same priming costs and benefits as human subjects but 
monkeys with bilateral V 4 or TEO lesions were did not. Although the lesioned  
monkeys performed the tasks as accurately and as quickly as the control 
animals (i.e. in most experiments would be reported as having no deficit) they 
clearly performed the task in a different manner from normal m onkeys. These 
cortical areas have been shown to play  a role in memory for colours and it 
seem s possible that the priming disruptions are a consequence o f their role in 
the early stages o f visual memory.

S ociety for N euroscience, Volume 24 ,1998
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355.3
MODALITY SPECIFICITY OF THE ANTERIOR INFERIOR TEMPORAL 
CORTEX IN RHESUS. B.H. Turner1* and M.E. Knapp, ⅛ e p t .  of 
Anatom y, H oward University, W ashington, DC 20059.

In the rhesus, the cortex of the m iddle and inferior temporal gyri (MTG 
and ITG) and the ventral temporal pole (TGv, as distinguished from the 
dorsal temporal pole,TGd) are believed to be purely visual based on 
anterograde tracing studies which have show n that the input to these 
three areas derive from the occipital lobe. H ow ever, recent research 
with retrograde tracers suggests that ITG and TGv are polym odal. 
Because of the importance of these areas in complex visual tasks, w e  
investigated the functional organization of all three areas using  
anterograde m ethods (Fink-Heim er and autoradiography) in thirteen 
brains. We began by tracing the efferents of known m odality-specific  
areas-the primary som atosensory, auditory and visual cortices. Next, we 
traced the outputs of these and successive termination zones until the 
anterior inferior temporal cortex w as reached.

The results of our studies show  that MTG receives visual input only from 
TEO, both directly and indirectly via the posterior half of TE. In 
contrast, ҤG and TGv are bimodal (visual and auditory) and do not 
receive direct input from TEO. Our novel finding is that the input to ҤG 
and TGv is processed in three stages. In the first, the anterior half of TF 
receives heavy, convergent inputs from ventral V4 and from the anterior 
half of the superior temporal gyrus (STG). In the second stage, this cortex 
projects to TH which receives convergent input from posterior TE. In the 
final stage, TH projects to the cortex of the rhinal sulcus, and to ҤG and 
TGv. Finally, w e found that the temporal pole w as functionally d iv ided  
into ventral and dorsal components. The dorsal pole was unimodal, 
receiving only auditory information from STG.

355.5
SELECTIVITY VARIATIONS IN MONKEY INFERIOR TEMPORAL 
NEURONS FOR INTACT AND CONTOUR-DELETED LINE 
DRAWINGS
Gy. Sáry K Gy. Kovács*. 1C Köteles^. Gy. Benedek*. Ţ Fiser^*. and L 
Biederman3. 1 Dept, o f Phys., Albert Szent-Gyöгgyi Medical University, 
Szeged, H-6720, Hungary, ⅜ept. o f Brain and Cogn. ScĽ, University of 
Rochester, Rochester NY 14627, USA 3 Dept, o f Psychology, University of 
Southern California, Los Angeles, CA 90089, USA 

In human object identification experiments, members o f a complementary 
pair o f contour-deleted line drawings (CD, and CD2), with every other vertex 
and line deleted from each part, prime each other as well as they prime 
themselves (Biedeπnan & Cooper, 1991). Can this similarity in priming 
between CDs and the original intact line drawings (LD) be correlated with 
responses o f shape selective cells in the inferior temporal cortex (IT) of 
macaques? CD,, CD2and LD o f the same shapes were presented to a fixating 
rhesus monkey, while extracellular single unit activity was recorded from IT. 
Forty-eight o f the 51 neurons responded to the LDs (net mean firing rate 11.3 
Hz).Thirty and 29 cells responded also to CD, and CD2, respectively. Firing 
rates were, however, substantially lower for the CDs (mean = 7.4 Hz; no 
significant difference between CD,and CD2), reflecting, perhaps, the lowered 
identifiability o f CD stimuli and their equivalence. Twenty-five neurons 
responded selectively to the LDs but most these neurons did not maintain 
selectivity for the CDs of the same objects. For those cells that were 
responsive to the CDs, reduced selectivity that mirrored o f the LDs was 
evidenced. Thus in fixating monkeys, contour deletion has far more potent 
effects on IT cell activation than is evident from the modest increase in 
difficulty, and equivalent priming that humans manifest when identifying 
such images.
Supported by: McDonnell JSMF 96-44

355.7

FACE-SELECTIVE NEURONS IN  THE PR IM ATE ORBΓTOFRONTAL 
CORTEX. M .C .A .Booth*. E.T.Rolls. H.D.Critchlev. A.S.Browning andĨ.Hemadi. 
Univ. Oxford, Dept. Exptl. Psychol., Oxford 0X 1  ЗUD, England.

The primate orbitofrontal cortex contains neurons that respond to taste and 
olfactory stim uli when they are rewarding, and is involved in emotion-related 
learning (see Rolls, 1999). It also receives projections from  the in ferio r temporal 
cortex areas in which visual cells w ith face-selective responses are found. In 
recordings from  single cells in the macaque orbitofrontal cortex, areas 13 and 11, 
a population o f 29 cells (1.1% o f those recorded, and 3.8% o f those w ith visual 
responses) responded selectively to the sight o f faces. The cells had sparse 
distributed representations to face stimuli, and the different cells had optimal 
responses to different faces. The response latencies o f the orbitofrontal cortex cells 
were typically 130-200 ms, which is considerably longer than those typical o f cells 
in the cortex in the superior temporal sulcus that respond to faces (90-100 ms). The 
discovery o f cells tuned to respond to faces is further evidence on the functions o f 
the orbitofrontal cortex in emotion. Cells w ith  such responses in the orbitofrontal 
cortex could be part o f a system which enables primates to learn about the reward 
or emotion-related associations o f faces, and consistent w ith  this, the responses o f 
some o f these cells altered when the association o f individual faces w ith sweet taste 
reward or salt taste punishment was reversed in a visual discrim ination task. 
Another potential function o f such cells is in conveying inform ation about rewards, 
in that faces can provide signals about reinforcement.
Research supported by the MRC. M C AB was supported by the Wellcome Trust. 

Rolls,E.T. (1999) The Brain and Emotion. Oxford University Press: Oxford.

355.4
EFFECT OF SURFACE ATTRIBUTES ON THE SHAPE SELECTIVITY 
OF INFERIOR TEMPORAL NEURONS
Gy, Kovács*. Gy. Sáry. K, Köteles. ‰ Chadaide. Gy. Benedek. Dept, o f 
Physiology, Albert Szent-Györgyi Medical University, Szeged, H-6720, 
Hungary

Objects are easily recognized despite a large variability in their attributes 
such as their color, texture, illumination, defining cue. We tested how 
responses o f inferior temporal (IT) cortical neurons o f macaque monkeys 
changed for figures with different internal surface and contour information. 
The same set o f figures was presented to fixating rhesus monkeys, as colored 
pictures (COL), line-drawings (LD; only the occluding and the main internal 
contours), silhouettes (SIL; the occluding contours with uniform texture) and 
illusory contours (IC; occluding contours defined by abutting gratings) while 
extracellular single cell activity was recorded from 105 neurons of the 
anterior part o f the IT.
Most of the 87 neurons responsive for COL was also responsive for the same 
shapes, presented as LD (85.2 %), SIL (85.2 %) or IC (72.2 %). The average 
net firing rates, however, were significantly lower for LD, SIL and IC stimuli 
(12.6 Hz, 14.5 Hz and 4.67 Hz, respectively), than for the same stimuli in the 
COL condition (16.9 Hz).
Seventy-nine percent of the COL responsive neurons was shape selective for 
COL and 64, 57 and 33 % o f these neurons was also selective for the same 
figures when presented as LD, SIL and IC, respectively. On average the 
shape preference o f the neurons was the same for COL, LD, SIL and IC.
Our results suggest that IT neurons selective for shapes independently of the 
presence o f color, texture or internal contour may form the neuronal basis for 
the invariant recognition of objects with reduced surface information. 
Supported by: McDonnell JSMF 96-44 and AKP 96/2-6988 3,2/44

355.6
CONNECTIONS OF AN TERIO R INFERO TEM PO RAL AREA TE AND 
PE R IR H IN AL CORTEX W IT H  TH E HIPPO C AM PAL FO RM ATIO N IN 
TH E M ACAQUE M ONKEY.
K.S. Saleem* and T. Hashikawa. Brain Science Institute, RIKEN, Japan.

There have been a few previous studies showing the existence of direct connections 
between ventral part of anterior TE (TEav) to hippocampal formation in the macaque 
monkeys, whereas others indicated the absence of such direct projection. In order to 
investigate further this hippocampal projection, PHA-L or WGA-HRP injections were 
made into TEav, at the border between TEav and area 36 of the perirhinal cortex 
(TEav/36), and area 36 of the perirhinal cortex in 6 Japanese monkeys (M. fuscata). 
Injections made in the dorsal part of anterior TE (TEad) were included for comparison.

After WGA-HRP injection into TEav, moderate labeled terminals and neurons were 
found throughout the caudorostral extent of the medial one-third of CA1 region, and the 
adjacent prosubiculum of the hippocampus. The labeling was distributed in the form of 
a longitudinally oriented band, and the distribution extended about 12.0 mm 
caudorostralIy and 1.7 mm mediolaterally. In other TEav cases (n=3) with WGA-HRP or 
PHA-L injection sites, sparse to very weak labeling was observed in the medial one- 
third of CA1, and prosubiculum. Projections to perirhinal cortex, entorhinal cortex, 
STS region, amygdala and striatum were similar in all the TEav cases. After WGA-HRP 
injection into the TEav/36 border, dense labeled terminals were found in the medial two- 
thirds of the CA1 and the prosubiculum, but the dense labeled neurons were mostly 
limited to medial half of the CA1 region. The labeling was arranged in the form of a 
caudorostrally oriented band, similar to those in the TEav cases, and extended about 14.0 
mm caudorostrally and 2.65 mm mediolaterally. In addition, dense labeled terminals and 
neurons were found in the parahippocampal gyrus (TF and TH regions). It should be 
noted that the injection sites confined to TEav generally produced sparse labeling in the 
TF and TH regions. Sparse to dense labeled terminals were found in the caudorostral 
extent of medial one-third of CA1 region after PHA-L injection into area 36. 
Distribution of terminals in TF region was denser than in the TEav/36 border injection 
case. No hippocampal labeling was observed in the TEad cases, except one case with 
large WGA-HRP injection site. Supported by Riken BSI Grant 57911.

355.8
TIMING AND INTENSITY OF FUSIFORM FACE AREA (FFA) RESPONSES 
TO UPRIGHT AND INVERTED FACES. GK Aguirre*. R Singh, M DΈsposito. 
Dept, of Neurology, Univ, of Pennsylvania, Philadelphia, PA 19104.

Neuropsychological studies suggest that the FFA is not involved in the 
perception of inverted faces. Interestingly, a preliminary event-related fMRI study of 
ours has found equal magnitude FFA responses to upright and inverted faces. 
Functional differences might exist, however, in the timing of responses, as seen in 
monkey elecưophysiology studies. Here we test if: 1) the FFA responds with 
different magnitudes of neural activity to upright and inverted face stimuli and 2) the 
neural response to inverted faces is lagged in time relative to that of upright faces.

During BOLD fMRI scanning, subjects were required to detect scrambled faces 
presented infrequently amongst grayscale, upright and inverted face stimuli. A total 
of 184 stimuli were presented, one every 16 seconds for 200 msecs each. An initial, 
blocked, face vs. object scan was used to identify the FFA. Within the FFA, the 
average evoked response across upright and inverted faces was obtained. This 
response and its first derivative were used to generate covariates that separately 
modeled the upright and inverted face trials. Statistical comparison (using a GLM 
modified for serially correlated error terms) of the main response covariates tested for 
differences in magnitude of response, while comparison of the first deπvative 
covariates tested for differences in latency of response (as the magnitudes of these 
covariates vary linearly with latency). The latter test is valid i f  the cross-correlation 
function of the responses to upright and inverted faces approaches unity (i.e.,>0.98).

Evoked responses were found within the FFA for both upright and inverted 
faces. No significant difference in intensity of response was found for any individual 
subject, nor was any trend toward a consistent difference in magnitude found across 
subjects. However, significant differences in timing were observed. Specifically, the 
evoked response to inverted faces was identical in shape (max cross correlation >
0.98) to upright faces and lagged by an average of 233 msecs. These results, as well 
as additional control experiments conducted using upright and inverted cars, are 
discussed in terms of the cognitive processes underlying inverted face perception 

(Supported by NIH grants NS01762 and AG13483)
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355.9
NEURAL ENCODING OF FACES IN THE SHEEP - EFFECTS OF 
ASYMMETRY, CONFIGURATION AND FAMILIARITY J.W. Peirce. A.E. 
Leigh. A. da Costa and K.M. Kendrick Laboratory o f Molecular and Cognitive 
Neuroscience, The Babraham Institute, Cambridge, UK. (Spon: British 
Neuroscience Association)

In humans, face recognition relies on the configuration of the facial features. 
This is thought to explain the involvement of right hemisphere (RH) 
occipitotemporal cortex in face recognition, which in turn causes the left visual field 
(LVF) bias seen in such tasks. Evidence for face processing asymmetry in non
human primates has been relatively weak, and in other mammals non-existent.

We have used behavioural, electrophysiological and in-situ hybridization studies 
to examine effects of asymmetry, configural coding and social familiarity in sheep. 
Discriminations between pairs of faces presented in a Y-maze demonstrated a LVF 
bias in accuracy, using 3 types of stimulus (hemifaces, bisymmetric and chimeric 
faces). The bias was stronger in recognition of familiar sheep. We also found that, 
whilst in general the sheep preferred to use external features in the recognition task, 
the internal features were also used in identification of familiar animals (as shown 
by the removal of internal or external, the swapping or the scrambling of features).

We also made conscious single-unit electrophysiological recordings from cells 
in the temporal cortex which respond preferentially to faces. The majority of such 
cells were more responsive to familiar than unfamiliar individuals with many 
showing a left visual field bias and also activation to internal features in isolation. 
The asymmetry is supported further by in-situ hybridization which has found 
temporal cortical expression of c-fos especially in the right hemisphere during a 
face discrimination task. These findings support an overall hypothesis that sheep, 
like humans, demonstrate a LVF/RH predominance of processing during face 
recognition possibly due to the use of configural coding mechanisms.

Supported by the BBSRC (UK)

355.11
EFFECTS OF CHANGES IN ASPECT RATIO OF STIMULUS SHAPE ON 
RESPONSES OF CELLS IN THE M ONKEY INFEROTEMPORAL CORTEX.
H. Esteky* and K. Tanaka. Laboratory for Cognitive Brain Mapping, RIKEN Brain 
Science Institute, Wako, Saitama 351-0198, Japan.

Viewpoint invariance is a salient feature of visual object recognition in the 
primate. To reveal the mechanisms of this invariance, effects of changes in 
stimulus size and orientation on cell responses have previously been studied in 
the anterior part of the monkey inferotemporal cortex (area TE). TE cells 
selectively respond to various moderately complex object features. Because 
rotation of objects in depth can cause changes in the aspect ratio of projected 
images of object features, we examined the effects of changes in the aspect 
ratio of stimulus shape on responses of TE cells in anesthetized macaque 
monkeys. For each cell the simplest stimulus that evoked the maximum 
response was determined as the optimal stimulus. The optimal stimulus was 
then systematically elongated in each of two orthogonal axes while keeping the 
area of the stimulus constant. The tested range of aspect ratio (ratio between 
the stimulus widths of the two axes) was 6 octaves. Responses of about 84% of 
TE cells (27 of 32) declined when the aspect ratio was changed from that of the 
optimal stimulus. The degree of selectivity, defined by tuning bandwidth in 
octaves at half the maximal response, varied among cells (range: 1.4-4.8, 
mean: 2.8, SD: 0.9). The remaining 16% of cells responded comparably to all 
aspect ratio variation tested. Altogether, 43% of cells had tuning bandwidths 
greater than 3 octaves. The tuning was not necessarily symmetrical. In 53% of 
cells, there was at least a twofold difference between the two portions of 
bandwidth corresponding to stimulus elongation in the orthogonal directions. 
The wide aspect ratio bandwidths found in many TE cells provide further 
evidence that area TE can contribute to viewpoint-invariant object recognition. 
Supported by RIKEN BSI, JSTCRESTO, MESC, and HFSP.

355.13
NEURONS IN THE M AC A Q U E TEM PO R AL CORTEX CO NVEY 
M U LTIPLE INFO RM ATIO N AB O U T M O N K E Y  A N D  H U M A N  FACES 
W ITH  EXPRESSION. Y. Sugase1 Ā S. Yamane1. K. Kawano1 and S. Ueno2. 
'Neuroscience Sect., Electrotechnical Lab., 1-1-4 Umezono, Tsukuba-shi, 
Ibaraki 305-8568 and ^Graduate School o f Medicine, University o f Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan 

Facial expressions form an important communication medium in the daily life 
o f primates. Face responsive neurons in the monkey temporal cortex have been 
reported since 1970s. To investigate the facial information conveyed by neurons, 
we recorded and analyzed 1281 single units in the temporal cortex o f Japanese 
macaque monkeys. Animals were trained to fixate a visual stimulus presented 
for 350 msec at the center o f the visual fie ld when a fixation spot was blinked 
o ff. The s tim u li were 22 monkey faces (5 monkeys w ith  3, 4 or 5 facial 
expressions), 33 human faces (4 men with 6 or 7 facial expressions) and simple 
visual stimuli (rectangles and circles in 5 colors; red, green, blue, skin, and brown). 
About 10% o f the neurons in the temporal cortex were responsive either to monkey 
or human faces. We performed time-resolved calculations o f the information 
transmitted by these neurons on species differences (monkey faces vs. human 
faces, faces vs. nonface stim uli), facial identity, and facial expression, using the 
spike counts in 50 ms windows moved successively every 8 ms. Twenty nine of 
the 57 face-responsive neurons studied in detail possessed information about 
one ( 13/29) or more ( 16/29) o f these dimensions. Ten o f the neurons responsive 
to the multi dimensions conveyed finer information (e.g. expression o f monkey 
faces) with longer latencies (-200 msec) and encoded rough in itial categorization 
(e.g. monkey faces vs. human faces) with shorter latencies (-120 msec). These 
findings suggest that individual neurons in the temporal cortex can encode multiple 
aspects o f face-stimuli in their temporal fir ing  pattern. (Supported by AIST, and 
JSPS Research Fellowships for Young Scientists.)

355.10
C-FOS MAPPING OF NEURAL SUBSTRATES INVOLVED IN  FACE 
DISCRIMINATION BY SHEEP
K M  Kendrick. M L Mimmack. APC daCosta* and KD Broad5, Lab of Molecular 
and Cognitive Neuroscience, The Babraham Institute, Cambridge CB2 4AT, UK 
*Sub-dept of Animal Behaviour, Univ. Cambridge, Cambridge CBЗ 8 AA, UK 

Sheep, like primates, have neural circuits in their temporal cortex that are 
selectively responsive to faces. To further establish the involvement of this and 
other brain regions in facial recognition we have quantified changes in c-ſos 
mRNA. Using a Y-shaped maze sheep discriminated between pairs o f sheep and 
human faces and were killed 30 min later. Patterns o f c-fos mRNA expression 
were compared in: (1) sheep that made an active choice o f the sheep face or (2) 
that did not choose between the two or (3) that could not discriminate between the 
faces since they were presented inverted. The groups presented with normally 
orientated faces showed similar levels of c-ſos expression in many cortical areas: 
cingulate, entorhinal, pyriform, parietal, motor, visual and anterior temporal. 
However, the group that actively chose the sheep face had greater upregulation in 
medial frontal cortex, hippocampus and basal amygdala. Expression in the right 
temporal cortex was 40% higher than the left. With inverted faces expression was 
reduced in hippocampus, amygdala, entorhinal and anterior temporal cortices but 
increased in diagonal band, parietal and posterior temporal cortices. Our results 
suggest that facial discrimination activates many cortical and limbic structures. 
Reduced expression in limbic and frontal cortical regions when animals did not 
make a consistent choice may reflect a lack o f response to the emotional salience 
of the task rather than inability to discriminate faces. The lack of increased 
expression in the anterior temporal cortex with inverted faces confirms the 
involvement of this region in face discrimination. The patterns of increased c-ſos 
upregulation under these circumstances may reflect an increased attentional 
requirement the inverted faces may have been perceived as novel objects. Lastly, 
the increased activation on the right temporal cortex suggests that face 
discrimination may be right hemisphere dominated as it is in humans. (BBSRC).

355.12
SEGMENTATION OF SURFACES BY DISPARITY OR CONTOURS IN 
MONKEY INFERIOR TEMPORAL CORTEX. T. Uka1*. H. Tanaka2, M. Katou and
I. Fujita1,2rł. 1Dept. of Cognitive Neurosci., Medical School and ¾raduate School of 
Engineering Sci., Osaka Univ., 3CREST, Japan Science and Technology Corporation, 
Suita, Japan.

Neurons in the inferior temporal cortex (IT) are known to segment two overlapping 
shapes which can be perceptually segregated by cues such as color or texture (Missal et al., 
1997). In the present study, we examined whether IT neurons can signal the presence of 
shapes segmented by disparity or contours. Extracellular neuronal responses to a vertical 
bar, a horizontal bar and a cross were recorded from the IT of two Japanese monkeys 
( M a c a c a  j u s c a t a ) .  I f  a neuron responded to any one of these figures, we analyzed its 
response to a cross segmented by disparity or real contours into two bars, one in front of 
the other. I f  it can be assumed that neurons which respond more strongly to a bar than to a 
cross signal the presence of a bar, it can also be assumed that such neurons possess the 
potential to signal the presence of a segmented bar by responding more strongly to a cross 
segmented into a two-bar configuration than to a simple cross. We addressed this 
hypothesis by calculating the segmentation index using the following formula

maxbar - segmented cross
Segmentation Index=l-

maxbar - cross
in which m a x b a r  is the larger response magnitude of a neuron to a horizontal or vertical 
bar, s e g m e n t e d  c r o s s  is the response magnitude to a cross segmented into a two-bar 
configuration, and c r o s s  the response magnitude to a cross. The distribution of 
segmentation index for the 18 neurons studied peaked around 0.53 and 0.21 (significantly 
different from 0), for crosses segmented by disparity and real contours, respectively. This 
indicates that IT neurons can signal the presence of segmented shapes, although more 
weakly than when the shapes are presented in isolation. We suggest that contour by itself, 
whether real or illusory, is sufficient for the segmentation of shapes in IT neurons. 
(Supported by CREST)

355.14
STIM U LU S SELEC TIVE SU ST A IN ED  A C TIV ITY  
ACROSS TRIALS IN INFEROTEMPORAL CORTEX: A 
PUTATIVE VEHICLE TO GENERATE LONG TERM  
VISUAL ASSOCIATIONS. V. Yakovlev1, S. Fusi2' 3 and E. 
Zohary1 * 1 Dept, of Neurobiology , Institute of Life Science, 
2Racah Institute of Physics, Hebrew University, Jerusalem, 
91904, Israel. 3INFN, Universita’ di Roma "La Sapienza", Italy 

A population of neurons in anterior inferotemporal cortex 
have a sustained activity following the presentation of specific 
visual stimuli when monkeys perform a delayed match-to- 
sample task. Typically, only stimuli that are repeatedly shown 
elicit robust delay activity. When the sample stimuli were 
shown in a fixed temporal order, the few images that evoked 
delay activity were often neighboring stimuli. Therefore, this 
delay activity was suggested as the neural correlate of 
associative long-term memory of visual images. We found that 
stimulus selective sustained activity is evident also following 
the presentation of the test stimulus in the same task. We 
demonstrate, using a neural network model, that the persistence 
of stimulus selective activity across the inter-trial-interval can 
lead to similar menmonic representations (distribution of delay 
activity across the neural population) for neighboring visual 
stimuli. Thus, the neural machinery for the generation of long
term stimulus-stimulus associations may exist in inferotemporal 
cortex.
Supported by a M cDonnell-Pew grant for cognitive neuroscience and Israel 
Academy o f Science
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355.15
OSCILLATORY AND SYNCHRONOUS ACTIVITY STATES IN THE 
MACAQUE INFEROTEMPORAL CORTEX. W.A. FreiwaldЧ A.K. Ƙreitcr12, 
W. Singer1. 'Max-Planck-Institut für Hirnforschung, Deutschordenstr. 46, D-60528 
Frankfurt am Main, F.R. Germany; 2Institut für Hirnforschung, Universität Bremen, 
FB2, P.O.Box 330440, D-28334 Bremen, F.R. Germany.

Assemblies of synchronously firing cells have been proposed as the neural substrate 
for the representation of visual objects, a key function of the inferotemporal cortex 
(IT). We therefore studied the incidence of synchronization in IT during object per
ception in a fixation task, identified and characterized different states of oscillatory 
and synchronous activity and looked for stimulus induced changes of the temporal 
structure of neuronal responses. Recordings were performed with up to four micro- 
electrodes, while the cells where stimulated with flashed, static geometrical figures or 
pictures of objects A total of 339 single neurons has been recorded so far. In a given 
stimulus condition we estimate that at least 91% of all cells will discharge their action 
potentials in bursts, and at least 40% will show an oscillatory modulation of their 
responses strong and robust enough to be detectable even after extensive averaging 
over trials and stimulation period. The bursty and oscillatory responses could be 
classified into four groups with an automatic fuzzy-c-means cluster algorithm. Based 
on cross-correlation analysis, we estimate that on average 82% of the cell pairs will 
show at least one of four different kinds of synchronization. An analysis using Joint 
PSTHs showed that upon visual stimulation synchronization and oscillation strength 
can undergo rapid changes even in the very first response segments. Since these 
changes are not necessarily reflected in the PSTHs, some stimulus properties seem to 
be represented by the cells' interactions rather than by their firing rates. The high 
incidences of temporally structured discharges and of synchronization have important 
implications for information processing within IT. This finding and the observation of 
rapid changes of synchronization are in agreement with our hypothesis that objects 
are represented by assemblies of synchronously firing neurons, often accompanied by 
oscillatory modulations of their activity. Supported by MPG and HFSP

355.17
P O S T N A T A L  D E V E LO P M E N T  O F H O R IZ O N T A L  A X O N S  IN  T H E  
IN F E R IO R  T E M P O R A L  A N D  P R IM A R Y  V IS U A L  C O R TIC ES IN  
T H E  M O N K E Y . Ό .X . Wang. 2H. Tanigawa. and 123I. Fujit¿*  'CREST, 
Japan Science and Technology Corporation, departm ent o f Cognitive 
Neuroscience, Medical School and 3Graduate School o f Engineering Science, 
Osaka Univ., Osaka, Japan

Patches form ed by horizontal axon collaterals o f pyram idal cells in layer 
2/3 represent a basic feature shared by many cerebral cortices. The size o f the 
patches, and the period ic ity and lateral extent o f  their d istribution, however, 
d iffe r among them. In the ventral visual pathway o f the monkey, the values o f 
these parameters increase from  V 1 through V2, V4, and area TEO to area TE. 
Here we analyzed the postnatal development o f these patches in TE  and V I .  
We made extracellular injections o f  an axon tracer, b iotinylated dextran 
amine, in to theTE  and V I  o f Macaca fuscata  o f  d ifferent postnatal ages. A t 
postnatal days (PND) 28-38, the earliest age examined, adu lt-like patches o f 
horizonta l axons were observed in both cortices. The two areas already 
differed from  each other in respect to the size o f the patches, and anisotropy, 
period ic ity and lateral extent o f the patches as they did in adults. In both areas, 
the bouton density w ithin the patches increased by 35-40%  in 2- to 8- 
m onth-o ld monkeys compared to PND 28-38 monkeys, and thereafter 
returned to the PND 28-38 level. The number o f retrogradely labeled cells 
w ith in individual patches did not change systematically w ith age, suggesting 
that the change in bouton density cannot be attributed solely to a change in 
recurrent collaterals o f the retrogradely labeled cells, and that it occurred in 
horizontal axons as well. A lso the dynamic change in the bouton density was 
not accompanied by a change in the interbouton distance, and could most 
probably be attributed to a change in the branching frequency o f horizontal 
axons. The results show that area-specific m orphologica l characteristics o f 
horizonta l axons can be observed as early as PND 28, and that horizonta l 
axons in areas V I  and TE undergo a concurrent developmental change in 
their bouton density after this age. (Supported by CREST)

355.16
RE-EXAMINATION OF COLUMNAR ORGANIZATION IN MONKEY 
INFERIOR TEMPORAL CORTEX: STIMULUS SELECTIVITY TESTED 
WITH A LARGE NUMBER OF PREDETERMINED STIMULI. M. Kato‘·3*. T. 
Uka1 and ĩ. Fuiita1,2,3. ‘Dept, of Cognitive Neurosci., Medical School and 2Graduate 
School of Engineering Sci., Osaka Univ., ЧľREST, JST, Osaka, Japan.

In area TE of the monkey inferior temporal cortex, neurons with similar 
selectivities for visual object features are clustered in columns. In previous studies in 
anesthetized monkeys, a reduction process was employed to determine stimulus 
selectivity of neurons. This procedure involved an experimenter’s choice of a relatively 
small number of effective and ineffective stimuli for each neuron tested, and could 
overemphasize tuning sharpness of neurons, similarity of stimulus selectivity within 
columns, and borders between adjacent columns. In the present study, a large number 
of predetermined stimuli were used in order to re-examine these properties.

While a Japanese monkey fixated on a small spot displayed on an LCD monitor, 
3-6 visual stimuli were sequentially presented. Extracellular responses to a fixed set of 
80 stimuli were recorded from 112 multiple units at intervals of >2OOµm along 
penetrations perpendicular or oblique to the cortical surface. To evaluate the similarity 
of neuronal selectivity, correlation coefficients (CCs) of response magnitudes were 
calculated among pairs of units in each track. The penetration angle to the cortical 
surface (PAs) were verified histologically for 19 tracks (6-63°). In the more oblique 
tracks, CCs for the tracks decreased. For both PAs<lOº and PAs>45º, CCs decreased 
gradually as the distance between two recording sites increased (range: 200-1 lOOµm), 
but CCs of PAs>45º were always smaller than that of PAs<lOº independent of the 
distance between the two sites. A stronger correlation among cells within vertical tracks 
than among cells within oblique tracks confirms that neurons in area TE are organized 
into columns. The result that the stimulus selectivities change gradually as the 
horizontal distance between units increases, suggests that columns in area TE have 
relatively blurred borders. (Supported by CREST)

355.18
HUM AN BRAIN A C TIVATIO N S EL IC ITE D  BY FACE S T IM U L I 
IN  SING LE STATIC  IM AGES AND CONTINUOUS VIDEO: A 
MEG STUDY W ITHO UT A V E R A G IN G  A.A. ïoannides.12·3·· L.C. Liu.1 
M. Streit * and S.P R· Rose ⅜ ‘Institute of Medicine, Research Centre Jülich, 
52425 Jülich, Germany; 2Lab. for Human Brain Dynamics, BSI, RIKEN, 
Hirosawa 2-1, Wako-shi 351-0198, Japan; department of Physics; department of 
Biology, Open University, Milton Keynes, MK7 6AA, UK; department of 
Psychiatry, University of Düsseldorf, 40605 Düsseldorf, Germany.

We have used magnetic field tomography (MFT) analysis of MEG signals to 
study single trial responses to face stimuli in three related studies. In the first 
study, the BTi twin MAGNES (2x37 channels) system was used to record MEG 
signals from five healthy right-handed male volunteers: subjects identified the 
object category (faces were one of six categories) and the expression of faces (6 
basic emotions) in separate runs. The second study used the same protocol, but 
with the BTi whole head system (148 channels) and three subjects (one from the 
first study). In the third study the whole head system was used again to record the 
MEG signal from eight new subjects while they viewed a continuous video (visual 
and audio signal). MFT estimates for the 3D distribution of brain activity were 
extracted from both average and single trial MEG signals from the first and second 
studies, and from the video sequence in the third study (10 minutes, 600,000 
timeslices per subject). MFT estimates from the average signals identified foci of 
activity specific to faces in occipito-temporal and frontal regions, consistent with 
recent PET and fMRI reports. The same areas were also identified in the MFT 
solutions for single trials at similar latencies, but also intermittently at other 
latencies, as well as in the third study during video segments where faces were 
prominent.

This study was supported by the Open University, Research Centre Jülich and 
RIKEN.

355.19
DEVELOPMENT AND FUNCTION OF SPATIALLY IN
VARIANT FEATURE HIERARCHIES FOR VISUAL RE
COGNITION. Holt*, G. R·, aшŉMel, B. W,, Biomedical Engineering, 
ƯSC, MC 1451, LA, CA 90089.

Studies of receptive fields of cells in IT cortex suggest that visual ob
ject recognition is largely accomplished by a hierarchy of feature detec
tors, where the features at higher levels are increasingly form-selective 
but spatially invariant. The plausibilπy of this very simple representa
tional scheme is buttressed by data suggesting that visual recognition 
is too fast to be complicated (Fabre-Thorpe et ah, 1998), and by the 
practical success of this class of architectures where they have been 
applied to difficult recognition problems (e.g·, Fukushima, 1983: Mel 
1997). However, a number of important issues pertaining to the de
velopment and functioning of biological feature-extraction hierarchies 
remain to be elucidated. We have focussed on two: (1) the interac
tion between unsupervised (input-driven) learning principles needed to 
organize the early layers of visual processing, and supervised learning 
principles needed to .incorporate task-related constraints in the feature 
hierarchy, and (2) the optimal task-dependent way to decompose, layer 
by layer, the progressive increases in form complexity and spatial in
variance in the individual detectors. We have addressed these questions 
using theoretical analyses and computer simulations in various well- 
controlled visual object recognition domains.
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356.1

TYMPANIC PAPILLA AS AN AUDITORY TUNING ELEMENT IN AN 
OLD WORLD FROG?
P.M. Narins,1*_E.R. Lewis,2 AP. Purgue,1 P. Bishop,3 L. Minter,4 D.P. Lawson5. 
1Dept. o f Physiological Science, UCLA; Los Angeles, CA 90095; 2Dept. of 

EE&CS, UC Berkeley; 3Dept. o f Zoology, Univ. o f the Witwatersrand, RSA; 
4Dept o f Medical Science, University o f the North, RSA; 5Dept. of Biology, 
Univ. Texas at Arlington.

Middle ear adaptations can be important clues to the meaning of an animal’s 
communication signals and ultimately, the function o f its auditory system. We 
studied calling and reproductive behavior of the ranid frog Petropedetes parkeri 
in Cameroon’s Southwest Province, where it inhabits low to moderate elevation 
rainforests. Adult males call from vertical, waterfall-drenched rock faces. 
Tympanic membranes o f breeding males are decorated with a single, off-center, 
prominent fleshy papilla that grows perpendicularly out o f each eardrum. 
Preliminary histological results suggest the papilla is comprised of a uniform, 
spongiform tissue containing a series o f canals that terminate at or near the 
papillar surface. Females lack tympanic papilla. The males produce low-level 
(60 dB SPL at 0.5 m) broadband calls repeated every 15 s. Laser Doppler 
vibrometer measurements in the lab suggest that the peak energy in the natural 
vibration spectrum of the eardrum corresponds closely to the dominant 
frequency in the male’s advertisement call. Possible functions of the papilla 
will be discussed in light o f its structure and function.

(Supported by NIH Grants #DC-00222 to PMN and #DC-00112 to ERL)

356.3

HEAD-RELATED TRANSFER FUNCTIONS IN THE RHESUS MONKEY. C.
H. Keller*, R. T. Marrocco, M. L .Spezio, and T. T . Takahashi. Institute of 
Neuroscience, University of Oregon, Eugene, OR 97403.

Head-related transfer functions (HRTFs) describe the way in which the 
head, outer ear, and ear canal alter sounds that reach the eardrum in a 
direction-specific manner. We report the HRTFs of the Rhesus monkey 
(Macaca mulatta). Isoflurane anesthetized monkeys were placed in an 
anechoic chamber (1.8 m on a side) with their heads immobilized. Probe- 
tubes (3.2 cm) attached to Knowles EM4046 microphones were inserted 
into the ear canal within 5 mm of the eardrum. Stimuli were 43-msec bursts 
of white noise (±10 dB, 1-20 kHz) from a loudspeaker mounted to a vertical 
semi-circular arm (90 cm radius) that allowed us to position the speaker 
anywhere within the frontal hemisphere. The microphones' output was 
sampled at 90 kHz, and the transfer functions of the speaker and 
microphones were removed, leaving the HRTF. Altogether, HRTFs from 
590 locations in the frontal hemisphere were measured (±90° az; -60° - 90° 
el). Monaural amplitude plots indicate that the acoustic axis is relatively 
constant in azimuth at 30°-40°, but ranges in elevation from 0° at low 
frequency to -20° at 14 kHz and back to 0° at 20 kHz. Plots of interaural time 
difference and interaural level difference show that binaural cues in the 
monkeys change primarily with azimuth. The HRTFs will be used for 
headphone-based simulations of auditory environments during behavioral 
and neurophysiological studies. Supported by grants from the McKnight 
Foundation, McDonnel-Pew Foundation, and the NIDCD.

356.5

ON THE ORIGIN OF THE 2F1-F2 OTOACOUSTIC-EMISSION. M.G. van 
Emst*, S.F.L. Klis and G.F. Smoorenburg. Hearing Research Laboratories, 
Utrecht University, 3584 CX Utrecht, The Netherlands.

Sound-evoked vibrations of the basilar membrane (BM) are transduced 
into electrical activity, the receptor potential, through gating of the mechano- 
electrical (M-E) transducer channels at the apical membrane of the hair 
cells. Outer hair cells also do the reverse. They convert electrical activity 
into mechanical activity (E-M transduction), thereby increasing cochlear 
sensitivity. This feedback loop operates in a nonlinear fashion, resulting in 
the generation of distortion-product-otoacoustic-emissions (DPOAEs). 
However, whether DPOAEs reflect nonlinear aspects of M-E or E-M 
transduction is obscure. Recently (Hear.Res. (114), 93-101, 1997), we have 
obtained results indicating that the amount of distortion in the receptor 
potential, i.e. the magnitude of the DC component, is affected by shifts in 
the operating point of the M-E transducer channels. In order to study 
whether the DPOAEs also originate with the M-E transducer we again 
manipulated the operating point of the M-E transducer and studied the 
correlation between DPOAE and DC receptor potential changes. Theory 
predicts an inverse relation between DC response magnitude and 2f1-f2 
amplitude if the latter also depends on the operating point of the apical M-E 
transduction system. The extracellular DC potential was recorded from basal 
turn scala vestibuli in guinea pig in response to 8 and 12 kHz tone bursts. 
The 2f1-f2 DPOAE was recorded from the ear canal in response to 8/6.4 
kHz or 12/9.6 kHz tone pairs. The perilymphatic perfusion technique was 
employed to modulate the operating point of the M-E transducer. Gradually 
increasing perfusion rate from 1 to 12 µl/min, thus increasing perilymphatic 
pressure acting upon the BM, caused a slight depression (a Tew mV) of the 
endocochlear potential and a marked decrease in DC-response magnitude. 
These changes are indicative of an increase in apical haircell conductance, 
likely due to a shift of the BM towards scala vestibuli. Concomitantly, the 
amplitude of 2f1-f2 decreased. Both effects were completely reversible. The 
similar direction of change in DPOAE amplitude and DC-receptor potential 
magnitude suggests that the amplitude of the 2f1-f2 DPOAE does not 
directly reflect the M-E transducer channels’ operating point. Supported by 
Heinsius-Houbolt fund.

356.2

ESTIMATING ACOUSTIC STIMULUS PARAMETERS BASED ON SPIKE TRAINS 
FROM THE CHINCHILLA AUDITORY NERVE.
B. S. Jackson and E. M. Relkin*. Institute for Sensory Research and Dept. of 
Bioengineering and Neuroscience, Syracuse Univ., Syracuse, NY 13244.

In the book Spikes: Exploring the Neural Code (Rieke, F. et αl, 1997), the authors 
review research based on looking at neural coding “from the organism's point of 
view.” In other words, such research begins with attempting to reconstruct the 
stimulus, or certain stimulus parameters, from neural spike trains and, hence, 
works with the probability distribution of the stimulus conditioned on the spike 
train rather than the more typically used probability distribution of the spike train 
conditioned on the stimulus.

In most instances plotting average spike count versus a particular stimulus 
parameter for a neural system yields a nonlinear, often sigmoidal, relationship. The 
authors of Spikes present such experimental data, but show that the plot of average 
stimulus parameter versus spike count is nearly linear. We have found a similar 
result in data relating stimulus intensity to spike counts in the chinchilla auditory 
nerve, particularly in neurons with low to medium spontaneous rates. Using 
computer simulations and probability theory in addition to experimental data, we 
show the dependence of this “linearization” on the α  priori stimulus distribution 
and discuss the causes of this effect. Furthermore, we discuss the implications of 
these results for understanding the significance and meaning of studying neural 
systems from this new point of view and for estimating other parameters of 
acoustic stimuli from temporal patterns in auditory nerve spike trains.
Supported by Syracuse University and NIH grant 5 P01 DC000380

356.4

DYNAMIC RANGES OF AUDITORY AFFERENTS: LITTLE DIFFERENCE 
BETWEEN SLOPING-SATURATING AND SIGMOIDAL UNITS. L. Nizami*, 
Psych. Dept., Erindale Campus, U. of Toronto, Mississauga, Canada L5L 1C6.

Auditory afferents in small mammals show plots of rate vs. level that are either 
sigmoidal or sloping-saturating. From such data, fiber dynamic ranges are subjectively 
estimated, i.e. as “from the just subthreshold point in spontaneous activity up to the first 
level at which the discharge had saturated” (e.g. Palmer and Evans, in O. Creutzfeld. H. 
Scheich, and Chr. Schreiner (Eds.), Hearing mechanisms and speech (pp. 19-26), 
Heidelberg, Springer-Verlag, 1979). Alternatively, we can compute the discriminability 
∆x (the jnd) for pure tones offered by a single fiber, under the Signal Detection Theory 
assumptions that a) repetitions of the stimulus produce normally distributed spike counts 
over a counting time (=stimulus duration) τ, b) the variance of these distributions is the 
same at sound level x+∆x as at level x, for small ∆x (Nizami & Schneider, Math Biosci. 
141, 1-28, 1997, Eq. A9 for m= 1). Also needed are a function r(x) fitted to the fiber’s 
rate-level plot, a discriminability index (d '= 1), an assumed counting time (51 msec), and 
the mean-to-variance ratio for the Gaussian distribution (1.5). Jnd curves were computed 
for the logistic functions fitted to the rate-level plots for 13 sigmoidal fibers (7 from Sachs 
and Abbas [J. Acoust. Soc. Am. 56, 1835-1847, 1974] and 6 from elsewhere), and for the 
double-logistic functions fitted for 13 sloping-saturating fibers (6 from Sachs and Abbas 
[ibid ], 5 from Palmer and Evans, and 2 from other publications). The generally U-shaped 
jnd curves show a lowest point no lower than (at best) about 2 dB. Fiber dynamic range 
was estimated first by differentiating the jnd equation, which is expressed in terms of r(jt), 
and setting it equal to zero. The solution for x in dB SPL is substituted back into the jnd 
equation to get the minimum jnd. This value is incremented by an arbitrary number of 
dB. This new jnd corresponds to two points on the jnd curve; the difference in dB 
between the x-values of these two points is taken as fiber dynamic range. For arbitrary 
increments of 2 , 4, and 6 dB, the average ranges were {14.06, 15.86}, {18.90, 21.47}, and 
(22.32, 25.43} for {sigmoidal units, sloping-saturating units}. T-tests show that these 
ranges do not significantly differ by fiber type; all are much smaller than published 
averages. Supported in part by an NSERC grant to Bruce A. Schneider.

356.6

NOISE-INDUCED HEARING LOSS IN THE CBA/CaJ MOUSE: TEMPORARY 
AND PERMANENT CHANGES IN DISTORTION PRODUCT OTOACOUSTIC 
EMISSIONS. A.E. Vazguez*, B.L. Lonsbury-Martin, and A.E. Luebke. 
University of Miami Ear Institute, Miami, FL 33136.

The damaging effects of intense sound to the cochlea are well known. 
The present study describes the initial findings of a project designed to 
establish the mouse as a model of the effects of noise over-exposure 
on the cochlear-efferent system. In this study, mice were exposed to a 
105-dB SPL octave-band noise (OBN) centered at 10 kHz, for various 
lengths of time (10 mins, 0.5, 1, 3 and 6 hrs). The amplitudes of the 
distortion product otoacoustic emissions (DPOAEs) at 2f1-f2 were 
measured as a DP-gram at several levels (L1=L2=55, 65, 75 dB SPL) 
from 5.6-48.5 kHz (geometric-mean frequencies), prior to noise 
exposure, and at 2 and 31 days after noise exposure. The briefer noise 
exposures resulted in temporary reductions in DPOAE levels, which 
completely recovered to pre-exposure levels by 31 days. The mice 
exposed to the noise for 1 hr or longer, however, experienced 
permanent reductions of the DPOAE amplitudes. Examination of the DP- 
grams of the mice receiving the longer-lasting exposures suggested that 
the initial damage to specific exposure-noise related frequency regions 
in the cochlea extended to adjoining regions with time. Detection of the 
acetylcholinesterase positive fibers using the Karnovsky and Roots (J 
Histochem 12:219-221, 1964) staining protocol, and visualization of 
calcitonin gene-related peptide immunoreactive fibers in noise-treated 
and in control mice are in progress to determine if there are changes in 
the projection of the cochlear efferent system associated with noise 
damage. Supported by the Public Health Service (DC03114, DC03086)
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356.7

TRADITIONAL DPOAE SUPPRESSION-TUNING CURVES VS THOSE 
MEASURED WITH A PHASE-SENSITIVE RESIDUAL TECHNIQUE. G.K. 
Martin, B.B. Stagner and B.L. Lonsbury -M artin ,*  University of Miami 
Ear Institute, P.O. Box 016960, Miami, FL 33101.

Results of studies of DPOAE suppression-tuning curves (STCs) im p ly 
that the DPOAE site of origin is between the primary tones, or at the f2 
place, because the tips of the STCs center at these frequencies. 
However, traditional STC methods are not sensitive to the phase of 
multiple components in the DPOAE signal. Application of an external 
tone close to the DPOAE place can suppress a DPOAE component arising 
from this place thus allowing two DPOAE sources to be revealed using 
vector subtraction (eg, Kemp & Brown 1983; Siegel et al 1998).

STCs from rabbits obtained by sweeping the suppressor tone across 
the primary-tone space, without regard to phase, were compared to 
STCs based upon a phase-sensitive residual technique. In this method, 
the primary tones are alternatively rotated in phase by 180°, and the 
suppressor by 90°, with the suppressor present on one-half of the 
trials. Phase rotation results in essentially complete cancellation of 
the primaries as well as the 2f1-f2 in the ear-canal signal. Because the 
suppressor is present one-half of the time, when a DPOAE source is 
removed by the suppressor, a residual, in the form of a DPOAE signal, 
appears.

Results revealed that the general shape of the STCs was similar when 
measured by the two methods. However, the phase-sensitive technique 
appeared to uncover small components, especially those basal to f2, 
much more clearly, particularly at low primary-tone levels.

Supported by the Public Health Service (DC00613, DC/ES03114) 
and the University of Miami’s Chandler Chair.

356.9

ATP-INDUCED CA2+ ELEVATION IN OUTER HAIR CELLS IS COMPARTMEN
TALIZED AND DOES NOT AFFECT ELECTROMECHANICAL TRANSDUC
TION. F. Mammano1, G.I. Frolenkov2, I. Belyantseva2* and B. Kachar2. 1Laboratory 
of Biophysics and INFM Unit, International School for Advanced Studies, Trieste, 
Italy; 2Section on Structural Cell Biology, NIDCD, NIH, Bethesda, Maryland 20892.

Intracellular Ca2+ levels in outer hair cells (OHCs) from the mammalian cochlea are 
known to be affected by at least two different types of ligand-operated receptors 
segregated in different regions of the plasma membrane: ACh receptors, located at the 
synaptic, basal end of the cell, and ATP receptors at the apical, stereociliary end of the 
cell. Both types of receptors may provide control mechanisms that modulate OHC 
electromotility. The increase in intracellular Ca2+ that follows activation of ACh 
receptors has been proposed to affect OHC motor output by altering the axial stiffness 
of the cell [Dallos et al. (1996) J. Neurosci. 17(6): 2212-2226]. We investigated the 
possibility that ATP affects electromotility by combining patch-clamp recording and 
Ca2+ imaging with a fast CCD camera (frame rate > 100/s). Puff-application of ATP 
(10-100 µM) near the stereocilia of acutely dissociated guinea pig OHCs voltage 
clamped around -60 mV and loaded with 50 µM Calcium Green-1, produced rapid and 
marked Ca2+ elevation (dF/Fo > 100%) that appeared to be confined to the cell apex. 
The ATP-sensitive current had similar voltage dependence to that described in the 
literature. Following ATP application, no difference could be detected in either whole- 
cell nonlinear capacitance, measured over a wide voltage range from -180 mV to +100 
mV, or in the voltage dependent length changes elicited by ramping the 
transmembrane potential between -100 mV and +50 mV. These results confirm that 
Ca2+ elevations produced by ATP are efficiently compartmentalized within the apical 
cytoplasm and do not target the same cascades activated by ACh application at the cell 
base. Unlike ACh, the modulator action of ATP on the motor output, if any, would 
result from its direct influence on the cell receptor potential. Partially supported by 
SISSA grant #2010.

356.11

Gene expression in the developing frog inner ear.

Sung-Hee Kil, Caryl Forristall and Andres Collazo,* House Ear 
Institute. University of Redlands

The vertebrate ear is a complex organ that begins its development as 
an epithelial thickening known as the otic placode. The otic placode 
invaginates to form an otocyst which subsequently gives rise to the 
mature ear. Little is known regarding the nature of molecular 
interactions involved in Xenopus inner ear development. Expression 
in the ear has been reported for several genes including Distal-less 3, 
Wnt 3a, and Wnt 4, but no in depth analyses have been performed. 
Distal-less 3 is one of the earliest genes expressed in the otic placode 
and is expressed throughout it and the otocyst. Wnt 3 is expressed in 
the dorsal half of the otocyst while Wnt 4 is expressed in the ventral 
half. We have examined the expression patterns of five genes in the 
developing ear: Sox-2 (an Sry-related HMG-box containing 
transcription factor), Bmp-4 (member of the TGF-β gene family), 
Xotch (transmembrane receptor), X-Delta (transmembrane ligand to 
Xotch) and Serrate (a second transmembrane ligand to Xotch) in the 
developing ear of Xenopus embryos. RNA in situ hybridization 
results show that there are regional expressions of these genes in the 
otic placode and otocyst. Xotch is expressed throughout the otocyst 
while Bmp-4, Serrate and Sox-2 are expressed only in the anterior 
and posterior regions. X-Delta is expressed in a few cells scattered 
throughout the placode and otocyst. While in situ hybridization 
results are suggestive of their involvement in the Xenopus inner ear 
development, the functional significance of these genes remains to be 
determined.

356.8

Intrinsic spiking activities of cultured spiral ganglion (SG) neurons S. Chen*, X. Lin, 
Dept. of Cell & Molecular Biology, House Ear Institute, Los Angeles, CA 90057

Intrinsic spiking activities in the nervous system have important roles in the 
neuronal development and the coding of sensorial information. Such spontaneous 
firings could be initiated from transmitter leak of sensory cells or as a result of the 
interplay of ion channel properties intrinsic to the secondary neurons.

In this work, spontaneous action potentials were recorded from isolated SG 
neurons obtained from PO to P5 old mouse cochleae. The spikes were obtained in 
a condition to minimize the contribution of synaptic transmission by bathing cells in a 
solution that contained 5 mM Mg++, 100 µM DNQX and AP-5, and with nominally 
free Ca++. Spontaneous firings were also recorded by extracellular electrodes, 
which should produce minimal disturbance to the intracellular homeostasis. One of 
the major mechanisms controlling the excitability of neuronal cells is the constituent 
and the properties of the posassium (K) channels. To investigate the underlying 
mechanisms for the intrinsic firings of SG neurons, a family of K channel toxins 
were used to dissect out the contribution of the specific subtypes of K channel to the 
excitability of SG neurons. Potencies of K channel blockers (α-DTX, , DTX-I, ƙ- 
DTX, margatoxin, Charybdotoxin, iberiotoxin, kaliotoxin, apamin, 
tetraethylammuniom, 4-aminopyridine, quinine) in blocking whole cell K current (lκ) 
were evaluated. Action potential firing patterns in response to current injections 
were compared as a result of the K toxin applications. One of the unexpected 
finding was that many K toxins directly depolarized SG neurons by opening an ionic 
conductance around the resting membrane potential of the cells. This conductance 
was apparently not K selective because it had a reversal potential around 0 mV. It 
also showed rapid desensitization and characteristics of a channel being opened by 
a second messenger system.

These results demonstrated that isolated SG neurons were capable of 
generating spontaneous spiking activities independent of the inputs from hair cells. 
Those spikes are resulted from the interplay of the intrinsic properties of ion 
channels in the membrane of those neurons.

Work supported by House Ear Institute and American Tinnitus Association

356.10

GENES FOR ALPHA AND BETA SUBUNITS OF A-TYPE 
POTASSIUM CHANNELS ARE EXPRESSED IN THE DEVELOPING 
CHICK COCHLEA. M. Rajeevan, S. H u, Y. Sakai, and B.H.A. 
Sokolowski*. Dept. Surgery/Otolaryngology, U. South Florida, Tampa, 
FL 33612.

Transient type potassium currents (IA) are regionally specific in the 
chick cochlea, found primarily in short hair cells that are innervated by 
efferents. This regional specificity as well as the ability to manipulate IA 
in vitro makes it an ideal candidate for understanding mechanisms that 
regulate ion channel expression. We have screened a cDNA library of the 
chick's cochlear duct (provided by Dr. P. Fuchs) for clones homologous 
to α  (Kv1.4) and ß (Kvß1.3) subunits belonging to the Shaker subfamilies. 
A cDNA clone, RHK1 (provided by Dr. M. Tanouye), was used to isolate 
a full length α-subunit clone (2991 kb) from the library. Sequence 
analysis revealed that CHK1 has 76-78% identity at the amino acid level 
to mammalian K vl.4 . Additionally, a cDNA clone, hKvß1.2 (provided 
by Dr. M. Tamkun), was used to isolate a full length ß-subunit clone 
(2865 kb) from the library. Sequence analysis revealed that chKvß1.2 has 
95-97% identity at the amino acid level to mammalian K vß1.2. Using 
these sequences, forward and reverse primers were designed to determine 
CHKl and chKvß1.2 mRNA expression in the developing cochlear duct. 
Results revealed that expression begins as early as embryonic day 6 and 
continues throughout development. Future studies will determine if 
mRNA is regionally expressed in the developing cochlea and if it can be 
regulated by different growth factors. Supported by NIDCD DC01923 and 
the National Organization for Hearing Research.

356.12

IM M U N O H ISTO C H E M IC A L LO C A LIZA TIO N  OF G  PRO TEIN  
SU BU N ITS IN TH E RA T CO CHLEA . K  M. K han*,N. Sarfaraz and 
Z. Saleem. Dept. of Anatomy, Aga Khan Univ., Karachi 74800, Pakistan.

G protein heterotrimer is composed of α , β and γ subunits. This 
immunohistochemical study demonstrates the presence o f five subclasses of Gα, 
Gβ and Gγ7 subunits in nonsensory regions of the rat cochlea. Temporal bones 
of 6 week old Sprague-Dawley rats were fixed in cold 4% paraformaldehyde and
0.1% glutaraldehyde. Specimens were decalcified in 3% EDTA for 5 days, 
dehydrated and embedded in paraffin. Sections were incubated in 1:1000 
dilution of primary antibodies and immunoreactivity was detected with the 
biotin/streptavidin peroxidase complex and diaminobenzodine was used as 
chromogen. For controls, sections were incubated in preabsorbed antibody 
solution. Intense staining was observed for Gα s, Gα i, Gβ and Gγ7 in fibrocytes 
of spiral limbus, type I and type II fibrocytes of spiral ligament, and marginal 
cells of stria vascularis. Staining varied from weak to moderate in fibrocytes III 
and IV of the spiral ligament. Vestibular membrane exhibited moderate staining 
as well. The staining for Gα11 and Gαq was weak in all regions. G α 12 
localization was insignificant. The nonsensory regions o f the cochlea are 
responsible for the production and maintenance of endolymph. Localization of 
adenylyl cyclase isoforms in the nonsensory regions (unpublished observations) 
and a role o f second messengers in cochlear fluid homeostasis have been 

proposed (Coling and Schacht, Acta Otolaryngol. 115:218, 1995). Our present 
observations are consistent with these data and indicate a role for heterotrimeric 
G proteins in cochlear fluid homeostasis. Supported by The Aga Khan 
University Seed Grant Fund.
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356.13

IMMUNOLOCALIZATION OF MYOSIN Iβ NEAR BOTH ENDS OF TIP LINKS IN 
FROG SACCULAR HAIR CELLS. J.A. Garcia*, A.G. Yee, P.G. Gillespie1 and D.P. 
Corey. Dept. of Neurobiology, HHMI, Harvard Medical School, Boston, MA 02115. 
1Dept. of Physiology, The Johns Hopkins University, Balitmore, MD 21205

Current evidence suggests that the motor protein underlying adaptation of 
mechanoelectrical transduction in vertebrate hair cells is myosin Iβ  (MIβ). Previously, 
confocal and electron microscopy of bullfrog saccular hair cells using an antibody 
raised against MIβ  showed labeling of the tips of stereocilia (Hasson et al., J. Cell Biol. 
137:1287-1307). We have now done quantitative TEM to test whether MIβ  is 
enriched at or near the side insertions of tip links, the proposed sites of adaptation, 
using hair bundles that were serially sectioned parallel to the macular surface.

Particles were concentrated in several regions. First, the highest particle density 
occurred at stereocilia bases, close to the cuticular plate. Second, stereocilia of 
differing lengths had roughly the same number of total particles, suggesting equal 
targeting of MIβ to all stereocilia. Third, particles tended to clump in clusters of > 4 
particles in the distal thirds of stereocilia, suggesting a tendency for self-assembly of 
MIβ.

As expected from fluorescence microscopy, particle density was high in the distal 1- 
µm of stereocilia. If MIβ  is the adaptation motor, a difference should exist in particle 
density between regions containing the side insertion and those excluding it. Averaging 
of particle distributions revealed a 700-nm region, centered about 100-nm above the 
side insertion, where the part of the circumference receiving the tip link had about twice 
the density as the remainder. Similarly, the distal 200-nm of stereocilia had about twice 
the normal density, but only on the side near the taller adjacent stereocilia - that is, the 
side anchoring tip links’ lower ends. Controls labeled with anti-myosin VI (n=3) or 
secondary alone (n=3) revealed no such increase. The shortest stereocilia showed no 
concentration rise on their sides, consistent with their lack of side insertions. Thus, the 
specific localization of MIβ at both ends of tip links support its role as the adaptation 
motor. Supported by NIH.

356.15

IMMUNOCYTOCHEMICAL LOCALIZATION OF GLUTATHIONE 
AND GLUTATHIONE-S-TRANSFERASE IN THE RAT AND GUINEA 
PIG INNER EAR.
O.P. Hjelle(1), Y. Takumi(2), K. Makinae(2), A. Matsubara(2), S. 
Tsuchida(3), H. Shinkawa(2), O.P. Ottersen*(1) and S.-I. Usami(2) (l) 
Department of Anatomy, Institute of Basic Medical Sciences, University of 
Oslo, N-0317 Oslo, Norway (2) Department of Otorhinolaryngology and (3) 
Second Biochmistry, Hirosaki Univ. School of Medicine, 5 Zaifu-cho, 
Hirosaki 036, Japan.

Glutathione (GSH) is known to protect against ototoxic 
compounds and Glutathione-S-Transferase (GST) uses GSH as a substrate 
in the detoxification of a number of substances. In the present study we 
employed electronmicroscopic immunogold cytochemistry to help elucidate 
the roles of GSH and GST in the inner ear.

There was a considerable overlap in the labeling of GSH and 
GST and the distributions of both compounds were highly differentiated. 
High levels of GSH and GST were found in fibrocytes of the spiral 
ligament and in the basal cells and intermediate cells of the stria 
vascularis. The vestibular end organs and organ of Corti showed a less 
complete match between GSH and GST immunoreactivities. In the 
vestibular end organ GST labeling was found in the transitional cells, dark 
cells and fibrocytes whereas GSH immunoreactivity occurred mainly in the 
latter cell type. In the organ of Corti, hair cells, Deiters cells and pillar 
cells were enriched in GST but only weakly labelled for GSH.

The immunolocalization data indicate that GST and GSH may 
have specific protective roles related to the blood-labyrinth barrier in the 
lateral wall. The protective effects of GSH in the organ of Corti may be 
depend on transport of GSH from the lateral wall tissue rather than on 
local synthesis of this tripeptide.

356.14

Adenovirus-Mediated GDNF Gene Transfer and Expression in 
Guinea Pig Cochlea Cells in vivo S. Jiao*m Z  Sheng, and E. Magal. 
AMGEN Inc., Departments of Neuroscience, Thousand Oaks, CA 91320

Glial cell line-derived neurotrophic factor (GDNF) has been proposed for the 
protection of hearing loss due to its trophic actions on hair cells. The present 
experiment determined whether GDNF can be produced in the inner ear 
when an adenoviral vector carrying the GDNF gene is introduced into the 
tympanic cavity and round window niche. Two recombinant adenoviral 
vectors driven by a cytomegalovirus (CMV) promoter but with a deleted E1 
viral protein coding region, were used. First, a vector with a ß-galactosidase 
reporter gene insert (Ad.CMV.ß-gal) was used to determine if infection of 
cells of Corti’s organ was possible. Then the second vector containing a 
human GDNF gene (Ad.CMV.huGDNF) was applied. A piece of gelfoam 
(~2mm3) soaked with adenoviral vector (107 pfu) was inserted into the round 
window niche to allow vectors infusion into the inner ear through the round 
window membrane. At the end of the experiment (3 weeks), the animals were 
sacrificed and the cochlea was dissected for X-gal histochemical staining and 
anti-GDNF immunohistochemical staining. Our data demonstrate successful 
huGDNF and β-gal gene transfer into multiple types of cochlear cells, 
including hair cells, following administration of adenoviral vectors through the 
round window membrane. A relatively efficient transduction and transgene 
expression persisted in the organ of Corti of the cochlea of adult guinea pigs 
for at least three weeks. This study provides important “proof of concept” 
evidence that virally delivered neurotrophic factors may be a viable approach 
for the treatment of hearing loss due to hair cell damage.

356.16

MONOCLONAL ANTIBODIES AGAINST SUPPORTING CELL OF RAT INNER 
EAR. J .Carnahan1*, J. B. Yang1, S. Ou2, E. Magal1 and R. Gu1 1Dept. of 
Neuroscience, Amgen Center. Thousand Oaks, CA 91320. 2Dept. of Neuroscience, 
California Institute of Technology, Pasadena CA 91125.

Lack of specific sensory epithelium cell marker add to the challenge of research in 
hair cell regeneration in mammalian inner ear. Monoclonal antibodies (mAbs) against 
hair cell have been reported recently (Corwin, et al. 1997, Holley, et al. 1997). Here 
we describe four mAbs raised using adult rat utricular epithelia as antigenic preparation 
that specifically label supporting cell of rat inner ear vestibular organs. Sensory 
epithelia were isolated from utricle by thermolysin method. Seventy pieces of 
epithelia were homogenized by ultrasound, emulsified with Freund’s adjuvant and 
injected i.p. in BAlb/c mice on Day 0, Day 29 and 3 days before fusion on day 56. 
Fusion time was determined following antiserum titration by dot blot. Mouse 
splenocytes were harvested, and fused with HL-1 myeloma cells. Mabs were screened 
by immunostaining on 10 micron frozen sections of rat utricle. Over 30 hybridomas 
were chosen for selectively staining the sensory epithelium. Double staining with the 
hair cell marker-calretinin and the mAbs was used on both cultured utricular 
epithelium and frozen sections of rat utricle resulted in selecting four mAbs (SC 1-4). 
All of them specifically stained supporting cell but with different patterns. SC-1 
stained brightly the top portion of supporting cell , gradually decreasing around the 
nuclei. SC-2 stained the top portion of supporting cell only. SC-3 and SC-4 both 
showed developmental differences in their staining pattern. SC-3 immunoreactivity 
was concentrated on the lower cytoplasm portion of the supporting cells in neonatal 
utricle and migrated to the upper portion in adult one. Most of SC-4 
immunoreactivity was found in the underlying connective tissue of the young utricle. 
However, SC-4 immunostained only the supporting cell apex of the adult utricle. We 
are presently completing the developmental pattern of expression for these mAbs.

Sponsored by Amgen Inc.

AUDITORY PHYSIOLOGY: CORTEX AND PLASTICITY

357.1

OPTICAL RESPONSES TO VARIOUS NARROW-BAND SOUND STIMULI IN 
FERRET AUDITORY CORTEX. H. Versnel and D. R. Moore*. University 
Laboratory of Physiology, Parks Road, Oxford, OX1 3PT, UK.

Optical imaging of intrinsic signals as introduced by Grinvald and Bonhoeffer 
(Nature 324: 361-364, 1986) has been extensively applied to obtain functional maps in 
visual cortex. Only recently has it been applied to the auditory cortex (Hess and 
Scheich, NeuroReport 7: 2643-2647, 1996) and, in particular, the tonotopic 
organization has been studied. The most common stimulus in these imaging studies is a 
train of tone pips. Sinusoidal frequency modulations (Versnel et al., Soc. Neurosci. 
Abs. 23:407.8, 1997), narrow-band noise bursts (Tian et al., ARO Abs. 21:140, 1998), 
and different repetition or modulation frequencies (MFs) have also been used. Since 
the optical signals in auditory cortex are relatively weak, the choice of stimulus is 
important. Here we compare optical responses to various types of narrow-band stimuli 
at different MFs in order to determine an optimal narrow-band stimulus.

Adult ferrets were anaesthetized with pentobarbitone sodium. The ectosylvian 
gyrus containing the primary auditory cortex (A1) was illuminated with 546-nm light. 
The Imager 2001 (Optical Imaging, Inc.) was used to record images. Three types of 
stimuli were monaurally presented to the contralateral ear: tonepip trains, sinusoidal 
frequency modulated (SFM) tones (modulation amplitude: 10%) and sinusoidal 
amplitude modulated (SAM) tones (modulation amplitude: 90%). MFs were varied 
from 1 to 16 Hz. All stimuli had a duration of 2 s, carrier frequencies were 1-16 kHz 
and sound pressure levels (SPL) were 40-80 dB.

We found that all types of stimuli produced activity patches of similar size and 
location. Optimal MFs were 2-4 Hz. Averaged across stimulus conditions and animals, 
tone trains evoked slightly larger reflectance amplitudes than SFM stimuli, and SAM 
stimuli produced the weakest responses for each carrier frequency and SPL. We 
conclude that narrow-band stimuli of choice for optical imaging of A1 are tonepip trains 
at rates of 2-4 Hz.
Supported by the MRC and Oxford McDonnell-Pew Centre.

357.2

THE EFFECT OF SOUND STIMULUS INTENSITY ON THE DYNAMICS OF 
OPTICAL IMAGING OF INTRINSIC SIGNALS IN THE AUDITORY CORTEX 
N. Harel2*, R.V. Harrison1,2, N. Mori1, S. Sawada1, R.J. Mount1. 1Auditory Science 
Laboratory, Dept. o f Otolaryngology, Hospital for Sick Children, Toronto, Canada 
M5G 1X8 and 2Dept. o f Physiology, University o f Toronto.

Optical imaging of intrinsic signals is becoming a useful tool to study the 
functional organization of sensory systems at the level of the cortex. We have 
recently reported determinations of a tonotopic (cochleotopic) map from the primary 
auditory cortex by applying this technique (Harrison RV, et al., 1998, Audiol 
Neurootol 3:214-223).

In order to better understand the sources of these intrinsic signals, we have looked 
at their dynamics, in relation to the level of sound stimulus intensity. In the 
anesthetized chinchilla, intrinsic signals were recorded from the primary auditory 
cortex using optical imaging. Pure tone stimuli (frequencies 0.5-16 kHz, 4s 
duration), were presented, at various levels of intensity between 0-100 dB SPL, to 
the contralateral ear via a closed sound system. Data were collected and analyzed 
using IMAGER 2001 and TVmix software (Optical Imaging Inc ).

Over a period of 7.5 sec. from the start of sound presentation the intrinsic signal 
(as indicated by absorption of 540 nm light) was monitored in an array of 10 × 10 
pixels from the same cortical location. In our preliminary results, we find that 
intrinsic signals evoked by higher levels of stimulus intensity (c. 80-100 dB SPL), 
usually develop earlier than those from low levels and start to decay back towards 
base-line earlier, and at a faster rate than those evoked by lower levels of sound (c. 
40 dB SPL). It appears that the number of cortical neurons that are being activated, 
within a specific time period, determines the dynamics of the intrinsic signal. We 
intend to explore this more systematically.

Supported by MRC (Canada) and the Masonic Foundation of Ontario.
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357.3

OPTICAL IMAGING OF FUNCTIONAL MAPS IN CAT AUDITORY CORTEX. 
B. Tian* , D.-S. Kim, and J.P. Rauschecker, Georgetown Institute for Cognitive and 
Computational Sciences, Georgetown University Medical Center, Washington, DC 
20007.

In the visual cortex, various features of cortical functional organization have been 
visualized successfully by optical imaging of intrinsic signals. In the auditory system, 
with the use of pure-tone (PT) stimuli, optical imaging has revealed a gross activity 
pattern corresponding to the tonotopic organization of primary auditory cortex (A1). In 
the present study, we began to investigate the microstructure of functional maps for 
various features in A1 and other auditory cortical areas using complex stimuli.

In addition to PTs.between 2 and 24 kHz spaced at various logarithmic steps, band- 
passed noise (BPN) bursts and frequency-modulated (FM) sweeps centered at the same 
frequencies were used. Intrinsic optical signals were imaged with an optical recording 
system (Imager 2001, Optical Imaging) at a wavelength of 540 nm. To visualize 
tonotopic organization, images of single frequencies were divided by the images 
without stimulus (“blanks”), and the first frame was subtracted from the rest of the 
images. The images were combined to generate a frequency map in a procedure similar 
to the one used to generate an orientation map in visual cortex. In the frequency map, 
single frequencies were presented in bands, with the highest frequency in the middle 
and decreasing frequencies on both the anterior and posterior sides, indicating the 
known frequency reversal at the border of A 1 and the anterior auditory field (AAF). 
The isofrequency bands ran roughly dorsoventrally in Al, but turned into a more 
rostro-caudal angle in AAF. The width of each octave was about 1 -1 .5  mm in A 1, 
but narrower in AAF. A clear border in functional activation was also visible between 
A1 and the ventrally located A2. In addition to center frequency, we systematically 
varied BPN bandwidth and FM sweeping range. Signal strength was clearly dependent 
on the FM rate. Overall, BPN and FM stimuli yielded better activation than PT and, 
hence, a better segregation of maps. The tonotopic organization, preference to BPN 
bandwidth, and preference to FM rate and direction were confirmed with single-unit 
recording. In conclusion, various functional domains in the auditory cortex, consisting 
of quasi-independent mosaics, can be revealed by optical imaging of intrinsic signal.

Supported by NIDCD grant R01-DC-03489 to JPR and DOD grant DAMD17-93- 
V-3018.

357.5

TOPOGRAPHY OF AUDITORY EVOKED POTENTIAL COMPONENTS IN 
GERBIL PRIMARY AUDITORY CORTEX (AI).

F.W. Ohll, 2*, H. Scheich2, W.J. Freeman1.
1 University o f California, Dept. Molecular & Cell Biology, Berkeley CA 94720, USA. 
2Leibniz-Inst. for Neurobiology (IfN), D-39118 Magdeburg, Germany.

Recent investigation of the surface topography of auditory click-evoked potentials 
(AEPs) in rat auditory cortex revealed a gradual falloff in amplitude of the four major 
AEP components (P1, N1, P2, N2) with distance from the epicenter (Barth and Di, 
1990). Owens et al. (1995) showed a topography of pure tone evoked AEP peaks in 
ferret cortex. We investigated to what degree pure tone evoked AEP components P 1, 
N1, P2, N2, P3, N3 are tonotopically organized in gerbil auditory cortex.

Ten Mongolian gerbils were implanted with linear 16 electrode arrays (spacing 
300µm) or rectangular 3x6 arrays (spacing 600µm) over the right auditory cortex 
usually covering auditory fields AI and AAF. Unanaesthetized animals were 
stimulated with pure tones (5ms rise/fall times, 250ms duration, 75 dB SPL free- 
field). Averaged (n=100) AEPs were recorded and components were isolated by 
windowing and principal component analysis. Topography of normalized root mean 
square amplitudes was studied for individual AEP components. While P1/N1 showed 
a clear topography, tonotopic information of later components gradually decayed. 
Loglinear regression allowed the determination of spectro-spatial gradients for P1/N1 
complex to 3.3 oct/mm (AI) and 4.2 oct/mm (AAF) with gradients mirror-imaged 
across the field border. These results are in agreement with multi unit mapping and 
deoxyglucose imaging data (Scheich et al. 1993) and support the hypothesis of the 
primary cortical origin of the P1/N1 complex.
Barth DS, Di S  (1990) J  Neurophysiol 64: 1527-1536.
Ovens AL et al (1995) J  Neurosci Methods 58: 209-220.
Scheich H  et al (1993) Europ J  Neurosci 5: 898-914.
Supported by Deutsche Forschungsgemeinschaft (DFG).

357.7

PHYSIOLOGY OF THE AUDITORY "OFF" RESPONSE. M.
Jayachandra*, R.W. Lindsley, C.E. Schroeder & D.C. Javitt Program in Cognitive Neuroscience 
and Schizophrenia, N athan  Kline Institute, 140 O ld  Orangeburg Rd., Orangeburg, N Y  10962.

Long duration tones (>500ms) evoke both “ON” and “OFF” responses in 
human auditory event related potential recordings. We studied the physiologic properties 
of OFF responses in awake macaques by sampling laminar activity profiles in acute 
penetrations through auditory cortex with linear array multielectrodes. Local patterns of 
postsynaptic potentials and action potentials were indexed by current source density 
(CSD) and multiunit activity analyses, respectively. Best frequency at each recording site 
was defined using binaural tones (70dB;100ms with 5ms on/off ramps), ranging from 0.5- 
30kHz. Most recording sites that responded robustly to clicks displayed clear OFF 
responses. OFF responses consisted of either net excitation (OFF-E) or net inhibition 
(OFF-I). The sign of the OFF response was not obviously related to the sign of the 
preceding ON response. Often OFF-E and OFF-I could be elicited from the same 
recording site by different frequency stimuli, but in neither case were their best 
frequencies necessarily related to that of the corresponding ON response. Decreasing the 
inter-stimulus interval from 9s to 150 ms reduced the ON but not the OFF response. 
More limited manipulations of stimulus duration (50-250 ms) revealed no clear 
interdependence of ON and OFF responses. These findings suggest that, 1) in the 
auditory cortex ON and OFF responses are dissociable, and 2) that specific processes in 
cortical ensembles respond in distinctive ways to different aspects of the same stimulus. 
(Supported by MH 55620 & McDonnel-Pew Grants)

357.4

COMPARISON OF INTRINSIC OPTICAL AND ELECTROPHYSIOLOGICAL SIGNALS IN 
CAT AUDITORY CORTEX. M.W. Spitzer and J.C. Clarey*. VTHRC, Univ. of 
Queensland, St. Lucia, Queensland 4072, Australia.

Optical imaging of intrinsic signals has proven useful as a tool for mapping the 
functional organization of numerous cortical areas. In order to apply this technique to 
study the physiological organization of auditory cortex it will first be necessary to 
establish the relation between stimulus-evoked optical and electrophysiological 
signals. Toward this end, the present study compared the spatial distribution of 
optical signals and multiunit spike responses in primary auditory cortex (A1) of cats 
anesthetized with sodium pentothal or ketamine. Acoustic stimuli, consisting of 4 
second trains of tone pips, were presented in the free field. The surface of A1 was 
illuminated with either red (690nm) or green (540nm) light. Video images of A1
were captured during a 12 second data acquisition period starting 1 second prior to 
stimulus onset, and were stored as sequences of 500 ms data frames (Imager 2001, 
Optical Imaging Inc.). Evoked optical signals were visualized by dividing frames 
recorded after stimulus onset by the frame immediately preceding stimulus onset. 
Electrophysiological maps were obtained by recording multiunit responses to the 
same acoustic stimuli at several sites on the imaged cortex using standard extracellular 
methods. Evoked optical signals recorded under both types of illumination rose from 
baseline to peak levels from 0.5 to 4 seconds after stimulus onset and often persisted 
for several seconds after stimulus offset. Strong evoked signals were readily obtained 
under either anesthetic using red light. The spatial distribution of evoked optical 
signals obtained with red light was much broader than that of the corresponding 
multiunit response. In some ketamine anesthetized cats focal images were obtained 
using green light. In these cases there was overall agreement between optical and 
electrophysiological signals in terms of the area of cortex that was stimulated, but 
there were often differences in the fine structure of physiological maps obtained with 
the two methods. These data suggest that further technical refinements will be 
necessary before optical imaging can be used as a substitute for electrophysiological 
mapping in cat A1. Supported by NHMRC Project Grant 97/NHMRCO 042G.

357.6

A n INITIAL STUDY OF THE BENEFICIAL EFFECT OF SPATIAL SEPARATION OF 
SIGNAL AND NOISE ON MASKING IN THE FREE HELD IN THE AGED MOUSE, IN 
COMPARISON TO THAT IN THE AGED HUMAN LISTENER. J. R. Ison*, P. 
A graw al, & D. R. Frisina. Brain & Cognitive Sciences, Univ. of 
Rochester, and Rochester Inst. of Technology, Rochester NY 14627.

This study is part of a research program intended to characterize 
presbycusis in human listeners and in animals, and to determine its 
neural bases. Here we measure the inhibitory effect of masked low and 
high frequency prepulses (4 kHz vs 25 kHz) on the acoustic startle 
reflex in aged hybrid mice (from a CBA X C57BL cross, 22 mo. of age, 
compared to 4 - 6 mo.), with exceptional maintenance of hearing up to 
about 2 years of age. Signals and maskers were presented from one or 
two sources, 180-degrees apart. The purpose was to determine if the 
relief from masking for spatial separation seen in the free field in aged 
but “normal hearing” human listeners by us (Frisina and Frisina, 1997, 
Neurosci. Abstr., 23: 804.13) and others (e.g., Gelfand et al., 1988, 
JASA, 83:248) could be demonstrated in aged mice. Separating signal 
and masker improved performance about equally in young and old mice 
but only for high frequency stimuli, consistent with the hypothesis that 
auditory space is coded by interaural level differences in mice. For aged 
mice in free field conditions (and perhaps for aged humans as well) 
interaural differences in S/N ratio for higher frequencies and the ability 
to “select” the better ear could account for the substantial behavioral 
benefits afforded by spatial separation. The added importance of 
interaural time differences for young humans cannot be excluded, 
however, and a temporal deficit may account for the small but reliable 
decrement in the benefit of spatially separating signal and noise that we 
saw in aged humans.
Supported by NIH Grants AG09524 and EY01319, and by RICHSR.

357.8

TONOTOPIC REORGANIZATION OF CAT PRIMARY AUDITORY CORTEX 
(AI) AFTER ACUTE LESIONS OF RESTRICTED SECTORS OF THE SPIRAL 
GANGLION. Russell L. Snyder1 and Donal Sinex*2. 1Dept. of Otolaryngology, 
University, of California, San Francisco, CA 94143-0526; 2Dept. of Speech and 
Hearing Science, Arizona State University, Tempe, AZ 85287-1908.

Recently several studies have examined auditory cortical reorganization 
following spatially restricted, chronic lesions of the organ of Corti in various 
species. These studies have universally reported expansions of the representation 
of lesion edge frequencies into the cortical representations of the lesioned 
frequencies. This study examines the tonotopic organization of primary auditory 
cortex (AI) in cats before and immediately following acute lesions of restricted 
sectors of the spiral ganglion. Such lesions leave the basilar membrane/organ of 
Corti intact but produce highly restricted 'notch’ threshold elevations in CAP 
audiograms and dramatic expansions of cortical representations of lesion edge 
frequencies without an overall elevation in threshold. Cortical locations having 
pre-lesion CFs within the range of the lesion frequencies have post-lesion CFs 
tuned to the edge frequency with thresholds and Q10s that are comparable to those 
seen at pre-lesion edge frequency locations. Moreover, responses recorded within 
the expanded cortical locations following stimulation of the intact ipsilateral 
cochlea produce FTCs with CFs at the original intact frequency. Thus neurons at 
a single cortical location can be tuned to one frequency when activated by 
stimulation of the contralateral, lesioned ear; tuned to another frequency when 
activated by stimulation of the ipsilateral, intact ear, and tuned to two frequencies 
when activated by binaurally. These results suggest that at least some cortical 
reorganization occurs within minutes to hours of the peripheral lesion. Supported 
by UCSF REAC Clough Fund
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357.9

EFFECTS OF CHRONIC ELECTRICAL STIMULATION OF THE COCHLEA 
ON THE COCHLEOTOPIC ORGANIZATION OF CAT PRIMARY AUDITORY 
CORTEX. H.R. Dinse1,  G. Reuter2, B. Godde1, S.M. Cords2, T. Hilger2, M. 
Fischer2, T. Lenarz2 (SPON: European Brain and Behaviour Society) 1Institut für 
Neuroinformatik, Theoretische Biologie, Ruhr-Universität, D-44780 Bochum, 
Germany, 2Experimentelle HNO, Medizinische Hochschule, D-30625 Hannover, 
Germany

We used optical imaging of intrinsic signals to measure functional organization of 
the cat primary auditory cortex. Using this method we have shown that the electrical 
stimulation in fact produces a profound cochleotopic selectivity in acutely deafened 
cats comparable to results in normal hearing cats after acoustic stimulation (Dinse et 
al., Eur J Neurosci, 1997, 9:113-119). To investigate the consequences of chronic 
electrical stimulation on the cortical topography in cats deafened as neonates or as 
adults, newborn or one-year-old cats were deafened by neomycin application and 
monolaterally implanted with multichannel electrodes 12 weeks after their hearing 
loss. They were then electrically stimulated for several months using the CIS- 
strategy. After this period of chronic stimulation the topography in AI was 
compared to unstimulated deafened controls or acutely deafened cats.

For optical imaging we used a Lightstar II imaging and acquisition system 
(LaVision, Göttingen) with a 2 MHz A/D converter and a Peltier-cooled, slow-scan 
digital CCD camera. Cortex was illuminated with a 578 nm lightsource. To obtain 
single condition maps we subtracted a non-stimulus from a stimulus condition.

The tonotopic gradient in the primary auditory cortex was generally preserved in 
neonatally as well as adult deafened cats. In the chronically stimulated animals the 
activated areas in AI were broader, mostly overlapping and showed less variability 
than in the unstimulated controls.

The results confirm the hypotheses that input-dependent cortical reorganization 
might be closely related to relearning of normal acoustic signal processing in 
deafened patients.

Supported by DFG SFB 509 and BMFT

357.11

PLASTICITY OF MIDBRAIN AUDITORY FREQUENCY MAP MEDIATED 
BY THE CORTICOFUGAL SYSTEM IN BAT E. Gao and N. Suga* 
Department of Biology, Washington University, St. Louis, MO 63130

The cochleotopic maps in the central auditory system can be modified by 
auditory deprivation, injury and experience in young and adult animals. Such 
plasticity has been explained by changes in divergent and convergent projections in 
the ascending auditory system. However, recent studies indicate that the 
corticofugal system can modify the cochleotopic map and others in the inferior 
colliculus (IC) of adult bats (Yan & Suga, 1996; Zhang, Suga & Yan, 1997; Yan 
& Suga, 1998). Our current study indicates that the corticofugal system modulates 
the frequency map of the IC according to attention and/or auditory experience. In 
the IC of the big brown bat, Eptesicus fuscus, we measured the frequency-response 
curves of single or multiple neurons before and after a delivery of 60 trains of 10 
ms-long, 50 dB SPL tone bursts (tone burst rate: 50/s; train duration: 600 ms) to 
the bat within 30 min, and we found a small (<0.5 kHz) and short lasting (<15 
min) downward shift in the frequency-response curves toward the frequency of the 
tone bursts. When a 50 ms-long, 5-17 V electrical shock was delivered to the 
thigh of the bat at the end of each train of tone bursts, the downward shift in 
frequency-response curves toward the frequency of the tone bursts became larger 
(~1.2 kHz) and lasted longer (~150 min). However, the acoustic stimulus and 
electrical shock during bilateral cortical inactivation with muscimol evoked no 
shift in frequency-response curves. On the other hand, bilateral cortical inactivation 
with muscimol immediately after the shift in the curves had no effect on the 
amount and duration of the shift. These results indicate that the corticofugal system 
can modulate the frequency map in the IC according to the attention and/or auditory 
experience of the animal, and that the IC has plasticity to maintain the changes 
evoked by the corticofugal system. (Supported by NIDCD DC 00175)

357.13

CONTRIBUTION OF TH E PERIPHERAL SEGM ENT OF THE 
A UDITORY NERVE TO W AVE I OF THE BAEP 
S.K. Rosahl*, M. Tatagiba, A. Gharabaghi, C. Matthies, M. Samii.
Dept. Neurosurgery, Nofdstadt Hospital and Hannover Medical School, Hannover, 
Germany

Many studies have employed wave I of the brainstem auditory evoked potential 
(BAEP) as an indicator for integrity, maturation, and regeneration of the auditory 
nerve. However, it has never been clarified which portion of the nerve is responsible 
for the generation of wave I.

We have developed a rat model for the study of functional regeneration of the 
auditory nerve with two essentially new features: (1) access to the intracranial 
segment of the nerve without damage to any auditory or brainstem structure, and (2) 
strictly unilateral auditory stimulation using tubal insertion earphones, contralateral 
white noise, and mastoid - vertex BAEP recording.

Following transection of the intracisternal portion of the eighth nerve medial to 
the inner ear canal, wave I persisted in 9 out of 10 cases. While cochlear 
microphonics were diminished, mean amplitude of wave I increased by 1.84 µV or 
80% (T=5.39, p<.001) immediately following complete nerve sectioning and 
returned to baseline values 30 min thereafter with its mean latency still being 
prolonged. Only destruction of the nerve within the inner ear canal abolished all 
BAEP components to 90 dB SPL click stimulation with alternating polarity.

It is concluded that wave I of the BAEP is primarily generated by the 
intracanalicular portion of the auditory nerve. It is not a suitable indicator of the 
integrity of the whole nerve from the spiral ganglion to the brainstem. In studies of 
maturation and regeneration it must be clear that by measuring amplitude and latency 
of the first BAEP wave only the function of the peripheral, partly myelinated 
segment of the nerve may be evaluated.

supported by DFG grant # TA 225/1-1

357.10

PLASTICITY OF TEMPORAL INFORMATION PROCESSING IN 
PRIMARY AUDITORY CORTEX. M.P. Kilgard* and M.M. Merzenich. 
Keck Center, Univ. of California, SAN FRANCISCO, CA 94143.

Most cortical plasticity studies have focused on changes in the 
representation of simple spatial features. In this study, electrical stimulation of 
nucleus basalis (NB) paired with temporally modulated tonal acoustic stimuli 
was used to investigate the cortical plasticity of temporal response properties in 
primary auditory cortex neurons. Eighteen adult rats were chronically 
implanted with NB stimulating electrodes and received electrical stimulation of 
NB paired with tone pip trains (six tones at 5, 7.5, or 15 Hz) 300-500 times per 
day for -20 days. Temporal modulation transfer functions (tMTF’s) of primary 
auditory cortex neurons were derived using microelectrode recordings at 50-90 
sites from each animal in an acute mapping study conducted under barbiturate 
anesthesia.

The maximum following rate of cortical neurons was dramatically altered if 
the spatial component of the stimulus was randomized, while much more 
modest changes were recorded if the carrier was held constant. The following 
rates of primary auditory cortex neurons were substantially increased or 
decreased by pairing trains of tones with relatively fast (e.g., 15Hz) or relatively 
slow (e.g., 5Hz) repetition rates, respectively. These results 1) provide further 
evidence that the cortex is capable of large-scale alterations of temporal 
response properties; 2) demonstrate temporal plasticity that is specific to the 
features of stimuli paired with NB activation; and 3) show that cortical 
plasticity of temporal and spectral feature representations are not independent.

Supported by NIH grant NS-10414, HRI, and NSF predoctoral fellowship.

357.12

PLASTICITY OF FREQUENCY MAP IN THE AUDITORY CORTEX OF 
THE BIG BROWN BAT. S.A. Chowdhury * and N. Suga. Department of 
Biology, Washington University, St. Louis, MO 63130.

Reorganization of the cortical map has been observed in the auditory, 
somatosensory, visual and motor systems of the adult animals. Recent studies 
on the auditory system of the mustached bat (Yan & Suga, 1996; Zhang, Suga 
& Yan, 1997) and the big brown bat (Yan & Suga, 1998) indicate that a focal 
stimulation of the auditory cortex (AC) changes the functional maps in the 
subcortical auditory nuclei through the corticofugal system. The change in the 
collicular frequency map evoked by the cortical stimulation is symmetrical 
around the frequency, which corresponds to the best frequency (BF) of electrically 
stimulated cortical neurons, in the mustached bat, but it is asymmetrical in the 
big brown bat (Yan & Suga, 1998; Gao & Suga, 1998). The aim of the present 
experiment with the big brown bat was to study changes in the frequency map in 
the AC. The acoustic stimulus delivered was a 20 ms-long tone burst set at the 
BF of the neurons electrically stimulated, and the cortical electrical stimulus 
delivered was a train of four 0.2 ms-long, 100 nA electrical pulses with a 2.0 ms 
interval. These acoustic and electrical stimuli were paired and were delivered at a 
rate of 10/s for 30 min. The frequency-response areas of single and multiple 
neurons were recorded from the AC before and after these acoustic-electrical 
stimuli. The low-to-high frequency axis of the big brown bat is along the caudo- 
rostral axis of the brain, as in the AC of many other mammals. We found that 
the BFs of neurons located rostrally to those of stimulated neurons shifted 
downward toward the BF of the electrically stimulated neurons, while those 
located caudally did not shift. Therefore, the shift in the cortical frequency map is 
asymmetrical, as in the inferior colliculus (IC). The shift in the AC was larger 
than that in the IC. (Supported by IBRO fellowship grant and NIDCD DC 
00175).

357.14
DEVELOPMENT OF SPATIAL VARIATIONS IN RESPONSE PROPERTIES IN A l . 
B.H.Bonham* and C .E .Schreiner. Dept. of Otolaryngology & WM Keck 
Center for Integrative Neuroscience, Univ. of California, San 
Francisco, CA 94143-0732.

The development of response parameters and their spatial 
variation in the primary auditory cortex (A1) of the cat was 
studied using standard extracellular recording techniques.
Stimuli presented were 50 ms pure tone bursts covering a range of 
frequencies and intensities sufficient to delineate standard 
frequency response areas. Extracellular electrodes recorded 
responses of multi-neuron units in A 1 to these stimuli. Animals 
studied ranged in age from postnatal day 14 (P14) to p100. The 
spatial variation as a function of age of several parameters was 
examined; parameters included binaural preference, 
characteristic frequency (CF), sharpness of tuning (Q), response 
latency, and rate-level function at CF.

Parameters describing the population of responses of cortical 
units changes during the three months following birth. Using the 
the anterior (AES) and posterior ectosylvan (PES) and suprasylvan 
sulci (SSS) as references, the spatial variation of these 
responses was observed to change during this period as well.

The first responses seen in A1 (P14) had CFs in the mid-
frequency range (2 to 10 kHz) and occupied a somewhat larger 
proportion of the cortical area delineated by the AES and PES 
than that in adult animals. Latency to tone bursts near CF was 
significantly longer in young animals than in adults, and the 
longer latency in young animals was consistent throughout the 
responsive area of Al. The variation in sharpness of tuning (Q) 
among the population of recorded units was found to be similar in 
young animals to that in adults, and as in adults, a region of 
sharper tuning was observed approximately midway between the 
medial and lateral extents of Al.

This work is supported by NIDCD #1F32DC00265-01.
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357.15

CALBINDIN D-28k IMMUNOREACTIVITY IN THE CENTRAL 
AUDITORY SYSTEM OF NORMAL AND NOISE EXPOSED RATS.
J. Syka1 and R. Druga2. (SPON: European Neuroscience Association) 
1Institute of Experimental Medicine, Academy o f Sciences, 2Dept. of 
Functional Anatomy, 2nd Medical Faculty, Charles University; Prague, Czech 
Republic.

Calcium binding protein calbindin D-28k (CB) plays an important role in the 
processing o f information in the central auditory system. The aim o f this study 
is to contribute to the analysis o f the distribution pattern o f CB-positive 
neurons in the auditory pathway o f normal rat and rats exposed to noise (third- 
octave band noise at 16 kHz, 105 dB SPL for one hour). Neurons expressing 
CB are found in non-exposed rats in all nuclei o f the auditory pathway. Within 
the dorsal cochlear nucleus CB-positive neurons prevail in the superficial 
layers; in the ventral cochlear nucleus an intense CB-immunoreactivity is 
present in the octopus cells. In addition a strong immunoreactivity is apparent 
in the neurons o f the cochlear root nucleus. In the superior olivary complex 
CB-positive neurons are located in the medial nucleus o f the trapezoid body, 
in the medial limb o f the lateral superior olivary nucleus and in the ventral 
nucleus of the trapezoid body. Within the nuclei o f the lateral lemniscus CB- 
positive neurons prevail in the dorsal nucleus; in the inferior colliculus 
predominantly in its dorsal and external cortices. In the medial geniculate 
body (MGB) CB-positive neurons are present mainly in the dorsal nucleus and 
in the medial division o f the MGB. In the auditory cortex, primary area Te 1 
contains a higher density o f positive neurons and neuropil in layers 2 and 3 in 
contrast to the associative auditory areas Te 2 and Te 3. In all auditory cortical 
areas heavily labeled neurons are found in the infragranular layers. The 
distribution of CB-positive neurons in control non-exposed rats will be 
compared with the distribution in rats with different survival times after noise 
exposure.

Supported by grant 309/97/0830 o f the Grant Agency o f the Czech Republic.

357.17

DAILY VARIATION OF FREQUENCY RESPONSE AREAS TO PASSIVE 
STIMULATION IN AUDITORY CORTEX OF AWAKE CAT AND GUINEA 
PIG USING CHRONIC, MULTICHANNEL RECORDING MICROWIRES.
R S. Witte*, R. L. Rennaker, R. Clement, P. J. Rousche, J. C. Williams, D. R. Kipke. 
Bioengineering Program, ASU, Tempe, AZ, 85287 USA

Cortical reorganization has been shown to occur in an animal performing a 
frequency discrimination task. The reorganization is usually documented by 
comparing end-point frequency response areas (FRAs). We examine the continual 
effects of passive listening to tones on cortical reorganization for several weeks. 
FRAs were obtained for 1 cat and 6 guinea pigs implanted with a rectangular array of 
blunt-tip tungsten microwires in auditory cortex. The electrode system (typically, 3 
rows of 11 wires each, polyimide insulated, 50-micron total diameter) allows for 
simultaneous multichannel recording, and, on a typical day, each array records 35 to 
50 single unit and multiunit clusters. Free-held pseudorandom tone pips (200 ms) are 
presented 4 to 6 times each day at 30 frequencies and 15 intensities. Other passive 
stimulation, such as frequency sweeps, noise bursts, and tone repetitions, are also 
used to monitor unit stability. FRA difference histograms are used to compute 
variation among FRAs.

Consecutive FRAs generally exhibit 80% overlap in their frequency response. For 
many units the response to tones sharpens near its best frequency after exposure to 
the FRA sequence and other passive stimulation. It is not uncommon for units to 
exhibit similar frequency responses after several weeks of recording. Significant 
differences in average FRA firing rate, and the transitory response of units with 
multipeaks is also observed. In several cases, a significant FRA is maintained despite a 
decrease in overall spike rate by 90% several weeks post-implant.

Supported by NIH-NIDCD (R29-DC03070-02) and NSF (BES-9624636)

357.19

VARIATION IN FUNCTIONAL CONNECTIVITY WITH PASSIVE 
STIMULATION IN AUDITORY CORTEX USING CHRONIC, 
MULTICHANNEL MICROELECTRODES IN AWAKE CAT AND GUINEA 
PIG. R. Clement*, R.S. Witte, P.J. Rousche, D.R. Kipke. Bioengineering Program, 
ASU, Tempe, AZ, 85287 USA

Studying the dynamics of functional connectivity among neural units in the 
cerebral cortex provides insight into cortical processing. Although functional 
connectivity in auditory cortex has been described, little is known about the variation 
of these connections over different intervals of time (minutes to months) to different 
passive stimuli. We explore functional connectivity by using chronic multichannel 
microelectrode arrays (typically 3×11, 50 µm polyimide insulated tungsten with 250- 
500 inter-electrode spacing) implanted in auditory cortex of cat and guinea pig. On 
a typical day, each animal yields 35-50 simultaneously recorded units. During each 
recording session, different free field stimuli are presented to the restrained, awake 
animal, such as tone pips, broadband and notched noise, and frequency modulated 
tones.

Functional connectivity among units is tracked for up to 6 weeks in 
individual animals. The spiketrains are analyzed using cross-correlograms and joint 
peristimulus time histograms (JPSTHs). Preliminary analyses of these data 
demonstrate variability in the types of connectivity observed among unit pairs. 
Ongoing work is targeted at quantifying these trends as a function of unit separation, 
stimuli, and recording duration. Alternative multiunit analyses are also being 
investigated.

Supported by NIH-NIDCD (R29-DC03070-02), NSF (BES-9624636), and 
Whitaker Foundation Graduate Fellowship.

357.16

TEMPORARY PSYCHOACOUSTICAL ‘LESIONS’ INDUCE RF 
CHANGES IN THE AUDITORY CORTEX OF THE AWAKE 
GUINEA PIG. D. R. Kipke*, P. J. Rousche, R. Witte, R. Clement. 
Bioengineering Program, ASU, Tempe, AZ, 85287
Receptive field (RF) reorganization of primary auditory cortex has been shown to 

occur in a number of species following a learned operant behavior or following a 
period of classical conditioning. These studies show that passive sound stimuli 
unrelated to a specific task do not induce RF reorganization. However, we now 
show that certain passive stimuli (sharply notched broad-band noise) can lead to RF 
changes as recorded by chronic multi-electrode arrays in guinea pig auditory cortex. 
Guinea pigs were implanted with custom-built arrays of 33 microwire electrodes (3 
rows of 11 electrodes each, inter-row spacing= 400um, inter-electrode spacing =200 
um, inserted to a depth of 750 um) across the auditory cortex. We simultaneously 
recorded up to 45 separable single units from each array. Complete frequency 
response areas (FRAs) describing the RFs were first assessed with pure tones from 
500-35000 kHz. Broad-band notched noise (notch center variable with width of 3 
KHz, 90 dB SPL shaped noise pips, 500msec duration, @ 1 Hz) was then presented 
continuously for 1 hour. New FRAs were then immediately re-obtained following 
noise presentation. All stimuli were delivered free-field to unanaesthetized and 
awake but restrained animals

Comparison of the pre-noise and post-noise FRAs showed several different types 
of RF responses. In 3 separate recording experiments, roughly 15 of 29 examined 
electrodes (50%) showed no change in RF. 8 (25%) showed elevated thresholds for 
their preferred frequencies. 3 electrodes (10%) with RFs similar to the notch had 
expanded FRAs, suggesting that certain passive stimuli can lead to RF changes in 
the awake animal. No electrodes with RFs outside the notch showed RF changes.

Supported by NIH-NIDCD (R29-DC03070-02) and NSF (BES-9624636)

357.18

TIME-VARYING CHANGES IN COMPLEX TISSUE IMPEDANCE 
IMMEDIATELY FOLLOWING LOCAL INSULT WITH ARRAYS OF 
CHRONIC MICROELECTRODES IN AUDITORY CORTEX.
J.C. Williams*,  R .L. Rennaker, D.S. Pellinen, D.R. Kipke. Bioengineering 
Program, ASU, Tempe, AZ, 85287 USA

The electrical impedance of chronically implanted microelectrodes is known to 
vary on a day-to-day basis, and can have significant effects on electrode 
performance. What is not known, however, is how electrode impedance varies on 
a minute-to-minute basis immediately post-implant. It is hypothesized that local 
tissue wound healing phases immediately following electrode insertion can lead 
to systematic, time-varying changes in complex electrode impedance. Significant 
changes in complex impedance during this time frame may be useful in 
evaluating the electrode/tissue interface.

An automated impedance spectroscopy system has been developed to record 
frequency dependent complex impedance on a minute-to-minute basis, in a 32- 
channel electrode array, immediately following tissue contact during implant 
insertion. The local in vivo tissue impedance is estimated using an implant/tissue 
interface model. Guinea pigs and cats were implanted with various types of 
chronic microelectrode arrays. Complex impedance spectroscopy was performed 
at regular time intervals immediately following implant surgery.

Impedance changes on a single electrode in an array exhibit resistive and 
reactive components that are time variant and largely uncorrelated. A local, 
frequency dependent response is observed during the four hours immediately 
following electrode insertion. In the same implant, impedance responses on 
adjacent microelectrodes were dissimilar, suggesting a localized tissue response.

Supported by NIH-NIDCD (R29-DC03070-02) and NSF (BES-9624636)
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358.1

TEMPORAL FEATURES PROVIDE CUES TO THE SOURCE OF A 
TURBULENT ODOR PLUME THAT AND EFFICIENT CHEMOTAXIS: 
RESULTS FROM SIMULATION STUDIES.
F. Grasso1*, M. Mahaffy 2, C. Reilly3 and Jelle Atema1
1Boston University Marine Program, MBL, Woods Hole, MA 02543; 2Dept. of
Biology Penn State; 3Dept of Biology, Stanford University.

The use of chemical cues to locate an odor source within an environment 
dominated by turbulent flow is more complicated than traveling up a 
concentration gradient. Physical measurements of chemical concentration 
fluctuations within chemical plumes (both air and water plumes) show that 
concentration is not constant at any given location in space and is broken up into 
a series of discrete pulses in time. In studies of plume dispersal physics (in 
seawater, sampling rate 10 Hz) we have identified several pulse parameters that 
could be used to locate a source within an odor plum. We hypothesized that the 
use of one of these, pulse slope, (∆concentration / ∆time) would decrease the total 
amount of time a hypothetical animal would require to reach an odor source. 
Simulation results in which a simulated lobster navigated a 2 dimensional spatial 
environment constructed using recordings made within this statistically 
characterized and physically reproducible plume indicate that individual peak 
parameters on average lead to source localization an order of magnitude faster 
than concentration gradient tracking. Since these peak parameters occur on a 
temporal scale (0.5-2 sec) that is known to be compatible with encoding by 
peripheral and central neurons, these results indicate the potential significance of 
temporal features the olfactory representation of the nervous system of the lobster 
and other odor tracking species.

This work supported by NSF award IBN 9631665 to JA.

358.3

T h e  e f f e c t  o f  t e s t o s t e r o n e  u p o n  o l f a c t o r y  d is c r im in a t io n

AND OLFACTORY BULB NORADRENERGIC ACTIVITY. Y. Shang* and 
D.E. Dluzen. Dept. of Anatomy, NEOUCOM, Rootstown, OH 44272.

Intact (n = 8), castrated (n = 8) and castrated + testosterone (n = 8) male rats 
were subjected to a two-serial two-minute exposure of urine odor from the same 
ovariectomized female (A-A) and a two-serial exposure o f urine odor from different 
ovanectomized females (A-B) with an inter-trial interval of 6 minutes. The time that 
rats spent investigating the odor was recorded. In intact males, a significant 
difference was found in the slopes of response curves between the A-A versus A-B 
urine exposure (t7 = 3.87, p = 0.006). No statistical differences were observed within 
the castrated (t7 = 1.50, p = 0.18) or castrated + testosterone groups (t7 = 0.98,  p  =
0.36). A direct comparison o f the response profiles among the three endocrine 
groups indicated that the response profile of intact males to A-A and A-B urine 
exposures were significantly different from the castrated males (p < 0.01). The 
response profile from the testosterone group was not statistically different from intact 
or castrated rats. Norepinephrine turnover was significantly different among the 3 
groups with the highest in intact males (40.2 ± 4.7), second highest in the castrated 
+ testosterone males (30.3 ± 1.7) and lowest in the castrated males (26.6 ± 2.3).

These results suggest that testosterone is critical for olfactory-oriented 
memory/recognition in male rats. The changes in the NE turnover among the 
different endocrine conditions may be one of the mechanisms responsible for the 
behavioral outcome. Funded by the Deutscher Akademischer Austauschdienst
(DAAD) Program to DED.

358.5

S IN G L E  U N IT  A C T IV IT Y  IN  R A T  O L F A C T O R Y  B U L B  IS 
M OD U LA TED  W ITH  BEH A VIO R AND LEARN IN G.
L.M . K ay * and G. L au ren t, B io logy  D iv ision  139-74, C alifo rn ia  
Institute o f Technology, Pasadena, CA 91125
M itral cells in the olfactory bulbs (OB) o f urethane-anesthetized rabbits 
have been show n to respond to specific  odors (J. N euro p h ys ., 70: 
2161-2175, 1993). H ere we exam ine m itral cell ac tiv ity  in aw ake, 
behaving rats. A nim als were im planted w ith 6 m oveable electrodes to 
record single unit activity and larger probes to record field potentials in 
the OB. The anim als w ere trained in a sim ple odor discrim ination task, 
adap ted  from  odor-cued  taste  avo idance. T his task  m im ics food 
sn iffing , a natu ral behav io r, but is adap ted  to  loca lize  the o do r 
identification period to a 0.5 - 1.0 second tim e w indow  separate from  
o ther parts o f the task. A fter fam iliariza tion  w ith the task  befo re 
im plantation, naive anim als learn o d o r-U S  associa tions very quickly 
(often in 1-5 trials). W e recorded OB neurons continuously  through 
sim ple associa tion , contingency changes, and ex tinc tion  o f  learned  
behavior. P aired  and unpaired  sta tis tic s show  tha t m any neurons 
exh ib it at least one o f several types o f  odor- or b eh av io r-re la ted  
responses. T hese inc lude  o d o r-sp ec ific  changes  in fir in g  rate , 
m odulation o f firing rate dependent on the rat's behavior, and changes 
in these responses with learning or stim ulus contingency change. W e 
com pare these firing patterns to  those seen in response to the sam e 
odors in anesthetized and aw ake restrained anim als. W e also exam ine 
the odor- and behavior-related changes in correlation  structure am ong 
several neurons recorded  sim u ltaneously  and betw een  ind iv idual 
neurons and the local fie ld  potential. F unded  by the C altech  S loan  
Center fo r  Theoretical N eurobiology and the NSF.

358.2
CRAYFISH OLFACTORY EVOKED POTENTIALS ELICITED BY COMPOUNDS 
RELEASED BY CONSPECIFICS. J. Hernández-Falcón*1, G. Delgado1 
M . Reséndiz1 and F. Ramón2. (l)Depto. Fisiología, and (2) 
Div. Est. Posg. e Inv., Fac. Medicina, UNAM. AP 70-250, 
México, 04510, D.F. MEXICO.
Crustacean agonistic behavior seems triggered by compounds 
detected by antennuli chemical receptors. Selectivity and 
sensitivity o f  these receptors has been studied using 
crayfish and lobster isolated preparations. In this work 
we used chronically implanted crayfish to record olfactory 
evoked multiunit brain electrical potentials in response 
to putative compounds released by crayfish. Compounds were 
obtained placing isolated and pairs of male/female crayfish 
in 1,300 ml bowls with clean water for about 30 min. 10 ml 
of this water were injected in one of a two compartment 
chamber with 1,300 ml unstirred water containing free 
chronically implanted crayfish with or without eyes covered. 
Brain electrical activity was recorded up to 1 hour after 
injection of test water. Vrms were calculated from 6 sec 
record segments. Results include: a)within 2-3 min after 
injection of test water there is an increase (20-30%) of 
electrical activity lasting about 10 min and comprised of 
small amplitude spikes; b)a second peak of similar activity 
that decreases to control values in about 30 min; 
c)responses are different in reversibly blinded crayfish. 
These results support the viewpoint that an important 
mechanism for crayfish conspecific detection are compounds 
liberated to surrounding water. However, vision seems also 
involved. Supported by DEPI-357.

358.4
INVOLVEMENT OF OLFACTORY BULB NOREPINEPHRINE AND 
OXYTOCIN IN SOCIAL DISCRIMINATION RECOGNITION 
RESPONSES. D. E. Dluzen1*, S. Muraoka2 and R. Landgraf2, . 1Dept. 
of Anatomy, NEOUCOM, Rootstown, OH 44272; 2Max Planck Institute 
of Psychiatry, Munich, Germany.

Bilateral infusion of oxytocin (OXT - 0.5 ng) into the olfactory bulbs 
(OB) of male rats extends their ability to display social discrimination 
recognition responses as revealed by demonstrating significantly greater 
amounts of investigation toward a Novel versus previously exposed 
(Same) stimulus juvenile rat. Specifically, adult rats infused with OXT (N 
= 7) show significantly greater amounts of investigation (in seconds) 
directed to Novel (50 ± 6) vs Same (32 ± 6) stimulus juvenile rats when 
tested with a 120 min inter-exposure interval. This preservation of social 
discrimination responses by OXT was abolished in OB-norepinephrine 
(NE) depleted rats (N = 11) as produced by 6-OHDA (Novel = 26 ± 4 vs 
Same = 29 ± 4) but not in serotonin depleted rats (N = 8) as produced by 
5,6-DHT (Novel = 52 ± 5 vs Same = 23 ± 3). Social recognition was 
maintained in rats co-infused with OXT and the β-adrenoceptor 
antagonist, timolol - 40 mM (Novel = 44 ± 8 vs Same = 20 ± 3; N = 12), 
but not in rats co-infused with OXT and the α-adrenoceptor antagonist, 
phentolamine -40 mM (Novel = 28 ± 5 vs Same = 28 ± 5; N = 10). These 
results suggest that the OXT-dependent preservation of social 
discrimination recognition responses involves the activation of the NE α- 
adrenoceptors within the OB. This work was supported by the Deutscher 
Akademischer Austauschdienst (DAAD) Program to DED.

358.6

pCREB IS INCREASED DURING CONDITIONED OLFACTORY 
LEARNING IN THE NEONATE RAT OLFACTORY BU LB. J.H. McLean*1,
A. Darby-King1 and C.W. Harley2. 1Basic Med. Sci.& 2Dept. of Psych., 
Mem. Univ. of NFLD, St. John’s, NF, Canada A1B 3V6.

Early olfactory preference learning in rat pups occurs when novel odors are 
paired with stroking. Stroking activates the noradrenergic locus coeruleus (LC) 
during this period and the beta adrenergic activator isoproterenol can replace 
stroking as the unconditioned stimulus (UCS) in odor preference learning. cAMP- 
triggered phosphorylation of CREB has been implicated as a mediator of learning 
and memory changes. In the adult rat increases in pCREB occur throughout the 
cortical mantle during waking, but these pCREB increases are abolished by 
lesions of the LC.

The present study asks whether pCREB is activated during early olfactory 
conditioning as might be predicted given the dependence of such learning on 
locus coeruleus and beta-adrenergic activation. On postnatal day 7, pups were 
trained for 10 min using a standard conditioned olfactory learning paradigm. The 
pups were sacrificed 0, 10, 30 or 60 min after the training. Using Western blot 
analysis for pCREB, we observed that the majority of olfactory bulbs in 
conditioned pups (odor + stroking) had increased pCREB activation compared to 
odor only pups. The pCREB levels decreased by 60 min after training which is in 
keeping with the short-lived activation period of this protein.

These results suggest that activation of LC in rat pups supports pCREB 
activation. The data also implicate pCREB activation in mammalian odor 
conditioning. Animals which are not given a novel odor during stroking show 
similar levels of pCREB to those exposed to novel odors suggesting pCREB 
levels alone do not differentiate among the learning of specific odors. Localization 
of pCREB increases within the olfactory bulb remains to be evaluated. Supported 
by the MRC of Canada.
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358.7
D O ES PR O L O N G ED  CO 2 E X PO SU R E A LTE R  A  R A T ’S C H EM O - 
SENSITIVITY? Beverly B ishop1*, T etsuri K ondo2, M iho K um agai2, 
and Y asuyo O hta2. 1D ept. o f  Physio logy and B iophysics, State Univ. o f 
N Y  at Buffalo, Buffalo N Y  14214; 2D ept. o f  Internal M edic ine,Tokai 
Univ. Sch. M ed., Isehara, 259-11 Japan.

To answer this question 18 rats lived for 12 weeks in a chamber with an 
inspired gas mixture of 10% CO2 in air [PaCO2 72.0 ± 5.2 (SD) Torr]. The 
purpose was to determine: 1) whether the initial stimulating effect of the 10% 
CO2 on minute ventilation (VE) and pattern o f breathing persists for 12 weeks 
and 2) whether responses to  hypoxia and hyperoxia are affected by the 
sustained exposure to an elevated inspired CO2 At weeks 0, 6 and 12, the rat 
was placed in a body plethysmograph to determine VE, tidal volume, 
durations of inspiration, expiration and o f total cycle, and inspiratory flow. 
When first placed in the 10% CO2, VE increased 40% and remained at this 
level for the 12 weeks in the 10% CO2 environment. When acutely exposed to 
room air, VE fell to its pre-CO2 level. In contrast, tidal volume, durations of 
inspiration and total cycle, and inspiratory flow increased progressively over 
the 12 weeks. When hypoxic responsiveness of the CO2-adapted animals was 
tested (6% O2 and 10% CO2 in N2) for 20 minutes, PaO2 fell to 41±6 Torr  
and VE increased 10%. In response to the hyperoxic mixture (90% or 50% O2 
and 10% CO2) PaO2 rose to >190 Torr and VE decreased 28%. These results 
revealed that: 1) the initial stimulating effects of 10% CO2 on VE persisted for 
12 weeks and 2) the sustained 10% CO2 did not affect O2 sensitivity.

358.9
SPATIAL REPRESENTATIONS OF ALIPHATIC ACID 
ODORS IN THE GLOMERULAR LAYER OF THE RAT 
OLFACTORY BULB. B.A . Johnson ,* E.E . H ingco , C .C . W oo and
M. L eon. D ept. o f  Psychobiology, Univ. o f C alifornia , Irvine, CA 
92697-4550.

To explain receptive fields o f individual mitral cells in the 
dorsomedial olfactory bulb, it has been hypothesized that adjacent 
glom eruli are optimally stim ulated by aliphatic acids o f different carbon 
number. H owever, the specificity o f these glom eruli has not been directly 
studied. As part o f an ongoing investigation into spatial coding o f 
odorant chem istry, we m apped 2DG uptake across the entire glom erular 
layer o f rats exposed to vapors o f six aliphatic acids. Indeed, aliphatic 
acids o f increasing carbon num ber evoke dorsom edial activity that is 
progressively m ore caudal and ventral. H owever, the aliphatic acids also 
stim ulate 2DG uptake in dorsolateral glom eruli o f the anterior bulb and in 
posterior parts o f the midlateral and midm edial glom erular layer. The 
level o f posterior uptake increases dram atically with increasing carbon 
number; valeric and caproic acid stim ulate as m uch uptake here as in the 
dorsom edial region. W ithin the posterior bulb, longer aliphatic acids 
evoke activity that is progressively more rostral and ventral. Spatial 
patterns of 2DG uptake appear distinct for all but tw o o f the aliphatic 
acids (acetic and propionic acid), and these tw o have sim ilar odors. In 
com bination, these results further em phasize the potential significance o f 
spatial coding o f odor quality, and they begin to provide a bridge 
between odorant chem istry, spatial patterns o f glom erular activity, and 
receptive fields o f bulbar output neurons.

Supported by PHS grant D C03545.

358.11
RELATION BETWEEN OLFACTORY BULB ACTIVITY AND 
BEHAVIORAL RESPONSES TO N-ALIPHATIC ALDEHYDES IN THE 
RAT. C. Linster*, E. De Rosa and M.E. Hasselmo. Department of Psychology and 
Program in Neuroscience, Harvard University, Cambridge MA 02138.

Our objective is to evaluate the relationship between mitral cell responsiveness to 
odorants and behavioral generalization between these odorants. We focused on 
aliphatic aldehydes of different chain length, which have been used previously as a 
model for similarities among odorants. Electrophysiological recordings of mitral 
cells in the rabbit olfactory bulb have shown that a number of mitral cells respond 
with increased spike rates to aliphatic aldehydes with similar chain length 
(Imamura et al., 1992). Based on this data, we use a computational model of the 
olfactory bulb to predict that the overlap between the mitral cell physiological 
representations of odorants increases with increasing similarity between the 
odorants. We then show that this overlap in mitral cell responses is reflected in the 
behavioral response to these odorants. Subjects (9 male Sprague Dawley rats) were 
conditioned to a particular aldehyde for 8 successive trials. The responses (time 
spent digging in the scented dish) to the conditioned odor, an aldehyde of different 
chain length, and a control odor (n-amyl acetate) were recorded during test trials 
without reward. Each subject was conditioned with (3), (4), (5), (6), (7) and 
(8)CHO and the responses to all other aldehydes in the set were recorded (30 
experimental sessions per subject).

We show that rats generalized between aliphatic aldehydes of similar chai 
lengths. Digging times in response to the conditioned aldehyde were 10.6 +/- 0.18 
secs. The mean digging times in response to an aldehyde differing by one carbon 
from the conditioned odor was 3.8 secs (+\-0.27). In contrast, the response to less 
similar aldehydes was comparable to that to the control odor (1.3 secs +/- 0.25). 
There was a significant difference (P < 0.001) between the responses to aldehydes 
differing by 1-2 chain length from the conditioned odor and the responses to all 
other aldehydes. There was no significant difference between the response to the 
control odor and that to aldehydes differing by more than 2 carbons in chain length 
from the conditioned odor. Supported by NSF grant IBN 9723947.

358.8
PROPIONIC ACID ODOR EVOKES TWO MAJOR 
GLOMERULAR FOCI OF 2-DEOXYGLUCOSE 
UPTAKE IN THE RAT OLFACTORY BULB. M . L eon ,*
E.E . H ingco, and B.A. Johnson . D ep t. o f  Psychobiology, Univ. o f 
California, Irvine, CA  92697-4550.

The odor o f propionic acid has long been know n to evoke a focus 
o f 2DG uptake involving glom eruli in the dorsom edial region o f the rat 
olfactory bulb. H owever, after rem oval o f this part o f the bulb, rats 
rem ain capable o f both detecting propionic acid and discriminating 
between it and other odorants. Because the projection o f  olfactory 
sensory neurons expressing the sam e olfactory receptor gene appears to 
involve pairs o f lateral and m edial glom eruli, we determ ined whether 
propionic acid might also evoke activity in lateral glom eruli. Indeed, 
propionic acid and other aliphatic acids evoke a focus o f 2DG uptake in 
dorsolateral glom eruli near the anterior pole o f the olfactory bulb. The 
m ore anterior and dorsal location o f the lateral focus is consistent w ith 
the relative anatomical locations o f lateral and m edial pairs o f glomeruli 
receiving projections from  olfactory sensory neurons expressing the 
same olfactory receptor gene. The level o f 2DG uptake in this lateral 
focus is sim ilar to that seen in the previously described dorsomedial 
focus. The existence o f the lateral focus m ight partially explain the 
continued perception o f propionic acid by animals lacking the medial 
representation.

Supported by PHS grant D C03545.

358.10
SPATIAL REPRESENTATIONS OF ALIPHATIC 
ALCOHOL ODORS IN THE GLOMERULAR LAYER OF 
THE RAT OLFACTORY BULB. C.C. W oo ,* B.A. Johnson.
K.L. P ham , E.E. H ingco and M. L eon . D ep t. o f  P sychobiology, Univ. 
o f California, Irvine, CA  92697-4550.

To continue our study o f spatial coding o f odorant m olecular 
features, we mapped 2D G  uptake across the entire glom erular layer of 
rats exposed to vapors o f eight aliphatic alcohols. These alcohols 
stim ulate less 2D G  uptake in the glom erular layer than do corresponding 
aliphatic acids at the same vapor phase concentration. N one o f the 
alcohols stimulates the dorsom edial and dorsolateral foci o f 2D G  uptake 
seen for aliphatic acids. Longer carbon chain alcohols evoke 2DG 
uptake in portions o f the midmedial and midlateral glom erular layer.
This region partially overlaps with the posterior activity evoked by longer 
aliphatic acids, but it also extends into areas that clearly are not stim ulated 
by the acids. These findings reinforce the conclusion that different 
attributes or features o f odorant m olecules can be correlated w ith activity 
in specific regions o f the olfactory bulb. W e also have begun to explore 
the effects o f odorant concentration on spatial patterns o f glom erular 
activity. H igher concentrations o f isoam yl alcohol (75 ppm) stim ulate 
higher levels o f 2DG uptake in the glom erular layer than do low er 
concentrations (7.2 ppm). Relative uptake increases m ost dram atically in 
posterior portions o f the midlateral and midm edial bulb. Thus, odorant 
concentration may also influence spatial patterns o f glom erular activity.

Supported by PHS grant D C03545.

358.12
MULTISITE ELECTRODE ARRAY RECORDING FROM THE 
VERTEBRATE OLFACTORY BULB: A NOVEL TECHNIQUE FOR THE 
STUDY OF ODORANT REPRESENTATIONS.
T.A. Cleland* and J.S. Kauer. Department of Neuroscience, Tufts University 
School of Medicine, Boston, MA 02111.

Patterns of spike synchronization among ensembles of neurons are 
hypothesized to represent information in diverse neural systems. In the 
olfactory system, odor stimuli evoke broad, distributed patterns of neural 
activity across the olfactory bulb; recordings from individual mitral cells 
reveal complex patterned responses that are to some degree replicable in 
response to repeated applications of the same odor stimulus. Both the spatial 
and temporal aspects of odor-evoked bulbar activity patterns appear to contain 
information about the applied odorant; however, for technical reasons, these 
two aspects of odor representation have largely been studied separately.

We have constructed a data recording and acquisition system capable of 
recording simultaneous single-unit data from multiple sites, at high spatial and 
temporal resolution, within the olfactory bulb of the tiger salamander in vivo. 
Silicon electrode arrays enable recording from multiple neighboring sites (25- 
300 µm) within a bulbar layer, with precisely-defined spatial relationships 
among the sites. Data channels are administered by a dedicated real-time 
operating system to minimize timing uncertainties and maximize scalability 
(up to dozens or hundreds of synchronized channels within a single PC). Full- 
waveform data can be acquired for analysis of both single units and local field 
potentials. By enabling the direct study of in vivo spike synchronization 
patterns in response to odorant stimuli applied to the intact nasal epithelium, 
we seek to elucidate novel mechanisms of odorant representation in the 
olfactory bulb. Supported by DARPA grant 9636-A-065.
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358.13

SPATIO-TEMPORAL PROPERTIES O F ODOR ELICITED RESPONSES IN 
THE TURTLE OLFACTORY BULB. Y.W. Lam, L.B. Cohen, M. Zochowski*, 
Dept. of Physiology, Yale Univ. Sch. of Med., New Haven, CT 06510.

Odorant elicited oscillations in local field potential recordings from vertebrate 
olfactory bulbs were first recorded by Adrian (1950). We made voltage- 
sensitive dye measurements of the response to several odorants in an in vivo 
turtle preparation. T. Carolina and T. ornata were anesthetized by submersion 
in ice and a craniotomy was performed over the olfactory bulb. A 0.01-0.2 
mg/ml solution of the styryl dye. RH414. was placed on the bulb. We applied 
500 ms odorant pulses at 0.3%, 1.7%, and 10% of saturation. We measured the 
optical signals with a 464 element diode array using a 4.5X objective: the area 
of the object plane imaged onto each detector was 166×166 um2.

Four different population signals were detected: a DC response and three 
oscillations. The three distinguishable oscillations (fast medial, fast rostral and 
slow caudal) differ from each other in latency, spatial position and frequency. 
They appear in specific temporal patterns, but don't seem to be strongly 
causally related, because any of the three types can appear without other two. 
The spatial origin of the caudal oscillations sometimes changes noticeably 
during the consecutive cycles suggesting that different cells are responsible for 
the consecutive bursts of activity. The latency and duration of the oscillations 
varied with different odor concentrations and odor type, but those differences 
were not consistent from animal to animal.

The slow DC component appearing during the stimulus presentation and 
showed the most robust differences between two odorants, cineol and isoamyl 
acetate. The cineole response-always had a more rapid rise time. Supported by 
NIH grant NS08437 and NSF grant IBN9604356.

358.14

CALCIUM IMAGING OF MOUSE OLFACTORY RECEPTOR NEURONS IN 
SITU. E . Lancaster*, A-C. Puche, T. Leinders-Zufall, M. Pyrski, F.L. Margolis, 
A. Keller, M.T. Shipley, and F. Zufall. Dept. of Anatomy and Neurobiology, Pro
gram in Neuroscience, University of Maryland School of Medicine, Baltimore, MD 
21201.

We have begun to apply calcium imaging to characterize odor responses from 
mouse olfactory receptor neurons (ORNs). To do this, we took advantage of a novel 
epithelium-bulb organotypic slice preparation (Shipley and Puche, Soc. Neurosci. 
Abstr. 23:740, 1997) in which ORNs preserve their axonal projection to glomeruli 
in the olfactory bulb.

Slices were loaded with the calcium-sensitive fluorescent dye fluo-3 AM and 
fluoescence changes in ORNs were measured with a confocal microscope. Stimula
tion of the ORNs was accomplished by local microapplication through multi-barrel 
pipettes. Brief pulses (1 sec) of the phosphodiesterase inhibitor IBMX led to sub
stantial fluorescence increases (of up to 50% ∆F/F) in the ORN knob, dendrite and 
soma. These increases occurred on a time scale comparable to those in isolated 
salamander ORNs described previously (Leinders-Zufall et al., J Neuroscience 
17(11):4136-4148, 1997), with a rise time of approximately 500 msec and a decay 
time constant of approximately 2 sec. During sustained stimulation with IBMX (5 
sec) the fluorescence signal desensitized back to near-baseline level, consistent with 
the adaptive properties of ORNs. These results indicate that the mouse epithelium- 
bulb slice preparation contains functional ORNs that show robust responses upon 
stimulation of the intracellular cyclic nucleotide system. Calcium responses were 
regularly obtained by stimulation of these ORNs with odor mixtures (citralva, 
cineole, phenyl ethyl acetate, n-amyl acetate). Unlike dissociated cell preparations, 
imaging odor responses in an intact tissue slice enables the measurement of odor 
responses of small identifiable subsets of mammalian ORNs. This approach will be 
useful for generating functional maps of the odor representation in mouse and exam
ining odor responses in ORNs from mice with induced mutations.

Supported in part by NIH grants DC03773 and NS37748.

358.15

MULTIELECTRODE RECORDING IN THE 
VOMERONASAL ORGAN. T.E. Holy, C. Dulac, M. Meister*. 
Dept. of Molecular and Cellular Biology, Harvard 
University; Cambridge, MA, 02138.

Most terrestrial vertebrates detect olfactory stimuli using 
two distinct primary sensory organs: the main olfactory 
epithelium and the vomeronasal organ (VNO). The 
vomeronasal organ is believed to be the primary sensor of 
pheromones, odors emitted by an individual which 
modulate the behavior of other members of the same 
species. Little is known of the neural mechanisms by which 
pheromones are identified. We use multielectrode 
extracellular recording to study the firing patterns of 
populations of sensory neurons in the VNO. The VNO is 
excised from a rodent and placed in contact with an array of 
61 electrodes; each electrode typically detects the action 
potentials of several cells. The sensory neurons are 
spontaneously active and fire in bursting patterns, at typical 
rates of 3-9 spikes per second. We are characterizing the 
response of these cells to natural stimuli.

Supported by a grant from the NSF to MM

358.16

FUNCTIONAL ANATOMY OF THE OLFACTORY SYSTEM OF XENOPUS 
LAEVIS. B. Venus1,2, J.R. Wolff1, and G.D. Burd2*. 1Dept. Anatomy, Developmental 
Neurobiology Unit, University of Göttingen, 2Dept. Molecular & Cellular Biology, 
University of Arizona, Tucson, AZ 85721.

The primary site of termination for most olfactory afferents is the glomerular layer of 
the olfactory bulb. In addition, in many lower vertebrates which reveal a permanent or 
temporary aquatic life (i.e. fish and amphibians), a subpopulation of olfactory afferents 
is connected directly to higher brain areas (extra-bulbar projections). In Xenopus 
larvae, NADPH-diaphorase has been shown to label a subpopulation of bulbar and 
extra-bulbar projections, and cell bodies (i.e. receptor cells and globular cells) of these 
axons are localized in the principal cavity (PC). During metamorphosis, the olfactory 
epithelium of the larval PC changes from a water-sensing to an air-sensing epithelium. 
Secondarily, a new water-sensing epithelium (the middle cavity, MC) is formed. In 
postmetamorphic frogs, NADPH-diaphorase labels bulbar afferents from MC as well 
as extra-bulbar projections originating from the MC and the oral cupola of the PC 
(ocPC). Since extra-bulbar projections seem to be correlated with water-sensing, we 
hypothesized that water has access to the MC and the ocPC in postmetamorphic 
animals, but water is excluded from all other areas of the PC.

To test this, we exposed postmetamorphic frogs to dyed water (Methylene-Blue
0.001 - 0.01%) for several hours to five days and examined sections of the olfactory 
epithelia for dye-labeled areas. The olfactory epithelia of the MC and the VNO were 
intensely stained. No staining was observed in the caudal part of the PC, but the area of 
the ocPC was labeled. Our data show, that water has access to the ocPC, the MC and 
the VNO. Since Bowman glands are found in olfactory epithelium of the entire PC this 
study indicates a dual function of the ocPC. This suggests that the extra-bulbar 
projecting neurons in the ocPC might participate in similar functional circuits as those 
in the MC.

Supported by DFG (#GRK225/2-97, BV), by SFB 406 (JRW), and by NIH-NIDCD 
(#DC00446, GDB).

C H EM IC A L SENSES: INVERTEBRATES

359.1

PRESYNAPTIC INHIBITION OF OLFACTORY AFFERENTS IN THE LOBSTER 
MEDIATED BY REDUCED ACTION POTENTIAL PROPAGATION INTO AXON 
TERMINALS. M. Wachowiak* and L. B. Cohen. Dept. Mol. and Cell. Physiol., 
Yale University, New Haven, CT 06520; Marine Biological Laboratory, Woods Hole, 
MA 02543.

We used optical recording with voltage-sensitive dyes to investigate the regulation 
of olfactory input to the brain of the spiny lobster, Panulirus argus. Since a single 
electrical stimulus to the olfactory nerve causes a complete and long-lasting 
suppression of all known second-order neurons in the olfactory lobe, we used paired- 
pulse stimulation to selectively image evoked activity in receptor cell axon terminals. 
In normal saline, the optical signal in the olfactory lobe evoked by a conditioning 
stimulus consisted of a large, brief (20 - 40 ms) depolarizing component followed by 
a smaller, slowly-decaying (100 - 500 ms) depolarizing component. The response to 
the test stimulus (interstimulus intervals 250 - 800 ms) consisted of only a small and 
brief component similar in duration (20 - 40 ms) to that seen in the olfactory nerve, 
reflecting action potential propagation into the axon terminals of olfactory receptor 
cells. We recorded the receptor cell optical signal in the presence of low-Ca++/high- 
Mg++ saline designed to reduce synaptic transmission. In low-Ca++/high-Mg++ saline, 
the test response was unchanged in duration but increased significantly in amplitude 
(mean increase: 57 ± 16% S.E.). This increase suggests that propagation into receptor 
cell axon terminals is normally suppressed following a conditioning shock, and that 
this suppression is synaptically mediated. These results show that presynaptic 
inhibition occurs at the first synapse in the olfactory pathway, and that the inhibition 
is mediated, at least in part, via suppression of action potential propagation into the 
presynaptic terminal. Since, in the lobster, olfactory receptor cell axons penetrate 
through all synaptic layers of the glomerulus, propagation block in the outer layers 
may be an effective means of regulating input to second-order olfactory lobe neurons.

Supported by NSF IBN9604356, IBN9515307, NIH NS08437, and an MBL 
Fellowship.

359.2

OLFACTORY AND GUSTATORY INFORMATION PROCESSING IN THE 
SUBOESOPHAGEAL GANGLION OF THE MOTH Spodoptera littoralis: A 
PRELIMINARY STUDY. R. -J. Fan* and B. S. Hansson. Dept. of Animal Ecology, 
Univ. of Lund, S-223 62 Lund, Sweden 

By means of the proboscis extension reflex (PER) conditioning, we have 
demonstrated that the moth S. littoralis can learn to associate an odorant with sucrose. 
The CS-US (conditioned-unconditioned stimulus) association can be achieved when the 
CS is presented 1-3 s before the US. In the honeybees, the suboesophageal ganglion 
(SOG) has been identified as a sensory and motor center of feeding and it is an 
important area for mediating the PER. An important step to elucidate the neural 
pathway involved in this reflex is to provide a map of the SOG to give detailed 
information about the morphology and the projection areas of sensory, motor, and 
interneurons. The aim of the present study was to illustrate the functional anatomy of 
sensory and motor pathways in the SOG, and compare the neuronal responses to 
odorants and taste stimuli between trained and untrained moths. In a morphological 
study, cobalt chloride staining was applied to sensory neurons and motor neurons 
through antennal nerve and maxillary’nerves. Preliminary results showed that some 
fibers from antennal nerves project to a region of the SOG. This indicates that those 
fibers may be involved in PER conditioning. Before neurophysiological recording, the 
moths were divided into two groups; one group received 10 CS-US pairings, but another 
did not. The CS was either geraniol or phenylacetaldehyde (PAA). The unconditioned 
stimulus (US) was 40% sucrose solution. In the physiological investigation, intracellular 
recording technique was used to record responses of interneurons and motoneurons of 
the SOG to stimulation of the antennae. Three kinds of stimulus modalities were applied 
to the antennae: odor (geraniol and PAA), taste (a toothpick moistened sucrose solution) 
and mechanical stimuli (the toothpick without sucrose solution). After the recording, the 
neurons were stained and reconstructed. The morphological results and neuron 
responses are compared between trained and untrained moths. The Swedish Agricultural 
and Forest Research Council (SJFR) support this research.
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359.3

ROLE OF PRIMARY AFFERENT INPUT IN SYNCHRONIZED OSCILLATIONS AND SLOW 
TEMPORAL PATTERNS IN THE LOCUST OLFACTORY SYSTEM. M.S. Wehr* and 
G.J- Laurent. California Institute of Technology, Biology Division, Computation 
and Neural Systems Program, 139-74, Pasadena, CA 91125.

Odors evoke fast oscillatory synchronization and slow temporal patterns in 
projection neurons (PNs), and fast oscillations in the mushroom body local field 
potential (MB LFP) of the locust, Schistocerca americana. What is the role of 
inputs from primary afferents in generating these dynamics? To address this 
question we pursued two approaches. First, we recorded odor-evoked activity in 
the antenna and antennal nerve (AN) in both isolated antennae and in vivo 
preparations. The odor-evoked population activity in the antenna and the AN 
consisted of a slow potential deflection, which was similar for many different 
odors. No oscillatory activity or slow temporal patterns were seen in response to 
odors, whereas the simultaneously recorded MB LFP exhibited strong 
oscillations at ~20 Hz. This suggests that the intrinsic circuitry of the AL can 
generate synchronized oscillations and slow temporal patterns in response to 
unspecific, temporally unstructured afferent input.

Second, we electrically stimulated the primary afferents in vivo. A brief shock 
to the AN produced compound PSPs in PNs, with a second peak ~50 ms after 
the first. Prolonged stimulation with step, ramp, or sine-shaped voltage 
waveforms evoked sustained 20-30 Hz oscillations in PN membrane potential 
and in the LFP. The PN and MB LFP oscillations were tightly synchronized and 
were highly reliable across trials. Synchronization between PNs was seen 
directly in paired intracellular recordings. Pressure injection of picrotoxin into 
the AL disrupted the oscillations evoked by electrical stimulation. Different PNs 
could receive different temporal patterns of inputs from the same electrical 
stimulus, reminiscent of the different temporal patterns evoked by odors. We 
hypothesized that the different temporal patterns might be generated by the 
instrinsic circuitry of the AL in response to activation of different spatial patterns 
of afferents by different odors. To test this, we stimulated different subsets of 
afferents with an array of stimulating electrodes. Different stimulus arrays 
generated different temporal PN response patterns, visible in either sub-threshold 
or firing patterns. These patterns were reliable, and remained distinct across 
different stimulus intensities. Supported by NSF grant and NIH and HHMI training grants

359.5

OLFACTORY NEURON DESYNCHRONIZATION ALTERS 
DOWNSTREAM ODOR RESPRESENTATION IN THE LOCUST.
K. M. MacLeod* and G. Laurent. Division of Biology, 139-74, California 
Institute of Technology, Pasadena, CA 91125.

Odors appear to be represented in the locust olfactory system by ensembles of 
synchronously firing antennal lobe (AL) projection neurons resulting in fast local 
Field potentials (LFP) oscillations. Synchronization of the projection neurons (PN) 
arises from reciprocal interactions between them and inhibitory local inter n urons in 
the AL. These interactions and consequently the LFP oscillations can be abolished by 
GABA-receptor antagonist picrotoxin (PCT) application to the AL. PCT specifically 
abolishes synchronization of the PNs, but does not disrupt the odor-specific temporal 
patterns or odor tuning. If synchronization is involved in olfactory information 
processing, then PCT injection into the AL should disrupt downstream odor 
responses. Beta lobe neurons (βLNs), a subpopulation of mushroom body neuron, 
have been shown to have altered odor-evoked responses after PCT injection.
Following PCT injection, almost 75% of βLNs had significant changes in their odor- 
evoked responses, as well as in background spontaneous activity (mostly decreasing). 
Between 38-55% of βLNs have changes in odor tuning, as a result of an induction of 
responses to odors. While the response patterns of βLNs are less varied than in PNs, 
~40% of βLNs have changes in their slow temporal patterns. The βLN time-varying 
responses can be used to discriminate odor identity. To quantify changes in odor 
responses, we utilized a clustering algorithm to systematically classify odor trials by 
their temporal patterns. (Mean firing rates alone were poor indicators of odor 
identity.) We found that classification could be impaired by PCT treatment (odor 
responses became more similar), or sometimes improved (as when odor responses 
were induced); approximately 58% of βLNs showed some change. We find no large or 
systematic changes in the PN responses that can account for βLN effects. These data 
suggest that synchronization of antennal lobe PNs contributes to the representation 
of odors in downstream olfactory neuron responses. Supported by NSF grant and PFF 
award.

359.7

GABA- AND NITRIC OXIDE-MEDIATED MODULATION IN THE 
HONEY BEE (APIS MELLIFERA) BRAIN DIFFERENTIALLY AFFECT 
OLFACTORY DISCRIMINATION. B.H. Smith*, K. Buxton, J.S. Hosler, 
Department of Entomology, The Ohio State University, Columbus, OH 
43210

Gamma amino butyric acid (GABA) and gaseous neurotransmitters 
such as nitric oxide (NO) subserve important modulatory systems in the 
vertebrate and in the invertebrate olfactory systems. Much of the evidence 
in support of that proposition comes from anatomical and physiological 
investigations. In insects, a large subclass of interneurons in the Antennal 
Lobe (AL) are GABAergic and underlie important, identified inhibitory 
circuits. In addition, both the sensory and first-order synaptic processing 
areas show prominent staining patterns for NO synthase. The broad 
phylogenetic distribution and biochemical properties NO could 
predispose it to mediate such fundamental properties of signal processing 
as adaptation and habituation.

Here we show that pharmacological blockade of GABA and NO 
modulation has different effects in an olfactory generalization assay in 
the honey bee. Blockade of GABA disrupts discrimination of molecularly 
similar odorants (1-hexanol and 1-octanol) but leaves intact 
discrimination of dissimilar odorants (alcohols from geraniol). 
Furthermore, blockade during either conditioning or recall testing is 
sufficient to produce this disruption. In contrast, blockade of NO 
modulation eliminates all discrimination. But this disruption occurs only 
when the drag is active during conditioning. Therefore, these modulatory 
systems most likely subserve different functions in the honey bee and 
vertebrate olfactory bulbs. In particular, NO is most likely involved in the 
consolidation of a component of the distributed associative memory for 
odors in the AL.

This research was supported by a grant from NIMH to B.H.S.

359.4

SHORT TERM  PLASTICITY IN LOCUST O LFACTION. M. Stopfer* 
and G. Laurent. D ivision of Biology, 139-74, C aliforn ia Institute of 
Technology, Pasadena, CA 91125.

The odor-elicited, oscillatory local field potential (LFP) recorded in the 
mushroom  bodies of the locust changes in a consistent, predictable way 
over the course o f repeated olfactory stim ulus trials. Thus, the olfactory 
system is sensitive to the animal's recent history of exposure to odorant, 
indicating a type of short term memory. By m aking recordings from 
multiple sites in the locust olfactory system while presenting sequences of 
odorants, we are working to identify w here these changes reside.

Preliminary observations suggest the following: when a novel odor is 
presented, the resulting LFP is small in am plitude and broadband in 
frequency. W ithin 3-5 odor presentations the response envelope grows 
and displays a much sharper spectral peak. The response reverts to its 
initial state follow ing a pause of several m inutes in odor delivery. 
M embrane potential oscillations recorded in local neurons reveal a similar 
evolving pattern. Over repeated presentations, projection neurons (PNs) 
respond with fewer, but more precisely timed action potentials, and more 
consistent periods o f sustained inhibition; adaptation may underlie some 
o f this response because repeated depolarizing current injections into the 
PNs m imic some o f these changes. O ver repeated odor presentations, 
electroantennogram  responses becom e som ew hat sm aller in am plitude, 
consistent w ith receptor adaptation. Additional loci for plasticity may 
exist in the antennal lobe and the mushroom bodies.

This analysis is likely to provide new insights into the mechanism s and 
perhaps the advantages o f the neural synchrony characteristic  o f the 
olfactory responses of locusts and other animals.

Supported by an NRSA to M.S. and NSF-FFF and NSF grants to G.L.

359.6

A M OD EL OF T R A N SIE N T SY N CH RO N IZA TIO N  IN  LOCUST 
A N TEN N A L LOBE C IR C U ITS. M. Rabinovich1*, M. Bazhenov2, 
R. Huerta1, H.D.I. Abarbanel1, G. Laurent3. 1Institute for Nonlinear Sci
ences, UCSD, La Jolla, CA 92093-0402; 2The Salk Institute, PO Box 85800, 
San Diego, CA 92186; California Institute of Technology, Biology Division, 
139-74, Pasadena, CA 91125.

Simultaneous recordings from small groups of projection neurons (PNs) 
in the locust antennal lobe have revealed their transient pairwise synchro
nization during odor responses. Pairwise synchronization (or synchroniza
tion to the average local field potential) typically lasted for a few cycles 
only of the oscillatory population response. The mechanisms underlying this 
phenomenon were investigated in a model of the antennal lobe using sin
gle compartment Hodgkin-Huxley type models of PNs and inhibitory local 
neurons (LNs). Odor stimulation was modeled by postsynaptic activation of 
odor-specific subsets of PNs and LNs. In a simple network containing several 
PNs and one LN, oscillations in the odor-activated PNs were synchronized by 
LN-evoked GABAA inhibitory postsynaptic potentials in a frequency band 
around 20 Hz. LN and PNs oscillated with a 90° phase delay. Transient syn
chronization of PNs during odor stimulation required a minimum of two LNs. 
Under such conditions, each LN could affect and synchronize its target PNs 
only when the influence of the other LN was reduced as a result of reciprocal 
GABAa inhibition between LNs. Such patterning was thus determined by 
the odor stimulus, and transient synchronization of PNs was therefore odor- 
specific, as observed experimentally, and limited to 50-250 ms long epochs. 
Our model predicts that both LN-PN and reciprocal LN-LN connections are 
required for transient synchronization of PNs during odor stimulation. Sup
ported by the Howard Hughes Medical Institute, Sloan Foundation and NSF.

359.8

R elationship  betw een odorant structure and m ultineuronal 
representation in the insect antennal lobe. A. H ershow itz  
and G. Laurent.* B iology D ivision, C om putation and N eural 
System s Program  139-74, C alifornia Institute o f Technology, 
Pasadena, CA 91125

B ehavioral studies in honeybees have show n generalization 
o f responses across sim ple odorants o f sim ilar structure (e.g. 
1-hexanol and 1-octanol, o r across aliphatic  aldehydes), 
ind ica ting  percep tual s im ilarity . T his p roperty  can be 
exploited to understand the neural representation o f odors. If 
two odors are perceptually  sim ilar, then their representations 
m ight also be expected to be sim ilar. F or exam ple, if  odor 
identity is represented in part by the activity  o f overlapping 
n eu ra l e n sem b le s , then  th e  en se m b le s  re p re se n tin g  
percep tually  sim ilar odors m ight overlap  m ore than those 
representing easily discrim inated odors. W e are investigating 
the responses o f sp ik ing  pro jection  neurons (PN s) in the 
locust antennal lobe (a region analogous to the olfactory bulb) 
to series of chem ically related odorants. C onsidering changes 
in the m ean firing rate, fine tem poral s tructure and overall 
population responses, we can begin to see how  the structural 
and perceptual s im ilarity  o f odorants is m apped  onto  the 
sim ilarity  o f neural responses. S upported  by grants from  
N SF and NIH.
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359.9

DISRUPTION OF NEURONAL SYNCHRONIZATION IMPAIRS 
RELIABLE RECONSTRUCTION OF ODORS BY BETA LOBE CELLS 
BUT NOT BY PROJECTION NEURONS OF THE ANTENNAL LOBE OF 
THE LOCUST.
A, Bäcker*, K. MacLeod, M. Wehr and G. Laurent. Division of Biology, 139-74, 
California Institute of Technology, Pasadena, CA 91125, USA.

Odors appear to be represented in the antennal lobe of the locust by odor- 
specific, but overlapping, evolving assemblies of synchronously firing projection 
neurons (PNs). The synchronization across neurons can be eliminated by 
injection of picrotoxin (PCT) in the antennal lobe. This manipulation has been 
found to impair fine olfactory discrimination in bees (Stopfer et al., 1997: Nature 
390:70-74). We ask here whether such an impairment may result from the loss of 
stimulus information in PNs, or whether the stimulus information remains after 
PCT injection but is unable to be read by downstream neurons. To address this 
question, we reconstructed the odor stimulus for each trial from the odor-evoked 
spike trains, using a spike-time distance method (Victor & Purpura, 1997: 
Network: Comput. Neural Syst. 8:127-164). Interestingly, reconstructions provide 
95-98% correct identification for discrimination among 3 odors even from a 
single cell. In addition, for more than half of PNs, the reconstruction appears to 
be optimal for an integration window approximately equal to one oscillation 
cycle. Such accurate stimulus identification is equally possible from PN responses 
after PCT injection (87-93% correct). Beta-lobe cells are a third-order neuropil 
downstream of PNs. Their responses also carry significant information (75% 
correct for 5 odors) about odor identity, but this information can be greatly 
reduced by PCT injection (down to 27% correct). These results suggest that 
synchronization across PNs is critical for the correct reading of PNs' neural code 
by downstream neurons. Supported by the Sloan Foundation and NSF.

359.10

SPATIAL CODING OF ODOR MIXTURES IN THE ANTENNAL  
LOBES OF THE COCKROACH PERIPLANETA AMERICANA.
J. Inouchi* and W.M. Van der Goes van Naters. Dept. o f  Insect 
Physiology and Behavior, NISES, Ibaraki 305-8634, Japan.

Glomeruli are distinct morphological entities and consist o f  dense, 
synaptically connected arborizations o f  olfactory receptor neurons, 
local neurons, and neurons which project to higher brain centers. 
Optical mapping o f  fluorescence changes using potential and calcium  
sensitive probes show s that different odors generate different spatial 
patterns o f  activity in the glomerulus population1,2. GABA-mediated 
inhibition o f  projection neurons may shape the spatial patterns 
generated by mixtures o f  odors. Laurent and coworkers3 have shown 
that interruption o f  these inhibitory inputs leads to desynchronization 
o f  spiking in projection neurons and impairs the ability to discriminate 
structurally similar -but not dissimilar- odors. Our poster presents how  
disruption with picrotoxin o f  GABA-mediated connections affects the 
spatial pattern o f  active glomeruli on stimulation with binary mixtures 
o f  similar and o f  dissimilar odors. Similarity o f  odors is rated 
according to mutual inclusion in the response spectra o f  the peripheral 
receptors. Supported by the M.A.F.F. o f  Japan.
I . Joerges. J., Küttner. A., Galizia. C.G., and Menzel, R. Nature. 387. 285-288 

(1997).
2. Friedrich. R.W. and Korsching. S .I. Neuron. 18. 737-752 (1997).
3. Stopfer. M., Bhagavan. S., Smith. B.H. and Laurent. G. Nature. 390. 70-74 

(1997).

SPIN A L C O R D  A N D  BR A IN STE M : M O TO N EU R O N S

360.1

VOLTAGE-DEPENDENT AMPLIFICATION OF SYNAPTIC  
CURRENTS IN CAT SPINAL M OTONEURONS. R.K. Powers* and 
M.D. Binder. Department o f  Physiology & B iophysics, University o f  
Washington School o f Medicine, Seattle, W A  98195.

The transfer o f  synaptic current from the dendrites to the soma o f  a 
neuron can be amplified by voltage-dependent, persistent inward 
currents. In mammalian spinal motoneurons, relatively little is known 
about either the location o f  the membrane channels that mediate these 
currents or their distribution among different motoneuron types. W e are 
addressing these questions by studying voltage-dependent amplification 
o f  monosynaptic Ia EPSPs following partial blockade o f  potassium  
conductances with internal TEA. We have obtained recordings from 
triceps surae motoneurons in pentobarbital-anesthetized cats, using 
sharp electrodes containing TEA (0.5 - 1 M) to block potassium  
channels and Q X -314 (100 mM) to block sodium channels. We 
measured antidromic spikes and the rheobase o f each motoneuron before 
spikes were blocked by QX-314. W e then used 200 Hz muscle 
vibration to elicit steady-state Ia EPSPs. The membrane potential was 
then varied by injecting 1 s steps o f  current. In low  rheobase 
motoneurons, amplification o f Ia EPSPs occurred when the membrane 
was depolarized beyond a threshold level. W e believe that at least some 
o f  the channels responsible for this amplification are electrotonically 
close to the soma, since voltage-dependent amplification o f  simulated 
EPSPs produced by somatic conductance pulses was similar to that 
observed for Ia EPSPs. Further analysis o f  the location o f  the channels 
mediating this amplification will proceed from measurements o f  changes 
in membrane impedance (Fox and Chan. J. Neurophysiol 54: 1594, 
1985). Supported by NIH grants N S31925 and N S26840.

360.3

NON-LINEAR SUMMATION OF SYNAPTIC CURRENTS ON SPINAL 
MOTONEURONS. P. Ken Rose* and Sharon Cushing, MRC Group in Sensory-Motor 
Neuroscience, Queen’s University, Kingston, Ontario, Canada, K7L 3N6.

Tonically active excitatory synapses on distal dendrites may cause large 
depolarizations that will reduce the driving potential for excitatory synaptic current and 
result in non-linear summation of synaptic currents. The impact of this non-linearity 
on synaptic integration is poorly understood. The goal of the present study was to 
describe the summation of synaptic currents in a model that is based on the dendritic 
structure and innervation density of spinal motoneurons. This model consisted of 
approximately 3,200 compartments whose lengths and diameters were based on 
measurements of an intracellularly stained neck motoneuron and assumed that the 
membrane was passive (Rm 15,000 Ωcm2; Ri 70 Ωcm). Synapse density was set at 1 
synapse/14 µm2 (Rose and Neuber-Hess, 1991). To quantify the degree of non-linear 
summation, two models of synaptic current were employed: (A) the current depended 
on the difference between the membrane potential and equilibrium potential (0 mV) or 
(B) the current was independent of the membrane potential (i.e., driving potential fixed 
at 70 mV). The ratio of the current reaching the cell body using these two different 
models, A/B, provided a measure of the magnitude of the non-linear summation. 
Maximum conductance (2nS) and time to peak of the conductance (0.2 ms) were the 
same for both models.

Modest levels of tonic synaptic activity were sufficient to cause a non-linear 
summation. For example, the ratio, A/B, was 0.84 following activation of only 4% of 
all synapses at 50 Hz. Increasing the density of tonically active synapses or their 
frequency of discharge increased the degree of non-linear summation. The ratio of the 
currents, A/B, following activation of 16% of all synapses at 200 Hz was 0.34. These 
results indicate that non-linear interactions between simultaneously active synapses on 
spinal motoneurons may significantly reduce the current reaching the cell body 
(Supported by the MRC of Canada).

360.2

RELATION BETWEEN EFFECTIVE SYNAPTIC CURRENT AND 
FIRING RATE MODULATION IN MEDIAL GASTROCNEMIUS 
MOTONEURONS STUDIED IN THE DECEREBRATE CAT.
J.F. Prather1*, R.K. Powers2, and T.C. Cope1. Dept. Physiology1, Emory 
Univ., Atlanta, GA 30322 and Dept. Physiol. & Biophysics2, Univ. 
Washington, Seattle, WA 98195.

In motoneurons (MNs) recorded in intact pentobarbital-anesthetized cats, 
the change in firing rate produced by a synaptic input can be predicted from 
the product o f effective synaptic current and the slope o f the cell's 
frequency-current (f-i) relationship (Powers and Binder, J. Neurophysiol. 
74:793, 1995). Here we test this prediction for excitatory input onto MNs in 
the decerebrate cat, in which the conductances underlying bistable firing 
properties might influence the result (Lee and Heckman, J. Neurophysiol. 
76: 2107, 1996). We measured effective synaptic currents produced in 
medial gastrocnemius (MG) MNs by repetitive activation o f low threshold 
afferents from the caudal cutaneous sural nerve (CCS). In the same cells, we 
measured the rate o f repetitive discharge produced by injected current alone 
and in combination with CCS activation. The addition o f CCS input to 
injected currents elicited firing rates much larger than predicted. These 
results are consistent with the activation o f a persistent inward current that 
serves to amplify the effective synaptic current, in agreement with a 
previous report by Bennett et al. (Soc. Neurosci. Abstr. 21:63.9 1995). 
Further analysis and experiments will examine the degree to which other 
synaptic inputs are amplified in this preparation. Supported by NIH  grants 
NS 21023 and NS 31925.

360.4

NON-LINEAR MEMBRANE PROPERTIES IN SACRAL SPHINCTER 
MOTONEURONS IN THE CAT. S.J. Shefchyk* and K.L. Paroschy, Dept 
Physiol., Univ. Manitoba, Winnipeg, Canada R3E 3J7

For over a decade it has been known that cat spinal hindlimb motoneurons 
can display non-linear membrane responses (i.e., bistability, plateau potentials; 
Hounsgaard et al. J. Physiol.‘88,405:345-367). Experiments were done using 
intracellular discontinuous current clamp recordings with QX314-filled 
microelectrodes from sacral urethral and anal sphincter motoneurons in the 
decerebrate cat. In some animals, the expression o f non-linear membrane 
responses was facilitated by the intravenous administration of 5-HTP (< 10 
mg/kg). Non-linear membrane responses were revealed using triangular ramp 
current injections or short depolarizing current pulses in the presence of 
varying amounts of DC bias current.

The membrane response to the ramp current injection typically displayed a 
linear depolarization until a point at which a steep increase in slope was 
observed (between -43 and -46 mV) and the membrane depolarized rapidly to a 
plateau level. In addition, the membrane did not follow a linear repolarization 
during the hyperpolarizing half o f the ramp current injection. In several 
motoneurons, short pulses of depolarizing current resulted in a sustained 
depolarization of the membrane potential that lasted for several seconds after 
the current pulse was terminated; the membrane depolarization could be turned 
off by a brief hyperpolarizing current injection. It is hypothesized that this non
linear response plays a major role in determining sphincter motoneuron activity 
during continence reflexes and should be turned off during micturition. Funded 
by the Medical Research Council of Canada.
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360.5

SEROTONIN ENHANCES THE EXPRESSION OF NMDA RECEPTOR- 
MEDIATED NEGATIVE I-V SLOPE CONDUCTANCE IN MAMMALIAN SPINAL 
MOTONEURONS. J.N. MacLean* and B.J. Schmidt. Depts. of Medicine and 
Physiology, University of Manitoba, Winnipeg, MB, Canada, R3E 0W3.

We recently demonstrated that 5-HT receptor activation is critical for the production 
of a) rhythmic locomotor network activity and b) NMDA receptor-mediated oscillatory 
activity in synaptically isolated spinal motoneurons and interneurons. The present work 
examines whether 5-HT has a modulatory action directed at NMDA receptor-mediated 
non-linear membrane, behaviour in particular. Whole-cell recordings of in vitro neonatal 
rat lumbar motoneurons demonstrated that the I-V relationship of some (approx. 35%) 
motoneurons fails to exhibit a region of negative slope conductance (RNSC) in response 
to NMDA application. Subsequent addition of 5-HT promoted a RNSC in these cells. 
The RNSC was abolished by AP5. Other motoneurons displayed a RNSC in response 
to NMDA alone; subsequent 5-HT application to these cells produced an increased 
negative slope and/or shift of the RNSC to a more hyperpolarized level. The influence 
of 5-HT on the RNSC was partially reversed by the 5-HT antagonist mianserin. 
Lowering the bath Mg2+ concentration mimicked the effect of 5-HT on the RNSC (and 
complete removal of Mg2+ abolished the RNSC as expected). These results suggest that 
5-HT receptor activation may modulate the voltage-dependent Mg2+ blockade of 
NMDA channels. The voltage response of motoneurons to ascending and descending 
(triangular) ramp current injections, before and after 5-HT application, was also 
examined. 5-HT promoted oscillatory activity in motoneurons that otherwise failed to 
oscillate in the presence of NMDA alone, as well as a counterclockwise hysteresis of the 
I-V plot obtained during ramp current injections. That is, the I-V plot obtained during 
the descending (hyperpolarizing) arm of the current ramp shifted leftward in relation to 
the I-V plot generated by the ascending (depolarizing) arm of the ramp. This 5-HT- 
mediated shift of the I-V relationship may contribute to the induction of conditional 
oscillatory behaviour in lumbar motoneurons. (Support: MMSF, RHMIM)

360.7

THREE KINDS OF LARYNGEAL MOTONEURONS IN THE RAT: 
ULTRASTRUCTURAL STUDY. T. HAYAKAWA*1, J. Q. ZHENG1, M. 
SEK I1 and Y. YAJIMA2. Dept. of Anatom y1 and Physiology2, 
Hyogo C oll. of Medicine, Nishinomiya, Hyogo 663-8501 JAPAN.

The laryngeal motoneurons innervating the cricothyroid muscle 
(CT) that tenses the vocal ligaments are located in the semicompact 
formation just ventral to the compact formation, and the motoneurons 
innervating the posterior cricoarytenoid muscle (PCA) that opens the 
rima glottis are in the loose formation of the ambiguus nucleus. We 
labeled retrogradely the CT and the PCA motoneurons using CTb-HRP 
to investigate and compare the ultrastructures of these neurons. All 
the CT motoneurons were light, large, ovale, or polygonal, and having 
well developed cell organelles with a prominent spherical nucleus. In 
the PCA motoneurons, two kinds of motoneurons were present. The 
type I (PCAI) motoneuron was similar to the CT neuron, but 
significantly larger than that. The type II (PCAII) motoneuron was also 
polygonal and larger than the CT neuron, but having an ovale nucleus 
with characteristic milling nuclear membrane. The average number of 
axosomatic terminals in a plane was 32 in the CT, 41 in the PCAI, and 
70 in the PCAII neurons. More than 60% of the axosomatic terminals 
were inhibitory Gray’s type II in the PCAI neurons, but more than 
60% were excitatory Gray’s type I in the CT and the PCAII neurons. 
These results indicated that the intrinsic laryngeal muscles were 
innervated by different kinds of motoneurons in the ambiguus nucleus.

360.9

LOCALIZED DENDRITIC METABOTROPIC SYNAPTIC 
REGULATION OF INTRINSIC RESPONSE PROPERTIES OF 

SPINAL MOTONEURONES.
R. Delgado-Lezama☼, J.F. Perrier, M.-C. Perreault* & Jørn Hounsgaard. 
Department of Medical Physiology, Panum Institute, University of 
Copenhagen N, Denmark.

Plateau potentials mediated by L-type Ca channels are facilitated by 
synaptic activation of metabotropic receptors (Delgado-Lezama et al. 
(1997) J Physiol,504, 97-102). We have investigated the spatial 
specificity and distribution of this facilitation using differential 
polarization by applied electric fields (Hounsgaard, J. and Kiehn, O. 
(1993), J. Physiol 468, 245-259.

During intracellular recording from motoneurons, an electric field was 
applied to polarize dendrites differentially. The voltage gradient was 
such that distal portion of the dorsal dendrites were depolarized when 
the proximal part of these dendrites, the soma and the ventral dendrites 
were hyperpolarized. Plateau potentials were evoked when this field was 
preceded by a brief train of DLF stimuli but not when the train was 
applied to the ventral funiculus (VF). With the field in the opposite 
direction plateau potentials were facilitated more by a stimulus train to 
the VF than to the DLF. Our study demonstrates that the magnitude and 
distribution of Ca influx in motoneurons is synaptically regulated by 
metabotropic modulation of L-type Ca channels.
(☼ Supported by SSVF, EEC, CONACYT and CINVESTAV)

360.6

MODULATION OF GROUP I DISYNAPTIC EPSPS IN FLEXOR AND 
BIFUNCTIONAL MOTONEURONS DURING FICTIVE LOCOMOTION. I  
Quevedo*, B. Fedirchuk, S. Gosgnach & D.A.McCrea. Dept. Physiology U. Manitoba, 
Winnipeg R3E 3J7, Canada.

The present study examined the distribution of locomotor-dependent group I 
excitation of flexor motoneurons and motoneurons showing complex patterns of 
depolarization during locomotion, i.e. those innervating bifunctional muscles. 
Intracellular recordings of antidromically identified motoneurons were made in 
decerebrate cats during midbrain evoked fictive locomotion. We found a wide 
distribution of group I disynaptic excitation in motoneurons innervating flexor and 
bifunctional muscles. Most (88%) flexor motoneurons (mainly extensor digitorum 
longus, tibialis anterior, sartorius and peroneus longus) showed disynaptic EPSPs during 
locomotion with latencies (< 1.9ms) suggesting a single interneuron interposed between 
flexor group I afferents and motoneurons. Disynaptic EPSPs were evoked by the 
electrical stimulation recruiting both Ia and Ib afferents as well as by selective activation 
of Ia afferents produced by small (30 µm) stretches of the EDL muscle. In all cases 
disynaptic EPSPs were largest during flexion, small or absent during extension and rarely 
present at rest. Disynaptic EPSPs were also common in motoneurons (66%) innervating 
bifunctional muscles (mainly Per-tert/brevis and Quad/ Rectus-Fem). Modulation of 
disynaptic EPSPs in these motoneurons was complex but they were often large during 
the segments of both flexion and extension when the target motoneurons were most 
depolarized. The differential phasic modulation of disynaptic EPSPs in extensor (Angel 
et al. J Physiol 494:851 ‘96), flexor (see also Degtyarenko et al. J Neurophysiol 79:447 
‘98) and bifunctional motoneurons and the absence of disynaptic excitation during rest 
suggests the release from inhibition of several previously unknown populations of spinal 
interneurons by the locomotor circuitry. Disynaptic excitation may be one of the 
mechanisms by which muscle spindle and tendon organ feedback can reinforce the 
ongoing step cycle. Supported by the Canadian MRC and Rick Hansen Legacy 
Foundation.

360.8

QUANTITATIVE ANALYSIS OF THE DENDRITIC ARCHITECTURES OF 
CAT HYPOGLOSSAL MOTONEURONS STAINED INTRACELLULARLY 
WITH HORSERADISH PEROXIDASE. Y. Fukunishi, Y. Nagase, A . Yoshida,
M. Moritani, S. Honma, Y. Hirose, S. Wakisaka* and Y. Shigenaga. Dept. of 
Oral Anatomy, Osaka Univ. Fac. of Dent.; Osaka 565-0871, Japan 

The present study was aimed to provide quantitative descriptions of hypoglossal 
motoneurons, and determine correlations between dendritic size parameters by 
using the intracellular horseradish peroxidase (HRP) injection techniques in the 
cat. Twelve hypoglossal motoneurons stained with HRP were antidromically 
activated by stimulation applied to the medial branch of hypoglossal nerve. 
Eight (type I) and four (type II) of the 12 motoneurons were located in the 
ventral and dorsal parts of the ventromedial subnucleus of hypoglossal nucleus, 
respectively. The somadendritic morphology of the two types of neurons was 
remarkably different, especially in the dendritic arborization pattern. The type 
I neurons established an egg-shaped dendritic tree that was distributed through 
the nucleus to the reticular formation, while type II dendritic tree was confined 
within the nucleus and presented a rostrocaudal ly oriented, mirror-imaged, fan-
like appearance. The total dendritic area and length, dendrite volume, and 
number of terminations were larger for type I than type II neurons. There was 
a positive correlation between stem dendritic diameter and the four dendritic 
size parameters, while each slope of the regression lines was not different 
between the two types of neurons. The present study provided evidence that 
hypoglossal motoneurons located in the ventromedial subnucleus could be 
divided into two types from the dendritic arborization pattern and quantitative 
analysis of the dendritic tree as well as from neuronal location, and suggest that 
the two types of hypoglossal motoneurons can be viewed as intrinsically distinct 
cell types: type I and type II innervate extrinsic and intrinsic muscles, respectively. 
In addition, the morphometric analysis made it possible to estimate the size of 
the dendritic tree by measuring the stem dendritic diameter.

360.10

G ABA-M EDIATED INHIBITION OF N EO NA TA L RAT PHRENIC 
M OTONEURONS. C.-K . Su* and C.-Y . Chai. Institute o f Biomedical 
Sciences, A cadem ia Sinica, Taipei, Taiw an 11529, R.O .C.

Phrenic motoneurons (PMNs) receive intermittently glutaminergic 
inspiratory drives and GABAergic inhibition in adult mammals. Since 
G ABA might act as an excitatory amino acid in early stages of 
development, we here investigated if G A B A a receptors inhibit PM Ns in 
neonates. Using in vitro neonatal rat brainstem -spinal cord preparation, 
local application o f GABA and muscimol (G ABA a receptor agonist) to 
the vicinity o f PM Ns consistently reduced the inspiratory activity of C4 
ventral roots. Under w hole-cell patch-clamp conditions and in the 
presence of 0.5 µM TTX to block synaptic transm ission, m uscim ol (10 
µM ) decreased whole-cell input resistance, and surprisingly, when 
PM Ns were voltage-clamped at their resting membrane potential, 
muscimol induced depolarizing-inward, rather than hyperpolarizing- 
outward membrane current. Our findings indicate that G A B A a receptors 
mediate a depolarizing blockade of the glutaminergic-excitatory inputs to 
neonatal rat PM Ns. This w ork was supported by grants from NIH 
NS24742, National Science Council o f R.O.C. (N SC 87-2314-B -001- 
014), and a fellowship to Chun-K uei Su from N ational Science Council 
of R .O .C ., Taiw an.
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360.11

THE 20-50 HZ BANDWIDTH OF INSPIRATORY SYNAPTIC 
DRIVE CURRENTS ENHANCES ACTION POTENTIAL (A P ) 
OUTPUT FROM PHRENIC MOTONEURONS (P M N S ). M.A.
Parkis*, X.-W. Dong, J.L. Feldman, D.M. Robinson & G.D. Funk. Dept. 
Physiol., Univ. of Auckland, Auckland, New Zealand.

The relationship between current and AP output as a marker of 
neuronal excitability is typically examined by injecting current that 
differs markedly in pattern from (endogenous) synaptic currents. PMNs 
in neonatal rat in vitro, for example, receive complex rhythmic inspiratory 
synaptic inputs comprising a slow depolarizing (100-200 ms)- 
repolarizing (400-500 ms) envelope with superimposed higher frequency 
events on which APs typically arise (Liu et al., J. Neurophysiol. 64: 423, 
1990). To examine the role of endogenous patterns of synaptic input in 
generating APs, we developed a program using LabVIEW™ software to 
record endogenous patterns of synaptic input from PMNs under voltage- 
clamp in rhythmically active brainstem-spinal cord of neonatal rats and 
reinject the endogenous current under current-clamp. The role of specific 
bandwidths in producing repetitive firing was examined by subjecting the 
endogenous currents to low-pass or band-reject filters prior to injection. 
The number of APs produced by unfiltered and filtered currents were 
compared. Charge transfer was not affected by filtering paradigms. Low 
pass filtering at 60 Hz or higher did not affect AP output (n=9). At 50 Hz 
or higher, output was reduced in 4/9 cells, while at 20 Hz or higher, the 
number of APs was reduced in all cells by 34±21% relative to unfiltered 
current. Band-reject filtering confirmed the importance of the 20-50 Hz 
bandwidth. These data suggest that 20-50 Hz components of the 
inspiratory drive enhance AP output, producing greater output for a given 
synaptic input. We conclude that the pattern of endogenous synaptic 
input plays an important role in generating APs in motoneurons. 
Supported by the Marsden Fund, Lotteries Health, Auckland Medical 
Research Foundation, HRC of New Zealand, and NIH Grant NS 24742.

360.13
DEVELOPMENT OF L-TYPE CALCIUM CHANNELS IN POSTNATAL MOUSE 
SPINAL CORD MOTONEURONES. K. P Carlin1*, Z. Jiang1, J. Rempel1, J. Li1, M. 
Sawchuk1, R. M. Brownstone1,2. Departments of Physiology1 and Surgery2, University 
of Manitoba, Winnipeg, Manitoba, Canada R3E 3J7.

Intrinsic membrane properties are important in the regulation of motoneuronal 
output during such behaviours as locomotion. A conductance through L-type calcium 
channels has been implicated as an essential component in the transduction of 
motoneuronal input to output during locomotion. Given the known postnatal changes 
in calcium currents in some neurones, experiments were conducted to investigate the 
postnatal development of L-type calcium channels in mouse spinal motoneurones.

Immunohistochemical evidence demonstrates a dramatic change in the cellular 
profile of the α 1C subunit of the L-type calcium channel during postnatal 
development, with the density of L-type calcium channel labelling increasing with 
age and assuming the adult pattern at approximately postnatal day 14 (P14).

Rhythmic ventral root bursting was assessed following application of NMDA and 
strychnine to the isolated in vitro spinal cord at various postnatal ages. While 
application of the L-type calcium channel blocker nifedipine had no effect on ventral 
root bursting in animals age P2-5, it reversibly and significantly reduced the 
amplitude of this activity in animals older than P7. Preliminary results from whole 
cell patch clamp studies of motoneuronal calcium currents in spinal cord slice have 
revealed that peak (HVA) current density remains constant at least up to day P10. The 
channel sub-types contributing to this current and their individual development have 
yet to be determined.

These studies demonstrate that the development of spinal motoneuronal calcium 
channels is complex. Interestingly the development of the α 1C subunit and the 
nifedipine sensitivity parallel the development of the motor behaviours of weight-
bearing and walking. Supported by: ALS Society of Canada, MHRC

360.15

ANDROGEN ALTERS RECRUITMENT CURVES IN RAT SPINAL 
MOTONEURONS. M.W. Harty* and D.R. Sengelaub. Program in 
Neural Science, Indiana University, Bloomington, IN 47405.

Motoneurons in the retrodorsolateral nucleus (RDLN) of the rat 
innervate the flexor digitorum brevis (FDB), an intrinsic foot 
muscle. RDLN motoneurons possess androgen receptors, but 
developmentally and morphologically appear to be insensitive to 
androgen. We used EMG methodologies to determine if electrical 
properties of RDLN motoneurons were sensitive to changes in 
androgen level. EMG records were obtained in intact, castrated (6 
weeks), or castrated and implanted with testosterone (11-12 
months old), and aged (23 months) rats. Rats (n=4-5 per group) 
were anesthetized, a stimulating electrode was placed on the tibial 
nerve, and a recording electrode was implanted into the belly of the 
FDB. Both M- and H-wave recruitment curves were obtained by 
stimulating the tibial nerve and recording the electrical response in 
the FDB. Neither age nor androgen level altered onset, conduction 
velocity, or maximal values of the M- or H-waves. However, high 
androgen groups (normal and T-treated castrates) required greater 
current to achieve EMG levels that were either 80% above 
background or 80% of the maximal value for both the M- and H- 
waves than low androgen groups (castrates and aged males; 
p<.002). These differences in recruitment curves suggest that 
functional properties of RDLN motoneurons are sensitive to 
androgen levels. Supported by NSF DIR-9413220.

360.12

ANALYSIS OF THE RESTING MEMBRANE CONDUCTANCE IN RAT 
HYPOGLOSSAL MOTONEURONS USING PATCH-CLAMP TECHNIQUES. 
D.W. Robinson* and W.E. Cameron Physiology and Pharmacology, Oregon Health 
Sciences University, 3181 SW Sam Jackson Park Road, Portland, OR 97201

The resting conductance of rat hypoglossal motoneurons is sensitive to a number 
of neuromodulators (e.g. serotonin, TRH and norepinephrine) whose actions are 
thought to be mediated via a G-protein coupled pathway. To determine whether a 
diffusible second messenger modulates the resting conductance in these neurons, 
we have made visualized whole-cell patch-clamp recordings from brainstem slices 
obtained from rats aged between postnatal day 11 and 15. Hypoglossal 
motoneurons were unequivocally identified by retrograde labeling with dextran- 
Cascade Blue. On attaining the whole-cell configuration, the resting potential was 
immediately noted and had a mean value of -62.9 mV (n=19) in the cells studied to 
date. In these cells the initial input resistance had a mean value of 97.6 MΩ, and in 
all cases this value rose in a time-dependent manner to a mean value of 132.2 MΩ 
(35.5% increase). The time course of this increase differed from cell to cell but in 
the majority of neurons most of the increase occurred within the first 15-20 
minutes.

By utilizing the perforated-patch variation of the whole-cell technique, it was 
possible to gain electrical access to the cell while preventing molecules larger than 
single ions from dialyzing out of the cytoplasm. By looking for the presence of 
Lucifer yellow in the cell soma during recording, we were able to monitor the 
integrity of the patch. No time-dependent increase in input resistance was observed 
in any of the cells recorded using the perforated-patch technique. Our results 
strongly suggest that a diff u sible substance is responsible for keeping the resting 
conductance channels in an open state.
Supported by NIH grant HD22703.

360.14
DIFFERENTIAL EFFECTS OF LOW THRESHOLD OROFACIAL SEN
SORY INPUTS ON MASSETER MOTONEURONS DURING FICTIVE 
MASTICATION IN THE RABBIT. K.-G. Westberg* G. Sandström A. AI- 
Khaia and K.Ǻ. Olsson. Dept. o f Physiology, Umeå University, S-901 87 
Umeå, SWEDEN.
Pattern generating networks are known to be shaped to the needs of the or
ganism by a variety of mechanisms that include sensory feed-back, hormo
nal regulation, and modulatory inputs. In this study effects of primary af
ferent inputs on the action o f jaw closing motoneurons during rhythmic 
movements are described. Sequences o f fictive rhythmic movements (20-30 
cycles) were induced by stimulation o f the cortical masticatory area in 
anesthetized and paralyzed rabbits. Motor outputs were recorded proximally 
from branches o f the masseter nerve (electroneurogram, ENG). The inferior 
alveolar (AIv inf) or maxillary (Mx-w) nerve was stimulated (0.8-3.0T; 5-20 
pulses, 100 Hz or 200 Hz) every fourth chewing cycle by a computer- 
controlled trigger. Stimulation current was delivered in discrete steps during 
various phases o f these test cycles. Low threshold stimulation (1.2-1.7T) of 
the Alv inf during early closing phase induced a clear increase in the recti
fied ENG output, while stimulus strengths above 1.7T caused a distinct in
hibition of the motor output. These effects were not seen when stimulation 
was delivered during the late closing or jaw opening phase of the movement 
cycle. Regardless of phase no effects were seen when Mx-w was stimulated. 
The results suggest that low threshold intraoral afferent inputs, relayed at 
the medullary level, may contribute to a cycle by cycle phase dependent 
feed-back regulation o f masticatory motor action. Supported by the Swedish 
MRC and Västerbottens läns landsting.

360.16
PARADOXICAL EFFECTS OF QX-314 ON PERSISTENT INWARD 
CURRENTS UNDERLYING DENDRITIC PLATEAU POTENTIALS IN SPINAL 
MOTONEURONS. C.J. Heckman* and R.H. Lee. Physiology, Northwestern 
Univ. Med. Sch., Chicago IL, 60611.

Spinal motoneurons can exhibit bistable behavior, which is sustained firing 
evoked by a brief synaptic input. The basis of this behavior is a plateau 
potential generated by a persistent inward current that largely originates in the 
dendrites. Plateau potentials are often studied by applying an intracellular 
sodium channel blocker, QX-314, to eliminate the fast sodium spikes. 
However, QX-314 is now known to also block calcium channels (Talbot, MJ 
and Sayer, RJ. J. Neurophysiol. 76: 2120-4, 1996). As L-type Calcium 
channels play a major role in generating the persistent inward current, it is 
likely that QX-314 also alters the plateau potential.

This hypothesis was examined in-vivo in the decerebrate cat preparation. 
The noradrenergic α-1 agonist methoxamine was applied topically to the cord. 
Single electrode voltage clamp studies revealed that the persistent inward 
current is indeed smaller in the cells impaled with electrodes containing QX- 
314 than in control cells. However, QX-314 blocked cells showed greater 
hysteresis in the onset and offset voltages of the persistent inward current 
than did control cells, and also showed greater persistence with time than 
seen in control cells.

It is hypothesized that the increase in hysteresis is due to QX-314 
preferentially blocking calcium channels near the site of electrode impalement 
(i.e. in and near the soma) leaving only the more distal component of the 
inward current intact. Furthermore, the reduced decay in the inward current 
with time indicates that the decaying component of the inward current, or a 
concealing outward current is predominately in the soma. (Supported by NIH 
NINCDS NS34382)
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360.17 360.18

MUSCLE (n) % SO 
+ T

MinHIimh

%T CSA1

Hindlimb
FDL (3) 42 15 36
EG (4) 21 7.5 533

Testo cervicis (1) 58 47 65
RCCQ2 (2) 13 5.8 82
Transversalis 8.7 
cervicis (2)

4.8 62

fibers were ubiquitous, with a 
regional distribution and density 
that associated with those of the 
SO fibers. In addition, we have 
encountered a motoneuron (MN) 
species in spinal slice preparations 
with a stimulus current-spike 
frequency relationship and dendritic 
morphology intermediate between 
the main body of MNs and ventral- 
horn in te rn e uro n s  (IN s). 
Comparative considerations (MNs 
vs. INs of lamprey vs. turtle vs. cat) 
suggest that such a MN should now 

be tested for its presumed polyneuronal and multiterminal innervation of T 
fibers.
Supported in part by USPHS grants NS 20577, NS 01686, GM 08400, and 
HD 62915 (to Johns Hopkins Univ./Univ. Iowa), and a UA CoM Dean's 
Research Council grant.

MORPHOLOGICAL AND PHYSIOLOGICAL PROPERTIES OF TURTLE 
SPINAL MOTONEURONS AND INTERNEURONS. J.C. McDonagh*, T.G. 
Hornby, R.M. Reinking, and D.G. Stuart. Dept. of Physiology, Univ. of Arizona, 
Tucson, AZ 85724-5051.

We used morphological measurements to confirm identification of 
intracellularly-recorded cells in an in vitro turtle spinal slice preparation. A 
cluster analysis separated motoneurons (MNs) vs. interneurons (INs), with 
(IN-S) or without (IN-N) spontaneous activity, on the basis of input resistance 
(R N ) rheobase current (IRh ), and slope of the stimulus current (/ )-spike 
frequency (f) relationship. Each neuron was subsequently filled with biocytin. 
Cellular architecture was reconstructed with camera lucida drawings of 
neuronal processes from serial 75 µm sections. Physiological and 
morphological properties are presented in the table (means ± S.E.). 
Abbreviations include: SA, surface area; R-Cd, rostro-caudal extent of 
dendrites.

MN (n = 9) IN-N (n = 5) IN-S (n = 3)
RN (MΩ) 16 ±2 67 ±20 127 ±84
IRh(nA) 1.5 ± 0.2 0.3 + 0.07 n/a
f/l slope (Hz/nA) 17 ±2 111 ±18 120 ±62
Soma diameter (µm) 42 ± 3 24.8 ±42.1 30.0 ± 3.8
SomaSA (µm2) 1212 ± 131 447 ± 74 668± 156
Soma volume (µm3) 1.90 ± 0.35 0.49 ±0.15 0.80 ±0.25
R-Cd (µm) 783 ± 97 345 ± 56 200 ± 25
I  Dendritic lengths(µm) 11548 ± 888 5710 ±1450 1834 ±272

360.19

PLATEAU POTENTIAL CONTRIBUTION TO THE STIMULUS CURRENT- 
SPIKE FREQUENCY RELATION OF TURTLE MOTONEURONS. T.G. 
Hornby, J.C. McDonagh, R.M. Reinking, and D.G. Stuart*. Dept. Physiology, 
Univ. of Arizona, Tucson, AZ 85724-5051.

Application of the neuromodulators 5-HT, muscarine, and tACPD to the in 
vitro turtle spinal cord slice preparation has been shown to generate or 
increase plateau potential-like behavior in motoneurons (MNs; J. Physiol. 
(Lond.) 398:591-603, 1989.; J. Neurophysiol. 79:45-50,1998). We have 
systematically studied the modulation of the steady-state, stimulus current- 
spike frequency (l - f ) relation of turtle MNs following application of these 
modulators, separately and in combination, and at maximally effective 
concentrations.

In 4/11 cells, application of 5-HT (100 µM) generated plateau potential-
like behavior, with a significant increase in the input resistance (RN) and 
decrease in the afterhyperpolarization (AHP), as shown previously. 
Application of muscarine (20 µM) and tACPD (20 µM) generated plateau 
potential behavior in 8/11 and 7/11 cells tested, respectively, without 
significant changes in the RN, although the AHP was significantly decreased. 
Combined application of the 3 modulators together produced plateau 
potential behavior in 9/11 of the cells, with significant changes in both RN and 
AHP. In all plateau potential-generating cells, the /-f relation was significantly 
altered, demonstrating an initial, dramatic 73% increase in the slope of the 
relation, followed by a transition to a much flatter slope (approx. 26% less 
steep than control values, and 75% flatter than the pre-transition slope).

This dramatic change in spinal MN behavior following the generation of 
plateau potential-like behavior is similar to the ∆f of human motor units during 
voluntary, isometric contractions (J. Neurophysiol. 78:3061-3068, 1997). 
These similarities suggest that mechanisms of voluntary force production may 
rely more on the manifestation of plateau potential-like behavior than thought 
previously.

Supported by NIH grants NS 20577, NS 07309, NS 01686, and GM 08400, 
and an APA-MFP fellowship, and a UA CoM Dean's Research Council grant.

360.20

EVIDENCE FOR STRONG SYNAPTIC COUPLING BETWEEN SINGLE 
TACTILE AFFERENTS AND MOTONEURONES SUPPLYING THE 
HUMAN HAND. P.A. McNulty.1 V.G. Macefield1* and K.S. Türker2. 1Prince of 
Wales Medical Research Institute, Randwick. NSW 2031 and 2Department of 
Physiology. University of Adelaide, Adelaide, SA 5005, Australia.

Spike-triggered averaging has been used previously to assess the strength of 
synaptic coupling between single muscle spindle afferents and motor units in the 
parent muscle in human subjects (1). However, such an approach has failed to 
demonstrate a strong synaptic linkage, despite clear evidence of homonymous 
excitation of motoneurones by a population of spindle endings (1) In the present 
study we used spike-triggered averaging to assess the synaptic coupling between 
single cutaneous receptors in the digits and motor units in muscles acting on the 
digits. A tungsten microelectrode was inserted manually through the skin and 
directed into a cutaneous fascicle of the median nerve at the wrist. Unitary 
recordings were made from identified tactile afferents (6 FA I, 6 SA I, 17 SA II) in 
17 awake volunteers. Subjects maintained a voluntary contraction so that the 
receptor-bearing digit contacted a mechanical probe that simultaneously stimulated 
the unit’s receptive field. Using the afferent spikes as triggers, averaging of surface 
electromyographic activity (1200-10000 sweeps) from the relevant muscle 
revealed both excitatory and inhibitory interactions. These occurred at short 
latencies (20-40 ms), indicating the involvement of oligosynaptic spinal pathways 
We conclude that, unlike single muscle spindles, strong synaptic coupling can be 
demonstrated between single tactile afferents and spinal motoneurones supplying 
muscles acting on the digits. This fits with the potent facilitatory and inhibitory 
effects of digital nerve stimulation on the firing of single human motor units (2).
1. Gandevia. S.C., Burke, D. & McKeon, B. (1986), Neurosci. Lett. 71. 181-186
2. Garnett. R. & Stephens. J.A. (1980), J. Physiol. 303, 351-364.
Supported by the National Health and Medical Research Council of Australia.
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TONIC PRESYNAPTIC INHIBITION OF IA AFFERENTS DURING FICTIVE 
LOCOMOTION. S. Gosgnach, J. Quevedo, B. Fedirchuk & D.A. McCrea*. 
Department of Physiology, University of Manitoba, Winnipeg R3E 3J7, Canada.

To explore whether locomotion is associated with a reduction in 
neurotransmitter release from group I afferent terminals we examined the amplitude of 
Ia monosynaptic EPSPs before and during Active locomotion evoked by brainstem 
stimulation in decerebrate cats. Compared to pre-locomotor controls, EPSPs were 
reduced on average to 76% in flexors, to 79% in extensors, and to 70% in bifunctional 
motoneurons. EPSP depression began almost immediately with the onset of locomotion 
but recovery was delayed and generally incomplete following locomotion. Phasic EPSP 
modulation during flexion and extension was usually minor in comparison to the tonic 
depression. In some cells in which the monosynaptic EPSPs were depressed during 
locomotion, the amplitude and time course of the voltage transient produced by short 
duration (0.5 ms) current pulses was similar before and during locomotion. The lack of 
conductance increase in these cells suggests that the monosynaptic EPSP depression 
was due to presynaptic and not to postsynaptic mechanisms. Moreover, group I 
extracellular field potentials recorded in the motor nucleus and monosynaptic EPSPs 
were depressed to a similar extent (see also Perreault et al. Soc. Neurosci. 716.3 ‘94). 
These observations support previous evidence indicating that excitability of single 
group I fibers is tonically increased during fictive locomotion (Dueñas & Rudomin, 
Exp. Brain Res 70:15 ‘88). Taken together, these results suggest that depression of 
monosynaptic EPSPs is due to a decrease in the presynaptic release of transmitter at Ia 
terminals rather than a postsynaptic increase in motoneuron conductance. The reduction 
in la EPSPs may serve to counteract the potential increase in the gain of Ia reflexes 
expected from the increased motoneuron excitability occurring during locomotion. 
Supported by the Canadian MRC and Rick Hansen Legacy Fund.

OPIOIDS HYPERPOLARIZE PREBÖTZINGER COMPLEX (preBötC) 
TYPE-1 INSPIRATORY NEURONS IN THE NEWBORN MOUSE BRAIN 
STEM IN VITRO. J.C. Rekling* and J.L Feldman. Departments of 
Neurobiology and Physiological Science, UCLA, Box 951763, Los Angeles, 
CA, 90095-1763.

Opioids depress breathing, perhaps by acting on neurons within the 
preBötC, a brain stem region hypothesized to contain the kernel for respiratory 
rhythmogenesis. Previous studies using synthetic opioid ligands indicate that 
this action is mediated by µ-opioid receptors (Greer et al. J. Physiol. 485:845, 
1995). We confirm this observation; the endogenous µ-opioid ligand 
endomorphin-1 (EC50 ~3 nM) decreased the burst frequency on the XII nerve in a 
rhythmic brain stem slice of newborn (1-6 day) mice. We recorded from type- 
1,2,3 inspiratory neurons (Rekling et al. J. Neurophys. 75:795, 1996) in the 
preBötC, in order to identify their responsiveness to opioids. Under TTX 
blockade of synaptic transmission, the µ-opioid agonist DAMGO (5 µM) 
hyperpolarized type-1 and type-3 neurons, but had no effect on type-2 neurons. 
In type-1 neurons there was also an increase in membrane conductance. In 
normal aCSF with TTX added (extracellular [K+]: 6 mM) IV-curves before and 
after DAMGO intersected at -93 mV, close to the calculated K+ equilibrium 
potential. In aCSF with increased extracellular [K+] (16 mM) the intersection 
point shifted to -65 mV, suggesting that the DAMGO effect is mediated by a 
K+ conductance.

We conclude that opioids hyperpolarize the same subset of inspiratory 
neurons, i.e., type-1 neurons, depolarized by thyrotropin-releasing hormone, 
which increases respiratory frequency (Rekling et al. J. Neurophys. 
75:811,1996). This observation is consistent with the hypothesis that type-1 
neurons in the preBötC participate in respiratory rhythmogenesis. Supported by 
NIH grant HL40959.

Society for Neuroscience, Volume 2 4 ,  1998

TURTLE NON-TWITCH MUSCLE FIBERS AND THEIR POTENTIAL 
INNERVATION. D.G. Stuart, J.C. McDonagh, P.A. Pierce, D. DalPonte, and
K.A. Abraham (sponsor, J.B. Angevine *). Dept. Physiology, Univ. of Arizona, 
Tucson, AZ 85724-5051.

There is little previous information on non-twitch (T) muscle fibers in the 
turtle. They may bear a closer resemblance to those of avian vs. amphibian 
species (Zhur.Evol.Biok.Fiziol.13:473-78,1977; in Russian). Accordingly, we 
directed a monoclonal antibody for the chick's T fiber myosin heavy chain in 
anterior latissimus dorsi (ALD-58) against presumed analogous chains in 
several turtle muscles. Conventional histochemistry distinguished between 
SO(+T), FOG and Fg twitch fiber types. The table (mean values) shows that T

1 Cross-sectional area; % of mean SO 
value
2Retrahens capitis collique 
3n=3

All cells identified physiologically as m n s  naα axonal projections to the 
ventral root whereas INs did not. The morphological findings substantiate the 
use of cluster analysis of physiological properties for identification of cells as 
MNs vs. INs.Supported by NIH grants NS 20577. NS 01686, a UA CoM 
Dean's Research Council grant and an APA-MFP fellowship.
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361.3

LU M B A R  C O M M IS S U R A L  N EU R O N S R E C E IV IN G  R E T IC U L O - 
SPIN A L IN PU TS IN CA TS: M O R P H O L O G Y  AND A C T IV IT Y  
D U RIN G  F IC T IV E  LO C O M O T IO N . K. Matsuyama,* K. Nakajima, B. 
Kuze, F . M ori, T . M atsui and S ..Mori. D ept. o f Biological Control System, 
National Institute for Physiological Sciences, Okazaki 444-8585, Japan.

In this study, we have intended to reveal the fine morphology o f 
locomotor-related lumbar interneurons which receive descending inputs 
from the pontomedullary reticular formation (PMRF). For this purpose, 
fictive locomotion was evoked by stimulating the mesencephalic locomotor 
region in decerebrate pancuronium-paralyzed cats. Activity o f lumbar 
interneurons during fictive locomotion was intraaxonally recorded in the left 
ventral funiculus o f the lumbar spinal cord (L3 to L7) using a  micropipette 
filled with 2% neurobiotin (N B )-IM  KCl solution. NB was then injected 
iontophoretically into the recorded axons. These same axons were activated, 
following a synaptic delay (0.5 to 2 ms), by stimulation o f the left PMRF. A 
total o f 43 interneuronal axons were intraaxonally recorded during fictive 
locomotion in 11 cats, and 29 o f these discharged rhythmically. In 13 cases, 
NB-labelling was traced through both axons and somata. The somata were 
located in the right laminae VIII (n=8), V II (n=3) and VI (n=2) at L3 to L7 
segments. Stem axons o f all labelled interneurons crossed the midline, and 
then ascended and/or descended in the left ventral funiculus, giving off 3 to 
13 axon collaterals, mainly innervating the intemeuron pool o f laminae VII 
and V III, and in part innervating the motoneuron pool of lamina IX. These 
results suggest that lumbar commissural neurons identified in this study are 
a part o f the segmental locomotor central pattern generator (CPG), and that 
such neurons play an important role in the coordination o f left-right 
locomotor CPGs. Supported by Japan Grant-in-Aid for General Scientific 
Research A06404087 to S.M. and Uehara M emorial Foundation to K.M.

361.5

RETICULOSPINAL CONTROL OF INTERNEURONS IN RELATION TO THE 
PRODUCTION OF GENERALIZED MOTOR INHIBITION IN CATS. K. Takakusaki* 
Department of Physiology, Asahikawa Medical College, Asahikawa 078-8510, JAPAN.

The present study was aimed at elucidating spinal interneuronal mechanisms responsible 
for the generalized motor inhibition in cats induced by stimulating the nucleus reticularis 
gigantocellularis (NRGc). Cats were decerebrated at precollicular-postmammillary level. 
Either EMG activities of fore- and hindlimbs or intracellular potentials of motoneurons 
(MNs) and interneurons (INs) in lower lumbar segments (L5-L7) were recorded. Repetitive 
stimulations (50-100 Hz, 10-50 µA) delivered to the medial portion of the NRGc bilaterally 
suppressed postural muscle tone of both fore- and hindlimbs. Single or train shock stimuli 
(1-3 pulses, 2-10 ms intervals, 10-50 µA) of the NRGc induced inhibitory postsynaptic 
potentials (IPSPs) in α- and γ -MNs innervating extensor and flexor muscles of hindlimbs. 
The IPSPs were composed of early (disynaptic) IPSPs and late IPSPs with a peak latency of 
50-60 ms with a duration of 40-50 ms. The conditioning NRGc stimulation subthreshold 
to evoke postsynaptic potentials in MNs and primary afferent depolarization in dorsal root 
filaments (L5-L6) often suppressed interneuronal transmission of following reflex pathways 
to MNs; reciprocal Ia inhibition, recurrent inhibition and flexion reflexes. However, it 
sometimes facilitated non-reciprocal group I inhibitory pathways to MNs. Reversed 
conditioning-testing revealed that the volleys in flexor reflex afferents (FRA) reduced the size 
of the NRGc-induced IPSPs. Moreover, the NRGc stimulation induced the early and the late 
IPSPs in reciprocal Ia INs, Renshaw cells and INs mediating flexion reflexes. The IPSPs 
were also reduced in size by the volleys in FRA. In contrast, the NRGc stimulation induced 
excitation, which was composed of early (monosynaptic) EPSPs and late EPSPs with a 
peak latency of 40-50 ms and a duration of 80-100 ms, in INs located in laminae VII and 
VIII. These INs received IPSPs from FRA and some received monosynaptic EPSPs from 
group I muscle afferents. Spike-triggered averaging revealed that some of them mono- 
synaptically induced IPSPs in MNs and INs in reflex pathways. These results suggest that 
the NRGc stimulation inhibits activities of not only α- and γ -MNs but also INs mediating 
reflex pathways, via the inhibitory INs, to produce the generalized motor inhibition. 
Supported by a Grant-in-Aid for Scientific Research (C) 08680877 to K.T.

361.7

IMPAIRMENTS IN PREHENSION PRODUCED BY EARLY 
POSTNATAL SENSORIMOTOR CORTEX ACTIVITY BLOCKADE.
J.H. Martin*, S. Lee, and L  Donammmo. Center for Neurobiology & Behavior 
Columbia Univ. and NYS Psychiatric Institute, New York, NY 10032

The corticospinal (CS) system in cats undergoes axon refinement during 
postnatal weeks (PNW) 3-8 that contributes to forming the mature termination 
pattern. We showed (Neurosci Abst 23:1401,1997) that unilateral activity 
blockade in sensorimotor cortex (S-MCx), by continuous muscimol infusion, 
during PNW 3-8 prevents elimination of transient ipsilateral terminations from 
the silenced cortex and maintenance of dense contralateral terminations from 
the active side. The present study examined the effects of this activity block 
on prehension. Following inactivation, we trained animals to reach and grasp 
small pieces of beef from a planar surface and examined perform-ance until 
PNW 17. Terminations were mapped using anterograde tracers.

Unilateral activity blockade resulted in persistent prehension impairments 
contralateral to silenced cortex. During reaching, there were large increases 
in systematic and variable end-point errors. Animals also showed a spatial 
planning defect in which they did not effectively adjust movement direction to 
compensate for changes in starting position. Rather than grasp, animals 
snagged the beef. These animals had sparse contra- and dense ipsilateral 
terminations on the side of the cord controlling the impaired limb. Bilateral 
blockade resulted in bilateral impairments that were similar to those described 
for the contralateral limb following unilateral blockade. Terminations in these 
animals showed evidence of a lack of postnatal maturation.

Our findings suggest that activity-dependent refinement of CS axon 
terminations during early postnatal life is important for development of normal 
motor functions. Reaching errors could reflect a transformational defect, 
while grasping impairments, failure to develop the appropriate connections. 
(NS36835 and the United Cerebral Palsy Fndn)

361.4

SIM ILARITY  AND D IFFEREN CE IN INNERVATION PATTERNS O F 
VESTIBU LO SPIN AL AXONS AT TH E CERV ICA L, TH O RA CIC AND 
LUM BAR SEGM ENTS IN TH E CATS: PHA-L TRACING STUDY.
B. K uze, T. M atsui, K. M atsuyam a, R. K akigi* and S. M ori . D ep t. o f 
Biological Control System, National Institute for Physiological Sciences, 
Okazaki 444-8585, Japan.

Our previous study demonstrated that the longer the survival period of the 
animal after PHA-L injection into the Deiters' nucleus in the cat, the more 
caudally could PHA-L labeled fibers be continually traced (Kuze et al., 1997). 
W e found that fine m orphology (axonal co lla tera liza tion  and term inal 
arborization) of single vestibulospinal axons at specific spinal segments can be 
studied in detail in specimens made after appropriate survival times. In this 
study spinal cord specimens were taken between 1 and 12 weeks after PHA-L 
injection into the right Deiters' nucleus. Fine morphology of PHA-L labeled 
fibers was studied on serial transvers sections (50 µm) of the specimens. With 
survival periods of 2-3 weeks (n=2), 6-7 weeks (n=2) and 10-12 weeks (n=2), 
PHA-L labeled fibers were found in the cervical (C 1 to T2), cervico-thoracic 
(C5 to T 1 1) and thoraco-lum bar segm ents (T10-L7), respectively. F iber 
diam eters ranged from 0.4 to 5.6 µm. At cervical and thoracic segments, 
labeled axons were located in the ventral and ventrolateral funiculi, while at 
the lumbar segments, they were located in the ventromedial funiculus. These 
axons gave off multiple axon collaterals innervating laminae VII and VIII, the 
density o f the collaterals being greater in the cervical segments compared to 
tha t in the tho racic  and lum bar segm ents. The ex ten t o f rostrocauda l 
arborization o f single collaterals was larger in lum bar segm ents than in 
cervical segments. Supported by Japan Grant-in-Aid for General Scientific 
Research A06404087 to S.M.

361.6

EFFECT O F  SERO TO N IN  & N O REPIN EPH RIN E ON IN DU CTIO N  
O F TRIG EM IN A L RH Y TH M IC A L A CTIV ITY  , USING AN 
ISOLATED  BRA INSTEM  PREPARATIO N  IN VITRO .Atsuvuki 
M ori,M ikihiko K ogo*, H idehiko K oizum i, Kohji Ishiham a,Tokuzo 
M atsuya ; The First D ept. o f  Oral & M axillofacial Surgery,
O saka U niversity Faculty o f Dentistry ; 1-8, Y am adaoka, Suita, O saka 
565-0871, Japan

Our recent study sh ow ed  the ton ic inh ib ition  from  low er  
brainstem  to the rhythm generation  circuit o f  the trigem inal 
rhythm activ ities(T R A ). In this present study w e an a lyzed  the 
e ffec t o f  5 -H T  and norepinephrine on  this inh ib ition  ,u sing in 
iso la ted  brainstem  preparation in vitro.
R esults 1.A pp lication  o f  B iccu lin e(G A B A a  receptor antagonist) 
and N M A (N M D A  receptor agon ist)(B IC -N M A )can  induce T R A  
in m in im al b lock  w hich  include on ly  rostral brainstem  w ithout 
caudal b rainstem .2 .B IC -N M A  cannot enhance T R A  in w h ole  
brainstem  b lock (in ferior co llicu lu s  to o b e x ) .3 .E ither application  

o f  phenylep h rin e α -1  adorenoreceptor agon ist) and B IC -N M A  

or id azoxan ( α -2  ad orenoreceptor antagonist) and B IC -N M A  

can en h ance T R A  in w h o le  brainstem  b lo ck .4 .N A N 1 9 0  

(5 -H T 1a receptor an tagonist) and B IC -N M A  can in duce T R A  
in w h o le  brainstem  b lock .
It is likely  that 5H T  and norepinephrine are in vo lved  in the 
circuit related to T R A  in w h o le  brainstem  b lock .

361.8

O PTICAL M ONITORING OF NEURONAL C IR C U IT -ACTIVITY ON 
THE POPULATION LEVEL IN THE EM BRYONIC CH ICK  SPINAL 
CORD SLICES
Y. ARAI, Y. M O M O SE -SA T O , K. SATO and  K. K AM IN O*
D ept. P h y sio l., T okyo  M ed. D en t. U niv . S ch . M ed .,
1-5-45 Y ushim a, B unkyo-ku , Tokyo 113-8519, Ja p a n .

The slice preparations with spinal nerves from 8-day old chick embryos were stained 
with a voltage-sensitive dye. The optical signals were evoked by a brief stimuli 
applied to the spinal nerve fibers, and they were recorded simultaneously using a 128- 
or 1020-element photodiode array. Optical responses were detected from dorsal and 
ventral regions corresponding to the posterior (dorsal) and anterior (ventral) gray 
horns. The optical signals were composed of two components, fast spike-like and 
slow signals. In the dorsal region, the fast spike-like signal was identified as the 
presynaptic action potential in the sensory nerve, and the slow signal as the 
postsynaptic potential. In the ventral region, the fast spike-like signal reflects the 
antidromic action potential in motoneurons, and the slow signal represents the 
postsynaptic potential evoked in the motoneuron. In preparations in which the 
ventral root was cut micro-surgically, the antidromic action potential-related optical 
signals were eliminated. The areas of the maximal amplitude of the evoked signals in 
the dorsal and ventral regions were located near the dorsal root entry zone and the 
ventral root outlet zone, respectively. Quasi-concentric contour-line maps were 
obtained in the dorsal and ventral regions, suggesting the functional arrangement of 
the dorsal and ventral synaptic connections. Synaptic fatigue induced by repetitive 
stimuli in the ventral synapses was more rapid than in the dorsal synapses. The 
ventral neural response was also more sensitive to cooling than the dorsal response. 
In the ventral root-cut preparations, comparing the delay times between the ventral 
slow optical signals, we have been able to demonstrate that functional monosynaptic 
and polysynaptic connections are formed in the embryonic spinal cord at Hamburger - 
Hamilton stage 33.

Society for Neuroscience, Volume 2 4 ,  1998
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361.9

SYNAPTIC PLASTICITY AND SENSORIMOTOR LEARNING IN LAM
PREY’S RETICULOSPINAL NEURONS.

N. E. Schwartz*, V. Sanguineti, S. Alford, and F. A. Mussa-Ivaldi. De
partment of Physiology, Northwestern University Medical School, Chicago, IL 
60611.

Reticulospinal (RS) neurons in lamprey’s brainstem receive inputs from a 
variety of sensory modalities and are the main source for the central modulation 
of spinal pattern generators. At least one of suc sensorimotor pathways has 
been previously shown to display LTP. Here we show that the same synapses 
are capable of both potentiation and depression, and that the mechanism can 
be controlled by a separate sensory input. The whole brain of larvae of Sea 
Lamprey (Petromyzon Marinus) was dissected and preserved in oxygenated, 
refrigerated Ringer’s solution. The activity evoked by electrical stimulation of 
the octavomotor nuclei was recorded extra- and intra-cellularly in the middle 
and posterior rhomboencephalic reticular nuclei (MRRN and PRRN). In ex
tracellular recordings, the synaptic component of the response was identified 
by applying CNQX to the bath. Homosynaptic LTP and LTD were induced 
by, respectively, high and low frequency stimulation (HFS, LFS). The amount 
of potentiation/depression was assessed by considering the change in the es
timated initial slope, peak latency, peak amplitude, and the first principal 
component of the pEPSP/EPSP signal. LTP and LTD appear to be synapse 
specific, and bidirectional: LFS followed by HFS produces LTD then LTP, 
whereas HFS followed by LFS produces LTP followed by LTD, but generally 
HFS, which can saturate the potentiation in naive preparations, cannot fully 
reverse LTD. Heterosynaptic plasticity was also elicited by paired stimulation 
of the octavomotor nuclei and the trigeminal nerve. The latter may be in
terpreted as a priming or reinforcement signal, and an intriguing question is 
whether and how the observed plastic properties are related to some form of 
sensorimotor learning.

ACKNOWLEDGEMENTS: ONR (N00014-95-1-0571), MH (48185-07), 
NTH (NS09343)

361.11

THE RETENTION OF STEPPING ABILITY IN ADULT SPINAL CATS: 
EVIDENCE FOR MEMORY AND FORGETTING IN THE SPINAL CORD.
R.D.de Leon, J.A.Hodgson, R.R.Roy, N.J.Tillakaratne* and V.R.Edgerton. Dept. of 
Physiological Science and Brain Research Institute, UCLA, L.A., CA. 90095.
We previously have shown that the locomotor ability of the adult low-thoracic spinal 
cat can be improved considerably above the level that can be expected due to 
spontaneous lecovery, if the hindlimbs are trained to step (de Leon et al. 
J.Neurophsiol. 79:1329-1340, 1998). This Finding suggested that the spinal neural 
networks were modified by step training, providing evidence that the lumbar spinal 
cord can learn a motor task in the absence of supraspinal control. To determine 
whether the spinal cats formed a memory for stepping, we asked, "Are the behavioral 
and physiological changes that are acquired in response to step training maintained 
when the task is no longer practiced?" Adult spinal cats were trained to perform 
bipedal hindlimb locomotion on a treadmill for 6-12 weeks. Then, training was 
withheld and stepping ability was examined 6 and 12 weeks after training ended. The 
performance, hindlimb muscle EMG activity patterns and kinematic characteristics 
of the step cycle that were acquired during the training period were maintained after 
6 weeks of no training. After 12 weeks without training, however, locomotor 
performance declined, i.e. the number of full weight-bearing steps decreased 
significantly. In addition, the height that the paw was lifted during the swing phase 
decreased and a smaller range of extension in the hindlimbs occurred during E3. 
These kinematic characteristics corresponded to lower EMG amplitudes in extensor 
and higher amplitudes in flexor bursts. These findings provide further evidence that 
the acquisition of stepping in the absence of supraspinal control is a learned 
phenomenon and that a memory of stepping is stored in the spinal neural networks. 
These data also indicate that the spinal cord can forget how to perform stepping if 
that task is not practiced. (Sponsored by NIH Grant NS 16333)

361.13

FORM AND FUNCTION OF THORACIC INTERNEURONS. S.A. Saywell3, 
T.W. Ford1, A.J. Todd2 and P.A. Kirkwood3*. 1Dept. Physiology, Royal Free 
Hospital School of Medicine, London; 2Lab. Human Anatomy, University of 
Glasgow; 3Sobell Dept. Neurophysiology, Institute of Neurology, Queen Square, 
London WCIN 3BG, UK.

Kirkwood et a l  (J . Physiol 461, 667-687, 1993) showed that projections of 
thoracic interneurons could be related to their respiratory discharge characteristics. 
We are using anatomical techniques to investigate this further. In vagotomised 
pentobarbitone-anaesthetized cats paralysed with gallamine, intracellular recordings 
were made from interneurons in laminae VII-X of segments T5-T8. Neurons were 
characterised by their respiratory slow potentials or firing patterns compared with 
inspiratory discharges in an external intercostal nerve. Iontophoretic injections of 
Neurobiotin™ were made and labelled neurones were reconstructed after perfusion 
and histological processing.

Neurons had soma diameters of 31 ±6.7(s.d.)µm (n = 14). All had funicular 
axons, 9 running caudad, 2 rostrad and 3 bidirectionally, 11 contralaterally, 2 
ipsilaterally and one bilaterally. 7 neurons were also activated antidromically from 
spinal stimulating electrodes >  20mm caudal. All axons but one showed collaterals. 
The first collateral originated 0.42±0.62(s.d.)mm caudal to the soma, projections 
being contralateral for 10, ipsilateral for one, bilateral for 3. Terminations were 
found in laminae VII-IX. Only 4 neurons terminated in lateral lamina IX (where 
most respiratory motoneurons are found), these being the only ones with a strong 
respiratory drive (2 phasically firing, 2 showing slow potentials  ≥5mV), and they 
included the three most ventrally located neurons. The others showed slow potentials 
<2mV or discharges with a tonic component. These data confirm and extend 
previous physiological observations of ventral contralateral projections o f strongly 
modulated phasic interneurons, which mostly have inhibitory actions (Kirkwood et 
al. 1993). (Support: National Hospital for Neurology & Neurosurgery; MRC)

361.10

STAND TRAINING IN SPINAL CATS MODIFIES GLYCINERGIC-MEDIATED 
INHIBITION IN THE SPINAL CORD. J.A.Hodgson, R.D.de Leon, H.Tamaki, 
R.R.Roy, V.R.Edgerton*. Dept. of Physiological Science and Brain Research 
Institute, UCLA, L.A., CA, 90095.
Stepping ability in adult spinal transected cats is enhanced by daily locomotor 
training of the hindlimbs following spinalization and it appears that changes in the 
underlying spinal circuits contribute to the locomotor recovery. To determine 
whether a specific neurotransmitter system within the spinal cord is modified as a 
result of spinalization and hindlimb training, the effect of strychnine (a glycinergic 
receptor antagonist), on locomotor performance in step- and stand-trained spinal cats 
was examined. Six spinal cats (T12-T13) were trained to perform either hindlimb 
stepping or standing for 3 months, and then the ability to step was tested before and 
after the acute administration of strychnine (0.025-0.2 mg). After the initial training 
period, the cats were re-trained to perform a different task, i.e. cats initially receiving 
step training were trained to stand and vice versa. After 3 months of training for the 
new task, stepping performance was re-tested before and after strychnine. Thus, the 
strychnine effect on locomotion was evaluated after two training experiences, i.e. 
stepping and standing, in each cat. The 3 spinal cats that were initially step-trained 
recovered pre-spinal levels of locomotor performance and strychnine did not affect 
stepping. In contrast, the 3 stand-trained cats could not consistently generate stepping 
at any speed. In these cats, a significant increase in the number of successful steps 
was observed 30-45 min after the administration of strychnine. Based on analyses of 
the levels of EMG activity in selected hindlimb muscles and of hindlimb kinematic 
patterns, hindlimb flexion and extension were enhanced in stand-trained cats 
following strychnine. Similar results were obtained following the second training 
period, i.e. strychnine improved stepping when cats were stand-trained but not in 
step-trained cats. These findings indicate that the levels of glycinergic-mediated 
inhibition within the spinal circuits of spinal cats are modulated by motor training 
and suggest that at least part of the neural substrate for learning in the lumbar spinal 
cord is attributed to glycinergic inhibition. (Supported by NIH Grant NS 16333)

361.12

SUPERIOR COLLICULUS A N D  TURNING: DOPAMINE A N D  CAN- 
NABINOIDS. M.C. Sañudo-Peña*, K. Tsou, and J.M. Walker. Schrier Re
search Laboratory, Department o f  Psychology, Brown University, Provi
dence, Rhode Island, 02912U SA .

In the last few years our group has investigated cannabinoid action on mo
tor behavior following microinjection in different nuclei o f  the basal gan
glia. Cannabinoid agonists were unilaterally microinjected directly into each 
nucleus and turning behavior was recorded. These studies revealed a major 
modulatory action o f cannabinoids within each nuclei and in the basal gan
glia as a whole. In the present work we extended the studies o f cannabinoids 
and movement in the basal ganglia to the superior colliculus which is an out
put structure o f the substantia nigra reticulata, a major output structure o f the 
basal ganglia itself. The superior colliculus is involved in orientation re
sponses to exterior stimuli, as w ell as in approach-escape reactions. This 
structure has two main output pathways a medial ipsilateral and a lateral 
crossed pathway. Our studies focused on the latter. The superior colliculus 
also receives dopaminergic innervation, which allowed us to study the inter-
actions between cannabinoid and dopamine agonists in this structure, as we 
w e have in the basal ganglia. Surprisingly, cannabinoids produced a strong 
activation o f  movement when microinjected into the superior colliculus, 
which was observed as contralateral turning. The levels o f  turning were as 
high as the highest observed for dopamine agonists in basal ganglia. Finally, 
the turning induced by a cannabinoid agonist microinjected into the collicu
lus was blocked by coadministration o f  a dopamine D1 or a dopamine D2 
agonist. These findings suggest that the effects o f  cannabinoids on motor 
function are produced in part by cannabinoid effects on the superior collicu
lus. Supported by K02M H01083, N S33247, D A 10043, D A 10536. The au
thors are grateful to Pfizer (Groton, CT) for the gift o f  CP55,940.

361.14

SPINAL CORD MICROSTIMULATION FOR SELECTIVE 
CONTROL OF MOVEMENT IN CHRONICALLY IMPLANTED 
CATS. Vivian K. Mushahwar*, David F. Collins , and Arthur Prochazka. Div. 
Of Neuroscience, University of Alberta., Edmonton AB Canada.
We have initiated a study to develop techniques for chronically stimulating motor 
areas of the mammalian lumbo-sacral spinal cord. The eventual clinical aim is to 
improve motor function in people with spinal cord injuries and hemiplegia. We are 
currently exploring the motor effects of activating spinal motoneuron pools and 
interneurons in normal and spinal animals. So far we have implanted 3 cats, each 
with 6 to 12 microwires (17 and 50 µm dia., 50 to 250 µm exposed tips) and tracked 
stimulus-evoked responses for up to 3 months. A peephole laminectomy over the 
lumbar enlargement was performed under pentobarbital anesthesia. Wires were 
inserted manually 1 to 2 mm from the midline to depths of 4 to 5 mm, targeting 
hindlimb motoneuron pools (Mushahwar 1996: PhD thesis, Dept. Bioeng. Univ. of 
Utah). Postmortem dissection after 2 weeks in 1 cat showed that most wire tips were 
in the ventral horn. Impedances increased by up to 100% over 8 weeks. Thresholds for 
evoking muscle twitches during surgery were 9-300 µA (200 µs pulses). Some weeks 
after recovery, thresholds in the conscious animal had increased to 70-350 µa. Some 
electrodes elicited joint torques sufficient to support the hindquarters (50 /s pulse 
trains). From these pilot experiments we conclude: 1) Spinal microstimulation 
activates single muscles or muscle synergies in the conscious animal without 
discomfort. 2) Some electrodes continue to activate single muscles selectively after 
many weeks. 3) Voluntary contractions or palpation of a given muscle reduces its 
microstimulation threshold, presumably because of increased motoneuron 
depolarization. Clinically, this means that weak voluntary activations of different 
muscle groups could be boosted non-selectively by stimulating through single 
implanted electrodes. This could be useful for retraining of voluntary muscle control. 
Supported by AHFMR, Canadian MRC and Killam Scholarship for D.F.C.
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361.15

E F F E C T  O F T E M P E R A T U R E  C H A N G E S  O N  S Y N A P T IC  
D EPR ESSIO N  IN TH E M O U SE SPIN A L CO R D  IN V ITR O  Y an Li 
and R. E. Burke * Lab. o f  N eural C ontrol, N IN D S, N IH , B ethesda, M D  
20892-4455

Excitatory  postsynaptic potentia ls (EPSPs) p roduced  in neonatal rat 
m otoneurons by stim ulation o f dorsal roots (DR) are m arkedly depressed 
by low  frequency stim ulation w hen studied in vitro  at room  tem perature 
(Lev-Tov and Pinco, J. Physiol. 447:149-169, 1992). W e have investigated the 
effect o f bath tem perature on this phenom enon using en bloc  preparations 
o f  thoracic and lum bosacral spinal cord from  m ouse pups at postnatal 
ages P6-7. In tracellu lar record ings w ere m ade from  an tid rom ically - 
identified m otoneurons in the L5 segm ent w ith sharp m icropipettes filled 
w ith  2M  K +  aceta te , w ith  100 m M  Q X 314 added  to  b lock  ac tion  
potentials. Supramaximal stim uli were delivered to the L5 dorsal root in a 
standard sequence: 10 pulses at intervals o f 0 .5 , 1, 2, 4, 8, and 0.5 sec, 
w ith 2 m inutes rest betw een  each  tra in  onset. T he L5 m onosynaptic  
ventral root responses (M VRR) and EPSPs to each stim ulus w ere stored 
in com puter files. A fter a sequence had been obtained at bath tem perature 
o f  23.5° - 24° C o r 31.5° - 32° C, the bath tem perature w as changed to 
the o ther value and the stim ulus sequence was repeated after a 10-15 min 
equilibration period. The percent peak EPSP (V n) depression, D,

D = 100(1 - ( [V 9 + V 10] / 2 ) /V 1 )

w as consistently  less w hen m easured  at the h igher tem peratu res. The 
initial peak m onosynaptic EPSP am plitude (V1) was sm aller at high than 
at low  tem peratures. T hese effec ts w ere reversib le. P eak  E PSPs w ere 
linearly  co rrelated  w ith M V R R s. W e conclude tha t ba th  tem perature 
significantly affects synaptic transm ission in this preparation.

361.17

A flexible combination o f muscle synergies underlying withdrawal 
reflexes in the spinalized frog. M.C. Tresch*, P. Saltiel, and E. Bizzi, 
Department of Brain and Cognitive Sciences, M.I.T., Cambridge MA 02139.

We show that the range of muscle activation patterns observed during 
withdrawal reflexes in the spinalized frog can be described as the flexible 
combination of a small number of distinct muscle synergies. Regions of the frog 
hindlimb skin surface were mechanically stimulated and the activation patterns of 
nine ipsilateral hindlimb muscles were recorded. Insulation was placed between 
adjacent muscles to eliminate crosstalk. The activation level of most muscles varied 
systematically with stimulus location. Within this range of muscle activations, the 
activation levels of particular groups of muscles were observed to covary. We 
examined this observation using a computational analysis that attempted to describe 
each evoked response as the combination of a small number of distinct muscle 
groupings (muscle synergies). This analysis derived both a set of these muscle 
synergies and the positive weighting coefficients used to reconstruct each observed 
response. We found that this analysis was consistently able to describe the range 
of observed responses for each animal, explaining an average of 92 ± 3% of the 
variance (7 frogs, an average of 426 responses in each) . The particular muscle 
synergies derived by the algorithm were very consistent for each animal (r = .96 
±.03 ) and were similar between different animals as well (r = .74 ± .06). Finally, 
the contribution of each synergy to responses evoked from different stimulus 
locations was very similar for each animal. These observations suggest a 
mechanism through which the nervous system might produce a range of behavior 
in a simple and flexible manner.
(Supported by ONR:N0014/90/J/1946 to EB, and HHMI to MCT.)

361.19

T he  E ffects of  Intrath eca l  Ad m in ist r a t io n  o f  th e  N o r a d ren erg ic  
An t a g o n is t  y o h im b in e  o n  L o c o m o t io n  in  Ad u l t  In t a c t  Ca t s .
N. Giroux*, F. Lebel, J. Provencher, T. A. Reader and S. Rossignol. Centre de Recherche en 
Sciences Neurologiques, Université de Montréal, Montréal (Québec), Canada, H3C 3J7.

Alpha-2 noradrenergic agonists, such as Clonidine, have been shown to initiate 
hindlimb locomotion on the treadmill within the first week after a complete transection at T13 
in cats, and, at a later stage, to modulate the characteristics of the spontaneously recovered 
locomotion. This modulation consists in a lengthening of the step cycle, an increase in paw 
drag and a decrease of cutaneous reflex excitability. In cats with massive bilateral ventral and 
ventro-lateral lesions, Clonidine also exerts a powerful effect on locomotion by reducing 
weight support and increasing paw drag, often leading to a deterioration of locomotion. In 
intact cats, Clonidine only has slight modulatory effects on locomotion. Given the powerful 
effects exerted on locomotion by the noradrenergic agonists in lesioned cats, we wanted to 
evaluate the possible involvement of the noradrenergic system on locomotion in intact cats 
by selectively blocking α-2 noradrenergic receptors with an antagonist Therefore, 
Yohimbine was injected through an intrathecal cannula (tip at L4-5), in two intact cats 
chronically implanted with EMG electrodes. Video images synchronized to EMG activities 
of the hindlimbs were recorded in cats before and for several hours following the drug 
injection. In the first cat, 6 injections of Yohimbine (800-1600µg/100µl) were performed 
whereas, in the second cat, 5 injections (100-1600µg/ 100µl) were given. With large doses, 
both cats developed major walking difficulties, with poor lateral stability of the hindquarters 
and poor alternation of the hindlimbs. The effects usually started on one side and were 
followed by an early compensation on the controlateral side, and thereafter the effects became 
bilateral. These effects started rapidly (within about 3 minutes), and gradually dissipated over 
a 20-30 minutes period. No secondary central effects, such as nausea or drowsiness, were 
observed during these experiments. These results suggest that locomotion in intact cats is 
dependent cm α-2 noradrenergic mechanisms. [Supported by the NCE; N.G. is a trainee 
from NCE and the Rick Hansen MIM Foundation].

361.16

AFTERDISCHARGES IN CAT SPINAL INTERNEURONS BEFORE AND 
DURING REVERSIBLE COLD BLOCK OF THE DORSOLATERAL SPINAL 
CORD. D.-F. Chen1,2*, J.F. Miller2, W.Z. Rymer2 , C.J Heckman2.
1Center on Aging and Dept. of PT Education, Univ. Kansas Medical Center; 
2Dept. of Physiology, Northwestern Univ. Medical School, Chicago IL, 60611.

Spinal interneurons in slice preparations are known to display sustained 
plateau potentials in response to brief excitatory inputs. Unlike motoneurons, 
the presence of the monoamines serotonin (5HT) and noradrenalin (NA) are 
not required for plateau potentials to be manifested in spinal interneurons 
(Morisset and Nagy, J. Neurophysiol. 76: 2794-98, 1996; Russo et al. J. 
Physiol. 499: 459-74, 1997). Furthermore, the reticulospinal monoaminergic 
fibers that are the source of 5HT and NA in the cord are likely inhibitory to 
interneurons, so that removal of the monoaminergic input to interneurons 
should enhance their tendency to generate afterdischarges.

To test this hypothesis, we applied a reversible cold block bilaterally to the 
dorsolateral quadrants of the thoracic cord in a decerebrate cat preparation. 
These spinal quadrants contain monoaminergic fibers that influence 
interneurons in the lumbar cord. We then recorded extracellularly the firing 
patterns of interneurons in the intermediate gray and ventral horn in response 
to muscle stretches or other sensory inputs. Interneurons were identified by 
standard electrophysiological testing criteria. The, results to date showed that 
dorsal cold block increased afterdischarges in all 10 identified interneurons 
that were successfully recorded before and during the block. In addition, the 
firing pattern of all cells became more irregular during the block. A larger data 
sample with further experiments will determine if there are differences among 
different classes of interneurons, e.g., between la inhibitory and group II 
interneurons. (Supported by NIH grants NS28076 and NRSA F32 HD08023).

361.18

SYNERGIES UNDERLYING THE MUSCLE ACTIVATION PATTERNS PRO
DUCED BY NMDA IONTOPHORESIS IN THE FROG SPINAL CORD.
P. Saltiel*, M. C. Tresch and E. Bizzi. Dept. of Brain and Cognitive Sciences, 
MIT, Cambridge, MA 02139.

We have previously shown that focal NMDA iontophoresis in interneuronal 
regions of the frog lumbar spinal cord can produce distinct muscle activation 
patterns (emgs) which underlie the small number of distinct force orientations 
that were recorded at the ankle of the ipsilateral hindlimb. We find that each 
force orientation is produced by a few emg patterns. Moreover the emg patterns 
underlying a force orientation remain very similar when the response to NMDA 
is a single tonic force or when that same force is produced, as is more commonly 
the case, as a component of a rhythm. This suggests that rhythms are generated 
from a sequential activation of simpler responses.

A closer inspection of the emg patterns constituting these responses suggests 
that they are in turn generally composed from a combination of smaller building 
blocks. The identification of these smaller synergies is aided by two phenom
ena: 1) they sometimes are produced in isolation, and 2) a given characterized 
emg activation pattern may not be constituted at once, but over time as one 
small synergy gets added to another one. There are approximately five of these 
smaller synergies. Specific combinations of these synergies occur to produce the 
full emg patterns underlying the different force orientations. Different elements 
of the synergy set and their combinations enter in the composition of different 
classes of NMDA-evoked rhythms.

These small synergies identified with intraspinal NMDA iontophoresis have 
much resemblance to those recently identified as combining with each other to 
produce the withdrawal reflexes in the frog. Thus the concept of spinal cord 
modularity becomes more precisely defined as the small set of emg synergies 
which can combine with each other to produce a range of behaviors. (Supported 
by ONR:N00014/88/K/0372 and HHMI to MCT).

361.20

SEROTONIN (5-HT) CONTROLS INTRINSIC MODULATION IN 
SPINOCEREBELLAR CIRCUITRY. A.M. Rankin, G. Bosco, and R.E. 
Poppele*. Dept. o f Physiology and Neuroscience Graduate Program, Univ. 
of Minnesota, Minneapolis, MN 55455.

Responses o f DSCT neurons may be modified by spatiotemporal patterns 
of afferent input. For example, the response to a given foot trajectory 
depends on whether the prior trajectory was continuous or paused. We found 
that the response effect produced by a paused trajectory was modulated by 5- 
HT.

Responses o f DSCT neurons to imposed movements o f the hindfoot, based 
on a step cycle, were recorded in pentobarbital-anesthetized cats. Nearly 
80% (127/161) o f cells studied in 11 cats showed consistent, though often 
small, response differences between continuous cycles and those with 1-s 
pauses inserted in the cycle trajectory. The response differences could occur 
at various points in the cycle, up to 1-2 s following a pause.

The effect o f 5-HT was studied in a subset o f 33 neurons showing a pause- 
related effect. The predominant effect o f systemic 5-HT agonists or raphe 
stimulation was to enhance the pause effect, although changes in the average 
discharge rate o f a cell were also observed. 5-HT antagonists generally 
reduced the pause effect, and repeated drug doses could reduce or reverse a 
pause effect. The findings suggest that an intrinsic modulation, dependent on 
sensory input, is in turn controlled by 5-HT.
Supported by NIH grant NS21143.
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361.21

ACTIVITY OF SPINAL INTERNEURONS DURING PRE-
MOVEMENT DELAY PERIOD IN PRIMATES. Y. Prut, S.I. 
Perlmutter*, E.E. Fetz. Dept. Physiol. & Biophys. and Regnl. Primate 
Res. Ctr., Univ. o f  Washington, Seattle, W A 98195  

We evaluated the extent to which spinal circuitry is engaged during 
preparation for voluntary movement by characterizing the responses o f  
spinal interneurons (INs) in an instructed delay task. Macaques made 
visually guided, isometric flexion/extension torques about the wrist to 
control a cursor position. Each trial included a rest period [cursor in 
central target zone at zero torque], an instructed delay period [initiated 
by a transient cue indicating subsequent torque target], and an active 
torque period. Activity o f  isolated C6-T1 INs was recorded with one or 
two electrodes. The average firing rates o f  123/394 INs showed  
significant delay period modulation (SDM ) relative to rest (paired t-test, 
p<0.05). SDM  was unaccompanied by m uscle activity in every tested 
case. Activity o f  90% o f  INs with SDM  was also modulated for active 
torques. Firing rates during the delay and torque periods were 
modulated in the opposite direction (i.e., increase vs. decrease) for 39% 
o f  INs with SDM . Firing rate decreased during the delay period for 61% 
o f  INs with SDM . INs exhibited SDM  either during flexion trials only 
(n=39), extension trials only (n=54) or both (n=30). The latter group 
showed similar rate changes for pre-flexion and pre-extension delay 
periods (r =.89). These results indicate that preparation for movement 
involves extensive modulation o f  spinal interneurons that cannot be 
predicted from their responses during active movement. Thus, spinal 
circuitry is involved in the earliest stages o f  movement preparation, 
suggesting w idely distributed, parallel processing o f  set-related activity. 
[APA PBR29502; N S12542; RR00166]

361.23

ATTRACTOR TRAJECTORY OF SPINAL FORCE FIELD 
PRIMITIVES. M.A. Lemay*, J.E. Galagan, E. Bizzi, N. Hogan. Depts. of 
Mechanical Engineering and Brain & Cognitive Sciences, Massachusetts 
Institute o f Technology, Cambridge, MA 02139.

Static forces produced by electrical stimulation of the gray matter in the 
spinalized frog's spinal cord are organized in patterns o f a few primitive 
types. Some patterns present a point o f convergence, an equilibrium point 
to which the limb is attracted. In this study we used a novel approach to 
dynamically measure the motion o f the attractor point, i.e. the point at 
which the active neuromuscular forces are zero.

Frogs were spinalized and decerebrated, and hindlimb motion produced 
by microstimulation was measured using a 2D planar robot with force 
measuring capabilities. We then used the robot to move the limb along that 
trajectory with (stim), and without (stim) activating the site. We adjusted 
subsequent trajectories (using TK+1=TK+α×(Fstim-Fstim)K, T is the trajectory, 
and α  is a scaling factor) to minimize the residual forces (Fstim-Fstim), and 
repeated the procedure until the residuals were negligible. The trajectory at 
that point represents the active field attractor trajectory.

Initial results show that the attractor trajectory leads the actual limb 
trajectory by as much as 3-4  cm at times, and is closer to the trajectory o f 
the static equilibrium point o f the active field (although delayed in time) 
than to the static equilibrium point o f the total (active+passive) field.

The difference between actual and attractor trajectories suggests that the 
impedance o f the force field around the attractor point may be relatively 
low, so that actual trajectories produced by spinal stimulation are 
influenced by passive forces. The difference between the attractor 
trajectory and the static equilibrium point o f the active field suggest that 
the impedance due to the spinal force field primitives also includes a 
dynamic component.

Supported by NIH Grant NS09343, and a Postdoctoral Fellowship to MAL 
from the Paralyzed Veterans o f America Spinal Cord Research Foundation.

361.25

REACH RELATED NEURONS IN THE ROSTRAL MESENCEPHALON OF 
THE CAT K. M. Horn*, M. Pong and A. R. Gibson. Div. of Neurobiology, 
Barrow Neurol. Inst; Phoenix, AZ 85013.

The reach-to-grasp involves coordinated control of both distal and proximal 
forelimb musculature. Our previous research has shown that the intermediate 
cerebellum and its output through the magnocellular red nucleus (RNm) focus on 
control of grasp related components of the task. Recently, we have recorded 
neurons in a rostral lateral extension of the red nucleus as well as the surrounding 
mesencephalon that appear to contribute to control of reach related components of 
the task.

Three cats were trained to reach and grasp a lever upon the presentation of a 
conditioned stimulus. Most of the mesencephalic neurons (n=52) discharged 
during use of the contralateral limb only and increased their firing rate prior to the 
onset of the reach (average 218 msec). The increased neural activity occurred 
throughout the reach (average burst duration 373 msec) and peaked before the cat 
grasped the lever (average peak firing rate 144 imp/sec). Some neurons (n=6) 
showed an increase of tonic activity as the cat grasped, retrieved and held the lever 
with the forelimb in a flexed position.

The discharge patterns contrast with those of cells in RNm, which show an 
increase in discharge closer to the time of reach (97 msec prior to reach onset), 
have more sharply defined peaks (average burst duration 138 msec), reach higher 
rates of discharge (average peak firing rate 223 imp/sec) and show only phasic 
activity during the task. We hypothesize that the mesencephalic neurons are 
involved in control of reach during the reach to grasp whereas RNm neurons are 
involved in control of grasp.

Supported by training grant NS-07309, program project PO 1-NS30013 
subproject 3, and the Division of Neurobiology.

361.22

SUPRASPINALLY EVOKED FORCE FIELDS CAN BE EXPRESSED AS A 
LINEAR COMBINATION OF SPINAL FORCE FIELD PRIMITIVES
K. Wyler-Duda, A. d’Avella, and E. Bizzi*. Department of Brain and Cognitive 
Sciences, MIT, Cambridge, MA 02139.

This study provides new evidence that the descending system may access and 
combine spinal force field primitives in the frog’s spinal cord to generate movements.

Previous work of our laboratory has shown that microstimulation of intermediate 
layers of the lumbar gray of the frog’s spinal cord produces muscle contractions that 
result in a small number of distinct isometric force fields suggesting a organization of 
the spinal cord into a small set of functional modules. Costimulation of these modules 
induces force fields either following a vector summation or a winner-take-all 
principle, which leads to the hypothesis that movements or posture can be explained 
as a combination of a few basic spinal primitives.

This hypothesis was tested by comparing force fields resulting from vestibular nerve 
stimulation with force field primitives obtained from spinal stimulation. Supraspinal 
force fields were recorded from seven frogs and spinal force fields from seven other 
frogs. To estimate the variance of the spinal primitives the spinal fields were sampled 
repeatedly while stimulating the same site in the cord. The spinal force fields were 
grouped into distinct categories using a k-means algorithm and the average of each 
category was taken to represent a spinal primitive. Each vestibular field was fitted by a 
linear model based on the spinal primitives, which also took into account the 
individual covariance of all active primitives. The activation coefficients of the 
primitives were constrained to positive values. In almost all cases there was no 
significant difference between the vestibular field and resulting field from the linear 
combination of the spinal primitives.

This is in accordance with the results of the costimulation experiments and supports 
the hypothesis that supraspinal areas combine spinal modules to control movements.

Supported by NIH Grant 09343, ONR Grant NS00014/88/K/0372, and a 
Postdoctoral Fellowship (81BE-49953) to KW-D from the Swiss National Science 
Foundation.

361.24

FUNCTIONAL ROLE OF INDIVIDUAL COMPONENTS OF THE 
CORTICOSPINAL TRACT IN SKILLED FORELIMB USE IN 
ADULT RATS
N. Weidner1,* , A. Ner1 and M.H. Tuszynski1,2. 1Dept. Neurosci., Univ. Calif.-San 

Diego, La Jolla, CA; 2VA Med. Ctr., San Diego, CA
The functional role of the corticospinal tract in skilled limb movements has been 
widely described, however little is known about the relative contributions of its 
individual components descending in the dorsal, lateral and ventral funiculi. In the 
present experiment, we sought to elucidate the role of these corticospinal projections 
comparing skilled forelimb use in adult rats with corticospinal tract lesions rostral to 
the pyramidal decussation and cervical dorsal column transections. Adult Fischer 344 
rats were trained to retrieve single food pellets. After 2 weeks of pretraining animals 
received a bilateral lesion of the corticospinal tract just rostral to the pyramidal 
decussation (CST-PYR; n=5) or a bilateral dorsal column transection at C3 including 
the dorsal crossed corticospinal projections (CST-CERV; n=7). Unlesioned rats (CTL; 
n=4) served as control animals. Functional testing was performed from 2 weeks 
through 4 weeks post-operatively. CST-PYR animals showed a significantly lower 
food pellet retrieval rate (28.7±6.5%) compared to both CTL (64.2±6.4%) and 
surprisingly CST-CERV animals (55.8±9.3%) (p<0.04). Anterograde corticospinal 
tract labeling with biotinylated dextran amin revealed that CST-PYR lesions spared 
small portions of the dorsal corticospinal tract, whereas dorsal projections in CST- 
CERV lesions were completely disrupted. In contrast, the majority of projections that 
constitute ventral and lateral corticospinal projections was disrupted in CST-PYR 
lesion, but spared in CST-CERV lesions. These findings suggest that minor 
components of the corticospinal tract descending in the ventral and lateral funiculus 
either substantially contribute to skilled forelimb movements in the intact animal or 
compensate for functional deficits caused by lesions of the dorsal crossed corticospinal 
projections. The influence of other systems will be discussed.
Supported by Canadian Spinal Research Organization, Foundation International 
Research Institute for Paraplegia, and the NIH.

361.26

PATHWAYS FOR CONTROL OF REACHING IN THE CAT. M. Pong, K.M. Horn, 
and A.R. Gibson. *Barrow Neurological Institute, Phoenix, AZ 85013.

Control of the reach-to-grasp is accomplished by several parts of the nervous 
system, each specialized for control of different aspects of movement: Intermediate 
cerebellum is focused on control of components associated with grasping but not 
reaching. To identify potential areas for reach control, we injected WGA-HRP into 
spinal segments C6-7, which contain motomeurons innervating shoulder musculature.

A small (0.008 ul) injection confined to lamina IX at C7 labeled a relatively small 
number of neurons in the brainstem. Most labeled brainstem neurons were located in 
the medullary reticular formation at the level of the rostral inferior olive. A far larger 
number of neurons were labeled in other spinal segments. Ipsilateral to the injection, 
a column of labeled neurons was located in lateral regions of lamina VII. The column 
extended from the injection site through C4 and then gradually diminished at more 
rostral levels. The contralateral cord contained a somewhat smaller number of labeled 
neurons over a similar segmental extent, mostly located in lamina VIII.

WGA-HRP injections in C6 including laminae VII, VIII, and IX labeled many 
brainstem regions as well as a large number of neurons at C1 and C2. The projection 
from C1 and C2 is bilateral, with the ipsilateral neurons located more laterally in the 
spinal gray than the contralateral neurons. The contralateral connections may explain 
the substantial functional recovery following spinal hemisection.

A small injection in lateral lamina VII at C6 labeled cells in a rostral lateral 
extension of the red nucleus. Initial recording data indicate that these cells may be 
specialized for control of proximal musculature during reaching, and might be an 
important input for control of reaching during the reach-to-grasp. The complex 
interneuronal spinal networks, however, suggest that any one input will make a small, 
probably highly specialized, contribution to control of the overall movement.

Supported by training grant NS-07309, program project PO1-NS30013 subproject 
3, and the Division of Neurobiology.

Society for Neuroscience, V olume 2 4 ,  1998



MONDAY PM SPINAL CORD AND BRAINSTEM: PREMOTOR CIRCUITS AND PATTERN GENERATION 919

361.27

TIMING RELATIONSHIPS AND COHERENCE BETWEEN HINDLIMB MOTOR 
NUCLEI DURING FICTIVE LOCOMOTION. V.V. Turkin, T.V. Trank*, and T.M. 
Hamm, Barrow Neurological Institute, St. Joseph’s Hospital, Phoenix, AZ.

We have used coherence analysis to demonstrate correlations in the frequency 
domain between the activity of motor nuclei during stereotyped patterns of fictive 
locomotion (Hamm & McCurdy 1996; Turkin & Hamm 1996); such correlations may 
indicate the organization of synaptic input to motoneuron pools. Some motor pools 
demonstrate variable patterns of activity during fictive locomotion (St, PBF, FDL, 
EDL; Trank et al. 1998). While these populations may have activation patterns that 
overlap the stereotypic bursting pools, their onset and offset latencies (timing patterns) 
may be quite different. In this study, we examined the relationship for the degree of 
coherence between motoneuron populations and their timing relationships during the 
Active locomotion cycle. The activity of motor nuclei was determined from rectified 
muscle-nerve neurograms during MLR-evoked Active locomotion in decerebrate cats. 
FDL often had patterns like St and PBF, with a short burst during the transition 
between the main extensor and flexor bursts or extensor activity, with or without a 
transition burst. In addition, St and PBF sometimes displayed a long flexor burst. 
Nevertheless, strong coherence was evident between the knee flexors St and PBF only. 
St and PBF typically were coherent with TA while FDL remained alone and unique. 
While EDL was always active during the flexor synergy of Active locomotion, it was 
often biphasic with a greater level of activity during the latter portion of the flexor 
phase. Even though EDL was coactive with other flexors, it showed less coherence 
with its flexor synergists than was present between other flexor neurograms. These 
results indicate that 1) coherence is reduced or absent between motor nuclei with 
overlapping activities but different timing relationships; 2) coherence may be absent 
between motor nuclei with similar timing relationships, particularly motor nuclei 
supplying distal muscles. Therefore, some motor nuclei may receive specialized 
locomotor commands rather than stereotyped extensor or flexor commands.

Supported by USPHS grants NS22454 and NS07309

LIM BIC SYSTEM ; H IPPO C AM PU S I 

362.2362.1

HETEROGENEOUS DISTRIBUTION OF SPONTANEOUS AND MINIATURE 
GABAERGIC AND GLUTAMATERGIC SYNAPTIC CURRENTS ALONG THE 
SOMATO-DENDRITIC AXIS OF NEURONES. J.C. Hirsch1, M. Esclapez1, 2R.C. 
Cannon2*, H.V. Wheal2, Y. Ben-Ari1 and C. Bernard1. 1INSERM U29, Hôpital de Port 
Royal, 123 Bld de Port Royal, 75014 Paris, France. 2Neuroscience Research Group, 
School of Biological Sciences, Southampton University, Southampton, SO 16 7 PX, UK 
Whole cell recordings from the soma, apical and basal dendrites of rat hippocampal 

CA1 pyramidal neurones were performed to estimate the regional distribution of both 
spontaneous and miniature γ-amino butyric acid (GABA)-ergic and glutamatergic 
synaptic currents. We report that: 1) more than 90% of the spontaneous currents, in both 
the somata and dendrites, is GABAergic, less than 10% being glutamatergic; 2) more 
than 90% of the spontaneous glutamatergic currents, in both the somata and dendrites, 
are action potential-dependent, only 10% being recorded in the presence of TTX; 3) the 
distribution of GABAergic miniatures is heterogeneous since more than 60% and less 
than 10% of the spontaneous events are miniatures (TTX resistant) in the somata and in 
the dendrites respectively. Computer modelling suggests that these data are consistent 
with the electrotonic properties of somata and dendrites and the spatial distribution of 
synapses. We conclude that spontaneous activity is highly segregated in neurones since 
inhibition: (i) is massively predominant over excitation throughout the cell and (ii) 
requires, in the dendrites but not in the soma, the constant firing of interneurones.

Supported by INSERM and Alliance.

362.3

LOSS OF P35, A NEURONAL-SPECIFIC ACTIVATOR OF CDK5, RESULTS IN 
ABNORMAL HIPPOCAMPAL DEVELOPMENT IN MICE. H. J. Wenzel*1, Y.T. 
Kwon2, L.-H. Tsai2 and P.A. Schwartzkroin1. Dept. of Neurological Surgery1, 
University of Washington, Seattle, WA 98115, and Dept, of Pathology2, Harvard 
Medical School and Howard Hughes Medical Institute, Boston, MA 02115.

The neuronal-specific activator of cyclin-dependent kinase 5, p35, plays a key role 
in corticogenesis, which involves a complex pattern of neuronal migration. Recently, 
it has been shown that mice lacking p35 develop severe neocortical lamination defects 
associated with sporadic lethality and seizures (Chae et al., 1997: Neuron, 18: 29-42). 
We demonstrate here that p35 knockout mice also show abnormalities in hippocampal 
development. In control animals, pyramidal neurons in the CA3 subfield and dentate 
granule cell somata typically form narrow laminae, with distinct borders with adjacent 
laminae. Histological examination of cresyl-violet stained hippocampal sections of p35 
knockout mice reveal that somata of CA3 pyramidal neurons and granule cells 
(particularly in the superior blade of the dentate gyrus) extend into the strata radiatum 
and moleculare, respectively, forming columns and/or clusters of heterotopic neurons. 
Furthermore, immunocytochemistry (ICC) for glial fibrillary acidic protein (GFAP) 
shows an absence of the astrocytic cell population which normally forms at the border 
between hilus and granule cell layer. Electron microscopy and ICC for the zinc 
transporter (ZnT-3) localized to synaptic vesicles of mossy fiber boutons (MFB) 
demonstrate the ectopic appearance of MFBs within the dentate granula cell layer and 
also in the molecular layer. These MFBs make synaptic contacts with granule cell 
dendrites and dendritic spines, and occasionally with granule cell somata. The 
appearance of heterotopic granule cells and of abnormal mossy fiber synapses reflects 
an aberration in the patterns of neuronal migration in hippocampus in these p35 
knockout mice. Similar structural abnormalities - especially mossy fiber sprouting into 
the dentate molecular layer - have been implicated in epileptogenesis in a number of 
animal models of chronic seizures and in human temporal lobe epilepsy. Supported by 
NIH grants NS18895 (PAS) and GM53049 (L-HT).

RHYTHMIC EXCITATORY SYNAPTIC POTENTIALS IN CA3 
PYRAM IDAL NEURONS OF AGED RATS. I. N ab e k u r a * ,, P. Zou 
a n d  N. A k a ik e . Dept. P h y s io l., Fac. M ed., K y u sh u  U n iv ., 3- 
1-1 M a id a sh i H ig a s h i-k u , F u k u o k a , 812-8582, J a p a n .

I n t r a c e l l u l a r  r e c o r d in g s  w e re  m ad e  f ro m  th e  CA3 
p y ra m id a l  n e u r o n s  in  th e  b r a i n  s lic e s  o b ta in e d  fro m  1.5-2 
y e a r  o ld  r a ts . In  m o re  t h a n  90%  o f  n e u r o n s ,  la rg e  
s p o n ta n e o u s  e x c i ta to ry  p o s ts y n a p t ic  p o te n t ia ls  (L-S 
e .p .s .p s )  w ith  m o re  th a n  20m V  in  a m p litu d e  a s so c ia te d  
w ith  s e v e ra l  a c tio n  p o te n t ia ls  w e re  o b s e rv e d  a t a  r e g u l a r  
in t e r v a l  o f  1- 0.2Hz. T h is  L-S e .p .s .p s  p e rs is te d  in  th e  
is o la t io n  o f  CA3 a r e a s  f ro m  th e  CA2 a n d  CA4, in d ic a t in g  
th e  r h y th m  w as g e n e ra te d  w i th in  th e  CA3 re g io n s .  T he 
a p p l ic a t io n  o f  Cd2+ in  th e  p e r f u s a te  g r a d u a l ly  d e c re a s e d  
th e  a m p litu d e  o f  th i s  p o te n t ia l  w ith o u t  a n  a l te r a t io n  o f  
t h e i r  f r e q u e n c y .  N ic a rd ip in e  d id  n o t  a f fe c t  th i s  p o te n t ia l .  
Trans-A C P D  m a rk e d ly  in c r e a s e d  th e  f r e q u e n c y  a s s o c ita te d  
w ith  a  d e c re a s e  o f  t h e i r  a m p litu d e s . CNQX r e v e r s ib ly  
d e c re a s e d  th e  a m p litu d e  o f  L-S e .p .s .p s . A lth o u g h  th e  L-S 
e .p .s .p s  co u ld  n o t b e  o b s e rv e d  in  th e  n o rm a l r a t s  ag e d  
b e tw e e n  3-6 m o n th s , a b o u t 20%  o f  CA3 n e u r o n s  o f  r a t s  
w h ic h  h a d  b e e n  t r e a te d  w ith  k a in a te  ( i.p .)  4  w eek s  b e fo re  
e x p e r im e n ts  e x h ib i te d  th e  s im i la r  L-S e .p .s .p s . T h ese  
r e s u l t s  s u g g e s ts  th a t  so m e s p e c ia l  lo c a l c i r c u i t s  w i th in  th e  
CA3 a r e a  m ig h t  b e  r e c o n s t ru c te d  in  th e  ag e d  a n d  k in d le d  
ra ts .

362.4

Inh ibitio n  o f  fast gabaA ipsc s in c a 1 py ram id al  cells  by distal
DENDRITIC STIMULATION MI Banks* and RA Pearce, Department of 
Anesthesiology University of Wisconsin, Madison, WI 53706 
I n t r o d u c t i o n : T w o  parallel inhibitory circuits coexist in the CA1 region of the 
hippocampus. One circuit consists of interneurons that project to the somata of 
pyramidal cells where they elicit rapidly decaying GABAa IPSCs (GABAa, fast). The 
second consists of interneurons that project to the dendritic regions of pyramidal cells 
where they elicit slowly decaying GABAa IPSCs (GABAA,slow). Here, we show that 
stimuli which activate GABAA,slow simultaneously depress the rate and amplitude of 
fast spontaneous IPSCs (sIPSCs) in pyramidal cells, and may represent modulation by 
GABAA,slow activity in the GABAa,fast circuit.
M E TH O D S: Spontaneous and monosynaptic evoked GABAa IPSCs were recorded 
under whole cell voltage clamp from CA1 pyramidal cells in slices from 2-4 wk rats 
at 24°C and -60mV. CNQX (10 µM) and D,L-APV (20 µM ) were applied to block 
excitatory transmission. Glass stimulating electrodes were placed in stratum 
lacunosum-moleculare (SL-M) to evoke GABAa,slow.
RESU LTS: Moderate electrical stimuli (10-70 µA) applied to SL-M consistently 
elicited GABAA,slow IPSCs in pyramidal cells (Tdecay~100 ms). These stimuli caused a 
reduction in rate (14±1 to 4.5±1.7 Hz) and amplitude (94±2 to 64±3 pA; n=9 cells) of 
fast sIPSCs that recovered to baseline with Trecov~300 ms. We refer to this 
phenomenon as Slow Blockade of Fast Inhibition (SBFI). For stimuli that maximally 
evoked GABAA,s1ow, the amplitude distributions and rate of sIPSCs at the peak of 
SBFI were indistinguishable from those recorded in the presence of TTX (n=3), 
indicating that SBFI represents widespread depression of interneuron activity. 
Synapses underlying SBFI are regulated similarly to those mediating GABAa,slow, as 
baclofen (1 µM) blocked both GABAA,slow and SBFI (n=4).
CONCLUSIONS: The observation that SBFI and GABAA,slow can be evoked by 
identical stimuli and share sensitivity to low concentrations of baclofen suggest that 
SBFI may reflect inhibition of cells mediating fast GABAa inhibition by GABAA,slow. 
This work was supported by NIH (GM557I9 to RAP) and the HHMI-UW Foundation
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362.5

LOCATION-DEPENDENT INHIBITORY CONTROL OF PYRAMIDAL CELL 
FIRING Ádám Kepecs*1 and Péter Érdi2  1Dept. of Biology, Brandeis Univer
sity, Waltham, MA 02254; 2Dept. of Biophysics, KFKI Res. Inst. for Part. & 
Nucl. Physics, Budapest, Hungary 1125

We studied the effects of differently localized inhibitory synapses on the firing 
patterns of a hippocampal CA3 pyramidal cell model. A biophysical model was 
constructed that qualitatively reproduced the (i) attenuation of the backprop- 
agating action potential (Buzsáki et al. 96, Tsubowaka and Ross 96) (ii) the 
suppression of the slow phase of the dendritic burst and (iii) the block of the 
repetitive firing in the soma (Miles et al. 96) all by the activity of inhibitory 
interneurons. Our model also displays the complex-burst firing pattern charac
teristic of CA3 hippocampal pyramidal cells due to a spatial segregation of slow 
and fast currents. Based on data from Miles et al. 96 our simulations suggest that 
the differences between the shapes of somatic and dendritic IPSPs -  as measured 
at the soma -  can be explained by cable filtering alone. We found that somatic 
inhibition could not modulate a burst, but when timed appropriately it delayed 
or suppressed its generation entirely. Dendritic inhibition however had drastically 
different effects. It could modulate somatic burst generation in a graded manner 
while not able to fully terminate bursts. With respect to the somatic burst, peri- 
somatically arborizing interneurons could only perforin suppression and delay 
whereas interneurons impinging on dendritic membrane segments could perform 
a graded decrease and separation of spikes. This suggests tha t different popula
tions of interneurons might be specialized to differentially control pyramidal cell 
firing. These results could also be used to experimentally test the most widely 
accepted hypothesis behind complex-burst generation in pyramidal cells by ex
amining local inhibitory effects on somatic firing patterns. (Supported by the 
Sloan Foundation and Fogarty HHS Grant No. 1 R03 TW00485-01)

362.7

SINGLE UNIT RECORDINGS IN HUMAN HIPPOCAMPUS AND ENTORHINAL 
CORTEX DURING SLEEP. R.J. Staba, I.J. Fox, E.J . Behnke, T.A . Fields, K.A . 
MacDonald, A. Bragin, I. Fried, J. Simmons, C. Mann, C.L. Wilson* and J. Engel, 
Jr Depts. of Physiological Science, Neurology, Neurobiology, Psychiatry and 
Division of Neurosurgery, and Brain Research Institute. UCLA Center for Health 
Sciences. Los Angeles, CA 90095.

Researchers have long been interested in hippocampal rhythmic slow activity 
(RSA). This hippocampal EEG pattern, commonly known as theta rhythm, has 
been observed primarily in non-primates during exploratory behaviors and REM 
sleep. Human hippocampal RSA has not been well investigated because detection 
can only be made with depth electrodes during diagnostic studies in epileptic 
patients.

The present study examines spontaneous single unit activity recorded from 
epileptic patients during sleep. Patients underwent depth electrode implantation 
for clinical EEG monitoring to localize the area of seizure onset. Unit activity was 
recorded from clinical depth electrodes which contained a bundle of 9 platinum- 
iridium microwires with the tips extending 3-5 mm beyond the end of the electrode. 
Sleep staging was analyzed from sleep records which consisted of EOG, EMG and 
cortical EEG. Sleep was classified into distinct stages; waking, light sleep, slow 
wave sleep (SWS), and REM, in order to correlate sleep stage with concurrently 
recorded unit activity.

Spontaneous inter-ictal single cell activity recorded from hippocampus (n=36) 
and entorhinal cortex (EC, n=39) was analyzed for firing frequency and rhythmic 
bursting activity. Mean firing rates were 2 times greater in EC than in 
hippocampus across all sleep states. Within EC, firing rate was highest in REM 
and lowest in SWS, while hippocampal neurons displayed minimal state-related 
changes. Autocorrelograms identified rhythmic burst firing in 10 units with burst 
intervals between 0.6 and 2.0 Hz. Visual inspection of EEG revealed periods of 
rhythmic activity in hippocampus and EC of 3 to 9 sec duration. In some cases, 
EEG was phase locked to burst firing suggesting a local source of rhythmic 
activity. Supported by NS 02808 and NS 033310.

362.9

SYNAPTIC INPUTS TO AREA CA3 OF HIPPOCAMPUS: BETTER 
UNDERSTANDING OF IN VIVO MULTIELECTRODE RECORDINGS 
THROUGH SIMULATION. C.Y Perron*, G.A. Chauvet and T.W. Berger.
Dept. o f Biomedical Eng. and Prog, in Neuroscience. Univ. of Southern California, 
Los Angeles. CA 900X9-1451.
The accurate single-electrode recording of postsynaptic responses from mossy 
fibers (mf) to CA3 cells is problematic due to the proximity of other neuronal 
processes, such as. recurrent collaterals (rec). inhibitory inputs, and spike 
generating processes (sgp). Consequently, simultaneous multielectrode 
extracellular recordings along CA3 cells of New Zealand white rabbits were 
previously used to segregate the mf from other responses (Perron et al., 1996). 
Increased spatial resolution was achieved by performing current-source density 
(CSD) analysis. These results demonstrated that stimulation in the hilus, which was 
meant to directly activate the mf from granule cells, resulted in a CSD pattern that 
hinted weakly at a mf input sink relative to the CSD pattern from CA1 stimulation, 
which should have been similar but without the mf sink. Our hypothesis was that a 
multielectrode with greater spatial resolution (< 100 µm) would be necessary to 
clearly identify mf sinks within responses to hilar stimulation Our objective was to 
utilize simulation of extracellular potentials to test this hypothesis and to verify our 
experimental data. To that end. intracellular compartments were simulated within a 
passive extracellular medium Our theoretical results demonstrated that, at a 
resolution of 100 µm. the passive source associated with the depolarizing sink of the 
action potential splitted and hid the initi. portion of the mf sink (or hilar 
stimulation, while the passive sink associated with the repolarizing source of the 
action potential seemingly extended the rec sink into the proximal main stem for 
CA1 stimulation. Furthermore, in the case of hilar stimulation, the rec sink, which 
drew most of its source from the perisomatic inhibition, occluded the later portion 
of the mf sink. Simulations at higher spatial resolution illustrated that a resolution 
of 50 µm might be sufficient to clearly segregate the initial portion of the mf sink, 
while a resolution of 25 µm might be necessary to extract the later portion of this 
sink. In conclusion, simulations of hilar and CAl stimulation were utilized to 
demonstrate how the mf sink was hidden by other neuronal processes and how it 
may be extracted by recording at a higher spatial resolution.
Supported by ONR. NIMH and NCRR.

362.6

A NOVEL TYPE OF HIPPOCAMPAL NON-PYRAMIDAL CELL WITH 
AXON ASSOCIATED WITH THE MOSSY FIBERS. I. Vida and M. 
Frotscher*. Inst. o f Anatomy, Univ. o f Freiburg, P.O.Box 111, D-79001 
Freiburg, Germany.

Hippocampal circuits consist of principal cells and a heterogeneous 
population o f 'intemeurons'. In the present experiments, whole-cell patch 
clamp recordings, in combination with biocytin filling, were made from non- 
pyramidal cells located in the stratum lucidum o f the CA3 area o f rat 
hippocampal slices (Wistar, 16-19 day old) under visual control. All neurons 
fired brief action potentials followed by pronounced after-hyperpolarization 
characteristic for GABAergic interneurons. Subsequent visualization revealed 
9 cells preferentially innervating stratum lucidum from a total o f 33 non- 
pyramidal cells with extensive local axonal arbor. Between 65 and 73% o f the 
axon was located in stratum lucidum, while only 7 - 33% was in strata 
pyramidale and oriens, and 2 - 7% in stratum radiatum, as measured in 
complete camera lucida reconstructions of 3 representative cells. In 4 cells, 
the axon collaterals (up to 10%) also invaded the hilar region. Electron 
microscopical analysis showed that the axons formed symmetrical synapses 
(n=53) with dendritic shafts (77%) and somata (23%) o f both pyramidal cells 
and GABAergic intemeurons o f the CA3 region and neurons o f the hilar 
region. The dendrites o f the biocytin-filled cells were mainly located in strata 
radiatum and oriens. In conclusion, these cells comprise a novel type o f  
interneuron o f the CA3 area that can provide primarily feed-back inhibition to 
both pyramidal cells and interneurons in an input-specific manner. (Supported 
by SFB 505)

362.8

POSTSYNAPTIC NMDA RECEPTOR PLAYS AN IMPORTANT 
ROLE IN SYNAPTIC TRANSMISSION EVOKED BY PATTERNED 
INPUT Z.Wang, X.Xie*, and T.W.Berger Department o f Biomedical Engineering, 
Program in Neuroscience, Univ. o f Southern California, Los Angeles, CA 90089 

The activation of the NMDA receptor (NMDAR). which is co-localized with the 
AMPA receptor (AMPAR) at most CNS glutamatergic synapses, has long been 
recognized to be essential for the induction of LTP of both AMPAR- and NMDAR- 
mediated EPSPs (AMPA LTP and NMDA LTP respectively) However, the 
involvement of NMDAR in the functional synaptic transmission as well as the 
physiological significance of NMDA LTP remains poorly understood. In studies 
reported here, patterned stimuli (a train of 5 pulses at 10, 20 40Hz the latter is 
known as hippocampal γ rhythm) were used to evoke EPSPs which were recorded 
intracellularly from dentate granule cells of rabbit hippocampal slices bathed in 
media including normal fMg2+]o (1mM). By comparing the EPSPs recorded before 
and after bath application of D-APV (50µM). we observed a significant NMDAR- 
mediated component when the train frequency was over 20Hz The contribution of 
the NMDAR component to the compound EPSPs tended to grow during the five 
pulse train (first; 13%. second; 28%. third; 32%. fourth: 35%. fifth 41% in 
response to a 40Hz train). As a result, the NMDAR component provided increasingly 
more inward current to avoid quick run down of the responses as shown with AMPA 
component alone (fifth/first: 154%. in absence of D-APV vs fifth/first 115%. m 
presence of D-APV) The NMDA component also seemed to contribute to the 
maximum frequency facilitation (max./first: 179%. in absence of D-APV vs 
max./first: 162%. in presence of D-APV). Our results suggest that NMDAR plays a 
key role in shaping the synaptic output pattern within certain spectrum of 
physiological input frequency. Under this context. NMDA LTP may add to the 
synaptic strength as AMPA LTP does. Supported by ONR. NCRR. NIMH and NIH

362.10

HIPPOCAMPAL MOSSY CELL RESPONSE TO HILAR INPUTS: 
DECOMPOSITION OF THE MONOSYNAPTIC MOSSY FIBER CONDITION 
FROM MIXED FIBER DATA. M.T. Chian*1, V.Z. Marmarelis1, H.E. Scharfm an3, 
and T.W. Berger1,2. 1Dept. o f Biomed. Eng. & 2Prog. in Neurosci., Univ. o f So. 
Cal., LA, CA 90089 and 3NRC, Helen Hayes Hospital, and Columbia Univ. NY, NY.

The hippocampal formation is comprised of different subpopulations of neurons 
interconnected through various feedback and cascade pathways. For example, the 
perforant path (pp)-granule cell-mossy cell pathway can be considered a cascade system 
when the output of granule cells (mossy fibers) provides the input to the mossy cells. 
While mossy fiber input to mossy cells can be selectively activated disynaptically by 
stimulation of the perforant path, mossy fiber input to mossy cells can be activated 
monosynaptically but not selectively by stimulation of the hilus. Both selective and 
monosynaptic activation are required for characterization of the mossy cell component 
making the mossy cell component difficult to characterize experimentally. Thus, we 
have been investigating the application of adaptive estimation techniques in the 
context of the Volterra-Wiener approach to decompose subsystems that are difficult to 
isolate experimentally. From a simulated neural system, we have been able to 
decompose the unknown subsystem using adaptive estimation. The results proved to 
be more effective than the traditional approach which employs nonlinear systems 
analysis in the frequency domain. Successful decomposition can also be achieved by 
this approach when the stimulus-response data is noisy or when the unobservable 
subsystem is nonlinear. Consequently, this approach can be used to indirectly 
characterize the mossy cell component if we experimentally record from the granule 
cells and the overall response of the granule cell-mossy cell connection. The granule 
cell subsystem can be obtained from recordings of the granule cells during interneuron 
inhibition while applying random impulse tram stimulation (RITS) at the perforant 
path. The overall system can be obtained from recordings of the mossy cells during 
interneuron inhibition while applying random impulse train stimulation (RITS) at the 
perforant path Experimental identification of the granule cell subsystem and the overall 
system enables the indirect characterization of the mossy cell subsystem without 
selective mossy fiber stimulation. Supported by NIMH, NCRR, and ONR.
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362.11

FUNCTIONAL CONSEQUENCE OF MORPHOLOGICAL MODIFICATION ON 
SYNAPTIC TRANSMISSION. T. Ghaffari-Farazi*, J.-S. Liaw, and T.W. Berger. 
Department o f Biomedical Engineering and Program in Neuroscience, University o f  
Southern California, Los Angeles CA 90089-1451 

Structural modification has been consistently reported in relation to development, 
aging, learning and memory; however, the mechanism by which morphological 
alterations influence synaptic function remains unknown. Given that the primary 
means of transporting free ions inside living cells is diffusion, morphologic changes 
could significantly alter the local distribution of free ions by modifying the geometry of 
the diffusion medium. Furthermore, a number of synaptic processes exhibit a highly 
nonlinear dependence on the spatio-temporal distribution of substances, e.g., the fourth 
order relation between calcium concentration and probability of neurotransmitter 
release. Hence, structural modifications could contribute to changes in synaptic 
transmission, which may explain the coincidence of morphological changes and 
synaptic plasticity. Experimental study of the relation between synaptic morphology 
and function is limited by technical difficulties. Moreover, because of the difficulty of 
solving the diffusion equation over an irregular shape, most models of the synapse 
assume a simple geometry. In this study, we have developed a method for 
constructing a mathematical model of synapses with complex geometries. A serial 
section electron micrograph (Geinisman et al„ Hipp. 3:435-445, 1993) of a 
hippocampal partitioned synapse was used to specify the geometry of the model. 
Systematic computer simulations were conducted to investigate the effect of variation 
in both stimulation pattern and the geometry of axon terminal (e.g., variation in the 
distance between the release site and the adjacent membrane wall of the partition, the 
size of the compartment, and the opening of the compartment). Simulation results of 
the model reveal that there are multiple morphological features that affect the diffusion 
pattern of calcium and neurotransmitter release. Some spatial features affect the release 
process on a short time scale and some affect the release on a long time scale, resulting 
in synaptic dynamics that exhibited a complex dependency on the temporal pattern of 
input events. Supported by ONR, NIMH, and NCRR.

362.13

INTEGRATION OF DIFFERENT KINDS OF DATA IN NEUROBIOLOGICAL 
DATABASES. Y. Shu1*, J.-S. Liaw2 and T.W. Berger2. 1Dept. of Computer Science, 
2Dept. of Biomedical Engineering and Program in Neuroscience, Univ. of Southern 
California, Los Angeles, CA 90089

Understanding of brain function often depends on combining different kinds of data 
and mapping them against each other. For example, understanding LTP requires 
neurophysiological, neurochemical, neuroanatomical, and behavioral studies. Each of 
the studies demands specialized expertise, making an integrated experimental study 
difficult. A mathematical model usually contains parameters that are measured by 
various empirical approaches and can thus serve as tools for combining and mapping 
different kinds of data types. In general, an experiment is conducted according to 
certain protocol which specifies a set of conditions and manipulations during the 
course of the experiment, designed to test a specific hypothesis. To provide a link 
with experimental studies, we have developed a prototype for protocol-based 
simulation in which information about a model is organized into two levels, one at 
the meta level stating a hypothesis, and the other at the procedural level in which 
protocols of a series of simulations for testing the hypothesis is laid out. This 
scheme will greatly facilitate the constraining of model parameters by experimental 
dam and comparison of simulation results with experimental data. We have conducted 
a pilot study using a simulation tools, EONS, to integrate data stored in 
electrophysiological and neurochemical databases developed by the USC Brain Project. 
Relevant dam in the databases can be retrieved by queries containing a specific 
hypothesis or a specific set of protocols. A successful case of such an integrated study 
is the formulation and testing of a specific hypothesis that receptor channel 
aggregation on the postsynaptic membrane is the cellular mechanism underlying the 
expression of long-term potentiation (Xie et al., 1997 PNAS 94: 6983-6988). 
Supported by ONR, NIMH, and NCRR.

362.15

HIPPOCAMPAL PYRAMIDAL NEURONS SUSTAIN DISCHARGE 
FREQUENCY WHEN THE RAT IS "CLAMPED” IN SPACE. H. 
Hirase*, A. Czurkó, J. Csicsvari, G. Buzsáki. Center for Molecular and 
Behavioral Neuroscience, Rutgers University, Newark, NJ 07102, USA 

M ultiple site recordings were made from  the dorsal hippocam pus 
while the rat was perform ing a running wheel task for water rew ard. 
The continuously recorded w ide-band signals were digitally filtered, 
the spikes were detected off-line, graphically clustered and correlated 
with behavior. 19 o f the 76 identified pyramidal cells fired 
preferentially while the rat w as running in the wheel (2:1 ratio). 
Rotating the wheel-box abolished wheel-specific firing, indicating 
that the discharge activity was under the control of extra-apparatus 
cues. "W heel-associated" cells fired single spikes or bursts and 
maintained a steady discharge rate as long as the animal ran in the 
w heel. The spikes occurred at the same phase o f theta cycle during 
steady running. More refined analysis revealed transient (< 0.5sec) 
and small (<180°) spike-phase shifts, w hich we attribute to slight 
changes of head position during running. The discharge frequency 
correlated positively with the speed of running (10-60 cm /sec). W hen 
the rat ran in the opposite direction, suppression o f unit activity 
correlated with running speed. Theta frequency also correlated with 
running speed but its slope w as significantly less than that of 
pyram idal neurons. These findings indicate that phase relationship to 
theta and discharge frequency o f pyram idal neurons may code for 
spatial position and running speed, respectively. Supported by 
H FSP, N IN D S, NIH.

362.12

ROBUST SIGNAL PROCESSING USING DYNAMIC SYNAPSES. J.-S. Liaw* 
and T.W. Berger. Department of Biomedical Engineering and Program in 
Neuroscience, University of Southern California, Los Angeles. CA 90089.

We have developed a robust speech recognition system employing the concept of 
dynamic synapses (Liaw and Berger, 1996. Hippocampus 6: 591-600). The 
computational capability of the brain is the result of a complex interaction among a 
larger number of underlying neurobiological mechanisms. One of the fundamental 
characteristics of neurobiological mechanisms is their dynamics, which is absent in 
the synaptic connections represented in most neural network models. The concept of 
dynamic synapse which incorporates presynaptic mechanisms such as facilitation, 
augmentation, and presynaptic feedback inhibition in regulating neurotransmitter 
release. The consequence of these presynaptic mechanisms is that the probability of 
release becomes a function of the temporal pattern of action potential occurrence, and 
hence, transforming a spike train into a sequence of release events. Furthermore, 
when the specific dynamics of presynaptic mechanisms varies quantitatively across 
axon terminals of a single neuron, each terminal transforms the same spike train into 
a distinct sequence of release events. That is. instead of a single action potential, a 
neuron is capable of generating an array of thousands of signals by ways of release 
events, giving rise to a tremendous gain in computing power. A dynamic learning 
algorithm has been developed for modifying presynaptic mechanisms such that each 
dynamic synapse performs a particular transformation function while changes in 
postsynaptic mechanisms determine how the synaptic signals are to be combined. 
The high computational capacity and the ability of changing synaptic dynamics allow 
a network of neurons to dynamically extract invariant features suited for each class of 
input signals. We demonstrate the computational capability of dynamic synapses by 
performing speech recognition from unprocessed, nois-corrupted waveforms of words 
spoken by multiple speakers with a simple neural network consisting of a small 
number of neurons connected by dynamic synapses. Supported by ONR. NIMH. 
NCRR, and Human Frontiers Org.

362.14

FIRIN G  PRO PER TIES O F C A 1 H IPPO C A M PA L 
IN TERN EU RO N S D U RIN G  PO PU LA TIO N  PATTERN S IN 
VIVO. J . C sicsvari* , A. C zurkó, H. H irase, A. M am iya and G. 
B uzsáki. CM BN, Rutgers U niversity , N ew ark NJ 07102.

Extracellular m ultisite (silicon probe and wire tetrode) recordings 
w ere perform ed in freely m oving rats. Interneurons in str. 
oriens/alveus (INTa/o) and pyram idale (INTp) and principal cells were 
distinguished by their different spike w aveform s, firing properties and 
spatial location. During sharp waves (SPW ), the increase in population 
synchrony was 3 tim es larger for pyram idal cells than for INTp. 
R ecruitm ent o f IN Tp and IN Ta/o occurred earlier than that of 
pyram idal cells. All INTp increased discharge rate during ripple. 
H ow ever, many IN Tp had a biphasic response with a valley at the 
tim e o f  maxim al pyram idal cell activation. IN Ta/o increased or 
decreased (anti-SPW  cells) their discharge frequency during SPW  or 
were not affected. INTp fired on the negative phase o f ripples, 1-2 ms 
after the pyram idal cells. IN Ta/o cells before, during or after the 
pyram idal cells. A subgroup o f IN Ta/o discharged trains o f 500 Hz 
spikes during SPW . During theta waves, IN Tp discharged 60° prior to 
the population discharge o f pyram idal cells. IN Ta/o form ed several 
groups, relative to the theta cycle. Cross-correlation o f pyram idal cells 
and interneurons revealed rhythm ic coupling at theta, gam m a (40-100 
Hz) and ripple (200 Hz) frequencies. O ur results indicate that 
interneuron classes with somatic (INTp) and dendritic (INTa/o) targets 
participate differentially in the various hippocam pal population 
rhythm s. Supported by N IM H , NIND S.

362.16

A TWO-STAGE COMPUTATIONAL MODEL TRAINING LONG-TERM 
MEMORIES IN THE ENTORHINAL-HIPPOCAMPAL REGION. A 
L ö rin cz1, L Csató1, Z Gábor2, M Molnar*3, Buzsáki4. 1A s s o c ia tiv e  
Com puting, 2Institute of Isotopes, 3Institute of Pschology, Budapest, 
Hungary, 4CMBN, Rutgers University, Newark, NJ 07102

The computational model is based on the following postulates. (1) The 
entorhinal cortex (EC) com pares the difference between neocortical 
representations (primary input) and feedback information conveyed by the 
hippocam pus (reconstructed input). The resulting difference ("error") 
in itia tes p lastic changes in the h ippocam pal netw orks (error 
compensation). (2) Alteration of synaptic connections in the hippocampus 
gives rise to a new hippocampal output. (3) The hippocampus generates 
separated (independent) outputs which, in turn, train the long-term 
memory traces in the EC. (4) The hippocampal network is regarded as an 
error-com pensating control architecture. (5) These operations are 
performed in two, temporally discontiguous steps so that the networks of 
the EC and the hippocam pus can carry out both linear an non-linear 
functions, albeit at different times.

Each hippocampal field and EC layer perform distinct roles (dentate 
gyrus: deconvolution; CA3: whitening; CA1: separation). Each network as 
well as their interactions contribute uniquely to the overall performance of 
the EC/hippocam pal architecture. The result of these operations is the 
formation of long-term memories w ith minimized mutual information 
(independent com ponents) in the EC/neocortex. Because only the 
reconstruction  error en ters the h ippocam pus, relatively  lim ited 
com putational networks (hippocampal fields) are required for training 
long-term memories in the EC/neocortex. Supported by NINDS, NIMH, 
US-Hungarian Joint Program.
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362.17
COMBINED EXTRACELULAR RECORDING AND MICROSTIMULATION 
OF SINGLE CELLS IN THE BEHAVING RAT. C. King and G. Buzsáki*, 
CMBN, Rutgers University, Newark NJ 07102, USA
The tetrode, a bundle of microelectrodes, has been shown to be particularly 
effective in isolating individual hippocampal cells in chronic extracellular 
recordings (Recce and O'Keefe, Soc. Neurosci. Abs. 15: 1250, 1991). We have 
developed a technique to allow the combination of cellular recordings with 
localized microstimulation of the same cells in a chronic preparation.

A specialized headstage preamplifier was constructed which incorporated 
Zener diodes and DC-blocking capacitors between the outputs and the inputs from 
the electrodes. Units were stimulated by the application of juxtasomatic DC 
square-wave pulses lasting from 20 to 100msec.

After implantation, the electrode bundle was advanced until cells were 
found which were readily visible on more than one electrode. The electrode on 
which the cell's action potential was largest was then connected to the negative 
pole of the stimulator. In some experiments, the electrode bundle was composed of 
six wires, two of which were selected for stimulation. The cell's firing activity 
could be monitored on the other electrodes to ensure that the cell had been 
activated. Stimulation intensity was varied so that the large-amplitude unit close to 
the negative electrode was stimulated, whereas smaller cells, which were 
presumably further away, were not. Stimulus currents of less than 1 µA were found 
to be effective for juxtacellular stimulation.

This technique may allow further investigation of the interactions both 
between individual cells and between cells and more widespread population 
activity. Localized manipulation of a cell's firing rate may offer control of the 
factors involved in the Hebbian modulation of synaptic effectivity. Supported by 
NINDS, NIMH.

362.18
P E R S IS T E N C E , C O M PR ESSIO N  AND BEHAVIORAL 
INDUCTION OF SPIKE SEQUENCES IN THE HIPPOCAMPUS.
Z. Nádasdy*, J. Csicsvari, H. Hirase, A. Czurkó and G. Buzsáki. CMBN, 
Rutgers University, Newark, NJ 07102, USA
The temporal structure of 4 to 26 simultaneously recorded CA1 and 
CA3 pyramidal cells revealed spike sequences which were persistent 
across different behavioral states. (1) The joint probability of spikes 
within 200 msec interval were significantly higher than by chance 
using Fisher's exact probability test and Monte Carlo statistics. (2) 
The temporal distribution of spikes relative to each other was 
discrete and spike timing within a sequence was time locked to the 
ongoing field activity (theta, gamma, sharp wave-related ripple 
activity). (3) Long (50-200 msec) sequences were predominant 
during theta activity. In contrast, short (<50 msec) sequences were 
coincident with sharp wave-related ripple activity. (4) Behaviorally- 
induced sequences were persisten t during subsequent sleep 
episodes but they were absent during the preceding sleep phase. The 
behavioral induction and persistence of spike sequences may 
implicate their role in information representation and memory 
consolidation. Supported by NINDS, NIH, HFSP.
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363.1
FACTORS CONTRIBUTING TO ACTION NAMING IN BRAIN-DAMAGED 

SUBJECTS. D. Kemmerer and D. Tranel.* Dept. of Neurology, University of 
Iowa, Iowa City, IA 52242

Few studies have investigated factors that influence the ability of brain-damaged 
subjects to name actions with semantically appropriate verbs. To explore this issue 
further, we administered a standardized 100-item action naming test (Fiez & Tranel 
1997) to 53 subjects with left-hemisphere brain damage. 19 subjects were impaired 
on the test and 34 were within normal limits. The performance of each group was 
evaluated with respect to the following factors which are relevant to the visual stim
uli and target verbs in the test and for which normative data are available: image 
familiarity, image complexity, image agreement, verb agreement, and verb 
frequency. Several other factors were also considered: whether the target verb has a 
homophonous noun (e.g., rake), whether the action is performed by the hand or the 
body, whether a tool is involved in the actions performed by the hand, and whether a 
non-tool artifact plays a direct role in the action.

Four factors were found to have a significant influence on the performance of 
both the impaired group and the normal group. (1) Items that have low verb agree
ment for control subjects tend to have high error rates for brain-damaged subjects 
(impaired group: r = -.58; normal group: r = -.57). (2) Items in which the visual 
stimulus has low image familiarity for control subjects tend to have high error rates 
for brain-damaged subjects (impaired group: r = -.34; normal group: r = -.38). (3) 
Items in which the visual stimulus has low image agreement for control subjects 
tend to have high error rates for brain-damaged subjects (impaired group: r=  -.33; 
normal group: r = -.35). (4) Items for which the target verb has a homophonous 
noun had significantly lower error rates for both groups of brain-damaged subjects 
than items for which the target verb does not have a homophonous noun (p < .05). 
None of the other factors mentioned above, notably verb frequency, had a significant 
effect on the performance of either group of brain-damaged subjects. Although no 
single factor distinguished the impaired group from the normal group, these findings 
still contribute to our understanding of factors that influence the action naming 
ability of brain-damaged subjects. (Supported by NINDS PO 19632.)

363.2
PURE ALEXIA: FURTHER EVIDENCE FOR LEFT HEMISPHERE 
DOMINANCE IN PRESEMANTIC VISUAL PROCESSING 
R. Siedenberg1*, A. Frommholz1, J. Patzer1, T. Platz2 and H. Mast1. 1Dept. of 
Neurology and 2Dept. of Neurological Rehabilitation, Freie Universität Berlin; 12200 
Berlin, Germany

Alexia without agraphia (pure alexia) has been considered to result from 
disconnection between the visual cortices of both hemispheres and the angular gyrus 
of the dominant (usually left) hemisphere. Few cases show pathologic verification or 
demonstrate neuroimaging of the lesion. We now report clinical and imaging findings 
that support the importance of left visual association cortex in presemantic visual 
language processing.

An 85-year-old right-handed woman with no history of prior neurological 
disease was admitted with a 3-day history of impaired reading. Neurological 
examination was unremarkable except for a severe alexia with no features of aphasia 
or dementia. On day one she was unable to name letters and numerals on 
confrontation. There was no visual field defect and color vision as well as picture and 
face recognition was normal. Spelling and writing remained relatively intact albeit 
somewhat dysgraphic. On day two she was able to recognize letters again and could 
read short words. Reading improved over the following days but remained slow and 
longer words had to be read letter-by-letter.

CT scan and MRI demonstrated a hemorrhagic infarction in the left occipital 
area sparing the calcarine cortex and splenium. Follow-up imaging data after 
reabsorption of blood will be presented to discuss the pathophysiological implication,
i.e. wether the impairment was caused by disconnection of information flow due to 
interruption of white matter tracts or by disturbed presemantic visuo-perceptive 
processing due to grey matter lesions of left visual association cortex.

363.3
ABSENCE OF LEFT VISUAL FIELD PREFERENCE FOR CHIMERIC 
STIMULI IN CHILDREN WITH DEVELOPMENTAL LANGUAGE 
IMPAIRMENT. J.F. Azize1 and D.A. Trauner2*. 1Graduate Program in 
Neurosciences and 2Dept. of Neurosciences, Univ. of California, San Diego,
School of Medicine, La Jolla, CA 92093.

Developmental Language Impairment (LI) is a condition characterized by deficits in 
language comprehension and expression in the absence of other cognitive, social, or 
motor deficits and in the absence of frank neurological lesions.

The underlying brain correlates of this disorder are not known. It has been reported 
that children with LI lack the leftward asymmetry of the planum temporale (PT) seen 
in the majority of the population. This finding prompted us to ask the question; If 
children with LI lack normal neuroanatomical asymmetry of PT, do they lack normal 
brain lateralization of function as well?

To answer this question we used the Free-Vision Chimeric Stimuli Task.
Typically developing children show a left visual field (LVF), or right hemisphere 
(RH) preference on this task by age 6 years. This LVF preference continues to 
increase in strength to age 10 years and then it plateaus. We tested children with LI 
and typically developing children on this task (n = 6 in each group), matched for age 
and handedness. Children with LI showed reduced LVF preference when compared to 
their matched controls (means 40.2 ± 6.7 and 45.5 ± 5.3 respectively, p = 0.03). 
Results showed that children with LI are atypical in the development of LVF 
preference on this task. They resembled typically developing 6-year-olds on this task 
(LI mean age 8-7, range 7-4 to 10-4). These data are preliminary, but suggest that 
this disorder may at least in part be caused by the failure to develop normal brain 
lateralization of function for non-linguistic and linguistic functions.
Research supported by NIH/NINDS grants No. 3 P50 NS22343-11S1 to J.F. Azize 
and 3 P 50 NS22343 to D.A. Trauner.

363.4
CHILDREN’S READING PROGRESS DEPENDS ON HOW WELL THEY CAN 

SEE AND HEAR.
J. Talcott1, C. Witton2, M. McClean3, Rees, A2, Green, G2. & Stein, J1 *. 1University 

Laboratory of Physiology, Parks Rd„ Oxford, OX1 3PT UK. 2Department of 
Physiological Sciences, University of Newcastle, Framlington Place, Newcastle-Upon- 

Tyne, NE2 4HH UK. 3Meltham CE Primary School, Holmfirth Rd., Meltham Nr.
Huddersfield, HD7 3DA UK.

There is now compelling evidence that many developmental dyslexics have 
abnormal visual magnocellular function as demonstrated for example by their reduced 
sensitivity at detecting coherent motion in random dot kinematograms. This reduction 
correlates with the degree of their reading impairment. In addition developmental 
dyslexics show reduced ability to detect temporal changes in auditory stimuli. This 
correlates with their reduced phonological ability, one cause of their poor reading. Visual 
motion and auditory FM sensitivity also predict reading ability in normal controls. We 
have therefore tested the visual motion and auditory FM sensitivity of 32 unselected 11 
year old primary school children and correlated these with their orthographic and 
phonological abilities and their single word reading and spelling. Visual motion 
sensitivity predicted orthographic ability as assessed by a pseudohomophone test (r =
0.54; p <0.01) and spelling (r = 0.50; p<0.01). Auditory FM strongly predicted 
phonological ability as assessed by a spoonerism task (r = 0.70; p<0.001), nonword 
naming (r = 0.75, p<0.001) and single word reading (r = 0.67, p<0.001). Furthermore the 
children's visual and auditory temporal sensitivity correlated with each other (r =0.51, 
p<0.01). These results suggest that the degree of development of these low level visual 
and auditory temporal functions may depend on common factors, perhaps related to 
magnocellular neurones; and furthermore that these influence the orthographic and 
phonological skills which determine reading ability for both good and poor readers.

Supported by the Wellcome Trust, the Medical Research Council, and the Rodin 
Remediation Foundation
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363.5

WHO IS AT RISK FOR READING FAILURE? NEUROANATOMICAL & 
SOCIOECONOMIC (SES) CONTRIBUTIONS TO READING SKILL.
M.A. Eckert*1, L.J. Lombardino2 & C.M. Leonard3. 1 Dept. of Psychology,
2 Dept. of Communication Sciences and Disorders, & 3 Dept. of Neuroscience 
University of Florida, Gainesville, FL, 32610.

Although SES is a strong predictor of academic achievement and reading 
skills, there is considerable variability in reading skill that remains 
unexplained. Individual differences in neurobiology may account for this 
variance. Planum temporale asymmetry (PTA) has predicted oral language 
impairment and awareness of speech sounds in normal children. The goals of 
this longitudinal study were to 1) confirm the relationship of children’s 
phonological awareness to PTA; and 2) establish if the rate of phonological 
development can be predicted by PTA. 39 children from the Alachua Cty. 
public school system were assessed for their reading skills in kindergarten and 
6th grade. Reading performance was related to neuroanatomical measures 
obtained from a 6th grade MRI. Multiple regression demonstrated a unique and 
significant contribution of PTA, hand preference, a PTA-hand preference 
interaction (PTA-H), and SES to 6th grade reading skill (R=.754, p<.001).
The rate of reading skill development was also uniquely predicted by PT, 
hand preference and PTA-H (R=.628, p=<.001). All relationships were 
strongest for children from low SES families. The cultural advantages of a 
high SES may compensate for the cognitive disadvantage of a symmetrical 
planum. The results suggest that children with both cultural and biological 
risk factors are in danger for reading failure. (Supported by the 
INTERNATIONAL DYSLEXIA ASSOCIATION & NIDCD RO1 2922.)

363.6

ACOUSTICALLY MODIFIED SPEECH AND LANGUAGE TRAINING 
REDUCES RISK FOR ACADEMIC DIFFICULTIES

Berkeley, CA 94704; 2William M. Keck Center for Integrative Neuroscience, 
University of California, San Francisco; 3Center for Molecular and Behavioral 
Neuroscience, Rutgers.

A model of cortical plasticity underlying perceptual, motor and skill 
learning was embodied in a prevention program for academically at-risk children. 
Children identified as being "at-risk" for developing later academic disabilities 
were found to have poor performance on measures of receptive language and 
phonological awareness. Computer-based adaptive training exercises presented 
acoustically modified speech to provide a more effective training environment for 
language learning. During the school day, one group (n=306) received Fast For- 
Word while a different group(n=176) received the school's standard curriculum 
programs. Results show dramatic improvements of approximately 1 and a half 
years in the auditory comprehension of language and phonological awareness 
following 5-7 weeks of daily training for children trained with modified speech. 
Findings support a preventive focus using receptive language training to reduce the 
"risk" of children for future academic failure. Importantly, providing direct training 
both in language comprehension and phonemic awareness may enhance the 
effectiveness of other academic programs, due to the fundamental role oral language 
has in curriculum instruction.
Funded by Scientific Learning Corporation.

363.7

AUDITORY DUPLICATIONS PREDICT PHONOLOGICAL BUT NOT 
PROCESSING SPEED DEFICITS IN COLLEGE STUDENTS._C.M. 
Leonard*1, L.J. Lombardinob, J. Kranzlerc, M. Eckerta, W. Kingb, C. Mohrc, A . 
Freemana, and T. Oaklandc, Depts. of Neurosciencea, Communication Sciencea & 
Education Foundationsc, U Florida Brain Institute, Gainesville, FL 32610.

D yslexia is a reading disability characterized by deficiencies in 
encoding symbols attributable to d efic its  in the phonological loop  
for working memory. To determine whether anomalous development 
o f  auditory cortex contributes to phonological deficits, 12 dyslexic  
college students and 14 controls matched on age, sex, handedness 
and fluid reasoning received tests o f  phonemic awareness, working 
memory, processing speed, and a volumetric MRI scan. The surface 
area o f  the second transverse gyrus o f  Heschl (H2) was measured on 
consecutive sagittal sections between Talairach x =  34 and 48. 
Subjects in whom the surface area o f  the left H2 was larger than 1 
cc2 (9 dyslexics, 5 controls) had significantly worse (p < .05) word 
attack, sound pattern discrimination and numbers reversed scores but 
similar scores on visual matching and rapid color naming (p >  .8). 
These results support W olfe’s proposal that processing speed and 
phonological awareness are independent predictors o f  reading 
ability. A  duplicated H eschl’s gyrus may represent a visible  
indication o f  scrambled auditory connections that prevent rapid 
transfer o f  information in the phonological loop.
(Supported by NIDCD RO1 2922, NSF CRI, and UF Interdisciplinary grants.)
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364.2364.1

IMPAIRED AUDITORY TEMPORAL PROCESSING IN RATS WITH INDUCED 
MICROGYRIA. M.G. Clark*1, G.D. Rosen3, P. Tallal1, and R.H. Fitch2. 1Center 
for Molecular and Behavioral Neuroscience, Rutgers University, Newark, NJ 07102; 
2Biobehavioral Sciences Graduate Degree Program, University of Connecticut, Storrs, 
CT 06269; 3Dyslexia Research Laboratory, Beth Israel Deaconess Medical Center and 
Harvard Medical School, Boston, MA 02215.

Research has demonstrated the presence of focal cortical anomalies, including 
microgyria, in the brains of dyslexics. These anomalies can be induced in rats via focal 
freezing lesions of the cortex on postnatal day 1. Concurrent data shows that language 
impaired (LI) individuals are highly impaired in processing rapidly changing acoustic 
stimuli, including speech and sequentially presented tones. In order to test the 
association between these anatomical and behavioral features of developmental 
language disruption, we tested adult male rats with developmentally induced 
cerebrocortical microgyria on an operant two-tone sequence discrimination task. 
Lesioned subjects exhibited significant discrimination of two sequentially presented 
tones at long stimulus durations (i.e., 540 ms to 332 ms total sequence duration), but 
were significantly impaired at shorter stimulus durations (i.e., 249 ms) compared to 
sham subjects (Fitch et al., 1994). Testing began at the longest stimulus duration, and 
proceeded with 6 days of testing at each condition (i.e., 6 days at each of 540 ms, 390 
ms, 332 ms, and 249 ms). To eliminate the confounding of stimulus duration and 
experience created by this procedure, we recently replicated the study using a new 
paradigm in which sequences at each of the four stimulus conditions were randomly 
presented within a session (total trials per condition were balanced). Using this 
modified paradigm we replicated our observation that the discrimination performance of 
rats with induced bilateral microgyria did not differ from sham subjects at longer 
stimulus durations (i.e., 540 to 332 ms), but was significantly impaired at the shortest 
stimulus duration (249 ms). These results support and extend our prior report 
demonstrating a link between neuropathologic anomalies and auditory processing 
deficits as seen in individuals with developmentally disrupted language.
Research supported by March of Dimes award to RHF.

THE STUDY OF THE HUMAN NEOCORTICAL AREAS RELATED TO THE 
MOTOR AND SENSORY LANGUAGE REPRESENTATION. P.V. Belichenko 
(1), A.I. Khrenov (1,2),_V.N. Sirotkin (3), T. Skoglund (4), and A. Dahlstrom (*4). 
1) Laboratory of Neuronal Structure, Brain Research Institute, Moscow, Russia; 2) 
State Research Centre for Addictions, Moscow, Russia; 3) Cardiology Center, 
Moscow, Russia; 4) Department of Anatomy and Cell Biology, Goteborg 
University, Goteborg, Sweden

A great progress in the study of language representation in human neocortex was 
made using fPET and fMRI during the last decade. The aim of this study was to 
investigate a possible morphological substrate for the well-known functional 
hemispheric asymmetry in human neocortical areas associated with language. We 
studied hemispheric differences in cytoarchitecture, and in distribution of 
immunoreactive (IR) synaptophysin (p38) and parvalbumin (PV) in the motor speech 
areas 44 and 45 and sensory speech areas 22 and 40 in 7 right-handed normal subjects, 
ageed 14-69 years, 6/1 males/females. The immunostained sections were scanned in a 
confocal microscope. Analysis of the cytoarchitecture was performed according 
Skoglund et al. (1997), and quantification of p38-IR as described by Belichenko et al. 
(1996). Individual variability of cell size, pattern of p38-IR and PV-IR within the 
investigated areas could be registered. The cytoarchitectonic analysis confirmed 
previous published data of greater soma size in layer III in areas 44, 45. The density 
of p38-IR structures was higher in the left hemisphere in areas 45 and 22 than in the 
right hemisphere. PV-IR neurons in areas 44, 45 and 40 had greater soma size and 
were more numerous in layers II-III in the left, than in the right hemisphere. All PV- 
IR neurons had an apparent paucity of lipofuscin granules. In addition to the 
previously reported large pyramidal neurons we found that nonpyramidal PV-IR 
neurons had a greater size in layer III in the left, as compared with the right 
hemisphere.

Morphological asymmetry will be discussed as related to functional asymmetry.
Supported by RFFI Grant 98-04-49550 and Hjärnfonden Grant.
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364.3

ANATOMICAL ASYMMETRIES OF THE POSTERIOR PERISYLVIAN 
REGION: A POPULATION STUDY OF HEALTHY ADULTS. A.L. Foundas*, 
C.M. Leonard, B. Hanna-Pladdy. Department of Psychiatry & Neurology, Tulane 
University School of Medicine, New Orleans, LA, 70112, Neuroscience, University 
of Florida, Gainesville, FL, 32610.

Anatomical asymmetries exist in the posterior perisylvian region of the human 
brain with the most common configuration being a larger left planum temporale 
(PT) and a larger right posterior ascending ramus (PAR). The surface area of the PT 
and PAR was measured on volumetric MRI in healthy adults (n=67, Mean age= 
30.44,18-55years). The sample included 31 females and 36 males, with 48 right-
handers and 19 left-handers. Consistent with Annett’s right shift theory, absolute 
measures and coefficients of asymmetry of the PT and the PAR conformed to a 
normal distribution with a shift to the left in the former and a shift to the right in the 
latter. A leftward asymmetry of the PT occurred in 72% , and a rightward 
asymmetry of the PAR occurred in 65% of the sample. Co-occurrence of leftward 
asymmetry of PT and rightward asymmetry of PAR occurred in 56% of the 
subjects. Given that this relationship occurred only slightly more often than 
predicted by chance, these asymmetries may not be developmentally linked. In 
contrast, the left PT was longer than the left PAR in 93% of the sample, suggesting 
that this configuration may be developmentally regulated. Writing hand did not 
predict direction of asymmetry, but handedness groups did differ when the 
combined measures of PT+PAR were compared. There were no consistent right-
handers in the group with a “reversed” configuration of a larger right PT and larger 
left PAR.

Supported in part by NIH Grant K08 DC00135.

364.5

A QUANTITATIVE COMPARISON OF FMRI AND MEG DURING PHONETIC 
AND PITCH DISCRIMINATION WITH SPEECH SOUNDS.
T.P.L. Roberts*, D. Poeppel and H.A. Rowley. Biomagnetic Imaging Laboratory, 
Dept. of Radiology, UCSF, San Francisco, CA 94143 

Functional magnetic resonance imaging (fMRI) is a powerful tool for investigating 
spatial aspects of brain functional organization, based upon the hemodynamic conse
quences of cortical activation. Magnetic source imaging (MSI), on the other hand, by 
modeling the neuromagnetic evoked field recorded in the magnetoencephalogram 
(MEG), reflects the neuronal source. We investigated lateral bias to fMRI and MEG 
responses to these simple speech sounds and the extent to which responses are modu
lated by phonetic and pitch discrimination tasks. Synthesized utterances of the vow
els /a/ and /u/ at male and female pitches were randomly presented binaurally to 6 
volunteers, who performed various tasks while hearing identical stimuli. Echo planar 
imaging fMRI was performed using at 1.5T, and analyzed using a correlation tech
nique. MEG/MSI was performed using a twin 37-channel biomagnetometer, posi
tioned over the temporal regions. The source was modeled as a single equivalent cur
rent dipole (SECD). MRI and MSI were co-registered. Bilateral activation of the su
perior temporal gyrus (STG) was detected in all subjects, using both fMRI and MSI. 
FMRI-derived “activation” was extended. The displacement between sources deter
mined from MSI and fMRI was not significantly different along any axis. In the pas
sive condition the number of fMRI pixels activated was equal in both hemispheres 
(p>0.9). All subjects demonstrated an increase in the number of activated pixels in 
each hemisphere on performing the phonetic discrimination task (left hemisphere 
104%, right hemisphere 76%), and to a lesser extent in response to the pitch task 
(67% and 31%). MEG-measured M100 amplitudes in left and right hemispheres were 
not different during the passive condition (p>0.5). During phonetic discrimination, a 
significant increase was seen in the both hemispheres (p<0.05), of greater magnitude 
in the left (21% vs. 16%). That lateralization is evident with such simple speech 
elements in both fMRI and MEG offers insight into the mechanism of speech per
ception and a step towards the discrete mapping of the component steps of the lan
guage function. That fMRI and MSI co-vary as well as co-localize supports the role 
of fMRI as a surrogate for neuronal activation detection.
Supported by NSF : SBR9720398

364.7

AUDITORY EVOKED M100 REFLECTS ONSET ACOUSTICS 
OF SPEECH SOUNDS

N. Gage1, D. Poeppel2,3 , T. Roberts2, and G. Hickok1* 
 1University of California, Irvine, 2University of Maryland. College Park, 
and 3University of California. San Francisco, San Francisco. CA. 94143 

It has been proposed that the lateralization of language to the left hemisphere mas be 
partially attributed to a hemispheric asymmetry in processing stimuli that contain 
rapid temporal transitions. In this study, we use magnetoencephalography (MEG) to 
investigate potential hemispheric processing asymmetries that vary as a function of 
the onset dynamics of linguistic stimuli. Given the sensitivity of auditory cortical 
areas to the temporal structure of sounds, early responses from auditory cortex might 
reflect the proposed processing asymmetry. We focus on the M100 response, which is 
reliable across subjects, sensitive to spectral properties, and well localized to superior 
temporal cortex. Five subjects passively listened to individual words. 40 words were 
intermixed, with each item occurring 10 times. For 20 items the onsets were rapidly 
changing (STOPS). 20 items had a slow onset (~80ms; NOSTOPS), but were 
otherwise matched. Neuromagnetic data were recorded bilaterally using a twin 37- 
channel biomagnetometer system (Magnes II, BTi, San Diego CA). Epochs of Is 
duration sampled at 1kHz were acquired around each stimulus.

M100 latencies differed as a function of attack type: stops had shorter M100 
latencies than no-stops. M100 latencies did not differ overall between hemispheres, 
however there was an attack x hemisphere interaction: stops and no-stops differed 
significantly in the right hemisphere but not in the left. M100 amplitude differed as a 
function of attack type: stops had greater M100 amplitude than no-stops. We conclude 
that as early as 100 ms post stimulus onset, stimulus onset properties were reflected 
in both latency and amplitude of the M100. Contrary to expectation, stimulus attack 
properties (including rapid temporal transitions) were reflected more clearly in the 
right hemisphere — indicating hemispheric processing asymmetries for words that 
differed in onset dynamics.

364.4

CORTICO-CORTICAL CONNECTIVITY IN AUDITORY REGIONS OF 
THE HUMAN CEREBRAL CORTEX
A. Schuhmann1, W. Schlote2, H.Bratzke3, K.E. Schmidt1*, W, Singer1 and R.A.W. 
Galuske1. 1MRI for Brain Res., Depts. of 2Neuropathology and 3Forensic Medicine 
of the University, Deutschordenstr. 46, 60528 Frankfurt/M, FRG 

As indicated by neuropsychological and functional imaging studies basal steps in 
the cortical processing of auditory information occur in the superior temporal gyrus 
(STG) and the temporal plane (TP). In order to gain deeper insights into the 
underlying processing streams we analyzed the cortico-cortical interconnectivity 
between different areas in this region of the human brain. Axonal connections were 
visualized by use of post-mortem tracing with the carbocyanine dyes DiI and DiA. 
Injections of these tracers were placed in the transverse gyrus of Heschl, the 
presumed location of the primary auditory cortex (PAC). Patterns of retrograde and 
anterograde labelling were analyzed in serial sections of the superior part of the 
temporal lobe.
The analysis of tissue from 2 hemispheres revealed three major projections of the 
PAC: first, there was a projection to medial parts of the TP, presumably Brodmann 
area (BA) 52, second, a projection to an antero-lateral region in the TP, presumably 
BA 42 and, third, a projection to the antero-lateral surface of the STG, 
corresponding to the anterior part of BA 22. These three target areas also contained 
retrogradely labelled cells indicating a reciprocal organization of these 
connections. All of the target regions were located anterior to the PAC, projections 
to posterior regions of the TP could not be detected.
These results indicate that the pattern of cortico-cortical connections of the PAC 
within the temporal lobe is characterized by projections to secondary auditory 
regions in the anterior portions of the temporal lobe while direct connections to 
posterior, language related areas cannot be found.

364.6

ANTERIOR AND POSTERIOR REGIONS OF THE LEFT HEMISPHERE ARE 
DIFFERENTIALLY INVOLVED IN TEMPORAL PERCEPTION. E. Pöppel1*, M. 
Wittmann1, E. Szelag2, F. Kagerer1, N. von Steinbüchel1, 1Institute of Medical 
Psychology, Ludwig-Maximilians University of Munich, Germany; 2Nencki Institute 
of Experimental Biology, Polish Academy of Sciences, Warsaw, Poland.

Neuropsychological findings suggest that language disorders are associated with 
temporal processing impairments. With two experiments we showed that auditory 
time perception in patients with aphasia is selectively affected on two different 
temporal levels depending on the localization of the lesion. High frequency temporal 
processing was assessed by measuring the auditory order threshold (OT), defined as 
the minimum time interval required to identify the temporal order of two 
consecutively presented clicks. Low frequency temporal processing was assessed by 
measuring temporal integration (TI), defined as the duration of perceptual units which 
consists of a subjectively "grouped" number of beats. Usually successive beats are 
bound together by subjectively accentuating every x-th beat, resulting in a frequency- 
independent TI interval of less than three seconds. The patients had pre-central or 
post-central lesions in either the left hemisphere, resulting in nonfluent or fluent 
aphasia respectively, or in the right hemisphere.

Patients with fluent aphasia showed significantly prolonged OTs, but normal TI, 
whereas patients with nonfluent aphasia had OTs comparable to control subjects, but 
impaired TI. Patients with right-hemispheric lesions performed comparable to the 
controls. Our results suggest that the anterior and posterior regions of the left 
hemisphere are differentially involved in temporal processing. Anterior regions 
appear to be associated with temporal integration of successive events in the range 
of seconds, whereas posterior regions are involved in identification of temporal order 
in the range of 20-60 msecs (Supported by BMBF).

364.8

TEMPORAL PERCEPTION AND COGNITIVE DEVELOPMENT OF 
THE CHILD. E. Szelag(1), J. Kowalska(1), K. Rymarczyk(l), N.v. 
Steinbüchel(2), E. Pöppel(2)(SPON: European Brain and Behaviour Society)
(1)Department of Neurophysiology, Nencki Institute of Experimental Biology,
02-093 Warsaw, Poland, (2)Institute of Medical Psychology, D-80 336 
Munich, Germany.

Experimental evidence indicates the existence of a low-frequency temporal 
processing system generating discrete time quanta of approx. 2 to 3 s 
duration. At this level a temporal integration mechanism (TIM) is suggested 
that binds successive events into perceptual units of a few seconds duration. 
We tested using reproduction of temporal intervals (Exp.l) or subjective 
rhythmization paradigms (Exp.2) whether the upper and lower limits of TIM 
may alter during normal cognitive development. Sixty children were tested 
and classified into three equal age groups: age range 6-7, 9-10 and 13-14 
years. The subjects either reproduced (Exp.1) the duration of visual and 
auditory stimuli (ranging from 1 to 5.5 s or from 1 to 3 s), or accentuated 
mentally every 2, 3 or other beat generated by a metronome with different 
frequencies, to create an individual rhythmic pattern (Exp.2). In this case, 
the measured integration interval length (MIIL) was defined by the number 
of reported beats multiplied the time distance between two successive beats 
at particular frequency. Two main results arise from these studies. First, 
intervals of approx. 2 s were reproduced appropriately, independently of the 
subject’s age, modality and the set of presented stimuli. Intervals shorter 
than 2 s were overestimated, especially, in the youngest group. Second, the 
upper limit of MIIL did not exceed a "3-second-window", however, the 
older children displayed longer integration than the younger ones. From 
these observations we conclude that the age-related increases in cognitive 
abilities during normal child development rather do not influence the upper 
limit of TIM. (Supported by the KBN grant No 4.PO5E. 09609).
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364.9

Right hemispheric language processing
1T.Noesselt, 2,3M.Iacoboni, 2E.Zaidel,3M.Dapretto, 3S.Bookheimer, 4L.Jaencke & 3J.Mazziotta 
1Dept. O f Psychology, Heinrich-Heine-University, Duesseldorf, Germany, 2 Dept of Psychology, UCLA, USA, 
3Division o f Brain Mapping, Reed Neurological Research Center, 7100 Westend Blvd, L. A., CA 90095, USA, 
4Otto-von-Guericke-University, Magdeburg, Germany
Introduction: The lateralization of specific psychological processes is well established in human 
neuropsychology. However, most o f the lesion and imaging studies concerned with language processing 
focused on the phonological and semantic aspects o f the stimuli. Thus, in our study we investigated the 
changes in regional cerebral blood flow during not only during semantic but also prosodic information 
processing.
Methods: 1.Psychological task: A dichotic listening paradigm was used to evoke the lateralized responses. 
Stimulus material were 4 words spoken in 4 different accents. After a training session outside the scanner 
(90% accuracy cutoff) subjects (n=2) listened to the stimuli and payed attention to the semantic (condition1) 
or prosodic aspect (condition 2) of the stimuli. Their task was to identify the sound they heared most clearly. 
A stimulus-pair was presented every 4 seconds ( 1sec sound-pair, 3 secs response window). 2. FMRI-design: 
We used a block-design with four on-off-cycles for each of the two conditions, 64 secs each cycle. The 
functional EPI-scans (TE:26ms, TR:4sec, α=80°, 24 slices, in-plane-resolution 3x3mm, slice-thickness 4mm, 
interslicegap 1mm, 80 images) were acquired with a GE-3T scanner, realigned with SPM (Wellcome 
Department, London, 1996), and superimposed on a high resolution EPI-image (TE:26ms, α=80°, 24 slices, 
in-plane-resolulion 1.5x1.5mm, slice-thickness 4mm, interslicegap 1mm) and analyzed with SPM.
Results: We found lateralized activation for our different conditions compared with the rest conditions. Our 
semantic task activated primary and secondary auditory areas on the left side more than it did on the right. 
Most interesting were the hemodynamic responses to our prosodic stimulation. Not only showed our subjects 
higher activation in the auditory areas of the right compared with the left hemisphere. They also showed 
deactivation in the left hemisphere compared with the baseline.
Discussion: Our results strongly suggest that specific aspects o f language are not processed in the left but in 
the right hemisphere. Furthermore the deactivation of the left auditory areas during condition2 may be 
explained with a model of the corpus callosum as an indirect inhibitory channel, that inhibits the contralateral 
homologues of specific areas of the brain by stimulating inhibitory interneurons. Even if  our prosodic stimuli 
also contained emotional and episodic memory information our subjects were mostly able to name the accent 
correctly and showed therefore, that they processed the prosodic component of our stimuli.

L EA R N IN G  A ND  M EM ORY: SY STEM S A N D  FU N C T IO N S— C O N D IT IO N E D  FEA R  I

365.1

OLFACTORY BULBECTOMY DOES NOT EFFECT CONDITIONED 
INHIBITION OF FEAR AS MEASURED WITH FEAR-POTENTIATED 
STARTLE. L.Leal-Puente* & W.A. Falls Dept. of Psychology, Northern 
Illinois University, DeKalb, IL 60115

Clinical research has shown that individuals diagnosed with depression display a 
biased attention toward negative stimuli. Individuals with mixed anxiety and 
depression may show a biased attention toward negative, threatening stimuli.

Olfactory bulbectomy is a widely accepted animal model of depression. Rats 
with lesions of the olfactory bulbs show many behaviors consistent with a 
depressed state. In a recent study, McNish and Davis (1997) found that olfactory 
bulbectomy facilitated shock induced sensitization of the startle reflex in rats. They 
suggest that bulbectomy, like other animal models of depression, results in an 
increased vulnerability to environmental stressors (e g. shock). This result may 
also be seen as revealing the biased attention to threat observed in clinical studies 
of mixed anxiety and depression. The purpose of the present experiment is to 
evaluate the possibility that olfactory bulbectomy results in biased attention toward 
negative stimuli by evaluating whether bulbectomized rats can inhibit fear in the 
presence of a stimulus that signals safety. Rats were given conditioned inhibition 
training (10 light+shock trials on each of 2 days followed by 5 light+shock and 15 
noise&light no shock trials on each of 5 days) followed by a test for conditioned 
inhibition of fear-potentiated startle. If olfactory bulbectomy produces a biased 
attention toward threatening stimuli, bulbectomized rats might not be able to inhibit 
fear to the light when the light is accompanied by the noise safety signal.

The results indicate that bulbectomized rats were capable of inhibiting fear to the 
light when the light is accompanied by the noise safety signal. Both sham and 
bulbectomized rats showed fear-potentiated startle in the presence of the light and 
less fear-potentiated startle to the light when it was accompanied by the noise. 
Support: MH 54290.

365.2

THE NUCLEUS ACCUMBENS IS NOT CRITICAL FOR CONDITIONED 
INHIBITION OF FEAR AS MEASURED WITH FEAR-POTENTIATED STARTLE. 
W.A. Falls1*, S.A. Josselyn2, J. C. Gewirtz2,  P. Pistell1, & M. Davis2. 1Dept. of 
Psychology, Northern Illinois University, DeKalb, IL 60115, 2Dept. of Psychiatry, 
Yale Univ , 34 Park St., New Haven, CT 06508.

Conditioned inhibition of fear-potentiated startle is a useful paradigm for studying 
neural systems responsible for the inhibition of fear. Following training in which a 
light is repeatedly paired with shock and a noise&light compound is presented without 
shock, the noise acquires the ability to inhibit fear-potentiated startle to the light in a 
noise&light summation test (Falls & Davis, 1997; JEP:ABP, 23, 3-14). Conditioned 
inhibitors of fear can act as rewards in instrumental tasks, consistent with the idea that 
they elicit relaxation or pleasure that is incompatible with the expression of fear. 
Because the nucleus accumbens (Acb) has been implicated in positive affect and reward, 
the present experiments examined the role of the Acb in conditioned inhibition of fear- 
potentiated startle. Rats were given conditioned inhibition training (10 light+shock 
trials on each of 2 days followed by 5 light+shock and 15 noise&light no shock trials 
on each of 5 days) followed by a test for conditioned inhibition of fear-potentiated 
startle. Conditioned inhibition was not affected by electrolytic lesions of the Acb 
regardless of whether the lesions were performed before or after conditioned inhibition 
training. Reversible inactivation of the Acb prior to testing by intra-Acb infusion of 
CNQX failed to affect the expression of conditioned inhibition.

Local infusion of dopamine agonists into the Acb increase the effectiveness of 
conditioned reinforces to maintain behavior in instrumental tasks. However, bilateral 
local infusion of either 10 or 20 µg d-amphetamine into the Acb did not alter the 
magnitude of conditioned inhibition of fear-potentiated startle. Consistent with other 
literature, 10 µg d-amphetamine did reduce the magnitude of prepulse inhibition of the 
startle reflex, indicating adequate perfusion of the Acb in these same rats. Together, 
these data suggest that the Acb is not involved in the acquisition or expression of 
conditioned inhibition.
Support: MH 54290 to WAF, MH-57250, MH-47840, MH-00004, AFOSR to MD, 
MH-11370 to JCG.

365.3

ELECTROLYTIC LESIONS OF THE BRACHIUM OF THE INFERIOR 
COLLICULUS BLOCK THE EXPRESSION OF CONDITIONED INHIBITION OF 
FEAR-POTENTIATED STARTLE
S.A. Heldt* & W.A. Falls. Dept. of Psychology, Northern Illinois University, 
DeKalb, IL 60115.

Although much is known about the neural systems responsible for the acquisition 
and expression of conditioned fear, little is known about the neural systems 
responsible for the inhibition of fear. One procedure well suited for the investigation 
of the inhibition of fear is conditioned inhibition of fear-potentiated startle (Falls & 
Davis, 1995, Beh. Neurosci. vol. 109, p.379-387). Following training in which a 
light is paired with shock and a noise&light compound is presented without shock, 
the noise acquires the ability to inhibit fear-potentiated startle to the light in a 
noise&light summation test. We have previously demonstrated that auditory thalamic 
lesions do not block conditioned inhibition to a noise conditioned inhibitor. To 
further examine the auditory structures which participate in the processing of a noise 
conditioned inhibitor, the present study examined the effects lesions of the brachium 
of the inferior colliculus (BIC) on the expression of conditioned inhibition.

Rats were given conditioned inhibition training consisting of 15 light+shock 
pairings on each of 2 days followed by 5 light+shock trials intermixed with 15 
noise&light no shock trials on each of 5 days. Following this training, rats were 
given either bilateral electrolytic BIC lesions or sham lesions.

Both sham and BIC lesioned rats showed fear-potentiated startle in the presence the 
light CS. Sham rats showed conditioned inhibition, defined as a reduction in fear- 
potentiated startle to the light when accompanied by the noise conditioned inhibitor.
In contrast, lesioned rats did not show conditioned inhibition. Together with previous 
data demonstrating that auditory thalamic lesions do not block conditioned inhibition, 
these results suggest that the BIC is part of an ascending or descending extralemniscal 
auditory pathway which is involved in the processing of a noise conditioned inhibitor. 
(Support: MH54290 to WAF)

365.4

LESIONS TO THE LATERAL TEGM EN TA L TRA CT INCREASE 
STA RTLE A M PLITUD E AND DECREA SE FREEZING  IN AN 
A CO U STIC  STA RTLE PA RA D IGM . R. N . L eaton*. D ept. o f 
Psychology, D artm outh College, H anover, NH 03755.

Startle stimuli induce fear, indexed by freezing, in a standard acoustic 
startle paradigm  (Borszcz, C ranney & Leaton, 1989). Large lesions of 
the medial geniculate nucleus (M GN) reduce freezing but increase 
startle amplitude. Lesions to the brachium o f the inferior colliculus 
(BIC) increase both startle am plitude and freezing (Kelso & Leaton, 
1997). These data suggest that the fear-inducing properties o f the 
auditory stim ulus are separated from other aspects o f the stim ulus 
caudal to the M GN. In the present experim ent, a partial replication of 
previous research (Brucato & Leaton, 1998), lesions were m ade medial 
to BIC in the láteral tegmental tract (LTG).

Acoustic startle was measured in 11 rats with bilateral electrolytic 
lesions o f LTG, 11 w ith lesions o f BIC, and 10 sham operated 
controls. Startle was m easured in 5 daily session to 20 presentations 
o f a 115-dB, 100-ms, w hite-noise stim ulus on a 20-sec IS I  Freezing 
was measured using a tim e-sam pling observational procedure. LTG 
lesions significantly increased startle am plitude and decreased freezing, 
com pared w ith either the BIC group or shams. BIC lesions increased 
startle am plitude com pared with shams. The LTG group showed 
neither w ithin- or between-session habituation. A reduction in startle 
intensity o f approxim ately 25 dB was necessary to reduce the 
responsiveness o f the LTG to the level o f the BIC group. At this 
intensity level the LTG group showed within-session habituation.

Supported by Dartm outh College
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365.5

A FURTHER INVESTIGATION OF THE DELAYED DEVELOPMENT 
OF FEAR-POTENTIATED STARTLE IN RATS. P.S. Hunt1* & B.A. 
Campbell2. 1Psychology Dept, College o f William & Mary, Williamsburg, 
VA 23187 and 2Psychology Dept, Princeton University, Princeton, NJ 
08544.

Previously, Hunt et al. (1994, Behav Neurosci, 108, 69-80) reported that 
the fear-potentiated startle (FPS) response was delayed in its ontogenetic 
expression relative to other defense responses (freezing [FRZ], heart rate 
[HR]). It was postulated that the neural circuits responsible for the 
modulation o f the startle response did not mature until several days after 
those required for the FRZ and HR responses. In this study we examined 
more closely this delayed development o f the FPS response in male and 
female Sprague-Dawley rats ranging in age from 17- to 30-days. Subjects 
were given paired or unpaired presentations o f a light conditioned stimulus 
(CS) with a footshock unconditioned stimulus (US) and were tested for 
FPS 24 h later. As found previously, FPS did not emerge until several 
days after the conditioned HR and FRZ responses. The failure to observe 
FPS in the younger subjects was not due to a general disruption o f  
conditioned fear responding by either (1) pre-test startle stimulus 
presentations or (2) contextual characteristics o f the startle testing 
apparatus. Neither aspect of testing interfered with the expression o f the 
HR response. We conclude that FPS is later to emerge ontogenetically 
than other conditioned defense responses, and suggest possible neuro- 
anatomical loci where this later maturation may occur.
[Supported by grants HD07694 (PSH), MHO1562 andMH49496 (BAC)]

365.7

PRETRAINING AMYGDALA LESIONS OR PRETRAINING INFUSION OF AN 
V-METHYL-D-ASPARTATE (NMDA) RECEPTOR ANTAGONIST DISRUPTS 
BOTH SHORT- AND LONG-TERM MEMORY FOR FEAR CONDITIONING 
ASSESSED WITH FEAR-POTENTIATED STARTLE. D. L. Walker* and M. 
Davis. Dept. Psychiatry, Yale University, New Haven, CT 06508.

Rats which receive amygdala lesions or intra-amygdala infusions of the NMDA 
antagonist, AP5, prior to fear conditioning do not show fear-potentiated startle (i.e., 
increased startle in the presence of a cue previously paired with shock) when tested 
24 or more hrs after training (long-term memory). These and other data have led to 
the view that NMDA receptor dependent plasticity within the amygdala is required 
for fear learning. Interestingly, however, several studies have found that NMDA 
receptor antagonists produce deficits in long-term memory without also disrupting 
short-term memory. In addition, considerable evidence indicates that amygdala 
activity near the time of training can modulate the long-term storage of recently 
formed memories. Thus, it is possible that the deleterious effect on fear-potentiated 
startle of the amygdala manipulations noted above reflected a failure to consolidate 
fear memories into long-term storage, rather than a failure to initially acquire such 
memories. Here, we evaluate this possibility using a new paradigm which allows 
for the assessment of both short- and long-term memory.

Rats received light-shock (0.6 mA) pairings and were tested for fear-potentiated 
startle immediately and 48 hr after training. Amygdala lesions abolished fear- 
potentiated startle at both time points whereas pretraining AP5 (25 nmol/side) 
abolished fear-potentiated startle only at the 48 hr train-test interval. However, in 
animals trained with 0.3 mA footshocks, AP5 abolished fear-potentiated startle at 
both timepoints. Thus, the differential sensitivity of short- and long-term memory 
to AP5 appeared to reflect stronger conditioning at the immediate vs. 48 hr train-test 
interval rather than a unique susceptibility of long-term memory to NMDA receptor 
blockade. In summary, these data are consistent with the view that NMDA receptor 
dependent plasticity within the amygdala is required for the initial acquisition of fear 
memories. [Supported by MH 47840, MH 00004, MH 57250 and AFOSR].

365.9

ROLE OF PKA AND CaM KINASES IN FEAR CONDITIONING ASSESSED 
WITH FEAR-POTENTIATED STARTLE USING LOCAL INFUSION OF Rp-8- 
Br-cAMP, KN-62, OR KN-93 INTO THE AMYGDALA. C. Ding*, Y-L. Lee, & 
M. Davis. Dept. of Psychiatry and Psychology, Yale Univ., New Haven, CT 06508.

NMDA receptor activation plays a critical role in the acquisition of fear 
conditioning. Activation of NMDA receptors results in increased Ca2+ conductance 
which is believed to trigger several forms of synaptic plasticity via activation of 
various second messenger systems such as Ca2+-calmodulin dependent protein kinase 
(CaM kinase) and protein kinase A (PKA). The present studies evaluated the role of 
PKA and CaM kinases in the acquisition and/or expression of Pavlovian fear 
conditioning using the fear-potentiated startle (FPS) paradigm.

In all experiments rats received two consecutive days of fear conditioning (5 
light-shock pairings on each day) and retention was assessed 48 hours later. Drugs 
were infused bilaterally into the basolateral nucleus of the amygdala either 30 
minutes (Rp-8-Br-cAMP) or 15 minutes (KN-62 or KN-93) prior to training and 20 
minutes (Rp-8-Br-cAMP) before the retention test. In Exp. 1, Rp-8-Br-cAMP (PKA 
inhibitor) attenuated the acquisition of FPS in a dose-dependent manner. Although 
this compound tended to produce seizures, Sp-8-Br-cAMP (PKA activator) did not 
block acquisition at doses which produced even more seizures. In Exp. 2, Rp-8-Br- 
cAMP (17µg/side; highest concentration used in 1) did not significantly affect the 
expression of FPS. In Exp. 3, CaM kinase inhibitors (KN-62 or KN-93 dissolved in 
10% DMSO; 7µg/side) also attenuated the acquisition of FPS. These data suggest an 
involvement of both the PKA and CaM kinase pathways in FPS. However, the lack 
of a complete blockade in Exp. 1 & 3 suggests that these pathways may act in 
parallel to initiate long-term fear conditioning. Studies are currently underway to 
evaluate the effect of a combination of CaM kinase and PKA inhibitors on 
acquisition of FPS. [Supported by MH47840, MH00004, MH57250, and AFOSR].

365.6

FEAR-POTENTIATED STARTLE AND CONDITIONED FREEZING TO A 
VISUAL AND AUDITORY CONDITIONED STIMULI ARE BLOCKED BY 
LESIONS OF THE AMYGDALA IN C57 MICE. V.S. Sundin*, S.A. Heldt, L.F. 
Buck, W.W. Jones, J.F. Willott & W.A. Falls. Department of Psychology, Northern 
Illinois University, DeKalb, IL. 60115

It is well established that the amygdala is critically involved in the expression of 
conditioned fear. Studies have shown that lesions of the amygdala block the 
expression of fear-potentiated startle (FPS) to both auditory and visual conditioned 
stimuli (CSs) in rats. We have recently detailed behavioral procedures for measuring 
FPS and freezing to visual and auditory CSs in mice (Sundin et al. 1997, Soc. 
Neurosci. Abstr., Vol. 23, p. 1611). In the present study, we assessed whether 
amygdala lesions would block the expression of FPS and freezing in C57 mice 
following fear conditioning to either a visual or auditory CS.

C57BL/6J mice were given either 10 light+shock pairings on each of 6 days or 10 
noise+shock pairings on each of 3 days. This amount of training produces an 
equivalent amount of FPS and freezing to both CS modalities. After conditioning, 
mice were given either electrolytic lesions of the amygdala or sham lesions. FPS and 
freezing were assessed 5 days after surgery. The acoustic startle response and motor 
activity were measured in the presence and absence of the CS. FPS was defined as 
greater startle amplitude in the presence of the CS than in its absence. Freezing was 
defined as lower motor activity in the presence of the CS than in its absence.

Amygdala lesions severely disrupted the expression of FPS and freezing to both 
visual and auditory CSs. Sham lesioned mice previously given either light+shock or 
noise+shock training showed FPS and freezing in the presence of their respective CSs. 
Mice with amygdala lesions did not. These data are consistent with numerous studies 
using rats showing that the amygdala is critical for the expression of FPS and 
freezing.

Mice offer unique advantages for the investigation of the neurobiological basis of 
learning and memory and their use with FPS has great potential. These data provide 
the basis for examining amygdala neurophysiology in the growing number of inbred, 
transgenic and knockout mice using FPS, a well understood model of learning and 
memory. (Support: MH54290 to WAF)

365.8

INHIBITION OF PROTEIN SYNTHESIS IN THE AMYGDALA BLOCKS 
ACQUISITION OF FEAR POTENTIATED STARTLE, EVEN AFTER 
PRETRAINING WITH A DIFFERENT CUE: A TEST OF THE “SYNAPTIC 
TAGGING” HYPOTHESIS. J.C. Gewirtz*, S.A. Josselyn, D.L. Walker & M. 
Davis. Dept. of Psychiatry, Yale University Sch. of Med., New Haven, CT 06508.

The development of late LTP is dependent on the synthesis of proteins de novo. 
However, Frey and Morris (Nature, 1997, 385, 533-536) “rescued” late LTP by 
tetanizing a second input to the same hippocampal neurons shortly before application 
of the protein synthesis inhibitor, anisomycin, or after the drug had been washed out. 
This suggested that strongly activated synapses are transiently “tagged”, allowing 
LTP to consolidate even in the absence of protein synthesis, provided the necessary 
proteins can be sequestered before the tag has decayed. The current experiments 
looked for evidence of “synaptic tagging” in a fear conditioning paradigm.

In Experiment 1, anisomycin (100 µg) or vehicle was infused bilaterally into the 
basolateral amygdala 1 hr prior to the first of 10 light-shock pairings. Fear- 
potentiated startle was assessed 2 days later. Anisomycin completely blocked 
acquisition of conditioned fear. Subjects showed normal learning after retraining 
without the drug, and post-mortem examination did not reveal drug-induced lesions. 
Thus, the blockade of fear conditioning was not caused by lesions of the amygdala.

In Experiment 2, infusions were conducted prior to light-shock training, as in 
Experiment 1. However, shortly before infusion, different groups were given either 
10 tone-shock pairings, or 10 tone alone presentations. Anisomycin blocked fear 
conditioning to the light in both groups. Hence, prior conditioning with the tone did 
not protect against the deleterious effects of anisomycin on conditioning to the light. 
These data demonstrate that protein synthesis in the basolateral amygdala is necessary 
for fear conditioning, but do not provide evidence for a role of a phenomenon akin to 
synaptic tagging. [Supported by MH-11370, MH-47840, MH-00004, and NSERC].

365.10

OVEREXPRESSION OF CREB IN THE AMYGDALA FACILITATES THE 
FORMATION OF LONG-TERM MEMORY MEASURED WITH FEAR 
POTENTIATED STARTLE IN RATS. S.A. Josselyn*, W.A. Carlezon Jr., C.-J. 
Shi, R. Neve#, E.J. Nestler and M. Davis. Dept. of Psychiatry, Yale University 
School of Medicine, New Haven, CT and #Molecular Genetics Laboratory, Harvard 
Medical School, Belmont, MA.

cAMP response element binding protein (CREB) is implicated in the formation of 
long-term memory (LTM). The effectiveness of different training schedules to 
produce LTM may be related to the levels of CREB phosphorylation (at Ser-133) 
such that low levels of active CREB necessitate “spaced” training (with rest intervals 
between training trials) to produce LTM whereas higher levels of CREB may 
produce LTM after “massed” training (no rest intervals). Here we assess the effects of 
increasing CREB levels using herpes simplex virus (HSV) vector-mediated gene 
transfer on different training schedules (massed or spaced) with fear conditioning in 
rats. In the fear-potentiated startle paradigm, memory is inferred from an increase in 
startle amplitude in the presence of a conditioned stimulus (CS) that has been 
previously paired with footshock. The amygdala is necessary for the acquisition and 
expression of fear-potentiated startle. In control rats massed training (4 CS-shock 
pairings with a 10-sec intertrial interval) produces essentially no LTM whereas 
spaced training (4 pairings with an 8-min intertrial interval) produces significant 
LTM. However, robust LTM was seen in rats that received bilateral microinfusion of 
HSV-CREB (2.0 ul at 4.0 x 107 IU/ml/side) into the basolateral amygdala 2 days 
before massed training (when CREB overexpression was high). This treatment had 
no effect on the levels of LTM following spaced training. Preliminary data from rats 
infused with a mutated form of HSV-CREB (substituting Ala for Ser-133) show 
attenuated levels of LTM following spaced training. These results suggest that 
functional CREB activity in the amygdala may serve as a molecular switch for the 
formation of LTM in fear conditioning.
Support: NSERC, HD34563, MH-57250, MH-47840, MH-0004, AFOSR.
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365.11

LOCAL INFUSION INTO THE AMYGDALA OF THE DOPAMINE DI 
RECEPTOR ANTAGONIST SCH 23390 BLOCKS THE ACQUISITION OF 
FEAR POTENTIATED STARTLE IN RATS. R. Deasy* and M. Davis. 
Departments of Psychology and Psychiatry, Yale University, New Haven, CT.

Local infusion into the amygdala of the dopamine D1 receptor antagonist SCH 
23390 has been shown to block the expression of fear-potentiated startle (cited in 
Munro et al. Brain Research. 746. 231-238, 1997), as well as the acquisition and 
expression of conditioned freezing (Guarraci et al., Society for Neuroscience 
Abstracts. 22, 1314, 1997). Guarraci et al. blocked the acquisition of conditioned 
freezing to a tone paired with footshock by locally infusing SCH 23390 into the 
central nucleus (Ce) of the amygdala. Interestingly, however, the principal 
concentration of amygdaloid dopamine D1 receptors is in the basolateral 
amygdala (BLA) not the Ce (Scibilia et al., Synapse, 11,  146-154, 1992). Given 
the known role of the BLA in the acquisition of conditioned fear, it is possible 
that dopamine D1 receptors in the BLA also are involved in conditioned fear 
acquisition. The present investigation, therefore, sought to replicate and extend 
the Guarraci et al. (1997) finding by microinjecting SCH 23390 
(3.6µg/0.3µl/side) into cannulae targeted for either the Ce or the BLA 
immediately prior to fear-potentiated startle training. The principal finding was 
that the acquisition of fear-potentiated startle was blocked by local infusion of 
SCH 23390 into the BLA or Ce during training, suggesting a functional role for 
dopamine D1 receptors located in both these structures in the acquisition of fear- 
potentiated startle. However, because of the highly lipophilic nature of SCH 
23390, and the close proximity of the BLA and Ce, further investigation is 
required to substantiate these findings and to better establish the role of Ce and 
BLA D1 dopamine receptors in conditioned fear.
Support: MH-57250, MH-47840, MH-0004, AFOSR.

365.13

THE ROLE OF GABA IN THE NUCLEUS RETICULARIS PONTIS 
CAUDALIS DURING EXPRESSION OF FEAR-POTENTIATED STARTLE 
AND CONDITIONED INHIBITION OF FEAR. S. G. Bimbaum* and M. Davis. 
Interdept. Neurosci. Prg., Dept. of Psychiatry, Yale Univ., New Haven, CT 06508.

Previous work in our lab has shown that startle amplitude is tonically inhibited 
via GABAergic input to the nucleus reticularis pontis caudalis (PnC), an obligatory 
nucleus in the acoustic startle pathway. Thus, a decrease in GABA input to the 
PnC by local infusion of bicuculline, a GABAa antagonist, enhances startle 
amplitude while an increase in GABA tone by local infusion of muscimol, a 
GABAa agonist, further depresses startle amplitude. Although previous studies have 
shown that GABA at the level of the PnC is not critical for prepulse inhibition of 
startle, disinhibition of the PnC via a decrease in GABA tone may underlie the 
rapid increase in startle observed during conditioned fear. Conversely, an 
enhancement of GABA tone to the PnC may be involved in the decreased startle 
observed during conditioned inhibition of fear.

Rats were given fear-potentiated startle training for two days, with 10 light+shock 
pairings each day. Two days later, either saline or bicuculline (0.1 µg) was infused 
into the PnC followed immediately by a test of fear-potentiated startle. Bicuculline 
enhanced baseline startle amplitude but had no effect on fear-potentiated startle. In a 
second experiment, rats received the same fear-potentiated startle training followed 
by conditioned inhibition training for 5 days (5 light+shock pairings and 15 noise- 
light+no shock pairings). Two days later either saline or bicuculline (0.1 µg) was 
infused into the PnC followed immediately by a test of fear-potentiated startle and 
conditioned inhibition. Again, bicuculline enhanced baseline startle amplitude but 
had no consistent effect on either fear-potentiated startle or conditioned inhibition of 
fear. These results suggest that disinhibition of GABA input to the PnC is not 
critically involved in conditioned fear, nor does GABA input to the PnC appear to 
underlie the decrease of startle observed during conditioned inhibition of fear. 
[Supported by MH47840, MH00004, MH57250 and AFOSR F49620 DEF]

365.12

PERIRHINAL INPUTS TO PREFRONTAL CORTEX IN THE RAT: AN  
ANTEROGRADE TRACT-TRACING STUDY WITH BIOTINYLATED 
DEXTRAN AMINE . C-J Shi1*, M.D. Cassell2 & M. Davis1. 1Dept. of Psychiatry 
& Psychology, Yale Univ., New Haven, CT 06508; 2Dept. of Anatomy and Cell 
Biology, University of Iowa, Iowa City, IA 52242

Anatomical tracing studies indicate that the rat perirhinal cortex is not 
homogeneous in its connections. For example, the frontal, insular and piriform 
cortices appear to preferentially project to the ventral part of the perirhinal cortex 
(PRv) while, in contrast, projections from temporal and occipital cortices selectively 
terminate in the dorsal bank of the rhinal sulcus (PRd). The present study has 
examined whether these dorsal and ventral subdivisions provide differential efferent 
projections to the prefrontal cortex by using anterograde tract tracing with 
biotinylated dextran amine (BDA).

Following BDA injections into the dorsal bank, anterogadely labeled fibers and 
terminals were present in both lateral and medial prefrontal areas. In insular regions, 
dense labeling was detected in the posterior agranular insular cortex (AI), but only 
scattered fibers were present in anterior and parietal AI. In medial prefrontal cortex, 
moderate to dense projections from PRd were observed in both prelimbic and 
infralimbic areas, but very light projections were seen to anterior cingulate and dorsal 
peduncular cortices. Injections into the ventral bank produced dense labeling in the 
dorsal peduncular cortex, but no significant labeling in prelimbic, infralimbic and 
cingulate areas. In insular regions, labeling was present in both posterior and parietal 
AI, but not in the anterior AI. Additional major projections from PRd injections 
were observed in the temporal cortex, lateral amygdaloid nucleus, striatum and 
medial geniculate complex. Other major efferents from the PRv were distributed in 
the entohina cortex, basolateral amygdaloid nucleus and dorsal hippocampus. These 
results indicate that the rat perirhinal cortex is not homogeneous in its efferent 
connectivity and that distinct projections arise from the dorsal and ventral banks of 
the rhinal sulcus. [Supported by MH47840, MH00004 and NS25139]

365.14

The Mesoamygdala Dopaminergic Pathway Modulates Emotional Memories. K.
Nader* & J.E. LeDoux, Center for Neural Science, New York Univ., NY, NY, 10003. 
We have previously demonstrated that systemic manipulations of the dopaminergic 
system modulates the association between an auditory conditioned stimulus (CS) and 
footshock unconditioned stimulus (US). The results implicated an action on post- 
synaptic D1 receptors as the mechanism modulating the association. Given the role of 
the lateral and basal amygdala (LB) in the acquisition and expression of fear 
conditioning, the dopaminergic projection from the ventral tegmental area (VTA) to 
the LB and the presence therein of D1 receptors, we tested whether manipulations of 
this pathway was capable of modulating fear. Rats underwent cannulation of either the 
VTA or LB and subsequently were trained using a second order fear conditioning 
paradigm. Phase 1 entailed 2 pairings of an auditory CS1 which co-terminated with a
0.5 sec., 0.5 mA footshock. In Phase 2, rats received microinfusions, and 15 min. 
later, 3 pairings of a second distinct auditory stimulus (CS2) with CS1. In Phase 3, rats 
were tested drug free for freezing behavior elicited by CS2. We predicted that either 
activation of pre-synaptic D2 auto-receptors in the VTA or inactivation of post- 
synaptic D1 receptors in the LB will inhibit the CS1-US association, and in turn, 
decrease freezing to CS2. In addition, we predicted that an increase in D1 receptor 
activation in the LB will have no effect on the acquisition of second order conditioning 
because no inhibition of the CS1-US association exists to be reversed. Infusions of 
either the D2 agonist quinpirole into the VTA or the D1 antagonist SCH 23390 into the 
LB caused a dose dependent decrease in freezing to CS2 on test day. The identical 
infusions dorsal to the VTA and LB had no effect on acquisition of second order 
conditioning. This demonstrates that the behavioral effects of quinpirole and SCH 
23390 were due to an action within the VTA and LB, respectively. Infusions of the D1 
agonist SKF 38393 into the LB caused a nonsignificant increase in freezing to CS2. 
This pattern of results is consistent with the hypothesis that the VTA-LB dopaminergic 
projection can modulate the association between a CS and footshock US. Supported 
by Grant #R37-MH38774.
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366.1

ALTERED RAT VISUAL AND AUDITORY LEARNING AFTER DIRECT GENE 
TRANSFER OF CONSTITUTIVELY ACTIVE PKC INTO HIPPOCAMPAL 
NEURONS. 1A. Geller, 1G. Zhang, 2J. Neill, 2M. Sarkisian, 1Y. Wang, 2Z. Liu*, 
1L. Yu, 2P. Tandon, 2G. Holmes, and 3R. Cook. 1Div. Endocrin., Children's Hosp., 
2Dept. Neurol., Harvard Med. School, Boston MA, and 3Dept. Psychol., Tufts Univ., 
Medford MA.

The regulation of learning and memory by a specific signal transduction pathway, 
acting in a specific type of neuron, might be analyzed by genetic intervention. We 
isolated (J. Neurosci., 1998, in press) HSV-1 vectors that encode a constitutively 
active, catalytic domain of rat PKC ßII. In cultured neurons, this PKC causes a long- 
lasting, activation-dependent increase in neurotransmitter release. Targeting this PKC 
to nigrostriatal neurons results in a long-term (≥l month) modulation of rat rotational 
behavior, due to altered dopaminergic neurotransmission (J. Neurosci, 1998, in press).

We have begun an analysis of visual object discrimination learning using this 
genetic intervention approach. The rats were first trained on a brightness 
discrimination (using a computer controlled apparatus). The constitutively active 
PKC or controls were then delivered into hippocampal dentate granule neurons. The 
rats were then tested for learning to discriminate between two objects (simultaneous 
presentation of vertical and horizontal stripes). The learning rate of the rats in the 
PKC group was slower (12 versus 10 days) than the rats in the control groups. 
Experiments with gene transfer into CA1 or rhinal cortex neurons are in progress.

We have also found that PKC pathways in dentate granule neurons regulate auditory 
learning. Rats were trained to discriminate between 2 sound qualities (white noise or 
2 KHz) by providing a food reward for lever presses only during the positive stimulus. 
The constitutively active PKC or controls were delivered into dentate granule neurons, 
and the S+ and S- were reversed. The rats in the PKC group learned this reversal in an 
average of 6 days, 2-5 days faster than the rats in the control groups, and this 
difference was statistically significant. Additionally, the rats which received the PKC 
displayed statistically significant increases in NMDA receptor levels in specific 
hippocampal areas. Supported by the NIH and Neurovir.

366.2

SELECTIVE IMPAIRMENT OF OLFACTORY-CUED MEMORY IN 
MICE LACKING THE NEURONAL GLYCOPROTEIN THY-1. 
V .M ayeux-Portas1, P.J.Kenny2 S.E.File2, R.J.M orris1*, Depts. of 
1Experimental Pathology & 2Psychopharmacology, UMDS Guy's Hospital, 
London Bridge, SE1 9RT LONDON, UK.

Inactivation o f the gene for Thy-1 (a major Ig-type glycoprotein o f 
the surface of mature, but not developing, neurons) leads to a 
regionally-specific increase in GABA-ergic inhibition in the dentate 
gyrus, thereby inhibiting LTP in the entorhinal projection (via the 
perforant path) to the dentate granule cells; no effect on spatial 
learning (assessed in the water maze) is apparent (Nature 379 (1996) 826- 
9 & 287 (1997) 666-7; Phil. Trans Royal Soc. B 265 (1998) 63-9).

We show here that the Thy-1 mutant mice have strong impairment of 
cognitive function in an olfactory-cued hippocam pal-dependent 
memory task, the social transmission of food preference. The mutant 
mice fail to choose the appropriate scented food both immediately, 
and 24h after, exposure to the cued scent. This defect occurs with 
Thy-1 null mice on both the 129/Sv/Ev and C57B1/6 strain 
backgrounds; is completely rescued by transgenic expression of Thy- 
1 in the knockout mice; and is not due to an inability of the mutant 
mice to distinguish the cued scents. In a variety of other tests 
(watermaze, exploratory habituation, elevated plus maze) behaviour o f 
the mutant mice is either normal, or relatively minor defects are 
observed. We suggest that the increased GABA-ergic inhibition in 
the dentate gyrus affects primarily olfactory-cued memory.
This work is supported by the UK Medical Research Council.
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366.3

IMPAIRED OLFACTORY SPATIAL LEARNING IN MOUSE PUPS WITH A 
CA2+-INDEPENDENT CAMKII TRANSGENE. G.A. Barr1,4, C.P. Wiedenmayer 
2,4, M.M. Myers4, M. Mayford3 and M.H.H ofer4*. 1Hunter College; 2Columbia 
Univ.; and 3Univ. Calif. San Diego, 4NY State Psychiatric Institute; New York, NY 
10032.

Adult animals of several species are capable of learning spatial relationships 
using a variety of sensory cues, but it is not known whether these spatial abilities 
exist in the infant rodent We report here that preweaning mouse pups can learn a 
spatial task using olfactory cues and that transgenic mice overexpressing Ca2+- 
independent CaMKII in the hippocampus, and which are impaired in visual spatial 
tasks as adults, are also impaired in spatial learning as infants. Mice were tested on 
postnatal day 12, before their eyes open. Different odors were placed in the four 
comers of a cage, and half of the litter was placed in a nest offset from the middle of 
the cage. On each of four training trials a pup was taken from the nest, placed in a 
corner, and allowed to explore the cage until it reached the nest. During this time its 
searching path was recorded. The nest was then removed on the test trial, and the pup 
allowed to navigate the cage until it reached the former location of the nest. To 
control for non-spatial cues, controls subjects were trained with the odors in the 
comers randomly moved between the trials, thus not allowing for the establishment 
of an olfactory map. Wild-type mouse pups with fixed odors decreased their homing 
latencies during training and on the test trial reached the nest significantly faster than 
did the wild-type pups trained with the randomized placement of odors. Mutant pups 
failed to learn the task with either the fixed cue or randomized cues. Therefore, infant 
mice can learn spatial relationships among odor cues and use these cues to navigate 
to their nest. Mice overexpressing Ca2+-independent CaMKII are impaired in their 
spatial learning abilities throughout life.
Supported by NIH MH-18264, and PIRSG903-86677A from NYSPI.

366.4

NEUROTOXIC LESIONS OF THE HIPPOCAMPAL FORMATION IMPAIR 
MONKEYS’ ACQUISITION OF THE TRANSVERSE PATTERNING 
PROBLEM. M.C. Alvarado1* M. Mishkin2, & J. Bachevalier1 1Dept. of 
Neurobiology & Anatomy, University of Texas Houston Medical School, Houston, 
TX 77225, 2Laboratory of Neuropsychology, NIMH.

Neonatal aspiration lesions of the hippocampal region yield an impairment in 
acquisition of transverse patterning in adult monkeys (Alvarado et al., 1995; Soc. 
Neurosci. Abst. #586.8). Because aspiration lesions include extensive damage to 
the underlying cortical areas, we cannot attribute the observed impairment to the 
loss of hippocampal tissue alone. We therefore prepared three adult rhesus 
macaques with MRI guided stereotaxic injections of ibotenic acid (15mg/ml; 2.0 µl 
per injection) at six locations per hippocampus. Following recovery, these animals 
and three age-matched controls were trained on transverse patterning. Briefly, we 
used six concurrent visual discrimination problems comprising two transverse 
patterning sets: 1) A+ vs B-, 2) B+ vs C- and 3) C+ vs A-; 4) D+ vs E-, 5) E+ vs F-, 
and 6) F+ vs D-. Training was conducted in three phases as follows: Phase 1, 
problems 1 and 4; Phase 2, problems 1, 2, 4, and 5; Phase 3, all six problems. 
Criterion was set at 90% correct in each phase. The two groups did not differ in 
their ability to solve Phases 1 
or 2. However, the animals 
with hippocampal lesions 
were severely impaired in 
Phase 3. Despite this impairment, two of the operated monkeys reached criterion on 
one, but not both problem sets. Postsurgical MRI scans indicate that there is sparing 
of hippocampal tissue in all three subjects, which may account for this result. 
Nevertheless, the data suggest that the hippocampal formation is important for 
relational learning. Supported by NRSA MH10929 to M.C.A, MH54167 to J.B. & NIMH- 
IRP to Dr. Mortimer Mishkin.

Trials to Criterion
Phase 1 Phase 2 Phase 3

Control 31 78 505
Operated 30 76 975 *(p<.0001)

366.5

A COMPARISON OF THE EFFECTS OF HIPPOCAMPAL AND 
PARAHIPPOCAMPAL REGION LESIONS ON THE LEARNING OF ODOR- 
ODOR ASSOCIATIONS IN RATS. R.J. Melrose, P. Alvarez, P.A. Lipton, S.J. 
Ramus* and H. B. Eichenbaum. Dept. of Psychology, Boston Univ. Boston MA 
02215.
Damage to the hippocampal system impairs performance on a variety of tests of 

learning and memory. This system includes the hippocampus (H), and the adjacent 
entorhinal, perirhinal, and postrhinal cortices that form the parahippocampal region 
(PHR). All cortical connections to and from the hippocampus go through the PHR. so 
PHR lesions that totally disconnect the hippocampus are equivalent to a complete- 
lesion of the hippocampal system. Different types of memory may be supported by 
different components of this system. One hypothesis (Eichenbaum, Otto, and Cohen, 
1994, Beh. Brain Sci.. 449-518) proposes that the hippocampus is necessary for the 
formation of relational memories, while the parahippocampal region is involved in 
maintaining intermediate-term storage of individual items. One criticism of this 
hypothesis has been that, in a variety of memory tasks, large lesions of the 
hippocampal system produce a greater deficit than lesions limited to the hippocampus. 
If, indeed, the hippocampus is solely responsible for relational memory, then it should 
be possible to find a test of relational memory in which the impairment produced by 
PHR lesions is no greater than that produced by H lesions (Squire, Zola-Morgan, and 
Alvarez, 1994, Beh. Brain Sci., 495-496).
H lesions have been shown to affect performance on the social transmission of food 

preferences, an odor-odor association task that has key characteristics of relational 
memory tasks. We compared the effects of H lesions and PHR lesions on the 1-week 
retention of socially transmitted food preferences. Preliminary results suggest that, in 
this task, larger lesions of the hippocampal system do not produce a greater impairment 
than H lesions. H- and PHR-lesioned animals were similarly impaired, performing at 
about 60% correct, while controls performed at about 75% correct. Moreover, the PHR 
group performed significantly better than chance, ruling out a floor effect. These data 
suggest that memory for this odor-odor association is dependent on the hippocampus 
and not on the entorhinal, perirhinal and parahippocampal cortices, and support the 
hypothesis that the hippocampus itself is key to the formation and maintenance of 
relational memories, while the structures of the parahippocampal region subserve other 
memory functions. (Supported by NIMH MH 52090, NRSA F32 MH11339)

366.6
EIGHT, PLUS OR MINUS TWO: OLFACTORY SPAN IN THE RAT, AND 
THE CONTRIBUTION OF THE HIPPOCAMPUS TO OLFACTORY 
WORKING MEMORY. P.A. Dudchenko*, E.R. Wood, J. Faherty, and H. 
Eichenbaum. Department of Psychology, Boston University, Boston MA. 02215

Ibotenic acid lesions of the hippocampus in rhesus monkeys significantly 
reduce the memory span for a series of sequentially presented objects, colors, 
and spatial locations (Beason-Held, Rosene, & Moss, 1993). Here, we describe 
an analog of this task that employs sequentially presented olfactory stimuli 
(cups of scented sand) to assess the olfactory span of rats. We were interested in 
two main questions: 1) What is the working memory capacity of the intact rat? 
2) Is the hippocampus necessary for normal span performance?

Food-deprived rats were initially shaped on an open platform to dig in cups of 
sand scented with common spices (e.g. paprika, sage) to retrieve a buried froot 
loop. They were then trained on a non-match to sample (NMS) task in which 
they were first presented with a single scented cup, and then with a choice 
between this cup and a second cup that contained a different scent. Only the cup 
with the different (non-matching) scent was reinforced. Once rats acquired the 
non-matching rule, they were introduced to the olfactory span task. This was the 
same as the NMS task, except that if the rat correctly chose the nonmatching 
cup, it was successively presented with a choice of 3, then 4, then 5 cups etc. At 
each stage, the rat was required to chose the novel (nonmatching) odor in the 
increasing array of odors. In the final 7-day phase of testing, rats were tested 
with a random series of 12 scented cups each day, and permitted to correct if an 
incorrect response was made. The rat’s span was taken to be the number of 
correct responses (not counting the first response) before making an error. The 
median span for each animal over these 7 days was obtained. The average of 
these spans was 8.5 ± 2.0. However, after making an error, animals frequently 
completed the rest of the series without error, and even when choosing between 
12 cups they were better than chance (72.5 ±  4.9 % correct). Our preliminary 
results suggest that post-training ibotenic acid lesions of the hippocampus do not 
impair re-acquisition of the non-match rule, and do not significantly affect 
olfactory span in this version of the task. Supported by NIA, NIMH.

366.7

SEPARATE ROLES FOR THE DORSAL AND VENTRAL 
SUBICULUM IN SPATIAL AND NON-SPATIAL MEMORY.
R.G. Phillips*, E. Caulder and H. Eichenbaum. Boston University, Psychology 
Department, 64 Cuminington Street, Boston, MA 02215.

The main output of area CA1 is to the subiculum. This projection is 
strongly topographic, such that dorsal and ventral CA1 projections arrive 
separately at the dorsal and ventral subiculum, respectively. Previous studies 
have shown that the dorsal hippocampus is more involved in the processing of 
spatial information than the ventral hippocampus (Moser et al., J. Neurosci. 
13:3916, 1993). To extend this distinction in spatial versus nonspatial 
hippocampal processing and to evaluate subicular function, we examined the 
performance of rats with either dorsal (Dsub) or ventral (Vsub) electrolytic 
lesions of the subiculum on three different tasks. These tasks included a spatial 
T-maze delayed alternation task, a nonspatial social transmission of food 
preference task which involves memory for odor-odor associations, and 
contextual fear conditioning. Dsub rats were impaired on the spatial delayed 
alternation task as compared to Vsub and control groups. By contrast, Vsub rats 
were impaired on the social transmission of food preference task as compared to 
controls, but Dsub rats were not impaired. Both Dsub and Vsub groups were 
impaired on contextual fear conditioning. These results suggest that a circuit 
through the dorsal hippocampus and subiculum is specialized for spatial 
memory, whereas a ventral hippocampus and subiculum circuit mediates 
hippocampal-dependent nonspatial memory. The disruption of contextual fear 
conditioning in both the Dsub and Vsub groups suggests that this type of 
learning may depend on both spatial and nonspatial hippocampal- subicular 
processing. Supported by NIMH MH52090 and NINDS NS10116.

366.8

FUNCTIONAL DIFFERENTIATION ALONG THE ANTERIOR-POSTERIOR 
AXIS OF THE HIPPOCAMPUS IN MONKEYS.
M. Colombo1*, T. Fernandez2, K. Nakamura2, and C. G. Gross2. 1Department of 
Psychology and the Centre for Neuroscience, University of Otago, Dunedin, New 
Zealand and 2Department of Psychology, Princeton University, Princeton, NJ, USA.

The hippocampus may not be a functionally homogeneous structure. Lesions of 
the dorsal hippocampus in rats, for example, result in greater spatial impairments 
than lesions of the ventral hippocampus. We examined whether the hippocampus in 
monkeys was also functionally heterogenous, and in particular, whether the posterior 
hippocampus (equivalent to the dorsal hippocampus in rats) was more important for 
processing spatial information than the anterior hippocampus (equivalent to the 
ventral hippocampus in rats). Two fascicularis monkeys were trained on 
procedurally identical visual and spatial delayed matching-to-sample tasks using a 5- 
sec delay. The incidence of spatial and visual delay neurons (neurons that fire 
during the delay period) along the anterior-posterior axis of the hippocampus was 
noted. Two main differences in the responses of anterior and posterior hippocampal 
delay neurons were observed. First, spatial delay neurons were more common in the 
posterior hippocampus rather than the anterior hippocampus, whereas visual delay 
neurons were evenly distributed throughout the hippocampus. Second, delay 
neurons in the anterior hippocampus exhibited scalloping delay activity (the 
magnitude of the delay activity increased as the delay progressed), whereas delay 
neurons in the posterior hippocampus did not. Scalloping delay activity may 
represent a neural code of a motor response.

These findings support the idea that the hippocampus is functionally 
heterogenous, and suggest that the posterior hippocampus may be important for 
processing sensory, and in particular spatial information, and that the anterior 
hippocampus may be important for coding movements to locations in space.

Funding Sources: University of Otago sabbatical grant and NIH EY11347.
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366.9
HIPPOCAMPAL LESIONS DISRUPT TURN, POSITION AND 
STIMULUS DISCRIMINATION RETENTION IN RATS. S. R. Ginn1,2*,
L. W. Means1, M.-P, Arolfo3 and G. M. Peterson2. 1Dept. of Psych.,2 Dept. of 
Anat. & Cell Biol., & 3Dept. of Pharm., East Carolina Univ., Greenville, NC.

To test the necessity of a functional hippocampus for utilizing positional and 
visual-tactile information, 3 groups of rats were trained to criteria in an 
elevated T-maze. Rats had to turn right or left at the choice point of the maze 
depending on 1 of 2 cues present: position of the maze in the testing room 
(east or west), or a maze insert providing visual-tactile cues (presence or 
absence of the insert). The control group, which was trained on a turn 
discrimination task, could ignore both cues. For each experimental group the 
stimulus not serving as a cue was held constant. Following acquisition, half of 
the rats in each group received sham lesions and the other half received 
bilateral electrolytic lesions of the dorsal and ventral hippocampi.

Both the position and stimulus groups required more trials to reach criteria 
preoperatively than did the control group, evidence of the difficulty of these 
discriminations. The proportion of rats attaining criteria in the position, 
stimulus, and control discrimination conditions was 0.88, 0.72, and 0.94, 
respectively. Postoperatively rats in all groups given hippocampal lesions, even 
controls, required significantly more trials to reach criteria. Also, error rates 
were larger in the lesioned animals compared to sham-operates.

[Supported by an ECU Research/Creative Activity Grant awarded to Larry W. 
Means.]

366.10
THE EFFECT OF HIPPOCAMPAL LESIONS ON OLD AND YOUNG 
RATS ON SPATIAL WORKING AND REFERENCE MEMORY 
COMPONENTS OF THE RADIAL ARM MAZE TASK. C.R. Stoelzel, M. T. 
Ward, E. J. Markus*. Department of Psychology, University of Connecticut, 
Storrs, CT 06269.

An intact hippocampus is necessary for both working and reference spatial 
memory tasks (see Jarrard, 1993). Previous work in our laboratory found that aged 
rats manifest a selective deficit on a spatial working memory task while 
performing equivalently with young rats on a simultaneous tactilely cued reference 
memory task (Oler & Markus, 1997). To determine if the deficit was 
hippocampally based and would generalize to a visually cued reference memory 
task, the present experiment was conducted.

26 young (11 month) and 19 old (24 month) Fisher 344 rats either received an 
electrolytic lesion of dorsal hippocampus or a sham operation. The rats performed 
a simultaneous spatial working memory and reference memory task on the eight- 
arm radial arm maze with visual cues at the ends of four non-baited arms. Data 
were collected over fourteen daily sessions.

Old and young rats with hippocampal lesions showed deficits on both spatial 
working and reference memory tasks. While aged rats tended to make more 
spatial working memory errors than young, this effect was not significant. Aged 
rats also showed significant impairments on the spatial reference task.

A probe trial was conducted after the rats performance began to asymptote.
The four visual cues were rotated to correspond with the baited arms. This visual 
cue rotation created a conflict between local cues and the spatial landmarks in the 
room. An examination of the animals’ first choice on the probe trial revealed that 
only young lesioned animals were affected by the changed location of the 
reference cues.
(Supported by UConn Res. Found. grant #441713 and NIH grant #R29-A613941-01 A1)

366.11 366.12
HIPPOCAMPAL MEMORY DEFICITS IN AGED RATS MAY RESULT FROM 
IMPAIRED CONSOLIDATION. M. T. Ward*, C. R. Stoezel, J. A. Oler, E. J. 
Markus. Department of Psychology, University of Connecticut, Storrs, CT 06269.

In young rats retention of fear conditioning to a 
specific context requires an intact hippocampus for 
a transient interval. Old rats, however, have never 
been evaluated for the putative consolidation 
process that occurs during this transient period.

Therefore, 57 young (9 m) and 65 aged (22 m) 
male F344 rats were presented with four tone- 
shock pairings in a distinctive environment.
Seven, 14 or 28 days later the animals received 
bilateral electrolytic lesions of dorsal hippocampus 
or sham surgery. After one week of recovery, 
retention of the context and tone were 
independently evaluated. Retention of the fear 
response to a hippocampus-independent tone was 
robust and equivalent regardless of age or lesion at 
all time-intervals. Additionally, no age or lesion 
differences were found on a shock sensitivity test.

When tested for context retention, main effects 
were found for age and surgery as well as an age 
by time-interval interaction. Young lesioned rats 
froze less than shams at 7 days, but were 
equivalent at 14 and 28 days. Old rats did not 
show this consolidation effect. These findings 
suggest that an impaired consolidation process 
may contribute to memory dysfunction in aging.
(Supported by UConn Res. Found. grant #441713 and NIH grant #R29-A613941-01A1)

ACTIVITY LEVELS, HIPPOCAMPAL FUNCTION, AND EJACULATION EX 
COPULA: A COMPARISON OF F344 AND LONG EVANS HOODED RATS. 
Etan J. Markus, Beniamin D. Sachs, Clinton Cooper, Jason P. Bachand, and Victor 
H. Denenberg*. Behavioral Neuroscience Div. & Biobehavioral Sciences, Dept. of 
Psychology, Univ. of Connecticut, Storrs, CT 06269

In order to relate neurobiological and behavioral characteristics, 2 strains of 
rats were compared, Fisher 344 and Long Evans hooded rats. 10 young adult (3-4 
mo) males of each strain were examined for activity and memory abilities.

Activity -The animals were first placed on an 8-arm maze (arms 60x10 cm) 
with all arms continuously baited. The time until 10 arms were visited was 
recorded over a 6 day period. Hooded rats were initially much faster on this task 
than F344 rats (day 1: mean latency 6.3 vs. 14.6 min respectively, p<0.01). While 
the F344 rats improved over the 6 day period they remained slower than the hooded 
animals (day 6: mean latency 2.4 vs. 5.4 min respectively, p<0.05).

Hippocampal Processing -  The rats were tested daily for 21 days on an 8-arm 
radial maze that simultaneously tested spatial working and cued reference memory. 
While both strains showed a reduction in errors over sessions, the F344 rats were 
better on the spatial working memory task than the hooded rats (p<0.05), there were 
no strain differences in the non-hippocampal cued reference memory task.

Ejaculation -  Coincidentally we observed that 4/10 F344 rats ejaculated on the 
maze during the activity testing, and the same 4 animals ejaculated during the 
memory tests, none of the hooded rats ejaculated on the maze (p<0.05 Fisher Exact 
Prob. Test). These data may indicate a strain difference in sympathetic nervous 
system arousal.

These data suggest a dissociation between the animals’ ability on a cued 
reference and spatial working memory task. With only the hippocampal working 
memory task related to activity levels and arousal.
Support: EJM: NIA R29-A6139941-0lAl, UCONN RF 441713; BDS: IBN-9603917

366.13
RETROGRADE AMNESIA AFTER SELECTIVE HIPPOCAMPAL DAMAGE IN 
RATS: A REVIEW OF EFFECTS WITH SEVERAL LEARNING TASKS AND 
TRAINING-SURGERY INTERVALS. R.J. Sutherland*, M.R Weisend, R.S. Astur, D.

Mumby1,  A. Koerner, M .J.Thomas, and F.M. Hanlon. Depts. of Psychol. & 
Neuroscience, Univ. of New Mexico, Albuquerque, NM 87131-1161. 1Dept. of 
Psychol., Concordia Univ., Montreal, Quebec.

Medial temporal lobe damage can produce retrograde amnesia in addition to well- 
studied anterograde effects. There are now several reports of temporally-graded retrograde 
amnesia after hippocampal damage in nonhuman animal experiments. These studies 
differ markedly in the type of learning task employed, as well as in the duration of the 
retrograde intervals over which information is lost We have examined the generality of 
this temporally-graded effect using rats in several tasks differing in their anterograde 
dependence upon hippocampal integrity using a wide range of training-surgery intervals. 
We review the results of 6 of our experiments with rats examining retrograde amnesia 
for Morris water task place navigation, visible- platform discrimination, object 
discrimination, elemental or configural discrimination learning, contextual fear 
conditioning, and auditory fear conditioning after hippocampal damage made with 
ibotenic acid, NMDA, or kainate-colchicine injections. Further, we assessed the effects 
of training-surgery intervals (1 -3 6  wk), amount of practice, irrelevant training during 
the retention interval, and amount of damage to hippocampus and adjacent structures.

Severe retrograde amnesia was observed in all tasks except object discrimination. 
The severity of retrograde amnesia was not affected by training-surgery interval, 
interpolated relevant or irrelevant training, type of lesion, or amount of damage to 
amygdala, entorhinal cortex, subiculum, or overlying neocortex. Temporally-graded 
retrograde amnesia is not observed within the behavioral parameters we have explored. 
These results favor alternatives (eg. Nadel & Moscovitch, 1997) to the consensus view 
on memory consolidation and hippocampus.

366.14
COMPARISON OF RETROGRADE AMNESIA FOLLOWING LESIONS 
OF FORNIX VERSUS PERIRHINAL AND ENTORHINAL CORTICES.
Gretchen Hanson & Mike Bunsey*. Dept. of Psychology, Kent State University, 
Kent, OH 44242.

Recent work indicates that the contributions of the hippocampus proper 
and hippocampal cortical areas to anterograde amnesia are distinct (e.g. 
Eichenbaum, Cohen & Otto, 1994). Kaut, Bunsey & Belviso (1997) found that 
damage to hippocampus and hippocampal cortex also caused different patterns of 
retrograde amnesia. Specifically, with extensive pretraining in an odor-guided 
task in which rats dug through scented sand for cereal rewards, combined 
perirhinal/entorhinal cortical lesions caused retrograde amnesia for rewarded 
odors, whereas specific hippocampal lesions did not. The present study further 
examined potential dissociations in retrograde amnesia, using the same task, but 
eliminating pretraining in order to create more episodic-type learning conditions. 
Male Long Evans rats were given three days of shaping and a single day of 
training on two simple odor discriminations either two days or 30 days prior to 
surgery, in which they underwent either aspiration of perirhinal and entorhinal 
cortices or electrolytic lesions of fornix. After a one-week recovery period 
subjects were given a single trial retention test for the discriminations. Results 
indicated that the lesions caused a retrograde amnesia for both rewarded odors 
and for the operant (i.e. digging through the sand), but only when training 
occurred shortly before surgery. In combination with our previous results, these 
data indicate that prior experience with related but distinct problems affects the 
organization of memory as indexed by vulnerability to amnesia.
NIH #1-R29-NS36962-01
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366.15

DISCRIMINATION ACQUISITION AND REVERSAL IN RATS WITHOUT 
A HIPPOCAMPUS: DIFFERENT EFFECTS WITH MASSED VS. SPACED 
TRIALS. L. E. Jarrard1*, T. Trigilio1, and T. L. Davidson2, 1Dept. o f Psychology, 
Washington & Lee Univ., Lexington, VA 24450; 2Dept. O f Psychological 
Sciences, Purdue University, West Lafayette, IN.

Previous studies have reported that rats with conventional lesions o f the 
hippocampus are impaired in discrimination reversal learning. Two experiments 
involving selective ibotenate lesions o f hippocampus were carried out where 10-sec 
CSs either predicted the delivery of a food US (A+) or no food (B-). Conditioned 
activity served as the measure o f learning. In Experiment 1 hippocampal and 
control rats received 10, 50-min discrimination training sessions (10 A+, 10 B- 
trials/session) followed by 10 reversal sessions (A-, B+). Hippocampal and control 
animals did not differ either in acquisition or reversal training. In Experiment 2, 
using a within-subjects design, rats received 50-min training sessions under both 
massed (10 A+, 10 B-) and spaced (2 C+, 2 D-) trials. Following acquisition, 
subjects in each group (hippocampal, control) received reversal sessions under 
either massed (10 A-, 10 B+) or spaced (2 C-, ID+) conditions. Relative to 
controls, rats without a hippocampus showed impaired acquisition performance 
with spaced but not with massed trials. The groups also differed in discrimination 
reversal; however, the existence o f acquisition differences makes this latter result 
difficult to interpret. Current learning theories propose that spaced training yields 
better discrimination performance than massed training because spaced training 
results in greater extinction of context cues (see Yin et al., 1994). Thus, removing 
the hippocampus may reduce the effectiveness o f spaced training by interfering 
with local context extinction.

Supported by grants from NSF (LEJ) and NIH (TLD).

366.17

TIME-OF-DAY DISCRIMINATIVE LEARNING AND HIPPOCAMPAL LESIONS 
IN HOMING PIGEONS, COLUMBA LIVIA. C.A. Budzynski and V P. Bingman . 
Dept. of Psychology, Bowling Green State Univ., Bowling Green, OH 43403.

Although spatial learning has been a focus area in behavioral neuroscience, time- 
of-day learning has remained relatively unexplored. We examined the performance 
of pigeons on a time-of-day learning task in the absence of any spatial discriminative 
stimuli. The pigeons were placed on a FI schedule in the morning and on a different 
FI schedule in the afternoon. The pigeons responded differently depending on time of 
day, reflecting the learning of a stable 24-hour memory representation of the 
association between the FI schedules and time of day. The pigeons were then tested 
twice after the initiation of a clock-shift manipulation to examine the mechanism 
used in the time-of-day discrimination (Experiment 2). Pigeons were clock-shifted to 
determine if they were relying on an endogenous circadian oscillator, an hourglass 
mechanism influenced by photoperiod, or environmental noise. The results indicate a 
circadian mechanism was most important for the observed time-of-day learning.

Experiment 3 examined a possible role of the hippocampal formation in the 
observed time-of-day learning. Pigeons with bilateral lesions to the hippocampal 
formation were trained in the procedure described in Experiment 1. The lesioned 
pigeons learned the task as well as controls. A last experiment employed a clock-shift 
manipulation identical to Experiment 2 to examine the underlying mechanism used 
by the hippocampal lesioned pigeons. Three lesioned pigeons responded in a manner 
consistent with a circadian mechanism and five responded as if relying on an 
hourglass mechanism. Unlike the control pigeons, it appeared hippocampal lesioned 
birds were more likely to rely on an hourglass timer in the time-of-day learning task.

366.19

TOWARDS HIGH RESOLUTION 3D MRI OF THE AVIAN 
HIPPOCAMPUS AT 1.5 T, R.E. Lee1*, D.W. Lee2, N.S. Clayton2, C.M. 
Anderson3 1 Neuropsychiatric Institute, Brain Mapping Division, UCLA Med. 
School 90095, 2NPB, UC Davis, 3Dept. of Radiology, UCSF-VA Med Cntr.

Advantages of non-invasive imaging techniques for brain anatomy include 
the ability to evaluate brain regions without the need to destroy the tissue 
specimen; and the potential to do serial observations on a single live animal. 
It has been shown (DeVoogd, 1997) that live birds can tolerate MRI 
examination (7T) and continue to thrive. Images are presented here to show 
some of the tissue contrast, image signal-to-noise, and imaging coil 
considerations involved when utilizing this approach at 1.5 tesla.

Images selected from a series of 6 3D MRI examinations will be shown 
(12/’94 through 5/'95). Specimens included 2 white-crowned sparrow 
(WCS) brains preserved in formalin, 2 freshly sacrificed WCS brains, and 2 
freshly sacrificed zebra finch brains. All brains were imaged in situ. Imaging 
was done on a 1.5T SP63 (Siemens, Inc.) medical scanner using a 6.5 cm. 
circular coil built by the investigators (3D FISP T1 images, 0.23x0.23x0.28 
mm). The results of imaging time experiments ranging between 20 min for 
each scan and 1 hr for each scan will be shown. The technical advantages of 
the use of a 3D image volume will also be illustrated (enablement of 
retrospective processing 3D image data into any viewing plane with no 
additional imaging time required.

VOXEL resolutions and image contrast were found to be sufficient for 
identification of large structures like the body of the avian hippocampus in 
the sparrow brains examined. However, it is felt that the technical knowledge 
gained here will need to be combined with a substantial increase in resolving 
power before the lateral boundaries of the sparrow hippocampus, or any 
small structure in the zebra finch brain, can be identified with confidence.

Funded by Siemens Medical Systems (REL) & NIMH (DWL)

366.16

RETROGRADE AMNESIA FOLLOWING HIPPOCAMPAL LESIONS DOES 
NOT RESULT FROM CONSOLIDATION FAILURE. C. Land,* M. Bunsey, 
and D. C. Riccio. Dept. of Psychology, Kent State University, Kent, OH 44242.

Retrograde amnesia (RA) can result from either transient or permanent insults to 
the central nervous system, and often exhibits a temporal gradient of information 
loss that results from greater impairment for that information acquired shortly 
before the insult. This graded RA has been explained in terms of a consolidation 
process, whereby memories are gradually transformed from a labile to a 
permanent memory repository. Although studies of transient-insult induced 
amnesias have challenged consolidation as an explanatory mechanism (Miller & 
Springer, 1972; Misanin et al., 1968), it remains the widely accepted explanation 
for RA resulting from hippocampal damage. In order to assess the role of 
consolidation in hippocampal RA, Experiment 1 manipulated the active 
processing state of a memory while holding constant its age. Rats were trained on 
a signaled escape-avoidance task. Subjects underwent electrolytic dorsal 
hippocampal lesions or a control procedure either two hours or 30 days after 
training. Half of the subjects in the 30-day condition were given a reminder 
treatment before surgery. This reminder treatment rendered the training memory 
vulnerable to RA. The permanence of RA was examined in Experiment 2. Rats 
were trained in the same task followed immediately by the lesion or the control 
procedure. Half of the hippocampal subjects received a reactivation treatment 
prior to testing. This cue reversed amnesia in hippocampal subjects. The Findings 
that established memories are vulnerable to hippocampal disruption (Exp. 1) 
along with the reversibility of amnesia (Exp. 2) are difficult to reconcile with a 
consolidation function of the hippocampus, which may instead or additionally be 
involved in active processing and retrieval of memory.

NIMH MERIT Award 37535 to D. C. R.
NIMH FIRST 1R29NS36962-01 to MDB

366.18

TRANSITIVITY LEARNING IS NOT IMPAIRED IN HOMING 
PIGEONS WITH LESIONS TO THE HIPPOCAMPAL  
FORMATION. R. Strasser*, J. Ehrlinger, and V. P. Bingman. 
Psychology Department, Bow ling Green State University, Bowling 
Green, Ohio 43403.

The role o f the avian hippocampal formation (HF) was examined in a 
non- spatial relational learning task that has been shown to be sensitive 
to HF lesions in rodents [Bunsey & Eichenbaum (1996). Nature. 379. 
255-257]. In this transitive inference task, two training sets o f serially 
presented stimulus pairs were displayed on a video monitor in an 
operant chamber (Set 1: A -B + , X -Y + , A -Y - , X -B -; Set 2: B-C+ , Y- 
Z+, B-Z-, Y-C-). After learning to discriminate between correctly and 
incorrectly paired stimuli, non reinforced probe trials were introduced 
into the training sets to test transitivity, the ability to draw inferences 
across stimulus pairs that share a common element. Both controls (3 
lesioned controls and 3 intact controls) and HF lesioned pigeons (n=6) 
quickly reached criterion and were able to distinguish between correct 
training pairs and incorrect training pairs. In the test for transitivity, 
both groups responded differently to correct transitivity probes (A-C, 
X-Z) and incorrect transitivity probes (A-Z, X-C). Further, no 
significant difference between groups were found. The results suggest 
that, in contrast to studies with HF lesioned rats, pigeons with HF 
lesions are able to use non- spatial, presumably relational, 
representations in a flexible manner during transitivity probe trials. 
Thus, a role in spatial cognition appears to be the only identifiable 
hippocampal function that is conserved among all amniotes.

366.20
PRETRAINING LESIONS OF THE INTERMEDIATE MEDIAL 
HYPERSTRIATUM VENTRALE DO NOT IMPAIR LEARNING OF 
A ONE-TRIAL, WATER-REWARD TASK IN DAY-OLD CHICKS.
T.A. Barber*, D.A. Bakston, and J.D. Carr. Psychology 
Department, Dickinson College, Carlisle, PA 17013.

Lesions of the intermediate medial hyperstriatum 
ventrale (IMHV) impair learning in passive avoidance and 
sickness-conditioned learning, and it has been suggested 
that the IMHV might be necessary to learn a variety of 
tasks in the day-old chick.

We tested this hypothesis by examining the effects of 
IMHV lesions in a one-trial, water-reward task, in which 
chicks are trained to peck at either dry beads or beads 
dipped in water. Chicks that peck wet beads show 
decreased latencies to peck at test. Chicks that peck 
dry beads show habituation and increased latencies to 
peck at test. The chicks can also learn, in one trial, a 
color discrimination version of this water-reward task.

Pretraining lesions of the IMHV did not impair learning 
of the color discrimination water-reward task. These 
results suggest that the IMHV is not required to learn the 
water-reward task, and other areas of the chick brain are 
involved in memory formation for this task. Posttraining 
lesions of the IMHV also impair memory for passive 
avoidance and sickness-conditioned learning, and we are 
currently examining the effects of posttraining IMHV 
lesions in the water-reward task.

Supported: Dickinson College Research & Development.
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367.1

U SE O F GA TED  D IPO LE TO  STU D Y TH E D EVE LO PM EN T O F H IPP O C A M PU S PLA C E  
FIELDS. G .F, Araújo1* , D .M. Abramov1, R .W .F . Vitra l 1,. 1.Dept. Fisiologia, ICB, UFJF; 
BRASIL

The “Place Fields" (PF) of the hippocampus are formed by ceβs (“R ac e  C ells’  [PCI) mainly 
of the CA 3  region, that are selectively activated with environmental exploration (Exp. Brain 
Res. 34:171-175, 1971). These generate the “Place Codes’  (PC D ), that refer to the 
organization of cognitive maps of the environment traced by the P C  (Science. 26 1 :1055-1058, 
1993). The development of PF seems to be independent of learning (Exp. Neurol. 62 28 2-2 97 , 
1978); and this become more pronounciated with exploring behaviour. Our objective was to 
elaborate an integrative system based on morpho-funcfionat connections to the hippocampus 
and study the development of P F  generated from circuits that presented the Gated Dipole as 
basic substratum of a CA3 pyramidal cell, for example. W e used as model o f PC  the “Gated  
Dipole’  of Grossberg modified in increments of weights differentiated in each one of its units, 
representing excitatorγ and inhibitory connections acting on the pyramidal c e ll:

A  system was developed with a number of 20  
integrated dipoles. The entrance “J" refers to the input 
connection into the hippocampus. The entrance T  
refers to inhibitory intrinsic hippocampal connections. 
W e  submitted the net to the sam e pattern of 
frequencies that arrives to the hippocampus *  Sharp 
waves (0,02-3 H z), Delta (1-4 H z). Theta (3-12 H z) and 
Gam m a (40-100). Our results show that, resembling the 
generation of the place fields, the frequencies gamm a- 
theta are able to generate a  greatest number o f spikes 
in the units corresponding to the pyramidal cells, with 
generation of functional activity in just one unit and 
functional inhibition in other ones. This pattern is similar 
with it happens in intrinsic hippocampal circuits during 
the exploring behaviour.

W e  suggested that the use of Gated Dipole to study the development of the place fields can 
provide associated parameters in the functional understanding of pre-defined anatomical 
circuits.
Support: C N Pq

367.2

A TIME-DEPENDENT GAMMA DISTRIBUTION MODEL OF SPIKE TRAIN 
ACTIVITY IN HIPPOCAMPAL PLACE CELLS. 1E.N. Brown,* 2L. M. Frank, 
1R.Barbieri, 2M. C. Quirk and 2M. A. Wilson. 1Dept. of Anes. & Critical Care, MGH, 
Boston, MA 02114. 2Dept. of Brain and Cogn. Sci., MIT, Cambridge, MA 02139.

The firing of CA1 place cells in the rat hippocampus correlates with the animal’s 
position in its environment and phase of the theta rhythm. The recorded shape of the 
place field depends on the structure of the environment and the task the animal is 
required to perform. There is increasing evidence to suggest that even when position 
and theta phase modulation are taken into account, the stochastic structure in 
hippocampal spike train activity is more variable than predicted by Poisson statistics. 
To describe this extra-Poisson variation we have developed a probability model based 
on a time-dependent gamma distribution. The model is derived directly from the 
simple time-invariant gamma probability density, has the inhomogenous Poisson 
process as a special case and only one more parameter than the corresponding 
inhomogenous Poisson model. This parameter measures the signal-to-noise ratio 
(SNR) of the spiking activity for a place cell. Like the inhomogenous Poisson model, 
the time-dependent gamma distribution model can easily incorporate additional 
variables known to modulate spike train activity such as the animal’s running 
velocity, and its direction of motion. It can be fit to experimental data by maximum 
likelihood. We used the model to analyze the spike train activity of a set of 33 and 34 
place cells recorded from two rats foraging freely for 20 minutes in an open circular 
environment. For most of the cells the time-dependent gamma distribution model fit 
the spike train data better than an inhomogenous Poisson model as measured by AIC 
and likelihood ratio tests. The SNR parameter gives a direct, interpretable way to 
characterize neural noise on a cell by cell basis. This model should be useful for 
deriving more accurate hippocampal spike train decoding algorithms and for 
analyzing stochastic structure of spike trains from other neural systems.
Supported by Anes. & Crit. Care Dept. MGH and MIT.

367.3

A COMPUTATIONAL MODEL OF PREDICTIVE LEARNING IN HIPPOCAMPAL 
CA3 PRINCIPAL CELLS OF THE RAT DURING SPATIAL ACTIVITY. M.J. 
Denham and S.L. McCabe (SPON: British Neuroscience Association). Centre for 
Neural and Adaptive Systems, University of Plymouth, Plymouth, PL4 8AA, UK. 
Recent experimental data have suggested that the selective “place” firing of rat CA3 
and CAl hippocampal cells is predictive in nature. Muller and Kubie (J Neurosci 
9:4101, 1989) fitted the spatial firing pattern of CA3 and CAl pyramidal cells to 
positions later or earlier than that in which the rat was when the cells fired and found 
that fixing precedes the animal’s position in time by about 60-100 ms. Mehta et al 
(Soc Neurosci Abs 22:1872, 1996) recorded from CA3 and CAl pyramidal cells in 
rats running repeatedly around a rectangular track, and observed that the place fields 
of the recorded cells shifted in a direction opposite t o the direction of movement of the 
rat, over a period when the rat travelled the same route on the track several times. 
They concluded that the backward shift of the place cell field represents a prediction 
of the rat’s anticipated arrival at the place originally coded for by the cell and 
proposed that this result provides evidence of systematic changes in the neuronal 
firing properties of the cells, and in particular for Hebbian synaptic modification both 
due to and during the rat’s behaviour.

We present a computational model of this predictive CA3 cell activity, in which the 
experimental data is explained by the synaptic facilitation of pyramidal cells during 
temporally asymmetric pairing of EPSPs generated by the mossy fibre inputs with 
backpropagating action potentials generated by the direct projection from entorhinal 
cortex onto CA3 pyramidal cells. The model incorporates a novel computational 
model of recent experimental data on synaptic modification (Markram et al, Science 
275:213, 1997) and provides support for the theory that a major role of the rat 
hippocampus is to predictively monitor the stability of externally generated sensory 
cues in relation to its own internally generated knowledge of its location or direction 
of movement. Support: University of Plymouth.

367.4

THE FORMATION OF DIRECTION INDEPENDENT PLACE FIELDS IN 
AREA CA3 OF THE RODENT HIPPOCAMPUS USING HEBBIAN PLAS
TICITY IN A RECURRENT NETWORK. S. Káli and P. Dayan*. Department 
of Brain and Cognitive Sciences, Massachusetts Institute of Technology, Cam
bridge, MA 02139.

Regions CA3 and CAl of the rodent hippocampus contain cells whose ac
tivities are determined by spatial location. In open field environments, the 
firing rates of these place cells are largely independent of the direction the an
imal faces, although their main inputs come from areas that likely respond 
to combinations of sensory cues and whose outputs will therefore depend on 
head direction. We model how the recurrent network in CA3, in the face of 
Hebbian synaptic plasticity, can induce the approximately circularly symmet
ric structure of the place fields.

The model CA3 has two modes of operation, learning and recall. Switching 
between the modes might be accomplished by the action of neuromodulators 
like acetylcholine. In learning mode, the activities of CA3 neurons are deter
mined in a purely feedforward manner by the mossy fiber inputs, which are 
tuned to both place and head direction. Hebbian learning takes place in both 
the perforant path inputs (which therefore come to represent the same map
ping from entorhinal cortex to CA3 as the pathway through the dentate gyrus) 
and the CA3 intrinsic connections. In recall mode, the recurrent connections 
sculpt the feedforward input, making the cells direction independent.

Our results show how recurrent connections can account for the formation 
of circularly symmetric place fields, and allow us to determine the range of 
parameters which gives rise to this behavior.
Supported by NSF grant IBN-9634339 and NIMH grant 1 R29 MH 55541-01.

367.5

PARTIAL REMAPPINGS OF PLACE FIELDS SUGGEST MULTIPLE 
TYPES OF LOCAL VIEW INFORMATION. M.C. Fuhs*, J.P. Goodridge, and 
D.S. Touretzky. Computer Science Department & Center for the Neural Basis of 
Cognition, Carnegie Mellon University, Pittsburgh PA 15213.

The shapes of place fields are influenced by four factors: landmarks visible 
in the local view, location information from an internal path integrator, attrac
tor dynamics, and learning. The relative influence of each factor is presently 
unknown.

Recent experiments by Tanila et al. (1997) show partial remappings of place 
fields in response to cue conflict situations, suggesting that neither recurrent col
laterals in CA3 (which serve to suppress multiple interpretations of the environ
ment) nor a unitary path integrator input dominate the behavior of place cells. 
If place fields were strongly controlled by either component, that would imply 
a coherent (if incorrect) remapping. These studies further show a disparity in 
the treatment of local and distal cues. The authors suggested that the disparity 
is due to a difference in the strength of the influence of local vs. distal cues. 
Our model supports an alternative hypothesis: that some landmark information 
is affected by changes in the alignment of the head direction system, whereas 
other landmark information is independent of head direction. Specifically, when 
place cells are driven by a balance of bearing-sensitive and bearing-independent 
landmark information, a double cue rotation (with aligment of the head direction 
system following the distal cues) is sufficient to reproduce the apparent disparate 
influences of local and distal cues. Our local view units also allow us to replicate 
place field stretching in expanded environments as shown by O’Keefe and Burgess 
(1996). We intend to apply this model to the results of Fenton et al. (1997) as 
well.

Supported by NSF grant BNS-9631336.

367.6

HIERARCHICAL M ULTICHART M ODEL OF THE HIPPOCAM PAL 
COGNITIVE MAP. A. Samsonovich*, B.L. McNaughton and L. Nadel. ARL 
NSMA, University of Arizona, Tucson AZ 85724.

The activity of rat hippocampal place cells during active locomotion is 
specific to the global context and to the animal’s position in space, regardless 
of the availability of any location-specific sensory information. This suggests 
that the hippocam pus im plem ents an internal cognitive map (O'Keefe & 
Nadel, 1978), which may also serve a vital indexing role for episodic memory 
(Teyler & Discenna, 1986). Parallel multiple-neuron recordings suggest that 
the rodent cognitive map consists of planar charts, i.e., ensembles of place 
cells, arranged two-dimensionally in abstract rather than anatomical space. 
Activity at any time appears as a condensed spot of high firing rates on one of 
the charts and can be interpreted as a representation of spatial coordinates. 
Typically any two charts share common place cells, but are uncorrelated. An 
explicit connection between charts and attractors established w ithin an 
integrate-and-fire model (Samsonovich & M cNaughton, 1997) allows an 
estimation of network capacity in terms of number of charts and a numerical 
reproduction of the basic experimental observations. Problems arise, however, 
with more recent data indicating a higher than expected correlation between 
charts in visually  identical environm ents (Skaggs & M cN aughton, 
unpublished). As a plausible solution, we propose an anatomically inspired 
modification of the original model, containing a hierarchical structuring of its 
architecture. This results in a hierarchy of correlated charts, thus accounting 
for the new observations, and also for discordant states (Tanila et al., 1997) 
and provides a mechanism of fast formation of new charts partially correlated 
with existing charts, which might be vital for consolidation of episodic 
memory (Nadel & Moscovitch, 1997). The hierarchical synaptic matrix may 
plausibly be constructed during early development by gradually increasing 
the global inhibition in the network. Supported by NS20331.
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367.7

LOCATING THE "CENTER OF SELF" BY COMPACTING HIPPOCAMPAL 
PLACE FIELDS. K. Zhang*1 T.J. Sejnowski1 and B.L ._ M cN aughton2. 
1Computational Neurobiology Lab, Salk Institute, La Jolla, CA 92037; 2ARL 
Division of N eural Systems, Memory, and Aging, University of Arizona, 
Tucson, AZ 85724.

A hippocampal neuron in a freely moving rat, that fires vigorously only 
when the rat’s head is inside a two-dimensional region in the environment is 
called a place cell and the region is called its place field. The location and 
distribution of a place field depends on where a light-emitting diode that is 
used to record position information is attached to the rat's head. If place fields 
are truly correlated with a "center of s e lf  in space, then the least variable and 
the m ost compact place fields should occur w hen the animal’s position is 
represented by that center instead of the diode, which is at an arbitrary 
location near the head. By using two diodes, the position as well as the tilt 
angle of the head can be estimated, which allows any point on the sagittal 
plane to be used to represent the animal's position, and thereby extends earlier 
methods by Muller and Kubie and Skaggs and colleagues. We have analyzed 
25 place cells from a freely moving rat in a figure 8 maze and found that for 
each cell there is indeed a unique point for which the place field becomes most 
compact. However, these points are different for different cells even when 
recorded simultaneously, and they are scattered in an oblique and elongated 
region around the animal's eyes. Hence the "center of self” thusly defined is 
not a unique geom etric point. This m ethod provides a new  way to 
characterize a place field in a coordinate frame localized relative to the animal 
rather than to the environment. The results im ply that the hippocampal 
population vector varies systematically with the tilt angle of the head and, 
thus, tha t inform ation about this param eter is also encoded in the 
hippocam pus and should be recoverable using appropriate reconstruction 
methods. Supported by the Howard Hughes Medical Institute and NS20331.

367.9

SELF M OTION UPDATES THE HIPPOCAMPAL POPULATION CODE 
FOR PLACE IN THE DARK. K.L. Hoffman*, K.M. G othard, F. Battaglia and 
B.L. M cNaughton. ARL Division of N eural Systems, M emory and Aging, 
University of Arizona, Tucson, AZ 85724.

Previous studies in which self motion and external sensory cues were 
placed in conflict indicate that the hippocampal place representation can be 
updated by either or both sources of input. To confirm the role of self-motion, 
71 CA1 cells were recorded in the dark while rats ran along a linear track 
between two reward sites: a moveable box and a fixed food cup. After training 
the rats on the full track, the journey between the rew ard sites was contracted 
by various amounts from trial to trial, by shifting the box along the track on a 
random schedule, while the rat was at the opposite end. The activity pattern 
of CA1 cells was compared between full-length and shortened journeys by 
performing population vector correlations at each 2.5cm segment on the track. 
Ensemble activity in CA l rem ained aligned w ith the box throughout the 
outw ard journey, irrespective of actual box location. Thus, path integration 
from the reference point of the box was used to update the position code.

Previous results from the same task in the light showed that place fields 
early in the journey remain aligned with the box; however, towards the end of 
the journey, place fields became aligned with the surrounding fixed cues. The 
transition from box-aligned place fields to place fields which aligned with the 
fixed cues was interpreted as the consequence of a system driven primarily by 
self motion from a reference point and corrected by external sensory cues.

Our results confirm the role of external sensory cues in correcting the 
hippocampal representation, because it was only in the light condition that 
place fields towards the end of the journey aligned w ith the environment. 
Furtherm ore, our results support the role of self motion for updating the 
hippocampal representation in both light and dark conditions. Supported by 
NS20331.

367.11

REDUCED PHASE PRECESSION IN TRA IN -DRIV IN G  RATS. A.
Terrazas*, K.M. Gothard, K.L. Weaver-Sommers, B.L. McNaughton and C.A. 
Barnes. ARL NSMA, University of Arizona, Tucson, AZ 85724.

Hippocampal place cells exhibit phase precession (O'Keefe and Recce, 1993; 
Skaggs et al., 1996), a tendency for the cell to fire at progressively earlier 
phases of the theta cycle as the rat traverses the cell’s place field. The extent to 
w hich phase precession depends on exteroceptive (e.g. visual input) or 
interoceptive mechanisms (e.g. path integration) was analyzed in multiple 
single-unit recording data acquired from areas CA l and CA3 of the 
hippocam pus as rats performed a task that required navigation w ithout 
walking. Three conditions were examined: 1) DRIVE. Rats drove themselves 
(by holding dow n a lever on a modified toy-train car) between one of three 
starting locations and a single goal location on a circular track. After making a 
trajectory toward the goal, the rat was driven by the investigator to the next 
pseudorandom ly chosen starting location. 2) EXPRESS. Rats were driven 
around the track continuously under the control of the investigator. 3) NOVEL 
WALK. Rats walked on a platform placed over the track. These trials were 
the only time the rat was allowed to explore the platform  while walking. 
Despite robust theta rhythm and spatially selective firing, phase precession 
was either weak or nonexistent for all of the cells examined (n=56). Among 
those units exhibiting discernible phase precession (18/56), the effect was most 
prominent during NOVEL WALK trials, and to a lesser extent, during DRIVE 
trials in which the place field covered an area of space actively driven through 
by the rat (as opposed to those areas that were traversed only under control of 
the investigator). The results support the hypothesis that the self-motion 
signal due to ambulatory limb movements is necessary for the development of 
phase precession; however, the reason for the observed less-than-typical phase 
precession during walking remains to be clarified. Supported by NIMH IRTA 
fellowship, AG12609, MH01227 and NS20331.

367.8

PLACE FIELDS IN THREE-DIMENSIONAL SPACE. T.T. Knierim*1 and B.L. 
McNaughton2. 1D epartm ent of Neurobiology & Anatomy, University of 
Texas-Houston Medical School, Houston, TX 77225; 2ARL Division of Neural 
Systems, Memory and Aging, University of Arizona, Tucson, AZ 85724.

It is not known w hether the selectivity of hippocam pal place cells is 
sensitive to location in the z axis or dependent only on the animal’s x-y 
coordinates (similar to head direction cells). Four rats were trained to run 
clockwise on a 68 x 51 cm rectangular track. CAl place cells were recorded as 
the rat (1) ran the track in the horizontal plane; (2) ran the track rotated 180° 
in the horizontal plane; (3) ran the track with the long sides tilted up at -45° 
angle such that the rat was climbing up and dow n the long sides; (4) ran the 
45°-tilted track rotated 180° in the horizontal plane; and (5) ran the standard 
horizontal track again.

When the track was tilted 45° (Session 1 vs. 3), 11 of 52 cells maintained 
the same field on the track; 34 cells either changed their firing locations, 
gained a field, or ceased firing; and 7 cells had no place field in either session. 
W hen the horizontal track was rotated 180° (Session 1 vs. 2), 30 cells 
maintained their fields relative to external room cues; 8 cells changed their 
fields; and 14 cells had no field in either session. When the tilted track was 
rotated 180° (Session 3 vs. 4), 11 cells m aintained the same x-y location 
relative to the room cues, regardless of position in the z axis; 5 cells had fields 
bound to the track (i.e., the fields also rotated 180°); 34 cells changed their 
fields; and 2 cells had no field in either session. These results suggest that the 
hippocampus forms new, partially independent representations of the track 
in different 3-dimensional orientations. Supported by NASA, ONR and 
NS20331.

367.10

TH E M ETR IC  STR U C TU R E O F H IP P O C A M P A L  PLACE 
REPRESENTATION. F.P. Battaglia *, K.L. Hoffman2,  K.M. Gothard , A. 
Treves1 and B.L. M cNaughton2. 1SISSA - Neuroscience, via Beirut 2, 34014 
Trieste, Italy; 2ARL NSMA, University of Arizona, Tucson, AZ 85724, USA.

The index of metric content, X, derived from the percent correct and mutual 
information extracted by decoding neural activity, is a measure sensitive to the 
amount of structure informing memory representations in the brain (Treves, 
1997). A pplied to neural representations of a ra t's  spatial position, as 
expressed in the hippocampus, it quantifies the importance of the encoded 
metric relations among different positions, i.e. their being close and confusable 
versus far and distinct. The sparseness param eter a is a simpler measure, 
essentially, of place field width. While X is a population rather than single cell 
m easure, and it depends not only on mean responses but also on the 
variability around the means, a simple analytical model predicts it to covary 
with a:: λ≈a 1n ( l /a).

We use neural activity recorded in the CAl and DG hippocampal subfields 
of rats running in light and dark conditions along a linear track (Gothard et al., 
1996) to show that X quantifies much better than a the character of spatial 
representations. In fact, single cell place fields recorded in the dark, and 
particularly tow ards the end of the track, tend to be more diffuse, and in 
parallel the decoded population activity tends to carry more information while 
leading to more frequent incorrect estimates of the rat's position; both effects 
result in higher X values, w hereas w ith sparseness measures the trend is 
hidden by large cell-to-cell variability. Moreover, population activity in CAl, 
w here place fields tend to be larger than  in DG, expresses place 
representations with more metric content. Both results validate the use of 
metric content as a sensitive index of the am ount of structure em bedded in 
neuronal activity. Supported by grants NS20331 and CNR 96.00287.CT02.

367.12

EFFECTS OF AGING ON DYNAMICS OF HIPPOCAMPAL MEMORY 
REACTIVATION DURING SHARP-WAVES. J.L. Gerrard*, H.S. Kudrimoti,
C.A. Barnes and B.L. McNaughton. ARL Division of Neural Systems, Memory 
and Aging, University of Arizona, Tucson, AZ 85724.

Activity correlations that develop during behavior between pyramidal CAl 
neurons with overlapping place fields are reactivated within the hippocampus 
during slow-wave sleep and quiet wakefulness in both young and old rats 
(Wilson & M cNaughton, 1994; Kudrimoti et al., 1995; Gerrard et al., 1996), 
indicating that traces of recent experience are reactivated. It has been 
suggested that the elevated firing rates which occur during the "sharp-wave" 
EEG events that occur in these behavioral states plays an essential role in 
transferring memory from the hippocampus to the neocortex.

The role of sharp-waves in the reactivation process of both young and old 
animals was investigated. The general structure of the sharp-wave ripple 
distributions over time was the same for both age groups (sharp-wave mean 
duration, total duration and the percentage of sleep time composed of sharp- 
waves); however, there was an increase with age in the relative strengths of 
memory trace reactivation in sharp-wave vs. inter-sharp-wave intervals. In 
other words, in old rats, the reactivation phenom enon becomes increasingly 
concentrated into the sharp-wave events and is less robust in the inter-sharp- 
wave intervals. Supported by MH46823, AG12609 and MH01227.
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367.13

DIRECT DEMONSTRATION OF HIPPOCAMPAL MEMORY REACTIVA
TION IN SLEEP USING POPULATION VECTOR CORRELATIONS. H.S. 
Kudrimoti,* B.L. M cNaughton and S.L. Cow en. ARL Division of N eural 
Systems, Memory and Aging, University of Arizona, Tucson, AZ 85724

Recording simultaneously from N neurons, over T time intervals, yields an 
N × T data matrix in which the row vectors represent the time series of rates 
for each neuron and the column vectors represent the netw ork states 
(population vectors) experienced by the system. The matrix of inter-row (i.e., 
temporal) correlations is a function of the state-space occupancy distribution 
of the system during the interval in question irrespective of event (column) 
order. Similarity of the temporal correlation matrices between an epoch of 
behavior and a subsequent epoch of sleep indirectly implies that the state- 
space occupancies are similar, and hence that memories are retrieved 
spontaneously in sleep; however, in considering the process of memory 
reactivation (retrieval), one is really interested in state correlations not 
temporal correlations. Moreover, a number of difficulties are inherent in the 
temporal correlation analysis. If one computes the correlation matrix for the 
states (columns) for a data matrix containing an initial sleep episode (X) a 
period of behavior (Y) and a subsequent sleep episode (Z), the XY submatrix 
gives the similarities of each state vector in X with each state vector in Y. 
Similarly, the YZ submatrix gives the similarities of each state vector in Y with 
each state vector in Z. For rat hippocam pal ensemble recordings (CA1), 
comparison of the frequency histograms of correlation values in the XY and 
YZ submatrices shows that the values in the latter are significantly higher than 
in the former (Chi square). Thus, the population vectors in the sleep after the 
experience more closely resem ble those of the experience than do the 
population vectors from the earlier sleep episode. Memory is retrieved in 
sleep. Supported by MH46823.

367.15

LEFT HIPPOCAMPAL INACTIVATION DIFFERENTIALLY AFFECTS 
AGED VS YOUNG RATS IN A SPATIAL MEMORY TASK. G.R. Poe*, R.D. 
W hite, R.W. Teed, E. Dodge, N. Insel and C.A. Barnes. ARL Div. of Neural 
Systems, Memory and Aging, University of Arizona, Tucson, AZ 85724.

Loss of connectivity among hippocampal neurons is believed to contribute 
to spatial learning and memory deficits in aged animals. Aged and young 
rats were tested on a spatial working memory task under temporary uni- and 
bilateral hippocampal inactivation induced by microinjection of the sodium 
channel blocker tetracaine. The graceful degradation hypothesis, derived 
from neural netw ork theory, predicts that the effect of loss of cells or 
connections is nonlinear. Because old rats exhibit a loss of connectivity in the 
hippocam pal formation, in addition to reduced plasticity, inactivation of 
hippocam pus in one hem isphere m ight be expected to d isrup t spatial 
performance relatively more severely in old than in young rats. Six young (9- 
13 mos.) and six aged (24-32 mos.) rats were trained on the working memory 
version of the 8-arm radial m aze task. A fter acquiring the task 
(revisits/trial<2), rats were anesthetized for stereotaxic placement of an 
anterior (AP-2.5,L2.2) and posterior (AP-4.4,L3.9) microinjection cannula to 
the stratum radiatum  of each hemisphere of the dorsal hippocampus. After 
recovery and retraining, rats ran the maze under 6% tetracaine in saline (6.9 
pH), pH-matched saline, and non-injection conditions. Bilateral hippocampal 
inactivation disrupted performance of both young and aged rats (p<0.01, 
ANOVA); however, unilateral inactivation only increased spatial memory 
errors in aged rats when the left hippocam pus was inactivated (p<0.05, 
ANOVA). A hemisphere-specific effect was not predicted by the graceful 
degradation hypothesis, but is supported by other studies of hemisphere 
asymmetries in spatial encoding and effects of aging. Supported by AG12609 
and HHMI 71195-521303.

367.17

PLACE CELL FIRING IS SENSITIVE TO THE MISALLIGNMENT OF MAZE 
ARMS. B. Pouce t* 1, A. Cressant1 & R.U. Muller2. 1Ctr. Cognitive Neuroscience, 
CNRS, Marseille, 13402 France, and 2Dept. Physiology, SUNT, Brooklyn, NY.

Previous work has shown that the position of firing fields of hippocampal place 
cells recorded from rats running on an elevated T-maze inside a curtained enclosure is 
under the control of distal cues intentionally placed within the enclosure [O'Keefe & 
Conway, Exp Brain Res., 31 (1978), 573-590], When such cues are rotated in register 
with the maze, fields rotate equally. This study examined the effects of maze rotations 
that caused a conflict in the position of the maze relative to the laboratory frame 
Single cell recordings were made while rats chased pellets on a T-maze placed at the 
center of a room which provided a wealth of distal cues. Recordings were made first 
with the maze in a "standard" position relative to the laboratory frame, and then with 
the maze rotated either in steps of 90° or 45° around the center platform. After 90°- 
rotations of the maze, firing fields were stable in the laboratory frame and thus shifted 
to a different arm on the maze. In contrast, 45° rotations resulted in a dramatic change 
in place cell firing. In particular, cells that had a field on the center platform during the 
standard session either ceased firing or fired elsewhere on the maze after the 45° 
rotation. This “remapping" occurred even though the position of the central platform in 
the room was unaffected by maze rotation. These results suggest that the map of the 
environment associated with the standard position and 90° rotations represents a 
virtual plus maze consisting of the T-maze completed by the missing 4th arm and that 
it does not represent a disk that would be generated by rotating the maze around its 
center. We therefore propose that the mapping system is capable of using some but not 
all symmetry operations in pattern completion of a geometric figure. The idea that the 
remapping after 45° rotations is due to changes in the visual appearance of the 
environment caused by altered views of the maze itself is made less likely by the 
finding that removing one or two maze arms (which also results in a great visual 
discrepancy) failed to alter firing fields on the remaining part of the maze. Supported 
by CNRS and NSF.

367.14

H IPPO CAM PA L EEG AND U N IT ACTIVITY RESPONSES TO 
M ODULATION OF SEROTONERGIC M EDIAN RAPHE CELLS IN 
BEHAVING RATS. D.A. Nitz* and B.L. McNaughton. ARL Division of 
Neural Systems, Memory and Aging, University of Arizona, Tucson, AZ 
85724.

Hippocam pal EEG, GABAergic interneurons, and principal cells were 
recorded sim ultaneously in 5 rats as they foraged w ithin one of three 
environments both before and after modulation of serotonergic inputs to the 
hippocampus. Median raphe microinjections of the 5-HT1a receptor agonist 8- 
OH-DPAT were made in order to produce inhibition of serotonergic neurons 
in this region. Such microinjections produced significant increases in wake 
time, locomotor activity, and EEG hippocampal theta amplitude. Consistent 
w ith the pattern  of serotonergic innervation of the hippocam pus, the 
GABAergic in terneuron population was differentially affected by the 
microinjections. Many interneurons exhibited large increases in discharge 
rate, while a few exhibited large reductions. Both effects were observed 
sim ultaneously in some animals and were independent of changes in 
locomotor activity. There was no effect on the relative depth of theta 
frequency modulation of interneuron firing or in the predom inant phase of 
discharge. Neither firing rate nor spatial firing correlates of principal cells 
were altered by the microinjections. Changes in GABAergic interneuron 
discharge rates following microinjections can account for the observed 
changes in EEG theta amplitude. The absence of principal cell response to the 
microinjections suggests that behavioral responses to manipulation of the 
serotonergic system  are m ediated by brain  regions other than the 
hippocampus or are mediated through changes in the activity of hippocampal 
interneurons. Supported by NS20331 and NS10046.

367.16
THETA RHYTHM MODULATION OF CA1 EVOKED POTENTIAL SIZE 
DURING LOCOM OTION. G. Rao*, G. O rr, C.A. Barnes, and B.L. 
McNaughton. ARL Division of N eural Systems, M emory and Aging, 
University of Arizona, Tucson, AZ 85724.

Hippocampal theta electrographic activity is associated with rhythmic firing 
of local and extrinsic interneurons. W allenstein and Hasselmo (1997) 
suggested a phasic modulation of GABA-B conductance during theta. GABA- 
B interneurons presynaptically inhibit excitatory transmission at the CA3- 
CA1 Schaffer collateral synapse by decreasing transmitter release (Olpe et al., 
1982). Thus, pyramidal cell EPSPs may also change in amplitude during the 
course of the theta cycle. Such a change has been demonstrated in urethane- 
anesthetized rats (Wyble et al., 1997). We determ ine here w hether the 
am plitude of Schaffer collateral evoked-EPSPs is similarly modulated by the 
theta rhythm in awake rats during locomotion.

F344 rats (11 mos old, n=3; 26 mos old, n=4) were im planted with 
microdrives carrying a pair of nichrome recording and stimulating electrodes. 
The electrodes were gradually advanced into CA l stratum  radiatum  to 
optimize the evoked response amplitude. As the rat ran on a linear track for 
food reward, the filtered EEG (bandpass 5-10 Hz) was recorded, and spike 
trigger and analog delay modules controlled the stimulus timing relative to 
theta phase. The field EPSP at or near the positive peak of the local theta 
rhythm was significantly larger than at the trough (mean slope:peak = .99 ± 
.078 mV/m s; trough = .93 ± .083; t = 3.746; p < .01). This result could be due 
either to modulation of transmitter release probability or to phasic changes in 
membrane potential. Experiments are in progress to discriminate between 
these alternatives and to determine if the phase of naturally-occurring theta 
also affects the m agnitude of LTP at this synapse. Supported by AG03376, 
MH01227 and NS20331.

367.18

SENSORY CUES THAT INFLUENCE PLACE FIELD STABILITY IN THE RAT 
HIPPOCAMPAL PLACE CELLS. E . Save1, L.  Nerad2, A. Riehle* 1, & B. Poucet1. 
1Ctr. Cognitive Neuroscience, CNRS, Marseille, 13402 France, and 2Inst Physiology, 
Acad. Sciences, Prague, Czech Republic.

Several studies suggest that, in the absence of visual input, rats rely on motion- 
related information to maintain place field stability. To examine this hypothesis 
further, place cells were recorded (Exp 1) during 5 successive 16-min sessions while 
the animals were chasing pellets in a cylinder. After an initial recording session with 
the lights on, the only available landmark, a white cue card attached to the wall of the 
cylinder was removed, the cylinder was carefully cleaned and the lights were turned 
off. At no time were the rats disconnected or passively displaced. Three sessions in a 
row were run in the dark and the last session was a replication of the initial session 
(lights on and cue card present). After the onset of darkness, about half of the cells 
stopped firing and one third had their place field shifted. Only a minority of cells had 
stable place fields In Exp. 2, we recorded place cells with the same procedure (cue 
card removed from session 2 to 4) except that the lights remained on throughout 
recording. Furthermore, some recording sessions were made without cleaning the floor 
to assess the influence of olfactory marks on place field stability. In the condition 
"light and cleaning", most cells displayed a shift of their fields whereas a minority 
stopped firing. In the condition "light and no cleaning", a majority of fields remained 
stable. These results suggest that: 1) rats are not able to rely on motion-related 
information to maintain a stable place representation, 2) visual input is necessary to the 
firing of a large number of cells, 3) olfactory marks can be used, when the lights are 
on, to allow for place field stability. Supported by grant P.A.I. Barrande 97069.
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367.19

ETHANOL DISRUPTS THE FIRING OF HIPPOCAMPAL PLACE- 
CELLS IN RATS PERFORMING A WORKING MEMORY TASK. 
A.M. White* and P.J. Best. Dept. o f Psychology and Center for 
Neuroscience, Miami Univ., Oxford, OH 45056.

Ethanol (EtOH) impairs performance on learning and memory tasks 
known to require an intact hippocampus. EtOH also disrupts the activity 
of hippocampal place-cells, neurons that fire maximally in specific 
regions o f the environment. Such evidence suggests a link between 
EtOH’s effects on learning and memory and EtOH’s effects on 
hippocampal cellular activity. The present project further investigates this 
link by examining the effects of multiple doses o f EtOH on place-cell 
activity in rats performing a working memory task. Subjects were trained 
on a T-maze to perform a delayed alternation task with a  varying inter
trial interval. Three sessions o f 20 trials each were carried out daily. 
During the first (baseline) session, hippocampal pyramidal cells were 
isolated and their place-fields were determined. During the second 
(intoxicated) session, the effects o f EtOH (0.0, 0.5, 1.0, and 1.5 g/kg) on 
place-cell activity and working memory were assessed. To ensure that 
changes in place-cell activity observed in the intoxicated session were not 
due to a loss o f isolation, a third (recovery) session was carried out 6 
hours later. EtOH produced a dose-dependent decrease in both the spatial 
specificity o f hippocampal place-cells and the accuracy o f performance on 
the alternation task, (supported by a grant from NSF to P. J.B.)

M O TIVATIO N A ND  E M O TIO N  III

368.1

HEAD INJURY AND ALEXITHYMIA IN PRIMARY CARE. K. Williams,
J. Galas, D. Light, H. Carnevalla, C. Ryan, R. Isaacson*,
R. Burright and P. Donovick. Environmental Neuropsychology 
Laboratory, Department of Psychology, State University of 
New York-Binghamton, Binghamton, New York 13902.

Alexithymia, an inability to understand one's emotions, 
has been tied to numerous psychosomatic illnesses, high 
utilization rates in primary care, and poor response to 
psychotherapeutic interventions. Head injury has also been 
found to relate to increased psychosomatic illnesses, poor 
response to psychotherapeutic interventions, and high 
utilization rates in primary care settings. We investigated 
the possible relationship between patients, in a primary 
care setting, who endorsed a history of head injury and 
their ratings of alexithymia on the Ibronto Alexithymia 
Scale (TAS-20). Overall, 24% of the sample (n=llO) 
endorsed a history of head injury. Those who endorsed a 
history of head injury had significantly higher ratings 
(therefore more alexithymic) than those who did not endorse 
a history of head injury (p .01).

Although further research is needed to establish the 
relationship between alexithymia and head injury, these 
findings suggest that there may be interplay between head 
injury and alexithymia in utilization of medical services, 
psychosomatic illnesses, and poor response to psycho
therapeutic intervention.

368.3

TEMPORAL INTEGRATION IN  THE NEUR A L SUBSTRATE FOR 
BR AIN  STIM ULATION REWARD: A  TEST OF THE PEAK-AND- 
EN D  MODEL. B  H. Sonnenschein* and P. Shizgal. CSBN, Concordia 
University, Montréal, Québec, Canada H 3G  1M8.

It has been proposed that the reward value o f  a train o f  brain 
stimulation reward (BSR) reflects the peak excitation in the underlying 
neural circuitry. Experiments on hedonic evaluation in humans suggest 
an alternative: reward value may reflect an average o f  the peak 
excitation and that registered at the end o f  the train. The peak excitation 
produced by the constant-frequency trains used in prior work on BSR  
should equal the excitation at the end. Thus, both the “peak-and-end” 
and “peak” models can account for existing data. To choose between  
these models, 6- and 8-sec constant-frequency trains were compared, in 
male rats working for lateral hypothalamic stimulation, to composite 
trains composed o f  6-sec at one frequency followed by 2-sec at a lower 
frequency. The 6- and 8-sec constant-frequency trains were equally 
effective, suggesting that excitation had peaked before the end o f  the 6- 
sec train. I f  so, the “peak-and-end” model predicts that appending 2 sec 
o f  weaker stimulation would reduce reward effectiveness below  that o f  
the 6-sec constant-frequency component alone. The ratios o f  
frequencies in the tw o portions o f  the com posite trains were either 4:1, 
2:1, or 1.4:1. In no case w as the effectiveness o f  the composite train 
substantially lower than that o f  the 6-sec constant-frequency component 
alone. Thus, the simpler “peak” model can account for the results.

Supported by NSERC (Canada) grant OGP0000308 to PS

368.2

CEREBRAL CORRELATES OF HYPOACTIVE SEXUAL DESIRE 
DISORDER. S, Stoléru1 , I.Redouté2, M.E. Grégoire2, F. Lavenne2, D. Le 
Bars2, L-Cinotti2, A. Sgira and J. F. Pujol2 *.  1Unité 292 in s e r m , Le Kremlin- 
Bicëtre, France 94276; 2 Centre d'Etudes et de Recherches Médicales par 
Emission de Positons, Lyon, France 69003.

Positron Emission Tomography (PET) has recently allowed to identify  
brain regions whose activation is correlated w ith sexual arousal in h e a lth y  
men. Objective: to test the hypotheses tha t in H ypoactive Sexual Desire 
Disorder (HSDD) there is: (i) a lower activation of regions correlated w ith  
sexual arousal; and/or (ii) a higher activation of regions inhibiting sexual 
arousal. The protocol was approved by the local Ethics Committee. 
Methods: Subjects were 5 men fulfilling the criteria for HSDD of th e  
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) and 9 
healthy men. PET was used to index the regional cerebral flow (rCBF). 
Visual sexual stimuli (VSS): Sexually neutral and sexually arousing film  
clips were presented. Subjective perception of sexual arousal and penile 
tumescence were recorded. PET data were analysed w ith the S ta tis tic a l 
Parametric Mapping approach. Results: In patients, in response to VSS 
perceived sexual arousal and penile tumescence were lower than in controls. 
Moreover, patients exhibited a decreased rCBF in the left anterior cingulate 
gyrus. We have previously shown that rCBF in this region was positively 
correlated with perceived sexual arousal in healthy  men. In patients, rCBF 
was increased in the right superior frontal gyrus, right middle and inferior 
temporal gyri, and left orbitofrontal gyrus. In healthy  men, we have  
previously found that the rCBF in the left orbitofrontal gyrus and the righ t 
middle temporal gyri was negatively correlated w ith perceived sexual 
arousal. Conclusion: Results indicate that in HSDD there is both a lack of 
activation of a region correlated w ith sexual arousal and an activation of 
regions inhibiting sexual arousal. This study was supported by INSERM.

368.4

PET STUDY O F CBF RESPONSES TO  M USICAL DISSONANCE: 
NEURAL CO RRELA TES O F EM O TIO NA L RESPONSES TO  MUSIC 
A.J. Blood*, R.J. Zatorre, P. Bermudez, and A.C. Evans. Montreal 
Neurological Institute, McGill University, Montreal, QC, Canada H3A 2B4.

The neural correlates of emotional responses to music were studied by 
measuring regional cerebral blood flow (CBF) changes in response to different 
levels of musical dissonance. 10 normal, right-handed volunteers underwent 
positron emission tomography (PET) scans while listening to six increasingly 
dissonant versions of tunes based on a single, novel melody. Tunes ranged 
from maximally consonant to highly dissonant, and were presented in a 
pseudo-random order. Following each scan, subjects responded to nine rating 
scales consisting of descriptive adjectives, for correlation of CBF with 
affective responses to stimuli. Preliminary results indicated activation of 
paralimbic regions. A linear regression, using increasing dissonance level as 
the independent variable, identified positive CBF covariation (t>3.5) primarily 
in right temporal pole and parahippocampal structures. In contrast, negative 
CBF covariation (t>3.5), corresponding to increasing consonance, was seen 
primarily in bilateral orbitofrontal and frontopolar regions. Nearly identical 
responses were seen following subtraction analysis comparing CBF in the 
most dissonant versus the most consonant condition. Subject ratings in 
response to the music, such as unpleasant versus pleasant, correlated with 
amount o f dissonance versus consonance. These findings provide evidence 
that paralimbic regions form part of neural mechanisms underlying emotional 
responses to music. Furthermore, these mechanisms appear to differ 
according to the affective valence o f the stimulus. Research supported by MRC 
grants MT11541 and GR13972.
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368.5

ACTIVATION OF THE TEM PORAL LOBE DURING FEAR  
ACQUISITION IN HUMANS: fM RI CORRELATES OF AUTO- 
NOM IC CONDITIONING. M. Peper1, D. v .  Elverfeldt2, K. Renn- 
wald1,  A. Schulte2, G. Valerius1, J. Hennig2, and B. Fischer*. Dept. o f  
Psychology, University o f  Freiburg; and 2Section MR-Tomography, 
Dept. o f  Radiology, University o f  Freiburg, Germany.

Functional magnetic resonance imaging (fMRI) has demonstrated 
that amygdalo-cortical networks are involved in emotional perception 
and learning in humans. An echo-planar fMRI-technique (EPI) was 
applied to investigate activation o f  the temporal lobe during a fear-
conditioning paradigm using emotionally prepared stimuli. Ten normal 
human subjects participated in a differential conditioning paradigm with 
facial expressions o f  anger (CS+) predicting an aversive unconditioned 
stimulus (US; human vocalization; 95±3 dB, 3 s). Randomly inter
spersed CS+ test trials and positive expressions (CS-) as a within- 
subject control condition were not followed by the US. Activation in 
temporal regions o f  interest was assessed with a Bruker 2T Advanced 
Whole Body System using a 30 cm quadratur birdcage resonator. Six 
axial slices o f  the temporal lobe centered around the amygdala were 
assessed with a Blip-EPI technique (eff. Te=40 ms; TR=2000 ms). 
BOLD effect and autonomic indicators o f  emotional learning (phasic 
electrodermal reactions and HR acceleration) were simultaneously as
sessed. Images were motion corrected and analysed with a factorial 
within-subject design based on single trial data. Most subjects showed 
autonomic habituation to the MR-context and the repetitious gradient 
background noise. Results indicate that a simultaneous measurement o f  
cerebral activation and autonomic responses can be accomplished. The 
significance o f  the amygdalo-cortical network for the acquisition o f  
autonomic responses during emotional learning was elucidated by cross-
correlation analyses.

Supported by the Deutsche Forschungsgemeinschaft [Pe 499/3-1].

368.7

NALOXONE BLOCKS CONDITIONED PLACE PREFERENCES FOR LOW, BUT 
NOT HIGH, DOSES OF MORPHINE IN MICE. Collen L. Dockstader* and Derek 
van der Kooy. Dept. of Anatomy and Cell Biology, University of Toronto, Toronto, 
On. Canada M5S 1A8.

We have demonstrated that dopamine mediates the rewarding properties of opiates, 
in rats, when the animal is in a deprived state (i.e. drug-dependent and in withdrawal) 
but not when in a non-deprived state (i.e. previously drug-naive). Recently, it has 
been shown that non-deprived mice lacking the dopamine D2 receptor do not demon
strate morphine place preferences (Maldonaldo et al, 1997, Nature 388; 586). These 
discrepant results concerning the role of dopamine-mediated opiate reward in rats ver
sus mice led us to examine the conditions under which morphine reward in mice is 
opiate receptor mediated.

Previous research revealed that naloxone, an opiate antagonist, blocks the rewarding 
effects of morphine in rats. We tested whether naloxone affected the motivation for 
low, medium, or high doses of morphine in mice in a conditioned place preference 
paradigm. Mice were administered 0 .1 , 1, 5, or 10 mg/kg naloxone followed by either 
1, 5, or 10 mg/kg morphine; times between injections of naloxone and morphine 
varied, as did the times of conditioning trials. The results indicate that naloxone 
blocks the rewarding effects of a low dose of morphine (1 mg/kg) but not at higher 
doses (5 mg/kg or 10 mg/kg). These results were consistent across the timing condi
tions implemented. The results suggest either that the pharmacokinetics of naloxone 
in mice are inefficient at blocking brain opiate receptor activity in response to higher 
doses of morphine or that, at higher doses of morphine, morphine is no longer specific 
for the opiate receptor. Presently, experiments are being conducted to investigate the 
specificity of morphine. Specifically, the effects of alternate opiate antagonists and of 
(+)morphine, the inactive isomer of morphine, on morphine place preference are being 
examined. This work was supported by MRC Canada.

368.6

AMYGDALA ACTIVATION AT ENCODING CORRELATES WITH LONG-
TERM RECOGNITION MEMORY FOR EMOTIONAL PICTURES: AN FMRI 
STUDY. T. Canli1*, Z. Zhao1, J. Desmond1, G. Glover2, and J.D.E. Gabrieli1. 
Departments of Psychology1 and Radiology2, Stanford University, Stanford, 
CA 94305.

Recent human studies have investigated the role of the amygdala in 
emotional memory. It has been reported that bilateral amygdala damage 
interferes with processes that, in normal subjects, would result in enhanced 
emotional memory (Cahill et al., N a tu re , 377, 295). PET has been used to 
demonstrate a relationship between amygdala activation at the time of 
encoding and subsequent free recall of emotional film clips three weeks later 
(Cahill et al., P N A S , 93, 8016). In this study, we used fMRI and a long-term 
recognition test to assess the role of the amygdala in emotional memory.

Ten right-handed healthy female volunteers viewed alternating sets of 
emotionally positive or negative pictures (LAPS). Images were presented in 
five alternating blocks of four pictures each (7500 ms per picture, ISI-1125 
ms) and rated immediately after the scan as a manipulation check. Data 
were acquired in a 1.5 T GE Signa MR imager. Sixteen 3-mm coronal slices 
were imaged using a T1-weighted flow-compensated spin-warp sequence (TR 
= 500 ms, minimum TE). Functional images were obtained using a T2* 
sensitive 3-D gradient echo spiral sequence (four interleaves, TR = 90 ms, TE 
= 40 ms, flip angle = 22°).

Subjects were tested for recognition memory from 2-14 months after the 
scan. There was a significant correlation between memory for both negative 
and positive pictures with amygdala reactivity to negative (but not 
positive) pictures. This study demonstrates the role of the amygdala in the 
encoding process of emotional stimuli for long-term recognition memory. 
Supported NIH MH53673.

368.8

Amphetamine intracranial self-administration in accumbens and 
amygdala in rats.
J. Chevrette, P. Johnson, K. Danischewski, A. Markou1, G.W. Hesse*, and 
J.R. Stellar. Department o f Psychology, Northeastern University, Boston 
MA, 02115 and Department o f Neuropharmacology1, Scripps Research 
Institute, La Jolla, San Diego, CA 92037.

Intracranial self-administration (ICSA) in rats offers a unique 
opportunity to localize the rewarding aspects o f drugs to brain structures 
that mediate the rewarding effects o f drugs, such as accumbens shell and 
central nucleus o f the amygdala. For the following experiment, we used a 
new micropump (Hesse, et al. J. Neurosci. Meth., 1997) which can rapidly 
and reliably deliver predetermined doses o f drug in the nanoliter volume 
range. Ten male Wistar rats, five in each site, were trained to press a 
lever under a Fixed Ratio 1 Time-out 20 second schedule o f reinforcement 
during daily 2-hour sessions to show ICSA for a 100 nl injection o f d- 
amphetamine. After stable baseline responding was observed at the 20 
ng/nl dose, they were tested for three consecutive days at doses o f 10, 15, 
and 30 ng in random order. An inverted “U” dose-response curve was 
obtained from all subjects independent o f brain site, with peak responding 
seen at the 20 ng/nl dose for both groups, with the amygdala subjects 
emitting a higher number o f responses overall. These results suggest that 
both the nucleus accumbens shell and the central nucleus o f the amygdala 
support ICSA o f amphetamine, implicating both o f these brain sites in the 
mediation o f the rewarding effects o f amphetamine.

Supported by Department funds to JS and grant DA00213 to A. Markou

368.9

Nicotine intracranial self-administration in the ventrotegmental 
area in rats
P.I. Johnson*, K. Danischewski, E.J. Waugh, J. Chevrette, R.H. Loring1, 
G .W. Hesse, J.R. Stellar Departments o f Psychology and 
Pharmaceutical Sciences1, Northeastern University, Boston MA, 02115 

Intravenous self-administration o f nicotine is an established 
phenomenon and demonstrates that nicotine is rewarding. Nicotinic 
intracranial self-administration (ICSA) would be useful in determining 
the brain regions responsible for its intravenous rewarding effects. 
Using a recently developed ICSA pump (Hesse, et al. J. Neurosci. Meth., 
1997), that immediately delivers very small volumes (16 nL), we now 
report that nicotine ICSA can be obtained from the dopamine-containing 
ventral tegmental area (VTA). Male rats were allowed to administer 
nicotine (2ng/nl) over a range o f volumes (32, 64, and 96 nL/lever 
press). Preliminary findings demonstrated that rats showed ICSA 
behavior at 32 and 64 nL volumes at a rate o f  6 to 18 responses in a 90 
minute session, respectively. At 96 nL, rats did not show ICSA and 
some signs o f aversiveness were observed. Rats did not show ICSA 
behavior when switched to the artificial cerebral spinal fluid vehicle (64 
nL). Our results suggest that nicotine in the VTA is rewarding at some 
doses and that this effect does not depend on pressure stimulation. 
Future experiments will examine the effects o f co-administration o f 
nicotinic antagonists, such as mecamylamine, with nicotine.

Supported from an University RSDF grant to RL and JRS.

368.10

CHRONIC CA RBAM A ZEPIN E TREATM ENT ATTENUATES FOS 
EXPRESSION INDUCED BY METHAMPHETAMINE IN A REGIONALLY 
SPECIFIC MANNER IN THE RAT BRAIN. Y. Lee, T. Hamamura, Y. 
Fujiwara*, K. Ohasi and S. Kuroda. D epartm ent o f N europsychiatry, 
Okayam a Univ. Med. Sch., O kayam a, Japane.; *Takaoka H ospital, 
H im eji, Japan.

Carbamazepine has been widely used therapeutically for manic states. 
Since methamphetamine produces effects in humans similar to the 
symptoms of idiopathic mania, it has been proposed that 
methamphetamine administration may serve as a model of this condition. 
To elucidate the neural substrates responsible for the antimanic effects 
of carbamazepine, the effects of chronic carbamazepine administration 
on this animal model of mania were investigated utilizing the Fos 
mapping method. Methamphetamine (2 mg/kg, s.c.) administration 
induced Fos-like immunoreactive neurons (Fos-LI) in widespread 
regions of the rat brain. Chronic treatment with carbamazepine 
(0.25% in food for 7 days, followed by 0.50% for 7 days, for a total of 
14 days) produced a plasma carbamazepine concentration of 4.09 ± 0 .3 4  
µg/mL. This concentration is within the accepted therapeutic 
concentration range in human. Chronic carbamazepine administration 
significantly (P<0.05) attenuated the number of Fos-LI induced by 
methamphetamine by 37% in the core of nucleus accumbens and by 
37%-43% in the medial part of the caudate putamen. These results 
demonstrate a possible neural framework responsible for the anti
manic effect of carbamazepine. This work was supported by a Research 
Grant (No. 09770743) from the Japanese Ministry of Education .
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368.11

MOTIVATION AFTER EXCITOTOXIC LESIONS OF THE 
PEDUNCULOPONTINE TEGMENTAL NUCLEUS IN RATS: II  
EFFECTS ON SUCROSE INTAKE STIMULATED BY AN INTRA- 
ACCUMBENS DELTA OPIATE RECEPTOR AGONIST. J. M. Birrell*,
M.P. Latimer and P. Winn. School of Psychology, University of St Andrews, 
Fife, KY16 9JU, Scotland.

We have examined the effects of pedunculopontine tegmental nucleus 
(PPTg) lesions on a variety of motor and reward-related tasks associated with 
both striatal function. In the present experiments we examined the effects of 
PPTg lesions on sucrose intake stimulated by injection of the opiate delta 
receptor agonist DPEN (D-Pen2,5-enkephalin) into the nucleus accumbens 
(NAcc). Bilateral lesions of the PPTg were made using 2 injections / 
hemisphere of 0.2µl 0.12M ibotenic acid; control lesions were made using 
phosphate buffer vehicle (pH 7.4). Rats were also equipped with bilateral 
guide cannulae giving access to the NAcc. Rats were first habituated to the 
test procedure by being transferred to a test cage where they waited for 30 
min after which sucrose (2%) was made available for 30min. This continued 
until the daily volume of sucrose consumption was stable. In subsequent tests 
rats received microinjections (0.5µl over 2min) of 0.0, 0.032, 0.32 or 3.2µg 
DPEN into NAcc. Injections were given in a randomized order and intake 
measured from 30-60min post-infusion. Control rats showed an increase in 
sucrose consumption following microinjection of all doses of DPEN. PPTg 
lesioned rats did not show the same increase in sucrose consumption 
following NAcc DPEN as did controls. These data indicate that there are 
functional relationships between the NAcc and PPTg.
Supported by the UK Biotechnology and Biological Sciences Research 
Council.

368.13

EFFECTS OF REPEATED CENTRAL INJECTIONS OF D-Tyr[11]NEURO- 
TENSIN ON AMPHETAMINE-INDUCED POTENTIATION OF BRAIN 
STIMULATION REWARD. J. Weiss* and P.-P. Rompré. Centre de recherche 
Femand-Seguin et Département de psychiatrie, Université de Montréal, 
Montréal(Québec) HIN 3V2.

Empirical evidence suggests that neurotensin (NT) plays an important role in the 
development of sensitization to the locomotor activating effect of amphetamine 
(AMPH). Blockade of NT receptors, for instance, prevents AMPH sensitization 
(Perron and Rompré, Soc. Neurosci. Abst., 1997) and repeated activations of central 
NT receptors sensitize to AMPH (Rompré, Eur. J. Pharmacol., 1997). In this study, 
we attempted to determine whether cross-sensitization between NT and AMPH 
extends to brain stimulation reward (BSR). Experiments were performed on male 
rats implanted with a central gray stimulating electrode and a guide cannula above the 
left cerebral ventricle. They were trained to press a lever to obtain 200 ms trains of 
cathodal, rectangular pulses of 0.1 ms in duration on discrete 45 s trials, separated by 
a 25 s intertrial interval. Once stable responding was established, reward threshold 
and maximal rate were measured on four occasions, every second day (day 1,3,5 and 
7), before and after ICV injection of 1.8 nmol/10 µl of D-Tyr[11]NT, or its vehicle. 
One week after the last NT injections (Day 14), the effects of AMPH (1.0 mg/kg, ip) 
were tested on BSR in all the animals. Results obtained to date show that D- 
Tyr[1 1]NT decreased reward threshold and suppressed maximal rate of responding, 
and that sensitization and tolerance respectively developed with repeated injections 
(day 1 to day 7) to each of these effects. On day 14, amphetamine decreased reward 
threshold to the same degree in the NT and saline preexposed animals, and produced 
a significant increase in maximal rates but in the NT preexposed animals only. These 
results suggest that repeated activation of NT receptors does not sensitize to the 
reward potentiating effect of AMPT and that BSR threshold and maximal rates of 
responding are under control of neural substrates that are differentially modulated by 
NT. Supported by MRC ( Canada).

368.15

SELF-ADM INISTRATION O F CO CAIN E IN TO  TH E NUCLEUS 
ACCUMBENS O F BALB/c M ICE: D OPA M IN E DEPENDENCE 
AND ANXIOGENIC-SIDE EFFECTS. P. Cazala1, C. Destrade1*, L. 
Gold2 and V. David2. 1Lab de Neurosciences Comportementales et 
Cognitives, Talence 33405, France; 2Dept. Neuropharmacology, The 
Scripps Research Institute, La Jolla, CA, USA.

The rewarding effects of cocaine have long been revealed by 
behavioral studies. However, few permit assessment of a direct link 
between these effects and putative target brain areas. In particular, 
intracranial self-administration of this drug has been observed in rat at 
the level of the medial prefrontal cortex (Goeders et al., Pharmacol. 
Biochem. Behav. 24, 1429-1449, 1986) and, although inconsistently, the 
nucleus accumbens (NAc) (Carlezon et al., Pychopharmacology 122, 
194-197, 1995). Male mice of the BALB/c By JICo strain were 
unilaterally implanted with a guide-cannula either 1.5 (NAc) or 2.3 mm 
above the NAc (anterior caudate putamen nucleus: CPU). In these 
subjects, self-administration of one of two doses ( 10ng or 50 ng/50nl) 
was tested using a spatial discrimination task in a Y-maze. Mice injected 
into the NAc rapidly discriminated the arm enabling the injection of 
cocaine and the neutral arm of the maze, at the both doses. However, 
self-injection latencies increased with the two doses over days, an effect 
abolished by a diazepam treatment (1 mg/kg). Once the behavioral 
response had been acquired, injection of the DA D2 antagonist sulpiride 
(50 mg/kg,) 30 min before the test induced a rapid extinction of this 
response, demonstrating the DA D2 dependence of intra-NAc self-
injection of cocaine. In contrast, no self-administration was observed in 
animals injected 0.8 mm above the NAc (CPU) although choice latencies 
were short. It is concluded that reward and stimulant effects of cocaine 
can be dissociated on a striato-anatomical basis, while the anxiogenic 
effect is functionally distinct. Supported by the CNRS, UMR 5807.

368.12

MOTIVATION AFTER EXCITOTOXIC LESIONS OF THE 
PEDUNCULOPONTINE TEGMENTAL NUCLEUS IN RATS: L 
SUCROSE INTAKE. M.P. Latimer, G.L. Keating and P. Winn. School of 
Psychology, University of St Andrews, Fife, KY16 9JU, Scotland. (SPON: 
British Neuroscience Association.)

We have examined the effects of pedunculopontine tegmental nucleus 
(PPTg) lesions on a variety of motor and reward-related tasks associated with 
both dorsal and ventral striatal function. In previous experiments we have 
observed disinhibition of motivated behaviors, including sucrose intake 
during the establishment of conditioned place preferences. In the present 
experiments we wished to clarify further the effects of PPTg lesions on intake 
in the home cage of various concentrations of sucrose under different 
deprivation states. Bilateral lesions were made using 2 injections / 
hemisphere of 0.2µl 0.12M ibotenic acid; control lesions were made using 
phosphate buffer vehicle (pH 7.4). Rats were first exposed to sucrose in the 
home cage at least 2 weeks post-operation. Five concentrations of sucrose 
were used (4, 12, 24, 40 and 60%) presented in an individually randomized 
order. Half the rats were tested food deprived (15-20g food per day) and half 
were non-deprived (ad lib access to food). All rats had water available ad lib 
throughout the experiment. Intake was measured over 24h, with sucrose 
being available every other day. PPTg lesions had no effect on sucrose intake 
at low concentrations but disinhibited consumption at higher concentrations 
in both deprived and non-deprived rats. These data show that deprivation 
state has no discriminating effect on intake in PPTg lesioned rats and that 
lesioned rats behavior is increasingly disinhibited as motivational excitement 
increases.
Supported by the Sir Harold Mitchell Studentship, University o f  St Andrews.

368.14

NEUROTENSIN INJECTIONS INTO THE VENTRO-MEDIAL NUCLEUS 
ACCUMBENS ALTER RATES OF RESPONDING FOR BRAIN STIMULATION 
REWARD BUT NOT REWARD THRESHOLD. P.-P. Rompré* and J.
Boissonneault. Centre de recherche Femand-Seguin et Département de psychiatrie, 
Université de Montréal, Montréal(Québec) HIN 3V2.

Reward produced by electrical stimulation of the mesencephalic central gray is 
potentiated by intracerebroventricular (ICV) microinjections of neurotensin (NT).
This reward potentiation is consistent with the increase in mesolimbic dopamine (DA) 
impulse flow produced by ICV microinjections of NT, but not with the suppression of 
operant responding for brain stimulation reward (BSR) produced by microinjections of 
NT into the nucleus accumbens (NAc). This suggests that the suppressing effect of NT 
in the NAc reflects an attenuation of reward that is not strong enough to circumvent its 
reward potentiating effect in the mesencephalon. In this study, we used the curve-shift 
method to assess the specificity of the reward suppressing effect of NT in the NAc. 
Experiments were performed on male rats implanted with a central gray stimulating 
electrode and a guide cannula within ventro-medial NAc. They were trained to press a 
lever to obtain 200 ms trains of cathodal, rectangular pulses of 0.1 ms in duration on 
discrete 45 s trials, separated by a 25 s intertrial interval. On the drug test day, four 
curves relating the rates of responding to the stimulation frequency were first 
determined. Rats were then injected with NT (10 nmol/1.0 µl), or its vehicle, and 
tested again over a period of 120 min. One week later, the effect of a NAc 
microinjection of amphetamine (10 µg/1.0 µl) was tested in all the rats. Results show 
that NT produced a 15-20% reduction in asymptotic rates of responding that was 
accompanied by a weak (5-8%) increase in reward threshold. Amphetamine injected 
at the same sites produced a significant decrease in reward threshold but did not alter 
asymptotic rates. These results suggest that NT is not an important component of the 
reward-relevant circuitry in the ventro-medial NAc and that the suppression of 
responding for BSR previously reported is better explained by a decrease in 
performance. Supported by MRC (Canada).

368.16

OLANZAPINE AND RISPERIDONE BLOCK THE RESPONSE- 
REINSTATING EFFECTS OF FOOD REWARD: ROLE OF D2 
DOPAMINE RECEPTORS. S.A. Varvel*, R.E. Vann, D. 
Deloatch, N. Thomas, and J.H. Porter. Psychology Dept., 
Virginia Commonwealth Univ., Richmond, VA 23184-2018.

A number of studies have shown that dopamine plays an important role in 
the reinforcing properties of food reward. An alleyway reacquisition 
procedure developed by Horvitz and Ettenberg (1988) provides an effective 
methodology for separating the motor and reinforcement (i.e., anhedonia) 
effects of neuroleptic drugs (e.g., haloperidol). Recently, Chausmer and 
Ettenberg (1997) demonstrated that D2, but not D1, dopamine receptors are 
involved in this response-reinstating property of food reward. Wiley and 
Porter (1990) have previously shown that the atypical antipsychotic clozapine 
does not produce this anhedonic effect. Unlike clozapine, which displays a 
relatively low affinity for D2 receptors, other atypical antipsychotics, like 
olanzapine and risperidone, display a much higher affinity for D2 receptors. 
Thus, they would be expected to block the response-reinstating effect of 
food reward in this procedure if D2 dopamine receptors mediate this effect.

As expected the typical neuroleptic haloperidol (0.5 mg/kg) blocked the 
response-reinstating effects of food reward in this alleyway procedure. 
Olanzapine (1.0 and 2.0 mg/kg) and risperidone (0.25 and 0.5 mg/kg) also 
blocked the response-reinstating effects of food reward. In contrast, the D1 
receptor antagonist SCH23390 (0.1 mg/kg) did not block this response- 
reinstating effect. These results are in agreement with Chausmer and 
Ettenberg (1997) and suggest that the previous demonstration (Wiley and 
Porter, 1990) that clozapine does not produce anhedonia can be attributed 
to clozapine’s low affinity for D2 dopamine receptors.
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368.17

REWARD RELATED NEURONAL ACTIVITY OF NEURONS IN RAT NUCLEUS 
ACCUMBENS. K. Miyazaki1,2, E. K-Mogi1*, N. Araki1 and G. Matsumoto1. 
1Brainway, Brain Science Institute (BSI), RIKEN, Wako 351-0198, 2Department of 
Information Sciences and Electronics, University of Tsukuba. Tsukuba 305-0005, 3Fuji 
Xerox Co., Ltd., Ashigarakami 259-0157, Japan.

Some models (e.g. Matsumoto, 1996) suggest that knowledge-based information 
and emotional information integrate somewhere in the brain and control the formation 
of emotional memory. Monoaminergic transmitters are expected to have an essential 
role in that process. Nucleus accumbens (NAc) of limbic system is one of the 
candidates for the integration site, since it is located at a terminal of mesocorticolimbic 
dopamine system and receive strong input from amygdala, VTA, and cortex. To 
confirm this hypothesis, we investigated neuronal selectivity of cells in the NAc of 
freely moving rats, while the rats performed reward acquisition task. Rats were trained 
in an open-field (ϕ = 1.5 m) to go and return between two windows to get a piece of 
pellet or a drop of water as reward. After the rat mastered the task (< 2 weeks), rats 
were prepared for repeated extracellular recordings under the anesthesia with Nembutal. 
8 wire electrodes were put into a stainless tapered canula (ϕ = 0.55 mm) which was 
implanted in the rat and neuronal activities were recorded from neurons of NAc. 
Moving speed and chewing EMG were monitored simultaneously. There were several 
types of neurons related to the task or reward in NAc. 1) Neurons that discharge with 
high degree of correlation to the moving speed. 2) Neurons that discharge immediately 
before the rat starts moving toward the window. 3) Neurons that respond to a reward 
(some selectively to food, some to water, and some to both), when rats actually get the 
reward. 4) Neurons that respond during delay period between the time the rat inserted 
its head and the time it gets the reward; those which respond when the rats anticipate 
and wait for the reward. 5) Neurons that respond only when the rats failed to get reward. 
6) Others (no difference from the spontaneous level). Interestingly, the neurons of 
NAc easily change its discharge pattern during the task trails when the site of reward 
was suddenly exchanged. This result suggests that the firing of neurons in NAc is 
changeable by learning.

368.19

EFFECTS OF NUCLEUS ACCUMBENS DOPAMINE DEPLETION 
ON BRAIN STIMULATION REWARD IN THE RAT. K. Oda*, P. 
Marinelli and P. Shizgal. CSBN, Concordia University, Montréal, Québec, 
H3G 1M8

Considerable evidence implicates dopamine in brain stimulation reward. 
For example, dopamine antagonists or destruction o f dopaminergic neurons 
reduce the reward effectiveness o f medial forebrain bundle stimulation. 
Assessment o f such effects is complicated by across-subject averaging and 
by motor deficits, which are thought to be due to destruction o f  
dopaminergic projections to the dorsal striatum. In contrast, the changes in 
reward have been linked to changes in the dopaminergic input to the nucleus 
accumbens (NAcc). We reexamined the effects o f  dopamine depletion 
induced by 6-hydroxydopamine (6-OHDA) on lateral hypothalamic (LH) 
self-stimulation using within-subject analysis. To minimize motor deficits 
due to destruction o f the dorsal striatal dopaminergic input, we made 
multiple injections o f 6-OHDA (totaling 9.6 µg/6µl/side) into the NAcc by 
means o f micropipettes. Frequency thresholds for LH self-stimulation were 
measured before and after 6-OHDA injection. Dopamine was depleted by 
55-92% in the NAcc, and by 0-52% in the dorsal striatum. Five o f 11 rats 
showed no threshold changes, four showed modest threshold increases and 
two showed threshold decreases. In one rat, unilateral 6-OHDA treatment 
caused bilateral threshold increases. Maximum post-lesion response rates 
were 20-80% o f  baseline values. Threshold changes were uncorrelated with 
dopamine depletion.

Supported by MRC (Canada) grant MT-8037 to PS

368.18

STIM ULATION OF THE VENTRAL SUBIC ULU M  ELEVATES 
N U C L E U S A C C U M B E N S  D O P A M IN E  BY  IN C R E A SIN G  
IMPUSLE-FLOW THROUGH THE VENTRAL TEGMENTAL AREA  
M. Legault2*, P. -P. Rompré1 and R A. W ise2. 1C entre de Récherche 
Femand-Seguin, Département de Psychiatrie, Université de Montréal; 
2C SBN, Concordia University, Montreal, QC, H3G 1M8.

Stimulation o f the ventral subiculum (VS) by injection o f  the glutamate 
receptor agonist N-methyl-D-aspartate (N M D A) elevates extracellular 
dopamine in both the nucleus accumbens septi (N AS) and the ventral 
tegmental area (V TA). E levation in VTA dopamine likely reflects 
somatodendritic dopamine release associated with increased impulse- 
flow  through dopamine neurons suggesting that V S-evoked elevations 
in N AS dopamine are secondary to increased activity o f  dopamine 
neurons. In the present studies microdialysis in awake rats was used to 
demontrate that VS-evoked elevations in NAS dopamine are blocked by 
infusion o f  TTX (2 µM ) or kynurenic acid (KA; 1 mM) into the VTA. 
The effects o f  intra-VS NM DA injections on the firing-rates o f VTA 
dopamine neurons was also studied in urethane-anesthetized rats. Out 
o f  12 VTA dopamine neurons tested thus far intra-VS NM DA injections 
increased the firing-rate o f  4 neurons and induced m ultiphasic 
inhibitory-excitatory responses in 2 others. These results show that 
stimulation o f  VS neurons increases the activity o f a population o f  VTA  
dopamine neurons and suggest that this increase underlies VS-evoked  
T T X -sensitive (im pulse-dependent) elevations in NAS dopamine. 
M oreover, results with KA suggest that increased activity o f  VTA  
dopamine neurons is mediated by glutamate receptors located in the 
VTA. Supported by FCAR and NIDA

368.20
IN D IV ID U A L  D IFFE R E N C E S IN SU C R O SE  C O N SU M PT IO N : M O T IV A T IO N A L  

A N D  N E U R O C H E M IC A L  C O R R E L A T E S O F H E D O N IA . K. Brennan1, Z. Merali1,2, 
K. Bielajew*1, D.C.S. Roberts3, H. Anisman3. 1Sch. of Psychol., 2Dept. of Cel. Mol.
Med., Univ. of Ottawa. 3Neurosci. Institute, Carleton University, Ottawa, Canada.
Rats exhibit vast individual differences in sugar (sucrose) consumption. The 

underlying mechanism(s) for these differences remain unclear. This study examined: 
1) the motivational aspects associated with variability in sugar consumption, and 2) 
the role of dopaminergic and/ or opioidergic systems in the hedonic aspects of 
sucrose preference. In the initial experiment, the sucrose intake of 60 male Sprague- 
Dawley rats was measured. The rats were then grouped into “high” and “low” 
sucrose feeders following a median split, and the potential differences in their 
motivation to seek and consume sucrose were assessed using progressive ratio (PR) 
paradigm. In this paradigm, rats had to emit a progressively greater number of 
responses (work harder) for the subsequent reward and the performance was sensitive 
to sucrose concentration. It was found that, in general, the high sucrose feeders 
worked harder to obtain the reward (of 20% sucrose solution) than the low feeders. 
The hypothesis that the reinforcing (hedonic) aspects of sucrose may be mediated by 
endogenous opioids, was tested using an opioid antagonist prior to sucrose access 
under the PR paradigm. Results revealed that naloxone dose-dependently attenuated 
behavioral output for sucrose reward. In contrast, d-amphetamine (a dopamine 
agonist) at the dose of 0.5 mg/kg, stimulated responding for sucrose. Assessment of 
the potential relationship between the opioid and dopamine systems revealed that 
naloxone pretreatment attenuated amphetamine-enhanced bar-pressing, suggesting an 
interaction between the two systems in the rewarding aspects of sucrose. However, 
this interpretation warrants caution due to the potentially confounding sensitization 
effect that may result from repeated amphetamine exposure. These results support the 
contention that motivational variables may partially account for individual variability 
in sucrose consumption. The results also indicate that dopaminergic and/or 
opioidergic agents differentially affect sucrose consumption and/or hedonic processes 
in the high and low sucrose feeders. Supported by MRC and NSERC of Canada.

BIOLOGICAL RHYTHMS AND SLEEP II

369.1

CHANGES IN FOS EXPRESSION DURING THE SLEEP-WAKE CYCLE 
AFTER LESIONS OF THE SEROTONERGIC SYSTEM.
P.J. Shaw* and G. Tononi. The Neurosciences Institute, San Diego, CA, 92121 

In many brain regions, the expression of the immediate-early genes (IEGs) c-fos 
and NGFI-A is higher during waking (W) than during sleep (S). It has been 
hypothesized that systems with diffuse projections that fire at higher levels during 
W than during S, such as the noradrenergic locus coeruleus (LC) and the 
serotonergic dorsal raphe (NDR), may coordinate such changes in gene expression. 
A recent study has reported that IEG expression during waking is dramatically 
reduced after lesions of the LC without affecting electroencephalographic activity 
(Cirelli et al., Science, 274, 1211, 1996). The present study was designed to 
evaluate whether the serotonergic system also modulates sleep-waking related 
changes in the expression of IEGs. After pre-treated with desipramine (25mg/kg), 
WKY rats were implanted for polysomnographic recordings and the dorsal and 
median raphe nuclei were lesioned by injections of the neurotoxin 5,7- 
dihyroxytramine (8ug/ul in 0.9% saline; lmg/ml of ascorbic acid). Control rats 
received injections of vehicle. After 28 days both lesioned and control animals were 
sleep deprived for 3 hours by gentle handling. Following sleep deprivation, animals 
were perfused and brain sections were evaluated for Fos (Oncogene), serotonin 
(5HT-IncStar) and tyrosine hydroxylase (TH, Boehringer) immunoreactivity. 
Lesions of the serotonergic system were evaluated by quantifying the reduction of 
5HT immuno-positive cell bodies in the dorsal and median raphe nuclei and 5HT- 
positive fibers in cortex. The decrease in 5-HT immuno-reactivity was not 
accompanied by a reduction in TH staining in cortex. Initial results suggest that the 
expression of Fos was reduced diffusely in cortical and other brain areas in the 
lesioned animals compared to vehicle injected controls. Concurrent changes in 
electroencephalographic activity and behavior are being evaluated. These findings 
reinforce the notion that ascending activating systems may mediate changes in gene 
expression across the sleep-waking cycle. (Supported by the Neurosciences Research Foundation).

369.2

C-FO S EX PR ESSIO N  D UR ING  LONG-TERM  ENHANCEM ENT  
OF PGO A C T IV IT Y . J. Q u attroch i* , M . B aza lakova , and J.A . 
Hobson. Laboratory o f  N europhysiology, Program in Neuroscience, 
Harvard Medical School; Boston, MA 02115.

A single injection o f  carbachol nanospheres into the caudolateral 
peribrachial region just posterior to the PGO burst cell zone in the 
PPT produces a prolonged increase in PGO activity lasting 6 days, 
but without any increase in REM sleep. We used c-fos as a functional 
marker o f  neuronal activity to investigate the activation o f  neuronal 
populations w ithin the context o f  whether PGO enhancem ent is a 
m etabolically sustained consequence o f  carbachol’s acute effects on 
membrane excitability.

Cats (n = 4 )  w ere surgically implanted under halothane anesthesia 
with sleep recording electrodes and a single injection guide cannula. 
Follow ing one baseline and one saline (250 nl) injection control 4-hr 
recordings, a single injection o f  0 .1 M carbachol nanospheres was 
performed. At the end o f  each recording, cats were anesthetized and 
perfused on different postinjection days 01, 03, 05, and 07.

Compared with controls, w e observed and mapped throughout the 
PGO enhancement period a persistent ipsilateral enhancement o f  c-fos 
ex p re ssed  w ith in  n eu ron s o f  the L D T /P P T , m ed ia l habenu la , 
lateral/posterior hypothalamus, pontine gray, and raphe nuclei.

These findings suggest that cholinergic and non-cholinergic neurons 
rem ain  a c t iv e  lo n g  a fter  th e acu te  e f fe c t s  o f  carb ach ol have  
attenuated; cholinoceptive sites w ithin the peribrachial region may 
regulate gene expression through a pathway o f  PGO w ave induction 
distinct from the REM sleep generator; prolonged increases in PGO 
wave activity are not, in them selves, sufficient to produce REM sleep  
enhancement. Research supported by N IH -M H 13923.
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369.3

RELATIONSHIP BETWEEN EEG BETA (20-28 Hz) SPECTRAL POWER AND 
REGIONAL CEREBRAL BLOOD FLOW MEASURED BY PET DURING 
HUMAN REM SLEEP S. Uchida 1*, M. Uchiyama2, N. Kajimura2, Y. Takayama2, 
M. Kato 2, M. Sekimoto 2, T. Watanabe 2, T. Nakajima 3, T. Uema2, S. Horikoshi2, K. 
Ogawa 2, M. Nishikawa2, M. Hiroki4, N. Hirai1, Y. Kudo 2, H. Matsuda 2, M. Okawa 
2, K. Takahashi2. 1. Dept. Psychophysiology, Tokyo Institute o f Psychiatry, 156-8585 
JAPAN; 2. National Center for Neurology and Psychiatry; 3. Teikyo University School 
o f Medicine; 4. Tokyo Metropolitan Neurological Hospital.

In the past study, the presenter reported that beta (20-28 Hz) EEG spectral power 
was characteristically high during human REM sleep [Sleep 15: 352-358; 1992]. 
However, brain structure responsible for this frequency has been unclear. In order to 
investigate the relationship between the beta EEG and regional cerebral blood flow 
(rCBF) during REM sleep, we simultaneously performed polysomnography (PSG) 
and positron emission tomography (PET). PET images during REM were obtained 
from six subjects (Ss) (19-24 yrs). Each S was instructed to deprive sleep 
approximately 40 hours before the recording. On the experimental night, PSG was 
performed during all night sleep. Measurements of rCBF were made using four bolus 
intravenous injections of H215O scheduled during each sleep stage. Following each 
injection, 90-sec PET scan was performed with Siemens ECAT EXACT HR, in three- 
dimensional mode. The F3 and F4 EEG were analyzed using fast Fourier 
transformation (FFT) analysis, and average of F3 and F4 beta (20-28 Hz) power was 
used. This experimental protocol was approved by TIP and NCNP ethical committees. 
From twelve REM images, the analysis using SPM revealed that the beta power 
positively covariates with rCBF mainly in the prefrontal cortex (left predominant) and 
some parts of parietal cortex. Since dream reports are most frequently obtained during 
REM sleep, these results suggest that those cortical areas are involved in dreaming 
and beta EEG could be a physiological correlate of dreaming.

This study was supported by Special Coordination Funds from the S.T.A. and 
Grants-in-Aid for Fundamental Research from the Ministry o f Education, Science and 
Culture.

369.5

INHIBITION OF TUMOR NECROSIS FACTOR AND INTERLEUKIN-1 
ATTENUATES PHYSIOLOGICAL SLEEP IN RABBITS. S. Takahashi* and 
J.M. Krueger. *Department of Anesthesiology, University of Hirosaki, Japan 036, 
Department of VCAPP, Washington State University, Pullman, WA 99164, USA

There is much evidence that both tumor necrosis factor (TNF) and 
interleukin-1 (IL-1) are involved in sleep regulation. We hypothesized that TNF and 
IL-1 cooperate to regulate sleep. Therefore, we tested the effects of blocking both 
TNF and IL-1 on spontaneous sleep and sleep responses after sleep deprivation (SD) 
in rabbits. Male New Zealand White Pasteruella-free rabbits (4.5-5.5 kg) were 
implanted with intracerebroventricular (icv) cannula, electroencephalogram (EEG) 
electrodes, and a brain termistor. The rabbits were kept on a 12:12 h light/dark cycle 
at 21 ± 1°C. The rabbits in group 1 (n=7) received icv injections twice with a TNF 
inhibitor, TNF receptor fragment (TNFRF) (25 µg), and an IL-1 inhibitor, IL-1 
receptor fragment (IL-1RF) (25 µg) 10 min apart. For group 2 (n=6), the effects of icv 
injections of TNFRF and IL-1RF on SD-induced sleep responses were studied by 
injecting 25 µg icv TNFRF and 25 µg icv IL-1RF 10 min apart at the beginning of the 
6-h SD period. On a separate control day, the same animals were injected icv with 
saline twice. In the group 2, the effects of SD alone were evaluated by 6 h of SD after 
two icv injections of saline. EEG, brain temperature and motor activity were recorded 
for 22 h (group 1) or 23 h (group 2) after injections. Icv injection of TNFRF and IL- 
1RF significantly reduced spontaneous non-rapid-eye-movement sleep (NREMS) by 
87 min occurring across the 22-h recording period. Furthermore, blocking TNF and 
IL-1 in the brain significantly attenuated the increase in NREMS and enhancement of 
EEG slow wave activity after 6 h SD. The 6 h SD alone did not alter rapid-eye- 
movement sleep (REMS) significantly. However, icv injection of TNFRF and IL-1 
significantly increased REMS across the 17-h post SD period. These data support the 
hypothesis that endogenous brain TNF and IL-1 cooperate to regulate physiological 
sleep.
Supported by NIH NS25378 and NS 31453

369.7

PRENATAL PROTEIN MALNOURISHED RATS SHOW PERMANENT 
CHANGES IN SLEEP-WAKE BEHAVIOR AS ADULT. S. Datta*, E.H. 
P atterson, T.R. Galler, Sleep Research Laboratory, Center for Behavioral 
Development, D epartm ent of Psychiatry, Boston University School of 
Medicine, Boston, MA 02118.

Prenatal protein m alnutrition significantly elevates brain levels of 
norepinephrine, serotonin, and GABA in rats and rem ains elevated 
throughout their lives. These biogenic amines and GABA are involved in 
the regulation of many physiological functions including normal sleep- 
wake cycle. The present study examined the effects of prenatal protein 
m alnutrition on sleep-wake cycle of freely m oving adu lt rats. Six 
prenatally protein malnourished (6% casein) and 6 well nourished (25% 
casein) male rats of 90-120 days old were chronically im planted w ith a 
standard set of electrodes (EEG, EMG, EOG, and H ippocam pal theta 
wave) to objectively measure states of sleep and wakefulness. Six-hour 
polygraphic recordings were made between 10:00 A.M. and 4:00 P.M., at a 
time when the rats normally sleep. Prenatally m alnourished rats spent 
26.53% more time in slow-wave sleep com pared to the well nourished 
rats. The total percentage of time spent in rapid eye movem ent (REM) 
sleep was 150.0% less in prenatally malnourished rats compared to well- 
nourished rats. These findings show the adverse consequences of prenatal 
protein m alnutrition on the quality and quantity of adult sleep. These 
sleep changes could potentially be detrimental to normal social behavior 
and cognitive functions. These prenatally malnourished rats may be an 
appropriate animal model to study the role of biogenic amines and GABA 
in the regulation of the normal sleep-wake cycle.

This research is supported by NIH  grants NS 34004 and HD 22539.

369.4

HUMAN CORTICAL ALPHA RHYTHM: FILTERED NOISE OR NONLINEAR 
OSCILLATION? G.L.Gebber*, S. Zhong, and S.M. Barman. Dept. Pharmacol
ogy & Toxicology, Michigan State Univ., East Lansing, Ml 48824.

The alpha rhythm in the human electroencephalogram (EEG) has been 
modeled either as filtered noise or a nonlinear oscillation. One test used in an 
attempt to distinguish between these hypotheses is based on the assumption 
that nonlinear oscillations, but not noise, can be entrained to forcing stimuli (e.g., 
light flashes) applied at frequencies near that of the free-running rhythm. Such 
experiments, however, have been inconclusive since visual evoked potentials 
and entrained oscillations are easily confused. We reasoned that this problem 
could be circumvented by using low frequency flashes. Entrainment of the alpha 
rhythm to a harmonic of a low flash rate would support the nonlinear oscillation 
hypothesis. In two awake subjects (authors), the occipital EEG (O1 and O2 
leads) was recorded monophasically. The relationship between the light flash 
and the alpha rhythm was analyzed in both the frequency domain (coherence 
analysis) and time domain (post-event time series). With eyes closed, the alpha 
rhythm could be entrained to the second harmonic of low rates (4-5 Hz) of light 
flashes (Grass PS33 photic stimulator). The coherence value relating the EEG 
to the second harmonic of the light flash rate was >0.5. With eyes open, the 
alpha rhythm disappeared and, in contrast to when the eyes were closed, peak 
power in the EEG occurred at the frequency of the light flashes rather than its 
second harmonic. These results support the view that at least one form of the 
alpha rhythm is generated by a nonlinear oscillator rather than a linear filter.

369.6

REM SLEEP CYCLICITY IS INTACT IN NARCOLEPTIC CANINES 
S. Nishino, J. Riehl, J. Hong, M. Kwan, K. Honda, W. Dement*, E. Mignot.
Sleep Research Center, Stanford University School of Medicine, Palo Alto, CA

After the discovery of sleep onset REM periods in narcolepsy, this disorder has 
often been regarded as a REM sleep disorder. Canine narcolepsy is a naturally-occurring 
animal model for the human disorder. Cataplexy, abnormal manifestations of REM 
sleep atonia, can be objectively identified in these animals, while their sleep 
abnormalities can only be determined by polygraphic recordings. Narcoleptic dogs 
exhibit shorter sleep latency (to drowsy and REM sleep) and fragmentation of sleep 
patterns, findings akin to the well-documented characteristics of human narcolepsy. This 
model thus provides a unique opportunity to study abnormal sleep regulation in 
narcolepsy.

In the current study, we analyzed the sleep architecture of 108 6-hour daytime 
polygraphic recordings from 10 narcoleptic and 50 recordings from 6 control Dobermans. 
Fragmentation (i.e., shorter mean duration of each episode) was observed for most 
vigilance states (significant for wake, drowsy and deep sleep, and non-significant for 
REM sleep). The fragmentation for wake and drowsy was also significant even when 
the episodes interrupted by the occurrence of cataplexy were excluded. Percent of state 
transitions to wake from drowsy, deep sleep from drowsy, and REM sleep from light 
sleep are significantly higher in narcoleptic dogs. The histogram representing the 
interval between the onset of two consecutive REM periods demonstrates that a clear 30- 
minute interval exists in both narcoleptic and control animals, suggesting that the REM 
sleep generating system may be intact in narcolepsy. In contrast, cataplexy can be 
elicited anytime upon emotional stimulation and no cyclicity is observed. We have 
recently demonstrated that stimulation of cholinoceptive sites in the basal forebrain 
induces status cataplectus in narcoleptic dogs. Under this long-lasting inhibition of 
muscle tonus, REM sleep-like states with bursts of rapid eye movements still occur 
with a 30-minute cyclicity. These results suggest that cataplexy and REM sleep may be 
separate events: cataplexy is not controlled by the ultradian REM sleep generating 
mechanisms. A dysfunction in the maintenance of vigilance states and altered 
transitions into and from wake and sleep stages exist in narcolepsy, whereas there is 
little evidence suggesting abnormal REM sleep generation in narcolepsy.

369.8
EYE MOVEMENT DENSITY IN PARADOXICAL SLEEP AS A BIOLOGICAL 
MARKER FOR A PROGRESSIVE DEMYELINATION DISEASE IN THE RAT.
A. Lappskyl, A.M. Aachl, J. Dyche1 and W.S. Stark*2. Dept. 
of Psychology1 and Dept. of Biology2, Saint Louis 
University, St. Louie, MO 63103.

Our lab has acquired a strain of rats with a 
genetically acquired (autosomal recessive) progressive 
demyelination disorder (DD) of the central nervous system. 
These rats demonstrate five symptoms: tremor, ataxia, 
immobility, epilepsy, and paralysis (taiep). Histological 
studies indicate this autosomal recessive trait leads to 
progressive loss of myelin in the spinal cord, corpus 
callosum, cerebellum, optic nerves and the brain stem 
(Duncan et al., 1992). Dorsolateral tegmental, peri-locus 
coeruleus alpha, and ventral pontine tegmental nuclei are 
important in the generation of paradoxical sleep (PS) and 
phasic events accompanying PS, such as rapid eye movements 
(EM). This study was conducted to determine if brainstem 
demyelination in the taiep is associated with EM abnormal
ities during PS. Six male taiep and seven male normal rats 
were implanted with chronic electrodes to record EEG, EMG 
and electrooculogram. Electrodes to record EM were placed 
along the orbital bone of each eye. Analysis of EM 
densities revealed that taiep had significantly less EM 
density during PS than normal rats. Ocular abnormalities 
and arm and gait ataxia are symptoms of multiple sclerosis 
(MS). Although the causes of demyelination appear to be 
different in MS and taiep, evidence of EM abnormalities in 
the taiep may provide useful information for the 
development of biological markers of DD.
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369.9

SLEEP PATTERNS OF A CARIBBEAN MEDICAL SCHOOL STUDENTS.
L. Amini-Sereshki Kormi*,1 J. Allard,2 and B. Amirlak3 . 1 Department of 
Biology, Worcester State College, Worcester, MA 01602, 2 Department of 
Psychology, Worcester State College, Worcester, MA 01602, 3 UNIBE School 
of Medicine, Santo Domingo, Dominican Republic.

This study was conducted to examine the sleep patterns of randomly selected 
students of a Caribbean medical school. Data were obtained from one hundred 
and five students (sixty seven male and thirty eight female) and were based on 
subjective self-reporting estimates of sleep. Majority (%95) were 18-32 years 
old and %100 were living off-campus, with a roommate or with family member. 
The hours spent sleeping on weekdays and on weekends were examined in 
relation to gender, daytime sleepiness, academic performance, and being a 
“morning” Vs “night” person. Twenty nine % of males and 42% of females 
slept similar hours on weekdays and weekends (consistent sleepers), whereas 
majority (71% of males and 58% of females) slept longer on weekends 
(inconsistent sleepers). 65.7% of the consistent sleepers were “morning” people. 
65.3% of inconsistent sleepers were “night” people. Total sleep duration was 
described by 54.7% as insufficient. There was a significant relationship between 
the sleep deficiency and concentration in the classroom and academic 
performance. Majority (75.5%) of the students reported that sleepiness interferes 
with their concentration in class and their academic performance. 27.5% of 
these were consistent sleepers and 72.5% were inconsistent sleepers. 35.7% of 
sleep deprived students were “morning” people and 64.3% “night” people. Data 
obtained in this study is in accordance with our earlier observation on sleep 
patterns of college students in the United States and confirms the presence of 
sleep deprivation in overseas medical students.
This work was supported by WSC.

369.11

STRONG TEMPORAL CORRELATIONS BETWEEN HIPPOCAMPAL RIPPLES 
AND PREFRONTAL CORTICAL SPINDLES DURING SLOW-WAVE SLEEP. 
A.G. Siapas*, M.A. Wilson. Center for Learning and Memory, Departments 
of Brain & Cognitive Sciences, and Biology, MIT. Cambridge, MA 02139.

In the hippocampus, Slow-Wave Sleep (SWS) is characterized by sharp 
waves and their associated high-frequency (≈  200 Hz) network oscillations 
(“ripples”) (Buzsáki et. al. 1992). In contrast, neocortical SWS activity is 
organized into low-frequency S (1-4 Hz) and spindle (7-14 Hz) oscillations 
which are modulated by a slow (< 1 Hz) rhythm (Steriade et. al. 1993). 
Despite significant progress in understanding the mechanisms of generation 
and synchronization of these neocortical and hippocampal oscillations, their 
interactions remain poorly understood. To examine these interactions we 
have employed multi-electrode arrays that, enable the simultaneous recording 
of neuronal activity in the hippocampus and the medial prefrontal cortex of 
freely behaving rats. Our analysis demonstrates t he existence of strong tempo
ral correlations between hippocampal ripples and prefrontal cortical spindles. 
This result is further supported by the preferential firing of both hippocampal 
and prefrontal single-units near the onset of both spindles and ripples. Fur
thermore, the firing of these single-units is strongly correlated close to  ripples 
and spindles, and there is a tendency for hippocampal spikes to precede pre
frontal spikes. This co-activation of hippocampal and neocortical pathways 
during SWS may be important for the process of memory consolidation, dur
ing which memories are gradually translated from short-term hippocampal to 
longer-term neocortical stores.

Supported by an Office of Naval Research Young Investigator Award.

369.13

Q U A N TITA TIV E A NA LY SIS OF H U M A N  H IPPO C A M PA L D EPTH - 
E E G  W ITH  FA ST FO U RIER T R A N SFO R M  (FFT) AND 
FREQ U EN CY  D OM A IN  SU B TR A C TIO N  D U R IN G  SLEEP STAGES. 
M ark Rayp o rt1*, Y ong S. C hoi1, M ichael J. D ennis1, Jam es B. Farison2. 
1D epartm ent o f  Radiology, M edical College o f  Ohio, Toledo, OH 43614; 
2Departm ent o f  B ioengineering, The University o f  Toledo.

H ippocampal EEG  activity is o f  interest due to  this s tructu re’s role in 
memory function. Rhythmic hippocampal the ta seen during REM  sleep 
(R EM S) o f  laboratory mammals is not visually detected in man. W e 
studied human hippocampal depth-EEG  recordings during w aking and 
nocturnal sleep using com puter methods. In 3 patients, during presurgical 
evaluation for intractable seizures, 23 stereoelectroencephalographic 
(SEEG ) data channels w ere paralleled out for 7 nights (53 hours) to  a 
digital recorder sampling at 200/sec. FFT provided frequency spectra and 
relative am plitudes in the EE G  frequency bands during REM S and non- 
REM S (N REM S). Subtraction o f  anterior from  posterior hippocampal 
SEEG  revealed relative increase in sigma and the ta activity during 

Jwaking, stage 2 sleep and REM S. D elta predom inated in the anterior 
phippocampus during w aking and 2N REM S. Calculation o f  sigma/alpha 
and theta/alpha ratios after frequency dom ain subtraction dem onstrated 

tsynchronization o f  sigma and theta activity during REM S.
FFT analysis o f  hippocampal SEEG  com bined with frequency 

domain subtraction showed rhythm ic activity in the ta  and sigma frequency 
bands in posterior hippocampal E E G  during REM  and stage 2 sleep.

369.10

REACTIVATION DURING RAPID EYE MOVEMENT (REM) SLEEP OF 
CEREBRAL AREAS INVOLVED IN THE EXECUTION OF A SERIAL 
REACTION TIME (SRT) TASK.
P. Maquet1*, C. Petiau1, P. Peigneux1, C. Phillips1, J. Aerts1, J.M. Péters1, A. 
Cleeremans2, C. Smith3, M. Vanderlinden1, A. Luxen1. 1Cyclotron Research Centre. 
University of Liège, Belgium ; 2Cognitive Science Research Seminar, Université 
Libre de Bruxelles, Belgium; 3Dept Psychology, Trent University of Peterborough, 
Ontario, Canada

REM sleep has been implicated in the consolidation of memory traces. Here, we 
hypothesize that brain areas involved in the execution of a implicit task are likewise 
activated during REM sleep, while the subject is deeply asleep and paralyzed by 
REM sleep atonia.
A first group of 7 subjects received 6 H215O PET scans while they performed a SRT 
task [Jimenez L, Mendez C, and Cleeremans A J Exp Psychol Learn Mem Cog 22 
948-969 (1996)] and 6 scans at rest, eyes closed. A second group of 4 subjects was 
trained on the same task between 16.00 and 20.00 then scanned in the following 
night, using polysomnographic monitoring. Scans were obtained, at least, during 
wakefulness (W), stage 2 sleep, slow wave sleep and REM sleep (2, 2, 2 and 4 scans 
respectively). Using SPM96, a design matrix was elaborated to test the main effect 
of task in group 1 and of REM sleep (vs. W) in group 2. The main effect of task in 
group 1 corresponded to a significant activation of occipital, parietal, SMA, 
premotor and motor cortices. A conjunction analysis showed that these regions were 
activated in common and to the same extent in the awake and the REM sleep groups. 
These results suggest that memory traces are consolidated during REM sleep.

This research was supported by FNRS grant 3.4594.98 and by the Queen Elisabeth 
Medical Foundation, and PA1 grant P4/22

369.12

ADDITIVE PERIODOGRAMS PICTURE BRAIN RHYTHMS DIFFERENTLY 
FROM POWER SPECTRA T.H. Bullock*, J.T. Enright Dept Neurosciences & 
Neurobiology Unit of Scripps Inst of Oceanography, Univ. Calif. San Diego, La Jolla, 
CA 92093

The additive periodogram looks for periodic events of any shape, without making 
Fourier assumptions of stationarity, linearity or sinusoidal components in a time series. 
It averages the whole time series on each possible period, plotting the standard deviations 
of the averages vs period. Programmed to look for circadian periods (Enright, J.T. 1965 
The search for rhythmicity in biological time-series. J.Theoret.Biol. 8:426-468.), the method was 
extended to the EEG spectrum from 20-500 ms periods (2-50 Hz), in four ranges of 
resolution (0.2-2 ms), and applied to many 5 s samples of EEG and of artificial time series 
of known content. Periodograms can show peaks (significant rhythms) where the power 
spectrum does not, and absence of rhythm where the power spectrum has peaks. It is quite 
tolerant of noise large enough to hide rhythms in raw V/t plots. It detects artificial 
rhythms degraded by frequency modulation as much as 85% (e.g. 7-13 Hz or 25-45 Hz), 
although the peaks are greatly lowered and noise-sensitive; for 20% FM it is quite useful. 
Whereas the method can detect multiple rhythms within the chosen band, each rhythm 
makes peaks at all subharmonic periods and in some cases it takes special steps to 
determine the fundamental. Confidence levels vary with the number of cycles in the 
sample length.

The EEG samples examined are subdural and depth recordings from epileptic 
patients in sleep, alertness and seizures, as well as epidural records from rabbits in 
high-amplitude-slow and low-amplitude-fast as well as high-theta states. Significant 
rhythms are rare in intracranial human EEG under ward conditions. Some power 
spectrum peaks prove to be non-rhythmic, even with a generous definition in respect to 
wobble, drift or modulation. Most of the intracranial EEG (largely local), most of the time, 
consists less of sinusoidal oscillations than of irregularly repeating events having many 
harmonics. Supported by NINDS, NIH.

369.14

SLEEP PATTERNS, SLEEP QUALITY AND BRIEF MOTOR EVENTS 
DURING SLEEP IN CHRONIC LOW BACK PAIN SUBJECTS. K. 
Harman2 and R.T. Pivik1*. 1Dept. Psychiatry, The Ottawa Hospital; 2School 
of Rehabilitation Sciences, University of Ottawa; Ottawa, Ontario K1H 8L6.

Complaints of poor sleep quality and sleep disruption are common in 
subjects with chronic low back pain (CLBP). This study polygraphically 
examined the sleep of 21 subjects (11 CLBP, 10 age-matched controls) for 
three consecutive nights (1 adaptation, 2 baseline) using standard sleep 
recording parameters. Also evaluated were: sleep quality the a m. after each 
recording night (Daily Sleep Diary); pain ratings (McGill Pain Questionnaire); 
and EMG (facial and bilateral ant. tibialis) for increases in activation (M: 0.5- 
15 sec; MA: 15-30 sec. without obscuring EEG).

CLBP subjects reported significantly poorer sleep quality and high pain 
ratings despite the absence of between-group differences in total sleep time, 
sleep patterns or measures of sleep initiation or maintenance. EMG analyses 
revealed significantly more brief (M) motor events in CLBP subjects during 
the first non-rapid eye movement sleep cycle.

The absence o f between-group variations in standard electrographic 
measures of sleep is notable considering the reports of poor quality sleep in 
CLBP subjects. However, the increased motor events during the first part of 
the night fragment sleep at a time when sleep continuity has been shown to be 
important for restful sleep -  an effect that may contribute to an understanding 
of poor sleep quality in these subjects.

Supported by: Ontario Mental Health Foundation and Faculty o f Health 
Sciences Research Development Fund.
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369.15

PRESYNAPTIC MODULATION OF GABAERGIC AND GLUTAMATERGIC 
TRASMISSION IN THE LATERODORSAL TEGMENTUM BY ADENOSINE.
E. Arrigoni , D.G. Rainnie, R.W. McCarley and R.W. Greene*. Dept. of Psychiatry, Harvard 
Medical School & Brockton VAMC, MA 02401.

Cholinergic neurons of the laterodorsal tegmentum (LDT) are known to be involved in 
electroencephalographic arousal, excitatory and inhibitory inputs onto these neurons may 
contribute in their state-dependent activity. Sanchez et al. 1996 have reported a glutamatergic 
drive onto neurons of the LDT. Here we extend the study of the pharmacological 
characterization of synaptic inputs, and also show presynaptic modulatory effects of adenosine 
(AD) on the pharmacologically isolated excitatory and inhibitory components of the input.

Whole cell patch clamp records were obtained from rat LDT neurons in coronal 
brainstem slices using a Axopatch-ID preamplifier. Patch electrodes were filled with a K- 
gluconate recording solution. Electrical stimulation of the ipsilateral cuneate nucleus evoked 
an EPSP in 40 neurons of the LDT. The glutamatergic EPSP was studied in isolation in the 
presence of bicuculline methionine (BMI; 20µM) to block GABAa receptor activation. At 
all potentials tested (-90 to -40mV), the EPSP/Cs were completely blocked by the non- 
NMDA antagonist DNQX (10-20µM; n= 15). No significant reduction of the EPSP amplitude 
or duration was observed with the NMDA antagonist APV (100µM; n=3). Moreover no 
NMDA component was observed in low Mg2+ ACSF and DNQX (n=3). Whereas, pressure 
injection of NMDA (1mM) evoked a dose-dependent, APV-sensitive, transient 
depolarization in 3 of 4 neurons in which the EPSP was completely blocked by BMI and 
DNQX. Blockade of glutamatergic synaptic transmission with, DNQX and APV revealed 
a fast IPSP (n=11), mediated by the activation of GABAa receptors as suggested by the 
reversal potential at -70mV and the sensitivity to BMI. Application of AD (50-200µM) 
resulted in a dose-dependent reduction in the amplitude of both the pure AMPA mediated 
EPSP/C (n=8) and the GABAa mediated IPSP/C (n=4). The modulatory effects of AD on 
the evoked excitatory and inhibitory transmission seems to be a presynaptic effect. 
Supported by the department o f Veterans ’ Affairs.

369.17

INCREASED EXTRACELLULAR ADENOSINE IN BASAL 
FOREBRAIN INCREASES SLEEP,c-FOS AND AP-1 BINDING.
R.Basheer*, T.Porkka-Heiskanen, D.Stenberg, P.J.Shiromani and R.W. 
McCarley; Harvard Medical School/VA Medical Center, West Roxbury, 
MA02132

Increases in the extracellular adenosine levels in the cholinergic basal forebrain 
has been shown to decrease wakefulness in freely moving cats, suggesting a role 
for adenosine as a somnogenic factor. The intracellular mechanisms that mediate 
this effect are unknown. In the present study we investigated the behavioral and 
molecular effects o f increased extracellular adenosine levels in the basal 
forebrain of rats. In vivo microdialysis measurements showed a progressive 
increase in adenosine levels with prolonged wakefulness and decline with 
recovery sleep. During 2h unilateral perfusion (dark period, 8pm-10pm), 
adenosine (300µM) increased slow wave sleep (control 23.0 ± 5.2% vs. ADE
43.3 ±  4.2%; t(5)=3.057,p<0.01) and power in the delta frequency for the 
number o f epochs analysed in slow wave sleep (0.3 to 4 Hz) (t(17)=2.257, 
p<0.05) when compared to rats perfused with artificial CSF. Furthermore, levels 
of c-Fos and A P1 DNA binding activity increased with adenosine perfusion in 
the ipsilateral basal forebrain when compared to the contralateral region (paired 
t-test,t(4)=3.427,p<0.05; mean ± SEM; 107.2 ± 14.7, ipsi vs. 74.2 ± 17.6, 
contra) in the same animal. These results further support the role of adenosine as 
a sleep-inducing factor across different species. In addition, the data suggest that 
adenosine induces c-Fos protein and its DNA binding ,actions that might 
mediate some longer-term effects of sleeplessness, such as sleep debt. Support: 
NIMH 39683; VA Medical Research.

369.19

21-Y EA R CO N TIN U O U S RECO RD  O F SLEEPIN G  AND D REAM ING. 
G oodm an. D .A .* N ew port Neuroscience Center, Box 803, San M arcos, 
CA 92079-0803.

The artificial neural network approach for the detection and prediction of 
mental states represents a significant im provement tow ards conceptualizing 
cognitive function. In their early correlative studies tow ards creating an 
evolutionary model o f human unconscious, G oodm an and W einberger 
(1973), citing C. J. Herrick, turned to the salam ander as a vertebrate model 
system. In application to hum ans a major problem , how ever, was the lack 
o f  normative data over m onths and years on patterns o f sleeping and 
dream ing. For this reason, one o f the researchers resolved in favor o f 
recording multiple outputs from the human unconscious. In response to 
need, in January 1977, at age 37.5, DAG volunteered to monitor in 
him self a dozen variables related to sleeping, dream ing and w aking, 
eventually to establish a set o f data applicable to quantitative analysis o f the 
human unconscious. This self-study, still ongoing, has generated a 
continuous record through April 1998 com prising time to-sleep, w ake-up 
time, sleep aw akenings, dream content and affective states, and during 
w aking hours, intellectual, creative and athletic performance outputs, 
subjective m oods, em otions, interpersonal relations and perceptions 
influencing dream im agery. The m ajor outcome o f the ongoing 
investigation is the m onitoring o f the subjec t’s unconscious for 7 ,787 
consecutive days and nights. The dream record, now exceeding 15, 000, 
grow s at the rate o f 1,515 a year (1997). The result is a unique set o f 
dream data relating content and emotional tone to depth o f sleep and to 
patterns o f affective modulation. In light o f these findings, applicable to 
additional subjects, a statistical model and an algorithm are being devised 
to detect and predict patterns o f episodic mental activity in the real-w orld, 
finite-state dreamer.

369.16

ACTIVATION OF VENTROLATERAL PREOPTIC NEURONS 
BY THE SOMNOGEN PROSTAGLANDIN D2
T. Scammell1*, D. Gerashchenko2, Y. Urade2, H. Onoe2 , C. Saper1, and O. 
Hayaishi2. 1Department of Neurology, Harvard Medical School, Beth Israel 
Deaconess Medical Center, Boston, Massachusetts 02215; and 2Osaka Bioscience 
Institute, Osaka, Japan

Prostaglandin D2 (PGD2) is an extensively studied sleep-promoting substance, 
but the neuroanatomical basis of PGD2-induced sleep is only partially understood. 
To determine potential regions involved in this response, we used Fos 
immunohistochemistry to identify neurons activated by subarachnoid infusion of 
PGD2.

Sprague-Dawley rats were instrumented for EEG and EMG recordings, and 
injection cannulae were placed into the subarachnoid space below the rostral basal 
forebrain. PGD2 (200 pmol/min) or vehicle was continuously infused from 20:00 
to 22:00, and the animals then were sacrificed for Fos immunohistochemistry. 
PGD2 increased non-rapid eye movement sleep and induced striking expression of 
Fos in the ventrolateral preoptic area (VLPO), a cluster of neurons that may 
promote sleep by inhibiting the tuberomammillary nucleus (TMN), the source of 
the ascending histaminergic arousal system. Fos expression in the VLPO was 
positively correlated with the preceding amount of sleep (R = 0.67) and negatively 
correlated with Fos expression in the TMN (R = -0.76). Fos expression in the 
TMN was positively correlated with the preceding amount of wake (R = 0.76). 
PGD2 also increased Fos-IR in the supraoptic nucleus, the laterodorsal subnucleus 
of the bed nucleus of the stria terminalis, the lateral subdivision of the central 
nucleus of the amygdala, the external lateral subnucleus of the parabrachial nucleus, 
and the basal leptomeninges. These observations suggest that PGD2 may induce 
sleep through activation of the VLPO and inhibition of the TMN.

This research was supported by the USPHS (NS-33987) and the Ministry of 
Education, Science, and Culture of Japan (P97149).
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369.18

INJECTION OF 6-HYDROXYDOPAMINE INTO THE VENTRAL 
TEGMENTAL AREA SUPPRESSES THE INCREASE IN ARTERIAL 
PRESSURE DURING REM SLEEP IN THE RAT. H. Sei1* , K. Ikemoto2, R. 
Arai2 and Y. Morita1 . 1Dept. of Physiology, Med. Sch., Univ. of 
Tokushima, Tokushima, 770-8503; 2Dept of Anatomy, Fujita Health Univ. 
Med. Sch., Aichi 470-1101, Japan

We have examined the effect of the injection of 6-hydroxydopamine (6- 
OHDA) into ventral tegmental area (VTA) on the increase of arterial 
blood pressure (AP) in the transition from non rapid eye movement 
(NREM) sleep to REM sleep in the rat. Wistar male rats were received 
bilateral injection of 6-OHDA (10 µg in 2 µl of saline containing 0.02% 
ascorbic acid, n=6) or vehicle (n=6) into VTA. AP was recorded by using a 
telemetric system. Mean frequency of theta rhythm in EEG during wake 
(W) and REM sleep was obtained by 1026-point FFT. In the 6-OHDA treat
ed rats, the AP increase was suppressed throughout REM sleep, HR was 
decreased around the end of REM sleep and the EEG theta frequency was 
lowered during both W and REM sleep. The average HR in all stages and 
average AP in W and NREM sleep were not affected. It is suggested that 
midbrain dopaminergic neurons are involved in the increase of AP during 
REM sleep and hippocampal theta activity in the rat
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370.1

SOCIAL LEARNING OF FOOD PREFERENCES IN MICE: SEX 
DIFFERENCES IN THE FACILITATORY EFFECTS OF ACUTE 
CORTICOSTERONE. E. Choleris*, L. Cazzin, M. Mainardi, M. 
Kavaliers. & P. Valsecchi. St. Joseph’s Health Centre and University of 
Western Ontario, London, Ontario; Universita’ di Parma, Italy.

An “observer” mouse (Mus domesticus), acquires a preference for a novel food 
from a “demonstrator” conspecifics during a social interaction. The duration of 
the social interaction affects social learning o f food preferences with a 30-min 
social interaction approximating the minimum time necessary to induce social 
learning in both sexes. Here we show that acute i.p. administration of 
corticosterone (CORT: 1.0, 2.5 and 5.0 mg/Kg) to the observer 10 min prior to 
the 30-min social interaction facilitates the social acquisition o f a food 
preference. Males are more sensitive than females both in terms o f the minimum 
effective dose o f CORT and duration of the socially-acquired food preference. 
CORT also has a sexually dimorphic inhibitory effect on feeding behavior per  
se, with females displaying a greater reduction o f food intakes than males. The 
ethanol vehicle (0.1 %) also facilitates social learning of food preferences and 
reduces food intake in a similarly sexually dimorphic manner. The effects of 
CORT on both the learning and feeding responses are, however, significantly 
greater than those o f the ethanol vehicle. These results indicate that social 
transmission o f food preferences provides a useful and sensitive model for 
examining the roles o f stress, handling and associated neuromodulatory 
mechanisms in social learning.
Supported by CNR and MURST grants to M. Mainardi and P. Valsecchi.

370.3

MULTIPLE PAIRINGS OF A SUCROSE SOLUTION WITH LICL FAIL TO 
PRODUCE CONDITIONED TASTE AVERSIONS IN MALE RATS WITH 
COOLING LESIONS OF THE LATERAL PARABRACHIAL NUCLEUS. 
Y.Wang* and K.C.Chambers. Dept. of Psychology, Univ. of Southern California, 
Los Angeles, CA 90089.

The effect of lesions of the lateral PBN (IPBN) on the acquisition of conditioned 
taste aversions (CTAs) in rats has not been consistent. Some studies have shown 
disruption of the acquisition of LiCl-induced CTAs in IPBN lesioned rats whereas 
others have shown no disruption. These inconsistencies may be due to differences 
in damage to surrounding areas involved in taste processing. In a previous study, 
reversible cooling blockade of the IPBN was activated only while processing LiCl 
during acquisition. Blockade was not present while consuming a novel sucrose 
solution during acquisition or during post-acquisition tests. Male rats with cooling 
blockade of the IPBN failed to acquire a LiCl-induced CTA after 1 acquisition test. 
In another study, measurement of thermal gradients indicated that blockade was 
confined to the IPBN. In the present study, multiple acquisition tests were given. 
Three groups of rats were examined: cooling the IPBN (n=9), cooling above the 
IPBN (n=6), and no cooling (n=6). All rats were given 3 acquisition tests every 
other day and 7 daily post-acquisition tests. On acquisition days, all rats were given 
access to a 10% sucrose solution for 1 hour. Then, the no cooling rats were injected 
with LiCl (0.15M, 2 ml/kg, i.p.). Cooling was initiated in those rats assigned to the 
cooling condition and 5 minutes later LiCl was injected. The IPBN was cooled for 1 
hour. On post-acquisition days, the rats were only given access to the sucrose 
solution. The IPBN cooling groups showed no decrease in sucrose consumption 
across the 3 acquisition tests but both the cooling above and no cooling groups 
showed significant decreases in consumption. These results support the hypothesis 
that the IPBN is necessary for acquisition of LiCl-induced CTAs and they suggest 
that its role is associated with illness processing. Supported by BNRF

370.5

CYCLIC ESTRADIOL REPLACEMENT INCREASES 
CHOLECYSTOKININ-INDUCED c-FOS EXPRESSION IN 
THE FOREBRAIN OF OVARIECTOMIZED RATS. L.A. 
Eckel*, T.A. Houpt, and N. Geary. Bourne Laboratory, Cornell 
University Medical College, White Plains, NY 10605.

The satiating potency of exogenous cholecystokinin (CCK) is 
enhanced in ovariectomized rats treated with estradiol benzoate (EB). 
To investigate the neural mechanism underlying this, we tested 
whether chronic EB modulates CCK-induced c-FLI in the 
paraventricular nucleus of the hypothalamus (PVN) and the central 
nucleus of the amygdala (CeA), two forebrain areas known to 
participate in the neural control of feeding. Ovariectomized rats were 
injected SC with 10 µg EB or oil vehicle on Tuesday and Wednesday 
for 5 weeks. Two days after the last EB/oil injection, rats were 
injected IP with 4 µg/kg CCK. One h later, rats were perfused and 
brains were processed for c-FLI. The cyclic regimen of EB 
replacement increased the average number of positively-stained cells 
per section in the PVN (EB: 230 ± 51 vs. oil: 123 ± 23, P <0.05) 
and the CeA (EB: 232 ± 14 vs. oil: 160 ± 21, P <0.05). This 
differential pattern of c-FLI is consistent with the increased satiating 
potency of CCK in EB-treated rats and suggests that EB enhances 
CCK-induced neuronal activation in the PVN and CeA. Supported 
by MRC of Canada, NIH DC03198 and MH51135.

370.2

CHRONIC CAFFEINE INGESTION AND ACTIVITY 
LEVELS IN FEMALE VERSUS MALE MICE. N. E. Kinney* 
and B. A. Kinney. Department of Psychology, Southeast 
Missouri State University, Cape Girardeau, MO 63701.

Male and female Swiss albino mice were observed in an open 
field box during two baseline, five treatment, and two post-
treatment days. During treatment days, all mice were given 
caffeine (0.128 mg/mL) in their drinking water ad libitum. Mice 
were observed in the field box for 4 minutes each day, then 
weighed and returned to the home cage. Daily weights showed 
only small variations and no evidence that any subjects were 
avoiding their drinking water or ingesting less then normal 
levels. Large significant differences in male vs female activity 
levels on all days were observed. Males and females both 
showed significant depression of activity during chronic (low 
dosage) exposure to caffeine. Differences occurred in the 
activity behavior as well as the recovery rate of females. 
Results for male mice agree with previous studies conducted 
almost entirely on male rats given high acute doses of caffeine.

370.4

CONDITIONS UNDER WHICH ESTRADIOL INDUCES CONDITIONED 
TASTE AVERSIONS AND ACCELERATES EXTINCTION OF LICL-INDUCED 
AVERSIONS. K.C.Chambers*, U.L.Hayes, R.D.Kunz and Y.Wang. Dept. of 
Psychology, Univ. of Southern California, Los Angeles, CA 90089.

When present before and during acquisition of LiCl-induced conditioned taste 
aversions (CTAs), estradiol (E) accelerates extinction. It has been suggested that this 
effect is due to the illness-associated properties of E. Agents with these properties 
can induce CTAs and attenuate acquisition of CTAs induced by other agents if 
present before, but not during, acquisition. In previous experiments, E has been 
shown to induce CTAs. In the present two experiments, female rats were implanted 
with E-filled or empty silastic capsules. In experiment 1, capsules were implanted 11 
days before acquisition and were removed 7 days later; they were implanted about 1 
hour before acquisition and were removed 18 hours later in experiment 2. On 
acquisition day for both experiments, all rats were injected with LiCl after 1 hour 
access to a sucrose solution. Two days later, daily extinction trials were initiated. E 
accelerated extinction of a LiCl-induced CTA when it was present before acquisition 
and it had no effect on extinction when it was present during acquisition. These data 
support the above hypothesis. The area postrema (AP) is one means by which 
illness-associated information is transmitted to other parts of the brain; the nucleus of 
the solitary tract (NST), through splanchnic inputs from abdominal viscera, is 
another. Permanent lesions of the AP, which also include damage to the underlying 
NST, have been shown to attenuate the development of food aversions. In 
experiment 3, cooling probes were implanted in 12 female rats so that they would 
cool the AP, but not the NST, when activated. After access to a sucrose solution on 
acquisition day, an E-filled capsule was implanted in each rat for I hour. For half of 
the rats, cooling was activated prior to implantation and was terminated after 
removal; it was not activated in the other half. Cooling the AP had no effect on the 
ability of E to induce a CTA. Taken together, these data suggest that information 
about the illness-inducing properties of E may be transmitted either by the NST or by 
both the AP and NST. Supported by BNRF

370.6

IN NORMALLY CYCLING INTACT FEMALE RATS EFFECTS OF 
OVARIAN HORMONES ON FOOD INTAKE ARE APPARENT IN 
MEAN DAILY LEVERPRESSING FOR FOOD S.M . Anderson*, 
G.A. Saviolakis, R.A. Bauman, K.Y. Chu, S. Ghosh, and G.J. Kant. 
Division o f Neurosciences, Walter Reed Army Institute o f Research, 
Washington. D .C. 20307-5100.

For several weeks daily vaginal samples were obtained at 0900-1000 
hrs from female Sprague-Dawley rats ( >  60 d. old) housed in the same 
room as male rats in our general animal colony (25°C , 60% humidity, 
lights on 0600-1800 hrs). Rats whose smears regularly displayed 4-5 
day estrous cycles were placed in sound-attenuated operant conditioning 
boxes and trained to leverpress for food pellets on an FR l schedule (one 
pellet per leverpress). Leverpresses for food were recorded continu
ously on a computer and daily vaginal smears were prepared throughout 
this study. Analysis o f  daily food intake (24 hrs. 0600 - 0559 hr, for 
several weeks) indicated that mean leverpresses for food on the day o f 
the proestrus smear were 370. The mean o f leverpresses for food on 
the days o f smears indicating estrus, metestrus and diestrus were 437, 
455. 440. respectively. Female rats in this study decreased food intake 
(ANOVA, F =  8. p <  0.001) during proestrus, just prior to ovulation, 
when estrogen normally reaches maximum plasma concentrations. These 
data are consistent with ad lib free feeding patterns in ovariectomized 
female rats receiving exogenous estrogen.
(Intramural research funded by the U .S. Army Medical Research and 
Materiel Command).

Society for Neuroscience, Volume 2 4 ,  1998



942 INGESTIVE BEHAVIOR II MONDAY PM

370.7
G O N A D EC TO M Y  D IFFER E N T IA L L Y  A F FE C T S SEX D IFFE R E N C E S IN D ELA Y ED  
C O N D IT IO N E D  TASTE A V ERSIO N LEARNING  IN RATS. K. Krekorian2, L. 
Bowy c r2, A. Smith2, D. Tieman2, M. Dimacali2, A. Schlaerth2, C. Kojima2, J. Young2, 
D. Mitchell1, J. Foy2 & M. Foy2. 1Dept. of Psychology. Univ. of Southern California: 
2Dept of Psychology. Loyola Marymount Univ ., Los Angeles. CA 90045

Behavioral sex differences arc found in a variety of learning paradigms, including 
taste neophobia and conditioned taste aversion (CTA) learning, in which animals arc 
poisoned after consuming a novel substance. We have previously reported that male 
rats arc more reactive to novelty than female rats, and in long-delay CTA learning, 
male rats develop and maintain a significantly stronger CTA across a 20-day post-
extinction test period than female rats (Foy et al., 1996). Recent data suggest 
mechanisms by which estradiol modulates memory processes bv affecting synaptic 
plasticity. The role of sex steroidal hormones in learning and memory is therefore 
important to address. Here we hypothesize that sex steroidal hormones play a piv otal 
role in taste ncophobia and long-delay CTA learning.

Fluid deprived (30 min/day) intact male and female rats and gonadcclomizcd male 
and female rats were compared in a saccharin 4-hr delayed LiCl poison CTA learning 
paradigm. A 20-day. two-bottle preference test (saccharin vs. water) revealed 
significant Sex (male and female). Group (intact and gonadcctomized) and Day (1-20) 
differences. While robust CTAs were induced in the intact male rats but not in the 
intact female rats, this effect was greatly attenuated by gonadectomy. When planned 
Sex x Group analyses were performed over the 20-day test period, gonadectomized 
male rats had a significantly higher saccharin preference compared to intact male rats. 
Gonadectomy essentially eliminated long-delay CTA learning in male rats. In 
contrast, gonadectomized female rats had a significantly lower saccharin preference 
compared to intact female rats Taste neophobia was more evident in both male 
groups and the gonadectomi/ed female group: it was not apparent in the intact female 
group. We suggest that sex differences reported in taste neophobia and long-delay 
CTA learning are mediated by the presence of circulating sex steroidal hormones.

Supported by NIA 1 PO 1 AG14751-01 ( MF ) & LMU Faculty Research Grants (JF & MF)

370.9

DOPAMINE RECEPTOR SUBTYPE ANTAGONISM AFFECTS THE 
EXPRESSION OF FLAVOR-FLAVOR AND NUTRIENT CONDITIONED 
FLAVOR PREFERENCES IN RATS.
W.Z. Yu*, A.V. Azzara, R.M. Silva, A. Sclafani and R.J. Bodnar. 
Neuropsychol. & Exper. Doct. Prog., Grad. Sch. & Univ. Ctr., Queens and 
Brooklyn C ol., CUNY, Flushing, NY 11367 and Brooklyn, NY 11210.

To examine a role for dopamine in either flavor-flavor conditioning or 
nutrient reinforcement, D1 (SCH23390) and D2 (raclopride) receptor subtype 
antagonists were tested on flavor-flavor preferences in sham-fed rats, and 
raclopride was tested on flavor preferences conditioned by intragastric (IG) 
sucrose infusions. In flavor-flavor testing, food-restricted (85% weight) or 
water-deprived (20 h) rats were trained (30 min/day) during sham feeding to 
associate one flavor with sucrose (16%, CS+)and another with saccharin 
(0.2%, CS-). In flavor-nutrient testing, food-restricted rats were trained to 
associate one flavored saccharin solution (CS+ )with IG 16% sucrose and 
another (CS-) with IG water. Choice tests occurred in both paradigms after 
equimolar doses (0,50,200,400,800nmol) of SCH23390 or raclopride. Vehicle- 
treatment produced preferences in both flavor-flavor (70-78%) and flavor- 
nutrient (88%) testing. In flavor-flavor testing, both SCH23390 and raclopride 
dose-dependently reduced C S+intake (50-80%) more potently than CS- intake 
(30-50%), reducing flavor-flavor preferences to 50%. Raclopride dose- 
dependently reduced CS + ,but not CS- intake in flavor-nutrient testing. Since 
CS- intake was low throughout testing, raclopride reduced preferences to only 
67%. These data implicate a role for both D1 and D2 receptor subtypes in the 
expression of flavor-flavor preferences in particular. Supported by CUNY 
Grant 991998.

370.11

EFFECT OF FEEDING AND SYSTEMIC AMPHETAMINE ON
MEDIODORSAL THALAMIC CHOLINERGIC ACTIVITY. P. Rada*, S. Tucci, J. 
Perez and L. Hemández. Department of Physiology, University of Los Andes P.O. 
Box 109, Mérida, 5101-A, VENEZUELA.

Previous works have shown that cholinergic neurons from the 
pedunculopontine nuclei (PPN) project to the ventral tegmental area (VTA) where it 
modifies dopamine neurons activity. Furthermore, intracranial selfstimulation and 
feeding increase acetylcholine (Ach) release in the VTA. Another cholinergic 
projection area of the PPN is the thalamus, however, little is known on the effect of 
natural behaviors or drugs of addiction on Ach release in the thalamus.

In the present experiments microdialysis coupled to HPLC-EC were used to 
monitor Ach from the mediodorsal thalamus during feeding in 16 hr. food deprived 
animals and following an amphetamine injection (5 mg/kg, i.p.).

Rats ate 2.1 ± .3 g of rat chow in a 20 min period and extracellular levels of 
Ach increased to 177 ± 18% of basal levels. In separate rats, a 400 ± 68% increase in 
Ach extracellular levels 40 min after an amphetamine injection was observed.

These results suggest that Ach in the mediodorsal thalamus might play an 
important role in natural behaviors, as well as in drug abuse. These results will be 
discussed.
This research was supported by CDCHT-ULA

370.8

MINERALOCORTICOID PRETREATMENT ENHANCES OXYTOCIN-INDUCED 
NEURONAL ACTIVITY IN THE RAT ANTERIOR FOREBRAIN. S.N. Thornton*, 
O. Cohin, F. Liénard and S. Nicolaidis. I.E.S.G.C.A., C.N.R.S. U.P.R. 9054. 
Neurobiologie des Régulations, 15 rue Hugues Picardet, 21000 Dijon, France.

Low dose, mineralocorticoid pre-treatment enhances neuronal activity in the 
medial septum/preoptic region of anaesthetized male rats and sensitizes these neurons 
to local application of angiotensin II (AngII). The combined application of these two 
hormones also produces a robust sodium appetite in conscious behaving rats. Oxytocin 
(Oxy) microinjected in the brain of unanaesthetised behaving rats has been shown to 
attenuate a mineralocorticoid + AngII-induced salt appetite. Thus we have investigated 
the effects of iontophoretic application of Oxy, and its specific receptor antagonist 
(OT), on neuronal activity and peptide sensitivity in this region using a 7 barreled 
micro-iontophoretic electrode sealed to a recording electrode in urethane 
anaesthetized, DOCA pre-treated and non-pretreated male Wistar rats.

Local application of Oxy in non-pretreated rats produced increases (excitation) 
and decreases (inhibition) of neuronal firing rate in 18% of the 267 neurons where it 
was tested (75% excitation, 25% inhibition). DOCA pre-treatment increased to 43% 
the percentage of neurons responding to Oxy (67% of these excitation, 33% 
inhibition). The number of neurons responding to local application of OT was also 
significantly increased by the mineralocorticoid treatment (3% in the non-pretreated 
rats and 14% in the DOCA pretreated rats). .Co-application of Angll and Oxy in the 
non-pretreated rats had an influence on only 3% of the 249 neurons where it was 
tested and of which 67% produced a decrease in neuronal firing rate. DOCA pre
treatment increased the percentage of responding neurons to 24% of which now an 
increase in firing rate was observed in 2/3 of them.

These results suggest that Oxy and AngII have mainly independent effects on the 
neurons in this region of the central nervous system and that mineralocorticoid 
treatment has a profound influence on the individual neuron sensitivities to Oxy and to 
AngII as well as on the interaction between the 2 peptides. However, the DOCA- 
induced effects do not account for the observed behavioral changes.

Supported by Evian Company and MH43787

370.10

DUODENAL FAT INFUSIONS FAIL TO ELICIT A CONDITIONED TASTE 
AVERSION IN SHAM FEEDING RATS. D. Greenberg*, L.A. Hasty and 
A.J. Strohmayer. Dept of Psychiatry, Cornell Univ Med Col and Dept of 
Neurology, North Shore Univ Hsp NYU Sch Med; White Plains, NY 10605.

We have previously shown that intestinal infusions of fats i.e. Intralipid 
(IL) reduce intake in sham and normally feeding rats. The absence of a 
conditioned taste aversion (CTA) is one criteria that could be used to 
interpret this feeding reduction as evidence of satiation. We thus used 
CTA to test the nature of the reduced feeding in response to intestinal IL.

Male rats (N = 10) were fitted w ith gastric cannulas and duodenal 
catheters to permit intestinal infusions during sham feeding. For training, 
rats were acclimated for at least 14 days to: daily ip injections of 0 .15M 
NaCI (1 ml); overnight food deprivation; and 90 minute sham feeding 
testing. For training, duodenal infusions of 0 .1 5M NaCI (10ml) were 
delivered at a rate of 0.44 ml/min beginning 12 min after sham feeding. 
For taste aversion testing rats were assigned to a single conditioning 
regiment of either ip LiCl paired with 0 .1 5M NaCI intraduodenally (ID), or 
ip 0 .15M NaCI paired with ID IL (5% or 2.5% ). Duodenal infusates were 
prepared to equal osmolality. After a 2 day rest, rats were examined for 
the presence of a CTA.

LiCl rats ate normally on the conditioning day but significantly (p < .05) 
reduced their intakes on the test day. IL rats significantly reduced their 
intakes on the conditioning day (p < .0 1 ) but not on the test day.

These results show that under these experimental conditions LiCl 
produced a CTA and IL did not. This lends further support to the 
hypothesis that intestinal IL infusions elicit satiation not illness. 
Supported by: DK-38757 (DG).

370.12

Intracerebroventricular administration of glucagon-like-peptide-1 to 
the monosodium-glutamate treated rat: Dissociation of taste aversion 
and feeding behavior.
Mads Tang-Christensen1+2*, P Kristensen2, PJ Larsen2 and Niels Vrang 
1Institute of Medical Anatomy sect B The Panum Institute University of Copenhagen, 
Denmark, 2HC Discovery, Novo Nordisk A/S Copenhagen Denmark

It has been debated whether centrally administrered GLP-1 inhibits food intake by 
activating neuronal circuits involved in feeding or by generating a conditioned taste 
aversion (CTA). We have recently shown that the inhibitory effect of GLP-1 on food 
intake as well as the peripheral inhibition of water intake is abolished in rats treated 
neonatally with mono-sodium glutamate (MSG). MSG treated rats, however, exhibited 
normal CTA to both LiCl and Amphetamine. Although central administration of 
GLP-1 (10µg) failed to inhibit food intake in MSG rats, the same dose produced CTA 
in MSG-rats.The distribution pattern of GLP-1 induced c-Fos immunoreactivity in 
MSG-treated rats was not different from that seen in untreated littermates, i.e. in the 
hypothalamus a high number of c-Fos immunoreactive (-ir) cells were observed in the 
medial parvocellular part of the paraventricular nucleus and in a subset of the supraoptic 
nucleus. Additionally a high number of c-Fos-ir cells were found in the central nuclues 
of the amygdala, the lateral parabrachial nucleus, the nucleus of the solitary tract and in 
the area postrema. Thus, c-fos immunoreactivity is unable to disclose the neurones 
responsible for mediating specific anorectic effects of GLP-1. This may be due to an 
overall inhibitory nature of GLP-1 upon feeding inducing neurones. We conclude that in 
spite of causing taste aversion in the MSG-rat, high doses of GLP-1 fails to inhibit 
food intake, suggesting that clearly separable anatomical substrates are sensitive to 
GLP-1 1) one being specifically involved in appetite regulation 2) another being 
responsible for causing altered CNS functional state to an unconcditioned stimulus.
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370.13

Intracerebroventricular infusion of CART peptide induces c-Fos 
protein in areas implicated in central control of food intake.
N. Vrangl*,_P.J. Larsen2, P. Kristensen2 and M. Tang-Christensenl,2. 
1Dept. Anatomy, University of Copenhagen, Blegdamsvej 3, 2200 Copenhagen, 
Denmark. 2 Health Care Discovery, Novo Nordisk A/S, Copenhagen, Denmark 

We have recently shown that intracerebroventricular (icv) administration of the 
hypothalamic neuropeptide CART (cocaine-amphetamine-regulated-transscript) inhibits 
food intake in the rat. Furthermore, CART synthesis in the arcuate nucleus is induced 
by leptin. To identify brain areas potentially involved in mediating the anorectic effects 
of CART, neuronal expression of the immediate early gene c-fos in CART treated rats 
was studied. Male Wistar rats were fitted with icv cannulas and housed under 12:12 LD 
conditions in individual cages. One week post surgery 0.5µg of recombinanant CART 
(55-102) or saline was administrered icv and animals transcardially perfused with 4% 
paraformaldehyde 60, 120 or 240 minutes after the injection. Compared to saline,
CART induced c-Fos expression in several hypothalamic and brain stem structures 
implicated in the central control of food intake. In the hypothalamus a high number of 
c-Fos immunoreactive (-ir) cells was observed in the dorsal aspect of the medial 
parvocellular part of the paraventricular nucleus, in the supraoptic nucleus and in the 
posterior part of the dorsomedial nucleus. A lower number of c-Fos positive nuclei were 
found in the arcuate nucleus and in the perifomical nucleus. Only few c-Fos-ir cells 
were located within the ventromedial hypothalamic nucleus. A relatively high number 
of c-Fos-ir cells were found in the central nucleus of the amygdala. In the brainstem 
c-Fos-positive nuclei were found in the parabrachial nucleus, and in the nucleus of the 
solitary tract. Notably both the area postrema and the dorsal motor nucleus of the vagus 
were virtually devoid of c-Fos-ir cells. The present experiments suggest that CART 
peptide exerts its inhibitory effects on appetite by activating neurones implicated in the 
central control of feeding behaviour and metabolism.

370.15

COMBINED ANORECTIC TREATMENT IN RATS: ADDITIVE OR SYNERGISTIC? 
J.D. Roth, N. Cook, D.J. Stehouwer* and N.E. Rowland. Dept. of Psychology, Univ. of 
Florida; Gainesville, FL 32611-2250.

Fenfluramine (FEN) and phentermine (PHEN) were recently used in combination to 
treat obesity. Because FEN and PHEN exert their anorectic effects via discrete 
transmitter systems (serotonin and noradrenaline/dopamine, respectively) it was hoped 
that in combination they would interact to suppress appetite and promote weight loss to 
a greater extent than when administered individually. The efficacy of the combination 
relative to the individual drugs, however, has not been systematically studied. In the 
present experiments isobolographic analyses were conducted to quantify whether FEN 
and PHEN exert less than additive, additive or synergistic anorectic effects in food 
deprived rats consuming powdered chow and in nondeprived rats consuming a palatable 
milk solution. 24 h food deprived rats were pretreated with fixed doses of FEN (0, 0.25) 
combined with a range of doses of PHEN (0.625, 1.25 and 2.5 mg/kg) and fixed doses 
of PHEN (0,2.5) were combined with a range of doses of FEN (0.25, 0.5, 0.75 and 1.0 
mg/kg) prior to a 90 min food intake test. Similarly, nondeprived rats were pretreated 
with fixed doses of FEN (0,0.5) combined with a range of doses of PHEN (2.0, 4.0 and 
6.0 mg/kg) and fixed doses of PHEN (0, 2.5 mg/kg) combined with a range of doses of 
FEN (0.5, 1.0, and 1.5 mg/kg) prior to a 90 min milk intake test. The milk intake 
experiment also incorporated groups of rats treated with PHEN (0, 2.5, 5 mg/kg) 
combined with a range of doses of the 5-HT2C agonist I-[3- (trifluoromethyl)- 
phenyl]piperazine (TFMPP; 0.5, 1, 1.5 and 2 mg/kg). The purpose of combining TFMPP 
with PHEN was to determine whether additivity or synergy could be obtained with other 
anorectic mixtures or was specific to FEN/PHEN. Collectively, these analyses revealed 
that: (1) FEN/PHEN interacted in at least an additive manner across both paradigms of 
stimulated intake, (2) PHEN was more effective at suppressing food intake in deprived 
rats than milk intake in non-deprived rats, and (3) PHEN can also combine with TFMPP 
to yield additive anorectic effects. [Intramural Support]

370.17

IN C R E A S E S  IN M E A L  S IZ E  F O L L O W IN G  B L O C K A D E  O F  
N M D A  R ECEPTO R S IN T H E C A U D A L  HIN DBR A IN . B .R . Treece,
R.C. Ritter, and G. A. Burns*. Department o f  Veterinary and Comparative 
Anatomy, Pharmacology and Physiology, Washington State University, 
Pullman, WA 99164-6520.

We have reported that rats increased their intake o f  food, but not water, 
following an intraperitoneal injection o f  D izocilpine (M K-801), a non-
competitive antagonist o f  N-methyl-D-aspartate (NMDA)-activated ion 
channels. The drug appears to specifically interfere with signals that 
participate in meal termination (satiety), thereby prolonging the meal 
and increasing its size. The mechanism by which this occurs is not known. 
Vagal sensory neurons are known to be important for satiation. We have 
shown that the effects o f  NM D A  receptor blockade on food intake are 
eliminated by subdiaphragmatic vagotom y. N M D A  might exert its 
influence at sites where vagal afferent fibers terminate on second-order 
neurons in the nucleus o f  the solitary tract (NTS). To test this hypothesis, 
we stereotaxically implanted 26 gauge cannulae, aimed for the NTS, and 
examined the effect o f  a 30 nl intra-NTS injection o f  MK-801 (6.6 ng/nl) 
on food intake. M K-801, delivered into the medial nucleus o f  the NTS  
near the rostral border o f  the area postrema, significantly (p=.0 1) increased 
meal size, compared to vehicle injections. These results suggest that 
endogenous excitatory amino acids, acting at N M DA receptors on neurons 
in the caudomedial portion o f  the N TS, may play a role in satiation for 
food.

National Institutes of Health, Institute o f Neurological Communicative 
Disorders and Stroke grant N S-20561 supported this work.

370.14

EFFECT OF AREA POSTREMA LESIONS ON ANORECTIC AND 
BRAIN FOS ACTIONS OF DEXFENFLURAMINE AND AMYLIN.
R.M. Richmond and N.E. Rowland*. Psychobiology Program, Dept. of 
Psychology, Univ. of Florida, Gainesville, FL 32611-2250.

Amylin is a putative endogenous pancreatic satiety peptide that we have 
shown induces Fos-immunoreactivity (ir) prominently in the area postrema 
(AP) and other brain regions. In order to determine whether the AP is 
necessary for the anorectic action of amylin, we made aspiration lesions of the 
AP in adult female Sprague-Dawley rats. Controls received a sham operation. 
Using 24 hr deprivation as a stimulus, we found that the anorectic effect of 
amylin (50 µg/kg, SC) was completely abolished by AP lesions. Likewise, 
the induction of Fos-ir by amylin in several other brain regions was greatly 
attenuated by the AP lesion. Because subdiaphragmatic vagotomy has been 
reported to have no effect on amylin anorexia, our data suggest that direct 
action of amylin at the AP may be necessary for its anorectic action. We have 
previously shown that the lateral parabrachial nucleus (LPB), which receives 
inputs from the AP, is important for the anorectic action of dexfenfluramine 
(DFEN), a serotonergic agent. Thus, in a separate study, we examined the 
effects of AP lesion on the anorectic action of DFEN. In contrast to the above 
result with amylin, AP lesions had no effect on the anorectic action of DFEN 
(2 mg/kg SC). AP lesion had little effect on DFEN-induced Fos-ir in most 
brain regions except for a marked decrease in the paraventricular nucleus. 
These and other data suggest that DFEN exerts direct effects rostral to and 
independent of the AP for its anorectic activity. The AP has been implicated 
in sickness and the formation of taste aversions; our data thus suggest that the 
anorectic effect of DFEN is unrelated to its action in taste aversion paradigms.
[Intramural support].

370.16

THE EFFECTS OF D-FENFLURAMINE AND THE SELECTIVE 5-HT2C 
RECEPTOR AGONIST RO 60-0175 IN THE ELEVATED ZERO-MAZE, AN 
ANIMAL MODEL OF ANXIETY.
S.M. Weiss, P. Goetghebeur., A.R. Knight. Dept. of Neuropharmacology, 
Cerebrus Ltd.,Wokingham. RG41 5UA. U.K.
A substantial body of evidence suggests that activation of 5-HT2C receptors 
reduce food intake, and recently in has been argued that 5-HT2C receptors may 
mediate the anorectic effects of 4-fenfluramine. However, non-selective 5-HT2C 
receptor agonists such as m-chlorophenylpiperazine (mCPP) and MK-212 have 
been shown to be anxiogenic in both human and animal studies. Furthermore, 
selective 5-HT2C receptor antagonists are reported to be anxiolytic-like in a 
variety of animal models, while mutant mice lacking the 5-HT2C receptor have 
been reported to display reduced anxiety in open field and elevated x-maze tests 
(Kennett et al., Neuropharm. 36: 609, 1997) As enhancement of anxiety reduces 
consummatory behaviours including food intake, the possibility exists that the 
anorectic effects of 5-HT2C receptor activation may be due to increased anxiety. 
To further explore the role of the 5-HT2C receptor in anxiety, we compared the 
effects of the selective 5-HT2C receptor agonist RO 60-0175 (1-30 mg/kg p.o.), to 
those of 4-fenfluramine (1-30 mg/kg p.o.) and the non-selective 5-HT2C receptor 
agonist mCPP (1-3 mg/kg p.o.) in the elevated zero-maze model of anxiety. 
mCPP produced a anxiogenic-like profile in the test, with reduced time in the 
open areas of the maze, increased stretched-attend postures, and reduced head- 
dipping and locomotor activity. By contrast, both RO 60-0175 and 4- 
fenfluramine produced dose-dependant profiles consistent with sedation, by 
reducing measures of exploration without significantly increasing stretched- 
attend postures. These data suggest that the anorectic effects of 4-fenfluramine 
and RO 60-0175 are not due to enhanced anxiety, but are difficult to reconcile 
with the established anxiolytic effects of reduced 5-HT2C receptor function.

370.18

DIFFERENTIAL LOCALIZATION OF AMPA- AND AMPA / KA RECEPTOR 
ANTAGONIST- ELICITED FEEDING IN THE HYPOTHALAMUS OF SATIATED 
RATS. S.R. Hettes*, W.J.L. Gonzaga, S.D. Perez, S.D. Wolfsohn, B.G. Stanley. 
Depts. of Psychology & Neuroscience, Univ. of California, Riverside, CA 92521 

We have previously shown that both AMPA and the AMPA / kainate receptor 
antagonists, NBQX and CNQX, elicit intense feeding when microinjected into the 
lateral hypothalamus (LH) of satiated rats. To determine the actual locus of these 
effects for all three molecules, sites bracketing the LH were implanted with indwelling 
guide cannulas to see if microinjection into a site other than the LH might elicit more 
intense feeding. AMPA (0.1 & 1 nmol in 0.3 µl of aCSF), NBQX (1 & 30 nmol in
0.3 µl of aCSF/ H2O vehicle), and CNQX (4 & 40 nmol in 0.3 µl of DMSO vehicle), 
were microinjected into one of eight brain sites in satiated rats and food intake was 
measured. These sites were: the LH, the anterior and posterior tips of the LH, the 
paraventricular (PVN) and the perifomical hypothalamus (PFH), the thalamus (just 
dorsal to the LH), the amygdala, and the ventral pallidum / nucleus accumbens region. 
AMPA (1 mnol) elicited the largest response (7.4 gin in 1 hr, p<0.05) when injected 
into the LH and a slightly smaller, but statistically nonsignificant response in the PFH. 
NBQX (30 nmol) elicited the greatest response (19.7 gm in 1 hr, p<0.05) in the PFH 
and much smaller responses in the PVN and LH. CNQX (40 nmol) elicited its 
greatest effect (10.2 gm in 1 hr, p<0.05) in the PVN, with smaller effects in the PFH 
and LH. For all three drugs, injections into the other brain sites tested elicited no 
eating, or smaller and less reliable scores. These results, demonstrating differential 
localization of the feeding elicited by these three neuroactive substances, suggest that 
AMPA and AMPA receptor antagonists may be acting via mechanisms with distinct 
but overlapping distributions within the hypothalamus.

This work was funded by NIH Grant NS24268
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370.19

DISTINCT PATTERNS OF AFFERENT INPUTS TO THE LATERAL 
HYPOTHALAMIC REGION WHERE NMDA ELICITS FEEDING. M.A. Duva *,
A. Sukhaseum, E M. Tomkins, L.M. Moranda, & B.G. Stanley. Depts. of Psychology 
& Neuroscience, Univ. of California, Riverside 92521.

We have recently reported that reverse microdialysis of NMDA into the lateral 
hypothalamus (LH) induces a short-latency, behaviorally selective feeding response, 
and that subsequent administration of Fluorogold (FG) labels possible feeding-related 
afferents which terminate in the vicinity of the dialysis probe. Here, we report that 
NMDA’s feeding-stimulatory effects are not uniform throughout LH, and that regions 
sensitive to NMDA have distinctly different patterns of afferent innervation than other 
LH areas where NMDA is without effect. NMDA at 660 µM (5 µl/min. for 10 min.) 
stimulated feeding (7.6 g in 50 min.) when reverse dialyzed into the tuberal LH, but 
it was ineffective in more anterior or posterior portions of the LH. Subsequent to the 
feeding tests, all rats received FG (0.2% at 5 µl/min. for 10 min.) through the probe. 
After a 3-4 day survival period with the dialysis probe in place, 50 µm sections were 
collected, dehydrated and observed with a fluorescence microscope. Many of the sites 
containing retrograde label were similar among all rats with probes implanted along 
the rostro-caudal extent of the LH. These included ipsilateral projections from the 
oibitoffontal, cingulate and infralimbic cortex, medial amygdala, ventral tegmental 
area, and the medial and lateral parabrachial nuclei. However, rats with probes in the 
tuberal LH, which ate in response to NMDA, had consistent retrograde labeling in 
some areas which was markedly more intense and/or dense than in rats with anterior 
or posterior, ineffective probe placements. These areas included the ipsilateral 
nucleus accumbens, median preoptic area, and median raphe. This study reveals a 
discrete site in the tuberal LH which is uniquely sensitive to the feeding-stimulatory 
effects of NMDA and a distinctive pattern of afferent input to this site which may be 
relevant to glutamatergic control of ingestive behavior in the LH.
(Funded by NIH NS24268)

STRESS III

371.1

MULTIPLE IMMEDIATE-EARLY GENE EXPRESSION 
DURING ADAPTATION TO REPEATED STRESS: 
MODULATION BY DHEA. J. A.Stamp and J.Herbert* Department 
of Anatomy and MRC Cambridge Centre for Brain Repair, 
University of Cambridge, UK.

This study had two objectives: (i) to determine whether there were 
individual differences in the adaptation of a range of immediate- 
early genes (IEG) to repeated stress (ii) whether this process was 
altered by DHEA, an anti-glucocorticoid steroid known to be 
altered in man by stress. Four groups of male rats were implanted 
subcutaneously with either DHEA or control (paraffin) pellets. 
They were then subjected to either a single or 14 days of restraint 
(60 min/day), or exposed only to the testing room (non-stress). C- 
fos, fos-B , and c-jun  were displayed by im m unocytochemistry. 
Areas examined included: septum, PVN, amygdala, locus ceruleus 
(LC) and solitary nucleus (NTS). Acute restraint increased c-fos in 
all these areas except the amygdala and LC. Fos-B  was similar, 
except for NTS (no increase) and LC (increased). C-jun increased 
only in the ventrolateral septum. After 14 days restraint, all areas 
showed reduced c-fos and Fos-B compared to a single stress; C-jun 
expression in the septum also adapted. DHEA implants had no 
clear-cut effects on any IEG following a single stress, but increased 
the expression of c-jun in the septum following repeated stress. 
These experiments show that the adaptation of IEGs to repeated 
restraint stress, and their modulation by DHEA, occurs in a site- 
specific pattern in the brains of male rats.

371.2

REDUCED SEROTONIN SELECTIVELY ALTERS 
BEHAVIOURAL, ENDOCRINE AND NEURAL RESPONSES TO 
REPEATED SOCIAL STRESS IN MALE RATS. KK Chung,* 
Manuela M artinez and J. Herbert Department of Anatomy, MRC 
Cambridge Centre for Brain Repair, University of Cambridge, UK 
and Area of Psychobiology, University of Valencia, Spain.

This study investigated the effects of 5-hydroxytryptamine (5HT) 
depletion by bilateral icv infusion of 5,7-dihydroxytryptam ine 
(following drug treatments to prevent depletion of other amines) 
on the adaptation to repeated social stress in male rats. Lesioned 
and sham-operated male rats were exposed to defeat by a larger 
dominant male once daily for 10 consecutive days in the latter’s 
home cage. 5HT depletion was 59-91%  in different brain areas. 
There were selective effects on behaviour: the residents aggressive 
behaviour was unaltered but the intruders’ freezing behaviour, 
which increased with time in control rats, was reduced by 5HT 
depletion; locomotion increased. Corticosterone levels fell with 
repeated social stress in both groups, but basal levels were higher in 
lesioned animals. Control rats showed consistent hyperthermic 
responses to stress, but these increased markedly in lesioned rats. 
Heart rate responses to stress were unaffected by 5HT depletion. 
Stress-induced c-fos expression in medial amygdala and central 
grey (but not other areas) was increased by 5HT depletion after 10 
consecutive days of social defeat. These results strongly suggest 
that the serotoninergic system has specific roles in the process o f 
adaptation to repeated social stress.

371.3

EFFECTS OF DIAZEPAM AND SOCIAL DEFEAT ON RISK ASSESSMENT 
IN A MODIFIED RESIDENT-INTRUDER TEST, AND ON TERRITORIAL 
URINE MARKING, IN C57BL/6 MICE. L A. Lumley*, G.A. Saviolakis, R.C. 
Charles, R.F. Charles, I.M. Smith, J.L. Meyerhoff. Div. of Neurosciences,
Walter Reed Army Institute of Research. Washington, DC 20307.

Diazepam typically decreases anxiety. However, diazepam has been observed 
to increase flight behavior in rats (Blanchard et al., 1989), Syrian hamsters 
(Hebert et al., 1996), and mice (Lumley et al., 1997) under certain test situations. 
We previously observed two low doses of diazepam administered to DBA/2 male 
mice to have opposite effects on select behaviors in a modified resident-intruder 
test (barrier test) (Lumley et al., 1997). In particular, 0.5 mg/kg increased 
measures of risk assessment (i.e. approach, stretch attend posture, flat body 
approach behavior) and increased flight, whereas, 2.0 mg/kg decreased measures 
of risk assessment. We were interested in determining whether these effects 
would generalize to C57BL/6 male mice. We administered diazepam (0, 0.5, 2.0 
mg/kg, i.p.) to C57BL/6 male mice 24 hr after social defeat or no defeat, after 
which mice were tested in a modified resident-intruder test (barrier test), and an 
array of behaviors was recorded. 72 hr after defeat or no defeat, mice again 
received diazepam (0, 0.5, 2.0 mg/kg, i.p ), prior to a test of territorial urine 
marking. Defeated mice displayed greater flight, defensive posture, and stretch 
attend posture and less territorial urine marking than did non-defeated mice. In 
contrast to its effects in DBA/2 mice, both doses of diazepam decreased stretch 
attend posture and had no effect on flight behavior, and decreased territorial 
urine marking. In sum, diazepam affected risk assessment differently in C57BL/6 
mice than it had in DBA/2 mice. *L.A. Lumley is a National Research Council 
fellow. Funding was provided by USA MRMC.

371.4

SEX DIFFERENCES IN THE EFFECTS OF MSG AND NEURAL GRAFTS ON 
ACOUSTIC STARTLE RESPONSE (ASR) IN RATS F. J. Yang*, M. M. Doat, 
J. Connor, S. Taylor and M.-T. Romero. Psychology Dept., Binghamton 
University, SUNY, Binghamton, NY 13902 

Neonatal MSG treatment produces degeneration in the arcuate nucleus 
(AN) and induces functional and behavioral deficits in rodents. The 
extent of damage is dose dependent. The smallest effective dose reported 
is 0.25mg/g. In our previous study, we found that neonatal 4mg/g MSG 
treatment increased the amplitude and decreased the range and rate of 
habituation of ASR in male and female rats. Cortical tissue (CT) grafts 
reduced the ASR amplitude, but AN grafts had no effect. In the present 
study, 42 female and 35 male rats were treated with a low dose of MSG 
(0.4mg/g) or saline from postnatal (P) days 2 to 10. On P12, E20 AN 
or CT was grafted into the 3rd ventricle of MSG-treated rats. Controls 
received sham surgery also. ASR was tested when animals were adults. 
After the test, brains were processed for histological and 
immunocytochemical analyses. No morphological differences were 
observed among the groups. MSG 0.4 mg/g increased the ASR amplitude 
in females (as observed with 4mg/g MSG treatment), but not in males. 
AN grafts significantly reduced the response magnitude in females, 
while CT graft reversed the MSG effect on ASR to control levels. In 
males, AN grafts had no effect while CT grafts increased ASR amplitude. 
These results indicate important sex differences in MSG susceptibility 
and neural functional reorganization during development. Supported 
by the Research Foundation of SUNY.
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371.5

GENETIC SENSITIVITY TO ACUTE IMMOBILIZATION STRESS. G.T. Golden*, C.H. 
Yang, W.H. Vogel, T.N. Ferraro, F.A. Grau, S.M. Chick, W.H. Berrettini . 
Department of Veterans Affairs Medical Center, Coatesville, PA 19320, 
University of Pennsylvania, Phila. PA 19104, Thomas Jefferson University, 
Phila., PA 19107 and Kyungsan University, Korea

Alterations in catecholamines in both the brain and periphery occur in 
response to stress. Immobilization is a simple and effective stressor that has 
been shown to produce large increases in plasma levels of norepinephrine (NE) 
and epinephrine (EPI). To study the genetic factors involved in the neuroendo
crine responses to acute stress, we compared the magnitude of the stress 
reactions in five inbred rat lines by measuring plasma catecholamines in 
response to an acute immobilization stress and behavioral reactivity in a 
novel environment with the open field (OF) and the staircase test (SC). Male 
adult (mean = 72 days ±11) rats from the Wistar-Kyoto (WKY), Brown- 
Norway (BN), Fisher 344 (F344), Lewis (LEW) and Wistar-Furth (WF) inbred 
lines were group housed one week prior to use. All testing was conducted 
during the light phase of the animal’s light-dark cycle (09:00-12:00 h). 
Animals were tested for behavioral reactivity in both the OF and SC twice. 
Three days after the second SC animals were chronically catheterized to 
obtain jugular blood samples. After a two day post-surgical recovery period, 
blood samples (0.6 ml) were taken before, during and after a 30 min period of 
immobilization stress. Plasma concentrations of catechols (NE, EPI, DA, dopa 
and DOPAC) were assayed using HPLC. Strain differences in both behavioral 
reactivity to a novel environment and stress-induced plasma catecholamine 
levels were noted, with the WKY and BN strains the most divergent. WKY rats 
showed significantly less exploratory activity in both the OF and SC conditions 
(p<.0001) and demonstrated more emotionality in the OF (range p<.005 - 
p<.03) than BN rats. BN rats showed significantly higher plasma NE (peak 
increase of 241%, p<.01) and EPI (peak increase of 469%, p<.02) levels than 
WKY (NE-peak increase of 126%, EPI-peak increase of 303%) during 
immobilization stress. Further dissection of this model may lead to 
identification of genetic factors that contribute to the neuroendocrine 
adaptation to acute stress. (Supported by the Department of Veterans Affairs)

371.7

THE EMERGENCE TEST; A MEASURE OF NEOPHOBIC DISPOSITION IN WKY 
AND OTHER RAT STRAINS. S. Tejani-Butt1*, W.P. Pare2 and J. Kluczynski2. 
1Philadelphia College of Pharmacy and Science, PA 19104, and 2V.A. Medical Center, 
Perry Point, MD 21902.

Neophobic disposition may function as an intrinsic factor that 
modulates the organism’s response to stress. The standard technique for 
measuring neophobia in the rat is the open field test (OFT). However, the OFT 
is mildly stressful because the rat is physically handled and placed in a novel 
illuminated arena, and this may mask individual differences in reactivity at the 
moderate to low end o f the emotional continuum. In our Emergence Test (ET), 
the home cage is placed on its side in a comer of the test arena in a room that is 
NOT illuminated. The rat can remain within its home cage or walk out and 
explore the arena during a 25 min test period. Sprague Dawley (SD) rats were 
found to exit the home cage sooner and were more active than Wistar-Kyoto 
(WKY) rats. When the effect o f prior stress on subsequent ET behavior was 
studied in SD, WKY, Wistar and Spontaneously Hypertensive rats, previously 
stressed rats were slower in leaving their home cage and less active in the ET 
(i.e., more neophobic). However, the WKY rats showed the most pronounced 
neophobic behavior. In rats tested in four daily ET, neophobic behavior 
diminished in SD rats as a function o f ET trials but never diminished in WKY 
rats. When ET behavior was studied in rats treated with nomifensine, a 
dopamine uptake blocker, it was found that treated rats exited the home cage 
sooner and were more active than saline treated rats, suggesting that the ET 
behavior may be mediated via a dopaminergic mechanism. Thus the present 
study indicated that the WKY strain is not only hyperresponsive to stress but 
that ET may also represent a new procedure for evaluating neophobic 
disposition. (Supported by V.A. Medical Research Service).

371.9

HYPERTHERMIA AND TYROSINE ADMINISTRATION AFFECT BEHAVIORAL 
PERFORMANCE BUT NOT HIPPOCAMPAL CATECHOLAMINES.
SK Yeghiavan*1, C Amendola1, TH Wu2, TJ Maher2, HR Lieberman1. United States 
Army Research Institute of Environmental Medicine, Natick, MA 017601 and 
Massachusetts College_of Pharmacy, Boston, MA021152.
The effects of acute hyperthermia elicited by exposure to elevated ambient temperature 
were investigated behaviorally and neurochemically. Core body temperature of male, 
Fisher 344 rats was elevated ca. 2-3°C and behavior was assessed by two measures. 
Heat exposure produced deficits in performance on the Porsolt Behavioral Despair Test 
that were prevented by pretreatment with tyrosine (TYR; 400 mg/kg IP), a dietary 
amino acid that serves as a precursor to central dopamine (DA) and norepinephrine (NE) 
synthesis. Rats exposed to heat displayed significantly longer immobility times during 
a 6 min forced swim task than normothermic controls (sec ± SEM; hyperthermic: 52.0 
± 14.9 vs. normothermic: 6.8 ± 5.0; t19 = -3.0, p < .01). Additionally, rats pretreated 
with TYR 30 min before heat exposure performed significantly better than vehicle- 
treated controls (t19 = -2.2, p < .05). Performance on the Morris Water Maze (MWM), a 
test of learning and memory, was similarly impaired by exposure to heat. The mean 
escape latency during the acquisition phase was significantly elevated by heat (F1.22 = 
8.1; p < .01) and during the memory phase of the MWM paradigm, both heat-stressed 
and normothermic rats showed decreased escape latencies (F1.22 = 5.6, p < .05). TYR 
pretreatment did not alter escape latency in heat-stressed rats during either phase. 
Finally, in vivo microdialysis was conducted to determine whether hippocampal NE or 
DA concentrations were altered following exposure to heat or TYR pretreatment. A 
trend toward increased NE and DA concentrations in the ventral hippocampus was found 
following heat exposure. TYR pretreatment did not significantly alter hippocampal 
catecholamine levels following heat stress. Behavioral effects of heat stress, as well as 
TYR administration, may be influenced by brain regions that mediate motor or 
motivational processes to a greater degree than those regulating higher cognitive 
functions.

371.6

CHRONIC UNPREDICTABLE STRESS ALTERS THE BEHAVIORAL 
EFFECTS OF COCAINE C.N. Haile*, T.J. GrandPre and T.A. Kosten. 
Department of Psychiatry,Yale University School of Medicine, New Haven.CT 06510.

Stress and cocaine induce similar neuroadaptations within the mesolimbic dopamine 
system, and stimulate the hypothalamo-pituitary-adrenal (HPA) axis to secrete 
corticosterone (CORT). Both systems are implicated in mediating the reinforcing 
effects of cocaine and may play an important role in behavioral cross-sensitization or 
interchangeablility between the two. In this study, we examined if a chronic 
unpredictable stress paradigm (CUS) would alter cocaine induced locomotor 
sensitization and conditioned place-preference (CPP) and if these changes would 
correlate with plasma CORT levels. Sprague Dawley rats were first habituatcd to a 
locomotor apparatus for 4 days and then either subjected to CUS for 10 days or left in 
their home cages (non-stressed, CON). Rats were then divided into two groups and 
given saline or cocaine (7.5mg/kg. i.p.) and their locomotor activity measured for 
30min over 4days. Half an hour after the last test day, rats were decapitated and truck 
blood was taken for CORT assays. Cocaine induced locomotor activity was greater in 
CUS rats compared to CON on the first 2 days (p=0.05). CUS significantly elevated 
CORT levels (p<0.05) as did cocaine (p<0.05). CORT levels in CON animals 
challenged with cocaine was similar to saline treated stressed animals. There was a 
significant correlation between CORT plasma levels and locomotor response in all 
groups (r=0.514;P<0.02). CPP was performed with CUS and CON rats using 
0.2.5,5.0, and 7.5mg/kg cocaine with two training trials per day for 3 days (saline 
then cocaine). CUS enhanced CPP at 5.0 mg/kg compared to CON rats but at the 7.5 
dose produced a pronounced place aversion. Consistent with effects of acute stressors. 
CUS pre-sensitized animals to the locomotor stimulating and reinforcing effects of 
cocaine as measure by CPP. However, the highest dose tested in CPP that produced a 
place preference in CON animals, induced a place aversion in CUS animals indicating 
a possible enhancement in drug potency. (NIDA 04060)

371.8

ACCURATE LASER INDUCED LESIONS HELP TO STUDY BRAIN FUNCTION 
BY AREAS M.J. Gómez-Villalobos,1*A. Hernández,1 A.B. Silva,1 O. Ibáñez,1 K. 
Khotiaintsev,2 V. Camacho,1 M. Barajas,1 M. Lozano,1 V Svirid,1 S. Khotiaintsev1 
and G. Flores1. 1 Inst.of Physiology, BUAP. A. P. 406. Puebla. Pue., C. P. 72570. 
Mexico; :Fac. of Comp. Sci., Puebla Aut. Univ.; 3Fac. of Eng. Mexico Nat Aut. Univ.

Accurate laser-based technique for anatomical-functional mapping in vivo of the 
brain of experimental animals is presented. In contrast to excitoloxic. rather extensive 
lesions, the new technique permits to produce very small and accurate lesions. We 
have assessed the behavioral consequence of small laser-induced lesions of medial 
prefrontal cortex (MPFC) of the brain of experimental animals (male Wistar rats). 
The 12 Watt CW CO2 laser is employed for this purpose. The low cost of this laser is 
the advantage of the method. The anesthetized animals are placed in stereotaxic 
instrument. The MPFC is subjected to laser radiation pulses via small-diameter 
metallic waveguide inserted in a perforation in the cranium, resulting in small 
damages to the MPFC. Two weeks after the laser-lesion, the behavior of each animal 
is assessed under five testing conditions. 1) Locomotion in activity boxes. 2) Social 
interaction in a familiar cage. 3) Stress measured by the elevator maze plus test. 4) 
Grooming assessed by the open field test. 5) Exploratory behavior assessed in a black- 
color cage. The behavior test shows that both laser-lesioned and sham-operated rats 
exhibit active exploratory behavior in a novel environment. However, a significant 
increase in exploratory behavior is clearly observed in MPFC laser-lesioned rats. No 
changes are observed in social interaction, grooming and exploratory behavior. 
Histological data reveal neural loss and gliosis in the laser lesioned area, which 
includes small part of the first layers of the frontal cortex. Laser-induced lesions are 
much smaller, in comparison to big excitotoxic lesions. In conclusion, in view of the 
complex neuroanatomical and neurochemical reorganization in the MPFC after injury 
and the resulted behavioral changes, our results permit to suggest that laser lesions 
may in part help to understand the neuroanatomical-functional correlation for small 
regions of the brain.(Supported by CONACYT Mexico)

371.10
THE ANTIDEPRESSANT, NEFAZODONE, BLOCKS STRESS-INDUCED 
INCREASES IN SEXUAL BEHAVIOR AND WET-DOG SHAKES IN THE 
FEMALE RAT. L.A. Brotto1, L.A. Hanson1, N.V. Watson2* and B.B. Gorzalka1. 
Dept. of Psychology, University of British Columbia1, Vancouver, BC, V6T1Z4 
and Dept. of Psychology, Simon Fraser University2, Burnaby, BC, V5A1S6.

The effects of chronic, psychosocial stress on sexual behavior and Wet-Dog 
Shakes (WDS), a 5-HT2A receptor mediated behavior, were investigated in the 
female rat. In addition, the effects of the antidepressant nefazodone, a selective 5- 
HT2A receptor antagonist, was observed both alone, and in combination with the 
stress regimen. Forty female Long-Evans rats were ovariectomized, and were 
randomly assigned to either the stress or no stress condition. Psychosocial stress 
consisted of 1/2 hour per day of crowding, strobe light, and intermittent white 
noise for 30 days in a wooden arena. Half of the animals from each group 
received 100 mg nefazodone daily, while the remaining animals received the 
vehicle. In experiment 1A, all animals were estrogen treated, and tested for 
sexual receptivity, proceptivity, and WDS. Results demonstrated that chronic 
stress significantly increased sexual behavior and WDS, and that this effect was 
blocked by nefazodone. In experiment 1B, animals were pretreated with DOI, a 
5-HT2a receptor agonist, and then tested as in the previous experiment. DOI was 
found to strengthen the stress-induced increases in sexual behavior and WDS in 
females. While nefazodone did not significantly attenuate the effect on sexual 
behavior, it completely blocked the effect of stress on WDS. In neither 
experiment did nefazodone alone exhibit any effect on the behaviors tested. 
Overall, the present results demonstrate that chronic stress increases sexual 
behavior and WDS in the female rat, and that this effect is blocked by nefazodone. 
These data are consistent with our previous research indicating that chronic 
corticosterone treatment increases sexual behavior and WDS in the female rat, 
and that this effect is blocked by antidepressants (Hanson et al., E J  Pharm, 
(1998) 342, 163-165). Supported by NSERC Canada.
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371.11

BRAIN NEUROSTEROID LEVELS IN ADRENALECTOMISED RATS 
FOLLOWING EXPOSURE TO THE ELEVATED PLUS MAZE. J.A.V.Cramp1, 
C.Routledge2 and G.W.Bennett1. (SPON: British Neuroscience Association). 1Sch. of 
Biomedical Sciences, Nottingham University, Nottingham, U.K. NG7 2UH. 
2SmithKline Beecham Pharmaceuticals, Harlow, Essex. U.K. CM19 5AW 

Dehydroepiandrosterone (DHEA) is a major steroid product of the adrenal gland and 
is synthesised, and has actions, in the brain. The aim of this study was to investigate the 
effects of exposure to the elevated plus maze (EPM) on behaviour, plasma 
corticosterone and brain and plasma DHEA levels in adrenalectomised (ADX) rats. 
Male Lister hooded rats (200-250g, Charles River) were exposed to the EPM for 5 
minutes of free exploration two weeks after ADX or sham surgery. This was followed 
by immediate killing, collection of whole blood and brain tissue samples which were 
extracted (Corpechot et al. 1981, Proc. Nat. Acad. Sci. 78,8:4704-4707) and assayed for 
DHEA by radioimmunoassay (RIA). Plasma corticosterone levels were measured using 
a commercially available kit (IDS Ltd). Results (table 1) show no significant difference 
in anxiolytic behaviour in ADX rats compared to sham or control, as measured by 
percentage open entries. Plasma corticosterone levels were significantly reduced 
following ADX, in contrast to plasma and brain tissue DHEA levels which showed no 
change. In conclusion removal of adrenal glands has no effect on anxiolytic behaviour 
or DHEA levels as measured by RIA although plasma corticosterone levels are 
significantly reduced in ADX animals.

Control Sham A D X
%open arm entries 38.5±1.9% 39.4±2.2% 37.7±1.9%
Corticosterone 80.5±23.3ng/ml 85.8±12.2ng/ml 21±2.2ng/ml*
Plasma /DHEA 1.8±0.4ng/ml 2.2±0.4ng/ml 2.4±0.5ng/ml
Hippocampus 13±10pg/mg.w.w 21±9pg/mg.w.w. 8±3pg/mg.w.w.
Striatum 18±4pg/mg.w.w. 12±1pg/mg.w.w. 14±2pg/mg.w.w.
Table 1. Data are means ± sem (n=6-10). *p<0.05 compared with sham and control, 
Duncan's NMR following ANOVA. JAVC is funded by SmithKline Beecham / MRC.

371.12

DIFFERENTIAL CORTICOSTERONE STRESS RESPONSE PROFILES 
IN MALE AND FEMALE RATS APPEARS TO CONTRIBUTE TO SEX 
DIFFERENCES IN WATER MAZE SPATIAL PERFORMANCE. J. 
Beiko,1* R. Lander,2 E. Hampson,1 D.P. Cain,1. 1Program in 
Neuroscience; 2Dept. of Psychology, Univ of Western Ontario.

Male rats tend to outperform female rats in the water maze (WM) 
task. However, if male and female rats are trained in the general 
strategies required in the task (via nonspatial pretraining; NSP) prior to 
conventional WM training, the sex difference in performance is 
eliminated. It has been hypothesized that elimination of the sex difference 
by NSP may have been due to the differential manner in which male and 
female rats responded to the stress associated with the task (Perrot-Sinal 
et al., 1996). This hypothesis was tested by comparing plasma 
corticosterone (CORT) levels, a physiological measure of stress, in male 
and female rats that received: 1) WM training alone, 2) NSP prior to 
WM training, and 3) a variation of NSP in which no water was used. In 
addition, CORT levels were assessed at the beginning and end of WM 
training. The results showed that: 1) NSP was associated with reduced 
CORT levels, 2) females had relatively higher CORT levels than males 
at the beginning but not at the end of WM training, 3) there was a 
significant correlation between WM performance and CORT levels in 
females only. The results are discussed in terms of the potential role that 
male and female CORT response profiles have in mediating sex 
differences in WM performance. Supported by NSERC.

371.13

STRESS-INDUCED ULCERATION DEPENDS ON NMD A RECEPTORS 
LOCATED IN THE LATERAL HYPOTHALAMUS. J. Landeira-Femandez,, O. 
Jentjens, M.A. Machado, A.P. Carotti & C.V Grijalva*. Behavioral 
Neuroscience Laboratory, Psychol. Dept., PUC-Rio, Rio de Janeiro, Brazil, 
22453-900, UNESA, Rio de Janeiro, Brazil, 20261-060 & Psychol. Dept., 
UCLA, Los Angeles, CA, 90095-1563, USA 

Previously, we reported that bilateral microinjections of N-methyl-D-aspartate 
(NMDA) into the lateral hypothalamus (LH) in rat induces gastric erosions in a 
dose-dependent manner 24 hr. post-injection. In the present study it was found 
that bilateral NMDA lesions of the LH (1 µ1/ 20 µg per site) produced some 
gastric mucosal damage 24 hr. after the lesion. However, NMDA lesions of the 
LH reduced the amount of gastric erosion induced by cold-water restraint. In 
the second experiment, cannulae were implanted bilaterally into the LH. The 
NMDA antagonist, APV (0.5 µl/ 2.5 µg per site) or vehicle was injected prior to 
the cold-water restraint procedure. It was found that APV did not induced 
gastric mucosal damage alone but did reduce the incidence of gastric erosions 
following cold water restraint. These results indicate that NMDA receptors 
located in the LH area play an active role in the occurrence of gastric erosion 
formation induced by certain stressors.
(Supported by Secretary for Science and Technology of Brazil grant 
300094/95-0)

371.14

DIETARY HISTIDINE’S EFFECT ON REGIONAL BRAIN 
HISTAMINE AND SPATIAL LEARNING IN CONTINUOUSLY 
STRESSED RATS. B.D. Youngblood*,G.N. Smagin, D.H. Ryan, and R.B.S. 
Harris . Neuroscience Department, Pennington Biomedical Research Center; 
Baton Rouge, LA 70808.

Rapid eye movement sleep deprivation (REMsd) by the “flower pot” 
technique is a continuous stressor that has been shown to impair spatial 
learning in the Morris water maze (MWM) and increase serotonin turnover in 
the hypothalamus (HT) and hippocampus (HP) in rats. Acute IP histidine and 
ICV histamine injections attenuate learning deficits in an active avoidance task 
in rats with HP lesions. Therefore, we measured daily food intake, body 
weight, rectal temperature, spatial learning and HT and HP histamine and 5- 
HT turnover after 48 h REMsd in rats fed liquid diets containing 0.24%, 
1.125%, 2.25%, or 4.5% of histidine. Following 2 days adaptation to diet, rats 
were assigned to control cages (CC) or REMsd cages housed on a 6.5 cm 
pedestal over water, with ad libitum access to liquid diet and water. After 2 
days, spatial learning was tested in the MWM, requiring rats to swim to locate 
a submerged platform in duplicate 2-min trials from 6 different starting points. 
48 hours of REMsd or 2.25% dietary histidine produced a significant deficit in 
spatial learning of rats with increased distance traveled and escape latency in 
trial 1 and trial 2. HT histamine was significantly increased by REMsd. HP 
histamine was significantly increased by 4.5% dietary histidine but not by 
REMsd. HP but not HT serotonin turnover was significantly increased by 
REMsd. These results indicate that daily food intake was not affected but body 
weight was significantly decreased by REMsd and 4.5% dietary histidine. 
REMsd induced hyperthermia. REMsd and 2.25% dietary histidine produced a 
spatial learning deficit. REMsd increased HP serotonin turnover independent 
of histamine.

Supported by the U.S. Army grant DAMD-17-92-J-2009.

371.15

LOW DOSE MEC AM YL AMINE REDUCES CORTICOSTERONE 
RESPONSE TO STRESS. R.D. Shytle*, D.M . Diamond, S.J. 
Nazian, M. Burkett, M .B. Newm an, and P.R. Sanberg. Depts. o f  
Surgery, Psychiatry, Psychology, Physiology, Neurology, 
Pharmacology, and Neuroscience Program, Univ. o f South Florida 
C oll. o f  Med., Tampa, FL 33612-4799.

Extensive evidence indicates that activation o f neuronal 
acetylcholinergic nicotinic receptors (nAChR) causes the secretion of  
several important stress sensitive hormones and neurotransmitters. 
W e therefore tested the hypothesis that mecamylamine, a potent 
nAChR antagonist, would attenuate the stress-induced rise in plasma 
corticosterone in rats. Male Sprague D aw ley rats (250g) were pre
treated with mecamylamine or saline (0 .1-1.0 m g/kg, sc.) one hour 
prior to placing them in a small plexiglas enclosure underneath a cat. 
Controls remained undisturbed in their home cages after the injection. 
Twenty minutes after exposure to the cat, the rats were decapitated 
and the blood was collected for corticosterone assay. Corticosterone 
assays were performed by an investigator who was blind to the 
treatment conditions. Preliminary findings indicate that 
mecamylamine pre-treatment significantly reduced the elevated 
corticosterone response that occurred in rats exposed to the cat. 
These findings suggest that the acetylcholinergic response to stress 
involves activation o f  nAChRs in producing increases in plasma 
corticosterone. (Supported, in part, by Layton BioScience, Inc., 
N IN D S, and the TSA).

371.16

EFFECT OF THE DOPAMINE D1/5 ANTAGONIST SCH23390 ON THE 
ACQUISITION OF CONDITIONED FEAR. T. Inoue*, T. Izumi, Y. Maki, 
I. Muraki and T. Koyama. Dept. of Psychiatry., Hokkaido Univ. Sch. 
of Med.; Sapporo 060-8638, Japan.

The authors have reported tha t typ ica l and atyp ica l 
antipsychotic drugs inhibited the acquisition but not expression of 
conditioned fear. The present study examined the effects of the 
selective dopam ine D 1/5 agonist (SKF38393) and antagonist 
(SCH23390) on the acquisition of conditioned fear. Drugs were 
adm inistered subcutaneously to male Sprague-Dawley rats 30 
min before footshock (2.5 mA for 5 min). Twenty-four hours 
after footshock, rats were again placed and observed in the 
shock cham ber w ithout shocks (conditioned fear). Freezing 
behavior induced by conditioned fear, an index of anxiety or fear, 
was recorded using a time-sampling procedure. The selective 
D 1/5 antagonist SCH23390 (0.1-1 mg/kg) inhibited conditioned 
freezing. The adm inistration of SCH23390 at a dose of 0.1 
m g/kg 30 min a fte r foo tshock did not a ffect conditioned 
freezing. Taken together, it is concluded that D 1/5 antagonism 
inhibits the acquisition of conditioned fear. The selective D 1/5 
agonist SKF38393 (3-20 mg/kg) failed to change the acquisition 
of conditioned fear. These results suggest that D 1/5 receptors 
may play a role in the development of fear or anxiety. Supported 
by grants from the Japanese Ministry of Education, Science and 
Culture to Tl (09770725) and TK (09470205).
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371.17
HISTAMINERGIC ABNORMALITIES IN THE RAT BRAIN 
SUBJECTED TO FOOD-DEPRIVED ACTIVITY STRESS. 
MEndo1,2, K.Yanai1*, E.Sakurai1, M.Hongo2, and T.Watanabe1 
Depts. of Pharmacology I 1 and Psychosomatic Medicine2, Tohoku 
Univ. Sch. of Med.; Sendai 980-8575, Japan.

The histaminergic neuron system has long been thought to be 
involved in the arousal, sleep-wakeful cycle, appetite control, 
seizure, learning-memory, aggressive behaviors, emotion and so on. 
The hypothalamus that is known to be cruicial for the reaction to 
aversive stimuli, like stress are rich in histaminergic neurons. 
Recently, the histamine H3 receptor, which regulates histamine 
release from presynaptic site, has been investigated in association 
with stress-induced brain activity. We investigated the changes of 
histamine contents and histamine H1 and H3 receptors in brains of 
rats subjected to food-deprived activity stress for 1, 4, and 14days. 
For comparison, forced swimming stress was also given to rats for 
1,4, and 14days.The contents of brain histamine were significantly 
increased while the density of H1 and H3 receptors was decreased 
in the cortex and diencephalon in stress rats. On the contrary, the 
contents of GABA in the cortex and diencephalon were decreased. 
These data revealed that the histaminergic neurotransmission was 
significantly modulated by the stressful conditions such as activity 
stress and forced swimming. As the extensive exercise and 
restricted feeding are thought to be associated with anorexia 
nervosa, the abnormalities in the histaminergic neuron system 
might contribute to trait status in anorexia nervosa.

371.19
EFFECTS OF INTRACEREBRAL PROLACTIN ON ANXIETY- 
RELATED BEHAVIOR AND HPA AXIS ACTIVITY IN RATS

L. Tomer and I. Neumann* Max Planck Institute of Psychiatry, Munich, Germany.
Prolactin (PRL) is a pituitary hormone released in response to various stressors. 

PRL synthesis and receptor binding has been documented in a variety of brain areas 
including limbic and hypothalamic sites such as the supraoptic and paraventricular 
nuclei. Furthermore, PRL receptors located at the choroid plexus level could 
mediate PRL’s access into the central nervous system during stress favoring a role 
at a central level. However it is unknown if PRL is involved in the regulation of 
neuroendocrine and behavioral stress responses.

Here, the anxiety-related behavior in both female and male rats on the elevated 
plus-maze (EPM) was evaluated 10 min after a single intracerebroventricular (ICV) 
infusion of ovine PRL (oPRL, 0.1 and lµg/5µl) or vehicle five days after 
implantation of an ICV guide cannula and a jugular vein catheter. PRL-treated rats 
were significantly less anxious as indicated by an increase in the time spent on 
(p<0.01) and in the number of entries (p<0.05) into the open arms of the EPM in a 
dose-dependent manner. PRL given intravenously to female rats induced a similar 
anxiolytic effect (p<0.01). However, ICV oPRL did not significantly affect ACTH 
secretion either under basal conditions or after EPM exposure. On the next day, the 
effects of ICV oPRL on behavioral and HPA axis responses to a predominantly 
physical stressor (forced swimming) were studied. PRL-treated rats tended to 
struggle longer and to float less than the vehicle-treated rats. Stress-induced ACTH 
release was significantly decreased in a dose-dependent fashion after this second 
PRL-treatment. These results suggest a role of intracerebral PRL in the regulation 
of behavioral and neuroendocrine responses to stress.
Supported by Conacyt (Mexico) and DFG (Germany).

371.18
MICROINJECTION OF MUSCIMOL INTO DORSOMEDIAL HYPOTHALAMUS 
BLOCKS STRESS-INDUCED BUT NOT HEMORRHAGE-INDUCED FOS 
EXPRESSION IN THE PARAVENTRICULAR NUCLEUS (PVN).
J. A. DiMicco* and S. M. Morin. Dept. of Pharmacol. & Toxicol., and Prog. in 
Med. Neurobiol., Indiana Univ. Sch. of Med., Indianapolis, IN 46202 

Both hemorrhage and experimental stress markedly elevate Fos expression 
in the hypothalamic PVN in rats. We have shown previously that bilateral 
microinjection of the GABAA receptor agonist muscimol into the area of the 
dorsomedial hypothalamic nucleus (DMH), dramatically suppresses the 
increased expression of Fos in the PVN seen after experimental air stress. 
The present study examined the selectivity of this effect by comparing Fos 
expression in the PVN of rats exposed to either air stress or hemorrhage 
after identical microinjection of either saline or muscimol into the DMH. Rats 
implanted with guide cannulae in the DMH and arterial lines for monitoring 
heart rate and blood pressure received MUSCIMOL 80 pmol/100nL/side or 
SALINE 100nL/side prior to being subjected to either air STRESS for 20 min, 
or HEMORRHAGE (removal of 16 mL/kg body wt over 30 min). An hour later, 
rats were sacrificed and the brains processed for Fos immunohistochemistry. 
Fos-positive neurons in the main body of the PVN were quantitated in each 
rat, and mean ± SE for each group - as well as for untreated control rats - is 
given below. ____________________________ _______________

CONTROL STRESS HEMORRHAGE
UNTREATED 23 ±  3 (n=3)
SALINE 562 ±  38 (n=4) 602 ±  20 (n=3)
MUSCIMOL 124 ±  17 (n=5) 576 ±  22 (n=3)

These results suggest that activation of neurons in the DMH may be 
necessary for excitation of neurons in the PVN during air stress, but not 
during hemorrhage. (Supported by USPHS Grant NS 19883)

371.20
DUAL EFFECTS OF MORPHINE IN THE DORSAL 
PERIAQUEDUCTAL GRAY AND NUCLEUS ACCUMBENS OF 
RATS SUBMITTED TO THE ELEVATED PLUS-MAZE TEST. M.L. 
Brandão* and V.C.Z.Anseloni . Lab. of Psychobiology, FFCLRP-USP, 
Brazil, 14049-901.
Using an ethopharmacologicai analysis we studied the effects of morphine 
injected either systemically or into the dorsal periaqueductal gray (DPAG) and 
nucleus accumbens (NA) o f rats submitted to the elevated plus maze test. 
Intraperitoneal morphine (0.1 and 0.3 mg/kg) caused an increase of behavioral 
categories expressing general exploratory activity, such as end-exploration, 
scanning, head-dipping and rearing. Morphine applied into the DPAG produced 
an anxiolytic or anxiogenic effect depending on the dose, i.e., 10 nmol reduced 
and 30 nmol increased behaviors associated to risk assessment (pepping out, 
stretched attend postures and flat back approach). The antiaversive effects were 
inhibited by naltrexone (2.0 mg/kg), an antagonist for µ opioid receptors, and 
the proaversive effects by nor-binaltorphimine (2.0 mg/kg), a selective 
inhibitor for k  opioid receptors. The same doses o f morphine applied into 
nucleus accumbens produced the same effects as systemic morphine, which 
were also blocked by naltrexone. It is suggested that activation of µ receptors 
inhibits and k  receptors enhance the neural substrate o f aversion in the DPAG. 
On the other hand, the increase in the exploratory behavior due to interaction of 
morphine with µ opioid receptors in the nucleus accumbens may be related to 
the positive reinforcing effects of the systemic administration of the drug.

FAPESP
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372.2372.1
MATING POTENTIATES PROGESTERONE-INDUCED DOWN-REGULATION 
OF PROGESTIN RECEPTORS IN SOME RAT BRAIN REGIONS. M. M. Heeb 
and J. D. Blaustein*. Center for Neuroendocrine Studies, Neuroscience and Behavior 
Program, University of Massachusetts, Amherst, MA 01003.

Progesterone (P) injection in estradiol-primed female rats results in down-regulation 
of progestin receptors (PRs) in a variety of brain regions. We were interested in 
determining if mating stimulation could enhance this down-regulation within specific 
brain regions.

Forty-two h after receiving 2 µg estradiol benzoate, sexually-experienced, 
ovariectomized/adrenalectomized female rats received either 0.5 mg (Low P) or 5.0 
mg (High P) P. Six hours later, half of the animals from each group were mated, and 
half were non-mated. Twenty-four hours later, they were perfused, and their brains 
were processed for PR immunoreactivity (PRir).

We observed a substantial enhancement of PR down-regulation after mating within 
the preoptic part of the bed nucleus of the stria terminalis (BSTpo). Among the non- 
mated controls, High P reduced the number of PRir cells within the BSTpo by 
approximately 50% when compared to the Low P group. While mating further 
decreased the number of PRir cells in the Low P group by approximately 40%, it was 
without apparent effect in the High P group. In contrast, within the medial part of the 
medial preoptic nucleus (MPNm) High P caused a substantial reduction in the number 
of PRir cells when compared to the Low P group. However, in this area mating did 
not cause an additional decrease with either dose of P.

Therefore, the data are consistent with the notion that mating causes a ligand- 
independent, down-regulation of PRs within the BSTpo. In contrast, this does not 
appear to be the case within the MPNm. We are currently evaluating PRir in a variety 
of other brain regions, including the ventromedial nucleus of the hypothalamus and 
the amygdala.
(Supported by NS19327 and SSA MH 01312 from the NIH)

A MATING-RELATED STIMULUS DECREASES PROGESTIN RECEPTOR- 
IMMUNOREACTIVITY WITHIN THE FOREBRAIN OF OVARIECTOMIZED, 
BUT NOT OVARIECTOMIZED/ADRENALECTOMIZED, FEMALE RATS. A.P, 
Auger*, L.M. LaRiccia, C.A. Moffatt and J.D. Blaustein. Center for Neuroendocrine 
Studies, Neuroscience & Behavior Prog. Univ. of Massachusetts, Amherst, MA 01003.

Recent studies suggest that progestin receptors (PR) may be activated in vivo 
by neurotransmitters in the absence of ligand. More importantly, mating-related 
stimuli, such as vaginocervical stimulation (VCS), can influence sexual behavior by 
activating PRs in the absence of progesterone. Mating ovariectomized 
/adrenalectomized (ovx/adx) estradiol-primed rats with males increases their 
receptivity, and this increase can be blocked by a progestin antagonist suggesting that 
mating-related stimuli activate PRs in a progesterone-independent manner. Another 
way to test if PRs are influenced by particular stimuli is to examine the PR 
immunostaining using a monoclonal PR antibody directed at the hinge region of the 
receptor, such as H928. We report that H928-ir decreases in the forebrain of ovx 
estradiol-primed rats 1 hr after subcutaneous injection of progesterone. As PRs are 
believed to be activated by VCS, we then investigated if VCS also decreases H928-ir. 
In ovx estradiol-primed rats, VCS decreased H928-ir within 1 hr in the medial preoptic 
area, but not in any other area examined. To determine if the decrease in H928-ir by 
VCS was due to adrenal progesterone, we repeated the experiment in ovx/adx 
estradiol-primed rats. However, prior removal of the adrenal glands blocked the 
decrease in H928-ir even data from other experiments suggest that PRs are activated by 
VCS at this time.

These data suggest that when PRs are activated by progesterone, a 
conformational change in the hinge region may prevent recognition of PRs by the 
H928 antibody. In contrast, the hinge region of PRs activated by mating stimuli in the 
absence of progesterone either remains in or assumes a form that can still be 
recognized by the H928 antibody. These data are consistent with the idea that 
activation of PRs by mating stimuli occurs in the absence of progesterone (Supported 
by MH11392 to APA, NS19327 and MH01312 to JDB).
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372.3
CHANGES IN PAIN THRESHOLD AND C-FOS EXPRESSION IN 
LUMBAR SPINAL CORD INDUCED BY PACED AND NONPACED 
MATING. J.W. Lee*, S.B. H anrahan, and M.S. Erskine, Department of 
Biology, Boston University, Boston, MA 02215.

Previous studies have shown that intromissions (I) received by females 
from males during mating induce analgesia and suppress the expression of c- 
fos in spinal cord below levels induced by mounts-without-intromission 
(MO). Since paced mating is more effective than nonpaced mating in 
inducing c-fos expression in female rat brain, the present study examined 
whether paced mating would be more effective than nonpaced mating in 
inducing analgesia and suppressing FOS in the spinal cord. In experiment 1, 
female rats either remained in their homecage (HC) or received MO from 
males, 5 I during paced (5P) or nonpaced (5NP) mating, 15 I during paced 
(15P) or nonpaced mating (15NP) or 2 ejaculations during nonpaced mating 
(2EJ). The tail-flick latency (TFL) was determined 4 times at 30 sec 
intervals before (baseline) and immediately after the mating stimulation. 
Significant increases in TFL above baseline occurred only in the 5P, 5NP and 
2EJ groups at the first postmating test time, while significant and sustained 
decreases in TFL were observed by the second postmating time in the 15NP 
group. In experiment 2, FOS-positive cells counted in 60 µm sections from 
L6 1 hr after mating were lower following 5P and HC treatments than after 
5NP, 15P, 15NP and MO treatments. Thus, both paced and nonpaced mating 
induced analgesia in animals receiving 5 I, but paced mating blocked the 
hyperalgesia induced in nonpaced animals when they received 15 I. The 
reduced numbers of FOS-positive cells in the 5P compared to the 5NP 
animals may reflect the ability of paced mating to prevent activation of 
neurons which are im portant for development of hyperalgesia after 
mating. Supported by HD21802 to MSE.

372.5
THE NO/CYCLIC GMP PATHWAY MEDIATES α 1-ADRENERGIC 
RECEPTOR POTENTIATION OF FEMALE REPRODUCTIVE 
BEHAVIOR IN RATS. H.-P Chu* and A.M. Etgen, Dept. of Neurosci., 
Albert Einstein Coll. of Med., Bronx, NY 10461 

α1-Adrenergic receptors play an important role in female reproductive 
behavior, and estrogen (E) treatment increases αradrenergic receptor 
and mRNA levels in the female rat hypothalamus. We and others have 
shown that nitric oxide (NO) and cGMP are involved in the regulation of 
female reproductive behavior in hormone-primed rats. In the present 
studies, we tested the hypothesis that the NO/cGMP pathway mediates 
the potentiating effects of αradrenergic receptors on female 
reproductive behavior. First, we found that both norepinephrine (NE), a 
physiological activator of the adrenergic receptors, and phenylephrine, 
an α 1-adrenergic receptor agonist, stimulate the production of cGMP in 
hypothalamic slices, but only if the rats are treated with both E and 
progesterone (P) prior to experimentation. The αradrenergic receptor 
antagonist prazosin blocks the effect of phenylephrine on cGMP 
production. Second, we demonstrated that NE elevation of cGMP levels 
is mediated through NO, because NO synthase inhibitors totally block 
NE-stimulated cGMP production in hypothalamic slices. Last, we found 
that 8-bromo-cGMP, a cGMP analog, reverses the inhibitory effects of 
prazosin on reproductive behavior in the E- and P-primed animals. We 
conclude that the NO/cGMP pathway mediates the effects of α1- 
adrenergic receptors on reproductive behavior in female rats, and that 
both E and P are required to link αradrenergic receptors to this 
pathway. Supported by DHHS grants MH41414 and HD29856.

372.7
THE EFFECTS OF INTRAVENTRICULAR INFUSION OF GNRH ON 
FEMALE SEXUAL BEHAVIOR. Patricia A. Schiml*, Xia Li, and Emilie F. 
Rissman, Department of Biology. University of Virginia, Charlottesville, VA
22903.

The goal of this study was to examine the behavioral effects of gonadotropin-
releasing hormone (GnRH) in female musk shrews (Suncus murinus). We 
infused 10 µl saline, or one of three doses of mammalian GnRH (mGnRH; 10 
ng, 100 ng, or 1 µg), into the lateral ventricle. Fifteen minutes later, sexual 
and aggressive behavior was examined for 30 minutes. Our findings indicate 
that the behavioral effects of mGnRH infusion are dose-dependent, with the 
middle dose enhancing receptivity. In the saline-treated control group, 56% of 
females became receptive, compared to 90% of females receiving the 100 ng 
dose of mGnRH. Moreover, females receiving the 100 ng dose of mGnRH 
exhibited rump presenting and tail wagging behavior significantly earlier than 
saline-treated controls (p<.05). These data indicate that intraventricular 
infusion of mGnRH can facilitate sexual behavior in musk shrews, depending 
on the dose administered. We are currently examining the behavioral effects of 
infusion of chicken-GnRH-II.

This work was supported by NRSA MHl 1534-02 to P.A.S. and NIH grants 
NS35429 and MH0 1349 to E. F. R.

372.4
WHAT ROLE DO GONADAL HORMONES PLAY IN 
PACED MATING BEHAVIOR IN FEMALE RATS?
A nn S. Clark*, Erica M. B randling-Bennett. and M eg E. Blasberg. 
D ep t. o f  Psychology, D artm outh College, H anover NH 03755.

A sexually receptive fem ale rat will display a repertoire o f 
behaviors during sexual interactions with a male rat. These include 
hopping, darting, and ear-w iggling, as w ell as approaching and 
w ithdrawing from the male. The latter is know n as paced mating 
behavior. The present series o f experim ents assessed paced mating 
behavior under the following conditions: ( 1) on the day o f proestrus 
in intact rats, (2) in ovariectom ized (ovx) rats treated with estradiol 
benzoate (EB; 10 µg/rat) + progesterone (P; 0.5 mg/rat), (3) in ovx 
rats receiving EB (30 µg/kg) + a range o f doses o f P ( 1 - 8 m g/kg),
(4) in ovx rats receiving EB alone (5 µg/rat) for 3 and 6 days, and
(5) in ovx rats receiving free estradiol (2 µg/rat) + 0.5 m g/rat o f P. 

Based on previous work, we predicted that increasing doses o f P
w ould affect paced mating behavior. H owever, we observed no 
effect o f dose o f P on either contact-return latencies or percentage o f 
exits from  the com partm ent o f the male rat. In contrast, hopping and 
darting was dependent upon dose o f P. Furtherm ore, paced m ating 
behavior in rats receiving EB alone for 6 days did not differ from 
behavior under other horm one treatm ent conditions that included P. 
O ur results show that paced mating behavior is a robust behavior 
that is routinely displayed in sexually receptive fem ale rats and is 
relatively independent o f the hormone prim ing regimen.

Supported by N ID A -08574.

372.6
CYCLIC GMP MAY POTENTIATE LORDOSIS BEHAVIOR BY 
PROGESTERONE RECEPTOR ACTIVATION. J.C. Morales, H.-P, 
Chu, B.L. Czaban, D. P. Purpura* and A.M. Etgen. Dept.
Neuroscience, Albert Einstein Coll. Med., Bronx, NY 10461 

The purpose of this study was to test the hypothesis that cGMP acts 
as a progesterone (P) substitute to facilitate lordosis in estrogen-primed 
rats. Female Sprague-Dawley rats underwent stereotaxic surgery to 
place a 26-gauge guide cannula into the 3rd ventricle. Bilateral 
ovariectomy (OVX) was done at the same time as stereotaxic surgery. 
Five days later OVX rats were injected with 2 µg estradiol benzoate 
(EB) 24 and 48 hr prior to drug infusion. 8-Bromo-cGMP (cGMP), a cell 
permeable cGMP analog, or saline vehicle was infused into the 3rd 
ventricle approximately 3 hr prior to the first of three hourly behavior 
tests. cGMP infused into the 3rd ventricle facilitated lordosis behavior in 
a dose-dependent manner. We next used KT5823, a highly specific 
inhibitor of protein kinase G (PKG), to test the hypothesis that cGMP 
action is mediated by this kinase. In this experiment, animals were 
primed with both EB and P (200 µg), and KT5823 was infused 15 min 
before P. KT5823 significantly decreased lordosis behavior. RU486, a 
P receptor antagonist, was used to assess whether the stimulatory 
effects of cGMP are mediated through the P receptor. EB-primed 
animals were injected with 5 mg of RU486 or vehicle 60 min before 
infusion with cGMP. RU486 significantly attenuated cGMP-facilitated 
lordosis behavior. These data show that cGMP facilitates lordosis 
through activation of PKG and the P receptor. Supported by 
37MH41414 and by the Dept. Neuroscience, Albert Einstein Coll. Med.

372.8
SCAVENGING OF GABA IN THE VMH: STEROIDS
MODULATE GAT-3 BUT NOT GAT-1 IMMUNOREACTIVITY.
J .G . P faus* , N . S im m erm an, and A. N oce. CSBN , D epartm ent o f 
P sychology, C oncordia U niversity , M ontréa l, Q C , H 3G  1M8 CA N A D A  

Although glutamic acid decarboxylase, the enzyme that converts glutamate 
into GABA, is notably absent from cells in the ventromedial hypothalamus 
(VMH), we have found GABA-immunoreactive neurons in the VMH of adult 
male and female rats. Moreover, the level of immunoreactivity appears to be 
enhanced by the administration of estradiol and progesterone to ovariectomized 
females. In the present experiment, immunoreactivity for GABA, or for two 
GABA transporters that are expressed in brain (GAT-1 and GAT-3), was 
examined in the VMH of sexually-experienced ovariectomized rats treated with 
oil or the combination of estrogen and progesterone. Greater staining for 
GABA and GAT-3 was observed in the VMH of females primed with estrogen 
and progesterone compared to oil-treated females. Although GABA was 
observed diffusely throughout the cytoplasm, GAT-3 staining appeared either 
diffusely in soma, dendrites, and axons, in fibers of passage, or as punctate 
accumulations of stained material near the inner surface of the cell membranes. 
Although GAT-1 was not observed in the VMH, it was observed in fibers 
within the cortex, amygdala, and thalamus, regardless of hormone treatment. 
These results suggest that extracellular GABA could be scavenged by cells in 
the VMH that express GAT-3. Although the functional role of such scavenging 
is not yet known, the present results may have important implications 
concerning the mechanism by which GABA in the VMH exerts its behavioral 
effects, especially those on female sexual behavior.
Supported by a grant from  the MRC o f Canada (MT-13125) to JGP.

Society for Neuroscience, V olume 2 4 ,  1998



MONDAY PM REPRODUCTIVE BEHAVIOR: FEMALE BEHAVIOR 949

372.9
EFFECTS OF INTRACEREBROVENTRICULAR (ICV) LEPTIN 
ADMINISTRATION ON FOOD INTAKE AND STEROID-INDUCED SEXUAL 
BEHAVIORS IN GENETICALLY OBESE ZUCKER FEMALE RATS. A. Fox 
and D.H. Olster*. Departments of Anthropology and Psychology, University of 
California, Santa Barbara, CA 93106.

The hyperphagia and metabolic abnormalities of genetically obese Zucker rats 
(fa/fa) are thought to be due to hypo- or insensitivity to leptin, caused by a mutation 
in the leptin receptor gene. Female obese Zuckers are also infertile and 
hyporesponsive to the inductive effects of ovarian hormones on sexual behaviors 
(Marin-Bivens and Olster, 1997). ICV injections of high doses of leptin have been 
shown to decrease food intake and slow body weight gain in obese Zucker males 
(Cusin et al., 1996). This study was designed to explore the effects of ICV leptin 
administration on food intake and sexual behaviors in obese Zucker females. 
Ovariectomized adults were implanted with lateral ventricular cannulae. At weekly 
intervals, they received estradiol benzoate (15 µg/kg) plus progesterone (2 mg/kg) 
and ICV injections of 3 µg, 18 µg or 36 µg leptin or a vehicle in a randomized 
order. Administration of 36 µg leptin resulted in a 1-day reduction in food intake 
(11.7 ±  3.2 g/24 h vs. 22.2 ± 0.6 g/24 h following vehicle injection; p < 0.05).
There was also an overall significant effect of leptin on sexual receptivity: rats 
treated with the higher doses of leptin tended to show less sexual receptivity 
(lordosis quotient, LQ, 22 ± 7% and 18 ± 11% for 18 µg and 36 µg, respectively) 
than vehicle-treated rats (LQ 42 ±  16%). No effect of leptin on sexual proceptivity 
was found, however, suggesting that the reduced receptivity of high-dose rats was 
not a product of reduced activity levels in these animals. These data confirm 
previous reports that high doses of centrally-administered leptin decrease food 
intake in obese Zucker rats, but do not implicate leptin in restoring deficient 
reproductive behaviors in obese Zucker female rats.
(Supported by NIH HD 28636 and NSF IBN-9720633.)

372.11
LOCALIZATION OF TYROSINE HYDROXYLASE IMMUNO- 
REACTIVITY AND P-3-BSA FITC FLUORESCENT NEURONS 
ASSOCIATED WITH SEXUAL RECEPTIVITY IN FEMALE HAMSTERS. 
J .F. DeBolci* and E.W. Fish. Dept. Psychology, Tufts University, Medford, 
MA 02155.

Progesterone’s facilitatory effect on sexual receptivity in female hamsters 
involves actions in both the ventromedial nucleus of the hypothalamus (VMH) 
and the ventral tegmental area (VTA). In the VMH, progesterone works 
primarily through intracellular steroid receptors, while in the VTA proges
terone appears to be working through a membrane-mediated mechanism. 
Implants of progesterone conjugated to bovine serum albumin (P-3-BSA) will 
facilitate sexual receptivity in ovariectomized estrogen-primed females, but 
only if accompanied by progesterone in the VMH. Implants of P-3-BSA 
labeled with fluorescein isothiocyanate (P-3-BSA-FITC) are capable olTabel- 
ing neurons in the VTA and other midbrain structures. Given that many of the 
neuronal soma in the VTA contain dopamine, we are examining whether 
neurons labeled by P-3-BSA-FITC are also immunoreactive for tyrosine 
hydroxylase (TH). Ovariectomized, estrogen-primed hamsters were implanted 
with free progesterone in the VMH and P-3-BSA-FITC into the VTA. Four 
hours later they were tested for sexual receptivity during a 10 min interaction 
with a male. They were then killed, perfused, and their brains were imnuino- 
cylochemically processed for TH and examined with a microscope equipped 
for epifluorescence. In addition, we implanted another set of animals with free 
progesterone into the VMH and P-3-BSA (without FITC) into the VTA and 
processed their brains with an antibody to BSA. The current analysis indicates 
that neurons labeled by P-3-BS A-FITC and those neurons that contain TH can 
be demonstrated in the same brain section, although it remains to be 
determined the extent to which the two labels are in the same neurons.

Supported by NSF grant BNS9511895 to JFD.

372.13
DOPAMINE D2 RECEPTOR-MEDIATED REGULATION OF 
PARTNER PREFERENCES IN FEMALE PRAIRIE VOLES. C. Cascio1, 
G.Z. Yu2, T.R. Insel1,2,3, and Z.X. Wang1,2,*. 1Prog, in Neurosci., 2Dept. o f 
Psychiatry & Behav. Sci., and 3Yerkes Regional Primate Res. Center, 
Emory Univ., Atlanta, GA 30322

Partner preference formation, commonly observed in monogamous 
species, may represent the earliest process of pair bonding. The prairie 
vole (Microtus ochrogaster) is a monogamous species that normally 
forms a partner preference after mating. In the present study, we 
examined dopamine’s effects on partner preference formation in female 
prairie voles. Females were injected (i.p.) with dopamine agonist or 
antagonist; cohabited (6 hrs) or mated (24 hrs) with a male; and then 
tested for their behavioral preferences between the familiar male verses a 
conspecific male stranger. In a first experiment, treatment of the 
nonspecific dopamine antagonist, haloperidol, blocked mating-induced 
partner preferences whereas the nonspecific dopamine agonist, 
apomorphine, induced this behavior in the absence of mating. In a 
second experiment, the D2 receptor antagonist, eticlopride, but not the 
D1 receptor antagonist, SCH23390, blocked mating-induced partner 
preference formation. In addition, the D2 receptor agonist, quinpirole, 
but not the D1 receptor agonist, SKF38393, induced this behavior 
without mating. In a third experiment, treatment of the D2 receptor 
antagonist before or immediately after mating equally impaired partner 
preference formation, indicating that dopamine’s effects on this behavior 
were not due to an interference with mating. In a final experiment, the 
partner preference was blocked by treatment of the D2 antagonist 
immediately following mating but not 24 hrs after mating, suggesting 
that dopamine acted on memory consolidation to influence the behavior. 
Together, these data suggest that mating-induced partner preferences 
require activation of D2 receptors and that dopamine is essential for pair 
bonding in female prairie voles, (supported by NIMH 54554 and 56539)

372.10
SERO TO N ERG IC EFFECTS ON FEM ALE RA T SO LICITA TIO N  
B EH A V IO R. V.N. Luine, M. Frankfurt,* M. K neavel, M .Erlikh, and A. 
B radshaw . Psychology Dept., H unter College o f  CU NY , N ew  York, 
N Y  10021.

5-HT, present in the hypothalam us, exerts regulation over horm one 
dependent lordosis. H owever, the role o f  5-H T in other aspects o f  
sexual behavior, proceptivity and solicitations, is unknow n. U tilizing a 
tw o-cham ber arena w here only the fem ale had access to both areas, we 
exam ined the effects on sexual behavior after i.p. injections o f  
fluoxetine (Fluox, Prozac) and follow ing depletion o f  hypothalam ic 5- 
HT via 5,7-dihydroxytryptam ine (5,7-D HT). Rats w ere ovariectom ized 
and received estrogen (5 ug) and Progesterone (500 ug) for 42 and 3 h, 
respectively. Four days o f  Flux, w hich affects both peripheral and 
central 5-HT, did not alter receptivity  (LQ: 75 vs. 78) w hile solicitation 
behaviors w ere altered. The % leaves after a m ount or introm ission 
w ere decreased after Fluox and the % tim e spent w ith the m ale and 
num ber o f  stim ulations were increased. In estrogen + progesterone rats 
w ith 5,7-D H T lesions, w hich decreases only preoptic-hypothalam ic 5- 
HT activity, neither receptivity  not solicitations were appreciably 
altered. Results suggest that 5-H T activity affects fem ale rat 
solicita tion behavior. Com parison o f  effects between peripheral Fluox 
and central 5,7-D H T suggests that effects on solicitations m ay be 
m ediated outside the CNS. Supported by N SF G rant 14369 and PSC- 
CUNY.

372.12
PHARMACOLOGICAL MANIPULATIONS OF GABA ALTER 
HYPOTHALAMIC 5HT AND LORDOSIS IN ESTROGEN-PRIMED RATS. 
Kenneth Renner*, Cynthia Hoffman, Todd Westin and Phillip Johnson.
Dept. of Biology, Univ. of South Dakota, Vermillion, SD 57069.

Hypothalamic infusion of the GABAa agonist, muscimol, facilitates lordosis in 
rats primed with subthreshold levels of estrogen (E) and progesterone (McCarthy et. 
al., Brain Res., 507:40, 1990). This finding, combined with evidence suggesting 
that GABAergic neurons modulate 5HT in the ventromedial hypothalamus (VMN; 
Luine et al., Brain Res., 556:171, 1991), led us to examine the effect of muscimol 
on hypothalamic 5HT overflow and lordosis in E-primed rats.

Two days after implantation of bilateral guide cannulae directed towards the 
VMN, ovariectomized rats were primed with 5 µg E. 21 hrs later, the rats were 
implanted with microdialysis probes. Following a pretest for lordosis (LQ range 
from 15 ± 9 to 34 ± 7 for 4 groups), perfusate 5HT was measured at 20 min 
intervals until the baseline was stable. The rats were treated with 10, 30 or 100 µM 
muscimol (Tao et al., Br. J. Pharmacol., 119:1375, 1996) in artificial CSF delivered 
via the probes for 40 min (0.42 µl/min). Control animals were continuously 
perfused with artificial CSF. Behavior was tested 20, 60 and 180 min after 
introduction of the drug.

Decreased hypothalamic 5HT (40 to 60 % of baseline) and marked facilitation of 
lordosis were present 20 min after administration of the drug. The effects of 10 and 
30 µM muscimol on both 5HT and lordosis were reversed after 180 min. Reversal 
of the behavioral and neurochemical effects were not evident in the 100 µM 
muscimol group at the time points tested. Levels of hypothalamic 5HT and lordosis 
quotients in control rats did not significantly differ from initial values. These 
results provide further evidence which suggest that GABAergic effects on lordosis 
may be mediated through an interaction with 5HT in the VMN. (supported by NSF 
IBN-9596009, NSF OSR-9108773 and HHMI 71195-539501)

372.14
OXYTOCIN, DOPAMINE, AND ENKEPHALIN IN THE NUCLEUS 
ACCUMBENS: A NEUROCHEMICAL CASCADE FOR PAIR
BONDING. B.S. G ingrich1,2*, C. Cascio1, L.J. Young2, Y. Liu2, Z.X. 
Wang1,2, and T.R. Insel1,2 . 1Prog. in Neurosci. and 2Dept of Psychiatry & 
Behav. Sci., Emory Univ., Atlanta, GA 30322 

The monogamous prairie vole (Microtus ochrogaster) forms a lasting 
pair bond after mating, providing a useful model for the neurobiological 
study of social attachment. In females, the effects of mating can be 
mimicked by icv infusion of the neuropeptide oxytocin (OT) and 
blocked by a specific OT receptor antagonist. We recently began 
investigating the role of mesolimbic dopamine (DA) and opioid peptides 
in the formation of social bonds in the female vole. Using microdialysis, 
we have detected a 50% increase in DA levels in the nucleus accumbens 
(NAcc) with mating. In addition, micro-injection of DA agonists into the 
NAcc facilitates the formation of a pair bond in the absence of mating. 
Given the body of literature which points to a role for opioid peptides in 
regulation of DA release in the NAcc, we examined the effects of OT on 
the level of preproenkephalin (ppEnk) mRNA in the NAcc using in situ 
hybridization. Female voles were injected iev with either 50 ng OT or 
CSF and sacrificed after 4hrs. Relative to CSF injections, OT increased 
ppEnk mRNA in the NAcc by 45% without altering gene expression in 
the caudate putamen. In the prairie vole, OT receptors are expressed at a 
high level in the NAcc and undetectable in the caudate putamen. We are 
currently examining the effects of mating on ppEnk mRNA levels in the 
NAcc in the presence or absence of OT antagonists. Given the current 
data, we hypothesize that pair bonds may be mediated by the same 
neurochemical systems responsible for the reinforcing properties o f 
psychostimulants and opioids, (supported by NIMH 56539)
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372.15
ESTRADIOL CONJUGATED TO BSA ENHANCES OXYTOCIN-FACILITATED 
FEMALE SEXUAL RECEPTIVITY IN THE MPOA-AH AND MEDIAL 
HYPOTHALAMUS. J. D. Caldwell1, B. A. Gosnell*2, and B. D. Moe1. 1Dept. of 
Pharmaceutical Sciences, North Dakota State University, and 
2Neuropsychiatric Research Institute, Fargo, ND. 58105-5055. Estradiol 
conjugated to bovine serum albumin (E-6-BSA) releases the neuropeptide 
oxytocin (OT) from homogenates of the medial preoptic area-anterior 
hypothalamus (MPOA-AH) or the medial basal hypothalamus (MBH) as well as 
increasing affinity of OT receptors in these areas. Therefore, we hypothesized 
that E-6-BSA, which limits the steroid to extracellular actions, would increase 
behavioral responsiveness to OT. In this study OVXed rats were implanted 
with bilateral cannulae in the MPOA-AH or the MBH. After daily injections of E 
for three days rats were tested for sexual receptivity and then infused with 
OT or E-6-BSA alone or in combination or with artificial cerebrospinal fluid 
(aCSF) vehicle and tested again 20, 40 and 90 minutes afterwards. The 
combination of OT and E-6-BSA significantly increased sexual receptivity when 
infused into either the MPOA-AH or the MBH over receptivity after aCSF. Mean 
LQ was significantly increased at 40 and 90 minutes after infusion of OT & E- 
6-BSA in the MPOA-AH and significantly increased at 20, 40 and 90 minutes 
after infusion of OT & E-6-BSA into the MBH (Bonferroni's t test). Infusions of 
OT in combination with conjugated progesterone did not enhance female 
sexual receptivity neither did E-6-BSA in combination with equimolar LHRH. 
Given this specific E-6-BSA/OT synergism in enhancing sexual receptivity, we 
conclude that some of the effects that E has in sensitizing brain systems to 
the facilitating effects of OT occur extracellularly in the MPOA-AH and MBH. 
This work was completed with funding from the Whitehall Foundation, Boca 
Raton, FI, from the Neuropsychiatric Research Institute, Fargo, and from NSF 
OSR9452892

372.16
THE DURATION AS WELL AS INITIATION OF FEMALE SEXUAL 
BEHAVIOR DEPEND UPON CENTRAL OXYTOCIN: EFFECTS OF 
ICV ADMINISTRATION OF A HIGHLY SELECTIVE ANTAGONIST O. 
A. Pedersen, J. H. Gilmore.* Dept of Psychiatry, Univ of North 
Carolina, Chapel Hill, NC 27599.

In previous studies, central administration of the oxytocin 
antagonist d(CH2)5[Tyr(Me)2,Thr4,Tyr-NH29]OVT (OTA) blocked 
proceptive and receptive female sexual behavior (FSB) when given 
before progesterone (P) treatment in estrogen (E)-primed female rats 
but not when given shortly before behavioral testing 4-6 h after P 
(Witt and Insel, 1991; Caldwell et. al., 1994). Because the 
considerable V ia  antagonist potency of OTA may have contributed to 
these results, we tested the effects of ICV infusion of the far more 
selective OT antagonist desGly-NH2 ,d(CH2)5[D -T y r2,Thr4]OVT (OTB). 
generously provided by Dr. Maurice Manning. In ovariectomized rats, 
ICV infusion of OTB (1 ug) prior to P treatment (250 ug sc) after EB- 
priming (1 ug sc x 2 days) significantly suppressed hopping and 
darting at 4 h and lordosis at 6 n after P and significantly increased 
rejection behavior toward the male. Infusion of OTB 20 min before 
the initial behavioral test did not alter FSB at 4 and 6 h after P but 
significantly decreased lordosis, but not hopping and darting, and 
increased agonistic behavior at 8 , 10, and 12 h postP. These results 
confirm that selective blockade of OT receptors starting before but not 
3 h and 40 min after P treatment inhibits FSB activation at 4 and 6 h 
postP. However, OT receptor blockade starting at this later time point 
does shorten the duration of FSB. These findings suggest that 1) 
central OT release is necessary for sustaining as well as initiating 
FSB, and 2) the cellular effects of OT receptor activation that sustain 
FSB persist for more than 2 but not much more than 4 h. Supported 
by MH56157 and MH33127.

372.17
MONOSYNAPTIC PROJECTIONS FROM THE NUCLEUS RETROAMBIGUUS 
TO DISTINCT GROUPS OF LUMBOSACRAL MOTONEURONS IN THE 
FEMALE RHESUS MONKEY. V.G.J.M. VanderHorst3*, E. Terasawa1, G. 
Holstege2, H.J. Ralston III3. 1Wisconsin Regional Primate Center; 2Dept. of 
Anatomy, Univ. of Groningen, Netherlands; 3Dept. of Anatomy, University 
California San Francisco, CA 94143.

The nucleus retroambiguus (NRA) is a compact group of premotor neurons in the 
caudal medulla, and projects to motoneurons involved in expiration, vomiting, and 
vocalization. Recently, it has been found in the cat that the NRA in addition targets a 
specific set of hindlimb, axial, and pelvic floor motoneurons in the lumbosacral cord. 
This NRA-lumbosacral motoneuronal pathway shows axonal outgrowth after 
administration of estrogen and is in all likelihood involved in mating behavior. The 
aim of the present retro- and anterograde tracing study is to determine at the light and 
ultrastructural level whether the NRA-lumbosacral pathway also exist in primates. In 
the retrograde study, the NRA was localized after wheatgerm agglutinin-horseradish 
peroxidase (WGA-HRP) injections at different levels of the lumbosacral cord in 3 
monkeys. In the anterograde study, WGA-HRP was injected into the NRA in 6 
monkeys to study the distribution of NRA axons in the lumbosacral cord. In the same 
6 animals, cholera toxin subunit b (CTb) was injected into different hindlimb, axial, 
and pelvic floor muscles to identify the motoneuronal cell groups receiving input 
from the NRA. The results show that NRA neurons projecting to the lumbosacral 
cord are located between 1 to 4 mm caudal to the obex. These neurons project to 
motoneuronal cell groups innervating the iliopsoas, axial, and pelvic floor muscles. 
At the ultrastructural level, NRA-terminal profiles make assymetrical contacts with 
dendrites of CTb labeled motoneurons, and contain round and a few dense core 
vesicles. It can be concluded that there exists a direct excitatory pathway from the 
NRA to lumbosacral motoneurons in the rhesus monkey. The finding that it projects 
to a different set of motoneuronal cell groups as compared to other species fits to the 
concept that it is involved in species specific mating behavior. This work is 
supported by NS 23347, NIH RR00167, Fulbright Grant, and Netherlands 
Organization of Scientific Research (NWO)

372.18
ESTROGEN RECEPTOR IMMUNOREACTIVE NEURONS IN THE NUCLEUS 
RETROAMBIGUUS PROJECT TO THE LUMBAR CORD IN THE FEMALE 
HAMSTER. J. Boers and G. Holstege*. Dept. of Anatomy, Faculty of Medicine, 
University of Groningen, The Netherlands.

The nucleus retroambiguus (NRA) is a group of interneurons, located laterally in 
the most caudal portion of the medulla oblongata. In the cat the NRA receives 
projections from the periaqueductal gray (PAG) and projects, in turn, to a distinct 
set of motoneuronal cell groups in the lumbosacral cord, which pathway is thought 
to represent the final common pathway for mating behavior. In the hamster a 
similar descending projection is found but, unlike the cat, in this species the NRA 
only projects to the motoneurons of the iliopsoas muscle, a muscle involved in 
receptive behavior. In the cat estrogen induces outgrowth of fibers in the NRA- 
motoneural projection, but this is unlikely to occur in the hamster because of the 
short estrous cycle. In the hamster estrogen might influence this projection in a 
different way. Recently, we have shown that the PAG as well as the NRA in the 
hamster contain estrogen receptor immunoreactive neurons (ER-IR), which led to 
the question whether the ER-IR neurons in the NRA project to the lumbar cord.

In three ovariectomized female hamsters cholera toxin subunit B (CTb) injections 
were made in the lumbar cord at the level of segments L2-L3, where the NRA- 
fibers terminate on iliopsoas motoneurons (Gerrits and Holstege). The ER-IR 
neurons were identified immunohistochemmically, using the estrogen receptor- 
alpha antibody H222 and a standard ABC-technique.

The results show that almost all the CTb labeled neurons in the NRA and some in 
the medial solitary nucleus contain estrogen receptors. The results indicate that 
estrogen influences the NRA-motoneuronal pathway differently in the hamster than 
in the cat. These differences reflect the different behaviors in mating behavior 
between these two species.

372.19
TRANSNEURONAL TRACING OF THE LORDOSIS PATHWAY USING 
PSEUDORABIES VIRUS INJECTED INTO LUMBAR EPAXIAL MUSCLES.
D.Daniels*, R.R. Miselis, & L.M. Flanagan-Cato. Depts. Psychology & Animal 
Biology, Inst. Neurological Sciences, University of Pennsylvania, Phila., PA 19104.

The lordosis reflex is key for reproduction in rats. The neurotropic α-herpesvirus, 
pseudorabies virus (PRV), was used to elucidate the components of the descending 
control of the lordosis reflex. The Bartha strain of PRV was injected into three 
lumbar epaxial muscles involved in the production of lordosis. Time-course 
analysis of the passage of PRV in the CNS was consistent with the hierarchical view 
of control emanating from the ventromedial nucleus of the hypothalamus, the 
periaqueductal gray (PAG), the reticular formation, lumbar spinal motoneurons, and 
lumbar epaxial muscles. Subsequent analysis of the morphology of PRV labeled 
cells was conducted according to a previous Golgi analysis of PAG neuronal 
morphology (Beitz and Shepard, 1985). The 3 basic cell types identified using 
Golgi impregnation also were labeled by PRV, however, the relative proportions 
were markedly different (n=5, 2 male, 3 female, 12-18 sections per animal). 
Currently, our studies indicate that the fusiform, spheroid, and triangular cell types 
represent approximately 24%, 58%, and 16%, respectively, of the PRV-labeled 
neurons, compared to 48%, 18%, and 33%, respectively, of the Golgi impregnated 
neurons. The results from an analysis of the distribution of cell types in the dorsal 
(d), dorsolateral (dl), ventral (v), and ventrolateral (vl) subdivisions are shown in the 
table on the right. These values were 
consistent between males and females.
Further studies are necessary to 
attribute functional and neurochemical 
characteristics to these PRV-labeled 
neurons in the PAG. Supported by 
MH530711 and GM27739.

Morphology profile 
in the

s of PRV 
the PAG 

dl

V-labeledd cells 

vl
fusiform 13% 16% 27% 28%
spheroid 69% 70% 58% 56%
triangular 18% 14% 15% 16%

372.20
DESCENDING PROJECTIONS FROM THE CAUDAL VENTROLATERAL 
MEDULLA TO THE ILIOPSOAS MOTONEURONS IN THE FEMALE GOLDEN 
HAMSTER; POSSIBLE ROLE IN REPRODUCTIVE BEHAVIOR
P.O.Gerrits* and G.Holstege
Department of Anatomy and Embryology, University of Groningen. Oostersingel 69, 
Medical School, 9713 EZ Groningen, The Netherlands.

The nucleus retroambiguus (NRA) in the cat projects to the expiration related 
motoneurons in brainstem, cervical, thoracic and upper lumbar cord, but also to a 
specific set of motoneurons in the lumbosacral cord. The latter pathway is thought to 
play a crucial role in mating behavior. The question is whether similar projections 
exist in the Syrian golden hamster, because the female of this species also displays an 
outspoken receptive behavior.
Lumbosacral injections using WGA-HRP combined with hemisections were made to 
localize NRA neurons in the caudal medulla. Labeled neurons were found in the NRA 
at the level of the pyramidal decussation contralateral to the injection site.
Injections of WGA-HRP were made in the NRA and adjoining reticular formation to 
find out whether there exist NRA projections to lumbosacral motoneuronal cell 
groups. NRA-fibers crossed the midline at the level of the caudal medulla and 
descended in the lateral and ventrolateral funiculi to terminate mainly contralaterally in 
discrete motoneuronal cell groups of the abdominal wall and iliopsoas muscles. NRA 
projections to more caudal levels were virtually absent.
Electron microscopical examination revealed that 89% of the anterogradely labeled 
NRA terminal profiles made monosynaptic contacts with retrogradely CTB labeled 
dendrites of motoneurons innervating the iliopsoas muscles. The NRA terminal 
profiles formed asymmetrical synapses and contained spherical vesicles, which 
corresponds with an excitatory function.

These results indicate that in the hamster, similar to the cat, direct contralateral 
NRA projections to distinct motoneuronal cell groups exist. These projections are 
thought to play a crucial role in mating behavior.
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373.1
PATTERN OF BRAIN ACTIVATION OF C-FOS AFTER MATERNAL 
AGGRESSION IN LACTATING LONG-EVANS RATS. Judith M. Stern* and 
Milagros Gallo. Department of Psychology, Rutgers University, New Brunswick, NJ 
08903, U.S.A., and Department of Experimental Psychology & Physiology of Behavior, 
University of Granada, Campus Cartuja, 18071 Granada, Spain.

Female rats are fiercely aggressive toward an unfamiliar intruder during 
lactation, true as well of other female mammals that have been studied. We used 
expression of the immediate-early gene c-fos to reveal brain sites simultaneously 
activated by the display of maternal aggression. On day 5 postpartum the litter was 
removed just prior to a 10-min period in which an unfamiliar adult male rat, either 
awake (AG) or anesthetized (AN), or no stimulus (NS) was provided(n = 8 per group). 
Whereas dams in Group AG displayed a mean of 15.2 ±1.6 attacks, dams in Group 
AN displayed only 2.5 ± 0.6 attacks despite continual interest in the immobile male. 
One hour after the test period the dam was sacrificed for subsequent 
immunocytochemical visualization of Fos protein. Sites selectively activated in AG 
compared with NS dams included dorsolateral periaqueductal gray (dlPAG), 
hypothalamus including anterior, lateral, dorsomedial, ventromedial (VMH) and 
paraventricular nuclei, medial division of the bed nucleus of the stria terminalis, 
medial and cortical amygdala (AMY), and areas 1-2 of cingulate cortex. In Group AN, 
Fos expression was similar in several sites to that in Group AG but quantitatively less. 
Similar constituent Fos labeling in Groups AG and NS was found in ventrolateral 
septum, medial preoptic area, and piriform cortex. The pattern of Fos labeling found 
in this experiment is distinctly different from that found in Stern’s lab following 
maternal behavior displayed by rat dams after a 2-day separation from pups and it is 
generally consistent with other studies on the neural basis of aggression in male rats 
and other mammals in which excitatory sites include the AMY, VMH, and dlPAG. 
Further, little or no Fos was found in ventral PAG, recently identified as an inhibitory 
site since lesions heighten maternal aggression and decrease fearfulness.

373.3
IN DU CTIO N  O F FOS IN TH E H Y PO TH A LA M U S O F FEM A L E RATS 
FO LLO W IN G  A CUTE IN TRA CEREBRO V EN TRICU LA R 
O X Y TO CIN  A D M IN ISTRATION . N .P opesk i* , &  B. W oodside . Center 
for Studies in Behavioral N eurobiology and D epartm ent o f Psychology, 
Concordia U niversity, M ontréal, Canada.

The peptide horm one oxytocin (OT) has both peripheral and central 
effects. Central adm inistration o f O T induces both sexual and maternal 
behavior and O T is released w ithin hypothalam ic nuclei under various 
conditions including parturition, lactation and osm otic stim ulation.Central 
infusion o f OT has also been shown to enhance electrical activity and 
induce m orphological changes in m agnocellular neurons sim ilar to that 
observed during parturition and lactation. In order to better understand the 
central actions o f oxytocin w e exam ined the ability o f O T adm inistration 
into the third ventricle to induce the expression o f Fos protein in the 
hypothalam us. One hour following a single injection o f  either vehicle 
(2µl saline) or OT (50ng/2µl) into the third ventricle, intact fem ale rats 
w ere anaesthetized and perfused w ith ice-cold saline follow ed by 4% 
paraform aldehyde. B rains w ere then rem oved and processed for Fos 
im m unocytochem istry using a polyclonal antibody (Ab5, O ncogene 
Sciences). A nim als receiving O T had a greater num ber o f cells showing 
Fos im m unoreactivity in both the SON  and PV N  than those receiving a 
saline injection. Prelim inary results o f a second experim ent com paring OT 
stim ulated Fos induction between ovariectom ized and intact fem ales 
suggests that O T-induced Fos expression in the SO N  and PV N  is reduced 
in ovariectom ized females. These data suggest that central OT 
adm inistration stim ulates Fos expression in the hypothalam us and that this 
effect is m odulated by the reproductive state o f  the animal. (Supported by 
grants from  FC A R  Q ue and N SE R C  to B. W oodside).

373.5
DIFFERENTIAL RESPONSE OF LACTATING AND VIRGIN RATS TO 2- 
DEOXYGLUCOSE ADMINISTRATION A .A bizaid*1, S.Jafferali2 and 
B .Woodside1, 1Center for Studies in Behavioral Neurobiology, Psychology 
Dept, Concordia University, 2Douglas Hospital Research Centre, Psychiatry 
Dept, McGill University.

Food deprivation on Days 13 and 14 postpartum(pp) extends the period 
of lactational infertility in rats. Because 2 De-oxyglucose (2DG) 
administration has been shown to mimic the effects of food deprivation on 
the reproductive axis in cycling hamsters and rats, in these studies we 
examined the ability of 2DG administration to produce a similar effect in 
lactation. Lactating rats were injected with either 400mg/kg 2DG or vehicle 
4 times daily on Days 13 and 14 pp. Virgin rats showing regular estrous 
cycles were given similar treatments on diestrus days 1 and 2 of a single 
cycle. We found that this pattern of 2DG treatment disrupted estrous 
cyclicity in virgin rats but did not prolong lactational infertility in nursing 
rats. To investigate the mechanisms underlying this difference in response 
we compared the ability of a single injection of 400mg/kg 2DG to induce 
Fos in the brainstem and hypothalamus of lactating (Day 12 postpartum) 
and nonlactating rats. One hour after injection Fos expression was higher in 
the area postrema, nucleus of the solitary tract, paraventricular nucleus 
(PVN) and the supraoptic nucleus of 2DG treated animals than in saline 
treated controls. Lactation significantly attenuated 2DG-induced Fos 
expression in the PVN. The PVN is an important site of action of metabolic 
challenges on the reproductive axis and the current data suggest that the 
hypo-responsiveness of the PVN in lactating rats to 2DG administration 
may,at least in part, underly the reduced ability of this drug to affect 
reproductive function in lactating rats. (Supported by grant #M T 10158 
from the Medical Research Council of Canada to B.W.)

373.2
TEMPORAL COURSE OF EXPRESSION OF C-FOS AND FOS B IN THE 
MEDIAL PREOPTIC AREA AND OTHER BRAIN REGIONS OF 
POSTPARTUM RATS AFTER PROLONGED INTERACTIONS WITH 
YOUNG. E. C. Stack*2 and M. Numan1. Department of Psychology1 and 
Department of Biology2, Boston College, Chestnut Hill, MA 02167.
Maternal behavior in rats is associated with an acute increase in the expression of 

both c-Fos and Fos B within medial preoptic area (MPOA) and bed nucleus of stria 
terminalis (BST) neurons. An interesting question is whether the Fos response 
habituates during prolonged mother-young interactions. To investigate this, fully 
maternal females were separated from their offspring on day 4 postpartum (pp). On 
day 7 pp the following groups were formed: Constant Pup Stimulation groups - 
Females were reunited with pups for 2, 4, 6, 12, 23, or 47 hrs of maternal 
experience prior to sacrifice and perfusion; Pup Separation groups - Females were 
reunited with pups for 2 hrs of maternal experience and then perfused at 2, 4, 6, 12, 
23, or 47 hrs post pup presentation; No Pup Stimulation groups - These females 
served to establish Fos baselines and were sacrificed without being exposed to pups 
on day 7 pp. Standard immunocytochemical procedures were used to detect either c- 
Fos or Fos B on alternate brain sections. Initial results indicate that when females 
remain with pups, c-Fos levels are elevated above baseline through 47 hrs of 
mother-pup interaction. In contrast, if females are separated from pups after 2 hrs 
of exposure, c-Fos within MPOA/BST neurons returns to baseline by 12 hrs after 
the onset of pup exposure. Results on the Fos B response in MPOA/BST will also 
be presented, as will data on the c-Fos and Fos B responses in other relevant brain 
regions. Our initial results suggest that c-Fos expression within MPOA/BST 
neurons is a dominant response during maternal behavior, that the response does 
not appear to habituate, and the continued expression of c-Fos within MPOA/BST 
may be necessary to maintain normal functional activity within neurons relevant to 
maternal behavior. Supported by NSF Grant IBN 9319315.

373.4
A D M IN ISTRA TIO N  O F A  D 1 A G O N IST BLOCKS 
PROLON G ATION  O F RA T LA CTA TIO N A L IN FERTILITY  
IN D U CED  B Y  48-H O U R FO O D  D EPRIVA TIO N . B . W oodside*1 and
M .Jakubow ski2. 1CSBN , Psychology D ept., C oncordia U niversity , 
M ontréal, Canada, 2E rgo Science Corp., C harlestow n, M A , USA.

Fasting for 48 h at m idlactation in the rat can acutely stim ulate 
neuropeptide Y levels in the hypothalam ic arcuate nucleus and suppress 
pituitary gonadotrophin secretion, resulting in prolonged lactational 
infertility. The effect o f fasting on lactational infertility can be blocked by 
adm inistration o f leptin, a horm one know n to suppress food intake and 
N PY  levels in the arcuate nucleus. Since the D1 agonist SK F 38393 can 
suppress hyperphagia and arcuate N PY  overexpression in nonlactating rats 
and ob/ob m ice, w e exam ined w hether this drug could also b lock fasting- 
induced prolongation o f  lactational infertility. Postpartum  rats nursing 
litters o f 8 pups w ere deprived o f food during days 13 and 14 o f lactation 
(FD) or allow ed continuous ad libitum  access to food (AL). On the 
m ornings o f  days 13 and 14, animals received an i.p. injection o f either 
SK F 38393 (20m g/kg) or vehicle only. SK F 38393 adm inistration had no 
effect on litter growth rate or maternal food intake and body w eight in 
either the A L or FD  groups. Food deprivation prolonged lactational 
infertility and this effect w as significantly blunted when fem ales were 
treated w ith SK F 38393 concom itant w ith food deprivation. In A L rats, the 
duration o f lactational infertility was unaffected by the drug treatment. 
These data suggest that the increased suppression o f  the reproductive axis 
by food deprivation at m idlactation can be reversed by substances that are 
know n to reduce N PY  levels in the arcuate nucleus. (Supported by grant 
#M T 10158 from  the M edical Research Council o f  Canada to B .W .)

373.6
COMBINED C-FOS / 14C-2-DG ANALYSIS OF MATERNAL BEHAVIOR IN RAT
S. Chinapen,1* M.L. Barona,2 R.T. O’Bannon III,1 J.S. Rosenblatt,1 J. Nissanov,3
B.R. Komisaruk,1 M.C. Del Cerro.2  1 Rutgers, The State Univ. of NJ, Newark, NJ 
07102, 2Univ. Nacional de Educación a Distancia (UNED), Madrid, Spain 28040, and 
3Drexel Univ., Philadelphia, PA 19104
On the basis of evidence that the 14C-2DG autoradiographic method measures activity at 
axonal terminals, whereas the c-fos immunocytochemical method measures activity of 
neuronal cell bodies, we combined these techniques to assess excitatory versus 
inhibitory synaptic relations in selected sites in the same brains. We previously reported 
(Del Cerro et al, Brain Res. [1995] 696: 213) that in newly-parturient rats showing 
maternal behavior during a 45-min period, 14C-2DG activity in medial preoptic area was 
higher than in non-maternal virgin controls, and in virgin rats induced to show maternal 
behavior by 7-10 day cohabitation with pups (“Sensitized”), 14C-2DG activity was 
significantly lower in vomeronasal structures than in controls. We replicated this 
finding in the present study. Moreover, in the present study based on the c-fos method, 
the preoptic area and the vomeronasal structures showed higher activity in the 
corresponding groups than in non-maternal virgin controls. These brain regions appear 
to have opposite roles -- lesions in the medial preoptic area block maternal behavior, 
whereas lesions in the vomeronasal system (e.g. bed nucleus of the accessory olfactory 
tract and medial amygdala) accelerate the onset of maternal behavior, suggesting an 
excitatory input-output relationship in the medial preoptic area, but an inhibitory input- 
output relationship in the vomeronasal structures. The present findings suggest that the 
sensitization procedure induces a reduction in synaptic input to the vomeronasal 
structures, which disinhibits the postsynaptic neurons in them, thereby producing an 
activation of their postsynaptic neurons. Based on the c-fos method, the medial preoptic 
area showed significant activation (over controls) in all rats showing maternal behavior, 
regardless of whether it was induced by natural parturition, sensitization, or 
hysterectomy. This suggests that the medial preoptic area is a final common pathway 
for maternal behavior, regardless of its mode of activation (hormonal and/or sensory). 
Support: NIH-P41RR0 1638, NIH-5S06GM-08223, Charles and Johanna Busch Fund.
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373.7

INDUCTION OF C-FOS- AND FOSB-LIKEIMMUNOREACTTVITY REVEALS 
NEURONAL POPULATIONS DIFFERENTIALLY INVOLVED IN PUP- 
MEDIATED MATERNAL BEHAVIOR IN JUVENILE AND ADULT RATS.
M. Kalinichev1*, J.S. Rosenblatt2 & J. I. M o r re l l1, Center for Molec. & Behav. 
Neuroscience1 and Dept. of Psychology2, Rutgers University, Newark, NJ 07102 

The aim of this study was to identify the neuronal populations involved in pup- 
mediated maternal behavior (MB) in juvenile and adult rats, by using the 
immunocytochemical detection of immediate early gene c-fos and fosB protein 
products. Female rats were exposed to pups and tested for MB daily. After MB was 
fully established, maternal animals, that have been isolated from pups overnight, were 
sacrificed following 2 hours of pup-interaction. Non-matemal control animals were 
also isolated overnight and were either re-exposed to pups for 2 hours or kept isolated 
before sacrifice. Maternal juveniles and non-matemal control animals had similar 
number of c-Fos- and FosB-immunoreactive (-ir) cells in the medial preoptic area 
(MPO) and ventral bed nucleus of the stria terminalis (vBST). In contrast, maternal 
adults had significant (80-100%) increases in the number of c-Fos- and FosB-ir cells in 
the MPO and vBST compared to controls. Involvement of other areas associated with 
MB, the dorsal bed nucleus of the stria terminalis (dBST), medial amygdala (MEA) and 
cortical amygdala (COA) in juvenile MB also is not adult-like. In juveniles, the 
number of c-Fos-ir cells in the dBST, MEA and COA was similar across maternal and 
control groups. In contrast, in these areas maternal adults had significantly more c- 
Fos-ir cells than non-matemal control animals. However, involvement of the lateral 
habenula (LHb) in MB appears to be similar in juvenile and adult rats. In both age- 
groups, in animals exhibiting MB there was a significant increase (80-100%) in the 
number of c-Fos-ir cells compared to controls. Control areas, not associated with 
maternal behavior, the arcuate nucleus (ARH) and the ventromedial nucleus (VMH) of 
the hypothalamus and the medial habenula (MHb) showed no increase in the number 
of c-Fos- and FosB-ir cells in relation to maternal behavior neither in adult nor in 
juvenile rats. These data suggest that in juveniles only some of the components or 
chemistry of the neural circuit provide the adult-like mediation of maternal behavior.

373.8

FIRST AND SECOND ORDER AFFERENTS OF THE LATERAL 
HABENULA RELEVANT FOR MATERNAL BEHAVIOR. Tracy 
Matthews Felton1, LaToya Linton1, Jay S. Rosenblatt2, and Joan I. 
Morrell1*, 1Center for Molecular and Behavioral Neuroscience, 
2Department of Psychology, Rutgers University, Newark, NJ. 07102 

Our laboratory has demonstrated that the lateral habenula (Lhb) is part 
of a neural circuit that mediates maternal behavior (Corodimas et al., 
1993; Matthews-Felton et al., 1995). In the present study we identify the 
first and second order afferent connections of the Lhb, particularly those 
relevant for this behavior, to provide a more complete understanding 
about how the Lhb fits into the neural circuit for maternal behavior. The 
transneuronal tracer Pseudorabies virus (PRV) along with the fluorescent 
retrograde tracer Fluoro-Gold (FG) were used to identify the afferents of 
the Lhb. First order afferent projections to the Lhb were found in all 
areas labeled with FG and also usually contained neurons that were 
labeled with PRV. First order afferents originated from the lateral 
preoptic area (LPOA), bed nucleus of the stria terminalis (BNST), 
nucleus accumbens (NA), and ventral tegmental area (VTA), each 
important for the display of maternal behavior. Second order afferent 
projections were identified as those neurons that were labeled with PRV 
after subtracting equivalent areas labeled with FG (those identified as 
first order afferents). Second order neurons were found in the medial 
preoptic area (MPOA) and amygdala both relevant for maternal behavior. 
Our findings identify two important circuits that are relevant for maternal 
behavior, and in which the Lhb is a component. The first involves the 
MPO A, LPOA, and Lhb while the second involves the amygdala,
BNST, and Lhb. Supported by M.B.R.S.G. 5 S06 GM 208223-09 to 
T.M-F. & J.S.R. & HD22983 to J.I.M..

373.9 373.10

SEX DIFFERENCES IN PARENTAL BEHAVIOR OF VIRGIN PRAIRIE VOLES: 
ROLE OF GONADAL HORMONES AND VASOPRESSIN J.S. Lonstein* and G.J. 
DeVries. Center for Neuroendocrine Studies, Univ. of Massachusetts, Amherst, MA 
01003.

Sexually-experienced male and female prairie vole (Microtus ochrogaster) parents both 
contribute to care of the young. Sexually- and parentally-inexperienced juveniles also act 
parentally, but the behavior of inexperienced adults has been less investigated. A striking 
sex difference was found in the parental responsiveness of 90-day-old prairie voles 
interacting with pups for 15 min such that all males were parental whereas most females 
attacked pups. Circulating gonadal hormones apparently do not mediate this sex 
difference since gonadectomy 4 weeks prior to testing did not affect the behavior of 
either sex, in contrast to previous reports; parental behavior in males was also not 
affected by gonadectomy when tested 8 weeks later. A 28-day treatment of 
gonadectomized subjects with estradiol had no effect on the behavior of males, but 
increased maternal responsiveness in females. Since arginine-vasopressin (AVP) has been 
implicated in the paternal behavior of males, subjects’ brains were processed 
immunocytochemically for AVP. Males had 6-8-fold more AVP-immunoreactive fiber 
density than females in the lateral septum (LS) and lateral habenula (LHb), which was not 
altered in either sex 4 weeks after gonadectomy. Estradiol, however, almost doubled 
AVP fiber density in females. Males castrated for 8 weeks (which were highly parental) 
had almost no AVP fibers in either site, and estradiol treatment fully restored it. These 
results suggest that neither gonadal hormones nor AVP are critical for parental 
responsiveness in adult virgin male prairie voles or the absence of this behavior in 
females.

Supported by grants MH47538 (GJD) and HD08392 (JSL)

CENTRAL OXYTOCIN (OT) BINDING AND IMMUNOREACTIVE 
CONTENT DURING SUCCESSIVE OVARIAN STEROID STAGES OF 
PREGNANCY NECESSARY FOR THE POSTPARTUM ONSET OF 
MATERNAL BEHAVIOR (MB) C.H. Walker, L . Li, C.A. Pedersen.* Dept of 
Psychiatry and UNC Neuroscience Center, UNC, Chapel Hill, NC 27599.

In previous studies, we found that OT binding capacity (bc) but not 
binding affinity (ba), increases in parallel with rising estradiol (E) levels 
between pregnancy day 15 (PD15) and PD20 in the medial preoptic area 
(MPOA) and the ventral midbrain, sites in which OT antagonist blocks the 
postpartum onset of rat MB. We have since examined OT binding and 
immunoreactive content in these and other brain areas at the end of 
successive ovarian steroid stages of pregnancy that are necessary for 
postpartum activation of MB: PD12, P levels have been high for some time 
but E levels remain low; PD20, E has been elevated for several days and P 
remains high; PD22, P has fallen but E has not; and shortly postpartum 
(PR . Saturation binding assay employing an iodinated OT antagonist or OT 
RlA was conducted in dissected brain areas of interest. In the MPOA, OT 
content dropped very significantly from PD 20 to PD 22-PP. In the ventral 
midbrain, binding was not detectable on PD12 but then rose to previously 
reported levels suggesting that OT receptors may be synthesized in this 
area only during Tate pregnancy. In the ventromedial hypothalamus, 
OTbc and content increased markedly between PD12 and PP. In the 
nucleus accumbens, OTbc and content dropped significantly between 
PD12 and PD20 but then rebounded significantly by PD 22-PP. In the 
lateral septum, OTba increased sharply between PD12 and PP without 
significant change in OTbc. In the centromedial amygdala, OTbc rose and 
OTba dropped significantly between PD12 and PD20 and OTba then 
rebounded significantly by PP; nearly significant oscillations in OT content 
also occurred between each successive time point. In the olfactory 
nucleus, OTbc decreased and OTba increased significantly between PD12 
and PD20. No significant changes in binding or content were found in the 
ventral hippocampus, the bed nucleus o f the stria terminalis, or the 
olfactory tubercle. Our results suggest that the successive ovarian steroid 
stages of pregnancy may differentially affect OT receptor synthesis and 
binding properties as well as OT transport, release, and/or metabolism in 
discrete brain sites. Supported by MH56243, MH33127, and HD03110.

373.11

DIAZEPAM INFLUENCES HYPOTHALAMIC OXYTOCIN MESSENGER 
RIBONUCLEIC ACID LEVELS IN THE LATE PARTURIENT RAT. J. A. Amico*, N.B. 
Kim, B. J. Blyth, D.J. Hollingshead. Division of Endocrinology, University of Pittsburgh 
Sch of Med and VA Med. Ctr.; Pittsburgh, PA 15261 

As pregnancy advances in the rat, oxytocin (OT) mRNA and peptide levels increase in 
the hypothalamic paraventricular and supraoptic nuclei (PVN and SON) and peak 12-24 
h before delivery. The high level of estradiol and the declining level of progesterone that 
occur pre-parturition induce this increase. Ovariectomized (ovx) rats exposed to this same 
steroid paradigm also increase hypothalamic OT mRNA. This effect is partly mediated by 
the GABA A receptor. Ovx rats receiving this steroid regimen did not increase PVN OT 
mRNA if pretreated with diazepam, a benzodiazepine which binds to the GABA A receptor 
and enhances GABA tone. In the present study, we investigated the effect of diazepam 
upon PVN OT mRNA levels in the late pregnant rat. Timed pregnant rats were randomized 
(in groups of 6) to either twice daily s.c. injections of saline or diazepam (1 mg/100 g body 
weight at 0700 and 1900 h starting on D19 until sacrifice at 0900-1100 h on D21 of 
pregnancy). Coronal brain sections containing the PVN were hybridized to an 35S-labeled 
probe to OT. Six other pregnant rats, not receiving injections, spontaneously delivered 12- 
24 h later. Virgin ovx rats receiving diazepam (1 mg/100g) or saline injections served as 
controls for the effects of diazepam in the absence of gonadal steroids. The mean ± SEM 
levels of PVN OT mRNA (relative optical  densic units) differed among groups as follows: 
D21 pregnant/saline, 31.5 ± 1.4; D21 pregnant/diazepam, 27.5 ± 1.2; virgin ovx/diazepam, 
25.5 ±1.1; and virgin ovx/saline, 27.3 ± 1.4, ANOVA, p = 0.02. PVN OT mRNA levels 
were increased in D21 pregnant animals receiving galine vs. diazepam-treated pregnant rats 
(p = 0.05), and diazepam-treated (p = 0.002) or , aline-treated (p = 0.03) ovx virgin rats, 
Fisher’s PLSD. No differences in OT mRNA were found among these latter 3 groups. 
Diazepam attenuates OT mRNA levels in the late pregnant rat, as it does in the steroid- 
treated rat, suggesting a role for the GABA A receptor in the steroid-mediated increase in 
OT during late pregnancy. Supported by VA Merit Review Program.

373.12

MOTHERHOOD ENHANCES LEARNING AND MEMORY:
ACCOMPANYING ALTERATIONS IN NEURONAL AND GLIAL 
MORPHOLOGY. C.H. Kinsley*, L. Madonia, R  Trainer, G. Gifford, S. Miller, K. 
Tureski & K.G. Lambert1. Depts. Psych., Univ. of Richmond, VA, 23173 & 
1Randolph-Macon College, Ashland, VA, 23005.

The transition between nulliparity (NP) and primi/multiparity (P/MP) presents a 
set of new demands to the female which are centered around care of the newborn(s). 
Steroid hormones such as estradiol (E2) and progesterone (P), both of which are 
significantly elevated for the duration of pregnancy, can affect the morphology of 
hippocampal (HI) and medial preoptic area (mPOA) neurons in adult females. Such 
neural changes may underlie and/or facilitate the learning and memory required to 
care for young effectively. That is, the female must find and remember the location 
of food caches, water sources, nest sites, etc. Perhaps the hormones of pregnancy, 
through stimulation of neurons and supporting cells, prepare sites that regulate 
learning and memory, much like such steroids prepare the mPOA to respond with 
maternal behavior once pups are delivered. A series of studies was performed. 
Female rats were either timed-mated and allowed to deliver normally, or left 
undisturbed. Litters were culled to 6-8 pups, and weaning was at 21d. Two weeks 
after weaning, PP females were mated again to become MP. Compared to the age- 
matched NP rats, MP females did significantly better on a radial arm maze, learning 
it faster (to criterion) and with fewer errors. Further, HI CA-1 neurons from PP vs. 
NP females show a greater concentration of dendritic spines in the former group (# 
spines/10µ apical dendritic branch length). Lastly, preliminary data indicate that 
glial (astrocyte) concentration and complexity, as measured by glial fibrillary acidic 
protein immunoreactive (GFAP-IR) staining) appear to be greater in PP vs. NP 
females in mPOA. Together, these data suggest that enhancements of learning and 
memory in the mother — which are in the service of offspring growth and survival — 
may be a result of hormone-neuron interactions during pregnancy. Thus, mother, as 
well as young, appears to undergo significant development at that time. (UR&N$F).
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373.13
THE ROLE OF ENDOGENOUS OPIOIDS IN MATERNAL MEMORY AND 
NURSING BEHAVIOR. E.M.Byrnes, R.Kadkade, B.A.Rigero, and R.S.Bridges*. 
Dept. of Biomedical Sciences, Tufts Univ. School of Vet.Med., N.Grafton, MA 01536.

Endogenous opioids have been implicated in both the induction and maintenance of 
maternal behavior (MB). In rats, full MB is normally observed immediately 
postpartum (PP) and includes pup retrieval, grouping the young in the nest and 
crouching. The memory of this interaction with pups, even if it is only 60 min in 
duration, enables females to respond rapidly to foster pups in the future. We 
hypothesized that this maternal memory may be mediated by the opioidergic system. 
To test this hypothesis timed-pregnant female rats were implanted with a chronic guide 
cannula directed into the lateral ventricle. On day 22 of pregnancy subjects were 
infused with the long-lasting opiate antagonist β -FNA (0.4,2.0,10.0 µg/5µl) or saline. 
After parturition, females were allowed to interact with pups for 60 min, at which 
point all pups were removed. Seven days later subjects were introduced to 3 foster 
pups and MB testing was conducted daily until full MB was observed or 7 tests days 
had elapsed. Findings revealed a delayed re-establishment of MB in females treated 
immediately prepartum with the opioid antagonist. These findings indicate that the 
establishment of maternal memory is mediated in part by endogenous opioids.

The endogenous opioid system has also been implicated in ongoing maternal 
behavior. It has been suggested that opioids may function to quiet animals, inducing 
them to remain in the nest with pups. To test this hypothesis we treated females with 
the opiate antagonist naloxone (0.5 or 5.0 mg/kg) or saline on PP days 5-7 and 12-14. 
Pups were removed 1 hr before testing and returned to the female 30 min after drug 
treatment. The time females spent in the nest and nursing were recorded over the next 
hr. Findings revealed that the high dose of naloxone increased both nesting and nursing 
when testing occurred on days 5-7, but not on PP days 12-14. Thus, it appears that 
endogenous opioids may function to terminate nursing bouts during early lactation. 
Supported by NIH Grant MH56590 (RSB)

373.15
N-METHYL-D-ASPARTIC ACID LESIONS OF THE MEDIAL 
AMYGDALA FACILITATE MATERNAL BEHAVIOR IN FEMALE 
RATS HYSTERECTOMIZED AND OVARIECTOMIZED ON DAY 
12 OF PREGNANCY. T. Sheehan*, M. Paul, J. Cirrito, and M. 
Numan. Psychology Dept., Boston College, Chestnut Hill, MA, 
02167.

Nulliparous rats do not show maternal behavior when initially 
presented with foster pups. They will, however, if exposed to 
treatments which mimic the periparturitional hormonal environment, 
such as pregnancy termination by hysterectomy and ovariectomy (HO) 
plus injection of estradiol benzoate (EB). We have previously shown 
that N-methyl-D-aspartic acid (NMDA) lesions of the medial amygdala 
(MA) induce maternal behavior in nulliparae, but the possibility of an 
indirect effect of such lesions by inducing facilitatory gonadal steroid 
secretions was unresolved. Here we address this possibility. In a first 
experiment, nulliparous rats were HO 12 days after being mating and 
injected sc with oil, 2.5, 5, or 10 ug/kg EB. Pups were presented 2 
days later. All groups receiving EB showed similar median latencies to 
show maternal behavior (1.5 to 2.5 days) and differed significantly 
from the oil treated group (median latency > 5 days). In a second 
experiment, subjects were HO 12 days after mating and received 
NMDA or sham lesions of the MA. The NMDA group’s median 
latency (< 24 hrs) differed significantly from the sham group’s ( > 5 
days). Since subjects lacked ovaries when lesioned, gonadal 
secretions could not have caused this difference. Interestingly, lesions 
seem to have substituted for EB. Implications will be discussed, as 
well as experiments examining where the MA might project to inhibit 
maternal behavior. Supported by NSF Grant IBN 9319315.

373.17
IMMUNOCYTOCHEMICAL DETECTION OF PROGESTERONE 
RECEPTOR IN RAT FOREBRAIN DURING PREGNANCY AND 
LACTATION. M. Numan*, M. J. Numan, J. K. Roach. Dept. Psychology, 
Boston College, Chestnut Hill, MA 02167.

Progesterone (P) has important effects on maternal behavior in rats. Its 
fall from high plasma levels at the end of pregnancy facilitates maternal 
behavior, and if high levels are experimentally maintained the onset of the 
behavior is inhibited. However, once maternal behavior has become 
established during lactation, P is no longer inhibitory. At present, the neural 
site and mechanism of action of P with respect to maternal behavior are not 
known. To this end, we determined the location and number of neurons that 
express the progesterone receptor (PR) in the rat forebrain during the 
following reproductive states: Estrous cycle; days 3 ,  15, and 21 of 
pregnancy; day 3 postpartum. Forebrain sections were subjected to an 
immunoperoxidase procedure using a primary antibody that reacts with both 
the A and B isoforms of the PR. PR was detected in the following regions: 
anteroventral periventricular preoptic nucleus, medial preoptic area, bed 
nucleus of the stria terminalis, anterior part of the paraventricular 
hypothalamic nucleus, ventromedial hypothalamic nucleus, and arcuate 
nucleus. During pregnancy, for most brain regions, the number of neurons 
expressing the PR peaked on day 21. Also, the number of neurons that 
expressed the PR was lower on day 3 of pregnancy and on day 3 of 
lactation when compared to the other time points. Assuming that P acts on 
its intracellular receptor to influence maternal behavior, this study provides 
candidate neural sites for P action, and also suggests that P may not be 
able to inhibit maternal behavior during lactation because the number of 
PRs is very low.

Supported by NSF Grant IBN 9319315

373.14
THE EFFECTS O F ELECTRICAL STIM U LA TIO N  O F TH E M ED IA L PR EO PTIC  AREA  
OR THE MEDIAL A M YG DALA ON M A TER N A L B EH AVIO R IN FE M A L E  RA TS W ITH  
STRIA TER M IN A LIS LESIONS. Morgan, H .D *., Watchus, J.A. & Fleming, A. Department of 
Psychology, University o f Toronto in Mississauga, Mississauga, Ontario, Canada L5L 1C6.

Kindling-like electrical stimulation of the medial preoptic area (MPOA) enhances maternal 
behavior, whereas medial amygdala (AME) stimulation delays maternal behavior and increases 
neophobia (Morgan, Watchus & Fleming, 1997). The AME and the MPOA are connected via the 
stria terminalis (ST), a pathway containing Fibers that project in both directions. Although the MPOA 
and AME are both implicated in the expression o f maternal behavior, how they influence one another 
is not clear. Electrophysiological and anatomical evidence suggest that the strongest projections are 
from the AME to the MPOA, rather than in the other direction (Morgan, Watchus & Fleming, 1997; 
DeOlmos, 1972). Whether these neurons are predominantly inhibitory or excitatory is not known. 
The inhibitory effect o f AME activation could act indirectly by activating the fear system. The 
present study tested these alternative hypotheses, by comparing maternal (pup-odor-preference test, 
latency to become maternal test) and fear mediated (open Field) behaviors in different groups of 
animals sustaining ST lesions that received either MPOA or AME kindling-like stimulation. 
Maternally experienced cycling Sprague-Dawley female rats were given unilateral electrode implants 
(in the M POA or AME) and bilateral ST electrolytic lesions or sham lesions. Half o f the animals 
were stimulated (K) and the other half were sham stimulated (NK) (8 groups total, n=6). Stimulation 
was once a day for 14 days with a 2 second train o f 60 Hz, 200uA, square wave pulses. The results 
supported previous Findings from simulation studies. MPOA stimulation facilitated maternal 
responsiveness. MPOA (K) animals showed shorter latencies to reinduced maternal responsiveness 
than M POA (NK) animals in both lesioned and (marginally) in sham groups. Predictably, AME (K) 
sham animals showed increased latencies to become maternal compared to AME (NK) sham animals; 
however, in animals sustaining ST lesions, there was no difference in maternal responsiveness 
between AME (K) and AME (NK) animals. Also, only in sham groups, MPOA(K) animals showed 
a greater preference for pup odors than MPOA (NK) animals and AME (K) animals showed a 
decreased preference for pup odors compared to AME (NK) animals. In both lesioned and sham 
conditions, AME (K) animals were more neophobic in the open Field than were the other groups. 
These data suggest the effect o f MPOA stimulation on maternal behavior does not depend on 
simultaneous activation of the AME, however, it does for pup-odor preference. Further, AME 
inhibition of both maternal behavior and pup-odor preference is dependent on its neural connections 
with the MPOA, whereas AME mediation o f fear responses is not. Supported by NSERC of Canada 
grant awarded to A. Fleming.

373.16
NEUROANATOMICAL DISTRIBUTION OF THE mRNA FOR THE SHORT 
FORM OF THE PROLACTIN RECEPTOR IN THE RAT BRAIN. J.C. 
Bakowska,*D.E.Olazabal, and J.I. Morrell . Center for Molecular and Behavioral 
Neuroscience Rutgers University, Newark, NJ 07102.

Prolactin by acting on its own receptors in the brain promotes many 
behavioral and neuroendocrine changes, including alterations in 
reproductive behavior, and food intake. W e have demonstrated the 
regional distribution of the long form of the prolactin receptor mRNA in 
the rat brain (Bakowska and Morrell, JCN, 386, '97). Although the 
short form o f the prolactin receptor mRNA was demonstrated in brain 
homogenates (Sugiyama et. al. Endo, ‘94), the regional distribution of 
this transcript remains unknown. In this experiment we have examined 
the neuroanatomical distribution o f the m RNA from which the short 
form of the prolactin receptor is translated. A  265-basepair 33p cRNA  
probe, complementary to a cytoplasmic domain o f the short from of the 
prolactin receptor m R N A  (SPR L-R), was synthesized  using T3 
polymerase. Follow ing in situ hybridization procedures, the slides  
were coated with Kodak em ulsion. Large populations o f  neurons 
expressing the SPRL-R m R NA  w ere found in the anteroventral 
periventricular nucleus, the medial preoptic area, the paraventricular and 
supraoptic nuclei. Limbic structures such as the bed nucleus o f the stria 
terminalis and the medial amygdala as w ell as the the choroid plexus 
contained many cells that expressed the SPRL-R. A ll o f these brain 
regions have been previously demonstrated to contain the m R NA  for 
the long form o f  the prolactin receptor mRNA. In addition neurons 
within the suprachiasmatic nucleus and the substantia nigra pars 
compacta express only the short form o f the prolactin receptor mRNA. 
(Supported by HD 22983 to JIM and Sigma Xi to JCB).

373.18
EFFECTS OF CROSS FOSTERING ON BODY WEIGHT AND 
INFLAMMATORY RESPONSE IN FISCHER AND LEWIS RATS. 
M.A. Gómez, E.M. Sternterg and A.L. Riley*. Psychopharmacology 
Laboratory, Department of Psychology, American University, 
Washington DC 20016 and NIMH, Bethesda, MD, 20892.

Inbred Fischer and Lewis rats differ on a number o f physiological 
and behavioral indices, including inflammatory, startle and drug 
responsivity. These differences point to underlying genetic differences 
between the Lewis and Fischer strains. Genetic models o f hypertension, 
however, have shown that the environment and, more specifically, the 
maternal environment, plays an important role in the development and 
display o f high blood pressure, suggesting that maternal influences 
might also play a role in adult phenotypes in Fischer and Lewis rats 
(especially given that these two strains differ dramatically in maternal 
behaviors; see Gómez et al. Soc. Neuroci. Abs. 23:1154; 1997). To 
determine maternal influences on these two strains, Lewis pups were 
cross fostered within the first 12 hours after birth to Fischer dams and 
vice versa (these litters were com pared to noncross fostered pups). 
Lewis pups raised by Lewis dams were significantly heavier than 
Fischer pups raised by Fischer dams. Interestingly, Lewis pups raised 
by Fischer dams did not differ from  Fischer pups raised by Lewis 
dams. The weights o f the cross-fostered pups shifted (but not totally) 
toward that of the strain of the nursing dams. Although cross fostering 
affected body weight differences between the two strains, there was no 
effect of this manipulation on subsequent inflammatory reactivty to an 
injection o f 4  ml o f 2%  carrageenan. Lewis pups (whether reared by 
their natural or cross fostered dams) had a significantly larger 
inflamm atory response than Fischer pups (whether reared by their 
natural or cross fostered dams), suggesting that differences in 
inflammatory response between these two strains are not affected by 
maternal rearing.
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374.1
AMPHETAMINE FACILITATES CONTACT WITH UNCONDITIONED 
MOVING STIMULI. M. Tinsley1,3, G.V. Rebec2,3, G.P. Frommer2,3* and 
W.D. T im berlake1,3. 1C e n te r  for the Integrative S tudy of Animal 
Behavior; 2Program in Neural Science; 3Dept. of Psychology, Indiana 
University; Bloomington, IN 47405.

Dopamine agonists facilitate a variety of conditioned appetitive 
behaviors in rats. We aim ed to extend this finding to unlearned 
appetitive behaviors and tested the effect of dopam ine agonists on 
frequency of contact with unconditioned moving stimuli (ball bearings), 
previously shown to evoke predatory behavior (Timberlake, W.D. and 
W ashburne, D.L. Anim al Learning and Behavior 17: 1-10, 1989) . 
Although apom orphine (0.1 or 0.2 m g /kg , sc), a non-selective direct 
agonist, had no effect, we found that 0.1 m g /k g  (sc) am phetam ine, an 
indirect dopamine agonist, increased contact w ith the ball bearings. This 
effect was removed by combining the amphetamine with eticlopride (0.01 
m g/kg), a D2 antagonist. Injections of a m ixture of am phetam ine and 
SCH23390 (0.01 m g/kg), a D1 antagonist, led to near total suppression of 
movement. These results suggest dopam ine plays a role in mediating 
predatory behavior and may imply a particular role for the D2 receptor 
subtype.

Supported by NIDA DA-02451, NSF IBN 9408366, NSF BIR 9413220

374.3
INCREASED DOPAMINERGIC TRANSMISSION MEDIATES WAKE- 
PROMOTING EFFECTS OF AMPHETAMINE ISOMERS. T. K a n b a y a sh i1 ,2 , K. 
Honda1,T. Kodama3 *, E. Mignot1 , and S. Nishino1 1 Sleep Research Center, 
Stanford University School of Medicine, Palo Alto, CA 94304, USA 2Akita 
University School of Medicine, Akita 010, Japan 3Tokyo Metropolitan Institute for 
Neuroscience, Fuchu 183, Japan

Using canine narcoelpy, we have previously demonstrated that selective dopamine 
(DA) uptake inhibitors significantly increased wakefulness, but had little effect on 
REM sleep and cataplexy. The wake-promoting effects of DA uptake inhibitors 
significantly correlate with their in vitro biding affinity to the DA transporter (DAT). 
In contrast, noradrenaline (NA) uptake inhibitors have no effect on wakefulness, but 
significantly reduce REM sleep. These results suggest that DA transmission is 
important for the control of wakefulness, while the NA system is important for 
controlling REM sleep and the REM sleep related symptoms in narcolepsy.

In order to further differentiate the involvement of the DA and NA systems in the 
control of wakefulness and cataplexy in narcolepsy, we have compared the potency of 
amphetamine isomers (D-AMP, L-AMP) and an analog (1-methamphetamine [L-M- 
AMP]) on wakefulness and cataplexy and their in vivo effects on the extracellular DA 
(in the caudate) and NE (in the frontal cortex) levels in the microdialysis perfusates 
during systemic intravenous administration and local perfusion of these amphetamines 
in 4 narcoleptic dogs. Polygraphic recordings demonstrated that D-AMP was about 3 
times more potent than L-AMP, and 12 times more potent than L-M-AMP in 
increasing wakefulness, while D-AMP and L-AMP were equipotent in reducing 
cataplexy and L-M-AMP was about two times weaker than the other two.

Furthermore, the potency of these amphetamines on wakefulness correlated well 
with that on DA but not in the NE efflux in the brain of narcoleptic dogs for both 
systemic and local drug administrations. Our current results further confirm that the 
DA system is one of the most important systems for the pharmacological control of 
alertness and suggest that increased DA transmission mediate wake-promoting effects 
of amphetamine-like stimulants.

374.5
EFFECT OF ENV IRON M EN TA L N OV ELTY  ON A M PHETAM INE- 
IN DU CED  C -FO S  E X PR ESSIO N  IN  D1 A ND D 2 STRIATAL 
N EU R O N S. A. Badiani *, M. M . O ates, H. E. W . D ay, H. A kil, 
S. J. W atson and T. E. R obinson. B iopsychology and Mental Health 
Research Institute, University o f M ichigan, A nn A rbor, MI.

The acute psychom otor activating effects o f am phetam ine are greater 
when the drug is given im mediately after placing the rats in a novel test 
environm ent (AM PH-NOVEL) than w hen given to rats permanently 
housed in the same test environm ent (A M PH -HO M E). W e have 
previously shown that these behavioral differences are accompanied by 
differences in the expression o f the immediate early gene c -fos  
throughout the striatal com plex, but not by differences in dopamine 
overflow  in the same brain areas.

There is now considerable evidence that striatal projection neurons 
express either D1 or D2 DA receptors, and that these tw o neuronal 
subpopulations participate in regulating basal ganglia output via 
separate pathw ays. Thus, we examined the ability o f amphetamine 
and/or environmental novelty to induce c -fos  expression in 
subpopulations o f striatal neurons containing either D1 receptor mRNA 
or D2 receptor m RN A , by using double in situ  hybridization. W e 
found that when given in the home cage, am phetam ine increased c -fos  
expression only in D1 neurons, w hereas w hen given in a novel 
environm ent it induced c -fos in both D1 and D 2 neurons. W e conclude 
that the neural circuitry engaged by am phetam ine varies as a function of 
the environm ent in w hich it is adm inistered.
(NIDA Grants: D A04294, DA08920; DA02265).

374.2
TH E RO LE OF DOPAMINE IN AN ANIM AL M ODEL OF 
SPONTANEOUS STEREOTYPY. S.B. Powell*, M .F. Presti, M .H. 
Lewis. Departments of Psychiatry and Psychology, University of Florida, 
Gainesville, FL 32610.

In response to being reared and housed in standard laboratory cages, 
approximately 80% of deer mice engage in high rates of spontaneous 
stereotypy (SS). When housed post-weaning in larger, more complex 
environments, 80% of deer mice do not develop stereotypy (NS). As 
stereotyped behaviors are readily induced by administration of a dopamine 
(DA) agonist, the present study tested whether drug-induced stereotypies 
in the NS group were topographically identical to spontaneous or 
environmentally related stereotypies in the same species. In the (NS) 
group, apomorphine induced a number of stereotypic topographies, some 
of which (e.g., jumping, patterned running) were identical to the 
spontaneous stereotypies observed in this species (SS). Shifts to the left in 
apomorphine dose-response curves were observed in the SS group, with 
apomorphine inducing high intensity stereotypy (e.g., gnawing, jumping) 
at lower doses in SS compared to NS mice. We also evaluated the 
potential of the D2/5HT2 antagonist risperidone to inhibit selectively 
spontaneous stereotypy in the SS group. Risperidone attenuated 
spontaneous stereotyped activity at low (0.3 mg/kg) and high (3.0 mg/kg) 
doses but potentiated these behaviors at an intermediate dose (1.0 mg/kg). 
Taken together, these results support an important role for DA, and 
potentially 5-HT, in the mediation of environmentally related stereotypies. 
Supported by MH56163.

374.4
BEHAVIORAL R ESPO N SE TO NOVEL O BJECTS VARIES W ITH 
C SF M ONOAM INE CO N CEN TRA TIO N S IN R H ESU S M ON K EY S. 
A .J. B ennett,1 T .T sa i,2 P .J. P ierre ,* S .J. S uom i,2 S.E. S h o af,1 M. 
L innoila,1 and J.D . H igley 1. 1Laboratory o f  Clinical Studies-Prim ate 
U nit, National Institute on A lcoholism and Alcohol A buse, Poolesville, 
M D, U SA  20837; 2Laboratory o f Com parative E thology, National 
Institute on Child Health and Human Developm ent.

W e studied the relationship between C SF m onoam ine concentrations 
(5-H IA A , M H PG , HVA) and rhesus m onkeys’ behavioral reaction to 
novel objects. Distinct m easures o f novelty-seeking, activity, and 
im pulsivity w ere derived from recording multiple aspects o f the rhesus 
m onkeys’ behavioral response to repeated presentations o f novel boxes 
that varied in terms o f challenge (opaque o r clear) and provided 
opportunity for different levels o f engagem ent during exploration. 
M onkeys w ith low C SF 5-HIAA concentrations exhibited more 
im pulsive behavior than did their higher C SF 5-H IA A  peers, w ith higher 
activity levels (zone crosses) and more time spent in proxim ity to a 
novel, fear-evoking box upon its initial presentation within the 
hom ecage. Conversely, although they w ere slow er to interact w ith the 
box, monkeys with relatively high serotonergic functioning explored and 
reached into the box more often, especially w hen it w as baited with a 
palatable food. The study’s findings are discussed  in terms o f the 
differential contribution o f serotonin and dopam ine to individual 
differences in response patterns that reflect basic aspects o f  temperament 
such as harm avoidance and sensation-seeking. The research was 
supported by the National Institutes o f Health.

374.6
EFFECTS OF POSTNATAL AMPHETAMINE TREATMENT ON THE 
NOVELTY-SEEKING AND PASSIVE AVOIDANCE LEARNING OF ADULT 
RATS. A.R. Zavala, P.E. Karper, M.N. Yang, S.A. McDougall, and C.A. 
Crawford*. Dept. of Psychology, California State Univ., San Bernardino, CA 92407.

Recently, we have shown that giving rats amphetamine (AMPH) during the 
postnatal period causes long-term changes in striatal and hippocampal PKA activity. 
To determine whether this has behavioral relevance, rats were given AMPH (2.5 
mg/kg, IP) or saline for 7 consecutive days when 11 days old. As adults, these rats 
were tested using either a novelty-seeking or passive avoidance (PA) task. Because 
the cAMP transduction system is capable of activating the early-response gene c-fos, 
we also assessed Fos induction after rats were tested for- novelty-seeking and PA. In 
the novelty-seeking experiment, 90-day-old rats were either restricted to a white or 
black chamber for 8 days (30 min per day) or given alternating daily placements in 
the two chambers. On the ninth day, rats were allowed free access to the two 
chambers. Other adult rats were acclimated to a step-down PA apparatus for 2 days. 
On the third day rats received: (a) a foot shock after stepping off the platform, (b) no 
foot shock after stepping off the platform, or (c) a foot shock with no platform being 
present. After 24 hrs, rats were placed on the platform and step-down latency was 
recorded. Rats were perfused 2 hrs after behavioral assessment and brains were 
saved for Fos assay. As expected, rats showed a strong preference for the novel 
chamber and robust PA conditioning. There was no evidence that postnatal 
treatment with AMPH affected the novelty-seeking or PA of these adult rats. 
Curiously, brain regions thought to be important for novelty-seeking (e.g., amygdala 
and nucleus accumbens) did not show novelty-induced Fos. Also, Fos expression did 
not vary according to drug condition. Thus, when considered together, these results 
indicate that the long-term behavioral impact of postnatal AMPH treatment appears 
minimal, at least when novelty-seeking and PA is assessed. (Supported by NIH 
MH57753)
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374.7 374.8
DIFFERENT DOPAMINE-NORADRENALINE INTERACTION IN THE 
NUCLEUS ACCUMBENS BETWEEN NIJMEGEN HIGH AND LOW 
RESPONDERS TO NOVELTY. T. Tuinstra*, T. Saigusa#, N. Koshikawa# and A.R. 
Cools. Dept. of Psychoneuropharmacology, Univ. of Nijmegen, P.O. box 9101, 6500 
HB Nijmegen, The Netherlands. #Dept. of Pharmacology, Nihon Univ. School of 
Dentistry, 1-8-13, Kanda-Surugadai, Chiyoda-ku, Tokyo 101-8310, Japan.

Available pharmaco-behavioural studies suggest that the aminergic state of the n. 
accumbens differs between two types of rat from the Nijmegen outbred strain of 
Wistar rats: high responders (HR) and low responders to novelty (LR)1. The present 
study provides direct evidence in favour of this hypothesis. Microdialysis technique 
was used to assess (a) 4 h after probe insertion a baseline concentration of dopamine 
(DA) in the n. accumbens of HR and LR measured in their homecage, and (b) changes 
in this concentration during exposure to a novel cage. There were no differences in 
baseline concentration of DA between HR and LR. In HR, novelty resulted in a large 
DA increase that was suppressed by the synthesis inhibitor α-methyl-p-tyrosine (MT:
0.1 mM, 40 min). In LR, novelty produced a small DA increase that was enhanced by 
MT2.

Next, we investigated the dopamine response to phenylephrine (α 1-agonist) during 
resting conditions. Phenylephrine increased dopamine release dose-dependently. This 
increase was far larger in the HR than in LR, indicating that noradrenaline potentiates, 
via the α 1-receptor, DA release especially in the HR but not in the LR.

It is suggested that the novelty-induced DA increase in HR is due to the release of 
newly synthesised DA, being under stimulatory control of noradrenaline, possibly via 
the α 1-receptor and that the novelty induced DA increase in LR is due to the release of 
DA from reserpine-sensitive pools, being under inhibitory control of noradrenaline. 
This hypothesis forms the topic of our ongoing study.
1. Cools A.R and Gingras M.A. (1998) Pharm. Biochem. Beh. 60(2) 1-9.
2. Saigusa et al. (in press) J. Neuroscience.

(Supported by grant 903-48-147 of  N. W. O.)

ANXIOLYTIC AND ANTIDEPRESSANT ACTIVITY OF DOPAMINE 
AGONISTS?
J.A.M. van der Heyden* , A.H. Herremans, B. Olivier and E. Ronken 
Dept. Pharmacology, Solvay Pharmaceuticals, P.O.B. 900, 1380 DA Weesp, 
The Netherlands.

Drugs affecting the activity of the DA system can induce numerous 
behavioural effects, of which the motor effects are very dominantly present. 
Thus, when studying the effects of dopaminergic drugs the strong motor 
effects of both agonists and antagonists often interfere or even mask possible 
effects. Here we describe the effects of DA ligands with varying intrinsic 
activity, ranging from full antagonism (e.g. haloperidol), partial agonism (e.g. 
terguride) to full agonism (e.g. quinpirole) in several animal models for anxiety 
and depression.

The antagonism of apomorphine-induced climbing correlates well with the 
intrinsic activity of the drugs tested. Both DA agonists and antagonists strongly 
reduce locomotor activity, through presynaptic stimulation and postsynaptic 
blockade of DA receptors, respectively. (Partial) agonists showing a higher 
potency compared to the antagonists tested. The DA ligands were tested in 
two animal models for anxiety. Shock-induced ultrasonic vocalisation in adult 
rats was potently suppressed by DA agonists, and less potently by 
antagonists. Separation-induced distress vocalisation in rat pups was only 
suppressed by the agonists. In two animal models for depression also 
conflicting data were obtained. In the differential reinforcement of low rates of 
responding paradigm especially the partial agonists and antagonists were 
active, whereas in the forced swim test in rats the more full agonists showed 
the strongest effect.
These data support a putative anxiolytic and antidepressant potential of both 
full and partial DA agonists.

374.9
ROLE OF NICOTINIC RECEPTORS IN THE VENTRAL TEGMENTAL AREA IN 
MEDIATING EFFECTS OF NICOTINE WITHDRAWAL IN THE RAT. B.E. 
Hildebrand*, G. Panagis, T.H. Svensson and G.G. Nomikos. Department of 
Physiology and Pharmacology, Section of Neuropsychopharmacology, Karolinska 
Institutet, S-171 77 Stockholm, Sweden.

The mesolimbic dopamine (DA) system in the brain is critically involved in the 
reinforcing and dependence-producing actions of several drugs of abuse, including 
nicotine. Moreover, various effects of nicotine treatment, such as an increased 
locomotor activity and an enhanced DA release in mesolimbic terminal regions have 
been shown to be largely mediated by stimulation of nicotinic acetylcholine receptors 
(nAChR) in the ventral tegmental area (VTA), i.e. the cell body region of the 
mesolimbic DA projection. The nicotine-induced DA release can be antagonized by 
intrategmental administration of the nAChR-antagonist mecamylamine (MEC) as well 
as by the α7-nAChR-antagonist methyllycaconitine (MLA).

We have previously reported that systemic injections of MEC in chronically 
nicotine-treated rats results in a reduced DA output in the main terminal region of the 
mesolimbic DA system, the nucleus accumbens (NAC). Given the important role of 
the VTA in mediating central effects of nicotine, we have here investigated its 
putative role in mediating behavioral and biochemical effects of nicotine withdrawal.

Male Wistar rats were treated with chronic nicotine hydrogen tartrate infusion, 
delivered by subcutaneous Alzet 2ML2 minipumps, for 14 days (9 mg/kg/day). 
Bilateral intrategmental injections of either MEC or MLA (1, 3 or 9 µg/0.5 µl/side) 
dose-dependently reduced locomotor activity in the nicotine-treated, but not in the 
control animals. Moreover, unilateral intrategmental injection of either 9 µg MEC or 
3 µg MLA caused a marked reduction in DA output in the ipsilateral NAC of 
chronically nicotine-treated, but not in the control rats.

The present results indicate that nAChR in the VTA subserve a critical role not only 
in mediating acute central effects of nicotine, but also in producing various 
manifestations of nicotine withdrawal. Moreover, nAChR homomeres consisting of 
α7-subunits may play a key role in eliciting these effects. The reduced DA output in 
the NAC in nicotine withdrawal may underlie major clinical symptoms in smoking 
cessation, such as dysphoria and motivational deficits.

Supported by the Medical Research Council of Sweden, Karolinska Institutet, The 
Ferno Award, Swedish Match Ltd. and the Council for Tobacco Research Inc., USA.

374.11
ADULT RATS BORN BY C-SECTION WITH OR WITHOUT ADDED ANOXIA 
SHOW ALTERED STRESS- AND AMPHETAMINE-INDUCED BEHAVIORAL 
RESPONSES FOLLOWING CHRONIC STRESS.
B.F. El-Khodor * and P. Boksa. Depts. of Psychiatry and of Neurology and 
Neurosurgery, McGill University, Montreal, Canada, H3A 1A1.

Given evidence that schizophrenia is associated with both increased perinatal 
complications and enhanced mesolimbic dopaminergic activity, our lab has used an 
animal model to test if common birth complications can lead to long-term changes in 
dopamine (DA) function. We previously reported that rats delivered either by 
Caesarean section (C-section) or C-section with 15 min of global anoxia showed 1) 
enhanced behavioral responses to amphetamine (AMPT) and 2) markedly greater DA 
release from nucleus accumbens in response to repeated stress, compared to vaginally 
bom controls. The aim of this study was to test whether repeated daily stress alters 
behavioral responses of these rats to a subsequent stressor or low dose AMPT. After 
2 d of habituation, 4 month old male rats bom by C-section (from rapidly decapitated 
dams) or by C-section + 10 min anoxia and vaginally bom controls were 
administered 0.5 mg/kg AMPT. Two wks later, rats were repeatedly stressed for 8 d 
(15 min tail pinch daily) followed by one stress challenge session of 15 min tail 
pinch 2 wks after the last stress. After 2 wks recovery, a 2nd injection of AMPT (0.5 
mg/kg) was administered followed by a 3rd injection 2 wks later. In agreement with 
our previous findings, rats bom by C-section with or without 10 min anoxia showed 
increased locomotor activity following the first AMPT injection. There were no 
group differences in locomotion during repeated stress. However rats delivered by C- 
section+10 min anoxia showed increased locomotion during and shortly after stress 
challenge, compared to controls. Interestingly, rats bom by C-section with or 
without anoxia had lower baseline activity when placed in the activity boxes prior to 
the 2nd AMPT injection (given 2 wks after stress challenge), compared to controls. 
With the 2nd AMPT administration, rats bom by C-section without added anoxia 
showed decreased locomotor activity for 1/2 h after drug injection, compared to 
vaginally bom controls. There were no group differences after the 3rd AMPT 
injection. These findings highlight the sensitivity of DA pathways to variations in 
birth procedure and support epidemiological evidence implicating birth complications 
in the pathophysiology of DA-related disorders, such as schizophrenia. Supported by 
MRCC and FCAR-FRSQ.

374.10
LONG TERM ENHANCEMENT OF DOPAMINE MEDIATED LOCOMOTOR 
ACTIVITY FOLLOWING CAESAREAN SECTION BIRTH UNDER GENERAL 
ANESTHESIA IN THE RAT: IMPLICATIONS FOR SCHIZOPHRENIA.
P. Boksa * and C. Vaillancouit. Dept. of Psychiatry, McGill University, Douglas 
Hospital Research Centre, Montreal, Canada, H3A lA l.

Schizophrenia is associated with both enhanced mesolimbic dopaminergic activity 
and increased perinatal complications, including Caesarean section (CS) birth and 
fetal hypoxia. We previously reported that, as adults, rats bom by C-section, either 
with or without added acute global anoxia, show enhanced nucleus accumbens 
dopamine (DA) release following repeated stress as well as enhanced locomotor 
responses to amphetamine (AMPT), compared to vaginally bom controls. These 
studies used C-section delivery from a rapidly decapitated dam (CS-decap), to avoid 
confounding anesthetic effects. However maternal decapitation itself could affect 
offspring and C-section in humans is performed under anesthesia. To establish a 
more clinically relevant model of CS birth, we recently developed a rat model of CS 
birth during maternal isoflurane (ISOF)/N20 anesthesia and reported that pups bom 
by CS under 2.5% ISOF do not differ from vaginally bom controls in terms of blood 
p02, respiratory rate, brain lactate levels and other indices of neonatal well-being at 
birth. In this study we investigated effects of low dose (0.5 mg/kg) AMPT on 
locomotor activity in adult rats that had been bom vaginally or by CS from a 2.5% 
ISOF-anesthetized dam with or without addition of 10 min of global anoxia. For 
comparison with earlier results, we also included groups of rats bom by CS from 
decapitated dams, with or without 10 min global anoxia. The main finding of this 
study is that rats bom by C-section from ISOF-anesthetized dams, either with or 
without added global anoxia, show enhanced AMPT-induced locomotor activity as 
adults, compared to vaginally bom controls. In confirmation of our previous studies, 
animals bom by CS-decap, with or without added anoxia, also showed enhanced 
AMPT-induced locomotion, compared to vaginal birth. However the time course of 
the enhanced AMPT response differed depending on whether CS was performed under 
maternal ISOF anesthesia or following maternal decapitation. These findings indicate 
that subtle alterations in birth procedure are sufficient to produce long-lasting 
increases in DA-mediated behavior, thus supporting the idea that birth complications 
might contribute to the pathophysiology of schizophrenia. Supported by MRCC and 
FRSQ.

374.12
EFFECTS OF ACUTE GLOBAL ANOXIA AND GENERAL ANESTHESIA 
DURING C-SECTION BIRTH ON BLOOD GASES AND BRAIN LACTATE IN 
NEONATAL RATS. N. Berger *, C. Vaillancourt and P. Boksa.
Depts. of Psychiatry and of Neurology and Neurosurgery, McGill University, 
Douglas Hospital Research Centre, Montreal, Canada, H3A 1A1.

Using a model of acute global anoxia during Caesarean section (C-section, CS) 
birth in rat, we and others have shown long-term effects of birth anoxia and/or C- 
section on e.g. dopaminergic function, CNS corticosteroid receptors, voluntary 
ethanol intake and spatial learning. In these studies, C-section was from dams either 
rapidly decapitated (CS-decap) to avoid anesthetic effects or anesthetized with 
unspecified concentrations of ether or halothane, and fetal systemic and brain hypoxia 
were not systematically monitored. As a more clinically relevant model, we now 
perform C-section using monitored levels of isoflurane (ISOF) the inhalation 
anesthetic most widely used in humans in North America, and N20. ISOF can be 
neuroprotective, reducing adverse effects of anoxia, or neurotoxic depending on dose. 
This study investigated interactions of ISOF/N20 anesthesia and global anoxia 
during C-section birth in rat. We measured blood gases and pH and brain lactate (a 
measure of CNS hypoxia) at birth in pups bom vaginally or by C-section from 
decapitated or ISOF-(2.5,3.5%) anesthetized dams, with or without added anoxia (5,10 
min). CS with no added anoxia: Compared to vaginally bom controls, pups bom by 
CS-decap or CS-2.5% ISOF showed no change in blood p02, pC02, pH or brain 
lactate, except decreased lactate with CS-decap. CS-3.5% ISOF pups had decreased 
p02 and pH and increased pC02, indicating that 3.5% ISOF compromises fetal 
systemic oxygenation. CS + added anoxia: Addition of 5 min anoxia in pups bom 
by CS-decap or CS-2.5% ISOF caused no change in p02, pC02, pH or brain lactate, 
compared to vaginal birth. 10 min anoxia in pups bom by CS-decap or CS-2.5% 
ISOF increased brain lactate in both groups, tended to decrease pH for CS-decap and 
decreased pH for CS-2.5% ISOF. Thus signs of brain hypoxia are observed only 
with 10 min of anoxia and, surprisingly, occur with adequate systemic p02. 
Addition of 5 or 10 min anoxia after CS with 3.5% ISOF did not change pH or 
pC02 beyond that produced by 3.5% ISOF alone but 3.5% ISOF and anoxia 
increased brain lactate additively. These data are essential to understand mechanisms 
underlying long-term CNS effects of hypoxia and anesthesia during C-section birth in 
this model. Supported by MRCC and FRSQ.
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374.13
LONG TERM EFFECTS OF BIRTH PROCEDURE ON DOPAMINERGIC 
MODULATION OF ACOUSTIC STARTLE AND PRE-PULSE INHIBITION OF 
STARTLE IN RAT. C. Vaillancourt * and P. Boksa. Dept. of Psychiatry, 
McGill University, Douglas Hospital Research Ctr., Montreal, Canada, H3A 1A1.

The pathophysiology of schizophrenia is thought to involve increased mesolimbic 
dopaminergic activity and development of schizophrenia is associated with increased 
birth complications including Caesarean section (C-section, CS) birth and fetal 
hypoxia. We have previously reported that adult rats bom by CS have altered CNS 
dopamine (DA) levels, enhanced stress-induced release of DA from nucleus 
accumbens and enhanced amphetamine (AMPT)-induced locomotor activity. In both 
schizophrenic subjects and DA-activated rats, pre-pulse inhibition (PPI) of acoustic 
startle, a measure of sensorimotor gating, is reduced. The aim of this study was to 
test if C-section birth and/or acute birth hypoxia can permanently alter dopaminergic 
modulation of the acoustic startle response or of PPI of the startle response. We 
tested effects of a low dose (0.5 mg/kg) of AMPT or apomorphine (APO) in 5 
groups of adult rats: vaginally bom rats or rats bom by C-section from decapitated 
(CS/decap) or isoflurane (ISOF, 2.5%)-anesthetized dams, with or without 10 min 
added global anoxia. Our results show that birth procedure had no effect on baseline 
amplitude of the startle response or baseline PPL AMPT and APO effects on startle 
amplitude: Low dose AMPT had no significant effect on startle amplitude in 
vaginally bom controls, but increased it in rats bom by CS/decap (no added anoxia) 
or CS/2.5% ISOF+10 min anoxia. APO increased startle amplitude significantly in 
all groups and the increase for the CS-decap group was significandy greater than that 
for vaginallly bom controls. AMPT and APO effects on PPI: Low dose AMPT 
had no effect on PPI in any birth group. APO significandy disrupted PPI in all 
groups except for the CS-decap group where APO had no effect. The magnitude of 
APO disruption of PPI was similar in vaginally bom controls and rats born by CS/ 
2.5% ISOF, however APO disruption of PPI was less in rats bom by CS/decap+10 
min anoxia or CS/2.5% ISOF+10 min anoxia. These results indicate that 
dopaminergic modulation of acoustic startle can be altered on a long-term basis by 
relatively subtle changes in birth procedure. Supported by Medical Research Council of 
Canada (MRCC) and Fonds de la Recherche en Santé du Québec (FRSQ).

374.15
ADRENALECTOMY DIFFERENTIALLY ATTENUATES INCREASED 
IN VIVO SYNTHESIS RATE OF DOPAMINE AND SEROTONIN IN 
NUCLEUS ACCUMBENS FOLLOWING INTRACRANIAL SELF-
STIMULATION.
D. Nakahara*1, M. Nakamura1, H. Furukawa2, Y. Iahida3 and T. Oki4 
Departments of 1Psychology, 2Anatomy and 4Internal Medicine, 
Hamamatsu University School of Medicine, 3600 Handa-cho, Hamamatsu 
431-3192, Japan, 3Department of Psychiatry, Miyazaki Medical College, 
5200 Kihara, Kiyotake-cho, Miyazaki-gun, 889-1692, Japan 

Our previous study demonstrated that intracranial self-stimulation 
(ICSS) of the medial forebrain bundle (MFB) can increase the in vivo 
synthesis rate of both dopamine (DA) and serotonin (5-HT) in the nucleus 
accumbens (NAC). In the present study, we have investigated whether 
adrenal hormones affect the ICSS-induced responses of DA and 5-HT 
synthesis. Suppression of glucocorticoids by adrenalectomy attenuated 
significantly, but did not abolish, the ICSS-induced increase in  
extracellular levels of 3,4-dihydroxyphenylalanine (DOPA) and 5- 
hydroxytryptophan (5-HTP) as an index of the in vivo rate of DA and 5- 
HT synthesis. This attenuation in DOPA levels was observed typically 
when animals actually engaged in ICSS, whereas the interference with 5- 
HTP levels appeared slowly after the termination of ICSS. The result 
indicates a differential modulation by glucocorticoids of the ICSS- 
induced increases in the in vivo synthesis level of DA and 5-HT in the 
NAC. Supported by a scientific research grant from the Ministry of 
Education, Science and Culture of Japan.

374.14
BEHAVIORAL INTERACTIONS BETWEEN THE DOPAMINE D-3- 
PREFERRING AGONIST 7-OH-DPAT AND THE NONSELECTIVE 
AGONIST APOMORPHINE. T.V. Khroyan*, R A Fuchs, A.M Beck, 
R.S. Groff, and J.L. Neisewander. Department of Psychology, Arizona 
State University, Box 871104, Tempe, AZ 85287-1104 

Behavioral suppression produced by low doses of the dopamine (DA) 
D3-preferring agonist 7-hydroxy-N,N-di-n-propyl-2-aminotetralin (7- 
OH-DPAT) is thought to be mediated by the preferential stimulation of 
either D2/D3 autoreceptors and/or D3 post-synaptic receptors. To 
investigate which of the two mechanisms is involved, the present study 
examined the effects of the low dose 0.1 mg/kg 7-OH-DPAT on 
conditioned place preference (CPP) and motor behaviors produced by 
the direct DA agonist apomorphine (0-3 mg/kg). To establish CPP, drug 
administrations were paired with placements into one of two distinctly 
different compartments, whereas saline administrations were paired with 
placements into the other compartment. Locomotion was measured 
following the first and last (i.e., third) drug administration during 
conditioning, and CPP was assessed 24 hr following the last conditioning 
day. 7-OH-DPAT enhanced CPP, but attenuated locomotion, produced 
by high doses of apomorphine. Hyperlocomotion and CPP produced by 
high doses of apomorphine are thought to be mediated by stimulation of 
post-synaptic DA receptors in the mesolimbic pathway, and therefore, 
should not be altered by presynaptic changes in DA release. Thus, 
potentiation of apomorphine-CPP by 7-OH-DPAT is likely mediated by 
D2/D3 post-synaptic receptors. However, the attenuation of 
apomorphine-induced locomotion by 7-OH-DPAT more likely involves 
stimulation of post-synaptic D3 receptors that inhibit locomotion. If 
post-synaptic D3 receptors mediate the effects of 7-OH-DPAT on 
apomorphine-CPP and locomotion, then stimulation of D3 receptors 
facilitates reward but inhibits locomotion (supported by USPHS grant 
DA07730)

374.16
INTRINSIC ACTIVITY OF DOPAMINERGIC LIGANDS AND 
AUTORECEPTOR FUNCTION IN VIVO AND IN VITRO 
E Ronken*, SK Long, BJ van Vliet, MTh Tulp, B Olivier, JAM van der Heyden 
Dept. Pharmacology, Solvay Pharmaceuticals. P.O. box 900, 1381 DA Weesp. 
The Netherlands
Dopaminergic neurotransmission in the brain is controlled in part by its 
dopamine D2 autoreceptors. Stimulation of these receptors attenuate 
stimulated release of dopamine (DA) and blockade of these receptors yield 
increased ambient levels of DA in striatum and nucleus accumbens. In this 
study, we compared various dopaminergic compounds for their ability to 
interact with dopamine D2 receptors. D2 receptor binding and cAMP assays 
with CHO cells, stable expressing human D2 ,L receptors were used to describe 
affinity, potency and efficacy of these compounds. Furthermore, in vivo 
microdialysis in the nucleus accumbens and striatum of freely moving rats and 
ex vivo stimulated release of [3H]dopamine from rat striatal slices was used to 
look for neurochemical correlates with D2 receptor function. Reference 
compounds, including quinpirole, apomorphine, terguride, preclamol, 
talipexole, roxindole, and sulpiride were found to have intrinsic activities 
ranging from full agonism to full antagonism .Testing of whole ranges of 
compounds showed that an intrinsic activity of at least 0.6 is required with a 
median value of about 0.75 for agonist activity to be found at presynaptic DA 
D2 receptors in vitro. Interestingly, using in vivo microdialysis, compounds are 
much more potent in eliciting agonist-like effects when administered p.o. or
S.C.. With in vivo microdialysis, compounds with an intrinsic activity higher than 
0.4 all decrease ambient DA concentrations in striatum and accumbens with a 
median value of about 0.3. Together, these data indicate that control of DA in 
striatal tissue is only in part through autoreceptors in terminal regions, but is 
primarily a function of cell bodies and neural networks.
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375.2375.1
TH E EFFECT OF CH RON IC TR E A T M E N T W ITH HALOPERID O L 
OR OLA NZAPIN E ON RA T TA RD IV E D Y SK IN E SIA  AND  
W O RK ING  M EM ORY .
Q uarterm ain D.**, Rosengarten H. * and Friedhoff  A.J N Y U  School 
o f  M edicine, D ept. o f  Psychiatry M illhauser Laboratories and 
D epartm ent o f  N eurology **, Laboratory o f  Behavioral Neurology , 
N ew  York, N Y  10016
O rofacial dyskinesia w hich can  be elicited  in hum ans by chronic 
adm inistration  o f  typical anlipsychotics is also know n to  occur in 
m onkeys and rats follow ing chronic adm inistration  o f  these drugs. 
A ntipsychotic drugs are also know n to affect w orking m em ory in 
hum ans, m onkeys and rats. In this study we com pared  the effect o f  
chronic treatm ent w ith haloperidol or olanzapine on purposeless 
chewing behavior (repetitive ja w  m ovem ents RJM ), w orking mem ory 
and D1 and D2 dopam ine receptor b inding in rats. O lanzapine and 
haloperidol w ere adm in istered  at the dose o f  2 m g/kg for 45 days 
followed by a 7 day w ashout period. Results show ed that haloperidol 
increased the rate o f  RJM  and im paired w orking m em ory in elevated 
radial m aze w hile olanzapine had no significant effect. H aloperidol 
treated rats, in contrast to the olanzapine group, dem onstrated  an 
increased sensitivity to  D1 agonist SKF38393 w hen com pared  to  
vehicle treated  anim als. D1 dopam ine receptor densities rem ain 
unchanged in haloperidol and o lanzapine treated  rats.

EFFECTS OF H A LO PERID O L A N D  C LO ZA PIN E ON TO N GU E 
D Y N A M ICS IN TW O  IN BRED  STRA IN S OF M ICE. S.C . Fow ler* 
an d  G . W ang. D ept. o f  H um an D evelopm ent and D ep t. o f  
Pharm acology and Toxicology, Univ. o f  K ansas, Lawrence, KS 
66045.

O ther laboratories have show n that B alb/c and C 57bl/6 m ice exhibit 
genetically  based differences in susceptibility  to catalepsy and 
differences in brain dopam inergic and cholinergic m arkers. It was 
suspected that these strain differences w ould result in differential 
orolingual responses to haloperidol and clozapine, drugs with 
d istinctly  different m otor effect profiles. Effects o f  the tw o drugs 
w ere evaluated in m ale m ice o f  both strains that had learned to lick 
w ater from a force-sensing disk. Prior to drug treatm ent, dram atic 
strain differences in licking behavior w ere observed: C57bl/6 mice 
m ade few er licks, licked w ith low er peak force per lick, and had a 
slow er lick rhythm  than the Balb/c m ice. As in rats, clozapine slowed 
the lick rhythm  in both m ouse strains m uch m ore than haloperidol 
did. A t higher doses haloperidol produced greater behavioral 
suppression in Balb/c than in C 57bl/6 mice. For clozapine the reverse 
w as true. O verall, the results dem onstrate the feasibility o f  m easuring 
tongue dynam ics in m ice and suggest one avenue for including 
genetic variables in research aim ed at distinguishing typical from 
atypical antipsychotic drugs. Supported by M H43429.
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375.3
COMPARATIVE EFFECTS OF AN ADENOSINE A2A AGONIST AND A 
DOPAMINE D2 ANTAGONIST ON OPERANT BEHAVIOR. C. Jones* and 
D. Wirtshafter. Department of Psychology Univ. of IL at Chicago, 1007 W. 
HARRISION ST., CHICAGO, IL 60607 

Adenosine A2a receptors have been colocalized with D2 receptors on the 
striatal cells expressing GABA and enkephlin and projecting to the external 
globus pallidus. This relationship suggests that stimulation of A2a receptors 
might produce behavioral effects similar to those of neuroleptics that block D2 
receptors. The present study examined this possibility in rats trained to lever 
press for food on a FR15 schedule. The selective adenosine A2a agonist, CGS- 
21680 was given in doses of 0.64, 0.128, and 0.256 mg/kg 20 minutes before 
placement into the operant boxes. The D2 antagonist haloperidol was 
administered at doses of 0.025 and 0.1 mg/kg an hour before the 20 minute 
test sessions. Both drugs produced a dose dependent decrease in the total 
number of lever presses; however, there were distinct differences in the 
patterns of responding. Animals treated with haloperidol responded at normal 
rates at the beginning of the sessions then responding rates declined gradually 
in an extinction like pattern. Animals treated with CGS-21680 responded at a 
constant, although depressed rate throughout the sessions. CGS-21680 also 
induced a marked dose dependent increase in the duration of the post 
reinforcement pauses which was much less pronounced after haloperidol 
treatment and was largely responsible for the reduction in total number of 
responses in these subjects. This study shows that the effects of stimulation of 
A2A receptors and blockade of D2 receptors on fixed ratio performance can be 
clearly distinguished. It also suggests there may be important differences in the 
neural effects of the two drugs. Research supported by NIH Grant NS-33992.

375.5
REINFORCING EFFECTS OF D2 DOPAMINE RECEPTOR AGONISTS IN 
RHESUS MONKEYS. W.L. Woolverton*. Dept. of Psychiatry and Human Behavior, 
University of Mississippi Medical Center, Jackson, MS 39216.

It has been shown that D2 dopamine (DA) receptor agonists can function as positive 
reinforcers in monkeys and rats. However, the relationship between efficacy at D2 
receptors and reinforcing effects has not been established. The purpose of the present 
study was to evaluate in monkeys the reinforcing effects of D2 DA receptor agonists 
that vary in their efficacy as D2 agonists. Four rhesus monkeys were prepared with 
chronic venous catheters and lever pressing was maintained by i.v. cocaine (COC, 0.03 
mg/kg/inj) in daily baseline sessions (2 hrs/day, fixed-ratio 25). When responding was 
stable (+/- 10% of 3-session mean) saline was substituted for COC. Responding 
declined to low levels (<10 inj/session) within 4-7 sessions. Various doses of COC or 
D2 agonists were then made available for at least 4-7 sessions and until responding was 
stable. Baseline conditions were reinstated between test doses and saline self-
administration was re-evaluated between agonists. A dose of COC or test drug was 
considered to be a reinforcer if the mean of the 3 stable sessions was above the mean for 
saline and the ranges did not overlap. At least one dose of the higher efficacy D2 
agonists R(-)-propylnorapomorphine (NPA; n=3, 0.001-0.01 mg/kg/inj), R(+)-3-PPP 
(n=4, 0.03-0.3 mg/kg/inj), and R(-)-apomorphine (APO; n=4, 0.003-0.1 mg/kg/inj) 
functioned as a positive reinforcer in all monkeys tested. Injection dose-response 
functions were biphasic with maximum below those maintained by COC. As with 
COC, agonist-maintained responding was relatively evenly spaced over the session. 
There were no systematic potency differences between COC, NPA, and APO, while 
R(+)-3-PPP was consistently less potent than the other agonists. In contrast, the lower 
efficacy D2 agonists R(+)-terguride (n=4, 0.001-0.3 mg/kg/inj), S(-)-3-PPP (n=3, 
0.001-0.3 mg/kg/inj), and PD 130,316 (n=3, 0.01-0.1 mg/kg/inj) were not positive 
reinforcers in any monkeys tested, and, as with saline, responding was concentrated 
early the session. These data indicate that some, but not all D2 agonists, can function 
as positive reinforcers in monkeys, and argue that efficacy at D2 receptors is directly 
related to the reinforcing effect. Further, these results are consistent with the 
involvement of D2 DA receptors in the reinforcing effects of drugs that increase DA 
neurotransmission. (Supported by NIDA grant DA-10352).

375.7
THE DELAYED EFFECTS OF PHENCYCLIDINE (PCP) 
ENHANCE AMPHETAMINE-INDUCED BEHAVIOR AND 
STRIATAL C-FOS INDUCTION. J.K. Roche1 and S.M. 
Turgeon1,2*. 1Deptartment of Psychology and 2Neuroscience 
Program, Amherst College, Amherst, MA 01002.

The ability for the delayed effects of PCP to model schizophrenia-
like symptomatology was investigated by assessing the effects of 
PCP pre-treatment on amphetamine-induced behavior. 
Corresponding changes in striatal c-Fos induction were also 
assessed in order to test the hypothesis that alterations in striatal 
neurochemistry underlie PCP-induced changes in amphetamine- 
induced behaviors. Rats were treated with 15.0 mg/kg PCP or 
vehicle 24 hours prior to behavioral testing with vehicle, 0.5, 2.5, or 
5.0 mg/kg amphetamine. PCP pre-treatment significantly increased 
amphetamine-induced locomotion and rearing in the 0.5 mg/kg 
group. Likewise, PCP pre-treatment produced an increase in the 
number of striatal cells expressing c-Fos following treatment with 
0.5 mg/kg amphetamine. Neither of these effects was observed in 
the 2.5 and 5.0 mg/kg groups. Thus the delayed effects of a single 
dose of PCP produce an enhanced behavioral response to a low 
dose of amphetamine and this effect appears to involve alterations 
in striatal neurochemistry.

375.4
LONGITUDINAL STUDY OF FORCE CONTROL IN SCHIZOPHRENIA.P.B. 
Vrtunski*, G.E. Jaskiw, RE. Konicki. Cleveland VAMC and Department of 
Psychiatry, CWRU School of Medicine, Cleveland, OH 44141.

The investigation of motor effects of antipsychotic medication in schizophrenia 
has important bearing on the emergence of extrapyramidal side-effects and patient's 
tolerance of the drug treatment. Yet, other than repeated administration of motor 
rating scales, there have been virtually no studies with objective longitudinal 
measurements of motor output following initiation of drug treatment. Using a 
recently developed approach of measuring force control (FC) steadiness, we now 
describe two paradigms where the longitudinal design provides an important advan
tage. The task consisted of subjects' applying index-finger pressure on a force- 
sensitive button and matching target and response lights. There were 42 10-seconds 
long trials of varying force. The steadiness error of force maintenance was the 
dependent variable. In the first study, 10 chronic schizophrenics performed the test 
4-6 times at 7 to 10-day intervals throughout a period of clozapine titration from 
12.5 to 450 mg/day. Results indicated that steadiness error increased significantly, 
from 2.51± 0.55 to 2.99± 0.62, t(9) = 3.09, p < 0.02. In the second study, motor 
steadiness readings were made during a stable treatment dose of olanzapine (3 
patients, mean dose 15 mg/day) or fluphenazine (3 patients, mean dose 20 mg/day) 
for 7 to 10 weeks. The principal observation was that motor steadiness remained 
stable throughout the respective intervals, i.e., mean error was within ± 0 .14 from 
its previous reading. We conclude that steadiness error represents a stable be
havioral output, (a) capable of reflecting steady therapeutic regimen with given 
antipsychotic medication, and (b) capable of reflecting change from one antipsycho
tic drug class to another. (Supported by the Veterans Administration).

375.6
THE EFFECTS OF LESIONS OF DISCRETE QUINOLINIC ACID LESIONS OF 
THE INFRALIMBIC MEDIAL PREFRONTAL CORTEX ON RESPONSE TO 
NOVELTY, CONDITIONED PLACE PREFERENCE AND BEHAVIORAL SEN
SITIZATION IN THE RAT. T.M. Tzschentke* and W.J. Schmidt. Dept. of 
Neuropharmacology, Zool. Inst., Univ. of Tübingen, 72074 Tübingen, Germany; 
thomas.tzschentke@uni-tuebingen.de.

The medial prefrontal cortex (mPFC) contributes, via excitatory efferents, to the 
processing of information in subcortical sites thought to mediate the behavioral 
response to salient environmental stimuli and drugs of abuse. However, the mPFC is 
not a homogenous structure but can be divided into different subares, each of which 
has distinct afferent and efferent connections. The present experiments examined the 
effects of discrete neurotoxin lesions of the infralimbic (IL) mPFC. It was found that 
these lesions only had very little effects on the behavior (locomotion, rearing, hole 
board exploration, sniffing, grooming) displayed in a novel environment (open field 
and 'sniffing box'). The lesions were also largely without effect on the development 
of behavioral sensitization (locomotion, rearing, sniffing) induced by cocaine (10 
mg/kg) and DL-amphetamine (2 mg/kg), as measured in the open field and the 
'sniffing box'. On the other hand, the lesions prevented the development of 
conditioned place preference (CCP) induced by morphine (10 mg/kg) and by the 
competitive NMDA-antagonist CGP37849 (10 mg/kg), a result which was not due to 
state-dependency effects because the same results were obtained when the animals 
were tested under the influence of their conditioning drug. The development of CPP 
induced by cocaine (15 mg/kg) and DL-amphetamine (4 mg/kg) was not affected by 
the lesions. These results show that lesions of the EL mPFC have only begnin effects 
on novelty- and drug-induced behavioral activity but can disrupt the rewarding 
effects of certain, but not all, drugs. The present results will be compared with the 
effects of discrete lesions of other mPFC subareas. Supported by the BMBF 
(Forschungsschwerpunkt Suchtforschung Tubingen).

375.8
Testing novel anti-cocaine drugs, e.g. MC9-20 and Nocaine-B, with a 
rate-frequency brain stimulation reward enhancement paradigm.
P. Pimentel1, A.  Crowell1, J.R. Stellar*1, R. Hanson2, W. Choi2, D. 
Elmaleh3 Departments o f Psychology1 and Pharmaceutical Sciences2, 
Northeastern University, Boston MA, 02115 and Department o f  
Radiology3, Massachusetts General Hospital

Rats implanted with self-stimulation electrodes can be trained on a rate- 
frequency (RF) curve-shift paradigm that permits the extraction of 
quantitative drug reward information separate from motor effects. It is 
well known that cocaine enhances brain stimulation reward and thus shifts 
the RF curve to the left (i .e . lower frequencies) in a standard plot. In the 
present study, potential anti-cocaine drugs, MC9-20 and Nocaine-B, were 
first tested (IP injection) on the RF curve and hedonically neutral or weak 
(<0.1 log Hz RF shift) doses were chosen. Then in two tests (random 
order), a chosen dose was applied in combination with a standard dose of  
cocaine ( 10mg/kg, IP), and the standard dose o f cocaine was given alone.

As expected cocaine alone produced a substantial 0.2-0.4 log Hz 
leftward shift o f the RF curve. O f the two novel drugs, Nocaine-B was 
found to enhance brain stimulation reward on its own at high doses (up to 
0.2 log Hz shift at 20 mg/kg), but to counteract cocaine induced reward 
enhancement in some subjects and as a group to not enhance cocaine’s 
effect on the RF curve. MC9-20, which has to date been tested only at 
low doses, had small effects on the RF curve by itself, but did reduce the 
cocaine enhancement in most cases, substantially in some.

Supported by Zebra Pharmaceuticals Inc.
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375.9
EFFECT OF CHRONIC DESIPRAMINE TREATMENT ON 
BEHAVIORAL REACTIVITY, SENSORIMOTOR GATING AND 
SPATIAL MEMORY DEFICITS IN TRANSGENIC MICE WITH 
I IMPAIRED TYPE II GLUCOCORTICOID RECEPTOR FUNCTION 
J .B.Dupuy*1 , S. Beaulieu1, N. Barden2 and J. Rochford1. 1Dept. 
Psychiatry, McGill Univ., Montreal, Que., 2Dept. Physiology, Laval Univ., 
Quebec City, Que.

Transgenic (TG) mice with impaired type II glucocorticoid receptor 
(GR) function have previously been shown to have deficits in behavioral 
reactivity (startle paradigm), sensorimotor gating (Prepulse Inhibition) and 
spatial memory (Morris water maze). GR function in these animals returns 
to normal after chronic administration of the trycyclic antidepressant 
desipramine. Therefore, this experiment was performed in order to assess 
whether chronic administration of desipramine would reduce the behavioral 
deficits observed in TG mice in these three tests. TG and B6C/3F1 (parent 
strain) mice, were administered desipramine (10mg/kg/day, i.p.) or vehicle 
for four to six weeks. Chronic desipramine treatment to TG mice 
diminished behavioral reactivity in the startle paradigm (120 dB/8 trials/15 
sec. intertrial interval). In contrast, chronic desipramine treatment did not 
reduce the spatial memory deficit and failed to affect the sensorimotor 
gating deficit in TG mice. Chronic desipramine did not influence the 
behavior of B6C/3F1 mice in any of these tests. The obtained results 
suggest that behavioral reactivity, sensorimotor gating and spatial memory 
deficits in TG mice are differently influenced by desipramine. Thus, these 
behavioral deficits are controled by different neurobiological mechanisms. 
(Funded by FCAR+FRSQ).

375.11
EFFECTS OF D-AMPHETAMINE ON ACTIVITY IN NEONATAL RATS 
AFTER UNILATERAL FRONTAL TRANSECTIONS: EVALUATION OF AN 
ANIMAL MODEL FOR ADHD. B. M. Stevenson*, G. M. Beadle, L. M. Terry. 
and I. B. Johanson. Developmental Psychobiology Laboratory, Florida Atlantic 
University, Boca Raton, FL 33431.

Research in our laboratory has focused on the development of an animal 
model for ADHD based on frontal cortical functioning. Previously, we determined 
that frontal transections increased activity in 24-hr-deprived neonatal rats in an 
odor-habituation learning paradigm (Stevenson, 1997, unpublished MA thesis). The 
present study evaluates the effects of d-amphetamine (AMPH) on activity in neonatal 
rats with unilateral frontal transections.

Three-day-old rat pups were removed from the dam 4-6 hrs. prior to testing. 
Eight pups from each litter were tested. Four of the pups received frontal transections 
(right or left) and four underwent sham surgery. SHAM and TRAN pups were 
injected with one of 4 doses of AMPH (0 mg/kg (SAL), 0.25 mg/kg, 0.50 mg/kg, and 
1.0 mg/kg, sc) and were tested in a habituation learning paradigm 30 min. later. An 
unscented air stimulus was presented every 4 min. for 10 trials. Activity was scored 
one minute before and one minute after each stimulus presentation.

Saline-treated (0 mg/kg) TRAN and SHAM pups did not differ significantly 
in activity and neither group showed an increase in activity following stimulus 
presentation. However, TRAN and SHAM animals differed in how amphetamine 
affected their activity in response to the air stimulus. At 0.25 mg/kg AMPH, TRAN 
pups responded to the stimulus with increased activity but the SHAM pups did not. 
At 0.5 mg/kg, both SHAM and TRAN animals responded to the stimulus and the 
level of response was similar for the two groups. At 1.0 mg/kg, both groups 
responded to the stimulus but the level of response of TRAN pups was greater than 
the response shown by SHAM pups. Current research is evaluating this animal 
model of ADHD by further examining the variables of AMPH dose, deprivation 
time, and stimulus presentation on activity in neonatal rats with frontal transections. 
(Supported by Dept. of Psychology, Florida Atlantic University).

375.13
DEVELOPMENT OF PHENCYCLIDINE AND APOMORPHINE EFFECTS ON 
PREPULSE INHIBITION (PPI). Z. Martinez1, J. Oostwegel2, M. Geyer3* ,
N.R. Swerdlow3. 1Dept. Psychology, Univ. Calif., Los Angeles, CA 
90028; 2Fac. Pharmacy, U. Utrecht, The Netherlands; 3 Dept. 
Psychiatry, Univ. Calif., San Diego, La Jolla, CA 92093-0804 

PPI, the reduction in startle magnitude when the startling stimulus is 
preceded 30-500 ms by a weak prepulse, is an operational measure of 
sensorimotor gating. PPI deficits in schizophrenia patients correlate 
with thought disorder, distractability and psychotic symptoms. In adult 
rats, PPI is disrupted by NMDA antagonists (eg. phencyclidine (PCP)) 
or dopamine (DA) agonists (eg. apomorphine (APO)). The developmen
tal course of brain substrates for these drug effects may be informative 
about the role of these substrates in the genesis of PPI deficits, and 
perhaps psychotic symptoms, in schizophrenia patients. We evaluated 
the developmental time course of PCP- and APO-disrupted PPI because: 
1) schizophrenia typically has post-pubertal onset; 2) PPI in adult 
rats is sensitive to early developmental manipulations, such as 
isolation rearing; 3) in some animal models of psychosis, 
psychotomimetic effects of NMDA antagonists are linked to neurotoxic 
effects that may not occur in prepubertal rats; 4) in humans, children 
may be less sensitive than adults to acute psychotomimetic effects of 
NMDA antagonists. PPI was measured after acute administration of PCP 
or APO in rats at approximately 2, 4 and 6 weeks of age. Both PCP and 
APO resulted in a dose-dependent disruption of PPI at each time point. 
Sex differences in PCP sensitivity (F>M) were evident at 4 weeks.
Brain substrates mediating the NMDA and DA regulation of PPI in rats 
are functional by 2 weeks of age. Supported by MH01436, MH53484 
and MH52885.

375.10
POSTNATAL HERPES SIMPLEX VIRUS TYPE 1 ENCEPHALITIS AFFECTS 
ADULT SENSORIMOTOR GATING FUNCTION IN RATS. J. Zhang1*, J. A. 
Engel1, T. Bergstrӧm2, N. Conradi3, A. Liljeroth3, and L. Svensson1. Departments 
of Pharmacology1, Clinical Virology2, and Pathology3, Göteborg University, 
Göteborg, Sweden.

One of the current hypothesis regarding the aetiology and pathophysiology of 
schizophrenia is that it is a neurodevelopmental disorder in which early achieved 
brain dysfunctions interact with environmental events including viral infections 
causing schizophrenia in the adult. We have used the prepulse inhibition of acoustic 
startle experimental paradigm to investigate the long term consequences of neonatal 
viral infections on the development of this measure of sensorimotor gating function 
in rats. A marked reduction in prepulse inhibition has been shown in schizophrenic 
persons suggesting a reduced sensorimotor gating function in these persons. In the 
present series of experiments, the effect of postnatal inoculation of herpes simplex 
virus type 1 (HSV-1) was investigated on the development of prepulse inhibition in 
the rat. This virus was chosen for its neuroinvasive properties and recent 
observations suggesting the involvement of this virus in the pathophysiology of 
schizophrenia. HSV-1 inoculated at day 2 after birth, but not at day 4, resulted in a 
significant delay in the development of prepulse inhibition. A reduction in prepulse 
inhibition was shown at 37, 46 and 58 days of age in these rats. No evidence was 
obtained for other behavioural dysfunctions such as differences in sensorimotor 
reactivity, sensorimotor response habituation, spontaneous locomotor activity, 
rearing activity or stereotyped behaviour. After completion of the experiments HSV- 
1 DNA was detected in the substantia nigra of 1 of 3 rats inoculated with HSV-I on 
postnatal day 2 indicating persistent/latent infection in these animals. All other 
samples were negative. The present results suggest that early viral infections may 
interfere with the development of normal sensorimotor gating function in the rat.

This investigation was supported by grants from the Swedish Medical Research 
Council(4247) and the Theodroe and Vada Stanley Foundation.

375.12
THE EFFECTS OF METHYLPHENIDATE ON THE FUNCTIONAL 
NEUROANATOMY OF WORKING MEMORY IN ADHD 
J. B. Schweitzer*1, D. O. Lee1, T. D. Ely1, S.T. Grafton2,3, M. Ostrowitz1,R. 
B. Hanford1 J. M. Hoffman2,3, C. D. Kilts1. 1Depts. Of Psychiatry, 
2Neurology, 3Emory PET Center, Emory University, Atlanta, GA 30322.

Attention-deficit/hyperactivity disorder (ADHD) is increasingly recognized 
as a disorder with deficits in working memory. This study replicated earlier 
PET and regional cerebral blood flow (rCBF) findings (Schweitzer et al., 
1997) suggesting a dysfunction in the central executive system in ADHD 
using the PASAT, a working memory task. This study was extended to 
test the effects of methylphenidate on measures of rCBF during task 
performance. PASAT performance was significantly better in the 7 control 
subjects than the 10 unmedicated subjects with ADHD (p <0.05); there 
were no significant PASAT differences between control and ADHD 
subjects after treatment of ADHD with methylphenidate (p >0.05).
Controls exhibited PASAT-related activations in the R prefrontal cortex and 
bilaterally in the sup temporal gyrus, (L>R). In contrast, unmedicated 
ADHD subjects exhibited no PASAT-related prefrontal activations, but 
rather activations in the cerebellum, sup temporal gyrus (R>L), thalamus, 
precuneus, and R caudate nucleus. Task-related activations were larger in 
number and spatial extent in ADHD compared to controls. Subjects treated 
with methylphenidate exhibited PASAT-related bilateral activations in the 
sup temporal gyrus, inf parietal lobe, cerebellum, L thalamus and L fusiform 
gyrus. Medication decreased activation, particularly in the cerebellum, sup 
temporal gyri, precuneus and thalamus. Methylphenidate may improve 
working memory by decreasing activation in competing regions that are 
unnecessary for task demands. Supported by NIMH:#MH01053

375.14
THE EFFECTS OF MDMA, RU24969, 8-OH-DPAT, AND DOM ON 
PREPULSE INHIBITION AND STARTLE HABITUATION IN THREE 
DIFFERENT MOUSE STRAINS. S C. Dulawa*1 and M.A. Geyer1,2. Departments 
of Neuroscience1 and Psychiatry2, University of California San Diego, La Jolla, CA 
92093.

We compared the effects of the serotonin (5-HT) releasing agent MDMA 
[(+)3,4-methylenedioxy-N-methylamphetamine], the 5-HTlA/lB agonist 
RU24969 [5-methoxy-3(l,2,3,6)tetrahydropyridin-4-yl-lH-indole], the 5-HTlA 
agonist 8-OH-DPAT [8-hydroxy-2(di-n-propylammo)tetraIin], and the 5-HT2A/2C 
agonist DOM [(±)2,5-dimethoxy-4-methylamphetamine] on acoustic prepulse 
inhibition (PPI) and startle habituation in three different mouse strains. We studied 
129sV and C57BL mice, which are the two inbred mouse strains most commonly 
used for the generation of genetically altered mice, and the outbred ICR strain. PPI 
is an operational measure of sensorimotor gating that occurs when an abrupt 
startling stimulus is preceded 30-500 msec by a barely detectable prepulse. 
Habituation refers to the decrement in responding to repeated presentations of an 
initially novel and intense stimulus, and is a simple form of learning. In a between 
subjects design, mice received one dose of MDMA (0, 5, 10, 20 mg/kg), RU24969 
(0, 2.5, 5, 10 mg/kg), 8-OH-DPAT (0, 0.5, 1, 2 mg/kg), or DOM (0, 0.5, 1, 2, 4 
mg/kg) and were tested in a startle response paradigm in which some 120 dB 
acoustic pulses were preceded by prepulses 3, 6 or 12 dB above background. 
129sV and ICR mice showed higher phenotypic levels o f  PPI than C57BL mice, 
and 129sV mice exhibited less habituation than C57BL and ICR mice. RU24969 
decreased PPI and 8-OH-DPAT increased PPI in all three strains, while DOM had 
no effect on PPI. MDMA decreased PPI in C57BL and ICR mice, but not 129sV 
mice. The only compound to after habituation was RU24969, which decreased 
habituation in 129sV and C57BL mice, but not ICR mice. Supported by NIDA 
(R02DA02925) and NARSAD.
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375.15
THE EFFECTS OF CYPROHEPTADINE AND CLOZAPINE ON 
SOCIAL BEHAVIORS OF MALE SYRIAN GOLDEN HAMSTERS. 
M.J. Thrasher*. Dept of Psychology, Univ of GA, 
Athens, GA 30605.

The effects of cyproheptadine, a serotonin 
(5-HT) antagonist, and clozapine, a 5-HT and 
dopamine (DA) antagonist on the social behaviors 
of aggressive and submissive male Syrian Golden 
hamsters were investigated. Three groups each 
(cyproheptadine, clozapine, and control) of 
aggressive and submissive hamsters were compared 
pre-test to test. Cyproheptadine decreased the 
offensive-aggressive behaviors of aggressive 
hamsters, and clozapine increased the non- 
agonistic behaviors (social-approach) in the 
submissive hamsters. These findings suggest 
that 5-HT is involved in the expression of 
aggressive behaviors, and that DA is involved in 
the expression of nonagonistic social-approach 
behaviors. The submissive hamsters were 
subjected to repeated defeat, a stressor that 
may have increased both the number and 
sensitivity of postsynaptic 5-HT-2 receptors. 
This may account for the differential effects 
of cyproheptadine and clozapine in aggressive 
and submissive hamsters.

375.17
WILL THE REAL SPRAGUE-DAWLEY RAT PLEASE STAND UP? K.A. Trujillo, 
B. Norris*, K. Warmoth and N.A. Babin. Psychology and Biology Programs, Calif. 
State Univ., San Marcos, CA 92096.

Neuroscientists generally assume that animals of a particular strain from different 
suppliers will have similar neurobiological and behavioral characteristics. However, 
studies performed over several years has led us to the impression that Sprague-Dawley 
rats from Harlan have different patterns of drug responses than Sprague-Dawley rats 
from Charles River. The present study was designed to systematically explore whether 
differences between these animals indeed exist.

Adult, male Sprague-Dawley rats were obtained from Harlan (San Diego facility) 
and Charles River (Hollister facility). Animals were born 5 days apart and were of 
equivalent size when they arrived at the CSU San Marcos vivarium. The locomotor 
responses to amphetamine (AMPH; 1.0 mg/kg sc), morphine (MOR; 10 mg/kg sc) and 
MK-801 (MK; 0.3 mg/kg) were examined in a photocell apparatus. Drug responses 
were tested in the same animals with injections separated by at least two weeks.

Harlan animals showed increased activity relative to Charles River animals during 
habituation to the locomotor apparatus. These rats also showed greater stimulant 
effects of AMPH. In contrast, Charles River animals showed greater depressant effects 
of MOR. There was no significant difference in the response of the animals to MK. 
Although the animals were of equivalent sizes when they arrived, the Charles River rats 
gained significantly more weight over time than the Harlan rats. These results suggest 
that there are indeed significant differences in Sprague-Dawley rats obtained from 
different suppliers. It is possible that selective breeding or differences in rearing or 
handling has led to these differences. Researchers are cautioned to consider the 
neurobiological and behavioral characteristics of the animals from different vendors 
when making selections for neuroscience studies. [Supported by a NIDA (DA11803) 
and by a CSU San Marcos Professional Development Award].

375.19
A REPEATED MEASURES PROCEDURE FOR STUDYING 
CLASSICALLY-CONDITIONED ENHANCEMENT OF ACOUSTIC 
STARTLE IN THE RAT. P. A. Ardayfio, C.R. Winston and R.L. 
Commissaris (SPON: D.K. Pitts*). Pharmaceut. Sci., College of 
Pharmacy & AHP, Wayne State University, Detroit, Ml 48202.

In the fear-potentiated startle paradigm, the response to an noise 
burst is enhanced when it is preceded by a stimulus (typically a light) 
which has been paired with the presentation of an aversive stimulus, 
usually an electric shock. The present studies report a simple and 
reliable non-shock repeated measures procedure for studying 
classically-conditioned startle potentiation in the rat. Naive rats were 
exposed to daily (M-F) startle test sessions for up to 15 days. Twenty 
(20) startle stimuli (115 dB noise bursts; 40 msec in duration) were 
presented during each session. Half of these startle stimuli were 
presented in darkness and half were immediately preceded by a 3500 
msec presentation of a 15 watt light. The light did not increase startle 
amplitude on the first startle trial of the first test session. By the end 
of the first day, however, and continuing throughout the multiple test 
sessions, startle responses in the presence of the light were 
significantly greater (by 35-50%) than in the absence of the light. The 
finding that the startle stimulus can serve as a UCS to enhance 
subsequent startle responses replicates an earlier finding by Leaton 
and Cranney (J Exp. Psvchol. Anim. Behav. Proc. 16:279.1990). The 
persistence of this effect across multiple test days is in contrast to that 
earlier report. The implication of these findings to the fear-potentiated 
startle response will be discussed. (Support: MH 47181 to RLC)

375.16
NEUROCHEMICAL AND BEHAVIORAL CHANGES IN RESPONSE TO 
ENVIRONMENTAL CUES. S. Park,* M.A. Chapman, J.M. Roll, R.R. Lodhi, 
C.R. Schuster, and M.P. Galloway. Dept. Psychiatry and Behavioral 
Neurosciences, Wayne State Univ. School of Medicine, Detroit, MI 48201 
Craving has been postulated to play a role in the maintenance of substance abuse, 
and in relapse following a period of abstinence. Although there is no clear 
consensus on the role of craving in the motivation to use drugs, substance abusers 
report craving as a troubling aspect of their disorder and it is an important area of 
study for that reason. This presentation documents the first in a series of studies 
designed to develop a model of craving with behavioral validity. In this initial 
study, food was utilized instead of a drug to more pragmatically establish the 
parameters needed for future experiments. Rats were trained with a Fixed Time 
30-min (FT 30-min) schedule of food delivery. During the FT 30-min schedule, 
three, 10-min bins were signaled by distinct tones. Control rats had exposure to the 
tones without the delivery of food. Following 20-25 training sessions, rats were 
bilaterally implanted with guide cannulae in nucleus accumbens (Acb). Several 
days later, microdialysis was conducted (10-min samples) and extracellualar 
glutamate (GLU) and dopamine (DA) levels were analyzed using high- 
performance liquid chromatography. Data indicate that food-seeking behavior 
increased over the 30-min interval for rats in the FT 30- min group but not for the 
rats in the control group. No differences in GLU or DA levels occurred during the 
30-min period in which the tones were presented; thus, behavior was dissociated 
from the measured neurochemistry. Interestingly, extracellular Acb GLU 
decreased by 40% in the trained group and increased by 70% in the control group 
in the first 10-min time period following food consumption, whereas DA 
increased by 60% in both groups at this time. These preliminary results suggest 
that training may influence extracellular GLU in the Acb. Supported by NIDA 
(DA-04120) and the Joe Young Research Fund.

375.18
ACOUSTICALLY-ELICITED BEHAVIOURS IN LISTER HOODED 
RATS. R.L. Commissaris*, A. Palmer, S.A. Neophytou, M. Graham, 
S.R.G. Beckett and C.A. Marsden. Dept. Neurosci., Queens Medical 
Coll., Univ. Nottingham, Nottingham NG7 2UH ENGLAND.

it has been reported previously that experimenter-presented 20 kHz 
tones elicit bursts of locomotor running in Lister hooded rats. Since rats 
emit 20 kHz tones when stressed, it was proposed that this ultrasound- 
elicited running is a model for panic and/or fear behaviour. The present 
studies examined the acoustic specificity of this response. In 
Experiment 1, brief exposure (i.e., 15 sec) to tones at frequencies of 7, 
12 or 20 kHz and intensities of 85-95 dB, SPL elicited running 
behaviour characterized by bursts of locomotion followed by periods of 
quiescence. The 7 kHz and 12 kHz tones elicited running at lower 
intensities than did the 20 kHz tones. Experiment 1 also demonstrated 
that the brief presentation of white noise at intensities of 90-95 dB, SPL 
resulted in locomotor bursts. In Experiment 2 exposure to the 20 kHz 
acoustic stimulus (91-101 dB, SPL) for a longer duration, up to 9 
minutes, resulted in convulsions in a significant proportion of subjects; 
the likelihood of occurrence of convulsions was related to the intensity 
of the acoustic stimulus. Exposure to white noise for up to 9 minutes 
also elicited convulsions in an intensity-dependent manner. The white 
noise stimulus was found to be more effective than the 20 kHz stimulus 
in this regard. The present data indicate that acoustically-elicited 
running behaviour and convulsions in Lister hooded rats are NOT 
specific for the 20 kHz stimulus (Support: Burroughs Wellcome 
Research Travel Grant to RLC).

375.20
MONITORING DRUG BEHAVIOR USING CONTINUOUS-WAVE 
DOPPLER RADAR. J.D. Marotti1, K B. Austin2*, J.S. Quintana1, 
K.A Dorenbos1, and E.R. Delay1. 1Neuroscience Program, Regis 
University, Denver, CO 80221 and 2The Eclectic Engineering Studio, 
Denver, CO 80207.

Drugs such as glutamate antagonists have various effects on 
behavioral measures of locomotion, ataxia, and stereotypy. Behavioral 
classification using trained observers is time consuming and often 
subjective. We explored the use of continuous-wave Doppler radar 
(CWDR) to objectively monitor and classify behaviors demonstrated 
by rats given MK-801. Behavior was scored in three second epochs 
and classified into seven categories based on the type of activity 
observed: stillness (SNM), movement in place (MIP), rearing (RER), 
grooming (GRM), locomotion (LOC), stereotypy (STY), ataxia 
(ATX). A three-layer, feed-forward network (FFN) was trained to 
recognize the spectral content of two-thirds of the collected CWDR 
epochs. The remaining third (not seen during training) was used to 
compute predictive accuracy on unseen data (predictive 
generalization). Our FFNs were most easily able to distinguish GRM 
and SNM from the others with better than 80% predictive accuracy. 
However, our FFNs had difficulty discriminating STY, LOC, ATX, 
RER and MIP to various degrees. Our work demonstrates that CWDR 
is a useful technique for automatically discriminating still, grooming 
and locomotor behaviors. We are working to improve performance to 
obtain finer behavioral discriminations.
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376.1
DEVELOPMENT OF STEREOLOGIC INDICES OF NEURODEGENERATION IN THE 
CEREBRAL CORTEX DURING NORMAL AGING AND ALZHEIMER’S DISEASE. D . 
Gimmel1, J.H. Morrison1*, D.P. Perl1,2, C. Bouras3, and P.R. Hof1. 1Neurobiology of 
Aging Laboratories, and 2Dept of Pathology, Mount Sinai School of Medicine, New 
York, NY 10029, 3Dept of Psychiatry, Univ. of Geneva Sch. Med., Switzerland.

Several studies have demonstrated that there is significant neurofibrillary pathology 
even in brains from elderly individuals with no evident dementia, particularly in layer 
II of the entorhinal cortex (ERC). Similar changes occur in the early stages of 
Alzheimer’s disease (AD) in the neocortex. This makes the distinction between early 
AD and normal aging particularly difficult, and it is our prediction that the distinction 
will be reflected most clearly by a quantitative evaluation of neurofibrillary 
degeneration that differentiates transitional pathology from end-stage pathology in 
particularly vulnerable cell classes in a manner that can be correlated with the 
neuropsychological profile of each case. We have developed stereologically-derived 
quantitative paradigms that allow us to determine the relative number of healthy 
neurons as compared to intact neurons that already contain detectable 
hyperphosphorylated tau suggestive of early neurofibrillary tangle (NFT) formation 
(i.e., transitional neurons) vs. end-stage NFT. The use of relative measures of 
neuropathology circumvents the problem of inter-individual variability in raw 
neuronal profile counts in the human cerebral cortex. In layer II of the ERC, we 
observed very low numbers of extracellular NFT in early AD (about 1% of the total 
profiles counted) and a steady increase in their number in AD (16.8%, reflecting the 
overall neuronal loss in these cases). Transitional profiles account for 24.2% of the 
total neuronal counts in early AD but they increase to nearly 45% in AD. In the AD 
cases the fraction of neurons still devoid of tau-immunoreactivity is as low as 39% of 
the total profile counts. Comparable results were obtained in layers III and V of the 
superior frontal cortex (area 9) in mild and advanced AD cases. Relating these indices 
to comprehensive neuropsychological assessment will allow us to draw neuro- 
biological correlations to specific memory and cognitive impairments.
Supported by NIH grants AG05138 and MHDA52154.

376.3
NEUROCHEMICAL DIVERSITY OF THE DYSTROPHIC NEURITES OF 
AGING AND ALZHEIMER’S DISEASE. T.C. Dickson* and J.C. Vickers. 
Division of Pathology, University of Tasmania, Australia.

Although the association of dystrophic neurites (DNs) with ß-amyloid deposits in 
Alzheimer’s disease is widely reported, the mechanistic link between these two 
hallmark changes remains elusive. We have recently developed a new hypothesis that 
plaques cause gradual physical damage to axons, resulting in a prolonged adaptive 
regenerative response throughout the nerve cell, that may involve neuritic sprouting, 
which finally leads to the formation of neurofibrillary pathology, neuronal loss, and, 
ultimately, dementia. In this investigation, the distribution and degree of 
colocalisation of cytoskeletal (neurofilament (NF), tau) and synaptic and growth 
associated proteins (Chromagranin A, Synaptophysin and GAP-43) implicated in DN 
formation and axonal sprouting was considered in detail using double labelling 
immunohistochemistry in both preclinical and end stage AD cases. Labelling of DNs 
for diverse NF epitopes, including phosphorylated, dephosphorylated and 
phosphorylation independent, was generally colocalised (78-100%). In preclinical 
cases, plaque-associated DNs were labelled for NF proteins but not for tau. In the AD 
cases, tau labelling occurred in DNs but colocalisation studies showed that most NF 
antibodies labelled a different subset of DNs than those immunoreactive for tau (1- 
17% colocalised). However, we also observed DNs with an outer rim labelled for 
NFs and a core region immunoreactive for tau. Infrequently, NF immunopositive/tau 
immunonegative, DNs showed colocalisation with synaptic and sprouting markers. 
These studies show that the earliest forms of DNs are characterised by an 
accumulation of NF proteins (including both phosphorylated and dephosphorylated 
isoforms) and synaptic changes, with latter stages involving the deposition of tau 
within the core of these abnormal neurites. The final stage of DN formation is likely 
to be associated with the replacement of cytoskeletal proteins such as NFs with the 
abnormal filamentous structures labelled for tau. (NH&MRC, DVA and Tas. 
Masonic Res. Found.)

376.5
A SPECIFIC INCREASE IN META LLOTHIONEIN I/II IMMUNOLABELLED 
GLIAL CELLS IN THE EARLY STAGES OF ALZHEIMER’S DISEASE P.A. 
Adlaid1*, A.K. West2 and J.C. Vickers1. 1Divisions of Pathology and 
2Biochemistry, University of Tasmania, Tasmania 7001, Australia.

Previous studies have indicated an increase in metallothionein I/II (MT I/II) 
expression in Alzheimer’s disease (AD), concomitant with increased glial fibrillary 
acidic protein (GFAP) expression. We have now examined the cellular localisation 
of MT I/II, using immunohistochemical techniques, in both clinical and preclinical 
cases of AD. This study utilised paraformaldehyde-fixed tissue from the superior 
frontal gyrus of 5 AD cases, 5 preclinical AD cases and 5 non-AD cases. Both 
single and double immunofluorescence labelling with antibodies to MT and GFAP 
were performed. There was an increase in MT I/II labelled cells in AD cases 
(439±78, mean no. cells/mm2 ± standard deviation) relative to non-AD cases 
(69±39), which was correlated with an increase in GFAP labelled cells (AD 
595±125, non-AD 85±58). However, the density of MT I/II immunopositive cells 
in preclinical cases was significantly (P<0.05) increased (209±27) over non-AD 
controls, but not associated with an increase in GFAP labelled cells (109±69). In 
AD and non-AD cases, there was a high degree of co-localisation of MT I/II and 
GFAP labelling. However, there were many glia-like cells labelled for MT I/II in 
preclinical cases that did not show co-labelling for GFAP. This suggests that MT 
I/II may be specifically responding to an aspect of AD pathology in the preclinical 
phase of the disease, which may be related to metal imbalances or increased 
oxidative stress.
Supported by NH&MRC, DVA and Tasmanian Motor Accident Insurance Board.

376.2
A PRACTICAL APPROACH TO PREPARING SAMPLES FOR STEREOLOGIC 
ANALYSIS IN THE SETTING OF A HUMAN BRAIN BANK D.P. Perl1,2*, P.F. 
Good1, C. Bouras4, J.H. Morrison2,3. P.R. Hof2,3. 1Dept. of Pathology (Neuropathology), 
2Fishberg Research Center for Neurobiology, Neurobiology of Aging Labs, Mt. Sinai 

Sch. of Med., New York, NY 10029; 3,4Dept of Psychiatry, Univ. of Geneva Sch. 
Med., Geneva, Switzerland.

The unbiased sampling techniques of stereology have been developed to avoid the 
inaccuracies of using “representative” sections for morphometric studies. In order to 
carry out a stereologically valid study, the region of interest must be fully available 
for sampling and its boundaries or its constituents must also be distinctly identifiable. 
However, in the setting of a human brain bank in which only one half of the brain 
specimen is fixed for morphology a logistical problem arises in satisfying the needs of 
the diagnostic neuropathologist with that of the stereologically oriented morphologist. 
We present a dissection approach in which the region for analysis (in this case, the 
entorhinal cortex) must be used for unbiased sampling (employing cryoprotected 
sectioning) and also be available for the paraffin-embedded neuropathologic work-up. 
Following fixation, a block consisting of the entire hippocampus and entorhinal 
cortex is removed intact and using a multibladed knife is subsectioned in the coronal 
plane at 3.3 mm intervals. Based on a random number, alternate blocks are chosen for 
either paraffin embedding with neuropathologic evaluation or are cryoprotected in 
graded sucrose. The cryoprotected blocks are frozen and serially sectioned. The initial 
section for stereologic analysis in these blocks is chosen using a random number. 
Preliminary analyses of control and AD brains using this approach have provided 
reliable estimates of the total number of intact neurons, neurons containing 
neurofibrillary tangles (NFT) and ghost NFT. Very few extracellular NFT were seen 
in early AD (about 1% of the total profiles counted) and there was a steady increase in 
their number in AD (16.8%, reflecting the overall neuronal loss in this case). 
Transitional profiles accounted for 24.2% of the total neuronal counts in early AD but 
increased to nearly 45% in AD. In the AD cases the fraction of neurons still devoid of 
tau-immunoreactivity was as low as 39% of the total profile counts. Supported by NIH 
grant AG05138.

376.4
EARLY ALZHEIMER’S NEURITIC PATHOLOGY IS MODELLED BY 
TRAUMATIC INJURY TO RODENT CORTICAL AXONS. C .E .King*, I.Jacobs 
and J.C. Vickers. Division of Pathology, University of Tasmania, Australia.

Preclinical Alzheimer’s disease (AD) is characterised by ß-amyloid deposits 
associated with dystrophic neurites containing neurofilaments (NF), with a 
morphology that indicates that they represent physically damaged axons (King et al., 
1997). Therefore, we sought to replicate the early neuronal pathology of AD in an 
experimental model of physical injury to axons. A cortical lesion was produced by 
inserting a stereotactically-positioned 25 guage blunt needle into the somatosensory 
cortex of anaesthetised rats. At one day and two weeks post-lesion, animals were re-
anaesthetised and their brains perfused with 4% paraformaldehyde. At one day post-
injury, fluorescence immunolabelling with antibodies to variably phosphorylated NF 
epitopes revealed two predominant axonal structures: bulbs and rings. By two weeks, 
most of this pathology had resolved, with an 85-97% reduction in the prevalence of 
abnormal axonal structures. A considerable proportion of one-day bulbs and rings 
were labelled for dephosphorylated NFs. These NF epitopes are usually only observed 
within the neuronal perikaryon and dendrites of normal cells but have been reported to 
occur in the dystrophic neurites of AD brains. Electron microscopy confirmed the 
axonal origin of these structures and also the ultrastructural similarity with dystrophic 
neurites in AD. The axonal bulbs corresponded to reactive swellings along the length 
of axons, while the rings represented axon terminals in which NFs surrounded central 
mitochondria The results of both immunofluorescent and electron microscopic 
analysis indicate that the programmed reaction of axons to physical injury is identical 
to the biological process underlying the early neuronal pathology of AD. ß-amyloid 
plaques are therefore likely to physically injure local axons, resulting in a sprouting 
response that leads to neurodegeneration.
Supported by the NH&MRC, DVA and the Tas. Motor Accident Insurance Board. 
King, C.E. et al. (1997) Neuroreport 8: 1663-1665.

376.6
COMPARABLE CORTICAL NEURONAL LOSS OCCURS IN SMALL-VESSEL 
ISCHEMIC VASCULAR DEMENTIA (SIVD) AS IN ALZHEIMER DISEASE (AD)
C.Zarow*, B. Zaias, E. Hsu, and H.C.Chui Department of Neurology, University 
of Southern California, Rancho Los Amigos Medical Center, Downey, CA 90242.

Severity of dementia in Alzheimer disease (AD) has been correlated with 
loss of cortical neurons and synapses. The pathological basis for dementia in 
small-vessel ischemic vascular dementia (SIVD), on the other hand, is less well- 
established. In this study we compared the densities of neocortical neurons in 
patients with SIVD to those in age-, gender-, and education-matched cases with 
AD and cognitively-normal elderly controls. The sample comprised 10 
SlVDcases (7F/3M; aged 79.3 yr ± 6.2); 30 AD cases (21F/9M; 81.1 yr ± 6.5); 
and 19 normal controls (8F/11M; 76.2 yr ± 10.9). Numbers of cresyl-violet 
stained neurons were counted in complete cortical columns from formalin-fixed 
tissues taken from Brodmann’s areas 4,7,9, 22, as well as CA1 and subiculum.
Analysis of variance showed significant group differences in numbers of 

neurons between normal controls and the two dementia groups. Compared to 
controls, the AD group showed a 44% to 63% loss (p < 0.0001); the SIVD group 
showed a 59% to 70% loss (p < 0.0001). A trend was found showing 
comparable degrees of cortical neuronal loss in SIVD and AD, but relatively 
greater neuronal loss in the hippocampal areas (CA1 and subiculum) in AD. 
The loss of neurons in SIVD cases could not be attributed to neurofibrillary 
degeneration, as the numbers of neurofibrillary tangles and neuritic plaques did 
not differ significantly from controls. To our knowledge this is the first report of 
a comparable degree of neuronal drop-out in SIVD as in AD. The greater 
severity of neuron loss in the hippocampus and subiculum in AD is consistent 
with the profound memory and learning deficits in this disorder. The 
mechanism underlying neuronal loss in SIVD is unknown, but does not appear 
to be explained by focal infarction or neurofibrillary degeneration. (Supported 
by NIH 1P01-AG 12435 and P50-AG05142)
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376.7
REGIONAL SPECIFICITY OF ALZHEIMER’S DISEASE 
RELATED NEUROPATHOLOGY IN DORSAL PULVINAR. M.G. 
Cola, B. Seltzer, and C.G. Cusick*, Depts. o f Anat., Psych. & Neurol., 
and Neurosci. Training Prog., Tulane Univ., New Orleans, LA 70112.

The pulvinar has been implicated in visual attention and eye movement 
control. Disruption of functions mediated by the pulvinar may contribute 
to certain deficits seen in patients with Alzheimer’s Disease (AD). 
Although vision-related pulvinar has traditionally been divided 
cytoarchitectonically into lateral (PL), medial (PM), and inferior (PI) 
nuclei, the dorsal pulvinar of macaques has recently been 
neurochemically reparcellated into lateral pulvinar (PL), and medial 
pulvinar, with lateral (PMl) and medial (PMm) divisions (Gutierrez et al., 
1996). The goals of the present study were: 1) to compare 
neurochemical subdivisions of human dorsal pulvinar with those of the 
macaque, and 2) to determine if AD related neuropathology shows 
specificity within different subdivisions o f the dorsal pulvinar. Human 
brains were obtained at autopsy from either AD or normal patients, then 
immersion-fixed. AChE histochemistry was used to delineate 
subdivisions of the pulvinar while thioflavin-S histochemistry identified 
AD neuropathology. We found that subdivisions o f the human pulvinar 
in general resemble those of the macaque. An AChE dense wedge (PL) 
crosses traditional PL and PM dorsally. A moderately to lightly AChE 
stained band (PMl) is situated ventral to PL and dorsal to an ovoid region 
(PMm) that in general stains lightly for AChE. Both PMl and PMm, 
however, have patches of intense AChE staining. PL contains few 
amyloid plaques; PMl has moderate plaque concentration; PMm has the 
highest density o f amyloid plaques. In both PMl and PMm, 
concentrations of plaques appear outside o f the AChE rich patches. 
Supported by NIH grant EY08906 and the Pine Foundation.

376.9
Brain weight in Alzheimer’s disease: effect of age of onset G. W. Van Hoe sen1, 2*, J. 
Parvizi and A. R. Damasio1. 1Dept. of Neurology and  2Dept. of Anatomy & Cell 
Biology, The University of Iowa College of Medicine, Iowa City, IA 52242.

Brain atrophy is a hallmark of Alzheimer’s disease (AD), and there is 
evidence that the degree of brain atrophy is correlated with the degree of 
neuropsychological impairment seen in AD. One way of estimating the degree of 
brain atrophy is to measure brain weight. Since the disease process in patients with 
early onset AD (EO-AD: age of onset < 65) is believed to have a more rapid time 
course than in patients with late onset AD (LO-AD: age of onset > 65), we tested the 
hypothesis that patients with EO-AD would have more severe brain atrophy than 
patients with LO-AD. We studied the brain weight in 67 patients with EO-AD (37 
females & 30 males, mean age = 69.15 ± 6.75 years, estimated duration of dementia 
= 11.23 ± 4.81 years, estimated age of onset 57.91 ± 4.90 years and brain weight = 
1057.41 ± 174.09 grams) and 214 patients with LO-AD (128 females & 86 males, 
mean age = 82.92 ± 5.61 years, estimated duration of dementia = 7.56 ± 3.72 years, 
estimated age of onset 75.36 ± 5.94 years and brain weight = 1142.20 ± 167.27 
grams). Clinical diagnosis of AD in all patients was confirmed by finding of AD- 
related histopathological changes in the cortex. Our findings indicate that 1) the 
brain weight was significantly lower in EO-AD than in LO-AD (p<002) taking into 
consideration that the EO-AD group had 13.79 years lower mean age. However, the 
estimated duration of dementia was 3,64 years longer in EO-AD (p<.0001), and for 
this reason age of onset had no longer any effect on brain weight when the duration 
of dementia was used as covariate. Overall, patients with longer duration of 
dementia had significantly lower brain weight (p<0.001). Our findings suggest that 
a major factor behind the severity of atrophy in EO-AD is longer duration of disease. 
(Supported by the Scottish Rite Foundation of Iowa and NS-14944).

376.11
SEVERITY OF ALZHEIMER’S DISEASE IS ASSOCIATED WITH A 
PROGRESSIVE ALTERATION IN THE POSTTRANSCRIPTIONAL 
REGULATION OF GLUTl mRNA, LEADING TO A CONCOMITANT 
DECLINE IN ABUNDANCE OF TRANSPORTER PROTEIN. D.B. Jacobs1, 
A.M. Mandelin1, S.S. Kantor1, T. Giordano2*. 1Dept. o f Biol. Chem., The 
Chicago Med. Sch., N. Chicago, IL 60064; 2 Message Pharm, Aston, PA.

Previous studies have demonstrated that there is a decrease in glucose 
metabolism in affected regions o f  Alzheimer’s disease (AD) brain. To 
investigate the effect o f  AD severity on the abundance o f  GLUT1 glucose 
transporter (GT1), and the posttranscriptional regulation (PR) o f  its mRNA, 
Western blot (WB) and mobility shift (MS) assays were performed on both 
affected and unaffected regions o f  brains from mild (M), moderate (MO), and 
severe (S) cases o f  AD as compared to the corresponding regions from age- 
matched normal brains (NOR). MS was used to examine the PR o f  GLUT1 
mRNA via binding o f  RNA binding protein(s) to an AUUUA region o f  the 3’ 
UTR o f  GLUT1 mRNA. These studies were performed using tissue from the 
parietal (P), temporal (T), and frontal cortex (F) from NOR and AD brains. 
There was a significant decline in GT1 abundance and PR in P and T obtained 
from AD brains as compared to NOR. Results for AD are reported as % 
decline from NOR (n=3, all data at least p<0.05). For P -- M: WB=53±7%, 
MS=35±4%; MO: WB=61±6%, MS=42±5%; S: WB=63±6%, MS=48±5%; 
For T -  M: WB=23±3%, MS=21±3%; MO: WB=36±4%, MS=29±4%; S: 
WB=65±5%, MS=41±4%; without a significant change observed in F. In 
conclusion, the data demonstrates that there is a progressive decline in GT1 
protein abundance with increasing severity o f  AD, and implicates a decrease in 
the PR o f  GT1 mRNA as the molecular mechanism involved in the observed 
decline in GT1 abundance. Funded by III. Dept. Public Health, AD Research.

376.8
M ULTIVARIATE M ODEL OF CINGULATE NEURONS SHOWS 
PATHOLOGICAL SUBTYPES WITHIN ALZHEIM ER’S DISEASE  
B .A . V ogt*, L.J. Vogt, K .E. Vrana, L. G ioia, R .S. M eadow s, V .R. 
Challa, P .R . H of, G .W . Van H oesen. Cingulum NeuroSciences 
Institute, Wake Forest University School o f  M edicine,
Mount Sinai School o f M edicine, and the University o f  Iowa.

Earliest reductions in glucose metabolism in A lzheim er’s disease 
(A D ) occur in cingulate area 23. Principal component analysis o f  layer 
IIIab-Va neurons in 72 definite A D  cases showed 5 subgroups. Each 
had a full range o f disease durations and qualitatively different laminar 
patterns o f neuron loss suggesting neuropathological subtypes. Cases 
with most severe neuron losses had early onset, most senile plaques, 
and highest proportion o f  apolipoprotein E ε4 hom ozygotes. The 
distribution o f  neurofibrillary tangles (NFT) was similar over disease 
course in two subtypes and NFT did not account for most neuron 
losses. Subtypes with moderate layer II-V losses or severe losses and 
no NFT had a 3.5 yr disease duration, those with layer IIIc-Va NFT  
had 7 .3  yr, and those with layer Il-IIIab NFT had 12 yr. These 
progressive changes in NFT did not account for subtypes. Finally, ε4 
hom ozygotes were most frequent in severe cases, but statistical tests 
showed this risk does not produce neuron losses. Thus, multivariate 
pattern recognition shows independent neuropathological subtypes of 
AD and NFT in area 23 do not account fo r  most neurodegeneration.

(Supported by CNSI  and W FUSM  Brain Resource Center.)

376.10
FIBROBLAST GROWTH FACTOR RECEPTOR-1 EXPRESSION IN 
THE CORTEX AND  HIPPOCAMPUS IN ALZHEIMER’S DISEASE. 
K. Takami1,2, D.G. Walker1, A. Matsuo1,3, K. Terai1,4, E.G. McGeer1,
S .-C . Sung1,* and P.L. McGeer1, 1Kinsmen Lab. Neurol. Res., Univ. 
B.C .,Vancouver, Canada, V6T 1Z3; 2Drug Safety Research Lab., 
Takeda Chemical Industries Ltd., Osaka 532, Japan; 3Dept. of 
Neurology, Kyoto University, Kyoto, Japan; 4Yamanouchi 
Pharmaceutical Co., Tsukuba-shi, Japan

Localization o f fibroblast growth factor receptor (FGFR)-1 and its 
mRNA was investigated in postmortem brain tissue of A lzheim er’s 
disease (A D) and age-matched controls. Immunohistochemistry was 
carried out using a rabbit polyclonal antibody and a mouse monoclonal 
antibody specific for FGFR-1. In situ hybridization was carried out 
using an oligonucleotide probe specific for the FGFR-1 mRNA. In both 
control and A D  cases, FGFR-1 immunoreactivity was identified in 
astrocytes in white matter and in hippocampal pyramidal neurons. In AD 
cases, the immunoreactivity in reactive astrocytes surrounding senile 
plaques was markedly increased. The pattern o f FGFR-1 immuno
reactivity was confirm ed in selected cases by in situ hybridization 
studies. The mRNA for FGFR-1 was identified in astrocytes and 
hippocampal pyramidal neurons, as w ell as in hippocampal dentate 
granule cells. The localization of FGFR-1 is consistent with previous 
reports on the involvement of FGF-1 and FGF-2 in AD.
Supported by grants from the Jack Brown and Family A.D. Research 
Foundation and the Alzheimer Societies of B.C. and Canada.

376.12
EXPRESSION OF COMPLEMENT mRNAs IN HUMAN BRAIN 
A N D  PERIPHERAL ORGANS. K.Yasojima, E.Nakagawa, C.
Schwab and P.L. M cGeer*. Kinsmen Laboratory of Neurological 
Research, Department o f Psychiatry, University of British Columbia, 
Vancouver, B.C. Canada, V6T 1Z3.

The complement system is comprised of a group of proteins that boost 
immume responses and promote inflammation. It has been assumed 
that com plem ent com ponents are primarily derived from hepatic 
sources. In the present study, we used the reverse transcriptase 
polymerase chain reaction (RT-PCR) technique to determine whether the 
m R NA s for complement proteins are expressed in brain and other 
human organs. W e further studied their regional production in normal 
aged and Alzheimer disease (A D ) brain and in normal and infarcted 
heart. We detected the mRNAs for C 1q, C 1r, C 1s, C2, C3, C4, C5, 
C6, C7 , C8, C9 in all organs examined, i.e. brain, heart, liver, spleen, 
and kidney. All these com plement mRNAs were observed at higher 
levels in affected AD brain tissue and infarcted heart tissue than in 
respective control tissue. Western blot analysis showed that all the 
complement mRNAs were being translated into their protein products. 
Furthermore, in heavily affected areas of AD brain and infarcted areas of 
myocardium, activated fragments o f the classical complement pathway, 
as well as the membrane attack complex, were detected by Western blot 
analysis and immunohistochemistry. These results are consistent with 
the hypothesis that local production o f complement proteins, followed  
by their release and activation, may contribute significantly to the degree 
o f neuronal injury in AD and myocardial injury in ischemic heart. 
Supported by a grant from the Jack Brown and Family Alzheimer's 
disease research fund.
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376.13
GENE ANALYSIS IN NEURODEGENERATIVE MODELS. 
G.S. Kelner*, D. Maciejewski, L. Turbeville, R.Maki 
Neurocrine Biosciences, Inc. San Diego, CA 92121

We have established multiple in vitro models of 
neurodegenerative diseases. In order to investigate the molecular 
events initiated upon stimuli induced gene transcription, we have 
employed subtractive hybridization techniques to isolate up- 
regulated genes. This analysis has presented insight into the 
genes that are abundantly expressed in these models. 
Furthermore, categorization of genes into gene families has 
aided in to developing a pattern of gene expression unique to 
each model. For example, secreted factors are most abundant 
in models of inflammation. In addition, the types of secreted 
factors isolated is dependent on the stage of the inflammatory 
response. In contrast, models of neurodegeneration that do not 
have as severe a magnitude of an inflammatory response, such 
as Alzheimer’s Disease, presents a pattern of gene expression 
that portrays cytoskeletal and extracellular matrix components 
in a more prominent role. Furthermore, a significant proportion 
of genes that we have analyzed have no reported functions. We 
continue to analyze the genes as more information becomes 
available in the public databases.

376.15
MOLECULAR PROFILES OF GENE EXPRESSION IN 
NEURODEGENERATIVE DISEASES. John M. Wells*. Department of 
Neurology, Boston University School of Medicine and Bedford VAMC, 200 Springs 
RD. Bedford, MA 01730.

Alzheimer's Disease (AD) and Diffuse Lewy Body Disease (DLBD are complex, 
multifactorial diseases in which several genes act independently or in concert with 
each other and/or environmental agents to cause pathological changes in the brain. 
The neuropathological classification of AD and DLBD is determined by the quantity and 
location of different neuropathological markers. These diseases may share common 
neurodegenerative pathways. DLBD has been found in association with AD, and Lewy 
bodies have been found in individuals with AD. To determine the relationship between 
the two diseases a large scale analysis of gene expression was undertaken. The Clontech 
Atlas cDNA expression array allows examination of 588 genes at one time. Using a 
Clontech Atlas cDNA expression array, differences in the gene expression pattern 
between AD and DLBD were examined by differential hybridization. RNA was isolated 
from the Superior Frontal cortex (BA 9) from an AD and DLBD brain. The expression 
arrays were probed with labeled cDNA. We were able to develop a molecular profile of 
gene expression in these two cases. Additionally, differential hybridization identified 
several genes that appear to be modulated between the two diseases. These genes were 
further tested further by RT-PCR using RNA isolated from three cases of AD and DLBD. 
These genes will be useful for investigating the disease process in these two diseases and 
determining the relationship between the Lewy Body Variant of AD and AD and DLBD. 
This work was supported by a Pilot grant from the Boston University Alzheimer’s 
Disease Center and the VA Medical Research Service.

376.17
DETECTION OF COMPLEMENT ALTERNATIVE PATHWAY mRNA AND 
PROTEINS IN THE ALZHEIMER’S DISEASE BRAIN. R. Strohmeyer*, Y. 
Shen, and J. Rogers. Roberts Alzheimer’s Research Center, Sun Health Research 
Institute, Sun City, AZ 85372.

Previous research on complement activation in the Alzheimer’s disease (AD) 
brain has focused almost exclusively on the classical complement pathway. The 
alternative pathway represents another important arm for complement activation, 
converging with the classical cascade at the C3 convertase step. Here, we show 
that mRNAs for one of the alternative pathway components, factor B, and two 
alternative pathway regulators, factor H and factor I, are present in the AD brain, 
as are their protein products.

From total RNA extracts of the AD right frontal pole, we identified factor B 
component, factor H, and factor I cDNA sequences using the polymerase chain 
reaction (PCR) technique. Specific bands for factor B (884bp), factor H (300bp), 
and factor I (486bp) were observed, and subsequent analysis confirmed that the 
cDNA sequences were identical to those previously published for the three factors. 
These findings suggest that alternative pathway factors B, H, and I are expressed 
at the mRNA level in the AD brain. To determine whether the proteins for these 
factors might also be expressed, soluble protein fractions from the same brain 
region and patients were isolated and assayed using Western blot analysis. Specific 
bands at appropriate molecular weights for factor B (93 kD), factor I (88 kD), and 
factor H (150 kD) were obtained.

Collectively, these data confirm and extend a previous report (Bradt et al., in 
press) demonstrating that mRNAs and proteins for several major components of the 
alternative pathway are present in the AD brain, a requisite first step to determining 
their significance in AD pathophysiology.

Supported by NIA AGO-7367 and a Zenith Award from the Alzheimer’s 
Association.

376.14
SINGLE CELL mRNA ANALYSIS OF NEUROFIBRILLARY  
TANGLE BEARING C A 1 NEURONS FROM ALZHEIMER’S 
DISEASE BRAIN. S.D. G insberg*1, S.E. Hemby2, V.M -Y. L ee1, 
J.H. Eberwine2, and J.O. Trojanowski1. 1Center for 
Neurodegenerative Disease Research and 2Dept. o f  Pharmacology, 
University o f Pennsylvania Sch. o f M edicine, Philadelphia, PA 19104.

The sequestration o f cytoplasmic RNA species to neurofibrillary 
tangles (NFTs) has been demonstrated in Alzheimer’s disease (AD) 
brain. To further characterize mRNAs within NFT-bearing neurons, a 
methodology was employed in which poly(A )+ mRNA was amplified 
(aRNA) from hyperphosphorylated tau(PHFtau)-immunoreactive 
single NFTs in the C A 1 subfield o f the hippocampal formation from 6 
AD patients. mRNA was also amplified from individual C A 1 pyramidal 
neurons from age-matched controls (n=5). Candidate mRNAs, 
including cytoskeletal elements, protein phosphatases/kinases, cell 
cycle/cell death genes, neurotrophins and neurotrophin receptors, and 
glutamate receptors were detected in individual NFT-bearing neurons 
and normal C A l neurons by reverse Northern blotting. In addition, 
aRNA from single NFTs and C A l neurons was used on macroarrays 
to screen thousands o f potential genes that may differ in expression  
level in the AD brain. These analyses will be critical for identifying 
potential target genes that differ between normal and AD brains at the 
single cell level. Thus, the characterization o f multiple mRNAs in 
NFT-bearing neurons provides insight into gene expression that may 
underlie the accumulation o f PHFs in NFTs in AD and other 
neurodegenerative disorders. Supported by grants from the N IH .

376.16
EXPRESSION PROFILES OF MULTIPLE GENES IN PHF-1 POSITIVE AND 
NEGATIVE NEURONS OF ALZHEIMER’S DISEASE. N. Chow*, J.M. Weimer, 
and P.D. Coleman. Department of Neurobiology and Anatomy, University of 
Rochester Medical Center, Rochester, NY 14642.

Many changes have been described in Alzheimer's disease (AD) brains, 
including loss of neurons, ß-amyloid deposition and formation of neurofibrillary 
tangles (NFTs). To obtain insights into the molecular mechanisms underlying 
these pathologies, we examined the differences in gene expression between AD 
and control brains. Since not all cells are equally affected by the disease, we 
have developed antisense RNA profiling of single neurons from postmortem 
human brain in the previous study.

Tissue smears from the CA1/subiculum were stained with PHF-1 antibody for 
NFTs. Large pyramidal neurons with or without PHF-1 staining were isolated 
from the same tissue. Paired samples from multiple AD brains were subjected 
to expression profiling. The cDNAs (~60) used in our current assay include 
genes related to stress response, cell cycle, apoptosis, cytoskeleton, house 
keeping, transcription factors, synaptic vesicle, and others. The data were 
analyzed using analysis of variance (ANOVA) to identify difference in expression 
level for individual gene. Since a large number of genes was included in the 
assay, a canonical discriminant analysis was used to describe the overall 
pattern of difference in expression profile. The results w ill be discussed.

This work was supported by grants from the National Institute of Aging 
(LEAD AG09016, R01 AG14441, and Alzheimer's Disease Center AG08665), 
and the Markey Fund.
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377.1
WHITE MATTER ASTROCYTES PRODUCE HEPATOCYTE 
GROWTH FACTOR ACTIVATOR INHIBITOR-1 (HAI-1) IN HUMAN 
BRAIN TISSUES. T.Yamada1*,  M. Takahashi1 and T. Shimomura2. 
l Dep. of Internal Medicine and Health Care, Fukuoka Univ.; 2Research 
Center, Mitsubishi Chemical Corp.; Fukuoka, 814-0180.

Hepatocyte growth factor (HGF) is a potent mitogen for mature 
hepatocytes, and also has multifunctional effects on some other cells in 
various organs. A HGF activator (HGFA) has been identified as a key 
enzyme that regulates the activity of HGF in vivo. Our previous studies 
showed that brain astrocytes produced both proteins. Recently, HGFA 
inhibitor-1 (HAI-1), a novel Kunitz-type serine protease inhibitor, has 
been isolated. We examined HAI-1 immunolabelling in the brains of 
neurologically normal, Alzheimer disease (AD) and cerebral infarction 
cases. Furthermore, we identified the expression of the mRNA for HAI-1 
by in situ hybridization histochemistry. The HAI-1 antibody stained 
astrocytes in the white matter of all the brain tissues, as well as blood 
vessels. In AD, the intensity of HAI-1 immunolabelling was lower than 
in other cases. Expression of the mRNA of HAI-1 was also seen in 
astocytes. The extent was almost the same in AD and normal control 
brains. These results suggest that, in human brain, secreted pro-HGF 
from astrocytes may be activated by HGFA and inhibited by HAI-1 on/or 
near the astrocytic cell surface, and that rapid HAI-1 consumption may 
occur in AD white matter.

377.3
Severe pathological changes in parabrachial nucleus in Alzheimer’s disease.
J. Parvizi*, G. W. Van Hoesen 1,2 and A. R. Damasio1. 1Department of Neurology 
and 2Department of Anatomy & Cell Biology, The University of Iowa College of 
Medicine, Iowa City, IA 52242.

There is evidence that Alzheimer’s disease (AD) affects cortical and subcortical 
systems related to emotion and autonomic control. As far as the brainstem is 
concerned, however, comprehensive survey of the autonomic nuclei has been lacking. 
Here we present a study of neuropathological changes in the parabrachial nucleus 
(PBN), a brainstem nucleus with a critical role in central autonomic regulation of the 
viscera and internal milieu. Quantified data were obtained on the number of 
neurofibrillary tangles (NFT) and neuritic plaques (NP) in PBN in brainstem sections 
(stained with Thioflavin-S), from 20 patients with histopathologically confirmed AD 
((10 patients with early onset of dementia (5 female (f) and 5 male (m), age: 64.2 ± 
2.59, age of onset: 55.0 ± 2.55, duration of dementia: 10.20 ± 4.10, brain weight. 927 ± 
173 grams), and 10 patients with late onset of dementia (5 f & 5 m, age: 85.30 ± 5.25, 
age of onset: 77.10 ± 6.31, duration of dementia: 8.20 ± 2.90, brain weight: 1154 ±
205 grams)), and 8 normal controls (5 f & 3 m, age: 78.75 ± 12.56, brain weight: 1220 
± 250 grams). Selected sections were also examined after immunostaining with ALZ 
50. Our findings indicate: 1) a high quantity of NFT & ALZ 50 immunoreactive 
neurons in PBN in 100% of patients with early onset dementia and in 80% of patients 
with late onset dementia, 2) in all AD cases the NFTs outnumbered the NPs, 3) 
although the pathological changes were distributed throughout the PBN, ventral 
domain of PBN was the most severely affected region, and 4) none of pathological 
changes seen in AD cases was seen in any of the control cases. We hypothesize that 
the pathological changes in the PBN cause central autonomic dysfunction in AD, and 
make AD patients more vulnerable to cardiopulmonary and gastroenteric disease, a 
possibility compatible with the increased mortality and morbidity seen in AD. 
(Supported by the Scottish Rite Foundation of Iowa and NS-14944).

377.5
IMMUNOHISTOCHEMICAL LOCALIZATION OF REDOX FACTOR 
REF-1 IN ALZHEIMER’S DISEASE HIPPOCAMPUS. S.S. Schreiber*, 
Z. Tan and N. Sun. Dept. of Neurology, Univ. of Southern Calif. Sch.. of 
Med., Los Angeles, CA 90033.

Ref-1, also referred to as HAP1, APE or APEX, is a dual-function protein 
involved in both DNA repair and transcriptional regulation. Ref-1 protein is 
expressed by neurons and astrocytes in normal brain, and is modulated by 
cerebral ischemia and other oxidative stressors. As Ref-1 regulates the DNA- 
binding activities of transcription factors such as AP-1 and the cell cycle 
regulator p53, which have both been implicated in Alzheimer's disease (AD)- 
related neurodegeneration, the present study was performed to investigate 
Ref-1 expression in the AD brain. Formalin-fixed, paraffin-embedded sections 
containing hippocampus and surrounding temporal cortex from AD patients 
(N = 4) and age-matched controls (N = 4) were immunostained with an anti
human Ref-1 polyclonal antibody, while adjacent sections were stained with 
hematoxylin and eosin (H&E) for cellular morphology. In control brain 
sections Ref-1 immunoreactivity was relatively low. By contrast, Ref-1 
immunostaining was localized in senile plaques in all AD brain sections 
studied. Further, the presence of injured cells with increased Ref-1 
immunoreactivity overlapped the distribution of neuronal injury based on 
H&E staining. The results of this study demonstrate a relationship between 
Ref-1 expression and AD neuropathology, suggesting that Ref-1 
overexpression might participate in a neuronal death cascade and also 
contributes to the formation of senile plaques.

Supported by NIH R01 NS33499 and Sankyo Co., Ltd.

377.2
CASEIN KINASE I ASSOCIATION WITH NEUROFIBRILLARY PATHOLOGY OF 
ALZHEIMER’S DISEASE: AN IMMUNOHISTOCHEMICAL STUDY
N. Ghoshal1, L.l. Binder1, E.J. Mufson2* and J. Kuret1.
1Dept. of Cell and Molecular Biology, Northwestern Univ. Med. Sch., Chicago, IL 60611;
2Dept. of Neurological Sciences, Rush Presbyterian-St.Luke’s Medical Center, Chicago, IL 
60612.

Recently, we showed Casein Kinase 1 (CK1) to be the principal protein kinase activity that 
copurifies with Alzheimer's Disease (AD) brain-derived paired helical filaments (PHFs). Due 
to its novel substrate selectivity and tight association with PHFs, CK1 is believed to play an 
important role in the hyperphosphorylation of tau protein and in the subsequent progression 
of neurofibrillary pathology in AD. To extend these observations, the spatial distribution of 
human CK1 isoforms was assessed in control and AD brain tissue using 
immunohistochemical methods. Of the three isoforms tested (Ckiα, Ckiδ, Ckiε), each 
showed clear differences in its distribution when comparing AD cases to control tissue. 
Furthermore, when staining AD tissue, CK1 isoforms were found to be more or less 
associated with certain elements of AD pathology such as dystrophic neurites, neurofibrillary 
tangles, or pyramidal neurons of the hippocampus. Ckiα, the isoform most associated with 
PHFs, stained blood vessels in control tissue as predicted by the earlier literature. However 
in AD tissue, Ckiα localized to the neurofibrillary tangles as predicted by the copurification of 
this isoform with PHFs. Ckiδ stained pyramidal neurons intensely in control tissue, while it 
strongly labeled dystrophic neurites in AD tissue. In both control and AD tissue, Ckiε strongly 
labeled vesicular structures within hippocampal pyramidal neurons. Nonetheless, Ckiε 
showed AD-related changes in that the number of neurons with strong labeling increased 
approximately 3-fold in AD vs. control. To clearly show CK1 isoform assodation with AD 
pathology, quantitative immunohistochemical approaches are being pursued to facilitate the 
visualization and degree of colocalization of CK1 epitopes with tau epitopes.

Supported by the National Institutes of Health (AG09465 to L.I.B., E.J.M. & J.K.); and as a 
pilot project of the Northwestern University Alzheimer’s Disease Core Center (AG13854)

377.4
INCREASED EXPRESSION OF LYSOSOMAL MEMBRANE 
PROTEINS IN ALZHEIMER’S DISEASE. N. Sun,1* M. Baudry2 and 
S.S. Schreiber1,3. 1Dept. of Neurology, 3Cell and Neurobiology and 
2Neurosciences Program, Univ. of Southern California, Los Angeles, CA 
90033.

Lysosomal membrane-associated glycoproteins (lamps) are thought to 
maintain lysosome membrane integrity and are also found at the cell surface 
where they might function in cell adhesion. We recently isolated lamp-1 by 
differential library screening to identify novel genes associated with selective 
neuronal degeneration due to kainic acid-induced excitotoxicity (Sun et al., 
1997). In that study, lamp-1 mRNA expression was increased in kainate- 
vulnerable regions and down-regulated by pretreatment with the protein 
synthesis inhibitor, cycloheximide. Previous reports have demonstrated 
abnormal lysosomal function in Alzheimer’s disease (AD). The present study 
therefore investigated the possible role of lamps in AD-related 
neuropathology. Immunohistochemical analysis was performed on paraffin- 
embedded sections of AD (N = 17) and non-AD control (N = 8) hippocampi 
using a mouse anti-human lamp monoclonal antibody. Control sections 
contained a relatively low amount of basal lamp immunoreactivity 
particularly in pyramidal cells. By contrast, in all of the AD cases there was 
prominent lamp immunoreactivity in senile plaques in hippocampus and 
adjacent temporal cortex. In addition, activated microglia as well as injured 
cells were lamp-positive. The location and morphology of injured cells 
suggested that these were neurons. These findings demonstrate a relationship 
between lamp expression and selective neuronal vulnerability, and support a 
role for lamp dysfunction in the pathogenesis of AD.

Supported by NIH R01 NS33499 and Sankyo Co., Ltd.

377.6
HISTONE EPITOPE EXPOSURE REVEALS A NOVEL 
ASPECT OF NEURONAL PATHOLOGY IN AD. Aileen J. 
Anderson, Stephanie D. Robert, Brian J. Cummings* and Carl W. Cotman. 
Institute for Brain Aging and Dementia, University of California Irvine. 1113 
Gillespie Neurosciences Facility. Irvine, CA 92697-4540.

The histones are comprised of 5 small molecular weight proteins (10-20 
kDa) which are highly conserved across the evolutionary tree and which bind DNA 
and participate in maintaining its secondary structure. Nucleosomes are comprised 
of histone-DNA complexes; the cleavage of DNA between nucleosomes 
(internucleosomal fragmentation) is the source of the DNA fragmentation ladder 
observed in many cells undergoing apoptosis. Recent reports have suggested that 
some histone epitopes are specifically exposed in the early stages of apoptosis and 
become accessible to anti-histone antibodies by both immunocytochemistry and 
immunoblotting. In cells not undergoing apoptosis, normal histone complexed 
with DNA is not detected by these anti-histone antibodies. Additionally, an 
alternative form of histone 1 (HI) that is not restricted to the nucleus has recently 
been identified in rat brain neurons. The goal of the present study was to examine 
alternative markers for the early stages of DNA damage and neuronal cell death. 
Accordingly, we examined the expression of histone proteins in AD and control 
brain. AD brain (n=5) exhibited dramatic labeling for histone immunoreactivity. 
This labeling consisted of two types: labeling of the cell bodies and processes of a 
large subset of neurons and labeling of punctate DNA fragments in the nucleus of a 
small subset of neurons. Neurons which exhibited nuclear histone staining appeared 
morphologically to be undergoing apoptotic cell death. In contrast to these 
findings, control brain (n=4) did not exhibit any histone immunoreactivity at the 
antibody dilutions tested. These findings suggest that histone immunoreactivity 
could represent a new marker for neuronal pathology in neurodegenerative disease, 
and that nuclear histone labeling could specifically be used to assess apoptotic cell 
death in brain neurodegeneration. Supported by AG12663. and RG2-96-096  
from th e A lzh e im er 's  A s s o c ia t io n .
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377.7
REDUCED OGLYCOSYLATED CLATHRIN ASSEMBLY PROTEIN 3 
(AP-3/AP180): IMPLICATIONS FOR SYNAPTIC VESICLE 
RECYCLING DYSFUNCTION IN ALZHEIMER’S DISEASE. 
P.J. Yao* and P.D. Coleman. Dept. of Neurobiology and Anatomy, 
Univ. of Rochester Med. Center, Rochester, NY 14642.

Synapse loss is one of the neuropathologies in Alzheimer’s 
disease that may play a crucial role in the mechanism of its 
distinct cognitive impairment and dementia. In a previous 
study (Yao and Coleman, J. Neurosci., 1998), a significant 
reduction of O-glycosylated clathrin assembly protein-3 (AP- 
3/AP180) was observed in neocortex of Alzheimer’s disease. 
The reduction correlated inversely with the density of 
neurofibrillary tangles. In this study we further determine 
that the O-GlcNAc/AP-3 ratio remains constant, but the level 
of AP-3 protein decreases in AD. Furthermore, whereas the 
level of neurofilament (NF-M) remains relatively unchanged, 
another clathrin assembly protein, AP-2, and a synaptic 
vesicle related protein, synaptophysin, are also reduced in 
AD tissues. Our findings raise the possibility that synaptic 
vesicle recycling dysfunction may be involved in the pathology 
of synapse loss in AD. (S u p p o rt by  g r a n t s  from  NIA: 

A G-09016, AG-01121, AG-08665 and AG-00107)

377.9
GLUTATHIONE TRANSFERASE ACTIVITY IS DECREASED  
IN BRAIN AND VENTRICULAR CSF IN ALZHEIMER’S DISEASE. 
M.A. Lovell1,2, C.S. Xie2 and W.R. Markesbery* 2,3. 1Department o f  
Chemistry; 2Sanders-Brown Center on Aging; 3Departments o f  
Neurology and Pathology, University o f  Kentucky; Lexington, KY 
40536.

Recent studies have implicated increased levels o f  oxidative stress in the 
brain in the pathogenesis o f  Alzheimer's disease (AD). Decreased levels 
o f  polyunsaturated fatty acids and increased levels o f  4-hydroxynonenal 
(HNE), a neurotoxic aldehyde product o f  lipid peroxidation, have been 
reported in AD CSF and brain, particularly in areas severely affected in the 
disease. To investigate protective mechanisms against HNE toxicity, we 
measured levels o f  glutathione transferase (GST) activity and protein in 
multiple brain regions and ventricular CSF in AD patients compared with 
age matched controls. This study demonstrates decreased GST activity in 
all AD brain regions compared with controls with statistically significant 
(p < 0.05) decreases in the amygdala, hippocampus and inferior parietal 
lobule, the most affected areas in AD. Statistically significant (p < 0.05) 
decreased GST activity and protein levels also were found in AD  
ventricular CSF. This study raises the possibility that reduced levels o f  
GST, a protective mechanism against HNE, may play a role in the 
pathogenesis o f  neuron degeneration in AD.

Funding for this work was provided by NIH grants 1-P01-AG05119, 5- 
P50-AG05144 and by a grant from the Abercrombie Foundation.

377.11
CALCIUM-INDEPENDENT PHOSPHOLIPASE A2 IS DECREASED 
IN FRONTAL, BUT NOT TEMPORAL, CORTEX OF ALZHEIMER 
CASES K. Talbot,*R.Y. Young, J.Q.T. Trojanowski and B. W olf. Dept. of 
Path. and Lab. Med, Univ. o f Pennsylvania; Philadelphia, PA 19104-6082

Phospholipase A2 is a class of enzymes hydrolyzing the fatty acid at the 
sn-2 position o f membrane glycerophospholipids, generating arachidonic acid 
as a reaction product. Arachidonate and the eicosanoids derived from it have 
potent effects on neuronal function. Several reports now document altered 
calcium-dependent PLA2 (cPLA2) activity in cerebrocortical areas of 
Alzheimer disease (AD) cases, suggesting a role for PLA2 in neurode- 
generative processes. We have explored that possibility further by studying 
the activity o f both cPLA and calcium-independent PLA2 (iPLA2), as well as 
the levels o f fatty acid species, in cerebrocortical areas o f AD cases (n = 11) 
and o f non-neurological controls (a = 9). PLA2 activity was assayed by 
incubating tissue homogenates for 2 hrs. at 37° C with l-stearoyl-2-[l-14C] 
arachidonyl phosphatidylcholine (PC ± calcium), extracting the remaining PC 
and the arachidonate reaction product, separating them by TLC, and 
quantifying radiolabeled product with a Berthold linear analyzer. cPLA2 
activity was normal compared to controls in both the frontal and temporal 
cortices of AD cases. So was iPLA2 activity in temporal cortex. However, 
iPLA2 activity was significantly reduced in the frontal cortex o f AD cases (p 
< 0.05). Similarly, fatty acid content was significantly reduced in frontal, but 
not the temporal, cortex o f AD cases (p < 0.03). Most o f the iPLA2 detected 
was probably due to brain-derived isoforms since it was insensitive to 1 µM 
ATP and inhibited no more than 25% by 25 µM bromoenol lactone. These 
results suggest that iPLA2 may play a role in the pathogenesis of AD. 
Supported by NIH grant AG 09215.

377.8
CONSTITUTIVE EXPRESSION OF CHEMOKINE 
RECEPTOR CXCR3 ON NEURONS OF CNS AND 
ELEVATED EXPRESSION OF IP-10 IN REACTIVE 
ASTROCYTES OF ALZHEIMER’S DISEASE BRAINS
MQ Xia*, SX Qin and BT. Hyman. Alzheimer’s Research, Dept. 
Neurology, Massachusetts General Hospital, Charlestown, M A02119 and 
LeukoSite, Inc, Cambridge, M A 02142.

Recent evidence has indicated the presence o f a number o f  chemokines 
(belong to an important family o f inflammatory cytokines) and their 
receptors such as CXCR2, CXCR4, D uffy antigen on neurons, CCR3 and 
CCR5 on microglia o f the central nervous system (CNS). As 
inflammatory mechanism appear to play an important role in Alzheimer’s 
disease (AD) pathogenesis, a better knowledge o f the chemokine system in 
CNS will greatly help our understanding o f its role in the disease process. 
Here we report the constititive expression o f CXCR3 and its ligand IP 10 
in normal and AD brains by immunohistochemistry. CXCR3 was found 
constitutively expressed on neurons and neuronal processes o f cortical and 
subcortical regions, such as hippocampal formation, neocortex, striatum 
and cerebellum. IP -10 was constitutively expressed in a subpopulation of 
apparently resting astrocytes and markely elevated in some reactive 
astrocytes. More IP-10 positive reactive astrocytes were found in AD than 
control, and many o f the reactive astrocytes were found associated with 
senile plaques. Immunoreactivity o f another CXCR3 ligand MIG was not 
detected probably due to sensitivity issue. The demonstration o f a 
chemokine/receptor pair in the CNS, and evidence o f their apparrent 
activation in AD brains suggest a new role o f this system in modulating 
glial-neuronal interaction, potentially influencing the progression o f AD. 
Supported by NIH AG P50, AG 05134.

377.10
Inflammation, synapse loss and caspase-activation in Alzheimer’s 
Disease. F. Yang*, W. B eech, M. Harris-W hite, S.A. Frautschy 
and G. M. Cole. Sepulveda VAMC GRECC 11E, Sepulveda, CA 
91343 and UCLA Depts. Med. and Neurol., L. A ., CA 90095  
Amyloid deposits in Alzheimer’s Disease (AD) are closely 
associated with dystrophic neurites and activated microglia. An end- 
specific antibody to a fragment o f actin generated by caspase- 
cleavage ( “fractin”) labeled plaque-associated neurons, neurites and 
activated microglia in AD brain. (Am. J. Pathol. 152:379- 
389,1998). The labeling o f activated microglia is consistent with 
interleukin-1 converting enzyme upregulation during microglial 
activation: Annexin V-FITC surface-labeled activated rat microglia 
in vitro were immunopositive for fractin after methanol fixation. In 
organotypic hippocampal slice culture, fractin immunolabeling 
increased during the first 3 days and labeled punctate clouds and 
major axon tracts as well as individual neurons and glia. In AD 
brain, fractin colocalized with synaptophysin and with Aß 
immunoreactivity in plaques with reduced synaptophysin 
immunolabeling. We have found that treatment with a non-steroidal 
antiinflammatory drug (NSAID) can markedly reduced microglial 
activation occuring in rodent brains exhibiting neurotoxic responses 
after intraventricular infusion with amyloid-ß-protein. We are 
currently testing the hypothesis that inhibition o f inflammation with 
NSA ID  treatment will reduce neurodegeneration in rodent models 
for AD. Supported by grants from V A  Merit, NIA (GMC, SAF).

377.12
GLIAL EXPRESSION OF BDNF AND TRK B RECEPTOR PROTEINS IN 
ALZHEIMER’S DISEASE AND HIV-1 ENCEPHALITIS BRAINS.
G. Wang, V. Soontomniyomkij, C.A. Pittman, C.L. Achim, C.A. Wiley, R.L. 
Hamilton*. Dept. of Pathology (Neuropathology), Univ. of Pittsburgh 
School of Medicine, Pittsburgh, PA 15213, USA.

The role of neurotrophic factors and their therapeutic potential have 
been investigated in various neurodegenerative disorders. To 
characterize the glial cellular distribution of brain-derived neurotrophic 
factor (BDNF) and its high-affinity receptor trk B proteins, we examined 
4 formalin-fixed brains with definite Alzheimer’s disease (AD), 7 w ith 
HIV-1 encephalitis (HIVE), and age-matched controls by double 
immunoflourescent confocal microscopy. BDNF immunoreactivity w as 
present in activated microglia, multinucleated giant cells, and most 
perivascular macrophages of HIVE, but not in activated microglia 
associated with neuritic plaques of AD. Ramified “resting” RCA-1- 
labeled microglia and GFAP-labeled astrocytes were not 
immunoreactive for BDNF. Catalytic trk B immunoreactivity w as 
observed in reactive astrocytes within HIVE foci, but no reactive 
astrocytes in AD were immunoreactive. Microglia were consistently 
non-reactive for trk B. The difference in glial expression of BDNF and 
trk B proteins between AD and HIVE suggests this aberrant expression 
may be characteristic of particular disease processes, rather than 
merely represent a stereotyped response to any type of neural injury. 
The expression of BDNF by activated microglia in HIVE may affect 
neuronal survival and astroglial response through corresponding trk B 
receptors.
Supported by the NIH grants NS35731, MH46790, and AG05133.
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377.13

N EU RON A L EX PRESSIO N  OF VITRONECTIN: IN VIVO AND IN 
VITRO  STUDIES IN H UM A N  BRAINS A ND  N EU RO N A L CELLS
D.G. W alker*,1, E.G. M cG eer and P.L. M cG eer. K insm en Laboratory 
o f N eurological Research, Department of Psychiatry, University of 
British Colum bia, V ancouver, B.C. Canada, V 6T 1Z3. ( 1Present 
address Sun Health Research Institute, Sun City, AZ, U.S.A .)

S tudies o f brains from  A lzheim er disease (A D) cases have shown 
ev idence  o f ac tiva ted  com plem ent p ro te in s, a long with various 
com plem ent inhibitory proteins, localized with AD am yloid beta peptide 
co n ta in in g  p laques and tau  con ta in ing  n eu ro fib rilla ry  tang les. 
V itronectin  (V n) is a m ultifunctional p ro te in  tha t has a ro le in 
com plem ent regulation, in cell adhesion and in the regulation o f blood 
coagulation. It has been shown to colocalize with am yloid beta peptide 
containing plaques and neurofibrillary tangles in AD affected brains. Its 
norm al localization in hum an brain has not been described. In this 
study, Vn im inunoreactivity  in subsets of Purkinje cells in the human 
cerebellar cortex was dem onstrated using two different antibodies to Vn. 
This staining was present in sections from both normal and AD cases. 
To confirm  expression of Vn in brain tissue and neuronal cells, reverse 
transcription-polym erase chain reaction procedures w ere used to detect 
Vn mRN A  in RNA extracted  from human cerebellum  and cortex, and 
also  from  hum an N T 2-derived  neurons and und iffe ren tia ted  and 
differentiated SH-SY 5Y  neuroblastom a cells. The localization o f Vn to 
other neuronal populations in human brains will also be presented. 
S upported by grants from  the Jack Brown and Fam ily AD research 
fund, and the Alzheimer Societies of British Colum bia and Canada.

377.15

IMMUNOHISTOCHEMICAL LOCALIZATION OF ADVANCED GLYCATION 
END PRODUCTS IN GRANULOVACUOLAR DEGENERATION. N.Sasaki1) 
R.Fukatsu*1), K.Tsuzuki2), Y.Hayashi1), T.Yoshida1), N.Fujii2), I.Wakayama3),
T.Koike4), Z.Makita4) Depts of 1)Neuropsychiatry and 2)Microbiology, Sapporo 
Medical Univ., South 1, West 16, Sapporo 060-8543, Japan. 3)Kansai College of 
Oriental Medicine. 4)Second Dept. of Internal Medicine, Hokkaido Univ., Sapporo.

Advanced glycation end products (AGE) accumulate on long-lived extracellular 
matrix proteins and have been implicated in the micro- and macrovascular 
complications of diabetes mellitus. In Alzheimer’s brains, AGE have been 
immunohistochemically identified in both neurofibrillary tangles and senile plaques. 
In this study, we examined immunohistochemically localization of AGE in 
granulovacuolar degeneration of Alzheimer’s disease (AD) and Guamanian 
Parkinsonism dementia complex (PDC) / amyotrophic lateral sclerosis (ALS).

Brain tissues were obtained from 5 cases of AD, 3 cases of Guamanian PDC, 3 
cases of Guamanian ALS, and 3 cases of aged controls. Granulovacuolar 
degeneration were observed in H-E staining sections. Antibody used in this study 
were polyclonal anti-AGE antibody. Granulovacuolar degeneration were observed 
in hippocampus of all Alzheimer’s brain and Guamanian brain. Especially 
Guamanian brains contained numerous granulovacuolar degeneration. In both AD 
and Guamanian cases, about 20% of granule were labeled by anti-AGE antibody.

AGE are non-enzymatic products, that are considered to be relatively indigestible. 
It has been reported that AGE are degraded in lysosomes after being taken up via 
particular cell-surface binding sites, the receptors for AGE, and macrophage 
scavenger receptor, while proteolytic degradation releases small AGE peptides or 
fragments likely to contain variable portions of AGE moieties. Granulovacuolar 
degeneration is derived from autophasic mechanism involving lysosomes, and our 
findings may provide some evidence suggesting that receptor-mediated degradation 
may take place in AD and Guamanian PDC/ALS.

377.17

Immunocytochemical application of anti-α-synuclein-antibody to human 
neurodegenerative disorders causing dementia. S. Murayama1*, Y. Saito1, 
I. Kanazawa1 and Y. Ihara2. 1Dept. of Neurology & 2Dept. of 
Neuropathology, Div. of Clinical Neuroscience, Postgraduate Sch. of Med., 
Univ. of Tokyo; Tokyo, Japan, 113-8655 

α-synuclein is a presynaptic protein, that is originally isolated as a non-Aβ 
component of senile plaques (NACP) and whose mutation is a rare cause of 
autosomal-dominant Parkinson’s disease (PD). The antibody to α-synuclein 
was reported to label Lewy body in PD intensely. A polyclonal antibody was 
raised against synthetic C-terminal of α-synuclein. Six-µm-thick sections of 
formalin-fixed paraffin-embedded hippocampus were obtained from six 
cases each of normal control, Alzheimer’s disease (AD), diffuse-type Lewy 
body disease (DLBD) and amyotrophic lateral sclerosis with dementia 
(ALSD) from our archives. All of the pathological cases contained ubiquitin- 
positive neuronal structure. In the normal control, the antibody accurately 
recognized the synaptic structure around the dendrites of the pyramidal 
cells in CA3 among widespread punctate reaction in the gray matter. In 
AD, a subset of NP was visualized by the antibody. In addition, the 
antibody staiped a small number of intracytoplasmic neuronal inclusions as 
well as thickened neurites in the subiculum of one case. In DLBD, there 
were abundant α-synuclein-positive cortical Lewy bodies and thickened 
neurites in CA2/3, the subiculum and the entorhinal allocortex. A few cap
shaped intracytoplasmic neuronal inclusions (CI) were found in the 
granular cell layer in one case. In ALSD, a subset of CI was the only 
intracytoplasmic structure, that was labeled by the antibody. Thus, our 
study confirmed diagnostic usefulness of anti-α-synuclein antibody. 
Moreover, our study suggested possible overlap in the basic pathological 
process of these clinico-pathologically distinct human demented disorders. 
(Supported by Grants in Aids from the Ministry of Education, Japan)

377.14

IMMUNOEXPRESSION OF TRANSFORMING GROWTH FACTOR-β 
(TGF-β) TYPE I AND TYPE II RECEPTORS IN ALZHEIMER’S DISEASE 
(AD). K.C. Flanders,1* S. Croul2, and C.F. Lippa.3 1Lab of Cell Regulation 
and Carcinogenesis, National Cancer Institute, Bethesda, MD 20892 and 
Depts. of 2Pathology and 3Neurology, Allegheny University of the Health 
Sciences, Philadelphia, PA 19129.

We have previously shown increased expression of TGF-β2 
immunoreactive protein in neurofibrillary tangle (NFT)-bearing neurons and 
reactive glia in AD and progressive supranuclear palsy (PSP). In vitro TGF-β 
protects rat embryo hippocampal neurons and human terminally 
differentiated CNS-like neurons from degeneration and cell death caused by 
treatment with β-amyloid peptide. To begin to evaluate the biological activity 
of the TGF-β system in vivo, we compared the immunohistochemical 
expression of TGF-β type I (Rl) and type II (Rll) receptors in the brains of 8 
AD, 8 cognitively normal controls and 3 cases of PSP. Both forms of the 
TGF-β receptor are required to mediate signalling through the serAhr kinase 
activity of the receptors. Intraneuronal immunoreactivity for Rl was minimal in 
control cases and more conspicuous in AD cases with advanced gliosis. 
There was widespread immunoexpression of Rll which did not differ 
significantly between the groups. Intense immunoreactivity for both Rl and Rll 
was observed in the cytoplasm of reactive glia in AD and PSP. There was no 
immunoreactivity within NFT-bearing neurons with anti-RI and only rare 
immunoreactivity with anti-RII. No staining of senile plaques was observed. 
The expression of Rl and Rll in reactive glia suggest that these cells can 
respond in an autocrine fashion to the increased levels of TGF-β that they 
produce upon activation. The lack of Rl expression in NFT-bearing neurons 
indicates that TGF-β would be unable to protect these cells from 
degeneration which may contribute to the pathology of the disease.
Supported by NIA Grant AG13623 and the Robert Potamkin Fund.

377.16

Bcl-2 family protein behavior in Fronto- 
Temporal Dementia versus Alzheimer's Disease

Nichol, Kathryn E. & Cotman, CW; Institute for Brain A ging and 
Dementia, Univ. o f  Calif., Irvine, CA 92697

Several lines of evidence suggest that apoptosis may be a key mechanism of 
neurodegeneration in Alzheimer's disease (AD). Bcl-2 family proteins have been 
suggested to be regulators of apoptotic processes. For example, the heterodimer ratio 
of two members of this family, Bcl-2 and Bax may be a key determinant of apoptosis 
induction. Previous studies have shown that immunoreactivity to Bcl-2 initially 
increases with increasing AD severity. After severity in AD progresses to include 
numerous neurofibrillary tangles (NFT), the Bcl-2 reactivity in these high PHF load 
neurons decreases. In the present study, we investigate the behavior of Bcl-2 family 
proteins Bcl-2, Bcl-x, and Bax in a non-tangle bearing dementia, fronto-temporal 
dementia (FTD) in comparison to AD. Because the pathology of these two dementia 
subtypes differs in respect to presence of NFTs, we anticipated a difference in Bcl-2 
expression to emerge. AD, FTD, and control cases were examined using 
immunocytochemistry and immunoblotting. In contrast to the AD brain, Bcl-2 
expression levels do not decline in late state severe cases of FTD. This observation 
could suggest that the presence of or absence of neurofibrillary tangles is an 
important factor in Bcl-2 expression in neurodegenerative diseases. Interestingly, 
glial Bcl-2 activity is also high in the FTD and AD brains with low atrophy, 
suggesting a possible protective role of Bcl-2 in glia, in addition to its neuronal 
role.

Funding: AG-13411

377.18

PHOSPHORYLATED CYCLIN DEPENDENT KINASE 4-LIKE- 
IMMUNOREACTIVITY (PO4-CDK4-LI) IS SPECIFICALLY EXPRESSED IN 
VULNERABLE NEURONS OF ALZHEIMER’S DISEASE AT ITS EARLIEST 
STAGE. P.F. Good* 1,2, D.S. Kohtz1, D.P. Perl1,2, 3, D. Purohit1 ,V. 
Haroutunian3, A. Hsu1, C. Chu1, R.C. Mohs3, K.L. Davis3, D. Marin3, D. 
Burstein1 1Department of Pathology, 2Fishberg Research Center for Neurobiology 
and 3Psychiatry. Mount Sinai School of Medicine NYC, NY, 10029.

Neuronal degeneration in Alzheimer's disease is characterized by selective 
neuronal vulnerability of cortical regions and subregions, specifically involving 
CA1 and the subiculum of the hippocampus and layers II and V of the entorhinal 
cortex at the earliest stages of the disease. In contrast the dentate gyrus and CA3 of 
the hippocampus are resistant to neurodegeneration. Although intensive study of 
the processing of ß amyloid and microtubule associated protein-tau has been a 
major thrust of research in AD, the notion that aberrant cell cycle control may play 
a role in initiating neuronal entry into a neurodegenerative program has recently 
emerged. We have employed the clinically and pathologically well characterized 
cases of the Mount Sinai Alzheimer's Disease Brain Bank to determine the 
temporal and regional occurrence of CDK4-LI (antibody gift of New England 
Biolabs). Immunolabeling of hippocampal sections from Alzheimer’s disease cases 
demonstrated an increase in numbers of neurons labeled, with increasing clinical 
dementia rating score (CDR) from CDR 0.5 to CDR 5. Immunolabeling was 
confined to CA1 and subiculum, sparing CA3 and DG in all but the most severely 
affected cases. Immunolabeling in moderately affected cases (CDR2) began 
abruptly at the CA3/CA1 boundary. Immunolabeling in age matched control cases 
(CDR 0) was absent or very sparse. In the earliest AD cases (CDR 0.5 and CDR 
1) immunolabeling was punctate and appeared largely in the neuronal nucleus with 
some cytoplasmic labeling while in severe cases, in addition to punctate nuclear 
labeling, there was widespread diffuse cytoplasmic and neuropil immunoreactivity. 
Supported by AG02219, AG05138, AG14382, and CA72775
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378.1

STUDIES OF WILD-TYPE AND M UTANT ALPHA-SYNUCLEIN  
IN TRANSGENIC MICE. M .S. Goldberg, S.-J. Lee, Qun L u*, 
P.T. Lansbury, Jr. and J. Shen. Center for Neurologic D iseases, 
Brigham and W omen’s Hospital and Harvard Medical School, Boston, 
M A 02115.

Parkinson’s disease (PD) is a neurodegenerative disorder affecting 
approximately 5% o f  the population over age 65. Patients present 
clinically with rigidity, bradykinesia and resting tremor and 
neuropathologic examination reveals degeneration o f neurons in the 
substantia nigra and intraneuronal cytoplasmic inclusions called Lewy 
bodies. Although most cases o f PD occur sporadically, mutations in 
the α-synuclein gene have recently been linked to autosomal 
dominantly inherited forms o f PD (Polymeropoulos et ah, Science 276, 
2045-7; Kruger et ah, Nature Genet. 18, 106-8). α-synuclein is a 140 
amino acid protein, the sequence o f which is highly conserved between 
birds and mammals. Recent biochemical studies have identified α- 
synuclein and its homolog β-synuclein as specific inhibitors o f 
phospholipase D2 (Jenco et ah, Biochemistry 37, 4901-9). To 
investigate the pathogenic mechanisms o f the mutations in α-synuclein, 
we have generated transgenic mice bearing wild-type and mutant 
human α-synuclein and phenotypic characterization is in progress. 
These mice may provide a model system for therapeutic drug discovery 
and characterization o f the cellular and molecular events that lead to 
nigral neurodegeneration.
Supported by NIH grant AG08470.

378.3

PROTEIN-PROTEIN INTERACTIONS OF α-SYNUCLEIN.
J.E. Payton, R.J.Perrin#, D.F.Clayton, and J.M.George*. Dept. of 
Cell and Structural Biology, #Dept. of Molecular and Integrative 
Physiology, Univ. of Illinois, Urbana, IL 61801.

α-Synuclein (synelfin, NACP) is a highly conserved, 
presynaptic protein o f unknown function. Data from in situ  
hybridization and immunocytochemistry suggest that this protein 
is developmentally regulated and may be involved in learning and 
memory, perhaps by mediating synaptic plasticity (George et al., 
1995). The NAC fragment of human α-synuclein is an intrinsic 
component of the amyloid plaques deposited in Alzheimer’s 
Disease (Ueda et ah, 1993), and α-synuclein immunoreactivity 
has been demonstrated in the intracellular inclusions (Lewy 
bodies) found in Parkinson’s Disease (Irizarry et al., 1998).

To identify potential protein binding partners of α- 
synuclein, we performed co-im munoprecipitations using a 
monoclonal antibody (H3C), raised against the protein’s C- 
terminus. Several proteins were co-immunoprecipitated from 
zebra finch forebrain extracts, including major bands with 
relative mobilities of 45kD, 55kD, and 97kD. The first two of 
these were identified through microsequencing as actin and 
tubulin. Immunocytochemical analysis of transfected epithelial 
(CV-1) ce lls does not support a direct interaction with  
microtubules, but does not eliminate an interaction with free 
tubulin or with tubulin-binding proteins. We are continuing to 
investigate α-synuclein's protein-protein interactions using a 
GST-fusion binding assay. Supported by NIH R01  AG 13572.

378.5

SYNUCLEIN EXPRESSION DURING HUMAN AGING AND IN PRIMARY 
NEURONAL CULTURE. C.G. Lesuisse*, J.C. Troncoso1,2, D.L. Price1,2,3 and 
M.K. Lee1 . Department of Pathology1, Neurology2 and Neuroscience3, The Johns 
Hopkins University, Baltimore, MD 21205

Parkinson disease (PD), a late-life movement disorder, is associated with 
abnormalities of dopaminergic neurons in the substantia nigra, pars compacta and 
loss of dopaminergic terminals in striatum. Although the causes of the majority of 
cases of PD are not known, genetic studies of familial PD (<10% of total cases of 
PD) have recently identified two missense mutations (A53T and A30P) in α- 
synuclein (α-Syn) in a small number of FPD pedigree. Because α-Syn accumulates 
in Lewy bodies (LB), cytoplasmic inclusions characteristic of familial and sporadic 
PD, α-Syn may be an important component in the pathogenesis of the disease, α- 
Syn (also called NACP) is a member of multigene family consisting of α-, β-, and 
γ-Syn. While functions of different Syn’s are not known, they are abundantly 
expressed in brain and particularly enriched in the presynaptic terminals.

To better understand the normative roles of different Syn and the roles of α-Syn 
in PD, we are examining expression of mRNAs encoding α-, β-, and γ-Syn in 
human brain during aging and in primary neuronal culture. Our results indicate that 
different Syn mRNA’s show differential regional and temporal changes in the levels 
of expression in human and in neuronal culture. The results of these studies will 
provide information relevant to understanding the roles of Syns in aging and in 
disease.
Funding: Supported by grants from ALS association and NIH (AG05146, 
AG14248)

378.2

α-SYNUCLEIN (NACP) IS IN OLIGODENDROGLIAL INCLUSIONS OF 
MULTIPLE SYSTEM ATROPHY P. H. Tu1, J. Galvin1,2, M. Baba3, S. Leight1,
T. Iwatsubo3, M. Godert 4, J. Q. Troianowski,*  and V. M.-Y. Lee1 . 1Center for 
Neurodegenerative Disease Research, Pathology of Laboratory and Medicine, 
University of Pennsylvania, Phila., PA 19104, USA; 2Department of Neurology, 
Allegheny University of the Health Sciences, Phila., PA 19104, USA; 
3Department of Neuropathology and Neuroscience, Faculty of Pharmaceutical 
Sciences, University of Tokyo, Tokyo, Japan; 4MRC Laboratory, Cambridge, 
UK

The synuclein family includes α, β and γ isoforms. The α -  and β-syncleins 
are highly soluble neuronal proteins located in the presynaptic axonal terminal. 
Recently, the α-synuclein gene was shown to be mutated in familial Parkinson’s 
disease (PD), and α-synuclein protein has been found in the Lewy bodies (LBs) 
of sporadic Alzheimer’s disease, PD and dementia with LBs, suggesting an 
important mechanistic role for α-synuclein in the pathogenesis of these diseases. 
Using a panel of α-synuclein-specific antibodies, we demonstrated that α- 
synuclein also is a major component of the diagnostic oligodendroglial 
inclusions (OIs) found in affected brain regions of patients with Multiple System 
Atrophy (MSA), a sporadic late-onset “PD plus” syndrome complex. Further, 
the normal high solubility of α-synuclein was decreased in MSA white matter of 
affected brain regions. These data suggest that a change in the conformation of 
α-synuclein or its interaction with other components in OIs renders α-synuclein 
less soluble, and leads to the formation of OIs. Thus, further research into the 
role of α-synuclein in the formation of intracellular aggregates may provide 
important insight into mechanisms of a variety of neurodegenerative diseases.

378.4

H U M A N  RECOMBINANT N AC P/α-SY N UC LEIN  IS 
AGGREGATED A N D  FIBRILLATED IN VITRO : RELEVANCE 
FOR LEWY BODY DISEASE M. Hashim oto, L. Hsu, A. Sisk, Y. 
Xia, A. Takeda, M. Yoshimoto*, M. Sundsm o, and E. Masliah, 
D ept. of N eurosciences, School of M edicine, UCSD, La Jolla, CA  
92093-0624
N A C P /α-synucle in  is a presynaptic protein w hich m ay be 
involved in the pathogenesis of Alzheimer's disease and  
Parkinson's disease. The main objective o f this study w as to 
determine if human recombinant N A C P /α-syn u cle in  protein is 
aggregated and fibrillated in vitro., and if the fibrils d isp lay  
am yloid-like properties. Immunoblotting analysis show ed that 
N A C P /α-synucle in  preferentially aggregated at a low  pH , 
increasing time lag, w ith  high temperature, and under the 
presence of specific ion like aluminum. Furthermore, electron 
microscopic and histochemical studies revealed that these in 
vitro aggregates formed filamentous structures, w hich were also  
thioflavine-S positive, being reminicent of formation o f am yloid-
like fibrils. Similarly, Lewy bodies, w hich are N A C P /α -  
synuclein-immunoreactive abnormal inclusions found in neurons 
of patients w ith  Parkinsonism, d isplayed m ild thioflavine-S  
reactivity, supporting the hypothesis that N A C P /α-syn u cle in  
might be intracellularly aggregated and fibrillated under 
pathological process of som e types o f neurodegenerative 
disorders.
Supported by grants from NIHAG5131 and Yamanouchi 
Pharmaceutical C om pany

378.6

INVESTIGATING THE NEUROBIOLOGY OF α-SYN U CLEIN  
USING TRANSIENT TRANSFECTIONS OF PRIMARY 
NEURONAL CULTURES. P.J. McLean*1, D. Ikeda1,  M. 
Schwarzchild1, O. Castillo1, M. Irizarry1, R. Perrin2, J. George2, D. 
Clayton2 and B.T. Hyman1. 1Alzheimer’s Research Unit, Dept. o f 
Neurology, Mass. General Hospital, Charlestown, M A 02129 & 2Dept. 
o f Cell and Structural B iology, Univ. o f Illinois, Urbana, IL 61801.

α-Synuclein is a highly conserved 140 amino acid protein o f  
unknown function that was originally isolated from Torpedo. Although 
the normal function o f the α-synuclein is unknown, studies o f song- 
learning in the zebra-finch have implicated a role in neuronal plasticity. 
Recently, a fragment o f α-synuclein was detected as an intrinsic 
component o f amyloid plaques in Alzheimer’s disease and an abundant 
component o f Lewy bodies found in sporadic Parkinson’s disease (PD). 
In addition, recent studies have identified two missense mutations in the 
gene encoding α-synuclein associated with rare autosomal dominant 
forms o f familial PD. Here, w e examine the neurobiology o f α - 
synuclein in primary cultures o f cortex/hippocampus and ventral 
mesencephalon using α-synuclein-EGFP fusion constructs. Within 4  
hours o f transfection, α-synuclein expression is seen diffusely 
throughout the cytoplasm. With increasing time post-transfection in 
mature neurons the fluorescence becomes localized to discrete areas on 
the cell body and processes, reminiscent o f synaptic localizations. We 
are currently investigating whether there are differences in subcellular 
distribution between wild-type and mutant α -synuclein and are applying 
fluorescence resonance energy transfer (FRET) to reveal interactions o f  
α-synuclein with other cellular components in living neurons. 
Supported by NIH A G 14744
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378.7

DEGRADATION OF α-SYNUCLEIN BY THE UBIQUITIN- 
PROTEASOME PROTEOLYTIC PATHWAY. M.C. Bennett*, 
J. F. Bishop, Y. Leng, T. N. Chase and M. M. Mouradian. 
Experimental Therapeutics Branch, N IN D S, Bethesda, MD 20892  

Two point mutations in the cytoplasmic protein α-synuclein, 
Ala53Thr [Science (1997) 276, 2045] and Ala30Pro [Nat. Gen. 
(1998) 18, 106], were recently identified in separate Parkinson’s 
disease (PD) families. Detection o f  both α-synuclein [Nature 
(1997) 388, 839] and proteasome [J. Neurol. Sci. (1994) 122, 127] 
in Lewy bodies suggests that alterations in α-synuclein degradation 
may contribute to PD pathology. We investigated the protein 
degradation pathway o f  α-synuclein in the human neuroblastoma 
cell line SH-SY5Y. Follow ing transfection o f  these cells with 
pcDNA3.1 constructs designed to express wild-type or mutant 
(Ala53Thr) 6XHis-tagged α-synuclein, proteins were labeled with 
35S-M ethionine for 4 hours. After various “chase” intervals, 6XHis- 
tagged α-synucleins were immunoprecipitated using a 6XHis mAb 
and proteins were separated by SDS-PAGE. The 1/2-lives o f  both α- 
synuclein variants were estimated to be between 3 and 4 hours. 
Treatment with the selective proteasome inhibitor β-lactone (40µM ) 
inhibited the degradation o f  both variants significantly. This finding 
indicates that both wild-type and mutant α-synuclein are degraded 
by the ubiquitin-proteasome proteolytic pathway.

378.9

IMMUNOHISTOCHEMICAL AND ELECTRON MICROSCOPIC 
DEMONSTRATION OF NACP/α-SYNUCLEIN-EPITOPES IN 
LEWY BODIES IN PARKINSON S DISEASE AND DEMENTIA 
WITH LEWY BODIES. K. Arima1,3, S. Hirai3, M. Kawai3 and K. 
U éda2* 1Dept. of Ultrastructure and Histochemistry, and 2Dept. of 
Neurochemistry, Tokyo Institute of Psychiatry, Tokyo 156-8585, Japan, 
and, 3Dept. of Laboratory Medicine, National Center Hospital for Mental 
Nervous and Muscular Disorders, NCNP, Kodaira, Tokyo 187-8551, 
Japan.

We examined brain-stem tissue of sporadic Parkinson’s disease 
and dementia with Lewy bodies (LBs) by using antibodies to 
NACP/α-synuclein. Immunohistochemically, all of the antibodies 
against N-terminal, NAC, and C-terminal domains of NACP 
labeled LBs, pale bodies (PBs), and Lewy neurites. LBs were 
recognized as clearly demarcated targetoid inclusions in the 
neuronal perikarya, and PBs as homogeneous ones. Each 
inclusion was labeled in a manner similar to anti-ubiquitin. On 
electron microscopy, the majority of immunoreactive products 
were found to be localized on the components in the outer layer of 
LBs. This study indicates that the whole molecule of NACP is 
involved in the formation of LBs, PBs, and Lewy neurites. We 
consider that NACP is the major component of LBs irrespective of 
mutations in the NACP gene and that NACP-positive abnormal 
structures may lead to neuronal degeneration in these disorders.

Supported by Grants, 08671119 to KA and 09680780 to KU, from MESC, Japan.

378.11

MUTATION IN THE α-SYNUCLEIN GENE AMONG SPORADIC 
PARKINSON’S DISEASE, ALZHEIMER’S DISEASE AND DEMENTIA 
WITH LEWY BODIES
T.  Matsui1, S . Higuchi2, H. Arai1 * ,  Matsushita2, M. Higuchi1, N . Okamura1,
T. Muramatsu 3 and H Sasaki1. 1Department of Geriatric Medicine, Tohoku 
University School of Medicine, Sendai, Japan; 2National Institute on 
Alcoholism, Kurihama National Hospital, Kanagawa, Japan; 3Department 
of Psychiatry, Keio University School of Medicine, Tokyo, Japan.

α-synuclein is a 19kDa protein, which was originally reported as a 
precursor protein for the non-Aβ amyroid component of Alzheimer’s disease 
(AD). Recent observations have indicated that α-synuclein is also one of 
the major components of Lewy body, an inclusion body detected in the 
brains of Parkinson’s Disease (PD) and Dementia with Lewy bodies (DLB). 
Accordingly, α-Synuclein production may link these diseases. Moreover, 
two types of missense mutations with an amino acid substitution in this 
protein-cording region have been discovered. One is Ala53Thr 
substitution identified in an Italian-American kindred with early-onset PD, 
and in three Greek kindreds (Polymeropoulos, et al.), the other is Ala30Pro 
in a UK kindred (Kruger R, et al.). We examined whether or not sporadic 
PD (142 cases), DLB (19 cases) and AD (156 cases) in Japanese have 
Ala53Thr, but no cases had. This result suggests that Ala53Thr is an 
uncommon one in non-familiar cases.

378.8

ANALYSIS OF BINDING PROTEINS FOR PNP 14 AND 
α-SYNUCLEIN
S. Nakajo,* S. Kawarazaki, T. Kanai, T. Hirabayashi and K. 
Nakaya. Laboratory of Biological Chemistry, School of 
Pharmaceutical Sciences, Showa University, Tokyo 142 
Japan.

Recently point mutations in α-synuclein (α-Syn) gene in 
familial Parkinson's disease have been reported. To analyze 
the binding proteins for PNP 14 (β-Syn), family of α-Syn, and 
α-Syn, fusion proteins of GST/PNP 14 and GST/α-Syn were 
prepared and purified. Both fusion proteins were immobilized 
to glutathione-Sepharose 4B columns. We found that a major 
36 kDa protein, which are present in the soluble fraction 
obtained from rat cerebrum cortex bound to both columns. 
Partial amino acid sequences of this protein were identical 
with those of rat glyceraldehyde-3-phosphate-dehydrogenase 
(GAPDH). These results suggest that PNP 14 and α-Syn 
might be responsible for neuronal cell death through binding 
to GAPDH. (Supported in part by Ministry of Education, 
Science, and Culture of Japan)

378.10

α-SYNUCLEIN IN MULTIPLE SYSTEM ATROPHY. W.P. Gai,1* J.H.T. 
P ow er,1 P.C. Blumbergs,2 W.W. Blessing1. 1Depts. of Medicine and 
Physiology, Flinders Univ. SA 5042; 2Dept. of Neuropathology, Institute of 
Medical and Veterinary Science, SA 5000, Australia.

α-Synuclein, a presynaptic protein of unknown function, is involved in the 
pathophysiology of Lewy bodies in idiopathic Parkinson's disease and of 
amyloid plaques in Alzheimer's disease. We now show that glial and 
neuronal inclusions in multiple system atrophy (MSA), are strongly 
immunoreactive for α-synuclein. Paraffin and frozen sections from different 
brain regions from MSA cases (n=8) were immunostained using an antiserum 
raised against human α-synuclein (residues 111-131). All sections from MSA 
cases showed dramatic immunostaining of glial inclusions predominantly in 
white matter. Marked α-synuclein immunoreactivity was also observed in 
degenerating neurites, in cytoplasmic and intranuclear inclusions of neurons in 
pontine nuclei and putamen. Corresponding inclusion bodies were not seen in 
normal brains (n=12) or cases of motor neuron disease (n=5). In idiopathic 
Parkinson's disease (n=10), Lewy bodies and degenerating neurites were 
positive for α-synuclein but no immunopositive glial inclusion bodies were 
observed. Confocal microscopy revealed that a proportion of α-synuclein  
positive glial inclusions and neurites in MSA were also ubiquitin positive. 
Our results suggest α-synuclein may play an important role in the 
pathophysiology of MSA and antibodies to α-synuclein may be useful in the 
diagnosis of the disease.
Supported by NH&MRC, NH&MRC Brain Bank, and Australian Brain 
Foundation

378.12

ADENOVIRUS-MEDIATED ALPHA-SYNUCLEIN OVEREXPRESSION IN 
NEURONS: EFFECTS ON NEURONAL VIABILITY IN VITRO AND IN VIVO. 
W. Zhou1*, M.S. Hurlbert1, J. Schaack2 and C.R. Freed1. 1Div. of Clinical 
Pharmacology, Dept. of Med. and Neuroscience Program; 2Dept. of Microbiology, 
Univ. of Colorado Health Sciences Center; Denver, CO 80262.

Parkinson's disease (PD) is a neurodegenerative disorder characterized by 
progressive loss of dopamine (DA) neurons in the substantia nigra (SN). DA cell 
degeneration is associated with the appearance of intracytoplasmic inclusions called 
Lewy bodies (LB). Recently, genetic analysis of Italian and Greek cohorts with 
familial PD show a mutation in the alpha-synuclein (a-Syn) gene. Subsequent reports 
indicate that a-Syn is a major component of the LB, suggesting that a-Syn plays a role 
in the etiology of idiopathic PD. It remains unclear whether degenerating neurons in 
PD brain accumulate a-Syn abnormally or, conversely, whether a-Syn accumulation 
causes neurodegeneration. To study the role of a-Syn in PD pathogenesis, we 
developed replication-defective recombinant adenovirus vectors containing the genes 
for rat, human and mutant human (Ala53Thr) a-Syn. The rat and human a-synuclein 
gene were cloned from embryonic tissue by RT-PCR and the mutant human a- 
synuclein gene was further generated. All these genes were confirmed by the 
sequencing. The adenovirus (Ad) vectors expressing a-Syn genes were made and 
purified to high titer. The overexpression of transgene was validated in Hela cells by 
both immunocytochemistry and immunoblotting. These vectors were used to infect rat 
and human primary mesencephalic cultures, PC12 cells and N27 cell line (T-antigen 
immortalized E10 rat mesencephalon). Viral vectors were also injected into rat brain 
to directly infect SN DA cells. We optimized transduction efficiency to reach near 
100% expression by neurons in vitro. Intrastriatal injected control Ad vector was able 
to retrogradely transport to SN and overexpressed in DA neurons. Results show 
overexpression of a-Syn does not lead to immediate neuronal cell death, but may 
render neurons vulnerable to excitotoxicity and apoptosis when exposed to MPP+, 6- 
OHDA. Supported by NINDS NS18639 and the National Parkinson Foundation.
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378.13

MUTATIONS IN ALPHA-SYNUCLEIN EXHIBITS VULNERABILITY TO FREE 
RADICAL DAMAGE. L. Petrucelli*1 N. Ostrerova,1 N. Muja,2 G. DeVries,2 N. 
Mehta,3 M. Farrer,3 J. Hardy3 and B. Wolozin1.  1Dept. of Pharmacology, and 2Program 
of Neuroscience. Loyola Univ. Med. Center; Maywood, IL 60153. 3Dept. of 
Pharmacology, Mayo Clinic, Jacksonville, FL.
α-Synuclein (NACP) is a protein that accumulates in Lewy bodies and mutations in NACP 
are associated with two different kindreds of familial Parkinson’s Disease (PD). Since α- 
synuclein is associated with PD, we hypothesized that this protein may have a role in the 
cell death processes observed in PD. Therefore, stable Hela cell lines were generated 
expressing empty vector, wild-type NACP, or an alanine to threronine mutated (A53T) 
NACP. We treated the cell lines with a variety of toxic stimuli in order to determine a cell 
death profile, and then analyzed cell viability after 48 hrs using the MTT assay. The cells 
expressing wildtype NACP showed increased sensitivity to every stressor examined: C2- 
Ceramide, LY92089, staurosporine, dexamethasone, hydrogen peroxide, dopamine and 
MPP+. Cells expressing the A53T NACP were about 3-fold more vulnerable to free 
radicals, but were somewhat less sensitive to all other toxic stimuli. Because of the 
importance of calcium to cell death responses, we also examined whether NACP regulates 
calcium fluxes, using Fura-2 imaging. Bradykinin (1-1000 nM) elicited calcium 
responses in both vector and wild-type NACP expressing cells. However, interestingly, 
cells expressing A53T NACP were unresponsive to bradykinin, suggesting that the A53T 
mutation acts as a dominant negative inhibitor in this IP3 mediated pathway. Blockade 
of calcium fluxes by the A53T NACP may protect against many toxic stimuli, but render 
cells more vulnerable to free radical mediated toxicity. Dopamine-mediated free radical 
production may render neurons of the substantia nigra particularly vulnerable to cell death 
in patients with this mutation.

378.15

SYNPHILIN1: A NOVEL PROTEIN THAT INTERACTS TO ALPHA- 
SYNUCLEIN. S. Engelender*, X. Guo, B.E. Hoffman, M K. Lee,  A.H. 
Sharp, C. Zhang, J .K. Cooper, W.J. Herring, J.C. Troncoso, D.L. Price, A. 
Lanahan, P. Worley, V.L. Dawson, T.M. Dawson and C.A. Ross. Dept. of 
Psychiatry, Johns Hopkins University, Baltimore, MD 21205.

Parkinson’s disease (PD) is one of the most prevalent 
neurodegenerative diseases. Usually the disease is sporadic, but in a few 
pedigrees it is inherited as an autosomal dominant condition. The 
pathology in PD is notable for the progressive neuronal degeneration of 
nigrostriatal dopamine neurons. Eosinophilic intracytoplasmatic inclusions 
known as Lewy bodies develop within the surviving nerve cells. Recently, it 
was reported that two independent mutations (A30P and A53T) in the gene 
coding for α-synuclein are found in pedigrees with autosomal dominant 
inheritance of PD. Furthermore, α-synuclein was detected as a com ponent 
of Lewy bodies in patients. The normal function of this protein is still 
unknown. It is likely that the role of α-synuclein in PD involves interaction 
with other proteins within the cell. In order to identify proteins which can 
interact with α-synuclein we have used the yeast two-hybrid technique and 
we found that α-synuclein interacts with a novel protein which we have 
termed synphilin1. Synphilinl contains 4 ankyrin-like repeats, a coiled- 
coil domain and an ATP/GTP binding domain. Northern and Western blot 
experiments show that synphilin1 is enriched in brain and heart. In brain, 
synphilin1 is present in many regions including substantia nigra. The 
interaction of α-synuclein with synphilin1 was confirmed in vitro by 
binding of synphilin1 to a GST-α-synuclein fusion protein. Also, α- 
synuclein co-immunoprecipitated with synphilin1 from brain extracts, 
indicating that the interaction occurs in vivo. The characterization of 
synphilin1 will help elucidate α-synuclein normal function and may give 
clues to its role in the formation of Lewy bodies, and thus clarify the 
pathogenesis of PD.

378.17

ANALYSIS OF SYNUCLEIN 1 EXPRESSION IN A MODEL OF 
PROGRAMMED CELL DEATH IN DOPAMINE NEURONS OF SUBSTANTIA 
NIGRA INDUCED BY DESTRUCTION OF TERMINALS WITH 6- 
HYDROXYDOPAMINE. N.G. Kholodilov*, T.F. Oo, R.E. Burke. Dept. of 
Neurology, Columbia University, New York, NY 10032.
To characterize the molecular events of programmed cell death (PCD) in 

dopamine (DA) neurons of the substantia nigra (SN), we have used mRNA 
differential display in a unilateral model induced by developmental striatal 
target lesion. We have shown that rat synuclein 1 is upregulated at the mRNA 
and protein levels (Neurol 48:A322 1997; Abs Soc NS 23:631, 1997). In spite 
of the regional correlation between synuclein 1 upregulation and induced 
PCD, at a cellular level no association was observed between synuclein 
protein expression and apoptotic morphology. To further explore the 
relationship between synuclein 1 and PCD in DA neurons, we have examined 
a second model of PCD, that induced by postnatal destruction of DA terminals 
with 6-OHDA (J Neurosci, 1997). P7 or P12 rat pups were injected with 15 µg 
6-OHDA and sacrificed at varying times for Northern analysis of synuclein 1 
mRNA in SN or for immunostaining of the synuclein NAC sequence using a 
polyclonal antibody (Iwai e t , 1995). Northern analysis showed no increase in 
synuclein 1 mRNA at 4 or 24 hours postlesion in comparison to controls. At 10 
days there was a decrease in synuclein 1 mRNA on the lesioned side, 
consistent with a predominant expression of synuclein 1 in SNpc, and gradual 
loss of DA neurons in this model. In spite of the lack of an early change in 
mRNA levels, there was an increase in NAC-positive neuronal profiles in 
SNpc at 24 hours postlesion: E: 49.1 ±8.8; C: 22.1 ±7.2 (N=4, p< .01). However, 
a similar increase was observed in SNpr, which does not undergo induced 
PCD in this model. We conclude that synuclein 1 expression at both the 
mRNA and protein levels is not closely associated with PCD in this model, 
and suggest that it is associated with an alternate cellular response, possibly a 
plasticity response. NS26836, PDF, Lowenstein, Smart Fdns.

378.14

α-SYNUCLEIN PARTICIPATES IN CELL DEATH PROCESSES. N. 
Ostrerova,1* L. Petrucelli,1 J. Palacino,1 P. Alexander,1 N.Mehta,2 M. Farrer,2 
J. Hardy,2 B. Wolozin1. 1Dept. of Pharmacology, Loyola Univ. Med. Center, 
Maywood, IL 60153, 2Dept. of Pharmacology, Mayo Clinic; Jacksonville, F1
32224.

α-Synuclein is an abundant component o f intraneuronal inclusions - Lewy 
bodies (LB). Mutations in α-synuclein gene are associated with two 
different kindreds o f familial Parkinson’s Disease (PD). However, the 
functions of this highly conserved protein are largely unknown. We now 
show that over-expression o f α-synuclein affects cell death processes. 
Expression of wild type or A53T mutant α-synuclein in Hela cells or the 
neuroblastoma cell line NSH increases cell death. The toxicity o f α- 
synuclein, however, appears to be cell type dependent, because the M17 
neuroblastoma cell line was resistant to the toxic affects o f α-synuclein. In 
Hela cells the mechanism of cell death induced by the A53T α-synuclein 
construct is necrotic rather than apoptotic as shown by trypan blue staining, 
DNA laddering and FACScan analysis. In addition to its toxicity, α- 
synuclein also increases toxic effects of wide range of stressors. Based on 
this broad affect, we postulated that α-synuclein might interact with related 
proteins that regulate cell death processes. Protein sequence aligments show 
up to 40 % homology between α-synuclein and 14-3-3, a cytoplasmic 
protein that acts as a chaperone for BAD. Immunoprecipitation experiments 
show that α-synuclein itself also binds to BAD, but not to phospho-BAD, 
Bcl-2 or Bcl-x. The interaction of α-synuclein with BAD and its 
accumulation in Lewy bodies could contribute to neurodegeneration and be 
involved in pathogenesis of Parkinson’s Disease.

378.16

SYNUCLEIN UPREGULATION FOLLOWING MPTP 
ADM INISTRATION. V. Jackson-Lewis*, S. Vukosavic, M. N eystat 
and S. Przedborski. Dept. Neurology, Columbia University, N ew  
York, N Y  10032.

Mutations in the synuclein gene are associated with some 
forms o f  familial Parkinson’s disease. The relationship o f  this 
presynaptic protein to nigral dopamine neuron degeneration is 
unknown. To explore this issue, w e assessed synuclein mRNA and 
protein expression in m ice treated with an acute (causing necrosis) or a 
chronic (causing apoptosis) MPTP regimen. W e found increases in 
synuclein m RNA levels in midbrain, but not in striatum, o f  mice 
treated with the chronic MPTP regimen only using ribonuclease 
protection assay. This alteration was maximal by 2 days post-injection. 
We demonstrated that the observed increases were specific to the 
substantia nigra pars compacta using in situ hybridization. Changes in 
mRNA were paralleled by similar changes in synuclein protein 
contents. W e found that during the first 4 days post-injection, striatal 
synuclein increased w hile tyrosine hydroxylase and synaptophysin 
decreased on Western blot analysis. These studies suggest that 
synuclein m RNA and protein expression are upregulated in 
compromised nigral neurons following MPTP administration, but only 
in association with the toxin regimen that kills nigral neurons by 
apoptosis.
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379.1

EMBRYONIC STEM CELLS HOMOZYGOUS FOR TARGETED 
DISRUPTION IN HUNTINGTON’S DISEASE GENE FORM NEURONS 
WITH NORMAL ELECTROPHYSIOLOGICAL PROPERTIES
N. Chen,1* M. Metzler,2 R.K. Graham,2 K. Nichol,2 K. McCutcheon,2 J. Nasir,2 
M.R. Hayden2 and L.A. Raymond1. 1Dept. of Psychiatry, Division of 
Neuroscience; 2Center for Molecular Medicine and Therapeutics, Dept. of 
Medical Genetics; U. of British Columbia, Vancouver, BC, Canada.

Huntingtin plays a crucial role in development, since gene targeted HD-/- mouse 
embryos die early in embryogenesis. HD-/- embryonic stem (ES) cells were 
generated in order to examine the role of huntingtin in the differentiation of 
neurons. As previously described (Metzler et al., 1997. Society for Neurosci. 
Abstr., 741.11), cells with neuronal morphology and positive staining for neuron- 
specific enolase could be generated from both wild-type (HD+/+) and H D -/- ES 
cells. As well, HD+/+ cells showed increasing levels of huntingtin expression with 
neuronal maturation. In this study, electrophysiological properties of HD+/+ and 
H D -/- derived neurons were compared by whole-cell patch clamp recording. 
Interestingly, HD-/- neurons exhibited apparently normal electrophysiological 
properties, including spontaneous action potentials and mean amplitude of 
voltage-gated (Na+ and K+) currents and neurotransmitter-mediated (AMPA. 
NMDA and GABA) currents. Moreover, both excitatory (CNQX-sensitive) and 
inhibitory (picrotoxin-sensitive) spontaneous postsynaptic currents were also 
observed, indicating the establishment of functional synapses in the absence of 
huntingtin. Our results demonstrate that huntingtin is not necessary for the 
expression and synaptic targeting of functional ion channels, or for spontaneous 
vesicular release from presynaptic terminals. These findings provide further 
insight into the physiological function of normal huntingtin. (Supported by 
Huntington’s Disease Society of America [HDSA] and MRC Canada).

379.3

EXPRESSION OF NORMAL AND MUTATED HUNTINGTIN IN STRIATAL 
DERIVED ST14A CELLS
E.M. Barbaria, D. Rigamonti, S. Govoni1, L. Magrassi2*, A. Sharp3, A. Hackam4, 
M. Hayden4, C. Ross3 and E. Cattaneo. Institute of Pharmacol. Sciences, Univ. of 
Milano, Via Balzaretti 9-Milano; 1Inst. Pharmacol.,Pavia, Italy, and IRCCS, S. 
Giovanni di Dio, Brescia; 2Policlinico San Matteo, Univ. of Pavia, Italy; 3The Johns 
Hopkins Univ. School of Medicine, Baltimore, Maryland4; Univ. of British Columbia, 
Vancouver, Canada.

Huntington's Disease is due to a defect in a gene called IT15 characterised by 
the presence of an unstable CAG repeat encoding for a polyglutaminic sequence. The 
number of CAG repeats is polymorphic in the normal population (between 9 and 35 
units) and is observed to be of larger size (between 36 and 250) in patients affected by 
HD. Despite ubiquitous expression of normal and mutant huntingtin, HD results in a 
selective neuronal loss prominant in the basal ganglia and cerebral cortex. Different 
hypotheses have been postulated to understand the mechanism of cell death. Although 
the functions of either the normal or the mutated proteins are still unknown, it seems 
that the abnormal protein acquires a new function that leads to a selective cell death. 
Cellular models of HD would greatly assist this analyses. DARPP-32 positive striatal 
derived ST14A cells (Cattaneo and Conti, Journal Neurosci. Res., 1998, in press; 
Cattaneo and Ehrlich, submitted) have been transfected with various constructs 
containing different portions of the HD protein in the wild-type and mutated forms 
(with or without a myc tag). Stable ST14A clones expressing the HD protein have 
been isolated and expanded. We are currently performing detailed immunocytochemistry 
and western blot analyses on the different clones isolated. Moreover, subcloning of the 
whole cDNA and of the first exon of the IT15 gene in a Tet-on vector is underway. 
Such a vector allows a regulated expression of the protein, under stimulation with a 
Tetracycline analogue. Striatal derived cells expressing the different HD constructs will 
be useful in the elucidation of the pathogenesis of Huntington’s Disease (supported by 
the Huntington's Disease Society of America and the Hereditary Disease Foundation, 
USA, to E.C.).

379.5

POLYGLUTAMINE CONTAINING PROTEINS PRODUCE LENGTH- 
DEPENDENT AGGREGATION AND DEATH IN CULTURED 
CEREBELLAR GRANULE CELLS. K. L. Moulder*1, O. Onodera2, J. Burke2, 
W. J. Strittmatter2, and E. M. Johnson, Jr.1 1Washington University School of 
Medicine, Saint Louis, MO 63110; 2Duke University Medical Center, Durham. NC 
27710.

Recent evidence suggests that the polyglutamine repeats in huntingtin and many 
other proteins are themselves a toxic stimulus in neurodegenerative diseases. To 
investigate the mechanism by which these repeats may be toxic, rat cerebellar 
granule cells were transfected with GFP fusion constructs containing 19, 35, 56, or 
80 glutamine residues. Aggregation of the GFP fusion constructs was seen in a 
length and time-dependent manner, with no aggregation occurring using the Q 19 
construct. Aggregates led to clearings of DNA in the nucleus, as assessed by 
propidium iodide or Hoescht 33258 staining. Loss of GFP from transfected cells 
was also length and time-dependent. Interestingly, cotransfection with 
pGreenLantem revealed that loss of the Q35/GFP construct was due to clearance of 
the aggregates, whereas loss of the Q80/GFP construct was due to cell death. 
Q35/GFP resulted in an average of 3.53 aggregates per cell of only 1.31 µm in 
diameter, while Q80/GFP resulted in an average of 1.69 aggregates per cell of 2.45 
µm in diameter. In addition, the majority of both Q35/GFP and Q80/GFP 
aggregates were ubiquitinated. Inclusion of the caspase inhibitor Boc- 
aspartyl(OMe)-fluoromethylketone (BAF) delayed both protein aggregation and cell 
death. These results suggest that aggregation of proteins containing polyglutamine 
repeats of a nonpathogenic length does occur, but that neurons have a mechanism to 
clear these small aggregates. It is only when the repeat reaches a pathogenic length 
that the neuron dies before clearance can occur. [This work was supported by NIH 
grant AG12947 and ADRC grant P50AG05681 to E.M.J., the Lucille P. Markey 
Charitable Trust (K.L.M.), the Beeson Award (J.B.), and the Deane Laboratory 
(O.O., J.B., W.J.S.).]

379.2

MUTANT HUNTINGTIN EXPRESSION IN IMMORTALIZED STRIATAL 
NEURONS AND THE EFFECTS OF CASPASE INHIBITORS. M. Kim,1* 
G. LaForet,2 H-S Lee,1 P. Chang,1 C. McIntyre,1 E.M. 
Martin,1 T.W. Kim,1 K. M. Williams,3 P.H. Reddy,3 D. 
Tagle,3 F. M. Boyce,1  L.A. Won,4 A. Heller,4 N. 
Aronin,2 M. DiFiglia1. 1Dept. of Neurology, Mass. Gen. 
Hosp. , Boston MA 02114, 2Depts of Medicine and Cell 
Biology, Univ. Mass. Med. Ctr., Worcester, MA 01655, 
3NIH, Bethesda MD, 20892, 4Dept of Pharmacol. and 
Physiol. Sci., Univ. Chicago, Chicago, IL 60637.

Mutant huntingtin has an expanded polyglutamine 
region and forms nuclear and cytoplasmic inclusions (NI 
and CI) in striatal neurons. Mouse clonal striatal 
cells were transiently transfected with partial or 
full-length human huntingtin cDNAs that were tagged 
with FLAG. Wild-type and mutant huntingtin localized 
diffusely in the cytoplasm and in dispersed and 
perinuclear vacuoles. Mutant huntingtin formed NI and 
CI when expressed from a truncated or full-length 
protein. Neurons with NI and CI increased with 
polyglutamine expansion and with time after 
transfection. Treatment with selective caspase 
inhibitors significantly reduced NI and CI without 
chang-ing cell survival whereas exposure to a broad 
spectrum caspase inhibitor increased survival without 
diminishing inclusions. Results suggest that NI and CI 
develop through caspase-dependent pathways that are 
independent of proteolytic events regulating cell 
death. Supported by NIH Grants NS 16367, NS31579,
MH28942, the HDF and the HDSA.

379.4

PROCESSING AND AGGREGATION O F HUNTINGTIN IN 
LYM PHOBLAST CELL LINES: Y. Wu, H.S. Zanjani*, T. Hoang,
C. Diamond, L. Thompson1 , M. DiFlglia2, and M-F Chesselet. 
Dept. of Neurol, and Brain Res. Inst., UCLA, Los Angeles, Dept. of 
Biol. Chem., UCI, Irvine, CA1, and Dept of Neurol., MGH Boston, MA2 

Nuclear inclusions formed by a N-terminal fragment of huntingtin, 
which includes the CAG repeat expansion responsible for Huntingon’s 
disease (HD), are thought to play a critical role in the pathology of HD. 
We have examined this question further in lymphoblast cell lines 
derived from patients with HD (one homozygote, one with juvenile 
form) and two unaffected family members. Immunostaining with an 
antibody against the N-terminal epitope of huntingtin (aa 1-17: A b1: M. 
DiFiglia), which stains inclusions in HD and transgenic mice, revealed 
the presence of similar size aggregates in 5 to 30% of cells. The CAG 
repeat expansion did not increase the proportion of cells with 
aggregates. However, cells grown in low energy medium for 4 days 
showed approximately 3 times more aggregates in the nucleus. Similar 
to results in HD brains, these aggregates were not detected by A b181 
(Chemicon) which recognizes an epitope between aa 180 and 810 of 
huntingtin. Immunoblotting with A b1 confirmed the presence of 
fragments with a molecular mass between 32.5 kDa and 47.5 kDa, that 
were not detected by A b18 1, in all 4 cell lines. The data indicate that 
CAG repeat expansion is not a requirement for the generation of 
truncated huntingtin prone to aggregation, but that the formation of 
nuclear aggregates is increased by low energy stress. These cell lines 
provide a useful tool to study the processing of huntingtin and the 
mechanism of intranuclear aggregation. Supp. by PHS MH-44894 and 
NS-29230 (MFC) and the HDF (LT).

379.6

RELATIONSHIP BETWEEN METABOLIC AND NEUROTOXIC EFFECTS OF
3-NITROPROPIONIC ACID IN ORGANOTYPIC STRIATAL AND 
CORTICOSTRIATAL SLICE CULTURES.
Jan Storgaard, Jens Zimmer and Jan Bert Gramsbergen*.
Dept. of Anatomy and Cell Biol., Odense University, Odense, Denmark.

Mitochondrial inhibition by 3-nitropropionic acid (3-NPA) causes striatal 
degeneration reminiscent of Huntington’s disease. The glutamatergic corticostriatal 
pathway may contribute to this pathology. Here we studied 3-NPA neurotoxicity and 
possible indirect excitotoxicity in organotypic striatal and corticostriatal slice cultures 
obtained from neonatal rat brain. Slices were cultured on semiporous membranes for 3- 
4 weeks in neurobasal medium and then exposed for 24 or 48 hours to 3-NPA (25- 
100µM), glutamate (GLU; 100-500µM), DL-threohydroxy-aspartate (THA;100µM), 
tetrodotoxin (TTX; 0.3-1µM), α-cyano-4-hydroxy-cinnamic acid (4-CIN; 500µM) or 
combinations thereof in medium containing 5 mM glucose. In order to expose 
corticostriatal and striatal slices to the same metabolic and toxic conditions, these 
slices were cultured in the same well. GLU did not alter 3-NPA neurotoxicity as 
assessed by glutamic acid decarboxylase activity of the tissue, but protected against 
gliatoxicity as assessed by lactate dehydrogenase (LDH) efflux . In the presence of the 
uptake blocker THA, GLU had a potentiating effect on 3-NPA neurotoxicity. Striatum 
from corticostriatal cultures (with an intact cortical input) were significantly more 
vulnerable to 3-NPA than striatum without cortex. Moreover, 3-NPA neurotoxicity in 
corticostriatal cultures could be blocked by TTX, indicating that neuronal activity of 
the corticostriatal pathway contributes to striatal pathology under metabolically 
compromised conditions. 50 µM 3-NPA alone causes maximal LDH efflux within 48 
h, whereas in combination with the monocarboxylate transporter inhibitor 4-CIN, the 
maximum is reached within 24 h. The present results indicate that in vivo 
characteristics of 3-NPA toxicity can be reproduced in organotypic corticostriatal slice 
cultures and that GLU and lactate can serve as energy substrates under conditions of 
metabolic stress. Supported by the Danish MRC.
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379.7

MAJOR SPECIES DIFFERENCES IN THE BEHAVIORAL AND  
NEUROPATHOLOGICAL DEFICITS OBSERVED IN RATS FOLLOWING 
CHRONIC 3-NITROPROPIONATE TREATMENT : IMPLICATIONS FOR 
MODELLING HUNTINGTON'S DISEASE IN RODENTS. E. Brouillet*, H. 
Menetrat, S. Ouary, S. Altairac, T. Poyo t , V. Mittoux, P. Hantraye. CEA- 
CNRS UR A 2210, Service Hospitalier Frédéric Joliot, Dept Recherche 
Médicale, DSV, CEA, 4 place du Gén. Leclerc, 91401 Orsay, France. 
Chronic, low doses, systemic treatment with the succinate dehydrogenase 
(SDH) inhibitor 3-nitropropionic acid (3NP) in rats has been validated 
recently as a model of Huntington's disease (HD), able to reproduce key 
behavioral (dystonia) and neuropathological features (selective 
degeneration of striatal projection neurons) of this disorder. Most of these 
studies used Sprague-Dawley (SD) rats. However, in these rats, chronic 
3NP treatment was typically associated with substantial mortality (10-25%) 
occuring early in the course of the neurotoxic treatment and with 
dorsolateral striatal lesions in only 30 to 50% of the treated animals, greatly 
limiting the usefulness of the model. As it is the case for other 
experimental conditions, such as susceptibility towards apomorphine, we 
tested the possibility that inter-animal variability towards 3NP toxicity 
could depend on the rat strain used. The behavioral and 
neuropathological consequences of a chronic 3NP treatment were studied 
in various rat strains including Lewis, Fisher 344 and SD rats. Fisher rats 
proved to be highly susceptible to 3NP toxicity whereas Lewis rats were 
very resistant and SD of intermediate resistance towards the toxin. In 
addition, the inter-animal variability in the onset of symptoms and striatal 
lesion was greatly reduced in the Lewis strain, all 3NP-treated animals 
displaying HD-like striatal lesions and symptoms within the same 24h time 
period with very low mortality (<5%). These data indicate that genetic 
factors greatly influence 3NP's toxicity and that the use of Lewis rats may 
yield major improvements in the lesion model.

379.9

GM1 GANGLIOSIDE REDUCES QUINOLINIC ACID-INDUCED 
BEHAVIORAL DEFICITS. M. S. Mazei, K. L. Haik-Creguer, D. A  Shear, J. J. 
Sorenson, and G. L. Dunbar*. Brain Research Laboratory, Dept. of Psychology, 
Central Michigan University; Mt. Pleasant, MI 48858.

Huntington’s disease (HD) is neurodegenerative disorder characterized by 
cognitive and motor deterioration. Intrastriatal injections of the NMD A agonist, 
quinolinic acid (QA), have been found to produce behavioral and neuroanatomical 
changes similar to those observed in HD. GM1 ganglioside (GM1), an endogenous 
glycosphingolipid, has been shown to provide neuroanatomical protection against 
QA-induced neuronal damage (Lombardi et al., Eur. J. Pharmacol. 174:123-125). 
The purpose of the present study was to determine whether GM1 could effectively 
prevent the behavioral deficits induced by QA. Rats received daily i.p. injections of 
either GM1 (30mg/kg) or phosphate buffered saline (PBS) beginning three days prior 
to surgery for a total of 17 days. Quinolinic acid (200 nmol/µl) or PBS was injected 
bilaterally into the rat striatum. A balance-beam task and nocturnal open-field activity 
levels were assessed prior to surgery and at 7 ,  18, and 25 days after surgery. All rats 
were monitored for six hours immediately following surgery for barrel rotations and 
tonic-clonic forepaw movements. The Morris water maze (MWM) task was 
conducted four times daily for 10 days, beginning eight days after surgery. Results 
indicate that GM1-treated animals exhibited less tonic-clonic forepaw movements 
than rats receiving only QA during the first six hours after surgery. GM1 -treated rats 
also swam less distance and took less time in finding the hidden platform in the 
MWM task than their QA-treated cohorts. However, GM1 did not reduce QA- 
induced deficits on the balance beam task, and no between-group differences were 
observed in the open field task. These results suggest that GM1 can reduce some of 
the cognitive and motor deficits in this animal model of HD..
This project was funded by NIH grant 1-R15-NS30694-01A3 (to GLD) and a Central 
Michigan University Summer Scholar Grant (to MM).

379.11

INVESTIGATION OF THE ANDROGEN RECEPTOR POLYGLUTAMINE 
EXPANSION IN TRANSFECTED CELLS. A.J. Grierson, R. Mootoosamy,
N.P.S. Bajaj*, P.N. Leigh and C.C.J. Miller. Departments of Clinical 
Neuroscience and Neuroscience, Institute of Psychiatry, London, UK.

The androgen receptor is a steroid hormone nuclear receptor, which functions 
as a transcription factor. Expansion of a polymorphic glutamine tract in the N- 
terminus of the protein is responsible for Kennedy’s disease, involving the 
selective death of motor neurons.

Reporter gene assays have extensively characterised the role of the receptor in 
transcription control. It has been reported that the Kennedy’s receptor manifests 
suboptimal transactivation using MMTV and other androgen-responsive 
promoters. Recently c-Jun was shown to interact with the androgen receptor at 
the level of transcription. This interaction results in up or down regulation of 
gene expression, depending on both cellular and promoter context.

The mechanism of cell death in Kennedy’s disease is unknown, but may 
involve apoptosis. c-Jun has been implicated in some neuronal apoptotic 
pathways. Therefore we have generated androgen receptor expression constructs 
containing 0, 12, 20 and 52 glutamine residues, and assessed their ability to 
repress c-Jun mediated transcription at an AP1 response element in transiently 
transfected Cos cells, and have demonstrated significant (p<0.05) differences in 
the ability of these receptors to repress c-Jun activity in presence and the absence 
of androgen.

In order to investigate mechanisms of cell death in Kennedy’s disease we have 
created several stable SH-SY5Y neuroblastoma cells expressing wild type and 
Kennedy’s androgen receptors. Investigations into the relative sensitivity of 
these stable cells to toxic insults will be presented, and their relevance to 
Kennedy’s disease discussed.

This work was supported by the Motor Neuron Disease Association and the 
Wellcome Trust.

379.8

SYSTEMIC ADMINISTRATION OF 3-NITROPROPIONIC ACID IN 
PROGRESSIVELY INCREASING CONCENTRATIONS PRODUCES 
SPATIAL LEARNING IMPAIRMENT AND MOTOR ABNORMALITIES 
RELEVANT TO HUNTINGTON’S DISEASE. D. A. Shear, K. L. Haik-Creguer, 
S.M. Brandal, J. Dupont*, & G. L. Dunbar. Brain Research Laboratory, Central 
Michigan University, Mt. Pleasant, MI 48859.

Systemic administration of the mitochondrial toxin, 3-nitropropionic acid 
(3-NP), in rats reproduces some important neuropathological and behavioral aspects 
of Huntington’s disease (HD). The aim of this study was to assess the effects of 3-NP 
delivered systemically in progressively increasing concentrations on the spatial 
learning and motor abilities in aged (24 months) and young (4 months) rats. Male 
Sprague-Dawley rats were randomly assigned to one of four groups: (1) aged 3-NP, 
(2) aged control, (3) young 3-NP, and (4) young control. Rats received IP injections 
of either PBS or progressively increasing concentrations of 3-NP for nine consecutive 
days, and then every third day thereafter for a period of six weeks. Concentrations of 
3-NP began at 5mg/kg every twelve hours and were increased by approximately 2.5 
mg/kg every three days until a maximum dose of 15 mg/kg (2×per day) was reached. 
Motor ability was assessed on a balance-beam task and in an open-field task 
following 2-, 4-, and 6-weeks 3-NP administration. Following 4 weeks of 3-NP 
administration, spatial learning ability was assessed in a radial-arm-water-maze 
(RAWM) task for 2 weeks. Both young and aged 3-NP-treated rats showed sustained 
motor impairment on the balance-beam task and significant reductions in rearing 
activity in the open-field task. Both young and aged 3-NP-treated rats showed 
significant spatial working memory and reference memory deficits in the RAWM 
task. These results suggest that gradually increasing increments in dosage of 3-NP 
can mimic some of the behavioral characteristics of HD, and provides a more accurate 
representation of the progressive nature of this disease.
This project was supported by Central Michigan University GRF, URG, and PRAP 
grants (to DAS & SMB) & NIH grant 1-R15-NS30694-01A3 (to GLD).

379.10

PATHOGENESIS IN TRIPLET EXPANSION DISORDERS: MECHANISM OF 
POLYGLUTAMINE-INDUCED APOPTOSIS. I. Sanchez and J.Yuan*.
1 Cell Biology Department, Harvard Medical School, Boston, MA 
02115 .

Expansion of naturally occurring glutamine stretch within different 
proteins underlie several autosomal dominant neurodegenerative 
diseases affecting the CNS including Huntington’s disease (HD), 
Dentato-rubropallidoluysian atrophy (DRPLA), Machado-Joseph 
disease (SCA3), spinal bulbar muscular atrophy (SBMA) and spino
cerebellar ataxia (SCA) types 1,2,6, and 7. Although the proteins 
involved in these diseases share no major homology with the exception 
of the expanded glutamine stretch, a growing body of evidence indicates 
these diseases share a common pathogenic pathway requiring only a 
truncated form of the proteins containing the glutamine repeats.
By using various molecular and cell biology approaches we have 
investigated the mechanism by which peptides containing more than 
35 glutamines induce the biochemical and morphological changes 
indicative of apoptosis in a cell culture model. The role of caspases, a 
family of cysteine proteases critical to the transduction of apoptotic 
signals, was particularly examined.

379.12

ALTERED CALCIUM RESPONSES IN HUNTINGTON’S DISEASE
CELLS. T-I Peng1*, T S  Obertone1 & J T Greenamyre1,2. Departments o f  
Neurology1 and Pharmacology2, Emory University, Atlanta, GA 30322.

In these studies, we used primary fibroblasts and lymphoblast cell lines, 
derived from Huntington’s (HD) and control blood or skin samples, to  
study the effects o f ionomycin-induced calcium influx on mitochondrial 
function and cell viability. In intact fibroblasts, repeated, short pulses o f  
ionomycin caused mitochondrial depolarization, monitored by confocal 
microscopy with JC-1, from which HD cells did not recover fully. We also 
assessed the ability o f mitochondria isolated from ionomycin-challenged 
lymphoblasts to import [35S]-labeled succinate dehydrogenase flavoprotein 
in vitro. Import o f this SDH subunit in control mitochondria increased after 
a 2 hr treatment with ionomycin (4 µM), possibly as a result o f calcium- 
stimulated dehydrogenase activity. Mitochondria from an adult-onset case 
did not exhibit this increase, and mitochondria from a juvenile-onset 
patient had a pronounced decrease in import. Moreover, fluorescent 
viability assays indicate an increased susceptibility to ionomycin-induced 
cell death in the HD cells. These cells were sensitive to ionomycin 
concentrations that had little effect in control cells. Preliminary studies 
suggest this increased susceptibility is correlated with CAG repeat length 
since cells from juvenile cases were more vulnerable than those from adult- 
onset cases. Lastly, the length o f the triplet repeat may also correlate with 
microphysiometric responses o f  these cells to calcium challenges. HD cells 
did not recover to the same extent as control cells after repeated, short (3 
- 6 min) pulses o f  ionomycin (3 µM). Ultimately, the HD cells stopped 
responding to ionomycin earlier than the controls. Together, these results 
suggest that in HD, normally innocuous calcium challenges cause excessive 
mitochondrial depolarization, impair protein import and reduce cellular 
viability. (Supported by the Huntington’s Disease Society of America 
Coalition for the Cure and the Cure Huntington's Disease Initiative of the 
Hereditary Disease Foundation)
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379.13
A H U M A N  HAP1 HO M O LO G U E: CLO N IN G , EX PR ES SIO N , A N D 
IN TER A C TIO N  W ITH  H U N TIN G TIN . S-H. L i1  S.H. H o sse in i1, C.A. 
G utekunst2 ,  S.M . H ersch2 . R.J. Ferrante^ and X -J . Li 1 *, Depts. o f  1G enetics 
and 2 Neurology, Em ory U niv ., A tlanta, G A , 30322, and 3V A  M edical Center, 
Bedford, M A , 01730

Huntington 's disease (HD ) is caused  by the expansion  o f a g lutam ine repeat 
in the protein huntingtin. The expanded glutam ine repeat is thought to m ediate 
a gain o f function by causing huntingtin to  abnorm ally interact with other 
proteins. W e previously identified a  rat huntingtin  associated protein (H A P 1) 
that binds to huntingtin; HAP1 binds m ore tightly  to huntingtin  with an 
expanded glutam ine repeat than to wild type huntingtin . Identification o f  the 
hum an hom ologue o f HAP1 is necessary for investigation o f the potential role 
o f  HAP1 in H D  pathology. Here, we report the c loning o f  a hum an HAP1 
hom ologue (hHA P) that shares 62%  identity With rat HAP1 over its entire 
sequence and 82%  am ino acid identity in the putative huntingtin  binding 
region. The hH A P gene encodes a 4 .1 kb transcrip t and a 75 kD a protein which 
are specifically  expressed in hum an brain tissues. Its expression  in H D  brains is 
reduced in parallel with a  decreased expression o f huntingtin . W hile tw o 
isoform s o f rat HAP1 are expressed at sim ilar levels in rat brain, only a single 
m ajor form  o f hH A P is found in prim ate brains. In vitro b inding, 
im m unoprecipitation, and coexpression studies confirm  the interaction o f 
hH A P with huntingtin. The in vitro binding o f hH A P to huntingtin  is enhanced 
by lengthening the g lutam ine repeat. Despite sim ilar b inding properties o f  rat 
HAP1 and hHA P, differences in the sequences and expression  o f hH A P may 
contribute to a specific role for its interaction w ith huntingtin  in hum ans. 
Supported by NIH grant N S 36232, The H ereditary D isease Foundation, and 
The W ills foundation.

379.14
A POSSIBLE ROLE FOR TISSUE TRANSGLUTAM INASE (tTG) IN THE 
FORM ATION OF THE INTRANUCLEAR INCLUSION IN 
HUNTINGTON’S DISEASE BRAIN. W. J. C hun1*, M. E. M acDonald2, M. 
L. Lesort1, K. Attanavanich1, J . Zhang1 and G. V. W, Johnson1 Dept, of 
Psychiatry1, University o f  Alabama at Birmingham, Birmingham, AL, 35294; 
Neurogenetic Genetics Unit2, Mass General Hospital, Charlestown, MA, 
02129

One pathogenic process that has been proposed to contribute to the 
neurodegeneration in Huntington’s disease (HD), is the homodimerization or 
heterodim enzation o f huntingtin protein containing the expanded 
polyglutamine region, and subsequent stabilization by the cross-linking
enzyme tTG. This hypothesis has gained support by the discovery of
intranuclear inclusions made up o f huntingtin protein in HD brain. In this 
study the nuclear localization and activity o f  tTG was examined, as well as the 
nuclear localization o f transiently transfected huntingtin N-terminal constructs 
expressing 2, 23, or 60 glutamines. Undifferentiated SH-SY5Y cells do not 
express detectable levels o f tTG however, treatment with retinoic acid for 6 
days yields a neuronal phenotype and induces the expression o f high levels o f 
tTG. In differentiated SH-SY5Y cells, tTG localizes to the nucleus, is active, 
and immunofluorescence studies revealed that nuclear proteins modified by 
tTG exhibited a discrete punctuate, as well as diffuse staining pattern. 
Transfection o f undifferentiated SH-SY5Y cells resulted in the majority o f 
the huntingtin constructs localizing to the cytoplasm, although a small amount 
was found in the nucleus. In contrast, transfection o f differentiated SH-SY5Y 
cells, which have nuclear tTG, resulted in the majority o f the huntingtin 
constructs localizing to the nucleus. The number o f  glutamine repeats did not 
significantly alter the distribution o f huntingtin between the cytosol and 
nucleus. Supported by NIH grant AG 12396.

379.15
EXPANDED POLYGLUTAMINE PROTEINS FORM CYTOPLASMIC 
AGGREGATES AND COLLAPSE THE NEUROFILAMENT NETWORK IN 
NEURONAL CELLS.
Y- Nagai1,3,O . Onodera1,3. J . Chun4, S. Tsuii5, W.J. Strittmatter1,2 ,3 and J.R. Burke1,3* , 
1Depts. of Medicine (Neurology), 2Neurobiology and 3Deane Laboratory, Duke 
University Medical Center, Durham, NC 27710,4Dept. of Pharmacology, Biomedical 
and Neurosciences Programs, UCSD School of Medicine, La Jolla, CA 92093, and 
5Dept. of Neurology, Brain Research Institute, Niigata University, Niigata 951, Japan

Eight inherited neurodegenerative diseases, including Huntington’s disease, several 
types of autosomal dominant cerebellar ataxia (SCA1, 2, 3 ,6 , 7, DRPLA), and 
spinobulbar muscular atrophy, are caused by expansion of a polyglutamine (polyQ) 
repeat in the disease gene product. The mechanism by which the polyQ expansion 
causes disease, is unknown. We previously showed expanded polyQ-green fluorescent 
protein (GFP) fusion proteins formed peri- and intranuclear aggregates and disrupted 
intermediate filament network in COS7 cell. In addition, the intermediate filament 
protein vimentin co-immunoisolated with expanded polyQ-GFP fusion protein. Since 
neurons have an intermediate filament network composed of neurofilament (NF) 
proteins and NF changes are common in pathology of neurodegenerative diseases, we 
examined whether expanded polyQ interacts with NF in a neuroblast cell line, TR1. 
Here, we show expanded polyQ-GFP fusion proteins form perinuclear aggregates in a 
time and a polyQ-length dependent manner. The cytoplasmic aggregates are surrounded 
by collapsed NF. Furthermore, 6 8 K Da NF protein co-immunoisolates with expanded 
polyQ-GFP fusion protein, demonstrating molecular interaction. These observations 
suggest that disruption of NF network by expanded polyQ aggregates is a common 
pathologic mechanism among these polyQ diseases.

This work is supported by a Beeson Physician-Faculty Scholar Award from the 
American Federation for Aging Research (J.R.B.).
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380.1

Participation of the H untington’s Disease Gene in Neurophysiological 
Changes in the H ypothalam us M.O. Hebb*. E.M . Denovan-Wright and H .A .
Robertson D ept. of Pharm acology, Dalhousie University , H alifax,N.S., 
C anada B3H 4H7.
The Huntington’s Disease gene was robustly induced in the subependymal zone 
of the third ventricle and in the arcuate nucleus of postpartum, but not naïve, 
animals. The periventricular region was disrupted in postpartum animals and 
huntingtin-expressing cells that appeared to be migrating from the subependymal 
zone showed neurite sprouting. Double-labeling immunofluorescence revealed 
that, in the arcuate nucleus, these cells expressed both huntingtin and glial 
fibrillary acidic protein. Based on this co-localization, as well as morphological 
data, these cells were identified as astrocytes. Quantification of in situ 
hybridization signal in the arcuate nucleus revealed an approximate seven-fold 
increase in the expression of huntingtin mRNA in post-partum, lactating animals 
relative to naive female or male animals. These cells were consistently found in 
close apposition to neuronal soma, suggesting possible interactions between these 
cell types. Northern blot analysis o f total RNA samples purified from 
hypothalamic tissue confirmed that the in situ hybridization probe was specific for 
transcripts o f 11 kb and 13 kb, the previously reported sizes of the huntingtin 
transcripts. These findings implicate huntingtin in cellular differentiation and 
motility processes in the subependymal zone, a region that contains stem cells, 
and suggest that this protein participates in neuroendocrine plasticity in the 
hypothalamus.

380.2

A MAP OF HUNTINGTIN CONTAINING NEURONS IN THE RAT BRAIN. F.R. 
Fusco*. W.J, ĽAmoreaux and A. Reiner. Department o f Anatomy & Neurobiology, 
University of Tennessee, Memphis.

The present study was carried out to examine the distribution and abundance o f HD 
protein (HDp) throughout the normal rat brain. Single label DAB immunohistochcm- 
istry and Tyramide Signal Amplification immunofluorescence with four commercially 
available monoclonal antibodies against HDp were used. The specificity o f all the anti
bodies was confirmed by western blots o f rat brain homogenates. Light microscopy, 
epi-illumination fluorescence microscopy and Confocal Laser Scanning Microscopy 
were used. We found that HDp was widely expressed throughout the telencephalon, 
where the most prominent density o f neurons was found in frontal and parieto-temporal 
cortex, mostly in large pyramidal cells of layers III and V, and in hippocampal CA2- 
CA3. In striatum and accumbens, scattered large intensely HDp labeled neurons were 
found among many moderately stained medium sized cells. No differential distribution 
of HDp in the patch and matrix compartments was observed. In globus pallidus and en- 
topeduncular nucleus we observed a dense network of HDp rich neurons and processes. 
We also observed many large neurons rich in HDp in the Nucleus Basalis of Meynert. 
In diencephalon, HDp neurons were most abundant in thalamus. The thalamic regions 
richer in HDp neurons included the ventrolateral, lateral and medium geniculate nuclei. 
In the midbrain, substantia nigra pars compacta contained many intensely stained cells 
and numerous moderately labeled ones, whereas pars reticulata contained HDp rich 
neurons only. Red nucleus was populated with large intensely stained HDp neurons. 
Both superior and inferior colliculi contain many HDp neurons. Hindbrain was general
ly poor in HDp, with the exception of the large HDp rich neurons in motor nuclei of 
cranial nerves and scattered cells in the inferior olive. Deep cerebellar nuclei contained 
little HDp, while all cerebellar Purkinjie cells were intensely labeled. Our data confirm 
at the protein level the widespread expression o f HDp in the brain previously shown at 
the mRNA level and exclude a preferential distribution in striatum, which is the target 
o f HD. [Supported by NS 28721 (AR) and CNR 074982 (FRF)]
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380.3
DIFFERENTIAL GENE EXPRESSION IN THE STRIATUM OF MICE 
EXPRESSING THE HUMAN HUNTINGTON’S DISEASE GENE. H.A. 
Robertson* and E. M. Denovan-Wright. Lab. o f Molecular Neurobiology, Dept. 
Pharmacology, Dalhousie Univ., Halifax, Canada, B3H 4H7.

Huntington’sDisease (HD) is a progressive neurodegenerative disorder that results 
from the expansion of a polyglutamine tract in a 350 kDa protein of unknown 
function. A transgenic mouse model o f HD has been created by the integration of 
the promoter sequences and exon 1 of the human HD gene carrying an expansion of 
the CAG repeat (app. 144 trinucleotide repeats) into the mouse genome. In addition 
to expressing the mRNA and protein corresponding to the integrated human 
transgene, these mice exhibit a progressive neurological phenotype with many of the 
features of HD. We have used RT-PCR differential display to determine downstream 
changes in gene expression in the HD mice. Total RNA from the striatal and cortical 
tissues of 3 control and 3 HD mice was used as the substrate for reverse-transcriptase 
differential display (DD) PCR reactions. We screened ~ 1600 cDNA fragments using 
16 primer combinations and found a 500 bp cDNA fragment that was amplified from 
striatal RNA of each o f the wild-type but was much less abundant in striatal tissue 
from the HD mice. The differentially displayed fragment was excised from the gel, 
re-amplified and used as a hybridization probe in northern blot analysis. An 
abundant transcript o f approximately 7.5 kb was detected in total striatal RNA of the 
wild type mice; this transcript was much reduced in the striatal RNA of the HD mice. 
The hybridizing cDNA fragment was eluted from the northern blot, re-amplified and 
cloned into the pGem-T vector. Currently, we are isolating a full-length cDNA of 
this transcript in order to determine the predicted amino acid sequence and to try to 
deduce the function o f the protein. In addition, we are using in situ hybridization 
analysis to compare the expression pattern of this transcript in wild-type and HD 
mice. (Supported by the MRC and the Parkinson Foundation of Canada).

380.5
N e u r o a n a to m ic a l  F e a t u r e s  o f  A T r a n s g e n i c  M odel o f  
H u n t i n g t o n 's  D i s e a s e ,  K .O . C h a s e ,2  E . S a p p .1  G.
L a F o r e t . 2 , H. S . L e e .1  C. M c I n t y r e , B. A. C a d ig a n , ^  D. 
T ag l e , 3  J .  S . S t e i n , 2  F . M. B o y c e ,1  N. A r o n in 2  M. 
D i F i q l i a * 1 . 1D e p t .  o f  N e u r o lo g y ,  M a ss . G en . H o s p . ,  
B o s to n  MA 0 2 1 1 4 , 2D e p ts  o f  M e d ic in e  a n d  C e l l  B i o lo g y ,  
U n iv .  M a ss . M ed. C t r . ,  W o r c e s t e r ,  MA 0 1 6 5 5 ,  3NIH, 
B e th e s d a  MD, 2 0 8 9 2 .

We e x a m in e d  t r a n s g e n i c  m ic e  f ro m  f o u r  l i n e a g e s  w h ic h  
e x p r e s s e d  a  hum an F L A G -tag g ed  p a r t i a l  h u n t i n g t i n  cDNA 
w i t h  a n  e x p a n d e d  p o l y g lu t a m i n e  r e g i o n  c o n t a i n i n g  100 
g l u t a m i n e s ( s e e  L a F o r e t  e t  a l , t h i s  m e e t i n g ) .  M ark ed  
h u n t i n g t i n  i m m u n o r e a c t i v i t y  w as s e e n  w i t h i n  t h e  
c y to p la s m  a n d  w as a l s o  p r e s e n t  d i f f u s e l y  w i t h i n  t h e  
n u c l e u s  o f  som e n e u r o n s .  I n t r a n u c l e a r  i n c l u s i o n s  (N I) 
a p p e a r e d  i n  n e u r o n s  w h ic h  h a d  s t r o n g  h u n t i n g t i n  
l a b e l i n g .  T he e x t e n t  o f  NI i n  t h e  m ic e  v a r i e d  w id e ly  
b o t h  a c r o s s  l i n e a g e s  a n d  w i t h i n  e a c h  l i n e a g e .  I n  m o s t 
m ic e ,  t h e  NI w e re  l i m i t e d  t o  n e u r o n s  i n  d i f f e r e n t  
r e g i o n s  o f  t h e  c o r t e x  a n d  t h e  s t r i a t u m  a n d  d i d  n o t  show  
a  t o p o g r a p h i c  d i s t r i b u t i o n  i n  t h e s e  r e g i o n s .  NI w e re  
n o t  fo u n d  i n  g l i a l  c e l l s .  I n c r e a s e d  h u n t i n g t i n  s t a i n i n g  
w as fo u n d  i n  som e n e u r o n s  w i t h  s o m a t i c  a n d  d e n d r i t i c  
c h a n g e s .  U b i q u i t i n - p o s i t i v e  d y s t r o p h i c  n e u r i t e s  w e re  
a l s o  s e e n .  B a se d  on  o u r  r e c e n t  s t u d i e s  o f  h u n t i n g t i n  
l o c a l i z a t i o n  i n  t h e  HD b r a i n ,  t h e  r e s u l t s  i n  t h e  
t r a n s g e n i c  m ic e  s u p p o r t  a  p r o m i s in g  m o d e l o f  HD 
n e u r o p a t h o lo g y .  S u p p o r te d  b y  NIH G r a n t s  NS1 6 3 6 7 , 
NS31 5 7 9 , HDF, HDSA, A P A /L i l ly ,  APA/PMRT, a n d  t h e  HHMI.

380.7
ENHANCED SENSITIVITY TO GLUTAMATE RECEPTOR ACTIVATION IN 
MOUSE MODELS OF HUNTINGTON’S DISEASE.M.S. Levine*1, M-F. Chesselet1,2, 
A. Koppel1, E. Gruen1, C. Cepeda1, E.M. Carpenter1, H. Zanjani2, R.S. Hurst1, K.L 
Altemus1, J.S. Murai1, A. Efstratiadis3 and S. Zeitlin4. 1MRRC, 2Dept. Neurol., UCLA, 
LA, CA 90095,3Depts. Genetics & Devel., 4Pathol., Columbia Univ., NY, NY 10032.

We have used two types o f mouse models o f Huntington’s Disease (HD) to examine 
changes in glutamate receptor sensitivity because glutamate-induced excitotoxicity has 
been shown to model some o f the symptoms o f HD. In one model, transgenic animals 
were constructed with the 5' end o f the human HD gene carrying (CAG)115-(CAG) 150 
repeat sequences (Cell, 1996, 87:493-506). As reported, these mice display nuclear 
inclusions and a neurological phenotype similar to some o f the symptoms o f HD. In the 
second model, two groups o f mice were constructed each with a different length o f CAG 
repeats (71 repeats and 94 repeats). These mice do not display a behavioral phenotype 
nor do they appear to have nuclear inclusions.We examined the effects o f  N-methyl-D- 
aspartate (NMDA) receptor activation by visualizing neurons in brain slices with 
infrared videomicroscopy and differential interference contrast optics to determine 
changes in somatic area (cell swelling) after agonist application. Striatal neurons in the 
transgenic mice were more sensitive than those in control littermates to NMDA 
application, displaying more rapid and increased swelling. CAG 94 repeat mice 
displayed greater cell sŵelling than CAG 71 repeat mice, which were similar to their 
control littermates. To date we have performed electrophysiological experiments in the 
transgenic mice in a small number of animals, examining spontaneous currents induced 
by activation o f glutamate receptors. Compared to their littermate controls, the 
transgenic mice appeared to display a greater frequency o f large amplitude and duration 
inward currents. These findings indicate that striatal neurons in specific mouse models 
of HD have enhanced sensitivity to glutamate receptor activation. This effect may occur 
in the absence o f a behavioral phenotype and nuclear inclusions as in the CAG 94 repeat 
mice. Supported by USPHS NS343Olto S.Z. and the Hereditary Disease Foundation.

380.4
CONDITIONAL INACTIVATION OF HUNTINGTIN IN  
TRANSGENIC MICE. M. Metzler1, K. Nichol1, P. B. Reiner2*, 
and M. R. Havden1, 1Department of Medical Genetics, 2Kinsmen 
Laboratory of Neurological Research, UBC, Vancouver, Canada, V6T 
1Z4.

Huntingtin is the disease associated protein in Huntington disease 
(HD), a highly selective neurodegenerative disorder caused by poly-
glutamine expansion. Huntingtin is widely expressed with high levels of 
expression in neurons but its function remains elusive. Early embryonic 
lethality in HD -/- mouse embryos demonstrates a crucial role of huntingtin 
in embryogenesis prior to the onset of neuronal development. Despite this 
phenotype, lack of huntingtin does not impair the generation of functional 
neurons in an in vitro model of embryonic stem (ES) cell-derived neuronal 
development employing HD -/- ES cells.

To further analyze the function of huntingtin, the Cre/loxP 
recombination technology is being used to create transgenic mice carrying 
a conditional mutation in the HD gene. This technology enables cell-type 
restricted inactivation of huntingtin at time points preventing early 
embryonic lethality. So far, several ES cell lines have been generated by 
site-directed recombination at the HD locus and subsequent Cre-mediated 
excision of selectable marker sequences that contain loxP sites flanking 
the endogenous gene. These ES cell lines are being used to generate 
mutant mice that upon breeding with Cre-transgenic mice will exhibit 
inactivation of huntingtin in neurons and other cell-types.
Supported by NCE-Genetics (Canada) and MRC (Canada).

380.6
ALTERED NEUROTRANSMITTER RECEPTOR EXPRESSION IN 
TRANSGENIC HUNTINGTON DISEASE MOUSE BRAIN. J.-H.J. 
Cha1*, C.M. Kosinski1. S.A. Alsdorf1, J.A. Kerner1, L. Mangiarini2, S.W. Davies3, 
J.B. Penney1. G.P. Bates2, and A.B. Young1, 1Dept. Neurology, Mass. General 
Hospital, Boston, MA 02114, 2Div. Medical & Mol. Genetics, UMDS, 3Guy’s 
Hospital, London, and Dept. Anat. & Dev. Biology, University College, London.

Loss of neurotransmitter receptors, especially glutamate, dopamine, and adenosine 
receptors is one of the hallmarks of Huntington disease (HD). R6/2 mice express 
exon 1 of the HD gene with expanded CAG repeats and develop a progressive 
neurological phenotype via an unknown mechanism (Cell 87:493-506, 1996). We 
examined neurotransmitter receptors known to be affected in human HD, using 
quantitative receptor binding autoradiography and in situ hybridization (ISH).

Comparison of glutamate receptors (GluR’s) in symptomatic 12 week old R6/2 
mice (vs. age-matched littermate controls) revealed decreases in the m GluR1, 
mGluR2, mGluR3, but not the mGluR5 subtype of metabotropic G protein-linked 
GluR, as determined by [3H]glutamate receptor binding, protein immunoblotting, and 
ISH. Ionotropic AMPA and kainate receptors were also decreased, while NMDA 
receptors were not different compared to controls. Other receptors known to be 
affected in HD were also decreased, including dopamine and muscarinic cholinergic, 
but not GABA, receptors. D 1- and D2-like receptor binding were drastically reduced 
to one-third of control in the brains of 8- and 12-week old R6/2 mice. Adenosine A2a 
receptor binding was decreased to 10% of control in 12 week old mice. Adenosine 
A2a, mGluR, and D 1 dopamine receptor mRNA were significantly decreased at 4 
weeks of age, long prior to the onset of symptoms. Thus, altered expression of 
neurotransmitter receptors precedes symptom onset in R6/2 mice and may contribute 
to subsequent brain pathology.

Supported by USPHS grants NS01916, AG 11337, Hereditary Disease Foundation, 
the Glendorn Foundation, Medical Research Council, and Special Trustees of Guy's 
Hospital.

380.8
DEVELOPMENT AND CHARACTERIZATION OF A NOVEL TRANSGENIC MODEL OF 
HUNTINGTON'S DISEASE WHICH RECAPITULATES FEATURES OF THE HUMAN 
ILLNESS. G.A. Laforet1 H.S. Lee4, B. Cadigan2,3 P. Chang4 K.O. Chase2,3, E. Sapp4,
E. M . Martin4, C. McIntyre4, M. Williams5, P.H. Reddy5, D. Tagle5, J.S. Stein3, F.M. Boyce4,
M. DiFiαlia4, N. Aronin2,3*.
1Dept. of Psychiatry, 2Dept. of Medicine, and 3Dept. of Cell Biology, UMass. Med. Ctr., 
Worcester, MA 01655; 4Dept. of Neurology, MGH, Boston, MA 02114; 5NIH, Bethesda, MD 
20892.

Huntington's disease (HD) involves an expansion of polyglutamine repeats in a protein of 
unknown function, called huntingtin. No naturally-occurring animal model of HD exists. Here 
we describe the development and characterization of transgenic models of HD which 
recapitulate some of the features of the human illness. The transgene encodes the first third of 
the huntingtin cDNA sequence with pathological CAG repeat lengths of either 46 or 100, as well 
as an N-terminal epitope tag, Flag. Expression is driven by the rat neuron-specific enolase 
(NSE) promoter. Screening of candidate transgenic animals by Southern analysis of tail 
biopsies has identified five 46-repeat and six 100-repeat founders. Protein expression of the 
transgene was verified by Western analysis of cortex, cerebellum, and striatum. Behavioral 
studies revealed impairments in all lineages; just as in the human disease, longer repeat length 
correlates with earlier onset and more severe phenotype. In the most profoundly affected 100- 
repeat lineage, animals demonstrate hypoactivity, wide-based gait, poor grooming, clasping, 
and impaired rotarod performance; onset of phenotype occurs at three months and progresses 
in severity thereafter. These animals contain cortical and striatal nuclear inclusions. All 46- 
repeat lineages also show poor rotarod performance as well as hyperactivity, clasping, and 
ga¡t/posture problems, but to a milder degree and with later onset. These results establish our 
HD46 and HD100 transgenics as promising models for the study of the pathophysiology of HD 
and potentially for the development of treatments as well.
Supported by fellowships from APA/Lilly, APA/PMRTP, HHMI to GAL; PO1 NS31579 to MD and 
NA; NS16367 to MD; and a Hereditary Disease Foundation award to NA.
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380.9

NEURAL TRANSPLANTATION IN A TRANSGENIC MOUSE 
MODEL OF HUNTINGTON’S DISEASE M.S. Hurlbert*. F.G. 
Kaddis, W. Zhou, K.P. Bell, C.J. Hutt, and C.R. Freed. Division of 
Clinical Pharmacology, Department of Pharmacology, Department 
of Medicine, and Neurosciences Center, University of Colorado 
Health Sciences Center, Denver, CO 80262

The R6/2 transgenic mice (Cell 87, 1996) express exon 1 of the 
human huntingtin gene together with 140 CAG repeats. These mice 
show a progressive neurologic phenotype with motor signs similar to 
Huntington’s Disease (HD). In this study, we have evaluated the 
effect of neural transplantation into age 5-6 week R6/2 animals 
(Jackson Labs) by intrastriatal transplantation of either embryonic rat 
striatal tissue (Sprague Dawley), human hNT neurons, or sham 
surgery as control. No tissue transplant delayed the onset of 
symptoms nor increased life span of these animals. Neurologic 
signs had onset at 9-10 weeks and death occurred at 12-13 weeks for 
all experimental groups. Mice appeared to have no eating or 
drinking deficits. Because non-neurologic symptoms, such as 
weight loss and polyuria were out of proportion to the severity of the 
neurologic disorder, we have sought alternative explanations for 
these abnormalities. Results of these metabolic studies will be 
reported.
[support: NINDS NS18639, NIGMS GM0 635 (M.S.H.), National 
Parkinson’s Foundation, Program to End Parkinson’s disease, and 
Layton Biosciences]

380.11

ENCAPSULATED CNTF-PRODUCING FIBROBLASTS REVERSE 
MOTOR AND COGNITIVE DEFICITS AND PROTECT STRIATAL 
NEURONS IN A CHRONIC PRIMATE MODEL OF HUNTINGTON’S 
DISEASE. V. Mittoux,1 JM. Joseph,2 F. Condé,1* S Palfi,1 A. Zurn 2 C. 
Dautry,1 T. Poyot,1 M. Peschanski,3 P. Aebischer 2 and p, Hantraye1. 
1U RA  CEA CNRS 2210, SHFJ, DRM, DSV, CEA, 91401 Orsay, France; 
2Division de Recherche Chirurgicale, CHUV, Lausanne, Switzerland; 
3INSERM U 42l, IM3, 94010 Créteil cedex, France.

The potential efficiency o f Ciliary Neurotrophic Factor (CNTF) as a 
treatment for Huntington’s Disease (HD) was studied using a primate 
model of progressive striatal degeneration and the encapsulation 
technique. Monkeys were chronically treated with 3NP over a 25 wk time 
period to induce motor and cognitive deficits and a striatal degeneration 
reminiscent of HD. After 10 wks of treatment, encapsulated CNTF 
producing fibroblasts were introduced bilaterally into the lateral ventricle 
and the intermediate putamen of 3 monkeys (CNTF group) whereas 3 
others (sham-operated animals) received encapsulated unmodified 
fibroblasts. The animals’ motor and cognitive performances were 
assessed at various time points (prelesion, before and 1,2,3 months after 
capsule implantation). The motor study indicated a reversal o f  
hyperkinesia and a significant delay in spontaneous leg dystonia in the 
CNTF group only. In addition, frontal type cognitive deficits were also 
reversed by chronic CNTF delivery. Post-mortem calbindin 
immunocytochemistry and computerized image analysis demonstrated a 
significant neuroprotective effect of CNTF against 3NP induced neuronal 
loss, both in caudate and putamen. These results demonstrate the 
effectiveness of chronic low dose CNTF intracerebral delivery as a 
potential therapy for HD.
Supported by AFM and MESR grants.

380.13

PREDOMINANT NEUROPIL LOCALIZATION OF HUNTINGTIN- 
CONTAINING AGGREGATES IN EARLY HUNTINGTONS DISEASE.
C.-A. Gutekunst1*, S-H. Li2, H.Yi1, J.S Mulroy1, D .  Rye1, R.J. Ferrante3,
S.M., Hersch1 and X.-J. Li2, Depts. of 1Neurology and 2Genetics, Emory 
Univ. Atlanta GA, and 3Bedford VAMC, Boston Univ., Boston, MA.

Huntington's Disease (HD) is a progressive neurological disorder and its 
neuropathlogical severity is classified as grade 0 to 4. Neuronal intranuclear 
aggregates and dystrophic neurites (~5 µm) have been found in brain tissue 
from HD patients. Much emphasis has been placed on the neuronal 
intranuclear aggregates, however it is yet unclear how these aggregates relate 
to the progress of HD. Using an antibody (EM48) to a GST-fusion protein 
containing the N-terminal region of huntingtin (aa 1-256), Wo have 
performed light and electron microscopic (EM) immunocytochemistry on 
postmortem brains from control patients and adult onset HD cases of  
varying severity. We observed that in early HD brains (grade 1-2) 
immunoreactive aggregates were far more numerous in the neuropil than in 
neuronal nuclei. These neuropil aggregates (< 3µm) are smaller than 
dystrophic neurites and are predominantly in the lower cortical layers in 
early grade cases. With increasing severity, the number of neuropil 
aggregates declined but the number of dystrophic neurite-like aggregates 
and nuclear aggregates increased. EM analysis revealed that the neuropil 
aggregates were mostly localized to dendritic processes. We also found that 
various N-terminal fragments of mutant huntingtin form intracellular 
aggregates in transfected HEK 293 cells, suggesting that a variety o f 
huntingtin aggregates in HD brains may be formed by various N-terminal 
fragments of mutant huntingtin. Of these aggregates, neuropil aggregates 
may play a role in early HD pathology. Supported by NIH grants NS35255 
and NS36232, Hereditary Disease Foundation, and The Wills Foundation.

380.10

ADENOVIRUS MEDIATED GENE TRANSFER OF BDNF IN A RODENT 
MODEL OF HUNTINGTON’S DISEASE. A.-P. Bemelmans.1 P. Horellou.1 L. 
Pradier.2 I. Brunet,1 P. Colin .1 S. F. Berraud1*, F. Revah2 and J. Mallet1. 1LGN, 
Hôpital de la Pitié-Salpêtrière and 2Rhône-Poulenc RORER, PARIS, FRANCE.

Intrastriatal injection of quinolinic acid (QUIN) in rats has been 
characterized as a relevant model for Huntington's disease (HD). Injection of this 
excitotoxin leads to death of GABAergic striatal output neurons, reproducing the 
neurodegenerative process of HD. Using this model, several neurotrophins, including 
Brain Derived Neurotrophic Factor (BDNF), have been shown to allow protection of 
striatal neurons against excitotoxic insult. In vitro, BDNF promotes survival and 
differentiation of GABAergic neurons, and, in the QUIN model, a partial preservation 
of globus pallidus fibers, originating from the striatum, has been described after 
BDNF administration (Martinez-Serrano and Björklund, J Neurosci 16:4604). The 
delivery of neurotrophins for a therapeutic application is difficult, since the blood 
brain barrier blocks their access to the CNS through systemic delivery. Direct gene 
transfer using adenovirus could circumvent this problem by providing a long lasting 
supply of a recombinant neurotrophin in situ.

In order to study the effect of BDNF gene transfer in the QUIN model, we 
have constructed an E 1-E3 deleted adenovirus encoding BDNF (Ad-BDNF). In our 
experimental paradigm, female Sprague-Dawley rats were first treated with an 
intrastriatal injection of Ad-BDNF before being subjected to the QUIN lesion. The 
rats were sacrificed one month after the lesion, and the extent of neuroprotection 
provided by the Ad-BDNF was evaluated by quantification of lesion size and striatal 
neuronal loss using DARPP-32 immunohistochemistry. Ad-BDNF induces a 
protective effect as attested by the significant decrease in lesion size (56%) and 
striatal neuronal loss (27%). This study suggests that the use of Ad-BDNF is 
efficient to achieve BDNF gene transfer in the rodent CNS, and to protect 
GABAergic striatal output neurons in an excitotoxic model of Huntington’s disease. 
(This work was supported by CNRS and Rhône-Poulenc RORER.)

380.12

MONITORING NEUROPROTECTIVE TREATMENT OF 
PATIENTS AT RISK FOR HUNTINGTON'S DISEASE USING 
MAGNETIC RESONANCE SPECTROSCOPY AT 1/2 TESLA.
N.C. Reynolds1*, R.W. Prost2, and L.P. Mark2 
Departments of Neurology1 and Radiology2, Medical College of 
Wisconsin, Milwaukee, WI 53226

Antioxidants (AO’s), glutamate receptor blockers and release 
inhibitors (GRI's) have potential in preventing or retarding 
neurodegeneration where excitotoxicity is felt to be the primary 
pathophysiologic process. Monitoring of changes in lactate 
(Lac) and glutamate/glutamine (Glx) levels in selected nuclei 
with proton magnetic resonance spectroscopy (pMRS) may help 
define early dosing and maintenance requirements in 
Huntington's disease (HD). Seven presymptomatic HD patients 
(ages 29-50 yrs, showing an increase in CAG repeats of 42-49) 
underwent pMRS scanning of the striatum. Reductions in N- 
acetylaspartate (NAA), an index of neuronal deterioration, were 
noted in six patients and 20 months later in the seventh. In 
addition to a decrease in NAA, three patients showed an increase 
of Glx, one showed an increase of Lac, and three showed a 
combination of increases in both Glx and Lac. Differential 
responses were observed in spectra of patients taking the AO 
ubiquinone and two GRI's (gabapentin and riluzole) to illustrate 
the value of pMRS in selecting drugs and changing doses using 
in vivo molecular criteria.

Unfunded

380.14
DISTRIBUTION OF HUNTINGTIN AGGREGATION IN SPARED AND  
VULNERABLE NEURONS IN HUNTINGTON'S DISEASE.
S. Kuemmerle, A. M. Klein, C-A. Gutekunst X-I. Li, S-H. Li, S.M. Hersch,
and R.J. Ferrante* Bedford VAMC, Boston University School of Medicine, 
Emory University, and Technische Universitaet Muenchen, Germany

Huntington's disease (HD) is a progressive, fatal, neurologic disorder 
characterized by prominent striatal degeneration, chorea, and dementia. 
Recent observations show that the N-terminal fragment of mutant 
huntingtin (HNT) is found in neuronal intranuclear inclusions (NII) and 
dystrophic neurites. It has been suggested that the aggregation of mutant 
HNT may play a role in the pathogenesis of HD. We examined frozen cut 
tissue sections of cortex and striatum from 3 low, 3 moderate and 4 severe 
grades of HD, including one juvenile HD case. Immunostaining for HNT 
(EM48) was performed with subsequent double immunocytochemical and 
enzyme histochemical methods in the same sections for calbindin-, 
acetycholinesterase (AChE)-, choline acetyltransferase (ChAT)-, and 
NADPH diaphorase-activity. In all cases, the lower laminae of the cortex 
contained great numbers of cyfosolic inclusions (CI) with fewer NIL While 
little or no aggregation was associated with cortical calbindin neurons, NII 
and CI were present in most NADPH-d neurons. Within the striatum there 
were far fewer N II and CI than in the cortex. They were found in both patch 
and matrix compartments in early and severe grades. N II were present in < 
10% of calbindin neurons, not to the extent of which this population of 
striatal neurons are effected in HD. Within spared neurons, NII and CI were 
present in almost 50% of the NADPH-d striatal neurons, while not seen in 
ChAT or AChE positive neurons. The data suggests that the localization of 
NII and CI HNT aggregation does not correspond to the selective pattern of 
neuronal death observed in HD. Supported by NIH grant NS35255.
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380.15
QUANTITATIVE ENZYME RADIOAUTOGRAPHY REVEALS AN UPREGULATION 
OF M AO -A  AND MAO-B IN DISCRETE BRAIN REGIONS OF PATIENTS WITH 
HUNTINGTON’S CHOREA. R.L.M. Fa ull1*, J. Messer and J.G.Richards2, 
1Dept. of Anatomy with Radiology, Faculty o f Medicine & Health 
Science, University of Auckland, New Zealand; 2Pharmaceuticals 
Division, Preclinical CNS Research, F. Hoffmann-La Roche Ltd, CH-4070 
Basel, Switzerland.

Huntington’s Chorea (HC) is a rare genetic disease associated with the death 
of basal ganglia neurons (primarily GABAergic) leading to movement 
disorders. Abnormally high levels of monoamine oxidase (MAO) activity, 
which are potentially linked to cytotoxic free radical formation, are known to 
occur during aging and in neurodegenerative disorders (MAO-B is markedly 
increased in plaque-associated astrocytes in Alzheimer’s disease) [see 
Richards et al., J Neurotransm (1998) [Suppl] 52: 173-187].

We, therefore, measured MAO-A and -B activities in 5 Cases of HC 
(severity grades 1-3) and age-matched controls by quantitative enzyme 
radioautography using the radiolabelled enzyme inhibitors [3H]Ro 41-1049 
and [3H]lazabemide, respectively, as high-affinity ligands in vitro  [Saura et 
al., Neuroscience 70 (1996): 755-774]. MAO-A was increased significantly 
(~50%; p <  0.01) in putamen, substantia nigra pars compacta and in pons. 
Moreover, higher significant increases in MAO-B (75-200%) occurred in 
putamen, ventral striatum, globus pallidus externus and internus, and insula 
cortex. The increased enzyme activity (especially of MAO-B) seemed to 
correlate with the grade of disease severity. We conclude that MAO activities 
increase in those regions of HC brains which are known to undergo 
neurodegeneration accompanied by glioses. Whether or not this increased 
enzyme activity is a cause or effect of the resulting loss of GABAergic 
neurons is yet to be clarified.

380.17

FLOW VELOCITY DECREASES DURING COGNITIVE STIMULATION 
IN HUNTINGTON’S DISEASE. A W. Deckel*1, D. Cohen1, R. Duckrow2,,
J.D uffy1, Depts o f Psychiatry1 & Neurology2, University o f Connecticut 
Medical School, Farmington CT 06030.

Previous research suggests that resting cerebral blood flow in symptomatic 
and asymptomatic Huntington’s disease (HD) patients is reduced from 
expected premorbid levels. The effects o f cognitive activation on this relative 
hypoperfusion in HD has not been extensively studied. This experiment used 
time-averaged transcranial Doppler ultrasonography to study the effects o f  
visual-spatial testing (i.e., the Porteus Test and the Trails Test) on averaged 
cerebral blood fl ow velocity in twelve normal controls and ten gene-positive 
HD subjects. Changes in fl ow velocity during cognitive testing were cal
culated as percent changes o f  resting values. In controls, anterior cerebral 
artery fl ow velocity and middle cerebral artery velocity increased during 
cognitive testing (p=.001). HD subjects showed significantly smaller blood 
fl ow velocity increase in the anterior cerebral arteries during the Porteus Maze 
(p<.001) and the Trails Test, Part B (p<.001). In the left anterior cerebral artery 
flow velocity fell 3-9% below  resting baseline levels. The magnitude o f the 
cerebral blood flow velocity increase in the anterior cerebral artery correlated 
with a number o f cognitive test scores and with a rating scale o f  functional 
disability. When HD were divided into more (i.e., HD with chorea; n=4) and 
less impaired (i.e., without chorea; n=6) groups, both showed significant 
decreases in the left ACA flow velocity during visual spatial executive 
cognition testing compared to CON. Collectively, these results suggest that 
activation o f  visual spatial executive functions cause decreased flow velocity in 
the ACA, but not MCA, in HD subjects. These changes are related to test 
performance and functional capabilities. Support-NIDA RO1-DAO5826.

380.16
EARLY STRIATAL METABOLIC IMPAIRMENT DETECTED BY 
LOCALIZED NMR SPECTROSCOPY IN A CHRONIC PRIMATE MODEL OF 
HUNTINGTON’S DISEASE. C. Dautry1, F. Condé1, E. Brouillet1, V . Mittoux1, 
M. F . Beal2, G. Bloch1, P. Hantrave1*. 1 URA CEA CNRS 2210 et Groupe RMN, 
SHFJ, DRM, DSV, CEA, 4 place Gal Leclerc, 91401 Orsay Cedex, France ; 2- 
Neurochemistry laboratory, Dept of Neurology, Massachusett General Hospital, 
MA02114, Boston.

Huntington’s disease (HD) is a neurodegenerative disorder clinically 
characterized by choreiform movements, cognitive deficits and emotional 
disturbances. A long-standing hypothesis is that a chronic metabolic impairment 
may result in a secondary (indirect) excitotoxic insult, contributing to the pathology 
of HD. Consistent with such a defect in energy metabolism, localized NMR 1H- 
spectroscopy (MRS) studies in HD patients have shown that lactate concentrations 
are increased in various brain regions including the occipital cortex and the striatum. 
To better assess the effect of a chronic metabolic impairment on various brain 
metabolites, serial MRS studies were performed in baboons chronically treated with 
3-nitropropionate (3NP), as a progressive lesion model of HD. These studies 
showed that lactate concentrations (not detectable under normal conditions) become 
readily and selectively detectable in striatal regions, immediately before or in 
conjunction with the appearance of a MRI detectable putaminal lesion. Other 
markers for metabolic (creatine), neuronal (NAA) or membranous (choline) integrity 
were studied in both 3NP-vulnerable (caudate and putamen) and non-vulnerable 
(occipital cortex) brain regions. MRS findings were correlated with post-mortem 
anatomical observations using both neuronal and glial markers. Results indicate that 
NAA, creatine and choline are affected early and progressively, preceding changes in 
lactate. MRS changes were detected prior to any histologically detectable cell loss. 
These data indicate that MRS can assess in vivo neuronal metabolic dysfunction and 
may constitute a unique technique for monitoring early metabolic impairment as 
well as efficacy of neuroprotective therapies in patients with HD.

ISC H EM IA : IO N  HO M EO STASIS  

381.23 8 1.1

BIPHASIC CHANGES IN INTRACELLULAR CL OBSERVED BY MEANS OF 
OPTICAL IMAGING DURING OXYGEN-GLUCOSE DEPRIVATION IN RAT 
NEOCORTICAL SLICES. A. Fukuda1,4*, Y. Yamada3,4, M. Tanaka2, H. Togari3,
H. Nishino4 and Y. Wada3. 1Dept. Physiol., Hamamatsu Univ. Med Sch.; 2Dept. 
Neuropsyc., Natl. Epilepsy Ctr.; 3Dept. Pediatr. & 4Dept. Physiol., Nagoya City 
Univ. Med. Sch., Nagoya 467-8601, Japan.

It has been reported that GABAergic IPSPs are depressed and GABA may act to 
increase [Ca2+]i during hypoxia/ischemia in the neocortex. A loss of the normal C l' 
gradient during hypoxia/ischemia has been suggested as a mechanism that might 
underlie the reduction and/or reversal of the GABAergic effects. Thus, [Cl-]i may play 
a pivotal role in the pathogenesis in the function of neocortex. Since optical imaging 
of [Cľ]¡ in brain slices can provide information about [Cl-]i dynamics and homeostasis, 
the recording of [Cľ]¡ was performed by means of optical fluorescence measurements 
using 6-methoxy-N -ethylquinolinium iodide (MEQ). Slices of somatosensory 
cortex taken from immature rats (P 10-14) were labeled with MEQ; [Cľ], was 
monitored in individual neurons during oxygen-glucose deprivation. A slight 
increase followed by rather abrupt decrease in MEQ fluorescence was induced by 
oxygen-glucose deprivation for 10 min at 30 °C. When cells were loaded with 
calcein, which is insensitive to C ľ or pH, changes in MEQ fluorescence were not in 
parallel with those of calcein. This result suggests that the biphasic change in MEQ 
fl uorescence cannot be explained by condensation or dilution of the dye by cellular 
volume change, indicating initial C ľ efflux followed by massive influx of Cľ. Such 
a shift in [Cľ]¡ induced by oxygen-glucose deprivation would alter the GABAergic 
inhibition and may result in imbalance between inhibitory and excitatory systems. 
This could take some part in the pathogenesis of neocortical ischemia. Supported by 
the Grant-in-Aid (Jpn.) #09260226, #09680817 to A.F.

EFFECTS OF DECREASED C L  CONDUCTANCE ON HYPOXIC SPREADING 
DEPRESSION-LIKE DEPOLARIZATION IN RAT HIPPOCAMPAL TISSUE 
SLICES. M. Müller* and G,G, Somjen. Department of Cell Biology, Duke University 
Medical Center, Durham, NC 27710

Cells swell during hypoxia-induced spreading depression (SD)-like depolarization. 
Since Cľ fluxes play an important role in cell volume regulation, we investigated the 
effects of the Cľ transport inhibitors furosernide, DIDS (4,4'-Diisothiocyanatostilbene- 
2,2’-disulfonic acid), and DNDS (4,4'-Dinitro-2,2'-stilbenedisulfonic acid) on the 
electrical and intrinsic optical signs of SD-like depolarization in hippocampal tissue 
slices. Furosemide (2 mM) and DIDS (1 mM) depressed extracellular synaptic 
potentials (fEPSPs) but caused the firing of double or multiple orthodromic population 
spikes. DIDS also suppressed antidromic population spikes. DNDS (1 mM) caused an 
increase in fEPSPs and antidromic population spikes. In control experiments SD-related 
extracellular voltage shifts (ΔVos) occurred within 4.0 ± 2.0 min of hypoxia, had an 
amplitude o f -18.1 ± 5.1 mV and lasted 50.4 ± 13.9 s (n = 42). Furosemide and DIDS 
depressed ΔVo amplitude by, respectively, 19% and 33% (n = 9 and 7); furosemide 
delayed ΔVo onset by 41% and increased its duration by 16%; whereas DNDS 
shortened ΔVo latency by 27% (n = 9). The intrinsic optical signals associated with SD, 
which are attributed to cell swelling, were depressed by furosemide by 29% (n = 6 ) but 
were unaffected by DIDS and DNDS (n = 5 each drug). Intracellular recording from 
CA1 pyramidal neurons showed during hypoxia an initial slow depolarization turning 
into a rapidly accelerating near-complete (SD-like) depolarization. All three Cľ 
transport blockers delayed the rapid depolarization by more than 50% and shifted the 
apparent threshold potential by at least 6 mV (n = 5 each drug). These results indicate 
that inhibition of membrane Cľ transport hinders, but does not prevent SD-like 
depolarization in spite of enhanced neuron excitability. Blockade of furosemide- 
sensitive transport inhibits hypoxic cell swelling. Discrepancies between intra- and 
extracellular recordings may be due to the different behavior of neurons and glial cells 
and to the vagaries of extracellular recording. Supported by NIH grant No. NS 18670.
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381.3
INHIBITION OF MAJOR CATIONIC INWARD CURRENTS PREVENTS 
SPREADING DEPRESSION-LIKE DEPOLARIZATION IN RAT HIPPOCAMPAL 
TISSUE SLICES. G.G. Somjen* and M. Müller. Department of Cell Biology, Duke 
University Medical Center, Durham, NC 27710 

Hypoxia-induced spreading depression-like depolarization (hypoxic SD, or anoxic 
depolarization) is accompanied by the near-loss of membrane potential, severe 
reduction of membrane resistance, and influx of Na+, Ca2+, Cl- and water into neurons. 
The biophysical nature of these membrane changes is incompletely understood. In the 
present study we applied a pharmacological mixture (10 µM DNQX, 10 µM CPP, 1 µM 
TTX, and 2 mM Ni2+) to rat hippocampal tissue slices to inhibit major Na+ and Ca2+ 
inward currents. This inhibitory cocktail slightly depolarized CA1 pyramidal neurons 
and completely blocked all evoked potentials. In its presence severe hypoxia of up to 20 
min duration failed to induce SD-like extracellular potential shifts and the 
accompanying intrinsic optical signal. Instead, only moderate, very slow negative shifts 
were observed. Following 10 min hypoxia and 1 hour wash-out of the inhibitors 
antidromic and orthodromic responses were still blocked but hypoxic SD with 
markedly delayed onset could be induced in half of the slices. In current clamped CA1 
pyramidal cells hypoxia induced a rapid, near-complete depolarization and decreased 
their input resistance by 89 %. In the presence of the cocktail, however, hypoxia caused 
a gradual, partial depolarization, to about -40 mV; the membrane resistance decreased 
by only 37 %. We conclude that simultaneous blockade of the known major Na+ and 
Ca2+ channels consistently prevents hypoxic SD. The hypothesis that SD initiation is 
the consequence of general loss of selective permeability or general membrane 
breakdown becomes unlikely. Instead, influx of Na+ and Ca2+ might play a crucial role 
in the induction of the rapid SD-like depolarization.
Supported by NIH grant No. NS 18670.

381.5

EFFECT OF CALCIUM CHLORIDE ON REGIONAL CEREBRAL BLOOD 
FLOW DURING CARDIOPULMONARY RESUSCITATION IN PIGLETS 
MP Land. JW Kuluz. B Gelman. M Nares. E Xu, and CL Schleien.* Pediatric 
Critical Care Medicine, Univ of Miami School of Medicine, Miami, FL 33101.

The use of calcium chloride (C aC l2) during CPR remains controversial. CaC l2 
may improve the effectiveness of CPR by increasing systemic vascular tone and 
vital organ perfusion. Alternatively, C aC l2 may cause regional vasoconstriction in 
the brain and heart, resulting in secondary ischemic injury. We hypothesized that 
administration of the standard dose of C aC l2 during CPR decreases rCBF.

M ethods: Under pentobarbital anesthesia, 2-4 week old piglets underwent 6 min 
of cardiac arrest by ventricular fibrillation, and 30 min o f standard CPR. rCBF was 
measured with microspheres at baseline and after 5, 15 and 30 min of CPR. C aC l2 
20 mg/kg (n=5) or saline (n=5) was given after 1 and 19 min o f CPR. Data 
(mean±SE) were analyzed by ANOVA and Student’s t-test (* p<.05).

Results: Ionized (io) Ca decreased from 1.40±.03 at baseline to l . 16±.05* at 15 
min and 1.l8± .05* at 30 min CPR. After C aC l2, ioCa increased to 2.58±16* at 5 
min and 2.O4±2l* at 30 min, and was not different from baseline at 15 min CPR. 
Calcium increased aortic pressure (44±2 vs 38±2*) and cerebral perfusion pressure 
at 5 min CPR. Total CBF was not different between groups at any time point; 
however, severe regional ischemia (CBF<15 m l/l00g/min) was more common 
after 30 min CPR when CaCl 2 was given, particularly in subcortical regions (* 
P<.03).

Conclusion: These data show that C aC l2 administration has adverse effects on 
rCBF during prolonged CPR and may worsen ischemic brain injury. Future studies 
will determine the effect of C aC l2 on functional and neuropathologic outcome.

381.7

C O N T R O L  O F  P R O T E IN  S Y N T H E S IS  (PS) BY E N D O P LA S M IC  
R E TIC U LU M  (ER) C A LC IU M  H O M E O S TA S IS : R E C O V E R Y  O F PS 
A F T E R  IR R E V E R S IB LE  IN H IB IT IO N  O F ER C A LC IU M  P U M P BY 
TH APS IG AR G IN  (Tg). J. D outheil*. S. A lthausen and W. Paschen. D ept. 
o f E xperim enta l N euro logy, M ax-P lan ck -lns titu t fo r N euro log ica l R e 
search, 50931 Cologne, G erm any.

N euronal PS is contro lled  by ER calc ium  hom eostasis. A disturbance 
of ER ca lc ium  hom eostas is  m ay p lay a role in the suppress ion o f PS 
a fte r trans ien t cerebra l ischem ia. To investigate the m echanism  o f this 
stress response, cortica l neuronal cell cultures were transiently exposed 
to Tg, an irreversib le inh ib ito r of ER Ca2+-ATPase (SERCA), fo llow ed by 
a recovery period of 24h in serum -con ta in ing  or serum -free m edium  (S- 
M). C ytop lasm ic  ca lc ium  a c tiv ity  w as eva lua ted  by fluo rescen ce  m i
croscopy. SE R C A activ ity w as determ ined by m easuring a stable radio - 
labe lled  in term edia te . PS was assayed by m easuring the incorpora tion 
o f 3H -leucine in to pro te ins and the state of ribosom al agg regation was 
quantified by electron m icroscopy.Tg exposure caused a depletion of ER 
calcium  stores (as ind icated by a corresponding increase in cytoplasm ic 
ca lcium  activ ity) and a suppression o f PS. PS recovered to 55%  of co n 
trol w ith in 24h. The response to Tg could not be e licited by a second e x 
posure to Tg. The recovery of PS was m arkedly suppressed in S-M. In 
cubating cells fo r 24h in S-M  was suffic ien t to suppress PS and SERC A 
activ ity  to about 50%  of control. T reatm ents known to dep le te  ER c a l
c ium  stores (incubation w ith C a ffe in or C a2+-free solution) were able to 
induce  a second inh ib iton  o f PS 24h a fte r the in itia l Tg app lica tion . 
These find ings im ply a recovery of ER calcium  hom eostasis possib ly by 
the deve lopm ent of a new uptake system  for ca lcium  ions in to the ER. 
The e ffect o f serum  w ithdraw al on SERC A activity and PS suggests that 
the  ER cou ld  act as a m ed ia to r o f ce ll dam age a fte r in te rrup tion  of 
growth fac to r supplies.

381.4
POSTISCHEMIC CHANGES OF MEMBRANE PROPERTIES AND 
POTASSIUM CURRENTS IN CA1 PYRAMIDAL NEURONS IN 
HIPPOCAMPAL SLICE. X. X. CHI*. T.M. Gao and Z.C. Xu. Dept. of 
Anatomy, Indiana University School of Medicine, Indianapolis, IN 46202, U.S.A.

Pyramidal neurons in the CA1 field of hippocampus die a few days after transient 
cerebral ischemia. Previous in vivo studies (Gao et al., Neurosci. 98) demonstrated 
that the neuronal excitability was decreased in most of the CA1 pyramidal neurons 
following ~ 14 min ischemic depolalization. In the present study we investigated the 
membrane properties of CA1 neurons following ischemia and the possible 
mechanisms associated with postischemic changes using in vitro preparation.

Male adult Wistar rats were fasted overnight and anesthetized with 1-2% 
halothane. Ischemic depolarization of ~ 14 min was induced using the 4-VO method. 
Hippocampal slices of 400 µm were prepared 12-16 h following ischemia. 
Electrophysiological properties of CA1 pyramidal neurons were examined using 
intracellular recording and whole cell patch clamp techniques.

In comparison with preischemic values, the membrane input resistance, time 
constant and action potential duration of CA1 neurons significantly decreased 
following reperfusion. The spike threshold, rheobase and the amplitude of fast 
afterhyperpolarization increased following reperfusion. The amplitude of action 
potential remained unchanged. The sustained potassium current (delayed rectifier, Id) 
and transient current (A-current, LA) in CA 1 neurons were compared before and after 
ischemia. The amplitude of Id decreased while the amplitude and time constant of IA 
in postischemic neurons were about the same as those in control cells.

The present study demonstrates that the postischemic changes of membrane 
properties in CA1 neurons in vitro were comparable to those in vivo. The 
potassium current Id and IA play little role in excitability change following ischemia. 
The decrease in Id may be associate with postischemic neuronal injury.

(Supported by NIH grants NS33103, NS38053)

381.6

RESPONSE OF STRIATAL CHOLINERGIC INTERNEURONS TO IN  
VITRO  ISCHEMIA: ELECTRICAL CHANGES AND IONIC
MEASUREMENTS. A. Pisani*, G.Marfia, G. Bernardi, and P. Calabresi. 
Clinica Neurologica, Università Tor Vergata, Via di Tor Vergata, I-00133 
Rome, Italy, and IRCCS Santa Lucia, Via Ardeatina 306 I-00179, Italy.

Striatal cholinergic interneurons are known to be selectively spared under 
conditions of energy deprivation. We studied the effects of combined 
anoxia/aglycemia ( in vitro  ischemia) on visually identified large 
interneurons recorded from a striatal slice preparation, by means of 
simultaneous electrophysiological and optical recordings. After impalement 
with sharp microelectrodes and injection of the calcium-sensitive dye bis- 
fura-2, these cells showed the morphological and electrophysiological 
features o f cholinergic interneurons. Ischemia induced an early membrane 
hyperpolarization which was associated with a simultaneous increase in 
calcium concentration ([Ca2+]i). Interestingly, the increase in [Ca2+]i, was 
more pronounced in the dendritic branches rather than in the somatic region. 
The ischemia-induced membrane hyperpolarization reversed at the 
potassium equilibrium potential. Both hyperpolarization and [Ca2+]i, rise 
were TTX-insensitive, were not blocked by a combination o f glutamate 
receptor antagonists D-APV and CNQX. Both tolbutamide and 
glibenclamide blocked the membrane hyperpolarization, but not the [Ca2+]i, 
elevation. In a separate set of experiment, performed without intracellular 
dye injection, both barium and intracellular BAPTA blocked the ischemia- 
induced membrane hyperpolarization, supporting the contribution of both 
ATP-sensitive and Ca2+-activated potassium conductances in the generation 
of the ischemic membrane hyperpolarization.

381.8
EFFECTS OF BCL-2 OVEREXPRESSION IN GT1-7 NEURONAL CELLS 
ON CELL DEATH FROM ANOXIA/AGLYCEMIA AND 
INTRACELLULAR CALCIUM REGULATION D, C. Perry*. H.N. Nguyen. 
L.E. Richmond and L.M. Brandes, Dept. Pharmacology, George 
Washington, Washington, DC 20037.

We previously demonstrated that overexpression o f  the protooncogene bcl- 
2 inhibits apoptosis induced by thapsigargin (TG), an alkaloid that results in 
a net transfer o f  Ca2+ from ER to the cytosol, increasing cytosolic Ca2+ 
([Ca2+]i) and depleting ER Ca2+. Similar changes have been hypothesized to 
occur in neurons during ischemia. Ischemia was modeled in vitro  by 
exposure o f  GT1-7 cells (either bcl-2 or control) to anoxia plus aglycemia; 
viability was measured by trypan blue exclusion. Viability o f control cells 
immediately after exposure was 83% o f untreated cells after 5 hr anoxia and 
69% after 8 hr, whereas bcl-2 cell viability was 91 %  and 92% after the same 
exposure. After 24 hr recovery, viability was 61% (5 hr exposure) and 11% 
(8 hr) for controls and 92% and 81% for bcl-2 cells. Thus, bcl-2 protects 
against early necrotic death (detected in cells measured immediately after 
anoxia) and even more against apoptotic death seen 24 hr following 
anoxia/aglycemia. To examine whether bcl-2 may be affecting intracellular 
calcium regulation, fura-2 was used to measure cytosolic Ca2+. TG (300 nM) 
causes an initial peak o f  [Ca2]i, followed by a sustained increase. Removal 
o f  extracellular Ca2+ lowers both the peak and the sustained increase, 
indicating that influx o f  Ca2+, probably stimulated by the depletion o f  ER 
Ca2+, contributes to both phases. Replacement o f  extracellular Na+ with Li+ 
or NMDG increases the sustained phase, indicating that increased [Ca2+]i, has 
triggered efflux via the Na+/Ca2+ exchanger. Preliminary experiments do not 
demonstrate consistent differences between bcl-2 and control cells in any o f  
these paradigms. Supported by NIH grant NS34706.
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381.9
IS C H E M IA -IN D U C E D  A C T IV A T IO N  OF M yD 116 E X P R E S S IO N : 
IMPLICATION FOR A ROLE OF ENDOPLASMIC RETICULUM (ER) CALCIUM 
POOL DEPLETION. W. Paschen*. J. Doutheil. S. Althausen and C. Gissel. 
Dept. Experim enta l Neuro logy, M ax-P lanck-lnstitu te  fo r Neuro logica l 
Research, Cologne, Germany.

The m olecular m echanisms responsible for the activation of gene ex- 
presion induced by transient cerebral ischem ia are still not fu lly  un
derstood. In the present investigation, we compared the effects of tran
sient cerebral ischemia and a depletion of ER calcium stores on the ex
press ion of M yD116, a gene re lated to grow th arrest. T ransien t 
cerebral ischem ia was produced in rats by four-vessel occlusion, and 
ER calcium  stores were depleted by exposing prim ary neuronal cell 
cu ltures to thapsigarg in (Tg, 30 min), an irreversib le inh ib ito r of ER 
C a2+-ATPase, or to calcium-free medium supplemented with EGTA (150 
min). MyD116 expression was evaluated by quantitative PCR, changes 
in cytoplasm ic calcium  activity ([Ca2+] i) were m easured by fluorescen
ce m icroscopy of fura-2-loaded cells, and protein synthesis (PS) was 
assayed by measuring the incorporation of labelled leucine into proteins. 
Tg induced a transient rise in [Ca2+]i and a long-lasting suppression of 
PS, whereas EGTA caused a decrease in [Ca2+]i and a transient suppres
sion of PS. M yD116 mRNA levels were trans iently  or perm anently 
increased after exposing cells to EGTA or Tg respectively. Cerebral is
chem ia caused a transient increase in M yD116 mRNA levels in the 
cerebra l cortex and a perm anent rise in the hippocam pus. The tim e 
course and pattern of changes in MyD116 mRNA levels observed after 
trans ien t ischem ia or depletion of ER calcium  stores im plies s im ilar 
underlying mechanisms, and suggest that these processes are only tran
siently activated in the cortex but permanently in the hippocampus.

381.11

INCREASE IN Ca2+-DEPENDENT TRANSMITTER RELEASE IS 
RESPONSIBLE FOR THE RESPONSE OF RAT THALAMOCORTICAL 
NEURONS TO HYPOXIA. G. Erdemli* and V. Crunelli. Physiology Unit, 
MOMED, University of Wales. Cardiff, UK.

The effects of hypoxia (4 min of 95% N2 - 5% C 0 2) were examined in thalamo
cortical neurons of the rat lateral geniculate nucleus slices, at 32°C. Whole-cell 
patch electrodes were filled with (in mM ):118 KM eS04, 18 KC1, 10 Hepes, 2 
EGTA, 0.2 CaCl2, 2 Mg-ATP, 0.3 Na-GTP, 8 NaCl, 0.03 calcineurin 
autoinhibitory fragment.

Our previous work (Erdemli & Crunelli, J. Neurosci., 1998, in press) showed that 
a brief hypoxia causes an increase in instantaneous input conductance (GN) of 117 ± 
15 % (from 5.8 ± 0.4 nS, p<0.001) accompanied by an inward shift in baseline 
holding current (-IBH= -25 ± 8pA, p<0 .02 ) (n=33) at a holding potential of -65 mV. 
H-current (Ih) inward relaxations were also depressed by 77±4 % probably due to 
changes in the kinetic properties of Ih. Here we have assessed the possible 
contribution of presynaptic mechanisms to this response by using blockers of 
calcineurin, a Ca2+/Calmodulin-activated phosphatase. Calcineurin autoinhibitory 
fragment (30 µM, n=6 ), a membrane impermeable blocker of calcineurin, applied 
via the recording electrode failed to prevent the hypoxia-mediated changes in GN, 
IBH and Ih: δ GN= 108± 17 %, δ IBH=  -25±12 pA, δ Ih= -66±8  %. However, in 3 of 
these cells concomitant bath applications of cyclosporin-A (20 µM), a membrane 
permeable blocker of calcineurin, abolished the hypoxia-induced changes in GN 
(ΔGN= -8 .8± 4.1 %), IBH (ΔIbh= - 1± 9 pA) and Ih (ΔIh= -19 ±23 %).

In agreement with our previous observation (Erdemli & Crunelli, J. Neurosci., 
1998, in press) that botilinum toxin abolishes the hypoxic response, the present 
data suggest that an increase in Ca2+-dependent transmitter release is responsible 
for the response of thalamocotical neurons to hypoxia.

Supported by The Wellcome Trust (grant 37089).

381.13

C A L P A S T A T IN  A C TS A S A S U IC ID E  S U B S T R A T E  IN  
N E O N A T A L  R A T H Y P O X IC -IS C H E M IA . K. Blomeren1, 2*. A. 
McRae3, T.C. Saido4, and H. Hagberg1,5 1Inst. of Physiology and 
Pharmacology, Center for Perinatal Medicine, Göteborg Univ., P O Box 
430, SE-405 30 Göteborg, Sweden; 2Dept. Of Pediatrics, Sahlgrenska 
Univ. Hospital/Östra, SE-413 45 Göteborg, Sweden;3Anatomy and Cell 
Biology Unit, Univ. of the West Indies, St Augustine, Trinidad and 
Tobago; 4Proteolytic Neuroscience Laboratory, Riken, 2-1 Hirosawa, 
Wako-shi, Saitama 351-01, Japan; 5Dept. of Obstetrics and Gynecology, 
Sahlgrenska Univ. Hospital, SE-413 45 Göteborg, Sweden.

Seven-day-old rats were subjected to transient cerebral hypoxic- 
ischemia (unilateral occlusion of the common carotid artery plus 7.7% CL 
for 1 h). Western blotting of cytosolic fractions from parietal cortex 
revealed an increased amount of calpastatin in the contralateral, 
undamaged hemisphere (HS) during hypoxia and at 2 h and 24 h after the 
insult. In the ipsilateral HS, however, calpastatin was significantly lower 
at these time points (and also at 48 h post insult), compared with the 
contralateral HS. In synaptosomal (P2) fractions, degraded calpastatin 
(approx. 50 kD) accumulated in the ipsilateral HS from 1 h to 72 h post 
insult, most prominent at 24 h. The overall difference between the 
hemispheres was confirmed by immunohistochemistry. The amount of 
mRNA for calpastatin, as detected by rt-PCR, did not differ from controls 
at any time point. Calpains are translocated to membranes in both HS, but 
fully activated only in the ipsilateral HS, indicating a possible protective 
role for calpastatin during hypoxia, turning into a suicide substrate during 
hypoxic-ischemia.

Supported by the Swedish Medical Research Council (K97-14P- 
12213-01K and 9455)

381.10
A NOVEL AND HIGHLY SENSITIVE ASSAY FOR ORTHOPHOSPHATE 
GENERATED BY RAT BRAIN MICROSOMAL Mg2+/Ca2+ ATPASE DURING 
ACTIVE Ca2+ TRANSPORT. J. T. Parsons*1,3. S. B. Churn1, and R. J. 
DeLorenzo1, 2, 3. Departments of Neurology1, Pharmacology2, and 
Biochemistry3, Medical College of Virginia Campus of Virginia 
Commonwealth University, Richmond, VA 23298.

Measuring inorganic phosphate is an important tool for neurobiochemical analyses, 
especially as applied to the investigation of membrane bound ion transport ATPases. 
Of particular interest are those ATPases involved in the regulation of Ca2+ homeostasis, 
especially the endoplasmic reticulum Mg2+/Ca2+ ATPase. Current techniques for 
quantitating inorganic phosphate involve extraction of radio labeled orthophosphate with 
organic solvents or colorimetric absorbance measurement of phosphate bound to a 
chromophore. These protocols are limited by the inconvenience of handling large 
numbers of samples and interference by membrane proteins and residual ATP, 
respectively. A unique assay has been developed for the detection of inorganic 
phosphate. This method was characterized by quantitation of orthophosphate produced 
by microsomal Mg2+/Ca2+ ATPase activity as a result of active Ca2+ transport. The 
protocol involves the separation of radioactive inorganic phosphate from gamma radio 
labeled adenosine 5'-triphosphate by resolution on 20% sodium dodecylsulfate 
polyacrylamide gels. Both radioactive compounds are then visualized with x-ray film 
and excised from the gel, using the autoradiograph as a template, for subsequent 
quantitation by liquid scintillation spectroscopy. This protocol offers the advantage of 
simultaneous quantitation of both the phosphate produced as well as the remaining 
adenosine 5'-triphosphate. As little as 4.1 pmol of gamma radiolabeled adenosine 5'- 
triphosphate could be detected. The ATPase activity of as little as 3.5 ng/µl of 
membrane protein could be detected, 100 fold more sensitive than currently used 
colorimetric assays. The microsomal Mg2+Ca2+ ATPase activity determined by this 
method was analogous to microsomal Mg2+/Ca2+ ATPase activity determined by 
established colorimetric techniques. The data demonstrate the development of a novel 
orthophosphate assay that is extremely sensitive, reproducible, cost effective and 
convenient. This work was supported by RO1-NS23350 and PO1-NS25630 to RJD.

381.12
FRUCTOSE-1,6-BISPHOSPHATE PREVENTS INCREASES IN 
INTRACELLULAR FREE CALCIUM IN CULTURED CORTICAL 
NEURONS FOLLOWING SIX HOURS OF ANOXIA. P. H. Donohoe. 
Z. Vexler, G. Gregory and P, E. Bickler* Depts of Anesthesia and 
Neurology, University of California, San Francisco, CA 94143-0542 

The glycolytic intermediate fructose-1,6-bisphosphatc (FBP) is 
documented to be a neuroprotectant in mammalian models of cerebral 
ischemia and anoxia. We hypothesized that FBP protects neurons in vitro 
by preventing the catastrophic increase in cytosolic free calcium (Ca2+)i 
which normally occurs when anoxia-intolerant cells are exposed to severe 
hypoxia. We measured (Ca2+)i in rat neuronal and astrocyte cultures, 
grown on coverslips for 7 - 8 days, and exposed to 95% N2 / 5% CO2 and 
3.5 mM FBP for 6 hours. Individual cells were identified and (Ca2+)i was 
determined using a microscope fluorimeter. The 345/380 nm fluorimetric 
ratio was measured in 2-3 representative cells on each coverslip following 
loading with 3 µM Fura 2/AM. Control cells were oxygenated throughout 
the six hour studies. Our results indicate that the significant increase in 
(Ca2+)i observed in neurons exposed to six hours of anoxia ( Δ corr. 
345/380 nm = 2.0, n = 16, p= 0 .001 ) was prevented in neurons similarly 
exposed to anoxia but treated with FBP. Cultured astrocytes exhibited no 
significant increase in (Ca2+)i when exposed to anoxia for 6 hours. Thus, 
we demonstrate that FBP is protective against anoxic insults in cultured 
neurons even in the absence of supportive, anoxia-tolerant, glial cells.

Supported by NIH grant PO I NS 35902

381.14
U P-REGU LATIO N OF CA LBIN D IN -D 28k BY G LUCO CO RTICO ID S 
RESCU ES H IPPO CA M PA L NEU RO N S FROM  ISCHEM IC DAM AGE 
A. R am i1, A. D erouiche*2; R. A garw al1, J. W inckler1. Anatomy III, 
1U niversity-C linic, Theodor-Stern-K ai 7, 60590 Frankfurt; FRG. 
2M ax-Planek-Institute for Brain Research, D epartm ent o f  Neuroanatom y, 
Frankfurt, FRG.

In light o f  receptor studies and the fact that neurological insults cause 
considerable glucocorticoid secretion, the possibility  that corticosterone (CT) 
regulates calbindin-D 28k (CB) was exam ined and correlated to the 
hippocam pal vulnerability  to ischem ia. Rats received CT for 7 days, were 
divided in: A: rats underw ent ischem ia after term ination o f  CT-treatm ent. B: , 
rats were allow ed to recover for 2 days after CT-treatm ent, and subjected to 
ischem ia. A fter further 7 days, the C B -levels were assessed. A: CT increased 
the C B -IR and CB-protein level in the C A l-area . Ischem ia in controls 
induced 87%  neuronal dam age in CA1- and 10% in CA 3-areas respectively. 
Ischem ia in CT-treated rats led to 82%  dam age in the C A l-a rea  and to 50% in 
the CA 3-area. C T induced hyperglycem ia in both groups. B  The CB -content 
was sim ilar as in A . Ischem ia induced, like in controls, 85 % damage in the 
C A l-a rea  and 10% in the CA 3-area. In B , the 2-day-period o f  recovery after 
CT-treatm ent norm alized glycem ia. C T exacerbation o f  ischem ic damage in 
the CA 3-area may be related to the fact that CT failed to induce the synthesis 
o f  CB in that area and/or to hyperglycem ia. A lthough CT enhanced CB 
synthesis in the C A l-area , it failed to rescue these cells from ischemia. These 
results suggest that cells which do contain CB are predisposed to ischemic 
insults. The CA1 cells express high am ounts o f  CB under stress-conditions 
because their activity  may involve a high rate o f  C a2+-buffering.
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381.15

H orizontal cells are resistant to ischem ia-reperfusion insult in the rat 
retina Myung-Hoon Chun*. In-Beom Kim. Keun-Young Kim. Won-Kyu 
Joo, M un-Yong Lee. Su-Ja Oh. Department o f  Anatomy, Catholic 
University Medical College, Seoul 137-701, Korea
Calbindin D28ĸ (calbindin). an intracellular protein of the EF-hand family, has been 
shown to be localized in several types of neurons in the central nervous system. A 
neuroprotective role for calbindin has been conflicting, and neuroprotection by 
calbindin may be specific for certain types of lesion or neurons. The retina is an ideal 
model to study ischemia-induced neural damage because its major excitatory 
neurotransmitter is glutamate. This study was conducted to identify whether there is a 
good correlation between calbindin-containing horizontal cells and vulnerability to 
ischemic insult by IOP in the rat retina using an antiserum against calbindin. Fifty 
adult male albino Sprague-Dawley rats weighing 200-250g were used for this study; 
five were used for normal control and forty five (five per each group) for experimental 
groups. The IOP was raised to 90-120mmHg by cannulation of the anterior chamber 
with a 30-gauge needle connected to a hydrostatic pressure device. The elevated IOP 
was maintained for 60 minutes and the animals were sacrificed after 1 hr, 3 hr, 6 hr. 
12 hr, 24 hr, 72 hr, 1 wk, 2 wk, and 4 wk of reperfusion by an overdose of chloral 
hydrate. The treated retinae decreased in thickness with increasing reperfusion time 
after the ischemic insult. At 4 wk after reperfusion the thickness of the retina was 
finally about 40% of that of normal retina mainly due to loss of photoreceptor cells. In 
the normal retina, horizontal cells were strongly labeled. Until the end of the 
experiment the morphology of the labeled horizontal cells was not altered and 
pathological changes of horizontal cells were not observed, and the density of 
calbindin-labeled horizontal cells was not changed significantly during the 
experimental periods. Our findings clearly demonstrate that horizontal cells are 
resistant to ischemic insult in the rat retina.

ISCHEM IA: N E U R O TR A N SM ITTER S AN D  RECEPTO R S

382.2382.1
MEASUREMENT AND CHARACTERIZATION OF FOCAL ISCHEMIA- 
INDUCED INCREASES IN EXTRACELLULAR GLUTAMATE AND 
ASPARTATE. C. Gonzales*. S. Djali, M.A, Vinegra, M.M. Zaleska and L.A. 
Dawson. CNS Disorders, Wyeth-Ayerst Research, Princeton, NJ 08543.

Excitotoxicity is thought to play a major role in the pathology of many CNS 
disorders including stroke and extracellular concentrations of glutamate have been 
shown to rise during ischemia. Male spontaneously hypertensive rats (SHRs) had 
their middle cerebral artery (MCA) occluded by intraluminal monofilament for 30 
or 60 minutes followed by reperfusion. Animals exposed to 60 min of ischemia were 
perfused with either normal aCSF (n= 11), calcium-free aCSF (Ca++ -free, n=8), or 
aCSF containing l0µM TTX (TTX, n=6 ). A 10 min microdialysis sampling regime 
from the ipsilateral striatum was used throughout the experimental period beginning 
1 hr prior to MCA occlusion and ending 1 hr after reperfusion. Infarct volume was 
determined 24hr after reperfusion. [Glu]e and [Asp]e were measured by capillary 
electrophoresis with laser-induced fluorescence detection. During 60 min of 
ischemia, [Glu]c peaked 54 fold above baseline in the normal aCSF group, 17 fold in 
the Ca++-free group and 12 fold in the TTX group. [Asp]e peaked at 38 fold above 
baseline in the normal aCSF group, 24 fold in the Ca++ -free group and 4 fold in the 
TTX group. Mean infarct volumes were 249mm3, 223mm3 and 202mm3 respectively 
and were not significantly different between the groups. These results suggest that 
the increase in [Glu]e and [Asp], in response to ischemia is Ca++ and TTX dependent. 
Decreasing the ischemic episode from 60 to 30 min resulted in a decrease of [Glu]e 
and [Asp]e to 41 fold and 19 fold respectively, and in a decrease in mean infarct 
volume to 197mm3. When animals in all groups were assessed individually, a strong 
correlation was found between [Glu]e and [Asp]e and infarct volume (p<0.0001 and 
p<0.002  respectively).

382.3

CORTICOTROPHIN RELEASING HORMONE EFFECTS ON HYPOXIA - 
REOXYGENATION AND GLUTAMATE RELEASE / UPTAKE IN 
PRIMARY BRAIN CELL CULTURES. E. Hillhouse1 *, C. McNeil 2 J. 
Kazlauskaite1, C.M. Tolias1 1Molecular Medicine Research Institute, Univ. of 
Warwick, UK.; 2Dept. of Clinical Biochemistry, Univ. of Newcastle, UK..

The ability of Corticotrophin Releasing Hormone (CRH) to alter the 
excitation state of neurones has been linked to its epileptogenic and 
neurotoxic activities. The exact effects of CRH itself, however, are not fully 
understood. We investigated the effects of CRH on primary cortical rat cell 
cultures in a model of hypoxia - reoxygenation. Furthermore, using 
electrochemical sensors for superoxide, nitric oxide and glutamate, we 
examined the role of individual cell subpopulations, free radicals and 
glutamate in CRH induced neuronal cell death.

CRH under normoxic conditions as well as after hypoxia - reoxygenation, 
had a biphasic effect on cell survival. At low concentrations (5-40pM) CRH 
was neurotoxic, whereas at higher concentrations (50pM-1nM) it was 
neuroprotective. These effects were dependent ambient pH and astrocyte / 
neuronal interactions. Astrocytic glutamate uptake and neuronal glutamate 
release was altered in the presence of CRH. Our results suggest that the 
neuroprotective effect may be secondary to an altered glutamate uptake by 
astrocytes. In these experiments we were unable to detect any extracellular 
nitric oxide or superoxide release.

This work provides in vitro evidence for the involvement of CRH in the 
pathophysiology of brain cell death in hypoxia - reoxygenation and indicates 
a previously unsuspected effect of CRH on extracellular glutamate 
availability.

This study was funded by The Wellcome Trust and Dr. Tolias is the recipient 
of an “Action Research” Training Fellowship.

HYPERGLYCEMIA-EXAGGERATED ISCHEMIC BRAIN DAMAGE IS 
PRECEDED BY ENHANCED GLUTAMATE RELEASE. P-A Li, 1,2 H 
Miyashita,2 O-P He,1,2 A Shuaib,2 BK. Siesjö 1* . 1Center for the Study of 

Neurological Disease, Queen’s Medical Center, Honolulu, HI, Saskatchewan 
Stroke Research Center, Univ. Saskatchewan, Saskatoon, Canada

The extent and severity of damage can be influenced by a number of factors 
including the ambient temperature and serum glucose levels. An increase in 
serum glucose at the time of an acute stroke has been shown to increases the 
extent of neuronal damage in a number of focal and global models of ischemia. 
The mechanisms for the hyperglycemia-induced increased damage are however, 
not fully understood. In the present experiments we measured extracellular 
glutamate levels prior to, during and after 15 min of transient global ischemia 
in rats, using microdialysis techniques. Glutamate levels were simultaneously 
measured in the hippocampus and cerebral cortex. The glutamate levels were 
compared in control animals and in rats pre-treated with glucose. In addition to 
glutamate, glutamine, glycine alanine, serine and taurine were also evaluated 
in all animals. Histology was performed at 7 days for normoglycemic rats and 
after 3-6 h of recirculation in hyperglycemic ones.

Preischemic glucose loading resulted in a more pronounced brain damage and 
a marked increase in neocortical concentrations of glutamate compared to 
saline-infused animals. In addition, a more profound decrease of extracellular 
glutamine and a sustained increase of glycine concentration were observed in 
hyperglycemic animals. The differences in the glutamate and other amino acids 
may explain the more severe damage seen in hyperglycemic animals.

382.4
INHIBITORY EFFECT OF M S-153, A  NEUROPROTECTIVE  
AGENT, ON GLUTAMATE EFFLUX THROUGH GLUTAMATE  
TRANSPORTER. F. Shimada, Y. Shirai, O. Morikawa and N. Saito*. 
Lab. o f Mol. Pharmacol., Biosignal Res. Ctr., Kobe Univ., Kobe 657- 
8501, Japan

MS-153, ((R)-(-)-5-m ethyl-l-nicotinoyl-2-pyrazoline), a novel 
cerebroprotective agent, has been reported to reduce the area o f  cerebral 
infarction and to minimize neurological deficits in the MCAO rat. We 
previously demonstrated the inhibitory effect o f M S-153 on glutamate 
efflux by K+-deporalization from rat hippocampal slice. The inhibitory 
effect o f M S-153 on glutamate efflux may be due to, 1) the inhibition 
o f  glutamate release from nerve ending or 2) the accelation o f  glial 
and neuronal glutamate uptake through glutamate transporters. In the 
present study, to verity if M S -153 inhibit glutamate efflux by the 
potentiation o f glutamate uptake, we investigated the effect o f M S-153 
on the [3H] glutamate uptake by N a+/K+-dependent glutamate transporter 
such as GLT-1, expressed in COS-7 cell. Pretreatment with M S-153 
(1-100 µ M ) enhanced the [3H] glutamate uptake through GLT-1 
concentration-dependently. However, M S-153 did not affect on the 
pH] GABA uptake through N a+/Cl--dependent GA BA  transporters. In 
addition, the activity o f Na+/K+-ATPase was not influenced by M S-153. 
These findings suggest that M S-153 may reduce the extracellular 
glutamate concentration by the enhancement o f  glutamtate uptake 
through GLT-1.
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382.7
DELAYED AND SPECIFIC LOSS OF CA1 NEURONS IN 
ADULT HIPPOCAMPAL SLICE CULTURES: A NEW IN  
VITRO MODEL OF CEREBRAL ISCHEMIA. D. Ding*, and 
P.J. Bergold Department of Pharmacology and Physiology, 
SUNY-HSCB, Brooklyn, NY 11203
Reduction of hippocampal blood fl ow results in delayed and 
specific loss of CA1 neurons 3-5 days later. Delayed CA1 
neuronal loss has been modeled in hippocampal slice cultures 
from post-natal day 40 (P40) rats. Exposure of P40 slice 
cultures to hypoxia/hypoglycemia (H/H) for 10’ induces 
specific and delayed CA1 neuronal loss that peaked 4 days 
following H/H. Neuronal loss is assayed by quantitative 
video microscopy allowed multiple determinations of neuronal 
loss. The NMDA receptor antagonists CPP (3-(RS)-2- 
carboxypiperazin-4-yl propyl-l-phosphonic acid, 5OµM) or 
diziclopine (MK-801, 3OµM) strongly attenuated neuronal 
loss. Loss of CA1 neurons was also blocked by anisomycin 
(2.5 µM) suggesting a need for new protein synthesis. A 
similar need for NMDA receptor activation and protein 
synthesis has been observed in vivo. This model will be used 
to examine the role of specific transcription factors induced 
following in vivo ischemia. This will be done by introduction 
of: (1) dominant negative mutants of transcription factors to 
block loss of CA1 neurons or (2) persistently active 
transcription factors to enhance loss of CA3 neurons. 
Supported by HD31300 to P.J.B.

382.9
NEUROPROTECTION BY KYNURENINE HYDROXYLASE 
INHIBITORS IN MODELS OF FOCAL AND GLOBAL BRAIN 
ISCHEMIA. Cozzi A., Carpenedo R., Lombardi G*. and Moroni F. 
Department o f Pharmacology, University of Florence, 50134 Florence, Italy.

Kynurenine is a tryptophan metabolite and a substrate of both kynurenine 
hydroxylase and kynurenine-aminotransferase enzymes that catalyse the 
formazion of 3-OH-kynurenine and kynurenic acid (KYNA) respectively. 
KYNA is an endogenous competitive antagonist of the glycine recognition site 
o f the NMDA receptors, while further metabolism of 3-OH-KYN may lead to 
quinolinic acid, an endogenous NMDA agonist and an excitotoxin. Specific 
inhibitors o f kynurenine hydroxylase such as m-nitrobenzoylalanine (mNBA) 
(Neuroscience 61; 237; 1994) and RO61-8O48, a recent and more potent 
enzyme inhibitor (J. Med. Chem. 40, 4378, 1997) have been described. We 
now report the effects of systemic administration o f m-NBA or RO61-8O48 on 
KYNA formation in the brain and on neuronal damage in models o f global 
ischemia in gerbils and focal ischemia in SD rats. m-NBA (400 mg/Kg) 
induced a 20 fold increase in the gerbil hippocampus and a 5 fold increase in 
the rat cortex o f KYNA concentration in brain dialysates, while RO6l-8048 
(40mg/Kg) induced a 5 fold increase in both gerbils and rats. Both agents 
significantly reduced the loss o f CA1 pyramidal neurons in gerbils after 5 min 
of bilateral carotid occlusion [loss of neurons 98% in gerbils treated with 
saline, 20± 10% with m-NBA (400mg/Kg) and 25±10% with RO6l-8048 
(40mg/Kg) each administered i.p. at 0, 60. and 360 min after ischemia]. 
Finally, in rats undergoing permanent middle cerebral artery occlusion 
(MCAO), a single injection o f mNBA (400mg/Kg) or RO-6148 (40mg/Kg) 
immediately after MCAO reduced the infarct volume by approximately 50%. 
In conclusion, antagonists o f kynurenine-hydroxylase significantly increased 
KYNA formation and reduced ischemic damage in vivo. Supported by the 
University o f Florence and theU.E. (BMH4-CT96-0228 and BIO4-CT96-0049).

382.6
THEANINE, A MAJOR FLAVOROUS AMINO ACID IN GREEN TEA 
LEAVES, INHIBITS GLUTAMATE-INDUCED NEUROTOXICITY ON 
CULTURED RAT CEREBRAL CORTICAL NEURONS
A. Nozawa2 *, K. Umezawa1, K. Kobavashi1, M. Kawahara1, K. Muramoto1, T . 
Kakuda2 and Y. Kuroda1. 1Dept. of Molecular and Cellular Neurobiology, 
Tokyo Metropolitan Institute for Neuroscience, Tokyo 183-8526, Japan, 
2ITOEN Central Research Institute, Shizuoka 421-0516, Japan.

Theanine, L-glutamate γ-ethylamide, is an amino acid which has a similar 
structure with glutamic acid and is contained in tea leaves as a flavorous 
constituent of green tea. It has been reported that theanine passed through 
the blood-brain barrier and inhibited the convulsions induced by caffeine 
(Kimura et al. ; Chem. Pharm. Bull. , 19: 1257-1261, 1971). Theanine also 
inhibited the caffeine-induced excitation (Nozawa et al. ; Soc. Neurosci. 
A b s tr., 21: 835, 1995). Here, we investigated the effect of theanine on 
glutamate-induced neurotoxicity on cultured rat cerebral cortical neurons. Rat 
cerebral cortices were dissected from 18-days embryos, and dissociated cells 
were cultured. Cultured neurons extended neurites and made synaptic 
contacts. Pharmacological evidence suggested that excitatory synaptic 
transmission in our culture was mainly mediated by glutamate. The cell viability 
observed by WST-1 method, the modification of MTT assay, was decreased 
after the application of 25-800µM glutamate for 48hr at 14DIV in a dose 
dependent manner. Co-existence of theanine inhibited glutamate-induced 
neurotoxicity with dose dependency. More than 400µM theanine completely 
protected the cell death induced by the application of 50µM glutamate. 
Furthermore, the TUNEL staining revealed that cultured neurons affected by 
glutamate showed apoptotic cell death after 48hr. The apoptotic cell death 
was also remarkably inhibited by theanine. These results suggest that 
theanine prevents glutamate-induced neurotoxicity and may become a 
candidate for preventive or curative medicine for ischemia.

382.8
CHARACTERIZATION OF MOUSE HIPPOCAMPAL CULTURES IN ISCHEMIA 
RESEARCH. L. B. Nguyen. A. Emmi and M. S. Lee. D. W. Newell* . Dept. of 
Neurological Surgery, Univ. o f Washington School of Medicine, Seattle, WA 98195

Organotypic slice cultures have been well established as an in vitro system to 
study the properties of neural tissue in a controlled environm ent. Rat hippocampal slice 
cultures have been useful to study ischemic neuronal damage. Diverse genetically 
induced mutants are now available in mouse (i.e. knock-out mice) and are ideal to 
further elucidate the mechanisms o f neuronal damage due to induced ischemia. Thus, a 
characterization of mouse hippocampal cultures has been under taken to determine if 
they share similar characteristics as rat hippocampal slice cultures.

We have found that it is feasible to culture mouse hippocampal slices using the 
same method and techniques for culturing rat hippocampal tissue. This step insures the 
same conditions for the comparable stage of development in both species for 
experimental manipulations. Histological study and electrophysiological recordings 
have also revealed similar anatomical organization and physiological properties of 
different populations of neurons from both preparations.

Our study has shown that in mouse hippocampal cultures, as in rat, selective 
vulnerability to ischemic damage is expressed in CA1 pyramidal neurons and is 
prevented by the N-methyl-D-Aspartate (NMDA) receptor blocker MK-801. 
Furthermore, results obtained from experiments on neurotoxicity in different regions in 
mouse hippocampal cultures are similar to those in rat: neuronal cells in the dentate 
gyrus; CA3 and CA1 regions are selectively damaged with colchicine ( l 0µM); kainic 
acid (5µM); and NMDA ( l 0µM), respectively.

With the proliferation of diverse genetic stocks of mice that are available 
commercially and/or are developed in laboratories for a specific mutant; it is likely that 
organotypic hippocampal cultures obtained from mice will be useful in further 
characterizing mechanisms of ischemic neuronal damage. Supported by N IH Grant 
1P50NS30305-1 an d  CIDA 1K08NS01596901 (DWN).

382.10
CONANTOKIN-G DECREASES HYPOXIC/HYPOGLYCEMIC (H/H) INJURY IN 
CULTURED RAT NEURONS AND DECREASES INFARCTION IN A RAT 
MODEL OF FOCAL CEREBRAL ISCHEMIA. A. Williams', J. Long1, J.B. Phillips', 
J.R. Dave1, Y. Lin1, P. Cui1*,T. McCabe2, J. Nielsen2 , R. Layer2, L. Zhou2, and F. C. 
Tortella1, 1Div. Neurosci., Walter Reed Army Inst. Res., Washington, D.C. 20307 and 
2Cognetix, Inc, Salt Lake City, UT, 84108.

Conantokin-G (Con-G) is a small neuropeptide (17 amino acids) derived from marine 
snails that possesses selectivity and potency as an NMDA receptor antagonist. Con-G 
reduces glutamate-induced neurotoxicity in vitro, possesses potent anticonvulsant activity 
in vivo, and is biologically stable). We have undertaken a series of studies aimed at 
evaluating the potential neuroprotective properties o f Con-G in several in vitro and in vivo 
models of experimental neuronal injury. To date, in vitro studies have been conducted in 
rat spinal and cerebellar neuronal cultures exposed to 2 h of H/H where neuroprotection is 
determined morphologically and biochemically (MTT assay) 22 h later. In addition, in vivo 
stroke studies are underway using the filament method of middle cerebral artery occlusion 
(MCAo) and reperfusion where rats are subjected to 2 hrs o f right MCAo followed by 22 
hrs of reperfusion and recovery. Infarct tissue is assessed using TTC staining and 
computer-assisted image analysis. In vitro, H/H produces 70-80% cell loss which is 
significantly reduced by Con-G (100 pM-1 µM). In both culture models of H/H neuronal 
injury, maximal neuroprotection obtained with Con-G (75-100% at 1 µM) is similar to that 
obtained using MK-801 (90-100% at 1 µM). In vivo, Con-G (2 nM), injected i.c.v. at 30 
min post-MCAo and again at 2 ,4  and 6 hr postinjury, significantly decreased core infarct 
volume from 193 ± 23 mm3 (controls, n=8) to 21 ± 19 mm3(n=6), representing an 80-90% 
neuroprotection. The effects of Con-G to reduce cerebral infarction were associated with 
clinical improvements in neurological function (scores =. 8.8 ± 0.6 for controls vs. 5.3 ± 1.3 
for Con-G treated rats), and 58 ± 19% improvement in EEG brain function (EEG power). 
Collectively, these preliminary results demonstrate potent neuroprotective actions of Con-G 
against hypoxic/ischemic insults to neuronal tissue, indicating potential clinical efficacy as 
a novel anti-stroke therapy. COM M ERCIAL FUNDING
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Purkinje CA1 Caudate Layer III Thalamus Brainstem
Control

Neuronal density 2 1±3 566±118 745±108 637±101 -

Grade l.8±0.3 2.4±O.4 l.4±O.2 2.0±0.6 O.8±O.3 l.7±O.3

MCPG
Neuronal density 2 1± 1 626±5O l2O8±3O 790± 115 -

Grade l.7±O.3 l.3±O.3 l.3±O.3 l.3±O.3 O.5±O.4 l.0±0.0

382.5
METHYL-4-CARBOXYPHENYLGLYCINE (MCPG) WORSENS NEUROLOGIC 
OUTCOME FOLLOWING GLOBAL ISCHEMIA. FE Sieber*, PR Brown, RN Ichord, 
RJ Travstman, LJ Martin. Dept of Anesthesiology/CCM, The Johns Hopkins Hospital, 
Baltimore, MD 21287

We tested the hypothesis that preischemic pharmacologic blockade of group 1 and 
group 2 metabotropic glutamate receptors (mGluRs) with MCPG is neuroprotective. 20 
minutes o f global incomplete ischemia and 7 days recovery was performed in 2 groups 
of beagles: control (n=8) and MCPG (n=9). Intraventricular MCPG (300 µM) was 
delivered 30 min preischemia. H&E staining was used to determine neuronal 
density/mm2 and grade of ischemic injury (0, 1, 2, and 3 for 0, 1-25, 26-75, and >75 % 
damage, respectively) in cerebellar cortex, hippocampal CA1, superior temporal gyrus 
(Layer III), and caudate. Neuronal injury was also graded in brainstem and thalamus. 
There was 0 and 50% mortality in control and MCPG groups, respectively.

Neuropathology in 7 Day Survivors (M ± SE)

This study shows that preischemic antagonism of mGluRs is associated with higher 
mortality and greater neuronal injury. The results suggest that mGluR activation during 
and/or after ischemia is an important neuroprotective mechanism in neuronal 
populations expressing these receptors. Supported by AHA-MDSG5597
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382.11

NMDA AND AMPA ANTAGONISTS BLOCK THE FUNCTIONAL 
EXPRESSION OF BRAIN ISCHEMIA INDUCED BY COMPRESSION OF A 
SPECIFIC BRAIN AREA IN RAT SONSORIMOTOR CORTEX. J. 
Rutkauskaite, A. Wägnera, B. Bjelkeb, K. Bjelkeb*. H.Hӧgberg and S. Liljequist 
Dept Clinical Neuroscience, Div Drug Dependence Res, Div of Neurologya, MR- 
Centerb, Karolinska Institute, Karolinska Hospital, S-17176 Stockholm, Sweden.

Brain ischemia was induced by a 30 min lasting compression o f a well-defined 
brain area at the sensorimotor cortex o f Sprague-Dawley rats (weight 250 g). 
Starting on day 1 after the surgical operation, the animals were subjected to a 
daily beam walking test for the assessment o f neurological deficits (hindleg 
paresis). The motor performance was recovered after 5-7 days o f surgery. 
Administration o f the NMDA receptor antagonist MK-801 (3 mg/kg, ip) or the 
AMPA receptor antagonist, LY326325 (15 or 30 mg/kg, ip) significantly 
improved the functional recovery o f the animals. The development o f the cortical 
compression-induced brain lesion was followed by Nissl staining performed on 
day 1,2,3,5 and 9. The number o f apoptotic cells was markedly increased from 
day 1 to day 3, from day 5 there was a slow, but significant, reduction in the 
number o f apoptotic cells. In analogy to the behavioral data, LY326325 (15 
mg/kg, ip) reduced the number of apoptotic cells on days 1 and day 3. Taken 
together, our data suggest that compression of a specific cortical brain area 
produces a consistent and reproducible neurological deficit accompanied by a 
specifically localized brain lesion. It is proposed that this experimental paradigm 
is a useful model system for the study o f morphological and biochemical changes 
in the scalled penumbra zone induced by brain ischemia as well as for the 
assessment of potential neuroprotective properties of pharmacological agents. 
(Supported by the Swedish Medical Research Council, project No. 7688)

382.13

NEUROPROTECTIVE PROFILE OF SPD-502: A POTENT AND WATER 
SOLUBLE SELECTIVE AMPA ANTAGONIST B.E. Jones*. V. Marcy. P. 
Contreras. M.S. Miller Dept. of Pharmacology, Cephalon, Inc., 145 
Brandywine Parkway, West Chester, PA 19380

Excessive, postsynpatic activation of NMDA and non-NMDA glutamate 
receptor subtypes leads to neuronal death. NMDA receptor antagonists are 
neuroprotective but limited in clinical utility by mechanism based adverse 
events. In contrast, AMPA antagonist have not been evaluated clinically, 
although they have been shown to be potent neuroprotective agents in 
animals models. NBQX, the prototypical AMPA antagonist is a 
quinoxalinedione which has inherent poor water solubility, poor CNS 
penetration and is rapidly excreted by the kidney leading to nephrotoxicity. 
SPD-502 is a novel isatinoximes AMPA antagonist which is CNS penetrant, 
readily water soluble and because of the water solubility is predicted not to 
exhibit renal toxicity. SPD-502 was tested for neuroprotective efficacy in a 
rat (Sprague Dawley) model of permanent middle cerebral artery occlusion. 
Rats were anesthetized and fitted with indwelling femoral vein cannulae prior 
to bipolar coagulation of the MCA. Twenty-four hours post occlusion rats 
were sacrificed and infarct volume was assessed. In the first study SPD-502 
was administered by constant infusion at two doses, 16 mg/kg bolus plus 8 
mg/kg/hr for 24 hours and 8 mg/kg bolus plus 4 mg/kg/hr for 24 hours. Both 
the high and low infusion doses were initiated 5 minutes post occlusion and 
both reduced infarct volume significantly by 25% (p<0.01) and 34% (p<0.01), 
respectively. In a second study, SPD-502 administration (16 mg/kg bolus 
plus 8 mg/kg/hr for 22 hours) was delayed 2 hours post occlusion. In this 
paradigm significant reduction in infarct volume (19%; p < 0.01) was 
demonstrated. These data support the AMPA theory for neuroprotection and 
suggest AMPA antagonists with improved therapeutic ratios may provide 
significant clinical utility.

382.15

BENEFICIAL FUNCTIONAL EFFECTS OF CLOMETHIAZOLE (C, ZEN- 
DRA®) TREATMENT IN A PRIMATE MODEL OF STROKE J.W.B. Mar
shall1; A.J. Cross2; T.K. Murray3; D.M. Jackson3* & R.M. Ridley1 1MRC 
Comparative Cognition Team, Experimental Psychology Dept., University of 
Cambridge, Cambridge, CB2 3EB, UK; 2Astra Arcus, USA2 & Sweden3.

C, which enhances GABAa receptor activity, has neuroprotective properties 
against focal cerebral ischemia in rodents, although its neuroprotective effects 
in other species & its effects on functional outcome have not been extensively 
studied. Permanent middle cerebral artery occlusion (pMCAO) in the marmo
set, produces a syndrome including a motor impairment of the upper limb & a 
hemi-neglect of contralateral space. These resemble the disabilities seen in 
stroke patients following an infarction of a similar neural field. This study ex
amined the effect of C on the functional deficits produced by pMCAO in this 
species of monkey. C was administered 5 minutes after pMCAO, by an i.p. in
jection (4Omg/kg) & by the s.c. implantation of an osmotic mini-pump, which 
provided sustained administration of the drug for 24 hours. A C plasma con
centration at 24 hours of about 18 µM (mean) was achieved. The monkeys had 
been trained & tested preoperatively, & were then re-tested 3 & 9 weeks after 
surgery, on the Hill & Valley staircase tests, which assess arm reaching & 
grasping ability & hemi-neglect. After pMCAO, C-treated monkeys were sig
nificantly better than the lesioned but non drug treated animals at using their 
contralateral arm, & did not exhibit the spatial hemi-neglect seen in the un
treated pMCAO monkeys. C treatment also reduced the area of ischemic dam
age at several stereotaxic levels as assessed histopathologically. This study 
demonstrates the neuroprotective effects of C in a non-human primate species 
& illustrates its ability to ameliorate some of the signs of disability produced by 
a focal cerebral ischaemic lesion.

382.12

THE EFFECT OF CLOMETHIAZOLE (ZENDRA®), DIZOCILPINE,
AR-R15896 AND NBQX ON THE HYPOXIA-INDUCED INCREASE OF Ca2+ 
ENTRY INTO RAT CEREBELLAR GRANULE CELLS IN VITRO.
1A.J.Cross, 2A.R.Green, 1T. Lanthorn*and S.M.P.Anderson 1Astra Arcus USA, 
Rochester, NY 14602, USA. and 2Astra Arcus, Loughborough, LE11 5RH, England.

Neurodegeneration following an ischemic episode is known to be associated with 
excess Ca2+ entry into neurones. We have examined the effect of known 
neuroprotective agents on Ca2+ entry into cultured rat cerebellar granule cells during 
hypoxic conditions.

Cerebellar granule cells obtained from neonatal S.D. pups (7-8 days) were cultured 
for 8-11 days in vitro. Cells were placed for I6h in normoxic or hypoxic medium 
containing [45Ca2+] and allowed to reoxygenate for 120 min. Following 
hypoxia/reoxygenation, [45Ca2+] uptake was increased by over 100% compared to 
cells maintained in normal medium. When established neuroprotective agents were 
added to the hypoxic medium there was a concentration dependent decrease in 
calcium entry allowing calculation o f Log EC50 (M) values: Dizocilpine: -7.47 ± 
0.46; NBQX: -6.01 ± 0.18; AR-R15896: -4.61 ± 0.44; clomethiazole: -3.66 ± 0.37. 
All antagonists completely inhibited hypoxia/reoxygenation induced [45Ca2+] uptake 
at high concentrations.

The observation that antagonists of either NMDA (dizocilpine, AR-R15896) or 
AMPA (NBQX) receptors effectively blocked the hypoxia/reoxygenation induced 
[45Ca2+] uptake, suggests that the Ca2+ flux measured in these studies is not a 
primary event. Supporting this, clomethiazole a neuroprotective drug which has no 
effect at glutamate receptors, but which does enhance GABAa receptor activity, 
shares the property of inhibiting Ca2+ flux.

382.14

BENZODIAZEPINES PREVENT NEURONAL DEATH BY APOPTOSIS 
& NECROSIS IN THE GERBIL HIPPOCAMPUS FOLLOWING 
TRANSIENT CEREBRAL ISCHEMIA. K.A. Miller. H. Sair. S. Norfolk. A. 
Coy and R.D. Schwartz-Bloom*. Dept. Pharmacology & Cancer Biology, 
Duke University Medical Center, Durham, NC 27710.

In our previous studies we found that benzodiazepines prevented cell death 
in the hippocampus following global ischemia. In this study, we determined 
whether benzodiazepine full & partial agonists could prevent both necrosis 
and apoptosis. Mongolian gerbils were subjected to transient global ischemia 
for 5 minutes by occlusion o f the carotid arteries. Diazepam (10 mg/kg, ip) 
or imidazenil (3 mg/kg, ip) was administered 30 and 90 min following 
ischemia. Two, 3 and 4 days later, TUNEL and cresyl violet staining was 
performed on adjacent hippocampal sections to visualize apoptosis and 
neuronal viability, respectively. TUNEL-positive pyramidal neurons in area 
CA1 were not observed until 3 days after ischemia, when significant necrosis 
had occurred within the cell layer. To determine directly if neurons died by 
both apoptosis and necrosis, area CA1 o f hippocampus was subjected to 
electron microscopy. At 2 days after ischemia, pyramidal neurons showed 
phenotypes o f both forms o f cell death, sometimes within the same neuron. 
Diazepam completely prevented TUNEL-positive staining in 57% & 67% of 
the gerbils at 3 & 4 days after ischemia, respectively and completely 
protected pyramidal cells in 86% and 100% of gerbils, respectively. 
Imidazenil was also neuroprotective and prevented TUNEL-positive staining, 
but not to the same extent as diazepam. Thus, benzodiazepines inhibit both 
apoptosis and necrosis in the hippocampus following global ischemia, but the 
full agonist has greater efficacy. Supported by NIH grant # NS 28791 to R.D.S.

382.16
DELTA OPIOID PEPTIDE (DADLE) NEUROPROTECTS AGAINST 
ISCHEMIA-REPERFUSION DAMAGE IN THE STRIATUM AND 
CEREBRAL CORTEX. C.V. Borlongan1*, P.R. Oeltgen2, T.-P. Su1, and Y. 
Wang1. 1Cellular Neurobiology Branch, IRP, NIDA/NIH, 5500 Nathan Shock 
Drive, Baltimore, MD 21224; 2Dept. Pathology, Univ. of Kentucky, Lexington, 
KY 40511.

Low dose, systemic administration of delta opioid peptide [D-Ala2,D- 
leu5]enkephalin (DADLE) has been demonstrated to enhance preservation and 
survival of isolated or transplanted organs (e.g., lungs, heart). More remarkably, 
DADLE pretreatment in isolated rabbit hearts promotes myocardial tolerance to 
ischemia. In the present study, we examined this protective property of DADLE 
in the central nervous system by pretreating young adult rats (250-350g male 
Sprague-Dawley) with DADLE (20 mg/kg every 2 hours X 4 injections, i.p.) or 
saline starting at 6 hours prior to a one-hour unilateral occlusion of the middle 
cerebral artery. Three days after reperfusion, animals were sacrificed and brain 
sections analyzed for extent of infarction using triphenyltetrazollium chloride 
staining. Brains from animals that were pretreated with DADLE had almost 
completely intact striatum and cortex, whereas those from animals that received 
saline showed significant infarction in the lateral striatum and the frontal cortex. 
During the 3-day post reperfusion survival period, daily examination of motor 
dysfunctions using the elevated body swing test, tail-hang postural test, 
spontaneous rotational test, and forelimb akinesia test revealed that animals 
treated with DADLE did not show significant ischemia-induced asymmetric 
behaviors compared to saline-treated animals. These results indicate that DADLE 
exerts protective action against ischemia-reperfusion injury. Additional studies 
suggest that these beneficial effects of DADLE may be mediated by opioid, as 
well as non-opioid mechanisms. (Supported by IRP, DRP, NIDA/NIH)
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382.17

CARVEDILOL, A NOVEL β-BLOCKER, AFFORDS PROTECTION IN A MODEL 
OF TRANSIENT FOCAL CEREBRAL ISCHEMIA. D. M. Rosenbaum1*, S. I. 
Savitz1. J. V. Anthony1. G. Z. Feuerstein3 and J. A. Kessler1,2. Depts. 1Neurology 
and 2Neuroscience, Albert Einstein Coll of Medicine, Bronx, NY 10461; 
3SmithKline Beecham Pharmaceuticals.

Carvedilol is a novel β-blocker that has been shown to be effective for the 
treatment of hypertension as well as congestive heart failure. In addition, 
carvedilol and several of its metabolites are potent antioxidants and may act to 
inhibit free radical-induced activation of transcription factors and apoptosis. 
There is increasing evidence that free radicals are important mediators of 
ischemic neuronal cell death which may be due in part to apoptosis. The 
purpose of this study was to determine if carvedilol would afford protection in a 
model of transient focal ischemia. Transient focal ischemia was induced by the 
intraluminal suture model (MCAO) in Sprague-Dawley rats for three hours. 
Carvedilol 10m/kg/day was administered IP for either 2 or 4 days prior to the 
induction of ischemia. A graded neurologic exam was performed at 24 hrs 
before the brains were removed for TTC staining. Both groups of treated 
animals showed significant reductions in infarct size as compared to the vehicle- 
treated controls. Additionally, the carvedilol-treated animals had significantly 
improved function as determined by the graded neurologic exam. There was no 
significant change in blood pressure or temperature between the different 
groups. These data support the hypothesis that free radical mediated cell death 
plays an important role following transient focal cerebral ischemia and that 
carvedilol may be neuroprotective when given prophylactically.

Supported by NIH-EY11253 (DMR) and NIH-NS20778, NS20013 (JAK).

382.19
IS C H E M IC  INSU RY F O LLO W IN G  M ID D L E C E R E B R A L  A R T E R Y  
O C C LU SIO N  IN M O N O A M IN E OX IDASE B -D E F IC IE N T  M IC E
DP Holschneider1,2,5*, OU Scremin5,6, Ly Huynh6, K ,Chen l . JÇ Shih3,4. Depts. of 
1Psychiatry, 2Neurology, 3Cell and Neurobiology, USC School of Medicine, Dept. of 
4Molec. Pharmacol. and Toxicol., USC School of Pharmacy; 5WLA VAMC; Dept. of 
6Physiology, UCLA, School of Medicine, Los Angeles, CA.

Monoamine oxidase B (MAOB) increases in brain in response to aging and 
neurodegeneration. Whether such increases represent a risk factor to further neuronal 
damage or simply represent epiphenomena remains unclear. L-deprenyl, an inhibitor 
of MAOB, has been shown to be neuroprotective in several experimental paradigms. 
However, recent data suggests this may occur through mechanisms independent of its 
enzymatic inhibition. This study investigates whether absence of the gene for MAOB 
or administration of L-deprenyl provides protection from cerebral ischemia.

Adult male wild type mice (WT) received intraperitoneal (i.p.) administration of 
saline (WT+SAL, n=9) or 10 mg/kg L-deprenyl (WT+DEP, n=5) 3 times a week for 3 
weeks. Mice lacking the MAOB gene (KO) received i.p. administration of saline 
(KO+SAL, n=8). Animals underwent ligation of the left common and external carotid 
arteries, followed by cauterization of the ipsilateral middle cerebral artery. 24 hours 
postsurgery mice from all groups showed preferential flexion of the torso ipsilateral to 
the lesion but no evidence of limb weakness, lateral instability, or rotation. Animals 
were sacrificed and infarct volume and cerebral swelling were assessed from digitized 
video-images of serial sections of the brain stained with Hematoxylin/Eosin. 
Ischemic changes were discrete and localized within lateral cortex of all animals. No 
significant group differences were detected in infarct size (WT+SAL= 28±4mm3, 
WT+DEP= 33±2mm3, KO+SAL= 36±3mm3; % of ipsilateral cortex: WT+SAL= 
14±2%, W T+DEP=16± 1%, KO+SAL= 18± 1%). Our results suggest that absence of 
the MAOB gene or inhibition of the enzyme with L-deprenyl are not protective in an 
animal model of acute cerebral infarction. Supported by the US Dept. of Veterans 
Affairs, a Mentored Clinical Science Development Program Award #5-K12-AG- 
00521, NIMH grants R 01 MH 37020, R37 MH39085 (MERIT Award), a Research 
Scientist Award K05 MH 00796 and the Boyd and Elsie Welin Professorship.

382.18
DELAYED ADMINISTRATION OF AMPHETAMINE IMPROVES FUNCTIONAL 
RECOVERY AFTER TRANSIENT FOCAL ISCHEMIA IN RATS. M. A. 
Schumm and J. Sagen*. CytoTherapeutics, Inc.; Lincoln, R I 02865.

Therapeutic interventions which can improve post-stroke recovery when 
administered days after stroke would have important clinical relevance. Adrenergic 
agonists have shown to be useful in alleviating deficits following motor or sensory 
cortex ablations in animal models. Human clinical studies have suggested that 
amphetamine (AMPH) can permanently improve functional motor skills even when 
given one month following the stroke. The goal of this study was to characterize 
beneficial behavioral effects resulting from delayed AMPH administration in a rodent 
stroke model. Transient middle cerebral artery occlusion (MCAO) was performed by 
inserting a poly-L-lysine coated suture into the right internal carotid artery to the 
origin of the MCA for two hours. They were divided into four groups: Group A 
received MCAO surgery and AMPH injections; Group B MCAO surgery and saline 
injections; Group C sham surgery and AMPH injections; Group D sham surgery and 
saline injections. AMPH (d-amphetamine sulfate, 4 mg/kg i.p.) and saline ( 1 µl/g 
i.p.) injections were given beginning on day 4, and again at days 8 , 12, and 16 post-
stroke. Functional recovery was assessed by a battery of behavioral tests over a period 
of four weeks. Preliminary findings in the staircase test, a measure of skilled forepaw 
dexterity which detects deficits in the contralateral forepaw of the infarct, indicated 
significant improvement in the MCAO + AMPH group when compared to the MCAO 
+ saline group. Sham surgery animals did not display deficits. The bilateral 
asymmetry test, a measure of sensory-motor integration, also showed significant 
improvement in the MCAO + AMPH group. Rotorod results showed a non
significant trend towards improvement. Histology did not reveal obvious gross 
differences in infarct size between the AMPH and saline MCAO groups. This study 
further supports the use of adrenergic agonists in the treatment of stroke. In addition, 
this intervention indicates that the therapeutic window of opportunity may extend 
beyond the acute initial three hours immediately following stroke.
Supported by CytoTherapeutics, Inc.

382.20

MAO-B INHIBITION BY A SINGLE DOSE OF 1-DEPRENYL OR LAZABEMIDE 
DO NOT PREVENT NEURONAL DAMAGE IN FOCAL CEREBRAL ISCHEMIA 
IN RATS. J. Jolkkonen,1* A. Haapalinna,2 L. Nyman,2 and J. Sivenius1. 1Dept. o f 
Neurology and A.I. Virtanen Institute, University o f Kuopio, Kuopio, and 2Orion 
Pharma, Turku, Finland.

1-Deprenyl, an irreversible inhibitor o f monoamino oxidase B (MAO-B), has 
neuroprotective effects in a variety of experimental models including cerebral 
ischemia possibly by a mechanism that is independent from MAO-B inhibition. In this 
study, we investigated whether a long-lasting MAO-B inhibition by a single dose of 1- 
deprenyl given postischemia reduces infarct volume in rat focal cerebral ischemia. 
Infarct volume after 1-deprenyl was compared to that o f equipotent dose of 
lazabemide, a reversible and short-acting MAO-B inhibitor.

Halothane anesthetized rats were subjected to 90 min occlusion o f the middle 
cerebral artery (MCA). 1-Deprenyl and lazabemide were administered as an 
intravenous infusion immediately after occlusion (bolus over 5 min followed by a 90 
min infusion). The total drug dose for 1-deprenyl and lazabemide was 0.3 mg/kg. This 
dose decreased MAO-B activity by 45-55% but did not produce significant MAO-A 
inhibition. Estimation o f infarct volume was performed 72 h after MCA occlusion 
from NBT- and Nissl -stained frozen sections using an image analysis system.

There were no severe alterations in the physiological variables during operation in 
rats treated with 1-deprenyl or lazabemide. Weight gain and behavioral scores during 
the three-day recovery period did not differ from controls. The infarct volume in the 
whole hemisphere, cortex, and striatum were not different between experimental 
groups.

A single administration o f equipotent doses o f 1-deprenyl or lazabemide after focal 
cerebral ischemia in rats did not affect infarct volume. This suggests that MAO-B 
inhibition (irreversible or reversible) during ischemia/reperfusion by these drugs or 
MAO-B independent mechanisms (e.g., suppressed oxidative stress, induction of 
trophic factors) are not sufficient to protect against acute cell damage in this model.

ISC H EM IA : N E U R O T R A N SM ISSIO N  A N D  IN V ITR O  M O D ELS

3 83 .1

T R A N S IE N T  SU P P R E SSIO N  O F  B R A IN S T E M  A U D IT O R Y  
E V O K E D  R E SPO N S E S (B A E R ) A F T E R  R E S U S C IT A T IO N  FR O M  
C A R D IA C  A R R E S T  IN  T H E  L O N G -E V A N S  R A T: PO SSIBL E  
R O L E  O F C A R B O N  D IO X ID E . K. H . R e id *, B . P aten au d e, S .Z . G uo  
and V. G . Iyer D epartm ents o f  A nat. Sci. N eu rob io l. and N eurology, 
U niversity o f Louisville School o f  M ed icine, L ouisville  K Y  40292.

In a  previous study (R esusc. 36 :65 -70 ,1998 ) w e  observed  that in  this 
cardiac arrest m od el B A E R s w ould  occasionally  b e  suppressed for 15- 
30 m inutes after CPR , w ithout a latency shift ind icative o f  C N S failure. 
W e have m easured arterial PC O 2 during this period  and found values  
in excess o f  200 m m H g, in rats w ith adequ ate oxygenation  and b lood  
pressure. T he high PC O 2 was due to inad eq uate gas exchange, and was 
easily rem edied by provision o f  adequ ate ventilation . D esp ite  the high  
PCO2, spontaneous respiration b egan  reliably during this period. Thus 
a PC O 2 level associated  with com p lete  suppression  o f  th e B A E R  does  
not suppress spontaneous respiration. H ow ever, if  increasing PC O 2  
fails to  restart spontaneous respiration, and artificial respiration is 
continued w ithout adequate gas exchange, the PC O 2 can go  m uch  
higher, into the narcotic range: w e have docu m en ted  an arterial PC O 2  
in excess o f  500 m m H g in  on e  rat. Provision o f  ad equ ate ventilation  
reversed even  this level, and the rat recovered  w ith out ill effects.

Supported by a grant from the Jewish Hospital Foundation, Louisville, KY.

383.2

A lter a tio n s  o f  n eu r on al  e x c it a b ility  and  c o r t ic a l  o sc il l a tio n s  in

THE VICINITY OF A PHOTOTHROMBOTIC INFARCT IN THE CORTEX OF THE 
RAT. K. Schiene*. C. Bruehl and O.W. Witte. Dept. of Neurology, Hėinrich-Heine- 
University, Moorenstr. 5,40225 Duesseldorf, Germany.

It  has been shown that cortical lesions are associated with a pronounced decrease in 
neuronal inhibition in surrounding and remote brain regions. In this study we investigated 
alterations in the neuronal excitability and evoked cortical oscillations in the vicinity of 
photothrombotic ischemic cortical lesions in vivo . Using the Rose Bengal technique 
photothrombotic lesions with a diameter of about 2 mm were induced in the sensory 
cortex of the rat brain. After one week of recovery extracellular recordings with tungsten 
microelectrodes were performed in the neighboring cortical vibrissa representation 
(barrel cortex) on slightly anesthetized animals. In a first series of experiments electrical 
stimuli were applied epicortically. This stimulation induced a short latency response 
terminated by an inhibitory period. Following this inhibition, oscillations with a mean 
interburst frequency of 10 to 20 Hz occurred. In lesioned animals these oscillatory 
component was prolonged and the number of neuronal discharges per oscillatory event 
were enhanced. In the second series of experiments sensory stimuli were applied using 
vibrissa deflections. After vibrissa stimulation similar cortical oscillations in the range 
of 10 to 20 Hz occurred, restricted mainly to the cortical representation of the stimulated 
vibrissa. In lesioned animals vibrissa stimulation leads to a more widespread and stronger 
oscillatory activity. Stimulation of one vibrissa induced oscillations not only in their 
cortical barrel, but also in the major part of the barrel field. Within these oscillations the 
number of neuronal discharges were enhanced. The study shows that a cortical lesion 
results in a widespread hyperexcitability in the surround of a photothrombotic lesion, 
with increased neuronal excitability and oscillatory activity.

Supported by DFG, SFB 194 B2
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383.3
BLOCK OF NEUROTRANSMITTER RECEPTORS THAT MODULATES Ih 
DEPRESSES THE RESPONSE OF THALAMOCORTICAL NEURONS TO 
HYPOXIA. H.L. Wallace*, G. Erdemli and V. Crunelli. Physiology Unit, 
MOMED, University of Wales, Cardiff, UK.

The effects of brief periods of hypoxia (4 min of 95 %  N2 - 5 % CO2) were 
examined in thalamocortical neurons of the rat dorsal lateral geniculate nucleus 
slices, kept submerged at 32°C. Whole-cell patch clamp recordings were 
performed in the presence of kynurenic acid ( 1 mM) and picrotoxin (100 µM). 
Patch electrodes were filled with (mM):118 KMeSO4 (in some cells Cs-gluconate), 
18 KCI, 10 Hepes, 2 EGTA, 0.2, CaCl2, 2 Mg-ATP, 0.83 Na-GTP and 8 NaCl.

In 37 cells, hypoxia caused an increase in instantaneous input conductance (Gn) 
of l 06.7±20.l%  (from 4.8±0 .4 nS), accompanied by an inward shift in baseline 
holding current (ΔIBH= -63±10 pA) at a holding potential of -65 mV. Since our 
previous experiments (Erdemli & Crunelli, J. Neurosci., 1998, in press) suggest 
that presynaptic mechanisms could be involved in this response, we further 
assessed this hypothesis by testing the effect of broad spectrum antagonists of 
several neurotransmitter receptors: methysergide (20 µM, n=5), cimetidine (50 
µM, n=6 ), (S)-4C3H-PG (300 µM, n=6 ), L-NAME ( 100 µM, n=4) and 
propranalol (30 µM, n=6 ). Combined bath applications of all these antagonists 
produced a marked reduction of the hypoxia-induced changes in GN (ΔGN= 54.9 ± 
18.5 %) and IBH(ΔIBH= -29±16 pA) (n=12) while each antagonist, applied alone, 
only slightly depressed the hypoxic response.

In conclusion, these data support our hypothesis that an increase in the release of 
5HT, histamine, NA, glutamate and NO may be responsible for the hypoxic 
response o f thalamocortical neurons probably by a synergistic action on cAMP 
and cGMP.

Supported by The Wellcome Trust (grant 37089).

383.5
HYPOXIA ENHANCES SPONTANEOUS SYNAPTIC RELEASE IN 
LAYER V OF MOUSE NEOCORTEX. C. Gebhardt1, U. Heinemann1, M.J. 
Gutnick2, I.A . Fleidervish2*. 1Dept. of Physiology, Humboldt University 
Berlin, Germany; 2Zlotowski Center for Neuroscience and Dept. of 
Physiology, Ben Gurion University o f the Negev, Beer Sheva, Israel.

Cerebral hypoxia rapidly causes EEG changes and loss of consciousness. 
In neocortex, one o f the brain structures most vulnerable to hypoxia, oxygen 
deprivation induces marked suppression of stimulus-evoked excitatory and 
inhibitory synaptic events (Luhmann and Heinemann, 1992). We have used 
patch-in-slice recording to examine its effects on spontaneous synaptic 
activity.

Whole cell recordings were made from layer V neurons in mouse 
neocortical slices (35°C) using Cs-gluconate filled pipettes. Hypoxic episodes. 
produced by switching the gas flow over the slice from 95% O2-5% CO2 to 
95% N2 -5% CO2 for 4 min, rapidly and reversibly increased the frequency of 
sEPSCs and sIPSCs. Within a minute, the mean frequencies o f sEPSCs and 
o f sIPSCs increased by 35 ± 20 % (mean ± SD; n=6) and 30 ± 15 % (n=5), 
respectively. Recovery was complete within 15 min o f reoxygenation. The 
effect o f hypoxia was not due to a change in presynaptic spiking, since it 
persisted in the presence o f TTX (n=5) and in Ca2+-free perfusate (n=3).

Evidence indicates that the same pool o f synaptic vesicles is shared by both 
action potential-dependent and independent release mechanisms. Our data thus 
suggest that the previously reported hypoxia-induced depression of evoked 
PSPs may reflect synaptic depletion due to enhanced spontaneous release.

Supported by the German-Israel Foundation fo r  Scientific Research.

383.4
T H E  IN FL U E N C E  O F H E PE S B U F F E R  AND Na+-H + EX CH A N G E 
IN H IB IT IO N  ON pH  AND SY N A PTIC  TR A N S M ISSIO N  IN RAT 
H IPPO C A M P A L S LICES B E FO R E, DU RING , AND A F T E R  A N OXIA. E.L.
Roberts. Jr.1,2*, J. He2, and C.-P. Chih1. 1Geriatric Research, Education, and 
Clinical Center, Miami VA Medical Center, Miami, FL 33125, and 2Department 
o f  Neurology, University o f  Miami School o f Medicine, Miami, FL 33136 

We investigated whether inhibition o f mechanisms regulating intracellular pH 
affected how well rat hippocampal slices recovered from anoxia. Intracellular (pH¡) 
and extracellular (pHo) pH were m easured before, during, and after anoxia in the 
CA1 subfield o f  slices. Synaptic transmission was assessed from the magnitude o f 
the postsynaptic orthodromic population spike recorded from stratum pyramidale 
o f  CA1. Slices were bathed in artificial cerebrospinal fluid (ACSF) buffered with 
24 mM sodium bicarbonate (control) or 24 mM HEPES. HEPES-buffered ACSF 
was used to inhibit HCO3-dependent pH regulation in slices. In some experiments, 
100 µM 5-(N-methyl-N-isobutyl)-amiloride (MIA), a blocker o f  N a+-H+ exchange, 
was added to control ACSF. Resting pH i and pH o were lower in slices exposed to 
HEPES-containing ACSF compared with those in control ACSF. Slices exposed 
to MIA had higher resting pHo values but unchanged resting pHi values compared 
with control ACSF. During anoxia, slices in HEPES ACSF had significantly lower 
pH i and pHo values compared with control or MIA ACSF. However, the time 
needed for the onset o f anoxic depolarization (TAD) in slices was the same in 
HEPES and control ACSF. Slices in MIA ACSF had a shorter TAD compared 
with control, but the acidification at anoxic depolarization was similar to control. 
pH¡ and pHo recovered more slowly in slices exposed to HEPES ACSF compared 
with control or MIA ACSF. After anoxia, synaptic transmission did not recover 
in slices exposed to HEPES or MIA ACSF even though pH i and pHo did recover. 
These results may mean that HEPES and MIA inhibit the postanoxic recovery of 
synaptic transmission by mechanisms not necessarily related to pH regulation. 
(Supported by a grant from the National Institute on Aging (AG08710), and by the 
Office o f  Research and Development (R&D), Medical Research Service, 
Department o f Veterans Affairs (VA))

383.6
HIPPO CA M PAL EXCITABILITY CH A N G ES IND UCED BY " IN VITRO"
ISCHEMIA: M OD ULA TION BY GLUCOSE. A. Emmi, D.W. New ell , L.B. 
N guyen, D.L. Silbergeld*, D. Janigro. D ep t. of N eurosurgery  Univ. of 
W ashington, Seattle, WA 98104.

M echanism  of neuronal dam age are the target o f in tensive investigations 
leading  to approaches an d  stra teg ies for neuroprotection . The chronic in 
vitro h ippocam pal slice p rep ara tio n  has been extensively used  to s tu d y  the 
cellular m echanism s leading to selective ischem ic dam age. P revious resu lts 
d em onstra ted  that neuropro tection  by NM D A recep to r an tagonists 
(NM DA-RA) vanishes w hen glucose is p resen t d u rin g  the anoxic insult. We 
hypo thesized  th at anoxia-aglycem ia causes increased  py ram id al cell 
excitability, leading  to excitotoxic n euronal d ea th  p reventable  by NM DA- 
RA; glucose m ay antagonize this increase in excitability by  a yet unknow n 
m echanism , possibly involving p H o. To test this hypothesis  w e recorded  
evoked and  spon taneous synaptic  potentials in CA1 an d  CA3 fields during  
oxygen deprivation  in the presence o r absence of glucose. O ne h o u r of in 
vitro anoxia (33 m M  glucose) slightly  decreased  (-10 to -20 %) popu lation  
spike am plitude  (PSA) in CA1 and CA3; in contrast, the sam e anoxic insult, 
b u t w ith o u t glucose, increased PSA by 10 an d  30% in CA1 and  CA3 
respectively. D uring anoxia-aglycem ia, a fterd ischarge activity  and 
spon taneous bursting  sp read in g  from  CA3 to CA1 w as frequently  
observed; neuronal hyperexcitab ility d id  not occur d u rin g  norm oglycem ic 
anoxia. W e conclude that the failure of NM D A-RA n europro tec tion  after 
anoxic-norm oglycem ic insults m ay be due  to the absence of 
electrophysiological changes an d  neuronal hyperexcitab ility  observed 
d u ring  aglycem ic anoxia. [NIEHS, ES 07033 NIH-NS 51614].

383.8
SPREADING DEPRESSION MODULATED BY INTRINSIC ALKALINE 
SHIFT IN RAT HIPPOCAMPAL SLICES. C .K . Tong & M. C h e s le r *
Dept. Physiol./ Dept. Neruosurgery, NYU Med Ctr 550 1st 
Ave NY NY 10016.

Spreading depression (SD) has been implicated in mechanisms of 
ischemic-traumatic brain injury. Thus, NMDA receptor block reduces 
both the incidence of SD and the injury volume in stroke models1. 
Yet, ischemic interstitial acidosis (pHo 6.6 - 6.9) alone would be 
expected to limit such processes, due to H+ block of NMDA receptors. 
We hypothesize that the alkalosis accompanying SD relieves the H+ 
block and thus enhances SD propagation. This was tested in 
hippocampal slices at pHo ~ 6.9 ([HC03]=13 mM). SD was initiated 
by microejection of 1.2 M KCI into CA1 stratum radiatum. Resulting 
SDs were recorded by a proximal 2-barreled pH microelectrode and a 
distal voltage electrode. After several control SDs, interstitial 
buffering was reduced by the extracellular carbonic anhydrase 
inhibitor benzolamide (10 µM), which amplified the SD alkaline shift 
from 0.21 ± 0.09 to 0.38 ± 0.04 pH units2. In benzolamide, the 
propagation velocity increased 38 ± 19% (n = 7 slices, p < .01, paired 
t test). At pHo ~ 7.2 benzolamide did not alter propagation. These data 
are consistent with the idea that excitotoxic injury via NMDA 
receptors would be enhanced due to transient release of the H+ block 
at the onset of SD. These data suggest that pHo dynamics play a 
significant role in the manifestation of ischemic injury. 1. Iij ima et al 
JCBFM 12:727-733. 2 Chesler & Kaila TINS. 15:396-402. Supported by NINDS 
grant P50 NS34115.
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383.7
POWERFUL PROTECTION OF GLUCOSE AGAINST ANOXIC TRANSMISSION 
DAMAGE IN RAT HIPPOCAMPAL SLICES. G,-F. Tian* and A.J. Baker. Brain Injury 
Research Laboratory, Cara Phelan Centre for Trauma Research and Department of 
Anaesthesia, St. Michael’s Hospital, University o f Toronto, 30 Bond Street, Toronto, 
Ontario, CANADA M5B 1W8

Using hippocampal slices (400 µm thick) obtained from male Sprague-Dawley rats 
(37-41 days old), this study examined the effect o f glucose concentration in artificial 
cerebrospinal fluid (ACSF) on the recovery o f synaptic transmission from anoxic 
challenge. ACSF with different concentrations of glucose and saturated with 95% O2, 
5% CO2 (control) or 95% N2, 5% CO2 (anoxia) perfused the slices at a rate 7.0-9.0 
ml/min (36.5 ±  0.5 °C) from 15 min prior to and during anoxia, and throughout the 
recovery period. The population spike (PS) responses were evoked by stimulation of 
Schaffer collateral afferents in the stratum radiatum and recorded extracellularly in the 
somatic layer o f the CA1 region. Synaptic transmission recovery was determined by 
measurement o f PS amplitude at the end of 1.0 h reoxygenation after anoxic challenge 
and expressed as a percent of baseline amplitude. The PS was completely abolished 
within 2.0 min after anoxic challenge in all cases. The baseline amplitude ranged from 
4.4 to 9.4 mV (6.7± 1.5 mV, n= 18). The results are shown in the following table:

These results demonstrate that glucose powerfully protects synaptic transmission against 
in vitro anoxic damage. Supported by St. Michael’s Hospital Foundation.

Glucose
(mM)

Anoxia Duration 
(min)

n Recovery o f Population spike
%

4 10 3 0
10 10 4 103.21 (±8.56)
10 60 3 75.37 (± 2 7 .4 1)
20 60 4 123.92 (±27.37)
20 120 1 124.32
20 180 3 89.252 (± 37.72)
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383.9
SPREADING DEPRESSION MEDIATES ACUTE NEURONAL DAMAGE INDUCED 
BY OXYGEN/GLUCOSE DEPRIVATION IN NEOCORTICAL SLICES.
Cathryn R. Jarvis*and R.David Andrew, Department of Anatomy and Cell Biology, 
Queen’s University, Kingston, Ontario, Canada K7L 3N6.

Spreading depression (SD) is associated with ischemia and has been characterized 
in neocortical tissue using electrophysiological methods. However measuring 
intrinsic optical signals, particularly elevated light transmittance (LT), permits SD 
initiation and propagation to be visualized across an entire brain slice. Here we 
measured the dynamic changes in LT associated with SD in rat neocortical slices 
during simulated ischemia. Vibratomed (350 µm) coronal slices were submerged in 
oxygenated (95% O2/ 5% CO2) artificial cerebrospinal fluid (aCSF). Oxygen/glucose 
deprivation (OGD), which simulates ischemia in vitro, was induced by reducing 
glucose from 11 mM to 1 mM and gassing the aCSF with 100 % N2. In 24 of 24 
slices, a 10 minute exposure to OGD at 37.5 °C produced a dramatic increase in LT 
that spread along the neocortex. The ignition site was usually in the lateral cortex 
but co-activation could occur along the longitudinal fissure. SD was visualized as 
an initial focal increase in LT in layers III or IV that spread along adjacent cortex 
and into layers I-VI. The signal then decreased to below baseline, showing an 
irreversible decrease in LT. This was correlated with neuronal damage as assessed 
histologically. The average onset time of SD ignition following the start of OGD 
application was 7.5 ± 1 .17 min and the LT propagation rate was 1.4 ± 0.5 mm/min 
(n=8 slices). SD induced by OGD and the resultant damage persisted in the presence 
of 1-2 mM kynurenic acid (n=8 slices), although the onset of SD was delayed by 
approx. 2 min in some slices. We conclude that in submerged neocortical slices, 
OGD-induced spreading depression during metabolic compromise is an important 
determinant of acute neuronal damage. This damage does not appear to require 
glutamate receptor activation. Supported by HSFO and MRC o f Canada.

383 .11

AGGREGATING BRAIN CELL CULTURES AS A MODEL TO STUDY 
SELECTIVE NEUROTOXIC ISCHEMIA-RELATED MECHANISMS. B. 
Pardo* and P. Honegger. Institute of Physiology, Faculty of Medicine, 
University of Lausanne; Lausanne 1005.

Rotation-mediated aggregating brain cell cultures were studied at 
a relatively advanced developmental stage (DIV 20-30). A transient (1-3 
h) arrest of media flow (stationary conditions) induced an irreversible 
decrease in neuron-specific enzymatic activities and total protein and 
DNA content, accompanied by a proportional increase in lactate 
dehydrogenase release. GABAergic neurons appeared more vulnerable 
than cholinergic neurons to these ischemia-like conditions, although they 
showed a comparable distribution in the aggregates. Glial cells were 
affected only in the most severe ischemic conditions. Similar results were 
obtained in aggregating cell cultures subjected to hypoxia (exposure of the 
cultures to an anaerobic gas atmosphere for 1-3 h). The uptake of 2- 
deoxyglucose was greatly stimulated in both the hypoxic and stationary 
conditions. Using low glucose medium (containing 5.5 mM instead of 25 mM 
glucose), both the hypoxia- and ischemia-induced impairments were 
greatly augmented. Reduced glucose (< 2 mM) in normoxic conditions also 
induced neuronal and particularly GABAergic damage. Early and 
reversible d isappearance of neuronal markers (m icrotubules, 
neurofilaments), but not glial markers, was found in the central part of the 
aggregates following either hypoxic or ischemic conditions, indicating 
early induction of proteolytic activity in neurons. Furthermore, microglial 
activation was observed. The former data are in good agreement with in 
vivo findings, suggesting that this in vitro system provides a useful model 
to study ischemia-related pathogenic mechanisms. (Supported by the 
Swiss National Science Foundation and the Research Foundation 3R)

383.10
AN IN VITRO RETINA MODEL TO STUDY NEURONAL FUNCTION AND 
METABOLISM FOLLOWING ISCHEMIA. J. Y. Malek, A. Quinones-Hinojosa.
C. S. Ogilvy. A. Ames III*, and K. I. Maynard. Dept, o f Neurosurgery,
Massachusetts General Hospital and Harvard Medical School; Boston, MA 02114

Most in vitro studies involving neuronal ischemia use biochemical measures and/or 
cell counting to assess cell death. We describe a model using the in vitro rabbit retina 
in which we recorded light-evoked compound action potentials (CAPs) from the optic 
nerve to assess functional recovery following ischemia, and measurements of glucose 
utilization and lactate production to assess metabolic recovery.

In retinas maintained under control conditions, CAPs remained constant for 8 h 
(n=4) and glucose utilization and lactate production remained constant for at least 6 h 
(n=7). At the onset of “ ischemia” (induced by decreasing glucose from 6 mM to 1 
mM and oxygen from 95 % to 15 %), CAPs fell to 50 % of the control value in 3-4 
min, and to 0 % in 6-8 min. Glucose utilization and lactate production fell to ~50 % 
of the control values. Recovery during 3-4 h of “return to control” conditions 
depended on the length o f the ischemia. CAPs returned to 50 % of controls after ½ h 
o f ischemia (n=7), to 20 % after 1 h o f ischemia (n=7), and to 0.8 % after 2 h of 
ischemia (p<0.05 for differences, Repeated Measures (RM) ANOVA). Glucose 
utilization recovered to 80 % of controls after 1 h o f ischemia (n=4), but fell to 20 % 
of controls after 2 h of ischemia (n=6) (p<0.01 for differences, RM ANOVA).
Lactate production recovered to 80 % after 1 h o f ischemia (n=4) and to 60 % after 2 
h o f ischemia (n=6) (p<0.01 for differences, RM ANOVA).

The isolated retina preparation provides an opportunity to use both functional and 
metabolic criteria in testing protection against ischemia, under circumstances in which 
the blood brain barrier is not a problem in introducing the agents and in which 
possible vascular effects of the agents can be excluded.

AQH supported by HHMI, CSO supported by NIH and KIM supported by AHA.

383.12

A STATIC-PERFUSION ISCHAEMIA MODEL OF ORGANOTYPIC 
HIPPOCAMPAL CULTURES IN  VITRO. M. Frantseva. S.S. Jahromi*. P.L. 
Carlen. H. El-Beheiry. Playfair Neuroscience Unit, Toronto Western Hospital, 
Toronto, ON, Canada

Organotypic brain slices cultured on semiporous membranes is an increasingly 
popular in vitro preparation for studying mechanisms of ischemic brain damage. 
To model in vivo  hypoxia, cultured brain slices are exposed to anaerobic 
atmosphere by placing them into special incubator. This requirement, limits the 
use of in vitro  ischemic models to highly specialized laboratories. Here, we 
describe a simple model that reproduces ischemic injury, whereby cultured 
hippocampal slices are submerged into glucose-free deoxygenated medium for one 
hour. The extent and distribution of hippocampal neuronal loss obtained with this 
treatment resembled that caused by hypoxia in living tissue in situ; CA1 
pyramidal layer was the most, and dentate granular layer was the least vulnerable 
region of hippocampal slices, as measured with fluorescence o f the viability 
marker propidium iodide. Electrophysiological functional impairment, confirmed 
with field recordings of CA1 pyramidal layers, temporally coincided with neuronal 
loss documented with propidium iodide fluorescence. Our model o f ischemia has 
also been shown to be highly sensitive to neuroprotective strategies, such as 
hypothermia and the sodium channel blocker pnenytoin. In conclusion, the 
described in vitro model of ischemia is simple, reliable and o f low cost. It is well- 
suited for long and short-term studies of ischemic brain damage and has clear 
advantages over other more complex models.

ISCHEM IA: N O N -N EU R O N AL CELLS  

384.2384.1

EXCITOTOXIC AND OXIDATIVE INJURY MECHANISMS IN CULTURED 
OLIGODENDROCYTES. S.P. Althomsons, L.L. Dugan, , G.A. deErausquin*, 
and M.P. Goldberg. Dept. of Neurology, Center for the Study of Nervous System Injury, 
Washington Univ. School of Medicine, St. Louis, MO 63110.

Oligodendrocytes are vulnerable to injury produced by free radicals or by 
excessive activation o f glutamate receptors (excitotoxicity). We previously found 
that cultured oligodendrocytes (OLs) express functional AMPA receptor subunits, 
and can be killed by exposure to AMPA, glutamate, or oxygen-glucose deprivation 
(McDonald et al., Nat. M ed.4:29l, 1998). These insults can be blocked by addition 
of an AMPA antagonist, NBQX, but not by free radical scavengers shown to reduce 
oxidative injury in OLs. Here we re-assessed a role o f oxidative stress using 
additional antioxidant compounds, including a potent, cell-permeant free radical 
scavenger, carboxyfullerene (C3 derivative o f C60, Dugan et al., PNAS 94:9434, 
1997). Mixed glial cultures obtained from postnatal mouse cerebral hemispheres 
were maintained in vitro for 3-5 weeks, then exposed to menadione (30 µM), 
AMPA (200-300 µM), or oxygen-glucose deprivation (OGD, 120-150 min). OL 
death was assessed 24 hr after exposure onset by counting cells immunoreactive to 
the cell surface marker, galactocerebroside-C (Gal-C). Each o f the insults resulted 
in widespread (>50%) reduction in OLs, without astrocyte death. OL death 
produced by the free radical generator, menadione, was blocked by several 
antioxidants, including C3 (10 µM), cysteine (100 µM), PBN (100 µM), trolox (30 
µM) but not by the AMPA antagonist NBQX. In contrast, OL death from AMPA 
or OGD were blocked by NBQX, C3, cysteine, and vitamin C (30 µM), but not by 
PBN, trolox, idebenone, or U. These results suggest that hypoxic injury in OLs is 
mediated by activation o f AMPA receptors, with subsequent generation of toxic 
intracellular free radicals. Antioxidant pharmacology depends on the mechanism of 
free radical production. Carboxyfullerene antioxidants may be protective in white 
matter injury dominated by death of oligodendrocytes.

This work was supported by NIH grants NS36265, NS32636 and AG00599.

SUBCELLULAR TRANSLOCATION OF EXTRACELLULAR 
SIGNAL REGULATED KINASES ERK1 AND ERK2 DURING 
OXIDATIVE STRESS IN OLIGODENDROCYTES.
N. Altiok, F.E. Jensen*, P.A. Rosenberg, and J.J. Volpe. Department of 
Neurology, Children’s Hospital, Harvard Medical School, Boston, MA 
02115.

The oligodendrocyte (OL) is a key target of ischemic injury in 
premature infants. In  vitro , oxidative stress caused by glutathione deple
tion induces cell death in preOLs that shows characteristics of apoptosis 
such as shrinkage o f cytoplasm and chromatin condensation. In the cur
rent study we investigated the signal transduction pathway involved in the 
mechanism of cell death triggered by oxidative stress. The extracellular 
signal regulated kinases, ERK1 and ERK2 (ERKs) are essential for sig
naling of various extracellular stimuli to the nucleus. Upon stimulation 
ERKs are translocated to the nucleus and trigger either proliferation or 
differentiation depending on the cell type. Immunocytochemical local
ization showed that ERKs were strictly localized to the nucleus of preOLs 
even in the absence of growth factors bFGF and PDGF for 48 hours. 
With oxidative stress induced by glutathione depletion, secondary to cys
tine deprivation, nuclear localization of ERKs was markedly reduced 
and an increase in cytoplasmic staining was observed. Consistent with this 
finding, immunoblots using an antibody against phosphorylated forms 
of ERKs revealed that under oxidative stress phosphorylation of ERKs 
was markedly diminished. In addition, inhibition of activation of ERKs 
by 20µM PD098059 was toxic to preOLs suggesting a requirement for 
ERK activation for their survival. These findings suggest that transloca
tion of ERKs from the nucleus to the cytoplasm may be an early event in 
the pathway leading from oxidative stress to apoptosis in preOLs. 
F unded  by  g ran ts fr o m  the N IH  (N S32570  a n d  H D 18655).
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384.3

STRIATAL OLIGODENDROCYTE APOPTOSIS AFTER G LO BAL  
ISCHEMIA. J. Li. C. K. Petitoº. W. A. Pulsinelli and T. S. N owak. Jr.,* 
D ept. o f N eurology, University o f Tennessee, M emphis, TN 38163, and 
ºDept. o f Pathology, University o f  Miami, Miami, FL 33136.

A recent study described the appearance o f  scattered nuclei exhibiting 
D N A  fragmentation in rat striatum during 3 h to 3 d after 10 min global 
ischemia (Stroke 28:163, 1997), with a distribution distinct from that o f  
overt neuron loss seen in this structure after longer insults. The present 
experiments were designed to verify this novel com ponent o f  striatal 
injury and to identify the cell type involved. Rats were subjected to 10 
or 15 min 4 -vessel occlusion (4-VO), perfusion fixed at intervals o f  1, 2, 
3 or 7 d or 2 months, and embedded in paraffin. D N A  fragmentation 
was visualized by in situ end-labeling (ISEL) with terminal deoxy- 
nucleotide transferase. Sham animals, and those evaluated at 7 d or 2 
mo, exhibited rare ISEL. Scattered positive nuclei were evident in 
striatum, septum and more prominently in deep layers o f  adjacent cortex 
at 1 d recirculation. Mean ISEL-positive counts in striatal sections after 
10 min ischemia were 15 ±  6, 4  ±  1 and 2 ±  1 after 1, 2 and 3 d, while 
30 ±  16 positive nuclei were observed 1 d after 15 min 4-V O . Only 
30% o f  animals subjected to 15 min ischem ia exhibited overt neuron 
injury in dorsolateral striatum. W e have recently demonstrated early 
apoptosis o f  oligodendrocytes in cortex and thalamus o f  rats subjected 
to 10 min 4-V O , identified by D N A  fragmentation and transferrin 
staining (J. Neuropath. Exp. Neurol. 57:231, 1998). W hile double 
labeling remains to be carried out at the level o f  striatum, ISEL-positive 
nuclei in this region exhibited perineuronal localization consistent with 
a tentative identification as oligodendrocytes.

Supported in part by USPHS Grants R 01-N S32344 and -N S27416.

384.5
EXTRACELLULAR SHIFTS OF GABA, ADENOSINE, AND ION ACTIVITIES IN 
CORTICAL GRAY AND SUBCORTICAL WHITE MATTER DURING GLOBAL 
ISCHEMIA IN CATS. R. Graf *, C. Dohmen, E. Kumura, G. Rosner, W.-D. Heiss. 
Max-Planck-Institut fur neurologische Forschung, D-50931 Cologne, Germany

Disturbances of transmitter and ion homeostasis influence ischemic neuronal dam
age in cerebral gray matter (GM). In white matter (WM), transmitter-gated ion chan
nel opening may be less relevant for ischemic damage, but in vitro studies show that 
neuroactive substances, e.g. GABA and adenosine, may influence WM damage (Fern 
et al., Molec. & Chem. Neuropathol. 27:107-29, 1996). We studied simultaneously 
ischemic ion and transmitter alterations in GM and WM regions of the cat brain.

Global cerebral ischemia was induced for 120 min in 12 α-chloralose anesthetized 
cats by bilateral occlusion of the subclavian and common carotid arteries. Microdialy
sis probes and multiple ion-selective microelectrodes measured extracellular concen
trations of amino acids and purine catabolites (analyzed by HPLC), and of Na+, K+ 
and Ca2+ ions in cortical GM (n=8) and subcortical WM (n=6). Direct current (DC) 
potential and blood flow by hydrogen clearance were also recorded in both regions.

Induction of ischemia stopped blood flow in GM and WM and flattened the electro- 
corticogram. Persistent GABA (and glutamate) increases were immediate in GM but 
delayed by about 60 min in WM. Adenosine increased transiently peaking after ~ 10 
min in GM and after ~30 min in WM, and decreased thereafter almost to control 
levels. Except for Ca2+, changes of extracellular ion concentrations and of the DC po
tential were immediate in both GM and in WM, however, the magnitude of change 
was smaller and the speed was slower in WM. Ca2+ concentration (preischemic con
trol: ~ 1.25 mM) started to decrease in GM 1 min after occlusion and reached a final 
level (~0.3 mM) 6 min after occlusion. In contrast, Ca2+ concentration in WM 
(control: ~1.22 mM) increased transiently after induction of ischemia (~1.64 mM), 
decreased below control levels after about 30 min reached final levels (~0.35 mM) 
only after about 60 min. In conclusion, delayed and smaller shifts of neuroactive sub-
stances and ions may explain a better ischemic tolerance of WM.

384.7
IN VITRO Ischemia Can Induce P rogrammed C ell Death in P rimary C ultures of 
Astrocytes: Inhibition by Caspase Inhibitors CH Yan, da  Greenberg, W Pei, AD Sinor, 
SM Irvin. M Nakayama*. SH Graham, and J Chen, Department of Neurology and Neurobiology, 
University of Pittsburgh School of Medicine, Pittsburgh, PA15213

As the most abundant cell type in the brain, astrocytes play an important role in supporting 
neuronal homeostasis in response to cellular stress. In cerebral infarction, injury to astrocytes 
may contribute to secondary expansion of ischemic lesions. The molecular mechanisms, 
especially the potential role of programmed cell death (PCD), underlying astroglial injury under 
ischemic conditions, has not been fully explored. In the present study, cell death has been 
characterized in primary cultures of rat cortical astrocytes exposed to ischemia-like insults 
(combined hypoxia/glucose deprivation, 1-24 h) followed by various duration of “reperfusion” 
(reoxygenation and glucose restoration, up to 23 h). This in vitro ischemia paradigm resulted in 
a duration-dependent increases in cell death (assessed by LDH release) and decreases in cell 
viability (determined by Alamar Blue uptake). After shorter periods of ischemia (3-8 h), 30-80% 
of the cells showed shrinkage of cytoplasm, condensation of nuclear chromatin, and formation of 
“apoptotic” bodies. Using in situ nick-translation (PANT), DNA strand breaks were 
predominantly detected in cells with nuclear condensation. However, after 12-24 h ischemia the 
majority of cells showed leakage of cell contents, including nuclear DNA and loss of cellular 
morphology. Quantitation of DNA isolated from nuclei and culture media revealed a leakage of 
more than 70% of nuclear DNA into the media after 12-24 h of ischemia whereas only 10-30% 
of nuclear DNA leaked from cells after 3-8 h of ischemia. Gel electrophoresis of DNA 
demonstrated a ladder pattern with oligonucleosome-sized fragments of ~ 180-200 bp in cells 3-8 
h after ischemia and though not as distinct, in cells after 12-24 h of ischemia. Also found 
following prolonged ischemia was a non-specific pattern of DNA degradation in DNA isolated 
from ischemic culture media. Furthermore, cell death after 3 h of ischemia was significantly 
attenuated by the addition of actinomycin D or aurintricarboxylic acid, suggesting that new gene 
expression and activation of endonucleases may be involved in the injury process. Finally, after 
3-8 h of ischemia both caspase inhibitors Z-YVAD.ftnk and Z-DEVD.fmk significantly 
increased cell viability in a dose-dependent manner. These results suggest that while necrosis is 
the predominant form of astroglial death after prolonged ischemia, a short duration of in vitro 
ischemia induces astroglial PCD involving the activation of caspases.
Supported by NIH grants NS36736. NS35936, and AA07032.

384.4
CHANGES IN EXTRACELLULAR CALCIUM CONCENTRATION DURING 
ISCHAEMIA IN THE ISOLATED RAT OPTIC NERVE, A CENTRAL WHITE 
MATTER TRACT.
A. M. Brown*. R. Fern and B. R. Ransom.
Dept. o f Neurology. University o f Washington, Seattle, WA 98195 
We used the rat optic nerve (RON) to study the effects o f anoxia on extracellular 
Ca2+ ([Ca2+]o) using calcium sensitive microelectrodes. RONs were dissected from 
45+ day old rats and maintained at 37°C in an interface chamber superfused with 
control solution containing 10 mM glucose bubbled with 95 % O2 / 5 % CO2. 
Compound action potentials (CAP) were measured using stimulating and recording 
suction electrodes at either end o f the nerve. [Ca2+]o was recorded using double- 
barreled ion selective electrodes inserted into the RON. One barrel filled with saline 
was used to record evoked CAP’S and DC levels, the other contained Ca2+ sensitive 
resin. A differential amplifier was used to resolve [Ca2+]o changes. Normal [Ca2+]o 
was 1.40 ± 0.08 mM (n = 5), significantly lower than the bath [Ca2+] of 2 mM. 60 
minute periods o f anoxia resulted in complex changes in [Ca2+]o. An initial rise in 
[Ca2+]o from 1.44 ± 0.05 to 1.71 ± 0 .13  mM (n = 10) was followed by a sustained 
fall in [Ca2+]o to 1.03 ± 0.08 mM (n = 10) that was maintained near this level for the 
duration o f the anoxic period. Return to normoxia resulted in a slow recovery of 
[Ca2+]o to control levels (1.43 ± 0.06 mM, n = 10) after 37.3 ± 2.8 minutes. CAP 
amplitude recovered to 31.8 ± 6.9 % (n = 10) o f control levels, indicating significant 
irreversible loss o f function. In conclusion the data show that anoxia induced an 
initial transient increase followed by a sustained reduction in [Ca2+]o. We 
hypothesize that the initial increase in [Ca2+]o is due to shrinkage o f the extracellular 
space. This is followed by a fall in [Ca2+]o that must result from Ca2+ influx into the 
intracellular compartment, presumably via reverse operation o f the Na+-Ca2+ 
exchanger and depolarization induced activation o f voltage gated Ca2+ channels. 
Supported by NIH grant NS 15589 (BRR)

384.6

NEURONAL DEATH TRIGGERED BY MICROGLIAL CONDITIONED MEDIUM IS 
INFLUENCED BY INTEGRITY OF ASTROCYTES. M.P. Flavin*, B. O’Neill and L.T. 
Ho. Dept. of Paediatrics, Queen’s University, Kingston, Ontario, Canada. K7L 2V7.

Conditioned medium from activated microglia (MgCM) triggers apoptosis in cul
tured hippocampal neurons (Exp Neurol 145:462-70,1997). Inhibition and immuno- 
precipitation experiments show that the Mg factor is tissue plasminogen 
activator(Soc Neurosci Abs744.16 1997). Activation of Mg alone is probably not 
sufficient to kill neurons in vivo since LPS-activated microglia can lie immediately 
adjacent to intact neurons (Neuroscience 70:57-65,1996). We hypothesized that 
healthy astrocytes can protect neurons from microglial CM while injured astrocytes 
can not. Neuronal cultures were obtained by dissociating E19 rat hippocampus and 
culturing in serum-free conditions. Mg and astrocytes were isolated separately from 
rat cortical cultures. Mg were activated by a hypoxic stimulus. MgCM was collected 
24 hours later. MgCM 50% v/v resulted in significant neuronal death. A series of co-
culture and CM experiments were performed to assess the influence of unperturbed 
and oxygen and glucose-deprived (OGD) astrocytes. OGD injury to astrocytes was 
graded based on morphology and lactate dehydrogenase release. The effect of 
MgCM on neurons depended on whether co-cultured astrocytes were unperturbed, 
versus mildly or moderately injured. The time allowed for astrocytes to recover from 
OGD insult and the time astrocytes and neurons spent in co-culture prior to MgCM 
application affected response. Astrocytes have homeostatic functions such as acid- 
base balance and glutamate uptake, and also secrete growth factors. We speculate 
that another method by which they can protect neurons may be via plasminogen 
activator inhibitor secretion. The impact of astrocyte status is relevant to ischemic 
brain insult in which all cells in the affected brain region are disrupted to some 
degree. Supported by the Heart and Stroke Foundation of Ontario.

384.8
THE TEMPORAL RELATIONSHIP BETWEEN ASTROCYTES 
DYSFUNCTION AND NEURONAL DEATH FOLLOWING MIDDLE 
CEREBRAL ARTERY OCCLUSION IN SHR BRAIN D. Lin1*  C L Sm ith2
F.C. Baro ne3. P.G. Lysko3, K. Li4 and I. A. Simpson1. 1DB NIDDK, NIH,
2NINDS, NIH, Bethesda, MD 20892,3SmithKline Beecham, PA 19406 4Hershey 
Med.Ctr. PA 17033

Active neuronal-glial interaction is important in maintenance of a homeostatic 
microenvironment in response to brain injury and is vital for neuronal survival. 
The time course of post-ischemic astroglial dysfunction and neuronal death were 
studied in SHR rat brain following permanent middle cerebral artery 
occlusion(MCAO). Astroglia markers GFAP, vimentin, S 100 and GST Ybl were 
monitored in immunofluorescence studies, and co-stained with in situ end labeling 
(ISEL) to detect DNA damage and cell death using confocal microscopy. In situ 
hybridization with 35S labeled riboprobes for GFAP, GLUT1 and GLUT3 was used 
to monitor mRNA expression. In the infarct, a decrease of GFAP-positive astrocytes 
was observed as early as 3hr and never recovered, but at this time few ISEL positive 
neurons were observed. In situ hybridization with 35S GFAP probe further revealed 
the early decline of GFAP mRNA at 3hr in the infarct and was essentially absent by 
12hr whereas a dramatically enhanced GFAP expression was observed in the peri- 
infarct and the remaining hemisphere. Immunostaining of reactive astrocytes 
appeared in the peri-infarct area after 1-2days following MCAO. A biphasic loss of 
neuronal GLUT3 mRNA was observed over a period of 12-48hrs. Similar temporal 
and regional alterations of astroglia were observed with immunostaining for S100, 
vimentin and GST Y bl . ISEL positive cells were detected at 6hr but were maximal 
around 48hr and primarily colocalized with neuronal marker TG2 but rarely with 
GFAP or other glial markers. This study suggests that early astroglial dysfunction 
may compromise normal neuronal-glial interactions which plays a critical role in 
determining the outcome of acute hypoxic-ischemic injury. (Supported by ADA. 
NIDDK, NINDS).
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384.9
LOSS OF SENSITIVITY TO OXYGEN TOXICITY DUE TO LOW OXYGEN PRESSURE 
PRECONDITIONING IN MANGANESE-DEPENDENT SUPEROXIDE DISMUTASE 
KNOCKOUT ASTROCYTES J. -C Copin'. Y. Li2, Y. Gasche1, B. Calagui1, K. Hasegawa4*, C. 
Epstein3 and P.H. Chan1, 1Department of Neurosurgery, Stanford University, Palo Alto CA 94304, 
Departments of 2Neurosurgery and 3Pediatrics, UCSF, San Francisco CA 94143, and 4Department 
of Pediatrics, Kyoto Prefectural University of Medicine, Kyoto 602, Japan.

Ischemic and trauma injuries have been widely attributed to oxidative stress. Therefore mutant 
animals over- and under-expressing genes of enzymes involved in oxidant defense are very precious 
tools for investigating this issue. We have cultured astrocytes from manganese superoxide dismutase 
(MnSOD) knockout mice and found that although heterozygous knockout astrocytes (-/+) grew 
similarly to wild type littermate cells (+/+), homozygous knockouts (-/-) did not grow when 
maintained under normoxia: the quantities of protein measured at 28 DIV were 643 (-/+), 55.6 (+/+) 
and 16.6 (-/-) µg/well, and the quantities of DNA were 0.465 (-/+), 0.510 (+/+) and 0.006 (-/-) 
µg/well. However, under an atmosphere reduced to 5% oxygen, these homozygous astrocytes 
survived (81.0 (-/-) versus 86.4 (+/+) µg protein/well at 28 DIV). Unexpectedly, they no longer 
showed the special susceptibility to normoxia after an initial period of 12 days in low oxygen: at 28 
DIV, back to normoxia, the quantities of protein and DNA were 69.1 µg /well and 0.417 µg /well.
respectively. End-point growth measurements performed at 30 DIV showed that the amplitude of 
loss of susceptibility was dependent on the initial length of time of culture at 5% O2 (3 days, 31.6 (-/-) 
vs. 71.6 (+/+); 8 days, 43.0 (-/-) vs. 73.4 (+/+); 15 days, 68.8 (-/-) vs. 73.0 (+/+) µg protein/well). 
Survival of homozygous astrocytes was not due to a simple increase of lactate dehydrogenase 
(LDH) activity since no differences were observed between cells poorly and totally adapted: the 
LDH activities measured at 30 DIV in homozygous cells maintained for 8 and 15 days at 5% 02 
were respectively 326 and 378 mU/mg protein. We hypothesize that this phenomenon could be an 
adaptation of the MnSOD knockout cells that found a way to survive without a primary line of 
oxidative defense. Because any interpretations of research using these mutants as a model to study 
the biological role of superoxide dismutase radicals depend on a clear understanding of a possible 
adaptation, this preconditioning phenomenon is currently under investigation with respect to the 
molecular and cellular mechanisms. (Support by NS 14543, NS25372, NS36147, AG08938 and 
NO1NS82386.)

384.11
AMELIORATIVE EFFECTS OF ONO-2506 ON BRAIN DAMAGE FOLLOWING 
THE TRANSIENT ISCHEMIA IN RATS. Y. Kagamiishi*. N. Tateishi. K. 
Shintaku, S. Satoh, S. Katsumata, R. Shinagawa. T. Shimoda, N. Katsube, and K. 
Kondo Minase Research Institute, Ono Pharmaceutical Co., LTD., Osaka 618, 
JAPAN

Recently, many studies suggest that overexpression of S-100 protein, astrocyte- 
derived protein, may be detrimental to neuronal cells in various pathological 
conditions. We also reported that astroglial activation (increase of S-100 
immunoreactivity) precedes the neurodegeneration following the transient global 
(four vessel occlusion : 4-VO) and focal (MCA-O) ischemia in rats, and over-
activation of astroglial cell might play a key role in neuronal cell death (Y. 
Kagamiishi 1997, Soc. Neurosci. Abs., 23, 845.9). ONO-25O6 was shown to have a 
modulating action on the increase of S-100b expression in cultured astrocytes. In the 
present study, we investigated the effects of ONO-25O6, a potent astrocytes 
modulating agent, on the brain damage following 4-VO (male Wistar rats were 
subjected to 10 min global cerebral ischemia followed by recirculation) and MCA-O 
(male Wistar rats were subjected to ischemia by insertion of a piece of nylon suture 
from the right internal carotid artery to the MCA). In the 4-VO model, ONO-25O6 
suppressed S-100 positive astroglial activation and delayed neuronal death in the 
hippocampal CA1 region. In the MCA-O model, ONO-25O6 ameliorated the 
neurological deficits and the brain damage. Furthermore, ONO-25O6 suppressed the 
increase of S-100 protein in CSF following the transient focal ischemia. These 
results suggest that ameliorative effects of ONO-25O6 on the brain damage 
following transient ischemia are presumably through its inhibitory action on the 
overexpression of S-100 protein, which might be one of the mechanism of ONO- 
25O6. We expect that ONO-25O6 may be useful for the brain ischemic injuries.

384.13
ONO-25O6, A NOVEL ASTROCYTE M ODUIATING AGENT, SUPPRESSES 
THE INCREASE OF COX-2 AND INOS mRNA EXPRESSION IN CULTURED 
ASTROCYTES AND ISCHEMIC BRAIN. T. Shimoda*, N. Tateishi, K. 
Shintaku. N. Yada, J. Katagi, T. Akiyama, H. Maekawa, R. Shinagawa, K. Kondo 
and K. Kondo Minase Research Institute, Ono Pharmaceutical Co., Ltd., Osaka 
618, JAPAN

Recent reports have suggested that the inflammatory responses in glial cells 
might contribute to the neurodegeneration. Cyclooxygenase-2 (COX-2) and 
inducible NO synthase (iNOS) are induced by the brain injuries such as ischemia. 
We have previously shown that astroglial activation progresses the neuronal 
damages in vitro and in vivo (N. Tateishi et al 1997, Soc. Neurosci. Abs., 23, 
845.7-11). Here we studied the induction of COX-2 and iNOS in astroglial 
activation with a ischemia model or cultured cells. We also investigated in vitro 
and in vivo effects of ONO-25O6, a novel astrocyte modulating agent, on the 
expression of COX-2 and iNOS mRNA.

As an in vitro experiment using the cultured astrocytes, we examined the 
bacterial lipopolysaccharide(LPS)-induced expression of COX-2 and iNOS 
mRNA. The astrocytes were prepared from neonatal rat cerebral cortex and 
cultured for 20 days. Messenger RNA expression was detected by RT-PCR 
method. We also examined the expression of COX-2 and iNOS mRNA in a rat 
transient focal ischemia model; male Wistar rats were subjected to ischemia by 
insertion of a suture to the middle cerebral artery for 1 hr.

In culture, pretreatment of astrocytes with ONO-25O6 suppressed the increase of 
COX-2 and iNOS mRNA expression by LPS. Furthermore, in the ischemia model, 
administration of ONO-2506 at 6 hours after recirculation suppressed the increase 
of COX-2 and iNOS mRNA expression in the ischemic region. These results 
suggest that the induction of COX-2 and iNOS might cause by astroglial 
activation and ONO-2506 might suppress it by modulating the astroglial function.

384.10
AGE-RELATED INCREASE OF BRAIN DAMAGE AND REDUCTION OF GLIA 
RESPONSE FOLLOWING PHOTOTHROMBOTIC ISCHEMIC INSULT. 
A.Kharlamov1*, E. Kharlamov1, D. Khera1, and D. M.Armstrong2, 1Center for 
Neurosciences Research, Allegheny University of the Health Sciences, Allegheny 
Campus, Pittsburgh, PA 15212; 2 Center for the Gerontological Research, Institute on 
Aging, Allegheny University for the Health Sciences, 2900 Queen Lane, Philadelphia, PA 
19129.

We hypothesize that the limited neuronal plasticity in the aged brain is further chal
lenged during an extreme condition such as ischemic stroke. This form of brain injury 
requires the mobilization of neuroplastic reserves and leads to more severe and/or long- 
lasting brain damage and disfunction in old animals than that which occurs under the 
same condition in young animals. In the present study we induced photothrombotic brain 
ischemia in rats 4, 20 and 28 months of age in order to investigate the age-dependent 
increase in neuronal vulnerability. The photothrombotic model of ischemia has a low rate 
of morbidity and mortality in aged animals making it well-designed to study changes that 
occur in aged brain after ischemic injury. In this study the size of the infarcted area pro
vided an index of neuronal vulnerability while glial response (GFAP and vimentin 
immunostaining) and behavior performance on rota-rod provided indices of compen
satory mechanism and/or recovery of function. 24 hours post-lesion the size of the 
infarcted area was similar between the three age groups although there was a trend for a 
larger lesion in the 20 and 28 month old rats.7 days post-lesion the size of the infarction 
in the 4 month old group was the same as that observed 24 hours post-lesion. In contrast, 
in rats 20 and 28 months of age the lesion was significantly larger (i.e., 23%) 7 days post-
lesion as compared to 24 hours. These data support an age-related increase in infarct 
volume over time. Correlating with these latter data is a significant reduction in vimentin 
and GFAP positive glial elements in the area penumbra of old animals compared to 
young. In addition, performance on rota-rod supports a sustained deficit in the 28 month 
old rats compared to 4 month rats. Thus, these data demonstrate in old rats more severe 
pathological and behavioral consequences of photothrombotic brain ischemia than in 
young animals. Contributing to this response to brain ischemia is a delayed and/or inad
equate glial reaction. This work was supported by NIH grant NS33224.

384.12
CORRELATION BETWEEN THE BRAIN DAMAGE AND ASTROGLIAL 
ACTIVATION FOLLOWING SUBARACHNOID HEMORRHAGE. K. Shintaku*. N. 
Tateishi. K. Kondo. S. Sato, Y. Kagamiishi. and K. Kondo. Minase Research Institute, 
Ono Pharmaceutical Co., Ltd., Osaka 618, JAPAN

Recently, accumulating evidence indicates that overexpression of S-100 protein, 
astrocyte-derived protein, may be detrimental to neuronal cells in various pathological 
conditions. Levels of S-100 protein reflect the clinical course in subarachnoid 
hemorrhage (SAH). We have also previously shown that astroglial activation precedes 
the brain damage following the rat ischemic model, and suggested these activations 
have been discriminated from the gliosis after neurodegeneration (K.Shintaku 1997, 
Soc. Neurosci. Abs., 23, 845.10). The aim of the present study was to clarify whether 
astroglial activation following SAH occurred. Furthermore, we examined the effect of 
ONO-25O6, a potent astrocyte modulating reagent, on neurological deficits, infarction 
and impairment of regional microcirculation.

The noncraniotomy model of SAH was produced as follows. In brief, A nylon suture 
coated with silicone is introduced from the right internal carotid artery to MCA in 
male Wistar rats, penetrating near the bifurcation. Withdrawal of the suture results in 
SAH. Immediately after SAH, the regional cerebral blood flow was decreased 
transiently, then recovered for 1 - 2 hours after SAH.

Impairment of regional microcirculation was observed as two phasic changes (early 
phase : 0 - 1 hour, rate phase : > 6 hours). S-100 protein levels in CSF, were 
significantly increased from 6 hours. Its changes correlated with the brain damage and 
impairment of regional microcirculation. Furthermore, administration of ONO-25O6 
intravenously at 1, 24 and 48 hours after SAH ameliorated neurological deficits, 
infarction, and impairment of regional microcirculation. These results suggest that 
astrocytes were activated by brain injuries such as ischemia and hemorrhage, and may 
implicate in the brain damage. Thereby, we expect that ONO-25O6 may be a useful 
therapeutics for brain ischemic injuries.

384.14
ONO-25O6 A M ELIO RA TES N E U R O D E G EN ER A TIO N  TH RO U G H  
INH IB ITIO N  OF REDUC TION OF GLT-1 EX PRESSIO N . R. Shinagawa*. 
N. Tateishi. T. Shimoda. K. Shintaku. N. Yada. K, Honio. Y. Kagamiishi and K. 
Kondo. Minase Research Institute, ONO Pharmaceutical Co., Ltd., Osaka 618, 
JAPAN

Recently, implication of astrocytes in many neurodegenerative disease has been 
noticed. We have shown that astroglial activation (increase of astrocyte derived 
protein S-100 immunoreactivity) precedes the neurodegeneration in the rat brain 
ischemia (K.Shintaku 1997, Soc. Neurosci. Abs., 23, 845.10). Astrocytes express 
glutamate transporters and play important roles in regulation of extracellular 
glutamate concentration. Recent reports have shown that neurodegenerative 
diseases such as amyotrophic lateral sclerosis and Alzheimer’s disease are 
associated with a selective reduction in astroglial specific glutamate transporter 
(GLT-1) expression. However, the expression of GLT-1 during astroglial 
activation is still unknown. We examined the changes in GLT-1 expression 
during astroglial activation and the effects of ONO-25O6, a novel astrocyte 
modulating agent, on GLT-1 expression.

Expression of GLT-1 mRNA was investigated in cultured astrocytes and in 
focal ischemic rat brain. To investigate the functional role of GLT-1 on cultured 
astrocytes, we also examined the correlation between glutamate-neurotoxicity and 
GLT-1 expression using the neuron-astrocyte co-culture system.

In results, the reduction of GLT-1 mRNA was observed in cultured astrocytes 
and in focal ischemic rat brain. ONO-2506 suppressed the reduction of GLT-1 
mRNA and ameliorated the neurodegenaration both in vitro and in vivo. These 
results suggest that the reduction of GLT-1 mRNA may be concerned in 
neurodegeneratiou and ONO-2506 may exert its neuroprotective activity at least 
via suppression of the reduction of GLT-1 expression.
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384.16
EXPRESSION O F INWARD RECTIFIEk K+ CHANNEL GENES IN 
MOUSE CORTICAL ASTROCYTES. Lu Yi Li and Leslie C.Timpe*. 
Cardiology Research-I I I C5, San Francisco V.A. Med. Ctr. 94121 

Glia are thought to accumulate K+ from the extracellular space, a role 
particularly important in pathological situations such as epilepsy or ischemic 
stroke. Inward rectifer K+ (Kir) channels are likely to contribute to K+ 
homeostasis; we have therefore surveyed the known genes to determine which 
are expressed in astrocytes. Mouse cortical astrocytes were grown in primary 
culture, and in some cases differentiated with dibutyryl cAMP or by co-culture 
with embryonic neurons. Total RNA was extracted from the cells and tested for 
Kir gene expression by reverse transcriptase/PCR. K ir4.1, previously 
identified as a glial channel (Takumi et al., J. Biol. Chem. 270(27): 16339), is 
expressed at a high level in both differentiated and undifferentiated cells.
K ir2.1 and 2.2 mRNA are both present, albeit at lower levels. O f the Kir3.x 
family, 3.1 and 3.4 are detectable, a result consistent with reports of 
neurotransmitter-activated K+ currents in astrocytes. K ir3.1and 3.4 appear to 
be expressed at a higher level in neuron-differentiated astrocytes than in the 
others. Kir5.1, in contrast, is expressed at a lower level in neuron-differentiated 
astrocytes. Signals from K ir’s 2.3, 3.2, 3.3, 1.1, 6.1 and 6.2 were either very 
weak or not detectable. These results indicate that more than one variety of 
inward rectifier channel may be active in cortical astrocytes, and that the 
pattern of expression in cultured astrocytes is sensitive to the state of 
differentiation. Supported by the Department of Veterans Affairs.

384.17
T -T Y P E  C a 2+ C H A N N E L -M E D IA T E D  IS C H E M IC
IN JU R Y  O F  N E O N A T A L  W H IT E  M A T T E R
A S T R O C Y T E S  I N  S IT U . R . FERN* A ND J. S. ROBERTS
Department of Neurology, University of Washington, Seattle, WA 98195.

Cerebral palsy is one of the most common birth disorders. The 
major pathological corelate of the disease is ischemic injury of CNS 
white matter. Histological studies show early injury of glial cells and 
axons. Intracellular Ca2+ and cell viability was monitored in FURA-2 
loaded neonatal rat white matter (P0/P2 optic nerve) glial cells 
during ischemia. FURA-2 fixation combined with im m unohisto- 
chemistry showed that FURA-2 loaded cells were GFAP+ / 04 and 
were therefore neonatal white matter astrocytes. S ign ifican t 
ischemic Ca2+ influx was found, mediated by pharm aco log ica lly  
idenditified L- and T- type Ca2+ channels. Ca2+ influx via T- type 
channels was the most important factor during the initial stage of 
ischemia and was associated with significant cell death. This early 
Ca2+ influx was blocked by low concentrations of Ni2+ and was not 
blocked by L-type channel antagonists. Release o f Ca2+ from 
intracellular stores did not contribute to the rise in in tracellu lar Ca2+ 
during ischemia and no Ca2+ influx via glutamate-gated channels 
was observed. Ischemic cell death was significantly reduced by 
removing extracellular Ca2+ or blocking voltage-gated Ca2+ channels. 
The Na+ - Ca2+ exchanger acted to remove cytoplasmic Ca2+ 
throughout the ischemic and recovery periods. The exclusively 
voltage-gated Ca2+ channel nature of the Ca2+ influx, the role played 
by T-type Ca2+ channels, the protective effect of the Na+ - Ca2+ 
exchanger, and the lack of significant Ca2+ release from in trace llu la r 
stores are features unique to these cells. Supported by the NIH (REF: 
NS36790-01).

NEUROPSYCHIATRIC DISORDERS: POSTMORTEM I

385.1
TOTAL NEURON NUMBERS IN THE PREFRONTAL CORTEX IN 
SCHIZOPHRENIA. J.J. Thune,1 D.E. Høfsten,1 H.B.M. Uvlings2 and B. 
Pakkenberg*1. 1Neurological Research Laboratory, Bartholin Institute, 
Kommunehospitalet, 1399 Copenhagen K, Denmark; 2Netherlands Institute for Brain 
Research, 1105 AZ Amsterdam, The Netherlands.

The prefrontal cortex (PFC) is the essential cortical area with reciprocal 
connections to the mediodorsal nucleus o f thalamus. It has been defined as the 
granular frontal lobe area, the agranular anterior cingulate area, and area 25 (Uylings 
and Van Eden, Progr Brain Res 85:31,1990). This cortical region plays a major role 
in a number o f functions related to our personality and also seems to be of 
significance in working memory. Earlier papers have reported a 30-40% reduction 
in the total neuron number o f the mediodorsal nucleus in schizophrenics suggesting 
a malfunction of the PFC in schizophrenics (Pakkenberg and Gundersen, J Microsc 
150:1,1988; Manaye et al., Soc Neurosci abs 23:1997). The purpose of the current 
study is to estimate the total neuron number in the PFC o f brains from chronic 
schizophrenics compared to control brains. The optical fractionator method is used 
to estimate the total number o f  neurons in the prefrontal cortex in 40-µm-thick 
paraffin sections stained with a modified Giemsa stain.

Preliminary data indicate that the total neuron number in the PFC is between one 
and 2.5 biltion per hemisphere with schizophrenics having a lower than normal 
number.

385.2
Localization of Schizophrenia-Associated Thalamic Volume Loss. L. Jones*. N. 
Mall and W. Byne. Mount Sinai School of Medicine, Dept of Psychiatry, One 
Gustave L. Levy Place, New York NY 10029.

Schizophrenia is one o f the most disabling o f neuropsychiatric disorders. Changes 
in the thalamus and prefrontal cortex are among the most consistently reported 
abnormalities associated with schizophrenia. Several studies have shown volume loss 
in the medial dorsal nucleus in schizophrenics. However, the medial dorsal nucleus 
has several subdivisions each with unique projections to different areas of the frontal 
cortex. Therefore, it is important to understand how the medial dorsal nucleus is 
affected in schizophrenia. The aim o f the present study was to determine if the medial 
dorsal nucleus was affected in a general manner in schizophrenia or were the 
subdivisions altered non-uniformly. Whole thalami were cut into 80um thick sections 
on a freezing sliding microtome. A random start was generated and every tenth 
section from the start was mounted and stained with thionin. We obtained volume 
measurements o f the medial dorsal nucleus and its three subdivisions: magnocellular, 
parvocellular and dorsal caudalis from eight schizophrenics and six non-
schizophrenic controls. Preliminary results suggest a 21.2% volume loss in the 
medial dorsal nucleus o f schizophrenics as compared to controls. While all three of 
the subdivisions exhibited decreases in volume the decrease in volume was 
statistically significant only for the magnocellular subdivision. In addition, we also 
measured the lateral tier nuclei, anterior nuclei and the pulvinar. O f these, only the 
pulvinar showed a non-signifi cant trend towards volume reduction. In conclusion 
these data are a first step at better understanding how the thalamus is affected in 
schizophrenia and possibly how the thalamic alterations may map onto changes in the 
cortex. Supported by: MH55989
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384.15
POLY (ADP-RIBOSE) POLYMERASE INHIBITORS PROTECT ASTROCYTES 
AGAINST REACTIVE OXYGEN SPECIES IN VITRO. MR Emond1, JC Browning2. 
RA Jaffe1*, RG Giffard1 and RE Davis2. Departments o f 1Anesthesia and 
2Pathology, Stanford University Medical Center, Stanford, CA 94305 

Activation o f poly (ADP-ribose) polymerase (PARP), as occurs in CNS 
ischemia/reperfusion injury, can lead to NAD consumption and cell death. To study 
whether PARP activation may mediate astrocyte injury, we used primary neonatal 
mouse brain astrocyte cultures, several in vitro injury paradigms, and 3 PARP inhibitors 
at non-toxic doses: benzamide (BA); 1,5-isoquinolinediol (IQD); and 4- 
aminonaphthalimide (4AN). By cell death (as measured by LDH release, expressed as 
% cell death ± SEM) or NAD levels (nM), inhibitors showed protection against 1 mM 
sodium nitroprusside (SNP, an NO donor), 0.2 mM H2O2, or 0.2 mM 1-methyl-3-nitro- 
1-nitrosoguanidine (MNNG, a DNA-fřagmenting agent and known PARP activator):

Similar protection o f NAD levels by inhibitors was seen for SNP in synergistic 
combination with either 0.05 mM pyrogallol (leading to peroxynitirite formation) or 
0.1 mM H2O2. Protective effects on cell death and/or NAD levels were generally not 
seen at later time points (e.g. 24 hr), were not consistently observed at 0.4 mM H2O2 
alone, and were never seen in models of glucose deprivation or combined 02/glucose 
deprivation. We speculate that PARP activiation likely contributes to astrocyte death 
at some point during CNS ischemia/reperfusion injury, and that this might be 
lessened by pharmacologic PARP inhibitors.

Supported in part by an American Cancer Society Institutional Research Grant to 
R.E.D.

n Parameter No inhibitor BA. 1 mM IOD, 10 µM 4AN. 10 µM
SNP/4 hr NAD 90.9 169.6 324.0 267.0
SNP/12 hr %cell death 50 .6±19.3 22.1±5.8 25.8±2.7 3 1.1± 1.3
H2O2/8 hr " " 59.9±10.9 12.8±3.3 11.8±2.0 27.9±5.5
MNNG/4 hr " " 72.2±2.3 37.9±3.4 4 1.5±5.8 18.3±2.2
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385.3

COMPLEX MACRO- AND MICROSCOPIC PATHOLOGY IN THE
PREFRONTAL CORTEX IN SCHIZOPHRENIA
K. Vogeley1, Y, Kawasaki2, V. Jung1, R ._T epest1, A, Schleicher3, K, Zilles3, B, 
Bogerts4, P. Falkai*1, 1Dept. of Psychiatry, Univ. of Bonn, 2Dept. of
Neuropsychiatry, Kyoto, 3Vogt Brain Research Institute, Univ. of Duesseldorf, 
4Dept. of Psychiatry, Univ. of Magdeburg 

To determine the extent of macro- and microscopic changes of the prefrontal 
cortex as major site of pathology in schizophrenic brains, we studied the frontal 
lobe of 25 schizophrenic brains compared to age- and sex-matched control subjects. 
Firstly, volumetric data obtained by planimetric analysis revealed a statistically
significant bilateral volume loss of the frontal lobe in male schizophrenics (right: -
35%, p = 0,026, left: -41%, p =  0,007), due to a decrease in length of the frontal 
lobe. There was no significant volume change in female schizophrenics. Volume 
decrease correlated with duration of illness. Secondly, the gyrification index (GI) as 
ratio of inner and outer contour was measured bilaterally in three different slices in 
all brains and revealed a significant hypergyria in the right frontal lobe in male 
schizophrenics (p =  0,021). Gyrification measurements did not reveal any 
significant change elsewhere. Thirdly, a cytoarchitectural study measuring the ratio 
of neuronal cell bodies and neuropil expressed as gray level index (GLI) curves was 
performed in Brodmann area 10 in 10 schizophrenics and 10 controls. GLI was 
decreased in male schizophrenics demonstrating an increased amount of neuropil 
suggestive of a “hyperinnervation” . Intercorrelation of these data showed a positive 
correlation of the GI and GLI on the left side in male schizophrenics and, 
remarkably, an inverse correlation of the GI and neuron density on the left side in 
female schizophrenics. Our data support the view of a complex neurodevelopmental 
and neurodegenerative disorder of the prefrontal cortex predisposing for 
schizophrenia. (Supported by the Stanley Foundation, the Deutsche 
Forschungsgemeinschaft DFG, and the Biomed 2 program of the European Union)

385.5

Morphological changes o f neuropeptide Y-containing fiber 
in the hippocampal formation o f schizophrenia.

S. IR IT A N I * 1 , N. K U R O K 1  1, K  N IIZ A T O  1 , K .
IK E D A  2  &  H. K A Z A M A T S U R I  1 1 Dept. o f Psy. Tokyo
Metropolitan Matsuzawa Hosp., Sctagayaku Tokyo 156 Japan, 
2 Dept. of Neuropathology, Tokyo Institute of Psychiatry. 
Setagaytaku Tokyo 156 Japan .

There are widely distributed neuropeptide Y(NPY) - 
containing fibers in the cerebral cortex and also in the 
hippocampal formation. In this study , we observed NPY- 
containing fibers in the area o f CA4 o f hippocampus of 
schizophrenia and normal control using immunohistochemical 
technique. Many o f N PY -positive fibers in area of CA4 were 
showed coiled -like or helix-like shape in schizophrenia 
compared to those o f normal control. Some o f them were showed 
waste thread-like shape. NPY was thought to act as 
neurotransmitter or/and neuromodulator o f local circuit neurons. 
On the other hand, it was reported that synaptophysin of 
hippocampus o f schizophrenia decreased. These facts may 
support the hypthesis of developmental disorder of CNS in 
schizophrenia , and these morphological changes in fibers may 
concern to symptoms of schizophrenic disorder such as memory 
or/and learning deterioration.

385.7

DECREASED EX PRESSION OF GA D 67 m RN A  IN A SU BPO PULA TION OF 
GABA NEURO NS IN THE PR EFRO N TA L C O RTEX OF SCHIZOPHRENIC 
SUBJECTS. D.W . V olk1*, M .C. A ustin2, and D.A. L ew is1,2, Depts. o f  
N euroscience1 and Psychiatry2, U niversity o f  Pittsburgh, Pittsburgh, PA 15260 

Several m arkers o f  GA BA neurotransm ission appear to be decreased in the 
prefrontal cortex (PFC) o f  schizophrenic subjects. In addition, recent studies 
have suggested that these alterations m ay be specific to a subset o f  GABA 
neurons (W oo et a l, PNAS 95:5341,1998; see adjacent abstract o f  Chaudry et 
a l). Consequently, we sought to determ ine w hether alterations in the expression 
o f  the m RNA for GAD67, the synthetic enzym e for GABA, are restricted to a 
subpopulation o f  G A BA cells. Tissue sections from  9 pairs o f  schizophrenic and 
control subjects, m atched for age, sex, PM I, and brain pH, were processed for 
in situ hybridization histochem istry w ith oligonucleotide probes for G A D67 
m RNA and exposed to nuclear emulsion. N eurons within each cortical layer o f  
area 9 were random ly sampled, and G A D 67 m RN A -positive neurons expressing 
m ore than 5x background grain density were quantified for level o f  m essage 
expression per cell, somal area, and cell density. D ata from more than 3700 
neurons revealed a decrease in the expression o f  G A D 67 m RNA in schizophrenic 
subjects, a finding consistent w ith a previous report (Arch Gen Psych 
52:258,1995). Labeled neurons w ere decreased in density by 25-30%  in layers 
1-5, but not in layer 6. Furtherm ore, these differences achieved statistical 
significance (p<.05) only in layers 3 and 4, the thalam ic recipient zone. In 
contrast, am ong neurons expressing an above threshold level o f  GAD67 m RNA, 
the average grain density per neuron did not differ betw een schizophrenics and 
controls. These findings suggest that in schizophrenia, the expression o f  G A D67 
m RNA is reduced below a detectable level in a subpopulation o f  GABA neurons 
and is unaltered in the rem aining G A BA  neurons. (M H 45156, M H00519)

385.4

HIPPOCAMPAL PYRAM IDAL CELL DISORIENTATION  
A N D  MORPHOLOGICAL ABNORM ALITIES IN 
SCHIZOPHRENIC BRAINS. N. Kuroki 1*, K. Ikeda 2. M. 
Matsushita 2. S. Iritani 1. K. Niizato 1. R. Nakamura 1 & H. 
Kazamatsuri 1 1Dept. of Psy. Tokyo Metropolitan Matsuzawa Hosp., 
Setagayaku Tokyo 156-0057 Japan: 2Dept. of Neuropathology, Tokyo Institute 
of Psychiatry.

Some morphological abnormalities such as ventricular 
enlargem ent w ere reported in schizophrenia. Several 
neuropathological findings concerning hippocampus of 
schizophrenic brains were recently reported. However, 
correlations between these abnormalities were still unknown. In 
the present study, pyramidal cell orientation and density of the 
hippocampus in schizophrenic and normal control brains were 
examined. At the same time the volume of the hemispheres. 
ventricles and other constituents of brain were calculated. 
Correlations between these abnorm alities. subtypes of 
schizophrenia and clinical symptoms were also investigated. 
Correlations between hippocampal abnormalities and some 
morphological abnormalities were found. It was suggested that 
cytoarchitectural abnormalities o f hippocampus correlate 
morphological abnormalities in schizophrenia. These findings 
may support the abnormal neurodevelopment hypothesis in 
schizophrenia.

385.6

INCREASED LEVELS OF TRANSCRIPTION FACTORS ELK-1 AND 
CREB IN CEREBELLUM OF SCHIZOPHRENICS. S .K iosseva2,4.
C .K arson1,2,3,5*, A .E Ibein24, W .G riffin1,2,6, R .M rak1,2,3, 1VAM C , Little 
Rock, 2University o f A rkansas fo r M edical Sciences, D ept. o f 
3Pathology, 4Biochem istry and 5Psychiatry, 6G RECC. Supported by NIH 
grant #M H45729.

The M AP kinase pathw ay represents a s ignificant m echanism  of 
signal transduction from  the cell surface to the  nucleus regulating gene 
expression. W e have previously show n a lterations o f several 
in term edia tes o f th is cascade in cerebellum  from  subjects w ith 
schizophrenia. Based on our find ings o f increased levels o f ERK2, we 
suggested that th is would fu rther lead to elevated transcrip tion. W e 
undertook studies to exam ine the levels of transcrip tion  factors Elk-1 
and c AM P response elem ent binding protein (CREB) in nuclear 
extracts from  postm ortem  cerebellum  using W estern blot analysis. 
D ifferences in levels o f Elk-1 and CREB prote ins w ere  quantified by 
densitom etry o f im m unoblots from  10 subjects w ith schizophrenia and 
13 age-m atched controls. W e have found a s ignificant, at about 2-fold 
increase in the levels o f transcrip tion factors Elk-1 (4489 ± 659 [SD] 
versus 2915 ± 583 arbitrary units, p<0.0001) and CREB (2149 ± 1061 
[SD] versus 904 ±711  arbitrary units, p<0.03) in schizophrenics.

In conclusion, our results ra ise the  possib ility  tha t a lterations of M AP 
kinase cascade, leading to increase o f the corresponding transcrip tion 
factors could play a role in the neuropatho logy o f the  cerebellar 
abnorm alities in schizophrenia.

385.8

DECREASED G A T-1-IM M UNOREACTIVE CHANDELIER CELL AXON 
TERM INALS IN THE PREFRONTAL CORTEX IN SCHIZOPHRENIA: A 
REPLICATION STUDY. A.S. Chaudry2, J .N . P ie rr il1, T.-U. W oo1, D.A. 
Lew is1,2*. Depts. o f  Psychiatry1 and Neuroscience2, University o f  Pittsburgh, 
Pittsburgh PA, 15213.

Chandelier cell axon terminals form vertical arrays (cartidges) o f  inhibitory 
synapses on the axon initial segment o f pyramidal neurons, and therefore are 
positioned to powerfully regulate the excitatory output o f  these neurons. We 
recently reported that the relative density o f cartridges immunoreactive (IR) for 
the GABA membrane transporter (GAT-1) is decreased in both areas 9 and 46 o f 
the prefrontal cortex in subjects with schizophrenia (W oo et al, PNAS 95:5341, 
1998). We have now studied GAT-1 cartridge density in 90 subjects in area 46. 
Twenty male and 10 female subjects with schizophrenia (SZ), were each matched 
to one normal (NC) and one psychiatric control (PC) subject for gender, age, and 
postmortem interval. The three groups o f subjects did not differ in mean (±S.D.) 
age (SZ: 5 1.6±13.0 , NC: 52 .1± 13.8, PC: 5 1.4±13.0 years) or postmortem interval 
(SZ: l4 .l± 6 .2 , NC: l3 .1±5.4, PC: l4.3±5.9 hours). G A T-1-IR cartridge density 
was m easured in the superficial (layers 2-3a), m iddle (layers 3b-4), and deep 
(layer 6) cortical layers. Compared to NC, SZ had decreased cartridge density in 
each o f  the layers examined. These differences were m ost common in the middle 
layers, where cartridge density was decreased in 80% (24/30) o f  SZ compared to 
the matched NC. In contrast, the density o f G A T -1-IR cartridges in PC did not 
differ from NC in any layer. These findings suggest that a decrease in density o f 
G A T-1-IR cartridges in the PFC is common in schizophrenia, and may contribute 
to cognitive dysfunction in this disorder. Supported by USPHS grants MH45156, 
M H00519, and M H 18951.
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385.9
SOMAL SIZE OF PREFRONTAL CO RTICA L PYRAM IDAL NEURONS IN 
THE THALAM IC RECIPIENT ZONE OF SUBJECTS WITH 
SCHIZOPHRENIA. J.N. Pierri,1* C.L. Edgar,1 and D.A. Lew is1,2. Depts. o f 
Psychiatry1 and Neuroscience2, University o f Pittsburgh, Pittsburgh PA, 15213.

Pyramidal neurons in deep layer 3 o f  the prefrontal cortex m ay be particularly 
vulnerable in schizophrenia because o f their location in the projection zone o f 
excitatory afferents from the m ediodorsal thalamic nucleus (MDTN). Previous 
studies have shown that in schizophrenia, the M DTN is decreased in volume and 
neuronal number, and that the density o f  basilar dendritic spines, a marker o f 
excitatory inputs, is decreased on pyramidal neurons in deep layer 3. In order to 
determine whether the somal size o f  pyram idal neurons in the thalamic recipient 
zone is altered in schizophrenia, the somal size o f  deep layer 3 pyramidal 
neurons will be m easured in 60 subjects. Twenty male and 10 female subjects 
with schizophrenia (S), have each been m atched to one normal (N) control 
subject for gender, age, and postmortem interval. The two groups o f subjects do 
not differ in mean±S.D. age (S: 5 1.6±13.0 , N: 52 .1± 13.8 years) or postmortem 
interval (S: l4 .1±6.2, N: 13 .1±5.4 hours). All tissue included in this study has 
been processed and fixed in paraformaldehyde in an identical fashion. Using the 
fractionator and nucleator probes o f  the Stereo Investigator software program 
(M icrobrightfield, Inc.), unbiased estimates o f  pyramidal cell somal size are 
made in the lower third o f  layer 3 in Brodm ann’s area 9. Quantification o f coded 
sections is in progress. An alteration in the size o f  pyramidal neurons in deep 
layer 3 o f  the prefrontal cortex may reflect impaired thalamocortical connectivity 
in schizophrenia. Supported by USPHS grants M H45156, MH00519, and 
M H 18951.

385.11

QUALITATIVE DIFFERENCES BETW EEN GOLGI-STAINED LAYER V 
PYRAMIDAL NEURONS IN PREFRONTAL CORTEX OF SCHIZOPHRENIC 
AND CONTROL BRAINS. Black. J.E .124*, Klintsova, A .4, Uranova. N.5, Cohen. 
M.2, Kodish. I.2, & Greenough. W.T.1234 1Dept Psychiatry, 2Neuroscience Program, 
3Dept Psychology, 4Beckman Inst, Univ III at Urbana-Champaign, 405 N. 
Mathews, Urbana, IL 61801. 5National Cent Mental Health, Russian Acad Med 
Sciences, Moscow, Russia

Although both developmental and degenerative aspects of schizophrenia have 
been described, the micropathology has remained ambiguous, partly because of 
postmortem artifacts. In this study, brains from 5 schizophrenic subjects (DSM- 
IIIR criteria) and 6 matched controls were obtained after very short postmortem 
intervals (mean = 5 ±  0.4 h, control; 7 ±  0.9, schizophrenia). Preparations of this 
material show relatively small postmortem artifacts. Tissue of prefrontal cortex 
(area 10) was processed for Golgi-Kopsch staining. Two raters, blind to both 
subject and diagnosis, were trained to qualitatively rate layer V pyramidal neurons 
on a Likert scale, with 1 being “most pathological” and 7 being “most healthy.” 
Rating was a global assessment of dendritic branching density and symmetry, 
dendritic caliber, spine density and soma appearance.

The raters were able to use individual mean scores to correctly diagnose 10 of 11 
subjects. (The one misdiagnosed case was the most pathological control and 
matched the highest schizophrenic value.) The mean pathology rating for 
schizophrenic brains was 3 .1±.2 and for control brains was 4.5±.3. A one way 
ANOVA comparison of groups showed F (1,9) = 17.8, p<.002. These results 
clearly indicate qualitative pathological differences between layer V pyramidal 
neurons of schizophrenic and control prefrontal cortex. Quantitative analysis of 
Golgi material is in progress.
Supported by the McDonnell Foundation, Kiwanis Foundation & NARSAD.

385.13
SYNAPTOPHYSIN mRNA IN NORMAL POSTNATAL PREFRONTAL 
CORTEX DEVELOPMENT AND IN SCHIZOPHRENIC VERSUS NORMAL 
CONTROL R.M. Rodriguez*. C.Shannon Weickert, M.M. Herman. T.M. Hyde, 
M.J. Webster , D.R. Weinberger. J.E. Kleinman. Clinical Brain Disorders Branch, 
IRP, NIMH, NIH, Washington, D.C. 20032

Little is known about the neurobiological changes occurring in the human 
dorsolateral prefrontal cortex (DLPFC) at the typical time of onset of 
schizophrenia, namely in late adolescence. We have measured synaptophysin 
mRNA as an index of synaptic number with in situ hybridization in the DLPFC of 
normal postmortem brains from postnatal ages 2 months to 86 years of age 
(n=35). Synaptophysin mRNA was found to be highest in the neonate (mean age, 
3 months) and to decrease by 25% after adolescence (mean age, 17 years) 
(F=4.07, p<.008). Additionally, we observed a significant 50% decrease in 
synaptophysin mRNA in individuals over 70 years of age.

Previous postmortem studies have revealed a decrease in cortical volume, 
neuropil, and synaptophysin protein in the DLPFC of individuals with 
schizophrenia, suggesting fewer synaptic connections. We have hypothesized that 
there may be a reduction in synaptophysin mRNA in the DLPFC of individuals 
with schizophrenia. Synaptophysin mRNA in area 46 of postmortem brain from 
schizophrenics, normals, bipolars, and suicides (n=40) has been measured. These 
results do not demonstrate a significant difference in synaptophysin mRNA in the 
DLPFC in schizophrenic (n=l4) versus controls (n=l3) (F=.384, p=.683). Our 
findings are in agreement with a recent report by Eastwood and Harrison 
(Neuroscience, in press) and suggest that the number of connections made by the 
DLPFC efferents may be normal. It also suggests that the previously reported 
decrease in neuropil and synaptophysin protein may represent a decrease in the 
number of terminals coming from other afferent systems into the DLPFC.

385.10
CELLULAR LEVELS OF SYNAPTOPHYSIN m RNA EXPRESSION IN THE 
PR EFRO NTA L CORTEX OF SUBJECTS W ITH SCHIZOPHRENIA. L A .

Psychiatry2, U niversity o f  Pittsburgh, Pittsburgh, PA 15260.
Previous reports have docum ented a decrease in m easures o f  the synaptic 

vesicle-associated protein, synaptophysin (p38), in the prefrontal cortex (PFC) 
o f subjects with schizophrenia (PNAS 93:14182, 1996; Arch Gen Psych 54:943, 
1997). In order to determine whether the decreased protein levels reflect a 
dim inished expression o f p38 in the PFC, we investigated the levels o f  p38 
m RNA in each layer o f  PFC area 9 in subjects with schizophrenia (S) and normal 
matched controls (C). Ten S subjects (7 males, 3 fem ales) were matched to ten 
C (8 males, 2 females). Mean ± SD age (S: 45.2 ± 10.4; C: 47.5 ±  11.5 yrs) and 
post mortem interval (S: 18.5 ± 6.9; C: 19.0 ± 3.9 hrs) did not differ between the 
two groups. Using in situ hybridization histochem istry, p38 m RNA was labeled 
on randomly-chosen fresh-frozen sections with a cocktail o f two oligonucleotide 
probes complementary to human p38 m RNA and exposed to emulsion. Cellular 
levels o f  p38 m RNA were analyzed in each cortical layer using grain density 
quantification, correcting for nonspecific (background) signal. Neurons with 
grain density greater than 5 times background were considered to be specifically 
labeled. Prelim inary analyses from  over 2,000 neurons revealed a 26-44% 
decrease in the density o f  labeled neurons in layers 2-6, but not in layer 1, o f  S 
subjects compared to C. In contrast, am ong neurons expressing an above 
threshold level o f  p38 mRNA, mean grain density per neuron did not differ 
betw een the subject groups. Based on these data, the decreased levels o f  p38 
protein in the PFC o f S subjects m ay reflect a decrease in the expression o f p38 
in a subpopulation o f  neurons in the PFC, although additional alterations in 
afferent inputs cannot be excluded. Support provided by the Scottish Rite 
Schizophrenia Research Program  and M H45156.

385.12

GLUR3 FLIP-FLOP SPLICE VARIANT GENE EXPRESSION IN THE 
SUPERIOR TEMPORAL GYRUS OF SCHIZOPHRENICS AND CONTROLS
J.T. Noqa*, T.M. Hyde2, S.E. Bachus2, M.M. Herman2 and J.E. Kleinman2 
Emory Univ Dept Psychiatry, Atlanta, GA; 2CBDB, IRP, NIMH, NIH, Wash, DC 

Structural abnormalities have been found in the superior temporal gyrus in 
schizophrenia. We are examining the superior temporal gyrus for aberrant 
gene expression for flip and flop splice variants of AMPA glutamate receptor 
sub-units. These splice variants are post-transcriptional modifications affecting 
the receptor’s sensitization properties. We hybridized 35S-labeled oligonucleo
tide probes for GluR3 flip and flop mRNAs to sections of postmortem superior 
temporal gyrus from schizophrenics (n=13), normal controls (n=15), suicides 
(n=6), and neuroleptic-treated bipolar affective disorder patients (n=7). Data 
were sampled with NIH Image and analyzed by 2-way ANCOVA with laminae 
nested in group, age & pmi as covariates, & post-hoc laminar group contrasts.

GluR3 flip mRNA density was heterogeneous across laminae, with the 
highest density in lamina 6. Schizophrenics had a higher density of GluR3 flip 
mRNA relative to normals (p=.002), reaching significance (p<.05) in laminae 
4/5. Schizophrenics were elevated relative to bipolars (p=.03), though not sig
nificantly in any laminae. Suicides did not differ from schizophrenics but were 
elevated over normals (p=.03), significantly in laminae 2/3 and 4/5. Bipolars 
tended toward a reduction relative to suicides (p=.06) and normals (p=.08).

GluR3 flop mRNA was homogeneous across laminae; laminae 2/3 and 4-6 
were sampled. No groups differed significantly for GluR3 flop mRNA levels.

There appear to be differential laminar organization and involvement in 
disease for flip-flop variants of the GluR3 subunit. Elevated GluR3 flip mRNA 
in schizophrenia does not seem to be due to neuroleptics as it was not seen in 
neuroleptic-treated bipolars. This abnormality is not specific to schizophrenia, 
however, as it also occurred in suicides. Our results further implicate both 
superior temporal gyrus and AMPA receptors in neuropsychiatric disorders. 
Support to JTN from Theodore & Vada Stanley Fdn & to SEB from NARSAD

385.14

GENE EXPRESSION OF DOPAMINE RECEPTORS IN THE 
ENTORHINAL CORTEX OF SCHIZOPHRENIC AND CONTROL 
SUBJECTS. M. Akil*. M.T. Kittell. C. Keczkemethy . T.M. Hyde 
and J.E. Kleinman. Clinical Brain Disorders Branch, NRP, NIM H, 
W ashington DC 20032.

The entorhinal cortex (ERC) has been implicated as a site o f  
dysfunction in schizophrenia. Previous studies have found a reduction 
in the dopaminergic innervation o f the ERC in schizophrenia (Akil and 
Lewis 1995) and altered mRNA levels for some DA receptors in other 
regions o f cortex (Meador-Woodruff et al. 1997). We set out to 
examine the regional and laminar distribution o f DA receptor transcript 
in the normal ERC, and to compare mRNA levels between 
schizophrenic subjects and matched controls. We used in situ 
hybridization with riboprobes to detect D 1, D2 and D4 messenger 
RN A  in the rostral and intermediate subdivisions o f the ERC. A group 
o f  10 schizophrenic subjects were compared to a group o f 12 normal 
controls with no known neuropsychiatric disorders or history of  
substance abuse, matching for age, gender and postmortem interval. 
ERC subdivisions were identified using cytoarchitectonic criteria. Each 
o f the three transcripts was detected in layers II, III, V and VI o f both 
ERC subdivisions examined, with the highest levels o f  expression in 
layer II clusters. Preliminary quantitative analyses revealed no 
significant differences in D 1, D2 or D4 mRNA levels in the 
schizophrenic subjects relative to controls. These preliminary data 
suggest that alterations o f  DA neurotransmission in the ERC of 
schizophrenic subjects do not occur at the level o f  gene expression o f  
D 1, D2, or D4 receptors. Examination o f the gene expression o f D3 
and D5 receptors in the same subjects is underway.
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385.15
MOLECULAR AND CYTOARCHITECTURAL ALTERATIONS IN THE 
HIPPOCAMPUS OF PATIENTS WITH SCHIZOPHRENIA REVEALED BY 
IMMUNOSTAINING AGAINST HuD, GAP-43 AND OTHER SYNAPTIC 
MARKERS. N.l. Perrone-Bizzozero1, D. Thomas1, F. Harj i1, H.M. Fumeaux2,
L. Saland1, G. Weiss1*, S. Lynn3 and R. L. Neve3. 1Dept. Neurosci.. Univ. 
New Mexico Sch. Med., Albuquerque, NM, 87131, 2Sloan Kettering Cancer 
Ctr., New York, NY 10021 and 3McLean Hospital, Belmont, MA, 02178.

We have previously shown that the expression of GAP-43 and other 
synaptic proteins is altered in specific brain areas of patients with 
schizophrenia (Perrone-Bizzozero et al, Proc. Natl. Acad. Sci. 93, 14182, 
1996). GAP-43 gene expression is known to be regulated by HuD, a 
neuronal-specific RNA-binding protein that binds to a regulatory element of 
the 3’ untranslated region (3’ UTR) of the GAP-43 mRNA (Chung et al., J. 
Biol. Chem. 272:6597, 1997, see also Anderson et al, this series). To further 
investigate the molecular alterations associated with the neuropathology of 
schizophrenia, we measured the levels and distribution of HuD, GAP-43 and 
other synaptic markers in the hippocampal formation of patients with 
schizophrenia and of age-, sex- and post-mortem interval (PMI)-matched 
control subjects. HuD immunoreactivity was found primarily in pyramidal 
cells in all Ammon’s horn areas and in polymorphic cells in the dentate 
gyrus. Dentate granule cells showed only a light HuD staining. Analysis of 
the hippocampus of patients with schizophrenia revealed an increase in the 
number of HuD positive cells in the hilar region and granule cell layer of the 
dentate gyrus. Western blot analysis of the same tissues demonstrated a 
decrease in the ratio of GAP-43 over synaptophysin, further supporting the 
presence of synaptic alterations in the tissue. We are currently using 
confocal microscopy to determine the specific alterations in HuD, GAP-43, 
synaptophysin and other synaptic proteins in different cell populations in the 
hippocampus of patients with schizophrenia. Supported by the NIH NS30255 
(NPB), NARSAD (RLN) and a grant from HHMI to UNM Sch. Med.

385.17
IN CR EA SES IN D O PAM INE D 1 RECEPTO RS IN C E REBR A L C O RTEX  
O F SC H IZO PH REN IC S : A PO STM O R TEM  STU DY T.D om yo 1,2, A. 
K urumaji l,2, T .Y oshikaw a 1,2,*, M .Toru 1,2 ; 1 D ept. o f  N europsyclt atry, 
Tokyo M edical and Dental Univ. 2 C R EST, Japan Science and Technology 
C orporation (JST)

Dysfunction o f  cerebral cortex in schizophrenia has been suggested by 
several clinical and experim ental evidence. Because dopam ine D 1 receptors 
( D IR ) are m ore abundant than dopam ine D2 receptors (D 2R) in cerebral 
cortex, D I R possibly play an important role o f  pathophysiology o f  
schizophrenia in the brain area.

W e m easured the D IR in the 16 cerebral cortices and substantia nigra o f  
the postm ortem  brains o f  13 chronic schizophrenics and 10 controls, using 
[ 3H]SCH2339O as a ligand for the assay. D ata from the schizophrenics and 
controls w ere com pared statistically  by m eans o f  m ultiple regression 
analysis, regressor variables being d iagnosis, age at death, and interval from 
death to freezing. The specific [ 3H]SCH2339O binding was significantly  
increased in medial and inferior tem poral cortex (BA 20 and 21) and 
superior parietal cortex (BA 5, 7, and 31) o f  schizophrenics. In addition, ? 
sta tistically  significant increase was found in the cerebral cortices o f  off- 
drug schizophrenics, who had not received antipsychotics for more than 40 
days before death. There was a tendency to increase in Bm ax o f 
[3H]SC H 23390 in these two brain a reas. with no change in Kd.

These results suggest that increases in D IR  in the tem poral and parietal 
cortices are involved in the pathophysiology o f  schizophrenia.

385.16
INTERSTITIAL CELLS OF THE WHITE MATTER IN CORTICAL AREAS 
B39 AND B46 IN DEFICIT AND NONDEFICIT SCHIZOPHRENIA. B.
Kirkpatrick1*, R.R. Conley1, R.L. Reep2, A. Kakovannis1, R.C. Roberts 1.
MPRC, Dept of Psychiatry, U. of Maryland, Baltimore, MD 21228; Dept. 
Physiol. Sci, U. of Florida, Gainesville, FL 32610.

Previous studies have found an increased density of the interstitial cells of the 
white matter (ICWMs) in frontal and temporal cortex in schizophrenia. The 
abnormality appeared to be restricted to a subgroup of patients whose clinical 
features were consistent with the presence of the deficit syndrome. Because 
Brodmann areas 39 and 46 (respectively inferior parietal and dorsolateral 
prefrontal cortex) have been implicated in the pathophysiology of deficit features, 
we examined ICWMs in these two areas in 6 patients and 7 matched controls. 
Schizophrenia and control groups were matched for demographic variables and 
freezer time. Frozen tissue was used, using the procedure of Akbarian et al. 
( 1993). ICWMs were labeled for MAP2 immunoreactivity, and the density of 
these cells was determined using the unbiased (stereological) cell-counting method 
of Williams and Rakic (1988).

In both brain regions, the density of ICWMs was significantly greater in brains 
from the schizophrenia subjects than in the control group ( t= 2 .3 1 , p < . 05, area 
B39; t =2.76, p < . 04, area B46). This difference was largely due to the increased 
density in the deficit group; e.g. in B39 the respective means +  SD for the 
deficit, nondeficit, and control groups were 0.23 +  0.07, 0 1 6 +  0.07, and 0 .10 
+ 0.07. These results provide 1) the first evidence based on unbiased cell-
counting techniques that there is an abnormal 1CWM density in schizophrenia; 2) 
evidence for a microscopic abnormality in schizophrenia in the inferior parietal 
cortex; and 3) further evidence that the pathophysiology of the deficit form of 
schizophrenia differs from that of other forms of schizophrenia.

Supported in pan by the Stanley Foundation (RCR) and MH40279.
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386.1
PROTEIN LEVEL DIFFERENCES IN POSTMORTEM FRONTAL LOBES 
OF THE MENTALLY ILL. N. Johnston*, N. Andersona, L. Andersona, A. 
Shoreb, R. Yolken, E. F. Torrey and the Stanley Neurovirology Consortium. 
The Stanley Neurovirology Laboratory, Johns Hopkins University School of 
Medicine, Baltimore, MD 21205. a. Large Scale Biological Corporation, 
Rockville, MD 20850, b. Johns Hopkins School of Hygiene and Public Health 
The comparison of diseased and normal tissue is an objective way to determine 
differences on the molecular level. In the study of mental illness, this has been 
done by comparing gross brain pathology, analyzing cell and synaptic densities, 
and by comparisons on the RNA and DNA levels. We arc doing the same 
comparative analysis on the protein level through analysis of proteins separated 
by two-dimensional gel electrophoresis. Through semi-automated methods that 
allow up to 20 gels to be run at once, we have analyzed over 200 proteins from 
89 postmortem frontal lobes [schizophrenic (N=24), bipolar (N=23), unipolar 
depression (N=19), and mentally healthy controls (N=23)]. With multivariate 
analysis to correct for variables unrelated to disease, we identified 5 proteins 
that differed in level between mentally ill and unaffected brains. These proteins 
were sequenced and compared to known sequences in the databases. Further 
studies to localize and compare expression through Western blots and 
immunohistochemistry are planned.
This research was supported by the Theodore and Veda Stanley Foundation

386.2
DIFFERENTIAL SPLICING OF ENDOGENOUS RETROVIRAL SEQUENCES IN THE 
BRAINS OF INDIVIDUALS WITH BIPOLAR DISORDER AND SCHIZOPHRENIA?
F.Yee*, N.L.Johnston, E.F.Torrey, R.H.Yolken and The Stanley Neuropathology 
Consortium. The Stanley Neurovirology Laboratory, Johns Hopkins University School 
of Medicine, Baltimore, MD 21205.

Previously, we have demonstrated the differential expression of an RNA transcript, 
X54, in post-mortem frontal cortex of individuals with bipolar disorder. This X54 
sequence displays 77% amino acid similarity to the Pol polyprotein of a simian retrovirus 
(SRV-1). A genomic clone was isolated using the X54 PCR product as a probe, and 
when sequenced this clone showed homology (79%) to a family of human endogenous 
retroviruses, HERV-K.

In the present study, we are investigating whether these endogenous retroviral 
sequences are differentially spliced in post-mortem frontal cortical regions obtained from 
individuals with neuropsychiatric disorders, e.g. schizophrenia and bipolar disorder, as 
compared to unaffected controls. Another issue is whether these splice forms are 
differentially inserted into cellular genes, which may lead to alterations of cellular function. 
In our preliminary data using PCR primers specific for intron-spanning regions of known 
retroviruses, we have found that the affected groups (5/6 individuals with schizophrenia 
and 3/6 individuals with bipolar disorder) are more likely to express the spliced HERV-H 
env cDNA than the unaffected group (2/8). Several of these retroviral PCR products 
(250-400 bp long) are being cloned (Invitrogen’s ZeroBlunt PCR Cloning kit) and 
sequenced. We will design intron-spanning-specific PCR primers to analyze our original 
X54 retroviral clone. These findings may enable us to better understand the mechanisms 
involved in neuropsychiatric disorders.

This research was supported by the Theodore and Vada Stanley Foundation
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386.3
CENTRAL NERVOUS SYSTEM IMMUNE ACTIVATION IS PRESENT IN 
SCHIZOPHRENIA AND BIPOLAR DISORDER. L.Bobo1*, R.H. Yolken1,M.C. 
Heyes2, and E.F. Torrey3. 1 Stanley Neurovirology Div., Johns Hopkins Univ., 
Baltimore, MD 21287;2 Analytical Biochemistry, N IM H ;3 Stanley Foundation 
Research Program, NAMI.

Abnormal peripheral immunologic activity has been reported in schizophrenia. 
Measurements of quinolinic acid (QUIN), a potential neurotoxic product of activated 
glia/macrophages, were compared in postmortem cases of schizophrenia (SZ), bipolar 
disorder (BP), and unipolar depression with normal controls (NC). Patients with 
confirmed infections, known autoimmune disorders or head and neck trauma were 
excluded. Cerebellar (CB) and CSF QUIN were elevated in SZ (p=0.002,0.05) and BP 
(0.08, 0.03) as compared to NC, and CB QUIN was highly correlated with CSF QUIN 
(p<0.001). Frontal cortex QUIN elevations were not disease related. Blood QUIN was 
correlated with CB and CSF QUIN in SZ (R2=0.26, p=0.06 and R2=0.26, =0.03) and 
BP (R2=0.8, p<0.001 and R2=0.62, p=0.001). CNS QUIN elevations were related to 
BBB leakage (p<0.001), and BBB leakage was related to psychosis (χ2= 3.77, p=0.04). 
In addition, CSF IL-2 receptor was correlated in SZ with CSF (R2=0.97, p<0.001) and 
CB QUIN (R2=0.86, p=0.01), as was CSF IgG (R2=0.64, p=0.09 and R2 =0.96, 
p<0.001). CSF QUIN and IgG were also correlated in BP (R2 =0.68, p=0.03). β2- 
microglobulin was correlated with CB QUIN for SZ (R2=0.69, p=0.05), and with CSF 
QUIN for BP (R2=0.61, p=0.02). In the cerebellar vermis, there was no obvious gliosis 
or mononuclerar cell infiltrates. Purkinje cell axonal swellings in the granule cell layer 
were noted with SZ and elevated CB QUIN (χ2=3.51, p=0.04). There was no 
relationship of postmortem factors, medication, or substance abuse to QUIN. However, 
CB QUIN elevations were related to disease exacerbation in the BP group (t=2.46, 
df=l 1, p=0.03), and with psychosis overall (F1.83 =8, p<0.01). CNS elevations of 
multiple immune markers in psychiatric cases in association with increased disease 
severity and BBB leakage suggest that ongoing immune stimulation interferes with 
normal brain function. (Supported by Theodore & Vada Stanley Foundation Grant).

386.5
SIGNIFICANT REDUCTION OF CALRETININ-IR NEURONS IN LAYER II 
IN THE ANTERIOR CINGULATE CORTEX IN SUBJECTS WITH 
AFFECTIVE DISORDERS. S. Diekmann*1, B Baumann1, U Schmidt2, B 
Bogerts1 Dept. o f Psychiatry1 and Forensic Medicine2, Univ. o f Magdeburg, 
Leipziger Str 44, D-39120 Magdeburg

Several lines o f evidence have suggested that dysfunction o f the anterior cingulate 
cortex (ACCx) may be involved in the pathophysiology o f affective disorders (AFD). 
Functional imaging studies have shown a possible involvement o f the ACCx in AFD. 
In a postmortem study (Vincent et al 97) intemeurons were reduced in layer II by 
27% in the ACCx. In an attempt to further elucidate the specific class and distribution 
of intemeurons involved we conducted a postmortem study investigating neurons 
containing the calcium binding protein Calretinin (CR-ir neurons) Using
immunohistochemical techniques and Nissl-staining we examined the laminar density 
o f CR-ir neurons and total laminar neuronal density in 11 patients with AFD, 11 
controls (CON) and 11 schizophrenics (SZ) matched for age and gender. A 3- 
dimensional counting box was used to measure laminar densities. CR-ir neurons 
constituted 8 9% of the total neuronal population across all layers in CON, 7.6% in 
AFD and 7 6% in SZ. In subjects with AFD the densities o f CR-ir neurons were 
reduced by 23% in layer II and by 18% in SZ compared to CON. Neuronal density o f 
all neurons in layer II was significantly reduced by 15% in AFD and nonsignificantly 
in SZ. In layer II CR-ir neurons constituted 14.3% o f the total neuronal population in 
CON, 12.9% in AFD and 11.9% in SZ. Reduction o f neuronal density (total and CR- 
ir) was confined to layer II in AFD whereas SZ exhibited a more complex pattern of 
disturbances with increased densities o f CR-ir neurons and total neuronal population 
in layer III and increased densities o f CR-ir neurons in layer V and VI. Cortical 
thickness and laminar width were not significantly different in AFD and SZ compared 
to CON. Taken together the results o f  this study provide support for the hypothesis 
that layer II o f ACCx may be specifically involved in the pathophysiology o f affective 
disorders. Supported by DFG (Bo 799), BMBF (01ZZ95104), Krupp-Stiftung and 
Stanley Foundation.

386.7
SUBREGIONAL DISTRIBUTION OF SEROTONIN TRANSPORTERS IN 
THE MIDBRAIN OF SUICIDE VICTIMS WITH MAJOR DEPRESSION. 

W.B ligh Glover*1, T. Kolli2, L. Friedman2, L. Shapiro2, G, Dilley2. and.
C. Stockmeier2 1 Department of Pathology, University Hospitals of 

Cleveland, Cleveland, Ohio. 2Program in Basic and Clinical Neuroscience, 
Department of Psychiatry, Case Western Reserve University, Cleveland,
Ohio 44106.

Serotonin involvement in depression and suicide may be revealed at the 
cell bodies of origin in the midbrain dorsal raphe nucleus (DR). Subregional 
distributions of serotonin transporters within the human DR were determined 
by quantitative autoradiographic analysis of radioligand binding in tissue 
sections from the midbrains of 11 age-matched pairs of suicide victims with 
major depression and psychiatrically normal controls. [3H]Paroxetine was 
used to label the serotonin transporter in the subnuclei of the DR, which 
were identified by tryptophan hydroxylase (TrpOH) immunohistochemistry. 
There were no significant differences in age or postmortem interval between 
subject groups. A paired ANOVA was used with two within-subjects 
(repeated measures) factors, i.e., group and anatomic level. At comparable 
rostral-to-caudal levels, there were no significant differences in [3H]paroxetine 
binding between depressed suicides and normal controls for either the entire 
DR or its subnuclei. Although the serotonin transporter was not altered in 
depressed suicides, serotonin-1A receptors were significantly increased in 
adjacent sections of the same subjects (Stockmeier, et al. SFN 23:655.5, 
1997). The authors gratefully acknowledge the work of JC Overholser,
Ph.D., and HY Meltzer, M.D., in the psychiatric assessments. Supported by 
(NIMH) MH45488 and the American Foundation for Suicide Prevention.

386.4
A ROLE FOR REVERSE TRANSCRIPTASE IN THE ETIOLOGY OF 
SCHIZOPHRENIA. H. Karlsson*. N.L.Johnston, E.FTorrey.
R.H.Yolken and The Stanley Neuropathology Consortium. The 
Stanley Neurovirology Laboratory, Johns Hopkins University School 
of Medicine, Baltimore, MD 21205.

In the course of exploring the environmental hypothesis in the 
etiology of schizophrenia (SCZ), we are searching for signs of 
involvement of retroviral or retroviral-derived reverse transcriptase 
(RT) activity in peripheral blood mononuclear cells (PBMC) obtained 
from monozygotic (MZ) twins discordant for SCZ.
We are searching for disease-associated pol sequences in DNA 
from these individuals. Additionally, we are searching for cDNA 
sequences, derived from mRNA of cellular or viral origin, as a result 
of intracellular RT activity during pre- or post-natal development. 
Preliminary data indicate the presence of a cDNA copy of an 
alternatively spliced mRNA, as detected by nested PCR, encoding 
the c-myc protein in PBMC’s from an affected twin. This sequence is 
not detected in the unaffected twin. We are currently studying 
whether this general phenomenon and/or this particular sequence is 
specifically associated with the disease. We also intend to 
determine the developmental stage where this alternatively spliced 
form of the c-myc RNA was transcribed.

This research is supported by the Theodore and Vada Stanley Foundation

386.6

Autopsy study of Alzheimer’s disease brain pathology 
in schizophrenia
K. Niizato* 1 . N. Kuroki 1 , T. Arai 2, S. Iritani1, K. Ikeda 2, and

H. Kazamatsuri 1.
1Dept. of Psychiatry, Tokyo Metropolitan Matsuzawa Hosp., 2-1-1 

Kamikitazawa, Setagaya-Ku, Tokyo 156-0057, Japan., 2 Dept. of 
Neuropatholgy, Tokyo Institute of Psychiatry.

The brains of 125 schizophrenic patients ( DSM-IV criteria ) 
without other major diseases likely to affect brain morphology 
were examined at autopsy at our hospital for an evaluation of the 
number of neurofibrillary tangles (NFT) and senile plaques (SP) 
as indicators of the incidence of Alzheimer’s disease (AD) brain 
pathology. The clinical degree of dementia and the presence or 
absence of delirium and Parkinsonism were determined in a 
review of the patients’ charts. No significant difference in the 
degree of AD brain pathology between the 12 schizophrenics 
more than 75 years old and 12 age-matched normal controls 
was present. We conclude that AD pathology seems to be no 
more frequent among schizophrenic patients than in the normal 
population, and that the severe cognitive impairment observed in 
schizophrenics is based on neither neuronal degeneration nor 
neuronal loss like that occurring in AD. We believe that future 
morphological studies of cognitive impairments in schizophrenics 
will require more detailed investigation at the receptor level.

386.8
RT-PCR ANALYSIS OF TRK C IN PSYCHIATRIC POST-MORTEM 
BRAINS. M. Schramm. P. Falkai. E.F. Torrey and T.A. Bayer*. Dept for 
Psychiatry, University of Bonn Medical Center, Sigmund-Freud- 
Strasse 25, 53105 Bonn, Germany.
Neurotrophins and their receptors have been implicated in psychiatric 
brain disorders. In order to evaluate the potential contribution of the 
high-affinity tyrosine kinase receptor TRK C, RNA was isolated from 
frozen post-mortem brain tissue samples from the Stanley Brain 
Collection. Brain material was used from frontal cortex (BA10), 
temporal cortex (BA22) and cerebellum from patients with 
schizophrenia (n=15), bipolar disorder (n=15) and depression (n=15) 
and from healthy subjects (n=15). In order to determine the 
transcription levels of brain-derived endogenous Trk C RNA 
exogenous competitor (shorter) TRK C RNA was added as a standard 
to the brain samples. The samples were reverse transcribed and PCR 
performed with fluorescently labeled forward primers, and analysed 
with the help of an automated sequencer. The levels of endogenous 
TRK C were evaluated in relatioņ to the known amounts of standard 
TRK C PCR products. The mean amount of TRK C mRNA (µg) was as 
follows: (BA10/BA22/cerebellum) schizophrenia (20/229/324),
bipolar disorder (117/333/39), depression (51/152/186) and normal 
controls (117/286/154). Conspicious findings were: schizophrenia, 
reduction in BA10 and increase in cerebellum; bipolar disorder, 
reduction in cerebellum; depression, reduction in BA10 and BA22. 
Despite the great variations, which could be due to state of agony, 
cause of death, medication or post-mortem delay, these observations 
indicate a possible contribution of Trk C in psychiatric brain diseases.

Supported by the Wada and Theodore Stanley Foundation.
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386.9
INCREASED SEROTONIN-1A SOMATODENDRITIC AUTORECEPTORS IN 
THE DORSAL RAPHE OF DEPRESSED SUICIDE VICTIMS. M.C. Austin* and 
S.M. O'Donnell. Department of Psychiatry, University of Pittsburgh, School of 
Medicine, Pittsburgh. PA 15213.

Several lines of evidence have suggested that serotonin (5-HT) neurotransmission 
is reduced in suicidal behavior and depression. A number of postmortem studies have 
reported alterations in postsynaptic 5-HT receptors in the brain of suicide victims. 
However, the specific neurochemical and anatomical sites of dysfunction that may 
contribute to the deficit in 5-HT neurotransmission have not been clearly identified. 
Furthermore, very few studies have examined the functional integrity of 5-HT 
neurons in the raphe nuclei of suicide victims. Therefore, the present study wits 
designed to investigate whether the diminished 5-HT neurotransmission in suicide 
victims may be linked to alterations in 5-HT1A autoreceptors in the midbrain raphe 
nuclei. Six human brainstems of suicide victims with a diagnosis of major depression 
and clear toxicology screens were matched with six controls based on age, gender and 
postmortem interval. Four coronal tissue sections (20 µm) were selected at 200 µm 
intervals from the dorsal raphe and processed for receptor autoradiography using [3H]8- 
OH-DPAT (2 nM) as the ligand. Densitometric quantification of 5-HT1A binding sites 
were measured in individual subnuclei of the dorsal raphe from the film 
autoradiograms. 5-HT1A receptors were significantly increased in the dorsal (25%), 
ventral (22%) and ventrolateral (31%) subnuclei of the dorsal raphe in the depressed 
suicide victims compared to controls. No difference in 5-HT1A receptors was found in 
the interfascicular subnucleus between the two groups. These findings confirm a 
previous report of increased 5-HT1A receptors in the midbrain of depressed suicide 
victims (Stockmeier, Soc. Neurosci. Abstr. 1997). Taken together, these results 
suggest that increased inhibitory tone by 5-HT1A autoreceptors in dorsal raphe neurons 
may contribute to the diminished 5-HT neurotransmission in the brain of depressed 
suicide victims. Selective antagonism of 5-HT1A autoreceptors may provide a more 
effective therapeutic approach to treat these neuropsychiatric disorders. (Supported in 
part by MH51 159).

386 .11

EXPRESSION OF THE PRIMARY PKC SUBSTRATES MARCKS  
AND MRP IN THE POSTMORTEM HIPPOCAMPUS OF BIPOLAR  
AND SCHIZOPHRENIC PATIENTS. R. H. Lenox1* , R. K. McNamara1, T.
M. Hyde2, and J. E. Kleinman2, 1 Department of Psychiatry, University of Florida 
College of Medicine and Brain Institute, Gainesville FL 32610. 2Clinical Brain 
Disorders Branch, NIMH Neuroscience Center, Washington, D.C. 20032.

The myristoylated alanine-rich C-Zcinase substrate (MARCKS) and 
MARCKS-related protein (MRP) compose a small gene family of PKC substrates 
that have been implicated in cell signaling and neuroplastic events associated 
with cytoskeletal remodeling. We previously reported that both MARCKS and 
MRP are highly expressed in the adult rat hippocampus, predominantly in the 
granule cell layer, and that chronic lithium down-regulates MARCKS expression 
in the rat hippocampus (Lenox et al., 1992). Here we examined MARCKS and 
MRP mRNA expression in the postmortem hippocampus of normal (n=10), 
bipolar (n=5), schizophrenic (n=10), and suicide (n= 9) patients by quantitative in 
situ hybridization. In the normal hippocampus, both MARCKS and MRP mRNA 
expression were highest in the granule cell layer and low in the hilus, CA3, and 
CA1. Relative to normal controls, MARCKS mRNA expression in the granule 
cell layer, CA3, hilus, and CA1 did not differ significantly from schizophrenic, 
suicide, or bipolar patients (one-way ANOVA, p>0.05). Conversely, MRP mRNA 
expression was significantly decreased in the granule cell layer, but not CA3 or 
hilus, of bipolar patients relative to controls (p<0.03), but did not differ 
significantly in the granule cell layer of schizophrenic or suicide patients. MRP 
mRNA expression in granule cells did exhibit a trend towards a significant 
reduction relative to suicide and schizophrenic patients and in area CA1 relative 
to normals. The reduction in the granule cells could not be attributed to 
differences in postmortem delay (p>0.05). The selective reduction of MRP 
expression in hippocampal granule cells of bipolar patients may be a 
contributing factor to, or a consequence of, the pathophysiology of this 
disorder. (Supported by The Stanley Research Foundation to R.H.L. & R.K.M.)

386.13

GLIA LOSS IN THE SUBGENUAL PREFRONTAL CORTEX IN FAMILIAL 
MOOD DISORDERS. D. Öngür1*, W.C. Drevets2, and J.L. Price1, 1Dept. of Anatomy 
& Neurobiology, Washington Univ. School of Medicine, St.Louis, MO 63110; 2Depts. 
o f Radiology and Psychiatry, Univ. o f Pittsburgh Medical School, Pittsburgh, PA.

Recent neuroimaging studies have revealed decreased metabolism in the 
subgenual part of Brodmann’s area 24 (sg24) that is partially accounted for by a 
reduction in left-sided gray matter volume. This cortical area is connected to the 
amygdala, ventral striatum, hypothalamus, and midbrain periqaueductal gray, and may 
be important in regulation of visceral function and mood. We carried out a 
histological study o f area sg24 on two sets of postmortem tissue, one from the Harvard 
Brain Tissue Resource Center (tissue from normal controls and patients with major 
depressive disorder, or MDD, and bipolar disorder, or BD) and the second from the 
Stanley Foundation (same groups plus schizophrenics). Using unbiased stereological 
techniques (Cavalieri’s principle, the optical dissector, and the rotator), we measured 
cortical volume, neuron number and size, and glial number. A psychiatrist blind to the 
histopathological measurements (WCD) classified the mood disordered subjects into 
those with and without familial illness (fMDD and fBD vs. oMDD and oBD).

In both tissue sets, we found that only the fMDD and fBD groups had 
significantly lower mean numbers o f glia in area sg24 compared to the control group. 
Neuronal number did not differ from control in any mood disordered group. Subjects 
with familial mood disorder had lower mean cortical volumes than controls but this 
reduction was not significant due to large variability. Schizophrenics did not show a 
change in glial or neuronal numbers but did have significantly fewer large neurons and 
more small neurons than controls in area sg24. These results indicate a significant and 
unexpected reduction in glial number not accompanied by neuronal changes in the 
medial wall o f the frontal lobe in mood disorders. The specificity o f this finding to 
familial illness indicates that it may be transmissible. These results constitute an 
important first step in understanding the neurobiology o f mood disorders.
Supported by NIH grants DC00093, MH51 137, MH00928, and Charles A. Dana Foundation.

386.10
SECRETED N-CAM PROTEIN IS ALTERED IN HIPPOCAMPUS OF 
BIPOLAR DISORDER BUT NOT IN SCHIZOPHRENIA. M.P. 
Vawter*1, A.L. Howard1, T.M. Hyde2, J.E. Kleinman2 and W.J. Freed1. 
1Section on Development and Plasticity, Addiction Research Center, NIDA, 
Baltimore, MD 20224. 2Clinical Brain Disorders Branch, NIMH, Washington 
DC 20032.

The neural cell adhesion molecule (N-CAM) is involved in nervous system 
development and synaptic plasticity in the hippocampus. Schizophrenia and 
bipolar disorder are neuropsychiatric disorders, linked to abnormal 
hippocampal structure. Previously, a soluble form of N-CAM ( 105 - 115 kDa) 
was shown to be increased in the hippocampus o f patients with schizophrenia. 
A variable alternatively spliced exon (VASE) o f N-CAM was increased in the 
hippocampus o f bipolar disorder patients. This study investigated the 
relationships between secreted (SEC) N-CAM, soluble N-CAM 105-115 kDa, 
and synaptophysin proteins in the hippocampus o f patients with schizophrenia. 
bipolar disorder, suicide victims, and controls by quantitative Western 
immunoblotting. Two SEC N-CAM proteins (108 kDa and 115 kDa) were 
found in brain. In bipolar disorder, but not in schizophrenia, increased SEC 
N-CAM 115 kDa relative to 108 kDa was found as compared to controls (p =
0.003). Synaptophys¡n was not significantly different between groups.
Soluble N-CAM 105 - 115 kDa / synaptophys¡n ratio was increased in patients 
with schizophrenia (p = 0.014), but not in bipolar disorder. The ratio o f total 
N-CAM / synaptophys¡n was significantly increased in suicides relative to 
both patient groups (p = 0.001) but not controls. N-CAM 180, but not soluble 
N-CAM 105 - 115 kDa, significantly correlated with SEC 115 and SEC 108 (r 
> 0.41). Thus, bipolar disorder patients show altered expression of SEC N- 
CAM in the hippocampus. Support: NIMH Intramural Research Program.

386.12
LIMBIC CORTICAL PREPROSOMATOSTATIN mRNA IN SCHIZOPHRENIA 
AND AFFECTIVE DISORDERS. S.E. Bachus*, T.M. Hyde, S .L  Rubinstein.
M.M. Herman & J.E. Kleinman. CBDB, IRP, NIMH, NIH, Wash., DC, 20032.

Since somatostatin deficits have been implicated in schizophrenia and 
affective disorders, we utilized in situ hybridization with an [35-S]-labeled 
oligonucleotide probe for preprosomatostatin (ppSS) mRNA to measure ppSS 
gene expression in postmortem brain from normal controls (n=15), 
schizophrenics (n=15) and affective disorder patients (n=14). The affective 
group included 7 bipolar disorder patients, of which 6 were suicides, and 7 
suicides, of which 4 had documented histories of depression. Sections from 
dorsolateral prefrontal cortex (DLPFC) (BA46) and the intermediate subarea 
of entorhinal cortex (ERC) (BA28) were studied. Autoradiogram data were 
sampled with NIH IMAGE. Statistics were by 2 way ANCOVA with region 
nested within group, and age and pmi as co-variates, plus post-hoc regional 
group contrasts. Age was inversely correlated with ppSS mRNA in DLPFC 
(p<.025) but not ERC. PMI was not significantly correlated with ppSS mRNA.

The ANCOVA revealed a group effect on ppSS mRNA (p=.001). The 
affective disorder patients had reduced ppSS mRNA relative to normals 
(p=.0001), which reached significance in PFC layers V/VI (p=.02), and deep 
(p=.02) and superficial (p=.02) ERC, and neared significance in PFC layers 
III/IV (p=.06). There was a reduction in ppSS mRNA in schizophrenics relative 
to normals that approached but failed to attain significance (p=.06). 
Schizophrenics did not differ significantly from affective patients.

These data add support to evidence for a CNS somatostatin deficit in 
affective disorders, further implicating DLPFC and ERC. Since only 1/15 of 
the schizophrenics, but 13/14 of the affective patients were suicides, the 
possibility that a somatostatin deficit is a state dependent marker related to 
either depression per se or suicide bears further scrutiny.
SEB supported by NARSAD

386.14

THE HUMAN HIPPOCMAPUS IN MAJOR DEPRESSION OR 
FOLLOWING ADMINISTRATION OF GLUCOCORTICOIDS: NO 
EVIDENCE FOR MAJOR STRUCTURAL ALTERATIONS 
M .B. Müller1, P.J. Lucassen2, A Yassouridis1, W.J.G. Hoogendijk3, F. 
Holsboer *, D.F. Swaab4. 1Max Planck Institute o f Psychiatry, München, 
Germany; 2Medical Pharmacology, Univ. o f Leiden, NL; 3Valerius Clinic, 
Free Univ. o f Amsterdam, NL; 4Netherlands Institute for Brain Research, 
Amsterdam, NL

Dysregulation o f the HPA axis resulting in hypercortisolemia is a 
biological characteristic of major depression. Exposure o f the 
hippocampus to an excess o f glucocorticoids (GC) may result in dendritic 
atrophy, astrogliosis and loss of pyramidal neurons in animals. This study 
on post-mortem tissue is the first to examine the human hippocampus in 
major depression and following GC treatment. Hippocampal specimens 
o f  15 depressed patients, 16 controls and 6 GC-treated patients were 
stained for H&E, Nissl and Bodian. The pattern and extend o f astrogliosis 
(GFAP), synaptic density (synaptophysin), synaptic reorganization (GAP- 
43/B-50) and Alzheimer-like neuronal changes (Alz-50) were examined 
immunocytochemically. Semiquantitative analysis o f staining intensity 
with consecutive multivariate analysis o f covariance was performed.
No evidence o f neuronal cell loss or other morphological alterations were 
observed in any o f the groups, nor was there a significant change in the 
distribution patterns o f synaptophysin, GFAP or Alz-50 in comparison to 
the controls. B-50 staining revealed a significant increase in CA1 and 
CA2 in both steroid-treated and depressed patients. We conclude that the 
human hippocampus in major depression or after glucocorticoid- 
treatment does not reveal any major morphological changes or signs of 
neuronal cell death, but 2. does show subtle alterations in B-50 expression 
in selected parts o f the pyramidal cell layer.

(Tissue was kindly provided by the Netherlands Brain Bank, Amsterdam)
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386.15
NEURON NUMBER AND GABAERGIC AND GLUTAMATERGIC 
mRNA EXPRESSION IN SUBDIVISIONS OF THE THALAMIC 
MEDIODORSAL NUCLEUS OF SCHIZOPHRENICS. G.J. Popken1*.
W.E. Bunney Jr2, S.G. Potkin2 and E.G. Jones1 1Dept. of Anatomy and 
Neurobiology; 2Department of Psychiatry and Human Behavior, University 
of California at Irvine 92967.

Theories of schizophrenia have implicated a number of cortical and 
subcortical structures in the pathophysiology of the disease. These 
include the prefrontal cortex, medial temporal lobe, striatum and the 
thalamus. Recently attempts to identify pathological changes associated 
with schizophrenia have focused on the cortex. However, there is also 
evidence indicating a reduction in neuron number in the mediodorsal 
nucleus (MD) of the thalamus (Pakkenberg B. 1990. Arch. Gen. Psych. 
47:1023-8). The implications of this cell loss are not fully understood, 
particularly with regard to the heterogeneity o f cell types in, and the 
connectivity of MD. The mediodorsal nucleus contains a number of 
subnuclei with specific connections to the above mentioned cortical and 
sub-cortical structures. Restriction of cell loss to individual subnuclei can 
have important functional implications. Using the optical disector, neuron 
estimates were made in the magnocellular, densocellular and 
parvocellular divisions/of the MD. This study confirms the reduction in 
total neuron number/of the entire MD and implicates the parvocellular 
division, which projects to the dorsolateral prefrontal cortex, as being 
majorly involved.

In situ hybridization for GABA A receptor subunit, glutamic acid 
decarboxylase, glutamate receptor (GLUR2) and alpha type II 
calcium/calmodulin-dependent protein kinase (CAM-II kinase-α) mRNAs 
shows differential expression in the subdivisions of MD.

Supported by NIMH grant MH56866

386.16
SH ORT AND LONG FORM S O F TH E SEROTONIN TRANSPORTER 
GENE PR O M O TER ARE NOT ASSOCIATED W ITH DIFFERENCES IN 
TRANSPORTER BINDING IN HUMAN BRAIN. Y. Huang,*V. Arango, M, 
Underwood. V. Khait and J .J . Mann . Dept of Neuroscience, New York State 
Psychiatric Inst. & Dept, of Psychiatry, Columbia University, New York, N.Y. 
10032.
The short form and long forms of the promoter region of the serotonin transporter 
(SERT) gene are associated with differential gene expression, serotonin uptake and 
SERT binding in transfected cell lines. Anxiety and related traits or temperaments 
are associated with the short form of the SERT promoter. However, it remains to be 
determined whether variants in the promoter result in differential SERT binding or 
function in man. We therefore genotyped 94 human brains for the short and long 
forms of the promoter region of SERT gene and assayed SERT binding in prefrontal 
cortex. SERT binding was assayed using H-cyanoimipramine, and specific binding 
was determined by 1 µM sertraline. A psychological autopsy was used to subclassify 
the cases into suicide victims and nonsuicides, because reduced SERT binding has 
been reported in suicide victims. Thus, a second goal was to determine if the 
reduction in SERT binding in the brain of suicide victims was due to a 
preponderance of the short form of the promoter region in those cases. We found no 
differences in SERT binding associated with genotype (LL: 8.8 ± 3.4; SL: 8.3 ±4.3; 
SS: 7.3 ± 3.1 fmol/mg tissue). Results are presented from the outer layer of the 
ventral prefrontal cortex and were similar in other brain regions. There was no 
difference in genotype between suicide victims (N = 40) and controls (N = 53). The 
frequencies were similar in each group and for the total (N = 93) were as follows: LL 
(29%); SL (50%) and SS (21 %). In conclusion, the short and long forms of the SERT 
gene promoter region are not associated with different levels of SERT binding in 
human brain and do not explain lower SERT binding in the prefrontal cortex of 
suicide victims. Supported by M H40210 and MH46745.

D R U G S O F ABUSE: A LC O H O L, BA RBITU R A TES AND BEN ZO D IAZEPIN ES-C LIN IC A L STUDIES

387.1
5-HT2a R ecepto r  poly m o rph ism  in  Patients suffering  from
ALCOHOLISM, GENERALIZED ANXIETY DISORDER AND PANIC DISORDER Ch. 
Fehr, A. Schleicher. A. Szegedi, I. Anghelescu, H. Wetzel. K. Mann*, S 
Germeyer, Ch. Hiemke and N. Dahmen Department of Psychiatry, University of 
Mainz, 55131 Mainz, Germany.

Naturally occurring genetic variants of serotonergic genes might partially 
explain individual differences in susceptibility to psychiatric disorders as well as 
variations in clinical course and treatment response. O f one such polymorphism, 
located at position 102 (T102C) within the third intron of the 5-HT2A receptor, 
the C-allele has been reported to occur at higher frequencies in schizophrenic 
patients than in healthy controls. Various atypical neuroleptics bind with high 
affinity to the 5-HT2A receptor. In addition, the expression of this receptor has 
been reported to be increased in peripheral blood platelets and in postmortem 
brains of patients suffering from depression.

To further elucidate the role of the T 102C polymorphism of the 5-HT2A gene 
we genetically isotyped 246 patients with alcohol dependence (AD), 51 patients 
with generalized anxiety disorder (GAD) and 28 patients with panic disorder 
without agoraphobia (PD). Allelelic frequencies of the more frequent C allel were 
60.0% in the AD, 56.9% in the GAD and 54.0% in the PD patients group. Two 
sided χ-square tests failed to show statistically significant differences in allelic 
frequencies between the three investigated groups. However, the frequency of the 
C-allele in the AD group was similar to that reported in a multicenter study on 
571 european schizophrenic patients (61.5 %) (Williams et al . 1996, Lancet 347: 
1294-96), whereas the patients o f the anxiety disorder groups showed allele 
frequencies close to those reported for healthy volunteers (56 %). Our results 
warrant further analyses directed at the possible association of the 5-HT2A gene 
polymorphism with clinical and psychopathological parameters.
Supported by the University of Mainz

387.2
NEUR O C HEM ICAL AND CLIN IC AL CO RR ELATES OF CO LLEGE-AGE 
DRINKING. M.D. Anderson1* , J.F. W hite1, J. Knigh t1, J.M. F linn1 and V . 
Chandhoke2 .. Depts. of Psychology1 and Biology2, George Mason Univ., 
Fairfax, VA 22030.

This research examines urinary levels of neurotransm itter m etabolites in 
m ale and fem a le  co llege studen ts using an ES A H P LC  system . These 
students, recruited from both a public and a private university, have different 
alcohol consumption patterns. Subjects were divided into heavy (H), moderate 
(M), and low  (L) drinking groups based on scores on SASSI and A U D IT  
scores. Depression levels, as m easured by the BDI, differed significantly 
b e tw e e n  g ro u p s .  T h e  m e a n s  w e re  9 .3  (L ), 4 .9  (M ) a n d  7 .9  ( H ) , 
(F(2,135)=4.67, p<.01). 5-HIAA, a m etabolite of serotonin and a m arker of 
serotonin turnover, also differed between groups. Means were 4307 (L), 4509 
(M), and 2768 (H) measured in ng/mg of creatine. Preliminary results indicate 
that within any drinking group females had higher values of 5-HIAA. In the H 
group, females were more depressed than males, with a BDI mean of 10.4 vs. 
5,5. For non-depressed subjects (BDI<7) the H group had a mean 5-HIAA 
va lu e  o f 2189, co m pared  to  4 98 2  (M) and 5 3 2 6  (L). A lco h o l abu se  is 
problematic in the American college undergraduate com munity. Studies of 
college drinking often focus primarily on environm ental issues. In fact, our 
data suggests a difference in drinking patterns between two universities. 
However, these data also suggest that depression and neurochemical levels 
are a factors.

387.3
REDUCED EXPRESSION OF ADENYLATE CYCLASE ISOFORMS IN 
LYMPHOCYTES OF ALCOHOLIC PATIENTS. T. Pauly. N. Dahmen. 
A. Szegedi. H. Wetzel, M. Grözinger*, K. Kumpf. T. Weigelt and C. Hiemke 
Department o f Psychiatry, University o f  Mainz, D-55131 Mainz, Germany 

The adenylate cyclase (AC)-system is a target o f ethanol (EtOH) actions and 
has been suggested to be dysfunctional in alcoholics. Investigations of post
mortem brain from alcoholic patients showed a reduction o f the expression of 
distinct AC-isoforms.
We studied the AC-system in lymphocytes o f alcoholic patients before, during 
and after detoxification, i.e. day (D) 0 (intoxicated; measurable blood EtOH- 
level), D2 (state o f withdrawal), DE (detoxificated; release from the hospital). In 
addition, healthy controls were age-matched to the patients. Peripheral blood 
was drawn from the patients at the indicated time points. Western-blot analyses 
gave evidence for the expression o f AC-isoforms I, II, III, V, VI and VIII in 
lymphocytes. Quantification o f AC II and VI expression in patients at the 
indicated time points (n = 26 and n = 29, respectively) showed a significant 
reduction compared to controls (n = 29). The mean expression o f type II was 
reduced by 70% (D0), 76% (D2) and 70% (DE) compared to controls (100 ± 
9%). Expression o f type VI was reduced by 64% (DO), 70% (D2) and 50% (DE) 
compared to controls (100 ± 8%).
From this study, showing for the first time the expression o f distinct AC- 
isoforms in human lymphocytes, it is concluded that the suggested dysfunction 
of the AC-system in alcoholic patients might be, at least in part, due to a reduced 
expression o f the investigated AC-isoforms II and VI.
Supported by BMBF grant 01EB9416/0.

387.4
[C-11](+)McN5652 BINDING TO 5-HT TRANSPORTERS IN 
RECOVERING ALCOHOLICS. Z. Szabo*. L. Kerenyi, K. Szabo. W.B. 
Mathews. H.T. Ravert. R.F. Dannals. G. Wand. Departments o f Radiology 
and Internal Medicine, The Johns Hopkins University, Baltimore, MD 
21205.

Although serotonin deficiency has been linked to ethanol abuse, the exact 
role of this neurotransmitter in alcoholism is still not defined. The purpose 
o f this work was to investigate the integrity o f the serotonergic system in the 
brain o f recovering alcoholics by measuring global and regional binding of 
[C-11](+)McN5652 using positron emission tomography (PET). This 
radioligand is specific for the serotonin transporter (5-HTT). Eight healthy 
subjects (38+ 19 y) and six recovering alcoholics ((39+7 y; high family 
density) were injected with 18+3 mCi [C-11](+)McN5652.

Sequential PET scans were acquired over 95 minutes and regional time- 
activity curves were processed using metabolite corrected arterial plasma 
activity as the input function. The impulse response function was calculated 
by matrix regularization and was normalized to the uptake o f the radioligand 
to represent radioligand retention. Compartmental parameters o f uptake 
(K1), release (k 2) and distribution volume (DV= K 1/ k2) were obtained.

The radioligand distribution volume decreased 31-57 % in four out of six 
recovering alcoholics compared to the average value o f the controls. The 
magnitude o f reduction was similar in cortical and subcortical regions. 
Radioligand retention normalized to uptake was also reduced. These 
preliminary studies indicate reduced serotonergic function in alcoholism. 

Johns Hopkins Univ., School o f  Med., Inst. Res. Grant
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387.5
DECREASED TRYPTOPHAN HYDROXYLASE LEVELS IN THE 
DORSAL RAPHE OF ALCOHOLICS. X. Liu1*, L.A. Shapiro2, G.E. 
Dilley2, C.A. Stockmeier2, and J.W. Havcock1. 1Dept Biochem Molec Biol, 
LSU Med Center, New Orleans, LA and 2Dept Psychiat, Case Western 
Reserve Univ, Cleveland, OH

A loss o f serotonergic neurons has been reported in chronic alchoholics 
with Wernicke’s encephalopathy and/or Korsakoff’s psychosis (J. Neuropath 
Exp. Neurol. 52 (1993) 567). Although no reduction in the size or number of 
midbrain serotonergic neurons was observed in chronic alcoholics without 
neurological complications, a reduction in the immunohistochemical staining 
intensity for tryptophan hydroxylase (TrpOH) was noted (Alcoh.Clin.Exp.Res. 
20 (19%) 66). In the present study, TrpOH levels were determined by 
quantitative blot immunolabeling analysis in dorsal raphe (DR) punches taken 
from cryostatic sections of postmortem midbrains, collected at autopsy from 
7 psychiatrically-normąl control subjects and 7 matched subjects with alcohol 
dependence or abuse (DSM-III-R). Punches o f DR were sampled at 0.5 mm 
intervals extending from DR caudalis to the rostral extent o f the DR. The 
levels of TrpOH protein (ng/µg protein) were lower in 5 of the 7 alcoholic 
subjects, compared with their matched controls, along the entire rostral-caudal 
extent of the DR analyzed. These results provide further support for the 
adverse effects o f alcoholism upon serotonergic function in the human brain. 
[Support: MH55208 (JWH), MH00967 (JWH), MH45488 (CAS). The 
authors gratefully acknowledge Drs. J.C. Overholtzer and H.Y. Meltzer for 
psychiatric assessments.]

387.7
MEMORY FOR CONTEXTUAL INFORMATION IN A 
SOURCE MEM ORY TEST IN CHRONIC ALCOHOLICS B.L. 
Schwartz. R B. R osse, A. Isaac, and S I. D eutsch. Psychiatry, 
Veterans Affairs Medical Center and Georgetown University 
M edical Center; Washington DC 20422.

Experimental studies o f  memory have shown that memory for 
facts and items (item memory) and memory for where, when or 
from whom one has learned these items (contextual memory) can 
be dissociated under certain conditions. These findings suggest 
that item memory and contextual memory depend on different 
attributes o f  the remembered experience. Chronic alcoholics are 
impaired in remembering the temporal sequence o f  information, 
indicating one type o f  contextual memory deficit in this group. 
The study reported here examined contextual memory in chronic 
alcoholics using a source monitoring test. Chronic alcoholics (N  = 
56) and normal controls (N  = 38) studied words that had been 
internally generated (e g., thought) or externally derived (e g, 
perceived). At test, subjects performed recognition and source 
memory judgments. A lcoholics' source memory performance for 
internally generated and externally derived words was impaired 
compared with that o f  controls. In contrast, recognition  
performance did not differ for the groups. These results extend 
prior findings o f  contextual memory deficits in chronic alcoholics 
to failures in source memory.

387.6
GREATER REDUCTION OF BRAIN VOLUMES IN FEMALE 
COMPARED TO MALE ALCOHOLICS D. Hommer*. R.
Momenan. R. Rawlings. E. Kaiser National Institute on Alcohol 
Abuse and Alcoholism, DICBR, Laboratory of Clinical Studies, 
Bethesda, MD 20892-1256

We collected full, volumetric T-1 weighted MR images using a 1.5 
T scanner to measure intra-cranial volumes in 68 alcoholics (38 
males and 30 females) and 38 healthy, non-alcoholic comparison 
subjects (19 males and 19 females). Subjects were between 28 and 
55 years of age. The alcoholics had been hospitalized and alcohol 
free for at least 3 weeks. An automated segmentation program was 
used to divide the intra-cranial contents into CSF, gray and white 
matter (Human Brain Mapping, 5:194-205, 1997). We also 
measured the cross sectional area of the corpus callosum. Since 
women have significantly smaller intra-cranial volumes than men, 
the genders were analyzed separately. Women alcoholics showed 
significant reductions in cerebral gray and white matter volumes, as 
well as significant increases in ventricular and sulcal CSF. The 
largest differences were in gray matter (486±45 ml vs. 551±51 ml) 
and corpus callosum (511±84 mm2 vs. 604±65 mm2). Neither gray 
matter volume nor corpus callosum area differed significantly 
between alcoholic and non-alcoholic men. However, alcoholic men 
did have significantly more sulcal CSF than non-alcoholic men 
(284±43 ml vs. 262±30 ml), but this difference was smaller than the 
difference in sulcal CSF between female alcoholics and controls 
(278±54 ml vs. 231±48 ml). Women appear to be more susceptible 
to alcoholism associated brain damage than men.

D R U G S O F A BUSE: A M PH ETAM IN ES— G EN ER A L

388.1
DOPAMINE AND SEROTONIN MIMIC THE EFFECT OF AMPHETAMINE 
ON EXCITATORY SYNAPTIC TRANSMISSION IN RAT VENTRAL 
TEGMENTAL AREA (VTA) NEURONS. S. Jones* and J. A. Kauer. Dept. of 
Neurobiology, Duke University Medical Center, Durham, NC 27710.

To study the effects of amphetamine, dopamine and serotonin on excitatory 
synaptic transmission in the VTA, whole-cell voltage-clamp recordings of 
excitatory postsynaptic currents (EPSCs) were made from VTA dopamine 
neurons. Dopamine neurons were identified by electrophysiological 
characteristics and/  or positive staining for tyrosine hydroxylase. Horizontal 
midbrain slices (250 µm) were taken from rats aged P 16 to P22. Evoked EPSCs 
were obtained in the presence of picrotoxin ( 100 µM) using a bipolar stimulating 
electrode placed rostral to the VTA to activate descending afferent inputs. Bath 
application of amphetamine ( 1- 100 µM) for 10 minutes caused a concentration- 
dependent and reversible reduction of the EPSC amplitude, with an EC50 around 
10 µM amphetamine (25.8 ± 3.7 % reduction, n = 5). A reduction of EPSC 
amplitude was also seen with dopamine (10- 1000 µM) and serotonin (100 µM; 
60 ± 6 . 1 % reduction, n = 4). The effect of 100 µM dopamine on EPSC 
amplitude (36.5 ± 5.8 %  reduction, n = 6) was not inhibited by the D2 receptor 
antagonist, sulpiride (10 µM; 34 ± 10.8 %, n = 3) or the D 1 receptor antagonist, 
SCH 23390 (2 µM; 30 ± 2.6 %, n = 4). The effect o f amphetamine (10 µM) on 
EPSC amplitude also appeared to be insensitive to dopamine receptor 
antagonists, causing 30 ± 11.6 % reduction (n = 3) in the presence of 10 µM 
sulpiride and 20.3 ± 3.9 % reduction (n = 4) in the presence o f 2 µM SCH 
23390. Thus, both dopamine and amphetamine reduce excitatory transmission 
onto dopamine neurons in the VTA, via a mechanism independent of D 1 and D2 
receptors. We are currently investigating a possible role for serotonin receptors 
in mediating the effect of amphetamine. Sponsored by NINDS DA 11289.

388.2
EXPRESSION OF GLUR1 IN RAT VENTRAL TEGMENTAL AREA, NUCLEUS 
ACCUMBENS AND MEDIAL PREFRONTAL CORTEX AFTER ACUTE 
AMPHETAMINE AND DURING AN EARLY PHASE OF BEHAVIORAL 
SENSITIZATION TO COCAINE AND AMPHETAMINE. W. Lu* and M.E. Wolf. 
Dept. of Neuroscience, FUHS/The Chicago Medical School, North Chicago, IL 60064.

Glutamatergic projections from the prefrontal cortex (PFC) to the ventral tegmental 
area (VTA) play an important role in the induction of behavioral sensitization to cocaine 
and amphetamine. Our previous studies have shown altered G luR 1 expression at 
mRNA and protein levels in PFC (increase after 3 but not 14 days withdrawal) and 
nucleus accumbens (NAc; decrease after 14 but not 3 days withdrawal) and no change 
in VTA at either withdrawal time. Using in situ hybridization and autoradiographic 
immunocytochemistry, this study examined expression o f GluR1 mRNA in PFC and 
NAc and GluR1 protein in ventral midbrain to determine if altered GluR1 expression 
in these regions was evident at an earlier withdrawal ( 1 day) from repeated cocaine or 
amphetamine or 1 day after acute amphetamine. Four groups were analyzed: saline 
control (saline on days 1-5, 1 day withdrawal), acute amphetamine (saline on days 1-4, 
5 mg/kg amphetamine on day 5, 1 day withdrawal), chronic amphetamine (5 mg/kg 
amphetamine on days 1-5, 1 day withdrawal), and chronic cocaine (20 mg/kg cocaine 
on days 1-7, I day withdrawal). NIH Image software was used to quantitatively analyze 
the autoradiographs. No significant differences between groups were found in PFC, 
NAc or VTA. Together with previous results, this suggests that alterations in GluR1 
expression in PFC and NAc are produced by repeated but not acute amphetamine and 
require a withdrawal period to become evident. In the rat midbrain, lack o f significant 
alterations in GluR1 expression supports our previous work indicating that transient 
increases in the responsiveness of midbrain dopamine neurons to glutamate and AMPA 
after chronic stimulant administration are probably not attributable to increased 
expression of GluR1. Support: DA09621.
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388.3

REPEATED AMPHETAMINE ADMINISTRATION INCREASES THE 
SENSITIVITY OF PREFRONTAL CORTEX NEURONS TO GLUTAMATE. J.D. 
Peterson1*, C.-J  Xue1, F.J. White2, M.E. Wolf1. Depts. o f 1Neuroscience and 2Cellular 
and Molecular Pharmacology; FUHS/Chicago Medical Sch., North Chicago, IL 60064.

The medial prefr ontal cortex (mPFC) is implicated in behavioral sensitization to 
psychomotor stimulants. Our group has reported increased expression of the AMPA 
receptor subunit GluR1 in mPFC after 3 days o f withdrawal fr om chronic amphetamine 
administration [Lu et al., Synapse 26: 269-280, 1997], suggesting the possibility of 
altered responsiveness to glutamate in this area. Using in vivo extracellular recording 
and microiontophoresis, we measured glutamate responsiveness o f mPFC neurons 
(layers V-VI) in rats that had received 5 daily injections o f saline or 5 mg/kg 
amphetamine sulfate (the same regimen used in GluR1 expression studies). After 3 
days of withdrawal, neurons recorded from amphetamine treated rats showed an 
increased response to the excitatory effects o f glutamate. After 14 days o f withdrawal 
the glutamate response was no longer different between amphetamine and saline 
groups. This indicates that the mPFC is transiently hyper-responsive to glutamatergic 
inputs, which would presumably result in increased activity of mPFC neurons. The 
mPFC sends projections to both the ventral tegmental area and the nucleus accumbens, 
areas involved in induction and expression of behavioral sensitization, respectively. 
Other lines o f evidence suggest that the activity o f mesocorticolimbic dopamine 
neurons is increased after short withdrawals from repeated cocaine or amphetamine 
administration. The present results, indicating transient hyperactivity o f the mPFC, 
may in part account for such effects and thereby contribute to the induction of 
amphetamine sensitization. To determine if increased responsiveness of mPFC neurons 
to glutamate might represent a compensatory response to amphetamine-induced 
changes in glutamate levels, we have begun to characterize the effects o f  DA receptor 
stimulation on glutamate efflux in mPFC measured by microdialysis. Preliminary 
results indicate no effect o f local perfusion with amphetamine or D 1 agonists on mPFC 
glutamate efflux. Support: DAO9621 (MEW), DA04093 (FJW), and DA00207 (FJW).

388.5

A  P ILO T STU D Y FO R EXAM INING  TH E E FFEC T OF 
M ETH AM PHETAM INE ON THE E LE C T R IC A L A C TIV IT Y  OF 
H IPP O C A M P A L P LA C E  C E LLS . R.A. M ohaghegh 1* and N. 
Ludvig2 1Dept. o f Pharm acology, M eharry M edical College, 
Nashville  , TN 37208; 2Dept. O f P hysio logy and Pharm acology, 
S ta te  University o f New York, Health Science C en te r at Brooklyn, 
Brooklyn, NY 11203.

In free ly  m oving anim als, h ippocam pal p lace cells increase the ir 
firing  at specific  spatia l locations. This unique location-specific  firing 
ind ica tes  tha t these neurons are parts o f the cogn itive  system  in 
brain. In th is study, w e aim ed to  obta in  pre lim inary data on the  e ffect 
o f m etham phetam ine (M AM PH) on the  firing  o f p lace cells.

Long-E vans rats (300 - 400 g) w ere  tra ined to chase food pelle ts in 
a tes t cham ber, and the e lectrica l activ ity o f place cells w as recorded, 
as described  previously (Ludvig et al., A lcoholism ; Clin. Exp. Res., 
1998, 22:41-50). Data w ere  collected on the  firing  o f fou r iso la ted 
place cells, fo llow ing the  i.p. in jection o f 0.9 % N aC l, and successive 
in jection  o f 2 .5  m g/kg M AMPH. The drug enhanced  locom otion fo r 
30-50 m in p os t-in jection  period, and  this  w as the  tim e-w indow  in 
w h ich  place cells could be studied. M AM PH suppressed the location- 
specific  firing  o f three p lace cells. However, the  fourth  neuron 
re ta ined its lo ca tion -spec ific  firing, and it w as sharpened to the 
orig inal firing  fie ld. This m ay ind icate tha t no t all p lace cells respond 
to  M AM PH trea tm ent in the  sam e way. Further studies are needed 
to e labora te  the  e ffec t o f M AM PH on h ippocam pal p lace cells.

388.7
DELTA OPIOID ANATOGONIST, NALTRINDOLE, DECREASES 
AMPHETAMINE-EVOKED GLUTAMATE AND DOPAMINE LEVELS IN RAT 
STRIATUM. S.M. Rawls* and J.F. McGinty. Dept. of Anatomy and Cell 
Biology, East Carolina Univ. Sch. of Med., Greenville, NC 27858.

Delta opioid antagonists, as well as glutamate and dopamine 
antagonists, reduce psychostimulant-induced behavioral effects. In addition, 
amphetamine significantly increases extracellular glutamate (Rawls and 
McGinty, submitted) and dopamine levels in the striatum. Because glutamate 
and dopamine terminals converge in striatal regions where delta opioid 
receptors are expressed, we investigated by in vivo microdialysis whether 
local perfusion of a selective delta opioid antagonist, naltrindole, would 
decrease extracellular glutamate and dopamine levels evoked by the systemic 
administration of 2.5 mg/kg amphetamine. Naltrindole (10-100 µM) 
significantly reduced amphetamine-evoked extracellular dopamine and 
glutamate levels in a concentration-dependent manner: 100 µM naltrindole 
decreased amphetamine-evoked dopamine levels by 65%  and glutamate 
levels by 48% . The selective delta opioid agonist, DPDPE (100, 500 µM), 
reversed the naltr¡ndole-induced reduction in amphetamine-evoked glutamate 
and dopamine levels also in a concentration-dependent manner. These data 
indicate that naltrindole decreases amphetamine-evoked glutamate and 
dopamine levels by selectively blocking delta opioid receptors. Although 
Schad and colleagues (J. Neurochem. 67, 2292) have shown by microdialysis 
that intracisternal administration of naltrindole decreases amphetamine- 
evoked dopamine levels in the striatum, the present study demonstrates that 
striatal delta opioid receptors mediate this effect. Furthermore, this study is 
the first to demonstrate that delta opioid receptors regulate in vivo extracellular 
glutamate levels. These results support the concept that delta opioid 
antagonists may be useful in combatting psychostimulant drug abuse. 
Supported by DA 09256.

388.4

THE SPIN TRAPPING AGENTα-PHENYL-N-TERT-BUTYL NITRONE PREVENTS 
AMPHETAMINE-INDUCED INCREASES IN GLUTAMATE EFFLUX IN RAT 
VENTRAL TEGMENTAL AREA. M.E Wolf* and C.-J. Xue. Department of 
Neuroscience, FUHS/The Chicago Medical School, North Chicago, IL 60064.

The induction of behavioral sensitization to amphetamine and cocaine appears to 
involve glutamate transmission in the ventral tegmental area (VTA). Using in vivo 
microdialysis, we have shown that systemic amphetamine administration causes a 
delayed, sustained increase in glutamate efflux in the VTA (Xue et al., J. Neurochem. 
67:352-363, 1996). Drugs that prevent the development of behavioral sensitization 
when coadministered with amphetamine (MK-801, SCH 23390) also prevent the 
delayed increase in glutamate efflux. Because sustained increases in extracellular 
glutamate accompany many types of neurotoxic insults, we hypothesized that a mild 
neurotoxic insult to VTA dopamine (DA) cells contributes to induction of amphetamine 
sensitization. The spin trapping agent α-phenyl-N-tert-butyl nitrone (PBN), which 
reacts with free radicals and thereby prevents damage to cellular substrates, has been 
shown to attenuate methamphetamine toxicity (Cappon et al., Synapse 24:173-181, 
1996). We now report that 60 mg/kg PBN, injected 30 min prior to 5 mg/kg 
amphetamine, prevents the delayed increase in VTA glutamate efflux normally 
observed after amphetamine injection. PBN did not significantly alter the behavioral 
response to amphetamine. Studies are underway to determine if PBN prevents the 
development of behavioral sensitization when coadministered repeatedly with 
amphetamine. We hypothesize that amphetamine increases VTA levels of free radicals 
(via the oxidative metabolism of DA), leading to inhibition of glutamate transport (see 
Berman and Hastings, J. Neurochem. 69:1185-1195, 1997), accumulation of glutamate 
in the extracellular space, and ultimately to adaptive changes in VTA DA neurons that 
contribute to sensitization. To test this theory, we are examining the effects of 
amphetamine on levels of hydroxyl radicals in VTA using a microdialysis method based 
on the use of D-phenylalanine as a trapping agent. Support: DA09621.

388.6

VOLTAGE- AND USE-DEPENDENT INHIBITION BY 
AMPHETAMINE OF FIELD POTENTIALS AND NA+ 
CURRECTS IN RAT NUCLEUS ACCUMBENS NEURONS
J.Y. Lin1*, R.C. Huang2, 1Department o f Medical Technology, Chung-Tai 
Junior College, Taichung, Taiwan, ROC., and 2Department of Physiology , Chang 
Gung University School of Medicine, Kwei-San, Tao-Yuan, Taiwan, ROC.

The psychostimulant amphetamine (AMPH) is known to act as an indirect 
dopamine agonist by promoting dopamine release from dopaminergic terminals. 
Here we demonstrate direct inhibition by AMPH of field potentials and Na* 
currents in the neurons of nucleus accumbens (NAc), a major target of 
dopaminergic terminals in the brain. The experiments were done with fi eld 
potential recordings from NAc slices and whole-cell recordings from isolated 
NAc neurons. In NAc slices, AMPH, but not dopamine, inhibited the field 
potentials evoked in the absence o f extracellular Ca+2. The inhibition o f field 
potentials by AMPH increased when the NAc neurons were depolarized with 
higher extracellular K+ or when the field potentials were evoked at a higher rate. 
In isolated NAc neurons, AMPH inhibited the Na+ currents. The inhibition of 
Na+ curmets by AMPH increased when Na+ currents were activated from more 
depolarized holding potentials or were activated more frequently. Thus, AMPH 
inhibition of Na+ currents in isolated neurons explains well a similar inhibition of 
field potentials in slices. The results suggest a similar mechanism of AMPH 
action with local anesthetics and antiarrythmic drugs that are known to produce 
use-dependent inhibition of Na+ currents.

388.8
AMPHETAMINE-INDUCED STRIATAL DOPAMINE AND GLUTAMATE 
LEVELS ARE PARTIALLY CALCIUM-DEPENDENT. J.F. McGinty*, S.M. 
Rawls, and A.M. Gray. Dept. of Anatomy and Cell Biology, East Carolina U. 
School of Medicine, Greenville, N.C. 27858.

Amphetamine increases extracellular glutamate levels as well as dopamine 
levels in the nucleus accumbens (Gray et al., in press) and caudate-putamen 
(Rawls et al., submitted). In this study, we investigated the degree to which 
amphetamine-evoked glutamate and dopamine levels are calcium-dependent 
by infusing via reverse microdialysis 0.1 mM calcium into the caudate-putamen 
or nucleus accumbens prior to amphetamine administration. In rats implanted 
with a microdialysis probe into nucleus accumbens, the flow rate was set at
0.3-0.8 µl/min. overnight and was increased to 1 µl/min. for 2 hours before 
collecting samples. Within thirty minutes after initiation of 0.1 mM calcium 
perfusion, basal dopamine levels were reduced to 13% of control levels and 
remained depressed for the duration of the low calcium perfusion. In contrast, 
there was no significant effect of low calcium perfusion on basal glutamate 
levels. In rats implanted on the day of the experiment with a microdialysis 
probe in the caudate-putamen, basal dopamine levels six hours after 
implantation were reduced to 28% of control levels, and glutamate levels were 
not altered, by 0.1 mM calcium. Low calcium perfusion significantly decreased 
the amphetamine-evoked increase in dopamine and glutamate levels In the 
caudate-putamen and nucleus accumbens during the 3 hours following 
amphetamine administration. These data are consistent with the view that a 
transsynaptic, calcium-dependent mechanism is involved in the effect of 2.5 
mg/kg amphetamine on extracellular dopamine and glutamate levels in the 
dorsal and ventral striatum in vivo. Alternatively, local effects of lowered 
calcium on intracellular signalling pathways should be considered.
Supported by DA09256.
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388.9
EFFECTS OF EXCITOTOXIC LESIONS OF THE PREFRONTAL CORTEX ON 
CROSS-SENSITIZATION BETWEEN D-TYR[ 11]NEUROTENSIN AND 
AMPHETAMINE. A. Blackburn*. K .M  Dewar and P.-P. Rompré. Centre de 
recherche Fernand-Seguin et Département de psychiatrie, Université de Montréal, 
Montréal(Québec) H1N 3V2.

Repeated central injections of neurotensin (NT), or its analog D-Tyr[11]NT, sensitize 
to the locomotor activating effects o f amphetamine (Rompré, Eur. J. Pharmacol., 1997; 
Del Vecchio et al., Soc. Neurosci. Abst., 1998). The cross-sensitization effect between 
NT and amphetamine (AMPH) could be mediated, at least in part, by prefrontal cortex 
(PFC) neurons. This hypothesis is supported by studies showing that 1) excitotoxic 
lesions o f the PFC attenuate the development of AMPH sensitization and 2) activation 
of PFC NT receptors stimulates midbrain dopamine impulse flow. This study was 
aimed at testing this hypothesis. Experiments were performed on male rats implanted 
with a guide cannula above the left cerebral ventricle; ibotenic acid (2.0 µg/1 µl), or its 
vehicle, was injected on each side at 3 anterior-posterior placements within the PFC. 
Ten to fourteen days after, rats were tested during two test periods. During a first 
training period, locomotor activity was measured on four occasions, every second day 
(day 1,3,5 and 7), for two hours after an ICV injection of 0.18 nmol/10 µl of D- 
Tyr[11]NT, or its vehicle. One week after the training period (day 14), locomotor 
responses to a single injection of AMPH (0.75 mg/kg, ip) were measured in all the rats. 
Results show that during each test, in the training period, D-Tyr[11]NT produced a 
suppression of locomotor activity that was followed by an augmentation (compared to 
vehicle); the late augmentation increased from day 1 to day 7, and PFC lesions 
attenuated this effect. Lesion rats showed stronger locomotor responses to AMPH than 
control rats. Control rats pre-exposed to NT produced more non-ambulatory 
movements than saline pre-exposed rats after AMPH injection, a sensitization effect 
that was not observed in lesioned rats. These results suggest that PFC neurons 
mediate, at least in part, 1) the behavioral excitation produced by central NT receptors 
activation and 2) cross-sensitization effect between NT and AMPH. Supported by 
MRC (Canada).

388.11
CROSS-SENSITIZATION BETWEEN D-TYR[ 11 ]NEUROTENSIN AND 
AMPHETAMINE: A DOSE-DEPENDENT EFFECT. A.-S. Del Vecchio*, J. 
Boissonneault and P.-P. Rompré. Centre de recherche Femand-Seguin et 
Département de psychiatrie, Université de Montréal, Montréal(Québec) H1N 3V2.

Previous studies have shown that neurotensin (NT) play a role in the development 
o f sensitization to amphetamine (AMPH). Pretreatment with the selective NT 
antagonist, SR-48692, for instance, blocks the development of sensitization to AMPH 
(Perron and Rompré, Soc. Neurosci. Abst., 1997) and repeated intracerebro- 
ventricular (ICV) injections of neurotensin (NT), or its analog D-Tyr[11]NT, 
sensitize to the locomotor activating effect of AMPH (Rompré, Eur. J. Pharmacol., 
1997). This study was aimed at determining the dose-response function of ICV D- 
Tyr[11]NT-induced sensitization to AMPH. Experiments were performed on male 
rats implanted with a guide cannula above the left cerebral ventricle. During a first 
training phase, locomotor activity was tested on four occasions, every second day 
(day 1,3,5 and 7), for two hours after an ICV injection of 0.18, 1.8 or 18 nmol/10 µl 
o f  D-Tyr[11]NT, or its vehicle. Ambulatory and non-ambulatory movements were 
measured in plexiglass boxes equipped with 30 infrared photocells. One week after 
the training phase (day 14), locomotor responses to a single injection of AMPH (0.75 
mg/kg, ip) were measured in all the rats (sensitization test). The effects o f pre
injection 0.18 or 1.8 nmol/10 µl of D-Tyr[11]NT, or its vehicle, on AMPH-induced 
locomotion was also tested on the day o f sensitization in separate groups o f rats pre
exposed to saline during the training phase (acute test). Results show that the 
magnitude of sensitization to AMPH produced by pre-exposure to D-Tyr[11]NT was 
dose-dependent, being stronger at 18 than at 0.18 nmol. Acutely, D-Tyr[11]NT 
produced a strong suppression of AMPH-induced locomotion suggesting that the 
sensitization effect could not be attributed to residual NT in the brain. These results 
further support the hypothesis that activation of central NT receptors produces lasting 
sensitivity to a psychostimulant drug. Supported by MRC (Canada).

388.13

PARTIAL REVERSAL OF STRESS-INDUCED AMPHETAMINE SENSITIZATION 
FOLLOWING METYRAPONE TREATMENT. Malcolm S. Reid* and Lauren B. Ho 
NYU Med. Center, Psychiatry Dept., NYVAMC 116A, 423 E. 23rd St., New York, NY 
10010 and SFVAMC 127,4150 Clement St., San Francisco, CA 94121.

The present study examined whether chronic blockade o f corticosterone synthesis with 
metyrapone could reverse stress-induced amphetamine sensitization in rats. Restraint 
stress in cylindrical chambers, 2 times 30 min/day for 5 days over an 8. day schedule, 
was used as the stressor. Following completion o f the stress protocol animals were 
cannulated with microdialysis guide cannulae over the nucleus accumbens and then 
treated with either metyrapone (50 mg/kg, i.p.) or vehicle ( 1 ml/kg) for 7 days. On the 
seventh day animals were implanted with microdialysis probes in the nucleus 
accumbens and on the following day all animals were tested for their locomotor, 
stereotypy, and nucleus accumbens dopamine release responses to an injection o f d- 
amphetamine (1.5 mg/kg, i.p.). Amphetamine stimulated locomotion and stereotypy 
were strongly enhanced while amphetamine stimulated dopamine release response was 
slightly enhanced in stressed animals. Metyrapone treatment reduced the stress-induced 
increase in the locomotor, but not stereotypy, response to amphetamine. In contrast, the 
dopamine release response to amphetamine was enhanced in metyrapone treated 
animals, in both stressed and non-stressed groups. This augmentation was particularly 
evident in the stressed-metyrapone treated animals. Furthermore, non-stressed animals 
showed an increased locomotor and stereotypy response to amphetamine following 
treatment with metyrapone. These findings indicate that metyrapone treatment can 
reverse, or inhibit the expression of, stress-induced sensitization to the behavioral 
effects o f amphetamine. However, the ability o f metyrapone treatment to enhance 
amphetamine stimulated behavior and dopamine release in the control groups indicates 
that chronic metyrapone treatment will produce stimulant sensitization when given 
alone. (Supported by NARSAD)

388.10
CHARACTERIZATION OF METHAMPHETAMINE-INDUCED 
CHANGES IN EXTRAPYRAMIDAL AND LIMBIC NEUROPEPTIDE Y 
SYSTEMS. S.C. Westwood and G.R. Hanson*. Dept. of Pharmacology and 
Toxicology, University of Utah; Salt Lake City, UT 84112.

We previously reported that multiple doses of methamphetamine (METH) 
lowered neuropeptide Y (NPY) levels in the nucleus accumbens and 
throughout the caudate nucleus. Because METH administration increases 
dopamine (DA) release in these brain regions, we hypothesized that DA D -1 
and D-2 receptor antagonists would alter the response of NPY systems to 
multiple-dose METH treatment. We observed that the D -1 antagonist SCH- 
23390 blocked the METH-induced decrease in NPY tissue content, but had no 
effect on NPY levels when it was administered alone. In contrast, the D-2 
antagonist dramatically reduced NPY levels when given alone; because of this 
effect, it was difficult to determine the role of the D-2 receptor in the METH- 
mediated NPY changes by coadministering eticlopride and METH. In addition, 
we examined the effect of a single administration of 15 mg/kg o f METH on 
NPY tissue levels and found that in the posterior nucleus accumbens and the 
medial anterior caudate region NPY levels decreased after this treatment while 
in the other regions no effect occurred: this finding suggests that NPY 
systems within the caudate nucleus and the nucleus accumbens are 
differentially sensitive to the effects of METH. Finally, we examined the 
recovery of the NPY effects from multiple doses of METH ( 10 mg/kg 6 doses 
at 5-hour intervals). We observed that in all caudate and accumbens regions 
examined NPY levels were reduced by 18 hours after METH treatment and not 
significantly recovered by 48 hours. This long-term change in NPY content is 
unique because other neuropeptide systems whose tissue levels are altered by 
METH treatment, recover within 48 hours. This long-lasting effect on NPY 
systems suggests that synthesis of this peptide may be influenced by multiple 
METH administrations. (Supported by UHPHS Grant DA0947)

388.12
PRETRAINING OR PRETEST INTRA-AMYGDALA INFUSION OF LIDOCAINE 
IMPAIRED ACQUISITION OR EXPRESSION OF AMPHETAMINE-INDUCED 
CONDITIONED PLACE PREFERENCE. S. H. Lin, C. W. Wu,_ C. H. Hsu* & K. C. 
Liang, Dept. of Psychology, National Taiwan Univ., Taipei, Taiwan, 10764, R.O.C.

Conditioned place preference (CPP) is a prevailing animal model for studying the 
mechanism of drug addiction. Findings based on lesion studies suggest the involvement 
o f certain brain structures, including the amygdala, in amphetamine (AMPH)-induced 
CPP. Brain lesions induce persistent and irreversible consequences. Pretraining lesions 
may thus influence later performance by affecting acquisition, consolidation or retrieval 
of the learned response. To better differentiate the role of the amygdala in various stages 
of CPP memory processing, this study investigated the effects of pretrial or posttrial 
temporary inactivation o f the amygdala by lidocaine on retention and extinction of CPP.

Male Sprague-Dawley rats with bilateral cannulae implanted into the amygdala re
ceived CPP training in an apparatus composed o f two distinctive chambers connected 
by an alley. Rats received 4 AMPH (l.5mg/kg, i.p.) pairing trials in one chamber and 4 
saline pairing trials in the other. Retention was tested on the 9th day with no injections. 
Bilateral intra-amygdala infusion of vehicle or 2% lidocaine (lµl) was given before or 
immediately after each training trial, or before testing. Results indicated that amygdala 
inactivation during training caused impairments in the CPP test. In contrast, rats with 
amygdala inactivated after training showed test performance comparable to the controls. 
Inactivation o f the amygdala during testing suppressed expression of the acquired habit 
Preliminary results indicated that the right amygdala appeared to play a greater role in 
retrieving CPP. A group of well-trained rats received repeated daily tests but no further 
AMPH injections showed extinction as the difference o f stay time in the two chambers 
reduced gradually. Intra-amygdala infusion of lidocaine before extinction trials failed 
to prevent CPP from extinguishing, yet posttrial lidocaine infusion retarded extinction. 
These data suggest that the amygdala is involved in acquisition, expression and extinc
tion of AMPH-induced CPP and its engagement appears to be critical during the trial in 
acquisition, but shortly after the trial in extinction. (Supported by Grants NSC 86- 
2413-H-002-028-G9 and NSC 87-2413-H-002-020-G9 from NSC of R.O.C.).

388.14
ACUTE AND CHRONIC EFFECTS OF METHAMPHETAMINE ON CEREBRAL 
GLUCOSE METABOLISM. G.R. Hill1, A.S. Kimes1, T.D. Foster1, J.A. Bell1*, A. 
Cho2, W. Ling34, and E.D. London1, 1intramural Research Program. NIDA. Balto., 
MD 21224; 2Dept. Pharmacology, UCLA Los Angeles, CA 90073; 3Psychiatry 
Service, West Los Angeles VAMC, Los Angeles, CA 90073; 4Dept. Psychiatry, 
UCLA, Los Angeles, CA 90074

Methamphetamine (MeAmp) is the drug of choice for many substance abusers in 
several West Coast cities and in Hawaii. Human abusers of MeAmp show profound 
cognitive and behavioral deficits that are more severe than those observed in cocaine 
abusers. Studies in laboratory animals suggest that central dopaminergic and 
serotonergic systems are vulnerable to dysregulation by MeAmp. Efforts to develop 
medications to ameliorate these effects of MeAmp could be enhanced by knowledge 
of the cerebral deficits produced by MeAmp.

The effects of acute and chronic administration of MeAmp were assessed in rats 
using the 2-deoxy-D-[1-14C] glucose ([l4C]DG) method, which provides quantitative 
maps of regional cerebral metabolic rate(s) for glucose (rCMRglc), an index of local 
brain function. Rats were subjected to a paradigm designed to mimic the chronic 
abuse patterns seen in human subjects. These rats (n=6) received a series of 
escalating doses (1-6 mg/kg, t.i.d, 3 days) of MeAmp s.c. followed by a 2-day cycle of 
saline injections given once per day. This group of animals was then subjected to a 
binge phase (6 mg/kg, 4 doses, q 2 h, 5 days) of MeAmp in two 5-day cycles. Ten 
additional animals (controls) received saline instead of MeAmp during the same 
period. Chronic MeAmp-treated animals and 5 control rats received a saline injection 
10 min prior to [l4C]DG injection. The remaining 5 control rats received 2 mg/kg s.c. 
MeAmp at that time.

Significant differences in rCMRglc were seen in 3 of the 15 regions assayed (dorsal 
raphe nucleus, substantia nigra reticulata and caudate putamen) with higher values in 
rats in that received MeAmp acutely and lower values in those that received chronic 
MeAmp. These findings are consistent with several studies demonstrating that 
MeAmp affects brain regions containing dopamine and serotonin neurons.
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389.1
CHANGES IN CONNEXIN 32 EXPRESSION FOLLOWING AN ACUTE 
TREATMENT WITH THE LONG ACTING TROPANE ANALOGUE WF23. 
Jennifer M. Arnold1*, Jia-Hua Chen1, Rachel Phelan1, Huw Davies2 and David C.S. 
Roberts1, 1Institute of Neurosciences, Carleton University, Ottawa, Canada K1S 5B6. 
2Dept. of Chemistry, SUNY Buffalo, Box 603000, Buffalo, N.Y., USA.

Previously, we have observed changes in the expression of the gap junction protein 
connexin 32 (Cx32) at various time points following 2 weeks of daily cocaine self- 
administration. In the present experiment, we examined the effects of acute 
psychostimulant treatment using the highly potent and long lasting cocaine analogue 
WF23. Rats were injected with WF23 (1 mg/kg, IP) and decapitated 2 ,4  or 6 hours 
later. Various brain regions were dissected on ice and flash frozen in iso-pentane. The 
time course of changes in Cx32 protein and gene expression was examined through 
Western blot analysis and reverse- transcriptase polymerase chain reaction (RT-PCR). 
For the Western, equal amounts of protein were separated in 12.5% polyacrylamide 
gels and transferred to membrane which were developed using a chemiluminescence 
reagent. Densitometry and standardization with tubulin were performed to establish 
the quantity of Cx32. The RT-PCR-amplified samples were separated on 2% agarose 
gels. GAPDH primers were added to the procedure as a control. Both the ventral 
striatum and hippocampus showed a significant increase in Cx32 protein levels at the 
6 hr time point. PCR analysis demonstrated that Cx32 expression was decreased in 
the hippocampus at all time points and increased in the ventral striatum at 6 hrs. We 
conclude that acute treatment with WF23 produces regionally specific changes in 
Cx32 transcription and translation. Therefore, it appears that acute injection of WF23 
can induce immediate changes in the protein and gene expression levels of Cx32. 
Supported by MRC of Canada. JMA supported by FCAR.

389.3
PROLONGED REDUCTION OF Z IF /2 6 8  mRNA EXPRESSION DURING 
WITHDRAWAL FOLLOWING COCAINE SELF-ADMINISTRATION. R.
P. Hammer. Jr.*, N.H. Mutschler and K.A. M iczek. Departments of 
Psychiatry, Pharmacology and Psychology, Tufts University, Boston and 
Medford, MA 02111.

Withdrawal following cocaine self-administration has been shown to 
cause prolonged reduction of cerebral metabolic rate in rodents and 
humans. This experiment assessed neuronal activation following an 
extended cocaine “binge” using an immediate early gene probe, zif/268, 
which is constitutively expressed and particularly responsive to neural 
stimulation. Rats were trained to self-administer cocaine (15 daily 0.5 mg/ 
inf., i.v.) on FR-3 schedule for 3 days prior to a 16 h free access binge. 
Two other rats received non-contingent treatment of cocaine (0.5 mg/inf.,
i.v.) or saline in the same paradigm. All animals were tested for ultrasonic 
vocalization and startle response after 0, 1 and 14 days withdrawal. Sixty 
min later, brains were removed, frozen and processed for in situ  hybridiza
tion histochemistry with an oligodeoxyribonucleotide probe complemen
tary to the sequence encoding amino acids 2-16 of Zif/268. Sections were 
exposed to x-ray film and autoradiographic density was analyzed using 
NIH-Image software. Z if/2 6 8  mRNA expression was reduced immediately 
after the cocaine self-administration binge only in the ventral tegmental 
area. Z if/2 6 8  mRNA expression increased in the ventral periaqueductal gray 
matter in passive cocaine-treated rats 24 hr after termination of the binge, 
which could be related to the increase o f ultrasonic distress vocalization in 
this group. After 14 days withdrawal, z i f /2 6 8  mRNA expression was 
reduced in the medial prefrontal cortex, nucleus accumbens core, 
basolateral amygdala, and hippocampus of cocaine self-administration rats 
compared to passive cocaine- or saline-treated rats. Thus, cocaine self-
administration reduces neuronal activity in motivation and reward circuits 
that extends far beyond the period o f initial distress during early 
withdrawal. Supported by USPHS Awards DA 09822 and DA 02632.

389.5
FOS EXPRESSION ELICITED BY COCAINE OR A COCAINE SELF-
ADMINISTRATION ENVIRONMENT. D.A. Baker*,1 L.T.L. T ran- 
N guyen ,1 R.A. Fuchs,1 A.J. Palm er,1 J.F. M arsh all,2 R.J. M cPherson,2
J.L. N eisew ander.1 1Dept Psychology, Arizona State Univ., Tempe AZ 
85287 and 2Dept Psychobiology, Univ. California-Irvine, Irvine CA 92697.

Cocaine and cocaine-paired environmental stim uli elicit craving in  
humans and reinstate cocaine-seeking behavior in rats. This study 
examined cocaine-seeking behavior (responding in the absence of 
cocaine reinforcement) and Fos expression in cortical and subcortical 
regions following exposure to a cocaine-self-adm inistration  
environment and a priming injection of cocaine. On days 1-15, rats were 
either trained to self-administer cocaine or received yoked-saline  
administration during daily 2-hr sessions. On days 16-36, cocaine w as 
not available and rats received daily exposures to either the s e lf - 
administration environment (i.e., extinction training) or an alternate 
environment. Extinction training was employed to decrease the sa lience  
of environmental conditioned stimuli. On day 37, all rats were placed 
into the self-administration environment and tested for cocaine-seek ing  
behavior for 90 min, and some rats were further tested for reinstatem ent 
of cocaine-seeking behavior following a cocaine priming injection (15 
mg/kg, IP) for an additional 90 min. Extinction training attenuated both 
spontaneous and cocaine-reinstated cocaine-seeking behavior. Exposure 
to the cocaine environment, but not the cocaine priming injection, elicited 
Fos expression in the basolateral nucleus of the amygdala, nucleus 
accumbens shell, and cingulate cortex. In contrast, the cocaine prim ing  
injection, but not the cocaine environment, elicited Fos expression in the 
central nucleus of the amygdala and dorsolateral caudate-putamen. 
(Supported by DA11064 JLN, DA05816 LTL, and DA10249 JFM).

389.2
HU M A N  DOPAM INE TRANSPORTER DELIVERED INTRA- 
NEURONALLY V IA  SINDBIS VIRUS VECTOR CAN ATTENUATE  
COCAINE STIMULATION IN C57 MICE. L.D. Middaugh,1* F.R. 
Sallee,1 J.X. Ma,2 Z. Zhu, 1 and C.H. Groseclose,1 Departments o f  
1Psychiatry and 2Ophthamology. M edical University o f  South Carolina, 
Charleston, SC 29425

Adult male C57BL/6J mice were implanted with cannulae in rostral 
caudate and nucleus accumbens or in more caudal caudate/putamen areas. 
They were infused (5µl) either with media containing Sindbis virus vector 
inserted with human dopamine transporter protein mRNA (hDAT) or with 
the media sans virus. Forty-eight hr after the infusions, the mice were 
injected IP with saline and motor activity was recorded for 90 min. The 
intracranial infusions were repeated the following week. Forty-eight hr 
after the second infusion, the mice were injected with cocaine 
hydrochloride (20 mg/kg) and activity w as again assessed for 90 min. 
C ocaine elevated motor activity o f  media infused control mice by 146 ±  
28%. In comparison, mice infused with hDAT into caudal caudate nucleus 
and into the rostral caudate/nucleus accumbens areas exhibited changes 
from saline baseline o f  54 ±  17% and -45 ±  15%, respectively, when 
injected with cocaine. Since the stimulatory effect o f  cocaine is likely due 
to its inhibitory effect on the D A  transporter, the results are consistent with 
an over expression o f  dopamine transporter protein in mice infused 48 hr 
earlier with hDAT mRNA . (Supported by D A 06881)

389.4
REGULATION OF THE C2H2 ZINC FINGER PROTEIN  
(CATZIP) AFTER SELF-ADMINISTRATION OF COCAINE.
D.J. Ennulat*. K. D'A nci. S .B . Caine. S .S. N egus. N .K . M ello. 
and B.M . Cohen. McLean Hospital & Harvard M edical School, 115 
M ill Street, Belmont, M A 02178.
Cocaine Attenuated Zinc-finger Protein (CATZIP) was originally 

observed by multiplex differential display, and later confirmed by 
Northern blot analysis, to be repressed in the striatum at 1 hr. and 24 
hrs., but not at 48 hrs. following discontinuation of experimenter- 
administered cocaine treatment [Ennulat and Cohen, Mol. Brain Res. 
49:299-302, 1997]. As the effects o f experimenter-administered 
cocaine may differ from the effects of self-administration, the following 
regimen was utilized: male, Sprague-Dawley rats were implanted with 
chronic intravenous catheters in the right jugular vein and trained to 
respond under a fixed ratio İ schedule o f reinforcement during daily 2 
hrs. sessions for 0.32 mg/injection o f cocaine or saline. Following 
stabilization o f self-administration behavior, the length of the daily 
sessions was increased from 2 hrs. to 12 hrs. for three consecutive days. 
The average daily intake o f cocaine was 132±2l mg/kg prior to cocaine 
withdrawal, and rats self-administering saline took an average of 30± 17 
saline injections per day. Rats were sacrificed 1, 24, or 96 hrs. after the 
last 12 hr. drug self-administration session. The average daily drug 
dosage was: 1 hr. 146±5 mg/kg, 24 hrs., 138±29 mg/kg, 96 hrs. 
l2 5 ± 10 mg/kg. Total RNA was isolated from the frontal cortex, 
striatum, nucleus accumbens, and cerebellum. Northern blot analysis 
was used to determine the relative level of expression of CATZIP. As 
this self-administration paradigm provides a more informative animal 
model of cocaine abuse, investigation o f the cocaine-dependent 
regulation of CATZIP will provide insights into its role in mediating the 
cumulative effects of cocaine which act to maintain drug abuse.
This work is supported by grants from NARSAD, NIDA and NIMH.

389.6
REGULATION OF COCAINE REWARD BY CREB IN NUCLEUS 
ACCUMBENS: ROLES FOR DYNORPHIN AND к OPIOID
RECEPTORS. W .A. Carlezon Jr*, V,G. Olson. S.B Lane-Ladd. J. 
Thome. E.S. Brodkin. N, Hiroi. R.S. Duman, R.L. Neve^ & E.J. Nestler. 
Department of Psychiatry, Yale University School of Medicine, New Haven 
CT, & Molecular Genetics Laboratory, Harvard Medical School, Belmont MA.

Repeated administration of drugs of abuse (e.g., morphine, cocaine) alters 
the levels and function of the transcription factor CREB (cAMP response 
element binding protein) in the nucleus accumbens. By use of herpes 
simplex virus (HSV) vector-mediated gene transfer, we now show that 
increased expression of CREB in the nucleus accumbens shell (NASh), but 
not core, causes a rightward and downward shift in cocaine reward, whereas 
a leftward shift is caused by increased expression of a dominant negative 
mutant form of CREB (mCREB, which contains a point mutation at ser-133 
that prevents phosphorylation and transactivation). These effects are most 
pronounced at a low dose of cocaine: the ability of a threshold cocaine dose 
(1.25 mg/kg, ip) to establish a conditioned place preference is dramatically 
enhanced in rats given bilateral microinjections of HSV-mCREB (2.0 µl at 4 x 
107 iu/ml/side) into the NASh. This rewarding effect is "inversed" by over-
expression of CREB: the same dose of cocaine induces a dramatic place 
aversion in rats given HSV-CREB into the NASh. One likely target gene of 
CREB is that of dynorphin (an endogenous ligand of к  opioid receptors) 
because it contains functional CRE sites in its promoter and its expression is 
induced in the NASh by drugs of abuse. Treatment with the irreversible к 
antagonist norBNI (5.0 mg, icv) 3-4 days before cocaine place conditioning 
blocked the aversive effect caused by HSV-CREB but not the rewarding 
effect caused by HSV-mCREB. These data indicate that к  receptors are 
involved in the valence (reward versus aversion) of cocaine action, and 
suggest that CREB-mediated transcription in the NASh serves as a "drug 
reward rheostat" in part via effects on dynorphin expression. (Support: 
DA05758 & DA08227).
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389.7
D IF F E R E N T  B E H A V IO R A L  R E SP O N SE  A N D  G EN E
REGULATION FOLLOW ING COCAINE TREATM ENT IN D3
RECEPTOR MUTANT MICE
Anna R. Carta*. H. Steiner and Charles R. Gerfen
Lab of Systems Neuroscience, NIH, Bethesda

W e a n a ly z e d  the  ro le  o f  the  D3 d o p a m in e  r e c e p to r  in  the  
d ev e lo p m en t o f  b eh av io ra l se n sitiz a tio n  to  co c a in e  trea tm en t. D3 
recep to r defic ien t m ice (D3 -/-) and their w ild type litterm ates (D3 +/+) 
w ere treated  w ith cocaine (25 m g/kg) tw ice a day fo r 5 days and their 
behav io r m onitored  daily  to  m easure  the d ev e lo p m en t o f  sensitization . 
B e h a v io ra l an a ly s is  o f  lo co m o tio n  an d  h ead  b o b b in g  sh o w ed  a 
s ign ifican t d iffe ren ce  be tw een  D3 + /+  and -/- m ice. W ild  type m ice 
ex h ib ited  high  levels o f  lo co m o to r ac tiv ity  th ro u g h o u t the trea tm en t 
period . By contrast, w hile both w ild type and D3 -/- m ice d isp layed  a 
s im ila r  resp o n se  to  the f irs t co cain e  in jec tio n , D3 -/- m ice show ed 
d ecreased  locom otor activ ity  and increased  head  bobb ing  beginn ing  on 
the 2nd day o f  trea tm en t. C o ca in e-m ed ia ted  gene regu la tion  w as also 
s ignificantly  d iffe ren t betw een the tw o g roups. A fter the  final cocaine 
injection, levels o f  m RN A  encoding  the im m ediate  early  gene c-fos and 
various peptides w ere m easured  in the striatum  and nucleus accum bens 
using in situ hybrid ization  h istochem istry. C om pared  to  w ild type, D3 -/- 
m ice show ed a significantly  g reater acute c-fos induction  in response to 
cocaine. H ow ever, in both  w ild  type and  -/- m ice rep ea ted  cocaine  
adm in istration  resu lted  in a sim ilar d o w n-regu la tion  o f cocaine induced 
c-fos. A lso m R N A  encod ing  fo r the  op io id  dynorph in  show ed a large 
increase after acute cocaine in the D3 -/- m ice, w hereas in w ild type mice 
repea ted  cocaine  adm in istra tio n s  w ere req u ired  to  reach  such level o f 
induction. B ehavioral and gene regu lation  d a ta  suggest an involvem ent 
o f  D3 dopam ine recep to rs in the dev e lo p m en t o f  sensitiza tion  induced 
by c o ca in e  and  in the  reg u la tio n  o f  s tr ia ta l n e u ro n s  resp o n se  to 
dopam ine stim ulation .

389.9
PSYCHOSTIMULANT REWARD MODELS: CONDITIONED  
PLACE PREFERENCE CAN BE ESTABLISHED IN DOPAMINE- 
AND IN SEROTONIN-TRANSPORTER KNOCKOUT MICE. 
Zhizhen Zeng1, Ichiro S o r a 1,Christine Wichems 3Nobiiyiiki Takahashi 1 
*, Xiao-Fei Li1, Kaori Itokawa , Klaus-Peter Lesch , Dennis L. 
Murphy3 &  George R. Uhl:2 Mol. Neurobiol, IRP-NIDA/NřH , & 
Depts Neurol & Nsci, JHUSM2 Baltimore, MD 21224 Lab. Clinical 
Science, IRP-NIMH/NIH3, Bethesda, MD 20892-1264; Dep Psychiát. 
Univ. Wuerzburg4, 97080 Germany.
Cocaine and methylphenidate block uptake by neuronal plasma 
membrane transporters for dopamine, serotonin and norepinephrine. 
Cocaine also blocks voltage-gated sodium channels, a property not 
shared by methylphenidate. Since significant evidence suggests that 
cocaine blockade o f the dopamine transporter (DAT) or serotonin 
transporter (5-HTT) is key to its rewarding actions, we have examined 
cocaine and methylphenidate induced conditioned place preferences 
(CPP) in knockout mice without DAT and mice without 5-HTT. Both 
knockout strains retain full cocaine (5 and 10 mg/kg) and 
methylphenidate (5 mg/kg) -induced CPP. Neither DAT nor 5HTT is 
absolutely required for cocaine reward in mice that develop in the 
absence of these transporters. These results have substantial 
implications for understanding cocaine actions and for strategies to 
produce anti-cocaine medications.
S u p p o r ted  by N IM H  & N ID A  In tra m u ra l R e search  P rogram ,

389.8
µ - O P I O I D  R E C E P T O R  K N O C K O U T  M I C E :  
PSYCH OSTIM ULANT- AND OPIATE-INDUCED PLACE  
PREFERENCES. Ichiro Sora1, Xiao-Fei L i1, Stephen Kinsey1, Kaori 
Itokawa1 *, Zhizhen Zeng1, Gregory Elmer3 &  George R. Uhl.1,2 Mol 
Neurobiol1, Preclinical Pharmacol3 IRP-NIDA/NIH, & Depts Neurol 
& Nsci, JHUSM2 Baltimore, MD 21224.
To investigate roles for endogenous opioid systems in psychostimulant 
reward and locomotor activation, we have tested psychostimulant- 
induced place preferences in wild-type mice and mice with genetic 
disruption of the µ-opioid receptor gene. Cocaine conditioned place 
preferences were reduced by almost 50% in homozygous knockout 
mice. Morphine-induced conditioned place preferences were virtually 
absent from homozygous mice. Heterozygous mice with half of wild- 
type levels o f µ-opioid receptor expression display less morphine- 
induced locomotion, and greater morphine conditioned place 
preference than wild-type mice. Preliminary intravenous self-
administration studies suggest that only the wild-type mice show dose- 
related changes in behavior. These data support substantial roles for 
µ receptors in the rewarding properties o f not only opiates but also 
psychostimulants. They suggest that a surprising amount o f cocaine 
reward also requires µ-receptor systems’ intactness. We discuss these 
data in terms o f models of complex interactions between endogenous 
opiate and dopamine systems, reward and locomotion vs. relatively 
dopamine-independent opiatergic circuits. S u p p o r ted  by N ID A  
In tra m u ra l R esearch  Program .

389.10
GABAa β3 KNOCKOUT INCREASES COCAINE SENSITIVITY BUT 
DECREASES COCAINE SENSITIZATION. A C. Resnick2 B.J. Jung2
G.E. Homanics1 & J. Pens2*. 1Dept. Anesthesiology, Univ. Pittsburgh; 
2Dept. Pharmacodynamics, Univ. Florida, Gainesville FL 32610.

The role of the GABAa receptor in determining cocaine sensitivity and 
behavioral sensitization to repeated cocaine exposure was measured in 
mice missing both (-/-), one (+/-) or neither (+/+) allele of the gene for the 
β3 subunit of the GABAa receptor. Locomotor stimulation caused by one 
cocaine injection (20 mg/kg, i.p.) was greater in -/- mice compared to +/+ 
mice, while cocaine-induced behaviors were intermediate in +/- mice. 
GABA-stimulated chloride uptake was decreased to a greater extent in 
striatum (42%) compared to cortex (27%) of -/- mice. There were no 
differences in locomotor stimulation caused by ethanol, amphetamine, 
MK801 or caffeine between the three genotypes. After 14 daily cocaine 
injections, there was a significant increase in the behavioral response to 
cocaine in +/+ and +/- mice, whereas there was no change in the behavioral 
response to cocaine over days in -/- mice. Additionally, repeated cocaine 
exposure resulted in a significant decrease in the function of striatal 
GABAa receptors in +/+ and +/- mice. In -/- mice, GABAa receptor 
function was not decreased any further by repeated cocaine injections. 
These data indicate that alterations in the β3 subunit may be responsible for 
determining locomotor activation caused by cocaine, as well as the increase 
in cocaine-induced behaviors that occurs during sensitization to cocaine. 
Supported by NIH Grants AA07561, AA10422 and GM52035.
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390.2390.1
SERUM VALPROIC ACID CONCENTRATIONS IN THE RAT. D. L
Kniαht*. K. Lindsey, M. J. Owens and C. B. Nemeroff. Lab. of 
Neuropsychopharmacology, Department of Psychiatry & Behavioral 
Sciences, Emory University School of Medicine, Atlanta, GA 30322.

Actions of clinically effective psychotropic drugs on CNS neuropeptide 
systems is an area of intensive scrutiny. Most recently, we have 
hypothesized that valproic acid, approved for the treatm ent o f bipolar 
disorder, may act on neuropeptide systems including those that utilize 
corticotropin-releasing factor (CRF). There is considerable evidence that 
CRF neurons in the CNS play a role in both the pathophysiology of 
anxiety and mood disorders, and in the actions of anxiolytics and 
antidepressants. To examine the effects of valpro ic acid on CRF 
neurons, it was necessary to first establish the dose of valproic acid in 
rats that would yield serum levels comparable to those observed in 
patients treated with valproic acid. Rats were in jected subcutaneously 
with either vehicle or valproic acid (1, 10 or 100 mg/kg). Rats were 
killed at 20, 40, 60 or 90 minutes post injection. Serum valpro ic acid 
concentrations were non-detectable at 90 minutes. The estimated half- 
life for valproic acid in rats was 17 minutes. To achieve a constant 
plasma level, A lzet osmotic minipumps containing either vehicle or 
valproic acid (175 - 800 mg/kg/day) were implanted subcutaneously. 
After one week of sub-chronic treatment, rats were killed and blood and 
brains collected. Doses of 175, 230 and 600 m g/kg/day yielded serum 
levels of 8.8, 17.8 and 25 µg/mL respectively. To achieve serum levels 
comparable to those observed in patients, it was necessary to implant 
two A lzet minipumps, each at doses of 400 mg/kg/day, which yielded 
serum  concentrations of 70 µg/mL.

LITHIUM AND VPA INCREASE THE LEVELS OF BCL-2, AND 
EXERT NEUROPROTECTIVE EFFECTS. H.K. Manji*. W.Z. Zeng. 
Y.M. Jiang. L.D.Huang. and G. Chen. Molecular Pathophysiology Program, 
Psychiat & Behav Neurosci, Wayne State Univ. SOM, Detroit, MI 48201

The molecular basis for lithium's (Li) and valproate’s (VPA) long term mood- 
stabilizing actions remains to be fully elucidated. The therapeutic effects of both 
agents requires a lag period for onset of action, and are not immediately reversed 
upon discontinuation, suggesting alterations at the genomic level. We have utilized 
mRNA RT-PCR differential display as a screening method to identify concordant 
changes in gene expression induced by the chronic administration of both Li and 
VPA. Inbred strains of rats were used in the DD studies to reduce potential false 
positives due to individual differences. Both drugs, at therapeutically relevant 
concentrations, markedly increased the levels of an mRNA species with strong 
homology to the transcription factor PEBP2ß. The chronic administration of 
lithium and VPA (but not amphetamine or chlodiazepoxide) also increased the DNA 
binding activity of PEBP2, indicating that the changes detected by DD did have 
functional consequences. Chronic Li and VPA also markedly increased the levels of 
the “neuroprotective protein” bcl-2 (known to be transcriptionally regulated by 
PEBP2). Consistent with the elevated levels of bcl-2, both agents also exerted 
significant neuroproective effects in human neuronal cells exposed to M PP+ or 
Thapsigargin. These novel findings suggest that the long term beneficial effects of 
these agents may involve neuroprotective effects.

Supported in part by the Joe Young Senior Research Fund, and the Theodore and 
Vada Stanley Foundation
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390.3

PROTEIN KINASE C SIGNALING CASCADE: MOLECULAR 
TRANSDUCTION OF MOOD STABILIZATION J. Bebchuk.H.K, Manji,
K. Hirayama* and G. Chen. Molecular Pathophysiology Program, Psychiat & Behav 
Neurosci, Wayne State Univ. SOM, Detroit, MI 48201

Bipolar Disorder is a common and chronic illness with significant morbidity and 
mortality, and there is thus a clear need to develop new, improved treatments. We 
have found that chronic, but not acute, lithium administration to rats produces a 
significant decrease in [3H]PDBU binding in several limbic and limbic-related 
structures, most notably subiculum and CA1 region. Immunolabeling using specific 
antibodies have revealed isozyme-specific decrease in levels of membrane-associated 
PKC α  and ε, findings which parallel those that we and others have also observed in 
cell culture. We have also investigated the effects of another effective antimanic and 
mood-stabilizing agent, valproate (VPA) on the PKC signaling system. We have 
found that chronic, but note acute, VPA also produces strikingly similar reductions 
in PKC activity and isozyme-selective reductions in the levels of PKC α  and ε. 
Since PKC plays a major role in regulating neuronal excitability and 
neurotransmitter release, we have postulated that PKC inhibition may play a role in 
the antimanic effects of these agents. To investigate this more directly, we have 
initiated a study investigating the efficacy of Tamoxifen (at doses sufficient to inhibit 
PKC) in the treatment of acute mania; preliminary results in a small group of manic 
patients suggests that Tamoxifen possesses antimanic efficacy. Together, these 
results suggest that PKC-modulators may represent a truly novel class of drugs for 
the treatment of Bipolar Disorder.

Supported in part by the Joe Young Senior Research Fund, and the Theodore and 
Vada Stanley Foundation

390.5

BIPOLAR THERAPEUTIC AGENTS MODULATE CARBACHOL- 
STIMULATED AP-1 ACTIVATION. M A. Pacheco* and R.SJope. Dept. 
of Psychiatry, Univ. Alabama at Birmingham, Birmingham, AL 35294-0017.

Lithium and more recently carbamazepine and valproate are used as 
therapeutic agents in the treatment of bipolar disorder. The mechanism of 
action of these drugs is not clearly understood, although signal transduction 
systems may be important sites of action. We examined the acute and 
chronic effects of lithium, carbamazepine and valproate on the transcription 
factor AP-1, since alterations in gene expression appear likely to contribute 
to their therapeutic effects. Human neuroblastoma SH-SY5Y cells were 
exposed for different times to each drug and then treated with the 
cholinergic agonist carbachol, or a phorbol ester protein kinase C activator 
or the calcium ionophore ionomycin. Nuclear extracts were made followed 
by electrophoretic mobility shift assays of AP-1 DNA binding activity. AP-1 
DNA binding activity was detected as a single band that was supershifted by 
an antibody to the Fos family of proteins. Lithium treatment for 1hr, 24 hr 
or 7 days reduced carbachol ( 1 mM, 1 hr) stimulated AP-1 activation by 9%, 
35%, and 37%, respectively. Carbamazepine treatment for 1hr and 7 days 
decreased carbachol-stimulated AP-1 DNA binding by 25% and 46%, 
respectively. In contrast, treatment with valproate for 1hr, 24 hr or 7 days 
had no effect on carbachol-stimulated AP-1 activation , but 1 hr and 24 hr 
treatments increased basal AP-1. We examined whether protein kinase C or 
calcium contributions to the activation of AP-1 were altered by 7 day drug 
treatment. Phorbol ester (1 µM, 1 hr) stimulated AP-1 activity was unaltered 
by 7 day treatment with these antibipolar agents. However, ionomycin 
(20 µM, 90 min) stimulated AP-1 activity was reduced 30%-40% by 7 day 
treatment with these antibipolar agents. The data suggest that antibipolar 
therapeutics may differentially regulate AP-1 DNA binding activity over 
time and that these drugs have a common effect on calcium activated A P-1 
activation. Supported by NIH grant MH38752.

390.7

CHRONIC LITHIUM ADMINISTRATION REDUCES FOCAL 
ISCHEMIA-INDUCED BRAIN INFARCTION AND NEUROLOGICAL 
DEFICITS. S. Nonaka* and D.-M. Chuang. Section on Molecular 
Neurobiology, Biological Psychiatry Branch, NIMH, NIH, Bethesda, MD 
20892-1272.

We have recently documented that chronic lithium treatment robustly 
protects cultured CNS neurons from glutamate and NMDA-induced cell 
death (Nonaka et al., PNAS, 95: 2642-2647, 1998). The neuroprotective 
effects against excitotoxicity are long-lasting, require protracted treatment 
and occur at the therapeutical concentration range of this drug used for 
manic depressive illness treatment. Concurrent with this neuroprotection, 
NMD A receptor-mediated calcium influx in these neurons are blocked. 
Since NMDA receptor over-excitation has been strongly implicated in 
ischemic brain injury, we examined the effects of chronic lithium 
treatment on neurological deficit and brain infarct induced by occlusion 
of the left middle cerebral artery (MCA) in rats. In saline-treated MCA- 
occluded rats, ischemic damage was commonly observed in the cerebral 
cortex of the frontal, sensorimotor and auditory areas as well as in the 
lateral segment of the caudate nucleus. Subcutaneous treatment with a 
therapeutic dose of LiCl for 16 days significantly reduced ischemic 
damage in the affected hemisphere. The total infarct volume in the brains 
of the LiCl-treated group (94.2±14 .1 mm3) was reduced by 
approximately 56% compared with saline-treated controls (2 15.4±24.7  
mm3). MCA occlusion markedly disturbed both the posture and flexor 
responses of the contralateral hind limb. Chronic LiCl treatment 
significantly improved neurological deficit scores compared with saline- 
treated controls. Sham-operated rats did not show any neurological 
abnormality nor ischemic brain damage. Our results raise the possibility 
that lithium may be useful for reducing focal ischemia-induced infarction 
and neurological deficits. Supported by NIMH, NIH.

390.4
MODULATION OF EGR-1 ACTIVATION BY CHOLINERGIC 
STIMULATION AND ANTIBIPOLAR AGENTS. C. A. Grimes an d  R.
S. Jope* Dept. o f Psychiatry and Behavioral N eurobiology, University o f 
Alabama at Birmingham, Birmingham, AL 35294 

Regulation o f the D NA  binding activity o f  Egr (N G F1-A, Krox24, Tis8, 
zif268), a transcription factor composed o f zinc-finger motifs, was studied 
in human neuroblastoma SH-SY5Y cells. Electrophoretic mobility shift 
analysis revealed that Egr DNA binding activity was increased after 
incubation with carbachol with maximum stimulation (2000% o f control) 
occurring at 1 hr. Supershift analysis with antibodies to Egr-1, Egr-2, and 
Egr-3 demonstrated the carbachol-induced Egr DNA binding activity was 
specific for Egr-1. Nuclear Egr-1 protein levels were increased time- 
dependently by carbachol. Protein kinase C activation with a phorbol ester 
increased Egr-1 DNA binding activity, and pretreatment with a protein 
kinase C inhibitor concentration-dependently decreased the stimulation by 
carbachol. Carbachol-stimulated Egr-1 DNA binding activity was also 
dependent on calcium. Furthermore, treatment with antibipolar drugs 
(lithium, valproate, carbamazepine) inhibited carbachol-induced Egr DNA  
binding activity in human SH -SY5Y  neuroblastoma cells. These results 
suggest that the Egr-1 transcription factor is modulated by the activity o f  
the phosphoinositide signaling cascade and by antibipolar therapeutic 
agents.

Supported by NIH grant M H38752.

390.6

CHRONIC LITHIUM INHIBITS GLUTAMATE-INDUCED  
ACTIVATION OF MITOGEN-ACTIVATED PROTEIN KINASE  
(MAPK) IN CEREBELLAR NEURONS. E. Chalecka-Franaszek* 
and D.-M . Chuang. Section on Molecular N eurobiology, Biol. 
Psych. Branch, NIMH, NIH, Bethesda, M D 20892-1212.

W e have recently reported that long-term lithium treatment 
effectively suppresses glutamate-induced excitotoxicity in cultured 
cerebellar granule cells (Nonaka et al., PN A S, 95:2652, 1998); 
however the neuroprotective mechanisms are unclear. Here, the 
effects o f glutamate and/or lithium on MAP kinases in cerebellar 
neurons were studied. We observed that glutamate (100 µM) 
induced a strong and rapid phosphorylation and activation o f p42 
MAP kinase (ERK1) and less robust phosphorylation o f  p44 MAP 
kinase (ERK2) in granule cells. Phosphorylation was detected by 
phosphorylation-specific antibodies that selectively target the active 
form of the ERK/MAPK enzymes. This effect was blocked by MK- 
801 and CNQX, indicating involvement o f NM DA and non-NMDA  
receptors. Chronic and acute treatment with 3 mM LiCl did not 
affect basal ERK1/2 phosphorylation but long-term lithium treatment 
markedly decreased glutamate-induced level o f these 
phosphoproteins. PD 98059, a MAPKK inhibitor, almost 
completely blocked basal (serum-induced) phosphorylation o f  
ERK1/2. However, glutamate-induced phosphorylation was less 
affected, indicating possible involvement o f a Raf-independent 
pathway. The role o f subtypes o f  glutamate receptors and Raf- 
independent signal transduction pathways in glutamate-induced 
phosphorylation o f ERK1/2 as w ell as their relevance to lithium 
neuroprotection are discussed. (Supported by NIM H, NIH).

390.8
CHRONIC LITHIUM INDUCES P53 DOWNREGULATION AND  
BCL-2 UPREGULATION IN C EREBELLAR  NEURONS: A 
PO TEN TIA L R OLE IN N EU R O PR O TEC TIO N  A G A IN ST  
EXCITOTOXICITY. D -M. Chuang* and R -W Chen Section on 
Molecular Neurobiology, Biol. Psych. Branch, NIMH/NlH, Bethesda, MD 
20892-1272

We have recently reported that chronic lithium treatment robustly 
protects cultured cerebellar granule cells (CGCs) from apoptosis induced 
by exogenous glutamate through NMDA receptor overstimulation (Nonaka 
et al., PNAS 95: 2652, 1998). In addition, lithium protects against CGC 
apoptosis induced by anticonvulsants (Nonaka et al., JPET, in press). Since 
lithium is a transcriptional regulator in CGCs (Ozaki and Chuang, J 
Neurochem 69: 2336, 1997), we explored the possibility of whether 
lithium’s protective effects are associated with altered expression of genes 
involved in apoptosis. The protein levels of a pro-apoptotic gene, p53, and 
a cytoprotective gene, bcl-2, were measured by Western blotting. 
Treatment of CGCs with 3 mM lithium induced a time-dependent decrease 
in p53 and a marked increase in bcl-2 protein levels. These opposite 
changes were detected at 1 day after treatment and progressively increased 
to reach a maximum between 5-7 days. The lithium’s effects were also 
concentration-dependent in the range of 0-5 mM. These inverse changes 
were detected at 0.5 mM and become more robust in the range of 1-3 mM 
after a 7-day treatment. Exposure of CGCs to 100 µM glutamate for 24 hr 
induced a significant increase in p53 and a marked decrease in bcl-2 
protein levels. Pretreatment with lithium (3 mM) for 7 days suppressed 
glutamate-induced apoptosis and alterations in p53 and bcl-2 levels. In fact, 
their protein levels were comparable to those in CGCs treated with lithium 
alone. Thus, altered p53 and bcl-2 expression is likely to contribute to 
lithium protection against glutamate excitotoxicity. (supported by NIMN, 
NIH)
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390.9
PROTRACTED LITHIUM TREATMENT INHIBITS PC-12 CELL 
DEATH INDUCED BY THAPSIGARGIN AND HIGH KCL. H
Wei1, C.J. Hough2*, Y. Leng1 , R-.W. Chen1 and D.-M. Chuang1. 
1Section on Molecular Neurobiology, Biol. Psych. Br., NIMH, NIH and 
2Dept. psych., USUHS, Bethesda, MD 20892

We have shown that long-term lithium treatment robustly protects 
cultured CNS neurons from excitotoxicity (Nonaka et al., PNAS 95: 
2652, 1998). To investigate whether lithium protection can be 
extended to neurally related cell lines, we studied the effects of lithium 
on thapsigargin (TG) and high KCl-induced death of 
pheochromocytoma PC-12 cells. Treatment of PC-12 cells with TG for 
24 hr resulted in dose-dependent cytotoxicity with an EC50 around 100 
nM. Pretreatment of cells with 2 mM LiCl for 7 days significantly 
inhibited TG (200 nM)-induced cell death (viability as % of control 
from 32±7 to 57±11%, p<0.05). High concentration of KC1 also 
produced dose-dependent cytotoxicity with an EC50 of about 40 mM 
after 24-hr treatment. Moreover, a 7-day pretreatment with LiCl (2 
mM) significantly suppressed KC1 (40 mM)-induced cell death 
(viability as % of control from 41 ±6 to 79±8%, p<0.05). The degree of 
lithium protection against these two insults was unaffected when 
inositol-free culture medium instead of regular medium was employed. 
TG-induced cell death was associated with overexpression of 
glyceraldehyde-3-phosphate dehydrogenase, similar to our previous 
results using cultured rat cerebellar granule cells and cortical neurons 
(Ishitani et al., J. Neurochem., 66: 928, 1996; JPET, 278: 447, 1996). 
The role of intracellular calcium changes in mediating the toxic effects 
of TG and KC1 and the protective effects of lithium are being 
investigated using Fura-2 microphotometry. (Supproted by NIMH,

390.11
CHRONIC LITHIUM TREATMENT DELAYS THE HEART RATE INCREASE AND INDUCES 
BRAIN ETO mRNA LEVELS IN THE CHICKEN EMBRYO.
O.C. Ikonomov*, H.K. Manji. Dept. of Psychiatry, WSU School of Medicine, 2135 Scott Hall, 
Detroit, Ml 48201
Chronic lithium (Li) therapy (plasma concentration 0.6-1.2 mM) is effective in treatment 
and prevention of manic and depressive episodes in bipolar affective disorder.To study 
chronic Li effects we introduced a developmental approach that avoids Li teratogenic 
action.Fertilized chicken eggs were treated after neural tube closure (60 to 84 h of 
incubation).LiCl or NaCI were applied as isoosmotic (0.15 M) solution through a hole in 
the chorioallantoic membrane.The shell window was sealed with a cover slip and 
wax.The embryonic heart rate was monitored through the window from E3 to E5, a period 
preceding heart innervation and whole body movements and thus allowing the study of 
intrinsic heart rhythmicity.At different times of incubation, the embryos were sacrificed and 
the brains dissected and frozen for analysis of ETO (a chicken homolog of the human 
oncogene implicated in myeloid leukemia associated with Eight to Twenty One 
chromosome translocation) gene expression.This protocol of Li treatment did not 
adversely affect overall development up to E15 in comparison with saline-treated 
controls.From E3 to E5, the control heart rate increased markedly from 145 to 200 bpm. Li 
(0.6 mM) did not produce significant changes in the first 3 hours but stabilized the heart 
rate at its initial level up to 12 hours after treatment.Consequently, at all later time points, 
the heart-rate curve of the Li-treated embryos was in parallel but significantly lower than 
that of the controls.ETO mRNA levels showed a marked (3-fold) increase from E7 to E12, 
followed by a relative decrease at E15.At all time points,Li treatment resulted in 50-100% 
higher ETO transcript levels, suggesting that Li uses different regulatory mechanism than 
that employed in normal development. Current studies address the signal transduction 
pathway mediating Li effects on heart rate and ETO expression.These observations 
indicate that the chicken embryo is a useful model system with several advantages over 
similar studies in rodents: separation of the embryo from the mother organism with 
possibility for precise drug dosage and cost-effectiveness.
Supported by Joe Young Senior Research Fund

390.13
LITHIUM AND VALPROATE PREVENT VALINOMYCIN- 
INDUCED APOPTOSIS IN SH-SY5Y HUMAN 
NEUROBLASTOMA CELLS. R.Li,1* and R.S. El-Mallakh2. 
1Amethyst Technologies Inc., Scottsdale, AZ 85257 and 
2Department of Psychiatry, University of Louisville School of 
Medicine, Louisville, KY 40292.

Both lithium and valproate have been used in the treatment 
for manic-depressive illness with very limited understanding of 
their therapeutic mechanism of action. Recent literature 
suggests that blockade of potassium channels may be a 
common therapeutic mechanism of many antidepressant 
agents. To determine the relationship between lithium and 
valproate treatment and potassium efflux, we first treated SH- 
SY5Y human neuroblastoma cells with valinomycin (2-100uM), 
lithium (0.5-3mM) or valproate (0.01-0.2mg/ml) for 24-48 hours. 
Valinomycin, a potassium ionophore that is well known to 
increase potassium efflux, induced apoptotic changes in nuclei 
at low doses and shrunken cell bodies at high doses. Cells 
treated with lithium or valproate alone had no morphological 
changes. When the SH-SY5Y cells were pre-treated with 
lithium or valproate and then exposed to valinomycin, the 
high-dose valinomycin-induced apoptotic changes were 
significantly reduced or prevented. However, the low-dose 
valinomycin-induced nuclear changes were only prevented by 
lithium treatment. Our results suggest that lithium and 
valproate share a common mechanism that appears to be 
related to blocking cellular consequences produced by 
potassium efflux.

390.10
ACUTE LITHIUM ADMINISTRATION INCREASES CATENIN 
AND GSK-3 LEVELS IN THE NUCLEUS ACCUMBENS AND 
AMYGDALA. B.T. Hope* and P. Yu. MPS/NINDS/NIH, 36 
Convent Dr, Bldg 36, Rm 4C23, Bethesda, MD 20892.

Lithium is one of the most effective treatments for bipolar 
disorder. Yet its mechanism of clinical efficacy is unknown. In 
addition to the popular hypothesis that Li has its clinical effects 
by inhibiting IMPase activity, recent findings suggest that direct 
Li inhibition of glycogen synthase kinase-3 (GSK-3) may be 
another mechanism. GSK-3 has been shown in other organs 
and cell lines to interact with the APC protein to induce 
degradation of catenin. Using Western blots, we examined the 
effects of acute 4 mmole/kg Li (SC) on the levels of GSK-3 and 
catenin in 7 different rat brain regions. The Nac, and not the Str, 
resulted in significant increases of GSK-3 and catenin at 6 and 
24hr time points. The amyygdala was the only other brain 
region resulting in significant increases in GSK-3 and catenin. 
Other investigators have shown that increased catenin levels 
are followed by catenin translocation to the nucleus to act as a 
transactivator by dimerizing with the DNA-binding protein 
LEF1/TCF. We have found LEF1-specific DNA binding in the 
brain using gel shifts and are presently examining the 
possibility of nuclear translocation of catenin.
[Funded by the National Institutes of Health.]

390.12
TRYPTOPHAN DEPLETION: EFFECTS ON MOOD * ,D BRAIN
ELECTROPHYSIOLOGY IN EUTHYMIC BIPOLAR PATIENTS ON LITHIUM. 
J.H. Hughes and A.H. Young (SPON: British Neuroscience Association) Department of 
Neurosciences and Psychiatry, University o f Newcastle upon Tyne, U. K.

Brain 5-HT has been implicated in the pathophysiology of affective disorders. 
Tryptophan depletion (TD) using a low-tryptophan amino acid drink causes an in vivo 
reduction in brain 5-HT and the effects o f this on mood and brain electrophysiology can 
be monitored. Depressed patients have smaller contingent negative variation (CNV) 
magnitudes and associated reaction times which normalize on recovery. The depressed 
mood and altered electrophysiology may have a common substrate in the 5-HT system. 
The purpose o f this study was to examine the effects of TD in Bipolar patients stable on 
lithium, specifically measuring effects on mood and brain electrophysiology as well as 
the relationship between these.

Twelve subjects with DSM IV Bipolar Affective Disorder participated in a within- 
subject, double-blind, placebo controlled, counterbalanced, cross-over design study. 
Tryptophan depletion was induced by ingestion o f a 100g amino acid drink following an 
overnight fast. Mood was evaluated at baseline, at 4 and at 28 hours using objective and 
subjective mood ratings. Electrophysiological (CNV, AEP etc.) measures were taken at 
5 hours following baseline on both occasions.

Plasma and free tryptophan fell significantly (p<0.03, paired t-test, mean reduction of 
86%), following the depleting drink but not after the control drink. Mood was not 
altered and no significant change over time and between conditions was found in either 
the Hamilton Depression Rating Scale or the Young Mania Rating Scale. Despite this a 
significant effect on CNV magnitude was found with tryptophan depletion increasing 
magnitude on frontal and central leads (p=0.008, two-tailed, paired t-test).

These data demonstrate TD does not perturb mood in this group although it does 
produce changes in CNV opposite to those previously reported in depression.

This research has been made possible by a grant from Stanley Foundation Research 
Awards Program.

390.14
CARBAMAZEPINE ELEVATES PLASMA AND BRAIN CONTENT 
OF NEUROACTIVE STEROIDS G.Biggio*. M. Littera_ G. Giliberto.
R.H. Purdy and M. Sena Department o f Experimental Biology, University 
o f  Cagliari, Italy; 1Deparment o f  Psychiatry, University o f  California, CA, 
USA.

Carbamazepine (CBZ), an anticonvulsant agent mainly used for the 
treatment o f  partial epilepsy, has also been shown to be a useful treatment o f  
manic-depressive illness and to have an anxiolytic effect in animal models o f  
anxiety. Given that neuroactive steroids axe involved in the modulation o f  
anxiety, mood, seizure disorders and stress, we studied the capability o f  CBZ 
to modulate steroidogenesis in rat brain and plasma. Acute injection o f CBZ 
(25-100 mg/kg) elicited a selective and dose-dependent increase in the 
content o f  brain cortical and plasmatic neuroactive steroids. The brain levels 
o f  pregnenolone, progesterone, allopregnenolone, allotetrahydrodeoxy- 
corticosterone and dehydroepiandrosterone were increased by 76%, 56%, 
83%, 54% and 68%, respectively, 30 min after injection o f  50 mg/kg i.p. 
Plasma levels o f  these neuroactive steroids and corticosterone we re also 
significandy increased. Subchronic treatment o f  CBZ (50 mg/kg twice a 
day for 12 days) significandy decreased the capability o f  this drug to 
antagonize isoniazid-induced convulsions in rats but filled to affect its 
capability to stimulate steroidogenesis. These results suggest that tolerance 
to the anticonvulsant action o f CBZ on isoniazid-induced seizures is 
independent from its capability to stimulate steroidogenesis. The latter action 
o f  CBZ may be important for its antimanic effect and its prophylatic actions 
in affective disorders.
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391.1

CHIMPANZEE BRAIN WEIGHT THROUGHOUT THE LIFESPAN. J. 
Tigges*. J. G. Herndon. D.C. Anderson. S.A. Klumpp. H.M. McClure. 
Yerkes Regional Primate Res. Ctr., Emory Univ., Atlanta, GA 30322.

We report on brain weights of 74 chimpanzees ranging in age from 1 day to
59.4 years of age. Material was from animals that came to necropsy at the 
Yerkes Center between the years of 1968 and 1998, excluding those 
determined to have had neurological complications (such as hydrocephalus) 
which may have altered brain weight. Brain weights were available for 9 
neonates (< 1 month of age), 25 juveniles (1 month to 6.99 years of age), 13
adolescents (7 to 14.99 years of age), 20 young adults (15 to 29.99 years of 
age), and 7 old adults (30 to 59.4 years of age). We detected no significant 
differences in brain weight between males and females among neonates, 
juveniles, adolescents, or old adults. Among young adults, males (n=9) had 
heavier brains (p=0.01) than did females (n=11). The lack of significant sex 
differences in the other age groups may have been due to the smaller sample 
sizes. Mean (± standard deviation) brain weight for young adult females was
358.4 g ±40.5 and 416.1 g ±50.3 for males. Simple linear regression 
performed on the combined male and female material revealed a decline in 
brain weight with advancing age (slope = -1.0g/year, p=0.05). Although the 
decline in brain weight with age parallels findings in humans, it should be 
noted that, in the present analysis, advancing age is confounded with sex, 
since there were more old females than males. Age was also confounded with 
body weight, since older adults weighed less than younger ones. (NIH grants 
PO1 AG00001 and RR 00165)

391.3

IN VIVO STRUCTURAL IMAGING DEMONSTRATES LACK OF ENTORHINAL 
CORTEX ATROPHY IN HEALTHY AGED HUMANS. L. deToledo-Morrell1,2*, l . 
Goncharova1, B. Dickerson1 and R.S. Wilson 1,2. 1Department of Neurological 
Sciences and 2the Rush Alzheimer's Disease Center, Rush Medical College, 
Chicago IL 60612.

The entorhinal cortex (EC) is part of the medial temporal lobe memory system, 
and plays a critical role in connecting the neocortex with the hippocampal 
formation. A recent pathological investigation o f the EC demonstrated no neuronal 
loss in healthy individuals between the ages of 60 and 90, while there was marked 
loss of neurons in the EC of patients with mild Alzheimer's disease (AD). In the 
present study, we used quantitative magnetic resonance imaging (MRI) to examine 
the EC volume in vivo in two groups o f subjects: 1) healthy young controls (N=28, 
mean age=26.3), and 2) healthy elderly controls (N=3O, mean age=69.0). An 
interactive 3-D reconstruction program was used to compute EC volume from 
gapless, 5mm coronal slices taken perpendicular to the long axis of the 
hippocampus. The protocol for outlining the EC was developed from published 
morphological and cytoarchitectonic atlases. EC volume was normalized by 
dividing with total intracranial volume computed from gapless sagittal slices 
spanning the entire brain. Group differences in EC volume were assessed with a 
two-way repeated measures ANOVA with groups and hemispheres (left and right 
EC) as the two factors. The only significant effect was that for hemisphere (p<.01), 
indicating that in both the young and old groups, the left EC was smaller than the 
right. The absence of age-related differences in EC volume in this sample stands 
in contrast to other work from our laboratory showing that the EC clearly atrophies 
in patients in the very early stages of AD.

Supported by NIA grants PO AG9466 & P30 AG10161.

391.5

AGE-RELATED DECLINE IN STRIATAL VOLUME IN MONKEYS AS 
MEASURED BY MRI. J.A. Matochik,1* S.I. Chefer,1 E.D. Morris,1 M.A. 
Lane.2 D.K. Ingram,2 G.S. Roth2 and E.D. London1. 1Brain Imaging Center. 
National Institute on Drug Abuse; 2Laboratory of Cellular and Molecular 
Biology, National Institute on Aging; Baltimore, MD 21224.

Age-related declines in striatal markers for the dopamine system have been 
demonstrated in several species, including the Rhesus monkey. The purpose of 
the current study was to determine structural changes during aging in the 
monkey striatum. Male monkeys (n= 18), in three age categories as defined 
below, were studied using magnetic resonance imaging on a 1.5 Tesla scanner. A 
volumetric SPGR protocol (TE=6.1, TR=15.2, flip angle=30, NEX=2) was used 
to acquire 124 transaxial slices of 1 mm thickness through the brain. The MRI 
scans were resized to achieve isotropic voxels and then were resliced parallel to 
the AC-PC line. The caudate nucleus and putamen were segmented, by manual 
tracing using landmarks made in the orthogonal planes, for volume 
measurements. The intracranial volume (defined as volume of gray and white 
matter plus CSF in ventricles and sulci) was measured using a semi-automated 
algorithm. There was no correlation between age and intracranial volume 
(r=0.02, p=0.93), consistent with previous studies in humans. There were age- 
related declines in normalized (i.e., region/intracranial volume) caudate nucleus 
(r=-0.80, p=0.0001) and putamen (r=-0.69, p=0.002) volumes. Significant 
negative correlations were also found for the left and right sides of the caudate 
nucleus and putamen. Monkeys in the Young group (n=7, 39-45 months old) 
had larger volumes of the caudate nucleus and putamen, both left and right sides 
and total volume, than animals in the Middle (n=4, 164-180 months) or Older 
(n=7, 291-360 months) groups. There were no differences in measured volumes 
for the caudate nucleus or putamen between the Middle and Older groups. The 
current results provide normative data to assess interventions (e.g., diet 
restriction) in the aging process.
Supported by the NIH Intramural Research Program.

391.2
THE EFFECT OF GENDER ON AGE-RELATED CHANGES IN BRAIN 
STRUCTURE. J. Xu1. S. Kobayash1 . S . Yam aeuchi1, K. Ii jim a1. K. 
Yamashita2*, K. Okada1 and K. Adachi1. 1Dept. o f Internal Med. III, Shimane 
Medical University, 693,2Dept. of Internal Med. Tsuwano Kyozon Hospital,699 
Japan.

We investigated gender effects on age-related changes o f the brain structure. 
The subjects were 176 males and 145 females ( 31 to 79 ys.). The subjects who 
had silent ischemic brain lesions and risk factors for stroke were excluded from 
this study. The brain tissue area was measured on a total o f 26 brain parenchyma 
regions on coronal T 1 weighted MR images. The area o f cranial cavity was 
measured on the middle sagittal section. All brain areas were normalized relative 
to intracranial area in each subject. The mean parenchyma area of basal ganglia 
was larger for females whereas parieto-occipital lobe and cerebellum were larger 
for males. The progression of age-related brain atrophy was differentially affected 
by gender in several brain regions. The posterior part o f right frontal lobe, right 
thalamus, parietal lobe and cerebelum showed earlier and greater degree of 
age-related brain atrophy in males compared to females. We also found gender 
difference in the laterality of the brain structure. The right hemisphere is larger 
in all temporal lobes, parieto-occipital lobe, and cerebellum for males, whereas 
females showed the same laterality effect only in middle and posterior temporal 
lobes and parieto-occipital lobe. Aging did not affect these laterality effects. In 
conclusion, age-related brain atrophy is affected interactively by gender and 
brain regions. Funded by Japanese Ministry of Health and Welfare.

391.4
SEX DIFFERENCES IN PREFRONTAL VOLUME WITH AGING BUT 
NOT ALZHEIMER’S DISEASE: D.H. Salat*1, J.A. Kaye2,3 P.A. Stangl4, J.S. 
Janowskv1,2, 1Dept o f Behavioral Neuroscience, 2Dept o f Neurology, 3 
Portland VA Medical Center,4 School o f Medicine, Oregon Health Sciences 
University, Portland OR 97201.

Previous studies o f brain volume with aging have demonstrated sex 
differences in a variety o f neural structures including the temporal and frontal 
lobes. Still, it is unclear if  sex differences in brain volume are selective to a 
particular tissue type. We used quantitative volumetric magnetic resonance 
imaging to determine if sex differences exist in the volume of the prefrontal 
cortex of healthy elderly (HE, 60-75 years) and to examine whether sex 
differences in the prefrontal cortex are specific to white or gray matter. 
Additionally, we examined a group o f Alzheimer’s disease (AD) patients age- 
matched to HE to determine if sex differences in healthy aging remain with 
AD. The prefrontal cortex was chosen as the region of interest as it has been 
suggested that this area is highly sensitive to changes with aging.

HE subjects had significantly greater total prefrontal volume than AD 
patients (p<0.04). Similarly, there was a significant effect o f sex on total 
prefrontal volume (p<0.04). Specifically, healthy elderly males had greater 
total prefrontal volume than healthy elderly females. This difference appeared 
to be due to differences in gray matter volume. AD males and AD females did 
not differ in total prefrontal volume. These results suggest that volumetric sex 
differences in the prefrontal cortex with healthy aging are absent in 
Alzheimer’s disease. This finding could provide support for a gray matter 
reserve theory o f AD. Future studies will be useful in determining whether sex 
differences in prefrontal volume exist in early and preclinical dementia. 
Supported by NIH AG 12611 and a National Alzheimer’s Disease Association 
Grant to JSJ and AG0817 and a VA Merit Grant to JAK.

391.6
NORMAL DEVELOPMENTAL AND AGING EFFECTS ON CORPUS 
CALLOSUM MORPHOLOGY. RE Blanton1, JG Levitt,2 PM Thompson1, ER 
Sowell1 KL Narr1, MS Mega1, T Sharma,3 RC Collins1*, and AW Toga1.; 
1Laboratory of Neuro Imaging, Departments of Neurology and 2Child 
Psychiatry, UCLA. Los Angeles, CA 90095; 3Institute of Psychiatry, London.

To characterize maturational and degenerative anatomical changes 
associated with development and aging, corpus callosum morphology was 
examined in 40 normal subjects ranging in age from 7-75 years. T1-weighted 
structural MR images were collected using a 256x256x124 resolution matrix. 
Images were digitally transformed into the Talairach coordinate system to 
allow averaging of contours across subjects as well as to correct for possible 
head size differences. Identification and manual contouring of the corpus 
callosum was conducted on the most midsagittal slice using the septum 
pellucidum as a reference landmark. Total callosal area as well as five 
subdivisions were analyzed using multiple regression to assess for linear as 
well as non-linear age effects. In addition, 2-D variability maps were 
generated by averaging contours within 4 defined groups, child, adolescent, 
adult, and elderly.

Preliminary results suggest significant age effects for all five subdivisions 
of the corpus callosum. Area increases were seen in child and adolescent 
years followed by stabilization in adulthood and lastly by reductions into 
elderly years. Furthermore, there appeared to be some evidence for 
developmental regional specificity with only midregions of the corpus 
callosum significantly increasing in size with age. Findings of age related 
anatomical changes in the corpus callosum may reflect maturation and 
regression of cognitive functions which require interhemispheric processing. 
In addition, differential development of various regions of the callosum may 
mirror the heterotopic organization of corpus callosum fibers.
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391.7
CELL NUMBER AND VOLUME ESTIMATIONS IN HUMAN CEREBELLA 
WITH AGING: A STEREOLOGICAL STUDY. B.B. Andersen*,1 H.J.G, 
Gundersen,2 and B. Pakkenberg1, 1Neurological Research Laboratory, Bartholin 
Institute, Kommunehospitalet, 1399 Copenhagen K, Denmark; 2Stereological 
Research Laboratory, University of Aarhus, 8000 Århus C, Denmark.

The aim o f this study was to use recent stereological methods to provide unbiased 
estimates o f the total number o f Purkinje and granule cells in four major regions of 
cerebellum, estimates of mean volume o f Purkinje cells and the volumes of the 
human cerebellum to estimate age changes.

Cerebella from 19 men with no neurological disorders (age range from 19 to 84 
years) were obtained postmortem. The Cavalieri method and optical disector principle 
were applied to provide unbiased estimates o f cell numbers and major volumes of the 
human cerebellum (for further details see Andersen et al, J Comp Neurol 326:549, 
1992). The rotator was used to get an unbiased estimate of perikaryon and nuclear 
volume o f Purkinje cells.

The macroscopic volume o f cerebella is significantly reduced with age, especially 
in the cortex of the anterior lobe (15 to 20 %), and in the cerebella white matter. The 
total Purkinje cell number ranges from 25 to 30 x 106 and the total granule cell 
number from 110 to 120 x 109. The Purkinje cell number is significantly reduced in 
the anterior lobe (25-30%), but no significant global cell loss is seen with aging. A 
significant reduction of approximately 40% in Purkinje cell perikarya volume is seen 
as a function of age.
(Supported by the Hartmann Brothers Foundation and IMK Almene Foundation)

391.9

AGE-RELATED ULTRASTRUCTURAL CHANGES OF NEURONS IN CAT 
BRAINSTEM REGIONS RESPONSIBLE FOR THE CONTROL OF REM SLEEP. 
J-H. Zhang*. S. Sampogna..F.R. Morales and M.H. Chase. Department of Physiology 
and Brain Research Institute, UCLA School o f Medicine, Los Angeles, CA 9(K)24.

The states of sleep and wakefulness are profoundly altered in old age (Kryger MH et 
al, Principles and Practice o f Sleep Medicine, 1994). In order to understand the 
structural and cellular bases of aged changes in sleep architecture, an electron 
microscope study was undertaken of the ultrastructures of neurons and their processes in 
brainstem regions responsible for the control of REM sleep in adult (1-3 years of age) 
and old (15-18 years of age) cats. These regions included the laterodorsal and 
pedundulo-pontine tegmental nuclei (LDT/PPT), the dorsal raphe nucleus (DRN), the 
locus coeruleus (LC) and the nucleus pontis oralis (NPO). Compared with the adult 
cats, neurons in the old cats exhibited a great number of ultrastructural abnormalities. 
The soma of the resident neurons in the areas which we examined exhibited severely 
disrupted mitochondria and large vacuoles. In the dendrites, there were heteromorphic 
complex arrangements of membranes and spaces and depletion of microtubules. 
Myelinated axons were found to contain a hyaloid electron translucent axoplasm and 
large vacuoles; there was also myelin degeneration splitting. In addition, important 
ultrastructural changes were also observed in the presynaptic terminals; these included 
disrupted mitochondria, and large vacuoles. These altered terminals made synaptic 
contact with the dendrites that also exhibited ultrastructural changes as well as with 
those that appeared normal. In those cases in which both pre- and postsynaptic cell 
membranes exhibited abnormalities, a bridge arose where the cytoplasm of the 
presynaptic terminals and that of postsynaptic element actually merged. These data 
indicate that during aging process in regions related to the REM sleep, both neurons 
and their process undergo severe abnormal ultrastructural changes. This suggests that 
synaptic transmission and neuronal processing in these regions are altered in old cats. 
Such alterations may reflect the cellular bases for the changes in REM sleep that occur 
in aged cats (Chase MH et al., Sleep Research, 1976, UCLA). Aged human exhibit 
similar changes in REM sleep as do aged cats, therefore, these finding may apply to 
humans as well as the cats. Supported by USPHS Grant AG 04307.

391.8
TOTAL LENGTH AND DIAMETER OF MYELINATED FIBERS IN WHITE 
MATTER OF THE HUMAN BRAIN. A STEREOLOGICAL STUDY.
L. M amer,1 L. Korbo*,1 J.R. Nyengaard,2 Y. Tang,2 H.J.G. Gundersen2 and B. 
Pakkenberg1. 1Neurological Research Laboratory, Bartholin Institute, 
Kommunehospitalet, 1399 Copenhagen K; 2Stereological Research Laboratory, 
Bartholin Building, University of Aarhus, 8000 Århus C, Denmark.

Except for volume estimates, the white matter of the human brain has never been 
quantified using recent stereological methods.

The aim of the study was to use stereological tools to quantify the total length of 
the myelin fibers in the human brain from normal adults of both sexes ranging in age 
from 18 to 90 years. Counting has been performed using unbiased counting-frames on 
IUR-sections from biopsies sampled systematically with a random start over the entire 
brain white matter.

In addition, the diameter of the fibers was measured to study whether age and sex 
influences the distribution o f fiber diameter.

Preliminary data have shown that old women have fewer fibers compared to young 
women (Tang et al, Neurobiol Aging 18:609,1997). Studies in progress show a high 
biological variation in total fiber length from approximately 75,000 km to 150,000 km. 
(Supported by the Danish Medical Council and the Hartmann Brothers Foundation)
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392.1

CANINE COGNITIVE DYSFUNCTION: VALIDATION OF A SHORT CANINE 
MENTAL STATUS EXAMINATION SCREENING DEVICE. A.Chan1. P .D, 
Tapp1. H. Callahan2, E. Head3, C. Cotman3. and N.W. Milgram1*. 1Life Science 
Division, Scarborough Campus, University of Toronto; 2Institute of Brain Aging, 
University of California at Irvine.

Mental status examinations, such as the Mini-Mental State, are often utilized as 
brief screening instruments for dementia. They provide the tester with a quick and 
global estimate of cognitive function. We have attempted to devise an analogous 
screening device, the Canine Mini-Mental Status Exam (CMMSE), to identify 
cognitively impaired canines. Our goal was to differentiate geriatric dogs with normal 
cognitive ability from those with mild, moderate, or severe dementia. The CMMSE 
was derived from the Canine Intelligence Quotient test described by Coren (1995). Of 
the 10 items, one deals with attention, three are problem solving tasks, three assess 
social behaviour, and the remaining three items are activity-focused. (“Grooming”, 
“Appetite” and “Purposeful Activity”). Items on the scale are scored on a four-point 
scale (0 to 3), with a maximum attainable score of 30 indicating intact cognitive 
ability. The CMMSE scores were compared with more sensitive neuropsychometric 
measures to determine its validity. Criterion measures included procedural learning, 
discrimination learning, reversal learning and spatial memory ability. Previously, we 
found these criterion measures correlate with the number of senile plaques seen at 
necropsy. Regression analyses indicate that neither the total nor the subscale scores on 
the CMMSE could predict performance on the formal neuropsychological tests. These 
results suggest that tests of global cognitive function are inadequate for detecting early 
and subtle indicators of neurodegeneration. The CMMSE provides only a gross 
impression of cognitive functioning and cannot be compared to fine scaled 
neuropsychological tests designed to test the capacities of specific neural substrates. 
This research was supported by NIMH Grant A-6 12694-02. This research was 
funded by NIA grant AG 12694.

392.2

EFFECTS OF AGE AND SEX ON MEMORY, MOTOR ACTIVITY, AND 
CHOLINERGIC FUNCTION IN C57BL/6NIA MICE. K M. Frick*. LA . 
Burl ingame. J. Berger-Sweeney. Department of Biological Sciences, Wellesley 
College, Wellesley, MA. USA.
Age-related changes in learning and memory are common in rodents. However, the 

majority of studies to date have only examined the effects of aging on males. 
Therefore, direct comparisons of the effects of aging on learning and memory in both 
sexes are lacking. Adult male rats are superior to female rats on various tests of 
spatial learning and memory, a result that has not been consistently observed in a 
variety of mouse strains. The present study examined, 1) whether spatial and non- 
spatial learning and memory deteriorates with increasing age in C57BL/6Nia mice, 
and 2) whether age-related changes in memory are similar in both sexes. Male and 
females were tested at three ages: 5, 17, and 25-26 months (MO). Spatial, spatial 
reversal, and cued versions of the Morris water maze tested spatial and non-spatial 
memory, a simple odor discrimination task tested non-spatial olfactory memory, and 
a plus maze task tested exploration/anxiety behavior. Locomotor activity and basic 
reflexes were also measured. Choline acetyl transferase (ChAT) activity was measured 
in the cortex, hippocampus, and caudate at the conclusion of behavioral testing. 25- 
26MO mice were impaired relative to 5MO mice in the spatial task, but not in the 
spatial reversal or cued tasks. 17MO mice were also impaired relative to 5MO mice, 
but less so than aged mice. 25-26MO, but not 17MO, mice were impaired relative 
to the 5MO group on the simple odor discrimination. 5 and 25-26MO mice had 
similar levels of plus maze exploration and activity, whereas 17MO mice were 
hyperactive relative to both groups and were slightly less exploratory than 5MO 
mice. Although sex differences were not present in the 5 and 25-26MO groups, 
17MO females performed worse on the spatial water maze task than 17MO males.
No sex differences were observed in exploration, activity, or reflexes. ChAT assays 
are currently being performed. The results suggest that spatial and olfactory memory 
decline with increasing age in C57 mice, and that this decline may occur earlier in 
females. Supported by the Whitehall Foundation and N S F  IBN9458101.
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392.3

DIFFERENTIAL EFFECTS OF NUCLEUS BASALIS LESIONS ON MAZE 
PERFORMANCE AND PHARMACOLOGY OF FRONTAL CORTEX IN YOUNG 
a d u l t  AND a g in g  RATS. C.L . Wellman* and M.A. Pelleymounter. Dept. 
o f Psychology, Indiana U niversity, B loom ing ton, IN, and D ept. of 
Neurobiology, Neurocrine Biosciences, San Diego, CA.

P reviously, we dem onstrated tha t lesions o f the  nucleus basalis 
m agnoce llu la r¡s  (NBM ) im pa ir m aze p e rfo rm ance  and p roduce 
morphological changes in frontal cortex, the m ajor target o f the NBM. 
These changes vary with age: lesions produce more profound deficits in 
maze perform ance and cortical m orphology in m iddle-aged and aged 
rats re la tive  to young adu lts. To fu rthe r cha rac te rize  th is  age- 
dependent alteration, we assessed maze learn ing and frontal cortical 
pharmacology in young adult, m iddle-aged, and aged rats. Male rats at 
3, 14, and 22 months of age received e ither ibotenic acid or sham 
lesions of the NBM. Rats were then trained on a radia l maze task. 
W hile lesions sign ifican tly im paired maze perform ance at all ages, 
m iddle-aged and aged rats showed m ore p ro found lesion-induced 
d e fic its . A fte r beh av io ra l te s tin g , b ra in s  w e re  p rocessed  for 
quan tita tive  autorad iography using e ithe r [3H ]desm e th y lim ip ram ine 
(DM I) to  assess a lte ra tion s  in no rad rene rg ic  reup take  s ites or 
[3H ]m uscim ol or [3H]AM PA to assess G ABAA and AM PA receptor 
binding. At all ages, DMI binding was unaffected by lesion. Both GABAA 
and AM PA receptor b inding was increased a fte r lesion, but only in 
young adult rats; these alterations may be related to the less profound 
lesion-induced im pairm ents seen at th is age. The lesion-induced 
changes in the glutam atergic and G ABA ergic system s may reflect a 
com pensatory response to loss of innervation, a response that is lost 
with advancing age. Supported by NIH RO3 MH57071 to CLW.

392.5

JUVENILE RATS SHOW FASTER BEHAVIORAL RECOVERY THAN 
ADULT AND MIDDLE AGED RATS FOLLOWING UNILATERAL LESIONS
IN THE SOMATIC SENSORIMOTOR CORTEX. J. J. Cooledge*. K. R 

Heinrich, and T. M. Barth. Dept. o f Psychology, Texas Christian Univ.; Fort 
Worth, TX 76129.

The behavioral consequences o f cortical injury depend not only on the site of 
the injury, but also the age of the animal at the time o f the brain damage. For 
example, previous research has shown differences in the rates o f behavioral 
recovery depend on the age of the animal. Most o f this research has focused on 
lesions in infant vs. lesions in adult animals. Two overlooked populations have 
been adolescence and middle age in the rat. Although postnatal developmental 
changes are greatest in the first few weeks, neuronal changes continue until 
adulthood in rats. Among older animals, changes in neurotransmitter levels and 
cell death occur during middle age.

The present study investigated the behavioral recovery of juvenile rats (42-45 
days), adults (3-6 months), and middle aged rats (11-12 months) after cortical 
lesions. All rats received small, unilateral electrolytic lesions in the forelimb 
representation area o f the somatic sensorimotor cortex. This lesion has been 
shown to produce a temporary deficit in the placing responses contralateral to the 
side of injury in adult rats. Forelimb and vibrissae placing tests were 
conducted up until postoperative day 45. The juvenile rats recovered at a 
significantly faster rate when compared to the older age groups (p<.05 by 
ANOVA). The middle aged rats showed the slowest rate o f  recovery (p< .05) 
These data suggest that in tactile placing, rats show a progressive delay in 
recovery o f function.

This foundational study shows a need to further investigate the mechanisms 
recovery and age-appropriate treatments in the juvenile and the middle aged 
populations.

392.7

B E N E F IT S  O F L O C A T IO N  C U E V A L ID IT Y  F O R  L U M IN A N C E  
D E TEC T IO N  D E C LIN E OV ER TH E AD ULT LIFESP A N . C. M. Chavez.
P.M. Greenwood & R. Parasuraman* Cognitive Science Lab., Catholic Univ., 
Washington, DC.

We investigated age-related changes in the effect of visuospatial attention on 
perception, thereby extending previous work to a lower level in the cognitive system. 
Central, symbolic location precues lower detection thresholds when valid and raise 
detection thresholds when invalid (Hawkins et al., 1990).Therefore, if aging is 
accompanied by overall declines in sensory sensitivity, then costs and benefits of cue 
validity on perception might increase, as reported for letter discrimination (Greenwood, 
et al., 1993; Greenwood & Parasuraman, 1994). Although effects of aging on above-
threshold detection are not usually found up to age 85 (e.g. Greenwood et al., 1993), a 
recent study with large groups observed increased total cue validity in aging in a 
detection task (Faust & Balota, 1997). We predicted healthy aging would increase 
effects of cue validity on a difficult perceptual task over the adult lifespan. We also 
wished to determine the decade in which age effects would appear. Effects of cue 
validity on luminance detection were measured over ages 45 to 85 in a post-cue 
paradigm. Central and peripheral location cues were valid in predicting dot location on 
60% of trials (invalid and neutral on 20% each). The time course of cue validity effects 
was measured by varying cue-target SOA between 200 and 500 msec. Total cue 
validity effects (invalid - valid RT) were greater with central compared to peripheral 
precues (p<.05) but aging exerted differential effects such that central cue effects 
increased with age while peripheral cue effects decreased with age (p<.05). Benefits of 
valid cues (neutral RT - valid RT) also decreased with age, more strongly with 
peripheral than with central cues (p<.05),while separate costs of invalid cues (invalid 
RT - neutral RT) only tended to increase with age. That aging reduced benefits on 
detection speed even in the fourth decade but did not alter costs contrasts with the 
increased costs of invalid cues on discrimination speed seen only in the seventh decade 
(Greenwood et al., 1994) and appears to suggest that visuospatial attention plays a 
different role in threshold detection than in discrimination, exerting different effects at 
different ages. NIA AG 12387 to P. Greenwood and AG07569 to R. Parasuraman.

392.4

fM R I A N A L Y S IS  O F  T H E  H IP P O C A M P A L  R E G IO N S  IN A G E - 
R E L A T E D  M E M O R Y  D E C L IN E  A N D  A L Z H E IM E R ’S D IS E A S E . 
S.A. Sm all, G.M . Perera, R. D eLaPaz, R. M ayeux*,and Y. Storn 
D epartm ents o f  N eurology and Radiology, Colum bia U niversity ., New 
York, NY. 10034.

The hippocam pal form ation is m ade up o f  separate regions 
interconnected to form a circuit and engaged during memory processing. 
Investigating the norm al and abnorm al function o f  the hippocam pus is 
m ost revealing at the level o f  the regions. W e have developed a ß O L D- 
based fMRI protocol that detects differential activation in the separate 
hippocam pal regions and have em ployed this fMRI protocol to study 
elders with norm al m em ory, elders with m em ory decline but no dem em ia. 
and elders with A lzheim er’s disease (AD).

As expected, AD patients had dim inished activation in all hippocam oal 
regions com pared to the normal elderly. Am ong the e lders with memory 
decline, however, two d istinct patterns o f  hippocam pal regional activation 
em erged: One pattern that was sim ilar to the AD patients, and a second 
pattern that had dim inished activation restricted to only one hippocam pal 
region, the subiculum .

Although m em ory decline is the earliest m anifestation o f  AD. studies 
suggest that age-related decline occurs in the absence o f  dem entia. It 
rem ains uncertain w hether m em ory decline reflects a predem entia stage o f 
AD or a separate age-related processe. The results o f  this study suggest 
that both m ay be contributing to age-related m em ory decline.

This work was supported by an ADRC pilot grant (P50 AG08702).

392.6
AGE-ASSOCIATED DECLINE IN MOTOR FUNCTIONS IN RHESUS 
MONKEYS. D. Gash1*, M. Smith1 Z. Zhang1, W. Cass1, M. Hebert2 and G. 
Gerhardt2. 1. Dept. o f Anatomy and Neurobiology, Univ. of Kentucky; Lexington, 
KY 40536; 2. Depts of Psychiatry and Pharmacology, and Neuroscience Training 
Program, Univ. o f Colorado Health Sciences Center, Denver, CO 80262.

In human aging, a progressive slowing of motor functions at the rate of 0.3- 
0.5% per year for simple reaction times can be measured beginning at around 20 
years o f age. While it is generally assumed that aging processes in nonhuman 
primates resemble those seen in humans, age-associated changes in motor 
functions in monkeys have not been extensively studied. We have developed and 
used a monkey Movement Analysis Panel to measure upper limb movement times 
and hand movement times in rhesus monkeys. In addition, home cage behavior 
has been rated using standardized criteria. In initial tests on female rhesus 
monkeys involving 5 young adults [7-8 years old (yo)], 5 middle-aged adults [13- 
l6yo] and 5 older adults [21-27 yo], a significant age-associated decline was seen 
in both coarse upper limb reaching times [r 0.2524, P < 0.01] and fine motor 
movements used in food pick-up [r2 = 0.1952, P < 0.05]. The most profound 
deficits were seen in a 21 yo research-naive animal which demonstrated 
bradykinesia, rigidity, balance problems and tremor, scoring 7.75 on our 
parkinsonian rating scale. The other four older animals displayed more limited 
motor impairments, with mild bradykinesia, rigidity, and stooped posture being the 
most prominent. Preliminary in vivo microdialysis studies conducted in the 
putamen o f the young and older monkeys have shown an age-related decline in 
d-amphetamine-evoked dopamine release. These data support the hypothesis that 
age-related declines in motor functions in rhesus monkeys may relate, in part, to 
changes in the function o f dopamine neurons. Thus, our initial data indicate that 
there are significant declines in motor functions in rhesus monkeys which closely 
parallel those seen in human aging.
Supported by NIH grants POl-AG 13494 & AG06434.

392.8
fMRI OF AUDITORY WORKING MEMORY IN THE AGED. I. Subaiya1, D.H. 
Salat2, W. Coshow3, G. Nesbit3, J.S. Janowskv1,2*. 1Dept. Neurol, 2Behav. 
Neurosci. 3Radiology Oregon Health Sci. Univ., Portland, OR 97201.

Working memory activates prefrontal cortical regions as well as other 
brain regions in younger subjects. We describe working memory induced 
brain activation in tw o  cognitively in tact older subjects (ages 72 and 91) 
and compare their data to  5 younger subjects (ages 20-30). Subjects were 
scanned during an auditory 1, 2 and 3-back working memory task w ith  
tetters as stimuli, using a 1.5T GE magnet. In order to  correct fo r age- 
related atrophy, voxels of activation are corrected fo r the volume o f the 
regions of interest (ROD, Brodmann areas 46/9 and 10/32. All subjects 
performed well (~  100%) on the 1-back condition and accuracy decreased 
as memory load increased. Older subjects performed worse than younger 
subjects on the 2- and 3-back conditions. Brain activation in the young 
subjects was similar to  tha t reported by others. Areas 46 /9  showed 
activation w ith  the task and areas 10/32 show an inverse pattern of 
activation (Correlations >  .40). As reported by others, younger subjects 
show a stepwise increase in activation in ROI 46 /9  w ith  increasing memory 
load from  the 1 to  2-back conditions but no further increase during the 3- 
Back condition. A different pattern o f activation was found fo r ROI 10/32 
such that activation increased w ith  increasing memory load. Older subjects 
show the same amount o f activation as the young in both ROI's during the 
1 -Back condition, however, they do not show an increase in activation in 
the 2-Back condition. Additional older subjects w ill be examined as part of 
this on-going study. Activations w ill be compared when performance is 
equated between the young and old. The data suggest tha t the brain 
regions tha t underly working memory are similar in the young and old. 
However, the aged may be unable to  recruit a response w ith  increasing 
cognitive demand. [Supported by NIH AG 14233, Nat. Alzheimer's Assoc.]
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392.9
H215O POSITRON EMISSION TOMOGRAPHY STUDY OF IMPLICIT MEMORY 
IN NORMAL ELDERLY COMPARED WITH YOUNG SUBJECTS Ƙ.E. 
Anderson1*, L. C ooper2, N. Zubin1, N. Szerlip2, A.DiMauro1, A. Park1, Y. Stern1. 
1Columbia Presbyterian Medical Center, 2Columbia University, New York. NY 10032

Effects of aging on priming have not been studied extensively It is unclear whether 
priming is mediated by the same brain areas in elders when compared with young 
subjects. Prior work has implicated inferior temporal structures in representational 
memory of objects, and possibly in priming (Schacter. 1995). We used a similar 
paradigm in elderly subjects.

Five cognitively intact elderly subjects (mean age=74) and five young subjects (mean 
age=26) participated. We used an object decision task in which subjects identified 
previously studied or unstudied objects as structurally possible or impossible Subjects 
underwent H215O Positron Emission Tomography (PET) scans while viewing possible 
and impossible objects (baseline), viewing previously seen possible and impossible 
objects (old condition) and viewing new possible and impossible objects (new 
condition). Brain blood flow patterns were analyzed using Statistical Parametric 
Mapping (SPM). Elderly subjects demonstrated significant priming, with 14.6% 
improvement in correct identification of previously seen objects as “possible" 
(p=0.009), as compared with identification of new possible objects. Young subjects 
demonstrated borderline significant priming (14.8%, p=0.057).

During priming (old possible objects-new possible objects) elders as a group showed 
a trend toward significant activation of right inferior/medial temporal lobe and left 
inferior temporal lobe on SPM analyses. When compared with the young subjects, 
elderly subjects showed a trend toward increased activation of right fusiform g\ rus and 
right hippocampus during priming.

Alternative patterns of activation by the elders may reflect their need to use other 
brain areas during object representation and priming than those drawn upon by young 
subjects. Elders’ bilateral inferior temporal activation during priming may reflect 
attempts to recall objects' structural representation. Hippocampal activation seen 
during priming in elderly but not in young subjects may be an effort by ciders to use 
explicit strategies to enhance performance on an implicit task (This work supported 
by the Dana Foundation and NIA AG 14671.)

392.11
BEHAVIORAL PERFORMANCE CORRELATES WITH LIPID 
PEROXIDATION IN DIFFERENT BRAIN REGIONS OF THE AGING MOUSE.
S. R. McDonald*, H. Lal and M. J. Forster. Department of Pharmacology, Geriat
rics Education and Research Institute, UNTHSC, Fort Worth, TX 76107.

Oxidative stress is believed to be a causal factor in brain senescence. Using the 
mouse as a model, the current experiment tested the hypothesis that lipid peroxidation 
in specific regions of the brain causes age-associated impairments of cognitive func
tion and reaction time. Thirty-four C57BL6 mice, aged 2, 9, 18, or 27 months were 
tested in a behavioral paradigm that measures learning for escape, avoidance, and 
simple spatial discrimination (Forster and Lal,1992, Behav. Pharm. 3:337). The mice 
were also tested for reaction time and the concurrent maximum amplitude of shock- 
startle response. Following behavioral testing, each mouse was euthanized and the 
cerebellum, cortex, hippocampus, striatum, hindbrain, and midbrain were removed 
for biochemical analysis. Lipid peroxidation was determined using the thiobarbituric 
acid reactive substances assay (TBARS) (Ohkawa et al.,1979, Analy. Biochem. 
95:351). Group performance declined significantly from 2 to 9 months of age for 
measures of shock-escape and avoidance, but did not decline further from 9 to 27 
months of age. However, lipid peroxidation as measured by TBARS increased as a 
function of group up to 18 months of age. Analysis revealed that the individual dif
ferences in impaired cognitive function are correlated with lipid peroxidation at 9 
months of age, the earliest age in which performance deficits were evident. These 
correlations involved only the cerebellum and cortex. The startle reaction demon
strated a general increase in reaction time with increased age and a decreased maxi
mum amplitude of response. The decreased maximum amplitude of response was cor
related with individual levels of lipid peroxidation in the midbrain of 27 month-olds. 
These findings suggest that increases in lipid peroxidation may be a causal factor in 
age-related impairments of cognitive function and reaction time. (NIH-NIA support: 
R01A607695)

392.10

THE EFFECTS OF AGE ON RETENTION OF NOVEL 
REPRESENTATIONS OVER TIME. T. Liu1*, H. J. Hilton1, N. J. 
Szerlip1, J. H. Frost1, Y. Stem2, K. E. Anderson2, L. A. Cooper1 
1Department of Psychology, Columbia University, New York, NY 10027; 
2Department of Neurology and Psychiatry, Columbia University College 
of Physicians & Surgeons, New York, NY 10032.

The effect of test delay on implicit memory for novel visual objects was 
examined in college aged (N =18, mean=24) and elderly (N=54, 
mean=75) volunteers. Subjects studied the objects for Five seconds, 
during which they indicated whether objects appeared to face more to the 
left or to the right. We have previously found that this task requires that 
subjects attend to and encode a representation of the global structure of 
the stimuli. In the test that was administered both immediately and after 
a delay of one week, subjects decided whether briefly exposed drawings 
of both previously studied and nonstudied figures represented 
structurally possible or impossible objects. Test performance was 
measured in terms of p rim in g , the difference in accuracy between studied 
and nonstudied items. When tested immediately after study, both old and 
young subjects exhibited robust priming for possible but not for 
impossible objects. This finding is consistent with previous research 
done in our lab (e.g. Schacter et al P sycho logy a n d  A g in g  1992). 
However, after a one-week delay, elderly subjects showed no priming for 
either possible or impossible objects, whereas young subjects continued 
to show priming for possible objects and no priming for impossible 
objects. These results suggest that the ability to form and to retain 
representations of novel visual objects may be compromised in elderly 
individuals.

Supported by the Charles A. Dana Foundation
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394

SYMPOSIUM. STRUCTURE, FUNCTION AND PLASTICITY OF 
DENDRITIC SPINES. K. M. Harris. Children’s Hospital and Harvard Medical 
School (Chairperson); S.J. Smith. Stanford Medical School; M. Segal. 
Weizmann Institute; K. Svoboda. Cold Spring Harbor Laboratory.

The objective of this symposium is to address a century-old question- What are 
dendritic spines for, and what regulates their formation? Recent advances in 
imaging methodologies allow an unprecedented focus on dendritic spines in 
living tissue, and a rapid accumulation of information on the rules governing 
their formation and function. Kristen Harris will present the structural diversity 
in dendritic spines and their synapses in vivo and in slices, as revealed by serial 
electron and confocal microscopy. The studies show that dendritic spines arise 
from shaft synapses during development, are stable by 2 hours after LTP in adult 
hippocampal slices, and that many new spines are formed when synaptic 
transmission is blocked in the adult hippocampal slices. Stephen Smith will 
address dendritic development dynamics describing imaging of live cell cultures, 
hippocampal slices and intact zebrafish embryos. These studies suggest that 
highly motile dendritic filopodia may play major roles in cell-cell contact 
initiation and in the selection of specific synaptic partners thereby providing a 
key determinant of neural circuit topology. Menahem Segal will present the 
sequence of molecular events in estradiol-induced spine formation in tissue 
cultured hippocampal neurons, and the fast imaging o f calcium variations in 
dendritic spines, which reveal the presence of calcium stores and voltage gated 
calcium channels in dendritic spines. Karel Svoboda will describe experiments 
on functional imaging of single dendritic spines in living brain slices. Two- 
photon laser scanning microscopy has been used to image fundamental aspects of 
synaptic function at the level of the single synapses including calcium dynamics 
in spines, direct observation of transmitter release, and spine morphogenesis in 
response to synaptic activation.

395

SYMPOSIUM. STEROIDS IN DEVELOPMENT AND AGING. 
D. L. Meinecke, NIH-NIMH (Chairperson); M.M. McCarthy, Univ. 
Maryland, Baltimore; N.G. Forger. Univ. Massachusetts; S.A. 
Tobet, The Shriver Ctr.; J. Morrison. Mount Sinai Sch.of Med.

Recent data suggest gonadal hormones are involved in many non
reproductive fundamental brain processes. The mechanisms of these 
novel brain-hormone interactions are unknown, although advances 
in developmental neurobiology, neuroendocrinology, and molecular 
biology are converging. Data presented in this symposium will show 
that steroid interactions occur in the developing and adult forebrain, 
hypothalamus, and cerebral cortex—brain regions associated with 
cognitive function. Presentations will address: 1) hormonally 
induced pattern forming steps involved in the establishment of 
sexual dimorphisms with specific physiological and behavioral 
consequences, 2) an innovative model in which steroid-induced 
structural changes of the brain are the result of neuron-glial 
interactions; 3) evidence that steroids and neurotrophic factors 
interact to sculpt the development of diverse neural systems; 4) the 
effects of estrogen on excitatory neurotransmitter receptors in the 
adult brain and steroid hormone effects across the life span. These 
presentations will highlight new theories on the role of steroid 
hormones in normal and dysfunctional brain processes.
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398.1

EVIDENCE THAT REELIN IS PROCESSED IN VIVO BY A METALLO-
PROTEINASE. C. Lambert de Rouvroit, V. de Bergeyck, C. Cortvrindt, A.M. 
Goffinet * Neurobiology Unit, Univ. Namur Sch. Med., B5000 Namur, Belgium 

Reelin is a large (more than 388 kDa) glycoprotein defective in reeler mutant 
mice. It is secreted in the extracellular matrix and acts in a paracrine fashion on 
target neurons. Although there is evidence that the response of target cells to 
reelin requires the disabled-1 gene product, the mechanism of action of reelin 
remains obscure. A possibility worth considering is that reelin might be 
processed post translation ally. Using immunoprecipitation with anti-reelin 
antibodies directed against different reelin epitopes (de Bergeyck et al., J. 
Neurosci. Meth., 1998, In press), we showed that several forms of reelin are 
detected in embryonic brain extracts. In addition to the expected high molecular 
weight product, a large N-terminal fragment of 130 kDa was consistently found, 
and a smaller C-terminal fragment was also detected, suggesting that reelin can 
be cleaved at at least two sites. Only full-length reelin was detected in embryonic 
brain extracts from reeler-Orleans mice in which reelin is not secreted (de 
Bergeyck et al, Mol. Brain Res., 50 : 85-90,1997). Reelin fragments were not 
found in reelin-transfected COS cells but were reliably detected in explant 
cultures from embryonic mouse telencephalon (E12-E13). In explants, reelin 
cleavage was prevented by brefeldin treatment, thus suggesting that reelin was 
cleaved after secretion. Reelin processing was unaffected by protease inhibitors 
of the serine (aprotinin, dichloroisocoumarin), cysteine (leupeptin, E64) and 
aspartate (pepstatin) families. By contrast, reelin processing was consistently 
blocked by orthophenanthroline, a wide-spectrum metalloproteinase inhibitor. 
Reelin cleavage was insensitive to TIPM2 and other inhibitors of matrix 
metalloproteinases, suggesting that the enzyme involved belongs to another 
metalloproteinase family.

398.3
Finding the differences between the developing cerebral 
hemispheres using RDA and DNA m icroarray technology. D H
Geschwind*, M Luganoy, J Karrim and SF Nelson. Departments of Neurology and 
Pediatrics, UCLA School of Medicine, Los Angeles, CA 90095.
Most cDNA subtraction techniques are inefficient in the CNS due to the complexity 
of low abundance messages present in the nervous system. We have applied 2 
powerful PCR-based techniques, Representational Difference Analysis (RDA) and 
Suppressive Subtractive Hybridization (SSH) coupled with high throughput 
screening with 2-color fluorescent probes on cDNA microarrays (Welford et al. 
1998) to increase the representation of rare-differentially expressed clones and 
improve screening throughput. The goal is to identify genes that are differentially 
expressed by the developing left and right cerebral superior temporal gyrus and 
surrounding regions during the epoch of neurogenesis and neuronal migration, 
antecedent to the development of gross cerebral asymmetries. 1600 clones were 
screened from an SSH subtraction of cDNA from the right and left superior temporal 
gyrus (STG) from 3 pooled 15-20 week old human fetal brains. Over 100 clones 
were sequenced and a high proportion represent novel genes. However, no clones 
demonstrated consistent differential hybridization when tested by RT-PCR or in 
situ hybridization. 400 clones from each of 4 rounds (total 1600) of an RDA 
subtracting L-R and R-L fetal STG were also screened on microarrays. A significant 
proportion of genes in rounds 2-4 appear differentially expressed. Three rounds of 
RDA appear optimal for generating a significant percentage of clones that are 
differentially expressed, while preserving the complexity of the subtracted mixture 
in this system. Over half of the products in round 3 sequenced represent novel 
human genes. The results of quantitative analysis and secondary screens using RT- 
PCR and in situ hybridization will be presented. Supported by the NIH and 
McDonnell-Pew Program in Cognitive Neuroscience.

398.5

TISSUE POLARITY IMPOSED BY  SONIC HEDGEHOG IS 
CRITICAL FOR PATTERN FORMATION OF THE ROSTRAL 
BRAIN. Xian-Jie Yang*. Xiang-M ei Zhang, and Eddie Lin. 
Department of Ophthalmology and Department o f Neurobiology, 
Jules Stein Eye Institute, UCLA School o f Medicine, Los Angeles, 
CA 90095

Sonic hedgehog (Shh) is a secreted protein that controls the axial 
body plan during embryogenesis. During primary brain vesicle 
formation, Shh is detected in the prechordal plate and the ventral 
midline region o f the rostral neural tube. To examine the role o f  Shh 
during pattern formation o f the vertebrate eye and brain, w e have 
misexpressed Shh in the chick anterior neural tube using an avian 
replication competent retrovirus. Misexpression o f Shh caused the 
disruption o f morphological brain boundaries and the expansion o f  
brain vesicles along the anteroposterior axis. In addition, the dorsal 
diencephalon and midbrain were ventralized, while telencephalic 
vesicles were fused and severely reduced in size. Ectopic Shh also 
resulted in smaller eyes with morphological changes in the lens, the 
ciliary margin, the optic nerve, and the retina. Altered expression 
levels and patterns o f several transcription factors were detected in the 
rostral brain and developing eye. Furthermore, apoptosis, 
proliferation, and neuronal differentiation were affected by ectopic 
Shh. Thus, Shh signals emanating from anterior ventral midline 
tissues impose a tissue polarity critical for the expression o f  several 
transcription factors and the proper patterning o f the rostral brain.

*This research is supported by a Research to Prevent Blindness Foundation career 
development award to X.-J. Y.

398.2

DEMARCATION OF DIENCEPHALIC DIVISIONS AND BASIC PATTERNS 
DURING DEVELOPMENT OF THE HUMAN THALAMUS J.K. Mai1*; F. 
Forutan1; S. Lensing-Hӧ hn1; K.W.S. Ashwell2; D. Nohr1; T.Voss1; and Ch. 
Andressen3, 1Dept. Neuroanatomy, H. Heine University, D-40225 Düssel
dorf, Germany, , 2School of Anatomy, The University of NSW, 2052, NSW, 
Australia,3 Dept. Anatomy, University of Cologne, 50001 Cologne, Germany.

Analysis of the distribution of the putative cell adhesion molecule CD15 has 
revealed subdivisions of the diencephalon of the mouse on the basis of the 
distribution of CD15 immunoreactive radial glia (Mai et al., Europ. J. 
Neurosci. 10: 746-51, 1998). Since these subdivisions are related to the 
fundamental geometry of the brain during early development, our study was 
aimed in demonstrating whether similar demarcations and patterns become 
visible also in the human thalamus.
45 human brains with ages ranging from 9 weeks of gestation (wg) until birth 
were examined. All brains were serially sectioned and immunoh¡stochemistry 
was performed for the detection of the CD15 epitope with a monoclonal 
antibody (ATCC HB78) using the PAP-method.

We could identify CD15+ radial glia in the human diencephalon from 13 wg 
until at least 28 wg. These initial CD15 immunoreactive fibres were strikingly 
similar to partitions seen in the mouse diencephalon. As in the mouse, we 
identified distinct boundaries between the dorsal thalamus and subthalamus, 
and between the dorsal thalamus and pretectum. Furthermore, the pretectal 
area was always free of CD15 immunoreactivity in both mouse and human 
fetuses. In the developing thalamus we could clearly distinguish VA, different 
subdivisions of VL, VPL and VPM on the basis of CD15 immunoreactivity, 
and all of these structures could be correlated to the developed human 
thalamus. Additionally, we found several highly CD15 immunoreactive 
structures which were essentially transient in nature (a region immediately 
anterior to the CMPF and medial to VA and VM, another region between the 
parataenial and anterior nuclear group and finally several specialized 
structures along the ventricle) and which disclosed great similarities with the 
adult rodent thalamus. We suggest that the organisation of the developing 
human thalamus thus shows transient correspondence with rodents.

398.4
AREA-SPECIFIC PATTERNS OF GENE EXPRESSION IN THE 
DEVELOPING CEREBRAL CORTEX. M.J. Donoghue, L. Mrzljak* and P. 
Rakic. Section of Neurobiology, Yale School of Medicine, New Haven, CT 

The parcellation of the cerebral cortex into distinct functional domains is 
necessary for proper function. Although cell identity usually results from an 
interplay between cell-autonomous programs and environmental factors, 
little is known about the early events that lead to the specification of cortical 
cells into functional populations. To reveal cell-autonomous mechanisms, 
we have taken two approaches: First, we have performed an unbiased 
differential screen using presumptive areas of embryonic cortices. Second, 
we have examined the expression of genes important in patterning in other 
systems in the developing cortex. Macaque monkey was selected for these 
studies because of the number of cortical areas and the clear boundaries 
between them, coupled with its large size and protracted development, 
permitting the examination of molecular differences between discrete 
cortical areas at defined developmental times. To date, we have identified 
and characterized several genes that mark distinct cell populations within 
the developing cortex. For example, novel isoforms of LIM and POU genes 
are present in distinct patterns within the developing cortex. Moreover, a 
member of the Eph family of receptor tyrosine kinases is expressed only 
within presumptive visual regions and TBr-1, a transcription factor, is 
present in more rostral, nonvisual regions of the cortical plate. Together, 
these patterns of gene expression in the monkey cortex demonstrate striking 
regional differences and remarkable boundaries that precede thalamic 
innervation. Similar, though less marked, patterns of expression are present 
within the embryonic mouse cortex. In sum, these patterns of gene 
expression suggest that a protomap of the cerebral cortex exists early in its 
development that biases cells in regards to their eventual connections and 
fates. (Supported by The U.S. Public Health Service and a LSRF Fellowship).

398.6
Regionalization  within mamm alian  telencephalon  is
MEDIATED BY CHANGES IN RESPONSIVENESS TO SONIC 
HEDGEHOG. J. Kohtz, R. Marcus* and G. Fishell. Skirball 
Institute o f  Developmental Genetics and the Department o f  Cell 
Biology, N ew  York Univ. Sch. o f  Med., N ew  York, N Y  10016.

The cortex and basal gangliaare the two major structures o f  the 
adult brain derived from the embryonic telencephalon. Recently it 
has been shown that Sonic Hedgehog is vital for the generation o f  
all ventral telencephalic regions, including the basal ganglia. Two 
morphologically distinct regions o f  the basal gangliaare evident 
within the mature ventral telencephalon, the globus pallidus 
medially and the striatum, which is positioned between the globus 
pallidus and the cortex. We show that during the developmental 
period when the striatum is formed, Sonic H edgehog is sufficient 
to direct telencephalon to become striatum but not globus 
pallidus. Furthermore, similar ventral telencephalic explants 
exposed to an antibody which blocks Shh activity, maintain 
globus pallidus markers but fail to develop expression o f  striatal 
markers. These studies suggest that regionalization within ventral 
telencephalon results from temporally regulated changes in 
competence to respond to Sonic Hedgehog. Supported by 
N S32993 and a grant from the M.O.D.
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398.7
RA-M EDIATED SIGNALING BY THE NEURAL CREST A N D  PATTERNING 
OF THE INDUCTIVE SIGNALING MOLECULES sonic hedgehog, FGF8, AND 
bmp4 IN THE DEVELOPING FOREBRAIN. M aryB eth Thom as*, Stephanie 
M ann, Laura Lewis-Tuffin an d  A.-S. L aM antia, D epartm en t of N eurobiology, 
D uke U niversity  M edical C enter, D urham , N C  27710

W e h a v e  found th a t the  position  of retinoic acid (RA )-producing 
frontonasal m esenchym al cells an d  the resu lting  position  of dom ains of RA- 
m ed ia ted  gene expression  in the dev e lo p in g  forebrain and  surface epithelium  
of the  head  is closely correla ted  w ith  the expression  pa tte rn s  of sonic 
h ed gehog  (shh), fibroblast g ro w th  factor 8 (FGF8) an d  the bone 
m orphogenetic  pro tein  4 (bmp4). In the  forebrain, a ventro lateral d om ain  of 
R A -m ediated gene expression  is ad jacent to a ven trom edial d om ain  of shh 
and  FGF8 expression. In the surface ep ithelium , a do m ain  of R A -m ediated 
gene expression  in the p resu m p tiv e  olfactory ep ithelium  form s a b o undary  
for FGF8 expression  in the non-neural p o rtion  of the  nasom edial process. The 
sam e RA -activated dom ain  in the olfactory ep ithelium  form s a b o u n d ary  for 
bmp4 expression  in the ep ithelium  p oste rio r and  m edial to the olfactory 
p lacode. Expression of shh, FGF8, and  bmp4 is d isru p ted  by ectopic RA- 
m ed ia ted  gene expression  in  the  forebrain an d  head  after m aternal exposure  
to RA. The in tensity  of shh and  FGF8 expression  is d im in ished  in the 
v en trom edial forebrain. FGF8 is no  longer expressed  in the nasom edial 
process. In contrast, bmp4 expression  is enhanced  and  expanded  by  exposure 
to exogenous RA. Together, these resu lts  suggest th at local R A -dependent 
gene expression  m ed iated  by R A -producing , neura l crest-associated 
m esenchym e m ay  con tribu te  to  the  p a tte rn in g  of the  inductive  signaling 
m olecules shh, FGF8 and  bmp4. S u pported  by N IH -H D  29178 to A.-S.L. and 
EY06874 to M.B.T.

398.9
ROLES FOR FIBROBLAST GROWTH FACTORS IN THE DEVELOPING 
MIDBRAIN AND HINDBRAIN. Mason. I.*, Chambers. D., Grasso, G ., 
Gustafson. A., Irving. C ., Mahmood. R ., Shamim. H. & Walshe. J. MRC Brain 
Development Prog., Dept. Dev. Neurobiology, UMDS Guy’s Hospital, London 
SE 1 9RT UK.

The isthmus (midbrain/hindbrain junction) is an organising centre regulating 
polarised patterning of the midbrain. Introduction of ectopic FGF8, a protein 
normally expressed in the isthmus, into anterior midbrain or posterior 
diencephalon induces expression of genes normally associated with posterior 
midbrain (En-1, En-2, Pax-2, RAGS, elf-1 and Wnt-1), converts diencephalon to a 
midbrain fate and respecifies anterior midbrain to posterior. In addition, mitogenic 
effects are observed. We also have evidence that FGF8 is important in the 
specification and/or polarisation of the anterior hindbrain (rhombomere 1). Studies 
of temporal patterns of gene expression indicate that FGF8 functions to maintain 
expression of genes associated with posterior midbrain and anterior hindbrain 
rather than initiating their expression. More recent experiments have shown that 
at least two other FGFs are expressed in the isthmus suggesting that there may be 
redundancy in their functions. Inhibition of FGF receptor function can potentially 
overcome this problem to allow the requirements for FGF function in this region 
to be determined. We have characterised the spatial and temporal expression of 
FGF receptors and are currently using approaches to inhibit their function in a 
spatially- and temporally-controlled manner. We have also shown that En-1 
expression precedes Fgf8  in the prospective “rhombomere 1 - midbrain - posterior 
diencephalic” territory. Moreover, ectopic En-1 can induce Fgf8  in this region. In 
explant assays, En-1 expression in the neural plate is dependent upon a signal 
from the axial mesoderm and we will present evidence for the identity of this 
molecule. Supported by the MRC, Human Frontier Science Program and 
Wellcome Trust.

398.11

THE D R E H E R  (D R )  M OUSE M UTATION AFFECTS DORSAL  
CNS FORM ATION. J.H. M illonig, K.J. M illen and M.E. Hatten* 
Laboratory o f Developmental Neurobiology, The Rockefeller 
University, N ew  York, NY 10021

M ouse genetics is a powerful method o f investigating the 
development of the CNS. W e have characterized the effects o f the 
d r e h e r  mutation at both postnatal and em biyonic times. P16-P20 d r ld r  
mice are easily identified by several morphological and behavioral. We 
have discovered that the dorsal midline o f the CNS in P16-P20 mice at 
several locations along the anterior-posterior axis was perturbed by the 
mutation. For instance, large portions o f the cerebellum in d r ld r  are 
deleted and the lobes that are present are folded incorrectly. To 
investigate the d r  phenotype throughout development, w e have used 
polymorphic molecular genetic markers to identify d r ld r  embryos. We 
have investigated the embryonic phenotype in both the spinal cord and 
the cerebellum. In e 10.5 d r l d r  spinal cord, in  s itu  analysis suggests a 
reduction in the roof plate. W e have also found that there are 
abnormalities in the number and position o f dorsal interneurons. This 
is consistent with reduced roof plate signaling. A  smaller roof plate is 
also apparent at the mid-hindbrain junction. In e l 2.5 d r ld r  embryos, 
there is little or no choroid plexus ad jacent to the cerebellar anlage. The 
expansion and migration o f cerebellar granule cells over the anlage is 
also perturbed by the mutation. Thus, the dr mutation perturbs dorsal 
CNS formation probably through reduced roof plate signaling.

398.8
INDUCTION OF THE OLFACTORY EPITHELIUM AND ASSEMBLY OF THE 
OLFACTORY NERVE IS M EDIATED BY NEURAL-CREST ASSOCIATED 
FRONTONASAL MESENCHYME. A.-S. LaMantia*, Department of Neurobiology, 
D uke U niversity  School of M edicine, D urham , N C  27710

I have  exam ined inductive in teractions betw een the surface epithelium  
th a t gives rise  to the olfactory ep ithelium  and the adjacent frontonasal 
m esenchym e in m ice u sing  an  in vitro tissue recom bination  assay. At 
E8.5/E9.0 the surface ep ithelium  is a single cell layer, and  the m esenchym e is 
com posed  p rim arily  of neural crest-derived  cells. In cu ltures of isolated 
surface epithelium , there  is no  observable m orphological o r cytological 
differentia tion  after 48 hours. The rem ain ing  m onolayer of epithelial cells 
does n o t express neuronal m arkers norm ally  associated w ith  d ifferentiating 
o lfactory receptor neurons. W hen the surface ep ithelium  is cu ltu red  w ith 
m esenchym e for a sim ilar period , a d istinct subregion  of the epithelium  
thickens and  invaginates to form  a s tru c tu re  th at resem bles the olfactory pit. 
Cells w ith in  this ap p a ren t olfactory ep ithelium  express neuronal m arkers 
norm ally  associated w ith  d ifferentia ting  olfactory neurons. These cells give 
rise to neurites th at en te r a subregion  of the u nderly ing  m esenchym e and 
form  a bun d le  th at resem bles the nascent olfactory nerve. These observations, 
together w ith  p rev ious resu lts  on  the role of retinoic acid signaling by neural 
crest-associated m esenchym al cells d u rin g  olfactory p a thw ay  m orphogenesis, 
lead to tw o  m ajor conclusions. First, the  frontonasal m esenchym e induces 
m orphogenesis an d  initial neurona l differentia tion  in the p resum ptive  
olfactory epithelium . Second, this m esenchym e is instructive for the initial 
assem bly  of the olfactory nerve. S upported  by  N IH -H D  29178.

398.10
SAGITTAL BA N D  EXPRESSION OF THE COUP CLASS OF 
NUCLEAR RECEPTOR IN THE DEVELOPING CEREBELLUM  
P. McCaffery 1*, M. Fujinuma2, J. O 'Neil1, E. W agner1, U.C. Dräger1 
and M. Yamamoto1,2 l.D ept. Developmental Neuroscience, E. K. 
Shriver Center, Waltham, MA 02254 U SA  and 2.Inst. o f  Basic Medical 
Sciences, University o f  Tsukuba, Tsukuba, Ibaraki 305 Japan 

Cerebellar development is regulated by several members o f the nucleai 
receptor family o f transcriptional activators, including the thyroid 
hormone receptor as w ell as ROR alpha. Retinoic acid (RA) acts via 
receptors o f  the same nuclear receptor family and we have previously 
shown that RA is also likely to be a regulatory component in cerebellar 
development. The 9 -c is  RA binding receptor class, the RXRs, were 
found to be the predominant receptor type present in the cerebellum and 
they exhibited a relatively homogenous distribution. Another class o f 
the nuclear receptor family are the COUPs, orphan receptors for which 
ligands have yet to be identified. COUP receptors heterodimerize with 
the RXRs and they repress RA-mediated transcriptional activation. 
Three members o f  this family, COUP alpha, beta and gamma, are all 
distributed within sagittally oriented compartments within the 
cerebellum. Such sagittal domains have been w ell characterized by the 
expression o f  a number o f  genes expressed in subgroups o f  Purkinje 
cells. COUP beta was first evident at embryonic day 13 and the sagittal 
banding was approximately complementary to that o f the transcription 
factor E n-1, but similar to those o f the secreted factor Wnt 7b. It 
appears likely that RA is part o f  the signaling system that establishes the 
parasagittal domains o f  the cerebellum. Supported by grant H05515, 
H D 01179, EY01938 and the Japanese Ministry o f  Education, Science, 
Sports and Culture.

Society for Neuroscience, Volume 24 ,1998



TUESDAY AM DEGENERATIVE DISEASE: ALZHEIMER’S—BETA AMYLOID: APP PROCESSING III 1005

399.1
CAVEOLAE: A PLASMA MEMBRANE MICRO-DOMAIN FOR α- 
SECRETASE-MEDIATED PROCESSING OF AMYLOID PRECURSOR 
PROTEIN.
_T, Ikezu 1 , B. D. Trapp 1, K. S. Song 2 , A. Schlegel 2 , M. P. Lisanti 2 , and
T. Okamoto*1 1Department of Neurosciences, The Lemer Research 
Institute, The Cleveland Clinic Foundation, Cleveland, OH 44195; 
2Department of Molecular Pharmacology, Albert Einstein College of 
Medicine, Bronx, NY 10461.

Caveolae are plasma membrane invaginations where key signal 
transducing molecules are concentrated. Both biochemical and 
histochemical analyses demonstrate that the amyloid precursor protein 
(APP), a source of Aß amyloid peptide, is enriched within caveolae. 
Caveolin, a principal component of caveolae, is physically associated with 
APP in vivo and the cytoplasmic domain of APP directly participates in this 
binding in vitro. The characteristic C-terminal fragment that results from 
APP processing by α-secretase, an as-yet unidentified enzyme which 
cleaves APP within the Aß amyloid sequence, was also localized within 
these caveolae-enriched fractions. Further analysis by cell surface 
biotinylation revealed that this cleavage event occurs on the cell surface.

Importantly, α-secretase processing was significantly promoted by 
recombinant over-expression of caveolin, resulting in increased secretion 
of the soluble extracellular domain of APP to the media. Conversely, 
caveolin depletion using antisense oligonucletotides prevented this 
cleavage event. Our current results indicate that caveolae and caveolin 
play a pivotal role in the α-secretase-mediated processing of APP in vivo. 
This work is supported by U. S. Public Health Service Grant MH56036.

399.3

REGULATION OF AM YLOID PRECURSOR PROTEIN  
METABOLISM BY LIPOPROTEINS. P. Nadeau1, M. Yuan1, K. 
Weisgraber2 and B.A. Yankner*1, 1Dept. of Neurology, Harvard Medical 
School and The Children’s Hospital, Boston, MA 02115; 2Gladstone Institute 
for Cardiovascular Disease, San Francisco, CA 94141.

The relationship of lipoprotein metabolism to the pathogenesis of 
Alzheimer’s disease (AD) is unclear. It has previously been shown that 
cholesterol can decrease secretion of the soluble form of the amyloid 
precursor protein (sAPP) in non-neuronal cells (Bodovitz and Klein, 1996; 
Racchi et al., 1997). In this study, we investigated the regulation of APP 
metabolism by lipoproteins in primary human cortical neuronal (HCN) 
cultures. Incubation of HCN cultures with plasma-derived human HDL or 
VLDL did not affect the level of holo-APP, or the levels of the 9 kD and
11.5 kD C-terminal fragments generated by the α - and β-secretase cleavages, 
respectively. However, HDL. and VLDL significantly reduced the level of 
sAPP in a dose dependent manner. Recombinant HDL particles produced 
with Apo A-I or Apo E both reduced sAPP levels. Moreover, HDLs 
containing Apo E3 or Apo E4 reduced sAPP levels to a similar extent. 
Lipoproteins lacking cholesterol were as effective as lipoproteins containing 
cholesterol in the reduction of sAPP levels. These results suggest that the 
apolipoprotein component of lipoprotein particles mediates reduction of sAPP 
levels by a mechanism that may involve reduction of sAPP stability. Since 
sAPP is a potent neuroprotective agent, reduction o f sAPP by lipoproteins 
may increase neuronal vulnerability to toxic agents such as the amyloid ß  
protein. Supported by grants from the NIH, Alzheimer’s Association and 
Novartis, Ltd. to B.A.Y, and a Lefler fellowship to P.N.

399.5
PEPTIDOMIMETIC PROBES FOR ALZHEIMER’S γ-SECRETASES. Michael S. 
Wolfe1, Chad L, Moore1, Weiming Xia2*, Dartha D. Leatherwood1, Isaac O. Donkor1, 
and Dennis J. Selkoe2, 1Department of Pharmaceutical Sciences, University of 
Tennessee, Memphis, TN 38163; 2Harvard Medical School and Center for Neurologic 
Diseases, Brigham and Womens’ Hospital, Boston, MA 02 115.

The 39-43 amino acid amyloid ß-protein (Aß), implicated in the pathogenesis of 
Alzheimer's disease, is a proteolytic metabolite generated by the sequential action of ß- 
and γ-secretases on the amyloid precursor protein (APP). The two main forms of Aß 
are 40- and 42-amino acid C-terminal variants, A β40 and Aβ42, and pharmacological 
evidence suggests that these variants are generated by different γ-secretases. Little is 
known about the structure, mechanism, or binding requirements o f these proteases. 
We recently reported a difluoroketone peptidomimetic (compound 167) that blocks Aß 
production at the γ-secretase level in APP-transfected cells (Wolfe et al. J. Med. 
Chem. 41: 6-9, 1998). Although designed to inhibit A β42 production, 167 also 
effectively blocked A β40 formation. This peptidomimetic inhibited Aβ formation in a 
cell-free assay (Selkoe et al. Society for Neuroscience, 1998), consistent with the 
possibility that 167 directly interacts with γ-secretases. From this prototype substrate- 
based inhibitor, related analogs were designed to test hypotheses concerning the nature 
of the substrate/γ-secretase interaction and to identify the protease class to which the γ- 
secretases belong. Various amino acid changes in 167 still resulted in inhibition of 
A β40 and Aβ4J production, suggesting relatively loose sequence specificity by the γ- 
secretases, a conclusion consistent with reported APP site-directed mutagenesis 
studies. In APP-transfected human kidney 293 cells, the alcohol counterpart of 167 
did not inhibit Aβ production; however, in transfected Chinese hamster ovary cells, 
this and related difluoroalcohols were effective inhibitors o f A β production. This 
finding, along with NMR evidence that these difluoroketones readily form hydrates in 
aqueous solution, suggests that the difluoroketones are active as hydrates, expected for 
aspartyl protease inhibition. Selected compounds inhibited the aspartyl protease 
cathepsin D but did not inhibit the cysteine protease calpain, corroborating previous 
suggestions that the γ-secretases are cathepsin D-like aspartyl proteases. (Supported 
by the University of Tennessee College o f Pharmacy and NIH AG 12749)

399.2
INTRACELLUALR ACCUMULATION OF INSOLUBLE, NEWLY 
SYNTHESIZED AßN-42 IN APP TRANSFECTED CELLS. C. G. Glabe*. L. 
Margol A. Henschen and A. J. Yang Dept, o f Molecular Biology and 
Biochemistry, University o f  California, Irvine, CA 

We have previously demonstrated that intracellular A ß1-42 aggregates are resistant 
to degradation and accumulate as an insoluble residue in lysosomes, where they alter 
the normal catabolism of APP to cause the accumulation of insoluble APP and 
amyloidogenic fragments. This accumulation displays a number of features of a 
prion-like replication mechanism. Furthermore, the APP amyloidogenic fragments 
display an altered conformation that is specifically associated with Aß aggregates and 
the fragments co-accumulate in the insoluble fraction of the cell. In this study, we 
examined the insoluble fraction of Aß1-42 treated cells for the presence of newly 
synthesized 4 kDa amyloid peptides derived from those metabolically labeled APP. 
The amyloid peptides were purified by gel filtration and reverse phase column 
chromatography. Radiochemical sequence analysis of purified peptide indicated that 
some o f the newly synthesized peptides were ragged as previously observed for the 
exogenously added Aß1-42 and amyloid Aß purified from AD brains. Further 
characterization o f newly synthesized Aß by high resolution analytical HPLC capable 
of separating A ß1-42 and A ß1-40 and the ability o f these peptides to form SDS- 
stable high molecular weight aggregates with synthetic A ß1-42, indicated that most 
of the labeled Aß extended to residue 42. These results suggest that some of the APP 
molecules are converted to Aßn-42 in A ß1-42 treated cells and that a solid phase, 
intracellular pathway for amyloid Aßn-42 accumulation exists in these cells. In 
contrast to the pathway that produces secretory Aß, the solid phase intracellular 
pathway preferentially produces peptides with ragged amino termini that end at 
residue ending at residue 42. These are the types of Aß structures that accumulate in 
the brain of AD patients, suggesting that the deposited amyloid may arise by this 
solid-phase pathway. Supported by: NIH (AG00538)

399.4
C H A R A C T ER IZA T IO N  O F A ß IN D E T E R G E N T -IN S O L U B L E  
G L Y C O S P H IN G O -L IP ID -E N R IC H E D  C O M PLEX . S.-J. Lee1, U. 
Liyanage1, P. E. Bickel2, W. Xia1, P. T. Lansburv Jr.1 , and K. S. Kosik1* 
'Center for Neurologic Diseases, Brigham and Women’s Hospital and Harvard 
Medical School, Boston, MA 0 2 115, and 2Whitehead Institute for Biomedical 
Research, Cambridge, MA 02142

Ordered assembly of the Aß into amyloid fibrils is likely to be a critical 
pathogenic event in Alzheimer’s disease (AD). Therefore, the discovery of the 
intracellular compartment within the cell which contain and transport Aß to the 
extracellular space and molecular details about the form of this peptide in the cell 
could reveal the molecular mechanism of AD pathogenesis and potential 
therapeutic strategies. We found that intracellular Aß was found in detergent- 
insoluble buoyant fractions in sucrose density gradient centrifugation from rat brain 
gray matter and cultured cells. APP, its C-terminal fragment, and proteolytic 
fragments of presenilin 1 were also found in buoyant fractions which contain 
detergent-insoluble glycosphingolipid-enriched complexes (DIG). DIGs, which 
include caveolae, serve as membranous “rafts” capable of recruiting proteins which 
often collaborate in signaling cascades. The presence of all the constituents of 
APP processing in this compartment suggests the DIG membrane as a 
microdomain in which the cleavage by γ-secretase may take place. The unique 
lipid environment of this compartment and possible local high concentration of Aß 
peptide within this specific microdomain may seed the ordered assembly of Aß to 
initiate the fibrilization. Biochemical characterizations of Aß and the lipid 
composition of the buoyant fractions are underway. Supported by NIH grants, 
AG06501 and AG08470

399.6
γ(40)-SECRETASE IS A  CYSTEINE PROTEASE AND  γ(42)- 
SECRETASE IS A  SERINE PROTEASE. S. Efthim iopoulos1, M. 
Figueiredo-Pereira2, N. Tezapsidis1, A. Buku3, J. Ghiso4, P. Mehta5 and
N.K. Robakis1* 1Dep. o f  Psychiatry and Fishberg Res. Ctr. for 
Neurobiol. and 3D ep. o f  Physiol. and Biophys., Mt. Sinai School of 
M edicine, N .Y ., 2Dep. Biol. Sciences, Hunter Coll. CUNY, N .Y ., 4Dep. 
o f  Pathol., N ew  York Univ., N .Y ., and 5Inst. for Basic Res., Staten 
Island, N .Y.

There is evidence that the C-termini o f  the 40- and 42-amino acid Aß 
are generated by the action o f  at least two different proteases. These 
unidentified enzymes are termed γ(40)- and γ(42)-secretase, 
respectively. Here w e show that two peptidyl aldehydes, namely N - 
benzyloxy-carbonyl-Leu-leucinal (Z-LL-CHO) and the newly 
synthesized Z-VL-CHO inhibit both γ-secretase activities in APP- 
transfected CHO cells in culture. It is known that peptidyl aldehydes 
inhibit reversibly both cysteine and serine proteases. To differentiate 
between the tw o classes o f  proteases, w e treated our cultures with E-64d  
(loxastatin), a cell-permeable form o f  the specific cysteine protease 
inhibitor E-64. Loxastatin lowered the levels o f  A ß 1-40 with a 
concomitant increase in the levels o f  A ß42 and p3 42. These results 
indicate that: 1) γ(40)-secretase is a cysteine protease; 2) γ (4 2 )-s e c t lase 
is a serine protease; 3) the two secretases maycompete for the same 
substrate. [Supported by N IH grants N S34018 (M  F.-P) and AG08200 
(N .K.R.) and the A lzheim er’s Association grant RG1-96098 (N .T )].
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399.7
EVALUATION OF THE ROLE OF SELECTED PROTEASES IN  βAPP 
METABOLISM. K. Sambamurti*, I. Pinnix, S. Gandhi, L. Onstead and
L.M. Refolo. Mayo Clinic, Dept. Pharmacology, Jacksonville, FL 32224.

Proteolytic products derived from the A lzheim er’s amyloid ß protein 
precursor (ßAPP) have been a subject of intense study but the 
proteases involved in their generation have not yet been identified. We 
are evaluating the capacity of two aspartyl proteases, human Cathepsin 
D (CATD) and yeast MKC7, and two disintegrin metalloendoproteinases, 
KUZ and TACE, to process ßAPP in transfected mammalian cells. To 
determine the role of CATD on ßAPP processing, we have devised a 
strategy for its inducible overexpression/depletion. For overexpression, 
CATD mRNA was synthesized by the pIND promoter (Invitrogen) and its 
expression was regulated by muristerone. Depletion of CATD was 
achieved by expression of its complementary RNA (cRNA) using the 
doxicycline inducible TET-on system (Clontech). Expression/depietion 
of CATD was screened by western blotting and Aß was analyzed using a 
sensitive and specific sandwich ELISA. Initial results suggest that CATD 
is not involved in the amyloidogenic processing of ßAPP in HEK293 
cells. Since MKC7 and KUZ show properties predicted fo r  α secretase, 
these activities were evaluated in CHO cultures expressing a 
phosphatase tagged derivative o f ßAPP (SEAP-APP). The phosphatase 
tag aids in the rapid quantitative evaluation o f the secretion of ßAPP 
derivatives. MKC7 cleaves SEAP-APP in mammalian cells. Preliminary 
observations suggest that KUZ may also process ßAPP in transfected 
mammalian cells. Further studies are underway to extend and confirm 
these findings. Support from NIH AG14883-01(KS)

399.9
DEGRADATION OF THE TRANSMEMBRANE DOMAIN OF THE AMYLOID 
PRECURSOR PROTEIN (APP) IS IMPAIRED IN SRD-6B CELLS DEFICIENT 
IN SITE 2 PROTEASE, A PROTEASE ACTIVATOR OF SREBP. W, Bunnell*.
II. Pham and C. G. Glabe. Department o f Molec. Biol. and Biochem. Univ. of 
Calif., Irvine, CA 92697

Site 2 protease (S2P) activates the sterol regulatory element binding protein, 
(SREPB) by cleaving within the transmembrane domain of SREBP. We have 
developed a novel probe that allows us to specifically examine the degradation and 
proteolytic processing of the transmembrane domain (TMD) of APP with a high 
degree of resolution. The probe H26-57C was constructed containing the TMD of 
APP, flanked immediately on both sides by unique epitope tags. After insertion 
into the ER membrane and removal of the signal sequence, the mature probe 
consists of 55 amino acids. In control cells, the APP TMD probe is rapidly 
degraded by a highly processive mechanism with a half life of 8 min. The 
degradation of the probe is strongly inhibited by the peptide-aldehyde inhibitor of 
cysteine proteases, ALLN, but is relatively insensitive to lactacystin, suggesting 
that ER cysteine proteases play a major role in its turnover. To test the role of S2P 
in the turnover of the probe, we transiently expressed H26-57C in the S2P deficient 
cell line, SRD-6B. The turnover of the probe is dramatically slower in SRC-6B 
cells as compared to wild type controls. The half life of the probe in the SRD-6B 
cells is at least 60 min. No intermediate fragments have been observed in the 
SRD-6B line. These results suggest that S2P may play a general role in the 
degradation o f membrane proteins in the ER in addition to its more specific role in 
the activation of SREBP. Supported by NIH NS 31230.

399.11
BENZOLACTAM (BL) ENHANCES sAPP SECRETION IN FIBROBLASTS AND 
IN PC 12 CELLS. D. Ibarreta1*, M. Duchén1, D. Ma3, A.P. Kozikowski2 and R. 
Etcheberrigaray1. 1Lab. Appl. Neuroscience and 2Drug Disc. Program., Inst. for 
Cognitive and Computational Sciences, Georgetown University, Washington, D.C. 
20007.3 Shanghai Institute o f Organic Chemistry, China.

Activation o f protein kinase C is known to favor the α-secretase processing o f the 
Alzheimer’s disease (AD) Amyloid Precursor Protein (APP), resulting in the 
generation o f “non-amyloidogenic” soluble APP(sAPP). Consequently, the relative 
secretion o f “amyloidogenic” A ß1-40 and A ß1-42(3) is reduced. This is particularly 
relevant since fibroblasts and other cells expressing APP and presenilins AD mutations 
secrete increased amounts o f total Aß and /or increased ratios o f Aβ1-42(3)/Aβ1-40. 
Interestingly, PKC defects have been found in AD brain(α and ß) and in fibroblasts(α) 
from AD patients. Here, we use a novel, PKC activator (BL) with improved selectivity 
for the α, ß, and γ  isoforms to enhance sAPP secretion in fibroblasts from AD patients 
and in PC 12 cells. Incubation (2h) with BL (0 .5 ,1 and 10 µM) o f AD fibroblasts (3 cell 
lines) resulted in significant increases o f sAPP secretion as compared to basal levels 
(one -way ANOVA, p < 0.001). sAPP was measured by immulnoblotting (6E10 
antibody) after TCA precipitation of the proteins. sAPP secretion in BL treated cells 
was also higher compared to control BL treated fibroblasts (3 cell lines), which showed 
smaller increases o f sAPP secretion and was only significant (comparable to AD cells) 
after 10 µM treatment. PDBu had maximal effect at 0.5 µM and was more potent than 
BL at the same concentration. Treatment with 1 and 10 µM PDBu did not result in 
further increases in sAPP secretion. Staurosporine (a PKC inhibitor) eliminated the 
effects o f BL in both control and AD fibroblasts. BL and a related compound(LQ12) 
also caused a ~ 3-fold sAPP secretion in PC 12 cells. The use o f a novel and possibly 
non-tumorigenic PKC activator may prove useful to favor non-amyloidogenic APP 
processing and is, therefore, o f potential therapeutic value.
Partially supported by D.O.D. grant. D.I. is on a Minist. Educ. (Spain) fellowship.

399.8
SECRETASE CLEAVAGE OF THE AMYLOID PRECURSOR  
PROTEIN: THE ROLE OF NEURAL PROCESSING ENZYME 
E P24.15 James A. R ipellino*§†. Peter J, Crack†. Mariann Blum †. 
Peter D. Gorevic§ and Marc J. Glucksman†. §Dept. o f Medicine and 
†Fishberg Research Center in Neurobiology, Mt. Sinai School of 
Medicine One Gustave Levy Place N Y, NY 10029

A hallmark of Alzheimer’s disease is the extracellular deposition 
of amyloid in neuritic plaques and cerebral blood vessel walls. The 
primary constituent of these deposits is the 40-42 amino acid ß-peptide 
(Aß). Aß is derived by proteolytic processing of a 110-135 kDa 
integral membrane protein, the Amyloid Precursor Protein (APP), by 
enzymes referred to as ‘secretases’. Although these enzymes have not 
been clearly identified, ß- and γ- secretases cleave APP at the N- and C- 
terminus of Aß, respectively, to yield the amyloidogenic Aß peptide. 
Several studies have implicated the metalloendopeptidase EC 3.4.24.15  
(EP24.15) as a potential ß-secretase candidate. This processing enzyme 
is a soluble metalloenzyme present intracellularly and extracellularly 
where it functions in modulating neuropeptide levels.

M 17 neuroblastoma cells, previously transfected with APPW or 
APP containing the Swedish double mutation, and then subsequently 
transfected with EP24.15, show a 4-5 fold increase in intracellular levels 
of EP24.15 activity and demonstrated an enhanced processing of full- 
length APP. The extracellular levels of secreted APP increased with a 
concomitant increase in intracellular Aß levels. This activity could be 
further regulated by the addition of heparin to the conditioned medium. 
Our data indicate that EP24.15 may have a role in Aß production. We 
acknowledge Drs. Mary Savage & Barry Greenberg (Cephalon), and 
support by the French Fnd [PJCJ, N IH -NS35092  [MB], NIH- 
NS34839[PDG ] and AFAR [MJG]

399.10
Effect of glucose-deprivation on amyloid precursor protein (APP) release from 
hippocampal (HIP) slices of rat.
El Tamer A* Raikoff K. and Hanin I. Loyola Univ. Chicago Stritch Sch. Med., 2160 
S. First Ave., Maywood, IL 60153, USA.
The aging human brain is characterized by a reduction in glucose concentration and 
metabolism. This reduction is significantly aggravated in age-matched patients with 
Alzheimer’s disease (AD). Amyloid deposits (plaques) are pathological hallmarks of AD. 
In the present study, we examined the effect of glucose-deprivation on APP release in rat 
HIP tissue. Slices were equilibrated for 60 min in Krebs buffer (KRB) which either 
contained glucose (5.6 mM), or was glucose-deficient (GluD); or in KRB containing 2- 
deoxy-glucose (2DG). The slices were then transferred to a similar fresh medium and 
exposed for 30 min to either vehicle, carbachol (CCh) (100 µM), or KC1 (35 mM). Next, 
the APP released in the incubation medium was determined by SDS-PAGE and Western- 
blot immunodetection. A higher basal release of APPs was detected in GluD (151+ 18%, 
P<0.05), and in 2DG-treated (282+38%; P<0.01) slices, in comparison with slices 
incubated in normal KRB. Exposure to KC1 induced a significant increase in APP release 
(177+ 12 %; P<0.05); this increase was more pronounced in GluD (215+7%; P<0.01), 
and was unchanged in the 2DG-treated slices (172+ 13%; P<0.05). CCh-induced APP 
release was relatively low (139+23%; N.S) in slices incubated in normal KRB. This 
response was significantly higher in GluD-treated slices (229+38; P<0.01) when 
compared to control, and it was slightly reduced in the 2DG-treated slices (83+ 13%; 
N.S). These data suggest that glucose-deprivation might predispose the brain to excessive 
release of APP, which might subsequently lead to its abnormal processing and the 
accumulation of amyloidogenic fragments in the form of plaques.

399.12
EFFECT OF HUM AN NEURONAL APOPTOSIS ON ALZHEIMER  
DISEASE-RELATED PROTEIN EXPRESSION A N D  M ETA BO 
LISM . A. L eB lanc*. W. Chu. C. G ood yer. D ept. N eu rol.& 
Neurosurg. and Pediatrics, M cGill U. and Lady D avis Institute for 
Med. Res., Montreal, Quebec, H3T 1E2.

Neuronal cell death is the best correlative marker o f cognitive decline 
in Alzheimer's D isease (AD). To determine if  apoptosis is directly 
responsible for a three fold increase in amyloid ß peptide (A β) in serum 
deprived neurons (LeBlanc, J. Neurosci., 1995), w e studied the effect 
o f  caspase inhibitor, Z-D EVD -fm k, on am yloid precursor protein 
(APP) m etabolism . Z -D E V D -fm k prevents apoptosis by serum  
deprivation at IC50 < 0.1 µM . At 10 µM , Z -D EV D -fm k not only  
prevents serum deprivation induction o f Aß but reduces Aß by 50% 
compared to untreated neurons. A poptosis also affects tau cellular 
distribution, increases tau protein levels and results in cleavage o f 54  
kDa tau into a 45 kDa protein. Z-DEVD-fmk inhibits the formation of 
45 kDa tau in cells while recombinant caspase-3 generates the 45 kDa 
fragment in a cell free system. In contrast to tau, synaptophysin protein 
levels decrease by 40% within 6 hours and further to 90% by 48 hours 
o f serum deprivation. Downregulation o f synaptophysin is prevented 
by Z-DEVD-fmk. W e conclude that apoptosis induces an early down- 
regulation o f synaptic proteins and increases am yloidogenic APP 
processing. In later stages, apoptosis affects tau expression , 
redistribution, and proteolytic cleavage. Therefore, apoptosis o f human 
neurons may mediate many o f the observed pathological events o f AD  
post-mortem brains. Supported by Alzheimer Soc. o f Canada, National 
Institutes o f Health, NINDS, Fond de recherche en Sante du Quebec.
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PA R K IN SO N 'S  D ISEA SE II

400.1
PROTECTION AGAINST PROGRESSIVE BRAIN INJURY 
INDUCED BY OXYGEN RADICALS: AN IMPORTANT PART OF 
NEUROPROTECTIVE STRATEGY C. C. Chiueh*. P. Van 
Bergen and P. Rauhala. Unit on Neurodegeneration & Neuro-
protection, LCS, NIMH, NIH, Bethesda, MD 20892-1264.

Oxygen radicals are by-products of biological redox reactions 
which can initiate lipid peroxidation, generating lipid radicals. 
Oxidative brain injury is emerged progressively if excess 
oxygen radicals overwhelm the anti-oxidative defense system. 
Furthermore, a site-specific induction of oxidant stress in 
discrete brain nuclei could lead to mental and neurological 
disorders. In our recent studies of oxidative nigral injury, the 
neurotoxic properties of iron and MPP+, but not manganese 
and nitric oxide, can be replicated in vivo. In addition to the 
classic anti-oxidants, we became aware that nitric oxide and 
manganese are potent anti-oxidants against lipid peroxidation; 
GSNO is about 100x more potent than GSH. Manganese did 
not promote the Fenton reaction while it can up-regulate Mn- 
SOD. Manganese and nitric oxide compounds protected nigral 
neurons from exaggerated dopamine turnover/auto-oxidation, 
lipid peroxidation, and nigral loss caused by hydroxyl radicals 
generated by iron complexes [ferrous citrate, Fe(II) > Fe(lII) > 
sodium nitroprusside] and peroxynitrite. In conclusion, the 
natural and man-made neuroprotective agents could be 
developed and used as a part of neuroprotective strategy.

(supported by NIMH IRP Z01-02648-05 LCS)

400.3
NEUROTOXIC EFFECTS OF MPTP-LIKE TETRAHYDRO- 
ISOQUINOLINES (TIQS) ON NIGROSTRIATAL DOPAMINERGIC 
NEURONS AND THEIR NEUROPROTECTION BY SELEGILINE. 
M. Ebadi,* 1* R.F. Pfeiffer 2, W.J . Burķe3, P. Govitrapong4,F.A . 
Nelson1, and N. Rasmussen1. 1Dept. of Pharmacology, 3Dept. of 
Psychiatry, Univ. of Nebraska Med. Ctr., Omaha, NE 68198-6260; 
2Dept. of Neurology, Univ. of Tennessee Coll. of Med.

We first reported on the occurrence of TIQs in L-dopa-treated 
rats (R. Pfeiffer and M. Ebadi, J. Neurochem. 19:2175-2181,
1972) and showed that CSF of patients with Parkinson’s disease 
contained substances which inhibited the growth of 
mesencephalic dopaminergic neurons in culture (Hao et al., 
Neurosci. Lett. 200:77-80, 1995). Similar to MPTP, TIQs such as 
N-methyl salsolinol, are activated by MAO-B, inhibit complex 1 of 
the electron transport system in mitochondria, reduce the level of 
nigrostriatal ATP, and the said deleterious effects are blocked by 
selegiline and L-(-) desmethylselegiline, which protect 
dopaminergic neurons from glutamate-mediated neurotoxicity 
unmetabolized TIQs are not neurotoxic in nature (M. Ebadi and P 
Govitrapong, Drug Dev. Res. 1:129-136, 1981). In addition to 
selegiline, the neurotoxic effects of TIQs are blocked by enhancing 
the expression of glutathione, metallothionein, calbindin-D28K, 
glial cell line derived neurotrophic factor or proto-oncogene bcl-2. 
(Supported in part by a grant from USPHS no. NS345566).

400.2
NEUROPROTECTIVE EFFECT OF EBSELEN, AN ANTIOXIDANT AGENT. IN A 
PRIMATE MODEL OF PARKINSONS DISEASE. BEHAVIORAL AND HISTOLOGICAL 
EVIDENCE. S. Moussaoui*, V. Blanchard. M. Reibaud. M.C. Obinu and A. 
Imperato. RHONE-POULENC RORER, Centre de Recherche de Vitry- 
Alfortville, 13 quai Jules Guesde, Vitry sur Seine, France, 94403.

Ebselen (RP 60931), a seleno-organic antioxidant with glutathion 
peroxidase-like action, has been shown to be a potent neuroprotective agent 
both in humans (in stroke and subarachnoid hemorrhage) and in animal 
models of neurodegenerative diseases.

The aim of the present study was to evaluate the effect of Ebselen in the 
MPTP model in marmosets. MPTP destroys dopaminergic neurons by 
inhibition of mitochondrial complex I activity. After three injections of MPTP (2 
mg/kg s.c., the second injection 6 days after the first one and the third injection 
11 days after the second), we observed a progressive behavioral impairment 
characterized by hypo/bradykinesia, rigidity, a flexed posture, loss of 
vocalisation and tremor, as well as a massive destruction of nigrostriatal 
dopaminergic neurons as demonstrated both by immunohistochemistry of 
tyrosine hydroxylase (TH) (45-70% loss of TH-immunostained striatal nerve 
fibers/terminals and nigral cell bodies) and by histology of Nissl-staining (57% 
decrease in the number of nigral cell bodies). Ebselen given orally for 5 weeks 
(50-100 mg/kg, twice a day, starting 10 days before the first MPTP injection), was 
able to improve both the neurological score and the locomotor activity in 
parkinsonian marmosets. Moreover, Ebselen was found protective not only for 
dopaminergic nerve fibers/terminals within the caudate nucleus (+52%), but 
also for the corresponding dopaminergic neuronal cell bodies of the substantia 
nigra pars compacta (+24 to +150 % depending on the examined levels). 
These results demonstrate that the antioxidant Ebselen can antagonize 
dopaminergic cell death induced by the mitochondrial toxin MPTP and they 
suggest that it could be useful as disease modifying agent in Parkinson.

400.4
DIETHYLDITHIOCARBAMATE CAUSES NIGRAL CELL LOSS AND 
DOPAMINE DEPLETION WITH NON-TOXIC DOSES OF MPTP
A.M. Janson*#, T.L. Walters#+. I. Irwin+, K.Delfani#, JW Langston+, #Dept. 
o f Neuroscience. Karolinska Institute. S -171 77 Stockholm. Sweden: +The
Parkinson's Institute, Sunnyvale. CA 940 89, USA 

Although non-toxic when administered alone, diethyldithiocarbamate (DDC) 
pretreatment enhances the dopamine-depleting effects of 1 -methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine (MPTP) on the mouse striatum. The purpose o f the 
present study was twofold: (i) to determine if DDC also enhances the 
neurodegenerative effects o f MPTP on nigrostriatal neurons using unbiased, 
stereological cell counting techniques, and (ii) to assess the effect o f DDC on a 
low, non-toxic dose regimen o f MPTP to see if the compound could “unmask” 
MPTP toxicity. A single low dose o f MPTP ( 15 mg/kg intraperitoneally) failed 
to induce any neurochemical or histological effects on the nigrostriatal system of 
C57BL/6 mice. However, administration o f a dose o f DDC (400 mg/kg, ip), 
which also had no effects alone, 0.5 h prior to this non-toxic dose of MPTP 
resulted in a 50% loss of neurons in the substantia nigra pars compacta, as well 
as a 70% reduction in striatal dopamine (DA), and a 31% reduction of DA in the 
ventral mesencephalon. This combined regimen of DDC plus a non-toxic dose of 
MPTP was not significantly different from any parameter o f toxicity when 
compared to a maximally tolerated “toxic” dose of MPTP alone (15 mg/kg x 4,
1 h apart, ip). Similar results were seen in the ventral mesencephalon in terms of 
dopamine depletions. Thus, DDC appears capable o f “unmasking” MPTP 
toxicity, and clearly exacerbates not only the dopamine depleting effects of 
MPTP, but also its ability to induce nigral cell degeneration, an observation 
which could have implications for the etiopathogenesis o f Parkinson’s disease. 
Supported by the Swedish Medical Research Council (grant 10816), the 
American Federation for Aging Research/Glenn Foundation Fellowship, a 
Traveling Scholars grant from Stanford University School of Medicine, the 
Parkinson’s Disease Foundation, the National Parkinson’s Foundation, and the 
Parkinson’s Institute.
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399.13
IN VIVO CATABOLISM OF β-AMYLOID PEPTIDE, Aβ42, IN BRAIN 
T. C. Saido*, S. Tsubuki, H. Uchino. Y. Takaki., W. Yamao-Harigava, E. Hama.
H.-J. Lee. Y. Sekine-Aizawa, N. Iwata. Laboratory for Proteolytic 
Neuroscience, RIKEN Brain Science Institute, Wako-shi, Saitama, Japan.

It is extremely difficult to assess the processes of Aß catabolism in brain, 
which is likely to possess somewhat distinct metabolic systems. Molecular 
and cellular biological approaches have provided powerful means by which to 
analyze the production of Aß from APP, but are not yet able to clarify its post- 
secretory catabolism. The extracellular situations are so different between 
the in vitro and in vivo systems that it is simply inappropriate to apply the 
knowledge obtained in in vitro experiments using cultured cells or isolated 
proteases to understanding the in vivo catabolism in the brain. It should also 
be noted that proteolytic systems are often drastically altered when cells are 
transferred from an organ to culture. To overcome these drawbacks, we 
established a new experimental paradigm, in which radiolabeled synthetic Aß 
injected into animal brain is extracted, isolated by HPLC, and analyzed by 
radiosequencer (see below). This has made it possible to determine the in 
vivo cleavage sites inside the Aß molecule during catabolism. The difference 
in Aß catabolism under physiological and pathological conditions will be 
demonstrated. Supported by research grants from RIKEN BSI.
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400.5
PROTECTION OF DOPAMINERGIC NEURONS FROM AXOTOMY- 
INDUCED DEGENERATION WITH A GDNF-EXPRESSING LENTIVIRAL 
vector. N. Déglon*, J.L. Tseng, J.-C. Bensadoun, R. Zufferey#, D. Trono# and
P. Aebischer. Division of Surgical Research and Gene Therapy Center, CHUV, 
Lausanne; #Department of Genetics and Microbiology, C.M.U., Genève, 
Switzerland.

Glial cell line-derived neurotrophic factor (GDNF) has been shown to 
protect degenerating dopaminergic neurons in vitro and in vivo and is therefore a 
potential candidate for the treatment of Parkinson’s disease. Viral vectors, infecting 
restricted population of neuronal cells within delineated CNS structure represent a 
promissing gene transfer system for GDNF delivery.
In this study, we investigated the ability of a lentiviral-based vector pseudotyped 
with the VSV-G protein to allow the local delivery of GDNF. This vector has been 
previously shown to infect quiescent cells and induce sustained and long-term 
expression of reporter genes. The GDNF-expressing lentiviral vector produced in 
293T cells directed the production of biologically active GDNF as measured on 
ChAT activity of spinal motoneuron cultures in vitro. Two microliters of 
concentrated GDNF or LacZ lentiviral vectors were injected into the substantia 
nigra (SN) of adult rats. One week later the animals were subjected to a unilateral 
medial forebrain bundle axotomy (MFB). Seven days later, the catecholamine 
content of the striatum was measured by HPLC, while the SN was stained for LacZ 
or tyrosine hydroxylase-immunoreactivity (TH-IR). Low dopamine levels in the 
striatum confirmed the adequacy of the MFB lesion. The GDNF-treated animals had 
68.7%±l.8%  TH-positive cells on the lesioned side as compared with the 
unlesioned side, whereas the LacZ control animals had 32.4%±7.0% TH-positive 
cells (p<0.0003). These results further establish the potential use of lentiviral 
vectors to locally deliver therapeutic proteins into defined CNS structure.
Partially supported by the Swiss National Science Foundation

400.7
6-Hydroxydopamine-Induced Cell Death of SN5SH Neuroblastoma Cells Is 
Inhibited By Bcl-2
Yansheng D u1,2*, Richard C. Dodel2, Kelly R. Bales1, and Steven M. Paul1,2 . 
1Neuroscience Research, Lilly Research Laboratories, Eli Lilly and Company, 
Indianapolis, IN 46285 and 2Departments of Pharmacology and Toxicology, Indiana 
University School of Medicine, Indianapolis, IN 46285.

To investigate the possible neuroprotective role o f bcl-2 against 6- 
hydroxdopamine (6-OHDA)-induced neurotoxicity, we characterized 6-OHDA- 
induced neuronal cell death in a bcl-2 overexpressing neuroblastoma cell line 
(SN5SH). Exposure of SN5SH cells transfected with vector only or bcl-2 to 6- 
OHDA results in a concentration- and time- dependent toxicity quantified by MTT 
assay. Overexpression of human bcl-2 in SN5SH resulted in significant reduction of 
6-OHDA-induced toxicity (LC50: 35 µM vs 90 µM for vectors with or without bcl-2 
transfected cells, respectively). In vector transfected cells, for example, 6-OHDA (50 
µM) exposure resulted in > 80% cell death compared to less than 20% cell death in 
bcl-2 transfected cells. We next investigated the generation of reactive oxygen species 
(ROS) in bcl-2 overexpressing cells compared to vector only following 6-OHDA 
exposure. Using a dihydrorhodamine 123 fluorescent assay, we found that 
overexpression of bcl-2 in SN5SH cells inhibits 6-OHDA-induced ROS production 
when compared to vector only-transfected cells (p<0.01 bcl-2 vs control SN5SH 
cells, at 50 µM 6OHDA). Similar to previous reports, the mechanism by which bcl-2 
appears to exert its neuroprottective action may be via the inhibition of cytochrome c 
release from mitochondria since cytochrome c release was significantly reduced in 
bcl-2 overexpressing SN5SH cells following exposure to 6-OHDA (p<0.01). These 
data provide evidence that bcl-2 may prevent 6-OHDA mediated neurotoxicity by 
controlling cytochrome c release and thus inhibiting ROS generation.

400.9
A NOVEL MPTP PRIMATE MODEL OF PARKINSON’S DISEASE: 
NEUROCHEMICAL, NEURO AN ATOMICAL, AND CLINICAL CHANGES. 
J.L. Eberling*. Y. Oiwa, D. Nagy. J. Bringas, P. Pivirotto, W .J .  Jagust and K.S. 
Bankiewicz. Center for Functional Imaging, Lawrence Berkeley National 
Laboratory, University of California, Berkeley, CA 94720. Unilateral intracarotid 
artery (ICA) MPTP infusion produces degeneration of the nigrostriatal pathway on 
the side of administration and a severe hemiparkinsonian syndrome on the opposite 
side of the body. Sequential systemic doses of MPTP, on the other hand, produce 
variable levels of bilateral damage and varying levels of parkinsonism, depending 
upon the total dose given. Positron emission tomography (PET) and the 
dopamine (DA) metabolism tracer, [18F]6-fluoro-L-m-tyrosine (FMT) were used 
to evaluate the relationship between DA metabolism and the clinical stage of 
parkinsonism in 3 hemiparkinsonian monkeys following unilateral ICA MPTP 
infusion, and in 15 overlesioned hemiparkinsonian monkeys following unilateral 
ICA MPTP infusion and subsequent varying sequential systemic doses of MPTP. 
In addition, tyrosine hydroxylase (TH) immunohistochemistry was performed in 
order to determine the relationship between regional patterns of cell loss and both 
clinical measures of parkinsonism and PET measures. Monkeys were rated on a 
parkinsonian scale and assigned to one of 3 groups, stage 1 (hemiparkinsonian), 
stage 2 (mild bilateral parkinsonism), or stage 3 (moderate bilateral parkinsonism). 
All monkeys were followed for at least 6 months and showed stable clinical signs. 
Clinical stage corresponded to PET measures of striatal DA metabolism and to the 
number of TH-immunoreactive (TH-IR) cells in the substantia nigra (SN). In 
addition, FMT uptake in the putamen correlated with TH-IR cell counts in the SN 
such that fewer TH-IR cells were associated with reduced FMT uptake in the more 
severely parkinsonian animals. The overlesioned hemiparkinsonian model mimics 
many of the neuropathological, physiological and clinical features of PD and 
should be useful for studying the therapeutic effects of novel treatments, such as 
growth factors and gene therapy, at different clinical stages. Supported by US DOE 
Contract DE-AC03-76SF(X)098.

400.6
GLIAL DEPENDENT NEUROTOXICITY FOLLOWING GLUTATHIONE 
DEPLETION. C. Mytilineou*, E.T. Kokotos Leonardi and B.C. Kramer. Dept. 
of Neurology and Fishberg Center for Neurobiology, Mt. Sinai School of 
Medicine, New York, N.Y. 10029.

Our previous studies have shown that treatment with the glutathione (GSH) 
synthesis inhibitor L-buthionine sulfoximine (BSO) causes cell death in rat 
mesencephalic cultures (Mytilineou et al., JPET 284:700, 1998). The 
antioxidant ascorbic acid (200 µM) prevents death without restoration of GSH 
levels, suggesting that oxidative events initiate cell death. We now show that 
the presence of glial cells is required for the occurrence of cell death. 
Mesencephalic cultures were prepared from E14 rat embryos and maintained 
either in chemically defined medium (enriched neurons) or in medium 
containing 10% horse serum and 10% fetal calf serum (mixed neurons and 
glia). Treatment with BSO (50 µM) for 24 hr caused sim ilar reduction in GSH 
to both types of cultures (24.3% of control in glia containing cultures and 
23.8% of control in enriched neurons). However, cell viability following GSH 
depletion was decreased only in cultures containing glial cells. MTT assays 
performed at 24, 48 and 72 hr after BSO, showed a progressive decline in 
viability in mixed cultures from 87% of control at 24 hr to 3% and 0.9% at 48 
and 72 hr, respectively. Enriched neuronal cultures had no loss of viability 
after BSO treatment at any time point. Recent studies (Li et al., Neuron 
19:453, 1997) have shown that GSH depletion results in increased 12- 
lipoxygenase (LOX) activity in primary cortical neurons and a neuronal cell 
line. In agreement with this study, we were able to abolish BSO-induced cell 
death in mixed cultures by treatment with the LOX inhibitor NGDA (0.1-1 
mM), while the COX inhibitor indomethacin was ineffective. These data 
suggest that during states of low GSH, glial cells may contribute to neuronal 
degeneration through activation of LOX. Supported by the Bachmann-Strauss 
Foundation and the Parkinson’s Disease Foundation.

400.8
DOPAM INE-INDUCED APOPTOSIS IS ABROGATED IN 
IMMORTALIZED NEURAL CELLS OVEREXPRESSING B cl-2.
J.L. Cadet*, B. Harrington and S. Ordonez. Molecular 
Neuropsychiatry Section, NIH/NIDA, Intramural research program, 
Baltimore, M D 21224.

Parkinson’s disease is a neurological disorder that is 
associated with degeneration o f  brain dopaminergic systems. It has 
been suggested that this cell death might be secondary to 
progressive deleterious effects o f  dopamine through the production 
o f  reactive oxygen species (ROS). The proto- oncogene, bcl 2, has 
been shown to protect cells against ROS-induced damage in  v itro . 
We thus wanted to know if  bcl2 could abrogate the toxic effects o f  
D A  on immortalized neural cells. DA caused dose-dependent cell 
death. The use o f  confocal microscopy, flow  cytometry, and DNA  
gel electrophoresis indicated that DA caused cell death through an 
apoptotic process. Moreover, METH caused a marked increase in 
ROS in these cells. However, overexpression o f  bcl 2 afforded 
significant protection against DA-induced apoptosis. These results 
w ill be discussed in terms o f  the possibility that dysregulation o f  the 
bcl 2 protective pathway might play a role in the development o f  
Parkinson’s disease.

400.10
PIGMENT AGGREGATION DURING THE REDUCTION OF CYTOCHROME C 
BY L-DOPA MELANIN. J.M. Tosk*, C.W. Chin. B. Cobanov. A. Lin. M.S. Makary. 
W. Mazhar, L. Oceguera. B.J. Szutz and D.R. Rakijian. Department of Biology, La 
Sierra Univ., Riverside, CA 92515.

Neuromelanin (NM) is a macromolecular pigment found within dopaminergic 
neurons in the substantia nigra. Formed in a poorly understood non-enzymatic 
process, NM possesses unusual physicochemical properties that enable it to function 
as a redox polymer with cytoprotective activity. L-dopa melanin mediates the 
oxidation o f NADH and reduction o f cytochrome c (cyt c). These reactions have 
served as models for studying NM’s redox properties. There is no known mechanism 
for regulating NM biosynthesis or redox activity. Under conditions o f low pH or high 
ionic strength L-dopa melanin forms aggregates that may modify some of its other 
properties. The present study demonstrates that the aggregation o f synthetic L-dopa 
melanin also occurs during the reduction of cyt c. L-dopa melanin was prepared 
through the autooxidation of L-dopa. The reduction of cyt c (10 µM) by L-dopa 
melanin ( l 00 µg/ml) at pH 7.5 in 50 mM PO4 buffer, 25°C was followed by the 
increase in A550. This reaction exhibited first order kinetics. Under these conditions 
the aggregation of melanin following the addition of cyt c was observed as a 78% 
increase (p < 0.002) in HeNe (5 mW) laser light scattering (90°) using a modified 
spectrofluorometer. A similar change in light scattering was observed when L-dopa 
melanin was aggregated by the addition of HC1 to achieve a final pH of 2. All 
measurements were corrected for inner-filter effects. Photoacoustic (PA) spectra (Log 
PA intensity vs. Log chopping frequency (70-270 Hz) at 633nm) recorded during the 
reduction o f cyt c exhibited a 28% decrease in melanin’s PA intensity (p<0.001), an 
observation consistent with aggregation. It is proposed that redox-switching of 
melanin’s aggregation state may provide a mechanism for regulating the redox 
chemistry o f NM. The authors gratefully acknowledge support from NSF (BNS- 
9016469) to J.M.T. and from the College o f Arts and Sciences, LSU.
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400.11

Phenotypic Correction o f Dopamine Deficient Mice 
Using Recombinant Adeno-associated Viral Vectors.

R .D . Palmiter. and R.J. Mandel*

Dopamine deficient (DA -/) mice are genetically deficient in DA 
but not norepinephrine, are born but are dependent on L-dopa 
to live past 17 days postnatally. Recombinant adeno- 
associated virus vectors (rAAV) encoding human tyrosine 
hydroxylase (hTH), human GTP-cylcohydrolase I, or a 1:1 
combination of both were intrastriatally injected into 
approximately 30 D A -/- mice (2 µl/ 4 min bilaterally). 
Beginning 7 days post-injection, the mice receiving the mixed 
vector were sucessfully removed from peripheral L-dopa 
support. By 7 weeks post-injection the rAAV-hTH injected 
animals could also survive without L-dopa injections. The 
mixed vector injected mice eat and drink near normal levels 
whereas the rAAV-hTH injected mice eat significantly less. 
TH staining revealed more widespread striatal transductions in 
the mixed vector-injected group which was confirmed by DA 
measurements taken from tissue punches even though 1/2 the 
rAAV-hTH was injected in this group. To date, the mixed 
vector-injected DA-/- mice have survived 5 months without L- 
dopa support. These data indicate that intrastriatal injection of 
rAAV vectors can produce enough local L-dopa to correct the 
aphagia and adipsia in DA-/- mice.

OPIATE RECEPTOR: ORPHANIN—OTHERS

401.1
The role of O rphan in  FQ (OFQ) in pain  percep tion  studied  
in OFQ-knock out mice. Rainer K. R einscheid1*, Anja Köster2, 
Alexandra M ontkow ski1 & Olivier C ivelli3
1 Institute o f Cell B iochem istry and Clinical N eurobiology, University  of 
Ham burg, D-22529 Ham burg, Germ any; 2 H offm ann-La Roche, PRPN-G, 
C H -4070 Basel, S w itzerland; 3 D ep t. o f Pharm aco logy , U niversity  o f 
California Irvine, Irvine, CA 92717

Using hom ologous recom bination in ES cells we have functionally disrupted 
the m urine gene encoding the neuropeptide orphanin FQ (OFQ) w hich was 
recently  discovered  as an endogenous ligand o f an orphan opio id-like  
receptor. A fter in jection  o f the ES cells in to  b lastocystes these w ere 
reim planted into foster fem ale mice to generate chim eric offspring. Several 
ch in eric  m ice show ed germ lin e  tran sm iss io n  o f the  m u ta ted  alle l. 
H eterozygous and hom ozygous offspring from  consecutive breeding was 
fertile and appeared anatom ically and behaviorally  normal under hom ecage 
conditions.
O FQ  has been reported to influence pain perception  and reverse stress- 
induced as well as m orphine-induced analgesia in experim ental anim als. 
How ever, some controversy exists about hyperalgesic vs. analgesic effects 
in the spinal chord. W e are currently  investigating pain responsiveness in 
the O FQ -deficient mice under various experim ental conditions. The OFQ- 
knock out mice will also be valuable to define the interactions o f  the OFQ 
system  with the endogenous opioid system.
(Supported in part by DFG grant Re 1024/2-1, Fonds der chemischen Industrie, 
and Hoffmann-La Roche)

401.2
CYCLIC AMP (CAMP) ANALOGS INDUCE SYNTHESIS, PROCESSING AND 
SECRETION OF PRE-PRO NOCICEPTIN/ORPHANIN FQ (OFQ)-DERIVED 
PEPTIDES BY NS20Y NEUROBLASTOMA CELLS. M.J. Sirianni. K.I. Fujimoto. 
C.S. Nelson. M.J. Pellegrino and R.G. Allen*. Center for Research on Occupational 
and Environmental Toxicology, Oregon Health Sciences University, Portland, OR 
97201.

Recent studies have shown that cAMP analogs can induce expression of prepro 
orphanin FQ (O FQ )/nociceptin-"related" gene products in NS2OY mouse 
neuroblastoma cells (Saito et al., Journal of Biological Chemistry. Vol. 271, No. 26, 
15615-15622, 1996). Additionally, exposure of NS2OY cells to cAMP analogs 
promoted neurite outgrowth and large dense core vesicle formation. Even though a 
OFQ-"like" precursor (called 27K) was identified in NS2OY cell extracts, no secretion 
of OFQ-"related" peptides was detected. We have used reversed-phase high performance 
liquid chromatography combined with a specific radioimmunoassay for OFQ1- 17 to 
determine if NS2OY cells secrete ppOFQ-derived peptides when stimulated by the 
cAMP analog ctp-cAMP. We found that NS2OY cells secreted abundant amounts of 
OFQ-derived products when stimulated by cAMP analogs. We also have determined 
that secretion of OFQ peptides was both time- and concentration-dependent and 
reversible on removal of cAMP analogs from the culture medium. The opioid agonist 
D-Pen2-D-Pen5-enkephalin inhibited forskolin-stimulated OFQ peptide secretion. 
Also, the synthetic glucocorticoid dexamethasone virtually abolished ctp-cAMP 
stimulated OFQ peptide secretion. These results suggest that the biosynthesis, 
processing and secretion of the OFQ neuropeptide transmitter system can be modulated 
through intracellular cAMP levels and that these processes are regulated by opioids and 
molecules involved in mediating the stress response. The NS20Y cell system will be 
very valuable for studying the regulation of OFQ by a variety of intra-and extracellular 
signaling pathways.

Supported by PHS, NIH, NIDA grant DAI 1282-01 to RGA

401.3

DIFFERENTIAL REGULATION OF ORPHANIN AND Mu OPIOID 
RECEPTOR mRNA LEVELS IN HUMAN SH-SY5Y NEUROBLAST
OMA CELLS. RA Peterfreund*. CL W allinαton. DM Peters. CR Gelb. 
Dept. A nesthesia & Critical Care, M assachuse tts G eneral Hospital, 
Harvard M edical School, Boston M A 02114 

Activation of the Mu op io id receptor (M uO R) confers ana lgesia . In 
som e system s, activation of the O rphan in  receptor (O R L1) is a sso c i
a ted w ith an ti-ana lgesia  o r hype ra lgesia. W e tes ted  the poss ib ility  
tha t gene express ion fo r these re la ted receptors, w h ich  m ay s u b - 
serve opposing phys io log ic  functions, is d iffe re n tia lly  regu la ted  by 
the cAM P signal transduction  pathw ay. SH -S Y 5Y  cells na tura lly  e x 
press the M uO R and the O R L1 . C e lls w e re  incubated w ith  veh ic le , 
o rfo rsko lin  (F, 10µM ) o r cho lera tox in  (CTX, 5ng /m l) w ith  p ho sphod i
es te rase  inh ib ito rs . R ecep to r m R N A leve ls , no rm a lized  to actin , 
w ere m easured by s lo t-b lo t w ith receptor specific  3 2 P -labe led  cDN A 
probes having m in im al c rossreactiv ity . M uO R  m R N A leve ls  s ig n if
icantly dec lined in a tim e-dependent fash ion a fte r trea tm ent w ith F+ 
IB M X (5O O µM ). E ffects w ere  a tten ua ted  by H89 (1 0 µ M ). ORL1 
m R N A leve ls  exh ib ited  m in im a l changes. C T X  bu t not d ideoxy - 
fo rsko lin  a lso  s ig n ifican tly  reduced  M uO R  m R N A  leve ls . ORL1 
m RN A was not a ffected by CTX. In a cell m odel, w e dem onstra te  
d iffe ren tia l regu la tion  o f m R N A  e xp ress ion  fo r 2 o p io id  recep to r 
subtypes by activation o f one ce llu la r regu la to ry pathw ay, the cAM P 
pathw ay. O pposite  regulation of gene express ion m ay contribu te  to 
varia tion in receptor responsiveness and the con trasting  phys io log ic  
roles in nociception o f the Mu and O rphanin op io id receptor species. 
S upported  b y  N S F  g ran t #  IBN-9319624.

401.4
NOCICEPTIN, AN ENDOGENOUS LIGAND FOR THE ORL1 RECEPTOR, 
POSSESSES NOVEL HYPERGLYCEM IC ACTIVITY IN MICE. M. M iya ji, T. 
Tanaka. S. Okuda, M. Nishikibe and H. Ohta*. Tsukuba Research Institute, 
Banyu Pharmaceutical Co., Ltd., Tsukuba 300-2611, Japan.

Nociceptin (Orphanin FQ), a novel endogenous opioid-like peptide, is an the 
endogenous ligand for ORL| receptor. Although physiological roles of this 
peptide have not been completely understood, there are some similarities in mode 
of actions between nociceptin and classical opioids. In this presentation, we 
report that nociceptin produces marked increases in blood glucose in mice. 
Intracerebroventricular (i.c.v.) administration of nociceptin (0 .1- 10nmol) caused 
a dose-dependent increase in blood glucose ( 140mg/dl from 62mg/dl at 10nmol) 
in fasted ICR mice. A classical opioid peptide, ß-endorphin (0 .1- 10nmol, i.c.v.) 
also produced hyperglycemia in a dose-dependent manner, but dynorphin A (0 . 1- 
10nmol, i.c.v.) did not affect on blood glucose level. The magnitude of 
nociceptin-induced hyperglycemia was approximately 2-fold higher than that of 
ß-endorphin. Hyperglycemic effects* of nociceptin on blood glucose were not 
blocked by subcutaneous (s.c.) naloxone 10mg/kg, indicating that nociceptin- 
induced hyperglycemia was not mediated by classical opioid receptors. In 
contrast, ß-endorphin-induced hyperglycemia was completely blocked by s.c. 
naloxone. Thus, these results demonstrate that nociceptin produces the potent 
hyperglycemic response via a central nervous system mechanism independent of 
classical opioid receptors. Endogenous nociceptin system may act as a potent 
regulatory system on blood glucose homeostasis.
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401.5
E F F E C T S  O F  N O C IS T A T IN  O N  P R O S T A G L A N D IN -IN D U C E D  
A L L O D Y N IA . S. I to 1, E. O k u d a -A s h ita k a 1, S. K yu h o u 2 *,
H. M o ri3 and T. M in a m i3 D epts. o f  1M e d ic a l  C h e m is try  and  
2 P h y s io lo g y , K an sa i M e d ic a l U n iv e rs i ty , M o rig u c h i 5 7 0 -8 5 0 6 , 
Japan ; 3 D ept. o f  A n e s th es io lo g y , O sak a  M edica l C o lleg e ,
T a k a tsu k i 5 6 9 -8 6 8 6 , Jap an .

N o c ic ep tin  (o rp h a n in  FQ ) is an  e n d o g e n o u s  l ig a n d  fo r the  
o rp h an  o p io id - lik e  rec e p to r  O R L 1 o r R O R -C  w hich  in d u ces  b o th  
th e rm a l h y p e ra lg e s ia  an d  to u c h - e v o k e d  p a in  ( a l lo d y n ia )  in  
c o n sc io u s  m ice  a d m in is te re d  in tra th e c a lly  (i.t .) . N o c is ta tin  is a 
h e p ta d e c a p e p tid e  p ro d u c e d  fro m  p re p ro n o c ic e p t in  an d  b lo c k s  
th e  n o c ic e p t in  a c t io n  in  p a in  t r a n s m i s s io n (  1  )  R e c e n t  
e v id e n c e  in d ic a te s  th a t  p r o s ta g la n d in s  (P G s)  a re  c ru c ia l  fo r  
p a in  p ro c e s s in g  n o t o n ly  in  the  p e r ip h e ry  b u t a lso  a t the  
sp ina l leve l. In fac t, bo th  P G E 2 and  P G F 2 α  a d m in is te re d  i.t . 
in d u c e  a l lo d y n ia .  H e re  w e e x a m in e d  w h e th e r  n o c is ta t in  
a ff e c te d  the  in d u c tio n  o f  a llo d y n ia  by P G s. S im u lta n e o u s  
in je c tio n  o f  n o c is ta tin  w ith  P G E 2 o r P G F 2 α  a tte n u a te d  the 
in d u c tio n  o f  a l lo d y n ia  in  a d o s e -d e p e n d e n t  m a n n e r . T h e  
fo rm e r b lo ck in g  e ffe c t o f  n o c is ta tin  w as rev e rse d  by n a lo x o n e , 
but not by µ, δ or к o p io id  r e c e p to r  a n ta g o n is t.  O n the  o th e r  
h an d , the  la t te r  w as n e g a te d  by  p re tre a tm e n t o f  in d o m e th a c in . 
T h e se  r e s u lts  d e m o n s tra te  th a t  n o c is ta t in  m ay  m o d u la te  the  
in d u c tio n  o f a llo d y n ia  at d iffe re n t s ite s  in the  sp in a l co rd .
(1) O k u d a-A sh itak a , E. et al. Nature  392 , 28 6 -2 8 9  (1998)

T h is  w ork  w as su p p o rted  in p art by g ran ts  from  the M in is try  
o f  E d u ca tio n . C u ltu re , S c ien ce , and  S p o rts  o f  Japan .

401.7

ORPHANIN FQ (OFQ)/NOCICEPTIN RECEPTORS M EDIATE THE 
ANTAGO NISM  B Y  OFQ ON ANTINOCICEPTION IND U CED  BY  
OPIOID RECEPTOR AGONISTS IN THE RAT. X.-H. Chen. D. B. 
M cClatchy . E. B. Geller* and M. W. Adler. D ept. o f  Pharmacology, 
Temple University School o f Medicine, Philadelphia, PA 19140 

W e as well as others have shown that orphanin FQ (OFQ)/nociceptin  
can block the antinociception induced by opioid receptor agonists in the 
cold water tail-flick (CWT) test, the radiant heat tail-flick test and warm 
water tail-withdrawal test. The present studies were designed to further 
explore the m echanism  and specificity  o f  the OFQ blockade o f  the 
antinociception induced by opioid receptor agonists in the CWT test in 
adult male SD rats. The OFQ receptor antagonist, [Phe1ψ(CH2-N H ) 
G ly2]n oc icep tin (1-13 )N H 2, was used in doses o f  0.1 µg and 10 µg. 
These doses, by themselves, had no effect in the CWT test. The results 
showed that intracerebroventricular (icv) injection o f  OFQ (10 nmol, 
t=+15 min) significantly reversed the antinociception induced by icv  
injection o f  the mu agonist PL017 (2 µg, t=0 , p < 0 .01 , A N O V A  
followed by Duncan’s test, compared to the corresponding PL017+OFQ  
group), the delta agonist DPDPE (50 µg, t=0 , p<0.01, compared to the 
corresponding DPDPE+OFQ group) and the kappa agonist U 50 ,488H  
(50 µg, t=0 , p<0.01, compared to the corresponding U 50 ,488H+OFQ  
group). The effect o f  OFQ was diminished after icv administration o f  
the OFQ receptor antagonist (0.1 µg, t=+15 min, p>0.05, compared to 
the corresponding PL017, DPDPE or U 50 ,488H groups, respectively). 
These findings indicate that the effec t o f  OFQ in the rat on the 
antinociception induced by opioid receptor agonists acting at any o f  the 
opioid receptor types is mediated by the OFQ (ORL-1) receptor in the 
rat. (Supported by NIH grant DA 00376)

401.9
DISTRIBUTION OF A NEW SPLICE VARIANT OF THE MU-OPIOID 
RECEPTOR (MOR1) IN THE RAT CENTRAL NERVOUS SYSTEM, 
Catherine Abbadie*. Ying-Xian Pan and Gavril W. Pasternak. The Cotzias 
Laboratory of Neuro-Oncology, Memorial Sloan-Kettering Cancer Center, 
New York, NY, USA

We have identified a new splice variant of the mouse mu-opioid receptor 
(MOR1) gene, whose fourth exon undergoes alternative splicing. The aim 
of the present study was to compare the distribution o f MOR1 (using an 
antibody from Incstar or Chemicon) with the distribution of the splice 
variant, MOR1C using immunohistochemistry. An anti-peptide anti-sera to 
the C-terminal peptide sequence from the new fourth exon was raised in 
rabbit (Multiple Peptide Systems). The specificity of the MOR-1C antibody 
was determined using transfected CHO cells, Western blots and 
immunoisolation studies. Prominent MOR1C-like immunoreactivity 
(MOR1C-LI) was found in the spinal cord (greater intensity was observed in 
laminae l-ll, but also to a lesser extent in IIl-VI and X), lateral spinal 
nucleus (nu), arcuate nu, suprachiasmatic nu, periventricular nu and medial 
eminensce. Moderate MOR1C-LI was observed in the spinal trigeminal 
tract, Gracilis nu, raphe magnus, septal nu, suprachiasmatic nu and 
cerebellum. Faint MOR1C-LI was found in the nu of the solitary tract, nu 
ambigus, locus coemleus, parabrachial, lateral tegmental nucleus, 
periaqueducal gray, thalamus (lateroposterior and posterior nu), 
ventromedial hypothalamus and cerebral cortex. No detectable MOR1C-LI 
was found in the vagus nerve, interpedoncular nu, hippocampus and the 
striatum where MOR1-LI is present. Using double labeling and confocal 
microscopy, we are presently looking for colocalization o f MOR1 and 
MOR1C. These results indicate that the splice variant o f the MOR1, 
MOR1C, has a discrete distribution, different from MOR1, suggesting that 
each may play a different role in opioid mediated mechanisms such as pain 
or tolerance. Supported by NIDA DA 02615.

401.6
PRESENCE OF NOCICEPTIN RECEPTORS DIFFERENTIALLY  
REGULATING PACAP RECEPTOR SIGNALLING IN N 1E -115 
MOUSE NEUROBLASTOM A CELLS. M.C. Olianas *. C. Maullu1 and 
P. Onali. Sect. Biochem. Pharmacol. Dept. Neuroscience and Dept, o f  
1Medical Science, University o f  Cagliari, Cagliari, Italy.

The heptadecapeptide nociceptin has recently been identified as the 
endogenous ligand o f  the opioid-like receptor ORL-1. Here w e report 
that N1E-115 neuroblastoma cells display a saturable and high-affinity 
(KD = 0.35 nM) binding for [3H]-nociceptin. The binding o f  [3H]- 
nociceptin is not antagonized by micromolar concentrations o f  either leu- 
enkephalin or µ, δ, and k  opioid receptor antagonists. The cells also 
express PACAP 38 receptors positively coupled to both adenylyl cyclase 
(AC) and phospholipase C (PLC). Nociceptin markedly inhibits PACAP 
stimulation o f  AC with an ECso o f  0.4 nM, but significantly potentiates 
PACAP stimulation o f  inositol phosphates (IPs) accumulation. Per se, 
nociceptin (0.5 µM) has no effect on IPs accumulation. Pretreatment o f  
the cells with pertussis toxin does not affect PACAP stimulation o f  either 
AC or PLC, but markedly reduces the inhibitory and stimulatory effects 
o f  nociceptin. These data indicate that in N 1E-115 cells nociceptin, 
acting on specific receptors coupled to Gi/G o, is capable o f  differentially 
modulating PACAP receptor signalling.
(Supported by M .U.R.S.T.)

401.8

MURINE PREPRO-ORPHANIN 160-187 ANALGESIA IN MOUSE 
BRAIN. J.P. Mathis*2, G.C. Rossi2, A.B. Zuckerman2, L. Leventhal2. 
R. G. Allen1 and G. W. Pasternak ,1 The Oregon Health Sciences 
University, Portland, OR 97201; 2The Cotzias Laboratory of 
Neuro-Oncology, Department of Neurology, Memorial 
Sloan-Kettering Cancer Center, New York, NY 10021.

Orphanin FQ/nociceptin (OFQ/N) is the endogenous ligand for the 
ORL-1/KOR-3 receptor (Meunier et a l., 1995; Reinschied e t a l., 1995) and 
produces a wide variety o f  behavioral responses. Prepro-OFQ/N  
(ppOFQ/N) contains several paired basic amino acids, raising the 
possibility that posttranslational processing could lead to the production 
o f  other peptides. Several o f  these processing products have been shown 
to have pharmacological activity. Murine ppOFQ/N 160_187 has potent 
analgesic activity supraspinally (ED50 5 µg, i.c.v.). This analgesic activity 
was reversed by naloxone (5 mg/kg, s.c.) indicating involvement o f  
opioid systems. However, murine ppOFQ/N 160_187 has no affinity (Ki > 
1 µM) in Mu, Delta, Kappa1, Kappa3, OFQ or OFQ 1-11 binding assays. 
These findings suggest that murine ppOFQ/N 160-187 may be a relevant 
neuropeptide with physiological actions. This work is supported by 
D A 00310 (G.C.R.) and DA02615 (G.W.P.).

401.10
DIFFERENTIAL DISTRIBUTION OF 125I[TYR14]O FQ/N AND 
125I[TYR10]OFQ/N(1 -11) IN RAT BRAIN. S.R. Le tchw orth *, J.P. M ath is2, G.C. 
Rossi2, R.J .  B o d n a r1. and G.W. Pasternak ,1 Departm ent o f Psychology, 
Queens College, C ity University O f New York; 2Cotzias Laboratory o f 
Neuro-Oncology, Memorial Sloan Kettering Cancer Center, New York, NY 
10021.

The endogenous ligand for the ORL1/KOR-3 receptor, orphanin FQ/nociceptin 
(OFQ/N), has recently been characterized. The OFQ/N peptide sequence 
contains paired basic amino acids that indicate a truncated peptide, OFQ/N(1- 
11), may be processed from OFQ/N. Our laboratory has recently synthesized 
125l[Tyr14]OFQ/N and 125l[Tyr10]OFQ/N(1-11) and characterized these ligands in 
mouse brain homogenate studies. While 125l[Tyr14]OFQ/N labeled both a high 
and low affinity site, 125l[Tyr10]OFQ/N(1-11) only labeled a single high affinity 
binding site. In the present study, we examined the autoradiographic distribution 
of 125l[Tyr14]OFQ/N and 125l[Ty10]OFQ/N(1-11) in coronal brain sections from 
male Sprague-Dawley rats. Non-specific binding was defined with cold OFQ/N 
or OFQ/N(1-11). Both ligands demonstrated high levels of specific binding 
( 95% of total). 125l[Tyr14]OFQ/N exhibited heavy binding throughout the cortex, 
thalamus, hippocampus, and amygdala. In contrast, 125l[Tyr10] OFQ/N(1-11) 
exhibited lower binding levels than OFQ/N with a more restricted pattern of 
labeling. 125l[Tyr10]OFQ/N(1-11) binding was evident in distinct cortical regions, 
such as cingulate and insular cortices, midline thalamic nuclei, amygdala nuclei, 
and hippocampal layers. Both ligands exhibited lower binding levels in the 
caudate nucleus and the cerebellum. The distinct binding patterns of these two 
ligands indicate differential functional activities of OFQ/N and OFQ/N(1-11) 
peptides. Supported by CA09461 (S.R.L.), DA00310 (G.C.R), and DA02615 
(G.W.P.).
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401.11
PR O G E STER O N E IND UCES IN TER N A LIZA TIO N  O F  ORL-1 IN T H E 
V E N T R O M E D IA L  N U CLEU S O F T H E H Y PO T H A L A M U S IN 
E ST R O G E N  P R IM E D  FE M A L E  RA TS BUT D O ES N O T IN C R EA S E 
T H E  A R EA  O F IM M U N  O R E A C T I V IT Y . K. Sinchak*, V. Yu, and P.E 
M icevych. Dept. o f Neurobiology & Lab. o f Neuroendocrinology, Brain Res. 
Inst., UCLA School o f Medicine. Los Angeles, CA 90095.

Estrogen increases the area o f  ORL-1 immunoreactivity in the ventromedial 
nucleus o f the hypothalamus (VM H). Site specific injections o f 
nociceptin/orphanin FQ (N/OFQ), the endogenous ligand o f  ORL-1, into the 
VM H facilitates lordosis in estrogen prim ed females. Since progesterone 
facilitates lordosis in estrogen primed females as well, our hypothesis was that 
estrogen induces ORL-1 synthesis, whereas progesterone induces the release o f  
endogenous N/OFQ activating the ORL-1 circuit to facilitate lordosis. ORL-1 is 
a G-protein coupled receptor. Upon agonist activation, G-protein receptors are 
internalized into early endosomes. The change in cellular localization o f the 
receptor may be visualized by immunocytochemistry. To determine whether 
progesterone affects the area o f  ORL-1 immunoreactivity (ORL-1i) and the 
activation o f the ORL-1 circuit in the VMH, OVX rats were treated 
subcutaneously with 2 µg EB and 26 hour later with 5OOµg progesterone or 0.1 ml 
safflower oil and perfused thirty hours after EB treatment. ORL-1 was stained 
with ORL-1 antibody (gift from C. Evans, UCLA). Com pared to EB treated 
females, progesterone did not affect the area o f ORL-1i in the VMH. Confocal 
laser scanning microscopy revealed that O R L -1 i was associated with the plasma 
membrane in estrogen treated females. Additional treatment with progesterone 
induced an internalization o f O R L-li. This progesterone-induced sequestration 
suggests release o f endogenous N/OFQ which activates ORL-1 receptors 
contributing to the facilitation o f lordosis. Supported by NS21220, H D 07228, 
NIDA DA-05010, IBN-9728491.

GABA RECEPTORS: NATIVE GABAA RECEPTORS

402.1

ANTIDEPRESSANT ACTIVITY AT THE GABAA RECEPTOR; 
STUDIES WITH ANTISENSE OLIGODEOXYNUCLEOTIDES, E. 
Malatynska1, R. Goldenberg1, G. Crites1, D. Weinzapfel3, N.Schindle2, PT 
D Harrawood3. G. Tunnicliff2 , and G.K. Matheson3*. Departments of 
Pharmacology & Toxicology1, Biochemistry2 and Anatomy3 Indiana 
University School o f Medicine, Evansville IN 47712

Studies with antisense oligodeoxynucleotides were performed to 
determine the subunits importance for the antidepressant activity at the 
GABAA receptor. Rats were injected to the right cerebral ventricle with 
the α 1, γ2 , ß1, ß2 antisense or α 1 missense oligodeoxynucleotides or 
with water once a day for five days. The "knockdown" o f the α1 subunit 
in the cerebral cortex decreased specific [3H]GABA binding by 42 .5  ± 
5.6%. The GABA-stimulated 36Cl- influx was measured in the presence 
or absence o f  the antidepressants, amitriptyline and mianserin, the 
benzodiazepine receptor agonist, diazepam, and the GABAA receptor 
antagonist, bicuculline. The "knockdown" o f  the different GABAA 
receptor subunits influenced GABA-stimulated 36Cl- influx for α 1 by:
(1) decreasing its Emax; (2) increasing stimulation by diazepam,
(3) attenuating bicuculline, mianserin and amitriptyline effects; for γ2  by: 
(1) increasing the GABA Emax, (2) reversing the modulatory effect o f the 
diazepam from enhancement to inhibition, (3) reducing the bicuculline, 
mianserin and amitriptyline inhibition; for the ß2 by: inhibiting diazepam 
and amitriptylline effects; and for the ß1 by inhibiting amitriptyline 
effect. We conclude that the GABA effect on 36Cl- influx depends on its 
subunit composition and determines the direction o f the diazepam effect. 
To interact with the GABAA receptor both antidepressants needed α 1 ,γ2 
and ß1 subunit.This work was supported by a BSRG grant and ECME 
funds.

402.3
CaM KINASE II-DEPENDENT PHOSPHORYLATION POSITIVELY 
MODULATES GABAA RECEPTOR BINDING IN CONTROL SYNAPTOSOMAL 
MEMBRANE FRACTIONS. S.B, Churn,*and R.J. DeLorenzo. Department of 
Neurology, Medical College o f Virginia-VCU. Richmond, VA 23298.

Gamma amino butyric acid (GABA) is the primary inhibitory neurotransmitter in 
the central nervous system (CNS). Because o f the important role that GABA plays in 
the CNS, alteration o f GABAA receptor function would significantly affect neuronal 
excitability. Protein phosphorylation is a major mechanism for regulating receptor 
function in the brain, and protein phosphorylation has a diverse modulatory effect on 
GABAA receptor function. Therefore, this study was initiated to determine the role o f 
calmodulin-dependent kinase II (CaM kinase II) membrane phosphorylation on 
GABAA receptor binding. Synaptosomal membrane fractions were tested for CaM 
kinase II activity towards endogenous substrates. In addition, muscimol binding was 
evaluated under equilibrium conditions in synaptosomal membrane fractions 
subjected to either basal (Mg2+ alone) or maximal CaM kinase II-dependent 
phosphorylation. Endogenous CaM kinase II phosphorylation o f membrane proteins 
did not alter the apparent binding affinity for muscimol (KD= 14.0 n M control vs 18.3 
n M phosphorylation), but did result in a 37% enhancement o f apparent maximal 
muscimol binding (Bmax 0.746 fMol/mg control vs 1.02 fMol/mg phosphorylation). 
This increase in muscimol binding could be increased further by the addition of 
exogenous CaM kinase II (152% of maximal endogenous binding). Co-incubation 
with inhibitors o f kinase activity during the phosphorylation reactions blocked the 
CaM kinase II-dependent increase in muscimol binding. The data support the 
hypothesis that CaM kinase II-dependent phosphorylation resulted in increased 
GABAA receptor binding and may play an important role in modulating the function 
o f this inhibitory receptor/chloride ion channel complex.
Supported by N INDS R01-NS23350 and P01-NS25630.

402.2
ANTISENSE KN O C K D O W N  OF THE GABAA RECEPTOR γ2  SU B U N IT  

IN RAT HIPPO CA M PUS CAUSES LIMBIC STATUS EPILEPTICUS.
J.K arle* 1,2, D .P .D .W old b y e 3, L ,E lster4, N .H .D iem er5, T .G .B olw ig1 and
M .N ie lsen 2. 1. D ep t. of P sych ia try , R ig sh o sp ita le t, DK-2100 C openhagen, 
D enm ark. 2. The Research Institu te  of Biological P sych iatry , St. H ans 
H osp ita l. 3. D ep t. of Pharm acology, U niversity  of Copenhagen. 4. D ep t. of 
Pharm acology, The Royal D anish  School of Pharm acy. 5. D ep t. of M olecu
lar N eu ro p a th o lo g y , U n iversity  of Copenhagen.

GABA (γ-am inobu ty ric  acid) is the p rin c ip al in h ib ito ry  neu ro tran sm itter 
in the brain . D ysfunction of GABAergic neurotransm ission a t the  level of 
the  GABAA receptor has been h y p o th esized  to p lay  a crucial role in th e  
pathogenesis of tem poral lobe ep ile p sy . A ntisense "knockdow n” of th e  
GABAA receptor γ2  su b u n it in the ra t h ippocam pus in v ivo  is v iew ed as a 
m ethod to selectively  in h ib it the form ation of GABAA receptor complexes 
containing a γ 2  subunit. In the present s tudy  w e inv estig a ted  electroen- 
cep h a lo g rap h ic  (EEG) changes follow ing con tinuousun ila teral in tr a h ip p o -  
cam pal infusion of p h o sp h o ro th io a te  an tisense oligodeoxynucleotide 
(OD N) to the  GABAA receptor γ 2  subunit by m eans of osmotic m inipum ps. 
EEG w as recorded d a ily  via an  electrode inserted  ip s i la te ra l ly  into th e  
CA3 region of the dorsal h ip p o cam p u s. W ith  a d e lay  of 4 to 5 days of O D N  
infusion, all an tisense trea ted  rats  deve loped  self-sustain ing  e lec tro g ra 
phic sta tus ep ilep ticus and  severe h ip p o cam p al neurodegenerative c h a n 
ges. The benzod iazep ine receptor agonist d iazep am  w as able to p rev en t and 
a rres t s ta tus ep ilep ticus and  to m arked ly  reduce neuronal cell d ea th . Re
sults of several control experim ents using d iffe ren t O D N  sequences h a v e  
d em onstrated  the specificity  of the effect exerted by the an tisense O D N . 
The resu lts strongly su p p o rt th a t GABAA receptor dysfunction is  c r i t ic a lly  
involved  in the  p athogenesis of seizures and  sta tus e p ilep ticu s .

402.4
NOVEL GABAA RECEPTOR PHARMACOLOGY IN SELECTED 
REGIONS OF THE BRAIN. E.R. Korpi1*, S. Sinkkonen1, M. Uusi-Oukari1 
and H. Lüddens2. 1Dept. o f Pharmacology, Univ. o f Turku, FIN-20520 Turku, 
Finland; 2Dept. o f Psychiatry, Univ. o f Mainz, D-55131 Mainz, Germany.

The multisubunit GABAA receptor complex is pharmacologically 
heterogenous in various brain regions. Most of the variation is based on 
specific receptor subunit combinations that are primarily regulated by the 
regional expression pattern o f the subunits. The cage convulsant [35S]t- 
butylbicyclophosphorothionate ([35S]TBPS) binds to picrotoxin-sensitive sites 
at the integral chloride ionophore of the GABAA receptor, from which its 
dissociation is normally accelerated by GABA in a fashion that can be further 
enhanced or decreased by allosteric agonists and antagonists, respectively. By 
using autoradiography on rat brain cryostat sections, we have now revealed 
abnormal [35S]TBPS binding sites from which even high millimolar 
concentrations o f GABA could not displace the bound ligand. This GABA- 
insensitive binding could be abolished by picrotoxin, pentobarbital, loreclezole 
and the neurosteroid agonist pregnenolone, while muscimol or diazepam were 
inactive or very weakly active. The proportion o f GABA-insensitive binding 
was about 5% from the basal binding in several thalamic nuclei, the 
subiculum, the inner layer of cerebral cortex and the cerebellar granule cell 
layer. Its regional localization did not correlate with the high-affinity 
[3H]muscimol or diazepam-insensitive [3H]Ro 15-4513 binding. The present 
results indicate an existence of a pharmacological fingerprint which likely 
represents a novel GABAA receptor subtype with abnormal allosteric 
interaction between the GABA agonist and convulsant sites. The structural and 
functional correlates o f the finding remain to be studied. (The study was 
supported by the Academy o f Finland)
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402.5
POSTNATAL DEVELOPMENT OF HIPPOCAMPAL DENTATE  
GRANULE CELL GA BA A RECEPTOR PHARMACOLOGICAL  
PROPERTIES Jaideep Kapur* and Robert L Macdonald Dept. of 
Neurology, University o f Michigan, Ann Arbor, MI 48104.

Postnatal development o f  hippocampal dentate granule cell GA BA A 
receptor pharmacological properties was studied. Granule cells were 
acutely isolated from hippocampi o f  7-14 and 45-52 day old rats, and 
whole cell patch clamp recordings were obtained. The sensitivity o f  
GABAA receptors to GABA and modulation o f  G A BA A receptor 
currents by benzodiazepines, zinc, furosemide and loreclezole was 
studied. These data were compared to our previously published data 
from 28-35 day old rats. Several changes in the pharmacological 
properties o f  dentate granule cell GA BA A receptors occurred during the 
first 52 days o f  postnatal development: 1) the maximal current elicited  
by GABA increased; 2) the potency o f  diazepam and zolpidem  
enhancement o f  GA BA A receptor currents increased; 3) the potency o f  
furosemide inhibition o f  GA BA A receptor currents decreased; 4) the 
potency o f  zinc inhibition o f  GA BA A receptor currents decreased and 5) 
the fraction o f  cells expressing loreclezole sensitive G A BA A receptors 
increased. We concluded that the pharmacological properties o f  dentate 
granule cell G A BA A receptors changed substantially in the postnatal 
period and that the change was a gradual process that occurred over at 
least 45 days.

402.7
WITHDRAWAL FROM 3α-OH-5α-PREGNAN-2O-ONE DECREASES THE TIME 
CONSTANT FOR DECAY OF GABAA-GATED CURRENT IN RAT CA1 
HIPPOCAMPUS, A RESULT OF INCREASES IN THE GABAA RECEPTOR α4 
SUBUNIT. S.S. Smith*, F.-C. Hsu. O.H. Gong. R.S. Markowitz and X. Li. Dept. of 
Neurobiology and Anatomy, AUHS., Phila., PA 19129.

Ongoing studies from this laboratory have demonstrated that the endogenous steroid 3α- 
OH-5α-pregnan-2O-one (3α,5α-THP) exhibits withdrawal (wd) properties similar to other 
GABA-modulatory compounds, increasing anxiety and seizure susceptibility after abrupt 
discontinuation. Our recent publication (Smith et al., Nature, 1998) suggests that 3α,5α- 
THP wd results in marked increases in the α4 subunit o f the GABAA receptor. The present 
study was designed to investigate changes in the kinetics of GABAA-gated current after 
3α,5α-THP wd, associated with this increase in α4 levels. Rats were tested 24 hrs 
following chronic P treatment or induction o f pseudopregnancy, which results in increased 
ovarian production of 3α,5α-THP. Whole cell patch clamp procedures were used to record 
GABAA-gated current from pyramidal cells acutely dissociated from CA1 hippocampus at 
a holding potential of -50  mV using a rapid perfusion system (10 µM GABA, 5-10 msec 
delivery every 3 min). The decay time constant was estimated using a single order 
exponential decay function (Origin software), as the time from peak current to 90% 
recovery. The decay time for recovery of GABA-gated current was reduced by a mean 
84±9.1% (P<0.01) after hormone wd in pseudopregnant rats, τ=978.7±1.14 msec, vs. 
τ=6043.7±1247.3 msec, control. Similar decreases were seen after 3α,5α-THP wd from P 
implants. Administration of α4 antisense, but not missense, oligodeoxynucleotide 
intraventricularly ( 1 µg/day, 1µl/hour in BSA-saline) for 72 hrs prevented the decrease in 
decay time constant observed following 3α,5α-THP wd, suggesting that the increase in 
this subunit also observed after 3α,5α-THP wd may produce the decrease in decay time 
for GABAA-gated current. The resulting reduction in total GABAA-gated current may 
underlie the increase in anxiety and seizure susceptibility observed during times of 
endogenous 3α,5α-THP wd, such as pre-menstrual and post-partum periods. (Supported 
by ROl-DA- 09618 and AHERF to SSS)

402.9
CHRONIC FLURAZEPAM TREATMENT RESULTS IN A REDUCTION IN 
HIPPOCAMPAL CA1 PYRAMIDAL CELL GABAa RECEPTOR-MEDIATED 
mIPSC AMPLITUDE AND IN TOLERANCE TO ZOLPIDEM, WHICH CAN BE 
REVERSED BY A SINGLE FLUMAZENIL INJECTION. X.J. Zeng* and E.I. 
Tietz. Dept. of Pharmacology, Medical College of Ohio, Toledo, OH 43614, USA 

We have shown that 1 week flurazepam (FZP) treatment (100 mg/kg X 3 days; 
150 mg/kg X 4 days in .02% saccharin water, PO) is associated with 
benzodiazepine (BZ) tolerance in vivo and in vitro, results in decreased GABAA 
receptor (GABAR)-mediated evoked, spontaneous and miniature (m) IPSC 
amplitude and a localized reduction in GABAR α 1 subunit mRNA and protein 
expression in the CA1 region. The functional effect of altering α 1 subunit 
expression in CA1 pyramidal cells was evaluated in whole-cell studies by the 
ability of the α 1-selective imidazopyridine, zolpidem (ZOL) to potentiate mIPSC 
amplitude and decay. Two days after FZP treatment, mIPSCs were recorded [6-10 
MΩ micropipettes filled with (in mM): 130 CsCl, 1.0 EGTA, 0.5 CaCl2, 2.0 
MgCl2, 2.0 ATP, 10.0 HEPES, pH 7.2 @ 22°C] in hippocampal slices during 
superfu sion of ZOL (30 nM-100 µM). In vitro tolerance was shown by a 
significantly decreased effect of ZOL to concentration-dependently prolong mIPSC 
decay in control (n=7) vs. FZP-treated cells (n=7). The effect o f ZOL to increase 
mIPSC amplitude (100 µM: l56 .7±14.7%) suggested that GABA may not saturate 
CA1 synapses under these conditions. Other FZP-treated rats were injected with 
the BZ antagonist, flumazenil (FLM, 4 mg/kg, IP) or vehicle, 24 hr prior to 
sacrifice. FLM had no effect on control mIPSC amplitude or decay. The effect of 
FZP treatment to reduce mIPSC amplitude was reversed by FLM [CON/VEH: - 
20 .7±4.3 pA (8 cells); CON/FLM: -24.5±5.4 pA (7 cells); FZP/VEH - 10.9±1.4 pA 
(10 cells); FZP/FLM: l7 .5± l.7  pA (12 cells)]. Preliminary data suggest reversal of 
tolerance to zolpidem (1 µM) potentiation. FLM reversal appears an universal 
phenomenon associated with in vivo and in vitro models o f BZ tolerance. Support: 
NED A grants R01-DA04075 and K02-DA00180.

402.6
SELECTIVE SEROTONIN REUPTAKE INHIBITOR-INDUCED 
ALTERATIONS IN 3α-HYDROXYSTEROID DEHYDROGENASE ACTIVITY

Neurology, and 2 Reproductive Endocrinology Center and Department of 
Obstetrics and Gynecology, University of California, San Francisco; San 
Francisco,CA 94143.

The neurosteroid 3α-hydroxy-5α-pregnan-20-one (allopregnanolone) has 
been shown to act as a positive allosteric modulator of gamma-aminobutyric 
acid (GABA) at GABAA  receptors, and has been shown to be a powerful 
anxiolytic and anesthetic agent. Synthesis occurs through the action of 
3α-hydroxysteroid dehydrogenase (3α-HSD) from a progesterone 
derivative, 5α-dihydroprogesterone. Using RT-PCR and RNase protection 
assays, we have established the presence of several isoforms of this 
enzyme in human brain, including a new isoform cloned from human fetal 
brain tissue. This new isoform possesses 99% identity with the type 2 
3α-HSD expressed in human liver. These isoforms were overexpressed in
E.coli and purified. We tested the ability of several members of the 
selective serotonin reuptake inhibitor (SSRI) family, fluoxetine and 
paroxetine, to interact directly with and modify the action of 3α-HSD in 
formation of allopregnanolone in vitro. We show a direct effect of fluoxetine 
and paroxetine on the interconversion of 5α-dihydroprogesterone and 
allopregnanolone. Alterations of this kind may explain the rapid alleviation 
of the anxiety and dysphoria by these compounds associated with late 
luteal phase dysphoria disorder and major unipolar depression.

Support by NIH grants NS01979, HD27970, and grants from Alzheimer’s 
Association and National Niemann-Pick Foundation.

402.8
PROGESTERONE WITHDRAWAL REDUCES PAIRED-PULSE INHIBITION OF 
CA1 PYRAMIDAL CELLS IN RAT HIPPOCAMPAL SLICE F.-C. Hsu*. R.S. 
Markowitz and S.S. Smith. Dept, o f Neuro.and Anat., AUHS., Phila., PA 19129.

Ongoing studies (Smith et al., Nature 1998) from this laboratory have demonstrated that 
withdrawal from chronic administration of progesterone (P) produces decreases in the 
decay time constant for GABAA-gated current using whole cell patch clamp techniques on 
acutely dissociated pyramidal cells from CA1 hippocampus. The purpose of the present 
study was to test the hypothesis that decreases in total integrated GABAA-gated current 
observed at the level of the pyramidal cell would be manifested as reduced GABA 
inhibition at the synaptic level. Towards this end, we evaluated paired-pulse inhibition 
(PPI) of pyramidal neurons in CA1 hippocampus using extracellular recording techniques 
in hippocampal slices from rats at 24 hrs withdrawal from P or vehicle. Rats were 
administered P via s.c. capsule (crystalline P, 10 mm/100 g/body wt.) for three weeks 
using a multiple withdrawal paradigm. Ths population spike (PS) was recorded at the 
stratum pyramidale following homosynaptic orthodromic stimulation in nearby stratum 
radiatum. Stimulation trains were 1x-20x threshold, 10 msec apart. Orthodromic 
thresholds for evoking single and multiple PS were decreased in CA1 hippocampus after P 
wd (P<0.05). Evaluation of paired-pulse responses also showed a significant reduction in 
PPI for PS recorded in slices after P wd (ratio of PS amplitude: 0.972, P wd, vs. 0.737, 
control, at a stimulation 5X threshold, P<0.05, n=5-12 cases). Following P withdrawal, 
increases in PPI by the benzodiazepine lorazepam (10 µM) were prevented (ratio of PS 
amplitude: 0.936, Pwd, vs. 0.630, control, P<0.05), consistent with our previous findings. 
In addition, pentobarbital ( 10µM)-enhancement of PPI was almost two-fold greater 
following P wd compared to control (P<0.01). The present results demonstrating a 
reduction in PPI following P wd suggest that decreases in GABAergic recurrent inhibition 
occur at the synaptic level following P wd in female rats. The pharmacological profile of 
GABA-modulation observed is also consistent with our previous findings, which suggest 
that decreases in GABAA-mediated inhibition following P wd may result from 
corresponding increases in the α4 subunit of the GABAA receptor. (Supp. by ROl -DA- 
09618 and AHERF grants to SSS)

402.10
GABAA RECEPTOR-MEDIATED BENZODIAZEPINE TOLERANCE IS 
ASSOCIATED WITH REGULATION OF α l  AND ß3 SUBUNIT PROTEINS IN 
HIPPOCAMPAL PYRAMIDAL CELL REGIONS AND CAN BE REVERSED BY 
A SINGLE FLUMAZENIL INJECTION. S.M. Lilly*. S. Chen and E.I. Tietz. 
Dept. of Pharmacology, Medical College of Ohio, Toledo, OH 43614, USA.

Benzodiazepine(BZ) tolerance at the GABAA receptor (GABAR) is marked by 
uncoupling between GABA and BZ sites, and hippocampal downregulation of α l  
and ß3 subunit mRNA and protein 0 days after 1 week flurazepam (FZP) treatment. 
We hypothesized that differential regulation o f specific GABAR subunits in discrete 
brain areas e.g. the hippocampal CA1 region, is one mechanism by which tolerance 
is established. FZP (100 mg/kg X 3 days; 150 mg/kg X 4 days) was offered in
0.2% saccharin water. Control rats received only saccharin water. Hippocampal α l  
and ß3 subunit protein levels were evaluated 2 days after FZP treatment for 
comparison with in vitro functional measures of tolerance and the reversal capacity 
of flumazenil (FLM), a BZ antagonist. FLM (4 mg/kg, EP) or vehicle were injected 
24 hr before saline perfusion. Post-fixed sections (20 µm) were immunostained 
with specific α l  or ß3 subunit antibodies (W. Sieghart). Quantitation of 
immunostaining density was performed with NIH image software (Huang et al., 
1996). α l  subunit staining significantly (p< .02) decreased in CA1 st. oriens (-16%), 
st. pyramidale (-12%) and st. radiatum (-10%) whereas ß3 immunostaining density 
significantly (p< .05) increased in CA3 st. oriens (+9%) and st. radiatum (+8%) 2 
days after ending FZP treatment. Both subunit changes were reversed by FLM 
injection. Restoration of α l  protein levels were consistent with FLM’s capacity to 
restore GABAR function, i.e CA1 pyramidal cell mIPSC amplitude in BZ tolerant 
rats and reverse in vitro tolerance to the α l -selective agonist, zolpidem (Zeng and 
Tietz, Soc. Neurosci. Abstr., 1998) These findings further demonstrate the 
centrality of GABAR subunit regulation to BZ tolerance. Support: NIDA grants 
R01-DA04075 and K02-DA00180.
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402.11
SYNAPTICALLY RELEASED NEUROTRANSMITTER FAILS TO DESENSITISE 
POSTSYNAPTIC GABAA RECEPTORS IN CULTURED CEREBELLAR GRANULE 
CELLS J.R. Mellor, W. Wisden* & A.D. Randall. Neurobiology Division, MRC- 
Laboratory o f Molecular Biology, Cambridge, CB2 2QH, UK.

Desensitisation o f GABAA receptors plays an important role in shaping the 
waveform o f IPSCs and may also contribute to activity-dependent synaptic depression 
at GABAergic synapses (Jones and Westbrook, 1996, TINS 19, 96-101). Following the 
release of the contents of a single presynaptic vesicle, the concentration o f GABA in the 
synaptic cleft is thought to transiently reach 1 mM before decaying to baseline levels 
over about 2-5 ms. As reported in other systems, agonist challenges designed to mimic 
the temporal profile o f  transmitter at the synapse produced significant desensitisation of 
somatic GABAa receptors in cultured mouse cerebellar granule cells. This indicates that 
synaptic GABAa receptors in these cells may become desensitised in response to 
synaptic activity. To test this hypothesis we adopted the single synapse stimulation 
protocol o f Liu and Tsien (1995, Nature 375,404-408). Functional synaptic boutons 
were stained with the fluorescent dye FM1-43 (1 min 10 µM in 85 mM K+, 5 min 
wash). Whole-cell patch clamp recordings were made from granule cell bodies in the 
presence o f TTX (1 µM), CNQX (5 µM) and 0.2 mM extracellular Ca2+. Release was 
evoked from single FMl-43-labelled GABAergic boutons using 1-2 s duration local 
applications o f  a solution containing 85 mM K+/2mM Ca2+. Such stimuli routinely 
produced bursts of a number o f bicuculline-sensitive mIPSCs. For each stimulus at each 
synapse (n=15) we compared the amplitude of the first mIPSC with the mIPSC arising 
over the following 1.5 s. Such data indicated that no homosynaptic decrease in mIPSC 
amplitude was produced by as many as 20 prior synaptic events occurring within 1 s. 
These data indicate that the GABAA receptor complement at granule cell synapses is 
highly resistant to desensitisation. An alternative possibility is that substances which 
induce less desensitisation (e.g. ß-Alanine or Taurine), rather than GABA, act as the 
transmitter at these synapses.
Supported by the Medical Research Council

PEPTIDES; BIOSYNTHESIS, METABOLISM AND BIOCHEMICAL CHARACTERIZATION I

403.1
GENE EXPRESSION OF PROHORMONE CONVERTASES, α-A M ID A TIN G  
ENZYME AND 7B2 IS REGULATED BY A PHYSIOLOGICAL STIMULUS IN

GENE EXPRESSION IN IDENTIFIED 
Sm it1*, H.E. Sharp-Baker2, E.R. Van

_______________________________________ ,M. G eraerts1, 1D ept. o f M olecular
Neurobiology, Graduate School Neurosciences Amsterdam, Research Institute 
Neurosciences Vrije Universiteit, Faculty of Biology, De Boelelaan 1087, 1081 HV 
Amsterdam, The Netherlands, and 2Dept. of Neurobiology and Behavior, Cornell 
University, Ithaca, NY 14853, USA.

The biosynthesis of structurally diverse peptides can be regulated in many ways. 
For instance, different post-translational processing events are responsible for the 
generation of bioactive peptides from precursor proteins. Using (quantitative) in situ 
hybridization, we first demonstrated that different ratios of processing enzymes, such 
as prohormone convertases (PC2, and furins), and the α-amidating enzyme, as well as 
the PC2-associated protein 7B2, are involved in the synthesis of neuropeptides in 
identified Lymnaea neurons. We then addressed the question whether the type and rate 
of post-translational modifications of peptides can be regulated in accordance with the 
physiological demand. We investigated the regulation of gene expression of the 
different processing enzymes and 7B2 by a physiological stimulus, i.e. a sensory 
stimulus (clean water), which leads to egg laying. Egg laying is initiated by the 
electrical activity of the egg-laying hormone producing neurons, leading to massive 
neuropeptide release, and subsequently to the stereotype egg-laying behavior and egg- 
mass deposition. The clean-water stimulus was shown to induce gene expression of 
the egg-laying hormone precursor. This induction of gene expression is co-regulated 
with that o f the enzymes and 7B2 that are all involved in biosynthesis of 
neuropeptides from the egg-laying hormone precursor. Whereas neuropeptide gene 
expression is enhanced up to six hours after egg laying, resulting in a rise of both 
somal and axonal mRNA, gene expression of the various processing enzymes and 
7B2, of which the presence is restricted to the soma, are down-regulated more rapidly 
after induction. The concerted induction of transcription of prohormone and processing 
genes indicates that in addition to release, also de novo synthesis o f signalling 
molecules is regulated in a strict stimulus-dependent fashion.

403.2
CHARACTERIZATION OF NEUROPEPTIDE Y IMMUNOREACTIVITY IN THE 
BRAIN AND PERIPHERAL TISSUES OF THE MOUSE
E. Grouzmann*1, A. Beck-Sickinger2, H. Imboden3 1Division of hypertension, 
Lausanne Univ. Hospital, Switzerland; 2 Department Pharmazie ETH, Zuerich, 
Switzerland; 3 Division of Neurobiology, Berne Univ., Switzerland

Neuropeptide Y (NPY) is a 36 aminoacid peptide that derives from a large 
precursor, proNPY, by a series of posttranslational modifications; the prohormone 
convertases give NPY1-39, then an enzymatic cascade generates NPY1-37 and the 
am idated biologically active NPY. We have develop ed specific sandwich  
ELISA’s to measure proNPY and NPY1-36 content in tissues and compare these 
measurements with those obtained by using a RIA that did not cross-react with 
peptideYY or pancreatic polypeptide but cannot discriminate between NPY 
fragments (NPY ir). In addition, the same monoclonal antibody that served for the 
RIA has been used with the same punched tissues for immunocytochemistry. 
Depending on the tissue, NPY levels ranged from 5 (liver) to 13000 (PVN) 
attomoles /µ g  protein whereas proNPY levels ranged from 10 (stomach) to 39030 
(adrenal) attomoles /µ g  protein. NPYir levels are in some cases identical (cortex, 
hippocampus, cerebellum, spleen, kidney) and can be up to 10 fold higher than the 
addition of NPY+proNPY concentrations (hypothalamus, PVN, adrenal, bladder, 
striatum). The NPY/NPY+proNPY ratio ranged from 3% in adrenal to 85 % in 
hypothalamus. Immunohistochemistry parallels with the determination of NPY 
content in tissues. In conclusion, the efficiency of proNPY processing is tissue 
dependent; NPY formation being more abundant in areas of the brain where NPY 
exhibits physiological functions such as hypothalamus. In contrast; the adrenal 
medulla contains essentially proNPY whose function is still unknown. The very 
high NPYir levels found in PVN and adrenal may account for unamidated glycine 
extended forms of NPY (NPY1-37 or NPY1-39)
This work was supported by grants from the Swiss National Science Foundation No 
3143169.95 and 3140860.94

ACCORDANCE WITH NEUROPEPTIDE 
LYMNAEA NEURONS. S. Spijker1, A .B. 

1 J. Van Minnen1, and W.P.M. Geraerts1. 

403.3
ISOFORMS OF α1-ANTICHYMOTRYPSIN IN NEUROSECRETORY 
VESICLES DISPLAY SPECIFICITY FOR TARGET PROTEASES: ROLE 
IN PEPTIDE NEUROTRANSMTITER BIOSYNTHESIS. S.R. Hwang*. B. 
Steineckert, C. Sei, T. Toneff, and V.Y.H. Hook. Dept. of Medicine, Univ. of  
Calif., San Diego, La Jolla, CA.

Enkephalins and many peptide neurotransmitters are synthesized as 
precursors that must undergo proteolytic processing to form active 
neuropeptides. Processing is regulated, since, for example, proenkephalin 
(PE) in adrenal medulla undergoes limited processing but is extensively 
processed in brain, suggesting regulation by endogenous protease inhibitors. 
The protease inhibitor α 1-anti-chymotrypsin (ACT) was detected by 
immunoblots in neurosecretory vesicles of chromaffin cells, which express 
PE and its processing enzymes. Molecular cloning revealed two unique 
isoforms of ACT cloned from bovine adrenal medulla (AM) and liver (L2) 
cDNA libraries. Both AM and L2 ACTs were expressed in adrenal medulla 
and pituitary neuroendocrine tissues; AM ACT mRNA expression was 
neuroendocrine-specific. Specific antibodies showed that AM and L2 forms 
of ACT were present within secretory vesicles, and that both were co-secreted 
from chromaffin cells with enkephalin upon KCl depolarization, indicating 
release from secretory vesicles. The reactive site loop (RSL) domains of 
these ACT isoforms suggested different target proteases. The AM ACT was 
predicted to inhibit proteases cleaving at Arg (PI residue of RSL), and the 
L2 ACT was predicted to inhibit proteases with specificity for Ser (PI). N- 
His-tagged recombinant AM ACT inhibited the endogenous PE processing 
enzyme known as ‘prohormone thiol protease’ (PTP); the L2 ACT was a 
less effective inhibitor. The AM ACT inhibits trypsin which cleaves at Arg 
residues, but it does not inhibit chymotrypsin, elastase or subtilisin. In 
contrast, the L2 ACT inhibits chymotrypsin, elastase, and subtilisin; but the 
L2 ACT does not inhibit trypsin. These results indicate that protease- 
specific isoforms of ACT in neurosecretory vesicles may regulate the 
production of enkephalins or peptide neurotransmitters. (NINDS, NIH)

403.4
IMMUNOCHEMICAL AND FUNCTIONAL LOCALIZATION OF THE 
PROENKEPHALIN PROCESSING ENZYME ‘PROHORMONE THIOL 
PROTEASE’ (PTP) TO REGULATED SECRETORY VESICLES OF 
CHROMAFFIN CELLS. V.Y.H. Hook*1, S. Noctor2, C Sei1, T. Toneff1, S. 
Yasothomsri kul1, M. Byrne1, and Ÿ-H . Kang3. 1Dept. of Medicine, Univ. of 
Calif., San Diego, La Jolla, CA; 2Dept. of Biochem., Unifomed Services 
Univ., Bethesda, MD; 3Naval Medical Research Institute, Bethesda, MD.

Production of enkephalins and peptide neurotransmitters requires 
proteolytic processing of precursor proteins, which occurs primarily within 
secretory vesicles. To identify the major proenkephalin (PE) cleaving 
protease(s), we previously purified the cysteine protease known as 
‘prohormone thiol protease’ (PTP) from secretory vesicles of adrenal 
medulla (chromaffin granules) which contain PE-derived peptides. In this 
study, the localization of PTP within secretory vesicles was examined with an 
effective antibody generated against PTP, utilizing immunochemical 
approaches. The antibody was generated to a synthetic peptide 
corresponding to the determined peptide sequence at the NH2-terminus of 
PTP. The antibody immunoprecipitated PTP activity, indicating recognition 
of the enzyme. Western blots demonstrated the presence of 33 kDa PTP in 
chromaffin granules, with equivalent levels of PTP in vesicular soluble and 
membrane components. PTP was present in adrenal medulla, pituitary, and 
brain neuroendocrine tissues. Immunoelectron microscopy (immunoEM) 
demonstrated PTP immunoreactivity within isolated chromaffin granules. 
Moreover, the intact, homogeneous population of granules contain 
(Met)enkephalin, by immunoEM. The discrete pattern of PTP and 
enkephalin immunofluorescence in neuritic extensions and cytoplasmic 
regions of chromaffin cells, is consistent with secretory vesicle localization. 
Moreover, co-secretion of PTP and (Met)enkephalin from chromaffin cells 
occured upon KC1 depolarization in a calcium-dependent manner. These 
results demonstrate that PTP is localized to regulated secretory vesicles, a 
major site of PE and pro-neuropeptide processing. (NINDS & NIDA, NIH)

Society for Neuroscience, Volume 2 4 ,1998



1014 PEPTIDES: BIOSYNTHESIS, METABOLISM AND BIOCHEMICAL CHARACTERIZATION I TUESDAY AM

403.5
SKI-1: A NOVEL SUBT1L1SIN-KEXIN-L1KE ISOZYME INVOLVED IN ALTERNATE 
LATE INTRACELLULAR PROCESSING OF PRECURSOR PROTEINS. N.G. Seidah,1 
S.J. Mowla.2 A. Basak,3,4 B. Touré,1 S. Munzer.1 M. Zhong,1 J. Hamelin,1 M. Mamarbachi,1 
D, Savaria,3 O. Théberge,3 J. Marcinkiewicz,3 C. Lazure,4 R.A. Murphy,2 S. Benjannet,3 
M. Chrétien3* and M. Marcinkiewicz3, 1,3,4IRCM, Laboratories of 1Biochemical, 3Molecular 
Neuroendocrinology & 4Neuropeptides Structure and Metabolism. Montreal, Qc H2W 1R7. 
2Centre for Neuronal Survival, MNI, McGill Univ. Montreal, Qc H3 A 2B4, Canada.

Processing within the general R-X-(K/R)-R↓ motif by one or more of the 7 known 
members of the proprotein convertase family of subtilisin-kexin-like Ca2+-dependent serine 
proteinases generates active 13-14 kDa neurotrophic factors from their inactive 33-35 kDa 
precursors proNGF, proBDNF and proNT-3. Such cleavage, which is inhibitable by the 
serpin αl-PDX, occurs within the trans Golgi network (furin processing of proNGF and 
proNT-3) or within immature secretory granules (PC1 cleavage of proBDNF). However, 
another class of precursors (e.g., proANF and proEGF, α-secretase cleavage of ßAPP) are 
known to be processed at the cell surface or during exocytosis. Using degenerate 
oligonucleotides derived from the active site residues of subtilisin-kexin-like serine 
proteinases and RT-PCR, we identified a conserved human, rat and mouse sequence which 
was called "SK1-1", Computer data bank searches revealed that human SKI-1 was previously 
cloned but no function was ascribed to it. Herein we present recent results on the cellular 
expression of SKI-1, its tissue distribution and its subcellular localization. The available in situ 
hybridization and immunohistochemistry revealed that SKI-1 exhibits a very wide tissue and 
cellular expression. Within the nervous system, SKI-1 is expressed in neurons such as in 
cortex and hippocampus, as well as in glia. Biosynthetic analyses of the cellular routing and 
cleavage specificity of SKI-1 revealed that it processes proBDNF beyond the TGN into a 28 
kDa product similar to that detected late in pulse-chase analyses of hippocampal cultures. 
Such cleavage is not inhibitable by αl-PDX. Data will be presented on the unique sequence 
motif recognized by this new class of subtilisin-like proteinases and novel zymogen activation 
mechanism of proSKI-1. (Supported by MRC Canada)

403.7
EVIDENCE FOR CGRP-1 RECEPTORS IN HUMAN CRANIAL ARTERIES
I. Jansen-Olesen1*, A.Sams1, S. Gulbenkian3, L. Edvinsson2, 1Department of 
Pharmacology, The Royal Danish School of Pharmacy, 2100 Copenhagen 0 , 
Denmark, 2Department of Internal Medicine, University Hospital, Lund Sweden, 
3Department f Cell Biology, Gulbenkian Institute of Science, Oeiras, Portugal.

Calcitonin gene-related peptide (CGRP) one of the most potent vasodilators 
known today, has been shown to be released from perivascular sensory neurons during 
a migraine attack. We have in the present study used a range of different techniques in 
order to show the presence of binding sites to and effect of the CGRP-1 receptor in 
human cranial arteries.
Bands corresponding to the expected position of specific messenger RNAs (mRNA) 
encoding the CGRP-1 receptor was detected upon electrophoresis of the RT-PCR 
product from human cranial arteries.
[ i25I]-CGRP binding was performed in absence and presence of unlabelled human α- 
CGRP. An intense binding was observed over the smooth muscle cell layer of both 
arteries. In control sections the [l25I]-CGRP labelling was low and homogeneously 
distributed over the vessel wall.
Studies of vasomotor activity in vitro showed, that human α-CGRP induced a strong 
relaxation amounting to 9 1+2%, 92+4% and 87+5% in prostaglandin F2α (3x10-6 M) 
pre-contracted cerebral, meningeal and temporal arteries, respectively. The pD2 was in 
the cerebral artery 9.89+0.25 (n=20), in the meningeal artery 8.76+0.37 (n=8) and in 
the temporal artery 9.11+0.40 (n=6). Blockade experiments using the CGRP-1 
selective antagonist human α-CGRP8-37 shifted the concentration-response curves 
towards higher agonist concentrations. Pre-treatment with 10-6M human α-CGRP8-37 
inhibited relaxation induced by capsaicin (10-15 -1 0 -8 M).
Human α-CGRP increased the cyclic AMP content of human cerebral arteries in a 
concentration dependent manner that was blocked by human α-CGRP8-37.
Conclusion: The results clearly indicate the presence of a CGRP-1 receptor located to 
the smooth muscle cells that is coupled to adenylyl cyclase in human cranial arteries.

403.9

A GLUTAMATE RESIDUE CONTRIBUTES TO THE EXOPEPTIDASE 
SPECIFICITY IN AMINOPEPTIDASE A. G. Vazeux, X. Iturrioz. P. Corvol and 
C. Llorens-Cortès*. INSERM Unite 36 - Collège de France - 3, rue d ’Ulm 
75005 Paris-France.

Aminopeptidase A (EC 3.4.11.7, APA) is a 130 kDa membrane-bound 
aminopeptidase that contains the consensus sequence HEXXH (385-389) found 
in the zinc metalloprotease family: the zincins. Sequence alignment of the 
mouse APA with other monozinc aminopeptidases indicates the presence of a 
highly conserved glutamate (Glu-352 in APA) found in the conserved motif 
GAMEN (349-353). In monozinc aminopeptidases, the negative charge of the 
glutamate side chain carboxylate may constitute the anionic binding site 
involved in the recognition of the free amino group of substrates or inhibitors. 
The functional role of Glu-352 in APA was investigated by substituting this 
residue with an aspartate (Asp-352), a glycine (GIy-352), a glutamine (GIn- 
352) or an arginine (Arg-352) by site-directed mutagenesis. Kinetic studies 
showed that the Km values of the mutant enzymes were unaffected, whereas 
kCat values were decreased 10 to 250-fold, resulting in a 10, 30, 260 and 400- 
fold reduction in cleavage efficiencies for the mutants Asp-352, Gly-352, Gln- 
352 and Arg-352, respectively. The inhibitory potency of two different classes 
of inhibitors, a thiol and a phosphonate inhibitor was significantly (p<0.05) 
decreased by 10 and 4-fold, respectively, in the mutated enzymes. Moreover, 
the inhibitory potency of angiotensin I, used as a competitor of the synthetic 
substrate α-L-glutamyl-ß-naphthylamide, displayed a 4-fold reduction (p<0.01) 
in the mutated enzymes, whereas the Ki values of its N-acetyl derivative were 
unchanged. These data strongly suggest that Glu-352 is involved in the 
catalytic process of APA, and contributes to the exopeptidase activity of this 
enzyme through interaction with the N-terminal part of substrates or inhibitors.

403.6
IV IPS: AN IN VIVO  M ETH O D  T O  ID E N T IFY  TH E  SUBSTRATES 
O F A SIT E  S P E C IF IC  PR O TEA SE. Joseph F. Lawler. Jr,1* and Solomon H, 
Snyder The Johns Hopkins University, School of Medicine Departments of 
Neuroscience1, Pharmacology, and Psychiatry, Baltimore, MD 21205

Site specific proteolysis is an integral part of cellular homeostasis, necessary for the 
correct processing of secreted proteins, remodeling o f the extracellular matrix and for 
the execution of programmed cell death. To date, it remains difficult to identify in 
vivo substrates of a protease. To address this problem, we have developed a genetic 
system through which the substrates of a site specific protease can be identified. 
Similarly, substrates can be used as a probe to identify their cognate proteases. 
Because it relies on in vivo processes, this system can be readily modified to a high 
throughput screen format that simultaneously assesses a molecule’s ability to cross 
biological membranes and its ability to inhibit a protease.

We chose the human cytomegalovirus protease as a model system in which to 
demonstrate the feasibility of this approach. The advantage of using human 
cytomegalovirus protease is that it can be expressed at high levels in mammalian cells 
without overt toxicity and that it has a unique site preference of alanine-serine bonds. 
To assess proteolytic activity, we engineered a heterologous substrate into a reporter 
protein in such a way that proteolysis of the heterologous substrate lead to an 
attenuation of the reporter protein’s output. Mutation studies about the scissile bond 
confirm the specificity of cleavage as these variants were not cleaved by the protease.

The reporter construct was transfected into mammalian cells in the presence or 
absence of co-transfected protease. Reporter construct output was attenuated 75-100 
fold in the presence of co-transfected protease. Mutated substrates have the same 
output as wild type substrate however, their output is not attenuated with cotransfected 
protease. Cells transfected with substrate alone had an output 1,500 times greater than 
background. These results demonstrate that this assay is a sensitive and specific means 
of assessing proteolytic activity. Further work will emphasize the generalization of 
this system to library screening.
USPHS grant MH-18501, Research Scientist Award DA-00074 (S.H.S.), Training 

Grant GM-07309 (J.F.L.)

403.8
IN  VIVO MICRODIALYSIS/MICRO-ELECTROSPRAY MASS 
SPECTROMETRY METHODS IN THE STUDY OF NEUROPEPTIDE 
METABOLISM
Per E. Andrén*, Em m y Jäverfalk, Rebecka Bennm arker, Ulrica Eriksson, Fred 
Nyberg, U lf Bondesson. D ep t. o f Pharmaceutical Biosciences, Uppsala 
University, PO  Box 591, SE-75124 Uppsala, and D ep t. o f  Chemistry,
N ational Veterinary Institute, PO  Box 7073, SE-75007 Uppsala, Sweden.

In the present experiments we have used in vivo microdialysis in order to 
study the metabolism o f  neuropeptides in the brain o f  rats and marmoset 
monkeys. An ultra-high sensitive micro-electrospray mass spectrometry- 
technique was used for the detection o f attom ole levels o f neuropeptides in the 
basal ganglia from microdialysis perfusates. Microdialysis samples were desalted 
and preconcentrated on a capillary nano-LC C 18 (50 µm id.) colum n (fl ow 
rate 300 nL/m in) and then eluted directly into the mass spectrom eter via the 
electrospray interface. T he detection lim it o f  peptides through this system was 
in the lower attom ole level. Using this technique we have analyzed endogenous 
neuropeptides, e.g. substance P (SP) and SP1-7 as well as neurotensin and 
L W -h em o rp h in -7 . N europeptides were also infused through a microdialysis 
probe and m etabolized in vivo, i.e. the microdialysis probe was used to both 
deliver the peptide into the brain as well as collect the degradation products. It 
is concluded that the com bination o f microdialysis and mass spectrometry 
provides a powerful technique to characterize neuropeptides in vivo.

This study was supported by the Swedish M R C  grant #11565.

403.10
C-MYB TRANS-ACTIVATES THE TRANSCRIPTION OF 
AUTOCRINE GROWTH FACTOR GENES IN SMALL CELL 
LUNG CANCER. Matthew P. Rounseville* and Thomas P. Davis. 
Department of Pharmacology, College of Medicine, The University of 
Arizona, Tucson, AZ 85724.

Small cell lung cancer (SCLC) and other neuroendocrine tumors are 
characterized by the expression of autocrine growth factors such as 
bombesin/gastrin-releasing peptide (BN/GRP) and neurotensin (NT) which 
bind to cellular receptors and stimulate cell division. These growth factors 
are not expressed in normal adult lung epithelium or in non-small cell lung 
cancers. The mechanism by which autocrine growth factors are activated in 
SCLC is unknown. The myb oncogene, a transcriptional activator, is also 
expressed in SCLCs, however, it is not known which genes the myb protein 
acts upon in SCLCs. To investigate whether c-myb trans-activates the 
expression of autocrine growth factors in SCLCs, we transfected a myb 
expressing plasmid into two classical SCLC cell lines, then assayed for the 
expression of GRP and NT mRNA. Our experiments indicate that GRP 
and NT are trans-activated by c-myb in SCLC cell lines.

Research funded by the Arizona Disease Control Research Commission, 
ID No. 1-046.
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404.1
α-LATROTOXIN STIMULATES VESICLE EXOCYTOSIS VIA PLC AND 
REQUIRES BOTH EXTERNAL AND STORED Ca2+. Y.A. Ushkaryov*. B.A. 
Davletov. A.C. Ashton, and J.O. Dolly. Biochemistry Dept., Imperial College, London 
SW7 2AY, UK

We studied secretion of norepinephrine from rat brain synaptosomes triggered by α- 
latrotoxin (LTX). The Ca2+-dependent action o f LTX is potently inhibited by 
botulinum neurotoxins C and D. This exocytotic release is ~ 10 times more sensitive to 
external Ca2+ than secretion triggered by depolarisation, suggesting that LTX increases 
the terminal sensitivity to external Ca2+. Surprisingly, in the absence of Mg2, the Ca2 - 
dependent LTX-evoked secretion does not require Ca2+ entry into nerve terminals. This 
mechanism, however, depends on internal stored Ca2+ because it is specifically 
blocked by drugs depleting intracellular Ca2+ stores and by U73122, which inhibits the 
mobilisation of stored Ca-+ by phospholipase C (PLC). These results are consistent 
with the fact that the LTX receptor, latrophilin, is G protein-coupled and regulates 1P-, 
production. The toxin stimulates norepinephrine release in EGTA too. but then its 
action is greatly reduced. In contrast to the Ca2+-dependent exocytosis. botulinum 
neurotoxins do not affect the Ca2+-independent LTX-stimulated release, which is. 
therefore, SNARE-independent. This leakage occurs through a pore induced by LTX 
in the plasma membrane. This pore allows for a fast exchange o f cytoplasmic (D- 
aspartate) and extracellular (Ca2+ and FITC) small solutes. Vesicular norepinephrine 
slowly leaks from vesicles into the cytoplasm and then quickly escapes through the 
pore. Reserpine enhances this process by blocking vesicular monoamine transporter. 
Latrophilin mediates both the Ca2+-dependent and -independent LTX activities because 
neurexin lα does not contribute to the toxin binding at the majority of brain synapses 
even in the presence o f Ca2+. Our results suggest that 1) vesicle exocytosis stimulated 
by LTX depends upon the co-operative action o f external and intracellular Ca2+ . a 
mechanism that involves G proteins and PLC; 2) in the absence of Ca2+ LTX induces 
a pore, through which substances leak out of the cytoplasm; 3) in the presence of Ca2+. 
both these processes take place; 4) the pore is an intrinsic protein o f the presynaptic 
membrane. (Supported by Wellcome Senior European Resea ch Fellowship to Y.A.U.D

404.2
CIRL, a novel neuronal α-latrotoxin-binding protein is an orphan G-protein-coupled 
receptor with unusual two-subunit structure. A.G. Petrenko1’2*. V. Krasnoperoy1.
O. Chepumy1 and K. Ichtchenko1. 1Dept. of Pharmacology, 2Dept. of Physiology 
and Neuroscience, New York Univ. Med. Sch.; New York, NY 10016 

Stimulation of neurotransmitter release by α - latrotoxin, a Black Widow Spider 
neurotoxin, involves high-affinity binding of the toxin to two classes of neuronal 
cell-surface receptors - neurexins and CIRL (calcium-independent receptor of α -  
latrotoxin). CIRL is a novel orphan G-protein-coupled receptor, a member of the 
secretin receptor family with unusual structural features. In contrast with most 
known serpentine receptors, CIRL consists of two non-covalently bound subunits, 
p120 and p85. These subunits result from endogenous proteolytic processing of the 
CIRL precursor polypeptide consisting of 1471 amino acid residues. The p120 
subunit which is the N-terminal part of the precursor is located extracellularly and 
does not contain any potential transmembrane regions, whereas p85 resembles a 
typical G-protein-coupled receptor with seven hydrophobic helices and a small 
extracellular domain. Most of pl2O is complexed with p85, an integral membrane 
protein, and therefore is associated with the membrane. Yet, a significant portion of 
pl2O is found in the soluble fraction of brain proteins. The soluble form of pl2O 
binds α-latrotoxin and has been identified by Western blotting with anti-p120 
antibodies. In membrane preparations, p120 slowly dissociates from p85 which may 
explain its presence in the soluble fraction. In parallel with p120 depletion, the 
density of α-latrotoxin-binding sites in the membranes decreases. The primary 
binding site of α-latrotoxin is located in the pl2O subunit and we have used a series 
of p120 deletion mutants to localize it more precisely. Interestingly, α-latrotoxin- 
binding affinity of either recombinant or soluble brain p120 which is not complexed 
with p85 is at least 20-fold lower than the affinity of CIRL in brain membranes. 
Hence it is possible that the presence of p8S additionally stabilizes the complex of 
α-latrotoxin with CIRL. On the basis of these findings, we hypothesize that at 
least a portion of α-latrotoxin effects could be explained by its binding to the 
membrane-associated p120 subunit of CIRL followed by the p85-mediated signaling 
which involves G-protein.
Supported by R01-NS35098 and R01-NS34937 from NINDS, NIH (to A.G.P.)

404.3
MECHANISMS OF RAB3A RECRUITMENT TO SYNAPTIC VESICLES.
J.H. Chou* and R. Jahn. Dept. of Cell Biology, Yale University Medical School, 
New Haven, CT 06510; Dept. of Neurobiology, Max-Planck-Institute for 
Biophysical Chemistry, D-37077 Göttingen, Germany

Rab3A belongs to the Rab small GTP-binding protein family and is specifically 
localized on synaptic vesicles in neurons. In nerve terminals, Rab3A undergoes a 
GTP/ GDP exchange cycle which parallels the cycling of synaptic vesicles before and 
after exocytosis. After exocytosis, the GDP-bound form of Rab3A is removed from 
the membrane by forming a complex with the cytosolic GDP-dissociation inhibitor 
(GDI). According to the current view Rab3A is subsequently delivered to the 
membrane of synaptic vesicles by GDI, and this process is accompanied by the 
exchange of bound GDP for GTP possibly regulated by a guanine-nucleotide 
exchange factor (GEF). Accordingly, the targeted recruitment of Rab3A to synaptic- 
vesicles would be essential for completing its cycle. Here we have investigated the 
mechanism underlying re-association of Rab3A with the vesicle membrane.

GDI was purified and used to generate specific monoclonal antibodies. Prenylated 
Rab proteins were prepared using the baculovirus expression system. Rab3A-GDI 
complexes were then reconstituted, and an in vitro binding assay was established to 
study the requirements for membrane association of Rab3A. We found that the 
binding of Rab3A to synaptic vesicles depends on the amount of acceptor membrane 
and increases with time and temperature. Cytosolic factors are not required for 
binding. Parallel to the binding of Rab3A GDI is released into the soluble fraction. 
When excess GDI is added, the membrane binding of Rab3A is reversed suggesting 
an equilibrium between GDI, membrane bound Rab3A, and the soluble GDI-Rab3A 
complex. Under our assay conditions nucleotide exchange is not required for binding 
although Rab3A may later change to the GTP-bound form. Rab3A binds preferably 
to membrane fractions enriched in synaptic vesicles. Binding persists when peripheral 
membrane proteins are removed from the acceptor membranes but is abolished by 
protease pretreatment suggesting that binding requires interaction with an integral 
membrane protein. This work was supported by a grant from the NIH to R.J..

404.4
INHIBITION OF RELEASE FROM SYNAPTOPHYSIN-DEFICIENT PC-12 CELLS. 
Y. Yin#. R. Harrison. R. Melloni & J.R. Lem os#*, Depts. o f Physiology# & 
Psychiatry, U.Mass. Med. Ctr., Worcester, M A 01655.

The molecular mechanism underlying depolarization-secretion coupling at 
nerve terminals is still unclear. Data support a role for synaptophysin (SYT), 
the most abundant vesicular membrane protein, in this process. We have 
previously reported that the C-terminal specific SYT monoclonal antibody, 
SY38ab, blocks vasopressin release from permeabilized neurohypophysial 
terminals. SY38ab also modifies the cation channel activ ity exhibited by SYT 
and neurohypophysial secretory granules in lipid bilayer experiments 
(Biophys. J. 68:A395). However, SYT-deficient mice show no change in 
synaptic transmission (Proc. Natl. Acad.Sci. 93: 4760) or gross 
neuroanatomy (Cell Tissue Res. 282:423). It is possible that other proteins 
compensate for the SYT deficiency in these animals and thus mask any 
change in phenotype. To avoid these d ifficulties and to examine directly the 
role of SYT in transmitter release, we generated a SYT-deficient 
pheochromocytoma (PC 12) cell line. The rat brain SYT gene from starting 
codon to  intron IV, w ith  exon III and intron III replaced by a neomycin gene, 
served as the "knock-out" construct. PC12 cells were transfected and placed 
under positive (neomycin) and negative (gancyclovir) selection. Putative 
clones were analyzed using PCR, Northern blot and Southern blot. By PCR 
and southern analysis several SYT-disrupted, neomycin gene-positive cell 
lines were identified. Northern analysis confirms that SYT mRNA expression 
is absent. Western immunoblots show that no synaptophysin protein is 
expressed in the SYT-cells. Most interestingly, both norepinephrine and ATP 
release were significantly inhibited in the SYT- cells. In addition, 
norepinephrine uptake was reduced. These results indicate that 
synaptophysin is clearly important, but not absolutely necessary, for 
neurotransmitter release. (Supported by MDA grant 794)

404.5
SNAPIN: A NOVEL PROTEIN IMPLICATED IN SYNAPTIC  
TRANSM ISSIO N Zu-Hang Sheng*1, Jeffrey Ilardi 1, 2, Divina S. 
Gryder1, and Sumiko Mochida3 . 1Synaptic Function Unit, National 
Institute of Neurologic Disorders and Stroke, National Institutes of 
Health, Bethesda, MD 20892; 2HHMI-NIH Research Scholar; 3Dept. of 
Physiology, Tokyo Medical Collage, Tokyo,160-8402..

Using the yeast two-hybrid system we have identified a putative 
SNAP-25-binding protein (termed Snapin) from human brain. Snapin 
binding was confirmed in vitro  with recombinant SNAP-25 and with the 
native SNARE complex consisting of SNAP-25-VAMP-syntaxin 
isolated from synaptosomes. The deduced amino acid sequence of 
human Snapin shares 98% homology with the mouse isoform, obtained 
via EST database searching. Snapin is composed of an amino terminal 
putative transmembrane segment and a carboxyl terminal coiled coil 
region, a conserved domain presented in different families of vesicular 
fusion proteins. The coiled coil domain of Snapin is required for the 
interaction with SNAP-25. Co-incubation of the SNAP-25-binding 
domain of Snapin with solubilized rat synaptosomes significantly 
reduces the binding of synaptotagmin to the SNARE complex. 
Conversely, addition of excess full-length Snapin to synaptosomes 
potentiates the association of synaptotagmin with the SNARE complex. 
Introduction of the coiled coil domain of Snapin into presynaptic 
superior cervical ganglion neurons in culture reversibly inhibited 
synaptic transmission. These findings suggest that Snapin is an essential 
component and/or regulator of the vesicle docking/fusion machinery. 
Further characterization of Snapin molecule, such as 
immunolocalization, biochemical fractionation and electrophysiological 
studies are currently underway. (Supported by DIR, NINDS, NIH).

404.6
INTERACTION OF CYSTEINE STRING PROTEINS WITH THE 
ALPHA A SUBUNIT OF THE P Q-TY PE CALCIUM CHANNEL.. M. 
Seagar 1* C. Leveque1, S. Pupier1, B. Marqueze1, L. Geslin1, M. Kataoka2, 
M. De Waard1 and M. Takahashi2 1Institut National de la Santé et de la 
Recherche Médicale, Unité 464, Institut Jean Roche, Faculté de Médecine 
Secteur Nord, Bd. Pierre Dramard, 13916 Marseille Cedex 20, France; 
2Mitsubishi Kasei Institute of Life Science, Machida, Tokyo 194, Japan.

Cysteine string proteins (csps) are J-domain chaperone proteins anchored at 
the surface of synaptic vesicles. Csps are involved in neurotransmitter release 
and may modulate presynaptic calcium channel activity, although the precise 
mechanisms are unknown. Interactions between csps, proteins of the synaptic 
core (SNARE) complex and P/Q-type calcium channels were therefore 
explored. Co-immunoprecipitation indicated that csps occur in complexes 
containing synaptobrevin (V AMP), but not syntaxin 1. SNAP-25 nor P Q- 
type calcium channels labeled with l25I-omega conotoxin MVIIC. However 
binding experiments with 35S-labeled cspl demonstrated an interaction 
(apparent KD = 700 nM at pH 7.4 and 4°C) with a fusion protein containing a 
segment of the cytoplasmic loop linking homologous domains II-III of the 
alpha1A calcium channel subunit (BI isoform, residues 780-969). Binding was 
specific as it was displaced by unlabeled csp l, and no interactions were 
detected with fusion proteins containing other calcium channel domains, 
VAMP or syntaxin 1A. A csp binding site on the P Q-type calcium channel 
is thus located within the 200 residue synaptic protein interaction site that can 
also bind syntaxin I, SNAP-25 and synaptotagmin I. Csp may act as a 
molecular chaperone to direct assembly or disassembly of exocytotic 
complexes at the calcium channel.
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404.7
The Synapse-enriched AP180 Protein Regulates Quantal Size and 
Number. Bing Zhang1, Young Ho Koh2, Vjvian Budnik*2, Barry Ganetzky3 and 
Hugo Bellen1. 1HHMI/Genetics, Baylor College of Medicine, Houston, TX 77030. 2 
Dept of Biol., Univ. of Massachusetts. Amherst, MA 01003. 3Laboratory of Genetics, 
Univ. of Wisconsin, Madison, WI 53706.

Synaptic vesicle (SV) endocytosis is an integral process in the synaptic 
transmission cycle that locally replenishes SVs for subsequent release. To accomplish 
this, the endocytotic machinery must precisely regulate both the number and size of 
recycled SVs. However, little is known about the underlying mechanisms. To address 
this problem, we have undertaken a combination of molecular genetic, 
electrophysiological, and ultrastructural approaches to study the role of the clathrin 
adaptor protein AP180 in synaptic vesicle endocytosis in the fruit fly.

Electrophysiological analysis of larval neuromuscular junctions revealed a 
number of dramatic synaptic transmission defects in a severe partial loss-of-function 
AP180 mutant. The frequency of miniature excitatory junctional potentials (mejps) was 
increased by about 2.5 fold. The mejp amplitude of most events was at least twice as 
large as that in wild-type. Quantal analysis showed that mejp amplitude distribution 
had a wider range than in wild-type and no longer fitted a Poisson distribution. This 
result indicates that quantal size is altered in the mutant. Ultrastructural analysis of the 
mutant synapses confirmed that the change in quantal size was correlated with a 
variable increase in synaptic vesicle size. Furthermore, we found that evoked ejp 
amplitude, Ca++ sensitivity, maximal quanta release, and size of the reserve pool were 
all significantly reduced in the mutant. The reduction in maximal quantal release may 
be accounted for by a reduction in the overall releasable pool of SVs. The changes in 
evoked ejp amplitude and Ca dependence suggest that either synaptic vesicle 
composition or Ca entry/sensitivity is altered. We conclude that AP180 regulates the 
normal size and number of SVs and possibly recruits the right components for SV 
formation during endocytosis. Supported by grants from NIH, HHMI and ACS.

404.8
ASSOCIATION OF SYNAPTIC PROTEINS WITH MEMBRANE 
COMPARTMENTS OF THE NERVE TERMINAL FOLLOWING EXO- AND 
ENDOCYTOSIS. W. Volknandt1 M  Marxen.1 E. Friauf2* and H Zimmermann1.1 
Dept. Neurochemistry, Biocenter, Univ. of  Frankfurt/M.; 2Zentram der Physiology, 
Universitätsklinikum, Univ. of Frankfurt/M., Germany.

Cerebellar granule cells in culture form extended varicose, synaptic vesicle 
containing axons. Exo- and endocytosis was induced by a brief depolarizing 
stimulus. Endocytosis was monitored by the uptake of the fl uid phase marker 
horseradish peroxidase into synaptic organelles. The association of various proteins 
specific for synaptic vesicles (SV2, Synapsin I, Synaptophysin, VAMP, rab3A) and 
of SNAP-25, a protein also present at the plasma membrane was investigated by 
immunoelectron microscopy. Immediately after 5 or 30 seconds of  KC1- 
depolarization diaminobenzidine precipitate was observed almost exclusively in 
vacuoles that contain all the vesicle markers as well as SNAP-25. The further fate of 
the endocytic compartment was analyzed following 5 , 15, and 30 minutes after 30 
sec of depolarization  After 5 min of recovery peroxidase-filled synaptic vesicles 
had been formed associated with a reduction in the contribution of labeled vacuoles. 
The peroxidase-fi lled synaptic vesicles containing electron-dense reaction product as 
well as the remaining electron-lucent vesicles also present in the varicosities carried 
all the protein markers investigated. The contribution of peroxidase-labeled vesicles 
was maximal after 15 min. After 30 min peroxidase-labeled synaptic vesicles had 
essentially disappeared. Our data reveal that KCl depolarization results first in the 
endocytic formation of a vacuolar membrane compartment containing vesicle 
markers and SNAP-25. From this a synaptic vesicle compartment containing the 
same membrane markers is derived. This suggests that synaptic vesicles become 
recycled indirectly via a larger and early endocytic membrane compartment

404.10
EVIDENCE FOR CO-RELEASE OF TWO FAST TRANSMITTERS AT A 
CENTRAL SYNAPSE. P. Jonas1*, J. Bischofberger1 and J. Sandkühler2. 
1Physiologisches Institut der Universität Freiburg, Hermann-Herder-Str. 7, D- 
79104 Freiburg 2Physiologisches Institut der Universität Heidelberg, INF 326, 
D-69120 Heidelberg, Germany.

The view that an individual neuron releases only a single fast 
neurotransmitter is widely accepted as a fundamental principle of synaptic 
transmission. To address the possibility that spinal intemeurons co-release 
multiple transmitters, we made dual whole-cell patch-clamp recordings from 
synaptically connected intemeurons and motoneurons in slices from the 
lumbar spinal cord of 5- to 10-day-old rats (at 22-25ºC). Unitary inhibitory 
postsynaptic currents (IPSCs) consisted of a glycine receptor-mediated 
component that was sensitive to 400 nM or 1 µM strychnine and a GABAA 
receptor-mediated component that was resistant to strychnine, but blocked by 
5 µM bicuculline (11 pairs). The GABAA receptor-mediated component 
contributed on average ≈ 20% to the total unitary IPSC peak amplitude. The 
specificity of strychnine and bicuculline in blocking spinal glycine and GABAA 
receptors was examined by fast application of glycine and GABA to 
membrane patches isolated from motoneuron somata. Strychnine blocked the 
glycine-activated current with very high affinity (IC50 39 nM), whereas 25-fold 
higher concentrations were required to block the GABA-activated current. 
Conversely, bicuculline blocked the GABA-activated current with an IC50 of 
580 nM, whereas 30 µM had only minimal effects on the glycine-activated 
current. These results suggest a co-release of glycine and GABA from 
individual spinal intemeurons. A subset (≈ 40%) of miniature IPSCs recorded 
in the presence of 500 nM tetrodotoxin and 2 µM flunitrazepam also showed 
both glycine receptor-mediated and GABAA receptor-mediated components, 
consistent with co-storage of the two fast transmitters in individual synaptic 
vesicles.
Supported by the DFG (Jo-248/2-1 and Sa-435/10-2).

404.11
PROPERTIES O F SINGLE INHIBITORY SYNAPSES REVEALED BY 
PAIRED-PULSE FACILITATION OF UNITARY IPSCs. J. Kang*, L. Jiang, and 
M. Nedergaard. Department o f Cell Biology and Anatomy, New York Medical 
College, Basic Science Building, Room 220, Valhalla, NY 10595, USA.

Dual patch-clamp recordings were performed in pairs o f intemeurons located in the 
stratum radiatum and CA1 pyramidal neurons in hippocampal slices. Unitary 
inhibitory postsynaptic currents (uIPSCs) in pyramidal neurons were evoked by 
intemeuronal spikes which were triggered by depolarization currents delivered through 
the patch pipette. GABAergic synapses can be divided into two subgroups, high 
failure and low failure, according to their failure probability. Paired-pulse facilitation 
occurred at the both subgroups of synapses and was more remarkable when the inter-
spike interval was short (≤50 ms). Paired-pulse depression was observed at low failure 
synapses when the inter-spike interval was > 50 ms. The potency of uIPSCs, the 
average amplitude without failures, was enhanced by paired-pulse facilitation. The 
result that the potency ratio was not correlated to the potency of uIPSCs excluded the 
possibility that there are multiple release sites together with unsaturated postsynaptic 
receptors. The data fit the Binomial model well, and indicate that multiple synapses 
contribute to uIPSCs. The synapse number was calculated with the equation depending 
upon the potency ratio, failure probability and success probability. The quantal size 
was calculated by dividing the maximal amplitude with the synapse number. The 
potency is correlated with the quantal size but not the synapse number, indicating that 
the quantal size is a major factor determining the size o f uIPSCs. The quantal size is 
close to the minimum amplitude of uIPSCs suggesting that postsynaptic GABAA 
receptors are saturated by releasing a single vesicle. Analyzing paired-pulse 
facilitation at low failure synapses further supports the saturation hypothesis. Paired- 
pulse modulation of release probability at single synapses (P51) were further analyzed. 
Paired-pulse facilitation increased P51 at high failure synapses from 0 .11±0.03 to 
0.47±0.06 and at low failure synapses from 0 .50±0.03 to 0 .73±0.04. Sponsored by 
NIDH/NIH R0 130007, R0 135011, and R29 NS37349-01.

404.12
5 -H T  D E P R E S S E S  T R A N S M IT T E R  R E L E A S E  IN D E P E N D E N T L Y  O F  
C A L C IU M  E N T R Y  IN  T H E  L A M P R E Y  S P IN A L  C O R D  .
Michiko Takahashi* & Simon Alford. Department of Physiology, Northwestern 
University Medical School, 303 E. Chicago Ave., Chicago, IL 60611, U.S.A.

In the lamprey spinal cord, reticulospinal (RS) axons make glutamatergic synapses 
onto motor neurones. 5-hydroxytryptamine (5-HT) has been shown to depress synaptic 
transmission at this synapse yet its mechanisms are not understood. To investigate the 
role of 5-HT on the synaptic transmission in more detail, excitatory postsynaptic 
currents (EPSCs) evoked by stimulation of RS axons were recorded in whole-cell 
clamped motor neurones in the spinal cord of lamprey ammocoetes. Application of 5- 
HT depressed the evoked EPSCs in a dose-dependent manner with an apparent Km in the 
low micromolar range. While 5-HT reduced the frequency of TTX-insensitive 
spontaneous EPSCs at these synapses without changing their amplitude. This suggests 
a Ca2+-independent presynaptic mechanism.

To examine the presynaptic effect of 5-HT more closely, electrophysiological and 
microfluorimetric recordings were made from the presynaptic axons. Presynaptic Ba2+ 
currents were unaffected by the application of 5-HT to the preparation. Presynaptic 
Ca2+ concentrations were also measured in RS axons. When action potentials were 
evoked in RS axons labelled with the Ca2+-sensitive dye (Oregon Green 488 BAPTA-1, 
the Ca2+ concentration rose transiently. This transient rise in [Ca2+]i was slightly 
reduced by 5-HT (98.6±0 .3% of control, p<0.001, N=28) but not enough to explain the 
large depression in synaptic current. Furthermore, 5-HT did not alter this Ca2+ 
transient in the presence of the K+ channel blocker 4-aminopyridine (25 µM) 
( 101.3±0.6% of control, p>0.05, N=14), ruling out the possibility of its action on 
presynaptic Ca2+ current directly. Interestingly, 5-HT reduces the basal Ca2+ level 
slightly but significantly (98.9 ± 0.05% of control, p<0.001, N=55).

These data suggest that 5-HT modulates the amount of glutamate release from RS 
axons not by decreasing Ca2+ influx through the voltage-gated Ca channel or by 
activating K+ channels, rather at a site closer to the release mechanism itself.
Supported by the Wellcome Trust and NINDS.
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404.9
RAPID ENDOCYTOSIS IN ADRENAL CHROMAFFIN CELLS IS REGULATED 
BY TYROSINE KINASE ACTIVITY. P.G.P Nucifora, A.L. Cahill*, and A.P. Fox. 
Dept. o f Pharmacology and Physiology, University of Chicago, Chicago, IL 60637.

Rapid endocytosis frequently follows exocytosis in neurons and secretory cells, 
and it is believed to contribute to vesicle recycling and membrane homeostasis. While 
exocytosis is triggered by calcium influx and modulated by serine/threonine kinases, 
little is known about the regulation o f rapid endocytosis. We have found that the time 
course o f rapid endocytosis is significantly slower in the presence o f tyrphostin 23, a 
tyrosine kinase inhibitor. Exposing bovine adrenal chromaffin cells to tyrphostin 23 
increased the time constant o f rapid endocytosis and delayed its onset. This effect is 
illustrated in the figures below: the capacitance recording on the left was taken from an 
untreated cell, while the recording on the right was taken from a cell treated with 
tyrphostin 23. The arrows indicate the time needed to retrieve half the membrane 
added during exocytosis. The half retrieval time is about four times greater in the 
treated cell. Orthovanadate, a protein tyrosine phosphatase inhibitor, reversed this 
effect. Our results suggest that the kinetics o f rapid endocytosis are regulated by 
protein phosphorylation mediated by a tyrosine kinase. Supported by NS-33826.
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404.13
NEUROTRANSM ITTER SECRETION ALONG GROW ING NERVE 
PR O C E SSES: CO M PA R ISO N  W ITH SY N A P T IC  V E SIC LE
EXOCYTOSIS. S. Chang*, S. Zakharenko, and S. Popov. Department of 
Physiology and Biophysics, University of Illinois at Chicago, Chicago, IL 
60612.

In mature neurons, synaptic vesicles continuously recycle within the 
presynaptic nerve terminal. In developing axons which are free of contact with 
a postsynaptic target, constitutive membrane recycling is not localized to the 
nerve terminal; instead, plasma membrane components undergo cycles of exo- 
endocytosis throughout the whole axonal surface. Here we report that in 
growing Xenopus spinal cord neurons in culture, acetylcholine (ACh) is 
spontaneously secreted in the quantal fashion along the axonal shaft. The 
secretion of ACh is likely to be mediated by vesicles which recycle locally 
within the axon. Similar to neurotransmitter release at the presynaptic nerve 
terminal, ACh secretion along the axon could be elicited by the action 
potential or by hypertonic solutions. We found that the parameters of 
neurotransmitter secretion at the nerve terminal and at the middle axon were 
strikingly similar. These results lead us to conclude that, as in the case of the 
presynaptic nerve terminal, synaptic vesicles involved in neurotransmitter 
release along the axon contain a common complement of proteins required for 
vesicle docking and Ca2+-dependent fusion. However, the properties of 
synaptic vesicle recycling at the nerve terminal and along the axon were 
distinct, as evidenced by the differential response to Brefeldin A treatment and 
to tetanic stimulation. Taken together, our results support the idea that, in 
developing axons, the rudimentary machinery for quantal neurotransmitter 
secretion is distributed throughout the whole axonal surface. Maturation of 
this machinery in the process of synaptic development would improve the 
fidelity of synaptic transmission during high frequency stimulation of the 
presynaptic cell. Supported by NIH (NS33570).
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405.1
EXTENSIVE ß-GLUCURO NIDASE ACTIVITY IN M URINE C N S  
AFTER ADENOVIRUS M EDIATED GENE TRANSFER TO BRAIN
Abdi Ghodsi1, Gongyu Yang2, Todd Derksen2, Colleen Stein2, Richard D . Anderson2, 
V.C. Traynelis1*, Beverly L. Davidson2. 1Depts of Neurosurgery and 2Internal 
Medicine,University of Iowa College of Medicine, Iowa City, IA 52242 USA 

Mucopolysaccharidoses (MPS) VII, caused by ß-glucuronidase deficiency, is a 
classical lysosomal storage disease. In the central nervous system (CNS), there is 
widespread pathology with distension of vacuoles in neurons and glia. An approach 
to therapy for MPS VII would require extensive delivery of enzyme to the CNS and 
subsequent uptake by the affected cells. In this study we show intra-striatal injection 
of recombinant adenovirus encoding ß-glucuronidase (Adßgluc) to MPS VII or wild 
type mice results in focal, intense ß-glucuronidase mRNA expression near the 
injection site. Further, histochemical staining for enzyme activity showed that ß- 
glucuronidase activity extended well beyond transduced cells. Activity was detected 
throughout the ipsilateral striatum as well as in the corpus callosum, ventricles, and 
bilateral neocortex. Similarly, following injection into the right lateral ventricle or 
cisterna magna, enzyme activity was present in the ependymal cells of the ventricles, 
in the subarachnoid spaces, and also in the underlying cortex (150-500 µm from 
ependyma). The distribution of enzyme was most extensive 21 days after gene 
transfer, with greater than 50% of the hemisphere positive for ß-glucuronidase 
activity. Eighty-four days after adenovirus injection a substantial level of enzyme 
expression remained (> 40% of hemisphere positive for ß-glucuronidase activity). 
Histological sections from striatum of ß-glucuronidase deficient mice injected with 
Adßgluc showed a marked reduction in the number of distended vacuoles in both 
neurons and glia, as compared to uninjected striatum. Our finding that a relatively 
small number of transduced cells produce enzyme which reaches a large proportion of 
the CNS has positive implications in developing direct gene transfer therapies for 
lysosomal storage disorders.

405.2
RETROVIRAL INDUCED NEURODEGENERATION IN RATS: EVIDENCE 
FOR LIPID PEROXIDATION. S. G. W ilt*, N. V. Dugger, and P . M. Hoffman. 
Research Service Baltimore VA Medical Center and the Depart. of Neurology, 
University o f Maryland School of Medicine, Baltimore, MD 21201

PVC-211 murine leukemia virus [PVC-MuLV] infection o f neonatal rats causes a 
rapidly progressive neurodegenerative disease characterized by tremor, ataxia, 
spasticity and hindlimb weakness (Hoffman et.al. Lab Invest. 67:314 1992). 
Infection of brain capillary endothelial cells [BCEC] is necessary for PVC-MuLV 
neuropathogenicity and, in susceptible rats and mice, rapid viral replication in 
BCEC is followed by widespread perivascular astrogliosis, neuropil vacuolation 
without inflammation and ultimately, neuronal degeneration in the brainstem, 
cerebellum and spinal cord. The possible involvement of lipid peroxidation in 
PVC-MuLV induced neurodegenerative disease was examined.

Vitamin E supplementation of pregnant / lactating Fischer F344 dams [and hence 
the infected neonatal pups] significantly decreased PVC-MuLV disease incidence 
to 82%, and significantly delayed the disease onset [31.8 days post-infection [dpi] 
± 6.2 days versus 19.9 dpi ± 2.4 days observed with PVC-MuLV infection alone] 
in a dose-dependent fashion. Vitamin E treatment also decreased the severity of 
gliosis and spongiform vacuolation observed at 21 dpi. Vitamin E 
supplementation had no effect on PVC-MuLV replication rate. Elevated tissue 
levels of the oxidative markers, 3-nitrotyrosine and 2,4-dinitrophenylhydrazine 
reactive carbonyl, are associated with PVC-MuLV infection in vivo. The elevated 
tissue levels of these markers precedes both the onset of neurological symptoms 
and appearance of neuropathological lesions. These results are consistent with 
involvement of lipid peroxidation in PVC-MuLV induced neurodegeneration.
This work is supported by a Merit Review Entry Program from the Research 
Service o f the Department o f Veterans Affairs

405.3
VIRAL VECTOR-MEDIATED IN VIVO AND IN VITRO MODELS OF 
ATAXIN-3 POLYGLUTAMINE NEUROTOXICITY. T.M. Dawson*. G.A. 
Oyler, J.M. Hardwick. K. Ueno, V.L. Dawson. W.J. Herring. Johns Hopkins 
University School of Medicine, Baltimore, MD 2 1287.

CAG repeat expansion within the m jdl locus on human chromosome 14q 
leads to selective neuronal loss and the clinical phenotype of 
SCA3/Machado-Joseph'disease (MJD). The function of the m jdl gene 
product, ataxin-3, is unknown. Prior immunohistological analyses of neuronal 
ataxin-3 expression has shown widespread and cytoplasmic distribution, and 
pathological analysis of MJD patient material has revealed the presence of 
ubiquitinated nuclear inclusions (NI). The precise modifications of ataxin-3 
that facilitate the formation of NI remain unclear. A growing body of 
evidence suggests that proteolytic processing of ataxin-3 may be an essential 
step in MJD pathogenesis, resulting in a toxic fragment or fragments that may 
accelerate cell death and/or participate in NI formation.

In order to investigate the role of ataxin-3 cleavage in MJD, a series of 
replicative and non-replicative virus expression vectors for ataxin-3 have been 
developed. Viral vector-mediated expression of ataxin-3 constructs with 
polyglutamine tracts of either 26 or 79 repeats have been assessed in mouse 
N 18 neuroblastoma cells, HiB5 hippocampal cells, primary neuronal cortical 
cultures, and in mice. These studies reveal consistent toxicity from Q79 
constructs, and this toxicity is enhanced when expressed in the apoptotic 
environment of replicative Sindbis virus infection. On the assumption that 
caspases are in part responsible for the production of toxic sub-fragments of 
ataxin-3, studies have been performed to demonstrate that mutation of 
selective aspartate residues in ataxin-3 affect its cleavage and toxicity. 
Supported by NIH.

405.4
GENE THERAPY OF CANA VAN DISEASE USING LPD/pAAV-ASPA: A 
PHASE I STUDY. P. Leone1*, C, Duncan1. G. Barolat3, A. Freese3, M. Seashore1.
F. Sorgi4 E. Cherniske1, C.G. Janson1, M.J. During1,2. 1Yale University, New 
Haven, CT; 2University of Auckland, Auckland, New Zealand; 3T. Jefferson 
University, Philadelphia, PA ;4Advanced Therapies Inc., Novoto, CA.

Canavan Disease (CD) is a rare autosomal recessive leukodystrophy associated 
with spongiform degeneration of the brain and psychomotor retardation leading to 
death in the first decade of life. CD is characterized by mutations in the aspartoacylase 
(ASPA) gene resulting in loss of enzyme activity. Preclinical studies showed that 
gene replacement of the encoding region of the ASPA gene using a liposome- 
entrapped, protamine-condensed DNA complex (LPD-ASPA) was associated with 
efficient global gene transfer and potentially therapeutic benefits. Safety and long-
term gene expression data of the investigational new drug (LPD-ASPA; IND#73O7) 
were collected and analyzed before submission of the clinical protocol to the FDA, 
ORDA/NIH, Yale and Thomas Jefferson Universities Biosafety and Human Ethical 
Committees. 9 children with Canavan Disease ages 3 to 9 yr., with diverse 
genotypes/phenotypes, were enrolled in a phase I safety trial which commenced in 
January 1998. Children were implanted-with Medtronic reservoirs to allow repeated 
intracerebroventricular delivery of the vector. LPD-ASPA (0.3 mg/ml DNA) was 
delivered at different volumes and intervals at a rate dependent upon vector endotoxin 
content. Mild adverse events (e.g. transient fever and vomiting) followed the delivery 
of the vector. Post gene- delivery tests including the collection of cerebrospinal fluid 
(CSF) samples as well as clinical tests (neurodevelopmental status, evoked 
potentials, neurological evaluation and MRI/proton NMRS) are in progress. PCR 
and RT-PCR analysis of CSF samples yielded detection of the exogenous ASPA 
following gene transfer. These PCR assays showed positive DNA and mRNA up to 
one month post gene delivery. In summary, the delivery of the LPD/ASPA was safe 
and well tolerated by all children. Furthermore positive PCR and RT-PCR 
demonstrated successful gene transfer. Collection and analysis of long-term gene 
transfer data as well as therapeutic efficacy data are in progress and will be presented. 
Funding source: Canavan Research Fund; Canavan Foundation
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405.5
CLONING O F TH E SCA7 GENE RESPONSIBLE FOR AUTOSOMAL 
DOM INANT CEREBELLA R ATAXIA TY PE II W ITH RETINAL 
DEGENERATION.
C. Mauger,*J. Del-Favero. A. Michalik, J. Theuns, N van Regenmorter1, J-J. Martin2 
and C. Van Broeckhoven . Laboratory of Neurogenctics, Flanders Interuniversity 
Institute for Biotechnology, 2Born-Bunge Foundation, University of Antwerp, 
Universiteitsplein 1, 2610 Antwerpen, Belgium; 1Centre de Génétique, Free 
University of Brussels, 1070 Brussels, Belgium.

Autosomal dominant cerebellar ataxias (ADCAs) are a complex group of hereditary 
neurodegenerative disorders associated with gradual cerebellar and neural 
degeneration. The spinocerebellar ataxia 7 (SCA7) is a disorder associated with retinal 
degeneration and caused by expansion of CAG trinucleotide repeats in the coding 
region of the SCA7 gene. Recently, we cloned the SCA7 gene from Yeast Artificial 
Chromosome (YAC) clone contig spanning the SCA7 candidate gene. The CAG 
repeats mapped in 2.5 cM interval between markers D3S1600 and D3S1287. 
Sequences obtained from the YAC contig revealed homology with expressed sequence 
tags. A SCA7 consensus cDNA sequence comprising an open reading frame of 
2727bp, a 5’UTP of 652bp and a 3’UTR of 137bp was identified. The first exon of the 
SCA7 gene contains the expanded CAG repeats.

In an extended Belgian SCA7 pedigree, the expanded alleles ranged from 38 to 55 
repeats, with allele length being inversely correlated with the age of onset. Normal 
allele length ranged from 4 to 18 repeats with 10 repeats being the most common.

The SCA7 gene is ubiquitously expressed as a 7.5 kb transcript and codes for ataxin- 
7, a protein of unknown function. Further analysis will be performed to unravel the 
normal and pathological function of this new protein. We are currently performing 
functional analysis on ataxin-7 the by mean of sequence specific anti-peptide 
antibodies.

Supported by the Fund for Scientific Research-Flanders, Belgium; the University of 
Antwerp, Belgium and the EU grand BIOMED2 CT97-2466.

405.6
SPINOCEREBELLAR ATAXIA TYPE 2 (SCA2): SUBCELLULAR 
LOCALIZATION AND PROTEIN INTERACTION. DP Huvnh1*, H. Shibata1. 
M. Del Bigio2, and SM PuLst1 1Dept. of Medicine, CSMC-UCLA Medical School 
Los Angeles, CA 90048. 2Dept. of Pathology. Health Sciences Center. U. of 
Manitoba, Winnipeg. Canada.

Truncated polyglutamine (polyQ) containing fragments coded by CAG- 
expansion disease genes are associated with neurodegeneration in vitro and in 
vivo and lead to nuclear aggregation in HD and SCA3. In this presentation, we 
will present data showing the subcellular distribution of ataxin 2, the SCA2 gene 
product, in normal and SCA2 human brains and in ataxin 2 transfected COS cells. 
Using four antibodies to different regions of ataxin 2, we detected a 145 kDa 
protein in the cerebrum, cerebellum, and medulla. Subcellular fractionation of 
protein extracts showed enrichment of ataxin 2 in the Golgi fractions. In COS 
cells transfected with GFP-ataxin 2 (22Q), the expression pattern was consistent 
with Golgi localization and affected by brefeldin treatment. Transfection of 
constructs containing different expanded CAG repeats showed accumulation of 
ataxin 2 with increasing expansion of CAG repeats. Staining of SCA2 and normal 
neurologic control brains showed that ataxin 2 is expressed predominantly in 
selected neurons including cerebellar Purkinje cells. Staining was cytoplasmic and 
punctated in normal brains but more intensed in SCA2 brains. No intranuclear 
inclusions were observed in SCA2 brains stained with either anti-ataxin 2 or anti- 
ubiquitin antibodies. Using the yeast two-hybrid system, we identified self- 
interaction of ataxin 2 and a novel protein predominantly expressed in neurons. In 
conclusion, we showed that the SCA2 gene encodes a 145 kDa protein which is 
post-translationally processed. localized in the Golgi apparatus, and interacts with 
itself and with at least one other protein expressed predominantly in the CNS. 
Straining of 5 different SCA2 brains with anti-ubiquitin and anti-ataxin 2 
antibodies showed no intranuclear inclusion bodies which have been seen in 
Huntington disease and SCA3. Supported by. NIH. Warschaw fund for 
Neuroscience.

405.7
GLIAL CYTOPLASM IC INCLUSIONS O F M ULTIPLE SYSTEM 
ATROPHY CAN BE DISTINGUISHED FROM  GLIA L INCLUSIONS IN 
RELATED DISORDERS. N.J. C airns, D. M ackay, H. Barnes and P.L. 
Lantos. Brain Bank Research Laboratory , D epartm ent of N europathology, 
Institute of Psychiatry, De Crespigny P ark , London, SE5 8AF, UK. . 

Multiple system atrophy (MSA) is clinically characterised by parkinsonism, 
cerebellar symptomatology and autonomic failure, encompassing three related 
conditions of striatonigral degeneration, olivopontocerebellar atrophy and Shy-
Drager syndrome. Neuropathological features include neuronal loss, 
astrocytosis and myelin pallor o f the affected areas. However, the diagnostic 
hallmark of MSA is the glial cytoplasmic inclusion (GCI), argyrophilic and 
tau-, ubiquitin- and tubulin positive structures in oligodendrocytes (Lantos and 
Papp, J. Neurol. Neurosurg. Psychiatry 5 7 :129-133,1995). Recently, the 
diagnostic value of GCls has been questioned and similar inclusions have been 
reported in other neurodegenerative diseases, particularly in progressive 
supranuclear palsy (PSP) and corticobasal degeneration (CBD). In order to test 
the specificity of GCIs we compared the tau profiles o f GCIs with that of 
oligodendroglial inclusions in PSP and CBD by the use o f a panel of 
phosphorylation-dependent (AT8, RT97, BF10, 8D8), dephosphorylation- 
dependent (Tau.l) and phosphorylation-independent tau antibodies (SMI5l, 
TP007, TP70). GCIs in MSA gave positive reactions only with 
phosphorylation-independent tau antibodies and with Tau.l. These findings 
convincingly show that the tau pathology of GCIs in MSA is different from that 
of oligodendroglial inclusions in PSP and CBD.

This work was supported by the Medical Research Council and the British 
Neuroscience Association, U.K.

405.8
ACCUMULATION OF HIGHLY PHOSPHORYLATED TAU IN 
BRAINS OF CASES OF FTD P-17 WITH P301L MUTATION OF 
TAU. P. D avies1,2*, M. Hutton3, C. Vianna1, G.A. Jicha, and C. L 
W eaver1. Departments o f Pathology1 and N euroscience2, Albert 
Einstein College o f Medicine, Bronx, N .Y. 10461 and Mayo Clinic 
Jacksonville3, Jacksonville, FL 32224.

Immunocytochemical studies have been performed on two 
cases o f frontotemporal dementia with parkinscaism linked to 
chromosome 17 (FDTP-17). Both o f the cases displayed very marked 
atrophy o f frontal and temporal lobes, with very prominant 
spongioform changes, especially in the upper layers o f cortex. Both 
frontal and temporal cortex show tangle-like aggregates in remaining 
layer 5 neurons, in addition to numerous thread-like processes in the 
neuropil. These tau aggregates are also found in other, less obviously 
affected brain regions, such as the parietal lobe, hippocampus and 
certain cerebellar nuclei. In the hippocampus, tau aggregates are 
found in both CA1 and CA2 pyramidal cells and in neurons o f  the 
dentate gyrus. Especially in the frontal and temporal cortex and the 
hippocampus, some o f the tau aggregates appear to be present in glial 
(probably astrocyte) processes. Immunocytochemistry with a large 
panel o f monoclonal antibodies reveals that the tau aggregates are 
phosphorylated at 10 o f the sites typically phosphorylated in PHF-tau 
from Alzheimer’s Disease. The relationship between accumulation o f  
abnormal tau aggregates and neuronal loss in FTDP-17 is not 
immediately obvious from these studies. Supported by NIH training 
grants T32GM 07288 and N S07098, and by NIM H38623 and 
AG0 680 3.

405.9
THE P301L MUTATION OF TAU RESULTS IN AN
ABNORMALLY INSOLUBLE PROTEIN IN FTDP-17. C .L. 
Weaver2, M. Hutton3, J.M. R ockw ood1*, and P. D avies1. 
Departments o f Pathology1 and Neuroscience2, Albert Einstein College 
o f Medicine, Bronx, N .Y . 10461 and Mayo Clinic Jacksonville3, 
Jacksonville, FL 32224.

The clinical manifestations o f frontotemporal dementia with 
parkinsonism linked to chromosome 17 (FTDP-17) are behavioural, 
cognitive and motor disturbances. Recently, a proline to leucine 
mutation at codon 301 o f tau was discovered in tw o families with 
FTDP-17. We have conducted biochemical analyses on tissue from 
two members o f one o f these families to compare the abnormal tau with 
that o f sporadic Alzheimer’s disease (A D), Pick’s disease, progressive 
supranuclear palsy (PSP), and corticobasal degeneration (CBD). 
Fractionation o f brain tissue from these two cases revealed the presence 
o f detergent-insoluble tau aggregates, in addition to normal tau 
isoforms. The abnormal tau aggregates were not heat-stable, and were 
composed o f a sarkosyl-insoluble doublet o f tau with molecular 
weights consistent with the presence o f the two highest molecular 
weight tau isoforms. This FTDP-17 doublet is also seen in detergent- 
insoluble fractions from PSP and CBD, but the aggregates in these 
cases also contain lower molecular weight tau isoform s. Pick’s cases 
display only a doublet o f 64 and 60 kDa. These results suggest that the 
P301L mutation results in aggregation exclusively o f  4  repeat isoforms 
o f tau. Immunoblotting shows these aggregates to be phosphorylated at 
many o f the sites typical o f  PHF-tau. Supported by NIH training 
grants T32GM 07288 and N S07098 and by NIM H38623 and 
AGO68O3.

405.10
NEUROPSYCHOLOGICAL MARKERS OF FRONTOTEMPORAL 
DEMENTIA. G. Binetti A M. Frigerio, A  Bianchetti. M. Trabucchi, S. Siri, I. 
Benaglio. S. F. Cappa1,2*, 1IRCCS S. Giovanni di Dio-Fatebenefratelli; 2Dept. 
of Neurology, Univ. of Brescia, Brescia, Italy 

Clinical diagnostic criteria for fronto-temporal dementia (FTD) include, 
besides behavioral disorders, neuropsychological features as criteria of inclusion 
(speech disorder, preserved spatial orientation and praxis) and exclusion (early 
severe amnesia). The contribution of neuropsychological assessment to the 
differential diagnosis with other dementing conditions remains however 
unclear. We have investigated the neuropsychological performance of a group of 
patients with a clinical diagnosis of FTD (n = 15) on an extensive battery of 
neuropsychological tests, including measures of language, semantic memory, 
visual and spatial perception and executive functions. A group of patients with 
the diagnosis o f probable Alzheimer’s disease (AD) (n = 15), matched for 
dementia severity, were also assessed. The comparison of the quantitative scores 
indicated that both groups were severely impaired in most tasks, including those 
(language, visual and spatial perception, praxis, memory) which have been 
suggested to play a role in differential diagnosis. There were however some 
significant differences: the FTD patients were more impaired on phonemic than 
in semantic fluency, and had a higher spatial span in comparison with the 
verbal span; the reverse effects were found in AD patients. An error analysis 
indicated that qualitative differences in the pattern of language impairment are 
also present, with semantic errors being more frequent in AD.These findings 
suggest that the neuropsychological criteria for the differential diagnosis of FTD 
from other dementing conditions may need further refinement, including a 
consideration o f the role of linguistic variables, as well as of other qualitative 
aspects of performance.
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405.11
CODING AND 5 ’ SPLICE SITE MUTATIONS IN TAU THAT CAUSE 
INHERITED FRONTOTEMPORAL DEMENTIA (FTDP-17). M. Hutton and 
J. Perez-Tur* for the FTDP-17 Collaborative Group. Mayo Clinic Jacksonville, 
Jacksonville, FL32224, USA.

Thirteen families have been described with an inherited dementia 
recently named Frontotemporal Dementia and Parkinsonism linked to 
chromosome 17 (FTDP-17). Sequence analysis of the gene encoding the 
microtubule associated protein tau, that lies within the 2cM candidate region for 
this disease, revealed a missense mutation (P301L) in exon 10 which is expected 
to disrupt the microtubule binding domain that is encoded by this exon. In 
addition 3 different intronic mutations were found close to the 5 ’ splice site of 
the same exon (exon 10). The tau exon 10 5 ’ splice site mutations all destabilize 
a stem-loop structure that is likely involved in the regulation of exon 10 
alternative splicing. The effect of the splice site mutations is to increase U 1 
snRNP binding to the 5 ’ splice site and thus to increase the proportion of tau 
transcripts that include exon 10. This was demonstrated by RT-PCR analysis of 
tau mRNA from FTDP-17 and normal brains. In addition splicing assays with 
mutant and wild-type tau exon 10 constructs demonstrated that the splice site 
mutations led to increased incorporation of tau exon 10 into an artificial 
transcript. The increase in tau exon 10+ mRNA will in turn increase the 
proportion of tau protein containing 4 microtubule binding repeats. This switch 
is consistent with the neuropathology described in multiple families with FTDP- 
17. These findings have major implications for research into multiple 
neurodegenerative conditions in which tau pathology is a major feature, 
including Alzheimer's’disease.

Funding Source: NINDS RO1 grant to MH and The Mayo Foundation

ingestγve behavior III

406.1
BRAIN CYTOKINE mRNAs IN ANORECTIC RATS BEARING RAT 
PROSTATE ADENOCARCINOMA TUMOR CELLS: A NOVEL 
PROPOSAL FOR CANCER ANOREXIA. C.R. Plata-Sa lam án*, S.E. 
Ilyin. Dave Gayle. M.C. Flynn and N.P. Turrin . Div. Mol. Biol., Sch. 
Life Hlth. Sci., Univ. Delaware, Newark DE 19716-2590, USA.

Cytokines are proposed to be involved in cancer anorexia. We 
investigated mRNA profiles o f feeding-m odulatory cytokines and 
neuropeptides in specific brain regions o f anorectic rats bearing 
prostate adenocarcinoma tum or cells. IL-1 ß system components 
(ligand, signalling receptor, receptor accessory proteins, receptor 
antagonist), TNF-α , TGF-ß1, g lycoprote in 130, p ro 
opiomelanocortin, and NPY mRNAs were analyzed w ith sensitive 
and specific RNase protection assays. The data show that early 
anorexia in rats bearing a peripheral tum or is associated with an 
up-regulation o f IL - lβ mRNA (p < 0.001) in the tum or, spleen, 
liver, and brain regions (cerebellum, cortex and hypothalamus). 
IL-1 receptor antagonist and IL-1 receptor type I mRNA levels 
were also increased significantly in the cortex and hypothalamus. 
All other cytokine or neuropeptide component mRNA levels in 
brain regions were not significantly different between tum or- 
bearing (n = 7) and pair-fed (n = 7) rats. The data suggest that: 
1) anorexia of rats bearing a peripheral tum or can be due to a 
local synthesis o f IL-1β in the bra in; and 2) in  v ivo  
characterization o f cytokine components in discrete brain regions 
during cancer is necessary to understand molecular mechanisms 
responsible fo r cancer-associated neurological manifestations. 
Supported by U.D. and the NIH (CRP-S).

406.3
ATTENUATION OF THE SATIOGENIC EFFECTS OF AM YLIN  
BY  LESIONS OF THE AREA POSTREMA, BUT NOT BY  
INTRAPERITONEAL CAPSAICIN. G.L. Edwards*, J.D.Power, 
A.A. Young. Dept. o f  Physiol. and Pharmacol., Univ. o f  Georgia, 
Athens, GA 30602 and Am ylin Pharmaceut. Inc., San D iego CA  
9 2 121.

Amylin is reported to reduce food intake when injected 
subcutaneously in rats (Physiol. Behav. 55: 891-895, 1994). To 
investigate possible sites mediating this action, w e observed the effect 
o f  s.c. amylin on food intake in rats bearing lesions centered on the 
area postrema and in rats treated with i.p. capsaicin to damage vagal 
afferent fibers. In intact rats, amylin dose-dependently inhibited food 
intake (12, 39, 47% at doses o f  2.5, 25, 250 µg/kg; P<0.01). In rats 
with area postrema lesions, amylin failed to inhibit food intake at any 
dose (P>0.1). Cholecystokinin (CCK) still inhibited food intake in 
these animals (30% at 2µg/kg; P<0.05), consistent with separate 
mechanisms o f  action. In rats treated with capsaicin, amylin continued 
to inhibit food intake (P<0.01; 25µg/kg dose) while CCK did not 
(P>0.1). These data indicate that, in contrast to CCK, amylin acts via 
the area postrema and not via vagal afferent fibers to reduce food 
intake in the rat. (Supported by Am ylin Pharmaceuticals, Inc., San 
Diego, CA)

406.2
INTRAVENOUS AMYLIN TRANSIENTLY REDUCES FOOD INTAKE IN 
NONDEPRIVED RATS. P. A. Rushing*. R. J. Seeley and S. C. Woods. 
Department of Psychiatry, College of Medicine, University of Cincinnati, 
Cincinnati, OH 45267-0559, U.S.A.

Amylin, a 37-amino acid peptide hormone, is co-secreted with insulin by 
pancreatic beta cells in response to a nutrient stimulus (e.g., a meal). Both 
central and systemic administration of amylin have been reported to reduce 
food intake in rats and mice. Since rats eat the largest meal of the day at the 
time of dark onset, we determined the effect of acute vena caval infusion of 
amylin on nocturnal food intake in nondeprived rats. Adult male Long Evans 
rats (n = 12), with indwelling inferior vena caval catheters, were individually 
housed and maintained on ad lib food (pelleted rat chow) and water under a 
12-hr light-dark cycle (lights off, 1300 hr). One hour prior to dark onset, food 
was removed. At lights out, each animal was taken from its cage and infused 
with saline or amylin (1, 5, or 10 µg/kg in 100 µl volume over 5 s). Food was 
returned immediately to each animal’s cage after infusion and intake was 
monitored after 1 ,2 ,4  and 24 hours. Rats received each dose in 
counterbalanced order with intervening noninfusion days. All doses of amylin 
significantly suppressed 1 -hr intake (40, 65, and 75% suppression for the 1, 5 
and 10 µg/kg doses, respectively). After 2 hr, significant decreases were 
observed for the two higher doses, averaging about 20% less than control 
intake. In actuality, following the highest dose of amylin, a significant increase 
of food intake occurred relative to the control condition from 1 to 2 hr after 
infusion. There were no reliable differences of intake among conditions at 4 
or 24 hours post-infusion. Therefore, amylin potently, but transiently, reduced 
nocturnal feeding in nondeprived rats when delivered acutely into the inferior 
vena cava. These findings are consistent with reductions in intake observed 
after intraperitoneal injection of amylin in rats using a similar paradigm.

406.4
SYSTEMIC CAPSAICIN TREATMENT ATTENUATES THE SATIA TING 
ACTION OF PERIPHERAL 5-HYDROXYTRYPTAMINE (5-HT) IN RATS.
K. J. Simansky1*, M. Murray2, V. P. Bauer1 and V. Adipudi1. Dept 
Pharmacology1 and Neurobiology and Anatomy2, Allegheny Univ. Health Sci., 
Philadelphia, PA 19129.

Peripheral administration of 5-HT reduces food intake by enhancing satiation in 
rats. The satiating effect of 5-HT is blunted by ablating the area postrema but not 
by total bilateral abdominal vagotomy. This study used systemic administration of 
the neurotoxin capsaicin to assess the effects of this denervation procedure on 
peripheral serotonergic satiation. The capsaicin was administered to adult male rats 
in four doses spaced 24 h apart (50 mg/kg, s.c., 50 mg/kg, s.c., 25 mg/kg, i.p., 50 
mg/kg, i.p. under halothane anesthesia with anticholinergic, antihistaminerg ic and ß- 
adrenergic blockade). The rats received 24 g of pellets overnight with ad lib access 
to water at all times. At O9OOh remaining food was removed and sweetened mash 
was offered from 1200 h - 1230 h. We first verified the neurotoxic action of 
capsaicin by determining the satiating effect of cholecystokinin octapeptide (CCK-8. 
2.0 nmol/kg, i.p.). At 5 wks after treatment, controls (CON, n = 10) ate 6.7 + 0.7 
g of mash and CCK-8 reduced 30-min intake to 3.4 + 1.1 g (47% of baseline). 
CCK-8 did not reduce intake in capsaicin-treated (CAP, n=11) rats: baseline, 8.8+ 1.1 
g; CCK-8, 8.6+1.7 g (97% of baseline). 5-HT (0, 2.0, 4.0, 5.6 and 8.0 µmol/kg, i.p.) 
was tested from 7-9 wks after treatment CON ate 8.5 + 0.9 g and 5-HT reduced 
intake to 56, 36, 21 and 12 percent of baseline (p < 0.01). CAP ate 10.2 + 1.6 g and 
5-HT reduced intake to 66, 60, 64 and 36%. Thus, CAP significantly attenuated the 
satiating action of peripheral 5-HT. Immunostaining of brainstem revealed a marked 
reduction in Substance P-like immunoreactivity in the spinal tract of the trigeminal 
nerve. The data suggest that nonvagal sensory input to the hindbrain is important for 
mediating the satiating actions of peripheral 5-HT in rats. Supported by MH 4198- 
to KJS.
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406.5
THE SELECTIVE 5-HT2C RECEPTOR AGONIST RO 60-0175 DECREASES 
MEAL SIZE AND ACCELERATES THE ONSET OF THE BEHAVIOURAL 
SATIETY SEQUENCE IN THE RAT.
C.T. Dourish1*, S.P. Vickers1 and P.G. Clifton2. 1Dept. of Neuropharmacology, 
Cerebrus Ltd., Wokingham. RG41 5UA. U.K. and 2Dept. of Experimental 
Psychology, University of Sussex, Brighton BN1 9QG, U.K.

There is considerable evidence that 5-HT2C receptors are involved in the 
regulation of satiety mechanisms. Thus, non-selective 5-HT2C agonists such as 
m-chlorophenylpiperazine (mCPP) reduce food intake in rodents and lean and 
obese humans. Furthermore, the anorectic effect of d-fenfluramine is attenuated 
by pre-treatment with the selective 5-HT2C receptor antagonist SB 242084 and is 
blunted in mutant mice with a targeted deletion of the 5-HT2C receptor. In the 
present study we examined the effects of the selective 5-HT2C receptor agonist 
Ro 60-0175 on meal patterns and on the behavioural satiety sequence in rats. Ro 
60-0175 (3 and 10 mg/kg i.p.) dose-dependently inhibited consumption of 45mg 
food pellets in free feeding Lister-hooded rats and this effect was largely 
attributable to a decrease in meal size. In a subsequent study, the effect of 1 and 
3 mg/kg (s.c.; 30 min. pre-test) Ro 60-0175 on the behavioural satiety sequence 
was assessed. In agreement with the previous study, Ro 60-0175-treated rats 
consumed a reduced amount of palatable wet mash and, in addition, exhibited a 
behavioural sequence consistent with enhancement of satiety. Thus, treatment 
with 3mg/kg Ro 60-0175 led to a temporal advance in the offset of feeding and 
onset of resting whilst preserving the qualitative pattern of behaviour 
characteristic of the behavioural satiety sequence. The effects of Ro 60-0175 on 
meal size and the behavioural satiety sequence were similar to those observed 
after administration of d-fenfluramine. These data suggest that selective 5-HT2C 
receptor activation leads to a reduction in meal size that is consistent with 
enhancement of satiety.

406.7
A C-TERMINAL FRAGMENT OF AGOUTI-RELATED PROTEIN 
INCREASES FEEDING AND ANTAGONISES THE EFFECTS OF ALPHA- 
MELANOCYTE STIMULATING HORMONE. D.G.A. Morgan, M Rossi, 
M.S. Kim, C.J. Small, C.M. Edwards, D.Sunter, S.Abusnana, M.M.Heath, A.P. 
Goldstone, S. Russell, S. Stanley, D.M.Smith, K. Yagaloff1, M.A. Ghatei, D. 
O ’Shea* and S.R. Bloom. Endocrine Unit, Imperial College School of 
Medicine, Hammersmith Hospital, Du Cane Rd, London W 12 ONN, UK and 
1Hoffman La Roche, Nutley, NJ, USA (KY)

Agouti-related protein (Agrp) is present in rat and human hypothalamus and is 
structurally related to agouti protein. Over-expression o f either o f these 
peptides results in obesity. We report that, when administered 
intracerebroventr¡cularly (ICV) into rats, lnmol (6 µg) o f Agrp(83-132), a c- 
terminal fragment o f Agrp, caused an increase in food intake sustained over a 
24-h period (23.0 ± 1.4 g saline vs 32.9±2.3 g Agrp, p<0.05). The hyperphagia 
was similar to that seen following ICV administration of an equimolar amount 
of the synthetic melanocortin receptor 3 and 4 (MC3-R and MC4-R) antagonist 
SHU9119 (19.6± 1.8 g saline vs 32.5±1.7 g SHU9119, p<0.001). Both 
Agrp(83-132) and SHU91 19 blocked the reduction in 1-h food intake of ICV 
alpha-melanocyte stimulating hormone (αM SH), an endogenous MC3-R and 
MC4-R agonist, at the beginning o f the dark phase. This effect was regardless 
o f whether the antagonists were administered simultaneously with, or nine hours 
prior to the αMSH. In conclusion, Agrp(83-132) administered ICV increases 
feeding with long lasting effects and its action appears to be mediated by 
continued antagonism of the MC3-R and MC4-R.

This work was supported by grants from the UK medical research council, and 
from the Wellcome Trust.

406.9
HYPOTHALAMIC VENTROMEDIAL NUCLEI NORMALLY DAMPEN 
DIURNAL RHYTHMS IN BRAIN C-FOS PROTEIN AFTER A 24 HOUR 
FAST SuJean Choi*, Liza Soriano. Alan Chu and Mary F. Dallman,

D ept. o f Physiology, UCSF San Francisco, CA  94143-0444 
The h ypo thalam ic  ven tro m ed ia l nuclei (VM N) are  essen tia l for 

conveying  tem poral inform ation  abou t energy  sta tus. W e have prev iously  
sho w n  that the VM N  act as food -en tra in ed  oscilla tors and  am plify  
rhy thm ic o u tp u ts  from  the suprach iasm atic  nuclei (SCN). Inhib ition  of the 
V M N  significantly  d im in ishes a m p litu d es  of c ircad ian  rh y th m s (food 
in take, core bod y  tem p era tu re , locom otor activ ity , corticosterone) and 
abolishes d iu rn a l rhy thm s in the  n u m b er o f c-F os-contain ing  cells in the 
p o s te rio r  p a ra v e n tric u la r  th a la m u s  (pvTH A L), an d  h y p o th alam ic  
parvoce llu la r p a rav en tricu la r  nuclei (pPVN ) an d  d o rso m ed ia l nuclei 
(DM N) in both  ad I b fed and  restrict fed states. Since those resu lts  clearly  
im plicate the VM N as an essential com ponen t of the c ircadian  regulation  of 
energy  balance, w e have now  tested the effects of a 24 h r fast on d iu rn a l 
pa tte rn s  of c-Fos-containing cell n u m b er in brain  areas involved w ith  energy 
regu la tion  and  c ircadian  rhythm s. The SCN m ain ta in ed  a ligh t> dark  
p a tte rn s  u n d e r  all cond itions. In all o th e r hy p o th alam ic  an d  thalam ic cell 
g ro u p s m easured , the d a rk> ligh t d iu rn a l rh y th m s in the  n u m b er of c-Fos- 
con ta in ing  cells w ere abolished  afte r a 24 h r  fast. C olchicine-induced  
inh ib ition  o f the V M N  reinsta tes the  n o rm a l d a rk > lig h t d iu rn a l p a tte rn  in 
the nu m b er of c-Fos-containing cells in the  po ste rio r  pvTH A L, pPV N , and 
the D M N  in 24 h r fasted rats. F u rth erm o re , in V M N -inhib ited  rats that 
w ere fasted, a dark > lig h t d iu rn a l rh y th m  w as induced  in the sPVN z, 
w hich  receives both  VM N  and  SCN inputs. W e conclude that after a 24 hr 
fast the  norm ally  function ing  V M N  actively  d a m p e n  c ircadian  activ ity  in 
p o ste rio r  pvTH A L, pPV N , and  DM N . Supported by DK28172 and ADA.

406.6
REGULATION OF FEEDING BEHAVIOR BY  AGOUTI- 
RELATED PROTEIN. B.D. W ilson3, D. Bagnol1, C.B. Kaelin3, I. 
Gantz2, S J . W atson1*, and G.S. Barsh3. ; 1Mental Health Research 
Institute an d  2Dept o f Surgery, University o f Michigan, Ann Arbor, 
M I.; and 3Depts. o f Pediatrics and Genetics, and HHMI, Stanford 
University School of Medicine, Stanford, CA 94305.

Agouti-related protein (Agrp) is a recently discovered 
hypothalamic peptide that stimulates feeding and weight gain. We 
have carried out functional, anatomic, and genetic studies that 
delineate the neuronal circuitry connecting Agrp with other central 
feeding pathways. Deficiency o f leptin causes a nearly 10-fold 
increase in Agrp expression, injection o f leptin causes a reduction in 
A g r p  expression, but other obesity mutations including tu b b y  and f a t  
have no effect on A g r p  expression. An 8-10 fold increase in A g r p  
m RNA expression induced by food deprivation does not occur in 
leptin-deficient animals. Finally, in non-obese animals that carry the 
le th a l ye llo w  (Ay) mutation (which provides a chronic mimetic o f  
Agrp), leptin injection has no effect on feeding. Agrp is normally 
expressed in the arcuate nucleus medial to Pome-expressing cells; 
double-labeling studies indicate that the long form of the leptin 
receptor is expressed by nearly all of the Pome-expressing cells but 
only a fraction (< 10%) o f Agrp-expressing cells. Our results 
demonstrate that some or all o f the effects o f food deprivation on 
Agrp expression and feeding are mediated by leptin, and suggest the 
normal function o f Agrp is to desensitize the effects o f  leptin 
mediated by melanocortinergic neurons (Supported by the HHMI).

406.8
STIMULATION OF BRAINSTEM MELANOCORTIN RECEPTORS PRODUCES 
DOSE-DEPENDENT AND LONG-LASTING FEEDING AND BODY W EIGHT 
EFFECTS. H.J. Grill* A.B. Ginsberg, R.J. Seeley and J.M. Kaplan, Dept. of 
Psychology, Univ. Penn., Philadelphia, PA. 19104 

The central melanocortin (MC) system is emerging as a prominent contributor 
to food intake and body weight control. MC3,4-R populations in the arcuate and 
paraventricular nuclei are considered probable sites o f action mediating the 
orexigenic effects o f systemically or icv-administered ligands. Yet, the highest 
MC4-R density in the brain is found in the dorsal motor nucleus o f the vagus 
nerve, situated subjacent to the cNST, a site o f POMC mRNA expression. We 
evaluate the contribution o f the caudal brainstem MC system by: (1) performing 
dose-response analyses for a MC3,4 agonist (MTII) and antagonist (SHU9119) 
delivered to the 4th ventricle, (2) comparing, in the same rats, the 4th icv dose- 
response profiles to those obtained with lateral icv delivery and (3) delivering 
a maximally effective dose of MTII or SHU9119 to rats that had been 24-h food 
deprived. 4th icv agonist treatment yielded a dose-dependent reduction of 
short- (2 , 4 h) and long-term (24- 72 h) cumulative food intake and body weight. 
4th icv  antagonist treatment produced clear dose-related increases in 
cumulative food intake and corresponding increases in cumulative body weight 
change for the 24- to 96-h observation period. Comparable dose-response 
functions for food intake and body weight were observed when these 
compounds were delivered to the lateral ventricle. The results from deprived 
rats support the impression derived from the dose-response studies that body 
weight change is secondary to the treatment's effect on food intake. Our 
results clearly support the relevance o f the brainstem MC3,4-R system to the 
control o f food intake. Interactions between brainstem and hypothalamic 
components of the MC system remain to be elucidated. Supported by NIH DK- 
21397 and DK-42284

406.10
CORRELATES OF DEOXYCORTICOSTERONE-INDUCED 
SALT APPETITE BEHAVIOR AND BASAL GANGLIA 
NEUROCHEMISTRY L .R. Lucas*, P. Pompei§ and B. S . McEwen Lab 
of Neuroendocrinology, The Rockefeller University, New York NY 10021 
(USA); and §Dept. Pharmacol. Sci. & Exp. Med., University of Camerino, Via 
Scalzino 3, 62032 Camerino (Italy)

Chronic adm in istration of the synthetic m in e ra loco rtico id , 
deoxycorticosterone acetate (DOCA), induces a rem arkable increase in  
salt appetite in rats. The neurochemical mechanisms involved in the 
acquisition and maintenance of salt appetite behavior in th is paradigm 
are presently unknown. We have previously shown that chronic DOCA 
adm in istration results in an increase in mRNA levels of the endogenous 
opiate enkephalin (ENK) in male Sprague-Dawley rats given 24 hou r 
access to tap water and 2% NaCI (two bottle choice) [Lucas et a l., 
NeuroReport 8 :8 11-816 (1997 )]. Since lower dopamine tone re su lts  
in higher s tria ta l ENK-mRNA abundance, we decided to test the 
hypothesis that DOCA treated rats given access to salt are in a dopamine 
depleted (less-m otiva ted) state compared w ith those not given access. 
Four groups of rats were injected with DOCA (5 mg/rat/d, 11 d) and one 
w ith vehicle (all were given access to water but access to salt was 
regulated). Two DOCA groups were given 2 h of 2% NaCI access/d. One 
group (2 h) was allowed access to salt 2  h before sacrifice, whereas the 
other was not (2hX). One of the two rem aining DOGA groups was given 
24 h access to salt (24h) and the other no access at all (24hX). As 
expected, we found higher s tria ta l ENK-mRNA and lower ty ro s in e  
hydroxylase radio im m unoreactive levels in the 2hX and 24h group 
compared w ith the 2h and 24X group, resp. These results suggest tha t 
basal ganglia structures may be activated to e lic it salt seeking behavior 
in the DOCA induced salt appetitive rat. Supported by MH43787
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406.11
SELECTIVE VAGOTOMY INCREASES DIETARY INTAKE OF AN AMINO 
ACID IMBALANCED DIET(IMB) IN RATS. K.D. Dixon. T. Le. L.L. Bellinger1 
and D.W. GietzerT. Vet Med: Anatomy, Physiology, and Cell Biology, and The 
Food Intake Laboratory, University of California, Davis, CA 95616. 1Texas A 
& M University System - Baylor College of Dentistry, Department of 
Biomedical Sciences, 3302 Gaston Avenue, Dallas TX 75246.

Total subdiaphragmatic vagotomy (VAGX) or a ventral branch lesion 
attenuates the initial anorectic response to IMB, but hepatic branch (HVB) 
ablations do not. In this study, to investigate the effects of the various ventral 
branches, the HVB and the ventral gastric branch (VGB) were cut in 
combination (HVB+VGB). For consistency, these cuts were paired with ligation 
of the dorsal vagal branch (DORS). Previous studies have shown that removal 
of the DORS does not influence IMB anorexia. Male Sprague Dawley rats 
were used, weighing 240-260g, prior to surgery. After HVB+VGB (n=9), VAGX 
(n=8) or sham surgery (SHAM, n=6), rats were recovered on a milk-based 
liquid diet for 3 days, a 17% casein gel diet for 5 days, followed by 10 days on 
an isoleucine basal diet. On the experimental day (ED1) rats received an 
isoleucine IMB. Food intake was measured at 3h, 6 h, 9h,12h and 24h. Daily 
IMB intake was measured on ED2-6. On ED1 the HVB+VGB group consumed 
more IMB diet than the SHAM group during the dark cycle (0-12h), P<0.05, 
with trends exhibited at 0-6h and 0-24h, P<0.07 and P<0.06 respectively. At 0- 
12h, the HVB+VGB group’s IMB intake was intermediate to the SHAM and 
VAGX groups. IMB intakes as a percent of basal baseline were VAGX, 67.6%; 
HVB+VGB, 59.3%; and SHAM 46.8%. However, at the end of ED1, the 
HVB+VGB group did not differ from the VAGX group. All groups showed 
adaptation by ED6 . Because combined lesions of the HVB and VGB increased 
IMB intake similar to the VAGX group on ED1, we conclude that these 
branches cooperate in mediating the initial anorectic response to IMB. 
Supported by NIH DK 42274 to DWG, NS33347 and NIH DK35747 to the 
Food Intake Lab via UC Davis CNRU.

406.12
GASTRIC AND DUODENAL SIGNALS INTERACT 
SYNERGISTICALLY IN THE NEURAL REPRESENTATION OF 
A MEAL. M.H. Emond*. T.H. Moran and G.J. Schwartz Dept. of 
Psychiatry, Johns Hopkins University School o f Medicine,
Baltimore, MD 21205-2196.

Duodenal nutrients and gastric volume are important in the negative 
feedback control o f ingestion. During meals, nutrients are first present 
in the stomach, then present in both the stomach and the duodenum 
simultaneously. The current study was designed to evaluate, via Fos- 
like immunoreactivity (FLI), the neural representation of a meal in the 
gut as it stimulates both gastric and duodenal sites. On test days after 
an overnight food deprivation, rats with closed pyloric cuffs were 
given 1 of 4 experimental treatments: a bolus gastric load o f 10 ml 
saline (n=7); a duodenal nutrient infusion of Ensure (1 kcal/ml) 
delivered at a rate of 0.4 ml/min for 10 min (n=7); a combination of 
both treatments (n=6); or no treatments at all (n=6). A fifth group 
without cuffs was tested where a bolus 10 ml gastric nutrient load was 
infused and allowed to empty freely. Ninety min after treatment, rats 
were sacrificed and their brains processed. FLI was assessed at four 
caudal-rostral levels o f the nucleus o f the solitary tract (NST). In the 
caudal and medial region o f the NST, the simultaneous delivery of 
gastric load and duodenal nutrient produced: 1) comparable FLI to the 
gastric nutrient infusion, and 2) significantly greater FLI than the sum 
of that produced by either condition alone. The dramatic increase in 
FLI produced by simultaneous gastric and duodenal stimulation 
suggests that afferent information from these two gastrointestinal sites 
interacts synergistically to determine the neural representation of a 
meal. Supported by DK 19302.
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407.2407.1
LOW-AFFINITY BLOCK OF N-TYPE AND RELATED Ca CHANNELS BY 
ɷ-AGA-IVA. I. M. Mintz* and S. Sidach. Dept. of Pharmacology. Boston 
University Medical School. Boston, MA 02118.

The spider toxin ɷ-Aga-IVA was introduced as a potent and highly 
selective blocker of P-type Ca channels (Kd~ 1 nM). It was later reported that 
high concentrations of the peptide target a second population of Ca channels 
referred to as the Q-type. We have investigated the selectivity of ɷ-Aga-IVA 
(1 uM) using whole-cell recordings of rat neurons isolated from 
parasympathetic ganglia, dorsal root ganglia (DRG), and subthalamic nuclei.

ω-Aga-IVA (1 uM) had no effect on TTX-sens¡tive Na currents, K currents, 
low-threshold T-type Ca currents, and Bay-K8644 (3 uM)-enhanced L-type Ca 
currents, indicating that the toxin retains a high degree of selectivity when 
used in the micromolar range.

Significant block of N-type currents was observed in rat peripheral and 
central neurons. In sympathetic neurons, ɷ-Aga-IVA (1 uM) reversibly inhibited 
the N-type ɷ-conotoxin GVIA (CgTX)-sensitive current (n =3), while lower toxin 
concentrations (200 nM) had no effect (n = 2). In subthalamic neurons, there 
was significant occlusion between CgTX and ω-Aga-IVA effects. CgTX (2.5 
uM) blocked 53.6 +/ 3.4 % of the control current (n = 10 ) when applied alone 
but reduced the control current by 34.8 +/- 2.2 % (n = 10) when added after 
ω-Aga-IVA (1 uM) application.

ω-Aga-IVA (1 uM) also inhibited the poorly characterized high-threshold 
Ca currents that remained after maximal block of L-, N-, and P-type Ca currents 
in rat subthalamic neurons and DRG ceils, as well as the fast deactivating 
low-threshold Ca current that was recorded in subthalamic neurons.

These data suggest that N-type and structurally related Ca channels 
share a low-affinity binding site for the spider toxin ɷ-Aga-IVA.

IDENTIFICATION OF A NOVEL PROTEIN THAT INTERACTS 
WITH THE N-TYPE CALCIUM CHANNEL. H. Guthrie*, K. 
Hamming and T. P. Snutch . Biotechnology Lab., Univ. o f  British 
Columbia, Vancouver, BC, V6T 1Z3, C ANADA.

In order to better understand the contributions of N-type Ca2+ channels to neuronal 
physiology, the Gal 4 based yeast two-hybrid system was used to identify proteins 
which interact with the channel. Cytoplasmic domains of the α 1B subunit were used 
as baits to screen an expression library from 1 0 - 1 2  week old whole rat brain. 
Screening of two million clones using 362 amino acids o f the carboxy terminus of 
the α 1B subunit lead to 9 positives. Isolation, sequencing and Blast searches in 
GenBank identified a high degree o f conservation with a family o f proteins 
containing EGF-like repeats. The novel EGF-like protein contains five EGF-like 
repeats, a histidine rich domain and a cysteine rich region. Proteins containing EGF- 
like repeats have been implicated in several types of protein-protein interactions 
including the adhesion o f coagulation factors and the aggregation of receptors and 
are also implicated in mediating cell proliferation and differentiation. The full length 
cDNA of the yeast-two hybrid positive clone was obtained via RT-PCR using 1 day 
old rat whole brain RNA. Co-expression with the N-type channel in HEK cells 
altered modulation o f the channel via second messengers suggesting a functional 
role in regulating N-type channel activity. We are currently pursuing the 
biochemical basis for this interaction.
S u p p o r te d  b y  M e d ic a l R e se a rc h  C o u n c il o f  C a n ada .

407.3
CHARACTERIZATION OF Ef-TYPE CALCIUM CHANNEL  
GATING IN FROG SYMPATHETIC NEURONS. Hye Kyung Lee & 
Keith S. Elmslie.* Dept. o f Pharmacology, Chonbuk University Dental 
School, Chonju, Korea 561-756 & Dept. o f Physiology, Tulane 
University Medical School, N ew  Orleans, LA 7 0 112.

Calcium channels in 100 mM Ba2+ which activate at voltages near -30  
mV and are strongly inactivated at a holding potential o f -40 mV have 
been studied in several preparations. In rat cerebellar neurons two 
channel types (G2 & G3) were shown to have these properties (Tottene 
et al., 1996, J. Neurosci. 16:6353). In frog sympathetic neurons an 
ɷ -conotoxin-resistant calcium channel which activated near -30 mV was 
termed Ef-channel (Elmslie, 1997, J. Neurosci. 17:2658). The 
conductance o f Ef-channels ranged from 13 to 20 pS. We were 
interested to determine if this range corresponds different channel types 
(e.g. G2-G 3).

Cell-attached patches containing 1 to 3 Ef-channels were recorded. 
These channels were easily distinguished from N- & L-type channels by 
their small single channel current at 0  mV (0.4 to 0.7 pA) and strong 
inactivation at a holding potential o f -40 mV. Open times for Ef- 
channels al voltages < 0 mV were generally well fit by a single 
exponential. The mean open time at -10 mV ranged from 0.4  ms to 0 .8  
ms. Ef-channel activation voltage ranged from -30 to -10 mV. 
Although Ef-channels show a range o f properties , we have yet to 
observe a correlation between the different properties which would 
support the notion o f multiple channel types.

S u p p o r te d  b y  L E Q S F  & N IH .

407.4
THE ARACHIDONIC ACID SIGNALING PATHWAY MEDIATES MUSCARINIC 
INHIBITION OF L-TYPE CALCIUM CURRENTS IN SYMPATHETIC NEURONS. 
Liwang Liu and Ann R. Rittenhouse*. Program in Neuroscience, Department of 
Physiology, University of Massachusetts Medical Center, Worcester. MA 01655.

Muscarinic agonists activate a G-protein mediated signal transduction pathway that 
uses an unknown diffusible second messenger to inhibit N- and L-type calcium (Ca) 
currents in rat superior cervical ganglion (SCG) neurons (Hille.1994, TINS, 17:531). In 
our previous studies (Liu & Rittenhouse,l996, Soc Neurosci Abstr 22:1751), we have 
presented evidence that the arachidonic acid (AA) signaling cascade appears to be the 
diffusible second messenger pathway responsible for muscarinic receptor inhibition of 
L-type currents. We have carried out a series of additional experiments in order to test 
this model further. Whole cell L-type Ca currents were recorded from dissociated 
neonatal rat SCG neurons using 0.1 mM BATPA as the internal Ca chelator, 20 mM 
Ba as the charge carrier and the agonist FPL 64176 which elicits a slow component of 
the tail current made up of L-type current only. 10 µM Oxtremorine-M (Oxo-M) 
inhibited the peak current 31% at + 10 mV and the slow component of the tail current 
26% at -40  mV in pertussis toxin (PTX) pretreated SCG neurons, indicating that this 
pathway is PTX-insensitive. When’ 20 mM BAPTA was included in the pipette 
solution, Oxo-M lost its ability to inhibit the slow tail current, suggesting that this 
pathway is Ca-sensitive. Bath application of 5 µM AA mimicked the slow tail current 
inhibition by Oxo-M. In the presence of 25 µM RHC-80267, a specific DAG lipase 
inhibitor, or 20 µM Oleoyloxyethyl phosphocholine, a specific PLA2 inhibitor with no 
known cross reactivity, the effects of Oxo-M were blocked while AA could inhibit 
slow tail currents. BSA (0.5 mg/ml), which binds fatty acids, blocked the inhibition of 
slow tail currents by Oxo-M and partially reversed the actions of AA. Bath application 
of 5 µM oleic acid, 5 µM myristic acid or 30 µM ETYA had no significant effect on 
slow tail currents. These results indicate that muscarinic receptors couple to 
phospholipases via G-proteins resulting in the liberation of fatty acids that then inhibit 
L-type Ca channels. Supported by NIH (R29-NS34195) and AHA (95015500).
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407.5
RAPID IGF-1-POTENTIATION OF NEURONAL L CHANNELS IS AKT- 
DEPENDENT. L.A.C. Blair*. K.K. Bence and J. Marshall. M olecular 
Pharmacology, Physiology and Biotechnology, Brown University.

Insulin-like growth factor-1 (IGF-1) rapidly induces a large 
increase in N and L calcium channel currents in cerebellar granule neurons. 
The responses o f both channel subtypes utilize the IGF-l/R TK  and PI 3- 
kinase. The rest o f the signalling pathway, however, remains unknown. 
Interestingly, the N and L channels respond to IGF-1 at distinctly different 
membrane potentials: L-channel current is potentiated more strongly at 
hyperpolarized membrane potentials, whereas N-channel current is 
preferentially potentiated at depolarized potentials. The differential 
modulation o f N- and L-type channels by IGF-1 suggests that the 
intracellular pathway(s) may diverge. To identify essential signalling 
components, we have transfected neurons in culture with genes encoding 
variants o f potential intracellular intermediates. W e find that the 
serine/threonine kinase, Akt, which is known to mediate IGF-1-dependent 
survival o f granule neurons, also mediates the rapid IGF-1-dependent 
modulation o f the neuronal L channels. Transient over-expression o f an 
inactive (dominant-negative) Akt in the neurons fully blocks the rapid 
IGF-1-modulation o f L channels. In addition, IGF-1 responses are normal 
in the presence o f over-expressed wild-type Akt. Conversely, over- 
expression o f a constitutively active form o f Akt appears to mimic the effect 
of IGF-1, causing a dramatic increase in basal L currents accompanied by 
the loss o f ability of IGF-1 to induce further increases. In no case is the 
IGF-1 potentiation o f N  currents affected. These results suggest that 
neuronal RTKs may be able to control long-term calcium-dependent 
processes through the rapid control o f voltage-sensitive ion channels. 
Supported by R29 NS 33914-02 (NIH) and SA 047 (Council for Tobacco 
Research) to J.M.

407.7
INHIBITORY SIGNALING BETWEEN ACTIVATED MACROPHAGES AND 
ADRENAL CHROMAFFIN CELL CALCIUM CHANNELS. K.P.M. Currie* and A.P. 
Fox. Dept. Pharm. Physiol. Sci., Univ. o f Chicago, Chicago IL 60637.

The immune system generates a large number o f signals when activated. For example, 
bacterial endotoxin (lipopolysaccharide (lps)) stimulates macrophages to produce nitric 
oxide, arachidonic acid metabolites and cytokines. There is evidence that such signals 
in addition to contributing to the immune response can also signal directly to neuronal 
cell types. We were interested to see if such direct signaling existed between 
macrophages and adrenal chromaffin cells which produce and release catecholamines. 

Whole cell calcium channel currents were recorded from cultured bovine adrenal 
chromaffin cells. In all experiments the L-type channels were blocked with nisoldipine. 
The remaining currents were of the N- and P/Q-type. The murine macrophage cell line 
J774.1 was exposed to recording solution containing lps for various times and this 
conditioned media was applied to the chromaffin cells. It was found that acute 
incubations with high concentrations o f lps (100-250 µg/ml for 5-10 mins) led to the 
generation of an inhibitory signal. The inhibition was voltage sensitive and involved 
pertussis toxin (PTX) sensitive G-proteins. The identity o f this acutely produced 
inhibitory signal remains to be determined but it was not nitric oxide or a cyclooxygenase 
(COX) metabolite. It is well documented that longer term incubation with low 
concentrations o f lps ( 1µg/ml for 6-18hrs) leads to a large increase in COX activity and 
release o f prostaglandins. Exogenous application o f PGE2 produced a robust inhibition 
o f calcium current in every cell tested. Maximal inhibition was 55-60% and occurred at 
concentrations o f 100-300nM. The inhibition was voltage sensitive and involved 
multiple G-protein types since one third o f the inhibition remained after pretreatment 
with PTX. Such direct signaling to chromaffin cell calcium channels may modulate 
catecholamine secretion and hence have important physiological consequences during 
periods o f immune system activation.

This work was supported by NS 33826..

407.6
ASSOCIATION OF SPECIFIC VOLTAGE-GATED CALCIUM CHANNELS 
WITH NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR 
SUBTYPES IN PRESYNAPTIC DOPAMINERGIC SYNAPSES. Jennifer M. 
Kulak1*, R. G. C  DelaCruz1, J. Michael McIntosh1,2, and Baldomero M. 
Olivera.1 Departments of Biology1 and Psychiatry2, University of Utah, 
Salt Lake City, Utah, 84112.

Using small peptides isolated from predatory cone snails (Conus), we 
investigated the involvement of voltage-gated calcium channels in 
nicotine-evoked dopamine (DA) release from rat striatal synaptosomes. ω- 
Conotoxin GVIA, a selective antagonist for α1B (N-type) calcium channels, 
inhibits ~30% of nicotine-evoked DA release, indicating the presence of 
α1B calcium channels in dopaminergic terminals containing nicotinic 
acetylcholine receptors (nAChRs). However, the less selective calcium 
channel antagonist ω-conotoxin MVIIC inhibits an additional fraction of 
nicotine-evoked DA release, indicating the involvement of both α1A- and 
α1B-containing calcium channel complexes. Previously, it was shown that 
α-conotoxin MII (selective for α3β2-containing nAChRs) can distinguish 
between populations of nAChRs present presynaptically at striatal 
dopaminergic terminals. α-MII inhibits ~30% of nicotine-evoked DA 
release. If α-conotoxin MII and ω-conotoxin GVIA are used together, their 
effects are additive (~60% inhibition). This result indicates that α3β2- 
containing nAChRs and α1B-type voltage-gated calcium channels are not 
colocalized at the same terminals. These and other results suggest the 
presence of multiple pharmacologically distinguishable types of striatal 
presynaptic dopaminergic terminals.
The work was supported by NIH Grant GM48677.

407.8
SITES OF MODULATION OF N-TYPE AND P/Q-TYPE CALCIUM  
CHANNELS BY  G PROTEINS. B. Li1, H. Zhong1, T. Kozasa2, K. 
Yan3, N. Gautam3, A. G. Gilman2, T. Scheuer1*, and W. A. Catterall1. 
1D ept. o f Pharmacology, Univ. o f  Washington, Seattle, WA 98195; 
2Dept. o f Pharmacology, Univ. o f Texas Southwestern Medical Center, 
Dallas, TX 75235-9041; 3Dept. o f A nesthesiology, Washington Univ. 
School o f M edicine, St. Louis, MO 63110.

Voltage-gated Ca2+ channels are inhibited by G protein ßγ  
subunits, and that inhibition is reversed by strong depolarization 
yielding facilitation. In yeast two-hybrid assays, G β subunits bind 
specifically to the loop between domains I and II o f  the Ca2+ channel 
α 1A and α1B subunits (LI-II; β1= β 2 > β 5 > β4 > β 3). This binding specificity 
o f  Gß subunits correlates with their physiological effects in neurons. 
Mutations in the QXXER m otif in LI-II of α 1A strongly affect binding and 
G protein modulation o f channel activity. All five G β subunits bind 
with similar affinity to a site near the C-terminal o f  α 1B. Specific 
binding to LI-II and the C-terminal is also observed in biochemical 
binding assays. Analysis o f Gß mutants suggests that the same regions 
o f the G ß subunit are involved in binding to both α 1B domains. 
Deletion o f the C-terminal Gß-binding site makes the voltage 
dependence o f activation more positive and less steep, and induces 
intrinsic facilitation which partially occludes the facilitation induced by 
GTPγS. Our results demonstrate specificity o f binding o f  Gß subunits 
to Ca2+ channels and implicate both LI-II and the C-terminal in Gß 
binding and modulation. The specificity o f Gß subunit binding and 
modulation is controlled by interaction with LI-II. This work was 
supported by NIH grant N S22625 to W. A. C ., an N RSA to B .L ., and 
research grants to A. G. G. and N. G.

407.9
ROLE OF VOLTAGE-GATED CALCIUM CHANNELS IN FIRING PROPERTIES 
OF PURKINJE CELLS (PCs) FROM CEREBELLAR SLICE CULTURES. J.L. Bossu,
F. Pouille, H. Beekenkamp and A. Feltz*. Laboratoire de Neurobiologie Cellulaire 
CNRS, Centre de Neurochimie, 67087 Strasbourg, France.

We have used the whole cell configuration of the patch clamp recording method to 
characterize the electrical activity of PCs from 2-4 weeks old cerebellar slice cultures. 
Evoked activity was obtained by direct somatic current injections in the presence of 
CNQX (10-5 M) and bicuculline (10-5 M) in the bath solution to abolish synaptic 
activities. The resting membrane potential was maintained at -80 mV and 2 seconds 
depolarizing currents of increasing intensity were applied to initiate a firing activity. 
Three types of PCs were identified according to their firing pattern. After a threshold 
PCs of type I (mean input resistance 89 MΩ, n=9) elicited, whatever the stimulus 
amplitude, a single action potential (AP) or a short burst (20 ms) of APs. Types II and 
III PCs elicited repetitive firing of increasing frequency (from 2 to 100 Hz) when 
increasing the stimulus amplitude. For strong current injections, inactivation of APs 
occurred before the end of current injection in the type II cells (mean input resistance 
156 MΩ, n = 11) or oscillatory responses developed in the type III cells (mean input 
resistance 206 MΩ, n=9). Removal of external calcium strongly affected the firing 
properties of type II and III PCs : in both cases the response to strong depolarizing 
currents consisted only in a short burst o f APs, as recorded in type I PCs. This was 
probably due to the suppression of a Ca2+-dependent hyperpolarizing conductance 
preventing inactivation of Na+ spikes. Bath applications of amiloride (250 µM) a 
specific antagonist of the low-threshold transient Ca2+ current or ω-conotoxin MVII-C 
(200 nM) a specific antagonist of the P/Q type Ca2+ currents reproduced the effect of 
external Ca2+ removal. This suggests that Ca2+ entry throughout both types of Ca2+ 
channels contributes to the activation o f the Ca2+-dependent hyperpolarizing 
conductance that determines the firing pattern o f type II and III PCs.

407.10
LTS BURSTING AND THE SUBCELLULAR LOCALIZATIONS OF T-TYPE Ca2+ 
CHANNELS IN THALAMIC RELAY NEURONS.
Mike Neubig* and Alain Destexhe, Dept. Physiology, University Laval, Quebec.

When the total number of functioning T-type calcium channels changes within a 
given neuron, the burst properties of that cell change too: high channel counts cor
respond to strong bursts with low LTS thresholds. This is depicted for homogeneous 
densities by line ’Quantity’. However, the location of the channels can be shown to 
be a factor as well -  even in relatively compact cells such as thalamocortical neurons. 
In these neurons, for a given quantity of T-channels, their colocalization with sensory 
afferent synapses (ie primarily proximal dendrites) gives rise to stronger bursts with 
higher LTS thresholds than their colocalization with cortical synapses (ie primarily 
outlying dendrites) (line ’Distribution’) (all distribution patterns also included channels

within the somatic membrane). This 
complementary relation between 
channel count and subcellular local
ization enriches the dynamics of the 
neuron beyond what is achievable 
by either one alone. Also, these two 
parameters are more potent in shap
ing bursts than others examined, such 
as resting Vm, input resistance, leak 
conductance & reversal, axial resis
tivity, and membrane capacitance.
The influence of localization can be 
shown to be independent of both the 
type and intensity of the evoking stim
ulus, be it current injection into the 
soma or dendrites, or be it synaptic 
drive of cortical or sensory or inhibi
tory populations, or combinations 
thereof. All results were obtained by 
computer experiments run on a re
constructed, 755-compartment relay 
neuron from the ventrobasal thala
mus of a rat pup P10. Supported by 
HydroQuebec and MRC of Canada.
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407.11
R-TYPE Ca2+ CURRENTS SPECIFICALLY REGULATE OXYTOCIN RELEASE 
FROM NEUROHYPOPHYSIAL TERMINALS. G . Wang*. G. Davanithi#, L. 
Urge+, R. Newcomb+ & J.R. Lemos Dept. Physiology, UMMC, Worcester, MA, 
+Neurex Corp., Menlo Park, CA & #UPR 9055-CNRS, Montpellier, FR

Besides "L" , "N", and "Q"-type Ca2+ current components in isolated nerve 
terminals of the neurohypophysis, there exists another component which could 
not be blocked by high doses of ɷ -AgalVA or low doses of ɷ -MVIIC. These 
concentrations of “P/Q"-type blockers essentially abolished the dihydropyridine 
(DHP)- and ɷ -GVIA-resistant component of vasopressin (AVP) release but did 
not affect oxytocin (OT) release (J.Physiol. 502:351). Perforated patch-clamp 
measurements of Ba2+ currents in isolated neurohypophysial nerve terminals of 
the rat were performed in order to examine if another type of Ca2+ channel could 
underlie the resistant component (35.5±5.1%) of OT release. The terminals 
appear to fall into two groups: one in which the GVIA- and DHP-resistant 
component was sensitive to ɷ -AgalVA/ɷ -MVIIC (i) and one in which it was 
insensitive (ii). The biophysical properties of the resistant component in group ii 
are those of a high-voltage (-4.2 mV) activated, transient (τi = 25.6 ms), Ca2+ 
current which shows moderate steady-state inactivation (V1/2=-58.8 mV). These 
properties are most consistent with the “R"-type Ca2+-channel. This is further 
confirmed by the low levels (86 µ M) of Ni2+ which half-max imally block this 
component of the current in group ii terminals. Furthermore, we now report that 
low doses (IC50 = 4.1 nM) of SNX 482, a polypeptide toxin able to specifically 
block α 1E-clone Ca currents expressed in HEK cells (Soc.Neuro.Abs. 23:856), 
can block this resistant component of the neurohypophysial IBa. At maximally 
effective concentrations (20 nM) SNX 482 also abolishes the resistant component 
of OT release from these terminals. These results lead to the hypothesis that the 
R-type channels are preferentially localized on OT peptide-containing nerve 
terminals and can thus preferentially regulate release o f OT. (Supported by 
NS29470 & CNRS grants)

COGNITION: HUMAN LEARNING AND MEMORY—SKILL ACQUISITION

408.1
FUNCTIONAL COUPLING OF HUMAN CORTICAL MOTOR AREAS 
DURING BIMANUAL SKILL ACQUISITION F. Andres1,2, A.E. Schulman1,
J. Dichgans2, M. Hallett1, C. Gerloff1,2*. 1Human Motor Control Section, NINDS, 
NIH, Bethesda, Md., USA, and 2Cortical Physiology Research Group, Dept. of 
Neurology, University of Tuebingen, Germany.

Bimanual coordination of skilled finger movements is an outstanding quality of 
the human motor system and virtually always requires training (e.g., playing the 
piano). Bimanual tasks depend on the integration of information processing in 
both hemispheres (e.g., through the corpus callosum). This integration (functional 
coupling) can be assessed noninvasively by task-related coherence analysis 
(TRCob) of the surface EEG (Classen et al , J. Neurophysiol. 79, 1567 , 1998).

We studied interhemispheric TRCoh during acquisition and execution of 
complex bimanual finger movement sequences in 13 normal volunteers. TRCoh 
was estimated during the fusion of two overlearned unimanual finger sequences 
into one bimanual sequence in which right and left finger movements were 
alternated (asynchronous movements). TRCoh patterns were compared before 
(“early learning stage”) and after a 30 min training period (“overleamed stage”).

Training improved the task performance significantly, from 58±24% to 84±15% 
correctly played sequences (ANOVA, p <0.005). The main finding was an increase 
of interhemispheric TRCoh between motor areas during the early learning stage in 
the alpha (8.0-12.9 Hz) and beta (13.0-20.9 Hz) frequency range (ANOVA, 
p <0.001). After the training session, the TRCoh values returned to levels similar 
to the ones observed in a series of control experiments involving learning and 
execution of simple and complex unimanual finger movement sequences.

These results indicate that the integration of information processing in both 
hemispheres ( 1) is specifically important during the acquisition of a novel 
bimanual task, and (2) can be similar in bimanual and unimanual tasks once they 
are well overleamed. This offers a neurophysiological explanation for the clinical 
observation that some patients with lesions of the corpus callosum show deficits in 
unlearned tasks with asynchronous bimanual activity but not in tasks that were 
well practised before the lesion occurred.

Funding: NIH intramural, F.A.: German Government: DFG, SFB 307, B 12

408.3
W AY FINDING IN  A VIRTUAL EN V IRO N M EN T: BEHAV IORA L A N D  
ELECTROPHYSIOLOGICAL EFFECTS OF O PTIC  FLOW  A N D  
D ISTIN C TIV E VISUAL LA N D M A RK S. M  K ah an a , R Sekuler*, 
J M adsen. M  Kirschen an d  J C ap lan , Volen C enter, B randeis U niversity , 
W altham  M A 02254, and  C h ild ren 's  H ospita l, Boston M A 02115

W hat role do  visual an d  cognitive factors p lay in sequence learn ing  and  
w ayfinding? To answ er such  questions, w e h ad  h u m an  subjects navigate  
m ultiple-T  junction m azes in a com puter rendered , v irtual 3D environm ent. 
O ver repea ted  encounters w ith  the sam e m aze layout, subjects' responses at 
choice po in ts becam e faster an d  less e rror-prone. To explore the 
rep resen ta tions being  learned  in  this task, w e  crea ted  m azes th a t vary  a long 
three dim ensions: the num ber of T-junctions, the presence or absence of 
d istinctive landm arks a t decision points, an d  the p resence o r absence of 
com pelling optic flow as subjects m ove th ro u g h  m aze corridors. For m azes 
exceeding the sp an  of im m ediate  m em ory , lea rn ing  is significantly  
facilitated  by  e ither optic flow o r d istinc tive  landm arks.

To perform  this task successfully, subjects m u st overcom e m assive 
associative interference g enerated  w h en  only  tw o d ifferen t responses (left or 
righ t turns) are m ap p p ed  onto  m any, identical choice poin ts. D istinctive 
v isual landm arks help  to d ifferentia te  choice po in ts, red u c in g  associative 
in terference. O ptic flow m ay p lay  a sim ilar role by allow ing  subjects to 
construct a cognitive m ap  th at can be used  to d istin g u ish  o therw ise  identical 
choice points. In add ition  to behavioral s tud ies on norm al subjects, w e report 
electrophysio logical resu lts  from  epilep tic  pa tien ts  w h o  h a d  su b d u ra l 
electrodes im p lan ted  as p a rt of pre-su rg ical evaluation . ERPs, tim e-locked 
to responses at m aze decision poin ts, w ere ob tained  at m ultip le  e lectrode 
sites across the surface of the m edial tem poral lobe an d  n ea r the 
h ippocam pus.

408.2
PRISM ADAPTATION AND RETENTION USING BALLISTIC MOVEMENTS IN 
HUNTINGTON’S DISEASE. J. Fernández-Ruiz1*, C. Hall1, J. Mischner1, P.Vergara1, 
R, Diaz1, A. Ochoa2 and M.E. Alonso2, 1Depto. Fisiologia, Facultad de Medicina. Univ. 
Nacional Autónoma de México. Mexico. D.F. C.P.04510, and 2Depto. Neurogenética y 
Biología Molecular, Insituto Nacional de Neurología y Neurocirugía.
Current theories on memory do not specify the different kinds of learning that the motor 
system is capable of, in part due to our lack of knowledge of those learning proceses. In 
order to provide more basis for further characterization, we are interested in studying 
prism adaptation, a kind of motor learning, under normal and pathological conditions. 
During prism adaptation, the motor system adapts to new visuospatial coordinates 
imposed by prisms that displace the visual field. Once the prisms are withdrawn, the 
degree and strength of the adaptation can be measured by the spatial deviation of the 
motor actions in the direction opposite to the visual displacement imposed by the prisms, 
a phenomenon known as after-effect. A previous study by Paulsen et al. (1993) showed 
a prism adaptation impairment in patients with Huntington’s disease (HD) using a 
pointing task. Despite a detailed analysis of the results that showed a strong correlation 
between dementia and adaptation deficits, it was not analyzed the endurance of the 
adaptation, neither the correlation between adaptation and its after-effect, which are 
properties that we have previously studied in normal subjects (submitted for 
publication). In this abstract we report how those variables behave using a throwing 
technique with mild to moderate Huntington’s disease patients. The patients (n=15) 
showed a one third reduction in the after-effect magnitude when compared to normal 
controls (n=10), as well as a significatively faster after-effect extinction. Surprisingly, 
the patients showed normal adaptation levels which lead to an altered correlation 
between the adaptation and the diminished magnitude shown in the after-effect. These 
results suggest that although HD patients can learn the new visuo- motor coordinates, 
they show a defective retrieval once the prisms are withdrawn, and that the newly 
formed motor memory is defective in the sense that it has less persistence than the one 
shown by the control subjects. Supported by DGAPA grant IN 214997.

408.4
FM RI O F D O M A IN  G E N ER A L LEA RN IN G  W. Schneider*, J. Chein, T. 
Sm ith, & J. Shrager. Psychology, University of Pittsburgh, Pittsburgh, PA 15260.

A full brain fM R I study tracked a netw ork o f cortical areas involved 
in m ultiple association learning tasks to determ ine changes in processing as 
skill is acquired. Subjects learned three d isparate association tasks including: 
name>number learning in which 4 nam es each were associated with a 
d istinct 6 digit phone num ber; face>color  learning which involved the 
association o f 6 faces to one o f 3 team  colors; and pseudoword pair  learning 
in which 6 pseudow ord to pseudow ord associations were made. On the first 
exposure in each task the subject was presented with both the cue and the 
correct response (e.g, a name and 6 digits) thereafter only the cue was 
presented. Novice (less than 3 m inutes) and well practiced (1.5 hour training 
per set o f associations) perform ance were contrasted. The data showed 
m ultiple areas o f  activation in a ll o f  the novice conditions. In the novice 
conditions, there was a high degree o f overlap across all three tasks in both 
the num ber and extent o f activation areas. In contrast, the practiced 
activation areas appeared to be task specific and show ed lim ited overlap. 
A dditionally , m ost o f  the an terior activations present in the novice 
conditions dropped out in the practiced conditions. The data suggest the 
existence o f a dom ain general learning netw ork that is involved in 
developing new skills, but is not critical to the execution o f those skills. 
This netw ork involves a num ber o f  d iscrete areas located in frontal and 
cingulate regions.
This work was sponsored by NIH grant R 0 132395-01 A3 and O N R grant 
N 00014-91J1708
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408.5
STRIATAL ACTIVATION ASSOCIATED WITH V ISUAL SKILL 
LEARNING A N D  REPETITION PRIMING EXAM INED USING  
FMRI. R. A. Poldrack*. J. C. Hsieh. and J. D. E. Gabrieli. Department 
o f Psychology, Stanford University, Stanford, CA 94305-2130.

Neuropsychological studies suggest that the striatum is important for 
many types o f  skill learning, but imaging studies have yet to demon
strate striatal activation related to perceptual skill learning. In the 
present study we used FMRI to examine the relationship between the 
regions involved in general mirror-reading skill and those involved in 
item -specific repetition priming on the same task. Subjects participated 
in two FMRI scan sessions separated by five training sessions over two 
weeks. During FMRI scans, subjects performed lexical decision on 
words and pronounceable non words. Performance on upright text was 
compared to repeated and new mirror-reversed items. A  network o f  
brain regions, including frontal, parietal, occipital, and inferior tempo
ral regions was active during unskilled mirror reading. Activation in 
the right parietal region decreased with practice (as in Poldrack et al., 
1998, Cerebral Cortex), whereas activation in the right caudate nucleus 
increased. Overlapping regions in the caudate nucleus exhibited skill- 
related increases and increased priming-related reductions after train
ing. These results are the first demonstration o f  striatal activation re
lated to visual skill learning, and suggest that skill learning and repeti
tion priming in the same task may rely upon common neural substrates. 
(This study supported by NIH and the M cDonnell-Pew Program in 
Cognitive Neuroscience.)

408.7
COGNITIVE ENGINEERING: CONTINUING EXPERIENCES WITH 
IMPLANTATION OF THE NEUROTROPHIC ELECTRODE IN LOCKED-IN 
PATIENTS. P . R . K e n n e d y * a n d  R . A . E . B a k a y . D e p t s . o f  
N e u r o l . (PRK) & N e u r o s u r g .  (RAEB), Em ory  U n i v . ,  A t l . GA.

We i m p l a n t  l o c k e d - i n  p a t i e n t s  w i t h  e l e c t r o d e s  t h a t  
r e c o r d  f r o m  v o l u n t a r y  n e u r o n s  a n d  p r o v i d e  t h e m  w i t h  
c o m m u n i c a t i o n  c h a n n e l s  b y  u s i n g  t h e  f i r i n g  r a t e s  o f  n e u r a l  
s i g n a l s  t o  c o n t r o l  a c u r s o r  on a  c o m p u t e r  s c r e e n .  We h a v e  
d e v e l o p e d  a  l o n g - t e r m  r e c o r d i n g  e l e c t r o d e  t h a t  i s  b a s e d  on  
p r i n c i p l e s  o f  r e g e n e r a t i o n .  The  e l e c t r o d e  t i p  i s  a  h o l l o w  
g l a s s  c o n e  c o n t a i n i n g  l o w  i m p e d e n c e  r e c o r d i n g  w i r e s .  A t  
t i m e  o f  i m p l a n t a t i o n ,  n e u r o t r o p h i c  m a t e r i a l  i s  p l a c e d  i n  
t h i s  c o n e  f o r  i n d u c t i o n  o f  n e u r i t e  g r o w t h  w h i c h  l a t e r  
m y e l i n a t e s  a n d  a l l o w s  s t a b l e  r e c o r d i n g s .  O u r  f i r s t  
p a t i e n t ,  r e p o r t e d  h e r e  l a s t  y e a r ,  was  a  52 y e a r  o l d  
v e n t i l a t o r  d e p e n d e n t  ALS p a t i e n t ,  who was  t o t a l l y  
p a r a l y z e d  e x c e p t  f o r  e y e  m o v e m e n t s .  She  d e m o n s t r a t e d  
b i n a r y  c o n t r o l  o f  m u l t i - u n i t  a c t i v i t y .  We h a v e  r e c e n t l y  
i m p l a n t e d  a  c o g n i t i v e l y  i n t a c t  51 y e a r  o l d  who i s  
q u a d r i p l e g i c ,  v e n t i l a t o r  d e p e n d e n t  a n d  a n a r t h r i c .  To 
d e t e r m i n e  a n  i m p l a n t a t i o n  s i t e ,  f u n c t i o n a l  MRI i s  u s e d  t o  
d e m o n s t r a t e  a c t i v i t y  i n  t h e  h a n d  a r e a  o f  p r e c e n t r a l  c o r t e x  
when m e r e ly  t h in k in g  a b o u t  m o v in g  t h e  h a n d .  N e u r o t r o p h i c  
e l e c t r o d e s  a r e  now i m p l a n t e d .  R e c o r d i n g s  b e g a n  a t  p o s t 
o p e r a t i v e  d a y  11 a n d  r e m a i n  r o b u s t  a t  d a y  20  a t  t i m e  o f  
w r i t i n g .  We e x p e c t  t o  t r a i n  t h e  p a t i e n t  t o  c o n t r o l  t h e  
f i r i n g  r a t e s  o f  s e l e c t e d  s i n g l e  a c t i o n  p o t e n t i a l s  a n d  u s e  
tw o  o f  t h e s e  s i g n a l s  t o  c o n t r o l  t h e  X a n d  Y d i r e c t i o n s  o f  
a  c u r s o r  on  a c o m p u t e r  s c r e e n .  S o f t w a r e  i s  a v a i l a b l e  t o  
p r o v i d e  w o r d  p r o c e s s i n g ,  s p e e c h  s y n t h e s i s ,  e n v i r o n m e n t a l  
c o n t r o l  a n d  a c c e s s  t o  t h e  i n t e r n e t .  S u p p o r t e d  b y  Emory 
Univ . H o s p . ,  and th e  D e p ts .  o f  N eu ro s u rg e ry  and N eu ro lo g y .

408.9
AUTONOM IC NERVOUS SYSTEM  -ANS-LEARNING DURING NEURO
FEED BACK. (SPOH: SONA)
Mb. Ndiaye-Niang1, M . Gueye2, I.P. N diave1, A. Rem ond3. 1Neurology Dept., 
University Hospital, Dakar, Senegal. 2 Psychiatry Dpt University Hospital, Dakar, 
Senegal. 3L.E.N .A ., Hop. Pitiè-Salpêtrière, 75013 Paris, France.

Learning theories emphasize heredity and environment contingencies as 
determinants in behavior . For several decades only central nervous system( CNS) 
were considered responsive to instrumental learning. The autonomic nervous 
system( ANS) were considered to function automatically even unconsciously. But 
recent research show that when a right information that indicates what is going on 
in his brain is given to an individual as a signal( feed-back), he can learn how to act 
on this signal. We use translucidity o f  the scalp and the skull for a cerebral regional 
illumination (infra-red), a photoamplifier cell pick up the rays after their reflection 
and diffusion in the brain. Brain translumination triggered hemoglobin 
transformation in oxyhemoglobin, we usea software with hemoglogin refraction 
ratio regression analysis before and after reflection . This ratio indicates the blood 
exchange zone , so it can be considered as an instrumental vascular response. And 
must assist individuals in training how they can control their brain regional flow 
rate by feed-back training .During this training we measure: oxygen concentration, 
blood pressure, eleċtrodermal activity and slow potentials during autonomic 
nervous system behavior learning. In the frontal lobe cerebral flow Significant 
changes are observed between normal subjects and patients with mood disorders. 
This work were supported by a research convention:
between:Mental diseases department, Sainte Anne Hospital FRANCE , African 

psychopathology and mental health society Fann Dakar university hospital

408.6
DISSO CIATIN G BRAIN REG IO N S FOR NO VEL LEA RN IN G FROM  
RESPONSE COM PETITION U SIN G  IM PLICIT SEQUENCE LEARNING.
G.S. Berns*1 and  J.D. Cohen1,2. 1W e ste rn  Psychiatric Institute & Clinic, Univ of 
Pittsburgh, Pittsburgh, PA 15213, 2Dept. of Psychology, Carnegie Mellon 
University, Pittsburgh, PA 15213.

The cognitive processes associated w ith  novel learning, response 
competition, and  attention allocation interact w ith  each other in  m any learning 
paradigm s. Consequently, it has been difficult to dissociate the brain 
netw orks specific to these functions. Using O 15-w ater PET scanning and  an 
interaction analysis w ith  performance, w e identified separate regional blood 
flow changes for response com petition and  novel learning. 10 norm al subjects 
perform ed a serial reaction time task in  w hich the num ber 1, 2, o r  3 was 
displayed. Subjects pressed corresponding keys as quickly as possible. 
U nknow n to the subjects, the sequence o f stim uli w as determ ined by an 
artificial gram m ar. This led to a small, bu t significant performance 
improvement, of which subjects w ere unaw are. After 3780 trials, the sequence 
w as changed w ithout telling the subjects. This led to a small increase in 
m edian RT (15 ms), which w as due to the interference o f the first sequence on 
the second. 14 PET scans w ere obtained during  the task. Using statistical 
param etric m apping of regional blood flow, w e form ulated a design matrix 
that included the m ain effect of sequence change and  the interaction of 
sequence change w ith the m agnitude of increased RT. The m ain effect of 
sequence change w as associated w ith increased b lood fl ow  in the medial 
prefrontal cortex and  ventral striatum , supporting  their roles in  novel learning. 
The interaction analysis show ed that the right cingulate gyrus, especially the 
anterior region, w as m ore active in  subjects show ing behavioral interference. 
The cingulate gyrus, coupled w ith the right D L PFC /parietal netw ork, appears 
to functionally subserve attention allocation in  response to interference effects, 
even in implicit tasks in which awareness is m inimal.

408.8
THE THOUGHT-TRANSLATION-DEVICE: BRAIN 
COMMUNICATION WITH THE TOTALLY PARALYZED
N. Birbaumer* Inst. of Medical Psychology and Behavioral Neurobiol., 
Univ. of Tuebingen, D-72074 Tuebingen, Germany

The thought translation device (TTD) consists of a shaping schedule 
for operant self-control of slow cortical potentials (SCP). Patients first 
learn over more than 100 sessions to achieve large cortical positivities 
in 90% of all trials within two seconds. Patients observe their own 
central SCPs on a screen and they are reinforced for each successful 
cortical positivity They are shaped to increase amplitudes of SCP and 
shorten the trial time necessary for a SCP response. After successful 
shaping (usually after months of training) a language program is 
presented in the same format as the shaping system: patients select 
letters or words presented in alphabetical sequence with the learned 
cortical response. After successful selection of the first letters, words 
are automatically completed according to a patient specific lexicon 
The learning and spelling data of three completely paralyzed patients 
with ALS (two of them on artificial respiration and feeding) 
demonstrate that 80 to 90% correct SCP responses can be achieved 
after more than 150 sessions and intended selection of letters is 
possible thus overcoming the communication deficit with locked-in- 
patients

Sponsored by the German Research Society (DFG) and Institut fuer 
Grenzgebiete der Psychologie.
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MORPHOLOGICAL HETEROGENEITY OF CULTURED RAT 
OLIGODENDROCYTES FROM DIFFERENT CNS REGIONS.
Carl Bjartmar*. D ep t o f  B iom edicine a n d  Surgery, D iv o f  Cell Biology, 
U niversity o f  Linköping , S -5 8 1 85  Linköping, Sweden.

White matter oligodendroglia constitute a structurally 
heterogeneous population in situ . In order to find out if immature 
oligodendrocytes from different CNS regions spontaneously develop 
different fenotypes in the absence of neurons, neonatal spinal and 
cerebral rat oligodendrocytes were cultured in vitro and subjected to 
quantitative morphological analysis. As seen in primary cell culture, 
spinal oligodendrocytes tend to develop a bipolar structure with few 
processes, while cerebral cells tend to become multipolar with many 
processes. The mean number of primary processes in spinal and 
cerebral cell cultures was significantly different. In addition, spinal 
oligodendrocytes have fewer secondary processes than cerebral cells. 
Oligodendrocyte-enriched cultures exhibit a spinal-cerebral difference 
similar to that seen in primary cultures. These data suggest that 
immature rat oligodendrocytes from different CNS areas 
spontaneously develop partly different morphologies in vitro. Hence, 
the results indicate that non-neural factors can influence 
oligodendrocyte morphology.

409.2
Proliferation and activation of oligodendrocyte precursor cells after ethidium 
bromide-induced demyelinat¡on. J.M.Levine1* and R.Reynolds2, 1Dept. of 
Neurobiology and Behavior, SUNY,Stony Brook, NY 11794 and 2Dept. of 
Anatomy, Charing Cross/Westmininster Medical School, London, UK

The adult brain contains a large population of glial cells with the properties of 
oligodendrocyte precursor cells (OPCs). Although the functions of these novel glial 
cells in normal animals are unknown, they participate in the brains' reactions to 
several different types o f injury. Here, we analyzed the reactions of these cells to a 
transient demyelination of the rat brainstem induced by the injection of ethidium 
bromide (EB) into the fourth ventricle.

Within 24hr after EB injection, there is an approximate 1/3 decrease in the 
density of OPCs within the spinal tract o f the trigeminal nerve (TST), most likely 
reflecting a toxic action of EB on OPCs. The surviving OPCs had enlarged cell 
bodies with many membrane blebs and fewer long processes. These reactive OPCs 
incorporated BrdU and increased in number so that at 48hr after EB injection, the 
density of OPCs within the TST was 1.5fold greater than normal animals. The 
increases in OPCs cell number reached a maximum between 8-12days after EB 
injection, at which time the demyelination was complete, and declined slowly 
thereafter. Concurrent with these changes among OPCs, microglia became 
activated and astrocytes developed thick, GFAP+ processes that were retracted from 
the demyelinated areas. Myelin specific marker antigens reappeared in the TST 
beginning at about 12 days post EB injection and the remyelination continued for 
up to 40 days. During this remyelination, OPCs displayed a normal stellate 
morphology with an increased number of thin processes, many of which were 
closely associated with neurofilament-positive axonal profiles. The transient 
increase in the number of reactive OPCs within the demyelinated tissue, the 
decrease in OPCs density during remyelination and the close physical association 
between OPCs and remyelinating axons suggests that some o f the reactive OPCs 
can differentiate into oligodendrocytes. A similar increase in the number o f OPCs 
may occur during the early stages of human demyelinating diseases.

NIHROl NS 21198

409.3
Neu differentiation factor α  and ß induced upregulation of tau protein and 
mRNA in cultured neonatal rat oligodendrocytes.
P,.LoPresti1*, J.M. Lee1-2, N .A.Murna2 and G.H.De Vries3, 1Dept. of 
Pathology, 2Dept. of Pharmacology 3Hines VA Hosp, Hines IL 60141, Dept 
of Cell Biology Neurobiology and Anatomy, Loyola Univ. Med. Center, 
Maywood, IL 60153.

Neuregulins are a family of growth and differentiation factors known to 
regulate cell-cell interactions in the CNS. Neu differentiation factor (NDF) is 
found on the neuronal cell surface and may be involved in neuronal 
stimulation of oligodendrocyte (OLGs) differentiation. We have previously 
reported that NDF stimulates an increase in the length of the processes in 
OLGs (Raabe et al., 1997) and since the microtubule-associated protein tau 
is a key component of OLG processes, here we investigated the effects of 
NDF α  and β (20 ng/ml) on tau protein in cultured neonatal 
oligodendrocytes. After treatment with NDF, we found a 2 fold increase 
(NDF α) or a 7 fold increase in tau protein (NDF β). The difference in 
response to the two isoforms is reflected by longer processes in ß treated 
OLGs compared to the length of the processes in α  treated cells. Using 
primers spanning the aminoterminal region of tau, we found that cells treated 
with NDF α  or NDF β contained ~ 2 fold more tau mRNA than untreated 
cells.

This data is consistent with the view that neuronal NDF can increase the 
length of the processes in OLGs after neuronal contact and we propose that 
this NDFα-β induced tau regulation triggers OLGs to wrap axons and 
myelinate. Supported by NMSS grant RG2958A1/T ( P.L.) and NMSS grant 
RG2076C7/1 (G.H.D.V.)

409.4
INTRACELLULAR TRANSPORT OF MYELIN COMPONENTS IS ALTER
ED IN OLIGODENDROCYTES FROM THE TAIEP RAT.
L.T. O ’Connor*, B.D. Goetz, and I.D. Duncan. School of Veterinary Medicine, 
University of Wisconsin-Madison; Madison, WI 53706.

The taiep rat is a myelin mutant that exhibits early hypomyelination followed by 
progressive demyelination of the CNS. Although the identity o f the mutation remains 
unknown, we have previously demonstrated that white matter tracts containing small 
diameter axons are most severely affected and oligodendrocytes (OLs) contain 
abnormal accumulations of microtubules (MTs) in their cell bodies and processes. We 
hypothesize that cytoskeletal abnormalities disrupt normal transport of myelin 
components required to produce and maintain the myelin sheath. To provide evidence 
in support o f this hypothesis, we examined changes in myelin gene expression in the 
taiep CNS using Northern blot, in situ hybridization, and immunohistochemical 
techniques. We observed a gradual decrease in levels o f specific mRNAs (MBP and 
MOBP) known to be translocated to distal locations in the OL process. For example, 
by 6M of age, levels of MBP and MOBP in the brain are <35% of normal whereas 
levels of other mRNAs not transported out of the OL cell body (PLP, CNP, and 
MAG) remained similar to controls. Analysis o f mRNA distribution within OLs 
further revealed increases in the amount of MBP mRNA localized over the perikarya 
o f taiep OLs indicating a defect in normal transport. Immunolabeling of similar brain 
sections demonstrated decreased myelin protein expression (PLP, MBP, and MAG) in 
taiep with obvious differences in the temporal kinetics of these changes for each 
protein. In addition, we detected increasing numbers of taiep OLs in which labeling 
was restricted to cell bodies consistent with an accumulation of protein in the 
cytoplasm due to a defect in transport. These results provide further evidence that 
myelin deficits in taiep CNS result from altered intracellular transport of myelin 
mRNAs and proteins caused by a defect in MT organization. (Research supported by 
NIH grant NS32361)

409.5
EVIDENCE FOR FOCAL DEMYELINATION INDUCED IN RAT 
SPINAL CORD BY INTRASPINAL ANTI-GLYCOLlPID IGM 
ANTIBODIES PLUS CIRCULATION-DERIVED COMPLEMENT.
J. Rosenbluth*  ,Schiff . W.-L  Liang and W,-K. Dou. Department of 
Physiology & Neuroscience and Rusk Institute, N.Y.U. School of 
Medicine, New York, NY 10016.

To investigate the role of antibodies and complement in focal CNS 
demyelination, we implanted antiglycolipid IgM antibody-producing 
hybridomas (01, 04, A2B5) into the spinal cords of immuno 
suppressed normal rats. ~1-3 wk later, some of these animals showed 
marked focal dorsal column demyelination, in which evidence for 
remyelination (shadow plaques) was also visible. Such areas of 
demyelination, which were often perivascular in location, displayed 
debris-laden macrophages but little other cellular reaction. Implantation of 
hybridomas into complement-deficient rats did not cause focal 
demyelination of this type; nor did implantation into normal rats of the 
IgG3 anti-GalC hybridoma or of control hybridomas that secrete IgG or 
IgM directed against viral antigens. Our interpretation of these results is 
that the anti-glycolipid IgM antibodies secreted within the spinal cord 
bound antigen in the membranes of myelin sheaths and oligodendrocyte- 
lineage cells (OLC). In some of these animals, complement, which is 
normally excluded from the CNS, leaked from impaired blood vessels 
near the hybridoma, diffused into the CNS parenchyma and became 
activated there by the bound IgM, resulting in damage to myelin and 
OLC and demyelination. Thus, in diseases such as multiple sclerosis, 
CNS demyelination, particularly in perivascular regions, could result from 
the binding of locally available anti-myelin antibodies, especially IgM’s, 
leading to activation of complement that diffuses from blood vessels into 
the CNS at foci of compromised blood-brain barrier.
Supported by a grant from NMSS.

409.6
MOLECULAR CHARACTERIZATION OF GRASP: AN ADHESION MOLECULE 
FOR OLIGODENDROCYTES. S. Szuchet*. P.E. Polak, and S. Moffett. Department 
of Neurology, The University of Chicago, Chicago, IL 60637.

GRASP was so named because it is a Glycine-Rich, Adhesion Serum Protein. 
GRASP was purified from horse serum and selected with an adhesion assay. The Mr of 
the native protein is 120K-140K. SDS w/ or w/o β-mercaptoethanol dissociates 
GRASP into 55K polypeptide chains. Hence GRASP is a dimer/trimer of identical 
subunits. 24% of GRASP’s mass is carbohydrate. GRASP binds strongly with 
heparin. The N-terminus sequence places GRASP within the cystatin family. GRASP 
acts as an adhesion molecule for oligodendrocytes (OLGs) and induces their 
myelinogenic program. We postulate that GRASP binds to an OLG surface receptor 
and this complex activates a signaling cascade that eventuates in myelinogenesis. To 
decipher the mechanism of GRASP action, we undertook to determine its amino acid 
sequence. We generated a unidirectional cDNA expression library in the Uni-ZAP XR 
vector using horse liver mRNA. Screening this library with an anti-GRASP polyclonal 
antibody (1:10,000) yielded a single clone. After recloning, a 900 bp cDNA was 
isolated and sequenced; this cDNA contained the 3’-end of the molecule. The 
predicted amino acid sequence, which is novel, has a relatively high content of Gly, 
indicating that the encoded protein might be GRASP. Northern blot analysis with this 
cDNA revealed a message of 2500 nts. Screening of the library with the 900 bp cDNA 
yielded a cDNA of 1800 bp which was sequenced. To obtain the full-length cDNA, we 
used anchored PCR. The mRNA was transcribed with a gene-specific primer (GSP) 
modeled after a sequence located close to the 5’-end of the 1800 bp stretch of cDNA; 
amplification was performed with a nested GSP. An 1100 bp fragment of cDNA was 
isolated that should encompass the missing segment of the gene. Sequencing of this 
cDNA is still in progress. While positive identification of the sequence as GRASP 
must await confirmation that the N-terminus sequence agrees with the one determined 
chemically, its high Gly and Pro content is consistent with the amino acid composition 
of GRASP. Supp. by Grants 9724033 (NSF) and RG 2677-A 7/1 (Natl. M.S. Soc).
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409.7

MYELINATING SCH W ANN CELLS DETERMINE THE 
INTERNODAL LOCALIZATION OF K V 1.1, K V 1.2, AND
CASPR/PARANODIN. S .S. Scherer1*, Y .-T. X u 1, L. Zhou2. S .Y . 
Chiu2. 1Dept. Neurology, Univ. Penn., Philadelphia, PA 19104; 
2Dept. Physiology, Univ. W isconsin, Madison, WI 53706

We have localized the potassium channels K v1.1 and K v 1.2 as well 
as Caspr/paranodin in the peripheral nerves o f adult rats and mice. As 
previously reported, Caspr/paranodin is found in the paranodal 
axolemma and in a linear pattern under the internode, whereas K v 1.1 
and K v l.2  are found in the juxtaparanodal region. Here we describe 
several additional features. Large myelinated axons have a spiral o f  
Caspr/paranodin staining in the juxtaparanodal region, and the space 
occupied by this spiral is devoid o f K v 1.1 and K v 1.2 staining. In 
addition to the longitudinal line o f internodal staining, there is a 
circumferential ring o f Caspr/paranodin staining apposing the inner 
aspect o f Schmidt-Lanterman incisures. Both the inten odal line of  
Caspr/paranodin staining, as well as the ring o f staining that apposes 
incisures, are flanked by a double line o f  K v 1.1 and K v 1.2 staining. 
These results demonstrate that K v 1.1/  K v 1.2 and Caspr/paranodin 
occupy mutually exclusive, but highly interrelated domains in the 
axolemma. Moreover, the organization o f K v 1.1, K v 1.2, and 
Caspr/paranodin is intricately related to the myelin sheath, indicating 
that the myelinating cells organize the axolemma at a local level.

Supported by grants from the NIH and The National Multiple Sclerosis Society.

409.8
EXPRESSION OF HIGH LEVELS OF FUNCTIONAL PLATELET-DERIVED 
GROWTH FACTOR RECEPTORS IN NEUROFIBROSARCOMA-DERIVED 
SCHWANN CELLS Ali Badache and George H. DeVries*. Department o f Cell 
Biology, Neurobiology and Anatomy, Loyola University Medical Center Chicago and 
Hines VA Hospital, Research 151, Hines, IL 60141.

Neurofibromas, hallmark features o f Neurofibromatosis type 1 (NF1), are benign 
tumors of the peripheral nerve composed mainly of Schwann cells. In about 5 % of 
NF1 patients, malignant tumors called neurofibrosarcomas arise from the 
neurofibromas, through a yet unknown mechanism. We show here that levels of 
expression of both platelet-derived growth factor (PDGF) receptors α and β are 
strongly increased in two neurofibrosarcoma-derived cell lines compared to a 
Schwann cell line derived from a schwannoma (from a non-NF1 patient) and to 
immortalized rat Schwann cells. PDGF BB strongly stimulates the proliferation of the 
neurofibrosarcoma-derived Schwann cells cultured in serum-free medium, in a dose- 
dependent manner. PDGF BB is not mitogenic for the non-NF1 Schwann cell lines. 
Mitogenicity of most Schwann cell mitogens is greatly improved in the presence of 
elevated intracellular cAMP. Interestingly, forskolin, which is known to increase 
intracellular cAMP, does not potentiate the mitogenic effect of PDGF BB for 
neurofibrosarcoma-derived Schwann cells. Even though expression levels of PDGF 
receptor α  are elevated in the neurofibrosarcoma-derived Schwann cell lines, PDGF 
AA is only a weak mitogen for these cells by comparison to PDGF BB. Levels of 
tyrosyl-phosphorylated PDGF receptor ß is strongly increased upon stimulation by 
PDGF BB. In comparison, only modest levels of tyrosyl-phosphorylated PDGF 
receptor α are observed, upon stimulation by PDGF AA or PDGF BB. Thus, aberrant 
expression and activation o f growth factor receptors by Schwann cells, such as the 
PDGF receptors, could play a role in the process leading to Schwann cell hyperplasia 
in NF1 (supported by Mass. Bay Area Neurofibromatosis, Inc. and the Illinois 
Neurofibromatosis, Inc.).
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410.1

DIFFERENT CELLULAR TIM E-CONSTANTS IN THE RETINA  
M A Y  PERMIT THE CREATION OF A  RETINAL PROSTHESIS

R.J. Greenberg*.1,2 M .S. Humayun.2 E. de Juan2 
Departments o f  B iom edical Engineering1 and Ophthalmology2, 

Johns Hopkins Univ. School o f  M edicine, Baltimore, M D 21287

P u rp ose: To focus electrical stimulation on a specific retinal target in 
patients and animal models. M eth od s: Electrically elicited thresholds 
were measured in patients blind from photoreceptor loss and in normal 
and synaptically blocked frog retinas. R esu lts: Single-unit frog retinal 
ganglion cell (RGC) response latencies shortened and exhibited a 
distinct discontinuity with increases in current, demonstrating the 
presence o f another cell more sensitive than the RGC. Threshold 
latencies were l2 .2 ± 1.9 (n = 11 cells), 9 .8±0 .8 (n=8), and 3.7±0 . 1 msec 
(n=4) in the dark, light and presence o f cadmium respectively. 
Increasing stimulus strength above threshold resulted in a uniform  
shortening o f the response latency until a jump in latency occurred from  
about 6.5 m sec to about 3.5 m sec in both the dark and the light. 
Strength-duration curves demonstrated that, in contrast with other 
neural systems, different retinal cells have statistically different time- 
constants. Time-constants were 9 .6±3.0  (n=9 cells), 5 .3±3.2 (n=6),
0 .96±0 .5 1 (n=5), and 8.8±4.0m sec (n=8 eyes /  6 patients) in the frog 
dark, frog light, frog cadmium and extra-ocular human RP patients 
respectively. C on clu sion s: By exploiting different retinal time- 
constants, long pulse-durations can select deeper retinal cells and avoid  
excitation o f  superficial RGC axons, permitting focal retinal 
stimulation —  a major step towards a visual prosthesis. (NIH & Whitaker)

410.3

HIGHER ORDER CHARACTERIZATION OF RETINAL GANGLION 
CELL RECEPTIVE FIELDS USING PRINCIPAL COMPONENT 
ANALYSIS. K.S. Guillory*, S. Shoham, and R.A. Normann. Dept. of 
Bioengineering, Univ. of Utah, Salt Lake City, UT 84112.

In order to characterize the spatiotemporal response characteristics of 
retinal ganglion cells, random visual checkerboard stimuli and spike 
triggered stimulus averaging are often employed. However, retinal 
ganglion cells do not spike in response to unique visual features, but 
ranges of features that are not completely characterized by the average 
feature alone. In an effort to quantify the dimensionality and properties of 
this subspace, we have applied principal component analysis to sets of 
random checkerboard stimulus vectors that precede ganglion cell spikes 
recorded in the turtle retina.

This method reveals that although the complexity of the spatiotemporal 
stimulus patterns selected by the ganglion cells can be quite high, the 
number of dimensions required to effectively describe these pattern sets is 
surprisingly low (typically less than 3). This low dimensionality allows 
construction of very simple probability density models that provide a 
richer characterization of the receptive fields of these cells than the spike 
triggered stimulus average alone. Moreover, the probablistic nature of 
these models allows maximum likelihood estimation of visual stimuli 
based upon the neural response of the ganglion cells.

This work was funded by NSF Grant # IBN 94-24509, a Utah Center of 
Excellence Grant, and the Whitaker Foundation.

410.2
ARE RETINAL GANGLION CELLS EQUIPPED WITH A Na+- 
ACTIVATED K+ CURRENT? A. Pignatelli & A.T. Ishida*, Neurobiology, 
Physiology, & Behavior. University of California. Davis CA 95616.

Retinal ganglion cells possess at least 10 distinct voltage-activated ion 
conductances. These include K+ currents that are gated by voltage and by 
cytoplasmic Ca2+. Using whole-cell voltage-clamp methods, we tested 
whether these cells are also equipped with a K+ current gated by 
cytoplasmic Na+. Whole-cell currents were activated by 20-msec step-wise 
depolarizations from a holding potential of -7 0  or -9 0  mV, to test 
potentials between -55 and +25 mV. Recordings were made in perforated- 
patch and ruptured-patch modes, with K+ as the predominant cation in the 
patch-pipet solution, and either Na+ or Li+ as the predominant cation in the 
bath solution. In each case, we measured the difference between currents 
recorded before and after application of 1 µM tetrodotoxin, without linear 
leak subtraction. In well-perfused and rapidly voltage-clamped goldfish 
retinal ganglion cell somata, these difference currents were inward at all 
times, at membrane potentials between the activation threshold and the Na+ 
equilibrium potential; neither transient nor sustained outward current 
followed the peak inward current at these test potentials. By contrast, TTX- 
sensitive, transient outward current was observed in poorly clamped cells. 
The difference currents in Na+-containing and Li+-containing bath solutions 
were identical in all of the above respects. These results indicate that a K+ 
current is not activated to a measurable extent in whole-cell mode under 
normal conditions, by Na+ entering these cells through voltage-gated Na+ 
channels.

Supported by NIH grant #  EY08120.

410.4
DYNAMICS OF RETINAL GANGLION-CELL RECEPTIVE FIELDS 
IN TURTLE. AM . Granda* and J.R. Dearworth Jr. Department of Biological 
Sciences, University of Delaware, Newark, DE 19716.

Retinal ganglion cells respond to light stimuli with concentric ring patterns of spike 
discharges defined by the interaction of excitatory and inhibitory components. These 
interactions can be manipulated by wavelength changes in light adaptation, by interplay 
of ON and OFF responses, and by regional sensitivities of field areas.

Anaesthetized turtles (Pseudemys scripta elegans)  were used for extra-cellular 
recording from exposed optic nerves. Computer-controlled spots of light were projected 
onto a hemispheric surface for stimulation. Action potentials were assembled into time 
histograms and displayed in 3-D plots. Animals were exposed to targets on dark 
backgrounds, and on lighted backgrounds of 550 nm and 650 nm. The drug, 1 mM
2-amino-4-phosphonobutyric acid (APB), was injected into the vitreous bodies of left 
eyes, and the drug effects were tracked in time. Receptive field centers were also pulsed 
by 540 nm- and 633 nm-laser spots at varied frequencies, while secondary light probes 
at 540 nm and 640 nm sampled the field at varied positions.

Spectral light adaptations and APB decreased sensitivity of one receptive field region 
while enhancing field sensitivity in another region. When receptive field centers were 
driven at various frequencies by lasers, periodic rings of spikes were produced and 
selectively strengthened or weakened. The rings were organized by standing waves of 
excitation and inhibition characterized by a constant period for each receptive field; the 
period did not change when experimental variables were altered. A model is 
formulated to show interactive dimensions of wavelength sensitivity, ON/OFF 
functions, and regional sensitivity that act in concert to produce time-dependent 
receptive-field organizations.
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410.5
INTRINSIC MEMBRANE CHARACTERISTICS OF MORPHOLOGICALLY 
IDENTIFIED CAT RETINAL GANGLION CELLS. B.J. O’Brien*. T. Isayama, and 
D.M. Berson. Dept. of Neuroscience, Brown Univ., Providence, RI , 02912-1953.

Mammalian retinal ganglion cells (RGCs) are divisible into many types on the basis 
of characteristic patterns of morphology and light response. RGCs are also 
heterogeneous in intrinsic membrane properties. While these presumably help to 
shape RGC light responses, there is little direct evidence that the intrinsic properties 
are correlated with functional or structural type. In fact Y/alpha and X/beta cat RGCs 
have very similar intrinsic firing properties (Robinson and Chalupa, 1997). We 
wondered whether other types might behave differently.

Current-clamp whole-cell patch recordings were made in isolated flatmounted cat 
retinas at room temperature. We used a standard internal solution containing Lucifer 
Yellow or Neurobiotin for intracellular staining. Cells exhibited varied responses to 
injected current pulses. For example, spike frequency adaptation was minimal for 
beta cells [n = 7] but pronounced for others (eta cells [2], delta cell [1]), which spiked 
only once to depolarizing pulses of moderate intensity. When depolarized from 
-8OmV, several cells (epsilon [2 of 3]; iota [1]; delta [1]) gave all-or-none 
depolarizing plateau responses reminiscent of low-threshold calcium spikes. Under 
similar conditions, another cell of unidentified type depolarized very slowly, then 
spiked at latencies of more than a second. This depolarizing “ramp” may reflect a 
slowly inactivating K+ conductance. Virtually all recorded cells except beta cells 
exhibited a “sag” toward rest during prolonged hyperpolarization. This sag was 
particularly salient for a kappa cell (presumed ON direction-selective cell).

We conclude that RGCs in intact cat retinas exhibit heterogeneity in intrinsic 
physiology that could affect their translation of synaptic inputs into spike trains. It 
appears that such diversity may be systematically related to morphological cell type. 

Supported by NIH R01 EY06108 & NIMH Training Grant #M H19 118

410.7
AMPA TYPE GLUTAMATE RECEPTORS PLAY A 
PROMINENT ROLE IN THE LIGHT-EVOKED CURRENTS OF 
CAT GANGLION CELLS E.D. Cohen Yale V ision Res. Center, 
Yale University Medical School, N ew  Haven, CT 06520-8061

W e have examined the role o f non-NM DA EA A  receptor 
types in generating the light-evoked currents o f cat ganglion cells. 
U sing isolated and sliced retina preparations, cat ganglion cells were 
voltage clamped at -8OmV. Bath application o f the AM PA receptor 
antagonist, GYKI 52466 (5OµM) strongly blocked the light-evoked  
excitatory currents on cat ganglion cells. Similar to the actions o f  
N BQ X  and L-APB, GYKI produced a reduction in the dark resting 
release o f glutamate upon ON-X cells. In contrast, application o f the 
kainate receptor antagonist N S -102 (5µM) had little effect on light- 
evoked currents or resting release. When puffs o f kainate were 
applied to both ON- and OFF-ganglion cells in Ringer containing 
Cd2+, picrotoxin, strychnine, and DAP5 to block synaptic 
transmission. a rapid inward current was evoked. This current was 
strongly blocked by GYKI 52466 with an IC50 o f 5µM, while the 
kainate antagonist N S -102 had little effect. These results suggest that 
A M PA  type non-NM DA EAA receptors mediate a large component 
o f the light-evoked EPSCs on cat ganglion ce ll dendrites.
Supported by NIH EY10617 and the Zeigler foundation to EDC.

410.9
COMPUTER MODEL OF THE PRIMATE CONE-HORIZONTAL CELL 
NETWORK. G.T. Kenyon1,2*, B.J. Travis2, D.W. Marshak1. 1Dept. o f Neurobiol
ogy and Anatomy, Univ. o f Texas Med. Sch., Houston, TX 77030; 2Los Alamos 
National Laboratory, Los Alamos, NM, 87545 

The voltage responses recorded from the inner segments o f primate cones fol
lowing brief light flashes are much more transient than the underlying photocur
rents. To demonstrate how inhibitory feedback from H 1 horizontal cells might 
make the voltage responses o f primate cones more transient, we used a simple com
puter model of the outer plexiform layer. The model consisted o f an 8×8 array of 
cones and a 4×4 array of H 1 cells with essentially the same connectivity as ob
served in anatomical experiments. Each H 1 cell made inhibitory synapses onto all 
sixteen cones within its dendritic field (Veq = -55  mV), and each cone made exci
tatory synapses onto 4 H 1 cells (Veq = - 10 mV). The photoconductance o f the cone 
(Veq = -1 0  mV, gmax = 58 pS) was adapted from a realistic photocurrent model de
veloped by Schnapf et al. (1990, J. Physiol., 427:68). Leak conductances were ad
justed to give each cell body a 1 GΩ input resistance with a 10 msec time constant. 
Synaptic release was modeled using Fermi functions with a gain o f 1.75 mV for 
cones (gmax = 2 nS, V½ = -30  mV), consistent with a fourth power dependence on 
calcium influx, and 15 mV for H 1 cells (gmax = 20 pS, V½ = -1 0  mV), correspond
ing to calcium-independent release. The resting potentials o f the H 1 cells were set 
to -60  mV and to -45  mV for the cones. A depolarized cone resting potential was 
necessary to account for the prolonged plateau in the cone’s flash response that 
follows the initial transient. We propose that the cone’s resting potential is depolar
ized by cGMP-gated cation channels in the inner segment. These parameters pro
duced a good fit to the waveforms of the cone’s voltage responses to 10 msec 
flashes of various intensities. This simple model suggests that feedback from H 1 
horizontal cells plays a major role in shaping the voltage responses of primate 
cones. Supported by NEI EY06472 and NSF IBN9223834.

410.6
ENDOGENOUS DIAZEPAM LIGAND IN RABBIT RETINA INDUCED BY 
LONG-TERM OPTOKINETIC STIMULATION AND DETECTED BY 
DIFFERENTIAL DISPLAY. H. Liu. Z.-Y. Qian* and N.H. Barmack. Neurological 
Sciences Institute, Oregon Health Sciences University, Portland, OR 97209.

When rabbits are placed in a cylindrical drum rotating at 5 deg/sec for 10-40 hours, 
the gain o f  the optokinetic reflex (ratio o f eye velocity to drum velocity) decreases 
from 0.9 to less than 0 .1 over a time course o f 12-24 hours. When the rabbit is 
removed from the drum and placed in the dark, a persistent nystagmus develops in 
which the eyes move at a velocity 10-40 deg/sec in a direction opposite to the drum 
movement. This negative optokinetic afternystagmus (NOKAN) lasts for 5-50 hours.

We have explored the possible retinal origin this optokinetic plasticity by using a 
differential display technique (Genomyx Hieroglyph™ mRNA profile system) to 
compare differentially expressed retinal gene products in optokinetically-stimulated 
rabbits. Three rabbits received 48 hours o f binocular optokinetic stimulation (OKS) at 
5 deg/sec. The left eye was stimulated in the posterior-anterior direction, maximally 
exciting the directionally selective ganglion cells. The right eye was stimulated in the 
opposite, null direction. After 48 hours of OKS the rabbits were deeply anesthetized 
and the eyes were removed. Rectangular pieces o f  neural retina were prepared from 
each eye measuring 3 x 20 mm. Each rectangle was aligned with the retina inferior to 
the visual streak, the region o f greatest density o f  directionally selective ganglion cells.

More than 50 gene products were differentially expressed. Nine o f these were 
differentially expressed in each of three rabbits. The most interesting gene product 
from the functional point o f view was an acyl-CoA binding protein that acts as an 
endogenous diazepam ligand. This mRNA was expressed in greater abundance in the 
retina receiving posterior-anterior optokinetic stimulation. Others have shown that 
directional selectivity depends on intact GABAergic transmission. Our data suggest 
that the activity-dependent expression o f this protein in directionally selective ganglion 
cells could account for both the adaptation o f the optokinetic reflex and for the genesis 
of NOKAN. Further cellular localization studies should provide additional evidence 
on these points. Supported by EY04778.

410.8
RETINAL RESPONSES TO NATURAL MOVIES.
Michael J . Berry*, Justin R. K eat, Tom  Jord an, D avid K, Warland, 
and Markus Meister. Molecular and Cellular Biology Department, 
Harvard University, Cambridge, M A 02138.

W e assessed  the spiking patterns produced by retinal ganglion  
cells in response to repeated presentations of natural scenes. 
Ganglion cells in isolated retinae of larval tiger salam anders and  
rabbits w ere recorded extracellularly w ith  a m ulti-electrode array. 
N atural m ovies w ere v ideotaped  w ith  a Camcorder, d isplayed  
using a M acintosh computer and monitor, and projected onto the 
retina. M ovies w ere taken of w oodland  and river scenes in the 
daytim e w ith  the camera m ounted on a tripod and occasionally  
panned slow ly. Ganglion cells in both the salamander and rabbit 
responded to these stim uli w ith  discrete, h igh ly precise episodes  
of firing separated by intervals of com plete silence. These firing 
even ts had rapid on sets, h igh  peak firing rates, and h igh ly  
reproducible spike counts. Such patterns of firing shared m any  
qualitative sim ilarities w ith  those found under random  flicker 
stim ulation (Berry et al. P N A S  94, 5411). In contrast, stim ulation  
w ith sinusoidal gratings evoked gradual m odulations in the firing 
rate w ith  poor response precision. These results suggest that the 
firing patterns produced by the retina in a behaving animal may 
be qualitatively different from those elicited by sim ple laboratory 
stimuli.

Supported by an NEI grant to MJB and an NSF grant to MM.

410.10
THE ACTION OF CAFFEINE ON TRANSMITTER RELEASE FROM VERTEBRATE RODS 
D avid K riza j1*,Yvonne S c h m itz 2, Jian-Xin B ao1, Paul W itk o v sk y 2 and D av id
R. C openhage n 1; 1D epts O p h th a lm o l. and  P hysio l., UCSF Sch. of M edicine, 
San Francisco, CA 94143; 2D epts. Physiol and  N euroscience an d  O phthalm ol., 
NYU M edical C tr., N ew  York, NY 10016

S ynaptic  transm ission  at the rod ph o to recep to r synapse  is known to be 
regu la ted  by  the influx of C a 2+ th ro u g h  v o ltag e -d ep en d en t channels loca ted  
in the  rod  synaptic  term inal. W e investigated  w h e th e r calcium  ions re leased  
from  in trace llu la r  com partm ents could also regu la te  g lu tam ate  release from 
a m p h ib ian  (Ambystoma tigrinum  and  Xenopus laevis) rods.

S tead y -s ta te  [Ca2+]i in iso lated  fura-2 loaded  rod s d ep o la rized  to th e  
norm al resting  potential w ith  20 m M  KC1 w as 301 ± 15 nM. C affeine (10 mM) 
first e leva ted  [Ca2+]i by 605 ± 99 nM, w hich  w as follow ed by a 75 ± 5% 
reduction in [Ca2+]i. The effect of caffeine w as p ro p o rtio n a l to [Ca2+]i. T h e  
increase in  [Ca2+]i, b u t not the decrease, w as blocked by  ryanod ine  (20-50 µM). 
In eyecups, exposure to caffeine h ad  no effect on the m em brane p o ten tia l of 
rods w hereas h o rizo n tal cells responded w ith  a tran sien t d e p o la r iz a tio n  
fo llow ed by a susta ined  hyp erp o lariza tio n  of ~26 mV below the d a rk  resting  
p o ten tia l of -42 mV. M oreover, release  of g lu tam ate  from  ph o to recep to r 
sheets w as strongly suppressed by caffeine. W hole cell recording from 
iso lated  rods show ed  th a t caffeine inh ib ited  the L-type calcium  cu rren t by  50 
± 3%. This inhib ition  could be p reven ted  by  BAPTA or by rep lacing  C a2+ w ith  
Ba2+. These d a ta  suggest th a t ac tiv a tio n  of caffe ine-sensitive  stores in 
verteb ra te  rods m ay m odula te  release of the n eu ro tran sm itte r  a t this synapse 
th ro u g h  ca lc ium -m edia ted  m odulation  of v o ltag e -g a ted  calcium  channels. 
This m odu lation  would be more significant in the  darkness, w hen  [Ca2+]i is  
h ig h er, th an  in the ligh t and could increase the dynam ic range of th e  
pho to recep to r synapse in the ligh t. Acknowledgements: Supported by ARVO/CIBA, 
DFG and NIH
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411.1
MEDULLARY PATHWAYS MEDIATING CARDIOVASCULAR 
RESPONSES TO STIMULATION OF VENTRAL TEGMENTAL AREA.
L. P. Solano -Flores*, M. P Rosas-Arellano, C. V. R. de Oliveira, and J. Ciriello. 
Department o f Physiology, University o f Western Ontario, London, Canada, N6A 
5C1.

We have recently shown that activation o f the ventral tegmental area (VTA) 
elicits decreases in arterial pressure (AP) and heart rate (HR). In this study, two 
series of experiments were done in the Inactin anesthetized rat to investigate the 
medullary pathways mediating the VTA cardiovascular responses. In the first 
series, L-glutamate (Glu) stimulation (10 nL, 0.25 M) o f depressor sites in VTA 
was found to induce Fos-like immunoreactivity in the caudal and intermediate 
ventrolateral medulla (VLM) bilaterally, but with an ipsilateral predominace. In 
the second series, the effect o f blocking synaptic transmission in the VLM, in the 
region where Fos labelled neurons were found, on the cardiovascular responses 
elicited by Glu stimulation ( 10nL, 0.5M) o f VTA was investigated using 
injections o f either CoCl2 or GABA receptor antagonists into the VLM. Glu 
microinjections in VTA elicited a depressor (-29 ± 2 mmHg) response 
accompanied by bradycardia (-15 ± 1 bpm). Saline injections (vehicle) into the 
same VTA area failed to elicit cardiovascular responses. Bilateral injections (100 
nL) o f CoCl2 into VLM significantly attenuated the AP (70%) and HR 63%) 
responses elicited by VTA stimulation. Similarly, injections (100 nL) of 
bicuculline, but not phaclofen, into VLM significantly attenuated the depressor 
response to VTA stimulation. Injections o f saline into the VLM or CoCl2 outside 
the VLM region did not alter the VTA depressor responses. These data suggest 
the existence o f a descending pathway from VTA to VLM that activates 
GABAergic neurons and through GABAA receptors decreases the activity of 
rostral VLM premotor sympathoexcitatory neurons. (Supported by Heart and 
Stroke Foundation o f Ontario)

411.3
EFFECT OF INTRATHECAL SUBSTANCE P OR CALCITONIN GENE- 
RELATED PEPTIDE ON THE DEPRESSOR RESPONSE TO AFFERENT 
RENAL NERVE STIMULATION. M. P. Rosas-Arellano*, L. P. Solano-Flores 
and J. Ciriello. Department o f Physiology, University o f Western Ontario, 
London, Canada. N6A 5C1.

Afferent renal nerves (ARN) have been suggested to be involved in the 
development o f the elevated arterial pressure (AP) in several different models of 
hypertension. Substance-P (SP) and calcitonin gene-related peptide (CGRP) 
immunoreactivity has been demonstrated in putative ARN. It has been suggésted 
that SP and/or CGRP may mediate the transmission o f ARN input to spinal cord 
neurons. This study was done in equithesin-Inactin anesthetized rats to investigate 
the effect o f intrathecal administration o f SP or CGRP, and their respective 
antagonists, on the cardiovascular responses elicited by electrical stimulation of 
ARN. Electrical stimulation o f ARN elicited a depressor response of -9 ± 1
mmHg. Administration o f SP (7.4 x 102 pM), at the T11-13 spinal cord level 
significantly increased (63%) the magnitude o f the depressor response. On the 
other hand, the SP antagonist abolished the depressor response to ARN 
stimulation. In contrast, administration o f CGRP (7.4 x 103 pM) attenuated the 
ARN depressor response, whereas the CGRP antagonist significantly increased 
(43%) the magnitude of the depressor response. Intrathecal administration of  
artificial cerebrospinal fluid (vehicle) did not alter the cardiovascular responses 
elicited by ARN stimulation. In addition, intrathecal injections o f the peptides at 
either the L2-L3 or T6-T8 spinal segments did not alter the ARN AP response. 
These data indicate that the depressor response elicited by ARN activation is 
mediated by SP and CGRP and suggest that a change in the balance o f SP and 
CGRP released by ARN at the level o f the spinal cord may contribute to the 
hypertensive process. (Supported by Heart and Stroke Foundation o f Ontario)

411.5
CARDIOVASVULAR RESPONSES TO GLUTAMATE LINKED TO NEU
RONAL NITRIC OXIDE SYNTHESIS. W. T. Talman*, D. Nitschke Dragon, 
and L. H. Lin. Dept. o f Neurology, Univ. o f Iowa and VAMC, Iowa City, IA 
52242

Evidence suggests that glutamate (GLU) participates in transmitting cardio
vascular reflex signals at primary synapses o f afferent nerves in the nucleus 
tractus solitarii (NTS). Microinjected into NTS o f anesthetized rats GLU elic
its depressor and bradycardic responses that are seen also with microinjection 
o f some nitric oxide (N O ) donors. At other central sites responses to GLU 
acting at N-methyl-D-aspartate (NMDA) receptors are in part mediated 
through synthesis and release o f NO-. We hypothesized that responses to 
NMDA receptor activation were similarly linked to synthesis o f NO- in NTS. 
Using polyclonal antibodies for GLU and for neuronal NO- synthase (nNOS) 
we demonstrated immunoreactivity for GLU and for nNOS in homologous 
regions o f NTS. Depressor responses to microinjection of NMDA (1 pmole in 
25 nl aCSF) into the NTS o f 21 anesthetized rats were significantly (p<.0001, 
ANOVA) attenuated in a dose-dependent manner by the nNOS inhibitor 7- 
nitroindazole (7-NI, 5, 25, 50, 100 mg/kg) injected i.p. The depressor 
response (-34 ± 8 mmHg) to NMDA after 25 mg/kg 7-NI was significantly 
less (p<.05 by paired t-test) than the response (-54 ± 4 mmHg) before 7-NI. 
Addition of 25 mg/kg L-Arginine (L-Arg), but not D-Arg, to the 7-NI partially 
reversed the inhibition. 7-NI directly injected into NTS in 7 rats also signifi
cantly (p=.O26, ANOVA) reduced responses to NMDA ( 1 pmole) by 56 % 
(p>.05), 74 % (p<.05) and 68 % (p=.055) with three subsequent injections of  
NMDA. All data are expressed as mean ± SEM. Support: VA Merit Review 
and NIH HL32205 and HL14388.

411.2
EFFECT OF ESTROGEN ON NITRIC OXIDE PRODUCING NEURONS 
INVOLVED IN CARDIOVASCULAR CONTROL IN THE ROSTRAL 
VENTROMEDIAL MEDULLA. C. V. R. de Oliveira*, M. P. Rosas-Arellano, 
L. P. Solano-Flores, M. Mabee and J. Ciriello. Department o f Physiology, 
University o f Western Ontario, London, Canada, N6A 5C 1

Experiments were done to investigate the effect o f 17 β-estradiol (E2) on nitric 
oxide producing neurons in rostral ventromedial medulla (RVM) involved in 
cardiovascular regulation in ovariectomized (OVX) female Wistar rats that were 
either treated (OVX+E2) or not treated (OVX) with E2. In the first series of 
experiments, animals o f either group were sacrificed after 30 days and brainstem 
sections were histochemically stained for nicotinamide adenine dinucleotide 
phosphate diaphorase (NADPHd), a marker for nitric oxide synthase (NOS). A 
greater number (37±6 neurons/section) of NADPHd positive neurons were found 
in RVM of the OVX+ E2 group compared to OVX group (21±2 neurons/section). 
In the second series, the effect of injection o f L-glutamate (Glu; 10 nl, 0.5 M), L-
arginine (Arg; 100 nmol/50 nl) and Nω-nitro-L-arginine methyl ester (L-NAME; 
100 nmol/50 nl) in RVM where NOS neurons were found, on arterial pressure 
(AP) and heart rate (HR) was investigated in α-chloralose anesthetized, paralyzed 
and artificially ventilated rats. Glu stimulation o f RVM elicited decreases in AP 
(-24.5±5 mmHg) and HR (-12±5 bpm) in OVX+E2 and OVX (AP, -28.8±5 mmHg 
and HR, -5±4 bpm) rats. Microinjection of Arg elicited decreases in AP (-22.5±5 
mmHg) and HR (-20.8±13 bpm) in OVX+E2 rats, but non-significant responses 
in OVX (AP, -6±9 mmHg and HR, 3.3±4.4 bpm) animals. Injections o f L-NAME 
in OVX+ E2 rats elicited non-significant changes in AP (-3.3±5 mmHg) and HR 
(5±4 bpm) but decreases in AP (-31 ±4.6 mmHg) and HR (-12±3.5 bpm) in OVX 
rats. These data suggest that E2 modulates the activity o f NOS neurons in the 
RVM that participate in the control o f the circulation. (Supported by Heart and 
Stroke Foundation o f Ontario and FAPESP [Brazil]).

411.4
CHRONIC ANGIOTENSIN II AT1 RECEPTOR BLOCKADE IN THE 
SUBFORNICAL ORGAN ALTERS TWO-KIDNEY, ONE-CLIP 
HYPERTENSION. E. L. Bloom*, M. P. Rosas-Arellano, L. P. Solano-Flores and
J. Ciriello. Department o f Physiology, University o f Western Ontario, London, 
Canada. N6A 5C1.

Increased angiotensin II (ANGII) levels are known to contribute to the 
development o f the elevated arterial pressure (AP) in the two-kidney, one-clip 
(2K-1C) model o f hypertension. In this study we investigated the effect of 
blocking ANG II AT1 receptors in the subfornical organ (SFO) on 2K-1C 
hypertension. 2K-1C hypertension was induced in male Wistar rats by placing a 
silver clip on the left renal artery. Sixteen days after the clip, animals were 
divided into two groups; those that received either losartan (5 ug/day), a specific 
AT1 receptor blocker, or artificial cerebrospinal fluid (ACSF) into SFO via a 
microinjector attached to an osmotic minipump for 16 days. AP and heart rate 
(HR) were measured in conscious animals using the indirect tail cuff method. In 
addition, measurements o f metabolic variables were made. At the end o f the 
experimental period, AP and HR were also measured in the conscious animal 
through a chronic femoral arterial cannula. AP (138 ± 2 mmHg) and HR (387 ± 
5 bpm) were significantly lower in the 2K-1C losartan treated group compared to 
levels prior to the losartan treatment (AP, 168 ± 2 mmHg and HR, 413 ± 6 bpm) 
and to the 2K-1C ACSF group (AP, 168 ± 5 mmHg and HR, 419 ± 8 bpm). No 
significant differences were observed in urinary sodium or potassium excretion, 
urinary output or osmolarity, water or food intake, or body weight between the 
groups. These data suggest that increased circulatory levels o f ANG II in the 2K- 
1C hypertensive rat activate SFO neurons that contributes to the hypertension by 
increasing sympathoexcitatory drive to the vasculature and heart, and increasing 
vasopressin release. (Supported by Heart and Stroke Foundation o f Ontario)

4 11.6
TIME COURSE OF NEURAL CHANGES TO PRESSOR CHALLENGES 
USING FUNCTIONAL MAGNETIC RESONANCE IMAGING. D. 
Spriggs1*. R.M. Harper1, R. Bandler3, R.K. Harper1 and J. Alger2. 1Depts. of 
Neurobiol. and 2Radiol., Univ. Calif., Los Angeles, CA 90095; 3Dept. of Anat. 
and Histol., Univ. Sydney, NSW, 2006.

Numerous midline and lateral brain structures recruited following pressor challenges 
have been revealed by functional magnetic resonance imaging (fMRI) procedures. 
FMRI, using echo planar imaging techniques, enables rapid image acquisition of the 
entire brain following blood pressure challenges, and elucidates the temporal order of 
contributions from structures exhibitingf MRI signal changes. Eleven subjects (aged 22- 
52) performed each of three tasks to elicit a > 15% increase in blood pressure: unilateral 
cold hand immersion, bilateral cold compress to the forehead, and a Valsalva maneuver. 
Prior to each challenge, a 105 sec baseline scan was collected. Magnetic resonance 
images (time of excitation, 44.5 msec; time to repetition, 3.5 sec; field of view, 31 cm; 
flip angle, 90°) were acquired on a Siemens 1.5 Tesla scanner. The time courses of 
signal changes were followed in several sites that showed regional signal changes, 
including the hippocampal formation, the lateral cerebellar cortex and the ventral 
frontal cortex. The hippocampal response to cold forehead increased over the first 20 
sec before peaking, while signal changes following cold hand immersion or Valsalva 
challenges reached maximal values more quickly. The lateral cerebellar cortex activity 
remained elevated for the duration of the application of all three stimuli. Signal changes 
in lateral aspects of the ventral frontal cortex also peaked quickly with each of the 
challenges, and remained elevated for the duration of the challenge. These data suggest 
that the neural responses to pressor challenges may elicit differential time courses, 
depending on site, with the hippocampal formation responding later to cold forehead 
stimuli. Supported by HL-22418.
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411.7
FUNCTIONAL MAGNETIC RESONANCE IMAGING REVEALS 
LATERALIZED AND SITE-DEPENDENT NEURAL SIGNAL CHANGES 
TO PRESSOR CHALLENGES. R.K Harper1*, R.M. Harper1, R. Bandler3, D. 
Spriggs1 and J. Alger2, 1Depts. of Neurobiology and 2Radiological Sciences, Univ. Calif., 
Los Angeles, CA 90095; 3Dept. of Anat. and Histol., Univ. Sydney, NSW, 2006.

Transient blood pressure elevation elicits signal changes in multiple forebrain, 
midbrain, and cerebellar sites (Harper eĭ a l., Soc Neurosci Abs., 168.16, 1997). 
We examined the laterality and extent of signal changes in each site to determine 
the functional organization o f neural responses to pressor challenges. In 11 
subjects (22-52 years of age), blood pressure was elevated in each of three ways: 
unilateral cold hand immersion, bilateral cold compress to the forehead, and 
Valsalva maneuver. Echo planar magnetic resonance images (time of excitation, 
44.5 msec; time to repetition, 3.5 sec; field of view, 31 cm; flip angle, 90°) were 
acquired on a Siemens 1.5 Tesla scanner. Following a 105 sec baseline period, 
each pressor challenge, sufficient to raise blood pressure by > 15%, was introduced. 
Regions of interest in the ventral frontal cortex, hippocampal formation, fastigial 
region and lateral cerebellar cortex, and internal capsule (control) were selected 
bilaterally, and the course of signal changes was plotted during baseline and during 
the challenge. Signal changes reaching a p  <.01 were primarily unilateral, and no 
obvious relationship o f laterality to bilateral challenges emerged. The extent of 
signal change varied with structure and challenge; cold pressor to the forehead and 
Valsalva challenges elicited greater signal changes, with Valsalva maneuvers 
eliciting more substantial cerebellar changes; no significant signal alterations 
occurred in the white matter of the internal capsule. Signal changes in the brain to 
pressor challenges are primarily unilateral, are widespread, and vary in magnitude 
by site. Supported by HL-22418.

411.9
OPTICAL IMAGING OF THE CAT CAUDAL VENTRAL 
MEDULLARY SURFACE ACROSS SLEEP-WAKE STATES. C.A. 
Richard*. D.M. Rector. R.K. Harper and R.M. Harper. Dept. Neurobiology 
and the Brain Research Institute, Univ. California, Los Angeles 90095.

The ventral medullary surface (VMS) participates in aspects of 
cardiovascular and respiratory control, and may contribute to the substantial 
variation in blood pressure and breathing during different sleep-waking 
states. We assessed VMS activity by scattered light imaging procedures 
across sleep-wake states. Seven cats were instrumented with sensors for 
EEG, nuchal EMG, eye movement, ECG, diaphragmatic EMG, and arterial 
pressure to score sleep-wake states and assess cardiovascular patterns. An 
optical device, consisting of a charge-coupled diode array with an attached
3.2 mm diameter coherent fiber bundle and surrounding illumination fibers, 
was surgically placed over the right VMS. Neural tissue was illuminated at 
50 Hz with 660 nm light. Minute-by-minute overall averaged values were 
calculated and subjected to analysis o f variance. VMS activity declined in 
rapid eye movement (REM) sleep, compared to waking and non-REM sleep, 
which were similar to each other. Transitions between states were associated 
with increased VMS activity. Substantial intra-state variability occurred 
during waking, compared to the two sleep states. Although momentary blood 
pressure and respiratory rate changes were associated with alterations in 
VMS activity, the overall differences in neural activity between states were 
independent of gross state-related blood pressure or ventilatory values. Some 
portions of the VMS decrease activity during REM sleep, possibly 
“releasing” blood pressure control and contributing to the variability of blood 
pressure in that state. Supported by HL-22418.

411.11
COEXISTENCE OF RESPIRATORY-RELATED AND FAST SYMPATHETIC- 
RELATED RHYTHMS IN DISCHARGES OF MEDULLARY NEURONS. M. I . 
C o h e n * ,  Q. Yu a n d  W .-X. H u a n g . D e p t . o f  P h y s i o l . , A l b e r t  
E i n s t e i n  C o l .  M e d . ,  B r o n x  NY, USA.

S i n c e  s y m p a t h e t i c  ( s y m p . )  n e r v e  d i s c h a r g e s  h a v e  b o t h  
r e s p i r a t o r y - r e l a t e d  a n d  f a s t e r  r h y t h m s  ( 2 - 6  a n d  7 - 1 3  Hz 
r a n g e s ) , we s e a r c h e d  f o r  s u c h  c o e x i s t i n g  r h y t h m s  i n  
m e d u l l a r y  n e u r o n  d i s c h a r g e s  o f  d e c e r e b r a t e ,  
u n a n e s t h e t i z e d  a n d  g a l l a m i n e - p a r a l y z e d  c a t s .  R e c o r d i n g s  
w e r e  t a k e n  f r o m  c e r v i c a l  s y m p .  (CS)  n e r v e s ,  p h r e n i c  
n e r v e s ,  a n d  n e u r o n s  i n  m e d u l l a r y  v a s o m o t o r - r e l a t e d  
r e g i o n s  ( r o s t r a l  a n d  c a u d a l  v e n t r o l a t e r a l  m e d u l l a ,  r a p h e  
n u c l e i ,  l a t e r a l  t e g m e n t a l  f i e l d ) .  U s i n g  s p i k e - t r i g g e r e d  
a v e r a g i n g  a n d  s p e c t r a l  c o h e r e n c e  a n a l y s i s ,  a  m e d u l l a r y  
n e u r o n ' s  d i s c h a r g e  w a s  s p e c i f i e d  a s  s y m p . - r e l a t e d  i f  i t  
h a d  f a s t  r h y t h m s  ( 2 - 6  o r  7 - 1 3  Hz r a n g e s )  t h a t  w e r e  
c o h e r e n t  ( c o r r e l a t e d )  t o  t h o s e  r h y t h m s  i n  CS d i s c h a r g e .  
I n  12 c a t s ,  40 o f  217 r e c o r d e d  n e u r o n s  w e r e  j u d g e d  t o  b e  
s y m p . - r e l a t e d .  Of t h e s e ,  72% a l s o  h a d  r e s p i r a t o r y  r h y th m  
i n  t h e i r  f i r i n g ,  a s  a s c e r t a i n e d  b y  c y c l e  - t r i g g e r e d  
h i s t o g r a m s  a n d  t h e  e t a - s q u a r e  t e s t .  T h e  r e s p i r a t o r y  
m o d u l a t i o n  m o s t  c o m m o n l y  h a d  a n  I  o r  I E  p a t t e r n .  By 
c o n t r a s t ,  o f  1 7 7  n o n - s y m p . - r e l a t e d  n e u r o n s  i n  t h e s e  
r e g i o n s  o n l y  47% h a d  r e s p i r a t o r y  m o d u l a t i o n  o f  t h e i r  
f i r i n g .  T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e  m i x t u r e  o f  
r e s p i r a t o r y  a n d  f a s t e r  c o m p o n e n t s  i n  sym p.  n e r v e  r h y t h m s  
r e f l e c t s  i n p u t s  f r o m  m e d u l l a r y  n e u r o n s  h a v i n g  s u c h  
c o e x i s t i n g  r h y t h m s  ( S u p p o r t e d  b y  N . I . H .  G r a n t  2 7 3 0 0 . )

411.8
OPTICAL IMAGING OF THE CAUDAL VENTRAL MEDULLARY 
SURFACE DURING HYPOVOLEMIA. R.M. Harper,* C.A. Richard, 
D.M. Rector and R.K. Harper. Dept. o f Neurobiology and the Brain 
Research Institute, Univ. Calif., Los Angeles, CA 90095.

The fatal event in the Sudden Infant Death Syndrome (SIDS) in some cases is 
accompanied by a profound hypotension and bradycardia in a scenario reminiscent 
of shock resulting from hypovolemia. The caudal ventral medullary surface (VMS) 
participates in blood pressure and ventilatory control, and has the potential to 
mediate some of the cardiac and respiratory sequelae of hypovolemia. We used 
scattered light imaging procedures to detect changes in activity of large populations 
of VMS neurons in cats during hypovolemia resulting from partial blood loss 
(approximately 25% of blood volume). Four cats were chronically instrumented 
with leads for EEG, nuchal EMG, eye movements, ECG, diaphragmatic EMG, and 
with arterial and venous cannulae to assess state physiology and cardiovascular 
patterns. An optical imaging device was surgically placed over the right caudal 
VMS through a ventral approach. The device consisted of a charge-coupled diode 
camera and a 3.2 mm diameter coherent fiber-optic bundle which captured scattered 
560 and 660 nm light, imposed by surrounding fibers, onto the VMS, and provided 
an indication of local perfusion and neural activity, respectively. Hypovolemia 
resulted in a variety of strategies to compensate for blood pressure loss, including 
tachycardia, tachypnea and isolated, sustained inspiratory and expiratory efforts. 
Neural activity patterns did not precisely follow local blood measures. An overall 
increase in VMS activity accompanied the loss in blood pressure in all cats, with 
decreased activity in peripheral areas. Modest to moderate hypovolemia was 
characterized by small, transient increases in activity temporally related to 
compensatory efforts, but more profound hypovolemia resulted in sustained activity 
increases that were only resolved by re-perfusion. The VMS apparently participates 
in responses to hypovolemia; dysfunction within VMS regions may mediate a 
failure to recover from a loss of blood pressure. Supported by HD-22506.

411.10
NEGATIVE INOTROPIC EFFECTS PRODUCED BY L-GLUTAMATE 
ACTIVATION OF REGIONS IN THE VENTRAL LATERAL 
NUCLEUS AMBIGUUS OP THE DOG. L.W. Dickerson*,1
K.W.  Honey,1 T .J .Fleming,1 W .H. PAnico,1 P.J.
Gatti,2 V.J. Massari,2 R.A. Gillis,1 1Dept. of
Pharmacology, Georgetown University School of 
Medicine, 2Dept. of Pharmacology, Howard University 
College of Medicine, Washington, D.C. 20007

Based on results from retrograde tracing 
experiments in which HRP-conjugated tracer had been 
placed in the cardiac CMV ganglion, we derived 
target coordinates for L-glutamate (100-120 nL) 
microinjections into the ventral lateral nucleus 
ambiguus of dogs (8-14 kg) anesthetized with alpha- 
chloralose and morphine. Activation of a site 4.4 
mm rostrel to obex yielded a 19% decrease in LV 
dP/dt without other cardiac effects. Stimulation 
of other sites ranging from 2.9 to 6.3 mm rostral 
to obex decreased LV dP/dt by 34 ± 13% (N=3,P<0.06) 
and HR by 13%, while increasing PQ interval by 6%. 
A bradycardic region (i.e., -0.5 to 4.7 mm to obex) 
produced decreases in HR of 18+5% (N=14, P<0.05) 
and increases in PQ interval of 32+11% (N=8,
P<0.05). Our data suggest that vagal influences on 
HR, AV conduction, and ventricular contractility 
may arise from partly intermingled and partly 
separate pools of neurons in the nucleus ambiguus. 
[Supported by NIH RO1 DA-05333 and RO1 HL-51917].

411.12
CAUDAL VENTROLATERAL PONTINE (CVLP) NEURONS WITH SPINAL 
AXONS HAVE ACTIVITY CORRELATED TO BOTH THE 10-HZ AND 
CARDIAC-RELATED (CR) RHYTHMS IN SYMPATHETIC NERVE DISCHARGE 
(SND). S.M. Barman* and G.L. Gebber. Dept. Pharmacology & Toxicology, 
Michigan State Univ., East Lansing, Ml 48824.

We sought answers to three questions about CVLP neurons whose naturally 
occurring discharges are correlated to SND in urethane-anesthetized cats. Are 
their discharges correlated to both the 10-Hz and CR rhythms in SND or to only 
one of these rhythms? Do CVLP neurons with activity correlated to the 10-Hz 
and/or CR rhythms subserve a sympathoexcitatory or sympathoinhibitory func
tion? Do the axons of CVLP neurons with activity correlated to the 10-Hz and/or 
CR rhythms project to the thoracic (T1) spinal cord? Spike-triggered averaging, 
arterial pulse-triggered analysis, and coherence analysis revealed that ~ 15% of 
the CVLP neurons at the level of the lateral nucleus of the superior olive had 
naturally occurring activity correlated to inferior cardiac postganglionic SND. We 
identified 21 CVLP neurons with activity correlated to both rhythms, 9 with 
activity correlated to only the 10-Hz rhythm, and 9 with activity correlated to only 
the CR rhythm. The firing rates of most CVLP neurons with activity correlated 
to both rhythms (9 of 11) or to only the 10-Hz rhythm (4 of 4) were decreased 
during baroreceptor reflex induced sympathoinhibition; thus these neurons are 
presumed to exert sympathoexcitatory actions. Most (11 of 12) of the neurons 
with activity correlated to both rhythms could be antidromically activated by stim
ulation of the T1 spinal cord (axonal conduction velocity: 2.3 ± 0.2 m/s). Anti
dromic mapping showed that their axons likely terminated in the intermediolateral 
nucleus. In contrast, only 1 of 12 neurons with activity correlated to only one 
rhythm in SND projected to T1. These data are the first to identify a CVLP-spinal 
pathway comprised of sympathoexcitatory neurons whose discharges are 
correlated to both the 10-Hz and CR rhythms in SND. (NIH grant HL33266.)

Society for Neuroscience, Volume 24 ,1998



1030 DEVELOPMENTAL GENETICS TUESDAY AM

412.1
INDUCTION OF LI CELL ADHESION MOLECULE GENE EXPRESSION BY 
THE TRANSCRIPTION FACTOR PAX-6 AND BY BONE M ORPHOGENETIC 
PROTEINS IS CONTROLLED BY A BINDING SITE FOR HOM EODOM AIN 
AND PAX PROTEINS W ITHIN THE FIRST INTRON OF THE LI GENE.
R. M eech1, P. Kallunki2, G.M. Edelm an1, and F .S. Jones1*. 1D ept. of Neurobiology, 
The Scripps Research Institute, La Jolla, CA 92037; 2Department of Neurobiology,
H. Lundbeck A/S, Copenhagen-V alby, DK2500 Denmark.

The cell adhesion molecule LI regulates neurite extension and fasciculation during 
embryogenesis and mutations in the LI gene lead to aberrant neural development.
To better understand how expression of the LI cell adhesion molecule is controlled 
during development, we have sought to identify the DNA regulatory elements and 
transcription factors that are responsible for induction of LI in response to the bone 
morphogenetic proteins which are an important family of neural differentiation 
factors. W e previously identified the promoter for the LI gene and found that an 18 
kb segment of the gene spanning the region from the promoter through the fourth 
exon was required to give the correct neural pattern of LI expression in transgenic 
mice. W e have now identified a regulatory element within the first intron of the LI 
gene called the HPD that binds to homeodomain proteins and to paired domain (Pax) 
proteins. The HPD was required for high levels of LI gene expression in 
neuroblastoma cells and for activation of LI gene constructs by the transcription 
factor Pax-6 in co-transfection experiments. Moreover, the expression of LI gene 
constructs containing the HPD was induced approximately four-fold upon treatment 
with the bone morphogenetic proteins BMP2 and BMP4. Deletion of the HPD 
element abolished induction of LI expression by both Pax-6 and BMPs. Currently, 
we are examining the role of the HPD in the patterning of LI expression in 
transgenic mice. Our working hypothesis is that extracellular signals from BMPs 
modulate the expression of LI via homeodomain and Pax proteins that bind to the 
HPD. Supported by NIH grants HD33576 and NS34493.

412.3
SYSTEMATIC CHARACTERIZATION BY IN SITU HYBRIDIZATION OF 
THE EMBRYONIC EXPRESSION PATTERNS OF MURINE cDNAS 
HOMOLOGOUS TO DROSOPHILA MUTANT GENES (DRES, 
DROSOPHILA-RELATED EXPRESSED SEQUENCE).
A. Bulfone*, C. Gattuso, S. Banfi, G. Borsani and A. Ballabio.
Telethon Institute of Genetics and Medicine (TIGEM), San Raffaele Biomedical 
Science Park, 20132 Milano, Italy.

RNA in situ hybridization is an essential technique in biological science. It 
allows the identification of gene expression and the analysis of spatial and 
temporal distribution of transcripts in the histological context. In order to 
perform a systematic characterization of gene expression at TIGEM, we have 
established a centralized Core for RNA in situ hybridization on mouse sections, 
that is systematically studying the expression pattern during mouse development 
of homologs of Drosophila mutant genes (DRES, Drosophila-related Expressed 
Sequences) at three developmental stages (E 10.5, E 12.5 and E 17.5). Through 
this approach, we have identified specific expression patterns of these genes, and, 
by combining this information with sequence and biochemical data, we are 
making predictions about their function and the likelihood of their implication in 
inherited disorders. Moreover, the correlation with the expression pattern of the 
corresponding Drosophila genes will be helpful in assessing a conserved role of 
these genes during evolution. The distribution of the expression varies 
considerably. For about a third of DRES clones no signal is present or are 
ubiquitously expressed, while for the remaining there are specific temporal and/or 
spatial patterns of expression in anatomical structures such as pituitary gland, 
retina or specific regions of the central nervous system.
Supported by Telethon.

412.5
THE ROLE OF THE HOMEOBOX GENE E M S  IN PATTERNING  
THE EM BRYONIC N ERV O U S SYSTEM  OF DRO SO PHILA  
B. Hartmann*, F. Hirth, D. M eyer, U. W alldorf and H. Reichert. 
Institute o f  Z oo lo gy , U niversity  o f  B asel, C H -40 51 B asel, 
Switzerland.

W e are studying the m olecular m echanism s underlying CNS 
developm ent in Drosophila. Here w e report on the role o f  the 
homeobox gene e m p ty  s p ir a c le s  (em s). The e m s  gene is known to 
have several patterning fu nction s during em b ryon ic head  
development. To determine if these patterning functions are also 
relevant for em bryonic CNS developm ent, w e have used high 
resolution molecular neuroanatomical techniques to analyse e m s  
expression patterns and mutant phenotypes. In the developing brain, 
e m s  is expressed in specific brain neuromeres, where it is also  
positively autoregulated. In e m s  null mutants, the corresponding 
neurectoderm is present, but does not generate neuronal progenitors. 
In the developing ventral nerve cord, e m s  is expressed in a 
segmentally reiterated subset o f intemeurons. In e m s  null mutants, 
these interneurons are present, but have aberrant axonal projection 
patterns and show loss o f regulatory gene expression. To further 
clarify the roles o f e m s  during em bryogenesis, different enhancer 
constructs were fused to a reporter gene and their spatio-temporal 
embryonic expression patterns were examined. The results o f our 
experiments are discussed with respect to concepts o f segmentation 
gene function in the CNS. Supported by the Sw iss NSF.

412.2
DEFECTIVE HERPES SIMPLEX VIRUS VECTORS ENCODING 
NORMAL OR MUTANT LI CELL ADHESION MOLECULES
H.D. Moulding1, and S.D. Rabkin1,2*; Interdisciplinary Program for

Neuroscience1, and Department of Neurosurgery2, Georgetown University Medical 
Center, Washington DC, 20007 USA

The LI cell adhesion molecule is a crucial player in the generation of CNS 
connections and structures during development. L I has been shown to facilitate 
cell adhesion, neurite outgrowt h and neuronal migration in vitro. Mutations in the 
human LI gene result in mental retardation as well as a number of brain 
malformations. These mutations are considered the second most frequent cause of 
congenital hydrocephalus. However, distinguishable mutations in LI can generate 
different clinical signs and symptoms, the reasons being unclear. Previous 
experiments have utilized blocking antibodies or peptides to analyze the putative 
function of the various LI subdomains affected by these mutations. Our approach 
is to characterize the activity of cell surface expressed full-length LI protein 
containing known human LI mutations.

We have generated amplicon plasmids encoding mutated human LI. These 
base pair substitution mutations span the various LI protein subdomains, and have 
been linked to several different congenital neurologic syndromes. Cells transfected 
with these plasmids express mutated LI that can be detected 
immunohistochemically. Defective herpes simplex virus vectors have been 
generated with these amplicon plasmids, and used to infect primary neural and 
passaged cell cultures. The defective vector infected cells express mutated LI. 
Studies in progress will determine the effects these mutations have on LI mediated 
functions that arc crucial during CNS development. Supported by T32 HD07459.

412.4
HOMEOTIC GENES CONTROL N EU R O N A L IDENTITY IN 
EM BRYONIC BR AIN  D EVELO PM ENT OF DRO SO PH ILA .
F. Hirth*, B. Hartmann, B. E gger, T. C. Kaufm an, and H. 
Reichert. Institute of Zoology, University o f Basel, C H -4051 Basel, 
Switzerland; HHMI, University o f Indiana, Bloomington, Indiana.

W e are studying the functional role of the homeotic (H O M -C /H o x )  
genes in building the embryonic brain o f Drosophila. For the genes, 
la b ia l  and D e fo r m e d , w e have analysed the mutant phenotypes that 
result in the developing brain when the genes are deleted. Our 
analysis demonstrates that mutational inactivation o f these homeotic 
genes results in dramatic regionalized axonal patterning defects which 
are due to both cell-autonomous and non cell-autonom ous effects. 
Thus, in the absence o f these hom eotic genes, mutant ce lls are 
generated and positioned correctly in the embryonic brain, but these 
cells do not extend axons. A dditionally, axons o f  neighboring  
wildtype neurons stop at the mutant domain or project ectopically, 
and defective commissural and longitudinal pathways result. A 
detailed molecular analysis demonstrates that the cells which are 
generated in the mutant domain do not express any neuron-specific 
markers, indicating a com plete lack o f neuronal identity. An 
alternative glial identity is not adopted by these mutant cells. Thus, 
our findings demonstrate that action o f the hom eotic genes is 
essential for the establishment o f neuronal identity in specific parts o f 
the Drosophila brain. Supported by the Swiss NSF.

412.6
EXPRESSION OF THE P A X 6  GENES E Y  A N D  T O Y  DURING  
EM BRYONIC BRAIN DEVELOPM ENT IN DROSOPHILA. R. 
L eem ans, B. Hartmann, U. W enger. W. J. G ehring, and H. 
Reichert*. Institute o f Z oology and Biocenter, University o f Basel, 
CH-4051 Basel, Switzerland.

The P a x 6  genes play important roles in the development o f the eye 
and the central nervous system. In Drosophila, two P a x 6  genes have 
been recently cloned. These are the e y e le s s  (e y )  and the tw in  o f  
e y e le s s  ( to y )  genes. To study their role during em bryonic brain 
development in Drosophila, we carried out a detailed spatio-temporal 
expression  analysis o f  both e y  and t o y  using laser confocal 
microscopy. Our analysis shows that both genes are expressed from 
early embryonic stages onwards in the procephalic neurogenic region 
that gives rise to the brain and in the ventral neurogenic region that 
gives rise to the ventral nerve cord. The spatial and temporal 
expression patterns o f the two P a x 6  genes are, however, clearly 
distinct. Whereas the to y  gene is nearly ubiquitously expressed in all 
three neuromeres that give rise to the anterior (supraesophageal) 
brain, the e y  gene is expressed later than to y  and in more restricted 
subregions o f the anterior brain. In the neuromeres o f the ventral 
nerve cord, both e y  and to y  are expressed in segmentally reiterated 
subsets o f neurons. There, however, e y  is expressed earlier than 
toy . Intriguingly, e y  shows a compartmentalized expression pattern 
at boundary regions within the developing brain, as has been  
dem onstrated for the h om ologou s P a x 6  gene in the m ouse. 
Supported by the Swiss NSF.
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412.7
CALRETININ EXPRESSION IN THE PAX-6 MUTANT MOUSE REVEALS 
GROSS ABNORMALITIES IN THALAMIC DEVELOPMENT AND 
THALAMO-CORTICAL INNERVATION. J. M. Edgar* and D. J. Price. Dept. of 
Physiology, University o f Edinburgh, Teviot Place, Edinburgh, EH8 9AG.

Calretinin is a calcium binding protein whose expression defines specific thalamic 
nuclei and fibres. We used its expression pattern to study the development o f the 
forebrain in the Small eye mutant mouse (Sey) in which there is a mutation o f the 
transcriptional regulator gene Pax-6.

At E 15 in the wild type brain calretinin staining was found in the reticular nucleus 
of the ventral thalamus and the stria medullaris. Calretinin positive fibres were seen 
projecting into the telencephalon. At E 15 in the Sey/Sey brain labelling was much 
more random. Scattered cells and bundles o f fibres were seen throughout the 
diencephalic wall. No fibres were seen entering the telencephalon.

At E 17 and E 19 in the wild type brain calretinin staining was found in midline 
thalamic nuclei (the paraventricular nucleus, the rhomboid nucleus, the reuniens 
nucleus), in the intralaminar group (mediodorsal, centromedial, paracentral and 
centrolateral nuclei), in the dorsal thalamus (the mediodorsal, lateraldorsal, lateral 
posterior, ventroposterior medial, ventroposterior lateral nuclei and the ventral 
lateral geniculate), in the stria medullaris and in the ventral thalamus (reticular 
nucleus and the zona incerta). Calretinin positive thalamo-cortical fibres were seen 
projecting into the telencephalon. At E 17 and E 19 in the Sey/Sey brain labelling 
was much more random, individual thalamic nuclei could not be discerned and 
thalamo-cortical fibres did not project into the telencephalon. These results suggest 
that the Pax-6 gene product is important for normal development o f thalamic nuclei 
and thalamo-cortical innervation.
This work was supported by the Wellcome Trust.

412.9
EXPRESSION O F GENES INVOLVED IN SONIC HEDGEHOG 
SIGNALING IN RAT CEREBELLUM. W atroba L., C h arytoniuk. D.A., Faure 
H., T raiffort E. and Ruat M*. UPR 9040-CNRS, Junior Group ATIPE 91198 Gif 
sur Yvette, France.

Patched (Ptc), a transmembrane glycoprotein, has been proposed to be the 
primary receptor for Sonic hedgehog (Shh), a secreted morphogen involved in 
patterning during early embryonic development. Smoothened (Smo), a receptor-like 
serpentine protein is required for hedgehog signaling. Binding o f Shh to Ptc may 
relieve repression o f Smo by Ptc, and initiate transduction o f the signal leading to 
downstream activation o f various genes (Tabin and McMahon, 1997). Recently, 
somatic mutations of Ptc, a tumor suppressor gene, have been implicated in 
medulloblastomas in human (Pietsch et al, 1997), and mice lacking one allele o f Ptc 
gene developed cerebellar medulloblastomas (Goodrich et al, 1997).

In order to further investigate the roles o f Shh signaling in brain (Traiffort et 
al, 1998), we have characterized the time course and pattern o f expression o f these 
genes in the developing and adult rat cerebellum. In adult rat, in situ hybridization 
using digoxigenin labeled riboprobes, revealed expression o f Shh in Purkinje cells 
whereas intense Ptc expression was present throughout the granular cell layer and 
in cells surrounding Purkinje cell bodies, which might reflect labeling o f Bergmann 
glia cells. Smo expression was faintly detected in the Purkinje cell layer. Shh 
peptides might be secreted from the Purkinje cell bodies or their projections, diffuse 
in the synaptic cleft and act locally on neighboring Ptc mRNA-expressing cells.

Northern blot analysis o f postnatal (P 1-P20) and adult rat cerebellum 
indicated that Smo expression was high between P 1-P 13 and then decreased, 
whereas Ptc and Shh expression increased from P 13 to adulthood. These data further 
document the presence o f the morphogen Shh and o f its putative receptor 
components within the developing and adult rat cerebellum. Experiments are in 
progress to further characterize functional Shh signals in the cerebellum.

412.11

A NOVEL MUTATION, FLATHEAD (fh), MAPS TO THE DISTAL  
ARM OF RAT CHROMOSOME 12. C.A. C ogsw ell. M.R. Sarkisian. V. 
Leung, R. Patel, S.R. D ’M ello*, and J.J. LoTurco. Department o f  
Physiology & Neurobiology, University o f  Connecticut, Storrs, CT 
06269

A recently discovered, spontaneous, autosomal recessive mutation in 
rats, Flathead (fh ), results in dramatic microcephaly beginning in late fetal 
development. Homozygous mutant animals are bom with brains 
approximately 1/2 the size o f normal littermates, are ataxic, have frequent 
seizures and die by postnatal day 30. Histological studies revealed 
increased apoptotic cell death throughout the CNS on E17 - E 18, with 
greatest levels o f cell death in proliferative zones such as the neocortical 
VZ. In contrast to many other known neurological mutants (i.e. reeler, 
weaver, scrambler, totterer), fh  affects all CNS structures. To map this 
mutation w e performed linkage analysis experiments with SSLPs and 
analyzed the segregation pattern o f  strain-specific SSLP PCR products in 
51 affected animals generated from an F 1 intercross between 
WUC1 (fhl+) and Lewis rats. The results indicated that this mutation 
maps to the distal arm of rat chromosome 1 2 ,2cm distal to the N o sl locus 
and in a region that is homologous to human chromosome 12 q24.2-q24.3 
and mouse chromosome 5. Based on the unique phenotype o f  this 
mutation and the chromosomal location o f f h  it appears that there is no 
known equivalent mutation in either mouse or human. The f h  gene, 
therefore, may be a novel gene essential to normal brain growth in late 
fetal development.

Supported by NIH grant M H 56524 to J.J.L., an N SF grant 
IB N 951 1013 to S.R.D ., and, in part, by research grant HD20806, NIH.

412.8
DEVELOPM ENTAL AND ADULT EXPRESSION O F SONIC HEDGEHOG, 
PATCHED AND SM OOTHENED mRNAs IN RAT BRAIN. E. T raiffort*. 
D.A . C h arytoniuk, L. W atroba L., H. F aure , N. Sales1 and M. R uat 1INSERM 
Unit 334 SHFJ-CEA, 91401 Orsay and UPR 9040-CNRS, Junior Group ATIPE 
91198 G if sur Yvette, France.

Sonic hedgehog (Shh), a secreted molecule involved in early embryo 
patterning, has the capacity to induce the differentiation o f dopaminergic and motor 
neurons, and is neurotrophic for specific CNS neurons (Tabin and McMahon, 1997). 
Patched (Ptc), a multiple-pass transmembrane protein, has been proposed to be the 
primary receptor of Shh. Smoothened (Smo), which shows structural similarities to 
members of the G protein-coupled receptor superfamily, may form a complex where 
Shh binding to Ptc would allow transduction of the signal.

We have examined the expression patterns of Shh, Ptc and Smo transcripts in 
the developing and adult rat brain by in situ hybridization using specific digoxigenin 
labeled riboprobes. In the adult brain, Shh transcripts were found in neuron like cells 
scattered in the globus pallidus, the ventral pallidum, the horizontal and vertical 
limb o f the diagonal band nuclei, in hypothalamic areas, in Purkinje cells and in 
motor neurons o f several cranial nerve nuclei. Ptc expression was mainly detected in 
the Purkinje and granule cell layers o f the cerebellum, the granule cells o f the 
dentate gyrus, in scattered cells located in various nuclei o f the thalamus and 
hypothalamus, the amygdaloid complex and the brainstem. Smo transcripts were 
present in circumventricular organs, in the Purkinje cell layer, in the granule cells of 
the dentate gyrus and in neuron like cells of the reticular thalamic nucleus.

Analysis o f Ptc, Smo and Shh expression patterns in the postnatal brain 
indicated a developmental regulation in the expression o f these genes in several 
brain areas, particularly in the cerebellum. These data indicate the expression of 
various components o f the Shh signaling pathway in discrete areas o f the developing 
and adult brain where they might participate in the transduction o f Shh signal.

412.10
T argeted  in ac tiv a tio n  of H oxd-9  and  H oxd-10  a lte rs  h in d lim b  
in n e rv a tio n , g a it, and  ad d u c tio n . C . de la Cruz1, D. D. Spvropoulos2, L. 
Bavnosa1, A. Der-Avakian1, M. R. Capecchi3 and E. M. Carpenter1*, 1Mental 
Retardation Research Center, UCLA Sch. of Medicine, LA, CA 90024, 2CMSB, 
Dept. of Cell Biol. and Anat., Hollings Cancer Center, MUSC, Charleston, SC 
29403, and 3Dept. of Human Genetics, University of Utah, SLC, UT 84112 

We have created a double mutation using homologous recombination in the 
mouse Hoxd-9 and Hoxd-10 genes by simultaneously inserting the neomycin 
resistance gene into Hoxd-9 and creating a frameshift mutation in Hoxd-10. Mice 
carrying these mutations are viable and survive to weaning and adulthood. Mutant 
mice show gait defects typified by hindlimb stiffness, altered motility, and abnormal 
foot posture. Mice also demonstrate impaired adduction and footprinting analysis 
indicates abnormal hindlimb placement and a shortened stride. No alterations in 
motility were apparent in wild-type or heterozygous animals. Skeletal analysis 
reveals anterior transformation of the S2-Cal vertebrae. Vertebral transformations 
were observed in 78% of mutant animals. Immunohistochemistry and carbocyanine 
dye tracing were used to examine the peripheral nerve projections into mutant 
hindlimbs. Immunohistochemical labeling using antibodies directed against the 
neurofilament protein showed no loss of major nerve trunks, but demonstrated 
alterations in the tibialis nerve. Injections of the carbocyanine dye DiI into the 
sciatic nerve plexus anterogradely labeled nerve fibers growing into the limb and 
retrogradely labeled motor neurons in the spinal cord giving rise to these projections. 
In 50% of mutant animals injected with DiI at E 12.5 or E 13.5 we observed either a 
decrease in fiber number in the terminal arborization of the tibialis nerve or a 
rearrangement in the tibialis projection pattern. These observations suggest that 
combined mutations in Hoxd-9 and Hoxd-10 affect the development of the vertebral 
column, the organization of hindlimb innervation, and locomotor behavior of the 
hindlimb. Supported by a Frontiers of Science Faculty Research Award to EMC.

412.12
LO SS O F  B M P  AND W N T  G E N E  E X P R E S S IO N  IN  T H E
C O R T IC A L  H E M  O F  T H E  E X T R A - T O E S J  M O U S E  IS  
A S SO C IA T E D  W IT H  D E F E C T S  IN  M E D IA L  T E L E N C E P H A L IC  
S T R U C T U R E S .
E.A. Grove*, J. Limon, S. Tole and C.W. Ragsdale, Dept. Pharm. Phys. Sci., 
Univ. Chicago, Chicago, IL 60637.

The cortical hem is a transient neuron-containing neuroepithelial structure at the 
medial edge of the embryonic cerebral cortex. The cortical hem forms a boundary 
between the developing telencephalic choroid plexus epithelium (CPe) and the 
hippocampus, and is marked by the expression of multiple Wnt and Bmp gene 
family members. We hypothesize that signals from the cortical hem that include 
Bmp and Wnt peptides regulate development of the adjacent CPe and hippocampus. 
We show that the cortical hem is deficient in both Wnt and Bmp gene expression 
in the non-exencephalic extra-toesJ (XtJ) mouse mutant. Telencephalic CPe, as 
identified by transthyretin gene expression, fails to develop in XtJ  embryos, and at 
least one gene expression marker for embryonic hippocampal tissue, the EphB 1 
receptor, Elk, is also deficient. By contrast, the expression of other telencephalic 
developm ental control genes, including Fgf8, normally expressed in the 
rostromedial telencephalon, and Wnt7a, normally expressed in the dorsolateral 
embryonic cerebral cortex, is maintained in XtJ embryos. Our observations indicate 
that specific defects in the cortical hem that include Wnt and Bmp gene 
m isregulation are accompanied by developm ental defects in neighboring 
telencephalic structures. The XtJ mutant carries a deletion in Gli3, a vertebrate 
homolog of the Drosophila gene cubitus interruptus (ci). In the fl y embryo, ci is 
required to activate expression of the Drosophila Wnt gene, wingless, and the Bmp 
family member, dpp, along compartment boundaries. Our observations thus 
additionally suggest that Gli3 participates in Wnt and Bmp gene regulation in the 
vertebrate telencephalon.

Supported by NIH and the Brain Research Foundation.
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412.13
MOLECULAR CLONING OF A NOVEL GENE EXPRESSING IN 
DORSAL PART OF NEURAL TUBE WITH THROMBOSPONDIN 
TYPE1 DOMAIN. Tomoyuki Kamata1* , Ken-ichi Katsube2, Makoto 
Michikawa3, Masahito Yamadal 1, Hidehiro Mizusawa1. 1Department of 
Neurology, School of Medicine, and 2Oral Pathology, School of Dentistry, 
Tokyo Medical and Dental University.; Tokyo 113-8519, Japan,
3Department of Dementia Research, National Institute for Longevity 
Sciences

We identified a murine novel gene which encodes 265 amino acids with 
thrombospondin type 1 domain. Unlike other secretory proteins of 
thrombospondin family, there are no apparent secretion cleavage site but two 
putative nuclear transitional signals. Northern blot analysis showed its 
transient expression in central nervous system during developmental process. 
In  situ  hybridization study showed that the expression of this gene on 10 and 
12 dpc embryo was observed predominantly in the dorsal part of the neural 
tube, especially in the boundary region between roof plate and 
neuroepithelium. This expression was stronger in a rostral part. The signals 
were observed in other regions such as limb buds and mesenchyme around 
nasal cavity. From these features of this molecules, we named this gene R- 
spondin, after its expression associated with the roof plate. Transfection of 
the epitope-tagged cDNA into COS7 cells showed the localization into 
nuclei and nucleoli, which suggest that R-spondin may be a nuclear protein. 
These findings suggest that R-spondin might be related to the dorsal 
formation of neural tube.

This work was supported by research grants from the Ministry of 
Education, Science, and Culture of Japan.

412.15
A SUBTRACTIVE HYBRIDIZATION SCREEN TO IDENTIFY POTENTIAL 
TARGETS OF Tbrl
MC Mione*, JLR Rubenstein, Nina Ireland Laboratory of Developmental 
Neurobiology, LPPI, University of California at San Francisco, San Francisco CA 
94143-0984

The T-box containing gene Tbrl is expressed in postmitotic neurons of the cerebral 
cortex, olfactory bulb and eminentia thalami. In Tbrl -/- mice, generated through 
homologous recombination, the laminar organization of the cerebral cortex is severely 
disrupted (Hevner et al., 1996). In order to investigate the role of Tbrl in the 
development and migration o f cortical cells, we have used a subtractive hybridization 
protocol to identify the genes that are disregulated in these mutants.

Briefly, we have generated a subtracted library of cDNA clones which are not 
expressed, or are expressed at lower levels in the telencephalon o f Tbrl -/- mouse 
embryos. The expression pattern o f a number of potential targets of Tbrl was studied 
using in situ hybridization and Northern blot analysis. Several differentially expressed 
clones were selected for further analysis based on their expression pattern: one of them 
is preferentially expressed in the marginal zone of the developing cortex and is down 
regulated at birth; this clone matches a mouse EST isolated from an embryonic library. 
Another clone, which shows 67% sequence similarities to the human transcription 
factor BTF3, is expressed in discrete domains o f the developing forebrain, including 
the cerebral cortex and thalamus. A third clone, expressed in the proliferating 
neuroepithelium and in the developing retina, shows sequence similarities to members 
of the G protein ß subunit transducin family. These preliminary results suggest the 
involvement of different molecules, including a presumptive novel G protein ß subunit 
and a potential transcription factor, in the pathway regulated by T b rl.
Hevner et al., (1996) Soc Neurosci Abstr, 403.3
*Supported by the Wellcome Trust. Present address: Dept Anatomy, University 
College London, U.K.

412.17
DIFFERENTIAL DISPLAY IDENTIFIES DEVELO PM ENTALY  
UP-REGULATED GENES IN THE H U M A N  FETAL BR AIN .
S. Yasuda1, Y. Yasukochi2, S. Takashima3, H. Shibuya1* and M. Toru1. 
1Dept. Neuropsychiatry, 2Dept. Molecular Genetics, Tokyo Med. Dent. 
Univ.; 3National Inst. Neuroscience, NCNP; Tokyo, 113-8519, Japan.

It is likely that processes in developmental stages are not simply 
dependent on modulating constitutive patterns of transcription, but also on 
novel gene expression. To identify novel genes involved in brain 
development, we used an alternative differential display method (Prashar 
and Weissman, 1996, PNAS, 93:659-663) to compare patterns o f  mRNA 
expression in human fetal and adult brain tissues. Total RNA was prepared 
from whole cerebral brains and subjected to cDNA synthesis with 2-base 
anchored oligo(dT) primers. The cDNA was digested with various 
restriction enzymes and ligated to the corresponding adapters which 
mediated selective PCR amplification. PCR products were analyzed on a 6% 
polyacrylamade gel. We detected the primary candidates for up-regulated 
fetal cDNA fragments, followed by extraction from the gel, PCR- 
reamplifícation and subcloning into T-vectors. The secondary candidates 
were selected by confirming on RT-PCR and Northern blotting.

We obtained several fetal-specific clones. Some o f  them were similar in 
sequence to known genes or ESTs, and the others had no significant 
homology in GenBank/EMBL/DDBJ. Further characterization o f  
differentially expressed patterns are being performed by in situ 
hybridization. (Supported by grant from the Ministry o f  Education, Science, 
Sports, and Culture o f Japan.)

412.14
CH ARA CTERIZA TIO N  OF A ZEBRAFISH DLX EN HA NCER ELEMENT 
TH A T EXPRESSES LA CZ IN  A PATTERN LARGELY INDISTINGUISHABLE 
FROM M OUSE D L X 5 /6 .T, S tü h m er,1 T. Z e ru ch a ,2S.A. A nderson,*1 M. E k k e r,2 
and  J.L.R. R ubenstein1, 1D ep t. of P sych ia try , UCSF, San Francisco, CA 94143; 
2Loeb In st. an d  D ep t. of Cell. & Molec. M edicine, Univ. of O ttaw a, C anada.

There are  four known m embers of the d ista l-less (Dlx) fam ily  of 
hom eodom ain  tran scrip tio n  factor genes expressed in the developing  mouse 
forebrain , nam ely  D1x 1, D 1x2, D 1x5, and  D1x6. A nalysis of th e ir  pa tte rn s  of 
expression in the  p ren a ta l b rain  of w ild ty p e  and m utan t (D1x1/2  - /- )  mice 
suggests th a t D1x1 an d  2 could  p lay  a role in the regulation  of Dlx5 and  6. T h e  
form er two genes are transcribed  in the p ro life ra tiv e  zones of the b a s a l  
gang lia  p rim o rd ia , w hereas Dlx5 and especially  Dlx6 are also expressed in 
a reas th a t contain  d ifferen tia ted  neu ro n s (Liu et al., 1997). A d d itio n a lly , in  
D 1x1 /2  - / -  m ice, D 1x5 and  D 1x6 fail to be transcribed  in later bom  cells of th e  
m u ta n t s tr ia tu m  (A nderson  et al., 1997). H ere w e analyze the lacZ -expression  
p a tte rn  in transgenic  m ice, th at contain the intergenic region of the  z e b ra f ish  
o rthologs of the  mouse D1x5 and 6 genes, coupled to  the gene fo r ß- 
ga lac tosidase. We show  th a t the  tem poral and sp a tia l p a tte rn  of lacZ - 
expressing cells in the p ren a ta l forebrain  appears to be en tirely  congruent 
w ith  the in situ h y b rid iz a tio n  p a tte rn s  for the endogenous Dlx5 and 6 genes. 
W e h ave  crossed these an im als w ith  m ice h a rboring  a defect in the D1x1 an d  2 
genes and  find th a t in offspring hom ozygous for the D1x1/2  d e le tio n , 
expression of the  transgene is d ras tica lly  reduced in m ost areas of th e  
forebrain. W e are cu rrently  assessing, th ro u g h  the ap p lica tio n  of in situ- 
h y b rid iza tio n  an d  X -G al-staining to ad jacent sections, w h eth er this reduction 
p a ra lle ls  the decrease observed for the D1x5 and 6 mRNAs. This transgene 
w ill serve as a tool for in vivo and in vitro studies of Dlx-gene regulation  and  
could be a useful m ark er to study the roles of cells th a t express Dlx5 a n d /o r  
Dlx6 in telencephalic developm ent. S upported  by a DA AD fellow ship  to T.S.

412.16
CLONING A N D  A N A L Y SE S  OF A N O V EL GENE, NEUR EPIN , 
WHICH IS EXPRESSED IN A STAGE-SPECIFIC M ANNER IN THE  
EMBRYONIC NEUROEPITHELIUM OF THE RAT. 1T. Yoneda*, 2D. 
Konno. 3T.N agano. 3H. Y agi, 4H. Takagi, 3M. Sato . 1Dept. o f Anatomy 
and N euroscience, Osaka U niv. M ed. S ch ., 2Dept. Structural Cell 
B iology, Nara Institute o f  Science and T echnology (N A IST.), 3 2nd. 
Dept. o f Anatomy, Faculty o f M ed., Fukui Med. Univ., 4 1st. Dept. o f  
Anatomy, Osaka City Univ. Med. Sch., JAPAN

mRNA differential display method was em ployed to search for 
genes that are expressed predominantly in the rat forebrain during the 
middle stage o f embryogenesis. One novel candidate gene (#FA, neurepin) 
was obtained, then its full length cD N A  (6663 base pairs) were cloned. 
The predicted neurepin protein is composed o f  869 amino acid residues. 
Comparison o f  the D NA sequence o f  neurepin with those o f registered 
clones in the database revealed that neurepin is a novel gene and is unlikely 
to be a homologue o f other known genes. Further analyses showed that: 1) 
Transcripts o f neurepin are localized only in the neuroepithelium during 
ontogenesis. 2) Immunohistochemical analysis shows that Neurepin-like 
immunoreactivity is observed in the neuroepithelium, especially in the 
mitotic neural stem cells that are adjacent to the ventricles. 3) In vitro 

analysis reveals that strong immunopositive signals are recognized on the 
mitotic chromatin during the M-phase o f cell division.

412.18
DEVELOFMENTALLY EXPRESSED NOVEL PROTEIN, 4 p 16, IN RAT BRAIN H. 
Mutai, H. Takigawa, Y. Toyoshima, T . Ogawa, K. Shiota.* Cellular 
Biochemistry, V et Med. Sci, Univ. Tokyo, Tokyo 113-8657, Japan 

We have tried to obtain cDNA clones which are developmentally 
expressed in the fetal brain by a differential display m ethod  One o f  
these clones, highly expressed in the fetal brain as compared to that in 
the adult, was subjected to 5'-RACE in order to obtain the full length 
cDNA. The cDNA encoded a  272 aa protein (named 4 p l6 )  which had a  
leucine rich N-terminal region and an acidic C-terminal region with 
nuclear localization signal. Northern blot analysis revealed that 4P16 
mRNA was highly expressed in the embryonic brain on day 12 o f  
pregnancy (E12). Western blot analysis using the antiserum against 
the recombinant 4P16 demonstrated that the specific protein with MW 
(31.5 kDa) was present in the brain o f E12. The mRNA level in the 
brain was the highest on  E12, gradually decreased toward the end o f  
the fetal life, and was low in quantity in the adult rat Similar pattern 
o f 4 p 16 expression was suggested that 4p 16 in the brain was 
developmentally  regulated Studies by subcellular fractionation 
indicated that 4 p l6  was located in the microsomal fraction o f E12 brain. 
Thus, we found and cloned a novel molecule (4 p l6 )  in the developing 
brain. Possible function o f  the molecule encoded by 4 p l6  mRNA is 
under investigation using the recombinant protein and specific 
antibody (Supported by "Research for the Future" Program JSPS- 
RFTF97L00904/ JSPS Research Fellowships for Young Scientists,
Japan).
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412.19
Functional Genome Inference: Applications in CNS 
Development. R. Som ogy i1*, S. Fuhrman1, X. W en1, S. Liang2, 
S. Smith1 and G. S. Michaels3. 1LNP, NINDS, National Institutes of Health, 
Bethesda, MD 20892; 2SETI Institute, NASA Ames Research Center, Moffett 
Field, CA 94035; 3Institute for Computational Sciences and Informatics, George 
Mason University, Fairfax, VA 22030.

The principles o f genetic information flow that characterize 
development and phenotypic change in disease and injury have never 
been explained. We have approached this problem using a functional 
genomics strategy to study the temporal mRNA patterns o f multiple 
genes over the course o f central nervous system development. Using  
data analysis techniques such as cluster analysis and information 
theoretic measures, along with visualization methods for consolidating 
large quantities o f data, we have taken steps toward untangling the web 
of gene interactions that govern development in rat spinal cord and 
hippocampus. Targeted gene perturbations will place constraints on 
the reverse engineering algorithms we are now developing for 
determining hypothetical gene interaction diagrams. Beyond this, 
understanding the global dynamics o f genetic information flow  will 
require new conceptual tools. Boolean networks, for example, exhibit 
dynamic behaviors reminiscent o f living system s, including self-
organization and cycling. This combination o f experimental and 
theoretical/computational techniques may be applicable in the study o f  
tissue regeneration or cancer.

412.21
C O N T IN U O U S  A N D  S U B S T A N T IA L  B R A IN  G R O W T H  
IN SP E C IF IC  G R O U PS O F A D U L T  M IC E
R.W. W illiam s*, R. C . Strom, and G. Zhou 

Center for Neuroscience, Univ. o f Tennessee, Memphis, TN 38163 
(Brain weight data from more than 5,000 mice and ~ 120 strains at 
A tla s  o f  the M o u se  B ra in  at http://mickey.utmem.edu/neuron.html)

We have discovered that brain weight in certain outcrossed and inbred 
strains o f mice increases by ~0.4 mg/day long after sexual maturity is 
reached. In the case o f progeny from a cross between C57BL/6J and 
DBA/2J, this gain amounts to 40 mg— almost 10%— over a 100 day 
period (F  = 239, p  < 0.0001, r2 = 28%, n = 657, no sex difference). The 
increase is matched almost linearly to body weight, with a gain o f 3 .1 mg 
per gram body (r2 = 37%). Many cases were used in an analysis o f dry 
versus wet brain weight (r2 = 0.95), and the gain in wet brain weight is 
tightly coupled with a matched increase in dry weight. Remarkably, the 
inbred parental strains o f this particular cross do not show any increase in 
brain weight between 30 and 300 days. However, numerous other inbred 
strains are characterized by continued brain growth including BALB/cBy 
(0.56 mg/day), NOD/Lt (> 1.0 mg/day!), A X B 19, CASA/Rk, W SB/Ei, 
MOLC/Rk, CZECHII/Ei, B X D 1, BX D 2, BX D 22, BXH6, B X A 11,
SJL, NZW/Lac, and NZB/Bin. Brain growth in some groups may be 
divisible into an early phase (P30 to P60 ) o f rapid growth (2.5 mg/day) 
followed by a longer, slower phase from 60 to 200 days (0.2 to 1.5 
mg/day). This increase in brain weight is a novel and unexpected finding 
that may be related to recent results showing continued proliferation o f 
cells in the CNS o f adult mice. Alternatively, the change may reflect a 
hypertropy o f some CNS compartments without an increase in total cell 
number. [Supported by NIH R O IN S35485 to RW]

412.20
A FUNCTIONAL GENOMICS APPROACH TO CENTRAL  
NERVOUS SYSTEM DEVELOPMENT AND INJURY.
S. Fuhrman1*, X. W en1, M. Dugich-Djordjevic2, G. S. Michaels3,
D. B. Carr3, S. Smith1 and R. Som ogvi1. 1LNP, NINDS, National 
Institutes of Health, Bethesda, MD 20892; 2NeuralStem Biopharmaceuticals, Ltd., 
College Park, MD 20742; 3Institute for Computational Sciences and Informatics, 
George Mason University, Fairfax, VA 22030.

In order to study the architecture o f the genetic network that 
governs development and injury response dynamics in the central 
nervous system, we generated a high-resolution temporal gene 
expression “fingerprint” for rat hippocampal development. Multiple 
genes were assayed with reverse transcription-coupled PCR and 
clustered according to similarities in their temporal expression patterns 
using the Euclidean distance measure. Combined with visualization 
techniques, clustering revealed nine distinct temporal expression 
patterns, demonstrating a high degree o f order across whole 
developing hippocampus. We produced a second fingerprint for 
hippocampus after a seizure perturbation, and discovered that the 
majority o f genes assayed were perturbed at varying time points post-
seizure. The reactivation o f some genes reflects a recapitulation of 
developmental programs in response to the perturbation. Many genes 
that cluster together during normal development continue to exhibit 
parallel waveforms after seizure, strongly suggesting that they share 
genetic inputs. Functional genomics approaches such as this may be 
applicable in determining gene interaction diagrams for CNS or other 
tissues, and for identifying potential therapeutic drug targets.

412.22
M O D U L A T IO N  O F R E T IN A L  C ELL PO PU L A T IO N S  
A N D  EY E SIZ E  IN R E T IN O IC  A C ID  R E C E P T O R  
K N O C K O U T  M IC E
G. Zhou1*, R.C. Strom1, V. Giguere2, and R.W. W illiam s1 
1Center for Neuroscience, University o f Tennessee, Memphis, TN  
38163; 2Molecular Oncology Group, Royal Victoria Hospital, McGill 
University, Montreal, Canada
We have mapped a locus (N n c l ) that modulates total production o f retinal 
ganglion cells (RGCs) in mice (W illiams et al., 1998, JN 18:138). N n c l  
maps to a 3 cM interval on chromosome 11 between H o x b  and K r t l .  The 
alpha retinoic acid receptor gene (R a ra ) also maps in this interval. Given 
its expression in the inner nuclear layer o f the developing eye, R a ra  is an 
excellent candidate gene. Here we exploit knockout mice in which the α 1 
isoform of R a ra  has been inactivated to test roles o f this receptor in eye 
development and to test its viability as a candidate for N n c l .  We have 
also studied effects of inactivating all isoforms o f the beta receptor (R arb)  
on eye development. Eye weights o f R a ra  and R a rb  genotypes (+/+, +/-, 
and -/-) differ by at most 5% (F  = 3.62, p  = 0.04, df 64 for R a ra  cases) 
with a slight reduction in +/- and -/- animals. Lens weight and retinal area 
are also reduced slightly [areas: 19.9 mm2 (+/+), 19.6 mm2 (+/-), and
19.1 mm2 (-/-); F = 3 .6 l, p =0.04, df 24]. O f most importance, the RGC 
population o f adults is completely unaffected by knocking out R ara . Cell 
counts are 63,000 ± 2,000 (+/+), 64,000 ± 2,300 (+/-), and 62,500) ±
1,200 (-/-) (F  = 0.19 p  = 0.8, df 27). It is therefore unlikely that N n c l  is 
the R a ra  gene. In contrast, R a rb , a gene that maps to Chr 14 and which is 
not a candidate for N n c l ,  has a very significant effect on RGC number: 
64,600 ± 3,300 SE (+/+), 54,000 ± 2,600 (-/-) ( t = 2.5 p =  0.037, df 8). 
[Supported by NIH EY6627 to RW and NCI Canada to VG.]
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413.1
OPTIC NERVE CRUSH: AXONAL RESPONSES IN WT AND BCL2 
TRANSGENIC MICE. S.Chierzi, E. Strettoi, M C .Cenni and L. Maffei*. 
Istituto di Neurofisiologia del CNR and Scuola Normale Superiore, Pisa, 
Italy.

Neurons o f transgenic mice overexpressing the anti-apoptotic protein 
Bc12 are capable of  surviving axotomy. We compared the regenerative 
potentials o f retinal ganglion cells o f  wt and bcl2 transgenic mice 
following intracranial crush o f  the optic nerve, at the same time 
counteracting environmental factors known to inhibit regeneration. At the 
site o f crush, we implanted hybridoma cells secreting antibodies that 
neutralise central myelin proteins acting as powerful inhibitors o f axonal 
regeneration (Caroni and Schwab, 1988). We find that in bc12 animals the 
majority o f  fibres in the proximal stump o f the optic nerve remain 
preserved and retract minimally. Many axonal terminals sprout profusely 
in the proximity o f  the hybridoma implant, while a limited number of 
regenerating fibers cross the crush site and elongate for several hundred 
microns. On the contrary, in the wt animals the majority o f  axotomized 
fibres retract and show limited sprouting and elongation. Implantation of 
Schwann cells at the site o f  crush promotes similar sprouting behaviour in 
both bcl2 and wild type optic axons. Thus, neurons overexpressing bcl2 
exhibit higher potential to sprout and elongate their severed axons when 
myelin inhibition has been reduced; on the other hand, trophic factors and 
guidance clues, possibly originating from Schwann cells, promote 
sprouting o f  wt axons to such levels that differences between transgenic 
and wt animals become limited.(EC BIO4-CT96-0774 and Telethon #934)

413.2
DEAFFERENTATION SPECIFIC CLONES ISOLATED FROM LESIONED 
RAT HIPPOCAMPUS BY cDNA LIBRARY SUBTRACTION. J.K. Krady1, A T. 
Frank2, R.J. M ilner1, and J.R. Day2*. 1Dept. of Neuroscience and Anatomy, 
Milton S. Hershey Sch. of Med., The Pennsylvania State Univ.; 2Dept. of Biology, 
The Pennsylvania State Univ. State College, PA 16802.

The purpose of this project was to clone hippocampal specific sequences that 
might serve as early indicators of events associated with degeneration of the 
Alzheimer’s type. Rat lesion models that share similar patterns of synaptic 
reorganization with this type of neurodegeneration have been useful in this endeavor. 
The present experiment used a PCR based subtractive cloning strategy to screen 
cDNAs from a library derived from hippocampal tissues one week after ipsilateral 
transection of the perforant path and fimbria fornix by wire knife (K). The 
transection of these major extrinsic afferent projections induces reactive 
synaptogenesis and gliosis. The removal of reactive glial and nonspecific neuronal 
sequences was accomplished by subtractive hybridization with colchicine (C) 
injected hippocampal cDNAs. Data indicate that the enrichment of K specific 
sequences exceeded 100-fold. 192 randomly selected clones were used to make 
duplicate colony lifts for a subtracted screen. Twenty one primary clones with 
differential signals were slot blotted and differentially screened again using the same 
subtractive probes as in the primary screen. The differential expression of these 2 1 
clones ranged from 0.4 to >1000 fold, 16 clones showed >5 fold increase in 
expression and 13 of these showed no cross hybridization on the control blot. Nine 
of these 21 clones were randomly selected for sequencing. One clone with a 50 fold 
increase in expression appears to have strong sequence similarity to genes encoding 
yeast secretory proteins. Thus, this PCR based subtractive hybridization protocol 
provides a rapid and sensitive method for isolating brain specific sequences. Partial 
support provided by NSF-9511869 to JRD.
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413.3
Axotomy Induces both GDNF Sensitivity in Regenerating Axons and GDNF 
Expression in Schwann Cells. M .L. Bernstein , A.Sh. Parsadanian, C.R. Keller- 
Peck. W.D. Snider. J.W. Lichtman. Departments of Anatomy and Neurobiology, 
and Neurology, Washington Univ. Sch. Of Med., St Louis, MO 63110 USA.

Neurotrophic factors are known to be important in supporting the survival and 
branching of axons in many systems. Recent work in our labs has demonstrated 
that glial cell line-derived neurotrophic factor (GDNF) has a potent effect on the 
branching of motor axons and that overexpression of GDNF during development 
leads to dramatic hyperinnervation of muscles by motor neurons (Nguyen, et. al. 
Science 1998). In order to explore more directly the effect of GDNF at the 
neuromuscular junction, we have developed a system for expressing GDNF in 
single adult muscle fibers in vivo. Plasmid encoding GDNF under a CMV 
promoter was injected into mouse muscle fibers near the endplate using co-
expression of GFP to visualize the injected fiber. One week following GDNF 
expression in adult mouse muscle fibers, we saw no effect on nerve terminals. In 
contrast, when injected fibers were examined one week after nerve crush, we 
found a dramatic increase in the number of axonal sprouts in the vicinity of the 
injected fiber as the motor nerve regenerated. This result indicates that growing 
axons in the adult are responsive to GDNF while axons that have formed stable 
synapses have lost this sensitivity. The biological significance of this result is 
further supported by the expression pattern of GDNF after nerve injury. Mice 
containing the LacZ gene in place of one GDNF allele show strong beta-
galactosidase staining of Schwann cells after axotomy. GDNF upregulation is 
observed in the region of the nerve distal (but not proximal) to the nerve injury 
and is found throughout the intramuscular motor branches extending all the way to 
the terminal Schwann cells. GDNF expression is down regulated as motor axons 
regenerate towards the muscle. These findings suggest that GDNF is an important 
mediator of motor axon regeneration following nerve injury.

Research supported by the NIH and MDA.

413.5

DISTRIBUTION OF IMMUNOREACTIVITY FOR MAP2 AND GAP-43 IN 
DISTAL DENDRITES OF PERMANENTLY AXOTOMIZED 
MOTONEURONS IN THE ADULT CAT: EVIDENCE OF NEURONAL 
POLARITY ALTERATION. V. MacDermid*, M. Joshi, M. Neuber-Hess and
P. K. Rose. Department of Physiology, Queen’s University, Kingston, Ontario, 
Canada, K7L 3N6.

Following permanent axotomy, some distal dendrites of neck motoneurons in 
the adult cat acquire structural features (i.e., myelin, many neurofi laments) that 
are characteristic of axons. These observations challenge the current dogma that 
polarity is a static property of mammalian neurons. The goal of the present study 
was to examine the distribution of proteins in the dendritic tree that are specific to 
axons or dendrites, in order to detect changes in polarity following permanent 
axotomy. Our study examines the distribution of two such proteins, GAP-43 and 
MAP2. GAP-43 is distributed exclusively to axons, whereas MAP2 is confined 
only to the dendritic region.

Permanently axotomized (for a period of 8 to 11 weeks) motoneurons 
innervating the neck muscles, biventer cervicis and complexus were identified 
antidromically and intracellularly stained with Neurobiotin. GAP-43 
immunoreactivity was restricted to the soma and distal dendrites possessing 
morphological characteristics of axons (i.e., complex terminal arborizations or 
unusually thick diameters). MAP2 immunoreactivity was not found in the axon- 
like distal dendrites, but was detected in other portions of the dendritic tree and in 
the soma. Hence, it appears that permanent axotomy induces a rearrangement of 
motoneuron polarity that results in axonal growth in ectopic locations within the 
dendritic tree. (Supported by the Medical Research Council of Canada and the 
American Paralysis Association).

413.7

192-IgG-SAPORIN-INDUCED CHOLINERGIC DENERVATION OF 
SEPTO-HIPPOCAMPAL PATHWAY IS SUFFICIENT TO INDUCE 
HIPPOCAMPAL SYMPATHETIC INGROWTH. L.E.Harrell*, D.S.Parsons, 
K.A.Conger, K.Kolasa, Alzheimer’s Disease Center, Dept. Neurology, V.A. & 
University of Alabama Med.Ctr., Birmingham, AL 35294

Electrolytical lesions (which are non-specific and injure both neurons and 
their fibers of passage) have been used to induce peripheral noradrenergic 
fibers to grow into the hippocampus after cholinergic cell destruction.

To determine if hippocampal sympathetic ingrowth (HSI) occurs after 
specific cholinergic cell death, a comparison of medial septal electrolytic 
lesions (MS) to those of 192-IgG-Saporin was performed. 192-IgG-Saporin is 
an anti-neuronal immunotoxin that combines the 192-monoclonal antibody to 
the p75 neurotrophin receptor found on terminals and cell bodies of cholinergic 
basal forebrain neurons. 375ng/2µl/5 min of immunotoxin were stereotactically 
injected into the medial septum area. 4 , 8, and 12 weeks following surgery rats 
were sacrificed and 20 µm coronal sections were taken throughout the septum 
and hippocampus. The sections were processed for Nissl substance using 
cresyl violet, for acetylcholinesterase neurons, using thiocholine method and for 
norepinephrine neuronal fluorescence using glyoxylic acid method.

Qualitative time-course analysis has shown ingrowth pattern similar to those 
seen previoulsy after MS electrolytic lesions. 192-IgG-Saporin-induced 
cholinergic denervation may provide a useful animal model to explore the 
functions of hippocampal sympathetic ingrowth and to model cholinergic- 
noradrenergic interaction in degenerative diseases such as Alzheimer’s disease.

Supported by: VA Merit Review & Alzheimer’s Association

413.4
REGULATION OF α 7β1 INTEGRIN IN THE INJURED MOUSE NERVOUS 
SYSTEM. A. Werner*. U. Maver1, G.W. Kreutzberα and G. Raivich 
Dept Neuromorphology, MPI of Neurobiology, Dept Proteinchemistry, MPI of 
Biochemistry, 82152 Martinsried, Germany
The α7β1 integrin is a cellular receptor for the basement membrane proteins 
laminin 1, 2 and 4. Although this integrin is mainly expressed in skeletal and 
cardiac muscle, it is also found on neurons of the developing and adult brain. 
Since integrins of the β1-family are important for neurite outgrowth in vitro, we 
examined the expression of the α7 integrin subunit in the normal and injured 
nervous system using light and EM-immunohistochemistry.
In the normal mouse central nervous system, α7-immunoreactivity was found on 
the brain vascular endothelial cells and astrocyte processes in the glia limitans but 
not on neurons or the gray matter astrocytes, α7 was also present on the DRG 
satellite cells and the non-myelinating Schwann cells in the peripheral nerve. 
Axotomy lead to a rapid upregulation of α7 in the affected neurons. In the 
axotomized facial motor nucleus, this increase was already apparent 1 day after 
transection, with a maximum at day 7, followed by a rapid decline to normal levels 
at day 42. A parallel time course was also observed for the corresponding ß1 
integrin subunit. Transection of the vagal, hypoglossal or sciatic nerve caused a 
similar increase of the α7 integrin on the affected motoneurons in the brainstem 
and spinal cord. Interestingly, sciatic injury also lead to an upregulation of α7 on 
the axotomized DRG sensory neurons but a decrease in its expression on the 
surrounding satellite cells. No upregulation of α7 was observed on cortical neurons 
after a direct cortical injury.
In summary, there is a strong increase of the α7β1 integrin associated with 
successful neuronal regeneration. Here, the high level of α7 on regenerating motor 
and sensory neurons together with the potent neurite outgrowth promoting activity 
of β1 integrins in vitro make the α7β1 integrin a promising candidate for the 
induction and regulation of axonal growth after neural trauma. Supported by dfg- 
grant 486/3-1.

413.6
DIFFERENTIAL EXPRESSION OF PRE- AND POSTSYNAPTIC  
PKC SUBSTRATES IN DENTATE GYRUS GRANULE CELLS  
FOLLOWING KAINIC ACID TREATMENT IN RATS. R. K. McNamara* , 
and R. H. Lenox. Department of Psychiatry, University of Florida College of 
Medicine and Brain Institute, Gainesville FL, 32610-0256.

Following kainic add (KA) seizures, hippocampal granule cell axons,
i.e., the mossy fibers, form ectopic synapses on their own dendrites in the 
supragranular region of the molecular layer. To examine the role of different 
PKC substrates in mossy fiber sprouting, the expression of presynaptic (GAP- 
43), postsynaptic (RC3), and pre- and postsynaptic (MARCKS) substrates in the 
granule cells was assessed using quantitative in situ hybridization at several 
points (6 ,1 2 ,1 8 ,2 4 ,4 8 , or 120 h) following KA (10 mg/kg) in adult male rats. 
At 120 h post-KA, significant cell loss in CA3a and hilus as well as supragranular 
mossy fiber sprouting was confirmed using Nissl and Timm’s stain, respectively. 
In control rats (vehicle-injected), GAP-43 mRNA expression was low-absent in 
granule cells whereas both RC3 mRNA and MARCKS mRNA were expressed at 
high levels. Consistent with a previous report (McNamara & Routtenberg, 
1995), GAP-43 mRNA expression remained low-absent in granule cells 6  and 
12 h after KA, increased dramatically at 18 h to peak at 24 h, and then declined 
substantially by 48 h, though still elevated above controls at 120 h. Conversely, 
RC3 mRNA expression exhibited a significant decline in granule cells beginning 
12 h post-KA, which peaked at 18 h and 24 h, and then returned to control 
levels by 48 h which was sustained at 120 h. MARCKS mRNA expression 
remained unchanged at all time points examined following KA-treatment. 
Hence, in the period preceding mossy fiber sprouting, GAP-43 expression 
increases, likely in association with axonal sprouting, and RC3 expression 
decreases, possibly in association with a reduction in supragranular synaptic 
activity as a result of hilar cell degeneration. Postranscriptional alterations in 
MARCKS may be implicated in this process. (Supported in part by an 
MRC/CIBA-GEIGY Fellowship to R.K.M.)

413.8

REACTIVE SYNAPTOGENESIS IN ADULT RAT 
HIPPOCAMPUS FOLLOWING A COMBINE 192 IgG - 
SAPORIN AND ENTORHORNAL CORTEX LESION
H .W . Cheng,* T . Jiang and T .H . M cN eill. Departm ent o f C ell and 
N eurobiology and Andrus G erontology, U niversity o f Southern 
C alifornia. Los A ngeles, CA 90089-0191
Our previous studies have shown that there is enhanced but delayed axon 
sprouting of the C/A fiber plexus after a combined entorhinal cortex (EC) and 
fimbria fornix (FF) lesion. Whether this enhanced response is selected for 
specific components of the FF input to the hippocampus (HC) is unclear. To 
address this issue, we specifically destroyed cholinergic neurons in the medial 
septum/diagonal band using the immunotoxin 192 IgG-saporin (TX). The 
effectiveness of the lesion was examined by ChAT immunocytochemistry. We 
used biotinylated dextran amine to investigate the expansion of the C/A fiber 
plexus following the lesion and in situ hybridization to assess changes in the 
prevalence of GAP43 and SCG10 mRNAs in denervated HC. We found that 
compared with the EC lesion the axon sprouting of C/A fiber plexus was 
delayed but increased in the combined TX/ EC lesion, which is similar to the 
data from EC/FF lesion. In addition, the axon sprouting in C/A plexus 
temporally parallels the up-regulation of GAP43 mRNA in the CA3 and hilar 
neurons. These data demonstrated that Ach may act as a neuromodulator to 
regulate hippocampal synaptic circuitry and loss of cholinergic inputs may 
enhance the response of the C/A plexus by decreasing direct competition with 
glutamatergic inputs for synaptic sits in the middle molecular layer during 
reactive synaptogenesis. Supported by NIH grant AG-09793.
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413.9
SY M P A T H E T IC  IN G R O W T H  IN T H E  M O U SE CNS. M.S. Bailev*. 
K.P. Klosowski and K.A. Crutcher. Dept. of Neurosurgery, Univ. of Cincinnati, 
Cincinnati, OH 45267

Sprouting of sympathetic axons into the rat hippocampal formation (HF) 
following cholinergic deafferentation has been used as a model of axonal growth in 
the CNS. Previous studies in the rat have implicated NGF in the regulation of this 
sprouting, and a transgenic mouse line in which NGF expression is driven by the 
GFAP promoter exhibits sympathetic axons in the HF (Kawaja and Crutcher, 1997). 
To compare the sympathetic ingrowth in transgenic (GFAP-NGF) mice with the 
incidence of ingrowth in septal-lesioned wild type (WT) mice, experiments were 
undertaken using the SPG method.

Brains from four groups of animals were examined: 1) wild type C57 black mice 
(WT); 2) WT mice with an electrolytic lesion of the medial septum eliminating 
cholinergic afferents to the HF; 3) WT mice with a septal lesion followed by a 
unilateral superior cervical ganglionectomy; and 4) GFAP-NGF transgenic mice. 
Adjacent cryostat sections from all brains were processed histologically for 
acetylcholinesterase (AChE) activity and catecholamine histofluorescence (SPG).

The results in WT mice were comparable to results previously demonstrated in the 
rat. W ith no lesion, the HF had many fine, small SPG -positive fibers, 
corresponding to the central noradrenergic afferents. Following a septal lesion, there 
was a dramatic decrease in AChE staining in the HF and a second set of SPG-positive 
axons was present, thicker and more tortuous in m orphology. Preliminary 
experiments suggest that ganglionectomy following septal lesion eliminates these 
thick, SPG-positive axons confirming them to be sympathetic fibers, as in the rat.

Brains from GFAP-NGF mice exhibit thick SPG-positive axons in the HF as well 
as other brain regions. Thus, both cholinergic denervation and over-expression of 
NGF appear to elicit sympathetic sprouting in the HF as detected with the SPG 
method. Further experiments will characterize any differences in pattern or density of 
the sprouting axons. Studies of the sympathetic sprouting response in these models 
should help elucidate the role of NGF and other factors in the regulation of neuronal 
plasticity in the mature brain. Supported by the NIH (NS 17131).

413.11
A NOVEL POPULATION OF PERICELLULAR AXONAL BASKETS IN 
INJURED SENSORY GANGLIA CONTAINS CALCITONIN GENE- 
RELATED PEPTIDE. MS Ramer, MA Bisby*. Dept. of Physiology, Queen’s 
University, Kingston ON, CANADA, K7L 3N6.
It was once thought that sensory axons and their somata, isolated from each 
other by Schwann cells and satellite cells respectively, served as ‘private 
lines’ of communication between the periphery and the CNS. Not only has it 
been shown that sensory neurons’ activity can be modulated by their 
neighbours within DRG, but also that adrenergic axons sprout and form 
pericellular ‘baskets’ in injured DRG and may influence primary afferent 
firing, perhaps leading to pain. This suggests that sensory modulation may 
occur within the DRG. We now demonstrate a second, distinct population of 
basket-forming sprouting axons, expressing the nociceptive neuropeptide 
calcitonin gene-related peptide (CGRP). In male Sprague-Dawley rats, two 
weeks following L5 spinal nerve ligation (SNL, a widely-used rodent model of 
sympathetically-mediated pain), distinct sub-populations of DRG neurons 
became surrounded by tyrosine-hydroxylase (TH) or CGRP* axons, but very 
rarely both. In contrast to TH* baskets which surrounded mainly large cells, 
CGRP+ baskets formed around a more heterogeneous population of DRG 
neurons. Transection of the gray ramus at the time of nerve injury 
prevented formation of both TH+ and CGRP+ baskets. The paucity of 
neurons in injured lumbar sympathetic ganglia (<1%) expressing CGRP (by 
immunocytochemistry) or its mRNA (by in situ hybridization) suggests that 
the sprouts originate either in the intermediolateral cell column of the spinal 
cord (sympathetic pre-ganglionic) or in the adjacent, uninjured DRG. In 
either case, these results show that there exists a previously underestimated 
capacity for modulation of afferent input within the peripheral nervous 
system. Supported by MRC (Canada), MSR receives an MRC studentship.

413.13

A N O V EL PROTEIN PREDOM INANTLY EXPRESSED IN 
C H IC K  M U SCLE PR O M O T E S NEURITE-OUTGROW TH
A . Uyeda1, I. Fukui1, K. Fujimori2, H. N ishimune3, M . Kasa i1* and T . 
Taguchi3. 1Dev. B iophys. Engineer., Grad.Sch.Engineer. Sci., Osaka 
Univ.; Toyonaka, Osaka 560-8531 2Dep. Anatomy, Fukui, M ed. Sch.; 
M atsuoka, Fukui 910-1193 3Osaka Natl. Res. Inst., AIST; Ikeda, 
Osaka 563-8577 Japan.

Regeneration o f  injured axons at neuromuscular junction has been 
assumed to be regulated by extracellular factors that promote 
neurite-outgrowth. We have previously reported that an extract of 
denervated skeletal muscle contained an activity for promotion o f  
neurite-outgrowth from telencephalic neurons, as well as that from 
neurons in the spinal cord. To characterize this muscle derived factor, 
a denervated crus muscle cD N A  library was screened with an antibody 
which inhibited the activity. We found a novel clone, F460, with 4707  
bp in length that encoded a protein o f  676 aa. The deduced amino acid 
sequence exhibits an extended central coiled coil domain containing a 
leucine zipper motif. A recombinant F460 protein promoted the 
neurite-outgrowth from cultured chick neurons o f  spinal cord and 
telencephalon in a dose dependent manner. Northern blotting and in 
situ hybridization revealed that the protein was expressed 
predominantly in cardiac and skeletal muscle.

This work was supported by MITI and M onbusho, Japan.

413.10
TIME COURSE OF RECOVERY IN CORTICAL CHOLINERGIC INNERVATION 
FOLLOWING NEUROTOXIC DAMAGE WITHIN THE RAT BASAL FOREBRAIN.
S. de Lacalle* and S. Kulkarni. D ept. o f Neurology, Beth Israel Deaconess 
Medical Center and Harvard Medical School, Boston, MA 0 2 1 1 5 .

A lthough it  has been shown th a t the  adu lt CNS is capable o f a plastic 
response to  in ju ry , th e  m echanism s th a t  re gu la te  com pensa to ry  
sprouting  in the  CNS are poorly understood. The present experim ents 
were designed to  examine com pensa tory sp rou ting  in th e  cholinergic 
sy s te m . U n ila te ra l in tra p a re n c h y m a l in fu s io n  o f  th e  s p e c ific  
cholinergic tox in  192 IgG-saporin in to  the  nucleus o f the  diagonal band 
o f Broca (HDB) o f 3 m onth-o ld rats decreased the  num ber o f ipsilateral 
c h o lin e rg ic  f ib e rs  in th e  e n to rh in a l c o r te x  (EC) to  4 1 %  o f 
contra la tera l (con tro l) side. Eight weeks a fte r  the  lesion the  num ber o f 
cholinergic fibers in the  EC increased s ligh tly  to  47%  o f con tro l values. 
It fu rth e r increased to  75%  o f contro l values 6  m onths a fte r  the  lesion. 
These d iffe rences in f ib e r den s ity  were s ta tis tic a lly  s ig n ifica n t. By 
c o n tra s t, the re  were no s ig n ifica n t d iffe rences  in th e  am ount o f 
cholinerg ic cell loss in th e  HDB. The im m unotox ic  lesion induced an 
overall 67%  loss o f neurons in th e  HDB, which did no t recover over 
tim e. The cortica l sprouting e ffe c t, there fore , cannot be a ttr ib u te d  to  a 
t im e -re la te d  recove ry  o f neuron num bers in th e  HDB. Our w ork 
indicates th a t, a fte r  specific cholinergic lesions, remaining neurons are 
able to  react w ith  a sp routing  response, re flec ted  in the  recovery o f 
cholinerg ic innervation. This data suggests th a t surv iv ing  cholinerg ic 
neurons a tte m p t to  com pensate fo r the  lesion by extending th e ir  axons 
in to  the  denerva ted areas, resu lting  in an e longation  or sp rou ting  o f 
cholinergic fibers. Supported by NIH AG1 2401 .

413.12
G P I-1 0 4 6  S T IM U L A T E S  R E G E N E R A T IN G  A X O N  G R O W T H  IN  
A D U L T  D O R S A L  R O O T  G A N G L IO N  E X P L A N T S . Z. Khan. M. 
K asper, M .A. C onnolly†*, T. A. M oeller†, J. P. S teiner† and P. R. Gordon- 
W eeks. D .B.R.C., K ing’s C ollege London, 26-29 D rury Lane, London 
W C2B 5RL, U.K. †G uilford Pharm aceuticals Inc., 6611 T ributary St., 
Baltim ore, M D  21224, U. S. A.

Axons in the adult m am m alian CNS fail to regenerate w hen injured. One 
approach to this problem  is to try to stim ulate axon regeneration 
pharm acologically . W e have investigated the effects o f a novel 
nonim m unosuppressant im m unophilin  ligand, G PI-1046, on regenerating 
adult m am m alian axons in vitro. A dult m ouse dorsal root ganglia with 
attached spinal nerve and roots were cultured in serum -free m edium  in 
grow th factor reduced M atrigel. During the first day o f culture, naked, 
unfasciculated axons em erge from  the cut ends o f the nerves and continue to 
extend into the M atrigel for up to eight days. This explant culture provided 
us with the opportunity to test the effect o f  GPI-1046 on axon growth. A 
single application of G PI-1046 on days 2, 3 and 4 o f  culture produced a 
dose-dependent stim ulation o f axon growth. S ignificant effects were seen 
with 100 pM  concentrations, and at 1 µM  there was an approx. 2.5-fold 
stim ulation in the rate o f axon growth. In further experim ents, we have 
investigated the involvem ent o f F K B P -12, the intracellular receptor for GPI- 
1046 in the response o f regenerating axons using antisense strategies. These 
experim ents are providing insights into potential pharm acological 
approaches to the problem  o f axon regeneration.

413.14
MOTOR AXON TERMINALS PROMOTE THE DIRECTED GROWTH AND/OR 
STABILIZATION OF SCHWANN CELL PROCESSES BRIDGING ENDPLATES 
FOLLOWING NERVE INJURY. F.M. Love* and W.J. Thompson. Department of 
Zoology, The University of Texas, Austin, TX 78712.

In partially denervated muscles, sprouts arising from uninjured nerve terminals 
reinnervate denervated fibers. This process appears to be mediated by Schwann cell 
(SC) processes that grow from denervated synaptic sites. These processes contact 
nerve terminals forming SC "bridges" that induce and guide nerve growth to 
denervated sites. It is unclear whether these bridges form as random encounters by 
growing SC processes or whether these processes are attracted to innervated synaptic 
sites and/or selectively maintained after contacting a nerve terminal. Data pertaining 
to this issue were obtained by examining the reinnervation of soleus muscles 
following nerve crush or resection. During the time of denervation before regenerating 
axons return, SCs extend extensive processes, but the fraction of endplate sites linked 
by SC bridges is quite small (ca. 5%). The frequency of SC bridges increases during 
the course of reinnervation as axons return to the muscle and establish effective 
innervation of the fibers, reaching a maximum of 24% nine days after the first axons 
return to muscle ( 12 days after nerve crush). This increased frequency of bridges 
occurs even as the number and length of SC processes extended from junctions is 
decreasing. Thus, the increase in bridge formation is not likely to be explained by a 
general enhancement of SC growth with increasing time following denervation. 
Rather, it appears to be related to the re-establishment of nerve terminals in the 
muscle. In support of this finding, in muscles in which the nerve had been resected 
such that few axons had returned after 12 days, the fraction of endplate sites linked by 
SC bridges was only 5%. Further evidence of a role for nerve terminals is the 5-fold 
greater frequency of bridges obtained at equivalent postoperative times in animals that 
underwent partial denervation (where nerve terminals remained) compared to muscles 
that were completely denervated. Furthermore, bridges rarely form between two 
denervated junctions in partially denervated muscles. These observations suggest that 
nerve terminals promote the formation of bridges by SC processes that extend from 
denervated endplates.
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PROCESS OUTGROWTH, GROWTH CONES AND SPROUTING:

REGENERATIVE RESPONSES AND THEIR MODULATORS TUESDAY AM

413.15
DO SCHWANN CELLS PLAY A ROLE IN AGGREGATION OF 
ACETYLCHOLINE RECEPTORS AT THE NEUROMUSCULAR 
JUNCTION? H. Oiang. S. Koirala and C.-P. Ko*. Dept of Biological 
Sciences, University of Southern California, Los Angeles, CA 90089.

We have shown previously that perisynaptic Schwann cells (PSCs), the glia 
that cap nerve terminals at neuromuscular junctions (NMJs), sprout profusely 
after axotomy, and the PSC sprouts guide nerve terminal regeneration in living 
frog muscles. The present aim is to test if PSC sprouts play a role in 
aggregation of acetylcholine receptors (AChRs) in chronically denervated 
muscles. The sartorius muscle in anesthetized frogs was doubled-stained with 
rhodamine-tagged α-bungarotoxin and FTTC-tagged peanut agglutinin to label 
AChRs and PSCs, respectively. The identified NMJs were observed repeatedly 
in vivo . At initial observations, the length of PSCs matched with the AChR- 
positive region at innervated NMJs. About 6-8 weeks after axotomy, AChR 
clusters (length 6 -113 µm, average 21 µm) appeared beyond the original 
junctional site and along the preceding PSC sprouts in approximately 44% of 
the chronically denervated NMJs. Initially, the extended AChRs were diffuse 
and faintly stained. They later became more brightly stained and confined with 
PSC sprouts. Approximately, 90% of AChR clusters at extrajunctional sites 
were colocalized with PSC sprouts identified with antibody 2A12. The results 
suggest that PSC sprouts play a role in aggregation of extrajunctional AChRs 
in chronically denervated frog muscle fibers. Whether this glial cell-induced 
aggregation of AChRs also involves agrin  remains to be studied. (Supported 
by NIH grant 17954 and a grant from Muscular Dystrophy Association)

413.17
SCHWANN CELL RESPONSES AT DISCONNECTED NERVE TERMINALS IN 
ORGAN CULTURES OF WLDS MOUSE NEUROMUSCULAR JUNCTIONS.

S.H. Parson1, J.Dilley1, N. Gandhi1, T.H . Gillingwater1 & R.R. Ribchester2 SPON; 
British Neuroscience Association. 1Dept. of Human Biology, University of Leeds, 
Leeds, LS2 9JT, UK. 2 Dept. of Physiology, University of Edinburgh Medical School, 
Edinburgh, EH8  9AG, UK.

Terminal Schwann cells (TSC's) at neuromuscular junctions, sprout processes in 
response to denervation (Reynolds and Woolf, J. Neurocytol, 1992; Son & Thompson 
Neuron, 1995), and migrate following treatment with the Neuregulin GGF2 
(Trachtenberg & Thompson, 1997). This process is delayed in a mouse mutant which 
shows unusually slow Wallerian degeneration of distal nerve stumps after section 
(Barry' et al., Soc Neurosci. Abstr., 1997).

We have examined the responses of TSC’s in nerve/ muscle organ cultures of either 
tibial and flexor digitorum brevis or posterior auricular and levator auris from the 
C57Bl/6/Wlds (Wlds) mouse. In these preparations intact but disconnected nerve 
terminals remain at neuromuscular junctions during the culture period. After 1-5 days 
in culture, organ cultures were fixed and TSC’s and AChR’s were visualised with anti 
S100 and TRITC-a-Bungarotoxin respectively. After 2 days in culture, neuromuscular 
junctions show normal post-synaptic responses to depolarising stimuli, and continue to 
release and recycle synaptic vesicles. Ultrastructural and immunocytochemical 
analysis shows TSC’s covering nerve terminals filled with mitochondria and synaptic 
vesicles, which lie in deeply troughed synaptic gutters. After 5 days in culture fewer 
TSC’s are associated with endplates, many of which have withdrawn processes, 
rounded-up and begun to migrate away from endplates. Few TSC sprouts were seen 
after 5 days of in vitro denervation., as previously observed in vivo. TSC responses 
are delayed in cultures of W lds nerve and muscle compared to wild type mice. We 
suggest that the presence of an intact but inactive nerve terminal and muscle fibre is 
sufficient to slow the normal timecourse of TSC sprouting after denervation. 
Supported by The Nuffield Foundation, The Royal Society & The Wolfson Foundation.

413.19
n e u r γ γ e  o u t g r o w t h  f r o m  c u l t u r e d  h i p p o c a m 
p u s  IN TO  A  L A M IN IN /C O L L A G E N  G EL L .S . Jones*, M .G . 
W elsh and L .E .Paulm an . D ev . B io l. and A nat., U niv . o f  
South C arolina/Sch. o f  M ed ., C olum bia, SC 29208  

Previous studies have used a collagen  gel as a substrate for 
studying the outgrowth o f  neurites from  dissociated  neural ce lls  
in primary culture. W e used an organotypic hippocam pal 
culture system  to study outgrowth from lesioned neural tissue 
into a three-dim ensional co llagen  gel. In addition to collagen  
alone, gels w ere used that contained either serum or lam inin, a 
substrate that has been dem onstrated to support the migration  
o f  neural ce lls  and the extension o f  neurites in culture. The  
results show  that collagen  alone or co llagen/serum  gels placed  
adjacent to the lesioned tissue support an infiltration o f  cells  
from  the culture, but not neurites. T h ese ce lls  w ere lam inin, 
fibronectin, and/or G FA P im m unopositive, but very few  neuro-
filam ent im m unopositive ce lls or p rocesses w ere seen. C ollagen  
gels containing lam inin, h ow ever, support the infiltration o f  
many neurofilam ent im m unopositive p rocesses in addition to 
the migrating ce lls . T his is the first dem onstration o f  lesion- 
induced neurite sprouting from organotypic brain tissue into an 
artificial substrate; unlike in spinal cord, lam inin-1, not colla
gen , supports this outgrowth. Supported by U S C .

413.16
DETRIMENTAL EFFECT OF NEUROMUSCULAR ACTIVITY ON THE 
ABILITY OF TERMINAL SCHWANN CELLS TO INDUCE SPROUTING IN 
EXTENSIVELY DENERVATED TIBIALIS ANTERIOR MUSCLE. S L. Tam* and 
T. Gordon. Dept. Pharmacology, Univ. Alberta, Canada T6G 2S2.

Previous study in our lab demonstrated that increased neuromuscular activity 
significantly reduced MU enlargement and sprouting in extensively denervated 
muscles during the acute phase of sprouting (Soc. Neurosci. 1996, Abstr .#298.4). It 
has also been demonstrated that terminal Schwann cells extend processes from 
denervated endplates and form bridges with Schwann cells at innervated endplates, 
thereby inducing and guiding sprouting (Son and Thompson, 1995). In the present 
study, we investigate whether increased neuromuscular activity by wheeling exercise 
prohibits the formation of these bridges and thereby reduces sprouting in extensively 
denervated muscles reported in our previous study. Tibialis anterior (TA) muscles 
were extensively denervated by avulsion of L4 spinal root. Immediately after surgery, 
the partially denervated TA muscles were subjected to 1) normal caged activity and 2) 
wheeling exercise (8hr daily) for 3,7,14,21 and 28 days. Morphological examination of 
Schwann cell processes and quantitation of formed bridges were carried out using triple 
labeling immunofluorescence. Number of sprouts was counted using combined 
silver/cholinesterase histochemical staining. Number of sprouts in muscles which 
experienced normal caged activity significantly increased as a function of time. Number of 
endplates which form processes, the length of these processes and number of formed 
bridges also increased as a function of time. Wheeling exercise significantly reduced 
number of sprouts and bridge formation at all time points. These findings are consistent 
with those of Love and Thompson who found that direct muscle stimulation prohibited 
bridge formation and thereby reduced sprouting (Soc. Neurosci. 1997, Abstr.#244.1). 
But interestingly, wheeling exercise increased the length of processes and complicated the 
orientation of these processes and this may account for reducing bridge formation. 
(Supported by AHFMR, Rick Hansen Man in Motion Legacy Fund and MDAC.)

413.18
ROLE OF CAP23 IN STRUCTURAL AND FUNCTIONAL PLASTICITY AT 
THE ADULT NEUROMUSCULAR JUNCTION. D. Frey. L. Xu. C. Schneider. T. 
Meier*. P.Caroni. Friedrich Miescher Institut. Basel, Switzerland.

To define the biological function of the growth associated protein CAP23 we 
generated CAP23-deficient mice and analyzed the morphology and function of 
their neuromuscular junctions (NMJ). In normal adult mice low levels of CAP23 
are detected both in the nerve terminal and in the terminal Schwann cell (tSC). 
CAP23-deficient mice exhibited highly abnormal neuromuscular junctions, with 
simple branching patterns, blob-like structures, and/or thickened terminal endings. 
Although ultrastructural analysis revealed abnormally large contents of tSC 
processes, local paralysis with Botulinum toxinA did not induce the normal 
response of ultraterminal nerve sprouting, but instead enhanced the contents of 
blob-like structures. A simplified synaptic morphology was also detected 
postsynaptically. Electrophysiological analysis of nerve-muscle explants revealed a 
great heterogeneity of synaptic efficacies, with average quantal content values 
about twice as high as in wild-type mice. To distinguish the contribution of nerve 
and tSC to the phenotype we crossed CAP23-deficient mice with Thy 1-CAP23 or 
Thyl-GAP43 mice that overexpress CAP23 or GAP43 in adult motoneurons. 
Introduction of either transgene in motoneurons of CAP23(-/-) mice not only 
rescued nerve sprouting and synaptic complexity, but also led to dramatic structural 
plasticity, suggesting that a pathway involving CAP23 in the tSC restricts structural 
plasticity at the adult NMJ. Remarkably, NMJs of Thy-CAP23/CAP23(-/-) mice 
had quantal contents comparable to those in CAP23(-/-) mice. These results 
provide evidence that functional and structural plasticity at the adult NMJ are 
controlled by separate mechanisms. Structural plasticity, leading to synaptic 
growth and nerve sprouting, requires and is enhanced by the expression of CAP23 
or GAP43 in the nerve. In addition structural and functional plasticity are 
influenced by the tSC at the synapse. (FMI Foundation)

413.20
M AP1B PH O SPH O R Y LA TIO N  IS A SSO C IA TED  W ITH CENTRAL 
SPROUTING INTO LAMINA II AND DEEP LAYERS OF SPINAL CORD 
AFTER PERIPHERAL AXOTOMY. S. Soares1, M. Veron1, I. Fischer2 , J.-D. 
Vincent1 and F. N othias1*. 1Institut Alfred Fessard, CNRS, GIF-SUR-YVETTE, 
9 1198, France; 2Dept. of Neurobiology and Anatomy, Allegheny University of the 
Health Science, Philadelphia, PA 19129.

Microtubule-associated protein IB (MAP1B) is predominantly present in growing 
axons while its expression is down regulated in the adult. However, we have 
previously shown that in the adult rat nervous system, a phosphorylated form of 
MAP1B (MAP1B-P) is either retained in regions that exhibit morphological 
plasticity or re-induced in target-deprived axons after neurodegeneration. Here we 
demonstrate that MAP1B-P is also associated with the central sprouting after 
peripheral axotomy.

In the adult dorsal root ganglion (DRG) neurons, the level o f both MAP1B mRNA 
and protein are comparable to that during the development. MAP1B-P, which is 
exclusively located in axons, is present in both peripheral and central fibers. In the 
adult spinal cord o f intact animals, the distribution pattern o f M AP1B-P fibers, 
recognized by specific antibody (1B-P), resembled that of myelinated primary 
afferents. The lam ina II o f  the dorsal horn rem ained alm ost devoid of 
immunostaining. As soon as 3 days after sciatic nerve cut, MAP1B-P fibers appeared 
in the lamina II and increased in number during the following weeks. Furthermore, 
MAP1B-P fibers also spread over the dorsal horn and their number increased in 
deep-layers. In situ hybridization showed no changes in M AP1B-mRNA levels in 
DRG neurons during regeneration. Additional experiments using specific double 
staining is now in progress. Our data support the hypothesis that MAP1B, in a 
particular state o f phosphorylation, is involved in axonal remodeling in the adult 
CNS including the collateral sprouting. This study demonstrates that the ability of 
primary afferent to sprout is also related to their intrinsic factors such as their 
capability to retain high level of MAP1B-P expression. Supported by, CNRS, IRME, 
and CEE (BM-H4-CT95-0524).
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414.1
ECTOPIC EXPRESSION OF ENGRAILED-2 IN CEREBELLAR 
PURKINJE CELLS AFFECTS ORGANIZATION OF AFFERENT 
PROJECTIONS. S.L. Baader*1, M .W. V ogel2, and J. Oberdick1. 1Div. of 
Neuroscience and the Neurobiotechnology Center, The Ohio State Univ., 
Columbus, OH; 2Maryland Psychiatric Research Center, Baltimore, MD 

To explore the role of En protein function, En-2 was ectopically 
expressed in cerebellar Purkinje cells from the late embryonic stage into 
adulthood. Effects on rostrocaudal patterning in these mice have been 
previously described [J.Neurosci., 1998, 18: 1763-1773]. Here we present the 
analysis of effects on mediolateral compartmentation. The fundamental 
organization o f Purkinje cell sagittal zones as revealed by the L7-β-gal 
marker was found to be virtually identical to that in wild-type, with only 
subtle modifications. In contrast, stripe boundaries defined by expression of 
another Purkinje cell marker, zebrin II, were poorly defined. Although visible, 
zebrin bands were reduced in number and broader than normal. In addition, 
the pattern of sagitally organized patches in the granule cell layer was grossly 
perturbed as revealed by NADPH-diaphorase staining, a histochemical 
marker for NOS. These observations suggest that zebrin II and NOS sagittal 
patterns are related, and they are regulated by different controls than those 
affecting L7-β-gal. To determine what some of these controls might be, the 
effect on mossy fiber afferent patterning was examined. Anterograde tracing 
of spino-cerebellar axons by WGA-HRP injections into the spinal cord 
revealed a general diffusion of the mossy projection pattern in lobule VIII and 
in the anterior lobe. One possibility suggested by these data is that the 
fundamental organization of Purkinje cells is unperturbed in L7En-2 mice (as 
revealed by L7-β-gal) but expression of guidance cues for mossy fibers is 
disrupted. If so, this would further suggest an extrinsic (mossy fiber) 
component to the formation of both zebrin and NOS stripes. (NIH-NS33114 to
J.O.; Ba1483/2-1 to S.L.B.; NIH-NS29277 to M.W.V.)

414.3
U p str e a m  r e g u la t o r y  s e q u e n c e s  o f  th e  h u m a n  T A X -1  g e n e  
d r iv e  s p e c i f ic  e x p r e s s io n  to th e  d e v e lo p in g  m o u se  c e n tr a l  
nervous system
P a v lo u , O .1 ,2 , T s io tr a ,  P .2 , L ia p a k i ,  K .2 , T h e o d o ra k is .  C .1 ,2 , 
Papamatheakis. J.2 , and K aragogeos, D .1,2,*
1Departm en t of Basic Science, U niversity  of C rete  M edical School and 
2Institute of M olecular Biology and Biotechnology , H eraklion, 711 10, 
Crete, Greece

The glycoprotein TAG-1 (named TAX-1 in the human) is a  cell adhesion 
molecule (CAM) belonging to  the Ig/FNIII family. TAG-1 is expressed at the 
earliest stages of axon outgrowth in vivo and has been shown to  prom ote 
adhesion and neurite  outgrow th in v itro  v ia  hom ophilic and heterophilic 
m echanism s respectively. In the developing hum an as well as in mouse, 
TAX-l/TAG-1 expression can be used as a good indicator of axonogenesis. In 
vivo studies have implicated the m olecule in the guidance of commissural 
axons to the floor plate in em bryonic spinal cord. TAG-1 has also been 
implicated in the differentiation of granule cell precursors in the postnatal 
cerebellum. In addition, TAG-1 is expressed in m any d iffe re n t neuronal 
populations in the central nervous system  (CNS) during developm ent and 
postnatal growth. As an initial step to  understand the m olecular mechanisms 
th at underlie  this com plex  p a tte rn  of ex p ress io n , we have begun the 
functional dissection of regu lato ry  sequences of the  TA X-1 gene using 
transgenic mouse analysis. We isolated genom ic fragm ents of the TAX-1 
locus rep o rted  in the p rese n t study, able to  p a rtia lly  rec a p itu la te  the 
endogenous p a tte rn  of TAG-1 ex p re ss io n  in the  d e v e lo p in g  CNS. In 
particu lar, we are characterizing a fragm ent driving the expression  of a 
LacZ reporter to  the cerebellar prim ordium , hippocam pus and several nuclei 
in the embryonic and postnatal mouse CNS.
This work has been supported b y  the G reek Secretariat fo r  Research and 
Technology and by the EU BIO M ED IC IN E grant 950524

414.5
LIM  GENE EXPRESSION AND AXON PATHW AY DETERM INATION
Sonia Guidato* and Sarah Guthrie
Department of Developmental Neurobiology. U.M.D.S. Guy’s Hospital, London 
SE19RT

Motor neurons differentiate in a column on either side of the ventral midline. As 
development proceeds, three main classes o f motor neurons can be distinguished 
based on axonal pathways and target type: somatic motor (SM), visceral motor 
(VM) and branchiomotor (BM). Recent expression studies in' chick hindbrain and 
spinal cord indicate that members o f  the LIM homeobox gene family are good 
candidates to confer target specificity upon motor neuron classes. In chick hindbrain 
BM and VM neurons, whose axons extend via dorsal exit points, express Isl-1 only. 
By contrast, SM neurons extend their axons ventrally and may express Isl-2 and/or 
Lim-3 in addition to Isl-1. For example, abducens motor neurons in rhombomere 5 
(r5) express Isl-1 and Isl-2. It appears therefore that Isl-2 expression may be a 
prerequisite for neurons to adopt ventral axonal trajectories.

We are using donor to host transplantation in avian embryos to test at what stage 
LIM “codes” are specified, and whether LIM gene expression shows a tight 
correlation with axon pathway. Quail or chick rhombomeres were transplanted 
unilaterally into isochronic chick hosts between HH stage 9+ and 11 (Hamburger 
and Hamilton, 1951). When r5 was anterioriy transposed to r3 position, a region 
which does not normally express Isl-2, it maintained expression o f Isl-2 and 
abducens motor axons projected ventrally. Correspondingly, when r3 was 
transposed posteriorly to r5 position, it failed to express Isl-2 as in situ. A similar 
result was obtained when r3 was transposed posteriorly to r8 position (level of 
somite 2 or 4) and no Isl-2 expression was observed. It appears therefore that, as 
early as HH stage 9+, LIM g a ne expression is specified within each rhombomere 
and is not sensitive to environmental cues. Experiments are now ongoing to 
pinpoint a time at which LIM “codes” may alter according to the environment. 
Supported by M RC g ra n t .

414.2

O T X  1 IS R EQ U IR ED  FO R TA R G ET SELEC TIO N  B Y  
SU BC O R TIC A LLY  PROJECTING L A Y E R  5 N E U R O N S. J.M. 
W eim a n n * , M .E . L ev in . Y .A . Z h an g and S .K . M c C o n n e ll. 
D ept. B io log ica l S ciences, Stanford U niv , Stanford, CA 94305  

The hom eobox gene, Otx 1, is expressed in layer 5 and 6 
neurons during cortical neurogenesis. The Otx 1 protein is 
translocated  from  the cytop lasm  to the n ucleu s during  
differentiation . Layer 5 neurons that express Otx 1 project 
to brainstem but not ca llosa l targets. The tim ing o f  Otx 1 
translocation and the sp ecific ity  o f  Otx 1 exp ression  to 
subcortical projection neurons suggest a role for Otx 1 in 
the form ation o f  axonal p rojections. Indeed, the in itia l 
production  and m igration  o f  d eep -layer neurons appears to 
be normal in Otx 1-/- m ice. To v isu a lize  axonal projections 
o f  neurons in mutant m ice, the anteriorgrade tracer 3 H -  
leucin e was injected  into the visual cortex. During normal 
d evelopm ent, layer 5 neurons in visual cortex extend  
transient axon collaterals to a variety o f subcortical targets, 
in clud in g  the spinal cord; th ese "exuberant" con n ection s  
are retracted during the first w eek  o f  postnatal life  (O'Leary 
and K oester, 1994). W e find that layer 5 neurons in Otx 1 
mutant m ice retain th ese  n orm ally transient p rojection s  
into adulthood. V isual layer 5 neurons in mutant m ice  
project to both the superior and inferior co llic u li, rostral 
and caudal pons, and into the spinal cord. W ildtype layer 
5 neurons project on ly  to the superior co llic u lu s  and the 
rostral pons. T hese results suggest that Otx 1 is required by 
layer 5 neurons for the appropriate se lection  o f  perm anent 
axon al targets. Supported by N IH E Y 0 8 4 11

414.4
PERIPHERALBRANCH SPECIFIC CONTROL OF AXONOGENESIS IN ZEBRAFISH 
SENSORY NEURONS BY LIM/HOMEODOMAIN PROTEIN IS LET-2;
H. Segawa1,3, Y. Kikuchi1, N. Chino3, K. Uvemura2 and H. Okam oto1*.
1Lab. for Developmental Gene Regulation, RIKEN Brain Science Institute 2-1 
Hirosawa, Wako-shi, Saitama, Japan, 351-0198; 2Dept. of Physiol., and 
3Rehabilitation M edicine, Keio Univ., School of Med. 35 Shinanomachi , 
Shinjuku-ku, Tokyo, Japan 160-0016

Sensory neurons in zebrafish embryos extend axons in two directions; the 
central axons run longitudinally in the CNS and fasdculate with each other, 
whereas the peripheral axons branch and spread on the epidermis. The 
trigeminal and Rohon-Beard neurons are two major sensory neurons in early 
zebrafish embiyos. They express LIM/homeodomain-type transcription factor 
Islet-2. We have previously shown that overexpression o f LIMdomains 
represses the normal function of LIM/homeodomain proteins by competing 
for the LIM -binding activating molecules. The functional repression of Islet-2 
on the d ifferentiation of the sensory neurons revealed that extension o f the 
peripherally bransning axons were selectively impaired while that of 
centrifugal axons remained intact. These results indcate that Islet-2 may 
selectively regulate the peripheral branching but not central extension o f the 
multi-polar sensory  neurons o f zebrafi sh embryos. Caudal primary 
motoneuron(CaP) also expresses Islet-2 and extends the axon to the ventral 
myotome. The functional repression of Islet-2 caused the axon of CaP to run 
aberrantly in the spinal cord This result indcates that Islet-2 also regulates 
the pathfinding of Cap. Chimeric analysis revealed that abnormalities of 
axonal pathfindng in LIMoverexpressing embryos were due to defects cell- 
autonomous to sensory and m otor neurons.

414.6
SEGMENTAL ORIGINS AND DEVELOPMENT OF FACIAL MOTOR NEURONS.
J. Jacob and S. Guthrie*. Dept. of Developmental Neurobiology, UMDS, Guy's 
Hospital, London SE1 9RT

Cranial motor neurogenesis begins soon after the formation of hindbrain 
rhombomeric segments. Branchial motor (BM) and visceral motor (VM) neurons 
of the facial nerve have different nuclear locations, axon pathways and peripheral 
targets. In the periphery BM and VM axons pursue divergent pathways: BM axons 
turn caudally into the hyoid nerve to innervate the 2nd branchial arch musculature, 
while VM axons grow rostrally to supply cranial parasympathetic ganglia. In the 
chick, this latter branch is called the palatine nerve and in the mouse it is known 
as the greater petrosal nerve. In the mouse embryo, facial BM and VM neurons 
appear to be generated in rhombomere 4 (r4) and r5 respectively. Subsequently, 
a subpopulation of r4 BM neurons migrate caudally via r5 into r6. Less is known 
about the segmental origins of facial motor neurons in the chick. We have used 
retrograde fluorescent dextrans to label differentially the BM and VM pathways, so 
confirming that in the chick as in the mouse, BM and VM neurons arise in r4 and 
r5 respectively. This finding was confirmed by performing orthotopic transplants 
of r4 or r5 in quail-chick chimaeras with subsequent immunohistochemistry for 
quail neuronal antigens. At later stages, a caudal migration of BM neurons from 
r4 into r5 was shown by combining retrograde dextran labelling of BM and VM 
pathways with immunofluorescence for a quail neuronal antigen, in r4 orthotopic 
grafts. The control of VM axon pathfinding is poorly understood but is likely to 
depend on multiple environmental cues. One source of guidance cues may be the 
cranial autonomic ganglia, which fail to develop in mice that have a targeted 
mutation of the Phox2a homeobox-containing gene. Mutant mice will be analysed 
for possible VM axon pathfinding defects. Preliminary data in wild-type mouse 
embryos show that Phox2a protein is also normally expressed , in facial motor 
neurons.

Special Trustees of Guy’s Hospital
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415.1
MK801 PREVENTS RETINOTOPIC SHARPENING IN DEVELOPING 
ZEBRAFISH: EFFECTS ON INDIVIDUAL RETINAL ARBORS.
John Schm idt*. John D raiss and R yan B orress. D ept. B iol. S ci., U niversity 

at A lbany SU N Y , Albany NY 12222
V isual activity  refines the retinotopic m ap form ed on tectum  during 

both regeneration and developm ent in goldfish as determ ined by blocking or 
synchronizing activity (tetrodotoxin(TTX) or strobe illum ination). In zebrafish, 
Kaethner and S tuerm er (1994 J .N eurob io l 25:781-796) reported  no effects o f 
TTX on growth cone o r arbor m orphology, but this resu lt m ay have stem med 
from  not testing long enough after synaptic transm ission  begins, as no effect 
w ould  be expected before that tim e. Since visual behaviors begin around 72 
hours postfertilization (Easter and Nicola, 1996, D ev. B iol. 180: 646-663), we 
b locked N M D  A receptors with M K801 starting  at either 48 o r 72 hrs and 
extending through 101 hrs (im m ersion o f larvae in M K801). Axons were 
labelled with D il at 72 o r 96 hrs and exam ined 5 hrs later. A rbors continued 
to g row  betw een 77 hrs (11 cases) and 101 hrs (30 cases): T he num ber o f  
branches increased from 4 .0  to 7 .4  and the area increased by 2 .4X  (determ ined 
by the convex polygon m ethod). B locking N M D A  receptors significantly 
en la rged  arbor size at 101 h rs, although the num ber o f  branches did not 
change. T he long axis and area w ere both significantly  increased vs controls 
(37%  and 4 7 % ).This increase was reflected in significantly  longer term inal 
branch tips (26%) and longer inter branch segm ents w ithin the a rbor(29% ), as 
well as in the summed length o f branches (+ 4 0 % ) . This selective effect on the 
extent but not num ber o f  b ranches agrees com pletely w ith o ur previous TTX 
and strobe effects in goldfish and supports the ro le  o f  NM D A  receptors in the 
first 24 hrs o f  synaptic transm ission . Supported by NIH grant EY -03736.

415.3
S Y N A P S E  F O R M A T IO N  IN P R IM A R Y  C U L T U R E S  O F  R A T  
O L F A C T O R Y  BU LB .
K.Muramoto*. M ,Kato, M.Kawahara, K .Kobayashi, M,Matsuoka#, Y.Kuroda, M .
Ichikawa#. Departments of Molecular & Cellular Neurobiology and #o f Anatomy & 
Embryology, Tokyo Metropolitan Institute for Neuroscience, Fuchu-shi, Tokyo 183, Japan.

The olfactory bulb simply consists of a few types of neurons and the dynamic changes 
of synaptic contacts can be occurred even in adult animals. Also reciprocal synapses 
between dendrites of mitral cells and granule cells are considered to be most important 
for signal processing in olfactory bulb. Taking advantage o f the primary culture 
system, it might be easier to elucidate the mechanisms of the olfactory functions. 
Toward this purpose, we examined whether similar synapses to in vivo were formed in 
vitro. Olfactory bulbs were dissected from embryonic rats and digested with papain, 
then dissociated cells were cultured. After 7 days in vitro (DIV), cultured neurons 
extended many neurites and formed a network, which could be observed by 
immunocytochemical staining using anti-MAP2 antibody. And different size of MAP2- 
positive neurons were also identified in culture. At 7DIV, spontaneous Ca2+ 
oscillations were simultaneously observed in most o f neurons in vitro using a multi-
site Ca2+ fluorometry. We have already reported in cultured hippocampal and cerebral 
cortical neurons that these synchronous Ca2+ oscillations indicated the formation of 
functional synaptic coupling (Muramoto et al., Neurosci.Lett, 163, 163, 1993). 
Spontaneous Ca2+ oscillations were reversibly inhibited by the application of D-APV, 
a glutamate receptor antagonist, suggesting that excitatory glutamatergic synapses were 
formed between cultured neurons. Also the frequency o f the oscillations was increased 
and its amplitude became larger by the application of bicuculline, GABAA receptor 
antagonist. These phenomena suggest the existence of the modification by inhibitory 
synaptic input. Moreover, the synaptic contacts were confirmed by the electron 
microscopic observations after 21 DIV. Two types of synapses, the symmetrical and the 
asymmetrical type, were recognizable morphologically in the culture. Such existence of 
morphologically different synapses suggest the possibility that both excitatory and 
inhibitory synapses were formed in vitro.
This work has been supported by CREST of Japan Science and Technology Corporation.

415.5
EXPRESSION OF THE ACTIVITY-INDUCED GENE, CPG15, 
PROMOTES MATURATION OF RETINOTECTAL SYNAPSES K. 
Haas*, E. Nedivi, R. Malinow and H.T. Cline, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY 11724

O verexpression o f  the developm entally-regulated , activ ity-dependent 
gene, CPG 15, in tadpole tectal neurons prom otes excessive dendritic 
growth. Expression o f  a dom inant negative form  o f  th is  protein (C P G 15ts), 
lacking a m em brane binding dom ain, decreases dendritic  grow th prim arily  
in m ore m ature cells located in rostral tectum . H ere, w e exam ine the effects 
o f  CPG 15, C P G 15ts, o r the reporter gene ß-G al on  developing  retinotectal 
synaptic physiology. Tectal neurons w ere infected w ith  recom binant 
vaccinia virus v ia  intraventricular injection at stage 45-46, and exam ined 
w ith w hole-cell voltage clam p recording  in a  w hole-brain  preparation  2-4 
days later, in blind experim ents. The rela tive am plitudes o f  A M PA 
(recorded at Vh = -60 m V) and N M D A  (Vh =  +55 m V ) currents evoked by 
optic chiasm  stim ulation w ere used as a  m easure o f  synaptic  m aturation. In 
controls (ß-G al), A M PA /N M D A  ratios increased  w ith  developm ent from  
0.69 + 0.13 in im m ature caudal cells  to  3.25 +  1.37 in m ore m ature  rostral 
cells. Prelim inary  results indicate that CPG15 overexpression  increases the 
A M PA /N M D A  ratio  in im m ature cells (1.63 +  0.47, p<0.05), w hile 
C P G I5 ts  expression reduces the A M PA /N M D A  ratio  in m ature  cells (0.85 
+ 0.19, p<0.05), com pared  to  ß-G al controls. T here finding  suggest that 
CPG15 expression m ay be an im portant control m echanism  in synapse 
m aturation.
Supported by N E I (EN  and H TC) and N IH  (RM ).

415.2
INVOLVEMENT OF INHIBITORY NEURONS / SYNAPSES FORMED 
IN CULTURE
M. Kato1),* 2), K . Muramoto3), M. Kawahara3), K. Kobayashi3), Y. Kuroda3), M . 
Ichikawa2), 1) Japan Science and Technology Corporation, 2-6-15 Shibakouen, 
Minatoku, Tokyo 105-0011, Japan. 2) Department of Anatomy & Embryology and3) 
of Molecular & Cellular Neurobiology, Tokyo Metropolitan Institute for 
Neuroscience, 2-6 Musashidai, Fuchu-shi, Tokyo 183-8526, Japan.

Inhibitory-neurons / synapses have important roles to control the functions of 
neuronal networks. We have developed a long-term culture system of rat cerebral 
cortical neurons, in which spontaneous synchronous oscillations of intercellular Ca2+ 
transients are observed in culture neurons by multi-site fluorometry using fura-2 
(Kuroda, el al, Newosci. Let., 135 , 255, 1992). These oscillations were inhibited by 
application of TTX and D-APV. Furthermore, the frequency of the oscillation is 
highly correlated to the number of synapses observed by electron microscopy. 
(Muramoto, et al, Neurosci. Let., 163, 163, 1993). Here, we investigated the 
contribution of inhibitory-neurons / synapses to the synchronous oscillations which 
reflect the activity of neuronal networks by observing spatiotemporal and 
developmental changes of intercellular Ca2+ transients after application of 
pharmacological agents related to the inhibitory system. The frequency of oscillations 
was inhibited by muscimol, an agonist of GABAA receptor. Interestingly, the 
application of bicuculline and picrotoxin, known as antagonists of GABAa receptor, 
also decreased the frequency. This unexpected results, suggest that inhibitory neurons 
are involved complicated in neuronal networks in cultured cortical neurons, as observed 
in vivo. Inhibitory-neurons and GABAergic synapses were observed by conforcal 
microscope using anti-GAD antibody and anti-MAP-2 antibody.

This work has been supported by CREST of Japan Science and Technology 
Corporation.

415.4
IN VITRO ASSAY SYSTEM FOR SYNAPSE FORMATION BETWEEN CULTURED NEURONS OF TRANSGENIC MICE
A. Mizutani 1*, J. Inokuchi2 and Y.Kuroda3, 1Seikagaku Corporat ion. Tokyo 
Research Institule, Tokyo 207-0021, Japan. 1Department of Biomembrane 
and Biofunctional Chemistry. Graduate School of Pharmaceutical 
Sciences, Hokkaido University, Sapporo 060-0812, Japan. 3Department of 
Molecular and Cellular Neurobiology, Tokyo Metropolitan Institute for 
Neuroscience, Tokyo 183-8526, Japan.

We already established the in vitro quantitative assay system for 
the functional synapse formation in rat cortical neurons (Kuroda. Y., et 
al. , Neurosci. Lett. , 1 35:255, 1 992). The frequency of synchronous 
oscillations of Ca2+ transients observed in the cultures is highly 
correlated to the number of synapses identified by EM (Muramoto, k., et 
al., Neurosci. Let t., 163:163, 1993). The functional synapse formation 
between cultured cortical neurons was inhibited by depletion of the 
endogenous gangliosides by treatment with glucosylceramide synthase 
inhibitor, D-PDMP, suggesting the importance of gangliosides in 
synaptic functions (Mizutani, A., et al., Biochem. Biophys. Res. Commun. 222: 
494, 1996).

Productions of various transgenic mice enable us to investigate 
the crucial molecules in various brain functions. To investigate the 
nature of the neuronal circuit and synaptic functions in gene 
manipulated mice, we tried to establish the assay system for the 
functional synapse formation in cultured mouse cortical neurons.

Cerebral cortices were dissected from 14 ~ 17-day fetal mice, then 
cells were dissociated with papain and cultured. After several days, 
we observed spontaneous synchronous oscillations of Ca2+ transients. 
The frequency of oscillation was gradually increased during 7 ~ 14 
days in cul ture. Since application of tetrodotoxin or of 2-amino- 
phosphonovaleric acid(D-APV) inhibited the oscil lation, suggesting 
that this oscillation of Ca2+ transients reflects synchronous bursts 
of firing mediated by abundant glutamatergic synapses in the cultured 
neuronal network.

This system will provide a new method for the elucidation of 
functional molecules of synapses in neuronal circuits in gene 
knockout mice including the one without the ganglioside synthases.

415.6
INNERVATION-DEPENDENT EXPRESSION OF NESTIN AT THE 
MAMMALIAN NEUROMUSCULAR JUNCTION. D.M. Kopp1* and W.J. 
Thompson2. 1Dept. Neuroscience, Univ. Pennsylvania Sch. of Med., Philadelphia, PA 
19104 and 2Dept. Zoology, Univ. of Texas at Austin, Austin, Texas 78712.

Intermediate filaments (IFs) are a cytoskeletal constituent of the neuromuscular 
junction and may contribute to its spatial organization and structural stability. We are 
characterizing the expression of nestin, a 200 kDa IF protein, using 
immunohistochemistry in whole mounts of rat soleus muscle. At postnatal day 0 
(P0), the anti-nestin antibody Rat4Ol diffusely labels small diameter muscle fibers and 
appears concentrated in Z-lines as has been reported previously at older stages (Sejersen 
and LendaM, J. Cell Sci., 106:1291, 1993). Nestin is also expressed in the ends of 
elongating myotubes that continue to develop after birth. By P4, nestin expression is 
localized to the endplate band, Z-lines, and myotendinous junctions while it appears to 
be downregulated along the rest of the length of the fibers. At adult stages, nestin is 
localized to the perijunctional region surrounding rhodamine-alpha-bungarotoxin 
labeled acetylcholine receptors. The intensity of nestin staining in Z-lines decreases 
with distance from the junction. Following denervation, nestin expression is 
downregulated in muscle fibers and upregulated in terminal Schwann cells that extend 
extensive processes following loss o f contact with the nerve. Nestin, therefore, 
becomes localized to the junction during very early postnatal life and it is expressed in 
muscle in an innervation-dependent manner. This differential regulation of nestin 
immunoreactivity is strikingly similar to immunoreactivity observed with monoclonal 
antibody 3G2/4E2 that recognizes a 41 kDa protein at the rat neuromuscular junction 
(Astrow et al., J. Neurobiol., 25:937, 1994). We are continuing to study the 
expression pattern o f nestin during reinnervation and comparing its expression to the 
expression o f other IF proteins at the junction. Supported by a  grant from the NIH to 
WJT.
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415.7
ROLE OF ENDOGENOUS PROTEASES IN AXON RETRACTION 
FOLLOWING MUSCLE DAMAGE
M. Akaaboune*, D. Bishop and J. W. Lichtman. Department of 
Anatomy and Neurobiology, Washington University School of 
Medicine, St louis, MO 63110, USA

Synaptic remodeling is a fundamental process that occurs during 
the development o f the nervous system. Previous work has shown that 
a local balance between proteases and their inhibitors may be critical 
in synapse maintenance and elimination. To study the role o f 
endogenous proteases in the disassembly o f pre-and postsynaptic 
elements associated with synapse elimination after muscle fiber 
damage in vivo ( Rich and Lichtman, Neuron 1989), we injected a 
cocktail o f  protease inhibitors (serine proteases, metalloproteases, and 
cysteine proteases) in mice in which muscle fibers were damaged. In 
untreated mice, 4 days after cutting or crushing muscle fibers on both 
sides o f the band o f endplates, most nerve terminal branches retract. 
In addition, the AChR density in the postsynaptic membrane becomes 
very faint and largely disappears following muscle damage. In mice 
treated daily with protease inhibitors however, nerve terminal 
withdrawal and postsynaptic receptor loss was largely prevented at 4 
days after muscle damage. Surprisingly even as the cytoplasm o f the 
damaged muscle fiber became opaque and evidence o f sarcomere 
structure was lost, the postsynaptic receptor density remained 
relatively unchanged.

These results strongly suggest a  role for proteases in the processes 
that follow muscle damage which lead to synapse elimination.

This work was supported by NIH, Human Frontier Science 
Program and Fondation Franc aice pour la recheche medicale.

415.9
A C T IV A T IO N  O F  N M D A  R E C E P T O R S  C H A N G E S T H E  
L O C A L IZ A T IO N  O F  D R E B R IN  IN  D E N D R IT IC  S P IN E . Y . 
Xue, Y. Sekino*, and T. Shirao. D ept. of Neurobiology and Behavior. 
G unma Univ. Sch. of Med., M aebashi, 371-8511, J a p a n

Drebrin is an actin binding protein which inhibits actomyosin interaction 
in vitro. Drebrin has two types of lsoforms, drebrin E and A. Drebrin A is a 
neuron-specific protein. Overexpression of drebrin A in fibroblasts causes 
the dissociation of tropomyosin from actin filaments, dram atically changes 
s tress fibers and yields highly-branching cell processes. In adu lt ra t  cortical 
neurons, drebrin is m ainly localized a t dendritic spines (H ayashi et al., J. 
Neurosci. 1996). I t is suggest th a t drebrin participates in spine functions 
through the interaction with other cytoskeleton proteins. To understand 
the mechanism s th a t govern the regulation of drebrin localization in spines, 
we examined the effects of synaptic stim ulation on drebrin distribution. 
G lutam ate and/or glutam ate receptor blockers were applied to 2-week ra t 
cerebral cortical prim ary cultures prepared from 20-day embryos. Two 
hours after applications, we im m unostained cells and examined the 
localization of drebrin in spines w ith a confocal microscope. O ur results 
show th a t the application of glutam ate weakened drebrin localization in 
spines, while the application of AP5 (D(-)-amino-7-phosphonovalenicacid), 
a NMDA receptor antagonist, blocked this glutam atergic effect on drebrin 
localization in spines. These observations suggest th a t the localization of 
drebrin in spines is directly related to glutamatergic synaptic transm ission 
and may play a role in spine function. (Supported by grants-in-aid # 
07279107, 09480219, 09480227 and 09280205 from  M inistry of 
Education, Science, Sports and Culture of Japan .)

415.11
FAST NETWORK OSCILLATIONS IN THE NEONATE RAT 
HIPPOCAMPUS M. Palva*, K. Lamsa, K. Kaila and T. Taira Department of 
Biosciences, Division of Animal Physiology P.O. Box 17, FIN-00014 
University of Helsinki, Finland
To date, synchronous gamma (20 to 100 Hz) and high-frequency (100 to 200 
Hz) oscillations have been described only in the adult brain. We now report 
that patterned fast (20 to over 400 Hz) network oscillations associated with 
sharp-wave like events characterize spontaneous activity also in neonate 
(postnatal days 5 to 6) rat hippocampus. Using whole cell recordings from rat 
hippocampal slices, we found that during spontaneous network activity 
individual pyramidal neurons fired up to five spikes mainly at lower (20 to 40 
Hz) gamma frequencies, whereas the synchronous population activity as 
recorded with a field potential electrode consisted on average of 10 population 
spikes at frequencies ranging from 20 to 400 Hz. The population spikes were 
suppressed rhythmically by a gamma frequency modulatory oscillation that 
was phase-locked to the onset of the spontaneous event. Firing of single 
pyramidal neurons appeared to be elicited by AMPA-receptor mediated 
currents whilst the GABAergic currents were involved in the patterning of 
population activity by rhythmic inhibition. The data indicate that the 
pyramidal neurons are engaged in a high-frequency population oscillation in 
which individual neurons fire only sparsely but together form coherently 
operating ensembles. Moreover, the existence of a sharp oscillatory population 
discharge implies the presence of effective mechanisms coordinating the firing 
of pyramidal neurons already during the first postnatal days in the rat 
hippocampus. The network oscillations described here provide a means for 
millisecond range coincidence detection to sharpen the patterns of 
connectivity within the emerging hippocampal synaptic circuitry. Supported 
by the Academy o f Finland and by the Sigrid Juselius Foundation

415.8
NEURAL ACTIVITY IS REQUIRED FOR CLIMBING FIBER SYNAPSE 
EUMINTATION IN DEVELOPING CEREBELLUM S. Kakizawa1-3*, M. 
Watanabe4, Y. Inoue4 and M. Kano1-3. 1 CREST, Japan Sci. Tech. Corp., 2Lab.
for Cellular Neurophysiol., Brain Sci. Inst., RIKEN, Wako 351-0198, 3Lab. 
for Physiol., Kanazawa Univ. School of Med., Kanazawa 920-8640, 4Dep. of 
Anatomy, Hokkaido Univ. School of Med., Sapporo 060-8638, JAPAN

Massive elimination of supernumerary climbing fiber (CF) - Purkinje cell (PC) 
synapse is known to occur during postnatal cerebellar development. In rodents, the 
adult-type mono innervation pattern is established on around postnatal day 20 
(P20). To test whether neural activity is involved in this process, TTX was 
continuously applied to the mouse cerebellum. On P10, a small block of Elvax 
(ethylene-vinyl acetate copolymer) containing TTX was implanted on the 
cerebellar lobules 6-8 under Nembutal anesthesia. On P24-36, parasagittal 
cerebellar slices were prepared from the TTX-treated mice and the number of CFs 
innervating each PC was estimated electrophysiologically. About 50% of PCs in 
lobules 6-8 (close to the Elvax) were multiply-innervated by CFs, whereas about 
80% of PCs in lobules 1/2 and 10 (distant from the Elvax) and PCs in vehicle- 
treated control cerebella were mono-innervated. These results suggest that the 
effect of TTX was restricted to the lobules 6-8, and that neural activity within the 
cerebellar cortex is required for CF synapse elimination. Furthermore, continuous 
application of MK801, an NMDA receptor blocker, resulted in persistent multiple 
CF innervation. NMDA receptor-mediated components of excitatory synaptic 
currents were not found in PCs, whereas they were rich in mossy fiber (MF) to 
granule cell (GC) synapses. These results suggest that neural activity along MFs, 
GCs, and parallel fibers to PCs is involved in CF synapse elimination during 
postnatal cerebellar development. Partly supported by grants from The Japanese 
Ministry of Education, Science, Sports & Culture.

415.10
NETWORK ACTIVITY-DEPENDENT SYNAPSE ELIMINATION IN 

NEONATAL RAT HIPPOCAMPUS. T. Taira*, S.E. Lauri, K. Lamsa, H. 
Rauvala and K. Kaila Department of Biosciences, P.O.Box 17, 00014 University 
of Helsinki, Finland

The refinement of synaptic contacts during development is accomplished by 
electrical activity. In the hippocampus, spontaneous network activity has been 
suggested to provide the means for the establishment of functional synaptic 
connections. We have studied the role of early network activity in the assembly of 
developing synapses in hippocampus in vitro (see Neuron 19: 743-749) in neonatal 
(P3-P4) rats using whole cell recordings combined with immunohistochemistry. 
Inhibition of spontaneous activity by tetrodotoxin (TTX, 1 µM for 16 hours) 
resulted in a 395 ± 62% increase in the immunoreactivity of the presynaptic 
marker synaptophysin in the CA3 stratum radiatum. Further, a robust 
enhancement in the immunoreactivity against GluR1 (741% ±204), the major 
component of AMPA-type glutamate receptors as well as a shift in the GluR1 
immunoreativity from the pyramidal cell soma towards the dendrites was seen. 
Application of the GABAA agonist muscimol (100nM), which resulted in a 
blockade of the network activity but in an increase in the synaptic noise, caused 
similar increase in the GluR1 staining and a displacement of the receptors, whereas 
its effect on synaptophysin immunoreactivity was less pronounced (160 ±10%). 
Neither the GABAA- receptor antagonist bicuculline, which gave rise to 
epileptiform activity, nor the NMDA-receptor antagonist AP5, which only slightly 
attenuated the spontaneous network activity, induced any consistent alterations in 
GluR1 or synaptophysin immunoreactivity. We conclude that in the developing 
hippocampus synchronous network activity sculpts the emerging circuitry by 
synapse elimination. Further, in the immature hippocampus allocation of synaptic 
resources is effectively controlled by electrical activity. Supported by the Academy 
o f Finland and the Sigrid Juselius Foundat ion.

415.12
GENERATION OF AMPA RECEPTOR-MEDIATED CURRENTS IS 
LINKED TO NETWORK ACTIVITY IN NEWBORN RAT 
HIPPOCAMPUS
K. Lamsa1*, E. Ruusuvuori1, M. Palva1, R. Miettinen3, K. Kaila1, R. Khazipov2, 
Y. Ben-Ari2 and T. Taira1. 1Dept. Biosciences, Univ. Helsinki, Finland; 
2INSERM U29, 75014 Paris, France; 3Dept. Neurology, Univ. Kuopio, Finland.

Newborn (P0-P1) rat hippocampus exhibits spontaneous network activity 
described as Giant Depolarising Potentials (GDP) which has been suggested to 
arise from the synergistic excitation mediated by GABAa and NMDA receptors, 
whereas the role AMPA receptors in synaptic transmission at this age is 
considered less important. In this work we have studied AMPA-mediated 
currents in CA3 neurones in P0-P1 hippocampus and examined contribution of 
AMPA- and GABAA-receptors to early network activity. Experiments were done 
in in vitro whole hippocampus (see Neuron 19: 743-749) or in 600µm slices at 
32ºC using whole-cell voltage-clamp and field potential techniques. We found 
AMPA- mediated currents in more than 50% of the studied neurons, consisting 
of pyramidal cells and interneurons. AMPA- mediated input was strongly 
accentuated during spontaneous network activity appearing as bursts consisting 
up to 20 unitary EPSCs. Furthermore, AMPA-receptor antagonists blocked the 
spontaneous network activity in PO hippocampus. In whole hippocampus, 
glutamatergic circuitry produced epileptiform interictal activity after blockage of 
GABAa -receptors by bicuculline. Instead, GABAa receptor agonist muscimol 
(100nM-lµM) had a biphasic effect, initially increasing GDP frequency followed 
by blockage of spontaneous network activity as well as the bursts of AMPA 
currents. We conclude that AMPA- mediated input is critical for expression of 
the spontaneous network activity already at PO and thus may be involved in the 
formation of synaptic circuitry in newborn rat hippocampus. Supported by the 
Academy o f Finland and by the Sigrid Juselius Foundation.
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415.13
MOSSY FIBER TERMINAL ACTIVE ZONE AREA AND SURFACE AREA 
INCREASE IN PARALLEL IN THE VENTRAL HILUS TWO DAYS AFTER 
SEIZURE, SUGGESTING A STRENGTHENING OF EXCITATORY 
SYNAPTIC CONNECTIONS. J.P. Pierce* and T.A. Milner. Dept. Neurology and 
Neuroscience, Cornell Univ. Medical College, New York, NY 10021

Studies indicate that seizures tend to be followed by the development of a relatively 
long-lasting predisposition to future seizure activity. Concurrently, the hippocampal 
mossy fiber pathway can undergo extensive synaptic reorganization, including sprouting 
into the inner molecular layer of the dentate gyrus (which is most prominent in the 
ventral portion, a region that is particularly susceptible to epileptiform activity). To 
examine whether synaptic remodeling of mossy fiber terminals within the ventral hilus 
also occurs, rats were first administered two i.p. injections of pentylenetetrazol (two 
hours apart), which produced stage 5 seizures. Two days later, experimental animals and 
sham-injected controls were perfused with acrolein and the brains were processed together 
for the ultrastructural localization of dynorphin B, leu-enkephalin and met-enkephalin- 
like immunoreactivity (used to identify mossy fiber terminal profiles). All labeled 
terminal profiles with a mossy-like morphology within random hilar fields were 
characterized in terms of: 1) cross-sectional area, 2) perimeter length, 3) total active zone 
(AZ) length, and 4) AZ number and individual lengths. While the average cross- 
sectional areas of control and experimental terminal profiles were comparable, the 
average experimental profile perimeter was significantly larger (9.7 ± 0.3 vs. 8.7 ± 0.3 
µm), indicating that experimental mossy terminals tended to be more enfolded and less 
round than control terminals. In addition, the average total AZ length for experimental 
profiles was significantly larger than that for controls (0.72 ± 0.05 vs. 0.59 ± 0.04 µm), 
reflecting a tendency for there to be both more, and larger AZ segments on experimental 
profiles. These increases occurred in parallel, with a maintenance of the percentage of 
the perimeter occupied by AZs (7% for both control and experimental profiles). Thus, 
after seizure, ventral hilar mossy fiber terminals appear on average to increase both their 
surface area and total AZ area in proportion. Since both AZ number and size are thought 
to reflect potential synaptic strength, this form of synaptic remodeling might contribute 
to changes in seizure susceptibility. Support: DA08259 and MH42834.

415.15
TRANSIENT GAP JUNCTION MEDIATED COUPLING AMONG DEVELOPING 
MOTOR NEURONS. O. Chang1*, M. Gonzalez1, M.J. Pinter2 and R.J. Balice- 
Gordon1. 1Dept. of Neuroscience, Univ. of Pennsylvania Sch. of Med., and 2Dept. of 
Neurobiology & Anatomy, Allegheny Univ. Health Sciences, Philadelphia, PA 19104.

During development and adult reinnervation, neuromuscular junctions undergo a 
competitive loss of multiple motor neuronal inputs which continues until a single 
input remains. Because competition is modulated by the relative activity patterns of 
convergent inputs, we have begun to study how motor neuron activity patterns are 
shaped during development. One mechanism that might affect motor neuron firing is 
the transient electrical coupling among motor neurons during neonatal life that we and 
others (Fulton et al., 1980) have observed. In hemisected rat lumbar spinal cord 
preparations maintained in vitro, intracellular recordings and fills of motor neurons 
with low molecular weight compounds have demonstrated that motor neurons are 
electrically and dye coupled around the time of birth. At P0-P2, dye labeled clusters are 
relatively compact and contain 2-13 (on average 5) motor neurons, while by P7, 1-2 
dye labeled motor neurons are observed. By P14, as in adults, few if any dye coupled 
motor neurons are detected. Thus the percentage of dye- and electrically coupled motor 
neurons declines rapidly after birth. We are presently exploring the extent of dye and 
electrical coupling during embryonic life and its sensitivity to blockers. Despite the 
transient gap junctional coupling observed in the perinatal period, immunostaining and 
in situ hybridization with connexin specific reagents have shown that most motor 
neurons express more than one connexin from E12 through adulthood. Thus while gap 
junction proteins are continually expressed by motor neurons, after the first postnatal 
week they do not appear to form functional gap junction channels that mediate dye or 
electrical coupling. Given that gap junction proteins are continually expressed in 
embryonic, neonatal and adult motor neurons, and that, as we have previously shown, 
dye coupling is rapidly re-established among adult motor neurons after nerve damage, 
the regulation of dye or electrical coupling is apparently not at the level of transcription 
or translation of connexins. Rather, it appears that this regulation may occur by 
modulation of gap junction channel open state. Supported by NIH (NS34373) and 
S.C.R.F.

415.17
STIMULATION OF CULTURED HIPPOCAMPAL NEURONS LEADS TO 
AN INCREASE IN THE NUMBER OF PERFORATED SYNAPSES
Henrike Neuhoff*, Michaela Schweizer. Center for Molecular Neurobiology, 
Department for Electron Microscopy, D-20251 Hamburg

The postsynaptic density of excitatory synapses is a complex structure which has 
various morphological characteristics. One unique feature is a perforation of the 
density which has been shown to depend on high frequency stimulation.

We studied the occurrence of perforated synapses in a culture model system of 
dissociated hippocampal neurons under different conditions. Cultures were exposed 
to the following stimuli: they were either grown in medium 1.) without Mg2+ 2.) 
with 50 µM picrotoxin 3.) with 50 µM APV 4.) with 1 µM TTX at 4 days after 
plating. Untreated cultures served as control groups. After two weeks in culture 
coverslips were prepared for electron microscopical analysis, hundreds of synaptic 
contacts were randomly chosen, measured and classified.

In untreated cultures the mean number of perforated synapses was about 14%. The 
stimulation of cultures in medium without Mg2+ and as well with the GABAA- 
receptor antagonist picrotoxin caused a rapid increase of perforated synapses to 
about 20 to 30%. Growing cultures in medium containing the NMDA-receptor 
blocker APV alone or together with picrotoxin resulted in an amount of perforated 
synapses similar to the control group. This strongly indicates an involvement of 
NMDA-receptors in morphological changes of the postsynaptic density as found in 
the higher number of perforated synapses. No change in the number of perforated 
synapses could be found after blockade of Na+-channels with TTX. However we 
observed a remarkable shift from spine to shaft synapses in those cultures.

These results demonstrate that excitatory synapses in cultured neurons undergo 
activity dependent changes and exhibit structural plasticity at the level of individual 
synapses like in vivo. Possible candidates like plasminogen activators being 
involved in those rapid chances will be discussed.

415.14
ACTIVITY-DEPENDENT SUPPRESSION OF TRANSMISSION IN 
NEUROMUSCULAR JUNCTIONS TEMPORARILY BLOCKED BY FOCAL 
APPLICATION OF α-BUNGAROTOXIN. V. Pitaevski* and A.A. Herrera. Dept. of 
Biological Sciences, Univ. of Southern California, Los Angeles, CA 90089-2520.

The pectoral muscle o f Xenopus usually has 2 neuromuscular junctions (NMJ) on 
each muscle fiber. This provides a unique opportunity to study activity-dependent 
synaptic plasticity by selective manipulation of a portion of the synaptic inputs that 
converge onto the same postsynaptic cell. We blocked the activity of only one NMJ 
on a fiber leaving the other NMJ intact. NMJs were blocked in living adult frogs by 
focally applying fluorescently labeled α-bungarotoxin (BTx) via a micropipet placed 
close to the NMJ. Control experiments were performed on other muscle fibers with 
either both NMJs observed but left unblocked or both NMJs were blocked. Motor 
nerve terminals were visualized by staining with the vital dye FM-4-64. Those 
images, as well as electrophysiological recordings from dissected muscles, were used 
to study the effects of synaptic blockade in identified NMJ as a function of time.

Electrophysiological recording of MEPP amplitude and frequency and EPP 
amplitude showed that transmission was blocked nearly completely by BTx 
application. If only a single NMJ was blocked on a given fiber, the fiber remained 
active due to the second unblocked NMJ. We found that inactive NMJs on active 
muscle fibers were structurally stable. Junctions did not regress, as may be expected 
from analogous experiments on mice (Balice-Gordon & Lichtman, Nature 372:519, 
1994). Nevertheless after focal blockade of AChRs, NMJs on active muscle fibers did 
not recover their EPP amplitude compared to NMJs on initially inactive fibers (where 
both NMJs were blocked). Failure to recover could have a postsynaptic basis 
(impaired replacement of blocked AChRs) or a presynaptic basis (diminished 
transmitter release), or both. Experiments are underway to test for postsynaptic 
differences, e.g., failure to replace AChRs. We are wqalso performing experiments 
where we block only a portion of the NMJ to study the importance of local events in 
activity-dependent suppression. (Supported by NIH grant 24805).

415.16
BIDIRECTIONAL SIGNALING VIA GAP JUNCTIONS BETWEEN 
MAMMALIAN HIPPOCAMPAL NEURONS AND ASTROCYTES. A.F. 
Andrade-Rozental*, X. Zheng, F.-C. Chiu, R. Rozental and D.C. Spray . 
Depts. Neurosci. & Anesthesiol., A. Einstein Coll. Medicine, Bronx, NY 
10461; Dept. Int. Med. & IPTESP, Fed. Univ. Goiás, Goiânia, Brazil.

Gap junctions (Cx) are intercellular channels that mediate electrotonic and 
metabolic coupling between neighboring cells. At least 9 (Cx26, Cx32, Cx33, 
Cx36, Cx37, Cx40 , Cx43, Cx45 and Cx46) of the 14 Cx-types so far 
identified are expressed in the CNS; the same Cx-type can be expressed in 
different cells and more than one Cx-type can be expressed by the same cell. 
It remains controversial whether gap junctions could mediate signaling 
between neurons and glial cells. To explore this issue, human hippocampal 
fetal brain neural cells, obtained at the 2nd trimester of pregnancy, were 
examined with double whole cell patch clamp assays, dye spread (Lucifer 
yellow; LY), argon-ion laser confocal imaging (dual emission ratiometric 
Ca2+ indicator Indo-1), molecular biological (Northern blot after FACS 
sorting; single cell RT-PCR) and immunocytochemical techniques. Bidirectio 
nal coupling between neurons (NF66+) and astrocytes (GFAP+) were 
confirmed by elecrophysiological assays, by LY spread and by Ca2+ waves 
initiated by focal mechanical stimulation of either neural cell; 3 mM heptanol 
blocked such responses and 0.1 mM Suramin, 1 µM TTX or 1 µM PCP did 
not. Voltage sensitivity of g3 in astrocytes, neurons or astrocytes-neurons 
resembled those recorded from channels formed of Cx43. These studies 
reveal that gap junction-mediated communication between neurons and 
astrocytes is bidirectional. Studies are underway to determine the Cx-type(s) 
expressed in these cells (Supported by NIH grants; Training Grant 2T32HL07675).

415.18
GEOMETRIC CONTROL OF NEURONS AND FORMATION OF SYNAPTIC 
CONNECTIONS IN VITRO. M. Matsuzawa1*, T. Tabata2, M. Kano2, V. 
Krauthamer3 and R. S. Potember1. 1Applied Physics Laboratory, The Johns Hopkins 
University, Laurel, MD 20723; 2CREST, Japan Sci. and Tech. Corp. and Dept. of 
Physiol., Kanazawa Univ. Med. Schl., Kanazawa, Ishikawa 920-8640, Japan; 
3Electrophysiological Branch, Food and Drug Administration, Rockville, MD 
20852.

During the development of the CNS, neurons extend nerve processes to their 
target regions and form specific synaptic connections. One of the mechanisms 
underlying the formation of these specific neuronal wirings is the guidance of nerve 
tips by local cues. To model the in vivo process, we designed and fabricated 
geometrically defined chemically modified surfaces patterned with a Laminin peptide 
guidance cue (PA22-2) for synaptic connection in vitro. Maturation of geometrically 
controlled neurons was studied using immunostaining and patch-clamp techniques. 
After 2 days in culture, we observed that antibodies for 200 kDa neurofilament 
protein and Synaptophysin were localized into axons and presynaptic vesicles, 
respectively. Concurrently, the majority of neurons exhibited a TTX-sensitive action 
potential. In some experiments, the neurons in morphological contact showed 
spontaneous excitatory post-synaptic currents sensitive to AP-5 and CNQX 
suggesting formation of functional synapses with ionotropic glutamate receptors. 
However, ordered synaptic pairs can not be formed from randomly dissociated 
hippocampal neurons because of the lack of identification of pre- and post-synaptic 
cells. Thus, we explored the formation of biologically relevant synapses using 
morphologically identifiable neurons dissociated from goldfish retina.
This work was supported by Science and Technology Agency in Japan (MM), 
Frontier Research Program, Riken (MM) and Brain Research Institute, Riken (TT 
and MK) and by DARPA (MM, VK and RSP).
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415.19
A PROTEIN KINASE A (PKA) MECHANISM IN ACTIVITY-DEPENDENT 
FUNCTIONAL SYNAPSE STABILIZATION IN MOUSE NEURO- 
MUSCULAR JUNCTION IN VITRO. Minxu Li*, Min Jia, Veronica Dunlap 
and Phillip G. Nelson. LDN, NICHD, NIH, Bethesda, MD 20892

For developmental synaptic plasticity, synapse elimination and synapse 
stabilization are two important processes. Previous experiments in mouse 
ventral horn and muscle co-culture in a multi-compartment chamber have shown 
that thrombin receptor activating peptide (TRAP) and protein kinase C (PKC) 
activation are involved in activity dependent functional synapse loss and also 
shown that electrical activity induces a selective loss of inactive inputs to 
muscle activated through a second competing input. It implies that a 
stabilization or preservation process may exist at active inputs. In the present 
experiments with the same preparation the mechanisms of synapse stabilization 
were examined. Evoked twitch responses of innervated muscles were observed. 
Unilateral bursts of electrical stimulation at 30 Hz, 2 seconds duration and 5 
volts amplitude were delivered every 10 seconds in a 37°C incubator to ventral 
horn neurons in the side chambers synapsing with muscle cells in the center 
chamber. After unilateral electrical stimulation for 20 hours, 37% of evoked 
twitch responses were lost. After application of the TRAP, SFLL, for 20 hours, 
functional synapse loss was about 40%. The PKA inhibitor, 11-89, produced no 
loss of connections in inactive (tetrodotoxin blocked) cultures, and did not block 
the TRAP induced loss. On the contrary, H-89 produced an increase in synapse 
loss in active, stimulated cultures. Calcitonin gene related peptide (CGRP), 
which increases cAMP and PKA in muscle, significantly reduced the functional 
synapse loss induced by electrical activity. Extracellular application of cAMP 
also reduced TRAP induced synapse loss. Our results suggests that PKA 
activation may mediate synapse stabilization at the neuro-muscular junction.

415.20
EFFECTS OF THE CALPAIN INHIBITORS ON THE DEGRADATION 
RATE OF ACETHYLCHOLINE RECEPTOR AGGREGATES. S. Kim*, 
E. Thies, V. Dunlap, and P. G . Nelson. Laboratory of Developmental 
Neurobiology, NICHD, NIH, Bethesda, MD 20892.

The inhibitors of calcium-activated proteases, calpains, have been 
shown to prevent synapse elimination at the neuromuscular junction. We 
have investigated the effects of calpain inhibitors on the degradation rate 
of acethylcholine (ACH) receptors and the ACH receptor aggregates on 
primary rat myotubes. The cultured myotubes (7-day-old) were labelled 
with I-α-bungarotoxin (BTX) and treated with specific inhibitors of 
calpain I (activated by µM range Ca++) and calpain II (activated by mM 
range of Ca++). Degradation rate of the 125I-α-BTX bound receptors 
was decreased up to 3-fold after 24 hr treatment with 1 µM inhibitors 
either individually or in combination. The incorporation rate of newly 
synthesized surface receptors decreased 25% (p  = .009), although the 
overall rate of receptor synthesis was not altered by the inhibitors. The 
myotubes were also labelled with rhodaminated α-BTX and treated with 
the 1 µM inhibitors combined. The labelled receptor aggregates (more 
than 15 fields per dish) were imaged at 0 and 24 hr. Most surprisingly, 
the majority of receptor aggregates treated with the inhibitors still possess 
aggregates with little change in the shape and the fluorescence intensity 
while most aggregates with no inhibitor treatment were completely 
broken away in 24 hr at 37°C. These results thus suggested that calpains 
may be involved in the destabilization of the ACH receptor aggregates 
on the myotube surface, and the drastic decrease in degradation rate o f 
the ACH receptors produced by the inhibitors accompanied by little 
change in insertion and synthesis may be due to an accumulation of 
nondegraded receptors both on the surface and intracellularly.
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416.2416.1
DISRUPTION OF THE bdnf GENE RESULTS IN IMPAIRED MATURATION 
OF CENTRAL RESPIRATORY OUTPUT. A. Balkowiec and D.M. Katz*. 
Department of Neurosciences, Case Western Reserve University School of 
Medicine, 10900 Euclid Avenue, Cleveland, OH 44106.

Brain-derived neurotrophic factor (BDNF) is required for survival and maturation 
of subsets of neurons in the peripheral and central nervous systems. We previously 
found that genetically-engineered mice lacking BDNF are born with a 
developmental abnormality of breathing characterized by depressed and irregular 
ventilation, increased frequency of apneas and a lack of hypoxic ventilatory drive 
(Erickson et al., 1996; Katz & Balkowiec, 1997). This abnormal respiratory 
phenotype was associated with a marked loss of chemoafferent innervation to the 
carotid body, indicating that BDNF mediates development of normal breathing 
behavior at least in part by supporting survival of peripheral chemoafferent neurons. 
The present study was undertaken to determine whether disruption of the bdnf gene 
also results in abnormal maturation of the respiratory central pattern generator 
(CPG) itself. Respiratory CPG output was compared among wild-type mice and 
mice lacking one or both bdnf alleles, using the isolated brainstem-spinal cord 
preparation. Central respiratory output was monitored in vitro on postnatal day 1-4, 
using suction electrode recordings of C4 ventral root activity corresponding to the 
phrenic nerve discharge. Loss of BDNF resulted in a 54% reduction in the mean 
frequency of respiratory bursts, and a 214% increase in cycle-length variability, 
compared to wild-type controls. These abnormalities in respiratory output, recorded 
in the isolated brainstem in vitro, were comparable to the changes in resting 
respiratory frequency and cycle-length variability that we previously observed in 
bdnf null mutants using plethysmographic recording in intact animals. Therefore, 
respiratory deficits in bdnf null mutants appear to result from a derangement of 
brainstem development, as well as the lack of chemoafferent drive. Removal of the 
pons abolished significant differences in respiratory discharge between wild-type 
mice and bdnf null mutants in vitro, indicating that BDNF may be particularly 
important for development of pontine influences on the medullary respiratory CPG. 
Supported by U.S. Public Health Service grants (NHLBI & CHHD) to DMK.

ANALYSIS OF SYMPATHETIC NEURON DEVELOPMENT IN TRANSGENIC 
MICE WITH ALTERED p75, NGF, AND NT-3 LEVELS. C. Brennan* and SC. 
Landis. Neural Development Section NINDS/NIH, Bethesda, MD 20892 

Nerve growth factor (NGF), which is required for sympathetic neuron survival, 
binds to two receptors, trkA, a tyrosine kinase receptor, and the p75 neurotrophin 
receptor. TrkA is responsible for signal transduction and few sympathetic neurons 
survive in trkA deficient mice. The role of p75, however, in symapthetic neuron 
development and in mediating NGF effects is unclear. Previously, we reported that 
neuron number in adult mice is similar in superior cervical ganglia (SCG) of wild- 
type, NGF+/+ p75-/- and NGF+/- p75-/- mice but reduced by -50% in NGF+/- 
p75+/+ mice. The increase in neuron number in NGF+/- mice which lack p75 
compared to that in NGF+/- p75+/+ animals suggests that in vivo p75 does not act 
to enhance the efficiency of NGF binding or trkA signal transduction. Rather, these 
results were consistent with the hypothesis that lack of p75 alters trkA neurotrophin 
specificity, allowing neurotrophin-3 (NT3) to compensate for the lack of NGF. We 
have tested this hypothesis by generating triple mutant mice which lack p75 and are 
heterozygous for both NGF and NT-3 (NT-3+/- NGF+/- p75-/-). At 8 weeks, there 
was no significant difference in neuron number between wild-type (11889± 564, 
n=2), NT3+/- NGF+/+ p75+/+ ( l0748±l69l, n=3), and NT3+/- NGF+/+ p75-/- 
(15306±l759, n=3) mice. Neuron number from NT3+/- NGF+/- p75+/+
(6962±255, n=3) and NT3+/- NGF+/- p75-/- (8658±885, n=4) animals was 
significantly reduced compared to wild-type. Furthermore, SCG neuron number 
from NT3+/- NGF+/- p75-/- mice was significantly reduced (p≤0.03) compared to 
NT3+/+ NGF+/- p75-/- (l2342±660, n=3) mice. These results are consistent with 
the notion that in the absence of p75, NT3 activates trkA and thus compensates for 
the reduced levels of NGF in NT3+/+ NGF+/- p75-/- animals. Supported by:
NINDS intermural research program.

416.3
NGF-INDUCED SYMPATHOSENSORY SPROUTING IN THE 
TRIGEMINAL GANGLIA OF TRANSGENIC MICE IS ASSOCIATED 
WITH NOCICEPTIVE AND MECHANORECEPTIVE SENSORY 
NEURONS. M.D. Kawaja* and G.S. Walsh. Dept. of Anatomy and 
Cell Biology, Queen’s University, Kingston, ON CANADA K7L 3N6.

We have previously demonstrated that sympathetic axons form 
perineuronal plexuses with a subset of NGF-immunoreactive sensory 
somata in the trigeminal ganglia of adult transgenic mice overexpressing 
NGF among glial cells (Walsh and Kawaja, 1998). In this investigation, 
we provide further neurochemical characterization of those sensory 
neurons which become surrounded by pericellu lar baskets of 
sympathetic fibers. Using double immunohistochemistry, we observed 
that the majority (~87%) of sensory neurons surrounded by sympathetic 
axons, immunostained for tyrosine hydroxylase (TH), displayed 
immunoreactivity for calcitonin gene-related peptide (CGRP). The 
remaining sensory neurons (~ 13%) with sympathetic pericellular 
baskets possessed no detectable CGRP immunoreactivity. Injections of 
CTB-HRP, which specifically labels large-diameter myelinated sensory 
afferents, were made into the whisker pad territory of the infraorbital 
nerve. Following sequential labelling o f CTB-HRP with TMB 
histochemistry and sympathetic axons with TH immunohistochemistry, 
we observed a small number of sympathetic perineuronal plexuses 
associated with sensory neurons displaying the TMB reaction product. 
From these data, we propose that sympathetic axons project toward and 
surround two functional classes of sensory neurons, CGRP-expressing 
nociceptors and CTB-HRP-labelled mechanoreceptors, both of which 
accumulate NGF (likely through a trkA-mediated event) within their cell 
bodies. (Supported by the Botterell Foundation, Queen's Univ.)

416.4
MODULATION OF NEUROTROPHIN TRANSPORT IN MICE 
OVEREXPRESSING NGF OR NT-3, OR LACKING A FUNCTIONAL p75 
RECEPTOR. S.M.W. Harrison1*, M.E. Jones*, K.M. Albers1,2, and B.M. Davis1. 
1Dept. of Anatomy and Neurobiology, and 2Dept. of Pathology, Univ. of Kentucky 
College of Medicine, Lexington, KY 40536.
Normal development and target innervation of sympathetic post-ganglionic 
neurons (SPNs) rely on appropriate signals from NGF and NT-3 through their 
respective receptor tyrosine kinases, trkA and trkC, in combination with the non
specific low affinity neurotrophin receptor, p75. Several studies have show that 
NT-3 may act through trkA as well as trkC and that p75 plays a role in conferring 
specificity to these, receptors. Transgenic mice overexpressing NGF or NT-3 in 
the skin, used to elucidate the contributions of each of these neurotrophins, contain 
an increased number of cells in superior sympathetic ganglia (SCG) that was 
dramatic in NGF overexpressers (150% increase) and more moderate in NT-3 
overexpressers (32% increase) (Davis et al., 1996; Albers et al., 1996). To begin 
to understand the mechanisms by which neurotrophins exert their effect on cell 
number in peripheral ganglia, we have compared the levels of NGF and NT-3 in 
SCG of NGF overexpressing, NT-3 overexpressing, and p75 knockout mice. In 
addition, expression of trkA, trkC, and p75 were analyzed by RT-PCR. In NGF 
overexpressers, ELISAs revealed that NT-3 content in SCGs drops by 70%, while 
the NGF content increased 3-4-fold. The decrease in NT-3 content was correlated 
with a 50% decrease in fu ll-length trkC mRNA. In NT-3 overexpressers, NT-3 
was increased 3-fold with no change in the level of NGF. Finally, mice lacking 
p75 had increased NT-3 and decreased NGF in their SCGs. No differences in trkA 
expression were seen in any of the transgenic mice. These results suggest that 
NGF may modulate expression of trkC, and that p75 is required for normal 
transport of NGF and NT-3 to the SCG. Supported by NS31826 (BMD) and 
MH19917 (BP).
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416.5
CORRELATION OF ANATOMICAL AND FUNCTIONAL PROPERTIES 
OF IDENTIFIED CUTANEOUS FIBERS IN WILDTYPE AND NGF 
OVEREXPRESSING NEONATAL MICE. A.M. Ritter*, C.J. Woodbury, 
B.M. Davis, K.A. Albers and H.R. Koerber. Dept. of Neurobiol., Univ. of 
Pittsburgh, Pittsburgh, PA 15261. Depts. of Anatomy, Neurobiol. and 
Pathology, Univ. of Kentucky, Lexington K.Y. 40536.

Neonatal mice (P0-7) were cold anesthetized and perfused with chilled (4°C) 
oxygenated artificialCSF. The thoracic spinal cord with attached dorsal root 
ganglia (DRG), dorsal cutaneous nerves and back skin were isolated and placed 
in a recording chamber. Single afferent fiber somata were impaled with 
electrodes containing 5% Neurobiotin (NB) in 1M K-acetate. The somal action 
potentials were recorded and the fibers’ receptive fields located. Mechanical 
thresholds and response properties were determined using von Frey filaments 
and one somata per ganglion injected with NB. After allowing 2-10 hr. for 
diffusion the cord, DRG and skin were fixed in buffered 4% paraformaldehyde. 
The central projections of individual fibers were visualized in 25 µm sections 
using avidin-HRP and DAB. DRG somata were located in l2µm sections using 
avidin-FITC. Sections containing stained somata were then reacted with 
antisera for CGRP. Results show that at this stage of development, there is a 
lack of strict correlation between any of the measured parameters including: (i) 
somal spike shape; (ii) peripheral threshold; (iii) CGRP content; (iv) laminar 
distribution of boutons. For example, fibers with non-inflected narrow somal 
spikes and low peripheral threshold could support terminals in the superficial 
laminae and be either CGRP positive or negative. Other CGRP positive cells 
had broad inflected spikes, relatively high mechanical thresholds, but had 
central projections confined to laminae III and IV. This was true for both 
wildtype and transgenic animals. The only consistent difference between the 
two groups was the propensity for both putative myelinated nociceptors and 
low threshold mechanoreceptors to project extensively in lamina II in the 
transgenic animals. Supported by NS 23725 (HRK) and NS 31826 (BMD).

416.7
TRANSGENIC MICE THAT OVEREXPRESS NEUROTROPHIN-4 
IN SKIN EXHIBIT REDUCED INNERVATION TO THE SKIN. 
P H. Ki tzman*, T .N. Perrone1, R.F. Krimm1, B.M. Davis2, K.M . 
Albers 1,2. Depts. of ‘Pathology and 2Anatomy and Neurobiology, 
Univ. of Kentucky Sch. of Med., Lexington, KY 40536.

Neurotrophin-4 (NT-4), as a neurotrophin growth factor, has been 
shown to influence survival and differentiation of vertebrate neurons. 
NT-4 is the most divergent of the neurotrophins and, unlike mice that 
lack either NGF, NT-3, or BDNF, mice lacking NT-4 develop normally 
to adulthood. Our laboratories have studied the role of neurotrophins in 
sensory and sympathetic neuron development using a transgenic mouse 
model system in which neurotrophin expression is upregulated in basal 
keratinocytes of skin. Previous studies have shown that enhancing 
expression of either the NGF, NT-3, or BDNF neurotrophins increased 
survival of particular subpopulations of neurons responsive to each 
neurotrophin. To test whether NT-4 affected sensory neuron survival in 
the skin overexpresser system, we isolated three lines of transgenic mice 
that overexpress the rat NT-4 cDNA (kindly provided by Dr. P. Emfors) 
using the K14 keratin epithelial-specific promoter. Using 
immunocytochemistry we examined PGP9.5- and CGRP-positive 
innervation to the whisker pad region of NT-4 overexpressers. The 
neuronal labeling pattern to this densely innervated target appeared 
reduced when compared to age-matched control skin, particularly in the 
region subjacent to the epidermis. Thus, NT-4 overexpression inhibited 
fiber penetration to the epidermis which is a phenotype similar to that 
found in BDNF transgenic overexpressers. Supported by NIH NS 
09836 (PHK), NS 31826 (BMD) and NS 33730 (KMA).

416.9
EX O GENO U S N T-3 D IFF E R E N T IA L L Y  M O D U LA TES mRNA 
LEVELS O F TH E VESICLE-D O CKIN G  ASSOCIATED PROTEIN  
SNA P-25 IN  IN TA C T AND IN JU R E D  PR IM A R Y  SENSORY 
NEURONS K.A. Gratto* & V.M.K. Verge Dept. Anatomy & Cell Biology, 
Cameco MS/Neuroscience Research Center, Univ. Saskatchewan, Saskatoon, Canada 
S7N5E5

Neurotrophin-3 (NT-3) has been shown to play a role in maintaining the 
differentiated phenotype of a subpopulation of DRG neurons. Additionally it has been 
shown to modulate trkA mRNA expression in the intact state. Synaptosome-associated 
protein 25 (SNAP-25) is a protein that forms an important component of the vesicle-
docking complex, and is necessary for synaptic vesicle fusion and subsequent 
exocytosis. As SNAP-25 is present in DRG neurons we hypothesized that NT-3 may 
play a role in its regulation. Sections of adult rat intact and axotomized (2ld) DRG, 
with and without intrathecal infusion of NT-3 (7d, l4d post-cut), were processed for in 
situ hybridization to detect mRNA encoding trkC, trkA, or SNAP-25. Computer- 
assisted image analysis of serial sections will be used to determine relative levels of 
hybridization signal intensities and the degree of coexpression among the three markers. 
In the intact state SNAP-25 mRNA is expressed at moderate to high levels in all DRG 
neurons; three weeks post-axotomy these levels decrease dramatically. Exogenous NT-3 
mitigates the injury-induced decrease in SNAP-25 mRNA and is most evident in larger 
diameter, likely trkC-positive neurons. In uninjured animals NT-3 infusion results in a 
downregulation of constitutive levels of SNAP-25 message and this decrease appears to 
be principally localized to those neurons of smaller size and, therefore, potentially 
expressing trkA. Thus this differential modulation appears to involve two 
subpopulations of DRG neurons. The return towards normal SNAP-25 mRNA levels 
following injury reflects the role of NT-3 in the maintenance of neuronal phenotype 
while the decrease in message levels observed after infusion may reflect decreased NGF- 
trkA interactions due to reduced trkA levels. These findings implicate NT-3 in 
influencing synaptic vesicle exocytosis. NT-3 supplied by Regenerson Pharm. Inc., 
Tarrytown, NT. Canadian MRC, Univ. o f Saskatchewan Supported.

416.6
PERIPHERAL ANATOMY OF SINGLE CUTANEOUS AFFERENTS IN 

NEONATAL MICE OVEREXPRESSING NGF IN THE SKIN. C.J. 
Woodbury, A.M. Ritter, K.A. Albers, B.M. Davis, and H.R. Koerber*. Dept. 
Neurobiology, U. of Pittsburgh, Pittsburgh, PA 15261 and Depts. Anatomy, 
Neurobiology, and Pathology, U. of Kentucky, Lexington, KY 40536.

Thoracic spinal segments, with intact DRGs, dorsal cutaneous nerves and 
trunk skin, were dissected from cold-anesthetized, decerebrate neonatal mice and 
superfused with oxygenated artificial CSF. Single DRG somata were recorded 
and stained intracellularly with neurobiotin-containing electrodes following 
characterization of the peripheral receptive field of the cell. Among the more 
notable observations on the peripheral processes of fibers: 1) Branching of 
peripheral axons could occur at any point along the nerve and was not restricted 
to a given afferent type. Separate branches did not necessarily run together and 
could even enter the skin via separate fascicles, resulting in mosaic receptive 
fields (RFs). In NGF overexpressers, there was an increase in the number of 
fibers exhibiting branching, contributing to the hyperinnervation of skin seen 
in these animals. 2) A small percentage of fibers gave rise to complex 
terminal endings within the nerve. Physiologically, such endings gave the 
impression of typical 'cutaneous' RFs, and exhibited both Ruffini-type and 
basket-shaped (Meisner) terminal morphology. These findings suggest that the 
formation of complex terminal endings may be an intrinsic property of sensory 
afferents. 3) In addition to classical types of endings within the skin, some 
fibers were observed to ramify within the horizontal plane of the dermis to form 
an intricate plexus of exceedingly fine varicose fibers. Although preliminary, 
these plexes appeared to be more exhuberant in NGF overexpressers compared 
to wild-types. Supported by NS23725 (HRK) and NS31826 (BMD).

416.8
C O N T IN U O U S N G F E X P O S U R E  IS NECESSARY FOR 
NORMAL TACHYKININ EXPRESSION IN ADULT SENSORY 
NEURONS. J.E. Adler* and P.D. Walker. Depts. of Neurology and 
Anatomy & Cell Biology, Veterans Administration Medical Center and 
Wayne State Univ. Schl. of Med., Detroit, MI 48201.

N erve  g ro w th  fa c to r  (N G F) reg u la te s  ex p ress io n  of 
preprotachykinin (PPT) and substance P content in adult spinal 
sensory neurons in vitro and in vivo. We investigated the cellular 
basis for this regulation in cultures of enriched dorsal root ganglion 
neurons from adult rats. In the absence of exogenous NGF, 
substance P  content fell by alm ost 50% during the first week in 
culture. By contrast, with the addition of 50 ng/ml of NGF, substance 
P increased three-fold over the first four days, thereafter attaining a 
plateau that was maintained for at least three weeks. In NGF-treated 
cultures, approxim ately 25% of the neurons immunostained for 
substance P after a week, while none of the neurons in cultures 
deprived of exogenous factor appeared definitively labeled. In NGF- 
deprived cultures, only 6% of neurons were PPT (+) by in situ 
hybridization and most labeled neurons contained sparse silver grains. 
In NGF-treated cultures, 29% of neurons were PPT (+) and virtually 
all were densely labeled. If NGF addition was delayed for 4 days, the 
increase in substance P was severely blunted. Further, the number of 
PPT (+) neurons was virtually identical to that of NGF-deprived 
cultures. Deprivation of NGF at any time during culture caused an 
irreversible fall in substance P suggesting that the continuous presence 
o f  the factor is necessary for survival and/or normal peptide 
expression in a subpopulation of adult peptidergic neurons.
(Supported by a grant from the Veterans Administration)

416.10
PEPTIDERGIC PHENOTYPE OF SENSORY NEURONS IS 
EXPRESSED IN THE ABSENCE OF NGF/TRKA SIGNALLING IN  
VIVO . F.A.White1* and W.D.Snider2. 1Department of Anesthesia and Critical Care, 
MGH/Harvard, Charlestown, MA, 02129 and 2Department of Neurology, Washington 
University, St. Louis, MO, 63110.

Many of the proposed physiological functions for neurotrophins (NTs) in regulating 
peripheral neurons have been difficult to evaluate because of the absolute survival 
requirements for these molecules in embryonic life. For example, expression levels of 
neuropeptides in sensory neurons are under NGF control postnatally, but whether there 
is a requirement for NGF for the acquisition of the peptidergic phenotype in vivo has 
been difficult to test. Recently, we have shown that the BCL-2 homologue, BAX, is 
required for many peripheral neurons to undergo apoptosis in the setting of NGF and 
NT-3 deprivation in vitro and during the period of naturally-occurring cell death in 
vivo (White et al., 1998). Thus, BAX deficiency may allow peripheral neurons to 
survive in the absence of NTs in vivo, and allow a determination of neuronal 
properties that require NTs for expression during development versus those that are 
NT-independent. We have therefore generated mice which are double null for BAX and 
the NGF receptor, trkA. Important populations of normally NGF-dependent neurons 
survive in these mice. In the DRG, neurons which would express CGRP and 
substance P (SP), normally die early in development in trkA nulls. Many CGRP- and 
SP-expressing neurons are present at birth in trkA/Bax double nulls and at least some 
of these peptidergic neurons survive as long as 21 days postnatally. However, the 
NGF-dependent neurons in the double nulls are clearly not normal as most of the mice 
die in the first postnatal week and the behavioral phenotype associated with trkA 
deficiency is not rescued. Furthermore, innervation density in the epidermis and dorsal 
horn as revealed by CGRP and PGP 9.5 antibody labelling is reduced. We conclude 
that the absence of BAX allows NGF-dependent neurons to survive in vivo in the 
absence of NGF/trkA signalling. Expression of the peptidergic phenotype by sensory 
neurons in vivo is clearly NGF-independent. However, preliminary evidence suggests 
that NGF is required for either the formation or maintenance of sensory neuron 
connections. Supported by NINDS.
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416.11
SURVIVAL OF D-HAIR MECHANORECEPTORS REQUIRES FIRST 
NEUROTROPHIN-3 AND LATER NEUROTROPHIN-4 C.L. Stucky, and G.R. 
Lewin* Max Delbrück Center for Molecular Medicine, D-13122 Berlin, Germany.

‘D-hair receptors’ are a type of mammalian cutaneous mechanoreceptor that 
probably innervate small vellus hair follicles and respond to extremely small skin 
displacement. Two previous studies have demonstrated that D-hair receptors require 
both neurotrophin-3 (NT3) and neurotrophin-4 (NT4) during development for 
survival. In adult wild type (WT) mice, D-hair receptors comprise 35% of thin 
myelinated (Aδ) cutaneous afferent fibers. In mice heterozygous for deletion of the 
NT3 gene (NT3+/-), D-hair receptors are reduced to 18% of Aδ fibers (Airaksinen 
et al., 1996 Neuron 16, 287-295), and in adult mice homozygous for deletion of the 
NT4 gene (NT4-/-), D-hair receptors are almost completely gone (reduced to 3.8% 
of Aδ fibers; Stucky et al., 1996 Soc. Neurosci. Abstr. 22:396.5). One question that 
arises is whether D-hairs require NT3 and NT4 simultaneously or at different times 
during development. Thus, we used extracellular electrophysiological recordings in 
an in vitro skin-saphenous nerve preparation to determine the prevalence of D-hair 
receptors in 2-3 week old mice. In WT mice at this age, 36% of Aδ fibers were D- 
hair receptors (n=56). In age matched NT3+/- mice from the same litters, D-hair 
receptors were already reduced to 24% (n=53). These experimenter was always 
blind to the genotype of the animals. Surprisingly, in 2-3 week old NT4-/- mice, D- 
hairs were completely normal in prevalence since 34% of Aδ fibers were D-hairs 
receptors (n=35). Even in 5-6 weeks old NT-4 -/- mice the proportion of D-hair 
receptors was still almost normal at (30%, n=33). These data indicate that D-hair 
receptors require NT3 early in development (before 2 weeks postnatal) and acquire 
a dependence on NT4 starting after 3 weeks of age. Furthermore, these data provide 
some of the first evidence that neurotrophins mediate survival of a functionally- 
defined afferent neuron in mature animals. Supported by DFG

416.13
NEUTRALIZATION OF TGF-ß IN CHICK EMBRYOS 
REDUCES PROGRAMMED CELL DEATH (PCD) IN CILIARY, 
DORSAL ROOT, AND SPINAL MOTONEURONS. S. Richter. 
G.E. Pollerberg*, K. Unsicker, and K. Krieglstein. Neuroanatomy 
and Zoology, Univ. Heidelberg, INF 307, D-69120 Heidelberg.

The regulation of PCD in the developing nervous system 
involves, inter alia, target-derived survival factors and afferent 
synaptic activity. TGF-ßs are multifunctional cytokines with 
widespread distribution in both the nervous system and peripheral 
target tissues. Three TGF-ß isoforms exist in higher vertebrates in a 
largely overlapping fashion. In order to explore a putative 
involvement of TGF-ß in PCD we have administered neutralizing 
antibodies to TGF¯ßl/2/3 to chick embryos during the period of 
ontogenetic cell death (E6-E10) of ciliary (CG), lumbar dorsal root 
(DRG), and lumbar motoneurons (MN). Control embryos were 
injected with an anti-mouse IgG. Neuron counts at E10 revealed 
that numbers of CG neurons were identical to neuron numbers at 
E6. TUNEL labeling provided evidence for the absence of 
apoptotic cells. Together, the data indicate that PCD did not 
occurred in the CG. In the MN population neutralization of TGF-ß 
elicited almost identical effects. In DRG administration of TGF-ß 
antibodies substantially reduced PCD. We conclude that execution 
of PCD in the development of three representative populations of 
PNS and CNS neurons requires the action of TGF-ß. Supp. by DFG.

416.12
NERVE GROWTH FACTOR (NGF) INCREASES THE HEAT CURRENT IN 
ISOLECTIN-B4 (IB4)-NEGATIVE SENSORY NEURONS C.L.Stucky* and G.R. 
Lewin, Max Delbrück Center for Molecular Medicine, D-13122 Berlin, Germany.

A subpopulation of sensory neurons in culture has been shown to respond with an 
inward, non-selective cation current to a heat stimulus applied directly to the cell 
soma (Cesare and McNaughton, 1996, PNAS 93:15435-9). Since a subpopulation of 
small-diameter dorsal root ganglion neurons expresses the lectin IB4 and a different 
population expresses the high-affïnity NGF receptor trkA, we wanted to determine 
whether heat-sensitivity correlates with expression of IB4 or the trkA receptor. 
Moreover, NGF injected in vivo induces heat hyperalgesia and causes sensitization 
of unmyelinated nociceptors to heat (Lewin and Mendell, 1994, J. Neurophysiol. 
71:941-9). Therefore, we also investigated whether NGF can directly sensitize 
isolated sensory neurons to heat stimuli. We used whole cell patch clamp analysis to 
record from 150 dorsal root ganglion neurons in culture (< 30 µm diameter). 
Neurons were first tested for expression of IB4 by incubating the culture with 
fluorescent-labeled IB4 for 10 min. After achieving whole-cell patch configuration, 
neurons were tested for responsiveness to heat by superftxsion with 22-49 °C buffer. 
There was no difference in the percent of IB4-positive (42%) and IB4-negative 
(54%) neurons that responded to heat and no difference in the mean inward current 
evoked by heat. Neurons were then treated with either NGF (100 ng/ml) or an 
antibody against NGF for 24 to 48 hours and subsequently tested for responsiveness 
to heat. NGF treatment had no effect on the magnitude of the heat-evoked current in 
IB4-positive neurons. In contrast, NGF caused a 2-fold increase in the heat-evoked 
current in the IB4-negative population (290 ± 54 to 524 ± 101 pA). These data 
indicate that the NGF-induced sensitization of nociceptors to heat occurs directy 
within the neuron and that NGF enhances the heat-activated current selectively 
among the trkA-expressing neurons. Supported by DFG.

416.14
NT-4/5 IS REQUIRED FOR THE DEVELOPMENT OF BDNF RESPONSIVE 
NEURONS IN SENSORY GANGLIA. D.J. Liebl*, L.J. Klesse and L.F. 
Parada. Ctr. for Developmental Biology, UT Southwestern Medical Center; 
Dallas, Tx 75235.

Neurotrophins are essential for the pruning and sculpting of the 
peripheral nervous system during the period of naturally occurring death. 
Recently, brain derived neurotrophic factor (BDNF) and neurotrophin-3 (NT-3) 
have been implicated in periods preceding neuronal differentiation and target 
innervation (Liebl et al., 1997). Neurotrophin 4/5 (NT-4/5), like BDNF, is a 
high affinity ligand for the tyrosine kinase receptor-trkB. However, unlike 
BDNF, NT-4/5 has not been implicated in the trophic support of neural crest 
derived sensory neurons. While neuronal losses of about 35% occur in BDNF 
mutant mice, no significant losses are observed in NT-4/5 mutant mice. The 
present studies suggest an early function for NT-4/5 in developing dorsal root 
(DRG) and trigeminal ganglia. When the NT-4/5 mutation was introduced into 
the BDNF null background (BDNF -/-; NT-4/5 -/-), we were surprised to find 
that no losses in neurons, compared to wildtype, were observed. This suggested 
an apparent rescue of the BDNF mutant phenotype. However, analysis of the 
NT-3 x NT-4/5 double mutants revealed additional losses to that of NT-3 alone. 
We have performed in vitro DRG studies, proliferation studies and 
immunocytochemical studies on NT-4/5 mutants. Our data support a model in 
which NT-4/5 is required early in gangliogenesis for the generation of BDNF 
responsive neurons. In the absence of NT-4/5, a different, NT-3 dependent 
cohort of neurons emerges to replace the void created by NT-4/5 loss. We 
hypothesize that NT-4/5 functions in the determination of a BDNF dependent 
subset of neural crest derived sensory neurons. In the absence of NT-4/5, early 
precursor cells undergo a different developmental program acquiring NT-3 
dependency and phenotypes.
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417.1
ADNF-9 protects neurons against oxidative stress-induced death by activation 
of the transcription factor NF-kB . G. W. Glazner*, A. Boland, A. Dress, D.

on Aging and Dept. of Anatomy & Neurobiology, Univ. of Kentucky, 
Lexington, KY 40536. NICHD, NIH, Bethesda, MD 20892. Dept. of Clin. 
Biochem., Sackler School of Med., Tel Aviv Univ. Tel Aviv, Israel.

Activity-dependent neurotrophic factor (ADNF) and a 14 amino acid 
fragment of this peptide (sequence VLGGGSALLRSIPA) have been shown to 
protect neurons from death associated with an array of toxic conditions (J. 
Clin. Invest 97: 2299-2307). We reported last year that an even smaller, 9 
amino acid fragment (ADNF9) with the sequence SALLRSIPA rapidly 
protects cultured embryonic (E l8) rat hippocampal neurons from oxidative 
injury and neuronal apoptosis induced by FeSO4 and serum withdrawal. 
ADNF9 maintained mitochondrial function and a reduced in accumulation of 
intracellular oxidants. We tested the hypothesis that ADNF9 induces NF-kB 
activation. Cultured cortical neurons (E l8) were treated with either vehicle 
or 10-13 M A9, and DNA-binding proteins were examined for the presence of 
activated NF-kB by gel-shift analysis. NF-kB activation increased 4 to 6-fold 
within 1 hour of treatment, remained at this high level for at least 6 hours, 
and then dropped nearly to control levels by 24 hours. Pre-incubation of 
ADNF9 with a specific anti-ADNF antibody blocked this activation. 
Hippocampal neurons were then treated with either vehicle or exogenous kB 
decoy DNA, which is a small oligonucleotide sequence corresponding to NF- 
kB binding site, followed by 10-13 M A9, and then 5µM FeSO4. kB decoy 
DNA significantly reduced the protective effects of ADNF9, indicating that 
NF-kB activation is a critical component of the protective effect of ADNF9 
against oxidative stress, (supported by NIH).

417.2
ACTIVITY DEPENDENT NEUROTROPHIC PROTEIN IS NEUROPROTECTIVE 
IN A MOUSE MODEL OF CLOSED HEAD INJURY. L. Beni-Adani1, S. Pomeranz1, 
M. Bassan2, G. Gibney3*, D.E. Brenneman3 and I. Gozes2 and E. Shohami4. Depts. of 
Neurosurgery1 and Pharmacol , The Hebrew University, Hadassah Med. Ctr., 
Jerusalem, Clin. Biochem., 2Sackler School of Medicine, Tel Aviv University, Tel Aviv 
and 3Sec. on Dev. and Mol. Pharmacol. NICHD, NIH, Bethesda, MD 20892.

Brain injury induces the disruption of the blood brain barrier (BBB), edema, and the 
release of autodestructive factors resulting in delayed neuronal damage and 
abnormalities in motor and cognitive functions. In parallel, the brain activates 
protective and repair mechanisms to minimize the final damage. Vasoactive intestinal 
peptide was shown to be neuroprotective through the induced release of a family of 
activity dependent neurotrophic factors from astroglial cells (JCI 97: 2299, 1996). In 
this family, activity dependent neuroprotective protein (ADNP)and peptide derivatives 
were shown to be effective in several pathologies. The role of ADNP as a 
neuroprotective agent was investigated in a mouse model of closed head injury (CHI). 
Male mice were randomized for saline or ADNP treatments 1-2h after CHI. Their 
clinical status was evaluated by a Neurological Severity Score (NSS, scoring 1-10) at 
lh and at various later intervals (24h-3Od after CHI) and recovery was evaluated as the 
difference (DNSS) between NSS at lh and at any later time. Brain edema was 
determined as percent water content 24h after CHI. Brains were fixed and stained with 
H&E at injured site of the cortex and the hippocampus, and percent dead neurons was 
calculated. For comparison, mice were matched by severity of trauma (NSS at lh) and 
by macroscopically and microscopically observations of the brains. An ADNP-derived 
peptide facilitated the clinical recovery, thus treated mice had a higher DNSS 
(p<0.005) than controls. Water content (78.5±0.3% in normal brain) was elevated after 
CHI to 84.43±0.6% in vehicle-treated mice, and only to 8O.23±O.O3% in ADNP-treated 
mice (p<0.01). Hippocampal neuronal mortality was unaffected by the treatment in the 
severely traumatized mice, whereas a trend towards protection by ADNP was found 
after less severe injury. The neuroprotective effects of ADNP in our mouse CHI model 
suggest further studies into its potential therapeutic application to head injured 
patients. (Supported by U.S.- Israel BSF, The Lily and Avraham Gildor Chair for the 
Investigation of Growth Factors (I.G.)
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417.3
IN VITRO DEGENERATION OF DOWN SYNDROME NEURONS 
IS PREVENTED BY ACTIVITY-DEPENDENT NEUROTROPHIC 
FACTOR-DERIVED PEPTIDES.
A. Pelsman1, G. Fernandez1, 1. Gozes2, D. Brenneman3 and J. Buscielio1*. 1Dept. 
Pharmacology, Univ. of Connecticut Health Center, Farmington, CT, 06030; 
2Dept. Clinical Biochem., Sackler Med. School, Tel Aviv Univ. 69978, Israel; 
3Dev. Mol. Pharmacol., NICHD, NIH, Bethesda, MD 20892.

Activity-dependent neurotrophic factors (ADNF) have been recently characterized 
as a novel family of growth factors that exhibit neuroprotective properties against a 
variety of insults at femtomolar concentrations (JCI 97:2299, 1996). The 
protective effect of ADNF-derived peptides was tested in Down syndrome (DS) 
cortical neurons grown in culture. Cultured DS neurons exhibit increased 
generation of intracellular free radicals and increased lipid peroxidation leading to 
neuronal apoptosis (Nature 378:776, 1995). Around 50% of the neurons originally 
present in DS cultures are lost during the second week in vitro. In contrast, 
normal neurons survive well for more than 10 weeks. ADNF-derived peptides were 
added to the culture media 24 hours after plating and replenished every 2 days. 
Cultures were fixed at days 10 and 14 and the number of viable neurons was 
determined after neuronal-specific staining with an Ab against tubulin class III. 
ADNF-derived peptides prevented degenerative changes such as neuritic retraction, 
fragmentation and cell clumping. DS neuronal degeneration was effectively 
blocked at doses ranging from 1013 to 10-15 M. Similar concentrations were also 
effective to prevent apoptosis of normal human cortical neurons induced by 
exposure to 50 µM H2O2 for 60 minutes. The results show that ADNF-derived 
peptides protect DS and normal human cortical neurons from oxidative damage and 
free radical-induced apoptosis. ADNF-derived peptides may be useful therapeutic 
agents for the treatment of neurodegenerative disorders. Supported by Neuropeptide 
Dynamics Inc. and the University of Connecticut Health Center (JB); Israel-USA 
BSF and The Lily and Avraham Gildor Chair for the Investigation of Growth 
Factors (I.G.)

417.5
A C TIV IT Y  D E PE N D ENT NEUR O TR O P H IC  FACTO R RELEASES 
C Y TO KIN ES  FROM  AS TR O G LIA . J. H auser1* ,T.M. Phillips2, l.G ozes3 
and D.E. Brennem an1. 1Lab. Dev. Neurobiol., N ICHD, NIH, Bethesda, 
M D 20892; 2lm m unochem . Lab., G eorge W ash ing ton  Univ. Med. 
Center, W ashington, D.C.; Dept. o f Clin. Biochem., Sackler Med. Sch., 
Tel A viv Univ. Tel Aviv, Israel.

Vasoactive intestinal peptide (VIP) re leases activity dependent 
neuro troph ic fac to r (ADNF) from  cultured astrocytes derived from  
new born rat cerebral cortex (J. Clin. Invest. 97:2299. 1996). AD N F is 
a 14 kDa protein tha t has fem tom ola r neu roprotective actions against 
cell death associa ted w ith te trodotoxin and gp120 (envelope protein 
from  the hum an im m unodeficiency virus). In the  present study, purified 
AD N F was incubated with cultured astrocytes to  test fo r the release o f 
cytokines. Capillary electrophoresis and chem ilum inescence-enhanced 
ELISAs w ere em ployed to  m easure the  com plex m ixture o f cytokines 
released by AD NF during 90 min. incubations. The follow ing cytokines 
w ere  increased in the m edium  a fte r AD N F trea tm ent: interleukin-1 
alpha, interleukin-6, m acrophage co lony-stim ulating fa c to r and 
granulocyte colony-stim ulating factor. S ignificant increases in these 
cytokines were observed at 10-17 M ADNF. C oncentra tion -e ffect 
stud ies dem onstrated a m ultiphasic pattern o f release, suggesting a 
com plex mechanism  o f action fo r this secretogogue activity. The array 
o f cytokines released by AD N F is s im ila r to tha t observed a fter 
trea tm ent o f astrocytes w ith VIP. These studies suggest tha t som e o f 
the properties o f V IP  and AD N F m ay be m ediated by the release of 
cytokines and that glia-derived factors  provide autocrine regulation that 
contro l the neurotrophic m ilieu im portant to  the  survival and 
d iffe ren tia tion o f CNS neurons. (Supported by U .S .-Israel Binational 
Science Foundation and N ICHD Intram ural R esearch Program ).

417.7
N E U RO TRO PH IC FA CTO RS A C TIV ITY -D E PEN D EN T N EURO TRO PHIC 
FA CTO R AND EA RLY PR EG N A N C Y  FA CTO R: REG U LA TIO N  OF m RNA 
FO R VIP, IGF-I, AN D EPF DU RIN G  EM BR Y O G EN ESIS. C.Y. S p o n g 1*, S.J. 
L e e 1, S.K. M cC une2, D.E. B ren n em an 1, J.M . H ill1. 1Section on Devel. and 
M olecular Pharm acology, LDN, NICH D, N IH, Bethesda, M D 20892, 2Dept. 
o f N eonatology, C h ild ren’s H ospital, W ashington DC 20010.

A ctiv ity-dependent neurotrophic  factor (AD NF), insulin-like growth 
factor-I (IG F-I), early  pregnancy factor (EPF), and vasoactive intestinal 
peptide (V IP) are know n grow th regulators o f the em bryonic  day 9 m ouse. 
To understand  the relationship  betw een these grow th factors during this post-
im plantation  period, w hole em bryo (E 9) cultures were treated for 4 h with 
ADNF, EPF or their an tisera (an ti-V L G 15 and an ti-E P P 20) respectively, and 
m RN A  levels of VIP, EPF and IGF-I were quantified  in the em bryo and 
decidua. Pre- and postincubation  som ite counts were obtained. The effects 
o f the treatm ent were com pared  to the contro ls. A D N F and EPF increased 
som ite grow th over control (P < .001, .07 respectively). A nti-V L G 15 and anti- 
E P P 20 inhibited som ite growth com pared  to contro l (P < .01). VIP mRNA 
was not present in the em bryo. In the decidua, VIP m RNA had a trend  
tow ard elevation after treatm ent with an ti-V L G 15 and anti-E P P 20. IGF-I 
m RN A  was increased only in the em bryo after treatm ent with A D NF (P < 
.02). EPF m RN A  was decreased in only the em bryo after treatm ent with EPF 
(P < .02). IGF-I, VIP, or EPF m RN A  in decidua does not appear to be altered 
by treatm ent with these peptides. The decrease in EPF m RNA in the em b ry o  
in response to treatm ent with EPF is likely the result o f negative feedback. In 
the em bryo, treatm ent with A D N F increases IGF-I m RNA , suggesting that the 
em bryonic grow th associated with A D N F is m ediated through IGF-I. U nlike 
the know n interaction betw een VIP stim ulation o f A D N F release, and the 
interaction betw een A D N F and IGF-I, an interaction betw een EPF and VIP or 
IG F-I was not apparent.
Supported  by the N IC H D  Intram ural Program .

417.4
VIP AND ADNF-9 INFLUENCE INTRACELLULAR AND EXTRACELLULAR 
HEAT SHOCK PROTEINS. R. Zamostiano1*, M. Bassan1, E. Giladi1, A. 
Davidson1, Y. Wollman2, J. Pitman3, J. Hauser3, G. Gibney3, R . Castellonc, D. E. 
Brennemanc and I. Gozesa aClin. Biochem., Sackler Med. Sch., Tel Aviv Univ.,Israel; 
bTel-Aviv Med.Cent.,Nephrol.cSDMP, LDN, NICHD, Bethesda, MD.

Stress-induced proteins are intracellular proteins that have multiple 
functions including minimization of cellular damage after toxic insults. Here, a 
secreted heat shock 60 (hsp60)-like protein was detected by Western blot analysis in 
conditioned medium obtained from astroglial cultures derived from rat cerebral 
cortex. An hsp60-like protein was also observed in conditioned medium from a 
human neuroblastoma cell line, increasing (2-3-fold) after acute exposure to 
vasoactive intestinal peptide (VIP) and with elevated temperatures. Intracellular 
hsp6O was reduced (3-fold) in the presence of VIP, and this reduction was attenuated 
after addition of the inhibitor of protein trafficking and secretion, brefeldin A. 
Treatment with VIP produced no significant increases in lactate dehydrogenase, an 
intracellular enzyme marker. Purified hsp6O from rat brain exhibited survival- 
promoting activity (EC50 l0fM) in rat cerebral cortical cultures treated with 
tetrodotoxin. These data indicated that an hsp60-like protein can be spontaneously 
secreted by neurons and glial cells and afford neuroprotection. VIP, a recognized 
secretagogue for neurotrophic substances, such as Activity-Dependent Nerotrophic 
Factor (ADNF), can increase the amount of hsp60-like immunoreactivity in 
conditioned medium without cellular damage. To explore possible interactions of 
hsp6O and ADNF, the 9 amino acid - active peptide fragment of ADNF (ADNF-9) - 
was chronically incubated with neurons in culture resulting in increases in 
intracellular hsp60. Our working hypothesis is that neuronal VIP affects glial cells 
to secrete ADNF and hsp60, contributing to extracellular and intracellular protection. 
US-Israel BSF; Lily and Avraham Gildor Chair for Investigations of Growth Factors 

(I.Gozes).

417.6
VASOACTIVE INTESTINAL PEPTIDE AND ACTIVITY DEPENDENT 
NEUROTROPHIC FACTOR RELEASE CHEMOKINES FROM ASTROGLIA. D.E. 
Brenneman,1* J. Hauser,1 I. Gozes2 and T.M. Phillips3. 1Lab. Dev. Neurobiol., NICHD, 
NIH, Bethesda, MD 20892; 2Dept. Clin. Biochem., Sackler Med. Sch., Tel Aviv Univ., 
Israel, 3Immunochem. Lab., George Washington Univ. Med. Ctr., Washington, D.C.

Vasoactive intestinal peptide (VIP) has neurotrophic and neuroprotective actions on 
CNS neurons. The survival-promoting action o f VIP is mediated through the release o f 
astroglia-derived substances, including cytokines, protease nexin-1 and activity 
dependent neurotrophic factor (ADNF), a 14 kDa protein with femtomolar activity (J. 
Clin. Invest. 97:2299, 1996). In the present study, VIP or purified ADNF were 
incubated with cultured astrocytes derived from newborn rat cerebral cortex to test for 
the release o f RANTES and macrophage inflammatory protein-1 alpha (M IP-lα  ) into 
the medium. The chemokines were measured by capillary electrophoresis and 
chemiluminescence-enhanced ELISA. VIP treatment for 90 min produced secretion 
for M IP-lα (EC50 o f 10 pM). A 100-fold greater concentration o f VIP was required to 
produce significant increases in RANTES. Similarly, treatment o f astrocytes with 
purified ADNF produced the secretion o f both RANTES and M IP -lα  . The EC50 for 
M IP-lα release was 0.3 fM ADNF, with 10 fM ADNF producing significant increases 
in RANTES. Since VIP and ADNF increase neuronal survival, the effects of the 
chemokines and neutralizing antiserum to these chemokines were tested. Antiserum to 
RANTES had no detectable effect on neuronal survival in cerebral cortical cultures. 
However, antiserum to M IP-lα produced neuronal cell death that was prevented by co-
treatment with M IP-lα, suggesting that this endogenous chemokine exerts a tonic 
regulation important to neuronal survival. Although neither chemokine alone had an 
effect on neuronal survival, these chemokines prevented neuronal cell death associated 
with gp  l2 0, the envelope protein from the human immunodeficiency virus. The 
neuroprotective action of VIP against gp120 toxicity was attenuated by co-treatment with 
anti-MIP-1 α. These studies suggest that the neuroprotective action o f VIP and ADNF 
is linked in part to the action o f M IP-lα.
Supported by U.S.-Israel Binational Science Foundation and NICHD Intramural 
Research Program.

417.8
ACTIVITY-DEPENDENT NEURO TRO PHIC FACTOR PEPTIDES 
REGULATE BRAIN A N D  BODY GROW TH IN THE PRENATAL 
MOUSE. J.M. H i l l 1*,  S.J. Lee2, G. G ibney 1, I. Gozes3,  D .T. Abebe1, G.W . 
G lazner4 and D.E. Brennem an1. 1Section on D evelopm ental and M olecular 
Pharm acology, N ICH D , N IH , B ethesda, MD, 20892; 2Center for 
N eurobiology and Behavior, Colum bia U niversity , NY, NY 10032; 
3Sackler M edical School, U niversity  of Tel A viv, Tel A viv, Israel; 4
Sanders-Brow n Research C enter on Aging, U niversity  of Kentucky, 
Lexington, KY, 40536.

A ctiv ity -dependen t neurotrophic  factor (ADNF) is a neuropro tective 
factor released  from astrocytes after s tim ula tion  w ith  v a so ac tiv e  
in tes tin a l p ep tid e  (VIP). Both VIP and A D NF h ave  been shown to be 
im p o rtan t regulators of early  p o s tim p lan ta tio n  mouse embryonic g row th . 
ADNF-14 and ADNF-9, 14 and 9 am ino acid sequences of ADNF, h a v e  
been found to be neuroprotective in CNS cultures. In the current study , a 4 
ho u r treatm en t of w hole  cultured day  9.5 mouse embryos w ith  the A D N F 
p ep tides (10-9M to 10-15M) resu lted  in significant increases in grow th  as 
m easured by som ite number and cross sectional area. Embryonic grow th  
w as g reatest at p ep tid e  concentrations of 10-11M and 10-13M. A 6 hour 
incubation w ith  an tiserum  to ADNF-14 inh ib ited  g row th , as d id  
trea tm en t w ith  an  anti-VIP antibody. C o trea tm en t w ith  A D N F and a n ti-  
VIP resu lted  in embryonic g row th  not s ignificantly  d iffe ren t from grow th  
w ith  A D NF alone. These d a ta  indicate  th a t an tiserum  to A D N F-14 
recognizes an endogenous A D N F-like g row th-prom oting  factor and t h a t  
the AD NF p ep tides encom pass the active site of the paren t m olecule. 
S upported  by  the N ICH D  In tram ural Program .
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417.9
THE HUMAN cDNA OF A FEMTOMOLAR-ACTING ACTIVITY-DEPENDENT 
NEUROPROTECTIVE PROTEIN. I. Gozes*1, R. Zamostiano1,  M. Bassan1,  A. 
Pinchasoy1, E. Giladi1 and D. E. Brenneman2. 1Dept. Clin. Biochem., Sadder Med. 
Sch., Tel Aviv Univ., Israel; 2SDMP, LDN, NICHD, NIH, Bethesda, MD 20892.

The complete coding sequence of a unique survival-promoting mouse protein (828 
amino acids, pI 5.99) of the activity-dependent neurotrophic factors (ADNFs) family 
was recently revealed. As the protein prevented neuronal death associated with 
electrical blockade, it was defined as activity-dependent neu]oprotective protein 
(ADNP). RNA transcripts were identified in rat astroglia and immunoreactive protein 
was detected in the extracellular milieu of these cells. Gene expression was enriched in 
the brain, especially in the hippocampus, and was shown to increase in cognitively 
compromised apolipoprotein E-knockout mice, a model capturing features of 
Alzheimer’s disease. An eight amino acid peptide was identified as an active site, 
providing neuroprotection at sub-femtomolar concentrations. The peptide not only 
retained the potency, but also exhibited a broader range of effective concentrations than 
the parent protein. The peptide protected neurons against toxicity associated with the ß- 
amyloid peptide, N-methyl D-aspartate and the HIV envelope protein. Daily peptide 
injections to newborn mice apolipoprotein E-deficient mice prevented long-term 
learning and short-term memory deficits. An 88.7 %  identical cDNA has been isolated 
from a human fetal brain library. Northern hybridization showed a single RNA species 
in human neuroblastoma cells. In a survey of human brain regions, an abundance of 
ADNP-encoding mRNA was observed in the hippocampus, frontal lobe, cerebellum, 
medulla oblongata, subthalamic nucleus and spinal cord. Furthermore, expression was 
observed in fetal tissues, especially in the lung. Finally, endocrine tissues also have 
shown increased levels of the ADNP transcript. These results suggest an hormonal and 
growth factor role for ADNP in man. The active peptide from mouse ADNP was also 
identified in the human cDNA. This peptide’s demonstrated benefit provides a 
potential basis for therapeutic intervention against neurodegenerative diseases.
US-Israel BSF; Lily and Avraham Gildor Chair for Investigations of Growth Factors (I. Gozes).

417.10
NEUROTROPHIC EFFECTS OF PACAP ON SEPTAL 
CHOLINERGIC NEURONS IN VITRO AND IN VIVO.
N. Takei*1, M.V. Sofroniew2, A. Yuhara3, Y. Abiru3, E. Torres2 
Y. Skoglosa1, A. Mercer1, H. Hatanaka2 and P. Lindholm1 
1Dept. of. Developmental Neuroscience, BMC, Uppsala, Sweden. 
2Institute, for Protein Res. Osaka Univ. Suita, Osaka Japan 
3Brain Repair Centre, MRC, Cambridge, UK

Pituitary adenylate cyclase-activating polypeptide (PACAP) 
is a neuropeptide of the VIP family. The expression 
patterns of PACAP and its receptor which is altered during 
the development suggest that PACAP may have a role in 
brain development. We present the results of neurotrophic 
effects of PACAP on cultured septal cholinergic neurons in 
compaired with NGF. In the primary culture of septal 
neurons from both embryonic day 17 and postnatal day 14 
rats, PACAP prom oted  the survival o f ch o lin e  
acetyltransferase (ChAT)-immunoreactive neurons in a 
dose-dependent manner. Chronic infusion of PACAP 
partially protected the decline of cholinergic neurons after 
fimbria transection. All the animal cares were performed 
according to the NIH guideline. Whereas NGF induces the 
ChAT activity but not promotes the survival in embryonic 
stage, PACAP promotes the survival of cholinergic neurons 
from early developmental stage to adult. The results suggest 
that PACAP is an another candidate for cholinergic 
neurotrophic molecule in the CNS.

417.11

PITUITARY ADENYLATE CYCLASE-ACTIVATING POLYPEPTIDE (PACAP38) 
INDUCED NEURITE OUTGROWTH IN PC12 CELLS IS PKC AND ERK-
DEPENDENT. P. Lazarovici1, H. Jiang2, and D.W. Fink. Jr. 3 *. Dept. of 
Pharmacology, Hebrew Univ. of Jerusalem; 2Sec. on Growth Factors, NICHD; 
3Div. Of Cytokine Biology, CBER/FDA, Bethesda, MD 20892.

PACAP38 elicits a robust outgrowth of neurites in cultured PC12 cells. 
Dominant negative Src and Ras variant PC12 cells, as well as selective protein 
kinase pharmacologic antagonists have been utilized to identify critical ele
ments of the signal transduction cascade responsible for PACAP38-induced 
neuritogenesis. Initiation of neurite outgrowth occurs within 4-8 h following 
addition of 5 nM PACAP38 to wild type PC12 cells. Treatment with PACAP38 
does not elicit collateral activation of p140trk NGF receptor tyrosine kinase activ
ity nor is it associated with tyrosine phosphorylation of SNT, a selective target 
of neurotrophin receptors proposed to be involved in mediating neurotrophic 
factor-induced neuronal differentiation. Induction of neurites is also observed 
upon addition of PACAP38 to dominant negative Src and Ras PC12 cell 
variants. PACAP38 stimulates Erk activity >10-fold within 5 min. Both the in
duction of neurites and activation of Erk elicited by PACAP38 are augmented 
by co-administration with EGF. Pretreatment with the cAMP-dependent pro
tein kinase (PKA)-selective inhibitor, H-89, at concentrations that prevent 
activation of PKA, partially inhibits PACAP38-induced neurite outgrowth, 
whereas, down-regulation of protein kinase C (PKC) by phorbol ester or 
incubation with PKC-selective inhibitors GF-109203X and calphostin C 
effectively block PACAP38-stimulated neurite formation. Inhibition of the dual-
specific, Erk kinase, MEK, by pretreatment with PD90 59 also prevents 
PACAP38-induced neurite outgrowth. Collectively, these findings indicate 
that PACAP38-stimulated neuritogenesis requires PKC and Erk activation, but 
is independent of PKA, Trk, Ras and Src.

N EU R O N A L DEATH IV

418.1

SKIN-DERIVED NGF MODULATES MESSAGE LEVELS OF 
APOPTOSIS-RELATED GENES IN DEVELOPING TRIGEMINAL 
GANGLIA. H.F. Figueiredo1, B .M. Davis2, and K.M. Albers*. Grad. 
Center for Toxicology1 and Depts. o f  Anatomy & Neurobiology2 and 
Pathology*, Univ. o f  Kentucky College o f  Medicine, Lexington, KY 
40536.

Survival o f  nerve growth factor (NGF)-dependent sensory neurons is 
developmentally regulated by limiting amounts o f N GF released by 
target organs such as skin. Using a transgenic mouse model that 
specifically overexpresses NGF in skin (K 14-N G F mice) (Albers et al. 
1994), we have demonstrated that developmental neuronal cell death is 
attenuated in trigeminal ganglia o f  these animals predominantly at 
embryonic day E14.5 (Figueiredo et al. 1997 Soc. for N eurosci. 
Abstract). Because cell death is mediated by apoptosis-related genes 
(e .g ., Bcl-2, Bax, and c-Jun), w e hypothesized that m RNAs encoding 
these genes were altered in trigeminal ganglia o f K 14-N G F mouse 
embryos. To test this hypothesis, relative amounts o f  apoptosis-related 
gene mRNAs were measured in trigeminal ganglia o f  E14.5 K 14-N G F  
transgenic ând control mice by RT-PCR. Message level for Bax, a pro- 
apoptotic gene, was decreased in K 14-NGF mouse ganglia, but no 
change in message level for the anti-apoptotic gene Bcl-2 was observed. 
Message level o f  c-Jun, a transcription factor implicated in cell death, 
was also decreased in K14-NGF mouse ganglia. These observations 
suggest that downregulation o f Bax and c-Jun mediate the survival 
effect o f  target-derived NGF on developing sensory neurons. Bcl-2, 
Bax, and c-Jun proteins levels, as determined by Western blot and 
immunohistochemistry, w ill also be reported. Supported by NIH grants NS 
33730 (KMA), NS 531826(BMD), and supplement to NS 33730(HFF).

418.2
OVEREXPRESSION OF THE MITOCHONDRIAL PROTEIN SM-20 INHIBITS 
NGF-MEDIATED SURVIVAL IN SYMPATHETIC NEURONS. E.A. Lipscomb*1, 
P.D. Sarmiere2, and R.S. Freeman2. 1Department o f Environmental Medicine and 
2Department o f Pharmacology and Physiology, University o f Rochester School of 
Medicine, Rochester, NY 14642.

The withdrawal o f nerve growth factor (NGF) from sympathetic neurons results 
in cell death. Since the death o f these neurons is blocked by inhibitors o f RNA and 
protein synthesis, we hypothesize that genes specifically expressed following NGF 
withdrawal are likely to be important in the apoptotic pathway. Using the technique 
o f differential display, we identified a gene, SM-20, that is preferentially expressed 
in NGF-deprived (dying) versus NGF-maintained (healthy) sympathetic neurons. 
To begin characterization o f the SM-20 protein, we performed subcellular 
localization studies. These immunofiuorescent experiments identified SM-20 as a 
mitochondrial protein that exhibited the same subcellular patterning as Rhodamine 
123, a mitochondrial selective dye. We have also demonstrated that the first fifty 
amino acids o f SM-20 are sufficient to target dihydrofolate reductase (DHFR), a 
known cytosolic protein, to the mitochondria. Additional SM-20/DHFR fusion 
constructs are currently being generated to further delineate the minimal 
mitochondrial targeting presequence in SM-20. To explore the significance o f SM- 
20 in the apoptotic pathway, we overexpressed SM-20 in sympathetic neurons 
maintained in the presence o f NGF. Microinjection o f SM-20 expression vectors 
resulted in decreased cell survival as compared with β-galactosidase injected 
controls. These results have lead us to hypothesize that increased SM-20 protein 
may contribute to neuronal death by affecting mitochondrial function. Studies 
currently underway will permit us to investigate the effects o f tetracycline inducible 
expression o f SM-20 on die survival, differentiation, and proliferation o f rat 
pheochromocytoma-derived PC12 cells. Supported by grants from the NIH 
(NS34400), the Markey Charitable Trust, the Paul Stark Endowment Fund to the 
University o f  Rochester, and the NIH Toxicology Training Grant ES07026.
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418.3
POTENTIATION OF OXIDATIVE STRESS BY NT-4/5 IN VITRO AND IN 
VIVO. S.J. W o n * , E.C. Park1, H. W. Ko1, S. Sohn2, H.J. Kwon2, B.J. Gwag1. 
1Dept. of Pharmacology, School of Medicine and 2Lab. of Cell Biology, 
Institute for Medical Science, Ajou Univ., Suwon 442-749, Korea.

The neurotrophins, a family of nerve growth factor (NGF), play an 
essential role in the development and maintenance of the peripheral and 
central nervous system. But, evidence is being accumulated that 
neurotrophins can potentiate certain forms of neuronal death in vitro. We 
examined the effect of NT-4/5 on the free radical-mediated neurotoxicity in 
vitro and in vivo. Cultured striatal neurons exposed to 10 µM Fe2+ or 1 mM 
BSO underwent submaximal neuronal death over the next 24hr. The death 
was markedly increased with cotreatment of 10-100 ng/ml NT-4/5. The 
NT-4/5-induced potentiation of Fe2+ or BSO injury was preceded by cell 
body swelling and blocked by 100 µM trolox, suggesting that NT-4/5 
enhances oxidative neuronal necrosis. In adult rats, the intrastriatal 
injections of 2-60 nmole Fe2+ produced widespread degeneration apparent 
by TUNEL-positive cells around injection sites 24hr later. The 
degenerating neurons following Fe2+ treatment showed typical necrosis 
accompanying swollen cell body and mitochondria, fenestration of plasma 
membrane, and irregularly scattered condensation of nuclear chromatin. 
The Fe2+-induced striatal injury was blocked by co-injections of 200 nmole 
trolox but significantly potentiated by co-injections of 1.8 µg NT-4/5. NT- 
4/5 induced rapid phosphorylation of the Trk receptor in striatal cells in 
vitro and in vivo, suggesting that the deleterious effect of NT-4/5 is likely to 
involve activation of the receptor tyrosine kinase. The current study 
supports that neurotrophins can enhance free radical-induced neuronal 
necrosis both in vitro and in vivo. Supported by Korean Ministry of Health 
and Welfare grant HMP-96-M-2-1046(BJG).

418.5
HALOPERIDOL-INDUCED NEURONAL APOPTOSIS: BLOCKADE BY 
NEUROTROPHINS AND IGFS. J.S. Noh1*, H.W. Ko2, B Ryu2, S. Sohn3 and 
B.J. Gwag2. 1Dept. of Psychiatry and Behavioral Sciences; 2Dept. of 
pharmacology; 3Laboratory of Cell Biology, Institute for Medical Science; 
Ajou Univ. School of Medicine; Suwon, Kyungkido, Korea 442-749 

Antipsychotic drugs are known to cause tardive dyskinesia possibly via 
ongoing process of neurodegeneration. We investigated the possibility and 
characteristics that haloperidol would induce cytotoxicity in primary cortical 
cell cultures. Continuous exposure to 1 - 100 µM haloperidol for 24 hr 
caused neuronal death dose-dependently without injuring glia. The 
degenerating neurons showed hallmark of apoptosis featuring cell body 
shrinkage, nuclear chromatin condensation and aggregation, nuclear 
membrane disintegration with intact plasma membrane, and prominent 
internucleosomal DNA fragmentation. Inclusion of 1 µg/ml cycloheximide, 
a protein synthesis inhibitor, or 25 mM K+ attenuated haloperidol-induced 
neuronal apoptosis (HINA). Neither 10 µM MK-801 nor 50 µM CNQX, 
protected neurons against HINA, implying that HINA does not depend 
upon excitotoxicity. Antioxidants, 100 µM trolox or 100 µM NAC, did not 
attenuate HINA. Interestingly, two different family of neuronal growth 
factors, neurotrophins (BDNF, NT-4/5) or insulin-like growth factors 
(insulin, IGF-I, and IGF-II) attenuated HINA in a dose-dependent fashion. 
The present study provides a novel finding that the anti-psychotic drug 
haloperidol produces neurotoxicity via apoptosis pathway. Supported by 
Korean Ministry of Heath and Welfare grant HMP-96-M-2-1046 (BJG) and 
KOSEF SRC grant (JSN).

418.7
P53 IS ESSENTIAL FOR DEVELOPMENTAL NEURON DEATH AS 
REGULATED BY TRKA AND P75 NEUROTROPHIN RECEPTORS.
Raquel S. Aloyz, Shernaz X. Bamji, Christine D. Pozniak, Jean G. Toma, David R. 
Kaplan* and Freda Miller. Center for Neuronal Survival, Montreal Neurological 
Institute, McGill University. Montreal, Quebec, Canada, PQ H2A 2B4

Naturally-occurring sympathetic neuron death is the result o f two apoptotic signaling 
events: one normally suppressed by NGF/Trk activation survival signals, and a second 
activated by the p75 neurotrophin receptor. We have previously demonstrated that 
overexpression of p53 kills sympathetic neurons o f the superior cervical ganglia (SCG) 
in the presence o f NGF. Here we show that p53 levels are elevated after NGF 
withdrawal and upon activation of the p75 neurotrophin receptor (p75NTR). Functional 
ablation of p53 using the adenovirus E1B55K. protein inhibits neuronal apoptosis as 
induced by NGF withdrawal and p75 activation. Furthermore, the expression of a 
constitutively activated form of MEKK1 protein induces both death and up-regulation 
of p53 levels in SCG neurons in the presence o f NGF. Upon withdrawal of NGF and 
expression of constitutively activated MEKK1, the levels of the proapototic proteins bax 
and bad are increased, and the levels o f the anti-apoptotic proteins Bcl-XL and Bcl-2 are 
down regulated. Furthermore sympathetic neuron number is increased in the p53-/- mice. 
Thus, we hypothesize that both p75NTR activation and NGF withrawal cause increased 
expression of p53 via the MEKK-SEK-JNK pathway, and that this convergent regulation 
of p53 is essential for naturally occurring sympathetic neuron death. Work supported by 
MRC grant to FM and DK and MRC studentship to SXB and CDP.

418.4
ACTIVATION OF JNK, p38, AND NF-kB BY ZINC IN CORTICAL 
NEURONS: ROLE OF FREE RADICALS. E.Y. Kim*1, H.W. Ko1, E.J. 
Choi2, J.Y. Koh3, and B.J. Gwag1. 1Dept. of Pharmacology, Ajou Univ. 
Sch. of Med., Suwon, Kyunggi-do, 442-749; 2Graduate Sch. of 
Biotechnology, Korea Univ., Seoul, 136-70; 3Dept. of Neurology, Ulsan 
Univ. Sch. Of Med., Seoul, Korea

Zn2+ that is stored in the synaptic vesicles, released, and translocated to 
the postsynaptic neurons likely acts as a key mediator of epileptic or 
ischemic neuronal death. However, the biochemical mechanisms of Zn2+ 
neurotoxicity remain yet to be identified. We have found that brief 
exposure to Zn2+ induces oxidative neuronal necrosis. In the current study, 
increase in reactive oxygen species was observed 2 –  4 hrs after exposure 
of cortical neurons to 300 µM Zn2+ for 30 min, using an oxidation sensitive 
dye, 6-carboxy-2’,7’-dichlorodihydrofluorescein diacetate, di 
(acetoxymethylester) (DCDHF). Addition of 100 µM trolox, a vitamin E 
analogue, blocked Zn2+-induced generation of intracellular free radicals. 
We next examined activity of death-related signaling molecules: C-Jun N- 
terminal kinase (JNK), p38-mitogen-activated protein kinase (p38), and 
nuclear factor kappa B (NF-k B). A brief exposure of cortical neurons to 300 
µM Zn2+ induced the transient activation of JNK and p38 within 4 hrs. 
Addition of 300 µM Zn2+ also induced the nuclear translocation of p50 and 
p65 NF-k B 2 –  4 hr later. DNA binding activity of the nuclear NF-kB was 
concomitantly increased. The possibility that the Zn2+-induced activation of 
JNK, p38, and NF-kB may be mediated through free radicals and required 
for neuronal death will be discussed. Supported by KOSEF#97-04 3 - 05- 
01-3.

418.6
NGF-INDUCED CELL DEATH DURING THE EARLY DEVELOPMENT OF 

THE MURINE CENTRAL NERVOUS SYSTEM. J.M. Frade and Y .-ABarde*. 
Dept. O f Neurobiochemistry, Max-Planck-Institute of Neurobiology; D-82152 

Martinsried, Germany.
Nerve growth factor (NGF) has been considered for decades as a trophic agent 

for distinct neuronal populations. However, recent studies have shown that, 

during the early development o f the avian retina, microglia-expressed NGF can 
induce apoptosis by activation of the neurotrophin receptor p75 (p75NTR). Here 

we show that NGF-induced programmed cell death can also be observed in the 

mouse central nervous system (CNS). Cell death can be observed both in the 

retina and brachial spinal cord, during the time when retinal ganglion cells and 

motoneurons are generated. During this period, p75NTR is expressed by the first 

differentiating neurons, and microglial cells containing NGF are frequently 

observed within both tissues. When retinae and spinal cords from p75NTR and 

NGF-deficient embryos were analyzed, a decrease in apoptotic levels, compared 

with wild-type littermates, was observed in both CNS structures, but not in the 

dorsal root ganglia. In the spinal cord, this decreased apoptosis was accompanied 
by an increased thickness of the mantle zone and was associated with neuronal 

phenotypes that were located inappropriately. These results suggest that 
microglial NGF-mediated early cell death could facilitate the removal o f cellular 

phenotypes that are misplaced in areas of active neurogenesis.
Supported in part by European Union, Biotechnology Programme (PL 960024).

418.8
INTERRUPTION OF BDNF OR TRKB SIGNALING PATHWAYS 
CAUSES APOPTOTIC DEATH IN AN N-MYC AMPLIFIED 
NEUROBLASTOMA (NB) CELL LINE. X.Feng, C.M. Edgar, F.F. Eide* 
Dept. o f Neurology, University of Chicago, Chicago, IL 60637.

A high proportion o f aggressive neuroblastoma co-express BDNF and full- 
length trkB receptors. In order to determine whether this growth factor 
pathway may be essential for tumor growth and survival, we tested whether 
a neutralizing antibody to BDNF or a replication-defective recombinant 
adenovirus expressing an ATP-binding mutant o f TrkB receptor (dominant 
negative) could inhibit the growth o f the N-myc amplified neuroblastoma 
cell line SMS-KCN.

We found that both the BDNF blocking antibody and recombinant 
adenovirus expressing the dominant negative TrkB mutant had dose- 
dependent effects of inhibiting tumor growth in vitro. Mock-treated cells 
and cells infected with AdLacZ virus were used as controls. Hoechst 33342 
staining and DNA laddering tests indicated that both the BDNF neutralizing 
antibody and TrkB mutant adenovirus caused apoptotic cell death. These 
data suggested that a therapeutic strategy directed at interrupting TrkB or 
BDNF signaling pathways maybe useful in the treatment of neuroblastoma.
This work was supported by NLA grant K11 AG00568(F.F.E) and a Howard 

Hughes Medical Institute Resource Allocation Award from the Biological 
Sciences Division at the University o f Chicago(F.F.E )
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418.9
T H E  p75 N E U R O T R O P H IN  R E C E P T O R  (p 7 5 N TR)  A P O P T O T IC

M alla rd * 3, P.F. B artle tt1 1W alter and Eliza Hall Institute of Medical Research, 
Post Office Royal Melbourne Hospital, Victoria, 3050 Australia 2Department of 
Physiology, 3Department o f Anatomy and Cell Biology, University of 
Melbourne, Grattan Street, Parkville Victoria, 3052 Australia.

The trophic effects o f  N G F  are  m ediated  though  a  recep to r com plex  
o f  trkA  and the p75 neuro troph ic  recep to r, p75N T R . Ind ep en d en t o f 
the survival role, p75N TR is w idely im plicated in neuronal apoptosis. To 
investigate  the p75N T R  death signaling  pathw ay we have used  m icro -
injection technology to  deliver cD N A  expression  p lasm ids o f  apopto tic  
in h ib ito r pro teins and fu ll length  and d e le tio n  co n stru c ts  o f  p75N T R  
in to  the nucleus o f  d issoc iated  m ouse d orsa l root g an g lia  neurons in 
vitro.

W e find that over-expression  o f p75N T R  contributes sign ifican tly  to 
n eu ro n a l death  co m p ared  to  a co n tro l p lasm id  m iss in g  the  en tire  
p75N T R  cytoplasm ic dom ain  or unrelated  p lasm ids. In addition , over 
expression  o f p75N T R  deleted  for the p u tative  d ea th -dom ain  induces 
sim ilar levels o f apoptosis to full length p75N T R. Surprisingly , neurons 
from  p75N T R -null m ice are  less suscep tib le  to  neurona l apo p to sis  by 
p75N T R  re-expression , suggesting  add itional signaling  com ponen ts are 
m issing  o r dow n-regu la ted  in these neurons. p75N T R  m edia ted  cell 
death  is able to be blocked by general caspase inhib itor pep tide zV A D  
and a caspase-3  specific  m odified  C rm A  pro te in . F u rth erm o re , an ti- 
ap o p to tic  p ro te in  B c l-x  s ig n if ic a n tly  in h ib i ts  p 7 5 N T R  in d u ce d  
apoptosis. W e conclude that p75N T R  m ediated  apoptosis is transduced  
v ia  the jux tam em brane  dom ain  o f  p75N T R  and that caspase  p ro te ins, 
including caspase-3, are activated by p75N T R  signaling.
Supported by National Health and Medical Research Council of Australia

418.11
S E X U A L  D IM O R P H IS M S  OF T H E  M E D IA L  P R E O P T IC  
A R E A  IN  T H E  D E V E L O P IN G  R A T S : T H E  D IS T R IB U T IO N  
OF A PO P T O T IC  C ELLS M. Yoshida, 1,2 K. Yuri, 3 M. Kawata, 1* 
Z. Kizaki.2 T. Sawada2. 1Dept. o f  Anatomy and Neurobiology and 
2Pediatrics, Kyoto Prefectural University o f  Medicine ; Kawaramachi 
Hirokoji, Kamigyo-ku, Kyoto, 602-0841 ; 3Dept. o f  Anatomy, Kochi 
Med. Sch.

Medial preoptic nucleus (MPN), one o f the representative sexual 
dimorphic nucleus in rat hypothalamus, is larger in volume in male than 
in femal and greater number o f apoptotic cells are present in its cental 
division in postnatal female rats. One explanation for these sexual 
dimorphism may be attributed to the different number o f  cell death 
between male and female. We studied the distribution o f  apoptosis in 
developing rat medial preoptic area (MPA) to elucidate the mechanism o f  
formation o f sexual dimorphism. N issl staining was performed to 
identify apoptotic cells with their stage along the progression o f  
apoptosis. We set grids corresponding to a 1000 × 1000 µm  section 
on the left side o f the third ventricle for counting apoptotic cells. In the 
postnatal 1 (P 1) rats significantly larger number o f  apoptotic cells, 
especially o f early stage, were contained in periventricular nucleus in 
male than in female. In subfield o f female MPN in P4 and P7, w e  
appreciated more apoptotic cells than male, but the total amount in 
female whole MPN was not significantly larger than in male, indicating 
that only small limited region within MPN contributes to create sexual 
dimorphism. The distibution o f  apoptosis is chrono-speciously 
regulated, suggesting that apoptosis plays an important role in the 
formation o f sexual dimorphism.

418.13
17-ß-ESTRADIOL ATTENUATES NEURODEGENERATION INDUCED BY 
AF64A IN PRIMARY NEURONAL CULTURES. C. Harms1, M Lautenschlager1,
D. Frever2, A. Bergk2, J.R. Weber2, U. Dimagl2 H.Hörtnagl1*. 1Institute of 
Pharmacology and Toxicology and department of Neurology, Medical 
Faculty of Charité, Humboldt-University at Berlin, D-10098, Germany 

Estrogens have been shown to protect cultured neurons against oxidative 
degeneration induced by compounds such as glutamate or ß-amyloid. The 
underlying mechanisms apparently involve inherent antioxidant properties. In 
the present study we examined the neuroprotective potential in a different 
model of neurodegeneration in vitro, namely slowly progressing apoptotic 
neuronal cell death induced by the choline analogue AF64A. Primary neuronal 
cultures of septum, hippocampus and cortex, obtained from E15-17 rat pups 
were cultured in serum-free medium for 2-3 weeks, then exposed to various 
concentrations of AF64A (20-80µM) for 5h. In comparison, sister cultures were 
treated with glutamate (100 and 25OµM) for 20 min. 17-ß-estradiol (0,05 - 
1µM) was added to the cultures 18h or 6h before toxin application. Cell 
viability was assessed using MTT assay and LDH release. The AF64A 
induced cell damage reached its maximum with a delay of 3 days, whereas 
glutamate induced death already occurred after 24h. Estradiol, applied in a 
concentration of 100µM (both 6h or 18h before AF64A application) reduced 
the LDH release in all three types of neuronal cultures (e.g.hippocampal 
culture: reduction from 154,0 ± 10.4 to 116.3 ± 11.1 % of control after 40 µM 
AF64A, p < 0.05; n = 3-4). Likewise the LDH release induced by 100µM 
glutamate, amounting to 219 ± 12.8 % of controls, was decreased by estradiol 
to 161 ± 15.4 % (p < 0.05; n = 3-8). The present data provide evidence that 
17-ß-estradiol in addition to its neuroprotective efficacy against excitotoxicity 
also attenuates the delayed apoptotic type of neuronal cell death as induced 
by AF64A.
(supported by DFG: INK21/A1-1/B8; SFB 507/A3)

418.10
T R O PH IC  D EPEN D EN C E O F D E V E L O PIN G  D O R SA L  R O O T  
G A N G LIA  N EU R O N S O N  TH E SPIN A L C O R D: PO SSIB L E  
IN V O L V E M E N T  O F N E U R O T R O PH IN -3. R. W etts*  an d  J. F.
Vaughn. Div. o f  Neurosciences, City o f  Hope, Duarte, CA 91010.

The survival o f  DRG neurons depends on the availab ility  o f  trophic  factors 
produced by their peripheral targets. H ow ever, DRG neurons also project to 
the spinal cord, suggesting that they  m ight obtain survival factor(s) from  the 
CNS. To investigate this issue, we counted N A D PH  diaphorase-positive DRG 
neurons in organotypic slice cultures derived from the thoracic trunk region o f 
rat em bryos. A t E l 4, cultures in w hich the spinal cord had been rem oved 
surgically  (“CNS ablated”) contained only 37%  as m any D RG neurons as 
control “ intact” cultures. A t E l 5, this percentage increased to 49% , and by 
E l 6, there was no difference statistically  betw een experim ental and control 
specim ens. Taken together, these data indicated that approxim ately  65%  o f  
DRG neurons were transiently  dependent on trophic factor(s) produced by the 
spinal cord during the E l 4-15 period o f  developm ent.

B ecause NT-3 is produced in the spinal cord, we added NT-3 to E l 5 “CNS 
ablated” slice cultures. U ntreated “CN S ablated” slices had only  an average 
o f  182 DRG neurons rem aining, w hile NT-3 treated slices had statistically  (P 
<  0.02) m ore neurons (254) per slice. Thus, NT-3 treatm ent rescued some 
DRG neurons that had been deprived o f  C N S-derived factor(s). H ow ever, this 
num ber o f  rescued neurons w as som ew hat less than the m ean num ber in 
control “sham ablated” cultures (337), raising  the possib ility  that the spinal 
cord produces factor(s) in addition to  N T-3 that are necessary  for developing 
DRG neuron survival. Supported by N IH  grant NS25784.

418.12
IN VIVO NEUROPROTECTIVE EFFECTS OF l7ßESTRADIOL 
V. André1, S. Reibel Foisset1, G. André1, A. Depaulis1*, C. Marescaux1, A. 
Nehlig1. 1INSERM U. 398, Université Louis Pasteur, Strasbourg, France; 2Medical 
School Hospital, Strasbourg, France.

Several epidemiological studies have suggested that estrogen replacement therapy 
is beneficial for preventing or delaying the onset of Alzheimer’s Disease (AD) in 
postmenopausal women. However, the mechanisms by which estrogen may affect 
AD remain to be determined. Neuronal loss is prominent in basal forebrain and 
hippocampus of AD patients, l7ßestradiol (l7ßE) has been shown to protect 
hippocampal cells against glutamate-induced toxicity, glucose deprivation, ß- 
amyloid toxicity or oxydative insult in vitro. The aim of this study was to examine 
a possible neuroprotective role of l7ßE in vivo, in a model of hippocampal 
neurodegeneration induced by kainic acid in the female rat. Systemic injection of 
kainic acid leads to severe generalized convulsive seizures for several hours (status 
epilepticus, SE) and to neuronal loss in the limbic system. Ovariectomized female 
rats received daily injections of l7ßE (20 ng/day, sc) or vehicle, starting either 5 
days before or on the day of SE induced by injection of kainic acid (8 mg/kg, ip). 
Animals were sacrificed 12 days after SE and their brains were processed for cresyl 
violet staining. Expression of SE was not modified by l7ßE treatment. Neuronal 
cell counts revealed a significant cell loss in areas CA1, CA3 and in the hilus of 
control rats. CA3 pyramidal cells were significantly protected from 
neurodegeneration by l7ßE supplementation. Cell loss in the hilus was 
significantly reduced only when treatment with l7ßE was started 5 days prior to SE. 
No difference in lesion severity could be evidenced in the amygdala or the entorhinal 
cortex between control and l7ßE-treated rats. These data suggest that l7ßE exerts 
neuroprotective effects against kainic acid-induced neurodegeneration on 
hippocampal cells. This neuroprotection appears specific to the hippocampus and is 
more effective when l7ßE supplementation is started 5 days before SE induction.

418.14
NITRIC OXIDE MEDIATES DEXAMETHASONE-INDUCED APOPTOSIS IN 
THE DENTATE GYRUS - THE PROTECTIVE ACTIONS OF D-ARGININE.
M.G. Canteros, G. Condé, J. Deicke, P. von Rosenstiel & O.F.X. Almeida*.
Max Planck Institute of Psychiatry, Munich, Germany.

The present study was performed to elucidate the mechanisms mediating 
glucocorticoid-induced apoptosis in the dentate gyrus of the rat hippocampus. There is 
abundant evidence that the gaseous neurotransmitter nitric oxide (NO), like other 
generators of free radicals, plays an important role in neuronal apoptosis, and we 
therefore set out to examine whether inhibition of NO production (by the 
administration of D-argimne which cannot be converted to NO) would interfere with 
dexamethsone (DEX)-induced cell death. Accordingly, rats were assigned to the 
following treatment groups: saline + saline (control), DEX + saline, L-Arg + saline, 
DEX + L-Arg, D-Arg + saline, and DEX + D-argimne; in addition, groups treated 
with 7-nitroindazole (7NI, an inhibitor of neuronal nitric oxide synthase nNOS; 20 
mg/kg) and 7NI + DEX were included. Treatments (i.p.) were given over 10 days; 
DEX was given at a dose of 100 µg/kg, and L- or D-arginine were given at a dose of 
200 mg/kg. After sacrifice, brains were processed by TUNEL for detection and 
counting of apoptotic cells. The incidence of apoptosis was statistically identical in 
the control and D-arginine treated groups, but there was a ca. 8-fold increase in rate 
of apoptosis in DEX-treated rats. Treatment with L-Arg also increased apoptosis, and 
administration of DEX to L-arginine-treated animals potentiated the apoptosis- 
inducing effects of the latter. The effects of DEX were abolished when D-arginine or 
7NI were co-adminsitered. Together, these findings indicate that NO mediates the 
apoptosis-inducing actions of DEX in the dentate gyms, and that D-Arg can mitigate 
DEX-induced apoptosis by competing with L-Arg, the normal substrate for NO 
production. Further, D-Arg may serve as a neuroprotectant against DEX-induced and 
other NO-mediated forms of apoptosis in vivo.
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418.15
GENDER EFFECT ON PURKINJE CELL LOSS IN THE CEREBELLUM OF 
THE HETEROZYGOUS STAGGERER MOUSE (+/sg).
M. Doulazmi, F. Frédéric, Y. Lemaigre-Dubreuil, N. Hadj-Sahraoui, N . Delhaye-
Bouchaud and J. Mariani. Université P & M Curie, Institut des Neurosciences 
(CNRS, UMR 7624).75005 Paris, France. (SPON: ENA)
Several nuitations have been described in mice which lead to neuronal 
degeneration in the cerebellum. Among these, the staggerer one causes in 
homozygous mutant (sg/sg) a severe ataxia associated with dysgenesis of the 
cerebellar cortex. The mutation acts intrinsically within the Purkinje cells, 
causing cytological abnormalities and a severe deficit in number. In contrast, 
the heterozygous staggerer (+/sg) shows no apparent ataxia and the 
cytoarchitecture of their cerebellar cortex appears to be normal. However 
several quantitative studies have showed that the +/sg mouse undergoes a 
significant loss of cerebellar neurons with advancing age. A study conducted 
in aged females revealed that at 13 and 18 months, while wild-type PC 
number remains unchanged, there is a 22-26% loss in the number of PC in 
+/sg after which no further loss is observed. In the present study we have 
investigated whether a PC loss exists in the cerebellum of heterozygous 
staggerer males during lifespan. We have counted PCs on cerebellar sagittal 
sections stained with thionin in +/sg and their +/+ littermates at 1,3, 9, 13, 18 
and 24 months of age. Our results reveal that, in one month-old +/sg there is 
no difference with the wild type. However we found a 16 % deficit in the 
number of Purkinje cells in 3 month-old +/sg males while females are spared. 
In +/sg aged of 13 or 18 months, the extent of Purkinje cell loss is slightly 
higher for males than for females. In the view of these results, the 
heterozygous (+/sg) mouse offers an interesting model to test the interaction 
between sex, age and genetic background on the development and 
maintenance of various brain structures.

418.17
NEUROSTEROID ANTAGONISM OF ADRENALECTOMY-INDUCED 
APOPTOSIS IN THE RAT DENTATE GYRUS. G.L. Condé1, M.G. Canteros1,  J. 
Deicke1, G.R. Merriam2*, V.K. Patchev1, F. Holsboer1 and O.F.X. Almeida1. 1Dept. 
Neuroendocrinology, Max Planck Institute of Psychiatry, D-80804 Munich, Germany; 
2Dept. Medicine, VAPSHCS and Univ. Washington, Tacoma and Seattle, WA 98493.

Evidence exists suggesting that adrenalectomy leads to apoptosis within the dentate 
gyrus (DG). As the neurosteroids have been shown to display stress-protective 
properties, and may thus be neuroprotective, we examined whether treatment with the 
neurosteroids tetrahydroprogesterone (THP) or dihydro-progesterone (DHP), (both of 
which are progesterone metabolites) or progesterone itself (P4) was able to prevent or 
reduce such discrete apoptotic death. Animals were adrenalectomized (ADX) under 
halothane anaesthesia, and at the same time received a subcutaneous (s.c.) injection of 
either THP, DHP or P4 (all steroids lmg/kg) dissolved in sesame oil. One group of 
control animals was ADX and received s.c. vehicle, whilst a second group of controls 
received s.c. vehicle alone. Animals received daily injections of steroid for seven days, 
after which they were sacrificed. Brains were removed and frozen and TUNEL was 
carried out on l2µm cryostat sections, for detection and semi-quantitation of apoptotic 
cells. Intact control animals showed very few apoptotic cells within the DG. Animals 
which were ADX showed a significant degree o f apoptosis in the DG as compared to 
intact control animals. Numbers of apoptotic cells seen in animals treated with 
progesterone were not statistically different from ADX animals receiving vehicle 
treatment. The incidence of apoptosis was significantly reduced in ADX animals 
which received either THP or DHP. Further experiments are underway to determine 
the molecular mechanisms involved in ADX-induced cell death within the DG and the 
means by which the neurosteroids may exert their neuroprotective action.
Supported by the Theodore and Vada Stanley Foundation.

418.16
IDENTIFICATION OF CORTICOSTEROID-RESPONSIVE GENES IN RAT DENTATE GYRUS 
PUNCHES BY A MODIFIED SAGE PROCEDURE. N.A. Datson, J. de Jong, M.P. van den 
Berg, E.R. de Kloet* and E. Vreugdenhil. Division of Medical Pharmacology,
Leiden/Amsterdam Center for Drug Research, Leiden University, Leiden, The Netherlands.

A step towards understanding the function and interaction of genes that are important for 
normal brain function is the identification of genes that are expressed aberrantly during 
brain disease. Aim of our study was to investigate the role of corticosteroids in 
hippocampal endangerment by expression profiling.

It is well-established that aberrant concentrations of corticosteroids can affect the 
viability of neurons in the rat hippocampus. Prolonged exposure to high concentrations of 
corticosteroids, e.g. during chronic stress, causes atrophy of CA3 apical dendrites, or can 
even lead to loss of pyramidal neurons. On the other hand, complete absence of 
corticosteroids by adrenalectomy (ADX) induces apoptosis in the rat dentate gyrus. As 
administration of a low dose of corticosteroids prevents apoptosis completely, this cell 
death program is most likely regulated by corticosteroid-responsive genes.

To identify corticosteroid-regulated candidate vulnerability genes that play a role in ADX- 
induced apoptosis, we punched out the dentate gyrus from a 300 µm brain slice (0.3 mm 
diameter) of ADX and SHAM operated animals and ADX animals substitued with a low dose 
of corticosteroids and used this material for expression profiling. The advantage of using 
RNA isolated from punch material rather than total hippocampus RNA is that it allows 
zooming in on the affected region and avoids relevant changes in expression to be masked 
due to dilution with expression profiles of unaffected neurons from other hippocampal 
subfields. Our expression profiling strategy included the development of a modified Serial 
Analysis of Gene Expression (SAGE) procedure suitable for limited amounts of tissue. 
Using this procedure we constructed an expression profile of a few thousand tags derived 
from a single dentate gyrus punch. In addition a reverse Northern procedure was applied in 
which punch RNA from apoptotic and non-apoptotic dentate gyrus neurons was hybridised 
to dotblots containing several known genes.

The obtained expression profile will contribute to our understanding of the changes in 
gene expression that underly ADX-induced apoptosis neuronal in particular and result in the 
identification of genes that play a role in neuronal vulnerability and neuronal 
endangerment in general.
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419.1
ACCELERATED CRITICAL PERIOD FOR LTP IN THE VISUAL CORTEX 
OF TRANSGENIC MICE OVEREXPRESSING BDNF. A. Kirkwood*1, M. F . 
Bear2, Z. J. Huang3 and S. Tonegawa3. 1Mind/Brain Inst., Johns Hopkins Univ.; 
2Dept. Neurosci. Brown Univ.; 3Dept. Biol, and Ctr. Learn. Memory MIT.

Binocular connections in the visual cortex are modified by sensory experience, 
but only during a "critical period" of postnatal life. These modifications may 
employ mechanisms of synaptic plasticity like long-term potentiation (LTP).
Like naturally occurring plasticity, the induction of LTP in layer II/III with white 
matter stimulation is also restricted to a finite postnatal period. We have proposed 
that this developmental decline in LTP is chiefly due to the maturation of 
inhibitory synapses. In support of this idea, we now report that in transgenic mice 
overexpressing BDNF, which exhibit an accelerated maturation o f inhibition, the 
developmental decline of LTP is also accelerated.

Layer II/III field potentials (FP) in response to white matter or layer IV 
stimulation were recorded in visual cortical slices prepared from mutants and wild 
type littermates (18 to 42 days). LTP was induced with theta burst stimulation 
(TBS) applied to the WM or to layer IV.

The developmental decline in the magnitude of LTP induced with WM 
stimulation started by the 4th week of age and was completed by the 6th week in 
wild type animals. In the mutants the decline o f this form of LTP occurred much 
earlier and faster, between the 3rd and 4th weeks. A blind study performed in age 
mated (23-26 days) wild type and mutant littermates confirmed these differences: 
wild types significantly (p<0.005) showed more LTP (l23±4.7, n=10) than 
mutants (lOl±3.7, n=18). In contrast to the results obtained with white matter 
stimulation, Layer IV stimulation yielded LTP of comparable magnitude in wild 
type (1 l7±2.3%, n=7) and mutants ( 120.6±3.l, n=l1 ). In rat slices, the induction 
of this form of LTP is not regulated by age or synaptic inhibition. Thus, the 
overexpression of BDNF preferentially affects an age-dependent form of LTP.

The significance of these results is twofold. They provide additional evidence 
supporting the hypothesis that inhibition regulates the induction of LTP during 
development, and they underscore an important role for BDNF in regulating the 
strength of synaptic inhibition.
Supported by NIH, Dana found. Maren found. and HHMI

419.2

BDNF DEPENDENCE OF LTP IN RAT VISUAL CORTEX IS 
RESTRICTED TO EARLY POSTNATAL DEVELOPMENT

E. Sermasi,*  A. Cattaneo and L. Domenici International School for 
Advanced Studies, neuroscience program, Via Beirut 2-4, 34014 Trieste, 
Italy

Soon after eye opening rat visual cortex can be considered functionally 
immature. Functional properties o f visual cortical neurons reach adult like 
characteristics by P30-40. At P17 BDNF is widely distributed throughout all 
cortical layers with a progressive reduction o f its expression in layer 4 i.e. 
the main recipient o f thalamic input. Recent studies have suggested that 
BDNF is able to induce plastic modification o f synaptic transmission in the 
visual cortex. In this study we have investigated the role o f endogenous 
BDNF in regulating the expression o f LTP during visual cortex 
development. In order to antagonize endogenous BDNF, prior to recordings, 
slices were incubated for ≥ 4 h in aCSF containing TrkB IgG, 1-3 µM/ml. 
Extracellular field potentials in cortical layers 2/3 were evoked by 
stimulation of the white matter in slices prepared from the visual cortex of 
P 17 and P23-P25 (P23) rats. Low Frequency Stimulation o f the white matter 
was used to induce LTD whereas LTP was evoked by High Frequency 
Stimulation (HFS) at 100 Hz. In P17 slices, treated with Trk B IgG, tetanic 
stimulation to the white matter at P17 resulted in a temporary increment in 
the amplitude o f the recorded responses which only lasted  25 min. but no 
LTP was observed. Conversely, LTD amplitude did not differ from that of 
control experiments while it was no longer possible to potentiate previously 
depressed responses. In sharp contrast, HFS to the white matter o f P23 TrkB 
IgG incubated slices resulted in a LTP comparable to that of control 
experiments. In conclusion, these results indicate that BDNF not only plays 
a modulatory role in the expression o f LTP soon after eye opening but also 
that this modulation disappears thereafter. We suggest that BDNF plays a 
crucial role in the synaptic plasticity processes contributing to the functional 
maturation o f the visual cortical circuitry.

Society for Neuroscience, Volume 2 4 ,1998
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419.3
N GF M O D U L A T E S SY N A PTIC  PL A ST IC IT Y  IN R A T V ISU A L  
C O R T E X  D U R IN G  PO ST N A T A L  D E V E L O PM E N T .
E. Pesavento1, E. Sermasi1, L. Domenici*1,2. International School of Advanced 
Studies (ISAS), Neuroscience Program, via Beirut 2-4, 34014, Trieste, Italy1; 
Institute o f Neurophysiology, CNR, 56127, Pisa, Italy2.

Recent studies suggest that neurotrophic factors, and in particular BDNF, are able 
to modulate synaptic plasticity phenomena. Here we provide evidence that Nerve 
Growth Factor (NGF) is able to affect Long Term Potentiation (LTP) expression in 
the developing rat visual cortex. Extracellular field potentials in layer II/1II were 
evoked by stimulation o f the white matter in primary visual cortex slices prepared 
either from postnatal days 16-18 (P17) or 23-25 (P24) rats. Low Frequency 
Stimulation (LFS) was used to induce Long Term Depression (LTD) whereas LTP 
was evoked by High Frequency Stimulation (HFS). NGF was administered by filling 
the recording electrode with NGF (100 ng/ml) in a 1M NaCl solution. In these 
experimental conditions we found that, at P17, HFS to the white matter resulted in a 
temporary increment of the evoked responses, which decreased to baseline levels in 
about 20 minutes. In these slices, responses measured 40 minutes after tetanic 
stimulation were significantly reduced with respect to those o f control experiments, 
where LTP was reliably induced. Moreover, this block o f LTP expression was 
specific for the active form of NGF. In fact, when using denaturated NGF, 
potentiation o f evoked responses did not differ significantly from control 
experiments. Differently to that observed with LTP, LTD amplitude was unaffected 
by NGF administration, as well as, potentiation o f previously depressed responses. In 
contrast, at P24, in the presence of NGF, LTD amplitude was reduced as compared 
to controls. These results suggest a modulatory role o f NGF in synaptic plasticity of 
visual cortex during postnatal development. This study was partially supported by a 
grant from EC PSS* 0859.

419.5
DISRUPTION OF THE GAD65 GENE PRESERVES PLASTICITY BEYOND THE 
CRITICAL PERIOD IN THE PRIMARY VISUAL CORTEX. M. Fagiolini1*, N. 
Mataga1,  S. Baekkeskov2, S.F. Kash2, and T.K. Hensch1. 1Lab for Neuronal Circuit 
Development, Brain Science Institute, RIKEN, Saitama 351-0198, JAPAN; 2Hormone 
Research Institute, Univ. o f California, San Francisco, CA 94143 USA

Functional connections in mammalian visual cortex are sensitive to an experience- 
dependent refinement only during a brief critical period (CP) in early postnatal life. 
Since ocular dominance (OD) plasticity is reversibly disrupted at the peak o f the CP in 
mice lacking GAD65 (Hensch et al., this meeting), we investigated whether maturation 
o f inhibitory-excitatory interactions intrinsic to visual cortex establishes the CP.

In homogenates o f wild type (WT) mouse primary visual cortex the balance of 
GABA to glutamate content - but not either alone - peaked significantly in precise 
correlation with both the onset and offset of the physiological CP for plasticity (p<0.05 
for P28 vs P 18, p<0.001 for P28 vs adult; t-test, N=5-8 mice per group). By contrast, 
in GAD65 knockout mice the GABA/glutamate ratio was significantly reduced at all 
ages with respect to WT (P 18, p<0.05; P28, p<0 .005;adult, p<0.01; t-test). GAD65 
mutants then maintained a high sensitivity to visual stimulation as adults similar to 
young and significantly greater than adult WT mice, as revealed by zif268 expression.

We, therefore, tested the hypothesis that GAD65 knockout mice retain the capacity 
for plasticity later in life, because they never experience a biochemical critical period 
for GABA/glutamate content. A period o f monocular deprivation (MD) was initiated 
after postnatal day 40. At this age, WT mice no longer respond to sensory 
perturbation. As we demonstrated at P28, intracortical diazepam infusion during a 
brief (4d) MD enabled a significant OD plasticity in adult GAD65 knockout mice 
(CBI=0.54±0.03 vs. 0.73+0.01 for 6 KO and 3 WT animals, p<0.005, t-test). Long
term (> l4d) MD also induced a strong shift in OD distribution o f adult GAD65 
mutants (CBI=0.47±0.03 vs. 0.62±0 .02 for 5 KO and 6 WT mice, p<0.005, t-test). 
Our results indicate that a disruption o f inhibitory-excitatory balance in early life 
allows plasticity to occur well beyond the normal physiological critical period. 
Supported by BSI, RIKEN.

419.7
EXPERIENCE-DEPENDENT REGULATION OF NMDA RECEPTOR- 
MEDIATED SYNAPTIC RESPONSES IN RAT VISUAL CORTEX IN VITRO. 
B.D. Philpot* and M.F. Bear. Department of Neuroscience and Howard Hughes 
Medical Institute. Brown University, Providence, RI 02912.

The synaptic and morphological organization of the visual cortex is modified by 
experience during a sensitive period of early development. There is an experience- 
dependent reduction in the duration of N-methyl-D-Aspartate receptor (NMDAR)- 
mediated currents in cortical neurons that correlates to the sensitive period in rats 
(Carmignoto and Vicini, 1992). Currently, the mechanisms that underlie the 
activity-dependent change in NMDAR properties within visual cortex are unknown, 
although evidence suggests that the heteromeric subunit composition o f the NMDAR 
modulates receptor properties. For example, the developmental decrease in NMDAR 
mean channel open time correlates with an increase in the relative levels of NR2A to 
NR2B subunit levels (Flint et al., 1997). The present study tests the hypothesis that 
a shift in the relative roles of NR2A and NR2B in rat visual cortex contributes to the 
activity-dependent regulation of NMDAR function and might affect the susceptibility 
of synapses to changes in efficacy. We measured extracellular field potentials (FPs) in 
layer II/III elicited by layer IV stimulation in visual cortical slices from rats aged 
P2l-P28. One and 3 µM applications of the selective NR2B antagonist ifenprodil 
more effectively attenuated pharmacologically-isolated NMDAR-mediated FPs in 
dark-reared rats as compared to light-reared controls. To verify these findings, a 
variation of the experimental protocol was used in studies where the experimenter 
was “blind” to the rearing conditions of the rats. A 1.5 hr application of 3 µM 
ifenprodil produced significantly greater attenuation of NMDAR-mediated FPs in 
dark-reared rats (54 ± 2 % of baseline, n = 12) as compared to light-reared controls 
(66 ± 2 % of baseline, n = 15). These data suggest that visual experience controls 
the functional subunit composition of the NMDAR at layer III synapses in visual 
cortex. Experiments are currently being conducted to determine how quickly light 
exposure reverses the enhanced ifenprodil sensitivity in dark-reared animals. 
[Supported by HHMI]

419.4
DEVELOPMENT OF SHORT-TERM SYNAPTIC PLASTICITY IN THE MOUSE 
VISUAL CORTEX. K.N. Hartman1, J.J .  Renger1*, M. Yokoi2, S. Nakanishi2, and 
T.K. Hensch1. 1Lab for Neuronal Circuit Dev., BSI, RIKEN, Saitama, 351-0198; 
2Dept. of Biological Sciences, Kyoto Univ. Faculty of Medicine, Kyoto 606 JAPAN

In the mammalian visual cortex, the relative strength of input from each eye (ocular 
dominance, OD) is sensitive to sensory perturbation during a brief period in early 
postnatal life. Local circuit properties intrinsic to the binocular zone of visual cortex 
may underlie these changes. We, therefore, examined the maturation of short-term 
plasticity in mouse visual cortex with respect to its critical period for OD plasticity.

Using an acute coronal slice preparation, we made field potential recordings from 
layer 2/3 while stimulating layer 4 at various frequencies (1-50Hz). Three age groups 
were studied (n=6 per group): pre-critical period (P 16-19), critical period (P25-30), 
and adult (P50-65). Short-term depression (STD) was observed during brief trains of 
stimuli and was significantly stronger prior to the critical period at tetanus frequencies 
of 1-10Hz and 50Hz (p<0.05, t-test). There was an accompanying increase in post- 
tetanic augmentation as mice matured. No significant change in depression or 
augmentation was observed after the critical period.

Accumulating glutamate during low-frequency stimuli may activate presynaptic 
metabotropic glutamate receptors (mGluRs) to inhibit synaptic transmission, 
eventually inducing a long-term depression as seen at CA3 mossy fiber synapses via 
mGluR2. Since STD in neocortex is also thought to occur presynaptically, we 
examined the involvement of this particular autoreceptor in OD and short-term 
synaptic plasticity. Mice lacking mGluR2 readily shifted responsiveness toward the 
open eye in vivo following a period of monocular eyelid suture. STD and 
augmentation in vitro were similarly unaffected by mGluR2 disruption at the peak of 
the critical period. In contrast, a significantly narrowed dynamic range of depression 
was seen in animals that are defective in OD plasticity (Hensch et al, this meeting). 
Thus, STD in vitro is a sensitive indicator of the maturity and susceptibility of visual 
cortex to undergo OD plasticity in vivo. Funded by Brain Science Institute, RIKEN.

419.6
RAPID GABAERGIC TRANSMISSION ENABLES COMPETITIVE PLASTICITY 
IN THE DEVELOPING PRIMARY VISUAL CORTEX TK Hensch1*, M. Fagiolini1, 
N. M ataga1, S. Baekkeskov2, and S. Kash2. 1Lab for Neuronal Circuit Dev., BSI, RIKEN, 
Saitama 351-0198 JAPAN; 2Hormone Res Inst, Univ. Calif., San Francisco, CA 94143

Inputs serving the two eyes compete with each other in the developing visual cortex, 
ultimately wiring together those connections that fire together with their target cells. 
Intrinsic inhibitory-excitatory neuronal circuit interactions within visual cortex may 
contribute to this process. Gene-targeted disruption of the smaller isoform of the 
GABA synthetic enzyme glutamic acid decarboxylase (GAD65) provides a unique 
opportunity to identify the role of local inhibitory circuits in experience-dependent 
plasticity.

Despite normal basal levels, the stimulated release of GABA was reduced in the 
absence of GAD65, as monitored by in vivo microdialysis from the binocular zone 
(BZ) o f visual cortex. Under such conditions, the loss of deprived-eye inputs normally 
accompanying a brief period (4d) o f monocular eyelid suture at the peak o f the critical 
period was entirely prevented (CBI=0.73±0.02 vs. 0.49±0 .02 for 14 KO and 10 WT 
mice; p<0.0001, t-test). Enhancement of post-synaptic GABAa receptor currents with 
local diazepam infusions during monocular deprivation restored normal experience-
dependent plasticity to mutant visual cortex (CBI=0.46±0.02 for 9 KO mice). Vehicle 
control, or drug infusion restricted to the opposite hemisphere (as confirmed by HPLC 
analysis), did not rescue the genetic defect (CBI=0.72±0.02 for 7 KO mice).

Unlike the disruption o f competitive plasticity in vivo, correlation-based 
homosynaptic modifications were robustly induced in vitro (BZ layer 2/3 field potential 
LTP=112±13% vs. 115±4%, LTD=9l±2% vs. 89±4%; KO and WT, respectively, n=7-8 
slices from 7 mice each). Thus, in the visual cortex in vivo GABA generated by 
GAD65 is critical for the integration and detection o f competing inputs, in particular 
via intrinsic inhibitory circuits mediated by GABAa receptors. Our findings identify an 
animal model with which to further dissect the unique local circuit properties and 
contribution o f competitive versus cooperative mechanisms that allow experience- 
dependent plasticity to occur. Supported by Brain Science Institute, RIKEN.

419.8
DARK REARING DECREASES THE EXPRESSION OF NR2A IN RAT 
v is u a l  c o r t e x  E.M. Quinlan*, D. H. Olstein and M.F. Bear Department of 
Neuroscience and HHMI, Brown University, Providence, RI 02912

In the visual cortex, the formation of normal binocular connections is sensitive to 
experience during an early critical period of development. Total light deprivation 
prolongs the critical period for synaptic plasticity (Mower, 1991), prolongs 
susceptibility to long-term potentiation (Kirkwood et al., 1995) and inhibits 
developmental decreases in NMDA receptor-mediated EPSC duration (Carmignoto 
and Vicini, 1992). Here, we perform a test of the hypothesis that changes in 
activity-dependent plasticity and NMDA receptor properties in the visual cortex are 
accounted for by changes in the composition o f visual cortical NMDA receptors.

NMDA receptors are heteromeric complexes whose composition varies regionally 
and developmentally. In the neocortex at birth, NMDA receptors are composed of 
NR1 and NR2B subunits, while over development there is a progressive inclusion 
of the NR2A subunit (Monyer et al., 1994; Sheng et. al., 1994). To examine 
specifically the composition o f synaptic NMDARs, synaptoneurosomes were 
prepared from the visual cortex of Long Evans rats aged P7-P42 raised in complete 
darkness (DR) or in a normal 12:12 light:dark cycle (LR), and were immunoblotted 
with antibodies specific for NR2A and NR2B (generous gift of R.L. Huganir). The 
level of NR2A increased gradually over development, peaked at P 2l, and decreased 
to adult levels by P28. There was a significant decrease in the level of NR2A in 
visual cortex from DR animals compared to LR controls (two-way ANOVA: 
p<0.05) with the greatest difference observed at P2l (DR: mean O.D. normalized to 
internal standard = 0.62 ± 0.12, n = 5; LR controls: mean = 0.85 ± 0.13, n = 5). 
In contrast, levels of NR2B reached adult levels by P 2 l, and were similar in DR 
and LR cortex at all time points examined (two-way ANOVA: p=0.5). Current 
studies are exploring the role of activity in regulating NMDAR subunit 
composition by examining the level of NR2A in DR animals exposed to light. 
This activity-dependent change in NMDAR subunit composition may effect the way 
synapses are subsequently modified by activity. [Supported by HHMI]
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419.9

THE RATE OF SYN A PTIC  DEPR ESSIO N  IN KITTEN V ISU A L  
CORTEX DURING M ONOCULAR DEPRIVATION DEPENDS ON  
PRESYNAPTIC ACTIVITY. C. D. Rittenhouse*, H. Z. Shouval,  M.
A. Paradiso , and M. F. Bear. D ept. o f  N euroscience/H H M I, Brown 
University, Providence, RI 02912.

The majority o f ce lls in primary visual cortex o f normally-reared 
kittens respond to visual stim ulation  o f  either eye . H ow ever, 
monocular deprivation (M D) during an early postnatal critical period of  
visual development results in a shift in the ocular dominance (OD) o f  
these cells towards the experienced eye. The aim o f the present study 
was to determine if the rate o f synaptic disconnection o f deprived eye  
afferents depends on the residual activity in the deprived retina. 
Tw enty kittens, 6-8 w eeks o f  age, w ere anesthetized and given a 
monocular injection o f either TTX (5 nm ol) or saline. Immediately  
follow ing the injection, the eyelids o f the injected eye were sutured 
closed. After 48 hrs o f monocular visual experience, the animals were 
placed in a darkroom for an additional 48 hrs to allow the TTX to wear 
off. The anim als w ere then anesthetized  and prepared for a 
physiological assay o f cortical ocular dom inance using quantitative 
m ethods. Injections and recording w ere perform ed w ithout 
experim enter know ledge o f the experim ental treatment. The data 
reveal that monocular deprivation (saline and lid suture) results in a 
sign ificantly  larger OD shift toward the exp erien ced  ey e  than 
monocular inactivation (MI) (TTX and lid suture) (p<.05; t-test). Since 
deprived eye afferents remain more active during M D than MI, the 
results of this study implicate homosynaptic m echanism s o f  synaptic 
depression in the functional disconnection o f deprived eye  afferents to 
visual cortical neurons that accompanies MD. [Supported by HHMI]

419.11
KNOCKDOWN OF NMDARI WITH ANTISENSE DNA PREVENTS LOSS OF 
FUNCTIONAL BINOCULAR CONNECTIONS IN STRIATE CORTEX OF 
STRABISMIC FERRETS. P.M. Cook*, E.B. Roberts, and A.S. Ramoa. Dept. Anatomy, 
Virginia Commonwealth University School o f Medicine, Richmond, VA.
We have recently reported that DNA antisense techniques can be used to accomplish 
very selective manipulations o f NMDA receptor function in visual cortex (Roberts, 
Meredith and Ramoa, J. Neurophysiol., 1998). Here, we have asked whether NMDA 
receptors play a critical role in the remodeling of cortical connections resulting from 
strabismus. Continuous intracortical infusion o f antisense oligodeoxynucleotides 
(ODNs) targeted to the NMDA receptor subunit NR1 was used to reduce NMDA 
receptor function in the primary visual cortex o f ferrets during the critical period. 
Exotropic strabismus was induced by performing a unilateral medial rectus tenotomy 2- 
3 days after antisense DNA treatment began. Quantitative in vivo recordings o f cortical 
responses to visual stimuli were then performed 1 week after tenotomy. Ocular 
dominance was determined for each neuron by calculating a binocularity index 
(responses to the normal eye divided by the sum o f responses to both eyes). The loss of 
functional binocular connections in strabismic ferrets (n=70 cells) relative to normal 
(n=55 cells) was comparable to that previously reported for kittens. Loss of 
binocularity was prevented by the antisense ODN treatment (n=38 cells) while 
maximum response, orientation selectivity, direction selectivity, and spontaneous 
activity o f cortical neurons did not differ significantly from normal. We are now 
investigating the effects o f the complimentary sense and missense ODN treatments. 
This study indicates that the ferret is a suitable model to study the effect o f strabismus 
in cortical binocularity. Most important, knockdown o f the NMDAR1 was found to 
prevent the loss o f cortical binocularity in strabismic animals despite minimal effects 
on visual cortical response properties. These findings provide strong support for a 
critical role o f  NMDA receptors in the loss o f functional binocular connections caused 
by strabismus. NIH, NSF and Whitehall to ASR.

419.13
DIFFERENTIAL EXPRESSION PATTERN OF NMDAR SUBUNIT 
PROTEINS IN RAT VISUAL CORTEX DURING POSTNATAL 
DEVELOPMENT. B. Gordon*, Z. Cao, B. Doyle, L. Liu, S. Yamodis and 
M. E. Lickey. Institute of Neuroscience, University o f Oregon, Eugene, OR 
97403.

The subunit composition o f NMDA receptors may affect developmental 
plasticity in the visual cortex. In Long-Evans rats the period o f visual 
plasticity is between 24-50 days o f age (Fagiolini et al., 1994; Guire et al., 
submitted). To study the relationship between NMDA receptor subunits 
and visual plasticity in Long-Evans rats, we used immunocytochemistry to 
examine the development o f NMDA receptor subunit proteins in the 
primary visual cortex. Brain sections from 15 rats aged P14, P22, P30, P45, 
and P90 (three rats per age) were stained with three specific antibodies 
against NR1, NR2A, and NR2B. Cells in layer 3 had the highest level of 
NR1 immunoreactivity (IR) at all the ages examined. The number o f cells 
labeled with NR1 and NR2B decreased gradually from P 14 to P45. The 
number o f cells immunoreactive for NR2A was nearly independent o f age. 
We found NR1-IR mostly in cell bodies, and NR2A-IR mostly in 
processes. NR2B-IR was present in both cell bodies and processes. In 
summary, decreases in immunoreactivity for NR1 and NR2B are correlated 
with the developmental decline o f visual plasticity. NR2A-IR appears to be 
uncorrelated with visual plasticity. Supported by NEI grant EY04050 to 
Barbara Gordon.

419.10
DEVELOPMENTAL CHANGES IN NMDA RECEPTOR SUBUNIT 
COMPOSITION AND ELECTROPHYSIOLOGICAL PROPERTIES 
CORRELATE WITH THE ONSET OF PLASTICITY IN THE PRIMARY 
VISUAL CORTEX OF FERRETS. E.B. Roberts*, N. Patel, and A.S. Ramoa. 
Dept. o f Anatomy, Medical College of Virginia, Virginia Commonwealth 
University, Richmond, VA 23298.

The NMDA subtype of glutamate receptor is known to exhibit marked 
changes in subunit composition and functional properties during normal 
development. One of these changes, shortening of the decay time o f the NMDA 
receptor, has been hypothesized to lead to a decline in visual plasticity during 
development in the rat. In the present study, we have examined two questions 
related to this hypothesis: (i) how do the changes in functional properties of 
striate cortical NMDA receptors relate to changes in subunit composition?; and 
(ii) how do these ontogenetic changes correlate with the critical period of 
plasticity in the visual cortex of a highly binocular animal? The expression of 
NMDA receptor subunits NR1, NR2A, and NR2B was examined in ferrets 
ranging from postnatal day 16 to adult using western blotting. We observed a 
dramatic increase in NR2A expression following eye-opening, the time at which 
ocular dominance plasticity is first observed in monocularly deprived ferrets. 
Functional properties o f NMDA receptors in layer IV neurons were studied 
using whole cell patch-clamp techniques in an in vitro slice preparation of 
primary visual cortex. The NMDA receptor mediated synaptic currents showed 
an abrupt decrease in duration concurrent with the increase in NR2A subunit 
expression. In conclusion, the reduction in NMDA receptor current decay time 
and the increase in NR2A subunit expression are correlated in time with 
increased visual cortical plasticity in the ferret. These changes may be 
coordinated to increase the efficiency o f the NMDA receptor as a correlation 
detector, a quality necessary for increased, rather than decreased, visual cortical 
plasticity. Supported by the NIH, NSF, and the Whitehall Foundation to ASR.

419.12
DEVELOPMENTAL CHANGES OF NR2A AND NR2B mRNA IN NR1 
IMMUNOREACTIVE CELLS OF RAT VISUAL CORTEX. Z. Cao*, L. 
Liu, M. E. Lickey and B. Gordon. Institute o f Neuroscience, University of 
Oregon, Eugene, OR 97403.

Developmental change of NMDA receptor subunit composition may 
mediate developmental plasticity in the visual cortex. We asked how many 
cells with NMDA receptors contained NR2A mRNA or NR2B mRNA. We 
marked cells with NMDA receptors by staining for NR1 immunoreactivity 
(NR1-IR). We then used in situ hybridization to stain for NR2A or NR2B. 
We examined sections o f visual cortex from 15 rats aged P 14, P22, P30, 
P45, and P9O, 3 rats per age. Results: (1) The number o f NR1-IR cells 
decreased with age. This could be due to cortical growth. (2) Surprisingly, 
cortical layers differed in their relative staining for protein and mRNA 
regardless o f the particular mRNA; e.g. relative to immunostaining, mRNA 
staining was stronger in layer 2 than in layer 3. (3) At all ages, almost all 
NR1 positive cells also stained for message, suggesting that most NR1-IR 
cells contain both NR2B and NR2A mRNAs. (4) Staining intensity for 
NR2B mRNA decreased with age, but staining intensity for NR2A mRNA 
was not age dependent. Discussion: The NR2A and NR2B subunits do not 
appear to be segregated into different cells. During the period o f visual 
plasticity, the subunit composition NMDA receptors may shift in favor of 
NR2A due to the decline in expression of NR2B. Supported by NEI grant 
EY04050 to Barbara Gordon.

419.14
COLUMNAR ORGANIZATION OF THE PRIMARY VISUAL CORTEX OF 
CALLITHRIX JACCH U S : ROLE OF NMDAR1 DURING POSTNATAL 
DEVELOPMENT. C. Fonta,  C. Chaopert and M. Imbert* Centre de Recherche 
Cerveau et Cognition, Faculté Médecine Rangueil, F-31062 Toulouse cedex.

Genetic factors control the segregation of thalamo-cortical afferents into ocular 
dominance columns in the primary visual cortex of primates. However epigenetic 
factors have an important effect on refinement of developing connections. Their 
contribution is particularly high during the ‘critical period’ and would be mediated 
by NMDA receptors.

In young marmosets Callithrix jacchus, an early and short monocular deprivation 
leads to a columnar pattern of NMDAR1 receptors in the primary visual cortex 
(Fonta et al., J. Comp. Neurol. 386 : 260-276, 1997). We aimed at determining 
the involvement of NMDA receptors in columnar organization in animals of 
different postnatal ages, in parallel to the segregation state of thalamo-cortical 
afferents. Immunohistochemical experiments with NMDAR1 monoclonal antibody 
(clone 54.1) and 3H proline transneuronal labeling were performed in control and in 
2-week-lid-sutured animals.

Unbalanced visual input provokes a decrease in NMDAR1 distribution in 
columns connected to the deprived eye, only between the second and the fourth 
postnatal months. The NMDAR1 columnar pattern is displayed in layer IVC, first 
in IVCa and b (11/2 to 3 postnatal months), then in IVCb (3-4 postnatal months). 
It presents a higher contrast at the end of the second postnatal month. Thalamic 
afferents are segregated into columns at 2 4 , 44 and 60 days in layer IVCa and b.

The present results show that NMDAR1 are found in target cells of the thalamic 
visual afferents in the primary visual cortex and are dependent on the visual level of 
activity. NMDAR1 do not seem to be involved in geniculo-cortical afferent 
segregation, but rather in reorganization and refining of thalamo-cortical 
connections. Work supported by Centre National de la Recherche Scientifique.
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419.15
MONOCULAR VISUAL DEPRIVATION DURING THE CRITICAL PERIOD 
ACTIVATES CALCIUM/CYCLIC AMP RESPONSE ELEMENT MEDIATED 
TRANSCRIPTION IN MOUSE VISUAL CORTEX. T. A. Pham1,2, S. Impey3, D. R. 
Storm3, and M. P. Stryker1*. 1Depts. o f  Physiology, and 2Psychiatry, Univ. o f C alif, 
San Francisco, San Francisco, CA 94143; 3Dept. o f Pharmacology, Univ. of 
Washington.

The development o f synaptic connections in the mammalian visual system is 
modulated by visual experience. During a well defined critical period early in life, 
deprivation o f visual input to one eye causes a rapid and profound shift in cortical 
neuronal responses toward the nondeprived eye. The molecular mechanisms 
underlying this developmental neuronal plasticity remain largely unclear, but are known 
to be dependent on neuronal activity and affected by neurotrophic factors. The 
calcium/cyclic AMP response element (CRE) binding transcription factor (CREB), 
required for learning and memory in many systems, is an integral part of the 
intracellular signaling pathways in response to both activity and neurotrophins. To test 
for the involvement o f CRE-mediated transcription in visual cortical plasticity, we have 
utilized transgenic mice carrying an insertion o f a CRE-lacZ reporter. In critical period 
age mice (P26-P29) we find that the basal level o f expression o f this reporter construct 
is low, but it is dramatically induced following monocular visual deprivation (MD). 
Induction of CRE-lacZ is largely limited to the visual cortex receiving inputs from the 
nondeprived eye, and has a delayed onset. No change in CRE-lacZ expression is seen 6 
hours following MD, but it is clearly detectable by 12 hours and persists 3 days 
following MD. Significantly, we find no activation o f CRE-lacZ transcription in mice 
age P40-P42 (following the end o f the critical period), and minimal activation in mice 
that have been binocularly deprived o f light, conditions that do not result in physiologic 
plasticity. These results strongly suggest that CRE-dependent pathways mediate the 
expression o f genes required for visual cortical plasticity during the critical period. 
Supported by grants from the NIH and an APA-PMRTP fellowship (TAP).

419.17
DOWNSTREAM SIGNALLING OF THE NMDA RECEPTOR/NITRIC OXIDE 
PATHWAY DURING ON/OFF SUBLAMINA FORMATION IN THE FERRET 
LGN: A ROLE FOR GUANYLYL CYCLASE? C. A. Leamey*, C. L. Ho-Pao and 
M. Sur. Dept. o f Brain and Cognitive Science, MIT, Cambridge, MA 02139.

Previous studies have shown that: a) segregation of on/off retinal ganglion cell 
axons in the ferret lateral geniculate nucleus (LGN) is activity-dependent and requires 
both NMDA receptors and nitric oxide synthase (NOS); and b) soluble guanylyl 
cyclase (sGC), which is nitric oxide (NO) sensitive and produces cyclic guanosine 
monophosphate (cGMP), is involved in activity-dependent changes in synaptic 
strength downstream of the NMDA receptor/NO pathway. We here investigate the 
possibility that the sGC-cGMP pathway is involved in the segregation of retinal 
inputs into on/off sublaminae, which occurs during weeks 3-4. A standard protocol 
was used to prepare in vitro slices from 1-6 week old ferrets. After 1-2 hours 
incubation in artificial cerebrospinal fluid (ACSF), slices were exposed to either the 
NO donor sodium nitroprusside (SNP; ImM, 5 min), NMDA (300µM, 1 min) or 
preincubated in the NOS inhibitor L-nitroarginine (L-NoArg; l 00µM) for 30 min 
prior to addition of NMDA. Control slices were incubated in ACSF for similar 
periods. Slices were fixed, sectioned and reacted for cGMP immunohistochemistry. 
During week 1 very little cGMP immunoreactivity was present in control tissue, 
although some staining was present in tissue stimulated with NMDA/SNP. 
Staining in control sections increased dramatically by the end of week 2, with 
prominent staining in the neuropil and somata of the A layer. This was maintained 
during week 3 and was little enhanced by stimulation with SNP/NMDA, but was 
reduced by preincubation in L-NoArg. Neuropil staining had decreased by the end of 
week 4 although somata were still stained. Stimulation with NMDA increased 
neuropil staining; this effect was blocked by preincubation in L-NoArg. Staining in 
control tissue was further reduced by week 6. Preliminary results from focal 
administration of a specific sGC inhibitor over the LGN by osmotic mimipumps in 
vivo during weeks 3-4 suggest that blockade o f this pathway disrupts the 
segregation of on/off retinal inputs into sublaminae in the ferret LGN.

Supported by NIH Grant EY11512 to M.S. and an NRSA to C.L.H.-P.

419.19

EFFEC TS O F O N -C E N T E R  R ETIN A L G A N G L IO N  C ELL  
B L O C K A D E  O N  D E V E L O PM E N T  O F V ISU A L C O R TIC A L  
R E SP O N SE S. I. Goedecke* and B. Chapman. Center for Neuroscience, UC 
Davis, 1544 Newton Ct., Davis, CA 95616.
A class of computational models suggests that correlation patterns in the activity of 
ON- and OFF- channels in the visual system may be necessary for the development 
of orientation-specific responses in visual cortex.
To test this hypothesis we blocked ON-center ganglion cell activity by daily 
binocular intravitreal injections of DL-2-Amino-4-phosphonobutyric acid (APB) 
starting postnatal day (PND) 21 and continuing for 24-33 days. In pilot LGN 
recordings from PND 30-35 and adult ferrets we determined that a vitreal 
concentration of 7OOµM APB selectively blocked ON-channel activity for 
approximately 24 hours. 350µM and l400µM APB also provided a selective block 
(normal OFF responses) for an undetermined period. These three dosages were used 
in the chronic development studies. Saline injections were used in control animals. 
Optical imaging experiments were performed 24 hours following the last eye 
injection. For all three APB dosages, treated animals showed no orientation-specific 
activity maps. Electrophysiological recordings in visual cortex in two animals 
confirmed that there were no visually driven responses. This suggests that the APB 
treatment “froze” cortical cell development in the non-responsive state present 
normally at PND 21 when the injections were started.
Normal OFF and ON LGN responses in APB treated animals after the APB wore off, 
as well as normal orientation maps in saline treated animals confirmed that the 
injections per se did not damage the retina. The lack of cortical activity in APB- 
treated animals was therefore due to the blockade of the ON-channel.
In four additional animals, optical imaging was not performed until 3-50 days after 
the last APB injections. Even following the longest recovery there were no 
orientation maps seen. This suggests that there is a critical period during which the 

-ON pathway is necessary for the development of normal cortical responsiveness. 
Supported by NIH EY -11369

419.16
CHANGES IN OCULAR DOMINANCE OF CORTICAL NEURONS INDUCED 
BY CHRONIC ELECTRICAL STIMULATION OF THE OPTIC NERVE IN 
KITTENS.
M. Ohshima, Y. Hata*, S. Ichisaka, M. Wakita, M. Fukuda and T . Tsumoto,
Dept. Neurophysiol., Osaka Univ. Med. Sch., Suita 565-0871 Japan.

Binocular visual responsiveness of most neurons in the primary visual cortex of 
cats can be changed by monocular visual deprivation during the critical period of early 
life. This suggests that impulse activity from the two optic nerves controls the ocular 
dominance of visual responses of cortical neurons. A form of synaptic plasticity, long
term potentiation (LTP), has been hypothesized to be involved in such an experience- 
dependent change in the cortex. However, there has been no direct experimental 
demonstration of the hypothesized link between LTP and ocular dominance plasticity 
of cortical neurons. In this study, therefore, we activated one of the optic nerves with 
tetanic stimulation of the θ -burst type which is known to induce LTP in the visual 
cortex and analyzed possible changes in visual response of cortical neurons.

At postnatal 23-47days, bipolar electrodes for chronic stimulation were implanted 
in both optic nerves. After recovery period (5-10 days), one of the optic nerves was 
stimulated with high-frequency biphasic current pulses (4 trains at 100Hz, duration 0.1 
ms) given at 5Hz for 2 s. This θ -burst type of tetanic stimulation was repeated at an 
interval of 10 s for 48 hours. The intensity was set at the threshold for the induction of 
maximal field responses of the dorsal lateral geniculate nucleus (LGN) to test 
stimulation of the optic nerve. To confirm that both optic nerves were not impaired by 
implantation of the electrodes, we recorded field responses of LGN and both optic 
nerves elicited by strobe flash stimuli to the eyes before and after tetanic stimulation. 
Animals which showed signs of impairments were not included in the present analysis.

After this chronic stimulation, we recorded visual responses of single LGN and 
cortical neurons, and analyzed their visual responses. All the neurons of LGN (n = 95) 
responded normally without detectable functional impairments to visual stimulation 
from both eyes. Most of the cortical neurons (n -  224) had normal orientation 
selectivity to moving light bar stimulus from both eyes. In all the animals (n = 7), the 
ocular dominance shifted toward the eye at the tetanized side. These results indicate 
that chronic electrical stimulation of the LTP-inducing type changes the ocular 
dominance of cortical neurons. (Supported by gants from the Japanese Ministry of 
Education, Science, Sports and Culture to  Y.H. and T.T.)

419.18
EFF E C T S O F O N -C EN TER  G A N G L IO N  C ELL BLO C K A D E  
O N  S E G R E G A T IO N  O F R ETIN A L A FFE R E N T S IN THE  
FE R R E T  LGN. B. Chapman*,  E.M. Anderson and S.K. Shook. Center for 
Neuroscience, UC Davis, 1544 Newton Ct., Davis, CA 95616.
In the mature ferret LGN, retinal afferents are segregated not only into eye-specific 
layers, but also into ON and OFF sublaminae. To determine whether activity in both 
ON and OFF visual channels is necessary for afferent segregation, we blocked the 
ON-center pathway via daily binocular intravitreal injections of DL-2-Amino-4- 
phosphonobutyric acid (APB), and then labeled the retino-geniculate afferents by 
intravitreal injection of lectin-conjugated peroxidase (WGA-HRP).
Vitreal concentrations of APB were calculated assuming the volume of the vitreous 
to be 2/3 the volume of the eye. We have shown in acute LGN recordings in ferrets at 
postnatal day (PND) 30-35 that 7OOµM vitreal APB produces a selective blockade of 
the ON- channel for approximately 24 hours. In initial chronic experiments, a vitreal 
APB concentration of approximately 7OOµM was maintained from PND 8 (when ON 
and OFF ganglion cell dendrites begin to stratify in the retina, but no ON and OFF 
sublaminae are seen in the LGN) through PND 23 (when the LGN is adult-like). 
These animals showed normal segregation of afferents in the LGN. In ferrets treated 
for the same period with 3.5mM APB, however, not only ON and OFF but also eye- 
specific afferents failed to segregate normally, and no inter-laminar spaces were 
seen. It is probable that this high APB concentration blocked both ON and OFF 
channels; however the lack of eye-specific segregation is surprising as in normal 
animals this segregation occurs by PND 9.
Treatment with APB from PND 15 (when eye-specific segregation is finished and 
ON/OFF segregation normally begins) through PND 23 resulted in normal eye- 
specific laminae but disrupted ON/OFF segregation (confirming the results of 
Bodnarenko and colleagues). However, we found that this effect also was seen only 
with very high APB concentrations (no segregation at 5mM, poor segregation at 
2.5mM, normal segregation at 7OOµM), suggesting that this lack of segregation may 
also result from blockade of both ON and OFF pathways.
Supported by NIH EY-11369

419.20
NMDA RECEPTOR-MEDIATED ACTIVITY AND THE DEVELOPMENT OF 
ON AND OFF RETINAL GANGLION CELL (RGC) MORPHOLOGY. Marie 
McCarthy, Lia Thomas, Shawna Annand and Stefan Bodnarenko*. Department o f 
Psychology/Neuroscience Program, Smith College, Northampton, MA 01063.

A fundamental feature of mature ferret RGCs is the stratification of their dendrites 
within distinct On and Off sublayers in the inner plexiform layer (IPL) of the retina 
and the termination of their axons in separate On and Off sublayers of the dorsal 
lateral geniculate nucleus (dLGN). These mature morphological characteristics begin 
to emerge during the 2nd postnatal week with the gradual restriction of RGC 
dendrites that initially ramify throughout the IPL, followed a week later by the 
segregation of initially exuberant axons within the layers of the dLGN.  We have 
previously reported that blocking glutamate-mediated afferent activity in the retina 
during the third and fourth postnatal weeks in ferrets arrests the stratification of On 
and Off RGC dendrites and the segregation of their axon terminals (Neurosci. Abstr. 
1997).

In the present study we have investigated the role of NMDA receptor-mediated 
retinal activity in establishing key features of On and Off RGC morphology. 
Postnatal ferrets were injected intraocularly with 2-amino-5 phosphonovaleric acid 
(APV), an NMDA receptor antagonist, into one eye daily for nine days, during the 
third and fourth postnatal weeks. Following APV treatment, some animals were 
injected intraocularly with HRP-WGA in order to label RGC axon terminals in the 
dLGN, whereas in others, RGC somata and dendrites were labeled following the 
application of Dil into the fixed optic nerves. The effects of APV treatment on RGC 
morphology were assessed utilizing both light field and confocal microscopy. We 
now report that APV treatment disrupted the normal development of key features of 
On and Off RGC morphology. These results suggest that NMDA receptor-mediated 
retinal activity is crucial for the normal development of On and Off visual pathways. 
(Supported by the Smith College Picker Research Fellowship)
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420.1
cDNA CLONING OF A NOVEL COLLAPSIN/SEMAPHORIN FROM SEA 
LAMPREY PETROMYZON MARINUS AND IT EXPRESSION AFTER 
SPINAL CORD INJURY. M. I. Shifman* and M. E. Selzer. Dept. of Neurology, 
University of Pennsylvania School of Medicine; Philadelphia, PA 19104.

The larval sea lamprey recovers from full spinal cord transection by a process that 
involves directionally specific regeneration of axons. The mechanisms underlying this 
specificity are not known, but they may involve molecular cues similar to those that 
guide the growth of axons during development. Recently, several classes of diffusible 
and nondiffusible guidance molecules, such as a collapsins/semaphorins and netrins, 
have been identified. As a first step in testing the role of chemorepulsive and 
chemoattractive cues in guiding regeneration, we are attempting to determine whether 
such molecules are expressed in the mature lamprey CNS, and whether their expression 
is modulated by spinal cord transection.

Using degenerate primers, novel sequences sharing homology with 
semaphorins/collapsins and netrins were amplified by RT-PCR from total lamprey CNS 
RNA. BLAST search on the resulting sequences revealed two putative lamprey 
semaphorins/collapsins. The first encodes a protein that is highly homologous to the 
human semaphorin H-Sema III (85% nucleic acid identity; 63% amino acid identity) 
and chicken collapsin 3 (81% nucleic acid identity; 58% amino acid identity). The 
second encodes a protein that is homologous to mouse semaphorins C and B (45% 
nucleic acid identity) and chicken collapsin 4 (40% nucleic acid identity; 30% amino 
acid identity). Initial in situ hybridization studies using probes derived from the lamprey 
collapsin sequence tagged with digoxigenin showed that mRNA for lamprey collapsin 3 
is expressed mostly in glial cells of the spinal cord.
Supported by NIH Training grant 5-T32-HD 07425-07

420.3
ROLE OF SEMAPHORIN III SIGNALING IN PLASTICITY AND REGENERATION 
OF THE ADULT RAT OLFACTORY SYSTEM. R.J. Pasterkamp*, F. De Winter & J. 
Verhaagen. Graduate School for Neurosciences, Netherlands Institute for Brain 
Research, Amsterdam, The Netherlands.

The primary olfactory pathway offers a unique system to study plasticity and 
regeneration of neuronal networks in adulthood. During development of the olfactory 
system, semaphorin III (sema III), an axonal chemorepellent, and its recently identified 
receptor neuropilin-l, have been suggested to participate in the correct innervation of the 
olfactory bulb by primary olfactory axons. To explore mechanisms that underlie 
plasticity and regeneration in adulthood, the expression patterns of sema III, neuropilin-1 
and collapsin response mediator protein-2 (CRMP-2) were analyzed by nonradioactive 
in situ hybridization and immunohistochemistry in the intact olfactory system and 
following lesions of the primary olfactory nerve. In the intact adult olfactory epithelium 
neuropilin-1 mRNA and CRMP-2 mRNA were expressed in immature (B-50/GAP-43 
positive) and a subpopulation of mature (OMP positive) olfactory neurons. In the intact 
main olfactory bulb primary olfactory axons expressing neuropilin-l were found in close 
association with sema III mRNA expression in the cribriform plate and in second-order 
olfactory neurons. Both bulbectomy and axotomy of the primary olfactory nerve resulted 
in an increased mRNA expression for neuropilin-l and CRMP-2 at the lesioned side of 
the olfactory epithelium. Furthermore, bulbectomy, a lesion not followed by successful 
regeneration of primary olfactory axons, resulted in the formation of a cellular scar 
containing numerous sema III expressing cells encapsulating regenerating bundles of 
neuropilin-l positive primary olfactory fibers. In contrast, following axotomy (allowing 
-egeneration and target reinnervation) regenerating olfactory fibers were meandering 
between strings of sema III expressing cells and reinnervated the glomerular layer. The 
coordinated expression of sema III, neuropilin-l and CRMP-2 in the intact olfactory 
system may indicate a role for sema III-neuropilin-1 signaling in controling the 
continuous ingrowth of olfactory fibers into the olfactory glomeruli. In addition, the 
differential arrangement of sema III positive neural cells and their relation to 
regenerating olfactory fibers following bulbectomy as compared to axotomy may 
represent a new mechanism contributing to the failure of long distance axonal 
regeneration following central nervous system injury. In part supported by NWO-GBMW.

420.5

Rat N etrin -1  m RNA in  P e rip h e ra l N e rve s  G ra fte d  
O n to  T ra n se c te d  O p tic  Nerve. R. D. M a d is o n *1,2,3 a n d  

G .A . R o b in s o n 1  1Div. o f N e u ro s u rg e ry , 2D ept. N e u ro b io lo g y , 
D u k e  U n iv . M ed. C tr., a n d  3V A  M ed. C tr., D u rh a m , NC, 2 7 7 1 0 .

Initial studies utilizing a modified aRNA expression profiling technique 
(Madison & Robinson, BioTechniques, 1998) indicated variable levels of 
netrin mRNA in peripheral nerve grafts associated with different numbers 
of regenerating retinal ganglion cell (RGC) axons. Quantitative competitive 
PCR was used to examine this initial observation using rat netrin-1 specific 
primers. After intraorbital optic nerve transection, a 2 cm common peroneal 
graft was attached to the eye in 5 adult female rats. Four weeks later the 
distal (1 cm) portion of each graft was removed for molecular studies, and 
FluoroGold was applied to the remaining proximal portion to retrogradely 
label RGCs. One week later the rats were perfused and the retinae 
examined for labeled RGCs. The portion of the graft used for molecular 
studies was processed for expression profiling by priming the initial reverse 
transcription step with T7-oligo-d(T). Aliquots of this cDNA were also utilized 
for competitive PCR. Netrin-1 was reliably detected by PCR in 3 of the 5 
samples. Two of these three samples were from animals with large numbers 
of retrogradely labeled RGCs (1-2.5 × 104). These two samples contained 
250-450 copies of netrin-1 (per/ng of graft cDNA). The third animal 
displayed only 1 labeled RGC, and this sample contained 30 copies of 
netrin-1. In contrast, normal sciatic nerve contains approximately 6,000 
copies of netrin-1. These results suggest the possible involvement of 
netrin-1 in axon regeneration. Supported by NS22404-12 (RDM), VA 
Research Service (RDM), and Brain Injury Research Fund (GAR).

420.2

LESION-DEPENDENT RE-EXPRESSION OF NEUROPILIN-1 IN  VIVO 
AND IN  VITRO.
J.N. Reza, I . Gavazzi, J. Cohen. Department o f Developmental Neurobiology, 
UMDS, Guy’s Hospital, London SE1 9RT, UK.
(SPON: British Neuroscience Association).

The role o f neuropilin-l, the receptor for the collapsin/semaphorin family of axon 
growth repellents, in mediating axon guidance is well documented. Recent data have 
implicated collapsin-1 /semaphorin III in the guidance o f regenerating adult sensory 
axons (Tanelian et al., 1997), raising the possibility that the neuropilin-l receptor 
may also play a role in the injured nervous system Using an antiserum to a 
recombinant neuropilin protein spanning the MAM domain of the receptor (kindly 
supplied by David Ginty), we have analysed the expression of neuropilin-l by adult 
DRG neurons, in vivo and in vitro, from intact rats and rats that have undergone a 
conditioning sciatic nerve lesion. We have confirmed that DRG neurons in the intact 
adult are neuropilin-l-negative. However following conditioning lesion, re-
expression, predominantly by small diameter DRG neurons, is detected in vivo. Our 
analysis o f cultured DRG neurons shows that regenerating neurons express 
neuropilin-l; double immunolabeling using an anti-neurofilament antibody (N52, 
which recognizes large and intermediate neurons) or lectin IB4 (which recognizes 
small neurons) versus anti-GAP-43 shows that ~9O% of the regenerating cells are 
neuropilin-l-positive, spanning all cell body sizes. Thus our studies show that both 
in vivo and in vitro, neuropilin-l is upregulated on adult DRG neurons following 
their acute isolation or sciatic nerve lesion. This raises the possibility that 
collapsins/semaphorins are involved in modulating axonal regeneration following 
peripheral nerve injury.
Supported by The Special Trustees o f St. Thomas's Hospital and The Wellcome 
Trust.

420.4

Netrin-1 mRNA in Te rm ina l B ran ches  o f Rat Fem oral 
N erve . J .S . N e im a t1, G .A . R o b in s o n *1, a n d  R .D. M ad ison  1,2,3. 

1D iv . o f  N e u ro s u rg e ry , a n d  2 D e p t. O f N e u ro b io lo g y , D u k e  
U n iv. M ed. C tr., a n d  3V A  M ed. C tr., D u rh a m , N C  2 7 7 10 .

Motor and sensory afferent axons which originally innervated the terminal 
nerve branch to the quadriceps muscle tend to correctly reinnervate this 
terminal nerve branch rather than incorrectly reinnervating the cutaneous 
branch of the same nerve (J. Neurosci., 16:5698-5703). The presence of 
netrin mRNA in these terminal nerve branches was suggested by using a 
modified aRNA expression profiling technique (Madison & Robinson, 
BioTechniαues. 1998) to screen for differential gene expression. Recent 
work in Drosophila and zebrafish has suggested that netrins may be involved 
in guiding motor axons to target muscles, however the presence of netrins 
in mammalian peripheral nerve has not been reported.

In this current study we characterized netrin-1 mRNA by quantitative 
competitive PCR using netrin-1 specific primers. Five adult male rats 
received bilateral femoral nerve transection and repair followed by immediate 
(~2 hr) or delayed (~4 day) harvest. Netrin-1 mRNA levels in the immediate 
repair were comparable in both branches (N=2, ~750± 170 copies/ng cDNA); 
levels in unlesioned terminal branches are unknown. Netrin-1 mRNA levels 
increased at 4 days to ~ 1,400+270 copies in the muscle branch (N=4), and 
to ~4,660+360 copies in the cutaneous branch (N=4). Normal sciatic nerve 
displayed ~6,250±530 copies (N=2). This data indicates either: 1) different 
resting levels of netrin-1 mRNA in sciatic vs femoral nerve terminal branches, 
or 2) a very rapid drop in netrin-1 levels following nerve transection followed 
by a 2-6 fold increase by 4 days. Supported by NS22404-12 (RDM), VA 
Research Service (RDM), and Brain Injury Research Fund (GAR).

420.6

BEHAVIORAL AND STRUCTURAL EFFECTS OF GANGLIOSIDE 
TREATMENT FOR NERVE GRAFTING IN THE RAT. J.M. Kerns1*, 
J. K. Sobeski2, J.F. Safanda2 and M. H . Gonzalez2. 1Dept. Anatomy. Rush 
Medical College. Chicago. IL; 2Dept. Orthopedics, Univ. Ill Chicago, IL 60612.

Peripheral nerve regeneration following traumatic injury is usually incomplete 
and the standard approach for repair involves a nerve autograft One rationale 
for improving the outcome is to provide supplemental growth factors This 
study using the rat sciatic nerve model examined the influence o f G M -1 ganglio- 
side (Fidia, 1.4 mg/kg IP for 30 consecutive days) on valcular or avascular nerve 
grafts The controls included an unoperated contralateral side and a group that 
was sham operated with or without the G M -1 All experimental procedures 
complied with ethical guidelines for animal research During the five m onths of 
postoperative recovery the locomotion behavior was assayed by the sciatic func
tional index (SFI). At the time o f sacrifice the anesthetized animals were pre
pared for nerve conduction velocity (NCV) studies, followed by the wet weight 
o f  the gastrocnemius as an expression o f atrophy and immersion fixation o f the 
nerve segments for histology The SFI at sacrifice was similar for nerve graft 
groups with or without GM-1 (31 -34%  recovery) The average NCV o f the graft 
groups was 45%  (avascular) to 57% (vascular) o f  the normal nerve (52.7 
m/sec), but for the graft groups treated with G M -1 it was 62-64%  The atrophy 
in the muscle from all surgical groups was similar (61-67% ) compared to the 
normal (4 4 gms) The qualitative microscopic appearance o f  the distal serve 
segment in all surgical groups was similar. W e conclude that either the addition 
o f G M -1 ganglioside or maintaining the graft vascularity enhances the 
regeneration o f  grafted nerves
Supported in part by  funds from the Department o f  Orthopedics.
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420.7
B L O C K IN G  G A N G L IO SID E  SY N T H E SIS SU BSTA N TIA LLY  
R EV ER SES M A G  IN H IBITIO N  O F N EU R IT E  O U TG R O W TH .
A.A. Vyas, M.  Heffer-Lauc, S. Itonori, H.V. Patel, R.L.  Schnaar*. Depts of 
Pharmacology & Neuroscience, Johns Hopkins Sch Med, Baltimore, MD 21205 
Gangliosides are major cell surface molecules, and the predominant sialoglyco- 

conjugates in the vertebrate nervous system. Their abundance and cell surface 
location renders them potential targets for complementary cell adhesion and/or 
recognition molecules on apposing cells. Myelin associated glycoprotein (MAG) is 
found on the periaxonal myelin membrane, where it regulates myelin-axon stability, 
axon cytoarchitecture, and neurite outgrowth (axonal regeneration), presumably by 
binding to specific targets on the apposing axolemma. MAG is a sialic acid binding 
lectin belonging to the sialoadhesin (or 'Siglec') family (Kelm, et al (1994) Curr Biol 
4, 965). Gangliosides were shown to be potential axonal ligands for MAG using in 
vitro cell binding assays (Collins et al (1997) J  Biol Chem 272, 16889)
To determine whether neuronal gangliosides participate in neurite outgrowth 
inhibition by MAG we undertook the present study. Cerebellar granular neurons 
from rat pups (P3-P5) were cultured on detergent extracts of myelin (NPM, Norton 
and Poduslo (1973) J  Neurochem 21, 749). Neurons cultured on surfaces coated with 
NPM exhibited significantly reduced neurite outgrowth compared to those on 
control surfaces. In contrast, detergent extracts of compact myelin enriched fraction 
(lacking periaxolemma) showed little inhibition of neurite outgrowth. Antibodies 
against MAG restored the neurite outgrowth, as did addition of sialidase, consistent 
with inhibition due to MAG binding to neuronal sialoglycoconjugates. The 
inhibition was substantially reversed when neurons were cultured in the presence of 
a highly specific and potent inhibitor (DL-threo-l-phenyl-2-hexadecanoylamino-3- 
pyrolidino-1-propanol) of glucosylceramide synthase, the first step in ganglioside 
biosynthesis. These results suggest that gangliosides can play a role in MAG 
induced neurite outgrowth inhibition.

Supp by NIH, NSF and Paralyzed Veterans o f America Spinal Cord Research Foundation

420.9
TESTING THE ROLE OF THY-1 IN  REGEN ERA TIO N A N D  PLASTICITY.
T. C olem an*, K.A. Kelley an d  G.W . H u n tley  F ishberg  R esearch  C en ter for 
N eurobiology, M ount Sinai School of M edicine, N ew  York, NY 10029

Thy-1 is a cell a d h esio n  m o lecu le  of the  Ig su p e rfa m ily , an d  is 
expressed  by n eu ro n s in the CNS and PNS p red o m in an tly  d u r in g  p o stn a ta l 
d ev e lo p m en t, ris ing  to its h ig h est levels by  a d u lth o o d . E xpression  on the 
surface of the axonal p lasm alem m a is co rre la ted  w ith  com ple tion  of axonal 
o u tg ro w th  an d  term in a l a rb o riza tio n , w h ich  h as  led  to a p rev a ilin g  view  
th at Thy-1 h in d ers  regeneration  an d  p lastic ity  in the m atu re  n e rv o u s system  
by in h ib itin g  n eu rite  o u tg ro w th . To test th is, Thy-1 k n o ck o u t m ice w ere 
c reated  th ro u g h  s tan d a rd  gene targeting  techniques, an d  subjected  to one of 
tw o  p a rad ig m s for in d u cin g  axonal reg en e ra tio n  an d  p lastic ity . First, the 
ability of m atu re  corticospinal axons to regenerate  w as tested  in a d u lt m u tan t 
an d  w ild ty p e  (wt) m ice by tran sectin g  the co rticosp ina l trac t in the sp inal 
cord. Three m onths post-lesion, m ultip le  injections of axonal tracer w ere m ade 
in to  the m oto r cortex. A nalysis of sp in a l co rd  sections th ro u g h  the lesion 
show ed  th a t in bo th  w t an d  m u ta n t an im als, labe lled  co rtico sp in a l axons 
ap p ro ach ed  the in jury  site, b u t s to p p ed  u p o n  en te rin g  the glial scar an d  d id  
n o t p ro g ress  th ro u g h  the lesion. T hus, w h ile  Thy-1 n eg a tiv e  co rticosp ina l 
axons d id  n o t exhib it overt reg en era tio n , it is likely th a t the  glial scar and  
re la ted  factors p osed  m ec h an ica l/ch em ica l b a rrie rs  w h ich  in te rfe red  w ith  
any  regenera tive  capacity . To ad d ress  this, w e used  a second p a rad ig m  of 
facial w h isker cau tery  to ind u ce  reo rg an iza tio n  of th alam ocortical axons in 
barrel cortex w hich, being rem ote from  the site of the lesion, w ou ld  be th ro u g h  
an  env ironm ent lacking such confound ing  factors. P relim inary  d a ta  show  in 
b o th  w t an d  m u ta n t  a d u lt  an im a ls  a n o rm a l b a rre l- re la te d  p a tte rn  of 
c y to c h ro m e  o x id ase  s ta in in g  c o n tra la te ra l  to  th e  le s io n e d  w h isk e rs ; 
dev e lo p m en ta l s tud ies  of axon tra jectories in  such  an im als are  in p rogress. 
S upported  by Eastern Paralyzed  V eterans A ssociation to GW H.

420.11

R O L E  O F  G L Y C O S A M IN O G L Y C A N S  IN P U R K IN J E  C E L L  
A X O N  R E G E N E R A T IO N . Ira  O ld e n e tte l, H a n s -D ie te r  
H o fm a n n *, a n d  J o s e f P. K a p fh a m m e r. A n a to m is c h e s  In s titu t I, 
A G  N e u ro n a le  P la s tiz itä t, H a n s a s tr. 9 A , U n iv e rs itä t F re ib u rg , 
7 9 1 0 4  F re ib u rg , G e rm a n y .
In o rd e r  to  s tu d y  in h ib ito ry  fa c to rs  o f th e  C N S  e n v iro n m e n t th a t 
a ffe c t a x o n a l re g e n e ra tio n  w e  a re  u s in g  s lic e  c u ltu re s  o f 
p o s tn a ta l ra t c e re b e llu m . G ly c o s a m in o g ly c a n s  h a ve  b ee n  
s u g g e s te d  to  g e n e ra te  a  n e u rite  g ro w th  in h ib ito ry  e n v iro n m e n t 
a fte r  C N S  le s io n s . T o  v e r ify  a  p o s s ib le  ro le  in re g e n e ra tio n , 
g ly c o s a m in o -c o m p o n e n ts  w e re  in a c tiv a te d  b y  e n z y m e  d ig e s tio n  
w ith  c h o n d ro itin a s e  A B C , h e p a rin a s e , k e ra ta n a s e  a n d  th e  use 
o f th e  b io s y n th e s is  in h ib ito r  tu n ic a m y c in . N o  im p ro v e d  a xo n a l 
re g e n e ra tio n  in th e  tre a te d  c u ltu re s  w a s  se e n  in th e  
e x p e rim e n ts . A s  in c o n tro l c u ltu re s , th e  c u t P u rk in je  c e ll a xo n s  
s to p p e d  a t a n d  re tra c te d  fro m  th e  le s io n  s ite . In c o n tra s t, a xo n s  
fro m  D R G  e x p la n ts  tra n s p la n te d  o n to  th e  c u ltu re s  g re w  fre e ly  
a c ro s s  th e  le s io n  s ite .
T h e  t is s u e  re a c tio n  a t th e  le s io n  s ite  w a s  s tu d ie d  w ith  
im m u n o h is to c h e m ic a l s ta in jn g s  fo r  G F A P , a  m a rk e r fo r  re a c tive  
a s tro c y te s  a n d  E D 1, a  m a rk e r  fo r  a c tiv a te d  m ic ro g lia  a nd  
m a c ro p h a g e s . O n ly  little  a c c u m u la t io n  o f re a c tiv e  a s tro c y te s  
a n d  a c tiv a te d  m ic ro g lia  a t th e  le s io n  s ite  w a s  s e e n  in o u r  c u ltu re  
m o d e l. F ro m  o u r  s tu d ie s  it a p p e a rs  u n lik e ly  th a t g ro w th  
in h ib ito ry  g ly c o s a m in o  c o m p o n e n ts  a lo n e  p la y  a  m a jo r  ro le, fo r  
P u rk in je  c e ll a x o n  re g e n e ra tio n .
Supported by the Förderprogramm Neurobiologie des Landes Baden-Württemberg.

420.8
EXOGENOUS GANGLIOSIDES ENHANCE PERIPHERAL NERVE REGENERATION. F.C. 
Pereira1, R.D. Lainetti2 & C.F. Da-Silva2*. Depts of Anatomy1 and Histology2, University of São 
Paulo, SP 05506-900, Brazil.

In the past several years we have been using a chamber model of peripheral nerve repair to 
evaluate the effects of locally applied substances on peripheral nerve regeneration Based on the 
wealth of data from in vivo animal studies and in vitro cell culture studies which have shown that 
gangliosides stimulate repair after nervous system damage, we decided to test these substances in 
our model system

Twenty-eight C57BL/6J male adult mice had the sciatic nerve transected at mid-thigh and 
proximal and distal nerve stumps were sutured into a polyethylene tube (PT) leaving a 4-mm gap 
Animals were divided into 7 groups (N=4) which received one of the following treatments: (1) PT 
filled with a purified preparation of collagen (Vitrogen, 2.4 mg/ml); (2) PT filled with collagen + 
systemic injection of ganglioside mixture (Sinaxial® (GM1, GD1a, GD1b, GT1b)), 30 mg/kg/day, 
i.p.); (3) PT filled with collagen + systemic injection of ganglioside GM1 (Sygen®, 30 mg/kg/day, 
i.p.); (4) PT filled with collagen + ganglioside mixture (Sinaxial®, 10 mg/ml); (5) PT filled with 
collagen + GM1 (Sygen®, 10 mg/ml); (6) PT filled with collagen + nerve growth factor (NGF, 0 25 
µg/ml), (7) PT filled with collagen + NGF + GM1 (NGF, 0.125 µg/ml; Sygen®, 5 mg/ml). After 6 
weeks, the PTs with the enclosed regenerated nerve cables were removed and processed for Epon 
embedding Myelinated axons were counted from the mid-portion of the cables with a computer- 
controlled system

The results showed a signifi
cantly higher number of myelinated 
axons in the animals treated with 
either systemic or local gangliosides 
injection.  Local administration of 
NGF also had a stimulatory effect 
on regenerated nerve fibers.
Interestingly, the NGF+GM1 group 
had significantly more axons 
compared to the other experimental 
and control (non-operated) groups. These results demonstrate that gangliosides can enhance 
peripheral nerve regeneration and that there is a synergistic effect of exogenous GM1 and NGF. It 
has been suggested that exogenous GM1 can cause Trk neurotrophin receptor dimerization and 
subsequent autophosphorylation; this action could account for GM1 mimicry and potentiation of 
neurotrophic factors in our model of peripheral nerve regeneration.

Supported by FAPESP and CNPq grants.

420.10
The Cell Recognition Molecule, Close Homologue o f L 1, is 
Expressed in Motor Neurons in the Lumbar Spinal Cord Following 
Axotomy. By R.J. Roslan1, M. Schachner2, E.Vaudano3* & P .N . 
Anderson1. 1Department o f Anatomy, University College London, 
London WC1E 6BT, UK. 2Zentrum für Molekulare Neurobiologie, 
Universität Hamburg, D-20246, Germany. 3Neurobiology- 
Wallenberg Neurocenter, Lund S-22362, Sweden.

Close Homologue o f L 1 (CHL1) is a recently characterised member 
of the L 1 family of recognition molecules. It is expressed 
predominantly in the nervous system but in contrast to L 1 , is 
expressed by glial cells as well as neurons within the central nervous 
system. We have examined changes in CHL1 expression in spinal 
motor neurons following axotomy. Adult female Sprague-Dawley 
rats were deeply anaesthetised, and the left sciatic nerve either crushed 
with watchmakers forceps or cut and ligated to prevent any 
regeneration o f the sciatic nerve. One to six weeks after surgery, rats 
were reanaesthetized and killed by exsanguination. The lumbar 
enlargement o f the spinal cord was removed and processed for in situ 
hybridisation using digoxygenin labelled riboprobe. At 1 and 2 
weeks after surgery, CHL1 mRNA was not detected in white matter, 
but was strongly upregulated in motor neurons on the injured side. 
This upregulation declined again by six weeks in animals with sciatic 
crush. Preliminary results suggest that expression also declines in 
animals with sciatic nerve cut and ligation injuries. This implies that 
CHL1 upregulation in lumbar motor neurons is due to axotomy, and 
downregulation of CHL1 mRNA may be independent o f regeneration 
of sciatic nerve axons.
Supported by the Wellcome Trust and MRC.

420.12
GUIDANCE AND OUTGROWTH-PROMOTING MOLECULES 
ARE PRESENT IN THE ADULT HIPPOCAMPUS AFTER 
PERFORANT PATH LESIONN. E. S a v a s k a n , O. N in n e m a n n *,  T. 

S k u te lla  a n d  R. N its c h . In s titu te  o f A n a to m y , D ept. C e ll-a n d  
N e u ro b io lo g y , C h a rité , 1 0 0 9 8  B e rlin , F R G .

Axonal regeneration in the adult central nervous system of higher 
vertebrates appears to be controlled by region- and laminar specific 
molecules. In this study we demonstrate that membrane-bound hippocampal 
guidance activities, which are present during development of the entorhino- 
hippocampal system and absent or masked in the adult hippocampus, appear 
10 days after transection of the perforant path. In the stripe assay, we 
analyzed the influence of membrane-associated molecules on extending 
axons of entorhinal explants on alternating membrane lanes obtained from 
control hippocampus and from hippocampus deafferented from its entorhinal 
input 4, 10, 20, 30 and 80 days postlesion. Neurons from the entorhinal cortex 
prefer to extend axons on hippocampal membranes disconnected from their 
entorhinal input 10 days after lesion. F urther testing of membrane properties in 
the outgrowth assay showed that entorhinal neurons extend far longer axons 
on unique stripes of deafferented hippocampal membranes in comparison to 
undeafferented hippocampal membranes, with an outgrowth peak 10 days 
after lesion. These results show that membrane-bound guidance cues appear 
in the adult hippocampus following lesion and postnatal entorhinal axons are 
able to respond to these guidance cues. These findings further sustain the 
hypothesis of the temporal expression of membrane-bound factors in parallel 
to the time-course of axonal sprouting following perforant path lesion in vivo. 
This work is supported by the Deutsche Forschungsgemeinschaft Ni 509/1-1 
and Sk 49/3-1.

# MYELINATED AXONS
Local Collagen
Systemic Ganglioside Mixture
Systemic GM1
Local Ganglioside Mixture 
Local GM1

Local NGF+GM1
Non-Operated
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420.13
DIFFERENTIAL AXON EXTENSION FROM DRG CELLS ON POLY-L- 
LYSINE, LAMININ, ENSHEATHING CELL, AND CORTICAL ASTROCYTE 
SUBSTRATES. Juan C. Bartolomei* and Charles A. Greer. Department of 
Neurosurgery, Yale Univ. Sch. Med., New Haven, CT 06510 

Recent studies suggest that olfactory nerve ensheathing cells (EC) can provide a 
favorable substrate for axon regeneration through spinal cord lesions. To assess 
this further, we used an in vitro model to study axon extension from DRG cells on 
different substrates. Cortical astrocytes (CA) and ECs were harvested from E18 
rats and plated on 22 X 22mm glass coverslips and allowed to grow until 
confluent. Adult rat DRG cells were removed from the lumbar region and gently 
triturated and plated onto coverslips coated with either 1) poly-L-lysine (PLL); 2) 
laminin; 3) EC; 4) CA; or 5) untreated coverslips. After 1 DIV the culture media 
was replaced with DMEM containing Ara-C ( 10µm) to inhibit Schwann cell 
proliferation. After 2 ,  3 or 4 DIV, cells were fixed with 4% paraformaldehyde and 
stained with anti-neurofilament 200 antibody to assess DRG axonal extension from 
isolated cells. Axonal extension was assessed after converting digitized images 
into binary images using NIH Image 1.6. At 2 DIV DRG axonal extension was 
pronounced in the laminin substrate; less extension was seen on the EC and CA 
substrates. In the PLL and control substrates there was minimal axonal growth. 
After 3 DIV DRG cells on the laminin substrate had a very complex axonal 
extension relative to the other substrates. However, by 3 DIV the EC and CA 
substrates exhibited a proportionally larger increase in axonal extension when 
compared to the laminin substrate. The DRG cells on PLL and control substrates 
at 3 DIV exhibited the least robust axonal extension. At 4 DIV DRG cells on the 
laminin substrate continued to show extensive extension. Cells plated on EC and 
CA had equivalent axonal extension while the control and PLL substrates exhibited 
the least. The data indicate that axonal extension from adult DRGs is differentially 
influenced by the available substrates. Thus far, the results suggest that laminin > 
EC => CA > PLL => untreated.
Supported in part by NIH NS 10174 and DC00210.

420.14
REPRESSION OF GAP-43 EXPRESSION IN  CULTURED ADULT DRG 
N EU RO N S BY L8 M YOTUBES P.L. Andersen* and D .J. Schreyer Cameco 
MS Neuroscience Research Center, U niversity of Saskatchewan, Saskatoon, 
C anada S7K 0M7

The m echanism  regulating the transition of im m ature, grow ing neurons 
in to  phenotypically m ature  neurons is unknow n, but m ay involve a 
re tro g rad e  signal generated upon target innervation. M aturation of dorsal 
root ganglion (DRG) neurons is characterized by dow n-regulation of the 
g ro w th -asso c ia ted  protein GAP-43 late in developm ent. Peripheral 
axotomy of adult DRG neurons causes up-regulation of G A P 43  in association 
w ith regenerative grow th, then dow n-regulation  w hen target contact is re-
e s ta b lish e d .

W e have used cell-ELISA to exam ine the expression of GAP-43 in adult 
DRG neurons cultured in the presence of L8 cells, a m yogenic cell line able to 
spontaneously form  m yotubes in vitro. GAP-43 expression, norm ally high in 
axotom ized, cu ltured  adu lt DRG neurons, w as repressed w hen DRG neurons 
w ere g row n for 7 days in the presence of L8 cells, but not 3T3 (fibroblast-
like) or FR (skin-like) cells. GAP-43 repressive activity w as retained in L8 
conditioned m edium  (L8CM) and in w ashed L8 m em brane fragm ents 
(L8MF), suggesting the presence of both secreted and m em brane bound 
repressive factors. M axim um  repressive activity of both L8CM and L8MF 
w as recovered from  L8 cultures at the stage of initial m yotube formation. 
GAP-43 repression by L8CM and L8MF appeared  to correlate with reduced 
DRG neurite density . DRG neuron  counts indicated that decreases in GAP- 
43 and  neurite density  w ere not accom panied by neuron  loss. These findings 
suggest that L8 m yotubes produce a factor which can prom ote acquisition of 
at least one feature of a m ature  pheno type in DRG neurons.

Suported by MRC Canada and Cameco MS Neuroscience Research Center

420.15 420.16
THE EFFECT OF AGGRECAN, A SPECIFIC CHONDROITIN SULFATE 
PROTEOGLYCAN, ON REGENERATION IN VIVO M.L. Lemons* 1,2, D.K. 
Anderson1,2,3 and D.R. Howland1,2 Dept of Neuroscience1, University of Florida 
College of Medicine, University of Florida Brain Institute2 and Veterans Affairs 
Medical Center3, Gainesville, F1 32610

Chondroitin sulfate proteoglycans (CSPGs) are a large group of putative inhibitory 
molecules that may contribute to the lack of regeneration following injury in the adult 
central nervous system. We have previously shown that chondroitin-6-sulfated 
proteoglycan-immunoreactivity (CSPG-IR) increases following spinal cord injury in 
adult rats. This increase in CSPG-IR is not altered by intraspinal grafts of fetal spinal 
cord (fsc). The fsc grafts that initially show minimal CSPG-IR also develop robust 
CSPG-IR. CSPG-IR in the injured and injured plus graft rats is correlated with a lack 
of axonal growth. Our current focus is to directly evaluate the function of CSPGs in 
vivo. To do this we are evaluating a specific CSPG, aggrecan, using a novel in vivo 
model. In this model, a spinal cord hemisection is filled with one o f three matrices: 1) 
matrigel-only, 2) 300µg aggrecan/ml matrigel or 3) 300 µg chondroitinase ABC 
digested aggrecan/ml matrigel. Two dorsal rootlets are placed into each matrix to 
maximize the potential for axonal ingrowth. Immunocytochemical techniques are used 
to identify axons that have grown into the matrix. One week post-injury, modest 
growth is seen into the matrigel-only matrix. By two weeks, this growth is robust. In 
contrast, at one week post-injury only a few axons are seen in the aggrecan-containing 
matrigel. Although this growth has increased by two weeks it is dramatically less than 
the time matched matrigel-only group. Animals are also in progress to test if this 
apparent inhibition is chondroitinase ABC sensitive. These preliminary results suggest 
that aggrecan can inhibit the growth of injured adult axons in vivo and thus, may 
contribute to the lack of regeneration seen following spinal cord injury. Supported by 
The State of Florida Brain and Spinal Cord Injury Research Trust Fund, Department of 
Veterans Affairs and the CM and KE Overstreet Foundation.

CR O SSLIN K IN G  OF ACTIVE PEP TID ES INTO F IB R IN  Jason C. 
Schense and Jeffrey A. Hubbell ETH-Zürich IBT 8044 Zürich Switzerland.

Fibrin possesses excellent structural characteristics for the growth of neurites, 
including the ability to be degraded by neurite-associated plasmin activity(l). 
However, fibrin does not contain significant neuroinductive character. Factor XIII 
substrates were attached to neuroinductive peptides and this transglutaminase was used 
to crosslink these peptides into fibrin. Dorsal root ganglia (DRG) were dissected from 
day 8 chicken embryos and were cultured in peptide decorated fibrin gels. Images were 
then taken at one and two days and the average neurite length was measured. The 
neuroinductive peptides IKVAV, RGD, RNIAEIIKDI, and YIGSR and DGEA all 
showed statistically different growth at 48 hours from fibrin. The control peptide, 
RDG, showed similar growth to unmodified fibrin, as did all of the soluble inhibitor 
tests except for HAV. When DRGs were cultured in these modified gels, peptide that

was covalently attached to the fibrin was often able to enhance the formation of 
neurites. When soluble peptide was also added to the media, the level of growth 
returned to that of pure fibrin. This shows that the attachment of the peptide did not 
disrupt the structure of the gel and proves that it is necessary for the peptide to be 
anchored for it to enhance neurite extension. 1. Pittman, RN Developmental 
Neuroscience 11, 361-375 (1989). This research was funded by ETH-Zurich

420.17
PERIPHERAL BENZODIAZEPINE RECEPTORS AND PREGNENOLONE 
SYNTHESIS IN SCIATIC NERVE AND ITS IMPLICATION IN NERVE 
REGENERATION P. Lacor, M. Schumacher, J. Benavides* and B. Ferzaz 
Synthelabo Recherche, B.P. 110. 92225 Bagneux (France).

Peripheral Benzodiazepine receptors (PBR) are widely expressed 
throughout the body, mainly in steroidogenic organs but also in brain and spinal 
cord. We have previously studied the distribution of the PBR and their endogenous 
ligands (DBI and derivatives) in the sciatic nerve of male adult rats. PBR and DBI 
derived fragments are found in Schwann cells, which are capable of synthesizing 
various bioactive steroids. The PBR have been implicated in the regulation of cell 
growth in a variety of cell types and in the control of the immune response, but the 
regulation of steroidogenesis is the most commonly suggested function for these 
receptors. Numerous studies have indicated a role for PBR in the first step of 
steroidogenesis which corresponds to the production of pregnenolone (PREG) from 
cholesterol in the mitochondria. To investigate whether sciatic nerve PBRs are 
associated with the modulation of PREG biosynthesis, adult Sprague-Dawley rats 
received an i.p. injection either vehicle, the PBR agonist Ro5-4864 (3 mg/kg), the 
PBR antagonist PK11195 (3 mg/kg) or Ro5-4864 and PK11195 simultaneously. 
These compounds were aαmimstered 15 minutes after the blockade of PREG 
metabolism with Trilostane, a competitive inhibitor of Δ5-3ß hydroxysteroid 
dehydrogenase Δ5-4 isomerase enzyme (3ß-HSD). After chromatographic 
separation of the non-conjugated steroids by celite column chromatography, the 
concentration o f PREG and PROG were determined by radioimmunoassay. 
Trilostane elicited a large increase in PREG levels in sciatic nerve. We also found 
that the PREG concentrations were significantly increase by 2 and 4 times in sciatic 
nerve and plasma respectively, compared to the vehicle controls, after i.p. injection 
of Ro5-4864. In contrast, PK11195, a PBR antagonist had no effect on basal PREG 
level in plasma and sciatic nerve. When injected simultaneously at the same dose 
with Ro5-4864, PK11195 blocked the increase of PREG induced by Ro5-4864 in 
plasma and sciatic nerve. This study provides evidence for the involvement of PBR 
in the modulation of the neurosteroids concentration. Neurosteroids have shown a 
neurotrophic action in axonal regeneration and myelin repair. Moreover, we also 
found that high affinity synthetic PBR agonists stimulate the sciatic nerve 
regeneration. The present study suggests that PBR may exert neurotrophic action via 
steroid synthesis stimulation. This was supported by Synthelabo.

420.18
T E M P O R A L  U P R E G U L A T IO N  A N D  S P A T IA L  D IS T R IB U T IO N  O F  
P U T A T IV E  IN H IB IT O R Y  AN D  G R O W T H  P E R M IS S IV E  
SU B ST R A T E  M O L E C U L E S  IN  T H E  IN JU R E D  A D U L T  R A T  S P IN A L  
C O R D . RJ G rill1*, WB S tallcup2 and M H T u szy n sk i1,3 . 1D ept 
N eurosci., Univ Calif-San Diego, La Jolla, CA; 2The B urnham  Institute, La 
Jolla, CA, 3VA M ed Ctr, San Diego, CA.

A fter adult CNS injury, m olecules that both inhibit and support axon  
growth are upregulated . A careful analysis o f  the tem poral, spatial and  
cellu lar expression o f these m olecules may facilitate the design o f strategies 
to prom ote axonal growth. The current study exam ined the expression o f  
NG 2 proteoglycan, a putatively inhibitory m em ber o f  the chondro itin  
sulfate pro teoglycan  (CSPG) fam ily, and L 1, a potentially  grow th- 
prom oting  m olecule, following spinal cord injury. Adult fem ale Fischer 
344 rats underw ent dorsal hem isection lesions at T8. 1) NG 2 was
expressed within the lesion cavity, along the lesioned interface, and along  
the borders o f necrotic cavities. 2 ) L 1-labeled processes were fo u n d  
within the lesion site after injury, in m any instances closely associated with 
neurofilam ent-IR  axons.

The expression o f NG 2 at the host/lesion interface and at the borders o f  
necrotic cavities places this m olecule in a  spatial location to possibly inhibit 
axon growth. O n the other hand, the co-association o f L 1-expressing  
processes with grow ing axons in this paradigm  suggests that L 1 supports 
axon growth.

The tem poral and cellu lar expression patterns o f  NG 2 and L 1, as well as 
their possible interactions with injured axons in the adult spinal cord, is 
currently  being investigated.
Supported  by D ep t. o f Veterans Affairs, PVA, and the H ollfe lder 
F oundation .
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420.19
THE NEUROFILAMENT PROTEIN GEFILTIN IS PERSISTENTLY 
UPREGULATED FOLLOWING OPTIC NERVE CRUSH IN THE LIZARD 
CTENOPHORUS ORNATUS. J. Rodger1*, S.A. Dunlop1, J.M. Papdimitriou2 and 
L.D. Beazley 1 Departments o f 1Zoology and 2Pathology, The University o f Western 
Australia, Nedlands 6907, Western Australia.

In goldfish, after optic nerve crush, axons regenerate to the visual centres, 
subsequently reforming and consolidating retinotopic maps to restore vision. During 
regeneration, there is an upregulation o f gefiltin, a type 3 neurofilament protein that is 
associated with axon growth. Expression peaks as axons reach the brain, decreases 
from the time o f synaptogenesis and returns to baseline when vision is restored (1). 
By contrast, following optic nerve crush in the Ornate Dragon lizard, Ctenophorus 
ornatus, optic axons regrow to the visual centres but fail to reform retinotopic maps 
explaining why animals are blind via the experimental eye (2). Here we have used 
immunohistochemistry and in situ hybridisation to investigate regulation of gefiltin 
protein and mRNA expression in response to optic nerve crush in the lizard. Similar 
to goldfish, both protein and mRNA are upregulated. However, in contrast to 
goldfish, expression remains elevated for up to 6 months following optic nerve crush. 
The persistent upregulation is indicative of continuous axon growth. Furthermore, 
increased gefiltin expression supports our recent anatomical observations o f an 
instability and sustained growth within the regenerate projection. We suggest that 
such growth is consistent with prolonged and unsuccessful searching by optic axons 
for retinotopically appropriate target cells (3).
1. Glasgow E. Dniger RK. Fuchs C. Lane WS. Schechter N. (1994) EMBO Journal. 
13:297-305.
2. LD Beazley, PW Sheard, M Tennant, D Starac & SA Dunlop. (1997) JCN 377:105- 
120.
3. SA Dunlop, N Tran, J Papadimitriou & LD Beazley. JCN (in press).

TRANSPLANTATION IV

421.1
IMPROVED TITERS FOR HELPER VIRUS-FREE HSV-1 PLASMID 
VECTORS. M. Sun. G. Zhang, T. Yang, and A. Geller*. Division of 
Endocrinology, Children’s Hospital, Boston MA, 02115.

We have previously described a helper virus-free HSV-1 plasmid 
vector system (J. Virol., 1996, 7 0 . 7190-7197). This system has 
significant advantages over previous HSV-1 vector systems. Removing 
the helper virus substantially reduces the side effects (cytopathic 
effects and immune responses) previously associated with gene 
transfer and reduces the possibility for reactivation of endogenous 
latent viruses. However, this system still requires improvement, 
notably higher titers.

We now describe experiments that result in ~100-fold higher 
titers than those previously described; the titers are now ~1-2× 107 
infectious vector particles (IVP)/m l (before purification and 
concentration) while those we initially reported (J. Virol., 1996) 
were 1-4× 105 IVP/ml. We achieved an ~ 10-fold increase by 
improvements to the packaging protocol. An additional ~10-fold 
increase was obtained by infecting cells with L particles (light 
particles) just prior to initiating the packaging procedure. L 
particles, produced naturally during an HSV-1 infection, contain 
essentially all of the virion proteins but lack HSV-1 DNA. L particles 
were treated with UV light to eliminate any potential contaminating 
HSV-1 virions. Addition of L particles to the packaging procedure 
supplies a number of HSV-1 virion proteins that may assist an HSV-1 
infection and thus increase the titers of the vector stocks. 
Experiments are in progress to purify and concentrate these vector 
stocks for in vivo experiments. Supported by the NIH and Neurovir.

421.3

ESTABLISHMENT OF A GENETICALLY MODIFIED ß- 
ENDORPHIN PRODUCING P 19 CELL LINE FOR 
INTRATHECAL TRANSPLANTATION.
K. Ishii, M. Isono*, R. Inoue, N. Wakabayashi, Y. Wada, K. Asakuno 
and S. Hori.
Dept. of Neurosugery, Oita Medical University; Oita. Japan 879- 
5593.

For ideal neural transplantation using gene engineering, it m ight be 
im portant to control expression o f a transfected gene 
extrinsically  as required. For the treatm ent o f intractable pain susceptible to 
opioids, we recently established a genetically  m odified embryonal 
carcinom a cell line (P19) in w hich the expression o f ß-endorphin(ß-EP) 
could be controlled by addition o f dexam ethasone. To obtain an extrinsic 
control, we transfected the cells with pM AM  neo containing mouse 
M M TV -LTR , RSV-LTR and E. coli neo gene. cDN A o f the pre-pro-
sequence o f N G F  and ß-endorphin were inserted in the m ulticloning site 
below the M M TV-LTR sequence. M M TV-LTR could work as a prom oter 
through the activation o f dexam ethasone.

W e transplanted these m odified cells into rat cistem a m agna and studied 
the effect on pain sensitivity m easured by hot plate response.

In the rats that received genetically  m odified ß-EP  producing P19 cells, 
the hot plate latencies were prolonged two to three tim es com pared to 
controls for about a m onth. Intram uscular injection o f naloxone blocked this 
prolongation. Further, intraperitoneally  adm inistrated dexam ethasone 
enhanced the effect up to two times. The histological exam ination revealed 
surviving cells in the subarachnoid space.

Our data suggests that transplantation o f these cells m ay provide a new 
therapeutic approach for the treatm ent o f  intractable pain.

421.2
CHARACTERIZATION OF A TETRACYCLINE-REGULATABLE CHAT 
FIBROBLAST LINE D.P. Pizzo* V. Paban, J. Winkler, F.H. Gage, L.J. 
Thai. Dept. of Neurosciences, UCSD, and VAMC, La Jolla, CA 92161, 
and Laboratory of Genetics, Salk Institute, La Jolla, CA 92037.

Transplantation of genetically-modified cells containing the drosophila 
choline acetyltransferase (dChAT) cDNA is a powerful tool to explore the 
function of acetylcholine (ACh) in the CNS. Regulation of dChAT 
expression post-grafting can be accomplished using a tetracycline 
regulatable promotor system. To achieve this, we first characterize in 
vitro a fibroblast cell line expressing dChAT which can be down-regulated 
by tetracycline treatment. This cell line expresses high levels of dChAT 
activity, approximately 1600 nmoles ACh/hr/mg protein at baseline. 
Down-regulation was achieved by addition of the tetracycline analog 
doxycycline (Dox) at a concentration of 1 µg/ml. The kinetics of dChAT 
shut-off was rapid, evident within six hours, and complete by twenty-four 
hours. The residual dChAT activity was in the range of 30 nmoles 
ACh/hr/mg protein corresponding to a 50-fold decrease compared to 
baseline. Kinetic analysis indicated that dChAT protein has a half-life of 
four hours. Suppression was stable and lasted for up to two months in 
vitro with Dox continuously present. A dose-response curve indicated that 
the minimal effective dose was 300 pg/ml. Furthermore, withdrawal of 
Dox led to a de-repression of dChAT activity. At present, in vivo gene- 
regulation post-grafting is being evaluated in immunotoxic lesioned 
animals. These cells may prove effective in further elucidating the role of 
ACh in learning and memory. Supported by VA Medical Service, the 
Neuroplasticity of Aging Training Grant (NIA AG00216), and Brookdale 
Foundation.

421.4
A N EU RO N A L CELL LINE, EN G IN EERED  TO  PR O D U CE AND 
RELEASE GABA, M OD ULA TES BEHAV IORA L SEIZU RES IN  VIVO. K. 
Thom pson♦ , V. A nantharam ♦ , S. B ehrstock♦ , E . Bongarzone●, A.T. 
Cam pagnoni•, and A.J. Tobin◊ ♦ *. Departm ents o f  Neurology♦ and 
Physiological Science ♦ , N europsychiatric Institute●, and the Brain Research 
Institute*, University o f  California, Los Angeles.

Transplantation o f  genetically engineered cells can provide focal sources for the 
sustained delivery o f  naturally occurring m olecules, including neurotransm itters 
and growth factors. W e have engineered imm ortalized m ouse cortical neurons to 
express G A D 65 under the control o f  a tetracycline-regulatable promoter. 
Engineered cell lines show G A D 65 m RNA expression, enzymatic activity, and 
GA BA release- all o f  which are suppressible by tetracycline. After 60 min in a 
balanced salt solution, basal release o f  GABA was approxim ately 20%  o f  total 
accum ulated cellular GABA. W hen the cells were exposed to high K+, released 
GABA increased m ore than 2-fold. W e transplanted two G A D 65-producing cell 
lines, one neuronal and one astroglial, bilaterally into the anterior and posterior 
substantia nigra (SN r) o f  43 rats. The rats were subsequently kindled through 
an electrode placed in the entorhinal cortex. The num ber o f  stimulations needed 
to  reach the first stage 5 seizure and full kindling were statistically different 
between the anterior and posterior SN r when G A D 65 cells were transplanted but 
not when β -gal-producing cells were transplanted. These data show that 
genetically engineered cells can make and release GABA at concentrations that 
are physiologically relevant in transplantation paradigms.
Supported by G rant N S22256 to AJT

Society for Neuroscience, Volume 24 ,19 9 8
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421.5
HSV-l VECTOR FOR DIRECT AND EX VIVO GENE DELIVERY. D.C. Bloom, 
R.K. Tran, Hu_Peng, E .K. Stachowiak, E.T. Vu*, M.K. Stachowiak, Molecular and 
Structural Neurobiology and Gene Therapy Program (Arizona State Univ., Tempe, AZ 
85287, Barrow Neurological Inst., Phoenix, AZ 85013, SUNY at Buffalo, NY 14214), 

Herpes simplex virus type 1 (HSV-l) is a DNA virus that is characterized by its 
ability to establish life-long latent infections within neurons. It has been this property 
that has evoked interest in the use of HSV as a vector for delivering biologically 
relevant peptides to the nervous system. While HSV exhibits a neuronal specificity for 
establishing a latent infection, during acute infections HSV has the ability to infect a 
wide range of cell types. This coupled with the ability to make replication deficient 
viruses (ICP4-), opens up the potential for other therapeutic applications. Previously 
we demonstrated that a fusion between the HSV latency-associated transcript promoter 
(LAT) and the Moloney murine leukemia virus LTR (LAT/LTR) was capable of 
long-term expression in peripheral neurons in vivo. In this study, we wished to evaluate 
the ability of a non-replicating HSV vector to express ß-gal as a reporter in a number 
of representative cell lines in vitro to evaluate the ability of the LAT/LTR promoter to 
drive ß-gal expression. Normal human astrocytes, U251MG glioma, and adrenal 
chromaffin cells were infected with either a ICP4- vector (control) or an ICP4- vector 
with the LAT/LTR-ß-gal cassette. Normal human astrocytes and glioma U251MG cells 
infected with ICP4-/LAT/LTR-ß-gal virus expressed β-galactosidase activity. No β-
galactosidase expression was detected in adrenal medullary cells. A quantitative 
comparison of ß-gal expression and the duration of expression elicited by this vector 
will also be described. This data demonstrates that HSV has potential for use as an ex 
vivo vector in gene therapy using astrocytes as gene carriers and for direct gene therapy 
of the glioma cancers. Consideration must be given to the promoter utilized for the 
individual cell system being targeted (Supported by March of Dimes and Birth Defects, 
NSF, NIH, and Arizona Disease Research Commission).

421.7
TIME COURSE OF APOPTOTIC CELL DEATH IN MESENCEPHALIC 
SUSPENSION GRAFTS: EARLY TROPHIC INFLUENCE OF O-2A 
PROGENITOR-ENRICHED STRIATAL CO-GRAFTS C.E. Sortwell*, B.F. 
Daley and T.J. Collier. Dept. of Neurological Sciences, Rush-Presbyterian-St. 
Luke's Medical Center, Chicago, IL 60612 

We have demonstrated previously that striatal co-grafts can augment dopamine 
(DA) neuron viability within simultaneously transplanted mesencephalic grafts 
and that the striatal oligodendrocyte type-2 astrocyte (O-2A) subpopulation may 
be the specific source of this striatal-derived trophic activity. In vitro, O-2A 
progenitor-enriched striatal cells release unidentified trophic substances that 
increase the survival of DA neurons by protecting DA neurons from apoptosis. In 
rat studies, enrichment of striatal co-grafts with the O-2A progenitor component 
speeds the rate of recovery from rotational asymmetry and increases grafted 
mesencephalic DA neuron survival. This study specifically examined the time 
course of trophic influence of the striatal co-graft and the O-2A enriched striatal 
co-graft on DA neuron survival and apoptotic cell death. Male, Fischer 344 rats 
with unilateral 6-OHDA lesions were grafted to the striatum with 1) an embryonic 
mesencephalic suspension, 2) a separate co-graft of mesencephalic and striatal 
cells or 3) a separate co-graft of mesencephalic and O-2A enriched striatal cells. 
At one week post-grafting, both striatal co-grafts and O2-A enriched striatal co-
grafts displayed a trend towards increased DA neuron survival in the mesencephalic 
graft. Apoptotic profiles, as determined by TUNEL, while numerous in the 
striatal component were relatively sparse in the grafted mesencephalon of all three 
graft conditions. These data suggest that trophic influences of the striatal 
component of the co-graft appear to occur prior to one week post-transplantation. 
Ongoing co-graft experiments will examine earlier post-transplantation intervals 
to determine the time course of apoptotic cell death in mesencephalic suspension 
grafts and to ascertain the time interval of trophic co-graft influence. Results of 
these studies will provide insight into the optimal time for trophic intervention 
into mesencephalic graft survival. Supported by NIH grant AG 10851 (TJC) and 
the Schweppe Foundation.

421.9
X EN O TRA NSPLA NTATION O F TR A N SG EN IC FET A L P IG  
DO PA M IN E NEURONS TO RATS AND SY STEM IC PR EV EN TIO N  
O F HO ST CO M PLEM EN T-M ED IA TED  C E LL LY SIS. Deacon, T. W. 1*, 
Fodor, W.2, Rollins, S.2, Squinto, S.2, Costantini, L.C.1, Matis, L.2, Bell, L.2 and 
Isacson, O .1 1Neuroregeneration Laboratories, Harvard Medical School/McLean 
Hospital. Belmont, MA 02178; 2Alexion Pharmaceuticals Inc., New Haven, CT 

In previous xenotransplantation studies we demonstrated that pig neurons survive 
in the brain of Cyclosporin A (CsA) treated rats, however we have shown a marked 
reduction in the number of surviving neurons per graft in CsA-treated primates, 
including humans. To test whether this depends on complement-mediated cell lysis 
by primate sera, we performed in vitro analysis of pig fetal cell lysis after exposure 
to rhesus monkey sera and found 20-40% lysis after 2 hours. In vitro experiments 
using a combination of 2 monoclonal antibodies directed against the C5 complement 
cascade factor, blocked up to 75% of fetal pig neural cell lysis caused by monkey 
serum. When infused (i.v.) into rhesus monkeys, these antibodies also prevented 
serum-induced cell lysis for up to 24 hours in a standard in vitro hemolytic assay. 
Experiments underway test if this method of systemic complement inhibition can 
reduce the cell loss after transplantation of pig fetal neurons in the monkey brain. In 
a parallel study, embryonic day 27 ventral mesencephalon cells from transgenic pigs 
expressing human CD59 (a cell surface complement inhibitor) were transplanted into 
the striatum of 6OHDA dopamine-denervated CsA-treated rats. Eight out of nine 
grafts survived and provided decreased amphetamine induced rotation 4 months after 
transplantation. Axons labeled for pig neurofilament and double-labeled for tyrosine 
hydroxylase and pig synaptobrevin demonstrated axon growth and synapse formation 
in the rat brain. These experiments suggest that complement-mediated cell lysis 
should be considered when transplanting fetal pig neural tissue to Parkinson’s and 
Huntington’s patients, and show potential transgenic and pharmacological methods 
for preventing pig cell lysis in the primate brain. (Supported by NINDS and Alexion, Inc.)

421.6
CELL PREPARATIONS FOR THERAPEUTIC TRANSPLANTATION STUDIES 
FROM BRAIN OF HYBRID TRANSGENIC ANIMALS EXPRESSING E  COLI β-
GAL, NEO-RESISTANCE AND IMMORTALIZING SV40 LARGE T ANTIGEN.
K. Dobrenis, P.S. Finamore, S.U. Walkley, M. Bak, L.A. Pinto, R. German and Z. 
Kaprielian* . Dept. Neuroscience, Albert Einstein Coll. of Medicine, Bronx, NY 10461.

Our long-term goals are to develop cell lines that can be used as vectors for effective 
delivery o f therapeutic agents to the CNS from the periphery. Based on lineage studies 
indicating that monocytes invade the CNS to give rise to microglia, we hypothesize that 
amoeboid microglia can be used to develop cell lines that will effectively target to and 
enter the CNS following vascular injection. To facilitate our experiments, cells were 
isolated from novel double-heterozygote animals that we obtained by cross-breeding 
ROSA 26 with H-2Kb-tsA58 transgenic homozygous mice. As a result, hybrid-derived 
cells intrinsically express E. coli β-galactosidase activity, neomycin-phosphotransferase 
activity, and a thermolabile SV4O TAg driven by a γ-interferon (IFN)-inducible major 
histocompatibility H-2Kb promotor. These properties will permit identification of 
transplanted cells, controlled and rapid expansion of cell populations, and selective 
recovery of previously injected cells that successfully entered the CNS. Amoeboid 
microglia were purified from mixed glial cultures prepared from neonatal hybrids. 
Under permissive conditions (33°C. and lU/ml IFN), five times as many microglia were 
obtained in 1-2 weeks in vitro compared to non-transgenic preparations and this was 
further enhanced in the presence of Ng-monomethyl-L-arginine or of GM-CSF. Under 
permissive conditions, hybrid microglia continued to proliferate whereas ‘normal’ 
microglia eventually died. The hybrid microglia survive 3-day treatment with 0.4 
mg/ml neomycin analog G418 in contrast to normal microglia. Employing X-GAL 
histochemistry, hybrid microglia can be distinguished from normal ones by the 
appearance of a characteristic large focal cytoplasmic concentration of blue reaction 
product. Two hybrid microglial lines have been established in addition to several non- 
microglial CNS cell lines. Our studies are now directed at in vivo testing of the CNS- 
targeting properties of these cells. (March o f Dimes #6-FY97-0282)

421.8
EFFECTS OF CASPASE INHIBITOR BOC-ASP-CH2F ON FETAL VENTRAL 
MESENCEPHALIC TRANSPLANTS C. Helt1, G Hoemie1, L. Sanders1,2, K. 
Giardina 2,3, G. Gerhardt*,4,  A-Ch. Granholm1,2,4. Depts. of 1Basic Science, 
2Pharmacology and 3Psychiatry, and 4The Neuroscience Training Program, Univ. 
o f Colorado HSC; Denver, CO 80262.

Programmed cell death (apoptosis), characterized by a decrease in cell volume, 
membrane blebbing, and chromatin condensation, is mediated by the class of pro- 
apoptotic proteases referred to as caspases (cysteine aspartases). BOC-Asp-CH2F 
is a novel caspase inhibitor which acts as a general blocking agent against all 
known caspase enzymes. To investigate the rescuing effects of caspase inhibitors 
on grafted dopaminergic neurons, two groups of embryonic day 15 fetal rat tissue 
from the ventral mesencephalic area were transplanted to the anterior eye chamber 
of adult albino rats. Transplanted tissue was pre-incubated in a 50 µM solution of 
either the active caspase inhibitor (BOC-Asp-CH2F) or a negative control 
molecule (Z-Phe-Ala-CH2F). Immunohistochemical analysis of the transplanted 
tissue revealed increased TH immunoreactivity in the inhibitor treated group 
compared to the negative control group. Ratios of TH-positive staining intensity 
to background were 0.92 and 0.74 respectively (p < 0.001). Apoptosis detection as 
visualized by TUNEL (TdT-Mediated dUTP Nick-End Labeling) staining 
indicated significantly lower percentages of apoptotic cells at the point of 
extraction in the inhibitor treated group compared to the negative control group 
(0.18% and 1.33% respectively, p < 0.05). Experiments with caspase inhibitors 
and intracranial mesencephalic grafts to 6-hydroxydopamine lesioned striatum are 
in progress. These results support the hypothesis that treatment of transplanted 
fetal neuronal tissue with caspase inhibitor gives rise to a significant enhancement 
o f neuronal survivability and dopaminergic viability in mesencephalic grafts. This 
work was supported by USPHS grants A G15239 and NS09199.

421.10
IMMUNOLOGICAL TOLERANCE WITH XENOGRAFTS OF 
ASTROCYTES BUT NOT ENDOTHELIAL CELLS IN NEONATAL BRAIN. 
T. Kondoh1*, H. Akiyama1, E. Fujimoto2, N . Saito3, N. Tamaki1.
Depts. o f  1Neurosurgery and 2Anaiomy and 1Labo. o f Molecular Pharmach. 
Biosignal Research Center, Kobe University, Kobe 650-0017 JAPAN

Immunological tolerance is usually accomplished if the xenografting of 
neuronal tissue is performed when the host is 1-2 days of age. Previous studies 
have suggested that this tolerance varies significantly depending on the 
cellular composition of the graft cells. Of these, non-neuronal cells are 
supposed to play a key role for induction o f rejection due to their expression of 
MHC. We hypothesized that grafted endothelial cells, forming new vessels, 
are essential trigger for being recognized by host lymphocytes and performed 
xenografting of endothelial cells as well as astrocytes in neonatal rat brain.

Normal human astrocyte cell line was established from a tissue with gliosis 
obtained in a routine neurosurgical procedure. These cells were transfected 
with pEGFP-N1 by electroporation method and a subclone was selected by 
G418. Human umbilical endothelial cells were obtained from a cell bank and 
labeled by PKH26. Either astrocytes or endothelial cells were grafted into the 
striatum of newborn S-D rats without immunosuppression and compared with 
grafting into immunosuppressed adult rats. The animals were sacrificed at day 
5-28 days postgrafting.

Grafting of endothelial cells demonstrated a formation o f vessels in adult 
host with immunosuppression at 14 days. In neonate without immuno-
suppression, the grafted cells survived for 5 days but rejection was observed at 
10 days. In contrast, grafting of astrocytes demonstrated constantly well- 
survived cells up to 28 days in both immunosuppressed adult and non- 
suppressed neonate. Interestingly, vessels observed in the grafts in neonate 
were surrounded by GFP negative astrocytes, indicating angiogenesis 
conducted by host astrocytes and host endothelial cells. Intravenous injection 
of Evans Blue demonstrated no leakage in these cases. Our study suggests that 
grafted endothelial cells initiate the acute rejection and astrocytes fail to be 
recognized by the host lymphocytes due to Blood-brain-barrier. (This study 
was supported in part by the Grant-in-Aid for Scientific Research (B)
(#9557119) from the Ministry of Education, Science, Sports and Culture.)
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421.11
ELECTROCHEMICAL MEASUREMENT OF CATECHOLAMINE RELEASE 
FROM MICROENCAPSULATED BOVINE CHROMAFFIN CELLS. P.W. 
Tsang*, E.L. Ohayon, H.C. Kwan, and A.M. Sun. Department of Physiology, 
University of Toronto; Toronto, ON, M5S 1A8

Immunoisolation of xenografts by microencapsulation within biocompatible 
alginate/poly-lysine/alginate microspheres has been used in our laboratory in the 
study of the rat 6-hydroxydopamine model for parkinsonism. The selection 
criteria for choosing each of the individual capsules for use in transplantation 
studies include: the size of the capsule, mechanical strength, cell number and 
viability. An additional pre-transplantation criteria that has yet to have been 
evaluated is that of the catecholamine production of each capsule. This present 
study looked at the use of electrochemical techniques for the assessment of 
catecholamine release from microencapsulated bovine chromaffin cells.

In vitro secretion of catecholamine from microencapsulated cells was elicited 
by brief iso-osmotic extracellular potassium ion challenges. Catecholamine 
release was monitored electrochemically, using constant potential amperometry, 
with a single-stranded, 30 µm carbon fibre microelectrode placed adjacent to the 
capsule. The response to the potassium challenges was digitized and recorded 
with a computer data acquisition system. The time course of release followed 
that of the high-potassium injection. A progressive reduction in the peak release 
was also seen upon successive potassium challenges.

The results indicate that electrochemical techniques can be an effective tool in 
the study of catecholamine release from microencapsulated cells. This technique 
will be a useful addition for the study of transplantation models of parkinsonism, 
allowing for the selection, on an individual basis, of capsules for transplantation, 
based upon their catecholamine content. The technique may also be used on 
capsules recovered from transplanted animals in the assessment of the ability of 
encapsulated cells to continue to secrete catecholamines following 
transplantation.

This work was supported by the Medical Research Council of Canada.

421.12
EX VIVO Ad-NT3-TRANSDUCED SCN-CONTAINING NEUROGRAFTS EXHIBIT 
ENHANCED CELL SURVIVAL AND IMPROVE RHYTHM-RECOVERY IN SCN- 
LESIONED RATS. G.J. Boer,  K.E. van Esseveldt, G.C.Hassink, P.A. Dijkhuizen and
J. Verhaagen. Graduate School Neuroscience Amsterdam, Neth. Inst. for Brain Research, 
1105 AZ Amsterdam, NL (SPON: European Neuroscience Association)

Transplantation of the fetal suprachiasmatic nucleus (SCN) can restore overt circadian 
rhythm lost in SCNX rats. Transplants do however not work in all rats. In intact rat, 
extensive pathways of vasopressinergic (VPergic) and vasoactive intestinal 
polypeptidergic (VIPergic) SCN neurons transfer theintrinsic circadian rhythm of the 
SCN to other brain areas. These pathways are hardly restored in SCN-transplanted rats. 
Presently it was investigated whether trophic factor support could help to enhance SCN 
cell survival and graft-to-host afferent formation as an approach to improve rhythm 
recovery.

Fetal rat SCN express the TrkC receptor mRNA. Neurotrophin 3 (NT3) was therefore 
expressed in SCN grafts by adenoviral vector-mediated transduction. This method has 
previously been shown to give transgene expression for upto 210 dpg ( Neurosc Lett 
1998, 214:116). SCN-containing tissue grafts taken from 2 E17 fetuses, and ex vivo 
transduced with Ad-NT3, were placed homotopically in SCNX Wistar or VP-deficient 
Brattleboro rats, with mock- and Ad-LacZ-transduced graft as controls.

Longterm expression of the NT3 gene in many cells of the graft could be confirmed 
by in situ hybridisation. At 70 to 180 dpg, transplant volume, number of SCN cell clusters 
and the amount of VP- and VIPergic SCN cells was enhanced by the Ad-NT3 as 
compared to the Ad-LacZ treatment. VP- and VIPergic fiber density of the graft did 
however not change, whereas for a tendency for increased graft-to-host VPergic fiber 
growth was observed, but only in the Brattleboro host brain. In small groups of SCNX 
arhythmic Wistar rats the scores for restoration of circadian drinking behavior appeared 
different for Ad-LacZ and Ad-NT3 grafts. Occurrence of recovery was respectively 2 out 
of 7 and 3 out of 5, possibly indicating that gen transfer-based on a viral vector encoding 
a neurotrophin could improve restoration of rhythm.

421.13
EXPRESSION OF NEURONAL MARKERS BY GRAFTS OF CLONAL NEURAL 
STEM CELLS IN THE MEDIAL SEPTUM OF ADULT RODENTS. L.C. Doering* 
and E.Y. Snyder. Dept. of Biomedical Sciences, McMaster University, 
Hamilton, Canada L8N 3Z5 and Dept. of Neurology & Pediatrics, Children's 
Hospital, Harvard Medical School, Boston, MA 02115.

Transplantation of neural stem cells into the nervous system carries 
excellent prospects as a strategy for cell replacement in the nervous system. 
A well-characterized clone of m ultipotent neural stem cells (clone C17.2) 
shows site specific differentiation in the brain w ith  both neuronal and glial 
cell potential (Snyder, E.Y. et al., 1992, Cell 68:33-51).

We are examining the potential of C17.2 cells to acquire the 
phenotype of cholinergic neurons when grafted to the medial septum of adult 
mice and rats. Cells were grown in Dulbecco's modified Eagles medium 
containing 10% fetal bovine serum and 5% horse serum for 2, 4 or 8 days 
before stereotaxic implantation. In some cases, the cells were also pre
labelled w ith  Cell Tracker Orange. A fte r 2 and 4 weeks the hosts were 
perfused w ith  4.0%  paraformaldehyde and frozen sections of the forebrain 
were processed for double labelling immunocytochem istry w ith  a panel of 
antibodies to the p75 neurotrophin receptor (p75NTR), choline 
acetyltransferase, neurofilaments, and glial fibrillary acidic protein (GFAP).

Grafted cells were found distributed throughout the extent of the 
medial septum/diagonal band complex in both mice and rats. Pre-labelled 
cells cells expressing the Lac-Z reporter gene were observed w ith  p75NTR or 
neurofilament immunoreactivity. Some cells also differentiated into 
astrocytes w ith  GFAP positive processes that contacted blood vessels.

These results suggest that neural stem cells may acquire appropriate 
neuronal and glial phenotypes in a central cholinergic system of the rodent 
brain. Supported by NSERC.
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422.1

A THREE DIMENSIONAL FLOURESCENCE IMAGING TECHNIQUE 
FOR THE STUDY OF ASTROGLIAL CELL VOLUME CHANGES.
L. Allansson1, S. Khatibi2, T. Gustavsson2, F. Blomstrand1, T. Olsson2 and E. 
Hansson1*. 1Institute of Neurobiology and Institute of Clinical Neuroscience, 
Dept. of Neurology Göteborg Univ. and 2Dept. of Signals and Systems, 
Chalmers Univ. of Technology Göteborg, Sweden.

The ability to regulate cell volume is critical for survival and normal 
cell functioning. The astrocytes, which constitute a prominent part of the 
brain, have a high capacity for controlling their volume and astrocytic 
swelling is associated with a number of pathological states affecting the 
CNS. A new method was developed to quantify changes in cell volume at the 
single cell level. This method is based on three-dimensional (3D) 
fluorescence imaging obtained by optical sectioning. An automatic image 
acquisition system was developed for the collection of two-dimensional (2D) 
microscopic images. A deblurring algorithm was developed in order to 
restore the originally defocused image content. Advanced image analysis 
techniques were applied for accurate and automated cell volume 
determination. The sensitivity and reproducibility of the method was 
evaluated by using fluorescent beads. The techniques were applied to fura-2 
labeled astroglial cells in primary culture stimulated by glutamate or exposed 
to hypoosmotic or hyperosmotic stress. The results show that this method is 
valuable for the determination of volume changes in cells or parts thereof.

422.2

IMAGES OF C a2+ FLUX IN  ASTROCYTES: EVIDENCE FOR
SPATIALLY DISTINCT SITES OF Ca2+ RELEASE A N D  UPTAKE. A.D. 
L ask ey 1, B.T. R o th 2, P.B. S im pson1 M .J. Czar* and  J.T. R usse ll1. N IC H D , 
NIH , Bethesda, M D, 20892, 2V anderb ilt U n iversity , N ashv ille , TN.

W e have developed  a m ath em atica l m ethod  to derive  C a2+ fl uxes 
underly ing  agonist-evoked C a2+ w aves in cultured cortical astrocy tes. 
A strocytes w ere stim ulated  w ith  no rep in ep h rin e  (100 nM ) to evoke C a2+ 
w aves, w hich  were recorded by m easuring fluo 3 fluorescence. 
N orm alized  fluorescence (ΔF/F) w as an a ly zed  in discrete  ce llu la r  
spaces in a series of successive slices along the len g th  of the cell. From 
th is da ta , Ca2+ flux w as then  calcu lated  using a one d im ensional 
reaction-d iffusion  equation w hich  u tilizes the tem poral and  s p a tia l  
d e riv a tiv es  of the fluorescence d a ta  and  the d iffusion  coefficient of 
C a2+ in the cytosol. This m ethod  id en tified  d istinc t sites of p o s itiv e  
flux (Ca2+ release into the cytosol) and  of nega tive  flux (C a2+ rem oval 
from  cytosol) and show ed th a t in astrocytes, sites of C a2+ release from 
stores regularly  a lte rn a te  w ith  sites of C a2+ rem oval from the cytosol. 
Cross correlation analysis of the pa tte rn s  gave positive  co rrela tion  a t 2 
µm out of p hase  and a negative correla tion  in phase. T h ap s ig a rg in - 
induced C a2+ w aves were an a ly zed  to determ ine if the n ega tive  flux 
w as due to C a2+ up take  via ER C a2+ pum ps. N eg ativ e  flux sites were 
still p resent, suggesting m ultip le  m echanism s for C a2+ rem oval m ay 
contribute  to the negative flux sites. This m ethod  of calcu lation  of flux 
m ay serve as a m eans to describe the d istrib u tio n  of functional ion 
channels and  p u m p s p a rticipa ting  in  cellu lar Ca2+ signaling.
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422.3
ROLE OF M ITOCHONDRIAL C a2+ EFFLUX IN C a2+ W AVES IN  RAT 
OLIGODENDROCYTE PROGENITORS. S. S. Sm aili* ,  L. L. H a a k * 
and I. T. Russell LCMN, N ICH D, N IH , Bethesda, M D 20892.
In oligodendrocyte progenitors (O-2A cells), m uscarinic s tim u la tio n  
evokes cytosolic C a2+ w aves th a t p ro p ag a te  by regenerative C a 2+ 
release at specialized  cellu lar sites. M itochondria  have  been shown 
to be intim ately  associated w ith  these w ave am p lificatio n  sites. It is 
th ough t th a t m itochondria l C a2+ release v ia the p e rm e a b ility  
transition  pore  (PTP) and  m itchondria l N a +-Ca2+-exchanger, and C a 24 
up take th rough  the uniporter, all contribute to the crucial regu la tion  
of the Ca2+ release from  the ER Ca2+ stores a t these sites. The objective 
of the present study was to investigate  the influence of m ito ch o n d ria l 
C a24 efflux via PTP on agonist-evoked C a2+ w aves in O-2A cells. For 
this purpose, we m easured m itochondria l m em brane p o ten tia l (Δ Ψ m) 
w ith TMRE and cytosolic Ca2+ w ith  calcium  green-1 sim ultaneously  in 
ag on ist-stim ulated  O-2A cells using fluorescent m icroscopy. W e found 
th at m ethacho line (Mch, 500µM )-evoked cytosolic C a2+  increase 
around a single m itochondrion was associated  w ith  a sim ultaneous 
depolarization  of the m itchondria l m em brane. C yclosporine A (CSA ), 
an inhibitor of PTP significantly reduced  the frequency of M ch evoked 
C a2+ w aves, reduced  the a tten d an t ΔΨm and slow ed the rate  of FCCP- 
induced m itochondria l C a2+ efflux. These resu lts ind icate  t h a t  
m itochondria l Ca2+ efflux via PTP p lays a role during agonist evoked 
C a2+ w aves in O-2A cells. #SSS is su p p o rted  by FAPESP (Brazil).

422.5
DELINEATING AND TRACKING HIPPOCAMPAL DENDRITIC SPINE 
PLASTICITY USING NEURAL NETWORK ANALYSIS OF TWO 
PHOTON MICROSCOPY
K. Kilborn1* and S. M. Potter2. 1Intelligent Imaging Innovations, 1620 Market 
Street, Denver CO 80202; 2Division of Biology, Caltech, Pasadena, CA 91125.

To study the morphological correlates of synaptic plasticity, two photon laser 
scanning microscopy was used to image dendrites in living hippocampal slices 
for extended periods (Potter et al., Soc. Neurosci. Abstr. 23:332, 1997).

As individual 3D images in each time series contain about 10 million volume 
elements (voxels), and as each series often consists of many (> 20) time points, 
manual analysis of spine position, volume, orientation, and time of appearance 
and/or disappearance is time consuming and often impractical, especially if 
many time series are to be analyzed. Manual delineation of a small subset of 
images, however, provide a useful set of examples from which an automated 
image analysis system can draw.

In the present study, a three dimensional image segmentation and feature 
recognition algorithm that incorporates a feedforward multilayer neural network 
and iterative relaxation was used to identify spines and estimate their three- 
dimensional position and extent. The network was trained on manually 
delineated images and then applied to 3D images from several time series. 
Network performance is measured relative to manual delineation both in terms of 
identification discrepancies and volume and orientation estimates.

The algorithm used in the automated image analysis provides one means of 
dramatically reducing the work involved in performing quantitative analysis of 
3D digital microscopic images.

SMP was supported by NIH fellowship NS 10257-01 and the Beckman 
Foundation.

422.7

ADENOVIRAL VECTORS THAT CODE FOR GFP-BASED 
CALCIUM INDICATORS. O. Griesbeck1, A. Miyawaki2 J. Llopis2 and
R.Y. Tsien1,2*. 1Howard Hughes Medical Institute,2Department o f 
Pharmacology, University o f California, San Diego; La Jolla, CA 92093, 
USA.
Cameleons are a new generation o f genetically encoded indicators for 
cellular calcium that consist o f  green fluorescent proteins (GFPs), 
calmodulin and the calmodulin-binding peptide M 13. Upon binding o f  
calcium, calmodulin undergoes a conformational change and binds the 
adjacent M 13 peptide, thereby enhancing the fluorescence resonance 
energy transfer between the flanking cyan fluorescent protein as donor 
and yellow fluorescent protein as acceptor (Miyawaki et al., Nature 388, 
882-887, 1997). To extend the use o f these indicators to postmitotic cells 
and tissues, we constructed a series o f  adenoviral vectors and examined 
their suitability in dissociated cultures o f  hippocampal neurons. O f these, 
AdCMV-YC2.1, a vector that codes for a novel, improved indicator with 
additional mutations in the YFP component to m inim ize pH-sensitivity, 
allowed reliable imaging o f  cytosolic calcium transients with maximal 
ratio changes o f  about 60 % in neurons 24-48h after infection. Given the 
broad infectivity o f  adenovirus, vectors like these should be valuable 
tools to monitor calcium transients and spike activity in various types o f  
neuronal cells and as reporters o f activity in intact neuronal tissues. 
Supported by NS27177 and HHMI.

422.4
CA LCIUM  SPA RK S AND N O ISE IN H IPPO CA M PAL CELLS IN 
CU LTU RE
S. G. K achalsky , I. Kaiserm an A. Butkevich and R. R aham im off*. D ept. 
o f  Physiology and the Bernard Katz Centre for Cell Biophysics. The 
H ebrew  University o f  Jerusalem -H adassah M edical School. P.O. Box 
12272, 91120, Jerusalem , Israel.

Calcium  ions play a  m ajor role in the regulation o f  many cell functions. 
In neuronal cells, its relevance to  neurotransm itter release, neuron 
excitability, m etabolic reactions and gene expression was widely 
dem onstrated. Sudden transients in the intracellular calcium  
concentration such as sparks, puffs  and bumps were described in cardiac 
and skeletal, photoreceptors and Xenopus oocytes. W e found, using 
confocal laser scanning m icroscopy and the fluorescent calcium  probe 
Fluo-3 AM , calcium, sparks in hippocam pal cells in culture. W e defined 
calcium  sparks as sudden increases in the intracellular calcium 
concentration that arise to a value higher than the mean + 3SD. The 
m ethodology used in this work m ight produce instrum ental or biological 
artifacts. This possibility  was excluded by control experim ents on 
artificial fluorescent beads. In these controls the observed events that fit 
within the definition o f  calcium  sparks, were 0.15%  ± 0.03%  (n=7, close 
to the value expected for a  Gaussian distribution (0.135% ). However, in 
hippocam pal cells in culture, calcium  sparks represent 0 .955%  ± 0.16%  
(n = l4 ) o f  the  total calcium  signal. M oreover, we found that calcium 
sparks in these cells are only a part o f  a  m ore general process, the calcium 
noise.

This w ork w as supported by GIF, IRF and US-Israel BSF.

422.6
IS THERE A ROLE FO R TH E M ITOCHONDRIAL PERM EABILITY 
TRANSITION PO RE IN NEURONAL CA2+ HOM EOSTASIS ?
R. Jakob*, V.P. Bindokas and R.J. M iller,  Dept of. Pharmacol. and Physiol. 
Sciences, Univ. of Chicago, Chicago IL 60637

We investigated the effects of Cyclosporin A (CsA), an inhibitor of the 
mitochondrial permeability transition pore (mPTP), on the intracellular free Ca2+ 
concentration ([Ca2+]i) and mitochondrial potential in cultured rat hippocampal 
neurons. Digital imaging fluorimetry was used to determine changes in [Ca2+]i with 
Fura-2 and changes in the mitochodrial potential with Rhodamine 123. To 
investigate the influence of CsA on [Ca2+]i neurons were stimulated with either 10 
µM NMD A or high K+ (50 mM K+) for 2.5 sec. Application of CsA dose- 
dependently (lµM  to 10 nM) reduced the NMDA-evoked increase in [Ca2+]i and led 
to a longer recovery time compared to control stimuli (87 % of the cells). 
Furthermore, we found an increase in the basal level of [Ca2+]i in the time course of 
the experiment (100 % of the cells). These effects were mimicked by the 
nonimmunosuppressive CsA analogue SDZ 211811, suggesting that calcineurin 
inhibition was not involved. Similar results were obtained, if  the neurons were 
stimulated with high K+, but in general the effects were less pronounced. Moreover, 
CsA ( l 00nM) was able to decrease the amplitude of carbachol-evoked [Ca2+]i 
transients in most of the neurons within (parallel with an increase in baseline). 
When the neurons were exposed to l 00µM NMDA for 20 min, we observed an 
immediate, large increase in [Ca2+]i, followed by a sustained plateau phase. In some 
of these cells [Ca2+]i returned to basal levels after washout of NMDA, but most of 
them showed a secondary, even more pronounced increase in [Ca2+]i CsA ( 100nM) 
in combination with trifluoperazine ( l 0µM) completely prevented this secondary 
increase in [Ca2+]i Preliminary data suggest that pretreatment with CsA reduced the 
depolarisation of mitochondria induced by application of 100 µM NMDA. These 
data suggest a role for the mPTP in normal neuronal Ca2+ homeostasis as well as in 
neurotoxicity. (R.J. is supported by Deutsche Forschungsgemeinschaft)

422.8
DYNAMIC CHANGES IN SUBCELLULAR LOCALIZATION OF 
GLUCOCORTICOID RECEPTOR IN LIVING CELLS VISUALIZED WITH 
A GREEN FLUORESCENT PROTEIN
Mayumi Nishi*, Nobuvuki Takenaka, Takao Ito, Hitoshi Ozawaand Mitsuhiro Kawate 
(Dep. Anatomy & Neurobiology, Kyoto Prefectural University o f  Medicine)

Steroid receptorsarehormone-dependenttranscriptionfactors. lt is generally accepted 
that the unliganded glucocorticoid receptor (GR) resides predominantly in the 
cytoplasm and hormone activation leads to translocation of receptors from the cytoplasm 
to the nucleus. However, the mechanisms involved in nuclear translocation and 
shuttling of receptors between the nucleus and the cytoplasm, and targeting receptors to 
regulatory sites in chromatin are poorly understood. In order to investigate 
intracellular traffícking o f GR in response to various conditions in a single living cell, 
a green fluorescentprotein (GFP) and rat GR fusion construct was prepared. GFP-GR, 
in which a GFP variant was fused in frame to the 20th position o f am ino acid of rat 
GR, was transiently transfected to COS-1 cells or primary cultured rat hippocampal 
cells by lipofection. Complete cytoplasm-to-nuclear translocation was induced by 10-
7M dexamethasone(DEX) within 15 min at 37°C both in COS cells and neurons. The 
rate of nuclearaccumulation was dependenton the concentrationofligand. Disruption 
of microtubules by colchicine or nocodazoleand that of actin filaments by cytochalacir 
B, showed no effects on cytoplasm-to-nuclear translocation o f GFP-GR induced with 
DEX. The present study also addressed the issue of shuttling o f GFP-GR between the 
cytoplasm and the nucleus. These results suggest that subcellular localization of 
GFP-GR is dynamically changed in response to extracellular and intracellular 
conditions. We are investigating whether nuclear translocation of GFP-GR is different 
between neurons and glial cells. The GFP-GR chimera system enables the 
visualization of receptor trafficking in real time with only minimal perturbation of 
living cells. (Supported by grants from Ministry o f  Education, Science and Culture of 
Japan)
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422.9
Q u a n t if ic a t io n  o f  GFP F l u o r e s c e n c e  in  L iv in g  C e ll s
B. Billups, N. J. Hack, P. B. Guthrie, T. N. Parks* and S. B. Kater. 
Department of Neurobiology and Anatomy, University of Utah School of 
Medicine, Salt Lake City, Utah 84132.

Green fluorescent protein (GFP) is a prominent reporter system in 
molecular biology. The cloning of a gene of interest into a GFP expression 
plasmid results in the production of a GFP fusion protein when transfected 
into cell line. We have developed a simple, indirect method to quantify the 
level of expression of a foreign protein using the level of fluorescence of 
GFP and the cell thickness. Quantification of the concentration of 
fluorescent molecules in cells was achieved by producing standard 
fluorescent curves using rectangular glass capillaries. A Nikon Fluor 20X air 
lens was used to produce a standard concentration curve for the 
fluorescence of red-shifted GFP (EGFP). With this objective a linear 
relationship also exists between the width of the glass capillary and the 
amount of fluorescence produced. Other objectives can produce non-linear 
relationships between capillary width and fluorescence. Since a one-to-one 
relationship exists between the amount of GFP and the amount of foreign 
protein, this can be used as a measure of intracellular protein 
concentration.

This method was applied to a system where the calcium buffering 
protein calretinin was expressed in PCC7 cells using a vector that also 
coded for EGFP. Using the standard curves for EGFP fluorescence and 
capillary thickness the concentration of calretinin expressed in each 
individual cell could be assessed. Cells were loaded with Fura-2 AM and 
stimulated with the calcium ionophore Br-A23187. The rise in intracellular 
calcium concentration was significantly reduced in calretinin transfected 
cells. The decrease in induced calcium signal was directly related to the 
extrapolated calretinin concentration predicted by our method.

Supported by a Human Frontier Science Program grant to B.B, USPHS 
grant DC00144 to T.N.P. and NIH grant NS24683 to S.B.K.

422.11
BTC, FURA-2FF and MAG-FURA-2 IN SEARCH OF AN IDEAL LOW 
AFFINITY CALCIUM INDICATOR. K.L. Hyrc*, J.M. Bownik, and M.P. 
Goldberg. Center for the Study of Nervous System Injury, Washington University 
School of Medicine., St. Louis, MO 63110.

Recent discoveries that intracellular free calcium concentrations ([Ca2+]i) in 
neurons can reach micromolar levels, well above the sensitivity range of standard 
Ca2+ indicators such as fura-2, have sparked interest in their lower-affinity 
counterparts. To assess their utility, we compared basic properties of ratiometic 
indicators mag-fura-2 (furaptra) and BTC (Molecular Probes) and fura-2FF 
TeFlabs).

The indicators’ dissociation constants (Kd), ratio change (Rmax/Rmin) upon Ca2+ 
and Mg2+ binding in 90 mM KCl/10 mM MOPS buffers (pH=7.2) and the effect of 
pH on fluorescence (F) at indicator isosbestic point were summarized below.

Calcium Magnesium pH
Indicator Excitation (nm)  Kd Rmax/Rmin Kd Rmax/Rmin pKa Fmax/Fmin
Mag-fura-2 340/380 ~2O µM ~24 ~ l .5  mM ~7.5 ~5.4 ~l.2

BTC 400/485 10-15 µM ~ ll 16.0 mM ~l.2 ~5.8 ~4.5
Fura-2FF 340/380 ~ 5  µM ~23 ~6.O mM ~ l .l ~5.6 ~l.3

The tested indicators differed in respect to their affinity for Ca2+, selectivity over 
Mg2+ and dynamics of their responses. Despite similar pKa, pH shift affected 
fluorescence of BTC most heavily. All three indicators also bound endogenous 
heavy metal ions such as Zn2+ and ions used to study Ca2+ homeostasis such as 
Cd2+, Gd3+ and La3+. Interestingly, only in the case of BTC was the difference 
between Ca2+ and other ion binding apparent, as it changed BTC fluorescence at its 
isosbestic point for Ca2+. Among the tested indicators, BTC proved to be most 
susceptible to photodamage and most sensitive to pH. Fura-2FF and BTC are more 
specific Ca2+ indicators than mag-fura2. Fura-2FF offers lower pH sensitivity and 
photostability, while BTC may be useful if visible-wavelength imaging or other 
metal ion sensitivity is required. Supported by NIH NINDS grant NS32140 (MPG)

422.13
LIGHT SCATTERING IN CORTICAL TISSUE AS AN INDICATOR OF 
NORMAL AND EPILEPTIFORM ACTIVITY: AN IN  VITRO STUDY. P S.
Pazdalski,  Y. Tsau and J.-Y. Wu*. Interdisciplinary Program in Neuroscience, 
Department of Neurology and Institute for Cognitive and Computational Sciences, 
Georgetown Univ. Med. Ctr., Washington, DC 20007.

There has been increasing interest in using intrinsic optical signals for mapping 
activity in the cerebral cortex. We used rat cortical slices to examine the linearity of 
light scattering signals in normal and epileptiform activities. Light scattering is one 
component of the intrinsic optical signal associated with cortical activity. The light 
scattering signal in cortical slices is wavelength independent in the range of 400 to 
800 nm and has an amplitude about one order of magnitude greater than that of the 
voltage sensitive dye (RH 479) signal at 705 nm. When single electrical stimulations 
are applied to the deep layers of neocortical slices, light scattering is detectable at a 
stimulus intensity threshold comparable to that for local field potential changes. The 
strongest scattering signals are detected in cortical layers II and III. The amplitude 
of the light scattering signal is proportional to the stimulation intensity, even when 
the evoked local field potentials have reached a plateau. Since the time course of the 
light scattering signal is slow (0.5 sec), temporal summation of the light scattering 
signal is observed when a train of shocks is applied. At an inter-stimulus interval of 
5 ms, the light scattering signal increases with the number of shocks, up to 100 
shocks. Thus, light scattering signals may monitor cortical activation beyound the 
linear range of local field potentials. The light scattering signal during epileptiform 
events is clearly distinguishable with ordinary 8 bit CCD cameras. Our results 
suggest that light scattering signals are useful for mapping a wide range of cortical 
population activities including both and normal and epileptic events (Supported by 
NIH NS 31425, DOD 17-93-V-3018)

422.10
DYNAMICS IN FINE STRUCTURE OF SYNAPSES AFTER 
TETANIC STIMULI IN THE CHICK BRAIN.
K . O kam oto*, K . Kiyosue, T .Taguchi, Lab. o f  Neurotechnology O saka 
N at'l. R es. Inst. (O nri), A IST , Ikeda 563-8577, Japan.
To elucidate the m echanism  o f  synaptogenesis and synaptic plasticity, 
m orphological analyses o f  neurons, especially synapses, are indispensable. 
W hen the efficiency in synaptic transm ission increases in the period o f  
synapse form ation and after synaptic potentiation, it is probably due to the 
increase in num ber o f  functional synaptic sites. Accordingly, this increase 
may involve the change in shape o f  pre- and/or post-synaptic sites. Using 
confocal m icroscopy, we analyzed the dynam ics in fine structure o f  pre- 
and post-syanaptic sites o f  a single living neurons in sliced tissues. In a 
slice o f  chick IM HV regions (E15-P7), intracellular C a2+ concentration o f  
the single neuron and shapes o f  pre- and post-synaptic sites were directly 
visualized with a C a2+ sensitive fluorescent dye and a fluorescent dye for 
cell staining. A fter tetanic Field stimulation at 100 Hz for 1 sec, the 
intracellular Ca2+ concentration was elevated in the neuron and the size o f  
its spines significantly changed in diam eter o f  their shafts and in volume o f  
their heads. These m orphological changes were induced within 5 min after 
the stimulation. Both the increase in Ca2+ concentration and the 
m orphological change in the spines was inhibited by CNQX, APV and 
TTX. This suggests that the increase in synaptic efficiency by electrical 
stim ulation was closely coupled to the change in the spine shape. This 
work was supported by M ITI, Japan. K.O. is a postdoctoral fellow o f  JST.

422.12
LONG-TERM MONITORING OF NEURAL ACTIVITY USING HIGH-SPEED 
OPTICAL IMAGING SYSTEM EQUIPPED WITH CONSUMER-GRADE CCD 
DEVICE. I. Takashima*, M. Shinoda and T. Iijima, Electrotechnical Laboratory. 
Tsukuba, Ibaraki 305-8568, Japan.

An optical imaging of neural activity with a voltage-sensitive dye is a powerful 
technique to study the dynamic function of neural networks. Several types of optical 
imaging system have been used so far, however, each of them required trial-averaging 
to gain SNR and restricted the recording time within hundreds of milli-seconds. Those 
systems successfully imaged reproducible neural activity such as stimulus-evoked 
response, but were powerless to image one-shot event which is difficult to predict 
when it occurs. We developed a high-speed optical imaging system which can image 
spontaneous neural activity for more than 8 seconds at the frame rate of 1.0 ms/frame 
(128x62 pixels). The system equips with the Panasonic MN3716 CCD device, which 
is a consumer-grade 1/3 inch sensor manufactured for home-use camcoders. High-
speed CCD readout was implemented based on shift-register clockup and pixel- 
binning strategy. Binning method results in less illumination, which avoids dye- 
bleaching and photodynamic damage to neurons. The CCD signal was digitized by a 
12-bit A/D converter and stored in 128MB DRAM. The use of low-noise devices and 
DSP-filters improved SNR. The CCD operates on several modes, e.g., ( 1) 128x62 
pixels at 1000 frames/s, (2) 256×248 pixels at 300 frames/s, (3) 128×42 pixels at 1300 
frames/s. We also developed C++ based software supporting GUI, which offers easy 
control of the imaging system, and tools for real-time imaging and data analy sis.

We have used this system to image neural activity in the rat SI cortex in vivo. The 
cortex was stained with a voltage-sensitive fluorescent dye, and spontaneous activity 
was initiated by topical application of bicuculline on the cortical surface. Neural 
activity was imaged every 1.0 ms for about 8 sec., covering 4.7×3.5 mm cortical area. 
Optical imaging revealed the spread of epileptiform activity originating from several 
focal spots, which occurred 2 to 4 times during 8 seconds. (Supported by AIST.)

422.14
FLUORIMETRIC PROBES FOR MEASURING ZINC IN SYNAPTIC VESICLES

V.A. Snitsarev1, H.E. Katerinopolous2 & A.R. Kay*1. Biological Sciences, Univ. 
of Iowa, Iowa City, IA 52242; 2Dept. Chemistry, University of Crete, Heraklion, 
Crete, Greece.

We have previously shown that the Zn-sensitive quinoline sulphonamide 
probe, TFLZn [Texas Fluorescence Lab, Austin, TX] (Budde, T., et al. 
Neuroscience 79: 347-358, 1997) can be used to monitor the release of Zn from 
synaptic terminations in live hippocampal slices. In this communiqué we explore 
the characteristics of three Zn probes: Dansylaminoethyl cyclen [DAEC, Dojindo 
Laboratories, Tokyo, Japan] (Koike, T., et al., J. Am. Chem. Soc., 118: 12696- 
12703, 1996) TFLZn and Zinquin A (Zalewski, P.D. et al. Biochem. J. 296: 403- 
408, 1993 ).

All three dyes (TFLZn & Zinquin both in their free acid form) are able to 
permeate across liposomal membranes and impart a pattern of staining in rat 
hippocampal slices similar to that of a Timm’s stain. The dyes only stained 
synaptic terminations, with no nuclear or cytoplasmic staining evident in healthy 
slices. Moreover, individual synaptic terminations could be viewed in live 
hippocampal slices. All the probes are able to enter membrane compartments 
without employing acetoxymethyl ester (AM) loading and are hence effective for 
examining ion concentrations in intracellular membrane compartments, such as 
synaptic vesicles. TFLZn and Zinquin respond rapidly to changes in Zn 
concentration (<ls), however, DAEC although it has the highest affinity for Zn, 
responds slowly to changes in Zn concentration (t 1/2 ~ 3 min). These dyes provide 
confirmation of the existence of a high concentration of labile Zn in glutamatergic 
synaptic vesicles and new tools for studying the function of this pool of Zn.

Supported by a grant from NINDS (NS35243) to ARK.
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422.15
DEBLURRING OF CONFOCAL MICROSCOPE IMAGES: TISSUE PROPER
TIES, OPTICS AND SIMULATIONS
M. Scholz, M. Stetter and K. Obermayer*
Neural Information Processing Group, Dept. of Computer Science, Technical Uni
versity Berlin, Germany

Despite the fact that confocal microscopes have much better optical properties 
than ordinary light microscopes, thus leading to attainable resolutions of approx
imately l 00nm laterally and 350nm vertically, a couple of distortion factors exist 
which make intensive image postprocessing nescessary to obtain optimal results. Pos
sible sources of image distortion are: nonoptimal lenses (blurring), photon shot noise, 
detector noise, inhomogeneous dye distribution, changing refractive indices in the 
specimen, photobleaching, background fluorescense, tissue scattering and inacuracy 
in the timing of the scanning mirror. A quantitative analysis of these factors is carried 
out, using different confocal microscopes on various sets of tissues with embedded 
latex beads. Since the shape and size of the beads is known, we are able to derive a 
quality measure of the whole deblurring process. We provide Monte-Carlo simula
tions of a confocal system with the aim to determine the shape and depth-dependance 
of convolution kernels caused by tissue scattering and use these results to constrain 
and test our deconvolution method. We further present an improved blind deconvolu
tion method, based on the well known Richardson-Lucy algorithm which can handle 
arbitrarily sized data sets, showing i ) that nonblind methods typically fail, because 
the needed prior for the point spread function (PSF) could not be stable estimated ii) 
that the inclusion of suitable noise models improve the results, in) that computation 
time could be significantly cut by adding mathematical constraints on the estimated 
PSF, based on the known tissue properties and iv) that by estimating depth dependant 
convolution kernels the PSF becomes more accurate leading to significantly better re
sults when scanning deep in the specimen.
Supported by BMBF grant 0310962, Wellcome grant 050080/Z/97 and Olympus 
Foundation.

422.17
IMAGING OF SPREADING DEPRESSION ACROSS THE NEOCORTEX 
AND THE STRIATUM IN THE MOUSE HEMI-BRAIN SLICE. Indu Joshi* 
and R. David Andrew. Dept. o f Anatomy and Cell Biology, Queen’s University, 
Kingston, Ontario K7L 3N6.

Changes in intrinsic optical signals (IOS) measured in the brain slice primarily 
involve alteration in light transmittance (LT) which can be imaged across cortical 
areas. Spreading depression (SD) is a profound depolarization of neurons and glia that 
propagates across the brain and has been associated with neuronal death resulting from 
stroke. We have shown that SD greatly exacerbates neuronal damage in oxygen and 
glucose deprived (OGD) slices of rat hippocampus (Obeidat and Andrew, Eur. J. 
Neurosci, in press) and neocortex (Jarvis et al., this meeting). In this study, we used 
submerged hemi-brain slices from mouse cut coronally at 400 µm to examine the 
possible role o f SD in promoting excitotoxic damage in the striatum. A one minute 
bath application at 35°C of the glutamate receptor agonist AMPA (50 µM; n=5), 
NMDA (100 µM; n = l6) or quinolinic acid (3 mM; n=l4) elicited SD, detected as a 
front of elevated LT. SD originated in the neocortex (particularly insular cortex) and 
propagated ventromedially into the striatum, terminating near the anterior commisure. 
The Na+/K+ ATPase inhibitor, ouabain (100 µM) evoked SD as a single pronounced 
and unified front that progressed, domino-like, across neocortex and then into striatum 
(n=14). In contrast, SD evoked by one of the glutamate receptor agonists listed above 
was more diffuse, the striatum often being co-activated with neocortex. In all cases, 
SD propagation left in its wake an irreversible LT reduction, indicating damaged 
tissue. In adjacent hemi-brain slices, the hippocampus (unlike overlying neocortex) 
did not support SD evoked by glutamate receptor agonists and so was spared 
subsequent damage. We propose that spreading depression arising during ischemia 
may promote the damage to striatum that is commonly observed following stroke.

Supported by the Heart and Stroke Foundation o f Ontario and the Canadian MRC

422.19
IMAGING THE EFFECTS OF ACUTE OSM OTIC STRESS ON THE RAT 
NEOCORTICAL SLICE USING INTRINSIC OPTICAL SIGNALS. Mark
W. Labron* and R. David Andrew. Department of Anatomy and Cell Biology, Queen's 
University, Kingston, Ontario, Canada, K7L 3N6.

Changes in cell volume can be measured indirectly as alterations in intrinsic optical 
signalling (IOS), whereby increases in light transmittance (LT) correspond to cell 
swelling and decreases indicate cell shrinkage (Andrew et al. 1997, Exptl. Neurol. 143, 
300-312). In this study, we imaged the effect of osmotic stress upon neocortical layers 
I-VI in 400µm coronal slices from rat (21-26 days). At 34°C, slices were submerged 
in flowing control artificial CSF (aCSF, 295 mOsm) and slices were exposed to ±10, 
20, 40, and 80 mOsm aCSF for 15 min (n=9 slices per treatment) before recovery for 
15 min in control aCSF. ACSF osmolality was lowered with distilled water or raised 
with mannitol. Peak change in signal was reached after 10 min with no indication of 
volume regulation (n=72 slices). Across the range o f -80 to +80 mOsm, layers II-III 
showed the greatest sensitivity to osmotic stress with a mean LT change o f 10.2% / 10 
mOsm, while layer I showed the lowest response with a mean LT change of 6.7% / 10 
mOsm. Exposure to glycerol (+40 mOsm), which does not draw water from cells 
(because unlike mannitol it is membrane permeant), evoked only an LT change of 
.75% / 10 mOsm in all neocortical layers (n=9 slices).

In slices exposed-to -80  mOsm aCSF (n=9), a propagating wave o f altered LT was 
induced. This was similar to spreading depression (SD) induced by oxygen/glucose 
deprivation (Jarvis et al., this meeting) except that the SD front was characterized by a 
reduction in LT. This implies that the already swollen cells lose water as SD invades 
the area. SD occurred in 0 o f 9 slices exposed to -40 mOsm aCSF, 4 o f 6 slices in -60 
mOsm, and 9 of 9 slices in -80 mOsm. Thus the threshold o f hypo-osmotic stress 
required for SD induction was approx. -60 mOsm. We conclude that neocortical slices 
do not display obvious volume regulation and that, unlike hippocampus (above 
reference), severe hypo-osmotic stress can evoke spreading depression. Supported by 
the Heart and Stroke Foundation O f Canada and the Canadian MRC

422.16
RECEPTOR ACTIVATION STUDIES BY Ca2+, THERMAL AND  
PROTEIN KINASE C (PKC) IMAGING. J. de Barry1, H. Shinagawa2, A. 
Janoshazi1. M. Ikeda2, J. L. Dupont1 and T. Yoshioka2* 1Laboratorie de 
N eurobiologie C eìlulaire CNRS, Strasbourg, France, 2D ept. o f Mol. 
N eurobiol, School o f H um an Sci., Waseda Univ., Tokyo 169, Japan 

Cellular signaling process via G-protein-coupled receptor was 
visualized by thermal, Ca2+, and PKC imaging techniques. Thermal 
im aging with a therm o-sensitive fluorescent probe, Eu-TTA, was 
performed in the CHO cells stably expressing metabotropic glutamate 
receptors (mGluRla). Receptor stim ulation with glutamate, t-ACPD, or 
(S)-DHPG induced a transient heat production followed by a m assive 
heat absorption. This response was inhibited by the mGluRl 
antagonists, MCPG and 4C3HPG. In addition, only the phase of heat 
absorption was inhibited by Gi/o-sensitive pertussis toxin. Therefore, it 
is suggested that the biphasic thermal response may be caused by the 
receptor activation and metabolic cascade through G protein. 
Subsequently, PC 12 cells expressing muscarinic receptors were 
sim ultaneously stained by fura-2 and Fim-1 to visualize intracellular 
Ca2+ and PKC. The status of PKC activation was determined as an 
increase of fluorescent intensity of Fim-1 around the plasm a membrane. 
Carbachol mobilized Ca2+ and activated PKC in dose-dependent 
manner, and these responses were antagonized by atropine. The time 
courses of Ca2+ increase and PKC activation were similar. However, 
unlike the Ca2+ response, the PKC activation rapidly desensitized by 
repetitive agonist stim uli. PKC activation was seen in spots on the 
plasm a membrane, which correspond to the immunocytochemical 
distribution of PKC isoforms, α and δ.

422.18
IMAGING OSMOTIC AND EXCITOTOXIC CELL VOLUME CHANGES AT THE 
TISSUE LEVEL USING CALCEIN FLUORESCENCE. R. D. Andrew*, G.J. Vipond,
C.R. Jarvis. Dept. Anatomy & Cell Biology, Queen's University, Kingston, ON, 
Canada, K7L 3N6

Cell swelling dilutes free intracellular calcein fluorescence (F) measured within a 
single neuronal soma; cell shrinkage concentrates the signal (Crowe et al. 1995). Here 
we demonstrate that the technique works when monitoring F at the tissue level. Since 
the amount of dye in each cell is constant, the total number of loaded cells within a 
measured region must change in some manner. We propose that this occurs in two 
ways. First, the intracellular space changes disproportionately to the extracellular space 
(Krizaj et al. 1996). Second, assuming a constant penetrating depth for λexcit, fewer cells 
will be detected as a slice swells. Both scenarios predict a reduction of the calcein signal 
during tissue swelling and an increase during shinkage. To test this, 4 calcein-loaded 
slices were exposed to hypo-osmotic aCFS (-60 mOsm) for 15 min and then returned to 
control aCSF while simultaneously imaging light transmittance. The calcein signal (ΔF) 
in CA1 dendritic regions decreased by -10.0 ± 2.51% at the same time that light 
transmittance (LT) increased by 35-41%. Both signals, indicative of cell swelling, 
levelled off and then returned to baseline in control aCSF. Conversely hyperosmotic 
aCSF using mannitol (+60 mOsm) increased ΔF by 10.2 ± 3.57%. Mild exposure (1 
min, 22°C) to 100 uM NMDA reversibly decreased ΔF by -10 % and increased LT by 
65% in CA1 dendritic regions. Toxic exposure (4 min, 37°C) to 100 uM NMDA also 
evoked initial swelling (ΔF= -22.5% ± 3.69% ), but then LT and ΔF values suddenly 
dropped irreversibly (n=6). Our previous work indicates that the sudden LT reduction is 
due to increased light scattering by dendritic beading. We suggest that the simultaneous 
ΔF reduction results from dye leakage from damaged neurons. We conclude that an 
unbound intacellular dye such as calcein can be used to monitor cell volume changes at 
the tissue level in brain slices.

Supported by the Heart and Stroke Foundation of Ontario and the Canadian MRC

422.20
MULTIVARIATE APPROACH TO fMRI ACTIVATION FOCI DETEC
TION T. Lei, M. Simard*, D. Emae, P. Hlustik, S. Small Gamma Knife 
Center, Univ. of MD. Baltimore, MD 21201

fMRI, or after smooth in space, is underlied by a Gaussian random 
field, i.e. by a multivariate Gaussian probability distribution. How
ever, its statsistical analysis (e.g. t-test in statistical parametric map
ping (spm)) adopts a massive univariate approach. One reason for this 
is that if the conventional multivariate analysis is adopted, the pixels 
(to be tested) will be more than scans. Thus, null and alternative hy
pothesis will be singular, and the test statistics cannot be defined. In 
order to utilize Gaussian random field theory and to avoid the mass hy
pothesis tests, an eigenstructure technique for fMRI activation foci detec
tion has been developed. Array signal processing technology can achieve 
very high angular resolution in target detection. Modification of this 
technology into computer vision leads to this multivariate analysis ap
proach. This approach formulates image region detection problem in a 
multidimensional signal processing framework. Signal structure similar to 
sensor-array-processing presentation is created and the advanced sensor- 
array-processing technique is employed. Theoretical derivation of this 
method is given. Simulated and real fMRI analysis results are included. 
Results demonstrated: 1) this method can accurately detects the num
ber of image regions, 2) it possesses extensive computer speed superiority 
over other existing methods, 3) it particularly facilitates fMRI activation 
foci detection.

Society for Neuroscience, Volume 2 4 ,1998
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422.21
SLICE BLOTTING: A SIMPLE METHOD FOR VISUALIZING 
SECRETION PATTERNS IN LIVING NEURAL TISSUE. Graeme Lowe & 
Nancy E. Rawson.*  Monell Chemical Senses Center, 3500 Market St, 
Philadelphia, PA 19104-3308.

The circuitry of the CNS forms spatially organized structures containing 
numerous transmitters, modulators, enzymes, regulatory and growth factors 
that are expressed and released in specific patterns according to functional 
pathways in subpopulations of neurons and glial cells. Immunohistochemistry 
enables anatomists to disclose in great detail the distribution of these 
substances in fixed tissue. However, understanding the significance of this 
neurochemical organization also requires analysis of function in living neural 
systems.

We describe a very simple but general and powerful method for 
visualizing and quantifying the time-averaged spatial pattern of release of 
specific neurotransmitters and neuromodulators from in vitro brain slices. 
This technique may have widespread application in neuroscience and 
especially developmental biology. The method combines standard 
physiological preparations with immunoblotting protocols from molecular 
biology, and complements other more sophisticated approaches to brain slice 
physiology. It can be applied to study patterns of release of any substance in a 
spatially organized tissue or process detectable by immunoassay, such as 
growth factors, chemoattractants and chemorepellents, morphogens, enzymes, 
hormones and other paracrine signals.
(Supported by NIH DC03037-01 and Monell Foundation awards to GL)

422.22
IMAGING MEMBRANE POTENTIAL CHANGES: SPIKE INITIATION AND 
PROPAGATION IN THE PROCESSES OF INDIVIDUAL NEURONS.
Deian Zecevic and Srdian Antic. Yale University School of Medicine. New 
Haven, CT 06520.

The logic of information processing was investigated in an individual neuron 
from terrestrial snail, Helix, using voltage-sensitive dyes. Fluorescence signals 
were detected by a 464-element silicon photodiode array. The neurons were 
selectively stained by micro-injection with the styryl dye designated JPW3028. 
Recordings were obtained simultaneously from the cell body and long axonal 
branches. This type of measurement allows the investigation of the pattern of 
initiation and spread of action potentials in response to physiological, synaptic 
inputs to the neuron. We investigated whether the position of primary spike 
initiation site might depend on spatial distribution of excitatory inputs on 
neuronal processes. We found that contra-lateral stimulation of a particular 
peripheral nerve, that evoked excitatory poly-synaptic potentials and subse
quently action potentials, resulted in spikes that were initiated first in the 
contralateral region of the neuron with a complex and typical spatial pattern of 
propagation. Ipsi-lateral stimulation consistently initiated spikes in the ipsilateral 
part of the cell with a different spatial pattern of propagation. The results show 
that different synaptic inputs activate spikes at different locations. The 
information about which set of inputs is activated is consistently translated into 
a specific pattern of action potential initiation and spread. The experimental 
measurements were compared with the results of the numerical simulations. 
Computer simulations were carried out using modeling software "NEURON". 
The spatial distribution and the density of voltage-gated channels were varied 
in an anatomical reconstruction of the cell to determine the parameters that 
would replicate experimental results. Supported by NSF Grants IBN-9604356.

422.23
FAST VOLTAGE-SENSITIVE DYE RECORDING OF MEMBRANE POTEN
TIAL CHANGES AT MULTIPLE SITES ON AN INDIVIDUAL NERVE CELL IN 
THE RAT. CORTICAL SLICE. S. Antic1*, G. Major3, W. R. Chen1, J. Wuske2,
L. Loew2 and D. Zecevic1, 1Yale Univ., New Haven, CT; 2Univ. of Connecticut 
Health Center, CT; 3Univ. Laboratory of Physiology, Oxford Univ., UK.

Understanding of integrative properties of single vertebra te neurons 
would be facilitated if the dynam ics of m em brane potentia l could be 
measured accurately at many locations in the dendrites, as it was done 
in single invertebrate neurons.

We carried out experim ents on layer 5 pyram idal neurons in slices 
from the neocortex of P14-P18 rats. Individual neurons were selectively 
stained, by diffusion from a patch pipette of the voltage-sensitive styryl 
dye JPW3O28. Optical signals associated with action potentials, 
expressed as fractional changes in fluorescent light intensity (δF/F), 
were about 1% in recordings from neuronal processes. The signal-to- 
noise ratio was sufficiently large that action potential signa ls could be 
monitored from multiple sites on dendritic processes. The results show 
that it is possible, with practice, to deposit the dye into the cell w ithout 
staining the surrounding tissue. Also we established that pharm aco log i
cal and photodynam ic effects of the dye were neglig ible since the 
action potential characteristic did not change during staining and 
extensive recordings. The main im pact of the above result is a 
demonstration that there are no serious difficu lties tha t would limit the 
application of intracellular voltage-sensitive dye recording to vertebra te 
neurons. Supported by NSF G rant IBN - 9604356.
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423.2423.1

COMPARISON OF THREE ESTIMATORS OF THE COEFF. OF ERROR FOR OP
TICAL FRACTIONATOR CELL COUNT ESTIMATES. E. Glaser*1 and P. D. Wil
son2, 1MicroBrightField. Colchester, VT 05446; 2Univ MD. Sch. Med., Bal., MD.

It is difficult to evaluate the estimated precision of population cell count estimates 
yielded by the optical fìactionator from biological tissue samples. Computer simulation 
does permit such evaluation while avoiding the observational biases inherent in work
ing with biological tissue. We used computer simulation to evaluate three methods for 
estimating the coefficient of error (CE), the precision of a population size estimate, 
obtained by fractionator sampling. The methods were: the original estimation equation 
of Gundersen and Jensen (1987), its nugget effect modification (West et al., 1996). and 
the method of Scheaffer et al. (1996), which has not been used in stereology. We com
pared the estimated CE’s with the true CE obtained from the same data. The estimated 
CE’s were obtained from tests of three types o f non-random population distribution 
and one random population distribution. Two o f the non-random population distribu
tions varied sinusoidally and one varied linearly across sections and disectors. In all, 
there was a 6-fold range from low to high intensities (expected cell counts per disec
tor). The sinusoidal distributions had either a peak or a depression of intensity at the 
center of the simulated region. The linear intensity gradually increased from the begin
ning to the end of the simulated region. The population distribution, the period between 
sampled sections, and the spacing between sampled disectors defined a test condition. 
There were 1,000 trials of each test condition. In each trial we calculated the true CE of 
the expected cell count estimate and the CE estimates obtained by applying the SMO 
and both GJ equations. We compared the estimated CE’s with the true CE’s for all the 
population distributions. We found the CE estimates obtained by the SMO estimator 
had less bias and scatter than those o f the nugget-modified GJ estimator. The CE esti
mates obtained by the original GJ estimator had large negative bias and large scatter. In

all the population distributions, the true CE was nearly proportional to (q t ) - 5 , where 

Q ̄t = average number of sampled cells.
This work was supported in part by a USDPH NIH SBIR grant to MicroBrightField.

USE OF TYRAMIDE SIGNAL AMPLIFICATION SYSTEM (TSA) IN DOUBLE 
LABELING TECHNIQUES FOR IN SITU HYBRIDIZATION DETECTION OF 
MRNA WITH OLIGONUCLEOTIDE PROBES. M. C. Tyler* and P. C. Mayer. 
NEN Life Science Products, Boston, MA 02118

We describe the simultaneous detection of two mRNAs using the Tyramide Signal 
Amplification System (TSA) with oligonucleotide probes for in situ hybridization. 
Data shows TSA can be used successfully for two double labeling techniques, either 
in conjunction with standard autoradiography emulsion techniques, or with two 
chromogenic substrates for total nonradiometric detection.

Although traditional in situ hybridization using radioactive probes has allowed the 
specific detection of many oligonucleotide probes, nonradiometric detection of 
oligonucleotide probes has been very difficult since the amount of labeling is limited 
by the small probe size. TSA was used to increase detection of the probe signal.

For the double nonradiometric system, one probe was labeled with biotin, and the 
other with fluorescein. Both probes were hybridized together overnight, and 
stringency washes done the next morning. After a 30 minute blocking step, the tissue 
was incubated with streptavidin-HRP to react with the biotin-labeled probe. The 
amplification step was done with a 10 minute incubation with biotinyl tyramide (BT). 
In the presence of HRP, the tyramide compound results in the immediate deposition 
of multiple biotin molecules which are then used for further detection. Streptavidin- 
alkaline phosphatase followed by NBT/BCIP was used to generate a purple stain, 
indicating the localization of the biotin-labeled probe. After brief washing, the slides 
were then incubated with antifluorescein-HRP to react with the fluorescein-labeled 
probe. Another 10 minute amplification step with BT was followed by streptavidin- 
HRP, and detection of the fluorescein-labeled probe with dark brown DAB stain.

Supported by NEN Life Science Products.
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423.3
NEU RA L TRACT TRACING VIA CO M BIN ED  INTRACELLULAR, 
RETRO GRA DE AND IM M U NO CYTOCH EM ICAL M ETH OD OLO GIES. 
P. Luo* and D. Dessem . Dept. OCBS, Univ. M aryland, Baltimore, MD 21201.

Currently  no powerful m ethod is available for m apping physiologically- 
identified polysynaptic pathways in the central nervous system . Using a 
m ultiple labeling strategy in which intracellular biotinam ide (N eurobiotin) 
staining, retrograde horseradish peroxidase (HRP) labeling and imrnuno- 
cytochem istry are combined, we have investigated jaw -m uscle spindle afferent 
pathways. Initially HRP was either injected into the jaw , tongue, or laryngeal 
muscles, or iontophoresed into the trigem inal m otor nucleus (V m o). Twenty- 
four to 48 hours later, jaw -m uscle  spindle afferent neurons were 
physiologically identified and intracellularly stained with biotinam ide. Tissue 
sections were first processed for HRP using either a tetram ethylbenzidine or 
sodium-tungstate method (Luo et al., 1995). Intracellular biotinamide was then 
visualized using an ABC m ethod and finally im m unostaining with choline 
acetyltransferase (ChAT) or parvoalbum in antibodies was carried out using a 
PAP method. Triple labeling com binations included biotinam de-stained, jaw - 
muscle spindle afferent boutons closely apposed to the dendrites and sona ta  o f  
trigem inal and am biguus m otoneurons retrogradely labeled with HRP and 
immunopositive for ChAT. Trigeminal prem otor neurons retrogradely labeled 
with HRP and immunopositive for parvoalbumin were also observed receiving 
biotinam ide-stained jaw -m uscle spindle afferents. This m ultiple labeling 
method provides a reliable means to dem onstrate physiologically  identified 
polysynaptic neuronal pathways. This m ethodology m ay also prove useful in 
com bination with anterograde neuronal tracers such as biotinylated dextran 
am ines to exam ine neuronal m icrocircuits. Supported by NIH DE10132.

423.5
A SIMPLE AND SENSITIVE ANTIGEN RETRIEVAL METHOD Y. 
J i a o , Z. Sun, F.R. Fusco, S.L. Cuthbertson, C. A. Meade and A. 
Reiner.* Dept. Anat. & Neurobiol., UT - Memphis, TN 38163.

The masking of antigens by aldehyde-containing fixatives or by paraf
fin embedding procedures is a problem for immunohistochemicail stud
ies. Enzymatic digestion, formic acid treatment, microwave heating and 
autoclave heating have been used to deal with this problem, with mi
crowave heating-based antigen retrieval having become widely used as 
the method of choice. Microwave heating, however, has two major 
problems: 1) it is difficult to precisely control the temperature (with too 
low temperatures being ineffective and too high temperatures being dam
aging to tissue); and 2 )  it is difficult to apply to free-floating sections be
cause it invariably damages tissue sections. We describe here a simple, 
reliable and sensitive antigen retrieval method that uses water-bath heat
ing. By this method, the temperature can be precisely controlled to yield 
effective antigen retrieval with minimal tissue damage in free-floating or 
paraffin-embedded slide-mounted sections. We carried out a parametric 
study using enkephalin immunolabeling of free floating sections of pi
geon forebrain to determine the optimal antigen retrieval parameters 
using a sodium citrate solution heated in a water bath. We found that the 
best results were obtained with a 30min incubation in a 10mM sodium 
citrate solution (pH9.0) preheated to 80°C in a water bath, followed by 
3Omin incubation in 3% nonfat dry- milk to reduce nonspecific staining. 
We have found this method to be effective for retrieving antigens and 
thereby enhancing immunolabeling in 40µm free floating and paraffin-
embedded tissue, and it works well for diverse species (human, rat, pi
geon, zebra finch, mouse) and diverse antigens (enkephalin, substance 
P, huntingtin, GluRl and ubiquitin). Supported by NS-19620 (A.R.).

423.7
RAT BRAIN ASTROCYTES EXPRESS TYPE 2 INOSITOL 1,4,5- 
TRISPHOSPHATE RECEPTORS. L. H oltzclaw and T. T. Russell* 
LCMN, NICHD, NIH, Bethesda, MD, 20892 USA.

Expression of type 2 Inositol 1,4,5-trisphosphate receptors 
(IP3R2) in astrocytes was investigated using immunocytochemistry 
in 35µm sections obtained from perfusion fixed adult rat brains. 
IP3R2 w as stained with a polyclonal antibody developed in a 
rabbit (Affinity Bioreagents, Boulder, CO) and astrocytes were 
identified by dual immunostaining with either anti GFAP or anti 
S100β antibodies. Rhodamine Red X conjugated anti-rabbit IGg 
was used to visualize IP3R2 and FITC conjugated anti-mouse 
antibodies were used to label the cell identification markers. We 
found that astrocytes identified with GFAP or S100β in the 
hippocampus, cortex, cerebellum and olfactory bulb express IP3R; 
in the cell body and processes. Dual stainig with anti GFAP and 
SlOOß antibodies show ed that in all the brain areas examined, 
some astrocytes containing S100β do not express GFAP. These 
SlOOß containing, GFAP free astrocytes, however, also expressed  
IP3R2. Preabsorption controls using the immunizing peptide 
show ed no staining. These experiments show  that in adult rat 
brains, astrocytes express type 2 IP3Rs.

423.4
STEREOLOGICAL ESTIMATORS OF 2D FEATURES EXEMPLIFIED BY 
ANALYSES OF NERVE CROSS SECTIONS
J.O. Larsen*
Institute o f Pathology, Aalborg Hospital, Center for Sensory-M otor Interaction, Aalborg 
University, and Stereological R esearch Laboratory. U niversity of Aarhus, Denmark.

The most commonly used non-stereological methods for quantifying 2D 
features, i.e., complete tracing and automatic image analysis, are time 
consuming or biased to varying degrees Profile area and boundary length have 
traditionally been estimated stereologically by point counting and intercept 
counting, respectively. Computer-assisted stereological test systems facilitate 
the practical application of stereological principles that are based on 
measurement procedures so that they can be regarded as serious alternatives 
to principles that reduce the data acquisition to simple counting procedures, i.e. 
point counting and intercept counting. This study describes basic 2D 
stereological principles and evaluates the empirical variance of area and 
boundary estimators in data sets obtained from repetitive estimates using 
various sampling densities and various profile shapes. The size estimators that 
are based on measurement procedures are the most efficient in the sense of a 
higher change in precision with increasing sampling density, whereas the size 
estimators based on counts are slightly more precise in the low range of 
sampling intensities. Additional virtues of estimators based on measurements 
are that they provide a continuous range of data in contrast to the discrete range 
of data obtained with estimators based on simple counts, and that only non-zero 
values are obtained. The former facilitates formation of size distributions from 
statistical transformed data, and the latter implies that one can make 
transformations that would otherwise not be possible. The estimators provide 
optimal conditions for the quantitative study of 2D features as e g. axons in 
cross sections of nerves and spinal cord and neurite outgrowth in cell cultures. 
Supported by The Danish Research Council and The Danish National Research Foundation

423.6
IN VITRO BIOCYTIN INJECTION INTO PERINATAL MOUSE BRAIN: 
CHARACTERIZATION OF A NOVEL METHOD FOR TRACT TRACING IN 
DEVELOPING TISSUE. S.L. Chang. J.J. LoTurco and L.K. Nisenbaum*. Dept. of 
Physiology & Neurobiology, University of Connecticut, Storrs, CT 06269 

In vivo injection of biocytin provides an effective method for tracing neuronal 
connections in adult tissue. However, several difficulties arise when this technique is 
employed in developing animals, including limited access to the injection site and the 
necessity for an extended post-injection survival period. To circumvent these problems, 
we adapted the technique of extracellular biocytin injection for use in explanted brain 
hemispheres. Briefly, brains from perinatal mice (E18-P9) were removed and placed in 
oxygenated aCSF in a slice recording chamber. Following injection of biocytin (2%) 
into the cortex, the brains were incubated for varying periods of time and then fixed 
overnight. The next day, the brains were sectioned and processed for biocytin 
histochemistry using the ABC method. To optimize the technique, we examined the 
method of injection (iontophoresis vs. pressure), electrode type (patch vs. sharp), time 
of injection (2-10 min), and post-injection incubation period (15 min-8 h). 
Iontophoresis produced more effective labeling with less tissue damage than pressure 
injection. Iontophoresis using patch-type electrodes produced a larger injection than a 
sharp-type electrode and the size of the injection site increased proportionally with the 
injection time. To determine the rate of biocytin transport, biocytin-labeling was 
measured as a function of length of post-injection incubation time. Anterograde 
transport of biocytin occurred in large axonal bundles at a rate of ~4 mm/h. Thus, an 
incubation period of 30 min resulted in labeling in the striatum. However, longer 
incubation times resulted in labeling of finer caliber collaterals along the course of the 
axonal bundles. These data demonstrate that in vitro injection of biocytin provides a 
quick and easy method for tract tracing during development. In addition, quantification 
of axonal growth can be achieved with this technique in combination with camera 
lucida reconstructions. Supported by NSF grant IBN9629466

423.8
REDUCTION OF LIPOFUSCIN AUTOFLUORESCENCE IN MONKEY 
TISSUE SECTIONS. S.A. Schnell* and M.W. Wessendorf.
Dept. Cell Biology and Neuroanatomy, Medical School, Univ. of Minn, 
Minneapolis, MN 55455.

As an animal ages, the autofluorescent pigment lipofuscin accumulates with
in the cytoplasm of cells of the central nervous system. The presence of 
lipofuscin complicates the use of fluorescence microscopy (e.g., fluorescent 
retrograde tract-tracing and fluorescence immunocytochemistry) due to its 
wide excitation and emission spectra. Previous studies have reported that 
CuSO4 reduces lipofuscin fluorescence in aqueous solutions (Kikugawa K. et 
al. 1995. Gerontology 41(suppl.2): 1-14). In the present study we examined 
whether CuSO4 is able to reduce lipofuscin autofluorescence without adverse 
ly affecting other fluorescent labels. To test the effect of CuSO4 on a fluores
cent retrograde tract-tracer, the tongues of rats were injected with 5% Fluoro- 
Gold (FG) to retrogradely label motoneurons of the hypoglossal nucleus. 
Medullas from FG-injected rats and monkey spinal cord sections containing 
strong lipofuscin autofluorescence were sectioned and stained using antisera 
directed against serotonin and/or substance P. Secondary antibodies were 
conjugated with either cyanine 3.18 (Cy3) or fluorescein isothiocyanate 
(FITC). It was found that 1-10 mM CuSO4 in 50 mM ammonium acetate 
buffer (pH 5) greatly reduced lipofuscin autofluorescence in the monkey spi
nal cord sections. The treatment also reduced Cy3 and FITC immunofluores
cence as well as the intensity of retrograde labeling with FG. However, the 
reduction of these fluorophores was far less dramatic that that for lipofuscin. 
We conclude that treatment with CuSO4 provides a reasonable compromise 
between reduction of lipofuscin fluorescence and maintenance of specific flu
orescent labels. This study was supported by PHS grant DA04523 from 
NIDA.
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423.9
HIPPOCAMPAL CA3 INTERNEURONS IN S. RADIATUM AND S. 
LACUNOSUM-MOLECULARE HAVE DISTINCT AXONAL PROJECTIONS
D.B. Jaffe*, A. Hubbard, R. A. Chitwood. Division of Life Sciences, University of 
Texas at San Antonio, San Antonio, TX 78249.

There has been little combined electrophysiological and morphological 
characterization of nonpyramidal neurons with somas in s. radiatum (SR) and s. 
lacunosum-moleculare (SLM) in the CA3 region due to their low number and wide 
spatial dispersion. We have been studying these cells from 14-30 day old rats using 
intracellular biocytin labeling and whole-cell recording. After standard DAB 
histochemical procedures and a post-intensification process, 22 cells presented axonal 
projections from a total o f 37 filled cells. Dendritic morphology was quantified using 
computer aided three-dimensional reconstructions. Both SR and SLM neurons 
displayed a similar range of stellate-like dendritic arbors generally located within SR & 
SLM of CA3. Occasionally, dendrites projected into the hilus, crossed the pyramidal 
cell layer into s. oriens, or entered the upper blade of the dentate gyrus. Using camera 
lucida, we found that the axonal projections of SR and SLM cells, however, were 
significantly different. Axons from 12 SR cells were seen primarily in SR, though in 4 
cases a subset of dendrites projected to s. pyramidale, in 1 case to s. oriens, and in 3 
cases into SR o f CAL In 10 SLM neurons, axon collaterals were found within SLM of 
CA3. In addition, 6 o f 10 SLM cells had axons that projected into the upper blade of 
the dentate gyrus, within the molecular layer. None of these axons crossed the 
hippocampal fissure. We found no quantitative or qualitative differences in the passive 
or active properties between the two groups of neurons. These findings suggest that 
nonpyramidal neurons in SR and SLM have significantly different axonal projections. 
Both types o f nonpyramidal neurons may exert local inhibition within area CA3 while 
SLM cells might also provide inhibition back into the dendrites of dentate gyrus 
granule cells.

This work was supported by NSF grant IBN 9511309

423.11
TRACT TRACING IN THE FRESH BRAIN WITH FAST Dil D. L. Sparks*, 
L.-F. Lue, T. Martin and J. Rogers. Sun Health Research Instutute, Sun City, AZ

The lipophilic fluorescent dye 1, 1-dioctadecyl (Dil) has been used to trace 
tracts in aldehyde fixed human brain tissue. Application o f Dil crystals to specific 
regions of brain have produced dramatic results, but neuronal processes can be 
traced less than one centimeter and only after months of incubation.

We injected Dil dissolved in DMF into specific regions o f fresh human brain 
and Dil crystals into Yorkshire pig brain and allowed the tissue to incubate for 40 
hours prior to fixation in 4% paraformaldehyde. After one week of fixation we 
cut 50 micron vibratome sections and viewed them using an epifluorescence 
microscope with a rhodamine filter. In one pig brain Dil was injected into the 
cortico-spinal tract unilaterally. In another pig, Dil was injected into the 
entorhinal cortex. In the third pig, Dil was injected into the inferior olive 
unilaterally. Dil was injected into the lateral cerebellum of the human studied.

Dil fluorescence was observed approximately 15 mm anterior to the 
corticospinal tract injection in the opposite cerebral peduncle. Dil injected into the 
entorhinal cortex appeared approximately 18 mm away in the granule cell layer of 
the ipsilateral hippocampus. Dil injected into the olive was identified in the 
purkinje cell layer of lateral cerebellum bi-laterally and in the vermis nearly 25 
mm remote from the injection site. This last study clearly suggested that Dil can 
traverse synapses, as dye was likely transported by climbing fibers.

In the human study, Dil was transported over 40 mm; this translates into one 
mm/hr versus less than a mm/month in aldehyde fixed tissue. Fluorescence was 
observable in both inferior olives, but was more robust on the contra-lateral side. 
This human investigation clearly demonstrates that the previously hypothesized 
ipsi-lateral climbing fiber projections from the inferior olive to the cerebellar 
hemisphere do in fact exist in man.

Supported in part by NIH grant 1 RO3 MH58237-01

423.13

MULTIPLE NEUROANATOMICAL TRACING IN PRIMATES.
J.L. Lanciego*, E. Erro, A. Rosell and J.M. Giménez-Amay a.

Departamento de Anatomía. Facultad de Medicina. Universidad de Navarra. Irunlarrea s/n.
31080 Pamplona. Spain.

The present report is dealing with a multiple tract-tracing procedure in non-

human primates enabling the simultaneous visualization of retrogradely transported 
Fluoro-Gold (FG) and cholera toxin B subunit (CTB) in combination with 

anterogradely transported biotinylated dextran amine (BDA). Two issues have 

played key roles on the achievement of this reliable procedure: first, the recent 
development of a commercial antiserum against FG that allows us to convert the 

original fluorescent signal of this dye in a permanent precipitate via standard 
peroxidase-anti-peroxidase methods; and second, the introduction of the novel 

peroxidase substrate Vector® VIP (V-VIP), resulting in a purple precipitate. The 
combination of these neuroanatomical tracers in one and the same histological 

section opens a possibility for the permanent visualization of the convergence of 

inputs from a particular brain area onto identified, two different subsets of projection 

cells of another area. Furthermore, this combination of three tracers emerges as a 
powerful technical tool for obtaining broad amounts of complementary data 
regarding the monkey brain connectivity, thus significantly reducing the number of 

animals needed to complete a particular study.

Supported by FIS 96/0488, Fundación "Marcelino Botin" and Universidad de Navarra.

423.10
MITOCHONDRIAL ACTIVITY OF CULTURED BRAINSTEM AND  
HIPPOCAMPAL SLICES. C.A. Connelly* L.C. Chen and S.D. 
Colquhoun. Liver & Pancreas Transplantation, Depts. o f Surgery, Cedars- 
Sinai Medical Ctr. & UCLA Sch. of Medicine, Los Angeles, CA 90048.

Active mitochondria bioreduce MTT tetrazolium to a purple 
precipitate. This insoluble precipitate accumulates inside living cells and 
is easily visualized with phase contrast microscopy. This assay was used to 
assess the viability of cultured brainstem and hippocampal slices (150- 
300 µm) from 25 neonatal rats (P0-P22). Brains were removed from 
anesthetized rat pups, sliced on a tissue chopper, and then cultured for 2 
days to 4 wks on membrane inserts placed inside culture dishes. The 
culture medium (50% minimum essential medium, 50% Hank’s salts, 
25% horse serum, 6.5 g/L glucose, 25 mM HEPES) was refreshed every
3-5 days. Viability was assessed at different time points; after 3-5 days, 7- 
14 days and 3-4 wks in culture. Conversion o f MTT was seen within 15- 
30 minutes; the percentage of live (purple) tissue/slice was evaluated after 
one hour. Results: Brain slices (180-300 µm) from 4-14 day old rats were 
90-100% viable after 2 wks in culture. Those from 0-1 day old rats were 
similarly viable but had tissue outgrowth at the edges. Microglial proli
feration occurred after 48-72 hrs in culture. Mitochondria were inactive 
in 50-60% of the cultured cells after 4 wks, and morphological 
characteristics of the brain regions gradually degenerated over this 
period. Cell death occurred at the tissue edges rather than central regions, 
indicating that nutrients and gases adequately permeate the entire section 
in this model. Hippocampal slices were viable longer than the brainstem 
slices. These data indicate that donor age, tissue thickness and handling 
during explant procedures affect tissue growth and viability. (Supported 
by Cedars-Sinai Institutional Grant).

423.12
DIFFERENTIAL LOCALIZATION OF OXIDATIVE & GLYCOLYTIC ENZYMES 
WITHIN METABOUCALLY POLARIZED HIPPOCAMPAL NEURONS. G.H. 
Kageyanre*1,2, M. Lacuesta1, W. Tulpinski1, T. Ramos1 & M. Arredondo1. 1Biol. 
Sci., Cal Poly Pomona, CA 91768; 2Anat. & Neuro., UC Irvine, CA 92717.

Major sites of energy utilization, as determined by the histochemical localization of 
Na+ , K+-ATPase (p-nitrophenyl phosphatase, p-NPP), was compared to major sites of 
energy production by glycolytic vs. oxidative metabolic pathways. Glycolytic pathways 
were examined using hexokinase immunohistochemistry (HEX) and muscle (M) type 
lactate dehydrogenase (M4- LDH) histo- and immunohistochemistry. Oxidative path
ways were examined with cytochrome oxidase (CO) histochemistry, and heart (H) type 
lactate dehydrogenase (H4-LDH) histo- and immunohistochemistry in the rat hippo
campus. Aldehyde-fixed vibratome sections were processed for either histo- or immuno
histochemistry, and compared. Cellular analysis of the rat hippocampus revealed that 
the highest levels of p-NPP, CO and H4-LDH were found within the dendrites of 
granule and pyramidal cells, while HEX and M4-LDH was highest in axons and 
terminals, indicating an inverse intracellular distribution and partial segregation of 
oxidative and glycolytic enzymes. Mossy terminals exhibited high HEX and low CO 
activity, consistent with high glycolytic metabolism. However, mossy terminals also 
had high levels of H-LDH activity suggesting that lactic acid might be converted into 
pyruvate which can feed into the glutamate biosynthetic pathway. The evidence 
supports the notion of metabolic polarization of neurons. Also a close metabolic 
relationship between axon terminals and their target dendrites implies that lactate 
generated by glycolytically active axon terminals can be reconverted to pyruvate by 
dendritic H4-LDH where it can enter the TCA cycle and be metabolized by oxidative 
mitochondrial pathways. In mossy terminals, lactic acid may be taken up as an 
additional substrate for the purpose of making glutamate. These observations support 
the hypothesis that glycolysis prevails where the transient energy demands of electrical 
activity (in axons) are required, while oxidative pathways prevail where most of the 
energy is needed to continuously repolarize synaptically depolarized dendritic 
membranes. Support: RSCA Grant #1-11496 & NIH 1 SO6 GM53933-01A1.

423.14
HIGH ACCURACY PARTICLE COUNTER FOR ANALYSIS OF LOW 
MAGNIFICATION IN SITU HYBRIDIZATION MICROGRAPHS. J.S. 
Shumsky1*, M.R. Pietras1,3, E.H. Murphy1, D.R. Grayson1,2, and J. Nissanov3. 
Allegheny Univ. of the Health Sciences, Depts. of Neurobiology and Anatomy1
(Philadelphia, PA 19129) and Psychiatry2 (Pittsburgh, PA 15212) and Computer 
Vision Center for Vertebrate Brain Mapping3, Drexel Univ. (Philadelphia, PA 
19104).

While numerous algorithms for grain counting have been previously designed, we 
are unaware of any that are accurate at low magnification. The benefit of increased 
image acquisition to be achieved at low magnification motivated the present work. 
The designed algorithm first partitions the image into both a grain and background 
compartment using a high-pass filter. Next, the grain compartment is searched for 
peaks of grey values. This effectively separates coalesced grains and rejects false 
positive candidates. Performance depends on accuracy of focus setting and the 
intensity of the counterstain. To limit degradation due to the former factor, critical 
focus is determined by the algorithm using contrast evaluation. To test 
performance, we analyzed microautoradiographs collected from in situ hybridization 
labeling using α l ,  ß2, and γ2 subunits of the GABAa receptor. Fields ranging 
from background containing no counterstain to those heavily counterstained were 
acquired with a 1K digital camera under 20× optical magnification. Performance was 
reduced with heavier staining intensity from a false positive rate of 1% to 4%. 
False negative rates increased from 2% to 3%. This level of inaccuracy is well 
within the tolerance of most experimental studies. Supported by P01DA06871 
(E.H.M.), K04NS01647 (D.R.G), and NIH-P41RR01638 (J.N.).
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423.15
REAL TIM E 3-D IM ENTIO N A L OPTIC A L M ICRO SCOPY  
D RAM ATICALLY IM PROVES THE INTERPRETATION AND  
A CCURACY OF SILVER AND IM M U M O -STA INED  BRAIN  
SLICES. Thomas D. Corso*, Division o f  Biological and Physical 
Sciences, Lander University, Greenwood, South Carolina 29384 

This presentation compares the interpretation of data collected with a traditional 
microscope equipped with a standard light source to data collected using multiple 
oblique illumination and polarizers to create a real time 3-D stereo image. The de 
Olmos cupric-silver stain and the various immunocytochemical stains have become 
very powerful tools as markers for neuronal degeneration. The high contrast of silver 
stained tissue makes locating and mapping degenerating cells a very simple task. The 
location of neuronal degeneration caused by various neurotoxins and the changes in 
morphology of the degenerating neurons was mapped. The toxins were: MPP+  
MK-801 and A binge ethanol intoxication model. Interpretation of these microscopic 
samples in 3-D yields a significant amount of information that was not obvious using 
traditional 2-D microscopy. This presentation shows stereo pair photographs of 
degenerating neurons, axons and dendrites. Most notable is the “cork screw” shaped 
axons that form within about 2 days after exposure to a neurotoxin. The 3-D 
microscope also shows the quality (or lack of quality) of stains Especially in thicker 
slices (5OµM or thicker) there is the problem of adequate penetration of the stain. 
Some of the TH-immunostained samples only had signal on the top and bottom of the 
slice and no penetration. Even though this is a staining problem and this particular 
sample is unusable for cell counting purposes, this was not obvious on a 2-D 
microscope. In 3-D. it is clearly obvious that there are two well defined layers of cells 
with a lack of staining in between. Before cell counts are done, it would be very 
important to know the reliability of the stain. This work was funded by the Lander 
University Faculty Development Grant, and the 3-D microscope is on loan from Edge 
Scientific Instruments.

423.17
ADENOVIRUS AND ADENO ASSOCIATED VIRUS MEDIATED GENE 
TRANSFER TO THE RAT RETINA.
P . Simon,  J . Bennett, L . D udus, C .K . Vorw erk, P . Sterling* and E. B. Dreyer, 
The D epartm ent o f  Ophthalmology, Veterans Administration and the 
University o f  Pennsylvania, Philadelphia, PA 19104 USA

Adenovirus (AnV) and Adeno Associated V irus (AAV) are potentially 
useful vectors for gene transfer into various retinal cells. Both the route o f 
administration as well as the vector selected may determine which retinal 
cells are infected. Here we describe the differences in transfection after 
intraocular injections o f  AnV or AAV carrying the gene encoding for green 
fluorescent protein (GFP). For evaluation o f  retinal ganglion cells (RGC), 
eyes were backlabeled with Dil, retinas were wholemounted and eyes were 
prepared for immunohistochemistry.
Intraocular injections o f  AAV did not perturb ganglion cell survival, or 
gross retinal histology. The expression o f GFP was predominantly in the 
G CL. The evaluation o f  D il and G FP double labeled cells revealed that we 
were able to transfect more than 1 0 %  o f  the whole RGC population. AnV 
mediated gene delivery caused a  significant inflammatory response and 
caused a loss o f  more than 20%  o f  the RGCs. AnV cell transfection was 
predominantly found in M üller cells. The rate o f  transfected cells in the 
retina was highest near the injection site.
Supported by a grant from NIH R 0 1 E Y 10009

423.19
H. uoro-.I A D I I B  A  B I S  H O M O L O G  O F  F L U O R O -
DEGENERATE NEURON STAINING PROPERTIES 
I. C. Schmued*, W. Slikker Jr, and G .J. Wang.
Division of Neurotoxicology, National Center for Toxicological Research / FDA, 
Jefferson, AR 72079-9502

A homolog of Fluoro-Jade containing two fluorophore moieties was synthesized and 
its neurohistochemical properties characterized Neuronal degeneration within the rat 
forebrain was produced by exposure to kamic acid (10 mg/kg. l p.) Survival intervals 
ranged from 4 horns to 2 weeks Moth Fluoro-Jade and Fluoro-Jade B were used as 
originally described | Brain Res. 751 (1997) 37-46| Brielly, slide mounted tissue 
sections were pretreated with dilute potassium permanganate and then stained in a dilute 
solution of Fluoro-.Jade in 1% acetic acid The stained sections were then rinsed, air 
dried, cleared, co ver slipped and examined with an epitluorescent microscope 
Comparison of the two tracers revealed that Fluoro-Jade B resulted in superior staining 
in approximately 2/3 of the 10 forebrain regions examined The improved staining was 
characterized by reduced background fluorescence and increased resolution of fine 
neuronal processes. Generally, those areas in which isolated and shrunken neurons are 
typically seen (e g isocortex, perirhinal cortex, claustrum, lateral striatum, bed nucleus 
of the stria terminalis, septum, and the tenia tecta) were best stained with Fluoro-Jade 
B This was in contrast to areas characterized by an intlammatory type response 
involving massive cell lysis of an entire region (e g amygdala or piriform cortex) which 
stain comparably well with either tracer The superiority of Fluoro-Jade B over Fluoro- 
Jade was also most obvious at short or intermediate survival intervals (4 - 96 hours)
These findings me consistent with the theory that when greater morphological detail is 
present, the Fluoro-Jade B will best resolve it However, when extensive necrotic type 
degeneration results in limited morphological integrity  either tracer works comparably 
well Studies are currently under way to resolve if Fluoro-Jade B will also be 
advantageous for resolving lesions produced by other types of neurotoxicants or by 
degenerative diseases

423.16
A NEW MICROSCANNER APPLIED TO RAPID QUANTITATIVE ANALYSIS OF 
HISTOLOGICAL SECTIONS: QUANTITATION OF A-BETA ACCUMULATION IN
ALZHEIMER'S DISEASE (AD) AND IN A TRANSGENIC MOUSE LINE EXPRESSING AD 
PATHOLOGY. D.K. Hanzel, J.Q.Trojanowski1, D.L. Barker, R.F. Johnston, and
J.F. Loring*. Molecular Dynamics, Inc. 928 E. Arques Ave, Sunnyvale, CA, 94086; 1Dept. of 
Pathology and Laboratory Medicine, Univ. Penn. Sch. Med., Philadelphia, PA 19104.

One of the defining features of Alzheimer’s disease (AD) is accumulation of 
Aß peptide in amyloid plaques. Amyloid “burden” as measured with immuno- 
histochemistry, is a way to classify disease variants, and has revealed links 
between genetics and disease pathology. The most immediate useful 
application of amyloid quantitation is following the responses of Aβ- 
accumulating transgenic mouse lines to experimental anti-amyloidogenic 
drugs.

We have developed a rapid method of quantifying immunohistochemical 
staining in tissue sections, and applied it to the analysis of human and mouse 
brain containing amyloid deposits. The method uses a confocal microscanner 
instrument developed by Molecular Dynamics for scanning microarrays. This 
instrument interrogates the entire sample quantitatively, obviating the need for 
approximations based on subsampling. A digital image of an entire 
microscope slide (~12 square centimeters) is collected at multiple 
wavelengths and five micron resolution in less than 10 minutes. The stored 
digital information can be objectively analyzed in a variety of ways, including 
feature extraction and the co-distribution of fluorescent markers.

We report here results of a rapid unbiased quantitative analysis of amyloid 
burden in brains of AD patients and transgenic mice. Our instrumentation 
allows a fast, high throughput, high quality analysis of tissue sections, which 
can be used for classification of human AD material and for testing the effects 
of therapeutic strategies on amyloid accumulation in transgenic mouse 
models. Supported by ATP/NIST 70NANB5H1031

423.18
SELECTIV E TR A CIN G  OF PER IP H ER A L NERVES ENABLES 
IDENTIFICATION OF DEFINED SUBSETS OF SPINAL MOTONEURONS IN 
RAT AND MOUSE F. Vult von Steyern*, V. Martinov, I. Rabben, A. Njå and T. 
Lømo. Dept. of Neurophysiol., Univ. of Oslo, 0317 Oslo, Norway 
A method for labelling different motoneurons and their axons in adult rat and mouse is 
described. The nerve to the soleus muscle splits into one thick and one thin branch 
before it enters the muscle. After cutting the thick branch, electrical stimulation of the 
soleus nerve did not elicit muscle contraction. Fluorescent dextran applied to the distal 
cut end of the thin branch labelled afferents from muscle spindles and Golgi tendon 
organs and nerve terminals o f γ- but not α-motor axons. Therefore, motoneurons 
retrogradely labelled by dextran applied to the proximal cut end of the thin branch 
were γ or ß motoneurons. Antidromic electrical stimulation of the thin branch with the 
thick branch intact elicited contraction in a single motor unit in one o f 7 muscles. 
Similarly, in one of 16 muscles application o f dextran to the proximal cut end of the 
thin branch labelled an axon in the thick branch with α-motor nerve terminals.  
However, in 9 o f these preparations γ - motor axons with collaterals to both nerve 
branches were confirmed. These results indicate that ß axons with one collateral in the 
thin and another in the thick nerve branch exist but are relatively rare. Axon 
bifurcation was further confirmed in one experiment by applying different 
fluorophores to the proximal cut ends of the thin and the thick nerve branch, showing 
one double labelled motoneuron.

Soleus and extensor digitorum longus muscles in adult rats contain >95% slow type 
1 and fast type 2 muscle fibres, respectively. Motoneurons labelled retrogradely via 
the nerves to these muscles were therefore almost exclusively o f the slow or fast type.

Using this method, γ and α, fast and slow motoneurons can be distinguished with a 
relatively high degree of certainty. The method can be combined with immunocyto- 
chemistry and in situ hybridization, and as an example we show that some 
motoneurons labelled retrogradely via the sciatic nerve in adult rats bind antibodies 
against the transcription factors Islet 1 and 2. Supported by EU grants BIO4 CT96 
0433 and BIO4 975061 (training grant to F. Vult von Steyern)

423.20
3D VISUALIZATION OF NEURO-DEGENERATION IN RAT BRAINS 
FOLLOWING LOW LEVEL TOLUENE EXPOSURE USING SILVER STAINED 
SERIAL BRAIN SLICES. L. Bunegin*1, G. Tolstykh2, W. Rogers3, C.S. Miller2, 
Depts.1 Anesthesiology, 2Family Practice, and the 3School of Public Health, Univ. 
Texas Health Science Center at San Antonio, Texas 78284

Recognizing spatial relationships of neuro-degeneration in brains exposed to 
organic solvents is difficult when working from 2-dimensional serial slices. 
Recent advances in software have allowed the assembly of serial sections of 
stained tissue into a 3-dimensional (3D) representations. Appropriately chosen 
stains indicative of specific pathology can be highlighted and the 3D 
representation of its spatial distribution within the organ displayed.

The purpose of this work was to develop a method for visualizing the spatial 
distribution of neuronal degeneration following organic solvent exposure. Rats 
were exposed to either a single high-dose of toluene (1600 ppm × 6 hrs = 9600 
ppm-hr) or to a repeated low dose of toluene (80 ppm × 6 hrs × 20 day = 9600 
ppm-hr) Two control groups were similarly exposed to clean air only. After a 
two-week period with no further exposure, both groups and one control group 
(trigger control) were exposed to 10 ppm toluene for 1 hr daily for 2 weeks. A 
cupric silver stain highly specific for degenerating neurons was used to identify 
neuronal degeneration in 75 serial sections in one brain from each of the groups. 
Brain sections were scanned at 600 dpi using a grey-scale protocol. Scans were 
assembled into 3D images which were further processed into stereo pairs. Grey 
scale scans were compared to the original sections in order to establish grey
scale ranges for healthy and damaged tissue and artifact staining. The respective 
categories then were assigned pseudo-colors to improve contrast.

Relative to the control group, the acute, repeat, and the trigger groups appears 
to exhibit increased staining in the olfactory bulbs and the deep structures of the 
anterior lobes. Global, intense staining was evident within the cerebellum, with 
additional bands distributed throughout the white matter. Little stain was noted 
in the cortical tissue Work supported by the Office of Naval Research
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423.21
A C O M PU TERIZED  STEREO TA X IC ATLAS O F TH E M O U SE BRAIN.
M.R. C elio1, P.R. Hof2, F.E. Bloom3, W.G. Young3*, 1Institute of 
Histology, University of Fribourg, Switzerland, 2Neurobiology of 
Aging Laboratories, Mount Sinai School of Medicine, New York, NY 
10029, 3Scripps Research Institute, La Jolla, CA 92037.

With the advent of transgenic and knock-out technologies, there is a 
need for a stereotaxic atlas of the brain of the mouse strains used to 
develop these animal models. We have initiated the preparation of a 
computerized stereotaxic atlas based on cryostat-sections of adult male 
SV129 and C57BL/6j brains. The anesthetized animals were placed in a 
stereotaxic apparatus in the flat-skull configuration and reference needles 
tracks were made through the brain at regular intervals of 1 mm in the 
three different planes (coronal, horizontal and sagittal). Then, the animals 
were sequentially perfused with fixative (4% paraformaldehyde) and 
18% sucrose. After decapitation and freezing, tissue was cut at 40 µm on 
a cryostat. Complete series of sections in the three planes were prepared. 
Great care was made to avoid distortion during the cutting and thawing 
procedures. Sections were stained with Cresyl violet and Luxol Fast 
Blue on adjacent series of sections. For the accurate stereotaxic 
localization of certain nuclei and cortical regions, immunohistochemistry 
for various markers, mostly the calcium-binding proteins parvalbumin, 
calbindin and calretinin, was performed. The sections were then 
photographed with film, scanned at high resolution, imported into Adobe 
Illustrator®, and all major nuclei and fiber tracts were outlined. The 
vector files and high resolution images will then published by Elsevier 
Science Publishers as both a traditional hardcopy atlas and as an 
electronic software application. Supported by Elsevier Science Publishers.

423.23
COMPUTER PROGRAM FOR 3-D RECONSTRUCTION OF 
NEURONAL POPULATIONS AND BRAIN REGIONS. J.G. Bjaalie*, 
T.B. Leergaard, K. Vassbø, J.S. Hallem and E.O. Andersen. Neural 
Systems and Graphics Computing Laboratory. Dept. of Anatomy, 
University of Oslo, N-0317 Oslo. Norway.

We have developed software for 3-D reconstruction, visualization, 
and analyses of the distribution of labeled cell bodies, axonal plexuses, 
surfaces of brains regions, and surfaces surrounding sharply defined 
zones containing labeled structures. The program, Micro3D, runs on 
Silicon Graphics computers equipped with Open Inventor 2.1. Optional 
libraries are the SINTEF spline library (SISL) and the SINTEF scattered 
data library (SISCAT). Micro3D is portable to other UNIX platforms. 
The geometric models are generated from lines and points in serial 
section data. The models may be rotated and zoomed in real-time. 
Surfaces are re-synthesized on the basis of stacks of contour lines. 
Clipping is used for defining section-independent subdivisions of the 
model. Flattening of sheets o f points in curved layers (e.g., neurons in a 
cortical lamina) facilitates inspection of complicated distribution 
patterns. Micro3D computes advanced color coded density maps, and 
allows fast production of animations on hard disk, laser video-disk or 
videotape. The present version and its forerunners have been used in 
several recent investigations and in various species, ranging from 
insects to monkeys, at the LM- and EM-level. Supported by the 
Research Council of Norway and FORNY.

423.25
IN SITU HYBRIDISATION USING A BIOTIN-LABELLED PEPTIDE 
NUCLEIC ACID PROBE (PNA) TO DETECT NEUROFILAMENT-H mRNA 
IN NERVOUS TISSUE OF THE RAT G. Schulte1,2, H. Bramstedt2, O. Landt4, 
G. Grant2, C. Molander2,3*. 1Dept. of Physiology and Pharmacology; 2Dept. of 
Neuroscience, Karolinska Institutet S-171 77 Stockholm;  3Dept. o f Surgical 
Sciences, Karolinska Hospital S-171 76 Stockholm Sweden; and 
4TIBMOLBIOL 10829 Berlin, Germany.

The rather new nucleic acid analogue, peptide nucleic acid (PNA) is 
isomorphic to DNA and consists of a peptide backbone of repeating N-(2- 
aminoethyl) glycine units to which the nucleobases adenine, thymidine, guanine, 
and cytosine are attached via methyl carbonyl linkages. PNA has been proven to 
bind DNA and RNA according to Watson-Crick base pairing. The ability to 
resist protease or nuclease degradation makes PNA attractive for use in in situ 
hybridisation. Neurofilament protein is specifically expressed in neurons and 
exists in three different molecular weights. In this study, in situ hybridisation 
using a PNA probe was used to detect mRNA for one of the subtypes of 
neurofilament protein (NF-H) in the lumbar spinal cord and dorsal root ganglia 
of rats. Using a biotin-labelled 18 mer PNA probe complementary to the NF-H 
mRNA, labelling could be detected in neurons, whereas glial cells were negative. 
Although the signal was visible using the fluoresceine isothiocyanate (FITC)- 
coupled streptavidin, the signal to background ratio was considerably better 
using the tyramide biotine amplification method. Control experiments without 
probe or with a probe complementary to a bacteria protein mRNA were negative. 
The results indicate that biotin labelled PNA oligoprobes may be used as quick 
and sensitive tools for in situ hybridisation to detect mRNA in nervous tissue.

This study was supported by the Swedish Research Council. The PNA probes 
were a gift from TIBMOLBIOL, Berlin, Germany.

423.22
HISTOPATHOLOGIC EVIDENCE OF THE NEUROPROTECTIVE EFFECTS OF 
ISCHEMIC PRECONDITIONING IN RAT SPINAL CORD ISCHEMIA MODEL 
M Gowda, DM Colonna*, DA Zvara, DD Deal. JC Vernon. Department of Anesthesiology, 
the Wake Forest University School of Medicine.

Surgery of the thoracic aorta often produces ischemic spinal cord injury and paralysis. 
Ischemic preconditioning is a protective mechanism whereby a brief non-injurious episode of 
ischemia decreases injury caused from a subsequent, longer period of ischemia. In a rat 
model of spinal cord ischemia used in this laboratory, animals receiving 3 min of ischemic 
preconditioning(IPC) followed by 12 min aortic occlusion had significantly improved 
neurologic outcome at 48 hrs compared to controls (CTRL) not receiving IPC. We 
hypothesized that the histopathology of the two groups would show a difference in the effects 
of neuroprotection at a cellular level. Rats were perfused and fixed with 10% buffered 
formalin and their spinal cords were serially sectioned at 20-30µ. Representative sections 
from CTRL and IPC rats were stained with the Nauta- Galiyas stain , a silver impregnation 
method specific for degenerative nerve terminals and associated lysozomes Sections from 
IPC, CTRL and sham rats were examined for differences in cytoarchitecture and degree of 
staining. CTRL rats demonstrating neurologic deficits showed marked rostral to caudal 
differences with progressive degrees of spinal cord degeneration and necrosis in the more 
caudal sections. Severe damage to grey matter (GM) consisted of alpha motor neuron 
staining, vacuolization, necrosis, and spongiosis (Rexed laminae 9). IPC rats exhibiting 
neurologic recovery showed decreased damage to GM overall with little or no necrosis 
caudally. Relative to sham animals, IPC sections revealed fewer stained motor neurons and 
some vacuolization confined to GM. Nonspecific staining included staining of glial fibrils, 
erythrocytes and single cell nuclei. These histologic observations support our findings that 
IPC protects spinal cord from ischemic insult and indicate anatomical and cellular loci of 
susceptibility to aortic occlusion spinal cord injury

423.24
TOWARDS A TOPOGRAPHICAL STRUCTURAL ANALYSIS OF A 
POTASSIUM CHANNEL (GIRK) USING ATOMIC FORCE 
MICROSCOPY. J.M. Lau*, H.X. You, and L. Yu. Dept. of Cell 
Biology, Neurobiology and Anatomy, Univ. of Cincinnati College of 
Medicine, Cincinnati, OH 45267-0521.

G protein-coupled inwardly rectifying potassium channels (GIRK) are 
structurally distinct from voltage-activated potassium channels. Their 
amino acid sequences suggest that the channels consist of two membrane- 
spanning domains and a pore forming region. In comparison to the 
voltage-activated potassium channels, the putative membrane-spanning 
and pore forming sequences of GIRK have a high degree of similarity to 
the voltage-activated channel’s 5th and 6th membrane-spanning regions 
and the pore-forming region. It is hypothesized that the GIRK proteins 
form a structurally distinct class of channels.

Atomic force microscopy (AFM) can image structural features of a 
biological specimen and obtain information regarding the topographical 
arrangement of membrane proteins. To analyze the topographical 
structure of GIRK channels, we will utilize the Drosophila Schneider S2 
cell system for high-level expression of GIRK proteins, and use AFM to 
examine the topographical structure of GIRK channels in these cells.

Supported by an NIH fellowship (F31-DA05834) to J.M.L. and NIH 
grants R01-DA11891 and R01-DA09444 to L.Y.

423.26
SELECTIVE DETECTION OF ADENOSINE A, RECEPTOR-DEPENDENT G 
PROTEIN ACTIVITY IN BASAL AND STIMULATED CONDITIONS OF RAT 
BRAIN GTPγ[35S] AUTORADIOGRAPHY. J.T. Laitinen*. Department of 
Physiology, University of Kuopio, POB 1627, FIN-70211, Kuopio, Finland.

GTPγ[35S] autoradiography is a novel technique to detect receptor-dependent 
activation of GI/o in brain tissue sections. While increasing number of reports using 
this approach are beginning to appear, little is known on factors contributing to 
GTPγ[35S] binding in basal conditions. We show here that the presence of 
adenosine deaminase (ADA) in the incubation cocktail resulted in dose-dependent 
and region-specific decrements in GTPγ[35S] binding to rat brain tissue sections, 
closely matching distribution of adenosine (Ado) A, binding sites. The ADA 
response was mimicked by the Ado receptor antagonists DPCPX >> cirsimarin ≈ 
ZM241385 > caffeine indicative of A, receptors. That Ado was generated during 
the incubation is supported by the fully DPCPX-sensitive GTPγ[35S] signal in 
identical brain regions in response to 1-10 µM ATP, ADP, AMP or Ado. In the 
presence of ADA (1 U/ml), all responses to adenine nucleotides were blunted 
indicating that prior conversion to Ado was required. Upon stimulation, 
GTPγ[3SS] autoradiography selectively detected A, receptor-dependent signaling, 
as Ado, 2Cl-Ado or the A1 receptor agonist SPA all evoked only DPCPX-sensitive 
responses in identical brain regions, mainly in the grey matter but also in the 
white matter of cerebellum and corpus callosum. Agonists at A2A or A3 receptors 
(APEC and Cl-IB-MECA, respectively) failed to evoke detectable signal in any 
region. Thus Ado is present in sufficient concentrations to generate a prominent 
and widely-distributed A, receptor-dependent signal in basal conditions of rat 
brain GTPγ[35S] autoradiography. Therefore significant amount of noise inherent 
to this technique can be eliminated by blocking the Ado signal, a step likely fa
cilitating detection of responses to other receptors. These data also show that 
GTPγ[35S] autoradiography offers a novel approach to study A1 receptor signaling 
in anatomically restricted regions of the CNS. No external source of funding.
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423.27

IM M U NO CYTOCH EM ICAL STUDIES OF CELL ADHESION 
M OLECULES IN PERIPHERAL N ERV E N EU RO M A . Q. M a, 1 S. Zhao,2 D. 
K line,2 D. Nguyen, 1 G. Lu, 1 R. B euerm an1,2*. 1LSU Eye C enter and 
2Departm ent o f  Neurosurgery, LSU M edical Center, N ew  Orleans, LA 70112.

Cell-cell interactions mediated by cell adhesion m olecules (CAM s) are 
fundam ental to  the functional reorganization o f  the peripheral nervous system 
after injury. In neurom as, axons fail to fasciculate properly and fibrosis 
prevents functional recovery. We used hum an peripheral nerve neurom a 
samples obtained at the tim e o f  reparative surgery. Sam ples were imm ediately 
placed in liquid nitrogen. Im m unohistochem istry using the ABC m ethod was 
carried out with m onoclonal antibodies against N -C A M , N -cadherin, L 1, 
M -CAM , and ICAM -1. Com parisons were m ade with normal hum an nerve 
when possible. Using N-cadherin, L 1, and M -CAM , positive staining was found 
for fibroblasts, Schwann cells, and axons in neurom as. A djacent section showed 
that N-CA M  in normal nerve clearly m arked the cross-sectional area associated 
with axons and in neurom as differentiated small pockets o f  axons from the 
large am ount o f  connective tissue. ICAM-1 staining was seen only on 
capillaries in the neurom as. W estern blot analysis revealed N-CA M  at 83 kDa 
in neurom as, using 7.5% SDS-PAGE. W e previously dem onstrated the presence 
o f  aFGF, bFGF, and FGF receptor-1 in hum an peripheral nerve neurom a and 
an increased expression o f  bFGF and FGF receptor-1 in experim ental neurom as 
from sciatic nerve in the rat model. It is reported that activation o f  fibroblast 
growth factor and its receptor in the pathw ay underlies neurite outgrowth 
stimulated by L 1, N-CAM , and N-cadherin. Our results suggest that neurom a 
formation m ay involve CAM s as a key second m essenger that can m odulate 
growth cone m obility. (DA M D 17-93-V-3013)

423.29

ON THE EFFICIENCY OF STEREO LO G IC  V OLUM ETRY AS 
C O M M O N LY  IM PLEM EN TED  FO R  3D  D IG ITA L IM AGES.
Kevin J. Black*. Depts. o f  Psychiatry, Radiology, and Neurology, 
Washington University School o f  M edicine, St. Louis, MO 63110.

Purpose. To demonstrate, for right cylinders and for representative 
neuroanatomical images, that stereologic volumetry o f  3D images is 
more efficient when the sampling grid is placed randomly on each 
cross-section (“random grid”) rather than identically across sections 
(“fixed grid”). M ethods. Right cylinders: mathematical proof. Other 
images: a custom computer program estimated volume with either the 
fixed- or random-grid method, using the same cross-sectional slices 
and first-slice test grid position for each method. The slice spacing, 
grid size, and starting grid position were randomly varied within 
practical constraints for 100,000 trials in each image. Results. For right 
cylinders, the random-grid method is always more efficient than the 
fixed-grid method. For most anatomic images tested, the random-grid 
method was more efficient, though the difference in relative variance 
was modest. Conclusion. Implementation o f  the random-grid method 
for stereologic volumetry in 3D images w ill in general improve 
sampling efficiency, especially for certain shapes.

Supported by NIH grant N S-01898, N A R, SAD, the American 
Parkinson Disease Association, the Charles A. Dana Foundation (The 
Dana Clinical Hypotheses Research Program), and the McDonnell 
Center for Higher Brain Function.

423.31
EXPRESSION AND LOCALIZATION OF Na/HCO3 COTRANSPORTER (NBC) 
mRNA AND PROTEIN IN ADULT RAT BRAIN. B.M. Schmitt1, M .O . Bevensee1, 
R. Douglas2, U.V. Berger3, M.A. Hediger3, G.G. Haddad2, W.F. Boron1* . 1Dept. of 
Cell. & Mol. Physiology and 2Dept. of Pediatrics, Yale University School of 
Medicine, New Haven, CT; 3Brigham and Women's Hospital, Boston, MA.

In the CNS, Na-coupled HCO3 transport participates in the regulation of 
intracellular pH (pHi) and extracellular pH (pHO), and probably modulates neuronal 
activity. In the present work, we studied the expression of NBC mRNA and protein in 
the brain. Based on the cDNA sequence of rat-kidney NBC, we prepared cDNA and 
cRNA probes for northern blotting and in -s itu -hybridization analysis, and also 
generated polyclonal antisera in rabbits for immunoblotting and
immunohistochemistry (Schmitt et al., AJP, submitted). By northern blotting, a single 
7.5 kb mRNA was labeled by cDNA probes, corresponding to the entire open reading 
frame. This mRNA was present in whole brain as well as in cerebellum > subcortical 
regions > cortex. By non-isotopic in -s itu -hybridization using a cRNA probe 
corresponding to nucleotides 2234-3495 of rkNBC, labeling was seen throughout the 
neuraxis, but was strongest in olfactory bulb, hippocampus, and cerebellum. Both glial 
cells (e.g., hippocampal astrocytes, Bergmann glia) and neuronal cells (e.g., cortical 
and hippocampal) stained positive for NBC mRNA. By immunohistochemistry, we 
observed a largely similar distribution of NBC, including expression in both glia and 
neurons. Immunoblotting of brain microsomes revealed a major protein of ~130 kDa 
on SDS-PAGE, plus weaker bands at ~100 kDa and ~85 kDa. The protein was present 
in whole brain as well as in cerebellum > subcortical regions > cortex, consistent with 
the northern blots. Our data give first direct evidence for NBC mRNA and protein in 
rat brain, and describe their spatial expression pattern. The presence an Na/HCO3 
cotransporter not only in glial but also in neuronal cells has important implications for 
the proposed interplay between pH and neuronal activity. [NIH DK30344 (WFB), 
DFG research stipend (BMS), TG HL07778 (MOB, RMD), P01 HD32573 (GGH)]

423.28
THE RETROGRADE TRACER FLUORO-GOLD INTERFERES 
WITH THE EXPRESSION OF FOS-RELATED ANTIGENS. T.R. 
Franklin*, and J.P. Druhan. Dept Psych., University o f Pennsylvania, 
Phila., PA 19104.

The retrograde tracer, Fluoro-Gold has been used in combination 
with immediate early gene (IEG) immunohistochemistry to identify 
neural circuits activated by pharm acological, p hysio logical or 
behavioral manipulations. However, since FG has been shown to be 
toxic to cell bodies, axons and terminals at the injection site, the 
question arises as to whether FG might alter the detection o f IEG 
products. To examine this question, FG (2%) was microiontophoresed 
unilaterally into the nucleus accumbens (NAc) o f rats and 12 days later 
the IEG product, Fos and its related antigens (collectively designated, 
FRAs) was examined in both hemispheres o f the N A c and other 
corticolimbic regions follow ing exposure to an environment distinct 
from the usual home cage environment. Approximately half as many 
FRA-positive nuclei were observed in the tracer-injected N A c as were 
found in the contralateral NAc. Similar results were observed in the 
ventral subiculum  o f the hippocampus and the basolateral and  
centromedial amygdaloid nuclei, but not in the lateral septum or lateral 
habenula. These results suggest that FG microiontophoresed into the 
NAc interferes with the expression o f FRAs at the injection site and at 
some other ipsilateral corticolimbic sites. Supported by PHS grant # 
DA08381.

423.30
LECTIN LABELING REVEALS CELL SURFACE GLYCOCONJUGATES 
CONTAINING α-MANNOSYL RESIDUES IN A SUBSET OF CORTICAL 
NEURONS. M. Beneyto*, J.J. Prieto, J. Rueda and J.A. Merchán. Department of 
Histology, University Miguel Hernandez, 03550-San Juan de Alicante, Spain.

This is a light microscopy survey on the pattern of lectin labeling in the cerebral 
cortex of the cat, using semithin sections. All the tested lectins stained different 
cortical structures, with distinct patterns. The labeling produced by some lectins 
(Con A, LCA, PHA-L, PHA-E, PSA, Succ-WGA, and WGA) appeared inside 
every neuron as small cytoplasmic granules, probably corresponding to cisterns of 
endoplasmic reticulum and/or the Golgi complex. The morphology of these 
granules differed depending on the lectin used, a fact that suggests that distinct 
saccharide residues are incorporated to the polysaccharide chain of glycoconjugates 
in different subcellular compartments.

Lectins with affinity for α-mannosyl residues (PSA, LCA and Con A) labeled the 
cell surface of a subset of cortical neurons. PSA revealed that these cells were 
round or polygonal, medium-to-large neurons present in layers II-VI, and their 
appearance was suggestive o f nonpyramidal cells. It has been previously reported 
that lectins specific for N-acetylgalactosamine label the surface o f some 
nonpyramidal neurons, probably neurogliaform and basket cells, which may be 
distinguished by specific response properties. Our results show that lectins specific 
for α-mannose can also be used as tools for the cytochemical detection of a class of 
cortical neurons, not fully characterized yet.

Furthermore, some lectins (BSA, Con A, LCA, PHA-L, PHA-E, PSA and 
Succ-WGA) labeled a population of small cells always in the close vicinity of 
blood vessels. The morphology of these cells suggests that they are a group of 
microglia-related cells known as perivascular cells. This is the first time that 
selective staining of such cells has been reported using lectin cytochemistry.

Supported by DGICYT grant PM96-0082 of the Spanish Government, and a 
personal fellowship from the Generalitat Valenciana to Monica Beneyto.

423.32
GLYCOGEN RICH- AND GLYCOGEN DEPLETED-ASTROCYTES 
IN INJURED HUMAN CEREBRAL CORTEX. O.J. CASTEJON* 
Instituto de Investigaciones Biológicas. Facul
tad de Medicina. Universidad del Zulia. Apartado 
526. Maracaibo. Venezuela.

The possible roles of astrocytes in energy me
tabolism of injured human cerebral cortex is in
vestigated. Twenty two cortical biopsies of pa
tients with brain trauma, tumors and congenital 
malformations were examined by conventional trans 
mission electron microscopy. Glycogen rich- and 
glycogen depleted-astrocytes were observed at ano 
xic-ischemic regions in perineuronal, neuropilar 
and perivascular locations. Glycogen rich - astro 
cytes showed moderated electron dense cytoplasm 
and accumulation of either beta type or monogra-
nular glycogen particles and alfa type or multi- 
granular glycogen particles. Glycogen depleted 
astrocytes exhibited electron translucent cyto
plasm and scarce amount or absence of beta type 
glycogen granules. Coexisting rich-and depleted 
neuropilar astrocytic process were observed in 
the vicinity of degenerated myelinated axons and 
synaptic contacts. Glycogen rich-and glycogen de
pleted - perivascular astrocytic processes were 
also found surrounding injured and colapsed cere
bral capillaries. These findings suggest movili-
zation of glycogen during anoxia and ischemia.
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424.1
ISO LA TIO N  AND CH A R A C T ER IZA T IO N  OF M -M AB21 : ACTING 
AS HOX GENE TA RG ET. R. Yamada, K. Takeuchi, Y. M uroyama, P .  
Tomotsune, K. Kobavashi* and N. Takahashi, Dept. of Cell Biology, Nara Institute 
of Science and Technology, 8916-5 Takayama, Ikoma, Nara 630-0101, Japan

Hox genes encode transcription factors that regulate the expression of target genes. 
It is the combined action of these target genes that define the unique characteristics of 
pattern formation in mouse development. A few candidate target genes have been 
identified by various approaches but the Hox gene targets are poorly understood. 
Here we identify several candidate Hox gene targets, including a mouse homologue of 
the C.elegans mab-21, by immunopurification of DNA sequences bound to a Hox- 
C4 protein in native chromatin. We have termed this gene mmab21-1. It is 
implicated that mab-21 acts in the same pathway as C.elegans Hox gene, egl-5, by 
genetic analysis. The mutation of mab-21 alters cell fate and results in the 
transformation in the male nematode sensory organ.

We also obtained another cDNA which had an 80% identity to mmab-21-1 (hence 
we refer as mmab21-2). The expression of mmab-21-1 and/or mmab21-2 protein 
was detected in not only embryonic and the early postnatal stage, but also neural cell 
lines. Although the predicted mmab21-1 and mmab21-2 proteins share 94% identity 
in amino acid sequences, these genes are expressed with distinct pattern during mouse 
embyogenesis. mmab21-1 mRNA is expressed specifically in the amygdara, 
vomeronasal organ, genital tubercle and cartilage primodium, whereas mmab21-2 is 
expressed in the dorsal root ganglion and mid gut loop. Both of these genes 
expressions are detected in the midbrain, cerebellum, spinal cord, retina and limb. 
These observations indicate that mmab21-1 and mmab21-2 have similar but different 
functions during mouse morphogenesis.

424.3
Potential Role of NF-κß transcription factor in the regulation of the 
Tyrosine Hydroxylase gene. Penny Jensen* and Karen O’Malley, Anatomy 
and Neurobiology Dept. Washington University School of Medicine, St. Louis, MO.

In vivo studies of the rat tyrosine hydroxylase (TH) gene have shown that a 
2.5kb promoter fragment targets midbrain expression (Liu et al., MBR, 50: 30, 
1997), whereas a 2.4kb fragment does not (Min et al., MBR, 27:281, 1994). In 
order to examine this small area for possible cis-regulatory sites, four 
oligonucleotides were prepared and examined for binding using the 
electromobility shift assay (EMSA). One of the four oligonucleotides resulted in 
a strong shift that was specific to nuclear extracts derived from the dopaminergic 
MN9D cell line and E14 mesencephalic tissue versus cortical tissue. Within the 
sequence of this oligonucletide is a homologous NF-κß cis-regulatory element. 
Subsequent EMSA indicated that an oligonucleotide possessing a mutation in the 
NF-κ ß site was not capable of binding. UV-Cross-linking experiments 
demonstrated that proteins of 65 and 50kD were bound to this fragment. These 
data suggest that two of the major NF-κß subunits, p65 and p5O, might be 
present in both MN9D and mesencephalic E14 nuclear extracts. Furthermore 
supershift analysis illustrated that incubation with either a p65 or p50 antibody 
completely ablated the specific band of interest and both peptides were visible on 
western blots of nuclear extracts from MN9D cells and mesencephalic tissue. 
Cotransfection analysis with a p65 construct showed an upregulation in TH 
promoter activity in MN9D cells. Both p65 and p50 immunoreactivity was 
detected in primary culture of TH positive E14 mesencephalic neurons. Thus 
NF-κ ß and/or one of its family members may play a role in directing TH gene 
expression in dopaminergic neurons. This hypothesis will be further tested in 
vivo. Supported by MH45530 and T32 DA07261

424.5
CLONING AND CH ARA CTERIZA TION  OF CCAAT 
ENHANCER BINDING PROTEINS IN MAMMALIAN BRAIN 
NEURONS. E. Marcato, G. Pollonini, S. Chavel, S. K. Sgaier, A.
J. Hevnen, C.M. A lberini*. Dept. N euroscience, Brown 
University, Providence, RI, 02912.

A member of the family of CCAAT enhancer binding proteins 
(C/EBPs) plays a critical role in long-term synaptic plasticity in the 
invertebrate Aplysiα cαlifornicα. Here we report the cloning of two 
C/EBP family members, δ (CELF) and ε (CRP1), from a rat 
hippocampal library and their expression distribution in rat, mouse 
and human brains.

Immunohistochemical studies showed that both isoforms are 
expressed with a scattered distribution in rat, mouse and human 
brains. While C/EBP δ appears to be present in both neuron and 
glia, the ε protein seems to be confined to neuronal elements. 
Northern blot analysis of rat cortical, hippocampal and cerebellar 
extracts from naive animals revealed a basal expression of C/EBP δ 
mRNA. In all three areas, the concentration of δ mRNA was 
strongly increased after 4-6 hours following injury produced by 
brain slicing. Together with the subcellular distribution, we are 
currently investigating biochemical and functional pathways 
regulating C/EBP δ and ε expression in mammalian brain neurons, 
(supported by: Whitehall Foundation #F97-07, RI Foundation, 
University of Bologna Training Program Fellowship and HHMI)

424.2
ISOLATION AND CHARACTERIZATION OF POTENTIAL NEUREGULIN-1 
RESPONSIVE “ZINC-FINGER” IMMEDIATE EARLY GENES EXPRESSED IN 
RAT JS1 SCHWANNOMA CELLS. K. Anderson1* and S.L. Carroll1,2. Depts. of 
1Neurobiology and 2Pathology, Univ. o f Alabama at Birmingham Sch. Med.; 
Birmingham, AL 35294.

The neuregulin-1 (NRG-1) family of growth and differentiation factors has been 
implicated in the control of Schwann cell differentiation, induction of Schwann cell 
mitogenesis during development and following axotomy and as a Schwann cell 
survival factor. High levels of a NRG-like activity are also found in human 
schwannomas, suggesting that NRG-1 may promote Schwann cell neoplasia. We have 
found that the rat JS1 schwannoma cell line expresses high levels of NRG-1 mRNA as 
well as erbB membrane tyrosine kinases capable of forming a functional NRG 
receptor. Furthermore, the JS1 erbB receptors are constitutively tyrosine 
phosphorylated, suggesting that the NRG/erbB signaling pathway is constitutively 
activated in these cells. The identity of the intracellular molecules mediating 
subsequent steps in this signaling pathway, however, remains largely unknown.

It is likely that initial Schwann cell responses to NRGs are mediated, in part, by 
multiple “zinc-finger” transcription factors whose expression is induced with 
immediate early kinetics. Using JS1 cDNA templates and degenerate oligonucleotides 
corresponding to highly conserved sequences in Cys2-His2 zinc-finger proteins, we 
have amplified and cloned a large collection of putative zinc-finger encoding 
sequences. Two dimensional PCR confirms that the amplified sequences contain the 
tandem arrays of repetitive sequences characteristic of zinc-finger transcription factors. 
To identify NRG-inducible zinc-finger genes, cDNAs are being differentially screened 
using probes generated from unstimulated neonatal rat Schwann cells or the same cells 
challenged for 90 minutes with NRGβ l 168-237 alone or in combination with either the 
MEK1/2 inhibitor PD98059 or the PI-3 kinase inhibitor wortmannin. Identification of 
NRG-responsive zinc finger transcription factors coupled to specific intracellular 
signaling pathways will provide new insight into NRG actions on Schwann cells during 
development, regeneration and neoplasia. Supported by the American Cancer Society.

424.4
NUCLEAR FACTOR KAPPA B BINDS SEQUENCES IN THE MOUSE BCL- 
XL PROMOTER. J.N. Glasgow1, N.K. Herzog2,3, and J.R Perez-Polo1 .1Dept. of 
Human Biochemistry and Genetics, 2Dept. of Pathology, 3Center for Tropical 
Diseases, University of Texas Medical Branch; Galveston, TX 77555 

The bcl~x gene is a member of the bcl~2 family of apoptosis regulatory genes. 
In humans and rodents, two main mRNA species, bcl-xs (short) and bcl-x1 (long) 
arise through differential mRNA splicing. Bcl-XL protein, like Bcl-2. is a 
dominant inhibitor of apoptotic cell death, whereas Bcl-Xs promotes apoptosis. 
BcI-Xl is expressed throughout the brain of embryonic and adult rodents, and 
plays a critical role in commitment to apoptosis. The bcl~x gene is organized as a 
three exon structure, with two distinct promoter regions The upstream promotor 
region is utilized most frequently in thymus and brain, in the mouse brain, a 
transcription start site contained in the upstream promoter region is at position 
-727 with respect to the start codon. Transcriptional control elements associated 
with this tissue-specific transcription initiation site of mouse bcl~x have not been 
identified. Following sequence search analysis using a database of all known 
transcription factor binding sites, we identified three nuclear factor kappa B 
(NFkB) binding sequences clustered upstream (-1145, -967, -847 with respect to 
the start codon) of the brain specific transcription start site in the upstream 
promotor region. Electromobitity shift assay (EMSA) with oligonucleotides 
containing three genomic sequences was used to assay in vitro binding of NFkB 
proteins Purified recombinant human p50/p50 homodimers bound all three sites. 
Homodimers of p65/p65 purified as fusion proteins bound only the two 
downstream NFkB sites. This suggests a role for NFkB in the regulation of brain 
tissue-specific expression of BC1-XL via highly specific interactions where NFkB 
binding is dependent on both DNA sequence and NFkB subunit composition. 
Supported in part by NINDS NS 33288.

424.6
BASAL TRANSCRIPTION FACTOR TBP ASSOCIATED FACTOR 
TAF,,130/135 IS ESSENTIAL FOR NEURITE OUTGROW TH. T. 
Neum an * and M. M etsis D epartm ent of Surgery, C ed a rs-S in a i 
M edical Center, Los Angeles, CA 90048, Laboratory of Mol. 
Neurobiol., Karolinska Inst., Stockholm , Sw eden.

An im portant aspect of transcrip tional activation  is the ac tiv e  
recruitm ent of the TBP-TAF11 complex to the prom oter by v irtue of 
m ultip le  contacts betw een transcrip tional activators and TAF11 
factors. TAF11130/135 has been shown to m ediate  effect of sev era l 
transcrip tional activators including S p l, retinoic acid, th y ro id  
hormone and v itam in  D3 receptors. U nfortunately , the role of 
TAF,,130/135 as well as o ther TAF11 factors during neuronal 
developm ent is unknown.

Our d a ta  dem onstrate th a t TAF,,130/135 is expressed at h ig h  
levels in both developing and regenerating neurons a t the tim e of 
extensive neurite outgrow th and its expression is dow nregulated  in 
m ature, nongrowing neurons. Also, expression of TAF,,130/135 is 
stim ulated  in  neuronally  d ifferentiating teratocarcinom a cells during 
active neurite  form ation. Blocking the expression arid function of 
TAF,,130/135 in growing neurons by antisense RNA and dom inant 
negative forms of TAF,,130/135 interferes w ith  neurite outgrow th. 
A nalyses of TAFII130/135 transcrip ts in d iffe ren tia tin g  neurons 
revealed several a lte rn a tiv e ly  spliced mRNAs w hich  encode for 
proteins w ith d ifferent functional dom ains. We h y po thesize  t h a t  
elevated expression of TAF,,130/135 is essential for neurite outgrow th 
and that its expression is highly regulated during  neurogenesis. 
(Supported by the C edars-Sinai M edical Center and K aro lin sk a  
Institu te ).

Society for Neuroscience, Volume 24,1998



1068 TRANSCRIPTION FACTORS TUESDAY AM

424.7
CREB BINDING PROTEIN CBP EXPRESSION IN NERVOUS 
SYSTEM. M. M ets is*1,2 and T. N eum an3 1Laboratory of Mol. N eurobiol., 
K arolinska Inst., Stockholm , Sw eden and 2Center of Gene Technology, 
Tallinn Technical U niversity , Estonia and 3D epartm ent of Surgery, 
Cedars-Sinai M edical Center, Los Angeles, CA 90048.

CBP acts as coactivator pro tein  for several transcription factors 
including CREB, cyclic AMP response elem ent-binding protein. CREB 
has been shown to be involved in m any events of gene ac tiv a tio n  
necessary for synthesis of pro teins im plicated  in p h y s ic a l 
reorganization of nervous system  related to m em ory storage. To evaluate 
the possib ility  of CBP involvem ent in m odulation of CREB action in 
memory form ation processes we perform ed in situ h y b r id iz a tio n  
analyses of CBP expression in developing and adult nervous system.

Our data  dem onstrates th at CBP is expressed at re la tiv e ly  
h igh  levels in both developing and m ature nervous system. The 
expression p attern  of CBP is more restricted later in developm ent. A t 
E16 the expression is h ighest in cortical layers II and III followed by 
o ther brain structures. At b irth  the h ighest levels of CBP mRNA a re  
found in p erip h e ra l ganglia. In the CNS, CBP continues to be h ig h ly  
expressed in all neurons of h ippocam pal form ation and d iffe ren t 
neuronal populations in o ther CNS areas. In the ad u lt brain, CBP 
expression is h ighest in hippocam pus, cerebellum , piriform  cortex and 
cortical neurons in layer II. Specific expression pa tte rn  of CBP in th e  
nervous system suggests its pu tativ e  role in memory form ation processes 
by m odu lating  CREB pathw ay. (S upported by the K arolinska Institu te , 
Center of Gene Technology, Tallinn Technical U niversity  and C edars- 
Sinai M edical Center)

424.9
NOVEL TARGET GENES FOR ΔFOSB IDENTIFIED IN INDUCIBLE 
TRANSGENIC MICE BY USE OF cDNA EXPRESSION ARRAYS 
J.S. Chen*, M.B. Kelz, G.O. Zeng, Y.J. Zhang, C. Steffen and E.J. Nestler 
Laboratory of Molecular Psychiatry, Departments of Psychiatry and Neurobiology, 
Yale University School of Medicine, 34 Park St., New Haven, CT 06508 

Previous studies have shown that repeated administration of several drugs of abuse 
induces long-lasting Fos-related antigens (FRAs) in striatum (caudate-putamen and 
nucleus accumbens), a brain region known to mediate important behavioral effects of 
these drugs. The chronic FRAs are also induced by antidepressant treatments in 
hippocampus and cortex. We have identified the chronic FRAs as stable isoforms of 
ΔFosB and developed inducible transgenic mice expressing ΔFosB under the control 
of the tetracycline-regulated promoter (Chen et al, Mol. Pharmacol, in press, 1998). 
In the present study, we searched for novel target genes regulated by ΔFosB 
expression in specific brain regions of the inducible transgenic mice using cDNA 
expression arrays. mRNA isolated from striatum or hippocampus of transgenic mice 
was used as a template for the synthesis of cDNA probes, which were then hybridized 
with mouse cDNA expression arrays (CLONTECH) that contain 588 genes. 
Numerous genes regulated by ΔFosB expression were identified. These genes fall 
into several categories including serine/threonine kinases, cyclin-dependent kinases 
(Cdk) and phosphatases, heat shock proteins, stress response proteins, ion channels, 
transporters, receptors, and cell adhesion and cytoskeletal proteins. To confirm the 
results from the expression arrays, we analyzed two target genes, Cdk5 and ß-actin, 
by Western blotting, β-actin was downregulated by about 40% at the mRNA level as 
detected by cDNA expression array, and by about 30% at the protein level as detected 
by Western blotting. Cdk5 was upregulated by about 50% at the mRNA level and 
about 40% at the protein level. These results demonstrate that combination of 
inducible transgenic mice and cDNA expression arrays offers a potent tool with 
which to identify novel target genes involved in drug addiction, antidepressant action, 
and other forms of neural plasticity.

424.11
CHARACTERIZATION OF A κB-BINDING TRANSCRIPTION 
FACTOR IN NEURONS: DISTINCTION FROM N FkB. A.M .
Moerman1, X. Mao2, and S.W. Barger1,2,3 *. Depts. 1Geriatrics and 
2Anatomy, Univ, Arkansas Med. Sci.; 3J.L . M cC lellan  Veterans Affairs 
Medical Center; Little Rock, AR 72205.

We have explored DNA-binding activity specific for the kB enhancer 
element in neuronal systems. The predominant activity detected by 
electrophoretic mobility shift assay (EMSA) in rat brain tissue, in 
primary cultures highly enriched for neurons, and in neuronal cell lines 
has a mobility inconsistent with that o f bona fide  NFk B from activated 
monocytic cells. We have tentatively named this activity neuronal kB- 
binding factor. NKBF did not react with antibodies to Rel family 
members p50 , p52, RelA, RelA, or c-Rel. Competition assays were 
performed with DNA probes specific for various κB -binding factors, as 
well as probes for NFAT, STATs, and CEBP. Only the probe p50-14, 
which has some specificity for the p5O homodimer, was able to 
compete with the idealized N FkB probe originally used. Like other 
κB-binding factors, NKBF activity can be increased independently of a 
requirement for new macromolecular synthesis. However, unlike bona 
fide  N F kB, the activity of NKBF does not appear to be modulated by 
IkB and is attenuated by glutamate receptor stimulation (Mao et al., this 
meeting). Finally, UV-crosslinking data indicate that NKBF is 
composed of two polypeptides of 75 kDa and 25-30 kDa. These data 
suggest that the main κB-binding transcription factor in neurons is a 
novel protein complex, distinct from N FkB.

Sponsored by funds from NINDS (N S35872), the Alzheimer’s 
Association, and the Inglewood Foundation.

424.8
DEVELOPMENT OF INDUCIBLE AND REGION-SPECIFIC CREB 
TRANSGENIC MICE. N. Sakai*, J. Thome, J.S. Chen, M.B. Kelz, C. Steffen, 
E.J. Nestler, and R.S. Duman. Laboratory of Molecular Psychiatry, Yale 
University School of Medicine, 34 Park St., New Haven, CT 06508

Previous studies demonstrate that CREB is regulated in a region-specific 
manner in response to chronic psychotropic drug treatments. This suggests 
that the neural adaptations underlying the long-term actions of these drugs is 
mediated, in part, by CREB and its target genes. To further examine this 
hypothesis, we have developed inducible and region-specific CREB 
transgenic mice, using the tetracycline-inducible gene expression system. 
Several lines of transgenic mice carrying CREB cDNA (or cDNA for a 
dominant negative mutant of CREB) under control of the tetracycline- 
regulated promoter (TetOp) have been generated (Chen et al., Mol. 
Pharmacol, in press, 1998). These mice have been crossed with mice 
carrying the tetracycline transactivator (tTA) gene under the control of 1.8 kb 
neuron-specific enolase (NSE) promoter. In several lines of NSE-tTA x 
TetOp-CREB bigenic mice overexpression of CREB is observed in specific 
brain regions, including the nucleus accumbens, striatum, cingulate cortex, 
and CA1 of hippocampus. Similar expression patterns have been observed 
in NSE-tTA x TetOp-luciferase and NSE-tTA x ΔFosB bigenic mice. 
Overexpression of CREB is completely blocked by administration of 
doxycycline, an analogue of tetracycline, and CREB expression recovers 
upon removal of doxycycline. Preliminary studies indicate that certain target 
genes and behaviors are also altered, indicating that the CREB bigenic mice 
will be unique tools for the analysis of the neural mechanisms underlying 
drug actions, as well as the neurobiology of normal and abnormal behaviors. 
Supported by MH25624 and DA08227.

424.10
FUNCTIONAL EFFECTS OF TH E CH RO N IC FRAs, STABLE 
ISOFO RM S OF ΔFosB: STUDIES IN IND UCIBLE ΔFosB
TR ANSGEN IC M IC E.
M.B. Kelz*, J.S. Chen,  J. Thome, C. Steffen, Y.J. Zhang, G.O. Zeng, C. Haile. L. 
Punch, R.S. Duman, and E.J. Nestler. Laboratory of Molecular Psychiatry, Yale 
University School of Medicine, New Haven, CT 06508

Previous research has demonstrated a temporal and spatial correlation in 
striatum between the appearance of post-translationally modified isoforms of ΔFosB, 
also known as chronic FRAs, and long-lasting biochemical, electrophysiological, and 
behavioral adaptations in rats exposed chronically to drugs of abuse. To establish a 
functional role for ΔFosB in drug addiction, we have used the tetracycline-inducible 
gene expression system to generate transgenic mice which inducibly overexpress 
ΔFosB in striatum, including nucleus accumbens. These ΔFosB mice provide a 
powerful tool to discover unknown physiologic gene targets of ΔFosB-containing 
AP-1 complexes (see Chen et al., this volume) and to confirm candidate AP-1 targets 
in vivo.

Increasing evidence indicates that endogenous opioid and glutamatergic 
systems modulate striatal function and the actions of drugs of abuse on this brain 
region. Dynorphin is an endogenous opioid peptide which is induced in nucleus 
accumbens and dorsal striatum by repeated exposure to drugs of abuse. The 
preprodynorphin gene is known to contain an AP-1 like consensus site in its 
promoter. Here we show that overexpression of ΔFosB is sufficient to induce 
preprodynorphin mRNA, but not preproenkephalin mRNA, in accumbens and dorsal 
striatum. Moreover, we show that overexpression of ΔFosB is sufficient to alter 
glutamatergic neurotransmission. Overexpression of ΔFosB significantly increases 
GluR2 immunoreactivity in nucleus accumbens, but not in dorsal striatum or other 
brain regions. This regulation is specific to GluR2 and is not seen with certain other 
glutamate receptor subunits. The net effect of accumbens expression of ΔFosB, and 
resultant modulation of opioid and glutamate systems, at the behavioral level is 
underway with studies of locomotor activation and conditioned place preference. 
(Supported by DA08227 and DA07359.).

424.12
TOXIC GLUTAMATE TREATMENT DIMINISHES A k B- 
BINDING FACTOR ACTIVITY IN RAT PRIMARY NEURONS. 
X. Mao1, A.M. Moerman2, L.W. Chang3*, S.W . Barger1,2,4. Depts 
1Anatomy, 2Geriatrics, 3Pathology, Univ. Arkansas Med. Sci.; 4J.L. 
McClellan Veterans Affairs Med. Ctr.; Little Rock, AR 72205.

We detected in highly enriched neuron cultures a constitutively 
active κB-specific DNA-binding factor, tentatively named NKBF. 
Through supershift and UV-crosslinking assays we found that NKBF  
is distinct from known members o f the N F-kB family (see Moerman 
et al., this meeting). Toxic glutamate treatments inhibited the DNA- 
binding activity o f NKBF. No bon a fid e  NF-kB activity was 
observed in untreated or glutamate-treated neurons. The activation of 
both NMDA and non-NMDA ionotropic receptors were required for 
glutamate’s attenuation o f NKBF activity. This glutamate influence 
was mimicked by calcium ionophore and was blocked by calcium 
chelators and cyclosporin A. Bona fid e  NF-kB could be induced by 
glutamate in cocultures containing considerable numbers of glia but 
not in glia cultured alone. When KB-binding activity was assayed 
separately in the neurons or glia from a coculture, all N F-kB activity 
was localized to glia. In conclusion, glutamate activates N F-kB in 
neuron/glia cocultures but not in neurons or in glia alone; glutamate 
negatively regulates a κB-binding transcription factor in neurons, in a 
manner correlated with but preceding excitotoxic cell death. These 
data suggest that NKBF may be involved in excitatory amino acid 
induced cell death and that its general role is to protect neurons from 
harmful insults.

Sponsored by funds from NINDS (N S35872), the Alzheimer’s 
Association, and the Inglewood Foundation.
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424.13
MODULATION OF EGR TRANSCRIPTION FACTOR-DEPENDENT GENE 
EXPRESSION USING ADENOVIRUS GENE TRANSFER. M. U, Ehrengruber,1* 
J. Svaren,2 Z. Qu,2 H. A. Lester,3 J. Milbrandt2 and N. Davidson . 1Brain Research 
Inst., Univ. Zurich, 8029 Zurich, Switzerland; 2Dept. Pathol. Int. Med., Washington 
Sch. Med., St. Louis, MO 63110;3Div. Biol. 156-29, Caltech, Pasadena, CA 91125.

Zinc finger transcription factors of the Egr family are important for the 
development of the nervous system and are induced by a variety of stimuli. Egr 
family members include NGFI-A (also known as Krox-24, Zif/268, or Egr-1), Krox- 
20, Egr-3, and NGFI-C. To investigate their role in neuronal physiology, we plan to 
use recombinant adenovirus for in vitro and in vivo suppression and overexpression 
of NGFI-A-type activity. We have generated adenoviral recombinants expressing i) 
NAB2, a corepressor of NGFI-A, Krox-20, and Egr-3, ii) NGFI-A, Hi) NAB2- 
insensitive NGFI-A(I293F), and iv) the regulatory (NAB2-binding) R1 domain of 
NGFI-A. These genes are expressed under the control of a CMV promoter in the E 1 
region of adenovirus, either in the presence or absence of GFP reporter cDNA in the 
E3 region. The transactivation activities of these viruses were tested in CHO cells 
that had been transfected with plasmids expressing luciferase, GFP, or LacZ under 
the control of a promoter containing NGFI-A binding sites. Infection with virus for 
NGFI-A and NGFI-A(I293F) activated reporter gene expression 4- to 25-fold. 
Coinfection with R1 virus doubled the NGFI-A-induced gene expression, 
presumably through binding and inactivation of endogenous NAB proteins. 
Coinfection with NAB2 virus, by contrast, caused a ~50% inhibition of the 
NGFI-A-, but not NGFI-A(I293F)-induced gene expression. Thus, we demonstrate 
the feasibility to influence Egr-mediated gene expression by adenoviral gene 
transfer. In a first physiological test, we show that adenovirus-mediated 
overexpression of NAB2 prevents NGF-induced neurite outgrowth in PC I2 cells, 
indicating that Egr factors are essential for the differentiation of these cells.

Supported by NIMH and the Donald E. and Delia B. Baxter Foundation.

424.15
CHARACTERIZATION OF THE DNA-BINDING AND TRASNSACTIVATION 
PROPERTIES OF THE PAIRED-LIKE HOMEODOMAIN PROTEIN PHOX2A. 
H. Seo*, and K.-S. Kim Dept of Neurology and Anatomy & Neurobiology, 
University of Tennessee, Memphis, TN38163.

The murine paired-like homeodomain protein, Phox2a, is required for 
development of noradrenergic populations including locus coeruleus. Phox2a 
interacts with multiple sites of 5 ’ upstream promoter and critically regulate 
dopamine-β-hydroxylase (DBH) transcription. In this study, we analyzed the DNA- 
binding and transactivation properties of Phox2a protein for its activation function 
of the DBH promoter activity. First, using the wheat germ in vitro 
transcription/translation system,, we generated a series of truncated Phox2a 
including full length and 60 amino acid homeodomain polypeptide. Their DNA 
binding activities were analyzed by gel shift assay using one of Phox2a-binding 
sites of the human DBH gene as the probe. Antibody supershift assay shows that 
antibody-Phox2a complexes bind to the DNA sequence with a dramatically higher 
efficiency (approx. 30-fold) comapred to the Phox2a protein itself. Furthermore, co
translation of truncated Phox2a proteins with different sizes produced intermediate 
DNA/protein complex suggesting that Phox2a binds to the DNA as a mul timer. In 
addition, our results demonstrate that the homeodomain contains sufficient 
information for multimerization and DNA binding. Phox2a protein contains amino 
acid patches which are unusally high in proline (one between a.a.37 and 81 and the 
other between a.a. 193 and 222) or glycine (between a.a. 230 and 242). To address 
whether these domains are important for transactivation function, we generated a 
series of eukaryotic expression vectors of Phox2a under the CMV promoter These 
expression vectors were transiently co-transfected to DBH-negative cell lines along 
with the reporter conduct containing modified DBH promoter. Our results indicate 
that different domains exert positive or negative function and their combinatorial 
interplay is important for Phox2a transactivation function. (Supported by NIH 
grant MH48866 and Gerwin Neurodegenerative Grant)

424.17
MAPPING THE TRANSACTIVATION DOMAINS WITHIN THE CYTOPLASMIC 
DOMAIN OF DELETED IN COLORECTAL CANCER (DCC). M.-H. Tai, C -Y 
Chiang, P.-R. Lin and C.-J. Tseng*. Dept. of Medical Education and Research, 
Veterans General Hospital-Kaohsiung, Kaohsiung, Taiwan.

Because of its frequent loss in colon cancer (-70 %), Deleted in Colorectal Cancer 
(DCC) was first identified as a tumor suppressor gene located on chromosome 18q. 
Recently, DCC was also postulated as receptor for axon-guidance molecule netrin-1 
which plays an important role during spinal cord development and neurogenesis. With 
homology to neuronal adhesion molecule (N-CAM), DCC encodes a 1447-amino- 
acid transmembrane protein with four immunoglobulin-like (Ig) and six fibronectin 
type III like (FN) extracellular domains and a 325-amino-acid cytoplasmic domain 
with no homology to known proteins. To identify proteins that may transduce signals 
of DCC or regulate DCC function via its cytoplasmic domain, full-length DCC 
cytoplasmic domain (DCC/cd; residues 1123-1447) was cloned from human fetal 
brain cDNA library and subcloned into yeast two-hybrid “bait” vector, pAS2-1, after 
sequence verification. Unexpectedly, DCC/cd strongly activated the activity of 
reporter gene, b-galactosidase, when fused with GAL4 DNA-binding domain of 
pAS2-1 in yeast. Such transactivation activity of DCC/cd was further confirmed by 
using luciferase as reporter gene in mammalian cells. Therefore, we have generated a 
series of constructs in which portions of DCC/cd were fused with GAL4 DNA- 
binding domain of pAS2-1 to dissect the transactivation domains of DCC/cd. Our 
results indicated there are two distinct transactivation domains existed within DCC/cd: 
one comprised of DCC residues 1365-1447; the other comprised of DCC 
residuesl237-1308.

This work was supported by VGHKS86-70 (M.-H. T.), VGHKS87-54 (M.-H. T.) 
and NSC87-2316-B-075B-001 (M.-H. T.).

424.14
INDUCIBLE AND NEURON-SPECIFIC EXPRESSION OF DOMINANT 
NEGATIVE JUN IN TRANSGENIC MICE: BLOCKADE OF AP-l FUNCTION
FOLLOWING COCAINE TREATMENT. M-C. Peakman1, M. Keltz2, J. Chen2, E. 
Nestler2 and E. Schaeffer* 1Dept. of Molecular Sciences, Pfizer Inc., Groton, CT 
06340; 2Laboratory of Molecular Psychiatry, Yale University, New Haven CT 06508.

Chronic treatment with cocaine gives rise to a variety of biochemical changes in the 
nucleus accumbens, including altered expression of proteins which constitute the AP-l 
transcription factor complex. For example, specific isoforms of ΔFosB are selectively 
upregulated following chronic, but not acute, cocaine treatment. To provide further 
evidence for a role of the chronic AP-l complex in mediating the biochemical and 
behavioral changes associated with chronic cocaine exposure, we are generating 
transgenic mice expressing dominant negative Jun isoforms in a tissue-specific and 
inducible manner. Dominant negative mutants were generated for each of the Jun 
isoforms (c-Jun, JunB and JunD) by deletion of the N-terminal transactivation domain. 
A FLAG epitope tag was incorporated at the amino terminus to aid in detection of the 
transgene. The FLAG-Δjun sequences were cloned into the plasmid, pTetOpHGHpA, 
under the transcriptional control of a tetracycline-regulated promoter. Following 
transfection into an HEK293 Tet-Off cell line, expression of FLAG-ΔJun proteins was 
detected in the absence, but not in the presence, of 5ng/ml doxycycline. Cotransfection 
of FLAG-Δjun constructs with an AP-l-luciferase reporter plasmid caused a reduction in 
PMA-stimulated elevation of luciferase activity, consistent with a dominant negative 
effect. Transgenic mouse lines have been generated for FLAG-Δc-Jun, FLAG-ΔJunB 
and FLAG-ΔJunD. A distinct transgenic mouse line has been described which contains 
the tet-transactivator, under the control of the neuron-specific enolase promoter (NSE- 
tTA) (Chen et al., Mol. Pharmacol. in press, 1997). This line confers tet-regulated 
expression primarily within the striatum, and at lower levels in cortex and 
hippocampus. Crossing the FLAG-ΔJun mice with the NSE-tTA mice, will give rise 
to double transgenic mice, having tet-regulated expression of dominant negative Juns 
within the striatum. Cocaine treatment of these transgenic mice, either before or after 
transgene induction, will provide insight into the role of AP-l mediated transcription in 
the biochemical and behavioral adaptations associated with chronic drug treatment.

424.16
CLONING AND CHARACTERIZATION OF A NOVEL ZINC 
FINGER TRANSCRIPTION FACTOR. C . K. Hwang,1 S. 
Yajima,1 S.-H. Lee,1 K. Mizuno,2 M. M. Mouradian1*. 1Genetic 
Pharmacology Unit, Experimental Therapeutics Branch, NINDS, 
Bethesda, MD 20892; 2 Lab. of Developmental Neurobiology, 
NICHD, Bethesda, MD 20892.

We have cloned a novel transcription factor in the course of 
investigating transcription factors that bind to Spl consensus 
sequences in the negative control element of the rat D2 dopamine 
receptor gene using the in situ filter detection method. The carboxyl 
terminus of this transcription factor cDNA open reading frame 
contains three contiguous Cys2-His2 zinc finger domains with the 
consensus sequence Cys-X2-4-Cys-X3-Phe-X5-Leu-X2-His-X3-His, 
similar to Spl. Sequence analysis revealed that this gene represents a 
new member of an important subfamily of nuclear zinc finger 
transcription factors; other members include Spl, Sp3, BTEB, TIEG, 
EGR-alpha and mGIF. This transcription factor is expressed most 
abundantly in the brain as determined by Multiple Tissue Northern 
blot analysis. Similar to the regulation of mGIF mRNA expression, 
GDNF induces the expression of this novel transcription factor 
rapidly and transiently in primary cultures of rat embryonic cortical 
neurons. Co-transfection of the Schneider’s Drosophila SL2 cells 
with an expression plasmid containing this novel factor and reporter 
constructs having Spl binding sites revealed that it represses the level 
of transcription from a TATA-containing promoter more than ten-fold 
in a dose-dependent manner. Our observations suggest that this novel 
transcription factor could be important in transducing GDNF- 
mediated effects in the brain.

424.18
Genetic regulation of axonal development: evidence that a helix-loop-helix 
protein regulates development specific microtubule associated protein 1A 
(MAP1A) gene expression. K. A. Bui,1 S. Rainier,1 A. Kume,1 T. Saunders,2 J. K. 
Fink.1,3*Univ. of Michigan, Depts of Neurology1 and Human Genetics2 and Geriatric 
Research, Education, and Clinical Center, Ann Arbor Veterans Affairs Medical Center,3 
Ann Arbor, MI 48109

Axon and dendrite shape and the balance between axonal plasticity and rigidity is 
regulated in part by microtubules, the stability of which is controlled by microtubule 
associated proteins (MAPs). MAP gene transcription is developmentally regulated. 
Shortly before birth, neurons stop expressing "embryonic" MAP genes which are 
considered to promote axonal growth and plasticity; and begin expressing "postnatal" 
MAP genes such as MAP la which support maintenance of mature axonal shapes. We 
are investigating the regulation of this developmental switch in MAP gene expression.

Previously, we showed that 1.5 kb of M APla 5' flanking sequence was sufficient to 
induce transgene (β-galactosidase [β-gal]) expression in mice in a pattern that mirrored 
tissue-specific and developmental-specific expression of endogenous MAPla. By 
examining a series of transgenic mice in which shorter portions of MAPla's 5' flanking 
sequence induced β-gal expression, we demonstrated that a 300 bp region of MAPla 5' 
flanking sequence contains sequences that regulate developmental expression of the 
transgene. DNA sequence analysis of this 300 bp region revealed a consensus E-box 
sequence (CANNTG), a potential binding site for basic-helix-loop-helix (bHLH) 
transcription factors that are abundantly expressed in developing neurons. We 
synthesized a 17 bp oligonucleotide that spanned this E-box and isolated total nuclear 
protein from adult and fetal murine brains. We demonstrated that adult (but not fetal) 
murine brains contain a protein that binds to the E-box sequence flanking MAP1A. 
Cloning of this E-box binding protein is underway.

We conclude 1) a 300 bp region of MAPla 5' flanking sequence contains sequences 
that regulate developmental expression of the transgene; and 2) that adult (but not fetal) 
murine brains contain a protein (presumably helix-loop-helix) that binds to an E-box 
consensus sequence in this region. This raises the possibility that helix-loop-helix 
proteins contribute to MAPI A’s development-specific expression. Identification of 
trans-acting factors that regulate MAPla developmental gene expression is an 
important step toward understanding the molecular cascade that regulates axonal 
development and axonal plasticity.
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425.1
MODULATION OF TH E SY NAPTIC PLASTICITY BY HYDROGEN 
PEROXIDE IN TH E HIPPOCAM PUS. H. Katsuki*, K. Noguchi and N. 
M atsuki. Laboratory of Chemical Pharmacology, Graduate School of 
Pharmaceutical Sciences, The University of Tokyo, Bunkyo-ku, Tokyo 113- 
0033, Japan.

Reactive oxygen species (ROS) play important roles in physiological 
cellular events as an intermediator of intracellular and/or intercellular 
signaling. Indeed, neuronal functions assessed by electrophysiological 
measurem ents are shown to be directly affected by ROS. In the present study, 
we examined the role of endogenous hydrogen peroxide (H2O2) in synaptic 
plasticity, as assessed by the induction of long-term  potentiation (LTP) or 
long-term  depression (LTD) of field excitatory postsynaptic potentials 
(fEPSPs) in the CA1 region of rat hippocampal slices. High frequency 
stimulation (100 Hz for 1 s)-induced LTP was significantly attenuated in slices 
treated w ith catalase (25 units/ml), an H2O2-decom posing enzyme. Catalase 
induced LTD when the slices were stim ulated at 10 Hz which did not cause 
LTP nor LTD in control slices. H2O2 (0.001 %) increased synaptic responses 
and caused LTP when a moderate tetanus (50 Hz) was used. Although N- 
m ethyl-D -aspartate (NM DA) receptor is known to undergo redox modulation, 
the effects of catalase and H2O2 on synaptic plasticity cannot be explained by 
alternation of NM DA receptor function, because NM DA receptor-mediated 
EPSPs were not significantly affected by application of catalase or H2O2. 
These results suggest that endogenous H2O 2 changes the threshold for 
LTP/LTD and m odulates plasticity in hippocam pal CA1 synapse.

425.3
LTP AND LTD INDUCED BY LOCAL APPLICATION OF ATP IN CA1 

HIPPOCAMPAL NEURONS OF THE GUINEA PIG. V Y anw aki1, K.-I. Ito1, S. 

Fujii1, K. Kaneko1, H. Kato1, K. Goto2*. 1Dept. of Physiology, 2Dept. of Anatomy, 

Yamagata Univ. Med. Sch.; Yamagata 990-9585, Japan

In the previous study we reported that the long-term potentiation (LTP) of field 

potentials was induced by the bath-application of ATP (Neurosci. Lett. 187, 1995). 

We attempt to clarify the mechanism of the ATP-induced-LTP using the 

microinjection of ATP into the stratum radiatum of CA1 region with a picopump. 

The excitatory postsynaptic currents (EPSCs) to the stimulation of Schaffer 

collateral afferents in CA1 neurons of a hippocampal slice were monitored at 

voltage clamp mode (-80mV) using a whole cell configuration. A brief 

microinjection (30 msec) of ATP (1 mM) induced an inward current consisted of the 

fast and late component. Since the latter was mostly blocked with Ca2+ free 

medium or Cd2+ and NMDA antagonists (AP5) in the medium, it seems to be Ca2+ 

current derived from an extracellular Ca2+. Following an application of ATP, long

term synaptic modifications in EPSCs were revealed: LTP was detected in neurons 

with the small late Ca2+ current to ATP (less than 25pA) and LTD with the large one 

(more than 25pA). There was a statistically significant correlation between the 

amplitude change in long-term modification of EPSCs and the magnitude of Ca2+ 
current to ATP(r=-0.78).

425.5
OPTICAL IMAGING OF LTP AND LTD INDUCED SIMULTANEOUSLY BY 
TEMPORAL STIMULUS IN HIPPOCAMPAL CA1 AREA 
T.Aihara1*,  Y.Kobayashi1, H.Mastuda1, H.Sasaki2 and M.Tsukada1 1Dept. 
of Infor.-Comm. Engineering, Tamagawa Univ., 6 1 - 1  Tamagawa- 
gakuen Machida, Tokyo Japan 2Dept. of Physiol. Yamagata Univ. 
School of Medicine 2-2 Iida Nishi, Yamagata Japan 

In our previous report, the spatial distribution o f LTP induced by 
temporal pattern stimulation was investigated by using optical imaging 
method. In this study, we investigated the spatial distribution o f both 
LTP and LTD depended on the temporal pattern stimuli, which were 
consisted o f high (100ms ISIs) and low (900ms ISIs) frequencies, in a 
slice preparation from the hippocampus o f a guinea-pig by using the 
optical-im aging method. Stimulation was delivered to the Schaffer 
commissural-collateral fibers linking CA1 and area o f optical recording 
covered CA1 area. As the results, both LTP and LTD were simultaneously 
induced by a temporal-pattern stimulus in different areas in CA1. LTP 
was induced in a large area near stimulating electrode and LTD was 
induced in a small area far from stimulation site. While, the low frequency 
stimulus (1Hz) and paired stimulation (25ms ISI at 0.5Hz) respectively 
induce only LTD in CA1. The induced LTD might be caused by the 
structure involving inhibitory inter-neurons in CA1. These results suggest 
that both LTP and LTD induced simultaneously by temporal pattern 
might play a crucial rule as transformation from temporal pattern to 
spatial pattern in the hippocampal learning system.
This study was supported by JSPS-RFTF 96100104.

425.2
LONG-TERM POTENTIATION (LTP) AND LONG-TERM DEPRESSION 
(LTD) IN INTERNEURONS WITHIN THE RAT HIPPOCAMPAL 
STRATUM RADIATUM.
K.M. Franks*, B.R. Christie, J. Seamans, and T.J. Sejnowski. Computational 
Neurobiology Laboratory, The Salk Institute, La Jolla, CA 92037.

The application of tetanic stimuli at either 100 or 200 Hz has been shown to 
reliably induce LTP in CA1 pyramidal cells, while low-frequency (3 Hz) stimulation 
can induce LTD. In hippocampal interneurons however, the application of the 100 
Hz stimuli has been reported to induce a LTD in interneurons located in the Stratum 
Radiatum (S.R.) of the CA1 region (McMahon and Kauer, 1995). interneurons in the
S.R. include a number of morphologically distinct neuronal types. These neurons 
receive input from a variety of afferent sources, and their axons terminate in distinct 
patterns within the hippocampal formation. In the present experiments, we examined 
the ability of both 100 and 200 Hz stimuli to alter excitatory synaptic transmission in 
intemeurons located in the S.R. region. Whole cell recordings were made from 
visualized interneurons in slices obtained from 14-42 day old rats. Slices were 
maintained in physiological artificial cerebral spinal fluid (ACSF, 2.0 CaCf, and 1.3 
MgCl2) at 32-35 °C. All cells were filled with Biocytin (O.2-O.3%) for subsequent 
histological analysis. Tetani (100 pulses delivered at either 100 or 200Hz) were 
delivered twice, 20-30 seconds apart, through stimulating electrodes located 100-200 
µm from the cell in the S.R. Application of the 100 Hz stimuli resulted in LTP in 
15/19 cells tested (54.8 ± 13.2%, n=15) and a LTD in the remaining 4 cells (-26.8 ± 
17.3%). The 200 Hz stimulation produced LTP in 6/8 cells tested (120 ± 56%, n=6) 
and LTD in the remaining two cells (-16 ± 9%, n=2). Low-frequency stimulation (3 
Hz) produced LTD in 4/9 cells (-35.4 ± 8.3%), while the remaining cells exhibited 
LTP (54.2 ± 12.2%). These data suggest that hippocampal interneurons are capable 
of expressing both long-term potentiation and long-term depression. Possible, 
correlates between cellular morphology and an interneuron's ability to sustain either 
LTP or LTD is under investigation. Supported by HHMI grant #528092.

425.4
REDUCTIONS IN PO STSY NAPTIC CALCIUM INFLUX ALTER THE 
RELATIONSHIP BETW EEN STIMULUS FREQUENCY AND LTD/LTP 
INDUCTION L. K. Schexnayder*, B. R. Christie, and D. Johnston, Div. of 
Neuroscience, Baylor College of Medicine, Houston, TX 77030

In the present experiments we have used whole-cell recording techniques in 
conjunction with high-speed fluorescence imaging to  investigate the changes in 
intracellular [Ca2+] th a t occur during the stimulation used to induce LTD or 
LTP. We applied subthreshold synaptic stimuli paired with back-propagating 
action potentials and found th a t low stimulus frequencies produced modest 
increases in postsynaptic [Ca2+]i and LTD, while higher frequencies produced 
larger increases in postsynaptic [Ca2+]i and LTP. Thus, we hypothesized th a t 
reducing the level of intracellular Ca2+ during higher frequency stimulus pro
tocols would lead to  the induction of LTD rather th an  LTP. Nimodipine 
(10 µM) was applied to  block L-type C a2+ channels. In other experiments, a 
low concentration of D,L-APV (10µM) was applied to reduce but not block 
the NMDA receptor mediated Ca2+ influx. The application of each of these 
drugs reduced the stimulation-induced increases in postsynaptic [Ca2+],. In 
the  control condition, depression was observed a t 3 and 10 Hz while potentia
tion was observed at 30, 50, 100 and 200 Hz. A transition from LTD to LTP 
thus occurred between 10 and 30 Hz in control conditions. In the presence 
of nimodipine or APV, however, this transition occurred at a higher stimu
lus frequency. Under these conditions, there was no plasticity between 3 and 
10 Hz, while LTD was observed between 30 and 100 Hz. Frequencies up to 
200 Hz were needed to  induce LTP in the presence of APV, but no LTP was 
induced by 200 Hz stimulation in the presence of nimodipine. These data  
suggest im portant relationships among stimulus frequency, the m agnitude of 
postsynaptic [Ca2+]i, and the magnitude and direction of changes in synaptic 
strength. (Supported by NIH).

425.6
D IF F E R E N T IA L  E F F E C T S  O N  P A IR E D -P U L S E  F A C IL IT A T IO N  
O F  L O N G -T E R M  D E P R E S S IO N  IN D U C E D  B Y  100H z V S. 1H z 
S T IM U L A T IO N . P.E. Schulz* & F.J. Wierzbicki, Dept. Neurol. & Div. Neu
rosci., Baylor College of Medicine, Houston, Tx 77030.

We have been examining the effects of long-term potentiation (LTP) and 
depression (LTD) on paired-pulse facilitation (P P F ). an increase in a second 
pEPSP when it follows shortly after a first, in area CA1 of the rat hippocampal 
slice preparation. We (Schulz et al, 1995 and 1994) and others (Buonomano et al 
1996, Voronin e t al 1997, Grover 1997, Volgushev et al 1997) have dem onstrated 
changes in P P F  with LTP th a t follow a predictable pattern: smaller initial P P F  
is most frequently associated with increases in PPF , while larger initial P P F  is 
most frequently associated with decreases in PPF . We have also shown prelimi
narily th a t LTD (25.7±1.9%, n=23) induced by 1Hz low-frequency stimulation 
(LFS) is only associated with increases in P P F  (19.2±5.4%) (Schulz & Small
wood, Soc Neurosci Abst, 1997), a  different pa tte rn  from th a t observed with 
LTP. In addition, the magnitude of LTD elicited correlates linearly with the 
observed increases in P P F  (r2=0.47, p=0.01). This correlation is similar to 
the  increases in P P F  noted with maneuvers th a t decrease presynaptic calcium 
influx (r2= 0 .66, p < 0 .01, n=26), e.g. applying ω-conotoxin or cadmium, or low
ering extracellular calcium. This suggests th a t LFS-induced LTD is expressed 
through a  presynaptic mechanism.

We now find th a t LTD can also be induced by short bursts of 100Hz high- 
frequency stimulation (HFS). This LTD is also associated with increases in 
P P F . While the average m agnitude of LTD (19.3±2.8%, n = 19) is similar to 
the average increases in P P F  (17± 4.9%), however, there is no linear correlation 
between them  (r2=0.03, p=N.S.). The loss of this correlation could be due 
to  different mechanisms underlying HFS-induced vs. LFS-induced LTD, or to 
interference by another form of plasticity. Supported by NIH.
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425.7
DEVELOPMENTAL CHANGES IN THE MECHANISMS UNDERLYING LTD 
INDUCTION IN THE RAT HIPPOCAMPUS IN VITRO. N. Kemp, S. Faulkes 
and Z.I. Bashir*. Dept o f Anatomy, University of Bristol, Bristol, BS8 1TD. UK.

Previous studies have suggested that the induction of long-term depression (LTD) is 
developmentally down-regulated in the CA1 region of the rat hippocampus in vitro. 
However, we have induced LTD in young (14-21 days) and adult (12-15 weeks) rats 
using appropriate induction protocols and compared the properties of each. In addition, 
we have investigated intermediate ages at which changes in the induction mechanisms 
have occurred.

Hippocampal slices (400 µm) were prepared from female Wistar rats. Field 
excitatory post-synaptic potentials were recorded from the stratum radiatum in response 
to stimulation of Schaffer collateral-commisural fibres. In order to induce LTD, low 
frequency stimulation was given as either a train of 900 pulses at 1 Hz (LFS) or as a 
train of 900 paired pulses at 1 Hz (50 ms interstimulus interval: PP-LFS).

LFS resulted in NMDA receptor-dependent LTD in young animals (35 ± 3 %, n=4, 
p<0.05). However, single pulse LFS was not effective at inducing LTD in rats aged 
greater than 30 days old (4 ± 4 %, n=5, p>0.05: 30-39 days old) nor in adult rats (4 ± 3 
%, n=6, p>0.05). PP-LFS resulted in LTD (44 ± 12 %, n=4, p<0.05) in hippocampal 
slices from young rats which was blocked by 50 µM AP5 (8 ± 8%, n=4, p>0.05). As 
previously reported (Kemp & Bashir, 1997), PP-LFS induced LTD in adult rat 
hippocampal slices (26 ± 2 %, n=7, p<0.01), but this was not blocked by AP5. We are 
currently investigating the age at which PP-LFS-induced LTD becomes NMDA 
receptor-independent. Preliminary data suggests that this is approximately 70 days.

We conclude that the age at which LFS-induced LTD is down-regulated is very 
different from that at which PP-LFS-induced LTD switches from being NMDA 
receptor-dependent to NMDA receptor-independent. Furthermore, different 
mechanisms appear to underlie PP-LFS-induced LTD in young and adult rats.
Kemp, N and Bashir, Z.I. (1997). Neuropharmacol. 36(3): 397-399.
Supported by the Wellcome Trust.

425.9
DYSFUNCTIONAL SYNAPTIC PLASTICITY IN A TRANSGENIC 
MOUSE MODEL OF HUNTINGTON'S DISEASE.
K.P.S.J. Murphy*,G. Bates† & A.J. Morton. Dept. of Pharmacology, Tennis Court 
Road, Cambridge CB2 1QJ, U.K. †Div. of Medical and Molecular Genetics, United 
Medical & Dental Schools, Guy's Hospital, London SE1 9RT, U.K.

We have examined the plasticity of neurotransmission at hippocampal CA1 
synapses in brain slices prepared from transgenic mice expressing exon 1 of the 
Huntington’s disease gene with an expanded CAG repeat [Mangianm et al., 1996, 
Cell, 87: 493-506]. These mice exhibit a progressive neurological phenotype, 
commencing at approximately 8-10 weeks and is fatal by 18-20 weeks of age.

Slices were prepared from 18 transgenic and 12 control mice ranging in age from 5 
to 16 weeks. EPSP or population spike field potentials were recorded in CA1 
minislices maintained in an interface chamber at ~26°C. Basal neurotransmission in 
transgenic slices was similar to control slices and exhibited normal paired-pulse 
facilitation (Transgenic EPSP: l65±4.6% (mean±SEM) & 107 ± 1.9% at inter
stimulus intervals of 60ms and 600ms respectively (n=26 slices). Control EPSP:1 
179±20.4% & 113±2.6% at 60ms (P>0.5) & 600ms (P>0.1) (n=9)). Transgenic 
slices also exhibited robust long-term potentiation (LTP) of the population spike that 
was indistinguishable from control slices (246±38.3% (n=18) & 226±39.1% (n=14) 
respectively, (P>0.7); measured 1 hour after induction). However, LTP of the EPSP 
was considerably smaller than that seen for control slices (30±4.2% (n=12) and 
54±6.9& (n=12) respectively, P>0.01), suggesting that transgenic mice may have a 
higher threshold for the induction of LTP. The most conspicuous difference between 
transgenic and control slices was the ability of transgenic slices to express both long
term depression (LTD) and depotentiation of synaptic transmission, phenomena not 
seen for control slices in this study. Low frequency stimulation induced marked 
LTD/depotentiation in both population spike and EPSP field potentials recorded in 
transgenic slices (49±3.1% (n=25) & l9±2.3% reduction (n=21) respectively), whereas 
control slices were unaffected (6± 14.7% increase (n= 15) (P<0.01) & 1 ±2.5% reduction 
(n=14) (P<0.001) respectively). Furthermore, LTD/depotentiation in transgenic slices 
was independent of age and the severity of the phenotype.

425.11
ACTIVITY-DEPENDENT BI-DIRECTIONAL MODIFICATION OF 
AMPA RECEPTOR CONDUCTANCE IN THE HIPPOCAMPUS.
A.Lüthi, J.T.R.Isaac, T.A.Benke, C.Ingram*. and G.L.Collingridge, 
Department of Anatomy, University of Bristol, Bristol BS8 1TD, U.K.

Long-term depression (LTD), and the related phenomenon of 
depotentiation (DP) of excitatory synaptic transmission are thought to be 
important for learning and memory the hippocampus. These forms of 
synaptic plasticity were investigated using visually-guided whole-cell patch- 
clamp recordings from the proximal apical dendrites o f CA1 pyramidal cells 
in hippocampal slices. Dendrites were voltage-clamped at -70  mV using 
patch electrodes (6-10 MΩ) filled with a CsM eS04-based solution. 
Excitatory postsynaptic currents (EPSCs) were evoked by minimal 
stimulation of nearby axons. LTD was induced by pairing postsynaptic 
depolarisation to -40  mV with 200 stimuli (0.5 Hz frequency). For DP this 
protocol was applied to previously potentiated pathways. Non-stationary 
fluctuation analysis was used to estimate the single channel conductance of 
the synaptically-activated AMPA receptors (Benke et al, (1998) Nature, in 
press). This revealed that there was no change in AMPAR conductance 
associated with the induction of LTD. However, a decrease o f AMPAR 
conductance was observed after DP, but only when preceded by LTP 
involving an increase in conductance. Failures analysis revealed that LTD 
and DP were both associated with a large decrease in potency (average EPSC 
amplitude excluding failures). Changes in failure rate were also sometimes 
observed, but only in the cells which exhibited the largest depressions. These 
data suggest that AMPA receptors can undergo bi-directional modifications 
in channel conductance during changes in synaptic strength.
Supported by the MRC, Wellcome Trust and Swiss National Science 
Foundation.

425.8
ABNORMAL LONG-TERM DEPRESSION (LTD) IN THE TS65DN MOUSE 
SUGGESTS A BASIS FOR DEFECTIVE LEARNING IN DOWN SYNDROME 
R. J. Siarey+, E.J. Carlson*, C. J. Epstein#, A. Balbo+, S.I. Rapoport+ , and 
Z. Galdzicki + . +LNS/NIA, NIH, Bethesda, MD 20892, #Dept. Pediatrics,
U. California, San Francisco, CA 94142, USA.

A segmental trisomy mouse (Ts65Dn), a model of Down Syndrome (DS, trisomy 
21) has been developed (Reeves et al., Nature Genetics 11, 177, 1995). In this mouse 
there is an age-related loss of cholinergic neurons in brain, similar to that in human 
DS brain. The mouse also exhibits learning and behavioural deficits throughout its 
life-span (Holtzman et al., PNAS USA 93, 13333, 1996).

Long-term depression (LTD), a use-dependent mechanism linked to learning and 
memory, was measured in hippocampal slices from 2-mo old diploid and Ts65Dn 
mice using standard extracellular recording and stimulating techniques. Slices 400 
µm thick were placed at the interface between warm humidified gas and artificial 
cerebrospinal fluid and were allowed to equilibrate. Field excitatory postsynaptic 
potentials (fEPSP), adjusted to one-third of the maximal response, were evoked from 
the Schaffer collateral-commissural pathway at 60 s intervals by a Pt stimulating 
electrode. A glass pipette (3-9 MΩ) filled with 2M NaCl, placed in the striatum 
radiatum of the CA1 area recorded fEPSP's. Results were digitized on-line and 
analyzed by LTP-acquisition software (W. Anderson). LTD was induced by 900 
pulses at 1 Hz. The fEPSPs were quantified by averaging five consecutive waveforms 
and measuring the initial slope. Slopes and amplitudes were similar for diploid and 
Ts65Dn mice. At 60 min after the train, the mean slope of fEPSPs was reduced in 
magnitude with respect to its value before tetanus by 38 ± 7% (n= 14) and 65 ± 6% 
(n=7) for diploid and Ts65Dn mice respectively (p<0.05). Thus LTD, the degree to 
which the slope was reduced by tetanus, was significantly greater in Ts65Dn 
compared with diploid mice. These results and our published data demonstrating 
abnormal long-term potentiation (Siarey et a l, Neuropharmacology 36, 1549-54, 
1997) suggest that the Ts65Dn mouse model can be used to study the mechanisms of 
synaptic plasticity leading to mental retardation in DS.
(Supported by: NIA intramural program AG 00123-13 LN, NIH Grant AG 08938 
and HD 31498.)

425.10
EPSP-SPEKE DEPRESSION IS INDUCED BY LOW FREQUENCY 
TETANIZATION IN THE AREA CA1 OF THE RAT HIPPOCAMPUS .
Y. Hanada2. N. Ferrand1, G. Daoudal1 and D. Debanne1*.
1 Unité de Neurocybemétique Cellulaire, UPR 9041 CNRS, Marseille, France. 
2Meiji Gakuin University, Yokohama, Japan.

Low frequency stimulation (LFS, 1-3 Hz for 3-15 min) of the Schaffer collaterals 
has been shown to produce an NMDA receptor dependent homosynaptic long
term depression (LTD) of excitatory postsynaptic potentials (EPSPs) in the area 
CA1 of the rat hippocampus. More recently, such protocol has been shown to 
increase the probability of synchronous discharge in response to a population 
EPSP of fixed slope (E-S potentiation; Bernard & Wheal 1995), suggesting that 
the cells became more excitable despite the synaptic depression. We have re
examined this question. Hippocampal slices were prepared from 3 to 5 week-old 
Wistar rats. Field EPSPs evoked by stimulation of the stratum radiatum were 
recorded in the pyramidal cell layer with NaCl filled electrodes. LTD was induced 
by a 3 Hz or 1 Hz tetanus applied during 3 or 15 minutes, respectively. In naive 
slices, E-S depression was induced in 9 out of 15 slices (60%). In the remaining 
slices, no change (n = 2) or E-S potentiation was observed (n = 4). In slices that 
showed E-S potentiation, a 100 Hz tetanus always induced further E-S 
potentiation. No significant E-S depression was induced when APV, an NMDA 
receptor antagonist was applied during the LFS (n = 3 slices). In 10 other slices, 
E-S potentiation was induced by a HFS (100 Hz tetanus, 10 pulses, 10 times). E-S 
depotentiation was induced by LFS in 9 slices (90%), indicating that E-S 
potentiation is fully reversible. We conclude that, in contrast to HFS which 
produces both synaptic and E-S potentiation, LFS induces both synaptic and E-S 
depression.
Supported by CNRS and the Fondation pour la Recherche Médicale.

425.12
Pharmacological blockade of Ca+- channels in adult rat HIPPOCAMPUS does 
not prevent induction of LTD but modifies λlterλtion of Neuronal. 
EXCITABILITY. D.P.Marsden, J.E.Chad* and H. V. Wheal, Neuroscience, University 
o f  Southampton, SO16 7PX, UK

Patterned stimulation o f the excitatory afferents in the hippocampal slice preparation 
produces plastic changes in network function which can include alterations of 
inhibition. Induction of LTD by low frequency stimulation produces a reduction in 
both the slope o f the field excitatory post-synaptic potential (fEPSP) and the 
population spike amplitude (PS) Paradoxically, the output neurones appear to become 
more excitable as indicated by a shift in the relationship between the slope of the 
fEPSP and the resultant PS (Bernard & Wheal, 1995 J. Neurosci., 15, 10, 6542- 
6551) Transverse slices (400µm) from adult (45-52days) rat hippocampi were 
prepared and maintained at room temperature (ca.22ºC) Responses were elicited 
every 30s and the maximal PS and fEPSP were determined Low' frequency 
stimulation (LFS; 1Hz, 9OOpulses) produced significant depression of the fEPSP (80 8 
±0.6% of control) and o f the PS (50.6 ±0.4%) (mean ±SEM, n = 5 .  P<0.0001) In 3/5 
slices the E-S curve potentiated and in 1/5 slices it was depressed Addition of 50µM 
NiCl2 reduced both the fEPSP (85 6 ±0.9%) and the PS amplitude (73.1 ±0.6, n=3. 
P<0.0001). LFS in the presence o f NiCl2 reduced the PS amplitude (35 5 ±0.7%) and 
fEPSP (61 2 ±0.7%, n=3, P<0.0001), with E-S depression in 2/3 Addition of 
nimodipine ( 10µM) reduced the fEPSP (88.8 ±0.7%) and PS (94 7 ±0.9%, n=3, 
P<0.0001) LFS in the presence of nimodipine reduced the PS amplitude (37 2 
±0.6%) and fEPSP (69.1 ±0.3%, n=3, P<0.0001), with E-S depression in 3/3 Thus 
LTD can be produced by LFS in adult hippocampal slices and when inhibition is intact 
the net E-S shift is variable although increased neuronal excitability predominates (E-S 
potentiation). Preliminary data appears to indicate that neither the presence o f the 
R/T-type VDCC blocker NiCI2 nor the L-type VDCC blocker nimodipine prevents 
induction of LTD in these slices However in both cases there appears to be a 
predominance o f E-S depression. - funded by Wessex Medical Trust
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425.13
BI-DIRECTIONAL REGULATION OF HIPPOCAMPAL  
LONG-TERM SYNAPTIC DEPRESSION(LTD) BY CYCLIC  
NUCLEOTIDE-DEPENDENT PROTEIN KINASES. Linda A. 
Santschi and Patric K. Stanton* Dept. of Neuroscience, Albert Einstein 
College of Medicine, Bronx,NY 10461

We recently discovered a form of LTD at Schaffer collateral-CA1 
synapses in the hippocampus, inducible by chemical manipulations 
without electrical stimulation. This chemical LTD (CLTD) requires the 
coincident, yet reciprocal, involvement of two cyclic nucleotide signal 
transduction cascades. Specifically, concomitant elevation of [cGMP] by a 
phosphodiesterase inhibitor (Zaprinast, 20µM), plus an inhibitor of PKA 
(H-89, 10µM), produced a robust, long-lasting CLTD that was reversible 
by high frequency electrical stimulation (HFS).

CLTD and LTD might share common expression mechanism(s), 
since both are reversed by HFS, and we have shown that cGMP signaling is 
required for stimulus-induced LTD. By examining two separate inputs of 
Schaffer collateral axons that activated a common population of CA1 
pyramidal neurons, we found that saturating one input with stimulus- 
induced LTD selectively occluded subsequent CLTD at that input, but not 
at the unstimulated control input, suggesting that CLTD and stimulus- 
induced LTD share at least some mechanisms in common.

Further studies focused on determining the locus of action of these 
pharmacological agents, downstream effectors of cGMP, and the necessity 
for neuronal activity for this phenomenon. CLTD could still be elicited in 
the absence of electrical stimulation, and in the presence of tetrodotoxin. 
Experiments in which postsynaptic infusion of H-89 was paired with bath 
application of Zaprinast suggest that the sites of action of cGMP and PKA 
are both presynaptic. Furthermore, the selective PKG inhibitor KT5823 
(10 µM) blocked the induction of both CLTD and LTD. Thus, PKA and 
PKG may mediate opposing biological signals, of which the relative 
balance may control the direction of alterations in synaptic weight.

425.15
REDUCTION IN PROTEIN KINASE C ACTIVITY DURING LONG-TERM  
DEPRESSION IN TH E ADULT HIPPOCAM PUS IN  VIVO. E.Thiels*, G. 
Barrionuevo, and E. Klann. Department of Neuroscience and Center for the Neural Basis 
of Cognition, University of Pittsburgh, Pittsburgh, PA 15260.

Long-term potentiation (LTP) of synaptic strength is thought to involve increases 
whereas long-term depression (LTD) decreases in protein phosphorylation. Decreased 
protein phosphorylation can result from reduction of protein kinase activity, enhancement 
of protein phosphatase activity, or both. We previously have shown that NMDA receptor- 
dependent LTD in area CA1 of the hippocampus in vivo is accompanied by an increase 
in the activity of protein phosphatases 1 and 2A (Neuroscience, in press). Both of these 
phosphatases can dephosphorylate protein kinase C (PKC), a kinase that has been shown 
to exhibit increased activity and phosphorylation during LTP. We therefore tested 
whether or not LTD in the adult hippocampus in vivo is accompanied by a decrease in the 
activity of PKC.

LTD was induced at the commissural input to CA1 pyramidal cells in anesthetized adult 
rats with 3 trains of 200 pairs of pulses with a 25-ms interstimulus interval delivered at 
0.5Hz. Tissue from dorsal (LTD) and ventral (control) area CA1 was collected for 
analysis either 5 (n=5), 35 (n=6), or 65 min (n=4) after the third train of pairs. 
Autonomous PKC activity was decreased 5 and 35 min after induction of LTD (66±7% 
and 70±6% of control, respectively) but returned to control levels 65 min after LTD 
induction (107±18% of control). Cofactor-dependent PKC exhibited a similar time- 
dependent decrease in activity after LTD induction (77±9%, 73±9%, and 111 ± 10% of 
control, respectively), which suggests a downregulation of PKC during LTD. Paired-pulse 
stimulation in the presence of the NMDA receptor antagonist APV blocked the induction 
of LTD as well as the reduction in autonomous and cofactor-dependent PKC activity 
( 104±9% and 107±5% of control; n=3), which indicates that the observed changes in 
PKC activity require prior induction of NMDA receptor-dependent LTD. The observed 
changes in PKC function may serve to amplify the LTD-associated increases in 
phosphatase activity we reported previously. Supported by NIMH(ET) and NINDS(EK).

425.17
MODULATING INHIBITORY STATE OF HIPPOCAMPAL CA1 REGION OF 
FEMALE OVARIECTOMIZED RAT CHANGES ITS SUSCEPTIBILITY TO 
LONG-TERM DEPRESSION. W. B Levy* and M.R. Zamani. Department of 
Neurosurgery, University o f Virginia, Charlottesville, VA 22908.

In adult male rats, enhanced inhibition can facilitate the production o f LTD 
produced by 900 stimulations at 1 Hz. In adult female ovariectomized (OVX) rats, 
the induction o f LTD is hampered compared to female OVX rats that receive 2 daily 
doses (10 µg) o f estradiol (ESD) 48 hr before the experiment where significant LTD 
is induced by a 900-train, 2 Hz paired-pulse (140 ms inter-pulse interval) 
conditioning paradigm. Here, we report that enhancing the inhibition in the 
hippocampus of OVX rats (ESD-deprived) leads to significant LTD that is at par 
with LTD in ESD-OVX rats. Muscimol (10 µM, >1 hr) was added to the medium 
bathing o f acutely prepared hippocampi and, after reaching a Stable baseline, the 
Schaffer collateral/commissural pathway was conditioned with the 2 Hz paradigm. 
This resulted in significant (28%) LTD measured 1 hr after conditioning. To assess 
the role o f depressed PKM activity in this LTD, an occlusion experiment was tried. 
Chelerythrine (1 µM, 2.5 hr) was added to the medium after muscimol. This resulted 
in a small drop in synaptic responses but only a partial occlusion o f the ensuing 
conditioning-induced LTD. The chelerythrine-induced depression was similar to 
that seen in ESD-OVX fats and quite different than the change noted in OVX 
animals without the drug. In ESD deprived rats, chelerythrine alone actually causes 
a small potentiation. Thus, muscimol allows both simulation - and chemically- 
induced LTD. Moreover, the similarity in the size o f the depression -  between the 
ESD treated and untreated animals -  hints that the certain fundamental reactions 
controlling LTP and LTD may not be very different with and without estradiol 
treatment.

Supported by NIH NS 15488 and MH00622 to WBL.

425.14
D E C R E A SE IN M AP KIN ASE LEV ELS IN A S SO C IA TIO N  W ITH 
LTD IN  TH E AD ULT H IPPO C A M P U S IN  VIVO. E. D. Norm an*, E. 
Thiels, G. Barrionuevo, and E. Klann. Department o f Neuroscience and Center of 
the Neural Basis o f Cognition, University o f Pittsburgh, Pittsburgh, PA 15260.

Long-term depression (LTD) is thought to be mediated by decreases in 
protein phosphorylation. A reduction in protein phosphorylation could result from 
reduced protein kinase activity and/or enhanced protein phosphatase activity. We 
previously have shown that NMDA receptor-dependent LTD in area CA1 of the 
hippocampus of anesthetized rats is accompanied by an increase in the activity of 
protein phosphatases 1 (PP1) and 2A (PP2A) (Neuroscience, in press). It has been 
demonstrated that LTD may be associated with proteolysis of serine/threonine 
kinases (J. Neuroscience, 16:5324). Because PP1 and PP2A have been shown to 
down-regulate several serine/threonine kinases, we hypothesized that one of the 
mechanisms for reduced protein phosphorylation is down-regulation of protein 
kinases. To begin testing this hypothesis we measured the levels of p42 mitogen- 
activated protein kinase (MAPK) at various times after the induction of LTD.

LTD was induced at the commissural-CA1 pyramidal cell synapse in 
anesthetized adult rats using our standard protocol of paired-pulse stimulation. 
Tissue from dorsal (LTD) and ventral (control) area CA1 was collected for 
biochemical analysis either 5 (n=5), 35 (n=6), or 65 min (n=4) after the third train 
of pairs. Decreases in p42 MAPK levels were detected 5 and 35 min after the 
induction of LTD (65%±11% and 49%±9% of control, respectively), p42 MAPK 
levels 65 min after the third train of pairs were comparable to baseline levels 
measured before the induction of LTD ( 102%±2% and 93% ±16% of control, 
respectively). Preliminary findings showed that administration o f the NMDA- 
receptor antagonist, APV, near the recording site blocked the decrease in p42 MAPK 
levels 5 min after the third train of pairs (92%±19% of control, n=3). Collectively, 
our findings suggest that LTD in the adult hippocampus in vivo is associated with 
proteolysis of MAPK. Supported by NIMH MH53586 (E.T.) and NINDS NS34007 
(E.K.).

425.16
LONG-TERM DEPRESSION IN HIPPOCAMPAL CA1 REGION OF FEMALE 
OVARIECTOMIZED RATS AND THE ROLE OF PKMζ. M.R. Zamani*, N.L 
Desmond and W.B Levy. Department. o f Neurosurgery, University o f Virginia, 
Charlottesville, VA 22908.

Long-term depression (LTD) was induced in acutely prepared hippocampal slices 
from female ovariectomized (OVX) rats by low frequency paired pulse stimulation 
(900 pairs o f pulses delivered at 2 Hz with inter-pulse interval o f 140 ms) of 
Schaffer collateral/commissural paths in s. radiatum. The depression was 
significantly larger in female OVX rats that had previously been treated with 
estradiol (ESD-OVX rats). Drugs that prevent intracellular calcium rise blocked the 
induction o f this LTD.

One theory o f LTP/LTD centers on increases/decreases o f PKMζ. In young male 
rats, Hrabetova and Sacktor (1996) reports that chelerythrine (1 µl), a specific 
inhibitor o f  PKM, depresses synaptic responses and occludes the induction of 
activity-dependent LTD. We found a similar effect o f  chelerythrine in adult male 
rats. However, in ESD-OVX rats, chelerythrine induced a smaller, non-significant 
synaptic depression. Furthermore, this depression only partially occluded the 
activity-dependent LTD observed in these rats. Finally, high frequency (100 Hz) 
stimulation in the presence o f chelerythrine produced a 70% increase in responses 
measured 1 hr after conditioning. It is concluded, therefore, that PKMζ plays a less 
significant role in synaptic plasticity in CA1 region of adult female rats than male 
rats implying possible gender difference in the relative amount o f biochemical 
machinery that leads to PKM-vs CAM kinase-mediated LTP.

Supported by NIH NS 15488 and MH00622 to WBL. NLD was also supported by 
NIH MH50670.
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426.1
HIPPOCAMPAL SYNAPTIC PLASTICITY AND HIPPOCAMPUS-DEPENDENT 
LEARNING IN TRANSGENIC MICE OVEREXPRESSING BDNF OR NT-3. P.T. 
Huerta*, Z. J. Huang, S. Chattarji, L.D. Sun and S. Tonegawa. HHMI, CLM, CCR, 
Biol., BCS, Massachusetts Institute of Technology, Cambridge, MA 02139

Neurotrophins have been implicated in the modulation o f activity-dependent 
plasticity of excitatory synapses in the hippocampus. For instance, acute application 
o f BDNF to CA1 synapses can enhance the magnitude o f LTP, especially in very 
young synapses. Conversely, LTP is absent in organotypic slices of BDNF knockout 
mice. Furthermore, blocking the BDNF/TrkB signaling pathway leads to a deficit in 
the late phase of LTP.

We have sought to examine the behavioral effect of altered neurotrophm 
expression. Thus, we have produced several lines of transgenic mice that overexpress 
either BDNF or NT-3, under the control of the CamKII promoter. We have analyzed 
three BDNF lines which express the transgene 5, 10 and 15 fold higher than the 
endogenous BDNF in the hippocampus (mesured by Northern blotting). We have also 
studied three NT-3 lines with transgene expression 5, 10 and 25 fold higher than the 
endogenous NT-3. Within the hippocampus, the transgenes begin to be expressed at 
postnatal day 4 and reach plateau levels at around 4 weeks of age.

We have found that NT-3 transgenic mice show abnormalities in synaptic 
plasticity: CA1 synapses express the early phase of long-term potentiation (LTP) but 
lack the late phase. Also, these mice show a deficit in spatial behaviors that require the 
animals to flexibly use learned information. The BDNF transgenic mice show the same 
pattern with regards to LTP (the early phase is normal but the late phase is absent), but 
these mice do not show any noticeable impairment in spatial memory.
Supported by NIH grant NS32925 (ST), gifts from Shionogi Inst and Amgen (ST) and 
Pew Foundation (PTH).

426.3

M O D IFIE D  LO N G -TERM  PO T E N T IA T IO N  IN  TH E AREA CA1 O F 
M UTA NT M IC E LA CKIN G GαQ. M. M iu ra 1,2 ,3*, S. O fferm an n s4, M.I. 
S im on4 an d  M. K a n o 1,2, 3. 1CREST, J a p a n  Sci. Tech. Corp.; 2Lab. C ellu la r 
N europhysio l., B ra in  Sci. In s t., R IKEN; 3D ept. of physiology, K anazaw a 
U niv ., K anazaw a, J a p a n ; 4D ivision of Biology, C aliforn ia  In s t i tu te  of 
Technology, P a sa d en a , CA 91125.

Gq is co n sid ered  to be a m ajo r G p ro te in  in th e  b ra in  th a t  tra n sd u c es  
s ig n a ls  from  group I m etabo trop ic  G lu tam a te  recep to r (mGluR). To te s t  
w h e th e r  G q-m edia ted  sig n a l t ra n sd u c tio n  is involved  in h ippocam pal 
sy n ap tic  p las tic ity , we an a ly zed  n u ll-m u ta n t  m ice defic ien t in  th e  α  
su b u n it  of Gq (Gαq). H ippocam pal slice (500 µm th ickness) w ere 
p re p a re d  by a  s ta n d a rd  procedure . F ie ld  E P S P s w ere recorded  from  th e  
a re a  C A 1 in resp o n se  to  s tim u la tio n  of S chaffer co lla te ra ls . In p u t-o u tp u t 
re la tio n sh ip , p a ired -p u lse  fac ilita tio n  an d  o th e r  basic p ro p ertie s  
ap p e a re d  n o rm a l in G αq m u ta n t  mice. S ta n d a rd  θ b u rs t  s tim u la tio n  (10 
tra in s , 's tro n g ' θ b u rs ts )  in d u ced  LTP in G αq m u ta n t  m ice w hich  w as 
in d is tin g u ish a b le  from  LTP in w ild type  m ice. H ow ever, 3 tra in s  of θ 
b u rs ts  ( 'w eak ' θ b u rs ts )  w as ineffective to  induce  LTP in G αq m u ta n t  
mice, w h e re a s  th e  sam e 'w eak ' θ b u rs ts  in d u ced  c lea r  LTP in th e  w ild 
type  mice. B lockade o f m G luR s w ith  b a th -ap p lied  M CPG (500 µM) 
abo lished  LTP ind u ced  by 'w eak ' θ b u rs ts  in  th e  w ild ty p e  mice, w hile on 
th e  c o n tra ry , m u sca rin ic  recep to r an ta g o n is t, a tro p in e  (1 µM) show ed no 
effect. In  w ild type mice, b a th  ap p lica tio n  o f ACPD (20 µM), for 10 m in 
au g m e n te d  su b seq u e n t LTP in d u ced  by 'w eak ' θ b u rsts . T h is  p rim in g  
effect of ACPD w as n o t seen  in G αq m u ta n t  m ice. T hese re su lts  su ggests 
th a t  th e  s ig n a lin g  cascade  in clu d in g  g roup  I m G luR  a n d  G αq fac ilita te s  
th e  in d u ctio n  of L T P in th e  a re a  CA1 of h ippocam pus. Partly  Supported by 
grants from Japanese Ministry of Education, Science, Sport and Culture

426.5

TETA N IC STIM U LA TIO N  IN CREASES BO TH A U TO PH O SPH O R Y 
LA TIO N  A N D  SY NTH ESIS O F  CA M K II IN  AR EA  CA1 O F  H IPPO 
CA M PA L SLICES W ITH IN  5 M IN UTES. Y. O uy ang*, A.J. R osenstein, G. 
K reim an, D.B. Kantor, E.M . Schum an, M .B. Kennedy. Div. o f  B iology 216- 
76, Caltech, Pasadena, C A  91125

Both protein phosphorylation  and pro tein  synthesis appear to be involved 
in various phases o f long-te rm  p o ten tia tio n  (L T P ) at S ch affe r-co lla tera l 
synapses in the hippocam pus. C alcium /calm odulin-dependent protein kinase 
II (C aM K II) is one protein k inase that p lays a critical role in induction  of 
L T P  at th ese  synapses. W e have e s tab lish ed  an im m u n o cy to ch em ical 
im a g in g  m eth o d  to  s tu d y  lo ca l an d  g lo b a l  c h a n g e s  in  p ro te in  
pho sp h o ry la tio n  in neurons asso c ia ted  w ith  e lec trica l stim u la tio n  an d /o r 
induction o f LTP (O uyang et al., J. N eurosci. 77, 5416-27, 1997). U sing this 
technique, w e reported  that induction  o f L T P  by tetan ic  stim ulation  o f the 
S ch affe r-co lla tera ls  produces w idespread  au to p h o sp h o ry la tio n  o f  C aM K II 
w ithin stim ulated neurons and synapses that persists fo r at least 30 m in after 
the  te tan u s. W e also  found , in “ tw o -p a th w a y ” e x p e rim en ts , th at the 
am p litu d e  o f  im m u n o cy to ch em ical sta in in g  fo r the  α -su b u n it increases 
significantly  in dendrites on the tetanized side o f  area  CA1 com pared  to the 
control side, suggesting that tetanus m ay activate new synthesis o f  C aM K II in 
d endrites. This possib ility  is consisten t w ith the abundance o f α -C a M K II  
m RN A  in dendrites o f pyram idal neurons in CA 1. N ow we report that a 10% 
increase in au tophosphorylation  of C aM K II and a 10% increase in staining 
fo r n o n p h o sp h o ry la ted  C aM K II is o b se rv ed  ju s t  5 m in  a fte r  te tan ic  
stim ulation (2/3 o f the m agnitude m easured at 30 m in). The increase in non- 
phosphory lated  CaM K II, at both 5 and 30 m in afte r tetanus, is b locked by 
anisom ycin , a protein synthesis inh ibitor. Increased  autophosphory lation  is 
not b locked by anisom ycin. Thus dendritic synthesis o f  CaM K II, in addition 
to new autophosphorylation, can be detected w ithin 5 m inutes after tetanus. 
S upported by NIH grants M H 49176, NS 17660, and F 3 2 N S 10660

426.2
NEUROTROPHIN-INDUCED SYNAPTIC ENHANCEMENT AND GENE 
EXPRESSION IN THE ADULT RAT HIPPOCAMPUS
M. Lanzrein, W. B. Smith, H. Kang, H. A. Lester*, E. M. Schuman# and N. 
Davidson
California Institute of Technology, Division of Biology, #HHMI, Pasadena, CA 
91125

The neurotrophins BDNF and NT3 can induce a long-lasting enhancement in 
synaptic transmission in the Schaffer collateral - CA1 synapses in the adult rat 
hippocampus [Kang and Schuman, Science 267, 1658 (1995)]. Neurotrophins also 
induce CREB phosphorylation and immediate early gene transcription in 
hippocampal neurons. Little is known as to which genes are upregulated 
downstream of the early transcriptional events. These genes might play a role in the 
maintenance of enhanced synaptic strength. We have undertaken to identify such 
genes by performing subtractive hybridization. Hippocampal slices were perfused 
with BDNF or Ringer solution and the field EPSP was recorded on CA3-CA1 
synapses. RNA was isolated from the slices 3.5 hours after BDNF application and 
cDNA libraries were constructed. Suppression subtractive hybridization was used to 
construct a subtracted library which was enriched in differentially expressed clones. 
A differential screen led to the isolation of a number o f partial sequences of 
candidate genes whose mRNA levels are elevated by the BDNF-treatment. 
Differential expression of those genes was confirmed by RT-PCR. Some of the 
isolated sequences matched known cDNA sequences, among them synaptic vesicle 
proteins. The other sequences were either matching sequences from the EST 
database (33%) or with no known match (40%). The latter cDNA clones contain 
novel genes with a potential function in the maintenance of synaptic potentiation. 
Support: MH-49176, EMBO ALTF 168-1996.

426.4

POSTSYNAPTICALLY APPLIED INHIBITOR OF cAMP 
DEPENDENT PROTEIN KINASE (PKA) BLOCKS 
INDUCTION AND REVERSES MAINTENANCE OF PAIRING 
- INDUCED LTP. N. Otmakhov*, J.E. Lisman, Volen Center for  
Complex Systems, Brandeis University, Waltham MA, 02254

D ata on the m echanism  o f LTP m aintenance are lim ited and 
contradictory. One reason for that is that there has been no reliable method 
for postsynaptic application o f a drug after LTP was induced in that cell. 
Intracellular perfusion through the whole-cell electrode can solve this 
problem . Using this m ethod we dem onstrated (Otm akhov et al., 1997) that 
postsynaptic application o f a peptide inhibitor o f CaM KII completely 
blocked LTP induction but did not affect the level o f previously induced 
LTP in CA1 hippocam pal neurons. Here we studied the effect of 
postsynaptically  applied PKA inhibitor (Rp-cAM P, 4mM  in pipette). W hen 
applied for 10 min before induction, it completely prevented any potentiation 
of synaptic responses. W hen applied 2 or 25 min after induction o f LTP it 
reversed LTP. Synaptic transmission in the control pathway was also 
decreased by the inhibitor but to a  significantly lesser extent. The effect of 
the inhibitor was not activity dependent because the rate o f LTP reversal did 
not depend on the frequency o f testing stimuli (1/6s versus 1/60s). This is the 
first demonstration that postsynaptic application o f a drug after verified 
LTP induction can decrease LTP m aintenance in that cell (see also Kim, 
Lisman this NSM). The m echanism  o f the inhibitory effects of the inhibitor 
is under investigation. NIH grant it 5ROI NS27337.

426.6
PROBABILITY OF NEUROTRANSMITTER RELEASE IN Thr286 POINT 

MUTANT MICE

N. Fedorov*, K.P. Giese, A.J. Silva 
Cold Spring Harbor Laboratoiy, 1 Bungtown Road, NY, 11724

Mice with a Thr286 to Ala point mutation in the α-calmodulin-dependent protein 
kinase-II (α-CaMKIIThr286Ala) have deficient NMDA-dependent LTP in the 
hippocampal CA1 region, and abnormal memory and learning in the Morris water 
maze. Kinase assays revealed that the Ca2+-independent activity of the α- 
CaMKIIThr286Ala mutant mice was reduced by approx, half. In this study, we 
address the question of whether this mutation affects the probability of 
neurotransmitter release.

Autophosphorylation at thr286 allows the kinase to remain active after Ca2+ 
concentrations return to basel levels. Therefore, to study the possible role of this 
autophosphoiylation in the modulation of synaptic release, we studied a number of 
pre-synaptic phenomenon that are known to be dependent on Ca2+. Unexpectedly, at 
standard Ca2+ concentrations (2.5 mM) low frequency facilitation, paired-pulse 
facilitation, basal synaptic transmission, augmentation, and the probability of 
neurotransmitter release (MK801 method) were found to be normal in the mutants. 
However, a decrease in the extracellular concentration of Ca2+ to 1.5 mM revealed a 
significant decrease in the amount of paired-pulse facilitation in mutants compared 
with wild type animals.

These results suggest that the autophosphorylation of α-CaMKII (Ca2+- 
independent activity) might increase the probability of neurotransmitter release 
during paired-pulse facilitation, and that this deficit is more pronounced at low 
concentrations of Ca2+.
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426.7
ADENYLYL CYCLASE ACTIVATORS ALLOW LTP INDUCTION BY 
PREVENTING CAMKII DEPHOSPHORYLATION M. Makhinson1, J.K. 
Chotiner1, J B.Watson2*, and T.J. O ’Dell3, 1Interdepartmental Ph.D . Program for 
Neuroscience; 2Dept. of Psychiatry and Biobehavioral Science; 3Dept of 
Physiology, UCLA School of Medicine, Los Angeles. California 90095

Activation of the Ca++/calmodulin-dependent protein kinase II (CaMKII) and 
its subsequent conversion into a Ca++-independent form by autophosphorylation is 
required for the induction of LTP in the CA1 region of the hippocampus Since 
increases in Ca++ can activate protein phosphatases that dephosphorylale CaMKII. 
LTP induction may also require phosphatase inactivation. Consistent with this, a 
brief application of a Mg++-free extracellular fluid containing 10 mM Ca++ induced 
a NMDA receptor- and CaMKII-dependent, transient potentiation of synaptic 
transmission in control experiments but induced a persistent potentiation when 
phosphatases were blocked with calyculin A (CA). Forskolin (FSK) mimicked the 
effects of CA. suggesting that adenylyl cyclase (AC) activation facilitates LTP 
induction by suppressing phosphatases. To examine whether AC activation 
modulates LTP induction by regulating CaMKII phosphorylation, we briefly 
exposed slices to a solution containing elevated Ca++ (10 mM) and K + (30 mM). In 
the absence of electrical synaptic stimulation this protocol induced a persistent 
potentiation of synaptic strength and a persistent increase in thr286- 
phosphorylated CaMKII levels in FSK-treated slices. It had no effect on synaptic 
strength and decreased phospho-CaMKII levels in slices not treated with FSK 
These data suggest that AC activation facilitates LTP induction by suppressing 
protein phosphatases and allowing persistent CaMKII autophosphorylation 
Support: NIMH and Pew Charitable Trusts (TJO); UCLA NIH Medical Scientist 
Training Program (MM); NIH and Stein-Oppenheimer UCLA Award (JBW). 
ARCS Foundation Award. JKC).

426.9
A ROLE OF NITRIC OXIDE SYNTHASE IN CA2+/CALMODULIN-INDUCED 
SYNAPTIC POTENTIATION IN HIPPOCAMPAL CA1 NEURONS. G.Y. Ko* 
and P.T. Kelly. Department of Neurobiology and Anatomy, University of 
Texas Houston Medical School, Houston, TX 77030.

The role of nitric oxide (NO) as a retrograde messenger in 
hippocampal LTP has been suggested in many studies. Extracellular 
applications of NO synthase (NOS) inhibitors or NO scavengers attenuate 
hippocampal LTP. Postsynaptic injection of Ca2+/CaM can induce synaptic 
potentiation in hippocampal CA1 neurons, and this potentiation can occlude 
tetanus induced potentiation (J.-H. Wang and P.T. Kelly, Neuron 15, 443- 
452,1995). It is possible that NO may be acting as a retrograde messenger 
to enhance presynaptic neurotransmitter release during Ca2+/CaM-induced 
synaptic potentiation, since Ca2+/CaM activates NOS and NO can be 
released from dendritic spines and diffuse to presynaptic terminals. To test 
this hypothesis, we treated hippocampal slices with the NOS inhibitor NG- 
nitro-L-arginine methyl ester (L-NAME, 100 µM) 1-1.5 hr prior to postsynaptic 
microelectrode injections of Ca2+/CaM, or tetanic stimulation. L-NAME was 
continually perfused in artificial CSF (ACSF). Field and intracel lular EPSPs 
were recorded in the presence of the GABA antagonist bicuculline (5 µM). 
Compared with control slices (n=6), L-NAME (n=10) did not influence 
baseline synaptic responses (100%) but significantly decreased tetanus (25 
pulses at 100 Hz, 5 times at 5 sec intervals) induced potentiation measured 
30 min after tetanus (control= 168± 6% vs. L-NAME=138±8%; p<0.05). 
Postsynaptic injections of Ca2+/CaM induced large synaptic potentiation 
(211±22%, n=8), and extracellular application of L-NAME strongly blocked 
Ca2+/CaM induced potentiation (103±12%, n=10; p<0.001). Our results 
suggest that hippocampal NOS activity plays a role in synaptic potentiation 
induced by postsynaptic injections of Ca2+/CaM or tetanic stimulation. 
(Supported by NIH grant NS 32470 and NIH training grant NS 07373)

426.11

β-ADRENERGIC RECEPTOR (ßAR) ACTIVATION MODULATES META-
PLASTICITY IN THE HIPPOCAMPAL CA1 REGION. T,D, Moody and 
T .J .O ’Dell*. Interdepartmental PhD . Program for Neuroscience and Dept. of 
Physiology, UCLA School of Medicine, Los Angeles, CA 90095 

In experiments investigating the effects of multiple, 15 sec.-long trains of 5 Hz 
stimulation on synaptic strength in the CA1 region of mouse hippocampal slices 
we observed that although one train of 5 Hz stimulation induced a modest amount 
of LTP (field EPSPs were potentiated to l47±6% of baseline 20 minutes post-5 Hz 
stimulation), a second 5 Hz stimulation train delivered 20 min. later had little 
effect on synaptic strength (field EPSPs were increased by only 6% to 153±7% of 
baseline 20 minutes after the second 5 Hz train). Thus 5 Hz stimulation not only 
induces LTP but may also activate metaplastic processes that suppress LTP 
induction by subsequent 5 Hz stimulation trains. Because ßAR activation produces 
highly activity-dependent effects on 5 Hz stimulation-induced changes in synaptic 
strength (Thomas et al., Neuron 17, 1996) we investigated whether ßAR 
activation might also modulate 5 Hz stimulation induced metaplasticity events. 
Consistent with previous results, the amount of LTP induced by a single, 15 sec. 
long train of 5 Hz stimulation was not enhanced by the βAR agonist isoproterenol 
(ISO). Field EPSPs were 141±6% of baseline 45 min. post 5 Hz stimulation in 
control experiments (N=13) and l42±16% of baseline in slices where 5 Hz 
stimulation was delivered in the presence of 1.0 µM ISO (N=6). However, in 
experiments using 2 trains of 5 Hz stimulation the second train of 5 Hz 
stimulation (delivered 20 minutes after the first train) induced additional LTP 
when delivered in the presence of ISO (field EPSPs were potentiated to l95±12% 
of baseline, N=7). Our results indicate that ßAR activation modulates 
metaplasticity of excitatory synapses in the hippocampal CA1 region. Support: 
NIMH, Pew Charitable Trusts, and the Klingenstein Fund.

426.8
PROTEIN PHOSPHATASE-INSENSITIVE AND PKA-INDEPENDENT LTP IN 
THE HIPPOCAMPAL CA1 REGION OF PSD-95 MUTANT MICE.
H. Carlisle1*, S.G.N. Grant2, and T.J, O 'D ell1. 1Interdepartmental Ph.D . Program 

for Neuroscience, and Dept. of Physiology. ULCA School of Medicine. Los 
Angeles, CA 90095; 2Centres for Genome Research and for Neuroscience, 
University of Edinburgh. Edinburgh UK

While some of the protein-protein interaction domains of the postsynaptic 
density protein PSD-95 may be involved in NMDA receptor clustering, others may 
provide sites for association of molecules involved in NMDA receptor signaling 
Recently, we found that long-term potentiation (LTP) in the hippocampal CA1 
region is enhanced in slices from PSD-95 mutant mice, suggesting that LTP- 
suppressing signaling molecules might associate with NMDA receptors via PSD- 
95 Since protein phosphatase (PP) activation can inhibit LTP induction, we 
examined whether abnormal PP signaling contributes to the enhanced LTP in 
PSD-95 mutants. We found that two stimulation protocols that fail to induce LTP 
in wild-type slices unless PPs are inhibited (600 pulses of 5 Hz synaptic 
stimulation or a 10 minute application of 10 mM Ca2+-containing extracellular 
solution) induced >2-fold LTP in PSD-95 mutant slices (N=5 each) If PP 
signaling is disrupted in PSD-95 mutants then the induction of LTP by 150 pulses 
of 5 Hz stimulation should be protein kinase A (PKA)-independent since LTP 
induction by this protocol normally requires a PKA mediated suppression of PPs 
(Thomas et al.. Neuron 17, 1996) We observed that wh ile the PKA inhibitor H89 
strongly suppressed 5 Hz stimulation-induced LTP in wild-type slices (N=4). it had 
no effect on LTP in PSD-95 mutant slices (N=4). Our results suggest that PSD-95 
may be a key component in a complex of NMDA receptors and associated proteins 
that includes signaling molecules that suppress LTP induction through a PP- 
dependent mechanism. Support: NIMH and Pew Charitable Trusts (T.J.O ) and the 
Wellcome Trust (S.G.).

426.10
NITRIC OXIDE SIGNALING CONTRIBUTES TO LATE-PHASE LTP IN THE 
HIPPOCAMPUS. Y.-F. Lu* and R.D. Hawkins. Ctr. Neurobiol. & Behav.. 
Columbia Univ., HHMI, New York, NY 10032.

Long-term potentiation (LTP) in the hippocampus has an early phase (E-LTP) 
that lasts 1 hr and is PKA- and protein synthesis-independent, and a late phase 
(L-LTP) that lasts more than 3 hrs and is blocked by inhibitors of PKA or protein 
and RNA synthesis. Nitric oxide (NO) is thought to be involved in E-LTP, but 
there is no information about the role of the NO signaling pathway in L-LTP. We 
examined this question at the Schaffer collateral-CA1 synapses in slices of mouse 
hippocampus. The NO synthase inhibitor NO-Arg (100 µM) blocked L-LTP 
induced by 3-train tetanization. Conversely, NO gas paired with 1-train
tetanization produced late-phase (3 hr) potentiation, whereas 1-train tetanization 
alone produced only early-phase (1 hr) potentiation. These results suggest that NO 
is involved in L-LTP. We next examined the signaling pathway through which NO 
may act. The soluble guanylyl cyclase inhibitor ODQ (5 µM) blocked both L-LTP 
by tetanic stimulation and late-phase potentiation by NO, and the permeable cGMP 
analogs 8-Br-cGMP (1 µM) or 8-pCPT-cGMP (1 µM) paired with I-train 
tetanization produced late-phase potentiation. L-LTP was also blocked by the 
cGMP-dependent protein kinase (PKG) inhibitors KT5823 (2 µM) and Rp-8-Br- 
PET-cGMPS (1 µM). Like L-LTP, late-phase potentiation by 8-Br-cGMP was 
blocked by the translational inhibitor anisomycin (30 µM) and the transcriptional 
inhibitor actinomycin D (40 µM), suggesting the involvement of protein and 
mRNA synthesis. Furthermore, late-phase potentiation by 8-Br-cGMP was not 
blocked by an inhibitor of PKA, KT5720 (1 µM), but it was occluded by late-phase 
potentiation produced by the permeable cAMP analog Sp-cAMPS ( l00 µM). 
These results suggest that the NO-cGMP-PKG signaling pathway contributes to 
L-LTP independent of PKA, but that PKG and PKA may act on some common 
target to induce L-LTP. (Supported by MH50733 and HHMI.)

426.12
SOMATIC ACTION POTENTIALS ARE SUFFICIENT FOR RESCUE 
OF TAGGED SYNAPSES. S. M. Dudek* and R. D. Fields. Laboratory 
of Developmental Neurobiology, National Institute of Child Health and 
Human Development, NIH; Bethesda, MD 20892.

In the first convincing demonstration that synaptic tagging is involved 
in hippocampal long-term potentiation (LTP), Frey and Moms (1997) 
showed that early LTP (eLTP, 4-6 hours) could be converted into late 
LTP (1LTP, >8 hrs) if the eLTP was preceded by a ILTP-inducmg 
stimulation to a converging input. Their data suggested that stimulation 
that produced eLTP was capable of “tagging” synapses, but was unable 
to produce protein-synthesis-dependent cascades necessary for ILTP; the 
tagged synapses could, in theory, hijack proteins induced with the ILTP- 
inducing stimulation. The nature of the “synapse-to-nucleus” signal has 
thus been one topic of much speculation. We thought it now crucial to 
demonstrate that such a signal from the synapse was indeed obligatory for 
the conversion of eLTP to ILTP.

In slices of rat hippocampus, this was accomplished by back-firing CA1 
pyramidal neurons with a stimulating electrode placed in the alveus Such 
antidromic stimulation, in patterns that would normally produce 1LTP 
(theta burst stimulation), was found to convert eLTP in the Schaffer 
collateral/commissural synapses into 1LTP. Thus, somatic action 
potentials were found to be sufficient to rescue eLTP from decay (eLTP: 
99±2.6, eLTP rescue: 125±3.0, % baseline field-EPSP slope at 8 hours, 
n=5 and 4, respectively). These results might be explained by synaptic 
activity inadvertently induced in axon collaterals of the pyramidal cells. 
This possibility, however, is not likely to be the case as antidromic 
stimulation in the presence of 1 mM kynurenic acid, an inhibitor 
glutamatergic synaptic transmission, was also found to rescue eLTP. 
These data strongly suggest that a “synapse-to-nucleus” signal is 
unnecessary for 1LTP and that relevant gene expression may be induced 
by somatic action potentials alone. Supported by the NICHD.
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426.13

W E A K  BEFORE STRONG: D ISSOCIATING  SYNAPTIC  TAGG ING  
AND PLASTICITY-FACTO R AC CO UN TS OF LATE-LTP. U. Frey 1* 
and R.G.M. Morris 2. 1Gene Regulation and Plasticity, Leibniz-lnstitute for 
Neurobiology, D-39008 Magdeburg, Germany; 2 Centre for Neuroscience 
and Department of Pharmacology, University of Edinburgh Medical School, 
Edinburgh EH8 9LE, Scotland.

Experiments were conducted using hippocampal slices in vitro to compare 
two accounts of the mechanisms by which input-specific protein 
synthesis-dependent LTP (late-LTP) may be realised. The synaptic tag 
hypothesis (Frey and Morris, 1997) predicts that the expression of early-LTP 
following a weak tetanus can be stabilised into late-LTP by subsequent 
strong tetanisation of a separate pathway, provided the interval between the 
two tetanisation episodes is within the decay time-course of a putative 
synaptic tag. An alternative plasticity-factors hypothesis requires that strong 
tetanisation should always precede weak tetanisation for stabilisation of 
early-LTP to occur. Our results indicate that weak tetanisation of pathway S2 
at intervals of 5 min or 1 hr prior to strong tetanisation on pathway S1 does 
result in late-LTP on pathway S2. Stabilisation was weaker or did not occur 
at intervals of 2 and 4 hr. This stabilisation effect was shown to depend on 
protein synthesis during the strong tetanisation of S1. These findings uphold 
a key prediction of the synaptic tag hypothesis and have implications for the 
functional role of synaptic tagging for cortical plasticity.

This work was supported by grants from the MRC and HFSP to RGMM 
and from the Land Saxony-Anhalt to UF.

426.15
A ROLE OF ACTIN IN SYNAPTIC TRANSMISSION AND LONG-TERM 
POTENTIATION (LTP) IN THE CA1 REGION OF RAT HIPPOCAMPAL 
SLICE. C.-H. Kim* and J. E. Lisman. Dept. of Neuroscience, Volen Center for 
Complex Systems, Brandeis University, Waltham, MA 02254.

We previously showed that postsynaptically applied actin polymerization 
inhibitor, latrunculin B, reduced the magnitude of LTP induced by pairing without 
strongly affecting the shape of spines, suggesting a role of postsynaptic actin 
filaments during LTP induction (1997, SFN abstract, #47.16). Here we report that 
the actin filament stabilizer, phalloidin, applied postsynaptically, inhibited both 
induction and maintenance of pairing-induced LTP. Stabilization of actin filament 
by phalloidin will interfere with processes that depend on the polymerization/ 
depolymerization of actin filament without changing cell morphology. When 100 
µM phalloidin (0.2% DMSO) was postsynaptically applied 18 min before pairing 
(n=7), there was no significant drop of basal EPSC before the pairing. The 
potentiation measured 4 min after pairing was reduced by 45% compared to that of 
control experiments (0.2% DMSO, n=8). There was then a slow decrease in the 
EPSC of both LTP and non-LTP pathway. To study the effect of phalloidin on the 
maintenance of LTP, 100 µM phalloidin was postsynaptically applied 2 min after 
LTP induction (n=8). The response of the LTP pathway reached close to the 
baseline within 40 min after pairing. The EPSC of the non-LTP pathway decreased 
by 50% at 70 min after pairing. The decay of LTP path was larger than that of non- 
LTP path, suggesting a more selective effect on LTP pathway. 0.2% DMSO 
application 2 min after pairing did not affect LTP maintenance (n=9). These results 
are the first suggesting a dynamic functional role of actin in synaptic plasticity.
NIH grant #5RO1 NS2733 7

426.17

VDCC AND N M DAR’s UNDERLIE TWO FORMS OF LTP IN 
CA1 HIPPOCAMPUS IN VIVO. S.L. Morgan*, T.J. Tevler. 
Department o f  Neurobiology, Northeastern Ohio College o f  
Medicine, Rootstown, OH 44272.

NM DAR and VDCC receptor antagonists applied 
independently reduce the magnitude o f  LTP in area CA1 o f  the 
hippocampal slice preparation. When used in combination, the 
antagonists completely block the induction o f  LTP. In urethane 
anesthetized rats we examined the effect o f  APV (. 1 mg/kg) and 
Verapamil ( 10mg/kg) on LTP induction in area CA1. 
Extracellular recordings were obtained from Stratum Radiatum 
following stimulation o f  Schaffer collaterals. LTP was induced 
by a tetanus o f  200Hz\ 100ms repeated 10 times every .2 seconds, 
at 50%-65% o f  the maximum response. Tetanus was given in the 
presence o f  I.P. administered Saline, APV, Verapamil or both 
Verapamil and APV. When given separately, Verapamil and 
APV both significantly reduced the magnitude o f  LTP as 
compared to control animals. When given together, the drugs 
blocked the induction o f  LTP completely. We conclude that like 
LTP in vitro, VDCC’s and NM DAR channels underlie two forms 
o f  LTP in vivo. Supported by a grant from the Hoover 
Foundation.

426.14

EFFECT OF A PEPTIDE IDENTICAL TO INTERACTION 
REGION BETWEEN GLURB AND GRIP ON SYNAPTIC 
TRANSMISSION.
K.KIYOSUE*, T.TAGUCHI. Lab. o f  Neurotechnology, Osaka 
National Res. Inst.(ONRI), Ikeda, 563-8577, JAPAN

AMPA type glutam ate receptors (G luRs) are enriched in excitatory 
synaptic sites and m ediate rapid excitatory synaptic transmission in the 
central nervous system. Since the num ber o f  GluRs are thought to regulate 
synaptic efficacy, distribution change o f GluRs may induce the synaptic 
plasticity. Recent studies showed that GRIP (glutamate receptor interacting 
protein) bound to GluRB at its C-terminal region. GRIP is thought to be 
an adapter protein that links GluRB receptors to other proteins. 
O verexperssion o f  C-term inal region o f G luRB disrupted formation o f 
G luR clustering (Dong, H. et al, Nature (1997), vol.386:279-84). However 
there are few electrophysiological knowledge on the relation o f GluRs 
clustering and synaptic transmission. Using the patch-clam p method, we 
addressed the effect o f  a peptide on synaptic transmission between schaffer 
collateral and CA1 pyram idal cells in rat hippocam pus. This peptide 
corresponds to the C-term inal region o f  7 amino-acids in GluRB. 
Am plitude o f  EPSCs did not dram atically change after loading the peptide 
via a patch pipette. The peptide had little effect on basal synaptic response. 
This work was supported by MITI, Japan.

426.16
CHARACTERIZATION OF THE ROLE OF CADHERIN MOLECULES IN 
SYNAPTIC PLASTICITY IN THE ADULT HIPPOCAMPUS. L. Tang*, S. 
Murase and E. M. Schuman. HHMI & Division of Biology 216-76, Caltech, 
Pasadena, C A 91125

Our previous studies have shown that function-blocking N- or E-cadherin 
antibodies and synthetic peptides containing the His-Ala-Val (HAV) consensus 
sequence for cadherin-cadherin interactions inhibit tetanic stimulation induced 
long-term potentiation (LTP) in the CA1 region of the adult hippocampus. Since 
different LTP induction protocols may initiate distinct signal transduction 
pathways, we have examined the inhibitory effect of HAV containing peptides 
using theta burst stimulation and intracellular pairing protocols, and found that 
LTP is inhibited as well by these different LTP induction protocols.

The cadherin-cadherin interaction is a Ca2+-dependent process. Because the 
intense synaptic stimulation associated with LTP induction might transiently 
deplete Ca2+ in synaptic cleft, we hypothesized that LTP induction might 
transiently destabilize existing cadherin bonds, rendering them susceptible to 
cadherin inhibitory reagents. To test this hypothesis, we examined the 
sensitivity of inhibition of LTP to extracellular Ca2+ by raising the Ca2+ 
concentration in the ACSF. W e found that doubling the extracellular Ca2+ 
concentration (from 2.5 to 5.0 mM) prevents the inhibition of LTP by a function 
blocking cadherin antibody and HAV-containing peptides. Another approach to 
examine the role o f cadherins in synaptic plasticity is to use a recombinant 
adenovirus containing a dominant-inhibitory mutant cadherin cDNA. The effect 
on LTP by inhibiting endogenous cadherin function using this recombinant virus 
is currently under investigation. W e are also studying the effect of blocking 
cadherin function on synapse formation in hippocampal cultures.

Supported by John Merck Fund and the PEW Charitable Trusts.

426.18
PREPARING HIPPOCAMPAL BRAIN SLICES IN A SUCROSE 
SOLUTION INHIBITS INDUCTION OF LTP. F. Kuenzi*, C.H. Davies2,
G.L. Collingridge3 & G.R. Seabrook Merck Sharp & Dohme 
Neuroscience Research Centre, Terlings Park, Eastwick Road, Harlow, 
Essex, CM20 2QR, U.K. 2University of Edinburgh, 1 George Square, 
Edinburgh EH8 9JZ, U.K. & 3Department of Anatomy, University of 
Bristol, University Walk, Bristol, BS8 1TD, U.K.

Preparing brain slices for electrophysiology severs large numbers of 
axons and cell processes. Further cell damage may result from elevation 
of intracellular Cl- and activity dependent glutamate release. Bathing the 
tissue in a sucrose based artificial cerebrospinal fluid (ACSF) containing 
low NaCl (26 mM) & high Mg2+ (3 mM) during tissue slicing should limit 
this damage. However, does this technique affect the induction of long 
term potentiation (LTP)? We tested this in adult mouse (C57) 
hippocampal slices prepared either in chilled normal or sucrose ACSF. 
The calibration curves were similar in the two conditions. However, 
whilst robust LTP was induced in slices cut in normal ACSF, sucrose 
ACSF slices did not show significant LTP with either theta burst (10 × 4 
events at 100 Hz every 200 ms) or tetanic stimulation (100 ×  100 Hz, 
n=13). During the induction phase normal ACSF slices showed paired- 
pulse facilitation and potentiation throughout a 10 × 100 Hz stimulus 
volley. In sucrose ACSF slices the second population post synaptic 
potential (PSP) of the train showed a slight increase, but subsequent PSPs 
were not potentiated. One difference between the slicing conditions may 
be greater preservation or potentiation of inhibitory pathways in the 
sucrose ACSF slices. Supported by MRC grant G9710681.
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427.1

NaN, a novel voltage-gated Na channel preferentially expressed in peripheral 
sensory neurons and down-regulated following axotomy. S. D. Dib-Haji•, L. 
Tyrrell, J. A. Black and S. G. Waxman . Department o f Neurology, Yale 
University School o f Medicine, New Haven, CT 06510; and Neuroscience & 
Regeneration Research Center, Veterans Affairs Medical Center, West Haven,
CT 06516.

Although physiological and pharmacological evidence suggest the 
presence of multiple TTX-R Na channels in neurons of PNS ganglia, only one, 
SNS/PN3, has been identified in these cells to date. We have identified and 
sequenced a novel Na channel α-subunit (NaN), predicted to be TTX-R and 
voltage-gated, which is preferentially expressed in dorsal root ganglia (DRG) and 
trigeminal ganglia. The predicted amino acid sequence of NaN can be aligned 
with the predicted structure of known Na channel α-subunits; all relevant 
landmark sequences, including positively charged S4 and pore-lining SS1-SS2 
segments, and the inactivation tripeptide IFM, are present at predicted positions. 
However, NaN exhibits only 42-53% similarity to other mammalian Na channels, 
including SNS/PN3, indicating that it is a novel channel, and suggesting that it 
may represent a third subfamily o f Na channels. Moreover, NaN transcript levels 
are reduced significantly 7 days post axotomy (dpa) in DRG neurons, consistent 
with previous findings of a reduction in TTX-R Na currents. The preferential 
expression of NaN in DRG and trigeminal ganglia, and the reduction o f NaN 
mRNA levels in DRG following axonal injury, suggest that NaN, together with 
SNS/PN3, may produce TTX-R currents in peripheral sensory neurons, and may 
influence the generation of electrical activity in these cells.
This work is supported in part by the Medical Research Service, VA and NMSS.

427.3

NGF DEPRIVATION REDUCES SNS mRNA AND TTX-R CURRENTS IN 
VIVO J. Fjell1,2κ ,T. Cummins2, K  Fried1, K  Ishikawa2, S.G. Waxman2, J.A 
Black2. 1Dept of Neuroscience, Karolinska Institute, 177 77 Stockholm, 
Sweden, 2Dept of Neurology, Yale University School o f Medicine, New Haven 
CT 06510; and Neuroscience Research Center, VA Medical Center, West 
Haven, CT 06516.

SNS, a slow TTX-resistant (TTX-R) sodium channel, is preferentially 
expressed in small dorsal root ganglion neurons. Changes in sodium channel 
expression and distribution have been suggested to be involved in certain 
pathological pain syndromes such as phantom-limb pain and chronic 
inflammatory pain. SNS expression is reduced following axotomy and is 
rescued by NGF-infusion to the axotomized nerve stump. However, it is not 
known whether NGF regulates SNS expression and slow TTX-R currents in 
non-injured sensory neurons. To further investigate the role o f NGF in the 
regulation o f SNS expression in vivo we deprived rats o f NGF through 
autoimmunization. Adult rats were immunized to NGF, and DRG neurons 
from rats with high titers to NGF (> 1:48,000) were farther assessed with 
in situ hybridization and electrophysiology. Since cells that are labeled with 
the isolectin B4 lack both trkA and p75 NGF receptors, we focused our study 
to IB4-negative cells. In situ hybridization revealed that the number o f cells 
in the IB4-negative population that hybridized for SNS decreased from 
approximately 55% to 25%. Similarly the number o f cells with TTX-R 
currents (>200pA/pF) decreased from 62% to 33%. These data suggests that 
NGF exerts an important role in the maintenance o f steady-state levels o f 
SNS in adult IB4-negative DRG neurons. [Supported by the Sweden- 
America Foundation, NMSS and Research Service, VA]

427.2

AP PROPAGATION IN FROG SCIATIC NERVES FOLLOWING DISRUPTION 
OF AXONAL TRANSPORT. A. Kondratiev. Z.Y. Chen, and R. Hahin* 1998. 
Biological Sciences Dept, Northern Illinois University, DeKalb, IL 60115 

We hypothesize that Na channel synthesis is followed by assembly and 
packaging of channels into vesicles in the soma and anterograde transport to 
their destinations. In myelinated axons, Na channels are concentrated at the 
nodes of Ranvier. Vesicles containing synthesized Na channels fuse with the 
membrane to deliver channels to the nodes. Similarly, there is likely a removal 
system for "old" Na channels. To test this hypothesis, we conducted experi
ments designed to alter axonal transport and assayed for action potential (AP) 
propagation changes. Since microtubules participate in fast anterograde axonal 
transport, we used colchicine to selectively disrupt microtubules. Following 
Wang’s (J. Physiol.: 368, 1985) work, we showed that (control) sciatic nerves 
removed from a frog propagate AP's for more than a month in Ringer’s solution 
at 4°C. Application of 25 mM colchicine attenuates AP height to 50% of control 
height within 2 weeks, and virtually eliminated AP's after 3 weeks. Cyclohexi- 
mide (178 µM) which blocks protein synthesis and disrupts vimentin (Tang et 
al., Cancer Res: 54, 1994) applied with 25 mM colchicine reduced the AP height 
to 50% of control within 10 days and virtually eliminated AP’s in 2 weeks. Cya
nide (5OµM), which blocks ATP synthesis caused AP's to be eliminated within 
43 hours. However, the cyanide effect could not be attributed to the loss of a 
Na gradient, since AP’s could be recorded for more than 3 days in 1 µM 
ouabain. We used the time taken to attenuate to 50% of control height to esti
mate the upper-bound of the channel lifespan. If Na channels are transported 
to the node via microtubules using an ATP dependent process, reductions in Na 
channel lifespan in the presence of cytoskeletal disruption agents are consistent 
with the proposed anterograde transport of Na channels. Following the dis
ruption of fast axonal anterograde transport in the presence of cycloheximide, 
the lifepsan of Na channels in the membrane is less than 10 days.

427.4

VOLTAGE-DEPENDENT SODIUM AND CALCIUM CURRENTS IN LUMBOSACRAL 
PREGANGLIONIC NEURONS OF THE NEONATAL RAT
M. Kawatani2*, A. Miura1 and W. C. de Groat1, 1Dept. of Pharmacology, Univ. of 
Pittsburgh Sch. of Med. Pittsburgh, PA 15261; 2Dept. of Physiology, Akita Univ. Sch. of 
Med. Akita, Akita 010, Japan

Whole-cell patch-clamp recordings were used to examine the electrical properties of 
parasympathetic preganglionic neurons (PGN) in slice preparations of the neonatal rat 
lumbosacral spinal cord. PGN were labeled by a retrograde tracer (Fast Blue), injected into 
peritoneal space prior to the study. 5 µM 6-Cyano-7-nitroquinoxaline-2, 3-dine, 50 µM 2- 
amino-5-phosphonovalerate, 10 µM bicuculline methiodide and 1 µM stychnine were 
added to block the spontaneous excitatory or inhibitory postsynaptic currents. The 
threshold for action potential generation was -35.0 ± 0.5 mV (n =97).  N a + currents were 
recorded in 40 mM Na+ external solution containing C o 2+ (2 mM) at the holding potential 
(HP) of -80 mV. Na+ currents were activated at membrane potentials more positive than 
-50 mV. The half activation voltage (V 1/2, n =4) was -29.1 ± 0.5 mV and the half 
inactivation voltage was -64.0 ± 0.2 mV (n = 8). N a + currents were reversed at 34.3 ± 0.9 
mV (n = 4) which is close to the equilibrium potential (35.6 mV at 25°C) of N a +. The Na 
+ currents were reversibly blocked by tetrodotoxin (TTX, 1 µM). TTX-resistant Na+ 
currents were not detected. C a 2+ currents were recorded at a HP of -80 mV in the presence 
of 1 µM TTX and after replacement of Ca 2+ with 10 mM B a 2+ in the external solution. 
Low voltage (LVA, threshold -60 mV) and high voltage (HVA, threshold -40 mV) C a 2+ 
currents were observed. The LVA C a 2+ currents inactivated in a voltage dependent manner 
at HP below -47.5 ± 3 .2  mV (n = 4), whereas HVA Ca2+ currents did not exhibit 
inactivation. Both LVA and HVA C a 2+ currents were suppressed (41 %) by C o2+ (2 mM). 
LVA C a 2+ currents was also reduced (57%) by N i2+ (0.1 mM). These results indicated that 
parasympathetic preganglionic neurons have a TTX-sensitive Na ^current and at least two 
types C a 2+ currents (LVA and H V A ). Supported by NIH grant DK 37241.

427.5

SLOW CLOSED-STATE INACTIVATION UNDERLIES TTX SENSITIVE 
PERSISTENT RAMP CURRENTS IN Na+ CHANNELS FROM DRG NEURONS.

T.R. Cummins1,3*, J. R. Howe2, and S.G. Waxman1,2,3, Depts. of Neurology Pharmacology2, Yale Univ. Sch. of Med., New Haven, CT 06510 and Neuroscience 
Res. Ctr3., VA Medical Center, West Haven, CT 06516.

We compared the properties of a voltage-gated human N a+channel (hNE) found 
in dorsal root ganglion (DRG) neurons with the human skeletal muscle Naf channel 
(hSkMl; both expressed in HEK293 cells). While the voltage dependence of 
activation was similar, the inactivation properties were different. The mid-point of 
steady-state inactivation was ~5 mV more negative for hNE and the rate of open- 
state inactivation was -50%  slower for hNE. The greatest difference was that the 
transitions between the closed and inactivated states were up to five fold slower for 
hNE than hSkMl channels. TTX-sensitive (TTX-S) currents in small DRG neurons 
also have slow closed-state inactivation, suggesting that hNE contributes at least in 
part to this TTX-S current. Slow closed-state inactivation can impact excitability in 
several ways. For example, slow ramp depolarizations (0.25 mV/ms) elicited TTX 
sensitive persistent currents in cells expressing hNE channels, and in DRG neurons, 
but not in cells expressing hSkMl channels. The hNE and DRG/TTX-S ramp 
currents were prominent near resting potentials and therefore could play an 
important role in boosting stimulus depolarizations in sensory neurons.
Surprisingly, divalent cations such as Cd++ and Zn++ (50-200 µM) slowed closed- 
state inactivation and increased the ramp currents for DRG/TTX-S currents and 
hNE channels, but not for hSkM 1 channels. These results indicate that slow closed- 
state inactivation can underlie persistent ramp currents and suggest that differences 
in the kinetics of closed-state inactivation between the various Na+ channel isoforms 
may have important physiological consequences.
(Supported in part by the NMSS, Medical Research Service, Veterans Administration 
and the Spinal Cord Research Foundation).

427.6

USE-DEPENDENT MODULATION OF SODIUM CHANNELS IN NODOSE 
SENSORY NEURONS. R. Fazan Jr, M.W. Chapleau, F.M. A b boud, K. 
Bielefeldt*. Dept. of Internal Medicine, Veterans Affairs Med. Ctr. University of 
Iowa, Iowa City, IA 52242.

Use-dependent modulation of voltage-sensitive channels plays an important 
role in neuronal plasticity. Nodose neurons sense mechanical and chemical 
stimuli in cardiovascular, pulmonary and gastrointestinal systems We 
hypothesized that prior stimulation alters the recovery from inactivation of Na+ 
channels, thereby affecting the frequency coding. Dissociated rat nodose 
neurons were cultured for 24 h and examined with conventional whole cell 
patch-clamp technique to study Na+ currents. Inward Na+ current triggered by 
a voltage step from -70 to 0 mV rapidly inactivated (τ1= 1.28 ± 0.1 ms; τ 2 = 
7.54 ± 0.8 ms; n=28). After a 30 ms test pulse, 93.9 ± 2.4 % of the Na+ 
currents recovered from inactivation with a time constant 2.03 ± 0.16 ms (n= 6) 
In contrast, after a 300 ms pulse, only 74.3 ± 1.7 % of the Na+ current 
recovered rapidly with a time constant of 2.69 ± 0.27 ms while the remaining 
current recovered with a very long time constant of 95.5 ± 16.3 ms (n = 6). To 
determine the physiological relevance of this prolonged inactivation, we 
mimicked a rapid train of action potentials with a high frequency stimulation 
(100 pulses at 50 Hz), resulting in a prolonged inactivation of 31 ± 3.6 % of the 
Na+ current (n = 28). This inhibition was not Ca2+-dependent as it persisted in 
the presence BAPTA in the pipette sollution. Our findings demonstrate that 
prolonged stimulation results in an unexpected prolongation of the inactivated 
state. The time course of recovery increases proportional to the duration of the 
depolarizing prepulse. Thus, intrinsic properties of Na+ channels, which are 
Ca2+-independent, may contribute to use-dependent modulation of neuronal 
function in nodose sensory neurons.
(NIH HL14388; VA; CAPES - Brazil)

Society for Neuroscience, Volume 24 ,1998



TUESDAY AM SODIUM CHANNELS: NATIVE STUDIES 1077

427.7

NA CHANNEL SLOW  INACTIVATION DIFFERS BETW EEN HUMAN 
HEART AND RAT SKELETAL MUSCLE ISOFORM S J.P. O ’Reilly2*, S-Y 
Wang1 and G.K. Wang2. 1Dept. Biological Sciences, State University o f New 
York, Albany, NY; 2Dept. Anesthesia Research, Brigham and Women’s Hospital, 
Harvard Medical School, Boston, MA 02161.

Slow inactivation o f voltage-gated Na channels (NaChs) occurs over secs to 
mins in response to membrane depolarization. Slow inactivation is distinct from 
classic fast inactivation which occurs within msecs. Fast inactivation is involved in 
termination o f action potentials, while slow inactivation may play an important role 
in resting membrane excitability and firing properties. Little is known about slow 
inactivation in human heart NaChs (hHl). However, rat skeletal muscle NaChs 
(µ l) have been shown to undergo slow inactivation. Because NaChs from different 
tissues and species often exhibit different physiologic phenotypes, we characterized 
slow inactivation in hHl by comparing hHl with µ l. Patch clamp techniques were 
used to record peak whole cell Na current (INa) from hHl and µl expressed in 
HEK cells We determined and compared development o f slow inactivation, 
recovery from slow inactivation, and voltage-dependence o f steady-state slow 
inactivation. In response to depolarization to 0 mV, slow inactivation developed 
much slower in hHl ( t  ≈ 9 sec) and to a lesser degree (to ≈ 35% of initial peak INa) 
than µl ( t  ≈ 2 sec; to ≈ 5%). Following induction o f slow inactivation with 
depolarization to 0 mV for 120 sec, INa recovered to initial peak amplitude much 
faster in hHl (by 30 sec) than µl (≈ 2 min). The voltage-dependence o f steady- 
state slow inactivation was also different between hHl and µl hHl showed much 
less inactivation with changes in voltage (slope factor, k ≈ 24.7) than µl (k  ≈ 9.6) 
These results demonstrate a dramatic difference in the physiologic phenotype of 
slow inactivation between hHl and µl expressed in HEK cells. The different 
physiologic phenotypes o f slow inactivation may be the result o f differences at the 
amino acid level. Supported by NIH GM35401

427.9

VOLTAGE OSCILLATIONS IN PITUITARY NERVE TERMINALS; NO- 
ACTIVATED PERSISTENT SODIUM CURRENT. G.P. Ahem2. S.-F. Hsu1 and 
M.B. Jackson2*. 'Dept, of Cardiology, Children’s Hospital, Harvard Medical 
School, 2Dept. o f Physiology, University of Wisconsin-Madison, Madison WI 
53706.

Nerve terminals of the posterior pituitary are normally entirely input driven i.e. 
action potentials arising from the cell bodies in the hypothalamus travel along axons 
and invade terminal arborizations in the neurohypophysis to initiate neuropeptide 
secretion. Thus, nerve terminals separated from their axonal projections in a slice 
preparation are essentially quiescent and must be electrically stimulated in order to 
initiate action potentials and neurosecretion. We have investigated the effects of 
NO on nerve terminal excitability because the neurohypophysis is especially rich in 
NO synthase (NOS) and NOS is bound to voltage-dependent Na+ channels via 
syntrophin. After treatment with NO, nerve terminals exhibited spontaneous voltage 
oscillations with characteristic, long (~O.5-5 s) plateau potentials. Voltage 
oscillations were activated when the membrane potential was greater than -55  mV 
and inhibited by 1 µM tetrodotoxin. Voltage-clamp recordings showed that NO 
modifies the inactivation rate o f voltage-dependent Na+ channels and induces an 
inactivation-resistant or “persistent” component with a magnitude of ~5% of the 
transient current. By fitting the NO-modified Na+ current to Hodgin-Huxley 
functions we could simulate action potentials with long plateau potentials. 
Furthermore, spontaneous voltage oscillations were also induced by treatment with 
a scorpion toxin which selectively modifies Na+ channel inactivation. NO- 
modification of nerve terminal Na+ channels may constitute a novel pathway for 
regulating nerve terminal excitability and explain how NO functions as a 
secretagogue in the neurohypophysis. NO-induced voltage-oscillations are relevant 
to the physiology and pathophysiology of rhythmic electrical discharge.
Supported by NS30016 from NIH

427.11

COM PUTER SIM ULATION: A STUDY O F EXCITABILITY OF THE CAT 
LUMBAR M OTONEURONS DURING FICTIVE LO COM O TION Y. Dai*. K.E. 
Jones. B. Fedirchuk and L.M. Jordan. Dept, o f Physiology, University of Manitoba, 
Winnipeg, CANADA.

The excitability o f lumbar motoneurons in the cat is increased during Active 
locomotion induced by the stimulation of mesencephalic locomotor region (MLR). 
Experiments have previously shown that the afterhyperpolarization (AHP) is reduced 
(Brownstone et al. Exp Brain Res 90:411-455, 1992) and the voltage threshold is 
lowered (Krawitz et al. Soc Neurosci Abs 23:298, 1997) during MLR induced fictive 
locomotion.

The mechanism of the increased excitability o f the motoneurons was explored using 
a single cell model with three compartments (initial segment, soma and dendrite) 
built with GENESIS software. The model includes six active conductances. Ramp 
current injections were used to determine voltage threshold and action potentials 
(APs) were overlapped to investigate effects on the size and shape of the APs by 
varying specific conductances in the soma and initial segment

Simulation results suggested that altering active conductances in soma could readily 
enhance repetitive firing o f the cell but had only small effects on the voltage threshold 
for somatic action potential. In contrast, increasing fast sodium conductance and 
decreasing fast potassium conductance (delayed rectifier) in initial segment could 
readily enhance repetitive firing and cause a lowering o f the voltage threshold for a 
somatic action potential comparable to the experimental data. Therefore, modulation 
of sodium channels or potassium channels or both in the initial segment could be a 
potential mechanism producing voltage threshold lowering during fictive locomotion. 
Other mechanisms o f increasing excitability o f  motoneuron continue to be assessed 
using this model.
Supported by the Canadian MRC and the Health Sciences Center Foundation

427.8

POSTNATAL REDUCTION O F SODIUM  CU RRENT EXPRESSION IN RAT 
MELANOTROPES. L.F. Lopez-Santiaeo. J.C. Goroora. A. Marin and G. Cota*. 
Dept, of Physiol., Biophysics and Neuroscience, Cinvestav-IPN, Mexico, D.F. 07000.

The dopaminergic innervation of the rat pituitary intermediate lobe (IL) develops 
between postnatal day 4 (PN4) and PN12 (Gary and Chronwall, 1992). This leads to 
a drastic and sustained inhibition o f the secretory activity of IL cells (melanotropes) 
due to the chronic activation of postsynaptic D2 dopamine receptors. We found 
previously that the transition from PN3 to PN11 is accompanied by a clear reduction 
in the ability o f the melanotropes to generate TTX-sensitive inward currents. We 
have now characterized such a postnatal change by recording isolated Na currents 
with the whole-cell patch clamp technique. Currents were recorded at room 
temperature within 5-20 h after IL cell dissociation. Prior to innervation (PN2, PN3), 
the cell capacitance (Cm) was 4.0 ± 0.3 pF and Na currents induced by voltage pulses 
to +10 mV had a peak amplitude of -609 ± 59 pA (mean ± SE; n ≈ 15). After the 
onset of innervation (PN12), Cm remained unchanged (3.9 ± 0.2 pF) but peak Na 
current decreased to -331 ± 46 pA (n = 15). Two-pulse experiments revealed that the 
fraction of inactivated Na channels at -80 mV (the holding potential) was close to
0.01 in both cell groups. The time constant of current inactivation (-0.54 ms), as well 
as the mid-point (~ -16 mV) and slope factor (~7.3 mV) o f the G ^ - V  curve, were 
also postnatal age-independent. In contrast, the maximum Na conductance decreased 
from ~22 nS in PN3 cells to ~ l 1 nS in PN12 cells. In a second set of experiments, 
rats received three consecutive daily injections of sulpiride (active enantiomer; 2.5 
mg/kg), a selective D2 receptor antagonist, starting on PN11. Na current density at 
+10 mV increased from -90 ± 11 pA/pF (n = 14) in control cells to -158 ± 13 pA/pF 
(n = 20) in melanotropes obtained from sulpiride-treated animals. Thus, the onset of 
dopaminergic innervation inhibits the functional expression of Na channels in the 
melanotropes, and this effect is mediated by the chronic activation of D2 receptors. 
Supported by HHM1 grant 75191-527001 and Conacyt grant 2639IN.

427.10

ROLE OF PERSISTENT COMPONENT OF FAST SODIUM CHANNEL IN 
RHYTHMIC ACTION POTENTIAL FORMATION IN MOTONEURONS. R.H. 
Lee* and C.J. Heckman. Physiology, Northwestern Univ. Med Sch., Chicago 
IL, 60611.

During steady depolarizing input, motoneurons exhibit (rhythmic firing). 
While it is accepted that fast sodium channels are the primary basis of action 
potential depolarization it is not clearly understood how spike voltage 
thresholds are formed during rhythmic firing. A rapidly changing voltage is 
required to enable the fast sodium channel to sufficiently activate to initiate a 
spike before inactivation occurs. However, the rate of rise of voltage at the end 
of each interspike interval during steady firing is relatively slow. How then 
does a sufficiently rapid rate of rise to generate the spike occur?

Many types of neurons have a persistent sodium current. Recent evidence 
indicates that this current is the result of ~1% of the fast sodium channels 
failing to undergo fast inactivation upon depolarization. It is hypothesized here 
that the primary purpose of the persistent sodium current is to provide a 
steady state threshold for action potential formation by lowering the steady 
state effective conductance (i.e. the net change in current with a change in 
voltage) of the cell. This lowered effective conductance could substantially 
increase the rate of change in voltage and allow spike initiation.

Based on computer simulations of spinal motoneuron, it is shown that a 
persistent sodium current of a size comparable to that seen experimentally 
can form the steady state threshold for action potential formation. Additionally, 
if this component is diminished spike height becomes very dependent upon 
rate of rise of voltage, instead of the more typical “all or none” behavior. 
Further reduction in this component leads to a complete loss of a steady state 
firing threshold. (Supported by NIH NINCDS NS34382)

427.12

SODIUM CHANNEL GENE EXPRESSION AND ITS MODULATION IN 
THE HYPOTHALAMIC SUPRAOPTIC NUCLEUS OF THE RAT.
M. Tanaka,1*2* J. Black,1 Y. Ibata,2 S. G. Waxman1. *Dept. o f Neurology, Yale 
Univ. Sch. o f Med., New tíaven, CT 06510 and Neuroscience Research 
Center, VA Medical Center, West Haven CT 06516, USA. 2Dept. o f Anatomy 
& Neurobiology, Kyoto Prefectural Univ. o f Med., Kyoto 602, Japan.

The supraoptic nucleus (SON) o f the hypothalamus is one o f the 
centers o f neuroendocrine function in mammals. Although the magnocellular 
neurons in this nucleus are reported to increase their firing rate upon osmotic 
stimulation, little is known about the expression o f sodium channels in these 
cells, or about changes in sodium channel expression that might underlie this 
change in firing pattern. We investigated the expression o f α- and ß- subunit 
mRNAs in the SON of adult male rats using in situ hybridization 
histochemistry. In control animals, a ll, aNa6, ß l and ß2 subunit sodium 
channel mRNAs were expressed at moderate levels throughout the 
rostrocaudal nucleus. Colocalization o f αNa6 mRNA and major peptides in 
the SON, arginine vasopressin and oxytocin, demonstrated that both 
vasopressinergic and oxytocinergic neurons express αNa6 sodium channel 
mRNA. Salt loading the rats, which is known to activate neurosecretory cells 
to produce and release vasopressin, also produced an upregulation a ll, αNa6, 
ßl and ß2 subunits. Sodium channel mRNAs α l and α lll were not detectable 
under either normal and salt loaded conditions. The present study 
demonstrates that specific isoforms o f sodium channel genes are expressed in 
the SON and shows that their expression is modulated in response to changes 
in the osmotic environment.

Supported in part by Medical Research, Dept, o f Veterans Affairs.
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427.13

PROPERTIES OF PROLONGED INACTIVATION OF SODIUM CURRENTS IN 
CA1 PYRAMIDAL CELL DENDRITES AND SOMATA
T. Mickus*, H. Jung, and N. Spruston. Dept.  of Neurobiology & Physiology, 
Institute for Neuroscience, Northwestern University, Evanston, IL 60208.

Sodium channels in both the dendrites and somata of CA1 pyramidal cells undergo a 
form of long-lasting inactivation following trains of fast depolarizing stimuli (Jung et 
al„ J. Neurosci. 17:6639-6646, 1997; Colbert et al., J. Neurosci. 17:6512-6521, 
1997). As this inactivation effects the excitability of these neurons by contributing to 
the activity-dependent attenuation of backpropagating action potentials and influencing 
the initiation of dendritic spikes (see abstract by Golding and Spruston), a more 
detailed examination of the properties that influence the entry into and recovery from 
the prolonged inactivated state was undertaken.

Hippocampal slices were prepared from 6 to 10 week old rats, and cell-attached 
recordings of sodium currents were made from the dendrites and somata of CA1 
pyramidal cells. Sodium currents were evoked by depolarizing, 2 ms pulses -  varying 
frequency, amplitude, or number of pulses. The amount of prolonged inactivation 
during a 20 Hz train of depolarizing pulses increased as a function of recording distance 
from the soma; however, recovery from this inactivation at 500 ms after the train was 
independent of distance from the soma. Dendritic sodium currents recovered from 
prolonged inactivation induced by a 20 Hz train of depolarizing pulses with a time 
constant of 0.86 seconds. Prolonged inactivation of both somatic and dendritic sodium 
channels increased with the frequency of stimulation. The voltage dependence of 
induction and recovery from prolonged inactivation were examined by changing the 
patch holding potential or by changing the absolute potential reached during a step. 
Prolonged inactivation was independent of either holding potential or step size; 
however, larger depolarizations or more hyperpolarized holding potentials increased the 
amount of recovery at 500 ms after a 20 Hz train. Finally, a biophysical model was 
constructed to examine possible mechanisms for the channels’ behavior.
(Supported by grants from the NIH [NS35180], HFSPO, and Sloan)

427.15

TARGETING OF THE VOLTAGE-DEPENDENT SODII VI CHANNEL TO THE 
AXON OF CULTURED HIPPOCAMPAL NEURONS.
H. Dan?cnt1*. 1, Mourct'. R.M. Shah2, E.T. Spooner3. J-A Boudier1. A. Le Bivic4. 
R. Maue~ andB. Sampo1. 1INSERM U464, Instil. J. Roche, Bvd P. Dramard, F- 
13916 Marseille; Depts *Physiol. Hiochem Dartmouth Med. Sch., Hanover, NH 
03755; 4 IBDM, Faculté des Sciences de Luminy, case 907, F- 13288 Marseille.

H ie voltage-gated sodium channel is a critical determinant of neuronal 
excitability, being responsible for the initiation and the propagation of action 
potentials in neurons. The molecular mechanisms that determine the targeting and 
the organization of axonal sodium channels are not yet understood. To tackle this 
question, we first examined the subcellular distribution of sodium channels in 
polarized hippocampal neurons developing in vitro. L:siug an lodinaled α-scorpion 
toxin as a specific marker, w-e observed that sodium channels were preferentially 
localized on the axon whereas extremely low labeling was observed on the cell 
body and dendrites of fully polarized hippocampal neurons. In addition, in the 
absence of oligodendrocytes, a defined zone containing a high density of sodium 
channels was observed at the axon hillock/initial segment, followed by a decreasing 
gradient along the axonal membrane. No sodium channel aggregates were observed 
on the more distal part of the axon. During the establishment of neuronal polarity, 
sodium channels appeared to be targeted to the axon as soon as it started 
elongating.

In attempt to identify the sorting signal(s) responsible for the targeting of 
sodium channels to the axon, we focussed on the sodium channel auxiliary ß 
subunits. Myc-tagged ß2 and HA-tagged ßl subunits were expressed in polarized 
hippocampal neurons as well as in MDCK cells that share common sorting 
machinery with neurons. Immunostaining confocal analysis of the subcellular 
distribution of each tagged-auxiliary subunits in MDCK cells and in neurons will 
be presented. Funding by INSERM

427.17

ROLES OF N a \ K \  Ca+\  AND Ih CURRENTS IN SPONTANEOUS 
FIRING OF CEREBELLAR PURKINJE NEURONS. Indira Raman* & 
Bruce Bean. Dept. Neurobiology, Harvard Med. School, Boston, MA 02115.

We studied the relative contributions of cation currents to the spontaneous 
firing o f Purkinje cells acutely isolated from mouse (P14-P19) cerebellum. In 
current clamp, KCH3S 0 3-filled neurons bathed in Tyrode’s solution (150 
NaCl, 2 CaCl2, 4 KC1, 1 MgCl2, 10 HEPES) fired spontaneously at 48±I6 Hz 
(mean±s.d.) at 22°C. Spontaneous firing persisted in Tyrode’s + 1 mM CsCl 
(to block Ih), and in Co++-substituted Tyrode’s (to block ICa++). 300 nM tetro- 
dotoxin (TTX) blocked firing. To identify the currents flowing during firing, 
pharmacologically isolated currents were recorded under voltage clamp, with 
a train of action potentials as the command waveform. The spike-train 
voltage-clamp command revealed the following: (1) The most significant 
source o f current between spikes and during the approach to threshold was 
TTX-sensitive Na+ current. (2) Net Co++-sensitive current was outward, 
indicating a substantial K(Ca) current. (3) 1 mM TEA blocked all outward 
current during a spike-train command, although step depolarizations revealed 
a large TEA-insensitive K+ current. (4) A relatively large, briefω-aga-IVA- 
sensitive (P-type) Ca++ current and a small, slowly decaying mibefradil- 
sensitive (T-type) Ca++ current were evoked just after the action potential 
peaks. (5) The spike train elicited little Cs+-sensitive current, although 0.5 
sec step hyperpolarizations from -70 mV evoked a small (<100 pA) Ih. (6) 
Further voltage-clamp experiments suggested that the Na+ current that 
sustains spontaneous firing in Purkinje cells arises from dynamic 
redistribution among inactivated, open, and closed states during recovery 
from inactivation between spikes. Supported by NIH NS36855, NS 10396.

427.14

MODULATION OF THE ION SELECTIVITY OF VOLTAGE-DEPENDENT 
SODIUM CURRENTS IN RAT HIPPOCAMPAL PYRAMIDAL CELLS L.A. 
Martin*. L.F. Santana. S.M. Thompson, and W.J. Lederer. Departments of 
Physiology and Molecular Biology and Biophysics, University of Maryland School 
of Medicine, Baltimore, MD 21201

Voltage-dependent sodium (Na+) currents play a crucial role in neuronal 
excitability. Brain Na+ channels can be phosphorylated by protein kinase C and 
cAMP-dependent protein kinase (PKA). The physiological implications of NaT 
channel phosphorylation remain unclear, however.

A novel mechanism of cardiac Na+ channel modulation was described recently 
by our laboratory (Santana, Gomez, and Lederer, Science 279:1027-1033). In 
cardiac myocytes, we found that activation of tetrodotoxin (TTX)-sensitive Na+ 
channels by PKA or cardiotonic steroids allows calcium (Ca2+) to permeate the 
channel. This increased the permeability ratio of Ca2+ with respect to Na+ (PCa/PNa) 
from 0 to greater than 1. This change in ionic selectivity has been called “slip mode 
conductance” of the cardiac Na+ channel.

We investigated the effects of ß-adrenergic stimulation and ouabain on TTX- 
sensitive currents with whole-cell recordings of hippocampal CA1 pyramidal cells, 
to test the hypothesis that slip mode conductance occurs in neurons. Confocal 
imaging of calcium, using the Ca2+ indicator Fluo-3 was also used to examine 
changes in intracellular Ca2+ following application of these agents.

Because many forms of synaptic plasticity are initiated by increases in 
intracellular Ca2+, slip mode conductance of neuronal Na+ channels could provide 
another mechanism for modulation o f synaptic function.
Supported by N1H/NINDS 5-T32-NS073 75.

427.16

PERSISTENT AND RESURGENT SODIUM CURRENTS IN 
CEREBELLAR UNIPOLAR BRUSH CELLS.
B. Mossadeghi and N.T. Slater*. Department of Physiology, Northwestern 
University Medical School, Chicago, IL, 60611 U.S.A.

Persistent sodium currents play an important role in the regulation of repetitive 
firing and dendritic integration in tonically active neurons (Crill, 1996). Recently a 
novel form of persistent Na+ current was identified in cerebellar Purkinje cells, 
termed the "resurgent Na+ current" (Raman & Bean, 1997). This is a TTX-sensitive 
current that is elicited when the cell is repolarized from positive membrane 
potentials, and may result from the recovery of inactivated channels through open 
states. The presence of resurgent Na+ current in the Purkinje cell may reflect an 
adaptation to support repetitive firing during the prolonged depolarization underlying 
climbing fiber complex spikes. Synaptic activation of unipolar brush cells (UBCs) 
in the cerebellum also produces a prolonged depolarization (Rossi et al., 1995; 
Kinney et al., 1997), and thus UBCs might also possess persistent and resurgent 
N a+ currents. UBCs were acutely dissociated from 300 µm thick slices of the 
nodulus with chymopapain (0.3-0.4 mg/ml). Experiments were performed in an 
external solution containing (mM): NaCl 100, TEA 55, BaCU 2, CaCl2 L MgCl2 
1 & CdCl2 0.3. With whole-cell recording, resurgent Na+ currents could be elicited 
following a 100 mV step from -70 mV, followed by a series of steps between -90 
and +5 mV. The resurgent Na+ current in UBCs displayed a voltage dependent 
risetime and decay, both slowing at more depolarized potentials. The decay rate at all 
potentials could be well fit by a single exponential. Maximum activation was 
observed at -35 to -30 mV. Persistent Na+ currents were also observed during slow 
ramp depolarization. In current-clamp recordings, a 1 ms depolarizing current step 
produced a long-lasting plateau potential with a train of action potentials. Injection 
of the voltage waveform of the plateau potential under voltage-clamp evoked both 
maintained and transient Na+ currents coincident with the ’conglomerate' discharge. 
The results demonstrate that UBCs possess persistent and resurgent Na+ current 
which will contribute to the prolonged EPSP and burst of action potentials observed 
following single mossy fiber stimuli. Supported by DCOO2764 & NS3484O.

427.18

THE ELECTRORESPONSIVENESS OF RAT CEREBELLAR 
GRANULE CELLS IMPLICATES THE ACTION OF A 
PERSISTENT SODIUM CURRENT. G. DeFilippi*, P. Rossi, V. 
Taglietti, E. D'Angelo. Istituto di Fisiologia Generate, Universita' di 
Pavia, 1-27100, Pavia, Italy.
Although substantial knowledge has been accumulated on cerebellar 
granule cell voltage-dependent currents, their role in regulating 
electroresponsiveness has remained speculative. We have used patch-clamp 
recording techniques in acute slice preparations to investigate the ionic 
basis o f  electroresponsiveness o f  mature rat cerebellar granule cells. The 
granule cell generated a Na"-dependent spike discharge resistant to voltage- 
and time-inactivation, showing a linear frequency increase with injected 
currents. Action potentials arose when subthreshold depolarising potentials, 
which were driven by a persistent Na+ current, reached a critical threshold. 
The stability and linearity o f  the repetitive discharge was based on a 
complex mechanism involving: (i) an N-type Ca2 current blocked by ω- 
CTx GVIA, and a Ca2+-dependent K+ current blocked by charibdotoxin and 
low TEA (<l mM); (ii) a voltage-dependent Ca2+-/ndependent K‘ current 
blocked by high TEA (> ImM); (iii) an A-current blocked by 2 mM 4-AP. 
Weakening TEA-sensitive K+ currents switched the granule cell into a 
bursting mode sustained by the persistent Na current. This result reveals 
complex dynamics behind repetitive spike discharge, and suggests that a 
persistent Na+ current plays an important role in action potential initiation 
and in the regulation o f  mossy fibre - granule cells transmission.

Supported by MIJRST, CNR and INFM o f  Italy.
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427.19

D E G R E E  O F  B R A N C H IN G  A F F E C T S  S Y N A P T IC  I N T E G R A 
T IO N  IN  S T R O N G L Y  V S . W E A K L Y  E X C IT A B L E  D E N D R IT E S
T.M . B rannon. Neuroscience Program , USC, MC 2520, and B.W . Mel*,, D ep t. 
of Biomedical Engineering, USC, MC 1451, LA, CA 90089.

In previous modeling studies, we have shown th a t  active dendrites can 
significantly boost the response of a  dendritic com partm ent to  concentrated 
synaptic inputs. However, recent reports of propagating dendritic action po
tentials (e.g. S tuart & Sakm ann, 1994) raise the question as to  w hether local
ized nonlinear synaptic boosting effects could persist in the  presence of actively 
propagated dendritic voltage signals, which would seem to  degrade the spatial 
com partm entalization of a  dendritic tree. We hypothesized th a t  weakly ex
citable dendrites, in which propagation of action potentials past branch points 
is unreliable, are optim al for preserving strong intra-com partm ent boosting of 
synaptic inputs while minimizing inter-com partm ent crosstalk. We tested  this 
hypothesis in a  morphologically reconstructed cortical pyram idal cell model. 
We random ly stim ulated colocalized AM PA/NM DA synapses a t 20Hz dis
tribu ted  over 1, 2, or 4 dendritic branches with either weak or strong sodium 
channel densities, varying in each case the num ber of active synapses per 
branch, n. As expected, the  strongly excitable dendrites showed pronounced 
nonlinear boosting with increasing n when a  single branch was stim ulated, but 
reduced boosting when either 2 or 4 branches were stim ulated (i.e. correspond
ing to  2 or 4 single branch experiments carried out sim ultaneously). In the  one 
weakly excitable case we have examined so far, we observed a  m arked increase 
in the degree of nonlinear synaptic boosting in all 3 branch configurations rela
tive to  the strongly excitable case, though the change was m ost extrem e for the 
single-branch case. These results suggest th a t  weak excitability may provide 
an expanded range of nonlinear synaptic boosting, perm itting  sim ultaneous 
nonlinear synaptic interactions a t higher spatial density in a  dendritic arbor.

427.20

KINETIC SCHEME MODELS OF VOLTAGE-DEPENDENT Na+ AND K+ 
CHANNELS IN RAT SENSORY NEURONS. D.J.Trezise1, R.C.Cannon2, 
J.E.Chad2, X.Xie1 and H.V.Wheal2*. 1 Neurosciences Unit, Glaxo-Wellcome 
Medicines Centre, Stevenage, SG1 2NY, UK. 2Neuroscience, University of 
Southampton, SO16 7PX, UK.

To draw robust conclusions from modelling studies on the state-dependent in
teractions of drugs and neurotransmitters with ion channels, it is necessary that 
the basic mathematical models capture the fundamental principles of channel 
gating and faithfully reproduce experimental data.
In simulating voltage-clamp recordings from rat dorsal root ganglion neurons, 
it is demonstrated that, even to achieve qualitative agreement, a kinetic scheme 
for the delayed rectifier K+ channel requires at least five distinct states. Fur
thermore, the conventional models of current-voltage relations for ion channels 
(Ohm’s law or the Goldman-Hodgkin-Katz constant field equations) are in
compatible with quantitative models. Instead, a parameterized form of the 
Poisson-Nernst-Planck pore permeation theory is used. Automated search
ing across models and parameter optimisation within particular models for a 
range of voltage-command protocols on the same neuron yields kinetic schemes 
for slow, tetrodotoxin (TTX)-resistant and fast TTX-sensitive Na+ channels. 
These models, when combined with the K+ channel schemes in various ratios, 
can be used to generate action potential waveforms that closely agree with 
control current-clamp recordings. Good agreement can also be achieved be
tween the models and experimental recordings for most of the cells studied by 
changing only the relative densities, not the kinetics, of the modelled channels. 
The application of quantitative modelling based on kinetic schemes in deducing 
drug actions is illustrated through the fitting of experimental data obtained in 
the presence of lamotrigine, a state-dependent Na+ channel blocker.
Funded by the Wellcome Trust and Glaxo-Wellcome.
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428.1

COMPARISON OF METHODS TO DISTINGUISH THE SITE OF ACTION OF A 
DRUG ON CA2+ CHANNELS. R. Marrannes, E. De Prins, D. Ashton* and G. Clincke. 
Dept. of Neuropsychopharmacology, Janssen Research Foundation, Beerse, Belgium.

To distinguish whether a drug blocks the low voltage-activated (iLVA) and high 
voltage-activated (iHVA) Ca2+ channel currents from the extracellular or intracellular 
side of the cell membrane, different methods were used and compared. As an example, 
we studied lubeluzole, which blocks iLVA and iHVA at high concentrations (IC50 1.2 
and 2.9 µM) and accelerates the apparent inactivation of iHVA. Block of Ca2+ channels 
is not considered to be its principal mechanism of neuroprotection. We used whole-cell 
voltage clamp on rat dorsal root ganglion cells, with Ba2+ as the charge carrier.

Application of lubeluzole via the microelectrode blocked iLVA and iHVA only 
minimally, compared to extracellular application, possibly by efflux of the uncharged 
form of lubeluzole (pKa 7.6) via the cell membrane.

Extracellular application of 10 µM of a quaternary ammonium derivative of lubeluzole 
(Q) blocked mainly iLVA. This suggests that lubeluzole blocks iLVA partly via the 
extracellular side. Neither extracellular nor intracellular application of Q produced a 
clear acceleration of the apparent inactivation of iHVA, indicating that this permanently 
charged molecule cannot reproduce completely the effects of lubeluzole on iHVA.

The acceleration of the apparent inactivation of iHVA by lubeluzole was much smaller 
at extracellular pH (pHo) 6 than at pHo 7.4 or 9, and was much more pronounced at 
intracellular pH (pHi) 6 than at pHi 7.2 and very small at pHi 9. These effects are 
consistent with a penetration of the uncharged form of lubeluzole and an open channel 
block of iHVA by the charged form of lubeluzole (HL+) at an intracellular site. The 
experiments with varying pHo confirm that iLVA is partly blocked by HL+ from the 
extracellular side. A decrease in pHi shifted the half-inactivation potential of iLVA to 
the negative side and augmented a lubeluzole-induced shift and the block of iLVA.

These experiments indicate that the different methods provide complementary 
information to distinguish the site of action of a compound on Ca2+ channels.

(Supported by Janssen Research Foundation)

428.3

MANIDIPINE AND NITRENDIPINE R AND S ENANTIOMERS BLOCK 
VOLTAGE-GATED Ca2+ CHANNEL (VGCC) WITH DIFFERENT KINETICS IN 
GH3 CELLS. M. Cataldi1, A. Secondo1, M. Taglialatela1, F. Palagiano2, A. D ’ 
Alessio1, P. De Capraris3, B. Marchetti*,S. Amoroso1, G.F. di Renzo4. 1Dpt. Neurosci., 
Sect. Pharmacol., 2Dpt. Pharm. Chem., Federico II Univ. of Naples, 80131 
NaplesITALY 3Inst. Analyth. Pharmac., Fac. Pharmacy, Univ. of Sassari4, ITALY, 
School o f Pharmacy o f Catanzaro, ITALY

The pharmacological properties of dihydropyridine (DHP) Ca2+ blockers are 
modified by subtle changes in the chemical structure of these compounds. In particular, 
the enantiomers o f chiral DHPs show great differences in VGCC-blocking activity 
whereas DHPs, differing in the length of 3-side chain and/or its lipophilicity, show a 
different vascular selectivity. The present study was designed to investigate whether 
DHP enantiomeric configuration and 3-side chain structure could affect the kinetics of 
VGCC blockade. To this aim, the kinetics of L-type VGCC blockade by the 
enantiomers o f  manidipine (Man) and nitrendipine (Nit), two chiral DHPs sharing the 
same structure and differing only in 3 side chain substituent, have been determined by 
microfluorimetry in single fura-2 loaded GH3 cells. In particular, GH3 cells were 
depolarized with 55mM KCl, adding increasing concentrations o f either R or S Man or 
Nit 4 min after the K+ pulse. The kinetics o f the [Ca2+]i decrease were fitted to 
biexponential functions with a first “fast component” and a second “slow component”. 
The “fast component” amplitude was significantly higher for S than for R enantiomers 
o f both Man and Nit. By contrast, the “slow component” amplitude was higher for R 
enantiomers. Both Nit enantiomers showed a “fast component” o f greater amplitude 
than Man counterparts. During the slow phase, the τ value, an index of  [Ca2+]i decay 
rate, was significantly higher for R than for S enantiomers of both Man and Nit. 
Furthermore, “slow phase” τs o f R and S Man were higher than those o f Nit 
counterparts. Collectively, the results o f the present study show that DHP enantiomeric 
configuration and 3-side chain structure affect the kinetics o f L-type VGCC blockade. 
Supported by a grant from Istituto Superiore di Sanità (PCFMSU) 1996-97

428.2

EFFECTS OF NILVADIPINE ON VOLTAGE-DEPENDENT Ca2+ 
CNANNELS IN ACUTELY DISSOCIATED RAT HIPPOCAMPAL 
CA1 PYRAMIDAL NEURONS. Y. Murai, M. Uki*, H. Ishibashi 
and N. Akaike. Dep. o f Physiol., Fac. o f Med., Kyushu U niv., 
Fukuoka 812-8582, Japan.

The effects o f nilvadipine on low-voltage activated (LVA) and 
high-voltage activated (HVA) Ca2+ currents (ICa) in the pyramidal 
neurons freshly dissociated from rat hippocampal CA1 region were 
investigated using conventional whole-cell patch and nystatin 
perforated patch recording configurations, respectively. A  
dihydoropyridine derivative, nilvadipine, reversibly inhibited the 
LVA ICa without affecting the current-voltage relationship. Nilvadipine 
and other Ca2+ antagonists dose-dependently inhibited the LVA ICa with 
an order o f  potency flunarizine > amlodipine = nilvadipine. The 
inhibitory effects o f these Ca2+ antagonists on the LVA ICa was use- 
dependent. Nilvadipine also inhibited the HVA ICa evoked a 
depolarizing step from VH o f -50mV to 0mV in a concentration- 
dependent fashion with an IC50 o f 1 .5 x 1 0 −7 M. The inhibitory effect of  
nilvadipine on H V A ICa was saturated at high concentrations > 10−6 M. 
The CA1 pyramidal neurons had four pharmacologically distinct HVA  
Ca2+ channel subtypes consisting o f the L-, N -, P/Q, and R-types. 
Nilvadipine selectively inhibited L-type C a 2+ channel current which 
comprised 34% o f the total HVA Ca2+ channel currents. These results 
suggest that nilvadipine may prevent neuronal damage during brain 
ischemia by its inhibitory effect on the neuronal Ca2+ influx through T- 
and L-type Ca2+ channels, in combination with the cerebral 
vasodilatory action.

428.4

R EDU CTIO N O F A V A IL A B L E  L-TY P E  C a2+ CH AN N ELS IN 
C U LTU R ED  H IP P O C A M P A L NEUR ON S B Y  V ITAM IN  D. L.D. 
B rew er*, N.M. Porter, V. Thibault, E.M. B la lock and P .W . Lan dfie ld . 
Dept. Pharm acol., Coll. Med., Univ. Kentucky, Lexington, KY 40536.

W e have previously show n th a t calcitrio l (1 ,25-(O H )2 V itam in D3), 
the  active m etabolite  o f vitam in D, is neuropro tective  aga inst a C a2+- 
dep enden t excito toxic insult (Porte r et al. 1996). R ecent studies have 
show n tha t in peripheral tissues, calcitriol dow n-regulates transcrip tion 
o f L-type vo ltage-ga ted  C a2+ channels (M eszaros et al. 1996). The 
p resent study w as designed to  tes t the  hypo thesis th a t calcitrio l m ay 
exert som e o f its neuropro tective  actions by inhib iting a m ajor route 
o f calcium  influx in neurons, the  L-type C a2+ channel.

M ultichannel ce ll-a ttached patch-clam p record ings using the  L-
type channel a g o n is t Bay K8644 w e re  m ade from  prim ary rat 
h ippocam pal neurons. Cu ltures w e re  sw itched to  a serum -free 
m edium  (B-27) and in cu b a te d  in 50 nM calcitrio l fo r 2 4  hrs. During 
depo lariz ing  steps (-70 to  +10 m V) calcitrio l decreased peak 
m ultichanne l average ensem ble  currents by 35% , from  1.45 to 0.94 
pA, com pared  to vehic le  (0.05%  ETOH) (p<.0 5, t-test; n=8-12 
cells/group); average tota l patch current w a s reduced by 55% , from  
0.73 to  0 .32 pA (p<.O5). S ing le-channe l L-type current am plitude and 
slope conductance w ere  not a ffec ted  by calcitriol, how ever, L-type 
C a2+ channel density w as decreased by 37%  (p<.01). T hese results 
sugg est th a t ca lc itrio l m ay exert som e o t its neuropro tective  effects  
via inh ib ition o f L-type C a2+ channel activity. (Supported by NIH 
AG10836, AG00242 and the KY Spinal Cord and Head Injury Research Trust)
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428.5

MULTIPLE SOURCES OF Ca2+ TRANSIENTS IN AN OLDER- 
C U L T U R E  M O D E L  O F E N H A N C E D  H IP P O C A M P A L  
NEUROTOXICITY. G.V. Clodfelter*, O. Thibault, N.M. Porter. V. Thibault,
P.W. Landfïeld. Dept. Pharmacology, College of Medicine, Univ. Kentucky, 
Lexington, KY. 40536.

Previously we have shown that older hippocampal cultures (22 days in vitro- 
DIV) are both more vulnerable to glutamate (GLU) excitotoxicity and exhibit 
larger Ca2+ transients to GLU when compared to younger cultures (7 DIV) 
(Geddes et al ; Thibault et al , Soc. Neurosci. Abstrs., 1997, Vol. II, p.1711). 
However, Ca2+ transients arise from many sources during GLU stimulation 
including NMDA receptors, multiple voltage-sensitive Ca2+ channels (VSCC), 
and internal stores. In addition, we have found that L-type VSCC increase with 
age in culture (Porter et al , 97; J. Neurosci., 17, 5629-39)

Here, we used confocal laser scanning microscopy to image dynamic Ca2+ 
transients in response to GLU in younger and older cultures of hippocampal 
neurons loaded with Indo-1-AM. Specific antagonists (e.g., nimodipine, 
agatoxin, ryanodine, thapsigargin, and MCPG) were used to quantitate the 
relative contribution of VSCC Ca2+ entry, Ca2+ release from caffeine-sensitive 
stores, and metabotropic glutamate receptor-mediated [Ca2+]i elevation, among 
others. Results indicated a significant elevation of the L-type component of the 
glutamate-evoked Ca2+ transients in older cultures. However, other sources 
were found to play a role in both Ca2+ transients and neurotoxicity. These 
results are consistent with the possibility that time-dependent changes in Ca2+ 
channels in neurons are implicated in mechanisms of cell death. (Supported by 
NIH AG04542, AG 10836, and a grant from the Kentucky Head/Spinal Injury 
Trust).

428.7

BLOCKADE OF INSECT CALCIUM CHANNELS EXPRESSED IN 
PRIMARY NEURONAL CULTURES OF MANDUCA SEXTA WITH 
THE STRAW ITCH MITE TOXIN, TOX34.
J. Torruellas* 1, L. Kumar1, L.A. Oland2, and I.H. Hayashi1*
1American Cyanamid, Insecticide Directed Basic Research, 
Neurobiology, Princeton, New Jersey, 08543; 2Arizona Research 
Laboratory, Division of Neurobiology, University of Arizona, Tucson, 
Arizona, 85721.

Tox34 is a cloned gene of an insecticidal protein of the straw itch mite, 
Pyemotes tritici (Tomalski and Miller, 1991). Tox34 protein was 
expressed in recombinant Sf9 and High Five cell lines. The 
recombinantly produced toxin was purified from the culture medium 
using gel filtration, anion exchange, and hydroxyapatite columns and a 
bioactive fraction was identified as lethally active by body wall 
injection into the wax worm, Galleria mellonella. This purified 
fraction that produced the lethal effect was verified as Tox34 by the 
staining of a 3OkDa band on a western blot with Tox34 antibody 
(provided by L. Miller, U. Georgia). In primary cultures of motor 
neurons and of antennal lobe neurons from the hawkmoth Manduca 
sexta, and of motor neurons from Heliothis virescens, Tox34 was found 
to block calcium currents. However, Tox34 had no effect on sodium or 
potassium currents. We found that Tox34, while lethal to insects in 
body wall injection, was not toxic to mice. Tox34 may be an effective 
agent for use in the study of insect calcium currents as well as a 
pesticide agent of commercial value. This work was funded as part of 
an Insecticide Directed Basic Research program at American 
Cyanamid.

428.9

NERVE GROWTH FACTOR (NGF) RAPIDLY ENHANCES CALCIUM 
CURRENTS IN DISSOCIATED CHOLINERGIC NEURONS OF THE RAT 
SEPTUM. S. Williams2*, V. Crépel1, A. Represa1, and B.A. MacVicar1. 1Dept. of 
Physiology and Biophysics, Univ. o f Calgary, Calgary, Alberta; 2Dept. of 
Psychiatry, Douglas Hospital Res. Ctr., McGill Univ., Montréal, Canada.

The aim o f the investigation was to assess if the neurotrophin NGF can acutely 
modulate the excitability o f  cholinergic neurons through the alteration of calcium 
currents. The perforated-patch configuration was used to record pharmacologically 
isolated calcium currents (evoked by applying a depolarizing step from VH -90 to a 
-10 mV test pulse) of freshly dissociated neurons. Recordings were only obtained 
from neurons with soma ≥ 25 µm because >95 % o f these large neurons, in contrast 
to smaller ones, were stained positively for both choline acetyltransferase (ChAT) 
and tyrosine kinase A (trkA) receptors. Bath application o f NGF (20 ng/ml for 5.3 
min) produced a 28 % (n=7) increase in the amplitude o f the calcium current. This 
NGF-mediated increase occurred relatively rapidly since the peak o f the effect took 
place within 5 min (n=7). The effect probably occurred through the activation of 
trkA receptors because NGF enhanced currents by only 6 % following 
preincubation in the tyrosine kinase antagonist AG879 (20 µM for 14 min). In 
contrast, NGF still enhanced the current by 19 % (n=5) following preincubation of 
the inactive analogue tyrphostin A 1 (20-100 µM for 15 min). The increase in the 
calcium current may be the result o f a selective enhancement of the N-type current 
since NGF could not elicit any increase after blockade by CONO-GVIA (300 nM, 
n=2). These results suggest that NGF can rapidly enhance the N-type calcium 
current in cholinergic neurons by activating trkA receptors. Therefore, NGF may 
mediate rapid modulations o f septal cholinergic neurons in addition to its more 
conventional long-term trophic actions. Supported by MRC o f Canada, INSERM 
and CNRS o f France.

428.6

NEUROM ODULATION OF A XO NA L CALCIUM TRANSIENTS  
IN NEONATAL RAT OPTIC NERVE. Biao Sun and S.Y. Chiu*. Graduate 
Program in Biophysics and Department o f Physiology, University of Wisconsin- 
Madison, Madison, WI 53706

Previous data from others and our lab have demonstrated that in neonatal rat 
optic nerves, action potentials trigger a fast calcium elevation in axons that is due 
solely to calcium influx. Here we report new findings with regards to the nature of 
this activity-dependent calcium influx and its modulation by neurotransmitter 
GABA. We found that ω-conotoxin-GVIA (N-type calcium channel blocker, 
10µM) and ω-conotoxin-MVIIC ( 10µM) caused a 60% and 70% reduction in the 
calcium transient respectively. L-type channel blockers such as nifedipine (5µM) 
and P-type blocker ω-Agatoxin-IVA ( 1µM) had essentially no effects. When bath- 
applied, 100 µM GABA reduced the calcium influx by about 80%, accompanied by 
a reduction in the amplitude of action potentials. Baclofen reduced the calcium 
transient in a reversible and dose-dependent manner without affecting the shape of 
action potentials, so did GABA when co-applied with bicuculline. The reduction 
caused by 10 µM baclofen was mostly abolished in the presence o f 100µM 2- 
hydroxy-saclofen, and occluded by pre-blocking o f the N-type channels. Thus 
GABA can regulate the activity-dependent calcium influx through both GABAa 
and GABAb receptors. It is not known however, whether the GABAB-receptors 
were targeting the calcium channels directly or indirectly via K+ channels. Our data 
indicated that on one hand, saturating concentrations of baclofen didn’t change the 
shape of compound action potentials, but on the other hand, 4-AP could reverse the 
baclofen-induced reduction in a concentration dependent manner. Further study on 
the modulation o f calcium channels may offer us a better understanding of the 
functions of calcium channels in CNS white matter, ranging from modulation of 
axonal excitabilities, to neuroprotections during anoxia/ischemia, and signaling 
during neural development. Supported by NIH grant NS33151.

428.8

SELECTIVE UP-REGULATION OF P- AND R-TYPE CALCIUM CHANNELS BY 
BDNF IN CULTURED RAT EMBRYO MOTONEURONS. P. Baldelli, V. Maanelli 
and E. Carbone *. Dept. of Neuroscience, I.N.F.M., Univ. of Turin, Italy.

Cultured spinal cord motoneurons from day 15 rat embryos (E 15) represent an 
useful model to study Ca2+ channel diversities and their modulation by neurotrophins. 
We have recently shown that Ba2+ currents of E 15 rat motoneurons can be separated 
in low- (LVA) and high-voltage-activated (HVA); the latter being predominant in 
motoneurons of 4 days in culture. Besides L- . N- and P-type channels previously 
identified by other groups, we found that E15 rat motoneurons express high densities 
of R-type channels whose biophysical characteristics differ sharply from the class E 
channels. All together. P- and R-type channels contributed to about 35% of the total 
current with different proportions. In 60% of the cells the P-type channel was nearly 
absent, suggesting high densities of expressed R-type channels in E15 rat 
motoneurons (Magnelli et al.. Europ. J. Neurosci., 1998. in press).

Chronic pre-incubation of motoneurons of 4-6 days in culture with saturating 
concentrations (20-100ng/ml) of BDNF caused a selective up-regulation of the non-L. 
non-N-type Ba2+ currents (P and R) available after application of 3µM nifedipine and 
cell pre-treatment with ω-CTx-GVIA. N- and L-type channels were either not affected 
or slightly down-modulated by the neurotrophin. The onset of BDNF action had an 
half-time of 10 hours, reaching maximal current increases of about 80%. BDNF 
action was prevented by the unspecific Trk receptor antagonist K252a and by cell pre-
incubation with the protein synthesis inhibitor anisomycin. suggesting that BDNF acts 
specifically on the Ca2+ channel species responsible for the presynaptic control of 
neurotransmitter release and that the action is likely to be due to an increase of ex- 
novo synthesised P-and R-type channels. Our data may furnish a rational to a number 
of recent observations in which neurotrophins are shown to potentiate the presynaptic 
response in developing frog neuromuscular junctions, (supported by Telethon Italy. 
Grant 881)

428.10

Neuron-astrocyte contact increases current through voltage-gated Ca2+ 
channels in hippocampal neurons. M. M. Rose* and P. G. Haydon 
Laboratory of Cellular Signaling, Iowa State University, Ames IA 50011.

Recent findings demonstrate that astrocytes can regulate synaptogenesis 
(Pfrieger & Barres 1997, Science 277:1684-1687; Doyle et al., 1996, Soc 
Neurosci Abst 22:1949) and modulate the efficacy of synaptic transmission 
(Araque et al., 1998, Euro J Neurosci 10:2129-2142). Given the critical role 
of voltage-gated calcium channels (VGCCs) in synaptic transmission, and 
the previous demonstration that astrocytes can regulate ion channels, 
astrocytes might mediate some of these effects by regulating VGCCs.

In the present study, the effect of astrocyte contact on macroscopic Ca2+ 
current was investigated in cultured hippocampal neurons using the whole-
cell configuration of the patch clamp technique. Under conditions in which 
K+ and Na+ currents were blocked, macroscopic Ca2+ currents were evoked 
by depolarizing steps from a holding potential of -70 mV. In neurons directly 
contacting astrocytes, the magnitude of Ca2+ current was larger (395.7 pA, 
n=10) than in isolated neurons (206.3 pA, n=9). Part of this increase could 
be accounted for by an increase in cell membrane surface area (35.8 pF 
versus 21.8 pF). However, when normalized for membrane surface area, an 
increase in Ca2+ current density was found in neurons directly contacting 
astrocytes. Astrocyte-induced enhancment of Ca2+ current density was 
greater in young (1 or 2 days in vitro, 75%) as compared to mature (5, 8, 
and 9 days in vitro, 18%) neurons, suggesting that astrocyte contact may 
accelerate the developmental expression of Ca2+ current. To control for 
secondary effects of neuron-neuron contact, Ca2+ current density of single 
versus paired neurons on astrocyte microislands was compared. Since no 
significant difference in current density was observed in these conditions, we 
conclude that contact with astrocytes directly regulates neuronal Ca2+ 
currents. (This work was supported by the NIH NS24233.)
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428.11

OPIOIDS MODULATE CA2+ CURRENTS EVOKED BY ACTION 
POTENTIAL WAVEFORMS IN RAT SUPRAOPTIC NUCLEUS NEURONS.
B.L. S o ldo*, D.R. G iovannucci, E.L. Stuenkel and H.C. Moises. 
Department of Physiology, Univ. o f Michigan, Ann Arbor, Ml 48109.

We previously reported that activation of µ-opioid receptors attenuates 
inward Ca2+ currents and the associated exocytotic responses as 
measured by time-resolved membrane capacitance changes (Cm), evoked 
by depolarizing step commands in isolated somata of the rat supraoptic 
nucleus (SON). Here, we examined whether action potentials (AP) 
would elicit similar patterns of modulation by opioids in isolated SON cell 
bodies. Under conditions of Na+ and K + current blockade and w ith  a 
physiological concentration of Ca2+ (2 mM), delivery of a single AP 
induced a short-duration (2 ms) inward Ca2+ current w ith  an amplitude 
of 0 .2 -0 .5  nA. Approximately 35%  of this current was irreversibly 
blocked by 0.5 µM GVIA, indicating that a majority of the Ca2+ current 
was contributed by Ca2+ channel types other than that of the N-type. 
Application of the µ-opioid agonist DAMGO (2 µM) reversibly inhibited 
the AP-evoked Ca2+ current (30-40% ) in all neurons tested (n = 5). 
This effect was largely abolished after application of GVIA. These 
results indicate that AP-generated Ca2+ currents are subject to 
modulation by µ-opioid receptor activation and a significant component 
of this modulated current is contributed through the N-type channel. In 
contrast to results obtained using step depolarizations, no increases in 
Cm occurred w ith  short duration phasic- or burst-like AP stimulation 
patterns (5-30 Hz fo r 5-10 sec). These results suggest that a large Ca2+ 
ion influx, as induced by large step depolarizations, but not by the AP 
stimulation protocol utilized here, is required fo r exocytosis. Therefore, 
it is conceivable that somatic neurosecretory activ ity  in SON neurons 
requires the sustained, high frequency bursts of APs that are observed in 
these neurons in vivo.
(Supported by NIDA grants DA-07268 and DA-03365).

428.13

ESTRADIOL MODULATION OF CALCIUM CHANNELS IN DRG CELLS
K.P. Larsson*, J.A. Lundbaek, and A.J. Hansen. Dept. o f Neuroendocrine 
Pharmacology, Novo Nordisk A/S, Novo Nordisk Park, 2760 Maaloev, Denmark.

Increased estradiol levels during pregnancy have been associated with higher 
pain thresholds which could possible stem from modulation o f calcium channels in 
sensory cells. Using patch clamp technique in whole-cell configuration, we studied 
the effects of 17β-estradiol on calcium influx through voltage gated calcium 
channels in rat sensory (dorsal root ganglion) cells, 17β-estradiol acutely 
attenuated calcium currents in a dose dependent manner. At sweeps to +10 mV, 
generating maximum high voltage activated (HVA) calcium currents, 30 µM 
17β-estradiol reduced the peak currents by 10%. At sweeps to -20 mV, mainly 
activating low voltage activated (LVA) calcium channels, the peak currents were 
decreased by 40%. The effects o f the isomer 17α-estradiol were similar to those o f 
17β-estradiol. The fact that both 17α-estradiol and 17β-estradiol acutely decrease 
the calcium currents, strongly suggest that the effects do not involve activation of 
the genomic estradiol receptor. The effects o f estradiol were further unaffected by 
prepulses to highly positive membrane potentials showing that membrane- 
delimited G-protein actions are not involved. In the presence o f 17β-estradiol, 
LVA channels inactivated at more negative potentials whereas HVA channel 
inactivation was not affected. Voltage activation o f both LVA and HVA channels 
were unaffected by estradiol. Our findings suggest that 17β-estradiol modulates 
calcium channels in nerve cells by a mechanism that does not involve the genomic 
estradiol receptor.

Funding source: Novo Nordisk A/S and Akademiet for de tekniske Videnskaber.

428.15

EFFECT O F A M IN O G LY C O SID E A N TIB IO TIC S ON W H O LE-CELL 
BA RIU M  CU RR ENT IN PC12 CELLS. A.E. Zaiser* and W.D. A tchison. 
Departm ent o f Pharm acology and Toxicology and N euroscience Program , 
M ichigan State University, East Lansing, M I 48824.

The goal of the present study was to exam ine the potential Ca+2 channel 
blocking  action o f two am inoglycoside antib io tics, both of w hich block 
neurom uscular transm ission  and uptake o f 45C a +2 into iso lated  nerve 
term inals. IBa was m easured using w hole-cell recordings in 5-8 day-old 
NG F-differentiated rat PC12 cells. The holding potential was m aintained 
at −90m V and the inw ard current was evoked by a 250m s step to 10mV. 
For each cell, baseline currents were m easured before and during addition 
o f neom ycin (0, 10, 100, or 500µM) or streptom ycin (0, 1, 10, or 100µM) 
to the ex tracellu lar m edium . Neom ycin caused a rapid decrease in peak- 
and end-currents in a concentration-dependent m anner. Peak-current was 
decreased by 83% and 66% within 3 m inutes in cells treated with 500 and 
100µM neom ycin, respectively, and end-current was decreased  by 95% 
and 75% , respectively. At 10µM neom ycin, peak- and end-currents were 
reduced by 10% and 15%, respectively. Leak current was not affected by 
neom ycin. Streptom ycin, how ever, had no effect on peak- or end-current. 
These results indicate that neom ycin, but not streptom ycin, attenuates Ca+2 
entry through voltage-gated C a+2 channels in PC12 cells. This effect may 
contribute to the m echanism  by which these drugs b lock neurom uscular 
transm ission. Supported by NIH Grant ES05822 and Institutional Training 
Grant T32-NS07279.

428.12

O P IO ID  R E C E P T O R  A C T IV A T IO N  D E C R E A S E S  P R E -  
S Y N A P T IC  C A L C IU M  T R A N S IE N T  IN T H E S U P E R F IC IA L  
D O R SA L  H O RN  O F THE N E O N A T A L  R A T SPIN A L CO R D.
S . Y a m a g u c h i, T . K ita jim a , H . Y am azak i and Y . H o r i* . 
D ep artm en t o f  P h y s io lo g y , D o k k y o  U n iv e r s ity  S c h o o l o f  
M edicin e, M ibu, T och ig i 3 2 1 - 0 2 9 3 , JAPAN

Miniature excitatory postsynaptic currents recorded from neurons in 
the superficial dorsal horn o f rat spinal cord slices were presynaptically 
inhibited by bath application o f an opioid receptor agonist methionine 
[Met5]enkephalin (Hori et al., 1993). However, the precise mechanisms 
for presynaptic inhibitory action o f opioid is not clear. In the present 
experiments, neonatal rat spinal cord slices were prepared and stained 
with calcium indicator fura-2 AM. Presynaptic Ca2+ transient evoked by 
electrical stimulation o f presynaptic fibers was recorded in the presence 
o f CNQX, APV, bicuculline and strychnine.

The amplitude o f  Ca2 + transient was markedly inhibited by ω- 
conotoxin GVIA and inhibited to a lesser extent by ω-agatoxin VIA. 
Micromolar concentrations o f  [Met5 ]enkephalin reversibly reduced the 
magnitude o f  presynaptic C a2 + transient. The inhibitory effect o f  
[M et5 ]enkephalin on Ca2 + transient was slightly attenuated by ω- 
agatoxin VIA and inhibited to a greater extent by ω-conotoxin GVIA.

These observations suggest the possibility that the presynaptic action 
o f  [Met5]enkephalin is mediated via modulation o f  both P- and N-type 
calcium channels.

Supported by the Grant-in-Aid for Scientific Research from the 
Ministry o f Education 09680818 (YH), Japan.

428.14

INHIBITION OF CALCIUM CURRENTS IN CULTURED MYENTERIC NEURONS 
BY 5-HYDROXYTRYPTAMINE (5-HT). X. Zhou* & J. J. Galligan. Dept. of 
Pharmacology & Toxicology, Michigan State Univ., East Lansing, Ml 48824.

Although 5-HT inhibits transmitter release by enteric neurons, the cellular 
mechanism of this presynaptic inhibition is unknown. One mechanism would be 
by direct regulation of Ca2+ influx into neurons through voltage-sensitive Ca2+ 
channels. In this study, calcium currents and the effects of 5-HT on these currents 
were investigated in cultured myenteric neurons of guinea-pig small intestine using 
whole-cell patch clamp recording technique. Step depolarization from a holding 
potential o f-80 mV elicited inward currents with maximal amplitude occurring at -10 
mV (-2.6 ± 0.3 nA. n= 14). Cadmium (100 µM) reversibly blocked the inward 
currents indicating they were due to activation of voltage-gated calcium channels. 
Subsequent measurements were made on currents after subtraction of the 
cadmium resistant component. Nifedipine (1 µM), the L-type Ca2+ channel blocker, 
reduced the peak calcium current by 24 ± 5 % (P<0.05, n=6). The N-type Ca2+ 
channel antagonist, ω-conotoxin-GVIA caused a concentration-dependent inhibition 
of Ca2+currents (EC50=5 nM, n=4) with a maximum inhibition of 23 ± 2% (P<0.05) 
occurring at 30 nM. The P/Q-type Ca2+ channel blocker ω-agatoxin (100 nM) 
inhibited Ca2+ current by 14 ± 1 % (P<0.05, n=3). Combined application of 
maximum concentrations of the three antagonists inhibited calcium currents by 57 
±8% (P<0.05, n=3). 5-HT caused concentration-dependent (0.01-1 µM) inhibition 
of the total calcium current without changing the current-voltage relationship. The 
maximum inhibition caused by 5-HT (1 µM) was 38 ± 7% (P<0.05, n=6) The 5- 
HT1A receptor antagonist NAN-190 (0.3 µM) blocked the inhibition produced by 1 
µM 5-HT (n=4). These data indicate that myenteric neurons express L, N, P/Q 
calcium channels and an unidentified calcium channel type. 5-HT acting at 5-HT1A 
receptors inhibits calcium currents, in myenteric neurons. Inhibition of calcium 
channels in myenteric neurons could contribute to the inhibition of neurotransmitter 
release caused by 5-HT in the enteric nervous system. (Supported by NS01738 
and NS33289)

428.16

LO BELIN E B L O C K S C ALC IU M  C H A N N ELS IN 
SY M PA TH ETIC  N EU R O N S. P.T. Toth* and E. S. Vizi Dept. o f  
Pharmacology, Institute o f  Experimental Medicine, Hungarian 
Academy o f  Sciences; Budapest, H -1450

Lobeline is frequently used to evoke transmitter release from a 
variety o f  nervous system preparations. In the present study w e have 
investigated the effect o f  lobeline on voltage-activated Ca2+ channels 
using the whole-cell variant o f  the patch-clamp technique in rat 
sympathetic neurons. Lobeline (10-300 µM) inhibited the high voltage 
activated Ca2+ current (HP = -80 mV; TP = 0 mV) in a dose dependent 
manner. The inhibitory effects o f  lobeline (100 µM) were compared to  
noradrenaline (10 µM) using a prepulse protocol with high (+80 mV) 
depolarization. Depolarizing prepulses decreased the inhibitory effect 
o f  noradrenaline but did not • change the extent o f  lobeline inhibition 
within the same cell. Addition o f  GTPγS (300 µM) to the pipette 
solution did not prevent the inhibitory effect o f  lobeline (100 µM) but 
greatly reduced that o f  noradrenaline (10 µM). These data suggest 
that the weak nicotinic agonist lobeline exerts a direct blocking effect 
on Ca2+ channels at concentrations commonly used to release 
transmitters.

This work was supported by the Hungarian Medical Research 
Council (ETT 194/1996, 201/1996) and the U.S.-Hungary Science and 
Technology Program (NO. 497).
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428.17

SO D IU M  PY R ITH IO N E A C T IV A T E S  A N O VE L N E U R O N AL 
C ALC IUM  ENTRY PATHW AY . R.J. Knox, N.S. Mago sk i, S. J. 
Barbee. N.P. Skoulis and L.K. Kaczmarek*. Dept. o f Pharmacology, 
Yale University, New Haven, CT 06520 & Environmental Hygiene 
& Toxicology Dept., Olin Corporation, New Haven, CT 06511.

Sodium  pyrith ione (NaP) has biocidal activity as a result of 
its ab ility  to co llapse critica l transm em brane H+ gradients in a 
variety o f organism s. NaP also produces a reversible paralysis in 
rodents, but the m echanism (s) underly ing  th is  pa tho lo g ica l 
change are not known. We are currently determ ining the cellu lar 
m echanism s through which NaP effects prim ary neuronal cultures 
from Aplysia californica and rodent. Fluorescence ratio imaging of 
bag cell neurons loaded with the Ca2+ indicator dye fura PE-3, 
indicates that NaP dose-dependently stimulates a slowly activating 
and persistent Ca2+ entry process, that is unaffected by voltage- 
dependent Ca2+ channel blockers, depletion o f intracellu lar Ca2+ 
stores, or im mobilization of Na+/C a 2+ exchange and the Na+/K + - 
ATPase. Fluorescence imaging with the pH indicator dye BCECF 
failed to detect any effect of NaP on cytosolic pH. Inclusion of NaP 
in patch electrodes did not increase ceil attached access resistance, 
as m ight be expected if were stim ulating Ca2+ entry through an 
io n o p h o re -lik e  m echan ism . To d a te , o n ly  SKF 96365, a 
capacita tive Ca2+ entry blocker, has been found to inhibit the NaP 
evoked e leva tion  o f cy toso lic  free Ca2 + . These results are 
consistent w ith the possib ility that NaP is an agonist for a novel 
class of Ca2+ entry channels in neurons.

Supported by Olin Corporation and a NIH grant to LKK

428.18

BLOCKADE OF CALCIUM INFLUX WITH ω-CONOTOXINS HAS NO 
EFFECT ON ANAESTHETIC ACTIONS ON AGED HIPPOCAMPAL 
NEURONS. Peter L. Carlen1,2,4*, Aviv Ouanounou1,4, and Hossam El-Beheiry1,2,3. 
Playfair Neuroscience Unit, Toronto Hospital-Research Institute1 and the Depts. 
of Medicine (Neurology)2, Anaesthesia3 and Physiology4, University of Toronto, 
Toronto, ON , Canada.

Preliminary in vitro studies in this laboratory have recently shown that cobalt 
(Co2+), a non-specific Ca2+-channel blocker, opposes anaesthetic actions on aged 
hippocampal neurons (J.Dent.Res. 77A: 143,1998). In the present investigations 
we addressed the question whether the selective blockade of Ca2+ influx will 
modify the anaesthetic induced-depression of the evoked dendritic field excitatory 
postsynaptic potentials (fEPSP)in old hippocampal slices. Hippocampal slices 
prepared from old (24-26 mon) Fisher 344 rats were maintained in an interface 
chamber. Isoflurane (1&3%), bubbled in the perfusate and introduced in the 
atmosphere above the slices, depressed the orthodromically-evoked responses 
recorded in stratum radiatum and stratum pyramidal o f the CA1 region. The 
flEPSPs were slightly depressed when the slices were perfused with ω-conotoxin 
GVIA (N-type Ca2+ channel blocker) or ω-conotoxin MVIIC (Q/P-type Ca 
channel blocker). Application of isoflurane during conditions o f selective calcium 
channel blockade showed that the anaesthetic effects were neither enhanced or 
opposed if compared with the effects obtained when the slices were perfused only 
with normal ACSF. These reults were consistent in all the slices studied during the 
application of low and high concentrations of isoflurane. The present 
investigations suggest that ω-conotoxin GVIA and ω-conotoxin MVIIC decreases 
the synaptic efficiency o f hippocampal CA1 excitatroy synapses. The effects of 
the volatile anaesthetic isoflurane is not affected by the blockade Ca2+-influx 
mediated through N- and Q/P-Ca2+ channels.
Supported by grants from MRC (P.L.C.) and Canadian Anaesthetists’ Society (H.E1-B.)

428.19

BLOCKADE OF CALCIUM INFLUX WITH ω-CONOTOXINS 
ENHANCES ANAESTHETIC ACTIONS IN YOUNG HIPPOCAMPAL 
NEURONS. Aviv Ouanounou1,4*, Peter L, Carlen1,2,4 and Hossam El-Beheiry1,2,3 
Playfair Neuroscience Unit, Toronto Hospital-Research Institute1 and the Depts. of 
Medicine (Neurology)2, Anaesthesia3 and Physiology4 , University o f Toronto, 
Toronto, ON , Canada.

Preliminary in vitro studies in this laboratory have recently shown that low 
extracellular Ca2+ does not affect anaesthetic actions on young hippocampal 
neurons (Br. J.Pharmacol. in press). In the present investigation we addressed the 
question whether the selective blockade of Ca2+ influx will modify the-induced 
depression of the evoked dendritic field excitatory postsynaptic potentials (fEPSP). 
Hippocampal slices prepared from young Fisher 344 rats were maintained in an 
interface chamber. Isoflurane ( 1&3%), bubbled in the perfusate and introduced in 
the atmosphere above the slices, depressed the orthodromically-evoked responses 
recorded in stratum radiatum and stratum pyramidal o f the CA1 region. The 
fEPSPs were depressed when the slices were perfused with ω-conotoxin GVIA (N- 
type Ca2+ channel blocker). Consequent application o f isoflurane showed that the 
anaesthetic effects were enhanced compared with the effects obtained when the 
slices were perfused only with normal ACSF. The application of ω-conotoxin 
MVIIC (Q/P-type Ca2+ channel blocker) increased the amplitude o f fEPSP and 
potentiated isoflurane-induced depression o f fEPSPs. The enhancement of 
anaesthetic actions by ω-conotoxin GVIA and ω-conotoxin MVIIC were consistent 
in all the slices studied with low and high concentrations of isoflurane. The present 
results indicate that ω-conotoxin GVIA increases while ω-conotoxin MVIIC 
decreases the synaptic efficiency at hippocampal CA1 excitatroy synapses. The 
effects of the volatile anaesthetic isoflurane are enhanced during blockade of Ca2+- 
influx mediated through N- and Q/P-Ca2+ channels.
Supported by grants from MRC (P.L.C.) and Canadian Anaesthetists’ Society (H.E1-B).

428.20

INTRACELLULAR pH MODULATES RESTING Ca2+ LEVELS IN CULTURED 
HIPPOCAMPAL NEURONS. G.C. Tombaugh* and G.G. Somjen. Dept. of Cell 
Biology, Duke University Medical Center, Durham, NC 27710.

Transient shifts in either intracellular H+ or Ca2+ can have profound effects on 
neuronal function. Moreover, changes in H+ and Ca2+ can mutually influence one 
another in a variety o f cell types, but little is known about this relationship in central 
neurons. In this study, externally applied NH4Cl or Na-acetate (20mM) was used to 
manipulate pHi in cultured hippocampal neurons in Hepes-buffered medium (pH 7.4); 
confocal microscopy (Kr/Ar laser) was used to monitor changes in either pHi or 
intracellular Ca2+. Cells were loaded either with the pH indicator Snarf1 -AM or a 
combination o f the Ca indicators Fluo3-AM/Fura-red-AM (1:5). Fluorescence values 
in the soma were converted to a ratio (R) and relative changes in R were monitored 
over time. As expected, brief (<1min) NH4Cl exposure at constant pHo (7.4) 
triggered an internal alkalinization that was followed by an acidification upon washout. 
Exposure to 50mM K+ evoked a rapid and robust increase in intracellular Ca2+. A 
smaller and more sluggish Ca2+ increase was observed during NaAC exposure. 
Surprisingly, NH4Cl evoked a rapid increase in Ca2+ under control conditions. 
However, in the presence o f Cd the opposite was observed: NH4Cl caused a decrease 
in intracellular Ca2+ followed by a slower increase upon washout which decayed to 
baseline. The time course o f  these internal Ca2+ changes in the presence o f Cd 
closely matched those seen for pH. Voltage-clamp recordings confirmed the selective 
inhibition o f inward Ca currents by Cd and also revealed a slow inward current during 
NH4Cl exposure. During current-clamp recordings, NH4Cl exposure induced a 10- 
20mV depolarization which was usually associated with increased cell firing. Our 
results demonstrate that internal alkalosis decreases while acidosis elevates resting 
cytosolic Ca2+ in hippocampal neurons via mechanisms that are independent of 
changes in extracellular pH. In the absence o f Cd, the decrease in intracellular Ca2+ 
is masked by Ca2+ influx through Ca channels opened during NH4Cl-depolarization. 
The mechanism of this depolarization remains unclear. Supported by NS 18670. the 
American Heart Association, and the Carl J. Herzog Foundation.
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429.1

THE VOLTAGE-GATED POTASSIUM CHANNELS Kvl.5 AND 
Kv1.2 EXHIBIT DIFFERENTIAL SENSITIVITY TO ACIDIC pH.
J. V. Steidl1, R. P. Greener2*, and A. J. Yool1,2. 1Program in 
Pharmacology and Toxicology; 2Department o f Physiology, University of 
Arizona, Tucson, AZ 85724.

Kv1.2 and Kv 1.5 are tw o  o f th e  vo ltag e-g ated  potassium  channels th a t 
are  expressed in  h eart and are th o u g h t to  contrib u te  to  ITO and IK.
Acidosis can produce an increase in the cardiac action potential duration, 
suggesting that K+ channel-mediated repolarization is impaired at low 
pH. Although the effect o f decreased pH in prolonging action potentials 
is well documented, the molecular target o f acidification has not 
previously been determined. We expressed Kv 1.2 and Kv 1.5 in Xenopus 
oocytes and studied the effect of acidic and alkaline extracellular pH on 
channel function using two-electrode voltage clamp and cell attached 
patch clamp. We have found that Kv1 .5 channels are blocked at acidic 
pH in a range that is relevant to pathophysiological conditions. Kv 1.5 
currents decreased in amplitude by 46 ± 4% (mean ± SD, n=6) at pH 6.3 
and 96 ± 3% (n=5) at pH 5.3 when compared to current amplitudes 
observed at pH 7.3. The effect was specific; K+ channels encoded by the 
highly homologous protein sequence Kv1.2 were resistant to acidic pH 
and only decreased by 3 ± 3% (n=7) at pH 6.3 and 17 ± 5% (n=9) at pH
5.3 when compared to control currents obtained at pH 7.3. Block o f  
Kv1.5 currents at acidic pH may be partly attributed to a trapping of the 
channels in the C-type inactivated state. Neither channel type was 
sensitive to alkaline pH. Supported by AHA 96007620 and NIH 
HL07249-19.

429.2

EFFECT OF CHANGING EXTERNAL pH ON A STANDING OUTWARD 
POTASSIUM CURRENT IN CULTURED RAT CEREBELLAR GRANULE 
NEURONS. J.A. Millar and A. Mathie*. Dept o f Pharmacology, Medawar 
Building, University College London, Gower St, London. W C1E 6BT. U.K.

Some physiological and pathophysiological conditions produce transient 
modifications of extracellular pH (pHo). Here we have investigated the effects of 
acidic and alkaline pHo solutions on a recently characterised standing outward 
potassium current (IKso) expressed by cerebellar granule neurons (Watkins and 
Mathie 1996, J  Physiol, 491, 401-412). IKso is a muscarine-sensitive, non- 
inactivating current which develops over several days in culture.

Electrophysiological recordings were performed at room temperature using 
the amphotericin B perforated patch technique. Cells were held at -20mV where 
IKso is present and challenged with extracellular solutions having pHo 6.4, 6.9 or 
7.9. At pHo 6.4 and 6.9, IKS0 was inhibited by 75.6±4% (mean±s.e.m., n=4) and 
32.8% (32.5,33.1; n=2) respectively, compared to control currents measured at pHo 
7.4. In contrast exposure to pHo 7.9 increased IKso slightly compared to control 
(5.8±3%, n=6).

It has been suggested that M-type potassium channels might be formed by 
members o f the ether a go-go (eag) gene family and as IKso shares some of the 
characteristics of M current and expressed rat-eαg channels then it too could belong 
to this family (Stansfeld et al, 1997, TINS, 20,13-14). However the activation 
kinetics o f IKso are not affected by extracellular Mg2+, unlike rat-eαg channels 
whose current activation is considerably slowed in the presence o f Mg2+. In 
addition, rat-eαg currents expressed in oocytes do not show the same degree of 
sensitivity to pH as demonstrated here with IKS0. Therefore this study provides 
further evidence that IKso may not be a member of the eαg gene family.
We thank the MRC for financial support.
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EXTRACELLULAR CALCIUM-SENSING RECEPTOR MEDIATES OPENING 
OF AN OUTWARD K+ CHANNEL IN U87 ASTROCYTOMA CELLS. N. 
Chattopadhyay, C.P. Ye. T. Yamaguchi, P.M. Vassiley, T. Diehl* and E.M. 
Brown. Div. of Endocrinology, Department of Neurology; Brigham and Women’s 
Hospital, Harvard Medical School; Boston, MA 02115.

Extracellular calcium (Ca2+ -sensing receptor (CaR) plays 
crucial role(s) in the maintenance of systemic calcium homeostasis. The CaR is 
also expressed in brain which is not directly involved in systemic mineral ion 
homeostasis. In the central nervous system (CNS), the CaR is expressed in neurons 
and in oligodendrocytes. The latter finding suggests that the CaR may modulate the 
function of non-neuronal cells within the brain. In this report, we show that a 
functional CaR is expressed in a human astrocytoma cell line (U87). Reverse 
transcription-polymerase chain reaction (RT-PCR), using a primer pair between 
exons 5 and 7 of the human parathyroid CaR (HuPCaR), amplified a product from 
RNA extracted from U87 cells that exhibited >98% sequence homology with the 
corresponding region of HuPCaR. Northern analysis revealed 5.5- and 2.4 Kb CaR 
transcripts. On Western blot, two immuno-reactive bands with molecular weights of 
-150-160 kDa were observed. Patch clamping in cell-attached mode, revealed that 
an increase in (Ca2+)o from 0.75 to 2.75 mM produced a 3-fold increase in the open 
state probability (Po) of an outward K+ channel with a conductance of ~88 pS. A 
specific “calcimimetic” CaR agonist, R-467 (0.5 µM), increased the activity of this 
K+ channel similarly, while its less active stereoisomer (S-467) had no such effect 
at the same concentration. Thus U87 astrocytoma cells express functional CaR that 
controls activation of an outward K+ channel which could be involved in maintaing 
membrane potential and cellular excitability.
Sources of Support- The USPHS [DK48330, DK52005 (to E.M.B.), DK41415 (to
E.M.B. and P.M.V.)], The St. Giles Foundation (to E.M.B).

429.5

MODULATION OF DELAYED RECTIFIER POTASSIUM CURRENTS IN 
RAT PINEAL CELLS BY CYTOSOLIC Ca2+. Y. Hasegawa*# and J. T. 
Russell. LCMN, NICHD, NIH, Bethesda, MD 20892.
Delayed rectifier type outward K+ currents were recorded in isolated rat 
pineal cells in culture using patch clamp techniques. From a holding 
potential of -50 mV, outwardly rectifying K+ currents were recorded with 
pipette solutions containing varying free Ca2+ concentrations. The current- 
voltage relationship obtained by plotting current amplitude at 200 ms vs. 
the step potential showed that the activation of the outward current was 
Ca2+ sensitive. Increasing Ca2+ concentration shifted the threshold of 
activation in the depolarizing direction and significantly increased both 
current amplitude and current noise. 10 mM TEA inhibited this outward 
current. Steady state inactivation was examined using a prepulse protocol 
where cells were held at −110 to −10 mV and were tested with a 60 mV test 
pulse. The outward currents were inactivated by 1 5 , 17 and 9 % with zero 
(10 mM EGTA), 100 nM and 1 µM free Ca2+, respectively. Time dependence 
of inactivation with a conditioned hyperpolarizing prepulse of increasing 
duration at -110 mV showed that at a prepulse duration of 30 - 150 ms, the 
percentage inactivation was 24 and 9 % with 100 nM and 1 µM Ca2+, 
respectively. Recovery from inactivation was 300 and 200 ms with 100 nM 
and 1 µM Ca2+, respectively. These results suggest that cytosolic free Ca2+ 
profoundly modulates the inactivation state of delayed rectifier type 
outward K+ currents in rat pineal cells. #YH is supported by a JSPS 
fellowship.

429.7

COMPARISON OF XE991 AND LINOPIRDINE ON M-CURRENTS IN 
HIPPOCAMPAL CA1 NEURONS AND PC12 CELLS. M.E. Schnee and 
B.S. Brown*, CNS Diseases Research, DuPont Merck Research 
Laboratories, Wilmington, DE 19880-0400.

XE99l, 10, 10-bis(4-pyridinylmethyl)-9(10H)-anthracenone, has been 
shown to be ten-fold more potent than linopirdine in enhancing 
potassium-evoked acetylcholine release from rat hippocampus in vitro. 
It was of interest, therefore, to determine whether XE99l is also a 
more potent inhibitor of M-current, the putative mechanism of action of 
linopirdine. Both compounds were studied using whole-cell patch 
clamp recording in CA1 neurons in rat hippocampal slices and in 
cultured PC12 cells. In CA1 neurons, XE99l inhibited M-current with 
an IC50 of 0.2 µM and, at 1 µM, completely blocked M-current without 
affecting delayed rectifier and A-type currents. By comparison, 
linopirdine inhibited M-current with an IC50 of 2.4 µM and, at 30 µM, 
completely blocked M-current while inhibiting delayed rectifier and A- 
type currents by approximately 20 percent. XE99l, but not linopirdine, 
exerted a voltage-dependent block of M-current in CA1 neurons. In 
PC12 cells, XE99l and linopirdine inhibited M-current with IC50s of 
0.3 µM and 1.6 µM, respectively. These results indicate that: 1) M- 
currents in PC12 cells display sensitivity toward XE99l and linopirdine 
similar to those in hippocampal CA1 neurons, 2) XE99l is five to ten
fold more potent than linopirdine as both an inhibitor of M-current and 
an enhancer of acetylcholine release and 3) XE99l is a more selective 
M-current blocker than linopirdine. XE99l may serve as a more useful 
tool than linopirdine in the exploration of the molecular biology and 
physiological role of M channels.

429.4

IS CALMODULIN THE CALCIUM SENSOR FOR CALCIUM- 
ACTIVATED POTASSIUM CHANNELS?
J. Zhou,1 J. Kang,1* K. Paschetto2 and J. Aivar1. 1Target Discovery Department 
and 2Respiratory, Inflammatory and Neurological Diseases Department, Zeneca 
Pharmaceuticals, Wilmington, DE, USA.

The small- and intermediate-conductance calcium-activated potassium channels 
belong to a distinct sub-family of K+ channels that play crucial roles in 
hyperpolarization of excitable and non-excitable cells. Despite their exquisite 
calcium sensitivity, the protein coding region of these channels do not contain 
any consensus calcium-bowl or EF-hand motifs (Kohler et. al. Science, 1996; 
Logsdon et. al., JBC, 1997). To investigate whether an accessory protein is 
involved in calcium sensing, we used the 146-a.a. C-tail of hKCa4 as a bait to 
screen an activated T-cell library in a yeast-two-hybrid system. Several of the 
positive clones encoded for calmodulin. GST-fusion pull-down experiments 
coupled with deletion analysis have identified the first 97 amino acids in the C- 
tail of hKCa4 as being required for calmodulin binding. This region is highly 
conserved among all SKCa channels and appears to contain hydrophobic and 
positively charged amino acids representative of calmodulin binding domains. 
The interaction of calmodulin with the C-tail does not appear to require calcium 
and suggests that calmodulin could be pre-bound to the channel on the 
membrane. Preliminary studies indicate nanomolar binding affinities. hKCa4 
currents are inhibited (50-60% at 10 uM) by the calmodulin antagonist, W7. 
Taken together, our data point to an interesting hypothesis that calmodulin could 
serve as the calcium sensor for this class of channels.

429.6

CHARACTERIZATION OF ATP MEDIATED MODULATION OF KvATP 
CHANNEL ACTIVITY.
S.P. Brazier1*, J.H. Teeter 1,2 and R.B. Puchalski 1,3. 1Monell Chemical Senses 
Center, 3500 Market Street, Philadelphia, PA 19104. 2Department of Physiology, 
3Department of Pharmacology, University of Pennsylvania, Philadelphia, PA 
19104.

KvATP is a unique voltage-gated potassium channel in that its activity can be 
modulated directly by ATP. Analysis of the amino acid sequence of this channel 
reveals the presence of a Walker A nucleotide binding motif near the carboxyl 
terminus of the channel; similar to the Kir1.0 inward rectifier potassium channel 
subfamily. The Walker A consensus sequence has been shown to bind ATP and 
also displays significant ATPase activity. In order to ascertain whether this site is 
important in ATP modulation of KvATP, a mutant channel with 20 amino acids 
deleted from the Walker A motif was produced using a PCR based mutagenesis 
procedure. cRNAs corresponding to both the native and mutant channel were 
injected into Xenopus oocytes and currents were recorded from excised 
macropatches.

Application of ATP, in the absence of Mg2+ ions, to excised patches of native 
KvATP suppresses the outward K+ current. In contrast, when ATP was applied to 
mutant KvATP patches no suppression of the outward K+ current was observed. 
This suggests that the Walker A nucleotide binding motif located in the carboxyl 
terminus is responsible for direct modulation of channel activity by ATP. 
(Supported by the National Institute of Health and the Monell Institutional Fund).

429.8

EFFECT OF SECOND-GENERATION ANTIHISTAMINES INHIBITING HERG K+ 
CHANNELS ON 3H-NE RELEASE FROM SH-SY5Y HUMAN NEUROBLASTOMA 
CELLS. M. Taglialatela*, A. Fresi, P. Castaldo, A. Pannaccione, G. Giorgio, S. Iosse, 
and L. Annunziato. Sect. of Pharmacology, Dept of Neurosciences, University of 
Naples Federico II, Naples, Italy.

Second-generation H1 receptor antagonists such as terfenadine and astemizole, 
by blocking the K+ channels encoded by the human ether-a-gogo related gene (HERG), 
can cause the occurrence of “torsade de pointes” ventricular arrhythmias. In the present 
study the potential blocking ability of HERG K+ channels by the piperizinic H1 receptor 
antagonist cetirizine has been examined and compared with that of terfenadine, 
astemizole and loratadine. Cetirizine, in concentrations up to 100 µM, was completely 
devoid of any inhibitory action on HERG K+ channels either heterologously (Xenopus 
oocytes or HEK-293 cells stably transfected with HERG cDNA) or constitutively 
expressed (SH-SY5Y cells). On the other hand, terfenadine and astemizole blocked 
HERG K+ channels with nanomolar affinities (in the Xenopus oocytes expression 
system the estimated IC50s were 330 nM and 480 nM, respectively), whereas loratadine 
was about 103-fold less potent (IC50 ≈ 100 µM). In order to investigate the role of 
HERG K+ channels in neurotransmitter release from noradrenergic neurons, the effects 
of cetirizine, loratadine, terfenadine and astemizole on 3H-Noradrena!ine (3H-NE) 
release from non-differentiated SH-SY5Y human neuroblastoma cells has been 
examined. Both terfenadine and astemizole inhibited (IC50s ≈ 1µM) 3H-NE release 
stimulated by high (100 mM) extracellular K+ concentrations, whereas loratadine was at 
least 5 times less potent. Cetirizine, on the other hand, was devoid of any significant 
inhibitory effect on 3H-NE from SH-SY5Y cells. Therefore, the rank-order of potency 
found for the four H1 receptor blockers closely correlated with their HERG K+ channels 
inhibitory properties. In conclusion, the results of the present study suggest that second 
generation H1 receptor antagonists display marked heterogeneity in their blocking 
ability of HERG K+ channels and that these channels might be involved in regulating 
neurotransmitter release from central noradrenergic neurons.
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429.9

LOCAL ANESTHETIC BLOCK OF A CALCIUM-ACTIVATED POTASSIUM 
CURRENT IN LEUKOCYTES B. E. Svensson*, Dep. Cellular & Molecular 
Pharmacology, Astra Pain Discovery Unit Sweden, Discovery Division, 
Astra Pain Control AB, S-141 57 Huddinge, Sweden.

The relationships between leukocyte ion channels and disease- 
associated functions of these cells are poorly understood. Perturbation 
of ion channel functions by selective compounds is a feasible way to 
examine the relationships between ion channels and cell functions. It is 
therefore important to find specific modulators of leukocyte ion 
channels. Local anesthetics are primarily considered to block voltage-
gated sodium channels in excitable cells, but have also been reported 
to inhibit other channels, e.g. potassium and calcium channels.

A calcium-activated potassium conductance (in promyelocytic HL-60 
cells) and an inwardly rectifying potassium conductance (in 
differentiated HL-60 cells) were studied using the patch clamping 
technique. We have recently shown that lidocaine inhibits the invalid 
rectifier and the calcium-activated potassium currents at millimolar 
concentrations, whereas ropivacaine was ten-fold more active on the 
latter current. The inhibition of the leukocyte calcium-activated current 
by the enantiomers of two local anesthetics, bupivacaine and 
ropivacaine, were studied. The R(+) enantiomers of both compounds 
were about ten times more potent than the corresponding S(-) 
enantiomers. IC50 values were 8.8 µM and 13 µM for R(+)-bupivacaine 
and R(+)-ropivacaine, respectively. This indicates that the R(+) 
enantiomers of these local anesthetics block this leukocyte ion current 
and voltage-gated sodium channels in the same concentration range.

429.10

MODULATION OF WHOLE CELL IONIC CURRENTS BY PROZAC 
(FLUOXETINE) IN NONPIGMENTED CILIARY EPITHELIAL CELLS.

1Ophthalmology and 2Physiology, Northwestern University Medical School, 
Chicago, IL 60611.

Prozac (fluoxetine) is used to treat depression in humans. This compound 
has been found to affect ionic currents by reducing the large conductance 
maxi and delayed rectifier potassium (K) channel in rabbit corneal epithelium 
and cultured human lens epithelium respectively. The present study 
investigates the effect of Prozac on whole cell ionic currents in rabbit ciliary 
epithelium which is responsible for the active secretion of aqueous humor.

The ciliary body was enzymatically dissociated to obtain pigmented (PE) 
and nonpigmented (NPE) epithelial pairs or clusters. Whole cell currents 
were recorded from NPE cells using patch clamp technique. Prozac caused 
a dose-dependent decrease in outward currents. A complete block occurred 
at 10−4 M (n=5), a 75 ± 10% block with 10−5 M (n=3), and a 45 ± 13 % block 
with 10− 6 M (n=9) Prozac. This effect was largely due to reduction of the 
large conductance K channel since Iberiotoxin (12.5-25 nM), a specific 
blocker of the maxi K channel, produced a similar reduction of whole cell 
currents (60-95 %) in the NPE. The Prozac concentration used in our in vitro 
study approach the anticipated plasma drug concentration in humans treated 
for depression. Also, Prozac’s action on K currents occurs at lower 
concentrations than other reported blockers of the K channel blockers (e.g.,
4-aminopyridine and tetraethylammonium).

This research was supported in part by the NIH (EY-05240

429.11

ARGIOTOXIN-636 INHIBITS VOLTAGE-ACTIVATED K+ CURRENTS IN 
CULTURED DRG NEURONES VIA A SPERMIDINE SENSITIVE MECHANISM 
I S. Blagbrough2, E. Moya2, M.T. Gibson1, & R.H. Scott1*. 1Dept. of 
Biomedical Sciences, Univ. o f  Aberdeen, Foresterhill, Aberdeen AB25 2ZD, 
UK; 2Dept. o f Pharmacy & Pharmacology, Univ. o f Bath, Bath BA2 7AY, UK.

The polyamine amide spider toxin, argiotoxin-636 (Arg636) has previously 
been found to attenuate glutamate-activated currents and voltage-activated Ca2+ 
currents. The whole cell recording technique was used to evaluate the actions of 
Arg636, synthesized by a reductive alkylation strategy. Argiotoxin-636 (0.1- 
100µM) applied extracellularly for 3-6 minutes or to the intracellular 
environment for 5-10 minutes attenuated voltage-activated potassium currents 
(Ik) and increased the duration o f  evoked action potentials in cultured dorsal root 
ganglion neurones. Extracellular Arg636 ( 10µM) inhibited Ik activated from a 
holding potential o f −90mV by 45 ± 9% (n=6), IK was inhibited over the whole 
voltage range (-30 to +50mV), without a shift in the steady state inactivation. 
The inhibitory action o f 10µM Arg636, when applied to the extracellular 
environment, was abolished by 25OµM but not 25µM spermidine. The effect of 
extracellular spermidine (250µM for 1hr) on 10µM Arg636 responses was fully 
reversible. Additionally, 100µM Arg636 was able to inhibit IK by 71 ± 14% 
(n=5) and 72 ± 13% (n=3) in the absence and presence o f 25OµM spermidine 
respectively. Extracellular spermidine (25OµM) alone had no effect on IK and did 
not attenuate the inhibitory effects o f Arg636 applied intracellularly via the 
patch pipette solution. These data suggest a competitive antagonism between 
spermidine and Arg636, possibly at polyamine transporters, which could be 
critical for the toxin’s action on IK. Supported by The Wellcome Trust.

429.13

EFFECTS OF DENDROTOXIN (DTX) HOMOLOGUES AND SCORPION TOXINS ON 
SPONTANEOUS INHIBITORY POSTSYNAPTIC CURRENTS RECORDED FROM 
CEREBELLAR PURKINJE CELLS. Andrew P. Southan and Brian Robertson*. 
Department of Biochemistry, Imperial College of Science, Technology & Medicine, 
London SW7 2AY.

Basket cell nerve terminals express DTX-sensitive Kv1.1 and Kv1.2 
subunits (Wang et al, 1994, J. Neurosci., 14, 4588) and form characteristic 
pericellular and pinceau synaptic structures around the somata and the axon initial 
segment of Purkinje cells. Such terminals are ideally placed to regulate Purkinje cell 
firing. Recently we have shown that α-DTX blocks a significant proportion of basket 
cell nerve terminal K+ current and dramatically increases IPSC frequency and 
amplitude in Purkinje cells (Southan & Robertson, 1998, J. Neurosci., 18, 948). We 
have now examined further DTX homologues and two scorpion venom toxins on 
spontaneous IPSCs in Purkinje cells using conventional whole-cell patch-clamp 
methods in saggital cerebellar slices from 3-5 week old male mice. Toxin K (200nM; 
n=5) increased mean (±SEM) IPSC amplitude and cumulative frequency from 
− −120±1.7pA and 18.3Hz to − 170.4±1.5pA and 32.8Hz. Toxin I (200nM; n=3) was 
less potent, mean control values being -55.8±l.2pA and 12.2Hz, increasing to 
-69.8±l.3pA and 15.9Hz in toxin. γ-DTX(200nM; n=4) was also less potent than 
toxin K, mean control values being − 128.4±1.9pA and 21.6Hz, changing to 
-l53.8±2.5pA and 20.9Hz in toxin. Margatoxin (10nM; n=3) increased the mean 
amplitude of IPSCs from a control value of -76.2±l.8pA to -96.7±2.7pA, however 
event frequency was reduced to 12.0Hz from 16.5Hz. Agitoxin-2 (10nM; n=3) 
reduced mean IPSC amplitude to − 135.6±3.6pA from a control value of 
-l65.6±6.9pA, event frequency was not significantly altered, being 17.1Hz in control 
and 16.8Hz in Agitoxin-2. Comparing the ability of DTX homologues and other 
selective K+ channel blockers to potentiate inhibitory transmission at this important 
CNS synapse with their potency at cloned Kv channels in expression systems may 
help us to achieve a closer understanding of the native K+ channel subunit identity in 
basket cell nerve terminals. (Supported by the Wellcome Trust (045812).

429.12

ARACHIDONIC ACID-ACTIVATION OF THE ALPHA SUBUNIT OF BK- 
CHANNELS IN HEK-293 CELLS.
D. D. Denson W.C. O’Neill and D. C. Eaton*. Depts of Anesthesiology and 
Physiology and The Center for Cell and Molecular Signaling, Emory University 
School of Medicine, Atlanta, GA 30322.

BK-channels are activated by arachidonic acid (AA) in excised patches. This 
activation may be due to an increase in the voltage dependence of the BK-channel 
protein. Since the α-subunit of BK-channels has a voltage sensitivity which is similar 
to wild type channels, we investigated the effects of AA on a stable HEK-293 cell line 
expressing the α-subunit of the mslo BK-channel. Untransfected or sham transfected 
HEK-293 cells do not express detectable Ca2+-activated potassium channels by either 
electrophysiologic measurements or by Ca2+-stimulated 86Rb efflux. We developed a 
stable cell line of HEK-293 expressing the α-subunit of the mslo BK-channel by 
standard neomycin selection methods. These cells had detectable α-subunit message, 
significant Ca2+-stimulated 86Rb efflux, and single channel events in excised patches 
consistent with BK channels. To examine the effects of AA, we examined Ca2+- 
stimulated 86Rb efflux and the properties of single channels in excised patches. 86Rb 
efflux rates (min−1) in cells expressing the α-subunit were 0.030 ± 0.002 for control 
and 0.296±0.011 for A23187. For the excised patches, 150 mM KCl was used in both 
the pipette and bath solutions. In general, the bath (corresponding to the cytosolic 
surface of the patch) initially contained 1 μM free Ca2+ (buffered with 5mM 
K2EGTA). After control recordings had been made at several holding potentials 
(between 0 and +60 mV), 2.5 µM AA was added to the bath solution and, after 
allowing the effect of AA to reach a stable maximum, the voltage paradigm was 
repeated. The slopes of the Po vs voltage relationships were not different between 
control and arachidonic-acid-treated cells (0 .033±0 .018 vs 0.045 ±0.018); however, 
AA did shift the entire P0 vs voltage relationship to the left along the voltage axis by
29.5 ± 10.3 mV. These data imply that the voltage sensing residues of the channel are 
unaffected by AA treatment. An additional interpretation of these results is that AA 
alters the calcium dependence of the channel. Supported in part by NSF 
#IBN9603837.

429.14

MECLOFENAMIC ACID, A NONSTEROIDAL ANTIINFLAMMATORY DRUG, 
INHIBITS THE HUMAN Kv 1.1 AND Kv 2.1 TYPE POTASSIUM CHANNEL. 
Y.T. Lee*, and Q . Wang,  Dept. of CNS Disorders, Wyeth-Ayerst Research, CN 8000, 
Princeton, NJ 08543

Nonsteroidal antiinflammatory drugs (NSAIDs) are a class of widely used 
substances that include fenamate, aspirin, acetaminophen, and ibuprofen. Using the 
standard patch clamp whole-cell recording, we investigated the effects of NSAIDs on 
the human potassium channel expressed stably or transiently in CHO cells. NSAIDs 
flufenamic acid, niflumic acid, mefenamic acid and meclofenamic acid were tested on 
Kv2.1 channels at 100 µM. Only meclofenamic acid inhibited Kv2.1 currents while 
the others had little effect. Meclofenamic acid did not shift the IV curve, suggesting 
that the inhibition from meclofenamic acid was voltage-independent. The IC50 of 
meclofenamic acid was then examined on Kv1.1 and Kv2.1 type channels. The IC50 of 
meclofenamic acid for K v1.1 was almost twice of that for Kv2.1, showing that the 
inhibition from meclofenamic acid is more specific to Kv2.1. Since the four fenamate 
derivatives used in this study work primarily through the inhibition of the enzyme 
arachidonate cyclooxygenase (COX), inhibition of Kv channels by only meclofenamic 
acid suggested that it modulates the K-channels directly and not through the effects on 
COX. To further support this hypotheses, indomethacin, a potent blocker of COX, 
was tested. At 10-100 µM, indomethacin had little effect on hKv2.1 channels or 
native K-channels in cultured rat hippocampal neurons, suggesting that the effects of 
meclofenamic acid on K-channels was more likely caused by direct modulation of the 
K-channel and not through the inhibition of COX. Meclofenamic acid at 100 µM 
inhibited potassium currents from cultured rat hippocampal neurons by approximately 
30%, showing that potassium channels expressed in neurons are also inhibited by 
meclofenamic acid. These results demonstrate that some of the NSAIDs may have 
direct effects on ion channels, which are independent of COX.
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429.15

DIFFERENTIAL EFFECTS OF VOLATILE ANESTHETICS AND 
NONIMMOBILIZERS ON BASELINE NEURONAL POTASSIUM CHANNELS.
B.D. Winegar* and C.S. Yost. Dept. of Anesthesia, University of California, San 
Francisco, CA 94143-0648.

Baseline potassium channels have been shown to be sites of volatile anesthetic 
action in certain invertebrate neurons. Activation of these channels by volatile agents 
may contribute to the anesthetic state by inhibition of synaptic transmission and 
decreased neuronal excitability. Here we investigate the actions of volatile anesthetics 
and convulsion-producing volatile nonimmobilizers on single baseline K+ channels in 
cultured rat cerebellar granule neurons. Baseline channels were observed in high 
numbers in excised patches. These channels were active at all potentials and maintained 
activity during prolonged depolarization. The single baseline K+ currents were outward 
rectifying with no observable inward currents at hyperpolarized potentials. The i-V 
relation was generally linear in the positive range with a single channel conductance of 
~8 pS. Isoflurane at clinical concentrations (550 µM, 2 MAC, 0.023 atm) produced 
about a 3-fold reversible activation of the channel. The volatile nonimmobilizer 1,2- 
dichlorohexafluorocyclobutane (2N) also increased the mean open probability at a 
concentration of 200 µM. Both agents activated channels with a fast onset and offset 
during perfusion with no evidence of desensitization. In contrast, the volatile 
nonimmobilizer, flurothyl (Indoklon) at 50 µM produced about a 50% reduction in the 
mean open probability, while 500 µM flurothyl completely inhibited channel activity. 
2N has been reported to supress learning in rats at sub-convulsant concentrations, 
suggesting that the 8 pS channel may have a role in mediating some of the central 
effects of volatile anesthetics and nonimmobilizers. These data support a role for 
baseline K+ channels in volatile anesthetic action in the mammalian CNS. Supported 
by NIH grant GM51372 and a Foundation for Anesthesia Education and Research grant 
to C.S.Y.

429.17

CHARACTERIZATION OF POTASSIUM CHANNELS MEDIATING OUTWARD 
CURRENTS IN FROG MUSCLE MEMBRANE BY NOVEL TOXINS FROM MARINE 
SPONGES. K.V. Alejandro3, O. Barreto-Chang2,3, Rosa. R.3, Rodriguez, A.D.1 and 
Escalona de Motta, G2,3*. University of Puerto Rico, Rio Piedras Campus, 1Depts of 
Chemistry and 2Biology, and Medical Sciences Campus, 3Institute of Neurobiology, San 
Juan, PR 00901.

Well identified potassium channel subtypes may be specifically  blocked by 
compounds and toxins acting as potassium channel inhibitors. This work aims to 
characterize the K+ channels of fast skeletal muscle fibers recording the macroscopic 
currents eli cited by depolarizing voltage stimuli applied to patches of frog sartorious 
muscle membrane. Currents recorded in the presence of 10, 15 and 20 mM TEA 
showed a dose dependent blockade of outward currents without any alteration in the 
inward currents. This observation confirms that these currents are conducted via TEA- 
sensitive, potassium channels. These channels were identified as IK channels as the 
specific inhibitor Tityus toxin in the crude venom of T. serrulatus inhibited an average of 
93.8% of the current at 10 pg/mL, 61.3% at 0.10 pg(mL and 24.7% at 0.001 pg/mL. 
Observations were made in the presence of four bromopyrrole alkaloids isolated from 
specimens of Caribbean sponges of the genus Agelas, clathrodin (CLA) and oroidin 
(ORO), respectively, the non-brominated and di-brominated monomers, and sceptrin 
(SCP) and dibromosceptrin (DBS), respectively, the mono- and dibrominated dimers. 
Application of both CLA and DBS reduced the amplitude of inward sodium currents, 
producing complete blockade in 6 (CLA) to 30 (DBS) min. Outward currents were also 
inhibited, CLA producing a 50% inhibition in 5 min while DBS blocked 60% of the current 
after 30 min. SCP and ORO exerted only a moderate blocking effect on both current 
components, inhibiting nearly 30% of the currents after exposure periods of more than 40 
min. Published observations from our laboratory indicate that these compounds interact 
with the sodium channel macromolecule. The present pharmacological observations 
suggest that the chemical structure of these alkaloids allows them to interact with similar 
affinities with both the sodium and the potassium channels present in this muscle 
membrane. (Supported by NIH Grants GM08102 and MH48190)

429.16

U N M A S K IN G  O F A  N E W  P O T A S S IU M  C U R R E N T  IN  
D R O S O P H I L A  B Y  M U T A T IIO N S  A N D  D R U G S . A .
Singh and S. Singh*. Department o f  B iochem ical Pharmacology, 
State University o f  N ew  York, Buffalo, N Y  14260-1200

Potassium current in the larval m uscles o f  D rosoph ila  has 
been previously resolved into four distinct currents, two o f  which 
are voltage-activated and tw o calcium -activated. The voltage- 
activated currents include the delayed rectifier current ( Ik ), which  
has been believed to be a single current until now. With a combined 
use o f  electrophysiological, genetic and pharmacological techniques, 
w e show that Ik  may be com posed o f  two distinct currents. A  null 
mutation (Shab9g) in the Shab  potassium channel gene reduced the 
IK current but did not eliminate it. The component o f  the current 
removed by S h a b 9g differed from the remaining com ponent in 
k in etics and sen sitiv ity  to b lockade by quinidine and 4- 
am inopyridine. K inetics o f  the current with high quinidine- 
sensitivity overlapped with kinetics o f  the current removed by 
S h a b 9g . On the other hand, kinetics o f  the current with low  
quin id in e-sen sitiv ity overlapped with k inetics o f  the current 
unaffected by S h a b 9g . These observations suggest that the total 
delayed rectifier current in D rosoph ila  may represent two types o f  
channels, which are physiologically and pharmacologically distinct. 
Identification o f  a new, S h ab -independent, current w ill help in 
understanding the mechanisms o f  excitability in the tissues which 
express this or similar currents.
Supported by NIH (G M -50779) and N SF (M C B-9604457).

EXCITATORY A M IN O  ACID RECEPTORS: GEN E EX PR ESSIO N

430.1

GLUR2 PROMOTER IN AN ADENOVIRUS VECTOR : 
EFFICIENT AND NEURON SPECIFIC EXPRESSION IN 
CORTICAL CULTURE. Steve Payne. Jeanne Peters. Scott Myers. 
Valerie Krougliak, Randy Eisensmith, and Raymond Dingledine*,
Department o f Pharmacology, Emory University, Atlanta, GA30322 and 
Institute for Gene Therapy, Mount Sinai School o f Medicine, New York. 
We have previously shown that 0.8 kilobase o f the 5’ flanking region of 

the GluR2 gene drives robust expression o f a luciferase reporter in neurons 
within primary cortical cultures. This plasmid construct was introduced 
through standard polycationic lipid gene transfer, a technique limited by 
low transfection efficiency (<2% in primary neuronal culture) and possibly 
excessive copy number o f the construct in the recipient cell, which might 
overwhelm low-abundance transcription factors. For these reasons, we 
compared delivery o f the GluR2 reporter gene by plasmid transfection and 
by a first generation ΔE1 adenovirus, which expresses transiently with a 
cellular expression profile dependent on the inserted cassette. We have 
demonstrated a dose dependent relationship o f luciferase reporter activity 
to infective virus MOI, and neuron specificity through co-immunostaining 
with α-luciferase and α-MAPII / or α-GFAP. Compared with plasmid 
transfections, the adenovirus provides >40 fold increase in the number of 
neurons expressing the reporter gene, but similar levels o f luciferase 
enzymatic activity, suggesting a reduced copy number per neuron. These 
results indicate that the introduction o f the GluR2 promoter by viral vector 
is reliable and may facilitate study o f this promoter’s regulation in a more 
physiologically relevant model than previously available. Supported by the 
NIH.

430.2

FUNCTIONAL ANALYSIS OF THE RAT GLUR1 PROMOTER.
K. Borges*, and R. Dingledine. Dept. of Pharmacol., Emory Univ., Atlanta, GA.

AMPA receptors are expressed at various levels in different cell types and are 
subject to regulation during development, physiological stimuli and diseases. We 
are interested in the regulation of the GluR1 gene, which is specifically upregulated 
in O-2A cells after treatment with bFGF and PDGF or in cerebellar cultures after 
high K+ application.
5 kB of the rat GluR1 promoter were cloned from a rat genomic library and 
sequenced. Multiple transcriptional start sites, at -295, -266, -219 and -202 
(relative to the 1st ATG), were found by both primer extension and RNase 
protection analysis. The GluR1 promoter lacks TATA- and CCAAT-elements. 
Promoter activity o f different fragments cloned into the pGL3 vector (Promega) 
was assessed by measuring firefly luciferase activity after transfection into different 
cell types. In primary rat cortical neurons promoter activity increased about 2-fold 
from constructs (-2346 to +8 and -1395 to +8) to construct (-459 to +7; 40% of 
thymidine kinase activity) and decreased gradually with sequential 5’ deletions 
from -459 to -209. The highest promoter activity (80% of the TK activity) was 
found with construct (−459 to −47) which contains all transcriptional start sites, a 60 
bp GA repeat and no upstream ATGs. Thus, it seems that multiple positive (-459 to 
-209) and negative (5’ o f -459 and 3’ from -48) elements govern the expression in 
neurons. In glial cells, expression o f the long constructs (-2346 to +8 and -1395 to 
+8) was negligible, but constructs starting at −459 had about 10-20% of the TK 
promoter activity. Thus, the negative elements upstream of -459 appear to be 
especially strong in glia. Further 5’ deletions abolished luciferase expression in glia 
after deletion o f 125 bp containing the GA repeat, suggesting a strong glial 
activator in this region. These results indicate that the transciptional control of 
GluR1 is quite different from that of GluR2. Supported by the NIH.
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430.3

MULTIPLE PROMOTERS DIRECT THE SYNTHESIS OF VARIABLE- 
LENGTH GLUR2 mRNAs: TRANSCRIPT DISTRIBUTION IN BRAIN 
AND IMPLICATIONS FOR GLUR2 PROTEIN EXPRESSION. S. J. Myers*, 
Y. Huang, and R. Dingledine, Dept. of Pharmacol., Emory Univ. Sch. of Med., 
Atlanta, GA 30322.

Channel properties of AMPA receptors are dominantly affected by inclusion of an 
edited GluR2 subunit in the macromolecular receptor complex. Previous analysis of 
initiation sites for native GluR2 transcripts identified multiple sites from -286 to -481 
bases relative to the GluR2 AUG codon, and moreover, long GluR2 transcripts were 
shown to be translationally inhibited 10-20 fold. We have extended these findings by 
addressing two main questions, 1) Do multiple promoters exist for the GluR2 gene? 
and 2) Can the motif in the 5’-UTR responsible for reducing GluR2 translation be 
identified? RNAse protection and primer extension analysis o f GluR2 transcripts in 
rat brain identified major initiation sites -340, -368, -399, and -429 bases upstream of 
the GluR2 AUG, and minor sites -452 and -481 bases or longer. When RNAse 
protection was used to compare the distribution o f long vs. short GluR2 transcripts in 
cerebellum versus cortex, long GluR2 transcripts were 26% more prevalent than short 
transcripts in cerebellum (p<0.05). The finding o f region-selective transcription 
initiation sites supports the conclusion that multiple promoters exist for the rat GluR2 
gene. We also investigated the effect of long and short GluR2 leaders on translation 
in a cell-free reticulocyte lysate assay; translation was reduced by GluR2 sequence 
between -250 and -481 bases, relative to the AUG, with the largest fraction of 
inhibition dependent upon sequence between -340 and −481, at ~ 10-fold. Insertion of 
this 141-base sequence in front o f the GluR1 cDNA also repressed translation in vitro, 
and additionally, replacement of these 141 bases in the GluR2 leader with the GluR1 
5’-UTR relieved translational repression of GluR2. Together, these results indicate 
that the inhibitory motif in the GluR2 5’UTR is sequence-dependent and resides 
within the 5’-most region o f the longest GluR2 transcripts.
Supported by NIH and Bristol-Myers Squibb (RD) and an NRSA (SJM).

430.5

M A L O N A T E  E F F E C T S  S I N G L E -S T R A N D E D  D N A  
B IN D IN G  A C T IV IT IE S  T O  T H E  N M D A R 1 P R O M O T E R  IN  
R A T  S T R IA T U M . Guang B a i,1* Jiang F. Chen,2 and Stuart A. 
L ip to n 1. CNS Research Institute, Brigham  & W omen's Hospital; 
Program in Neuroscience, Harvard M edical School, Boston, M A 02115; 
2M olecular Neurobiology Laboratory, M assachusetts General Hospital, 
Harvard M edical School, Boston, M A 02129.

The mitochondrial toxin, malonate, disrupts bioenergentics and leads to 
neuronal excitotoxicity, thus providing a model for neurodegenerative 
disorders. One mechanism o f  malonate neurotoxicity involves indirect 
activation o f  N M D A  receptors due to membrane depolarization and 
consequent loss o f  M g2+ blockade. To further understand the molecular 
events underlying malonate-induced neurotoxicity, w e studied the effect 
o f  malonate on the interaction o f  nuclear proteins with the NM DAR1 
promoter. Our previous studies revealed that a proximal region (-309 to 
-265) is important for NM DAR1 promoter activity and interacts with  
multiple nuclear transcription factors which bind to double- or single- 
stranded D N A . For exam ple, SBPC1 and SBPC2 bind to the sense 
strand o f  the promoter. Levels o f  SBPC1 are high in non-neuronal cells  
and decreased by NGF. In contrast, SBPC2 is high in neuronal cells and 
increased by NGF. W e exam ined nuclear binding activities to the 
promoter in malonate-lesioned male rat striatum. Unilateral injection o f  3 
µm ole malonate into the striatum increased the activity o f SBPC1 by 40% 
at 1 hr and 100% by 6 hr, w hile SBPC 2 activity decreased 33%. 
H ow ever, malonate did not influence S p 1 activity, which binds to a 
double-stranded promoter region that overlaps the S B P C 1/2  binding 
sequence. Our results suggest that malonate may differentially regulate 
nuclear proteins to influence N M D A R 1 promoter activity. Supported by 
P 0 1 HD29587 and R01 EY0 5477 (to S.A.L).

430.7

ETHANOL-MEDIATED REGULATION OF NMDA R1 GENE 
EXPRESSION IN CORTICAL NEURONS REQUIRES D E NOVO  
PROTEIN SYNTHESIS. M Kumari* and M.K. Ticku. Dept of 
Pharmacology, Univ. of TX Hlth, Sci. Ctr., San Antonio, TX 78284.

Chronic ethanol treatment in vivo and in vitro upregulates N-methyl-D- 
aspartate (NMDA) receptor number and function with a concomitant 
increase in NMDA R1 and R2B polypeptide levels in vitro (Hu and Ticku, 
1995, Mol. Br. Res. 30:347; Follesa and Ticku, 1996, JBC 271:1329). 
Similar ethanol treatment in vitro augments NMDA R2B gene transcription 
rate and increases NMDA R1 mRNA half-life from 16 h to more than 24 h 
(Kumari and Ticku, 1998, J. Neurochem. 70:1467). To delineate the 
mechanism(s) by which ethanol (50 mM, 5 days) stabilizes R1 mRNA, we 
have determined (1) whether protein phosphorylation by protein kinase C 
(PKC) and/or tyrosine kinase (TK) plays a role in R1 mRNA stabilization, 
and/or (2) whether de novo  protein synthesis is required for NMDA R1 
mRNA stabilization. Fetal cortical neurons were cultured in the presence of 
50 mM ethanol and increasing concentrations of PKC inhibitor calphostin 
C for a period of 5 days or TK inhibitor genistein for 2.5 days. Our results 
indicate that inhibiting phosphorylation of pre-existing proteins by PKC or 
TK did not alter the NMDA R1 mRNA levels as compared to untreated 
controls. To determine whether new protein synthesis is required for 
ethanol-induced stabilization of R1 mRNA, cortical neurons pretreated with 
ethanol for 5 consecutive days were incubated with cycloheximide (10  
µg/ml). Inhibition of protein synthesis for more than 12 h decreased R1 
mRNA levels. Results of the present study indicate that phosphorylation of 
protein(s) is not necessary but de novo  protein synthesis is essential for 
ethanol-induced NMDA R1 mRNA stabilization suggesting that ethanol- 
induced specific regulatory protein(s) play a major role in NMDA R1 
mRNA stabilization.

Supported by NIH-NIAAA grant #A A 10552.

430.4

TRANSCRIPTIONAL REGULATION OF NM DA  
RECEPTOR NR2 SUBUNITS BY NEURAL INPUT
M. Sasner*, I. Hauser, D.E. Brenneman & A. B uonanno. 
LDN,NICHD,NIH, Bethesda, MD 20892-4480.

The subunits that comprise the NMDA receptor (NR) are 
expressed in distinct patterns during development and confer 
different properties to the receptor. NR2B expression is down- 
regulated in the forebrain during development. In the cerebellum, 
the NR2B subunit is expressed by granule cells early in 
development but is replaced by the NR2C subunit after the cells 
have migrated and received mossy fiber input. Primary cerebellar 
granule cells in culture display a similar down-regulation of NR2B 
expression during the time that synapses are formed in v itro . In 
these cultures depolarization by veratridine is sufficient to down- 
regulate NR2B mRNA; TTX blocks this effect. Primary cortical cell 
cultures do not down-regulate NR2B message levels as they 
differentiate, but TTX increases and KCl or veratridine decrease 
expression. By transfecting these cultures with NR2B-luciferase 
constructs we have been able to identify genomic regions important 
for neural-specific expression and to show that a 150bp promoter 
is sufficient for the activity-dependent regulation of transcription. 
These primary culture models will be useful to understand the 
differential regulation of NR2 subunits in various brain regions as 
well as the role of presynaptic inputs in determining the molecular 
composition of NMDA receptors.

Supported by the NICHD intramural program.

430.6

Kainate receptor (KA2) mRNA in the entorhinal cortex in schizophrenia and bipolar 
disorder.
T .J .  Raedler, T.M. Hyde*, S.E. Bachus, M.M. Herman. D.R. Weinberger and J.E. 
Kleinman, CBDB, IRP, NIMH, NIH, Washington, DC, 20032.
Abnormalities of glutamate neurotransmission and the entorhinal cortex have been 
implicated in neuropsychiatric disorders. We compared postmortem levels of the 
expression of mRNA for the KA2 subunit of the kainate receptor in the caudal and 
rostral entorhinal cortex of subjects with schizophrenia (n = 11), bipolar disorder (n = 
5), nonpsychotic suicides (n = 8) and normal controls (n = 11). In situ hybridization 
with an [35S]-labeled oligonucleotide probe for human KA2-subunit mRNA was 
performed on 14 µm thick coronal sections. The rostral sections were subdivided into 
entorhinal cortex layers 2, 3 and 5/6, and entorhinal sulcus layers 2, 3, and 5/6, while 
the caudal sections were subdivided into similar entorhinal regions plus hippocampus 
(dentate gyrus, CA4, CA3, CA1, subiculum). Data-analysis was done with NIH 
IMAGE. Statistics were performed using a two-way ANOVA with group and region 
as factors as well as post-hoc group and regional comparisons.
A significant regional effect (p < 0.0001) was found in the caudal and rostral 
entorhinal cortex. The group effect reached significance (p < 0.0001) only in caudal 
entorhinal cortex. Post-hoc comparisons failed to show differences between 
schizophrenics and normal controls in any region. Bipolar subjects showed significant 
reductions versus normal controls in CA1 (p = 0.046) and entorhinal sulcus layer 3 (p 
= 0.054). Differences in entorhinal cortex layers 3 and 5/6, and entorhinal sulcus 
layers 2 and 5/6 showed a trend in the same direction (0.05 < p < 0.1). These results 
suggest possible alterations in the glutamate system in the entorhinal cortex for 
bipolar disorder.
SEB was supported by a grant from NARSAD.

430.8

NUCLEAR ORPHAN RECEPTORS REGULATE GLUTAMATE RECEPTOR 
KA2 GENE TRANSCRIPTION. L.J. Chew1*, F. Huang1, J.M. Boutin2 and V. 
Gallo1. 1LCMN, NICHD, NIH, Bethesda, MD 20892; 2Dept o f Med, Hotel-Dieu de 
Montreal, Montreal, PQ H2W 1T8.

We have previously shown that a 500 bp fragment in the first intron of the 
kainate-preferring receptor subunit 2 (KA2) gene downregulates gene expression in 
oligodendrocytes. In our present studies, mutation of an 11 bp element within this 
fragment not only abolished nuclear protein binding, but also resulted in a loss of 
negative regulation by the intron. Using a yeast one-hybrid system, we isolated 
several clones from rat brain encoding nuclear orphan receptors, viz. COUP-TFI, 
EAR2 and NURR1. Gel shift studies with postnatal day 2 (P2) rat brain extract 
showed that the DNA-protein complex formed on the KA2 motif is effectively 
competed by unlabeled COUP-TF binding site and is supershifted with specific anti- 
COUP-TF, EAR2 and NURR1 antibodies. Gel-shift competition with unlabelled 
KA2 element mutants indicate that the individual receptor clones exhibit differential 
binding characteristics and suggest that the DNA-protein complex from 
oligodendrocyte cells and P2 rat brain may consist primarily of EAR2. This DNA- 
binding activity was observed to be (i)developmentally regulated, being highest in 
embryonic brain tissue; (ii)much more abundant in neural tissue than in non-neural 
tissue when examined at P6 and (iii)was higher in glial than in neuronal cells. 
Cotransfection studies in CV 1 cells showed that overexpression of orphan receptors 
repressed transcription of heterologous promoter constructs. This repression was 
dose-dependent and also occurred in the absence of a receptor binding site. Pull-down 
assays demonstrated that each of the receptors directly interacts with TFIIB. Our 
findings are thus consistent with the notion that different nuclear orphan receptors 
can repress KA2 gene transcription by binding a common element in an intron of 
the rat KA2 gene and directly modulating the activity of the transcription machinery. 
Supported by NIH.
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430.9

NMDAR3A-2, a novel splice  variant o f  the  NMDA r eceptor  subunit

FORMERLY KNOWN AS χ−1

I. Pérez-Otaño, A. Contractor*, C.T. Schulteis & S.F. Heinemann Molecular 
Neurobiology Laboratory, The Salk Institute for Biological Studies, 10010 N. Torrey 
Pines Rd, La Jolla, CA 92037

NMDA receptors are crucial to both physiological and pathological processes in 
the central nervous system. These receptors are heteromultimeric complexes of the 
ubiquitous NR1 subunit and one or more NR2 subunit subtypes. A third member of 
the NMDAR family, χ - \ ,  was cloned and recently renamed NR3A. Using RT-PCR 
from rat hippocampus, we have cloned a cDNA encoding a novel splice variant of 
NR3A, which we have termed NR3A-2. This splice variant contains an in-frame 20 
amino acid insertion in the carboxy-terminal domain of the receptor. The pattern of 
expression of NR3A-2 in rat brain is similar to NR3A, although the levels of 
expression are lower.

NR3 receptor subunits do not form functional homomeric receptors but reduce 
NR1/NR2 current amplitudes when co-expressed in Xenopus oocytes. To investigate 
the nature of this reduction in current, we have employed whole cell and outside-out 
patch recordings from HEK293 cells expressing NR1- 1a/NR2A/NR3. We show that 
NR1/NR2A/NR3 receptors have a reduced single-channel conductance as compared 
to NR1/NR2A receptors. Differences in the calcium permeability of the NR3 
containing receptors were also observed. In addition, surface biotinylation 
experiments demonstrate that NR3 is found on the cell surface only when it is co
expressed with NR1 and NR2A in HEK cells, providing further evidence for the 
interaction of NR3 with other NMDA receptor subunits. These data demonstrate that 
NR3 can co-assemble with NR1 and NR2 to form part of the receptor complex.

This work has been funded by grants from the N1H and McKnight Foundation to 
SFH, a Spanish MEC fellowship to IPO and a Wellcome Trust Fellowship to AC

430.10

PHARMACOLOGICAL AND BIOPHYSICAL CHARACTERIZATION OF TWO 
SPLICE VARIANTS OF THE HUMAN NMDA 1A/2C RECEPTOR. L.P. Daggett*. 
E.C. Johnson, M.A. Varney, F.-F. Lin, S.D. Hess, C.R. Deal, C. Jachec, M.M. Harpold, 
and G. Velicelebi. SIBIA Neurosciences, Inc., La Jolla, CA 92037 

cDNAs encoding four putative splice variants of the human A-methyl-D-aspartate 
receptor NMDAR2C (hNR2C-1, C-2, C-3, and C-4) were isolated from human 
cerebellar cDNA libraries. We examined the sequence of the hNR2C gene surrounding 
the putative splicing regions and verified that these variants could result from 
alternative splicing. In RNase protection experiments using human cerebellar poly-A 
mRNA samples, we detected hNR2C-1 mRNA, but not hNR2C-2, hNR2C-3 or 
hNR2C-4 mRNAs. The pharmacological properties of hNR1A/2C were determined by 
measuring agonist-induced inward currents in Xenopus oocytes, and were compared to 
other recombinant hNMDAR subtypes. Glycine, glutamate and NMDA each 
discriminated between hNR1A/2C-1 and at least one of hNR1A/2A, hNR1A/2B, or 
hNR1A/2D subtypes. Among the antagonists tested, CGS 19755 did not significantly 
discriminate between any of the four subtypes whereas DCKA distinguished between 
hNR1A/2C and hNRIA/2D. Immunoblot analyses of membranes isolated from 
HEK293 cells transiently transfected with cDNAs encoding hNR1A and each of the 
four NR2C splice variants indicated the formation of heteromeric complexes between 
hNR1A and all four hNR2C isoforms. We observed an agonist-induced elevation of 
intracellular free calcium and whole-cell currents in cells expressing hNR1A/2C-1 or 
hNR1A/2C-2. There were no detectable differences in the macroscopic biophysical 
properties of hNR1A/2C-l or hNRlA/2C-2. In contrast, we did not detect functional 
responses in HEK293 cells expressing hNR1A/2C-3 or hNR1A/2C-4. In summary, the 
pharmacological and biophysical properties of hNR1A/2C-1 distinguish it from the 
other human NMDA receptor subtypes. Knowledge of these properties should aid 
studies probing the physiological and pathophysiological roles of NMDA receptor 
subtypes in human brain.
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431.1

DYNAMIC CHANGES IN THE MODULATION OF GLUTAMATE 
RELEASE BY DESENSITIZATION OF GROUP I METABOTROPIC 
GLUTAMATE RECEPTORS. J. Sánchez-Prieto* and A. Sistiaga, Dpto 
Bioquímica, Fac. Veterinaria, Universidad Complutense. Madrid 28040. 
Spain.

Metabotropic glutamate receptors coupled to phosphoinositide 
hydrolysis undergo homologous desensitization after phosphorylation by 
protein kinase C (PKC), but how this process affect the modulation of 
glutamate is not known. In nerve terminals form the cortex, a first 
stimulation of these receptors with the agonist 3,5 
dihydroxyphenylglycine, DHPG, facilitates glutamate release. However, 
a second stimulation of the receptor, shortly (5 min) after the first pulse, 
reduces rather than facilitates the release. Release facilitation is the 
consequence of an increase in diacylglycerol (DAG) and the subsequent 
activation of PKC which enhances the entry of Ca2+ in the terminals. In 
contrast, release inhibition is associated with the loss of DAG production 
and with a pertussis toxin-insensitive inhibition of N-type Ca2+-channels. 
This switch in the function is group I mGluRs is prevented by the protein 
kinases inhibitor staurosporine, suggesting the involvement of PKC. It is 
proposed that the phosphorylated receptor becomes uncoupled from the 
pathway leading to phosphoinositide hydrolysis, while becomes able to 
activate, an until then silent pathway, that inhibits Ca2+ channels 
activity. The switch from facilitation to inhibition is reversible as a 
second pulse, 30 min after the first one, also causes release faclitation. 
However, the protein phosphatase inhibitors okadaic acid or calyculin A 
both prolong the switch to inhibition as a second stimulation of the 
receptor even 2 hours after the first one, still produces inhibition, 
indicating the involvement of protein phosphatases, PP1 or 2A in 
receptor dephosphorylation and, therefore, in the recovery of the 
facilitatory response. This switch in function of group I mGluRs has 
been overlooked in most synaptic transmission studies but may have 
profound implications in synaptic physiology.

431.3

DIFFERENTIAL SENSITIVITY OF GROUP II METABOTROPIC 
GLUTAMATE RECEPTORS TO AGONIST-INDUCED DESENSITIZATION.
S.M.Lennon, P J. Roberts and E.Kelly. (spon:British Neuroscience Association) 
Department of Pharmacology, School of Medical Sciences, University of Bristol. 
Bristol. U.K BS8 1TD.

The ability of the group II metabotropic glutamate receptors (comprising subtypes 2 
and 3) to modulate synaptic activity is well documented. However the susceptibility 
of these receptors to agonist-induced desensitization has not yet been addressed. In 
order to investigate this, we examined the effect of prior exposure to agonist on the 
ability of these receptors subsequently to inhibit forskolin-stimulated adenylyl cyclase 
activity. Experiments were carried out in whole cells which were then lysed and the 
supernatant assayed for [cAMP].As previously reported, the inhibition of 10µM 
forskolin-stimulated adenylyl cyclase activity seen in mGluR2-CHO cells on 
application of 10µM LCCG-1 (2S. 1 'S, 2 ’S)-2- (carboxycyclopropyl) glycine (a 
group II-selective agonist) was not altered by pre-exposure for 2 hours to this agonist 
(95± 3% in non-pretreated cells, and 97+ 2% in pretreated cells). Furthermore, the 
ability of forskolin to stimulate adenylyl cyclase activity was significantly augmented 
by such treatment (731± 78 in non-pretreated cells, 1592± 283 pmol/mg protein/10 
min in pretreated cells, p<0.05, Student’s t-test). This effect was blocked by both 
pertussis toxin and 1mM (2S)-α-ethyl glutamate, an antagonist of group II mGlu 
receptors. In contrast, the inhibition of adenylyl cyclase activity produced by 10µ 
M((2S, 2 ’R, 3’R)-2-(2’.3’-dicarboxycyclopropyl)glycine) (DCG-IV-an agonist of 
group II mGlu receptors) in mGluR3-CHO cells was completely lost on pre-exposure 
for two hours to 10µM DCG-IV.These findings suggest that mGlu3 receptors, but 
not mGlu2 receptors are susceptible to agonist-induced desensitization, when 
expressed in Chinese Hamster Ovary cells.

We thank the MRC for financial support.

431.2

RECEPTOR KINASE GRK4 IS EXPRESSED IN THE CEREBELLUM AND 
DESENSITIZE THE mGLUR1 RECEPTOR 

A. De Blasi1, G. Casabona2, F. Nicoletti2* and M. Sallese1. 1Consorzio Mario 
Negri Sud, Istituto di Ricerche Farmacologiche “Mario Negri” , Santa Maria 
Imbaro, 66030, Italy, 2Institute of Pharmacology, University of Catania, School 
of Pharmacy, 95100 Catania, Italy. e-mail: deblasi@cmns.mnegri.it

Many G protein-coupled receptors undergo a rapid and reversible loss of 
responsiveness upon exposure to agonists (homologous desensitization). Two 
types of proteins play a major role in homologous desensitization: G protein- 
coupled receptor kinase (GRK) which phosphorylates agonist-occupied receptors, 
and its functional cofactor, (ß)-arrestin. The multigene family of GRKs consists so 
far of six members named GRK 1 to 6 . The expression of GRK4 is extremely 
localized and substantial amounts of this kinase were found in spermatozoa and 
germinal cells (Sallese et al, J Biol. Chem., 272:10188-195, 1997). Trace amount 
of GRK4 mRNA (i.e. RT-PCR detectable) where found in the rat, bovine and 
human brain. The present study is aimed to define the cellular localization of 
GRK4 and its functional role in the brain.

In-situ hybridization and immunohístochemistry consistently showed that GRK4 
is expressed in cerebral cortex, hippocampus and cerebellum. The highest levels 
were in the somatodendritic part of the Purkinje cells. The possibility that GRK4 
in these cells being involved in the regulation of metabotropic glutamate receptors 
(mgluR1) was tested in HEK293 cells transfected with the m gluR1 cDNA +/- 
GRK4. In the presence of GRK4 the agonist (quisqualate)-stimulated response (IP 
formation) was drastically reduced indicating that GRK4 can desensitize mgluR1.

Supported by the Italian National Research Coulcil (Convenzione C.N.R.- 
Consorzio Mario Negri Sud)

431.4

DISRUPTION OF GROUP II/III mGLUR SIGNALING BY PROTEIN 
KINASE C INVOLVES UNCOUPLING OF RECEPTORS FROM GTP- 
BINDING PROTEINS. H. Schaffhauser*, T.A. Macek, and P.J. Conn. 
Department o f Pharmacology and Program in Molecular Therapeutics and 
Toxicology, Emory University School o f Medicine, Atlanta, GA 30322.

Metabotropic glutamate receptors (mGluRs) may be classified into three 
groups based on sequence homology and pharmacological properties. One 
o f  the primary functions o f group II and group III mGluRs is to 
presynaptically reduce transmitter release at glutamatergic synapses. 
Pharmacological and immunocytochemical studies have revealed that a 
group II mGluR (most likely mGluR2) reduces neurotransmitter release at 
the medial perforant path (MPP) synapse o f  the adult rat. A group III 
mGluR (mGluR7) also reduces transmission at the MPP and Schaffer 
Collateral-CA1 (SC-CA1) synapses. We demonstrated that both group II 
and group III mGluR function at MPP and SC-CA1 synapses are inhibited 
by activation o f protein kinase C (PKC). We also demonstrated that PKC 
activation reduces group II and group III mGluR inhibition o f forskolin- 
stimulated adenylyl cyclase. Studies o f PKC effects on mGluR-induced 
increases in GTPγS binding suggest that these inhibitory effects o f PKC 
activation are due to an uncoupling o f  the mGluRs from GTP-binding 
proteins. Furthermore, PKC induces a direct phosphorylation mGluRs, 
suggesting that PKC-induced regulation o f mGluR function may be 
mediated by a direct phosphorylation o f  the receptors. Supported by NIH 
NINDS grant N S31373 (PJC).
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431.5
INVOLVEMENT OF PROTEIN KINASE C IN mGluR-MEDIATED 
OSCILLATORY ACTIVITY IN THE GUINEA PIG HIPPOCAMPUS. X. Chen, 
R. Bianchi,* and R.K.S. Wong. Department of Physiology and Pharmacology, 
SUNY-HSC Brooklyn, NY 11203.

Metabotropic glutamate receptors (mGluRs) are involved in the generation of 
distinct patterns of membrane potential oscillations in the hippocampus. One 
example is the synchronized oscillatory activity induced by bath perfusion of the 
mGluR agonist 1S,3R-ACPD in hippocampal CA3 pyramidal cells (Taylor et al., J. 
Neurosci. 1995). The synaptic components required for this activity have been 
investigated. Activation of mGluRs appears to condition the network so that 
neurons become synchronized through AMPA/kainate receptor-mediated synaptic 
transmission. Here, we began to identify the receptor subtype(s) and the 
intracellular events required for the generation of the mGluR-mediated oscillations. 
Intracellular recordings of CA3 pyramidal cells were performed in guinea pig 
hippocampal slices. Bath application of 1S,3R-ACPD (100-200 µM) induced trains 
of synaptic depolarizations with overriding action potentials. As previously 
described in rat hippocampal slices, the trains lasted 4-6 s each and occurred at 
intervals of 15-25 s (n=4). The frequency of the depolarizations within each train 
was 10-25 Hz. Bath perfusion with the selective agonist of group I (GI) mGluRs, 
(S)-2,3-DHPG (100 µM), induced an oscillatory activity similar to that recorded in 
the presence of 1 S,3R-ACPD (n=3). Bath application of the protein kinase C (PKC) 
inhibitor chelerythrine affected the pattern of the mGluR-induced oscillations. At 
concentrations of 5-10 µM chelerythrine reduced the duration of the trains to 2-4 s. 
At 20 µM chelerythrine first increased the duration of the trains altering the 
frequency of the depolarizations, and eventually blocked the oscillations. The data 
indicate that activation of GI mGluRs induces the oscillatory activity. PKC is likely 
to play a role in the maintenance of the oscillations. (Supported by NIH)

431.7
SYNAPTICALLY-EVOKED DENDRITIC Ca2+ RESPONSES IN ORIENS-ALVEUS 
INTERNEURONS OF DISINHIBITED HIPPOCAMPAL SLICES. C.E.Gee*, G.L.
WoodhaH. J.-C. Lacaille. Centre for Research in Neurological Sciences, Dept. of 
Physiology, Univ. of Montréal, Montréal QC Canada H3C 3J7.

Agonist-induced metabotropic glutamate receptor (mGluR) activation induces large 
increases in intracellular Ca2+ and depolarization o f oriens-alveus (OA) interneurons. We 
investigated whether mGluR-mediated Ca2+ responses could be synaptically evoked in 
OA interneurons of disinhibited hippocampal slices. Transverse hippocampal slices 
(300µm) were prepared from 14-19 day old Sprague-Dawley rats, the CA3 region was 
excised and the slices were held submerged. Somatic whole-cell current-clamp 
recordings were obtained from OA interneurons using pipettes that contained (in mM) 
145 KCH3SO4, 1 EGTA, 10 HEPES, 1 MgCl2, 8 NaCl, 0.4 GTP, 4 ATP, 0.1% biocytin 
and one o f 25µM calcium green-I, 10-20µM Oregon green-I, or 10-20µM Oregon green- 
II. Intradendritic Ca2+ levels (~ 100µm from the soma) were monitored using a laser 
scanning confocal microscope in linescan mode. In 2OµM bicuculline, epileptiform 
activity (large EPSPs and bursts o f action potentials) was evoked by single stimuli in 
either the stratum radiatum or the alveus. These synaptic responses were accompanied 
by rapidly rising, slowly decaying increases in the intradendritic Ca2+ levels. In some 
dendrites, the synaptically induced Ca2+ response was larger than that produced by a 
similar number o f action potentials evoked by somatic current injection. Both the 
synaptically evoked EPSPs and the Ca2+ responses were reversibly blocked by the 
ionotropic GluR antagonists CNQX (20-40µM) and AP-5 (100-200µM) (n=10). Bath 
application o f the mGluR antagonist MCPG (5OOµM) reduced the synaptically evoked 
Ca2+ response (79.7 ± 4.64 % o f control, n=15; p<0.001). Bath application of the mGluR 
agonist 1S,3R-ACPD ( 100µM), in the presence o f TTX ( 1µM), increased intradendritic 
Ca2+ levels. Thus, mGluR activation increases Ca2+ levels in the dendrites of OA 
interneurons. Synaptic stimulation in disinhibited slices evokes ionotropic and 
metabotropic GluR-mediated increases in intradendritic Ca2+ levels. Therefore, mGluRs 
may be activated during epileptic activity and could contribute to excitatoxic cell death 
of OA interneurons. (supported by MRC, FRSQ and FCAR)

431.9

NMDA-R2C ANTISENSE ATTENUATES mGLUR-MEDIATED 
NEUROPROTECTION. M . Pizzi*, F. Boroni, C. Moraitis, M. Memo, PF. Spano. 
Dept. Biom. Sci. & Biotech. School of Medicine, University of Brescia, Italy 25123.

In primary cultures of rat cerebellar granule cells, stimulation of mGluR 1/5 has 
been demonstrated to reduce NMDA-mediated calcium entry and cell death, via 
activation of protein kinase C (PKC). This has been proposed as due to a direct 
phosphorylation of the NMDA receptor by PKC, since consensus sequences for 
PKC phosphorylation have been found in the putative cytoplasmatic domains of 
cloned NMDA receptor subunits.
In mature cerebellar granule cells NMDA receptors are mostly composed of NR1, 
NR2A and NR2C subunits. We produced a synthesis suppression of NR2C subunit 
by treating the cells with a specific antisense oligonucleotide. In cells lacking 
NR2C subunit, glutamate application produced an sustained increase of 
intracellular calcium concentration ([Ca2+] i) similar to that produced in control 
cells. On the contrary, stimulation of mGluR1/5 receptors lost its capability to 
prevent glutamate-mediated [Ca2+ ]i rise but, otherwise, potentiated it. Effects 
observed by stimulating mGluRs were reproduced by directly activating PKC 
with the phorbol ester PDBU. Finally, the capability of mGluR stimulation to 
elicit neuroprotection against NMDA-mediated toxicity was completely lost in 
NR2C lacking cells. These results suggest that mGluR 1/5 mediated modulation of 
NMDA receptor activity, which relies on PKC activation, depends on the specific 
subunit composition of NMDA receptor complex. Particularly, native NR2C 
subunit may represent the molecular target of phosphorylation leading to a 
depression of receptor efficiency.
Work was supported by C.N.R.

431.6
GROUP I METABOTROPIC GLUTAMATE RECEPTOR-MEDIATED 
VOLTAGE-DEPENDENT RESPONSES IN HIPPOCAMPAL PYRAMIDAL 
CELLS. S-C. Chuang,* R.K.S. Wone. Dept. Physiol. & Pharmacol., SUNY-HSC 
Brooklyn, NY11203

In hippocampal slices group I (GI) mGluR agonists produced regular periods of 
beta oscillations at 15-25 Hz which persisted following the addition of GABAa 
receptor blockers. In fact, GlmGluR-induced oscillations prolonged the picrotoxin- 
induced discharges and transformed the interictal-like discharges into ictal-like 
events. The cellular mechanism for the generation of GlmGluR-mediated 
oscillations remains unclear. GlmGluR (GI) agonists are likely to induce an 
orchestrated modification of membrane and synaptic properties of the hippocampal 
network to elicit the patterned population output. At the membrane level we found 
that GI agonists induced a voltage-dependent depolarization of pyramidal cells (the 
depolarization was enhanced at depolarized levels). GI agonist-induced 
depolarizations have been observed by others and ascribed to a block of K+ 
conductances. Voltage-dependency of the GI agonist action has also been observed 
previously and attributed to a voltage-dependent blockade of K+ conductances by 
the GI agonist. Our data show that the depolarization induced by GI agonists was 
sustained by a voltage-dependent inward current (reversal potential ~ 0 mV). The 
inward current activation threshold and time constant were about -75 mV and 100- 
200 ms respectively. The current was non-inactivating and its amplitude was 
largest at holding potential — 25 mV. The omnipresence of the current at 
membrane voltages above -75 mV allowed the pyramidal cells to exhibit bi-level 
resting potentials with the more depolarized level sustained by the tonic activation 
of the inward current. GI antagonists (MCPG 1 mM or S4CPG 250 µM) 
suppressed the GI agonist-induced current. A role of this current in the elicitation 
of beta oscillation and ictal discharges appears likely and remains to be determined.

431.8

EFFECT OF ACPD ON THE RESPONSE TO NMDA VARIES 
WITH LAYER IN SLICES OF RAT CORTEX. X. F. Wang, X. 
T. Jin* and N. W. Daw. Dept. of Ophthalmology and Visual 
Science, Yale University Medical School, New Haven, CT, 06520- 
8061.

Recent work has shown that the metabotropic glutamate agonist 
IS, 3R-aminocyclopentane dicarboxylic acid (ACPD) has different 
effects on spontaneous activity in different layers of cat visual 
cortex (Reid and Daw, 1997). The cellular basis of these different 
effects was not clear. We therefore decided to investigate the effect 
of ACPD on the response to NMDA in different layers in slices of 
rat visual cortex using whole-cell recording techniques. We found 
that the effect varied with layer. In layer VI, ACPD depolarized the 
cell, and potentiated the response to NMDA. In layer V, ACPD did 
not depolarize the cell, but potentiated the response to NMDA. In 
layer IV, ACPD hyperpolarized the cell, and depressed the 
response to NMDA. In layer II/III, ACPD effects were small and 
variable. Similar results were also found when the experiments 
were performed in the presence of TTX (0.5-1 µM). Our result that 
ACPD potentiated the response to NMDA in layers VI and V may 
be responsible for the effects of ACPD on spontaneous activity in 
the same layers as seen in v ivo  study.
EY 11353

431.10

DIRECT EFFECTS OF mGluR COMPOUNDS ON NATIVE AND 
RECOMBINANT NMDA RECEPTORS. R.W . G ereau IV*, A. 
C o ntractor, T. G reen and S.F. H e inem ann. M olecular N eurobio logy 
Lab. The Salk Institute fo r Bio logical Studies, La Jolla, CA 92037.

The actions of g lutam ate in the centra l nervous system  are 
m ediated through interaction w ith fa s t activating ionotropic 
receptors and G pro te in-coupled m etabotropic receptors (m GluRs). 
S tudies of these receptors have relied on the availability  of 
agonists and antagon ists selective fo r each receptor class. The 
use o f com pounds presum ed selective fo r m GluRs to  study the 
role of these receptors in the brain has im plicated m GluRs in a 
w ide range o f physio logical and pathological processes, including 
the, m odulation o f NM DA receptors and o f m any phenom ena 
involving activation o f NMDA receptors. Here we report tha t som e 
com m only used m GluR com pounds act as antagon is ts  on NMDA 
receptors at concentra tions com m only used to activa te  o r block 
m GluRs. Several o f the drugs a lso act as agon is ts  at h igher 
concentrations due at least in part to high levels of contam inant 
am ino acids. O ur results indicate that caution shou ld be used 
when using these drugs to  study the roles o f m G luR s in system s 
where NMDA receptors are active. The antagon is t e ffects  are 
dep endent on the concentration of NM DA co-agon ists, preventing 
reappraisal o f previously pub lished work. However, our data 
suggest a possib le solution to  c ircum vent these problem s in fu ture  
studies. Supported by the NIH (RWG, SFH), the Wellcome Trust (AC) 
and the Klingenstein Fund (TG).
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431.11

NEUROPROTECTION IN VITRO AND IN VIVO BY (R,S)-PPG, A POTENT 
AND SELECTIVE GROUP III METABOTROPIC GLUTAMATE RECEPTOR 
AGONIST. P.J. Flor,1 V. Bruno,2 G. Battaglia,2 S. Reutlinger,1 S. Lukic,1 T. Leonhardt,1 
D. Laurie,1 B. Sommer,1 M. Varney,1 G. Velicelebi,3 R. Kuhn,1 S. Urwyler,1 J. 
Dreessen, 1* C. Portet,1 M. Schmutz,1 F. Nicoletti,2 and F. Gasparini1. 1Novartis Pharma 
AG, Nervous System Research, CH-4002 Basel, Switzerland; 2Instituto Mediterraneo di 
Neuroscienze ‘Neuromed’, Pozzilli, Italy; SIBIA Neurosciences Inc., La Jolla, U.S.A.

Group III mGluRs (metabotropic glutamate receptors) are thought to modulate 
neurotoxicity of excitatory amino acids (Bruno et al., 1996, Eur. J. Pharmacol., 310, 61- 
66), most likely via mechanisms of presynaptic inhibition, such as regulation of voltage 
dependent calcium entry and neurotransmitter release. Here we describe (R,S)-PPG 
(phosphono-phenylglycine; Bigge et al., 1989, J. Med. Chem., 32, 1580-1590) and it’s 
active enantiomere as a novel structural class of potent and selective agonists for group 
III mGluRs. In recombinant cell lines expressing the human receptors hmGluR4a, 
hmGluR6, hmGluR7b, and hmGluR8a, EC50-values for (R,S)-PPG of 5.2±0 .7 µM, 
4.7±0 .9 µM, 185±42 µM, and 0 .2±0 .1 µM, respectively, were measured. The compound 
showed EC50 and IC50- values of >200 µM at group I and II mGluRs and was also 
inactive at cloned human N-methyl-D-aspartate (NMDA)-, α-amino-3-hydroxy-5- 
methyl-isoxazole-4-propionate (AMPA)-, and kainate-receptors (EC50- and IC50-values 
>300 µM). In cultured cortical neurones exposed to a toxic pulse of NMDA, (R,S)-PPG 
showed neuroprotective activity (EC50, = 12 µM) which was reversed by the group III 
selective antagonist (R,S)-a-methylserine-O-phosphate (MSOP) but not by the group II 
selective antagonist (2S)-a-ethylglutamic acid (EGLU). Moreover, (R,S)-PPG showed 
complete protection against NMDA-induced striatal lesions in rats and against maximal 
electroshock-induced convulsions in mice. These data provide novel in vivo evidences 
for group III mGluRs as attractive targets for neuroprotective and anticonvulsive 
therapy. Also, (R,S)-PPG and it’s active enantiomere represent new pharmacological 
tools to analyze roles of group III mGluRs in nervous system physiology and pathology.

431.12

mGluR1 ANTAGONISTS REDUCE ISCHEMIC NEURONAL DEATH 
IN  VIVO  AND IN  VITRO. D. E. Pellegrini-Giampietro*, A. Cozzi, F. 
Peruginelli, P. Leonardi, R. Pellicciari1 and F. Moroni. Department of 
Pharmacology, University of Florence, 50134 Florence and Institute of 
Chemistry, University o f Perugia, 06123 Perugia, Italy.

Group I metabotropic glutamate receptors (mGluRs) activate phospholipase 
C and increase the concentrations of intracellular free Ca2+. Thus, they may be 
involved in causing neuronal damage. However, investigations to date on the 
role o f these receptors in brain ischemia have been controversial. In this study, 
we examined whether the recently characterized and relatively selective 
mGluR1 antagonists AIDA (Moroni et al., J. Pharmacol. Exp. Ther. 281: 721, 
1997) and UPF 596 (Attucci et al., these proceedings) could reduce neuronal 
loss after global ischemia in gerbils or following oxygen-glucose deprivation 
(OGD) in organotypic hippocampal and mixed cortical cell cultures. In gerbils 
sacrificed six days after bilateral carotid occlusion (5 min), i.c.v. administration 
of AIDA (100-300 nmoles X 2) or UPF 596 (100-300 nmoles X 2) reduced the 
loss o f CA1 pyramidal cells by 75%. Organotypic hippocampal cultures at 14 
DIV were exposed to OGD for 30-40 min and 24 h later ceil death was 
assessed by measuring propidium iodide fluorescence in CA1. AIDA (100-300 
µM) and UPF 596 (300-500 µM) reduced CA1 damage by 70% and 50%, 
respectively, even if applied only after OGD. Cortical cells at 14 DIV were 
exposed to OGD for 60 min and 24 h later neuronal death was estimated by 
measuring the release o f LDH in the medium. Application o f AIDA (300-500 
µM) and UPF 596 (300-500 µM) was neuroprotective also in this model. Our 
results suggest that mGluR1 may play a role in the pathological mechanisms 
responsible for post-ischemic neurodegeneration.

Supported by the European Commission (BMH4-CT96-0228 and BIO4-CT96-OO49)

431.13

ACTIVATION OF A t ADENOSINE RECEPTORS OR GROUP-II 
METABOTROPIC GLUTAMATE RECEPTORS ENHANCES THE RELEASE 
OF NGF OR PROTEIN S-100 FROM CULTURED ASTROCYTES. R. 

Ciccarelli1, P. Di lorio1, V. Bruno2, F. Nicoletti2 ’3, M.P. Rathbone4, R.
Bemardini3* and F. Caciagli1. 1Dept. Biomed. Sci., Univ. of Chieti; 2I.N.M. 

Neuromed, Pozzilli; and 3lnst. Pharmacol. Catania Univ., Italy; 4Dept. Med. 
McMaster Univ., Ontario, Canada.

Nerve growth factor (NGF) promotes the survival of central cholinergic 
neurons and is therefore a potential candidate for the experimental therapy of 
Alzheimer’s disease. However, the therapeutical use of NGF is limited by its 
poor penetration across the blood-brain barrier. One strategy to overcome this 
limitation is to increase the local production of NGF by glial cells. We have 
addressed this possibility by examining the release of NGF in cultured 
astrocytes in response to the activation of A1 adenosine receptors or group-II 
metabotropic glutamate (mGlu) receptors. A 6-hour exposure of cultured 
astrocytes to the A1 receptor agonist, CCPA, or to the mGlu2/3 receptor 
agonists, DCG-IV or 2R,4R-APDC, enhanced the amount of NGF released 
into the culture medium, as detected by ELISA. The increase in NGF release 
induced by CCPA, DCG-IV or 2R,4R-APDC required a latency of at least 6 
additional hours, and was attenuated by cycloheximide, suggesting that it 
requires new protein synthesis. CCPA, DCG-IV and 2R,4R-APDC could also 
increase the glial release of protein S-100, but this effect was rapidly induced 
and was virtually insensitive to cycloheximide. We conclude that the glial 
production and/or release of proteic factors is under the control of receptors 
coupled to Gi proteins, such as A1 adenosine or group-ll mGlu receptors. 
Supported by  the European Community grant, BMH4-CT96-0851.
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REGULATION OF VIPR1 PROMOTER ACTIVITY IN NEUROBLASTOMA CELLS 
B. Karacay, M.S. O’Dorisio, M. Summers, A.Yates* 

Department of Pediatrics, The Ohio State University Wexner Institute for 
Pediatric Research, Columbus, OH USA

We have previously demonstrated that expression of receptors for vasoactive 
intestinal peptide (VIPR) on tumor cells is a favorable prognostic indicator in 
patients with neuroblastoma. We also showed that VIP promotes survival of 
neurons in vitro and induces formation of neurites in neuronal precursor cells. 
These results form the basis of our hypothesis that VIP regulates neuronal 
differentiation via high affinity interaction with VIP receptors whose expression is 
regulated in a tissue specific manner during development. To test this 
hypothesis, we have cloned a 2.8-kb human VIPR1 gene promoter which we 
fused to the firefly luciferase gene. Promoter activity of this (hVIPR1p2800-Luc) 
and several deletion constructs was examined before and after treatment of SK- 
N-SH cells with agents known to induce neural crest stems cell differentiation 
such as forskolin, retinoic acid, phorbol ester (PMA), or nerve growth factor 
NGF. We examined long term effects of these reagents by monitoring the 
luciferase activity of the reporter constructs 2, 4, and 7 days after the treatment. 
PMA, a known mitogen, exhibited inhibitory effect on promoter activity reducing 
the activity of hVIPR1p2800-Luc and hVIPR1p339-Luc constructs by 50%. 
Inhibitory effect of PMA remained the same during the seven day experimental 
period. The cis element mediating this effect was localized between nucleotides 
-339 and -130 relative to the transcription initiation site. Forskolin, which 
induces cAMP and activates protein kinase A, demonstrated transient activation 
of hVIPR1p2800-Luc and hVIPR1p339-Luc constructs. Retinoic acid, agent 
used in the therapy of neuroblastoma caused 100% increase in promoter 
activity by day 7. Studies are now in progress to define the cis-element involved 
in PMA and retinoic acid response.

SWITCHING FROM B2 TO B1 BRADYKININ RECEPTOR EXPRESSION: 
AUTOREGULATION BY RECEPTOR AGONISTS IN HUMAN LUNG 
FIBROBLASTS.
S.B. Phaeoo1, D.A. Scheuer2*and L.M.F. Leeb-Lundbere1. 1Dept. o f Biochemistry, 
2Dept. of Pharmacology, Univ. o f Texas Health Science Center, San Antonio, TX, 
78284-7760.
Elevated formation of the B2 bradykinin (BK) receptor (B2R) agonists BK and 
kallidin (KD) followed by enzymatic degradation to the B1 BK receptor (B1R) 
agonists desArg9BK and desArg10KD (DA10KD) are evident at sites o f inflammation. 
B2R have been implicated in the initial inflammatory and pain response, whereas 
maintenance o f the response is thought to be mediated by B 1R. We hypothesized that 
receptor agonists switch the repertoire of receptor subtypes from predominantly B2R 
to predominantly B1R. B2R and B1R were assayed in IMR90 cells using [3H]BK and 
[3H]DA10KD, respectively (data expressed as % o f control specific binding). 
Incubation o f the cells with BK (100 nM) led to a rapid (t1/2 = 10 min) reduction in the 
number of cell surface B2R (10±5%). Concomitantly, B1R expression increased 
(244±33%) with a t1/2 o f 120 min. DA'°KD (100 nM) had no effect on the B2R 
number but increased B1R expression (3O7±22%) with the same rate as BK. 
Interleukin-1 β (IL-1β; 500pg/ml) primarily increased B1R expression (630±51%). 
Although both receptor agonists increased the level o f  IL-1β mRNA, IL-1 antagonist 
inhibited the increase in B1R expression only in response to BK and IL-1β. DA'°KD 
and BK synergistically increased B1R expression (1018+167%) which was further 
increased by inclusion o f IL-1β (4334+729%). These observations provide the first 
evidence that the expression of B2R and B1R are autoregulated by B1 and B2 
agonists. Hence, BK degrading systems and agonist stimulated production of 
cytokines may play a pivotal role in switching the repertoire o f BK receptor subtypes 
from B2R to B1R during inflammation.
Supported by NIH grant GM 41659.
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432.3

C H IM E R IC  R E C E P T O R  S T U D Y  R E V E A L S  P O T E N T IA L  
S IM IL A R IT IE S  B E T W E E N  AT1 A N D  A T 2 A C T IV A T IO N  
U P O N  A G O N IST  B I N D I N G . J. H ines*, D .K . Y ee§, J .N . 
Heerding§, and S.J. Fluharty §. *Dept. o f  Pharmacology and §Dept. o f  
Animal Biology, University o f  Pennsylvania; Philadelphia, PA 19104.

A series o f  chimeric angiotensin II (AngII) receptors was constructed 
using various portions o f  the wild type m ouse AT1 and AT2 receptor 
subtypes. One o f these chimeras (comprised o f  AT, receptor sequence up 
until the fifth transmembrane spanning domain, and then AT2 receptor 
sequence to the end o f  the cytoplasmic tail) bound the octapeptide AngII 
with near wild type affinity (KD =16.6  +/- 5 .6  nM ) but lacked high 
affinity for either the A T1-selective antagonist losartan or for the AT2- 
selective antagonist PD 123319. This chimera retained the ability to 
stimulate PLC-mediated hydrolysis o f  inositol trisphosphate (IP3) in 
transiently transfected COS-1 cells, despite lacking key amino acids found 
in the AT, seventh transmembrane spanning domain which previously 
have been demonstrated to be essential for the wild type AT, functional 
response to agonist. This indicates that, despite the low  level o f  sequence 
homology between the AT, and AT2 receptor subtypes, there is some 
elem ents) in the AT2 receptor that can compensate for those m issing AT, 
residues. Thus, similarities must exist in the mechanisms whereby these 
two different receptor subtypes undergo activation o f  signaling following  
the binding o f  A ngII. Experimentation is continuing in order to identify 
more specifically those residues in the AT2 receptor which contribute to 
the normal receptor activation mechanism. Supported by MH43787.

432.5

PD168368 IS A NEUROMEDIN B RECEPTOR ANTAGONIST 
FOR C6 CELLS. T.W. Moody*. National Cancer Institu te, 
Medicine Branch, Cell & Cancer Biology Departm ent, Rockville,
MD 20850 U.S.A.

Neurom edin B (NMB) receptors are present in C6 ra t 
glioma cells (Moody et al., Peptides, 16: 1133 (1995)). The NMB 
receptors are inhibited by peptide substance P antagonists but 
not gastrin releasing peptide/bom besin (GRP/BB) antagonists. 
Here the effects of non-peptide NMB antagonists were 
investigated. PD168368 and PD176252, which were provided 
by the Medicinal Chem istry group a t the Parke-Davis 
Neuroscience research C enter in Cam bridge, U.K., inhibited 
specific (125T-Tyr°)NMB binding to C6 cells w ith IC50 values of 15 
and 30 nM respectively. The non-peptide NMB antagonists 
bind with approximately 2-orders of m agnitude greater affinity 
th an  the substance P antagonists. Ten nM NMB elevated the 
cytosolic Ca2+ in Fura-2AM  loaded C6 cells and the increase in 
cytosolic Ca2+ caused by NMB was reversed by PD168368. 
Using a clonogenic assay PD168368 significantly inhibited C6 
growth in vitro. In vivo. PD168368 (10 ug/day, s.c.) inhibited C6 
xenograft proliferation in nude mice. These data  suggest the 
PD168368 may be a useful agent to inhib it proliferation of 
m alignant cells.

432.7

UP-REGULATION OF TACHYKININ NK1 RECEPTORS IN THE SUPERIOR 
CERVICAL GANGLION OF HYPERTENSIVE RATS. J.C. Hancock*, D.B. 
Hoover and R.V. Schoborg. Depts. o f Pharmacology and Microbiology, East 
Tennessee State University; Johnson City, TN 37614.

Intravenous injection of the native tachykinin substance P (SP) or the NK1- 
selective tachykinin receptor agonist GR74632 increases blood pressure, heart rate 
and renal sympathetic nerve firing by stimulating sympathetic ganglia. These 
effects are greater in spontaneously hypertensive rats (SHR) than in Wistar-Kyoto 
(WKY) rats, suggesting that NK1 receptors may be up-regulated in the SHR. The 
abundance o f SP-immunoreactive nerve fibers in sympathetic ganglia is also 
increased in SHR compared to WKY rats (Gurusinghe and Bell, J Auton Nerv 
Syst. 1989;27:249-256). Our aim in the present study was to determine if the 
abundance of NK1 receptors and NK, receptor mRNA differed in SHR compared 
to WKY rats. Superior cervical ganglia were removed from anesthetized rats and 
quickly frozen for processing. The abundance o f NK1 receptors was determined 
by quantitative, in vitro receptor autoradiography with [l25I]BH-SP (0.1 nM). 
Nonspecific binding was determined in the presence o f 1 µM [Sar9,Met(O2)11]SP.
Specific binding o f [125I]BH-SP was greater in ganglia from SHR compared to 

WKY rats (1.56 ± 0.20 versus 0.57 ± 0.05 fmol/kg; n=6 each; P<0.001). Ganglia 
from separate animals has been used to isolate mRNA and amplify NK1 cDNA by 
PCR using specific oligonucleotides. Preliminary results indicate NK, receptor 
mRNA is more abundant in ganglia from SHR. Collectively, these data suggest 
that increased transcription o f the NK1 receptor gene may underlay the up- 
regulation o f NK1 receptors in sympathetic ganglia o f SHR. Supported by NIH 
grant HL54268.

432.4

BRAIN CYTOSOLIC PROTEINS BINDING CIS ELEMENTS IN THE 
5' LEADER SEQUENCE OF THE ANGIOTENSIN AT1 RECEPTOR  
mRNA REGULATE RECEPTOR TRANSLATION K. S a n d b e rg *, K. 
Krishnamurthi, W. Zheng & J.G. Verbalis. Depts. Med. & Phys. Georgetown 
University Medical Center, Washington, DC 20007

RNA binding proteins (BPs) were identified which bind within a -271 to 
-174 nt domain in the 5' leader sequence (5'LS) of the rat type 1 angiotensin 
(AT1)) receptor mRNA and which encompass RNA cis elements upstream of 
-239. A 100 KDa RNA-protein complex was observed by UV-crosslinking in 
several tissues including brain and pituitary. 5’LS BP activities were regulated 
by deoxycorticosterone acetate (DOCA) treatment. DOCA decreased 5'LS-BP 
activities in the forebrain and hypothalamus under conditions known to 
significantly increase AT1 receptor expression while having no effect on 5'LS- 
BP activities in the pituitary which correlates with its lack of effect on pituitary 
AT1 receptor expression. 5'LS RNA transcripts of the 1a and 1b AT receptor 
subtypes are strong competitors of 5'LS-protein complex formation. In 
contrast, antisense 5'LS AT1a transcripts, plasmid transcripts, poly U and poly 
A RNAs, or 5'LS AT1a cDNA are poor competitors. In vitro translation assays 
demonstrate that forebrain BPs specifically inhibit translation of a luciferase 
reporter gene in a dose-dependent manner (EC50 ≅ 2µg) when the AT1a 5'LS 
is cloned upstream of the reporter open reading frame. Furthermore, co-
incubation of unlabeled AT1a 5'LS (2OnM) with BPs (3µg) resulted in selective 
abrogation of the BP-induced inhibition of luciferase translation [translated 
luciferase % Control: BP, 35±7%; AT1 a  5'LS, 95±11%; BP + AT1a 5'LS, 
105±12%] . Taken together these results suggest that RNA BPs alter AT1 
receptor expression in the brain in a physiologically relevant manner by 
regulating translation of the AT1 receptor mRNA. These results are the first to 
reveal that 5'LS BPs regulate translation of a G protein-coupled receptor and 
suggest the renin angiotensin system is regulated at the level of translation. 
Supported by AHA EIA #964OO4ON.

432.6

NEUROKININ 3 RECEPTORS COUPLE TO NITRIC OXIDE PRODUCTION 
WITHIN THE SAME CELL D R. Linden,* M.J. Chell, A.M. Parsons, E.E. El- 
Fakahany and V.S. Seybold. Program in Neuroscience, Dept. o f Cell Biology and 
Neuroanatomy and Dept. of Psychiatry, Univ. of Minnesota, Minneapolis, MN 55455.

Neurokinin 3 (NK3) receptors are known to couple to phosphoinositol (PI) 
hydrolysis and increases in intracellular calcium. Since calcium is the rate limiting 
step in the production of nitric oxide (NO) via type I (nNOS) and type III (eNOS) 
NOS, it is likely that NK3 receptors can couple to NO production within the same cell. 
To investigate this possibility we employed a CHO cell line that was stably 
transfected with both the human NK3 receptor and nNOS. NOS activity in the 
transfected cell line was assayed indirectly by measuring cGMP production in rat fetal 
lung-cultured fibroblasts (RFL-6 cells) by radioimmunoassay. Levels of cGMP in the 
CHO cells alone and RFL-6 cells alone were not altered by incubation with 3OOnM 
MePhe7-NKB. However, when incubated together, the addition of MePhe7-NKB (100 
pM) produced a transient increase in cGMP which peaked at one minute. The 
mechanism underlying the response at one minute was explored further. The agonist- 
induced increase in cGMP was concentration dependent having an EC50 of 51.7 ± 
44.4 pM. Treatment with L-nitroarginine (100 µM) or carboxy-PTIO (500µM), an NO 
scavenger, five minutes prior to addition of MePhe7-NKB ( 100pM), blocked the 
response, confirming the role of NO as the diffusable messenger responsible for 
increasing the level of cGMP. The role of calcium in MePhe7-NKB-induced 
production of NO was also determined. Pretreatment with BAPTA-AM (100 µM) for 
15 minutes blocked the increased level o f cGMP in response to MePhe7-NKB (100 
pM) addition, suggesting that calcium is required for NO production in these cells. 
The effect of BAPTA-AM was mimicked with a 30 minute treatment with 
thapsigargin (500 nM) but not with a five minute treatment o f EGTA (3 mM) 
indicating that the increased level of cGMP one minute after MePhe7-NKB addition is 
dependent on calcium release from intracellular stores. It is thus likely that increased 
PI hydrolysis and intracellular calcium observed previously with stimulation of NK3 
receptors, can lead to an activation of NOS within the same cell.
These studies were supported by NS 17702, NS25743, NS 10327 and DA07234

432.8

M O D U LA TIO N  O F SU BSTA N C E P R E C EPTO R -M ED IA T ED  
IN CREASES IN IN TR A C E LLU L A R  C A LC IU M  BY PR O G ESTER O N E 
A N D 17βEST R A D IO L. Yoburn, J.C ., Boyd, N.D., and Leeman, S.E.* 
Department of Pharmacology and Experimental Therapeutics, Boston University 
School of Medicine. 80 East Concord Street. Boston, MA. 02118.

The effects of 17βestradiol, l7αestradiol, progesterone, hydrocortisone, and 
corticosterone were examined in Chinese hamster ovary (CHO) cells stably- 
transfected with the substance P receptor, RNK1. The substance P (SP)-induced 
calcium response was measured by dual-wavelength spectrometry using Fura2/AM. 
Inhibition of intracellular calcium ion release and extracellular calcium influx was 
both steroid-specific and stereoselective. 17βestradiol and progesterone were 
effective at inhibiting the calcium response between the concentrations of 10 and 
100 µM. l7αestradiol, hydrocortisone, and corticosterone (all final concentration 
100 µM) failed to inhibit the calcium response. A five minute incubation with 
progesterone (100 µM) was sufficient to cause inhibition. This effect was reversible 
upon removal of the steroid. The intracellular progesterone receptor, RU-486 (20 
µM) failed to reverse the inhibitory effects of progesterone (100 µM). The 
concentration range determined for steroid inhibition was in agreement with results 
from binding studies showing that 17βestradiol and progesterone could inhibit the 
binding of 125I-SP to N K 1 receptors.

Based upon the rapidity and reversibility of inhibition by steroids of this SP- 
induced calcium response, the following data suggests that l7ßestradiol and 
progesterone may be modulating this signal transduction pathway in a non-genomic 
manner. This study provides further evidence of a direct action of two steroids with 
a G-protein coupled receptor signal transduction system.

This work was supported by United States Public Health Service Grant NS31346 
from the National Institutes of Health
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432.9

IDENTIFICATION OF A NOVEL GLYCOPROTEIN HORMONE RECEPTOR.
E.D. Loh1, J. Neumann2, S.R. Broussard1, N.G. Copeland3, N.A. Jenkins J. Zhang1*.
and L. F. Kolakowksi, Jr. 1,4. 1Department of Pharmacology and 4Department of 
Biochemistry, University of Texas Health Science Center at San Antonio, San 
Antonio, TX, 78284;2 Department of Molecular Genetics, University of Cincinnati 
Medical School, Cincinnati, OH, 45267; 3Mammalian Genetics, NCI Frederick Cancer 
Research and Development Center, Frederick, MD 21702.

We have identified an EST, GPR46, that shows a high degree of sequence 
similarity to the G-protein—coupled receptors (GPCR) in the glycoprotein hormone 
receptor family (FSH, TSH, and LH/CG). Full length cDNA and genomic clones 
have been characterized from human and mouse, and the gene structure is being 
determined. Southern blots have confirmed that GPR46 was well conserved in the 
rat, human, and mouse. Northern blots show very high expression of GPR46 in adult 
human pancreas, with lower levels of expression in placenta, kidney, brain, liver, 
muscle and heart. Expression patterns in the brain show a broad distribution with 
higher levels in the hippocampus, and amygdala. Murine distribution differs from 
that observed in human with the greatest expression in the mouse liver with lower 
levels in heart, skeletal muscle, testis, and lung. GPR46 mRNA was expressed in the 
mouse embryo as early as postconception day seven and the greatest expression of 
GPR46 was detected at postconception day fifteen. Chromosomal mapping in mouse 
using a M. spretus and C57/BL6 back cross panel shows tight linkage of Gpr46 to 
Bdnf on mouse chromosome 2. Hybridization of a GPR46 probe to a 
monochromosomal somatic hybrid panel shows that GPR46 is present on human 
chromosome 11. The protein structure of GPR46 is unusual in that the large 
extracellular domain of the receptor is composed of seventeen leucine-rich repeats 
which may form an extended beta barrel structure.

Supported in part by a grant from Merck Research Laboratories.

432.11

MOLECULAR CLONING AND CHARACTERIZATION OF GPCR/CNS2, A 
NOVEL G-PROTEIN COUPLED RECEPTOR WHICH IS HIGHLY EXPRESSED 
IN THE CENTRAL NERVOUS SYSTEM. N. Leng*, G.B. Gu, R.B. Simerly and 
E.R. Spindel. Division of Neuroscience, Oregon Regional Primate Research 
Center; Beaverton, OR 97006.

We have cloned a novel putative G-protein coupled receptor(GPCR), which we 
have named GPCR/CNS2, from a rat hypothalamic cDNA library. The gene 
sequence of GPCR/CNS2 was most related to an human orphan receptor 
GPCR/CNS1 which had been recently reported(Brain Res Mol Brain Res 1998 
54(1 ):152-160) and encodes a protein of 481 amino acids. Sequence 
comparison shown that GPCR/CNS2 had about 48% amino acid sequence 
identical to human GPCR/CNS1 and a relative short extracellular domain. In 
addition, the peptide sequence of GPCR/CNS2 shown some homology to the 
endothelin-B receptor and the gastrin-releasing peptide receptor (about 28% 
similarity). Northern blot analysis shown that GPCR/CNS2 was highly expressed 
in the brain and less expressed in pituitary, heart, stomach. In situ hybridization 
of the rat brain demonstrated that GPCR/CNS2 was broadly distributed 
throughout the central nervous system. GPCR/CNS2 appeared to be expressed 
preferentially in neurons, while GPCR/CNS1 appeared to be expressed mostly 
in glial cells. Expression of this receptor in Xenopus oocytes demonstrated no 
response to any known endothelins and bombesin-like peptides. Therefore, the 
endogenous ligand and physiological significance of the GPCR/CNS2 remain to 
be elucidated. The very abundant expression in central nervous system by 
GPCR/CNS2 suggest that it may play important role in the central nervous 
system. This work was supported by NIH grants NS35580 & RR00163

432.13

NOVEL ORPHAN G PROTEIN-COUPLED RECEPTORS. A. Marchese1. T. 
Nαuven1, D.K. Lee1, M. Sawzdarαo1, K. Lynch*3, L.F. Kolakowski4, S R. 
George1,2, and B.F. O’Dowd1,2 1Dept. of Pharmacology, Univ. of Toronto, 
2Addiction Research Fdn, Toronto, Ontario M5S 1A8 Canada, 3University of 
Virginia, Charlottesville, VA, 4University of Texas, San Antonio, TX.

G protein-coupled receptors (GPCRs) are membrane proteins that mediate 
signals to the interior of the cell via activation of G proteins, which subsequently 
interact with various effector proteins, resulting in a physiological response. 
GPCRs are involved in a number of behaviours, and have been implicated in 
such processes as drug addiction and neuropsychiatric diseases. To further our 
understanding of the mechanisms mediating these abnormalities we 
endeavoured to discover GPCRs potentially involved in these processes. To 
date we have isolated 36 novel GPCRs, many of which are expressed in the 
CNS, and for which the cognate ligands have not been assigned. We report the 
discovery of an additional 8 (GPR34, GPR44 to GPR50) members of the GPCR 
family. Using the amino acid sequence of known GPCRs to query publicly 
available databases we identified 5 sequences that encoded novel GPCRs. In 
an alternate strategy, 3 additional members were identified by PCR amplification 
of human genomic DNA using degenerate oligonucleotides derived from TM 
regions of several GPCRs. The open-reading frames encoding each receptor 
were obtained from either genomic or cDNA libraries. Each of these GPCRs 
are unrelated to each other and are most closely related with GPCRs belonging 
to different families, including chemoattractant, purinergic and catecholaminergic 
receptors Northern blot (GPR34, GPR49, GPR5O) and in situ hybridization 
(GPR34) analyses revealed high levels of mRNA transcripts in several human 
and rat brain regions. Fluorescence in-situ hybridization was performed to 
localize the genes encoding these receptors to specific human chromosomes. 
(Supported by the Medical Research Council of Canada and Merck Frosst).

432.10

BINDING SITES FOR HUMAN INTERFERON-GAMMA IN THE 
TOBACCO HORNWORM (MANDUCA SEXTA) LARVAE HAVE 
LARGE MOLECULAR SIZE AND SHOW LOW SENSITIVITY TO 
POLYCATIONIC PEPTIDES
M, S. Parker * and D. D. Ourth
Department of Microbiology and Molecular Cell Sciences, The University of 
Memphis, Memphis, TN 38152

We have recently characterized specific binding sites for human interferon- 
gamma (hIFN-γ; range 0.2 - 2 nM) on particulates prepared from the 
hemolymph and protocerebra of larvae of the tobacco hornworm, Mαnduca sexta 
(1997 Meeting of the Society for Neuroscience, abstract #267.12). Utilizing sucrose 
density gradients, we have now identified a large fraction of the binding sites as 
proteins with molecular weights in the range of 200-700 kDa that might include 
proteins similar to known insect cytokine receptors. Since the insect hIFN-γ binding 
resembles that described in mammalian cells in sensitivity to heparin and other 
polysulfates, it was also of interest to determine the sensitivity of this binding to 
polycationic peptides. At 1-3 µM, salmon-sperm protamine (~ 5 kDa), poly-L- 
lysine (9.6 kDa) or poly-L-arginine (10.5 kDa) abolished the specific binding of two 
polypeptides known to depend on oligocationic 'mosaic' epitopes in their attachment 
to the respective receptor sites, viz. [125I[(Leu31,Pro34)hPYY and [l25I]human 
pancreatic polypeptide, to particulates from rabbit hypothalamus or kidney. However, 
the binding of hIFN-γ to particulates from Mαnducα hemolymph or protocerebra was 
only moderately inhibited (20-40%) by the above polycations at 1-3 µM. A peptide 
derived from the receptor-binding segment of the basic human fibroblast growth 
factor, hFGF (119-126; KRTGQYKL), at 10 µM did not alter the IFN-γ binding by 
the insect particulates. These results indicate that the principal epitopes of hIFN-γ 
binding to insect particulates mostly do not coincide with C-terminal oligocationic 
motifs present in the structure of the peptide. (Supported by The University of Tennessee 
System and the Tennessee Higher Education Commission)

432.12

HIGH THROUGHPUT PHARMACOLOGICAL PROFILING OF ENDOG
ENOUSLY EXPRESSED G-PROTEIN COUPLED RECEPTORS AND ION 
CHANNELS. V. Anantharam*, I. Okun and M.E. Goldman. Axiom Biotechnologies 
Inc., 3550 General Atomics Court, San Diego, CA 92121.

Our unique, automated High Throughput-Pharmacological System (HT-PS) 
allows rapid screening and affinity profiling of compounds on endogenously 
expressed GPCRs, ligand-gated and voltage-gated ion channels. Unlike, most other 
high throughput methods, HT-PS employs a fluidics-based approach to create 
concentration-response curves of receptor agonism or antagonism in real time, 2 min 
per curve. Using HT-PS, we have characterized the endogenously expressed 
endothelin receptor on SK-N-MC, human neuroblastoma, cells and calcium 
channels, bradykinin, purinergic and histaminergic receptors on DDT1MF-2, hamster 
smooth muscle, cells. In these studies the ratiometric dye, Fura-2, was used as an 
index of changes in intracellular Ca2+. The EC50 and IC50 values for agonists and 
antagonists are listed below and are in agreement with published values. We have 
identified the receptor subtypes expressed on these cells: endothelin receptor=ETA 
bradykinin receptor=BK2, purinergic receptor=P2Y2, histaminergic receptor=H1 and 
calcium channel=L-type. Use of HT-PS for evaluation o f ligands on endogenously 
expressed receptors and ion channels represents a new paradigm for drug discovery. 
The benefits of this approach include rapid hit evaluation with simultaneous 
specificity and selectivity determination. ____________________________________

SK-N-MC Cells EC50/IC50 (µM) DDT1MF-2 cells EC50/IC50 (µM) 
Endothelin-1 O.O3±O.OO2 Bradykinin 0.06±0.01
Endothelin-2 0.07±0.01 HOEI40 O.52±O.O9
Endothelin-3 >3 ATP 7.76±O.4
BQ3020 >10 UTP l2.6O±O.9
BQ123 0.39±0.03 Histamine 2.62±O.5
BQ610 O.48±O.O4 (±)-Bay K 8644 3

432.14

COMPETITION OF DIFFERENT G PROTEIN CHIM ERAS 
FOR A SINGLE RECEPTOR SITE : IM PLICATIONS FOR  
ORPHAN RECEPTOR LIGAND SEARCHES 
Hans-Peter Nothacker*, Steven Lin, Zhiwei W ang, Yum iko  
Saito, Robert H enningsen*, Frederick Monsma* & O livier  
C iv e lli. Dept. o f Pharmacology, College o f Medicine, University o f  
California, Irvine CA 92697 .# Schering-Plough Corp., Kenilworth, NJ 
07033
The challenge o f screening for ligands o f orphan G protein-coupled 
receptors (oGPCRs) is based on monitoring second messenger responses 
in mammalian cell lines expressing the oGPCR o f interest. This approach 
has been successfully applied to GPCRs preferentially coupled to 
inhibition o f adenylylcyclase as well as Ca-mobilization. One pitfall o f  this 
approach is devising the type o f second messenger that the oGPCR might 
be mobilizing, a problem particularly acute when studying oGPCRs 
exhibiting no significant homology to all the known ones. Unfortunately, 
no single G protein can functionally couple to all kinds o f  GPCRs. To 
overcome this problem chimeric G protein alpha subunits have been 
engineered which enable GPCRs to couple to their non-cognate second 
messenger systems. These G proteins alone or as multiples have been 
transfected into cells in attempts at directing GPCR coupling to particular 
effectors. Moreover we have studied the competition o f different 
functional and non-functional G alpha chimeras for a given receptor in 
Chinese hamster ovary (CHO) cells using a Fluorometric Imaging Plate 
Reader System (FLIPR) and the Ca-indicator Fluo-3 as a readout.

Supported by Hoffmann-La Roche
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432.15

CHRONIC TREATMENT WITH BENZODIAZEPINE RECEPTOR LIGANDS 
MODULATES LacZ ACTIVITY IN THE AMYGDALA OF Y1R/LacZ 
TRANSGENIC MICE. Alessandra Oberto1, Fiorella Altruda2, Giancarlo Panzica3, 
Carola Eva1*. 1Section of Pharmacology, 3Section of Anatomy, Dep. of Anatomy, 
Pharmacology and Forensic Medicine; 2Dep. of Genetics, Biology and Biochemistry, 
University of Torino, Italy.

Neuropeptide Y (NPY) produces a potent anxiolytic effect which appears to be 
mediated by the activation of Y1 receptor in the amygdala. It has been recently 
suggested that NPY might functionally interact with GAB A since the anxiogenic-like 
effect of the Y1 receptor antagonist BIBP3226 is inhibited by the treatment with 
diazepam. We have recently generated transgenic mice, harboring the putative 
promoter region of the mouse Y1 receptor gene, which display a CNS-restricted and 
developmental stage-specific pattern of expression. We now investigated the effect of 
chronic treatment with benzodiazepine receptor ligands on the transcriptional activity 
of the Y1 receptor gene in the medial amygdaloid nucleus. Expression of Y1R/LacZ 
transgene was analyzed by histochemical ß-galactosidase staining with chromogenic 
substrate X-gal, followed by computer-assisted morphometrical analysis to quantify 
the reaction product which is proportional to the number of cells expressing the gene. 
Mice were treated for 15 days with diazepam (4 and 20mg/kg i.p) or with the partial, 
inverse agonist FG 7142 (20mg/kg i.p.) and β -galactosidase expression was analyzed 
24 hours following the last injection. Treatment with the h ighα  dose of diazepam 
significantly increased β-galactosidase activity in the medial amygdaloid nucleus of 
Y1R/LacZ transgenic mice (dots/µ2: vehicle, 1.73±0 .072; diazepam, 2.08±0.05; 
p<0.05). Conversely, chronic treatment with the β -carboline FG 7142 significantly 
decreased β -galactosidase expression (1.28±0.07 dots/µ2; p<0.05>.These results 
suggest that the NPY-ergic neurotransmission might be closely coupled to the 
GABAαgic system. The effect of chronic treatment of Y1R/LacZ transgenic mice with 
partial benzodiazepine receptor agonists is currently un d α  investigation.

432.17

IDENTIFICATION A ND CHARACTERIZATION OF A N  
ORPHANIN FQ/ NOCICEPTIN RECEPTOR SPLICE VARIANT  
D.I. Quigley,2 P. Pattee,3 T . Darland,4 G. Zhang,1 S .R. Nagalla3 and 
D.K. Grandy1,4*. 1Dept. of Physiology and Pharmacology, 2Dept. of 
Molecular and Medical Genetics, 3Dept. of Hematology and Oncology, 
and the 4Dept. o f Cell and Developmental B iology, Oregon Health 
Sciences University, Portland, OR 97201.

The orphanin FQ receptor (OFQ-RI, also known as ORLI) is an 
opioid-like G-protein coupled receptor that is w idely expressed in the 
mammalian brain as well as select peripheral tissues. Recently we 
identified an alternatively spliced variant of the OFQ-RI messenger 
RNA (mRNA) in mice that were tolerant to morphine analgesia. 
Sequence analysis predicted that this alternative form o f the OFQ 
receptor (OFQ-RII) should contain an additional eleven amino acids in 
its putative first intracellular loop. RNase protection studies indicated 
that this alternatively spliced mRNA represented a significant 
percentage of the OFQ-R transcripts that were expressed in the brains 
of morphine-tolerant mice. This finding suggests the possibility that 
expression o f OFQ-RII may be influenced by drug exposure and as 
such may play a role in the development o f opiate tolerance. 
Preliminary studies suggested the presence of a specific binding site for 
the peptide OFQ1-17 in membranes prepared from a Chinese hamster 
ovary cell line that expressed OFQ-RII mRNA. Studies are currently in 
progress to determine whether the additional sequence present in OFQ- 
RII affects the receptor's pharmacological profile and coupling to 
second messenger systems. This work was supported by N IDA 08562  
(DKG) and NIDA 11318 (SRN).

432.19

POTENT AND DIFFERENTIAL ACTIONS OF PEPTIDE HISTIDINE 
ISOLEUCINE (PHI) AND RELATED PEPTIDES ON NEUROBLASTOMA CELL 
PROLIFERATION: V. Lelievre1, N. Pincau 2, J. Du1, C-H. Wen1, T  Janet2, J-M. 
Muller2 and J. A. Waschek1 *. 1Dept. Psycluatry. Mental Retardation Research Center. 
Univ. of California-Los Angeles, CA 90024.2Lab. Biologie des Interactions cellulaires, 
UMR 6558, Univ. Poitiers. 86022 Poitiers Cedex, France.

The growth rate of rodent embryonic neuroblasts and human neuroblastoma cell lines 
is regulated in part by autocrine or paracrine actions of neuropeptides of the family that 
includes vasoactive intestinal peptide (VIP), peptide histidine isoleucine (PHI), and 
pituitary adenylate cyclase-activating peptide (PACAP). These peptides act via seven 
transmembrane G-prolein-linked receptors coupled to cAMP elevation, phospholipase C 
activation, intracellular Ca2+ release, and/or of mitogen-activated protein (MAP) kinase 
activation. Here we investigated the action of these peptides on the mouse 
neuroblastoma cell line Neuro2a. PHI and VIP inhibited proliferation at concentrations 
as low as 0. 1pM and 0.1 nM, respectively. In contrast, PACAP action was biphasic, with 
stimulation occurring at subnanomolar doses and inhibition at higher doses. Peptide 
actions were studied further by measuring cAMP and Erk1/2/MAP kinase activity, and 
by assessing 3H thymidine incorporation in conjunction with a panel of signal 
transduction pathways inhibitors. The data obtained indicated that the PHI-inhibitory 
and PACAP-stimulatory activities were mediated by corresponding changes in activity 
of the MAP kinase pathway, and independent of protein kinases A and C. In contrast, 
the inhibitory actions of VIP and PACAP were specifically blocked by antagonists of 
PKA. Northern blot analysis revealed gene expression for only the PACAP-preferring 
(PAC1) receptor. However, binding experiments using l25I-labeled PACAP27, PHI, and 
VIP, demonstrated the presence of PACAP-preferring sites, bivalent VIP/PACAP sites, 
and PHI-binding sites that did not interact with VIP. The studies demonstrate potent 
regulatory actions of PACAP, PHI, and VIP on neuroblastoma cell proliferation which 
appear to be mediated by multiple subsets of receptors which differentially couple to 
MAP kinase and PKA signaling pathways. (Supported in part by NIH HD04612, 
HD06576, HD34475; UCLA Jonnson Cancer Center and French Region Poitou- 
Charentes).

432.16

Stress respon siveness in O rphanin  FQ  (O F Q )-knock out 
m ice.
Alexandra Montkowski ,̂ Anja Koester#, Olivier Civelli *, Rainer K. 
Reinscheid^
^ Institute of Cell Biochemistry and Clinical Neurobiology, University of 

Hamburg, D-22529 Hamburg, Germany; # Hoffmann-La Roche, PRPN-G, CH- 
4070 Basel, Switzerland; + Dept. of Pharmacology, University of California 
Irvine, Irvine, CA 92697
Recently, the novel endogenous neuropeptide OFQ has been reported to have 
anxiolytic-like properties in rats and mice. Also central administration of OFQ 
has been shown to reverse stress-induced analgesia and modulation of 
corticosterone levels. As OFQ and its receptor are abundantly expressed in limbic 
areas such as the hypothalamus, the amygdala and the bed nucleus stria 
terminalis, a causal link between OFQ and the hypothalamic-pituitary-adrenal 
(HPA) system can be surmised. Since no selective OFQ antagonist are currently 
available to study the function of the OFQ system in the stress response cascade, 
we have generated OFQ knock-out mice. Using homologous recombination in ES 
cells we have disrupted the OFQ precursor gene. Since these mice still have 
functional OFQ receptors it is now possible to investigate the behavioral 
consequences of a complete OFQ-deficiency which can afterwards be replenished 
by exogenously administered OFQ. Currently, we are examining OFQ-knock out 
mice in various tests analyzing novelty and stress-coping behavior. These studies 
will help to clarify the function of OFQ in stress-related behavior.
(Supported in part by DFG grant Re 1024/2-1, Fonds der Chemischen Industrie 
and Hoffmann-La Roche, A.G.)

432.18

C H A R A C T E R IZ A T IO N  OF [3H ]N O C IC E P T IN  B IN D IN G  SITES IN 

R A T  H E A R T . M .D u m o n t*a n d  S. L e m a ire . D e p t . o f  C e llu la r and 

M o le c u la r  M e d ic in e , U n iv e rs ity  o f  O tta w a ,  C a n a d a  K 1 H  8 M 5 .

T h e  b in d in g  p a ra m e te rs  o f  [3H ]n o c ic e p tin  w e re  e x a m in e d  in 

m e m b ra n e  p re p a ra t io n s  o f  ra t  h e a rt .  S c a tc h a rd  a n a ly s is  o f 

[3H ]n o c ic e p tin  b in d in g  re ve a le d  th e  p re s e n c e  o f  t w o  d is t in c t  s ites: 

a h ig h  a f f in ity  (Kd: 5 8 3  n M ) lo w  c a p a c ity  (Bmax:1 3 2  p m o l/m g  

p ro te in )  s ite  and  a lo w  a f f in i ty  (Kd: 1 0 3 1 6  n M ) h ig h  c a p a c ity  

(Bmax: 1 5 5 2  p m o l/m g  p ro te in )  s ite .  N o c ic e p t in  a n d  D y n  re la ted  

p e p tid e s  in h ib ite d  th e  b in d in g  o f  [3H ]n o c ic e p tin  ( 0 .7 5  n M ) w ith  

th e  fo l lo w in g  o rd e r o f  p o te n c y :  α - N e o -E n d > D y n A - ( 1 -1 3 )> D y n  

A  >  n o c ic e p tin  >  D y n  B > D y n  A - (1 -8 ) .  T h e  n o n -o p io id  p e p tid e s  

D y n  A - (2 -1 3 ) ,  A - (3 -1 3 )  a nd  A - (5 -1 3 )  a re  as p o te n t  as D yn  A -(1 - 

13 ) in in h ib itin g  [3H ]n o c ic e p tin  b in d in g . S e le c tiv e  lig a n d s  fo r  k , δ 

a nd  µ  o p io id  re c e p to rs  s h o w  lit t le  o r no  in h ib it io n . In c o m p a ra tiv e  

s tu d ie s , [3H ]n o c ic e p tin  a n d  [3H ] D y n  A - (1 -1 3 )  b in d in g  s ite s  w e re  

b o th  s e n s it iv e  to  NaCI a n d  th e  s p e c if ic  p h o s p h o lip a s e  C (PLC) 

in h ib ito r ,  U - 7 3 ,1 2 2 .  T h e  re s u lts  d e m o n s tra te  th a t  th e  b ind ing  

c h a ra c te r is t ic s  o f  th e  h ig h  a f f in i ty ,  lo w  c a p a c ity  [3H ]n o c ic e p tin  

b in d in g  s ite  c o r re la te  w e ll w i th  th o s e  o f  th e  c a rd ia c  n o n -o p io id  

D y n  b in d in g  s ite .  T h u s , n o c ic e p tin  a n d  D y n  m a y  m o d u la te  

c a rd ia c  fu n c t io n s  th ro u g h  th e  s a m e  G p ro te in -c o u p le d  re c e p to r 

lin k e d  to  th e  a c t iv a t io n  o f  PLC. S u p p o r te d  b y  th e  H S FO .

432.20

TH E FM RFA M ID E-G A TED  SO DIUM  CH A N N EL IS EX PRESSED  IN A 
N EU RA L N E TW O RK  TH A T CO N TR O LS CA RD IO RESPIR A TIO N . 
S .J.Perry 1*, V .A .S traub1, M .S .Y eom an1, M .G .S chofie ld1, J.F.Burke2, 
P .R .B enjam in1. Sussex Centre for N euroscience1, Dept. B iochemistry2, 
University o f  Sussex, B righton, BN 1 9QG , UK

A novel class o f ionotropic channels that is directly  gated by the 
neuropeptide FM RFam ide exists in certain  m olluscan species. These channels 
display sequence hom ology to vertebrate am iloride-sensitive epithelial sodium 
channels and the m echanosensory degenerins o f  C.elegans. In the pond snail 
Lymnaea stagnalis, we have described the cloning  o f one such channel and 
shown it to be expressed in certain  tissues including neurons throughout the 
nervous system  (Perry et al., Soc N eurosci A bstr 1997, 267.20). Expression of 
the channel in a heterologous system  has confirm ed that it is gated by 
FM RFam ide and produces an am iloride-sensitive, rapidly desensitizing inward 
sodium  current. Its expression has also been confirm ed w ithin an identified 
interneuron know n to function within a defined neural netw ork that controls 
cardiorespiration. Isolation o f this neuron in cu lture has allow ed the properties 
o f  the channel to be studied in a biologically  relevant context. For the first 
tim e we present evidence that a peptide-gated sodium  channel is expressed 
within a behaviorally im portant in terneuron and exam ine its properties within 
this cell.
W ork supported by a BBSRC grant (IR3521-1), UK. V .A .S. was partly funded 
by the G ottlieb D aim ler-und Karl Benz Foundation.
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432.21
DE NOVO PROTEIN SYNTHESIS AND FUNCTIONAL EXPRESSION OF 
A NEUROTRANSMITTER RECEPTOR IN ISOLATED NEURITES OF 
IDENTIFIED LYMNAEA NEURONS, G. Spencer1, N.I. Syed 1 and J. van 
M innen2*. 1 Neuroscience Research Group, University of Calgary, AB, T2N 
4N 1, Canada; 2Graduate School Neurosciences Amsterdam, Research Institute 
Neurosciences Vrije Universiteit, Faculty of Biology, De Boelelaan 1087, 1081 
HV Amsterdam, The Netherlands.

A variety of mRNA species encoding neurotransmitter receptor proteins are 
found in dendritic and axonal compartments of various neurons. However, 
direct evidence for de novo protein synthesis from transmitter receptor mRNAs 
in these compartments is still lacking. In this study, we aimed to determine 
whether local synthesis of receptor proteins occurs, and if so, whether these 
receptors are functionally integrated into cell membrane. Identified Lymnaea 
neurons of the visceral F cluster (VF) and their severed axons were isolated in 
cell culture and injected with a foreign mRNA encoding the G-protein-coupled 
conopressin receptor (the Lymnaea homologue of the vasopressin receptor; Van 
Kesteren et al., Neuron 15, 897-908, 1995). Intracellular recordings were made 
from control somata and application of conopressin (10−5M) either produced a 
small hyperpolarizing response (3.9 ± 0.3 mV; 7.9 ± 1.9 s; n=4) or no 
response whatsoever (n=6). When tested on mRNA injected somata however 
(24 hrs post injection), exogenous conopressin application produced large and 
prolonged depolarizing responses (10.2 ± 1.1- mV, 50.0 ± 7.2 s; n=5) which 
often generated bursts of spikes in the injected cell. A similar depolarizing 
response to conopressin was also obtained from isolated axons that were 
injected with this foreign mRNA (n = 2), whereas control axons (injected with 
H2O) did not exhibit an electrophysiologcally detectable response. These data 
provide direct evidence for local synthesis and functional integration of foreign 
transmitter receptors into neuronal and axonal membranes.

Supported by the Alberta Heritage Foundation (Canada) and NATO 
(Belgium).

OPIOID AND OPIATE

433.1

DIRECT INTERACTION BETWEEN CALMODULIN AND THE µ 
OPIOID RECEPTOR. A POSSIBLE SIGNALING PATHWAY. D. Wang,
J.M. Quillan, N. Burford, & W. Sadée*. Departments of Biopharm.Sci. & 
Pharm.Chem., UCSF, San Francisco, CA 94143.

Many receptors signal via heterotrimeric G proteins; however, 
alternative signaling pathways may also exist. We considered the possibility 
that calmodulin (CaM) plays a role in signaling of G protein coupled 
receptors. This is supported by previous findings that morphine treatment 
affects the subcellular CaM distribution in rat brain (Nehmad et al., 
Molec.Pharmacol. 22:389(1982)), and CaM binds to the ß subunit of G 
proteins (Liu et al., J.Biol.Chem. 272: 18801 (1997)) A sequence alignment 
search with CaM binding proteins revealed a possible CaM binding motif in 
the third intracellular loop (i3) of the µ opioid receptor (MOR), and related 
receptors. CaM can be co-immunoprecipitated with the MOR, and the MOR 
binds to a CaM affinity gel. Binding is suppressed by peptides derived from 
the i3 loop of MOR that include the putative CaM binding motif. Moreover, 
the same i3 loop peptides bind to CaM in a gel shift assay, and CaM prevents 
G protein activation by a peptide representing the entire i3 loop. In 
membranes from HEK293 cells transfected with MOR, CaM modulates G 
protein activation, measured with 35S-GTPγS incorporation. Further, 
morphine activation of MOR shifts CaM from the plasma membranes to 
other cellular compartments. CaM also appears to be involved in 
biochemical changes occurring during long-term MOR stimulation, such as 
the upregulation of cAMP signaling. Thus, CaM could serve either as a 
signaling modulator or as a signal per se for the G protein coupled receptor, 
MOR. Supported by PHS grants DA 04166 and GM43102.

433.3

EV ID EN CE TO IMPLICATE Gz IN µ OPIOID M ODULATION OF 
ERK ACTIVITY M M. Belcheva1, Y.H. W ong2, H.D . Chung3* and C.J. 
C oscia1. 1Dept. o f  Biochemistry & Molecular Biology and 3Dept. o f  
Pathology and Psychiatry, St. Louis Univ. Sch. o f  Med., St. Louis, MO, 
2Dept. Biology, Hong Kong Univ. o f  Sci. and Tech., Hong Kong, China 

Previously, w e reported that chronic treatment with µ or κ agonists 
inhibited EGF-induced ERK activation via ßγ subunits akin to the 
mechanism o f  acute opioid stimulatory action on ERK in this system. 
Corresponding antagonist blockade indicates the involvement o f  µ or κ 
opioid receptors (OR) in this inhibitory effect. A unique PTX insensitivity 
o f  the chronic µ opioid (but not κ) action was observed. Since Gi/o have 
been shown to modulate PLC via ßγ subunits, w e tested the possibility 
that Gz or G 12, members o f  the G protein family that are not ADP- 
ribosylated by PTX, may serve as transducers o f  the opioid actions. Gz 
cotransfected with µ or κ OR in COS-7 cells was capable o f  transducing 
acute µ (but not κ) activation o f  ERK in the presence o f  PTX. Data from 
PTX- and chronic µ or κ agonist-treated COS-7 cells that overexpressed 
Gz implicated this G protein in the µ (but not κ) opioid inhibition o f  EGF 
activated ERK. A fatty acylation-deficient double mutant o f  Gz abolished 
both acute and chronic µ effects. Overexpression o f  G 12 in COS-7 cells 
did not facilitate acute µ or κ activation o f  ERK. The results establish 
that Gz can transduce µ OR-mediated ERK activation. Supported by 
N ID A  grant D A  05412.

RECEPTORS: µ, κ  AND σ ________________________________________

433.2

µ-OPIOID RECEPTOR INTERNALIZATION, 
DOWNREGULATION AND UPREGULATION. Paulette Zaki® 
Duane Keith Jr, ®. Mark von Zastrow#, Chris Evans*®. ®Dept. of 
Psychiatry, UCLA, Los Angeles, CA 9 0 0 2 4 ,# Dept. o f Psychiatry, 
UCSF, San Francisco, CA 94143

Previously we have demonstrated using immunocytochemistry and 
flow cytometry that certain, but not all, agonists induce a rapid 
internalization o f µ receptors transfected into HEK293 cells. 
Furthermore, antagonists not only block the agonist-induced 
internalization, but also cause an increase in surface receptors. Using 
flow cytometry, w e have assessed the ability o f a variety of ligands to 
induce internalization and upregulation o f the µ receptor and compared 
this with the ability of these ligands to stimulate GTPγS binding. There 
appears to be no obvious correlation between an agonist’s ability to 
cause internalization and it’s ability to activate G proteins.
Additionally, we have determined by Western blot analysis that 
prolonged treatment with agonists that induce internalization results in 
marked downregulation of µ-receptor protein and antagonist treatment 
results in an upregulation o f total µ-receptor. protein.

Work supported by NIDA grant #  D A -05010

433.4
INTERACTION BETWEEN ASP114 IN TMH2 AND ASN332 IN TMH7 
OF THE µ OPIOID RECEPTOR. W. Xu, F. Ozdener, J.-G. Li*, C. Chen and
L.-Y. Liu-Chen, Dept. of Pharmacology, Temple University School of 
Medicine, Philadelphia, PA 19140

Opioid receptors are G protein-coupled receptors (GPCRs). Asp1 14 in 
TMH2 and Asn332 in TMH7 in the µ opioid receptors are two highly 
conserved residues in GPCRs. These two loci have been shown to interact 
with each other in the 5HT2A and GnRH receptors. In the present study, we 
examined whether these two residues are important for receptor functions and 
whether the two residues interact with each other. D114N, N332D and 
D114N/N332D mutants of the rat µ opioid receptor were generated and 
effects of these mutations on ligand binding and receptor activation by 
agonists were examined. Mutation of the Asp in TMH2 to Asn greatly 
reduced binding affinities of morphine, DAMGO and CTAP, but did not 
affect those of naloxone and [3H]diprenorphine, and virtually abolished 
morphine- or DAMGO-induced increase in [35S] GTPγS binding. Replacing 
Asn in the TMH7 by Asp eliminated-detectable binding with either 
[3H]diprenorphine or [3H]DAMGO. In contrast, the combination of both 
mutations (D114N/N332D) restored high affinity binding for 
[3H]diprenorphine, CTAP and naloxone, with K values approaching to those 
of the wildtype µ receptor. Binding affinities of morphine and DAMGO were 
restored to a less extent. In addition, morphine and DAMGO were able to 
stimulate the D114N/N332D mutant to increase [35S] GTPγS binding. The 
results indicate that D 114 and D332 of the µ receptor are close in space and 
interact with each other and this interaction is important for ligand binding 
and receptor activation. (Supported by NIH Grants DA 04745 and DA 10702 
and Adolor Corp.)
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433.5

ASSESSM ENT OF MU- AND DELTA-OPIOID ANTAGONISTS  
WITHIN A CONDITIONED TASTE AVERSION DESIGN. 
B.-F.X. Sob el*J .F . Randall. G.R. Simpson and A .L. Riley. 
Department o f Psychology, American University, Washington, DC 
20016.

Selective mu and kappa opioid receptor antagonists differ in their 
abilities to condition taste aversions, with mu antagonists producing 
stronger aversions than kappa antagonists. Given the suggestion that 
the reinforcing properties o f the opioids may be mediated by agonist 
activity at both the mu and delta subtypes, it might be expected that 
both mu and delta antagonists would produce aversions (by the 
blocking o f endogenous opioid tone) and that such aversions might 
be similar in their characteristics. To that end, 88  female Long- 
Evans rats were adapted to water deprivation and subsequently 
given pairings o f a novel saccharin solution and various doses ( 1 , 
3 .2 , 5 .6 , 10, and 18 mg/kg) o f the selective delta antagonist, 
naltrindole, or o f the mu antagonist, naloxone. All injections were 
administered subcutaneously. Aversions were induced at doses as 
low as 5 .6  mg/kg naloxone, but only at the highest dose of  
naltrindole ( i.e ., 18 mg/kg). Further, the degree o f the aversion 
differed between the two groups with subjects injected with 
naloxone drinking significantly less than those injected with 
naltrindole at doses o f 5 .6 . 10, and 18 mg/kg. Although such 
differences could reflect relative potencies at their respective opioid 
subtypes, it is also possible that the two receptor subtypes 
differentially mediate the aversive effects o f opioid antagonism.

433.7

AGONIST INDUCED HOMOLOGOUS DESENSITIZATION OF µ 
OPIOID RECEPTORS MEDIATED BY G PROTEIN COUPLED 
RECEPTOR KINASES IS DEPENDENT ON AGONIST EFFICACY,
Jeremy P. Celver, Abraham Kovoor, Albert Wu and Charles Chavkin* 
Department of Pharmacology, Box 357280, University of Washington, 
Seattle, WA 98195-7280.

Using Xenopus oocytes coexpressing mammalian µ opioid receptors 
(MOR), ß-adrenergic receptor kinase 2 (β-ARK2, GRK3) and β-arrestin 2 
(β -arr2), we compared the rates o f ß-ARK2 (GRK3) and ß-arr2 mediated 
homologous receptor desensitization produced by treatment with opioid 
agonists of different efficacies. The response to MOR activation was 
measured using two-electrode voltage clamp as an increase in the 
conductance of the coexpressed G protein coupled inwardly rectifying 
potassium (heteromultimer o f KIR 3.1 and KIR 3.4) channels. Treatment 
with opioids o f high efficacy, either DAMGO, sufentanyl, or fentanyl, 
produced a GRK3 and β-arr2 dependent reduction in response within 20 
min; whereas, treatment with the partial agonist morphine produced 
receptor desensitization at a significantly slower rate. Because GRK3 
requires activation and membrane targeting by free G protein ßγ subunits 
released after agonist mediated activation o f G proteins, a low efficacy 
agonist such as morphine may produce weak receptor desensitization as a 
consequence o f poor GRK3 activation. To address this hypothesis, we 
substituted GRK5, a G protein coupled receptor kinase that does not 
require activation by G protein ßγ. In oocytes expressing GRK5 instead 
of GRK3, both DAMGO and fentanyl, but not morphine produced a 
desensitization of MOR activated potassium conductance. Thus, µ opioid 
agonists produced significant receptor desensitization, mediated by either 
GRK3 or GRK5, at a rate dependent on agonist efficacy. Supported by 
DA04124.

433.9

A P PA R EN T INVERSE AG O N ISM  OF O PIO IDS CAUSED BY D IRECT 
G IR K 1/G IR K 2 BLOCKADE IN O O C YTES C O -EXPRESSING  O PIO ID  
R ECEPTO RS. C. U lens1, W. Robberecht2*, P. D aenens1 and J. 
T v tg a t1. 1Lab. of Toxicology, 2Dept. o f Neurology, University o f Leuven, 
3000 Leuven, Belgium

N arcotic analgesics are used in pain trea tm ent and exert the ir activity 
by decreasing the excitability o f neuronal m em branes via activation o f 
a G -prote in-coupled inwardly rectifying potassium  channel (G IRK) co
expressed with opioid receptors. Because it has been reported that 
opio ids can display a dose-dependent dual m odulatory m echanism , 
leading to paradoxical hyperalgesic and aversive effects, we 
investigated the effect o f diffe rent doses o f opio ids (m ethadone, 
propoxyphene, m orphine, U50488H) on Xenopus oocytes co
expressing G IR K1/G IRK2 (Kir3.1 and 3.2) and cloned opio id receptors 
by m eans o f two m icro-e lectrode voltage clamp. It was found that 
G IR K 1/G IR K 2 current was inhibited by m ethadone, propoxyphene and 
U5O488H with an IC50-value o f 53, 52 and 87 µM, respectively. In 
contrast, e levated concentrations o f m orphine (up to 1 m M) did not 
show  inhibition. The IRK1 (K ir2.1) related channel was not affected by 
these opioids. The sim ultaneous presence o f opioid receptors, like 
m KOR, did not a lter the IC50-values. W e conclude that som e opio ids 
cause apparent inverse agonism  by direct G IR K1/G IR K 2 blockade.

433.6

ELIMINATION OF PHOSPHORYLATION SITES IN EITHER THE 
THIRD CYTOPLASMIC LOOP OR THE COOH TERMINAL TAIL DO 
NOT BLOCK β-A R K  A ND  β-A R RESTIN MEDIATED  
DESENSITIZATION OF MU OPIOID RECEPTORS Abraham Kovoor,* 
Jeremy P. Celver, Charles Chavkin. Dept. of Pharmacology, University 
of Washington, Seattle WA 98195

We had previously used the Xenopus oocyte expression system to show 
that homologous desensitization of opioid receptors results from 
phosphorylation by G protein coupled receptor kinases (GRKs). When 
oocytes were injected with cRNA for the opioid receptors and the G 
protein-gated inwardly rectifying K channel subunits Kir 3.1 and Kir 3.4 
application of opioid agonists produced an increase in the inwardly 
rectifying K conductance. The intrinsic rate of desensitization of the of 
the opioid receptor activated Kir 3 current was small. However 
coexpression of ß-adrenergic receptor kinase 2 ( βARK2) and ß-arrestin 
2 (ßarr2) synergistically produced a homologous desensitization of opioid 
receptor signaling. The ßARK2 and ßarr2 mediated desensitization of 
the mu opioid receptor was not blocked by truncating the mu opioid 
receptor such that the region of the cytoplasmic COOH terminal tail 
containing the serine and threonine residues was deleted. Mutation of 
all the serine and threonine residues in the third intracellular loop of 
the mu opioid receptor to alanines also failed to block ßARK2 and ßarr2 
desensitization. In contrast our studies with the delta opioid receptor 
showed that a portion of COOH terminus of the delta opioid receptor is 
required for βA RK and ßarr mediated modulation. These results 
indicate that the mu opioid receptor is different from most other G 
protein coupled receptors where GRK mediated desensitization is 
produced by phosphorylation of residues in either the third cytoplasmic 
loop or the carboxy-terminal tail. Supported by DA04123

433.8

G p rotein  recep tor  k in a se  (GRK3) an d  ß-arrestin 2 m ed iated  
d esen sitiza tio n  o f th e  K appa O pioid  R ecep tor  in  X enopus  
O ocytes. Suzanne M. Applevard*, Victor Pineda. Abraham Kovoor, 
Jeremy Celver and Charles Chavkin, Dept of Pharm, Univ Washington, 
Seattle, WA 98195
Previous studies showed that the kappa opioid receptor (KOR) is 
phosphorylated in an agonist-dependent manner in hippocampal slices 
and that the phosphorylation state of the receptor remains elevated in 
tolerant animals. In this study the Xenopus oocyte expression system 
was used to test whether the G protein receptor kinases are important 
for homologous desensitization of the KOR. The kappa agonist U69,583 
increased the conductance of G protein activated inwardly rectifying 
potassium channels in oocytes co-expressing the rat kappa opioid 
receptor with Kir 3.1 and Kir 3.4. Only a small desensitization of the 
KOR activated response was seen in the absence of GRK and arrestin. 
Co-expression of GRK3 and ß-arrestin 2 significantly increased the 
homologous desensitization of the kappa opioid response, whereas 
expression of either GRK3 or ß-arrestin 2 alone had little effect. Co-
expression of GRK5 and β-arrestin 2 also increased the agonist induced 
desensitization, although GRK5 was not as efficacious in this assay. 
Truncation of the COOH terminal tail of the KOR, removing the region 
containing the Ser and Thr residues, reduced the desensitization induced 
by GRK3 and ß-arrestin 2, although the truncated KOR coupled 
effectively to Kir 3. In contrast, mutation of the three Ser residues in the 
3rd intracellular loop to Ala did not effect the agonist induced 
desensitization. Mutation of Ser 369 or Thr 363 to Ala did not affect the 
GRK3 and ß-arrestin 2 mediated desensitization. These results indicate 
that GRKs and β-arrestin 2 induce kappa opioid receptor desensitization 
in the Xenopus oocyte and that the C terminal tail of the KOR is 
important for this regulation. Supported by DA04123

433.10

A TRUNCATED KAPPA OPIOID RECEPTOR SHOWS A LOSS OF 
AFFINITY FOR HIGHLY KAPPA-SELECTIVE, BUT NOT NON- 
SELECTIVE, OPIOID LIGANDS. C. Kim, S.W . M a , F. Porreca and J. Lai*
Department of Pharmacology, The University of Arizona, Tucson, AZ 85724.

A  truncated hum an kappa opioid receptor (hKO R) which lacks part o f the 
putative third extracellu lar loop (o3), the seventh transm em brane dom ain 
(TM7) and the C-term inal region reta ins high affin ity fo r the opioid 
antagon ist [3H ]diprenorphine (KD = 226 pM ) when stably expressed in 
HN9.10 cells. Ligand com petition analysis o f [3H]d iprenorph ine binding 
shows that the m utant receptor exhib its high affin ity  fo r the  agonists 
brem azocine (0.75 nM), dynorphin A (1-17)(5.2 nM) and m orphine (95 nM), 
sim ilar to tha t fo r the w ild type hKOR (0.19 nM, 2.0 nM and 243 nM, 
respectively). However, its affin ity fo r the highly kappa-se lective agonists, 
C I977 (440 nM), U69,593 (9 µM), and the kappa antagon ist, nor-BNI (46 
nM), was substantially low er than that exhib ited by the w ild type receptor 
(0.42 nM, 5.5 nM and 0.22 nM, respectively). The m utant's  diffe rentia l 
e ffect on the affin ity o f these ligands suggests that the  truncated region, 
presum ably the o3 and/or the TM 7 dom ain, is crucial fo r the  binding o f the 
highly kappa-se lective com pounds. Point m uta tions and sequence 
substitu tions at the o3 and TM 7 regions o f hKOR are currently used to 
define in m ore deta il the residues tha t constitu te  th is ligand binding site. 
The m utant receptor also reta ins the ability to  couple to  G -prote ins based 
on the [3H]GTPγS binding activated by brem azocine and dynorph in A (1-17) 
(EC50 = 2.3 nM and 230 nM, respectively). Th is  find ing, consistent w ith 
previous observations w ith a C-term inal truncated mu opio id receptor, 
suggests that the truncated region is not critical fo r the  coupling o f kappa 
opioid receptors to G -proteins.
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433.11

AGONIST-INDUCED INTERNALIZATION OF κ  OPIOID 
RECEPTORS: AGONIST A N D  SPECIES DIFFERENCES. J.-G. L i, 
C. Chen, L.-Y. Luo and L.-Y. Liu-Chen*. Department o f  
Pharmacology, Temple University School o f M edicine, Philadelphia, 
PA 19140.

We have demonstrated that the human κ  opioid receptor stably 
expressed in Chinese hamster ovary (CHO) cells undergoes 
internalization after exposure to U5O,488H. In the present study, we 
investigated whether there are differences (1) among agonists in eliciting 
receptor internalization and (2) between human and rat κ  opioid 
receptors in undergoing agonist-induced receptor internalization. When 
cells were treated with a full agonist (1 µM) for 30 min at 37°C, 
U5O,488H, U 69,693, tifluadom and ethylketocyclazocine promoted 
significant internalization o f the human κ  opioid receptor, while 
etorphine did not. This result suggests that different agonists may 
induce different activated states o f the receptor that similarly activate G 
proteins, but differentially promote receptor internalization. In addition, 
we observed that U5O,488H, U 69,693, tifluadom, ethylketocyclazocine 
and etorphine did not induce appreciable internalization o f the rat κ  
opioid receptor stably expressed in CHO cells. The molecular basis of 
this species difference in agonist-induced κ  opioid receptor 
internalization is being investigated.
(Supported by National Institute o f Health Grants DA 04745 and 
DA 10702 and Adolor Corp.)

433.13

KAPPA OPIOID RECEPTOR REGULATION BY ENDOCYTOSIS AND 
DIMERIZATION. B. Jordan, S. Cvejic and L. Devi*. Dept. of Pharmacology, NYU 
School of Medicine; New York, NY 10016.

Kappa opioid receptors (KORs) play a role in neuromodulation and can mediate 
processes such as miosis, general sedation and depression of flexor muscles in addi
tion to analgesia. They are a member of the opioid receptor subfamily of G-protein 
coupled receptors along with µ and δ opioid receptors (MORs and DORs). Although 
a number of studies have characterized the regulation of MOR and DOR function 
using synthetic peptides and alkaloids, few studies have explored the effects of 
endogenous neuropeptides on receptor endocytosis. We have used CHO cells 
expressing κ opioid receptors and dynorphin peptides to examine the properties of 
KOR endocytosis. We find that KOR selective peptides induce receptor internaliza
tion. In contrast, KOR specific alkaloid agonists do not. Furthermore, only peptide 
agonists are able to induce receptor down-regulation. Our results also show that 
receptor number and cell density markedly affect the extent of down-regulation.

Previously we have shown that δ opioid receptors (DORs) exist as dimers that 
monomerize upon agonist stimulation. Moreover, monomerization precedes receptor 
internalization, which suggests that this process may be a prerequisite for receptor 
endocytosis. Here we show that κ opioid receptors exist as dimers and the proper
ties of KOR dimers are distinct from DOR dimers. In naive cells, about 90% of 
KORs exist as dimers compared to about 5O%-6O% of DORs. Also, KOR dimers are 
stable in 2% SDS whereas DOR dimers are not. Furthermore, KOR dimers do not 
exhibit significant monomerization in response to κ selective agonists while DOR 
dimers monomerize in response to δ selective agonists. It is possible that the high 
stability of KOR dimers contributes to the lack of significant monomerization and 
decrease in extent of internalization.
This work was supported in part by NIH Grants DA08863 and NS1788 (to L.A.D.)

433.15

TRANSCRIPTIONAL REGULATION OF MOUSE DELTA- 
OPIOID RECEPTOR (DOR) GENE. H. C. Liu, J. T. Shen, L. 
Auαustin, S.A. Thaver* and H. H. Loh. Department of Pharmacology, 
University of Minnesota, Medical School, Minneapolis, MN 55455, U.S.A.

The mouse genomic DNA clone of DOR has been cloned and its 
genomic structure has been determined in our laboratory. Here, we 
present the data to show that the active promoter and its functionally 
important sequences for the transcriptional regulation of the DOR gene. 
A 1.3 Kb fragment from the upstream regulatory region of the DOR 
gene(from position -1300 to translation start site-ATG, which is 
designated as +1) was subcloned into a luciferase reporter plasmid. Both 
5’-end and 3'- end serial deletion constructs were prepared by using 
convenient restriction sites within this 1.3 Kb fragment. From the 
luciferase activity assay, it indicates that the active promoter of the DOR 
gene resides between -232bp and -150bp from the translation start site. 
This 83 bp fragment confers more than 90 % promoter activity of the DOR 
when tested in a DOR-expressing mouse neuronal cell line, NS20Y. 
Linker scanning with the Hind III sequence as the linker was also 
performed throughout this region. Two crucial sequences, an E-box and 
a Sp1 site, were identified from the DOR promoter by this method. In 
vitro electrophoresis mobility shift assay, antibody supershift assay and in 
vivo functional cotransfection assay clearly demonstrated that the 
upstream stimulatory factor and the Sp1 transcription factors were 
involved and essential for the promoter activity of the DOR gene, 
(supported by NIH research grants DA-00546, DA-01583, DA-05695, 
KO5-DA-7O554, and A&F stark fund of the Minnesota Medical 
Foundation)

433.12

EFFECT OF LOW-LEVEL LEAD EXPOSURE ON KAPPA OPIOID 
RECEPTOR BINDING KINETICS IN SPECIFIC BRAIN REGIONS 
OF DEVELOPING RATS. A.K. Kassa, M.G. Kolta* and M R.I.S oliman. 
College of Pharmacy, Florida A&M University. Tallahassee, FL 32307.

Lead (Pb2+) ,a potent neurotoxin, continues to be an important public health concern 
even at lower level of exposure as the developing brain is particularly very sensitive to 
the toxic effect of lead. The current study was conducted to investigate the effects of 
low level lead exposure on kappa (κ) opioid receptor binding kinetics in specific brain 
regions of developing rats. Pregnant Sprague-Dawley rats were exposed to lead acetate 
(0.05, 0.1. 0.5, and 1.0 ppm) in drinking water. Exposure of the dams to the same 
concentrations of lead was continued during lactation. Pups were weaned at day 14 and 
were exposed to the same lead concentrations in drinking water till day 30. Control 
animals were provided with distilled water. Animals were sacrificed at day 30. and κ 
opioid receptor binding kinetics were determined in tissue homogenates of specific 
brain regions using 3H-EKC (ethylketocyclazocine) as a ligand, µ and δ-opioid 
receptors were blocked by DAMGO and DADLE. respectively The results obtained 
indicate that low level lead exposure (0.5 and 1.0 ppm) during gestation, lactation, and 
post-weaning significantly decreased the binding capacity (Bmax) of κ opioid 
receptors in the midbrain and the hypothalamus Bmax of the cortical brain region was 
not affected by exposure to lead, while there was a significant increase of Bmax in the 
hippocampus at 0.05 ppm lead exposure level. The binding affinity o f  3H-EKC to its 
receptors decreased or increased depending on the level of lead exposure and brain 
region examined. These findings clearly indicate that low-level lead exposure can 
significantly alter κ -opioid receptor binding kinetics in specific brain areas and that 
these alterations may in part explain some of the neurobehavioral effects of lead 
(Supported by NIH grant RR03020)

433.14

AMINO ACID RESIDUES IN TRANSMEMBRANE DOMAINES III AND VII 
ARE CRITICAL FOR ACTIVATION OF THE δ-OPIOID RECEPTOR. B. L. 
Kieffer*, C. Zilliox and K. Befort. Laboratoire des Récepteurs et Protéines 
Membranaires, UPR CNRS 9050, ESBS, Parc d'Innovation, 67400 Illkirch, France.

We have quantified functional activation of the mouse δ-opioid receptor (mDOR) 
transiently expressed in COS cells by measuring agonist-promoted [35S]GTPγS 
binding on membrane preparations of the transfected cells. Dose-response curves 
were established using increasing concentrations of BW373U86, SNC80, deltorphine 
II, DADLE and bremazocine. [35S]GTPγS binding increased several-fold over basal 
activity upon agonist stimulation. The order of efficacy was BW373U86 = SNC80 > 
deltorphine II > DADLE >> bremazocine. Potencies of these ligands (BW373U86 > 
deltorphine II > DADLE > bremazocine >SNC80) were well correlated with their 
affinities. This result indicates that we have established a sensitive and reliable 
method to monitor activation of the δ-opioid receptor produced in a transient 
expression system. We then evaluated the effect of point mutations in 
transmembrane domains III and VII of mDOR on receptor activation using the 
[3 5 S ]G T P γS  binding assay. To compare BW373U86-stimulated [3 5 S]G TPγS  
binding in wild-type and mutant receptors, we expressed mDOR at levels similar to 
that of each mutant receptor under study. Mutants in Tm III (D128A, D128N, 
Y129F and Y129A) exhibited higher basal activity (in absence of ligand) compared 
to wild-type receptor, suggesting that residues D128 and Y129 are critical in 
maintaining the receptor under an inactive state. Dose-response curves further showed 
that D128N, Y129F and Y129A mutants are less activable by BW373U86 than the 
wild-type receptor. The mutation Y308F in Tm VII did not increase basal activity. 
Interestingly however, maximal activation obtained for the Y3O8F mutant receptor 
(331%) exceeded that of mDOR (190%), suggesting that this mutation may favor a 
receptor state which activates G proteins more efficiently than the wild-type receptor. 
Funded by CNRS and the Association de Recherche pour le Cancer.

433.16

δ-OPIOID RECEPTORS COUPLE TO PHOSPHOLIPASE C VIA G 
PROTEIN ßγ SUBUNITS. S. H Y oon*, T. M. Lo, H. H. Loh and 
S. A. Thayer. D ept. o f  Pharmacology, Univ. o f  Minnesota, 
Minneapolis, M N 55455.

Activation o f  δ-opioid receptors in N G 108-15 cells induces the 
release o f  calcium from an intracellular store through activation o f  a 
pertussis toxin-sensitive G protein. W e used fura-2-based digital 
imaging to study the mechanism o f  opioid-induced increases in [Ca2+]i 
in NG 108-15 cells. Exposure to D-Ala-D-Leu enkephalin (DADLE) 
(100 nM) for 90 s induced increases in [Ca2+]i that were blocked by 
microinjection o f  the inositol 1,4,5-trisphosphate (IP3) receptor 
antagonist heparin (pipette concentration=100 mg/ml) but not by sham 
injection. Microinjection o f  a peptide antagonist to G protein ßγ 
subunits (QEHA, 1 mM) decreased the DADLE-evoked response by 
70%. However, microinjection o f  an inactive peptide (SKEE, 1 mM), 
which does not bind to G protein ßγ subunits, failed to inhibit the 
opioid-induced increase in [Ca2+]i. Collectively, these data 
demonstrate that activation o f  δ-opioid receptors induces the release 
o f  calcium from IP3-sensitive stores in N G 108-15 cells through the 
activation o f  the ßγ subunits o f  inhibitory G proteins.
Supported by NIH and NSF.
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433.17
ADENYLYL CYCLASE SUPERACTIVATION AFTER CHRONIC δ
OPIOID RECEPTOR STIMULATION IN TRANSFECTED CHO AND  
B82 CELLS - CHARACTERIZATION OF THE SIGNAL  
TRANSDUCTION SYSTEMS. Eva Varga. Dagmar Stropova, Tae Kim. 
Mark Rubenzik, Xiaoping Li, William R. Roeske and Henry I. 
Yamamura*. Department o f Pharmacology, The University o f Arizona, 
Health Sciences Center, Tucson, AZ, 85724  

We have shown previously that in Chinese Hamster Ovary (CHO) cells 
transfected with the human δ opioid receptor cDNA (hDOR/CHO) 
preincubation with a δ opioid agonist, SNC 80, causes superactivation o f 
the adenylyl cyclase (AC) system. However, in a murine fibroblast (B82) 
cell line transfected with the human δ opioid receptor (hDOR/B82) no AC 
superactivation occurred upon preincubation with SNC 80. Acute SNC 80 
treatment inhibited forskolin stimulated cAM P formation in both cell lines. 
The present study was designed to characterize the pertussis toxin (Ptx) 
senstive G-protein and AC pools in the two cell lines, as a first step in the 
study of the mechanism o f AC superactivation. We have isolated mRNA  
from CHO and B82 cells and amplified AC and G αi/o cD NA  fragments 
using degenerate primers in RT-PCRs. The two cell lines contain similar 
Ptx sensitive G-protein α-subunit pool (Gαi2, Gαi3, GαoA/B) . In addition 
both cell lines contain tranducin homologs (Gαt1 in CHO and Gαt2 in B82 
cells). AC VI and AC VII are the major AC isoenzymes in CHO cells 
while B82 cells contain AC IX and AC VII isoenzymes.Stable transfection 
of AC VI cDNA into the hDOR/B82 cells rescued AC superactivation. The 
transfected CHO and B82 cells can be used as model systems to study the 
mechanism of AC superactivation. (Supported in part by the Arizona 
Disease Control Research Commission and NIDA)

433.18
δ OPIOID RECEPTOR FUNCTIONAL ASSAY BY 
SCINTILLATION PROXIMITY. S.-P. Zhang*, and E. E. Codd. 
Drug Discovery, The R.W. Johnson Pharmaceutical Research 
Institute, Spring House, PA 19477.

δ  opioid receptor agonists inhibit forskolin-stimulated adenylyl cyclase 
through coupling of the δ opioid receptor to the G protein, Gi, which mediates 
inhibition of adenylyl cyclase. In this study we investigated effects of δ opioid 
receptor agonists on the binding [3SS]GTPyS to CH O -K 1-hδ cell membranes. 
Naltrindole, a δ opioid receptor antagonist, bound to the m embranes with a Kd 
of 0.21 nM and a Bmax of 7600 fmol/mg protein. Competition for [3H]naltrindole 
binding with opioid receptor agonists was in the order: TAN67 > SNC80
>Deltorphin-II = DADLE > DPDPE > DAMGO. A scintillation proximity assay 
(SPA) was used to study [35S]GTPγS binding to C H O -K l-hδ cell membranes. 
SNC8O stimulated [3SS]GTPγS binding to the mem branes in a naltrindole 
reversible m anner. GDP dose-dependently decreased the [3SS]GTPyS binding 
both in the presence and absence of SNC8O. The maximal stimulating response 
was observed a t about 10-100 µM. At 50 µM GDP opioid receptor agonists 
stimulated [35S]GTPγS binding to C H O -K l-hδ cell m embranes, the order of 
their potency being sim ilar to their binding affinities: TAN67 > SNC8O > 
deltorphin-H > DADLE > DPDPE >> DAMGO. However, they stimulated the 
binding of [35S]GTPγS with different efficacies. The efficacy of SNC8O (437% of 
basal) was greater than the o ther opioid agonists tested. DAMGO, a µ opioid 
receptor agonist, had very poor efficacy o r potency in stimulating [35S]GTPγS 
binding to C H O -K l-hδ cell m embranes. The results indicate that with SPA the 
stimulation of [3sS]GTPγS binding could be used as a δ opioid receptor 
functional assay.

433.19
NALTREXONE-INDUCED ALTERATIONS OF DELTA OPIOID RECEPTOR 
BINDING IN LAMB BRAIN REGIONS. K. Pierzchala-Koziec*, M. Dziedzicka- 
Wasvlewska1, B. Kepys2. *Dept. Anim. Physiol. Agric. Univ. Cracow, Poland, 1Polish 
Acad. Sci. Cracow, Poland, 2Inst. Mol. Biol. Jagiell. Univ. Cracow, Poland.

Naltrexone-induced differential opioid receptor upregulation in rat brain regions has 
been shown to accompany brain regions specific increases in expression of 
preproenkephalin mRNA. Previously, we have found that peripheral administration of 
naltrexone potentiated the preproenkephalin synthesis in some brain areas of s heep. 
Therefore, as a part of study dealing with the opioids importance in sheep growth and 
development, the present experiment was carried out to investigate the effects of 
prolonged naltrexone treatment on the delta receptor binding in several areas of sheep 
brain.

Animal studies were performed on 3 months old lamb divided into control and 
naltrexone (3mg/kg i.v. for three consecutive days) treated group. Twenty four hours 
after the last injection brains were removed within 5 min, dissected to obtain the 
blocks from hypothalamus, striatum, hippocampus and pons. For delta receptor 
binding assays aliquots (1 ml, 1 mg of protein) o f neuronal membranes were incubated 
with 6.8 nM o f radioligand - [3H][2D-Pen5-D-Pen]enkephalin ([3H]DPDPE, NEN) at 
30° C during 30 min. Free ligand was separated from membrane bound radioligand by 
filtration under reduced pressure through GF/B Whatman glass filters.

The presence of specific binding sites for delta opioid 3H-DPDPE was demonstrated 
in all tested brain fragments. However, the lowest binding was found in the 
hypothalamus ( 1.0 ± 0.1 pmol/mg protein) and the highest was present in the striatum 
(3.1 ± 0.2 pmol/mg protein). Unexpectedly, naltrexone treatment increased the 
receptor binding in the striatum to 7.5 ± 0.5 pmol/mg protein (p<0.01). This opioid 
antagonist did not affected the receptor binding in the hypothalamus.

Thus, the peripheral administration of naltrexone appears to be able to change the 
delta receptor binding only in some brain areas.
Supported by KBN Grant, DS-3003/KFZ.

433.20
STRAIN DIFFERENCES IN G-PROTEIN ACTIVATION INDUCED BY µ-, δ-, 
κ- AND ε-OPIOID RECEPTOR AGONISTS IN THE MOUSE 
PONS/MEDULLA. H. Mizoguchi1*, M. Narita1, H. Nagase2 and L.F. Tseng1. 
1Dept. of Anesthesiology, Medical College of Wisconsin, Milwaukee, WI 53226, 
2Basic Res. Lab., Toray Industries Inc., Kamakura 248, Japan.

Several genetic mouse models of different sensitivity to opioids have been used 
to investigate mechanisms underlying individual variation in responses to opioids. 
The CXBK strain is an inbred recombinant mouse which has a lower level of µ1- 
opioid receptors. The present study was then designed to investigate the effects of 
several opioid receptor agonists on G-protein activation by monitoring [35S]GTPγS 
binding to pons/medulla membranes of CXBK mice and their parent strains, 
C57BL/6By (C57) and BALB/cBy (BALB) mice. A selective µ-opioid receptor 
agonist DAMGO (0.001-10 µM) produced a concentration-dependent increase in 
[35S]GTPγS binding and reached a maximal stimulation of approximately 100 % in 
either C57 or BALB mice. In CXBK mice, the concentration-dependent curve for 
DAMGO was mark edly shifted to the right, and the maximal stimulation by 
DAMGO in CXBK mice was significantly attenuated to 70 % that of either C57 or 
BALB mice. In contrast, there were no differences in the [35S]GTPγS binding with 
relative lower levels stimulated by selective δ (DPDPE)- and κ (U50,488H)-opioid 
receptor agonists in any of three strains. We previously reported that the 
endogenous opioid peptide ß-endorphin produced over 200 % maximal increase of 
[35S]GTPγS binding in the brainstem of ICR mice, and this effect was mediated by 
µ- and ε-opioid receptors (Jpn. J. Pharmacol., 76, 233, 1998). In the pons/medulla 
of either C57 or BALB mice, β-endorphin produced approximately 300 % maximal 
stimulation, whereas β-endorphin-stimulated [35S]GTPγS binding was slightly lower 
with a maximal stimulation of 260 % in CXBK mice. These findings suggest that 
µ l-opioid receptors play a key role in DAMGO-stimulated G-protein activation in 
the pons/medulla region. Moreover, β-endoiphin activates G-protein in part by 
stimulation of µ1-opioid receptors and mostly mediated by non-µl-, probably ε- 
opioid receptors in the mouse pons/medulla (Supported by NIH grant, DA 03811).
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434.2434.1

SITE-DIRECTED MUTATIONS IN THE C-TERMINAL END OF THE THIRD 
INTRACELLULAR LOOP OF THE 5-HT1A RECEPTOR, Å . Malmberg1,2* and P.G. 
Strange1. 1Biological Laboratory, University of Kent, Canterbury, Kent, CT2 7NJ, U.K. 
2Dept. of Molecular Pharmacology, Astra Arcus AB, S-151 85 Södertälje, Sweden.

Substitution of a single amino acid residue in the C-terminal portion of the third 
intracellular loop in α-adrenergic receptors has been shown to produce constitutively 
active systems. The majority of G /G 0 coupled receptors have a threonine (T) at this 
position preceded by an uncharged/nonpolar amino acid (e.g. alanine (A), valine (V) or 
phenylalanine (F)). The 5-hydroxytryptamine1A (5-HT1A) receptor which couples to 
Gi/G0 proteins and inhibits adenylyl cyclase has, in contrast to other Gi/G0 coupled 
receptors, a V at this position preceded by a T.

To investigate the significance of this position in the 5-HT1A receptor two mutations 
were constructed; a single V344E (valine to glutamate) mutation as well as a double 
T333A and V334E mutation, and transfected into HEK293 cells. [3H]-NAD-299. a 
novel 5-HT1A receptor antagonist, bound with similar affinity (Kd = O.3-O.5 nM) to the 
wild type and mutated receptors. The full 5-HT1A receptor agonist R-8-OH-DPAT 
displayed a 3-fold higher K0.5 value for both mutant receptors compared to wild type. 
The higher overall affinity seems to reside in a greater proportion of high-affinity 
agonist sites since the Khigh values were very similar. R -8-OH-DPAT inhibited 
forskolin-stimulated cyclic AMP production with IC50 values of 7.0, 2.7 and 1.4 nM for 
wild type, single and double mutations, respectively. Buspirone was a partial agonist at 
the wild type receptor but a full agonist at the two mutant receptors. Spiperone behaved 
as an inverse agonist in forskolin-stimulated cyclic AMP measurements. It was 13-fold 
less potent in enhancing the cyclic AMP production at the double mutant (EC50 = 24 
nM) compared to the single mutant (EC50 = 1.9 nM) and the wild type receptor (EC50 = 
1.9 nM). Spiperone bound to a single high-affinity site at the wild type receptor, 
whereas its binding to the mutant receptors was biphasic.

The data indicate that these mutations induce a more stable “active” receptor 
conformation compared to the wild type 5-HT1A receptor.
This study was supported by Astra Arcus AB, Södertälje, Sweden.

DIFFERENTIAL COUPLING AN D G PROTEIN ACTIVATING 
PROPERTIES OF HU M A N  5-H T1A RECEPTOR i3 LOOP PEPTIDES. 
T.C. Ortiz*, M.C. Devereaux, and K.K. Parker. D ep artm en t of 
P harm aceu tical Sciences, School of P harm acy  and A llied  H e a l th  
Sciences, The U niversity  of M ontana. M issoula, M T 59812-1075.

A series of struc tu ra lly -sen sitiv e  p ep tid es  from th e  
transm em brane 5 / in trace llu la r loop 3 (TM 5/i3) region of the hum an
5-H T1A receptor h av e  been generated  and tested  in C hinese h a m ste r  
ovary  (CHO) cells expressing the hum an 5 -H T 1A receptor. T he 
present study utilizes a p ep tid e  truncated  a t the  N- and C -term in i 
(6mer: ARFRIR) of previous syn the tic  i3 loop p ep tides, the 15mer 
fam ily (Soc. Neurosci. 23: 128, 1997). The 6m er reta ins low but
detectab le  receptor-G pro tein  uncoupling ac tiv ity  as m easured by 
agonist inhibition assays, w ith IC50 values of 109 ± 1 and  131 ± 2 µM in 
w hole cell and  m em brane p rep a ra tio n s  of the  receptor, resp ec tiv e ly . 
H ow ever unlike it's  rela tives, the 6m er is devo id  of a p p a ren t G 
p ro te in -s tim ula ting  activ ity . As de te rm ined  by enzym e 
im m unoassay, 1 mM 6mer was unable to in h ib it cAMP lev e ls  
significantly , w hen com pared to the fo rsk o lin -s tim u la ted  controls. 
These results suggest th a t w hile  the central portion  of the  previous 
TM 5/i3 loop pep tides contributes sequence and overa ll conform ation 
requirem ents for G pro tein  coupling, it is not essen tia l for G pro tein  
activation . A ctivity  of two o th er truncated  TM 5/i3 loop p ep tid es  
w ill also be discussed: a N -term inus 9m er and a C-term inus 6mer; 
both  from the l5 m er family. These pep tid es  are a set of tools w h ic h  
m ay be useful in investigating  receptor-G  p ro te in  coupling w i th  
m ultid im ensional NMR. S upported  by N IH  RR10169 and 
GM /OD 54302-10
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434.3
A [35S]GTPγS BINDING ASSAY FOR MEASURING FUNCTIONAL 
PROPERTIES OF COMPOUNDS INTERACTING WITH THE CLONED HUMAN 
5-HT1B RECEPTOR P. Butkerait*, X. Pu, R. Raddatz, T.A. Branchek and J.M. 
Zgombick. Synaptic Pharmaceutical Corporation, Paramus, NJ 07652.

Activation of the cloned human 5-HT1E receptor in transfected cell lines results in 
an inhibition of forskolin-stimulated cAMP levels. However these assays are 
laborious, the maximal inhibitory responses in these systems are modest and they are 
limited by their ability to identify inverse agonists. Receptor modulation of 
[35S]GTPγS binding in a membrane preparation is a quick, alternative assay tor 
measuring the potencies and intrinsic activities of compounds. Membranes harvested 
from stably transfected LM(tk') cells expressing the human 5-HT1E receptor were 
used to establish a [3SS]GTPγS binding assay for this receptor subtype. Receptor 
expression was determined from [3H]5-HT saturation binding experiments, which 
revealed a Kd value of 2.1 nM and maximal binding site density (Bmax) of 4.2 
pmol/mg protein. To optimize agonist stimulation of [35S]GTPγS binding, 
concentration-response curves for GDP in the presence and absence of 10 µM 5-HT 
were generated. Maximal stimulation of [35S]GTPγS binding by 5-HT was observed 
at 3 µM GDP and this concentration of guanine nucleotide was used in all 
subsequent experiments. 5-HT (pEC50 = 7.8) and other serotonergic agonists elicited 
concentration-dependent increases in [35S]GTPγS binding with maximal increases 
(Emax) of 50% over basal levels. In general, the rank order of agonist potencies to 
stimulate [35S]GTPγS binding paralleled their binding affinities (Ki values) 
determined from [3H]5-HT competition assays: 5-HT = bufotenine >
methylergonovine > sumatriptan > 5-CT. Measurement of receptor modulated 
[35S ]GTPγS binding is a useful method to evaluate the functional properties of 
compounds targeted for the human 5-HT1E receptor.

This work was supported by Synaptic Pharmaceutical Corporation and Eli Lilly 
and Company.

434.5
SOLUBILIZATION OF THE SEROTONIN (5-HT) 5-HT2A RECEPTOR IN 
ACTIVE FORM. D.J. M oore2, L.J. Schutz2 and W.A. W olf1’2*. 1Hines VA 
Hospital, Hines, IL 60141 and Dept. of Pharmacology, 2Loyola University Stritch 
School o f M edicine, Maywood, IL 60153.

Alterations in the activity of serotonin (5-HT) through 5-HT2A receptors has 
been implicated in a variety of neuropsychiatric disorders such as depression, 
anxiety, schizophrenia. Using molecular biological techniques, m uch has been 
discovered about the m olecular structure of the 5-HT2A receptor and its 
interactions with components o f the signal transduction cascade such as G- 
proteins. However, less is known about how 5-HT2A receptor-protein interactions 
in the brain are altered in disease states or upon pharmacological treatment. 
Solubilization of the 5-HT2A receptor provides an avenue to studying such 
receptor-protein interactions in brain tissue. Rat frontal cortex was solubilized 
using the zwitterionic detergent CHAPS. After solubilization high affinity 3H- 
ketanserin binding with a KD of 1 nM  and a Bmax o f 120 fmol/mg prot 
(approximately 40% solubilization yield) was observed. 5-HT, methysergide (a 5- 
HT antagonist) and DOI (a 5-HT2A/2C-selective agonist) inhibited 3H-ketanserin 
binding to solubilized tissue. In solubilized tissue, 5-HT displayed a shallow 
competition curve for inhibiting 3H-ketanserin binding as has been described for 
membranes. Also as in membrane preparations, addition o f the non-hydrolyzable 
guanine nucleotide, G T PγS  (10 µM), to solubilized tissue reduced the IC50 for 
5-HT (approximately 2.5-fold) in competing against 3H-ketanserin binding and 
increased the slope o f inhibition. These data demonstrate that 5-HT2A receptors 
can be solubilized while retaining the pharmacology o f the m embrane receptor 
and sensitivity to guanine nucleotides reflective o f G-protein coupling. 
Supported by PHS grant NS36410 (W.A.W.) and VA M erit Award (W.A.W.).

434.7

A N T IPSY C H O T IC  A G E N T S PO SSE SSIN G  IN V E R SE  A G O N IST  
A C T IV IT Y  A T  TH E H U M A N  5-H T 2C R EC EPTO R . C .Liaw, K. 
Bruinsma , B. Thomsen , J. Russo D. Behan, D. Chalmers , K. 
Herrick-Davis+, C.Egan+, E. Grinde+, and M. Teitler+*. Arena 
Pharmaceuticals, San D iego, CA 92121; +Dept. Pharmacology and 
Neuroscience, Albany M edical College, Albany, N Y  12208

Constitutively active G protein-coupled receptors exhibit properties 
which mimic those o f the ligand-bound receptor, including high affinity 
agonist binding and activation o f  intracellular second messengers. 
Previous site-directed mutation studies have indicated that a serine→ lysine 
mutation at a. a. position #312 induces constitutive activation o f  the rat 5- 
HT2c receptor. In the present studies we have determined that mutation o f  
the analogous amino acid (position #310) induces constitutive activation 
o f  the human 5 HT2c receptor.

A number o f  typical and atypical antipsychotic agents, including 
chlorpromazine and haloperidol (typical), clozapine and risperidone 
(atypical) have been screened for inverse agonist activity at the 
constitutively activated (CAM) human 5 -HT2c receptor. In a preliminary 
screen clozapine and risperidone displayed robust inverse agonist activity, 
while chlorpromazine and haloperidol did not demonstrate significant 
inverse agonist activity. These data indicate that some antipsychotic drugs 
display inverse agonist activity at the CAM 5HT2c receptor, and that this 
property may be related to the clinical profile o f  the drug.
Supported by MH56650 (MT) and M H57019 (KHD).

434.4
A FAST AND EASY FLASHPLATE ASSAY FOR HIGH THROUGHPUT 
SCREENNING OF CLONED G-PROTEIN COUPLED RECEPTORS BY 
[35S]GTPγS BINDING. J. Coupet, Y. Dou, G. M. Zhang, R. Ochalski, J. Wardwell- 
Swanson, D. Kowal and R. Tasse*. CNS Disorders, Wyeth-Ayerst Research, Princeton, 
NJ 08543.

The drug discovery and development machinery is fueled by directed screening of large 
compound collections and combinatorial libraries using high throughput radioligand 
binding assays to determine drug affinities. Functional assays, which measure the 
efficacy of the compounds, are usually low throughput and are often reserved for those 
compounds with the desirable potency and selectivity profiles. Over the past decade, 
considerable efforts have been made in developing membrane-based functional assay 
systems amenable to high throughput. In the present report, we describe a FlashPlate™ 
assay system based on agonist-induced [35S]GTPγS binding to evaluate the potency and 
efficacy of some compounds affecting G-protein coupled receptors (GPCRs). Our results 
indicate that the EC50 , Ki and pA2 values for various known agonists and antagonists 
obtained by the rapid high throughput FlashPlate™ method are comparable to those 
obtained for these agents using the conventional low throughput filtration assay. In 
receptor membranes from a CHO cell line expressing the human 5-HT1A receptor (h5- 
HT1A), 8-OH-DPAT and buspirone behaved as full and partial agonist with EC50 values 
of 6.0 and 28.0 nM, respectively. In competition experiments, 0.1 nM of the 5-HT1A 
antagonist WAY 100635 caused a rightward shift of 8-OH-DPAT response-curve for 
[35S]GTPγS binding. Complete inhibition of 8-OH-DPAT and buspirone-stimulated 
binding of [35S]GTPγS to h5-HT1A receptors was obtained with WAY 100635,with ki 
values of 0.50 and 0.25 nM, respectively. A number of other cloned GPCRs, among 
them: dopamine D2 short, metabotropic glutamate2 , metabotropic glutamate4 were also 
evaluated. Taken together, these results validate the use of the FlashPlate™ for 
[35S]GTPγS binding as a fast and reliable functional assay to distinguish agonists from 
antagonists at the GPCRs.

434.6
EVIDENCE FOR INVERSE AGONISM AT THE NATIVE 5 - H T 2A RECEPTOR 
Vincent J. Aloyo*, Michael E. Hoffman and John A. Harvey, 
Department of Pharmacology, Allegheny University of the 
Health Sciences, Philadelphia, PA 19129.

Behavioral evidence obtained in the rabbit suggests 
that 5-HT2a antagonists may be divided into neutral 
antagonists and inverse agonists (Harvey, Behav. Brain 
Res. 73,47-50,1996). To explore this hypothesis, we 
compared the binding affinities of several 5 -HT2A ligands 
to the agonist and antagonist states of the native 5 -HT2A 
receptor in rabbit tissue. It is known that agonists bind 
preferentially to the agonist state of the receptor, 
inverse agonists bind preferentially to the antagonist 
state of the receptor whereas neutral antagonists bind 
with equal affinity to both states. Binding studies were 
performed at 25° C in 20 mM Tris HCl pH 7.4 using frontal 
cortical membranes. The agonist affinity state was 
labeled using [125I]DOI in the presence of 10 mM MgSO4, 
whereas the antagonist affinity state was labeled with 
[3H]MDL 100,907 in the absence of added magnesium. 
Nonspecific binding was defined by 100 nM and 1 µM 
spiperone for [125I]DOI and [3H]MDL 100,907, respectively. 
The partial agonist DOI had a 17 fold higher affinity for 
the agonist state compared to the antagonist state of the 
5 -HT2A receptor. In contrast, spiperone, mianserin and 
ketanserin had a higher affinity for the antagonist state 
of 5.2, 3.3 and 2.8 fold, respectively. d-Bromolysergic
acid diethylamide (BOL) exhibited equal affinities for the 
two states of the receptor. These data suggest that 
spiperone, ketanserin and mianserin are inverse agonist 
whereas BOL is a neutral antagonist. These data are 
consistent with the results from our behavioral studies. 
Supported in part by USPHS MERIT Award Grant MH16841-26.

434.8
Identifying G Proteins Mediating Endogenous 5HT2C Receptor 
Activation of Phospholipase C. M. S. Chang1, L. Zhang2, J. P. Tam2, S. E. 
Mayer*1 and E. Sanders-Bush1. Department of Pharmacology1 and Department 
of Microbiology and Immunology2 Vanderbilt University School o f Medicine, 
Nashville, TN 37232.

Signaling o f the serotonin 2C receptor (5-HT2CR) is believed to be 
mediated by Gq heterotrimeric proteins. This conclusion stems primarily from 
the observation that activation o f the 5-HT2CR results in phosphoinositide (PI) 
hydrolysis that is insensitive to pertussis toxin treatment. Early experiments 
utilizing artificial systems have provided evidence that multiple Gα subunits 
may interact with 5-HT2CRs. Additionally, in Xenopus oocytes, M3 muscarinic 
receptor signaling is mediated by Gßγ subunits (Stehno-Bittel et al., JBC 
270:30068, 1995). Since M3 receptors normally signal through Gq 
heterotrimers, this suggests that Gßγ subunits released from Gq heterotrimers 
may play an endogenous role in activation o f phospholipase Cß. To determine 
directly the mediators of 5-HT2CR signaling in an endogenous system, we have 
devised an unique strategy utilizing peptides designed to block various steps in 
the 5-HT2CR signaling cascade, based on disruption o f protein-protein 
interactions. To transport these peptides into cells, the inhibitory peptides are 
made membrane permeable by chemical conjugation with a membrane 
permeable transport peptide. Our results show that peptides disrupting Gq: 5- 
HT2CR interaction block receptor mediated PI hydrolysis in primary cultures of 
choroid plexus epithelial cells. However, peptides against Go:receptor 
interaction have no effect. This provides direct evidence implicating the 
involvement o f Gq heterotrimers in mediating endogenous 5-HT2CR signaling. 
We are currently synthesizing additional peptides to assess the contribution o f 
activated Gqα vs. Gßγ subunits to the signaling cascade. This unique approach 
will not only be important in the determination o f mediators o f the 5-HT2CR 
signaling cascade, but will also provide a tool for evaluating the specific 
contribution of the PI pathway to the multi-signaling properties o f 5-HT2CRs. 
(Supported by NIH research grant MH34007).
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434.9
C O N T R A D IC T O R Y  A G O N IST  P R O P E R T IE S  O F T H E  
H A L L U C IN O G E N  L Y SE R G IC  A C ID  D IE T H Y L A M ID E  
(L S D ) A T S E R O T O N IN  5 -H T 2C R E C E P T O R S
J. R. Backstrom*, M. Chang, and E. Sanders-Bush
Department of Pharmacology and Center for Molecular Neuroscience
Vanderbilt University School o f Medicine, Nashville, TN 37232.

The serotonin 5-HT2C receptor inhibits neuronal excitability, 
potentially through mechanisms involving phosphoinositide hydrolysis 
and release o f intracellular calcium. We examined 5-HT2C receptor 
phosphorylation as an index o f receptor activation to characterize 
signaling pathways o f neuroactive drugs in an NIH/3T3 cell line 
(3T3/2C cells). Several agonists, but not LSD, enhanced receptor 
phosphorylation similar to 5-HT. LSD caused receptor phosphorylation 
at levels 10-fold less than that o f 5-HT based on a bandshift assay and 
incorporation o f [32P]. However, LSD had an identical EC50 and 
maximal response as 5-HT in a standard phosphoinositide hydrolysis 
assay. In addition, both LSD and 5-HT caused translocation o f  
immunoreactive protein kinase C to the membrane fraction. Pre-treatment 
o f cells with phospholipase C inhibitors or the cell permeant calcium  
chelator BAPTA-AM  blocked 5-HT-mediated receptor phosphorylation. 
In calcium imaging studies, LSD was unable to mobilize calcium in 
3T3/2C cells, but caused calcium release in cells stably expressing 5- 
HT2A receptors (3T3/2A cells). These results establish that activation o f  
5-HT2C receptors with LSD functionally uncouples phosphoinositide 
hydrolysis from calcium release, raising the possibility that LSD  
influences neuronal excitability differently than 5-HT. (Supported by 
NIH research grants M H34007, D A05181, and the American Epilepsy 
Society with support from The Lennox Fund).

434.11
Reduction o f edited 5-HT2C receptor in monoamine oxidase (MAO) A  
deficient mice. K. C hen*, W. K. W ong, F. C. Hsieh and J. C. Shih. 
Dept. Mol. Pharmacol & Toxicol., School o f  Pharmacy and Dept. o f  
C ell & N eurobiol., School o f  M edicine, U niversity o f  Southern 
California, Los Angeles, CA 90033  

MAO A catalyzes the oxidative deamination o f serotonin (5-HT). Mice 
deficient in MAO A have elevated brain levels o f  5-HT and manifest 
enhanced aggressive behavior (Cases et al, Science 268:1763, 1995). 
The 5-HT2C receptor can be modified by R NA editing into numerous 
isoforms with different G protein binding efficiency (Bums et al, Nature 
387:303, 1997). The effect o f 5-HT on the RNA editing o f 5-HT2C 
receptor has been studied using MAO A knock-out (KO) mice.

Poly A + mRNA was isolated from choroid plexus o f  wildtype and 
MAO A KO mice as the template for RT-PCR using primer sequences 
flanking the edited region o f  5-H T 2C receptor. The sequence o f 80  
plasmid clones containing the PCR product was analyzed. Our data 
show s that there were at least 11 different isoform s o f  5-H T2CR 
resulting from five different editing sites (A to G) which were located at 
the three amino acid residues underlined: IR N PI. The major edited 
isoform coding for amino acids IRNPV was decreased in MAO A KO 
m ice (71% WT, 48% KO), and the unedited isoform (IRN PI) was 
increased in KO mice (2% WT, 18% KO). This result suggests that 
5-HT may regulate the RNA editing by reducing double stranded RNA  
editase activity. The significance o f edited isoforms o f 5 -HT2C receptor 
w ill be discussed. (Supported by NIMH grants R01 M H 37020, R37 
M H39085 (MERIT Award), Research Scientist Award K05 M H 00796, 
The Welin Professorship).

434.13
IDENTIFICATION AND CHARACTERIZATION OF 5HT2C RECEPTOR 
EDITED ISOFORMS IN HUMAN BRAIN.
G.Iyer, D.P.Tran, D.S.Conklin, J.Patterson, C.Krause, L.W.Fitzgerald, P.R. 
Hartig*, and G.J. Jonak. CNS Diseases Research, DuPont Merck Research Labs., 
Wilmington, DE 19880

Bums et al. (Nature 387: 303-308, 1997) discovered that the majority of mRNAs 
coding for rat serotonin 2C (5HT2C) receptor undergo editing. They identified four 
positions (A,B,C,D) in the second intracellular loop of the receptor, where 1-4 
adenosines can be converted to inosines. Editing can generate 11 distinct 5HT2C 
mRNA species and since A⇨I (translated as G) alters codons for three amino acids 
in this region\ (INI), an additional 7 protein isoforms can be potentially generated 
(INV, VNV, VNI, ISI, ISV, VSV, VSI). The authors presented compelling 
evidence that such changes can alter receptor-G protein interactions. To determine 
if human 5HT2C mRNAs undergo similar editing patterns, we performed a semi- 
quantitative analysis of 5HT2C isoforms in total brain and hypothalamic RNAs. 
We confirmed that all 7 reported isoforms are present in human samples. The most 
prevalent isoforms in whole brain and hypothalamus are VSV (30%) and VNV 
(28%) respectively. In addition, we have discovered a new editing site (A⇨I), 
adjacent to the C position described by Bums et al. Editing at this position alone 
creates a protein with N158D, and in combination with editing at position C, 
results in a protein with N158G. Therefore, the diversity of the human 5HT2C 
receptor is extended by 6 additional protein isoforms. Up to 25% of hypothalamic 
and 12% of total brain 5HT2C mRNAs are edited at this position. Several of these 
human 5HT2C isoforms were used to generate stable transformants in HEK293E 
cells using an EBNA based episomal system. Results from binding and functional 
assays using these isoforms will be presented in this poster and in the 
accompanying poster by Conklin et al.

434.10
5-HT2c RNA EDITING ALTERS RECEPTOR CONSTITUTIVE 
ACTIVITY. K. Herrick-Davis1*, C.M. Niswender2 and E. Grinde1. 
lDept. o f Pharmacology & Neuroscience, Albany Medical College, 
Albany, NY 12208; 2Dept. of Pharmacology, Vanderbilt University School 
o f Medicine, Nashville, TN 37232.

Genomic DNA encoding the 5-HT2C receptor undergoes post- 
transcriptional RNA editing producing multiple receptor isoforms that 
differ in amino acid composition in the N -terminal region of the second 
intracellular loop1. Based on studies with adrenergic receptors, this region 
o f the second intracellular loop has been implicated as a key site regulating 
basal (constitutive) receptor activity2. To examine the influence of RNA 
editing on receptor activity, we measured basal levels o f inositol phosphate 
(IP) production in COS-7 cells transfected with different isoforms o f the 
human 5-HT2C\ receptor. Basal IP production stimulated by INI (unedited 
at a.a.# 157/159/161) or VSI was two-fold over vector levels and 60% 
inhibited by luM mianserin. The VNV isoform stimulated IP production 
1.7-fold over vector, but was only 20% inhibited by mianserin. In contrast, 
basal IP production of INV, VSV and VGV did not differ from vector 
control. All isoforms tested responded to 100nM 5-HT with a two-fold 
increase in IP production over basal levels. These results indicate that 
RNA editing produces 5-HT2C receptor isoforms that differ in their basal 
levels o f activity. Additional studies will be presented with rat 5-HT2C 
receptor isoforms to compare species differences in basal activity.
1Bums et.al. Nature 387:303-308. 2Scheer et.al. PNAS 94:808-813. 
(Supported by MH57019 to KHD, PhRMA fellowship to CMN, and NIH 
grant NS35891)

434.12
FUNCTIONAL DIFFERENCES BETWEEN EDITED ISOFORMS OF 
THE HUMAN SEROTONIN 5-HT2C RECEPTOR ARE 
ACCOMPANIED BY COMMENSURATE CHANGES IN AGONIST 
BINDING AFFINITIES. D.S. Conklin, C .M. Krause, A.P. Marshall. J.P. 
Patterson, G. Iyer, D.P. Tran, B.L. Largent, G.J. Jonak, P.R. Hartig, and
L.W. Fitzgerald*. CNS Diseases Research, The DuPont Merck Research 
Labs., Wilmington, DE 19880-0400.

Post-transcriptional RNA editing of the rat 5-HT2C receptor was 
shown in a transient expression system to modulate the intracellular 
signalling response of the receptor to 5-HT without parallel changes in 
binding affinity (Burns et al., Nature, 387, 1997). To investigate this 
phenomenon in the human receptor, the fully edited (VSV) and 
unedited (INI) isoforms of the human 5-HT2C receptor were cloned and 
stably expressed in HEK293E cells using an EBNA-based episomal 
system. Saturation isotherms using [3H]5-HT revealed that the INI 
isoform displayed 3-fold higher binding affinities (KD) for the high- and 
low-affinity states of the receptor and twice as many high-affinity 
binding sites (Bmax) as the VSV isoform. The KD and Bmax for the 
antagonist [3H]mesulergine did not differ between the isoforms. 
Competition experiments using [3H]5-HT revealed that high efficacy 
partial and full agonists bound with significantly higher affinity at the 
INI isoform whereas the antagonists bound to each isoform with 
comparable affinities. Functional analysis of the isoforms revealed that 5- 
HT and mCPP had 4-7-fold greater potencies at stimulating 
phosphoinositide hydrolysis at the INI versus the VSV isoform. These 
results suggest that RNA editing of the human 5-HT2C receptor, by 
modulating agonist binding affinity and response, may represent a novel 
mechanism for regulating 5-HT synaptic signalling and plasticity.

434.14
RNA EDITING OF HUMAN SEROTONIN 2C RECEPTOR TRANSCRIPTS. C
M. Niswender*1, S. C. Copeland1, G. E. Dilley2, H. Y. Meltzer1, J. C. Overholser2, C. 
A. Stockmeier2, R. B. Emeson1, and E. Sanders-Bush1. 1Department of Pharmacology, 
Vanderbilt University, Nashville, TN and 2Department of Psychiatry, Case Western 
Reserve University, Cleveland OH

RNA transcripts encoding the serotonin 2C receptor (5-HT2CR) undergo 
adenosine-to-inosine editing events at five positions termed A, B, C , C and D. The 
extent o f editing at the C ' and C sites was much higher in human brain RNA than RNA 
from rat brain, resulting in an increased expression o f RNAs encoding the amino acids 
VSV and VGV at positions 157, 159, and 161. The nonedited human INI (hIN I) and 
the edited hVSV and hVGV variants were stably expressed in NIH-3T3 fibroblasts and 
assessed for their ability to generate inositol phosphates. Serotonin was approximately 
five-fold less potent at the edited receptors. The hallucinogenic agonist N, N- 
dimethyltryptamine was 12- and 96-fold less potent when interacting with the hVSV 
and hVGV variants, respectively, as compared to the hINI receptor. (+) Lysergic acid 
diethylamide was almost completely inactive at the edited receptors but exhibited a 
robust response at hINI. These experiments suggest that the hVSV and hVGV 
receptors possess a reduced G-protein coupling efficiency and that different edited 5- 
HT2CRs might exhibit distinct responses to agonists, particularly hallucinogens, within 
the CNS. These unique phenotypes suggested that alterations of human 5-HT2CR 
editing patterns might play a role in affective disorders involving serotonin. 5-HT2CR 
editing levels were analyzed from the prefrontal cortex o f 13 control subjects, 13 
subjects diagnosed with major depression, and 14 individuals with various 
classifications o f schizophrenia. Two schizophrenic subjects exhibited substantially 
lower editing levels when compared to the rest o f schizophrenic group, indicating that 
a subgroup o f schizophrenics may express a population o f edited 5-HT2CRs within the 
prefrontal cortex that is predicted to be more responsive to serotonin and hallucinogens 
agonists. Supported by a PhRMA fellowship (CMN), The American Foundation for 
Suicide Prevention, and NIH grants NS3589l, MH34007, and MH45488.
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434.15
HIGH-AFFINITY AGONIST BINDING CORRELATES WITH 
INTRINSIC ACTIVITY AT THE HUMAN SEROTONIN 5-HT2A  
AND 5-HT2C RECEPTORS. C M. Krause, D.S. Conklin, A.P. Marshall, 
J.P. Patterson, D.P. Tran, G. Iyer, W.A. Kostich, K. S perle, B.L. Largent* 
P.R. Hartig, and L.W. Fitzgerald. CNS Diseases Research., The DuPont 
Merck Research Labs., Wilmington, DE 19880.

An assumption of the modem models of receptor-G protein function 
(e.g., ternary complex model) is that there is a direct relationship between 
high-affinity agonist binding and second messenger production. In order 
to test the strength of this assumption we examined a panel of ligands o f 
varying intrinsic activities at the human 5-HT2c and 5-HT2A receptors 
and measured their respective binding affinities to the high- and low- 
affinity states of each receptor. The human 5-HT2A and VNV edited 
isoform of the 5-HT2C receptor were stably expressed using an EBNA- 
based episomal system in HEK293E cells. Binding affinities of ligands 
for the high-affinity states of both receptors were determined using 
[125I]DOI whereas [3H]mesulergine and [3H]n-methylspiperone in the 
presence of excess guanine nucleotide (GTPγS) were used to define 
binding to the low-affinity state of the 5-HT2C and 5-HT2A receptors, 
respectively. Functional activity o f these ligands was assessed by 
measuring augmentation of phosphoinositide hydrolysis. Antagonists 
labelled the high- and low-affinity states of each receptor with equal 
affinity whereas the ability of agonists to differentially bind the high-  
and low-affinity states of the 5-HT2A and 5-HT2C receptors were highly 
correlated (r2’s=0.88 and 0.95, respectively) with their intrinsic activities. 
These results suggest that high-affinity agonist state(s) may sufficiently 
account for agonist efficacy without the need for invoking additional 
transition states of the receptor-ligand complex.

434.16
CLONED HUMAN 5-HT1B RECEPTORS EXIST IN MULTIPLE AFFINITY 
STATES: EVIDENCE FROM [3H]5-HT, [3H]GR 125743, AND [35S]GTPγS 
BINDING ASSAYS. J.M. Zeombick*, X. Pu, P. Butkerait, R. Raddatz and T.A. 
Branchek. Synaptic Pharmaceutical Corporation, Paramus, NJ 07652.

Significant differences (>30-fold) have been reported previously between binding 
affinities of serotonergic agonists for the human 5-HT1B receptor and their potencies 
to stimulate p  S]GTPγS binding, a functional assay to evaluate agonist-mediated G 
protein activation. Membranes derived from murine fibroblasts stably expressing the 
cloned human 5-HT1B receptor were used as a model system to probe the affinity 
states of this receptor by standardizing binding assay conditions. Saturation and 
competition experiments were performed using the agonist pH]5-HT and the putative 
5-HT1B/1d receptor antagonist, pH]GR 125743, in the absence and presence of 
guanine nucleotides (100 µM GTPγS or 10 µM GDP)  and/or 100 mM NaCl. In the 
absence of allosteric modulators, both pH]5-HT and pH]GR 125743 bound with high 
affinity (Kd=0.5-1 nM) with a greater maximal density of binding sites detected with 
[3H]GR 125743 than with pH]5-HT (Bmax=6 vs 2 pmol/mg protein). These data 
indicate that 5-HT1B receptors exist in high (G protein-coupled) and low (G protein- 
uncoupled) affinity states, with endogenous G i proteins possibly being a limiting 
factor. GTPγS alone or the combination of GDP and sodium ions yielded Kd values of 
pH]5-HT (5-10 nM) which were intermediate to its Kd value obtained in the absence 
of allosteric modulators and its EC50 value (20 nM) generated in p  S]GTPγS binding 
assays (containing 100 mM NaCl and 10 µM GDP). Displacement of [3H]GR 125743 
by 5-HT resulted in shallow competition curves (nH < 0.6) which could be resolved 
into two sites. The Kh value was similar to the Ki value of 5-HT obtained from [3H] 5- 
HT competition experiments (1 nM), whereas the Ki value was even lower affinity 
(30-90 nM) than the EC50 value for 5-HT measured in [35S]GTPγS binding assays. 
Addition of 100 µM GTPγS produced monophasic 5-HT competition curves 
comprising only the low affinity site, whereas 10 µM GDP and/or 100 mM NaCl 
were ineffective at shifting the affinity state equilibria. The potency of 5-HT to 
stimulate [35S]GTPγS binding was over 20-fold lower than its Ko value but 2-4-fold 
higher than its Ki value generated from pH]GR 125743 competition assays. The 
variable binding affinity of 5-HT relative to its potency in the functional assay are 
consistent with the hypothesis that the human 5-HT1B receptor exists in multiple 
affinity states, with a low affinity state potentially mediating the stimulation of 
[35S]GTPγS binding.

This work was supported by Synaptic Pharmaceutical Corporation and Eli Lilly 
and Company.

434.17
M AP KINASE ACTIVA TIO N IN O PPO SSU M  KIDNEY (OK) CELLS VIA 
EN DO GEN OUS 5-H T 1B RECEPTO RS. R. R addatz*, J.K . Peters, P. 
B utkerait, T.A. Branchek and J.M . Zgom bick. Synaptic Pharm aceutical 
Corporation, Param us, NJ 07652.

Activation of 5-HT1B receptors endogenously expressed in OK cells results in 
multiple cellular responses including inhibition of adenylate cyclase and 
increases in intracellular Ca2+ levels. The current study investigates the 
coupling of these receptors to activation of MAP kinases which regulate cell 
growth and differentiation. Agonist-induced activation of MAP kinases was 
detected by immunoblot using antibodies selective for the phosphorylated, 
activated forms of MAP kinase (ERK1 and ERK2). 5-HT and CP 93129, a 
selective rodent 5-HT1B receptor agonist, stimulated MAP kinase activation 3-4 
fold above basal levels with a peak activation occurring 5-7 min after addition 
of agonist. The EC50 values for 5-HT- and CP 93129-induced activation of 
MAP kinases were between 10 - 100 nM and these responses were blocked by 
methiothepin (10 µM), a non-selective 5-HT receptor antagonist. Interestingly, 
GR 127935, a selective 5-HT1B/1D receptor antagonist demonstrated strong 
partial agonist activity in this system. Although the OK cells express relatively 
low levels of 5-HT1B receptor (~ 50 fmol/ mg protein), these cells are a useful 
model system for investigating the coupling of endogenously expressed 5 -H T 1B 
receptors to multiple signaling pathways and the involvement of MAP kinase 
cascades in serotonin-induced responses.

This work was supported by Synaptic Pharmaceutical Corporation and Eli 
Lilly and Company.

434.18
THE USE OF 2-PIPERAZINYL BENZIMIDAZOLES AND SITE DIRECTED 
MUTAGENESIS TO PROBE THE AROMATIC BINDING DOMAIN OF THE 5- 
HT3 RECEPTOR.
P. Venkataraman*, Q. Nguyen, K. S. Kirschbaum and M.K. Schulte. School of 
Pharmacy, Division of Basic Sciences, Northeast LA University, Monroe, LA 71209.

A new class of 5HT3 receptor (5HT3R) antagonists was recently identified by 
Orjales et. al. (1 and 2 below ) (J. Med. Chem, 1997, 40, 586-593). In order to 
characterize the interaction of these compounds with the 5HT3R, we have synthesized 
1, 2 and several additional novel analogs of these compounds (as represented by 3 
below). Compounds have been evaluated on both wild type and mutant 5HT3Rs. A 
comparison of 1 and 2 is particularly useful since both compounds are active at wild 
type receptors (Ki =38 nM and 0.63 nM respectively) yet differ by a single functional 
group. Our data confirms that these compounds, like other antagonists, interact 
preferentially with tryptophan 89 (W89) but not with arginine 91 (R91) of the 5HT3R. 
Mutation of W89 to a phenylalanine produced a  11 and 13 fold decrease in binding 
affinity of 1 and 2 respectively while mutation of R91 to alanine produced no 
significant alteration in binding affinity for either 1 or 2. These data suggest that W89 
interacts with the benzimidazole portion of the molecule rather than with the benzyl 
portion. Replacement of the benzyl group with a phenethyl (3) resulted in a decrease 
in binding affinity on wild type receptors (Ki=44 nM) further supporting the 
hypothesis that this class of compounds utilizes two aromatic binding domains. The 
benzyl group of 2 appears to interact with a second, as yet unknown, amino acid in the 
binding site. We are currently working to identify this interaction using an alanine 
scanning approach.

F u n d ed  by

 R
1. H
2. Benzyl
3. Phenethy /

NLU S c h o o l  o f  P h a rm acy

434.19
PHORBOL ESTER MODULATION OF SEROTONIN 5-HT3 RECEPTOR 

FUNCTION. S. J. CoultraD1*, D.M. Lovinger2, and T. K. Machu1. 1Dept. of 
Pharmacology, Texas Tech Univ. H. S. C., Lubbock, TX 79430; 2Dept. of Molecular 
Physiology and Biophysics, Vanderbilt Univ., Med. Sch., Nashville, TN, 37232.
Phorbol 12-myristate 13-acetate (PMA), which stimulates protein kinase C (PKC) 
activity, modifies the activity of many ligand-gated ion channels (LGIC), including the 
5-HT3 receptor Specific serine/threonine residues have been identified as PKC- 
dependent phosphorylation sites for several LGIC subunits. Mutation of these residues 
to alanine reduces or eliminates the phorbol ester effect. We investigated the mechanism 
of PMA’s action on the 5-HT3 R using site-directed mutagenesis.

Complementary RNA transcribed from NCB-20 cell-line cDNA was injected into 
Xenopus oocytes. The two-electrode voltage clamp technique was used to record 5-HT 
(0.25-10µM) induced currents with or without 25 nM PMA pre-incubation. The 
presence of PMA caused an increase in efficacy and potency of 5-HT at the 5-HT3 R. 
Mutation of all serine and threonine residues in the intracellular portion of the receptor to 
non-phosphorylatable alanine residues failed to alter this PMA effect. Mutation of a 
tyrosine residue, in addition to the serine and threonine residues, reduced PMA 
potentiation by ~ one-half. Mutation of the tyrosine residue alone did not reduce 
potentiation by PMA. Under continuous perfusion with 0.5 µM 5-HT, 2.63 ±0.5 min of 
PMA application were required to enhance current. After a washout period further 
application of PMA resulted in no increase in current. The application o f 25 nM PMA 
had no effect on 5-HT3 R mediated currents in NCB-20 cells or transfected HEK cells.

PMA enhancement of 5-HT induced currents in oocytes expressing the 5-HT3 R 
appears to be mediated by PKC dependent phosphorylation and tyrosine 
phosphorylation. At this time, we cannot rule out the possibility that association of a 
phosphoprotein is involved in the potentiation of 5-HT induced currents. A direct effect 
of PMA on the receptor is unlikely. The enhancement of 5-HT3 R current by PMA is 
dependent on the expression system. Supported by NIH grant A A10561 (TKM).
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435.1
FRAGMENTS OF D-TUBOCURARE AS MOLECULAR PROBES OF THE 5HT3 
RECEPTOR BINDING SITE.
X. Wen, X. Zuo, Q. Nguyen, M .K. Schulte* and K.S. Kirschbaum. School of 
Pharmacy, Division o f Basic Sciences, Northeast LA University, Monroe, LA 71209.

The serotonin 5HT3 receptor (5HT3R) and the nicotinic acetylcholine receptor are 
both members of  a super-family of ligand ion channels sharing a large amount of 
sequence and presumed structural homology. One similarity between the 5HT3R and 
the nAChR is the sensitivity of both receptors to the antagonist d-tubocurare (dTC). 
We have synthesized several compounds which represent fragments of the dTC 
molecule in order to identify pharmacophoric regions of dTC with respect to the 
5HT3R. Three of these compounds are shown below. Unlike dTC, 1, 2 and 3 contain 
only a single nitrogen and two aromatic groups. Preliminary data indicates that these 
compounds interact with the receptor at micromolar potencies (28, 3 and 26 µM 
respectively). The most potent of these compounds is only about 25 fold less potent 
than dTC on the 5HT3A1 receptor, suggesting that the aromatic portions of the dTC 
molecule contribute significantly to binding. The difference in potency between 1 ,2  
and 3 appears to indicate an additional contribution by the nitrogen containing group.

We are currently in the process of testing additional fragment molecules of dTC in 
order to further explore the binding of this compound to both the 5HT3R and nAChR. 
Since several point mutations have been identified which alter the binding affinity of 
dTC, we are also investigating the effect of these mutations on the binding of dTC 
fragments.

R1 R2 
^  I H H

2 CH3 H
3 CH3 CH3

F u n d e d  by  NLU S c h o o l  o f  P h a rm a c y

435.2
HUMAN 5-HT4 RECEPTORS: CLONING, CHARACTERIZATION AND BRAIN 
DISTRIBUTION OF TWO PUTATIVE SPLICE VARIANTS. M .T .Vilaró1, J.M. 
Palacios2 * and G. Meueod1. 1Dpt. Neurochemistry, IIBB/CSIC. Barcelona 08034 Spain 

Serotonin 5-HT4 receptor splice variants (5-HT4s and 5-HT4L, differing in the 
length and sequence o f the carboxy tail) were first cloned from rat (EMBO J, 1995, 
14:2806). Based on a human partial cDNA sequence (FEBS Leu, 1995, 370:215) highly 
homologous to rat 5-HT4 receptors, we attempted the cloning of the full coding 
region o f the human 5-HT4 receptor by the RACE method. Two PCR primers based 
on this partial sequence were used, together with an anchor primer, for the separate 
amplification o f 5’- and 3’-half o f the receptor cDNA. Modified cDNA from human 
hippocampus was used as template. One 5’-RACE fragment highly similar to the 5’- 
ha lf o f rat 5-HT4 receptors was obtained. Two different 3’-RACE fragments were 
isolated. They were identical up to a point where they diverged completely. This 
point is equivalent to the reported splice site in rat 5-HT4 receptors. One of the 
fragments contained an open reading frame (ORF) highly homologous to the rat 5- 
HT4L receptor but 18 aa shorter. The ORF within the other fragment was shorter and 
ended exactly at that putative splice site. The full coding regions for both variants 
(long variant: 388 aa; shorter one: 359 aa) were amplified from the hippocampal 
cDNA sample and stably transfected cell lines were obtained. The distribution of both 
m RNAs in human and monkey brain was determined by RT-PCR. Frontal cortex, 
hippocampus, caudate and putamen showed strong expression o f both variants. Very 
low expression was seen in globus pallidus and substantia nigra. In conclusion, we 
have cloned two putative splice variants o f  the human 5-HT4 receptor. Our longer 
variant is similar to, albeit shorter than, the rat 5-HT4L receptor and is identical to 
a recently reported human sequence (J Neurochem 1997 69:1810). Our shorter variant 
also differs from the reported (FEBS Lett 1997 412:465; Neuroreport 1997 8:3189) 
human counterpart o f rat 5-HT4S receptors and represents therefore a novel variant. 
Supported by CICYT grant SAF96-0336. 2: Permanent address: Research Center, 
Almirall Prodesfarma S.A. Barcelona

435.3
MUTAGENESIS STUDIES OF THE MOUSE 5-HT6 SEROTONIN 
RECEPTOR. R. Kohen and M.W. Hamblin. Department of 
Psychiatry and Behavioral Sciences, University of Washington, and 
Veterans Affairs Puget Sound Health Care System, GRECC, Seattle, 
WA 98108.

The 5-HT6 receptor is a mammalian Gs-coupled receptor widely 
expressed in the brain. It has a high affinity for atypical antipsychotic 
agents such as clozapine and may contribute to clinically significant 
differences between typical and atypical antipsychotic drugs. 
Constitutively active forms of several G-protein linked receptors have 
been produced by in-vitro mutagenesis of the C-terminal region of their 
third cytoplasmic loops. We produced mouse 5-HT6 receptor mutants 
through site-directed mutagenesis in this region, creating point 
mutations at positions 266 and 267. Mutations in neither area led to 
constitutive activation of the receptor. Replacing leucine 266 by six 
other amino acids lead either to mild attenuation (e.g. histidine) or a 
strong increase (proline) in serotonin-dependent cAMP production. 
Substitution o f lysine 267 by seven different amino acids led to 
attenuation of the cAMP response in each case. These data 
reemphasize that the functional roles played by the distal C III region 
may vary substantially among different G-protein coupled receptors. 
Supported by the Department o f  Veterans Affairs.

435.4
5-HT7 RECEPTOR MEDIATED INHIBITION OF sAHP IN CA3 HIPPOCAMPAL 
PYRAMIDAL CELLS. S.G. Beck* and W.L. Bacon. Department of Pharmacology. 
Loyola University Medical Center. Maywood, IL 60153 USA

The 5-HT7 receptor was originally identified by molecular biology techniques. 
Binding sites and mRNA for the 5-HT7 receptor are found in distinct brain regions.
This receptor has been proposed to be of importance in various neuropsychiatric disease 
states such as schizophrenia, anxiety and depression. Responses mediated by activation 
of the 5-HT7 receptor have been identified in peripheral organ preparations and cell 
culture. A 5-HT7 receptor-mediated response has not been identified in the brain.

In CA1 and CA3 hippocampal pyramidal cells the slow afterhyperpolarization 
(sAHP) following a calcium spike is inhibited by 5-HT, as measured by intracellular 
recording techniques in a hippocampal slice preparation. In area CA1 this response is 
mediated by the 5-HT4 receptor. Both 5-HT4 and 5-HT7 mRNA and receptor binding 
sites are in area CA3. Our hypothesis is that the inhibition in the sAHP amplitude is 
mediated by both of these receptors.

The magnitude of the sAHP elicited by a calcium spike in CA3 hippocampal 
pyramidal cells averaged 19 mV. The cAMP analog 8-bromo-cAMP fully inhibited the 
sAHP. Cells arranged into two groups based on the magnitude of the inhibition elicited 
by 10 µM 5-HT, i.e., 79.7% and 38.1%. In 7/9 cells the inhibition by 5-HT was 
blocked by the 5-HT7 receptor antagonist ritanserin (1 µM). In 5/6 cells the 5-HT4 
antagonist GR 113808 (100 nM) blocked the 5-HT inhibition of the sAHP. Our initial 
studies characterized the inhibition of the sAHP in the presence of the 5-HT1A and 5- 
HT4 antagonists, WAY 100635 and GR 113808 respectively, to isolate any response 
mediated by the 5-HT7 receptor. The rank order potency of the agonists was 5-CT > 5- 
HT > 5 Methoxytryptamine. The calculated KD for the antagonist ritanserin was 210 
nM. Methiothepin was a non-competitive antagonist. Other agonists with selectivity 
for other 5-HT receptors had no effect. Based on these data we conclude that 5-HT 
inhibits the sAHP in area CA3 through activation of a 5-HT7 receptor.
Supported by PHS NS 28512.

435.5
5-HT7-RECEPTOR MODULATION OF THE RHYTHMIC EXCRETION OF THE URINARY 
MELATONIN METABOLITE 6-SULFATOXYMELATONIN IN THE RAT. U. Lena Mullins*1. 
G. Gianutsos2 and A. Eison.1 1Neuroscience Drug Discovery, Bristol-Myers Squibb Co., 
Wallingford, CL; University of Connecticut, Dept. Of Pharmaceutical Sciences, Storrs, Ct.

Several clinical studies have showed that the timing of rhythmic processes, such as 
melatonin secretion, body temperature rhythms and sleep-wake cycles are dysphasic in 
depression and moreover that antidepressants possess the ability to alter these circadian 
functions. Furthermore, in-vitro evidence has shown that a novel serotonin receptor, 5- 
HT7, is predominantly distributed within the limbic system and may also be implicated in 
the modulation of circadian function.

The hypothalamic suprachiasmatic nucleus coordinates photic anu non-photic circadian 
input and ultimately controls pineal gland melatonin production. Accordingly, the plasma 
secretion of melatonin and the excretion of its' primary urinary metabolite 6- 
sulfatoxymelatonin (aMT6s) is rhythmic over the light-dark cycle and is considered to be a 
marker for circadian phase in both animals and humans. In these studies, the role of the 5- 
HT7 receptor in circadin function was investigated after the chronic administration of 
ligands in a pharmacologic profile consistent with activity at this receptor using aMT6s as 
a marker of circadian rhythm.

Animals were chronically administered drugs in the presence of pindolol and sumatriptan 
by osmotic minipump. Animals receiving agents with 5-HT7 activity exhibited significant 
elevations in amplitude and a 60 to 90 minute delay in the timing of the peak compared to 
controls. In addition, the duration of aMT6s excretion of drug-treated animals was 
significantly lengthened by 2 hours into the light phase. Furthermore, drug-induced effects 
were significantly blocked by the co-administration of the 5-HT7 receptor antagonist 
ritanserin.

These results suggest that the circadian rhythm of drug-treated animals as measured by 
aMT6s was significantly phase delayed after chronic 5-HT7 receptor stimulation. 
Moreover, these data provide further evidence to suuport the hypothesis that the 
hypothalamic 5-HT7 receptor plays a role in the regulation of circadian rhythmicity.

435.6
CHARACTERIZATION OF [3H]5-HT AND [3H]LSD BINDING TO CLONED 
RAT 5-HT7 RECEPTORS EXPRESSED IN Sf9 CELLS.
L. Unelius*, S. Rosqvist, M. Lindqvist and N. Mohell. Department of Lead 
Generation, Preclinical R&D, Astra Arcus AB, S-151 85 Södertälje, Sweden.

The 5-HT7 receptor belongs to the family of G-protein coupled serotonin 
receptors. It has been shown to couple positively to adenylyl cyclase. In the CNS, 
the 5-HT7 receptor is mainly localized in hypothalamus, hippocampus, cerebral 
cortex, olfactory bulb and olfactory tubercle. The 5-HT7 receptor has been 
proposed to be involved in psychiatric diseases and disturbances in circadian 
rhythms. In this study the binding characteristics of [3H]5-HT and [3H]LSD to 
cloned rat 5-HT7 receptors expressed in Sf9 insect cells were investigated and 
compared with binding to the receptor expressed in Chinese hamster ovary (CHO) 
cells. The effects of guanine nucleotides (Gpp(NH)p) and sodium ions (Na+) were 
investigated. In membranes from Sf9 cells Gpp(NH)p and Na+ had no effect on 
agonist binding to the 5-HT7 receptor, while there was a small effect in the 
membranes from CHO cells. As expected, Gpp(NH)p and Na+ had no effect on 
antagonist binding. The affinities of serotonergic agonists and antagonists under 
high (KiH) and low (KiL) affinity conditions were compared. There were no 
differences between KiH and KiL for agonists in membranes from Sf9 cells, and 
only 5 to 10 times difference in membranes from CHO cells. The small effect of 
Gpp(NH)p and Na+ is not due to a disrupted receptor - G protein coupling, since we 
observed a large agonist stimulated increase in cyclic AMP levels in the CHO cells, 
showing that the receptor couples effectively to adenylyl cyclase via a Gs protein.

In conclusion, agonist binding to the cloned rat 5-HT7 receptor expressed in Sf9 
cells is not sensitive to addition of guanine nucleotides and sodium. A similar lack 
of effect of GTP on agonist binding has been shown in e.g. guinea pig brain 
indicating that this is a property of the 5-HT7 receptor itself, independent of 
expression system studied. Source of support: Astra Arcus AB, S-151 85 
Södertälje, Sweden
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435.7
THE 5-HT7 RECEPTOR ANTAGONIST SB-258719 INHIBITS 5-CT- 
STIMULATED ADENYLYL CYCLASE ACTIVITY IN GUINEA PIG 
HIPPOCAMPUS. A.M. Brown1 , D.R. Thomas1, S.G. Taylor1, I.T. Forbes2 and 
D.N.C. Jones1 *. 1Neuroscience Research and 2Department of Medicinal 
Chemistry, SmithKline Beecham Pharmaceuticals, Harlow, CM 19 5AW, U.K.

The 5-HT7 receptor cloned from several species including guinea pig and man is 
positively coupled to adenylyl cyclase (AC). Radioligand binding studies indicate 
that 5-HT7 receptors are present mainly in thalamic and limbic brain regions and a 
5-HT7-like receptor appears to mediate 5-CT-stimulated AC activity in guinea pig 
hippocampal membranes. However, definitive evidence for functional coupling of 
5-HT7 receptors in brain has been absent, partly due to a lack of selective ligands. 
We have investigated the effect of the recently reported 5-HT7 receptor-selective 
antagonist SB-258719 (Forbes et al., J. Med. Chem. 41 (1998), 655-657) on 5-CT- 
stimulated AC activity and [3h ]-5-CT binding in guinea pig hippocampal 
membranes. AC activity was measured by conversion of [33P-α]-ATP to [33p]. 
cAMP; [3h ]-5-CT binding was measured in the presence of sumatriptan (1 µM) and 
pindolol (10 µM) to block binding to 5-HT1D and 5-HT1A/ 1B receptors 
respectively. 5-CT stimulated AC activity by 20-25% above basal with a pEC5o of 
8.4 ± 0.2. SB-258719 (5 µM) surmountably antagonised the 5-CT response with an 
apparent pKB of 7.2 ±  0.1, in good agreement with its potency at the human cloned 
5-HT7 receptor (pA2: 7.2 ± 0.2). SB-258719 also produced a small inhibition 
(~8%) of basal AC activity, possibly by antagonism of tonic 5-HT7 receptor 
stimulation by endogenous 5-HT. 5-CT and SB-258719 competed with [3h ]-5-CT 
binding with pKis of 8.9 and 7.4 respectively, values similar to their pEC5o and 
pKB on AC activity. These data provide support for the presence of functionally 
coupled 5-HT7 receptors in guinea pig hippocampus.
This work was supported by SmithKline Beecham Pharmaceuticals (UK).

435.9
MOLECULAR CLONING. PHARMACOLOGICAL CHARACTERI
ZATION, AND TISSUE EXPRESSION OF HUMAN 5-HT7 RECEPTOR 
ISOFORMS. K.A. Krobert*, T. Bach, T. Syversveen, A.M. Kvingedal &
F.O. Levy. MSD Cardiovascular Research Center and Institute for Surgical 
Research, University of Oslo, Rikshospitalet -  The National Hospital, N-0027 
Oslo, Norway

The serotonin receptor 5-HT7 is a member of the G-protein coupled receptor 
family which activates adenylyl cyclase. Due to alternative splicing the 
human 5-HT7 receptor can be expressed in three isoforms (h5-HT7(a, b, &d)) 
differing in their C-terminal intracellular tails. Although the pharmacology 
and tissue distribution of the h5-HT7(a,b) isoforms has been reported (Bard et 
al., (1993) JBC 268:23422-23426; Jasper et al., (1997) Br. J. Pharmacol. 
122:126-132), currently, little is known about the pharmacological profile and 
expression pattern of the h5-HT7(d) isoform. Using PCR primers spanning the 
region between exons two and three with cDNA from different human tissues 
as template, we determined the tissue expression of all three splice variants. 
Relatively high levels of 5-HT7(d) mRNA were revealed in small intestine, 
atrium, and testis with lower levels found in brain, whole heart, kidney, liver, 
lung, placenta, colon, ovary, prostate, peripheral blood leukocytes, and spleen, 
whereas it was undetectable in pancreas, skeletal muscle, and thymus. We are 
currently expressing the three isoforms in HEK 293 cells for direct 
comparison of their pharmacological profiles, ability to stimulate adenylyl 
cyclase and desensitization properties. This research is supported by the 
MSD-Medinnova fund and the Norwegian Cancer Society.

435.8
[3H]5-CARBOXAMIDOTRYPTAMINE b i n d i n g  in  h u m a n  
CEREBRAL CORTEX; ASSOCIATION WITH THE 5-HT7 RECEPTOR
J.M. Barnes1, R.L. Stowe1, P.C. Barber2 and N.M. Barnes*1 1Department of 
Pharmacology and 2Department of Pathology, The Medical School, University 
of Birmingham, Edgbaston, Birmingham B15 2TT UK.

[3H]5-Carboxam idotryptam ine [ 3 H ]5-C T ) lab e ls  a num ber of 
pharmacologically distinct binding sites, however, with an appropriate cocktail 
of drugs, selective labelling of the 5-HT7 receptor is possible (see Stowe and 
Barnes, 1998, Br. J. Pharmacol., in press). Species differences are, however, 
apparent and the native human 5-HT7 receptor has not been labelled selectively. 
This was attempted in the present study using [3H]5-CT binding to homogenates 
of human cerebral cortex (for methodology see Stowe and Barnes, 1998).

(±)-Pindolol (up to 30 µM) competed for ≈75% of specific [3H]5-CT binding 
to human cerebral cortex homogenate (defined by 5-HT, 10 µM). In subsequent 
experiments, sumatriptan competed for (±)-pindolol (10 µM)-insensitive [3H]5- 
CT binding in a biphasic manner (IC50s ≈30 nM and ≈3 µM) and sumatriptan (1 
µM) was included subsequently in the buffer to further reduce labelling of non- 
5-HT7 sites. (±)-Pindolol (10 µM)- and sumatriptan (1 µM)-insensitive [3H]5- 
CT binding displayed a pharmacological profile comparable to the recombinant 
5-HT7 receptor although the competition by some compounds generated Hill 
coefficients less than unity indicating that a heterogeneous population of sites 
was still being labelled. Subsequent attempts were made to pharmacologically 
define the mixed population of sites.

In summary, pindolol (10 µM)- and sumatriptan (1 µM)-insensitive [3H]5-CT 
binding in human cerebral cortex would appear to be predominantly associated 
with the 5-HT7 receptor although at present, an additional minor population of 
sites would also appear to be labelled.

R.L. Stowe is recipient of a Wellcome Trust Prize Studentship.
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436.1
PHENOTYPIC IDENTIFICATION OF OVARIAN STEROID TARGET CELLS IN 
THE RODENT DORSAL RAPHE AND CENTRAL GRAY. S.E. Alves*, N.G. 
Weiland, V. Lopez and B.S. McEwen. Laboratory of Neuroendocrinology, The 
Rockefeller University, New York, NY 10021 

Estradiol (E) and progesterone (P) modulate serotonin (5-HT) activity in the rodent 
brain; however, nuclear receptors for E (ERα) and P (PR) have been identified only in 
non-5-HT neurons in the dorsal raphe nucleus (DRN) of the rat, suggesting indirect, 
trans-synaptic regulation. In the present study, we first investigated the neurochemical 
phenotype(s) of these ovarian steroid target cells in the rat midbrain. Female and male 
Sprague-Dawleys were gonadectomized and half were treated with E or oil (n=6). 
Dual-label immunocytochemistry (ICC) revealed that many ERα or PR labeled cells in 
the DRN and central gray were immunoreactive (ir) for the excitatory amino acids 
aspartate or glutamate. No specific immunolabel for ERß was observed in either 
region. Since E-induced PR have been identified in both 5-HT and non-5-HT 
(unknown phenotype) cells in the macaque DRN, we investigated the mouse model to 
determine whether there is a consistent difference in receptor localization between 
primates and rodents. Female mice from C57 Black, 129 J, and BALB/C strains (n=4) 
were ovariectomized and treated with E or oil. Our findings revealed that like the rat, 
the majority of ERα-ir or PR-ir cells in the mouse DRN and central gray were 
aspartate-ir or glutamate-ir. However, unlike the rat, a subpopulation o f steroid 
receptor-ir cells specifically within the medial, ventral DRN, were ir for the 5-HT 
synthesizing enzyme, tryptophan hydroxylase (TPH). These findings suggest that E and 
P may mediate 5-HT activity indirectly via excitatory amino acid neurons in the brains 
of both rodent species studied, and that 2) the difference in receptor localization, and 
therefore in direct steroid regulation of 5-HT neurons, exists between rodent species 
(rats and mice). This study was supported by NS 10047 to SEA, NS07080 to BSM, and 
NS30105 toNGW.

436.2
C-FOS EXPRESSION IN CORE AND SHELL OF RAT NUCLEUS ACCUMBENS 
IS DOSE AND BEHAVIOR DEPENDENT WITH INHIBITION OF MONOAMINE 
OXIDASE . J.S. Rodriquez, and C.F. Phelix* Division of Life 
Sciences, The University of Texas at San Antonio, TX 78249 

Serotonergic (5HT) projections to nucleus accumbens (NAcc) 
have distinct distributions within core and shell. Each of 
these subterritories has distinct behaviors attributed to 
them, locomotion for shell and stereotypy for core. Since 
substances that affect monoamine systems can induce immediate 
early gene expression (c-fos) we hypothesized that as mono
amine oxidase was blocked with increasing doses of tranyl
cypromine (i.e., 0, 3, & 6 mg/kg, i.p.) under constant 5HT 
precursor load (i.e. L-tryptophan at 100 mg/kg i.p.) char
acteristic behaviors would emerge that would correlate with 
regionally specific c-fos expression. Five male Sprague 
Dawley rats were used in each treatment group and they were 
euthanized for formaldehyde fixation two hours after injec
tions. Behaviors were monitored for qualitative character
istics. Coronal section of NAcc were processed for immuno
cytochemistry with rabbit anti-c-fos antibody. Quantitative 
densitometry was performed using the UTHSCSA Image Tool. 
Behavior progressed from inactivity at 0 mg/kg through 
forward locomotion at 3 mg/kg, to ultimately forepaw 
treading, straub tail, and some circling at 6 mg/kg. With 
overall densities for core versus shell only the shell showed 
increased c-fos expression with the 3 mg/kg dose with addi
tional increase at 6 mg/kg, where the core values increased 
two fold. Closer analysis revealed that the medial core had 
a decrease density of c-fos expression at 3 mg/kg and slight 
increase above 0 mg/kg at highest dose. The lateral core had 
an increase at 3 mg/kg that equalled the 6 mg/kg dose. The 
medial shell showed no increase until the stereotypic behav
iors were expressed, as with the shell in general. These 
data are consistent with distribution of 5HT axons and with 
behaviors for each NAcc subterritory. Supported by HL02914
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436.3
AXON TERM INALS EXHIBITING IM M U NOREACTIVITY FOR 5- 
HYDROXYTRYPTAMINE (5-HT) SYNAPSE W ITH LOCUS COERULEUS 
(LC) DENDRITES THAT CONTAIN KAINATE-TYPE GLUTAM ATE 
RECEPTORS. M. Dareshuri Daou* and E.J. Van Bockstaele. Dept. of Pathology, 
Anatomy & Cell Biology, Thomas Jefferson University, Phila, PA 19107.

Anatomical studies have shown that 5-HT (serotonin) fibers are dense in the LC. 
Physiological studies have indicated that 5-HT inhibits the discharge activity of 
LC neurons and selectively attenuates excitatory amino acid-induced activation of 
LC neurons. Furthermore, agents that increase serotonergic neurotransmission have 
been shown to attenuate the hyperactivity of LC neurons induced by naloxone- 
precipitated withdrawal in opiate dependent rats. However, the ultrastructural 
substrates of 5-HT afferent terminals with respect to catecholamine neurons in the 
LC have only been suggested from immunocytochemical analysis of the 
localization of the 5-HT synthesizing enzyme, tryptophan hydroxylase, with 
tyrosine hydroxylase (TH) in adjacent tissue sections. We, therefore, conducted 
dual immunocytochemical localization of 5-HT with TH in the same section of 
tissue, through the LC to determine cellular substrates for proposed interactions 
between these two transmitter systems. By electron microscopy, axon terminals 
containing peroxidase labeling for 5-HT possessed small clear as well as large 
dense core vesicles and often formed Type I synaptic specializations, 
characteristic of excitatory afferents, with TH-labeled and unlabeled dendrites. 5- 
HT axon terminals were also apposed to unlabeled axon terminals which formed 
excitatory-type synapses with TH-labeled dendrites. To test whether 5-HT afferents 
might be co-localized with an excitatory neurotransmitter, we conducted dual 
immunoelectron microscopy for 5-HT and the glutamate receptor, GluR 5,6,7, 
which represents the kainate receptor (KAr) subtype. Axon terminals exhibiting 
immunolabeling for 5-HT synapsed with dendritres containing immunogold-silver 
labeling for KAr. These data suggest that 5-HT and glutamate may co-exist in 
common LC afferent processes and that 5-HT may presynaptically regulate 
glutamate release from neighboring excitatory axon terminals. Supp. by NIDA R29 
DA09082, RO3 DA 10450. AHA 96002240, MH40008 to E.J.V.B.

436.5
Regional distribution  and specificity o f the dopam inerg ic, se ro tonerg ic  and 
nitric oxide synthase-ergic projections from  the substantia n igra o r the dorsal 
raphe nucleus to the neostriatum  o f the rat H .W .M . S teinbusch*, P ,C .E .T . 
H eym an, H .E . S teinbusch, E. van Riel and J. de Vente. E uropean G raduate 
School of N euroscience (EU R O N ), M aastricht U niversity , D ept. Psychiatry 
and N europsychology, 6200 M D M aastricht, The N etherlands.
In the present study the pro jections o f the SN and the DRN to regional parts 
ot the neostriatum  have been investigated by com bining retrograde 
fluorescent tracing  and im m unofluorescence for T H , 5-H T  and NOS. 
S tereotaxic injections w ere made in either its dorsocaudal, ventrocaudal, 
do rso rostra l or ven trorostral parts. After a survival tim e o f 11 days the 
anim als w ere perfused and further processed for im m unostained for TH  (SN 
& D R N ), 5 -H T  (DRN ) and NOS (D RN ). The results dem onstrate that the 
lateral half o f the SN , pars com pacta, projects exclusively to  the ventro lateral 
caudal part o t the neostriatum . The medial SN c p ro jects to both caudal parts, 
in a different perspective, the pro jection  to the dorsom edial caudal part o f  the 
neostriatum  originates solely from  the medial SN c. ICC revealed that this 
pro jection  was m ore dopam inergic than to the ventrolateral caudal p art. The 
DRN tends to pro ject m ore heavily to the ventrolateral part o f  the caudal 
neostriatum . M oreover, the projection is slightly  m ore se ro tonerg ic  than the 
som ew hat sm aller projection to the dorsom edial caudal part. ICC did not 
reveal a dopam inerg ic raphe-striatal pathw ay .W e observed the ex istence o f 
raphe projecting neurons that contain NOS. W e assum e that som e o f them  
are co-localized with serotonin. Based on the notion that the D R N  projects 
heavier to the ventrolateral neostriatum , the lateral SN c p ro jects heavier to 
this part o t the neostriatum  as well it is suggestive that the raphe fibers 
pro jecting  on the SN end on the lateral SNc.

436.7
INTRAREGIONAL VARIATION IN EXPRESSION OF NEURONAL NITRIC 
OXIDE SYNTHASE MRNA IN SEROTONIN NEURONS OF THE DORSAL 
AND MEDIAN RAPHE NUCLEI S.J. French*, A. Swinson, J. de Silva & M. 
Rattray. UMDS Division of Biochemistry & Molecular Biology, Guy’s 
Hospital, London SE1 9RT, U.K.

A number of serotonin neurotoxins down-regulate serotonin transporter 
(SERT) mRNA levels with cells in the ventromedial subdivision of the 
dorsal raphe nucleus (DRv) more sensitive than those in the dorsomedial 
subdivision (DRd), the lateral wings (DRI) or the median raphe (MR). More 
vulnerable neurons may express proteins such as neuronal nitric oxide 
synthase (nNOS) that may produce damaging reactive oxygen and reactive 
nitrogen species after exposure to toxins. Using in situ hybridization and 
image analysis, we have combined a 35S-labelled nNOS riboprobe with a 
fluoroscein-labelled SERT riboprobe to determine the extent of expression 
of nNOS mRNA in serotonin neurons, and the effects of p- 
chloroamphetamine (PCA) on gene expression levels. In DRv and DRd 
over 60% of serotonin neurons expressed nNOS mRNA, whereas in the 
DRI and MR a smaller proportion of serotonin cell bodies (23% and 42% 
respectively) expressed nNOS mRNA. Neurons with the highest levels of 
SERT mRNA also exhibited the highest levels of nNOS mRNA., suggesting 
that nNOS containing neurons represented the vulnerable population of 
serotonin neurons. After PCA , the expression of nNOS mRNA by 
serotonin neurons showed a dramatic change, with massive down- 
regulation of SERT mRNA in cells containing the highest levels of nNOS, 
and induction of nNOS in neurons in the DRI and MR. The results provide 
further evidence of phenotypic heterogeneity between serotonin neurons, 
and support the hypothesis that nNOS expression is a factor in serotonin 
neurons which confers vulnerability to substituted amphetamines.

436.4
QUANTITATIVE ANALYSIS OF SEROTONIN AXONS IN THE HIPPOCAMPUS 
OF THE WHITE-FOOTED MOUSE. G. Liu*, M .J. Wayner, and C.F. 
Phelix. Division of Life Sciences, The University of Texas 
at San Antonio, TX 78249-0662

Serotonergic (5HT) projections to the hippocampus 
influence several known functions, i.e., neuroendocrine 
regulation, memory, and anxiety. Because transgenic mouse 
models are becoming more common to study these functions, the 
present study focused on regional variation of 5HT 
distribution in hippocampal areas of mouse, Peromyscus 
leucopus, with comparison to reported data from rats 
(Oleskevich and Descarries, Neuroscience 34;l9-33, 1990).
Coronal sections of the mouse forebrain were stained with a 
rabbit anti-5HT antibody using the unlabeled peroxidase- 
antiperoxidase method, including a silver postintesification 
method. The stained tissue sections were analyzed for 
densitometry using the UTHSCSA Image Tool system, with focus 
on dorsal hippocampus at rostral and caudal levels and the 
ventral hippocampus. The highest density of 5HT axons were 
present in the stratum lacunosum moleculare (str.lac.mol.) 
of the Ammon's horn. The lowest density was found in the 
granular layer of dentate gyrus (DG). In the dorsal 
hippocampus, the molecular and plexiform layers of DG were 
higher in the suprapyramidal blade than the infrapyramidal 
blade; all layers of CA1 and CA3 were similar with moderate 
densities of 5HT axons. The CA3 pyramidal layer was the only 
site where 5HT terminal arborizations were seen amidst 
principle cell soma. Rostral to caudal density gradients 
were seen within the CA1 but not the CA3. In general the 
ventral hippocampus had higher densities in all fields. Our 
data show that in mouse the str. lac. mol. of CA fields has the 
highest density whereas the stratum oriens was highest in 
rats. Laminar differences in CA and DG were in different 
orders and of greater magnitude in mouse.
Supported by HL02914 and UTSA Doctoral Stipend

436.6
THE LOCALISATION O F GENE EXPRESSION O F 5-HT 2A, 5-HT 2B 
AND 5-HT 2C RECEPTO R MRNAS IN THE RAT BRAIN. N. Y, Cheung, S. 
J . French and M. Rattray*. UMDS Division of Biochemistry and Molecular 
Biology, Guy’s Hospital, London, SE1 9RT, U. K.

We have examined the distribution of 5-HT 2A, 5-HT 2B and 5-HT 2C receptor 
messenger ribonucleic acid (mRNA) in rat striatum, hippocampus and dorsal raphe 
nucleus using in situ hybridisation. The expression of 5-HT 2 type receptors in 
serotonin neurones is the focus of this study. Hybridisation of either radioactively 
or fluoroscein labelled riboprobes on ribonuclease treated sections produced 
minimal signals. Receptor transcripts were visualised either with 35S-radiolabelled 
riboprobes followed by emulsion autoradiography or fluoroscein labelled 
riboprobes. Analysis of fi lm autoradiograms showed that 5-HT 2A receptor 
mRNA was localised with relative high intensity to the laminae of the cortex, and 
to moderate intensity in striatum, hippocampus and dorsal raphe nucleus. 5-HT 2B 
receptor mRNA was observed at low levels in hippocampus and striatum and was 
not detected in dorsal raphe nucleus. 5-HT 2C receptor mRNA was particularly 
abundant in choroid plexus and to high levels in lateral habenular nucleus, central 
medial thalamus and piriform cortex and to moderate levels in striatum, cortex, 
dorsal raphe nucleus and all major subfields of hippocampus. Analysis of emulsion 
dipped sections revealed that probe binding was specific and that data concerning 
the distribution of these receptor mRNAs corresponded with the film 
autoradiograms. In particular, 5-HT 2B receptor mRNA appeared to be restricted 
to the patch component of striatum as revealed also by in situ hybridisation using a 
fluoroscein labelled riboprobe.

Funded by the Special Trustees of Guy’s and St. Thomas’, U. K.

436.8
SEROTONIN CONTAINING CELL BODIES IN THE SUPRACHIASMATIC 
NUCLEUS AND SUPERIOR COLLICULUS OF HAMSTER. S. Yamazak* , V. E. 
Alones, W. A. Irelan and M. Menaker, Dept. of Biology and NSF Center for Biological 
Timing University of Virginia, Charlottesville, VA 22903.

The literature relating changes in brain morphology to environmental experience is 
concentrated on the effects of "enriched" environments. Here we report a major effect on 
the distribution of cell bodies staining positively for serotonin produced by a simple 
change in environmental light conditions and a different effect of enucleation.

We placed two groups of male golden hamsters in constant darkness, one on 
postnatal day 1 and on postnatal day 28. Another two groups were bilaterally enucleated 
on postnatal day 1 and postnatal day 28. Controls were held in LD 14:10 throughout. 
All the animals were sacrificed at six months of age during the middle of subjective day 
calculated from their activity records. Brain sections were stained with two serotonin 
antisera (monoclonal rat antiserotonin, Accurate; polyclonal rabbit antiserotonin, 
Incstar). Both antibodies identified a substantial population of serotonin-positive 
somata in the suprachiasmatic nucleus (SCN) of all dark exposed hamsters (but not in 
enucleated animals). Few or no cells outside of the raphe nuclei were stained in the LD 
controls. Pre-absorption controls eliminated all staining. Immunopositive SCN 
neurons were small, bore thin processes and were distributed over the extent of the 
SCN. Immunopositive fibers were present in the SCN of most brains, but staining was 
less intense in the brains of the dark-reared animals.

Although animals enucleated at postnatal day 1 and day 28 had few or no serotonin-
positive cells in the SCN, they did have a substantial population of cells in the 
superior colliculus and some in the pre-tectal nuclei. Intact animals kept in LD or 
constant darkness had few or no serotonin positive cells in superior colliculus.

We conclude that retinal input modulates either the uptake or the synthesis / 
degradation of serotonin in cell bodies in several brain regions outside the raphe.
This work was supported by Air Force Office of Scientific Research grant #F49620-98- 
1-0174 to M.M.
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436.9
THE FUNCTIONAL ORGANIZATION OF SEROTONERGIC PROJECTIONS 
TO LIMBIC FOREBRAIN STRUCTURES. K.A. Barrett* , S.N. Haber. Dept. of 
Neurobiology & Anatomy, Univ. o f Rochester School o f  Medicine and Dentistry; 
Rochester, NY 14642.

Dysregulation of the serotonin (5HT) system has been implicated in the 
pathogenesis o f affective disorders, particularly depression. The broad efficacy of 
selective serotonin reuptake inhibitors (SSRI’s) indicates a major role for the 
serotonin system in regulating mood. Recently, positron emission tomography 
(PET) has identified in depressed patients characteristic changes in the metabolic 
activity of limbic forebrain structures believed to be important for mood regulation 
Although much is known about the connections among these structures, little is 
known about the organization of serotonergic projections targeting them. The 
current study addresses in primates the organization o f brainstem serotonergic 
innervation (the raphe nuclei) of limbic forebrain regions. Retrograde tracers were 
injected into the prefrontal cortex, mediodorsal nucleus o f the thalamus, amygdala 
and ventral striatum, and the distribution of labeled cell bodies in the dorsal and 
median raphe nuclei was charted. Charts for each injection site were 
superimposed. The distriubtion o f labeled cells was determined for each injection 
site on this master chart. There were large areas o f overlap among subpopulations 
of dorsal raphe cells projecting to all target regions. These areas o f overlap 
suggest that a given region o f the raphe nucleus modulates several limbic 
structures. Although there was a great deal of overlap in some raphe regions, in 
other areas there was not. Non-overlapping areas indicate subpopulations o f raphe 
cells projecting preferentially to different limbic targets. For example, the median 
raphe nucleus projects to prefrontal cortex, but not significantly to subcortical 
structures. These projection patterns provide evidence for two distinct types of 
raphe cells, those which target one limbic forebrain structure and those which 
modulate more than one region. (Sponsor: MH45573 (S.N.H) & the Lucielle 
Markey Charitable Trust.)

436.11
DOWN-REGULATION OF TRYPTOPHAN HYDROXYLASE GENE EXPRESSION BY 

FORSK0LIN IN CULTURED MURINE MASTOCYTOMA CELL LINE
GEUN- Y. JOH. DONG-K. SONG, HONG-W. SUH, YUNG- H. KIM and SUNG-O. HUH*. 
Dept, of Pharmacol. College of Medicine, I n s t . of Natural Med., Hal l ym 
Univ, Chunchon, 200-702, S. KOREA

Tryptophan Hydroxylase (TPH) is a ra te -l imi ti ng  enzyme for the 
biosynthesis of serotonin,  an indoleamine neurotransmitter whose 
abnormal concentration in the central  nervous system is intimately 
implicated with a number of psychopathological  conditions such as 
depression,  suicidal  behavior,  schizophrenia,  and anxiety.  Thus 
studying the regulatory mechanisms underlying the serotonin
biosynthetic pathway at the molecular level is important to
understand the serotonin-implicated disease conditions. In this  study, 
the effect  of forskolin on tryptophan hydroxylase (TPH) gene 
expression was examined in a serotonin-producing cell  l ine, P815-HTR. 
P815-HTR is a mouse mastocytoma cell  l ine which was shown to express 
TPH mRNA and synthesize serotonin.  TPH mRNA level was examined by 
northern blot  analyses : when P815-HTR ce l l s  were treated with 10 µM of 
forskolin,  an activa tor  of adenylate cyclase, TPH mRNA level was 
decreased to about 25% that of the vehicle-t rea ted  control  group. 
This data implies that  TPH gene expression may be down-regulated by 
cyclic AMP-dependent protein kinase A pathway. To further delineate 
c is -acting regulatory elements that  mediates cAMP-dependent decrease 
of TPH gene expression in th is serotonergic cell  l ine,  various 
deletion constructs of TPH-Luciferase fusion genes were transfected 
and the effect  of forskolin on the expression of these constructs are 
being analyzed.

436.13
CHARACTERIZATION OP OPIOID RECEPTOR SUBTYPES IN 
THE REGULATION OF SEROTONIN RELEASE IN DORSAL 
RAPHE NUCLEUS AND NUCLEUS ACCUMBENS. R. Tao*, Z. Ma 
and S.B. Auerbach. Nelson Biol. Lab., Rutgers Univ., 
Piscataway, NJ 08854-8082.
Morphine may increase forebrain serotonin (5-HT) release 

by selectively disinhibiting dorsal raphe nucleus (DRN) 
serotonergic neurons. The present study used in vivo 
microdialysis to investigate the role of mu (µ), delta (δ) 
and kappa (K) opioid receptors in regulating extracellular 
5-HT in rat CNS. Infusion of DAMGO, a µ-receptor agonist, 
into the DRN produced dose-dependent increases in DRN 5-HT 
(100 µM, 37±10%; 300 µM, 86±14%; 1000 µM, lO8±2O%). 
Furthermore, in dual probe experiments, infusion of DAMGO 
into DRN resulted in increased nucleus accumbens (NAcc) 5- 
HT. In contrast, DAMGO infusion into the NAcc did not 
elicit changes in NAcc 5-HT. Infusing the δ-receptor 
agonist DPDPE at high doses into the DRN and NAcc induced 
a small increase in DRN 5-HT (1000 µM, 41±7%) and NAcc 5- 
HT (1000 µM, 29±8%), respectively. In contrast, infusing 
the K-receptor agonist, U50488, into the DRN and NAcc 
produced significant reductions in extracellular 5-HT both 
in the DRN (100 µM, 6±11%; 300 µM, 26±7%; 1000 µM, 43±10% 
) and in the NAcc (100 µM, 8±7%; 300 µM, 36±4%; 1000 µM, 
60±3%).
Therefore, different opioid receptor subtypes have 

distinct roles in regulating 5-HT release. These results 
support the hypothesis that µ-opioid receptors in the DRN 
are responsible for morphine-induced disinhibition of 
serotonergic neurons. Supported by NIH grant MH51080.

436.10
REGIONAL TARGET DEPENDENT SURVIVAL OF CENTRAL 
SEROTONERGIC NEURONS IN THREE-DIM ENSIONAL REAGGREGATE 
CULTURE. L. Won* and A. Heller. Dept. o f Pharmacological and 
Physiological Sciences, University of Chicago, Chicago, IL 60637.

Three-dimensional reaggregate culture provides a method for the in vitro 
reconstruction of specific neuronal circuits from  dissociated fetal cells. This 
culture system has been extensively used for studies on cell-cell interactions 
involved in neuronal developm ent. Neurochem ically-defined cells from  
specific brain areas can be cultured either alone or in combination with 
appropriate target cells. We have previously shown in aggregates that the 
survival and differentiation o f m esencephalic dopaminergic cells is dependent 
on the presence o f target cells. In the present study, we examined the effect o f  
various telencephalic target areas on the survival and neurochem ical 
differentiation of central serotonergic (5-HT) neurons. Aggregates were 
prepared by co-culturing 2.5 million cells from fetal murine caudal brainstem  
(Cbr), containing the raphe nuclei, with 5 million cells o f either the corpus 
striatum (CS), hippocam pus (Hipp), cortex (Ctx), septum  (Sep), or the entire 
telencephalon (Tel). At 29 days of culture, the aggregates were collected and 
analyzed for numbers of 5-HT cells and 5-HT levels. Clearly, the CS was the 
most efficient target population in promoting the survival and differentiation 
of 5-HT cells (504 8 ± 144 cells; 38 .6±1.1 ng of 5-HT/mg protein). 5-HT cell 
numbers and transmitter levels, respectively, observed in the other aggregates 
were: CBr-Hipp (2549±446; 28.0±0 .9 ng/mg); CBr-Ctx (3542±450 ; 16.1 ±0.5 
ng/mg); CBr-Sep ( 16 16±358; 22.7±0 .7 ng/mg); and CBr-Tel ( 4 137±638; 
27 .1± 1.3 ng/mg). There was no strict correlation between the num ber of 5-HT 
cells and transmitter level. For example, while both CBr-Tel and CBr-Hipp 
aggregates had similar levels of 5-HT, CBr-Tel had 62% more 5-HT cells 
suggesting that there was more axonal proliferation per cell in CBr-Hipp 
cultures. W hile 5-HT neurons project to a wide variety of telencephalic targets, 
it is clear from  these studies in aggregate cultures that there are regional 
differences in the ability o f such targets to promote the survival and 
differentiation o f 5-FIT neurons. Supported by M H-28942.

436.12
SECOND MESSENGERS INVOLVED IN MORPHINE-INDUCED SEROTONIN 
RELEASE IN DORSAL RAPHE NUCLEUS. S.B. Auerbach*, Z. MA and 
R. Tao. Nelson Biol. Lab., Rutgers Univ., Piscataway, NJ 
08854-8082.

Opioid-induced opening of potassium channels in 
periaqueductal gray (PAG) GABAergic neurons may be mediated 
by 12-lipoxygenase products (Nature 390:611, 1997). In 
turn, decreased GABA in the dorsal raphe nucleus (DRN) may 
be involved in morphine-induced disinhibition of DRN 
serotonergic (5-HT) neuronal activity. Using in vivo 
microdialysis, we investigated the role of second 
messengers in mediating the effect of opioids on DRN 5-HT 
release. Pretreatment with the 12-lipoxygenase inhibitors, 
baicalein and proadifen, did not significantly attenuate 
morphine-induced increases in DRN 5-HT (control, 76±ll%; 
baicalein, 65±14%; proadifen, 58±9%). In contrast, infusion 
of GDP-ß-S (1000 µM) , a G-protein inhibitor, into the DRN 
greatly attenuated the effect of systemic morphine on DRN 
5-HT (l3±4% vs. 76±ll%). In addition, we investigated the 
role of the adenylate cyclase/cAMP pathway in mediating the 
effects of morphine on DRN 5-HT. Morphine-induced 5-HT was 
not significantly altered by infusion of an adenylate 
cyclase activator forskolin (46±17%) and inhibitor SQ22536 
(59±2l%). In summary, neither 12-lipoxygenase nor adenylate 
cyclase products are necessary in mediating the effect of 
morphine on DRN 5-HT. These results are consistent with the 
possibility that opioid-induced increases in DRN 5-HT may 
be indirectly mediated by direct coupling of Gi/O-proteins 
to potassium channels (Science 278:58, 1997) and consequent 
inhibition of GABAergic neuronal activity. Supported by NIH 
grant MH51080.

436.14
EFFECT OF 5,7-DIHYDROXYTRYPTAMINE LESION OF THE MEDIAN 
RAPHE NUCLEUS: A COMBINED BEHAVIOURAL AND MICRODIALYSIS 
STUDY IN RATS. M. Voits*, H. Thomas and H. Fink Institute of Pharmacology 
and Toxicology, Charité, Humboldt University, D-10098 Berlin, Germany

There is evidence that an inhibition of serotonergic activity in the brain is 
accompanied by anxiolytic-like behaviour. However, studies with selective 
destruction of serotonergic pathways failed to show consistent anxiolytic 
effects.

The present study was aimed to investigate the behavioural consequences 
and its neurochemical correlates of a neurotoxic lesion of the median raphe 
nucleus (MRN). Male Sprague Dawley rats were microinjected (0.5 µl) with 
5,7-dihydroxytryptamine (5,7 DHT, 10 µg, pretreatment with desipramine) 
stereotaxically into the MRN. For microdialysis a probe was implanted into the 
hippocampus. Anxiety related behaviour was assessed in the elevated plus 
maze test 5, 14 and 21 days after surgery. In general, the behaviour of 
lesioned rats was unchanged when compared with sham-lesioned or 
untreated controls. Exposure of the sham-lesioned and untreated controls to 
the elevated plus maze led to an increase in extracellular hippocampal 5-HT 
levels to 150 % and 194 % of baseline, respectively. In contrast, MRN- 
lesioned rats failed to show an increase in hippocampal 5-HT (94 % of 
baseline) when exposed to the elevated plus maze Moreover, fenfluramine 
(10 mg/kg, i.p), a 5-HT releaser, induced a 10-fold increase of hippocampal 
extracellular 5-HT levels in sham-lesioned animals which was reduced by 
75 % in the 5,7-DHT-lesioned rats. The results demonstrate, that a marked 
reduction of serotonergic activity in the brain is not necessarily accompanied 
by anxiolytic-like behaviour.

Supported by DFG (INK 21/A1-1).

Society for Neuroscience, Volume 2 4 ,1998



1104 SEROTONIN: ANATOMY AND PHYSIOLOGY TUESDAY AM

436.15

EFFECTS OF REPEATED ADMINISTRATION OF DEXFENFLURAMINE ON 
SEROTONIN AND GLUTAMATE OUTFLOW IN RAT VENTRAL 
HIPPOCAMPUS: COMPARISON WITH METHAMPHETAMINE USING IN
v iv o  m ic r o d ia l y s is .  C .  Rocher1, C. Jacquot 1 and A.M . Gardier1,2*. 1- Fac,
Pharmacie, Lab. Neuropharmacol., Univ. Paris-Sud, F-92296 Châtenay-Malabry, 
France, 2- Fac, Pharmacie, Lab. Pharmacol. Univ. Picardie, F-80037 Amiens, France.

Repeated systemic administration of high doses of dexfenfluramine (d-fen) (an 
indirect serotoninergic agonist, which releases serotonin (5-HT) and blocks its 
reuptake) leads to persistent decreases in brain tissue 5-HT levels in rodents. The 
mechanisms underlying these neurochemical changes are not understood. Therefore, we 
compared the effects of 3 injections of either d-fen (1.3, 5 or 10 mg/kg) or a  toxic dose 
of a known neurotoxin of brain biogenic amines, methamphetamine (MA; 7.5 mg/kg) 
given i.p. at 2-h intervals, simultaneously on extracellular levels of glutamate [Gluext] 
and those of 5-HT [5-HText] in the ventral hippocampus (VHPC) using in vivo 
microdialysis in conscious rats. Furthermore, seven days after the microdialysis study, 
tissue levels of 5-HT, 5-hydroxyindolacetic acid (5-HIAA), tryptophan (Trp), Glu, 
aspartate (Asp) and norepinephrine (NE) were measured in the hippocampus. The toxic 
dose of MA markedly increased both [Gluext] (+77 % over the control value in saline- 
treated rats; p< 0.05) and [5-HText] (≈ +250 % over the controls) in the VHPC. D-fen, 
at all the doses studied, induced gradual increases of [5-HText] in the VHPC (between 
+ 125 % and +417 % over control values), but did not modify [Gluext]. The same 
magnitude of the d-fen-decreases in hippocampal tissue levels of 5-HT and 5-HIAA 
was observed for the three doses studied {by -25 % (p<0.05), -60 % (p<0.001) and -64 
% (p<0.001) compared to respective controls}. Tissue levels of Trp, Glu, Asp and NE 
were unaltered by the d-fen treatment, while hippocampal tissue levels of 5-HT were 
slightly decreased (by -21%, not statistically significant) 7 days after the last 
administration of MA. These data demonstrate that repeated systemic administration of 
d-fen, in marked contrast with MA, induces changes in the rat hippocampal 
serotoninergic system that do not involve the central glutamatergic system.

436.17

FOLATE DEPLETION AFFECT THE HYPOTHALAMIC 
AND CAUDATE MONOAMINERGIC NEURON 
ACTIVITY. T.Z. Lai , S.J. Yang and L.M. M ai*, Institute of 
Anatomy and Physiology, National Yang-Ming University, Taipei, 
Taiwan, R.O.C.

Folate depletion causes the neurologic, psychiatric and 
cardivascular disorders. The folate concentration of brain was 
markedly reduced depending on the folate content of the diet. The 
biochemical mechanisms o f the central neurobehavioral dysfunction 
induced by folate deficiency are not well understood. Sprague-Dawley 
male weanling rats were used. Animals fed with a folic deficient 
purfied or basal diet for 5 weeks. The water intake and digestive 
wastes were significantly decreased in folate deficient rats, but the 
cumulative diet-spilled were increased in feeding period. We also 
observed the diameter of the calf muscle and the structure of the 
desending aorta. The hypothalamic and caudate dopaminergic and 
serotonergic neuron activity will assay by HPLC-ECD.The stereotype 
behavior of each group was detected by far-red observation cage. In 
summary, the food spilling behavior and water intake increases in 
folate deficient rats may effect by changing the serotonergic and 
dopaminergic neuron activity. (Supported by National Science 
Council of R.O.C.)

436.16

RAPID AND SENSITIVE ANALYSIS OF INDOLAMINE 
NEUROTRANSMITTERS USING ULTRA SMALL MICROPARTICULATE 
REVERSE PHASE PACKING MATERIAL AND PACKED CAPILLARY 
CHROMATOGRAPHIC COLUMNS. M. Marcos,1 L. Shuster,2 E. Caliguri2 *. 1 
Dept. Of Neuroscience, Wellesley College; 2 Dept. Of Pharmacology, Tufts Univ. 
Med. Sch.; Boston, MA 02111.

Microdialysis requires rapid and extremely sensitive assays since samples often 
consist of 10-20 ul containing nM concentrations of biogenic amines. For "on-line" 
work, fast chromatographic methods offer "real time" examination of changes in basal 
transmitter levels during behavior. Innovative methods are now rapidly becoming 
available using small bore180-320 ID capillary columns with 1.5-2.0 micron ODS 
stationary phase. The combination of these two technologies can offer great speed of 
analysis with conventional injection volumes of 0.5 ul and smaller, as well as 
increased sensitivity. We have therefore evaluated a combination of high speed 
systems consisting of a capillary chromatographic assay for the quantification of 
indolamine transmitters and metabolites in mouse brain microdialysates in a real 
time, on line fashion. A solvent delivery system using a CMA/Microdialysis 250 
pump and flow splitter coupled to a Rheodyne 0.5 ul injection valve delivered a 
mobile phase (0.1 M phosphate buffer pH=3.5, 7% CH3CN). A radial flow 
electrochemical detector with a 2.0 mm glassy carbon electrode was held at 600mV 
vs. Ag/AgCl for anodic quantification at a flow rate of 10.0 ul/min). For serotonin, 
detection limits reached a 7.0 femtomolar level (S/N=2) with 1-2 minute sample 
analysis. This system was then applied to on-line measurement of changes in 
extracellular serotonin in both pre-frontal cortex and nucleus accumbens in freely 
moving animals exhibiting aggressive behavior. In turn, this system provides a time 
scale resolution of less than one minute for the evalution of chemical changes during 
behavior when using microdialysis as a measurement tool.
This work is supported by a post-doctoral training grant from the National Institute 

of Health.

436.18

C O N V ER SIO N  OF B R A IN  SE R O T O N IN  TO B U FO T E N IN E  
BY L U N G  EXTRACTS IN  M O DEL ANIM A LS FO R PSY CH I
ATRIC D ISO R D ER S. N . TA K EDA*. D ep t. o f B iom ed. Sci. 
COSM O R es. In st., S a tte , S a itam a , 340-0111 , Jap an
Indoleamine-N-methyltransferase(INMT) is the enzyme which converts 

serotonin to N-methyl serotonin (N-MET) and to bufotenine (BUTN). 
BUTN is a candidate for the diagnostic marker of some psychiatric 
disorders(1). N-MET and BUTN in the lung and the brain were analyzed 
by 3D-HPLC with ECD (ESA, USA). Effects of INMT on the brain were 
indirectly examined by the detection of N-MET or BUTN.

In the lung of Bufo bufo japonicus , BU TN(161.9± 147.8 pg/mg tissue) 
and N-M ET(128.8± 143.8 pg/mg tissue) were detected. Just N-MET was 
detected in both Rana brevipoda porosa (28.7 ± 11.3 pg/mg tissue) and 
M us musculus ( l3 4 .3 ± 9 8 .7  pg/mg tissue), the wild type mouse, but was 
entirely not found in BALB/c (BC) mouse. Each animal brain was then 
incubated in the medium containing lung extracts of Bufo, Rana and 
mice, respectively. Lung extracts of Mus drastically convert 5-HT to 
N-MET in the brain of mice and Rana , but not convert to BUTN. No 
conversion was found in lung extracts of BC. Rana and mice are the 
species not synthesized BUTN in the brain, different from Bufo (2). 
However, by treating lung extracts of Bufo and Rana, BUTN was newly 
detected in the brain of these species.

These conversions are the action of INMT contained in the lung 
extracts. In the brain of Rana and mice, therefore, there is an enzymatic 
mechanism for the formation of the psychotomimetic metabolite, N-MET 
and BUTN from normally occurring precursor, serotonin.
1. Neuro-Report 6:2378.’95. 2. Gen. Comp. Endocrinol. lO 6:36l.’97; Soc. 
Neurosci. 23:1220 .’97; Adv. Comp. Endocrinol. (Mond.Edi.) pp. 645.’97.
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437.2437.1

DIFFERENTIAL EFFECTS OF SEROTONERGIC LIGANDS IN AN 
OPERANT ETHANOL (EtOH) SELF-ADMINISTRATION PARADIGM AND 
AN EtOH DRUG DISCRIMINATION PARADIGM IN RATS.
R. Schreiber*, S. Maurel, J. De Vry, CNS Research, Bayer AG, Cologne, 
FRG.

SSRIs, such as fluoxetine (FLX), and 5-HT receptor subtype-selective 
agonists decrease EtOH intake in the cAA rat model of alcoholism with 
different degrees of selectivity and specificity. The present study evaluated 
possible behavioral mechanism(s) underlying the alcohol intake-reducing 
effects of such compounds. As excessive EtOH intake is thought to be 
related to the reinforcing- and discriminative stimulus effects of EtOH, FLX 
and the 5-HT receptor agonists, ipsapirone (IPSA, 5-HT1A), CP-94,253 (CP, 
5-HT18), DOI (5-HT2A) and mCPP (5-HT2C/1B) were tested in a two-lever, oral 
EtOH (10%) versus water self-administration (OSA) procedure and a two- 
lever, food-reinforced EtOH (1 g/kg, IP) versus saline drug discrimination 
(DD) procedure. In OSA, DOI and mCPP reduced EtOH-reinforced lever 
responding in a specific manner as this effect coincided with a reduced 
preference for the EtOH-reinforced lever. The effects of DOI were also 
selective as no effect on total responses on both levers was observed. CP, 
IPSA and FLX induced a nonselective disruption of operant behavior; the 
profile showing modest specificity in the case of CP. In DD, FLX, CP and 
mCPP, but not IPSA and DOI, completely generalized to the EtOH cue. It is 
suggested that OSA of EtOH can be suppressed in a specific and selective 
manner by activation of 5-HT2a and, possibly, 5-HT2c receptors; whereas 
activation of 5-HT1B and 5-HT2C receptors mimicks the EtOH cue. Since the 
effects of FLX resemble those of mCPP and CP in the DD model it is 
hypothesized that the anti-alcohol effects of these compounds involve 
substitution for the discriminative stimulus effects of EtOH, most likely 
mediated by (indirect) activation of 5-HT1B and 5-HT2C receptors.

EFFECT OF SEVERAL 5-HT ANTAGONISTS ON THE LEARNING IMPAIRMENT 
INDUCED BY POST-TRAINING ADMINISTRATION OF SCOPOLAMINE OR 
DIZOLCIPINE. E.Hong*, G. Orozco & A. Meneses. Sección de Terapéutica 
Experimental, CINVESTAV-IPN. , Ap. Post. 22026, México, D. F., 14000, México.

Pharmacological models of learning impairment frequently use scopolamine as 
a compound decreasing learning, however, dizolcipine have been also used for the 
same purpose. In the present study, the effects of several 5-HT antagonists on 
the effects induced by scopolamine or dizolcipine were investigated on the 
autoshaping test (Pharmacol. Biochem. Behav. 49: 1083, 1994) in rats. 5-HT 
antagonists were administered after the training session and scopolamine or 
dizolcipine 10 min later. The effects were observed 24 hr after in a 20 min 
session. Scopolamine (0.17 mg/kg) produced a reproducible decrease in 
conditioned responses. Ritanserin, ondansetron, tropisetron and GR127935 
increased learning by themselves, however, when given together with 
scopolamine, only the first two compounds reverted the impairment produced by 
the central anticholinergic, while tropisetron and GR127935 fail to elicit their 
increase in learning. Propranolol, mesulergine, ketanserin, GR125487, and 
SDZ205557 produced neither a direct effect nor modify the scopolamine 
response. The administration of dizolcipine (0.25 mg/kg) did not modify 
significantly the autoshaping score, but inhibited the increase of learning produced 
by ritanserin, ondansetron, tropisetron and GR127935 and did not modify the 
responses elicited by propranolol, mesulergine, pindolol, ketanserin, GR125487 
and SDZ2O5557. These results suggest that scopolamine is a reproducible model 
for learning impairment, while dizolcipine is a useful but more subtle tool and 
requires further studies. The finding that both scopolamine and dizolcipine 
interacted with a 5-HT2A, 5-HT1b/d and 5-HT3 suggests that cholinergic, NMDA and 
some 5-HT receptors are closely interrelated in the learning process.
Supported by CONACYT grant 4367-M9406.
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437.3
DIFFERENT EFFECTS OF CENTRAL SEROTONIN ADMINISTRATION ON 
THE GASTRIC MUCOSA OF AGGRESSIVE AND SUBMISSIVE MICE OF 
VARIOUS STRAINS. L A  Koryakina Institute of Cytology and Genetics SD 
RAS, Novosibirsk, 630090, Russia SPON: International Behavioral and Neural 
Genetic Society.
Repeated experience of defeats during 3 and 10 days of agonistic 
confrontations in the sensory contact model* induced intensive gastric 
mucosa damage in the losers of C57BL/6J, CBA/Lac and DD strains in 
comparison with the winners with repeated experience of social victories and 
the control (5 days of individual housing) of respective strain: number of 
mucosa erosions were 2-3 times more in the losers than in the winners and 
the control which did not differ between themselves with respect to this 
parameter. Serotonin injection (5Oµg) into lateral ventricles significantly 
increased the number of erosions in intact mice of all strains in 12 hours after 
injection. In 3 days, serotonin diminished considerably the number of erosions 
in losers of all strains, although to different degree. In this period, the drug 
effect on the winners’ mucosa state varied in dependence on the mouse 
strain. Number of erosions was increased in DD winners, decreased - in 
C57BL/6J winners and did not changed in CBA/Lac winners. In 10 days, 
decrease of the gastric mucosa sensitivity to the central serotonin injection 
was observed: the drug did not change the initial gastric mucosa state 
induced by repeated social confrontations both in the winners and in the 
losers of all strains, except the DD winners,. It has been concluded that effect 
of brain serotonin on the gastric mucosa state depends on social experience 
(winners, losers), the duration of social stress induced by repeated agonistic 
confrontations and hereditary defined peculiarities of nervous system (strain of 
mice), *Kudryavtseva NN Aggress.Behav.,1991:17:5:285 .
Supposed by Russian State Program “Frontiers in Genetics”, 2.071.

437.5
CONTROL OF THE ACTIVITY OF DORSAL RAPHE SEROTONERGIC 
NEURONS BY LATERAL HYPOTHALAMUS: MICRODIALYSIS EVIDENCE
J.M. Casanovas*, X. Paez1, and F. Artiαas Dept. of Neurochemistry, IIBB- 
CSIC, 08034 Barcelona, Spain. 1Present address. Department of Physiology, 
Universidad de los Andes, Mérida, Venezuela

There is electrophysiological and anatomical evidence of afferents from the 
lateral hypothalamus (LH) to 5-HT neurons of the dorsal raphe nucleus (DRN). 
We have examined whether afferents from LH could control the activity of 
DRN neurons in rat brain using dual probe microdialysis. The application of 
GABA (10-100 µM) in LH significantly reduced extracellular 5-HT (5-HText) in 
the DRN. In contrast, the application of bicuculline and baclofen (10-100 µM) 
in LH increased 5-HText in the DRN. Blockade of nerve transmission in the LH 
with 1 µM tetrodotoxin (TTX) transiently reduced 5-HText in the DRN and fully 
suppressed it in LH. The application of 8-OH-DPAT in the LH did not alter 5- 
HText in neither area. Application of GABA and TTX at a higher DV coordinate 
(i.e., in thalamus) but equal AP and L coordinates did not modify 5-HText in the 
DRN, thus supporting that the effects observed in the DRN were not due to 
diffusion from LH.

To examine the putative role of the LH-DRN pathway in the changes of 
serotonergic activity across the sleep-wake cycle, 100 µM GABA, baclofen and 
bicuculline were perfused for 2 h in the LH after lights were switched off. 
Control rats experienced a transient elevation of 5-HText in the DRN during this 
period. This effect was potentiated by baclofen and bicuculline and attenuated 
by GABA. Overall, the ability of GABAergic agents to alter 5-HText in the DRN 
was similar during light and dark conditions. These data give further support to 
the existence of a LH-DRN descending pathway and indicate that GABA- 
sensitive LH neurons participate in the control of 5-HT release in the DRN. 
Supported by a grant from FIS (98/0697)

437.7
THE MECHANISM OF BURST TERMINATION DURING SEROTONIN- 
INDUCED BISTABLE MEMBRANE BEHAVIORS IN GUINEA PIG 
TRIGEMINAL MOTONEURONS: ROLE OF THE ELECTROGENIC Na+ PUMP. 
C.-F. Hsiao*, C.A. Del Negro, and S.H. Chandler. Dept. of Physiological Science, 
2859 Slichter Hall, UCLA, Los Angeles, CA 90095-1568.

Serotonin induces bistable membrane behaviors, such as plateau potentials and 
bursting oscillations, in trigeminal motoneurons (TMNs) recorded intracellularly in 
guinea pig brain stem slices. Burst responses are mediated by L-type Ca++ and 
persistent Na+ currents (Hsiao et al., J. Neurophysiol., in press). Since these cations 
can accumulate intracellularly during bursts, it seemed likely that Ca++ and/or Na+ 
dependent slow processes could contribute to termination of individual burst 
responses. Previously we showed that Ca++-dependent K+ currents contribute to 
burst termination (Hsiao and Chandler, Soc. Neurosci. Abs. 485.19 1997); blockade 
o f Ca++-dependent K+ currents with 200 nM apamin or perfusion in extracellular 
Ba++ did not block bursting behavior but rather extended the duration of burst 
responses. In the present study we investigated the contribution of the electrogenic 
Na+ pump using 3-6 µM ouabain (n=8) and 4 µM strophanthidin (n=4) to block the 
pump in the presence of apamin or extracellular Ba++. Ouabain application further 
extended burst duration in 3 TMNs and shortened the interburst interval in 5 cells. 
Strophanthidin caused similar effects: lengthening burst duration in 3 TMNs and 
reducing the interburst interval in 2 cells. These data suggested that ouabain/ 
strophanthidin-sensitive Na+ pump current contributed to terminating bursts and 
influenced the duration of the interburst interval. Bursting activity recovered in 5 
TMNs. To quantify the repolarizing contribution of the electrogenic Na+ pump we 
simulated bursts using suprathreshold current pulses (0.5-16 s) in control and either 
ouabain (n=4) or strophanthidin (n=2) conditions. The application of pump blockers 
removed a ~5 mV post-burst hyperpolarization, suggesting the pump’s contribution. 
Funded by NIH-NIDR DE 06193.

437.4
THE DOMINANT ACTION OF SEROTONIN IN THE THALAMUS IS
INHIBITION J.E. Monckton* and D.A. McCormick, Section of 
Neurobiology, Yale University School of Medicine, New Haven, CT 06510.

Serotoninergic fibers broadly innervate the entire forebrain including the 
thalamus. The role of this widespread modulatory system depends heavily 
upon the postsynaptic actions of serotonin. Previous investigations have 
suggested that 5-HT may have a predominantly facilitatory role in the thalamus 
through the enhancement of the hyperpolarization-activated cation current Ih. 
Here we examined the postsynaptic actions of 5-HT in numerous thalamic 
nuclei using the in vitro slice technique in order to better determine the overall 
effect of this neurotransmitter in the thalamus.

Application of 5-HT to thalamocortical neurons in the pulvinar revealed a 
strong hyperpolarization through two distinct mechanisms: I) direct
hyperpolarization mediated through the activation of a potassium conductance 
and 2) indirectly through excitation of GABAergic interneurons. Similarly, 
investigation of the action of 5-HT on thalamocortical neurons in the centre 
médian, centrolateral, lateral posterior and lateral dorsal nuclei also revealed a 
predominantly inhibitory postsynaptic response.
The inhibitory effect of 5-HT appears to be mediated largely through the 

activation of 5-HT 1A receptors, since it was blocked by the antagonist, WAY 
100635. In similarity with 5-HT, application of adenosine to these 
thalamocortical neurons also resulted in hyperpolarization. In contrast, local 
application of norepinephrine evoked depolarizing responses. Furthermore, 
application of cholinergic agonists produced both hyperpolarization and 
depolarization. These results indicate that the dominant action of 5-HT in the 
thalamus in inhibition either through action of a postsynaptic K+ conductance or 
through the excitation of GABAergic intemeurons. Supported by NIH.

437.6
5-HT M ODULATES SYNAPTIC TRANSM ISSION IN NEONATAL  
RAT ROSTRAL VENTROLATERAL M EDULLA (RVLM) NEURONS. 
L. L. Hwang* and N. J. D un. D ept. o f Pharmacol. James H. Quillen 
Col. M ed., East Tennessee State U niv., Johnson City, TN 37614 

W hole-cell patch clamp recordings were made from RVLM neurons of 
brainstem slices o f  8-12-day-old Sprague Dawley rats. 5-HT (3-30 µM) 
by superfusion suppressed excitatory (EPSCs) and inhibitory (IPSCs) 
postsynaptic currents in 40/41 and 33/41 RVLM neurons tested. The 
synaptic depression was not accompanied by a change in the holding 
currents and membrane conductances nor the inward and outward currents 
induced by exogenously applied glutamate and GABA or glycine. In 
addition, 5-HT enhanced the paired-pulse facilitation o f EPSCs and 
IPSCs, eg. increased the ratio from l .4 ± O .l  and l .4 ± O .l  to 2.1 ± 0 .2  
and 2 .0 ± 0 .3 (n =  6), respectively. The 5-HT, receptor agonist 5-CT 
(0.01-1 µM ) and the 5-H T 1B/1D receptor agonists sumatriptan (0 .1-20 µM) 
and TFM PP (10-30 µM) dose-dependently depressed EPSCs and IPSCs 
with the same maximal percent inhibition as 5-HT. S(-)-pindolol ( 10 
µM ), a non-selective 5-HT, receptor antagonist and a ß-adrenoceptor 
antagonist, attenuated the synaptic depression caused by 5-HT, while the 
selective 5-H T1A receptor antagonist PBD (2 µM) and the 5-HT2 receptor 
antagonist ketanserin (2 µM) were ineffective. The results suggest that 
5-HT negatively modulates the release o f excitatory and inhibitory amino 
acids from nerve fibers projecting to RVLM neurons via the activation o f  
presynaptic 5-H T 1B/5-H T 1D receptors. (Supported by HL51314).

437.8
SEROTONERGIC MODULATION OF SPIKE AFTER-
HYPERPOLARIZATION IN RAT JAW-CLOSING MOTONEURONS. 
T. Inoue1*, S. Itoh2, R. M atsuo1, S. Wakisaka3, T. Morimoto1. 
Departments o f 1Oral Physiology, 2Orlhodontics and 3Oral Anatomy I, 
Osaka Univ. Fac. Dent.; Suita, Osaka 565-0871, Japan.

Intracellular recordings were obtained from rat jaw-closing  
motoneurons in slice preparations to investigate the effects o f serotonin 
(5-HT) on the post spike medium-duration afterhyperpolarization 
(mAHP). Bath application o f 5-HT (2 0 -200  µM) to normal perfusate (2 
mM Ca2+) caused depolarization and increased input resistance in the 
most cells tested, suggesting that 5-HT enhances motoneuronal 
excitability. Application o f 50 µM  5-HT increased the time to peak of 
the mAHP from the peak o f the action potential by 17 %, however, the 
mAHP amplitude was not altered. On the other hand, 100 and 200 µM  5- 
HT decreased the mAHP amplitude by 13 and 35 %, respectively, in 
addition to increasing the time to peak o f the mAHP by 15 and 41 %, 
respectively. In contrast with the effect o f 5-HT applied to normal 
perfusate, application of 50 and 200 µM  5-HT to high Ca2+ (6 mM) 
perfusate decreased the mAHP amplitude by 19 and 41 %, respectively. 
The 5-HT-induced changes in the mAHP could be mimicked by 
application o f membrane-permeable cAM P analog, 8-bromo-cAM P and 
potentiated by the cAM P-specific phosphodiesterase inhibitor Ro-20- 
1724. These results indicate that 5-HT reduces the mAHP amplitude 
dose-dependently and that increase in [Ca2+]i appears to enhance 5-HT- 
induced attenuation of the mAHP amplitude. It is also suggested that 
increase in intracellular cAM P level at least in part mediates attenuation 
of the mAHP amplitude and prolongation of the mAHP peak time 
induced by 5-HT. (Supported by Ministry o f Education, Science and 
Culture; Japan)
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437.9
5-HT ENHANCES A CALCIUM-SENSITIVE OUTWARD CURRENT IN 
NEONATAL RAT FACIAL MOTONEURONES IN VITRO. P.M.Larkman & 
J.S.Kelly* Dept. Pharmacology, University of Edinburgh, Edinburgh. EH8 9JZ. UK.

5-HT depolarizes rat facial motoneurones (FM’s) through an enhancement of 
the hyperpolarization-activated current, Ih, and a reduction in at least two distinct K+ 
conductances, an inwardly rectifying K+ conductance and, at depolarized potentials, a 
non-inactivating, 4-AP-sensitive, K+ conductance (Larkman,P.M.&Kelly,J.S.(1998)J . 
Physiol.508,67-81/Neonatal rat FM ’s also possess transient outward and Ca2+- 
sensitive K+ conductances that regulate the initiation and frequency of action 
potential firing. Using brainstem slices prepared from 5 to 14 day old rats, we have 
examined the actions of 5-HT on these K+ conductances. FM ’s were voltage-clamped 
at 22-24ºC,using whole-cell methods, in ACSF containing ZD-7288 (1-10µM) to 
block Ih-mediated tail currents. In ACSF containing 2mM Ca2+, depolarization from a 
negative holding potential evoked a fast, transient, A-type, outward current 
(inactivation time constant, 20-30ms), and a second slower outward current (decay 
time constant, 3-4s). Lowering external Ca2+ and the addition of Mn2+ (2mM) 
selectively inhibited the slow outward current. In the presence of Mn2+ a third, Ca2+- 
insensitive, slow outward current was observed that showed some sensitivity to low 
concentrations of 4-AP (200µM). Higher concentrations of 4-AP (2-4mM) completely 
abolished the A-type current but did not affect the Ca2+-sensitive outward current. 
The Ca2+-sensitive outward current was also not blocked by Apamin (100nM). 
Neither the A-type nor the slow, 4-AP-sensitive, outward current were modulated by 
bath-applied 5-HT. However, 5-HT prominently enhanced the amplitude of the Ca2+- 
sensitive, outward current, an action made irreversible by internal GTP-γ-S (5OOµM). 
5-HT lowered the threshold for current activation but did not alter the voltage 
sensitivity of steady-state inactivation. Current responses to a voltage ramp protocol 
indicated that enhancement of the outward current may be associated with 5-HT- 
mediated enhancement of a low threshold Ca2+ current. Supported by the MRC.

437.11
LO CA L DOPAM INE D2 RECEPTO R BLOCK AD E DISRUPTS THE 
RELATIONSHIP BETW EEN BEHAVIORAL ACTIVA TIO N AND 
SEROTONIN RELEASE IN RAT STRIATUM. A. M endlin*, F. J. M artín, and B.
L. Jacobs. Program in Neuroscience, Princeton University, Princeton, NJ 08544.

Previous studies have demonstrated that stim ulation o f  postsynaptic dopamine 
(DA) D2 receptors both at the level o f  serotonergic cell bodies and in the projection 
areas enhances serotonin (5-HT) release in vivo. The possible role o f  DA D2 
receptors in the increases in 5-HT output associated with behavioral activation is 
unclear. The present study examined the effect o f  local DA D2 receptor blockade 
on both drug-induced and behaviorally-induced increases in 5-HT efflux in the 
corpus striatum o f freely moving rats using in vivo m icrodialysis. 5-HT output and 
behavior were monitored in response to systemic adm inistration o f  the nonselective 
DA agonist apomorphine (0.5 m g/kg, i.p.), and during two behavioral 
m anipulations: mild tail pinch and light-dark transition. All three experimental 
conditions increased 5-HT efflux (85 ±  11%, 35 ±  6% , and 26 ±  5% for 
apomorphine, tail pinch and light-dark transition, respectively), DA efflux and the 
behavioral activity. The increases in 5-HT levels, but not the accompanying 
behavioral changes, were blocked by local adm inistration o f  the DA  D2 receptor 
antagonist raclopride (10 µM) into striatum  by reverse microdialysis. Furthermore, 
the correlation observed between 5-HT levels and the general behavioral activity o f 
the animals during the light-dark transition (Pearson’s r = 0.93) was disrupted by 
local raclopride administration (Pearson’s r = 0.24). These results indicate that 
blockade o f  postsynaptic D2 receptors in the corpus striatum  produces a 
dissociation between 5-HT efflux and behavioral activity. Thus, the increases in 5- 
HT efflux produced by physiological/environm ental m anipulations appear to be 
dependent, at least in part, upon the activation o f  the dopaminergic system. 
Supported by the NIM H (M H 23433).

437.13
S E R O T O N IN  R E D U C E S  S Y N A P T IC  E X C IT A T IO N  V IA  A 4-A P - 
SE N S IT IV E  P R E S Y N A P T IC  M E C H A N IS M  IN T H E  S U P E R F IC IA L  
ENTORHINAL CORTEX. D Schmitz. T. Gloveli and U. Heinemann*. 
Department of Neurophysiology at the Charité, Humboldt University Berlin, 
Tucholskystr. 2, 10117 Berlin, Germany.

The entorhinal cortex (EC) forms the main cortical input to the hippocampus via 
the perforant path. The EC receives a large serotonergic projection from the raphe 
nuclei and expresses 5-HT-receptors at particular high density. Here we studied the 
effects of serotonin on excitatory synaptic transmission in the superficial medial 
entorhinal cortex with extracellular, intracellular and patch clamp recordings. 
Extracellular recordings revealed a concentration-dependent depression o f 
synaptically evoked field potential transients by serotonin. However, in 
intracellular and patch clamp recordings only one third of the cells (35.7%) were 
hyperpolarized (2 .5 ± 0 .4mV) by serotonin through a potassium conductance via a 
GTP-dependent process. Serotonin depressed mixed as well as isolated AMPA- and 
NMDA-receptor-mediated EPSP/Cs (IC50.AMPA=4.1µM ; IC50,NMDA=2.7µM). The 
effect o f serotonin on EPSP/Cs was similar in whole-cell versus intracellular 
recordings, it did not require intracellular GTP and was not visible in glutamate- 
applications to excised patches. Miniature-EPSCs were reduced in frequency, but 
not altered in amplitude by serotonin. The depression of evoked EPSCs was 
associated with a significant increase in paired-pulse facilitation from 1.29 ±0.05 
to 1.6 8 ± 0.09 (n = 9 , p < 0 .0 1 ) and an increased coefficient of variation (CV- 
ratio= 2.49 , n = 7 , p < 0 .0 1 ), demonstrating a presynaptic locus of action. The 
effect o f  serotonin on synaptic excitation was blocked by the voltage-dependent 
K +-channel blocker 4-AP (100 µM), but was not blocked by C s+ (1-2 mM) or 
TEA (10 mM). We conclude that serotonin suppresses excitatory synaptic 
transmission in the superficial EC by a presynaptic mechanism via an enhancement 
o f a 4-AP-sensitive potassium conductance.

437.10
ELECTRICAL STIMULATION OF THE MEDIAL PREFRONTAL CORTEX, 
BUT NOT OF OTHER CORTICAL REGIONS, ENHANCES SEROTONIN 
OUTPUT IN RAT HIPPOCAMPUS AND AMYGDALA. G. Juckel1*, A. Mendlin. 
C,A, Fornal, and B.L. Jacobs. Program in Neuroscience, Princeton University, 
Princeton, NJ 08544, 1Dept, of Psychiatry, Ludwig-Maximilians-University, Munich, 
Germany.

Decreased activity of the left prefrontal cortex (PFC), as well as reduced 
serotonergic neurotransmission, are considered as characteristic features of major 
depression. The mechanism by which electroconvulsive therapy and transcranial 
magnetic stimulation achieve their antidepressant effect may involve changes in PFC 
activity. It is, however, still unclear whether these changes are accompanied by 
increased synaptic availability of serotonin (5-HT). In the present study, 5-HT efflux 
in both the left ventral hippocampus and amygdala was analyzed using in vivo 
microdialysis in urethane-anaesthetized as well as in awake rats during ipsilateral 
electrical stimulation of several cortical regions ( 1 s trains o f 5 ms stimuli, 60 Hz, 
every 5 s for 20 min). Electrical stimulation o f the medial PFC produced 
current-dependent increases in 5-HT output in both the hippocampus (33 ± 3 % and 
75 ± 6 % at 100 µA and 150 µA, respectively, in anaesthetized rats; 73 ± 16 % and 
112 ± 39 % at 100 µA and 150 µA, respectively, in behaving rats) and the amygdala 
(25 ± 5 % and 74 ± 18 % at 100 µA and 150 µA, respectively, in anaesthetized rats). 
No effect on 5-HT levels was seen after comparable stimulation o f either the lateral 
parts o f the PFC, the frontal area 2, the primary motor cortex or the parietal cortex. 
This pronounced regional specificity of the effect of cortical stimulation on limbic 
5-HT output could be due to the fact that the medial PFC is the only cortical area 
projecting directly to the dorsal and median raphe nuclei. The excitatory influence of 
the medial PFC on the serotonergic system may play an important role in both the 
pathophysiology and treatment o f depression. G.J. was a recipient of the 
DGPPN-Solvay/Duphar-Award. Supported by the NIMH (MH23433).

437.12
THE ACTIVITY OF MEDULLARY SEROTONERGIC NEURONS IN FREELY 
MOVING CATS IS UNAFFECTED BY CARDIOVASCULAR MANIPULATIONS 
THAT EVOKE REFLEX CHANGES IN AUTONOM IC OUTFLOW. F. I. Martin*, 
C. A. Fornal, C. W. M etzler and  B. L. Jacobs. P rogram  in Neuroscience, Princeton 
University, Princeton, NJ 08544-1010.

Serotonergic neurons in nuclei raphe obscurus and  pallidus (NRO/NRP) 
innervate both somatic and autonom ic areas in the brainstem  and spinal cord. We 
have previously show n that these neurons are generally  activated during 
increased motor output, especially those of a repetitive nature. However, the 
responses of serotonergic N R O /N R P neurons to a lterations in autonom ic activity 
in awake animals rem ain to be exam ined. We studied  the effect of cardiovascular 
m anipulations that modify the outflow  of the autonom ic nervous system on the 
activ ity  of serotonergic N R O /N R P neurons. Single unit activity and  heart rate 
were recorded using m ethods previously described (Fornal e t al., Am. J. Physiol., 
259: R963-R972, 1990). Systemic adm inistration  of sodium  nitroprusside and 
phenylephrine hydrochloride (20 µ g /k g , i.v.) produced a transient increase (54 
b ea ts /m in ) and decrease (39 bea ts/m in), respectively, in h eart rate, but no 
significant changes in neuronal activity. Furtherm ore, the discharge rate of these 
neurons was also unresponsive to system ic adm inistration  of hydralazine (1 
m g /k g , i.v.), which induced a prolonged (> 2 hrs) increase in h eart rate (56 
beats/m in). Similarly, the activity of N R O /N R P  serotonergic neurons was not 
significantly altered by acute venous hem orrhage (22.5 % total blood volume), 
d esp ite  the fact that this m anipulation  produced sym pathetic activation as 
indicated by increases in plasm a ep inephrine and  norep inephrine  levels (≈ 50% 
an d  ≈ 100%, respectively). Overall, these da ta  do not su p p o rt a direct role for 
N R O /N R P  serotonergic neurons in the reflex changes in sym pathetic and 
parasympathetic outflow evoked by m an ipu lating  the cardiovascular system. We 
believe that these neurons m ay influence autonomic regulation  secondarily to their 
prim ary role in motor control. F.J.M. w as recipient of NATO and  FPI fellowships. 
Supported  by NIM H (MH 23433).

437.14
5-H Y D R O X Y TR Y PTA M IN E FA CILITA TES TH E PRO PA G A TIO N  OF 
N E U R O N A L AC TIV ITY  IN TH E H IPPO C A M P O -SEPTA L PA THW A Y H. 
H asuo* , M. Goto and T. Akasu. Dept. Physiol., Kurum e Univ. Sch. Med., 
Kurum e 830-0011, Japan.

The functional role o f  serotonergic neurons in the limbic pathw ay between the 
hippocam pus and the lateral septal area o f  the rat brain were examined by 
electrophysiological and optical recording methods. 5-Hydroxytryptam ine (5-HT, 
1-50 µM ) caused a  hyperpolarizing response in neurons o f  rat dorsolateral septal 
nucleus (DLSN) via 5 -H T 1A receptors. Spontaneous firing activity o f  DLSN was 
blocked during the 5-HT hyperpolarization. Under voltage-clamp condition, 5-HT 
caused  an outw ard current (I5-HT) associated with increased K+ conductance in 
DLSN neurons. I5-HT was mimicked by 8-O H -D PA T (3 µM ) and was blocked by 
NAN-190 (300-500 nM), suggesting that the 5-HT1A receptor subtype mediates the 
I5-HT G-protein coupled inward rectifier K+ (G IRK ) channels m ay contribute to 
I5-HT. 5-H T  enhanced the am plitude o f  the excitatory postsynaptic potential 
(E P S P ), while it depressed the inhibitory postsynaptic potentials (f-IPSP and s- 
IP SP). Field potential o f  the compound action potential recorded by an 
extracellular electrode was increased by 5-HT. Optical images o f  neuronal activity 
were acquired by using 128x128 photodiode a rray  (H R D eltaron 1700, Fuji Photo 
F ilm  C o., LTD .) from para-sagittal brain slices stained with a  voltage-sensitive 
dye, H R 482 (0.1 mg/ml), for 20 min. Optical signals evoked by stim ulation o f  the 
fim brial pathw ay were blocked by tetrodotoxin (TTX , 1 µM ) and by removal o f 
external C a2+. The propagation o f  optical signals to  DLSN was blocked CNQX 
(10 µM ) and APV (50 µM ) to  the DLSN. 5-H T  (50 µM ) enhanced the optical 
response spreading to the DLSN. In contrast, adenosine inhibited the propagation 
o f  o p tica l signals in the DLSN. These results suggest that 5-H T  facilitates 
excitatory synaptic transm ission in hippocam po-septal pathw ay by enhancing the 
EPSP and depressing the IPSPs.
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437.15
SER O TO N IN  BLOCKS H IG H -FR EQ U E N C Y  O SCILLATIO NS IN THE  
RAT HIPPO CA M PUS IN VITRO. A .Draguhn*. P.Schm itz. U.Endermann, 
R.D.Traub and J.G.R.Jeffervs Inst¡tut für Physiologie der Charité, 
Humboldt-Universität, D -10117 Berlin, Germ any and Dep.of Physiology, 
The Medical School, University of Birmingham, Birmingham B15 2TT, 
UK.

Neuronal network oscillations at about 200 Hz have been observed in 
the hippocampus of freely moving rats in vivo (Buszáki et al., Science 
256, 1025-1027, 1992). These short field “ripples“ occur spontaneously in 
the pyramidal cell layer during awake immobility and propagate towards 
the subiculum and entorhinal cortex (Chrobak and Buszáki, J.Neuroscj. 
16, 3056-3066, 1996). W e  have recently found similar spontaneous 
oscillations in the rat hippocampal slice preparation in vitro. Field potential 
recordings from all principal cell layers revealed spontaneous, small- 
amplitude (20-200  µV  repetitive population spikes with a mean frequency 
of 160 Hz (Dentate), 180 Hz (CA1) and 195 Hz (CA3). The oscillations 
persist in the absence of extracellular calcium but are reversibly blocked 
by a variety of gap junction blockers (octanol, halothane or 
carbenoxolone) and enhanced under alkalizing conditions in the presence 
of 10 mM NH4CI. Thus, high-frequency (HF-) network oscillations depend 
on electrotonic coupling of neurons via gap junctions. Serotonin is a 
naturally occurring neuromodulator which closes gap junctions via 5HT2 
receptors (Rörig and Sutor, European J.Neurosci. 8 , 1685-1695, 1996). In 
slices from adult rats, HF-oscillations were reversibly blocked by 10-50 µM  
serotonin (n=10). The 5HT2 receptor agonist a-Methyl-5HT (10-20 µM) 
had a similar effect suggesting that this receptor subtype mediates the 
uncoupling of the network.

W e  conclude that serotonin blocks high-frequency oscillations in the 
hippocampus by closing gap junctions.
Supported by the DFG, SFB 515 B1.

SEROTONIN: PHYSIOLOGY OF 5H T lA  SYSTEMS

438.1
EFFECTS OF A 5-HT1A ANTAGONIST ON MOTION SICKNESS 
IN CATS. J.B. Lucot*. Dept. Pharmacology, Wright State 
University, Dayton, OH 45435

The 5-HT1A receptor agonists have been found to suppress 
vomiting elicited by all stimuli tested in four species. Verification 
of the receptor identity by reversing the antiemetic action with a 
selective antagonist has not been reported. Further, the action of 
the antagonist on motion sickness is of interest to determine if this 
receptor is involved in the physiological termination of vomiting. 
Cats were tested biweekly with provocative motion to avoid 
habituation. The motion device is modeled after a Ferris wheel 
with a diameter of 0.89 m and the optimum rate of rotation of 17 
RPM (O.28Hz).

The prototype 5-HT1A antagonist LY 297996 was found to 
completely reverse the ability of 8-OH-DPAT, flesinoxan and 
LY301317 to decrease the number vomiting and to reduce the 
autonomic alterations associated with motion sickness. When the 
highest dose of the antagonist was administered alone before 
motion testing, there was no increase in the number becoming 
motion sick, no increase in the number with multiple bouts of 
retching and vomiting, no change in the duration of retching and 
vomiting and a nonsignificant increase in the associated 
symptoms. These results suggest that the 5-HT1A receptor is not 
involved in terminating an ongoing emetic event, but may be 
involved in another system which inhibits vomiting. Supported 
by Eli Lilly & Co.

438.2
A NOVEL 5-HT1A AGONIST MKC-242, A CANDIDATE FOR AN ANXIOLYTIC 
DRUG, SUPPRESSES SPONTANEOUS FIRING EVENTS OF DORSAL 
HIPPOCAMPUS CA1 PYRAMIDAL NEURONS OF AWAKE, UNRESTRAINED 
RATS. K, Kasamo*. T. Suzuki. N. Ueda. K. Tada. T. Kojima. Dept. of 
Neuropsychiatry, Nihon Univ. Sch. Of Med., Tokyo, 173-8610 Japan.

Recently several azapirone compounds such as buspirone and tandospironc, which 
possess a 5-HT1A agonist property, have been used for the treatment of anxiety 
disorders. MKC-242, a novel benzodioxan derivative which is structurally different 
from azapirones, has a high affinity for 5-HT1A receptors of the rat brain. Several 
biochemical and behavioral experiments indicated that MKC-242 acts as a 5-HT1A 
receptor agonist both pre- and post-synaptically. We have already shown that 
anxiolytic azapirones suppress spontaneous firing events of the dorsal hippocampus 
CA1 pyramidal neurons in awake, unrestrained rats through activating 5-HT1A 
receptors. The present study was aimed at examining whether MKC-242 exerts a 5- 
HT1A agonistic activity in this in vivo electrophysiological paradigm as the anxiolytic 
azapirone derivatives. Male adult Wistar rats were anesthetized with pentobarbital.
Two tungsten electrodes fixed to a microdri ve were inserted into the hippocampus. One 
week after the surgery, the animals were subjected to drug administrations and to the 
firing event recording under a freely moving condition. The firing activity was dosc- 
dcpendently reduced by MKC-242 (0.1-6 mg/kg, S.C.). Pretreatment with a 5-HT1A 
antagonist WAY-100635 (0.2 mg/kg, S.C.) abolished the reduction produced by MKC- 
242 (3 mg/kg), indicating that MKC-242 suppresses the spontaneous firing activity of 
the dorsal hippocampus CA1 pyramidal neurons by activating 5-HT1A receptors. It 
was concluded that the pharmacological property of MKC-242 examined in this 
electrophysiological paradigm is in favor of an idea that this drug is a potential 
candidate for an anxiolytic drug. Supported by Mitsubishi Chemical Corporation.

438.3
KINETICS OF THE IN VIVO LABELLING OF 5-H T1λ RECEPTORS WITH  
THE SELECTIVE ANTAGONIST, 3H-NAD-299 IN THE MOUSE BRAIN
C.  Stenfors* and S.B. Ross. Biochemical Pharmacology, Preclinical R & D, Astra 
Arcus AB. S-15185 Södertälje, Sweden.

NAD-299 ((R)-3-/V,/V-dicydobutylammo-8-fluoro-3,4-dihydro-2//-1 -benzopyran -5- 
carboxamide hydrogen (2R,3R)-tartrate monohydrate) is a novel selective and potent 
5-HT1a receptor antagonist. In the present study we have evaluated the properties of 
3H-NAD-299 as an in vivo ligand for labeling 5-HTiA receptors in the mouse brain. 
3H-NAD-299 was injected in a tail vein and the radioactivity in various brain regions 
was determined at different times after the injection. The specific accumulation of the 
radioactivity (after subtracting the cerebellum values) was maximal 10 to 30 min after 
injection and almost disappeared after 2 h. Saturation kinetics derived Bmax (pmol/g 
wet weight tissue) values of 19.6 ± 2.0 in frontal cortex and 38.0 ± 3.5 in 
hippocampus. The apparent Kd values expressed in nmol/kg 3H-NAD-299 injected, 
were 12.3 ± 2.2 in frontal cortex and 20.3  ± 3.1 in hippocampus. The 5-HT1A receptor 
antagonist, W AY-100635 competitively inhibited the specific accumulation of 3H- 
NAD-299. Pretreatment of mice with reserpine, 1 mg/kg s.c. 18 h before the injection 
of a tracer dose (2.5 nmol/kg l.v.) of 3H-NAD-299 strongly delayed the disappearance 
of the radioactivity from frontal cortex and hippocampus. W AY-100635, 0.3 µmol/kg 
s.c. 1 h after the injection of 3H-NAD-299, evoked a rapid decrease in the radioactivity, 
showing that it was intact 3H-NAD-299 bound to the 5-HT1A receptors. This delay of 
the dissociation of 3H-NAD-299 from the receptors in the reserpinized mice seems to 
be mainly related to the reduced body temperature caused by reserpine. Reserpinized 
mice kept at 32° C (to maintain their normal body temperature) for 1 h before the 3H- 
NAD-299 injection showed a more normal rate of disappearance of the radioactivity 
from the 5-HT1A receptor-rich brain regions.

438.4
AN INTEGRATIVE PHARMACOKINETIC/-DYNAMIC STUDY OF THE 
5HT1a RECEPTOR ANTAGONIST (S) -UH-301 IN THE RAT H.M Yan, H 
Yu* and T. Lewander. Dept. o f Neuroscience, Psychiatry, Ulleråker, Uppsala 
University Hospital, 750 17 Uppsala, Sweden 

Previous studies o f the pharmacodynamic effects o f  (S)-UH-301 ((-)-(S)-5-fluoro- 
8-hydroxy-2-(di-w-propylamino)tetraline hydrochloride) have shown that the 
behavioral syndrome, and the physiological and biochemical responses induced by 
the 5HT1a agonist (R)-8-OH-DPAT are antagonized by (S)-UH-301. The purpose 
of the present study was to characterise the pharmacokinetic properties of (S)-UH- 
.301, and to study the pharmacokinetic/-dynamic interrelationships Three doses (10, 
32, 100 µmol/kg) o f (S)-UH-301 were given subcutaneously to rats and the drug 
concentrations in brain and plasma were measured using an HPLC-UV method 
developed for this purpose at 5, 15, 30, 60, 120, 240, 480 minutes after the 
injection The time-courses of the tissue concentrations showed that (S)-UH-301 in 
brain and plasma were similar and that the peak concentrations were reached within 
15 min The drug concentrations in brain increased linearly at doses <32 µmol/kg, 
whereas the concentrations at a dose o f 100 µmol/kg did not increase 
proportionally The tissue concentrations o f the drug were higher in brain than in 
plasma at all doses and time-points tested. The data show that there is a good 
correlation between the time-course for the pharmacodynamic effects and the 
pharmacokinetic profile of (S)-UH-301. Supported by a grant from Astra Arcus AB, 
Södertälje, Sweden
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438.7
C R O SS-M O D U LA TIO N  OF SY N A PTIC  PLA STICITY  BY -β 
A D REN ERG IC AN D 5-H T 1a  RECEPTO RS IN THE RAT 
AM Y GD ALA . P.W . Gean*, L.L. C heng and S.J. W ang. D ept. o f  
Pharm acology, National C heng-K ung Uni. Tainan, Taiwan.

It is known that 5-H T] a  and β-adrenerg ic receptors are coupled 
d ifferentially  to the enzym e adenylyl cyclase through G i- or G s-proteins 
respectively. The aim o f  this study w as to  investigate the cross-regulation 
o f  synaptic plasticity  betw een these receptors and to elucidate their 
underlying m echanism s. S tim ulation o f  presynaptic β -adrenergic receptors 
w ith isoproterenol (Iso) in the basolateral am ygdala resulted in a long- 
lasting increase in synaptic transm ission . This effect was m im icked by 
forskolin, indicating a cA M P-m ediated  m echanism . A pplication o f 5-HT 
depressed the synaptic transm ission  and blocked Iso- and forskolin- 
induced potentiation. The effect o f  5-H T was m im icked by the selective 5- 
H T 1a  agonist 8-O H -D PA T and w as blocked by the selective 5 -H T 1A 
antagonist N A N 1 90, indicating its m ediation by 5 -H T 1a  receptors. 
Application o f  Sp-cA M PS depressed  the EPSP. The depression caused by 
Sp-cAM PS was prevented by adenosine A 1 receptor antagonist, and under 
this condition, Sp-cA M PS induced LTP. Furtherm ore, the LTP produced 
by Sp-cAM PS w as com pletely blocked in slices pretreated with 5-HT. 
These results suggest that the interaction betw een the intracellular 
signaling pathw ays activated by 5-H T 1a  and adrenergic receptors 
occurs at a step dow nstream  from  cA M P production.
Supported by the N ational Science Council o f  Taiw an NSC86-2314-B 006- 
106

438.9
THE DISCRIMINATIVE-STIMULUS EFFECTS OF 
CLOMIPRAMINE / WAY 100635 IN PIGEONS.
R. Brandsgaard* and S. Rosenzweig-Lipson. Wyeth-Ayerst Research, CNS Disorders, 
Princeton, NJ 08543.

The discriminative-stimulus properties of serotonin reuptake inhibitors have 
been difficult to demonstrate. In the present study, the DS effects of the combination of 
a SSRI and a 5-HT1A antagonists were trained in pigeons. 5 pigeons were trained to 
discriminate the combination of clomipramine (1.7 or 3.0 mg/kg; 60 min pre) + WAY 
100635 (0.01 mg/kg; 30 min pre) from saline (60 min pre) + saline (30 min pre) using 
a two-key food reinforced drug discrimination procedure. When administered in 
combination with 0.01 mg/kg WAY 100635, clomipramine (0.1-5.6 mg/kg) engendered 
dose-dependent increases in the percentage of responses on the drug-associated key, with 
full substitution at the training dose combination. When administered in combination 
with saline, clomipramine (0.3-5.6 mg/kg) increased the percentage of responses on the 
drug-associated key, with full substitution occurring at 3.0 mg/kg. WAY 100635 
(0 .001-0.1 mg/kg) combined with saline did not substitute for the training dose 
combination. The 5-HT reuptake inhibitor, fluoxetine (0.3-5.6 mg/kg) combined with 
saline partially substituted for the training dose combination, with maximal substitution 
of 60 % at 5.6 mg/kg. Fluoxetine (0.1-5.6 mg/kg) combined with WAY 100635 (0.1 
mg/kg) dose dependently increased drug-appropriate key responding with full substitution 
at 5.6 mg/kg. The NE reuptake inhibitor, nisoxetine (0.03-5.6 mg/kg), combined with 
saline or WAY 100635 (0.01, 0.1 mg/kg) partially substituted with maximal 
substitution of 60 % at 0.3 mg/kg nisoxetine with 0.1 mg/kg WAY 100635. The DA 
reuptake inhibitor, GBR 12909 (10.0-30.0 mg/kg) combined with saline or WAY 
100635 (0.01 mg/kg) did not substitute for the training drug combination. The present 
results demonstrate that a combination of clomipramine with WAY 100635 can serve as 
a discriminative-stimulus in pigeons and suggest that the DS effects are mediated via 
enhanced synaptic levels of serotonin.

438.6
5-HT1a RECEPTOR AGONIST SIGNIFICANTLY REDUCE THE 
EPILEPTIFORM AND NEURONAL CELL DAMAGE IN THE 
HIPPOCAMPAL CA1 AREA OF THE KAINATE TREATED RAT.

K.T. Lu, F.S. Wu*. P.W. Gean. Department of Physiology* and 
Pharmacology , Medical College, National Cheng-Kung University, 
Tainan, Taiwan, R.O.C.

Kainic acid (KA) is an important tool for studying the functions 
related to excitatory amino acid transmission in invertebrates and 
mammalians. It was isolated from the sea weed Digenea simplex and 
was used as antiascaridiasts agent in Japan after the second world war. 
KA exhibits a potent convulsive action when applied systematically into 
the cerebrospinal fluid or locally into limbic brain areas (Nadler et al., 
1980).

In addition, KA treated rats become susceptible to spontaneous 
seizures occurried even months later (Cavalheiro et al., 1982). Recent 
studies had shown that 5-HT1A agonist can provide an antiepilepitc 
effect on kainate treated rat (Cariboldi 1996). Little is known about its 
effects on the kainate induce neural damage.

The present studies provide evidence that 5-HT1A receptor agonist 
may have protective effect in the kainate induce neural cell death in the 
rat hippocampal CA1 area. Animals were treated with KA (1 µg in 1 
µl saline, intraventricular) alone or KA plus 8-OH-DPAT (0.2 mg/kg 
per day for total of 6 day, intraperitoneal). We found that cotreatment 
with 5-HT1A agonist can significantly reduce the KA induced 
epileptiform and neuronal cell damage in the rat hippocampal CA1 
area.

438.8
AFFERENT REGULATION OF DORSAL RAPHE 5-HT NEURONES: 
POSSIBLE ROLE OF CORTICAL POSTSYNAPTIC 5-HT1A RECEPTORS.
M. Hajòs* and T. Sharp Oxford University Department of Clinical Pharmacology, 
Radcliffe Infirmary, Oxford, U.K.

The inhibitory effect of the selective 5-HT1a  receptor agonist 8-OH-DPAT was 
determined on the electrophysiological activity of dorsal raphe 5-HT neurones in 
anaesthetised rats following acute transection of the frontal cortex or ablation of the 
medial prefrontal cortex (mPFC).

Both lesions significantly attenuated the inhibition of 5-HT neurones induced by 
systemic (iv.) administration of 8-OH-DPAT: ED50 values were 0.92 ± 0.17 µg/kg 
in control (n=6), 3.38 ± 0.24 µg/kg in transected (n=4) and 6.25 ± 2.01 µg/kg in 
mPFC-ablated (n=4) rats. In contrast, the sensitivity of 5-HT neurones to 
iontophoretic application of 5-HT was not influenced by transection: currents to 
induce 50% inhibition of neuronal activity were 3.3 ± 0.9 and 3.7 ± 0.7 11A in 
control condition (n=12) and following transections (n=14), respectively. The 
8-OH-DPAT induced inhibition was readily reversed by the selective 5-HT i a  
receptor antagonist WAY 100635 (0.1 mg/kg, iv.). Furthermore, the inhibitory 
effect of the selective 5-HT re-uptake inhibitor paroxetine (0.1 to 0.8 mg/k, iv.) was 
not attenuated by the lesions, in line with previous results showing that these doses 
of paroxetine failed to influance 5-HT levels in the medial prefrontal cortex.

Bilateral microinjection of 8-OH-DPAT (2×lµg) into the mPFC induced a short- 
onset inhibition in most of the 5-HT neurones tested (n=6/7; inhibition: 83 ± 11%). 
The inhibition of 5-HT neurones was reversed with WAY 100635 (0.1 mg/kg, iv.).

Systemic (iv.) administration of 8-OH-DPAT evoked a biphasic dose-dependent 
response in neurones of the medial prefrontal cortex: excitation at low doses (0.5 to 
32 µg/kg, n=11) and inhibition at higher (32 to 512 µg/kg, n=7). Both the excitation 
and inhibition were reversed by WAY 100635 (0.1 mg/kg, iv.).

Our results suggest that, in addition to somatodendritic 5-HT1a  receptors, the 
cortical postsynaptic 5-HT1a  receptors are also involved in the 8-OH-DPAT- 
induced inhibition of 5-HT neurones. (Supported by the MRC, U.K.)

438.10
TH E 5-H T 1A R ECEPTO R A N TA G O N IS T  W A Y -100635 IND UCES A 
D O W N R EG U LA TIO N  O F 5 -H T IA  R E C EPTO R  SITES IN A HU M A N  
5-H T 1A CL O N A L CE LL LINE. D . Sm ith*, S.P. Naw oschik, J. D un lop  
and L.E. S ch ech te r, CNS D isorders, W yeth-A yerst Research, Princeton, 
NJ 08543.

This study exam ined the ability  o f  the selective 5 -H T 1A recep to r 
an tagonist W A Y -100635 to m odulate 5 -H T 1A receptor p h arm aco lo g y  
after pro longed  treatm ent in a stabily transfected  CHO cell line 
expressing  the hum an 5-H T 1A receptor. Initial studies exam in ing  
effects after 24, 48 or 72 hrs o f  W A Y -100635 (100 nM ) indicated that 
the 5-H T  1A receptor was dow nregulated  in a tim e-dependent fash ion . 
S aturation analyses using [3H ]8-O H -D PA T and [3H ]W A Y -100635 were 
perfo rm ed  after 72 hrs o f  treatm ent with W A Y -100635. The results 
dem onstrated  that the Bm ax was significantly  lower in the treated (T x) 
vs control (C) cells irrespective o f  the rad io ligand  ([3H ]8-O H -D PA T: C 
= 585 ± 79 fm ol/m g prot; Tx = 201 ± 2 1 fm ol/m g prot; [3H]W AY- 
100635: C = 1009 ± 50 fm ol/m g prot; Tx = 457 ± 158 fm ol/m g pro t). 
As a correla te  to the recep to r b inding  results, 5 -H T 1A recep to r 
functional activity was studied using  forskolin  stim ulated adeny ly l 
cyclase activity. In the cells treated with W A Y -100635, there was a 
rightw ard shift o f the concen tration -effec t curve for 8-O H -D PA T to 
inhibit cA M P accum ulation (EC 50 = Tx: 20.2 ± 1 .9  nM  vs C: 3.5 ± 1.3 
nM ). In addition, the m axim al response o f 8-O H -D PA T was reduced  
by 29% . S im ilar results were obtained for the ability o f  8-O H -D PA T to 
stim ulate Ca++ m obilization  after pro longed  treatm ent with WAY- 
100635. In com parison , pro longed treatm ent o f  the clonal cell line with 
100 nM  8-O H -D PA T for 72 hrs did not significantly  alter the b ind ing  
or functional profile o f  the 5 -H T 1A receptor. Taken together, this data 
suggests 5-H T  1A antagonists but not agonists can dow n-regulate  the 5- 
HT1A receptor in a clonal cell line. H ow ever, the validity o f  clonal cell 
lines as m odels for in vivo activity  need to be further investigated.

Society for Neuroscience, Volume 24,1998

438.5
EMD 95750: 5-HT REUPTAKE INHIBITING AND 5-HT1a 
ANTAGONISTIC PROPERTIES COMBINED IN A SINGLE NCE 
H. Böttcher*1, B. Andersson2 G.D. Bartoszyk1, R. Devant1, H E . 
Greiner1, L. Hansson2, C.A. Seyfried1, C. Sonesson2 and P. 
Sternlöf2, 1Merck KGaA, CNS-Research, 64271 Darmstadt, 
Germany; 2Göteborg University, Department of Medicinal 
Chemistry, 41390 Göteborg, Sweden.

Clinical studies gave evidence that for SSRIs the onset of 
antidepressant action may be accelerated by concomitant 
blockade of the 5-HT1a receptors. We discovered a series of 
pyrrolidines with 5-HT uptake inhibiting and 5-HT1a antagonistic 
properties with EMD 95750 and its enantiomers being selected

for further evaluation in vivo. Like the selective 5HT1a 
antagonist WAY 100635, both EMD 95750 and enantiomers (3 
mg/kg s.c.) in rats counteracted hypothermia and inhibition of 
ultrasonic vocalization induced by the 5-HT1a agonist 8-OH- 
DPAT. EMD 95750 may be suitable as a pharmacological tool 
to validate the hypothesized SSRI/5-HT1a antagonist concept.

IC5O TnMl 5-HT1a 5-HT-RUI
EMD 95750 3 20
S-(-)-EMD 10 2
R-(+)-EMD 4 40

(EM D 95750  M CU629)
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438.11

EFFECTS OF CHRONIC FLUOXETINE TREATMENT, IN THE 
PRESENCE AND ABSENCE OF 5-HT1A RECEPTOR BLOCKADE, 
ON EXTRACELLULAR 5-HT: A MICRODIALYSIS STUDY.
L.A. Dawson. H.O. Nguven, D.L. Smith and L.E. Schechter*
CNS Disorders, Wyeth Ayerst Research, Princeton, NJ08543 

Although, serotonin specific reuptake inhibitors (SSRI) are used 
effectively in the clinical treatment of depression, a period of chronic 
treatment is required before antidepressant (AD) activity can be 
observed. This delayed onset of therapeutic action maybe correlated 
with adaptive changes in serotonergic neurotransmission. Using the 
technique of in vivo microdialysis in the frontal cortex of freely moving 
rats, we have investigated the effects of chronic fluoxetine (10 mg/kg 
i.p, 14dy) treatment in the presence and absence of the selective 5-HTIA 
antagonist WAY100635 (1 mg/kg i.p., l4dy). Fluoxetine treated 
animals, when challenged with fluoxetine (10 mg/kg s.c.) on day 15, 
produced a significant (P < 0.05) increase in extracellular 
concentrations of 5-HT, reaching a maximum value of 191 ± 16% of 
preinjection levels. In contrast, animals treated chronically with 
WAY100635, WAY100635 + fluoxetine and vehicle produced no 
significant response to fluoxetine. However, both WAY100635 + 
fluoxetine and vehicle treated animals produced a significant (P < 0.05) 
dose related decrease in extracellular 5-HT in response to 8-OHDPAT 
(0.03 and 0.1 mg/kg). Conversely, animals treated chronically with 
fluoxetine produced no significant response to 8-OHDPAT. Taken 
together, these data suggest that fluoxetine, when administered 
chronically for 14 days, produces a desensitisation of the 
somatodendritic 5-HT1A receptor which can be prevented by chronic co
administration of WAY100635.

4 3 8 .1 3

IN  VIVO RAT BRAIN M IC R O D IA LY S IS  S TU D IE S  OF TH E  NOVEL, 
SELECTIVE 5 - H T 1B RECEPTO R A N T A G O N IS T N A S -1 8 1 .  S . H jorth* 
Dept. of Pharmacology, Göteborg Univ., S E -40 5  30  Göteborg, SWEDEN.

Research  on the functional s ignificance o f 5 -H T i b  receptors has for 
long been ham pered by a  lack of sufficiently selective  pharm acological 
too ls . N A S -181  (R (+ ) -2 - (3 -m o r p h o l in o m e t h y l-2 H - c h r o m e n θ -8 -y l ) -  
oxym ethylm orpholine  m e thanesu lfona te ) is a  novel, centrally  acting  
5 -H T-ib  receptor-selective antagonist. Th e  present study w as undertaken  
to assess the effect of this agent on 5 -H T  neuronal activity in the rat CNS  
in vivo. To this end, w e used microdialysis in anaesthetized  rats. Dialysis 
probes w ere  put in the ventral h ippocam pus and perfused with aC S F  
containing the 5 -H T  reuptake blocker citalopram  (1 µ M ), unless other
w ise stated. System ic N A S-181 (0 .3 -1 0  m g/kg, S C ) caused a clearcut, 
~5O%  increase in 5 -H T  in about 1 hour after adm inistration. This effect 
w as totally abolished by omitting C a 2 + or c italopram  from the perfusion 
fluid. How ever, using the normal a C S F  m edium , local reverse-dialysis of 
N A S -181 (1 0 µ M ) e levated  5 -H T  efflux by about 2 -fo ld . Further, the 
5 -H T  re le a se  suppression ( 3 0 - 3 5 %  b e lo w  b a se lin e ) by R U 2 4 96 9  
(0.1 µ M ; reverse-d ia lysed  v ia  the  probe to s tim ulate  5 -H T i b  au tore
ceptors in the ventral hippocam pus), w as  com plete ly  b locked by co
perfusing NAS-181 (1 0 µM ). Th e  da ta  indicate that N A S -181  enhances  
presynaptic output of 5 -H T  by acting as an antagonist at 5 -H T i b  recep
tors, presum ably autoreceptors  s ituated  on the  sero ton in erg ic nerve  
term inals. The  5 -H T -eleva ting  effect of N A S -181  w as  highly dependent 
on the actual extracellular level of the transm itter, and the 5 -H T  relea
se-promoting action of the com pound m ay thus be best seen under condi
tions w hen the normal 5 -H T  inactivation m echanism s are  restrained. 
Supported by the Sw. M R C , Astra ARCUS and EC Biotech/STINT.

4 3 8 .1 5

DIFFE R E N TIA L P O TEN TIA TIO N  O F THE E FFE C T OF FLUO X E TIN E  ON  
E XTR ACELLULA R 5 -H T  BY 5 -H T ia  A ND 5 -H T ib  AUTO R EC E P TO R  
AN TA G O N IS TS  IN FR O N TA L C O R TE X  AND DO R SA L H IPPO CAM PUS
I. Hervás* and F. Artiαas Dept, of Neurochemistry, IIBB-CSIC, 08034 
Barcelona, Spain.

5 -H T 1a autoreceptors offset the increment of extracellular 5-HT (5-HText)   
elicited by the administration of SSRIs. This negative feed-back is more 
marked in rat forebrain areas preferentially innervated by dorsal raphe 
fibers, such as dorsal striatum and frontal cortex (FC), compared to dorsal 
hippocapus (DHPC) innervated mainly by the median raphe nucleus. 
Selective 5 -H T1A agonists also reduce 5-H T release in FC more than in 
DHPC. In spite of this and of the greater density of 5-H T uptake sites in 
DHPC (compared to FC), SSRIs elevate 5-H Text to a similar extent in FC 
and DHPC. W e therefore examined whether a differential control of 5-HT  
release in FC and DHPC by terminal autoreceptors could be accountable.

Fluoxetine (FLX, 10 mg/kg i.p.) induced a steady increment of 
extracellular 5-HT (5-HText) to ca. 200 % of baseline in FC and DHPC. The 
administration of W A Y  100635 (0.3 mg/kg s.c., 3 h after FLX) potentiated 
the 5-HText increment in FC (to 500 % of baseline) but not in DHPC. The 
combined s.c. administration of W A Y 100635 (0.3 mg/kg) and methiothepin 
(10 mg/kg) 3 h after FLX elevated 5-HText 8-fold in FC and 4-fold in DHPC. 
The local application of 100 µM methiothepin (but not that of W A Y 100635) 
potentiated the fluoxetine-induced elevation of 5-HTe×t in FC (to 550 % of 
baseline) more than in DHPC (to 350 % of basel¡lne). It is concluded that 
antagonism of somatodendritic and/or terminal 5-HT autoreceptors 
potentiates the effects of FLX in rat brain. Yet the reasons for the 
preferential action in FC remain unexplained. Supported by grants from Lilly 
S.A. and FIS (98/697).

4 3 8 .1 2

THE ROLE OF 5-HT1A AND 5-HT 1B/ID RECEPTORS ON THE 
MODULATION OF ACUTE FLUOXETINE-INDUCED CHANGES IN 
5-HT: THE MECHANISM OF ACTION OF (±)PINDOLOL
H.O. Nguven and L.A. Dawson*
CNS Disorders, Wyeth Ayerst Research, Princeton, NJ08543 

(±) Pindolol has been shown to be effective in producing a shortened 
time to onset of clinical antidepressant activity when co-administered with 
a serotonin specific reuptake inhibitor (SSRI). This effect has been 
attributed to the antagonist effects of pindolol at the 5-HT1A receptor. In 
the present study, we compared the pharmacology of (±)pindolol, WAY- 
100635 (a silent 5-HT1A antagonist), GR127935 (a 5-HT1B/1D 
antagonist), and isamoltane (a 5-HT1B antagonist), when given acutely in 
combination with fluoxetine, using in vivo microdialysis in the frontal 
cortex of the rat. We have determined that the acute fluoxetine-induced 
increases in extracellular 5-HT can be potentiated by (±)pindolol, 
WAY100635, GR127935 and isamoltane with maximum increases of 
216 ± 32%, 235 ± 49%, 240 ± 18% and 171 ± 47% of basal, 
respectively. Combination of both 5-HT1A and 5-HT1B/1D autoreceptor 
antagonists with fluoxetine produced additive increases in extracellular 5- 
HT (i.e.WAY 100635/GR127935/fluoxetine and
WAYlOO635/isamoltane/fluoxetine produced a 3 and 4 fold potentiation, 
respectively) suggesting that this strategy may be useful in further 
augmenting an SSRI in the treatment of depression. In addition, by 
comparing the combined administration of (±)pindolol with both 
WAY100635 or the two 5-HT1B/D antagonists, we have determined that 
(±)pindolol produces much of its acute potentiation of fluoxetine-induced 
increases in extracellular 5-HT via its action at the 5-HT1B/D receptor and 
not the presynaptic 5-HT1A receptor.

4 3 8 .1 4

Synthesis and Pharmacological Properties of Several Related Analogues of 
5-HT-1B/1D Selective GR127935.
M.M.Mensonldes-Harsema,1 Y.Liao,1 D.Dijkstra,1*H.Böttcher,2 L.Matzen,2
H. E.Greiner,2 C.vanAmsterdan,2 J.Harting,2 C.A.Seyfried,2 H.V.Wikströn.1 
Department of Mad. Chemistry, University Centre for Pharmacy, A.Deuringln
1, 9713AV Groningen, The Netherlands (1); Preclinical Research, Merck 
KGaA, 64261 Darmstadt, Germany (2).

Reduced serotonin (5-HT) levels in the brain are associated with the 
pathcgenisis of depression. The release of 5-HT from pre-synaptic nerve 
terminals is under negative feedback control of 5-HT-1B (nerve terminals) 
and 5-HT-1A and 5HT-1D (cell body) autoreceptors. It has been postulated 
that 5-HT autoreceptor antagonists could act as antidepressants with a 
rapid onset of action. GR127935, has been reported to be a 5-HT-1B/1D 
selective partial agonist, while SB224289, in which the 2-methoxy-phenyl 
piperazine moiety has been replaced by a spirocyclic indoline moiety, has 
been reported to be a 5-HT-1B selective inverse agonist. We report the 
synthesis and in vitro properties of several related analogues of these 
two compounds.

4 3 8 .1 6

CP-291,952, A HIGH AFFINITY 5-HTID ANTAGONIST,
ENHANCES 5-HT NEUROTRANSMISSION IN GUINEA PIG 
BRAIN. F.D. Tinelev,* A.W, Schmidt. H. Rollema. T. Clarke. L.L. 
Lebel, J.S. Sprouse. H.R. Howard. K. Desai. and D.W. Schulz. Central 
Research Division, Pfizer Inc., Groton, CT. 06340.

5-HTid antagonists increase 5-HT release by directly blocking 
terminal 5-HT)D autoreceptors and may thus have antidepressant 
properties. The only 5-HT1D antagonist extensively profiled to date is 
GR127935; however, it has been shown to be a partial agonist at 5- 
HT1d receptors (Skingle et al.,Br.J.Pharmacol.110:9P, 1993; Tingley et 
al., Soc. Neurosci. Abstr., 1994). Here, we describe both the in vitro and 
in vivo profile of CP-291,952, a potent and full antagonist at 5-HT 1D 
sites.

In vitro studies reveal CP-291,952: 1) binds with high affinity to 5- 
HT id receptors (K¡= O.3nM, bovine caudate); 2) potently and fully 
reverses the 5-HT mediated inhibition of forskolin-stimulated adenylate 
cyclase activity in guinea pig substantia nigra (mean K¡ = 0.05 nM); and 
3) reverses the inhibition of [3H]-5-HT overflow evoked by the 5-HT]D 
agonist 5-CT in guinea pig cortical slices.

In vivo CP-291,952 produces significant increases in 5-HT turnover 
(ratio of 5-HIAA : 5-HT) in guinea pig cortex and other brain regions 
(ED50= 1 mg/kg) following oral administration. Similarly, in vivo 
microdialysis measurements in guinea pig hypothalamus show a 
prolonged increase in extracellular 5-HT following s.c. administration, 
with an ED50 of 0.04 mg/kg. When given with the 5-HT1D agonist CP- 
135,807 (Schmidt et al., Soc. Neurosci. Abstr., 1994), CP-291,952 
reversed the decrease in 5-HT turnover caused by the agonist in guinea 
pig cortex and other brain regions. Together, these data demonstrate that- 
CP-291,952 is a potent inhibitor of 5-HT1D terminal autoreceptors.
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439 .1

STRUCTURAL REQUIREMENTS FOR AMPHETAMINE DERIVATIVES WITH 
HIGH SELECTIVITY TO RELEASE SEROTONIN VERSUS OTHER 
NEUROTRANSMITTERS. D. Marona-Lewicka*. D.M. K,urrasch. S.P. Frescas. and
D.E. Nichols. Department of Medicinal Chemistry and Molecular Pharmacology, 
Purdue University, West Lafayette, IN 47907.

The drug discrimination paradigm is a specific and powerful tool for studying 
structure activity relationships of psychoactive compounds. We have examined a 
variety of phenethylamine derivatives as selective serotonin (5-HT) releasing agents, 
varying ring and side chain substitution. The effects of these structural modifications 
were initially characterized using a two-lever drug discrimination procedure in rats 
trained to discriminate saline from 5-methoxy-6-methyl-2-aminoindan (MMAI), the 
well characterized selective 5-HT releasing agent, or (+)-amphetamine. Inhibition of 
synaptosomal accumulation of [3H]monoamines was further used to characterize in 
vitro properties of compounds. Generally, aromatic 4- or 5-substituents attenuate 
amphetamine’s stimulant activity, but result in derivatives which mimic MMAI. 
Larger or branched groups located at the 4-position reduced or abolished MMAl-like 
effects. Substitution at both the 3- and 4-positions seems to be without additional 
effect, compared to a single 4-substituent. N-alkylation of MMAI slightly reduced 
the potency in comparison to the parent. α-ethyl derivatives had reduced MMAI-like 
properties. Incorporation of the side chain into a rigid 2-aminoindan (AI) structure 
had little effect on the in vivo stimulant properties, but attenuated the interaction of 
the molecule with catecholamine transporters; it weakened release and/or inhibition 
of dopamine and norepinephrine uptake. A single substitution at the 5-position of 
aminoindan, however, dramatically changed the biological activity of the molecule, 
providing selective serotonin releasing agents. These data suggest that the most 
important feature for serotonin releasing and/or uptake blocking activity is 
substitution at the 4-position of the aromatic ring.
These studies were supported by NIDA grant DA04758.

4 39 .3

DECREASE IN 5-HT SYNTHESIS FOLLOWING ACUTE AND 
CHRONIC ADMINISTRATIONS OF THE SELECTIVE 
SEROTONIN REUPTAKE INHIBITOR PAROXETINE IN RAT 
BRAINS. F. Yamane1, 2 and M .Diksic*1. 1Cone Laboratory for 
Neurosurgical Research, Montreal Neurological Institute, McGill 
University, Montreal, Quebec H3A2B4, Canada, 2 Department of 
Neurosurgery, Tokyo W omen’s Medical College, Tokyo 162, Japan 

We investigated effects of acute and chronic treatments with 
paroxetine on serotonin (5-HT) synthesis rates. 5-HT synthesis rates 
were measured using α-[14C]methyl-L-tryptophan autoradiographic 
methods. In the first series of experiments, an acute intraperitoneal 
injection ( 10mg/kg) produced a significant reduction in 5-HT synthesis 
in dorsal raphe, median raphe, CA3 and substantia nigra, however 
there were no significant changes in cerebral corteces. In the second 
series of experiments, rats were treated with paroxetine (10 mg/kg/d; 
s.c. delivered by osmotic minipumps) for 14 d; there was a remarkable 
decrease of 5-HT synthesis in every structure examined (given as a 
percentage of rates in control animals; 24-50%). Results suggest that 
an acute administration o f paroxetine decreases 5-HT synthesis, 
possibly through the 5-HT1A and 5-HT1B autoreceptor. In chronic 
experiments, because of a long term blockade o f 5-HT reuptake sites 
and subsequent increase in 5-HT in synaptic cleft, possibly 5-HT 
synthesis is reduced by an adaptive feedback mechanisms. Research 
was supported by grants from the MRC and NIH.

4 39 .5

EFF EC TS OF C H RO N IC PA R O X ETIN E TR EA TM EN T ON TH E 
C H A R A C T E R IS T IC S  OF SER O TO N IN  CL EA R A N C E IN RA T 
H IP P O C A M P U S . Saloua Benmansour and Alan Frazer*. Department of 
Pharmacology, University of Texas Health Science Center and South Texas 
Veterans Health Care System, San Antonio, TX 78284.

In vivo chronoamperometry was used to assess the effect of chronic treatment 
of rats with paroxetine ( 10mg/kg/day, s.c., by osmotic minipump for 21 days) on 
the modulation of serotonin clearance induced by the selective serotonin reuptake 
inhibitor fluvoxaminc in the CA3 region. The experiment was carried out 4 days 
after removal of the minipump as serum paroxetine concentrations were still 
appreciable (53±22ng/ml) 2 days afterwards. High speed (5 Hz) in vivo 
electrochemical recordings were made using Nafion-coated single carbon fiber 
electrodes. Serotonin (9 to 24 pmoles in 45 to 120nl) was locally applied via 
pressure ejection. Fluvoxamine was also locally administered 90 sec before the 
application of serotonin. In vehicle-treated rats, fluvoxamine increased the time 
course of the signal from 272±26 sec to 4O2±43 sec (p<0.001, paired t-test). By 
contrast, fluvoxamine had no significant effect on this parameter in paroxetine- 
treated rats (239±11 sec before and 25O±15 sec after fluvoxamine). Chronic 
treatment with paroxetine alone did not significantly alter the clearance of 5-HT. 
The same group of animals used for the electrochemical recordings were analyzed 
by quantitative autoradiography using [3H]-CN-IMI (InM ; 8x the KD) binding to 
label serotonin uptake sites. Chronic treatment with paroxetine caused a 76% 
decrease in [3H]-CN-IMI binding in the CA3 region when compared to that of the 
control group. The reduction in binding presumably reflects a decrease in density 
of the serotonin transporter (SERT). The decrease in SERT density caused by 
paroxetine treatment did not alter the clearance of exogenous 5-HT but did reduce 
the inhibitory effect of fluvoxamine on the rate of removal of 5-HT.
Supported in part by Research Funds from the VA and USPHS Grant MH29094.

4 39 .2

O VE R E X PR ES S IO N  O F A  FU N C TIO N A L SER O TO N IN  
TR A NSPO RTER IN R A T BRAIN USING  AN  HSV-1 AM PLICO N  
V E C T O R . Y .J .  Ni.*D. Goldman. B.J. Hoffman and P.J. Brooks. 
Laboratory of Neurogenetics, National Institute of Alcohol Abuse and 
Alcoholism, Laboratory of Cellular and Molecular Regulation, 
National Institute of Mental Health, Bethesda, Maryland.

The serotonin transporter (5-H TT) plays a centro l role in 
regulating serotonin neurotransmission and has been implicated in 
depression, anxiety and alcohol intake. To better understand the role 
of this important molecule in the brain, a 5 -H TT cDNA was cloned 
into a bicistronic expression H S V  amplicon vector pa22bgal"a",which 
contains the lacZ gene to identify the neurons infected by virus 
vector with X-gal staining. In the virus-infected Vero cells, 5 -H TT  was 
detected on the cell surface and 5 -H TT  was coexpressed with b- 
galactosidase as demonstrated by immunofluorescence staining. A 
high rate of specific 3 H -5H T uptake w as detected in the virus-infected 
cells indicating that the overexpressed 5H TT  is functional.

To clearly visualize functional 5 -H TT  synthsized from the viral 
vector, 2ul of the 5 H TTT  viral vector was injected into cerebellum, a 
region of low density of serotonergic terminal innervation. A dense 
focus of specific 1 25 l R T I-55  binding w as found surrounding the 
injection site by in vitro autoradiography. The focus of viral vector 
derived 1 2 5 l RTI-55  binding extended over approximately 700 um of 
brain tissue, suggesting that it should be possible to infect a majority 
of the 5H T neurons in the rat dorsal raphe nucleus using this 
procedure. Ongoing experiments are focusing on targeting the dorsal 
raphe nuclei, and measuring changes in the level of 5H T  and its 
metabolities . The goal is to explore the effects of manipulating 
levels of the 5H TT on behavior. Supported by D ICBR, NIAAA, NIH

4 3 9 .4

5-HT NEURONAL ACTIVATION DETECTED BY MICRODIALYSIS 
OR BY TISSUE 5-HTP LEVELS: COMPARISON OF SOUND STRESS 
(SS) WITH MORPHINE. M. C. Boadle-Biber*, K.C. Corley, W.P. 
Daugherty & T.H. Phan. VA Commonwith Univ., Richmond, VA 23298.

A functional distinction exists between median (MRN) and dorsal raphe 
nuclei (DRN) with the MRN responding to SS, as measured by 5-HTP 
accumulation (Dilts & Boadle-Biber, Neurosci. Lett., 199 (1995) 78-80) and 
the DRN responding to morphine, as measured by microdialysis, (Tao & 
Auerbach, Neurosci., 68 (1995) 553-561) or 5-HTP accumulation (Corley 
et al. 21 (1995) Soc. Neurosci. Abs. 860). These two measures of 5-HT 
activation in male Sprague-Dawley rats to SS (2.9 kHz; 100 ms; 110-125 
dB; VI 1' for 30') and to morphine ( 10mg/kg s.c.), were compared in 
midbrain raphe 5-HT projection areas: caudate (CA), nucleus accumbens 
(NAc) and hippocampus (H). In microdialysis studies, in awake, freely 
moving rats, a stereotaxically implanted probe (2 mm, concentric) was 
perfused for at least 10 h with artificial CSF (1 µl/min). Fluoxetine (10 µM) 
was added 3 h prior to sample collection during the rat’s awake phase. 
Dialysate 5-HT (basal levels ± SEM ranged from 34-35 ±  2 fmol/15 µl 
collection) doubled (P < 0.001) to SS in NAc (219 ± 16 %; n = 5) and H 
(228 ± 17 %; n = 5), but was unchanged in CA (n = 6). Dialysate 5-HT 
doubled with morphine in CA (210 ± 13 %; n = 6), but was unchanged in 
NAc and H. Tissue 5-HTP levels measured ex vivo 30 min after inhibition 
o f aromatic amino acid decarboxylase (100 mg/kg i.p. NSD-1015, m- 
hydroxybenzylhydrazine) showed the same regional 5-HT neuronal 
activation pattern, thus predicting the enhanced 5-HT neuronal release. 
Supported by NS 14090 & The Jeffress Memorial Trust to MCBB.

4 3 9 .6

REDUCTION OF PLATELET SEROTONIN CONTENT IN DEPRESSED 
PATIENTS TREATED WITH EITHER PAROXETINE OR DESIPRAMINE.
M.A. Javors*, T.P. Houston, and A. Frazer. Departments of Psychiatry and 
Pharmacology, The University of Texas HSC and South Texas Veterans 
Health Care System, San Antonio, TX 78284.

The importance of the specific norepinephrine (NE) and serotonin (5HT) 
uptake mechanisms in the mechanism of action of antidepressants is of 
current research interest due to the advent of selective serotonin reuptake 
inhibitors (SSRIs). Some research indicates that SSRIs and drugs that inhibit 
selectively the uptake of NE (SNRIs) produce their beneficial effects through 
separate mechanisms. On the other hand, there are data showing, for 
example, that SNRIs influence serotonin function in vivo. To explore this 
issue further, we carried out a study in which depressed patients were treated 
w ith either the SSRI paroxetine or the SNRI desipramine. Patients were 
treated w ith either drug for 6 weeks. Drug levels in  plasma and the content 
of 5-HT in  platelets was measured 12 times during the treatment period using 
HPLC procedures. Both treatments caused a significant reduction of platelet 
5-HT content. The mean ± SEM of maximal percent reduction of platelet 5- 
HT by paroxetine (98.4 ± 0.47%) was significantly greater (p < 0.02, Mann- 
Whitney U test) than that for desipramine (62.6 ± 5.7%). The extent of platelet 
5-HT depletion was a function of the plasma concentration of either drug. 
Consistent w ith their potency of inhibiting 5-HT reuptake in vitro, the means 
± SEM of the IC50 plasma concentration for reduction of 5-HT content were 
43.2 ± 9.8 n g /m l for paroxetine and 304 ± 111 n g /m l for desipramine. This 
study demonstrates that therapeutic concentrations of the SNRI desipramine 
as well as the SSRI paroxetine affected serotonin uptake in  platelets of 
depressed patients. (Supported by Research Funds from the VA).
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439.7
PLASMALEMMAL LOCALIZATION OF THE SEROTONIN 
TRANSPORTER IN SEROTONERGIC AXONS IN THE NUCLEUS 
ACCUMBENS. V .M , Pickel*, and J. Chan. D ept. of Neurology and 
Neuroscience, Cornell University Medical College, N ew  York, N .Y ., 10021.

Th e  nucleus accum bens (N Ac) is one of the limbic forebrain regions 
im plicated in the antidepressant effects of serotonin reuptake blockers 
selectively binding to the serotonin transporter (S E R T ). To determine the 
relevant functional sites, w e exam ined the electron microscopic immunogold 
localization of a sequence-specific antipeptide antiserum against S E R T  and 
immunoperoxidase labeling for 5-hydroxytryptamine (5 -H T ) in the NAc of rat 
brain. S ER T-im m unogold particles w ere  mainly seen along plasma  
m em branes of axons and axon term inals, alm ost all of which contained 
detectable 5 -H T  immunoreactivity. S E R T-labe led  axons w ere more 
prevalent and often contained higher densities of gold particles than seen in 
axon term inals. These axons contained few, if any vesicles. In contrast, 
S E R T - immunoreactive terminals usually contained a mixture of a few large 
dense core vesicles (D C V s) and m any small synaptic vesicles (SSVs). 
Term inals with more prevalent D C V s also appeared to have a greater 
density of plasm alem m al gold labeling for S E R T  and to more infrequently 
form recognizable synapses. Term inals containing mainly SSVs and forming 
asymmetric, excitatory-type synapses, showed sparse plasmalemmal SER T- 
labeling, which w as rarely located within presynaptic m embrane  
specializations. The results suggest that in the NAc, 5 -H T  reuptake and/or 
release occurs at a distance from the synapse, thus facilitating the activation 
of multiple targets. (Supported by grants M H 00078 ; M H 4 0 342).

439.9
Role of the serotonin transporter promoter polym orphism in anxiety  
related traits.
Chiara M . Mazzanti1 ,  Jaakko Lappalamen2, Jeffrey C. Long2 ,  Wayne Yonekawa*5 , 

Hannu Naukkariner4 ,  Monica Eggert4, Matti Virkkunei4 ,  Markku Linnoila and 

David Goldman1 1Laboratory of Neurogenetics, 2Section of Population Genetics and 

Linkage,3Laboratory of Clinical Studies, National Institute of Alcohol Abuse and 
Alcoholism, National Institutes of Health, Rockville, MD 20852,4University of 
Helsinki, Department of Psychiatry, Helsinki, Finland, Epilepsy Branch, National 
Institute of Neurological Disorders and Stroke, National Institutes of Health.
The heritability of interindividual variation in anxiety and other aspects of personality 
establishes that variants of genes influence these traits. A functionally significant 
polymorphism in the promoter of the human serotonin transporter (5-HTT) gene was 
identified and found to be linked to an anxiety-related personality trait, "neuroticism". 
The polymorphism (5-HTTLPR) is an insertion-deletion 44bp in length and affects 5- 
HTT transcription and, ultimately, 5-HTT function. In this study we have attempted to 
confirm the role of 5-HTTLPR in anxiety-related personality traits by sib-pair analysis 
and association studies. Sib-pair linkage analysis and association study was performed in 
655 Finns including 397 unrelated individuals and 366 sib-pairs in 86 families. Each 
individual was psychiatrically interviewed, blind-rated for DSMIIIR diagnoses, and 
assessed with the Tridimensional Personality Questionnaire (TPQ). The sib-pair analysis 
revealed a positive linkage between the 5-HTTLPR and the two anxiety related 
subdimensions of Harm Avoidance, HA1 (Anticipatory Worry) and HA2 (Fear of 
Uncertainty), (p=0.003). However there was no consistent association between 5- 
HTTLPR and any TPQ tra i t . In the present study we replicated the relationship of the 
5-HTTLPR to anxiety by sib-pair linkage analysis but found no evidence of significant 
association, raising the question of whether 5-HTTLPR is itself affecting anxiety or is 
linked to some other functional allele.

439.11

Regulation of the vesicular monoamine transporter by Gαo2 in 
the human neuroendocrine cell line BON. M. Hoeltie1, I. 
Haehnlein1, B. Nuernberg2, G. Ahnert-Hilger1* 1Insitut für 
Anatomie der Charité, Humboldt-Universität zu Berlin,
Philippstr. 12 D-10115 Berlin, 2lnstitut für Pharmakologie, Freie 
Universität zu Berlin, Thielallee 67-73, D-14115 Berlin.

Two transport activities are responsible for the uptake and 
concentration of monoamines into secretory vesicles. Whereas 
plasmamembrane-associated transporters terminate the action 
of neurotransmitters by reuptake, vesicular monoamine 
transporters (VMATs) mediate their packaging into secretory 
vesicles. Here we show that vesicle-associated heterotrimeric 
G-proteins regulate vesicular serotonin transport in the human 
neuroendocrine cell line BON. In streptolysin O-permeabilized 
cells either GTPγ γ γ γ γ γ γ γS or GMppNp inhibited serotonin uptake. This 
inhibition could be overcome by pretreating the cells with 
pertussis-toxin. Inhibition of uptake was mimicked by purified 
Gαo2. Down regulation of uptake remained unchanged when 
exocytosis was inhibited by the light chain of tetanus toxin. 
Biochemical and immunocytochemical analysis revealed that 
BON cells contain VMAT 2. Thus like VMAT1 (Ahnert-Hilger et 
al., EMBO J. 17, 406-413, 1998) VMÀT2 appears also to be 
modulated by heterotrimeric G-proteins.

439.8
SEROTONIN TRANSPORTER DENSITIES IN RATS GENETICALLY 
RESISTANT AND PRONE TO CONDITIONED TASTE AVERSION. R . L .  
Elkins1,3*, T.E. Orr3, P.A. Walters3, & J.R. Pauly2, ΎA Medical Center, Augusta, 
GA; 2Univ. of Kentucky; 3Med. Col. o f GA, Augusta, GA 30912.

Densities of serotonin (5-HT) transporters were compared in brain regions of 
selectively bred lines of taste aversion (TAP) and taste aversion resistant (TAR) rats. 
Strain selection methodology paired a saccharin flavored conditional stimulus (CS) 
with the aversive unconditional stimulus (US) consequences of a cyclophosphamide 
injection. The selectively bred line differences in taste aversion (TA) conditionability 
are maintained with other injected US conditioning agents including ethanol. A 
range o f ethanol doses produced dose dependent differences in TA acquisition in 
TAP rats without inducing TA in TAR rats (Elkins, et al., Alcohol Clin Exp Res, 16, 
928-934, 1992). In a related study of free-choice ethanol acceptance, TAR rats 
consumed significantly more ethanol in a free choice paradigm than TAP rats (Orr, 
et al., Alcohol Clin Exp Res. 21, 1491-1496, 1997). TAR rats have been found to 
have lower levels of whole brain 5-HT than TAP rats (Orr, et al., Physiol Beh. 53, 
495-500, 1992). Additionally, brain synaptosomal preparations from TAR rats had a 
higher Km for 5-HT uptake than those from TAP rats (Elkins, et al., Neuroscience 
Abstracts. 21, 866, 1995). In the present study, autoradiography was used to quantify 
the binding of [3H]-paroxetine to 5-HT transporters in TAP and TAR brains sections. 
The TAR rats had a greater density of 5-HT transporters in the hippocampus CA1 
region than the TAP rats. Mean values (± SE) for TAR and TAP rats were 5.82 ±
0.33 vs. 4.37 ± 0.30, respectively. These results are consistent with observations that 
relatively low 5-HT activity could constitute a vulnerability factor for alcohol 
drinking. They also point to the potential relevance o f a mediating serotonergic link 
between taste aversion conditionability and the propensity to drink alcohol.
Supported by VA Medical Research salary funding and the Med. Col. o f GA

439.10
ALTERATIONS IN NEONATAL BARREL CORTEX AND IN THE AGEING 
BRAIN OF SEROTONIN TRANSPORTER KNOCKOUT MICE A.M. Persico1* , A. 
Baldi1. E. Calia1,  Moessner2 , K.P. Lesch2. D.L. Murphy3, and F. Keller1: 1Lab. of 
Neuroscience, Dept, o f Physiology, Univ. “Campus Bio-Medico”, Rome, Italy; 2Dept. 
o f Psychiatry, Univ. o f Wuerzburg, Germany; 3Lab. o f Clinical Science, NIMH, 
Bethesda, MD.

Serotonin has been shown to play morphogenetic roles in neural development of 
invertebrates and, more recently, o f rodents. Human serotonin transporter (5HTT) 
gene promoter variants yielding 50% differences in rates o f synaptic 5-HT clearance, 
also spur interest in possible roles o f 5-HT in ageing processes. We have employed a 
5HTT knockout (ko) mouse model to assess 5-HT roles in the development o f the 
somatosensory (SI) cortex in neonatal mice and in the brain of aged mice.

No barrels are visible in the SI cortex of 5-HTT ko mice on postnatal day 7 (P7), 
except for PMBSF whisker barrels of reduced thickness (approximately 50 µm vs. 150 
µm in wild types and heterozygotes). Normal barrel patterns are reinstated by the 5- 
HT synthesis inhibitor PCPA (300 mg/kg s.c.), injected once daily on PO-P2. Aged 
mice (6-20 months) display: (1) Nissl-stained metachromatic deposits, particularly 
prominent in brainstem white matter areas (pyramidal and spinocerebellar tracts, 
trigeminal lemniscus, medial longitudinal fasciculus), similar to deposits typical of 
human metachromatic leukodystrophies; (2) substantial decreases and abnormal 
distribution o f acetylcholinesterase-containing fibers in the CA 1 hippocampal layer of 
aged ko mice; (3) significantly enhanced numbers of 5-HT immunostained-cells in the 
raphe and ventrolateral medullary nuclei of ko mice. The severity o f alterations (1) and 
(2) seems strongly dependent on a genotype-by-age interaction. The significance o f 
these alterations, together with potential derangements o f other brain regions such as 
the amygdala and the hypothalamus, are under further scrutiny. Supported by grant 
BMH4-CT96-0730 o f the European Community.

439.12
GENETIC EFFECTS ON SEROTONIN TRANSPORTER AVAILABILITY IN 
ALCOHOLISM. A. Heinz,1,2* D.W. Jones,2 C. Mazzanti,3 M B. Knable,2 J.G. 
Gorey,2 K.S. Lee,2 D. Goldman,3 D. Hommer,3 D.R. Weinberger,2 M. Linnoila3. 
1Dept, of Neurology, Ruhr-Universität Bochum, Germany; 2CBDB, NIMH 
Neuroscience Center; 3LCS, NIAAA; Bethesda, MD 20892.

Dysfunction of serotonergic transmission has been implicated in the 
pathogenesis of alcohol dependence. The allelic constitution of the promoter for 
the gene coding the serotonin transporter gene (5-HTT) has been associated with 
anxiety and depressed mood, which may increase the relapse risk among 
alcoholics. Mood ratings, genotyping of the 5-HTT promoter region, availability 
o f serotonin transporter protein measured with ß-CIT and SPECT in the raphe 
area, and the serotonin turnover rate (5-HIAA in CSF) were assessed in 33 
abstinent alcoholics and 20 age-matched healthy volunteers. A significant 
reduction (mean about 35%) in the availability o f brainstem serotonin transporters 
was found in male (n = 24) but not female alcoholics. In male patients, the 
serotonin turnover rate was inversely correlated with the availability of raphe 
serotonin transporters and positively with the severity of depression. Among all 
alcoholics, carriers of the short allele of the 5-HTT promoter displayed a 
significant reduction in the availability of raphe serotonin transporters compared 
to homozygote carriers of the long allele. Our findings indicate a gender-specific 
dysfunction of serotonergic transmission in male alcoholics, which was associated 
with the severity of clinical depression. Moreover, our observation of a significant 
association between the allelic constitution of the 5-HTT promoter and the in vivo 
availability of raphe serotonin transporters confirms previous in vitro findings and 
emphasizes the role of the 5-HTT promoter in the regulation of serotonin 
transporter availability.

Supported in part by the Deutsche Forschungsgemeinschaft (He 2597/1-1).
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439.13

EMD 86006: A SEROTONIN (5-HT) REUPTAKE INHIBITOR 
AND DOPAMINE DA-D2 ANTAGONIST G.D. Bartoszvk*1, 
J.J. Berthelon2, H. Böttcher1, H.E. Greiner1, C.A. Seyfried1 and 
J.J. Zeiller2, Merck KGaA, 1CNS-Research, 64271 Darmstadt, 
Germany; 2LIpha Centre Recherche, 69003 Lyon, France.

EMD 86006 inhibits 5-HT reuptake in vitro and in vivo (mice 
ID50 1.8 mg/kg sc and 2.4 mg/kg po) and counteracts p-chloro- 
amphetamine-induced depletion of hypothalamic 5-HT (rats ID50 
mg/kg: 0.4 sc and 3.5 po).
EMD 86006 binds to DA / " \ _ / ~ \  
receptors (ICso hD2 12 nM, V=/¯~  \ = \  / — \
hD3 3 nM, hD4 3 nM) and / /  d λ— \ J j F
stimulates accumulation of N x— / ~
DOPA in rat striatum (ED50
3 mg/kg po) but not in frontal cortex. Binding to other receptors 
(D1; 5-HT1, 5-HT2, 5-HT3; sigma, histamine, alpha-adrenergic, 
excitatory amino acids) is at least > 300 nM. Behaviorally, EMD 
86006 inhibits marble burying in mice (ED50 mg/kg: 1 sc and 4 
po) and apomorphine-induced behaviors (ED50 mg/kg: climbing 
mice 1 sc and 5.4 po; stereotyped behavior rats 2.3 sc and 7.4 
po); catalepsy occurs only at much higher doses (>30 sc and 
>100 po; mg/kg). The combination of the two mechanisms of 
action makes EMD 86006 a candidate for the treatment of 
obsessive-compulsive and spectrum disorders.

439.15
Relevance o f SSRI p lasm a concentrations in relation to  apparent 
serotonergic autoreceptor activation and chronic treatm ent regim ens. 
T.I.F .H . C rem ers, P de Boer. B.H.C. W esterink, H. W ikström *. Departm ent 
o f Med. Chem ., Univ. C enter fo r Pharm acy, A. Deusinglaan 1, NL-9713 AV, 
G roningen, The Netherlands.

Serotonergic autoreceptors are thought to desensitize upon chronic treatment with 
Selective Serotonin Re-uptake Inhibitors (SSRI’s). Although several authors found 
evidence supporting this hypothesis, others failed to observe this phenomenon.

As desensitization o f autoreceptors is thought to be due to prolonged elevatiog of 
extracellular 5-HT by SSRI’s, the present study investigated the level o f autoreceptor 
activation in relation to the plasma concentration of the SSRI citalopram. Serotonin 
was measured using in vivo microdialysis in rat ventral hippocampus. Plasma 
citalopram levels were determined using jugular vein cannulation followed by liquid- 
liquid extraction o f plasma.

Elimination of the SSRI citalopram after subcutaneous administration was very 
rapid. Subcutaneous administration o f 1 µmol/kg citalopram resulted in sub-clinical 
plasma levels whereas administration o f 10 µmol/kg induced plasma levels within the 
human therapeutic window for the remainder o f the experiment.

5-HT,g terminal autoreceptor activation in ventral hippocampus was found to be 
directly related to the SSRI induced increase in terminal 5-HT, as co-administration of 
the putative 5-HT1B/d antagonist GMC 2-29 (10 µmol/kg) with 1 as well as 10 µmol/kg 
citalopram induced augmented increases in extracellular 5-HT.

5-HT1a somatodendritic autoreceptor activation, however, was found to be related 
to clinical plasma levels o f citalopram. Co-administration o f 1 µmol/kg o f 5-HT1A 
antagonist WAY 100635 with 1 µmol/kg citalopram did not affect the increase o f 5- 
HT, whereas administration o f 10 µmol/kg citalopram with 1 µmol/kg WAY 100635 
induced an augmented increase in extracellular levels o f 5-HT.

The above observations might elucidate the discrepancies regarding observations of 
desensitization o f serotonergic autoreceptors upon chronic SSRI treatment of animals.

439.14
W ITHD RAW A L FROM  EARLY PO STNA TAL COCAINE EXPOSURE  
PRODUCES DOSE- AND TIM E-DEPENDENT LO NG LASTING  
SUPERSENSITIVITY IN THE FUNCTION OF PO STSY NAPTIC 5-HT1A 
RE CEPTO RS. N. Urav* and N.A. D annani. Depts. O f  Anatomy and 
Pharmacology, KCOM , Kirksville, M O 63501.

Behavioral and biochemical studies have shown that withdrawal from chronic 
cocaine exposure in adult rats causes deficits in presynaptic serotonin 
neurochemistry which then leads to supersensitivity in the function o f  postsynaptic 
serotonergic receptors. The present study investigated whether such cocaine 
exposure and withdrawal during early postnatal development can induce 
supersensitivity  in the ability o f  the 5-HT2a receptor agonist DOI to produce the 
head-twitch response (HTR) in mice pups. Thus, different groups o f  male pups 
were exposed to varying doses o f  cocaine (0 ,0 .5 ,1 ,5  and 10 m g/kg, i.p.; twice daily, 
n = 6-8 per group) on postnatal days (PD) 5-14. The HTR was determined in 
cocaine-exposed pups following withdrawal on PDs 15, 16, 18, 20, 35 and 45. 
Two-way ANOVA o f  HTR resulted in highly significant differences between doses 
and withdrawal periods (p<0.00001). One day cocaine abstinence (PD 15) caused 
no significant effect in the ability o f  DOI to induce HTR relative to age-matched 
vehicle-injected controls. Two days abstinence (PD 16) caused a significant increase 
(63%) in the 5 mg/kg cocaine group. Four days abstinence (PD 18) induced a 95% 
increase (p<0.05) in the 1 m g/kg group. Six days abstinence (PD 20) produced 95 
and 58%  increases (p<0.05) in the 1 and 5 m g/kg doses. Sixteen days withdrawal 
(PD 30) produced similar effects. After 31 days o f  abstinence, 0.5, 1 and 5 mg/kg 
doses produced 5 5 ,4 5  and 44%  (p<0.05) in the HTR frequency respectively. The 
data  suggest that adaptation mechanisms in mice pups differ jfrom the adult mice 
since in mature animals the supersensitivity effect following cocaine withdrawal can 
persist for less than one week. This study was supported by NIDA grant DA 07627.

439.16
H ISTA M IN E H I  RE C EPTO R -M ED IA T ED  IN H IB IT IO N  O F  K +-EVO KED 

R E LEA S E O F  5-HY DRO XY TRY PTAM INE FR O M  M IC E  BR AINS: A 

STUDY O F  H I  R E C E P T O R  K N O C K O U T M IC E . J. I. Mobarakeh. L. Z. Son.

E. Sakurai, T. Watanabe* and K. Yanai. Department o f Pharmacology I, Tohoku 

University School o f Medicine, Sendai 980-8575, Japan

A role for brain histamine has long been thought to exist in arousal, sleep-wake 

cycle, appetite control, seizure, learning and memory, aggressive behaviors, and 

emotion. We previously reported that the mutant mice lacking H I receptors showed 

distorted circadian rhythm in an accustomed environment and reduced 

aggressiveness. In accordance with these behavioral abnormalities, the turnover 

rate for 5-hydroxytryptamine (HIAA/5-HT) was significantly increased in the brain 

o f the H I receptor-null mice (Neuroscience in press 1998). Here we observed that 

30 mM K+-evoked 5-HT release from the forebrain slices was significantly 

decreased in the presence of 10-50 µ M histamine in the wild-type mice, while that 

was not inhibited by the treatment o f histamine in the mutant mice. Histamine H 1 

receptor-mediated inhibition of 5-HT release in the wild-type mice was observed 

even in the presence of 2 µ M thioperamide, H3 receptor antagonist. From these 

data, we postulated that endogenous histamine physiologically inhibits the release 

o f 5-HT through both mechanisms o f H 1 and H3 receptor activation.
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SPONTANEOUS BEHAVIOR DIFFERENCES AND ALTERED RESPONSES 
TO PSY CHOM OTOR STIMULANTS IN M IC E LACKING TH E SEROTONIN 
TRANSPORTER C .H . Wichems*. A.M . Andrews. A. Heils. O . Li. K-P. 
Lesch, D.L. M urphy, Lab o f Clinical Science Bldg 10/3D41, NIMH, Bethesda, MD 
20892-1264 and Dept, of Psychiatry, University of Würzburg, Würzburg, Germany.

The brain serotonin transporter (5-HTT) is a key regulator of serotonin 
neurotransmission and has been implicated in substance abuse. We have generated 
transgenic mice lacking the 5-HTT gene and evaluated these mice behaviorally for 
alterations in motor activity and responses to stimulant agents.

5-HTT -/- mice of both CD-I and C57B1/6 backgrounds displayed significantly 
lower levels of horizontal and vertical activity when compared to their 5-HTT + /  + 
and 5-HTT + /-  littermates for the first 60 minutes in the open-field. The 5-HTT -/- 
mice also performed poorly on the rotorod when compared to the + / +  littermates. 
These data suggest that a disruption of the 5-HTT produces an alteration in motor 
activity. After habituation to the test chamber, the locomotor enhancing effects of 
MDMA, cocaine and amphetamine were examined. The horizontal locomotor 
enhancing effects of (+)M D M A (5 mg/kg i.p.) were decreased by 50% in + /-  mice 
and completely absent in 5-HTT -/- mutants, suggesting that the 5-HTT is the 
molecular target for MDMA and that it mediates the behavioral effects of this drug. 
In contrast, (+)amphetamine (5 mg/kg i.p.) produced similar enhancements in 
horizontal activity in •5-HTT-/- mice when compared to littermate controls. A 
differential effect in the vertical activity response to this agent, however, was 
observed, whereby the normal increases in rearing behavior were completely absent 
in 5-HTT-/- mice. Following (-)cocaine (10 mg/kg i.p.), there was a delay in the 
onset of peak horizontal activity in 5-HTT -/- mice; however there was no alteration 
in overall activity when compared to littermate controls.'Together, these data indicate 
that the locomotor response to substances of abuse with stimulant properties is 
complex and may involve several neurotransmitter systems. (This work supported by 
the IRP of NIMH. CHW and AMA were supported by IRTA awards from NIMH)

A M ICRODIALYSIS STUDY OF THE EFFECTS O F H IG H  K + A N D  
PAROXETINE ON EXTRACELLULAR SEROTO NIN CO N C EN TR A TIO N S 
IN SEROTONIN TRANSPORTER KN OCK-OU T MICE. A. M. Andrews*. 
C. H. W ichem s. O. Li, H eils. A. K.-P. Lesch and D. L. M urphy . Lab. of 
C linical Science, N IM H , B ethesda, MD and Dept, of P sy c h ia try , 
U niversity  of W ürzburg , G erm any.

The h igh  affin ity , p resynap tic  serotonin (5-HT) transporte r is  
th ough t to be the p rim ary  m eans by w hich 5-HT is rem oved from th e  
synaptic  cleft follow ing stim ulation -induced  release. Mice lacking a 
functional 5-HT tran sp o rte r have recently  been produced and h ave  been 
show n to posses decreased 5-HT reu p tak e, brain  5-HT levels and locomotor 
responses to MDMA (Bengel, D., e t. al (1998) Mol. Pharmacol. 53, 649-655). 
As part of o ur continued efforts to ch arac te rize  the effects of d iffe ren tia l 5- 
HT reu p tak e  on the regulation  of the brain serotonin system , we h a v e  
in itia ted  m icrod iaìysis  experim ents to ev a lu a te  possib le changes in 
extracellu lar 5-HT concentrations in 5-HT tran sp o rte r knock-out mice.

In aw ake, freely-m oving mice an ~20 fold increase in b asa l 
ex tracellu la r 5-HT levels w ere m easured in s tr ia tu m  in 5-HT tran sp o rte r  
knock-out mice in comparison to lit te rm a te  controls by online HPLC-ECD 
(uncorrectcd for recovery). Local infusion of 120mM K + caused a 4-fold 
g rea te r stim ulation -induced  increase in ex tracellu lar 5-HT above baseline in 
5-HT transporte r knock-out mice com pared to controls. On the o ther h a n d , 
local infusion  of the serotonin reu p tak e  inhibitor, paroxetine (10µM), caused 
a 10-fold increase basal 5-HT in control mice, but had  no effect on 
ex tracellu la r serotonin levels in 5-HT tran sp o rte r knock-out mice. F u rth e r 
stud ies to d eterm ine absolu te ex tracellu la r 5-HT concentrations in s tr ia tu m , 
as well as h ippocam pus, a re  currently  being conducted. (A. M. A. and C. H . 
W. w ere su p p o rted  by NIM H Intram ural Research T raining A w ards.)
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SER O TO N IN  TR A N SPO R TER G E N E V A R IA T IO N  IS A SSO C IA TED  
W ITH CSF 5-H IA A  CO N C EN TR A TIO N S IN RH ESU S M O N K EY S. J.D. 
H ig ley ,1 A.J. B ennett,1 A. Heils,2,3 K.P. L esch ,3 S.E. S h o af,1 I.M . W hite,4*
S.J  S uom i,5 and M. L in n o ila 1. 1L aboratory  o f  C linical S tudies-Prim ate  
Unit, N ational Institute on A lcoholism  and A lcohol A buse, Poolesville, 
M D, USA 20837; 2Laboratory  o f C linical Science, N ational Institute o f  
M ental Health; 3D epartm ent o f  P sychiatry, U niversity  o f  W uerzburg; 
4System s N euroscience, N ational Institute o f  M ental H ealth; ’Laboratory  of 
C om parative E thology, N ational Institute on C hild Health  and H um an 
D evelopm ent.

R ecent studies in hum an populations have show n that a biallelic 
po lym orph ism  in the p rom oter reg ion  o f the sero tonin  transporter gene 
(5-H TTLPR ) is associated with w hole blood sero tonin  levels and 5-H T - 
m ediated behavior deficits. This study exam ined  the rela tionsh ip  betw een 
5-H TTL PR  genotype and CN S sero tonin  turnover, as m easured  by 
cerebrospinal fluid 5 -hyd ro x y in d o leace tic  acid (C SF 5-H IA A ) in rhesus 
m onkeys. S ix ty-three m onkeys from  a breed ing  colony derived from  
C hinese and Indian p rogenitors were g eno typed  for the 5-H TTL PR . CSF 
was obtained from  the m o n k ey s’ c istem a m agna and was assayed for 5 - 
HIA A  content. Parentally  deprived, peer-reared  m onkeys exhib ited  lower 
CSF 5-H IA A  than their m other-reared  coun terparts . A fter statistically 
con tro lling  for strain d ifferences and rearing  h istory, m onkeys 
he terozygous with the short allele had low er CSF 5 -H IA A  co ncen trations 
than m onkeys hom ozygous for the long allele o f  the 5-H TTL PR  gene. 
This study provides the first ev idence o f an association  betw een the short 
allele o f the sero tonin  transporte r gene and low C SF 5-H IA A  
concen trations in rhesus m onkeys. The research  was supported  by the 
N ational Institutes o f  Health.

4 4 0 .5

F U N C T IO N A L  A D A P T A T IO N  O F 5 -H T 1A R E C E P T O R S  IN  M IC E 
L A C K IN G  T H E  5-H T  T R A N S P O R T E R . C. M an n o u rv  L a C o u r1. E. 
P a la z z o 1. K.P. L esch2. M. H am o n 1 and L. L an fu m ev 1* 1INSER M  U 288, 
CH U  Pitié S alpêtrière, 91 Bd de l'H ôpital, 75634 P aris C edex  13, France, 
and D pt o f  Psychiatry , U niversity  o f  W ürzburg, G erm any.

The sero tonin  tran sp o rte r (5 -H T T ) p lays a key ro le  in the  regulation  
o f  central sero toninerg ic neurotransm ission , and has been im plicated  in the 
etio logy o f  neuropsychiatric  d iseases such as depression  o r drug  abuse. To 
further study the function  o f  this transporte r, k n ock-ou t m ice lacking  the 
5 -H T T  (5 -H T T -/-) have been gen era ted  by hom o lo g o u s reco m b in a tio n  
(B engel et a l, 1998). W e describe here the phenotypical charac te ristics of 
these m utants w ith special regard to  5 -H T 1A receptors that previous studies 
in o u r lab o ra to ry  d e m o n s tra te d  th e  c ri t ic a l  ro le  in c e n tra l 5 -H T  
n e u ro tran sm iss io n  (Le Poul et a l ,  1995). In v itro  e lec tro p h y s io lo g ica l 
approaches w ere used to  assess the fu nctional sta tus o f  5 -H T IA rec e p to rs  
in both the dorsal raphe nucleus (D R N ) and the h ippocam pus (C A 1) of 
hom ozygote and heterozygote  m utants versus w ild -type m ice. The 5 -H T 1A 
agonist ipsapirone w as m arkedly  less po ten t to  inhib it the  D R N  c e ll firing 
in m utants since its E C 50  w as ~  500 and ~ 4 0 fold h ig h er in 5-H T T -/- 
(2 µ M ) an d  5 -H T T + /- (300  nM ) th an  in w ild -ty p e  m ice  (40  nM ), 
re sp e c tiv e ly . In c o n tra s t, h y p e rp o la riz a tio n  in re sp o n se  to  5 -H T 1A 
receptor stim ulation on CA1 neurons w as not sign ifican tly  d iffe ren t in the 
th re e  g ro u p s o f  m ice. T hese  da ta  d e m o n s tra te d  th a t m ajo r ad ap tiv e  
m ech an ism s o ccu rred  at the  level o f  so m a to d e n d ritic  5 -H T 1A a u to
recep to rs  but not p o stsy n ap tic  5 -H T 1A recep to rs (a t least in the  h ip p o 
cam pus) to com pensate  for the lack o f  5-H T  reuptake in 5-H T T -/- m ice. 
B engel et al., (1998) Mol. Pharm acol. 53: 649-655 ; Le Poul et al., 
(1995 ) Naunyn-Schmied. Arch. Pharmacol. 352: 141-148.
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CLONING, CHARACTERIZATION AND DISTRIBUTION OF 
BOVINE SEROTONIN TRANSPORTER
O.V.Mortensen and O.Wiborg*, Lab of Molecular Neurobiology, 
Psychiatric University Hospital, Aarhus, Denmark.

Serotonin is found both within CNS, where it functions as a neuro
transmitter, and in peripheral tissue where it has other functions as well. 
Serotonin is removed by the serotonin transporter and this proces is 
well characterized in various bovine tissues. The placenta has also been 
shown to contain significant amount of the serotonin transporter. We 
have cloned a fluoxetine sensitive serotonin transporter from bovine 
placenta. Using oligonucleotides identical to highly conserved 
sequences it was possible to isolate, by the use of RT-PCR, the coding 
sequence of the bovine serotonin transporter and 670 bases of the 3’ 
UTR.

The 630 amino acid sequence is 93% identical to the cloned human 
sequence and 98% identical to the ovine sequence which is its closest 
relative. When expressed transiently in COS-1 cells the bovine 
serotonin transporter showed a high 5HT affinity uptake, which could 
be inhibited by Selective Serotonin Reuptake Inhibitors (SSRIs). The 
uptake was sodium dependent and the transfected cells showed almost 
no uptake of dopamine and norepinephrine.

RT-PCR revealed localization of the serotonin transporter in various 
tissue with the highest expression levels in the placenta and the brain 
stem. This underlines the various physiological roles serotonin plays. 
(Supported by the Lundbeck Foundation)

4 40 .4

A D A P T IV E  C H A N G E S  IN  C E N T R A L  5 -H T  R E C E P T O R S  IN  K N O C K  
O U T  M IC E  L A C K IN G  T H E  5 -H T  T R A N S P O R T E R . V Fabre1  A. Rioux1
L. Lanfumev1. K.P. Lesch2, M. Ham on1 and M.P. Martres 1 * 1INSERM U288, 
CHU Pitié-Salpêtrière, 75634 Paris cedex 13 Paris, FRANCE, and 2dept of 
Psychiatry, University of Würzburg, Germany.

By reuptaking serotonin (5-HT) released in the synaptic cleft, the 5-HT  
transporter regulates central 5-HT transmission. After extensive studies on the 
effects of chronic blockade of 5-HT reuptake by the new generation of 
antidepressants, knock out mice that do not express the 5 -H T transporter 
(5-HTT -/-, Bengel et al., Mol. Pharmacol. (1998) 53: 649) offer the opportunity 
to further investigate possible adaptive changes in central 5 -H T receptors in 
response to tonic increase in extracellular 5-HT levels. Specific labeling of 
5 -H T i a  receptor sites by a selective antagonist, [3H]W AY 100635, or by 
specific antibodies showed a 40%  decrease in the dorsal raphe nucleus (DRN) 
of brain sections of 5-HTT -/- mice versus wild-type (2-month old). In contrast, 
no difference was found at post-synaptic level, i.e. in the hippocampus and the 
cortex. The specific labeling of 5 -H T 1B receptors by [125I]GTI and of 5-HT2a 
receptors by [3H]MDL 100907 also showed significant decreases (-30-40% ) in 
the substantia nigra and cerebral cortex, respectively, of 5-HTT-/- versus wild- 
type mice. Quantitative immunoautoradiographic labeling of brain sections with 
specific anti-5HT•iB receptor antibodies confirmed the data obtained. Finally, 
the functional state of these receptors was measured by the efficiency of 
5 -H T 1A or 5-HT-ib agonists to stimulate [35S]γGTP binding in brain sections. In 
the substantia nigra, [35S]γG TP binding stimulated by the 5 -H T 1B agonist 
CP-93129 was decreased by 50%  in 5-HTT -/- mice. Experiments are under 
investigation concerning the 5 -H T1A receptor.
These data indicate that marked adaptive changes in central 5-H T neuro
transmission occur in response to the lack of 5-HT reuptake in 5-H TT -/- mice. 
The unexpected decrease in 5 -H T1A receptor labeling in the DRN but not in he 
limbic areas further confirms that somatodendritic 5 -H T 1A autoreceptors and 
postsynaptic 5-HT-1A receptors are differentially regulated in brain.

4 4 0 .6

EX PLO RATIO N  OF TH E M URINE SE RO T O N IN  G EN E 
PRO M O TER AS A TO O L IN V IRAL-M ED IA TED  G EN E 
TR A N SFE R  ST RA T EG IE S TO SE R O T O N E R G IC  R A PH E 
NEURONS A . Heils, C. Wichems. D. Bengel. R. Moessner,  D.L. 
Murphy *. and Klaus-Peter Lesch Laboratory of Clinical Science, 
NIMH, NIH, Bethesda, MD 20892-1264, USA. Department of 
Psychiatry, University of Würzburg, 97080 Würzburg, Germany.

We have isolated and characterized the 5'-flanking regulatory region of 
the murine 5-HT transporter (5-HTT) gene. A TATA-like motif and 
several potential binding sites for transcription factors are present in the 
5'-flanking region. A ~2.2 kb fragment, which had been fused to the 
lueiferase reporter gene, displayed both constitutive and inducible 
promoter activity in serotonergic raphe neurons derived from embryonic 
rat brainstem. Functional promoter mapping revealed two clusters of 
activating elements from bp -82 to -527 and bp -1001 to -1937. 
Cell/neuron-selective silencer element(s) are contained between bp -294 
and -527. Our findings suggest that ( 1) the murine 5-HTT gene promoter 
is active in serotonergic raphe neurons, but significantly repressed in 
neuronal cells from frontal cortex which do not express 5-HTT, (2) the 
information contained within ~O.5 kb of the 5'-flanking sequence is 
sufficient to confer its cell-selective expression, (3) the promoter 
responds to cAMP and PKC-dependent induction, and (4) the expression 
of the 5-HTT is regulated by a combination of positive and negative c i s - 
acting elements operating through a basal promoter unit defined by a 
TATA-like motif. Fusion of the 5-HTT gene promoter unit to a gene of 
choice may aid its cell-selective expression in transgenic strategies.

4 4 0 .8

IN HIBITOR REGULATION O F SEROTONIN UPTAKE IN hSERT-
EXPRESSING NEURO2A CULTURE
Lian Zhang*, Huailing Zhong, K arley Y. Little
D epartm ent of Psychiatry, U niversity of M ichigan, and Ann A rbor
VAMC

Previous experim ents have found that chronic treatm ent with the inhibitor 
cocaine increases DAT binding and uptake in both hum an stiratum  and 
hD A T-expressing neuro2A cells. How ever, m idbrain sam ples from the 
sam e hum an subjects displayed decreased SERT binding. In the present 
experim ents, hSER T was expressed in neuro2A  neurons, and then treated 
with chronic cocaine, as w ell as other high affinity  inhibitors. It was 
hypothesized that cocaine tream ent w ould decrease serotonin uptake, in 
d istinction to its effects on the DA T in the sam e cell system .

W ild type hSER T cD N A  (inserted in the pcDNA3 vector) was expressed 
in a m ouse neuroblastom a neuronal cu lture(neuro2 A), as previously 
described for the DA T (Soc. N eurosci. Abs. 23:690, 1997). [3H ]5-H T 
uptake was characterized and found to have a Km o f  132±43 nM , with 
inhibition by other SERT inhibitors o f  expected potencey and rank order. 
hSER T-expressing cultures were then treated w ith 4 doses o f  cocaine, from 
10-5 to 10-8 M, which was follow ed by extensive w ashing before further 
assay. S im ilar cultures were treated with 10-6 M concentrations o f  cocaine 
for 1, 6 , 24, and 48 hours. Doses o f  cocaine from 10-6 to  10-8 M m ildly 
inhibited 5-H T uptake. The effects w ere sim ilar at each tim e point. These 
results contrast to the results found with hD A T in the sam e cell system , 
w hich robustly  displays a 30-40%  increase in uptake after 24 hours.
Serveral other high affinity  inhibitors, used as the an tidepressants fluoxetine 
and im ipram ine w ere also m ildy inhibiting. (NIDA 09491)
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440.9
ANTIDEPRESSANTS (ADs) DIFFERENTIALLY MODIFY DIALYSATE 
SEROTONIN (5-HT), DOPAMINE (DA) AND NORADRENALINE (NAD) 
LEVELS IN RATS. J.-M. Rivet. A. Gobert, L. Cistarelli. C. Melon and M.J. Millan*. 
I.d.R. Servier, 125 Chemin de Ronde, 78290 Croissy, Paris,.France.

The relative influence of ADs upon 5-HT, DA and NAD levels in vivo is poorly- 
characterized, a question addressed herein. ADs were given 60 min and 
parachloroamphetamine (PCA) (20.0 mg/kg) 30 min, prior to determination o f 5-HT 
levels by HPLC/coulometric detection1. As previously , dialysate levels of 5-HT, DA 
and NAD were measured by HPLC/coulometric detection in freely-moving rats for 
3 h following AD administration. AD actions was expressed as a % of basal levels 
(= 0 %). ADs were administered at a dose o f 10.0 mg/kg base, s.c..

Drug Class % PCA inhibition % T Dialysis (FCX)
HIP (5-HT) FCX (5-HT) 5-HT DA NAD

Fluoxetine SSRI 94 100 + 110* + 85* + 55*
Duloxetine SNRI 100 100 + 150* + 350* + 120*
DMI NRI 30 20 ` + 10 + 290* + 200*
GBR 12935 DRI 3 3 + 10 + 150* + 60*
Mirtazapine SNANT 0 44 + 30 + 300* + 150*
DMI = desipramine; SSRI = 5-HT reuptake inhibitor; SNRI = 5-HT/NAD reuptake 
inhibitor; NRI = NAD reuptake inhibitor; DRI = DA reuptake inhibitor; SNANT = 
5-HT2/α 2 antagonist; FCX = frontal cortex and HIP = hippocampus. *P < 0.05.
Only fluoxetine and duloxetine inhibited PCA and increased extracellular levels of 
5-HT. However, all ADs elevated dialysis levels of DA and NAD in the FCX. A 
facilitation of frontocortical dopaminergic and adrenergic, but not serotoninergic, 
transmission may, thus, be a common property of several classes of AD agent.
1Gobert, A. et al., Neuroscience, 84; 413-429,1998 
This work was supported by Servier Pharmaceuticals.

440.11
A MODEL FOR Na AND 5HT INTERACTION WITH THE DROSOPHILA 
SEROTONIN TRANSPORTER. C. I. Petersen* and L. J. DeFelice. Dept. of 
Pharmacology, Center for Molecular Neuroscience, Vanderbilt University, 
Nashville, TN 37232.

The Drosophila Serotonin Transporter (dSERT) is a member o f the Na/Cl 
dependent neurotransmitter transporter gene family. Currents associated with 
dSERT led to the proposal of an ion channel mode which may include the 
permeation o f 5HT itself. We have studied these currents in dSERT injected 
Xenopus oocytes under two-electrode voltage clamp. In Li solutions, there is 
little 5HT uptake in dSERT; however, there is substantial current through the 
transporter that is partially blocked by both Na and 5HT. We use Li as a tool to 
dissect Na and 5HT interactions with dSERT. In Li, at a constant voltage, 5HT 
inhibition o f the current displays an apparent saturation at 100 uM 5HT. In Na, 
at a constant voltage, current also shows an apparent saturation at 1 100uM 5HT 
with a similar EC50 value to that in Li. However, in Na, 5HT activates a current. 
Interestingly, at 5HT concentrations higher than 100 uM, current is inhibited in 
both Na and Li. The inhibitory effect o f Na or 5HT on the current in Li is 
relieved if the other molecule is present. In fact, larger currents are seen with 
Na/Li/5HT than with Na and 5HT alone. This increase in current may not 
represent a bona fide increase in single transporter current, but rather an increase 
in the number of transporters in the Li conducting state. These results have led 
us to develop a model for dSERT function. This model predicts that Na and 
5HT are necessary to gate a conformational change which leads to a state more 
permeant to 5HT and associated ions. Li is unable to gate this conformational 
change, however, it is permeant through the ungated transporter. 5HT alone and 
Na alone are unable to gate, but still have access to the Li permeation pathway 
and can decrease Li permeability. Supported by NIH-NS 34075 & NARSAD.

440.13
TRANSIENT EXPRESSION OF A FU N CTIO N A L SEROTO NIN 
TRANSPORTER IN  MERKEL CELLS DU RING LATE GESTATION A N D  
EARLY POSTNATAL DEVELOPM ENT. S.R. Hansson*1.2 an d  B.J. H offm anl . 
1Lab. of C ellu lar an d  M olecular R egulation, N ationa l In stitu te  of M ental 
H ealth , N IH , Bethesda, M D 20892 an d  2 D ivision of M olecular 
N eurobiology, W allenberg N euroscience C enter, U niversity  of Lund, Lund, 
Sw eden s 223 62.

W e (H ansson et al. (1998) N euroscience 83: 1185; H ansson  e t al. (1998) 
N euroscience (in press)) an d  o thers (Lebrand et al. (1996) N eu ro n  17: 823) 
h av e  p rev io u s ly  id en tified  se ro to n in  tra n sp o rte r  m R N A  th ro u g h o u t the  
trig em in a l system  in the w h isk er reg ion , trig em in a l g ang lion , trigem inal 
nuc leus an d  thalam ic relay stations. In o rd er to fu rth e r im plicate  a role for 
the sero ton in  tran sp o rte r  in  this sensory  system , w e h ave  no w  characterized  
sero ton in  tran sp o rte r gene expression  an d  function  in  p rim ary  cu ltu res from  
th e  ra t  sn o u t a t sev era l s tag es  of g e sta tio n . In  th is  s tu d y , w e h av e  
d e m o n s tra te d  a tra n s ie n t e x p ress io n  of s e ro to n in  tra n sp o rte r  m R N A  in 
qu inacrine-positive  M erkel cells be tw een  em bryonic  day s  16 an d  po stn a ta l 
day  5. Peak levels of m RN A  occurred  a t em bryonic d ay  2Ó an d  p ostna ta l day 
1. M erke l cells in  c u ltu re  ex h ib ited  a tran s ien t, a n tid e p re ssa n t-sen s itiv e  
3H -sero tonin  u p tak e  w hich  w as m axim al at a tim e in cu ltu re  co rrespond ing  
to em b ry o n ic  d ay  22 (d ay  o f b irth ). This t ra n s ie n t u p tak e  of se ro to n in  
su g g ests  a ro le  for th is  m o n o am in e  d u r in g  a critical tim e  p e rio d  of the 
d eve lop ing  trigem inal sensory  system . R egulation  of ex tracellu lar sero tonin  
levels by  tra n sp o rte r  ac tiv ity  m ay  reflect the  specific  fo rm a tio n  of the  
M erkel cell-sensory n eu ro n  com plex  in  an  analogous m echan ism  by  w hich  
sero tonin  m odu lates synaptogenesis in  the central n ervous system .
(S upported  by the In tram u ra l Research P rogram , N IM H , N IH )

440.10
DISCRIMINATIVE STIMULUS (DS) PROPERTIES OF CITALOPRAM, A 
SELECTIVE SEROTONIN (5-HT) REUPTAKE INHIBITOR (SSRI), IN RATS. A

Ronde, 78290 Croissy, Paris, France.
The DS properties of SSRIs have, as yet, to be described. Herein, employing a two- 

lever, food-rewarded, Fixed Ratio 10 drug discrimination procedure, rats were trained 
with citalopram (2.5 mg/kg, i.p.) or vehicle. After 42 ± 6 sessions, reliable recognition 
was achieved and citalopram dose-dependently generalized to itself. Paroxetine, 
sertraline, venlafaxine and duloxetine all dose-dependently and fully (> 80 %) 
generalized. In contrast, clozapine and diazepam, did not generalize.______________
Drug Class ED50 (95 % CL) % MOG (dose)
Citalopram SSRI 0.1 (0 .0 2 - 0.12) 100 (2.5)
Sertraline SSRI 0.04 (0.02 - 0.08) 83 (0.16)
Paroxetine SSRI 0.04 (0.02 - 0.07) 100 (0.16)
Duloxetine SNRI 0.2 (0.1 - 0.8) 80 (0.63)
Venlafaxine SNRI 3.0 (2 .0 -4 .6 ) 83 (5.0)
Clozapine « Atypical » antipsychotic >2.5 20 (2.5)
Diazepam Anxiolytic >0.63 17(0.63)
Doses (given 15 min pre-testing) are in mg/kg base, s.c.. ED50 = Effective Dose5ü; 95 
% CL = 95 % Confidence Limits; % MOG = % Maximal Observed Generalization 
and SNRI = 5-HT/noradrenaline reuptake inhibitor.
In freely-moving rats, citalopram (2.5 mg/kg, i.p.) increased dialysate levels of 5-HT 
in the frontal cortex (+ 170 % vs vehicle = 0 %) without affecting those of dopamine 
(+ 20 %) and noradrenaline (+ 20 %). 5-HT levels were also increased in the striatum 
(+ 180 %) and accumbens (+ 145 %). In conclusion, at a dose selectively increasing 
extracellular levels of 5-HT, citalopram elicits a specific DS in rats. This model 
provides a novel tool for evaluation of the mechanism of action of SSRIs.
This work was supported by Servier Pharmaceuticals.

440.12
SER O TO N IN  TR A N SPO R TER; A C O O PERA TIV E M U LT ISU B U N IT ION 
C H A N N EL ? I. S. R am sey1, and L. J. D eF elice1,2*. D ept. o f  P harm acology1 
and C enter for M olecular N euroscience2, V anderbilt University  M edical 
Center, N ashville, TN, 37232-6600.

D espite abundant pharm acological evidence that the plasm alem m al N a+ 
and C l--dependent serotonin transporter (SERT) is a c linically  relevant target 
o f  neurotoxins, an tidepressants, and drugs with abuse potential, relatively 
little is known about the three dim ensional structure o f  this integral 
m em brane protein. In addition to its transport function, SERT m ediates an 
ion channel activ ity  (Lin, et al. Biophys. J. 71:3126, 1996). A variety  o f  
techniques indicate that SERT and m em bers o f  its gene fam ily ex ist as 
oligom eric  proteins, and the structural precedent set by other ligand- and 
voltage-gated  channels for a selective ion pore form ed by m ultiple 
cooperative subunits is well established. W e therefore hypothesize that SERT 
channel activ ity  requires a cooperative oligom eric structure. To test this 
hypothesis, we are utilizing  rat SER T m utants that exhib it either a loss- (e.g. 
D98G inactivates 5-H T transport; E.L. Barker and R.D. Blakely, personal 
com m unication) or gain-of-function (e.g. S545A , w hich enables transport in 
the  absence o f  N a+ ; Sur, et al. Proc. Natl. Acad. Sci. USA 94:7639, 1997) and 
b iophysical techniques to record ion channel activity  o f  recom binant wt and 
m utant rSERTs expressed alone or together in m am m alian cells and Xenopus 
laevis oocytes. This approach allow s us to directly  test w hether inter-subunit 
co o p era tivity  affects SER T ion channel function in native m em branes by 
assaying  for dom inant-negative or -positive effects on channel activity . 
Support: N IH -N S 34075 and N A RSA D.

440.14
INACTIVATION AND RECOVERY OF THE SEROTONIN 
TRANSPORTER THROUGH DIFFERENT CYSTEINE RESIDUES, Jie- 
Guang Chen* and Gary Rudnick, Dept. of Pharmacology, Yale Univ. Sch. 
of Med., New haven, CT 06510

We have compared the proper ues of cysteine replacement mutants at three 
sites in the serotonin transporter; 1172 and 1179 in TM3, which is part of the 
substrate binding region, and L564, a residue in EL6. MTSET inactivated 
the transport activity of L564C. This inactivation was almost completely 
restored by incubation with 12 mM free cysteine for 10 min before 
measuring uptake. This suggests that this residue is freely accessible to the 
external reagents. In contrast, only 40% of the transport activity was 
recovered from MTSET-inactivated I179C after the same cysteine 
treatment. Interestingly this recovery, as well as the inactivation by MTSET, 
was increased in the presence of Na+. This suggested that Na+ may induce a 
conformational change at this site. For I172C, where the cysteine 
replacement is within the binding site, neither cysteine nor DTT had any 
effect on MTSET-inactivated transport when applied extracellularly onto 
intact cells. However in membrane preparations, where MTSET completely 
inactivated ligand binding by I172C, treatment of inactivated I172C 
membranes with DTT partially restored ligand-binding activity. We also 
observed spontaneous partial recovery of transport activity for MTSET- 
inactivated I172C during prolonged incubation of intact cells in PBS, 
suggesting that MTSET- I172C may be accessible to internal free thiols.
The different accessibility toward free thiols between external-loop and 
binding-site residues suggests that the binding sites are deep within the 
membrane bilayer.
Supported by grants from NIH and a fellowship from AHA.
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RAT SUBLINES WITH ALTERED SEROTONIN HOMEOSTASIS: 
AN EXPERIMENTAL MODEL FOR THE STUDY OF 5HT 
NEUROTRANSMISSION. B.Jemei1. L.Cicin-Sain1 and S.Supek2*. 
*Rugjer Boskovic Institute and 2Faculty of Science, HR-1oooo Zagreb, 
Croatia

Blood platelet has been used as a peripheral model for studies on 
structurally identical 5HT synaptic proteins (serotonin transporter, 5HT-2 
receptor, monoamine oxidase B) in neurobiology and biological psychiatry. 
By directed breeding for the extreme values of platelet serotonin levels 
through 26 generations, we have developed two discrete sublines of Wistar- 
derived rats differing in platelet 5HT measures: serotonin levels, 5HT 
transporter activity and levels of 5HT transporter mRNA. Further studies 
revealed marked differences in various aspects related to the 5HT 
homeostasis and 5HT-related reactivity between sublines: 1) constitutional 
differences in serotonin content of several organs (e.g. lungs, spleen, 
gastrointestinal tract); 2) different pharmacodynamic responses to the 
treatments with 5HT-related drugs; 3) differences in both cellular and 
humoral immune responses; 4) differences in the brain 5HT uptake 
estimated by microdialysis (as differences in the in vivo tissue 5HT recovery 
and in the increase in dialysate 5HT after citalopram perfusion) as well as by 
different [3H] citalopram binding in several brain areas (Romero et al., 
Synapse 28(1998)313). The described genetic rat model appear to be an 
useful tool in studies on various aspects of 5HT (patho)physiology including 
the regulation of serotonergic neurotransmission. (Supported by Ministry of 
Science and Technology of Croatia, grant 01080105).

4 4 0 .1 7

MODULATION OF CURRENT/FLUX RATIOS IN A SEROTONIN 
TRANSPORTER EXPRESSED IN XENOPUS OOCYTES. M.L. 
Beckman* and M.W. Quick. Department of Neurobiology, Univ. of 
Alabama at Birmingham, Birmingham, AL 35294 

Serotonin (5HT) transporters exhibit 5HT-dependent currents that 
are in excess of the currents predicted from stoichiometric ionic 
fluxes that occur during 5HT transport. We have begun to 
investigate factors that may regulate the mismatch between measured 
ionic currents and those predicted from 5HT fluxes, which we 
quantify as the current/flux ratio. We have measured the current/flux 
ratio in oocytes expressing the electrogenic Drosophila 5HT 
transporter (dSERT) by simultaneously performing two-electrode 
voltage clamp (holding potential = -80mV) and [3H]5HT uptake on 
the same oocyte. Increasing the 5HT concentration decreases the 
current/flux ratio as determined at 5HT concentrations of 760 nM 
and 10 µM. Compared to 760 nM 5HT, the current/flux ratio at 
l 0µM 5HT decreased 69%. Additionally, PMA, a PKC activator, 
modulates the current/flux ratio: Injection of PMA (500 nM final) 
20-40 minutes prior to current/flux measurement (3 µM final 5HT) 
results in a 58% increase in the current/flux ratio. These data 
demonstrate that the charge/flux ratio is regulatable by 
physiologically-relevant factors that could influence 5HT transporter 
function at the synapse.

Supported by NARSAD and PHS DA 10509.

4 4 0 .1 9

IDENTIFICATION OF SEROTONIN TRANSPORTER- 
ASSOCIATED PROTEINS: EVIDENCE FOR A REGULATED 
TRANSPORTER COMPLEX CONTAINING PROTEIN 
PHOSPHATASE 2A. A.L. Bauman*. S. Ramamoorthy. B. 
Wadzinski and R.D. Blakely. Dept. of Pharmacology and Ctr. Mol. 
Neuroscience, Vanderbilt University Sch. of Medicine, Nashville,
TN 37232-6600.

The plasma membrane serotonin (5-HT) transporter (SERT) is 
responsible for termination of synaptic transmission at central and 
peripheral serotonergic synapses. SERTs are regulated by PKC 
activators and PP1/2A inhibitors. Treatment of hSERT stably 
transfected HEK 293 cells with the PP2A inhibitor, okadaic acid, 
results in an increase in phosphorylation of the transporter which 
correlates w ith a decrease in transport capacity. As part of a 
program to identify transporter associated proteins, we sought to 
determine whether SERTs are physically associated with kinases 
an d /o r phosphatases in vitro and in vivo. Co-immunoprecipitation 
experiments from 293-hSERT extracts revealed the presence of a 
SERT complex containing the PP2A catalytic subunit. This complex 
was also detected in vivo with co-immunoprecipitation experiments 
from mouse midbrain synaptosomes. These associations can be 
detected using multiple SERT antibodies and can be disrupted 
when cells are pre-treated with okadaic acid. We suggest that 
physical association of PP2A catalytic subunit w ith hSERT may 
play a role in regulated transporter trafficking. This w ork is 
supported by NIH award DA07390 to R.D.B., NARSAD Young 
Investigator Award to S.R. and NIH award GM51366 to B.W.
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TW O ALTERNATIVELY SPLICED m RN A s FOR THE SEROTONIN 
TRANSPORTER EXHIBIT DIFFERENT EXPRESSION PATTERNS IN  CNS 
A N D  PERIPHERAL TISSUES. N. O zsarac, E ,S a n th a  an d  B.J . H o ffm a n *. 
Lab. of C ellu lar and  M olecular R egulation, N atio n a l In stitu te  of M ental 
H ea lth , B ethesda, M D 20892.

To ex p lo re  the  s tru c tu ra l basis  for t ra n sc rip tio n a l reg u la tio n  of the 
se ro to n in  tra n sp o rte r  (5-HTT) gene, w e h av e  d e lin ea ted  the tran sc rip tio n  
in itia tio n  sites for the m ouse  5-HTT m RN A . Tw o m ajo r p ro d u c ts  w ere 
rev ea led  by  5 '-RACE th a t a p p e are d  to be a lte rn a tiv e ly  sp liced  in  the  5'- 
u n transla ted  (UT) reg ion  w hen  com pared  to o ur rat 5-HTT cDNA. The m ajor 
m urine m RNA products w ere com prised of (1) exons lA +2 (152 bp  UT) and (2) 
exons lA + lB + 2  (205 bp  UT), w ith  98% nucleotide to the  ra t sequence. W hile 
bo th  the genom ic o rg an iza tio n  an d  the p a tte rn  of a lte rn a tiv e  sp lic ing  are  
c o n serv e d  b e tw e en  ro d e n t  an d  h u m a n  (B rad ley  & B lakely  (1997) J. 
N eu ro ch em . 69:1356), the  u n tra n s la te d  p o r tio n s  of exon  2 sh a re  61% 
iden tity . Sequences from  exons 1A an d  IB h av e  70% a n d  37% id en tity , 
respectively , betw een  m ouse  an d  h u m an  m RN A s. To d e te rm in e  w h e th e r 
these tw o  a lte rna tive ly  sp liced  m R N A  species w ere ex p ressed  in  a tissue- 
specific m an n er, w e used  RT-PCR an d  S ou thern  b lo t ana lysis  to  iden tify  
am plified  p ro d u cts  con tain ing  e ither (1) exons lA + 2  o r (2) exons lA + lB + 2. 
In the ad u lt b rainstem  an d  h y p o th alam u s, the  lA + 2  species w as co nsider
ably m ore  a b u n d a n t th an  the lA + lB + 2  species w h ile  in  the  cortex  an d  
stria tu m , b o th  species w ere equally  rep resen ted . In the  dev e lo p in g  brain, 
b ra in s tem , th a lam u s , h y p o th a la m u s , co rtex  an d  s tr ia tu m  ex h ib ited  an  
a d u lt  p a tte rn  of e x p ress io n , w ith  m o re  of th e  lA + 2  sp ec ie s  th an  the 
lA + lB + 2  species. In periphera l tissues b o th  species w ere equally  abu n d an t. 
T h ese  d a ta  su g g e s t th a t  th e  a lte rn a tiv e ly  sp lic e d  m R N A s m ay  be 
differentia lly  regu la ted  in a tissue-specific m anner.

4 4 0 .1 8

REGULATION OF SEROTONIN AND NOREPINEPHRINE  
TRANSPORTERS IN PRIM ARY CULTURES. L. D. Javanthi*.
and L. J. DeFelice. Dept. of Pharmacology and Ctr. for Mol. Neuroscience, 
Vanderbilt University School of Medicine, Nashville, TN 37232-6600.

Although several studies address important physiological roles for SERT 
and NET in several pathological conditions, heterologous model systems or 
transformed cell lines provide no natural environment for the transporter proteins. 
This unnatural environment might hamper the interpretations. Here we report on the 
regulation of SERT and NET in primary cultures of rat adrenal chromaffin cells and 
brain neuronal cells. The second messenger- dependent signaling pathways involved 
in SERT and NET modulation, and their role in pathophysiological conditions are 
now being investigated in primary cultures from rat adrenal chromaffin cells. These 
cells when grown for 2-4 days in culture express both SERT and NET activities with 
ratio of 5:1. The kinetic analysis on SERT activity gave a Km of 0.29 µmoles and 
and Vmax of 0.9 pmol/106cells/min. After chronic treatment of chromaffin cells with 
1 µM cholera toxin (CTX), we observed a 35-40% decrease in SERT activity which 
is similar to the observation made in PC 12 cells but opposite to that observed in 
JAR cells. It is intriguing to compare the effect of CTX on SERT in other primary 
cell cultures to explore the significance behind differential regulation in the PKA 
signaling pathway. Sp-5,6-DCl-cBIMPS, a specific cAMP analog exhibited a 30% 
inhibition of SERT activity expressed in chromaffin cells (1 hr at l0 µM) suggesting 
that SERT is regulated acutely by the PKA - dependent signaling pathway. To our 
knowledge this is the first report that shows the acute regulation of SERT by PKA. 
Electrophysiological studies are being carried out on SERT and NET in their native 
states to verify the criticism of over expression of proteins might lead to a biased 
interpretation. This work is supported by NIH NS34075-03 and NIH P30 ES00267.

4 4 0 .2 0

SEROTONIN TRANSPORTER (SERT) PRODUCTION AND DEGRADATION 
STUDIES WITH RTI-76. A.Vicentic*1, F.I.Carroll2, G.Battagl ia1, and M.J.Kuhar3. 
1Dept. of Pharmacol., Loyola Univ. Chicago, Stritch Sch. of Med., Maywood, IL; 
2Res.Triangle Inst., NC; 3Neurosci. Division, Yerkes Primate Res. Center, Emory 
Univ., Atlanta GA.

RTI-76, {3b-(3-p-chlorophenyl) tropan-2b-carboxylic acid p-isothiocyanato- 
phenylethyl ester hydrochloride} is a cocaine analogue that has been used to study 
dopamine transporter (DAT) turnover (JPET 279:200-206, 1996). Since RTI-76 
has nanomolar affinity for serotonin transporters (SERT), our objective was to 
determine the utility of RTI-76 to study SERT turnover using approaches 
successfully applied to investigating 5-HT receptor turnover (Mol. Pharm. 46:1111- 
1119, 1994). Male, Sprague-Dawley rats were injected bilaterally with either 
vehicle or RTI-76 (20, 50, 100 and 400 nmol, I.C.V) and sacrificed at 6hr, 1, 2, 4, 
7, 10, 14 and 21 days post-injection. At 6 hr, SERT binding was dose-dependently 
decreased in hippocampus. The Bmax values, expressed as % of control were: 89% 
after 20 nmol; 74% after 50 nmol and 45% after 100 or 400 nmol. Reductions were 
comparable in both contra and ipsilateral hippocampus. Dose-dependent decreases 
in SERT binding after RTI-76 were also observed in both contra- and ipsilateral 
striatum and in hypothalamus. Following 100nmol dose of RTI-76, (i.e. maximal 
inhibition of SERT binding density), a significant recovery of hippocampal and 
striatal SERT was observed up to day 10 when Bmax values reached control values 
To determine the repopulation kinetics of SERT after RTI-76, we employed the 
monoexponentional equation [Bmax]t=(r/kX 1 -e_kt). The calculated half-life 
recovery of SERT (t1/2) was 3.4 days. The rate constants of transporter production 
(r) and degradation (k) were 2.36 fmol/mg/protein/hr and O.OO83hr1 respectively. 
Further studies will elucidate how physiological and pharmacological factors can 
affect SERT levels. (Supported in part by DA10732, RR1165, and a Graduate 
Fellowship from Loyola Univ. Chicago).

Society for Neuroscience, Volume 24 ,1998



1116 TRANSPORTERS: SEROTONIN TUESDAY AM

4 4 0 .2 1

IMPORTANCE OF LEUCINE ZIPPER MOTIF IN THE ACTIVITY 
OF SEROTONIN TRANSPORTER. Y. Shirai, N. Sakai, K. 
Kashiwagi, M. Fujii*, N. Kodama, N. Saito. Lab, of Mol. Pharmacol., 
BiosignalRes. Ctr., Kobe Univ., Kobe 657-8501, Japan.

Serotonin transporter (SET) is a member of the Na+/Cl --dependent 
neurotransmitter transporter and has been shown to be the target of 
antidepressants. It is assumed that SET is an oligomeric protein and 
reported that SET possesses two leucine zipper like motifs. However, 
it is still controversial that SET acts as oligomer in vivo and that the 
leucine zipper motif contributes to formation of the oligomer and 
its function. We, therefore, produced mutant SETs whose leucines 
in the leucine zipper motif were replaced by other amino acid, and 
compared their SET activities with that of native SET.

Usingsite-directedmutagenesis, Leu132 in the second transmembrane 
(TM) domain and Leu436 in the 8th TM damain of SET were replaced 
by Ala, and designated as m2 and m8, respectively. These mutant 
SETs and native SET were transfected into COS7 cells by 
electroporation, and measured the SET activity. Both m2 and m8 
mutants showed slightly lower uptake activity, but these changes 
were not significant. Then, we produced double mutants; two luecines 
in the second and 8th TM domain were mutated, respectively (m22 
and m88). Interestingly, the activity of m22 disappeared and that of 
m88 remarkably decreased to about 50 % of native SET. Furthermore, 
Eadie-Hostee analysis revealed that the decrease in the activity of 
m88 mutant was due to alternation of Km value, but not Vmax.

These results indicated that the leucine zipper motif is important 
in the SET activity and suggested that the leucine zipper motif 
contributes to the formation of higher structure of SET.

SECOND MESSENGERS AND PHOSPHORYLATION VI

4 41 .1

Erks A C T IV A T E  T Y R O S IN E  H Y D R O X Y L A S E  IN  N IG R O S T R IA T A L  
D O P A M IN E R G IC  N E U R O N S . M . H a d jiconstantinou*. A .- M . Duchem in , 
T . W e m lin α e r and N .H . N e ff. D e p a rtm en ts  of P sychiatry  and  
P h arm aco lo g y , T h e  O hio S ta te  University  C o lleg e  o f M ed ic in e  and  
Public H ealth , Colum bus, O H  4 3 2 1 0

T y ro s in e  hydroxylase  (T H ) is a substrate  fo r m ultiple-site  
phosphory la tion . P hosphorylation by P K A  a t S e r  4 0  correla tes  with  
increased  catalytic  activity. Activation by P K C  leads to 
phosphorylation of S e r  31 and S e r 4 0 . It has  b e en  proposed that 
P K C -in d u c e d  activation o f T H  via phosphorylation o f S e r  31 m ight 
in vo lve  th e  M A P  k inases Erk1 and  E rk2. W e  ha ve  investigated  the  
ro le  o f Erks in the  activation of T H  in dopam inerg ic  nigrostriatal 
neuro n s in vivo. In tracereb ro ven tricu la r (IC V ) adm inistration of 
phorbol-12,13-m yristic acid (P M A ) to m ice increases th e  activity of TH  
in m idbrain>striatum  in a tim e -d e p en d e n t m anner. IC V  adm in is tered  
P M A  also activa tes  Erk1 and  E rk2  in the  m idbrain  region of 
do p am inerg ic  cell bodies. T h e  increased  activity of E rk2 in m idbrain  
p a ra lle ls  tha t of T H  activity. IC V  adm inistration o f th e  M E K  kinase  
inhibitor P D 8 9 0 5 9  has little e ffect on basal E rk2  and  T H  activity, but 
prevents the P M A-induced activation o f E rk2  and  T H . T a k e n  to g e th er  
o u r results support th e  notion that; 1) in vivo, P K C  activates  T H  of 
dopam inergic neurons indirectly, and  2 ) Erks and  the  dual specificity  
kinase M E K  are participants in the  P K C  signaling c as ca d e  tha t leads  
to the  activation o f TH .

Supported, in part, by N S 34571  and P arkinson’s D is e a s e  Foundation .

4 4 1 .3

V A LPR O A T E IND UCES A L TER A TIO N S IN P R O T E IN  K IN A SE C 
A C T IV IT Y  AND IS O Z Y M E  E X P R E S S IO N  IN IM M O R T A L IZ E D  
H IPPO C A M P A L C E LLS. J.M. W atterson1*, D.G. W atson2, E.M. Mever1 & 
R.H. Lenox1 ,2. Departments of Pharmacology1 & Psychiatry2, University of 
Florida College of Medicine, Gainesville, FL 32610.

Valproic acid is an anticonvulsant and antimanic agent whose mechanism is not 
well understood. Our lab has previously demonstrated VPA-induced down- 
regulation of MARCKS protein and up-regulation of GAP-43 expression in the 
immortalized hippocampal cell line HN33. These effects closely follow the clinical 
antimanic therapeutic profile of VPA, in that the alterations in protein expression 
are observed only after chronic VPA exposure and are concentration-dependent. Both 
MARCKS and GAP-43 are prominent PKC substrates in brain which bind actin and 
calmodulin, are important to CNS development, and are believed to play roles in 
cell signaling and plasticity. We now present the time course for VPA-induced 
alterations in protein kinase C (PKC) activity and expression in HN33 cells. We 
observe a transient increase in PKC activity, as measured by MBP (4-14) substrate 
phosphorylation, followed by down-regulation in activity with prolonged VPA 
exposure. After an acute up-regulation of activity in the membrane fraction between 
0 and 2 h, membrane-associated activity drops at 4 h and beyond, and there is an 
associated decrease in PKC activity in the soluble fraction, which recovers to 
baseline between 4 and 12 h. By 3 d, PKC activity has dropped significantly in the 
membrane fraction, with a comparable drop in the cytosol. In addition, we have 
characterized, through quantitative immunoblots, the time course of isoform- 
selective changes in •expression of PKC isozymes α , δ, ε, and following 
continuous VPA exposure. We observe initial increase (0-12 h) and subsequent 
down-regulation (12 h - 3 d) of PKC-α in the soluble fraction of HN33 cells; 
chronic up-regulation of PKC-δ in both cytosolic and membrane fractions of cells at 
times as late as 3 d; acute increase of PKC-ε in the membrane fraction, followed by 
a shift in expression from membrane to cytosol between 12 h and 1 d; and an up- 
regulation of PKC-C at 3 d. These findings are of interest in light of the major role 
of PKC in brain signaling, and, along with future studies, should facilitate a better 
understanding of the involvement of PKC in VPA’s mechanism of action. 
(Supported in part by NIMH ROl 56247)

4 4 1 .2

EFFECT OF C A R B A M A ZEP IN E  ON T H E  P R O T θ N  K IN A S E  C  A N D  TH E  

PHO SP H O R Y LA TIO N  OF G A P -4 3  IN  RAT BRAIN . K. O sa d a  * , H . 
H aseg aw a , N. B odaiji. T. M a tu sh ita . T. H agiva a n d  M. A sak u ra . D ept 
. of N europsych ia try , St. M a ria n n a  Univ. Sch. of M ed.. K aw asak i, 
K an ag aw a , J a p a n ,  216-8511.

Carbamazepine is an antiepileptic drug which is the mood stabilizers used 

for the treatm ent of bipolar disorder such as lithium. W e reported that chronic 

lithium treatm ents translocated the ε- protein kinase C ( ε- PKC) from  the 

cytosol fraction to the membrane fraction, and ε-PKC has continuous activity  

to combine the actin filament. Moreover, the phosphorylation of G A P -4 3  was 

significantly increased and immunodensity  for anti- GAP- 4 3  was also 

significantly increased a fte r chronic lithium treatm ents.

W e investigated the effects of carbamazepine on alterations in the amount and 

distribution of PKC by using W estern blotting. There w ere  no significant 

difference in α, ß, y , ε, δ-PKC on the supernatant and solubirized membrane. 

Carbamazepine caused ε-PKC to bind actin and to have continuous activation on 

insoluble membrane. W e  examined the changes in PKC- mediated endogenous 

protein phosphorylation such as G AP- 4 3 .  G AP- 4 3  has an important role to 

release the neurotransm itters(Ach, HT, DA). Therefor the phosphorylation of 

GAP- 4 3  by ε- PKC is the common mechanism between lithium and 

carbamazepine, and these mechanism is an important role for mood stabilizers.

4 4 1 .4

PHOSPHOLIPASE C AND PROTEIN KINASE C EFFECT 
FOLLOWING CHOLINERGIC DENERVATION AND 
HIPPOCAMPAL SYMPATHETIC INGROWTH IN RAT 
HIPPOCAMPUS. K.Kolasa*, DS.Parsons, L.E.Harrell. Alzheimer’s 
Disease Center, Dept. Neurology, V.A. & University of Alabama 
Med.Ctr., Birmingham, AL 35294

Following cholinergic denervation (CD) of hippocampus by medial 
septal lesions, an unusual neuronal reorganization occurs in which 
peripheral adrenergic fibers arising from superior cervical ganglia, grow 
into hippocampus (hippocampal sympathetic ingrowth-HSI).

We have previously reported that CD and HSI differentially affected 
cholinergically stimulated PI hydrolysis, concentration and affinity of 
muscarinic receptors Ml and M3 and Go protein level. For better 
understand HSI phenomenon we attempted to determine if CD and HSI 
influenced phospholipase C (PLC) and protein kinase C (PKC) level from 
dorsal hippocampal membranes and cytosol. Using immunoblotting 
method, different subtypes of PLC were detected. The results from these 
experiments have shown that membrane fraction levels of both isoforms of 
PLC-β 1 and β3 were increased in HSI group when compared with controls 
(66% and 55%, respectively). For PKC detection, immunoblots were 
prepared using antibodies selective for “classical” PKC members (α,β,γ,λ) 
and for the novel PKC subfamily members which are Ca2+ independent 
(δ,ε,ζ . Immunoblot analysis have shown changes in both membrane and 
cytosolic fractions in PKC subtypes when measured in CD and HSI.

Supported by:VA Merit Review
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441.5
INCREASED EXPLORATORY BEHAVIOR AND DIMINSHED 
ANXIETY IN MUTANT MICE LACKING PKCε. C.W. Hodge*, A 
Haywood. R.O. Messing, and S.P. Kelley. Department of Neurology & 
Ernest Gallo Clinic and Research Center, University of California, San 
Francisco, San Francisco CA 94110.
Protein kinase C epsilon (PKCε) plays a significant role in wide variety of 
neuronal processes. However, little is known about the functional role of 
PKCε in brain functions and behavior. To provide a better understanding of 
the neurobiological function of PKCε we generated and studied knockout 
mice lacking PKCε. PKCε mutant mice demonstrated normal body weight, 
eating, drinking, spontaneous locomotor behavior, and habituation to a 
novel environment as compared to wild-type controls. However, PKCε 
mutant mice differed significantly from wild-type controls on measures of 
open-field activity, exploration of a novel object, and elevated plus maze 
performance. PKCε mutant mice demonstrated a two-fold increase in 
distance traveled and a three-fold increase in time spent resting in the center 
area of the open-field. The mutant mice also demonstrated a two-fold 
increase in exploratory behavior when a novel object was placed in the 
center, but not the periphery, of an open-field. Moreover, when tested in 
the elevated plus maze, PKCε mutant mice exhibited twice the distance 
traveled, visit time, ambulatory time, and rest time in the open arms as 
compared to controls. These data suggest that PKCε may play an important 
role in regulating anxiety-related behavior.

441.7

EFFECTS OF SUPEROXIDE ON THIOL OXIDATION AND THE 
AUTOPHOSPHORYLATION OF PKC. L.T. Knapp*. L.J. Giffen, and
E. Klann. D epartment o f  Neuroscience and the Center fo r  the Neural 
Basis o f  Cognition, U niversity o f  Pittsburgh, P ittsburgh, PA 15260.

We previously have shown that the superoxide anion (0 2-) is necessary 
for long-term potentiation (LTP) and LTP-induced increases in protein 
kinase C (PKC) activity in area CA1 of rat hippocampal slices (7. Biol. 
Chem . 273:4516-4522, 1998; J. N europhys., in p ress.) . In  vitro 
studies have shown that 0 2 can directly and persistently increase 
autonomous PKC activity (Soc. Neurosci. A bstr . 23:1394). Here, we 
have examined the role of thiols in 0 2- -induced increases of PKC 
activity. In purified PKC preparations, thiol alkylation by N- 
ethylmaleimide (NEM) inhibited the 0 2--induced increase in autonomous 
PKC activity by 84±4% (n=8). In addition, thiol oxidation by 5,5’- 
dithio-bis(2-nitrobenzoic acid) (DTNB) increased autonomous PKC 
activity (200± 14% of control, n=8). Similar effects of NEM and DTNB 
on PKC activity were observed in whole hippocampal lysates. We 
examined the effect of 0 2- on other mechanisms that can result in the 
persistent activation of PKC. In the supernatant of hippocampal lysates, 
0 2- (1.25-10 nmol/min) inhibited the autophosphorylation of PKC by 
73± 14% (n=6). In whole hippocampal lysates, 0 2- (1.25-10 nmol/min) 
did not induce significant proteolysis of PKC. Collectively, these studies 
demonstrate that 1) thiols are required for 0 2--induced increases in PKC 
activity; 2) thiol oxidation increases autonomous PKC activity; 3) 0 2- 
inhibits autophosphorylation of PKC; 4) 0 2- does not result in 
proteolysis of PKC. Supported by NINDS Grant NS34007 (EK) and 
NIMH Training Grant T32 MH18273 (LTK).

441.9

PRETEATM ENT WITH FK506 AMPLIFIES THE STRESS- 
INDUCED GENE EXPRESSION. S. Morinobu1*, K. Fujimaki1, M 
Kanno1, ML Takahashi2 and R.S. Duman2. 1Dept of Neuropsychiat, 
Yamagata Univ. Med. Sch.; Yamagata 990-9585, Japan. 2Lab of Mol. 
Psychiat. Yale Univ. Med. Sch.; New Haven 06508, CT.

A long-term change in neuronal gene expression through the 
phosphorylation of the transcrption factor CREB (cAMP response element 
binding protein) is thought to play a critical role in the pathogenesis of 
psychiatric disorders. Activation of the signal transduction by stress may alter 
both CREB phosphorylation and dephosphorylation of phospho-CREB 
(pCREB). As the dephosphorylation of pCREB through calcineurin (CAN) 
turns off the gene transcription, this pathway may be also involved in the 
pathogenesis of psychiatric disorders. One of the immunosuppressant drugs 
FK5O6 inhibits the activity of CAN. It is hypothesized that die prolongation 
of the phosphorylation state of CREB by FK 506 may amplify the influence 
of stress on the neuronal gene expression. Thus, we have determined the 
influence of the pretreatment with FK5O6 on the induction of c-fos mRNA 
and the elevation of serum corticosterone (CS) in response to acute stress. 
The pretreatment with the different dose of FK5O6 (0.5, 1.0, 2.0 mg/kg) 
significantly upregulates the induction of c-fos mRNA in response to acute 
restraint stress (45 min) in frontal cortex and hippocampus compared to that in 
vehicle controls subjected to acute stress. But, 30 or 60 min after acute stress, 
the pretreatment with FK 506 does not change the induction of c-fos mRNA 
in these brain regions. The pretreatment with FK5O6 significantl y upregulates 
the elevation of CS in response to acute stress compared to that in vehicle 
controls subjected to acute stress. However, neither acute administration of 
FK5O6 nor acute stress changes the expression of CAN mRNA These 
findings suggest that the prolongation of the phosphorylation state of CREB 
by stress may lead to the amplification of the stress-induced gene expression.

441.6
PROTEIN KINASE C MEDIATED HISTAMINE H1 RECEPTOR 
DESENSITIZATION THROUGH DIRECT PHOSPHORYLATION 
OF THE RECEPTOR. K. Fuiimoto1, K. Ohta2, K. Kangawa3, U. Kikkawa4, 

S. Ogino1 and H. Fukui5 *. 1Sch. of Allied Health Sci., Fad. of Med., Osaka 

Univ.. Suita 565, 2Dept. of Biochem.. Osaka Medical College, Takatsuki 569, 
3Dept. of Biochem.. Natl. Cardiovascular Center Res. Inst, Suita 565, 4Biosignal 

Res. Center, Kobe Univ.. Kobe 657, and 5Dept. of Pharmacol., Faci. of 
Pharmaceutical Sciences, Univ. of Tokushima, Tokushima 770, Japan.

Protein kinase C (PKC)activating phorbol ester induces histamine H1 receptor 
(H1R) desensitization. Potential phosphorylation sites by PKC are located in the 
cytoplasmic region of the H1R. We studied whether direct phosphorylation of the 
H1R was involved in PKC mediated HlR desensitization. A synthetic peptide 
corresponding to the cytoplasmic region (Tyr386 His406) of the H1R was 

phosphorylated by PKC, and Ser396 and Ser398 were phosphorylation sites. 
S396AHlR. S398A-H1R and S396A/S398AHlR, mutant H1Rs whose Ser396 
or/and Ser398 were displaced by alanine showed comparable affinities for 
histamine compared with the H1R. Phorbol ester-induced desensitization was 
markedly suppressed in S398A H1R and S396A/S398A H1R, but slightly in 

S396A H1R These results suggested that phosphorylation of Ser398 by PKC is 
involved in PKC inediated H1R desensitization.

441.8
Osmotic stress activation of p38-SAPK in astrocytes induces the 
phosphorylation of PEA-15 through a PKC-dependent pathway
H. Chneiweiss*1, D. Z valova12, J. Cordier1, M. Kubes2 and J. 
Glowinski1. 1 INSERM U114/ Collège de France, Paris, France. 2 
Institute of virology, Slovak academy of science, Bratislava, Slovakia.

PEA-15 (Phosphoprotein Enriched in Astrocytes, M r=15,000) is 
an acidic serine-phosphoiylated protein highly expressed in the central 
nervous system where it might play a protective role against cytokine- 
induced apoptosis. PEA-15 was characterized on the basis of its high 
level of expression and degree of phosphorylation in astrocytes. This 
protein is phosphorylated on two different seryl residues, Ser104 being 
identified as a site of regulation for protein kinase C (PKC) whereas 
Seri 16 is regulated by Calcium/calmodulin kinase II (CaMKII).
In an attempt to analyze the role of PEA-15 phosphorylation in its 
anti-apoptotic effect, we investigated wether the protein could be a 
target for stress kinase pathways. Indeed, astrocytes responded to a 
sorbitol-induced hyperosmotic treatment by a robust, long lasting and 
reversible, activation of p38-SAPK. Maximal effect was already 
observed after 10 min. of exposure to 500mM of sorbitol whereas 
inactivation required 60 min. after renewal of a fresh normal medium. 
Astrocyte exposure to sorbitol resulted in a 3-fold increase in PEA-1 5 
phosphorylation, an effect inhibited by SB203580, a selective inhibitor 
of p38-SAPK. Interestingly, several PKC inhibitors also prevented 
sorbitol-triggered PEA-15 phosphorylation but did not affect the p38- 
SAPK activation. This suggests that PKC is among the downstream 
effectors of p38-SAPK dependent phosphorylations.

441.10
FUNCTIONAL ROLES OF C2 DOMAINS IN Ca2+-ACTIVATED 
AND Ca2+-INDEPENDENT PROTEIN KINASE Cs IN APLYSIA. A
M. Pepio*. X. T. Fan, and W. S. Sossin. Dept. of Neurology and 
Neurosurgery, Montreal Neurological Institute, McGill University, 
Montréal, QC, H3A 2B4, CANADA.

In the nervous system of Aplysia, short-term applications of the 
neurotransmitter serotonin stimulate activity of PKC Apl I, but not of 
PKC Apl II. Purified PKC Apl I is activated by lower concentrations of 
phosphatidylserine (PS) than PKC Apl II suggesting that it is limiting 
physiological concentrations of PS which results in the differential 
activation of the kinases. PS interacts with both the C 1 and C2 domains 
of vertebrate PKCs. To determine which domain confers the differential 
ability of PS to activate the two isoforms, we compared the ability of 
lipids to interact with the purified kinases and with C 1 and C2 domain 
fusion proteins derived from the kinases. Using a variety of assays we 
found that the C2 domain of PKC Apl I binds to lipids constitutively 
while that of PKC Apl II does’not. In contrast, fusion proteins 
containing the C1 domains of PKC Apl I and PKC Apl II were similar in 
their lipid dependencies. Thus, the lack of PS-C2 domain interactions 
may explain the poor ability of 5-HT to stimulate PKC Apl II. 
Interestingly, we have found that the primary autophosphorylation site 
in PKC Apl II is contained within the C2 domain. We are testing the 
possibility that phosphorylation at this site may allow for PS-C2 domain 
interactions. AMP is supported by a MRC studentship and this work is 
supported by MRC of Canada grant MT-12046
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441.11
VISUALIZATION OF DIFFERENTIAL TARGETING OF δ-PK C  
AFTER VARIOUS STIMULATIONS.
S. Ohmori*, Y. Shirai, N. Sakai, M. Fujii, H. Konishi, U. Kikkawa, 
and N. Saito. Lab. of Mol. Pharmacol., Biosignal Res. Ctr., Kobe 
Univ., Kobe 657-8501, Japan.

δ-subspecies of protein kinase C (δ-PKC) is known to be 
present in all sensory systems in the brain. We expressed δ-PKC 
fused with green fluorescent protein (GFP) in CHO cells and observed 
the movement of this fusion protein in living cells after three different 
stimulations. The kinase activity and tyrosine phosphorylation of 
δ-PKC-GFP after the stimulation were also examined.

δ-PKC was translocated with 1mM ATP from cytosol to plasma 
membrane within 30 sec and re-translocated to cytosol within 3 
min. The kinase activty of δ-PKC-GFP was also increased within 30 
sec and reversed to the basal level in 3 min. In contrast lµM  TPA 
induced translocation and the translocation was uni-directional from 
cytosol to plasma membrane and never reversed. Similarly, the δ- 
PKC-GFP was activated by TPA. Treatment with 5mM failed 
to translocate the δ-PKC-GFP, but increased the kinase activity by 3 
fold. The δ-PKC-GFP was tyrosine phosphorylated when treated 
with H2O2, but not with ATP. Only slight tyrosine phosphorylation 
of δ-PKC-GFP was observed by TPA. TPA translocated δ-PKC-GFP 
to plasma membrane even after the treatment with H2O2.

These results indicate that at least three diffrent pathways are 
present for the activation of δ-PKC.

441.12
DISTINCT TRANSLOCATION OF γ- AND ε- PKC INDUCED BY 
11 FATTY ACIDS. K. Kashiwagi, Y. Shirai*, K. Yagi, N Sakai, N. 
Saito. Lab. of Mol. Pharmacol., Biosignal Res. Ctr., Kobe Univ., Kobe 
657, Japan.

γ- and ε- subspecies of protein kinase C (PKC) are abundantly 
expressed in neural tissues, and closely related to the control of synaptic 
efficiency. The PKC subspecies are shown to be translocated when 
activated, but the molecular mechanism of the translocation remains to 
be clarified. It has been also shown that some fatty acids activate PKC 
in vitro. Therefore, the effects of fatty acids on the translocation of γ- 
and ε-PKC were investigated using fusion protein with green fluorescent 
protein (GFP).

Both ε-PKC-GFP and γ-PKC-GFP were predominantly present in 
the cytoplasm of CHO-K1 cell and γ-PKC-GFP was also found in the 
nucleus. All fatty acids examined here induced the translocation of 
γ-PKC-GFP from the cytoplasm to the plasma membrane within 30 
sec and re-translocated to cytoplasm in 3 min, but exerted no effect in 
γ-PKC-GFP in the nucleus. Arachidonic acid and linolenic acid induced 
a slower translocation of ε-PKC-GFP from cytoplasm to the perinuclear 
region, while the other fatty acids induced the rapid translocation to 
the plasma membrane. The target site of the slower translocation of 
ε-PKC-GFP by arachidonic acid was identified as the Golgi network. 
Furthermore, the critical concentration of each fatty acid to induce 
translocation varied among 11 fatty acids examined here. In general, 
ε-PKC-GFP required higher concentration of fatty acids to induce its 
translocation than γ-PKC-GFP, except for tridecanoic acid and 
arachidonic acid.

These results showed the involvement of fatty acids in the translocation 
of ε- and γ-PKC, and suggested that each subspecies has different 
targeting mechanism which depends on the extracellular signals.

441.13 441.14
INHIBITION OF NEURONAL VOLTAGE-DEPENDENT SODIUM 
CHANNELS BY Ro 31-8220, A PROTEIN KINASE C INHIBITOR.
LRatnakumari*, T.N. Vysotskaya, D.S.Duch. H.C.Hemmings Jr.
Department of Anesthesiology, Cornell University Medical College, New York, 
NY 10021, USA.

Ro 31-8220 (Ro), an aminoalkyl bisindolylmaleimide, inhibits protein 
kinase C (PKC) by a competitive interaction with ATP. The actions of Ro cm 
various presynaptic ion channels were examined by measuring its effects on 
glutamate release evoked by different ion-channel modulators. Synaptosomes 
were isolated from rat cerebral cortex, and glutamate release was measured by 
enzyme-coupled spectrofluorimetry1. Veratridine (20 µM; a Na+-channel 
activator) and 4-ami nopyridine ([4-AP] 1 mM; a K+-channel blocker that 
causes repetitive, spontaneous Na+ channel-dependent depolarizations) were 
used to evoke Na+ channel-dependent release, while KCI (30 mM; depolarizes 
by altering K+ equilibrium) and monensin (50 µM; a Na+/H+ exchange 
activator) were used to evoke Na+ channel-independent release. Ro (10 µM) 
significantly inhibited veratridine (Ver)- and 4-AP- evoked release, without 
affecting KCI- or monensin (Mon)-evoked release (Fig), and had no effect cm 
basal release. The direct effect of Ro on Na+ currents in isolated rat dorsal root 
ganglion neurons was also examined. Ro dose-dependently suppressed Na+ 
currents which were elicited by stepping the potential from a resting value of

-100 mV to test potentials of -60 to +100 mV. 
In addition to potent inhibition of PKC, Ro also 
inhibits neuronal Na+ channels, which may 
affect interpretation of results obtained in 
activated neuronal preparations.
Anesthesiology 86:428-39, 1997. Supported by 
NIH grant GM 52441 (HCH) and the Norman 
and Rosita Winston Foundation (LR).

LPS ACTIVATES MULTIPLE SIGNALING PATHWAYS IN GLIAL 
CELLS: ROLE OF THE REGULATORY DOMAIN OF PKCε IN THE 
PRODUCTION OF TNF-α AND NITRIC OXIDE.
C. Brodie1,2* , P. Acs2. K. Bogi2, L. Baskin2 and P.M. Blumberg2 _1Dept Of 
Life Sciences, Bar-Ilan University, Ramat-Gan, Israel 52900 and 2MMTP, 
LCCTP, NCI, NIH, Bethesda, MD 20892.
LPS is an endotoxin of gram-negative bacteria which induces activation of 
astrocytes as reflected by cytokine secretion and expression of adhesion molecules. 
LPS acts on macrophages via binding to membranal CD 14, whereas its effects on 
astrocytes are mediated by binding to soluble CD 14. In this study we examined the 
signaling pathways activated by LPS in glial cells and their role in the induction of 
TNF-α and nitric oxide. Treatment of the cells with LPS induced a time and dose- 
dependent activation of MAP kinase, p38 and Jun kinase. In addition LPS induced 
activation of PKC and translocation of PKCα, δ and ε. Using specific inhibitors 
for MAPK kinase, p38 and PKC we found that all of these pathways contributed to 
the production of TNF-α and NO by LPS. To further study the role of PKC in LPS 
effects we used cells overexpressing the different PKC isoforms activated by LPS. 
Our results indicate that cells overexpressing PKCε exhibited an enhanced 
response to LPS, whereas cells overexpressing PKCδ displayed a lower response 
as compared to vector control cells. Further evidence for the role of PKCε in LPS 
effects was obtained using cells expressing a PKCε dominant negative mutant, 
which exhibited a lower response to LPS. Using PKC chimeras between the 
regulatory and catalytic domains of PKCα, δ and ε we found that the regulatory 
domain of PKCε mediated the induction of TNF-α by LPS. PKCε also mediated 
the activation of MAP kinase but not that of p38 or Jun kinase. Our results indicate 
that LPS activates multiple signaling pathways in glial cells which converge in the 
induction of TNF-α and NO.

441.15
M U S C A R IN IC  R E C E P T O R -S T IM U L A T E D  P H O S P H O R Y L A T IO N  O F  
P K C  S U B S T R A T E S  IN A D U L T  A N D  N E O N A T A L  C O R T IC A L  S LIC ES .
M .S . H aas  and L.A. Dokas+ D epartm ents  of B iochem istry/M olecular 
Biology and M edicine, M edical College of Ohio, Toledo  O H  4 3 6 1 4  

Phosphorylation of the neuronal presynaptic protein B -50  (G A P -4 3 ) by 
protein kinase C  (P K C ) at serine-41 is functionally re lated to signal 
transduction associated with process outgrowth and neurotransm itter 
re lease . Phosphoinositide (P l)-coupled  m uscarinic acetylcholine  
receptor (m AchR) activation would be expected  to increase P K C  activity 
through production of the second m essenger, diacylglycerol. To  test the  
hypothesis that m AchR activation also increases B -50  phosphorylation, 
protein phosphorylation w as  exam ined in rat cerebral cortical slices in 
response to the m AchR agonist, carbachol (C ch) in com parison to the  
phorbol ester 4 β -phorbol 12, 13-dibutyrate (P D B ), a known activator of 
PKC. Five min. of incubation with 1m M  Cch increased phosphorylation  
of a group of synaptosom al proteins, including B -50  and m yristoylated, 
alanine-rich C  kinase substrate (M A R C K S ). This increase w as  
approximately half of that obtained with 1 µM  PDB. Differing patterns of 
protein phosphorylation w ere  observed in neonatal and adult slices: 
neo n ata l sam ples contained m ore M A R C K S  and a 46  kDa PKC  
substrate. Phosphorylation of B -50  and M A R C K S  w as  sensitive to Cch  
in both neonatal and adult slices. Immunoblott¡ng dem onstrated less m l 
A c h R  (the predom inant cortical m A chR  subtype coupled to PI 
m etabolism) in neonatal, as com pared  to adult, synaptosom al fractions. 
These results are consistent with a coupling betw een m A chR -s timulated  
PI m etabolism  and P K C -m ed iated  protein phosphorylation that is 
developm entally-regulated. Supported by N IH  G rant N S  3 07 92
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W EIGHT-LOSS EFFECTS OF CENTRAL AND PERIPHERAL  
ADMINISTRATION OF AXOKINE® (AN ANALOGUE OF CILIARY  
NEUROTROPHIC F A C TO R ) AND LEPTIN. K.D. Anderson*, V . W ong, T .L. 
Corcoran, J .P . Murray, Q . W ang , G. Nelson. G .D . Yancopoulos and S.J. 
W ieqand. Regeneron Pharm aceuticals, Inc., Tarrytow n, N Y  10591  

T reatm ent with c iliary neurotrophic factor (C N T F ) or leptin can 
induce weight loss characterized by a  preferential loss of body fat. The  
CNTFRα and the leptin receptor have an overlapping d istribution in  
the basal hypothalam us, and are s im ilar in structure and signaling  
m echanism , suggesting that CNTF and leptin may induce w eight loss 
through shared actions in the hypothalam us. To investigate w h eth er  
Axokine might elicit weight loss a t central targets under conditions  
that do not yield a w eight-loss response to leptin, we com pared the  
w eight-loss effects of Axokine and leptin a fter ch ron ic  
in tra ce reb ro ve n tricu la r (IC V ) delivery for several weeks in ob/ob 
obese and in diet-induced obese (D IO ) mice. In addition, w e exam ined  
the effects of subcutaneous delivery of Axokine in m ice rendered obese 
by gold thioglucose (G TG )-induced lesions of satiety centers in the  
hypothalam us. In ob/ob m ice, both Axokine and leptin induced 
com parable weight loss after chronic ICV delivery. In DIO m ice , 
Axokine induced weight loss, w hereas leptin w as relatively ineffective. 
In G TG-lesioned m ice, which have been reported to be insensitive to 
leptin, subcutaneous treatm ent w ith Axokine induced dose-dependent 
weight loss of a  magnitude that was com parable to weight loss seen in  
other obese models. These results dem onstrate that Axokine induces 
w eight loss through direct actions in the brain , and can do so under 
conditions w here leptin cannot elicit a  w eight-loss  effect. (S upported  
by R egeneron Pharm aceuticals, Inc.)

4 4 2 .3

LEPTIN 'S EFF EC T ON G A L A N IN  G E N E EX PR ES SIO N  IN T H E  M O U SE 
H Y P O T H A L A M U S  C .C . C h e u n g 1*, R .A . S te in e r1’2, J .E . T h o rn to n 3 and
D.K. C lifton2 D epts 1 Physio l B io p h y s and 2O b-G yn, U niv . W ash ing ton , 
Seattle, W A 98195; and 3Neurosci Prog , Oberlin College, O berlin, OH 44074 
Leptin  is now  recognized  to p lay  a ro le  in the regu lation  o f  body w eight, 
m etabolism , grow th, and reproduction . M any o f the effects o f  leptin  on these 
p rocesses appear to be m ediated  by the central nervous system . G alanin is a 
neuropep tide that has been im plicated  in the control o f  feeding  behavior, as 
well as grow th horm one and gonadotropin  secretion, and galanin  is expressed 
in a reas o f  the brain know n to ex p ress  the lep tin  recep to r (O b-R ). W e 
perfo rm ed  several studies to ex p lo re  the possib le  in teraction  o f  lep tin  and 
galanin. W e tested the hypothesis that leptin regulates galanin gene expression 
by com paring levels o f galanin m RN A  in several hypothalam ic regions am ong 
3 groups o f mice: lean w ildtype (n=5), vehicle-treated ob/obs (n=4), and leptin- 
treated ob/obs (n=5; 2µg/g/day for 7 days). W e observed that levels o f  galanin 
m RN A  were significantly  h igher in the p eriven tricu lar nucleus (PeN ) o f the 
v eh ic le -trea ted  ob/ob  m ice co m p ared  to the w ild ty p e  co n tro ls  (p < 0 .0 2 ), 
w h e re a s  g a la n in  m R N A  lev e ls  in le p tin - tre a te d  o b /o b  m ice  w ere 
indistinguishable from w ildtype controls. There were no significant differences 
am ong the groups in levels o f  galanin m RNA in the arcuate nucleus (ARC), the 
dorsom edial nucleus (D M N ), and the central am ygdalo id  nucleus (CeN ), and 
there w ere no d ifferences in the num ber o f  galanin neurons am ong groups in 
each o f the areas exam ined. To test the hypothesis that leptin acts d irectly  on 
galanin-containing neurons in the hypothalam us, we perform ed double-label in 
situ hyb rid izatio n  for g a lan in  m R N A  and O b-R  m R N A  in the b rains o f  
w ildtype m ice (n=3). C oexpression o f  O b-R  and galanin m RN A  was detectable 
in only a few neurons in the A R C  and DM N and undetectable in the PeN and 
CeN . O bservations from  these tw o studies suggest that a subset o f  galanin 
neurons in the hypothalam us is involved in m ediating the effects o f  leptin and 
that the action o f  leptin on these neurons is indirect. (S upported by NIH grants 
R O 1 H D 27142 and T32 G M 07108)

4 4 2 .5

ETHER STRESS DECREASES SERUM LEPTIN CONCENTRATIONS AND 
LEPTIN GENE EXPRESSION BY A BETA-ADRENERGIC MECHANISM. S.C. 
Hooi1*, B. Patel1 and J.I. Koenig2. 1Dept of Physiology, National University of 
Singapore, Singapore 119260.2University of Maryland School o f Medicine, 
Baltimore MD21228.
Recent findings suggest a reciprocal relationship between corticosterone and leptin 
levels in the body. We studied the regulation of leptin secretion and gene expression 
by ether stress.

Experiment 1: Effect o f acute ether stress on leptin (LEP) secretion and gene 
(Lep) expression. Rats were placed in a chamber saturated with ether for 2 min, 
after which they were sacrificed 10, 20, 40 or 60 min after. Controls were placed in 
the chamber without ether and sacrificed immediately after. Ether stress 
significantly reduced both LEP secretion and Lep levels in epididymal fat within 10 
min after exposure. Both LEP and Lep were lowest at 40 min. Levels were restored 
to control levels by 2 h after exposure.

Experiment 2: Effect o f chronic ether stress. Rats were exposed to a 2-min ether 
stress daily at 1500 h. The animals were sacrificed after 1, 2 and 5 days. Control 
animals were placed in the chamber without ether daily and sacrificed at the end of 
5 days. Chronic exposure to ether significantly reduced LEP secretion and Lep gene 
expression by 42 and 25% after 2 days. There was no significant change in weight 
at this time.

Experiment 3: Effect o f  propranolol (PROP) on acute stress response. Animals 
were pretreated with PROP before ether stress. PROP ( 15mg/kg) alone did not 
significantly alter LEP secretion and Lep gene expression compared to saline- 
treated controls. Pretreatment with PROP prevented a decrease in serum LEP 
concentrations and Lep gene expression.

Conclusions: Both acute and chronic ether stress decrease LEP secretion and Lep 
gene expression. The acute suppression is dependent on a beta-adrenergic system. 
This work was supported by a NUS grant to SCH, RP950371.

4 4 2 .2

DIFFERENTIAL UPTAKE OF LEPTIN AT THE BLOOD-BRAIN BARRIER  
(BBB) AND BLOOD-CEREBROSPINAL FLUID BARRIER (BCSFB) IN 
RATS. S.S.Jovanovic1, W .L .M ia o 1, C .LFarrell2 and B.V.ZIokovic1* 
1 Dept.of Neurosurgery, School of Medicine, University of Southern 
California, Los Angeles. 2Amgen Inc., Thousand Oaks, California.

Leptin, a product of ob (obese) gene is an important regulator of food 
intake and energy expenditure. The exact mechanism by which circulating 
leptin gets access to its targets in the central nervous system (CNS) is not 
known. In this study we compared transport o f  125l-leptin at the BBB and 
the BCSFB in rats using an in situ brain/choroid plexus perfusion 
technique. There was rapid and time-dependent uptake o f  125 l-leptin (at 
trace concentration) by the choroid plexus reaching a steady state within 
first 10 minutes of intra-arterial infusion. This was followed by significant 
transport across the BCSFB and the level o f  125 l-TCA-precipitable leptin in 
the CSF reached 79.7%  of its plasma concentration at 0.03 ng 125 l-leptin 
/ml. The most rapid uptake was found in the hypothalamus and it was 
about 10 fold higher than in other BBB regions within the first minute of 
infusion. Leptin uptake in the cortex, hippocampus and caudate nucleus 
was relatively insignificant when compared to the uptake by the choroid 
plexus and CSF. Leptin transport through the BCSFB was however almost 
completely saturated at higher physiological concentrations of leptin in 
plasma. Our results suggest that the choroid plexus plays a central role in 
supplying blood-borne leptin to the CNS. (Supported by Amgen Inc.)

4 4 2 .4

METABOLIC EFFECTS OF LEPTIN IN  FED A N D  FASTED RATS. A. A.
H egarty* , K. C  K regel, K. K. H in k le , C . D. S ch m id t, D. A. M organ, R. B. 
F e ld e r . D epartm en ts of In ternal M edicine and  Exercise Science, U n iv ers ity  of 
Iow a an d  V eterans Affairs M edical C enter, Iow a City, IA 52242.
Leptin has been  show n to affect m etabolic and  card io v ascu la r  p a ram e te rs  in 
rodents but m any of these changes h av e  been dem o n stra ted  in lep  tin -  
deficien t anim als. To characterize  the effect of lep tin  on  m etabo lism  and th e  
card iovascu lar system  in fed vs. fasted  an im als, we m easured  changes in O 2 
consumption (VO 2), core tem p era tu re  (Tc), ac tiv ity , h e a rt ra te  (HR) and  
blood pressure in conscious rats. For the  first experim ent, an  a d u lt m ale r a t  
im p lan ted  w ith  a telem etry  probe w as p laced  in an a ir t ig h t  cham ber w i th  
food and  w ater. A  3 m g/kg  i.p. injection of lep tin  or saline w as given a t 
ap p ro x im ate ly  5 pm  and m etabolic changes w ere m easured  for the  next 22 
hours. Each ra t served  as its ow n control (n=6). D ata w ere d iv id e d  into d a rk  
(18:00-6:00) an d  light (6:00-15:00) cycles. Leptin  d id  n o t effect VO 2 in fed ra ts  
but Tc and  H R were e lev a ted  during the lig h t cycle. Regression a n a ly s is  
revealed  th at the sa line-treated  g ro u p  (slope=0.41) h a d  a tendency  to a t t a in  
h ig h er Tc a t low er rates of VO 2 th an  the lep tin -tre a ted  rats  (slope=0.21). 
L ep tin -trea ted  rats  w ere m ore active th an  sa lin e -tre a ted  ra ts  during  th e  
first h a lf  of the d a rk  cycle and  the first 4 h  of the lig h t cycle but th is  
ac tiv ity  w as not co rrela ted  w ith  m etabolic changes. Leptin  also influenced 
circadian changes in  m etabolism  since the phase  of VO 2 w as sh if ted  105 min. 
later. P re lim inary  d a ta  in rats fasted  23 hours p rio r  to and during th e  
experim en t suggest th a t lep tin  m ay  increase VO 2 in ad d itio n  to increasing  Tc, 
activ ity  an d  HR. The re la tio n sh ip  betw een VO 2 and  the  production  of h e a t  
suggests th a t lep tin  m ay m odify  the m etabolic p a th w a y  for energy 
u tiliza tion  in fed as w ell as fasted  rats. Supported  by HL-14388, AG-12350 
an d  a VA M erit Review.

4 4 2 .6

TISSUE-SPECIFIC REGULATION OF LEPTIN (OB) RECEPTOR GENE 
EXPRESSION IN THE HYPOTHALAMUS AND ANTERIOR PITUITARY BY 
FASTING James F. Hyde* and Aihua Cai Department o f Anatomy and 
Neurobiology, University of Kentucky College o f Medicine, Lexington, KY 40536.

The primary goal o f this study was to investigate the tissue-specific regulation of 
leptin receptor (OBR) gene expression after acute food deprivation in both normal 
and modestly obese human growth hormone-releasing hormone (hGHRH) 
transgenic mice. As compared with their normal sibling controls, hGHRH 
transgenic mice had significantly greater amounts of abdominal fat, higher levels of 
leptin mRNA, and a 2-fold increase in plasma leptin concentrations. Despite their 
normal plasma glucose levels, hGHRH transgenic mice had 4.5-fold elevated levels 
of plasma insulin. Using a ribonuclease protection assay, we measured the mRNA 
levels of the OBR long form (OBRL) in the hypothalamus and the anterior pituitary 
o f both hGHRH transgenic and their normal sibling controls after 48 h of fasting. 
In normal mice, 48 h o f fasting resulted in a significant decrease of OBRL gene 
expression in the hypothalamus and a significant increase in the anterior pituitary. 
In hGHRH transgenic mice, however, no changes in the gene expression of OBRL 
in the hypothalamus were detected after fasting. In contrast, 48 h o f fasting induced 
a dramatic increase o f OBRL mRNA levels in the anterior pituitary. Using dual in 
situ hybridization, OBRL was localized in somatotrophs. Moreover, the number of 
OBRL-positive pituitary cells was increased, and more somatotrophs appeared to 
express the OBRL gene in hGHRH transgenic mice. In conclusion, food deprivation 
results in a tissue-specific regulation o f OBRL gene expression in the hypothalamus 
and the anterior pituitary in normal mice; however, the response of OBRL gene 
expression in the hypothalamus to fasting is abolished in the modestly obese 
hGHRH-transgenic mice. This work was supported in part by NIH Grants DK- 
45981 (JFH) and HD-07436 (AC), and the UKMC Research Fund.
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EFFECTS OF OBESITY ON DIURNAL RHYTHMICITY OF PERIOD 
GENE EXPRESSION IN THE MOUSE SUPRACHISMATIC 
NUCLEUS. Moshe Jakubowski*, Yen Chen and Anthony H. Cincotta, 
Ergo Science Development, Charlestown, MA 02129

In this study we examined the hypothesis that obesity is associated 
with altered daily rhythmicity o f gene expression in the suprachiasmatic 
nucleus (SCN). Female ob/ob mice (38.2 ± 0.3 g) and lean C57BL/6J 
counterparts (18,4 ± 0.3 g) were kept under a 12:12 h light:dark 
schedule with ad libitum supply o f food and water. Mice were 
sacrificed at 08:00 (light onset), 12:00, 16:00, 20:00 (light offset), 24:00 
or 04:00 h (n = 5 or 6). Total RNA was extracted from individual SCN 
microdissections and analyzed using quantitative reverse transcriptase- 
polymerase chain reaction (RT-PCR) assay. In lean mice, levels of 
Period (per) mRNA showed a significant daily rhythm, with peak 
values at 16:00 and 20:00 h and lowest values at 24:00 and 04:00 h. 
Diurnal peak values were 2.5-fold higher than nocturnal values. 
However, obese mice failed to show a significant increase in diurnal per 
mRNA compared to the nocturnal levels. SCN levels o f vasoactive 
intestinal polypeptide (VIP), vasopressin and cyclophilin mRNAs 
showed no significant daily variations in lean or obese animals. The 
results support the hypothesis that genetic obesity in mice is associated 
with disruption o f certain daily rhythmicity o f SCN neuronal activity. 
Ergo Science Development Corp.

442.9

FLUCTUATIONS IN RAPIDLY-SAMPLED CIRCULATING  
PLASMA LEPTIN CONCENTRATIONS ARE ASSOCIATED  
WITH PSYCHOLOGICAL VARIABLES IN HEALTHY MEN AND 
WOMEN. P. Prolo1, A.B. Neαrão1, C. Mantzoros2, M.-L. Wong1, 
P.J. Neαro1, J. Vianello1, J. LoGuidice1, H. Spokes1, J. Flier2, 
P.W. Gold1, J. Licinio1*. 1 Clinical Neuroendocrinology Branch, 
NIMH, NIH. Bethesda, MD 20892-1284; 2Div. of Endocrinology 
& Metabolism, Dept. of Medicine, Beth Israel Deaconess 
Medical Center & Harvard Medical School, Boston, MA 02215 

Leptin is thought to modulate the secretion of neuropeptides 
that regulate endocrine function and behavior, such as CRH 
and LHRH. This study was conducted to determine whether 
minute-to-minute fluctuations in the plasma concentrations of 
plasma leptin were associated with psychological variables, 
assessed by 10 visual analog scales (VAS). The variables as
sesses were withdrawal, appetite, food (carbohydrate) craving, 
suicidality, sadness, guilt, tiredness, concentration, self-esteem, 
and physical distress. Healthy, normal-weight, non-diabetic 
male and female subjects complete VAS scales every hour, 
from 8:00 h until 23:00 h, while undergoing a 24-h blood collec
tion study, with samples drawn every 7 min. We found signifi
cant correlations between psychological variables assessed by 
VAS and fluctuations in plasma leptin concentrations. Future 
studies should test the hypothesis that minute-to-minute fluc
tuations in endogenous leptin concentrations within a given in
dividual contribute to regulate psychological variables.

442 .11

HYPOTHALAMIC NEURAL ACTIVITY IN DIET INDUCED AND 
GENETIC OBESE MOUSE BRAIN. X.F. Huang*. S. Lin. H.O. 
Wang. X.G. X in, YL. Zhang, Y.L. Ge. and J.R. Xia. Department of 
Biomedical Science, University of Wollongong, NSW2500 Australia.

Hypothalamic neural activity was examined after the mice were fed 
with high saturated fat diet for one, nine and sixteen weeks, 
respectively. The hypothalamic areas examined were arcuate, 
dorsomedial, ventromedial, paraventricular, perifomical and lateral 
hypothalamic nuclei. The expressions of c-fos, alpha melanocortin 
stimulating hormone (MSH), neuropeptide Y (NPY), leptin receptor 
and Y5 receptor were examined. Our results show that increased c-fos 
activity in lateral hypothalamus and perifomical, arcuate and 
dorsomedial nuclei in all mice after high saturated fat diet. MSH 
activity was decreased in the arcuate, dorsomedial, and lateral 
hypothalamic nuclei after high saturated fat diet. We could not find 
any significant changes in NPY activity in the hypothalamus of high 
fat diet induced obese mouse brain, while leptin receptor decreased its 
mRNA expression after high saturated fat diet.

Hypothalamic neural activity in genetic obese mouse brain (ob/ob) 
was also examined in this study. After both hypothalami from high fat 
diet induced and genetic obese mice were examined, it was found that 
the differences of hypothalamic neural activity exist. Genetic obese 
mice showed greater changes in the neural activity in the medial 
regions of hypothalamus. Conversely, high fat diet induced obese 
mice showed the changes primarily in the lateral hypothalamus. 
Finally, it is also our preliminary results that omega 3 fatty acid has 
different influence on hypothalamic activity compared with omega 6 
and saturated high fat diets. Supported by NH&MRC of Australia.

4 42 .8

CHRONIC INFUSION OF NOREPINEPHRINE INTO THE VENTROMEDIAL 
HYPOTHALAMUS ALTERS CARBOHYDRATE AND LIPID METABOLISM IN 
RATS. S. Luo*, Y. Liang, P. Scislowski, S. Hodge, J. Joslin, S. Castro, L. 
Garrett, J. Luo and A.H. Cincotta. Ergo Sci. Corp., Charlestown, MA 02129 

The ventromedial hypothalamus (VMH) is a major regulator in various 
metabolic processes by modulating autonomic nervous function and endocrine 
activities. We have demonstrated increased norepinephrine (NE) activity in 
the VMH of both genetically and seasonally insulin resistant obese animals. 
We therefore examined whether chronic increases in the local concentration 
of NE within the VMH might lead to altered metabolism and insulin 
sensitivity in young Sprague Dawley rats. Vehicle or one of two doses of NE 
(5, or 25nmol/hr) were infused continuously into the right VMH of rats 
through osmotic minipumps placed subcutaneously. Glucose tolerance tests 
(GTT) were conducted after 5 weeks of infusion. NE infusion at 25nmol/hr 
induced hyperinsulinemia (from 1.6±0.3 to 2.5±0.3 ng/ml, p<0.02) and 
produced a substantial increase of the GTT total area under the glucose curve 
by 31% (p<0.01), relative to vehicle infusion. After 4 week infusion NE at 
25nmol/hr significantly reduced RQ (p<0.05) and oxygen consumption by 
15% (p<0.01). NE infusion dose dependently increased abdon hal fat pat 
weight by 67% (5 nmol/hr, ns) and 250% (25 nmol/hr, p<0.001) respectively, 
compared to vehicle, although body weight was not significantly different 
among groups. NE significantly increased food consumption measured after 
the first week of infusion but not after the fourth week of infusion. The 
present findings indicate that increased VMH levels of NE initiates a 
neuroendocrine circuit that induces the development of obesity (and 
associated increased lipid oxidation), insulin resistance and glucose 
intolerance. Ergo Sci. Corp.

4 4 2 .1 0

BODY FAT INCREASE IS NOT CORRELATED WITH 
INCREASED FOS IMMUNOSTAINING IN THE ARCUATE 
NUCLEUS. M.Elizabeth Bell,*L Soriano, MF Dallman Dept of 
Physiology, UCSF, San Francisco, CA.
We examined the effect of positive energy balance on arcuate 
nucleus activation and on white adipose tissue (WAT). Adult 
male rats were fed ad libitum chow with (n=10) or without 
(n=10) supplementation of sucrose (30%) water for 10 days. 
Fluorogold (4mg in a volume of 0.1ml) was administered IP on 
day 2, and tissues and blood were collected on day 10. 
Sucrose-supplemented rats had significantly decreased chow 
intake (p<.01), but increased energy intake (p=<.0001) and 
WAT weights (epididymal, p=.001; mesenteric, p=. 02; 
perirenal, p=.024; subcutaneous, p=.002). Plasma insulin 
(p=.008) and leptin (p=<.0001) levels were increased in the 
sucrose-supplemented group compared to controls. Plasma 
corticosterone levels were not significantly different between 
the two groups, nor were adrenal or thymus weights. Positive 
energy balance was not correlated with a change in fluorogold 
in the median eminence or arcuate nucleus. The number of 
cfos-positive cells in the arcuate nucleus was not significantly 
different between sucrose-supplemented and control-fed rats. 
We conclude that arcuate nucleus activation by diet induced 
positive energy balance alters neither the number of arcuate cells 
containing cfos protein, nor the nonspecific uptake of plasma 
components from the circulation. Supported in part by grant 
#DK 28172.

4 4 2 .1 2

VGF knockout mice a re  h y p e rm e tab o lic and have 
the neuroendocrine  profile  of a fasted  mouse. S.
Hahm, T. Mizuno, K.A. Kelley, C.V. Mobbs, and S.R.J. Salton * 
Fishberg Research Center for Neurobiology, Mount Sinai School of 
Medicine, New York, NY 10029.

VGF is a neuronal neuro troph in -inducib le  secreted  polypeptide. 
T argeted  deletion  o f V G F produced m ice that are hyperac tive  and 
hyperm etabolic with reduced body w eight and im paired reproduction. 
A nalysis in m etabolic cages indicated that -/- m ice had a 50%  higher 
basal rate o f  m etabolism  and 500%  grea te r activ ity  than +/+  m ice. 
S urprisingly -/- and +/+ m ice consum ed equal am ounts o f food. The 
present study assessed the hypothalam ic neuroendocrine profile o f -/- 
m ice. A dipose leptin  m RN A , plasm a g lucose , and hypo th alam ic  
PO M C m RNA w ere reduced, w hile hypo thalam ic NPY and A G RP 
m RNA were elevated (thyroxin and insulin levels w ere low norm al) in 
ad lib-fed V G F-deficien t m ice com pared  to w ild-type contro ls. The 
neuroendocrine profile o f -/- mice is therefore sim ilar to that observed 
in +/+ mice after a prolonged fast. A fter a 24 h fast both -/- and +/+ 
m ice d isp la y e d  h y p e rp h a g ic  re sp o n se s . A h ig h -fa t,  h igh- 
carbohydrate  diet induced significant body w eight gain in w ild-type 
but not in the VG F knockout m ice, but nevertheless restored  estrous 
cycling and nearly norm alized hypothalam ic PO M C and NPY m RNA 
levels in -/- m ice. A dipose leptin m RN A  levels how ever rem ained  
significantly  low in -/- m ice. These data  indicate that hypothalam ic 
responses in VGF knockout mice were appropriate  for their low body 
weight, suggesting that VG F knockout m ice are underw eight due to a 
h y p e rm e ta b o lic  s ta te  that is u n c o m p e n sa te d  by an a b o lic  and 
hyperphagic responses. S u p p o rte d  by  A G  10676 , A G 0 5 6 6 7 , and  the 
D y sa u to n o m ia  F o u n d a tio n  to  S .R .J.S . an d  D K 5 0 1 10 to  C .M .V ..
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C entral Adm inistration of M TU Suppresses Insulin Secretion by Increased 
Sym pathetic Drive in ob/ob mice W Fan, D. M. Dinulescu and R. D. Cone 
(SPON. D. A. Bricky*) Vollum Institute L474, Oregon Health Science University, 
Portland, OR, 97201

Hyperinsulemia is among the earliest detectable metabolic alterations in some 
obese animals including the ob/ob mouse. Clarification o f the mechanisms leading to 
hyperinsulemia and its reversal may have great therapeutic potential for the human 
obesity. The POMC pathway has recently been demonstrated to play a pivotal role in 
energy homeostasis. Peripheral administration NDP-MSH, a potent agonist o f  the 
MC4-R and MC3-R, reduces the food intake and hyperinsulemia in ob/ob mice, and 
SHU9119, an antagonist o f MC4-R and /or MC3-R, partially blocked the inhibitory 
effect o f NDP-MSH on insulin secretion; It has been shown previously that peripheral 
administration o f leptin also decreased hyperinsulemia in ob/ob mice. The present 
study was undertaken to test that weather central activation o f melanocortin could 
suppress insulin secretion by alteration o f the autonomic nervous activity in the 
pancreas in ob/ob mice. Experiments were performed on conscious adult ob/ob mice 
(female, 60-70 g) with the cannulae implanted in the lateral cerebroventricle, and 
started at the beginning o f the dark cycle (1800) with the food withdrawn and water 
available ad libitum. 0.5-1 hour following the icv injection o f the drugs, blood 
samples were collected for insulin radioimmunoassay. ICV administration o f MTII, 
another potent agonist o f  the MC4-R and MC3-R, dose-dependently (0.3, 1,3 nmol) 
inhibited serum insulin secretion in ob/ob mice by 72.8 % with 1 nmol o f MTII, 
compared to 63.8 % with 1 µg o f leptin (n=5-10, P<0.001) relative to the acsf 
control group. I.p. administration of phentolamine (0.1-0.5 mg/kg) significantly 
elevated the basal insulin level from 53.49+4.5 to 83.94 + 13.6 ng/ml, n=13, 6; P< 
0.05), and also completely blocked the inhibitory effect o f  central administration o f 
MTII and leptin on serum insulin (tested at 1 nmol and lµg doses respectively, n=12, 
6; P<0.001). These observations indicated that central activation o f melanocortin 
receptors can suppress the insulin secretion in ob/ob mice much the same as does 
leptin. The suppression effects may be due to an increase o f sympathetic α -  
adrenergic activity in the pancreas. However, the parasympathetic control o f insulin 
release in this model has not yet been examined. (Funded by HD 30236, RDC)

4 4 2 .1 5

REDUCED COUNTERREGULATION AFTER REPEATED INSULIN 
INJECTIONS IN RATS: CNS ACTIVATION PATTERNS. N.C. 
Tkacs1* and B.E. Levin2. NJMS Dept. of 1,2 Neurosciences and
'Psychiatry and East Orange VA Medical Center, East Orange, New 
Jersey 07018

Diabetic patients with strictly controlled blood glucose often exhibit 
reduced counter-regulatory responses to a hypoglycemia. This
phenomenon has been reproduced in normal humans after a single 
episode of hypoglycemia. We have observed reduced plasma
epinephrine responses to hypoglycemia in conscious, chronically 
cannulated rats given insulin (5U/kg IV after an overnight fast). Blood 
samples for glucose and plasma catecholamines were drawn 30 min 
before insulin, and 30 and 60 min after insulin. Plasma epinephrine 
responses progressively decreased in response to repeated trials of 
insulin-induced hypoglycemia given every other day. This reduction in 
counterregulatory response was usually associated with reduced
recovery to normoglycemia over the first hour after insulin injection.

Immunocytochemical detection of Fos-related antigens (Fra) 
demonstrated increased Fra staining in rat brains collected 24 hours after 
a insulin-induced hypoglycemia (either a single trial, or a series of three 
trials). Fra was expressed in the hippocampus, hypothalamus, and 
several cortical regions. Additional experiments will be required to 
determine potential brain sites mediating reduced autonomic responses 
during repeated bouts of hypoglycemia.

Support: NIDDK and Research Service of the VA.
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EFFE C T OF AG ING  O N P ITU ITA R Y  G R O W TH  HO RM O N E-RELEASING  
FAC TOR R E C E P T O R  m RNA LEVELS IN MALE AND FEMALE W ISTAR- 
LOU RATS. P. Gaudreau1* , C. Vevrat-Durebex2. S. Denis1 and J. Alliot2.
1 Notre-Dame Hospital Research Center and Dept. of Medicine, Univ. Montreal, 
Montreal, Canada, H2L 4 M 1 ;2 Univ. Blaise-Pascal, Aubière, France.

Senescence is characterized by a loss of weight, the appearance of 
muscular atrophy and a diminution of growth hormone and insulin-like growth 
factor-1 (IG F-1) circulating levels. This might be related, at least in part, to 
alterations of pituitary growth hormone-releasing factor receptor (G HR H-R) 
concentrations and/or characteristics. To study the phenomenon, the W¡star- 
LOU rat, a light-weight strain of rats exhibiting an increased longevity, was 
used. Male (M) rats lost weight with aging while fem ale (F) maintained their 
weight at up to 34 months of age. In M and F pituitaries, levels of the G HRH-R
2.5 kb m RNA transcript decreased significantly with aging when compared to 
those of 2-month-old rats. The magnitude of this decrease was lower in F than 
in M. In M pituitaries, levels of the G HRH-R  4 kb m RNA transcript decreased 
significantly with aging when compared to those of 2-month-old rats but 
remained stable in F. Interestingly, M and F 29-34-month-old survivors 
exhibited significantly higher levels of the G HRH-R  2.5  kb m RNA transcript 
compared to* 18-month-old animals. Levels of the G HRH-R  2.5 kb mRNA  
transcript were significantly higher in 2-, 4-, 10- and 29-month-old M than F but 
not in 18- and 34-month-old animals. Levels of the G HRH-R  4 kb mRNA  
transcript were significantly higher in 2-month-old M than F but not in 4-, 10-, 
18-, 29- and 34-month-old animals. A correlation was observed in aging M and 
F between circulating concentrations of IGF-1 and levels of the G HRH-R  2.5  
kb m RNA transcript. Since this isoform of G H R H -R  is known to be a functional 
receptor, the present study suggests that a maintenance of its youthful levels 
is mandatory to preserve the functionality of the somatotroph axis in aging and 
to delay senescence. Supported by the Medical Research Council of Canada.

4 4 2 .1 4

HEPATIC VAGOTOMY DOES NOT ALTER HEPATIC GLYCOGEN DEPOSITION 
IN CONSCIOUS RATS. S.Cardin*. M.Emshwiller and A.D. Cherrington Dept. 
Mol.Physiol. And Biophysics. Vanderbilt University School o f Med. Nashville, TN 37232.

It has been demonstrated in the dog that infusion o f glucose into the hepatic portal 
system increases net hepatic glucose uptake and that complete hepatic denervation abolishes 
this effect. We recently showed that hepatic portal glucose delivery ( hepatic portal signal) 
also increases hepatic glycogen deposition in the rat. The aim o f this study was to investigate 
the contribution o f the hepatic vagus nerve to this response. Catheters were placed in the 
portal vein, carotid arteiy and jugular vein of rats one week prior to study. At the same time 
an hepatic vagotomy or a sham vagotomy was performed. The rats were studied in conscious 
free moving state 24 hours after food deprivation. Each experiment consisted of a 30-60 min 
equilibration, a 30 min baseline and a 2h test period In the test period somatostatin (1.3 
µg/kg/mm, into jugular vein), insulin (2mU/kg/min, into the portal vein) and glucagon (0.8 
ng/kg/min, into the portal vein) were infused to increase 4 times basal insulin level and 
maintained basal glucagon levels. At the same lime glucose was given via the portal vein 
(6 mg/kg/min) and jugular vein to clamp the arterial blood glucose level at 220 mg/dl. The 
baseline hepatic glycogen content ol`24h fasted rats was similar with or without vagotomy 
At the end o f the experiments the rats were anesthetized (20 mg/kg pentobarbital, i.v) and 
liver was freeze clamped for subsequent measurement of glycogen. The test period arterial 
plasma glucagon and insulin levels were similar in the two groups 36± 2 and 37±4 pg/ml 
and 1.3± 0.1 and 1.4± 0.2 ng/ml in sham and vago groups respectively. The arterial blood 
glucose level during the test period were also similar for the sham (224± 1), and vago 
(221 ± 1 mg/dl) groups. No significant difference were found between groups when 
comparing hepatic glycogen deposition (sham: 93± 9 and vago: 93± 7 µmol o f glucose lg of 
liver). The present data suggest that the hepatic branch of the vagus nerve does not play a 
major role in the hepatic glycogen deposition induced by hyperinsulinemia, hyperglycemia 
and the hepatic portal signal in conscious rat.
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TWO-WAY MODULATORY ACTION OF LEPTIN ON RAT’S GASTRIC VAGAL 
AFFERENTS SIGNALING IN VITRO. Yu Hua Wang*. Yvette Taché. David W. 
Adelson and Jen Yu Wei. Dept. of Med., CURE Digest. Dis. Res. Ctr. and BRI, 
UCLA Sch. of Med., Los Angeles, CA 90095.

Leptin pretreatment has been shown to alter the cholecystokinin (CCK) responsive
ness of gastric vagal afferents (GVAs), and that the GVA’s CCK responsiveness was 
affected also by ambient CCK level (Gastroenterology 112:A849 1997; submitted ibid 
1998). Purpose: to determine whether ambient CCK levels may influence the out come 
o f leptin’s action. Experiments were conducted on an in vitro preparation. Multi- or 
single unit activities were recorded from ventral gastric vagus nerve strands. The left 
gastric artery was cannulated for close intra-arterial injections (ia). Response 
magnitude: Q =  5 min spike count after/before each treatment, is presented as means 
±  SE, and assessed with t-test or ANOVA followed by Fisher’s least significant test. 
The interval o f treatments was ≥  30 min. Results: 1) Multi-unit study on 5 rats show 
that the Q to 0.1 ml vehicle was 1.08 ±  0.11, and the Q to a'test stimulus (5 pmol 
CCK-8, ia) was reduced from 2.33 ±  0.47, to 1.57 ±  0.13 and 1.18 ±  0.04, 
respectively (F31 6 =  5.08, p <  0.05, ANOVA), when ambient CCK level was 
elevated from 0.1 to 1.0 and 10 pmol 5 min prior to the test. 2) The effect o f leptin 
(5 µg) on the responses o f 40 single units either to 1 pmol or 5 and 10 pmol CCK-8 
were examined from 16 experiments. Leptin suppressed the Qs o f 11 o f 13 units (1.81 
±  0.22 vs 1.29 ±  0.16, p < 0 .0 5 , t-test*) but enhanced the other 2 responding to 1 
pmol CCK, resulting a ratio of 11*:2. The ratio was changed to 9*: 8* when CCK was 
increased to 5 pmol, and was reversed to 3:7* with 10 pmol. The results suggest: 1) 
the CCK responsiveness of GVAs is high when the ambient CCK level is low and vice 
versa; 2) leptin may exert a two-way modulatory effect on the CCK action by 
suppressing the high-CCK-responsive GVAs while enhancing those o f the low. 
(Supported by NIH Grant DK48476 & DK30110, Leptin was provided by Amgen Inc)
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EFFECT OF ELECTRICAL STIM ULATION O F DORSOM EDIAL (D M H ) 
A N D  V ENTROM ED IA L (VM H) HY PO TH A LA M IC NUCLEI O N  BLOOD 
PLASM A GLUCOSE LEVEL. C .T .B .V . Z a i a *1, D.A.M . Z a ia 2,
M .S .D oln ikoff3, L .C.T.G aziri1, C .T im o -Ia ria3. 1Dept. F isiologia and
2Q uím ica, Univ. L ondrina, Londrina, PR, 3D ep t.F isio log ia, UNIFESP, SP, 
B ra s il .

The effect of electrical stim ulation  of D M H an d  VM H on b lood p lasm a  
glucose w ere investiga ted  in an esth e tized  (N em butal, 40 m g/kg , i .p .)  
a d u lt m ale W istar rats  (150 g). E lectrical stim u la tio n  (König & K lip p e l 's 
A tlas) of D M H  w ith  low  in ten sity  of e lectrical current (b iphasic square 
w ave pulses, 50 Hz, 2V, 0.2 m s, for 1 m in) induced  increase in blood p lasm a  
concentration of glucose (l34.7±2.7 m g /d l, n = 11, p<0.001) afte r 5 m in, 
com pared w ith  sham -o p era ted  control group (lO8.6±l.7 m g /d l, n=5). 
C on trary  to previous claim s (Frohm an & B ernard is, A m er.J.Physio l., 
221:1596,1971), electrical stim u la tio n  of VM H failed to increase the blood 
glucose concentration  after 5 m in  of electrical stim ulation  suggesting  spread  
of cu rren t from  VM H to DM H. To test th is h y p o th es is , to ta l destruction of 
the  DM H w as carried  o u t u sing  b ilateral electrolytic lesion (2 m A, 5 s). N o 
changes in blood glucose concentration w ere observed afte r e le tro ly tic  
lesion of DM H (lO6.7±4.4 m g /d l, n = 10) w ith in  20 min. A previous (5 m in) 
lesion of DM H  follow ed by electrical s tim ula tion  of VM H w ith  low  
(105.9±3.l m g /d l, n= 16) or h igh  (110.2± l.9  m g /d l, n = 16) in tensity  of 
e lectrical current (50 H z, 4V, 0.4 ms, for 4 m in) d id  not change glucose 
levels, com pared w ith  controls groups. These resu lts  suggest th a t our 
h y po thesis  w as correct.

S u pported  by C N Pq an d  CPG-UEL, Brazil.
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BDNF IM PRO V ES BLOOD G L U C O SE CO NTROL IN  OBESE 
DIA BETIC M ICE: A LTERA TIO N S IN  THE A U T O N O M IC
IN N ER V A TIO N  OF THE LIV ER . J .R . T o n ra * , X.C. L iu. K  G a rc ia . C. 
Jack so n . G.D. Y an co p o u lo s. S .J. W ie g a n d .V . W o n g .
R egeneron  P h a rm a c e u tic a ls  Inc., T a rry to w n , NY 10591

B ra in  derived  n e u ro tro p h ic  fac to r (BDNF) red u c e s  n o n fas te d  
blood glucose in  obese type 2 d iabetic  m ice (db/db) (Ono et ah , 1997, 
B iochem . Biophys. Res. C om m ., 238: 633-637). P a irfe ed in g  to the  
reduced  food in tak e  level of BDNF t re a te d  m ice does not re s u lt  in  the  
sam e effect, su g g estin g  th a t  th e  low erin g  of blood glucose by BDNF is 
not due  to dec reased  body w eight. In  th e  p re s e n t  s tu d ie s  we have 
confirm ed  and  ex tended  th ese  o b serva tions. U sin g  g lycated
hem oglobin  (% H bA1c.) as an  in d ic a to r of lo n g -te rm  blood g lucose  
contro l, we show th a t  BDNF s ig n if ic a n tly  red u ces  % HbA1c in  db/db 
m ice even w h en  given only tw ice w eekly (s.c. in jection). T he 
im p ro v em en t in  % HbA1c w as n o t caused  by red u ced  food in ta k e  b ecau se  
p a irfeed in g  contro l a n im a ls  to the  BD NF tre a te d  group  h a d  no effect on 
% HbA1c. These fin d in g s  ru le  out th e  possib ility  th a t  th e  effect of BDNF 
on n o n fas ted  blood glucose is sim ply  due to th e  t im in g  of g lucose  
m e a su re m e n ts  re la tiv e  to food in ta k e . In te re s t in g ly , fo llow ing 
te rm in a tio n  of a 4 w eek BDNF tre a tm e n t  reg im en , blood g lucose  
rem a in e d  low er th a n  th a t  of contro ls for an  ad d itio n a l 12 w eeks. In  
exp lo rin g  th e  m ech an ism  by w hich  BDNF tre a tm e n t  r e su lts  in la s t in g  
im p ro v em en t in  blood glucose contro l, we have  found th a t  th e  liver is 
p a rt ic u la rly  affected by BDNF tre a tm e n t.  A m ong o th e r c h a n g e s , 
ty rosine  hydroxy lase  activity  is in c re a se d  in  liver a fte r  efficacious 
BDNF tre a tm e n ts .  A lte ra tio n s  in  sy m p a th e tic  activ ity  m ay  th ere fo re  be 
p a rt  of the  m ec h a n ism  by w hich  BDNF im proves blood g lucose contro l 
in  gene tically  d iabetic  m ice. (S upported  by R e g e n e ro n  
P h a rm a c e u tic a ls ,  Inc.)
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CIRCADIAN OSCILLATIONS IN EXTRACELLULAR BRAIN GLUCOSE 
AND CORTICOSTERONE: A LONG-TERM MICRODIALYSIS STUDY IN 
AWAKE, BEHAVING RATS. J.N. Ferguson. M. Emery. J.M. Weiss. R.W. 
Bonsall*. Neuroscience Program and Department of Psychiatry & Behavioral 
Sciences, Emory University School o f Medicine; Atlanta, GA, 30322.

Glucose is the major source of energy in the mammalian brain and is constantly 
transported from the plasma across the blood brain barrier by facilitated diffusion. 
Recent in vivo sampling techniques have reported local changes in extracellular 
glucose concentration in response to transient neuronal activity. To date, 
however, knowledge of either longer-term fluctuations in extracellular glucose 
concentrations or the regulatory mechanisms involved remains very limited. 
Technical advances in in vivo microdialysis made it possible for us to perform 8 
days of continuous, 24 hour per day monitoring of the extracellular fluid 
composition in the prefrontal cortex o f awake, freely moving rats. In addition, we 
were able to relate the levels of glucose recorded to intracerebral levels of the 
adrenal, glucocorticoid corticosterone, in the same dialysate samples. At a probe 
perfusion rate of 0.5 µl/min, the mean in vitro recovery o f glucose was 43%. 
Using a colorimetric, enzymatic method to quantify glucose in the dialysates and 
correcting for recovery, we found mean extracellular glucose levels o f 0.44 mM, 
which is consistent with other reports and suggestive that brain extracellular 
glucose concentrations are much lower than typically reported plasma glucose 
concentrations. We also found a significant correlation between the circadian 
oscillations in corticosterone and the daily fluctuations in extracellular brain 
glucose. Our findings therefore suggest that extracellular glucose concentrations 
are affected by the long-term changes in neuronal metabolic demands imposed by 
daily rhythms in neuronal activity and hormone secretion.
Supported by MH 56602 and the Emory University Research Committee.
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TOPOGRAPHICAL DISTINCTION BETWEEN THE LACRIMAL AND SUBMANDIBULAR 
SUBDIVISIONS OF THE SUPERIOR SALIVATORY NUCLEUS IN RATS USING TWO 
VIRAL TRANSNEURAL TRACERS. I.E. Tóth1, RR. Miselis2*, Zs. Boldogkõi3, I. Medveczky4, and 
M. Palkovits1. 1Joint Res. Lab. Neuromorph., Semmelweis Univ. Med & Hungarian Acad Sci., 
Budapest, H-1450; 2Dept Animal Biol. Sch. Vet Med. Univ. Pennsylvania, Philadelphia, PA, USA, 
3Inst Biochem. Protein Res., Agric. Biotechnol. Ctr, Gödöllö; and 4Dept Microbiol. Infect Disease, 
Univ. Vet Sci., Budapest, Hungary

In our previous work the lacrimal and parotid subdivisions of the superior and inferior salivatory 
nuclei (SSN, ISN) had been localized by the application of the Bartha strain of pseudorabies virus (PrV- 
Ba) as a transneural tracer (Tóth, etal., Soc Neurosci. Abstr. Vol. 23 Part 1 p. 429, 1997). In the present 
study we used two immunohistochemically distinguishable strains of PrV-Ba to clarify the topographical 
relationship between the lacrimal and submandibular subdivisions of the SSN. They were the attenuated 
PrV-Ba strain and the Bartha-Neut-Lac (Ba-NeutLac) strain constructed by insertion of a lacZ-expression 
cassette. Two 5µl injections of PrV-Ba and Ba-NeutLac (titers: 8.5×l 09 PFU/ml) were injected into the 
lacrimal and submandibular glands of adult male Sprague-Dawley rats, respectively (or vice versa). The 
neurons infected by the PrV-Ba were identified with a polyclonal antiviral antiserum, while the neurons 
infected by Ba-NeutLac were stained with the antiviral antiserum and/or anti β-galactosidase antibody 
(Boehringer GMbH (mouse, monoclonal). Three days after injection of the virus, labeled 
parasympathetic preganglionic neurons projecting to the lacrimal gland were identified between the root 
fibers of the facial nerve and the superior olive, immediately dorsal to the A5 catecholaminergic cell 
group. The parasympathetic preganglionic neurons projecting to the submandibular gland were located 
dorsal to the lacrimal preganglionic neurons in the reticular formation at the pontomedullary junction, and 
extended in the brainstem from about 10.30 to 11.30 mm posterior to the bregma, as also described by 
Jansen et al. (Brain Res. 572; 253, 1992). The submandibular subdivision constitutes the dorsal two- 
thirds while the lacrimal subdivision forms the ventral one-third of the SSN, as revealed by staining 
consecutive sections either for antiviral or β-galactos¡dase epitopes. There was only miner overlap 
between the two territories of these two subdivisions. The use of double-virus transneural tracing is an 
excellent technique to visualize different neurons in a mosiac-like distribution within train nuclei. 
Supported by Hungarian grants, OTKA T-025962 and FKFP 0648 and NIH GM27739.
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IDENTIFICATION OF NPY SENSITIVE NEURONES IN THE HYPOTHALAMIC 
PARAVENTRICULAR NUCLEUS PROJECTING TO PREGANGLIONIC 
AUTONOMIC NEURONES OF THE BRAINSTEM AND SPINAL CORD

M. Carrasco Vifi uela1 and P. J. Larsen2* 1 Department of Physiology, University of 
Cadiz, 2Department of Anatomy, University of Copenhagen and Neuroendocrine 
Pharmacology, Novo Nordisk, Copenhagen, Denmark.
When injected into the hypothalamic paraventricular nucleus (PVN), neuropeptide Y 
(NPY) potently stimulates feeding behaviour and insulin secretion. NPY induces Fos- 
expression in perikarya of all PVN subnuclei. However, very little is known about the 
connectivity of these NPY responding neurones. Due to the effect on circulating levels 
of insulin, NPY is likely to influence descending PVN neurones regulating the 
preganglionic autonomic outflow to the pancreas. We have combined retrograde 
anatomical tract tracing with C-fos immunocytochemistry. Bilateral injections of True 
Blue into the dorsal vagal complex retrogradely labelled PVN neurones influencing 
preganglionic parasympathetic neurones. Bilateral injections of FluoroGold into the 
intermediolateral column of the spinal cord (1ML) retrogradely labelled PVN neurones 
influencing sympathetic cell bodies of the eight to tenth thoracic segment of the spinal 
cord. NPY induced Fos expression was prominent in the medial and dorsal 
parvicellular, and the posterior magnocellular subnuclei of the PVN. Retrogradely 
labelled neurones projecting to the spinal cord were prominent in the dorsal, lateral 
and ventral portion of the medial parvicellular subnuclei of the PVN. About 20% of 
IML projecting neurones of the medial parvicellular subnucleus were Fos-positive 
while less than 5% of IML projecting neurones from other subnuclei were Fos- 
positive. Hardly any PVN neurones projecting to the dorsal vagal complex were 
concomitantly Fos positive. In conclusion, NPY induces c-Fos in neurones projecting 
to preganglionic sympathetic neurones whereas descending PVN regulating brainstem 
parasympathetic outflow to the gastrointestinal tract was unaffected

LOCALIZATION O F NEURONAL NITRIC OXIDE SY N TH A SE (nNOS)
IN T H E  SUBM ANDIBULAR GLAND O F T H E  RAT. W...Kim, M. Kim*,
H . C h o i j _ _ _ S , _ A h n ,  J . _Lee. Dept. of Physiology, Chonnam  Univ 
Med and Dent Sch, K w angju 501-190, Rep. of Korea.

Nitric oxide (NO) has been recently  know n to play a m ediatory role 
in regulating the subm andibular blood flow and secretion. However, 
d istribution of NO sy n thase  (NOS) responsible for NO syn thesis  has  not 
been well studied in the subm andibular gland. In the p resen t study, we 
explored the localization of NOS isoforms, using  im m unohistochem istry 
in the subm andibular gland of the rat. Im m unohistochem ical staining 
w as perform ed using vectastain  ABC kit. NOS antibodies used w ere the 
purified monoclonal m ouse antibodies aga inst NOS isoform s (neuronal, 
endothelial, and inducible NOS). nN O S-positive  im m unoreactivity w as 
observed in the subm andibular ganglion, autonom ic nerve fiber, striated  
duct, g ranu lar convoluted duct, and intercalated duct. Subm andibular 
ganglia m ay be classified into 3 groups according to nNOS staining: 
strong, weak, and non-sta in ing . nN O S-positive im m unoreactivity w as 
m ost prom inent in the subm andibular ganglion and autonomic 
postganlionic fiber, and th a t in the ductal system  w as well concentrated 
in the epithelial layer. Endothelial N O S -positive  im m unoreactivity  w as 
observed in arterial endothelium, striated  duct, and g ranu lar convoluted 
duct. Inducible N O S -positive  im m unoreactivity  w as not detected in the 
subm andibular gland. T h ese  resu lts  su g g est th a t nNOS is well localized 
in the subm andibular ganglion, autonom ic nerve fiber and ductal system  
of the subm andibular gland, the released NO possibly acting as a 
n euro transm itter o r neurom odulator in non-adrenerg ic  and non-colinergic 
transm ission.

4 4 3 .4

D IF F E R E N T  E F F E C T S  O F  5 H T  O N  ID E N T IF IE D  R A T  D O R S A L  
M O T O R  N U C L E U S  O F  T H E  V A G U S  (D M V ) N E U R O N S  
P R O J E C T IN G  T O  T H E  G A S T R IC  F U N D U S  O R  C E C U M . K.N. 
Browning and R.A. Travaqli*. G astroenterology Research, Henry Ford 
Health Sciences Center, Detroit, M l 4 8 2 0 2  

Th e  aim  of this study w as to characterize the effects of 5 -H T  on 
identified D M V  neurons. D M V  neurons w ere  fluorescently labeled  
following application of retrograde tracers to the gastric fundus or 
cecum  of young rats. T e n -1 5  days later, w hole cell patch-clam p  
recordings w ere  m ade from fluorescent labeled fundic- or cecum - 
projecting D M V  neurons in thin brainstem  slices. All the tested  
cecal neurones responded to exogenously applied 5 H T  with a 
concentration-dependent depolarization (N =5). Conversely, only 3 out 
of the 12 fundic neurones tested w ere  depolarized by exogeneously  
applied 5H T . In all cases, the 5 H T  depolarization w as m ediated by a 
reduction in A H P . W hen  glutam ate-m ediated synaptic potentials w ere  
evoked by electrical stimulation of the m edial N TS , 5 H T  reduced the  
am plitude in all the tested neurones (N = 3  cecum  and N = 4  fundus). The  
effect of 5 H T  on the evoked potential w as likely to be m ediated via a 
presynaptic inhibition because the paired pulse ratio w as altered in all 
the neurones. T h ese  data show that 5 -H T  excites all cecum -projecting  
D M V  neurones directly, but excites only a sm all subpopulation of 
fundic-project¡ng D M V  neurones. Also, 5 H T  exerts a prom inent role in 
the m odulation of synaptic transmission in both cecum  and fundus- 
projecting neurones. T h ese  data Imply that the response of D M V  
neurones to 5 -H T  m ay be classified by their specific projections.

Society for Neuroscience, Volume 24 ,1998
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D IF F E R E N C E S  B E T W E E N  ID E N T IF IE D  R A T  D O R S A L  M O T O R  
N U C L E U S  O F  T H E  V A G U S  (D M V ) N E U R O N S  P R O J E C T IN G  T O  T H E  
G A S T R IC  F U N D U S  O R  C E C U M . R.A. Travaαli. W .E . R enehan* and  
K.N. Browning. G astroenterology R esearch , Henry Ford Health  
S ciences Center, Detroit, M l 4 8 2 0 2

T h e  purpose of this study w as to characterize the basic m em brane  
properties of D M V  neurons identified as per their peripheral 
gastrointestinal projections. D M V  neurons w ere  fluorescently labeled  
following application of retrograde tracers to the gastric fundus or cecum  
of young rats. T e n -1 5  days later, w hole cell patch-clam p recordings  
w ere  m ade from  fluorescent labeled fundic- or cecum - projecting D M V  
neurons in thin brainstem  slices. No significant differences w ere  
observed in the action potential duration or am plitude nor in the resting 
m em b rane potential betw een the two groups (N = 1 9  fundus and N = 7  
cecum ). T h e  input resistance of fundic neurones w as significantly larger 
than that of cecal neurones. All cecal neurones exhibited potassium - 
carried inward rectification which w as not present in fundic neurones. 
T h e  am plitude of the afterhyperpolarization following the firing of a single  
action potential w as significantly larger and longer in cecal neurones  
which fired few er action potentials following a sustained depolarization. 
T h e se  data confirm ed our recent hypothesis that D M V  neurones can be  
distinguished on the basis of peripheral gastrointestinal projections. 
Th ese  data imply that the m odulation o f single D M V  neurones m ay be  
predicted by the presence or/and m agnitude of certain ionic currents (see  
Browning et al. adjacent poster)
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EFFECTS OF REACTIVE OXYGEN METABOLITES ON COLONIC 
MYENTERIC NEURONS.
S. TA KA HASHI*, K. TAMURA1, H. SHOJI2, E. OKABE2, and O. TAKAHASHI3. 
1Dept. of Physiology, 2Dept. of Pharmacology, 3Dept. of Histology, Kanagawa Dental 
College, Inaoka-cho 82, Yokosuka Kanagawa 238-8580, Japan

Reactive oxygen metabolites produced by sequential univalent reduction of oxygen 
have been suggested to play an important role in both physiological and 
pathophysiological conditions. They include superoxide anion radical(O2 - ), hydrogen 
peroxide(H2O2), and hydroxyl radical(HO ). These metabolites are produced during 
reperfusion of the ischemic tissue or released from white blood cells in inflammatory 
regions. In transplantation of the gastrointestinal tract, O2  ̄ produced in the graft 
segment damages the mucosal layer. In chronic inflammatory bowel diseases such as 
Crohn’s disease and ulcerative colitis, O2-  releasedfroiti white blood cells have been 
indicated to induce dysfunction of endothelial cells in microcirculation. However, effects 
of these reactive oxygen metabolites on enteric neurons that control motility of the 
gastrointestinal tract have not been studied. With conventional intracellular recording 
methods, we examined effects of reactive oxygen metabolites derived from 
hypoxanthine(HX) and xanthine oxidase(XO) reaction on the electrophysiological 
behaviors of AH/type2 myenteric neurons in the guineapig distal colon. Application of 
HX (10 µM) and XO(0  .01U/ml) containing Krebs solution induced a transient 
membrane hyperpolarization which was followed by a long lasting membrane excitation 
in 11 of 16 AH/Type 2 colonic neurons. Superoxide dismutase(38 U/ml), catalase(5 
U/ml) and dimethyl sulfoxide(DMSO; 15 mM), scavengers of O 2 - , H2O2 and H O  
respectively, partially suppressed membrane hyperpolarization, whereas the excitatory 
response was completely blocked only by DMSO. These results indicate that reactive 
oxygen metabolites produced within the gut wall may affect the gastrointestinal motility 
by modulating the membrane excitability of enteric neurons.
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SPECIALIZATIONS OF VAGAL INTRAGANGLIONIC LAMINAR ENDINGS (IGLEs) 
IN THE RAT STOMACH AND DUODENUM: A QUANTITATIVE ANALYSIS. M.K
Jarvinen*, T.A. Powrozek, W.J. Wollmann, and T.L. Powley. Purdue University, West 
Lafayette, IN 47907.

intragangl¡onic laminar endings (IGLEs), the most ubiquitous vagal afferent 
terminals in the wall of the Gl tract, have been described qualitatively and their 
distribution within the gut recently mapped, but the structural pattern, complexity and 
extent (receptive field?) of the fibers terminating in IGLEs have not been characterized 
systematically. Furthermore, IGLE fibers from different areas have not been 
compared for regional differences in architecture. To address these issues, male SD 
rats (n = 27) received injections of dextran tetramethylrhodamine conjugated to biotin 
(7%; 0.5 µl) in the nodose ganglion (left or right) and were perfused 14 days later. 
Wholemounts of the stomach and duodenum were stained with Cuprolinic blue and 
processed with the ABC Elite kit (Vector). All afferents that (a) could be completely 
traced, without confusion with other axons, and (b) had collaterals ending only in 
IGLEs or simple free endings (afferents forming intramuscular arrays or “ IMAs” and 
IGLE/IMA hybrids were not included) were digitally reconstructed (Eutectics). For the 
entire sample of fibers (50 gastric; 42 duodenal) meeting these criteria, initial 
multivariate cluster analyses (different sets of 11 and 7 distinguishing parameters) 
suggested that vagal afferents forming IGLEs were relatively similar throughout the 
proximal Gl tract, though a subgroup of more extensive and complexly Branched 
endings, located predominately in the stomach, was distinguished. Univariate 
analyses (MANOVAs) indicated that, on 8 distinct indices, gastric IGLE afferents 
overall were significantly more extensive than duodenal fibers: For example,
individual axons in the stomach, compared with those in the duodenum, formed more 
IGLEs (8.7 vs. 5.7), had more branched segments (21.9 vs. 15.9) and had larger 
innervation fields (3.0 vs. 1.7 mm2. In both organs, axons apposed similar numbers 
of myenteric ganglion neurons (73 vs. 66). These analyses suggest that vagal 
afferents which terminate in multiple IGLEs comprise one fundamental type and that 
local factors in the stomach and intestines may determine the final complexity and 
extent of the individual axons. NIH DK27627

REGIONAL EFFECTS OF AGING ON VAGAL ENDINGS AND MYENTERIC 
NEURONS IN THE Gl TRACT OF THE FISCHER RAT. R.J. Phillips*. E.A. 
Baronowskv, & T.L. Powley. Purdue University, West Lafayette, IN 47907.

From the long list of gastrointestinal disorders that afflict the elderly, one can 
speculate that time and its associated insults may adversely affect both the extrinsic 
and intrinsic innervation of the alimentary canal. Unfortunately, very little neuroscience 
has yet been done on possible age-related changes in the Gl tract. What is known 
about the extrinsic innervation of the Gl tract, consists of cell counts of vagal sensory 
and motor cell bodies. Such counts suggest little or no decrease with aging (Tissue & 
Cell 28:593-602,1996; JANS 67:114-117,1997), emphasizing the need to look at the 
peripheral endings in the gut. In the case of the Gl tract, aging research has focused 
on the myenteric plexus (MP) of the small and large intestines, where a 40% decrease 
of neurons in the MP occurs with aging (JANS 25:59-67,1988). To further explore the 
effects of aging on gastrointestinal innervation, male Fischer 344 rats of 3 and 24 
months of age were used in each of three treatments. Treatments 1 & 2 consisted of 
injections of 3 µl of either 4% WGA-HRP (to label vagal sensory endings) or 1% CTB- 
HRP (to label vagal motor endings) in the left nodose ganglion. The entire stomach, 
first 4 cm of the duodenum, and proximal colon were prepared as wholemounts and 
processed with tetramethyl benzidine or, in the case of Treatment 3, Cuprolinic Blue (to 
stain the neurons in the MP). Vagal afferent terminals, efferent endings, and MP 
neurons in the stomach were counted and mapped with a sampling grid. In addition, 
MP neurons in the duodenum and proximal colon were also counted and mapped. 
Consistent with previous studies, a 37% decrease in the number of MP neurons in the 
small and large intestine was demonstrated. Surprisingly, no such decrease was found 
to occur in the stomach. Similarly, no change in density of vagal afferent or efferent 
innervation of the stomach was found. These findings suggest that a positive 
relationship exists between the density of vagal innervation and MP survival. Whether 
this correlation results from vagal innervation protecting, and/or some other factor(s) 
rescuing, gastric MP neurons from attrition remains to be determined. NIH DK27627 
and NIA pilot project support.
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STUDY ON DISTRIBUTION OF VIP- AND SP-IMM UNOREACTIVE 
NERVES IN HUMAN DUODENUM Jia Yousu,Huang Luquan. Jiang Yong. 
Qi weiqin,Shou Tiande*. Department o f Histology and Embryology, Anhui 
Medical University, Hefei, P.R.China. 230032.

Vasoactive intestinal polypeptide(VIP) and substance p(SP) are widely 
distributed in the central and peripheral nervous system of many different 
animals including humans. In this stuty, immune histochemical technique was 
applied to observe the distribution of VIP-and SP -im munoreactive (VIP-IR 
and SP-IR) nerves in human duodenum. Five specimens of human duodenum, 
obtained from the surgical patients, were processed for paraffin sections(5- 
10um). The sections were processed for immunohistochemistry using ABC 
method. Observations found that VIP-IR and SP-IR nerve fibers and cells 
show a deep brown color. VIP-IR and SP-IR nerve fibers distributed in all 
layers in the wall of the duodenum. There were extreme abundant VIP-IR 
fibers in the mucosa and submucosa. They form a woven network around the 
small intestine gland and duodenal gland. SP-IR nerve fibers distributed 
mainly in the tunica muscularis and nervous plexuses. VIP-IR and SP-IR 
fibers can also be observed in the vascular walls in the submucosa. The VIP- 
IR and SP-IR neurons were seen in the myenteric and submucous plexuses, 
mainly in the submucous plexus. But they are different in staining and 
morphology. The SP-IR neurons are more than VIP-IR neurons in the 
myenteric plexus. We also found VIP-IR and SP-IR neurons in the mucosa 
and they are in the muscularis mucosa. We reported NPY-IR neurons in the 
mucosa. Conclusions: VIP-IR and SP-IR nerves arc different in the 
distribution.In the mucosa there were NPY-IR,VIP-IR and SP-IR neurons, 
which play a complicated regular role in the mucosa physiological activity.

4 4 3 .1 0

CELIAC GANGLION PROJECTIONS TO THE RAT DUODENUM. Z. Cheng*, M. 
Jarvinen. R. Bedel. J. Conway. A. Royce, and T.L. Powlev. Purdue University, West 
Lafayette, IN 47907.

In an ongoing anterograde tracer/confocal analysis of celiac ganglion projections 
(cf. Cheng and Powley, 1994), we applied a multi-tracer strategy to investigate the 
postganglionic innervation of the duodenum. Male SD rats received celiac injections 
of TMR (n = 6), TMR-B (n = 6), or Dil (n = 10); some had prior bilateral splanchnic 
nerve rhizotomy to eliminate spinal afferents (n = 10). A week to 10 days after tracer 
injections, animals were perfused, and their duodena were prepared as wholemounts 
for confocal microscopy or digitizing (Eutectics). To label the enteric nervous 
system, either animals were injected with Fluorogold (1mg; 72 hrs before perfusion) 
or their Gl tissues were counterstained postmortem with Cuprolinic blue (Jarvinen et 
al., 1998). Reconstructions of the axons indicate that celiac postganglionic 
projections consist of extensive, highly differentiated terminals in multiple layers of 
the duodenum: (a) Celiac axons course through myenteric interganglionic 
connectives and ganglia, but only provide simple terminals and en passage contacts 
within the ganglia, (b) Many fibers form complex terminal networks within, and 
oriented parallel to, circular muscle, (ć) Between the circular and longitudinal 
muscle, these celiac axons may also produce very complex terminal networks with 
elements paralleling both muscle sheets, (d) In contrast, celiac axons are only 
occasionally found in longitudinal muscle, and only a few form terminal networks in 
this layer, (e) In the muscle wall, a single fiber may form at least 175 branch points 
(n = 10) and have combined segment lengths of at least 48.2 mm. (f) Celiac axons 
produce denser aggregates of varicose endings in submucosal ganglia than in 
myenteric ganglia, (g) In the submucosa, dense varicose nerve networks regularly 
envelop blood vessels. Collectively, our results indicate that celiac postganglionic 
fibers may supply a substantial, precise, and differentiated set of motor controls to 
the duodenum, both by modulating enteric circuitry (including possibly 
parasympathetic inputs) and by extensive projections directly to smooth muscle. 
DK27627
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VAGAL AFFERENT TERMINALS IN THE MOUSE STOMACH: TYPES AND 
TOPOGRAPHIC MAPS. T.L. Powley*, R.J. Phillips. F A  Martinson. E.A. Baronowskv. 
and E.A. Fox. Purdue University, West Lafayette, IN 47907.

For the rat Gl tract, standardized sampling techniques have facilitated identifying the 
major classes of vagal afferents and demonstrating that distributions of these endings 
are constant from animal-to-animal. The present experiment (a) evaluated whether the 
mouse stomach has the same classes of afferent endings observed in the rat and (b) 
mapped the topographies of terminal densities in the mouse, in order to compare the 
distributions with those of the rat and to generate normative baselines for gauging 
perturbations of Gl innervation. Male mice of two inbred strains, C57BI/6 and WBB6, 
were given 4% WGA-HRP injections (0.5 µl) in the left nodose ganglion followed, 24 
hrs later, by perfusions. The stomachs were prepared as wholemounts and processed 
with TMB. An adjustable sampling grid was used to survey the same points in 
different wholemounts. The results indicate: 1) The muscle layers of the mouse 
stomach are innervated by the same two classes of Vagal afferents that are found in 
the rat, namely intraganglionic laminar endings (IGLEs) and intramuscular arrays 
(IMAs). 2) Characteristic concentrations of IGLEs and IMAs also occur in the mouse, 
as they do in the rat. 3) The mouse topographic profiles are equivalent in the different 
inbred strains, but differ in important specifics from the maps for the rat. For example, 
both species have concentrations of IMAs in the forestomach, but their patterns differ 
both in the particular fundic location and in the degree of registration between circular 
and longitudinal IMAs. Mice also have a conspicuous band of circular IMAs, not 
observed in the rat, at the lesser curvature of the corpus/antrum. 4) Descriptions of 
the consistency of mouse vagal afferent maps now make it practical to evaluate 
conditions or experimental manipulations that may alter patterning of the terminal 
fields (cf. remodeling produced by c-Kit mutations--E.A. Fox et a l., this meeting). NIH 
DK27627

4 43 .13

EFFECT OF LYSINE ON AFFERANT ACTIVITY OF THE HEPATIC 
BRANCH OF THE VAGUS NERVE IN NORMAL AND LYSINE 
DEFICIENT RATS. K. Torii1, T. Tanaka1, T. Ono2 and A. Niijima3, ‘Central 
Res. Labs., Ajinomoto Co., Inc., Kawasaki 210-8681, Japan. Toyama Med. & 
Pharm. Univ., Toyama, 930-0194, 3Dept. Physiology, Niigata University School 
of Medicine, Niigata 951-8151, Japan.

Diet with deficiency of an essential amino acid (AA) causes a change of taste 
preference towards solution or diet that favors the deficient AA. L-lysine, an 
essential amino acid with bitter taste, was most preferably ingested durirtg the 
lysine deficiency in choice paradigm of solutions containing various AAs. There 
is a possibility that lysine in blood and brain can be sensed due to prevention of 
unpleasant symptoms evoked by ingestion of lysine deficient diet. The existence 
of amino acid sensors, including ones for lysine in the hepatoportal region, was 
investigated using adult male Wistar rat, weighing approximately 3OOg, with or 
without lysine deficiency. Sensory signals from hypothesized hepatoportal lysine 
sensors send information on the concentration of lysine in the portal venous blood 
to the central nervous system through hepatic vagal afferents. To develop the L- 
lysine deficient rats, L-lysine deficient food was supplied for 7-10 days. Food was 
withdrawn at least 6 hours before each experiment. The hepatic vagus nerve 
filament of each rats, anesthetized with urethane (lg/kg, i.p.), was isolated and 
the responses were recorded before and after treatment of AA solution into the 
cannulated portal vein. The sensitivity to L-lysine in the L-lysine deficient rat 
increased 100 fold from that observed in the normal animal. D-lysine, L-alanine 
and L-leucine sensitivities did not change. This increase in L-lysine sensitivity 
may accelerate selective intake behavior for L-lysine in food, as well as water, to 
aid recovery from a L-lysine deficient state.

4 4 3 .1 5

DISTRIBUTION OF LEPTIN RECEPTOR-LIKE IMMUNOREACTIVITY 
IN RAT INTRAPANCREATIC NEURONS. L. Sha, L. G. Ermilov, P. F. 
Schmalz and J. H. Szurszewski*. Dept. of Physiology and Biophysics,
Mayo Clinic and Mayo Foundation, Rochester, MN 55905 USA.

In a previous study, we showed that exogenously added leptin facilitates 
nicotinic transmission in pancreatic ganglia. The aim of this study was to 
determine the distribution of leptin-receptor-like immunoreactivity (OB-R IR) 
in the intrapancreatic nervous system. Intrapancreatic ganglia were dissected 
from adult rat pancreata. Pancreatic ganglia were triple stained in whole 
mount with goat anti-leptin receptor IgG, mouse monoclonal anti- 
synaptophysin IgG, and either with rabbit anti NPY antiserum or for biocytin 
injected into single pancreatic neurons by microelectrode before fixation. 
Cy2-streptavidin (or donkey anti rabbit Cy2), donkey anti-goat rhodamine 
and donkey anti-mouse Cy5 were used to visualize the triple staining. 
Preparations were scanned with a confocal scanning microscope and 
converted into volume rendered files. 3-D images were obtained and merged 
using ANALYZE® software. The majority of ganglion neurons and varicosed 
nerve fibers stained positive for OB-R IR. In all biocytin injected neurons 
examined, OB-R IR was present in the soma but outside the nucleus. OB-R 
IR, synaptophysin IR, and NPY-like immunoreactivity (NPY IR) were 
colocalized in nerve varicosities. Somata containing NPY IR also contained 
OB-R IR. Varicosities containing OB-R IR were preferentially distributed 
along the dendritic surface of pancreatic neurons rather than along the somatic 
surface. Our results suggest (1) OB-R are synthesized in NPY-containing 
pancreatic neurons; (2) OB-R are located on presynaptic structures. 
CONCLUSION: Electrophysiological and morphological data support the 
hypothesis that leptin acts on presynaptic structures to modulate synaptic 
transmission in pancreatic ganglia. The functional significance of OB-R 
located in the somata of NPY-neurons remains to be determined. (Supported 
by NIH Grant DK17632.)

4 4 3 .1 2

SELECTIVE LOSS OF GASTRIC TENSION RECEPTORS IN c-KIT MUTANT MICE.
E A  Fox*, E.A. Baronowskv, R.J. Phillips. F,A. Martinson and T.L. Powley. Dept. 
Psychological Sciences, Purdue University, West Lafayette, IN, 47907.

Vagal gastric tension receptors, or, intramuscular arrays (IMAs) in the rat consist of 
linear endings that travel within and parallel to the smooth muscle layers in close 
association with a similarly oriented class of interstitial cells of Cajal (ICCs; JCN 
213:261,1992). To capitalize on mouse genetics to tease apart the roles of IMAs and 
ICCs in stretch reception we first characterized IMAs in the mouse and found them to 
be similar in morphology and distribution to the rat (Powley et al., 1998 SFN meeting). 
This permits extrapolation from -  and makes practical the use of -- different mutant 
mice, each with different elements of the gastric stretch sensory system selectively 
ablated. Next we characterized the IMAs in c-Kit mutant mice. They lack the ICCs that 
predominate in the forestomach (PNAS USA 32:12008,1996) and that associate with 
IMAs which also concentrate there. WGA-HRP (0.5 µl, 4%) was injected in the left 
nodose of c-Kit mutant mice (w/w-v; n=9) or wild type siblings (+/+; n=9). Later (24 hr) 
mice were perfused and stomach wholemounts processed with TMB. We found that 
IMAs in wild type +/+ mice were similar in number and distribution to those of another 
wild type inbred mouse strain we have characterized (C57BL/6, Powley et al.,1998 
SFN meeting). However, in the mutant mice, dramatic loss of IMAs associated with 
circular and longitudinal muscle -- 80 and 90%, respectively - compared to +/+ 
controls was observed. In contrast, intraganglionic laminar endings (IGLEs), the other 
major vagal sensory ending found in stomach muscle which does not associate 
closely with ICCs of muscle, showed a much smaller reduction. Additionally, abberant 
fibers were present in the forestomach of mutants. These could be IMAs that migrated 
off course during development in search of the missing ICC scaffold. We are 
examining whether the remnant IMAs that survive in mutants contact neuronal or 
smooth muscle elements or residual ICCs, and we are sampling the nodose ganglion 
for atrophy or loss of the vagal sensory neurons which form IMAs and IGLEs. The 
selective loss of IMAs in c-Kit mutant mice suggests a trophic relation between IMAs 
and ICCs and should provide a useful system for studying the development and 
function of gastric tension receptors. NIH DK27627
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ETHANOL-INDUCED NERVE-INJURY GENE EXPRESSION IN PANCREAS 
AND NEUROHORMONAL SITES. H.S. Li*. B. Thompson. J. Rao. X.Y. Deng. 
P. Wood. P.K. Eagon and D.C. Whitcomb. Dept. of Medicine, Univ. of Pittsburgh 
Sch. of Med. and Pittsburgh VAMC, Pittsburgh, PA 15261.

Alcohol related diseases, including pancreatitis, are major health care problems 
world-wide. We hypothesized that chronic alcohol ingestion alters gene expression 
in major neurohormonal control sites regulating pancreatic function and that these 
changes, in part, predispose susceptible individuals to acute and chronic pancreatitis. 
The aim of this study is to identify genes differently expressed within the pancreas 
and key regulatory control sites in the presence of chronic alcohol ingestion. Male 
Wistar rats were pair-fed with Lieber-DeCarli diet containing 0% (control) and 6.7% 
ethanol for 4 weeks (n=6). The cDNAs generated from mRNAs isolated from the 
pancreas, duodenum, dosal vagal complex (DVC), and nodose ganglion (NG) of 
ethanol-treated and control animals were compared using mRNA differential display. 
Over 25,000 PCR products were generated from four tissues in duplicate using 30 
combinations of primers. Ten distinct cDNA fragments were regulated following 
ethanol feeding. Seven of them were classified as induced, whereas 3 cDNA 
products appeared to be repressed. One cDNA tag was strongly induced with ethanol 
feeding in the pancreas, duodenum (excluding the mucosa) and DVC, but was 
repressed in NG. This cDNA tag was cloned and sequenced. Comparison with the 
GenBank database revealed that this clone contains a repetitive “brain identifier” (ID) 
elem ent-a family of repetitive sequences initially identified in brain transcripts. 
This gene was previously found to be repressed after peripheral nerve injury. Dot 
blot and reverse northern blot analyses confirmed the differential expression of the 
ID-containing transcript in all four tissues. These results indicate that ethanol 
specifically induces a gene with a repetitive ID sequence that may play a 
compensatory role in the pathophysiological processes that disrupt the 
neurohormonal control of pancreatic secretion seen in alcohol consuming subjects. 
(Supported by a NIAAA award to DCW R01DK50234-1).
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444.1
DESIGN, FABRICATION, AND IM PLANTATION OF A DENSE ARRAY 
CORTICAL M IC RO ELEC TRO D E RECORDING DEVICE 
D.T. Blake*, R ..C. deCharm s, and M .M .M erzenich, W.M. Keck Center for In
tegrative Neuroscience and Depts. of O tolaryngology and Physiology, UCSF, 
San Francisco CA 94143-0732.

A cortical im plant was developed th a t allows extracellular single unit record
ing a t up to  49 sites in a  4.4 square mm area for many m onths. The device 
utilizes ultra-narrow  tapered  Parlene-C insulated iridium  microelectrodes to 
minimize mechanical disturbance of the region near the electrode tip. The 
electrodes are in a square grid with 350 µm spacing. The vertical position of 
each electrode is independently controlled, and positioned on the basis of 
depth or physiological criteria. The device is herm etically sealed about 1 mm 
above the dura  m ater. The array is im planted in a minimal surgical procedure. 
The to ta l weight of this device is close to  20 gram s. It has been used success
fully for m ulti-site recordings in prim ary som atosensory and auditory cortices 
of m arm osets and owl monkeys. One th ird  to  one half of the m icroelectrodes 
yield discrim inable single units in prim ary sensory cortex for a  period of many 
m onths after im plantation. The average ratio  between the action potential am 
plitude and the noise standard  deviation is nine.
DTB supported by NRSA grant 1F32NS10154. This work supported by NIH 
grant NS10414, H R I, and the Coleman fund.

444.3

Cortical Organization in Shrews
K. C. Catania* D. C. Lvon. O. B. Mock, and  J. H. Kaas 
V anderb ilt U niversity, Nashville, TN, 37240

Shrews are  insectivores w ith small b ra in s  an d  little neocortex. 
We exam ined the  o rgan iza tion  of senso ry  a reas  in five shrew  
species, rang ing  in size from  2.5 gram s (S. longirostris) to 20 
gram s (B. b rev icauda). M icroelectrode reco rd ings  w ere m ade in 
cortex  an d  re la ted  to  fla ttened  sections p rocessed  for 
cy tochrom e oxidase to  reveal a rch ite c tu ra l bo rders . A small 
n u m b e r of clearly  defined  sensory  a reas w ere located  caudally  
in cortex. Two som atosensory  a reas con ta in ed  rep resen ta tions  
of th e  co n tra la te ra l body surface, co rresp o n d in g  to  S1 (p rim ary  
som atosensory  cortex) and  S2 (secondary  som atosensory  cortex). 
A sm all p rim ary  visual cortex  (V1  was loca ted  d irectly  ad jacen t 
to  S1  while au d ito ry  cortex  (A l) was located  a t the  caudo-lateral 
ex trem e o f cortex, partia lly  encirc led  by S2. Areas w ere not 
o v erlapp ing  and  had  sh arp  h is tochem ically  a p p a ren t and  
electrophysio log ically  defined  bo rders . The d irec t adjacency of 
these  a reas  suggests a com plete  absence of in te rven ing  h igher 
level o r association areas. The resu lts  ind ica te  th a t a  so lution to 
having extrem ely  little  neoco rtex  is to have a few small 
subdiv isions. Yet the  sm all a reas  rem ain  d iscrete, well- 
organized , an d  functional. Though likely a derived  condition  
fo r insectivores, the  existence o f th is  sim ple  cortical 
o rgan iza tion  in shrew s suggests the  possib ility  th a t sim ilarly  
p ro p o rtio n ed  sm all-b rained  ancesto rs  to  m am m als also had  only 
a few ad jacen t p rim ary  and  secondary  cortical areas. S upported  
by NIH G rants NS09857-2 to  K.C.C. and  NS 16446 to J.H.K.

444.5
RC3 IS EXPRESSED IN EX CITA TO RY  NEURONS IN ADULT 
M ONKEY NEOCORTEX. M. C o s ta-G arcia1*, A. G u ad añ o -F erraz2, 
J . B ernal2 and  E. Rausell1. 1 Dept. Morphology, Sch. of Medicine, Autonoma 
University of Madrid, and  2Inst. for Biomedical Research, 28029 Madrid, Spain.

RC3/Neurogranin is a 78 aa protein whose expression has been described in rat 
hippocampal and neocortical pyramidal neurons (rev: Gerendasy and Sutcliffe, Mol., 
Neurobiol., 15: 131-163, 1997). RC3, a neuronal postsynaplic PKC substrate, has 
been involved in mechanisms of activity-dependent synaptic plasticity. We have studied 
the location and features of the neuronal population containing RC3-mRNA and protein 
in the somatosensory and motor cortices of the adult macaque (Mαcαcα fαsciculαris).

The areal and laminar distribution of RC3-mRNA were analyzed by performing in 
situ hybridization in normal fixed tissue. The hybridization signal of RC3-mRNA was 
studied in area 3b of the somatosensory cortex, in the secondary' somatosensory cortex 
(SII), in area 4 of the motor cortex, and in areas 5 and 7. The areal differences of the 
RC3-mRNA distribution were found to correlate with differences in cytoarchitecture. 
The higher levels of hybridization signal were detected in association with pyramidal 
cell bodies and shafts whereas lower levels of signal were observed in the surrounding 
neuropil. Along the different analyzed areas, the hybridization signal was always poor 
in layer I. The higher signal was observed in layers 11, III and VI, whereas layer IV and 
V exhibited a reduction in the hybridization levels. The immunocytochemical analysis 
revealed the same areal and laminar distribution of RC3 protein.

Double immunofluorescence analysis for RC3 and non-phosphorilated 200 kDa 
neurofilament revealed that RC3 is present in pyramidal cells in every area studied. 
However, RC3 is not present in any subpopulation of cortical intemeurons containing 
parvalbumin or 28-kDa vitamin D-dependentcalcium-binding protein calbindin.

Double in situ hybridization and immunocytochemistry analysis confirmed that the 
RC3-mRNA is present in pyramidal neurons and not in intemeurons containing 
parvalbumin or calbindin. In addition to this, RC3-mRNA is present in all neurons 
containing CaM kinase II. These data suggest the presence of RC3 in excitatory 
neurons in the somatosensory and motor cortex of adult macaque.
Supported by CICyT SAF003 1 '96.

444.2
THE O RG A N IZA TIO N  O F SOM ATOSENSORY CORTEX IN 
THE WEST EUROPEAN H ED G EH O G  (Erinαceus europαeus).
Natalie P o b irsk y 1, Zoltán M o ln á r* , Colin B lakem ore2, and Leah 
Krubitzer1 ,  1D ep t. o f  Psychology and C enter for N euroscience, 
University o f California, Davis, CA, 95616. and 2U n iv ers ity  L ab o rato ry  
of Physiology, University  of O xford, UK.

In order to understand  the basic neuronal circuitry  that com poses all 
m am m alian brains, it is im portant to exam ine m am m als that have 
relatively large brains with num erous functional subdivisions, as well as 
m am m als that have relatively small sim ply organized  brains. Using 
e lectrophysio logical record ing  techniques, we exam ined the n u m b er 
and internal organization  o f som atosensory neocortex  in the 
hedgehog. M ultiunit activity was recorded at a num ber of closely 
spaced sites, and the receptive field location, size and stim ulus 
preference for neurons at these sites was determ ined. We fo u n d  
evidence for three separate fields. The largest and m ost com plete  
representation o f the body surface was found in the p rim ary  
som atosensory area, SI. N eurons in SI had relatively sm all receptive 
fields and responded well to cu taneous stim ulation o f the contrala teral 
body surface. A rostral field, R, contained  a nearly  com plete  
representation o f the body surface. How ever neurons here resp o n d ed  
to stim ulation o f deep receptors. Finally, a small region o f cortex, just 
lateral to SI, con tained  neurons that could be driven by cu taneous 
stim ulation o f the body surface; neurons here had very large receptive 
fields and re-rep resen ted  body parts already represented  in SI and R. 
The data from  this and related studies in “p r im itiv e ” m am m als 
support the notion that the brain o f our com m on ancestor was likely to 
have a small, but d ifferentia ted  neocortex  with clear p hysio log ical 
subdivisions.
Supported in part by N IH -R O 1# N S 3 5 103-02, W hitehall F oundation  
M 97-20 , to Leah K rubitzer.

444.4
COMPARATIVE ARCHITECTURE OF AREAS 3A, 3B 
AND 1 OF SOM ATOSENSORY CORTEX IN 
CHIMPANZEES, HUMANS AND M ACAQUES
H.-X. Qi*, N. Jain. T.M. Preuss, and J.H. Kaas. Dept. of 
Psychology, Vanderbilt University, Nashville, TN 37240, and Div. of 
Behavioral Biology, Univ. of Southwestern Louisiana-New Iberia 
Research Center, New Iberia, LA 70560.

In order to identify homologous cortical areas and the comparative 
histochemical features of homologous areas in primates, we processed 
brain sections from anterior parietal cortex for Nissl substance, myelin, 
acetylcholinesterase (AChE), calbindin (CB), parvalbumin (PV), SMI- 
32 and Cat-301 antigen. By correlating histological architectures with 
somatotopic maps and neuronal response characteristics determined 
with microelectrode recording in monkeys, we delimited areas 3a, 3b 
and 1 in macaques (Mαcαcα mulatto), chimpanzees (Pan troglodytes) 
and humans. All histological procedures were useful for determining 
areal boundaries, and there was good agreement across procedures. The 
laminar patterns and densities of staining varied across taxa. For 
example, the middle layers of area 3b were dark after Cat-301 staining 
in macaques, but not in humans and chimps. Across all areas, humans 
exhibited numerous AChE-stained pyramidal cells in layer III, while 
fewer stained cells were observed in chimps and macaques. In general 
the laminar patterns of staining were more similar in chimpanzees and 
humans, consistent their closer evolutionary relationship. The use of 
several procedures along with a comparative approach may redefine 
some fields. For example, our results suggest that area 1 is less 
extensive caudally in chimps and humans than commonly illustrated. 
[Supported by NS 16446 and USL-NIRC],

444.6
SOMATOSENSORY CORTICAL RESPONSES TO STIMULATION OF THE 
HAND GLABROUS SKIN WITH NORMAL AND TANGENTIAL FORCES IN 
THE MONKEY. M. Paré* and A.M. Smith Centre de Recherche en Sciences 
Neurologiques, Université de Montréal, QC, Canada, H3C 3J7 

The purpose o f this study was to examine the response properties o f neurons in the 
thumb/index region o f the primary somatosensory cortex of the monkey to slip and 
shear forces tangential to the skin surface. A recording chamber was implanted over 
the central sulcus giving access to the appropriate area of the somatosensory cortex and 
in particular Brodmann’s area 3b. Receptive fields (RFs) located on the glabrous skin 
of the first and second digit of a passive awake monkey were stimulated by light touch 
with a camel hair brush and a blunt probe to establish the RF area. Graded von Frey 
hairs were used to establish the cell’s threshold to pressure normal to the skin surface. 
Preliminary results for 68 single cells found that 48 had clearly defined cutaneous RFs. 
Twenty-nine cells showed slowly-adapting responses whereas 19 had rapidly-adapting 
responses to sustained stimulation of the RF. Most o f the rapidly-adapting cells were 
encountered superficially in the cortex whereas slowly-adapting cells were more 
frequently encountered deeper within the central sulcus. An electronic probe was used 
to apply forces normal or tangential’to the skin. Most cells (43/48) responded to 
pressure normal to the skin and the discharge o f 35/43 cells was proportional to the 
exerted pressure. Of these 31/48 also responded to forces exerted tangential to the skin 
surface and 4 others responded exclusively to tangential forces. Responses to tangential 
stimulation were further analyzed for responses related to shear force or slip by sliding 
coarse sandpaper or smooth metal coated with either a lubricating (Vaseline) or 
adhesive (Rosin) film across the RF. Eighteen cells responded to shear alone whereas 
14 responded to both shear and slip and only 2 responded only to slip. In general, the 
results indicate that neurons in the glabrous skin area o f the somatosensory cortex are 
sensitive to shear and slip stimuli in addition to their responses to pressure applied 
normal to the RF skin. Research supported by the MRC of Canada and the FCAR of 
Quebec.
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DYNAMIC RESPONSE OF SI NEURONS TO VIBROTACTILE STIMULATION.
K. A. Delemos*1, B. L. Whitsel1, O. Favorov2, P. M. Quibrera1, and M. 
Tommerdahl2. Departments of 1Physiology and 2Biomedical Engineering. University 
of North Carolina, Chapel Hill, NC 27599.

Extracellular single- and multi-unit recordings of mechanoreceptive primary af
ferent and anterior parietal (SI) neuron spike train activity were obtained from anes
thetized macaque monkeys. The periodicity of afferent and cortical neuron responses 
to sinusoidal vibrotactile stimulation (12-200 Hz) was assessed using mean vector 
length (r) as a measure of entrainment. All vibration-sensitive afferents were well- 
entrained, firing at one or more discrete times with respect to the onset of each 
stimulus cycle. Entrainment of the afferents did not change over the duration of a 2- 
15 sec stimulus, although the firing rate of most afferents decreased with time after 
stimulus onset. In contrast, the sample of vibration-sensitive SI neurons includes units 
whose responses to RF-center stimulation were very different - some were well 
entrained (r ≅ 0.7) while others were not (r ≅ 0). It was observed that SI neuron 
entrainment could change over time -- for some neurons entrainment increased with 
continuing stimulation, while for other neurons entrainment was maximal immedi
ately after stimulus onset and decreased thereafter. Intravenous administration of 
phencyclidine (300-500 µg/kg) systematically altered the entrainment of vibration- 
induced responses in SI neurons, suggesting a possible role for NMD A receptors in 
the response of these neurons to periodic stimulation. It is concluded that the ability 
of SI neurons to follow periodic mechanical stimulation is not static, but is altered 
dynamically by intracortical interactions that involve NMDA receptors. These dy
namic changes in the relationship between a sinusoidal vibrotactile stimulus and SI 
single neuron spike discharge activity may provide a basis for the perceptual changes 
that accompany vibrotactile stimulation in humans.
(Supported by R01 NS34979 and P01 DE07509.)

4 44 .9

D ISCHAR G E PRO PE R TIE S  O F  UN ITS  IN PR IM ARY SO M A TO S EN S O R Y  
C O R TE X  W ITH  NO  REC E P TIV E  FIELD D U R IN G  A CTIVE AND PASSIVE  
TE XTU R E  D ISCRIM INATIO N. F. Trem blay1,3* and C .E. Chapm an1,2. 1CRSN  
and 2École de Réadaptation, Université de Montréal, Québec, Canada H3C  
3J7 and 3École des Sc. de la Réadaptation, Un¡versité d’Ottawa, Ontario, 
Canada K1H 8M5.

The existence of neurones in the hand representation of the primary 
somatosensory cortex (S I) that are best activated by complex stimuli like 
specific shapes and/or during active grasping, has led to the suggestion that 
such neurones might serve various sensorimotor functions important for the 
manipulation of objects (e.g. shape discrimination). This study examined the 
discharge patterns of 39/358  SI neurones that were insensitive to simple skin 
or joint stimulation (‘no-RF’) while two monkeys (macaca mulatta) performed 
a texture discrimination task (smooth vs. rough) using the hand contralateral 
to the unit recordings. Two modes of touch were employed: active and 
passive, i.e. with and without movement on the part of the animal. The 
majority of the no-RF units were found in areas 1 and 2 (33/39). The 
discharge of 31 of 39 neurones was modulated during active touch, while 
23/39 were modulated during passive touch. One-half of the units (19/39) 
signalled the difference in texture in one (active, n=4; passive, n=8) or both 
modes of touch (n=7), including 13 units activated when the animal made 
voluntary movements of the contralateral hand/arm outside the context of 
the tasks. Texture-sensitive no-RF units were found in all areas, but were 
more frequent in area 2 (areas 3b and 1 ,5 /16 ; area 2 ,1 4 /2 1 ). The results are 
interpreted as providing support for the suggestion that such neurones 
subserve a sensory, and not a  motor, function. The observation that such 
neurones signal information about surface features (texture) encountered 
during tactile exploration suggests that their sensory role may be complex, 
perhaps extending beyond the representation of object shape. Supported by 
M RC (Canada) and FRSQ  (C .E. Chapman).

444 .11

PATTERNED NEURONAL ACTIVITY IN THE SOMATOSENSORY CORTEX 
DURING ACTIVE PINCHING BEHAVIOR IN THE AWAKE MACAQUE 
MONKEY. I. Salimi, R.W, Dykes*, A.M. Smith and A.A. Miasnikov, Dept. of 
Physiology, University of Montreal, Montreal, PQ H3C 3J7, Canada.

Neocortical neurons display differences in discharge patterns that are attributable, 
in part, to differences in membrane characteristics and, in part, to their position in 
cortical circuits. To relate these patterns to the functional characteristics of 
somatosensory cortical cells, we analyzed the discharge patterns of ongoing and 
evoked single unit activity recorded from the neocortex of an awake monkey 
(Macaca fascicularis, 3.5 kg). In response to a 1 kHz tone, the animal performed 
the task of lifting and maintaining an object having a variable surface texture 
within a predefined window for 1 s. The correct responses of the animal were 
rewarded with fruit juice. For each cell, the modality of the response was 
identified and the receptive field was sketched. The electrode tracks were 
subsequently reconstructed from parasagittal sections of the brain. For every cell, a 
block of 31 to 57 trials of 5 s duration was recorded under a series of conditions 
wherein the surface texture and weight of the object was changed. Of 55 neurons 
for which the cortical location was identified, one was found in area 3b, two in area 
7, 16 in area 5 and 36 in area 2. Post hoc analysis of the interspike intervals showed 
that cells characterized by a predominance of short (1-3 ms) interspike intervals in 
their discharge pattern corresponded to the cells having rapidly adapting receptive 
fields and responses occurring predominantly during the dynamic phase of the task. 
Cells active during the static holding phase were equally distributed among the 
cells characterized by random distributions of short intervals ( 1-10 ms) and those 
having a predominance intervals between 1 and 3 ms. This distinction offers 
another clue to help correlate cell function to cell type in further analyses of 
intracortical circuitry. (Supported by MRC of Canada).

4 4 4 .8

CORTICAL RECODING OF SENSORY STIMULI DURING SOMATOSENSORY 
DISCRIMINATION. E. Salinas*, A. Hernández, A. Zainos, L. Lemus and R. Romo. 
Inst. de Fisiología Celular, UNAM, Apdo. Postal 70-253, cp 14510, México D. F.

Two monkeys (Mαcαcα mulatto) were trained in a discrimination task in which 
two vibratory stimuli of 500 ms were sequentially delivered, separated by a variable 
interstimulus interval; the monkeys had to indicate, by pressing one of two push
buttons, whether the frequency of the second stimulus was higher or lower than the 
frequency of the first stimulus. Extracellular recordings were made from primary 
(SI) and secondary (S2) somatosensory cortices during performance of the task. The 
large majority of S 1 neurons increased their activity during stimulation. Their action 
potentials were significantly phaselocked to the mechanical stimulus waveform; how
ever, this phaselocking was much weaker than that reported in primary somatosensory 
afferents. Additionally, S 1 neurons typically (>60% ) showed moderate increases 
in their mean firing rates for increasing stimulus frequencies, but only in rare cases 
( < 8%) was a decrease in firing rate at higher stimulus frequencies observed. These 
results imply that, for a population of S 1 responses, stimulus frequency can be read
out or extracted from either the timing of the action potentials, due to phaselocking, 
or from the mean rate at which these are produced for different stimulus frequencies. 
In contrast to S 1, neurons in S2 showed an almost total absence of phaselocking dur
ing stimulation. In this area about 54% of the cells increased their firing rate with 
stimulus frequency, and about 35% of the cells decreased their firing rate with in
creasing stimulus frequency. Some S2 neurons also exhibited short-lasting ( ~ 1000 
ms) firing rate modulation after stimulation, during the interstimulus interval. Thus, 
the frequency of vibrotactile stimuli in the flutter range (5-40 Hz) is initially encoded 
in the timing of the primary afferent spikes, and later it is translated to a mean firing 
frequency code that is maintained through part of the interstimulus period.

Research supported by an award from the HHMI and grants from DGAPA-UNAM 
and CONACYT.
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ATTENTIONAL EFFECTS IN SOMATOSENSORY CORTEX DURING AN 
ORIENTATION DISCRIMINATION TASK P. J. Fitzgerald, J. W. Lane, and S.S. 
Hsiao* Krieger Mind/Brain Institute, Johns Hopkins University, Baltimore, MD 21218.

A number of studies have indicated that attention plays a significant role in modulating 
the responses of somatosensory cortical neurons (Poranen and Hyvarinen (1982), Hsiao 
et al. (1993), Burton et al. (1997), Meftah and Chapman (1997)). These studies have 
established that the firing rates o f many neurons in primary somatosensory cortex (SI) 
and secondary somatosensory cortex (SII), are either enhanced or suppressed depending 
on the animal’s focus of attention. These studies have also suggested that the effects 
were not simple changes in gain but vary depending on the demands of the animal’s task.

In this study, we investigated the specificity of attention by determining whether for 
single neurons attention equally modulates responses to all attended stimuli. A macaque 
monkey was trained to perform two tasks. In the tactile task, the animal performed a 
same-different paradigm in which the distal finger pad was first briefly presented with 
a raised bar in one of eight randomly chosen, 22.5 degree separated orientations. This 
stimulus was followed after a short delay period by a second presentation of the bar at 
either the same or a 90 degree different orientation. The animal was required to press a 
foot switch in one direction if the bar orientations in the two presentations matched and 
in another if they did not. In the visual task, the animal was required to detect the 
dimming o f a small square on a screen while receiving the identical pattern of tactile 
stimulation. During the recording sessions, the animal alternated between blocks o f the 
tactile and visual tasks. We recorded the responses from 202 SII cells and 63 SI cells in 
one hemisphere of one monkey. 91% (184/202) o f the SII cells and 78% (49/63) of SI 
cells exhibited significantly different firing rates under the two attentional conditions 
(p<.05). The magnitude of the rate difference between the tactile and visual tasks was 
usually less than 50% in SII and smaller still in SI. 34% (69/202) o f cells in SII exhibited 
some degree of orientation selectivity (one-way ANOVA, p<.05). Qualitatively, the 
shape and specificity of the orientation tuning curves were only mildly affected by the 
animal’s task. Supported by NIH R01 NS34086.

4 4 4 .1 2

AREA 1-2 A N D  5 NEU RO N S M O N ITO R H A N D  KIN EM ATICS DURING 
PREHENSION. S. G h osh ,*+ T.Y. Ro, D. D ebow y, an d  E.P. G ardner. D ep t. of 
P hysiology & N euroscience, NYU M edical C enter, N ew  York, NY 10016, and  
+A ustralian  N eurom us. Res. Inst. QEII M ed. Cent. N ed lan d s, W A A ustralia.

Sensory  feedback  to  po ste rio r reg ions of pa rie ta l cortex (areas 1-2 an d  5) 
from  deep  and  cu taneous receptors w as com pared  to record ings from  anterior 
SI (area 3b-1) in  the  sam e anim al tra in ed  in  a p reh en sio n  task. The response 
classes rep o rted  by  G ard n e r et al. an d  Ro et al. (this vol.) a re  d ifferen tia lly  
d istribu ted  am ong the various receptor p o pu lations an d  cortical fields.
• Area 1-2 n e u ro n s [N=72 (27%): 47% G, 3% GH , 32% D, 8% GD] form  the 
largest p ro p o rtio n  of contact-grasp  (Type 2-3, 46%) an d  low er-activated  (Type 
6, 45%) neurons. G n e u ro n s h av e  sim ilar resp o n se  profiles to 3b-1 cells, b u t 
Types 2 an d  2-3 are  m ore p reva len t (53% of G neurons). 43% of D cells are task- 
inhib ited  (Types 1,6  an d  7), excited by  d ig it extension, an d  inh ib ited  at flexion. 
The only phasic  responses of D n e u ro n s occur a t g rasp  com ple tion  (Type 3, 
17%). T hus tactile neu ro n s in  area 1-2 m onito r hand-object in teractions at the 
in itiation of prehension , w hile deep  ones m onito r the h a n d 's  m o to r behavior.
• Area 5 n eu ro n s [N= 59 (22%): 32% G, 5% H, 49% D, 8% GD] do  n o t m onito r 
single task  stages. They have long d u ra tio n  excitatory or in h ib ito ry  responses, 
com prising  the largest g roup  of Types 1 (48%), 1-2 (36%), 7 (43%) an d  BT (47%). 
They are  active before h a n d  contact w ith  the knob (36%), fire th ro u g h o u t the 
task  (14%) or are inh ib ited  at or before contact un til the  knob is low ered  and  
grip  relaxed (27%). M any show  different response p rofiles to ro u n d ed  o r edged  
knobs, activated by  one and  inhib ited  by  the other. The firing pa tte rn s  of area 5 
neu ro n s suggest th at they  p lay  a role in  the in itia tion  of prehension , serv ing  a 
s e n so r im o to r  fu n c tio n , a n d  m o n ito r  th e  e n tire  p e r io d  of h a n d -o b je c t 
in teraction , ra th e r th an  the d e ta ils  of the h a n d  b eh av io r a t each  task  stage. 
(Supported by Research Grant NS11862 from NINDS).
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FACILITATION OF NEU RO N A L ACTIVITY IN  SENSORIM OTOR CORTEX 
DURING PREHENSION. E.P. G ardner* , T.Y. Ro, D. D ebow y, an d  S. G h osh ,+ 
D ep t. of Physiol. & N euroscience, NYU M edical C enter, N ew  York, NY 10016, 
an d  +A ustralian  N eurom us. Res. Inst. QEII M ed. C ent. N ed lan d s, W A A ustral.

D ig ita l v id eo  allow s sim u ltan eo u s reco rd in g  of cortical sp ike  tra in s  an d  
im ag ing  of h a n d  kinem atics as m onkeys m an ip u la te  k nobs (blocks, spheres, 
an d  cylinders). W e define seven  task  stages— 1: approach , 2: contact, 3: grasp , 
4: lift, 5: ho ld , 6 : low er, 7: relax— and  analyze av erage firing  rates for each and  
the in te rtria l in te rval b y  rep ea ted  m easu res  A N OV A. Statistically  significant 
behav io ral m od u la tio n  of activity  occurred  in  227/270 sam ples (84%); 149/227 
(65.6%) increased  firing d u rin g  one or m ore  stages. Contact-activated n e u ro n s 
(59/227) are  the  m ost com m on type. Type 2 cells (35/59) fire a t significantly  
h ig h er rates a t contact an d  d u rin g  h a n d  p osition ing  than  in  the  p reced ing  150 
m s ap p ro ach  in terval, o r the succeed ing  g rasp  com p le tio n  stage. H alf show  
su p p ressed  activity  d u rin g  lift an d  ho ld  stages, an d  20% a second b u rs t w hen  
the  knob is low ered . Contact-grasp activated cells (Type 2-3, 2 4 /59) increase 
firing rates a t contact, b u t con tinue to  tire as g rasp  is com pleted . F iring d rops  
to baseline a t lift, b u t a second b u rs t occurs in  h a lf  of these cells as the knob is 
low ered  an d  the g rip  relaxed. Grasp-tuned (Type 3 ,1 3 /2 2 7 ) an d  grasp-and-lift 
cells (Type 3-4, 19/227) show  significantly  h ig h er firing  at g rasp  com pletion  
than  at initial contact or han d  positioning. Firing is susta ined  at these rates only 
for Type 3-4 n eurons w hose responses decay  d u rin g  the ho ld  stage. In ad d itio n  
to cells signalling  p articu la r stages, 3 0 /227  are  broadly-tuned. T ype BT (17/30) 
beg in  firing a t contact; activity  is su sta in ed  th ro u g h  lift, an d  decays at ho ld  or 
a t g rip  relaxation. Type MA (13/30) a re  m o v em en t ac tiv a ted , f iring  d u rin g  
han d  positioning, lift and  low ering, b u t  inh ib ited  w h en  it is sta tionary . Finally, 
hand preshaping cells (Type 1-2 28/227) show  a significant rise in  firing  150 m s 
p rio r  to contact th at is susta ined  d u rin g  h a n d  position ing , then  d ro p s  as grasp  
is com pleted. (Supported by Research Grant NS11862 from NINDS).

4 4 4 .1 5

AREA 3B-1 N E U R O N S M O N IT O R  SPECIFIC TASK STAGES D U RIN G  
PREHENSION. D. D ebow y*, S. G h o sh *, J.Y. R o, an d  E.P. G ard n er. D e p t. of 
P hysiology & N euroscience, NYU M edical C enter, N ew  York, NY 10016, and  
+A ustralian  N eurom us. Res. Inst. QEII M ed. Cent. N ed lan d s, W A A ustralia.

S om atosensory  feedback  d u r in g  p reh e n s io n  a n d  object m an ip u la tio n  is 
essential for signalling the physical p ro p erties  of the g rasp ed  object as w ell as 
the m oto r activation  of the  hand . Facilitation a n d /o r  su p p ress io n  of n eu ro n a l 
activ ity  d u r in g  p reh en sio n  d e p e n d s  u p o n  b o th  sen so ry  in p u t m o d ality  an d  
cytoarchitectural field in  sensorim oto r cortex. N eith er m o d ality  n o r record ing  
site a lone defines a p a rticu la r  resp o n se  class; ra th e r  w e fo u n d  a d ifferen tia l 
d istribu tion  of response profiles across m odalities an d  areas in  the  270 m em ber 
sam ple p o pu lation  recorded  in the sam e anim al.
• A rea 3b-1 n eurons [anterior SI, N  = 125 (46%): 87% cu tan eo u s (54% g labrous 
(G), 27% h a iry  (H), 6% GH), 4% d eep  (D) an d  9% m ixed GH D] typically  show  
phasic  responses at the  in itial task  stages from  con tact (2) th ro u g h  g rasp  (3) 
an d  lift (4). They sense h a n d  m ovem ent on  the knob, an d  h a n d  d isp lacem ent, 
com prising  the largest g ro u p  of Types 1-2 (42%), 2 (51%), 3 (54%), 3-4 (79%), 
M A (77%) and  5 (80%); these classes together form  63% of 3b-1 cells. C ontact- 
activated , h a n d  p o sitio n in g  n e u ro n s  (Type 2) are  the  m o st a b u n d a n t type, 
form ing 18% of responsive cells; 66% h a d  G recep tive fields. T ype 3-4 grasp- 
and-lift cells are  15% (53% G, 33% H , 13% G H D ) an d  T ype 1-2 p re sh a p e  
n e u ro n s are 12%. H  n e u ro n s h ave  b ro ad e r resp o n se  profiles than  G neurons, 
sp ann ing  2 or m ore adjacent stages. B roadly-tuned  n eu ro n s  active th ro u g h o u t 
the task  are  uncom m on (5%). Task-inhib ited  cells (Types 1, 6 an d  7) together 
com prise  only 16% of responsive cells. K nobs of d ifferen t size or shape  evoke 
response profiles th a t differ m ore in  am p litu d e  than  in  tim e course. A n terio r S1 
n eu ro n s  th u s  p ro v id e  de ta iled  in fo rm ation  a b o u t the  actions of the  h a n d  at 
each task  stage, in ad d itio n  to tactile sensations evoked  by  the g rasp ed  object. 
(Supported by Research Grant NS11862 from NINDS).

4 4 4 .1 7

FM RI-D ERIV ED  CO RTICA L M APS FO R  H A PTIC  SHAPE, 
TEXTURE, AND HARDNESS

P. Servos*, S. Lederman1, D. Wilson, and J. Gati2. Department of Psychology, 
Wilfrid Laurier University, Waterloo, ON N2L 3C5, Canada
1Department of Psychology, Queen’s University, Kingston, ON K7L 3N6, Canada 
2Robarts Research Institute, London, ON N6A 5K8, Canada

We used fMRI to investigate the neural substrates involved in haptic texture, 
shape, and hardness processing. Subjects performed haptic classification tasks on a 
set o f 27 silicone objects having parametrically defined shape, texture, and hardness. 
The objects were ellipsoids of revolution in which the ratio o f the long to the short 
axis was varied producing three different shapes. Three surface textures and three 
hardness levels were used. In three separate experiments, subjects classified each 
object along the three levels of one of the object properties (shape, texture, or 
hardness). Four 90-second cycles consisting o f the stimulus objects (45 seconds) and 
a control task (45 seconds) were used. In the control task, the palm of the subject’s 
right hand was tapped with a small probe which signalled the subject to simulate the 
gripping o f an object by curling up the fingers o f their right hand. A series o f 10 
contiguous functional images (5 mm through-plane) were acquired every 3.0 seconds 
using a 4 T echoplanar Varian scanner and a T2*-weighted pulse sequence. Texture, 
shape, and hardness processing led to contralateral activation in the post-central gyrus. 
Texture processing also activated regions in the contralateral parietal operculum. 
Finally, for shape and texture processing, there was contralateral inferior temporal 
activation suggesting that temporal lobe structures are also implicated in the processing 
o f these haptic properties.

4 4 4 .1 4

SUPPRESSION OF N EU RO N A L ACTIVITY IN  SEN SORIM OTOR CORTEX 
DU RING PREHENSION. T.Y. Ro*, D. D eb o w y , S. G hosh  an d  E.P. G ardner. 
D ep t. of Physiol. & N euroscience, NYU M edical C enter, N ew  York, NY 10016.

Trial-by-trial analyses of cortical activity  recorded  w hile  m onkeys perfo rm  a 
prehension  task  reveal statistically  significant inh ib ition  of tonic activity  d u ring  
all o r p a r t  of the  task. 7 8 /227  cortical n e u ro n s  show  sta tistica lly  significant 
(p<0.05) d im inu tion  of average firing rates w h en  the h a n d  contacts, g rasps, lifts 
an d  h o ld s  knobs of vario u s  shapes. Approach-activated/contact-suppressed cells 
(Type 1, 23/78) d isp lay  a significant rise in  firing 150 m s p r io r  to  h a n d  contact 
w ith  the knob, follow ed b y  a statistically  significant d ro p  in  firing  d u r in g  the 
con tact-position ing  stage. A verage firing ra tes  d ro p  below  in te rtria l levels as 
g rasp  is com pleted , an d  rem ain  su p p ressed  th ro u g h  the  lift an d  h o ld  stages. 
Firing re tu rn s  tow ards baseline as the knob is low ered  an d  the g rasp  relaxed. A 
second g ro u p  of task  inh ib ited  cells (45/78) show  a significant fall in  activity  
d u rin g  app ro ach  or a t contact; their activity  rem ains su p p ressed  d u rin g  g rasp  
fo rm ation  an d  lift stages. Contact-inhibited/lower-activated cells (Type 6, 22/45) 
show  a significant rise in  firing rates d u rin g  the h o ld  stage th a t peaks as the 
knob is low ered; firing exceeds in te rtria l rates in  12 /22  sam ples. Grip relaxation 
cells (Type 7, 23 /45) are  in h ib ited  th ro u g h o u t the  en tire  task. 1 8 /2 3  sim ply  
resum e tonic firing u p o n  h a n d  relaxation; the  o ther 5 fire a phasic  b u rst as the 
grip  relaxes. Lastly, contact-inhibited/hold-activated cells (Type 5, 10 /78) show  
sh o rt-d u ra tio n  in h ib ition  of tonic firing  u p o n  con tact w ith  the knob, d u rin g  
grasp  fo rm ation  an d  lift. .Tonic ac tiv ity  resu m es as h a n d  m o v em en t ceases 
d u r in g  the  h o ld  stage. T heir ac tiv ity  m irro rs  the  su p p re s s io n  of firin g  in 
c o n ta c t-a c tiv a te d  T ype 2 n eu ro n s . R ecip rocal f ir in g  of p reh e n s io n  task  
ac tivated  an d  inh ib ited  n eu ro n s m ay  increase the co n tras t of cortical activity  
d u rin g  prehension , enhancing  sensory  g u id ed  m oto r behavior.
(Supported by Research Grant NS11862 from NINDS).
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MODULATION OF SENSORIM OTOR CORTICAL NEURONAL ACTIVITY 
AND BEHAVIORAL STRATEGIES FOLLOW ING W ITHHELD REWARDS.
R.J. Nelson* and J.M. Denton. Department of Anatomy and Neurobiology, College of 
Medicine, Univ. of Tennessee, Memphis, 875 Monroe Avenue, Memphis, TN 38163.

Previously, we have shown that correlations between premovement neuronal 
activity (PMA) and the kinematics for the initial phases of movements change 
following withheld rewards. We wanted to test if the relationships between PMA and 
movement kinematics also changed for the entire duration of ballistic movements and 
whether monkeys adopted different movement strategies after withheld rewards versus 
rewarded trials. Monkeys made vibratory or visually-cued ballistic wrist flexions and 
extensions after holding a steady position for 0.5-2.0s against a light load opposing 
flexion movements. Rewards for correct performance were withheld pseudorandomly 
25% of the time. Animals were cared for in accordance with NIH guidelines.

We examined data from 329/405 sensorimotor cortical neurons because they had 
significant PMA changes. Multivariant analyses of position, velocity, acceleration 
with neuronal activity yielded coefficients of determination (cD). Immediately after 
withheld rewards, monkeys either reacted faster to vibratory go-cues during the 
recording of some neurons (125/329) or didn't alter their behavior (204/329).
Individual monkeys tended to adopt only one strategy. In trial sets when reaction times 
decreased, activity onsets were nearer movement onsets, cDs increased, movement 
times (MT) decreased, and activity occurring while animals awaited go-cues (BKG) 
increased. Changes were on the order of 10-15%. However, firing rates for the 
movement-length periods starting at PMA activity onsets were not different from other 
trials. When animals did not alter their behaviors after withheld rewards, there were no 
changes in the above parameters. When animals made similar movements using visual 
cues, MTs decreased, cDs increased and BKG was greater after withheld rewards.

These observations suggest that sensorimotor cortical neuronal activity may be 
better correlated with movements immediately after rewards are withheld. The 
coupling of PMA to upcoming movements appears to depend on the behavioral 
strategies that animals use and may vary across blocks of trials for individual animals, 
and from animal to animal. Supported by NIH G ran t NS36860 to RJN.
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fMRI CORRELATES OF ACTIVE MANUAL EXPLORATION OF 
ASEMANTIC OBJECTS. J. M oll,1,2 R. Oliveira-Souza.2 F.C. Lima,1 
P A . Andreiuolo.2 C.H. Simŏes2 and R. Gattass1*. 1IBCCF/UFRJ; 2LABS 
Exames Complementares , Rio de Janeiro, RJ, 21941-900, Brazil.

Tactile exploration of the world usually operates under visual guidance. 
In some occasions, however, objects need to be recognized by touch alone. 
We used fMRI to investigate the cerebral organization of tactile object 
inspection in seven normal adults (two left-handed; four males). They were 
requested to keep the eyes closed and manipulate small non-fígurative 
(asemantic) objects to which they had never been exposed. Objects varied in 
shape and surface features, and were replaced every eight seconds. Eight 
periods of task and rest were alternated during continuous acquisition of T2*- 
weighted gradient-ecoplanar images at seven axial planes. The area in and 
around the upper third of the central sulcus was activated only contralaterally 
in all cases. Bilateral activation was found in the postcentral sulcus, in the 
junction of the superior frontal and precentral sulci, and in the supracingular 
medial frontal lobe in all subjects. The contralateral intraparietal sulcus was 
activated in all cases, and the contralateral thalamus was activated in six. 
The bilateral activation of areas outside the primary sensorimotor cortex 
contrasts with the predominantly unilateral pattern associated with non- 
manipulative hand movements, such as finger tapping. These findings may 
contribute to the understanding of mechanisms of palpatory apraxia and 
tactile agnosia.

Supported by LABS and PRONEX.
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HUMAN GAMMA-BAND BRAIN ACTIVITY COVARIES WITH COGNITIVE 
TEMPORAL BINDING OF SOMATOSENSORY STIMULI IN SIGHTED AND 
BLIND SUBJECTS.
K.Sauvė, G.Wane, M.Rolli, RJagow , E.Kronberg, U.Ribary*, and R.Llinás.
Center for Neuromagnetism. Dept. of Physiology & Neuroscience,
New York University Medical Center, New York, NY, 10016, USA

Previous research has shown that gamma-band (20-50 Hz) activity covaries with 
temporal binding of auditory stimuli (Joliot et al., PNAS, 91:11748-51, 1994). To test 
for similar correlations in other sensory systems, we recorded brain activity using 
magnetoencephalography (MEG) while subjects identified two tactile stimuli 
delivered close together in time.

Using a 148-channel whole-head MEG system (BTi), neuromagnetic recordings 
o f brain activity were obtained for 7 sighted and 6 blind adults while they attended to 
tactile “taps” delivered to a single index finger. Finger taps lasting 2 msec were 
generated by a flat 2 cm pizeoelectric surface distending 0.1 mm. Stimuli consisted of 
11 blocks of 400 or 800 stimuli; either single taps or pairs of taps at varying intrapair 
intervals (3, 6, 9, 12, 15, 18, 21, 24, 30 or 36 msec). Interstimulus intervals were 
33O±3O msec, epoch length was 250 msec. Evoked responses were averaged, 
analyzed by Fast Fourier Transform (FFT), and filtered in several frequency ranges 
(1-400, 3-40, 20-50, & 30-50 Hz). The average response to a single stimulus 
consisted o f at least 2 oscillatory cycles of a 20-50 Hz response. Following MEG 
recordings, sets of tap pairs were presented to test subjects’ perceptual threshold for 
identifying two taps vs one. Results indicate a stimulus-interval dependent response 
with a critical time interval of 12-15 msec. At shorter intervals, subjects reported 
perceiving only one tactile tap and only one 20-50 Hz response was observed. As the 
interval increased above 15 msec, a second 20-50 Hz response appeared, this response 
correlated with subjects’ identification o f two distinct taps. These results indicate that 
gamma-band oscillatory activity is a neurophysiological correlate o f temporal 
processing in the somatosensory system. In conjunction with previous findings, these 
results suggest that the CNS employs a central gamma-band timing mechanism for 
cognitive binding.

Support: Charles A. Dana Foundation, James S. McDonnell Foundation.

4 4 4 .2 0

SOMATOSENSORY EVOKED PO TENTIALS RECORDED PO ST COMA 
IN SEVERE BRAIN DAMAGE P.H. E llaway,1* S.H. Moosavi,1 N. Hague,2 
M. Catlev1 and M.J. Stokes2. 1Division of Neuroscience and Psychological Medicine, 
Imperial College School of Medicine, London W6 8RF, UK and 2The Royal Hospital 
for Neuro-disability, Putney, London SW15 3SW, UK.

Somatosensory evoked potentials (SEPs) were investigated in severely brain 
damaged individuals. Thirty-nine post-coma patients (25 male, 14 female; aged 19- 
64 years) were studied between 6 and 103 months (median 15 months) after brain 
trauma or anoxia. When presented with multimodality sensory stimulation (Gill- 
Thwaites, 1997, Brain Inj 11:723-734) 22 patients were consistently unresponsive 
(Category 1) and 17 were minimally responsive (Category 2). Twenty-one age and 
gender matched control subjects were studied.

SEPs were elicited by electrical stimulation of the left and of the right median 
nerves at the wrist at 1.25-2 times motor threshold and recorded at Erb’s point, 
vertebral C2 and cortical C3’Fz/C4’Fz. Peripheral conduction time (N13 latency of 
SEP) was normal in the majority (~9O%) of brain injured subjects in both Categories. 
In contrast, the N20 component of the SEP, which conventionally represents the 
passage of sensory input from thalamus to primary somatosensory cortex, could be 
detected in only 40% of Category 2 and 30% of Category 1 patients. However, the 
frequency of observing later SEP components, from the P27 to the P 100 inclusive, 
was higher than that for the N2O in both Categories. The incidence of P27 to P300 
components was lower than normal in Category 2 and lower still in Category 1 
patients. Sensory central conduction times (N13-N2O interval), when measurable, 
were longer than in the normal subjects (> mean +2 SD) for 4 of 11 Category 2 and 2 
of 13 Category 1 patients.

The low incidence of the N2O, combined with a higher incidence of later SEP 
components, suggests that the parietal N2O may not be an adequate indicator of 
cerebral cortical function in brain injury.

Supported by the Wellcome Trust and the Living Again Trust.
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SPINAL AFFERENT INPUT TO MDvc IN THE MONKEY. E.-T. 
Zhang* and A.D.(Bud) Craig. Div. Neurobiology, Barrow Neurological 
Institute, Phoenix, Arizona 85013

Prior anterograde tracing studies demonstrated topographic lamina I 
trigemino- and spino-thalamic terminations in the ventral caudal portion of 
the primate medial dorsal nucleus (MDvc). MDvc projects to the anterior 
cingulate sulcus (SN 22:111), where noxious and pruritic stimuli produce 
PET activation in humans, and it contains nociceptive neurons that can be 
inhibited by thermal stimuli (SN 23:1012). Integration of pain, temperature 
and homeostatic afferent activity in this pathway might underly the 
thermal grill pain illusion and the central pain syndrome. This study 
examined the distribution of spinal input to MDvc.

We made single injections of retrograde tracer (cholera toxin subunit B 
[CTb] or Fast Blue) into MDvc following physiological identification in 
anesthetized cynomolgus monkeys. In 3 cases with large (1.5-2 µl) 
injections, retrogradely labeled cells (mean=l892) were distributed within 
laminae I, IV-V, and VI-VIII of the contralateral spinal cord in proportions 
of 22, 33, and 45%. In 2 cases with less involvement of CL and Pf, these 
proportions were 57, 26, and 17%. In 1 case with a small iontophoretic 
CTb injection (2 µA, 30 min), 82% of the labeled cells were in lamina I. 
All three morphological types of lamina I neurons were labeled: 59% 
fusiform, 27% pyramidal and 11% multipolar. This distribution differs 
from that obtained in prior work from lateral thalamus.

This result indicates that MDvc receives spinal input predominantly 
from lamina I cells, consistent with the early HRP results of Albe-Fessard 
et al. (NSL 1:75-80, 1975). Inputs from brainstem and forebrain sites 
must be examined next. (NS 25616)

4 4 5 .3

POPULATION DYNAM ICS IN THE S O M ATO SENSO RY THALAM US AFTER  
PARTIAL LIGATION OF THE SCIATIC NERVE IN THE RAT. V . G alha rdo*, J. 
Brüggemann. A.V. Apkarian. SUNY Health Science Center at Syracuse, Dept. 
of Neurosurgery, 766 Irving Ave., Syracuse, NY 13210.

Neuropathic pain is a significant clinical problem, which is not well 
understood. W e use an acute neuropathic pain model in combination with 
four-tipped electrodes to record from small populations of neurons in the 
somatosensory thalamus of the rat. The properties of these neurons are 
determined prior to ligation and followed for up to 8 hours post ligation. Here 
we report on the changes in neuronal response properties of single units of 
these populations before and after partial ligation of the sciatic nerve. At the 
meeting we will present changes in populational dynamics within groups of 
thalamic neurons located within 150µm from each other.

W e recorded from the hind paw representation area of the somatosensory 
thalamus in halothane anesthetized rats. Most neurons were located in the 
posterior complex (Po) near the ventral posterolateral nucleus (VPL). The 
stimuli used were tapping, innocuous pressure and noxious pinch. These 
series of stimuli were applied in 5 to 20 min intervals 3 to 7 times before and 
after sciatic nerve ligation to different areas of the body in- and outside of the 
RFs. A single recording site per animal was studied for up to 12 hours.

W e found that one portion of the neurons was affected by sciatic nerve 
ligation, while others remained unaffected. The observed effects after ligation 
were: increases in RF sizes, temporary unresponsiveness (duration 30 to 45 
min), becoming responsive only after ligation (after 5 to 30 min), another group 
did not respond before or after ligation.

W e conclude that there are signs of re-organization at the thalamic level 
within minutes after peripheral nerve injury, which remain to be related to the 
allodynia and hyperalgesia that the procedure induces.

Supported by the Dept. of Neurosurgery at SUNY HSC Syracuse.

NUCLEUS SUBMEDIUS (Sm) STIMULATION INHIBITS RESPONSES OF 
SPINAL CORD DORSAL HORN NEURONS (SCDH) TO VISCERAL 
STIMULATION IN RATS. S.W. Yang and K.A. Follett*. Division of Neurosurgery, 
The University of Iowa Hospitals and Clinics, Iowa City, IA 52242.

Sm neurons respond to noxious visceral stimulation and may have a role in the 
descending modulation of nociception. In this study, we evaluated the effect of Sm 
activation in altering visceral nociceptive activity at the level of the spinal cord.

In 33 halothane-anesthetized rats, we characterized the responses of 47 single 
neurons of L6-Sl spinal segments to a noxious visceral stimulus (colorectal balloon 
distension, CRD), and studied the effects of focal electrical stimulation of Sm on these 
responses using standard extracellular microelectrode recording techniques. Thirty- 
six neurons (77%) responded to CRD. Twenty-five (69%) had excitatory and 11 
(31%) had inhibitory responses. Neurons showed graded responses to graded CRD 
pressures (20-100 mmHg), with maximum excitation or inhibition occurring at 100 
minHg or 80 mmHg, respectively. Responses to noxious (pinch, heat) and innocuous 
(brush, tap) cutaneous stimuli were studied in 28 CRD-responsive neurons. Twenty- 
six of these CRD-responsive neurons (93%) had cutaneous receptive fields, of which 
13 (50%) were small and ipsilateral, 8 (31%) were large and ipsilateral, and 5 (19%) 
were large or small and bilateral. Seventy-three percent of these neurons responded 
to both innocuous and noxious stimuli, 27% were nociceptive-specific. Electrical 
stimulation of Sm (monopolar, cathodal, constant-current, 100 Hz, 100 µs pulse 
duration, starting 10 s prior to the onset of CRD and stopping 5 s following the 
termination of CRD) produced intensity-dependent (100, 200, and 300 µA)(p<0.05, 
ANOVA) attenuation of the activities of most neurons (7/9 of CRD-excited and 3/4 of 
CRD-inhibited) tested. Sm stimulation had no effects on spontaneous activity.

These data indicate that the Sm may be involved in the descending inhibitory 
modulation of visceral nociception at the spinal level. This action may be mediated 
via relays in ventrolateral orbital cortex and/or periaqueductal gray. Supported by 
Department of Surgery, University of Iowa.
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DISCRIMINATIVE PROPERTIES OF HUMAN CAPSAICIN-INDUCED 
HYPERALGESIA CORRESPOND TO ACTIVITY OF THALAMIC WIDE- 
DYNAMIC-RANGE (WDR) NEURONS. C.-C.Chen* and M.C. Bushnell McGill 
University and Université de Montréal, Montreal, Canada H3A 1A1.

We have reported that mechanically evoked activity of thalamic neurons is altered by 
topical capsaicin (Chen et al. 1996). This study compared various characteristics of 
human perception and thalamic neuronal activity in relation to capsaicin hyperalgesia.

Mechanical perception and discrimination was tested before and after topical capsaicin 
in eight humans (age: 23-45 years; 5♀, 3 ♂), and the response of VPM thalamic neurons 
to similar stimuli was tested in two awake rhesus monkeys while they performed visual 
detection tasks. For humans and monkeys, capsaicin was applied to the maxillary face 
with a 1-cm2gauze pad (0.004 M 0.3ml, dissolved in 70% ethanol). Mechanical forces 
of 245-1472 mN were applied with a plastic probe (tip=0.25mm2).

Neurons were classified as low threshold (LT, n=19) or WDR (n=18) based on 
statistical analysis of their mechanical evoked responses. All cells responded to weak 
mechanical stimuli (245 mN). The WDR’s responded differentially up to 1472 mN (rated 
as painful by humans and sometimes escaped by monkeys). The LT’s did not 
differentiate forces higher than 736 mN (rated as nonpainful). Fifteen cells (5 LT, 10 
WDR) were fully characterized before and after a 10-min capsaicin application. Both 
spontaneous and evoked responses o f WDR cells increased after capsaicin (p’s<0.05). 
In contrast, there was a nonsignificant decrease in both spontaneous and evoked activity 
of LT neurons. Corresponding with WDR but not LT activity, humans reported both 
spontaneous pain (mean VAS 89/100) and increased evoked pain (p<0.01) after 
capsaicin. Despite changes in spontaneous and evoked activity, neither the difference nor 
ratio between evoked and spontaneous activity changed for WDR or LT neurons. 
Similarly, forced-choice mechanical intensity discrimination was not altered in humans 
after capsaicin (p=0.66). These findings suggest that the activity of thalamic WDR but 
not LT neurons could participate in neural processes underlying capsaicin-induced 
mechanical hyperalgesia. Supported by the Canadian MRC and Quebec FCAR. 
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VARIATIO NS IN VISCERO SO MATIC CO NVERG EN CE AM O N G  THALAMIC  
NUCLEI. C.H. Hubscher* and R.D. Johnson. Departments of Physiological 
Sciences and Neuroscience, University of Florida, Gainesville, FL 32610-0144.

An array of electrophysiological recordings in medial and lateral thalamus in 
male rats were done to examine both potential differences in processing of 
convergent viscerosomatic inputs and the location of inputs from male genitalia. 
Regions tested bilaterally included cutaneous territories over the entire body (low 
[touch] and high [pinch] threshold - LT, HT), mucocutaneous (e.g., penis, rectum) 
territories (touch, pinch, bilateral electrical stimulation of the dorsal nerve of the 
penis [bDNP] and pelvic nerve [bPN]), and visceral (e.g., colorectal, bladder, 
urethra) territories (colon distention, urethral probing, electrical stimulation of PN). 
Responsiveness of 93 single thalamic neurons were examined in 6 urethane- 
anesthetized rats. Twenty were located within the ventrobasal complex (VB) and 
had small, contralateral cutaneous LT receptive fields (RF). The remaining 73 
neurons were scattered throughout the thalamus and responded to the search 
stimulus, bDNP stimulation. Of these neurons, 92%  also responded to bPN 
stimulation and the majority of responses (87%) were excitatory. Many of the 
neurons (42%) responded to LT penile stimulation. The majority of these were 
located in the mediodorsal central (MDC - 88% LT-penis), ventrolateral (VL) and 
ventromedial (93% LT-penis) thalamic nuclei. Only 8 DNP-responsive neurons 
(11%) responded to colon distention; these neurons were located in the MDC, VL, 
submedius and lateral posterior nuclei. Other regions, with mostly HT-penile 
inputs, included the central and posterior thalamic nuclei. All 73 neurons had 
large, bilateral, mostly HT, convergent R F ’s (36% whole body). In addition, all 
neurons with inhibitory responses were located in the VB-surround; the majority 
in the reticular thalamic nucleus. These data indicate (i) variations in the size, 
location and response properties of viscerosomatic convergence in the thalamus 
and (ii) a vast array of inputs from the male genitalia. These DNP-responsive 
neurons likely contribute to both discriminative and affective/motivational aspects 
of sensation, leading to a wide spectrum of perceptions, including pleasure and 
pain. Supported by the Paralyzed Veterans Of America Spinal Cord Research 
Foundation and The Florida Brain And Spinal Cord Injury Rehabilitation Fund.
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IMMUNOCYTOCHEM1CAL CHARACTERIZATION OF VMpo IN 
THE HUMAN THALAMUS. A. Blomqvist*, E.-T. Zhang, and A.D. 
(Bud) Craig. Dept. Cell Biology, Fac. Health Sciences, Linköping 
University, S-581 85 Linköping, Sweden, and Div. Neurobiol., Barrow 
Neurological Institute, Phoenix, AZ 85013.

Lamina I spinothalamic tract fibers terminate in the posterior portion of 
the ventral medial nucleus (VMpo) in primates. The VMpo is a dedicated 
relay for pain and temperature sensation, which can be identified in 
monkey and human brains by its immunoreactivity for calbindin D28k.

We have examined the distribution of putative peptide neuro
transmitters in the region of VMpo in human thalamus and how they 
relate to the calbindin-ir zone. We stained adjacent sections from 8 
human thalami for calbindin, substance P and CGRP in different planes. 
Calbindin-immunoreactive fibers were seen entering VMpo from the 
spinal lemniscus, and they formed patches of dense terminal-like staining 
that coincided with clusters of VMpo neurons. A few of these clusters 
also displayed terminal-like substance P-labeling. Small bursts of CGRP 
staining were found intercalated between the calbindin labeled clusters, 
but there was little or no overlap between the two markers. CGRP 
immunoreactivity was also present in a calbindin-negative area separating 
VMpo from VPL/VPM, as well as in VPI, and in part of VMb.

These observations suggest that the lamina I spinothalamic tract fibers 
(represented by calbindin- and probably also substance P-ir) and vagal- 
solitary-parabrachial afferents (represented by CGRP-ir), form closely 
related but separate termination fields in posterior thalamus that could be 
considered to represent different aspects of information relevant to the 
physiological status of the tissues and organs of the body. (SMRC 7879 
and NS 25616).
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F orebrain structures encode changes in stimulus-intensity: a regional 
cerebral blood flow (rCBF) study in the ra t. Pamela E. Paulson*, Steven M. 
Garcia, Thomas J. Morrow, Kenneth L. Casey. VAMC and Univ. o f MI, Depts 
o f Neurology, Physiology and Bioengineering, Ann Arbor, MI 48105.

Several studies have shown that noxious stimulation differentially alters 
rCBF in both humans and animals. Our lab recently showed regional changes in 
forebrain activation during the early and late phase o f subcutaneous formalin- 
induced nociception in rat. However, there have been no studies to determine 
whether rCBF encodes stimulus intensity in either the innocuous or noxious 
ranges. Accordingly, this study investigated whether rCBF reflects changes in 
thermal stimulus intensity in the rat forebrain. To accomplish this, rCBF 
measurements were made in eightteen forebrain structures, some o f which 
participate in somatosensory processing, including the hindlimb (HL) and 
parietal (PAR) area of somatosensory cortex, retrospleniel (RS) cortex and the 
dorsal hippocampus (HIP). For each ROI, an activation index (AI) was 
calculated by expressing the activity within each ROI as a percentage o f total 
brain activity. The HL and RS demonstrated an incremental blood flow response 
to increasing stimulus intensities. In contrast, the HIP and PAR did not show 
incremental blood flow increases between 30° C and 40° C, yet both structures 
showed a statistical increase in blood flow when 40° C is compared to 50° C. In 
addition to the rCBF vs. stimulus intensity response described above, we also 
observed consistent lateralized activation in the hindlimb area o f  the SI cortex. 
The mean A I’s for the contralateral and ipsilateral region o f the HL, at each 
stimulus temperature, were compared using the paired t-test. At all three thermal 
intensities, the HL region contralateral to the applied stimulus showed 
significantly greater activation than the ipsilateral region.
This work is supported by grants from VA and a NIH program project.
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CONVERGENCE OF HETEROTOPIC NOCICEPTIVE INFORMATION ONTO 
VENTROMEDIAL THALAMIC NEURONS IN RATS.
L. Monconduit, L. Bourgeais, J. F. Bernard, D. Le Bars and L. Villanueva*, 
INSERM, U -161, 2, Rue d'Alésia, 75014, Paris, France.

We have recently suggested that the ventromedial thalamic nucleus (VM) could 
participate in nociceptive processing since it receives strong projections from the 
contralateral medullary subnucleus reticularis dorsalis (SRD), an important relay of 
noxious inputs from whole body areas. The aim of this study was to investigate 
the electrophysiological features of VM neurons following peripheral cutaneous 
stimulation.

Unitary extracellular recordings were made from VM neurons in rats anaesthetized 
with halothane (0.5-0.7 %) in a mixture of 2/3 nitrous oxide: 1/3 oxygen. Electrode 
penetrations were performed between 1-2 mm lateral to midline and 2.8-3.8 mm 
posterior to bregma. Neurons were characterized according to their responses to 
innocuous and noxious cutaneous electrical, thermal and mechanical stimulation.

The great majority of neurons recorded in VM did not respond to innocuous 
cutaneous stimuli. By contrast, they responded to the activation of peripheral fibers 
in the Aδ- and C-range no matter which part of the body was stimulated. They also 
responded to noxious mechanical and thermal stimuli and encoded the intensity of 
stimuli applied to the skin within a noxious range. In addition both A δ -  and C- 
fiber responses were strongly depressed or abolished when microinjections of 
xylocaine or the NMDA antagonist MK-801 were confined to the contralateral 
SRD.

This study provides electrophysiological evidence for the existence of neurons in 
a distinct thalamic area, i. e. the VM that could play a relevant role in the 
processing of nociceptive information. The convergence of nociceptive information 
from the entire body onto single VM neurons and the fact that VM is connected 
with several motor or premotor cortical regions suggest that the VM is involved in 
motor, arousal, and attentional reactions following heterotopic noxious 
stimulation.
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THE NOCICEPTIVE RESPONSES IN SOMATOSENSORY BRAIN REGIONS 
ACTIVATED BY NOXIOUS ELECTRICAL STIMULI IN RATS: A FMRI STUDY 
B-C Shyu* and C Chang, Institute of Biomedical Sciences, Academia Sinica, Taipei, 
115, Taiwan, ROC

Recent functional brain MRI studies in human have demonstrated that thalamus, 
cortex and other limbic structures were activated by experimental pain stimuli. The 
purpose of the present study is to investigate the fMRI of somatosensory brain regions 
activated by noxious and non-noxious stimuli in anaesthetized rats.

Sprague Dawley rats were anaesthetized with α -chloralose (50 mg/kg, i.v). MR 
experiments were performed on a Biospec BMT 47/40 4.7 T system. Multi-slice GE 
images were obtained using 70 mm bird cage coil with a FOV of 5 cm and a slice 
thickness of 2 mm. 40 T2* GE images (Tr=200 ms, Te=20 ms) were collected serially 
for baseline and stimulation sets. The electrical stimulation was switched on in two 
stimulation sets during acquisition of images 9 to 16 and 25 to 32. The intensity of the 
constant current, 2Hz, 0.5 ms, was adjusted so that 2X (0.5 mA), 20X (5 mA) or 40X 
(10mA) of threshold currents were delivered to the sciatic nerve.

The primary somatosensory cortex and the thalamus were activated by the 0.5 mA 
current in the right sciatic nerve. The signals were increased to 3.51% in the left 
somatosensory cortex and 2.59% in the thalamus. The total effectiveness were 803.79 
and 82.88 respectively. The intensify of this stimuli is corresponding to the activation 
of innocuous A ß  fibers. 5 mA of the electrical stimuli applied to the right sciatic 
nerve would activate nociceptive A δ  fibers. The effects on the left somatosensory 
cortex and thalamus were increased to 4.02% and 3.34 % respectively. The total 
effectiveness were 1933.62 and 637.94 respectively. The effect of the 10 mA electrical 
activation on the somatosensory cortex and the thalamus were 4.12% and 2.58%. The 
total effectiveness were 1301.92 and 206.40 respectively.

Present study has established an animal model for fMRI study and verified the 
somatosensory brain regions activated by both non-noxious and noxious stimulation. 
The results provide a basis for further investigation of the supraspinal nociceptive 
mechanism involving multi-dimensional aspects of pain.
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HUMAN FOREBRAIN rCBF CORRELATES OF PERCEIVED HEAT INTENSITY, 
PAIN THRESHOLD, AND TOLERANCE. S.Minoshima4, P.PauIson1,3,
B.Rosenbere3, T.J.Morrow 12,3, R.S.Tumer*1,2 and K.L.Casey 1,2,3, Div. of Nuclear 
Medicine4, and Depts. of Neurology1 and Physiology2, Univ. of Michigan, and 
Neurology Research3, VA Medical Center., Ann Arbor, MI 48105 

To determine correlates of forebrain sensory processing over a wide range of 
perceived heat stimuli, we performed H2150  PET scans on 7 healthy right handed 
males (19-22 yrs.). Repetitive 5sec contact heat was applied to the left forearm at 6 
intensities anchored at heat pain threshold (PTmean, s.d.) (46.0+/-0.92°C), heat pain 
tolerance (Ptol: 50.8+/-0.61 °C), and near heat detection (35 °C); intermediate stimuli 
were symmetrical about PT (av: 41.2, 43.6, and 48.4 °C). A visual analog scale was 
used to rate perceived intensity (VAS: 0-10, 5=PT). Ratings at the anchor stimuli 
were (mean, s.d.; 35°C:0.37+M).25; PT:5.6+/-1.2; Ptol: 9.6+/-0.65). After anatomical 
co-registration of individual images and stereotactic realignment, significant (Z≥4.0) 
and borderline (Z≥3.5) rCBF increases (vs. normalized global CBF) were identified 
on subtraction images by individual voxel analysis, corrected for multiple 
comparisons. After linear voxel-by-voxel correlation of VAS rating with rCBF, 
correlation coefficients were converted to Z values (Fisher). Significant correlation 
with VAS rating is found in the contralateral premotor cortex (B6), paravermian 
cerebellum, and ipsilateral medial thalamus. Ptol (vs. 35°C) significantly activates 
these same structures plus the dorsal midbrain (“PAG”), cerebellar vermis, and 
contralateral globus pallidus. Borderline VAS correlation appears in the midline 
dorsal midbrain, anterior cingulate (B24) and, overlapping borderline Ptol responses, 
in the contralateral frontal (B47) and posterior insular cortex. Encoding of heat 
intensity is distributed widely and includes structures that respond differentially to 
heat pain at tolerance, compared to threshold, levels. Supported by the Dept. of 
Veteran’s Affairs and NIH Grant PO1 HD33986.
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CONTRASTING EFFECTS OF TACTILE, WARM, AND PAINFULLY HOT 
FACIAL STIMULATION ON rCBF RESPONSES IN HUMAN THALAMUS AND 
SOMATOSENSORY CORTEX. K.L.Casev* 1,2'3, D.S.Rose 4, T.J.Morrow1,2,3, H.Flor 
5 and S.Minoshima 4, Dept. of Psychology, Humboldt Univ., Berlin 5, and Depts. of 
Neurology 1, Physiology 2, and Div. of Nuclear Medicine 4, Univ. of Michigan, and 
Neurology Research 3, VA Med. C tr, Ann Arbor, MI 48105

We studied the differential encoding of tactile and heat sensation in the human 
thalamus (T) and cortex (SI) by stimulating the right and left perioral regions of 9 
normal, right-handed male subjects during H215O PET scans. Test conditions were 
randomly ordered among 12 scans per subject: 2 rest (no stimulation), 1 repetitive 
brush, and 2 repetitive 5 sec heat contacts of warmth (40 °C) and painful heat (51 +/- 
1°C) each to right and left face. A visual analog scale was used to rate stimulus 
intensity (VASI: 0-10, 7= pain threshold) and unpleasantness (VASU: 0-10). 
Brushing and 40 °C were innocuous (av.VASIs: 1, 2.7) and 51+/-1 °C was noxious 
and unpleasant (av VASI: 8.3+/-0.7sd, av VASU: 6.9+/-1.6sd). After anatomical co-
registration of individual images and stereotactic realignment, significant (Z≥  4.0) 
and borderline (Z≥ 3.5) ΔrCBFs, compared to normalized global CBF, were identified 
on subtraction images (brush -  rest, 40 and 51 °C -  rest, and 51 -  40°C) by corrected 
individual voxel analysis. SI was defined as a volume of interest (VOI) derived from 
peak voxels activated by brushing (Z=3.7), the VOI for T was derived from a previous 
data set (Casey et al, 1996). VOI analysis shows that the contralateral, but not 
ipsilateral, SI responsive to brushing (mean ΔrCBF: + 4.5-5.1%, p=0.001-0.006) 
does not respond to painful heat (51 -  40 °C; p=0.662). In contrast, T shows no 
response to brushing, a significant bilateral response to heat pain (mean ΔrCBF: + 
4.1-2.4%, p=0.001; Z=4.9-4.3), and a deactivation response to 4O°C (mean ΔrCBF: - 
2.5-0.8%, p= n.s.; Z= - 4.9-4.3). Tactile and heat sensations appear to be mediated by 
separate cortical regions; warmth and heat pain by contrasting thalamic mechanisms. 
Supported by the Dept. of Veteran’s Affairs and NIH Grant PO1 HD33986.
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FMRI STUDY OF CORTICAL AREAS INVOLVED IN PAIN SENSITIZATION. 
B.R. Krauss*, J. Merola. N.M. Szeverenvi#. A.V. Apkarian. Depts. of Neurosurgery & 
Radiology#, SUNY Health Science Center at Syracuse, Syracuse, NY 13210.

Pain is the only sensory modality where repeated frequent application of a constant 
stimulus results in sensitization (i.e. a mildly painful stimulus when repeated rapidly is 
perceived as more painful). We use this property of pain to dissociate stimulus 
administration from its perception, and to segregate cortical networks involved in pain 
into functional components.

Eight subjects (of 12) sensitized and were used for analysis. A thermal stimulus was 
applied to the right ventral forearm, using an annulus (held at 29°C and always in skin 
contact) with a retractable inner cylinder (held at 46.5°C, painful stimulus). The 
cylinder position was computer controlled and resulted in 35s control, 138s stimulus, 
72s control, 35s stimulus, 70s control, 35s stimulus and 35s control. The stimulus was 
cycling painful pulses (1.3s on and 1.3s off). The subjects rated the stimulus intensity.

A 1.5 Tesla MRI system with EPI and BOLD and a single surface coil imaged 8 
slices in the axial plane starting from the top of the brain. The (1) stimulus, (2)ratings, 
and (3) a normalized difference between the two (sensitization) were convolved 
separately with a hemodynamic response function, correlated with the functional 
images on a pixel by pixel basis, and converted to t-maps. Individual t-maps were co
registered in Talairach space and averaged.

All 3 maps show similar cortical areas activated, including: SI, SII, MI/MII, posterior 
parietal, cingulate, insular, and frontal cortices. There were large differences between 
these maps in laterality and magnitude of activations. The stimulus map was the most 
contralateral. The sensitization map the most bilateral. The cingulate was extensively 
activated in the stimulus map, focused in two regions in the rating map, and it was not 
activated in the sensitization map. The sensitization map indicates that complex feature 
extraction for pain preferentially involves specific associative cortical regions, 
bilaterally. Project funded by NIH grant NS35l 15 and the Dept. of Neurosurgery.
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PARASYLVIAN CEREBRAL CORTICAL RESPONSES TO MECHANICAL AND 
THERMAL PAINFUL STIMULI MEASURED WITH fMRI: EVIDENCE FOR 
MULTIPLE SITES OF ACTIVATION. J. D. Greenspan*1, R. P. Gullapalli2, and S.
L. Small2-3. 1Dept. of Oral & Craniofacial Biological Sciences, 2Dept. of Diagnostic 
Radiology, and 3 Dept. of Neurology, University of Maryland, Baltimore, MD 21201.

Previous functional imaging studies (primarily PET) have identified a region in 
the posterior parasylvian cortex (involving the parietal operculum and/or posterior 
insula - often referred to as S2) that shows significant activation in response to 
somesthetic stimuli, including painful heat. By taking advantage of the spatial 
resolution of fMRI, the present study sought to localize more precisely those 
nociresponsive posterior parasylvian regions. Three subjects participated in the 
study. During spiral k-space acquisition of gradient echo (T2*) MR images, stimuli 
were applied to the dorsal surface of the foot. These stimuli included rapid brushing 
(innocuous touch), a 48°C probe (pain intensity ratings of 12-18 of 20), and a sharp 
mechanical probe applying 100g over a 0.05mm2 area (pain intensity ratings of 12- 
18 of 20). Data analysis was performed by comparing each experimental condition to 
rest and reporting pixels with T > 4.0.

Significant activation was routinely found at two sites in the posterior parasylvian 
region contralateral to the presentation of painful stimuli. Both sites were in the 
same coronal section (0-10 mm anterior to the posterior commissure), but separated 
in lateral extent. The more lateral site occupied the lateral half of the inferior parietal 
operculum, extending to the cortical surface. This site may be homologous to the S2- 
7b region identified as having nociresponsive neurons in the monkey (Dong et al., J. 
Neurophysiol., 72:542, 1994). The more medial site was centered at the junction of 
the parietal operculum and the insula. These observations suggest that there are two 
separate sites of nociceptive information processing in the posterior parasylvian 
cortex of the human brain. (Supported by NIH grant NS-28559, and the University 
of Maryland Dept. of Diagnostic Radiology).
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PAIN AND TACTILE EVOKED ACTIVATIONS IN CEREBRAL CORTEX: 
BETWEEN AND WITHIN SUBJECT COMPARISONS USING fMRI. BH a*, J-IChen. 
B Pike, GH Duncan and MC Bushnell McGill University and Université de Montréal, 
Montréal, Québec, Canada H3G 1Y6.

Human PET studies show pain-related activation in several cortical regions, including 
primary and secondary somatosensory (S 1, S2), anterior cingulate (ACC) and insular (IC) 
cortices. Still, activation sites vary among studies. This study uses fMRI to assess 
variability within and between subjects in both pain and tactile-related cortical activations.

Three subjects participated in two fMRI sessions each, using a 1.5 Tesla scanner and 
standard head coil. A session included a high resolution anatomical scan and 5 to 8 runs 
o f 120 whole-brain fMRI scans (10-13 7-mm slices; ~3s/vol.). Thermal and tactile stimuli 
were applied to the left calf on separate runs. Thermal runs consisted of 9s alternating 
cycles o f rest, painful (45-46°C), rest and neutral (35-36°C) stimulation using a 9 cm2 
thermode. Tactile runs consisted of 9s cycles o f brushing (2Hz) and rest. Subjects rated 
the stimulus intensity after each run. Activation maps were generated using Spearman’s 
Rank Order Correlation, comparing painful to neutral heat and tactile to rest.

The brushing stimulus activated contralateral SI and bilateral S2 in all subjects, and heat 
pain activated S 1, S2, ACC and IC. The loci of S 1 and S2 activation were similar across 
stimulus modalities and subjects. While S2 activation was strongly bilateral for brushing, 
ipsilateral S2 was less reliably activated by pain. The ACC pain-related locus was 
consistent across runs for each individual but was more anterior in one subject than in the 
other two. In two subjects, ACC activation was sometimes contralateral and other times 
bilateral. Brushing sometimes activated a more posterior mid-cingulate region. Pain 
consistently activated a band o f sites in rostral IC, whereas brushing activated posterior 
insula in one subject. Other regions such as SMA were sometimes activated, but there was 
variability in location and occurrence across subjects. These results indicate that pain and 
touch evoke reliable patterns of cortical activation. Intensity-related differences in 
activations and inter-subject variability in loci could explain the variable results of PET 
studies. Supported by the Canadian MRC.

4 4 5 .1 4

FMRI STUDY OF CORTICAL SOMATOTOPY FOR THERMAL PAIN.
A.Darbar, B.R. Krauss, N.M. Szeverenvi#, A.V. Apkarian*. Department of 
Neurosurgery and Radiology#, SUNY health Science center at Syracuse, NY 13210

This study was designed to delineate differences in cortical regions activated when 
painful thermal stimuli are applied to the hand or the foot to differentiate between 
cortical areas with and without somatotopy for pain.

Eleven normal subjects were used. A 1.5 Tesla MRI system with EPI and BOLD 
parameters, a voxel size of 3.75× 3.75× 5mm, and a head gradient coil were used to 
image activity in the whole brain (23 slices). A thermal stimulus was applied, to 
either left hand or foot, using an annulus (held at 35°C and always in skin contact) 
with a retractable inner cylinder (held at 1°C above pain threshold). The cylinder 
position was computer controlled and resulted in 3 cycles of 35s control and 35s 
stimulus periods in each scan. Three such scans were collected for the hand, and 3 for 
the foot. Scans were also done when the inner cylinder was heated to 35°C (non- 
painful mechano-thermal). The subjects rated the stimulus intensity. Stimulus and 
pain ratings were convolved with the hemodynamic response function of the brain, 
which were correlated with the functional images on a pixel by pixel basis, converted 
to t-maps, averaged, and superimposed on anatomic images. Individual subject 
activation maps were examined. The group averages remain to be calculated and will 
be presented at the meeting.

The individual activation maps were too noisy to be useful in making decisions 
regarding somatotopy. Therefore, they remain to be averaged across the population. 
Overall, the cortical activity was more bilateral, in both the painful and non-painful 
tasks than we have observed in earlier similar studies where the painful stimulus was 
delivered to the dominant hand in right handed subjects. Thus, we attribute the 
bilateral activations as due to stimulating the non-dominant hand.
Project was funded by NIH grant NS351 15 and the Dept. of Neurosurgery.
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HEMISPHERIC LATERALIZATION OF SOMATOSENSORY PROCESSING

Pain and Neurosensory Mechanisms Branch, NIDR, NIH Bethesda, MD 20892.
Supraspinal processing of somatosensory information is thought to occur in brain 

regions predominantly contralateral to stimulated portions of the body. Yet, 
ipsilateral activation of the right prefrontal cortex occurs when painful stimuli are 
applied to the right arm (Coghill et al, submitted), suggesting that some aspects of 
somatosensory processing may be lateralized to the right cerebral hemisphere. In 
order to directly identify hemispherically lateralized brain regions engaged in 
somatosensory processing, nine right-handed subjects (5 women, 4 men) were 
recruited to measure brain activation produced by neutral (35°C) and painful (49°C) 
thermal stimuli applied their left and right volar forearms. Subjects received H2I5O 
positron emission tomography (PET) scans during five stimulus conditions:1) rest, 
2) left 35°C, 3) right 35°C, 4) left 49°C, 5) right 49°C. Within a single scan, the 
thermal stimulator was moved among 6 skin sites (5 sec/site) to minimize 
sensitization. Multiple regression analysis revealed that the right thalamus, right 
dorsolateral prefrontal cortex, and the right inferior parietal cortex were significantly 
activated regardless of the side of stimulation (p<0.05). This right-lateralized 
activation occurred in a manner independent of stimulus intensity, indicating that 
stimulus features common to both painful and innocuous stimuli were processed in 
these areas. The dorsolateral prefrontal cortex is heavily connected with the posterior 
parietal cortex and is importantly involved with spatial working memory. In right- 
handed subjects, lesions of the right posterior parietal cortex have long been known 
to produce spatial attentional and body awareness deficits distinct from sequelae of 
similar lesions in the left hemisphere. This right lateralization may further explain 
observed clinical deficits due to parietal lesions and suggests a lateralized brain 
system contributing to spatial aspects of somatosensory processing. Supported by 
the Emerging Scientific Opportunities fund, NIDR Intramural Research Program.

Society for Neuroscience, Volume 24 ,1998



TUESDAY AM PAIN PATHWAYS—FOREBRAIN 1131

4 4 5 .1 7

TACTILE ALLODYNIA IN A HEMISPHERECTOMIZED PATIENT: A PSYCHO
PHYSICAL AND fMRI CASE STUDY. J Bernier, RG Bittar, A Ptito, MC Bushnell and 
S Marchand* Univ. Montréal, McGill Univ. and UQAT, Québec, Canada

Damage to peripheral or central nervous tissue can lead to dynamic tactile allodynia, in 
which lighly brushing the skin causes severe pain. Both central sensitization and 
disinhibition have been proposed as underlying mechanisms, but little is known about how 
allodynia occurs after CNS damage. Thus, we examined the neural mechanisms 
underlying tactile allodynia in a hemispherectomized patient.

A 25-year-old hemispherectomized female underwent psychophysical and fMRI testing. 
Tactile and thermal stimuli were applied to the hands, arms, and legs, using von Frey 
filaments (2.36-6.65g), brushes o f varying stiffness and a 1-cm2 contact thermode (0°- 
5O°C). Functional MRI ( 1.5T scanner, BOLD methodology) was performed during 60s 
on/off cycles o f rapid (3Hz) brushing o f the contralateral and ipsilateral hand.

The patient detected tactile, hot and cold stimuli on the hemibody contralateral to the 
hemispherectomy, with small deficits in tactile detection. Intensity ratings o f hot and cold 
stimuli were not different between sides, but on the contralateral side the patient confused 
cool and warm temperatures. Rapid brushing (3 Hz) o f the skin with soft, medium, or stiff 
brushes evoked graded pressure sensations on the ipsilateral side, but evoked sensations 
o f pricking, heat and pain on the contralateral side. The pain sensation began 15-30s after 
brushing onset and stopped within 30s of the stimulus termination. A cold environment 
o f 5 °C enhanced the pain sensation. During fMRI, brushing the ipsilateral hand produced 
tactile sensations and activation o f primary and secondary somatosensory cortices (S 1, S2). 
The same stimulus on the contralateral hand produced burning pain and activation in S2, 
anterior cingulate and frontal cortices. These results indicate that pain and tactile 
perception can be mediated by ipsilateral cortical processes and that allodynia activates 
cortical regions implicated in normal pain processing. The finding o f allodynia after 
hemispherectomy and its enhancement by a cold environment suggest the involvement of 
cortically mediated disinhibition. Supported by NSERC, FCAR, FRSQ and Can. MRC.
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N O C IC E P T IV E  N E U R O N S  IN  T H E  M ACA Q U E A N T E R IO R  
C IN G U L A T E  CO RTEX  A C T IV A T E  D U R IN G  
A N T IC IP A T IO N  OF PA IN . T. Koyama,1 ,2 Y. Tanaka.2* A  
Mikami2 Dept. of Anesthesiology, Osaka Univ., Med. Sch., Suita, 
Osaka, 5650871, Japan. 2Dept. of Behavioral and Brain Sciences, 
Primate Research Inst., Kyoto Univ. Inuyama, Aichi, 4848506, Japan.

Since the anterior cingulate cortex (ACC) is known to be involved 
both in nociception and in anticipation of aversive stimuli, the linking of 
these two functions may be processed in the ACC. To test this 
hypothesis, we recorded single neuronal activities in the ACC of a 
macaque monkey while it was performing a pain-avoidance task. In the 
task, when a lever was pressed, a fixation cue (FC) appeared for 0.5-
1.5 s and then a prediction cue (PC) was presented for 1 s. After the 
termination of a red PC, painful nociceptive electrical stimulation (ES) 
was presented. After the termination of a green PC, a reward, in the 
form of drop of water, was given. The monkey learned to keep 
pressing the lever to obtain the reward after the green PC and to release 
the lever to avoid the ES after the red PC. Thirty-five neurons showed a 
significantly larger increase in activity after the red PC was presented 
than after the green PC. During an intertrial interval, 21 neurons were 
tested with spontaneous ES and 11 of them responded. These neurons 
could be the ones that are involved both in nociception and in 
anticipation that precedes the avoidance of aversive stimuli.
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A  POSITRON EMISSION TO M OGRAPHY STUDY OF 
EXACERBATION OF C H R O N IC  PA IN IN  PATIENTS W ITH 
TEM PO RO M A ND IBULA R DISORDERS (TMD).
W .D . M cC all. Jr.*1 , E l l io tG a le 1, M ary  Lou C o ad 2. and  A lan  
Lockwood2 D ept. O ral D iag. Sci., Sch. D ent. M ed., SUNY Buffalo1, 
and  D ept. N eu ro l. and  PET Center, VAM C2, Buffalo, NY 14221.

PET stu d ies  using  experim ental heat p a in  h ave  revealed  b rain  areas 
subserv ing  th a t m odality , bu t d a ta  using  exacerbation of a chronic pain  
have been  sparse.

F our fem ales w ith  unila teral chronic TM D pain  exacerbated by 
clenching, an d  four age-m atched  fem ales w ith o u t p a in  w ere s tu d ied  by 
PET using 15O H 2O  as a cerebral b lood flow  (CBF) tracer. PET scans 
w ere ob tained  from  each ind iv idua l d u ring  rest (R) an d  im m ediately  
follow ing a one m inu te  clench. The rest an d  clench conditions w ere 
a lte rna ted  w ith in  each subject an d  the  first condition  w as 
coun terbalanced  am ong  ind iv iduals. S tatistical p aram etric  m app ing  
(SPM) w as used  to  identify  brain  regions w here CBF changed betw een 
conditions.

V isual analog  p a in  scores, ob tained  after each scan, confirm ed that 
the  p a tien ts b u t not the  controls experienced post-clench (PC) increases 
in pain. The SPM  contrast: pa tien t (PC - R) - control (PC - R) revealed  
an increase in CBF in the th alam u s and  the cingulate  g y ru s  in the 
patien ts. T hese brain  reg ions ap p ear to  m ediate  the increase in post 
clench jaw  p a in  rep o rted  by TM D patien ts.

S upported  in p a rt by a g ran t from  the M ultid iscip linary  Research 
Pilot Project Program , SUNY a t Buffalo.
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NEGATIVE DIFFERENCE POTENTIAL REVEALS PAIN-RELATED 
ACTIVITY IN HUMAN SI AND MESIAL CORTEX. R. Dowman* and S. 
Schell. Dept. Psychology, Clarkson University, Potsdam NY, 13699-5825 

Our previous work suggests that the scalp-recorded negative difference potential 
(NDP) evoked by sural nerve stimulation isolates pain-related neural activity 
located in or near the SI cortex. NDP amplitude covaries with noxious stimulus 
intensity and neither NDP amplitude nor pain ratings are affected by changes in 
interstimulus interval. Our dipole analyses demonstrate that the NDP is best-fit by 
a single source located in or near the SI leg area. The aim of this study was to 
examine in more detail the location of the neurons giving rise to the NDP. Twenty 
subjects received stimulation of the sural nerve and the digital nerves of the fingers 
in separate counterbalanced recording blocks. If the NDP is generated in SI, then 
its minimum should shift from the central midline with sural nerve stimulation to 
over the SI hand area with finger stimulation. The results show that for finger 
stimulation an early segment of the NDP (65-75 ms) had a minimum over the SI 
hand area. The best-fit single source for this segment (using a realistic head 
model) was very close to that for the P30 peak of the finger-evoked somatosensory 
evoked potential (SEP), which is generated in SI. The remaining segment of the 
finger-evoked NDP had a minimum located along the central midline. The best-fit 
single source for this latter segment was very close to the P40 peak of the sural 
nerve SEP, which is generated in the SI leg area. Thus, the NDP reveals pain- 
related activity in SI and in the mesial cortex near the SI leg area.
Supported by NIH NS-35810.
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FACILITATION FROM THE ROSTRAL VENTROMEDIAL MEDULLA OF 
SPINAL C-FOS EXPRESSION INDUCED BY NOXIOUS STIMULATION 
OF HINDPAW OR LOW BACK TISSUES. W.J. Roberts.1* M M. Heinriche r2 
and J. Schouten3. 1Neurological Sciences Institute and 2Div. Neurosurgery, 
Oregon Health Sciences Univ and 3Reed College, Portland, OR 97212.

Modulation of activity in spinal nociceptive systems by axons that descend 
from the rostral ventromedial medulla (RVM) is well established: both inhibitory 
and facilitatory actions on spinal projection neurons have been shown. The 
objectives in this study were: a) to demonstrate that electrical stimuli in the RVM 
that inhibit the tail flick reflex also inhibit activation of spinal nociceptive 
neurons; b) that injection of a GABAA agonist (THIP) into the RVM would have 
the opposite effect; and c) that these procedures would have the same effect on 
dorsal horn neurons serving both the hindpaw and low back region.

Adult male SD rats were tested. C-Fos-Iike immunoreactivity (FLI) was used 
as a measure of recent neuronal activation in response to mustard oil injections 
into somatic tissues. Electrical stimulation (10 µA, 50 Hz) blocked the tail flick 
reflex and, when done during mustard oil stimulation, it resulted in a significant 
increase in FLI, particularly in laminae V. VI. Injections of THIP, expected to 
inhibit tonically active "off" cells in the RVM, also increased FLI in the deep 
dorsal horn. Neither procedure alone produced FLI in spinal cord sections.

These results suggest that THIP-induced inhibition of RVM “o ff’ cells has a 
facilitatory effect on nociceptive dorsal horn neurons as expected but that weak 
electrical stimulation that inhibits the tail flick reflex can also facilitate the 
activation of neurons in the deep dorsal horn.
Support: NIH grants NS34601 & DA45608 and by Good Samaritan Foundation
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RESPONSES OF ROSTRAL VENTROMEDIAL MEDULLA (RVM) 
ON- AND OFF-CELLS TO NOXIOUS THERMAL AND CHEMICAL 
CRANIOFACIAL STIMULATION. J.S. TANG, C.Y. CHIANG, J.O. 
DOSTROVSKY, B.J. SESSLE, AND J.W. HU*. Faculties of Dentistry and 
Medicine, University of Toronto, Toronto, Ontario, M5G 1G6, Canada

To examine the role of RVM in orofacial nociception, we studied the 
effects of both brief thermal and prolonged chemical noxious stimuli on the 
discharge pattern of ON- and OFF-cells within RVM. Experiments were 
performed in lightly anesthetized rats (Brietal, 30-40 mg/kg/hr, i.p.) in which 
both jaw opening (digastric) and closing (masseter) muscle activities were 
recorded. ON- and OFF-cells were identified respectively by their increased 
or decreased firing immediately prior to the tail flick reflex (TFR) evoked by 
noxious heat applied to the tail. Surprisingly, noxious heat stimuli applied 
either to the tail (n= 46 trials) or the perioral skin (n= 45 trials) evoked both a 
TFR (mean latency ± S.E., 6.0±3 s and 4.7±3 s) and in both muscles, a jaw 
muscle reflex (JMR, 5.l±3 s and 4.0±3 s) and excited ON cells and inhibited 
OFF cells. These responses usually occurred shortly after (~0.l-2 s) the onset 
of ON-cell discharges or pause of OFF-cell discharges. The small fiber 
irritant mustard oil (20 %; 20 µl) injected into the temporomandibular joint, 
provoked prolonged (3 to 20 min duration) digastric and masseter activity and 
excitatory responses in ON-cells and inhibitory responses in OFF-cells: the 
JMR occurred 0.2-0.9 s after the onset of ON-cell discharges and 0.5-0.6 s 
after onset OFF-cell pause (n=10 trials each). Furthermore, changes in RVM 
neuronal spontaneous firing were correlated with the fluctuations of 
spontaneous activity of the jaw muscles. These data reveal that the JMR can 
be used instead of the TFR for detecting ON- and OFF-cells in RVM and 
suggest that RVM ON- and OFF-cells may play an important role in the 
modulation of craniofacial pain. Supported by NIH grant DE-1 1995.
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I.V. SEROTONIN-INDUCED CHANGES IN ANTINOCICEPTION 
AND NEURAL ACTIVITY IN THE ROSTROVENTRAL MEDULLA 
(RVM) IN RATS: INVOLVEMENT OF SEROTONIN 2 AND 3 
RECEPTORS. C.L. Thurston* and G.D. Santini. Dept. Biomedical 
Sciences, Univ. South Alabama, Mobile, AL 36688.

I.v. administration of serotonin (5-HT) inhibits the tail flick (TF) 
reflex and produces triphasic effects on the activity of ON and OFF cells 
of the RVM. The current study tested the effects of i.v. administration of 
the 5-HT2 (ketanserin: 100-400 nmole/kg) or 5-HT3 (ICS 205,930, 100- 
200 nmole/kg) receptor antagonists on 5-HT (160 nmole/kg) -induced 
changes in TF latency, MAP, and neural activity in the RVM.

5-HT produced an inhibition of the TF reflex that was significantly 
attenuated by ICS 205,930, but not ketanserin. 5-HT produced complex 
changes in ON and OFF cell activity, consisting of periods of excitation 
and inhibition. ON cells were mostly excited, with brief periods of 
inhibition that were attenuated by ketanserin. OFF cells generally 
showed a brief excitation, followed by inhibition, followed by another 
period of excitation. The excitation of OFF cells was generally inhibited 
by ICS 205,930. These data suggest that 5-HT-induced inhibition of the 
TF reflex and excitation of OFF cells are mediated by activation of 5-HT3 
receptors. Supported by NIH grant NS31495
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NOCICEPTIN AFFECTS EXCITABILITY OF NOCICEPTIVE SPECIFIC NEURON 
IN THE GIGANTCELLULAR NUCLEUS AND THE CENTROLATERAL 

NUCLEUS
T. Nagata1, A. Ueda*, H. Suzuki* and Y. Kawakami2 . lDept. of Anesthesiol., and 

2Dept. of Physiol.; Tokyo Women's Med. Univ., 8-1 Kawada-cho, Shinjuku-ku, 
T okyo, Japan 162-8666

Nociceptin, an endogenous agonist for the opiate-likee receptor (ORL1), has oppsosite 

effects (analgesia and hyperalgesia) on pain in animal behavioral studies. We 
investigated the effects of nociceptin on the neuronal responses evoked by mechanical 
noxious stimulation in the rat brain stem reticular formation and the centrolatenal 

neucleus (CL) of the thalamus. Responses evoked by mechanical noxious pressure 
stimulation to the tail were recorded extracellularly in the gigantocellular reticular 
nucleus (GCR) and CL. Noxious pressure stimulation elicited high threshold responses 

followed by poststimulus discharges in the GCR. Nociceptin completely blocked these 
discharges, while early responses (faster than 15ms latencies) persisted in the GCR. 
The maximal inhibitory effect occurred within 15 min and recovered to the preinjection 
control level by approximately 90 min. In contrast, nociceptin induced excitation of 
the evoked discharges in the CL. Low pressure touch stimulation to the tail, which had 
not induced discharges in a pre-injection control stage, elicited responces. Long-lasting 
poststimulus discharges appeared and persisted with noxious stimulation after 
nociceptin injection. Morphine inhibited discharges evoked by noxious stimulation in 
GCR. Nociceptin has different effects in the brain stem and higher brain areas.
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THE CAUDAL VENTROLATERAL MEDULLARY RETICULAR FORMATION IS 
RECIPROCALLY CONNECTED WITH THE SPINAL CORD. I. Tavares*, A. Almeida, F. 
Esteves. D. Lima and A. Coimbra. Institute of Histology and Embryology, Faculty of Medicine 
of Oporto and IBMC, 4200 Porto, Portugal.

Studies on the neuronal circuitry subserving antinociception elicited from the caudal 
ventrolateral medullary reticular formation (VLM) concerned mainly the pathways conveying 
the effects mediated by spinal α 2-adrenoreceptors, which relay in the pontine A5 
noradrenergic group. The role played by the pathway connecting directly the VLM with the 
spinal cord is, however, still obscure. In this study, the organization of this pathway was 
investigated by determining its precise sites of termination and evaluating the occurrence of 
reciprocal ascending connections from each site. Fibers labelled with the anterograde tracer 
biotinylated dextran amine (BDA) from injections in spinal laminae l-lll were observed in the 
reticular formation (VLMIat) located between the spinal trigeminal nucleus and the lateral 
reticular nucleus (LRt). Fibers labelled from laminae IV-V were located in the magnocellular 
LRt (LRtm) while those labelled from lamina VII occupied the medial part of both the LRtm 
and parvocellular LRt (LRtp). In the spinal cord, BDA labelled fibers occurred in laminae I, IV- 
V and X following injections in the VLMIat, V-VII following injections in the lateral LRt, and VII 
following injections in the medial LRt. Appositions between anterogradely labelled fibers and 
retrogradely labeled neurons were observed in lamina I (41%) following injections of cholera 
toxin subunit B (CTb) in the VLMIat, and in lamina VII (6%) following injections of the same 
tracer in the LRt. The proportion of lamina I retrogradely labeled neurons receiving 
appositions from the VLMIat was higher for pyramidal (45%) than fusiform (19%) or flattened 
(6%) neurons. Following CTb injections encompassing lamina I, appositions between 
anterogradely and retrogradely labelled profiles were observed in 10% of VLMIat neurons. 
The anatomical organization of VLM-spinal connections is suggestive of the functional 
subdivision of the VLM. The data support previous findings indicating the VLMIat as the 
source of VLM antinociceptive actions, while suggesting that closed loops affecting 
differentially various lamina I cell types may play an important role. (Supported by the 
European Commission)
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TH E EFFECT OF PLACENTA INGESTION ON ANTINOCICEPTION 
INDUCED BY M ORPHINE IN THE PERIAQUEDUCTAL GRAY OF THE 
RAT. J.M. DiPirro and M.B. Kristal*. Behavioral Neuroscience Program, Dept. of 
Psychology, University at Buffalo, Buffalo, NY 14260.

Ingestion of POEF (Placental Opioid-Enhancing Factor), contained in placenta 
and amniotic fluid, produces a dramatic modulatory effect on the ongoing level of 
some opioid-mediated phenomena in the rat, especially antinociception. The effect 
on antinociception has been shown to be receptor specific: POEF ingestion enhances 
δ- and K-opioid antinociception and inhibits µ-opioid antinociception. Furthermore, 
POEF appears to influence an exclusively central locus of opioid activity. However, 
the particular neural site(s) at which POEF modulates opioid antinociception is yet 
unknown. The present study was designed to investigate the effect of POEF on 
antinociception generated by morphine administration in the periaqueductal grey 
(PAG), a brain region that serves a primary role in the descending opioid pain 
modulation system.

Five minutes after ingesting placenta or a control substance (1.0 g), female rats 
were injected with morphine sulfate (2.0 µg/ 0.5 µl, intra-PAG) or vehicle. Twenty- 
eight minutes after drug injection, antinociception (hindpaw-lick/jump latency) was 
assessed with a 52°C hot-plate algesiometer.

The results indicate that POEF ingestion does not affect the antinociception 
induced by 2 µg intra-PAG morphine. Because (1) morphine produces antinoci
ception in the PAG by stimulating predominantly µ-opioid receptors, and (2) POEF 
does not enhance µ-mediated antinociception, the present data may be taken as 
additional confirmation of the receptor-specific action of POEF. It is possible, 
though, that the neuroanatomical connections of the system by which ingested POEF 
affects CNS opioid-mediated antinociception do not include the PAG. Future 
studies will investigate both of these possibilities.

Supported by funds from the office o f the Dean of the Faculty of Social Sciences
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µ- A N D  ∂-OPIOID RECEPTOR m RNA s ARE EXPRESSED IN PAG 
NEURO NS PROJECTING TO THE RVM. H. W an g * and M. W . 
W essendorf. Dept. Cell Biology & N euroanatom y, Univ. M innesota Sch. 
M ed., M inneapolis, M N 55455.

Opioid an tinociception  ap p ears  to be m ed ia ted  at least in p a rt by a 
p a th w ay  th a t includes the p e riaq u ed u cta l gray (PAG) and the ro stra l 
v en trom edia l m edu lla  (RVM). Previous e lec tro p h y sio lo g ical stud ies 
have suggested th a t opio ids act d irec tly  on some PAG neurons projecting 
to the RVM. H ow ever, im m unoreactiv ity  for e ith e r the  cloned µ-op io id  
recepor (M ORI) or ∂-opio id  receptor (DOR1) has not been observed in 
PAG cells re tro g rad e ly  labeled from the RVM. In the p resen t s tudy, we 
exam ined the expression of DOR1 and M ORI m RNA s in PAG neurons 
projecting to RVM using q u a n tita tiv e  in situ h y b rid iz a tio n  and 
retrograde  tract-tracing . M esencephalic neurons w ere labeled in 3 m ale  
S prague-D aw ley  rats by m icroinjection of Fluoro-Gold (FG) into th e  
RVM. Five µm cryostat sections w ere cut and in situ h y b r id iz a tio n  w as 
perform ed using fu ll-leng th  cRNA probes labeled  w ith  33S-UTP. N IH - 
Im age was used to count a u to rad io g rap h ic  grains over re tro g ra d e ly  
labeled cells; the m ean grain  density  in the  m icroscopic field containing 
the cells w as used as the background  density . Of 181 retro g rad e ly  labeled 
cell p rofiles in the PAG, 109 (60%) expressed levels of DOR1 m RN A  
significantly  (p<.0001, ch i-square test) above background . In a second set 
of 103 FG labeled cell profiles from sections th a t were h y b rid ized  for 
M ORI m RNA, 35 (34%) had  grain  d ensities s ign ifican tly  (p<.0001) 
above background. We conclude that signicant proportions of PAG neurons 
projecting to RVM express DOR1 and M ORI m RNA s. Supported  by 
DA05466 & DAO9642.
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MU OPIOID RECEPTORS IN THE PERIAQUEDUCTAL GRAY 
MEDIATE MALE-INDUCED ANALGESIA IN RAT PUPS. C. P. 
Wiedenmayer 1,3*, and G. A, Barr2’3, 1Dept. Psychiat., Columbia 
University, 2Dept. Psychol., Hunter College, and 3Div. Devel. 
Psychobiol., NY State Psychiatric Institute, New York, NY 10032.

To infant rats, the close proximity of an unfamiliar adult male rat is 
aversive. On postnatal day 14, rat pups exposed to a male become 
immobile and show decreased nociceptive reactivity to thermal 
stimulation. Such analgesia is suppressed by a general opioid 
antagonist, naltrexone. The immobility is not opioid mediated. The aim 
of the present study was to determine what type of opioid receptor in 
what brain area mediates male-induced analgesia in the infant rat. On 
day 13 three male rat pups from the same litter were implanted 
unilaterally with cannulas aimed at the ventrolateral periaqueductal 
gray (PAG). After surgery the pups were returned to the mother and 
litter. On day 14, each of the three cannulated pups was put with two 
littermates in the testing chamber. Behavior was observed and 
nociceptive reactivity was measured in a thermal paw-lift test. 
Afterwards, the pups were microinjected with saline (200 nl) or the 
selective µ-opioid receptor antagonist CTOP (50 ng or 100 ng/200nl). 
They were exposed to an adult male behind a screen. Behavior and 
nociceptive reactivity were again recorded. The saline injected pups 
showed increased paw-lift latencies after exposure to the male. Low 
doses of CTOP diminished such analgesia and high dose CTOP totally 
suppressed it. Defensive immobility in the presence of the male was 
not affected by CTOP. Male proximity therefore induces analgesia in 
rat pups by releasing endogenous opioids that bind to µ opioid 
receptors in the ventrolateral PAG.
Supported by M H18264, DA07341 and NS36130.
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QUANTITATIVE ANALYSIS OF VENTROLATERAL 
PERIAQUEDUCTAL GRAY PROJECTIONS TO BRAINSTEM 
NORADRENERGIC CELL GROUPS THAT ARE INVOLVED IN 
MODULATION OF NOCICEPTION. D.Baiic* and H.K ProudFìt. Dept 
of Pharmacology, University of Illinois at Chicago, IL 60612.

Stimulation of neurons in the periaqueductal gray produces 
antinociception that is mediated in part by spinally projecting noradrenergic 
neurons. The anterograde tracer, biotinylated dextran amine (BDA) 
combined with tyrosine hydroxylase immunocytochemistry was used to 
determine quantitative projections of neurons in the periaqueductal gray to 
spinally projecting noradrenergic cells in the A7, A5, and A6 (Locus 
Coeruleus) cell groups that are involved in modulation of nociception.

The BDA deposit in the ventrolateral periaqueductal gray produced 
anterograde labeling that was more dense on the ipsilateral than contralateral 
side. Half of the highly-varicose anterogradely labeled terminals were found 
apposed to noradrenergic neurons in the A5, A6, and A7 cell groups. More 
than 90% of the these labeled varicosities were apposed to dendrites, and 
less than 10% apposed to tyrosine hydroxylase-immunoreactive cell bodies. 
Nearly 50% of the labeled varicosities within these cell groups represent 
synaptic contacts on non-catecholamine neurons. These results indicate that 
the antinociception produced by stimulation of sites in the ventrolateral 
periaqueductal gray is mediated in part by ascending rostral noradrenergic 
cells of the A6 cell group and descending dorsomedial noradrenergic cells of 
the A7 cell group that modulate spinal nociceptive transmission.
(Supported by USPHS grant DA03980 from the National Institute on Drug Abuse)
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ANALYSIS OF THE ROLE OF PAG NEURONS IN THE DEVELOPMENT OF 
TOLERANCE TO THE ANTINOCICEPTIVE EFFECT OF MORPHINE 
MICROINJECTION IN THE RAT. M.M. Morgan* and C.S. Robbins. 
Department of Psychology, Washington State University, Vancouver, WA 98686.

Microinjection of morphine into the periaqueductal gray (PAG) produces 
antinociception. Tolerance to this antinociception develops with repeated 
microinjections into the ventrolateral, but not lateral/dorsal PAG (Tortorici et al , 
1997). Tolerance could be caused by changes in opioid sensitive neurons within the 
PAG or any neuron along the descending pathway (e.g., PAG output or rostral 
ventromedial medulla (RVM) neurons). Given that morphine and excitatory- amino 
acids act on different neurons within the PAG, analysis of cross-tolerance between 
these drugs allows localization of the neural change underlying tolerance.

Male Sprague-Dawley rats were injected with morphine (5 µg/0.4 µl) or saline 
into the ventrolateral PAG twice a day for 2 days through an indwelling cannula. 
Twenty minutes after the first injection, locomotion and nociception were assessed 
using the open field and hot-plate tests. On the third day, all rats were injected with 
the excitatory amino acid, kainic acid (20 or 40 pmol/0.4 µl) into the same PAG 
site where morphine or saline was administered previously (Experiment 1) or into 
the RVM (Experiment 2), and locomotion and nociception assessed as before.

Microinjection of morphine into the ventrolateral PAG produced 
antinociception and immobility as expected. However, the ability of kainic acid 
microinjection into the PAG to produce similar effects was significantly reduced in 
rats pretreated with morphine compared to saline pretreated controls. In contrast, 
PAG morphine administration did not consistently alter the antinociception or 
immobility produced by kainic acid administration into the RVM.

These results demonstrate that cross tolerance develops between opioid sensitive 
and output neurons within the PAG, but not between PAG and RVM neurons.
Thus, tolerance to the antinociceptive effect of microinjecting morphine into the 
PAG appears to be mediated by a change in the PAG output neuron.

This investigation was supported in part by funds provided for medical and 
biological research by the State of Washington Initiative Measure No. 171.
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POTENTIATION OF THE EXCITATORY ACTION OF NMDA IN 
VENTROLATERAL PERIAQUADUCTAL GRAY (vIPAG) BY THE µ- 
OPIOID RECEPTOR (MOR) AGONIST, DAMGO.
L.-M. Kow*, K.G. Commons. S. Ogawa and D.W. Pfaff. The Rockefeller 
University, 1230 York Ave., New York, NY. 10021.

In a previous study (Brain Res. 666:239, '94), we found that met- 
enkephalin could evoke a delayed, sluggish excitation, suggestive of a 
modulation by the opioid on the action of certain excitants. This and our 
recent finding, that two receptors required for opiate-produced analgesia 
and tolerance, MOR and NMDA receptor, coexist in a high proportion of 
vlPAG neurons (Commons et al., this meeting), prompted us to study 
responses of single vlPAG neurons in brain slices recorded extracellularly 
to DAMGO and NMDA. When applied alone, DAMGO at nM 
concentrations, like met-enkephalin, often evoked the delayed excitation 
and occasionally inhibition. The delayed excitation is dissociable from 
the inhibition in several aspects and may, therefore, not be mediated by 
classical MOR actions which mediate inhibition. When applied in 
conjunction with NMDA, DAMGO at doses as low as 0.1 nM modulated, 
predominantly by potentiation, 100% of units firing irregularly (n=11), 
40% of silent (n=15) and 23% of regularly-firing (n=13) units. The 
modulation did not require, though occasionally was preceded by, an 
excitation or inhibition by DAMGO, and could be blocked by the opioid 
antagonist, naloxone (100 nM). The modulatory action is similar to the 
delayed excitation in effective DAMGO doses and time course (minutes 
to develop and last tens of minutes) and hence, may be mediated by the 
same receptor mechanism. Thus, our findings show that stimulation of a 
MOR subtype can potentiate NMDA excitation. This novel action can 
work synergistically with the disinhibitory action of opiates, making them 
more efficient in inducing powerful analgesia and the development of 
tolerance. (Supported by PHS NS30824 from NINDS).
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COMPARISON OF MORPHINE AND KAINIC ACID MICROINJECTIONS 
INTO IDENTICAL PAG SITES ON THE ACTIVITY OF RVM NEURONS AND 
THE TAIL FLICK REFLEX IN THE RAT. V. Tortorici,  C.S. Robbins and
M.M. Morgan. Dept. of Psychology, Washington State University, Vancouver,
WA 98686.

Opioids inhibit nociception, in part, by activating a descending system that 
runs from the periaqueductal gray (PAG) to rostral ventromedial medulla (RVM) to 
spinal cord. Direct administration of opioids into the PAG appears to produce 
antinociception by inhibiting an inhibitory interneuron (i.e ., disinhibition). If this 
is so, direct activation of PAG output neurons should produce the same effect as 
morphine administration. The objective of the present study was to test this 
hypothesis by comparing the effects of microinjecting morphine and kainic acid, an 
excitatory amino acid, into the PAG on the activity of RVM neurons

Male Sprague Dawley rats (n = 40) were anesthetized with pentobarbital and 
maintained in a lightly anesthetized state by continuous i.v. infusion of 
methohexital. This allowed a consistent baseline tail flick reflex to noxious radiant 
heat (35-53 °C in 10 s). Extracellular unit activity was recorded from on- and off- 
cells in the RVM. Off-cells show an abrupt cessation and on-cells a sudden burst of 
activity just prior to the tail flick reflex (Fields et al., 1983). Kainic acid (8.5 
ng/0.4 µl) was injected into the ventrolateral PAG either 20 min before or 20 min 
after microinjection of morphine sulfate (5 µg/0.4 µl) into the same PAG location. 
Tail flick latency was measured every 5 min throughout the experiment.

Morphine and kainic acid appear to produce antinociception via the same neural 
mechanism when injected into the PAG. Both drugs increased the activity of off- 
cells and decreased that of on-cells. Furthermore, both the off-cell pause and on-cell 
burst were attenuated concomitant with suppression of the tail flick. The increase 
and decrease in activity of RVM off-and on-cells typically occurred whether 
morphine microinjection inhibited the reflex or not. In fact, morphine 
microinjection into the PAG blocked the tail flick reflex in only 50% of the 
experiments compared to 90% following kainic acid administration.
Support: Dept. of Psych. at WSU Vancouver. V.T. was supported by CONICIT.
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U LTRA STRU CTU RA L AN ALYSIS O F TH E CELLULAR SITES 
M E D IA T IN G  M U  O P IO ID  RECEPTO R (M O R) A C T IO N  IN  TH E 
V ENTROLA TERA L PER IA Q U ED U CTA L GRAY (vlPA G ). K.G. Com mons*,
E. J . Van Bockstaele1, D.W. Pfaff an d  L.-M. K ow . N eurobio l. an d  Behav., The 
Rockefeller Univ., NY NY 10021 an d  1D ept. o f Path. Anat. & Cell Bio.,
Thom as Jefferson Univ., Phila., PA 19107

The vlPAG is an  im p o rtan t site w here  op io id s  act to dam p en  pain 
perception . O pio ids activate antinociceptive p a th w ay s in  the vlPAG, and are 
though t to do so th ro u g h  disinhib ition , nam ely, by inhib iting  inhibitory 
(GABAergic) neurons. G lu tam ate  o r N M D A  recep to r agonists  also produce 
antinociception  in the PAG, b u t accord ing  to the d isinh ib ition  m odel w ould 
act on distinct popu lations o f neurons, i.e. d irectly  on  PAG o u tp u t neurons. 
This m odel therefore has tw o anatom ical p red ictions: (1) th at M OR should  be 
selectively localized to GABAergic neurons, an d , (2) separa te  neuronal 
p o pu lations w ou ld  be sensitive to o p io id  ligands versus NM D A  receptor 
ligands. H ere, w e tested  these anatom ical p red ic tions using  electron 
m icroscopic analysis o f tissue dually  im m unolabe led  for M OR an d  GABA, 
and , separately , for M OR an d  the N M D A  recep to r su b u n it NR1. GABA- 
labeling w as found  in a large fraction  o f M O R -labeled profiles: 41% (45/111) 
of M OR-labeled dend rites  an d  32% (14/44) o f M O R -labeled axon term inals 
also contained  GABA labeling. Evaluation  o f the  cellu lar re la tionsh ip  betw een 
M OR and  NR1 revealed  a s trik ing  colocalization be tw een  the receptors 
especially w ith in  neurona l d endrites: 72% (176/245) o f M OR-labeled
den d rites  contained  NR1 labeling an d  72% (176/242) of N R l-labe led  dendrites 
contained  MOR labeling. Thus, M OR an d  N M D A -recep to r ligands m ay act 
on com m on cell populations. These o bservations su p p o rt the hypothesis that 
M OR ligands can p ro d u ce  an tinociception  w ith in  the vlPAG through 
m echanism s w hich include, b u t ex tend  beyond , disinhib ition . Supported by 
N1DA DA-05833.
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EFFERENT PROJECTIONS OF THE RAT MICROCELLULAR TEGMENTAL 
NUCLEUS: POTENTIAL DESCENDING MODULATON IN CHRONIC
NOCICEPTION. F.G. Williams* and R.A. Klobuchar, Cell Biol. & Neuroanat., Univ. Minnesota, 
Minneapolis, MN 55455.

The microcellular tegmental nucleus (MiTg) in the rat shows profound but delayed 
upregulation of enkephalin and dynorphin peptides, as well as mRNAs for neurotensin and opioid 
peptides in response to chronic nociception due to loose sciatic nerve ligation. This observation, 
combined with a similar observation for the pedunculopontine tegmental nedeus (PPTg) 
suggested that opioid systems in these nuclei may respond only when tonic nociception persists 
for greater than three days. Thus, it was of interest to examine the efferent and afferent 
connections of the microcellular tegmental nucleus. In adult male Sprague-Dawley rats, 5% 
biotinylated dextran (lysine-fixable; 10,000 MW; Molecular Probes, Inc.) was stereotactically 
injected unilaterally into the microcellular tegmental nucleus. Fifty nanoliter injections resulted 
in minimal spread outside of the nucleus. Six days following injection, animals were perfused 
transcardially with 4% paraformaldehyde, 40µm frozen sections were cut, and the biot¡n- 
dextran was visualized using DAB-peroxidase histochemistry. MiTg sends a dense descending 
ipsilateral projection to the ventromedial medulla, including the gigantocellular areas and lateral 
parag¡gantocellular nuclei (LPGi). The projection extends from the rostral edge of the facial 
nucleus to the caudal pole of the nucleus raphe magnus. In these areas, two termination 
morphologies were observed: whereas larger fibers terminated with clusters of large boutons 
that apposed the proximal dendrites and somas of gigantocellular neurons, the termination 
targets of fine fibers and their collaterals were not distinguished by cresyl violet 
counterstaining. Other sites of MiTg terminations include the ipsilateral PAG, the 
contralateral MiTg, and the VPL thalamic nuclei. Fluoro-gold injections into the MiTg revealed 
spinal afferents located in the lateral cervical nucleus. These findings, combined with 
observations that chronic nociception induces expression of enkephalin and dynorphin within 
MiTg, suggest that the MiTg could have a descending nociception-specific modulatory role in 
the rostroventral medulla. Supported by NIH grant NS 28016.
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ELECTROPHYSIOLOGICAL CHARACTERIZATION OF NEURONS IN THE A7 
CATECHOLAMINE CELL GROUP AND SURROUNDING DORSOLATERAL 
PONTINE TEGMENTUM (DLPT). B .A. Heidenreich* and H.K. Proudfit, Dept. of 
Pharmacology, Univ. of Illinois at Chicago, Chicago, IL 60612.

Activation of the A7 catecholamine cell group produces antinociception that is 
mediated by descending noradrenergic afferents to the spinal cord (e g., Yeomans and 
Proudfit, Neurosci., 49:681, 1992). Moreover, the antinociception produced by 
stimulating the ventromedial medulla (VMM) is partly mediated via the A7 noradrenergic 
neurons (Nuseir et al., SFN Abstracts, 22:114, 1996).

In order to clarify the brainstem circuitry underlying descending modulation of 
nociception, the present studies characterized the electrophysiolog¡cal properties of the 
A7 cell group and surrounding DLPT. Extracellular recordings were obtained in 
urethane-anesthetized, female Sprague-Dawley rats (Sasco). Recording sites were 
marked by an ejection of pontamine sky blue and their location relative to the tyrosine 
hydroxylase-immunoreactive A7 neurons was determined.

Data were obtained from 22 neurons in or within 200 µm of the A7 group. Action 
potentials with initially positive or initially negative waveforms were observed. Tonically 
and phasically active cells were seen as well as neurons that were nearly silent. Two 
groups of neurons were determined: cells firing below 1.2 sp¡kes/sec (n=10) and cells 
firing 2-20 sp¡kes/sec (n=12). Light touch (2/18), or noxious pinch (5/15) or heat (7/17) 
produced only small and transient changes in the activity of DLPT neurons. Either 
within or outside the A7 group, both slow (6/7) and faster firing (6/7) neurons were 
inhibited by i.v. clonidine (mean ED50= 3.5 ± 0.6 µg/kg), suggesting mediation by both 
A7 autoreceptors as well as noradrenergic receptors on non-noradrenergic neurons. 
Clonidine-induced inhibitions of activity were reversed by 0.1-0.2 mg/kg piperoxane i.v. 
Finally, electrical stimulation (0.1-1.0 mA) of the VMM evoked a short latency (< 10 
msec) inhibition of activity in 212 DLPT neurons tested, confirming previous anatomical 
evidence of inhibitory VMM afferents to the A7 and surrounding DLPT. Together, 
these results indicate that the activity of neurons in the A7 group and surrounding 
DLPT are not strongly modulated by noxious or non-noxious stimuli, at least in this 
preparation, but can be modulated by the VMM. Furthermore, noradrenergic A7 
neurons may inhibit nearby non-noradrenergic neurons in the DLPT.

Supported by PHS grant DA03980 from the National Institute on Drug Abuse.
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STIM ULATION OF TH ALAM IC A N TEROM ED IA L AND M EDIODORSAL 
NUCLEI PO TENTIA TE TH E AU TO TOM Y BEH A V IO R IN TH E RAT.

E. Torres-López, R. del-Angel and F. Pellicer*. Departamento de Neurofisiología, 
Instituto  Mexicano de Psiquiatrí a;M éxico, D.F.; email: pellicer@neuroserver.imp- 
neuro.edu.mx

The autotomy behavior (AB) is implicated in animal models of pathologic pain. In 
a previous study we found a facilitation in both the onset and intensity of the AB by 
anterior cingulum bundle stimulation previous to a noxius regional inflammatory 
process. Several studies of cerebral image involved the medial prefrontal cortex 
(mPFC) as a key locus for pain information processing. It has been reported that 
anteromedial (AM) and mediodorsal (MD) nuclei of the thalamus directly project to 
mPFC as a part of cingulum bundle’s fibers. The purpose of this work was to 
determine if the electrical stimulation of AM and MD potentiate the AB. Adults 
Wistar male rats were stereotaxically implanted in AM (n= 18), MD (n=12) and 
other thalamic nuclei i.e. centromedial, paratenial and reticular (OTN; n= 11;). We 
used a control group (C), non implanted, only with the inflammatory process by 
carrageenan (CAR; n=9). The stimulation schedule was 10 min daily for 10 days 
(100 Hz, 1 s, every 5 s, current mean 97 µA). For the induction of the inflammatory 
process, CAR was injected in the paw (250 µl at 1%) 60 min before the first 
stimulation trial. The severity of AB was classified in four stages, from wich we 
calculated an autotomy index (AI). Result showed a significant reduction on AB 
onset time between AM and MD groups vs. ONT and control groups (AM: 1.27 ± 
0.22; MD: 1.58 ± 0.14; ONT: 4.09 ± 1.16; C: 4.33 ± 1 .11 ; days mean ± SE). The AI 
in AM and MD groups was significantly higher than in OTN stimulated and control 
groups, without statistical differences between the last ones. We conclude that the 
AM and MD nuclei are related with the acceleration and potentiation of AB induced 
by a nociceptive inflammatory process. Supported by IMP project 3230 for FP.
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EFFECT OF LOCALLY APPLIED BICUCULLINE ON DORSAL 
HIPPOCAMPUS FIELD CA1 NOCICEPTIVE RESPONSES.
F. Zheng and S. Khanna*. Dept. of Physiology, National University 
of Singapore, Singapore 119260.

In urethane (1 mg/kg, i.p.) anesthetized male rats, we have 
investigated the effect of a local application of the GABAa-receptor 
antagonist, bicuculline methiodide (10 or 100 µM), on responses of the 
field C A 1 pyramidal cells and interneurons to subcutaneous formalin 
(5%, 0.05 ml) applied to right hind paw. Bicuculline, unlike locally 
applied saline, enhanced the amplitude of the field CA1 population 
spike (PS) evoked on electrical stimulation of the field CA3. 
Furthermore, bicuculline application, but not that of saline, strongly 
attenuated the suppression of the CA1 PS to formalin injection. 
Bicuculline administration also increased the spontaneous firing rate of 
the field CA1 complex spike (CS, putative pyramidal) cells; however, 
inspite of bicuculline, formalin injection evoked a robust decrease in the 
extracellular activity of a majority of the CA1 CS cells. Unlike CS 
cells, a majority of the extracellularly recorded putative interneurons 
increased their firing rate following formalin injection. With a local 
application of bicuculline, the intemeurons recorded exhibited an 
enhanced responsiveness to formalin injection. These data indicate that 
the CA 1 GABAergic inhibition differentially influence the nociceptive 
suppression of pyramidal cell stimulation-evoked synaptic responses vs 
extracellular activity. The latter might be more effectively regulated by 
the local GABAergic interneurons which are affected by bicuculline 
administration. This work was supported by an ARF grant from NUS.
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EFFECTS OF S ELECTIVE DOW N R E G U LA TIO N  O F MU RECEPTO R S  
IN THE BASO LATERAL AM YG D A LA  W ITH  A N T IS E N S E  
O U G O N U C LE O TID E S  ON A N T IN O C IC EP TIO N . M. S. Shin* and F. J. 
Helmstetter. Department of Psychology, University of W isconsin- 
Milwaukee, Milwaukee, W l, 53201.

Prior work from our lab has shown that administration of the mu opioid 
agonist DAM GO into the basolateral amygdala (BLA) will suppress the 
radiant heat tail flick reflex in rats. This antinociception is blocked by BLA 
pretreatment with the non-selective opioid antagonist naltrexone or the 
G-protein inhibitor pertussis toxin but not by the potent mu antagonist 
CTAP. This pattern suggested that although DAM G O  may interact with 
G-protein-coupled opioid receptors in the BLA, it is possible that mu 
receptors are not critical (SFN Abstracts. 1997. 23.160). Some recent 
evidence suggests that DAM G O  and CTAP bind to different sites on mu 
receptors (J Bio Chem. 1995. 270, 12977-79). In the present study, 
repeated bilateral pretreatment of BLA neurons with antisense 
oligodeoxinucleotides targeting exon-1 or exon-4 of the m u, receptor 
(each of which contributes to supraspinally-mediated antinociception; 
TiPS. 1995. 16, 344-350) over 5 days prior to testing significantly 
attenuated the tail flick inhibition induced by injection of DAM G O  (0 .25µg 
/0 .25µl). Pretreatment with mis-matched oligos or the saline vehicle had 
no effect. These findings strongly support the conclusion that 
antinociception produced by administration of DAM G O  in the BLA is 
related to the peptide's interaction with mu opioid receptors.
Supported by NIDA DA 09429 (FJH)

4 47 .2

THE AMYGDALA CONTRIBUTES TO TH E PRODUCTION OF 
CANNABINOID-INDUCED ANTINOCICEPTION. B.H. Manning*. I.D. Meng and 
H.L. Fields. Department of Neurology and the Keck Center for Integrative Neuroscience, 
University of California, San Francisco, CA 94143.

The antinociceptive effect of the cannabinoid agonist WIN55,212-2 (WIN) is due, in 
part, to activation of pain-modulating neurons in the rostral ventromedial medulla (RVM). 
WIN modulates the activity of on- and off-cells in the RVM in a manner similar to, but 

pharmacologically dissociable from, morphine (I.D. Meng et al., Soc. Neurosci. Abstr. 23 
(1997) p. 1815) and inactivation of the RVM reduces both morphine- and WIN-induced 
antinociception. The amygdala is another pain-modulating center that is functionally 
connected to the RVM. Like the RVM, the central nucleus of the amygdala (Ce) is a 
major contributor to morphine antinociception (Manning and Mayer, J. Neurosci. 15 
(1995) p. 8199). In the present experiments, we investigated whether the Ce also 
contributes to cannabinoid-induced antinociception. Rats were implanted chronically with 
a jugular catheter and bilateral intracerebral (i.c.) guide cannulas. One week after surgery, 
rats received intra-Ce infusions of either saline or the GABAa agonist muscimol (25ng in 
250nl per side). This was followed immediately by an i.v. injection of either WIN (0.125 
mg/kg or 0.25 mg/kg) or its vehicle. Tail flick latencies (TFLs) were obtained every 2 min 
for 30 min using a modified Hargreaves thermal stimulator. In rats treated with i.v. 
vehicle, infusion of either saline or muscimol into the Ce resulted in TFLs in the 4.0 to 5.0 
sec range. In rats treated with i.v. WIN and i.c. saline, both doses of WIN produced 
potent antinociception across the entire 30 min test session (e.g., %MPE = 62.7 ± 6.80 for 
0.125 mg/kg WIN). Bilateral inactivation of the Ce with muscimol, however, resulted in 
a significant reduction in the antinociceptive effect of WIN (e.g., %MPE = 23.93 ±5.43 
for 0.125 mg/kg WIN). Infusion of muscimol into areas adjacent to the Ce did not reduce 
WIN-induced antinociception. These data provide additional evidence suggesting an 
overlap in pain-modulating circuitry activated by morphine and cannabinoids.

Supported by the Medical Research Council of Canada, U.S. P.H.S. Grant DA 01949 
and The UCSF Center for the Neurobiology of Addiction.
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MODULATION OF PAIN TRANSMISSION FROM THE STRIATUM IN THE 
RAT. JH Pazo*, J Belforte and AC Barceló1. Faculties of Medicine and 1Dentistry. 
Dept. of Physiology. Lab. of Neurophysiology. University of Buenos Aires. Argentina 

In recent years the basal ganglia has been implicated in pain process. Painful 
sensory complaints were described in Parkinson patients, not related to motor 
disturbance. It was atributed to primary sensory alterations as consequence of central 
dopamine deficiency. Our interest was to explore the participation of the striatum in 
nociceptive mechanisms. In rats anesthetized with urethane (1.2 g. kg. ip) painful 
responses were evoked by stimulation of the tooth pulp of lower incisors. The jaw 
open reflex (JOR) was recorded as the electromyographic response of anterior belly of 
the digastric muscle. Peak to peak amplitude of each EMG was measured. The 
striatum was activated by electrical (20 ms train at 333 Hz. 0.5 ms duration, repeated 
at 1.2 Hz) and chemical (L-glutamic acid, 163 nM/0.5-lµl). A conditioning (striatum) 
test (JOR) paradigm was used. Striatal electrical stimulation at CT intervals of 20 to 
120 ms reduced the JOR mora than 50% of control values. Both amplitude and latency 
of the JOR were modified. Latency was increased and the amplitude reduced, with a 
threshold of 59. 1±2 µA (n=25).However. facilitatory responses were also observed. 
Microinjection of glutamate in the efective sites, reproduce the inhibitory effects of 
electrical stimulation with a latency of 2.9±0.6 min and a short duration 52.4±l.5 s. 
(n=15). In the excitatory sites (n=12) the latency was l.66±0.08 min. with a duration 
of 4.85±0.7 min. In addition, biphasic reponses were observed with chemical 
stimulation. In some sites the inhibitory effect of electrical stimulation of the striatum 
was blocked by prior sistemic administration of naloxone (0.5 mg/kg. ip). The sites 
that suppress the JOR also inhibited the first response of the neurons of subnucleus 
caudalis of the trigeminal nerve. The above results suggest that the striatum is 
involved in pain modulation. Supported by grants from CON1CET. UBA and 
Roemmers Foundation.

4 4 7 .5

COGNITIVE MODULATION OF PAIN SENSATION ALTERS ACTIVITY IN 
HUMAN CEREBRAL CORTEX. R.K. Hofbauer*, P. Rainville, G.H. Duncan and M.C. 
Bushnell. McGill University and Université de Montréal, Montreal, Canada H3G 1Y6.

Pain consists o f both sensory and affective components. We recently demonstrated 
(Rainville et al. 1997) that a selective modulation of the affective component was strongly 
correlated with changes in activity within the anterior cingulate cortex (ACC), but not in 
the primary somatosensory cortex (S 1). The present experiment examines the cerebral 
effects o f modulating the sensory aspect o f pain.

Regional cerebral blood flow (rCBF) was measured with a 3-dimensional high-resolution 
PET scanner following bolus injections o f  H215O in 10 subjects selected for their ability 
to modulate pain sensation in response to hypnotic suggestions. The subject's left hand 
was immersed in either 35°C (neutral) or 47°C (pain) circulating water, during states o f 
alert rest (control), hypnosis, and hypnosis with suggestions o f increased ( IINT) or 
decreased (IIN T) pain sensation. Statistical brain maps o f pain-evoked rCBF changes 
(pain-neutral) were derived and directed searches were conducted o f S 1, ACC, secondary 
somatosensory cortex (S2) and insular cortex (IC).

Pain produced significant increases in rCBF in SI, S2, IC and ACC in both the control 
and hypnotic states. In the control state, S 1 activity was more robust than ACC activity, 
in contrast to most previous studies. Subjects’ ratings o f both pain sensation intensity and 
pain unpleasantness varied with the sensation suggestions (Intensity: I SEN=71.7,
I SEN=35.7, p<0.01; Unpleasantness: I SEN=65.8, I SEN=26.3, p<0.01).
Correspondingly, S 1 activation was stronger in the ↑ SEN than the ↓ SEN condition 
(t=2.91, p<0.05 corn), with a similar trend in S2 (t=2.28, p<0.10. A small non-significant 
positive peak was observed in ACC (t=1.43), while positive and negative peaks were 
found in IC (t’s=3.0 and -2.6, p’s<0.05). These results suggest a differential role of 
various cortical regions in pain processing. The changes in rCBF in primary sensory 
processing areas may reflect direct modulation o f sensation, whereas less consistent effects 
in limbic regions may underlie the associated changes in affect. Supported by Canadian 
MRC.

4 4 7 .7

The cingulate cortex biphasically regulate spinal nociception
Min Zhuo*, Don E . Lee, Ping Li and Amelita  A. Caleiesan, Dept of 
Anesthesiology, Washington Univ., St. Louis, MO63110.

The cingulate cortex is part of an affective pain response system and 
contributes to the perception of pain and to the learning process associated with 
the prediction/avoidance of noxious stimuli. Studies from both humans and 
animals consistently demonstrate that cingulate neurons respond to noxious 
stimuli and could undergo plastic changes during persistent pain. However, 
possible modulatory effects of the cingulate cortex on behavioral responses to 
noxious stimuli are less understood. Here, we report that activation of either µ or 
δ opioid receptors in the cingulate cortex produced a dose-dependent 
antinociception of behavioral responses to noxious heat (55°C) or cold (0°C) 
applied to the hindpaw of conscious mice (n=35). Application of a selective k 
opioid receptor agonist had no effect. Whole-cell patch-clamp studies from in 
vitro cingulate slices (n=25) found that µ and δ opioid receptor agonists inhibited 
two types of excitatory postsynaptic currents in cingulate neurons. No effect was 
found with a k opioid receptor agonist. These results suggest that the 
antinociceptive effect is likely due to inhibition of excitatory synaptic 
transmission in the cingulate cortex. Interestingly, a spinal nociceptive tail-flick 
(TF) reflex was also inhibited by µ and δ opioid receptor agonists, implying that 
inhibition o f the cingulate cortex could activate descending inhibitory 
modulation. If so, could activation of the cingulate cortex facilitate the TF reflex? 
Indeed, focal electrical stimulation or microinjection of a selective metabotropic 
glutamatergic receptor agonist tACPD produced facilitation of the TF reflex (i.e., 
decreases in TF latencies). These results suggest that the cingulate cortex could 
biphasically regulate ascending nociceptive transmission at the level of the spinal 
cord (Supported by the McDonnell Center for High Brain Function).

4 4 7 .4

REAL-TIME EXPLORATION OF THE RAT BRAIN DURING NOXIOUS AND 
INNOCUOUS STIMULATION USING HIGH FIELD fMRI (9.4T). JP Pehling,
ML Nichols. S-P Lee. AC Silva. BJ Allen. S-G Kim. PW Mantvh*. Dept. of 

Preventive Sciences, and Center for Magnetic Resonance Research, Minneapolis MN.
Activation of the contralateral primary somatosensory cortex (SI) occurs in 

primates (Kenshalo and Isenee, 1983) and in humans (Talbot et al., 1991) in response 
to an innocuous stimuli. In contrast, during nociceptive stimulation there is 
simultaneous activation of the cingulate cortex (Rainville et al., 1997) and some 
electrophysiological studies of the rat brain have shown bilateral receptive fields among 
neurons in SI (Lamour, et al., 1983). We studied activation of the rat brain following 
noxious and innocuous stimulation using a 9.4T fMRI. A single 2mm slice was 
analyzed using simultaneous BOLD and CBF sequences (Kim, 1995) located around 
bregma with a 64 x 32 matrix size, FOV of 3.0 x 1.5 cm2 and a TE=10 ms before and 
during (n=3): (1) innocuous electrical forepaw stimulation (2) noxious electrical 
forepaw stimulation (3) hind-paw injection of capsaicin

Innocuous electrical stimulation produced a trapezoidal-shaped activation in the 
contralateral forepaw region of SI. Whereas, noxious electrical stimulation and 
capsaicin produced diffuse activations in the bilateral SI/SII, extending beyond the 
region of forepaw/hindpaw, and in the bilateral cingulate (Paxinos, 1986). There were 
also changes in blood pressure that corresponded with the stimulation periods. In 
conclusion, innocuous electrical stimuli activate a somatotopic contralateral region 
within the rat SI, whereas noxious capsacin and electrical stimulation produce a more 
widespread bilateral response in the rat SI/SII and cingulate area. This data represents a 
preliminary report of the comprehensive processing of pain in the rat which will 
subsequently be displayed in a 3-D model of the rat brain. These studies will provide 
novel insights into how the brain processes the sensory-discriminatory and affective 
components of pain which will lead to better therapeutic treatments of pain. Support 
provided by NIDR.
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ATTENTTONAL MODULATION OF PAIN-RELATED ACTIVITY IN HUMAN 
CEREBRAL CORTEX. B. Carrier2, P. Rainville2, T. Paus1, G.H. Duncan2* and M.C. 
Bushnell1. McGill University and Université de Montréal, Canada H3A 1A 1.

Clinical and experimental evidence shows that pain is reduced when attention is directed 
to another modality. However, the cerebral correlates of this modulation are largely 
unknown. This study evaluates the effect of attention on pain-evoked cortical activity in 
humans using positron emission tomography (PET; H2I5O bolus method).

Regional cerebral blood flow (rCBF) was measured in 9 subjects while they detected 
changes in thermal intensity or auditory frequency. During all scans, concurrent sequences 
of tones and contact heat stimuli (46.5-48.5ºC [pain] or 32-38ºC [warm] on the left arm) 
were presented. Subjects rated pain on VAS scales (0-100) after each scan. Using statistical 
brain maps of pain-related activity (pain minus warm), directed searches were conducted 
in contralateral insular (IC), anterior cingulate (ACC), primary (SI) and secondary (S2) 
somatosensory cortices-regions consistently found to be activated by painful stimuli.

Pain intensity was rated higher in the thermal than in the auditory task (50.4 vs 41.4, 
p=0.01), showing a modulation of pain perception by attention. Likewise, whereas in the 
thermal task there were significant pain-related rCBF increases in S 1 (t=4.42. p<0.01) and 
S2 (t=2.90, p<0.05), and a nonsignificant increase in IC (t= 1.73), none of these regions had 
significant rCBF increases in the auditory task. The difference between tasks was strongest 
in S 1, where pain-evoked rCBF was significantly larger in the thermal than in the auditory 
task (t=3.92; p<0.01). Likewise, only rCBF in SI was significantly correlated with the 
variability in pain intensity ratings generated during the thermal and auditory tasks (t=3.27. 
p=0.02). Finally, similar comparison of the two tasks during presentation of warm stimuli, 
revealed no significant effect within S 1, suggesting that the observed modulation of pain- 
related rCBF was not due to changes in the processing of innocuous warmth information.

These results suggest that changes in S 1 cortical activity may be involved in attentional 
modulation of pain. The robust effect observed in S 1 likely reflects the discriminative 
aspect of the task performed and confirms the important role of S 1 in the sensory aspect 
of pain perception. Supported by the Canadian MRC.

4 4 7 .8

FENTANYL DECREASES REGIONAL AND GLOBAL CEREBRAL 
BLOOD FLOW (CBF) AND INHIBIT rCBF CHANGES INDUCED BY 
ACUTE PAIN. MG Byas-Smithl* ,JR  Votaw3, and JM Hoffman2,3 Depart
ment o f Anesthesiology1, Department o f Neurology2 and Emory University 
PET C enter3, Emory University School o f Medicine, Atlanta, Georgia 30322.

Positron emission tomography scanning (PET) was used in 11 opioid naive, 
normal volunteers to determine the absolute gCBF and rCBF changes that 
occur during systemic fentanyl (1.5ug/kg) infusions without and during acute 
pain. The painful heat stimulus was delivered to the skin via a computer 
controlled contact thermode. The average temperature used was 46.5°C(±1). 
Without fentanyl, the stimulus was rated at 17/20 cm (±2)(Gracely scale).
The same stimulus was rated at 13/20 cm (±3) during fentanyl. The pCO2 
levels during fentanyl alone and with pain were 38.3 and 38, respectively. 
There were no significant differences in hemo-dynamic parameters between 
conditions. The PET data were acquired in a Siemens EC AT scanner. Arterial 
blood radioactivity concentration was sampled at a radial artery. The PET 
data were normalized by the integral o f the arterial input function. ANOVA 
tests were used for data analysis of both the pixel-pixel comparisons and the 
region o f interest analysis. Fentanyl decreased gCBF by 8% (p<0.001, 
corrected). The painful stimulus increased gCBF by 4% (p<0.001,corrected). 
There were no absolute increases in rCBF during fentanyl, and all regional 
increases during the painful stimulus were suppressed during fentanyl admini
stration. Our relative change analysis identified increases in rCBF during 
fentanyl infusion. Relative change analysis may overestimate the actual 
change in rCBF, given the magnitude o f the global decreases. The gCBF 
decreases induced by fentanyl result from multiple factors, including direct 
vascular and metabolic alterations.
Funded via NIH Grant #K2ODAOO274
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THE DIVERGENT EFFECTS OF FEAR AND ANXIETY ON HUMAN PAIN 
THRESHOLDS USING RADIANT HEAT. J.L, Rhudv*, A.A. Cervantes, J,A. Carr, M. 
Abel, and M.W. Meagher. Dept. of Psychology, Texas A&M University, College Station, 
TX, 77843-4235

The influence of fear and anxiety is poorly understood. Although animal models of pain 
modulation suggest that fear and anxiety inhibit pain, many humans studies have yielded 
equivocal results. The present study was designed to examine the effects of fear and 
anticipatory anxiety on radiant heat pain thresholds in healthy human subjects. Thirty-four 
women and 3 1 men were randomly assigned to one of three conditions following baseline 
threshold tests. In two conditions participants were told that they may or may not receive 
surprising, brief, painful shocks. Half of the participants received the shocks (fear), half did 
not (anxiety). Controls were told they would only receive radiant heat trials. Two more 
radiant heat tests were conducted at 2 and 8 min post-treatment. Visual analog scales (VAS) 
were filled out for intensity and unpleasantness following each radiant heat test to ensure 
participants were responding with similar criteria for each trial. Heart rate and skin 
conductance were recorded throughout the procedure to assess the impact of the emotional 
stimuli on autonomic functioning. Analysis of VAS data indicated that participants did not 
change pain threshold criteria. Shocked participants were analgesic (at 2 and 8 min) 
compared to baseline and the anxiety- condition, but not compared to controls. Participants in 
the anxiety condition showed an increased sensitivity to pain compared to baseline (at 8 min) 
and shocked participants (at 2 and 8 min), but not compared to controls. Skin conductance 
levels during treatment were greatest for the fear condition, but did not differ for participants 
in the anxiety and control conditions. Heart rate showed rapid increases followed by rapid 
decreases succeeding shocks for participants in the fear condition. Participants’ subjective 
reports indicate fear and anxiety conditions were significantly more unpleasant than control 
and subjective arousal was greatest for fear, followed by anxiety, with controls being lowest. 
These results support studies in the animal literature suggesting that fear reduces pain, while 
also suggesting that anxiety produces an increased sensitivity to pain.

4 47 .11

ESTROGEN-DEPENDENT ALTERATIONS IN ANALGESIC MAGNITUDE 
INDUCED BY PRENATAL STRESS W.F. Sternberg*, Department of 
Psychology, Haverford College, Haverford, PA 19041.
Sexually dimorphic behavior, anatomy and physiology are often influenced by the 

neonatal hormone environment. Previous research has indicated that naloxone- 
insensitive stress-induced analgesia (SIA) responses in mice are sexually dimorphic 
(NMDA-mediated in males but not in females) and are influenced by the neonatal 
hormonal milieu (testosterone exposure partially masculinizes SIA responses in 
females). It is likely that sexual differentiation of endogenous analgesia circaitry 
occurs, at least in part, during the neonatal period. Prenatal stress manipulations in 
rats are known to alter sexually dimorphic behavioral responses in a sex-dependent 
manner. Much less is known about the effects of prenatal stress manipulations on 
sexually dimorphic physiology in the mouse, particularly with respect to sex 
differences in analgesia. Timed pregnant female mice were exposed to a prenatal 
stress (PS) procedure thrice daily during days 15-19 of pregnancy, consisting of 30- 
min of restraint and bright light exposure. Non-stressed (NS) controls were 
undisturbed throughout pregnancy. Offspring of PS and NS mice were tested in 
adulthood for analgesic responsiveness to a 3-min swim in cold (15°C) water, and 
sensitivity of the resultant analgesia to MK-801 antagonism (NMDA-receptor 
antagonist) administered 20 min prior to the stressor. Animals were tested on three 
separate occasions: upon reaching adulthood (12 weeks of age); following 
gonadectomy or sham surgery (20 weeks of age); and following an estrogen 
replacement or vehicle only regimen (30 weeks of age). Analgesic responses were 
recorded on the hot-plate test immediately following exposure to the swim stressor. 
SIA quality did not appear to be influenced by the PS manipulation; the previously 
observed sex difference in the antagonism of SIA by MK-801 was apparent in this 
experiment. However, during all testing phases PS females exhibited increased SIA 
responses compared to all other groups. This increase in analgesia induced by PS 
was eliminated by gonadectomy and reinstated by estrogen administration. Thus, 
the increased magnitude of SIA exhibited by PS females appears to be maintained 
by estrogen. Supported by Haverford College Faculty Research Grant.

4 4 7 .1 3

SEX DIFFERENCES IN POST-SURGICAL PAIN. J.S. Feine, J.P. Lund* and C. 
Morin. Faculty of Dentistry, McGill University; Montréal, Québec, Canada H3A 2B2.

It seems that males and females respond differently to pain. For example, women 
have lower pain thresholds and lower tolerance to experimental pain than men (Feine 
et al, 1991; Filligim & Maixner, 1995). There are also indications that differences exist 
in post-surgical pain, with women reporting more pain in the first post-surgical phase 
than man (Puntillo & Weis, 1994; Savedra et al, 1993). However, in these studies, 
subjects were not matched for age or type of surgical procedure. The surgical placement 
of intraoral implants is a highly standardized procedure. We have used this as a clinical 
pain model in a pilot study to measure post-operative pain experienced by men and 
women.

Forty-eight edentulous subjects participated in the study. Each received 2 titanium 
implants in the anterior mandible. Following surgery, the subjects rated their pain 
intensity and unpleasantness on 100 mm visual analog scales (VAS) three times a day 
in a pain diary. They also chose word descriptors from the McGill Pain Questionnaire 
(MPQ) each evening. Twenty-seven females and 21 males aged 33-63 years (mean 52 
±  7(SD)) completed the pain diary. There was no statistical difference in age or 
duration of surgery between the two groups (ps>0.32, t-test). No significant difference 
between sexes was found for VAS pain intensity and unpleasantness ratings over time 
(ps>0.10, ANOVA), nor in the number of words chosen (p=0.61 , Mann-Whitney) and 
the relative pain rating index (PRI) for evaluative descriptors was significantly higher 
for women (p= 0.04 , ANOVA). However, the relative unpleasantness ratio 
(Unpleasantness/Intensity) increased significantly with time for males but remained 
constant in women (p=0.016, ANOVA).

These preliminary results suggest that women find the experience more painful, even 
though men find even low levels of persistent pain more unpleasant.

Supported by the Canadian MRC and FRSQ.

4 4 7 .1 0

THE EFFECT OF AMBIENT ROOM TEMPERATURE ON HUMAN PAIN 
PERCEPTION. I. Strigo, F. Carli and M.C. Bushnell*. Departments of Anesthesia and 
Physiology, McGill University, Montreal, Canada H3A 1A1.

Animal studies show reduced nociceptive responses to noxious heat stimuli and 
increases in endogenous β-endorphin levels in cold environments, suggesting that human 
pain perception may be dependent on ambient temperature. However, studies of changes 
in local skin temperature on human pain perception have yielded variable results. This 
study examines the effect of both warm and cool ambient temperature on the perception 
of noxious and innocuous mechanical and thermal stimuli.

Ten subjects (7  ♂ ,3♀, aged 20-23 years) used VAS scales to rate the stimulus intensity, 
pain intensity and unpleasantness of thermal (0°C -5O°C) and mechanical (l.2gr-28.9gr) 
stimuli applied on the volar forearm with a 1-cm2 contact thermode or von Frey 
filaments, respectively. Mean skin temperatures were measured throughout the 
experiment (IR pyrometer). Each subject was tested in ambient temperatures of 15° 
(cool), 25° (neutral) and 35 °C (warm) on separate days, after a 30-min acclimation to 
the environment. Studies began in the morning after a 12-hour fast.

Mean skin temperature was altered by ambient temperature (cool room: 30.1°C, 
neutral room: 33.4°C, hot room: 34.5°C; p < 0.0001). Ambient temperature affected 
both heat (44º-50 ºC) and cold (25º-0ºC) perception (p<0.01). Stimulus ratings tended 
to be lower in the cool than in the neutral environment ( p < 0.07), but were not different 
between the neutral and warm environments. Environmental temperature did not alter 
ratings of warm (37ºand 40 °C) or mechanical stimuli, nor the unpleasantness ratings to 
thermal and mechanical stimulation.

These results indicate that in humans a decrease in skin temperature following 
exposure to cool environments reduces thermal pain. Suppression of Aδ primary afferent 
cold fiber activity has been shown to increase cold pain produced by skin cooling. Our 
current findings may represent the reverse phenomenon, i.e., a reduction in thermal 
nociceptive transmission by the activation of Aδ cutaneous cold fibers. Supported by the 
Canadian MRC.
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Hormonal and behavioral effects induced by stress or pain 24 hrs after 
treatment in male and female rats. A.M. Aloisi,* A. Scaramuzzino and I. 
Ceccarelli Institute of Human Physiology, University of Siena, Via Aldo Moro, I- 
53100 Siena, Italy

Previous studies revealed sex differences in the stress- or pain-induced acute 
modifications of hormonal and behavioral parameters. The aim of the present study 
was to evaluate the medium-term modifications induced by these two aversive stimuli 
under basal conditions and after exposure to a novel environment. Animals were 
restrained for 30 min (RT), s.c. injected with 10% formalin in the dorsal hindpaw 
(FOR) or left undisturbed in their home cage (CON). Twenty-four hours after 
treatment the animals were anesthetized, either immediately or after exposure to an 
open-field apparatus for 20 min (RT/OF, FOR/OF, CON/OF), for blood collection 
from the abdominal aorta. Plasma levels of ACTH, Corticosterone, Estradiol and 
Testosterone were determined by RIA. Locomotor activity during the open-field test 
was determined from the number of line-crossings. The results showed a Sex x 
Treatment interaction for ACTH; in males the levels were lower in CON/OF than in 
CON, while in females they were lower in RT/OF and FOR/OF than in RT and FOR. 
Corticosterone and Estradiol levels were higher in females and testosterone was 
higher in males irrespective of treatment and of exposure to the open-field. 
Locomotor activity was higher in females than males in the first 5 min in all groups; 
in the 2nd 5-min period it was higher in RT and FOR and in the last 5-min period 
higher only in RT. Moreover, males showed lower levels in RT and FOR in the 1st 
and 2nd 5-min periods. Locomotor activity was positively correlated with estradiol 
levels and negatively correlated with testosterone. These results indicate that stress
or pain-induced effects are long-lasting and have a different effect on the behavioral 
reactivity towards a novel environment in the two sexes. The correlation between 
gonadal hormones and locomotor activity indicates a direct influence of these 
hormones on the coping strategies performed by the organism in the response to 
aversive stimuli. (Supported by Vigoni program and 60% funds Italy)
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DIFFERENTIAL CNS ACTIVATION FOLLOWING A 
NOXIOUS THERMAL STIMULUS IN MEN AND WOMEN: AN 
fMRI STUDY L. Becerra1, A. Comite2, H. Breiter1*, R. G.
Gonzalez1, D. Borsook2. Anesthesiology and Critical Care2 and 
NMR Center1, Mass. Gen. Hospital, Boston MA 02114

Human gender differences are present in both experimental pain 
responses and prevalence of painful diseases. Numerous methods 
have been used to characterize changes related to gender 
differences, but have been hampered by the lack of objective 
methodologies. In our studies, we exploit fMRI techniques to map 
brain regions activated by 41 and 46°C stimulation so as to define 
differences in CNS activation in men and women. We present data 
on CNS activation in cohorts of men (n=10) and women (n=10) 
including activation observed in women at 2 phases of their 
menstrual cycle (mid-follicular and mid-luteal) following controlled 
thermal stimulation. Women were enrolled in a crossover design, 
half first imaged during their mid follicular-phase (days 6-8), a time 
of low progesterone/estradiol, and half first imaged during their 
mid-luteal phase (days 19-21), a time of high progesterone or 
estradiol. The data show distinct differences in CNS activation in 
the anterior cingulate, insula and frontal lobes in women at the two 
phases of the menstrual cycle following either 41 or 46°C 
stimulation. Significantly, pain ratings were the same for the two 
phases. Overall, activation during the mid-follicular phase closely 
approximate activation in men to the same thermal stimuli. These 
studies should substantially improve our knowledge of gender 
differences in pain processing in acute and chronic conditions, and 
differing effects of pharmacological agents in men and women.
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4 48 .1

THE USE OF MULTI-INPUT STIMULI TO LOCALIZE SOURCES OF THE VEP.
T. Carney12, S. D. Slotnick2, S. A. Klein2, E. E. Sutter4, S. Dastmalchi2, S. L. Baker2, 
& H. A. Baseler3*. 1Neurometries Institute. Berkeley, CA. 94704: 2School of 
Optometry, University of Calif., Berkeley, CA, 94720; 3Department of Psychology, 
Stanford University, Stanford, CA, 94305; 4Smith-KettlewelI Eye Research Institute, 
San Francisco, CA. 94115.

Visual stimuli elicit scalp potentials (VEPs) that reflect the activation of multiple 
cortical sites. Dipole source localization techniques offer the promise of providing the 
location and time-course of cortical activation. Unfortunately, the techniques often 
provide multiple solutions that equivalently account for the scalp potentials. Our 
approach to minimizing this problem is to use the cortical retinotopy of early visual 
areas to validate our solution set. By using multi-input stimulus methods, we are able 
to record high signal-to-noise VEPs to many small stimulus targets. Small spatially 
adjacent stimulus targets should reveal sources in adjacent locations along the cortical 
surface.

The stimulus was a dartboard array of 60 patches, each scaled to activate about a 7- 
mm square patch of cortex. Each patch was independently and simultaneously 
modulated using m-sequence stimulation. An array of 49 recording electrodes was 
placed over the occipital region with a spacing of about 2.5 cm. Our localization 
algorithm assumes that dipole sources for stimulus patches at the same eccentricity 
have the same response characteristics. This assumption should enable us to identify 
source locations for patches where the signal-to-noise ratio is low. The localization of 
dipole sources was performed independently on each subject since cortical 
topography is known to vary significantly across subjects.

The analysis of the data revealed sources that move to nearby positions in cortical 
space with corresponding changes in stimulus location. The pattern of source 
locations for different stimulus locations was consistent with the cruciform model of 
primary visual cortex. The combination of multi-input stimuli and multi-electrode 
recording offers an improved method of studying cortical activation in the human 
brain. (NIH EY06961, EY04776, EY06733)

4 4 8 .3

ACETYLCHO LINE S U P P R E S S E S  PRO PAGATIO N O F EXCITATION IN THE  
RAT VISUA L CO RTEX R E V EA LED  BY O PTIC AL RECO RDING  W ITH  
V O L TAG E-SENSITIVE  DYE F. Kimura*, M. Fukuda, T .T s u m o to . Dept of 
Neurophysiol. Biomed. Res. Ctr. Osaka Univ Med Sch 565-0871 Suita Japan  

Acetylcholine (ACh) suppresses almost all excitatory and inhibitory 
postsynaptic responses between cortical cells through two distinct muscarinic 
receptor subtypes, which are supposedly located at presynaptic sites (Kimura 
and Baughman 1997). This would imply that spreads of neuronal excitation 
within the cortex, no m atter where the excitation was initiated, would be 
suppressed in the presence of ACh. W e attempted to see the effect of ACh 
on the propagation of excitation elicited by electrical stimulation in slices of rat 
visual cortex using optical recording with voltage-sensitive dye.

Slices were stained by voltage-sensitive dye RH795 or 414. Fluorescent 
optical signal was detected by 128×128 photodiode array and processed with 
Fuji SSD 1001 system. Bipolar stimulating electrodes were placed at white 
m atter/layer VI border (W M /VI) and layer ll/lll.

ACh effectively suppressed W M /V I stimulation-induced propagation of 
excitation in the vertical as well as horizontal direction. To evaluate the effect 
of ACh on synaptic responses, suppression by ACh was com pared with that 
by CNQX. In the vertical direction, laminar analysis revealed that the 
suppression was weak in the middle layer. Yet, when layer ll/lll was 
stimulated, there was no lam inar difference in the extent of ACh suppression. 
Suppressive effect of ACh was antagonized by atropin throughout the entire 
layers. ACh was also tested to glutam ate-induced responses. G lutam ate  
was applied by air puff to layer ll/lll in the presence of TTX . Excitation by 
glutam ate was unaffected by ACh, although CNQ X abolished the  
glutam ate-induced response, indicating that ACh effect was presynaptic. 
Taken together, our results suggest that ACh suppresses propagation of 
excitation widely across the visual cortex by presynaptic muscarinic receptors, 
except for the excitation brought by some ascending fibers terminating at 
middle layers.

4 4 8 .5

DEPTH-RESOLVED SCANNING LASER OPTICAL IMAGING - A MONTE 
CARLO SIMULATION STUDY. M. S tetter, C. Weber* and K. Obermayer 
Informatik, Technische Universität Berlin, D-10587 Berlin, Germany

Local neuronal activity causes changes in the local blood-oxygenation level 
of cortical tissue and thereby evokes localized variations in the absorption co
efficient for red and near infrared light. In conventional optical imaging, these 
variations are detected by measuring the resulting small changes in the light 
reflectance of the neural tissue using CCD- or video cameras. Since photons 
are m ultiply scattered during their way through the tissue, the detected re
flectance changes are likely to represent strongly blurred images of the changes 
in absorption. Moreover, inform ation about the depth of the neuronal acti
vation is lost in conventional optical imaging. In this work we characterize, 
which increase in performance is to be expected by the detection of intrin
sic signals using Scanning Laser techniques instead of CCD-cam eras. This is 
done by setting up a homogeneous model tissue, equipping it with a localized 
spherical region of increased absorbance ( “local absorber” ), and calculating 
the video and scanning laser images of th a t local absorber. Images are cal
culated using Monte Carlo sim ulations of light propagation (605nm) through 
the model tissue. Video imaging was sim ulated by illum inating and detecting 
all points of the surface simultaneously, whereas scanning laser imaging was 
sim ulated by illum inating all raster points sequentially and analyzing each dif
fuse reflectance pattern  separately. We find th a t, compared to video imaging, 
scanning lasfer techniques drastically reduce the lateral blur of the images and 
increase both the image contrast and the m axim um  depth, up to which an 
absorber can be detected, by at least a factor of 2. Further, the depth of the 
absorber can be estim ated by the detection of changes in the curve shape of the 
radial reflectance pattern  generated by the incoming laser beam. We propose 
a detection geometry, which allows to perform depth-resolved scanning laser 
optical imaging with a working distance sufficient for practical applications. 
In conclusion, scanning laser techniques are predicted to be extremely useful 
for depth-resolved optical imaging with high contrast and depth accessibility.

Supported by Wellcome grant 050080/Z/97

4 4 8 .2

MAGNETIC RESPONSES OF HUMAN VISUAL CORTEX TO CHROMATIC AND 
LUMINANCE STIMULI. M .Tanigawa1,S.Qkamura2, Y.Ohiani3, K.Yoshikawa5,
Y.Takanashi5, Y.Yoshida2, Y.Ejima1, H.Inokawa4*, and K.Toyama4. 1Graduate School 
of Human & Environmental Studies, Kyoto Univ.; 2Shimadzu Co.LTD, Technology 
Research Lab.;3Fac. of Eng. & Design, Kyoto Inst. of Technology.; 4Dept. of Physiology, 
Kyoto Pref. Univ. of Med.;5Dept. of Neurology, Kyoto Pref. Univ. of Med.;Kyoto 606- 
8501, JAPAN.

Visually evoked magnetic responses to chromatic (isoluminant red-green) gratings 
and luminance gratings were recorded with a 129-sensor, SQUID-coupled gradiometer 
system (Shimadzu SB I-100). The grating stimuli were vertically oriented and their 
spatial profile was either sinusoidal (<2.86 cpd) or square-wave (>2.86cpd). Exposure 
duration was 100msec. The mean luminance was 12 cd/m2.

The luminance and the chromatic stimulus evoked 3-4 primary responses at different 
latencies For the earliest response, the peak latencies were about 15-30 msec shorter 
for the luminance stimulus than for the chromatic stimulus. The peak-amplitude vs. 
spatial-frequency function for the two stimuli showed an inverted-U shaped function, 
and the peak frequency clearly differed between the two stimuli; the peak frequency 
for the luminance stimulus was about 3 cpd, while that for the chromatic stimulus was 
about 1 cpd. For the later responses, the functions showed similar spatial-frequency 
characteristics between the both stimuli. Current source localization using a single 
dipole model in conjunction with MRI data indicated that, for the both stimuli, the 
earliest response originated from the activity in the striate cortex (presumably VI),  
while the later responses did from the activity in the extrastriate cortex. The results for 
the earliest response (i.e. the longer latency and the lower peak frequency for the 
chromatic stimulus) are consistent with the spatio-temporal properties of the luminance 
and the chromatic pathways identified psychophysically. The results for the intermediate 
and later responses suggest that the higher stages of visual processing have similar 
spatial-frequency characteristics for luminance and chromatic contrast. Supported by 
JSPS, Grant-Aid from the Japanese Ministry of Edu. Sci.. and Cul , and special 
Coordination Funds from the Sci. and Tech. Agency of the Japanese Government.

4 4 8 .4

O PTIC A L IM A G IN G  O F FU N CTIO N A L DO M A IN S IN T H E A W A K E 
BEH A V IN G  M O N K EY . N. Vnek,* B.M. Ram sden, C.P. Hung, P.S. 
G oldm an-Rakic, A .W . Roe, Section o f N eurobiology, Y ale University 
School o f  M edicine, N ew  Haven, CT., 06520.

O ptical im aging o f intrinsic cortical activity is a valuable m ethod for 
d iscerning functional dom ains o f  sensory system s in anesthetized  anim als. 
In pursuit o f the organization o f higher sensory and cognitive  functions in 
the prim ate neocortex, we have adapted standard optical im aging 
m ethodology to study cortical activation in aw ake behaving  m onkeys.

W e first built a m echanically  rigid behavioral apparatus for the holding 
and head-restraint o f  subjects and positioning  o f optical recording 
equipm ent in a v ibration-m inim izing m anner. An infrared pupil tracking 
system  was used to m onitor eye position. M acaque m onkeys were then 
im planted with optical im aging cham bers and head-restraint hardw are, 
follow ed by training on a task that required anim als to fixate a sm all, 
centrally  positioned dot on a m onitor during  the presentation o f vertically 
or horizontally  oriented stim uli. A fter subjects becam e proficien t on this 
task, a craniotom y and durotom y were perform ed over prim ary visual 
cortex, follow ed by optical recording sessions. C onsisten t w ith findings 
from  the awake, untrained anim al (G rinvald et al., 1991, PNAS 88:11559- 
11563), this m ethod dem onstrated ocular dom inance and blob dom ains. 
F urther developm ent o f this m ethod for the study o f h igher order functions 
is presently underw ay. Supported by NIH  grants R01 E Y 1 1744, R37 
M H 38546, Sloan Foundation, B row ne-Cox Foundation.

4 4 8 .6

OPTICAL IMAGING OF INTRINSIC SIGNALS TO STUDY THE 
ARCHITECTURE AND DEVELOPM ENTAL PLASTICITY OF PRIMARY 
VISUAL CORTEX OF THE MARMOSET. A. Whatham, H. Versnel, D.K. 
Fotheringhame, C. Blakemσre and S.J. Judge*. University Laboratory o f 
Physiology, Parks Road, Oxford, OX1 3PT, UK.

We obtained optical images o f activity in the primary visual cortex o f the adult 
marmoset Callithrix jacchus jacchus, a diurnal New World monkey, with a 
lissencephalic cortex. As infants these animals had either experienced monocular 
defocus (by means o f a +4D spectacle lens or unilateral instillation o f atropine), or 
different lenses before the two eyes (+4D/-4D with bilateral atropine). We used 
the methods o f Grinvald et al. (Nature 324: 361-364, 1986) illuminating the 
cortex with a 700 nm light source and recording intrinsic optical activity with the 
Imager 2001 system (Optical Imaging, Inc.). Horizontal and vertical drifting 
gratings o f a range o f spatial frequencies (0.3-8 c/deg) were presented in an inter
leaved pseudo-random sequence monocularly to each eye o f marmosets 
anesthetized with halothane (1 %) in 50/50 nitrous oxide/oxygen or sufentanil (6 
micrograms/kg/h) and paralyzed with pancuronium bromide. As in macaques 
(Bartfeld and Grinvald, PNAS 59:11905-09, 1992) orientation domains could be 
demonstrated in VI o f marmosets and were particularly clear in the average 
difference signals (horizontal versus vertical grating image: N -100  sweeps). 
Responses were strongest at spatial frequencies o f  1 to 3 c/deg; gratings o f 8 c/deg 
producing very small signals even through the normally experienced eye. We did 
not see substantial differences between the responses through one eye or the other, 
despite the asymmetry in visual conditions for the two eyes early in life.
(Supported by the U.K. Medical Research Council, the U.S. Air Force, and the 
Oxford M cDonnell-Pew Centre.)
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4 4 8 .7

T IM E  R E S P O N S E  OF F M R I BOLD S IG N A L  D U R IN G  S U S T A IN E D  
V IS U A L  S T IM U L A T IO N  : C O M P A R IS O N  BETW EEN  C O L O R S  AND 
O R D E R S 1K-Kashikura. 2A.Kashikura, 1H.Fuiita, 2B.A.Ardekani, 1J.B.Kershaw, 
1T.Matsuura. 1C.Seki. and 2I.Kanno* 1Japan Science and Technology Corporation (JST), 
Akita Lab., 2Akita Research Institute of Brain and Blood Vessels, 6-10 Senshu-kubota cho, 
Akita, 010-0874, Japan.

We investigated: 1) the BOLD signal response during 270 sec photic stimulation using 
on EPI pulse sequence; 2) the BOLD signal response for two different color checkerboards; 
and 3) the BOLD signal response during six consecutive stimulation series. Ten healthy 
human subjects (25±5.5y) were studied with a 1.5 T MRI system (Siemens Vision, 
Erlangen, Germany). Black and white (BW) and red and white (RW) checkerboards 
alternating at 8 Hz were applied in turns, fora total series of six. Stimulation timing was: 
30 sec off, 15 sec on, 15 sec off, 270 sec on, 15 sec off, 15 sec on, and 15 sec off. Acquired 
data were analyzed according to color and/or order: 1) color (without considering the order), 
2) color and order (1st BWvs. 1st RW, 2ndBWvs. 2nd RW, 3rdBWvs. 3rdRW), 3) order 
(without considering the color). A t-test(p<0.001) considering a hemodynamics delay was 
used for obtaining the activated areas, and simple regression and two-way repeated- 
measures ANOVA were used fortesting the statistical significance of the BOLD response. 
Results were: 1) the BOLD signal response during sustained photic stimulation maintained 
constant level for the full duration and all series, suggesting stable level of oxygen 
extraction and metabolism during cortical activation; 2) the BOLD signal response in two 
color showed no significant difference in time response, suggesting the neuronal 
populations perceiving black and red give a similar time response; 3) although the signal 
level was maintained even with the orders, S.D. was greatly increased, which may be an 
indicator for evaluating fatigue or attention.

4 4 8 .9

FMRI RESPONSES IN EARLY VISUAL CORTEX INCREASE WITH VIG
ILANCE. A.C. Huk, G.M. Boynton, and D.J. Heeger*. Department of Psychol
ogy, Stanford University, Stanford, CA.

Purpose: To determine if brain activity in early visual cortex is affected 
by the vigilance required to perform a threshold motion discrimination task. 
M ethods: Stimuli were 14 deg circular patches of radially-moving dots. FMRI 
signals were recorded (using a T2* weighted spiral acquisition) while stimuli 
alternated for six 36 sec cycles between two conditions; fast (mean 8 deg/sec) 
and slow (mean 0 deg/sec). Throughout ‘active’ scans stimuli were presented 
in a series of 0.5 sec intervals, successive intervals moving with slightly dif
ferent speeds, and subjects performed threshold (approx. 70% correct) motion 
discrimination judgements. During ‘passive’ scans, stimulus speed did not vary 
between successive intervals and subjects made no motion discrimination judg
ments. FMRI responses were quantified as the amplitude and phase of the (36 
sec period) sinusoid that best fit the average time-series of pixels within a given 
visual area. Results: Responses in early retintopic visual areas (V1+) and in 
MT+ modulated in phase with the 18 sec fast mo-  
tion half-cycle. While MT+ responses varied only 
slightly between the active and passive scans, V 1+ 
responses were much greater during active view 
ing. Conclusions: Brain activity in early visual 
cortex is modulated by the demands of perform- 
ing a threshold discrimination task. 
Supported by NIH grant EY 11794 and an NSF Graduate Research Fellowship. Propri
etary interests; None.

448 .11

SPONTANEOUS AND EVOKED FIRING OF SINGLE CORTICAL NEURONS 
ARE PREDICTED BY POPULATION ACTIVITY T. Kenet1, A. Arieli1*, A. 
Grinvald1. D. Shoham1, K. Pawelzik2 and M. Tsodvks1. 1Department of Neurobiology 
The Weizmann Institute of Science, Rehovot 76100, Israel; 2Max-Planck-Institut für 
Strömungsforschung, D-37073 Goettingen, Germany.
Complex dynamic patterns of ongoing population activity sweep across the cortex and 
strongly affect its subsequent response to a sensory stimulus. It is known from past 
studies that population activity over a large area is correlated to both spontaneous and 
evoked firing of single neocortical neurons. Here we study in detail the nature of this 
correlation. For this we examined the population activity as measured by real time 
optical imaging in the visual cortex of anesthetized cats, combined with simultaneous 
single unit recordings. We found that there is a linear correlation between the 
probability for spike occurrence, and the amplitude of the optical signal. To show 
this, we first looked at the histogram of all instantaneous amplitudes (n= 184320, 9 
recording sessions, each 70 seconds long, with a sampling rate of 3.5 ms). We found 
that this histogram has a symmetrical Gaussian shape with a mean which we 
normalize to 0. We then calculated a similar histogram only for the times of spike 
occurrence in the recorded neurons. While this histogram was also normally 
distributed, its mean was considerably shifted towards positive values. By dividing 
the histogram of spike times by the histogram at all times, we derived the probability 
of spike occurrence as a function of the population activity level. We found that the 
probability that the neuron will fire is zero up to a certain threshold, and past this 
threshold the probability increases approximately linearly with the optical signal. We 
also found that this threshold is lower for evoked activity sessions than for 
spontaneous activity recording sessions. Finally, using this probability function, we 
were able to predict the visually evoked firing pattern of the recorded neuron. 
Preliminary results show that using correlation with specific patterns of population 
activity improves this prediction.
Supported by grants from Gif, the Wolfson Foundation, Minerva and Ms. Enoch.

4 4 8 .8

M A G N ETIC R ESO N A N C E IM A G IN G  O F IS O -O R IE N T A T IO N  
DO M AINS IN CAT VISUAL C O R T E X  D.-S. Kim*, H.H. Qiu, B. Tian,
J.P. Rauschecker, & J.J. Pekar. Institute for Cognitive and Computational Sciences 
and Department of Neurology, Georgetown University Medical Center, Washington 
DC 20007, USA.

Structure, development, and plasticity of functional maps in visual cortex have 
been studied extensively using a variety of techniques in the past. Each of the existing 
techniques, however, suffers from a fundamental limitation: lack of sufficient field of 
view (single unit recordings); impossibility of in vivo mapping (2-deoxyglucose); 
lack of access to signals from deeper cortical structures (optical imaging). Functional 
Magnetic Resonance Imaging (fMRI) based on blood oxygenation level dependent 
(BOLD) signals is non-invasive, it offers a large field of view, and access to signals 
from deeper cortical structures. Functional MRI is, however, generally performed with 
a spatial resolution not sufficient to yield columnar resolution. In this study, we 
attempted to use the - spatially more localized - initial increase in deoxyhemoglobin 
following visual stimulation to map the layout of iso-orientation domains in cat 
visual cortex. All animal experiments were performed with approval of the 
Georgetown University Animal Care and Use Committee. A 4.5 cm diameter surface 
coil was placed atop the animal’s head roughly corresponding to area 18. Cats were 
anesthetized and ventilated throughout the experiment following standard protocols. 
Visual stimuli consisted of high-contrast square-wave moving gratings (0.15 cyc/deg, 
2 cyc/sec) of four different orientations (0°, 45°, 90°, 135°). Images were acquired using 
a seven Tesla horizontal-bore magnet (Bruker Instruments, Inc.) equipped with 20 
Gauss/cm self-shielded gradients, and image acquisition was gated to the respiration. 
Functional data were acquired using spin-echo echo-planar imaging (Field of view = 
40 mm; matrix = 64x64 or 128x128; TE/TR = 38.9 msec/3 sec). Consistent with 
single-unit and optical imaging studies, our stimuli elicited signals in voxels 
corresponding to area 18 on the lateral gyrus. "Tuning curves" were generated for 
single voxels by plotting the z-score as a function of stimulus orientation angle. 
Taken together, our study suggests that the initial increase in deoxyhemoglobin 
(hemodynamic ‘early dip’) can be exploited to map the layout of iso-orientation 
domains in cat visual cortex. It will be exciting to use this new, non-invasive method 
to map the structure, function, and plasticity of cortical maps in animals and humans 
through longitudinal studies. Supported by: DAMD 17-93-V-3018.

4 4 8 .1 0

RELIABILITY OF FMRI AMPLITUDE MEASUREMENTS IN HUMAN VI
SUAL CORTEX R. M. Khan, G. M. Boynton*, & D. J. Heeger. Department of 
Psychology, Stanford University, Stanford, CA 94305.

Purpose: To test the reliability of fMRI response amplitude measurements 
and to determine if the noise present in individual scans is a good predictor of 
variability across scans and scanning sessions. M ethods: Stimuli were contrast- 
reversing checkerboards (0.5 cyc/deg, 4 Hz). FMRI signals were recorded (T2* 
weighted spiral acquisition) for six 36 second ON-OFF cycles. During each ON 
halfcycle, the subject performed a series of 9 contrast discrimination trials. On 
each trial, he determined which of two (0.5 sec) intervals contained the higher 
contrast (baseline contrast = 90%, contrast increment = 2%, 80% correct perfor
mance). During each OFF halfcycle, he performed a series of contrast detection 
trials (0.8% contrast, 80% correct). Measurements were repeated 30 times across 
3 scanning sessions (10 scans each). FMRI response was quantified as the ampli
tude and phase of the (36 sec period) sinusoid that best fit the average time-series 
of pixels within V1. Noise estimates were obtained separately for each scan by 
fitting an exponential function to the Fourier spectrum of the time series (after 
removing the stimulus-driven components, i.e., integer multiples of 6 cyc/scan). 
Results: The mean fMRI response amplitude was 2.36 (% signal change), aver
aged across all 30 repeats. FMRI responses were significantly different across 
the 3 sessions (p <  0.001). The standard deviation of the responses across scans 
with and without removing the session means were 0.19 and 0.26, respectively. 
The noise estimates from the individual fMRI scans did not differ significantly 
across scanning sessions and had a median value of 0.22. Conclusions: Esti
mates of scan variability based on individual scans accord well with the observed 
variability across scans.

Supported by NIH grant EY 11794. Proprietary interests: None.

4 4 8 .1 2

Recovery of visual function in postconcussional transient cortical 
blindness. J. Gothe1*, B.-U. Mever2, S.-A. Brandt2, E. Kasten1 & B -A. Sabel1. 1 
Institute of Med. Psychology, Medical Faculty, Otto-von-Guericke-University, 
Leipziger Str. 44, 39120 Magdeburg, Germany; 2 Department of Neurology, 
Charité, Humboldt University, 10098 Berlin, Germany.

The pathophysiology of postconcussional transient cortical blindness is unclear. 
Usually vision is regained within a few hours. We report a case with an unusually 
prolonged and selective recovery of visual functions in a 17 year old boy. He came 
with blindness as the only symptom after occipital head concussion without 
concomittant loss of consciousness. Within minutes after the trauma he was able to 
perceive vaguely black and white shapes. Two hours later, examination revealed a 
concentric restriction of the visual field to 10° in which the visual acuity was hardly 
reduced, while movement of large objects was recognized. Transcranial magnetic 
stimulation of the occipital cortex elicited subjective white light sensations in the 
contralateral visual field as it can be observed in normal subjects. Within 10 days, 
visual acuity continuously normalized, visual field restriction resolved and pattern- 
shift VER's were normal. In contrast, recovery of colour vision was delayed: 
recognition of blue (day 10) was followed by yellow (day 12), red (day 22) and 
green (day 26). The first recognized mixed colour was brown (day 23). Therefore, 
recovery of vision preferentially occurs within pairs of colour opponents (e.g. 
blue/yellow; red/green). In conclusion restitution of lost vision after occipital lobe 
concussion followed a pattern with a consecutive and selective restitution of 
subfunctions.
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449.1
VISUAL HALLUCINATIONS DURING RECOVERY FROM  CORTICAL 
BLINDNESS: EVIDENCE FROM  FUNCTIONAL IMAGING. G. Wunderlich1. J. 
-Volkmann1, B. Suchan2, L. Tellmann3, H . Herzog3, H - J. Freund1, V. Hörnberg2, R .J. 
Seitz1*. 1Dept. of Neurology, Heinrich-Heine-University Düsseldorf, 2Neurological 
Therapy Center Düsseldorf, 3Inst. of Medicine, Research Center Jülich, Germany

In humans the mechanisms involved in recovery of sight after damage of the visual 
cortex are poorly understood. We report a 24 yo woman who after cardiopulmonary 
resuscitation suffered from cortical blindness with lack of optokinetic nystagmus and 
visual evoked potentials. During recovery visual, in part complex hallucinations 
occurred which could be initiated by the patient. Complete recovery of vision 
developed over four months.

The regional cerebral metabolic rate of glucose (rCMRGlu) was measured three 
times ( 1 ,4  and 9 months after resuscitation) using positron-emission-tomography 
(PET) and [18F]2-fIuor-2-deoxy-D-glucose (FDG). Furthermore, the regional cerebral 
blood flow (rCBF) was measured using [15O]-butanol. To compare areas with 
significant rCMRGlu- and rCBF-changes the FDG- and butanol-PET-images were 
aligned using a computerized brain atlas (CBA) and superimposed on MRI.

The patient’s cranial MRI was normal besides a bilateral hyperintensity in the basal 
ganglia. There was no structural lesion in the parieto-occipital cortex. The first FDG- 
scan revealed a severely reduced rCMRGlu in the parieto-occipital cortex bilaterally. In 
the following two scans the areas of rCMRGlu-depressions recovered almost 
completely. Areas of significant rCBF-increases during visual hallucinations were 
observed in the initially hypometabolic parieto-occipital cortex, mainly on the border 
between primary and secondary visual areas. Furthermore, significant CBF-increases 
occurred in the temporalateral cortex more on the right than on the left side, areas 
which also recovered in repeated FDG-scans.

Our study shows a relation of the regression of the hypoxemia-induced 
dysfunctional zone and the recovery of visual function. The hallucinations suggest 
postlesional hyperexcitability during functional restitution.

449.3
VISUAL, COGNITIVE, AND SACCADE-RELATED ACTIVITY OF MONKEY 
AREA V3A NEURONS C. L. Colby *, K. Nakamura.
Department of Neuroscience and Center for the Neural Basis o f Cognition, 
University of Pittsburgh, Pittsburgh PA 15260

Area V3A is one of the major sources of visual input to area LIP. In the present 
experiments we characterized the response properties o f  V3A neurons in the alert 
monkey, using tasks comparable to those we have previously used in area LIP. We 
recorded from area V3A while the monkey performed fixation and memory guided 
saccade tasks. In both tasks, a visual stimulus was presented in the receptive field 
for 50 ms while the monkey was fixating a central point. In the fixation task the 
animal simply maintained a fixation. In the memory guided saccade task, the 
animal made a saccade to the remembered target location after a 500-700 ms delay. 
Activity was measured in several epochs: fixation, anticipatory, visual, memory, 
presaccadic, saccadic, and postsaccadic.

We found that visual responses are modulated by the behavioral significance of 
the stimulus. In a population o f 89 neurons, the visual responses o f 58 neurons 
were increased (76%) or decreased (24%) in the memory guided saccade task as 
compared to the fixation task. Many neurons also showed an increase in 
background activity when the animal was fixating and expecting the appearance of 
the visual stimulus (anticipatory activity). This anticipatory activity was also 
enhanced in the saccade task. Neurons in V3A also had saccade-related activity. 
11% showed excitation before or during saccades. A majority o f cells (87%), 
however, showed postsaccadic activity. This activity was stimulus-independent 
because it was observed even in complete darkness. These results indicate that 
V3A, an extrastriate cortical area, has visual activity that is modulated by 
attention. Further, area V3A is not implicated in the generation o f eye movements 
but may carry signals reflecting a corollary discharge o f eye movement commands. 
NIH EY08098, EJLB Foundation, CRDF.

449.5
RESPONSES OF NEURONS DURING TARGET SELECTION IN MACAQUE 
AREA V4. A.S. Tolias1, M. Riesenhuber1,2, S.M. Smirnakis3 *. 1Dept. of Brain and 
Cognitive Sciences, MIT, MA 02139; 2Center for Biol. and Comp. Learning, MIT, 
MA 02139;3 MGH, MA 02114.

The visual scene is usually cluttered with many objects. Rarely is only a single 
object present. As one ascends to higher areas in the visual cortex, the classical 
receptive field (RF) of the cells increase in size. As a result, during viewing of 
natural scenes usually more than one object falls within the RFs of cells, 
necessitating mechanisms by which the objects can be disambiguated. This is 
particularly important during visual search where a target has to be selected from 
among distractors for foveal viewing.

Previous studies have shown that responses in the ventral stream communicate 
information about the targets of interest (Chelazzi et al. 1993). The question about 
the nature of the processes utilized by cells to selectively respond to their inputs, 
however, remains open. One possibility is that the responses of the neurons are 
captured by the object of interest only, and as a result all other objects are ignored 
irrespective of their location. Another possible mechanism involves spatial 
modulation of the cells’ RF profiles to focus on the object of interest. We recorded 
the extracellular activity from neurons in V4 to study the spatial mechanisms 
involved in target selection. After the monkey acquired fixation, two objects 
appeared simultaneously on a monitor, a target and a distractor-probe. Both the 
locations of the target and distractor-probe were chosen randomly from a 
predetermined set of positions, across different trials. We could therefore map the 
RF profile of the neurons with the distractor-probe for different positions of the 
target. The target would appear both inside and outside the receptive field on 
different trials. The monkey was rewarded for making a saccadic eye movement to 
the target as soon as the stimuli appeared. We find modulations of the cells’ spatial 
sensitivity profile as a function of the location of the target. This suggests the 
possible involvement of spatial mechanisms in target selection. Supported by NIH 
EY00676 and NIH EY02621

449.2

SINGLE UNITS, WHICH ARE VISUALLY RESPONSIVE TO 
NEW VISUAL SCENES BECOME UNRESPONSIVE AFTER 
SEV ER AL SECONDS OF VISU AL SEARCH.
S. Sobotka*, S. O ’Neill and J.L. Ringo. Dept. o f Neurobiology 
and Anatomy, University o f Rochester, Rochester NY 14642

Eighty-nine cells were recorded from the inferotemporal 
cortex and rhinal sulcus while the monkey engaged in a visual 
search for a target image in a complex, abstract scene. The scene 
was computer generated and contained 10-30 objects. About four 
times per minute the scene was rapidly replaced by the next scene. 
In 50% o f cases the switch o f scene took place when gaze was 
outside the scene. Responses to the first large saccade after the 
scene switch were compared with responses to similar saccades that 
occurred at least 5 sec after the scene switch.

In this preliminary study, a group o f 36 cells were selected 
which showed stimulus-selective responses to individual objects o f 
the scene (p<0.05). Ten cells from this group showed 
statistically-significant increases o f activity after first saccades 
which landed on new scenes, whereas only one cell showed 
significant increases after saccades which landed on scenes which 
had been viewed before. These data suggest that the cells that are 
responsive to novel scenes become unresponsive if  the scene has 
been viewed before.
Supported by HD36032

449.4
ORBITAL POSITION EFFECTS ON VISUAL AND SACCADE-RELATED 
ACTIVITY IN MONKEY AREA V3A K. Nakamura*. C, L. Colbv.
Department o f Neuroscience and Center for the Neural Basis o f Cognition, 
University of Pittsburgh, Pittsburgh PA 15260

It has previously been shown that V3A cells show gaze-dependent modulation o f 
visual responses (Galletti et al. 1989). In this experiment, we examined whether 
saccade-related activity is also modulated by orbital position. We recorded from 73 
V3A neurons in an alert monkey while it performed fixation and memory guided 
saccade tasks. A visual stimulus was flashed in the receptive field for 50 ms while 
the monkey fixated on one o f 5 different targets (20°, 10° right, center, 20°, 10° 
left). In the fixation task, the animal simply maintained fixation. In the memory 
guided saccade task, after a 500-700 ms delay, the animal made a saccade to the 
remembered target location. Activity was measured in several epochs: fixation, 
visual, memory, presaccadic, saccadic, and postsaccadic.

We found that the activity in each of these epochs was gaze dependent. Most 
cells’ (80%) visual response was modulated by gaze: 36% showed the strongest 
visual response for central fixation and 62% showed planar modulation, higher in 
either the ipsilateral or the contralateral hemifield. Baseline activity during fixation 
was also modulated by eye position for more than ha lf the cells. The type of 
modulation o f fixation and visual response for individual cells was not necessarily 
similar. Some neurons had their strongest visual response when the monkey was 
looking straight ahead, but showed increases in baseline activity when the eye was 
deviated into the contra or ipsilateral field. Saccade-related activity was typically 
postsaccadic. The level of postsaccadic activity was determined by several factors: 
orbital position, saccade direction, and saccade amplitude. These effects were also 
observed when the saccade was made in complete darkness. These results indicate 
that V3A receives visual, saccade, and orbital position signals which all may be 
involved in the construction of a non-retinotopic spatial representation.
NIH EYO8O98, Whitehall F97-10, and Uehara Foundation.

449.6
VISUAL SELECTIVITY OF PRESACCADIC ACTIVATION IN 
EXTRASTRIATE AREA V4 OF THE MACAQUE MONKEY 
T. Moore*, A.S. Tolias and P.H. Schiller. Dept. of Brain and Cognitive Sciences, 
MIT, Cambridge, MA 02139

Neurons in extrastriate area V4 are activated presaccadically when visual stimuli 
within their receptive fields (RFs) are used as targets for saccadic eye movements 
(Fisher and Boch, 1981). The presaccadic activation is separable from the visual 
onset response by delaying the eye movement to the RF stimulus, yielding a second 
response immediately prior to the eye movement. This fact invites comparisons of 
the visual selectivity observed at stimulus onset, during active fixation, with that 
seen presaccadically when a stimulus is used as a target for an eye movement. We 
have examined the visual selectivity of saccade-related responses in monkeys 
making eye movements to RF stimuli in a delayed-saccade task. We varied the 
orientation, size and ‘color’ of the RF stimuli and compared the selectivity of the 
presaccadic response with that seen just after stimulus onset.

Our results with orientation and ‘color’ indicate that the pattern of visual 
selectivity present just after stimulus onset reemerges immediately before eye 
movements to RF stimuli. The modulation in activity before eye movements to the 
RF, as measured in comparison to when eye movements are directed elsewhere, is 
typically greatest for preferred RF stimuli. Our results with size, however, suggest 
that the tuning of neurons at stimulus onset does not necessarily match presaccadic 
tuning; cells with onset response peaks at the largest stimulus tested often have peak 
presaccadic modulation at smaller stimulus sizes or appear less tuned overall. We 
interpret the general phenomenon of presaccadic activation in V4 as reflecting the 
attentional shifts that typically precede saccadic eye movements. The apparent size 
insensitivity of the presaccadic response may reflect the interaction of size and 
salience and the fact that stimuli of different sizes tend to impose different attentional 
demands.

Supported by NIH grant EY00676.
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449.7
REPETITIO N  PRIM ING AND ATTENTION M ODULATE TH E FM RI SIGNAL 
FROM  THE PO STERIO R FUSIFORM  GYRUS. T.W. James1, G.K. Humphrey2.
J.S. Gati3, R.S. Menon3. & M.A. Goodale2*, 1 Neuroscience Program, 2 Psychology 
Dept. , 3 Robarts Research Inst., The University of Western Ontario, Canada.

Using functional MRI, we investigated the contribution of the occipitotemporal visual 
pathway to object recognition in normal human subjects. To localize regions of interest 
(ROI’s) that responded preferentially to familiar object stimuli, we had subjects view 
greyscale pictures o f objects, scrambled objects, or a blank screen. Parts o f the fusiform 
gyrus and the lateral occipital region showed greater activation to objects than to 
scrambled objects. We then had subjects view an object that was (at first) completely 
occluded. As the object was gradually uncovered, the subjects indicated when they 
recognized the object by pressing a button. Before presentation o f these occluded 
objects, a set of fully revealed objects was presented to the subjects. These were 
intended to prime specific objects in the recognition task. Voxels within the ROI’s 
showed a rapid increase in signal intensity after the first portion o f the object was 
revealed, whether the object was primed or not. The signal then remained relatively 
constant until the time o f recognition (TOR). At this point, the signal fell close to the 
baseline level in the non-primed condition, but maintained a much higher value in the 
primed condition. To determine if the drop in signal in the non-primed condition was 
due to a drop in general attention, we had subjects perform an attention task 
simultaneously with the recognition task. At random intervals during each trial, the 
object would shift 1/10th of a degree. This could occur before and/or after the TOR. 
Subjects would indicate when these shifts occurred by pressing a different button. 
Signal intensities in the ROI’s for this condition remained high after the TOR, indicating 
that the drop in signal intensity during the non-primed condition might have been an 
effect of attention. Early visual areas (Vl/V2) showed negligible differences between 
conditions and between pre- and post-TOR. These data provided evidence that both 
repetition priming and attention can modulate the fMRI signal in posterior fusiform 
gyrus and that this modulation may be task specific.
Supported by the MRC o f Canada, grant no. mt-7269

449.9
SACCADE TARGET SELECTION IN M ACAQUE FRONTAL EYE FIELD 
DURING A COLOR-SHAPE CONJUNCTION VISUAL SEARCH.
N.P. Bichot* and J.D. Schall. Vanderbilt Vision Research Center, Department o f 
Psychology, Vanderbilt University, Nashville, TN 37240.

In previous studies, we investigated saccade target selection in macaque frontal 
eye field (FEF) during pop-out visual searches (Thompson et al. '96 J  Neurophysiol 
76:4040). Here, we explore how the brain selects targets for saccades when the 
target cannot be localized based on just saliency. To this end, we recorded neural 
activity in the FEF o f macaque monkeys trained to make a single saccade to a target 
stimulus defined by the conjunction o f color (red/green) and shape (cross/circle). 
Such conjunction searches have been pivotal in the development o f  theories o f 
visual search and attention.

Behavioral evidence in humans, and recently in monkeys from our laboratory, 
suggests that conjunction visual searches can be performed efficiently (based on 
slopes o f  reaction time as a function o f  set size) via the parallel processing o f the 
features that define the target. In our investigation o f the neural basis o f  this 
apparent search efficiency, visually responsive FEF neurons were o f  special interest 
as they are not normally selective for stimulus properties, but do reflect the 
outcome o f visual processing whereby the target is selected. Neural activity was 
measured during three intervals: after a neuron first became active, after a neuron 
first started to discriminate target from distractors, and finally before a saccade was 
made. The main finding was that the activity o f many neurons, when it became 
differentiated, not only discriminated target from distractors, but also discriminated 
among the distractors based on their visual similarity to the target. This finding 
supports the hypothesis that at least some conjunction searches are accomplished 
by feature-based parallel processing.
(Supported by NEI grants ROl-EYO889O, P30-EY08126 and T32-EY07135)

449.11
SPA TIA L C O D IN G  IN A R EA  7B O F  TH E  M A C A Q U E. X intian  H u* , 
M ich ae l S. A. G ra z ia n o  and  C h a r le s  G . G ro ss . D e p a r tm e n t o f  
P sy ch o lo g y , P rin ce to n  U n iv ers ity , P rin ce to n , NJ 08544.

A b o u t 30%  o f  c e lls  in  p a r ie ta l  a re a  7B a re  b im o d a l, 
re s p o n d in g  to  b o th  v isu a l  an d  t a c t i l e  s tim u l i .  T h e  v isu a l 
re c e p tiv e  f ie ld s  ten d  to  be c o n f in e d  to  th e  sp a c e  n e a r  the  
body . (H y v a rin e n  and  P o ra n en , B r a in , 1974, 97: 673; G raz ian o  
and G ro ss , H andbk. Cog. N euroSci., 1995, pp. 1021). In th is  
stu d y  w e in v es tig a te d  the  e ffe c ts  o f  ey e  p o s itio n  on the v isu a l 
r e s p o n s e s  o f  th e s e  n e u ro n s  in  u n a n e s th e t i z e d  m o n k e y s  
tra in ed  to  f ix a te . W e found  fo u r  ty p es  o f  rec e p tiv e  f ie ld s. The 
f ir s t  ty p e  w as in  r e t in o c e n t r ic  c o o rd in a te s  an d  w a s  n o t 
a ffe c te d  by eye p o s itio n . T h e  seco n d  ty p e  w as in re tin o ce n tric  
c o o rd in a te s  and  th e i r  re s p o n s e  m ag n itu d e  w as m o d u la te d  by 
e y e  p o s i t io n .  T h e  th i r d  ty p e  w a s  n o t  in  r e t in o c e n t r ic  
c o o rd in a te s  ( i.e , the  r e c e p tiv e  f ie ld s  d id  n o t m o v e  w hen  the 
ey es  m o v ed ) and  th e ir  re sp o n se  m a g n itu d e  w as n o t m o d u la ted  
by ey e  p o s itio n . T h e  fo u rth  ty p e  w as a lso  n o t in re tin o ce n tric  
co o rd in a te s  bu t w as m o d u la ted  by eye  p o s itio n .

T y p es  1 and 2 w ere  s im ila r  to  th o se  fo und  in 7A , L IP  and 
o th e r  p o s te r io r  p a rie ta l a reas  th a t p ro je c t to  a re a  7B . T y p es  3 
and  4  w ere  s im ila r  to  th o se  fo u n d  in v e n tra l p rem o to r  co rtex  
to  w h ich  A rea  7B p ro je c ts . T h is  su g g ests  th a t A rea  7B m ay be 
p a r t  o f  th e  p a th w a y  th a t  t r a n s f o r m s  g a z e - m o d u la t e d  
r e t in o c e n t r ic  v is u a l  r e c e p t iv e  f ie ld s  in to  n o n - re t in o c e n tr ic  
ones.

Supported  by N. I. H. EY 11347  and M cD onnell Pew  90-16.

449.8
M O D ELIN G  TH E SOURCES OF D ECISIO N  BIAS A T THE 
NEU RO N A L A N D PSY CH O PH Y SICA L LEV ELS. E Seidem ann1* T. 
H astie2 and W T N ew som e1. 1How ard H ughes M edical Institute and Depts. 
o f  N eurobiology and 2S ta tistics , Stanford U niversity , Stanford, C A  94305.

Psychophysical decisions depend not only upon the sensory stimuli 
being d iscrim inated, but also upon extra-sensory  factors that can be thought 
o f  as ‘decision b iases’. B iasing factors are particu larly  influential w hen the 
sensory stim ulus is sufficiently  w eak that the subject is forced to guess. 
P rior studies from  this laboratory have shown that the activ ity  o f  neurons in 
area LIP and the superior colliculus can be correlated w ith the outcom e o f  a 
m onkey’s decision in a 2AFC direction discrim ination  task even before the 
m onkey view s the stim ulus upon w hich his decision  m ust be based. Here, 
we use statistical m odeling techniques to determ ine w hether these neuronal 
signals, w hich we term  ‘neuronal b iases’, reflect decision biases m easured 
at the behavioral level. W e consider two form s o f  behavioral bias: 1) a 
‘short te rm ’ effect that deals w ith the influence o f  prior choices and rew ards 
on the m ost recent trials, and 2) a ‘long term ’ effect w hich deals w ith slow 
changes in intrinsic choice bias over the course o f  an experim ent.

W e find that both short and long term  factors can exert significant 
effects on the m onkey’s current decisions. Sim ilarly , we find that both 
factors influence the activity  o f  som e neurons in the period preceding 
stim ulus onset. How ever, several analyses indicate that the ‘neuronal b ias’ 
signals, w hich arè specifically  correlated with the an im al’s decisions, do 
not arise from  the history o f  the an im al’s decisions and rew ards. The 
analyses suggest, rather, that the neuronal and behavioral biases arise from 
non-overlapping sources.

Supported by N .E.I. (EY 05603)

449.10
IM P A IR M EN T O F O B JEC T-C E N TER ED  V ISIO N  FO LLO W IN G  
LESIO N S O F  M A C A Q U E PO STER IO R  PA R IETA L C O R TE X
C.R. O lson* and S.N. G ettner. C enter for the N eural B asis o f  C ognition, 
C arnegie M ellon U niversity , P ittsburgh, PA 15213.

Injury to the posterior parietal cortex in humans can produce 
impairments of object-centered spatial localization. We set out to 
determine whether such impairments result from parietal lesions in 
rhesus monkeys. We trained two monkeys to perform an object-centered 
eye movement task (Olson and Gettner, Science 269:985-988, 1995). A 
cue presented early in each trial instructed the monkey whether to prepare 
to make an eye movement to the left or right end of a horizontal target bar 
presented later in the trial. On configuration-cue trials, the cue was a 
white spot flashed on the left or right end of a sample bar (instructing an 
eye movement to the corresponding end of the target bar). On color-cue 
trials, the cue was a blue spot (instructing bar-left response) or a yellow 
spot (instructing a bar-right response). The hemifield in which the cue 
was presented varied across trials, as did the hemifield of the target bar.

After training, each monkey received a lesion of the right posterior 
parietal cortex, encompassing parts of the inferior parietal lobule and the 
lateral bank of the intraparietal sulcus. Following lesion-placement, each 
monkey performed poorly on trials in which the configuration cue was 
presented in the contralesional hemifield; in one monkey, this deficit was 
particularly pronounced on bar-left trials. In contrast, with the color cue 
in the contralesional hemifield or with either cue in the ipsilesional 
hemifield, there was only a minor impairment, restricted to bar-left trials.

We conclude that lesions of posterior parietal cortex interfere with 
processing of object-centered spatial information in the visual hemifield 
opposite the lesion. (EYl 1506; EY08098; NS09452; McDonnell-Pew 95-44)

449.12
OPTIC FLOW SELECTIVITY IN MACAQUE 7a AND STPa: USING TEMPORAL 
DISCRIMINANTS. J.A. Turner*. K.C. Anderson. R,E. Phinney, R.M. Siegel Center 
for Molecular and Behavioral Neuroscience. Rutgers University. Newark, NJ 07102

The analysis of a cell’s selectivity for visual stimuli in macaque cortex often uses the 
mean firing rate over a period of time. Richmond and Optican (1987) have indicated 
that there is additional information in the temporal sequence of firing rates, but their 
analysis is not designed to test the selectivity of neurons to particular stimuli. We 
applied a new temporal analysis on a trial-by-trial basis to 685 neurons collected from 
three parietal area 7a and three temporal area STPa cortices of three monkeys. 
Neurons in both cortical regions were studied with the same optic flow stimuli (planar 
rotations, radial flows). The monkey fixated a central point and released a key in a 
reaction time paradigm when the displays became unstructured (Anderson & Siegel, 
1997; Siegel & Read, 1997). The inter-spike intervals for each trial following 
stimulus onset were used to compute 1) the mean firing rate (MFR) over 500 ms, 2 ) a 
one-second peristimulus time histogram (PSTH) with bin sizes ranging from 10 to 500 
ms, and 3) a principle components analysis (PCA) of the PSTHs. The resulting values 
were subjected to a stepwise discriminant analysis to determine which variables 
distinguished between the stimulus conditions.

The MFR discriminant function (equivalent to a oneway ANOVA) indicates that 6% 
of area 7a cells and 5% of STPa cells are selective at the conservative p<0.01. The 
MFR is an underestimate; visual inspection can find cells with short phasic responses 
that are missed by the MFR. The PSTH discriminant analysis finds a larger proportion 
of selective cells (e.g., 20%, 50ms binwidth). This analysis finds the period in the 
PSTH whose mean firing rates correlates with the stimuli; typically the firing rate in 
the 100-200ms portion of the PSTH can be used to discriminate between the stimuli. 
The PCA also reveals selective neurons (9%). The lowest order component appears to 
represent the mean firing rate of the cells and accounts for about 20% of the variance. 
The discriminating component (generally the 3rd one) accounts for about 11 % of the 
variance and presumably carries information about the visual stimulus. The most 
significant components for area 7a had shorter latencies than STPa, suggesting that 
area 7a neurons can discriminate between optic flows before those of STPa. The 
PSTH analysis and PCA not only indicate the selective cells but the significant pattern 
of neural activity over time. Supported by NEI F32 EY06830-01A1 & EY09223.
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449.13
DISPARITY SELECTIVITY AND OPTIC FLOW IN MONKEY AREA 7A RLE. 
Phinnev* and R.M. Siegel. Center for Molecular & Behavioral Neuroscience, Rutgers 
University, Newark NJ 07102.

Area 7a has been implicated in processing of optic flow for extrapersonal space 
perception. In addition to motion, disparity can also be a cue to spatial relationships in 
the environment. To assess the contribution of retinal disparity in optic flow 
processing, neurons in area 7a of behaving macaques (3 hemispheres in 2 males) were 
tested with a variety of optic flows and static dot fields, with and without retinal 
disparity. Optic flows used were radial expansion, radial compression, clockwise and 
counter- clockwise rotation, stationary flickering dot fields, translations in one of 8 
directions 45 degrees apart, and structure-from-motion spheres rotating either 
horizontally or vertically. The optic flows contained no disparity, constant disparity, or 
a (hemispherical or quadratic) disparity gradient. Each stimulus consisted of 128 
limited lifetim. (533 ms), 0.1° stereoscopic dots. On most displays, the dots were 
visible through a round 50° diameter software aperture. On all trials, the monkey 
fixated a square at zero disparity. The stimulus appeared two seconds after fixation 
onset and either the stimulus changed or the fixation point dimmed at random times 
(3.5-6.0 s) after fixation onset triggering a behavioral response.

As reported previously (Phinney and Siegel, 1997), disparity selective neurons were 
found in area 7a. We now report that disparity selectivity develops over the duration of 
a trial with more cells exhibiting selectivity at the time the animal is detecting the 
change in the stimulus than at stimulus onset. Of 118 cells tested, 47 were disparity 
selective at stimulus onset and 74 at stimulus change. Neurons were more often found 
to be disparity selective for optic flow stimuli than for stationary stimuli. This may 
indicate that disparity processing is motion-gated in area 7a, so that retinal disparity 
has only a modulatory influence on optic flow processing in area 7a. Furthermore, 
neurons more often displayed selectivity for flat versus graded disparities than for one 
flat disparity magnitude versus another. This may indicate that neurons in area 7a use 
retinal disparity to extract differences in depth across the visual field. These results, 
taken together, indicate that neurons in area 7a may use retinal disparity to augment 
monocular information about relevant spatial environmental relationships obtained 
from optic flow under prolonged viewing.
Supported in part by NEI EY06738-01 and EY-09223

449.15
TET R O D E RECORDING IN MACAQUE PARIETAL CORTEX: RESPON SE 
CLASSIFICATION AND SPIK E TRAIN CORRELATION. J. S. Pezaris,* 
M. Sahani, and R. A. Andersen. Division of Biology, C om putation and Neural 
Systems, Caltech, Mail Code 216-76, Pasadena, CA 91125, USA.

The structure  of local circuitry in posterior parietal cortex was studied by 
analyzing action potentials recorded from groups of two to  five physically ad
jacent neurons in two hemispheres from two rhesus macaques under a  delayed 
memory saccade task. 28 recordings a t distinct sites were made with tetrodes 
and sorted into spike trains from a to tal of 95 cells. As previously reported, neu
rons recorded at the same site display quite different tem poral response (firing 
rate) profiles, despite having similar spatial response fields. To objectively clas
sify response type, the set of preferred direction tem poral profiles, represented 
by coarsely binned peristim ulus tim e histogram s, was clustered. The best fit, as 
determined through cross-validation, had five clusters, representing the follow
ing broad interpretations of the corresponding task response curves: (a) memory 
only, (b) perisaccadic only, (c) visual only, (d) visual with memory, and (e) sup
pressive. The resulting data-defined identification allowed exam ination of the 
relationship between class m embership and normalized short time-scale (10ms) 
spike time correlation among pairs of neurons. Analyses were m ade w ithout re
gard to class, for pairs of cells within the same class (intra-class), and for pairs of 
cells from distinct classes (inter-class). Three results emerge: (a) levels of spike 
correlation are neither quantized nor grouped, but form a continuous range, (b) 
when examined pairwise by class, interactions involving visual-only cells tend to 
have higher correlation than  those involving other cells only, and (c) intra-class 
correlations are not significantly different from inter-class levels. This suggests 
th a t visual-only cells trigger responses seen in other classes of cells through local 
circuitry, and may represent the functional target for ex tra-area input.

Supported by NEI, NIMH, the Alfred P. Sloan Foundation, the Keck Foun
dation, the NSF Center for Neuromorphic Engineering, and ONR.

449.17
ANALYSIS OF TRIAL TO TRIAL VARIABILITY IN SIMULTANEOUSLY 
RECORDED SPIK E TRAINS FROM  MACAQUE PARIETAL CORTEX. 
B. P esaran ,1* J. S. Pezaris,2 M. Sahani,2 P  P. M itra ,4 and R. A. Andersen2,3.
1Div. of Physics, C o m p u ta tio n  and Neural Systems and 3Div. of Biology, Cal
tech, Pasadena, CA 91125, USA; 4Bell Laboratories, Lucent Technologies, M ur
ray Hill, NJ 07974, USA.

Spike trains recorded with tetrodes in awake, behaving macaques provide a 
direct probe of the dynamics of networks of neurons involved in complex be
havioral tasks. Studying the correlated fluctuations between different neurons, 
which may reorganize in time, could help reveal the structu re  of the circuitry. 
Delayed-memory activity is of particular interest as this involves the  elevated 
firing of neurons involved in internally organized states.

We studied activity of neurons in the m acaque lateral in traparieta l area (LIP) 
while the animal performed a m em ory-saccade task confining our atten tion  to 
the delayed-memory period. The local field potential (LFP) is a  gross m easure 
of neuronal activity and may be a predictor of any correlated spike-train fluctu
ations. In two experiments the LFP showed transien t oscillations. Spike-train 
correlations between the trials in non-preferred directions could not be explained 
by a rate-rqodulated Poisson process as episodic elevations in the firing rate  were 
seen across multiple cells. In the preferred direction, 8 of 26 trials showed sub
stantial (p < 0.1) phase-locking between spike times and the 2-6Hz filtered LFP. 
A degree of coherence was also observed for a  higher frequency band around 15Hz 
which was less significant. A null d istribution was generated by scrambling the 
spike times. No trials in the null distribution were significant a t this level. These 
results suggest th a t some of the variability can be accounted for by fluctuations 
in the spike trains which are correlated with the LFP.

This research is supported by Bell Labs, Lucent Technologies, NEI, NIMH, 
the Sloan Foundation, the Keck Foundation, the NSF Center for Neuromorphic 
Engineering and ONR.

449.14
CHANGES IN TUNING TO OPTIC FLOW  DURING A M ATCH-TO-SAM PLE 
TASK IN MACAQUE PARIETAL AREA 7a. S.A. Ouraishi, R.E. Phinnev. J.A. 
Turner. J.F. McCollum*. R.M. Siegel. Center for Molecular and Behavioral 
Neuroscience, Rutgers University; Newark, New Jersey 07102.

Posterior parietal cortex subserves a variety of visuospatial and motion processing 
operations. Neurons in area 7a are responsive to optic flow, that is, the pattern of 
global motion that occurs on the retina as an organism moves in three-dimensional 
space (Read and Siegel, 1997). In addition, neurons in nearby LIP are known to 
exhibit memory-related activity in planned saccade tasks (Gnadt and Andersen, 1991). 
The current research addresses whether optic flow tuning of neurons in area 7a 
changes during sequential presentations of a flow stimulus using a delayed-match-to- 
sample paradigm, and also considers possible short-term memory function of these 
neurons. Single unit neural activity was recorded from area 7a (140 cells) while an 
animal fixated a central target. An optic flow stimulus was presented foveally for one 
second, followed by a one-second blank delay, after which a second stimulus was 
presented for one second. The second stimulus was either identical to the first, or an 
unstructured version of the first display. Following a subsequent motor delay of one 
second, the animal was cued by a tone to key release in a go/no-go paradigm.

As expected, many neurons were significantly tuned to the initial optic flow stimulus 
(27%, two-way ANOVA, p< 0.05). About 30% of the cells retained the same optic 
flow selectivity as the task progressed. A novel finding was that 25% of the cells 
tested changed their optic flow selectivity from the first presentation to the second. 
Thus, a cell with a best response to radial expansion during the first presentation could 
exhibit a best response to a rotation stimulus in the second set of presentations. This 
plasticity in tuning could be a specific attentional effect, or could arise from a 
confluence of sensory and pre-motor representations in these neurons. Responses were 
also assessed in the blank period between the two flow presentations. Despite the 
absence of a visual stimulus, about 25% of the neurons were selective during this 
delay period. This might indicate that these cells encode a memory trace for the initial 
sensory stimulus. In addition, during the motor delay, roughly 45% of the population 
responded just prior to the animal’s key release, with about a third of these being 
selective to the optic flow presented earlier. Thus, area 7a neurons code a multitude 
of neural signals, (sensory, premotor, memory, and attentional) in mutable 
representations, that are modulated to suit the behavioral demands of an organism's 
environment. (Supported by NIH EY-09223.)

449.16
TETRO D E RECORDING IN MACAQUE PARIETAL CORTEX: SPIKE-TIM E 
STRUCTURE IN TH E M EM ORY-PERIOD RESPONSE. M. Sahani*,
J. S. Pezaris, and R. A. Andersen. Com putation and Neural Systems and Di
vision of Biology, 216-76 Caltech, Pasadena, CA 91125, USA.

Neurons in many areas of the brain have been reported to  exhibit elevated 
firing rates while short-term  working memories are m aintained. However, the 
mechanism underlying this mem ory-related activity is unknown. Some cells in 
the macaque lateral in traparietal area (LIP) exhibit such elevated activity during 
a  memory-saccade task. In this task, the monkey fixates a  spot of light while 
remembering the location of another spot flashed at the  beginning of the trial. 
A short time later the fixation spot is extinguished and the monkey makes a 
saccade to the remembered location. In this study we examine the timing of 
spikes from LIP cells for structure  th a t might reveal the mechanism underlying 
the m emory-period activity.

We have examined auto-correlation histogram s from 74 cells in LIP. Many 
histogram s exhibited a  dip in firing probability lasting up to  50ms immediately 
after a spike or burst of spikes. Overall, 41 cells (55%) were less likely to  fire 
again in the interval between 5 and 10ms following a spike or burst than  would 
be expected given independent firing with the observed time-varying firing rate. 
This dip was present in both bursting and non-bursting cells. We did not see evi
dence of strong oscillatory activity in the overall auto-correlation histograms. Of 
the 15 cells with m emory-period firing rates more than two standard  deviations 
above their background rates, fully 13 (87%) exhibited the same dip. The dip 
in firing probability was more severe following bursts of action potentials than  
after isolated spikes, suggesting th a t this dip is m ediated by a cellular mecha
nism. We hypothesize th a t such a cellular mechanism combines with excitatory 
connections between cells to m aintain memory-period activity.

This research is supported by NEI, NIMH, the Sloan Foundation, the  Keck 
Foundation and the NSF Center for Neuromorphic Engineering and ONR.

449.18
REFEREN CE FRAM E FO R OB JECT-BA SED SACCADES IN TH E PO STE
RIOR PARIETAL CORTEX OF TH E MACAQUE M ONKEY. B. Breznen1*, 
P. N. Sabes1,2, and R. A. Andersen1, 1Biology Division, 216-76 Caltech, Pasa

dena, CA 91125, U.S.A., 2Sloan Center for Theoretical Neurobiology, Salk Insti
tu te , La Jolla, CA 92037, U.S.A.

We recorded single neurons in the posterior parietal cortex of a  m acaque 
monkey while he made saccades to  locations on a  2D object displayed on a 
projection screen. The task required m aintaining fixation a t the center of the 
object while one p art of the object was cued. Next, after a  delay period, the 
object was extinguished and redisplayed in a  ro ta ted  position. The monkey then 
saccaded to  the  previously cued p art of the object. The cued locations on the 
object were locally similar, forcing the monkey to use the entire object shape to 
find the saccade target. We analyzed 111 neurons with task-related, spatially 
tuned activity during the cue, memory a n d /o r saccade period of the trial. Cells 
with cue responses (40%) were tuned to the retinal location of the cue. Cells 
with memory period responses (42%) were similarly tuned. After the object was 
extinguished and redisplayed in the new orientation, cells either lost their activity 
or began firing depending on whether the  new target location left or entered the 
cell’s retinotopic receptive field. Cells active during the saccade period (56%) 
were tuned to  the direction of movement in space. All 111 neurons displayed 
the eye-centered tuning typical of this area, and we found no cells with a pure 
object centered reference frame. However, activity was often m odulated by both 
the position of the target on the object (26%) and the orientation of the object 
in space (76%). We conclude th a t receptive fields did not ro ta te  on the retina 
with the object, bu t often showed a significant mutliplicative effect (gain field) 
due to  the location of the target on the object or the object orientation. This 
work was supported by the NEI and the Sloan Foundation.
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449.19
ASSESSING TH E EX ISTENCE OF MENTAL ROTATION IN AN O B JECT- 
BASED SACCADE TASK. P. N. Sabes1,2*, B. B reznen1, R. A. Andersen1. 
1Biology Division, 216-76 Caltech, Pasadena, CA 91125, U.S.A., 2Sloan Center 
for Theoretical Neurobiology, Salk Institu te, La Jolla, CA 92037, U.S.A.

A macaque monkey was trained to  saccade to prespecified locations on a  2D 
object which ro tated  in space, as described in the accom panying abstract. One 
strategy for computing the movement vector would be to  m atch the redisplayed 
object with the original object by m entally ro tating  the image. Thus we tested 
whether mental ro tation was used to saccade to a rem embered location on a 
ro ta ted  object. In one experiment, the object reappeared a t any one of eight 
equally spaced orientations. Errors were not dependent on the degree of ro ta 
tion. And while the reaction tim e covaried significantly with absolute angle of 
rotation, the values differed by only 30msec over the range of rotations, with 
a slope of 0.15 m sec/deg. Neither of these results is consistent with a m ental 
ro tation strategy for this task. In a second experiment, the  object was always 
ro tated  ±135°. Here, we recorded single neurons in the posterior parietal cortex 
of the monkey. Responses were analysed using a population vector approach. 
If the coded movement plan swept between the cue and saccade angles (ro ta
tion), then cells with preferred directions between those locations should become 
preferentially active at some point during the reaction time. We saw no such 
increase in activity. On the other hand, if the code for the cue is phased out 
while the movement direction code is generated (replacem ent), the coherence of 
the population vector estim ate should drop during the reaction period, as ob
served. We conclude th a t the monkey did not use a  m ental ro ta tion  strategy 
for this particu lar Task. This work was supported by the NEI and the Sloan 
Foundation.

CHEMICAL SENSES: DEVELOPMENT AND REGENERATION

450.2450.1
THIS BUD’S FOR YOU: TRANSEXUAL LIMB GRAFTS REVEAL CROSS- 
MODAL REORGANIZATION IN CNS ELEMENTS OF FIDDLER CRABS M, J. 
Weissburg*. School o f Biology, Georgia Institute o f Technology, Atlanta, G A  30332.

Fiddler crabs o f the genus Uca show considerable sex-specificity in their 
chemosensory system. A female has two feeding claws, while the male has only one 
feeding claw, and another (major) claw that is used for mate signaling and combat. 
Further, chemosensory neurons in the female’s feeding claw are more sensitive than 
those in the male. To examine the both plasticity o f the CNS and CNS vs peripheral 
aspects o f sex-specificity, we have developed a technique to transplant developing limb 
buds. Two week old buds, obtained by autotomizing feeding claws in females, were 
grafted onto male hosts in place o f the major claw. About 10% o f the males 
maintained this bud to yield a morphologically normal second minor claw on the 1st or 
2nd subsequent molt. Physiological investigations confirmed that the grafted limb 
contains chemosensory axons Sensitivity thresholds and dose-response functions o f 
these neurons are more characteristic o f chemosensors from female donors than male 
hosts. Behavioral studies indicate that these axons make functional connections in the 
CNS Stimulation o f the transplanted minor claw with chemical feeding stimulants 
evokes characteristic grasping and feeding motions, although only by the native feeding 
claw. The transplanted claw is at least equally sensitive, or perhaps more sensitive, than 
the male’s original claw, again suggesting donor control over neuronal properties o f 
the limb graft Anatomical evidence shows that the transplanted claw has a large 
complement o f putative chemosensory axons that make connections with the host 
ganglion on the ipsilateral (transplanted) side. The structure o f its CNS target appears 
to be transformed from that characteristic o f a major claw to that o f a minor claw.
The major claw is not known to be chemosensory, so the results o f these experiments 
suggest that the CNS can process novel chemosensory information if innervated by 
chemosensory fibers.
Supported by NIH-NIDCD 1R29-DC02731 to MJW.

450.3

GUIDANCE AND SORTING OF OLFACTORY RECEPTOR AXONS IN 
THE MOTH MANDUCA SEXTA. L A. Oland*, W.M. Pott, L.P. Tolbert. ARL 
Division o f Neurobiology, University o f Arizona, Tucson, AZ 85721.

Guidance o f an olfactory receptor axon as it grows from its origin in the 
sensory epithelium to its target glomerulus in the CNS is likely to involve a 
hierarchy of cues presented along its path. The specific cues required to target 
the correct region o f the brain, sort by odor specificity and terminate in the 
correct target area still are poorly understood.

In the moth, olfactory receptor axons normally follow a path along a pre
existing nerve to reach the developing antennal (olfactory) lobe. Previous 
experiments (Kent, 1985; Roessler et al., 1997; Oland et al., 1998) have shown, 
however, that surgically misrouted olfactory  axons still reach the lobe and form 
glomeruli, suggesting that diffusible cues emanating from the antenrial lobe or 
cell-surface molecular gradients across the brain guide olfactory axons to the 
lobe. To explore these possibilities, we have developed a brain slice/antennal 
explant co-culture system. Initial data suggest that axons from explants close to 
the lobe show greatest outgrowth directed toward the lobe, suggesting that 
diffusible cues may be involved in guiding receptor axons to the lobe.

Once they have reached the lobe, receptor axons enter a glia-rich territory 
where, in close association with glial cells, they dramatically reorganize their 
associations with other axons. As a step in understanding how the cellular and 
molecular environment o f this region influences olfactory axons, we are 
examining the growth-cone morphology o f the first axons to approach the lobe 
and are exploring in detail the sorting behavior o f growing axons in this special 
region. Supported by NIH NS28495.

CONSEQUENCES OF DELAYING OLFACTORY RECEPTOR-AXON INGROWTH 
FOR AXON TARGETING AND GLOMERULUS FORMATION IN MANDUCA 
SEXTA. W. Rössler*, L.P. Tolbert. J.G. Hildebrand. ARL Div. o f Neurobiology, 
University of Arizona, Tucson, AZ 85721.

The development o f glomeruli in the antennal lobes (ALs, the primary olfactory 
centers) o f the moth Manduca sexta follows a precise timetable and involves 
interactions o f ingrowing axons of olfactory receptor cells (ORCs) with AL glial cells 
and AL neurons. The aim o f the present investigations was to determine the importance 
of timing for these intercellular interactions. We experimentally desynchronized the 
development of the brain and the ORCs by selectively cooling the developing antenna 
for a defined period of time and thereby delaying ingrowth o f ORC axons. Cooling of 
the antenna for 24h caused a delay in the early stages o f  glomerulus formation, whereas 
cooling for 48h led to significantly disrupted glomeruli. ORC axons appeared more 
fasciculated than usual and projected to a small number o f abnormally shaped glomeruli. 
Glial cells did not form normal glomerular borders and remained in an immature 
position, even after continued ingrowth of ORC axons. To determine if delayed ORC 
axons grow to their correct targets in the AL, we selectively labeled axons of 
pheromone-specific ORCs in males. Normally, these axons terminate exclusively in one 
of the three subdivisions o f the macroglomerular complex (MGC). After cooling the 
antenna for 48h, the majority o f pheromone-specific ORC axons was still able navigate 
to the MGC-specific target area in the dorsolateral AL. Only a small portion projected to 
different areas. However, the subdivisions of the MGC did not form normally, and 
terminals o f MGC-specific ORC axons were not clearly segregated into individual 
subdivisions, probably owing to the lack o f glial borders. The results indicate that 
guidance cues for ingrowing ORC axons persist through later stages in development but 
separation o f glomeruli by glial borders requires interaction o f ORC axons and glial 
cells within a critical period. [Supported by NIH grant NS-28495 and DFG grant 
Ro1177/1-1]

450.4
CUES GUIDING OLFACTORY AXONS TO THEIR TARGETS IN THE 
BRAIN OF MANDUCA SEXTA. M.R. Higgins1, P.A. Eckholdt1, N.J.
Gibson1, L.A. Oland1, P.F. Copenhaver2, and L.P. Tolbert*1. 1ARL Div. of 
Neurobiology, Univ. o f Arizona, Tucson, AZ 85721, and 2Dept. o f Cell 
Biology & Anatomy, Oregon Health Sciences Univ., Portland, OR 97201.

How do olfactory receptor axons sort according to odor specificity, and 
how do they find their appropriate targets in the brain? In the moth Manduca 
sexta, we previously discovered that a subset o f olfactory receptor axons, 
from olfactory neurons in the antennae and labial palps, is recognized by 
antibodies against the adhesion molecule Manduca fasciclin II (generously 
provided by Dr. J. Nardi) during the period o f glomerulus formation. We 
now show that in Northern blots of developing antennae, a Mfas II probe 
recognizes mRNA bands o f 4.5 and 6.0 Kb; the time course o f appearance of 
the bands mirrors that o f expression o f Mfas II protein in the receptor axons. 
In situ hybridization reveals clusters o f receptor neurons scattered over many 
segments o f the antenna at appropriate stages o f development; whether these 
receptor neurons share functional specificities has not been determined.

We have found that the segregation o f Mfas II+ axons into fascicles destined 
for a particular subset o f glomeruli occurs as the axons encounter a large 
cluster o f glial cells at the entry to the brain. When the number o f glial cells 
is severely reduced by irradiation, Mfas II+ axons fasciculate less tightly and 
many bypass the developing glomeruli, suggesting that an interaction 
between axons and glia is important for both correct axonal sorting and 
correct targeting. We currently are exploring the nature o f that interaction. 
(Supported by NS 20040 and NS 35369.)
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450.5
O-CAM MAY ACT AS AN AXON GUIDANCE MOLECULE TO SPECIFY THE 
DORSOMEDIAL - VENTROLATERAL AXIS OF THE DEVELOPING 
OLFACTORY BULB. H. Treloar3*, Y. Yoshihara1, K. Mori2 and C. A. Greer3. 1Dept. 
Biochem., Osaka Med. Coll., Japan; 2Neuronal Func. Res. Grp., Brain Sci. Inst., 
RIKEN, Japan; 3Dept. Neurosurg. & Sec. Neurobiol., Yale Univ. Sch. Med., New 
Haven, CT 06520.

O-CAM, olfactory cell adhesion molecule, is a homophilic adhesion molecule 
belonging to the Ig superfamily. It is expressed in a zone specific manner by olfactory 
(ORN) and VNO receptor neurons (Yoshihara et al., ‘97) and may be involved in axon 
sorting and fasciculation. It may play a role as a zone specific target recognition 
molecule mediating specific synapse formation with unknown heterophilic counter 
receptors expressed by zonal subsets of mitral/tufted (M/T) cell dendrites (Yoshihara 
and Mori, ‘97). The aim of this study was to examine the expression of O-CAM 
during glomerular formation when sensory axons are actively targeting regions of the 
olfactory bulb (OB) and synapsing with M/T cells. Coronal cryostat sections of the 
developing rat OB were stained with O-CAM antibodies and visualized using 
peroxidase. Sections were examined from E17 - P0. Axons expressing O-CAM were 
found at all ages in the ventrolateral nerve fiber layer (NFL), suggesting that ORNs 
target this region of the OB prior to glomerular formation. Furthermore, a subset of 
M/T cell dendrites woe found to express O-CAM during all developmental ages 
examined. The pattern of expression was reciprocal to that seen in the NFL. The M/T 
neurons expressing O-CAM were restricted to the dorsomedial OB. These data suggest 
that O-CAM may act to specify an axis separating dorsomedial from ventrolateral OB, 
most likely acting through an unknown heterophilic counter-receptor expressed by the 
subsets of ORN axons and M/T cell dendrites that do not express O-CAM.
Yoshihara et al., (1997) J. Neurosci. 17:5830 
Yoshihara & Mori (1997) Cell and Tiss. Res. 290:457.
This work was supported by NIH DC00210 and NS10174 to CAG.

450.7
UP-REGULATION AND EXPANSION OF NEURONAL PRECURSOR CELL DIVISION IN THE 
REGENERATING VOMERONASAL EPITHELIUM TWO AND FOUR WEEKS AFTER 
VOMERONASAL NERVE LESION. J. Sakai & DA. Holtzman*. Dept. of Brain & Cognitive 
Sciences and Neuroscience Program, University of Rochester, Rochester, NY 14627.

The hypertrophied vomeronasal epithelium (VNE) of snakes is capable of generating new 
neurons as a result of normal turnover and vomeronasal nerve lesion (VNNX). Neuronal 
precursors are located at the base of the VNE, incorporate 3H-thymidine (3H-T), and migrate 
apically through tall columns of bipolar receptor cells as the cells age. Using 3H-T 
autoradiography, cell proliferation was quantified in the VNE of adult snakes that received no 
lesions (n=4), enucleation control lesions (n=3), unilateral VNNX (U-VNNX, n=5), or bilateral 
VNNX (B-VNNX, n=9). All snakes were injected with 3H-T one hour prior to sacrifice, and 
snakes receiving VNNX were sacrificed 2 or 4 weeks post-lesion. Labeled cells were counted 
from 2-6 sections/animal. For all measures, no differences are found between sides of all 
controls (p>0.05) or between controls with no lesion and with enucleation (p>0.05). Throughout 
the undifferentiated and receptor cell columns, twice as many labeled cells/section are found in 
VNEs with VNNX than in control or unles¡oned U-VNNX VNEs (F3,22=8.78, p<0.0005). No 
differences are found between control and unles¡oned U-VNNX VNEs, between les¡oned VNEs 
of U-VNNX and B-VNNX snakes, or between lesioned VNEs with 2 vs. 4 week survival times 
(p>0.05 for all). In the basal 50 µm, significantly more labeled cells/section are found in lesioned 
VNEs of snakes surviving 2 weeks post-lesion than in the VNEs of controls and VNEs of snakes 
surviving 4 weeks (F4 21 =4.27, p<0.02). No significant differences are seen between VNEs of 
controls and snakes surviving 4 weeks post-lesion (p>0.05), suggesting that the signal for 
increased cell proliferation affects the VNE in U-VNNX snakes surviving for 2 weeks but has 
diminished in this region by 4 weeks after lesion. Apical to the basal 50 µm of the cell columns, 
more than five times more labeled cells/section are found in VNEs with VNNX than in control 
VNEs or the unlesioned side of U-VNNX animals (F3 22=13.64, p<0.0001). No differences 
were found between survival times (p<0.05), suggesting a longer-lasting effect of VNNX in 
this expanded area of cell proliferation than in the basal layer. No significant differences were 
found between any groups for the number of labeled cells/section in the supporting cell layer 
(F3 ,22 = 1.89, p>0.05), suggesting that VNNX results in a specific up-regulation of neuronal, 
but not supporting cell, precursors. Supported by NCRR grant RR08700 to DAH.

450.9

IND UCTIO N O F A M A TU RE N E U R O N A L PH EN O TY PE IN CU LTU RED  
N E U R O EPITH ELIA L CELLS FROM  H U M A N  O L FA C TO R Y  BIOPSIES.
D. Rujescu1,3, G. Rasp2 , F. G aese H. G runze F. P adberg1, H.-J. M oelle r1,
A. E rfu rth* , S. S tam m 3. Depts. o f  1Psychiatry and 2ENT, L udw ig-M axim ilians 
U niversity , M unich and 3M ax-Planck Institute o f  N eurobiology, M artinsried, 
Germ any.

C ultured hum an o lfactory neuroepithelial cells can be propagated as a m ixed 
culture. The cells express antigens o f  basal progenitor, neuronal and olfactory 
ensheath ing  cells. Som e o f  the cells react to odors and show  electrical 
excitability . N evertheless only a small m inority  o f  these cells show 
im m unoreactivity  for o lfactory m arker protein (O M P), the m ost reliable 
m arker for m ature o lfactory neurons.

W e established cell cultures from biopsies obtained from olfactory 
neuroepithelium  o f  patients and healthy donors. A fter 3-4 w eeks o f  culture 
cells o f  interest w ere isolated using a cloning  cylinder and expanded. A ttem pts 
w ere m ade to d ifferentiate the cells after 3-6 passages with serum  deprivation 
and treatm ent w ith com binations o f  grow th factors (FG F2, IL6 , IL lß , NG F, 
BD N F, N T 3, N T5). S im ultaneous treatm ent with N G F and BD NF induces a 
neuronal phenotype in 5-10%  o f  the cells as dem onstrated by 
im m unocytochem istry with an tibodies against neurofilam ent H and OM P.

In sum m ary, in cultures from hum an neuroepithelial biopsies 5-10%  o f  the 
cells d ifferentiate into m ature o lfactory neurons follow ing sim ultaneous 
treatm ent w ith N G F and BDNF.

450.6
DO W N R E G U LA TIO N  O F ErbB4 EXPRESSIO N IN TH E  DEAFFERENTED  
M O USE O LFA C TO R Y  BULB. I. Perroteau, P Bovolin, M. Oberto, I. Soncin. 
S. Vovron, M.F. Franzoni* and A. Fasolo. Dept. Human and Animal Biology, 
University of Turin, TO  10123, Italy.

W e  have shown that ErbB4 is expressed by different cell types of the 
olfactory bulb (OB) including the periglomerular and mitral/tufted cells; e.i. 
cell types that make synaptic contacts with olfactory neurons in the glomeruli. 
In the present work, we analyze erbB4 expression after deafferentation. 
Lesions of the olfactory epithelia (OE) have been performed by intranasal 
irrigation with zinc sulfate and the deafferented OB analyzed 2, 7, 14 and 28 
days post irrigation, by immunohistochem¡stry and RT-PCR. Following total 
lesion of the OE, erbB-4 immunoreactivity is shown to be drastically reduced 
in the periglomerular and mitral/tufted cells of the OB. No change in erbB4 
expression is observed in other cell types, such as the cells of the 
subependymal layer, that are not involved in synaptic contacts with the 
olfactory axons. There is no difference in the periglomerular and mitral/tufted 
cell number in the deafferented OB with respect to control, as indicated by 
nuclear staining. After partial lesion of the OE, the minimum erbB4-mRNA  
expression in the OB (55%  with respect to control) is observed at 7 days post 
irrigation. The kinetic of expression of the m RNA for erbB ligands, neuregulin 
α 1 , β 1 and β2, follows strictly that of erbB4, while the minimum O M P- and 
TH-m RNA expression is reached 14 days post irrigation. At 28 days after 
partial lesion, O M P, TH, neuregulins and erbB4 m RNA expression are back 
to control values. Our data suggest that, following deafferentation ErbB4 
expression in the periglomerular and mitral/tufted cells is downregulated at 
the transcriptional level. This phenomenon is reversible and, according to the 
kinetics of expression, ErbB4 expression could be under the control of 
neuregulins. Supported by MURST. M.O. and S. V. are recipients of a 
fellowship from the Cavalieri  Ottolenghi Foundation.

450.8
PERSISTENT NEUROGENESIS AND APOPTOTIC CELL DEATH IN THE 
DEVELOPING CRUSTACEAN DEUTOCEREBRUM: EVIDENCE FOR A 
TURNOVER OF OLFACTORY INTERNEURONS. S. Harzsch1, J. Miller2, J. 
Benton2, B. Beltz*2 1University of Bielefeld, Dept. of Neuroanatomy, 33615 
Bielefeld, Germany and 2Wellesley College, Dept. of Biological Sciences, Wellesley, 
MA 02181

Neuronal plasticity and synaptic remodeling play important roles during the 
development of the invertebrate nervous system. In addition, structural neuroplasticity 
as a result of long-term environmental changes, behavioral modifications, age, and 
experience have been demonstrated in the brains of sexually mature insects. In 
decapod crustaceans, persistent neurogenesis among olfactory projection neurons is a 
common mechanism that shapes the adult brain, indicating a remarkable degree of life
long structural plasticity (Sandeman et al [1997] Chem Senses 22/6. 485; Schmidt 
[1997] Brain Res 762. 131; Schmidt & Harzsch [1998] Biol Bull; submitted). The 
present study closes a gap in our knowledge of this phenomenon by describing the 
continuous cell proliferation and gradual displacement of proliferative domains in the 
central olfactory pathway of Homαrus αmericαnus from early embryonic through 
larval and juvenile stages into adult life. Neurogenesis in the deutocerebrum was 
examined by the in vivo incorporation of BrdU (Harzsch & Dawirs [1996] J Neurobiol 
29; 384). Development and structural maturation of the deutocerebral neuropils were 
studied using immunocytochemistry with a Drosophila synapsin antibody (E. Buchner, 
Wuerzburg, Germany). The role of apoptotic cell death in shaping the deutocerebrum 
was examined using the TUNEL method, combined with immunolabeling using an 
anti-phospho histone H3 mitosis marker (Upstate Biotechnology). Our results indicate 
that in juvenile and adult lobsters birth and death of olfactory intemeurons occur in 
parallel, suggesting a turnover of these cells. When the persistent neurogenesis and 
concurrent death of intemeurons in the olfactory pathway of the crustacean brain are 
taken into account with the life-long turnover of olfactory receptor cells in crustacean 
antennules (Sandeman & Sandeman [1996] J Exp Biol 199:2409), a new, highly 
dynamic picture of olfaction in crustaceans emerges.
(Supported by the DFG [Ha2540/ 1-1/2] and NSF/IBN 9709514.)

450.10
G E N E  E X P R E S S IO N  IN G E N IC U L A T E  G A N G LIO N  C E L L S  IN 
T H E  R A T  M O D E L  O F IS C H E M IC  FA C IA L  N E R V E  P A R A L Y S IS
D. Mohri*, F. Satomi, H. Yasuno, K, Noguch1), M. Sakaqami, 
Department of Otolaryngology, 1) Department of Anatomy and 
Neuroscience, Hyogo College of Medicine, Hyogo, 663, Japan.

Taste recepters of the anterior tongue are innervated by chorda 
tympani (facial intermediate nerve). Parent cell bodies of chorda 
tympani nerve axons are located in the geniculate ganglion. In this 
study, we examined the changes in gene expression in geniculate 
ganglion cells in the rat model of peripheral facial nerve paralysis 
with a selective embolization technique. A catheter was inserted 
into the maxillary artery of SD rats (250-350g), which supplying the 
facial nerve in the temporal bone, and animal received an injection 
of embolizing material (Thrombin + Polybead Dyed Blue 10.0 
micron Microspheres-2.59%) from the catheter. The paralysis of 
facial nerve occurred 5 to 15 minutes later and continued for about 
3 days, and recovered without any neuronal deficit.

We observed the levels in SP, GAP-43 and TrkB mRNAs in 
geniculate ganglion of facial nerve in the temporal bone using in 
situ hybridization with 35S-labeled oligonucleotide probes. The 
expression of SP and TrkB mRNAs decreased a few days after 
embolization, lasted for 2 weeks and gradually recovered. GAP-43 
mRNA increased 3 days after embolization and continued for at 
least 4 weeks. The results suggest that the gene expressions of 
SP, GAP-43 and TrkB in geniculate ganglion were affected by 
ischemic nerve injury, and may play some roles in adaptive 
response to the injury, neuronal survival, growth and regeneration. 
(Supported by the Japanese government and Hyogo Col. of Med.)

Society for Neuroscience, Volume 24 ,1998



1144 CHEMICAL SENSES: DEVELOPMENT AND REGENERATION TUESDAY AM

450.11
THE EFFECT OF NERVE GROWTH FACTOR ON 
THE RAT OLFACTORY RECEPTOR NEURONS 
FOLLOWING AXOTOMY
H.Yasuno*, K.Fukazawa, D.Mohri, M.Sakagami and K. Noguchi1), 
Department of Otolaryngology, 1) Department of Anatomy and 
Neuroscience, Hyogo College of Medicine, Hyogo, 663-8501, 
Japan.

In mammals olfactory receptor neurons have a distinguished 
capability for regeneration following axotomy. The purpose of this 
study was to examine the effect of exogenous nerve growth factor 
(NGF) on the axotomized olfactory receptor neurons. Unilateral 
olfactory nerve of the male Sprague-Dawley rats (6 weeks-old) 
were transected and NGF (2/2g/day) or saline were administered 
into the nasal cavity for 5 days. After that the animals were killed 
under deep anesthesia, and their olfactory mucosae were dissected 
out to examine the histological change and olfactory marker 
protein (OMP) mRNA expression by in situ hybridization. The 
result showed that mature olfactory receptor neurons expressing 
OMP mRNA were found in the NGF-treated rats, while the 
olfactory mucosa in control rats contained very few mature 
olfactory receptor neurons. These results indicate that exogenous 
NGF may alleviate degenerative changes of olfactory receptor 
neurons following axotomy.
(Supported by the Japanese goverment and Hyogo Coll, of Med.)

450.13
REINNERVATION OF INDIVIDUAL FUNGIFORM TASTE BUDS: A STUDY 
WITH MICROIONTOPHORESIS O F TETRAMETHYLRHODAMINE DEXTRAN. 
M. Whitehead* and B. Yao. Dept. Surgery/Anat., UCSD, La Jolla, CA 92093-0604.

The peripheral taste system in the hamster exhibits a remarkable degree of plasticity. 
Cutting the chorda tympani taste nerve results in  atrophy of the denervated fungiform 
taste buds. The denervated buds survive, but their cells that express gemmal markers 
(e.g. NCAM, CGRP) become fewer than normal, and their taste pores become reduced 
in size and number. Similarly, The geniculate ganglion cells of origin of the cut chorda 
tympani generally survive peripheral nerve cut and by 6 weeks regenerate axons into the 
tongue. The present study establishes tetramethylrhodamine dextran (TRDA) as an 
effective maker for determining the timing and number of geniculate ganglion cells that 
regenerate to reinnervate previously denervated taste buds. The chorda tympani was 
transected in the middle ear and the animals allowed to survive 1-4 or 50-60 days 
postdenervation. After survival, TRDA was iontophoresed into one taste bud on the 
experimental side, and one in  the same lingual location on the control side. The 
iontophoresis was performed 4 times (4-5 uA pulsed, 8 sec intervals, positive current), 
for 10 minutes each time, to ensure flow of TRDA into the bud despite the smaller 
experimental pores. 1-3 days after injection the animals were anesthetized, perfused with 
fixative, and the tongues and geniculate ganglia sectioned and examined with a green 
(G2A-Nikon) filter. All animals exhibited intensely fluorescent injection sites on both 
sides of the tongue with taste buds and fungiform cores brightly labelled with TRDA. 
Fluorescent cells were seen in all control geniculate ganglia. No labelled cells were seen 
in  experim ental ganglia at 1 or 4 days after nerve cut. At 50+ days labelled cells were 
seen in experimental ganglia, although the labeling was variable in  intensity with fewer 
cells as bright as on the control side. The number of labelled cells are being counted and 
the nature of their labeling studied further. The results show that TRDA is effective at 
labeling denervated taste buds and demonstrating the ganglion cells that regenerate to 
the taste buds at one stage of reinnervation.

Supported by NIH grant DC01091.

450.12
HSP7O(+)OLFACTORY RECEPTOR NEURON (ORN) BULBAR PROJECTIONS 
FOLLOWING METHYL BROMIDE (MeBr) LESION OF THE RAT OLFACTORY 
EPITHELIUM (OE). V.McM. Carr*1, G. Ring2, S.L. Youneentob3, J.E. Schwob2, and A.I. 
Farbman1 . 1Dept. of Neurobiol. & Physiol., Northwestern Univ., Evanston, IL 60208; 
Depts. of 2Anat. & Cell Biol, and 3Physiol., SUNY Health Science Center, Syracuse, NY 
13214.

We have previously described a rat ORN subpopulation that shows intense cytoplasmic 
immunoreactivity (IR) for Mab 2A4 to human HSP70 (JCN 348:150,’94). 2A4(+)ORNs 
occur throughout OE regions II-IV (see Buck, Ann.Rev.Neurosci. 79.517,’96) and 
project to just 2-3 glomeruli in each olfactory bulb (OB), located lateroventrally at 15- 
20% of the ant.-post. OB axis and mediodorsally at 35-40%. These projections are 
consistent throughout 2A4(+)ORN neurogenesis (Chem. Senses 22: 657,’97 ).

Using the 2A4 axonal IR we have examined the 2A4(+)ORN OB projections 6-8 weeks 
after MeBr lesioning (JCN 359:15,’95) of the OE and subsequent OE reconstitution and 
OB reinnervation. Control, nonlesioned rats showed completely normal projection 
patterns (as above). However, following MeBr lesion every treated rat showed an 
expansion of the 2A4(+)axonal OB projections with (+)axons occurring in up to 10 X the 
usual number of glomeruli. Some of this additional innervation consisted of just one or 
a few small axonal bundles projecting into a glomerulus; but in other glomeruli 
2A4(+)axons clearly occupied a substantial portion of the glomerular volume. 
Interestingly, the additional 2A4(+)glomeruli were confined to the ventral 1/3 and anterior 
1/2 of each experimental OB, the same OB region showing the 2A4(+)glomeruli in 
normal rats. These results indicate that while axons o f newly generated ORNs in 
reconstituted OE are able to project to the appropriate OB region during reinnervation, 
the MeBr lesioning of the OE has compromised the more specific targeting abilities of 
these axons within this region.
Supported by NIH grants DC02774, DC02126, DC00467, and P01 DC00220.

OCULOMOTOR SYSTEM: CORTEX II

451.1

VISUO-OCULOMOTOR CAPABILITIES OF HEMIDECORTICATE PATIENTS. 
T.M. Herter,* A. Ptito, M. Ptito, and D. Guitton. Montreal Neurological Institute and 
McGill University, Montreal, Quebec, Canada, H3A 2B4

We have studied the visuo-oculomotor abilities of 2 subjects with complete 
hemidecortication (D.R. & J.B) and 1 subject with partial hemidecortication (S.E.). All 
subjects were hemianopic based on perimetry testing. Exp. 1 - Pursuit: Subjects had to 
pursue a target moving either leftwards or rightwards. All subjects could smoothly 
pursue targets moving towards the ‘blind’ field. For targets moving towards the intact 
field, only J.B. pursued smoothly, while D.R. and S.E. pursued with a series of small 
saccades. Exp. 2 - Memory-guided saccades: While fixating a central fixation point (FP) 
a saccade target (ST) was briefly presented for 100 ms peripherally between -30 to +30 
deg. A delay of 1500 to 3500 ms in which subjects had to continue fixating FP followed 
the presentation of ST. Trial Type 1 (classical trials) - FP remained stationary during the 
delay period. Trial Type 2 (flash-pursuit trials) - FP was moved right or left at 10 deg/s 
for 10 to 30 deg. The pursuit eye movements used to follow FP dissociated the 
remembered spatial and retinotopic locations of ST from each other. Trial Type 3 
(crossing trials) - On some flash-pursuit trials, FP moved toward and then past the 
remembered spatial location of ST causing the remembered spatial location of ST to 
move from one field to the other. Accurate completion of crossing trails required the 
appropriate transformation of visual information in one field to a saccade directed 
towards the opposite field. When ST was presented to the intact visual field, all subjects 
made accurate saccades to the remembered spatial location of ST for all 3 trial types. 
When ST was presented to the ‘blind’ visual field, only D.R. made consistently accurate 
saccades to the remembered spatial location of ST. The saccades of D.R. were equally 
accurate for all 3 trial types. Specifically, the crossing trials indicate that D.R. could 
transfer informtion from the ‘blind’ field to the intact field and visa versa. These pursuit 
and saccade abilities, suggest an important role for the superior colliculi in conjunction 
with the remaining hemisphere in the neural control of visuo-oculomotor behavior.

Supported by the Medical Research Council of Canada.

451.2
POSITION CONSTANCY IN A CALLOSOTOMY PATIENT R. Fendrich*.
P. M. Corballis. M.Gazzaniga. Dartmouth College, Hanover NH 03755 

The perceived stability of the visual world despite the image shifts 
produced by eye motions is generally attributed to a corollary discharge 
derived from the motor command to move the eye. Leftward refixation 
saccades are normally controlled by the right hemisphere (RH) and 
rightward saccades by the left hemisphere (LH). It has been proposed 
that each hemisphere can only process the corollary discharge for such 
contraversive saccades. We therefore wondered if each of the surgically 
isolated hemispheres of a callosotomy patient would exhibit position 
constancy for saccades initiated by the other hemisphere. To address 
this question, we briefly flashed a vertical line in a patient's left or right 
visual field (LVF or RVF). Following this presentation, the patient 
saccaded to a target presented at a variable distance in the same or 
opposite visual field as the line. Following the saccade, the vertical line 
was presented again in the same position or shifted by 2°. The patient 
reported whether the line position had changed. The retinal position of 
the second line could only be interpreted if the size of the saccade was 
taken into account. When line presentations were in the RVF, the 
subject performed at chance after either same or opposite field saccades 
(55 and 49% correct). When line presentations were in the LVF, the 
subject's performance was above chance and similar after saccades to 
the same or opposite field (69 and 71% correct). The patient's RH 
therefore appears to have access to the corollary discharge when 
saccades are initiated by the LH, and is able to compensate for both left 
and rightward saccadic eye motions. (Supported by N IH 17778 & 
NS31443-05)
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451.3
M O TIO N  PERCEPTIO N THRESHOLDS A N D  NEURAL ACTIVITY IN 
AREA M T IN HUM ANS. G.A. O 'D risco ll1-3,* C. B enkelfat,23 A .L .W olff1. 
C .L .B a k e r ,1,4 S.La l ,2 A .C .Evans3. 1D ep t. of Psychology, M cGill U niversity , 
1205 Dr. Penfield Ave., M ontreal, QC C anada, H3A 1B1; 2D ept. of 
Psychiatry , M cGill U niversity; 3M cConnell Brain Im aging  C enter, M ontreal 
N euro log ica l Institu te ; 4M cGill V ision Research Unit.

A ctivity  in the  m idd le  tem poral area in m onkey has been  linked  to 
perform ance on the random  d o t d irection discrim ination  task (N ew som e and  
Pare, 1988), a test of m otion  perception. In m onkeys and  in hum ans, lesions to 
this a rea  im p a ir  perfo rm ance on the d irection  d iscrim ination  task  an d  im pair 
sm ooth  p u rsu it  eye m ovem ents. In this study , w e investigated  the 
re la tio n sh ip  be tw een  m otion  d iscrim ination  th resho lds an d  M T activity  in 
hu m an s (m easured  by PET) du rin g  sm ooth pursuit.

N orm al subjects (n=11) w ere scanned in a PC2048 Scanditronix PET scanner 
w hile  p erfo rm ing  s inuso ida l sm ooth  p u rsu it  and  a baseline fixation task  th at 
d id  n o t involve m otion  perception . M otion thresho lds w ere assessed in  a 
sep ara te  session  usin g  the ran d o m  d o t lim ited-lifetim e direction- 
d isc rim ination  task. D uring  sm ooth  pu rsu it, M T w as significantly  activated  
(t=4.3). D irection  d iscrim ination  th resh o ld s  significantly  p red ic ted  n eu ra l 
activ ity  in  M T d u rin g  pursu it, such  that the better the subject's direction  
d iscrim ination  in  the lab, the low er the MT activity  d u rin g  closed loop 
pu rsu it  (r=.69, p=.01). This association w as subsequen tly  rep licated  in an 
in d ep en d en t sam ple (n=13, r=.64, p=.01).

These associations m ay  reflect an  active process w hereby subjects w ho  are 
m ore sensitive to m otion  stim uli p rov ide  a m ore efficient, low -noise signal to 
the  e fferen t lim b of the  p u rsu it  p a thw ay . A lternatively , it m ay  reflect 
reduced  passive stim ulation  of MT d u rin g  p u rsu it in subjects w ho  are better 
able to  perceive and  thereby  m atch  targe t and  eye velocity.

F unded  by  NARSAD, the Scottish Rite Foundation  and  MRC (Canada).

451.5
THE HUMAN PARIETAL POINTING REGION IS MODULATED BY EYE 
POSITION DURING MEMORY-GUIDED REACHING. J.F.X. DeSouza1*,
S.P. Dukelow1, J.S. Gati3, R.S. Menon3, R.A. Andersen4 and T. Vilis2. 
Neuroscience Prgm, 2D ept of Physiology, 3Robarts Research Inst., Univ. of 

Western O n t, London, CANADA & 4D. of Biology, Caltech, Pasadena, USA 
To determine how eye position is taken into account when directing an arm 

movement to a visual target, we examined the fMRI signal in those parietal 
regions that are selectively activated during reaching movements but not saccades. 
The activity in these regions, during reaching to remembered targets randomly 
displayed at center, 4° left or 4° right, was compared while fixation was directed 
14° to the left or 14° to the right. After a delay, subjects touched the remembered 
target in darkness while maintaining eccentric visual fixation. Subjects were 
imaged using a 4 Tesla MRI with EPI acquisition using an RF head coil. Subjects 
made: (1) memory-guided saccades, (2) memory-guided reaching with the right 
arm and (3) memory-guided reaching with the left arm. Each task was compared 
to a center fixation task to compute the functional maps (t-tests, p<0.001). The 
maps revealed a parietal region selectively activated during reaching that was 
anterior along the IPS to the regions that were activated to memory-guided 
saccades or both saccades and reaching. During reaching with the right arm, the 
left superior parietal reach region showed a small but consistent increase in % 
signal change (paired /-test, n=7, p<0.01) when the eye was fixating to the right as 
compared to fixating to the left. The % signal change from voxels of the motor 
cortex showed no modulation as a function of eye position. This suggests that arm 
movement related regions; like saccade related regions, exhibit an eye position 
"gain field" modulation of their activity. This eye position signal could be used to 
transform targets encoded in an eye-centered frame of reference into arm 
coordinates for the purpose of reaching. Supported by the MRC of Canada and 
Human Frontiers in Science.

451.7
PA RIETA L AND FR O N TA L ACTIVATION D U RIN G  VISU AL G U ID ED  
SACCADE IN  MACAQUE M ONKEYS. A. M ikam i*1, M. In o u e 1, I . Ando2 a n d  
H. T s u k a d a 2. 1D e p t. of B ehav io ral a n d  B ra in  Sciences, P r im a te  Res. In s t., 
Kyoto Univ., In u y am a  4 8 4 -8 5 0 6  JA PA N , 2C en tra l Res. L ab ., H a m a m a ts u  
P ho ton ics  Co. L td . H irak u ch i 5 0 0 0  H a m a k ita  434-8601 JA PA N

S everal b ra in  a re a s  a re  know n to be involved in  saccadic  eye m ovem ent. 
H ow ever th e  role of each  saccad e  r e la te d  a re a  is  expected  to be d iffe ren t 
d ep en d  on th e  type  of saccade, such  a s , sp o n ta n e o u s , v isu a l guided  or 
m em ory guided  saccade. In  o rd er to  d e te rm in e  th e  b ra in  a re a s  w orking  
d u rin g  v isu a l guided  saccade, th e  reg ional cerebra l blood flow (rCBF) w as  
m ea su red  w ith  15O -labeled  H 2O a n d  p o sitro n  em ission  to m ography  (PET) in  
tw o rh e s u s  m onkeys. M onkeys w ere t ra in e d  to  m a k e  a  saccadic  eye 
m ovem ent to w ard  a  ta rg e t  p re se n te d  on a  co m p u ter m onito r (saccade task ). 
W hen th e  eyes reached  to a  ta rg e t, th e  ta rg e t  w a s  d is tin g u ish e d  a n d  a  new  
ta rg e t  w a s  p resen ted . T h u s  th e  m onkey m ad e  saccadic  eye m ovem ent 
to w ard  random ly  p re se n te d  one of e ig h t ta rg e ts  rep ea ted ly . In  a  control ta s k  
(fixation task ), th e  m onkey w a s  fixating  a  c e n tra l ta rg e t  con tinuously  during  
th e  scan . In  th e  o th er control condition (free condition), n e ith e r  a  fixation 
sp o t nor a  saccad e  ta rg e t  w a s  p re se n ted  a n d  th e  m onkey w a s  a llow ed  to 
m ak e  free eye m ovem ents in  a  d a rk  room. Tw o type  of su b tra c tio n  im ag es  
(saccade - fixation, saccade - free) w ere c rea ted . In  both  su b tra c te d  im ages 
of tw o m onkeys, th e  p a r ie ta l  a s so c ia tio n  cortex (PAC) w a s  a c tiv a ted  
vigorously. In  th e  frontal cortex, th e  fron ta l eye field (FEF) w a s  ac tiv a te d  
w eakly  b u t  ac tiv a tio n  in th e  su p p le m e n ta ry  eye field (SEF) w a s  n o t 
s ta t is t ic a lly  significant. T h u s, th e  PAC a n d  th e  F E F  w ere involved in  
v isu a l guided  saccade. T he  S E F  m ay  be involved in  o th er type of saccade.

451.4
DISCHARGES IN M ONKEY CORTICAL AREA M ST RELATED TO INITIAL 
OC U LA R FO LLOW ING : DEPEN D EN CE ON H O RIZO N TA L DISPARITY. 
A. T akem ura1*, Y. Inoue1, K. K aw ano1 and F. A. M iles2. 1Neuroscience Section, 
E le c tro te c h n ic a l L ab ., T su k u b a , Ib arak i, 3 0 5 -8 5 6 8 , Ja p an , and 2Lab. o f  
Sensorim otor Research, N ational Eye Institute, Bethesda. M D 20892, USA.

M ovem ents o f  the visual scene evoke tracking m ovem ents o f the eyes (ocular 
fo llo w in g  resp o n ses , O F R ) at sho rt latenc ies (M iles et a l., 1986). R ecent 
experiments suggest that the very earliest OFR are elicited only by objects moving 
in the im m ediate vicinity o f  the plane o f fixation: objects nearer or farther are 
ignored (Busettini et al., 1996). W e exam ined the effect o f binocular disparity 
on the direction-selective OFR-related neuronal activity in M ST of two behaving 
m onkeys. Anim als faced a translucent tangent screen (viewing distance, 50 cm; 
su b te n se , 9 0 º × 9 0 º)  o n to  w hich  tw o id en tica l, random  dot p a tte rn s  w ere 
backprojected. O rthogonal polarizing filters in the two projection paths and in 
front o f each eye ensured that each o f the two eyes saw only one o f the patterns, 
m ovem ents o f which were produced by m irror galvanom eters. Like Busettini et 
al., we used step-ram p stimuli (disconjugate steps, conjugate ram ps) to impose 
the disparity and elicit OFR. In this way we assessed the effect o f disparity on 
O FR, using an electrom agnetic induction technique to record eye m ovem ents, 
and on the activity o f 62 M ST neurons that showed OFR-related m odulations o f 
their discharges. Based on the changes in discharge rate over the period 50-67 
ms (m easured  from  stim ulus onse t), m ost neurons (58 /62 , 93.5 %) show ed 
significant sensitivity to disparity (Student’s t-test, p < 0.05). The disparity tuning 
curves for these early  neuronal responses, like those for the initial OFR (based 
on the change in eye position over the period 60-77 ms), usually peaked at zero 
disparity (55/58, 94.8 %). Quantitative assessments indicated that the modulation 
of M ST activity with disparity was com parable in m agnitude with that o f OFR. 
T hese data are consisten t with our previous suggestion (K aw ano et al., 1994) 
that the earliest OFR are m ediated at least in part by MST. (Supported by the Human 
Frontier Science Program, the Japanese Agency o f  lndustrial Science and Technology. CREST of 
Japan Science and Technology Corporation, JSPS Research Fellowships for Young Scientists, and 
The National Eye Institute.)

451.6
DISTINCT PARIETAL AND FRONTAL EYE FIELD ACTIVATION 
DURING ANTISACCADES USING BOLD fMRI J. D. Connolly1*, J. F. 
X. DeSouza1, J. C. Culham3, J.S. Gati2, R. S. Menon2, M. A. Goodale3 & T. 
Vilis4. 1Neuroscience Program, 2Robarts Research Institute, 3Dept. of 
Psychology, 4Dept. of Physiology & Opthamology, University of Western 
Ontario, London, ON, CANADA.

An antisaccade is a deliberate movement that entails unique visuomotor 
components related to movement inhibition, attention and coordinate 
transformation. In the present study, the neural substrates o f anti- and 
prosaccades were investigated using fMRI. Data for 8 subjects were 
compared across three tasks: fixation, saccades and antisaccades. The 
occipital, parietal and frontal cortices were imaged using an RF head coil and 
a Varian UNITY INOVA 4-Tesla imaging system. Activation was similar in 3 
regions during both pro- and antisaccades: Area 18 o f Brodmann, the rostral 
intraparietal sulcus and SMA. Three additional regions were more active 
during anti- than prosaccades (p<.0001). 1) Bilateral activation was observed 
for pro- and antisaccades at the junction o f the precentral and superior frontal 
sulci (FEF) with additional activation rostral to this area during antisaccades. 
2) The caudal intraparietal sulcus (cIPS) was active during prosaccades and 
additional voxels encompassed the prosaccade region (164% mean increase in 
number of active voxels). 3) A region rostroventral to the cIPS (mIPS), 
between the cIPS and the postcentral sulcus during anti- but not prosaccades. 
These results suggest that additional neuronal ensembles are recruited during 
antisaccades. Additional activation surrounding the cIPS and rostral to the 
frontal eye fields during antisaccades was robust (7 Ss) and parallels single 
unit and imaging data that demonstrate the executive oculomotor functions of 
these regions. Middle IPS activation (7 Ss) corresponds to an area active 
during prism adaptation and may mediate coordinate remapping necessary for 
the execution of antisaccades. Supported by the MRC and HFSP.

451.8
DIFFERENTIAL ACTIVATION IN HUMAN POSTERIOR CINGULATE AND 
DORSAL CORTICAL AREAS DURING PURSUIT AND SACCADIC EYE 
MOVEMENTS: AN fMRI STUDY. R.A. Berman*1,2, J.A. Sweeney2,3, K.R. 
Thulbom2,3. and C.L. Colby1,2. Department of Neuroscience1 and Center for the 
Neural Basis of Cognition2, University of Pittsburgh, Pittsburgh PA 15260; MR 
Research Center3, University of Pittsburgh Medical Center, Pittsburgh PA 15213.

Human functional imaging studies indicate that pursuit and saccadic eye 
movements are subserved by distinct cortical subregions as they are in monkey 
(Berman et al. 1996; Petit et al. 1996, 1997; Sweeney et al. 1997). These 
previous neuroimaging studies have compared each eye movement task to a 
fixation baseline or eyes open in the dark, and also focused on a restricted area of 
the brain. In our current study, we directly compared pursuit and saccadic eye 
movements in order to further delineate activation differences associated with these 
eye movements. We conducted whole-brain gradient-echo echo-planar studies at 3 
Tesla while subjects (N=5) alternated between pursuit and saccade tasks.

Pursuit eye movements, relative to saccades, elicited greater activation 
bilaterally in the posterior cingulate cortex. This finding is consistent with the 
single-unit work of Olson et al. (1996), who proposed that this area participates 
in visuospatial and oculomotor functions by monitoring the ongoing movement 
and position of the eyes. Direct comparison of pursuit and saccade conditions also 
revealed several subregions in intraparietal and frontal cortical areas that exhibited 
differential activation. These data provide evidence that specific regions in the 
dorsal processing stream and posterior cingulate cortex are preferentially activated 
by pursuit or saccadic eye movements.
NSFIBN-9753013, McDonnell-Pew 97-20, NS35949, MH01433.

Society for Neuroscience, Volume 24 ,1998



1146 OCULOMOTOR SYSTEM: CORTEX II TUESDAY AM

451.9
ELECTRICAL STIMULATION OF FRONTAL EYE FIELD PRODUCES BOTH 
HEAD AND EYE MOVEMENTS. T. Tu and E.G. Keating*. Dept. of Anatomy 
and Cell Biology, SUNY Health Science Center, Syracuse, NY 13210.

While the coordination of eye and head movements during gaze saccades has 
been studied in the brainstem and in normative behavioral studies, little has been 
shown about whether head movements can be produced by higher cortical areas. 
Recent anatomical studies have uncovered pathways that connect FEF to brainstem 
head motor areas, and early frontal eye fi eld (FEF) stimulation studies in head free 
animals produced saccades that included head movements as well as eye 
movements.

We have stimulated the FEF of one macaque monkey whose head was 
unrestrained to +/- 45° from center along the horizontal plane. Head and gaze 
position were monitored with search coils. The animal was trained to fixate head as 
well as gaze targets via visual feedback about his head position, thus allowing us to 
control his initial head position and gaze position simultaneously.

Stimulation in the FEF (50-100µA, 150Hz, 400ms) produced both head and eye 
movements directed contralaterally to the side of stimulation. The head and eye 
movements were synchronized to the start of stimulation with an average lag of 60 
and 35ms respectively, and were produced from all initial head and gaze positions 
(+15°, center, -15°). On control trials where no stimulation took place, spontaneous 
saccades often occurred, but both contralateral and ipsilateral movements were 
produced, and latencies were not synchronized.

These data suggest that the FEF controls head as well as eye movements, either 
as part of a combined gaze command, or separately as eye and head commands. 
(NSFIBN931920. Hendricks Foundation Support)

451.11
NEURAL ACTIVITY ASSOCIATED WITH SACCADE TARGET SELECTION IN 
THE PRIMATE FRONTAL EYE FIELD. D. Shi*, H. R. Friedman, and C. J. 
Bruce. Section Neurobiology, Yale Univ. Sch. Med., New Haven, CT 06520-8001.

We investigated the neural correlates of target selection in the macaque frontal eye 
field (FEF) by studying neurons responding prior to saccades. First, we mapped their 
response fields, and classified their pre-saccadic activity as visual, movement, or 
visuomovement based on responses in a memory-saccade task. To analyze target 
selection we used variants of a match-to-sample saccade task wherein the correct 
peripheral target is instructed by the color (red or green) of a sample presented behind 
the fixation light. All task variants began with fixation of a central white spot and 
ended when that spot was extinguished, which was the signal to saccade directly to the 
correct target. One peripheral target was always located in the cell’s response field and 
the other at the diametrically opposite location, and blocks of trials were always 
balanced for correct color and target location. In the l st task variant the peripheral 
target pair appeared first, followed by the sample. In the 2nd the sample presentation 
preceded the targets. In the 3rd variant, a “double-delay” version of the 2nd, there was a 
0.5 delay between sample-off and targets-on, and then a further 0.5 s wait before the 
fixation point was extinguished.

For cells tested with the 3rd variant, 88% showed significantly greater activity 
when the correct target was in the response fi eld, beginning -250 ms after the target 
pair appeared and continuing until the saccade was made. Such differential responses 
were also found following the sample presentation in the 1st task variant and following 
the combined target-presentation/fixation light off in the 2nd variant.

These results suggest that a differentiation of FEF visual activity accompanies the 
process of saccade target selection prior to the onset of FEF movement activity. 
Supported by PHS grants EY04740 & MH44866.

451.13
VISUAL SELECTION AND MOTOR PREPARATION IN 
SIMULTANEOUSLY RECORDED NEURONS IN FRONTAL EYE 
FIELD OF MACAQUE MONKEYS. S.C. Rao*, K.G. Thompson & J.D. 
Schall, Vision Research Center, Vanderbilt University, Nashville TN 37240.

We have proposed that the visual selection process observed in frontal 
eye field (FEF) visual neurons corresponds to the outcome of perceptual 
processing (Thompson et al. 1996 J Neurophysiol 76:4040). In other 
work we have described the motor preparation process in FEF movement 
neurons (Hanes & Schall 1996 Science 274:427). To investigate how the 
visual selection process relates to the saccade preparation process, we 
have now recorded from several FEF neurons simultaneously in monkeys 
performing a visual search task. The target of the search array was made 
either salient or nonsalient on randomly interleaved trials. For pairs of 
visual and movement neurons, the target selection process and the motor 
preparation process evolved together. Longer reaction times during the 
nonsalient search task, as compared to the salient search task, were 
accompanied by proportional delays in these processes. The cross 
coincidence histograms for these neuron pairs revealed a gradual build up 
of coincident activity that began during the fixation of a central spot and 
reached a maximum during the selection process following search array 
presentation. The same neuron pairs also showed decreased coincident 
activity during intertrial intervals. This correlated firing when the animal 
is actively engaged in the task suggests functional interactions occur 
specifically during the trial period.
(Supported by NEI R01-EY08890 and the McKnight Endowment)

451.10
CORTICAL AFFERENTS TO THE SMOOTH-PURSUIT EYE 
MOVEMENT REGION OF THE MACAQUE FRONTAL EYE FIELD 
(FEFsem)._G. B. Stanfon*l , H.R. Friedman, E .C . Dias, and C.J .  Bruce2. 
1Dept. of Anatomy, Howard Univ. College of Med., Washington, DC 
20059; 2Sect. Neurobiology, Yale Univ. Sch.of Med., New Haven, CT 
06520-8001.

After FEFsem was electrophysiologically identified in the floor of the 
arcuate sulcus in two monkeys, we made pressure injections of WGA- 
HRP and Fast Blue to map retrogradely labeled cortical neurons. Most 
labeling was ipsilateral and similar in both cases. In the frontal lobe, 
labeled cell bodies were found mainly in the walls or floor of the superior 
and inferior limbs of the arcuate sulcus and walls of the caudal half of 
the principal sulcus. A patch of labeled cells was also found in the 
presumed SEF in dorsomedial area 6. Bilateral cell labeling was found in 
the cingulate cortex and floor of arcuate sulcal spur in the region of FEF.

In postcentral cortical areas, cell labeling was greatest in the anterior 
bank and floor of the superior temporal sulcus (STS). This cortex 
included areas MT, FST, MST, and posterior area PG near the end of the 
lateral sulcus (LS). Small patches of labeled cells were found in the floor 
of the posterior LS. Many labeled cells were found in areas LIP and VIP 
in the deeper half of the posterior wall of the intraparietal sulcus (IPS). 
Small numbers of labeled cells were found in the posterior cingulate 
cortex and the floor of the central sulcus. In one animal, labeled cells 
were found along the anterior wall of the IPS, the retroinsular cortex of 
LS and the convexity of the precentral gyrus. Several of these afferent 
cortical areas to FEFsem are sources of visual motion (MT, MST, FST, 
LIP, VIP) or vestibular (area PG, LS cortex) signals, consistent with the 
physiological properties of FEFsem. PHS grants EY04740/ & mh44866 to cjb.

451.12
EFFECTS OF VISUAL. SALIENCE ON TARGET SELECTION IN 
FRONTAL EYE FIELD OF M ACAQUE M ONKEYS. K.G. Thom pson*, S.C. 
Rao & J.D . Schall. Vision Research Center, Vanderbilt University, Nashville 
TN 37240.

We have reported that visual neurons in m acaque frontal eye field (FEF) 
discriminate the salient oddball target o f a pop-out visual search array. We 
have proposed that this selective activity in FEF represents the outcome of 
perceptual processing (Thompson et al. 1996 J Neurophysiol 76:4040). We 
have now tested this hypothesis directly by recording from neurons in FEF 
while varying the visual salience of the target relative to the distractors of a 
search array by switching the color o f the distractors randomly from trial to 
trial. Saccade latencies to the nonsalient target were on average about 50 ms 
longer than saccade latencies to the salient target, and errant saccades occurred 
more often in nonsalient target trials. Using a method from signal detection 
theory the discrimination o f target from distractors was measured with an index 
ranging from 0.5 to 1.0. On average, the discrim ination index achieved by 
visually responsive FEF neurons during visual search was lower for the 
nonsalient than for the salient target in the search array. This decrease in the 
discrimination index was often more pronounced for trials with longer saccade 
latencies. Also, an arbitrary threshold o f discrimination was reached later 
during the nonsalient search as compared to salient search, and this difference 
was proportional to the difference o f reaction time across the two conditions. 
The finding that visual salience modulates the discrimination process of many 
FEF neurons is consistent with the hypothesis that visual selection in FEF 
reflects the outcome of perceptual processing.
(Supported by NEI R01-EY08890 and the McKnight Endowment)

451.14
INSTRUCTIONAL DEPENDENCE OF DELAY ACTIVITY IN THE PROJECTION 
FROM FRONTAL EYE FIELD TO SUPERIOR COLLICULUS IN MACAQUE. R
H. Wurtz* & M. A. Sommer. Lab. of Sensorimotor Research, National Eye Institute,
N.I.H., Bethesda, MD 20892.

Many neurons in monkey cortex and superior colliculus (SC) exhibit tonic activity 
if a delay is imposed between presentation of a visual target and the initiation of a 
saccade toward it. We are studying whether this delay activity is related to saccade 
generation. In the SC, much of the delay activity depends on instruction to move 
(Sommer, Paré, & Wurtz, Neurosci. Abstr. 1997). Some of this instructional 
dependence is relayed to the SC from the lateral intraparietal area (LIP) of cortex (Paré 
& Wurtz, Neurosci. Absir. 1997). In the present study we examined to what extent 
instructional dependence is relayed from the frontal eye field (FEF). Corticotectal 
neurons were identified by recording from FEF while electrically stimulating the 
intermediate layers of ipsilateral SC with single biphasic pulses (<≤600 µA). 
Antidromic activation was confirmed with the collision test. Out of 105 corticotectal 
neurons, about 1/3 exhibited delay activity, and we examined how these neurons 
responded in a GolNo-Go task. The monkey fixated a blue stimulus, a target appeared 
in the periphery, and then 800-1200 ms later the fixation spot turned green ("Go" 
instruction) or red ("No-Go" instruction). After another 800-1200 ms (the "instruction 
period") the fixation spot turned blue again, cueing the monkey to make a saccade to 
the target (after "Go" instruction) or continue fixating (after "No-Go" instruction). 
Nearly 2/3 of the FEF corticotectal neurons with delay activity had significantly higher 
rates of discharge in Go vs. No-Go trials during the instruction period (mean ratio =
I . 5). Therefore, the FEF, like LIP, does send instructi onally dependent signals to SC. 
The amount of instructional dependence carried by the two corticotectal projections 
was similar. However, it was much less than the instructional dependence exhibited by 
SC neurons. Our three studies indicate that delay activity within SC is strongly related 
to saccade generation and that this is only partially due to a relay of signals from FEF 
and LIP. Supported by the N.E.I.
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451.15
VISUAL AND SACCADE-RELATED ACTIVITY IN THE HUMAN FRONTAL 
EYE FIELD. O. Blanke, C.M. Michel, G. Thut, S. Morand,
A. Pegna*, N. de Tribolet, T. Landis, M. Seeck. Departments 
of Neurology and Neurosurgery, University Hospital of 
Geneva, 1211 Geneva 14, Switzerland.

Studies in the monkey have demonstrated the implication 
of the frontal eye field in the generation of purposive 
saccades and in visuospatial processing. In humans recent 
studies have allowed the localization of the human frontal 
eye field at the posterior extremity of the middle frontal 
gyrus and the adjacent precentral gyrus. Yet, only few 
data have been reported about the implication of the human 
frontal eye field in visuospatial processing.

Here, we present the results of two patients with 
pharmacoresistant epilepsy undergoing intracranial 
presurgical evaluation for epileptic focus localization.
By means of electrical cortical stimulation, the human 
frontal eye field was anatomically and functionally 
localized. Intracranially measured event related 
potentials in a visual task, a visually-guided saccade 
task, and a fixation task permitted to separate visual 
and oculomotor related neuronal activity in this cortical 
area.

Our results provide direct evidence that the human 
frontal eye field is involved in the planning and 
execution of contraversive gaze movements as well as in 
the processing of visual stimuli in the same spatial 
hemifield.

451.17
O CU LO M O TO R M NEM ONIC FUNCTIONS OF TH E 
FRONTAL EYE FIELD  AND TH E CAUDATE NUCLEUS. B.
Gaymard*, C.J. Ploner, S. Rivaud, C. Pierrot-Deseilligny. INSERM 289, 
Hôpital de la Salpêtrière, F-7565l Paris, France.

Physiological studies in monkeys suggest that the frontal eye field (FEF) 
and the caudate nucleus (CN) are involved in visual short-term memory. In a 
patient with a FEF lesion, memory-guided saccades (MGS) were less accurate 
when performed after a 7s-delay than after a ls-delay (MGS-1), and MGS-1 
were less accurate than visually guided saccades (VGS). Accuracy of MGS-7 
was similar whether a VGS was performed at the beginning of the delay 
(displacement of the fixation point) or not, suggesting that the spatial signal 
stored in the FEF is updated by an intervening saccade, but improved if a 
whole-body rotation was performed at the beginning of the delay (with a 
head-fi xed fixation point allowing VOR suppression), thus suggesting that the 
non-oculocentric spatial signal of the body rotation is stored outside the FEF. 
Memory-guided pointing with a 7s delay (MGP-7) was normal. Similar find
ings were obtained in a patient with an acute lesion in the body of the CN: 
MGS accuracy decreased with delay length, while MGP-7 was normal. How
ever, MGS-7 accuracy was normal if the instruction for the required output 
(saccade vs. pointing) was provided at the end of the delay. Moreover, this 
patient performed accurately in a visuo-spatial delayed matching-to-sample 
task with a 7s-delay. Taken together, the results from both patients suggest 
that (I) the FEF and the body of the CN participate in a common network in
volved in the short-term storage of a spatial signal encoded in oculomotor but 
not in perceptual coordinates, and that (II) this signal, once it is generated, 
may exist in parallel with an independently from perceptual coordinates, 
which are probably stored in the dorsolateral prefrontal cortex.

451.19
STIM ULATION O F TH E SUPPLEM EN TA RY  EYE FIELDS 
A FFECTS SACCADE TIM ING. S.J. H einen* & A.N, A nbar. The 
Sm ith-K ettlew ell Eye Research Institute, San Francisco, CA 

The supplem entary  eye fields (SEF) are involved in p lanning and control 
o f  saccadic and pursu it eye m ovem ents. W e have previously  shown that 
m icrostim ulation  here can affect the tim ing  o f  pursu it initiation (Heinen, 
1996). B urm an and Bruce (1997) have show n that m icrostim ulation  in the 
frontal eye fields (FEF) can delay the in itiation o f  task-rela ted  saccades. 
W e asked i f  stim ulation  o f  the SEF also affect saccade initiation. 
Stim ulation w as given in the SEF with tungsten  m icroelectrodes while the 
m onkey was in a paradigm  in w hich he w as preparing  to m ake a visually- 
guided saccade. The targe t step was 15 deg and presented random ly left or 
right. Target duration  w as 200 m sec. The standard stim ulation train  was 
100 m sec. S tim ulation delayed both d irections o f  sacccades but the greatest 
effect was ipsila teral. W e varied the tim e that the stim ulation train was 
given, and saccades w ere delayed w hen stim ulation  onset occurred at 
around the tim e the targe t m oved up until it p receded norm al saccade onset 
by as little as 20 m sec. Interestingly, the an im al w as not able to m ake a 
saccade for 80-100 m sec after the s tim ulation  w en t off, yet the saccades 
w ere still accurate. W hen stim ulation duration w as varied, b rie f  trains (25 
m s) still delayed saccades. Trains o f  200 m sec could delay  saccades by 
over 400 m sec, 200 m sec beyond w hen the targe t w ent off. The results 
suggest a ro le for the SEF in tim ing  saccades as w ell as pursuit.
Supported by: N IH  E Y 1 1720.

451.16
L o c a l iz a t io n  a n d  c h e m o a r c h i t e c t u r e  o f  t h e  h u m a n  f r o n t a l

EYE FIELD. M. R. Peralta I I I1 P.R. H o f2, L. P e tit1, and L.G. U ngerleider1 *. 
1 Laboratory o f B rain and C ognition, NIH , B ethesda, 20892, 2Neurobiology 
o f A ging Laboratories, M ount S inai School o f  M edicine, N ew  Y ork, NY 
10029.

The frontal eye field (FEF) plays an im portant role in oculom otor control of 
both saccadic and pursu it eye m ovem ents. S ingle cell record ing  studies in 
m acaque m onkeys have localized the FE F to the an terior bank o f the arcuate 
sulcus, near its genu, extending  forw ard about 2-3 m m  onto the gyrus ju st 
posterior to  the principal sulcus w ithin the prefrontal cortex. In hum ans, by 
contrast, functional brain im aging studies have localized the FE F to a m ore 
posterior region, located w ithin the precentral sulcus in w hat appears to be 
prem otor cortex. D espite these apparent localization differences, it is possible 
that the m onkey and hum an FE F  resem ble each o ther histochem ically . To 
investigate this possibility, we analyzed the region o f the FE F  in m onkey and 
hum an brains using  a m onoclonal an tibody to nonphosphory la ted  n eu ro -
filam en t pro tein  th at is know n to label select p opu lations  o f  pro jection  
neurons in the prim ate neocortex. The m onkey F E F  is ch aracterized  by a 
dense population o f large neurofilam ent-contain ing  neurons in layer III and 
regularly  spaced, very large, intensely labeled pyram idal neurons in layer V. 
The neuropil staining is also more intense than in adjacent areas. A region of 
cortex located in the postero-superior p rem otor cortex  in the depth o f the 
precentral sulcus show s com parable  sta in ing  pa tte rns in the hum an with 
prom inent im m unoreactive neurons in layer V, and a very dense population 
o f labeled neurons in layer III. The neuropil staining in tensity  is also very 
high and the overall patterns allow s for unequivocal defin ition  o f this region. 
These observations confirm  that the FE F  in hum an is not located  in the same 
topograph ic  location  as in m onkeys. H ow ever, the sim ila ritie s  in neuro
filam ent protein staining, together with ex isting  physio log ic  and im aging 
data, suggest that these co rtica l reg ions are functionally  hom ologous in 
m acaque m onkeys and hum ans.

451.18
TRANSCRANIAL MAGNETIC STIMULATION (TMS) DURING DOUBLE 
STEP SACCADES. ROLE OF SUPPLEMENTARY EYE FIELDS.
P. Tobler, C.W.Hess, R.M. Müri*. Dep. of Neurology, Univ. of Bern, Inselspital. 
CH-3010 Bern, Switzerland.

The double step saccade paradigm in which two consecutive visual 
targets were briefly presented, is helpful to study different aspects of calculation 
of saccade amplitude. A complex cortical network is involved in such saccade 
control (1). In a previous study (2) two regions, the frontal eye field (FEF) and 
the supplementary motor area (SMA) including the supplementary eye field 
(SEF) were stimulated by TMS, applied just before the first saccade occurred. 
We found that stimulation of the right FEF affected the percentage of errors in 
amplitude (PEA) of the second, contralateral saccade to the left. TMS over SMA 
had no influence on PEA. In the actual study (8 subjects were examined), which 
was approved by the local ethical committee, we were interested on TMS effects 
after the first saccade was performed. Kruskal-Wallis test for PEA of the second 
saccade under different conditions (no stimulation, TMS of FEF or SMA) was 
significant (no TMS: mean PEA: 29%, TMS of FEF: 36%; SMA: 43%, P <
0.01). M ann-Whitney testing revealed that this significant difference of PEA 
was due to SMA stimulation (P < 0.03). On the other hand, there was no 
significant side difference of PEA between rightsided and leftsided saccades. 
These results suggest that the SMA including the SEF play an important role in 
correct performance of the second saccade. Furthermore. SMA and FEF seem to 
be involved at different time intervals in the control of the second saccade of the 
double step paradigm.
1) W. Heide et al. Ann. Neurol. 38:739-748 (1995).
2) P. Tobler. C.W. Hess. R.M. Müri. Soc. Neurosci. Abstr. 23. Part 1, 475 
(1997).

451.20
SACCADES INDUCED ELECTRICALLY FROM THE 
DORSOMEDIAL FRONTAL CORTEX; EVIDENCE FOR A 
HEAD-CENTERED REPRESENTATION. W.M. Slocum. A.S. 
Tolias, E.J. Tehovnik, and P.H. Schiller*. Department of Brain 
and Cognitive Sciences, Massachusetts Institute of Technology, 
E25-634, Cambridge, MA 02139.

The amplitude and direction of saccadic eye movements 
evoked electrically from the dorsomedial frontal cortex (DMFC) 
of monkeys vary with starting eye position. This observation 
has been used to argue that the DMFC codes saccadic eye 
movements in head-centered coordinates. Whether the 
amplitude and direction of the evoked saccadic eye movements 
are also affected by changes in head position has never been 
demonstrated. Such a result would argue against a head- 
centered representation, and instead would suggest a 
representation anchored to another body part. Tests were 
conducted on rhesus monkeys to determine whether changing 
the position of the head with respect to the trunk or changing 
the position of the head with respect to the gravitational axis 
alters saccadic parameters. The amplitude and direction of 
saccadic eye movements remained invariant to such 
manipulations. These findings confirm the claim that the 
DMFC encodes saccadic eye movements in head-centered 
coordinates. [NEH EY08502]
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451.21
BEHAVIORAL CONDITIONS AFFECT SACCADIC EYE 
MOVEMENTS ELICITED ELECTRICALLY FROM THE 
DORSOMEDIAL FRONTAL CORTEX AND FRONTAL EYE FIELDS.
E.J. Tehovnik*, W.S. Slocum, and P.H. Schiller. Department of Brain 
and Cognitive Sciences, Massachusetts Institute of Technology, E25- 
634, Cambridge, MA, 02151.

We measured the effect of various behavioral conditions on saccadic 
eye movements evoked electrically from the dorsomedial frontal cortex 
(DMFC) and frontal eye fields (FEF) in rhesus monkeys. Monkeys 
were rewarded for fixating a visual target. The probability of eliciting 
saccades from the DMFC and FEF increased as the gap between the 
termination of the fixation target and the delivery of stimulation was 
increased. This probability was affected by the duration of active 
fixation and by the delay of juice reward when stimulation was 
delivered to the DMFC but not when stimulation was delivered to the 
FEF. The current threshold to evoke saccades from the DMFC had to 
be increased 16 times during active fixation as compared to non-active 
fixation. In contrast, the current threshold to evoke saccades from the 
FEF had to be increased 3 times during active fixation as compared to 
non-active fixation. Thus active fixation had a greater effect on 
saccades elicited from the DMFC than it did on saccades elicited from 
the FEF. We suggest that the DMFC is more remote from the motor 
output than is the FEF since saccades evoked from the FEF were less 
readily overridden by the behavioral state of the animal. [NIH 
EY08502]

451.22
SUBM O DALITY-DEPENDENT DEFICITS IN A V ISUAL SEARCH TASK DUE  
TO LOCAL INJECTIONS OF MUSCIM OL INTO THE MONKEY PREFRONTAL  
CORTEX.
M. Iba* and T. Sawaguchi. Dept. of Psychology, Hokkaido U n iv ., N10 W 7, Kita- 
ku, Sapporo 060-0810, Japan.

To examine the possible involvement of the prefrontal cortex (PFC) in 
selective visual attention, muscimol was locally injected into the dorsolateral 
PFC (52 sites) of a rhesus monkey that performed an oculomotor visual search 
task. In this task, after the monkey fixated on a central fixation spot for 2s, a 
stimulus array (geometric figures, 8 directions separated by 45°, 15° in 
eccentricity) appeared, and the subject was then required to make a saccade to 
a target (red cross) among distractors with a different shape (i.e., red square; 
SHAPE condition) or with a different color (i.e., green cross; COLOR condition). 
The subject also performed a detection task as a control task, in which the 
stimulus array contained only target stimulus. The local injection of muscimol (5 
µ g/1 µ I, 1 µ l; 13 sites) induced a specific deficit in the search task but not in the 
control task; search time was significantly prolonged and the saccade was 
frequently misdirected after the injection. Furthermore, the deficit was 
submodality-dependent, and affected sites were distributed in three distinct 
regions based on this dependency; i.e., regions associated with deficits only for 
the COLOR condition, only for the SHAPE condition, and for both conditions. 
These findings suggest that the dorsolateral PFC is involved in selective visual 
attention processes and that the attention processes for different visual 
submodalities are represented separately or in parallel to be integrated in this 
area.

SPINAL CORD AND BRAINSTEM: ANATOMY, HISTOLOGY AND IMAGING

452.2452.1

ULTRASTRUCTURES OF MUSCLE-SPINDLE AND PERIODONTAL 
AFFERENT NEURONS IN THE TRIGEMINAL MESENCEPHALIC 
NUCLEUS. S. Honma, M. Moritani, L.F. Zhang, A. Yoshida,
Y. Shigenaga*. Dept. of Oral Anatomy, Osaka Univ. Fac. of Dent.; 
Osaka 565-0871, Japan.

The trigeminal mesencephalic nucleus comprises the cell bodies of 
primary afferrent neurons supplying jaw-closing muscle spindles and 
periodontal ligaments. The present study examined the ultrastructures 
of synapses made on two kinds of neuron by using intracellular recordings 
and intracellular staining with horseradish peroxidase in the cat. The 
soma from each afferent was serially sectioned. Both neurons made 
synaptic contacts between the soma and unlabeled boutons. A few 
boutons synapsing with the soma were presynaptic to unlabeled dendrites 
or axoaxonic to unlabeled terminals. The most boutons contacting the 
soma contained mainly clear, round and ovoid, synaptic vesicles and 
rarely larger dense cored vesicles, but some boutons contained clear, 
round, synaptic vesicles. The most boutons made typical synaptic 
junctions, but some were devoid of such synaptic specialization. Among 
boutons that made typical synaptic junctions, most of them established 
asymmetrical synapses, but some symmetrical ones. These ultrastructural 
features were common to the two kinds of neuron, but the soma from 
spindle afferents made larger numbers of synapse than that from 
periodontal ligament neuron.

The present study demonstrated that muscle spindle and periodontal 
ligament afferents receive synaptic contacts, and suggest that the former 
receives a higher density of inputs from higher brain than the latter.

452.3
EXPRESSION OF C-JUN AND NOS IN THE LATERAL NUCLEUS OF ADULT 
RATS AFTER SPINAL CORD INJURY AND PERIPHERAL NERVE GRAFT 
TRANSPLANTATION. Y. Jin. D. Tay K.-F. So and W. Wu. (SPON: The Hong 
Kong Society o f Neuroscience). Department of Anatomy, Faculty of Medicine, The 
University of Hong Kong, Hong Kong, China.

The present study has investigated the expression of c-jun and nitric oxide syn
thase (NOS) in the lateral vestibular nucleus (LVN) o f adult rats in response to 
axotomy alone and axotomy with a peripheral nerve (PN) graft implanted at the le
sion site in the third cervical spinal cord. Immunocytochemistry for c-jun and 
NADPH-d histochemistry for NOS were performed on the same sections to detect 
their coexpression in LVN neurons. The expression of c-jun was detected in LVN 
neurons 1 day after spinal cord injury with weak immunoreactivity. Strong c-jun 
immunoreactivity was found 3 days post-injury. The expression of c-jun decreased 
gradually after reaching its maximum level (45%±2.5, mean±SD) 1 week post
injury. C-jun expression was still evident in about 15% of LVN neurons 6 weeks 
post-injury. PN graft was shown to significantly enhance c-jun expression 4 weeks 
post-injury ( from 20% axotomy alone to 30% PN graft transplantation, P<0.05). 
About 8% of regenerating neurons was found in LVN and approximately 87% of 
these neurons showed c-jun immunoreactivity. However, there was no significant 
effect of PN graft on NOS expression either 2 or 4 weeks post-injury. Double stain
ing for c-jun and NOS showed that approximately 93% NOS positive neurons colo
calized with c-jun. Comparing the time course of the appearance of c-jun and NOS, 
the expression of c-jun preceded the expression o f NOS. The higher percentage of 
regenerating neurons expressing c-jun indicated that c-jun might be involved in the 
regenerative process. The particular coexpression of c-jun and NOS in LVN neurons 
might indicate a protective role of NOS whose presence might be activated by c-jun. 
(Supported by a RGC grant from Hong Kong)

CHANGES IN THE DISTRIBUTION OF GAP-43 DURING DEVELOPMENT OF 
THE CERVICAL ENLARGEMENT OF MONKEY SPINAL CORD.
T. Oishi1*, N. Higo1, A. Yamashita3, K. Matsuda1, K. Kawano1, and M. Hayashi3,1
Neuroscience Sect., Electrotechnical Lab., Tsukuba, Ibaraki 305-8568, Japan, 2Dept. 

Anat., Nihon Univ. Sch. Med., Itabashi, Tokyo 173-0032, Japan, 3Dept. Cell. Mol. 
Biol., Primate Inst., Kyoto Univ., Inuyama, Aichi 484-0081, Japan.

The developmental changes in the expression of GAP-43 were studied in the 
cervical enlargement (T 1) of macaque monkeys using immunohistochemistry. At 
postnatal day 8 (P8), the density of GAP-43-immunoreactive structures (GAP-ir) 
was high in the lateral corticospinal tract and the dorsolateral tract, and moderate in 
the ventral corticospinal tract. At P 183, the density of GAP-ir was moderate in the 
lateral corticospinal tract, the dorsolateral tract, the dorsal horn, the lateral horn, and 
the ventral horn. At P365, the pattern of GAP-ir was similar to that at P 183 except 
that the density of GAP-ir was higher in the dorsal horn and the lateral horn than in 
the other regions. At the adult stage (7.4 y), the density of GAP-ir was high in the 
lateral horn and the substantia gelatinosa of the dorsal horn. Throughout development, 
there were no GAP-ir in the fasciculus glacilis and the nucleus dorsalis. Developmental 
changes in GAP-ir in the motor nuclei of the ventral horn suggest that increase in 
the density of corticomotoneuronal projections begins after P8, continues even after 
P365, and stops by 7.4y. These results coincide with the findings of WGA-HRP 
study by Armand et al. (J. Neurosci., 1997). High density of GAP-ir in the lateral 
horn and the substantia gelatinosa of the dorsal horn of the adult spinal cord suggests 
that synaptic plasticity in these regions remains until the adult stage. (This work was 
supported by the Japanese Agency of Industrial Science and Technology of MITI, 
CREST of Japan Science and Technology Corporation, and the Cooperation Research 
Program of Primate Research Institute, Kyoto University.)

452.4
NO P O SITIVE  CO RRELATIO N BETW EEN SOM A S IZES  O F CAT  
MEDIAL P O N TINE G IANT CELLULAR TEG M ENTAL FIELD NEURO NS  
AND THEIR  AXONAL C O NDU CTIO N VELO CITIES .
K. Ito*, H. Imon, L. Dauphin and R. W . McCarle y . Lab Neurosci., Dept. 
Psych., Harvard Med. Sch.N AMC, Brockton MA 02401.

Medial pontine giant cellular tegmental field (m -PFTG ) neurons 
projecting to the lumbar spinal cord were examined in the cat, regarding soma 
sizes and their antidromic axonal conduction velocities. O f 210 intracellularly 
recorded m-PFTG neurons, which were identified by stimulation of the bulbar 
reticular formation, 115 cells were successfully labeled by intracellular 
neurobiotin pressure injection with diaminobenzidine reaction (Kita et al, 1991). 
Ninety-three neurons out of 115 labeled cells had antidromic activation from 
at least one of eight stimulation sites (i.e., ipsi- and contralateral dorsal horn, 
lateral funiculus, ventral horn and anterior funiculus) in the second lumbar 
spinal cord, whereas 22 labeled cells had no activation. Soma sizes were 
measured by a digitized measurement system (SigmaScan) after 
reconstruction drawings through camera lucida tracings. Axonal conduction 
velocities were calculated using the distance between the recording and 
stimulating sites, measured from the dissected brainstem-spinal cord after the 
conclusion of each experiment, divided by the shortest antidromic latency. 
Contrary to our original expectation, where large neurons might have longer 
and thick axons and thick axons might have high conduction velocities, the 
data shows no positive correlation between soma sizes and their axonal 
conduction velocities, while there is a significant difference in soma size 
distributions between neurons with antidromic activation from the lumbar 
spinal cord and ones with no activation.This research is supported by the 
Veterans’Administration (R. W. M.) And NIMH 39, 683 (R. W.M.)
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452.5
THE DISTRIBUTION, ABUNDANCE AND CALBINDIN D28K CONTENT OF 
IMMUNOHISTOCHEMICALLY IDENTIFIED RENSHAW CELLS IN RAT AND 
CAT. P.A. Carr*, E.A. Leman, F.J. Alvarez and R.E.W. Fyffe. Dept. of Anatomy, 
Wright State University, Dayton, OH 45435.

The distribution and abundance of Renshaw cells in rat and cat lumbar spinal 
cord was assessed using the characteristic staining pattern produced by gephyrin- 
immunoreactivity as a Renshaw cell specific marker (Alvarez et al, J  Comp Neurol 
379, 150-170: 1997). As it has been suggested that Renshaw cells may contain 
calbindin D28k (Arvidsson et al, J  Neurosci 12, 718-728: 1992; Sanna et al, PNAS 90, 
3048-3052: 1993), double immunofluorescent labeling for gephyrin and calbindin 
D28k was utilized to examine the calbindin D28k content of identified Renshaw cells. 
In rat L4 spinal cord, an average of 2.0 Renshaw cells per ventral horn was observed 
in 20 µm thick transverse sections. In cat L6 spinal cord an average of 2.2 Renshaw 
cells per ventral horn was observed in 20 µm thick transverse sections. Based on this 
data, we estimate that there are approximately 250 Renshaw cells per ventral horn in 
the fourth lumbar segment of rat spinal cord and approximately 750 Renshaw cells per 
ventral hom in the sixth lumbar segment of cat spinal cord. In both rat and cat 
approximately 100 Renshaw cells were observed per 1000 µm distance of 
rostrocaudal spinal cord. Of the 487 identified Renshaw cells examined in rat spinal 
cord, all contained calbindin D28k immunoreactivity. However, of the 71 identified 
Renshaw cells examined in cat spinal cord, only 48% contained calbindin D28k 
immunoreactivity. These results suggests that there may be species differences in the 
neurochemical content o f Renshaw cells. However, the presence of high levels of 
calcium binding protein in these cells suggests that at least a subpopulation of 
Renshaw cells may have distinct metabolic mechanisms and homeostatic 
requirements. Supported by NIH grant NS25547 to REWF.

452.7
THE ULTRASTRUCTURE OF CORTICOSPINAL SYNAPSES IN THE 
RAT. H.-W. Yang* and R. N. Lemon. Sobell Department of 
Neurophysiology, Institute o f Neurology, Queen Square, London 
WC1N 3BG, UK.

Anterograde transport of biotinylated dextran amine (BDA) was pressure- 
injected into the forelimb cortical motor area with 14 days survival to 
investigate the projection o f the corticospinal tract in the rat. At the light 
microscopic level, BDA-labelled corticospinal axonal arbors were found to 
terminate within all laminae on the side contralateral to the injection site, 
most intensively in laminae VI and VII. Labelling in the ventral horn, though 
present, was extremely sparse. At the electron microscopic level, twenty 
BDA labelled boutons were found. Fifteen were seen to make asymmetrical 
synapses, one of them on a cell body and fourteen of them on dendrites. Two 
were apposed to dendrites, but did not make synaptic contact; and three 
labelled boutons containing synaptic vesicles did not appear to appose any 
postsynaptic target. All o f the synaptic vesicles were round in shape. The 
maximal area of these boutons, derived from serial sections, ranged from
0.32 to 2.82 µm2 and their maximal active zone lengths ranged from 0.13 to 
0.66 µm. This ultrastructural study provides evidence that synaptic contacts 
formed by corticospinal terminals are o f the asymmetrical type and that the 
majority o f them make axo-dendritic contacts. The study to date provides no 
evidence for the existence o f direct cortico-motoneuronal connections in the 
rat.
Supported by The Wellcome Trust.

452.9
DOUBLE LABELING TRANSYNAPTIC TRACING OF LINGUAL MOTOR 
CONTROL CIRCUITS USING TWO STRAINS OF PSEUDORABIES VIRUS. L. 
R inaman1 and J.B. Travers2*. 1Dept. of Neuroscience, Univ. of Pittsburgh, Pittsburgh 
PA 15260 and 2Oral Biology, Ohio State Univ., Columbus, OH 43210.

Lingual muscles are innervated by spatially distinct, myotopically organized pools of 
motoneurons within the hypoglossal nucleus (mXII). It is unclear whether this 
myotopic organization extends to pre-motoneurons in the medullary reticular formation 
(RF). Recent transynaptic tracing studies using herpes simplex or pseudorabies virus 
(PRV) have indicated that RF pre-motor pools that innervate extrinsic tongue 
motoneurons are incompletely segregated from those that innervate intrinsic tongue 
motoneurons. The present double-labeling study sought to determine whether individual 
RF pre-motoneurons supply more than one mXII motoneuron pool. Two antigenically 
distinct strains of PRV (made by Dr. Lynn Enquist, Princeton Univ.) were used. The 
first, PRV-BaBlu, contains a gene insert that encodes ß-galactosidase. The second, 
PRV-D, contains a gene that encodes an envelope glycoprotein (gI) which PRV-BaBlu 
lacks. Injections were made in anesthetized rats with prior lingual autonomic 
denervation. PRV-BaBIu (0.6 µl; 6.2×108 pfu/ml) was injected into the (extrinsic) 
styloglossus muscle (STY). After 24-40 hrs, the more virulent PRV-D (1.0 µl; 2.5×108 
pfu/ml) was injected into the (intrinsic) anterior tongue (A T ). Rats were perfused 50-60 
hrs after the second injection. Brains were processed for immunolocalization of 
PRV-BaBlu and PRV-D. A complete segregation of primary motoneurons supplying 
these muscles was observed, evidence that both strains of PRV remain restricted 
peripherally and within mXII. Consistent with other reports, STY motoneurons were 
located in the anterior dorsal mXII, whereas AT motoneurons were located in the caudal 
ventral medial mXII. Results to date include evidence for single-labeled pre-motoneurons 
within the RF; it is not yet clear whether any cells project to both motoneuron pools. 
By adjusting the spacing between injections and the post-injection survival times, the 
distribution of RF neurons supplying extrinsic and/or intrinsic muscle motoneurons will 
become apparent. Supported by MH01208 to LR and DC00417 to JBT.

452.6
A CO M PARISO N OF M U SCLE A FFE R E N T DEVELO P M E N T IN THE  
FO RE- AND H INDLIM BS OF THE TAM M AR W A LLABY POUCH YOUNG.
S.M . Ho*and R.V. Stirling Developmental Neurobiology, Research School of 
Biological Sciences, Australian National University, Canberra, Australia 2601.

New bom wallabies express a robust forelimb movement which is essential 
for the pouch young to climb into the pouch. The hindlimbs are immobile, 
immature limb-buds at birth. During in pouch development, the robust 
forelimb alternating activity could be reactivated whenever the joey was 
removed from the pouch, but that the hindl¡mbs did not show any comparable 
rhythmic movements. The development of muscle afferents was examined to 
address whether proprioceptive input contributes to the marked asymmetry of 
the fore- and hindlimb movement.

Anatomical tracing with biocytin showed that the muscle afferents had 
reached the brachial motor horn by postnatal day (P) 1, but were less 
advanced in the lumbar region. By the 4th postnatal week, the afferent 
innervation of both brachial and lumbar cords became similar. Afferent 
discharges from stretching the biceps muscle could be recorded at birth, but 
not until P4 from the hindlimb gastrocnemius muscle. The discharges were 
predominantly phasic until P35 when tonic activity could also be recorded. 
Short latency spinal reflex responses superimposed upon a longer lasting 
potential were present in the brachial cord at birth, appearing in the lumbar 
cord at P4. By the 3rd postnatal week, spinal reflex became comparable in 
both segmental levels. No rhythmic coordinated hindlimb movement was 
observed by the time when the development of muscle afferents became 
comparable in the brachial and lumbar regions. This suggests that the lack of 
hindlimb motility is not the consequence of delayed muscle afferent 
development. The idea that pattern generating network in the lumbar cord is 
independent of the brachial counter part and develops with a different time 
table awaits further testings. [Supported by the ANU]

452.8
NEUROTROPHIN AND INSULIN-LIKE GROWTH FAC TO R-1 mRNA 
EXPRESSION IN RAT HINDLIMB MUSCLES AFTER SPINAL CORD INJURY. 
MJ Crowe*, KA Hutchinson, DM Basso. Department o f Surgery, University of 
Cincinnati, Cincinnati OH 45267. Physical Therapy Division. SAMP. The Ohio State 
University, Columbus. OH 4 3 2 10.

There is little data on muscle changes after clinically relevant experimental spinal 
cord injury (SCI). Trophic factors supporting neuronal survival and axonal 
regeneration are known to be upregulated at the spinal cord contusion site in rat and 
molecules such as neurotrophin-3 and -4 (NT-3. NT-4) and insulin-like growth factor-1 
(IG F-I), appear to effect muscle as well. To date, there are no reports on the presence 
or location o f IG F-I alter SCI. IGF-I is synthesized in liver, CNS and muscle and 
appears to contribute to neural regeneration. NT-3 & -4 are expressed by motor 
neurons, dorsal root ganglion cells, muscle spindles and extrafusal muscle fibers. NT-3 
& -4 are implicated in motor functions and their regulation appears to be controlled by 
neural or muscle activity. To establish a baseline o f hindlimb (HL) muscle trophic 
factor gene expression after SCI in rats, control and experimental rats received 
moderate SCI (OSU device) and were allowed to survive for 1,3.5 or 10 weeks after 
injury. At sacrifice, HL muscles were dissected, frozen in liquid nitrogen and 
processed for mRNA extraction. Primers specific for rat NT-3 or IGF-I were used as 
probes during PCR analysis o f the HL mRNA samples. Preliminary data shows that 
NT-3 mRNA expression is present in distal muscles of the HL at early, intermediate 
and late time points after SCI but appears to be diminished at I week post-SCI relative 
to later time points. Competitive PCR analysis using soleus muscle mRNA and % 
primers specific for rat IGF-I showed that expression was increased by approximately 
10-fold at 3 and 5 weeks post-SCI. This increase is transient, as IGF-I mRNA 
expression falls to control levels by 10 weeks post-SCI. These preliminary data 
confirm the hypothesis that trophic factor expression is altered in HL muscles after SCI 
and will serve as a basis on which to compare studies on the effects of exercise training 
in HL muscle gene expression after SCI. (Support: Shriners Research Foundation)

452.10
ALTERED EXPRESSION OF NEUROTROPHIN-4 mRNA MAY BE 
ASSOCIATED WITH CHANGES IN CENTRAL SYNAPTIC EFFICACY AT 
THE IA-MOTONEURON SYNAPSE IN RAT. C.R. Buck*, K.L. Sebum and 
T.C. Cope. Dept. o f Physiology, Emory Univ., Atlanta, GA 30322.
The strength of the Ia-motoneuron synapse in the adult rat increases soon (1-3 
days) after either afferent axotomy or tetrodotoxin(TTX)-induced nerve 
conduction blockade (Miyata and Yasuda, Neurosci. Res 5:1988; Manabe et al., J. 
Neurosci. 9(7): 1989) and is at least partly due to a change in probability of 
transmitter release (Cope and Sebum, J. Neurosci. 18(3): 1998). As part o f ongoing 
investigations into the mechanism(s) responsible for this change we have 
examined the expression of neurotrophin-4 (NT-4) mRNA in adult rats 3 days 
after either TTX-induced conduction blockade or axotomy o f the left sciatic nerve 
in adult rats. NT-4 is expressed in skeletal muscle, is powerfully regulated by 
contractile activity and can be retrogradely transported by both motoneurons and 
afferents (Funakoshi et al, J.Cell Biol. 123(2): 1993; Science, 268:1995; Curtis et 
al., Neuron, 14:1995). Thus, muscle-derived NT-4 could provide a retrograde 
signal for ongoing regulation o f central synaptic function. In addition, however, 
signals might be more locally derived, from the afferent cell body and/or the 
motoneuron. In an attempt to narrow, the possible sources for the signal 
responsible for the observed change in synaptic function we have examined NT-4 
mRNA expression in the dorsal root ganglion and spinal cord using in situ 
hybridization. To our surprise NT-4 mRNA was present in both afferent cell 
bodies of the DRG and motoneurons in the ventral spinal cord. Furthermore, 
initial qualitative comparison of treated and untreated sides revealed that 3 days 
after axotomy or TTX-induced conduction blockade, the expression of NT-4 
mRNA may be reduced in spinal motoneurons, but was apparently unchanged in 
DRG cells. These preliminary results suggest that motoneuron NT-4 could 
provide a signal for ongoing regulation of synaptic function in the adult rat and 
may normally serve to suppress synaptic strength. Supported by NIH grant 
P01HD32571.
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452.11
FUNCTIONAL MAPPING OF HUMAN LOWER BRAINSTEM CRANIAL NERVE 
NUCLEI: AN fMRI ANALYSIS. B.R. Komisaruk* ,  K.M. Mosier,2 C. Criminale,l

The State Univ of NJ, Newark, NJ 07102, 2NJ Medical School-Univ. Medicine and 
Dentistry of NJ, Newark, NJ 07103, and 3Drexel Univ.. Philadelphia, PA 19104. 
Human brain imaging studies typically omit identification of specific nuclei of the 
medulla and pons. We provide evidence that fMRI can resolve and demonstrate 
activation of specific cranial nerve nuclei. Healthy adults were imaged on a GE l.5T 
SIGNA Horizon Echospeed MR scanner using BOLD techniques. Acquisition 
parameters: TR/TE = 2000/60, FOV = 24 cm, matrix = 64x64, Flip angle = 90, and 
slice thickness = 4 mm. At each of 14 slice locations, 95 images in the coronal plane 
were obtained. Specific motor and sensory cranial nerve nuclei were stimulated by 
performing isolated motor movements (jaw clench, tongue-tap, Mendelsohn (swallow) 
maneuver, facial grimace, lateral eye movement, etc.) or specific sensory stimulation 
(face-brush, taste of a sweet-salty-sour-bitter solution). All paradigms except taste used 
4 cycles of 10 sec ON, 30 sec OFF; taste used 2 cycles of 60 sec ON, 60 sec off. The 
raw echoplanar data sets were reconstructed off-line with motion correction. Cross
correlation analysis generated statistical maps of activation overlaid on corresponding 
anatomical images. Localized regions of fMRI activation in lower brainstem were 
identified in the putative regions of the hypoglossal n.(tongue-tap), dorsal n. vagus 
(Mendelsohn maneuver), abducens n. (side-side eye movement), n.of the solitary tract 
(taste paradigm), and n. cuneatus (finger tap). Activation sites were closely congruent 
with corresponding motor and sensory nuclei shown on conventional histology-based 
maps. Concurrent localized fMRI activation sites were observed in corresponding motor 
and sensory cortical homuncular regions. Using this functional brainstem-activation 
method, fMRI can identify putative locations of at least cranial nerve nuclei V, VI, X, 
and XII and nucleus cuneatus of the lower brainstem in humans. This method can 
extend the coordinate system of existing human brain imaging atlases, and the location 
of other lower brainstem nuclei can be extrapolated via triangulation from these sites. 
This could be diagnostically relevant in stroke, infarct, tumor, injury, seizure, and/or 
sensorimotor dysfunction. Support: American Paralysis Association (BRK&BW), 
Busch Foundation (BRK&BW).

452.13
CONNECTIONS BETWEEN THE LATERAL HYPOTHALAMUS AND THE 
VENTRAL PART OF THE ORAL PONTINE RETICULAR NUCLEUS. A LIGHT 
AND ELECTRON MICROSCOPE STUDY. M.E.Sánchez-Valle, C.de la Roza*.
J.Martínez-Mena and F.Reinoso-Suárez. Dept. of Morphology, Fac. of Medicine,
U.Autónoma of Madrid.

The ventral part o f the oral pontine reticular nucleus (vRPO) is a nodal link in the 
neuronal network underlying paradoxical sleep. vRPO is reciprocally connected with the 
lateral hypothalamus (LH), a central element in waking mechanisms. The fine structural 
organization of these reciprocal connections was examined as part of a broader study on 
the structural organization of the brainstem circuits involved in the alternation between 
the different sleep-wakefulness cycle states. Biotinylated dextran amine microinjections 
were made in the LH of adult cats. The resulting anterograde and retrograde labeling in 
vRPO was examined at the light and electron microscope (EM) level.

Following the injections, there were many anterogradely labeled fibers in vRPO. 
Labeled terminals formed synapses with somata and proximal dendrites of vRPO 
neurons of different morphology and soma size (20-120 µm long and 12-80 µm wide). 
Labeled terminals in the neuropil were mainly located over the large dendritic shafts 
(diameter>2µm: 53%; 1-2 µm in diameter: 24%; diameter < lµm : 22.7%). In general, 
anterogradely labeled vRPO terminals were small to medium-sized (mean area 
±SD=0.94 ±0.57µm2; N=137). Most contained round vesicles and formed asymmetric 
synapses. However, a few terminals with pleomorphic vesicles formed symmetric 
synapses. There were many retrogradely labeled cells in the vRPO. Their neuronal soma 
ranged in size between 30-79 µm  long and 24-49 µm wide. Anterogradely labeled 
terminals were occasionally observed in close relation to the soma o f these retrogradely 
labeled neurons in serial EM sections.

Our observations suggest that these direct vRPO interconnections with LH may 
provide an anatomical basis for the reciprocal interactions between the central structures 
involved in paradoxical sleep and wakefulness.
Supported bv DGICYT PM95-0034.

452.15
IMPLICATION OF HUMAN INFERIOR OLIVE IN SENSORY 
DISCRIMINATION: AN FMRI STUDY. Y. Pu1, Y-J. Liu1, J-H. Gao1.
L. M. Parsons1, J. X iong1, M. Liotti*1, J. M. Bower, Y-L. Qin1, and P. 
T. Fox1. 1Research Imaging Center, University of Texas Health Science 
Center, San Antonio, TX 78284, USA. 2Computation and Neural 
Systems, Division of Biology, Caltech, Pasadena, CA, 91125 USA.

The inferior olive is assumed to be a motor structure, interacting with the 
cerebellum in motor control. Recent neuroimaging studies of the human 
cerebellum, however, indicate that the lateral cerebellum and its deep 
nuclei are strongly activated by sensory discrimination tasks involving the 
fingers, but not by finger movement alone, suggesting that the cerebellum 
is more involved in sensory than motor processing. Because the sole 
output target of the inferior olive is cerebellar cortical Purkinje cells and 
deep nuclei, we conducted an fMRI study of inferior olive of humans 
(N=4) as they performed passive and active tactile sensory and 
discrimination tasks: ( 1) passively experiencing cutaneous stimulation by 
sandpaper stimulation on each immobilized hand (CS); (2) making a 
covert discrimination of sandpaper stimulation on each hand (CD); (3) 
grasping and manipulating an irregular wooden object chosen at random 
by each hand (GO); (4) grasping and manipulating the objects, covertly 
discriminating whether the shapes of the objects in each hand match 
(GOD); and (5) rest. Activity in both inferior olives was detected in GO, 
GOD, CD tasks (p<.05), with a trend toward activity in the CS task 
(p<.19). The extent and intensity of bilateral activation in inferior olive 
was larger (p<.05) for CD than CS (19.75 mm2 & 6.0% vs. 13.25 mm2 
& 1.7%) and larger for GOD than GO (28.5 mm2 & 7.8% vs. 12.75 mm2 
& 4.23%). This activity in the inferior olive parallels the sensory related 
patterns of activation seen in the cerebellum, deep nuclei, and red nucleus, 
supporting new hypotheses of sensory function for human cerebellum.

452.12
IDENTIFICATION OF RAT SUPERIOR LARYNGEAL NERVE 
BRAINSTEM PROJECTIONS LABELLED WITH WHEAT GERM 
AGGLUTININ CONJUGATED TO RHODAMINE. 1A. Sawczuk* and 
2D . Covell (Depts. of 1OPBDS, 1Neuroscience, and 2Orthodontics, 
UMDNJ, Newark, NJ 07103)

Anatomic studies of superior laryngeal nerve (SLN) projections to the 
brainstem require an anterograde neural tracer that will cross synapses 
between the peripheral nerve and brainstem neurons. Wheat germ agglu
tinin (WGA) conjugated to horse radish peroxidase (HRP) has been the 
preferred tracer for these studies. To circumvent the post-processing re
quired of HRP and to provide a visual guide for our in vitro electro
physiology studies, we employed WGA conjugated to rhodamine (Rh) 
for tracing rat SLN brainstem projections. For these experiments, the 
SLN was dissected from the cervical tissues at the level of the hyoid bone 
and the proximal cut end of the nerve was bathed in WGA-Rh for 60 to 
90 min. Rats (n=12) were sacrificed between 22 and 72 hrs. following 
administration of the tracer. The tissue was fixed, sliced, mounted on 
slides, and viewed under epifluorescence. The images were recorded with 
a digital camera and the label was quantified with Scion/NIH Image soft
ware. Fluorescence, significantly different from the intrinsic fluorescence 
of controls (p<0.05), was observed in the unilateral brainstem by 48 hrs. 
at sites consistent with expected projections from the SLN to the nucleus 
tractus solitarius and nucleus ambiguus. Additionally, label was present 
in the unilateral dorsal nucleus of the vagus and the hypoglossal nucleus. 
These results are comparable to previously published data and suggest 
that WGA-Rh is a reliable alternative to WGA-HRP for tracing SLN pro
jections to brainstem nuclei. This study was supported by NIH Grant 
NS01650 and Foundation of UMDNJ Grant #22-98.

452.14
COMPLEX AFFERENT PROJECTIONS OF THE PEDUNCULOPONTINE 
TEGMENTAL NUCLEUS TO THE CAUDAL PONTINE RETICULAR 
NUCLEUS. A. Mack, T. Wagner, M. Koch*, H.-U. Schnitzler. Tierphysiologie, 
Universität Tübingen, Auf der Morgenstelle 28, D-72076 Tübingen, Germany.

The giant neurons in the ventrolateral part of the caudal pontine reticular 
nucleus (PnC) are the sensorimotor interface of the acoustic startle response 
(ASR). This simple behavior is elicited by loud and sudden acoustic stimuli and 
results in a short latency contraction of head, neck, and body muscles. Synaptic 
inputs of the pedunculopontine tegmental nucleus (PPTg) to the PnC are thought 
to play an important role in prepulse inhibition (PPI) of ASR. PPI is characterized 
by a decrease of startle amplitude if a non-startling stimulus (prepulse) is 
presented 30-500 ms before the startle stimulus.

We investigated the afferent projection from PPTg to PnC in acute brain slices 
anatomically by anterograde tracing experiments using biocytin, 
electrophysiologically by intracellular recordings of PnC giant neurons during 
stimulation of PPTg neurons, and pharmacologically by bath superfusion with 
antagonists of inhibitory and excitatory neurotransmitters. This in vitro 
investigation of PPTg afferents to PnC giant neurons allowed us to study an 
important modulatory input of ASR on a cellular, synaptic, and pharmacological 
level.

Our anterograde tracing experiments showed different fiber courses depending 
on the application site in the PPTg. Caudal tracer application marked a lateral 
fiber tract, rostral tracer application a medial fiber tract to the PnC. In our 
intracellular recordings we found complex postsynaptic potentials. Antagonist 
application showed marked effects of the neurotransmitters GABA, glycine, and 
glutamate, whereas for acetylcholine only a minor effect was found. Thus, the 
pharmacology of the PPTg projection to the PnC, which is thought to mediate PPI, 
is more complex than previously thought.
Supported by DFG (SFB 430/C7).

452.16
EVIDENCE FOR FOUR SEPARATE SPINAL PATHWAYS TO THE 
PERIAQUEDUCTAL GRAY IN THE CAT. L. J. Mouton* and G. 
H o ls teg e . Dept. Anatomy and Embryology, Faculty of Medicine, 
University of Groningen, The Netherlands.
The periaqueductal gray (PAG) is involved in emotional behavior, 
including motor activities such as neck, back and limb movements, 
cardiovascular regulation, micturition, vocalization and mating behavior, 
and nociception control. To accomplish these functions the PAG receives 
afferents from other parts of the limbic system, but also from the brainstem 
and spinal cord. The aim of the present study was to precisely identify the 
spino-PAG system in the cat. Results showed the existence of four separate 
spino-PAG pathways. I. a predominantly contralateral pathway from 
laminae I and V throughout the cord to all parts of the PAG, with the 
strongest projections from C 1 to the central part of the lateral PAG and 
from the cervical and lumbosacral enlargements to the intermediate and 
caudal PAG. II: a mainly ipsilaterally organized pathway from the 
ventrolateral part of laminae VI-VII and the dorsolateral part of lamina 
Vlllof the upper cervical cord to all parts of the PAG and to the adjacent 
deep tectal layers. III: a predominantly contralateral pathway from the 
medial part of laminae VI-VII of the L5-S3 segments mainly to the lateral 
and ventrolateral intermediate and caudal PAG. IV: a predominantly 
contralateral pathway from the lateral part of lamina I of the L6-S2 
segments and from laminae V-VII of the S 1-S3 segments, to the lateral, 
ventrolateral and dorsomedial parts of the intermediate and caudal PAG, 
but most strongly to the central portion of the lateral intermediate PAG.
The functional role of these pathways in the context of nociception, 
cardiovascular regulation, micturition and mating behavior is discussed.
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453.1
MOTOR AXON FIRING RATE ALTERATION FOLLOWING MEDIAL 
GASTROCNEMIUS NERVE SECTION PLUS LIDOCAINE BLOCK IN 
THE CAT. V. K. Haftel, J. F. Prather, T. C. Cope*. Dept. Physiology, 
Emory Univ., Atlanta, GA 30322.
We have found increased variability in recruitment order o f medial 

gastrocnemius motoneurons (MG MNs), of decerebrate, paralyzed cats 
following removal of homonymous afferent input. To assist interpretation o f 
this finding, we are examining whether the absence o f this potentially 
stabilizing source o f synaptic input would alter the firing behavior of these 
MNs. The firing rates (FR) o f MG MNs were monitored in the presence 
(CONTROL, n = 24), and absence (MG CUT + LIDO, n = 24), o f 
homonymous input for 3 trials o f physiological activation o f caudal cutaneous 
sural (CCS) nerve afferents (ankle skin pinch). Higher firing rates were 
observed after removing afferent input. This difference from CONTROL was 
biased toward MNs with high axonal conduction velocity (CV). For MNs 
with CV > 94 m/s, of the CONTROL (n = 10) vs. MG CUT + LIDO (n = 15) 
groups, there was a significant increase in both minimum FR (8.9 ± 4.8 pps 
vs. 20.7 ± 7.5 pps; p < .001, t-test for independent samples), and median FR 
(27.6 ± 12.8 pps vs. 55.3 ± 14.1 pps; p < .001). Thus, it appears that removal 
of homonymous afferent input to the spinal cord somehow promotes stronger 
excitatory drive by CCS activation to fast CV MNs as described in some, but 
not all, earlier reports. Computer simulation (Heckman & Binder, 1993b), 
demonstrates that this pattern of synaptic drive can produce the sort of 
instability in the usual recruitment order that we have observed following 
acute removal of homonymous afferent input. Supported by NIH grant 
NS2J023.

453.3
PREPULSE INHIBITION MEDIATED VIA THE INFERIOR COLLICULUS: 
STIMULATION STUDIES. L. Li*, R. P. M. Priebe and J. S. Yeomans. Dept. of 
Psychology, Univ. of Toronto, Toronto, Ontario, Canada M5S 3G3

Startle responses are normally inhibited by weak, non-startling prepulses 
(“prepulse inhibition” or PPI). Excitotoxic lesions restricted to the inferior 
colliculus (IC) reduce PPI (Li et al., 1998), suggesting that IC is a critical part of the 
pathway mediating PPI. In the present study, unilateral electrical stimulation of the 
IC was used as prepulse to inhibit startle elicited by either unilateral electrical 
stimulation of the principal trigeminal nucleus or intense noise bursts. Transient IC 
stimulation had a strong and long-lasting inhibitory effect on either trigeminal or 
acoustic startle responses, but the timing and shape of the PPI curve differed. Startle 
elicited by trigeminal stimulation was inhibited by IC stimulation most sharply, 
with the maximum inhibition occurring at interstimulus intervals (ISIs) of 20-35 
ms. The results were similar whether IC stimuli were presented ipsilateral or 
contralateral to the trigeminal site. Startle elicited by acoustic stimulation was 
inhibited by IC stimulation less sharply, peaking at ISIs of 15-30 ms. Startle elicited 
by acoustic stimulation was inhibited by noise prepulses least sharply, with the most 
effective ISI at 50 ms. Electrical stimulation of trigeminal and PPI pathways results 
in improved temporal resolution of neural signals mediating PPI.

Supported by a grant from the Natural Sciences and Engineering Research 
Council of Canada to J.S.Y.

453.5
THE STARTLE REFLEX: TEMPORAL SUMMATION BETWEEN COCHLEAR 
AND TRIGEMINAL STIMULI. J. S. Yeomans* and L. Li. Dept of Psychology, 
Univ. of Toronto, Toronto, Ontario, Canada, M5S 3G3

We studied temporal summation between pairs of startle-evoking stimuli in awake 
rats by varying the interstimulus interval (ISI). The stimuli were: (1) two noise 
bursts, (2) two unilateral electrical stimuli in the principal trigeminal nucleus, (3) 
electrical stimulation of the left and right trigeminal nucleus, or (4) a noise burst and 
unilateral stimulation of the trigeminal nucleus. Following two noise bursts, the 
amplitude of startle increased as the ISI increased from 0 to 4 ms, then declined 
smoothly as the ISI increased to 15 ms. Startle could also be evoked by one 0.1 ms 
electrical pulse at currents less that 100 µA in the principal trigeminal nucleus. 
Paired unilateral stimulation of the trigeminal nucleus resulted in a sharper 
summation with the maximum at 2 ms, and refractory periods estimated at 0.4-0.8 
ms. Bilateral stimulation of the trigeminal nucleus resulted in broader summation 
without a refractory period, and maximal summation when the stimuli on both sides 
of the trigeminal nucleus were presented simultaneously. The combination of 
acoustic and trigeminal stimulation was the most effective in enhancing startle 
amplitudes, and summation peaked when the noise burst preceded the trigeminal 
stimulation by 5 ms. Similarly, EMG latencies measured in the hindlimb were 3-4 ms 
shorter for trigeminal stimulation than for the noise burst. Startle appears to be 
optimally activated by simultaneous acoustic and tactile stimuli, as occurs during 
head blows.

Supported by a grant from the Natural Sciences and Engineering Research 
Council of Canada to J.S.Y.

453.2

COM PLEMENT PATHW AY ACTIVATION FOLLOW ING  
CONTUSIO N-INDUCED SPINAL CORD INJURY. Hazem

Cotman1. 1Institute for Brain Aging and Dementia, University of California Irvine. 
1113 Gillespie Neurosciences Facility. Irvine, CA 92697-4540. 2Neuroscience 
Center, Rutgers State University of New Jersey. Nelson Laboratories. 604 Allison 
Road. Piscataway, NJ 08854-8082.

Previous studies have shown increases in inflammatory cytokines following 
SCI. In the present study, we tested the hypothesis that the complement cascade 
may also play a role in local inflammation following SCI. Complement can be 
activated via either the classical or alternative pathways, these pathways in turn 
converge on the terminal pathway and lead to membrane attack complex (MAC) 
formation. In this study we examined the specific pathway and degree of 
complement activation in rat spinal cord following acute contusion-induced SCI 
using the NYU weight drop impactor method. Mild, moderate, and severe injuries 
(12.5,25, and 50 mm drop heights) at 1,7, and 42 day post injury time points were 
evaluated (n=45, 18 mild, 9 moderate, and 18 severe). The following markers were 
employed: C1q and C4 for the classical pathway, Factor B for the alternative 
pathway, Factor H for alternate pathway inhibitory mechanisms, and Clusterin for 
terminal pathway inhibitory mechanisms. Immunocytochemistry showed that the 
classical, alternative and terminal pathways were strongly activated within 1 day of 
SCI. Complement immunoreactivity declined over time, dropping to low-baseline 
by 42 days following SCI. Complement activation was observed to propagate as far 
away as 1.5 cm rostrally from the site of injury. Additionally, we observed axonal 
staining by Clq and C4, suggesting a potential role for the complement cascade in 
demyelination. Activation of complement inhibitors (Clusterin and FH) was found 
to demonstrate the same steep onset and distribution of expression seen for the 
alternative and classical pathway markers. These data support the conclusion that 
complement activation may play an important role in SCI degeneration. Supported 
by the American Paralysis Association Consortium on Spinal Cord Injury.

453.4
WEAK, STOCHASTIC TEMPORAL CORRELATION OF LARGE SCALE 
SYNAPTIC INPUT CAN MODULATE NEURONAL BANDWIDTH. D.M. Halliday* 
Division of Neuroscience and Biomedical Systems, University of Glasgow, Glasgow, 
G12 8QQ, U.K.

The effects of large scale synaptic input to mammalian neurones acts in several ways 
which contribute directly and indirectly to the output discharge. Bernander et al. (Proc. 
Natl. Acad. Sci. USA, 88, 11569-11573, 1991) demonstrated that large scale synaptic 
activity alters the integrative properties, resulting in increased sensitivity to highly 
synchronized (simultaneous) inputs. This study examines the ability of weak correlation 
within populations of input spike trains to modulate the timing of output spikes. This is 
achieved using two model cells with 12 tapered dendrites which each receive 32000 
EPSPs/sec from 1000 inputs distributed over the dendritic tree, with some inputs applied 
to both cells. The model was used to determine the efficacy of these common inputs to 
modulate the timing of output spikes, providing an estimate of the cell bandwidth to this 
percentage of the total synaptic input. At least 50% common uncorrelated EPSPs/sec are 
required before the cell output discharges exhibit correlation up to 50 Hz. In contrast, 
5% common EPSPs/sec triggered by weakly correlated spike trains exert a strong 
influence at frequencies where the inputs are correlated. Inputs weakly correlated up to 
100 Hz induce common components in the output discharges over this frequency range. 
A similar number which are correlated over a narrow frequency range induce correlation 
in the outputs only at these frequencies. Weak correlation between inputs results in 
stronger correlation between outputs. The strength of correlation required is sufficiently 
weak that analysis of a sample pair of spike trains from such a population usually fails to 
reveal any correlation. Weak, stochastic temporal correlation between inputs could be a 
major determinant of the transmission to the output discharge of frequency components 
present in input spike trains, and of neural bandwidth. We propose that this represents a 
mechanism which allows a small percentage of the total synaptic input to determine 
frequency components in the cell output discharge.

Supported by The Wellcome Trust (036928; 048128).

453.6
SPINAL INTERNEURONS ENCODING ACCELERATION & VELOCITY DURING 
VERTICAL WHOLE ANIMAL DISPLACEMENT 
A, Schikowski, M. Thewißen, S. Cleveland, K. S. Eriksson* and H -G. Ross 
Physiologisches Institut, Heinrich-Heine-Universität, D-40225 Düsseldorf, Germany.

We describe a novel class of spinal interneurons which are characterized by their 
long-lasting (up to 1.5 s) burst response to a short (20 ms) train of electrical shocks to 
vestibular afferents. To elucidate their reaction to more natural stimuli, such cells were 
recorded from the spinal cord of paralysed decerebrate cats while the whole animal was 
subjected to cyclical vertical displacement. Animals were rigidly fixated in a frame 
which was moved up and down by a pneumatic system (displacement amplitude 20-40 
cm, period ≈ 1.6 s). After laminectomy, implantable microelectrodes were manually 
advanced into the lumbar spinal cord for cell recording. Displacement signal and 
action potentials were stored on magnetic tape and averaged (bin width 10 ms); 
velocity & acceleration were obtained by numerical differentiation.
The results reported here are based on 23 interneurons which yielded stable recordings 
over at least 50 displacement cycles. All units exhibited low spontaneous activity (ca. 7 
imp/s) before displacement stimuli began. Except for one unit, their average activity 
increased during the displacement stimulus. The modulation of the response to 
displacement followed three patterns: The modulation of the activity of the majority of 
the interneurons (n=10) was closely related to acceleration (slope ≈ 0.013 imp/s per 
cm/s2, r = 0.62 - 0.95 ). The activity of five units was modulated along with velocity 
(slope ≈ 0.027 imp/s per cm/s, r = 0.54 - 0.94), while that of three cells showed two 
peaks during each cycle, with the first maximum of discharge rate corresponding to 
maximum upward acceleration and the second to upward velocity. Five units remained 
unmodulated during the displacement stimulus.
In summary, the striking similarity between the behavior of our spinal interneurons 
and neurons in the vestibular nuclei (Xerri et al , Exp. Brain Res. 65, 569-581, 1987), 
suggests linear signal processing within parts of the vestibulo-spinal system.
Supported by the DFG. We thank Ms. C. Wittrock for her skillful technical assistance.
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453.7
NONCONTINGENT SHOCK DISRUPTS LEARNING IN SPINAL RATS: 
REVERSIBILITY BY INTRATHECAL NALTREXONE DURING  
TESTING. R. L. Joynes* & J. W. Grau. Department of Psychology, Texas 
A&M University, College Station, TX 77843.

Prior work suggests that spinal neurons can support a simple form of operant 
learning. In a typical experiment, spinal rats are given shock to one hind leg 
whenever that leg is extended (contingent group). Yoked subjects experience the 
same amount of shock irrespective of leg position (noncontingent group). Rats in 
the contingent, but not the noncontingent, group learn to maintain a flexion 
response. In a subsequent test phase, all subjects receive contingent shock. Rats in 
the contingent group show facilitated learning (positive transfer). Even more 
interesting, subjects that previously experienced noncontingent shock fail to learn (a 
learning deficit).

We have shown that naltrexone, an opioid antagonist, injected i.p. blocks the 
induction of the learning deficit. In Experiment 1, we administered various doses of 
naltrexone intrathecally to verify that it was having its action on spinal neurons, and 
at the same time, extablished the effective intrathecal dose. Spinal rats received 
either 0, 3.5, 7, or 14 µg/µl of naltrexone intrathecally and then were given 6 min 
of noncontingent shock (training) or an equivalent period of restraint. After training, 
all subjects received 30 min of contingent shock (testing). We found that a dose of 7 
µg/µl (18.5 nM) was effective in eliminating the learning deficit. In Experiment 2. 
we determined whether the opioid antagonist had its effect during training or testing. 
Spinal rats received either naltrexone (7µg/µl) or saline (9%) and then were given 6 
min of noncontingent shock or an equivalent period of restraint. The next day, half 
of the subjects in each drug condition received naltrexone while the remaining 
subjects were given saline. Naltrexone only eliminated the learning deficit when it 
was administered prior to testing. We are currently examining the relative 
contribution of mu, delta, and kappa receptors in this effect.

453.9

ELECTROPHYSIOLOGICAL IDENTIFICATION OF LUMBAR  
DUAL PROJECTION NEURONS THAT CONTRIBUTE 
ASCENDING FIBERS TO BOTH SPINO RETICULAR AND 
DORSAL SPINO-CEREBELLAR TRACTS. S.A. McErlane*,
N. Taepavarapruk, M.P. Kristensen and P.J. Soja. Faculty of 
Pharmaceutical Sciences, UBC, Vancouver, BC, Canada, V6T 1Z3.

Anatomical and electrophysiological characteristics o f midlumbar 
spinal neurons that send ascending projections via the spino-retfcular 
tract (SRT) and dorsal spino-cerebellar tract (DSCT) are well described, 
separately. However, the existence o f individual lumbar neurons which 
project via both o f these tracts has not previously been reported. In 
contrast, dual projection cells are found in sacral segments (Neurosci. 
Res. 2: 51-57, 1994). In the present study we investigated the 
prevalence and properties o f extracellularly recorded dual projection 
neurons in the L3 spinal cord o f chronically instrumented cats (n = 4).

We antidromically identified cells as projecting through the SRT 
and/or DSCT by applying low intensity stimuli (monophasic 
pulses, 0.2 ms, < 600 µA) through electrodes placed in the contralateral 
medullary reticular formation and ipsilateral anterior cerebellar lobules, 
respectively. Out o f 154 projection neurons, 32 contributed to the SRT, 
105 to the DSCT and 17 cells provided fibers to both tracts. The 
average (± S.E.) discharge rate o f the dual projection neurons during 
wakefulness was 21.2 ± 4.3 Hz, and the antidromic threshold/latency 
was 147 ± 15 µA / 2.92 ± 0.11 ms for SRT activation and 261 ± 3 7  µA / 
3.24 ± 0.09 ms for DSCT activation.

These data suggest that at least 10 % of L3 DSCT and 30 % L3 SRT 
neurons also provide input to other rostral regions. The functional 
significance o f this bilateral projection pattern is unclear. However, 
multiplicity of supraspinal targets may allow coordination o f sensory 
processing in rostral brain areas under certain behavioral conditions.

Supported by N IH  (NS 34716).

453.11

LU M B A R  SPO N T A N E O U S C O R D  D O R SU M  P O T E N T IA L S  ARE 
O R IG IN A TED  BY SY N CH RO N IZED  A C TIV ITY  O F D ORSAL HORN 
N EU R O N S. E. M anjarrez,1,2 I, Jim énez,1 J. Sánchez1* and P. Rudom in1. 1Dept. 
Physiol., B iophys., & Neurosci. CINVESTAV-IPN; 2Institute o f  Physiology BUAP. 
MEXICO.

W e have shown previously  (Abs. Soc. Neurosci. 340.1, 1996 and 912.13, 1997) 
that in the anesthetized cat the neuronal ensem bles p roducing  spontaneous nega
tive cord  dorsum  potentials  (sC D P's) are located w ithin the dorsal horn, in the 
sam e region w here low -threshold cu taneous afferents term inate (lam inae III-V). 
It w as then suggested that the sCD P's are generated by synchronized activity  o f  a 
set o f  neurons distributed  along several segm ents o f  the lum bar spinal cord. To 
test this proposal further we recorded  in 8 cats ex tracellu lar action potentials o f  
pairs  o f  do rsal horn  in te rn eurons and  the sC D P 's g en era ted  at the site o f  
m icropippette  penetration. 22 pairs  o f  dorsal horn neurons responded m ono- or 
polysynaptically  to stim ulation o f  low -threshold cutaneous afferents (1.0-1.5 xT). 
They w ere located 0.5-3.0 m m  below  the cord surface and were separated 2 to 15 
m m  a lo n g  the L 6-L 7  seg m en ts. T he sp o n tan eo u s ac tiv ity  o f  13 pairs  o f  
in tem eurons appeared synchronized  w ith the sCD P's and in 9/13 pairs, at least 
one o f  the two interneurons responded w ith short latency to stim ulation o f cutane
ous afferents (0 .7-1.2 m s). There w ere in addition  o ther 9 pairs  o f  interneurons 
w hose spontaneous activity  was not cross-correla ted , even though at least one o f 
them  fired in synchrony w ith  the sCD P's. 7/9 pairs  o f  these interneurons re 
sponded w ith long latencies to stim ulation o f  cu taneous nerves (2.2-8.3 ms). In 2 
experiments bilateral sectioning o f  the dorsal horn, between both surface recording 
electrodes, resulted in desynchronization o f  the sCDP's. The results support the no
tion that the sCDP's result from synchronous activation o f a set o f  highly intercon
nected neurons in which the majority receive m onosynaptic connections from cutane
ous afferents. Partly supported by NIH grant NS09I96 and CONACyT grant 41739

453.8
EFFECTS OF IONTOPHORETIC GABA APPLICATION ON 
THE EXCITABILITY OF FELINE TOOTH PULP AFFERENT 
TERMINALS. P.J. Soja*, B.E. Cairns, and M .P . Kristensen. Faculty 
o f Pharmaceutical Sciences, University o f British Columbia, 
Vancouver, BC, Canada V6T 1Z3.

We previously reported that tooth pulp afferent terminals undergo 
active sleep-related primary afferent depolarization (PAD;
J. Neurophysiol. 75:1152-1162, 1995). There is indirect evidence in 
acute, anesthetized cats that GABA receptor mechanisms may underlie 
trigeminal PAD. Thus, GABA has the potential to mediate alterations 
in terminal polarization and excitability with state changes from 
wakefulness to active sleep. We examined effects o f iontophoretically 
applied GABA on the excitability o f tooth pulp afferent terminals 
during quiet wakefulness in two chronically instrumented cats.

Carbon fiber multibarrel microelectrodes were positioned within the 
rostral trigeminal sensory nuclear complex and used to antidromically 
evoke unitary potentials in the maxillary canine tooth pulp and to 
iontophoretically apply GABA (0.5M, pH 3.5). Changes in tooth pulp 
terminal excitability were assessed by calculating the firing index (FI), a 
measure o f the probability o f evoking a unitary potential. Proximity of 
stimulating electrodes to the terminal arbor o f a tooth pulp afferent was 
confirmed by increases in the FI upon application of conditioning 
stimuli to ipsilateral branches of the trigeminal nerves. Ten tooth pulp 
afferent terminals were investigated for their response to 
iontophoretically applied GABA using ejection currents o f 10-200 nA.

GABA decreased the FI of 5 terminals and had no FI effect on the 
other 5 terminals. An input-output curve constructed for one terminal 
was shifted to the right during local GABA application. These data 
suggest that GABA decreases terminal excitability in awake cats.

Supported by NIH (NS 32306 and NS 34716).

453.10
CENTRAL COMMAND INHIBITS THE DISCHARGE OF DORSAL 
HORN CELLS RECEIVING GROUP III AND IV AFFERENT INPUT.
A.M. Degtyarenko* and M.P. Kaufman. Division of Cardiovascular 
Medicine, University of California, Davis, CA 95616

We examined the effect of central command on the discharge of 
cells which were located in laminas three through six of the L6 and 7 
dorsal horn of decerebrate, paralyzed cats. Each of the cells was 
shown to receive group III or IV afferent input as demonstrated by 
their responses to electrical stimulation of the tibial nerve. The 
minimal current needed to activate these cells was at least 10 times 
that needed to evoke a muscle twitch. In addition, the latency of 
activation in response to tibial nerve stimulation averaged 54±17 ms 
(n = 18;  x̄ ± SE). Central command was evoked by electrical 
stimulation of the mesencephalic locomotor region (MLR), which 
evoked "fictive locomotion," as well as by topical application of 
bicuculline (1 M) to the dorsal surface of the C1 and C2 spinal 
segments, which evoked "fictive scratching." Both types of central 
command evoked pressor effects. Fictive locomotion (i.e., stimulation 
of the MLR) decreased the discharge of 18 of 18 dorsal horn cells 
tested. Likewise, fictive scratching decreased the discharge of nine 
of nine cells tested. Our findings may provide an electrophysiological 
basis for the "gating" of group III and IV afferent input by regions in 
the brainstem and spinal cord that evoke the command to exercise. 
Supported by NIH HL 30710.

453.12
Docs PAD block spike invasion to axonal branches of individual group I afferents?
L Castillo,2 J. Lomelí1, P. Linares1 and P. Rudomin1*. 1Dept. Physiol. Biophys. & 
Neurosc. CINVESTAV-IPN & Dept. Physiol. 2 Univ. o f  Ags., México.
We have recently developed a technique that allows simultaneous measurement of 
the electrical threshold in pairs of intraspinal collaterals of the same group I muscle 
afferent (Exp. Brain Res 115:387,1997). We have now used this technique to examine, 
in anesthetized and paralyzed cats under artificial ventilation, the extent to which 
PAD might prevent invasion of action potentials to intraspinal axonal and/or terminal 
branches of single group I afferents. To this end, we placed one stimulating 
micropipette at the L6 spinal level in the intermediate nucleus (1.45 to 2.53 mm 
depth) and the other one at L3 level in or close to Clarke’s column (1.31 to 2.24 mm 
depth). Antidromically conducted responses produced in the same gr. I afferent by 
both micropipettes were recorded from a fine filament of the lateral gastrocnemius 
nerve. In 4 fibers examined with detail, stimulation of one collateral, with 200 µs 
pulses supra-threshold for inducing action potentials, increased the intraspinal 
threshold of the other collateral when applied at conditioning-testing time intervals 
shorterthan 3.1-12.0 ms. The threshold increase was largest at 1-1.5 ms and appears 
to be due to refractoriness produced by the action potentials invading the distal 
collateral. In 2 fibers both collaterals were tested deep in the spinal cord and had a 
relatively low intraspinal threshold (3.1- 4.3 µA), suggesting antidromic activation 
of axonal terminals. Conditioning stimulation of the PBSt nerve produced a relatively 
strong PAD both in the distal and in the proximal collaterals (intraspinal threshold 
was reduced 69-76% of control). Yet. the threshold was still increased at short time 
intervals between stimuli. It thus seems that under PAD, axonal branches in dorsal 
columns, and perhaps also terminals in the intermediate nucleus and in Clarke's 
column, continue to be invaded by action potentials. Partly supported by grants from  
NIH NSO9I96 and CONACyT 039-N9107
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453.13
EFFECTS OF CORTICOSPINAL OR DORSAL ASCENDING TRACT 
TRANSECTION ON H-REFLEX CONDITIONING IN RATS. X.Y. Chen ,  L. Chen, 
D.M. Maniccia*, and J R. Wolpaw. Wadsworth Center, NY State Dept Health & SUNY

Rats, like monkeys, can gradually increase or decrease the H-reflex (HR) in response 
to an operant conditioning paradigm, that induces long-term change in descending 
control over the HR (J Neurophysiol 57:443-459, 1987 & 73:411-415, 1995). The 
dorsal column (DC), which in the rat contains the main corticospinal (CST) and dorsal 
column ascending tracts (DA), is needed for down conditioning (J Neurophysiol 
78:1730-1734, 1997). We are exploring the respective roles o f the CST and DA tracts.
Female Sprague-Dawley rats (250-300 g) are implanted with chronic EMG recording 

electrodes in soleus muscle and nerve cuff stimulating electrodes on posterior tibial 
nerve. Electrodes connect to a head-mounted tether cable. When background EMG 
stays in a specified range for a randomly varying period, stimulation at M response 
threshold elicits the HR. Under control mode, no reward is given. Under HRdown 
mode, reward occurs if  HR amplitude is below criterion. After control-mode data 
collection, each rat is subjected to either CST or DA transection at T8 by electrocautery. 
After HR amplitude stabilizes for at least 10 days, the rat is exposed for 50 days to the 
HRdown mode or continued in the control mode.

In 7 DA rats exposed to HRdown conditioning, the HR fell to 71 (± 20 SD)% of its 
initial value. In 5 of the 7, conditioning was successful (i .e., decrease to ≤ 80%). These 
results are comparable to those of normal animals. In contrast, in 8 CST rats exposed 
to HRdown conditioning, the final HR was 108 (± 13)% of its initial value. None of 
these rats was successful. CST rats differed significantly from DA rats in both final HR 
values and number successful. No HR decrease was found in 4 CST rats or 4 DA rats 
that continued under control mode for 50-85 days. Histological verification of lesion 
location is underway. The results suggest that the main CST is essential for HRdown 
conditioning, while the DA tract is not essential.
(Supported by NIH grants HD360209(XYC) and NS22189(JRW).)

453.14
SAG AND FATIGUE IN RAT TRICEPS SURAE SINGLE MOTOR UNITS. J.S.Carp*.
P.A. Herchenroder, X.Y. Chen, and J R.Wolpaw. Wadsworth Center, New York State 
Department of Health and State University of New York, Albany, NY 12201.

The establishment of consistent criteria for type-identification of motor units has been 
hindered by the large variability in the distributions of indices of contractile speed and 
fatigue sensitivity reported in different studies. This study sought to identify factors that 
contribute to variation in the two most commonly evaluated indices: the presence of a 
decline in force after the initial increase during unfused tetanic stimulation and the extent 
to which peak force could be maintained during periodic unfused tetanic stimulation.

Contractile properties of 284 triceps surae motor units activated by ventral root 
intra-axonal current injection were studied in anesthetized Sprague-Dawley rats (male, 
440-554 g). Sag was consistently detected in motor units with unpotentialed twitch 
contraction times < 22 ms. Sag was variably expressed among motor units over a wide 
range of tetanic frequencies, such that there was no single interstimulus interval (ISI), 
normalized to twitch contraction time or unnormalized, at which sag could reliably be 
detected. Thus, use of the absence of sag as a criterion for identifying slow-twitch motor 
units requires testing at several different frequencies. Force profile shape during sag 
varied with fatiguability and tetanic ISI. Simple sag force profiles (single maximum 
followed by monotonic decay) tended to occur at shorter ISIs and were more often 
observed in fatigue-resistant motor units. More complex sag profiles tended to occur at 
longer ISIs and were more common in fatigue-sensitive motor units.

Fatigue induced by 2-min intermittent tetanic stimulation was quantified by 3 fatigue 
indices calculated as the ratios of the last:first tetani of maximum force during the entire 
tetanus (FImax), during the fourth contraction (Flearly) or during the last contraction 
(Fllate). Values of all three indices tended to cluster at values <0.2 and >0.7. Fllate 
produced a clearer separation of fatiguable and fatigue-resistant units than either Flearly 
or FImax, which is the most commonly used index of its kind.
(Supported by NIH NS22189.)

453.15
OPERANT CONDITIONING OF H-REFLEX IN THE RAT: EFFECTS ON H- 
REFLEX LATENCY AND SHAPE. J.R. Wolpaw and X.Y. Chen* Wadsworth 
Center, New York State Department of Health and State University of New York, 
Albany, NY 12201.

The mechanisms responsible for operantly conditioned change in the H-reflex 
remain unclear. Primate data suggest that H-reflex decrease is due to a positive shift 
in motoneuron firing threshold and a small decrease in EPSP amplitude, and that 
increase might be due to change in homonymous Group 1 disynaptic inputs (reviewed 
in TINS 20:588-594, 1997). To obtain additional insight, we are analyzing the effects 
of up conditioning (HRup mode) and down conditioning (HRdown mode) on H-reflex 
latency and shape in the rat.

The soleus H-reflex in Sprague-Dawley rats begins about 5 ms after stimulation, 
about one ms after the end of the threshold M response, and ends at about 9 ms. It is 
assessed by the average absolute value of EMG following stimulation. We are 
comparing the average latency and shape of the H-reflex for days 41-50 of exposure 
to the HRup or HRdown mode to those of the H-reflex for the 10 days just prior to 
HRup or HRdown exposure. Initial analysis suggests that H-reflex conditioning is 
associated with a slight (about 0.5 ms) increase in H-reflex peak latency, and that 
HRdown conditioning is associated with no change in H-reflex peak latency. 
Evaluation of effects on shape (e.g., width) are underway.

The possible increase in H-reflex latency with HRup conditioning could be 
consistent with an increased contribution by homonymous Group 1 disynaptic inputs. 
The lack of change with HRdown conditioning contrasts with the primate data, in 
which peak latency increased, and motoneuron conduction velocity decreased, perhaps 
due to the positive shift in firing threshold. The primate/rat difference could be due 
to a difference in mechanism or to the fact that the much shorter rat conduction path 
makes the latency change undetectable in the present data.
(Supported by NS22189.)

453.16
PRESYNAPTIC (P) TERMINALS ON RAT MOTONEURON PRIMARY 
AFFERENT TERMINALS. K.C. Feng-Chen*, X.Y. Chen, and J.R. Woloaw. 
Wadsworth Center, New York State Department of Health and State University of New 
York, Albany, NY 12201.

Operant conditioning of the triceps surae (TS) H-reflex affects F terminals and C 
terminals on TS motoneurons (MNs) (PNAS, 93:9206-9211, 1996), but its effects on 
motoneuron primary afferent (PA) terminals and their presynaptic (P) terminals have 
not been defined. We have developed a triple-labeling method to facilitate electron 
microscopic detection and analysis of these relatively infrequent terminals in the rat 
model for H-reflex operant conditioning (J Neurophysiol 73:411-415, 1995).

Cholera toxin-HRP (CT-HRP) is injected under anesthesia into one soleus muscle 
of Sprague-Dawley rats to retrogradely label MNs. Three days later, the animal is 
anesthetized, and the L4-6 dorsal roots are injected with 5% biocytin in TRIS buffer. 
After 24 hrs, the animal is perfused with paraformaldehyde and glutaraldehyde. 
Vibratome sections of lumbar spinal cord are incubated in avidin-HRP with Triton X- 
100 and processed according to the avidin-HRP-DAB method (King et al., Br. Res. 
497:361-367, 1989). Sections with CT-HRP-labeled elements are processed for 
electron microscopy. Ultra-thin sections are treated with GABA antiserum and 
immunogold to identify GABAergic terminals. Soleus MNs are identified by CT-HRP 
label. PA terminals on them are identified by biocytin label. P terminals are 
recognized by their apposition to PA terminals and by their extremely heavy 
immunogold labeling.

In initial studies, we have identified 17 PA terminals in 3 rats. Eight of these PA 
terminals (6 on cell bodies and two on dendrites) have a total of 14 P terminals. One 
PA terminal has 3 P's, 4 have 2, and 3 have 1. Mean P-terminal gold particle density 
is 46.56 (SD=2.89, SEM=0.77) times background. O f the 9 PA terminals without P 
terminals, 2 are on cell bodies and 7 are on dendrites.
(Supported by NIH NS22189.)
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454.1

TRANSFORMATIONS IN EMBRYONIC MOTILITY IN CHICK: E9 TO 
E15. D.K. Rose*, K.J. Ganley, N.S. Bradley. Dept. of Biokinesiology & 
Physical Therapy, Univ. of Southern California, Los Angeles, CA 
90033.

Transformations in motility across the embryonic period are not well 
understood. The intent of our study was to identify both resilient and 
transitional attributes of embryonic motility between days 9 and 15.

Video and EMG recordings were obtained during spontaneous 
motility in ovo  at embryonic day (E)15. As expected (Hamburger, Q. 
R ev. Biol. ’63), activity duration increased and pause duration 
decreased across ages. Activity sequences (45 to 160 sec) from video 
recordings for 12 embryos were digitized and time-series plots 
constructed for comparison with existing E9 and E12 data.

Many of the features of motility at E9 were still apparent at E15, yet 
potentially important differences were also noted. For example, 
excursions were initiated and terminated simultaneously at all joints, 
delineating an activity sequence. During sequences, joint excursions 
within limb strongly covaried and concurrent wing/leg excursions 
modestly cevaried; however, at E15, ankle excursions also negatively 
covaried with other excursions. Also, extremely rapid reversals in joint 
excursions marked several E15 records. The most notable result was 
a progressive decline in temporal stability from E9 to E15. The 
features that were retained support a kinematic definition of type I 
motility previously posed. Transitional features may be important in 
preparing the embryo for both hatching and subsequent adaptive 
behaviors. This work was funded by NSF grant IBN-9421125.

454.2

TRANSFORMATIONS IN EMBRYONIC MOTILITY IN CHICK: E9 TO 
E12. N.S. Bradley*. Dept. of Biokinesiology & Physical Therapy, Univ. 
of Southern California, Los Angeles, CA 90033.

Previously we demonstrated that reliable kinematic features 
characterized movement during type I motility in ovo  at embryonic day 
(E)9. Because type II motility is first observed E11 (Hamburger et al., 
J. Exp. Z oo l. ’65), we sought to identify its kinematic features at E12 
and determine whether there are age-related transformations in 
motility from E9 to E12.

E12 embryos were video taped during spontaneous motility in ovo. 
Video records for 8 embryos were digitized, and 5 complete activity 
sequences (approx. 45 sec/sample) per embryo were analyzed for 
comparison with data sampled similarly at E9 and published in a study 
examining the effects of buoyancy (Bradley, Physiol. & Behav. ‘97).

Results indicated many reliable features observed at E9 also 
characterize E12 motility sequences and pose a kinematic definition 
for type I motility. Modifications from E9 to E12 included increased 
intralimb coordination, decreased interl imb coordination, greater joint 
excursion range and velocities, and more prevalent startles. 
Maturation of musculoskeletal properties likely contributed to these 
changes. The most significant transformation was a decline in 
temporal stability of repetitive joint excursions from E9 to E12; 
changes in spinal network function likely contributed to these changes 
as descending and afferent inputs matured. Results also suggested 
type II motility may already be present at E9. This work was funded by 
NSF grant IBN-9421125.
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454.3
LOCOMOTION IN HEM I-PARKINSONIAN RATS : GROUND 
R E A C T IO N  FO R C ES R E V E A L  IM P A IR M E N T S  AND 
COMPENSATION G. D. Muir* and I. Q . W hishaw . Department of 
V eterinary Physiology, Univ. Saskatchewan, Saskatoon, Sask; 
Department of Psychology, Univ. Lethbridge, Alberta, Canada.

Hemi-Parkinsonian rats can walk and run, suggesting that they can 
access some compensatory strategy to overcome the rigidity in their 
impaired limbs. The purpose of the present experiment was to investigate 
the locomotor compensations made by Parkinsonian rats by measuring 
the forces exerted by the limbs on the ground throughout the stride 
during trotting. Rats with unilateral dopamine depletion produced by 
injection of 6-hydroxydopamine into the nigrostriatal bundle were trained 
to shuttle in an alley for food reinforcement. Ground reaction forces 
were measured in three orthogonal directions using a force plate 
embedded in the runway. Rats were also videotaped and timed so that 
limb movements were synchronized with force recordings. Although the 
locomotion is obviously impaired, the affected limbs could support 
weight and provide some braking forces. In addition, the impaired 
hindlimb provided significant propulsive force, and an abnormally large 
laterally directed force. Overall, the most significant abnormalities were 
seen during the diagonal couplet o f the impaired forelimb and the 
unimpaired hindlimb. These results demonstrate that this novel method 
is useful in the analysis of hemi-Parkinsonian gait and provide insights 
how rats can use an impaired limb as a rigid strut to generate weight 
support and propulsion. Supported by the Canadian Network Centres of 
Excellence (Neuroscience Network).

454.5
HINDLIMB KINETICS DURING UPSLOPE WALKING IN THE ADULT CAT
R. J. Gregor, D.W. Smith, A. Albrecht. B .I. Prilutsky and J.L. Smith1* Dept. Health 
and Performance Sciences, Georgia Tech, Atlanta, Georgia 30332-0110, 1Depart. of 
Physiol. Sci., UCLA, Los Angeles, CA, 90025-1568.

Recently reported kinematic and EMG data suggest that changes in the neural 
output needed for control of upslope walking include increased excitation of 
motoneuron pools, changes in primary muscle synergy during stance, and changes in 
posture (Carlson-Kuhta et. al., J. Neurophysiol, April 1998). To further explore these 
findings by extending the analysis to joint kinetics, three adult cats were studied 
while walking on a level walkway (0% grade) and at grades of 25%, 50%, and 75%. 
All data were collected according to the procedures described by Fowler et. al., 
(1993). Five trials were collected for each cat at each grade and inverse dynamics 
were used to calculate muscle moments at the metatarsophalangeal (MTP), ankle, 
knee, and hip joints of each cat for all conditions. Results show kinematic patterns 
were very similar to those reported by Carlson-Kuhta et. al. (1998) with less 
variability in ground reaction force patterns during upslope as opposed to downslope 
walking (Smith et .al., Neurosci. Abstr. 1997). No braking forces were observed in 
any of the upslope conditions. Calculated muscle moments at the ankle were 
extensor with peaks ranging from 0.6Nm at 20% of stance (0% grade) to 1.2Nm at 
50% of stance (75% grade). MTP moments were always plantarflexor and ranged 
from -0 .3Nm to -0 .5Nm at 0% and 75% upslope, respectively. Increased magnitudes 
o f the calculated muscle moments were consistent with the increased EMG reported 
by Carlson-Kuhta et. al. (1998). In addition, the peak hip extensor moment occurred 
during both the 50% and 75% upslope conditions at a time in the stance phase when 
there was still a calculated knee flexor moment. This finding is consistent with the 
increased semitendinosus activity reported by Carlson-Kuhta et. al. (1998) during 
upslope walking and the prediction that this muscle should be active during this 
combination of joint moments as reported by Prilutsky and Gregor (Motor Control, 
1997) . Supported by NSFIBN-9311398 and NIH NS-19864

454.7

EVIDENCE FOR REDUCED STIFFNESS OF SELF- 
REINNERVATED SOLEUS MUSCLES DURING RAMP WALKING 
IN THE CAT. T.R. Nichols*, T.A. Abelew, C.M.J.I. Huyghues- 
Despointes, and M.D. Miller. Department o f Physiology, Emory 
University, Atlanta, GA 30322.

Previous results showed that cats with unilateral self-reinnervation of 
the triceps surae muscles exhibit a disruption o f coordination between the 
ankle and knee joints during the stance phase while walking down a 
ramp but not while walking up or on a level surface (Abelew et al.
(1997), Soc. Neurosci. Abstr. 23, 760. Mechanical changes in these 
muscles were further characterized by calculating length changes o f the 
soleus (SOL) and gastrocnemius muscles (G) o f treated and untreated 
legs as well as recording tendon forces in SOL. The untreated SOL and 
G underwent active lengthening for most o f the stance phase during 
walking down the 43% grade but not during walking up or on the level 
surface. The treated SOL and G were stretched to a greater extent during 
the first half o f stance. Force fluctuations in the treated SOL were 
somewhat larger than those in the untreated SOL, but the larger 
differences in length changes on the two sides suggest that the stiffness 
o f the treated SOL was reduced due to the absence o f effective stretch 
reflexes. Reduced central drive is less likely since propulsive forces 
were essentially the same on the two sides during up-ramp walking.

(Supported by HD 32571)

454.4
TASK-SPECIFIC PRACTICE UNDER THE INFLUENCE OF YOHIMBINE 
FACILITATES RECOVERY OF LOCOMOTOR PLACING FOLLOWING 
UNILATERAL LESIONS IN THE RAT SOMATIC SENSORIMOTOR CORTEX.
G.W. Davis*. K,R. Heinrich, and T.M. Barth. Dept. of Psychology, Texas 
Christian University, Ft. Worth, TX 76129.

Previous research has shown that norepinephrine (NE) may play an important 
role in recovery of function and motor learning following lesions in the rat cortex. 
For example, drugs that enhance NE function (i.e. yohimbine or amphetamine) 
facilitate recovery on the beam-walking task. However, on another task, the foot
fault grid task, these NE agonists have not been shown to have beneficial effects on 
recovery. The failure of these drugs to enhance recovery may in part be due to 
conflicting behavioral demands between the behavioral effects of the drugs (i.e. 
amphetamine) and the behavioral demands of the task, and the time of drug 
administration (i.e. prior studies with yohimbine).

We hypothesized that in order for yohimbine to facilitate recovery on the foot
fault grid task, it may be necessary for the rats to receive postoperative practice 
under the influence of the drug. The present experiment tested the hypothesis that 
task-specific postoperative practice under the influence of a NE agonist such as 
yohimbine is required to facilitate recovery following unilateral lesions in the rat 
somatic sensorimotor cortex. Rats were randomly assigned to four treatment 
groups. Each rat received either yohimbine (5 mg/kg) or saline injections. 
Injections were administered one hour prior to the postoperative test trial or 
immediately following the postoperative test trial. Results indicated that 
yohimbine was effective in facilitating recovery when the drug was administered 
prior to postoperative practice but was not effective when given after the practice 
session. These data seem to suggest that motor learning may be an important 
component in mediating recovery on the foot-fault grid task.

454.6
O V E R G R O U N D  H IN D L IM B  L O C O M O T IO N  A N D P O S T U R E  IN  
A C U T E  S P IN A L  N E O N A T A L  R A T S  G IV E N  L-D O PA . C.O. A rnaiz,
M .C. G utierrez, M :L. M cEw en, D.J. S tehouw er & C. Van H artesveldt*. 
D epartm ent o f  Psychology, U niversity  o f  F lorida, G ainesville, FL 32611.

L-DO PA-treated intact and decerebrate 5-day-old rat pups suspended in the 
air engage in locom otor behaviors term ed air-stepping. A fter a m idthoracic 
spinal cord transection (T 7), forelim b air-stepping  is spared but hindlim b 
locom otion is v irtually  elim inated. H ow ever, w hen L-DOPA is com bined 
with afferent stim ulation o f  the hindfeet, h indlim b locom otion returns. In the 
present study, subjects w ere 5-day-old rats w ith either a m idthoracic spinal 
cord transection, a sham transection, or unoperated. They w ere tested 2 h 
after surgery w ith either 100 m g/kg L-DOPA (s.c.) or vehicle, and placed 
unsupported in a plexiglass chute (30 cm x  3 cm ) on a plexiglass runway. 
The lateral and ventral aspect o f  each anim al was videotaped  for 20 m in from 
the tim e o f  injection. Only subjects given L-DOPA engaged in any 
significant locom otion. Rat pups w ith spinal cord transections given L- 
D O PA placed the p lantar surface o f  their hindfeet on the runw ay and 
supported their hindquarters significantly  longer than intact pups. The 
hindlim bs o f  spinal pups w ith L-DOPA stepped in a lternation w ith shorter 
step lengths, but lacked obvious coordination betw een brachial and pelvic 
girdles. Unexpectedly, spinal rat pups w ere com parable to  intact pups in 
distance traveled, velocity , duration o f  locom otion, h indlim b step rate, and 
hindlim b coordination. Thus L-DOPA, or its m etabolic end products, serve 
to prim e the isolated lum bar spinal cord for afferent activation o f  effective 
reflex- or central pattern generator-m ediated h indlim b posture and 
locom otion. (Supported by NS 28850 to D.J.S. and C .V .H .)

454.8
THE EFFECTS OF CLONIDINE ON FOOT PLACEMENT DURING 
LOCOMOTION IN THE SPINAL CAT AFTER PARTIAL OR COMPLETE 
HINDPAW CUTANEOUS DENERVATION. L.J.G. Bouyer* and S. Rossignol, 
CRSN, Université de Montréal, Montréal, Canada H3C 3J7.

We have previously shown that a complete bilateral removal of hindpaw cutaneous 
inputs has minimal effects on locomotion in normal cats. However, after spinalisation, 
these neurectomized cats loose the ability to position their hindfeet on the plantar 
surface during stance, contrary to spinal non-neurectomized controls. Is it possible to 
compensate for this deficit resulting from a reduced peripheral input by using a 
pharmacological agent that augments the central drive of the spinal locomotor 
network? Clonidine (a2 noradrenergic agonist) was injected i.p. at different times after 
spinalisation in cats with a partial (n=1, cutaneous branch of the deep peroneal nerve 
left uncut) or complete (n=2) hindpaw cutaneous denervation. Early after spinalisation 
(before recovery of spontaneous locomotion i.e. 4-10 days), Clonidine administration 
produced larger hindlimb angular excursions, increased flexor/extensor EMG 
amplitude and duration, and somewhat improved weight support of the hindquarters 
in all cats. However, foot placement on the plantar surface was not re-established: the 
cats went from dragging the dorsum of the foot back and forth on the treadmill to 
walking on the tip of the toes. After prolonged training (>30 days), the overall 
excursion of the hindlimbs gradually increased in all cats. The foot placement did not 
improve, except in the partially denervated cat who could now spontaneously walk on 
the tip of the toes. Clonidine administration at this time in completely denervated cats 
increased the hindlimb excursion but foot placement still occurred only on the tip of 
the toes. In the partially denervated cat, locomotion became irregular, and the toes 
often buckled down under the feet, likely resulting from the reduction of efficacy of 
the remaining cutaneous inputs, an effect which is often seen after Clonidine. In 
conclusion, these results confirm that even if the central locomotor drive is augmented 
by Clonidine, cutaneous inputs remain necessary for the expression of a functionally 
complete spinal locomotor pattern that allows proper foot placement. (Supported by 
MRC Canada, Rick Hansen Foundation).
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454.9
THE GAIT INDICES EVALUATED FROM ELECTROMYOGRAPHIC ACTIVITY 
OF SELECTED FORE- AND HINDLIMB MUSCLES IN FREELY MOVING RATS.
H. Majczyński*, U. Slawińska, B. Chojnicka and T. Górska. Dept. o f Neurophysio
logy, The Nencki Institute o f Experimental Biology; 02-093 Warsaw, Poland.

The method of contact electrodes used to evaluate the main indices o f gait may have 
certain experimental limitation especially after CNS lesions when the animal is not able 
to put properly the paw on its plantar surface during locomotion. The alternative 
method, widely used in cats, is based on electromyographic (EMG) recordings. The 
aim o f our study was to asses the value o f EMG method in comparison with contact 
electrode method. The onsets o f stance and swing phases o f four limbs were recorded 
simultaneously using these two methods during overground locomotion in 7 intact rats. 
The animals, fitted with small cooper wire contact electrodes on palmar or plantar 
surface of the paw, moved on 2.5 m. long and 0.12 m. wide pathway placed 1.5 m. 
above the ground, covered with conductive material connected to low voltage DC 
source. For the EMG recordings the hook bipolar electrodes were implanted to flexor 
and extensor muscle of each limb (biceps and triceps muscles in forelimbs, tibialis 
anterior and soleus muscles in hindlimbs). Onsets o f flexor and extensor EMG burst 
activity approximated onsets o f swing and stance phases, respectively.

The analysis showed, that step and stance duration evaluated using both method were 
essentially similar in individual rats. The coordination between the homologous limbs 
was about 0.5 out of phase (adequate to alternating coordination) and mean phase shifts 
were not different (NS) in both groups o f results. The coordination between fore- and 
hindlimbs was trot-like and mean diagonal phase shifts were also not different (NS). 
The results obtained with the two methods showed also strong correlation between the 
stance duration and the step cycle duration, and weak or no correlation between the 
homologous or diagonal phase shifts and the step cycle duration.

These results proved, that the recordings o f EMG from all four limbs is a feasible and 
reliable method for evaluation of the main indices of locomotor pattern in freely 
moving rats. (supported by KBN grant 4.PO5A. 115.12, Poland)

454.11
COMPARISON OF DRIVING MECHANISMS OF LOCOMOTOR 
PROGRAMS INDUCED BY CEREBELLAR AND MLR 
STIMULATION IN CATS. S. Mori*, T. Matsui, B. Kuze, and K. 
Matsuyama. Dept. of Biological Control System, National Institute for 
Physiological Sciences, Okazaki 444-8585, Japan.

In the decerebrate cat, stimulation (0.2ms duration, 50 pulses/s, 5- 
30µA) of a restricted region within the cerebellar white matter along its 
midline (cerebellar locomotor region, CLR), which corresponds to the 
midline region of the hook bundle, evoked locomotion on the surface of a 
moving treadmill like that evoked by MLR stimulation (Mori et al in 
press). In this study, an attempt was made to compare the driving 
mechanisms of locomotor-related subprograms in brainstem and spinal 
cord activated by either cerebellar or MLR stimulation. Cerebellar 
stimulus intensity required for evoking locomotion did not change after 
making ablative lesions in the MLR, unilaterally and bilaterally. Nor did 
MLR stimulus intensity for evoking locomotion change after making an 
ablative lesion in the CLR. Concomitant stimulation of the CLR and the 
MLR at subthreshold intensity for each locus, evoked locomotion the same 
as that evoked by separate suprathreshold stimulation. Discharges of 
pontomedullary reticulospinal cells, which were synaptically activated by 
both CLR and MLR stimulation, were modulated during either CLR or 
MLR-evoked locomotion. Their modulation pattern, however, differed 
depending on the site stimulated to evoke locomotion. All these results 
indicate that locomotor subprograms can be activated either independently 
or dependently by CLR and MLR stimulation, and that the patterns of 
recruitment and locomotor driving differ depending on the region 
stimulated Supported by Japan Grant-in-Aid for General Scientific
Research A06404087 to S.M

454.13
MOTONEURON FREQUENCY/CURRENT RELATIONSHIPS DURING 
FICTIVE LOCOMOTION IN THE CAT. B. Fedirchuk*, D. A. McCrea, Y . Dai. K.E. 
Jones, & L.M. Jordan. Dept. of Physiol., Univ. of Manitoba, Winnipeg, Canada.

In decerebrate paralysed cats at rest, injection of depolarizing current pulses of 
varying amplitudes elicited bouts of repetitive firing in motoneurons that were used to 
construct frequency versus current (F/I) plots. During MLR-evoked fictive locomotion 
similar current pulses delivered during the hyperpolarized phase of the fictive step cycle 
yielded F/I plots that had slopes similar to those seen prior to locomotion. The firing 
frequency at any particular current injection could, depending on the cell, be either 
greater or less than at rest (i.e. curve could be shifted either to the left or right). In 
contrast, firing during the depolarized phase of the fictive step cycle was generally less 
affected by intracellular current injection. The firing rates attained during the 
depolarized phase were in some cases higher than that attainable either at rest or during 
the hyperpolarized phase. These results show that F/I relationships persist during fictive 
locomotion at a time in the step cycle when a reduction of the AHP (Brownstone et al. 
1992, Exp Brain Res 90: 441) and lowering of voltage threshold for action potential 
production (Krawitz et al. 1997, Soc. Neurosci Abstr 298.4) can be observed. In contrast 
to the hyperpolarized portion of the locomotor drive potential (LDP), firing during the 
active phase is altered by the barrage of excitatory synaptic currents with non-linear 
properties (Brownstone et al. 1994, Exp Brain Res 102: 34). This complicates the F/I 
relationship during the depolarized phase of the step cycle. It seems that for some 
motoneurons the firing rate during the active phase of the LDP is dominated by 
excitatory mechanisms related to the locomotor activity and is therefore less affected by 
additional intracellular current. Supported by the M.R.C. o f  Canada.

454.10
EFFECTS OF SMOOTHING AND TRIAL AVERAGING ON RESULTING JOINT 
KINEMATICS OF RATS DURING RUNWAY WALKING. W.L. Siler2*, K.A. Law2,
N.I. Bamber1, H. Li1, & X.M. Xu1. 1Dept. of Anatomy and Neurobiology, Saint Louis 
University; 2Dept. Of Physical Therapy, Saint Louis University, St. Louis, MO 63104.

Video based methods of motion analysis provide sensitive measures of the 
functional status of laboratory animals. This investigation considered the effects of 
different approaches to data smoothing, including trial averaging, on measures of joint 
kinematics of rats during runway walking. Six Fischer 344 female rats were videotaped 
while crossing an elevated runway. Trials were manually digitized by two individuals 
and numerically smoothed using Butterworth, cubic spline, and Fast Fourier Transform 
(FFT) digital filters. In addition, the raw data digitized by the two individuals were 
averaged rather than being subjected to numerical filtering. Thigh, knee, ankle, and 
metatarsal angles were derived using the raw, filtered, and averaged data sets. The 
calculated thigh and knee angles were similar across all digital filters but pronounced 
differences were present in the ankle and metatarsal angles. The FFT and Butterworth 
filter with a cut-off frequency of 20 Hz provided the best representation of the trends 
apparent in the raw data while the cubic spline and Butterworth filter with cut-off 
frequencies set to the optimum condition, performed poorly during periods of high 
acceleration. The comparison of smoothing approaches suggests that standard 60 Hz 
cameras may be inadequate for analyzing the high frequency movements of laboratory 
rats and that the smoothing approach must be selected carefully. When the digitized 
data from the two individuals were compared, large discrepancies were present in the 
thigh and knee angles during the swing phase of the gait cycle. Averaging the two 
provided good results for the ankle and metatarsal angles. Given the difficulty in 
marking the knee joint of rats, these data suggest that averaging trials would best be 
applied to coordinate data characterized by good inter-digitizer reliability.

This project supported by funding from The International Spinal Research Trust.

454.12

BIPEDAL LOCOMOTION OF JA PA N ESE MONKEYS 
(M .F u s c a ta ) ON AN INCLINED TREADMILL: JOINT ANGLE  
A N A L Y SE S.
F. Mori, K. Nakajima, T. Okumura, K. Matsuyama, Y. Itoh*, and S.  
Mori, Department of Biological Control System, National Institute for 
Physiological Sciences, Okazaki 444-8585, Japan

Adult Japanese monkeys (M. fuscata) have been shown to acquire a 
strategy for controlling their lower limb joints that allows them to walk 
bipedally on the moving surface of a flat treadmill with sufficient force to 
propel the center of gravity forward smoothly and swiftly (Nakajima, et al. 
1997, F.Mori, et al. 1998). The purpose of the present experiments was to 
elucidate the strategy utilized by the monkeys to walk bipedally on an 
inclined treadmill. Treadmill angle was set to 0, 7 or 10 degrees up, and 
the speed was set to 0.7, 1.0, 1.3 or l.5m/s. Side views of the walking 
monkeys were photographed (10 frames/sec.) and videotaped with a high
speed video recording system (250 frames/sec.). Postural and kinematic 
features of bipedal locomotion were analyzed (Image Express:NAC) from 
the videotapes. The relationships between the kinetics of hip and knee, 
ankle and knee, and hip and ankle joints were systematically analyzed. 
Each angular excursion of hip and ankle joints increased in proportion to 
an increase in the angle of treadmill inclination, whereas the angular 
excursion of the knee joint decreased. The results indicate that the 
monkeys learned a new strategy for controlling the excursion of their hip 
joint and subsequently the extent of knee and ankle angle excursions so as 
to maintain their upright posture and walk bipedally. Supported by Japan 
Grant-in-Aid for General Scientific Research A06404087 to S.M.

454.14
CONTROL OF THE STEP CYCLE BY REFLEXES EVOKED FROM MUSCLE 
AND CUTANEOUS FOOT AFFERENTS DURING FICTIVE LOCOMOTION.
D.A. McCrea, J. Quevedo, B. Fedirchuk S. Gosgnach & B. Schmidt*. Dept. 
Physiology U. Manitoba, Winnipeg R3E 3J7 Canada.

Contact of the dorsum of the foot with an obstacle during real locomotion produces 
extension o f the ankle and flexion at the knee to clear the foot over the obstacle (i. e. the 
stumbling corrective response, e. g. Buford & Smith. J Neurophysiol 70: 1102 ‘93). The 
present investigations were carried out to determine whether this well organized reflex 
could also be evoked in a reduced preparation without rich proprioceptive feedback, i. 
e. during fictive locomotion. Peripheral nerve and intracellular recordings from lumbar 
motoneurons were obtained following peripheral nerve stimulation during fictive 
locomotion produced by midbrain stimulation in decerebrate cats following neuro
muscular blockade. The main finding is that during fictive locomotion the full pattern o f 
the stumbling corrective response can be evoked at latencies similar to those occurring 
during real locomotion (Wand et al, Exp Brain Res 38: 109 ‘80). Activation o f the 
cutaneous nerve supplying the dorsum of the foot (10 shocks, 2x threshold) alone can 
evoke the stumbling corrective response. This reflex is not evoked from muscle nerves 
supplying the toes and ankle flexors. Instead stimulation o f the ankle flexor and toe 
extensor nerve, extensor digitorum longus, at group II (but not group 1) strength 
increases ongoing flexor activity but does not activate ankle extensors. Group II strength 
stimulation of the other primary ankle flexor, tibialis anterior (TA) terminates flexion and 
initiates extension. The similarity of cutaneous SP nerve reflexes during natural 
locomotion, fictive locomotion and in chronic spinal animals (Forssberg et al, Brain Res 
85:103 ‘75) indicates that this response may be a hard wired feature of the spinal 
locomotor circuitry. In contrast, group II reflexes are highly preparation dependent, since 
activation o f TA group II afferents resets to flexion during treadmill locomotion (Hiebert 
et al, J Neurophysiol 75:1126 ‘97) and resets to extension during midbrain stimulation- 
evoked fictive locomotion. Supported by MRC o f  Canada and Rick Hansen Legacy 
Fund.
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454.15
INTERLIMB MOTOR LEARNING IN THE RAT FETUS: EFFECTS OF
SPINAL TRANSECTION AND MANIPULATION OF KAPPA OPIOID 
ACTIVITY. S. R. Robinson* and K. K. Gjerde. Department of Psychology, 
University of Iowa, Iowa City IA 52242.

Rat fetuses can alter patterns of interlimb coordination in response to 
biomechanical constraint of limb movement. When a thread is attached to 
two limbs, forming an inter limb yoke, fetuses respond by increasing the rate  
of conjugate movements (simultaneous movements with p a ra lle l 
trajectories). Kinematic analysis has confirmed that hindlimbs show 
similar paths and velocity profiles after 30-min of yoke training. The 
gradual increase in conjugate movement in response to the yoke and 
persistence after removal of the yoke is evidence of motor learning. To 
further test the motor learning hypothesis, fetal subjects were exposed to an 
initial training period, a subsequent period w ithout the yoke, and a second 
training period. Fetuses w ith prior yoke experience showed a more rapid  
increase in conjugate hindlimb activity during the second training period 
than subjects exposed to the yoke for the first time. Fetuses prepared with a 
mid-thoracic spinal cord transection also exhibited increased conjugate 
hindlimb movement after yoke training, suggesting that spinal cord circuitry 
alone is sufficient to support motor learning in the fetal rat. We previously 
have suggested that kappa opioid activity can modulate long propriospinal 
feedback in the fetal rat. Consistent w ith this hypothesis, adm inistration 
of a kappa opioid agonist (U50,488) promoted conjugate movements of two 
hindlimbs or of two forelimbs after a period of yoke training, but disrupted 
motor learning involving one forelimb and one hindlimb connected with th e  
interlimb yoke. These studies imply that the neural substrates of motor 
coordination are modifiable during fetal development.

This research was supported by grant HD 33862 to SRR.

454.17
LATERAL TURNS IN THE LAMPREY. II. THE BRAIN STEM DESCENDING 
COMMAND SYSTEM - COMPUTER MODELING AND LESION STUDIES. F.
Ullén*1,2, P. Fagerstedt2, Ö. Ekeberg1, A. Lansner1, G.N. Orlovsky2,3 and S. Grillner2. 
1Dept. of Numerical Analysis and Computing Science, Royal Institute of Technology, 100 44 
Stockholm, Sweden, 2Dept. of Neuroscience, Karolinska Institute, 171 77 Stockholm, Sweden 
and 3A.N. Belozersky Institute of Physico-Chemical Biology, Moscow State University, Moscow 
119899, Russia. Lateral turns in lamprey have an increased locomotor cycle duration, 
and burst intensity and duration on the side of the turn. We used a neuromechanical 
computer model of the lamprey locomotor system to investigate which descending 
commands give turn-like modulations of the locomotor output. Unilateral excitatory 
commands to all spinal CPG neurons evoked turns, with the amplitude proportional to 
command intensity. During the turns burst proportion and cycle duration decreased, 
however. Turns with an increased cycle duration could be evoked if a contralateral 
inhibition was added, but the burst proportion still decreased. Unilateral excitatory 
commands to all CPG neurons except the burst terminating lateral interneurons gave 
turns with realistic changes of all burst parameters. Effects in the target segments were 
similar if a command was given to the most rostral (20) segments or to the whole spinal 
cord. Short-lasting command pulses had phase-dependent effects, with the largest turns 
evoked in the excitatory phase of the rostral ipsilateral segments. In in vitro 
experiments, turns with realistic changes of all burst parameters could be evoked on the 
intact side after spinal hemisection caudal to the brain stem. Turns to the lesioned side 
were abolished. The majority of middle and posterior rhombencephalic reticulospinal 
cells were both depolarized during ipsilateral turns and hyperpolarized during 
contralateral turns. A unilateral descending turn command is thus sufficient to evoke all 
locomotor pattern changes, perhaps by differentially affecting different cells in the 
locomotor CPG. Inhibition of contralateral reticulospinal cells may contribute to the 
increase in cycle duration. Supported by TFR (282-96-905), MFR (3026 and 11544) 
and HHMI (75195-544801) grants.

454.16
LATERAL TURNS IN THE LAMPREY

I. ACTIVITY OF SPINAL INTERNEURONS DURING FICTIVE TURNS.
P. Fagerstedt*1, F. Ullén1,2, T.G. Deliagina1,3, P. W allén1 and S. Grillner1.

1Dept. of Neuroscience, Karolinska Institutet, 2Dept. of Numerical Analysis and 
Computing Science, Royal Institute of Technology, Stockholm, Sweden and 3A.N. 
Belozersky Inst. of Physico-Chemical Biology, Moscow State University, Moscow 
119899, Russia.

Lateral turns in freely behaving adult lampreys are characterized by increased 
intensity and duration of the bursts of muscular activity on the side ipsilateral to the 
direction of the turn. The swimming frequency decreases and the burst proportion of 
the cycle increases on the activated side. In this study we have evoked fictive lateral 
turns in an isolated brainstem-spinal cord preparation of the adult lamprey by electrical 
skin stimulation during fictive locomotion induced by D-glutamate. Stimulation of the 
skin on one side of the head evoked excitation of contralateral reticulospinal axons and 
modifications of the contralateral spinal motor output characteristic of lateral turns. 
Midbody spinal cord hemisections abolished the propagation of the fictive turn along 
the spinal cord on the lesioned side. Intracellular recordings of spinal interneurons and 
motoneurons during fictive lateral turns and during electrical stimulation of the 
trigeminal nerve in absence of fictive locomotion showed an increased 
depolarization/activity of neurons on the activated side contralateral to the stimulus 
except for lateral interneurons (LIN). LÏNs are propriospinal inhibitory neurons that 
may provide burst termination through disinhibition of the contralateral side via 
crossing inhibitory interneurons. A selective depression of the LINs on the side 
towards which the animal turns would thus prolong the bursts on the same side 
suggesting a relay function of LINs in the descending turn command system.

Supported by MFR (3026 and 11544), TFR (282-96-905) and HHMI (75195-544801) 
grants.

454.18
INVESTIGATION OF POSTURAL CONTROL IN LAMPREYS: COMBINED IN 
VIVO AND ROBOTICS APPROACHES. P.V. Zelenin1,2. T.G. Deliagina1,2, G.N. 
Orlovsky1,2* and S. Grillner1. 1Department of Neuroscience, Karolinska Institute, 
17177 Stockholm, Sweden, and 2A.N. Belozersky Institute of Physico-Chemical 
Biology, Moscow State University, Moscow, 119899, Russia.

When swimming, the lamprey (a lower vertebrate, Cyclostome) maintains the 
dorsal-side-up orientation due to the vestibular reflexes. These reflexes are mediated 
by the reticulospinal (RS) neurons. To study dynamic interactions between the 
vestibulo-reticulospinal system, on one hand, and the mechanical effector organs 
controlled by the spinal cord, on the other hand, we substituted the latter ones by an 
electromechanical system (“robot”) driven by the RS signals and rotating the animal 
around its longitudinal axis.

The lamprey was fixed on a rotating platform, and the activity of RS axons on 
the left and right sides of the spinal cord was recorded by two implanted electrodes. 
Under open-loop conditions, a lateral tilt of the platform elicited activity mainly in the 
contralateral RS axons, which was recorded by the corresponding electrode. Under 
closed-loop conditions, the signals from the two electrodes were used to drive an 
electrical motor rotating the platform with the animal. The closed-loop system 
reproduced a number of behavioral phenomena: (i) it stabilized the dorsal-side-up 
orientation and compensated for any imposed tilt (up to 180°), (ii) it reproduced 
“dorsal light response”, that is a tilt of the animal towards the more illuminated eye, 
(iii) it reproduced the effects of unilateral labyrinthectomy, that is a loss of equilibrium 
and its restoration under the effect of asymmetrical visual input. Influences of different 
configurations of the robot and its parameters on the dynamic characteristics of the 
system were investigated.

Supported by grants from MFR (3026 and 11544), HHMI (75195-544801), 
SSMF (972004), and KVA.

POSTURE AND MOVEMENT I 

455.2455.1

VISUO-SPATIAL ATTENTION IN MOVEMENTS WITH VARIOUS 
AMPLITUDES OR DIRECTIONS. M. Badan1, D. Desbiez1, P. Mounoud1, & D. 
Corbetta.2*. 1Faculty o f Psychology and Educational Sciences, University of Geneva. 
1227 Carouge, Switzerland, 2Department of HKLS, Purdue University, West Lafayette, 
In, US.

The allocation of visuo-spatial attention during manual aiming was investigated in 
adults with an interference paradigm. Three experiments were designed to evaluate 1) the 
nature of the spatial frame of reference (viewer- vs. action-centered) within which 
attention is allocated, 2) whether programming and/or execution of movements are 
affected by distractors, 3) whether the interference manifests itself in the same manner in 
movements varying either in amplitude or in direction. Subjects had to reach as fast as 
possible a target presented either alone, or along with a distractor. The distractor was 
displayed either between the starting point and the target or beyond the target. In two 
experiments, targets were placed at various distances along the midsagittal axis: the 
starting point was proximal in Exp.l, and distal in Exp.3. In Exp.2, movements of the 
same amplitude were performed in various directions from a central starting point. 
Confirming previous studies (Tipper, Baylis, & Lottie, 1992), the results show that 
attention is distributed with respect to an action-centered frame of reference. They also 
show that distractors affect the execution phase of movements varying in amplitude but 
not in direction. In contrast, with movement varying in direction but not in amplitude, the 
programming phase increases with the presence of a distractor. We conclude that 1) the 
time course of the attentional processes depends on the type of movements, 2) when 3D 
actions are performed, visuo-spatial attention is distributed so as to encompass the hand 
and the target.
Tipper, S. P., Lortie, C., & Baylis, G. C. (1992). Selective reaching: Evidence for 
action-centered attention. Journal o f Experimental Psychology: Human Perception 
and Performance, 18(4), 891-905.
*Grant from the Fonds National de la Recherche Scientifique to MB (# 1114- 
045847.95).

MOTOR LEARNING IN ELDERLY PEOPLE
L.Piron1, 2*, P Tonin2, M. Dam1, E. Trivello1 and E Bricolo3
1Dipartimento di Scienze Neurologiche e Psichiatriche Università degli Studi di 

Padova, Padova, Italy, 2Ospedale S Camillo, Lido di Venezia, Venezia Italy, 3SISSA, 
Trieste, Italy

Previous studies have shown how human subjects adapt to external forces perturbing 
the motion of their limbs during goal oriented movements (Gandolfo et al, 1996). Given 
subjects` ability to compensate for a force experienced at given workspace locations 
decays proportionally to the distance from the learning positions, these results have 
suggested a local model for motor adaptation
We assessed motor adaptation capabilities inoider human subjects using a similar 
experimental procedure We recruited people older titan 50 years old, 12 subjects, 
ranging from 50 to 74 years old We wonder how behave older normal subjects in the 
same kind of experimental procedure.
Subjects were asked to execute point to point movements between the center o f the 
workspace and one o f 8 possible arranged planarly in a semicircle They were asked to 
perform the movement as quickly as possible grasping a stylus of a manipulandum 
(Phantom Robot, Sensable Technologies) which allowed recording of trajectories Once 
subjects could perform the task at a prefixed speed, a velocity proportional perturbation 
was applied through the Robot, significantly altering the arm trajectories. This 
perturbation was applied only to a subset o f the targets and with time subjects learned to 
compensate for it Once learning was accomplished, we removed the perturbations to 
evaluate aftereffects
Even if some subjects have had a big latency in learning the baseline o f the task, our 
data are in agreement with the results obtained from younger people. In particular, we 
can confirm the presence o f a local model o f  adaptation, given that even in older 
subjects we have found that the magnitude of the aftereffects decreases with the 
distance from the positions that experienced the force perturbations. In addition, we also 
find that older subjects seem to learn force compensation less quickly than younger 
people do and that they show aftereffects for a longer time.
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455.3
T E S T IN G  D Y N A M IC  F IE L D  T H E O R Y  W IT H  D IR E C T IO N A L  A R M  
M O V E M E N T S . K. M c D o w e ll1* , J .J . J e k a 1, G . S c h ö n e r2, a n d  B .D . H a tf ie ld 1, 
1D e p a r tm e n t o f K in e s io lo g y , U n iv e rs ity  o f M a ry la n d ,  C o lle g e  P a rk , M D  2 0 7 4 0 ; 
2L a b o ra to ire  d e  N e u ro s c ie n c e s  C o α n it iv e s , C N R S . M a rs e ille s , F ra n ce .

D y n a m ic  F ie ld  T h e o ry  (D F T ) (S c h ö n e r, K o p e c z , &  E rlh a g e n , s u b m itte d ) 
h a s  b e e n  p ro p o s e d  to  a c c o u n t fo r  m o to r  p la n n in g  b a s e d  u p o n  th e  m e tr ic s  o f 
th e  m o v e m e n t ta s k . T h is  e x te n d s  th e  tra d it io n a l c o n c e p t o f a  m o to r p ro g ra m  
b y  a c c o u n tin g  fo r  th e  e ffe c ts  o f th e  c o n t in u o u s ly  c h a n g in g  e n v iro n m e n t, b o th  
in te rn a l a n d  e x te rn a l, u p o n  m o v e m e n t. T h e  th e o ry  p o s its  th a t in te rn a l f ie ld s  
re p re s e n t th e  s ta te  o f th e  m o to r  s y s te m  a n d  th a t th e  e n v iro n m e n ta l d y n a m ic s  
a re  re p re s e n te d  in th e s e  f ie ld s . D F T  is e x a m in e d  in th e  lig h t o f a  d ire c tio n a l 
m e tr ic . T h e  e x p e r im e n t c o n s is ts  o f an  e ig h t cm  p o in tin g  ta s k  in w h ic h  re a c tio n  
t im e  (R T ) a n d  e v o k e d  p o te n tia ls  (E P ) a re  re c o rd e d . In e a ch  o f th e  tw o  
e x p e r im e n ta l c o n d it io n s , a n  a r ro w  is  p re s e n te d  b r ie f ly  to  s p e c ify  m o v e m e n t 
d ire c tio n  fro m  a  c e n tra l p o s itio n . In th e  n a rro w  c o n d it io n , tw o  a rro w s , o n e  le ft 
(2 0 ° c o u n te r-c lo c k w is e  fro m  c e n te r)  a n d  th e  o th e r  r ig h t (20° c lo c k w is e  fro m  
c e n te r)  b o th  a p p e a r  w ith  a  p ro b a b ility  o f 4 5 % . In th e  w id e  c o n d itio n , le ft a n d  
r ig h t a r ro w s  a re  90 ° fro m  th e  c e n te r. In b o th  c o n d it io n s , a  c e n te r  a r ro w  p o in ts  
3 1 5 ° c lo c k w is e  fro m  v e r t ic a l a n d  a p p e a rs  w ith  a  p ro b a b ility  o f 10% . 
P re lim in a ry  R T  d a ta  (n = 1 0 ) in d ic a te  th a t th e  m o v e m e n t o n s e t fo r  a ll th re e  
a r ro w s  in  th e  n a rro w  c o n d it io n  is  fa s te r  th a n  in th e  w id e  co n d itio n . P a rt ic u la r ly  
in te re s tin g  is th e  f in d in g  th a t m o v e m e n t o n s e t to  th e  id e n tic a l c e n te r  a rro w  
c h a n g e s  b a s e d  u p o n  c o n d it io n . P re lim in a ry  E P  d a ta  (n = 5 ) in d ic a te  a c h a n g e  
in p o w e r a fte r  th e  a p p e a ra n c e  o f th e  c e n te r  a r ro w  b a s e d  u p o n  th e  d ire c tio n a l 
m e tr ic s  o f th e  s u rro u n d in g  m o v e m e n ts . B o th  R T  a n d  th e  E P  re s u lts  a re  
c o n s is te n t w ith  p re d ic t io n s  o f th e  D F T . S u p p o r te d  b y  N S F  g ra n t S B R - 

9 7 0 9 3 6 1 .

455.5
DO DELAYED VELOCITY D EPEN D EN T FORCES CO NTRIBUTE TO 

VOLUNTARY M OVEM ENT? C hristopher D. Mah and Ferdinando A. 
Mussa-Ivaldi.* D epartm ent of Physical Medicine and Rehabilitation Northwestern 

University Medical School, 345 E. Superior, Suite 1406, Chicago, IL 60611
Control forces which depend on position are included in m ost accounts of vol

un tary  reaching movements. The role and natu re  of velocity dependent forces in 
voluntary movement have not been well characterized however. Simulation of two 
joint reaching movements show th a t assum ptions about viscous forces can signif
icantly influence movement trajectories, and alter the effect of putative control 
signals. Therefore, we estim ated the velocity dependent forces generated by the 
arm  during a  pertu rbed  voluntary reaching task. Our results suggest th a t velocity 
dependent forces m ediated by sensory feedback contribute significantly to  torques 
generated during two-joint reaching movements.

Subjects grasped the handle of a two jo in t robot m anipulandum  and made 
straight, p lanar 10 cm voluntary reaching m ovements to  a target, of approxim ately 
.8 second duration. On one th ird  of the trials the  robot caused the tra jectory  to 
deviate by means of v irtual walls, which lasted 1.6 seconds. The virtual walls 
kept the tra jectories near straight lines which missed the target by 1 - 3 cm. In 
addition, on some perturbed  trials there was a  sinusoidal force perturbation  (f=3.3 
Hz, 6.6Hz, 9.9 Hz) tangential to  the wall. Subjects were instructed not to  intervene 
during the perturbations.

Inertial param eters of the sub jec t’s arm s were inferred from an anthropom etric 
regression model of the  arm , and arm  torques during movement were estim ated 
from force and kinem atic data . Simple param etric models relating arm  torque to 
position and angular velocity were fitted to  arm  torques from restricted segments of 
the  movement. These models assum ed linear stiffness and the analysis contrasted 
velocity dependence a t zero lag, with velocity dependence a t lags up to  300 ms, by 
directly estim ating the Fourier transform  of the velocity to  torque transfer function. 
W hile dependence on position (stiffness) explained m ost variation between different 
walls, the addition of lagged velocities gave dram atic improvements in prediction 
accuracy for single walls. S u p p o rted  b y an N IN D S  (N S -3 5 6 7 3 -0 1 ) N IM H  
(P 5 0 M H 4 8 1 8 5 -0 5 0 0 ) and O N R  (N 0 0 0 1 4 -9 5 -l-0 5 7 1 )

455.7
SIMULTANEOUS PREDICITON OF HUMAN ARM TRAJECTORIES AND 
MUSCLE STRESS LEVELS M. Movafagh, G.T. Yamaeuchi*,  A. Schwartz. 
Whitaker Center for Neuromechanical Control, Dept. of Chemical, Bio. & 
Materials Engineering, Arizona State University, Tempe AZ 85287-6006.

There is a considerable body of research relating movement direction of upper 
extremity limb endpoint and firing rates of neurons in the motor cortex. 
Algorithms have been developed, such as the population vector analysis method, 
that predict instantaneous movement velocity from cortical activity. Prediction of 
limb endpoint direction provides a unique opportunity as a control signal for a 
prosthetic limb, or an FES activated paralyzed limb. The challenge then lies in 
efficiently calculating joint trajectories and muscle stress involvement to emulate 
natural coordinated motion. Human upper limb reaching tasks are characterized 
by two redundancy paradigms. There are more degrees of freedom in the arm than 
are minimally required to follow an endpoint path. Furthermore, there are far more 
muscles than are minimally required to move those degrees of freedom. These 
two paradigms are known as the two redundancy problems in biomechanics. In 
this paper we have adapted the pseudoinverse algorithm to simultaneously: follow 
an endpoint trajectory, predict joint trajectories, and finally to predict muscle stress 
levels. The underlying hypothesis is that a minimum muscle stress cost criterion 
can be utilized to accurately and efficiently predict natural upper arm motion in 
humans. Experimental data has been collected from healthy male adults in 
compliance with the Arizona State University Human Subjects Institutional Review 
Board. The correlation between predicted and experimentally collected joint 
angular trajectories are significant for some angles (i.e. shoulder flexion) and less 
significant for other angles (shoulder adduction). Furthermore, predicted muscle 
stress levels and EMG data follow similar trends. The pseudoinverse method shows 
promise as a means of prediction for arm motion. Research has been made possible 
by a grant from National Science Foundation and the Whitaker Foundation.

455.4
CONTEXT EFFECT AND SEGM ENT DIFFICULTIES ON MOVEMENTS 
W ITH TW O STROKE SEQUENCE. M.K. Rand*, G.E. Stelmach,
Motor Control Laboratory., Arizona State Univ., Tempe, AZ, 85287-0404

We previously reported that variations in the difficulty of the second segment 
in two stroke movements produced context-dependent kinematic changes in the 
performance of the initial segment. In the previous study, the difficulty of the first 
segment was lower than the difficulties of the second segments. This study further 
examined whether context-dependent kinematic changes are still observed, when 
the difficulty of the first segment is increased more than those of the second 
segment. Fourteen subjects made arm movements consisting of two segments in 
the horizontal plane of a x-y digitizer. The direction of the first segment was an 
elbow extension movement away from the trunk. The direction of the second 
segment varied between forearm extension and flexion movements. Based on 
Fitt’s law, three different indexes of difficulty (ID) of the first segment (1.63, 
3.05, and 4.64) and two different IDs of the second segment (2.5, 4.32) were 
utilized by changing target size.

In the extension-extension sequence, context-dependent kineamtic changes in 
the initial segment were found in the lowest ID condition of the first segment. 
Movement duration of the initial segment lengthened and peak velocity decreased 
when the ID of the second segment was increased. In contrast, such context 
dependency was not found in the other two ID conditions. In the extension-flexion 
sequence, all ID conditions of the first segment exhibited similar context- 
dependent changes in the initial segment, indicating that the context dependency 
was stronger in the extension-flexion sequence than in the extension-extension 
sequence. These findings suggest that when making two segment movements, the 
difficulty of both segments are considered. When the difficulty of the first 
segment is high, motor planning processes appear to organize the two segments 
separately. Supported by the Flinn Foundation.

455.6
SUBJECTS LEARN N O VEL V ISU O M O TO R  TRA N SFO R M A TIO N S  AND  
NOVEL INTERSEG MENTAL DYNAM ICS INDEPENDENTLY. J. Krakauer*, 
M F G hilardi and C. Ghez. Ctr. for Neurobiol. & Behav., Columbia Univ. & 
NYS Psych. Inst., New York, NY 10032

W e have reported previously that the learning of novel visuomotor maps 
differs from the learning of novel limb inertial dynamics (coding in extrinsic 
coordinates from visual errors, Krakauer et al .vs coding in intrinsic coor
dinates from proprioceptive errors, Sainburg et al, Babul et al.). W e now 
examine the retention of newly learned visuomotor transformations after 1-7 
days and it’s susceptibility to interference by the learning of a novel visuo
motor transformation or by novel inertial dynamics in the intervening period.

Subjects made horizontal out-and-back m ovements of their unsee 
dominant hand from a common origin to 8  radial targets presented randomly 
on a computer monitor at intervals of 1 -1 .5sec. A 1 kg mass could be  
attached 25 cm lateral to the arm support to alter elbow interaction torques. 
After initial task familiarization, the mapping of the cursor display was rotated 
30° CC W  relative to the origin for 3 blocks of 90 movements. In all subjects, 
directional errors decreased rapidly over the first 24 movements and more 
slowly thereafter. When subjects were retested, one or 7 days later, both 
the initial improvement and the final errors were substantially lower. This 
improvement did not occur when subjects w ere trained with a  30° CW  
rotation 5 ‘ after the initial training (interference). In contrast to findings by 
Shadmehr et al., in a  combined visuomotor and dynamic task, resistance to 
interference was still incomplete at 24  hrs. Interference did not occur when 
subjects learned to compensate for inertial errors of comparable magnitude 
induced by attaching a 1 kg mass lateral to the hand (Sainburg et al). Finally, 
the rate of initial adaptation to imposed rotations was unaffected when this 
novel dynamic load was imposed concurrently. These findings indicate that 
the m echanisms responsible for learning and consolidation of novel 
visuomotor transformations and novel internal models of inertial dynamics 
are distinct and largely independent. (Supported by NS22715, NS1961)

455.8
MOVEMENT SYNCHRONIZATION DURING RHYTHMIC TRACKING: PERIOD VS 
PHASE CUING. G.C. McIntosh, S.G. Prassas, G.P. Kenyon, P. Dou*, M.H. Thaut. Center 
for Biomedical Research in Music, Colorado State University, Fort Collins, CO 80523, USA.

Recent evidence suggests that rhythmic motor synchronization is primarily driven by 
frequency coupling, i.e., absolute time matching between stimulus and motor response 
period, rather than phase coupling between stimulus and response event once a preferred 
synchronization error has been set (Thaut et al., 1998). This observation fu rther suggests that 
rhythm provides time information across the duration of movement. Enhanced time stability 
in movement interval consistency during rhythmic cuing has been found in gait and arm 
studies with healthy subjects and stroke and parkinsonian patients (Brown et al., 1993; Thaut 
et al., 1992, 1993; McIntosh et al., 1997). Recent evidence has shown that reduced time 
variability during rh ythmic cuing across the movement cycle is also associated with reduction 
in trajectory variability and smoothing of velocity profiles in the wrist path o f hemiparetic 
stroke patients (Thaut et al., 1998) and tremor reduction in knee angle curves of traumatically 
brain injured patients’ gait (Kenyon & Thaut, 1998).

By shifting the position of rhythmic metronome cues during repetitive flexion-extension 
arm movements we studied if temporal and kinematic stability can be maintained by 
accurately scaling the movement period regardless if the metronome beats cued the 
movement endpoints (touching 2 sensors vertically aligned on a tilted table surface in front 
o f the subject) or were shifted to the exact midpoint of the movement period by randomly 
introducing a double beat Five subjects (3 female, 2 male; mean age 36+/-9) were assessed 
using video motion analysis and touch sensor time information. Trials lasted from 27 to 33 
s with a mean subject movement frequency of 1.9 Hz.. Support for a duration cuing strategy 
was provided by variances of the movement period which remained stable across cuing 
conditions and did not change significantly (>.05), as well as consistent elbow joint 
kinematics (range of motion, angle position curves, angular velocity profiles). Shifts in phase 
positions did not decrement the spatio-temporal stability of the movement during rhythmic 
synchronization.
Center of Excellence Grant, Colorado Commission on Higher Education
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455.9
EVALUATION OF MOTOR FUNCTION USING OPTIMAL PERFORMANCE 
INDICES FOR TRAJECTORY PLANNING IN HEMIPARESIS PATIENTS.
K Domen*1,3, R Osu2,T Yoshioka2,& M Kawato1, 1ATR Human Info. Proc. Res. Labs., 
Kyoto 619-0288; 2Kawato Dynamic Brain Project, JST, Kyoto; 3KEIO Univ. Sch. of 
Med.; Tokyo, Japan.

Motor function in stroke patients with hemiplegia has usually been evaluated using 
ordinal scales, which may be affected by the rater's subjective judgment. On the other 
hand, various optimal criteria have been proposed to explain the trajectory planning of 
spontaneously generated movements in normal subjects: minimum hand-jerk (Flash & 
Hogan, 1985), minimum joint-angle-jerk, minimum elastic torque-change model (Uno, 
Kawato, Suzuki,1989) and minimum motor-command-change (Kawato, 1996). If a 
movement is closer to the 'optimal' one, the value becomes lower, so these parameters 
indicate the 'smoothness' of a movement. We analyzed these parameters during paretic 
arm movement in stroke patients to quantitate the smoothness and confirm whether such 
parameters could be used to evaluate motor function in hemiplegia.

The subjects were 4 stroke patients with supratentorial cerebral hemorrhage. They 
performed point-to-point reaching movements on a horizontal plane with or without one 
via point. They performed the tasks with the unaffected arm and then with the affected 
arm until 20 successful trials had been collected for each arm. Success was defined as 
performing the task within the required time and obtaining both the via point and end 
point with the prescribed accuracy. Hand-jerk, joint-angle-jerk and elastic torque- 
change values were calculated from the kinematic data. Motor-command-change values 
were calculated from low-pass filtered EMG signals (Koike & Kawato, 1995).

The values of the four criteria were significantly higher for the paretic arm in subjects 
with minimal sensory disturbance (p<O.()l). The subjects with severe sensory 
disturbance showed a non significant difference in joint-angle-jerk values. These results 
showed that different strategies for movement disorders were needed according to the 
level of sensory function. High motor-command-change values were a common and 
prominent abnormality in all the subjects. (Supported by HFSP)

455.11
CORRELATIONS BETWEEN THE PERFORMANCE OF REPETITIVE 
TAPPING AND CIRCLE DRAWING TASKS: EVIDENCE THAT 
COORDINATION IS MORE THAN THE SUM OF THE INDIVIDUAL 
EFFECTORS. JR. Spencer* and H.N. Zelaznik, Department of 
Health, Kinesiology and Leisure Studies, Motor Behavior 
and Control Laboratory, Purdue University, West 
Lafayette, IN 47907.

During the past twenty years evidence has accumulated 
that leads to the inference that timing processes can be 
shared across a variety of tasks and effectors. This 
past research used an individual difference paradigm in 
which correlations between performance of various motor 
tasks, in terms of timing consistency, were analyzed. 
Typically, for timing tasks statistically significant 
correlations between finger and arm tapping, finger and 
jaw opening-closing movements, and between motor and 
perceptual timing have been observed. In the present 
experiment we examined whether timing in unimanual tasks 
—  tapping and circle drawing, predicted timing 
consistency and coordination performance in bimanual 
tapping and circle drawing tasks. Significant 
correlations between unimanual tapping and the timing of 
individual fingers in bimanual tapping were observed. 
These correlations were not as strong for the individual 
and bimanual circle drawing tasks. Finally, unimanual 
circle and tapping task performance was not correlated 
with any of the phase measures of coordination. Thus, 
coordination is not simply the concatenation of 
individual elements.

455.13

THE EFFECT OF UNEXPECTED LOADS AT THE L5-S1 LEVEL AND 
LOWER LIMB JOINTS WHEN LIFTING. D.G. Heiss*1,2, M.J. Huddleston2, 
H.J. Yack1, R.K. Shields1, 1Physical Therapy Grad. Program, Univ. of Iowa; 
2Division of Physical Therapy, Ohio State Univ., Columbus, OH 43210.

Joint moments are often used as indicators of joint loading during lifting and 
predictors of injury risk. As load magnitude increases, the joint moments indicate 
that the lifting strategy changes from more of a leglift to more of a backlift. We 
investigated expected and unexpected loads to determine the influence of 
anticipatory control on the resultant motor control strategy during lifting. 
Subjects (n = 25) lifted identical boxes loaded with 5, 20, or 35 percent of their 
maximum lifting capacity using a leglift technique. The subjects lifted a series 
of loads of the same weight followed by a load which was heavier than expected 
(HTE) or lighter than expected (LTE), based on the previous lift. Net joint 
moments were calculated from the kinematic and kinetic data acquired during 
each lift. Larger discrepancies between the expected and actual load led to 
differences in the lifting strategy. When the 5% load was LTE (expected 35%, 
got 5%), the L5-S1, hip, knee, and ankle peak extensor moments were higher 
than those of planned 5% lifts. When the 35% load was HTE (expected 5%, got 
35%), the initial L5-Sl and hip peak extensor moments were lower and the peak 
knee extensor moment was higher than those of planned 35% lifts. As the 
subjects continued lifting the HTE 35% load, the joint moments indicated that 
the subjects relied on more of a backlift strategy to complete the lift. The results 
indicate that the CNS modulates joint moments during lifting based on the 
expected load weight.

Supported by the Foundation for Physical Therapy

455.10
LOST IN SPACE: MULTI-AXIAL AND MULTI-DIMENSIONAL 
SURFACE PERTURBATIONS DELIVERED BY A NOVEL MOTION 
BASE DEVICE. J. Fung1,2* and E. Johnstone2,3 1School of Physical and 
Occupational Therapy, McGill Univ.; 2Posture and Gait Research Unit, 
Jewish Rehabilitation Hospital; 3Dept. Biomedical Engineering, McGill 
Univ.; Montreal, QC H3G 1Y5, Canada.

We have developed a novel motion base consisting of six electro- 
hydraulic actuators with ultrasonic position sensors. The actuators are 
powered by a 25 HP hydrualic pump and servo-controlled by position 
feedback. The actuators are linked together with an assembly of precision 
shafts and bearings, allowing only movement in the top platform to occur 
The motion base is situated in a pit 99 square inches in area and 54 inches 
in depth. The original linkage mechanism was created and conceptualized 
using Working Model 3D. Three vertical actuators connect the base of the 
pit to the top platform with universal joints at the rod and cap ends Three 
horizontal actuators connect to the walls of the pit by universal joints at the 
cap ends and to the top platform through another assembly of I-beams, 
universal joints and a linear bearing at the rod ends. Hence, the vertical 
actuators that control heave, pitch and roll motions of the top platform are 
decoupled from the horizontal actuators that control yaw motions as well 
as fore-aft and lateral translations of the top platform. Control algorithms 
to control the six degree-freedom of motions are thus simplified. Surface 
motions of the top platform can simulate any change in terrain. Tri-axial 
AMTI force plates are mounted within the top platform. Surface 
perturbations are programmed to occur only when a subject steps onto one 
or both force plates, and generates the loading forces matching those of 
predetermined criteria. Therefore, the platform can move suddenly during 
any phase of locomotion or stance postures.
(Supported by the Fonds de la Recherche en Santé du Québec and the Medical Research 
Council o f Canada)

455.12
USING A MASS SPRING MODEL FOR FAST HITTING 
MOVEMENTS: ON THE INTERPRETATION OF PARAMETER 
VALUES. Marc H.E. de Lussanet, Jeroen B.J. Smeets* and Eli Brenner. 
Vakgroep Fysiologie, Erasmus Universiteit Rotterdam; Postbus 1738, 
3000 DR Rotterdam, the Netherlands.

In the study of human motor control, mass spring models have been 
used to describe (mostly cyclic) movements, and to describe responses to 
mechanical perturbations during (mostly goal-directed) movements. In the 
present study, we tested whether model parameters obtained from fast, 
goal directed arm movements yield adequate predictions for the responses 
to perturbations of these movements.

We used a simple mass spring model that describes how subjects 
adjust hitting movements on the basis of instantaneous, visual information 
about the target (Smeets & Brenner, 1995). In the experiment, stationary 
and moving targets were presented in random order during one session. 
Subjects were asked to hit the targets as fast as possible. We estimated the 
parameter values by fitting the model to unperturbed movements towards 
stationary targets, for each subject. These values were used to predict the 
deviations of the hand’s path for two kinds of perturbations, that were 
each applied in 25% of the trials. The perturbations were: increasing or 
decreasing the speed of the target when the hand started to move, or exert
ing a force on the hand in the direction of target motion, or opposite to it.

The model described all unperturbed trajectories very well. Both kinds 
of perturbations were so small that they were not noticed by the subjects. 
However, the trajectories for the perturbed conditions were very different 
from those predicted by the model. Expressed in terms of our mass spring 
model, the motor system appeared to have different parameter values as 
soon as perturbations were applied.

455.14
MULTIPLE MUSCLE CO-ORDINATION MAY BE GUIDED BY A REFERENT 
BODY CONFIGURATION. P. Archamhault*, M.F. Levin, A  Mitnitski and AG. 
Feldman. Neurological Science Research Center, University o f  Montreal and 
Research Center, Rehabilitation Institute o f Montreal, University o f Montreal, 
Canada H 3S 2J4.

It has been suggested (Feldman & Levin 1995) that the co-ordination o f the 
activity o f multiple muscles results from the comparison o f the actual configuration 
o f the body with a referent configuration specified by the nervous system so that 
the recruitment and gradation o f the activity o f  each skeletal muscle depends on the 
difference between these two configurations. Active movements may be produced 
by the modification o f the referent configuration. The hypothesis predicts the 
existence o f a global minimum in electromyographic (EMG) activity o f multiple 
muscles during movements involving reversals in direction. This prediction was 
tested in 5 subjects by analysing movements resembling the act o f  reaching for an 
object placed beyond one’s reach from a sitting position. In such movements, 
initially seated subjects raise their body to a semi-standing position and then return 
to sitting. Consistent with the hypothesis is our observation o f a global minimum in 
the surface EMG activity o f  16 muscles o f  the arm, trunk and leg at a specific 
phase o f the movement. When the minimum occurred, EMG activity o f each 
muscle did not exceed 2-7% o f its maximal activity during the movement. As 
predicted, global EMG minima occurred at the phase corresponding to the reversal 
in movement direction, that is, during the transition from raising to lowering o f the 
body. The global EMG minimum may represent the point at which temporal 
matching occurs between die actual ami the referent body configurations. This 
study implies a specific link between motor behavior and the geometric shape o f 
the body modified by the brain according to the desired action. Supported by 
NSERC, FCAR and FRSQ.
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455.15
STRATEGY OF MUSCLE COORDINATION DURING THE MAINTENANCE 
OF AN EQUILIBRIUM ARM POSTURE. B. I. Prilutsky*. Dept. o f Health and 
Performance Sciences, Center for Human Movement Studies, Georgia Institute of 
Technology, Atlanta, Georgia 30332-0110.

The human hand displaced from an equilibrium posture demonstrates a spring
like behavior: joint moments generated as a result o f the disturbance tend to restore 
the original position (Mussa-Ivaldi et al., 1985). Because o f the muscle redundancy, 
the generated joint moments can be caused by different combinations o f generated 
muscle forces. The purpose o f this simulation study was to examine whether the 
muscle coordination strategy o f minimum fatigue (Crowninshield and Brand, 1981) 
could predict the experimentally obtained (Flash and Mussa-Ivaldi, 1990) stiffness 
ellipses. The arm postures in the horizontal plain and joint stiffness matrices from 
work by Flash and Mussa-Ivaldi and 1 cm displacements of the end-point o f the arm 
in eight directions in the horizontal plain were the input for simulations. A two- 
segment model o f the arm with 6 major muscles crossing the shoulder and elbow 
was used to calculate muscle forces that produce the generated joint moments and 
minimize the objective function of minimum fatigue σ (F/PCSAi)3. The end-point 
stiffness was calculated from the muscle forces and muscle length changes. In 
different arm postures, there was a reasonable agreement between the magnitude, 
shape, and orientation o f the calculated and measured end-point stiffness ellipses. 
Two one- joint muscles and one two-joint muscle were always predicted to produce 
non-zero forces for all simulated arm positions. Often, co-activation o f one-joint and 
two-joint antagonists was predicted. The predicted forces exhibited a broad 
directional tuning consistent with muscle activity reported for isometric tasks of 
voluntary force direction control (Flanders and Soechting, 1990). The results o f this 
study suggest that the strategy o f muscle coordination in reflexive (present study) 
and voluntary skilled movements may be similar.

Supported by a grant from Georgia Institute o f Technology, Atlanta, GA.

455.16
Modular  recurrent neural networks improve the qual
ity OF THE IDENTIFICATION OF EMG-KINEMATICS RELATIONSHIP
J.P . Draye*, J.M . W inters, G. Cheron “Parallel Inform ation Processing” 
Lab. Fàculté Polytechnique de Mons, 7000 Mons, Belgium; Lab. of Biomed. 
Eng., Catholic University of America, W ashington DC; Lab. of Biomechanics, 
Free Univ. of Brussels, 1050 Brussels, Belgium.
It has been shown th a t dynamic recurrent neural networks are successful in 
identifying the complex mapping between full-wave rectified electromyographic 
signals (EMG) and limb tra jectory  during complex m ovements. These connec- 
tionist models possess w ith two types of adaptive param eters : the intercon
nection weights between the units and the tim e constants associated to  each 
neuron-like unit; they are governed by continuous-tim e equations. Due to  their 
internal structure , these models are particularly  suitable to  solving dynamical 
tasks (with tim e-varying input and ou tp u t signals).
We show in this present work th a t the in troduction of a  m odular organization 
dedicated to  different aspects of the dynamical m apping including priviliged com
m unication channels can refine the architecture of these recurrent networks. We 
first divide the initial individual network into two com m unicating subnetworks; 
this division was inspired by the structure  of the brain (e.g. grey and white 
m atters, brain nuclei with different functions). These two m odules are related 
to  posture and inertia respectively. The postural subnetw ork is tra ined  using 
position-related d a ta  (mapping of EMG to  position signals) whereas the inertial 
subnetwork is trained by acceleration-related d a ta  (m apping of EM G to  acceler
ation signals). Moreover, the introduction of an artificial distance in the model 
(using a  Gaussian m odulation factor of weights) induces the self-selection of a 
reduced m odular architecture. This reduced m odel perform s the identification 
task be tte r th an  the original network while using fewer free param eters. We also 
show th a t this m odular network exhibits several features th a t  can be considered 
as biologically plausible : self-selection of a  specific inhibitory communicating 
p a th  between both  subnetworks, apparition of tonic and phasic neurons and co
herent sub-network specific distributions of tim e constants values. Supported by 
the FNRS of Belgium

LIMBIC SYSTEM: HIPPOCAMPUS II

456.1
TRANSGENIC MICE THAT EXPRESS GREEN FLUORESCENT PROTEIN (GFP) 
IN GABAERGIC NEURONS: A NEW TOOL FOR STUDYING HIPPOCAMPAL 
INTERNEURONS. A.A. Oliva. Jr.*, K.L. Smith, and J.W. Swann. The Cain 
Foundation Laboratories, Dept. of Pediatrics, Division o f Neuroscience, Baylor College 
of Medicine, Houston, TX 77030.

GABAergic interneurons, particularly those o f the hippocampus, can be classified 
into subpopulations based upon characteristics such as three-dimensional morphology, 
electrophysiological properties, and protein expression. To study any selected 
subpopulation o f interneurons in in vitro slice is normally quite difficult, particularly 
since three-dimensional morphologies cannot be determined until after tissue fixation.

In order to take a more strategic approach to studying GABAergic interneurons, we 
have created lines of transgenic mice that express a mutant form of the autofluorescent 
protein, green fluorescent protein (GFP), in GABAergic neurons. Promoter sequence 
from the GAD1 gene, which encodes for the 67kDa form o f the GABA-synthesizing 
enzyme glutamic acid decarboxylase, was used to drive GFP expression in these mice.

Two o f the resulting strains show intense GFP expression in subpopulations of 
intr n eurons o f the hippocampus. GFP expression is found throughout the somas and 
processes o f expressing neurons; dendrites, and in some cases, putative axons, can be 
followed for over hundreds of microns. In situ hybridization confirmed that the GFP- 
expressing neurons in the hippocampi o f these mice are indeed GABAergic.

Current experiments are underway to use these mice for in vitro slice 
electrophysiological recordings. The goal is to first visually identify interneurons of 
interest based upon three-dimensional morphological criteria, and then perform 
electrophysiological recordings on selected neurons. We should thus be able to readily 
characterize intrinsic electrophysiological properties and synaptic connections of 
visually identified interneuronal subtypes. (Supported in part by grant NIH NS 11535 
and Texas Advanced Technology Program Grant 004949-030.)

456.3

M IC R O D IA L Y S IS -C O U P L E D  P L A C E  C E L L  D E T E C T IO N : T H E  
E F F E C T S  O F  N M D A  P E R F U S IO N . B .M . Altura*, H. M. T a n g , B .T . 
A ltura and  N. Ludvig. D e p a rtm en t o f Physiology and  P harm aco logy, 
S ta te  University o f N e w  York, H ealth  S c ie n ce  C e n te r  a t Brooklyn, 
Brooklyn, N Y  1 12 03 .

W e  ha ve  previously show n with m icrodialysis-coupled p lace  cell 
detection  tha t e thanol, de livered  via in trah ippocam pal m icrodialysis, 
can suppress the  location-specific firing o f local p lace  cells (Ludvig et 
al., Alcoholism: Clin. Exp. Res. [1998] 22:41-50). T h e  question  
arises: W h a t n eu rochem ica l/m o lecu la r m echan ism s m ed ia te  this  
action?  As a  first p h a s e  in the  de te rm ina tion  o f the  possible  
in vo lvem ent of N M D A  receptors, the  p re se n t study a im e d  to solely  
e xa m in e  the  e ffects  of N M D A  on local p lace  cell firing.

T h e  in trah ippocam pal m icrodialysis w as  m a in ta ined  a t a 10 µl/m in  
flow  rate, and  w as  p erform ed with concentric  probes of 8 0 0  µm  tip- 
length and  2 2 0  µm  d iam e te r. T h e  recordings w e re  m ade  with a 
m icroe lec trode -a rray  3 0 0 -5 0 0  µm  a p art from  the  probe. During data  
collections, the  rat c h ased  food pellets  in a  tes t c h am b er. For 
successive  2 0  min periods, 5 0 0  µM  N M D A  w as  perfused  through the  
probe. T h e  drug re liably increased  th e  firing ra te  of the  e xp o s e d  
p lace  cells fo r b rie f (1 -2  m in) periods, both inside and  outside the  
firing fields, a fte r w hich the  cells b e c a m e  tem porarily  silent. During  
th e s e  silent periods, E E G  seizu res  o ften  deve loped . S tud ies  are  
u n d e rw a y  to further e la b o ra te  the  actions of N M D A  on place  cells, 
and to d e te rm in e  th e  e ffects  o f N M D A -e th a n o l co-adm inistration.

S upported  by N IH  G ran t A A 1 0 8 1 4

456.2
ID EN TIFIC A TIO N  OF M U LT IPL E HIPPO CA M PA L TH ETA  
G EN ER A TO RS. B. K ocsis1*, A. B ragin2, G. Buzsaki2, 1Lab. N europhysiol., 
H arvard M edical School, B oston, M A 02115, N atl. Inst. N eurosurgery, 
Budapest, Hungary, and 2C M B N , Rutgers U niversity , N ew ark, NJ 07102.

Theta  rhythm ic field potentials are produced in d ifferent layers o f  the 
hippocam pus by m ultiple extra- and intrahippocam pal afferents. Although 
they may all be driven by com m on subcortical pacem aker netw orks, their 
m om entary contribution m ay vary as a function o f  behavior. These specific 
contributions can be revealed by the partia lization technique (K ocsis et al., 
BRE 1994). M ultiple site recordings w ere obtained from  the hippocam pus o f  
the behaving rat using m ultiple (16-site) silicon probes. 50-100 sec segm ents 
exhib iting  theta w aves w ere selected and the m atrix o f  pair-w ise coherences 
(n = 120) connecting the 16 signals w as constructed. These coherence m aps 
w ere then subjected to partial ization using  one o f  the signals and the residual 
coherences were analyzed. Before partial ization, strong theta peak was 
present in all pair-w ise coherence functions with the exception o f  signals 
recorded from  the str. radiatum  o f  CA1 and the inner m olecular layer o f  DG. 
Partial ization revealed that the dipoles (1) in the str. lac-mol, oriens and 
entorhinal cortex (EC) and (2) in str. radiatum  and inner m olecular layer 
w ere tightly  coupled. Rem oval o f  EC elim inated the coherence betw een str. 
lac-mol and oriens and m agnified that betw een str. radiatum  and inner 
m olecular layer. W e suggest that basket and chandelier cells m ediate the 
coherent coupling betw een str. lac-mol and oriens. Furtherm ore, the CA3 
input to  CA1 also significantly  contribute  to the ex tracellu lar field 
underlying theta w aves. Supported by N IN D S, NIH, OTK A , ETT

456.4
Synaptic properties of septal GABAergic afferents onto hippocampal 
in tern eurons. N. Hájos* and I. Mody Depts. of Neurology and Physiology, UCLA 
School of Medicine, Los Angeles, CA.

Hippocampal theta activity is highly dependent on the septal input, which consists 
of cholinergic and GABAergic fibers. The GABAergic component is known to 
innervate exclusively hippocampal interneurons in a climbing fiber manner, and plays 
a critical role in the generation of theta oscillations.

We developed a novel slice preparation to selectively stimulate fibers of the 
fimbria-fornix including the septohippocampal GABAergic afferents, but not the local 
axon collaterals of inhibitory cells. Using whole-cell patch-clamp techniques 
combined with infrared DIC videomicroscopy, we investigated the synaptic properties 
of the septal GABAergic input in anatomically identified CA3 interneurons in the 
presence of cholinergic and glutamatergic receptor blockers. The inhibitory 
postsynaptic currents (elPSCs) evoked in interneurons were solely mediated by 
GABAa receptors. The elPSCs reversed at the Cl- equilibrium potential, were 
prolonged by benzodiazepines (10 µM zolpidem or 30 µM flurazepam), and were 
blocked by 10 µM bicuculline. Using K+ -based GTP-containing intracellular 
solutions in interneurons, no GABAb receptor-mediated component could be evoked 
by stimulating the fimbria-fornix. The quantal GABAa  conductance measured at the 
peak of elPSCs was large (average: 850 pS). This is nearly twice the size of that 
measured for elPSCs (438 pS) in dentate granule cells upon stimulation of local axon 
collaterals of perisomatic inhibitory neurons. A smaller quantal size was also found 
for IPSCs resulting from the activation of synaptic connections between the local 
inhibitory cells. In paired recordings from hippocampal interneurons, the average 
quantal conductance of IPSCs was 250 pS.

Our results demonstrate that the multiple synaptic contacts of septal afferents onto 
hippocampal interneurons preferentially activate GABAa receptors, and evoke an 
unusually large quantal size possibly to ensure a reliable inhibition of the 
interneurons. Supported by grants NS-27528.
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456.5
THE ROLE OF INHIBITION IN THE REGULATION OF SYNCHRONIZED 
SYNAPTIC ACTIVITY AT THETA FREQUENCIES IN AREAS CA3 AND 
CA1 OF HIPPOCAMPAL SLICE CULTURES. Y. Fischer*, B. H. Gähwiler. and
S. M. Thompson1. Brain Research Institute, University o f Zurich, CH-8029 Zurich, 
Switzerland; 1Dept. o f Physiology, University o f  Maryland, Baltimore, MD 21201.

The neuronal ensemble of the hippocampus responds collectively to stimulation of 
septal cholinergic inputs to generate theta discharge: synchronized oscillatory field 
potentials at frequencies of 4-15Hz. Application of the cholinergic agonist 
methacholine (MCh, 10 nM) to hippocampal slice cultures elicited synchronized 
oscillatory EPSP/IPSP sequences at theta frequencies in intracellularly recorded CA3 
pyramidal cells. We have suggested that this discharge is initiated by block of IM in a 
subset of relatively depolarized pyramidal cells. In addition, oscillatoiy EPSPs are 
recorded from CA1 pyramidal cells and were found to be driven by input from area 
CA3. Because septal cholinergic fibers innervate both interneurons and pyramidal 
cells in vivo, we examined the role of the inhibitory interneurons in the regulation of 
theta discharge. MCh did not induce synchronized or oscillatory IPSPs in CA3 
pyramidal cells when ionotropic glutamate receptors were blocked by NBQX and 
CPP, suggesting that pyramidal cell discharge is essential for theta activity. 
Application of the benzodiazepine agonist midazolam at 50 nM increased the 
amplitude and duration of MCh-induced IPSPs in CA3 cells but had little effect on 
the frequency of EPSP/IPSP sequences. In area CA1, oscillatory EPSPs were 
significantly decreased in amplitude, but their frequency was largely unchanged. 
When the concentration of midazolam was increased to 100 nM, there was a further 
decrease in the amplitude of EPSPs in area CA1, punctuated by repeated periods in 
which all theta activity ceased. During these periods, oscillatory EPSP/IPSP 
sequences in area CA3 were replaced by IPSPs. We conclude that the inhibitory 
circuitry plays a critical role in the regulation of the theta discharge induced by MCh, 
in particular by gating the projection of activity from area CA3 to CA1. Supported by 
the Swiss National Science Foundation (31-42174.94)

456.7
MECHANISMS OF THE TRANSITION FROM γ TO β FREQUENCY 
IN NEURONAL OSCILLATIONS INDUCED IN  VITRO BY TETANIC 
STIMULATION. R.D. Traub*(l), M.A. Whittington(2), E.H. Buhl(3),
J.G.R. Jefferys(l) and H.J. Faulkner(2). 1) Dept. Physiology, Univ. 
Birmingham, Birmingham B15 2TT, U.K.; 2) Imperial Coll, o f Med. at St. 
Mary’s, London W2 IPG, U.K.; 3) MRC Anatomical Neuropharmacology 
Unit, Oxford OX1 3TH, U.K.

Intense tetanic stimulation, at 1 or 2 sites in CA1, has both acute and 
chronic effects. Acutely, the γ (>30 Hz) oscillation following the tetanus 
is succeeded by a β (10-25 Hz) oscillation. The transition is associated 
with a) increases in pyramidal cell spike AHPs; b) AMPA-receptor 
mediated EPSPs in pyramidal cells, that increase functional connectivity; 
c) occasional pyramidal cell and population spike doublets. Chronically, 
there are 2 possibilities: a) after one intense 2-site tetanus, later “normal” 
2-site tetani evoke synchronized γ - β transitions; b) after one intense 1 -site 
tetanus, later “normal” 2-site tetani evoke y oscillations which - unlike 
control conditions - do not synchronize between sites. Using simulations 
and electrophysiology, we show that AHP increases and persistent EPSC 
increases account for the β transition (but neither alone accounts for it), 
along with pyramidal doublets and the persistent ability to synchronize β 
once it has occurred. Loss of γ synchrony can be explained by LTD: long- 
range pyram idal-interneuron synapses are weakened by strong local 
tetanus; this suppresses the interneuron doublets that are required for long- 
range γ synchronization. Supported by the Wellcome Trust and the MRC.

456.9
N O R A D R E N ER G IC  M O D U L A T IO N  O F  G A M M A  FREQUENCY 
O S C IL L A T IO N S A S SO C IA TED  W ITH AN IN V ITR O  SH A RP W A V E IN 
RE TR O H IPPO C A M PA L REG IO N S O F RAT BRAIN 
M ak o to  F u n a h a sh i* 1 a nd  M ark  Stewart2, 1Dept. Physiol., O k ay am a Univ. 
Dental S chool, 2 -5 - 1 Sh ikata-cho , O kayam a 7 0 0 -8 5 2 5  JA PA N  an d  2D ept 
P hysiol., SUNY H ealth  Sci. Ctr., B rook lyn , NY 1 1203

D eep lay er n eu ro n s o f  en to rh inal cortex , p resub icu lum  an d  
p a rasu b icu lu m  participa te  in a p o p u la tio n  bu rst response that consists o f  an  
initial p o p u la tio n  sp ike  fo llow ed by a variab le  perio d  o f  g am m a freq u en cy  
activity. D eep  lay er n e u ro n s o f  all reg ions fire several a c tion  p o ten tials  with 
5 ms in te rsp ik e  intervals d u r in g  the  initial p o p u la tio n  sp ike and  single  action  
po ten tials  o n  each  cyc le  o f  the  gam m a activ ity  (F unahash i & Stewart, .J. 
Physiol. 1998, In  press). T h e  g am m a activity  can  be sy n ch ro n o u s across 
reg ions w ith n ear ze ro  phase lags. T h e  freq u en cy  o f  the g am m a activity  
dep en d s critically  u p o n  th e  activity  o f  in h ib ito ry  in te rneurons. T he 
d u ra tio n  o f  the  total event ap p eared  to d ep e n d  u p o n  the d u ra tio n  o f  an  
u n d e rly in g  N M D A  recep to r-m ed ia ted  potential.

We ex am in ed  the e ffects  o f  n o rep in ep h rin e  on the co m p o n en ts  o f  this in 
vitro sh arp  wave. Doses o f  n o rep in ep h rin e  g rea te r than  10 µM su ppressed  
the en tire  bu rst response (ran g e  10-50 µM , N = 5 ). Low er doses ( 1 -6 µM ) 
had a selective e ffec t on  the gam m a freq u en cy  activity. T he  effect was a 
dose  d ep en d en t slow ing o f  the  g am m a freq u en cy  ( 10 to  4 0  % o ver the  ran g e  
o f  1 to  6 µM  ; N = 3  ): T his effec t was sim ilar to the  effec t observed  when
th iopen tal was a d d ed  to  the bath. U nlike th iopental, n o rep in ep h rin e  had  the 
ad d ed  e ffect o f  red u c in g  the total d u ra tio n  o f  the b u rst response. T his was 
sim ilar to  e ffects  seen with N M D A  recep to r an tagonists.

We suggest n o rep in e p h rin e  at doses o f  1-6 µM enhances the activity  o f  
in h ib ito ry  in te rn eurons. T h e  decrease in gam m a freq u en cy  m ay  be a 
d irec t resu lt o f  this e n h an ced  activity. C hanges in  the  d u ratio n  o f  the  event 
m ay  resu lt fro m  a lim ited  N M D A  response  in the  p resen ce  o f  elevated 
in te rn eu ro n  f ir in g  rates in d u ced  by  n o rep in ep h rin e . N o rep in ep h rin e  may 
con tro l p roperties o f  the sharp  wave.

456.6
TRANSCRANIAL M AGNETIC STIMULATION MODIFIES LOCAL C IRCU ITS IN 
THE RAT HIPPO CAM PUS. Y. Levkovitz, N. Grisaru, R.H. Belmaker and M. 
Segal, (SPON: European Brain and Behavior Society) The Weizmann Institute, 
Rehovot, 76100, Faculty of Health Sciences, Ben-Gurion University, Beer 
Sheva, Israel

Electromagnetic stimulation has been used for quite some time for the 
purpose of mapping functions in the human brain in a non-invasive manner. 
More recently, transcranial magnetic stimulation (TM S) has been proposed as a 
replacement for electroconvulsive shock therapy in clinical depression because 
of fewer side effects and better control of areas of stimulation. However, little is 
actually known about its lasting effects in the brain. Using a small, focused coil, 
we have studied the acute and long term effects of TM S on hippocampal 
reactivity to afferent stimulation in the anesthetized rat. Adult male rats are 
prepared for recording from the dorsal hippocampus of evoked responses to 
perforant path stimulation as detailed elsewhere (Levkovitz and Segal, J. 
Neurosci. 17, 5591). Baseline responses, including responses to paired pulse 
stimulation were registered, followed by removal of the recording electrodes, 
application of different paradigms of TMSs, and replacement of the electrodes 
back into the recording position. TM S produced a dose dependent increase in 
population spikes recorded in the dentate gyrus in response to perforant path 
stimulation. In addition, paired pulse depression seen normally at a short 
•interpulse-interval was completely eliminated in the TM S treated rats. The  
facilitation of population spikes by the serotonin releasing drug, fenfluramine, 
was absent in the TMS-treated rats, but the serotonin ligand, 8-O H-DPAT  
remained active, indicating that release of serotonin is markedly reduced by 
TMS. Chronic TM S (50 pulses at 25 Hz, once a day for 7 days) caused a long 
lasting (up to three weeks) reduction in efficacy of fenfluramine in enhancing 
population spike response to perforant path stimulation. These results indicate 
that TM S may have a long lasting effect on the hippocampal network. 
Supported by local grants of the Weizmann Institute.

456.8
SEARCHING FOR NONLINEAR INTERACTIONS BETWEEN CELLS IN 
NEURONAL NETWORKS
Theoden I. Netoff*, Bruce J. Glucknian, Paul So, Joseph T. Francis. Steven J. Schiff. 
George Washington University, Institute for Biological Sciences, Washington D.C. 
20037. Krasnow Institute for Advanced Studies, George Mason University, Fairfax, 
VA 22030.

Synchrony between two neurons has received much attention recently for its power 
to serve as a fast computational mechanism in a neuronal network. Two cells firing 
at close to the same time is only a small fraction of the possible interactions two cells 
can have. The complex activity of a cell allows for the possibility of many nonlinear 
interactions, one of which is generalized synchrony (GS). GS exists when there is a 
functional interaction between two cells, yet that function may be quite complex and 
nonlinear.

The identification of nonlinear interactions increases our ability to identity 
complex behavior that may not be evident from one cell or from a linear correlation 
of firing times. Several lines of evidence suggest that these behaviors exist. Models 
of neuronal networks have been shown to synchronize under certain parameters. As 
these parameters are changed the network undergoes several behavioral changes 
until it appears asynchronous, in terms of linear correlations. This may not be 
asynchrony but GS, a much more complicated interaction.

Here we present our findings of nonlinear interactions in both a simulated neuronal 
network of the CA3 region from the hippocampus and from experimental recordings 
from two pyramadal neurons in the CA3 region of the hippocampus. In this work we 
demonstrate the use of mutual prediction and unstable periodic orbit analysis to 
detect nonlinear interactions between two neurons.
Supported by: NIMH 1K02MH0193-01,
U S. Department of Energy (subcontract administered through Lockheed Martin 
Energy Systems) 85X-SX516V

456.10
OPIOID MODULATION OF POTASSIUM AND HYPERPOLARIZATION- 
ACTIVATED CATION (Ih) CURRENTS IN HIPPOCAMPAL INTERNEURONS. 
C.R. Lupica* and K.R. Svoboda. University of Colorado Health Sciences Center, 
Department of Pharmacology and Program in Neuroscience, Denver, CO 80262.

Opioids are known to increase the excitability of principal cells in the hippocampus 
by inhibiting the release of GABA from interneurons. The actions of µ and δ opioid 
agonists (DAMGO and DPDPE, respectively) on GABAergic interneurons in stratum 
oriens o f area CA1 were examined using whole-cell voltage clamp recordings in brain 
slices. Bath application o f either agonist consistently generated outward currents of 
similar magnitude (15-20 pA) in the majority o f cells. However, current-voltage ( I/V) 
relationships revealed that only a small number of these cells (3/77) demonstrated the 
expected activation of a G protein-coupled inwardly rectifying K+ current (Girk). These 
interneurons also exhibit a prominent hyperpolarization-activated, inwardly rectifying 
cation current (Ih), that is inhibited by µ opioids in peripheral neurons (Ingram and 
Williams, Neuron 13; 179, 1994). In an effort to determine whether the holding current 
changes were due to the modulation of Girk and/or Ih, we used extracellular application 
of blocking agents selective for these ion channels (Ba2+ and Cs+, respectively). 
Application of Cs+ (3-9 mM) blocked Ih, and significantly reduced the opioid-induced 
outward currents by 58%. Moreover, during blockade of Ih, by Cs+, both opioid 
agonists consistently activated a K+ current with characteristics similar to Girk. During 
blockade o f K4 channels by Ba2+ ( 1-2 mM), the opioid-induced outward currents were 
also reduced (46% of control), and a clear reduction in Ih, and the whole-cell 
conductance was revealed. Combined application of Cs+ and Ba2+ nearly eliminated the 
opioid-induced outward currents (14% of control). These data suggest that µ and δ 
opioids modulate both Ih, and Girk in the same stratum oriens interneurons, and that the 
modulation of these ion channels can contribute to the inhibition of these cells and the 
increase in pyramidal neuron excitability in the hippocampus. Supported by NIH grant 
DA 07725.
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456.11
MORPHOLOGY OF MU AND DELTA OPIOID-SENSITIVE HIPPOCAMPAL 
INTERNEURONS: FUNCTIONAL IMPLICATIONS FOR MODULATION OF 
PYRAMIDAL NEURON EXCITABILITY. K.R. Svoboda*, C.E. Adams1, and 
C.R. Lupica. University of Colorado Health Sci. Cntr., Depts. o f Pharmacology, 
1Psychiatry, and Program in Neuroscience, Denver, CO 80262.

Opioid peptides increase the excitability of hippocampal pyramidal neurons by 
inhibiting GABAergic inhibitory interneurons. Evidence from our laboratory 
suggests that µ agonists may inhibit interneurons that synapse onto pyramidal cell 
somata, while δ agonists may inhibit interneurons that synapse at sites more distal 
(i.e. dendrites). Sensitivity to selective µ (DAMGO) and δ (DPDPE) opioid 
agonists was assessed by measuring holding current changes in C A 1 stratum oriens 
interneurons voltage clamped at -65mV in brain slices. During these whole-cell 
recordings, each neuron was filled with 0.25% biocytin and later photographed, and 
reconstructed in 300µm slices using camera lucida. A total o f 94 s.oriens neurons 
were filled and axons were recovered in 83. Overall, 51 neurons were exposed to 
the δ agonist, and 32 (63%) o f these responded with holding current changes. A 
total of 44 interneurons were exposed to the µ agonist, with 25 (58%) generating 
outward currents. Only 9/35 (26%) neurons responded to both agonists. O f the 32 
δ-sensitive interneurons, only 2 (6%) demonstrated primary axonal projections to 
the pyramidal cell body layer (PCL). Instead, the remainder of these neurons 
projected more distally to s. radiatum, or had axons confined to s. oriens. O f the 25 
µ-sensitive interneurons, 10 (40%) demonstrated primary axonal projections to 
PCL, with the remaining termination patterns similar to those o f the δ-sensitive 
cells. When the data were analyzed with regard to sites of axon termination it was 
found that 91% of the cells projecting to the PCL were µ-sensitive, and only 25% 
were δ-sensitive. These findings suggest that interneurons projecting to the cell 
body layer are more likely to be µ- than δ-sensitive. As a consequence, µ opioids 
would be more likely to globally regulate pyramidal neuron excitability by 
modulating somatic GABAergic inhibition. Supported by NIH DA 07725.

456.13
MEDIAL SEPTUM CONTROLS HIPPOCAMPAL FAST 
WAVES AND POSTICTAL BEHAVIORS IN FREELY 
MOVING RATS. J. Ma, and L. Stan Leung* Depts. of 
Physiology and Clinical Neurological Sciences, Univ. of 
Western Ontario, London, ON. Canada, N6A 5A5

The relationship between hippocampal fast waves (30-70 
Hz) and postictal behaviors was examined in freely moving 
rats. A hippocampal afterdischarge (AD) induced by high- 
frequency stimulation of contralateral hippocampal CA1 
region induced behavioral hyperactivity accompanied by an 
increase in the power of fast waves of 30-70 Hz. No increase 
was found for EEG waves of 1-4 Hz, 5-10 Hz (theta rhythm), 
or 11-29 Hz. Stimulations with low-frequency that did not 
evoke an AD did not change behaviors or fast wave power. 
Pre-infusion of muscimol (1 µg), a γ-aminobutyric acid 
(GABAA) receptor agonist, into the medial septum (MS) 
significantly suppressed both fast waves and postictal 
behaviors without affecting the duration of ADs. Theta rhythm 
was abolished after injection of muscimol into the MS. 
Behavioral hyperactivity and hippocampal fast waves were 
also suppressed by muscimol in the MS after an AD was 
induced. We conclude that a hippocampal AD induced 
hippocampal fast waves and the MS plays a critical role in the 
control of postictal behaviors through its influence on 
hippocampal electrical activity. (This study was supported by 
a grant of NSERC).

456.15
MONOPOLAR STIMULATION OF THE DORSAL ANTERIOR 
THALAMIC NUCLEUS ELICITS A RELIABLE EVOKED POTENTIAL IN 
THE RAT DENTATE GYRUS. Z. King, C.W. Harley, and J.H. Evans*.
Dept. of Psychology, Memorial University of Newfoundland, St. John’s, NF 
A IB 3X9.

Multiple sensory afferents are assumed to enter the hippocampus 
primarily by way of the entorhinal-perforant path input to the dentate gyrus. 
While the olfactory and auditory inputs have been investigated, relatively little 
attention has been paid to visual or vestibular afferents. In particular, input 
related to head direction is thought to have a major role in the mapping 
function of the hippocampus. The present study targeted the dorsal anterior 
thalamic nucleus (ATN) as a source of such input. Stimulating electrodes 
were directed at the dorsal ATN and perforant path in male Sprague-Dawley 
rats and a recording micropipette was placed in the dorsal dentate gyrus. 
Monopolar stimulation of dorsal ATN consistently produced an evoked 
potential in the dentate gyrus (n=10) with an amplitude varying between 0.5 - 
2.5 mV and a peak latency of 9-12 msec. The dorsal ATN-induced potential 
shows pronounced facilitation at an ISI of 50 msec. Initial depth profiles 
indicate reversal of the dorsal ATN-evoked response in the molecular layer; 
however, lidocaine infusions (2 µl) or electrolytic lesions in the perforant path 
which blocked the perforant path evoked potential only weakly attenuated 
dorsal ATN input (n-4). Recording from the perforant path stimulating 
electrode concomitant with dorsal ATN stimulation (n=6) shows a small 
evoked response that did not clearly precede the onset of the dorsal ATN 
response. Thus, consistent with current theory, there is a reliable evoked 
response in the dentate gyrus from a main source of head direction 
information. At present, however, the preliminary physiological data do not 
make a strong case for perforant path transmission of this input. (Supported 
by NSERC.)

456.12
TH ETA  O S C ILLA T IO N S, C O M PLEX  SPIK E S AND PO PU LA TIO N  
BURSTS (W ITH  ASSO C IA TED  SH A RP W AVES) R E CO R D ED  IN 
TH E H IPPO C A M PU S AND O T H ER  LIM B IC  STR U C TU R ES OF 
TH E C H IC K . C H O L IN E R G IC  M O D U LA TIO N  AND LO NG RANGE 
SY NCHRONY. R.J. Mason. (SPON: British Neuroscience Association) 
Department of Psychology, Ridley Building. University of Newcastle. Newcastle 
upon Tyne. NE1 7RU, U.K.

Spontaneously generated unit activity and local field potentials (LFPs) were 
recorded throughout the hypothalamic-septal-hippocampal axis and the archisinatum 
(the portion thought to represent an amygdala analogue) bilaterally in urethane 
anaesthetised, day-old domestic chicks.

A dominant feature in the recordings has been the occurrence of large, regular (0 .1 3-
0.66Hz) population bursts (PBs) accompanied by distinct sharp waves (SPW) in the 
cell layers thought to be analogous to hippocampal CA3-CA1, or LFP-complexes 
when recorded in the septum, hypothalamus and archistriatum. The use of 4-channel 
recording has shown tight, long range bilateral synchrony of this activity pattern 
accompanied by varying degrees of precession and transmission reliability. Two types 
of spontaneous theta-rhythm (3.5-5.0Hz, 7.0-10.0Hz) have been found, especially in 
the region thought to be analogous to dentate, ‘parcellated' between the SPWs. 
Administration of the cholinesterase inhibitor physostigmine (0 .3mg/kg i.p)  
characteristically increased the theta power and initially reduced the PB frequency 
(0.08Hz) but subsequently increased their frequency, power and rhythmieity. A second 
dose of the drug usually produced a further increase in theta, combined with phase- 
locked single and complex-spike unit firing.

Experiments to investigate the network/versus endogenous nature of these 
phenomena, and their possible involvement in memory are underway. To my 
knowledge, this is the first report of a theta rhythm in a non-mammal.
(Supported by the University of Newcastle)

456.14
PHYSIOLOGICAL PROPERTIES OF RAT SUBICULAR NEURONS IN 
VIVO. N. N u rminent*1, M. Penttonen1 and R. Miettinen2 , 1A.l. Virtanen 
Institute; 2Dept. of Neurology and Neuroscience, University of Kuopio, P.O 
Box 1627, 70211, Kuopio, Finland.

Several anatomical and physiological studies have show n that the 
subiculum plays a crucial role in the global organization o f the intrinsic and 
extrinsic connections of the hippocam pal formation, and thus may 
contribute to the processing of information entering and leaving the 
hippocam pus during cognitive functions such as learning and memory. 
Although much is known about intrahippocampal connections at 
anatomical and physiological levels, less is known about anatomical and 
physiological properties o f subicular cells and the functional connections 
between hippocam pus and the subiculum in vivo.

The aim of this study was to record intracellularly from subicular cells to 
investigate the physiological and anatomical properties of subicular neurons 
and the connections between hippocam pal CA1 region and the subiculum in 
urethane anesthetized rat. Stimulating electrodes were inserted into the 
fimbria-fornix and extracellular recording electrode into CA1 and 
subiculum . The intracellularly recorded neurons were reconstructed. The 
results implicated that (1) Subicular cells fire in regular and bursting modes; 
(2) Neuronal activities of CA1 and subiculum are related to each other, 
especially during CA1 sharp waves; (3) Typically, biocytin filled subicular 
pyramidal cell was dye coupled with another subicular cell so that coupling  
w as evident even with different types o f principal cells.

In conclusion, subicular cells are in a position to amplify the information 
entering from hippocampal CA1 area to neocortex due to bursting type of 
activity.

456.16
CLASSIFICATION OF MODEL INTERNEURONS OF TH E H IPPO CA M 
PAL DENTATE GYRUS DUE TO  TH EIR  DEND RITIC STR U C TU R E AND 
SPIK E FREQU ENCY ADAPTATION. I. Aradi* and W. R. Holmes. 
Neurobiology Program , D epartm ent of Biological Sciences, Ohio University, 
Athens, OH 45701.

interneurons of the hippocam pal dentate  gyrus show a wide diversity of 
morphological, physiological and pharmacological properties. Previous reports 
suggest there is a high degree of spatial selectivity in the axonal and dendritic 
domains of these interneurons. However, this selectivity could not be related to  
differences observed among interneurons in term s of spike frequency adaptation . 
Here we use models to  explore the relationship of dendritic structu re  and spike 
frequency adaptation  in hippocam pal interneurons.

We constructed models with complete morphology of th irteen  interneurons 
located near the border of the dentate  granule cell layer and the hilus. Dis
tributions of sodium, potassium, high voltage-activated calcium and calcium 
activated potassium  channels (although different in different regions within a 
cell) were chosen to  be identical in the same regions across all cells.

We found a  strong correlation between the dendritic surface area and the 
spike frequency adaptation  characteristics in these modeled interneurons. In- 
terneurons with small dendritic surface area produced non-adapting spike trains, 
while interneurons with large dendritic surface area produced strongly adapt
ing firing pa tte rns in response to  the same current injection. The electrotonic 
structu re  of these cells was found to have only a  small effect in shaping the 
firing behavior. We conclude th a t interneurons of the dentate  gyrus could share 
similar channel distributions and still perform  a broad and continuous spectrum  
of firing p a tte rns as determined by the dendritic surface area of each particu lar 
cell.

(Supported by NIMH grant MH-51081.)
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456.17
POSSIBLE CIRCUITS UNDERLYING LATERAL INHIBITION IN THE RAT 
DENTATE GYRUS. P.S. Buckmaster1* and A.L. Jongen-Rêlo2. 1Dept. of 
Comparative Medicine, Stanford University, Stanford, CA 94305; 2Dept. of Psychiatry 
and Center for Neuroscience, University of California, Davis, CA 95616.

Lateral inhibition may be important for normal hippocampal function and in 
pathological conditions such as temporal lobe epilepsy. Two distinct circuits have 
been proposed to generate lateral inhibition in the rat dentate gyrus: (1) GABAergic 
interneurons that project axon collaterals along the septotemporal axis and inhibit 
distant granule cells, and (2) glutamatergic hilar mossy cells that project axon 
collaterals along the septotemporal axis and excite distant interneurons that, in turn, 
inhibit granule cells. To test these possibilities, the retrograde tracer WGA-apoHRP- 
gold was injected into the dentate gyrus of control and kainate (KA)-treated rats with 
hilar neuron loss. The hippocampus was isolated and sectioned perpendicular to the 
septotemporal axis. Sections were silver intensified to visualize the tracer, followed 
by non-isotopic in situ hybridization for GAD67-mRNA to label interneurons. The 
optical fractionator method was used to estimate numbers of retrogradely labeled 
GAD+ cells ( interneurons) and GAD- hilar neurons (putative mossy cells). In control 
and KA-treated rats, retrogradely labeled GAD+ neurons were most concentrated 
adjacent to the injection site, but were also consistently found over 1 mm away. More 
numerous retrogradely labeled GAD- cells were found in sections up to 4 mm from 
the injection site in controls and some KA-treated rats. The KA-treated group had 
fewer retrogradely labeled GAD- cells than controls, and in several KA-treated rats, 
virtually all of the retrogradely labeled GAD- cells were missing. Lateral inhibition 
between regions separated by 1 mm has been shown previously to persist in the 
dentate gyms of KA-treated rats with hilar neuron loss. Therefore, the present findings 
suggest that: ( 1) hilar mossy cells are not necessary for generating lateral inhibition in 
the dentate gyrus, and (2) some dentate gyrus interneurons have appropriate axon 
projections for directly generating lateral inhibition.

Supported by NIH NINDS (NS01778) and the Burroughs Wellcome Fund.

456.18
EFFECT OF PROPOFOL ON THE PAIRED-PULSE PERFORANT PATH 
RESPONSES IN THE DENTATE GYRUS OF THE BEHAVING RAT
K. M. Tanner*1, C. Obasi2, L.S. Leung1,2and I. A. Herrick3. 1Dept. of Physiology, 
2Dept. of Clin. Neurol. Sciences and 3Dept. of Anaesthesia, University of Western 
Ontario, London Health Sciences Centre, London, Ontario N6A 5A5, Canada.

The effect of propofol on dentate evoked potentials was studied in behaving rats. 
Evoked potentials were recorded in the dentate gyms following paired-pulse 
stimulation of the medial perforant path. A 20mg/kg bolus of propofol given through 
a femoral vein cannula induced a short (9-20 min) surgical anaesthetic phase in all 
rats. A range of interpulse intervals (IPI) from 20 ms to 200ms was studied before 
propofol, during anaesthesia, and during recovery. The amplitude of the first 
population spike (P1) did not demonstrate a significant change after propofol or 
control intralipid injections. During anaesthesia there was a significant difference in 
the paired-pulse ratio of the second population spike (P2) to P 1 for 20ms IPI (Kruskal- 
Wallis One-Way ANOVA; P=0.0246) and 30 ms IPI (Kruskal-Wallis One-Way 
ANOVA; P=0.0024). The P2/P1 values for 20ms and 30ms were below one, 
indicating that propofol enhances GABAergic inhibition. These differences were not 
seen following control intralipid injections.

Following a local injection of 0.2µL 2 mg/kg propofol into the medial septum , no 
significant differences were observed in the rat’s behaviour or in P2/P1. A range of 
IPIs from 10ms to 500ms were studied before, 3 -1 5  min after and over 16 min after 
intraseptal injection of propofol. There was no significant difference in P 1 amplitude 
during immobility, but an increase in P 1 was observed 3 -1 5  min after propofol 
during walking as compared to control walking. We conclude that propofol enhances 
GABAa -mediated inhibition in the hippocampus of the behaving rat. The increase of 
P 1 with propofol during walking suggests that propofol acts directly on the medial 
septum. This research was supported by an internal research grant and NSERC.

456.19
Carbachol-induced fast oscillatory activity is generated in medial and not 
in lateral entorhinal cortex of the isolated guinea pig brain preparation. 
Solange van der Linden and Marco de Curtis (sponsored by Roberto Spreafico*) - 
Department of Neurophysiology, 1st. Nazionale Neurologico, Milan, Italy.

Fast oscillatory activity in the gamma frequency range has been recently 
demonstrated in the hippocampus and in the entorhinal cortex (Traub et al., 
J.Physiol., 493: 471,1996; Chrobak and Buzsaki, J.Neurosci. 18: 388, 1998). Even if 
hippocampal-EC gamma activity has been proposed to play a role in synaptic 
plasticity, its function is still unclear. We show that the muscarinic agonist carbachol 
(CCh) perfused arterially (100 µM) or locally injected (50 mM) induces synchronous 
activity in the EC of the in vitro isolated guinea pig brain preparation. Shortly after 
CCh administration bursts of 8-12 Hz discharges appear diffusely in the EC and 
subside within 6-15 minutes. Continuous fast oscillatory activity appeared exclusively 
in the medial EC 5 to 30 minutes after CCh. The frequency of the oscillations 
increased from 25.2-28.2 Hz to 41.7-45.0 Hz when the brain temperature was raised 
from 30° to 36°C. Similar oscillatory activity was not observed when CCh was 
injected in the lateral EC. Gamma activity had maximal amplitude at 4-500 µm depth 
and was abolished by arterial perfusion with atropine (5 µM). Simultaneous multisite 
recordings demonstrated that CCh-induced gamma activity was confined to the 
medial EC and propagated neither to the piriform, periamigdaloid and perirhinal 
cortices ipsilateral to the local CCh injection nor to the contralateral EC. The position 
of the recording electrodes was histologically verified. Correlation between the medial 
EC oscillatory activity simultaneously recorded with a reference and a penetrating 
electrode showed a phase reversal at 2-400 µm depth. The selective ability of the 
medial but not the lateral EC to generate gamma activity suggests a differential 
modality of signal processing in EC sub-regions.
The study is sponsored by the HFSPO grant n. RG19/96.

456.20
LONG-TERM, STABLE CULTURES OF ADULT HIPPOCAMPAL SLICES 
Z .-M . X ian g * ,  S. I. M o s k o w itz , S. H ra b e to v a , S. E in h e b e r1 , S. 
K a rn u p , and  P. J. B erα o ld  1 D ep t o f  Cell B io lo g y , NYU Sch. o f  
M e d ., D e p t. o f  P h a rm a c o l. an d  Physio l. SUNY HSCB B ro o k lyn , 
NY 11203

W e p re s e n t a m e th o d  to  e ffic ie n t ly  p la c e  a d u lt h ip p o c a m p a l 
slices in to  lo n g - te r m  c u ltu re . This m e th o d  p e rm its  slices  
p ro d u c e d  by th e  s ta n d a rd  m eth o d s  to  p r e p a r e  a c u te  a d u lt  
h ip p o ca m p a l slices to  b e  ea s ily  p la c e d  in to  lo n g - te r m  c u ltu re .  
A d u lt s lice cu ltu re s  a r e  p r e p a re d  fro m  p o s t-n a ta l d a y  2 0 -3 0  
ra ts  and  a r e  a m a jo r  im p ro v e m e n t o v e r  p re v io u s  s lice  c u ltu re  
m eth o d s . N eu ro n s  in a d u lt  s lice  c u ltu re s  re ta in  n o rm a l  
synap tic  fu n c tio n  and  e x c ita b ility  fo r  tw o  to  th r e e  m o n th s  in 
vitro. They d isp lay  n o n e  th e  re a c t iv e  sy n ap to g en e s is , 
h y p e re x c ita b ility , and  sp o n tan eo u s  e p ile p t ifo rm  a c tiv ity  seen  
in cu ltu re d  slices iso la te d  fro m  y o u n g  an im a ls . L o n g -te rm  
p o te n t ia tio n  an d  d ep res s io n  a r e  re a d ily  in d u ce d  in a d u lt  s lice  
cu ltu res . E xam ples o f  th e  use o f  a d u lt  s lice c u ltu re s  to  m o d e l 
ischem ic in ju ry  and  n e u ro d e g e n e ra t io n  w ill b e  p re s e n te d  in 
o th e r  sessions o f  th is m e e tin g  (D ing , e t  a l.; M o s k o w itz , e t  a l.; 
and  B erg o ld , e t  a l.)  A d u lt s lice c u ltu re s  w ill b e  a useful 
a d d itio n  to  in vitro  m o d e ls  o f  n o rm a l an d  p a th o lo g ic a l  
h ip p o ca m p a l fu n c tio n . S p o n s o re d  by g ra n ts  fro m  NIH an d  th e  
A m e ric a n  H e a rt A ssociation  to  P.J.B.
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457.1
FUNCTIOAL MAPPING OF UNISENSORY AND MULTISENSORY NEURONAL 
ASSEMBLIES IN THE RAT BRAIN USING ZIF268 AND C-FOS EXPRESSION 
S. Zangenehpour* and A. Chaudhuri
Dept. of Psychology, McGill University, Montreal, QC H3A 1B1 Canada

Previous single unit recording studies have shown the role of the superior 
colliculus (SC) in multisensory processing. It has been demonstrated that whereas 
the superficial layer neurons of the SC are mostly visually driven and responsible for 
guiding oculomotor functions, the deep laminae neurons receive input from different 
sensory modalities and play an integrative role in orientation and attentive 
behaviour. However, there has been little effort in functional mapping to obtain 
spatial profiles of unisensory and multisensory assemblies. In this study, we have 
used activity-dependent expression of the immediate-early genes (IEGs) zif268 and c- 
fo s  to delineate the functional organization of the SC in terms of its unisensory and 
multisensory characteristics.

Adult male rats were visually and acoustically deprived for 24 h and then exposed 
to one of the following stimulation conditions: i) no sensory stimulation; ii) 2 h of 
visual stimulation only; iii) 2 h of auditory stimulation only; and iv) 2 hours of both 
visual and auditory stimulation. Their brains were then extracted and prepared for 
immunocytochemical (ICC) and in situ hybridization (ISH) processing of IEGs using 
established protocols.

We have found that the deep laminae of the SC were activated by both stimuli and 
showed corresponding staining patterns in conditions ii, iii and iv which were 
dissimilar to condition i. The presence of differential activation of the visual cortex in 
conditions ii and iv, and medial geniculate nucleus in conditions iii and iv, 
compared to condition i, were used as within animal controls. Our results suggest 
that molecular mapping of IEG expression through combined use o f ICC and ISH 
may yield spatial profiles of neurons that are involved in multisensory processing.

Supported by Medical Research Council of Canada (MT-14038).

457.2
S y n a p t ic  t a r g e t s  o f  c o r t ic o t h a l a m ic  t e r m in a l s  in  t h e  c a t  UP n u c l e u s  
ORIGNATING f r o m  a r e a  PMLS. M. E. Bickford*1, M. A. Eisenback1, and G. Einstein2 
Dept. of Anatomical Sciences and Neurobiology, University of Louisville1, Dept. of 
Neurobiology, Duke University2.

To examine the synaptic arrangements of corticothalamic terminals, PHAL 
injections were made in the medial bank of the posterior suprasylvian cortex (area 
PMLS). These injections resulted in the anterograde labeling of a dense band of 
terminals in the lateral subdivision of the lateral posterior (LP) nucleus. At the light 
microscopic level, the labeled terminals were relatively small, and all appeared to be 
similar in size. When examined at the electron microscopic level, the labeled 
corticothalamic terminals displayed the morphology of RS profiles (Round vesicles, 
Small profile). PMLS corticothalamic terminals in the LP nucleus contacted small 
caliber dendrites (n = 60) outside of glomeruli. All PMLS terminals displayed thick 
postsynaptic densities, and were significantly smaller (average size 0.4 µm2) than 
glomeru lar corticothalamic terminals (RL profiles; average size 3.1 µm2). In a subset 
of sections stained for GABA using postembedding immunocytochemistry, most 
postsynaptic dendrites were GABA-negative (27/30 or 90%), and thus can be identified 
as thalamocortical cell dendrites. Since retrograde tracing studies have previously 
demonstrated a large thalamocortical projection from the lateral LP to area PMLS, our 
results suggest that PMLS corticothalamic terminals form feedback connections. In 
contrast, glomerular corticothalamic terminals that originate from layer V cells in area 
17 may form feedforward connections (Bickford et al., 1996; Vidnyánszky et al. 1996). 
Thus, a cortico-thalamo-cortical projection from area 17 to area PMLS through the LP 
nucleus is predicted. The present results suggest that PMLS corticothalamic terminals 
may mediate feedback modulation of the thalamic transfer of information from striate 
to extrastriate areas. Supported by NINDS 1R29NS35377 and NSF 97628089 to MEB, 
NATO CRG900689 and NEIR29EY07840 to GE.
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457.3
TOPOGRAPHIC AND RETINOTOPIC VISUOSPATIAL MEMORY MAP IN 
THE MONKEY PREFRONTAL CORTEX REVEALED BY LOCAL 
CHEMICAL LESIONS WITH MUSCIMOL. T. S aw aguch i* and M. Iba .
D ept. of Psychology, Hokkaido Univ., Sapporo 060 -0 81 0 , Japan.

The dorsolateral prefrontal cortex of prim ates plays a m ajor role in 
visuospatial working m emory, and w e previously suggested that 
visuospatial m em ory might be topographically represented to form a 
"memory map" in this area (Sawaguchi & Goldman-Rak¡c 1989, 1994; 
Sawaguchi & Kikuchi 1997). To confirm and expand upon this finding, w e  
injected muscimol locally into the dorsolateral P FC  of a rhesus monkey  
that perform ed an oculomotor delayed-response task with four different 
fixation points. In this task, the subject fixated on a fixation spot whose  
location differed randomly by trial (i.e., one of four possible locations) and 
m ade a m emory-guided saccade to a rem em bered target location that 
had been cued prior to a 3 .5 -s  delay period. Th e  absolute spatial 
coordinates of possible target locations (n=14) w ere  the sam e for trials 
with the different fixation points. Local injections of muscimol (5  µg/µl, 1 
µl; at 36 sites) induced deficits in the m emory-guided saccades to a few  
specific target locations; the accuracy of the m emory-guided saccades to 
these locations significantly decreased and the trajectories becam e  
abnorm al after the injection. For each effective site, the absolute spatial 
coordinates of the affected target location differed by the fixation point; 
however, there w as no difference in the spatial coordinates relative to the 
fixation point. Furtherm ore, the affected target location varied with the 
injection site, and the injection sites and affected target locations w ere  
arranged topographically. These results suggest that m em oranda for 
visuospatial coordinates are represented relatively and topographically  
as a "retinotopic (oculocentric) memory map" within the dorsolateral 
prefrontal cortex.

457.5
LAM INAR ORGANIZATION OF PROJECTIONS FROM  ANTERIOR 
TEM PORAL AREAS TO PREFRONTAL CORTICES. N. L . Rem pel-Clower* 
and H. Barbas. Dept. o f Health Sci., Boston University., Boston, MA 02215 

Within the rhesus monkey prefrontal cortex, we have found that the laminar 
pattern o f  connections between areas is related to their laminar structure (Barbas 
and Rempel-Clower, Cerebral Cortex, 1997, 7:635-646). A nterior temporal 
cortex, like prefrontal cortex, includes both limbic areas (i.e., agranular or 
dysgranular) as well as eulaminate areas (i.e., cortices having six layers that 
include a granular layer 4). In this study we asked whether neurons in a single 
anterior temporal area originate from the same or different layers when they 
target two structurally distinct prefrontal areas. To investigate this issue we 
placed injections o f  retrograde tracers in prefrontal areas and analyzed the 
laminar distribution o f temporal neurons that projected to these prefrontal areas. 
After tracer injections in orbitofrontal areas Pro, 11, and 12, retrogradely labeled 
neurons were observed predominantly in the deep layers o f  limbic anterior 
temporal areas 35 and 36. However, differences in lam inar distribution o f 
neurons projecting to structurally distinct prefrontal areas were apparent. 
Specifically, the percentage o f  labeled neurons in the deep layers o f  anterior 
temporal areas 35 and 36 was higher after tracer injections in eulaminate 
orbitofrontal areas 11 and 12 than after tracer injection in limbic orbitofrontal 
area Pro. We also observed differences in the pattern o f  laminar distribution o f 
neurons in eulaminate anterior temporal areas that project to distinct prefrontal 
areas. For example, neurons in area TEa that project to limbic orbitofrontal area 
Pro were found predominantly in the upper layers, whereas neurons in area TEa 
that project to eulaminate prefrontal area ventral 46 were distributed equally in 
the upper and deep layers. Thus, the laminar origin o f  projection neurons is 
dependent on their specific cortical destination.
(Supported by NIMH grant F32 M H 11151 and NINDS grant NS24760 .)

457.7

H E T E R O G E N E O U S  P O P U L A T IO N S  O F  A N D R O G E N  R E C E P T O R -  
IM M U N O P O S IT IV E  C E L L S  IN  P R IM A T E  P R E F R O N T A L  C O R T E X . 
S .K . Finley, C . B uckm aster, W .F .C o llin s  III*, and  M .F . K ritze r, D e p t. of 
N eu ro b io. & Behavior, S U N Y  at S tony B rook, S tony Brook, N Y  117 94 .

G o n ad al horm one influence over h igher cognitive cortical 
functions could be  m ed ia ted  in part by steroid binding to intracellu lar 
horm one receptors. W e  report here  that adu lt p rim ate  prefrontal cortex  
a  region recognized for cognitive functions including w orking m em ory, 
rich in androgen receptor-im m unoreactive  (A R -IR ) nuclei that are  
distributed am ong heterogeneous cell types.

Using the A R  antibody P G 2 1 , w e found that in both m a les  and  
fem ales, nuclear A R -IR  w as a bundant a nd  fairly even ly  d istributed in ĉ 
cellu lar layers as  well as  the underlying w hite  m atter. Q uan tita tive  
analysis  of A R -IR  nuclear perim eters  in layer 2 /3  and  w hite  m atter, 
how ever, revealed  layer-specific  s ize  frequency  distributions with  
perim eters  in layer 2 /3  peak ing  a t values  about 3 0 %  larger than those  
w hite m atter. Cresyl violet counterstain ing suggested  tha t m ost of the  
larger A R -IR  nuclei including those that predom in ated  in layer 2 /3  w ere  
likely to be  neuronal. In addition double labeling s trateg ies  using  
im m unocytochem istry for glial fibrillary acidic protein (G F A P ) in 
com bination with A R -IR  suggested  that a  sm all fraction of the A R -IR  
cells in each  of the six cellu lar layers as  w ell as  a  g re a te r proportion of 
A R -IR  cells in w hite  m atter w ere  astrocytes. H o w ever, c le a r subsets o f  
cells in all strata rem ain that could not be  unam biguously  identified as  
e ither neurons or G F A P -pos itive  glia. Defin ing the  precise  position an  
identity of androgen -in fluenced cells w ithin cortical circuitry should  
a d vance  understanding of the m echan ism s of gonada l horm one  
in fluence over cortical functions. Thus , w e  are  continuing to define  
subpopulations of A R -IR  cells in prim ate prefrontal cortex using  
com binations of neuronal and glial cell-specific  m arkers.
R 2 9 N S 3 5 4 2 2 0 1 .

457.4
SELECTIVE RESPONSIVENESS OF MEDIAL PREFRONTAL CORTEX 

NEURONS TO INFREQUENT-MEANINGFUL STIMULI IN 

UNANESTHETIZED RATS. E. Jodo & Y. Kayama*. Dept. of Physiology, 

Fukushima Medical Univ. Med. Sch.; Fukushima, 960-1295, Japan.

We recorded multi-unit impulse activities of the medial prefrontal cortex (PFCm) 

neurons in rats performing an auditory odd-ball task. In this task two different pure 

tones (1000, 2000 Hz) were sequentially presented for 0.8 sec through a loudness 

speaker at interstimulus intervals of 2-5 sec in random order. Rats were trained to 

press a bar within a certain period (1.2 sec) after cessation of the 1000 Hz tone 

(target), and not to press the bar during tone presentation or after the 2000 Hz tone 

(non-target). Intracranial electrical stimulation of the medial forebrain bundle was 

given as a reward on a correct response to the target tone. PFCm neurons recorded 

exhibited phasic excitation with an onset 60-100 ms after the appearance of the target 

tone whose probability of occurrence was 30% of all trials. However, most of PFCm 

neurons exhibited no significant responses either to the more frequent target (70%), 

or to the non-target tone regardless of its probability. These results suggest that 

PFCm neurons may selectively respond to meaningful, infrequent stimuli.

457.6
DISTINCTION OF PREFRONTAL ARCHITECTONIC AREAS USING 
STEREOLOGIC PROCEDURES IN THE RHESUS MONKEY. S.M. Dombrowski 
and H. Barbas*. Boston Univ. and Sch. of Med., Boston, MA 02215

The prefrontal cortex is a structurally and functionally diverse region composed of 
different architectonic areas ranging from agranular to eulaminate. We used 
stereologic procedures to investigate the areal density of neurons, and the relative 
distribution of neurons positive for the calcium binding proteins parvalbumin, 
calbindin, and calretinin across 21 prefrontal areas. The density ranged from 
38 ,569±4,078 to 58,708±2,327 neurons per mm3. Agranular and dysgranular 
(limbic) areas found in posterior orbitofrontal (areas PAH, Pro, and 13) and medial 
cortices (areas 24a, 32, and 25) had the lowest density. In contrast, eulaminate 
cortices (e.g., areas 46 and 8) had the highest density of neurons. Parvalbumin 
positive neurons, found mostly in layers IH-V, were least prevalent in limbic areas 
and most prevalent in eulaminate areas. In contrast, calbindin positive neurons, found 
predominantly in layers II-III, were most prevalent in limbic areas and least common 
in eulaminate areas. Calretinin, found mostly in deep layer I and upper layer II, did 
not show regional differences. These results indicate that distinct architectonic areas 
differ in overall neuron density and the distribution of specific molecular markers. 
The differences in neuron density reflect the graded architectonic changes found 
within the prefrontal region with respect to the number and distinction of layers in 
different areas. At one extreme, limbic areas had the lowest neuron density, while 
at the opposite extreme some lateral eulaminate areas had the highest density. 
Parvalbumin and calbindin showed an inverse pattern of distribution across limbic and 
eulaminate areas. These results confirm and extend earlier qualitative findings of the 
architectonic profile of prefrontal areas (J.Comp.Neurol., 286, 353-375, 1989). The 
observed differences in neuron density and neurochemical features among prefrontal 
areas may underlie their regional specialization.
(Supported by NIH grant NS24760).

457.8
G LU TA M ATE INPUTS FROM THE ANTERIOR THA LA M IC NUCLEI TO  
IDENTIFIED CO RTICOTHA LAM IC PROJECTION NEURONS IN THE  
R E T R O SPL E M A L  CORTEX OF THE RAT. A Gonzalo-Ruiz*, B Wang, J.M. Sanz. 
G. Campbell and A. R. Lieberman. Depts. o f Anatomy, School o f Physiotherapy, Valladolid 
University, Soria, Spain and UCL, London, England.

We have used immunohistochemistry and anterograde/retrograde labelling with cholera 
toxin conjugated to horseradish peroxidase (CT-HRP) to examine the input from glutamate 
(G lu)-contaming thalamocortical axon terminals to identified corticothalamic projection 
neurons in the retrosplenial granular cortex (RSg) Injections o f CT-HRP were placed into 
different subnuclei o f the left anterior thalamic nuclear complex (ATN) in albino rats 
anaesthetized by Nembutal (45mg/Kg). The animals were reanaesthetized 1-2 days later and 
perfused with fixative containing 4% glutaraldehyde in sodium cacodylate buffer at pH 6 9  
Coronal sections, cut at 50µm, were reacted for the visualization o f HRP using the TMB- 
tungstate method Glu-immunoreactivity was identified by using a polyclonal anti-Glu 
antibody (Arnel, dilution 1:2000) and a postembedding immunogold technique In RSg, 
retrograde labelling was found in pyramidal cell bodies as well as m small, medium and 
large dendrites of corticothalamic projection neurons, some of which were postsynaptic to 
anterogradely labelled thalamocortical axon terminals. These terminals terminated primarily 
in superficial layers (mostly in layer I, with fewer in layers II-III), and least in deep layers 
(V-VI) Anterior thalamic afferents in RSg form two types o f terminals: one was quite large 
(diameter ca 2-4µm), whereas the second type was smaller (diameter ca. 1 µm). Both types 
of terminals, contained round vesicles and formed asymmetric synaptic contacts mainly 
with dendritic spines Gold particles were present in retrogradely labelled cell bodies, over 
vesicles-containing profiles resembling anterogradely labelled terminals and over other 
neuropil components. The double-labelled terminals were either large (2-4 µm) or small 
(ca 1 µm) size, contained round vesicles, and made asymmetrical synaptic contacts mainly 
onto dendritic spines of identified corticothalamic projection cells These findings provide 
further evidence that Glu is probably the neurotransmitter in thalamocortical projections 
from ATN to the RSg (Supported by Spanish DGICΎT Grant, PB94-1 118 and Wellcome 
Trust)
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457.9
QUANTITATIVE NON-RADIOACTIVE IN SITU HYBRIDIZATION STUDY OF 
GROWTH-ASSOCIATED PROTEINS IN THE CEREBRAL CORTEX OF THE 
ADULT AND INFANT MACAQUE MONKEY. N. Higo1*, T. Oishi1, A.  
Yamashita2, K. Matsuda1 and M. Hayashi3. 1Neuroscience Sect., Information 
Science Div., Electrotechnical Lab., Tsukuba, Ibaraki 305-8568, Japan, 2Dept. Anat., 
Nihon Univ. Sch. of Med., Itabashi, Tokyo 173-0032, Japan, 3Dept. Cellular and 
Molecular Biol., Primate Res. Inst., Kyoto Univ., Inuyama, Aichi 484-0081, Japan.

Growth-associated proteins are a family of molecules whose expressions are 
related to axonal growth or synaptic plasticity. We performed non-radioactive in 
situ hybridization histochemistry in the various areas of monkey cerebral cortex, and 
investigated the localization of neurons expressing two growth-associated proteins: 
GAP-43 and SCG10. Both GAP-43 and SCG10 mRNA were observed in both 
pyramidal and non-pyramidal neurons. The prominent hybridization signals for 
GAP-43 mRNA were observed in all layers of the adult association areas: the 
prefrontal area (FD), the temporal association area (TE) and the parietal association 
area (PG). In contrast, in the primary (OC) and the secondary (OB) visual areas and 
the primary somatosensory area (PB), the signals for GAP-43 mRNA were weak in 
the layers I-III, and cells with prominent signals were restricted in the layers IV-VI. 
The signals for SCG10 mRNA were restricted in the layers IV-VI of all areas 
examined. In the infant cortex (postnatal days 8 and 30), the signals for both 
mRNAs were intense through superficial to deep layers of all areas. These results 
suggest that layer-specific expressions of these molecules are established during 
postnatal development. The expression pattern of GAP-43 mRNA, but not SCG10 
mRNA, may be related to the functional difference between primary and association 
areas of adult cortex. (This work was supported by the grants of AIST, MITI, Japan 
and the Cooperation Research Program of Primate Research Inst., Kyoto Univ. We 
thank Dr. R. L. Neve and Dr. N. Mori for their generous gift of GAP-43 and SCG10 
cDNA clone, respectively.)

457.11
M O D E L  F O R  W A V E  P R O P A G A T IO N  IN  T H E  T H A L A M IC  R E T IC 
U L A R  N U C L E U S  IN  V IV O . M. Bazhenov1*, I. Timofeev2, M. Steriade2 
and T .J. Sejnowski1, 1The Salk Institu te , PO  Box 85800, San Diego, CA 92186 
and 2Lab. of Neurophysiology, School of Medicine, Laval University, Quebec, 
C anada G1K 7P4.

Recent intracellular recordings from reticular thalam ic (RE) neurons a t rest
ing and hyperpolarized membrane potentials in vivo suggest th a t the reversed 
inhibitory postsynaptic potentials (IPSPs) between RE cells can directly trigger a 
low-threshold (LT) spike. The oscillatory mechanisms underlying IPSP-triggered 
LT spikes crowned by spike-bursts within the RE nucleus were investigated in 
one- and two-dimensional models of isolated RE networks, which included voltage 
and Ca2+-dependent currents described by the Hodgkin-Huxley type of kinetics. 
(a) In a  one-dimensional network model the external stim ulation resulted in waves 
of excitation propagating with constant velocity 25-150 cells/sec controlled by the 
GABAa conductance and radius of synaptic interconnections in the network. The 
mechanism of propagation depended on the level of membrane potential in RE 
cells. For membrane potentials below C l-  reversed potential, bursts of spikes in 
presynaptic RE cells led to the reversal of GABAa IPSP followed by a LT Ca2+ 
spike and a burst of Na+ spikes in neighboring RE cells. The tem poral inacti
vation of the LT Ca2+ current in an RE cell after a  burst discharge prevented 
oscillations from persisting in the cell, (b) In a large-scale two-dimensional model 
of the reticular nucleus, the network displayed transient or self-sustained oscilla
tions controlled by the maximum conductance of the LT Ca2+ current. Computer 
simulation of a  model including RE and thalam ocortical (TC) cells have revealed 
th a t the wave patterns in the RE network trigger oscillations involving both RE 
and TC cells. This model predicts th a t the isolated reticular nucleus may initiate 
sequences of spindle oscillations in thalam ocortical networks in vivo. Supported 
by the Howard Hughes Medical Institute, Sloan Foundation, MRC of Canada, 
Human Frontier Science Program  and Savoy Foundation.

457.13

MECHANISMS OF INTRACORTICAL AUGMENTING RESPONSES. N. 
Dürmüller*, I. Timofeev, F. Grenier and M. Steriade. Lab. Neurophysiol., Sch. 
Med., Laval Univ., Quebec, Canada G1K 7P4.

Augmenting responses are progressively growing field potentials and 
cellular discharges during the first few stimuli applied at a frequency around 10 
Hz to thalamocortical networks. Our recent data indicated the leading role of 
the thalamus in cortical augmenting responses accompanied by short-term 
plasticity processes. Nonetheless, augmenting responses can partially be 
generated in intracortical networks. Here, we have investigated cortically- 
evoked augmenting responses by means of intracellular recordings from intact 
cortex or isolated cortical slabs in cats under ketamine-xylazine or barbiturate 
anesthesia. Rhythmic stimuli at 10 Hz resulted in a slight increase of the 
secondary, slow depolarization and associated spikes. Similar patterns were 
observed in the intact cortex and in the acute neocortical slabs. The increased 
depolarization was more obvious in neurons recorded within 1 mm from the 
stimulating electrode, compared to neurons recorded at more distant sites (2-4 
mm). Low intensity stimuli at 10 Hz induced long-lasting EPSPs with 
decremental amplitude. The increase in stimulation strength resulted in an 
increase of EPSPs amplitude, but also in a significant shortening in the duration 
of EPSPs due to activation of inhibitory in te rneurons . Further increase in the 
stimulus intensity led to growing of depolarizing components of response. 
Repeated pulse-trains at 10 Hz produced the suppression of inhibition and a 
change from enhanced responses evoked by the first pulse-train to decremental 
responses evoked by subsequent pulse-trains. In most instances, the cessation 
of pulse-trains was followed by seizures. We propose that the decremental 
EPSPs lead to a decremental activation of inhibitory interneurons and, as 
neurons receive smaller amount of inhibition, any synaptic input will result in 
an enhancement of excitation. This mechanism of cortical augmenting 
responses has been tested in a computer model (see Houweling et al., this 
meeting).

Supported by MRC, HFSP, NSERC and Savoy Foundation.

457.10
CONTRIBUTION OF NEURONS AND GLIA TO THE GENESIS OF SLOW AND 
PAROXYSTIC FIELD POTENTIALS. F. Am zica* and M . Steriade. Lab. 
Neurophysiol., Sch. Med., Laval University, Quebec, Canada G1K 7P4.

Double intracellular recordings from closely located (<0.5 mm) neuron-glia couples 
in cat cortical areas 5 and 7 show synchronous activities among these cells during slow 
(<1 Hz) sleep oscillations. Such activities are time-locked and show time lags of less 
than 5 ms. Under ketamine-xylazine anesthesia, the neuronal membrane potential fluc
tuates between a depolarized and a hyperpolarized level. The onset of the depolarization 
is associated in the neighboring glia with a transient negativity, followed by a ramp-like 
depolarization reaching its peak towards the end of the neuronal depolarizing plateau 
(see figure). Short cortical stimuli may also elicit sharp glial negative transients. Their 
amplitudes depend on the amplitude of the EPSPs driven in neighboring neurons. It is 
likely that the transient hyperpolarization of glial cells at the onset of a cycle of the slow 
oscillation reflects extraglial field potentials. The subsequent glial slow depolarization is 

due to the uptake of extracellular K+ re
leased by neurons during the depolarization. 
During the second phase of the slow oscilla
tion cycle neurons hyperpolarize, while glial 
cells start a slowly repolarizing ramp, to 
reach, at the end of the cycle, the same 
membrane potential as at the beginning of 
the cycle. If the pace of the slow oscillation 
accelerates, each new cycle of the slow 
oscillation in a glial cell starts at a more 

depolarized potential and, by allowing accumulation of K+ in the extracellular space, 
creates the conditions for the developing of a spike-wave seizure. Simultaneously 
recorded field potentials show high resemblance with intraglial potentials (average 
correlation coefficient of 0.88) with increasing values (up to 0.98) as the slow sleep 
oscillation evolves toward paroxystic patterns.

Supported by MRC, HFSP and FRSQ.

457.12
C O M P U T A T IO N A L  M O D E L S  O F  IN T R A C O R T IC A L  A U G M E N T 
IN G  R E S P O N S E S . A.R. Houweling1*, M. Bazhenov1, I. Timofeev2,
M. Steriade2 and T .J. Sejnowski1. 1The Salk Institu te, PO Box 85800, San 
Diego, CA 92186 and 2Lab. of Neurophysiology, School of Medicine, Laval Uni
versity, Québec, Canada G1K 7P4.

Augmenting responses in cortical pyramidal cells can be elicited by 10 Hz 
repetitive stimulation in vivo and in vitro. One of the underlying mechanisms 
is intrinsic to the thalamus because such augmenting responses may be elicited 
in decorticated animals. Stimulation of the white m atter or corpus callosum in 
thalamically lesioned animals also results in augmenting responses, however, with 
different features. A realistic network model of cortical regular spiking or bursting 
pyramidal (PY) cells and fast spiking interneurons (IN) was developed to explore 
possible intracortical mechanisms. Two-compartment models of PY and IN cells 
included voltage-dependent currents described by Hodgkin-Huxley type kinetics. 
Synaptic currents were described by kinetic models of AMPA and GABAa re
ceptors together with a simple model of short-term  depression for both types of 
synapses. We found th a t the simplest network model dem onstrating augment
ing responses during repetitive stimulation is a  set of coupled PY and IN cells. 
Repetitive stimulation of thalamocortical synaptic inputs produced postsynaptic 
potentials in the PY cell th at grew in size carrying an increasing number of action 
potentials from disinhibition through short-term  depression of inhibitory (IN-PY) 
synapses at frequencies greater than 3-5 Hz. In a one-dimensional chain of PY-IN 
pairs additional strong, fast recovering depression of lateral excitatory synapses 
between PY cells and thalamocortical afferents led to a reduction of augmenting 
responses a t frequencies greater than 15-20 Hz. Thus, short-term  depression of 
intracortical and thalamocortical synapses during repetitive stimulation may ex
plain the main features of intracortical augmenting responses. Supported by the 
Howard Hughes Medical Institute, Sloan Foundation, MRC of Canada, Human 
Frontier Science Program and Savoy Foundation.

457.14
ELECTROPHYSIOLOGICAL ACTIVITY OF ACUTE NEOCORTICAL SLABS IN 
VIVO. I. Timofeev*, F. Grenier, and M. Steriade. Lab. Neurophysiol., Sch. Med., 
Laval Univ., Quebec, Canada G 1K 7P4.

The slow sleep oscillation (<l Hz) originates in neocortex as it survives extensive 
thalamic lesions (Steriade at al., 1993) and disappears in the thalamus after 
decortication (Timofeev and Steriade, 1996). The hyperpolarizing phase of the slow 
cortical oscillation is largely due to disfacilitation while the depolarizing phase is 
dominated by excitatory and inhibitory synaptic activity. To answer the question of 
possible mechanisms underlying the depolarizing phase of the slow oscillation, we 
recorded intracellular activities and field potentials in acute slabs from cortical areas 5 
& 7 of cats anaesthetized with ketamine-xylazine. Two to three hours after completing 
a small (6×10 mm) slab, depolarizing bursts were recorded at the EEG and cellular 
levels, with a mean frequency of 4 bursts/min. The bursts lasted for 0.5-3 sec and 
consisted of a wide range of oscillations. Multi-site recordings revealed that the bursts 
originated in the middle (healthier) part of the slab and propagated towards the slab’s 
extremities with a speed of ~0.1 m/sec. Intracellular recordings showed the presence of 
miniature excitatory synaptic potentials between the depolarizing bursts and especially 
at the onset of these excitations. The minis were suppressed for at least one second 
after burst activity. The summated mini potentials may be responsible for the onset of 
bursts. Crosscorrelation analyses revealed a high level of synchrony, with 0-to-2 ms 
time-lags, for fast (>20 Hz) oscillations among the center and the boundaries of the 
slab. Low intensity extracellular electrical stimulation or intracellular stimulation of 
one cell elicited EPSPs in the simultaneously recorded postsynaptic cell lasting for 30- 
80 ms. Increasing the intensity of stimulation resulted in activation of inhibitory 
interneurons and reduction in the duration of EPSPs to 5-10 ms. The shape of these 
EPSPs truncated by IPSPs was similar to that of fast oscillations occurring during the 
bursts. Injection of GABAa  blocker bicuculline suppressed fast oscillations within 
prolonged bursts while leaving intact the repetition of depolarizing events. We 
conclude that the depolarizing phase of slow oscillation may be triggered as a result of 
summated mini-EPSPs and that fast oscillations are strongly controlled by inhibition.

Supported by NSERC, MRC and Savoy Foundation.
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457.15
TH REE DIM ENSIONAL A N ALYSIS OF SPONTANEOUS AND 
THALAMICALLY EVOKED GAMMA OSCILLATIONS IN AUDITORY 
CORTEX D.S. Barth* and W. Sukov D ept. o f  Psychology, Univ. of 
Colorado, Boulder, CO 80309.

The purpose o f this study was to investigate interactions among laminar 
cell populations producing spontaneous and evoked high frequency (~40 Hz) 
gamma oscillations in auditory cortex. Electrocortical oscillations were 
recorded using a 64 channel epipial electrode array and a 16 channel linear 
laminar electrode array while electrical stimulation was delivered to the 
posterior intralaminar (PIL) nucleus. Spontaneous gamma oscillations, and 
those evoked by PIL stimulation, are confined to a location overlapping 
primary and secondary auditory cortex. Current source-density (CSD) and 
principal components analysis (PCA) o f  lam inar recordings at this site 
indicate that the auditory evoked potential (AEP) complex is characterized by a 
stereotyped asynchronous activation o f  supra- and infra-granular cell 
populations. Similar analysis o f  spontaneous and evoked gamma waves 
reveals a close spatiotemporal similarity to the laminar AEP, indicating 
rhythmic interactions between su p ra -and infra-granular cell groups during 
these oscillatory phenomena. We conclude that neural circuit interactions 
producing the laminar AEP complex in auditory cortex are the same as those 
generating evoked and spontaneous gamma oscillations.

Supported by a Whitehall Foundation Grant S-97-06.

457.17
Variability of the human brain studied on the flattened cortical surface 
Ch. Destrieux1,2, E.Halgren2,3*, A.M. Dale4, B. Fischl4, M.I.Sereno5. 1Lab. Anatomie 
et Neuroch. - CHU Tours, France; 2CAMT - Radiology -  Univ. Utah -  Salt Lake 
City, UT 84108; 3INSERM CJF 97-06 Marseille, France; 4NMR Center -  Mass. Gen. 
Hosp. -  Charlestown, MA ; 5Dpt Cogn Sci, UCSD, La Jolla, CA

The complex gyration of the human cortex makes the localization of sulco- 
gyral structures on MRI difficult. Acurate cortical surface reconstructions were made 
from the MRI and used to study the variability of the sulco-gyral pattern in 7 normal 
subjects. A high resolution structural MRI (GE 1,5 T MRI SPGR) was segmented 
and the gray-white interface was described as a 200.000 vertex surface. Each of these 
vertices was moved to decrease the surface tension, and produce inflated and 
flattened views of each hemisphere. To use constant limits between sulci (S) and gyri 
(G), a classification based on initial curvature was performed. About 100 regions (G, 
fundus and 2 banks of the S) were labeled on each hemisphere using international 
terminology, in order for every vertex of the cortical surface to be labeled.

Since they were less variable on the flattened view, the sulco-gyral structures 
were more easily recognized : intersubject differences corresponded mainly to 
different superficial gyration patterns, but the deep S, well appreciated only in the 
flattened maps, were relatively constant. An antero-posterior gradient in variability 
was identified : (1) the lateral region, central and superior temporal S were the most 
constant, even in their detailed shape (for instance, a posterior indentation, and 
anterior evagination were noticed at the inferior third of the central sulcus, for every 
subject). (2) the superior parietal, pericentral, frontal lateral regions were less 
constant. The medial wall of the hemisphere was relatively constant, excepted for the 
presence of intracingulate or (2/14), supracingulate S (11/14). (3) still less constant 
was the inferior parietal lobule : big (10/14) and small (4/14) angular S were 
observed, but in all the cases their size was similar for right and left hemispheres. (4) 
occipital and basotemporal regions were the most variable.
Support: CHRU Tours, France; Hum. Front. Sci. Prog; USPHS NS 18741; INSERM

457.16
3-D CYTOARCHITECTONIC PARCELLATION OF HUMAN ORBITOFRONTAL 
CORTEX. CORRELATION WITH POSTMORTEM MRI. G. Raikowska1*. K. de 
V os4 , C.W. Pool4 P.E. Roland2 . K. Zilles3 , and H. Uylings4 . 1Dept. Psychiatry, 
Univ. Mississippi; 2Dept. Neurosc., Karolinska Inst.; 3 C .&  O.Vogt-Institute of Brain 
Res., Duesseldorf; 4Netherlands Brain Res. Inst., 1105 AZ Amsterdam, the Netherlands.

Orbitofrontal cortex (ORB) is one of the less explored regions of the cerebral cortex. 
Animal and human neuroimaging studies revealed involvement of ORB in regulation of 
emotional and cognitive behavior and implicated this region in the pathology of mood 
disorders. However, the precise delineation of ORB has not yet been established. In two 
existing reports no borders between ORB areas are indicated and interindividual 
variability issue is not addressed. This makes the much needed correlation between 
functional and structural neuroimaging very difficult. In order to revisit and complement 
previous parcellations we studied 6 brains from human subjects without neurological or 
psychiatric diagnoses. Postmortem MRIs were taken before brains were paraffin 
embedded, cut and stained with Galiyas modification for neuronal cell bodies. Additional 
11 brains were celloidin embedded and Nissl stained for morphometric analyses. Using 
cytoarchitectonic criteria exact borders between ORB areas were delineated on a series of 
coronal sections and superimposed on the 3-D MRIs of the left hemispheres after elastic 
transformation of histological sections onto MRI sections (Schormann, Zilles et 
al.,’97). ORB is characterized by moderate width (2 mm) of the cortex, high neuronal 
packing density (6 1neurons/mm3×10-3) and moderate size of neuronal somata ( 11 -14µm 
in diameter). Cytoarchitectonic differences between individual ORB areas concern 
neuronal densities and sizes in layers III and V and the prominence of layer IV. In ORB 
we distinguished three main areas: 11,12 (ventromedially) and 47 (ventrolaterally). Area 
47 was further subdivided into five subareas labeled as 4 7 1-5. Additionally, we 
distinguished transitional areas: 10-47; 10-11; 10-12; 11-12; 11-47 which possess mixed 
features of neighboring areas. Present data will be used in future studies to create a new 
3-D atlas of the architecture of human cerebral cortex. Funded by Biotech. (EU) grant 
BIO4-CT96-0177 (P.R., K.Z., H.U.), NATO grant CRG 961225 (H.U., G.R.), and 
NIMH grant MH55872 (G.R.)
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458.2458.1

IN VIVO DOWNREGULATION OF THE GLIAL GLUTAMATE 
TRANSPORTER GLAST ALTERS THE COUPLING BETWEEN NEURONAL 
ACTTVTTY AND GLUCOSE USE. N. Cholet1, L. Pellerin2, P.J. Magistretti2, J. 
Seylaz1 and G. Bonvento1*. 1CNRS UPR646, Université Paris 7, IFR 6, 
PARIS, France, 2Institut de Physiologie, Université de Lausanne, Switzerland.

Metabolic coupling, i.e. the increase in glucose use anatomically restricted to the 
activated neural structure, is a fundamental feature of brain function which has 
provided the basis for functional brain imaging. The cellular and molecular 
mechanisms that link glucose metabolism and functional neuronal activity are still 
largely unknown. Recent in vitro experiments suggest that glutamate (the major 
excitatory amino acid released during functional activation) stimulates glucose 
uptake and aerobic glycolysis in astrocytes via a specific Na+-dependent glutamate 
transporter (PNAS, 91:10625-10629, 1994). In this study, we sought to determine 
whether the glial glutamate transporter GLAST is involved in the metabolic 
coupling in vivo. To this purpose, rats were microinjected into the barrel field of the 
somatosensory cortex with GLAST antisense or random phophorothioate 
oligonucleotides (20 mers, 3µg/lµl). Local cerebral glucose use (1CGU) was 
measured during activation of the whisker-to-barrel pathway 24 hours after 
injection. In control rats (n=5), mechanical stimulation of the C2 whisker 
significantly increased 1CGU by 82 ± 29%. Following injection of artificial CSF 
(vehicle, n=5) or random oligonucleotides (n=5), the metabolic response was not 
statistically different from control (67 ± 14% and 56 ± 18%, respectively). Injection 
of the GLAST antisense (n=4) significantly decreased the 1CGU response (30 ± 
4%). These results provide further support for the involvement of glutamate uptake 
via the glial glutamate transporter GLAST as a key mediator of the metabolic 
coupling. This study sheds light for the first time in vivo on a prominent role of 
astrocytes in coupling neuronal activity to energy metabolism.

G L U C O C O R T IC O ID S  D E C R E A S E  G L U T A T H IO N E  
C O N C E N T R A T IO N  IN  R A T  H IP P O C A M P A L  C U L T U R E S  L.J 
M cIn to sh *  an d  R o b e rt S a p o lsk y , D ep a rtm en t o f  B io log ical 
S c ien c e s , S ta n fo rd  U n iv e rs ity , S ta n fo rd  C A  9 4 3 0 5

G lu ta th io n e  is a  sm all m o lecu le  an tio x id an t that is critical fo r  
p rev e n tin g  o x id ativ e  d am ag e  to  su lfh y d ry l g ro u p s , d e to x ify in g  
c y to p la sm ic  p e ro x id es , and  rep a irin g  m em b ran e  lip ids. T h e  ratio  o f  
red u ced  g lu ta th io n e  (G S H ) to  o x id ized  g lu ta th io n e  (G S S G ) is u sed  
as a m easu re  o f  o x id a tiv e  s tress  w ith in  a  tissu e ; a  h igh  G S H :G S S G  
ratio  can  ind ica te  a h ea lth ie r , m o re  red u c e d  ce llu la r e n v iro n m en t. 
W e  h av e  sh o w n  th a t th e  p rese n c e  o f  h igh  basal g lu co co rtico id  levels 
(G C s) can  d ec rease  the activ ity  o f  g lu ta th io n e  p e ro x id a se  in the 
h ip p o ca m p u s  an d  co rtex  o f  ra ts  (M c In to sh , at al, B ra in  R esea rch , 
1998). U s in g  p rim ary  n eu ro n a l c u ltu re s , w e  n o w  see  that h igh  
leve ls o f  G C s a lso  d ec rease  g lu ta th io n e  itse lf . In  the  h ippocam pal 
c u ltu re s , total g lu ta th io n e  leve ls are  d e c re a se d  a p p ro x im ate ly  15%  
(p < .0 0 1 ) an d  the ratio  is a lso  d e c re a se d  by  the sam e am ount 
(p = .0 5 ) . In  cortical c u ltu re s , total g lu ta th io n e  g o e s  d o w n  9%  
(p = .0 1 )  b u t the  ratio  im p ro v es  by  14%  (p = .0 7 , n = 5 ). S tu d ie s  are 
p lan n e d  to  co rre la te  th ese  o b se rv a tio n s  w ith  g lu ta th io n e  p e ro x id ase  
ac tiv ity  an d  level o f  o x id a tiv e  d a m a g e  to  th e  cells .

G C s  are  k n o w n  to  d ec rease  en e rg y  u p tak e  in n e u ro n s , and 
g lu ta th io n e  is d e p e n d en t on  ce llu la r N A D P H  fo r  reg en e ra tin g  G S H  
fro m  G S S G . W e h y p o th es ize  that lo w e r en e rg y  availab ility  m ay be 
th e  m ec h a n ism  by  w h ich  G C s in flu en ce  g lu ta th io n e  levels. Support: 
A m e ric a n  H eart A sso c ia tio n  (L JM ), A d le r  F o u n d a tio n  (R M S ).

S ociety for N euroscience, Volume 24 ,19 9 8



1166 BRAIN METABOLISM AND BLOOD FLOW: METABOLISM—GLIA, GLUTAMATE AND OTHERS TUESDAY AM

458.3
PHOTIC STIMULATION INCREASES GLIAL OXIDATIVE METABOLISM 
IN SUPERIOR COLLICULUS. G.A. Dienel*, K. Liu, P. Chowdhury, N.F. Cruz. 
Dept. Neurology, U. Arkansas Medical Sciences, Little Rock, AR 72205 

Glia are generally believed to be mainly glycolytic because most glucose consumed 
by untreated cultured glial cells is converted to lactate and functional activation of 
glial metabolism (e.g., by glutamate uptake) stimulates glucose utilization and efflux 
of lactate to the culture medium (e.g., J. Neuroscience 16, 877-885, 1996). It is not, 
however, known if glia are also glycolytic in working brain in vivo. Two l4C-labeled 
reporter molecules metabolized primarily via the glial tricarboxylic acid cycle (i.e., 
acetate & butyrate) were, therefore, used to test the hypothesis that local glial 
oxidative metabolism increases when neuronal signaling stimulates energy demand. 
Because most retinal input to the dorsal region o f the superior colliculus is received 
from the contralateral eye, on-off (8-15 Hz) photic stimulation of one retina was used 
to stimulate unilateral activity in the visual pathway in albino rats. Photic stimulation 
was initiated, [14C]tracer injected i.v., timed arterial blood samples drawn during the 5 
min experiment, and local 14C levels in brain assayed by quantitative autoradiography 
and computer-assisted densitometry. Increased incorporation of l4C into activated 
compared to unstimulated contralateral tissue was detected with both glial reporter 
molecules. Left-right differences obtained with [ l4C]acetate and [ l4C]butyrate in the 
dorsal superior colliculus were 11 ± 4% (n = 14, p<0.001, paired t test) and 7 ± 7% (n 
= 6, p<0.01), respectively; 6- 10% increases were also observed in 2 pigmented rats. 
There were no left-right differences in ventral region of the superior colliculus which 
does not receive direct retinal input. The increases in glial oxidative metabolism were 
small but biologically significant. Acetate metabolism supplies 5 times as much ATP 
as glycolysis per mole of substrate, and a 10% rise in acetate utilization is equivalent 
to a 50% increase in glycolysis. Thus, functional neuronal activation enhances local 
flux of fuel into the glial tricarboxylic cycle, and glia are not solely glycolytic in vivo. 
(Arkansas Science & Technology Authority #97-B-31; UAMS Dept. Neurology).

458.5
DECREASES OF GLUCOSE TRANSPORTER DENSITIES, RATE 
CONSTANTS AND GLUCOSE UTILIZATION IN VISUAL STRUCTURES 
OF RAT BRAIN DURING CHRONIC VISUAL DEPRIVATION 
R. Duelli*, M.H. Maurer and W. Kuschinsky, Department of Physiology, Uni
versity of Heidelberg, Im Neuenheimer Feld 326, D 69120 Heidelberg, 
Germany

Previous studies of our group have shown a close correlation between glucose 
transporter densities (Glut1 and Glut3) and local cerebral glucose utilization 
(LCGU) in the rat brain. Little is known whether local changes in the transpor
ter densities can occur and whether such changes can influence the transport ki
netics of glucose. As a model of a chronic decrease in LCGU monocular 
enucleation was chosen. In 25 male Sprague Dawley rats the right eye was enu
cleated. After one week, the densities of glucose transporters G lut1 and 3 were 
quantified by immunoautoradiography (n=8). LCGU was quantified by the 
2-[l4C]deoxyglucose method (n=5). In additional rats local rate constants K 1 and 
k2 were estimated by the 3 -0 -[l4C]methylglucose method (n=12). Since in the 
rat visual system about 97% of the fibers cross to the contralateral side in the 
optic chiasm, the right side served as control. During chronic visual deprivation 
LCGU was significantly decreased compared to the contralateral side in the la
teral geniculate (dorsal part), the superior colliculus (layer 1-3), the visual cor
tex (area 17) and the occipital cortex. The density of G lutl glucose transporters 
was decreased in the lateral geniculate and the frontoparietal cortex, whereas 
the density of Glut3 was decreased in the lateral geniculate and superior collicu
lus. The rate constants for 3-O-methylglucose transport K 1 and k2 were reduced 
in the lateral geniculate. The results show a parallel downregulation of glucose 
transporters, LCGU and rate constants during visual deprivation in brain structu
res specific for processing of visual information.
Supported by a grant from the Deutsche Forschungsgemeinschaft (WK).

458.7

GLUTAMATE BOOSTS GLIAL GLYCOLYTIC LACTATE OUTPUT 
TO MEET ENERGY DEMANDS OF EXCITED NEURONS A. Schurr1*, 
J.J. Miller2, R.S., Pavne1 and B.M. Rigor1. Dept. of 1Anesthesiol. and Dept. 
of 2Pathol. & Lab. Med, Univ. of Louisville, Louisville, KY 40292.
Aerobic energy metabolism utilizes glucose and oxygen to generate all the 
energy needs of the resting brain. However, the energy demands of the 
activated brain were hypothesized to be met by elevated anaerobic glycolysis. 
The rat hippocampal slice preparation and both electrophysiological and 
biochemical measurements were used in this study to test this hypothesis. 
Control hippocampal slices, perfused with artificial cerebrospinal fluid 
containing either 4 mM or 10 mM glucose, were exposed for 15 min to either 
5 mM or 20 mM glutamate (Glu), respectively. Thirty minutes after Glu 
washout the neuronal function (evoked CA1 population spike) in over 90% of 
the slices was unaffected. Experimental slices were exposed to the same Glu 
concentrations in the presence of α-cyano-4-hydroxy-cinnamate (4-CIN), a 
specific neuronal lactate transport inhibitor that has no effect on glial lactate 
transport. Less than 4% of these slices were neuronally fuctional 30 min after 
Glu washout. The level of tissue lactate in the experimental slices rose 2- to 3- 
fold above its basal level during the exposure to Glu as neurons were unable to 
utilize it. No such rise in lactate level was observed in control slices most 
probably because it was negated by a concomitant neuronal utilization of 
lactate. Inhibition of glycolytic activity during the exposure to Glu by 
substitution of glucose with its non-metabolizable analog 2-deoxy-D-glucose 
(2DG) significantly reduced the number of neuronally functional slices counted 
30 min after Glu washout. However, 2DG's adverse effect on Glu-activated 
slices could be minimized by the concomitant addition of lactate.
These results indicate that neural tissue increases its glial glycolytic flux in 
response to activation by Glu and heightened energy demands. The increased 
flux is accompanied by elevated glial Na,K-ATPase activity to extrude Na+ 
cotransported with Glu. Moreover, the glycolytic lactate thus produced is a 
critical aerobic energy substrate that allows neurons to survive Glu excitation.
Supported by the Department of Anesthesiology, University of Louisville.

458.4
CELL-SPECIFIC REGULATION OF UBIQUITOUS MITOCHONDRIAL CREATINE 
KINASE (uMtCK) DURING POST-NATAL MOUSE BRAIN DEVELOPMENT. 
J.BOERO*, Z.KHUCHUA, W.QIN, J.CHRISTENSEN, T.A.WOOLSEY+ 
A.W.STRAUSS. Division of Cardiology, Department of Pediatrics and +Division of 
Experimental Neurology and Neurosurgery, Washington University School of 
Medicine, Sl Lou¡s, MO 63110.

The enzymatic activity of uMtCK in neurons catalyzes the synthesis of 
phosphocreatine from ATP and creatine. To study the expression of this enzyme 
during development of the mouse brain, we used immunostaining with an antibody to 
recombinant uMtCK. Unlike the adult mouse, during development uMtCK is 
transiently expressed in a greater variety of neurons. At birth (PO), neurons of all 
cortical layers express uMtCK, and the immunoreactivity is localized both in the 
perikaryon and the apical dendrites. However, at P7 expression in most cells is 
lacking. Only pyramidal Va neurons express uMtCK again at P 12 in a pattern similar 
to that of the adult. Hippocampal pyramidal neurons in C A 1 and CA3 as well as 
granule cells in the dentate gyrus strongly express uMtCK at birth, but the expression 
decreases progressively and at P30 is absent in these cells. In contrast, hippocampal 
intemeurons express uMtCK from birth to adulthood. In the cerebellum, uMtCK 
expression at birth is restricted Purkinje cell perikarya, but at P 1 it is polarized 
proximally in the dendrite. At P6 , uMtCK-containing mitochondria were observed in 
the primary and secondary branches of Purkinje dendrites. At subsequent days, 
uMtCK protein is detected in more peripheral branches until P 14 when it is mostly 
localized at the tip of the dendrites and the perikaryon as in the adult. These results 
show that, in early post-natal life, uMtCK is transiently expressed in some 
populations of neurons while in others expression either persists or returns in the 
adult mouse. It is possible that the transient expression of uMtCK in this neurons 
probably reflects unique requirements for high energy utilization in the first week of 
life. Supported by NIH Grants HL 52350, NS 17763, NS 28781, The McDonnell Center for 
Studies of Higher Brain Function and the Spastic Paralysis Foundation of the Illinois- 
Eastern Iowa District of the Kiwanis International.

458.6
CEREBRAL BLOOD FLOW/METABOLISM COUPLING IS 
MEDIATED BY A PROCESS INVOLVING Ca2+ DEPENDENT 
POTASSIUM (Kca) CHANNELS. R.J. Gerrits1, E.A. Stein23* and A.S. 
Greene1,3. Departments of Physiology1 and Psychiatry2, and the 
Biophysics Research Institute3, Medical College of Wisconsin. 
Milwaukee, WI 53226.

The brain does not store the energy substrates required for the 
processing of information, but instead relies on a tight coupling between 
local cerebral metabolic activity and blood flow. To investigate the 
mechanism of neuronal-vascular coupling, we utilized the rodent 
whisker-barrel cortex model to study the role of KCa channels in the 
coupling process. Our working hypothesis was that activated neurons 
release a soluble factor that acts to dilate local arterioles by opening KCa 
channels on vascular smooth muscle cells surrounding these arterioles. In 
order to test the hypothesis, anesthetized rats were prepared for laser- 
Doppler flowmetry (LDF) with a thinned cranial window under which 
infusions could be made. Laser-Doppler measured responses elicited in 
barrel cortex by whisker movement were collected first during local 
superfusion of artificial cerebrospinal fluid (aCSF) and then during 
superfusion of either tetraethylammonium (TEA) or iberiotoxin (KCa 
channel blockers). Superfusion of TEA and iberiotoxin caused dose 
dependent attenuations of the magnitudes of the LDF measured changes. 
Furthermore, the temporal profile of the elicited responses was not 
affected by selective doses of TEA or iberiotoxin administration. In 
conclusion, cerebral metabolism/blood flow coupling may be mediated 
through a process involving the KCa channel. (Supported by NIH lP O 1 
MH51358 and NIH T32 HL07852).

458.8
BRAIN CREATINE KINASE REACTION IN UBIQUITOUS MITOCHONDRIAL 
CREATINE KINASE-DEFICIENT MICE USING IN VIVO NMR. T. Kekelidze1* ,
I. Khait1, B. Wieringa2 , T. Rand1 and D.Holtzman1 . 1Dept. of Radiology, Brigham 
and Women’s Hospital, Harvard Med.Sch. Boston, MA 02115. 2DepL of Cell 
Biol, and Histol. Univ. of Nijmegan, Nijmegen, The Netherlands.

Maintaining levels of high energy phosphates is critical for cells with high and 
fluctuating energy demands. Members of creatine kinase (CK) family play a 
prominent role in the regulation of ATP. CK isozymes catalyze the reversible 
transfer of phosphoryl groups between ATP and phosphocreatine (PCr). Functional 
role of mitochondrial CK-s and the CK/PCr system in brain are poorly understood. 
Recently available genetically modified mice deficient in CK isozymes are a useful 
tool in elucidating the system’s biological functions (Van Deursen et al. Cell 74, 
1993). We have used in vivo 31P nuclear magnetic resonance (NMR) spectroscopy 
to measure brain CK-catalyzed reaction rate constants (k) and relative concentrations 
of CK reactants. Surface coil localized NMR spectra were obtained from adult 
transgenic mice with targeted mutations of ubiquitous mitochondrial CK(UbCKmit) 
alleles (Steeghs et al. DNA and Cell Biol. 14, 1995) to determine the 
concentrational ratio of PCr and nucleoside triphosphate (NTP) and pH. The rate of 
phosphorus transfer from PCr to ATP was measured with saturation transfer 
experiment and the k value was determined for CK-catalyzed unidirectional flux 
(Holtzman et al. Am. J. Physiol. 272, 1997). Brain PCr/NTP ratios and pH values 
in wild type, heterozygote and homozygote mice for the targeted allele were the 
same, k values for CK-catalyzed flux were 0.115 ±0.06 S.D.M., 0.212±0.13 
S.D.M. (p<0.05), and 0.172±0.11 S.D.M. respectively. Studies in progress on 
changes in CK reaction parameters in transgenic mice during hypoxia and seizures 
will provide an insight into the role of CK/PCr system during energy deficit and 
high ATP turnover states.
Supported by NIH (N S26371).
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458.9
REGULATION OF BRAIN GLUTATHIONE CONCENTRATION BY 
DIETARY SULFUR AMINO ACIDS. P.G. Paterson1, B.H.J. 
Ju u rlink2* and A.W. Lvon3. 1College o f Pharmacy and Nutrition, 2Dept. 
of Anatomy and Cell Biology, 3Dept. o f Pathology, University of 
Saskatchewan, Saskatoon, SK, Canada, S7N 5C9.

Dietary sulfur amino acid content is a major determinant o f glutathione 
concentration in tissues such as lung and liver. We examined whether 
brain glutathione (GSH), a key component o f antioxidant defense, was 
also responsive to short-term sulfur amino acid deficiency. Female 
Long-Evans adult rats were fed a sulfur-deficient L-amino acid defined 
diet for 5 days; the control diet, supplemented with L-cystine and L- 
methionine, was isocaloric and isonitrogenous (n=6/treatment). GSH 
concentration was analyzed in neocortex, hippocampus, thalamus, 
striatum, and liver by reverse-phase high performance liquid 
chromatography using ultraviolet detection and precolumn derivatization 
with 5,5’-dithio-bis(2-nitrobenzoic acid). Preliminary analysis by 
unpaired t-test is as follows:

Sulfur amino acid-deficient Control 
Mean (±SEM) [GSH] (µmol/g ww):

Liver 1.96±  0.11* 7.58 ± 0 .3 9
Neocortex 1.47 + 0.04* 1.63 + 0.03
Hippocampus 1.80 + 0.10 2.02 + 0.08

Although a small decline was apparent in brain, GSH synthesis appears 
to be relatively preserved in the face o f diminished dietary supply of 
sulfur amino acids. Funded by U niversity o f  Saskatchewan President's  
N SERC Fund.

458.11
METABOLIC SUBSTRATES OTHER THAN GLUCOSE SUPPORT AXONAL CONDUCTION IN 
CNS WHITE MATTER. R. Wender,* R. Fern, and B. R. Ransom. Dept. of Neurology, Un¡v. of 
Washington School of Medicine, Seattle, WA 98195.

Glucose is often assumed to be the preferred energy substrate for brain tissue. Other
substrates, however, can support brain function and, in some instances, may be preferred over
glucose. We are interested in the energy demands of CNS white matter (WM) and tested the 
hypothesis that metabolic substrates other than glucose support function of WM. Rat optic 
nerves were perfused with artificial cerebrospinal fluid (aCSF) in which glucose was replaced 
with an alternative metabolite. Action potential conduction was monitored with suction
electrodes. Area under the compound action potential (CAP), which serves as a quantitative 
measure of the number of active axons, was calculated to assess the ability of each substrate 
to support metabolism in the absence of glucose. Nerves were equilibrated in normoglycemic 
(10 mM glucose) aCSF for 90 min, and baseline CAPs were recorded. Nerves were then 
perfused for 60 min with 0 mM glucose + test metabolite and were allowed to recover in 
normal aCSF for 60 min. Final CAPs were recorded, and nerve recovery from glucose
deprivation was expressed as: post-treatment CAP/baseline CAP ×  100. We found that lactate 
(20 mM) and pyruvate (20 mM) supported axonal conduction to an extent comparable to that 
seen with glucose (lactate, 94.7±8.24%; pyruvate, 9O.7±4.43%; glucose, 9O.6±6.O7%). 
Glutamine (10 mM) and glutamate (10 mM) maintained axonal function with sufficient efficacy 
that nerves recovered to 61.3+4.42% and 51.6±6.36%, respectively. While ß-hydroxybutyrate 
(10 mM) was a moderately good substrate (55.6±2.38%), octanoate (10 mM) was unable to 
support metabolism (recovery = 7.65±2.06%). Fructose (76.4±4.58%), mannose (62.5±5.77%), 
and sorbitol (31.5+3.71%) provided variable degrees of metabolic support (10 mM each). Our 
results indicate that CNS myelinated axons can use lactate, pyruvate, glutamine, glutamate, ß- 
hydroxybutyrate, fructose, and mannose as sustaining energy substrates in the absence of 
glucose. During ischemia, astrocytes, the main store of brain glycogen, may release lactate or 
other metabolic products into the extracellular space for uptake by axons, and this could 
constitute a defense against axonal injury. Supported by NIH Grant NS 15589.

458.13
EVIDENCE SUPPORTING THE EXISTENCE OF AN ACTIVITY- 
DEPENDENT ASTROCYTE-NEURON LACTATE SHUTTLE.
L. Pellerin*, G. Pellegri, P.G. Bittar, N. Stella, P.J. Magistretti.
Institut de Physiologie, 1005 Lausanne, Switzerland

Astrocytes play a key role in coupling neuronal activity to energy metabolism. 
Glutamate stimulates glucose utilization and lactate production by astrocytes through 
a mechanism involving the glutamate transporter GLAST and the Na+/K+ ATPase, 
most likely via the α 2 isoform (PNAS 91:10625-10629, 1994; J. Neurochem. 
69:2132-2137, 1997). This indicated the possible transfer of energy substrates from 
astrocytes to neurons regulated by synaptic activity. Evidence suggests that lactate is 
an essential energy substrate for neurons, particularly during activation. However 
lactate does not cross easily membranes and requires the presence of a transport sys
tem. Using in situ hybridization, we have studied the distribution of two 
monocarboxylate transporters, MCT1 and MCT2, in mouse brain. In adult brain, 
MCT1 and MCT2 mRNAs are abundantly expressed in parenchymal cells, suggesting 
the existence of an intercellular exchange of lactate (PNAS 95:3990-3995, 1998). 
Lactate needs to be converted to pyruvate to enter the TCA cycle. This reaction is 
catalyzed by lactate dehydrogenase (LDH) which exists as five tetrameric forms. The 
muscle form (LDH5) is abundant in tissues with high production of lactate while the 
heart form (LDH1) is present in tissues which utilize lactate. Using polyclonal and 
monoclonal antibodies, we have shown that neurons were only labeled by anti-LDHl 
antibodies while the antibodies against the LDH5 form revealed a population of 
astrocytes (J. Cereb. Blood Row Metab 16:1079-1089, 1996). Consistent with these 
observations, we have found that lactate can fully substitute for glucose as a 
metabolic substrate for oxidative metabolism in neurons and that MCTs are essential 
to ensure efficient utilization of lactate. In conclusion, these data provide evidence to 
support the existence of an astrocyte-neuron lactate shuttle which would be regulated 
by the level of synaptic activity, via the release of glutamate, its reuptake into 
astrocytes, and activation of aerobic glycolysis in this cell type.
Supported by FNRS grant 31-40565.94.

458.10
1H NMR S P E C TR O S C O P Y  S H O W E D  AN INCREASE IN THE NAAG AND  
GLUTAMINE CONCENTRATIO N IN THE HIPPO CA M PUS O F  AMYGDALOID  
KINDLED RAT. Y. Shiravama*, S. Takahashi, Y. Minabe and T. O g ino. 1) Div. 
Biochem. Cellular Biology, National Institute of Neuroscience, NCNP, 2 ) Dept. 
Chem. Biological Sci. Japan Women's University, 3 ) Div. Cortical Function 
Disorders, National Institute of Neuroscience, NCNP, 4 ) Dept. Neuropsy. 
Showa Univ. Fujigaoka Hosp., Tokyo, Japan.

The effects of kindling on various transmitter amino acid levels have been  
investigated. To this end, we have examined energy metabolism and the  
content of amino acids in the hippocampus of amygdaloid kindled rat using 1H 
NMR spectroscopy. Male Wistarrats were used. Three weeks after the last 
stage 5 seizure, kindled rats were killed by microwave irradiation. The 
hippocampus was dissected out and subjected to Me O H/CHCI3 extraction. All 
measurements were recorded with a  Bruker AM X-400 spectrometer 
operating at 400  MHz. All 1H spectra were analyzed for quantifying absolute 
concentrations using a non-linear least squares method combined with a prior 
knowledge of chemical shifts. Saturation effects were compensated for by 
the T1 measurement of each component. This strategy provided a high 
accurate method for the concentration estimates (mean error : almost less 
than 5% ). Concerning energy metabolism, phosphocreatine, creatine, 
glucose and succinate levels were unchanged betw een kindled rats and 
sham controls. The lactate concentrations had a tendency to increase, 
although not over astatistical significance. As for amino acids, campared with 
sham controls, the contents of aspartate, glutamate, GABA, glycine, 
glutamine and inositol were elevated in the ipsilateral but not in the  
contralateral hippocampus. In contrast, the levels of taurine, alanine and 
threonine were not altered. Finally, NAAG content was elevated whereas 
NAA content was unaltered in the ipsilateral hippocampus from kindled 
animals. The present results suggest that kindling could have the effects on 
amino acids metabolism, but on energy metabolism to the lesser extent. 
[Supported by the Ministry of Health and Welfare]

458.12
NEUROTRANSMITTERS MODULATE THE EXPRESSION OF GENES 
INVOLVED IN GLUCOSE METABOLISM IN ASTROCYTES
I.  Allaman, L. Pellerin, M, Kiraly* and P. J. Magistretti. Institut de Physiologie and 
Laboratoire de Recherche du Service de Neurologie du CHUV, Université de 
Lausanne, Switzerland.

We have previously demonstrated that certain neurotransmitters modulate in í 
cAMP-dependent manner the expression of genes involved in glycogen resynthesis. In 
primary cultures of mouse cortical astrocytes both VIP and NA induce glycogen 
synthase mRNA expression (Pellegri et al, Mol. Brain Res., 1996, 38:191-199). In 
addition, two members of the C/EPB transcription factors family, C/EBP-β, which is 
implicated in the regulation of expression of phosphoenolpyruvate carboxykinase 
(PEPCK) mRNA in liver (Croniger et al, J. Biol. Chem., 1997, 272(42):26306-26312), 
and C/EBP-δ, have been shown to be induced by VIP, PACAP-27 and NA in mouse 
cortical astrocytes (Cardinaux and Magistretti, J. Neurosci. 1996). Considering the 
central role that astrocytes play in the control of brain energy metabolism, this led us to 
further investigate the long term effects of these neurotransmitters on the expression of 
several genes involved in glucose metabolism in astrocytes. First, we observed that the 
expression of phosphofructokinase (PFK) mRNA was significantly decreased after 6-8 
hours following NA treatment. In contrast, the expression of glucose transporter type 1 
(GLUT-1) and protein targeting to glycogen (PTG) mRNAs were increased. Induction 
was detectable already two hours after treatment with noradrenaline or VIP and 
reached a maximum at four hours. Interestingly, dexamethasone, a synthetic 
glucocorticoid analog which affects glucose metabolism in liver, inhibited significantly 
the increase of PTG and GLUT-1 mRNA evoked by NA while having no effect on the 
inhibition of PFK mRNA expression. The expression of the hexokinase I (HK 1), 
phosphoenolpyruvate carboxykinase (PEPCK) and glucose 6-phosphate dehydrogenase 
(G6PD) mRNAs were unchanged by noradrenaline or dexamethasone. These data 
indicate that neurotransmitters differentially affect genes involved in glucose 
metabolism of astrocytes and this in turn could modulate brain energy metabolism. 
Supported by FNRS grant 31-40565.94.

458.14
EX PR ES SIO N  OF TU M O R NECRO SIS FA CTO R α, P-SELECTIN AND 
FIB R IN O G E N  IN RAT BRAIN AFTER CO RTICA L SPR EAD IN G 
D E PR ES SIO N  F.J.C hen, O .H .Zhai, S.Bowver. M .C hopp, K.M .A .W elch* 
D epartm ent o f  N eürology, H enry Ford Hospital, Detroit, MI 48202 

Cortical Spreading Depression(CSD) is the putative m echanism  for the aura o f  
m igraine. An inflamm atory response m ay be involved in m igraine headacheand 
brain ischem ia, predisposing to throm botic events in the latter. We report here 
C S D  effects on expression o f  Tum or N ecrosis Factor α (TNFα), P-Selectin and 
fibrinogen which prom ote inflam m ation and throm bosis. Sixteen m ale W istar 
rats (260-300 gram s) were anesthetized with halothane. Physiological parameters 
were m onitored. M ultiple CSD episodes were induced by 4 topical applications 
o f  2M  KCL at 15 m inute intervals onto the left hem isphere. Cortical direct 
current potential was continuously recorded. A nother 4 rats were used as saline 
controls. Rats w ere sacrificed at 0.5 (n=3), 2 (n=5), 4 (n=4) and 24 (n=4) hours 
after CSD. Imm unohistochem istry was performed to detect TNFα, P-Selectin and 
fibrinogen expression on frozen cut rat brain tissues at three levels. The 
im m unopositive cells were counted. Repetitive CSD episodes (2.5± 1.1) provoked 
TN Fα protein expression at 0.5 hours, that declined at 2 ,4  and 24 hours after CSD 
(p < 0.001 com pared to saline respectively). Saline did not induce CSD. There 
w ere no significant alterations o f  P-Selectin and fibrinogen im m unoreactivity . 
T N Fα  w as largely localized w ithin the pial vessel wall and endothelial cells o f  
parenchym al capillaries at 0.5 com pared to 2 and 4 hours (p <0.01). At 2 hours, 
how ever, neurons and astrocytes expressed an increased proportion o f  TN Fα. 
These results suggest a potential role for CSD -induced TN Fα in the m echanism  
o f  m igraine headache and m ay be a factor in the genesis o f  true-m igraine 
induced stroke. Supported by NIH P50N S32399, AFAR and N SA grants
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458.15
2-DEOXY-D-GLUCOSE (2-DG)-INDUCED LTP IS IMPAIRED IN 
HIPPOCAMPAL SLICES FROM mdx AND mdx-3CV MICE. S.B.Tekkök1*.
J.M. Godfraind2 and K. Krnjević1, 1Anaesthesia Research and Physiology Depts., 
McGill University, Montréal, QC, H3G 1Y6, Canada and 2Dépt. de Physiologie 
et Pharmacologie, Système Nerveux, UCL-Bruxelles, B-1200, Brussels, Belgium.

Moderate cognitive impairment is a feature of Duchenner muscular dystrophy 
(DMD). A model for DMD is provided by mdx and mdx-3CV mice, which lack 
dystrophin and isoforms in muscle and brain (Cox et al. 1993 Nature Genetics 
4:87). Spatial learning and tetanic LTP are not impaired in these mutants (Sesay 
et al 1996 Neurosci Lett 211:207; Godfraind et al. and Vaillend et al. 1997 Soc 
Neurosci Abs 23:1874 and 1875). In slices from rats, the reversible block of 
synaptic transmission by 2-DG is regularly followed by a sustained LTP of EPSPs 
(typically by 70%) 2-DG LTP (Tekkŏk & Krnjević 1995, J  Neurophysiol 74:2763). 
We have investigated whether lack of dystrophin is important for induction of 
2-DG LTP. Field EPSPs were recorded from CA1 in slices kept in an interface 
chamber, in carbogenated ASCF at 31° C. 2-DG (10 mM) replaced glucose in 
ACSF. In slices from control mice (C57BL/10), 15 min 2-DG applications caused 
a significant increase in afferent volley (AV), by 46 ± 7.2 % (n=5, p>0.002); but 
input-output (EPSP/AV) slopes increased by only 14 ± 3.2 % (n=5, p>0.02). In 
slices from mutants, the effects of 2-DG varied greatly: large 2-DG LTP (>70%) 
in 2/7 slices from mdx mice and 1/5 slices from mdx-3CV mice, the others 
showing little change or LTD (by > 10% in 5/12). We conclude that, compared to 
rats, control C57BL/10 mice express modest 2-DG LTP; and in dystrophin 
mutants, though tetanic LTP is unimpaired, long-lasting effects of 2-DG are 
unusually variable. The dystrophin protein may be important for metabolic 
homeostasis of CA1 neurons. Supported by MRC o f Canada and la Commission 
mixte Québec-Communauté Frangaise de Belgique.

458.17
fMRI AND IMMUNOHISTOLOGICAL EVIDENCE OF CAPILLARY PLASTICITY 
IN M OTOR CORTEX OF ADULT RATS FOLLOWING EXERCISE. R .A . Swain1*,
A.B. Harris3, E.C. Wiener2,3,8, M.V. D utka6, H.D. Morris1, P.C. Lauterbur2,3, & W.T. 
Greenough2,4,5,7. 1Dept. of Psych., U. of W isconsin-Milwaukee, Milwaukee, WI 53201, 
2Beckman Inst., 3BMRL, 4Neurosc. Prog., Depts. o f  5Psych., 6Bio., 7Cell and Struct. Bio., 
8Nuclear Eng., U. of Illinois, Urbana, IL 61801.

Numerous experiments have documented transient changes in cerebral blood flow 
during the performance of cognitive and motor tasks. Only a few studies, however, have 
examined chronic changes in flow or perfusion as a consequence of repeated exposure to 
these tasks (Black et al., 1990; Isaacs et al., 1992).

We report here the results of three studies in which we examined the hemodynamics 
and capillary status of motor cortex in rats allowed to voluntarily exercise (VX) on running 
wheels versus inactive controls (IC). In the first fMRI study, T2* weighted images 
(sensitive to endogenous susceptibility effects) were collected after 30 days VX or IC 
exposure (N=18). The results indicated that proton signal intensity of motor cortex 
decreased significantly in VX animals in a manner consistent with increased 
deoxyhemoglobin per unit brain tissue. In the second fMRI study, we used a FAIR 
technique (Flow-sensitive Alternating Inversion Recovery, which is sensitive to cerebral 
blood flow) in 4 litter-matched rat pairs. The results indicated that cortical blood flow was 
greater in VX rats under hypercapnia, a finding that is consistent with the utilization of a 
larger capillary reserve in these animals. In the final study, we examined the onset of 
experience-induced angiogenesis in 45 rats that were allowed ad libitum access to a running 
wheel for 0, 1,3, 5, 7, 10, 20, or 30 days. Following training, the rats were euthanized and 
primary motor cortex was immunolabeled with an antibody (F11) against the CD6 1
integrin expressed in developing vessels. Cycloid grid analysis indicated that new capillary 
growth was elevated in VX rats on day 30 relative to IC. Taken together, these results 
suggest that repetitive exercise promotes an increase in cerebral blood volume in motor 
cortex via an increase in capillary density.

Supported by AG 10154, Retirement Research Foundation, Beckman Institute, 
Howard Hughes Foundation, R29-CA61918-02, and PHS 5 P41 RR05964.

458.16
HYPOXIA ON HIPPOCAMPAL SLICES FROM STREPTOZOTOCIN- 
INDUCED DIABETIC RATS. K. Krniević1*, S.B. Tekkök1 and J.M.Godfraind2. 
1 Anaesthesia Res. & Physiology Dept. of McGill University, Montréal, QC, H3G 
1Y6, Canada and 2Dépt. de Physiologie and Pharmacologie, Système Nerveux, 
UCL-Bruxelles, Brussels, Belgium.

Hippocampal slices, obtained from the brains of 16 weeks-old male 
Sprague-Dawley rats - streptozotocin-treated at 4 weeks - and age-matched 
controls, were maintained at the interface between 95 % O2 and 5% CO2 and 
artificial cerebrospinal fluid (ACSF) at 33°C. Field EPSPs and afferent volleys 
(AV) were recorded in the stratum radiatum of the CA1 region. The effect of 
hypoxia (95% N2 & 5% CO2  was examined in slices bathed in ACSF containing 
either 10 mM or 4 mM glucose, and hypoxia was applied until AV disappeared. 
The duration of hypoxia needed for AV to vanish was respectively 10.1 ± 0.9 min 
in 10 mM glucose (n= 10) and 12.5 ± 2.9 min in 4 mM glucose (n=6) for 
control slices, and 10.8 ± 1.5 min in 10 mM glucose (n= 19) and 5.5 ± 0.8 min in 
4 mM glucose (n=9) for slices from diabetic rats. Times for complete hypoxic 
suppression of EPSPs were similar in all slices. In 6/9 control slices in 10 mM 
glucose, there was a transient recovery of EPSPs at 8.1 ± 1.2 min, and in 3/5 
slices in 4 mM glucose at 5.5 ± 0.5 min. For diabetic animals, 9/19 slices in 10 
mM glucose showed a transient recovery of EPSPs at 7 ± 0.6 min, and 7/9 slices 
in 4 mM glucose at 4.1 ± 0.8 min. High frequency stimulation (two trains: 100 
Hz for 1 s, 20 s apart) induced tetanic LTP in all slices, from both diabetic and 
control groups. However, depotentiation of responses by stimulation at 1 Hz for 
15 min was impaired in diabetic animals. Our results suggest that hippocampal 
synaptic transmission is more sensitive to anoxia and lower levels of glucose in 
diabetic animals than in controls. Some aspects of CA1 plasticity are also altered 
by diabetes. Supported by Medical Research Council o f Canada and la 
Commission mixte Québec-Communauté Frangaise de Belgique.

458.18
In vivo fluorescence image sequences of cortical spreading depression 
in mongolian gerbil. M. Hashimoto, Y. Takeda* and M. Hirakawa, 
D ept of Anesthesiology and Resusdtology, Okayama Univ. Med 
School, Okayama city, Japan 700-8558.

Spreading depression (SD) has been known to relate to various pa
thophysiological events. NADH concentration is known to increase 
temporarily during SD. Thus, the cortical surface is illuminated by 
ultraviolet light (366 nm), and in vivo NADH fluorescent (460 nm) 
images are observed throughout the SD period. CBF also increases due 
to the initiation of SD, and the fluorescence diminishes due to the in
crease in CBF because the hemoglobin absorbs light at these wave
lengths. In this study, changes of fluorescent images with the initiation 
of SD were 2-dimensionally observed using a highly sensitive CCD 
camera in anesthetized mongolian gerbils. A cranial window ( 2 × 3 
mm) was made, and a DC-potential electrode and laser-Doppler flow- 
metry probe were placed in the window. A burr hole was made 1 mm 
posterior to the window to initiate SD by applying KCl. The fluore
scence in the window was observed using an electrically cooled CCD 
camera attached to the surgical microscope at the rate of 12 images 
/min. With the initiation of SD, the zone of decreased fluorescence 
(71% of control) propagated at the rate of 3 mm/min, and the decrease 
was synchronized to the increase in CBF. NADH concentrations in the 
cortex, measured by the enzymatic method, also increased twice that of 
the control level with the passage of SD. These results suggest that the 
absorption of fluorescence due to increased CBF was much greater 
than the increased NADH fluorescence and the net fluorescence de
creased as a result. It is considered that this graphical technique seems 
to be useful to examine the 2-dimensional propagation of SD.

BRAIN METABOLISM AND BLOOD FLOW: OTHERS

459.1

ACCUMULATION OF BIOTIN CONTAINING GRANULES IN NEURONS 
AND GLIA OF RAT HIPPOCAMPUS. E. Harris1*, F. Scalia2 and M. Stewart1, 
Departments of Physiology & Pharmacology1 and Anatomy & Cell Biology2, 
SUNY Health Science Center, Brooklyn, NY 11203

Biotin is a co-factor for several enzymes involved in energy production. 
Granules, reactive for biotin, have been described in particular neurons o f the frog 
brain (Scalia et al., J Comp Neurol 368:455, 1996) and have been described in 
neurons o f tissue exposed to biotin analogs (eg . biocytin; MacDonald et al., 
NeuroReport 3: 337, 1992)

We cut brain slices from male albino rats ( 1 -5 mos old). Slices were kept in 
oxygenated ACSF at room temperature for periods ranging from 5 min to 30 
hours. Frozen thin sections were compared with thin sections from transcardially 
perfused rats. Tissue was processed for biotin after glutaraldehyde fixation using 
the ABC method (Vector Labs, Burlingame CA).

Reactive granules were found in neurons o f all hippocampal regions. Cells 
containing granules appeared to be neurons located near the superficial and deep 
boundaries o f the cell layer. Granules were most often seen in the cell body, but 
were sometimes distributed throughout the ce lls’ processes. Granules were also 
noted along blood vessels in the processes o f astrocytes. Granules were present in 
higher numbers in individual cells and present in more cells in slices which were 
maintained in ACSF as compared with sections from perfused animals The 
number of cells exhibiting granules appeared to vary with the duration o f a period 
o f anoxia (in addition to that occurring as part o f the brain slice preparation; 0-15  
min), but not with the concentration o f glucose in the ACSF (2-20 mM).

The accumulation o f granules reactive for biotin may be associated with cell 
survival.
Supported by the Research Foundation o f SUNY and NIMH (MH11587).

459.2
EXPRESSION OF GUANINE DEAMINASE IN THE DEVELOPING RAT 
BRAIN *K.H.Lee1, H.Y.Lee2, J.S.Choi2, D.H.Shin3, S.S. Cho3, S.H.Baik3, Y.S. Seong4 
and J.B.Park5. 1Dept. of Anatomy, Coll, of Med. Sungkyunkwan Univ.; 2Dept. of 
Anatomy and 4Dept. of Biochemistry, Dankook Univ.; 3Dept. of Anatomy and 5Dept. of 
Biochemistry, Seoul National Univ.; Suwon, Korea, 440-746

Guanine aminohydrolase(GAH) is an enzyme that has a role in the process of 
purine catabolism and it produces xanthine. Guanine may be changed to uric acid by 
GAH or to guanosine-5'-monophosphate by HGPRT. Most of the enzymes in purine 
catabolism have been studied for their biological functions, physiological roles and 
amino acid sequences but, little is known for GAH until now Biochemical activity of 
GAH is known to be detected in various organs such as liver, kidney, small intestine 
and brain and also is known to be changed during brain development. In this study, we 
hoped to reveal expression pattern of GAH in developing rat brain by western blotting 
and immunohistochemistry. In western blotting, GAH immunoreactivity was detected 
from 20-days-old fetal rat brain and highly increased after birth and maintained at 
steady level from 2 weeks after birth In immunohistochemistry, a few GAH- 
lmmunoreactive cells were appeared from 18-days-old fetal rat brain but, the staining 
intensity was very weak. The 20-days-old fetal rat brain also showed immunoreactive 
cells in some areas including hippocampus and the staining intensity was still very 
weak. Postnatal 3-days-old rat brain also showed immunoreactive cells in many areas 
including basal ganglia and the number of positive cells was increased as well as 
stainig intensity. Thereafter, immunoreactivity was appeared on many cells around 
various areas in the brain and myelins also showed strong reactivity on postnatal brains. 
This study revealed that GAH-immunoreactive cells increase postnatally and we can 
suspect that the nerve fibers and myelin components may have some. functional 
relationship with GAH.
This study is supported by 1997 research fund of Korean ministry of education
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459.3
NON-INVASIVE DETECTION OF INCREASED METABOLIC VARIABILITY WITHIN 
HYPERINTENSE MULTIPLE SCLEROSIS LESIONS ON T2-WEIGHTED MRI BY 
REGISTRATION TO FDG-PET. R.S. Miletich*, R. Bakshi, P.R. Kinkel, B. Farsaii, A. 
Sablauer, W.R. Kinkel Dent Neurologic Institute, SUNY at Buffalo, Buffalo, NY 14209.

Weak correlations exist between MRI and clinical scales as independent measures of 
multiple sclerosis (MS) disease activity. Pathologic variability underlying changes which 
appear identical on MRI may contribute to this. Because of the close coupling of glucose 
metabolism (GMR) and inflammatory processes, we hypothesized that FDG-PET may 
provide a better evaluation of MS disease activity than conventional techniques. To this 
end, we investigated the metabolic correlate of hyperintense MS lesions on T2-weighted 
imaging (T2WI) by registering FDG-PET to MRI using the AIR 2.0 software. Clinically 
definite (MS) (N=13) and age and sex matched normal volunteers (NV) (N=10) were 
imaged on Picker 1.0T MRI (2333/80, 5mm TH, no gap, 220x256, NSA 1, FOV 23cm) and 
Siemens Exact HR PET (3-4 mm resolution, 10 mCi FDG, 30-60 min acq. after TINJ, radial 
artery input fn.) within 2 days of each other. ROIs were placed on normal white matter 
(WM) (n=60) in NV and on T2WI lesions in MS. A 65 cu.mm. ROI was used to assess the 
central lesion core (n=68), while a 233 cu.mm. ROI assessed the whole lesion (n=33). 
Whole ROIs and intra-ROI histograms were analyzed. There was no significant difference 
of mean GMR in either the core or whole lesion vs. normals or to each other. However, 
there was significantly decreased GMR variability in the lesion core and increased GMR 
variability in the lesion as a whole. The MS lesions showed a significant increased positive 
skew and decreased negative kurtosis. Presence or absence of long T 1 within the T2WI 
lesions was not associated with any metabolic changes. The findings show an intra-lesional 
GMR topography: decreased variability in core, but increased variability in other, more 
peripheral aspects of the lesion. This increased variability is likely due to underlying 
pathophysiologic processes, including tissue destruction, gliosis and inflammation. At least 
a portion of this variability is due to relative increases of GMR, undoubtedly from 
inflammatory changes. The relative homgenizing process in the core may reflect gliosis. 
Future work will examine lesion subtypes and the effects of immunosuppressive therapy. 
Funded by the Dent Family Foundation.

459.4
POTENTIATED EDHF MEDIATED DILATIONS IN THE RAT MIDDLE CEREBRAL 
ARTERY FOLLOWING ISCHEMIA/REPERFUSION. Sean P. Marrelli, Andrei 
Khorovets, William F. Childres, Robert M. Bryan Jr. Dept. of Anesthesiology, 
Baylor Col. of Med., Houston, TX 77030.

We have previously demonstrated that P2u purinoceptor stimulation results in a 
dilation through an L-NAME sensitive (NO) and insensitive (non NO) pathway in 
the rat middle cerebral artery (MCA). Additionally, we have demonstrated that 
MCA ischemia/reperfusion (I/R) potentiated dilations to UTP (via an endothelial 
P2u purinoceptor). Here we present data which establishes the identity of the 
potentiated L-NAME insensitive factor as endothelium-derived hyperpolarizing 
factor (EDHF).

The rat MCA territory was subjected to 2 hours focal ischemia and 24 hours 
reperfu sion. MCAs were then removed, mounted in a vessel chamber, pressurized 
to a mean of 85 mm Hg, and perfused with physiological salt solution at 200 
µL/min. The chamber was mounted on an inverted microscope coupled to a video 
recording system in order to measure vessel diameter changes. For some vessels, 
individual smooth muscle membrane potential was measured simultaneously with 
diameter. We show that I/R vessels have a potentiated dilation to luminal UTP 
which is both L-NAME (10-5 and 10-3 M) and indomethacin (10-5 M) insensitive.
We also demonstrate that the potentiated response fulfills the remaining criteria for 
EDHF: producing a smooth muscle hyperpolarization through the opening of a K 
channel. L-NAME (5×10-5 M) + charybdotoxin (10-7 M) completely abolished the 
UTP dilations in I/R vessels (p=0.03; n=3). Charybdotoxin is a selective inhibitor 
of Kc. channels found on smooth muscle. Additionally, the dilation at 10-6 M UTP 
was accompanied by a significant smooth muscle cell hyperpolarization (36±1 to 
46±4 mV [p<0.02; n=5]). We conclude that following I/R, either the release of 
EDHF or smooth muscle sensitivity to EDHF is increased. (Supported by PO1 NS 
27616 ROI NS 37250 and NIH Training Grant T32HL07816)

459.5
CHRONIC FLUOXETINE DECREASES SEROTONIN (5-HT) CARRIER 
AND 5-HT1a AUTORECEPTOR FUNCTION IN RATS: AN IN VIVO STUDY 
WITH THE (14C)2-DEOXY-D-GLUCOSE TECHNIQUE. U. Freo*, A. Merico,
C. Ori, P. Pietrini, G. Pizzolato, M. Dam and L. Battistin. Department of Neurology 
and Psychiatry, Padua University, 35100 Padua, ITALY

Fluoxetine may exhert its multipie therapeutic actions (e.g. antidepressant, 
antiobsessive, antipanic, analgesic, anti alcohol craving and anorectic) by decreasing 
the presynaptic inhibitory modulation of 5-HT carriers and 5-HT1A autoreceptors on 
5-HT neurotransmission. The aim of the study was to determine whether chronic 
treatment with fluoxetine alters the effects of subsequent administration of fluoxetine 
or 8-hydroxy-2(di-N-propylamino)tetralin (DPAT), a specific 5-HT1A agonist, on 
regional cerebral metabolic rates for glucose (rCMRglc). Male 3-mo-old Fischer-344 
rats (Charles River Italia, Como, Italy) were pretreated or not pretreated for 2 weeks 
with daily injection of fluoxetine 10 mg/kg i p. (Eli Lilly, Indianapolis, IN, U.S.A). 
Experiments were performed 48 h apart from the last dose. rCMRglc were measured 
according to the quantitative (14C)2-deoxy-D-glucose (Amersham International, 
Arlington Heights, IL, U.S.A) technique in 56 brain regions following i.p. 
administration of saline, fluoxetine 10 mg/kg or DPAT 0.1 mg/kg Statistical 
significance for drug effects on rCMRglc was assessed by a Bonferroni multiple 
comparison test and taken as p < 0.05. In naive control rats, fluoxetine and DPAT 
produced significant rCMRglc decreases in, respectively, 27 (48%) cortical, limbic, 
raphe and locus coeruleus regions and 17 (30%) limbic and brainstem regions. 
Chronic fluoxetine alone reduced rCMRglc in 3 (5%) limbic regions; following 
chronic fluxetine treatment, acute fluoxetine and DPAT reduced rCMRglc in 10 and 
6 predominantly limbic regions (18 and 11 %). These findings suggest that during 
chronic fluoxetine treatment 5-HT carriers and 5-HT1A autoreceptors may become 
hyporesponsive and result in enhanced 5-HT neurotransmission and postsynapdc 
receptor changes.
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460.1 460.2

CORTICAL SUPERFUSION WITH NITRO-L-ARGININE BLUNTS THE 
CEREBROVASCULAR COMPENSATION TO HYPOTENSION. S C. Jones1*, C.R. 
Radinsky, Y. Ou2, K.A Easley2. 1Dept. of Anesthesiology, Allegheny Univ. of the 
Health Sciences, Allegheny Campus, Pittsburgh PA 15212; 2Dept. of Biostatistics, 
Cleveland Clinic Foundation, Cleveland OH 44195.

We have shown previously that the cerebral blood flow (CBF) - pressure autoregula
tion curve can possess different patterns near the lower limit of autoregulation (Jones 
SC et al, JCBF&M 17.S239, 1997). These patterns included the classical plateau fol
lowed by a rapid fall at the lower limit, an exaggerated vasodilatation as pressure falls 
characterized by a “peak” in CBF, and the pressure-passive pattern. Here, we explore 
the dependence of the area under the autoregulatory curve, a quantitative measure of 
these patterns, on nitric oxide synthase inhibition with Nω-nitro-L-arginine (LNA).

Sprague-Dawley rats (n=32) were anesthetized (halothane and N2O). A 10-mm cra
nial window was glued to the skull (no dura mater), and catheters were placed. Physio
logical variables (MAP, PaCO2, PaO2, and pH) were stabilized. CBF, as percent of 
control, was determined using laser Doppler flowmetiy. Animals with low reactivity to 
inhaled CO2 or supervised acetylcholine (ACh) were excluded. Two autoregulatory 
curves were obtained in each animal. For the first curve with aCSF cortical superfusion, 
MAP was sequentially lowered by exsanguination to 100, 85, 70, 55, and 40 mmHg, 
followed by reinfusion. For the second determination, either 1 mM LNA (n=16), nitro- 
D-arginine (n-5), or aCSF (n=11) was superfused, and after 105 min the sequential 
pressure drops were repeated. Individual autoregulatory curves were plotted from five 
CBF vs MAP pairs obtained from 2-min averages at each pressure level. The area be
tween each curve and a line from CBF=0% at 40 mmHg to CBF=100% at 100 mmHg 
was used to characterize vasodilatoiy compensation.

This area remained stable in the control and D-NA groups, but decreased in the 
LNA group (2629±339 to 1670± 161 %CBF-mmHg, p < 0.001 and when compared to 
the merged 2nd determinations of the time controls: 2261± 176, n=l6, vs l67O±l6l, 
n=l6, p<0.02).

Thus, inhibition of nitric oxide synthase with LNA blunts the vasodilatoiy response 
to hypotension, suggesting that nitric oxide acts as a vasodilator near the lower limit of 
autoregulation. This interpretation hints at a mechanism for the heterogeneity of CBF 
response to hypotension.

THE EFFECTS OF NITRIC O XIDE SYNTHASE INHIBITION ON  
HALOTHANE-INDUCED ARTERIOLAR DILATION IN THE RAT 
HIPPOCAMPAL SLICE. M. Staunton, A.G. Hudetz*, N.E. Farber. Dept. of 
Anesthesiology, Medical College of Wisconsin, Milwaukee, W l 53226.

The role of nitric oxide (NO) in volatile anesthetic-induced cerebral 
vasodilation is unclear. Hippocampal arteriolar diameters were measured in 
brain slices from Sprague-Dawley rats using computerized videomicroscopy. 
Vessels were preconstricted with PG F2α (Group 1) or pretreated with 7- 
nitroindazole (7-NINA) (Group 2) or L-NAME (Group 3) and subsequently
given P G F2α to achieve the same 
total preconstriction as in Group 1. 
Increasing concentrations of 
halothane were administered and 
vasodilation was calculated as a 
percentage of the amount of 
preconstriction. Inhibition of neuronal 
NO S by 7-N INA or neuronal NOS + 
endothelial NOS by L-NAME  
similarly decreased baseline vessel 
diameter and attenuated halothane- 
induced dilation at all concentrations 
(106±12% , 74±9%  and 6 0±8%  in 
groups 1, 2, and 3, respectively, at 
1.4 MAC halothane). Nitric oxide contributes to the resting tone of 
intracerebral arterioles. Halothane potently dilates these microvessels and 
this dilation is, in part mediated by neuronally-derived NO. Endothelial NOS  
does not appear to be involved in halothane-induced dilation of hippocampal 
microvessels. Supported by NIH R 01 #GM 56398-01 and FAER/Soc¡ety for 
Pediatric Anesthesia.
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460.3
NITRIC OXIDE (NO) REESTABLISHES REGIONAL CEREBRAL BLOOD 
FLOW (RCBF) RESPONSE TO HYPERCAPNIA AFTER CORTICAL 
SPREADING DEPRESSION (CSD). K.Scheckenbach, U.Dirnagl, U.Lindauer*. 
Dept. of Neurology, Humboldt University Berlin, FRG.
Blockade of the NO synthase reduces the rCBF response to arterial hypercarbia in 
vivo, and NO plays a permissive role in this vasoreaction (Dimagl et al. Neurosci 
Lett 1993, Iadecola et al. Am J Physiol 1994). CSD decreases basal CBF and blocks 
vascular reactivity to many vasodilator stimuli for 1-2 hours (Lacombe et al., Exp 
Neurol 1992), very similar to NOS inhibition. We tested the hypothesis whether a 
reduced NO level in the tissue may be responsible for this reduced vascular reacti
vity after CSD. In male Wistar rats (barbiturate anesthesia) equipped with a closed 
cranial window over the parietal cortex, rCBF responses to hypercapnia (HC) mea
sured by laser Doppler flowmetry (LDF) were tested before and after CSD. The NO 
donor SNAP or 8-Bromo-cGMP were superfused over the cranial window and 
the hypercapnic response was tested again.
CSD reduced resting rCBF to 85 ± 5 % and 
nearly completely abolished HC induced 
rCBF response. SNAP as well as cGMP 
increased resting CBF to the pre-CSD level 
and completely reestablished the rCBF 
response to HC. We therefore propose that 
CSD reduces the basal NO level in the 
tissue probably by inhibiting NO synthase 
or by shortage of L-arginine (Fabricius et 
al. Am J Physiol 1995), leading to reduced 
vascular reactivity. (Supported by DFG and Humboldt-University Berlin)

460.5
THE EFFECT OF ELECTRICAL FOREPAW STIMULATION ON 
CEREBRAL BLOOD FLOW OSCILLATIONS IN THE RAT
B.M. Ances, J.A Detre*, K. Takahashi, and J.H. Greenberg, Dept. of 
Neurology, University of Pennsylvania., Philadelphia, PA 19104 

Following systemic nitric oxide synthase inhibition, normally occurring
0.1 Hz oscillations of cerebral blood flow are enhanced. The effect of 
repetative electrical forepaw stimulation on these oscillations was 
examined in rat somatosensory cortex. Methods: Laser-Doppler (LD) 
measurements were made through a thinned skull in response to constant 
current forepaw stimulation in α-chloralose anesthestized rats (n= 15). 
Digital signal averaged LD flow, velocity, and volume measurements 
were made over one or both hemispheres in response to either repetitive 
periodic stimulation (4 sec duration every 24 or 36 secs) or random 
stimulation (4 sec duration at random in a 24 or 36 sec window), before 
and 1 hour after 40 mg/kg of L-nitroarginine (L-NNA). Results: The 
maximal LD flow response to forepaw stimulation was located 4 mm 
lateral to Bregma (n=5). Administration of L-NNA (n=7) produced an 
increase in the baseline LD flow and LD velocity but not LD volume, and 
markedly enhanced the amplitude of 0.1 Hz oscillations. Oscillations 
were present in both hemispheres, but were not synchronous. Periodic 
forepaw stimulation potentiated the oscillations with the largest amplitude 
occurring after the stimulus in signal averaged trials, whereas random 
stimulation led to diminution of the signal averaged response. 
Conclusion: A brief external stimulus potentiates L-NNA enhanced 
oscillations. These Findings contrast with previous reports of a 
dampening of the activation-flow response following L-NNA. It is 
hypothesized that the observed results are due to the cumulative effects of 
repetitive periodic stimulation.
Source: AHA, NIH

460.7
MODIFICATION OF ACTIVITY-DEPENDENT INCREASES OF CEREBRAL 
BLOOD FLOW BY EXCITATORY SYNAPTIC ACTIVITY AND SPIKES IN RAT 
CEREBELLAR CORTEX. C. Mathiesen1,2, L. H. Jensen1* & M. Lauritzen2,3. 1Dept. In 
vivo Electrophysiology, NeuroSearch A/S; 2Institute of Medical Physiology, University 
of Copenhagen; 3Department of Clinical Neurophysiology, Glostrup Hospital, Denmark.

Mechanisms of activity-dependent increases of cerebral blood flow (CBF) were 
examined in rat cerebellar cortex using laser-Doppler flowmetry and extracellular 
recordings of single unit activity and field potentials. Stimulation of the monosynaptic 
climbing fibre system evoked increases of CBF, complex spikes in Purkinje cells and 
large extracellular field potentials with a characteristic profile that indicated contribution 
from both passive and active membrane mechanisms. Increased CBF evoked by 
climbing fibre stimulation was linearly correlated to the summed field potentials. This 
suggested that both synaptic activity and complexes spikes may contribute to increased 
CBF. Stimulation of the disynaptic parallel fibre system inhibited the spiking activity in 
Purkinje cells, while CBF increased. The inhibition of spike firing activity was partly 
dependent on GABAergic transmission, while the increase of CBF was independent. 
Increased CBF evoked by parallel fibre stimulation and summed field potentials were 
correlated with a sigmodial relationship.

This suggested that synaptic excitation, including excitation of inhibitory 
interneurones contributes to CBF, while the net activity of Purkinje cells - the principal 
neurone of the cerebellar cortex - is unimportant for the vascular response. The strong 
correlation between CBF and field potentials, for both afferents system, suggests that 
extracellular ion fluxes are essential for the coupling of brain activity to blood flow. 
AMPA-receptor blockade attenuated climbing fibre evoked CBF and field potentials 
while NMDA antagonism did not. The concomitant inhibition of field potentials and 
CBF confirmed correlation between the two variables, Selective blockade of P-type 
calcium channels inhibited the evoked increases of CBF. This is consistent with the idea 
that the CBF responses are of neuronal origin and that extracellular ion fluxes are 
essential for the coupling o f brain activity to blood flow.

460.4
P R O T E IN  T Y R O S IN E  K IN A S E S  A R E  IN V O L V E D  IN  C E R E B R A L  
B L O O D  F L O W  IN C R E A S E  IN D U C E D  BY  P N E U M O C O C C A L  W A L L  
C O M P O N E N T S . M. Bastholm  Bille, T. Ghassem i, K. Angstwurm, U. K. 
Hanisch*, K.M. Einhäupl, W. B ürger, U . D im agl, J R. W eber. D epartm ent o f  
Neurology and Institute o f  M icrobiology, C harité, Hum boldt-University, 10098 
Berlin, and M DC. Berlin Germany.

Bacterial meningitis due to S. pneumoniae still has a  mortality o f  28 %. 
Improvement o f  the poor prognosis is not expected to evolve from new 
antibiotics but from adjuvant therapeutic strategies. In vitro studies showed 
protein tyrosine kinase inhibitors to be highly effective to prevent changes 
induced by pneumococcal cell wall components, esp. production o f 
proinflam m atory cytokines. In a  well established rat model, intracisternal 
injection o f  a  pneumococcal cell wall component preparation (PCW ) induced a 
meningitis characterised by an increase in regional cerebral blood flow (rCBF, 
220 % ± 65. compared to saline injected anim als, p < 0.05), intracranial 
pressure (1CP). and high CSF cell count (n = 6 ). Pretreatm ent with tyrphostine 
AG  126 (15 mg/kg bodyweight. 2 hours before meningitis induction) rCBF was 
significantly reduced (143 %  ± 39, n = 5. p < 0.05). Similarly ICP increase and 
CSF pleocy tosis were deminished. Posttreatm ent a t 1 hour after i.c. injection led 
to diminished inflammation after 5 hours. Using h a lf  o f  the dosage as a 
pretreatm ent showed to tendency towards reduction o f  rCBF increase. These 
results dem onstrate the involvement o f  protein tyrosine kinases in blood flow 
changes during the early phase o f  bacterial meningitis.
Supported by DFG SFB 507-A3 and DFG Di 454/8-1

460.6
VEGF G ENE AN D R ECEPTO R EXPRESSIO N IN BRAIN 
MICRO VESSELS OF AD ULT A N D N E O N A TA L RATS. B H o e h n 1, S.I 
H arik2 , A.G H udetz1. 1D ep t. o f  A nesthesio logy, M edical C ollege o f  
W isconsin, M ilwaukee, WI 53226, 2Dept. o f  N eurology, U niversity  o f  
A rkansas M edical College, L ittle Rock, AR 72205.

V ascular endothelial growth factor (V EG F) is im plicated in the regulation  
o f  angiogenesis, vasculogenesis, and perm eability  during em bryonic  brain 
developm ent, hypoxia, tum or grow th and p osttraum atic  revascu lariza tion . 
VEGF exists in four isoform s with po ten tially  d ifferent functions. As a 
m itogen, VEGF is thought to be produced by parenchym al cells and ta rg e t 
m icrovascular endothelial cells. The cellu lar sites o f  expression  o f  
particu lar VEGF isoform s in the brains o f  adults and neonates are  
unknow n. The objective o f  this work was to determ ine if  VEGF and its 
recep to r are expressed in isolated cerebral m icrovessels o f  adult and 
neonatal rats. M icrovessels were isolated from  cerebral co rtices o f  15 
adult (11 week) and 39 neonatal (7 day) rats by the technique o f  density  
centrifugation , m esh filtra tion  and passage through glass bead colum ns. 
The dom inant cell types in this p reparation  are capillary  endothelia l cells 
and pericy tes. The m RNA levels o f  VEGF and FLK /K D R recep to r were 
determ ined by RT-PCR based on published p rim er sequences. In adult ra t 
cerebral m icrovessels, all four isoform s o f  VEGF were expressed. T h e  
m RNA levels were higher (p< 0.05) for VEGF121 and VEGF 165 than fo r 
VEGF189 and V EG F206. In neonatal rat brain m icrovessels, m RNA o f  
VEGF165 was 32%  higher (p< 0.05) than in the adults. The m RN A  level 
o f  FLK /K D R receptor was 78%  higher (p<0.05) in neonates than in adults. 
The data suggest that VEGF is norm ally expressed in cerebral m icrovessels 
o f  both neonates and adults. The source o f  V EG F in m icrovessels is e ith e r  
the endothelial cell or the pericyte, consisten t with e ither au tocrine o r  
paracrine action. The h igher m RNA levels o f  VEGF121 and V EG F165, 
which have strong angiogenic activ ity , suggest that vascular en do the lia l 
cell tu rnover continues in the adult brain. Support: N SF, B E S -9 4 1 1631.

460.8
NEURO NS OF A SM ALL REG IO N OF CAU DAL S U BTHA LAM US M EDIATE  
D IF F U S E  E L E V A T IO N S  IN C E R E B R A L  B L O O D  FL O W  A N D  
S YN CHRO NIZATIO N OF EEG ELIC ITED FRO M  O XYG EN-SENSITIVE  
NEURO NS OF RO STRAL VEN TR O LA TE R A L M EDULLA. Golanov*, E.V. and 
Reis, D.J.,Div. of Neurobiol, Depts. of Neurol, and Neurosci., Cornell Univ. 
Med. Coll., New York, NY 10021.

Sympathoexcitatory reticulospinal neurons of rostral ventrolateral 
medulla (RVL) are oxygen-detectors excited by hypoxia to globally elevate 
rCBF independently of metabolism and synchronize the EEG (Golanov and 
Reis, J.Phys., 495, 201). The projection, which accounts for over 50% of 
hypoxic cerebral vasodilation, involves a local relay through a subarea of RVL 
(RVLc). Although stimulation of RVL/ RVLc elevates rCBF throughout the 
entire cortex there are no direct cortical projections from the area suggesting 
a relay through neurons which diffusely innervate cortex possibly originating in 
appropriate thalamic and subcortical nuclei. To identify candidate areas rats 
(n=24), were anesthetized and spinalized and rCBF (laser-Doppler flowmetry) 
and EEG recorded bilaterally over cortex. The thalamus and subthalamus were 
systemically mapped by electrical microstimulation and electrode tracks verified 
histologically. Bilateral elevations in rCBF were only elicited from a limited area 
in the caudal subthalamic area including portions of zona incerta (Zl) . 
Stimulation of thalamic nuclei with diffuse projections (e g. midline nuclei incl 
centrum medianum)  were without effect;. Stimulation at an active site (10 sec 
train ) at an optimal frequency (100 Hz) and low currents (thresholds 5±7 uA) 
increased rCBF after 2-3 sec which peaked at 47.3+12.1% in 2.4±0.5 min to 
recover- 3 min later. In parallel the power of the 4-6 Hz EEG components 
increased to 252+132%. Microinjection of L-Glutamate (20 nl, 5-20 umole) 
dose-dependently increased rCBF and synchronized the EEG. Small bilateral 
lesions of the subthalamic site blocked the vasodilation and EEG responses 
elicited from RVLc. We conclude: (a) Excitation of intrinsic neurons of
functionally restricted region of subthalamus including Zl elevate rCBF and 
synchronize the EEG. (b) These neurons relay signals from RVLc which elevate 
rCBF and synchronize the EEG in response to hypoxia. (Supported by 
HL18947).
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S U P E R O X ID E -D E P E N D E N T C EREBRAL E N DO TH ELIA L  
DYSFUNCTION IN TRANSGENIC MICE OVEREXPRESSING  
AMYLOID PRECURSOR PROTEIN. C. la d e c o la *1 , F. Zhang1 , C. 
Eckm an2, S. Turner3 , S. Younkin2, K.K. Hsiao1, and G.A. Carlson3 . 1Dept. of 
Neurology, Univ. of MN, Minneapolis, MN 55455, 2Mayo Clinic, Jacksonville, 
FL, 32224, 3McLaughlin Institute, Great Falls, MT 59405.

The am yíoid-ß peptide (A 3), a critical factor in the pathogenesis of 
Alzheim er dementia (AD), induces endothelial dysfunction and dam age in 
isolated arteries, an effect mediated by superoxide radicals (Nature 380:168, 
1996). W e studied whether the endothelium -dependent regulation of the 
cerebral microcirculation in vivo is a ltered in transgenic (Tg) mice 
overexpressing the amyloid precursor protein (APP)(Neuron 15:1203, 1995). 
The parietal cortex was exposed in anesthetized-ventilated mice and the site 
was superfused with Ringer. Cerebral blood flow (CBF) was measured by a 
laser-Doppler probe. In non-Tg littermates, neocortical application of the 
endothelium-dependent vasodilators acetylcholine (ACh), bradykinin (BD) or 
A 23187 increased CBF by 25±3% , 28±5% , 29±5% , respectively (n=6- 
8 /group; p<0.001). In APP mice the CBF increase produced by these agents 
was substantially attenuated (ACh: -76±4% , BD: -72±7% ; A23187: -83±7% ; 
p<0.001). In contrast, endothelium-dependent responses were not altered in 
double transgenics expressing both APP and the superoxide scavenging 
enzyme SOD1 (CBF increases: ACh: 22±1% ; BD: 22+1% ; A23187: 23±4% ; 
p >0 .05  from non-Tg). SOD1 overexpression by itself did not affect 
endothelium-dependent responses. The increase in CBF produced by SNAP, 
a vasodilator that acts independently of the endothelium, was not affected in 
APP-Tg (non-Tg: +48±4% ; APP-Tg: +43+4% ; p>0.05). The data indicate that 
AP P /A ß overexpression produces a global im pairm ent in endothelial- 
dependent cerebrovascular regulation, mediated through superoxide radicals. 
Direct cerebrovascular effects of Aß may be responsible for the alteration in 
cortical CBF occurring in the early stages of AD. (Supported by NS34179)

4 6 0 .1 0
Q-SWITCHED ND:YAG LASER IRRADIATION AT 355 NM MEDIATES 
RAPID FOCAL DILATION OF RAT MIDDLE CEREBRAL ARTERY (MCA)
B.D. Watson,* R. Prado, W.D. Dietrich, Cerebral 
Vascular Disease Research Center, Dept. of Neurology, 
Univ. of Miami Medical School, Miami, FL 33101

Focal dilation of cerebral arteries constricted by 
spasm or thrombosis is anticipated to mitigate these con
ditions to the point of improving diminished cerebral 
blood flow. Dilation may be induced by arterial smooth 
muscle relaxation, either pharmacologically, or much more 
focally by ultraviolet light irradiation. We used a 
pulsed frequency-tripled (355 nm) neodymium:YAG laser to 
verify that the normal MCA could be rapidly dilated at 
will. Pre-irradiation blood-column diameters of selected 
G0 or G1 distal MCA segments ranged from 36.2 to 164.2 um 
(n = 6). The segments were irradiated for 2 minutes with 
20 watts/cm2 of laser light focussed to span the initial 
diameter, although dilation began within 1 second. A di
lation response (normalized to baseline) of 62.2 ± 7.8%
was observed. The normalized change in diameter between 
systole/diastole (a measure of wall elasticity) for pre- 
and post-irradiation conditions was 6.4 and 5.9%, respec
tively, suggesting the absence of functional damage even 
though the intensity of 20 watts/cm2 produces persistent 
dilation (up to 3 days). In confirmation, the intimal 
and medial vascular morphology appeared indistinguishable 
from control when examined by transmission EM at 30 and 
60 minutes after irradiation. Ultraviolet laser-induced 
dilation thus appears to be rapid and innocuous, and its 
effectiveness in renormalizing blood flow through 
compromised arteries deserves assessment.

Supported by NINDS grant RO1 23244.
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EFFECT OF CAFFEINE ON ACTIVATION OF LOCAL CEREBRAL 
GLUCOSE UTILIZATION BY SOMATOSENSORY STIMULATION IN 
CONSCIOUS RATS. T-Y. Kuang, M. Cook, Y . Nakao, J. Gotoh, R. Wang, D. 
Cohen. C Kennedy*, L. Sokoloff. Lab. Cereb. Metab., NIMH, Bethesda, MD 20892 

Whisker-stroking increases local cerebral blood flow (1CBF) in several stations of 
the whisker-to-sensory cortex pathway. Recent experiments in this Laboratory 
indicated that caffeine can diminish the magnitude of the 1CBF response. The 
quantitative 2-(14C)deoxyglucose (2-DG) method was used to determine whether the 
decreased 1CBF response caused by caffeine was due to diminished functional 
activation. Caffeine (40 mg/kg) was injected i.v. 15 min prior to measurement of local 
cerebral glucose utilization (ICMRglc); control rats received saline. In all rats vibrissae 
on the left were stroked continuously during the 45 min of the 2-DG procedure. The 
rats were given 5% CO2 administered via a plastic tent at a rate of 5 L/min to prevent 
hypocapnia due to caffeine-induced hyperventilation; control rats received compressed 
air. Arterial pCO2, pO2 and pH at the initiation of the 2-DG procedure were 46±5 mm 
Hg (SD, n=4), 133±6 mm Hg and 7.33+0.02 in the drug-treated rats, and 39± 1 (n=4) 
(p<0.05), 92± 1 (p<0.01) and 7.40±0.03 (p<0.01) in the controls, respectively. Arterial 
blood pressure and plasma glucose levels were not significantly different in the two 
groups. lCMRglc was measured in 4 structures in the pathway, i.e., spinal trigeminal 
nucleus (SPTN), principal sensory trigeminal nucleus (PSTN), ventral posteromedial 
thalamic nucleus (VPM), and barrel field (Barrel). The results showed that there was 
no significant effect of caffeine on the metabolic activation due to whisker-stroking in 
any of the structures (Table 1).
TABLE 1. Effects o f caffeine on percent differences in ICMRglc between control and 
stimulated sides. ___ __________________________________ __________

Treatment SPTN PSTN VPM Barrel
Saline Control (n=4) 91 ± 23 % 70 ± 14 % 3 7 ± 13% 30 ± 4  %

Caffeine 40 mg/kg (n=5) 86 ± 17 % 6 8 ± 3% 2 9 ± 8% 4 3 ± 9 %
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CO RTICAL SPREADING  ISCHEM IA BY HEM O G LO BIN AND INCREASED  
K+ IN THE SUBARACHNO ID SPACE LEADS TO  BRAIN CORTICAL  
INFARCTS: A NO VEL M ECHANISM  OF STRO KE DUE TO  DISTURBED  
CO UPLING  BE W TW EE N  M ETABOLISM AND BLOOD FLO W .
J.P. Dreier*1, N. Ebert1, D. Meαow1, K.M. Einhäupl1, I. Victorow2, U. Dirnagl1. 
1Dept. of Neurology, Humboldt University, Berlin, Germany, lab o ra to ry  of 
Experimental Neurocytology, Brain Research Institute, Moscow, Russia 
Cortical spreading depression (CSD) induces cortical spreading hyperemia 
(CSH) followed by cortical spreading oligemia under normal conditions. Using 
a cranial window preparation in rats, it was shown earlier that CSD induced 
cortical spreading ischemia (CSI) instead of CSH in presence of K+-increase 
combined with NO -lowering agent in the subarachnoid space (Dreier et al. 
(1998) Nitric oxide scavenging... J  Cereb B lood  F low  M etab  in press). In the 
present study, histological evidence is presented that CSI leads to brain 
cortical infarction. Repetitive CSIs originated spontaneously at a cortical area 
superfused with ACSF containing hemoglobin (Hb) at 2 mM combined with K+ 
at 35 mM. CSI was characterized by a negative subarachnoid DC-shift of -7 .2  
± 1 .0  m V lasting for 23 ± 12 min, associated with simultaneous acute CBF- 
decrease to a level of 17 ± 5 % lasting for 27 ± 27 min (laser-Doppler 
flowmetry). Histological analysis after 24/48 hours (hematoxylin-eosin) 
revealed well-demarcated cortical infarction located at the window and 
neighbouring areas in 5 of 6 animals (series I). Typical histological features 
included „red“ neurons, swollen astrocytes and apoptosis. No histological 
damage was found in the control groups including Hb (2 m M)/K+ (3 mM) (n = 
2, series II), and K+ (35, 50, and 80 mM) in absence of Hb (n = 2, series III). It 
is concluded that CSI represents a novel principle of stroke triggered by a 
neuronal-astocytic signal via disturbed coupling between metabolism and 
cerebral blood flow. Hypothetical relations may exist to migrainous stroke and 
delayed ischemic deficits after subarachnoid hemorrhage.

4 6 1 .2

ANG IO TEN SIN  SYSTEM IN PERIVASCULAR BRAIN 
A ST R O C Y T E S. B. Pessac*, T. Rutin and F. A llio t. CNRS 
"Développement & Im m unité du  Système N erveux C entral”, 
Faculté de Médecine Broussais-Hôtel-Dieu, 15 rue de l'Ecole de 
Médecine, 75270 PARIS cedex 06, FRANCE.

The presence of the angiotensin system in the brain has been 
recognized for a long time. However its role on brain vessels is still 
unclear. We have recently show n that pericytes and other 
periendothelial cells of the mouse brain parenchymal vasculature 
(Soc.Neurosci.Abstr. Vol. 23/1, N º125-8, p.308,1997) express 
essentially  on the ir ab lum inal p lasm a m em brane the 
aminopeptidases A and N which have been shown to be required 
for synthesis of respectively angiotensin III and IV. Using 
antibodies specific for angiotensin II-III and the angiotensin 
receptor ATI, we have observed that many brain parenchymal 
vessels are angiotensin and ATI positive. Im m unoelectron- 
microscopic studies have shown two main cell types responsible for 
angiotensin and angiotensin receptor im m unoreactivity : in 
addition to labelling of neuronal subsets throughout the brain, we 
observed a strong im m unoreactivity in endfeet processes of 
astrocytes which ensheath brain vessels. ATI appears as patches 
in  as tro cy tic  p la sm a m em b ran es  w h ile  a n g io ten s in  
im m unoreactivity is more diffuse in or along the astrocytic 
membranes. No im m unoreactivity was seen in pericytes or 
endothelial cells. The clear result of these experiments is that 
the angiotensin system is expressed in perivascular astrocytes, 
directly apposed to pericytes which contain enzymes responsible 
for angiotensin metabolism.

4 6 1 .4

ANATOM ICAL AND TEMPORAL MRI MAPPING o f  NM DA  
ANATOGINST KETAMINE ACTION ON BRAIN FUNCTION. H. Zhang1,
L. Li1, B. Tom1, Y. J. Shen1, M. Caserta2*, A. M. Wyrwicz1. 1Center for MR 
Research, ENH Research Institute1, 2Dept. o f Psychiatry, Northwestern 
University, 1033 University Place, Rm 150 , Evanston, IL 60201

We have applied a non-invasive fMRI technique to define the brain 

hemodynamic response to ketamine, an NMDA receptor antagonist and a 

dissociative anesthetic. Subanesthetic levels o f the drug(l5 mg/kg) were 

administered I.V. to conscious New Zealand white rabbits habituated to restraint 

in MRI cradle. Multislice MR imaging data were acquired with GRE-EPI pulse 

sequence with temporal resolution o f 5 sec. Two types o f  responses to the drug 

were observed using endogenous blood-oxygen-level-dependent(BOLD) contrast 

fMRI signal in conscious rabbits. A very fast response occurring within one 

minute after injection o f ketamine and 1-3 min duration, followed by a slower 

response starting at 3 - 6 min after injection and 20-45 min duration. These 

responses were localized to discrete area o f the brain that included the Papez's 

circuit and most o f  the cortex. These results suggest that different sequential 

events occur in response to the drug that vary depending on the spatial location. 

(Supported by GM053175)
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fMRI OF VISUAL SYSTEM ACTIVATION IN THE CONSCIOUS RABBIT.
AM Wyrwicz1, NK Chen1, L Li1, C Weiss2 and JF Disterhoft* . 1Center for MR 
Research, ENH Research Institute, Evanston, II 60201 and d epartm en t o f Cell 
and Molecular Biology, Northwestern University, Chicago, II 60611.

Visual cortex activation was mapped in conscious rabbits using blood- 
oxygen-level-dependent (BOLD) contrast fMRI signal. The imaging protocol 
consisted o f a single trial paradigm of rest (darkness), stimulation (flashing LED), 
and another rest (darkness) period. Photic stimulation (8 Hz flash) was presented 
to one eye at a time. T2*-weighted images were acquired using a GRE EPI pulse 
sequence on a 4.7T system. Data collection and stimulus presentations were 
synchronized.

Consistent with other studies, photic stimulation evoked a significant 
signal in area 17 (VI). The signal was always contralateral to the stimulated eye, 
was highly localized to 4-5 pixels as shown below (left), and was evident only in 
the 1mm slice anterior and posterior to the center o f activation. The time course 
of the response (below, right) demonstrates ~ 4% increase in signal magnitude. 
The response was delayed by 3s, and the duration o f the response was 
proportional to the duration o f the stimulus. A second response, that was smaller 
in magnitude, coincided with the cessation o f the stimulus. The time course of 
the ipsilateral, v l area, showed no response to the stimulus. In most experiments, 
significant signal was also present in the contralateral lateral geniculate nucleus. 
These data demonstrate that endogenous BOLD signals can be detected 
reproducibly in the visual system of conscious rabbits. Support: MH4734O(JFD)

4 6 1 .7

INHIBITION OF A R A C H ID O N IC  A C ID  E P O X Y G E N A SE  ACTIV ITY  
ATTENUATES N-METHYL-D-ASPARTATE EVOKED STRIATAL BLOOD FLOW 
RESPONSE. A. Bhardwaj,1,2 F.J.Northington,3 J. R. Carhuapoma, 1,2 R.N.lchord*, 2,3 D. 
R. Harder,4 R.J.Travstman,1 R.C. Koehler1. Depts. o f  1 Anesthesiology/Critical Care 
M edicine, 2N euro logy , 3 Pediatrics, Johns Hopkins University School o f  Medicine, 
Baltimore, MD and 4Medical College o f  W isconsin, Milwaukee, WI.

We tested the hypothesis that N-methyl-D-aspartate (N M D A ) evoked local CBF is 
attenuated by the inhibition o f  ( 1) arachidonic acid (A A ) epoxygenase activity by 
miconazole (2) nitric oxide synthase (NOS) activity by L-nitroarginine (L-N N A ) in v ivo . 
Under conditions o f  normoxia, normocarbia and normothermia, modified microdialysis 
probes to include a platinum wire for CBF measurements by the hydrogen clearance 
technique, were stereotactically placed bilaterally in the striatum o f  halothane- 
anesthetized male Wistar rats. One side was perfused with 0.5% DM SO vehicle and the 
other side was perfused with 20 µM miconazole, an inhibitor o f  epoxygenase for 1 hr, 
followed by 3 mM NM DA or 20 µM m iconazole+3 mM NM DA for 1 additional hr. At 
60 min o f  perfusion, striatal CBF with miconazole was 67±6 ml 100g-1min-1(mean ±SEM ) 
and 92±9 with DMSO alone. On changing the perfusions, m iconazole + NM DA  
markedly attenuated CBF ( 8 1±6) at 12 min as compared to NM DA alone (l8 8 ± 3 9 )  
(N=7). In another cohort o f animals (N=7), one striatum was perfused with aCSF on one 
side and 1 mM L-nitroarginine (L-N NA) on the other side for 1 hr, followed by 3 mM 
NMDA or 3 mM NMDA+1 mM L-NNA for 1 additional hr. Striatal CBF with L-NNA  
was 46±4 and 76±6 with aCSF alone. On changing the perfusions, L-NNA +NM DA  
attenuated CBF (61 ±6) at 20 min as compared to NM DA ( 166 ± l6 ). In a separate set o f  
experiments, rats were perfused with NM DA or miconazole +NM DA containing 3 µM 
[ l4C]-L-arginine in the striatum and right-left differences between [ l4C]-L-citrulline in the 
effluent were used as a marker o f  NO production. [ l4C]-L-citrulline recovery was not 
different in the striatum perfused with 20 µM miconazole+1 mM NM D A  as compared to 
NM DA alone (N =6). These data suggest that both NOS and AA epoxygenase activity 
contribute to the NM DA-evoked increases in intraparenchymal CBF. (S u p p o r te d  by  
U S P H S  N ¡H  g ra n t N S 2 0 0 2 0  a n d  A H A )

4 61 .9

VASOMOTOR EFFECTS OF ACETYLCHOLINE AND SEROTONIN IN 
HUMAN AND BOVINE BRAIN INTRACORTICAL ARTERIOLES. A,
Elhusseiny* and E. Hamel, Laboratory o f  Cerebrovascular Research. Montreal 
Neurological Institute, McGill University, Montréal. QC, Canada H3 A 2B4.

Previous studies have documented the presence o f heterogeneous muscarinic 
acetylcholine (ACh) and serotonin (5-HT) receptors in human and bovine brain 
intracortical microvessels. The receptor subtypes identified suggested that they 
could mediate vasomotor responses and thus contribute to the regulation of 
local cerebral blow flow. In order to test this hypothesis, we assessed the effects 
of ACh and 5-HT on isolated, cannulated and pressurized human (from biopsies 
o f temporal cortex) and bovine (frontoparietal) penetrating intracortical 
arterioles. The vessels were perfused with a modified MOPS solution and the 
diameter changes recorded by videomicroscopy. Diameters at spontaneous tone 
were 50.3 ± 2.5µm (human, n=7) and 38.6 ± 5.9µm (bovine, n=21) which 
corresponded to 65.6 ± 2.8% and 64.5± 4.6%  o f  the initial tone, respectively. 
ACh induced a dose-dependent dilation (pD2= 7.5 ± 0.09 in human and 6.3 ± 
0.03 in bovine arterioles). In bovine microvessles, this response was blocked by 
the muscarinic receptor antagonists pirenzepine (10-8 to 10-6 M ) and 4-DAMP 
(10-9 to 10-7M), and by inhibition o f nitric oxide synthase with L-NNA (10-5M). 
Constriction was induced by 5-HT in both human and bovine intracortical 
arterioles (respective pD2 values o f 7.1 ± 0.12 and 6.9 ± 0.05), and this effect 
was mimicked by the 5-HT1B/D receptor agonist sumatriptan in bovine vessels 
(pD2= 6.1 ±0.04). These results indicate that different brain neurotransmitters 
can induce vasomotor responses in intraparenchymal microvessels, thus 
providing strong support for their role in the local regulation o f cerebral blood 
flow, with possible implications in neurodegenerative diseases. Supported by 
the Medical Research Council o f Canada.

4 6 1 .6

SCOPOLAMINE DOES NOT ABOLISH LOCAL CEREBRAL BLOOD FLOW  
INCREASE DURING SOMATOSENSORY STIMULATION. Y. Nakao1,
J. Gotoh1, T-Y. Kuang1, D. Cohen1, K. Pettigrew2, L. Sokoloff*. 1Lab. Cerebral 
Metabolism; 2Division o f Epidemiol. & Service Res., NIMH, Bethesda, MD 20892.

Recent PET studies suggested that muscarinic receptors mediate the increased local 
cerebral blood flow (1CBF) during functional neuronal activation (Tsukada et al., Brain 
Res. 749:10- 17;1997). We examined effects o f the muscarinic antagonist scopolamine 
on 1CBF responses to vibrissal stimulation in the whisker-barrel pathway in 
unanesthetized rats. Scopolamine hydrobromide (0.4 or 0.8 mg/kg) was injected i.v. 30 
min before measurement of 1CBF by the [14C]iodoantipyrine method; control rats 
received saline. In all rats vibrissae on the left side were stroked continuously dining 
the one min procedure. Drug-treated rats showed tail rigidity and agitation, but arterial 
blood pressure, pCO2, pO2, and pH were unchanged. 1CBF was determined in 4 
structures o f the pathway, spinal trigeminal nucleus (SPTN), principal sensory 
trigeminal nucleus (PSTN), thalamic VPM nucleus (VPM), and barrel field (Barrel), 
and in 4 structures unrelated to the pathway. Scopolamine at 0.8 but not 0.4 mg/kg 
raised 1CBF in the unstimulated SPTN (1.62 ± 0.37 [SD] vs. (1.09 ±  0.16 ml/g/min, 
p<0.05) and PSTN (1.90 ± 0.43 vs. 1.30 ±  0.25 ml/g/min, p<0.05) above 
saline-treated control values. Neither dose o f scopolamine, however, diminished the % 
increases in 1CBF due to stimulation in the stations o f the pathway (Table 1).
TABLE 1. Effects o f scopolamine on percent differences in 1CBF between stimulated 
and unstimulated sides during whisker-stroking (Means ± SD of percent differences).

Treatment SPTN PSTN VPM Barrel
Saline (n=7) 88 ± 3 1 64 ± 2 1 22 ± 12 64 ± 34
Scopolamine O.4mg/kg (n=6) 59 ± 27 56 ± 2 9 17 ± 9 79 ± 44
Scopolamine O.8mg/kg (n=5) 86 ± 24 76 ± 14 39 ± 13 73 ± 18

These results do not support a role for muscarinic receptors in the increases in 
cerebral blood flow elicited by functional neuronal activation. (Funded by NIMH/NIH)

4 6 1 .8

5HT RECEPTOR SUB-TYPES INVOLVED IN THE SEROTONIN INDUCED 
DILATATION OF A CAT DURAL ARTERY. G.Lambert*1, C. Donaldson1, P.Boers1 
and A.S.Zagami1,2. 1. Institute of Neurological Sciences, The Prince Henry and Prince 
of Wales Hospitals and School of Medicine, University of New South Wales 2. 
Department of Medicine, St George Hospital, University of New South Wales

Serotonin is involved in the etiology of vascular headaches such as migraine. The 
vessels involved include the dural and large penetrating arteries, which are said to be 
constricted by 5HT receptor agonists, including the anti-migraine compound 
sumatriptan. There are no extensive studies of the effects of serotonin on in vivo dural 
arteries, but we have reported that it is dilator in the cat. Thirty cats were anesthetized 
with halothane and an I.P. injection of α-chloralose (60 mg/kg). Blood pressure, heart 
rate and temperature were monitored. The lingual artery on one side was catheterised 
retrogradely for intra-arterial injections of serotonin. Both middle meningeal arteries 
(mma) were exposed and flow in them monitored with laser Doppler flow probes. The 
vascular resistance of the middle meningeal arterial bed was calculated from blood 
pressure ÷ flow. Intravenous injections of serotonin (2 to 50 µg/kg) produced complex 
blood pressure effects and generally a bilateral, dose-related increase in flow in the 
mma. Vascular resistance in the mma invariably fell. Intra-arterial injections of. 
serotonin (5 to 50 µg) produced similar effects, dominant on the ipsilateral side and with 
smaller systemic blood pressure effects. Unilateral cervical sympathectomy had no 
effect on the flow and resistance responses to 5HT. Neither the flow nor the resistance 
responses were affected by prior intravenous injection of methysergide (1 mg/kg) or 
WAY100635 (1 mg/kg). Flow responses to 5HT were significantly attenuated by 
ketanserin (1 mg/kg) and GR127935 (1 mg/kg). None of the drugs had significant 
effects on the calculated mma vascular resistance response. All procedures produced 
some change in the blood pressure response complex. We conclude that the dilator 
effect of serotonin is unlikely to involve sympathetic mechanisms, 5HT1A, or 5HT2C 
receptors. It may involve 5HT2A or 5HT1B/d receptors, but no drug used proved 
unequivocal evidence for involvement of a particular 5HT receptor type.
Supported by a grant from the NH&MRC (Australia).

4 6 1 .1 0

THE VASOACTIVE MECHANISM OF ACETYLCHOLINE ON PERIPHERAL 
NERVE BLOOD FLOW. K.Thomsen, M.Fabricius* and M.Lauritzen. Institute of 
Medical Physiology, Panum Institute, Univ. of Copenhagen, Denmark.

Acetylcholine (ach) is commonly used to measure endothelial function, but cases 
have been reported where response to ach after inhibition of nitric oxide synthetase 
(NOS) has been unchanged or even paradoxically increased. Using laser Doppler flow- 
metry, nerve blood flow (NBF) responses to ach and the nitric oxide (NO) donor, 3- 
morpholinosydnonimine-N-ethylcarbamide (SIN-1) were measured in the ischiadic 
nerve of pentobarbital-anesthesized, artificially ventilated, adult male Wistar rats. 
Blood flow responses to ach and SIN-1 were measured under basal conditions, during 
NOS-inhibition with NG-nitro-L-arginine (LNNA) and during cGMP-inhibition with 
the specific cyclic guanylase inhibitor, ODQ. The response to SIN-1 was considered to 
be expression of the functional activity of cGMP. The ratio of the ach response to the 
SIN-1 response (ach:SIN-1 ratio) was taken as expression of endothelial reactivity to 
ach. Topical LNNA (ImM) increased the SIN-1 response 4-5 fold, indicating potentia
tion of cGMP. Topical ODQ (0.1mM) produced 80-90% reduction of SIN-1 response 
but no corresponding reduction in ach response, showing that approx. 75% of the ach 
response after ODQ is not dependent on NO. In another set of animals, systemic NOS- 
inhibition was induced by iv LNNA (3Omg/kg). Both iv and topical LNNA halved 
NBF, indicating equal inhibition of NOS, and potentiated the SIN-1 response. How
ever, the iv LNNA-induced increase in SIN-1 response was meager, amounting to only 
40-50%. Comparison of ach:SIN-1 ratio before and after iv LNNA revealed a large 
increase (>130%) of ach reactivity beyond that caused by the slight rise in cGMP acti
vity. Systemic NO-inhibition is postulated to inhibit postganglionic sympathetic activi
ty; the large ach response seen after iv LNNA may thus be due to weakened sympa
thetic tonus. In conclusion, these data indicate that assessment of endothelial function 
must take into account the functional activity of cGMP, that the NBF response to ach is 
not entirely dependent upon the NOS-cGMP pathway and that iv LNNA potentiates 
the blood flow response to ach independently of NO.
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POTASSIUM AS MEDIATOR OF FUNCTIONAL CEREBELLAR BLOOD

Lauritzen. Dept. of Medical Physiology, Univ. of Copenhagen, Denmark.
The aim of the study was to investigate the role of extracellular potassium ([K+]e) as 

mediator of cerebral blood flow (CBF) increases in cerebellar cortex of halothane- 
anaesthetized rats. [K+]e was measured with ion-selective microelectrodes and CBF 
was measured by laser-Doppler flowmetry. [K+]e was increased by electrical 
stimulation of parallel (PF)- or climbing fibers (CF), or by microinjection of KCI (20 
mM in aCSF) into the cortex.

Stimulation of PF at 5 - 100 Hz and CF at 2 - 10 Hz induced freqency-dependent 
increases of [K+]e and CBF. The time course of the evoked increases were similar 
during the initial phase of stimulation, but differed during the rest of the stimulation 
period, and during return to baseline. In response to PF stimulation CBF increased up 
to a frequency of 100 Hz whereas [K+]e reached a ceiling already at 20 Hz. In 
response to CF stimulation CBF increased up to a frequency of 10 Hz and [K+]c up to 
5 Hz. This suggests that the dynamic range in which potassium plays a main role for 
CBF is narrow. The maximal increase of CBF evoked by PF stimulation was 122 ± 
11 % whereas CF activation resulted in a maximal increase of 157 ± 20 %. The 
corresponding [K+]e increases were 6.1 ± 0.5 mM and 4.4 ± 0.2 mM respectively. The 
relatively larger CBF increase and relatively smaller [K+]e increase during CF 
stimulation in comparison to PF stimulation indicates that [K+]e is less important for 
the CBF increase during CF stimulation in comparison to PF stimulation. Brief 
injections of 0.5, 1.0 and 2.0 µl KC1 gave similar [K+]e increases as during PF 
stimulation, but resulted in much smaller CBF increases. This is consistent with the 
idea that other mechanisms than [K+]e contribute to CBF increase in response to 
neuronal activity.

In conclusion, the importance of increased [K+]e for activity-dependent CBF 
increases depends on the afferent input system stimulated. The results suggest that 
other mechanisms than increased [K+]e modifies CBF during neuronal activity.

4 6 1 .1 2

POTASSIUM DILATIONS OF RESISTANCE-SIZE CEREBRAL VESSELS 
ARE MEDIATED BY K(ATP). T-S Nguyen, R. D ’Ambrosio, H.R. Winn*, D. 
Janigro. Dept. of Neurosurgery, Univ. of Washington, Seattle, WA 98104.

Potassium ions dilate and constrict cerebral vessels in a dose-dependent 
fashion. Modest elevations of abluminal potassium (to 8-12 mM) cause large 
increase in vessel diameter, while larger changes in [K+]out decrease cerebral 
blood flow. Based on studies on large arterioles and their sensitivity to 
micromolar concentrations of BaCL, these dilations are believed to be mediated 
by opening of voltage-dependent inward rectifier potassium channels (IIR). 
Since BaCl2 also blocks K (Atp), we challenged K-dilations (5 mM KC1 above 
baseline) in penetrating, resistance-size (<60 mµ) rat neocortical vessels with 
the K(ATp) channel blocker glibenclamide (GLI; 1 µM). GLI reduced the K 
response from l38±8% above resting values to 110±0 .8%. K-constrictions at 
elevated [K] were not affected by GLI. The Na/K pump inhibitor ouabaine (200 
µM) did not significantly change resting vessel diameter, but reversibly 
decreased K dilations (from l53±9% to 99± 2). BaCL blocked K-dilations with 
a KD so of 2.9 µM, and reduced dilations to the specific K(ATP) agonist pinacidil 
(10 µM) with equal potency. We conclude that potassium dilations in resistance 
vessels are mediated by K(ATP); since GLI did not significantly affect resting 
vessel diameter, we hypothesize that elevated extracellular potassium causes 
activation of Na/K pumps, depletion of [ATP]i, and subsequent opening of 
K(ATP). This latter hypothesis is supported by the blocking effect of ouabaine. 
Since BaCL had little effect on resting diameter, it appears that IIR play little 
role in the regulation of resting diameter in small arterioles. [NIEHS, ES 07033 
NIH-NS 51614],
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PHONOLOGICAL AND SEMANTIC FUNCTIONAL ACTIVATIONS: 
PARALLEL STUDIES USING FMRI. DR Gitelman1,2,4*, AC Nobre1,5, T Gupta1, 
TB Parrish2, CK Thompson3, KS LaBar1, YH Kirn1, M-M M esulam1, Depts. of 
1Neurology, 2Radiology, and Communication Sciences and Disorders, Northwestern 
University; C hicago VA Healthcare System-Lakeside Division, Chicago, IL, USA; 
5Dept. of Experimental Psychology, Oxford University, Oxford, UK.

To probe the functional organization of language, we used parallel phonological 
and semantic language tasks with a common control condition in the same set of 
seven subjects. In the phonological task, subjects responded if a pair of written words 
were homonyms. In the semantic task, subjects responded if a pair o f words were 
synonyms. Subjects matched consonant strings in the control task. fMRI was 
performed on a Siemens 1.5 T unit. The entire brain was sampled by 32, 4 mm 
slices using single-shot EPI (TR/TE 4350/40 ms, α =9Oº, FOV=220, 64×64 matrix). 
Data were analyzed with SPM96.

Both tasks produced activations in regions consistent with Broca’s and Wernicke’s 
areas. Other consistent activations included left anterior, inferior frontal gyrus, left 
middle frontal gyrus, precentral gyrus, supplementary motor area, parietal cortex, 
posterior, inferior temporal cortex, and the right cerebellum. These activations were 
almost entirely left sided with only a small area of right inferior frontal gyrus 
activation. There were no invariant one-to-one relationships between tasks and 
activation sites. However, the synonym task produced relatively more activation in 
the posterior, superior temporal gyrus while the homonym task showed relatively 
more activation in the anterior, superior temporal gyrus and parietal cortex. These 
results show that the various components of language are subserved by a coherent 
distributed network organized around Wernicke’s and Broca’s areas as the epicenters. 
There also may be further functional specializations among the components of this 
network. Supported by the James S. McDonnell Foundation (DRG), the 
Northwestern Memorial Foundation (DRG), and NIH grant NS30863 (MMM)
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THE N400 EFFECT ELICITED TO SEMANTIC ANOMALIES ACROSS 
SENTENCES. W.C. West* & P.J. Holcomb. Dept. o f Psychology, Tufts 
University, Medford, MA 02155.

This study examined ERP effects in an anomalous story paradigm designed 
to be comparable to the anomalous sentence task. The goal was to determine 
whether an N400 effect could be elicited by semantic anomalies occurring at 
the discourse level (across sentences) and whether this effect is similar to that 
observed within sentences. EEG was recorded from 29 scalp sites while 
subjects (8 male, 8 female) read 80 short stories on a  computer monitor. Each 
story was composed of a paragraph 4 to 9 sentences in length which depicted a 
simple scenario. The final sentence o f each story was either congruous or 
incongruous with the preceding context. Each trial proceeded in the following 
manner. Each sentence was presented in its entirety and remained on the 
screen until the subject pushed a button for the next sentence. The last 
sentence, however, was presented one word at a  time (200 ms dur., 300 ms ISI) 
at the center of the screen. After the last sentence, subjects made a delayed 
meaningfiilness judgment. Averaged ERPs time-locked to the critical word of 
the final sentence were more negative for incongruous sentences than for 
congruous sentences. This effect began at about 250 ms and peaked at about 
400 ms with a centro-posterior scalp distribution. Both the temporal and 
spatial characteristics o f this effect were similar to those for the N400 effect 
previously reported for words in the anomalous sentence task. These results 
suggest that the N400 is sensitive to semantic anomalies across sentences and 
is not restricted to anomalies within a sentence. They also support the 
hypothesis that the N400 reflects integration o f new information into an 
established context and that this integration process can occur at the sentence 
level or at the discourse level.
Supported by NICHD HD25889.
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AN fMRI STUDY OF AUDITORY SENTENCE PROCESSING: THE ROLE OF 
BROCA’S AREA AND FRONTOPARIETAL (VERBAL WORKING MEMORY) 
NETWORKS. C. K. Thompson*1,2, K. S. LaBar2, S. C. Fix3, D . R. Gitelman2, T. B. 
Parrish4, and M. -M Mesulam2. 1Communication Sciences and Disorders, Neurology, 
lingu istics, and “Radiology, Northwestern University, Evanston, IL.

Research with focally-lesioned patients has indicated that Broca’s area is important for 
syntactic processing (Caplan et al„ 1985; Zurif et al., 1993). PET and fMRI studies of 
sentence processing, however, have not uniformly supported this claim (Bookheimer et 
al., 1993; Just et al., 1996; Stromswold et al., 1996) perhaps because of differences in 
conditions across experiments. In this study, regions engaged in syntactic processing 
were examined using whole-brain echoplanar fMRI. Subjects (n=8, R-handed, English 
speakers) matched spoken stimuli to pictures in a single-word and two sentence 
conditions. In sentence conditions, either simple active (e.g., The student lifted the 
biker) or complex object cleft sentences (e.g., It was the biker who the student lifted) 
were presented with headphones as subjects viewed pictures depicting target sentences or 
their semantically reversed counterparts. In the single-word (control) condition, subjects 
viewed pictured animate nouns and monitored single words for matches. Conditions 
were alternated in counterbalanced order. Subjects responded by button press and 
reaction times (RTs) were recorded. Thirty-two contiguous 4-mm thick axial slices were 
obtained relative to the AC-PC line using single shot EPI. Imaging data were motion- 
corrected and normalized onto a common stereotactic space using SPM96. Results 
showed activation under both sentence conditions in Broca’s area, left posterior superior 
and middle temporal gyri, the left dorsolateral prefrontal cortex and the intraparietal 
sulcus. Object clefts elicited greater activation in a separate focus located in Broca’s area 
(45). Results indicate that sentence processing simultaneously engages language and 
working memory networks, and that syntactically complex sentences may result in a 
differential activation of Broca’s area. Supported by the McDonnell-Pew Foundation 
(CKT) and NIH grants #DC0I948 (CKT), NS3O863 (MMM).
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SEG M EN TA TIO N  OF C O N TIN U O U S SPEECH : AN  ERP AND 
B EH A V IO RA L STU DY

L. Sanders, H. Neville, and M. P osner*Univ. o f  O regon;E ugene, OR 97403 
To com prehend speech, we break continuous stream s o f sounds into 

m eaningful units. The type o f inform ation  we use to segm ent speech, the 
tim e fram e in which we can recognize that a new word has begun, and the 
neural system s involved in segm entation  are all unknow n. To address these 
issues, we used behavioral and electrophysio log ical (ERP) m ethods to 
m easure the segm entation o f words while peop le  listened to c o n tin u o u s 
speech. In both experim ents, the stimuli were sentences which co n ta ined  
varying am ounts o f sem antic, syntactic, and useful stress pattern  
inform ation. In Exp. 1, subjects were asked  to determ ine if a target 
phonem e occurred at the beginning or in the m iddle o f  one o f the words in 
a sentence. Error rates indicated that native English speakers used m eaning, 
gram m ar, and normal English stress to help them  segm ent speech.

In Exp. 2, event-related potentials were recorded  while different subjects 
listened to the same sentences from  Exp. 1. The sam e phonem es with equal 
stress produced d ifferences over an terior electrode sites based on w hether 
they occurred at the beginning  or in the m iddle o f  a word. This early  
negativity  was also m odified by strong and weak stress in the speech stream . 
A sustained negativity  was associated with the sound and duration  o f 
m eaningful w ords. O ur results suggest that subjects segm ent speech using  
all o f  the sem antic, syntactic, and stress in form ation  available to them . 
Furtherm ore, phonological inform ation  occurring  at the beginn ing  o f a 
w ord is treated d ifferently  by the hum an brain than the sam e in fo rm ation  
occurring in the m iddle o f a word. The data offers ev idence that word onset 
is recognized  relatively quickly after its occurrence in the speech stream, 
and allows for a com parison  betw een the neural areas typically  associated 
with e ither phonological processing  or m ore general auditory  p rocessing  
and those involved in speech segm entation, 

research funded by NIH, N ID CD  D C 000128
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4 62 .5

CORTICAL ORGANIZATION OF AUDITORY SENTENCE  
COMPREHENSION: A FUNCTIONAL M AGNETIC RESONANCE IMAGING  
( fM R l) STUDY. C . M. Capek1, A. I  N ew m an1, S. O. Murray1, T. V. M itchell1,
D. Corina2, D. Bavelier3, H. J. N ev ille1*. Dept. o f Psych., U. o f Oregon, Eugene 
O R 1; UW ashmglon, Seattle W A2; Georgetown U., Washington D C 3

Studies of visual sentence processing report a strongly left lateralized pattern of 
activation (B avelieret al., 1997). Native signers o f American Sign Language 
(ASL) when viewing ASL also display activation within classical left hemisphere 
language areas and, in addition, they also show robust activation o f right 
hemisphere areas (N eville et al. 1998). The recruitment o f right hemisphere areas 
for ASL processing may be attributable to the importance o f spatial cues in ASL  
or it may reflect the greater prosodic information in ASL than in written English. 
Both processing o f spatial information and o f prosodic information rely on the 
integrity o f the right hemisphere. The goal o f  the present study was to examine 
the pattern of functional activation elicited by auditory sentences and to compare it 
to the pattern elicited by written English and ASL reported by N eville et al., 
(1998). Bilateral activation in response to auditory presentation would be 
compatible with the hypothesis that prosodic cues activate the right hemisphere 
for both ASL and auditory sentence processing. On the other hand, a left lateralized 
pattern of activation for both written and auditory English but not ASL would 
suggest that the right hemisphere activation elicited by ASL may arise as a 
function o f aspects o f the visuo-spatial nature o f  that language.

Normally hearing, right-handed, young adults listened to sentences presented 
binaurally via headphones. Well-formed English sentences were alternated with 
nonsense sentences which followed English-like phonetic and prosodic patterns, or 
with backwards speech. At the end of each sentence, subjects were asked 
recognition questions to ensure their attention to the stimuli. Preliminary results 
indicate that in comparison to pseudo-word sentences or backwards speech, normal 
English sentences elicit left lateralized activation within the peri-sylvian regions. 
Supported by DC000128 (HN) and NSERC (Canada) PGS A (CC).

4 62 .7

PHONOLOGICAL AND SEM ANTIC A SPECTS OF W ORD 
PROCESSING IN FRENCH: A FM RI STUDY

N. Walter1, M. Beauregard1,3, P. Bourgouin2, G. Beaudoin2, J.C. Côté2, J.
Théberge2, S. Joubert1. S. Rossignol4* et Y. Joanette1
1 Centre de recherche, Institut universitaire de gériatrie de Montréal 2 Unité d ’IRM, 
CHUM/Campus Notre-Dame, Montréal 3 Dép de radiologie an d  4 Centre de recherche 
en sciences neurologiques, Université de Montréal

The phonological and semantic processing of words correspond to distinct cognitive 
components. However, the extent to which these two processes are subserved by 
equally distinct regions of the brain - either within or between the two hemispheres - 
is still unclear. The present study was carried out to address this issue. Six young 
normal right-handers participated in this study in which two distinct activation tasks 
were used: one requiring the phonological processing of words (rhyme judgment for 
the sound « o ») and the other one involving their semantic processing (semantic 
category judgment for « ANIMAL »). A letter-case judgement control task (to report 
lower case) using comparable words was also utilized. Scanning was performed on a 
1.5 Tesla system, with a castle type paradigm. Functional images were acquired in 
the axial plane using an echo-planar pulse system. The parameters were: TR = 0.8 
ms, TE = 54 ms, Flip = 90°, Number of slices = 28 and Thickness = 5 mm. Data 
analysis was carried out using SPM96. The main results showed (1) unilateral left 
activation in the inferior (Brodmann area - BA 44, BA 9) and superior (BA 8) frontal 
gyri for the phonological condition, and (2) bilateral activation for the semantic 
condition including the left inferior frontal (BA 44) and fusiform (BA 37) gyri as well 
as the right inferior (BA 44) and medial (BA 10) frontal gyri [p<0.001]. These 
results support the current view according to which the semantic processing of words 
requires the participation of both left and right hemispheres whereas the phonological 
processing essentially relies upon left hemisphere structures.

4 62 .9

E EG -C O H ER EN C E  ANA LYSIS OF SPO KEN NAM ES A ND N O U N S  P R O 
CES SIN G . S. W eiss, H.M. Müller* and P. Rappelsberαer. Institute of Neuro
physiology, Univ. of Vienna, Währinger Str. 1 7 ,1 0 9 0  Vienna, Austria

W e provide empirical evidence for differences in processing naturally spoken 
proper names (Nomina propria) and common nouns (Nomina appellativà). This 
distinction is based on theoretical linguistics (e.g. Carroll, 1983, Linguistics 21: 
341) and supported by neuropsychological findings on specific brain dam age  
which reduces naming ability selectively for either names (Hittmàir-Delazer et 
al., 1994, Neuropsychologia 32:465) or nouns (McNeil et al., 1994, Neuropsy- 
chologia 32: 193). A previous ERP-study showed a difference in the N1/P2  
component during name and noun processing (Müller and Kutas, 1996, Neuro- 
Report 8:221). Since temporal synchronization of large neural cell assemblies is 
seen as a major phenomenon in brain functioning, we measured synchroniza
tion of large brain areas by computing EEG coherences. In the study of func
tional relationships, coherence analyses were seen to yield new aspects of lan
guage processing (Weiss and Rappelsberger, 1996, Neurosci. Lett. 209:17).

W e recorded EEG from 25 right-handed females with 19 scalp electrodes 
against averaged signals of both earlobes. They had to listen to 40  German 
proper names and 40  common nouns, presented in randomized order. Spec- 
tralparameters such as amplitude and coherence were computed for different 
frequency bands. Statistical analysis was based on an ANO VA and post-hoc 
paired Wilcoxon-tests, coherence differences are presented in topographic 
brain maps. W e found significant amplitude and coherence differences only in 
certain frequency bands. While processing of names leads to higher ampli
tudes in the Theta band (4-7 Hz), common nouns show higher amplitudes in 
the Delta band (1-3 Hz). In addition, coherence differs between both condi
tions since processing of names leads to a higher coherence in the Theta band 
at left frontal regions, while coherence in the right hemisphere remains low. In 
contrast, processing common nouns leads also to coherence changes in the 
right hemisphere (Delta and Theta band).

Supported by the FW F (Proj. P11572-M ED) and DFG (Mu 797/3).

4 6 2 .6

AN fMRI STUDY OF SEMANTIC WORD MATCHING.
W. S. Francis, I. Bar-Ziv, V. Prabhakaran, J. D. E. Gabrieli, J. E. Desmond, &
C. A. Seger*. Department of Psychology and Program in Neurosciences, 
Stanford University, Stanford, CA 94305.

In functional neuroimaging, left prefrontal cortex is typically activated 
by semantic tasks. Recent research has raised the question of whether the 
activation reflects the degree of semantic processing per se or the number 
of response alternatives. To address this issue, we compared activation for 
tasks that differed in the degree of semantic processing but were equated 
for the number of response alternatives. Two match-to-sample tasks were 
alternated in a blocked design. One task was choosing which of two 
words was identical to the sample word; the other task was choosing the 
word that was a synonym of the sample word. Foil words were unrelated 
to the sample words. Participants pressed buttons to indicate their choices. 
Each trial lasted 1500 ms, w ith 150 ms between trials. 24 trials were 
presented in each 40-second half-cycle, w ith 6 cycles in all. Functional 
magnetic resonance images were taken concurrently in 16 axial slices, 4 
mm thick (1.5 T scanner, T2*-sensitive 3D-gradient echo spiral pulse 
sequence; TR=1080, TE=40ms, flip angle=22º, interleaves=4). The synonym 
task elicited greater activation than did the identical task in left prefrontal 
cortex (Brodmann's areas 44, 45, 46, 47, 8, 9), an area previously identified 
with semantic processing. Additionally, the synonym task showed greater 
activation in left superior tem poral gyrus (BA 22, 42), an area not 
differentially activated in most previous studies using semantic word 
tasks. The present results favor the view that the degree of semantic 
analysis, including semantic selection, drive this prefrontal activity. This 
research was supported by NIH grant MH53673.

4 6 2 .8

THE REPRESENTATION OF HIGH FREQUENCY CONTENT WORDS 
AND FUNCTION WORDS IN EARLY AND LATER LEARNT 
LANGUAGES: TESTS WITH BILINGUAL APHASIC PATIENTS. 
Donatella Trevisan1 & Markus Fendt2*. 1Inst. fur Medizinische Psychologie u. 
Verhaltensneurobiologie; 2 Tierphysiologie; Universität Tübingen, Germany.

Several studies have shown that brain dynamics recorded in the EEG are 
affected by different aspects o f words, such as their frequency and their lexical 
category. In particular, high frequency function words, FWs (conjunctions, 
prepositions, auxiliary verbs etc.) elicit more pronounced activity in left frontal 
regions, whereas content words, CWs (concrete nouns and verbs) lead to a 
more diffuse bilateral activation o f the brain. Recent fMRI-studies on bilingual 
subjects have demonstrated that the age of acquisition o f second languages 
(L2) affects brain behavior during linguistic tasks: if  the L2 was learnt early in 
life, activation sites are the same for both languages; if  the L2 was learnt in 
adulthood, different brain regions are activated.

We used lexical decision tests (LDTs) with bilingual aphasic stroke patients 
and healthy controls who had learnt their second language after the age o f six 
to determine the influence o f the locus o f brain lesion on linguistic performance 
in both languages. Matched high frequency FWs and CWs were selected as 
stimuli. While healthy controls performed better in the L 1 condition than in the 
L2 condition, and better on CWs than on FWs in both languages, some patients 
showed inverse or language-specific performance patterns. In particular, 
patients with lesions extending into parietal regions performed worse on L l- 
CWs, while patients with lesions restricted to the perisylvian area showed 
language-specifi c patterns.
Research was funded by the Graduiertenkolleg Neurobiologie der Universität 
Tübingen.

4 6 2 .1 0

THE FUNCTIONAL NEUROANATOM Y OF LEXICAL AND 
SUBLEXICAL PROCESSES IN READING: AN fMRI STUDY. S.

rinstitut universitaire de gériatrie; 2Centre hospitalier de l’Université de Montréal. 
Campus Notre-Dame; 3Département de Radiologie, Université de Montréal, Canada.
A common view in the cognitive neuropsychology of reading is that there 
exists two functionally independent mechanisms in reading. The lexical 
procedure allows words to be read globally, while the sublexical procedure 
relies on grapheme-to-phoneme conversion rules. Along these lines, we 
used fMRI to determine whether these two processes are subserved by 
distinct brain regions.
M ethods. Data were acquired in five right-handed neurologically intact 
volunteers. Subjects were scanned while silently reading very high 
frequency words and nonwords. Series of random letters matched in terms 
of visual and phonological complexity were used as controls. Scanning was 
performed on a 1.5 Tesla system (Magnetom vision, Siemens, Erlangen, 
Germany). Functional images were acquired in the axial plane using an 
echo-planar (EP) pulse sequence and the following parameters: TR = 0.8 
ms, TE = 54 ms, Flip = 90 degrees, FOV = 215, Matrix = 128 x 128, 
Number of slices = 28, Thickness = 5 mm, Voxel size = 1.68 mm x 1.68 
mm x 5 mm. Data analysis was carried out using SPM96.
Results and conclusions. When high frequency words were compared with 
letter strings, significant activation was noted in the left superior temporal 
gyrus (Brodmann areas-BA 42/22) (p<0.001). In contrast, when nonwords 
were compared with letter strings, significant activation was noted in the left 
inferior frontal gyrus (BA 47) (p<0.001). These results support the view 
that lexical and sublexical processes in reading might be functionally 
independent.
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AN FMRI STUDY OF FAMILIAR AND UNFAMILIAR ORTHOGRAPHIC 
STRINGS. M-A. Tagamets, Maria L. Chalmers, Rhonda B. Friedman,* GICCS, 
Dept. Neurology, Georgetown University Med. Center, Washington, DC 20007.

While the organization of reading has been the subject of study for some time, 
the cortical circuits that underlie this activity are still poorly understood. As part 
of a study involving the effects of therapy on adults with acquired alexia, twelve 
normal right-handed control subjects were scanned using functional magnetic 
resonance imaging (fMRI) while performing a simple matching task involving 
orthographic stimuli. Stimuli were presented on a computer screen for 200 msec, 
with a one-second interstimulus interval. The task was to press a button when an 
item matched the previously presented item. There were four different stimulus 
conditions, presented in separate runs: words, pseudowords (PW), consonant letter 
strings (LS), and letter-like false font strings (FF). All stimuli contained four 
characters. In the control condition, the task was the same as in the experimental 
conditions, but here the stimuli were single geometric shapes rather than strings of 
orthographic characters. Comparisons between the string-matching and single 
symbol-matching trials would be expected to show areas that are used in the 
recognition of arrays of symbols, while subtracting out early processing of single 
symbols as well as those areas that are involved in decision-making and response 
generation. In the word and PW conditions, all subjects showed a strong 
activation of the left fusiform gyrus as well as bilateral prefrontal cortices, in 
particular inferior left prefrontal cortex, or Broca's area. In the LS and FF 
conditions, increases were seen in right fusiform and parietal areas, with a 
concomitant decrease in the left fusiform gyrus. Dorsal/middle prefrontal cortices 
were also activated bilaterally. Our results indicate that the processing of familiar 
orthographic strings tends to be localized more in the left fusiform and prefrontal 
gyri, and less in the parietal areas. This likely reflects the shift to processing of a 
more linguistic nature for words and pronounceable non words.
(Supported by McDonnell-Pew Program in Cognitive Neuroscience JSMF 95-49)

4 6 2 .1 3

NEURONAL RESPONSES IN TH E HUMAN PUTAMEN DURING 
PREMOTOR PROGRAMMING OF SPEECH. Yalchin G. A bdullaey* and 
Konstantin V. M elnichuk. Brain Center, St. Petersburg 197376, Russia; 
Department o f  Psychiatry & Behavioral Sciences, University o f Louisville 
School o f Medicine, Louisville, KY 40292, USA

Neuronal activity o f  the right putam en recorded from chronically 
im planted depth electrodes in parkinsonian patients was studied while 
perform ing two versions o f the object nam ing task. Trials o f  the first type 
presented a line-drawing o f  a com m on object (e g., table, bush). Trials of 
the second type presented a blank slide. After the response cue, subjects 
had to  name the object, o r say NO to the blank slide. The second variant o f 
the object nam ing task was exactly the same except no overt response was 
required to  the blank slides in the control condition. We com pared the 
firing rate o f the same cells in the putamen and electrom yogram  (EMG) of 
the oral orbicular muscle across these two tasks. We found cells in the right 
putamen that responded with a slight phasic inhibition o f firing rate 
shortly (100-200 ms) after the stimulus onset irrespective o f the task or 
m otor output. In addition to that, there was a strong increase o f firing rate 
whenever the m otor output (subjects’ overt speech) was required. These 
neurons in the putam en responded with firing rate increase both within the 
interstimulus interval and after the response cue. When there was an EMG 
response in control condition after the response cue, there was also a 
significant increase o f firing rate both after the response cue (i.e. related to 
the m otor output) and prior to the response cue in an interstimulus (delay) 
period (i.e. related to the prem otor program m ing). The peak latency o f 
responses in the delay period appeared at about 400 ms prior to  the 
presentation o f the response cue. This firing increase was absent in the 
control condition o f  the second variant o f the object nam ing task when no 
m otor output was required from subjects. The results indicate that certain 
cells in the putam en are activated prior to  the overt articulation and may be 
related to the program m ing o f speech m otor responses.

4 6 2 .1 2

PET CORRELATES OF EFFORTFUL WORD RETRIEVAL IN NORMAL SUBJECTS 
T.J. Grabowski1 *, H. Damasio1 and C.K. Brown2, Departments of 1Neurology, 
Preventive Medicine & Environmental Health; Univ. of Iowa; Iowa City, IA 52242.

Physiologic correlates of effortful word retrieval in normal subjects were 
investigated in [l5O1water PET experiments using a word retrieval paradigm. Task 
difficulty was manipulated by accelerating the rate of stimulus presentation or by using 
stimuli of lower familiarity. Experiment 1: 8 normal R handed subjects (aged 40-70) 
performed 3 tasks: 1) object naming at interstimulus intervals (ISIs) of 800, 1000, 1800, 
or 2800 ms; 2) active control task (face orientation decision) at ISIs of 700, 1000, and 
1800 ms; 3) visual fixation. Experiment 2: 11 normal subjects named manipulable 
objects (ISI 2500 ms) of high, medium or low familiarity, associated with scan time 
response latencies of 1183 ms, 1453 ms, and 2038 ms; and non-response rates of 5%, 
9%, and 32%. PET data were analyzed in Talairach space with pixelwise linear models.

Experiment 1: In comparison to visual fixation, either active task activated early 
visual cortex, superior temporal gyri, and sensorimotor face areas bilaterally. There 
were striking decreases in rCBF in frontal, parietal, and inferotemporal association 
areas, yet global flow was unchanged. Increasing performance rate led to further 
decreases in L prefrontal and L parietal regions. Naming tools activated specifically L 
middle frontal gyrus (LMFG), L premotor region, and L inferotemporal cortex (IT), 
replicating previous results. The interaction of task and performance rate showed that 
faster tool naming was associated with a trend for greater decrease in the L inferior 
frontal gyrus, L anterior IT and right hemisphere regions than faster performance of the 
active control task. There was a rate-related increase in the LMFG. Experiment 2: 
Naming less familiar entities was associated with trends for increased activity in the 
LMFG and decreased activity in Sylvian-insular areas.

“Task difficulty” is an underspecified concept, since different aspects of difficulty 
have differing rCBF correlates. The results are relevant to understanding the correlates 
of defective performance in neurologic patients. (Supported by the Charles A. Dana 
Clinical Hypotheses Program.)
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PREDICTION OF SEVERITY OF BRAIN DAMAGE 
USING A PSYCHO-MOTOR SPEED VARIABLE IN 
OLDER CHILDREN A. M. Horton* Jr. Psych 
Associates, Towson, Maryland, 21204

This paper reports an attempt to 
predict severity of brain damage by a 
psycho-motor speed variable derived from 
Wechsler Intelligence Scale for Children- 
Revised subtests. A sample of 20 normal 
and heterogeneously brain damaged children 
(12 males and 8 females) between the ages 
of 9 and 14, who had been administered the 
Halstead-Reitan Neuropsychological Test 
Battery for Older Children and the 
Wechsler Intelligence Scale for Children- 
Revised, were selected from case records. 
The hit rate obtained for agreement on 
level of severity and the Older Children's 
Neuropsychological Deficit Score for a 
psycho-motor speed variable was 70%.

4 6 3 .2

DECISION-MAKING AND ASSOCIATED ERPS IN LOW- AND HIGH- 
DEPENDENCE SMOKERS PEFORMING THE IOWA GAMBLING TASK.
D.S. Leland1, J.S. Richardson1, A. Vankov1, S.J. Grant2*, J.A. Pineda1.
1Department of Cognitive Science, University of California, San Diego, La Jolla, 
CA 92093; 2Neuroscience Branch, National Institute on Drug Abuse, Addiction 
Research Center, Baltimore, MD 21224.

One criterion widely used in the diagnosis of substance dependence (e.g. 
DSM-IV, ICD-10) is continued drug use despite adverse consequences, suggesting 
a bias in the decision-making of drug addicts. Unlike drug-naive controls, 
cocaine addicts performing the Iowa Gambling Task, which "simulates real-life 
decision-making in the way it factors uncertainty of premises and outcomes, as 
well as reward and punishment," (Bechara et al., 1994) show a bias toward 
decisions with outcomes that are highly positive in the short-term, but ultimately 
negative in the long-term (Grant et al., 1996). Controls typically prefer choices 
with more modestly positive short-term outcomes since, in the Task, they lead to 
positive long-term consequences. In the present study, we had nonsmokers and 
smokers of both low and high dependence levels (assessed using the Fagerstrorn 
Test of Nicotine Dependence and expired breath carbon monoxide levels) perform 
a modified computerized version of the Task during recording of continuous EEG. 
In addition to cross-group comparisons, performance measures were compared to 
the choice-associated readiness potential and the outcome-elicited P300, to test 
whether dependence is associated with hypersensitivity to short-term rewards, 
hyposensitivity to long-term punishments, and/or shortened processing of 
decisions. Implications for understanding the neurocognitive etiology of 
addiction-related behavior are discussed. Supported by NJDA (DA 117-31-01).
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4 6 3 .3

NEUROANATOMICAL FINDINGS IN WILLIAMS SYNDROME 
(W M S). A. M. Galaburda*, Beth Israel Deaconess Medical Center and 
Harvard Medical School, Boston, MA 02215.

We examined 4 brains of patients with WMS. The brains were 
uniformly small and showed curtailment of the posterior half and 
abnormal gyral folding in the central region dorsally. Primary and 
association architectonic areas were all present and well differentiated. 
However, all brains showed focal areas of clustering and misorientation 
of neurons and unusual lamination distributed throughout without a 
regional bias. Antibodies to molecules implicated in the WMS deletion 
and other developmentally relevant markers showed normal staining for 
Acetyl cholinesterase, CAT-301 (a marker for magnocellular visual 
neurons), laminin, and CGRP. Elastin did not stain in the forebrain or 
cerebellum. On the other hand, Lim-1 kinase, also hemideleted in 
WMS, stained well in both WMS and control brains.

One brain was sectioned serially. This brain showed multiple areas of 
intracortical and subcortical microvascular injury affecting the dorsal 
portions of the hemispheres. These were acquired lesions, probably over 
a lifetime, reflecting underlying cardiac disease. Finally, 
neurohistometric studies have Been carried out. The results are 
preliminary, Area 17 of the WMS and control brains were compared. 
The average neuronal size is greater in WMS, and there is a trend toward 
a lesser cell packing density in the WMS brain. In conclusion, there is 
evidence of dysmorphic development of the WMS brain, which 
implicates areas known to mediate the demonstrated abnormal 
visuospatial function. However, in one known instance, additional 
acquired vascular injury affected the dorsal hemispheres, a location 
compatible with the severe visuospatial disorder seen in WMS and the 
sparing of facial recognition. (Supported  by N IH -N IC H D  H D 33113).

4 6 3 .5

IM P A IR E D  A T T R IB U T IO N  O F  S O C IA L M E A N IN G S  T O  AB S TR A C T  
DYNAM IC  G E O M E T R IC  PATTE R N S  FO LLO W ING  DAM AG E TO  THE  
AMYGDALA. A S. Heberleina , R. Adolphs*3, D. Tranelb , D. Kemmerer*3, S. 
Anderson*b, A.R. Dam asiob. a- Neuroscience Graduate Program. b- Div. 
of Cognitive Neuroscience, D ept. of Neurology, Univ. of Iowa Coll, of 
Medicine, Iowa City, IA 52242.

The amygdala is implicated in emotional and social behaviors in both 
humans and animals. While considerable data from non-human animals 
show the amygdala to be critical to normal social behavior, its function in 
human social cognition is poorly understood. W e  exam ined subject SM, 
who has complete bilateral damage restricted to the amygdala, and who is 
impaired both in recognizing emotion and in making social judgments of 
other people, and com pared her to 6 brain-dam aged controls. To 
investigate retrieval of social knowledge, we showed subjects a short, 
silent, black-and-white video depicting geometric shapes moving on a white 
background (Heider and Simmel, 1944). Numerous studies have found 
that this video reliably elicits social narratives, as well as attributions of 
mental and emotional states, from normal adults and children. Brain
damaged controls also gave free-response descriptions of the video that 
contained many social and anthropom orphic term s in the following 
categories: human-like or social actions, em otional/intentional states, 
personality traits, social roles, or age or gender referents. By contrast, 
subject SM failed to use any social or anthropomorphic terms whatsoever, 
describing the video instead in purely geom etric terms. Social and 
anthropomorphic terms only em erged in SM's description after explicit 
prompting by the experimenter. The human am ygdala may be critical to 
trigger spontaneous social attributions on the basis of simple visual cues.

A.S.H. is supported by an Iowa Fellowship. Supported by N INDS grant 
PO 19632.

4 6 3 .7

THE EFFECTS OF NOVELTY ON PERFORMANCE OF TESTS SENSITIVE TO 
FRONTAL LOBE DYSFUNCTION IN SCHIZOPHRENIA. TJ. Omstein,1* PJ. 
McKenna,1,2 and BJ Sahakian 1. 1Department of Psychiatry, University of Cambridge, 
Cambridge, CB2 2QQ, UK. 2Fulboum Hospital, Cambridge CB1 5EF, UK.

Current influential theories of frontal lobe function have highlighted the 
importance of intact function for successfully negotiating novel situations and tasks 
(1,2). Hence, performance on tasks of ‘executive’ function may be inherently more 
variable than those tasks sensitive to dysfunction in more posterior cortical regions (e.g. 
episodic memory). Performance on tests sensitive to frontal lobe function has been 
shown to be severely compromised in patients with schizophrenia (3,4) even in high 
functioning patients (5). This has led to Robbins (1) and others (6) proposing a 
frontostriatal hypothesis for the cognitive impairments seen in schizophrenia. The 
cognitive deficits are of great importance since they may limit the extent to which 
patients can benefit from rehabilitation (7). The aim of this study was to determine 
whether patients with schizophrenia show heightened variability in performance on 
frontai ‘executive’ tests as compared with age and premorbid IQ matched normal 
volunteers. Therefore, it was decided to test and retest patients and controls on tests 
differentially sensitive to frontal or temporal dysfunction from the CANTAB 
computerised neuropsychological test battery and other conventional tests. A sample of 
18 medicated schizophrenic patients (17 male; 1 female) with a mean age of 45 .6±  2.61 
and NART of 105.4± 2.3 met Research Diagnostic Criteria for schizophrenia and 
scored greater than 23 on the MMSE. All participants were retested over a period of 5-8 
weeks. As expected, results for a selection of the tests showed that performance of the 
schizophrenic patients was significantly impaired compared with that of the control 
volunteers. Patients also presented with more variable task performance over the two 
test sessions. 1. TW Robbins (1990). Schizophr Bull, 16, 391. 2. T Shallice & P 
Burgess (1996). Phil. Trans. R. Soc. Lond. B, 351, 1405. 3. TE Goldberg et al (1987). 
Arch Gen Psychiat, 44, 1008. 4. PF Liddle & DL Morris (1991). Br J  Psychiat, 158, 
340. 5. PJ McKenna et al (1990). Psychol Med, 20, 967. 6. CD Frith (1992). The 
Cognitive Neuropsych of Schizophr. 7. TE Goldberg et al (1993). Br J  Psychiat, 162, 
43. Supported by a Wellcome Trust Programme Grant.

4 6 3 .4

IMPAIRMENTS IN SOCIAL COGNITION FOLLOWING ORBITOFRONTAL OR 
AMYGDALA DAMAGE. V. E. Stone1*, S. Baron-Cohen1, A. W. Young2 , A. 
Calder3 , J. Keane3 . 1Dept. o f Experimental Psychology, Univ. o f Cambridge, 
Cambridge CB23EB, UK; 2Dept. of Psychology, Univ. of York, York, UK; 3Medical 
Research Council-Applied Psychology Unit, Cambridge CB22EF, UK

Damage to the amygdala or to orbitoffontal cortex may produce similar deficits in 
social cognition to those seen in Asperger's syndrome, a disorder thought by some to 
be a mild form of autism. People with Asperger's syndrome are thought to have 
impairments in the ability to make inferences about other people's mental states, an 
ability termed "theory of mind". Patients with orbitofrontal or amygdala damage may 
show a similar deficit in "theory of mind." Orbitofrontal damage has previously been 
demonstrated to impair performance on a test of faux pas recognition. We tested 2 
patients with damage to the amygdala on this same test One patient, D.R., had greater 
left than right amygdala damage, while the opposite was true for the other patient, S.E. 
The average performance of the control subjects (N=20) on this test was 92% correct. 
D.R. was severely impaired on this task, getting only 48% correct. S.E. was not 
impaired, getting 80% correct. It is possible that D.R. was more impaired than S.E. 
because her left amygdala has suffered greater damage and this is a highly verbal task. 
We tested these same 2 amygdala patients and 5 patients with bilateral orbitofrontal 
damage on a less verbal "theory of mind" test, inferring mental states from pictures of a 
person’s eyes. The average performance of control subjects (N=5O) was 81.2% correct. 
The 5 orbitofrontal patients were impaired on this task, with an average performance of 
67% correct. The 2 amygdala patients, D.R. and S.E., performed at 68% correct and 
64% correct, respectively. The amygdala and orbitofrontal cortex may be involved in 
making inferences about what other people are thinking or feeling, and may be 
implicated in these social deficits in Asperger's syndrome.

Supported by NINDS grant F32 NS 09977-01 to V.E. Stone, and by grants from the 
UK Medical Research Council to S. Baron-Cohen, A. Young, A. Calder and J. Keane.

4 6 3 .6

ABNORMAL ANTERIOR CINGULATE ACTIVATION DURING COGNITIVE 
INHIBITION IN SCHIZOPHRENIA: AN EVOKED FUNCTIONAL MRI STUDY. 
A, Beker*, L. Fermaglich, D.C. D’Souza, J.C. Gore, J.H. Krystal. Cognitive 
Neuroscience Lab., VAMC, West Haven CT 06516 USA, and Departments of 
Psychiatry and Diagnostic Radiology, Yale University School of Medicine, New 
Haven CT 06510 USA.

The anterior cingulate cortex (AC) has been demonstrated to be activated in healthy 
subjects during selective attention tasks such as the STROOP task. This activation 
has been associated with response selection and inhibition of interfering incompatible 
information. We examined the integrity of cingulate regions in schizophrenic patients 
during a novel inhibition task, designed to enable trial-by-trial assessment of 
cingulate activation during incompatible events. Eleven healthy controls and twelve 
schizophrenic patients were tested during a stimulus counting task. On 1/3 of the 
trials the stimuli consisted of stars, on the other 1/3 the were digits which matched the 
number of stimuli (compatible), and the other 1/3 the stimuli were digits which were 
incongruent (incompatible) with the number of stimuli. Gradient echo, echoplanar 
images were acquired on a 1.5 T MR system. During each of 10 experimental runs, 
128 images (TR=1.5 s, TE=45 ms, a=6Oº, 7mm slice thickness) were acquired for 
each of 8 axial slices extending dorsally from the AC-PC. Segments consisting of the 
5 images preceding and the 9 images following each target were excised and the time 
course of each voxel was convolved with a target average activation time course 
obtained in a prior study. Behaviorally, healthy subjects showed significant facilitation 
and interference effects for compatible and incompatible trials respectively. 
Schizophrenic patients showed significantly greater interference effects, consistent 
with previous reports of deficits in inhibitory functions. FMRI results revealed 
selective activation of the AC in healthy subjects during the incompatible trials but 
not for schizophrenic patients, suggesting that abnormal anterior cingulate function 
may account for poor inhibitory processes in schizophrenia. Supported by n a r s a d .

4 6 3 .8

IMPAIRED DECISION-MAKING IN PERIPHERAL NEUROPATHY. A. 
Bechara*, D. Tranel, J. Wilson, A. S. Heberlein, M. Ross, and A.R. 
Damasio. Dept. Neurology, Univ. o f Iowa, Iowa City, I A, 52242.

The somatic marker hypothesis proposes that body-related information 
obtained directly from the body proper ("body loop"), or indirectly from 
CNS somatic representing structures ("as-if-body-loop"), is critical for 
mechanisms of decision-making. To investigate the part o f the hypothesis 
related to the "body loop” mode o f operation, we tested the prediction that 
significant impairments o f nervous system signaling, as seen in certain 
neuropathies, should be associated with impairments on the gambling task, 
an established paradigm for measuring decision-making. In this task, 
subjects have to choose between decks o f cards which yield high immediate 
gain but larger future loss, and decks which yield lower immediate gain but 
a smaller future loss, i.e. a long term gain. The target subjects were patients 
with peripheral neuropathy, mainly o f the sensory type (n= 12). We 
compared their performance on the gambling task to that of 
demographically matched controls (n=7). We found that subjects with 
peripheral neuropathy performed deficiently on the gambling task relative 
to controls. The results support the notion that on-line signaling concerning 
body-state is relevant for decision-making processes leveraged by reward 
and punishment.
Supported by NINDS POl NS 19632.

Society for Neuroscience, Volume 24 ,1998



TUESDAY AM COGNITION: HIGHER FUNCTIONS—PATIENTS AND SEX DIFFERENCES 1177

4 6 3 .9

TASK REGULATION IN HUNTINGTON’S DISEASE. L.H.A. Watkins1*, R.D. 
Rogers2, A.D. Lawrence4, B.J. Sahakian3, A.E. Rosser1 and T.W. Robbins 1,2. 1MRC 
Cambridge Centre for Brain Repair, 2Departments of Psychology and ’Psychiatry, 
University of Cambridge, UK and 4PET Neurosciences, MRC Cyclotron Unit, 
London, UK.

Huntington’s disease (HD) is an inherited neurodegenerative condition 
characterised by motor, behavioural and cognitive deficits. The striatal damage that 
occurs early on in HD leads to disruption of the fronto-striatal loop circuitry; patients 
show deficits in executive function akin to those seen after frontal lobe damage. 
Early HD patients are profoundly impaired at the attentional set-shifting test, a 
computerised analogue of the Wisconsin Card Sort Test, as they are unable to shift 
their attention to a newly relevant dimension at the extra-dimensional shift stage.

Attentional switching was investigated in patients with early HD and matched 
control subjects using a go-no go paradigm where subjects had to switch responding 
between letter and number categories. HD patients were not disproportionately 
affected by the switching component o f the task. Although the patients did not make 
more false positive errors than control subjects, they were significantly more 
sensitive to interference from the response on the previous trial. Decision making 
was investigated using a computerised gambling task where HD patients and controls 
had to select and bet on outcomes on the basis of their differing probabilities. HD 
patients did not show impaired decision making, in contrast to ventro-medial pre
frontal cortex lesion patients, chronic amphetamine abusers and tryptophan-depleted 
subjects, who have all been found to show impairments on this task.

The results of these tasks are compared to data on other attentional tasks including 
the Stroop test, WCST and attentional set-shifting test and may be explained by the 
probable path o f progression of the disease through the striatum and the resultant 
pattern o f disruption of the different ffonto-striatal loops.
Supported by: Huntington’s Disease Association and British Brain and Spine 
Foundation.

463 .11

THE EFFECT OF UNILATERAL TEMPORAL LOBECTOMY ON PATH 
INTEGRATION ABILITIES IN HUMANS. C. L. Wiseman1, H. Spires2, J. Morley 
2, R.G. Morris1, M. Recce3*. 1Institute of Psychiatry, Denmark Hill, London; 
2Anatomy Department, University College London, London, and departm ent of 
Computer Science, N.J.I.T, Newark, NJ.
There is substantial evidence to suggest involvement of the right human hippocampus 
in spatial navigation. Recent research with rodents has suggested that the 
hippocampus is required for a particular type of spatial navigation, called path 
integration. To investigate whether the human hippocampus is involved in path 
integration and related functions, sixteen patients with a left temporal lobectomy and 
fifteen patients with a right temporal lobectomy were compared with fourteen matched 
control subjects on four experimental tasks. These tasks were developed to assess the 
ability to form an internal representation of self-motion. Subjects wore a blindfold 
and sound attenuating earcovers. Their movements were tracked by cameras linked to a 
computer. The four tasks tested the ability to deduce a homing vector (known as path 
integration), reproduce a previously walked route, reproducing a distance and 
estimating a turn. To assess other possible cognitive deficits relating to these tasks 
subjects were tested on tasks invoving mental rotation, left-right orientaion and time 
estimation. Results suggest that a unilateral temporal lobectomy does not effect the 
ability to form an internal representaion of a route. However they do suggest that a 
right temporal lobectomy affects the ability to execute a rotation in navigation relying 
on knowledge of previous self-motion. A right temporal lobectomy was also found to 
affect the ability to estimate a moving objects time of arrival. These findings are 
consistent with research linking the hippocampus to the vestibular system. This study 
provides further information about the role of the human mesiotemporal lobes in 
navigation.

4 6 3 .1 3

COGNITIVE CORRELATES OF VARIATION IN INTERHEMISPHERIC 
CONNECTIVITY: SEX DIFFERENCES. S.F.Witelson,* A.Unsal and D.L. 
Kigar. Dept. of Psychiatry, McMaster Univ., Hamilton, ON, Canada, L8N 3Z5.

Does variation in hemispheric functional asymmetry have any consequences 
for cognitive ability? Anatomy o f the corpus callosum (CC) is one measure of 
variation in interhemispheric connectivity and is also related to measures of 
functional asymmetry such as hand preference and language lateralization. The 
aim o f  this study was to assess whether variation in functional asymmetry, as 
indicated by variation in CC anatomy, is related to variation in cognition. The 
study investigated the relationship between Wechsler IQ factors (Verbal 
Comprehension -VC; Perceptual Organization - PO) and the midsagittal area o f 
the CC and 7 subregions in a sample o f 51 postmortem brains (24 men and 27 
women). For women, VC was correlated with total CC area (r = 0.6 , p < .01) 
and with 5 CC divisions (r = 0.4 to 0.6). In contrast, there was no evidence o f a 
relationship in men (r = 0.1). The reverse pattern was observed for PO. There 
was no correlation in women. In men, a relationship was present but depended 
on hand preference. Non-right-handed men showed a positive relationship of 
PO and anterior CC regions (r = 0.7). Right-handed men showed a negative 
relationship o f PO and the splenium (r = -0.9). Although not predicted, marked 
sex differences occurred in a double dissociation pattern: anatomy correlated 
with only VC in women, and only PO in men. The results suggest a possible 
model o f interhemispheric connectivity and cognitive ability. Groups with 
greater bihemispheric representation o f cognitive functions and greater 
anatomic connectivity (as in women and non-right-handed men) have a positive 
relationship between CC size and ability. Groups with greater unilateral 
representation and less connectivity, as in strongly right-handed men, have a 
negative relationship. Supported by NS 18954.

4 6 3 .1 0

NEUROPSYCHOLOGICAL PERFORMANCE OF HEMODIALYSIS PATIENTS:
A PERSPECTIVE OF AGE. M.A. Williams, S. Romano,
K. Odedosu, P.W. Stewart*, R.G. Burright, & P.J. Donovick. 
Department of Psychology, Environmental Neuropsychology 
Lab, State University of New York at Binghamton & 
Neuropsychology Unit, UHSH, Johnson City, NY.

Recent studies of neurocognitive performance in end- 
stage renal disease (ESRD) patients suggests that the 
correction of neurotoxic urea levels and anemia with 
hemodialysis and erythropoietin therapy respectively serve 
to improve neurocognitive dysfunction of attention, memory, 
and psychomotor speed. Methodological variations often 
impede understanding of the neurocognitive function in 
older ESRD adults. Although research has contributed 
substantially to understanding the factors affecting 
neurocognitive performance in ESRD patients, there is 
still considerable uncertainty as to role that age of 
patient at onset of ESRD may play in the brain's 
resiliency. Rather than following individuals over time, 
neuropsychological improvement is typically gaged by 
comparing a patient’s current cognitive performance to 
data from demographically similar individuals. We will 
address these issues in an attempt to clarify 
neurocognitive changes in non-anemic older ESRD patients 
as a results of hemodialysis.

4 6 3 .1 2

LARGE VISUOSPATIAL SEX DIFFERENCE IN HUMANS ON A 
GROUP VERSION OF A LINE JUDGMENT TASK. M.L. Collaer*. 
Dept. of Psychology, Middlebury College, Middlebury, VT 05753

Humans show sex differences, on average, in certain cognitive abilities. 
Biological (e.g., hormonal) and environmental factors, singly and in 
interaction, have been proposed to influence the brain to account for 
these differences. Because most human cognitive sex differences are 
small to moderate in size, exploration of their origins has been difficult, 
typically requiring large samples to achieve adequate experimental 
power. Unfortunately, collecting large samples is problematic in some 
populations of interest, for example, patients with endocrine (e.g., sex 
steroid) abnormalities, whose numbers are limited.

We have developed a visuospatial task similar to Benton's Judgment of 
Line Orientation test (JLO) to address this issue. By modifying task 
format and item difficulty of Benton's JLO, we have designed a task that 
is appropriate for group testing of normal subjects. Findings from 71 
college students showed that males scored higher (M=17.18, SD=2.39) 
than females (M=14.58, SD=3.71), p=.OOl, resulting in a large effect 
size for sex (d=0.8). In addition, performance on the test related to 
college major for males but not females, with males in the humanities 
scoring significantly lower than those in the natural or social sciences. 
Preliminary data also indicate that performance on this test does not 
correlate with 3-D mental rotation (another visuospatial ability that 
shows a large sex difference) suggesting this new test may tap an 
independent skill.

The large sex difference on this task may make it useful for 
investigating potential hormonal and neural origins of cognitive sex 
differences, particularly for studies with limited samples, such as those 
using patients with endocrine abnormalities.

Supported by HHMI Grant #71196-504602

4 6 3 .1 4

POSSIBLE DOUBLE DISSOCIATION OF FUNCTION BETWEEN ADULT 
MALES AND FEMALES IN TWO BRAIN SYSTEMS. R. Reavis, W. H. 
Overman*, S. Hendrix, W. Exposito, C  Dezio-Cottle. Dept. Psychology, 
Univ. North Carolina at Wilmington, Wilmington, N.C. 28401.

Gonadal hormones influence the functional development of orbital 
prefrontal (ORB) and inferior temporal (IT) cortices in monkeys. Infant 
male monkeys outperform females on an ORB task, object reversal, and 
infant females outperform males on an IT task, concurrent discrimination; 
the directions of sex differences are reversible by hormonal manipulations 
(Goldman et al, 1974, Sci. 186, 540; Bachevalier et al, 1989, Dev.
Psychobiol. 22, 585). Infant humans show the same behavioral double 
dissociation (Overman et al, 19%, Beh. Neurosci., 110,673). It has not been 
dear whether the cognitive sex differences exist into adulthood of either 
species. Two newly developed tasks are known to measure functions of the 
two brain systems in adult humans. A "card task" measures the function of 
ORB (Bechara et al, 1994, Sci. 275, 1295) and a "weather task" measures 
the function of basal ganglia (Knowlton et al, 19%, Sci. 273, 1399.). The 
latter is a habit task of the type known to depend on the IT which projects 
to the basal ganglia. We administered computerized versions of these 
tasks to young normal adult males (n=46) and females (n=43). Males were 
superior to females on the ORB task, p=.11 and females were superior to 
males on the IT task, p=.17. These marginally significant results suggest 
that the two brain systems are sexually dimorphic into adulthood. Pilot 
data indicate a systematic role of gonadal hormones on the IT task: high 
hormone women (midluteal) were superior to males, p=.07, while low 
hormone women (postmenopausal) were worse than premenopausal women 
and males, p=.001. (Supported by NICHD RO1-MH35542.)
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SENSORIMOTOR GATING ACROSS THE MENSTRUAL CYCLE. N.R. Sw erdlow * 
and P.L. H artm an. Dept. P sy c h ia try , UCSD, La Jo lla , CA 9 2 0 9 3 - 0 8 0 4  

Sensorim otor gating o f acoustic s ta rt le , m easured by prepulse in h ib i 
tion (P P I) ,  is sexually  d im orph ic , w ith  m ore PPI exh ib ited  by norm al 
m en v. women. W e reported  (B io l Psychiat 4 1 :1 9 9 7 )  reduced PPI and 
increased fa c ilita tio n  o f visuospatial p rim in g  (V S P ) in lu teal (L U T ) v. 
fo ll ic u la r  phase (F O L ) norm al wom en, w ith  reduced PPI p r im a r i ly  
evident in subphases o f high estrogen and progesterone. That study used a 
b e tw ee n -s u b je ct design, u n ila te ra l (R )  b link  s ta rt le , no o th e r m easures  
w ith  known sex differences or m enstru al c y c lic ity , and s e lf-re p o rte d  
cycle dates. W e now re p o rt findings o f a la rg e r  study o f acoustic s ta rt le ,  
using w ith in -s u b je c t  m easures, b ila te ra l s ta rt le , ovulation assays, and 
contemporaneous measures o f mood, VSP, tactua l perform ance (T P T ) ,  
fin g e r tapping (F T ) ,  grooved pegboard (G P ), ob ject ro ta tion  (O R ) and 
line bisection (L B ). C a re fu lly  screened R handed controls  w ere  tested  
tw ice  ( T 1 , T 2 )  -  women during e a r ly -F O L  ( d 1 - 7 )  a n d m id -L U T  ( d 5 -  
1 0  p o s t-o v u la tio n ) w ith  o rd er balanced; m en w ere  yoked to  these dates. 
S tim u li e lic ited  a range o f s ta rtle  m odulation, fro m  fa c ilita tio n  (P P F ) to  
PPI. Expected sex -d iffere n ce s  in PPI (M > F ) w ere  observed b ila te ra lly ,  
during T 1 a n d T 2; o v e ra ll, women exh ib ited  a n o n -s ig n ific an t tren d  
towards predicted m enstrual sh ifts  in PPI, m ost evident during T 2  (FO L  
= 3 7 .4 % ; L U T = 3 0 .1 % ) ;  a s im ila r  pa tte rn  was seen fo r  PPF (F O L = -
9 .1  %; L U T = -2 1 .2 % ) .  Sex d ifferences w ere  observed in TP T and FT 
(speed M > F) and OR (ite m s  c o rrec t M > F ); only trends tow ards  
m enstrual c y c lic ity  w ere  seen in 2 m easures, VSP and LB. C rit ic a l s u b 
phase data, s ta rtle  m agnitude, hab ituation , latency and latency f a c i l i t a 
tion w ill be presented; as w ill  in te rm easu re  c o rre la tio n s , la te ra lize d  
findings and re tes t s ta b ility . Supported by M H 5 4 6 2 1  and M H 0 1 4 3 6 .
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SEPARATING EVENTS W ITHIN  A TRIA L W ITH  EVENT- 
RELATED FMRI. J.M.Ollinger,M.Corbetta*, S.E.Petersen. and G.L.Shulman. 
Wash. Univ. Sch. Med., St. Louis, MO 63110

VW examined 1) whether linear models can separate fMRI BOLD responses on 
successive intervals within a trial, as when two stimuli are presented one 
immediately after the other and 2) the effects of errors in the assumed hemodynamic 
response function (HRF) on estimates of statistical significance.

We separate the fMRI responses to adjacent stimuli by including trials in which 
the two stimuli occur in succession as well as catch trials in which only the first 
stimulus occurs. This ensures unique estimates of the timecourses for both stimuli 
when the time interval between trials is randomly varied. We estimate timecourses 
for the BOLD response rather than coding an HRF into a design matrix. 
Magnitudes are then defined by cross-correlating these timecourses with assumed 
HRFs. As a result, mismatches between the assumed HRFs and the estimated 
timecourse degrade magnitude estimates but not variance estimates. In order to 
validate this approach, flickering checkerboards of different contrasts were bilaterally 
presented in the peripheral field. Scans were conducted that involved: 1) high 
contrast trials 2) low contrast trials and 3) a mixture of trials involving low 
contrast stimuli only (catch trials) and contiguous low contrast-high contrast 
stimuli. Z-statistics were estimated using models in which an HRF was or was not 
(current approach) coded into the design matrix.

There were two main results. 1) The low contrast timecourses estimated from the 
low contrast and mixture scans were highly correlated, indicating that adjacent 
events can be separated. 2) Coding the model function into the design matrix 
yielded slightly higher z-statistics if the model was accurate, and lower z-statistics if 
the assumed delay was incorrect or if the response duration was too long. 
McDonnell Cntr for Higher Brain Fen, Charles A. Dana Foundation, NS0683, 
NS32979, EY00379

4 64 .2

STATISTICAL WAVELET ANALYSIS TECHNIQUES FOR FM RI
Jonathan W. King*,º Paul J. Reber,† Irina Gorodnitsky,º and Marta Kutasº, 

Departments of Cognitive Science,0 and Pychiatry†, UCSD.
Obtaining useful FMRI results depends on the analysis o f voxel time series data 
whose signal-noise ratio (SNR) can be very low for single trials or runs, even when 
relatively large voxels are used. Further progress on many research questions will re
quire both smaller voxels and more flexible experimental designs, so improvements in 
basic signal processing of single voxel data are needed. We present preliminary data 
on the use o f a statistical wavelet analysis technique (SW AT) that is more efficient 
than averaging and can improve SNR across as few as 3 or 4 replications (runs) o f an 
experimental treatment. SW AT was originally developed for use with event-related 
potential (ERP) data, (King, Gorodnitsky, & Kutas, (1998) J C N  lO (S):100) and takes 
advantage o f the standard assumption that hemodynamic activity in a given voxel is 
temporally invariant with respect to cognitively relevant events, and that noise activi
ty has an expected value o f zero over trials. We perform stationary wavelet 
transforms of the replicated voxels, and use a Bayesian approach to update the values 
of the wavelet coefficients using non-parametric statistics collected over a voxel and 
its presumed replicates. The inversion o f this filtered wavelet transform thus yields a 
filtered time series. As a demonstration, data from 4 replications o f a slow-paced 
finger tapping study (using 3 mm axial slices to create low SNR) were analyzed using 
SWAT. Raw correlations between the best voxel in motor cortex and an ideal hemo
dynamic reference function ranged between .26 and .34 for the single runs, while 
their average correlated at .51; the corresponding SWAT-filtered voxel correlated at 
between .49 and .65 for single runs, and the SWAT-filtered average correlated at .68. 
SW AT is flexible, and should be appropriate for use with event-related averaging 
techniques in fMRI (e.g., Rosen, Buckner, and Dale (1998) P N A S  95(3):773-780 ). 
Supported by grants HD22614, AG08313 and M H 52893 to MK, M H 11150 to PJR, 
and funds from the San Diego M cDonnell-Pew Center for Cognitive Neuroscience.

4 6 4 .3

TRANSITIVE INFERENCE MECHANISMS AND THE INVOLVEMENT OF 
PREFRONTAL CORTEX. B.D. Acuna*, C.K. W ang, J.N. Sanes, and J.P. 
Donoghue. Dept. of Neuroscience, Brown University, Providence, RI 02912.

Transitive inference (TI) is an instance of problem solving in which, given 
A<B, B<C, C<D, D<E, subjects can infer new knowledge such as B<D. We tested 
two possibilities of how subjects may solve TI . One is that they create a unified 
mental representation of the sequence and then manipulate it to locate and compare 
test items (e.g., B vs. D). Alternatively, TI may be solved by using an associative 
chaining method, sequentially accessing each intervening item between the two test 
items, as in reciting the alphabet. Having a unified mental representation predicts 
that reaction times (RTs) will shorten as more items intervene between the two test 
items. This is called the symbolic distance effect (SDE). On the other hand, the 
associative chaining hypothesis predicts longer RTs when more intervening items 
occur between test items.

Pairs of stimuli were presented visually, and subjects had to decide which item 
of the pair occurred later in the sequence. RTs of 10 humans and one monkey 
showed SDE. In humans, we also found an inverted-U endpoint effect, with shorter 
RTs as test pairs were closer to the endpoints of the sequence. Humans also 
showed an interaction between SDE and the endpoint effect. The monkey showed 
no evidence of an endpoint effect. We conclude that primates form unified 
representations, or “mental models”, to organize symbolic information 
parsimoniously and to deduce new knowledge from known facts.

An initial functional MRI study indicated more activation in prefrontal cortex 
during TI than during a control task. This supports the hypothesis that the 
prefrontal cortex participates in gleaning new information, in this case via TI, from 
overleamed facts.

Support: NIH NS25074, NS35376, AG10634; J. S. McDonnell Foundation.

4 6 4 .4

PROCESSING RELATIONALLY COMPLEX REPRESENTATIONS IN 
RAVEN'S PROGRESSIVE M ATRICES: AN fMRI STUDY. J.K . 
Kroger,1,2* K.J. Holvoak,1,2 Bookheimer,S.Y,3,6 and Cohen,M.S.4,5,6 1Dept. 
o f Psychology, UCLA; 2Brain Research Institute, UCLA; 3Dept. o f 
Psychiatry, UCLA School of Medicine; 4Dept. of Radiology, UCLA School 
of Medicine; 5Dept. of Neurology, UCLA School of Medicine;6Brain Mapping 
Division, UCLA School of M edicine, University of Cailifornia at Los 
Angeles, Los Angeles, Ca. 90024

The Raven's Progressive Matrices (RPM, Raven, 1962) is a nonverbal 
measure of fluid intelligence and reasoning and is sensitive to frontal lobe 
dysfunction. Relational similarity plays a role in reasoning and categorization 
(Kroger & Holyoak, 1997; Goldstone, Medin, & Gentner, 1991). The need to 
perceive and manipulate relational structure in RPM may underlie its 
sensitivity to frontal lobe dysfunction. To determine the neural components 
underlying the mediation of relational structure, we had subjects complete 
problems fashioned after the Raven's matrices, presented in blocks of varying 
levels of relational complexity. Additionally, we had subjects perform blocks 
in which relational complexity remained constant and increasing numbers of 
distracters were included. Finally, a block of trials in which the Raven's 
matrices were overlaid by a noise mask were presented. The latter two 
manipulations were designed to make the task more difficult without 
increasing complexity, to enable comparisons o f difficult mediation or 
attentionaliy demanding processing with increasingly complex relational 
processing. Sixteen echoplanar slices 4mm thick were obtained obliquely (TR 
= 3sec, TE = 45msec, flip angle = 80 degrees). Analysis of progressively more 
relationally complex blocks indicated a distributed anatomical network is 
responsible for processing of relational structure.
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464.5
A NOVEL STUDY OF ACTIVATION DURING THE STROOP TASK 
USING EVENT-RELATED FMRI. H.-C. Leung1*, B. S Peterson2, J. C. 
Gatenby1 and J. C. G ore1. 1Dept. of D iagnostìc Radiology, 2Ύ ale Child 
Study Center, Yale Unív. Med. Sch.; New Haven, CT 06510.

Event-related fMRI techniques allow the study of the transient 
hemodynamic responses produced by individual sensory stimuli. Such 
studies have previously been used, for example, to show the relationship 
between the time course of activation within sensory cortical regions and 
single sensory events (e.g. Robson et al. 1998). Event-related fMRI permits 
different types of experimental design to more conventional "block" 
designs, and in cognitive tasks may elicit a different response.

In this study, we adopted event-related fMRI to study the Stroop's color 
and word interference task. Color words are presented in the same color 
(congruent) most of the time (93%), while occasionally color words are 
presented in a different color (incongruent). Whole brain images (10 
slices) are acquired using a 1.5 T GE scanner with echo planar imaging 
during which healthy volunteers perform the silent color naming task. 
Subjects are specifically asked to avoid reading. The occurrence of each 
incongruent event identifies an "epoch". Cortical regions activated by the 
incongruent stimuli are identified by cross-correlation with an 
experimentally-derived time course function. MRI signal changes that are 
related to incongruent color-word events are averaged over 8-10 runs (48- 
60 trials). Results from averaged data indicate similarity with previous 
studies using block design (Peterson et al. 1998). However, in addition the 
time course results demonstrate that cortical activations of the prefrontal, 
anterior cingulate, premotor and language areas occur at different onset 
times and last for different lengths of time. This method allows us to study 
the time courses of multiple cortical responses to a single type of event.

Supported by NIH training grant NINDS 1T32NS07416-01

464.7
SELECTIVE ATTENTION AND “STROOP-LIKE EFFECT” IN THE 
MACAQUE MONKEY K. Tsu tsu i1*, M. K oizum i, M. S akagam i and O. 
Hikosaka D e p t. of Physiology, Juntendo Univ. Sch. of M ed., Tokyo, 
Japan; 1Dept. of Psychology, Univ. of Tokyo, Tokyo, Japan.

W e  trained three Japanese m onkeys (M a ca ca  fu s c a ta )  to perform  a 
selective attention task with m ulti-m eaning visual stimuli which w ere  
com posed of 3 visual subm odalities (e .g . color, motion and shape). In 
this task subjects had to d iscrim inate the stimuli by attending to one of 
visual subm odalities to m ake a go or no-go response. Using a probe 
test, we confirm ed that m onkeys perform ed this task depending on the 
selective attention strategy, not on the conditional discrim ination  
strategy. W e  then analysed the reaction tim e (R T ) to go stimuli. There  
w ere three types of go stimuli, depending on w hether the two irrelevant 
subm odalities indicate go (G ) or no-go (N ); they would be denoted as 
G *G G , G *G N , G *N N  (*:to -be -a ttended , re levant s ubm odality). For 
exam ple, G *N N  indicates a stimulus to which the subject has to m ake a 
go response based on color, but “shape” and “m otion” indicate no-go. 
W e  found that the RTs to congruent stimuli w ere system atically  shorter 
than those to incongruent stimuli (368  ms to G *G G , 374  ms to G *G N , 
and 385 ms to G *N N ; p<0,01 (t-test) in all 3 com binations), while the 
perform ance in all the conditions w as above 90% . These  results are  
very sim ilar to the phenom enon called Stroop effect which have been  
widely used for hum an subjects to exam ine the functions of the  
prefrontal cortex.

Supported by grants from the M inistry of Education, S c ie n ce , Sports  
and Culture of Japan

464.9
MONKEYS COPY GEOMETRIC SHAPES. M.V. Chafee*, B.B. Averbeck, D.A. Crowe 
and A.P. Georqopoulos. Brain Sciences Center, Dept. of Veterans Affairs Medical 
Center, Minneapolis MN 55417.

In order to draw a copy of a seen figure, a representation of the perceived shape must 
be translated into a sequential motor output directing the hand. In humans with damage 
to posterior parietal cortex, this process is disrupted, such that some elements of drawn 
copies are missing and others are not placed in the proper spatial relationships. To 
investigate the behavioral (and ultimately neuronal) processes at work, we trained 
monkeys to copy, using a x-y joystick, simple geometric forms displayed on the right 
half of a video monitor. The joystick controlled a cursor whose movement left a 
persistent, visible trace on the left half of the monitor. Accuracy of the drawn trajectory 
was assessed by detection of vertices and their distance (error) from the vertices of an 
ideal trajectory forming an exact copy of the template. Drawn vertices were defined as 
points (1) where positive-going zero crossings of the acceleration profile occurred, and 
(2) the angle of the segment drawn from that point differed from the angle of the 
previous segment by at least 30 deg. After several months of training, monkeys were 
able to draw accurately triangles, squares and circles in a few seconds each.

The dependence of the copy on the continuous presence of the visual template was 
tested in probe trials by removing the latter after 200 ms of presentation. This resulted 
in a disorganized copy: in some cases a trajectory of approximately the same shape as 
the template but much smaller in size was drawn, whereas in other cases the trajectory 
bore no clear resemblance to the template. This effect attenuated sharply with 
repeated presentation of probe trials. In this case, it seems that enough shape 
information was acquired during the brief presentation of the stimulus, and, apparently, 
on-going comparison between the template and the trajectory, as it was being drawn, 
was not required. Copying was more severely impaired when the cursor and its trace 
were eliminated, so that no visual feedback regarding the history of the movement was 
available to the monkey. These data show that monkeys can draw geometrical figures 
from a visual template or, in its absence, from memory. This process of copying seems 
to depend on the availability of continuous visual information of the drawing movement. 
(Supported by USPHS grant NS17413.)

464.6
FMRI ACTIVATION OF CINGULATE REGIONS BY BOTH SPATIAL 
AND COLOR STROOP tasks . M. Banich*, M. Milham, R. Atchley, N. 
Cohen, A. Webb. T. Wszalek. A. Kramer. Z.-P. Liang. A. Wright. J. Shenker 
& R. Magin. The Beckman Institute, University of Illinois, Urbana, IL 61801.

The present study examined whether a spatial version of the Stroop 
task would activate anterior cingulate cortex and associated regions (i.e., 
supplementary motor areas) as has been observed previously for the 
Color Stroop task (e.g., Carter et al., 1997; Bench et al., 1993; Pardo et 
al., 1990). Via a 3-choice button-press response, the Color Stroop task 
required identification of the color ink in which words were printed, 
whereas the Spatial Stroop task required identification of a word’s 
position relative to a box. In both tasks, participants received four and 
half alternations between a neutral and Stroop condition. The neutral 
condition contained words with no color or spatial connotations. In the 
Stroop conditions, half the words were neutral and half were likely to 
engender interference (e.g., the word “red" printed in blue ink; the word 
“above" positioned below the box).

Imaging was performed at 1.5 T using an EPI BOLD sequence (TR=24OO 
msec, TE=4O msec, flip angle=60º) to obtain 10 axial slices (7 mm slices,
0 interslice interval; voxel size = 3.75 mm x 3.75 mm x 7 mm). Compared 
to the neutral condition, the Stroop condition reliably activated cingulate 
cortex and/or the supplementary motor area. This effect was more 
pronounced for the Color than Spatial Stroop task. These results provide 
further evidence that the anterior cingulate and associated brain regions 
are involved in attentional regulation of response selection. (Supported by 
the Functional Brain Mapping Project, Beckman Institute & Carle Clinic)

464.8
NEURAL CORRELATES OF “STROOP-LIKE EFFECT” IN PRIMATE 
PREFRONTAL CORTEX. M_. S akagam i , K. Tsutsu i1, M. Koizum i and
Q. H ikosaka D e p t. of Physiology, Juntendo Univ. Sch. of M ed., Tokyo, 
Japan; 1Dept. of Psychology, Univ. of Tokyo, Tokyo, Japan.

W hen the m onkey perform ed a go/no-go type selective attention task  
with m ulti-m eaning visual stimuli which w ere com posed of position, 
color and motion subm odalities, the “S troop-Iike e ffe ct” w as observed, 
in that the reaction tim es to congruent go stimului (all 3 properties in 
different subm odalities indicating go response: G *G G ) w ere  shorter 
than RTs to incongruent go stimuli (properties in irrelevant 
subm odalties indicating no-go: G *G N  or G *NN; see Tsutsui et al., this 
volum e). W hile  the m onkey w as perform ing this task, we recorded the 
activity of the visually evoked cells from the dorsolateral prefrontal 
cortex (D LP FC ). It has been indicated that many cells in D LP FC  show  
differential activity pattern depending on the upcoming response. 
Eleven out of 20 D LP FC  cells in this study showed significantly greater  
activity to congruent go stimuli (G *G G ) than to incongruent go stimuli 
(G *G N  and/or G *N N ). W e  confirm ed this tendency by population  
analysis with the com bined activity histogram  of the 20 cells. How ever, 
the response latencies to congruent stimuli did not d iffer from those to 
incongruent stimuli. These results are consistent with the 
neuropsychological observations which have suggested the im portant 
roles of the prefrontal cortex in the Stroop phenom enon and indicate  
that DLPFC is related to the underlying cognitive process, not to the  
m otor execution process.

Supported by grants from the Ministry of Education, S cience, Sports  
and Culture of Japan

464.10
HUMANS AND MONKEYS SOLVE MAZES. D.A. Crowe*, M.V. Chafee. B.B. Averbeck 
and A. P. Georgopoulos. Brain Sciences Center, Dept. of Veterans Affairs Medical Center, 
Minneapolis, MN 55417.

We developed a series of mazes that both monkeys and humans could solve. Human 
subjects viewed rectangular visual mazes traversed by three randomly turning paths. 
There were up to six openings of which four were labeled. Of those, one was the entry 
point and the remaining three were potential exits marked by arabic numerals. In 71% of 
the cases the path terminated in one of these three exits, and the subject was required 
to type the number corresponding to the true exit. In the remaining 29% of the cases, the 
path terminated inside the maze ("no exit" trials): in this case, subjects pressed the zero 
key. A monkey has been trained to solve a similar set of randomly generated octagonal 
mazes, depressing a pedal with its left foot if a path proceeding from a central start box 
reaches the perimeter and exits the maze, or a pedal with its right foot instead if the path 
does not exit, and terminates within the maze. In both monkey and human experiments, 
multiple linear regression indicated that the response time taken to solve the maze was 
a linear function of path length and the number of turns.

Evidence for the persistence of a time-consuming spatial cognitive process analyzing 
the path in the absence of eye movements was found in an experiment in which human 
subjects solved octagonal mazes subtending 34 deg of visual angle while maintaining 
fixation within the central start box. As in the monkey experiment, a key press indicated 
whether the path originating from the start box reached an exit or not. Human subjects 
correctly solved approximately 85% of the mazes in this case, and it was found that 
response time remained a linear function of the number of turns and the length of the path, 
even though saccades were not employed to follow it. This result is consistent with the 
hypothesis that subjects engage in a covert mental progression through the path. 
Flashing the maze for a short interval followed by presentation of a masking stimulus (grid) 
was used to determine the minimum duration of visual input required to support this 
process. A logistic function fit to the average percent correct performance at different 
intervals of maze presentation indicated a 300 ms threshold at which subjects solved the 
maze successfully in 75% of the trials. (Supported by USPHS grant NS17413.)
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464.11
MULTIDIMENSIONAL SCALING (MDS) OF VISUAL SHAPES AND THEIR MOTOR 
COPIES. B. B. Averbeck*, M. V. Chafee, D. A. Crowe and A. P. Georgopoulos. Brain 
Sciences Center, Dept. of Veterans Affairs Medical Center; Minneapolis, MN 55417.

Patients with constructional apraxia typically have deficits in their ability to copy objects. 
In this study, we probed the mechanisms of object copying in healthy human subjects by 
analyzing separately the perceptual and motor components of the task. For that purpose 
we used nine 2D geometrical line figures ("ideal shapes": equilateral triangle, isosceles 
triangle, square, diamond, trapezoid, pentagon, hexagon, circle, and lemniscate) of equal 
surface area. In an initial analysis, we quantified the dissimilarity (D) between specific 
ideal shapes, e.g. A and B, by calculating the area of non-overlap as D = (A◡B - A◠B) to 
form proximity matrices for 2D nonmetric MDS analysis. In the resulting derived stimulus 
configuration, the two triangles, the trapezoid and the lemniscate were at separate points 
whereas the remaining shapes were near each other. We then carried out two 
experiments. In the first, we sought to identify the dimensions along which the shapes 
above are perceptually coded. Subjects were shown a pair of these shapes for 300 ms 
each, followed by a mask, and indicated with a slide bar the perceived difference in the 
shapes; all possible 81 pairs were shown in a pseudorandom order five times. The average 
of 5 responses yielded proximity matrices representing the subject’s perceived difference 
between any two shapes. An MDS analysis revealed a stimulus configuration that only 
partially resembled that of the ideal shapes; for example, in contrast to the latter, the two 
triangles and the trapezoid were near each other, and the circle separate, whereas the 
lemniscate was still separate and polygons close together. Finally, subjects were asked 
to copy each one of the shapes above using a x-y joystick. We compared the generated 
motor copies with each of the 9 ideal shapes and calculated the value of D, as above, to 
quantify the difference of a given motor copy from a specific ideal shape. This analysis 
indicated that the motor copies of a specific shape were not always the closest to that 
shape but reflected other shapes from that set; that is, motor copies "confused" different 
shapes. In fact, a weighted MDS analysis of these "confusion" data showed that motor- 
copy confusions were systematic, were influenced by the shape presented for copying, and 
could not be accounted for by the perceived association between specific shapes. 
(Supported by USPHS grant NS17413.)

464.13
THE VOLATILE ANESTHETIC HALOTHANE. BUT NOT THE NON
IMMOBILIZERS PERFLUOROPENTANE AND 2N, SUPPRESS SYNAPTIC 
TRANSMISSION IN RAT HIPPOCAMPAL CAL D M. Taylor*, E.I. Eger, and P.E 
Bickler. Dept. Anesthesia, University of California, San Francisco, CA 94143 

The hippocampal slice has been employed extensively to investigate anesthetic 
mechanisms. Volatile anesthetics (VAs) decrease synaptic transmission at central 
neurons, through a combination of pre and post synaptic actions. Non-immobilizers 
(NIs) are compounds which would be predicted to be anesthetic based on structure 
and lipid solubility but. in fact, do not have an anesthetic effect. Such compounds arc 
useful in determining which of the many actions of VAs may be relevant to central 
m echanisms o f anesthesia. We examined the effects o f  the NIs, 2N ( 1,2 
dichlorohexafluorocyclobutane), perfluoropentane (PFP) and the VA halothane 
(HAL) on CA1 neurons to help clarify the relevance o f synaptic depression at this site 
to production of anesthesia. Transverse hippocampal slices (500 µm) were prepared 
from adult rats, and standard aCSF, stimulating and recording paradigms were 
employed. Stimulating electrodes were placed in the Schaffer collaterals, recording 
electrodes in s. pyramidalc of CA1. We measured latency to field population spike 
(PS). PS amplitude, and EPSP amplitude in control aCSF and in the presence of 2N. 
PFP and HAL. Concentrations o f these compounds were measured via gas 
chromatography. HAL. at clinically relevant concentrations, has predominantly 
depressant effects at this synapse, as many investigators have reported. At 
approximately 0.6 MAC ( 1 MAC approximates an ED50), PS amplitude is decreased 
and PS latency is increased. In contrast. 2N increased PS amplitude slightly and had 
no effect on PS latency, at concentrations both above (~ 1.5X) predicted MAC and 
below (~0 .3X). PFP (at ~ 0.3X predicted MAC) had no effect on PS amplitude, and 
caused a decrease in PS latency. However, in contrast to an earlier report utilizing 
PFP. we found that the NIs 2N and PFP do not act in a similar fashion to HAL; they 
are actually excitatory at "clinically relevant" concentrations. This suggests that 
inhibition of neurotransmission at CA1 synapses by VAs is relevant to the production 
of the anesthetic state in intact animals.
Supported by NIH grants GM 08440 and GM 52212.

464.15
HIPPOCAM PUS AS THE SUPERVISORY CONTROLLER OF 
CORTICAL PROCESSING. E. Koemer*1, J. Brankack2, and U. Koemer1. 
1HONDA R&D Europe, D-63073 Offenbach, Germany, and 2 Brain Sci. Inst.,
RIKEN, Wako, Saitama 351-0198, Japan

The entorhinal - hippocampal interaction is modeled based on available 
experimental data within the context of a behaviorally demanding task: 
the rapid understanding of concurrent sensory situation by matching of 
resulting cortical activation to already acquired knowledge. The model 
predicts that the hippocampus (HC) may be involved in conical proces
sing only at short time intervals reflected by epochs of theta / gamma 
oscillations. As long as the model cortex can resolve emerging conflicts 
during recall of acquired knowledge the HC is idle running without 
interfering in the course of cortical processing. However, if the cortex 
fails to rapidly recruit a global description that can integrate all behavio
rally important aspects of the sensory situation, the HC is forced to step 
in and support the formation of a temporary virtual representation. This 
virtual pattern is a time sequence composed of several cortical (parallel) 
representations. It is stable if it can sufficiently predict and, therefore, 
control the emerging activity state of the cortex. Depending on the 
behavioral relevance, this temporary sequential representation may be 
imprinted as a new parallel representation onto the cortex. The focus of 
the model is on the autonomous switching between clocked and 
asynchronous processing modes and the related role of the HC for rapid 
decision making and efficient utilization of acquired knowledge at the 
cortical level. Depending on the processing state in the model cortex, 
gamma and theta rhythms are activated to provide the necessary global 
clocking for sequencing the ranked and respectively coherent activated 
cortical representations. This work was supported by Honda R&D Co. Ltd.

464.12
Interpretation of evoked magnetic fields, evoked field potentials and intracellular 
potentials of the longitudinal CA3 slice within a modem theoretical framework. Y.C. 
Okada* &. J. Wιι. Depts. of Neurology and Neuroscience, New Mexico Univ. Sch. of 
Med., Albuquerque NM 87131, USA

The discoveries of active conductances in the dendrites and soma of CNS neurons in the 
past two decades mandate re-examinations of the origin of magnetoencephalography 
(MEG) and electroencephalography (EEG) signals. The genesis of MEG and EEG 
signals are still considered by many investigators in terms of the older concept of CNS 
neuoms in which dendrites and soma were viewed as passive cables. The presence of a 
rich variety of active voltage- and ligand-gated channels requires a new view of the 
post-synaptic currents responsible for MEG and EEG signals. We utilized the 
mathematical model of CA3 of Roger Traub (Traub et al., 1991) to study the 
differences in properties of MEG and EEG signals produced by a network of neurons 
containing either passive or active dendrites. A subthrethold excitatory synaptic input 
produced three types of signals - MEG, EEG and intracellular potentials - that were 
similar for two model neuronal network. A suprathreshold excitatory input produced 
qualitatively different behaviors in these signals, demonstrating the importance of 
modeling active elements in the neurons. Next, we compared the theoretical and 
experimental waveforms of the three types of signals for the CA3 slice of the guinea 
pig. The model with active neurons correctly predicted the biphasic waveforms of MEG 
and EEG signals measured by stimulating the pyramidal cell layer and triphasic 
waveforms measured by stimulating the apical dendrites. Furthermore, the model 
correctly accounted for the strength and direction of both MEG and EEG signals. The 
analysis of the intracellular currents underlying these signals showed the importance of 
sodium and potassium channels in producing the population spikes and the importance 
of calcium and calcium-dependent potassium channels as well as the ligand-gated 
channels in producing the slow wave. Supported by NIH grant R01-NS21149.

464.14
FAST RETROGRADE AXONAL SIGNALS FOR PROBLEM SOLVING
S. C. Baer*. Dept. o f  Brain and Cognitive Sciences, MIT, Cambridge, MA 02138

In addition to possible synaptic plasticity roles, fast retrograde axonal signals (N ature  
3 8 8 :439(97)) may support problem solving. By joining with dendritic and transynaptic 
retrograde signals, in principle axonal signals allow retrograde information flow to span 
many neural layers, maintaining precise reciprocity with forward connectivity patterns. In 
a network with time-ordered Hebb synapses (so that a presynaptic neuron tends to 
encode events which occur just before events coded by the postsynaptic neuron) if 
retrograde signals begin in a neuron encoding a goal, the information flows divergently in 
a retrograde direction across several neural layers to arrive in multiple neurons encoding 
alternative starting points for multistep goal solving strategies (Ann. N . Y  Acad. Sci. 
5 5 9 :424(1989)). O f these starring points, realistic ones can be selected if  the retrograde 
signals potentiate electrically active synapses, as in LTP, thus highlighting current stimuli 
which are also computed goal starting points. A species with long range retrograde signals 
for learning could use them for problem solving by initiating them in neurons encoding 
current goals. In one mechanism, spikes in axons encoding a hunger or a noxious 
stimulus would trigger backward signals in its postsynaptic neuron following the one-time 
conjunction o f a sharp decline in presynaptic spike activity with high postsynaptic 
activity. Such event shows that the postsynaptic neuron has a high likelihood o f encoding 
a satisfier specific to the drive indicated by the presynaptic axon, and presynaptic activity 
should thereafter trigger in the postsynaptic neuron retrograde signals (which then leave it 
via its dendrites). Electrical dependence in retrograde signal generation can allow modes 
of back-forth oscillation, where goals at one end couple to sensory reality at the other, and 
the strength o f oscillation inversely increases with the summated resistances (inverse 
strengths) o f the intervening synapses. If the relative ease o f travel o f a prospective route 
between an animal's present position and its desired goal place is inversely related to the 
summated resistance o f synapses between CA3 place neurons corresponding to successive 
places along the route, (J. Gen. Physiol. 1 07 :663(96)) competition between such modes 
could select optimum paths.

464.16
COMPARING HUMAN AND RAT ODD BALL RESPONSES
J. Brankack*1, M. Schellens2, L.C. Liu2 and A.A. loannides1,2 
1Brain S c ience  Institute, R IK E N , W a ko-sh i, S a itam a 3 5 1 -0 1 9 8 , Japan  
and 2Institute of M edicine, Res. Ctr. Jülich G m bH , Jülich, G erm any

T h e  auditory odd ball paradigm  w as used to evoke  task-re lated  
potentials in the neocortex and hippocam pus of freely  behaving rats, 
and hum an subjects. For surgery rats w ere  anaesthetised  and  
m ultiple e lectrodes im planted at various neocortical regions and  
hippocam pal layers. O n e  w ee k  a fte r surgery rats w ere  tra ined to 
respond only to the  odd stim ulus. C orrect reactions w ere  rew arded  
with w ater. E voked auditory potentials to task-re lated  and irrelevant 
tones recorded during the task w ere  separately  analysed.

In the hum an studies a  s tandard odd ball paradigm  w as  used with  
interm ixed frequen t and odd tones (ratio 4 :1 ). S ep a ra te  runs w ere  
used for left and right e a r  presentation, and each  run w as repeated  
tw ice. M agnetic  Field Tom ography (M F T ) w as used to analyse  all 
a veraged  da ta  (separa te  averages  for the frequent and odd 
responses for each  run) and selected  single-trial signals.

T h e  evoked auditory potentials to task-re lated  (odd) and irrelevant 
(frequen t) tones w ere  com pared  for d ifferent areas  (auditory cortex, 
anterior occipital cortex, frontal cortex and hippocam pus) with special 
em phasis  on the  rhythm ic slow activity (R S A ). In rats a phase  
resetting of the h ippocam pal theta  rhythm  w as found to account for 
m ost of the  recorded task-re la ted  potentials.

This w ork w as supported by R IK E N , the D F G  grant Br1289 /1 -1  (to 
J.B .), and the  R esearch  C e n te r Jülich, G m bH .
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465 .1

DIAZEPAM IN THE NUCLEUS ACCUMBENS SHELL BLOCKS THE 
EXPRESSION OF AMPHETAMINE BUT NOT OF MORPHINE CONDITIONED 
PLACE PREFERENCE IN RATS. F.Leri* and K .BJ. Franklin, Dept. o f Psychology, 
McGill University, Montreal, Canada, H3A-1B1.

We have previously shown that the benzodiazepine receptor agonist diazepam 
blocks the formation and the expression o f amphetamine conditioned place- 
preference (CPP), but has no effect on the formation and the expression o f morphine 
CPP.

In this experiment we investigated whether the expression o f amphetamine and 
morphine CPP could be differentially affected by activation of benzodiazepine 
receptors in the nucleus accumbens, the target area o f the mesolimbic dopamine 
system.

Using an unbiased conditioned place-preference paradigm, two groups of drug- 
naive rats received three conditioning injections o f either amphetamine (2 mg/Kg) or 
morphine (2 mg/Kg). On test day, 20 min. before testing, half o f the animals in each 
group received an injection o f 30 µg o f diazepam (in a volume o f 0.5 µl) in the 
nucleus accumbens shell, whereas the other half received a vehicle injection. The 
injection o f vehicle in the nucleus accumbens had no effect, as the rat showed a clear 
preference for the compartment paired with amphetamine or morphine. The diazepam 
injection, however, blocked the expression o f amphetamine CPP but had no effect on 
the expression o f morphine CPP.

These results show that diazepam acts on the nucleus accumbens to block the 
rewarding effects of amphetamine and they indicate that the rewarding effects of 
morphine might be mediated by systems other than the mesolimbic dopamine system.

Supported by the Natural Science and Engineering Research Council o f  Canada and 
the program Formation de Chercheurs et l'Aide a la recherche du Quebec.

4 65 .3

REINFORCING EFFECTS OF DIPYRONE AND PHENACETIN. K.G.C. 
Hellemans and F.V. Abbott*. Dept of Psychiatry, McGill Univ, Montreal QC 
H3A1A1.

The NSAIDs have not been examined for reinforcing effects. Phenacetin was 
certainly used to produce mood-altering effects, and the patterns of use of some 
current over-the-counter analgesics suggest this kind of use is not uncommon. We 
tested phenacetin, dipyrone in the balanced conditioned place preference test 
(CPP), and compared the effects with those o f the typical cyclooxygenase 
inhibitor, indomethacin. Systemic phenacetin produced a strong CCP (25 & 100 
mg/kg), while systemic dipyrone produced a conditioned place aversion (50 & 
200 mg/kg). When injected intracerebroventricularly (icv), dipyrone produced a 
CPP at 25 and 50 µg a CPP, but not at 100 µg. Indomethacin failed to produce 
any effects in the conditioned place test. To explore the relationship between 
rewarding and analgesic effects, rats were tested in the formalin test using 1% 
formalin. Phenacetin produced hyperalgesia at 25 mg/kg, and dose-dependent 
analgesia at higher doses. Dipyrone produced dose-dependent analgesia between 
25 and 200 mg/kg, but by the icv route, it produced analgesia between 10 and 50 
µg, and hyperalgesia at 100 µg. Dipyrone and phenacetin also produced analgesia 
when injected into the rats’ paws prior to administration o f formalin. 
Indomethacin, systemically, icv or locally into the paw, failed to produce 
analgesia in the formalin test. The data show that phenacetin and dipyrone have 
both central and peripheral analgesic effects, as well as central rewarding effects. 
The inactivity of indomethacin implies that these effects do not depend on 
inhibition of cyclooxygenase, and discovery o f their mode o f action may reveal 
novel mechanisms of analgesia and reinforcement.
Supported by Natural Science and Engineering Research Council o f Canada

4 65 .5

EFFECTS OF APPETITIVE AND AVERSIVE STIMULI ON CHOLINERGIC 
ACTIVITY IN THE RAT FOREBRAIN C M. Thiel*, C.P. Müller, J.P. Huston,
R.K.W. Schwarting, Inst. Physiol. Psychol., Centre for Biological and Medical 
Research; Univ. of Düsseldorf; Düsseldorf; Germany 

This experiment is part of a series of studies, where we investigate the re
lationships between cholinergic neurotransmission and mechanisms of moti
vation and learning. Using in -v ivo  microdialysis, we monitored extracellular 
ACh levels in the hippocampus, neocortex, and nucleus accumbens of non- 
deprived rats which were exposed to aversive footshocks or preferred food. 
Our results show, that the aversive stimulus can lead to behavioural activa
tion and increased ACh levels in hippocampus, neocortex and nucleus ac
cumbens core and shell. Consummation of preferred food also enhanced 
cholinergic activity, except for the shell of the nucleus accumbens. Interest
ingly, the increase in ACh levels, but not the behavioural response induced 
by the aversive footshock was suppressed when rats were tested under 
background noise conditions (69dB). Cholinergic activations observed during 
food intake, however, did not depend on background noise. In summary, 
these results suggest; 1) Appetitive and aversive stimuli can increase ACh 
levels in the forebrain. 2) In case of the aversive stimulus, cholinergic activa
tions were observed in all brain areas investigated, whereas there were indi
cations for anatomical specificity in case of the appetitive stimulus. 3) The 
effects of background noise provided another dissociation, since noise 
blunted the neurochemical response only to the aversive stimulus. 4) The un
conditioned behavioural response to the aversive stimulus does not require 
cholinergic activation in the forebrain. (Supported by a DFG grant and the 
graduate programme “Pathological processes of the nervous system: from 
gene to behaviour").

4 65 .2

GABA-A RECEPTOR SIGNALLING IN THE VENTRAL TEGMENTAL AREA DISSOCIATES 
SEPARATE DOPAMINE-DEPENDENT AND DOPAMINE-INDEPENDENT MOTIVATIONAL 
SYSTEMS. S.R Laviolette* and D. van der Kooy, Neurobiology Research Group, Dept. of 
Anatomy, Univ. of Toronto, Toronto, Ontario, M5S 1A8.

We have previously reported evidence for two, independent motivational systems in the 
VTA. Conditioned place preferences for intra-VTA morphine are blocked by lesions of the 
tegmental pedunculopontine nucleus in opiate-naive, but not opiate-dependent and 
withdrawn rats, while place preferences for ¡ntra-VTA morphine are blocked by dopamine 
antagonists in opiate-dependent and withdrawn, but not in opiate-naive rats. GABA-A and 
GABAB receptors are located on both dopamine and GABA-conta¡n¡ng neurons in VTA 
Using an unbiased conditioned place preference paradigm, we tested whether GABA 
signalling in VTA controls a switch between dopamine-dependent and dopamine- 
independent motivational systems. Bilateral microinjections of a GABA-B agonist or 
antagonist produced no motivational effects. Bilateral microinjections of the GABA-A 
antagonist, bicuculline in the VTA (5-50 ng/ul/s¡de) produced place preferences for the 
drug paired side in naive animals. Alpha-flupenth¡xol pretreatment (0.8 mg/kg, i.p.) had no 
effect on bicuculline reward (5 ng), thus blockade of VTA GABA-A receptors produces 
rewarding effects independently of dopamine in naive animals. Bilateral microinjections of 
the GABA-A agonist, muscimol in the VIA produced a place preference at 5 ng, but 
produced a place aversion at 50 ng. We tested whether the rewarding effects of 5 ng 
muscimol was dependent upon a dopaminergic substrate. Alpha-flupenth¡xol blocked the 
rewarding effects of VTA muscimol in naive rats, thus, activation of GABA-A receptors in the 
VTA activates a dopamine-dependent motivational system, regardless of the animals 
opiate history. We propose that blockade of inhibitory GABA-A receptors located on 
gabaergic neurons in VTA increases the activity of VTA GABA efferent neurons producing 
dopamine-independent motivation. Conversely, activation of inhibitory VTA GABA-A 
receptors with a low dose of muscimol (5 ng) decreases activity of VTA GABA interneurons, 
removing inhibitory input to dopamine neurons, and activating a dopamine-dependent 
motivational system. We suggest that VTA GABA-A receptor signalling serves as a switching 
mechanism between dopamine-dependent and dopamine-independent motivational 
systems. (Supported by MRC Canada)

4 65 .4

REWARD FROM APOMORPHINE AND SACCHARIN IN CONDITIONED 
PLACE PREFERENCE (CPP) AND DRINKING IN RATS. Kenneth F.
Green* and Mark Waester. Dept. o f Psychology, Cal. State Univ., Long Beach: 
Long Beach, CA 90840-0901.

The mesolimbic pathway from the ventral tegmental area to the nucleus 
accumbens is thought to provide the substrate for reward. Dopamine release 
into the nucleus accumbens may be the rewarding event. If so, then reward 
might be enhanced by application of a dopamine receptor agonist. Three tests of 
this hypothesis were conducted using the receptor agonist apomorphine and 
drinking of saccharin solution, alone or in combination, to induce reward. In 
Experiment 1 the development of a CPP was examined. Need-free rats were 
trained in either the preferred or the nonpreferred side of a shuttle box under one 
o f the following conditions: saccharin (0.15 g/l) reward, apomorphine (0.4 
mg/kg) reward, a combination of the two, and no reward. The only evidence for 
a CPP was in the group given apomorphine alone in the nonpreferred side. In 
Experiment 2 the expression of a CPP was examined. Thirsty rats were trained 
to the nonpreferred side for saccharin reward and then tested with 0.0, 0.2, or 0.4 
mg/kg apomorphine. Nonsignificant trends were found where greater 
apomorphine depressed expression of CPP. In Experiment 3 the effect o f 
apomorphine on saccharin intake was examined. Need-free rats, selected for 
High, Medium, and Low liking of saccharin, were injected with 0.0, 0.2, 0.4, 
and 0.8 mg/kg apomorphine and then were given a choice between tap water and 
saccharin. Apomorphine reduced saccharin intake in all but Medium rats given 
the 0.4 mg/kg dose. Together, these data indicate that stimulation of dopamine 
receptors by apomorphine has at best a weak rewarding effect o f its own and it 
generally reduces the expression of reward established by other agents.

(Funded by intramural awards at CSULB.)

4 65 .6

EFFECTS OF PALATABLE FOOD ON DOPAMINERGIC TRANSMISSION IN 
THE CNS OF ROMAN HIGH-AVOIDANCE AND LOW-AVOIDANCE RATS.
O. Giorgi , G. Carboni, V. Frau, D. Lecca, G. Pi Chiara, and M.G. Corda. 
Department of Toxicology, University of Cagliari, v.le A. Diaz 182, 09126 Cagliari, 
ITALY.  (SPON. Int’l. Behavioural &  Neural Genetics Soc )

The selection of Roman high- (RHA/Verh) and low-avoidance (RLA/Verh) rats 
for rapid versus poor acquisition of active avoidance in a shuttle-box has led to 
additional behavioral differences indicating that RLA/Verh rats are "emotionally" 
more reactive than RHA/Verh rats. These two lines differ also in neurotransmitter 
function in the CNS, including dopaminergic (DAergic) responses to drugs of 
abuse. Given the pivotal role of DAergic transmission in the expression of behaviors 
motivated by natural reinforcers, the present study was designed to compare the 
effects of feeding a palatable food (PF, Le., "Fonzies") on the extracellular 
concentrations of DA in the medial prefrontal cortex (mPFCx) and in the shell 
compartment of the nucleus accumbens (NASshell) of RHA/Verh and RLA/Verh 
rats. Animals were implanted with brain dialysis probes in the mPFCx or in the 
NASshell five days after completion of a habituation period in which they were 
exposed to PF for 3 consecutive days (2g/2h/day), and neurochemical studies were 
performed 24 h after surgery. The basal DA output in the mPFCx (fmol/20 µl) was 
9.5 ± 1.5 in RHA/Verh rats and 7 3  ± 0.8 in RLA/Verh rats. The increase in cortical 
DA output produced by exposure to PF (4 g/20 min) was more pronounced in 
RHA/Verh than in RLA/Verh rats (maximal increment above the respective basal 
output, 20 min after PF: RHA/Verh, + 77 %; RLA/Verh, + 51 %, P < 0.05). No 
significant line-related differences were observed in the basal accumbal DA output 
(fmol/10 µl; RHA/Verh, 32 ± 5; RLA/Verh, 36 ± 4). In keeping with our findings in 
the mPFCx, the PF-induced increase in DA output in the NASshell was more 
robust in RHA/Verh than in RLA/Verh rats (maximal increment, 20 min after PF: 
RHA/Verh, + 28 %; RLA/Verh, + 16 %, P < 0.05). Our results provide further 
support to the view that these two lines differ in the functional responsiveness of 
central DAergic systems to natural and pharmacological stimuli possessing 
motivational valence. [Supported by M.U.R.S.T., ITALY]
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465.7
DIFFERENTIAL SENSITIVITY TO SHOCK-INDUCED SUPPRESSION Oh 
DRINKING IN THE ROMAN/VERH LINES AND STRAINS OF RATS.
M.G. Corda , G. Piras, V. Valentini, P. Scano, and O. Giorgi. Department of 

Toxicology, University of Cagliari, vle. A. Diaz 182,09126 Cagliari, ITALY.
The Roman high-avoidance (RHA/Verh) and low-avoidance (RLA/Verh) outbred 

rat lines are selected for respectively rapid versus poor acquisition of active 
avoidant behavior. Emotional reactivity appears to be the most prominent 
behavioral difference between the two lines, RLA/Verh rats being more fearful than 
their RHA/Verh counterparts. Accordingly, we report that shock-induced 
inhibition of drinking behavior in the Vogel's test is significantly more pronounced 
in RLA/Verh than in RHA/Verh rats. Thus, unpunished drinking activity is similar 
in both lines (36.1 ± 0.8 and 37.1 ± 1.0 licking peri ods/3 min in RLA/Verh and 
RHA/Verh rats, respectively), whereas under punished conditions (0.3 mA electric 
shocks delivered through the drinking tube), a more robust decrease in this 
behavior is observed in RLA/Verh ( 76 %) compared to RHA/Verh rats ( 38 %). 
Conflict-related behaviors like freezing and self-grooming are significantly more 
frequent in RLA/Verh than in RHA/Verh rats throughout the test In addition, the 
approach behavior is much less frequent in RLA/Verh rats than in RHA/Verh rats. 
In an effort to identify the genetic bases responsible for the divergent emotionality 
profiles seen in these rats by means of quantitative trait loci analysis, two inbred 
Roman strains, RHA/Verh/I and RLA/Verh/I, have been selected and bred over the 
last five years through brother/sister mating of the hitherto outbred lines. In 
keeping with the above findings, our studies demonstrate that RLA/Verh/I rats are 
much more sensitive, as compared to their RHA/Verh/I counterparts, to the conflict 
involved in the shock-induced suppression of drinking in the Vogel's test Thus, no 
strain-related differences in drinking behavior are observed under unpunished 
conditions (34.8 ± 1 3  and 39.2 ± 0.7 licking periods/3 min in RLA/Verh/I and 
RHA/Verh/I rats, respectively), whilst under punished conditions (0.3 mA electric 
shocks), a larger decrease in this behavior is observed in RLA/Verh/I ( 68 %) than 
in RHA/Verh/I rats ( 11 %). Studies aimed at characterizing the effects of 
anxiolytic and anx¡ogen¡c drugs in the Roman/Verh lines and strains using the 
Vogel’s test are under way in our laboratory. [Supported by M.U.R.S.T., ITALY].

465.9

MODULATION OF REWARDING HYPOTHALAMIC 
STIMULATION BY GABA TRANSMISSION IN RAT 
SUBSTANTIA NIGRA/PARS RETICULATA. D . B. Neill* an d  K. T. 
Thomas. Dept. o f Psychology, Emory University, Atlanta, GA 30322.

Most recent work on the phenomenon o f intracranial self-stimulation 
(ICSS) has concentrated on the mesolimbic system, particularly the 
ventral tegmental area and its terminals in nuc. accumbens. However, 
ICSS is also obtained from electrodes in the nigrostriatal system, 
including substantia nigra/pars compacta, and dorsal striatum. In this 
study, rats were prepared with a unilateral electrode in the medial 
forebrain bundle at the level o f the lateral hypothalamus and bilateral 
cannulae terminating above substantia nigra/pars reticulata (SNPR). 
SNPR is a major basal ganglia output pathway, receiving a GABAergic 
projection from dorsal striatum. The autotitration ICSS procedure was 
used to examine the effects o f the GABA antagonist picrotoxin and the 
agonist muscimol bilaterally injected into SNPR. The results showed 
that picrotoxin depressed, and muscimol enhanced, the rewarding value 
o f the ICSS. These data are interpreted as indicating that an output of 
SNPR modulates the reward value o f the hypothalamic stimulation. 
This work was supported by grant IBN-9412703 from the National 
Science Foundation.

465.11

ESTROGEN ALTERS BEHAVIOR AND FOREBRAIN C-FOS EXPRESSION IN 
RATS SUBJECTED TO THE FORCED SWIM TEST. I.M. Rachman1, J.R, 
Unnerstall1, D.W. Pfaff2 and R.S. Cohen1*. 1Dept. of Anatomy and Cell Biology, 
University of Illinois at Chicago, Chicago, IL 60612 and 2Dept. of Neurobiology and 
Behavior, The Rockefeller University, New York, NY 10021.

Estrogen is implicated in brain function as it relates to affective state, including 
hormone-related affective disorders in women. Although estrogen decreases the 
vulnerability to affective disorders, the mechanisms involved are unknown. We used 
the Forced Swim Test (FST), a paradigm used to test the efficacy o f antidepressants, 
and addressed the hypotheses that estrogen (1) alters behavior o f rats in the FST and 
(2) alters expression o f c-fos, a marker for neural activity, in the rat forebrain. 
Ovariectomized rats were given 10 µg estradiol benzoate (E) (N= 9) or the vehicle 
control (N= 8 ) for 7 days and subjected to the FST. The behaviors displayed included 
struggling, swimming and immobility. One horn following the beginning of the test 
(which lasted five minutes) on Day 2, the animals were perfused and the brains were 
processed for c-fos immunocytochemistry. Even on Day 1, E-treated animals spent 
significantly less time struggling and virtually no time in immobility, and spent most 
of the time swimming. Control rats spent significantly more time struggling or being 
immobile during a comparable period. On Day 2, similar patterns with more 
pronounced differences were observed between E and control groups in struggling 
(59.7±14.9 vs 148.3±22.6 seconds, respectively), immobility (5.0±3.5 vs 135+20.8) 
and swimming (234.0±15.3 vs 18.0± 12.1). Analysis of the mean number of c-fos 
immunoreactive cell nuclei showed a significant reduction in E versus control groups 
in the anterior cingulate cortex (area 3) (116.0±5.2 vs 164.3±10.5), hippocampus 
(dorsal CA1) (8.3+1.5 vs 22.4+1.9), bed nucleus of the stria terminalis (32.4+3.4 vs 
54.0±3.7), medial amygdala (anterodorsal) (39.4±4.4 vs 75.4±6.2), central median 
nucleus of the thalamus (anterior) (33.4±2.9 vs 76.2±6.1), paraventricular nucleus 
(85.4±9.5 vs 193.0± 11.7) and other forebrain areas. Our results suggest that estrogen- 
induced neurochemical changes in forebrain neurons may translate into an altered 
behavioral output in the affective domain.

465.8
NEURAL CORRELATES OF SENSORY-SPECIFIC SATIETY IN RATS: A 
DOPAMINE MICRODIALYSIS STUDY. S. Ahn* and A.G. Phillips. Dept. of 
Psychology, Univ. of British Columbia, Vancouver, B.C., Canada V6T 1Z4.

Monkeys and humans exhibit sensory-specifi c satiety (Rolls et al., 1986, 1997), 
which is defined as a preference for foods differing in sensory properties from a food 
already eaten to satiety. Previous studies have shown that extracellular dopamine 
(DA) levels in the nucleus accumbens (NAc) are increased during food consumption. 
The present study was designed to determine whether NAc DA levels reflect the 
pattern of food consumption observed in sensory-specifi c satiety.

Microdialysis and high pressure liquid chromatography with electrochemical 
detection was used to measure changes in extracellular levels of NAc DA in mildly 
food-deprived Long-Evans rats during feeding experiments. The two foods used, fruit 
loops and onion-flavored chips, differed in their sensory properties and were equally 
palatable to rats. An experiment involved presentation of one of the foods, a 40 min 
break (during which no food was available) and then presentation of either the same or 
a different food. Each presentation began with a 10 min anticipatory period (during 
which access to the food was blocked) followed by a 40 min consummatory period.

The initial presentation of a palatable food to the rats led to a vigorous bout of 
feeding (6.40±0.6 g) which in turn was associated with a time-locked significant 
increase in NAc DA levels (28 ± 6% above baseline, p<0.05). When the rats stopped 
feeding (i.e. reached satiety), DA levels gradually declined to baseline values during 
the 40 min break. During the second meal, the amount consumed was significantly 
greater (p<0.05) when it consisted of a different food (2.5±0.4 g) rather than the same 
food (0.6+0.3 g) as the first meal, indicating that satiety was specific to the food 
consumed initially. The second bout of feeding with a different food was accompanied 
by a signifi cant increase in DA levels (23±5% above baseline, p<0.05). These results 
suggest that NAc DA activity may underlie feeding motivated by hunger as well as the 
reinitiation of feeding by a food differing in sensory properties from those of the food 
already eaten to satiety. Funded by MRC Canada

465.10
INTERACTION BETWEEN THE GLUTAMATERGIC AND THE OPIOID 
SYSTEMS IN MICE: EFFECTS ON EMOTIONALITY IN A SOCIAL AND 
IN A NON-SOCIAL CONTEXT. D’Amato F.R., E. M azzacane and  V. 
C estari* , In s t. o f Psychobiol. an d  P sychopharm aco l., CNR., 
00137-Roma, Ita ly .

A n u m b e r  o f studies h av e  show n th a t th e  g lu tam a te rg ic  an d  
th e  opioid system s in te ra c t  in  re g u la tin g  m em ory, locom otion 
an d  an a lg es ia  in  mice. In  the  p re s e n t re s e a rc h  we show  th a t 
th e  p re - te s t i.p. a d m in is tra tio n  of a  cock tail of the  NMDA 
re c e p to r  an ta g o n is t MK-801 (0.15 m g /k g ) and  m o rp h in e  (10 
m g /k g ), a lte rs  th e  p a tte rn  o f re sp o n se  of CD1 m ice in  a  
r e s id e n t- in tru d e r  test. The re s id en t m ice in jec ted  w ith  th e  
cock tail shows d efensive  b eh av io rs  w h en  exposed to a  g ro u p - 
housed  ju v e n ile  m ouse. MK-801 and  m o rp h in e  a lone  do n o t 
p rom ote  s im ila r re sp o n ses  in  re s id en t mice, in d ica tin g  th a t 
th is  h y p e rd e fe n s iv e n e ss  m ig h t be due to an  in te ra c tio n  
b e tw een  th e  two drugs. To fu r th e r  in v estig a te  the  effec ts  of 
the  d rugs  on  em otionality , m ice w ere  tested  in  a  p lus-m aze 
ap p ara tu s. The re su lts  of th is  test seem  to ru le  ou t th e  
po ssib ility  th a t th e  a d m in is tra tio n  of th e  cocktail w ould 
p rom ote anx ie ty . MK-801 a lone  p roduces an  anx io ly tic  e ffect, 
w h ile  th e  a d m in is tra tio n  of th e  cock tail reduces it w ith o u t 
in d u c in g  the  expected an x io g en ic  re sponse . The data  fro m  
th ese  two tests show  a  c le a r in te ra c tio n  b e tw een  
g lu tam a te rg ic  an d  opioid system s in  mice, su ggesting  th a t it 
c an  p roduce  an  a lte ra tio n  of th e  em otional p e rc ep tio n  of th e  
s tim uli r a th e r  th a n  m odify ing  th e  level o f anx ie ty .

465.12
AFFECTIVE PROPERTIES OF INTRA-M EDIAL PREOPTIC  
AREA INFUSIONS OF TESTOSTERONE IN MALE RATS
M. G. Packard*, Brian E. King & Gerianne M. Alexander Department 
of Psychology, University of New Orleans, N.O., LA, 70148.

Previous research from our laboratory indicates that both peripheral 
and intra-nucleus accumbens injections of testosterone produce rewarding affect 
in male rats. We hypothesized that the rewarding affective properties of intra- 
accumbens testosterone may be related to the role of this structure in mediating 
motivational (i.e. appetitive) aspects of sexual behavior. A second brain area 
suggested to be important for the expression of both consummatory and 
appetitive aspects of sexual behavior in male rats is the medial preoptic area 
(MPOA). In the present study, we examined the affective properties of intra- 
MPOA injections of testosterone. On alternating days, adult male Long-Evans 
rats implanted with unilateral cannula in the region of the medial preoptic area 
received intracerebral injections of testosterone in a water-soluble cyclodextrin 
inclusion complex (0.1 or 0.2 µg/0.5 µg) or saline immediately prior to being 
confined for 30 minutes to one of two compartments of a place preference 
apparatus. All rats received 8 days of pairings (4 hormone and 4 saline). On 
day 9, the rats were given a 20-minute test session during which they had 
access to al compartments of the apparatus. No hormone was injected prior to 
the test session. On the test day, rats treated with intra-MPOA injections of 
testosterone (0.1 µg) spent significantly more time in the compartment 
previously paired with testosterone than in the compartment previously paired 
with saline, indicating rewarding affective properties of testosterone. In 
contrast, rats treated with the higher dose of testosterone (0.2 µg), displayed a 
significant place aversion on the test day. The findings indicate that intra- 
MPOA injections of low doses of testosterone are sufficient to produce reward, 
while higher doses appear to result in a place aversion. The rewarding effects of 
intra-MPOA testosterone may in part mediate the facilitatory effects of 
testosterone on motivational (i.e. appetitive) aspects of sexual behavior.
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4 6 5 .13

CHANGES IN SEROTONIN AND BENZODIAZEPINE RECEPTOR 
BINDING AND mRNA EXPRESSION IN THE AMYGDALA AND 
HIPPOCAMPUS OF FEARFUL RATS. L E. Kalynchuk*1, D.M. 
Pearson1, J.C. Diorio\ J.P.J. Pinel2, & M. J . Meaney1. 1Douglas Hospital 
Research Center, McGill Univ., Montreal, PQ, H4H 1R3, and 2Dept. of 
Psychology, Univ. of British Columbia, Vancouver, B.C., V6T 1Z4.

Amygdala kindling in rats produces emotional behavior that models the 
interictal fear and anxiety experienced by many temporal lobe epileptics. 
We have shown that this emotionality depends on the number of 
stimulations the rats receive (Kalynchuk et al., 1997), the site of 
stimulation (Kalynchuk et al., 1998), and the amount of time since the last 
stimulation (Kalynchuk et al., in press). We are now focusing on 
identifying the neural changes underlying the development of this 
emotionality in amygdala-kindled rats. Because both serotonin (5HT) and 
central benzodiazepines (BZ) have been implicated in the mediation of 
emotional behavior, we investigated the degree to which 5HT and BZ 
receptor binding and mRNA are altered in the brains of amygdala- 
kindled rats and the degree to which these alterations are correlated to 
increases in emotionality. Rats received either 20, 60, or 100 amygdala or 
sham stimulations and their resistance to capture from an unfamiliar open 
field was assessed. Then, they were sacrificed and alterations in receptor 
binding and mRNA expression in various brain regions were assessed 
using receptor autoradiography and in situ hybridization. The kindled 
rats were significantly more resistant to capture than the sham-stimulated 
rats. They also had significantly more 5HTIA binding and mRNA in the 
dentate gyrus and significantly less 5HT2 and BZ binding and mRNA in 
the amygdala compared to the sham-stimulated rats. These results suggest 
that changes in both 5HT and BZ receptors may underlie the emotionality 
observed in amygdala-kindled rats. (Supported by an NSERC PDF to 
LEK, an NSERC grant to JPJP, and an MRC grant to MJM).

4 6 5 .1 5

DESTRUCTION OF PONTINE TEGMENTUM INCREASES ANXIETY
J. Podhorna and K.B.J. Franklin*. Dept. Of Psychology, McGill University, 1205 Dr. 
Penfield Ave, Montreal, QC, H3A 1B1, Canada.

To test the hypothesis that the pedunculopontine tegmental nucleus (PPTg) plays a role 
in anxiety, rats with electrolytic lesions of the PPTg were tested in two animal models of 
anxiety, the social interaction test and the elevated plus maze. To assess the process of 
habituation in sham- and PPTg-lesioned rats, rats were exposed to the plus maze 
apparatus for 5 min each day for 5 consecutive days. In addition, anxiolytic diazepam was 
used to reverse this anxiety and anxiogenic β-CCE was used to assess the severity of this 
anxiety. Histological analysis showed that lesions were concentrated on the caudal half of 
the PPTg. Behavioural scores indicated elevated anxiety in the PPT g-lesioned rats in both 
the social interaction test and the elevated plus maze. Repeated exposure to the plus maze 
apparatus led to marked habituation in sham-lesioned animals while anxiety-indicating 
scores remained constant for 5 days in PPTg-lesioned rats, i.e. they did not habituate. 
Beta-CCE (10 mg/kg SC 15 min prior to testing) given to sham-lesioned rats produced 
increased anxiety comparable, in severity, to that produced by PPTg lesions. Diazepam 
(2 mg/kg SC 30 min prior to testing) reversed increased anxiety in PPTg-lesioned rats in 
the elevated plus maze, but not in the social interaction test. Our results showed that 
electrolytic lesions of the caudal PPTg produce increased anxiety detectable in two well- 
established animal models of anxiety. The anxiety resembles natural anxiety in being 
modulated by compounds acting at benzodiazepine receptors. We hypothesize that the 
region of the caudal PPTg is inhibitoiy to anxiety.

This research was supported by grants from the Natural Sciences and 
Engineering Research Council of Canada and the program Formation de Chercheurs et 
L’Aide à la Recherche du Quebec. J.P. was a PDF supported by the W. Stairs Memorial 
Fund of McGill University.

4 6 5 .1 7

ELEVATED SQUARE-MAZE: AN AUTOMATED PARALLEL MEASURE TO 
THE ELEVATED PLUS-MAZE. T. Siffert1, N.D. Henderson2, T. Tritto1, and A. 
Bullock1*. 1Institute for Behavioral Genetics, University o f Colorado, Boulder, CO 
80309; 2Department of Psychology, Oberlin College, Oberlin, OH 44074.

Several investigators have identified difficulties with using the elevated plus-maze for 
repeated trials. To address this, we have developed an elevated square-maze, a 
"parallel form" o f the plus-maze used to obtain comparable sets of activity and 
ethological measures. The square-maze retains the 90° turns and linear runways o f the 
plus-m aze, but like the elevated zero-maze, it allows continuous exploration and 
eliminates the interpretive problems associated with the plus-maze's ambiguous center 
region. In contrast to the zero-maze, both the square-maze and the plus-maze can be 
easily automated to obtain maze arm activity and ethological measures such as rearing 
and scanning/head-dipping. We describe such an automated system for both the plus- 
and square-maze and present maze results from 230 inbred mice derived from lines 
selected for extremes on open-field emotionality' (DeFries et al, 1978). In comparing 
11 parallel measures from the two mazes, the square-maze is demonstrably more 
sensitive across all measures with respect to differentiation o f the high and low mice. 
Although testing order effects were observed on some measures, these effects were 
minor relative to genetic line differences. These results suggest the possibility of 
minimizing prior maze experience effects by using the square-maze and the plus-maze 
as parallel measures.
Supported by NIMH Grant M H-53480 and NICHD Training Grant HD0 7289

4 6 5 .1 4

Trait anxiety by deficit of GABAa  receptor function inγ 2 subunit 
heterozygous mice. B. Lüscher*, F. Crestani, D. Benke, J.-M. 
Fritschy, M. Lorez, and H. M ohler. Institute of Pharmacology, 
University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich, 
Switzerland

The neural basis of anxiety disorders is poorly understood. 
Heterozygozity at the γ2 subunit locus results in impaired GABAa  
receptor function in particular in the cerebral cortex and septo- 
hippocampal system and leads to a behavioral phenotype analogous 
to trait anxiety in humans. In brain of γ2 +/0 mice, the GABAa  
receptor deficit is reflected in a 25% reduction of BZ sites but 
unaltered GABA binding sites. Single channel analysis of GABA- 
evoked currents in γ2 +/0 neurons revealed the two current amplitudes 
found in wt neurons and a smaller amplitude corresponding to 
receptors composed of α  and β subunits. Sensory motor functions, 
spatial learning and memory were unaffected in γ2+/0  mice. 
Likewise, the responsiveness to learned aversive stimuli (context and 
cued fear conditioning) was unaltered. However, the behavioral 
reactivity to natural stimuli, such as novelty, elevated open space, and 
bright light, was enhanced compared to wild-type mice. In addition, 
γ2+/0 mice were impaired in their ability to distinguish an ambiguous 
from a danger stimulus. The behavioral phenotype of γ2+/0 mice is 
reminiscent of anxious patients that show high trait anxiety and 
increased incidence of threatening interpretations of ambiguous 
stimuli. Thus, the γ2+/0  model provides evidence for a genetic 
impairment of GABAa  receptors in anxiety disorders in humans.

4 6 5 .1 6

EMOTIONALITY BEHAVIORS IN MICE SELECTED FOR 
DIFFERENCES IN OPEN-FIELD ACTIVITY. T. Tritto1*, J. 
Calcaterra1, M.L. Bohl1, T. Siffert1, N.D. Henderson2, D.W. Fulker1, & 
J.C. DeFries1. 1Institute for Behavioral Genetics, University of 
Colorado, Boulder, CO 80309; 2Department of Psychology, Oberlin 
College, Oberlin, OH 44074.

Two replicate sets of mice derived from a BALB/cJ x C57BL/6J cross 
were selected for high (H) and low (L) open-field activity (DeFries et al., 
1978). Following 30 generations of bi-directional selection, the resulting 
replicate lines were maintained by within-line random mating from 
generations 31-48, and then inbred by brother-sister mating. Mice from 
generation 90 were maintained on an altered light cycle and were tested 
during their dark phase in an open field, elevated plus-maze, elevated 
square-maze, light/dark box, and mirrored chamber. H and L mice from 
both replicates differed in the predicted direction on most o f the 
behavioral measures examined for all tests. The L mice consistently 
avoided any environment that could be considered “threatening”; i.e. L 
mice avoided the center of the open field, the open alleyways of the 
elevated mazes, the light portion of the light/dark box, and the mirrored 
portion o f the mirrored chamber. Although the behavioral index used 
during selection was open-field activity, these data suggest that the 
emotionality differences in these mice generalized to other emotionality 
behaviors in a variety of tasks.
Supported by AA07464 and 5 ROl MH53480.

4 6 5 .1 8

DEPLETION OF SEROTONIN CAUSES IMPAIRMENTS IN SUSTAINED 
INHIBITION IN RATS. J.B. Richards*, Marcus Chock, Harriet de Wit. West 
Virginia University, Department of Psychology & University of Chicago, 
Department of Psychiatry., Chicago, IL.
It has been hypothesized that low 5HT may be associated with impulsive behavior 
and risk taking. Impulsivity can be operationally defined as preference for 
immediate small rewards over delayed large rewards. Previously we found that 
5HT depletions in rats did not shift preference for immediate small rewards over 
delayed large rewards, a result that did not support the hypothesis that low 5HT is 
associated with impulsivity. In the present study we compared choice of immediate 
small rewards and delayed large rewards using a modified procedure which 
required the rats to continuously inhibit their choice of the immediately available 
small reward while waiting for the presentation of the delayed large reward. 
Thirsty rats were trained to choose between a 150 µL of delayed water reward or a 
smaller amount of immediate water. The amount of the immediate water reward 
was adjusted until each rat chose the immediate reward and the delayed large 
reward with equal frequency (i.e. indifference point). Indifference points for five 
delays of the large water reward (1.0, 2.0, 4.0, 8.0, and 16.0 seconds) were 
determined. Animals were lesioned (LES group) by intraventricular injection of the 
neurotoxin 5,7-DHT (100 µg/side, pre treatment with 30 mg/kg desipramine; N = 
14) or vehicle (CTL group; N = 12). Injection of 5,7-DHT resulted depletion of 5HT 
to less than 15% of control levels in the striatum and hippocampus. Dopamine and 
norepinephrine levels were not affected. The indifference points for the LES and 
CTL groups were not different at delays of 1 and 2 sec. However, at delays of 4.0, 
8.0 and 16.0 sec the LES rats chose smaller immediate amounts of water reward 
than the CTL rats. These results are consistent with the hypothesis that low 
serotonin is associated with increased impulsivity in situations which require 
sustained inhibition of responses.

Society for Neuroscience, Volume 24 ,1998



1184 MOTIVATION AND EMOTION IV TUESDAY AM

4 6 5 .1 9

PROCAINE INFUSION IN THE MEDIAL SEPTUM BLOCKS WHEEL RUNNING 
ACTIVITY DRIVEN BY THE CIRCADIAN CLOCK. V. Della Maggiore*and M. R. 
Ralph. Department of Psychology. University o f Toronto. Toronto. Canada.

There is strong evidence supporting a role of the septohippocampal pathway in the 
elicitation of hippocampal theta field activity and type 1 voluntary movements induced 
by stimulation o f the posterior hypothalamic nucleus. In this study we explored the role 
of this pathway in the control o f spontaneous wheel running activity driven by the 
circadian clock.

Male golden hamsters were anesthetized and surgically implanted a 15mm-long 
stainless cannula aimed at the medial septum. After recovery from surgery, animals 
were transferred into running wheel cages and kept in a 14:10 light:dark cycle 
throughout the duration of the experiment. Circadian rhythms o f wheel running 
activity were monitored using Dataquest III software. Infusion of 0.5µl or 1µl procaine 
(0 .33mg/µl), 0.5µl atropine (50mg/µl) or vehicle (0.9% saline) were performed one 
hour after activity onset.

Wheel running activity significantly decreased after procaine infusion of 0 .5µl
(p<0.05 Two way ANOVA, repeated measures) and 1 µl (p <  0.01 Two way ANOVA, 
repeated measures). Activity was inhibited immediately after the manipulation and 
gradually recovered within the following 20 to 40 minutes depending on the volume 
injected. Application of atropine mimicked procaine response (p< 0.01, Two way 
ANOVA, repeated measures), suggesting that the behavioral effect was due to 
inactivation of cholinergic neurons originating the septohippocampal pathway.

Animals treated with procaine spent most o f the time exploring, rearing, in stand up 
position, eating, crossing the wheel, and smelling. Stereotyped behavior rarely 
occurred. Control injections of procaine aimed at the lateral septum produced no effect 
on wheel running activity.
This work is being supported by a NSERC (Natural Sciences and Engineering 
Research Council of Canada) grant.
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SYNERGIC INTERACTION OF GABAa AND NMDA RECEPTORS IN 
THE SUPRACHIASMATIC NUCLEUS. M. Ikeda1, K. Teshima2, C. N. 
Alien2. K. Hirosawa i3, S, Sh ibata4, and T. Yoshioka4 1Advanced 
Research Center for Human Sciences, Waseda Univ., 2CROET of  
Oregon Health Sciences Univ., 3Inst. o f Medical Science, Tokyo Univ.,
4Dept. of Molecular Neurobiol., Waseda Univ., Tokyo 169 Japan

The suprachiasmatic nucleus (SCN) of the hypothalamus‘contains 
the central pacemaker for generation of circadian rhythms in mammals. 
Among various neuronal mechanisms involved in the SCN, the NMDA 
receptor-linked Ca2+ channels and GABAa receptor-linked Cl- channels, 
are thought to play a key role in the regulation and/or the output of the 
SCN clock. However, spatiotemporal distribution and functional 
couplings of these receptors have not been analyzed in the living tissue 
preparation. Therefore, we examined Ca2+ and Cl- imaging experiments 
using the mice hypothalamic slices. The Ca2+ imaging experiment 
indicated that NMDA as well as GABAa receptor agonist, muscimol 
increased Ca2+ throughout the SCN. Although the amplitude of GABA- 
mediated mobilization of Ca2+ was smaller than the NMDA-mediated 
response, these Ca2+ mobilization are similarly larger during the 
daytime and lower during the nighttime, indicating that these receptor 
activities are under the control of circadian oscillation. Interestingly, 
the GABA-mediated Ca2+ mobilization was significantly reduced by the 
NMDA antagonist, APV, while TTX had no effects. In addition, the Cl- 
imaging analysis revealed transient Cl- efflux (i.e., inverse transport of 
Cl- ) following the stimulation of GABAa receptors. Therefore, these 
results demonstrate that the GABAA-mediated Ca2+ elevation may be 
caused by neuronal excitation and activation of NMDA receptors.

4 66 .3

CIRCADIAN VARIATION OF GABAERGIC TRANSMISSION IN THE 
SUPRACHIASMATIC NUCLEUS OF THE RAT: A GRAMICIDIN PERFORATED 
PATCH CLAMP STUDY. M.T.G. De Jeu, R.M. Buijs* and C.M.A Pennartz, 
Netherlands Inst. Brain Res., Grad. Sch. Neurosciences, Amsterdam, The Netherlands.

Circadian rhythms in mammals are generated by an endogenous pacemaker located in 
the suprachiasmatic nucleus (SCN), which consists of several different cell types that 
synthesize many different neuroactive substances. One of the main neurotransmitters in 
this complex intranuclear network is γ -aminobutyric acid (GABA). The precise function 
of GABA in this intranuclear network is not yet clear. In order to investigate the 
contribution of GABAa receptor mediated neurotransmission to the circadian rhythm in 
spontaneous firing, we measured the effect of the GABAa receptor antagonist bicuculline 
(BIC) on the spontaneous firing rate (SFR) of SCN neurons in acutely prepared brain 
slices during their subjective day and night period. Gramicidin perforated patch clamp 
recordings were performed to preserve the intracellular chloride concentration. The SCN 
neurons revealed a clear circadian variation in SFR (day: 5.9±0.5 Hz (n=24), night: 
2.2±0 .6 Hz (n=23); Mann-Whitney U test: P<0.01), showing that under our conditions 
the SCN is still capable of sustaining a circadian rhythm. Application of BIC (12.5 µM) 
revealed that almost all discrete synaptic inputs to SCN neurons were mediated by the 
GABAa receptor and that blocking the GABAA-mediated inputs affected the SFR of the 
SCN neurons. During the subjective day period BIC reversibly increased the SFR in all 
SCN neurons tested (Wilcoxon matched pairs test: p<0.01, n=10), while during the 
subjective night period a mixture of effects were found. Three neurons showed a 
reduction in SFR, three neurons showed an increment in SFR and the remaining four 
silent cells did not start firing after the application of BIC (Wilcoxon matched pairs test: 
n.s., n=10). The difference in effect of BIC on day vs. night neurons was statistically 
significant (Mann-Whitney U test: P<0.01), suggesting that an endogenous GABAA- 
mediated negative feedback mechanism selectively operates during the day phase. This 
negative feedback system may prevent SCN neurons from firing at very high frequencies, 
(supported by NWO grant #903-52-203).

4 6 6 .2

EXPRESSIO N OF NMDA RECEPTOR ACTIVITY IN RETINAL INPUT TO  
SUPRACHIASMATIC NUCLEUS IS SPARSE AND RESTRICTED TO  THE  
SUBJECTIVE NIGHT. C. M. A. Pennartz, R. Hamstra and A. M. S. Geurtsen. 
Netherlands Institute for Brain Research, Graduate School of Neurosciences 
Amsterdam, Amsterdam, the Netherlands.

Evidence has grown to suggest that NMDA receptors in the suprachiasmatic 
nucleus (SCN) are involved in mediating entrainment of the circadian 
pacemaker by light. Because phase shifts can only be induced by light during 
the subjective night, we tested the hypothesis that activation of NMDA receptors 
by retinal inputs would be restricted to the night phase. In horizontal slices (500  
µ m; N=47), we electrically stimulated the optic nerve to evoke synaptic 
responses in SCN neurons. In addition, responses were evoked by stimulation 
of the optic chiasm in transversal or parasagittal slices (400 µm; N=41). 
Voltage-clamp recordings were made using Cs-gluconate filled pipettes 
(resistance 5-8 MΩ). On a total of 226 neurons, 71 (31 %) were responsive to 
optic fiber stimulation. All of these responses contained an AMPA receptor- 
mediated component Gudged from fast response kinetics, lack of voltage- 
dependence and block by 5 µ M NBQX), regardless of circadian time. During the 
subjective day, none of the ceils examined in detail (N=19) expressed an NMDA  
component Gudged from its slow kinetics, voltage-dependence and block by 50 
µ M D-AP5). However, during the subjective night a subset of neurons (5 out of 
9; 56 %) did express a clear NMDA component, irrespective of the slice 
preparation or stimulation site used.

These results suggest, first, that a subpopulation of retinocipient SCN  
neurons may mediate NMDA receptor-dependent phase shifts induced by light. 
Second, the presence of this sparse NMDA receptor activity elicited by optic 
fiber stimulation is restricted to the subjective night. This finding suggests that 
the expression of NMDA receptor activity and associated Ca2+ influx may be 
actively gated by the biological clock.

4 6 6 .4

C AR B AC H O L INDUCED PHASE ADVA N CE IN THE RAT  
SUPRA C HIASM A TIC  N UCLEUS IS M EDIATED VIA  
INTRACELLULAR Ca2+ AND NITRIC OXIDE. L.R. 
Kuriashkina, J.M. Dina, G.F. Buchanan, M.U. Gillette*. Depts. of 
Molecular & Integrative Physiology and Cell & Structural Biology, 
Neuroscience Program, Univ. of Illinois, Urbana, IL 61801.
The circadian clock in the suprachiasmatic nucleus (SCN) expresses 

temporally gated sensitivity to phase adjustment by cholinergic stimuli. 
Cholinergic agonists reset the circadian neuronal activity rhythm in 
subjective night via M1 muscarinic acetylcholine (mACh) receptors (JNS 
161, 744, 1996). W e have previously demonstrated the presence of m-1 
mACh receptor protein and mRNA in the rat SCN (Neurosci. Abstr. 
198.3, 1997). In this study, the phase-shifting effect of carbachol at 
C T 18 was assessed after preincubation with inhibitors of a) Ca2+ release 
from the intracellular IP3-sensitive Ca2+ store and b) nitric oxide 
synthase (NOS). Xestospongin C, a cell permeable inhibitor of the IP3 
receptors (IP3R) (20µM, 10-min incubation) completely blocked whereas 
the NOS inhibitor, L-NAME (100µM, 20 min), only partially inhibited 
(65% ) the carbachol-induced phase advance.

Fluorometric measurement of nitric oxide metabolites and scintillation 
proximity assay of cGM P were employed to test whether IP3R and NOS  
inhibitors block the accumulation of nitrites and cGM P after treatment 
with carbachol. Both Ca2+ release from IP3-sensitive Ca2+ stores and 
NO generation were required for the carbachol-induced phase shift. The 
results of this study indicate that the SCN cholinergic signaling pathway 
involves ACh→ M 1AChR →  IP3 → C a2+ → NOS → NO →  cGMP →  
PKG → →  phase advance. (Supported by NIH grant NS3347O).
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C H O L IN E R G IC  M OD U LA TIO N  O F R ESPO N SES O F RAT 
SU PR A C H IA SM A T IC  N U CL EU S (SCN ) NEU RO N S TO 
O T H E R  N E U R O T R A N S M IT T E R S . S.-W. Ying and B. Rusak* 
Department of Psychology, Dalhousie University, Halifax, Nova Scotia, 
Canada B3H 4J1

Both muscarinic and nicotinic acetylcholine (ACh) receptors (mAChR 
and nAChR) have been identified in the rat SCN, and cholinergic 
agonists (carbachol, ACh and nicotine) can affect circadian rhythms 
regulated by the SCN. However, the mechanisms by which Ach acts in 
the SCN remain unclear. We investigated the ability of drugs affecting 
mAchR and nAchR to modulate SCN neuronal responses to other 
neuroactive agents, including, N-methyl-D-aspartate (NMDA), (γ- 
aminobutyric acid (GABA) and glycine, in a rat SCN slice preparation.

Carbachol either activated or suppressed neuronal activity of SCN 
cells. Suppressive effects were frequently blocked by the GABAa 
antagonist bicuculline, but not by the glycine antagonist, strychnine. 
These results imply that carbachol suppressions were secondary to 
release of GABA. Activations in response to carbachol were often 
strongly potentiated in the presence of bicuculline, suggesting the 
existence of a tonic GABA-mediated inhibition. NMDA-induced 
activations were blocked by AP-5, a specific NMDA receptor antagonist. 
Nicotine consistently activated SCN cells, and many of these responses 
could also be effectively blocked by AP-5. These results indicate that 
activation of cholinergic receptors can enhance the release of glutamate 
and GABA in the SCN, probably via presynaptic or preterminal 
mechanisms.
Supported by grants from th e  U.S. AFOSR and NSERC of Canada

4 6 6 .7

5-HT1B r e c e p t o r -m e d ia t e d  p r e s y n a p t ic  in h ibitio n  o f  retin a l
INPUT TO THE GOLDEN HAM STER SUPRACHIASMATIC NUCLEUS IN 
VITRO . G.E. Pickard,* B.N. Smith, T.W . Mitchell and F .E. Dudek Dept. of 
Anat. and Neurobiol., Colorado State Univ., Fort Collins, CO  80523.

Serotonin (5-HT) and 5 -H T1 receptor agonists applied systemically can 
inhibit light-induced circadian phase shifts in rodents (Pickard et al., J. 
Neurosci. 16:8208, 1996). We examined the effects of serotonin receptor 
activation on optic nerve-mediated input to suprachiasmatic nucleus (SCN) 
neurons using whole-cell patch-clamp recordings in horizontal slices of 
ventral hypothalamus from the male hamster. W e tested the hypothesis that 
serotonin reduces the effect of retinohypothalamic input to the SCN by 
acting at presynaptic 5-H T1B receptors on optic nerve terminals.

Application of serotonin or the 5 -H T1 receptor agonist, 1-[3- 
(trifluoromethyl)phenyl]-p¡peraz¡ne (TFM PP) reduced in a dose-related 
manner the amplitude of glutamatergic EPSCs evoked by stimulating 
selectively the optic nerve. The effect of TFM PP was not blocked by the 
highly selective and potent 5-HT1A or 5-HT7 receptor antagonists, WAY  
100635 or ritanserin, respectively. Studies are in progress to further verify 
the receptor subtype involved in the response. Serotonin 5-HT1B receptor 
activation by TFM PP in the presence of WAY 100635 had no effect on the 
inward current evoked by glutamate microapplication.

These results suggest that serotonin can reduce retinohypothalamic input 
to the SCN by acting at presynaptic 5 -H T1B receptors on optic nerve 
terminals. This work was supported by NIH grant NS35615 (GEP) and a 
grant from the AFO SR (FED).

4 6 6 .9

EFFECTS OF DR4004, A NOVEL SELECTIVE 5-HT7 RECEPTOR ANTAGONIST, 
ON CIRCADIAN RHYTHMS OF WHEEL-RUNNING ACTIVITY IN HAMSTERS 
AND MICE. T. Hiranuma1, K. Fuji1,2, M. Okuno1, C. Kikuchi1, O. Ushiroda1, T. 
Andoh1, T. Imanishi1*, M. Kovama1 and S. Shibata2. 1Meiji Seika Kaisha, Ltd., 
Pharmaceutical Research Center, Yokohama, Japan; 2Dept. of Pharmacology, Sch. of 
Human Sciences, Waseda Univ., Tokorozawa, Japan

Recent molecular biological approaches realized a novel receptor cloning such as 
5-HT7 receptor subtype. Several lines of evidence suggested the following possibility 
that a dense distribution of 5-HT7 receptor subtype in the hypothalamus including the 
suprachiasmatic nucleus may have a critical role in mammalian circadian systems. 
DR4004, a novel 5-HT7 receptor antagonist, shows selective and potent affinity to 
cloned human 5-HT7 receptor expressed in COS-7 cells (5-HT7 receptor; Ki = 2.1 nM). 
In the present study, we investigated the effects of DR4OO4 on light pulse-induced 
phase shift of hamsters in constant darkness (DD) and re-entrainment of mice to an 8 hr 
phase shift of light/dark (LD). Systemically administered DR4OO4 enhanced a light- 
induced phase advance of hamster circadian wheel-running rhythm at CT 21, but slight 
effect at CT13 (phase delay part). The re-entrainment of mice to both 8 hr phase delay 
and advance of environmental LD cycle was accelerated by successive 2 days injection 
of DR4OO4 at ZT13 and ZT21, respectively. Similarly to the case of hamster’s 
experiment, an accelerating effect of DR4OO4 on the re-entrainment was obvious in 8hr 
phase advance experiment. These results suggest a possibility that the 5-HT7 receptor 
plays an important role for regulation of photic entrainment of circadian rhythms, 
especially in phase advance part. Moreover, DR4OO4 may become a useful drug for 
treatment to circadian sleep rhythm disorders such as jet lag, delayed sleep phase 
syndrome (DSPS), non-24-hr sleep-wake disorder (non-24) and so on.

4 6 6 .6

PHASE-SHIFTING EFFECTS OF SPECIFIC  MUSCARINIC AND NICOTINIC  
AG O NISTS IN G OLDEN HAM STERS. B.F. O 'Hara, S.W . W iler, V.H. Cao , 
D.M. Edαar, W .R. Kem#, N.F. Ruby* , H.C. Heller and T.S. Kilduff. Center for 
Sleep and Circadian Neurobiology, Stanford University, Stanford, CA 94305- 
5020. #University of Florida, Dept. of Pharmacology, Gainesville, FL 32610.

Considerable evidence supports a role for cholinergic influences on the 
circadian system. The extent to which these in fluences a re  m edia ted by  
muscarinic and/or nicotinic acetylcholine receptors (nAChRs) is unclear. To 
investigate this issue we examined the phase shifting effects of carbachol (a 
general cholinergic agonist), nicotine, M cN-A-343 (m l musarinic agonist) and 
DMAB (nAChR α7  agonist). McN-A-343 has been shown to cause phase 
shifts in the rat SCN slice preparation as occurs with carbachol and nicotine. 
α7 nAChR is the most abundant α  subunit mRNA in the SCN, and is more 
abundant than any muscarinic receptor mRNA. Using golden hamsters 
implanted with cannulae into the third ventricle, we found that carbachol 
induced large phase shifts at several circadian times (CT) including CT6  
(mostly advances), C T14 (delays), and w eaker effects at CT21 (some 
advances, but also substantial changes in τ  with no clear change in phase). 
Our w eaker effects at CT21 as compared to CT6 and C T14 contrast 
somewhat with previous reports. The effects of nicotine were inconsistent at 
all three CTs with sporadic phase shifts and change in x. DMAB and McN-A- 
343 produced clear phase delays at CT14 with less clear results at CT6 and 
CT21. These results suggest that both α 7 nAChR and m 1 muscarinic 
receptor activation can lead to phase shifts. Nicotine may produce less 
consistent phase shifts due to its relatively low affinity at the α 7 subtype. In 
the same hamsters studied above, we also measured phase shifts induced 
by cage changing (typically 2 weeks following the last injection) and found 
large phase advances up to two hours at CT7 - CT10, phase delays at CT23 - 
CT4 and a dead zone at C T 1 1 - CT22 consistent with previous results. These 
data strengthen arguments for the possible roles of non-photic stimuli in the 
circadian system. (Supported by grants DA00187 and HL58985).

4 6 6 .8

PAROXETINE, A SELECTIVE SEROTONIN UPTAKE INHIBITOR, 
INHIBITS LIGHT-INDUCED PHASE SHIFTS OF THE HAMSTER CIRCADIAN 
WHEEL-RUNNING RHYTHM. K.J. Elliott*, A.M. Michel and M.A. Rea. 
Biological Rhythms and Integrative Neuroscience Institute, Air Force Research 
Laboratory (HEPM), Brooks AFB, Texas, USA.

Serotonin (5-HT) is thought to play an important role in modulating the 
response of the suprachiasmatic nucleus (SCN) to photic input (Pickard & Rea, 
1998). Administration of either 5HT1B or 5ht7 receptor agonists attenuates light- 
induced phase shifts and Fos expression in the hamster SCN (Rea et al., 1994; 
Pickard et al., 1996). In the present study, we investigated the effects of four 
selective serotonin uptake inhibitors (fluoxetine, sertraline, paroxetine, and 
fluvoxamine) on light-induced phase shifts of the hamster circadian wheel-running 
rhythm.

Wheel-running activity was monitored in male Syrian hamsters (Mesocricetus 
αurαtus) maintained under constant darkness. Animals received i.p. injections of 
either vehicle or uptake inhibitor (10 mg/kg), 30 minutes prior to 10 minutes of 20 
lux white light beginning at either CT 14 or CT 19 (activity onset = CT 12), then 
returned to constant darkness. Paroxetine significantly attenuated light-induced 
phase advances by 57% (43 ± 13 mins (mean ± SEM), n=6, p < 0.01) versus vehicle 
(101 ± 9, n=60). Neither fluoxetine (111 ± 10, n=7), fluvoxamine (73 ± 21, n=8), 
nor sertraline (78 ± 7, n=7) significantly affected photic phase shifts . Phase delays 
were also attenuated by systemic administration of 10 mg/kg of paroxetine (-6 ± 8, 
n=7 vs. controls, -59 ± 9, n=5). The effect of paroxetine on photic phase advances 
was dose-dependent between 1 and 40 mg/kg (IC50 = 11 mg/kg). Paroxetine given 
without light had no effect on phase. These data support a role for serotonin in the 
modulation of the response of the SCN to photic input.

Supported by the United States Air Force Office of Scientific Research 
(AFOSR) 2312CA (MAR).

4 6 6 .1 0

CHARACTERISTICS OF R(+) 8-OH DPAT-INDUCED PHASE ADVANCE OF 
CIRCADIAN WHEEL-RUNNING ACTIVITY RHYTHM IN SYRIAN 
HAMSTERS UNDER THE CONSTANT DARKNESS. K. Fuji1,2, T. Hiranuma1, 
M. Okuno1, H. Nagaso1, T. Kudoh1, E. Satoh1, Y. Ichimaru1,*, M. Koyama1 and 
S. Shibata2. 1Meiji Seika Kaisha, Ltd., Pharmaceutical Research Center, Yokohama, 
Japan; 2Dept. of Pharmacology, Sch. of Human Sciences, Waseda Univ., 
Tokorozawa, Japan

( ± )  8-OH DPAT, a 5-HT]1A/7 receptor agonist, is known to cause a phase advance 
of various circadian rhythms in hamster, when it was treated at subjective day. Since 
8-OH DPAT has an asymmetric carbon, the compound consists of two optical 
isomers, namely R(+) and S(-) 8-OH DPAT. However there is a few study 
investigated the relationship between binding affinity to 5-HT1Aand 5-HT7 receptors 
and phase shifting effect of each optical isomer. Therefore, we examined whether 
each isomer has different affinity to the 5-HTIA and 5-HT7 receptors, and also 
whether high affinity isomer to the 5-HT7 receptor can induce larger phase advance 
than another one using hamster wheel-running activity rhythm in constant darkness. 
In the present experiment, R(+) 8-OH DPAT showed more potent affinity to the 5- 
HT7 receptor and induced a larger phase advance than S(-) and ( ± )  8-OH DPAT, 
though all compounds had almost same affinities to the 5-HT1A receptor. The phase 
advance induced by R(+) 8-OH DPAT was significantly antagonized by the 
pretreatment of DR4OO4, a novel 5-HT7 receptor antagonist, and ritanserin, a 5- 
HT2A/7 receptor antagonist. Moreover, WAY 100635, selective 5-HT1A receptor 
antagonist, completely antagonized R(+) 8-OH DPAT induced phase advance. These 
results suggest that the 5-HT7 receptor mechanism may be involved in ( ± )  8-OH 
DPAT-induced phase advance, and that the 5-HT1A receptor mechanism modulate 
phase advance independently of the 5-HT7 receptor mechanisms. Thus R(+) 8-OH 
DPAT becomes a useful tool to study the serotonergic mechanism in non-photic 
phase advance of circadian rhythms.
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THE EFFECT OF AGING ON 5-HT7 AND 5-HT1A RECEPTORS IN 
DISCRETE REGIONS OF THE HAMSTER CIRCADIAN TIMING 
SYSTEM. M.J. Duncan*, J. H. Short, and D.L. Wheeler. Dept. of Anatomy 
& Neurobiology, Univ. of Kentucky Medical School, Lexington, KY 40536.
Aging reduces the sensitivity of the circadian pacemaker to many time cues, 

including serotonergic drugs (e.g., 8-OH-DPAT [DPAT]) (Penev et al, 1995). In 
vitro studies have shown that DPAT resets the circadian pacemaker in the 
suprachiasmatic nucleus (SCN) by activating 5-HT7 receptors (Lovenberg et al,
1993). In contrast, in vivo studies suggest that DPAT causes phase shifts by 
acting in the median (M) or dorsal (D) raphe nuclei (RN) (Mintz et al, 1997); 
whether this effect involves the 5-HT7 receptors, or the 5-HT1a receptors 
which also have high affinity for DPAT, is unknown. The present study 
investigated if the 5-HT7 receptors are localized in the MRN and DRN and 
whether the 5-HT7 or 5-HT1A receptor populations in the SCN, MRN or DRN 
change with age. Autoradiography for [3H]DPAT binding was conducted on 
brain sections from young (Y, 3-4 mos, N=9) and middle-aged (MA, 12-16 
mos, N=15) male Syrian hamsters. Specific [3H]DPAT binding to the 5-HT7 
receptors was defined as binding inhibited by ritanserin (500 nM), while 
specific [3H]DPAT binding to the 5-HT1A receptors was defined as binding 
inhibited by pindolol (500 nM). The results showed that the 5-HT7 receptors 
are present in the MRN and DRN, as well as in the SCN, but they are much 
less abundant than the 5-HT1A receptors. Neither the 5-HT7 receptors nor the 
5-HT1A receptors in any region were significantly different between the Y and 
MA hamsters. Therefore, these findings suggest that the phase shifting effect 
of DPAT in vivo may be mediated by 5-HT7 receptors in the RN, but that age- 
related loss of sensitivity to DPAT is not mediated by a decrease in binding to 
either the 5-HT7 or 5-HT1A receptors. (Supported by R01-AG13418 to MJD.)

466.13
NEUROMEDIN C PHASE-SHIFTS HAMSTER SUPRACHIASMATIC 
NUCLEI FIRING RATE RHYTHMS IN VITRO
A.J. McArthur*1 S.M. Biello2, and HD . Pieeins1. 1Anatomy & Human 
Biology Group, King’s College London, Strand, London WC2R 2LS,
U.K., 2Dept. o f Psychology, University of Glasgow, Glasgow G 12, U.K.

The suprachiasmatic nuclei (SCN) contain a circadian clock that 
continues to oscillate in vitro for several days. Retinorecipient cells within 
the SCN contain gastrin-releasing peptide (GRP). Previously, we found 
that microinjections o f GRP into the SCN region phase shifted hamster 
locomotor rhythms in a manner comparable to the phase-resetting effects 
of light (i.e. phase delays during early subjective night and phase advances 
in the late subjective night). In this study we determined the phase
resetting effects o f Neuromedin C (NMC), a 10 amino acid fragment of 
GRP, on the electrical activity rhythm o f the rodent SCN in vitro.

Coronal hypothalamic slices containing the SCN were prepared from 
Syrian hamsters housed under a 14: 10D light:dark cycle. Spontaneous 
activity o f SCN cells was randomly sampled throughout a 12 h period on 
Day 2 in vitro. Control SCN slices showed a consistent mean daily peak in 
their rhythms at ZT 6.5 ± 0.6 h (n=8). Bath application o f NMC (10-7 M) 
at zeitgeber time (ZT) 14-14.5 phase delayed the rhythm nearly two hours 
(peak = 8.3 ± 0.6 h; n=5), while NMC treatment at ZT 18-18.5 advanced 
the time o f peak (peak = 5.4 h, ± 0.4 h; n=5). NMC administration during 
the day (ZT 6-6.5) had no effect (peak = 6.2 ± 0.4 h; n=3). Preliminary 
studies o f  NMC treatment in rat SCN slices suggest that NMC does not 
induce phase shifts this species in vitro. These data raise the possibility 
that NMC is involved in the regulation of the photic entrainment pathway 
in the hamster SCN clock.
Supported by the MRC (UK).

466.15
OPIOID INHIBITION OF PHOTIC PHASE ADVANCES IN HAMSTER 
CIRCADIAN ACTIVITY RHYTHMS. M  Byku, A. Tiemo and R.L. Gannon*. 
Dept. of Biology, Dowling College, Oakdale, NY 11769.

The hamster suprachiasmatic nucleus receives a dense innervation of 
enkephalinergic fibers via the geniculohypothalamic tract from cells that originate 
in the intergeniculate leaflet of the thalamus. However, the role of opioids in the 
generation or modification of hamster circadian activity rhythms has not been 
reported in detail. In this study, systemic injections of the delta opioid agonist 
SNC 80 significantly inhibited light-induced phase advances of hamster wheel 
running activity at circadian time (CT) 19. SNC 80 (0.005 - 0.5 mg/kg) was 
injected seventy-five minutes prior to a ten minute, twenty lux, light pulse 
administered at CT 19 to hamsters maintained in constant darkness. Light-induced 
phase advances of hamster wheel running activity were significantly inhibited by a 
mean of 39 % at the lowest dose (0.005 mg/kg SNC 80) and by 84 % at 0.5 mg/kg 
SNC 80 from the control (vehicle + light) phase advance shift of 1.6 hours. In 
contrast, systemic injections of the kappa opioid agonist U50488H were without 
effect at doses up to 2 mg/kg. Delta opioid receptor immunoreactivity in the 
hamster SCN was also investigated using tissue prepared at midday and midnight 
circadian times. Delta opioid receptor immunoreactivity is quite dense throughout 
all regions of the SCN and clearly defines individual cells within the nucleus. No 
day-night differences in delta opioid receptor immunoreactivity was apparent in 
the SCN. Supported by NSF grant IBN-9728574.

466.12

CIRCADIAN MECHANISMS AND DRUG ANTICIPATORY ACTIVITY.
N. Pecoraro1,3, A.E.K. Kosobud2*, G.V. Rebec2,3, and W.D. T im berlake1,3. 
1Dept. of Psychology, 2Program in Neural Science, and 3Center for the 
Integrative Study of Animal Behavior, Indiana University, Bloomington, 
IN 47405.

Previous experim ents suggested that circadian mechanism s may 
contribute to drug anticipatory activity (DAA; Kosobud, Pecoraro, Rebec, 
& Timberlake, submitted). This experiment was conducted to confirm the 
circadian nature of that mechanism. Eight Sprague Dawley rats were 
housed continuously in sound attenuating chambers under conditions of 
constant dim light (LL) and temporally distributed food, i.e., less than 2 
g /h r . After free running rhythm s were established, rats were given 
m etham phetam ine (MA) injections (2m g/kg) once every 31 hr for one 
month. No anticipation of or entrainment to the 31 hr schedule occurred. 
However, while animals continued free running, average wave forms of 
the MA treatment schedule showed increased bouts of wheel running and 
feeding approximately 24 hr following the injections. Increased wheel 
running anticipated the 24th hr following injections and abated prior to 
the next injection at 31 hrs. These results corroborate our earlier findings 
that rats anticipate MA injections given at circadian intervals and are 
consistent w ith the hypothesis that circadian m echanism s may be 
involved in DAA. This w ork was supported by grants from NIDA 
(DAI 1092 and DA02451) and NIMH (37892).

466.14
ULTRADIAN AND CIRCADIAN TEMPERATURE RHYTHMS IN CHRONIC 
MPTP-TREATED MONKEYS. H, Almirall1, V. Bautista2, E . Fernandez2, F. López2,
T. Lluch2, A. Sánchez2 , I. Pigarev3, M .-T. Herrcro2*. 1Dept. of Psychiatry and 
Clinical Psychobiology Univ. of Barcelona. Spain, 2Experimental Neurology . Univ. 
of Murcia. Spain; 3Inst. of Problems of Transmission. Moscow. Russia.

Previous studies in M P TP-treated monkeys shown that besides motor 
impairments there is a loss of the circadian activity rhythm. The aim of this study is 
to ascertain if the circadian temperature rhythm is lost in those animals, as well.

Five adult cynomolgus monkeys (Macaco fascicularis) received repeated 
intravenous MP I P injections to a total dose of 2.1-5.4 mg/kg in order to obtain a 
stable parkinsonian syndrome. The behavioural status of each animal was evaluated 
according to a disability motor rating scale ranging from 0 (no disability) to 25 
(maximal disability). Four parkinsonian monkeys were classified into a group of 
severely disabled animals (disability score > 16) and the fifth one was moderately 
disabled (disability score < 10). Two normal animals were used as controls. The 
present work was done two years and a half after the first MPTP injection. All 
monkeys were housed in a controlled environment (temperature 21 ± 1°C; relative 
humidity 55 ± 5%; air exchange: 16 times/h. light/dark cycle: 12/12). All the 
animals were subcutaneously implanted with a radio-frequency transmitter 
(Minimitter. Oregon. USA). The temperature data from every monkey were taken 
continuously during several days by a receiver connected to a computer.

Analysis of the data shown that although the circadian rhythm was 
conserved in parkinsonian monkeys, the presence of ultradian components was 
evident in the most severe ones. Then, in MPTP-treated monkeys the ultradian 
rhythmicity is overimposed to the temperature circadian rhythm.

(Supported by FISS grant 970045)

466.16
VASOPRESSIN AND FREE-RUNNING CIRCADIAN RHYTHMS 
IN CONTINUOUS LIGHT OR DARK.
C. H. Wideman*, H. M. Murphy and G. R. Nadzam.
Departments of Biology and Psychology,
John Carroll University, Cleveland, OH 44118.

Vasopressin (VP)-containing, Long-Evans (LE) and VP-deficient, 
Brattleboro (DI) rats were maintained in individual cages while 
telemetered activity (AC) and body temperature (BT) data were 
collected. Rats were initially exposed to a 12h /l2h  light/dark cycle 
(photic zeitgeber) and were allowed ad-lib access to food and water. 
Care and handling (nonphotic zeitgeber) occurred at the beginning of 
the 2nd hour of the dark cycle. After a 14 day habituation period, 
rats were subjected to continuous light (LL) or dark (DD) and had 
ad-lib access to food and water. Rats were fed, watered, and cages 
were cleaned at randomly selected times every 3 days for 3 weeks. 
During the habituation period, both strains exhibited clear 24 hour 
circadian rhythms o f AC and BT. In LL or DD, photic cues were 
removed and nonphotic cues were irregular. For LE animals, there 
was a shift in the cycle to 26h for both AC and BT in LL and 24.4h in 
DD. Care and handling were seen as a minor artifact. In DI rats, 
although there were robust 26h and 24.3h circadian cycles of AC in 
the LL and DD, respectively, BT data were inconsistent and showed 
sporadic fluctuations. In both AC and BT rhythms, strong peaks were 
associated with care and handling times or anticipated care and 
handling times. Possessing VP, LE animals demonstrated 
free-running in LL and DD. Lacking VP, DI animals were strongly 
under the influence of the nonphotic zeitgeber. (Supported by a 
Focused Giving Grant from Johnson & Johnson.)
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VIBRATORY BEHAVIOR OF THE SOUND GENERATING 
STRUCTURES IN THE BIRD SYRINX. O.N. Larsen1* and F. Goller2. 
1CSC, Odense University, DK-5230 Odense, DENMARK and 2School 
o f Medicine, Indiana University, Bloomington, IN 47405, USA.

Recent endoscopic studies of the bird syrinx during phonation suggest 
that sound is generated by vibrating membrane folds or labia (Goller and 
Larsen, J. exp. Biol., 200, 2165-2176, 1997; Goller and Larsen, Proc. 
Natl. Acad. Sci., 94,14787-14791, 1997) and not by a whistle mecha
nism (Nottebohm, J. comp. Physiol., 108, 157-170, 1976; Gaunt et al., 
Auk, 99, 474-494, 1982). However, because o f low temporal video 
resolution, vibratory behavior o f the sound source could not be studied 
in detail. In pigeons, cockatiels and Indian hill mynahs representing 
three different bird orders, we have now recorded brain stimulation- 
induced vocalizations simultaneously with a microphone and a vibration 
detector, which received input from a fi ber optic inserted into the tra
chea and pointed at the syringeal sound source. In all three species the 
vibration detector recorded frequencies that match exactly those present 
in the microphone recordings. In hill mynahs and cockatiels, but not in 
pigeons, energy distribution across the harmonic structure of the vocali
zation is similar to that recorded with the optical detector, even in cases 
when the second harmonic contains more energy than the fundamental. 
This provides strong evidence that vibrating structures generate the vo
calizations and thus does not support the whistle hypothesis. It also 
shows that emphasis on higher harmonics does not necessarily result 
from upper vocal tract filtering. (Supported by DNRF, NIH, and NSF)

4 67 .3

ONTOGENY OF SONG LATERALIZATION IN JUVENILE NORTHERN 
CARDINALS. R. A. Suthers* and F. Goller. Medical Sciences. Indiana Univ. Sch. 
of Med., Bloomington, IN 47405

In adult northern cardinals (Cardinalis cardinalis), the left and right sides of the 
syrinx cover different vocal registers such that fundamental frequencies below about 
3.5 or 4 kHz are produced only by the left syrinx and higher frequencies are produced 
primarily by the right syrinx. Many frequency modulated (FM) notes sweep through 
both vocal registers and require the bird to switch sound production from one side to 
the other in the middle of the frequency sweep. We have studied the development of 
song lateralization during song learning by juvenile northern cardinals. We recorded 
the rate of airflow through each side of the syrinx and the subsyringeal pressure in 
young male cardinals between 40 and 319 days o f age. Laterally independent motor 
control of the aperture on each side of the syrinx is already present in early subsong 
but left-right switching occurs between notes or syllables rather than within a single 
note. Most notes are produced on the left side alone but some are produced only on 
the right and others with airflow through both sides. Successive syllables within the 
same extended expiration may be produced on opposite sides of the syrinx. 
Occasionally both sides generate different, non-harmonically related frequencies 
giving rise to “two-voice” syllables. Even though the right syrinx is closed during 
phonation on the left, it typically opens during each inspiration. The separate vocal 
registers of the adult are not evident in most subsong. Most sound is below 4 kHz, the 
left vocal register o f adult birds, regardless o f the side in which it is generated. The 
ability to change sides during a continuous FM sweep does not become prominent 
until early plastic song when syllable morphology and phrasing also become more 
adult-like. Although laterally independent motor control of sound production is 
present in subsong, the bilateral coordination and motor precision necessary for 
switching from one side of the vocal organ to the other within a single note require 
longer to develop. (Supported by NIH and NSF)

4 6 7 .5

PA R T IA L  L E SIO N S ON TH E H IGH V O C A L CENTER  
R E D U C E  TH E V A R IA T IO N S O F S O N G  ELEM ENT  
SE Q U E N C E S IN  BE N G A L ESE FIN C H E S. II. UNO1,* and  K. 
OKANOYA1,2. 1Dept. of Cognitive and Information Sci.,Fac. of Letters, Chiba Univ, 
Chiba city 263-0022, Japan; 2PRESTO, Japan Science and Technology Corporation, 
Kawaguchi, Saitama 332-0012, Japan.

Bengalese finches vocalize song elements in com plex temporal 
sequences. W e made partial lesions on the High Vocal Center (HVC) of the 
left hemisphere, which is dom inant for song production in adult male 
Bengalese finches, to identify the neural mechanisms which govern the 
temporal structure o f the song. The birds which received lesions on more 
than two-thirds o f HVC could not produce any song elements at all. In 
cases o f m oderate lesions, acoustic structures were impaired fo ra  few days 
after surgery. During that time, vocalizations sometimes stopped in the 
middle o f the song element sequences. The vocal control functions 
gradually recovered after that period. After a week, the birds could vocalize 
almost song elements precisely. However, the variations o f the sequences 
decreased in com aprison with those before surgery Furthermore, 
particular sequences tended to be dropped out from pre-op. repetition. 
These results support the idea that HVC plays a crucial role in the sequence 
control of the song elements, but no tin  the control o f elements themselves. 
On the other hand, small lesions had no perm anent deficiency in song 
production. This suggests that inform ation for the song sequence control is, 
to a certain degree, distributed over HVC.

Supported by PRESTO, JST to K.O..

4 67 .2

HOW DOES THE SONGBIRD CONTROL ACOUSTIC RESONANCES? 
DIRECT MEASUREMENT OF THE ACOUSTIC PROPERTIES OF THE 
OSCINE TRACHEA. M. S. Fee* and P. P. Mitra , Bell Laboratories, 
Lucent Technologies, Murray Hill, NJ 07974

Tracheal acoustic resonances are thought to affect the spectral 
structure of birdsong. There is also evidence that tracheal resonances are 
actively manipulated by the bird to modulate song spectrum [Nowicki, 1987]. 
In order to elucidate the mechanisms involved, we measured the acoustic 
properties of the zebra finch trachea with intact oral cavity. The trachea was 
severed just anterior to the syrinx and a calibrated impedance tube inserted 
into trachea. Adapting the technique of Voss and Allen (1994), we determine 
the frequency-dependent acoustic input impedance of the trachea. We find 
resonances at the approximate frequencies expected from the hard-wall tube 
approximation. For an open larynx, the lowest resonance was found from 2.5 
kHz to 3.5 kHz, depending on tracheal length; the second mode was found at 
roughly three times the frequency of the lowest mode. The beak opening 
angle had little effect (<10%) on the resonant frequencies. The effect of 
complete beak closure was a damping of higher resonances, with no effect on 
the tracheal impedance below 4-5 kHz. In contrast, closure or near closure of 
the larynx had a dramatic effect on tracheal resonant frequencies, producing 
an upward shift of the lowest resonance by a factor of two. We suggest that 
the control of laryngeal aperture or tracheal length, rather than beak angle, 
underlies any tuning of tracheal frequencies during song production. We 
incorporate these measurements into a biophysical model of song production 
to explore the effect of acoustic coupling between the syrinx and the trachea. 
(Funded by Lucent Technologies)

4 6 7 .4

TOWARDS AN ANALYSIS OF THE CHANGES IN NEURAL CIRCUITRY 
THAT UNDERLIE SPECIES DIFFERENCES IN CROWING BEHAVIOR IN 
GALLINACEOUS BIRDS: USING PERTURBING BRAIN STIMULATION TO 
INVESTIGATE THE ROLE OF A MIDBRAIN VOCAL NUCLEUS. B. K. 
Shaw*. The Neurosciences Institute, San Diego, CA 92121.

Quail (Coturnix coturnix japonica) and chickens (Gallus gallus domesticus) 
possess a song-like form of vocalization, crowing, which differs between the two 
species in two components: its temporal acoustic pattern and its accompanying 
postural display (in quail, but not chicks, crowing is accompanied by a high- 
frequency pattern of head movements). Behavioral analyses of chick-quail 
chimeras have shown that the species-specific characteristics of the two crow 
components can be independently transferred by transplanting different brain 
structures (Balaban, 1997, PNAS 94: 2001-6). To explore the implications of this 
finding, and to begin generally to unravel the specific circuitry underlying 
crowing, I am investigating the role played by a midbrain vocal nucleus, the 
nucleus intercollicularis (ICo), in crow production.

To assess the functional role of ICo in crowing, I utilized the technique of 
applying brief electrical stimuli to ICo during spontaneously-emitted crows in 
quail with chronically implanted electrodes, to determine if perturbing neuronal 
activity in ICo resulted in a perturbation of crowing behavior. Such stimuli caused 
a suspension of both the acoustic pattern and the high-frequency head movement 
pattern of crowing. These results suggest that ICo plays a motor programming role 
for both the acoustic and postural components of crowing in quail. The next aim is 
to use this technique to test the role of ICo in chicks and in chick-quail chimeras.

Supported by the Neurosciences Research Foundation.

4 6 7 .6

LESION OF A HIGHER-ORDER SONG CONTROL NUCLEUS (NIF) 
DISRUPTS PHRASE-LEVEL SONG COMPLEXITY DM BENGALESE FINCHES. 
K. Qkanova*1,2 and T. Hosino2. 1PRESTO, Japan Science and Technology 
Corporation Minato-Ku Tokyo 105-0013, JAPAN; 2Faculty of Letters, Chiba 
University, Chiba 263-0022, JAPAN.

Song in passerine birds is a leaned behavior that is controlled by a set of 
telencephalic nuclei. It has been known that, in the Zebra finch, the neurons in the 
descending motor pathway (HVC and RA) control the temporal organization of the 
song. RA controls each note while HVC organizes notes into syllables. Another song 
control nucleus, Nif is afferent to HVC and thus hypothesized to control higher level 
of song temporal organizations. However, previous research on Nif lesion in the 
Zebra finch did not found any noticeable effect on song temporal organizations. The 
role of Nif in the production of the song is still unknown.

Song of the Bengalese finch has a higher level of temporal organization; syllables 
are further arranged into several phrases. We hypothesized that this phrase-level 
song complexity might be controlled by a higher order nucleus such as Nif that is 
afferent to HVC. To test this, we bilaterally lesioned Nif in three Bengalese finches. 
Temporal organization of pre- and post- operative songs was described by note-to- 
note transition probability. One of these birds was singing a simple song with only 
one song phrase while the other two birds had complex, multi-phrase songs.

Temporal organization of the song stabilized at four weeks after the surgery. 
Temporal organization of the song did not change in the bird with only one song 
phrase. On the other hand, songs of the other two birds with multi-phrase 
organizations changed into more simple, mono-phrasic songs. Acoustical 
characteristics of each song note did not change by this operation. From this study, 
we conclude that the functional hierarchy of the avian song control system could be 
extended to higher level than HVC. (Supported by PRESTO, JST)
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NEST-SIDE SONG INDUCES HORM ONAL CHANGES AND 
OVULATION IN FEMALE ZEBRA FINCHES. O. Tchemichovski*, F. 
Nottebohm. The Rockefeller Univ. Field Research Center, Millbrook, 
NY 12545.

During courtship, male zebra finches sing while facing the female. This 
“female-directed” singing is thought to induce the female’s reproductive 
state. Yet, even during early stages of reproduction, the vast majority of 
male songs are not “directed” towards any individual. These undirected 
songs are particularly frequent when the female is in the nest and the male 
sings nearby, apparently inducing the female to stay longer inside the 
nest (Dunn & Zann, Ethology 102, 1996). We used a laboratory 
experiment to test the influence of the m ale’s nest-side singing on a 
female’s reproductive condition. Sensors detected the position of the 
female with respect to that of a male model located 2 ” in front of the nest 
and facing away from it. The model sang when the female was behind it, 
in or by the nest. Song thus triggered, induced an increase of fecal 
estrogen levels and ovulation. Song triggered by the female perching in 
front of the model did not increase estrogen levels and ovulation was not 
induced. These findings refine our understanding of the context in which 
song is most effective in inducing ovulation. Earlier we showed that a 
confluence of auditory and visual stimulation was necessary; we also 
showed that whereas a model singing on the nest rim blocked ovulation, 
one singing farther away encouraged it (Anim Behav, in press). Now we 
specify that the positional relation of the female with respect to the model 
when the latter sings, also matters. In agreem ent with Zann’s 
observations on wild zebra finches, nest-side song was a strong 
reinforcer of nest occupancy. In addition, we infer that this behavior 
induces ovulation--a function previously ascribed solely to “female- 
directed song”. Supported by Mr. Romie Shapiro & PHS MH 18343.

4 6 7 .9

DISRUPTION OF SONG LEARNING FOLLOWING 1MAN LESIONS IN 
FLEDGLING MALE ZEBRA FINCHES F. Johnson*. Program in 
Neuroscience, Florida State University, Tallahassee, FL 32306-1270.

1MAN, a vocal-control brain region located in the anterior telencephalon of 
songbirds, has been reported to play at least two distinct roles during zebra finch 
vocal development - a morphological role in which 1MAN regulates the survival 
of neurons in one of its synaptic targets (the motor region RA), and a functional 
role that involves important processes of vocal learning. For example, removing,. 
1MAN synaptic input to RA in fledgling (20 d/o) birds induces the death of 30- 
50% of RA neurons, whereas 1MAN lesions in older juvenile (40-60 d/o) birds 
disrupt vocal learning but do not induce the death of RA neurons.

The purpose of the present study was to analyze the vocal behavior of male 
zebra finches that received bilateral 1MAN lesions as fledglings. Since these 
birds would receive 1MAN lesions at the very beginning of the song learning 
period, and because they would have 30-50% fewer RA neurons, the question 
was whether the extent of vocal disruption would differ from that observed 
when 1MAN lesions are made at later stages of song development.

Bilateral 1MAN lesions were made in male birds that were either fledglings 
(20 d/o) or older juveniles (50-60 d/o). Vocal patterns were recorded and 
analyzed when birds were adults (120-140 d/o). After their final recording, 
birds were perfused and the number of RA neurons in each bird was estimated. 
Song analysis revealed variation in the extent of behavioral disruption induced 
by 1MAN lėsions in fledgling birds: some birds produced a disrupted song 
similar to that sung by birds lesioned as older juveniles, whereas other birds did 
not produce a vocal pattern. Preliminary analysis of RA neuron number in birds 
lesioned as fledglings revealed a greater loss of RA neurons in birds that failed 
to produce a vocal pattern, suggesting that fewer numbers of RA neurons may 
correlate with greater impoverishment of song. Support: NIH (DC02035)

467 .11

DEAFENING ALTERS THE TIMING OR MAGNITUDE OF HVC 
NEURON ADDITION AND LOSS IN ADULT ZEBRA FINCHES. R  
Wang* & J.R. Kirn. Biology Dept., Wesleyan University, 
Middletown, CT 06459.

The production and replacement of high vocal center (HVC) 
neurons occurs in adult songbirds and may be related to song learning 
and/or perception (reviewed by Nottebohm, 1993). Deafening in 
adult zebra finch males leads to a gradual deterioration of song over 4 
months, perhaps by preventing auditory feedback necessary for song 
maintenance (K. Nordeen & E. Nordeen, 1992). We wished to see 
whether adult auditory experience influences HVC neuron 
incorporation or survival. Male zebra finches (age > 180  days) were 
deafened by bilateral cochlea removal. Sham-operated birds served 
as controls. Two-three weeks later, all birds were treated with 3H- 
thymidine (50 µCi per bird every 12 hrs for 4 days) to label newly 
formed neurons. Birds were sacrificed one or 4 months later to 
measure new neuron incorporation and survival. Six µm sagittal 
sections were processed for autoradiography and counterstained with 
fluorescent cresyl violet. Thirty days after 3H-injections, the total 
number of new HVC neurons in deaf birds was only one-third that of 
controls (n = 8 / group; p=.004). By 4 months, however, this 
difference disappeared due to a decrease in labeled neuron number in 
control (p=.03) but not deafened birds (p=.70). Deafening may 
reduce the number of new neurons produced, but prolong their life
span. Alternatively, deafening may not influence the number of new 
HVC neurons produced or their survival but may simply delay the 
timing for their incorporation and death.

4 6 7 .8

DISCRIMINATION OF SEXUALLY DIMORPHIC CALLS BY MALE 
ZEBRA FINCHES REQUIRES AN INTACT VOCAL PATHWAY. 
D.S. Vicario* and N.H. Naqvi. The Rockefeller University, New York, 
NY 10021.

Vocal communication between zebra finches includes the exchange of 
long calls (LCs), as well as song. By using this natural call behavior and 
counting the number of LCs emitted in response to playbacks of LCs of 
other birds, we have previously shown that adult male (but not female or 
juvenile male) zebra finches show a categorical preference for the LCs of 
females over those of males. Female LCs are acoustically simpler than 
male LCs, which include acoustic features that are learned during 
development. An intact vocal pathway is required for production of these 
male-typical features; they are abolished by lesions of nucleus RA, the 
sexually dimorphic source of the projection to brainstem vocal effectors.

We now report the effect of lesioning nucleus RA on the discrimination 
of female and male LCs, measured in the call response assay. Eighteen 
adult males were tested before and after receiving bilateral lesions 
targeted at RA. Call preference was correlated with the extent of RA 
damage. Lesioned birds with the same strong preference for female LCs 
as intact males had minor RA damage (<33%) and their LCs were 
unchanged. Birds that no longer had a categorical preference for female 
LCs had large lesions of RA (>66%) and adjacent areas; their LCs and 
LC preference were female-like.

The males’ ability to both produce male-typical LCs and discriminate 
them from female LC’s seems to require the adult male vocal motor 
system, although a possible role for areas adjacent to RA in 
discrimination cannot be ruled out. Females and juvenile males lack 
adult male vocal systems and do not categorize LCs. These results are 
consistent with a motor theory of call perception, (support: MH40900)

4 6 7 .1 0

EXPERIENCE-DEPENDENT CHANGES IN THE AVIAN 
HIPPOCAMPUS OF FOOD-CACHING MOUNTAIN CHICKADEES.
NS Clayton* Section NPB, UC Davis, Davis, CA 95616.

The avian hippocampus is crucial for the successful retrieval of 
previously stored food, and this brain region is enlarged in food-storing 
species when compared to non-storing species. It has been hypothesized 
that the food-storer’s ability to remember the spatial location and content 
of hundreds of hidden food caches and then later recall this information 
when retrieving these caches may have selected for an enlargement of the 
hippocampus relative to the remainder of the telencephalon. Studies of the 
dual ontogeny of behavior and brain in food-storing mountain chickadees 
(Parus gambeli) show that hippocampal size is experience-dependent: 
Birds which are given the opportunity to store and retrieve their food 
caches have enlarged hippocampal volumes when compared to age- 
matched control birds. These hippocampal changes can be triggered 
rapidly over a period of just nine days in which the birds receive only three 
food-storing and retrieval tests, once every third day. However, birds given 
only one trial of food-storing and retrieval experience immediately prior, 
to sacrifice do not show this hippocampal enlargement suggesting that 
either (a) one trial of experience is insufficient to trigger hippocampal 
growth, and/or (b) that the time course of hippocampal growth occurs over 
more than one day. These findings have led to the development of the 
food-storing system as a model for investigating fundamental questions 
about the role of experience in brain plasticity, and the relationship 
between memory and the hippocampus in a naturalistic setting. Supported 
by NIH and the Whitehall Foundation.

4 6 7 .1 2

NEW NEURONS ARE ADDED TO THE VOCAL CONTROL SYSTEM OF 
THE ADULT BUDGERIGAR J. Dekker & J. R. Kim*. Biology Dept., Wesleyan 
University, Middletown, CT 06549.

Neurogenesis continues into adulthood in the brains of oscine songbirds, such as 
the canary (reviewed in Alvarez-Buylla & Kim, 1997). Many of the new neurons 
produced in adulthood replace dying cells in the telencephalic pathway subserving 
the production of learned song. This neuronal turnover occurs seasonally and may 
play a role in the seasonal vocal-motor plasticity these birds exhibit (Alvarez-Buylla, 
et al., 1990). Birds belonging to the order Psittaciformes (such as the budgerigar) 
also display vocal plasticity in adulthood, but some evidence indicates that the 
budgerigar forebrain vocal control pathways may have evolved independently of 
those in oscine songbirds (Striedter, 1994). In light of these differences in
telencephalic organization and evolutionary history, we were interested in 
determining whether neurons are added to the adult budgerigar song system as in 
oscines. To address this question, adult male budgerigars (n=3) were treated with 
3H-thymidine to label dividing cells. Birds were allowed to survive for four weeks 
before perfusion and autoradiographic processing of brain tissue. Large cells 
containing clear nuclei with one or more darkly staining nucleoli were counted as 
neurons. Our results demonstrate widespread incorporation of new neurons 
throughout the adult budgerigar telencephalon. Particularly, our analysis reveals 
robust neuronal incorporation in the central nucleus of the lateral neostriatum (NLC), 
a song nucleus that may be analogous to the high vocal center (HVC) of oscines. 
Additionally, new neurons were observed in the magnocellular nucleus of the lobus 
parolfactorius (LPOm), a region that may be similar to area X of oscines (Durand, et 
al., 1997). These results suggest shared developmental programs for the construction 
and reconstruction of vocal control areas in two distantly related avian groups.

Supported by the Scott Charitable Trust.
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GROW TH AND REGRESSION IN A TH ALAM OCORTICAL PROJECTION 
DURING THE SENSITIVE PERIO D FO R VOCAL LEARNING IN ZEBRA 
FINCHES. S. Iyengar* and S. W. Bottier, Dept. o f Biology, University of Southern 
California, Los Angeles, CA 90089
The projection from the thalamic nucleus DLM to the cortical region 1MAN 

undergoes substantive growth during the sensitive period for song learning in juvenile 
male zebra finches. An equally remarkable regression in the DLM-*IMAN circuit 
occurs between 35d and adulthood (>90d), by which time stable song patterns are 
acquired by male zebra finches. Since the total number o f  DLM neurons remains 
constant throughout song learning, any change in the overall DLM→IMAN circuit 
must occur at the level of individual DLM arbors within 1MAN. In order to study 
these axonal rearrangements, we iontophoretically injected the anterograde tracer 
biocytin into DLM in 20d, 35d and adult zebra finches and reconstructed individual 
DLM axons in 1MAN at each age using an image analyzer. The total length o f all 
axonal branches in 2Od birds was 56% and 20% greater than those in adult and 35d 
birds, respectively. DLM axon arbors at 20d had the greatest number of branches 
(125% higher than in adults and 46% higher than in 35d birds), indicating that these 
arbors are very complex at the onset o f song learning (20d) and then undergo 
substantial retraction until the adult pattern is achieved. The tangential extent o f these 
arbors was ~45% higher in juvenile birds (2Od and 35d) than in adults, suggesting that 
the degree o f overlap between DLM axonal arbors within 1MAN is greatest at 2Od 
(when the total volume o f the DLM→IMAN projection is smallest). These striking 
developmental differences in DLM axon arbors may be a prerequisite for vocal 
learning or conversely, may be a consequence o f song acquisition by male zebra 
finches over the course o f song learning. Supported by NIH grant DC 00190.

4 6 7 .1 5

Decrease in Cell Num ber W ithin the Proliferative VZ C ontributes to 
Reduced M itotic Activity in the Z ebra Finch Telencephalon During the Period of 
Song Learning. V. DeWulf * and S. W. Bottier, Dept. o f Biology, USC, Los 
Angeles CA 90089

The production o f new neurons within the brain and their subsequent incorporation 
into functional circuits is a process that persists throughout postnatal life in zebra 
finches. We have previously shown that the rate o f  proliferative activity within the 
ventricular zone (VZ) o f the telencephalon is much higher in juveniles than in adults. 
However, there is no difference in proliferation between males and females at either 
age. To determine the cellular parameters that contribute to this developmental 
decline in mitotic activity, we administered a single dose o f 3H-thymidine to juvenile 
(3Od) and adult (≥90d) zebra finches o f  both sexes. Two hours later, birds were 
overdosed and lµm  plastic sections were prepared for tissue autoradiography. The 
VZ at the level o f the anterior commissure was divided into 3 regions, the ventral 
horn (VH), the dorsal horn (DH), and an intermediate region (Int) between VH and 
DH. Preliminary results demonstrate two interesting findings. First, the number of 
thymidine-labeled cells within all 3 regions o f the VZ is greater in juveniles than in 
adults o f both sexes. For example, the VH o f juvenile birds had approximately twice 
as many thymidine-labeled cells as did that o f adults. These data suggest that as 
development proceeds, the number o f  proliferative cells decrease until the adult cell 
number is reached. Second, at both ages, labeled cell number and density are highest 
in the VH o f the VZ followed by the DH and Int, respectively. This finding is 
interesting because the VH lies within the basal ganglia, a brain region involved in 
motor learning. The relatively greater addition o f new neurons to this region in 
young birds could affect motor aspects o f song learning, and perhaps song perception 
and maintenance in adult life. Supported by NIH grant DC02715.

4 6 7 .1 4

CHRONIC NEUROTROPHIN TREATMENT CAUSES 
DRAMATIC GROWTH OF A VOCAL-CONTROL BRAIN 
REGION IN ZEBRA FINCHES. P. Shim, F. Johnson, and
S.W. Bottjer*. USC, Los Angeles, CA 90089-2520 

The robust nucleus o f the archistriatum (RA), a motor cortical region 
involved with song learning and production, increases in volume in 
developing male zebra finches but regresses in females. Lesions of the 
lateral magnocellular nucleus o f the anterior neostriatum (1MAN) remove 
pre-synaptic inputs from RA and cause massive cell death o f RA neurons. 
This deafferentation-induced cell death is completely suppressed by acute 
administration o f BDNF. To test the effects of chronic neurotrophin 
treatment on the growth of RA, we made bilateral lesions of 1MAN in 
juvenile males and females (20 days old). At the time o f lesion, left RA 
received a unilateral injection o f BDNF-coated latex microspheres, which 
release BDNF continuously over four days. Comparing the volume of 
BDNF-treated RAs versus contralateral (untreated) RAs revealed that RAs 
injected with the neurotrophin microspheres were about twice the size of 
untreated, control RAs after only four days. RAs that had more than 50% 
coverage by the neurotrophin microspheres were three to four times larger 
than RAs without microspheres. Furthermore, preliminary results show 
that female RAs that received this chronic neurotrophin administration had 
approximately the same number o f neurons as normal adult male RAs. 
These results show that BDNF can exert striking growth-promoting effects 
on RA neurons in as little as four days, and suggest that neurotrophins play 
a key role in sexual differentiation o f the song control system in zebra 
finches. Supported by NIH grant DC 00190

4 6 7 .1 6

LARGE N ET W O R K  O F T A N G E N T IA L  PA THW A Y S FOR 
C H A IN  M IG R A T IO N  IN  A D U LT SO N G B IR D S.
C  Scharff*, J.-M Garcia-Verdugoj.#, F Doetsch,. M.Grossman, A. Mateo, F.Nottebohm 
and A.Alvarez-Buylla, The Rockefeller University, New York, NY10021 and 
#Universidad de Valencia, Valencia, Burjassot-46100, Spain
N euronal precursors continue to be born in the  v en tricu la r zone (VZ) of th e  
la teral ventricles in  the  b ra in  of ad u lt song b irds. These cells m igrate  a w a y  
from  the VZ into the  fo rebrain  p a ren ch y m a along rad ia l cells to th eir f in a l  
d estina tions, w here  they  d iffe ren tia te  in to  functional neurons. Recently, a 
netw ork  of tan g en tia l p a th w a y s  for neuronal m igration  has been 
d em onstra ted  in ad u lt rodent b rain , using a w ho le-m ount technique t h a t  
exposes the  la te ra l ven tricle  in  its en tirety . H ere, w e dem onstrate  th a t a 
sim ila r netw ork  of tan g en tia l p a th w a y s  for chain  m igra tion  exists in th e  
ad u lt zeb ra  finch brain . W e dissected  the la te ra l w all of the ventricle and 
im m uno-stained  these w hole-m ounts w ith  the p o ly sia ly la te d  neura l ce ll 
ad h esio n  m olecule (PSA-NCAM ). This rev ea led  an  extensive netw ork  of 
im m unopositive cells arran g ed  in chains, covering m ost of the  an te rio r w a l l  
of the  la te ra l ventricle. One hour a fter a single injection of the  b i r th -d a te  
m arker brom o-deoxyuridine (BrDU) labeled  cells w ere found in an a re a  
co rrespond ing  to the reg ion  covered w ith  the PSA-NCAM  positive cells. The 
w hole-m ount technique revealed  an  ex tended  m ed io -ven tral region th a t h a d  
h ig h er d ensity  of BrDU labeled  cells th an  the rest of the  ventricle. T h is  
region is coincident w ith  the  p rev io u sly  id en tified  neurogenic "ho t spot". 
Serial u ltra th in  section reconstruction  show ed  th a t  m igra ting  chains of cells 
are localized  just b en eath  the  VZ, and  th a t, in  contrast to ta n g e n tia l  
m ig ra tion  in  roden ts, tangentia lly  m igra ting  cells in  b ird s  are  not e n sh e a th e d  
by  glial tubes. M icroinjections of DiI in to  the ven tra l h o t spot ind ica ted  t h a t  
cells m ove tan g en tia lly  th ro u g h  th is  netw ork . These experim ents 
dem onstrate  a novel set of p a th w a y s  for neuronal m igration  in the  a d u lt  
av ian  b rain  and  suggest th a t  netw orks for tan g en tia l chain  m igration  a re  
w id esp read  am ong  vertebrates. S u p p o rted  b y  N IH  an d  NSF.
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PTP AT APLYSIA SENSORY-MOTOR NEURON SYNAPSES IN ISOLATED 
CELL CULTURE DOES NOT INVOLVE NMDA RECEPTORS OR NITRIC 
OXIDE SIGNALING. N. Kononenko and R.D. Hawkins*. Ctr. Neurobiol. & 
Behav., Columbia Univ., New York, NY 10032.

We have previously found that PTP at Aplysia sensory-motor neuron synapses in 
isolated cell culture is reduced by presynaptic injection of EGTA and is accompanied 
by an increase in the frequency but not the amplitude of spontaneous miniature PSPs, 
suggesting that it involves presynaptic residual Ca2+ like PTP at many other synapses 
(Bao et al., 1997). However, we found that PTP is also reduced by postsynaptic 
injection of BAPTA or strong hyperpolarization, suggesting that it also involves a 
postsynaptic Hebbian mechanism like LTP at these synapses (Lin and Glanzman,
1994) and in mammalian hippocampus. Because LTP is blocked by the NMDA 
receptor antagonist APV, we investigated the effect of APV on PTP at sensory-motor 
neuron (L7) synapses in culture. In some cases, perfusion with APV (100 µM) for 
30 min produced a small reduction in the amplitude but no change in the time course 
of baseline PSPs either in normal seawater (4 out of 8 synapses) or in low Mg2+ 
seawater (2 synapses). However, APV had no effect on the amplitude or time course 
of PTP produced by a 20 Hz, 2 sec tetanus (N=6). These results suggest that PTP at 
these synapses is mechanistically distinct from LTP, although they may share some 
common postsynaptic mechanisms. Because these appear to interact with presynaptic 
mechanisms, we also investigated the possible role of retrograde signaling by nitric 
oxide (NO) and cGMP. PTP was not affected by the NO synthase inhibitors 
nitroarginine (1 mM) in the bath and methylarginine (50 mM) in the postsynaptic 
electrode (N=4) or by the guanylyl cyclase inhibitor ODQ (20 µM) in the bath (N=4). 
These results suggest that PTP at these synapses does not involve retrograde 
signaling by the NO-cGMP pathway. (Supported by MH26212.)

4 68 .2

FACILITATION OF MONOSYNAPTIC SENSORY NEURON-MOTOR NEURON 
PSPS CONTRIBUTES TO SENSITIZATION OF THE APLYSIA SIPHON 
WITHDRAWAL REFLEX IN A SIMPLIFIED PREPARATION. I. Antonov* and 
R.D. Hawkins, Ctr. Neurobiol. & Behav., Columbia Univ., New York, NY 10032.

To study cellular mechanisms of simple forms of learning in a more rigorous 
fashion, we have developed a new simplified preparation consisting of the siphon, tail, 
and central nervous system of Aplysia in which it is relatively easy to record the 
activity of identified neurons during behavior. A single LFS siphon motor neuron 
contributes approximately 30% of the siphon elicited siphon withdrawal reflex in this 
preparation, which probably corresponds to siphon flaring in the intact animal. 
Furthermore, the monosynaptic PSP produced in an LFS neuron by a single spike in a 
single LE siphon sensory neuron contributes approximately 4% of the complex PSP 
produced by stimulation of the siphon. Using this preparation, we have previously 
provided the most direct evidence that facilitation of the monosynaptic LE-LFS PSPs 
contributes to dishabituation of the reflex (Antonov et al., 1997). We have now 
performed a similar analysis of sensitization. The reflex undergoes behavioral 
sensitization that is maximal 2.5 min after a shock to the tail and is paralleled by an 
increase in both evoked and spontaneous firing of LFS neurons, with no change in 
evoked firing of LE neurons. It is also paralleled by facilitation of the complex PSP 
in an LFS neuron as well as the monosynaptic PSP produced by stimulation of an LE 
neuron whether the LE neuron fires (on-field) or does not fire (off-field) during the 
siphon stimulation. These results provide the most direct evidence that heterosynaptic 
facilitation of monosynaptic PSPs from LE neurons contributes to sensitization of the 
reflex, and suggest that other mechanisms also contribute. Furthermore, we find no 
qualitative difference between the mechanisms contributing to dishabituation and 
sensitization, suggesting that dissociations that have been observed previously may be 
due to transient inhibition that does not occur for this component of the reflex. 
(Supported by MH26212.)
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4 68 .3

TRANSFECTION INTO APLYSIA  SENSORY NEURONS OF AN EXOGENOUS 
OCTOPAMINE RECEPTOR COUPLED ONLY TO ADENYLYL CYCLASE 
ALLOWS GENETIC DISSECTION OF THE RELATIVE CONTRIBUTIONS OF 
PKA AND PKC TO SHORT-TERM PRESYNAPTIC FACILITATION. D .-J. 
Chang1, X.-C. Li2, X.  M. L o u3, Y.-S. Lee1, H.-K. Kim1, K. Weiss3, E. R. 
Kandel4 and B.-K. Kaang1*. 1IMBG. Dent. Biol.. Seoul N at'l Univ.. 151-742. 
Korea; 2Rockefeller Univ., NY, NY 10021; 3Mt. Sinai Med. School, NY, NY 
10128; 4Ctr. Neurobiol. & Behav. HHMI, P&S, Columbia Univ., NY, NY 10032.

We have cloned an octopamine (OA) receptor gene Ap oa1 from Aplysia that 
shares high sequence homology with other G protein-coupled biogenic amine 
receptors (Li et al., 1994). Pharmacological analysis shows that this receptor 
stimulates cAMP production in response to OA in a saturable, dose-dependent 
manner, and this stimulation can be blocked by specific antagonists. 
Physiological data illustrate that this receptor couples only to Gs, not to Go/q 
and results in the selective activation of the cAMP/PKA signal pathway. PKA 
is known to be one of the key messengers involved in presynaptic facilitation in 
Aplysia However, serotonin (5-HT), a natural mediator of presynaptic 
facilitation, is capable of activating PKC as well as PKA, presumably through 
different 5-H T receptor subtypes. To quantitatively assess the contribution to 
short-term  presynaptic facilitation of the cAMP/PKA system activated in 
isolation, we turned to a genetic approach and transfected the gene for the Ap 
oa1 receptor into the sensory neurons, neurons which normally do not express 
this receptor. Activation of this receptor in sensory cells, by a brief pulse of 
OA, produced presynaptic facilitation of sensory-to-motor connections and 
reproduced well the other features of 5-H T mediated short-term  facilitation, 
such as a decrease of Vm, enhanced membrane excitability, and substantial spike 
broadening. These genetic experiments support the idea (Byrne and Kandel, 
1996) that in the resting, nondepressed state, PKA plays a major role in the 
short-term  presynaptic facilitation of the synaptic connections between sensory 
and motor neurons. (Supported by KOSEF, ARFKME, HHMI, NARSAD, and 
DANA)

4 68 .5

DISSOCIATION BETW EEN SEN SITIZATION AND LEARNING- 
RELATED NEUROMODULATION IN AN APLYSIID SPECIES. Barbara J. 
M aynard*, Nina J. Erixon, Laura J. DeMartini, and William G. Wright. 
Department of Biology, Colorado State University, Ft. Collins, CO 80523.

Among the cellular mechanisms thought to produce behavioral facilitation 
in the defensive withdrawal reflexes of Aplysia californica are serotonin (5- 
HT)-induced increases in sensory-neuron spike duration and excitability. A 
recent phylogenetic study of species related to Aplysia revealed that these two 
modulatory mechanisms were lost over the course of evolution in one 
distantly related species Dolabrifera dolabrifera. This neuromodulatory loss 
was apparently paralleled by a behavioral loss: individuals of Dolabrifera 
express neither sensitization nor dishabituation in their tail-mantle withdrawal 
reflexes. The goal of the present study was to confirm and extend this 
correlation between neuromodulatory and behavioral traits by examining a 
near relative of Dolabrifera, Phyllaplysia taylori. Instead, we found a lack o f 
correlation. Bath applied 10µM 5-HT significantly increased action potential 
duration (percent change=66%; n=5; t=3.13; p=0.035) as well as excitability 
(600%; n=5; t=4.54; p=0.01) in Phyllaplysia sensory neuron homologues. 
On the other hand, behavioral training with the same apparatus and protocols 
that produce sensitization in the tail-mantle withdrawal reflex in Aplysia, failed 
to produce sensitization (proportion pre-shock baseline=1.02; n=9; t=0.27; 
NS) in Phyllaplysia. Thus, this species appears to express the 
neuromodulatory phenotype of its ancestors (as exemplified by m odern-day 
Aplysia) and the derived behavioral phenotype of its near relative 
(Dolabrifera). The results suggest that the two neuromodulatory traits, 5-HT- 
induced increased spike duration and excitability, may be necessary but are 
not sufficient to produce the kind of facilitatory learning routinely observed 
in Aplysia. This raises two questions. First, given that sensitization is greatly 
reduced in Phyllaplysia, what function is served by 5-HT-induced spike 
broadening and increased excitability of sensory neurons in this species? 
Second, what evolutionary change can account for the reduction of behavioral 
sensitization in Phyllaplysia? Supported in part by NSF IBN-9632069

4 68 .7

TEMPERATURE OF FEEDING SOLUTION AFFECTS 
LEECH INGESTION. J. R. Groome1,2,  D.K. Vaughan2 
and D. Moran1. 1 Biology Dept., Harvey Mudd College,
1250 N. Dartmouth Ave., Claremont CA 91711;
2Biology Dept., Utah State University, Logan, UT 54322- 
5305.

Ingestive behaviors of the leech Hirudo medicinalis were 
compared for feeding bouts on solutions of 150 mM NaCl and 1 mM 
arginine maintained at 21 °C or at 37 °C. Warmed solutions elicited 
jaw and pharyngeal contractions at higher frequencies than those 
observed for non-warmed solutions for the initial 10 min of feeding (p
< .013). While the duration of ingestion was significantly shorter 
with warmed solution (p < .001), increase in mass was not affected (p
≤ 0.303). Body wall peristalses were observed at their maximal 
frequency several min into the feeding bout, and this maximum was 
not affected by temperature of the feeding solution. However, 
warmed feeding solutions decreased the latency of half time to 
maximal peristaltic rate (p  ≤.036). These data suggest that local 
warmth enhances at least the initial efficiency of ingestion and 
distribution of the feeding solution into the crop diverticula.

Supported by Beckman 5150215 to and NSF IBN 9113118 to 
DKV.

4 6 8 .4

USE-DEPENDENT CHANGES IN PAIRED-PULSE FACILITATION 
AT APLYSIA  SENSORY NEURON SYNAPSES: IMPLICATIONS 
FOR MECHANISMS OF SYNAPTIC DEPRESSION, FACILITATION 
AND VARIATION IN SYNAPTIC STRENGTH T.W. Abrams* and 
X.-Y. Jiang. Depts. of Pharmacology & Anesthesiology, Univ. of MD 
School of Medicine, Baltimore, MD 21201.

We characterized paired-pulse facilitation (PPF) at Aplysia  sensory 
neuron (SN)-to-motoneuron synapses. PPF was inversely correlated 
with the size of the initial synaptic connection, and was absent at larger 
synapses. PPF decremented dramatically with repeated testing. Synaptic 
depression at these synapses and the use-dependent decrease in PPF 
occurred independently of one another. Both synaptic depression and the 
use-dependent decline in the PPF occurred at the same rates at large 
synapses as at small synapses, even though the initial PPF at large 
synapses was substantially smaller. PPF was blocked by presynaptic, 
but not postsynaptic, EGTA injection. The persistence of the decline in 
PPF suggests that Ca2+ influx from the first paired action potential 
triggers a modulatory mechanism, rather than supplementing the Ca2+ 
that enters during the second paired action potential. Because PPF was 
unaffected by presynaptic injection of the protein kinase inhibitor H7, 
this modulatory mechanism may not involve phosphorylation. These 
findings suggest that release by the second spike occurs at sites distinct 
from those that mediate release by the first action potential; they further 
suggest that variation in initial synaptic strength may involve changes in 
release probability, whereas synaptic depression and facilitation may 
involve changes in the numbers of release sites. Supported by 
R O l M H55880.

4 6 8 .6

SITE-SPECIFIC SENSITIZATION IN A SPECIES LACKING  GENERALIZED

Department of Biology, Colorado State University, Ft. Collins, CO 80523.
In the marine mollusk, A plysia , serotonin-induced increases to sensory-neuron spike 
duration and excitability contribute to behavioral sensitization, a generalized increase in 
withdrawal reflexes after a noxious stimulus such as strong electric shock. A recent 
comparative study (Erixon et al., Soc Neurosc. Abstr. 1998) identified a related species, 
Phyllaplysia taylori whose sensory neurons respond to serotonin identically to A plysia  
sensory neurons. However, unlike A plysia , P hyllaplysia  shows little or no generalized 
sensitization. What mechanisms or lack of mechanisms can account for this behavioral 
deficit? We hypothesized that the sensitizing effects of electric shock are “site-specific”, that 
is limited only to anatomically nearby areas. We tested the tail-mantle withdrawal reflex in 
response to tactile stimuli delivered to either side of the tail before and after application of a 
strong electric shock to only one side. In A plysia , we found that reflexes to stimuli 
delivered to the shocked side of the tail (mean reflex duration relative to preshock baseline, 
ReDu=1.70+(sem)0.14) as well as the unshocked side (ReDu=1.46±0.12) were 
significantly enhanced (Shocked, t=5.17; n=11; p=0.0004; Unshocked, t=3.86; n=11; 
p=0.003) over preshock baselines, indicating generalized sensitization. A within-animal 
comparison found the shocked-side reflex was significantly longer than the unshocked side 
(paired t-test; t=4.52; p=0.0011), indicating that the sensitization is site specific as well as 
generalized. This result is consistent with work by previous investigators (e.g. Walters, 
1987, J. Neurosci. 7:400-407). Unlike A plysia , P hyllaplysia  showed only site-specific 
sensitization. The unshocked side showed no sensitization (ReDu=1.01±0.06; t=0.11; 
n=l2; NS) while the shocked side was marginally sensitized (ReDu=1.18±0.09; t=1.96; 
n=12; p=0.076). Reflexes on the shocked side were significantly longer than reflexes on the 
unshocked side (t=4.12; n=12, 12; p=0.002). Thus, although both generalized and site- 
specific sensitization were observed in A plysia, only site-specific sensitization was observed 
in Phyllaplysia. This suggests that the ability of noxious stimuli to modulate widely 
distributed reflexes, i.e. to produce the generalized sensitization observed in A p lysia , is 
lacking in Phyllaplysia. It further suggests the possibility that spike broadening and 
increased excitability may have an active, albeit more localized role in producing site- 
specific sensitization in Phyllaplysia. Supported in part by NSF IBN-9632069.

4 6 8 .8

THE NEUROECOLOGY OF THE BLIND CAVE CRAYFISH: 
SPATIAL LEARNING AMONG THE BLIND CAVE CRAYFISH.
H. Li*, M .P. Huffm an, J.L. Cole, H.L. Hopper 1, and R.L. Cooper. Sch. of 
Biol. Sci. and Center for Ecol., Evol. & Behavior, Dept. of Geography1, Univ. of 
Kentucky, Lexington, KY. 40506.

The hypothesis that we are testing is that cave adapted blind crayfish have an 
enhanced ability to utilize their antennae for spatial learning and con specific 
assessment, as compared to their visual crayfish cousins. Cave crayfish, Orconecles 
australis packardi Rhoades, were collected and kept in a dark room within individual 
aquaria for 7 days. Upon placing a crayfish into small (36×25× l4cm; 15cm water 
depth) or a large (54×37×3Ocm; 15cm water depth) tank, it will not stop exploring 
its new environment until they become familiar with their location. Most of the time 
the animal walks around the region where it’s antennae can contact with the 
boundaries of the tank. The time and distance of movements as well as the length of 
any one pause was recorded for analysis of different parameters in the different sized 
tanks. The larger experimental tanks required more time for the crayfish to acclimate 
to their new environment. The time of exploration is dependant on the ability to use 
their antennae. We will report on the effects of manipulation in pinning one or both 
antennae onto the dorsal carapace and the rate of exploring a new environment as 
well as the time to familiarity with the surroundings.

Upon disturbance of the cave crayfish out of its burrow it will quickly retreat to the 
burrow. When the burrow and local surrounding is rotated 180°, the animal spends 
an increased amount of time searching the original location of the burrow when 
attempting to retreat to it. It appears that the crayfish can remember the burrows 
original location based on surrounding cues. Supported by HHMI-undergraduate 
fellowship (M.P.H.) and Univ. of KY Research and Graduate Studies (R.L.C.).
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TH E NEUROECOLOGY OF TH E BLIND CAVE CRAYFISH: SOCIAL 
INTERACTIONS. M.P. Huffm an, H. Li, B. Peretz*1, J.L. Cole, H.L. Hopper2, and 
R.L. Cooper. Sch. of Biol. Sci. and Center for Ecol., Evol. & Behavior, Dept. of 
Physiol.1, Dept. of Geography2, Univ. of Kentucky, Lexington, KY. 40506.

The hypothesis that we are testing is that cave adapted blind crayfish have an 
enhanced ability to utilize their antennae for social interaction and that posturing 
commonly associated with interacting visual crayfish is not present. We examined 
for social status based on size, but it does not appear to be present under laboratory 
or in natural cave conditions. Cave crayfish, Orconectes australis packardi Rhoades, 
of various sizes were collected and kept in a dark room within individual aquaria for 
7 days prior to pairing. These cave crayfish do show negative phototactic behavior 
presumably mediated by the caudal photoreceptors in the 6th abdominal ganglion as 
was shown in other blind cave crayfish (Larimer, 1966). So further observations 
were done either in red or white light for effects in social interactions. Upon paring 
same sized or different sized individuals, both would tend to tail flip or rapidly 
escape upon initial antennae contact in red or white light. This was also the observed 
behaviors seen within the cave in red or white light.

We will report on the current project of pairing based on one crayfish being 
familiar with an environment and the second as an introduced individual with 
different and same sized animals. When the crayfish have been kept at a high 
density within a small pool, as with receding water in the cave, they habituate to 
each other with fewer tail flips upon contacts. Current studies are underway to 
examine the time dependence of this habituation. Parallel studies are also in place 
with visual crayfish but in red light so that they can not make use of their eyes. This 
species of cave crayfish are less hostile to each other as compared to Procambarus 
clarkii in crowded conditions. Supported by Univ. of KY Research and Graduate 
Studies (R.L.C.) & H H M I-undergraduate fellowship (M .P.H .)

468.11

PERSISTENT ACTIVATION OF PROTEIN KINASE C IN RESPONSE TO 
ELECTRICAL AFTERDISCHARGE FROM BAG CELL NEURONS OF 
A P L Y S IA . N.L. Wavne*, W. Lee, Y.J. Kim. Dept. Physiology. UCLA School of  
Medicine, Los Angeles, CA 90095.

An electrical afterdischarge lasting 10-30 min triggers prolonged release 
(typically greater than 60 min) of the neuropeptide egg laying hormone (ELH) 
from bag cell neurons. Previous work showed that PKC plays an important role in 
regulating the pattern of afterdischarge-induced ELH secretion; that is, inhibiting 
PKC inhibits ELH secretion. The purpose of the present study was to investigate 
the effect of afterdischarge on PKC activity. Bilateral bag-cell clusters were 
dissected from reproductively mature animals during their breeding season and 
separated. One cluster was stimulated to afterdischarge, while the other served as 
a genetic- and time-matched control.. Clusters (n=6-7/group) were homogenized 
5, 10, 30, 60, and 120 min following onset of electrically-stimulated 
afterdischarge, and processed for assay of both the Ca2+ -dependent A p ly s i a  PKC 
(Apl I) and the Ca2+ -independent A p ly s i a  PKC (Apl II) using the method 
described by Sossin and Schwartz (J. Neurosci. 12:1160, 1992). There was a 
significant increase in both Apl I and Apl II PKC activities in response to 
afterdischarge, starting within 5 min from onset of electrical activity and lasting 
for at least 60 min. Notably, the sustained increase in PKC activity far outlasted 
the duration of the typical afterdischarge. This prolonged increase in PKC activity 
could, at least partly, account for stimulation of prolonged ELH secretion. It is 
particularly interesting that there is a sustained increase in the activity of the Ca2+ 
-independent PKC because of our earlier work showing that once the 
afterdischarge is stimulated, Ca2+ influx from extracellular fluid is not required to 
maintain normal ELH secretion. Supported by NS 33548 (to N.L.W.)

4 68 .13

INFLUENCE OF ENVIRONMENT ON THE DEVELOPMENT OF THE TAP- 
WITHDRAWAL CIRCUIT IN THE NEMATODE C.ELEGANS.
Jennifer A. Galloway* and Catharine H. Rankin. Deptartment of Psychology, 
University of British Columbia. Vancouver, BC, CANADA. V6T 1Z4 

Development of the vertebrate nervous systems has been shown to be susceptible 
to environmental manipulations. In certain parts of the nervous system, such as the 
visual system, development is activity - dependent requiring sensory input for 
normal development. The majority of the data on the nervous system of the 
nematode C. elegans suggest a highly determinant pattern of development. To date 
there is no clear evidence for activity - dependent development of C. elegans nervous 
system. There is, however, evidence for neural plasticity in adult worms in the 
form of long-term memory for habituation of the tap withdrawal response. Our 
experiments were designed to address the question of whether development of the 
nervous system underlying the tap withdrawal response could be affected by 
manipulations of the environment. To do this, we altered the rearing conditions of 
the worms. In experiment 1, there were two groups: one group developed in normal 
colonial conditions among (20-30) cohorts; the other group was raised in isolation 
(one worm per plate). Results indicate that in adulthood, isolated animals exhibit a 
depressed reversal response to a mechanosensory stimulus compared to colonial 
animals. Experiment 2 was designed to determine whether there was a sensitive 
period during development in which environmental conditions would influence 
behavior in adulthood. Preliminary results suggest sensitivity to rearing conditions 
throughout early larval development. These results indicate that the development of 
the tap-withdrawal circuit can be disrupted by deprivation of tactile stimulation 
during development. Further experiments were run to determine whether the 
response could be enhanced through early stimulation.
Research supported by NSERC.

4 6 8 .1 0

THE NEUROECOLOGY OF CAVE CRAYFISH: BEHAVIORAL & 
ANATOMICAL COMPARISONS OF VISION IN BLIND EPIGEAN SPECIES 
RAISED IN A CAVE & TROGLOBITIC SPECIES. R.L. Cooper*, H. Li, J.L. 
Cole, and H.L. Hopper 1. Sch. of Biol. Sci. and Center for Ecol., Evol. & 
Behavior, Dept. of Geography1, Univ. of Kentucky, Lexington, KY. 40506.

Neural activity is widely recognized as a contributing factor for appropriate 
neural development in a variety of animal species. The pioneering work of 
Wiesel and Hubei (1963) in understanding the development of the visual system 
in the presence and absence of visual stimuli demonstrates how gross 
morphological alterations occur in synaptic organization in the various parts of 
the brain related to vision in cats. The hypothesis that we are testing is that cave 
adapted blind crayfish of an obligatory cave species (troglobitic) and surface 
(epigean) crayfish found deep in caves that are behavioral blind both have 
reduced numbers of neurons for optic system as compared to surface species 
that make use of vison. The troglobitic crayfish, Orconectes australis packardi 
Rhoades, and the two epigean crayfish Cambarus tenebrosus & Procambarus 
clarkii were used in these studies.

In addition, examination of the ommatidia of all three species revealed that 
there is a alteration in the structure of the microvilli layers in the epigean 
crayfish that are behavioral blind. Thus indicating that the primary sensory 
structures are dependent on use for normal development. The troglobitic 
crayfish have lost the genomic ability to form a functional visual system and 
thus would be expected to not posses normal ommatidial structures. 
Electrophysiological records from the sensory neurons and behavioral studies 
will be presented. Supported by Univ. of KY Research and Graduate Studies 
(R.L.C.).

4 6 8 .1 2

THE ROLES OF TRANSCRIPTION AND TRANSLATION IN MEDIATING 
THE EFFECT OF ELECTRICAL AFTERDISCHARGE ON NEUROPEPTIDE 
SYNTHESIS IN A P L Y SIA  BAG CELL NEURONS. W. Lee*, N.L. Wavne, 
Dept Physiology, UCLA School of Medicine, Los Angeles, CA 90095.

To study the molecular links between membrane excitability and 
neuropeptide synthesis, we investigated the roles of transcription and translation 
in mediating the effect of afterdischarge on egg laying hormone (ELH) synthesis 
from bag cell neurons of A p ly s ia . ELH secretion is triggered by an electrical 
afterdischarge (AD). We have shown that AD stimulates a 2-fold increase in ELH 
synthesis within 4 hr from electrical stimulation, but does not affect the level of 
ELH mRNA (Lee and Wayne, Soc. for Neurosci. Abstr. 154.10, 1996). To 
investigate if general transcription played a role in the stimulatory effect of AD on 
ELH synthesis, pairs of excised bag-cell clusters were separated and subjected to 
various treatments. One of the clusters was either stimulated to AD, stimulated to 
AD and treated with the transcription inhibitor actinomycin D (AM; 50 mg/ml), or 
treated with AM only; the other cluster served as a control. Clusters were also 
incubated for 4 hr in medium containing 100 mCi/ml 3H-leucine. They were then 
homogenized, ELH was immunoprecipitated, and radioactivity of newly 
synthesized ELH was determined by scintillation counting. Inhibiting 
transcription with AM not only blocked the stimulatory effect of AD on ELH 
synthesis, but it also attenuated basal ELH synthesis. To investigate if this effect 
of AM was caused by decreased ELH mRNA levels, the same experimental 
protocol was repeated, and total RNA was isolated and subjected to Northern blot 
analysis. The results showed that AM did not alter ELH mRNA levels. Further 
work showed that the half life of ELH mRNA was longer than 32 hr. These 
results suggest that the stimulatory effect of AD on ELH synthesis is not through 
transcription of the ELH gene, but occurs via translation of already existing ELH 
mRNA. Our findings also suggest that transcription of a non-ELH gene(s) is 
required for both basal and AD-enhanced ELH synthesis. Supported by NIH- 
NS33548 and Dept of Physiology (NLW).

4 6 8 .1 4

ENCODING OF TEMPORAL ASPECTS OF HABITUATION IN C.ELEGANS 
Kevin R. Peters*, Stephen R. Wicks and Catharine H. Rankin. Dept. of Psych., 
Univ. of British Columbia, Vancouver, BC, Canada V6T 1Z4 and Netherlands 
Cancer Inst., Division of Molecular Biology, Amsterdam, THE NETHERLANDS.

Interstimulus interval (ISI) has been shown to be an important aspect in 
habituation of the tap-withdrawal reflex of the nematode C. elegans. Two groups of 
animals were run to determine if worms can encode information about ISI during 
habituation training. The first group received 20 tap stimuli at a 30s ISI. The 
second group received 40 tap stimuli at a  15s ISI, but the 39th stimulus was 
omitted. An automated algorithm was used to examine the pattern of spontaneous 
behavior (i.e., accelerations, decelerations, and spontaneous reversals) in the 6s 
interval around the missing stimulus (the worm is "expecting" the tap) and compare 
this pattern to that observed around the same interval in the 30s ISI group (the 
worm is not "expecting" the tap). The animals in the 15s ISI group suppressed 
changes in locomotory behavior in the three seconds immediately following the 
time at which the tap should have occurred relative to those animals in the 30s ISI 
group. We then varied the number of stimuli that each group of animals received in 
two subsequent experiments. When the number of taps was doubled, the suppression 
of changes in locomotory behavior was still present in the three seconds following 
the "expected" tap time; however, this suppression was not observed in the animals 
receiving only half of the taps. These results suggest that the nematode encodes 
information about the interval between tap stimuli, but requires more than 20 trials 
in which to encode such information. This encoding process may be regulated by the 
operation of an internal oscillator, allowing the animal to apply an associative 
learning strategy to a classically non-associative form of learning. In two subsequent 
experiments, encoding of ISI was not observed when either shorter (10s/20s) or 
longer (30s/60s) ISIs were employed, suggesting that the period of the oscillator 
may be longer than 10s but shorter than 15s. (Research supported by NSERC)
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DISSECTION OF LONG TERM MEMORY PHASES FOR HABITUATION IN
C. ELEGANS
Catharine H. Rankin* and Tracy L. Tanchuk
Dept. of Psych., University of British Columbia, Vancouver, BC, Canada V6T 1Z4 

Much investigation has focused on the presence of different memory stages and the 
role that protein synthesis plays, especially as it applies to long term storage.
Current studies o f associative learning in Drosophila have demonstrated the existence 
o f two longer-term memory phases: long-term memory (LTM) and anesthesia- 
resistant memory (ARM).

An important distinction between LTM and ARM is that protein synthesis is 
necessary for consolidation of LTM, but not ARM. It has been suggested that 
distributed training procedures result in the formation of both LTM and ARM while 
massed training results in ARM formation only. The following studies represent an 
attempt to dissect LTM and ARM in non-associative learning in the nematode C. 
elegans using methods to manipulate protein synthesis. The methods used for 
dissection were heat shock (32° C, 45 min.) and cold shock (1° C, 45 min.), both of 
which result in the inhibition o f protein synthesis. Heat or cold shock was 
administered during and after training in both massed and distributed habituation 
training groups. Memory consolidation was tested after 24h and 12 h  At 24hrs, only 
distributed training produced significant LTM for habituation training, while at 12 hrs 
both massed and distributed training produced significant LTM. Unexpectedly, cold 
shock and heat shock also affected memory differently from each other, possible 
reasons for this are discussed. These results indicate that the types of memory phases 
that are elicited are dependent upon the type of training procedure that is used.
Further studies may attempt to characterize the temporal dynamics o f LTM 
consolidation, and the function o f de novo protein synthesis throughout the 
consolidation process. (Research supported by NSERC)

4 68 .17

SENSORY INFORMATION PROCESSING IN COCKROACH 
MUSHROOM BODIES: INTEGRATION AND PHARMACOLOGI
CAL MODULATION Y.-S. Li* and N. J. Strausfeld. ARL Division of 
Neurobiology, The University of Arizona, Tucson, AZ 85721

Insect mushroom bodies (MBs) are the focus of many studies of 
brain functions involving multimodal sensory processing, motor 
control, and olfactory learning and memory. Earlier physiological 
studies on crickets demonstrating that responses in efferent neurons to 
one modality can be conditional on the context of concurrent or 
preceding stimuli (Schildberger, K. [1981], Naturwissenschaften 
68:623-624). The same types of conditional responses have been now 
observed in cockroach (Periplaneta americana) MBs. Afferent neurons 
from the protocerebrum, supplying MB calyces and lobes, already carry 
integrated information about various sensory modalities. The question 
thus arises as to how sensory information is integrated by MB neural 
networks to be then conditionally reported by efferent neurons. Are the 
networks plastic and if so is the plasticity that often associated with 
associative learning? Do neurotransmitters/ modulators, e.g. dopamine, 
serotonin and FMRFamide, all of which have been reported in MBs, 
modulate sensory information processing and do they play a role in 
determining conditional responses? We report results of physiological 
and pharmacological experiments on responses of identified MB efferent 
neurons in cockroach brain. The implication of these results in revealing 
MB functions is discussed in comparison to findings from other insect 
systems.

Supported by a grant (IBN 9726957) from  the National Science 
Foundation.

4 6 8 .1 6

Structural evidence for functional subdivisions in insect mushroom bodies
N.J. Strausfeld*, ARLDN, University of Arizona, Tucson, AZ 85721

Anatomical studies across many insect species show that mushroom 
bodies (MBs) are longitudinally divided. The subdivisions reflect the 
intrinsic organization of Kenyon cells. In the evolutionary basal species 
Periplaneta americana, 24-30 paired pale and dark laminae extend through 
the pedunculus and lobes, each lamina deriving from an annular 
arrangements of dendrites in the MB calyces. In the first instar roach, the 
MB pedunculi and lobes comprise two concentric layers and form two 
parallel medial lobes similar to those found in adult Drosophila. and many 
coleopterans. In 4th-6th instar cockroaches, laminae are arranged parallel 
to each other, but they have unequal widths, as they do in adult honeybees 
and in certain acridids. In adult neuropterans, three subdivisions of the 
calyx forms three parallel subdivisions of the lobes.

Laminae are immunoreactive to specific neuromodulator antibodies. 
In Periplaneta, FMRFamide distinguishes a laminar pattern different from 
that seen by conventional microscopy. Afferent terminals and efferent 
dendritic domains match either the FMRFamide pattern, or the 15+15 
laminar pattern. In honeybees, each lamina has a characteristic chemical 
identity. Its extrinsic neuron processes are restricted to specific laminae. 
In Drosophila, efferents and afferents are associated with one of two 
concentric laminae formed by two populations of Kenyon cells. Thus, 
irrespective of species, the general rule is that laminae relate to discrete 
computational pathways. Possibly, various types of laminated MBs have 
evolved by paedomorphosis from an evolutionary basal organization 
exemplified by Periplaneta. [Supported by IBN 9726957 from  the NSF.]

STRESS IV

4 6 9 .1

NEUROKININ-1 RECEPTO R ANTAGONISTS PREVENT STRESS-INDUCED 
C-FOS EXPRESSION IN THE RAT LOCUS COERULEUS. Maureen K. Hahn* 
and Michael J. Bannon Cellular and Clinical Neurobiology Program, Department of 
Psychiatry and Behavioral Neuroscience, Wayne State University, School of Medicine, 
Detroit, MI 48201

The locus coeruleus (LC) is responsive to stressful stimuli and has been implicated in 
human anxiety disorders. The tachykinin peptide substance P (SP) increases the firing 
rate of LC neurons, and neurokinin-1 (NK1) receptors, selective for SP, are expressed 
in the LC. However, there is little evidence for an action of endogenous SP in the LC 
during physiological stimulation. A selective N K 1 receptor antagonist, RP 67580 
(Rhone-Poulenc-Rorer), was administered i.c.v. in an attempt to block the expression of 
c-fos protein in the LC in response to restraint stress. Rats were implanted with lateral 
ventricle cannulae 2 weeks prior to experiments. Restraint stress resulted in a 
significant increase in the number of LC c-fos positive cells (334% of control). RP 
67580 (2 µg) significantly blocked the restraint-induced increase in number of LC c-fos 
positive cells (151% of control). The inactive enantiomer of RP 67580, RP 68651 (2 
µg), was without effect on the restraint-induced number of LC c-fos cells (319% of 
control). In a separate experiment, SP was infused i.c.v. to determine the effect on LC 
c-fos expression. .CRF, which excites LC neurons, was used as a positive control. SP 
(600 pmol) increased LC c-fos expression (282% of control), to the same magnitude as 
that of CRF (600 pmol; 273% of control). These results suggest that SP is released in 
the brain in response to stress, and that blockade o f its actions at tachykinin NK, 
receptors prevents the increase in LC activation. Supported by NIH grant NS34935.

4 6 9 .2

EFFECT O F SUBCHRONIC LITHIUM PRETREATM ENT ON THE  
ANXIOLYTIC ACTION OF VARIOUS SEROTO NERG IC DRUGS IN THE  
CONDITIONED FEAR S TRESS. I. Muraki , T. Inoue, K.lto, S. Hashimoto, T. 
Izumi,* T . Qhmori, T. Kovama. Dept. of Psychiatry, Hokkaido Univ. Sch. of 
Med. ; Sapporo 060-8638 , Japan.

Recent clinical evidence has shown that selective serotonin (5-HT) 
reuptake inhibitors (SSRIs ) are effective in the treatment of various anxiety 
disorders in addition to depressive disorders. The authors have reported 
the anxiolytic effects of SSRIs, 5 -HT ia  agonist and 5-HT precursor on 
freezing behavior, an index of anxiety, induced by conditioned fear stress 
(CFS; re-exposure to an environment paired previously with inescapable 
electric foot shock). The present study investigated the effects of 
citalopram (SSRI), L-5-hydoxytryptophan (L-5-HTP; 5-HT precursor) and 
MKC-242 (selective 5 -HT ia  agonist) following subchronic lithium 
pretreatment. Acute administration of citalopram significantly reduced 
freezing at a high dose (10 mg/kg), while it was without effect at a low dose (3 
mg/kg). Acute administration of M KC-242 (1 mg/kg) significantly reduced 
freezing. Acute administration of L-5-HTP (20 m g/kg+benserazide 25  
mg/kg) and subchronic lithium pretreatment (1 week) were without effect on 
freezing behavior. Acute treatment of citalopram (3 mg/kg), L-5-HTP (20 
m g/kg+benserazide 25  mg/kg) and M KC-242 (1 mg/kg) after subchronic 
lithium pretreatment markedly and significantly reduced freezing, compared 
with each drug alone. These results suggest that lithium enhanced the 
anxiolytic effect of these serotonergic drugs by the facilitation of central 5-HT  
neurotransmission.
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469.3
ROLE OF ALPHA-1 ADRENERGIC ACTIVITY IN 
RESISTANCE TO STRESS. Y. Zhang*, E A. Stone, F. Canellas 
and D. Ouartermain. Departments o f Psychiatry and Neurology, New 
York Univ. Medical Center, New York , NY 10016 

The central noradrenergic system is strongly activated by stress and 
in turn leads to the activation o f a number o f immediate early genes in 
postsynaptic cells. The alpha-1 receptor mediates these effects in the 
mouse forebrain. We are presently testing the role o f this alpha-1 
noradrenergic-genetic response in resistance and adaptation to stress. 
In the present study the effect o f blockade or stimulation o f the 
response at the level o f the receptor during stress was measured on 
persisting behavioral disturbance in the mouse. Persisting behavioral 
disturbance was assessed from reductions in nocturnal nest-leaving 
behavior and saccharine consumption caused by a 1 hr period of 
restraint given during the light cycle. It was found that blockade of 
alpha- 1 receptors with i.p. prazosin increased the ability o f stress to 
induce impairment in both nest-leaving and saccharine consumption. 
Stimulation o f these receptors with cirazoline on the other hand had 
dual effects dependent on the dose: 0.5 mg/kg had a small protective 
effect whereas doses o f  ≤ 1 mg/kg increased impairment. Stimulation 
o f brain alpha-1 receptors with intraventricular phenylephrine at 50 
nmoles/mouse also increased the resulting behavioral impairment. It is 
suggested that brain alpha-1 receptor stimulation is a protective factor 
during stress but only in a low range above which adverse effects 
predominate. The role o f immediate early genes in these persisting 
effects is currently under investigation. Supported by MH45265 from 
NIMH and a NYU Bridging Fund Grant.

469.5
EFFECT OF A NOVEL 5-HT-lA AGONIST MKC-242 ON THE 
PSYCHOLOGICAL STRESS-INCREASED 5-HT LEVEL IN THE 
AMYGDALA M. Funada and C. Hara*. Department of 
Pharmacology, Daiichi University School of Pharmacy, Fukuoka, 
815-8511 Japan.

A new compound MKC-242 (5-{3-[((2S)-l,4-benzodioxan-2- 
ylmethyl)amino]propoxy}-1,3-benzodioxole HCl) is a highly potent 
and selective serotonin (5-HT)-lA receptor agonist, and it acts as a 
partial agonist at postsynaptic 5-HT-lA receptors (1). The present 
study characterizes the neurochemical profile of the newly synthesized 
5-HT-lA receptor agonist MKC-242. Male Wistar rats weighting 250- 
300g were used. Psychological stress, lacking of direct physical 
stimulus, was induced by the communication box method. The effect 
of psychological stress on 5-HT release in the basolateral amygdaloid 
nucleus was investigated using in vivo microdialysis. Psychological 
stress caused significant increases in 5-HT release in the basolateral 
amygdaloid nucleus. This result indicates that the psychological stress 
activates the central 5-HT neuronal systems. Activations of 
serotonergic neuron in the basolateral amygdaloid nucleus is involved 
in the emotion state in animals. Oral administration of MKC-242 (5 
mg/kg) suppressed the increases of 5-HT release in the basolateral 
amygdaloid nucleus. In contrast, treatment with vehicle (CMC, 0.1 
ml/kg) did not modify the psychological stress-induced the increases 
in 5-HT release in the basolateral amygdaloid nucleus. These findings 
suggest that a novel 5-HT-1A receptor agonist MKC-242 may be an 
anxiolytic-like and/or antidepressant-like agent.

(1) Matsuda et al., Jpn. J. Pharmacol. 69, 357-366 (1995)

469.7
Changes in noradrenergic neurotransmission during lactation affect the 
expression of acoustic startle in the r a t Donna J Toufexis*, Joseph Rochford, and 
Claire-Dominique Walker Douglas Hospital Research Center, Depts. o f  Psychiatry, 
and Neurology & Neurosurgery, McGill University, Montreal, Canada.

Lactation is associated with central changes affecting several systems. Here, we 
investigated whether differences in the motor response to acoustic startle (ASR) occur 
between cycling and lactating females. Separate groups of cycling or lactating female 
rats in either early, middle,or late lactation, were subjected to a session of randomized 
acoustic startles ranging from 85-120 dB. A separate test used the α-2 noradrenergic 
receptor antagonist yohimbine to compare the sensitivity o f ASR in lactating and 
cycling females to increases in noradrenergic (NA) release. Additional groups of 
lactating and cycling females were conditioned to associate a light with foot-shock 
and subsequently tested for fear-potentiated ASR. Lastly, as a index of anxiety, 
cycling and lactating females were tested for their responses to the open field. Results 
showed a significant reduction in ASR in mid-lactating compared to cycling females at 
the 115 and 120 dB level. Further, ASR was significantly increased in lactating 
females at 115 dB level with the smallest dose of yohimbine whereas this same dose 
had no effect in cycling females. This suggests that changes in NA transmission are, in 
part, responsible for lactation-induced changes in ASR. In the open field, lactating 
females displayed a lower latency to emerge, less freezing behavior, and made more 
entries into the open field than cycling females. Fear-conditioned lactating females 
showed a marked increase in unpotentiated ASR response compared to fear- 
conditioned cycling females. Fear-potentiated ASR occurred in both cycling and 
lactating females. These data indicate that during lactation females are less anxious in 
novel environments. Moreover, results suggest that the physiological changes 
underlying reduced anxiety in lactaling female rats can be counteracted by fear
conditioning. (Funded by MRC Canada)

469.4
OPIATE RECEPTOR ANTAGONIST IN DORSAL RAPHE PRIOR TO 
INESCAPABLE STRESS PREVENTS INCREASED ANXIETY & DECREASED 
5HT1A RECEPTOR BINDING IN RAT DORSAL RAPHE.
K. R. Short*, K. A. O’Connor, H. A. Sabo, Depts. of Psychology, *Grinnell 
College, Grinnell, IA 50112 & Creighton Univ., Omaha, NE 68178.

We have previously reported (Short, 1997) th a t inescapable stress (IS), but 
not escapable stress, produces enduring increases in anxiety behaviors and 
decreases in 5-HT1A receptor density in the dorsal raphé nucleus (DRN) in the 
rat. Both of these IS effects can be mimicked by 5-HT infused into the DRN. 
Furtherm ore, Grahn, et al. (1998) found th a t opioid neurotransm ission in the 
DRN is necessary for the  subsequent developm ent of escape deficits and 
enhanced fear conditioning th at follow IS.

This study reports th a t the anxiety increases and corresponding 5-HT1A 
receptor decreases resulting from IS can be prevented by blocking DRN opiate 
receptors with naloxone. Rats treated with 100 inescapable tailshocks, or instead 
infused with 5-HT prior to restra in t, and then tested 24 hrs late r using two 
anim al models of anxiety (the elevated zero-maze and the social interaction 
arena), exhibited increased anxiety-like behaviors compared to escapably 
shocked or unshocked restrained controls. Anxiety increases following IS, but not 
those following DRN 5-HT treatm en t, were prevented by prior infusion of 
naloxone into the DRN.

Crude synaptic m em branes prepared from DRN tissue from IS or 5-HT- 
infused rats  showed significantly reduced [3H]8-OH-DPAT binding (lower Bmax) 
compared with escapably shocked or unshocked controls, with no significant 
change in Kd for any group. The binding reduction following IS, but not the 
reduction following DRN 5-HT treatm ent, was prevented by prior infusion of 
naloxone into the DRN.

We conclude th a t  both behavioral and biochemical d a ta  support the 
involvement of opiate receptors in the DRN upstream  from the 5-HT-mediated 
down-regulation of 5-HT1A receptors known to underlie stress-induced anxiety. 
[Support: NSF, via Nebraska Behavioral Biology Group]

469.6
E F F E C T  O F  M O N O A M IN E  O X ID A S E  IN H IB IT O R S  IN  T H E  

C O N D IT IO N E D  F E A R  S T R E S S , A N  A N IM A L  M O D E L  O F  A N X IE T Y .
*

Y . M a k i , T . In o u e , K. Ito *, T . K o y a m a . D e p t . of P s y c h ia try , 

H o k k a id o  U niv . S ch . of M e d .; S a p p o ro  0 6 0 -8 6 3 8 , J a p a n

R e c e n t c lin ica l e v id e n c e  has  sh o w n  th a t m o n o a m in e  o x id a s e  

in h ib ito rs  (M A O Is )  a re  e f fe c t iv e  in th e  t re a tm e n t o f v a r io u s  

a n x ie ty  d is o rd e rs  in a d d itio n  to  d e p re s s iv e  d is o rd e rs . T h e  

p re s e n t s tu d y  e x a m in e d  th e  a c u te  a n x io ly tic  e ffe c ts  of 5 - H T i a  

a g o n is t a n d  M A O Is  on fre e z in g  b e h a v io r , a n  in d e x  of a n x ie ty , 

in d u c e d  by  c o n d itio n e d  fe a r  s tre s s  (C F S ; r e -e x p o s u re  to  a n  

e n v iro n m e n t p a ire d  p re v io u s ly  w ith  in e s c a p a b le  e le c tr ic  fo o t  

s h o c k ) .  T h e  s e le c t iv e  5 - H T i a  a g o n is t  t a n d o s p ir o n e  (1 ,  

1 0 m g /k g )  d o s e -d e p e n d e n t ly  in h ib ite d  f r e e z in g .  T h e  n o n -  

s e le c t iv e  M A O I tr a n y lc y p r o m in e  (3 , 1 5 m g /k g )  s ig n if ic a n tly  

re d u c e d  fre e z in g . T h e  s e le c t iv e  M A O -A  in h ib ito r c lo rg y lin e  a n d  

s e le c t iv e  M A O -B  in h ib ito rs  la z a b e m id e  a n d  s e le g ilin e  w e re  

w ith o u t e ffe c t on fre e z in g  b e h a v io r . C o m b in e d  a d m in is tra tio n  of 

c lo rg y lin e  a n d  la z a b e m id e  (o r  s e le g ilin e ) , h o w e v e r , re d u c e d  

fre e z in g  m a rk e d ly  an d  s ig n ific a n tly . T h e s e  e ffe c ts  of M A O Is  on  

fre e z in g  w e re  no t d u e  to  n o n -s p e c if ic  m o to r  e ffe c ts . T h e s e  

resu lts  s u g g e s t th a t a cu te  inh ib ition  of bo th  M A O -A  a n d  M A O -B  

re d u c e d  f re e z in g  w h ile  in h ib itio n  o f M A O -A  o r M A O -B  a lo n e  

fa ile d .

469.8
CORTICOTROPIN-RELEASING FACTOR (CRF) INFLUENCES 
SOCIAL BONDING IN MALE PRAIRIE VOLES. T. Guptaa, A. C. 
DeVries &  C.S. Carter*. Department of Biology, University of 
Maryland, College Park, MD 20742.

Stressful experiences facilitate pair bonding in monogamous male 
prairie voles (DeVries et aL, 1996). The present study examines the 
hypothesis that stress-induced pair bonding is mediated via CRF. 
Adult male prairie voles were injected icv with vehicle or CRF (.01, 
.1, 1, 10 or 100 ng), then paired with a randomly assigned female 
“partner” for three hours. Aggression or the amount of time that the 
experimental animals spent in physical contact with their partner did 
not differ during the cohabitation period. The experimental animals 
then were placed into a social preference test in which they could 
choose between spending time with their partner or an unfamiliar 
female (stranger). Animals receiving the vehicle or the lowest dose of 
CRF (.01 ng) did not exhibit a social preference for either the partner 
or the stranger. Animals treated with .1 or 1 ng CRF exhibited a 
significant preference for the partner (P<0.05). Animals treated with 
higher doses of CRF (10 or 100 ng) no longer exhibited a social 
preference for the partner, and tended to prefer the stranger. 
Treatment with α-helical CRF, a CRF receptor antagonist, blocked 
the facilitating effects of exogenous CRF on social bonding. Supported 
by NIMH and DOD to CSC.
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469.9

ANTALARMIN (CP154,526), A C R F1 REC E PT O R  ANTAGONIST, 
DOES NOT BLOCK TH E EXPRESSION O F CONDITIONED 
DEFEAT IN M ALE, SYRIAN HAM STERS. A. M. Jasnow, M. M. 
Janicki, M.C. Banks, C. F. Gillespie & K. L. Huhman*. Lab. of Behavioral 
Neuroscience, Dept. of Psych., Georgia State Univ., Atlanta, GA 30303.

Corticotropin releasing factor (CRF) is known to play an important 
role in anxiety and in physiological and behavioral responses to stress. 
The nonpeptide CRF receptor antagonist, antalarmin, has been shown to 
block both the endocrine and behavioral responses to CRF. Antalarmin 
also exhibits anxiolytic effects in a number of paradigms. We examined 
whether antalarmin could block the expression of conditioned defeat 
(CD) in hamsters. Adult males were exposed to a dominant resident four 
times for 5 min. Following this experience, experimental males will 
exhibit submissive or defeat behaviors even when exposed in their own 
home cage to a smaller, nonaggressive male. We tested whether 
antalarmin (Pfizer; 0.0, 15 & 30 mg/kg in 5% ethanol, 5% Tween-80,
0.9% saline given ip 1 hr before testing) would block this expression of 
CD. The animals (n = 21) were tested at each dose in a counterbalanced 
order with 3 days between each test. Analysis of the behavioral tests 
showed no significant decrease in submissive/defeat behavior at any of 
the doses tested, thus Antalarmin did not block the expression of CD in 
hamsters. It is possible that CRF2 receptor 1 ockade or drug treatment 
during aquisition might be more effective.

Supported by NS34896

4 6 9 .1 0

CRF ANTAGONIST α-HELICAL CRF9-41 (αhCRF) ATTENUATES THE 
EFFECTS OF REPEATED RESTRAINT STRESS ON FOOD INTAKE AND 
BODY WEIGHT INDEPENDENT OF ACUTE HPA AXIS ACTIVATION.

Department of
Neuroscience, Pennington Biomedical Research Center, Baton Rouge, LA 70808.

We have previously reported that repeated restraint stress inhibits food intake 
(FI) and produces weight loss in rats. The objective of this study was to 
determine whether changes in FI and body weight (BW) induced by repeated 
restraint stress were mediated by the hypothalamic corticotropin-releasing factor 
(CRF) system. Adult male Sprague Dawley rats were weight-matched, implanted 
with cannulas in the 3rd cerebral ventricle, and acclimated to a 40% kcal fat diet. 
Each rat received a lµl i.c.v. injection of either αhCRF ( 10µg) or saline, then was 
returned to the home cage without access to food. Ten minutes later, the stress 
groups were restrained in plastic restraining tubes for 3 hours. Tail blood samples 
were taken from all groups 1 hour after onset of stress. At the end of restraint, 
rats were given free access to food. This procedure was repeated on 3 
consecutive test days, and 24 hour FI and BW were measured each day and for 4 
days post-stress. FI and BW were significantly reduced and remained low in the 
saline/stress group. Administration of αhCRF significantly attenuated restraint- 
induced depression in FI and BW. Percent body fat of αhCRF-treated rats was 
significantly higher than for saline-treated rats. Restraint caused similar 
elevations of corticosterone in saline and αhCRF-treated rats, indicating that 
stimulation of the hypothalamic-pituitary-adrenal (HPA) axis was not attenuated 
by αhCRF. These results suggest that stress-induced changes in FI and BW are 
independent of acute activation of the HPA axis.

Supported by US Army grant DMAD 17-92-V-2009

469.11

TOPOGRAPHICAL ANALYSIS OF FOS EXPRESSION IN RAT 
CEREBRAL CORTEX AFTER RESTRAINT AND SYSTEMIC 
LIPOPOLYSACCHARIDE INJECTION C. Yokoyama* and K. Sasaki. 
Department of Anatomy, Kawasaki Medical School, Kurashiki 7010192, 
Japan.

Stressful stimuli have been known to activate the brain for coping with 
stressful events, but the stress-modulatory mechanism involved in the 
cerebral cortex has not yet been well characterized. To clarify stress-evoked 
neuronal activation in the rat cortical region, Fos expression was 
immunohistochemically examined in the following two experimental 
groups; a restraint group (for 30 min.) for emotional stress and a 
lipopolysaccharide (LPS)-injected group (100µg/ 100g b.w.) for 
inflammatory stress. Numerical analyses on Fos induction were carried out 
in both the cerebral cortical regions using architectural mapping and the 
hypothalamic paraventricular nucleus (PVN) as the center o f stress 
neurocircuitry. While the two experimental conditions gave similar results 
for the PVN which contains neurosecretory neurons producing 
corticotrophin-releasing factor, distinctive effects were obtained on cerebral 
cortical Fos induction. LPS administration had no significant effect in any 
cortical regions, but the restraint stress resulted in dramatic and region- 
specific changes. An increase in Fos induction was observed in the 
prefrontal cortex, frontal area 2, agranular retrosplenial cortex, parietal 
cortex and occipital area 2. These results indicate that cortical activation 
relevant to specific functions could be involved in central stress-specific 
circuitry.

This work was supported by a Grant-in-Aid for Scientific Research from 
the Japanese Ministry o f Education, Science, Sports and Culture (No. 
9780711), the Kobayashi M agobee Memorial Medical Foundation and a 
Research Project Grant from Kawasaki Medical School (9-707,1997).

4 6 9 .1 3

EFFECT OF BNST LESIONS ON LEARNED DESPAIR AS 
MEASURED BY FORCED SWIMMING TESTS IN MALE 
WISTAR RATS
D.Schulz, T.Celikel and R.Canbevli*. Department o f Psychology, 
Bogazi9i University; Istanbul, Turkey.

The bed nucleus o f the stria terminalis (BNST) is a functional part 
o f the hypothalamo-pituitary-adrenal (HPA) axis and appears to be 
involved in stress. The present study assessed the role of BNST in 
stress induced by two forced swimming tests (FSTs) spaced 24 hours 
apart. Rats remain immobile longer in the second swim test compared 
to the first test, a phenomenon known as learned despair. Results 
revealed that adult male Wistar rats with BNST lesions (n=9) 
displayed immobility significantly earlier and for a longer duration 
than sham operated controls (n=8) in the second swim test. In order to 
rule out the possibility that immobility and latency effects were 
simply due to reduced motor activity, the same animals were also 
administered an open field test. BNST lesioned and control rats did 
not differ significantly from each other in the number o f squares 
crossed or total duration of immobility in the 5 min test. Results 
suggest that BNST may have a modulatory role in learned despair, 
possibly via its connections with the amygdala, a structure with which 
it is functionally and anatomically related. (Supported by Bogazi9i 
University Research Grant 97B0703 to RC)

4 6 9 .1 2

I NFERENTIAL EXPRESSION OF c-fos mRNA WITHIN NEUROCIRCUITS 
OF MALE HAMSTERS EXPOSED TO ACUTE OR CHRONIC DEFEAT. S.L. 
Kollack-Walker*, H. Akil and S.J. Watson. Mental Health Research Institute, 
University of Michigan, Ann Arbor, MI 48109-0720.

The purpose of this study was to determine how repeated exposure to social 
defeat affects c-fos expression within the male Syrian hamster brain. Toward 
this end, the levels of c-fos mRNA were compared among three groups: 1) 
handled control males (HC), 2) acutely defeated males (AD), and chronically 
defeated males exposed to an acute challenge (CD). Plasma glucocorticoids were 
also measured and compared among groups as an index of neuroendocrine 
activity. The results show a selective pattern of habituation of immediate early 
gene expression in CD group. In particular, c-fos mRNA levels were 
significantly decreased within the paraventricular nucleus of the hypothalamus 
(PVN), subdivisions of the lateral septum, central amygdaloid nucleus and the 
amygdalohippocampal area in CD group compared to males defeated only once. 
In contrast, c-fos expression within the anterior and ventromedial nuclei of the 
hypothalamus, dorsal periaqueductal gray, dorsal raphe, cuneiform nucleus, and 
locus coeruleus did not differ between AD and CD groups. Of interest, while c- 
fos  mRNA decreased significantly in the PVN of CD group, plasma 
glucocorticoids remained elevated to levels observed after an acute exposure.

Low c-fos expression in PVN coupled with elevated glucocorticoids has 
been associated with development of a chronic stress state. Although the 
significance of decreased c-fos expression following multiple defeat experiences 
is unknown, continued secretion of glucocorticoids indicates that these animals 
still perceive defeat as stressful. We are extending the present findings to 
determine if exposure to chronic defeat up-regulates cellular activity within the 
limbic-hypothalamic-pituitary-adrenocortical axis. (Supported by NIMH 
MH42251, SJW)

4 6 9 .1 4

STRESSOR CONTROLLABILITY M ODULATES 
EXTRACELLULAR SEROTONIN IN THE AM YGDALA.
S. F . Maier*, J. Amat1, P. Matus Amat*, P.D. Sparks, & L. R. 
Watkins. Department of Psychology, University of Colorado, 
Boulder, CO 80309 and 1Institute de Medicina Experimental, 
Universidad Central de Venezuela.

Stressors over which the organism has no behavioral control 
produce a constellation of behavioral and physiological changes that 
do not occur if the stressor is controllable. Many of these are 
abrogated by pharmacological blockade of the activity of serotonin (5- 
HT)-containing neurons in the dorsal raphe nucleus (DRN), and are 
induced by pharmacological activation of these neurons in the absence 
of uncontrollable stressor exposure. These data suggest that 
uncontrollable stressors, relative to controllable stressors, lead to the 
release of 5-HT in projection regions of 5-HT neurons of the DRN. 
The amygdala receives 5-HT projections from the DRN, and is of 
importance in mediating stress-related behavioral changes. We 
therefore used in vivo microdialysis to examine extracellular 5-HT in 
the basolateral amygdala during exposure to escapable (ES) and yoked 
inescapable (IS) tailshock, as well as after exposure to brief footshock 
24 hr later. IS led to a large increase in extracellular 5-HT and 
augmented 5-HT levels during footshock testing 2 hr later. ES was 
completely without effect, relative to control treatment. Supported by 
NIMH grant MH45045.
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4 6 9 .1 5

SYNERGISTIC EFFECTS OF CORTICOSTERONE AND PROGESTERONE ON 
5HT RELEASE IN THE AMYGDALA OF ESTROGEN PRIMED RATS.
Cliff H. Summers*, Gina Risty, Gregory Keane, Cynthia Hoffman, Maryam 
Mahmoodian and Kenneth Renner.
Dept. o f Biology, Univ. o f South Dakota, Vermillion, SD 57069

Earlier work has suggested the possibility that 5HT in the amygdaloid complex 
modulates sexual receptivity in female rats (Franck and Ward, Neuroendo. 32:50, 
1981). The nuclei of the amygdaloid complex were evaluated for 5HT turnover in 
ovariectomized rats primed with estrogen (E) + vehicle (V) or E + progesterone (P) 
using pargyline to inhibit monoamine oxidase MAO. In P-treated rats, 5HT turnover 
increased 388% in the central nucleus o f the amygdala (CNA) when compared to V 
controls. However, when the experiment was repeated in vivo using microdialysis, P 
failed to significantly alter 5HT release in the CNA.

In addition to inhibiting MAO, pargyline has also been shown to increase 
corticosterone (B) release from the adrenals (Korte-Bouws et al., J. Neuroendo., 8:877, 
1996). Since the CNA is a target for B (McEwen et al., Brain Res., 16:227, 1969), 
5HT release was monitored in the CNA of rats primed with E + V or E + P following 
local administration of B via the dialysis probe. Although B stimulated increased 
perfusate levels o f 5HT in both groups, the effect was markedly higher in rats primed 
with E + P (648 ± 154 % for E ± P vs 215 ±  24 % for E + V). B-influenced increases 
in perfusate 5HT were rapid in onset and reversible. The results suggest a synergistic 
action o f P and B in the CNA. The significance o f this finding with respect to female 
sex behavior, if any, is still being investigated. The synergism between the two steroids 
or their metabolites on 5HT in the CNA may provide a mechanism for stress 
modification of female sexual receptivity, (supported by NSF IBN-9596009 and NSF 
OSR-9108773)

4 6 9 .1 7

EFFECTS CF AMYGDALA LESIONS ON HEART RATE IN 
PSYCHOLOGICAL STRESS USING THE COMMUNICATION BOX.
M. Fu kuda*, X. Qin and  K. H asegaw a Dept. of Behav. Sci , Toyama 
Med. and  P harm aceu t. Univ., S ug itan i, Toyam a 930-0194, Jap an  

The ro le  of th e  am ygdala  in  p sy ch o lo g ica l s tress  was 
in v e s tig a te d  u s in g  th e  co m m unication  box, w h e re  one  an im al 
was placed  in to  each  of 5 box com partm en ts . The an im al in  th e  
c e n tra l co m p a rtm en t did n o t re c e iv e  e le c tr ic  foo tshocks w h ile  
th e  fo u r an im als in  th e  su rro u n d in g  co m p artm en ts  did. The 
h e a r t  ra te  of s h o ck -fre e  an im a l in  th e  c e n tra l  co m p artm en t 
d ecreased  d u rin g  th e  co n d itio n ed  to n e  w h e n  th e  an im a l was 
m otionless, b u t in c re a se d  w h en  th e  an im a l was m oving . The 
h e a r t  ra te  of th e  s h o ck -fre e  an im a ls  was in c re a se d  by  cues 
re c e iv ed  from  th e  s u rro u n d in g  an im a ls  th a t  w e re  shocked. 
W hen th e se  an im a ls  d irec tly  re c e iv e d  foo tshocks, th e ir  h e a r t  
ra te  in c re a se d  d u rin g  th e  co n d itio n ed  to n e  a n d  re m a rk a b ly  
a fte r footshock even  d u rin g  m otion less periods. These an im als 
w ere  le s io n e d b y  ib o ten ic  acid  m ic ro in je c tio n  in to  th e  c en tra l 
n u c leu s  of am ygdala. C hanges o f h e a r t  ra te  in  sh o ck -free  and  
shocked  an im a ls  w e re  su p p re ssed  d u rin g  th e  co n d itio n ed  tone 
and  p o st-s tim u la tion  ph ase  by  th e  lesion . These re su lts  suggest 
th a t card io v ascu la r fu n c tio n  in  p sy ch o lo g ica l s tress  induced  by  
th e  com m unication  box p a rad ig m  is d if f e r e n t  fro m  th a t 
re s u ltin g  fro m  e le c tr ic a l foo tshock  s tress , a n d  th a t  th e  c en tra l 
n u c leu s  of am ygdala  p lays  a ro le  in  socio -em otion re c o g n itio n  
in  p sycho log ica l s tress.

4 6 9 .1 9

ISOLATION AND BIOCHEMICAL CHARACTERIZATIO N OF A 
GLUCO CO RTICO ID MEMBRANE RECEPTOR. SJ Evans and FL Moore* 
Zoology Department, Oregon State University, Corvallis, OR 97331.

Steroid hormones use intracellular receptors to modulate the 
transcriptional activity of target genes. In addition to this classical action, 
steroids also signal through membrane receptors to induce a rapid 
response. Unlike the intracellular steroid receptors, membrane receptors for 
steroid hormones are largely uncharacterized at the molecular level. We 
have previously pharmacologically characterized a membrane receptor for 
corticosterone in newt (Taricha granulosa) brains. This receptor has a 
pharmacological profile distinct from that of intracellular corticosteroid 
receptors and exhibits some properties of a G-protein coupled receptor. 
Furthermore, ligand binding at this receptor induces a rapid inhibition of newt 
sexual behavior. W e now report a biochemical characterization and isolation 
of the receptor protein. Using various classical chromatographic resins in 
combination with affinity chromatography we have been able to elucidate 
some biochemical properties of the corticosterone membrane receptor. 
Further studies using affinity chromatography and photoaffinity labeling of 
the receptor analyzed by differential display on 2D polyacrylamide gels has 
led to the isolation and identification of a putative glucocorticoid membrane 
receptor protein. The entire cDNA sequence of this protein has been 
obtained from newt brain and is being analyzed in both mammalian and 
bacterial expression systems as a candidate glucocorticoid membrane 
receptor.

Work was funded by NSF Grant #  IBN-9319633

4 6 9 .1 6

NPY mRNA IN RAT AMYGDALA: OPPOSITE EFFECTS OF ACUTE 
AND REPEATED RESTRAINT STRESS A. Thorsell*, K. Carlsson, L. 
Wiklund and M.Heilig Dept. of Clinical Neuroscience and Family Medicine, 
Karolinska Institute, CRC Novum, S-141 86 Huddinge, Sweden.

We have previously shown that neuropeptide Y (NPY) reduces 
experimental anxiety through actions in the amygdala, and that this brain 
structure mediates anxiogenic effects o f restraint stress. Here, we examined 
the effects of acute or repeated restraint stress on NPY expression in 
amygdala in relation to effects of these stressors on experimental anxiety in 
the elevated plus-maze.

Following acute lh  restraint, which produces signs o f elevated 
experimental anxiety on the plus-maze, a highly significant NPY mRNA 
decrease was found in the amygdala after 1h and 2h. Levels had returned to 
normal within 10h. Tissue levels of amygdala NPY-peptide were decreased 
1h following restraint, and had returned to normal within 4h. Corticosterone 
levels were elevated at 1h and 4h following a single 1h restraint period.

In contrast, with repeated restraint (1h / day, 10 days), no stress effect on 
experimental anxiety was found on the plus-maze. An adaptation to the 
stressor was also indicated by normal corticosterone levels. In parallel with 
this functional adaptation, significantly increased NPY-mRNA was found in 
the amygdala.

These results indicate that an up-regulation of amygdala NPY expression 
may be recruited as an adaptive response to repeated stressful experience.

4 6 9 .1 8

EFFECT OF ACUTE STRESS ON THE INTRACELLULAR  
DISTRIBUTION OF THE PKC SUBSTRATE MARCKS IN MOUSE 
AND RAT HIPPOCAMPUS. D. G. W atson1* , R. K. McNamara1, A. A. 
Mathe4, and R. H. Lenox1,2,3. Departments of Psychiatry1, Pharmacology2, & 
Neuroscience3, Univ. of Florida College of Medicine, Gainesville, FL, and 
Department of Psychiatry4, Karolinska Institute, Stockholm, Sweden.

Hippocampal pyramidal neurons exhibit dendritic atrophy and eventual death 
following prolonged exposure to stress/corticosteroids, an effect mediated in 
part by NMDA receptors. NMDA receptor stimulation and the resultant elevation 
in intracellular C a2+ contribute to the activation of PKC and the phosphorylation 
of phosphoprotein substrates, including myristoylated alanine-rich C kinase 
substrate (MARCKS), resulting in their intracellular redistribution. MARCKS is 
highly expressed in the hippocampus in both axons and dendrites, binds to 
plasma membrane and cross-links filamentous actin in a PKC phosphorylation- 
dependent manner, and may therefore play a vital role in maintaining the  
integrity of the actin-membrane cytoskeleton. In the present study, we 
assessed the expression and intracellular distribution of MARCKS in the mouse 
(C57BL/6 & DBA/2) and rat hippocampus 24h following acute restraint stress 
using western blot analysis. In the mouse, restraint stress (60 min) resulted in a 
significant (p<0.01) reduction in membrane MARCKS expression and a 
concomitant nonsignificant increase in cytosolic MARCKS in C57 but not DBA/2 
mice. Total MARCKS levels did not change following stress in either mouse 
strain. Restraint stress also resulted in a significant reduction in membrane 
PKCy in C57, but not DBA/2 mice whereas membrane G AP-43 was unaffected 
in both strains. In rats, restraint stress (30 min) also resulted in a significant 
reduction in membrane MARCKS. Chronic lithium treatment prior to stress 
exposure did not prevent the reduction in membrane MARCKS. The decrease 
in membrane MARCKS may lead to a reduction in membrane-cytoskeletai 
rigidity which may be an early event leading to the dendritic atrophy observed 
following prolonged stress. (Supported in part by NIMH M H 56247-02 to R.H.L).

4 6 9 .2 0

M OLECULAR CHANGES INDUCED BY STRESS IN STREPTOZOTOCIN 
(STZ) DIABETIC RATS. L.P. Reagan*, A. M. Magariños and Bruce S. 
McEwen. Laboratory of Neuroendocrinology, The Rockefeller University, New 
York, NY 10021.

Previous studies from our laboratory have demonstrated that chronic stress 
produces molecular, morphological and ultrastructural changes in the rat 
hippocampus that are accompanied by cognitive deficits. Glucocorticoid attenuation 
o f glucose utilization is proposed to be one o f the causative factors involved in 
stress-induced changes in the hippocampus. Accordingly, the current study 
examined the molecular changes produced by stress in male rats treated with the 
diabetogenic drug STZ. Streptozotocin administration (70 mg/kg,iv) produced 
diabetic symptoms such as weight loss, polyuria, polydipsia and hyperglycemia. 
Following STZ administration, rats were subjected to restraint stress for seven days. 
Rat brains were then processed for in situ hybridization histochemistry to assess the 
molecular changes associated with stress in diabetic animals. In particular, we 
examined the stress/diabetes regulation o f genes that are critically involved in 
glucose utilization in the hippocampus. Diabetes lead to a significant increase in 
glucose transporter 3 (GLUT3) mRNA expression in the hippocampus, an effect 
which was not potentiated by stress. Stress or diabetes produced small, but 
nonsignificant increases in insulin-like growth factor I receptor (IGF-Ir) mRNA 
expression in the hippocampus when compared to controls. However, the combined 
treatment o f stress and diabetes acted synergistically to produce significant increases 
in IGF-Ir mRNA expression in rat hippocampus. Similarly, stress and diabetes 
produced significant increases in insulin-like growth factor II receptor (IGF-IIr) 
mRNA expression in the hippocampus. Collectively, these results provide examples 
of molecular indices which accompany the physiological changes that occur in 
diabetic rats subjected to stress. Supported by NIH grant numbers DK09443 (LPR), 
MH421256 (AMM,BSM).
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4 70 .1

APOLIPOPROTEIN E ε4 ALLELE FREQUENCY IN A PSYCHOGERIATRIC 
POPULATION: COMPARISON BETWEEN ALZHEIMER’S DISEASE AND 
OTHER PSYCHIATRIC DISORDERS. K,Buch*1, P.Zill2, B,Bondy2, F,Padberg1, 
T.Nolde1, S.Stübner1, T.Boetsch1, A.Haslinger1, M.Ackenheil2, H.-J.Möller1 and 
H.Hampel1 .Dept. of Psychiatry, Geriatric Psychiatry Branch1, and Neurochemistry 
Laboratory2, Ludwig-Maximilian University, 80336 Munich; Germany.

The ε4 allele of the apolipoprotein E (apoE) gene constitutes a major risk factor 
for Alzheimer’s disease (AD) in all ethnic groups, across all ages between 40 and 
90 years and in both sexes. In Caucasian populations, the average frequencies of 
the ε2, ε3 and ε4 allele are approximately 8%, 78% and 14% respectively (Farrer 
1997, N=6262). In patients with AD, the ε4 allele is overrepresented (Saunders 
1993, van Duijn 1994, Farrer 1997). Interestingly, in a group of patients with late 
life depression, a statistically significant increase of the ε4 allele frequency was 
found in patients with psychotic features but not in patients with cognitive 
impairment (Zubenko 1996). To investigate the ε4 allele frequency in a 
psychogeriatric population we determined tire apoE genotype in 128 consecutive 
patients of our psychogeriatric unit (age: 64,61 ±11,81 yrs; 53 males, 75 females). 
The patients were diagnosed as: AD (N=43), age-associated memory impairment 
(AAMI, N =18), memory-complainers without objective memory impairment (MC, 
N= 34), major depression, dysthymia and other psychiatric disorders (OPD, 
N=33). The apoE genotype was determined using CFO I as isoschizomer after 
PCR-amplification of genomic DNA. The apoE allele frequencies are shown as 
percentage of total apoE alleles in each group (order ε2, ε3, ε4): AD (14, 55, 31). 
AAMI (8, 61, 31). MC (12, 66, 22). OPD (21, 45, 33). There was no statistically 
significant difference between groups. We found the ε4 allele frequency to be 
equally distributed to AD in the AD at-risk AAMI- and MC-group as well as in 
other psychogeriatric patients. The role of the apoE ε4 in other psychogeriatric 
disorders than AD has to be investigated fu rther.

4 7 0 .3

PERSISTEN T M EM ORY DEFICIT AND DISRUPTION OF SOCIAL 
BEHAVIOR IN MONKEYS DURING CH RO NIC SCOPOLAMINE 
ADMINISTRATION. R.F. Schlemmer*, T. Kapustvan, C. Hurth, M. Olimski and J.M. 
Davis. University of Illinois at Chicago, Chicago, IL 60612.

Acute administration o f the antimuscarinic scopolamine (SCOP) to stumptail macaque 
monkeys disrupts short-term memory in the delayed match-to-sample (DMTS) paradigm. 
It also induces dose-dependent disruption o f social and solitary behavior in treated 
members of stable social colonies of this species which have been proposed as a model 
of disruptive behavior of dementia (Fleming, 1996). Since dementia is a chronic disorder, 
the present study sought to determine if the behavioral changes persisted during chronic 
treatment with SCOP for 6 weeks using both paradigms. The study began with an 8-day 
observation o f baseline behavior. Using a cross-over design, SCOP, 0.015 mg/kg, was 
given i.m. once daily for 6 wk to 4 adult female stumptail macaques (Macaco, arctoides) 
who were members o f a stable social colony of 5 monkeys. A 60 min. behavioral 
observation was conducted by a “blind” observer 3 days/week scoring over 40 behaviors. 
SCOP induced significant increases in locomotion, checking (visual scanning), distancing 
from cagemates, while decreasing initiated social grooming, self-grooming, and food 
foraging. All behaviors persisted at the same level or became more intense during 
chronic treatment. Scratching and resting time were significantly increased from the 
second week of SCOP treatment. In the DMTS experiment, two female stumptail 
macaques received SCOP, 0.008 and 0.015 mg/kg i.m., respectively, for 6 weeks 
following establishment of baseline performance. Each monkey was tested 1-3 times per 
week using the DMTS with delays of 0, 5, 10, and 15 sec. SCOP particularly disrupted 
performance at the 5-15 sec delays throughout SCOP treatment. The results of these 
experiments suggest that both the social colony paradigm to study behavioral disruption 
and the DMTS to study memory disruption are consistent with a chronic model for the 
study of dementia. (This study was funded by the Campus Research Board, University 
o f Illinois at Chicago.)

4 7 0 .5

ANTI-CHOLINERGIC TREATMENT WITH SCOPOLAMINE DOES NOT 
DECREASE VCMS IN RATS TREATED CHRONICALLY WITH HALOPERIDOL.
K. Sakai12,* X.-M. Gao1 and C.A.Tamminga1. Maryland Psychiatric Research Center, 
University of Maryland School o f Medicine, Baltimore, MD 21228, and Kobe 
University, School o f Medicine, Department o f Psychiatry, Kobe 650 Japan 

Chronic treatment of rats with typical neuroleptics is associated with vacuous chewing 
movements (VCMs), a putative animal model o f tardive dyskinesia. VCMs have a 
gradual onset (1-12 weeks), a gradual offset (>14 days) and an oral distribution. But 
the validity of VCMs as an animal model for human tardive dyskinesia has been 
questioned on the basis of their possible sensitivity to anticholinergic treatments and 
argued that they represent parkinsonism in humans. The antipsychotic-induced late- 
onset extrapyramidal motor dysfunction in humans, tardive dyskinesia, is refractory to 
treatment with anticholinergic drugs whereas the early-onset motor dysfunction, 
parkinsonism, usually responds. To test this in the rat VCM condition, we treated rats 
with haloperidol (1.5 mg/kg/day) for six months and then administered scopolamine (0, 
0.1, 0.3, or 1.0 mg/kg) to the rats with VCMs >8/5 min. VCMs were rated just before 
(baseline), 1 hour and 3 hours after the scopolamine treatments. No dose of 
scopolamine showed a greater action on reducing the haloperidol-induced VCMs than 
did saline (Table). There appeared to be an effect o f placebo on VCMs, most likely due 
to the stress of contact, handling and injection. These data show that rat VCMs are 
resistant to anticholinergic treatment, a characteristic of human tardive dyskinesia but 
not parkinsonism. This supports the validity of VCMs as an animal model for tardive 
dyskinesia.

SCOPOLAM INE ACTION 
VCMS/5 MIN

Δ-lhr -5.3 -5.0 -5.6 -6.8
Δ-3hr -6.9 -5.6 -4.2 -4.5

Work supported by the National Institute of Mental Health.
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IN VIVO REGULATION OF BRAIN MONOAMINE OXIDASE ACTIVITY OF 
SENESCENT MICE BY A LONG TERM TREATMENT WITH EGb 761. 
(TANAKAN®. M.C. Pardon1*, J.M. Launay2 and C. Cohen-Salmon1. 1UMR 7593 
CNRS, Hôpital de la Salpêtrière,75013 Paris, 2Centre de Recherches Claude Bernard, 
IFR 6, Biochimie, Hôpital Lariboisière, 75010 Paris, France.

EGb 761 (Tanakan®, IPSEN, Paris, France), a standardized total extract of 
Gingko biloba leaves contains flavonoid and terpenoid substances, and has been 
shown to have neuroprotective effects, probably due to antioxidant properties, 
scavenging both 0 2-*and OH* radicals. Rats treated with Egb 761 have shown a 
reduction in certain biological and behavioral effects of stress. The hypothesis of 
monoamine oxidase (MAO) inhibition by flavonoids offers an explanation. In vitro 
studies of a brain mitochondrial extract of rats have shown that two different Gingko 
biloba extracts can induce reversible inhibition of both MAO-A and B activity.
Fifty nine 17 and 18 month-old B6D2F1 female mice were used : 32 had received 
2Omg/kg/day of Egb 761 for five months ; 27 non-treated mice were used as 
controls ; 16 treated and 13 control mice were submitted to 4 or 8 weeks 
(independant groups) of a Chronic Ultra Mild Stress (CUMS) procedure, adapted 
from W inner’s Chronic Mild Stress procedure having effects relieved by MAO 
inhibitors. All mice were sacrified, and brain MAO activity measured by 
radioenzymology. Single stress had no significant effect on MAO-A and B activity 
(with a normal physiological increase between 17 and 18 months). Egb76l had 
significant effects on older animals, particularly after 8 weeks of stress. MAO-A and 
B activity in Egb76l-treated stressed older mice was equivalent to no-stress no
treatment younger mice. This result suggests that Egb76l has a regulating effect on 
brain MAO activity. This appears to be the first in vivo study of the effects of 
EGB761 on brain MAO activity, possibly related to recognized anti-oxidant 
properties.

4 7 0 .4

A COMPARISON OF CLOZAPINE AND OLANZAPINE IN RATS 
TR A IN ED  TO D IS C R IM IN A TE  M IA N SERIN  FROM  
SCOPOLAMINE. R.E. Vann*, S.A. Varvel, T.A. Warren, and 
J.H. Porter. Psychology Dept., Virginia Commonwealth Univ., 
Richmond, VA 23184-2018.

While the underlying mechanisms for the discriminative stimulus properties 
of the atypical antipsychotic clozapine remain unclear, both serotonergic 
(Hoenicke et al., 1992) and cholinergic (Kelley & Porter, 1997) antagonism 
have been proposed as possible mechanisms for clozapine’s discriminative 
cue. In order to more closely examine this possibility, rats were trained to 
discriminate the serotonergic antagonist mianserin (4.0 mg/kg MIA) from the 
muscarinic antagonist scopolamine (0.125 mg/kg SCP) in a two-lever drug- 
drug discrimination procedure in the present study.

Generalization testing with SCP (0.0078 to 1.0 mg/kg) yielded an ED50 of
0.031 with SCP-appropriate responding being produced by 0.125, 0.5 and 
1.0 mg/kg doses of SCP. Generalization testing with MIA (0.0624 to 16.0 
mg/kg) produced full substitution on the MIA lever at all of the tested doses. 
Control tests with vehicle yielded MIA-appropriate responding ranging from 
63.8 % to 91.0%. Thus, responding on the MIA lever was produced by both 
vehicle and MIA. Generalization testing with clozapine (0.625 to 15.0 mg/kg 
CLZ) and olanzapine (0.0675 to 2.0 mg/kg OLZ) produced similar profiles 
with responding on the MIA lever (>90%) at lower doses, and a partial shift in 
responding to the SCP lever at higher doses (66 % for 15.0 mg/kg CLZ and 
41 % for 2.0 mg/kg OLZ). Chronic dosing studies produced tolerance to the 
rate-suppressing effects of CLZ (but not OLZ), but responding never 
exceeded 60% on the SCP lever. These results suggest that CLZ’s discrimi
native stimulus cue is a compound cue involving two or more receptors.

4 7 0 .6

ATTENUATED NICO TINE DISCRIM INATIO N IN MICE LACKING HIGH  
AFFINITY NICO TINE RECEPTORS. M. W. O glesby1, M. P. Epping-Jordan2* ,
E. Merlo-Pich3, M.R. Picciotto4 and J. P. Changeux4.  1Dept. of Pharmacology, 
UNTHSC-FW ; 2Glaxo Wellcome-GWER, 1228-Geneva, Switzerland and 
IBCM-UNIL, Lausanne, Switzerland; 3Glaxo Wellcome Ricerche, Verona, 
Italy; 4Neurobiologie Moleculaire, Institut Pasteur, Paris, France.

These experiments tested the hypothesis that neuronal nicotinic 
acetylcholine receptors (nAChr) containing β2 subunits are critical for 
producing the discriminative stimulus effects of nicotine. Mice of C57 strain 
and mice lacking the β2 nAChr subunit (KO) and their wildtype (WT) 
littermates were trained to discriminate nicotine from saline. Training was 
conducted using standard drug discrimination methodology: subjects were 
reinforced with sweetened milk (0.01 ml) for responding on a lever under a 
fixed-ratio 10 schedule, where responding on one lever was reinforced 
following nicotine injection, and responding on the other lever was reinforced 
following saline injection. All C57 mice discriminated nicotine, 0.56 mg/kg, 
s.c., from saline to a criterion of 9 of 10 sessions of correct lever choice. The 
discrimination was specific, in that cocaine and pentobarbital failed to 
substitute for nicotine, and mecamylamine (1.0 mg/kg), a CNS active nAChr 
antagonist, blocked the discrimination. In contrast, neither W T nor KO 
groups could learn the 0.56 mg/kg discrimination. When the dose was raised 
to 0.75 mg/kg, W T animals learned the discrimination to stability, whereas 
KOs did not. Further increases in nicotine dose resulted in toxicity. The 
failure of KOs to learn the nicotine discrimination was not attributable to a 
learning deficit: when trained on a cocaine discrimination, both W T and KO 
mice learned the discrimination quickly. These data suggest the loss of high 
affinity nAChrs containing β2 subunits attenuates the discriminative stimulus 
properties of nicotine. Supported by a European Community Research 
Collaboration (Project No. O FES 96.0295-2) and Glaxo Wellcome.
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NICOTINIC CHOLINERGIC SYSTEM S M ED IA TE QUINPIROLE- 
INDUCED BEHAVIOR IN RATS. Y. Tizahi*1, V.A. Louis1, R.L. 
Copeland. Jr1. R. Brus2 and R.M. Kostrzewa3. Departments of 
Pharmacology in College of Medicines at 1Howard University, 
Washington, DC 20059; 2Silesian Medical University, 41-808 Zabrze, 
Poland; and 3East Tennessee State University, Johnson City, TN 37614.

The dopamine receptor agonist quinpirole acutely induces yawning 
(presumed D3-mediated event), hyperlocomotion and vacuous chewing 
(presumed D2- mediated event) in rats. Rat pups were injected daily with 
quinpirole HC1 (50 ug/kg per day, IP) for the first 21 days after birth, in an 
attempt to prime (sensitize) receptors. Nicotine (1 mg/kg IP) by itself did 
not affect yawning, however, it reduced the quinpirole-induced yawning in 
both vehicle treated or primed rats. Mecamylamine (1 mg/kg IP) did not 
have any effect of its own nor did it block the effects of nicotine. In 
quinpirole-primed rats the number of [3H]cytisine (α4β2 nicotinic ligand) 
binding sites was elevated in midbrain (16%) and cerebellum (29%), while 
the number of [125I]alpha-bungarotoxin (α7 nicotinic ligand) binding sites 
was elevated in hippocampus (65%) and striatum (94%). These findings 
implicate the central nicotinic receptors in the mediation of quinpirole- 
induced yawning and possibly other behaviors. Because receptors 
mediate quinpirole effects and are appropriate targets for drugs used to treat 
psychiatric disorders, drugs targeting nicotinic receptors may represent 
alternative appropriate therapeutic strategy for treating psychiatric 
disorders. (Supported by Pharmacology Departments a t Howard, Silesian 
Medical and East Tenn State Universities)

4 7 0 .9

A BEHAVIORAL TEST OF ACUTE DEPENDENCE ON OPIOIDS OR 
BENZODIAZEPINES IN THE RAT. K.W. Easterling,* R.M. Plovnick and 
S.G. Holtzman. Emory University, Atlanta, GA 30322.

This study was undertaken in order to characterize naltrexone- or flumazenil- 
induced behavioral effects in vehicle- or agonist-pretreated rats responding 
under a schedule of intracranial self-stimulation (ICSS). Adult rats (N = 6-8) 
were trained on a progressive ratio schedule of ICSS, where trains of biphasic 
square-wave pulses (250 msec, 100 Hz) of variable intensity were delivered to 
the lateral hypothalamus contingent on lever pressing. This procedure 
generated stable baseline responding (1.58 ± 0.09 responses/sec) that was 
decreased in a dose-related fashion by all of the agonists and antagonists tested. 
In a first set of experiments, pretreatment (4 hr) with a single dose of morphine 
(3.0 or 5.6 mg/kg) dose-dependently reduced the ED25 of the ICSS rate- 
decreasing effect of the opioid antagonist naltrexone 360-fold, from 18 ± 6.7 
mg/kg to 0.047 mg/kg (with 3.0 mg/kg pretreatment), or 3.000-fold, to 0.006 ± 
0.003 mg/kg (with 5.6 mg/kg pretreatment). Chlordiazepoxide (100 mg/kg, 4 
hr) pretreatment did not produce a similar increase in the potency of 
naltrexone. In a second set of experiments, pretreatment (4 - 24 hr) with either 
chlordiazepoxide (30 or 100 mg/kg) or diazepam (3 or 10 mg/kg) did not 
significantly alter the subsequent behavioral effects of the benzodiazepine 
antagonist flumazenil (1 .0 -3 0  mg/kg).
(Supported in part by NIH grants DA00541 and K05/DA00008 to S.G.H.)

470 .11

PHARMACOKINETICS OF MORPHINE AND MORPHINE GLUCURONIDES 
AND EFFECT ON LOCOMOTION IN MICE. M. Handal, S. Skurtveit, M. Grung and J. 
M0rland. (SPON: European Brain and Behavior Society). National Institute of Forensic 
Toxicology. P.Box 495 Sentrum, N-0105 OSLO, NORWAY.

Mice have been used to study pharmacological effects o f morphine, and its 
metabolites; morphine-3-glucuronide (M3G) and morphine-6-glucuronide (M6G). As 
there is limited knowledge of the pharmacokinetics of morphine and its metabolites in 
mice, the present study was designed to explore this, especially investigating possible 
differences between various routes o f administration.

C57BL/6J mice were given morphine, M3G or M6G (80 µmol/kg) by iv., ip. and 
sc. injections (M6G ip. only). Blood samples were taken at intervals between 5-240 
min. Drug concentrations were measured by HPLC with UV/EC-detection.

The Vd for M3G and M6G was about 0,5 1/kg, while it was approximately fourfold 
higher for morphine. The clearance of both glucuronides was 0,02 1/min kg, compared 
to 0,1 1/min•kg for morphine. The study revealed that mode of administration was 
significant in various ways. Maximal concentration of the drugs was attained 
considerably later following sc. administration compared to ip. or iv. administration. 
The bioavailibility of morphine was only 50% after ip. administration, compared to 
100% after sc., while no reduction o f bioavailibility was found for glucuronides given 
ip. or sc. M3G did not cause locomotor activity different from saline controls. The 
experiments showed that M6G was a more potent stimulator o f locomotor activity 
than morphine in equimolar doses. 4 hours after injection, when no drug could be de
tected in plasma, increased locomotor activity following M6G, but not morphine in
jection, was still present.

In conclusion the present study revealed, that depending on route o f administration, 
there are major differences in morphine pharmacokinetics that could be important 
when designing studies to investigate morphine effects. M6G, but not M3G is a potent 
stimulator of locomotor activity. The duration of M6G induced locomotion lasted 
longer than for morphine, and outlasted the time the drug could be detected in plasma.

4 7 0 .8

EFFEC T S OF PRENATAL NICO TIN E ON LOCOM OTOR 
ACTIVITY AND [125I]ALPHA-BUNGAROTOXIN BINDING SITES 
IN RATS. L.T. Russell*1, D.C. Perry2, T.K. Haddad2, S.M. Nespor3, N.E.
Gmnherg3 and Y. Tizabi1. Depts. of Pharmacology, 1Howard Univ. Washington, 
DC 20059; 2George Washington Univ. Washington DC 20037; and 3Dept. of Med/ 
Clin. Psychology, Uniformed Serv. Univ. of the Health Sci., Bethesda, MD 20814 

Maternal smoking during pregnancy or in-utero exposure of the fetus to 
nicotine may result in learning difficulties and hyperactivity in the child. 
It has been postulated that nicotine binding with central nicotinic receptors, 
already present during gestation and shown to be involved in neuronal 
development, may be a contributing factor. To elucidate possible 
involvement of the α7 nicotinic receptor subtype in these behavioral 
impairments, pregnant rats were treated with nicotine (9 mg/kg/day) or 
saline via osmotic minipumps throughout gestation and the offspring were 
tested for locomotor activity (horizontal and vertical movements) on days 
19-24. Pups (36-38 days old) were sacrificed and brains were removed and 
sectioned and binding of [125I]αBT was assessed using quantitative 
autoradiography. Prenatal nicotine caused an elevation in locomotor activity 
in offspring. Preliminary analysis of the [125I]αBT binding sites in various 
brain regions indicates a significant reduction in the hippocampal 
C A l(29% ) and dentate gyrus (22%) regions. These results suggest the 
possibility that some of the behavioral or cognitive abnormalities induced 
by prenatal nicotine exposure are mediated by changes in α7 nicotinic 
receptors. (Supported by Depts o f  Pharmacology, Howard and GW Univ, 
and USUHS protocol R072AR)

4 7 0 .1 0

IN CR EA SED  HERO IN  SEL F-A D M IN ISTR A TIO N  IN O PIO ID - 
D E PEN D EN T RATS J R. W alker1*, C.E. In tu rrisi2, and G.F. K o o b 1, 
1D epartm ent o f N europharm acology, The Scripps Research Institute, La 
Jolla, California, 92037. 2Departm ent o f  Pharm acology, C ornell University 
M edical College, New York, New York, 10021.

The purpose of this study was to determ ine the m otivational significance 
o f opio id  dependence on heroin self-adm inistra tion  in the rat. Rats were 
im planted with intravenous ju g u lar catheters and trained to self-adm inister 
heroin (20 µg/infusion) in daily tw o-hour fixed-ratio  (FR) 1 sessions. Rats 
were th e n  divided into two groups: one group received two 75 m g
subcutaneous m orphine (M) pellets to produce opio id  dependence, and the 
other group received sham  pellets (S). A fter one week of heroin self
adm inistration  with pellets im planted, pellets were rem oved, and M rats 
received two daily 0.75 m g/kg intravenous m orphine supplem ents 
throughout the experim ent to m aintain dependence. Saline was given to 
sham  rats. Six hours after the second o f each daily  supplem ent, M rats 
self-adm inistered heroin in 8 hour session, and S rats were lim ited to 2 
hour self-adm inistration sessions. Daily sessions con tinued  with five 
different heroin doses. D ependence shifted the dose-response curves for 
heroin self-adm inistration  upwards. This data suggests that there is an 
increased m otivaticn  to self-adm inister heroin in the o p io id -d ep en d en t 
state. Support: DA 04043 (G FK ), DAO 1457 and D A 00198 (CEI).

4 7 0 .1 2

DISCRIMINATIVE STIMULUS PROPERTIES OF ENADOLINE,
AN OPIOID KAPPA AGONIST, IN HUMANS. E.M.Vemotica*.
S. L.Walsh, G. E. Bigelow. Behavioral Pharmacology Research Unit, 
Johns Hopkins University School of Medicine, Baltimore, MD 21224 

This study examines the discriminative stimulus properties of the 
selective kappa agonist, enadoline (ENAD), in non-dependent opioid 
abusers. Volunteers are first trained to discriminate between ENAD and 
placebo and then tested for generalization to hydromorphone (HYD), 
butorphanol (BUT), and other doses of ENAD. During each training 
session, placebo or ENAD (10, 20, 40, or 80 µg/70 kg, i.m.) is given; 
the ENAD training dose rises in ascending order for safety. Training 
drugs are identified by letter codes and correct identifications are 
reinforced with money. Preliminary data indicate that ENAD is reliably 
discriminated from placebo, though only the 80 ug/70 kg dose produced 
100% ENAD-appropriate responding. Generalization dose-effect 
curves are obtained for HYD (1, 2, 4 mg/70kg), BUT (1.5, 3, 6 
mg/7Okg) and ENAD (10, 20, 40, 80 µg/70kg), while the 
placebo/ENAD (80 µg/70kg) discrim ination is maintained with 
intermittent training sessions. Preliminary data indicate that the lowest 
doses of all drugs have produced placebo-appropriate responding, while 
the highest doses of BUT and HYD have produced > 80% ENAD- 
appropriate responding. Conversely, subjective report data have shown 
differing profiles: all HYD doses have been identified as an opiate; low 
doses of BUT have been also identified as an opiate while the highest 
doses have been identified as sedative-like or hallucinogenic; enadoline 
has not yet been identified as an opiate, but as sedative-like or 
hallucinogenic at high doses. Supported by RO l DA040 89, T32 
DA07209 and K05 DA00050.
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IDENTIFICATION OF OPIOID RECEPTORS IN PLANARIANS
F.Passarelli1*, A.Merante3, G.Venturini3, V.Margotta2 and G.Palladini1 
1Department o f  Neurological Sciences, 2Department o f  Animal and Human 
Biology Università di Roma « La Sapienza »and 3Department o f  Biology, 
Università degli Studi « Roma 3 »-Rome (Italy).

In mammalians C N S , the opioid receptor stimulation is also subjected to 
modulation by dopaminergic system . The present study demonstrated that 
following a κ opioid agonist administration, U5O,488H, a behavioural 
responses appeared including screw-like movements (SLH, typical o f  D 1 
stimulation),C-like position (CLP, D2 stimulation) and snake-like movement 
(SLM  , opioid stimulation ) in planarians, D ugesia  gonocephala  s .l...The 
response was clearly receptor-mediated as it was blocked by antagonists such 
as naloxone and ICI 174,864. When the specimens were pretreated with 
sulpiride (D2 antagonist) or with SCH 23390 compound (Di antagonist) a 
completely blockade o f  respective CLP and SLH response was observed. In 
both cases the opioid behavioural SLM response was still present. The cAMP 
levels following the U50 ,488H  and Bremazocine administrations were also 
studied. The opioid agonist treatments induced a bimodal dose-response curve 
in affecting the magnitude o f  cAM P formation.The facilitation and inhibition 
o f  cAM P formation was counteracted by the presence o f  the selective opioid 
antagonists ICI 174,864 and naloxone showing that adenylyl cyclase is one o f  
the biochemical substrate for the bimodal opiate receptor-coupled regulatory 
mechanism governing the opioid receptor stimulation. In conclusion our 
results suggested that the κ opioid receptor was mainly involved in inducing a 
pharmacological and behavioural response in planarians.

4 7 0 .1 5

THE ROLE OF CRF, RECEPTO RS IN RESTRAINT-, CRF- AND 
UROCORTIN-INDUCED ANXIETY-LIKE BEHAVIORS. G.N. Smagin*, D.H. 
Rvan, E.B. De Souza1, R.B.S. Harris. Pennington Biomedical Research Center, Baton 
Rouge, LA 70808, 1Neurocrine Biosciences Inc, San Diego, CA 92121

Corticotropin-releasing factor (CRF) has been implicated in anxiety and stress- 
related disorders. Actions o f CRF are mediated by G-protein coupled receptors and 
modulated by CRF binding protein. Urocortin (UCN) interacts with CRF receptors and 
binding protein and appears to be involved in the stress response. In the present study, 
we tested the involvement of CRF, receptors in anxiety-like behaviors induced by 
various stimuli. Behavioral activity o f a selective CRF, antagonist, NBI 27914, was 
evaluated using the elevated plus maze and defensive withdrawal. Each animal 
received a s.c. injection of NBI 27914 (5 mg/kg) or vehicle one hour prior to testing 
and was tested for 5 min in the elevated plus maze. Administration o f NBI 27914 
significantly increased the time animals spent on the open arms of the maze, suggesting 
anxiolytic properties o f this compound. Defensive withdrawal was conducted in rats 
familiar with the behavioral apparatus. Behaviors scored during a 10 min session 
included latency to emerge from the darkened chamber in the open field; time spent 
inside and outside of the chamber and locomotor activity (moving, rearing). Animals 
were injected with NBI 27914 or vehicle one hour prior to restraint and briefly 
restrained (20 min) in plastic restrainers. Restraint induced defensive withdrawal with 
an increase in the time spent in the enclosed chamber, and a decrease in exploratory 
behavior (rearings). ICV administration o f CRF (0.25 and 0.5 µg) or UCN (0.25 µg) 
produced behavioral effects similar to stress with increased time spent in the enclosed 
chamber. Pretreatment o f animals with NBI 27914 (5 mg/kg), significantly attenuated 
the effects of restraint and ICV CRF, but not UCN infusions on behavior. The data 
suggest that CRF, receptors are involved in the stress- and CRF-induced behavioral 
changes observed in animal models of anxiety. Action o f UCN may be mediated 
through different pathways.

Supported by U.S. Army grant DAMD 17-92-V-2009
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ANTISENSE OLIGODEOXYNUCLEOTIDE TREATMENT TO THE CERE
BELLAR CANNABINOID RECEPTOR INHIBITS Δ9-TETRAHYDRO- 
CANNABINOL (Δ9-THC)-INDUCED ATAXIA AND ITS ENHANCEMENT BY 
ADENOSINE IN MICE. M.S. Dar*, Dept. o f Pharmacology, School o f Medicine, East 
Carolina University, Greenville, NC 27858.

Marijuana smoking is well known to cause motor impairment in humans. 
Cannabinoids have been shown to produce ataxia in animals. Intracerebellar 
microinfusion o f Δ9-THC, the main psychoactive ingredient o f marijuana, dose- 
dependently resulted in ataxia in CD-I mice. The ataxia was markedly enhanced by 
ethanol concentration which by itself produced no or very little motor impairment. To 
understand the mechanism o f Δ9-THC-induced ataxia, the effect o f direct 
intracerebellar microinfusion o f antisense oligodeoxynucleotide to Δ9-THC and other 
naturally occurring cannabinoid receptor (CB1) mRNA on Δ9-THC-induced ataxia was 
investigated. Δ9-THC (15-25 µg/100 nl; intracerebellar) resulted in a significant motor 
impairment in a dose-related manner. Pretreatments with intracerebellar microinfusion 
o f  antisense oligodeoxynucleotide (3.0 µg/100 nl/12 h; six administrations/animal) 
virtually abolished Δ9-THC (15 µg/100 nl intracerebellar)-induced ataxia. However, 
similar pretreatments with the mismatched oligodeoxynucleotide was totally ineffective 
against Δ9-THC-induced ataxia. Intracerebellar adenosine A, agonist, N 6-cyclohexyl- 
adenosine (4 ng/100 nl), markedly enhanced Δ9-THC-induced ataxia. There was a 
marked attenuation and no change in the cerebellar adenosinergic modulation o f Δ9- 
THC-induced ataxia noted following similar intracerebellar pretreatments with the 
CB1 antisense and the mismatched oligodeoxynucleoddes, respectively. This suggested 
a co-modulation by cerebellar adenosine and cannabinoid systems o f Δ9-THC-induced 
ataxia. The results o f  the present study also indicated co-modulation by cerebellar 
adenosine A, and CB1 receptors o f  ethanol-induced motor impairment, thereby, 
suggesting a possible common signal transduction pathway in the motor impairment 
by both psychoactive drugs.

4 7 0 .1 4

D IFFE R EN T EFFECTS O F  O M EG A -CO N O TO X IN -G V IA  ON DR UG - AND 
O X Y T O C IN -IN D U C E D  P E N IL E  E R E C T IO N , Y A W N IN G  AN D 
PA RA V ENTRICULAR N ITR IC  O X ID E PR O D U C TIO N  IN M ALE RATS. A. 
Argiolas*, S.Succu, M.S. Spano & M.R.Melis. Bernard B. Brodie Dept. Neurosci., 
Cagliari Univ., 09124 Cagliari, Italy.

A dose of the dopamine agonist apom orphine or the neurohypophysial peptide 
oxytocin that induces penile erection and yawning increases nitric oxide production 
in the paraventricular nucleus of the hypothalamus, as determ ined by the increase 
in N O 2- and N O3- concentration induced by these substances in the  paraventricular 
d ialysate obtained from male rats by in vivo microdialysis. All the above responses 
were prevented by a dose as low as 5 ng o f om ega-conotoxin-GVIA, a potent 
inhibitor of N-type Ca2+ channels, injected into the paraventricular nucleus 15 min 
before apomorphine (50 ng) or oxytocin (10 ng) given into the paraventricular 
nucleus. In contrast, omega-conotoxin was ineffective when the above responses 
were induced by N-methyl-D-aspartic acid (50 ng into the paraventricular nucleus), 
which induces the above responses by activating C a2+channel-coupled excitatory 
amino acid receptors of the NM DA subtype. The peptide toxin (5 ng) was also 
ineffective on penile erection and yawning induced by the nitric oxide donors 
sodium nitroprusside (50 µg) or hydroxylamine (50 µg) injected into the 
paraventricular nucleus. The present results suggest that omega-conotoxin-sensitive 
Ca2+ channels are involved in the activation o f nitric oxide synthase, penile erection 
and  yawning induced by apom orphine and oxytocin, but not by N-methyl-D-aspartic 
acid, at the paraventricular level.
Supported partially by M URST grant to  A.A.

4 7 0 .1 6

CANNABINOID (CB1) RECEPTO R ANTAGONISM INDUCES ANXIOLYSIS.
A. Chakrabarti1, B. E. Akinshola2, T, A. Ansah3* and E._S. _Qnaivi1. 1Depts of 
Psychiatry and Pharmacology, Vanderbilt University, Nashville TN, 2Howard univ. 
Coll. Med., Washington DC and 3Meharry Medical College, Nasville, TN 37208 
The aim of this study is to examine the influence o f the CB1 receptor antagonist 

SR141716 in in-vivo models of motor function and anxiety tests. The first series of 
neurobehavioral assessment was designed to characterize the anxiolytic profile of the 
SR141716 compound (if it has any). We had previously characterized the effects of 
cannabinoids in the plus-maze. Thus, we demonstrated that Δ9-THC in rats and mice 
produced aversions to the open arms of the plus-maze. In the present study the effect 
o f SR141716 (0.03-3 mg/kg) in two mouse models of anxiety was determined. 
SR141716 significantly increased the time spent in the open arms and reduced the 
time spent in the closed arms in the plus-maze test. A similar profile was 
demonstrated in the two compartment black and white box, when SR141716 led to 
increased time spent and exploration in the brightly lit white chamber with a 
concomitant decrease in the time spent and exploratory activity in the dimly 
illuminated black chamber. The time course of the anxiolytic profile in the plus-maze 
was present one-hr after the acute administration. Anxiolysis was maintained 
following the chronic treatment and upon withdrawal, no withdrawal anxiogenesis 
could be demonstrated in this ICR strain. The anxiolytic profile o f SR141716 was 
dependent on the mouse strain and the test utilized. The acute anxiogenic and 
cataleptogenic effects of methanandamide were antagonized by pretreatment with 
SR141716. However, ICR mice that received chronic SR141716 looked physically 
healthy, but did not groom themselves and hair discoloration was apparent in 
comparison to control mice. Whether this reaction is specific to mice remains to be 
determined. These findings indicate that SR141716 may represent a new class of 
anxiolytic agents that may be devoid of withdrawal anxiogenesis. Supported by NIH- 
NRSA 5T32HL 07411 and NHLBI KOI HL03319.

4 7 0 .1 8

SOUND LOCALIZATION DEFICITS FOLLOWING INACTIVATION OF 
FERRET AUDITORY CORTEX: EFFECTS OF PRACTICE AND TESTING 
PROCEDURE. A.J. King*, C.H. Parsons, R.G. Lanyon, A.L. Smith and I.D. 
Thompson. University Lab. Physiology, Parks Road, Oxford OX1 3PT, UK.

Evidence for a role for the primary auditory cortex (AI) in sound localization 
comes largely from behavioural studies made following lesions of this area. 
Here we describe the effects o f a pharmacological and potentially reversible 
inactivation o f AI on auditory localization.

Adult ferrets were trained to localize noise bursts (0-30 kHz) presented from 
one o f 12 loudspeakers separated by 30° in the azimuthal plane. After 
collecting data at durations ranging from 2000 to 40 ms, 200 µm thick slices of 
the slow-release polymer elvax containing 75 mM muscimol were implanted 
over the left AI. Muscimol is released from these slices for several months and, 
when placed on visual cortex, blocks activity to a depth of ~l mm (see C.J. 
Akerman et al., A.C. Dempster et al., this meeting). In the right hemifield, 
contralateral to the elvax implant, the animals performed significantly less well 
than before at the shortest durations tested. In contrast, their performance in 
the ipsilateral hemifield was unaffected. This location-specific deficit was 
present only transiently; with further testing, their scores returned to the 
previous control values. We then measured the ability of these ferrets to 
discriminate between sounds presented from 2 spatially separated speakers. A 
contralateral deficit was once again present, as the minimum audible angles on 
the right side were more than twice those measured on the left.

These results highlight the potential value of this technique for investigating 
the role and functional plasticity of different brain areas.

Supported by the Wellcome Trust.

Society for N euroscience, Volume 24 ,1998



TUESDAY AM BEHAVIORAL PHARMACOLOGY II 1199

4 7 0 .1 9

NEUROCHEM ICAL CONSEQUENCES OF DAILY M USIC ON YOUNG 

SOCIALLY HOUSED AND ISOLATED CHICKS. Guenther B ernatzky1*, 

Jaak Panksepp3, Jeff Burgdorf3, Alan Nordholm2 and Annie Jung2. 1 University of 
Salzburg, Central Animal Facility, Austria; 2Neurotoxicology Unit, Wright Paterson 

Air Force Base, 3Department of Psychology, Bowling Green State University, 
Bowling Green, OH 43403.

In past work we have observed that music can markedly reduce separation 
distress in chicks and we have also observed neurochemical changes in animals 
exposed to half an hour o f popular music, twice a day, for ten days (Neuroscience 
Abstracts, 1997, 23, p. 235). The aim of the present work was to see if these effects 
could be replicated with classical music, and whether these effects interacted with 
social housing conditions. Half the animals (n=32) were socially housed in groups of 
4, and the other half were individually housed. Half of each group were exposed to 0.5 
hr of M ozart's “Krönungskonzert” in the morning, and again in the afternoon. At the 
same time the control animals were exposed to an audiotape of people speaking at the 
same average 86 decibel level. A day or 3 days following the end of treatment, 
animals were sacrificed and brains were assayed for norepinephrine (NE), serotonin (5- 
HT), dopamine (DA) and the DA metabolites DOPAC and NVA.

Exposure to music elevated whole brain NE by 31 % (p=.00 l) and reduced 
DOPAC by 28 % (p<.005), and this last effect was significantly larger in social than 
isolate animals. Social housing effects were not evident in NE levels, but 5-HT was 
33 % higher in the isolates (p<.005); DOPAC was 44 % higher in social controls but 
not in those exposed to music. In contrast, HVA was marginally lower (p<.07) in 
socially housed than isolate animals. Interval of sacrifice had no clear effects. These 
results confirm that music can have complex effects on brain biogenic amine levels 
and metabolism in an avian species.
This res. was support, by a WPAF contract to J.P. and a Karajan Fond grant to G.B.

4 7 0 .2 0

DISSOCIATION OF ACCUMBENS DOPAMINE AND BEHAVIORAL 
SENSITIZATION IN AMPHETAMINE-DISCRIMINATING RATS AFTER 
SOCIAL STRESS. K.A. Miczek, A.M.M. van Erp*, G. Casadesus, N.H. 
Mutschler. Department of Psychology, Tufts University, Medford MA 02155. 
d-Amphetamine and social stress cross-sensitize as assessed by behavioral 
measures and mesocorticolimbic dopamine (DA) activity. In order to 
characterize common pharmacological and neurochemical mechanisms, the 
stimulus effects of d-amphetamine were examined in rats that were exposed to 
defeat in social confrontations. Social defeat was defined as the display of 
unambiguous submissive behavior, i.e. ultrasound calls and prolonged supine 
posture, in a brief confrontation with an aggressive resident rat. Adult male 
Long-Evans rats were trained to discriminate d-amphetamine (1 mg/kg) from 
saline to minimally 80% drug-appropriate responding in a two-lever task with 
milk reinforcement available for each 10th lever press (FR 10). Animals were 
injected with the saline vehicle and exposed to social stress, i.e. defeat 
followed by exposure to a threatening resident behind a protective screen for 
15 minutes. In the immediately following discrimination trial, a subgroup of 
rats (25%) responded on the amphetamine-appropriate lever. After 
completion of drug-discrimination procedures, dopamine levels were 
monitored in n. accumbens using in vivo microdialysis. When challenged with 
0.6 mg/kg d-amphetamine, accumbens DA in amphetamine-discriminating 
rats decreased, while these rats engaged in sensitized hyperactivity. It appears 
that exposure to social defeat can induce a state that generalizes to the drug- 
induced stimulus characteristics of d-amphetamine, in which rats show 
behavioral sensitization and simultaneous inhibition of the mesolimbic DA 
system. (USPHS grant DA02632)

4 7 0 .2 1

BEHAVIORAL AND PHARMACOLOGICAL PROFILE OF A 
MOUSE EXPRESSINGA MUTATED THYROID RECEPTOR β . K.
Greene, J. Lazar, SF. Yu, L. Detolla, JCS Fray *, P. Hauser, E. 
Edwards. Depts. of Pharmaceutical Sciences, Psychiatry and 
Veterinary Medicine, University of Maryland , Baltimore MD 21201.

These experiments use a transgenic mouse (TG) which overexpresses a natural 
mutation of the thyroid receptor β gene. One consequence o f overexpression of the 
thyroid β receptor is the development of the RTH syndrome or resistance to thyroid 
hormone. This syndrome is characterized by a decrease in tissue responsivity to 
thyroid hormone and a strong association with Attention Deficit Hyperactivity 
Disorder (ADHD). It is hypothesized that the TRHTG mouse might serve as 
potential animal model of ADHD. One goal of these experiments was to design and 
carry out behavioral tests assessing the response of the TG mice in the open field, 
elevated plus maze, spontaneous alternation, and Morris water maze tests. In both 
the elevated plus maze and the open field, the TG and control mice did not differ in 
in measures of anxiety. However, transfer latency, a memory index in the elevated 
plus maze test, was significantly different in the TG mice in the acquisition phase 
and the retention phase of the test. In the spontaneous alternation test, a spatial 
learning test, TG mice spent less time in the decision-making paradigm, and their 
rate of alternation was lower than control mice. In the Morris water maze, an 
associative learning paradigm, the TG mice showed a deficit in cue navigation with 
significantly longer latencies to find the platform they were trained to locate. 
Interestingly, amphetamine sulfate reversed this deficit in the TG mice. Ongoing 
experiments are evaluating the effects of other stimulants on the behavioral profile 
of the TG mice (Support from the Maryland Veterans Administration and the 
University of Maryland).
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Ts65Dn MODEL OF DOW N SYN DRO M E (DS): RADIAL MAZE LEARNING  
AND CONTEXTUAL CO NDITIO NING , L.S. Crnic* and M.T. Kelly. Depts. of 
Pediatrics and Psychiatry, Univ. Colorado Sch. Med.: Denver, CO 80262  

The Ts65Dn mouse carries an extra chromosome (Chr) containing much of 
the region homologous to human Chr 21 and has a behavioral profile similar to 
DS. While these mice have Morris m aze deficits, impariment on the visible plat
form task prevents conclusions about hippocampal function. To clarify hippo
campal impairment, the current study used an 8-arm radial maze task with 5 
baited and 3 unbaited arms to assess working and reference memory and a 
mixed contextual and cued fear conditioning task. Trisomic (TS, N = 22) and 
littermate control(C, N = 21) mice ranging in age from 2.5 to 7.7 months were 
run with doors on the arms of the m aze to prevent the use of a rotation strat
egy. Working memory errors over blocks of two days showed an interaction 
between blocks and karyotype (p = 0.007). The interaction with age aproached 
significance (p = 0.052). Young TS mice made more working memory errors 
than C mice, particularly later in training while mice older than 6 months of age 
performed more poorly than young mice, with TS mice especially poor early in 
training. Only age affected reference memory (p = 0.033). Exposure to a 2 s 1 
mA footshock following a 30 sec presentation of a 120dB tone in a novel envi
ronment was followed 24 hrs later by separate presentation of the context and 
tone. TS animals froze more in all tests and thus freezing in a novel envi
ronment was subtracted from contextual and cued freezing. Both karyotype (p 
= 0.044) and the age by karyotype interaction (p = 0 .022) were significant, with 
C mice improving in context conditioning with age, while TS were poorer than 
controls and worsened with age. Results of both tasks suggest impaired hippo
campal function in the TS mice with the age effect paralleling the early loss of 
medial septal cholinergic neurons in these mice. The findings are consistent 
with hippocampal structural and memory deficits seen in DS and further sup
port the utility of this model of DS. Supported by HD04024 and HD17449

SPONTANEOUS CIRCLING BEHAVIOR OF A GENETICALLY 
HYPOTHYROID STRAIN OF MICE. A.E. Kincaid*, K. Figetakis and J. Wright 
Dept. of Physical Therapy, Creighton University, Omaha, NE 68178.

Some mice homozygous for the autosomal-recessive gene hypothyroid (hyt/hyt) 
demonstrate a pronounced, spontaneous circling behavior. This abnormal motor 
behavior has not been previously described. The purpose of this study was to 
establish a colony of hyt mice and behaviorally characterize this movement disorder.

Four pairs of adult hyt mice were obtained from Jackson Laboratories and hyt/hyt 
males were housed with hyt/+ females. To improve their mating performance males 
were subcutaneously implanted with time-released thyroxine (T-4) capsules. 
Offspring from 6 litters were weaned and separated by gender on day 30. The mice 
were videotaped on postnatal day 34-36 to record their open-field behavior in a 18cm 
x 29cm plastic box. Each animal was gently stroke-handled for 30 sec., placed on 
fresh bedding and videotaped for 45 min. The videotapes were analyzed by counting 
the direction and number of circles in four 5 min. periods. For this study a circle 
was defined as directionally-continuous forward movement that brought the ammal 
through a full 360 degree rotation.

Of 44 pups, 18 were noted to have the reduced body size characteristic of the 
homozygous phenotype. Of these 18 animals, 4 were noted to demonstrate 
spontaneous circling that averaged greater than 8 circles per 5 min. period (range: 8- 
209 circles/5 min.). In each case the circling was always in the same direction, 
either clockwise (n=3) or counter-clockwise (n=1). Preliminary analysis of later 
testing periods (60 and 90 day) indicate that the direction of circling does not 
change. The circling varied from tight circles, almost a spinning movement, to 
wider circles, along the inside perimeter of the box. None of the other animals 
averaged more than 2 circles per 5 min. period (range: 0-2 circles/5 min ), and the 
direction of their circling was often seen to change. Supported by Health Future 
Foundation grant #20017-726000-120.
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C O G N IT IV E  D E F IC IT S  IN  A  G E N E T IC  M O U S E  M O D E L  O F  T H E  
M O S T  C O M M O N  B IO C H E M IC A L  C A U S E  O F  H U M A N  M E N T A L  
R E T A R D A T IO N , P K U  L. Z a g reda, J. G oodm an , M. M ichalak , D. 
Drum , and A. D iam ond* Center for Developmental Cognitive Neuroscience, 
Eunice Kennedy Shri ver Center, 200 Trapelo Road, Waltham, MA 

Phenylalanine-hydroxylase deficient “PKU mice” have a mutation of the Pah 
gene that causes phenylketonuria in humans. Previous work has established 
that these mice have minimal or absent Pah activity, plasma levels of 
phenylalanine 10-20x normal, and hypopigmentation, all comparable to that 
seen in human PKU. But it had never been demonstrated that this mouse 
model has the most prominent characteristic of human PKU -  cognitive 
impairments. W e report here the first evidence of such impairments.

PKU (“enu2") mice were impaired on both odor discrimination reversal and 
latent learning compared to heterzygote littermates and to wild-type mice of 
the same BTBR strain. For the first task, a bottle cap containing cinnamon- 
scented sand was presented on the right or left, and nutmeg-scented sand 
was presented on the other side; left-right location was randomly varied over 
trials. Digging in sand of the correct scent was rewarded by finding Phe-free 
chocolate. To prevent scent cuing, new caps were used on every trial and 
both caps always contained chocolate. Digging in the incorrect choice was 
stopped before the chocolate was uncovered. All groups acquired the initial 
discrimination normally. Once criterion was reached (>14 out of 16 trials 
correct), the other scent was rewarded; 4 reversals were administered. PKU 
mice performed worse with each successive reversal; by reversals 3 and 4 
they were significantly worse than the other groups. PKU mice were also 
impaired in latent learning: On Day 1, all mice were on full food and water; 
half the mice were allowed to explore a m aze and discover the location of 
water. On Day 2, all mice were water deprived, and were placed in the maze. 
Only in the PKU group did pre-exposed animals n o t show a significant benefit 
from their pre-exposure compared to naive animals. N ICHD #R01 HD34346
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ABNORMALITIES IN CATECHOLAMINE BIOSYNTHETIC ENZYME 
GENE EXPRESSION AND STRESS RESPONSE IN FSL ANIMAL 
MODEL OF DEPRESSION G. Yadid1*, L. Serova2, A. Zaneen1 and E.L 
Sabban2: 1Dept. Life Sci., Bar- Ilan Univ., Ramat-Gan, ISRAEL 2 Dept. 
Biochem. & Mol. Biol. NY Med. Coll., Valhalla, NY 10595, USA 

Most animal models o f depression are based on stress as the initiating 
event. However, the relationship between stress and depression is 
incompletely understood. We used Flinder’s Sensitive Line (FSL) rats, which 
exhibit behavioral features characteristic of depression, to study neurochemical 
mechanisms that may involved in depression. Basal mRNA levels and response 
to repeated immobilization stress (IMO) were examined for several genes 
involved in catecholamine biosynthesis and for preproneuropeptide Y (NPY). 
In adrenals, basal levels o f tyrosine hydroxylase (TH), dopamine β- 
hydroxylase (DBH) and phenylethanolamine N-methyltransferase (PNMT) 
mRNA were greatly elevated and almost as high as in control rats exposed to 
IMO. The mRNAs for GTP cyclohydrolase I (GTPCH, rate-limiting enzyme 
in biosynthesis of tetrahydrobiopterin) also tended to be higher. In the FSL 
rats, repeated IMO did not elicit a further raise in adrenal DBH, PNMT or 
GTPCH mRNAs and only increased TH mRNA levels by 2 fold. In contrast, 
for NPY basal mRNA levels and the response to stress were unaltered in 
both. In dopaminergic brain regions there was an interaction between stress 
and genotype in the ventral tegemental area (VTA), but not in the substantia 
nigra (SN). Basal TH was high in VTA and not further elevated by stress. 
The excessively high basal levels o f mRNA for all genes examined, except 
for adrenal NPY and TH in SN, and the abnormal response to stress may be 
relevant to manifestation o f depression. (Supported by NIH NS32166)
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DIFFERENTIAL GENE EXPRESSION IN THE CONGENITAL LEARNED 
HELPLESS R A T E. Edwards*1, JB. Wang1, H.Sun1, G. Speight2, MC. O’Donovan2. 
1Dept. of Pharmaceutical Sciences, University of Maryland, Baltimore MD21201; 
2University of Wales College of Medicine, Cardiff CF4 4XN, United Kingdom.

Learned helpless behavior (LH) is recognized as a valid model of depression. By 
using a selective breeding strategy, susceptibility to LH behavior has been markedly 
enhanced, producing a genetic animal model of depression named the congenital 
learned helpless rat (cLH). mRNA Differential Display was used to evaluate 
baseline differences in gene expression patterns in cLH rats and learned helpless 
resistant control rats (cNLH). By using a commercially available mRNA differential 
display kit (RNAImage, GeneHunter Co.), we have obtained a successful 
differential display from the total RNA extracted from cLH and cNLH cortices of 
male rats (F40). In PCR experiments with the H-T11A/AP1 primer, two cDNA bands 
size around 150 bp were found to be only displayed in the cNLH rat. Similarly, with 
the H-T11A/AP2 primer, two additional cDNA bands in size ranging around 220-224 
bp were found only in the cNLH rat. Using the same primer,we have also identified 
two weak bands of cDNA in the cLH but not in the cNLH r a t . We are subcloning 
these cDNAs into plasmid using the Invitrogen TA cloning kit in order to obtain 
their sequence information and generate cDNA probes for Northern analysis. An 
optimized fluorescent differential display technique (FDD) was utilized to search 
for candidate genes for depression by comparing the fingerprints produced by FDD 
analysis of hippocampal samples from cLH and cNLH male rats (F38). The analysis 
of 300 primer combinations generated 30,000 bands per sample and 0.2% of these 
(55) were noted to be differentially displayed. Subsequently, differential 
representation was confirmed in 14 and robust differences between the cLH and 
cNLH rats were observed. These results support the feasibility of studies generating 
candidate genes (human homologue) and candidate regions (synteny) for depression 
(Support from University of Maryland).
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Q UANTITATIVE TRAIT LOCI (QTL) ANALYSIS OF THE FEAR- 
POTENTIATED STARTLE RESPO NSE (FPS) IN THE B X  D SERIES OF 
RECO MBINANT INBRED (R l) MICE. J . Bell IlI*, R.J. Hitzemann, a n d  J .A. 
McCaughran. Jr. Dept. Psychiatry, SUNY @  Stony Brook, NY 11794-8101.

Numerous studies suggest that the FPS may provide a useful animal model 
of anxiety and anxiety-related disorders. Because anxiety-related disorders also 
demonstrate a significant genetic component, the FPS was used to assess fear 
conditioning in a full Mendelian cross formed by the C57BL/6J (B6) and DBA/2J 
(D2) inbred mouse strains. Mice were subjected to 20 fear conditioning trials in 
which a conditioned stimulus (light) was paired with an aversive unconditioned 
stimulus (0.50 mA footshock). The acoustic startle response (ASR) was elicited 
by an 80 msec 120 dB (SPL) noise burst presented alone (Noise alone) or at 
the termination of the CS (Light+Noise). The FPS was measured by the 
difference between these trial types. The FPS was greater in the D2 strain than 
the B6 strain; inheritance of the FPS was largely additive; and broad-sense 
heritability was > 0 .5 . A QTL analysis using 20 BXD Rl strains was used to 
determine the chromosomal position of loci associated with the FPS response 
(p < 0.01). Point-biserial correlations were determined between approximately 
1300 marker loci that display allelic variation between the B6 and D2 strains, 
the Light + Noise and Noise alone ASRs, and the FPS. Significant correlations 
were found between the Noise alone ASR and loci on chromosomes 4 (11  
centimorgans [cM]), 16 (69.4 cM), and 19 (15 cM). QTLs for the Light + Noise 
ASR were found on chromosomes 5 (11 and 87 cM), 6 (74 cM), 7 (28 cM), 12 
(55 and 58 cM), 16 (69.4 cM), and 17 (23.5, 30, and 32 cM). QTLs for the FPS 
were found on Chrs 9 (40 cM), 12 (58 cM), 13 (72 cM), and X  (28.3 cM). 
Confirmation of these QTLs in F2 hybrids from a B6 and D2 intercross is 
currently being conducted. Supported by MH 51372 and AA 11034.
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ANALYSIS OF BDNF KNOCKOUT MICE IN THE FORCED SWIM 
TEST: A POTENTIAL MODEL FOR DEPRESSION? J.E. Malberg*,
C.J. Messier, E.J. Nestler and R.S. Duman. Divison of Molecular 
Psychiatry , Yale University School of Medicine, New Haven, CT 06508.

Brain-derived neurotrophic factor (BDNF) has been demonstrated to have 
antidepressant effects in behavioral models of depression, and chronic 
antidepressant treatment increases the expression of BDNF. Conversely, 
stress decreases BDNF mRNA in the hippocampus and preclinical and 
clinical studies demonstrate atrophy or loss of hippocampal neurons in 
response to chronic stress. Sprouting of hippocampal neurons, in response 
to ECS treatment, is significantly attenuated in BDNF knockout mice. 
Taken together, this evidence suggests a role for BDNF in depression. In 
this study, this hypothesis is examined by testing knockout mice 
heterozygous for deletion of the BDNF gene on the Porsolt forced swim test 
(FST). Wild-type or BDNF (+/-) mice (n=10) were given a 15 minute 
pretest swim followed 24 hours later by a 15 minute test swim. On the test 
day, BDNF (+/-) mice showed significantly higher (p<.03) total 
immobilization times then the wild-type littermate controls. Locomotor 
activity measures showed no difference between the BDNF (+/-) and the 
wild-type mice, indicating that the difference in the FST was not due to 
increased baseline activity in the wild-type mice. Desipramine 
administration (30 mg/kg for 2 days) produces a decrease in total 
immobilization times in the wild-type and BDNF (+/-) mice. This data 
indicates that the BDNF knockout mice have a “depressive” phenotype on 
the FST, and may be a suitable model with which to study the role of 
neurotrophins in stress and depression. (Supported by MH-50384)
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SELECTIVE BREEDING OF HIGH-ALCOHOL CONSUMING (HiCo) AND 
LOW-ALCOHOL CONSUMING (LoCo) MICE. K. G. Hill*, H. J. Kaczmarek, and 
S. W. Kiefer. Dept. o f Psychology, Kansas State Univ.; Manhattan, KS 66506 

From an original population of 42 HSD outbred mice (Harlan Sprague-Dawley), 
high-alcohol consuming (HiCo) and low-alcohol consuming (LoCo) lines of animals 
were selectively bred. After 3 weeks of continuous access to 10% alcohol (v/v) and 
distilled water, HiCo and LoCo parents were selected, based on average daily 
consumption (g EtOH/kg bw) o f the ethanol solution. Parents for a control (CoCo) 
line o f mice were selected at random. The mean amounts (±SEM) o f 10% alcohol 
consumed by each o f the selected generations on the last day o f the 3 week, two- 
bottle test are shown in the table below. Numbers o f mice per group ranged from 18- 
28. Clearly, HiCo mice consumed significantly more alcohol than the CoCo or LoCo 
mice (which did not differ from each other). The behavioral phenotype of alcohol 
consumption appears to be a viable one for use in selective breeding o f mouse lines. 
Given the line separations, alternative behavioral correlates (e.g., sleep time, motor 
coordination) for the different lines will also be characterized.

SI S2 S3

HiCo 2.72(±.72) 3.38(± .91) 4.37(± .85)

CoCo 2.2O(± .56) 1.07(+.10) 1.80(±.22)

LoCo 2.ll(±.55) l.23(±.25) l.8l(±.37)

Research supported by the Kansas State University Dept. o f Psychology
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Decreased voluntary ethanol consumption in m opiate receptor knockout mice. F. 
S. Hall1,2*, I. Sora3, G.R. Uhl3,4 1Laboratory o f Clinical Studies/DICBR, 
NIAAA; Biological Psychiatry Branch, NIMH, Bethesda, M D 20892; 3Molecular 
Neurobiology Branch/IRP, NIDA, Baltimore, M D 21224; 4Dept. Neurol, and 
Neurosci., Johns Hopkins Univ. School M edicine, Baltimore, M D 21218.

Voluntary ethanol consumption was examined in wild type, and heterozygote and 
homozygote µ  opiate receptor knockout mice. It was previously shown that these 
mice were subsensitive to the effects of opiate agonists, but it is quite possible that 
these m ice may have altered sensitivity to all rewarding drugs. Ethanol, in particular, 
was hypothesized to be affected because o f the effects o f opiate antagonists on 
voluntary ethanol consumption. Firstly, food and water consumption was monitored 
in the home cages of individually housed animals from all three groups (N = 10 per 
group, half male, half female). No differences were found. Subsequently the subjects 
were allowed ad libitum access to ethanol, water and food in the home cage and the 
quantity o f each consumed was monitored. The initial ethanol concentration was 2%, 
but was increased every 2-3 days in this progression (2%, 4%, 8%, 12%, 16%, 24%, 
32% EtOH). Knockout mice, both heterozygote and homozygote knockout mice, 
were found to consume less ethanol (expressed in g/kg/day) and to prefer ethanol 
(ethanol volume / total fluid volume) less than wild type mice at all concentrations 
less than 24% ethanol. One week after cessation o f ethanol consumption the 
subjects were sacrificed by cervical dislocation followed by decapitation. Trunk blood 
was collected and blood plasma was subsequently analyzed by radioimmunoassay 
(SIGMA) for corticosterone levels. There were no differences between the groups in 
basal corticosterone levels, and basal levels did not correlate with ethanol 
consumption. In wild type mice it was found that female mice had substantially 
higher corticosterone levels than male mice. This gender difference was diminished 
in heterozygote knockout mice, and absent in homozygote knockout mice. Thus, µ 
opiate receptor knockout mice have changes in both ethanol consumption and a sex 
dependent alteration of HPA axis functioning, although, thus far, there is no 
evidence o f a relationship between these two findings. (Funding: NIAAA/DICBR, 
NIDA/IRP)

471.11
INCREASED D-l BUT NOT D-2 DOPAMINE RECEPTORS IN A 
ROSTRAL SEGMENT OF THE ANTERIOR FOREBRAIN IN AN 
ANIMAL MODEL OF ADHD: DIFFERENTIAL RESPONSE TO 
SUBCHRONIC METHYLPHENIDATE TREATMENT. L.M,Diewald,
M.P.Carey, F.J.Esposito, U.A. Gironi Camevale. M.Papa1 and A.G.Sadile. (SPON; 
INTERNATIONAL BEHAVIOURAL AND NEURAL GENETICS SOCIETY). 
Lab. Neurophysiol. Behav. & Neural Networks, and 1Inst. Human Anat., SUN, 
Naples, Italy.

The aim of this study was to explore the involvement of D-l and D-2 dopamine 
(DA) receptor subfamilies in an animal model of Attention-Defi cit Hyperactivity 
Disorder (ADHD), the Spontaneously Hypertensive Rat (SHR), using in vitro 
quantitative autoradiography. Six-wk old male SHR and Wistar-Kyoto (WKY) 
controls were given the biogenic amine re-uptake blocker methylphenidate (MP; 3 
mg/kg, i.p.), or vehicle, daily during a 15-day period. Rats were sacrificed 24 h 
after the last injection. Coronal sections across the caudate-putamen (CPU), nucleus 
accumbens (ACB), olfactory tubercle (OT), globus pallidus (GP) and the ventral 
pallidum (VP) were used for a saturation analysis of D-l/D-5 receptors using [3H]- 
SCH23390 and two competition studies using 3H-raclopride and 3H-quinpirole with 
cold spiperone and 7-OH-DPAT as cold displacers. Vehicle-treated SHR showed a 
higher level of D-l/D-5 in the rostral but not in the caudal portions of the CPU, 
pole, core and shell of ACB and OT. MP had no effect in the SHR but increased the 
D-I/D-5 sites only in the rostral portions of the WKY. In addition, no line 
difference between SHR and WKY was found in the rostral and caudal portions of 
any forebrain structure under baseline condition nor following subchronic MP 
treatment. Thus, the differential basal distribution and response to MP of DA D-l 
receptors at target sites of DA systems in an amimal model of hyperactivity/ 
attention deficits one-day upon drug withdrawl lend support to a tonic role of DA in 
the modulation of attention in the anterior forebrain system. (Supported by 
Telethon-Italy grant E.513).

471.13

PARADOXICAL EFFECT OF SUBCHRONIC INHIBITION OF 
NITRIC OXIDE SYNTHASE BY L-NAME ON NON SELECTIVE 
ATTENTION IN AN ANIMAL MODEL OF ADHD. R.Aspide, 
A.Fresiello, G.Pe Filippis, U.A.Gironi Camevale, and A.G. Sadile. (SPON: 
INTERNATIONAL BEHAVIOURAL AND NEURAL GENETICS SOCIETY). 
Lab. Neurophysiol. Behav. & Neural Networks, Med. Sch., II Univ. Naples, Italy.

The involvement of nitric oxide (NO) in the process of non-selective attention 
(NSA) to environmental stimuli has been investigated in a putative animal model of 
Attention-Deficit Hyperactivity Disorder (ADHD), the Spontaneously Hypertensive 
(SHR) rats. To this aim, the frequency and duration of rearing episodes in a novelty 
situation, which is thought to monitor NSA, have been measured in the male juvenile 
SHR rats and Wistar-Kyoto controls (WKY) following subchronic inhibition of the 
enzyme nitric oxide synthase (NOS). They received a single intraperitoneal injection of 
L-nitro-arginine-methylester (L-NAME; 1.0 mg/kg) or vehicle every day for 15 
days.Thirty minutes before testing on day 13-15 in a Làt-maze, they received vehicle or 
L-NAME. The results show that the treated group demonstrated a significant decrease 
in the duration of rearing episodes over time of testing. In contrast, over days of testing, 
the duration of rearing episodes increased and it pertained more the first than the 
second part of the testing period. The paradoxical effect of subchronic vs acute (Aspide 
et al, Soc. Neurosci.Abstr, 23:1871. 1997) NOS inhibition might be due to increased 
arginine avalability leading to increased NO production following arginase pathway. 
Therefore, NO appears to play a role in non-selective attention in relation to 
hyperactivity and attention-deficits. (Supported by Telethon-Italy grant E.513).

471.10
SUBCHRONIC METHYLPHENIDATE TREATMENT MODIFIES C-FOS 
EXPRESSION IN THE CORTICO-AMYGDALO-STRIATAL NETWORK. 
M.Papa*, S.Scllitti and A.G.Sadile1 Inst. Human Anat. & 1Lab. Neurophysiol. 
Behav. & Neural Networks, Med. Sch., II Univ. Naples, I.

Spontaneously Hypertensive Rat (SHR), an animal model of Attention- 
Deficit Hyperactivity Disorder (ADHD) shows a reduced expression of immediate 
early genes (lEGs) in some discrete areas in ventral striatum (NeuroReport,8;1607- 
12,1997). Treatment of children by Methylphenidate (MP), a reuptake blocker of 
biogenic amines, reduces hyperkinesis and ameliorates ADHD symptoms. To 
evaluate the effect of MP on molecular mechanisms underlying the anterior 
attentional network, we study the expression of c-FOS in ventral and dorsal striatum, 
frontal, cingulate and perirhinal cortices and amygdaloid complex after subchronic 
MP treatment. Male juvenile prehypertensive SHR and Wistar-Kyoto (WKY) control 
rats were given a drug (MP; 3 mg/kg, i.p.) or a vehicle every day during 15 days. 
Twenty-four hours after the last injection, the brains were perfused and processed for 
c-FOS immunocylochcmistry. PC-assisted high resolution image analysis revealed a 
different response of c-FOS positive elements in the two strains. In all accumbal 
subdivisions, the core, the dorsal, ventromedial and ventrolateral shell, MP has no 
effect. In the complex of amygdala, MP sharply increases the number of “activated” 
neurons in the lateral and basal nuclei (input and processing amigdaloid divisions) 
with no effect in the central nucleus (output way). In the medial nucleus of the 
amygdala, a dramatic effect is evident in WKY but not in SHR. In cingulate and 
perirhinal cortices, MP induces a significant increase in c-FOS positive neurons in 
booth strains, whereas in frontal cortex the increase is shown only in WKY, thus 
reaching the basal expressed in level of SHR which show a two-fold increase in the 
number of positive elements. These results show that the network underlying 
attentional and motor behavior have multiple steps and the drug-induced changes can 
be induced at several sites far from main putative areas of drug action and are 
strongly related to genetic background. (Supported by Telethon-Italy grant E.513).

471.12
POSTNATAL STIMULATION MODIFIES THE REDUCED 
EXPRESSION OF C-FOS IN THE ACCUMBAL SHELL OF AN 
ANIMAL MODEL OF ADHD. A.G.Sadile*, S.Sellitti and M.Papa1, (SPON: 
EUROPEAN BRAIN AND BEHAVIOUR SOCIETY). Lab. Neurophysiol. Behav. 
& Neural Networks and 1Institute Human Anatomy, II Univ. Naples, Medical 
School, Naples, Italy.

The Spontaneously Hypertensive Rat (SHR) feature the main aspects of 
Attention-Deficit Hyperactivity Disorder (ADHD) in children. A reduced expression 
of the ot-isoform of Ca2+/calmodulin-dependent protein kinase II (CaMKII) has 
been shown in the shell of the nucleus accumbens (ACB) (NeuroReport, 7: 3017- 
3020, 1996). Since the ACB is thought to be an interface between limbic and motor 
systems, our aim was to investigate the modifiability of this defect by epigenetic 
factors. Male juvenile prehypertensive SHR and Wistar-Kyoto (WKY) control rats 
were given a saline injection every day during 15 days or were not treated. 
Iimmunocytochemistiy for α-CaMKII and PC-assisted high resolution image 
analysis on coronal brain sections revealed (i) a lower level of CaMKII-positive 
elements in the shell of the ACB in SHR than in WKY rats, (ii) saline-treated 
groups did not differ in the level of expression of CaMKII in the anterior portions of 
the ACB. Thus, the compound handling, constraint, and proprioceptive stimulation 
during the 5th and 6th postnatal week modified the expression of CaMKII-positive 
neurons at a terminal site of the mesolimbic system.Theerefore, epigenetic factors 
can modify the altered development of the SHR forebrain and, eventually, the 
phenotypic expression of the behavioral trairs featuring ADHD symptoms in 
children. (Supported by Telethon-Italy grant E.513).

471.14
ACOUSTIC STARTLE RESPONSE (ASR) AND PREPULSE INHIBITION (PPI) OF 
THE ASR IN THE BXD RECOMBINANT INBRED (RI) SERIES: QTL ANALYSIS 
AND RELATIONSHIP TO HIGH FREQUENCY HEARING LOSS (HFHL). Robert 
Hitzemaim*, James Bell and James McCaughran Jr. Department of Psychiatry, SUNY at 
Stony Brook, Stony Brook, NY 11794-8101.

Deficient PPI of the ASR has been observed in schizophrenia and other psychiatric and 
neurologic disorders (e.g. Braff et al. 1978, 1992). Many inbred strains of mice show mild 
to moderate deficiencies in PPI, including the DBA/2J (D2) and C57BL/6J (B6) strains. 
Since the measurement of PPI is essentially isomorphic in man and mouse, understanding 
the genetics of the defects in mice may have relevance to the associated human genetics. 
A complication to the mouse model is age-related HFHL which occurs in many inbred 
mouse strains, including the D2 and B6. Recently, Willott and Erway (1998) examined 
HFHL in the BXD RI series. These data made it possible to examine the relationships 
among HFHL, the ASR and PPI. Twenty-three BXD RI strains and the two parental strains 
were tested as described in McCaughran et al. (1997) for their ASR and PPI of the ASR 
with an average of 13 animals per strain (age = 6-8 weeks). Split-halves reliabilities for the 
ASR and PPI were 0.85 and 0.75, respectively. The RI strains were divided into three 
groups based on the progression of HFHL: slow (I), intermediate (II) and fast (III) (N=5- 
6/group). The ASRs (measured as grams of force) to a 10 kHz, 110 dB tone were 16.7+/- 
2.5, 18.3+/-3.6 and 23.2+A3.5 g, in groups I-III, respectively (F2,14=1.2, p<0.3). PPIs (80 
dB, white noise - measured as percent decrease in the ASR) were 35+/-6, 37+/-5 and 43+/- 
8 % in groups I-III, respectively (F2,14=0.4, p<0.7). Thus, we conclude that at this age and 
for this RI series there is little relationship among HFHL and performance in the ASR and 
PPI paradigms. QTL analysis of the strain means for PPI revealed significant (p<0.01) 
candidates on chromosomes 1 (30cM), 2 (9cM), 9 (60cM) and 12 (55 cM). QTL analysis 
of the strain means for the ASR revealed significant candidates on chromosomes 1 (30 
cM), 5(11 cM) and 19 (16 cM). It is of interest that the QTL on chromosome 19 is near 
the deafness (dn) locus. Supported in part by AA 11034.
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BEHAVIOR AND ELECTROPHYSIOLOGICAL ACTIVITY IN THE 
MONGOLIAN GERBIL. A. Seto-Ohshima1*, M. Ito1, M. Katoh1 and 
Y.L. Murashima2, 1 Institute for Developmental Research, Aichi Human 
Service Center, Aichi 480-0392, Japan; 2Tokyo Institute of Psychiatry, 
Tokyo 156-0057, Japan.

The Mongolian gerbil (Meriones unguiculatus) is a useful animal 
model of epilepsy. Seizure-prone gerbils show stimulus-induced 
myoclonus at about 2 months of age which progresses to generalized 
tonic-clonic convulsion. We established a seizure-sensitive (ss) strain at 
the Institute for Developmental Research and a seizure-resistant (sr) 
strain at the Tokyo Institute of Psychiatry. Comparing their behavior, we 
found that posture change, a potent inducer of epileptic seizures in ss 
adults, induced a rhythmical backward movement of the pinnae in young 
animals of this strain, but not in those of the sr strain. This movement 
seems to be an early, if not the first, event in epileptogenesis. Since a 
major stimulus during the posture change is vestibular, we determined 
the locus of the vestibular cortex that responds to electrical stimulation of 
the peripheral vestibular system; this was located in the somatosensory 
cortex and electrical stimulation of this area induced backward movement 
of the pinnae. A study using a telemeter machine showed that repetitive 
administration of pentylenetetrazole, which provokes seizures similar to 
the epileptic behavior, induced a sharp wave in the electroencephalogram 
in this area that was accompanied by backward movement of the pinnae. 
In addition, this area showed characteristic responses to somatosensory 
stimuli, which seem to increase esizure susceptibility. Thus, this area 
may be involved in the early phase of epileptogenesis in ss animals.

4 7 1 .1 7

KETOGENIC DIET INHIBITS SEIZURE SUSCEPTIBILITY IN EPILEPTIC 
EL MICE. M. T. Todorova1*, P. Tandon2, R. A. Madore1, C. E. Stafstrom3, T.
N. Seyfried1 1Dept. of Biology, Boston College, Chestnut Hill, MA 02167, 
2McLean Hospital, Harvard Medical School, MA 02178, 3Division of Pediatric 
Neurology, New England Medical Center, MA 02111 

The ketogenic diet (KD) is a high fat, low carbohydrate/protein diet which has 
been used to treat refractory seizures in children for over 75 years. However, 
little is known on how the KD influences different seizure types or effects the 
epileptogenic process. In kindled adult rats, the KD induces ketosis and 
transiently elevates afterdischarge thresholds (Epilepsia, 38:750, 1997). The EL 
mouse is a genetic model for focal sensory-precipitated seizures with secondary 
generalization. Seizure susceptibility in EL mice is age-dependent with seizures 
developing by 50-60 days and persisting throughout life. Young male EL mice 
(P30) were randomly separated into two groups fed ad libitum with either Agway 
lab chow (control, n = 12) or the KD (treated, n = 14). The mice were weighed 
and seizure susceptibility assessed by a repetitive handling procedure administered 
once per week for a total of eight weeks. The handling procedure involved 
holding a mouse by the tail for two short intervals (30 sec and 15 sec) separated 
by 2 min and was repeated after 30 min. The EL mice tolerated the KD well and 
gained weight similar to that in the control mice. Ninety two percent of the EL 
mice on the control diet experienced stage 5 generalized seizures by the third 
seizure test (3 weeks from the start of dietary treatment). Seizure susceptibility 
remained high in this group throughout the study. In contrast, seizure onset was 
significantly delayed in the KD-fed EL mice with no mice seizing on the third 
test. Furthermore, only 50% of the KD-treated mice had generalized seizures, 
after eight weeks. These are the first findings of an inhibitory effect of the KD 
on epileptogenesis in a genetic model of epilepsy and indicate that the EL mouse 
will be useful for evaluating the antiepileptogenic mechanisms of the KD. 
(Supported by the Boston College REG).

4 7 1 .1 6

ENVIRONMENTAL FACTORS INFLUENCE SEIZURE SUSCEPTIBILITY 
IN EPILEPTIC EL MICE. T. N. Seyfried*, M. T. Todorova Dept. of Biology, 
Boston College, Chestnut Hill, MA 02167 

The EL mouse is a genetic model for focal sensory-precipitated seizures with 
secondary generalization. The epilepsy in EL mice is inherited as a 
multifactorial trait where several seizure frequency quantitative trait loci (QTL) 
and environmental factors interact to determine seizure susceptibility. The 
objective of this study was to identify and characterize environmental factors that 
influence seizure predisposition in EL mice. A new seizure testing procedure 
was used that involved repetitive handling. The test included two phases (I and 
II) separated by one week. Each phase involved two handling trials (A and B) 
separated by 30 min. In each trial, the mice were suspended by the tail for 30 
sec, were returned to fresh bedding for 2 min, and were suspended again for 15 
sec. Naive male and female EL mice (7-21 mice tested /sex/age) were tested once 
at 30, 67, 90, 120, 150, and 180 days of age. No mice seized at 30 days, but 
seizure susceptibility was significantly greater in males than females, 
respectively, at 67 days (42%, 0%) and at 90 days (90%, 45%). No gender 
differences were found beyond 150 days. Handling in phase I influenced 
susceptibility in phase II significantly more in males than females from 67 to 90 
days. The "Gowers effect" (seizures beget seizures) was also greater in males 
than females. Furthermore, handling at 30 days significantly enhanced seizure 
frequency in both males and females when tested again at 67 days (81% and 44%, 
respectively) compared to 67-days old naive controls (above). Although no 
seizures were induced by handling in nonepileptic mouse strains (ABP and DDY) 
over the testing period, susceptibility was significantly higher in ABP x EL FI 
hybrids (42%) than in EL x ABP FI hybrids (17%) at 90-120 days. The results 
indicate that seizure susceptibility in EL micé is significantly influenced by a 
number of environmental factors including age, gender, prior handling, seizure 
history, and maternal/paternal effects. (Supported by the Boston College REG).

4 7 1 .1 8

α l  ADRENERGIC RECEPTORS ARE INVOLVED IN THE 
OCCURRENCE OF IMMOBILITY EPISODES IN THE taiep RAT. 
J. R. Eguibar*, M.C. Cortés and J. Valencia. Inst. o f Physiol., BUAP, 
Puebla. México.

The taiep rat is a neurological mutant with immobility episodes 
(IE) which appear about the seventh month o f age. IEs are produced by 
holding the rats by the tail or the trunk, alternately for 10 sec. During IE 
cerebral cortex was desynchronized with theta rhythm in the 
hippocampus suggesting a narcolepsy-cataplexy syndrome. We studied 
the effect o f αl-adrenergic receptors on IEs.

Prazosin and methoxamine were freshly prepared and 
administrated IP in a volume o f 0.1 ml/Kg. Results show that prazosin 
produced a dose-dependent increase in the number and mean duration 
o f EE (ANOVA, p<0.001), Dunnett's post-hoc showed that 5Oµg- 
8OOµg/Kg doses were significantly different from saline rats (p<0.05). 
However, administration o f methoxamine between 30 and 1000 µg/Kg 
did not significantly reduced the number o f IE but does affected the 
duration o f IE in a byphasic manner. The small doses produced a 
significant increment but the higher reduced it (ANOVA, p<0.001). 
Results show that IE induced by holding taiep rats are sensitive to the 
manipulation o f αl-adrenergic receptors, and might also participate in 
the abnormal generation o f REM sleep and the loss o f muscle tone 
resembling human and canine narcolepsy. Supported by CONACyT, 
México, grant 5221P-N and DGICSA-SEP 97-01-21-001-124 toJRE.
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AN ADENO-ASSOCIATED VIRAL VECTOR ENCODING GFP-CRE 
RECOMBINASE TO DIRECT SITE-SPECIFIC RECOMBINATION IN THE 
MOUSE BRAIN. B.K. Kaspar, S. Crone, E.P. Brandon,_H. van Praag * , L .
Randolph-Moore, K.F. Lee, F.H. Gage. The Salk Institute, La Jolla, CA 92037.

Disruption of genes in vivo with spatial and temporal precision would be 
extremely useful for the study of tissue-specific gene functions in adult mice. 
One promising technology being developed towards this end is the Cre-loxP 
system: a gene is flanked by loxP sequences in the mouse genome and 
inactivated in vivo where Cre recombinase (Cre) is expressed. However, a 
broadly applicable system for regulated Cre expression has yet to be developed. 
We have explored the possibility that adeno-associated virus (AAV) might 
provide such a system. Specifically, a gene encoding a fusion protein of green 
fluorescent protein (GFP) and Cre driven by the human cytomegalovirus 
promoter was inserted into an AAV vector, and purified viral stocks of 5 x 1012 
particles/ml were generated. The GFP component allows simple detection of 
either live or fixed cells that have been infected and expressed the 
recombinase. To assess the efficiency of viral transduction, fusion protein 
expression, and recombination, the virus was injected into several brain regions 
of lox-β-gal reporter mice. These mice carry a transgene encoding β- 
galactosidase (β-gal) separated from the chicken β-actin promoter by a 1.3 kb 
regulatory stop fragment flanked by loxP sites; β-galactosidase is expressed 
only following Cre-mediated recombination, β-gal- and GFP-positive cells were 
assessed in mice infected for 2, 7, or 30 days. Immunohistochemistry was 
performed to determine the phenotypes of transduced and recombined cells. 
We report that recombination and β-gal expression occurs in infected cells (as 
determined by GFP) as soon as 2 days after viral injection, and by 7 days is 
widespread. Furthermore, no immune response was observed. Thus, the AAV- 
GFP-Cre system should be useful for spatiotemporally directed gene knockout 
in mice. Supported by NIA, NICHD, APA, Markey Fellowship, Pew Trust.

ASSESSING THE ABILITY OF IMMUNOSUPPRESSION TO 
PROLONG ADENOVIRUS-MEDIATED TRANSGENE 
EXPRESSION USING THE A VP-DEFICIENT BRATTLEBORO 
RAT MODEL. B.J. Geddes*, T.C. Harding, A.P. Byrnes’, S.L. 
Lightman, J.B. Uney. Dept. of Medicine, Laboratories, University o f 
Bristol, Bristol Royal Infirmary, Bristol UK, BS2 8HW; 1Dept. o f  
Anatomy, Oxford University, Oxford UK, OX1 3QX.

Injection of adenoviral (Ad) constructs into the CNS results in a 
local inflammatory response characterised by infiltration o f 
activated Tcells and upregulation of MHC class I and II. This 
immune response is transient, lasting approximately 1-2 months 
post-injection, while transgene expression is routinely observed for 
months after the immune response has subsided. Nevertheless, the 
level o f transgene expression is reduced with time, and the initial 
immune response may be causal in this regard.

Activation of Tcells requires interaction with antigen complexed 
with MHC, as well as the interaction o f a variety of co-stimulatory 
signals between the Tcell and antigen presenting cell. Failure to 
achieve sufficient co-stimulatory signalling results in functional 
inactivation of the Tcell, or anergy. In the present set o f 
experiments, an Ad encoding the immunosuppressive agent 
CTLA4-Ig, has been locally injected along with Ad vectors 
encoding the gene for arginine vasopressin. CTLA4-Ig is a chimeric 
protein that is capable of interfering with the CD28/B7 co 
stimulatory pathway important for Tcell activation. Using the 
Brattleboro rat model of diabetes insipidus [Nature Medicine, vol 
13, p; 1402], we can measure non-invasively the effect of local 
immunosuppression to increase the degree, and duration of gene 
therapeutic reversal of the DI phenotype following simultaneous 
AdAVP treatment.
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KNOCK-OUT MICE: POSSIBLE SOLUTIONS TO THE GENETIC 
BACKGROUND AND FLANKING GENE PROBLEMS. W. E .
Crusio1 and H.-P. Lipp2 (SPON: International Behavioural and 
Neural Genetics Society). 1Génétique, Neurogénétique et 
Comportement, UPR 9074 CNRS, 3b rue de la Férollerie, 45071 
Orléans Cedex 02, France. 2Institut fur Anatomie, Universität Zürich, 
Zürich, Switzerland.

It has been noted, (R. Gerlai, TINS 19:177-180, 1996) that mice 
carrying induced null ("knock-out", KO) mutations generally differ from 
control animals not only by the invalidated gene, but also in the origin of 
any genes flanking that gene. We propose here two methods to control 
for this flanking gene problem. The first method consists of comparing 
an F2 derived from the KO germline chimera (generally 129 derived) and 
another strain (generally C57BL/6J) with an F2 between unmodified 129 
and C57BL/6J animals. Obviously, any differences between these F2s 
can only be due to the invalidated gene.

The second method requires the derivation of two congenic lines, 
preferably one to the ES stem cell donor (in general 129), the other to a 
different strain (for instance, C57BL/6J). By making appropriate crosses 
between these congenics and their unmodified parentals, groups can be 
obtained that differ for the induced mutation only. In addition, the use of 
two different genetic backgrounds may check for possible interactions 
between the expression of the mutation and the general genetic 
background.

Supported by the Centre National de la Recherche Scientifique (UPR 
9074) and Swiss National Science Foundation (31-46691.96).

4 7 2 .4

BEHAVIORAL DIFFERENCES AND HIPPOCAMPAL AND 
CEREBELLAR NEUROANATOMY IN A MUTATED SUBSTRAIN OF 
C57BL/6J INBRED MICE. F. Sluvter1, J. Pager2, C .C .M  Marican2, and 
W.E. Crusio2. 1Dept. Psychoneuropharmacology, Univ. Nijmegen, The 
Netherlands; 2Génétique, Neurogénétique et Comportement, CNRS UPR 
9074, Orléans, France. (SPON: International B ehavioural and  N eural 
Genetics Society).

Hereditary divergence in the sizes of the hippocampal intra- and 
infrapyramidal mossy fiber terminal fields (IIPMF) affects mouse 
behavior. For instance, a negative genetic correlation exists between the 
sizes of the IIPMF terminal fields and intermale offensive aggression. 
Furthermore, aggression has been found to correlate positively with 
thermoregulatory nest-building behavior and anxiety. In this study, males 
from a substrain of C57BL/6J mice carrying a spontaneous single gene 
mutation affecting open-field exploration, radial-maze learning, IIPMF 
size, and the presence of a specific hippocampal protein, was tested for 
offensive aggression, thermoregulatory nest-building, anxiety, and 
cerebellar anatomy. Compared to controls, the mutated subline showed 
more aggression and nest-building behavior, whereas only tentative 
differences were found for anxiety. These substrains provide a powerful 
tool to localize the gene involved and subsequently investigate the pathway 
leading from gene to behavior.

Supported by the Centre National de la Recherche Scientifique (UPR 
9074). FS was supported by a PULS Grant from the Life Sciences 
Foundation (SLW), subsidized by the Netherlands Organization for 
Scientific Research (NWO).

4 72 .5

COMPENSATORY CORTICAL NEUROPLASTICITY IN THE 
COMPOUND, HETEROZYGOUS, TOTTERER/LEANER MUTANT 
MOUSE. Ronald F. Mervis*, Timothy Pindell, Jody McKean, and Louise C. 
Abbott1. Neuro-Cognitive Research Laboratories, 2109 West Fifth Avenue, 
Columbus, OH 43212. 1Dept. Veterinary Anatomy & Public Health, Texas 
A&M University, College Station, TX 77843-4458.

Compound heterozygous, tottering/leaner mice (tg/tgla)  exhibit ataxia, 
intermittent myoclonus and absence seizures. These mice carry one allele 
each of two autosomal recessive mutations: tottering (tg) and leaner (tgla). 
Golgi impregnation studies of the cerebellum showed Purkinje cells (PC) 
from adult tg/tgla mice have reduced branching area and fewer dendritic 
spines (Abbott et al, Soc. Neurosci. Abst., 1998). Broad interaction between 
cortex and cerebellum with respect to motor and memory functions infers 
that reduced cerebellar circuitry in these mutant mice may influence cortical 
circuitry. Blocks of fronto-parietal cortex from tg/tgla (N=5) and control (+/+) 
(N=4) mice were stained using the Golgi-Cox method. Sections were cut at 
120um. From coded slides, five layer II/IIl pyramidal neurons were 
randomly selected from each subject. Camera lucida drawings were made of 
the basilar tree of each neuron. Sholl analysis showed that the dendritic 
arbors from tg/tgl a mutant mice were significantly larger than controls 
(Wilcoxin test, p=0.001). There was no significant difference in the spine 
density along 30um terminal tip segments between tg/tgla mutants and 
controls. Overall, the increased amount of dendritic branching in the mutant 
suggests that cortical synaptic circuitry is enhanced in this group. Previously, 
it was found that Lurcher mutants (with postnatal loss of PCs) showed 
enhanced dendritic arbor of cortical pyramids (Goss et al, Soc. Neurosci. Abst. 
22:1132, 1996). The tg/tg1a mutant mouse reveals an apparently comparable 
compensatory neuroplastic response of cortical neurons - possibly to 
subserve functions associated with impaired cerebellar circuitry. (Supported 
by a NIH grant (K08NS01681) to L.C.A.(

4 7 2 .6

SELECTIVE LOSS OF DOPAMINERGIC NIGRO-STRI AT AL NEURONS 
IN BRAINS OF ATM-DEFICIENT MICE. R. Eilam1, Y. Peter2, A. Elson2, Y. 
G roner2 H. Bergman3* and M. Segal 1 Depts. Neurobiology1 and Molecular 
Genetics2, The Weizmann Institute, Rehovot 76100 and departm en t of 
Physiology, Hadassah Medical School, Jerusalem. Israel 

Ataxia-telangiectasia (AT) is a human disease caused by mutations in the 
ATM  gene. The neural phenotype of AT includes progressive cerebellar 
neurodegeneration which results in ataxia and eventual motor dysfunction. 
Surprisingly, mice in which the Atm  gene has been inactivated lack distinct 
behavioral ataxia or pronounced cerebellar degeneration, the hallmarks o f the 
human disease. In order to determine whether lack o f the Atm protein can 
nonetheless lead to structural abnormalities in the brain, we examined brains 
from Atm-deficient mice and from sex- and age-matched controls. 
Atm-deficient mice exhibit severe degeneration of dopaminergic nigro-striatal 
neurons; a smaller reduction in dopaminergic neurons is evident in the ventral 
tegmental area. This effect is selective in that the noradrenergic innervation of 
the forebrain of these mice is normal. Behaviorally, Atm-deficient mice express 
locomotor abnormalities manifested as stride length asymmetry, which can be 
corrected by peripheral application o f the dopaminergic precursor, 1-DOPA. In 
addition, these mice are hypersensitive to the dopamine releasing drug, 
d-amphetamine. These results indicate that ATM deficiency can severely affect 
dopaminergic neurons in the central nervous system and suggest possible 
strategies for treating this aspect o f the disease. Supported by grants from the 
Weizmann Institute.

4 7 2 .7

MIDBRAIN AND HINDBRAIN NEURONAL DEGENERATION IN A 
TRANSGENIC MOUSE MODEL OF FAMILIAL AMYOTROPHIC 
LATERAL SCLEROSIS. J.A. Oostveen- and P. F. VonVoigtlander 
BiologyII/Neurobiology, Pharmacia & Upjohn, Inc., Kalamazoo, MI 
49001.

Familial amyotrophic lateral sclerosis (FALS) has been linked to a 
mutation in the gene encoding for copper-zinc superoxide dismutase (Cu/Zn 
SOD), a key enzyme in the cellular defense mechanisms against free radical 
attack. Since FALS-linked mutations are thought to be neurotoxic due to 
free radical generation, other subsets o f neurons may be prone to damage in 
the presence of mutated Cu/Zn SOD. Indeed, it has been shown that 
postmortem brain samples from ALS patients have significantly fewer 
dopaminergic neurons in the substantia nigra (SN). Transgenic mice that 
over-express a mutated human CuZn superoxide dismutase gene 
(gly93 →ala) (TgN(SODl-G93A) have been shown to develop motor neuron 
disease as evidenced by motor neuron loss in the lumbar and cervical spinal 
regions. In a recent study using TgN(SOD1-G93A) mice, researchers found 
that at a time where 50% of the spinal motor neurons were lost, there was a 
concomitant 26% loss o f dopaminergic neurons in the SN. In the current 
experiment we evaluated the hypoglossal, facial, and the inferior olivary 
nucleus, as well as nigrostriatal dopamine neurons in TgN(SODl-G93A) 
120 day old mice. Each brain region had a significant (p<0.01) loss of 
neurons between transgenic and non-transgenic mice as follows: 
hypoglossal (25% loss), inferior olivary (26% loss), facial (31% loss) and 
substantia nigra (36% loss o f nitrostriatal dopamine neurons).

4 7 2 .8

STEREOLOGIC ANALYSIS OF BRAINSTEM MOTOR NUCLEI IN AN SOD1 
MUTANT MOUSE MODEL OF AMYOTROPHIC LATERAL SCLEROSIS. E.A.

M o rriso n 1. 1 Neurobiology of Aging Labs and Fishberg Research Center for 
Neurobiology, Mt Sinai School of Medicine, New York, NY 10029, 2Scripps 
Research Institute, La Jolla, CA 92037.

In recent years several mouse models of amyotrophic lateral sclerosis (ALS) have 
been developed. One, caused by a G86R mutation in the SOD1 gene associated with 
familial ALS, has been subjected to extensive quantitative analyses in the spinal 
cord. However, the human form of ALS includes pathology elsewhere in the nervous 
system. In the present study, analyses were extended into the brainstem. Six mutants 
and ten controls were evaluated daily, and mutants, along with their littermate 
controls, were sacrificed when they were severely affected. Brains were removed 
after perfusion and processed for Nissl and AChE staining, the animals randomized 
and the investigators blinded to their conditions. Stereologic methods were used to 
estimate the number of neurons in the facial nucleus, facial nuclear volume, the 
number and size of neurons in the oculomotor nucleus (CNIII) and the number and 
size of neurons in the hypoglossal nucleus. Analysis of neuron number in the facial 
nucleus showed severe depletion (47-73%) in the most severely affected animals, 
accompanied by extensive gliosis. In this structure, nuclear volume correlated 
significantly with neuron number. Preliminary data of CNIII showed less extreme 
involvement, with a trend toward fewer neurons in animals with facial nucleus 
involvement (11-13% loss). Interestingly, there was no significant change in the 
volume distribution of individual neurons of CNIII. The hypoglossal nucleus showed 
less consistent depletion, associated mostly with very severe disease. These results 
suggest that different brainstem motor nuclei are differentially affected in this SOD1 
mutant model of ALS. This model may therefore accurately reflect the pathologic 
changes apparent in the human forms of the disease, and may provide clues for the 
understanding of the d ifferential vulnerability  of neural structures in 
neurodegenerative disease. Supported by NIH grants MH5757l and MHDA52154.
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S O M A T O S T A T IN E R G IC  C E R E B R O C O R T IC A L  NEURON  
DEGENERATION IN M ICE EXPRESSING  A  M U T A T E D  SU PER O XID E  
D IS M U T A S E  TH A T  C A U SES FA M ILIA L ALS. M. Cecilia Aquila and 
Rodrigo O. Kuljis. Miami V.A Med. Ctr. and Dept.of Neurology, Univ. of 
Miami Sch. of Med.; Miami, Florida 33136

The transgenic expression of a mutated Cu/Zn superoxide 
dismutase (SOD) gene (G93A) associated with familial amyotrophic 
lateral sclerosis (ALS) results in degeneration of a population of nitric 
oxide synthase (NOS) containing neurons and correlates with a drop in 
NOS activity, but there is no change in NOS content in mice that develop 
an ALS-like condition. Many NOS neurons contain somatostatin (SRIF), 
a peptide associated with poor global cognitive performance when 
reduced in several neurodegenerative diseases. This study was 
undertaken to examine SRIF production and to determine whether 
degeneration occurs in SRIF neurons in transgenic mice expressing 
mutated SOD. The transgene was verified by PCR. Levels of SRIF 
mRNA were determined in the cortex by S1 nuclease protection assay 
using a 32[P]labeled riboprobe. SRIF content was measured by SRIF- 
RIA. The levels of SRIF decreased 20% at 4 months and approximately 
50% at 8 months (i.e. at or near the onset of clinical paralysis) in 
transgenic mice. In addition, the brains were labeled 
immunocytochemically for SRIF and 3-nitrotyrosine. Many dystrophic 
SRIF neurons throughout the cortex are associated with increased 
protein nitrosylation. These findings link a specific SOD mutation with 
degeneration of SRIF neurons. Alterations in SRIF may be especially 
relevant to the cognitive impairment that afflicts patients with ALS. 
Protein nitrosylation is a plausible mechanism for SOD-mediated SRIF 
neuron damage in ALS.

472 .11

REGIONAL DISTRIBUTION OF HSP72 IN BRAIN AND SPINAL CORD IN 
T R A N S G E N IC  R A T . D .C izk o v a 1, W .D illm a n n 2, R .M estr il2, 
G.Schulteis1 * and M.Marsala1. 1Anesthesiology Research. Laboratory, UCSD, 
San Diego, 2Dept. of Medicine, UCSD, San Diego, CA 92093 
In previous studies, by using transgenic rats that overexpress HSP72, we have 

shown that there is an overexpression of inducible HSP72 protein in cardiac and 
skeletal muscle. We have also shown that the presence o f inducible HSP72 in the 
cardiac myocytes is associated with higher resistance of these cells against transient 
ischemia. In the present study we characterize the regional distribution o f inducible 
HSP72 in the brain and in the spinal cord in transgenic rats. Animals were terminally 
anesthetized with pentobarbital (4Omg/kg) and transcardially perfused with saline 
(200cc) followed by 4% paraformaldehyde. Four hours later the brain and the spinal 
cord were removed and frozen transverse sections (40µm) were then processed 
immunohistochemically for HSP72/73 by using monoclonal antibody (Oncogene: 
Ab-1). In control animals no positivity in brain structures was detected, however, a 
high immunoreactivity was seen in the ependymal cells and modest positivity in 
spinal α-motoneurons. In transgenic rats clear-cut HSP72 immunoreactivity was seen 
in the following structures: brain- lateral septal nucleus (no positivity in medial 
septal nucleus), nucleus caudatus, frontal cortex (layers 2,5,6), parietal cortex (layers 
5,6), piriform cortex (layer 2), hippocampus (only in CA1 pyramidal neurons), 
m edial longitudinal fasciculus, tractus spinalis nervi trigem ini, tractus 
corticospinalis, cerebellum (occasional positivity seen in Purkynje cells); spinal cord- 
gray matter-clear positivity in lamina II and in lamina VIII and IX (α-motoneurons 
and their axons) in all segmental levels; white matter- funiculus gracilis, cuneatus 
and posterior corticospinal tract. These data show that inducible HSP72 is expressed 
in specific brain regions (CA1 hippocampal sector) known to be selectively 
vulnerable to transient ischemia. In contrast, in the spinal cord, positivity was seen 
in large α-motoneurons but not in small interneurons known to be selectively 
sensitive to transient hypoxia/ischemia. Work supported by NIH (NS32794).

4 7 2 .1 3

UPREGULATION OF PROSTAGLANDIN D SYNTHASE IN OLIGODENDROCYTES 
OF DEMYELINATING MUTANT, TWITCHER. M.Taniike1*, N.Equchi2, S. 
Okada1, K.Suzuki3 and Y.Urade2. 1Dept. of Pediatr., Osaka 
Univ.; Suita, Osaka 565-0871; 2Dept. of Mol. Behavior. Biol., 
Osaka Biosci. Institute; Suita, Osaka 565-0871, Japan; 3Dept. 
Path. & Lab. Med., UNC at Chapel Hill; Chapel Hill, NC 27599.

Prostaglandin D synthase (PGDS) is an enzyme required for 
the synthesis of prostaglandin D2, which is a major and 
multifunctional prostaglandin in the brain. Lipocalin-type 
PGDS (1-PGDS) is largely expressed in leptomeninges but is also 
expressed in oligodendrocytes. We investigated the expression 
of 1-PGDS in the brain of the murine model of genetic 
demyelinating disease, twitcher mice. Northern blot analysis 
disclosed a gradual increase of 1-PGDS mRNA in twitcher brain 
with progression of demyelination. Enzymatic analysis 
confirmed that 1-PGDS activity was increased in the twitcher 
brain. In situ hybridization showed augmented expression in 
small cells in deep cerebellar nuclei and brain stem of the 
demyelinating twitcher brain. These cells, which were also 
immunostained by 1-PGDS, were neither stained with GFAP 
immunocytochemistry nor with RCA-1 histochemistry, and thus 
were considered as presumptive oligodendrocytes. These 
results strongly indicate that 1-PGDS is upregulated in 
oligodendrocytes in the twitcher brain. To our knowledge,
1-PGDS is the first oligodendrocyte-associated protein that 
is upregulated during demyelinating process.

4 7 2 .1 0

CORTICAL NEURONS FROM MICE WITH A HOMOZYGOUS NULL MUTATION 
FOR GLUTATHIONE PEROXIDASE 1 SHOW INCREASED SUSCEPTIBILITY TO 
HYDROGEN PEROXIDE. R.D. O’Shea1*, J.B. d e  Haan2, C. Bladier*, N S. Cheung1,
P M. Beart1,  I. Kola2. 1Department o f Pharmacology and institute for Reproduction and 
Development, Monash University, Clayton, VIC 3168, Australia.

Glutathione peroxidases are believed to play a major role in cellular defence by 
removing reactive oxygen intermediates such as H2O2, thereby preventing damage to 
molecules and organelles. To examine the biological significance o f the selenium- 
dependent glutathione peroxidase, Gpxl, mice homozygous for a null mutation in Gpxl 
were generated. These mice were healthy and fertile, and displayed no histopathological 
abnormalities. Primary cultures o f cerebral cortical neurons were established from wild 
type (WT) and Gpxl knockout (Gpxl-/-) mice. Cortical tissue was isolated from foetal 
mice (El 5-16) and digested in trypsin-containing medium. Cells were dissociated by 
trituration, re-suspended in Neurobasal medium™ supplemented with B27 and 10% 
foetal calf serum, and maintained in poly-D-lysine coated plates in a humidified CO2 
incubator. Culture medium was replaced after 24 h with serum-free growth medium. 
Neurons (> 95% o f cells in culture) from both WT and Gpxl-/- mice appeared healthy 
and grew to form a complex network o f neurite outgrowths. On d8 in vitro, cultured 
neurons were exposed to H2O2 (1 -3 0 0  µM) diluted in antioxidant free N-2 medium, 
and cell viability was assessed 24 h later using the MTT assay. Exposure to H2O2 led to a 
concentration-dependent decrease in the number o f viable cells. Morphological features 
characteristic o f both apoptosis and necrosis were observed, depending on the 
concentration o f H2O2. Neurons from Gpxl-/- mice showed significantly increased 
susceptibility to H2O2, exposure to 65 µM H2O2 produced no significant neuronal death 
in WT cultures but killed 30% of Gpxl - neurons. Thus Gpxl may play a major 
neuroprotective role under conditions o f oxidative stress. Supported by NH&MRC 
(Australia).

4 7 2 .1 2

FRAGILE X SYNDROME: SYNAPTIC PLASTICITY AND SYNAPTIC 
PROTEINS IN MICE KNOCK-OUT FOR FMR1 GENE. D. Aggoun , D. Diabira, 
A. Represa*, Y. Ben-Ari & H. Gozlan. INSERM U29, 123, Bld de Port-Royal, 
75014 -PARIS (France).

Fragile X syndrome is a form of mental retardation characterized by large 
expansions of a CGG repeat within the fragile X gene (FMR1). This gene has been 
inactivated in mice and the purpose of this study was to examine if the synaptic 
plasticity characteristics of CA1 pyramidal cells were affected in knock-out (KO) 
mice. In addition, a number of proteins involved in synaptic processes have been 
studied in this model. Long-term potentiation (LTP) and Repotentiation of AMPAR 
responses recorded in CA1 area of adult mice were achieved by high frequency 
stimulation of Schaffer collateral fibers (2 × 100 Hz), whereas long-term depression 
(LTD) and Depotentiation were induced by low frequency stimulation of the same 
fibers (1 H z, 15 min). Control LTP (+131 ± 14%, n=7) was not significantly 
different (+109 ± 17%, n=7) in KO mice. The same observation applied for 
depotention, -22 ± 4%, n= 4 and -21 ± 3%, n= 6 respectively. LTD was marginally 
significant different between control (-19 ± 2%, n= 4) and KO mice (-26 ± 3, n= 4) 
and the amount of repotention was similar in control (+124 ± 16%, n=3) and in KO 
mice (+104 ±21% , n=3). Therefore, synaptic processes commonly associated with 
memory and cognition were not significantly affected in this model of fragile X 
syndrome indicating that this approach could not explain mental retardation 
observed in patients. We have also evaluated by immuno-cytochemistry the 
quantitative distribution of several proteins known to be involved in development 
and synaptic plasticity. No modification of N-CAM, Tenascine C, Fibronectine, 
Heparan sulfate, Chondroitin sulfate was observed. However, the newly discovered 
protein SPOCK was highly enhanced in the hippocampus of KO mice.
Supported by a grant from the EC.

4 7 2 .1 4

IMMUNOHISTOCHEMICAL AND NEUROCHEMICAL STUDIES ON NI
GRAL AND STRIATAL FUNCTIONS IN THE CIRCLING (CI) RAT. 
A. Richter1, H. Potschka1, M. Fedrowitz1, U. Ebert1, J.N. Nobrega2, J.J. 
Vallbacka2, and W. Löscher1 (SPON: European Neuroscience Association). 
1Dept. of Pharmacology, Toxicology and Pharmacy, School of Veterinary 
Medicine, D-30559 Hannover, Germany; 2Neuroimaging Research Section, 
Clarke Institute of Psychiatry, Toronto, Ontario M5T 1R8, Canada 

Asymmetrical spontaneous turning behavior or circling phenomena are often 
related to components of the dopaminergic (DA) system, particularly of an im
balance of nigrostriatal function. We have recently described a rat mutant (ci) 
with spontaneous circling behavior and other signs o f functional brain asym
metry. Neurochemical determinations showed that mutants of both genders 
have significantly lower concentrations o f DA and DA metabolites in the stria
tum ipsilateral to the preferred direction o f rotation. In the present study, we 
used immunohistochemical, neurochemical, and autoradiographic techniques to 
characterize the DA abnormalities o f the ci rat mutant in more detail. Immuno
histochemical labeling of DA neurons and fibres in substantia nigra pars com- 
pacta, ventral tegmental area, and striatum did not indicate any significant 
neurodegeneration or asymmetry that could explain the lateralization in DA le
vels in striatum of ci rats. Neurochemical determinations, including microdia
lysis, substantiated that ci rats of both genders have a significant imbalance in 
striatal DA metabolism. Quantitative autoradiographic determination of binding 
densities of DA transporter and D1 and D2 receptors in several parts of the 
striatum and substantia nigra indicated that ci rats have a significantly higher 
binding density o f DA transporter and receptors than non-affected controls. 
Taken together, ci mutant rats of both genders exhibit an asymmetry in striatal 
DA metabolism which, together with an enhanced DA receptor binding, could 
be involved in the abnormal circling behavior seen in these animals.
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CHARACTERISATION OF PROGRESSIVE MOTOR DEFICITS IN MICE 
TRANSGENIC FOR THE HUMAN HUNTINGTON’S DISEASE MUTATION.
L.A.Lione1, R.J.Carter2, T.Humby 1, L.Mangiarini3, A.Mahal3, G.Bates3, A.J.Morton2 
and S.B.Dunnett1*. 1MRC Cambridge Centre for Brain Repair, 2Department of 
Pharmacology, University o f Cambridge and 3Guy’s Hospital, London, UK.

Transgenic mice expressing exon i o f the human Huntington’s disease (HD) gene 
with expanded CAG repeat lengths o f 141 to 157 (line R6/2) develop a progressive 
neurological phenotype resembling many motor symptoms o f HD (Mangiarini et a l.. 
1996, C ell, 87, 493). The complex neurological phenotype, which is evident at 9 to 11 
weeks of age, manifests a number of motor aspects which progressively worsen until 
death, including tremor, chorea, stereotypic involuntary movements, epileptic seizures 
and body weight loss*. In this study we have characterised the progression of motor 
deficits arising in this transgenic R6/2 mouse line. A battery o f five behavioural tests 
were selected (swimming tank, rotarod, raised beam, fore- and hind-paw footprinting 
and acoustic startle/prepulse inhibition) to measure motor aspects o f swimming, fore- 
and hind-limb co-ordination and balance and sensorimotor gating. Behavioural testing 
commenced when female mice were 5 weeks of age (phenotypically normal) and were 
conducted over a further 10 week period. Hemizygote transgenic mice (N = 9) 
exhibited a progressive deterioration in performance on the all motor tests, compared 
with that seen in wild type littermate control mice (N = 22). Transgenic mice showed 
significant difficulty swimming, crossing the narrowest (2.3 mm) square raised beam 
and maintaining balance on the rotarod at rotation speeds o f 33 - 44 rpm as early as 5 
weeks o f age, several weeks prior to the onset o f an obvious phenotype. Moreover, 
transgenic mice showed a significant impairment in prepulse inhibition consistent with 
that seen in patients with HD. This study further validates the R6/2 transgenic model of 
HD and shows it may be useful in the evaluation o f therapeutic strategies for HD, 
particularly those aiming to reduce the severity o f motor symptoms. S u p p o r te d  b y  th e  
H e re d ita ry  D is e a s e  F ou n da tion , M R C , P a rk e -D a v is  a n d  W e llcom e T ru st (U K ).
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NEURODEGENERATION IN  THE DROSOPHILA M UTANT bubblegum IS 
PREVENTED BY DIETARY TREATMENT W ITH GLYCERYL TRIOLEATE 
OIL. Kyung-Tai Min and Seymour Benzer*, D ivision of Biology 156-29, 
California Institute of Technology, Pasadena, CA 91125.

N eurodegenera tive  diseases, associated  w ith  abnorm al behavior, often 
reduce lifespan in hum ans and other animals. To understand  genetically-based 
d isease m echanism s and  develop  m ethods for trea tm en t an d  preven tion , 
Drosophila m ay be a useful m odel system . The m u tan t bubblegum exhibits 
regionally-specific neurodegeneration; photoreceptor axons projecting into the 
optic lobe greatly  dilate, the retina degenerates, and  early  death  ensues. The 
bubblegum gene has high hom ology w ith  vertebrate genes for very long chain 
fatty  acid (VLCFA) acyl CoA synthetase, w hich  catalyzes the first step  of 
fa tty  ac id  β -o x id a t io n .  A d r e n o le u k o d y s t r o p h y  (A LD ) a n d  
ad renom yeloneuropa thy  (AMN) in  h u m an s are charac te rized  by reduced  
activity of VLCFA acyl CoA synthetase; tissues and  plasm a have excess levels 
of VLCFA, especially hexacosanoic acid (C26:0). H ow ever, the h um an  ALD 
gene protein product (ALDP) belongs to the ATP-binding ABC transm em brane 
transporter superfam ily. It is therefore thought that ALDP m ay p lay a role in 
transporting , into peroxisom es, VLCFA acyl CoA synthetase or o ther factors 
needed for activity of the enzyme. In h um an  ALD or AM N patien ts the level 
of VLCFA accum ulation can be low ered by dietary  treatm ent w ith  "Lorenzo's 
oil" (glyceryl trioleate p lu s  glyceryl trierucate). The bubblegum m u tan t fly 
also show s elevated levels of VLCFAs, including C22, C24, and  C26. We find 
th a t the pathological p h eno type  and  the lifespan  deficit of bubblegum are 
prevented  by feeding w ith  trioleate oil. The m u tan t fly can thus be used  as a 
m odel system  for s tudying the m echanism  of the disease and screening for new 
drugs.
This w ork  w as su p p o rted  by  g ran ts to S.B. from  the N IH  (EY09278 and 
AG12289), the NSF (MCB 9408718), and the James G. Boswell Foundation.
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GENERATION OF INDUCIBLE NEURONAL CELL LINES FOR STUDY OF 
POLYGLUTAMINE TOXICITY. A. R. V. McCampbell,*D. E. M erry , K. H. 
Fischbeck. Dept. o f Neurology, Univ. o f Pennsylvania, Philadelphia, PA 19104. 
Spinal and bulbar muscular atrophy (SBMA) is a member of the trinucleotide 
repeat disease (TRD) family that includes Huntington’s disease and several of the 
spinocerebellar ataxias. These diseases are genetically defined by expansion of a 
repeated CAG codon within the coding region of the disease gene, leading to an 
expanded polyglutamine tract in the protein. In SBMA, the number of CAG 
repeats within the androgen receptor increases from 11-33 in normal individuals to 
40-62 in affected individuals. Currently the link between the expansion and the 
pathology observed in patients is not well understood. A useful tool for 
understanding SBMA would be the generation of a reliable cell culture model. Our 
attempts to generate such a model have focused on two neuronal cell lines, the 
motor neuron-neuroblastoma hybrid line MN-1, and the retinal cell-neuroblastoma 
line N18-RE-105. For a stable cell line to be used an inducible system is 
necessary, as the AR constructs are demonstrably toxic in transient transfections of 
MN-1 cells. To achieve high levels of induction, we are using the tetracycline- 
inducible system developed by Gossen and Bujard. MN-1 and N 18-RE-105 cells 
were transfected with either the Tet-On or Tet-Off plasmids and grown in 
appropriate selection medium. Individual colonies were picked and induction was 
assayed using a luciferase reporter plasmid. Currently, the clone with the largest 
reliable induction shows a 30-fold increase in luciferase activity; further screens 
for clones with greater induction are underway. We plan to use this system to 
investigate the cell type-specific toxicity of androgen receptor constructs with 65- 
112 CAGs, as well as constructs o f other polyglutamine disease genes. This work 
is sponsored by the Hereditary Disease Foundation.

EPILEPSY: HUMAN STUDIES AND ANIMAL MODELS V
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Similarity in Epileptic Conditions Developed with T ime After K indling- 
Like Stimulations of the Piriform Cortex and Ventral Hippocampus.
Q,A. Timofeeva* and G.M.Peterson. Department of Anatomy & Cell Biology, East 
Carolina University School of Medicine, Greenville, NC 27858-4354 

We previously reported that massed stimulation (MS) of the anterior piriform cortex 
(PC) and alternate day rapid kindling (ADRK) of the ventral hippocampus (VH) (but not 
MS of VH) result in progressive epileptogenesis. In this study we compare the 
epileptogenic effects produced during, and days-weeks after the two treatments. The 
purpose was to determine if the mature epileptic condition is similar after different 
treatments or if it retains characteristics inherent to the stimulated structure and the type 
o f initial stimulation paradigm. Adult Sprague-Dawley rats had electrodes implanted in 
the dorsal hippocampus, VH and PC. Group #1 (n=6) underwent MS (66-72 electrical 
stimulations separated by 5 min interval) of the left PC, group #2 (n=6) was exposed to 
ADRK (4 stimulus-days with 12 stimulations/day alternated by 1 stimulus-free day) of 
the left VH. Retest consisted of 3-5 electrical stimulations separated by 5-min intervals, 
applied a few days and 4-7 weeks later. EEG was recorded before, dining, and after 
electrical stimulations. Seizure response (AD propagation and its motor accompaniment, 
the rate of development of generalized convulsions, duration of refractory periods, the 
number of elicited seizures) during initial protocols was clearly different in the two 
groups. A few days later suppression of seizure response in group #1 and potentiation in 
group #2 was observed. At 4-7 weeks, manifestations of the epileptic condition became 
indistinguishable in the two groups. Half of the animals from each group displayed 
spontaneous seizures characterized by myoclonic jerking and electrographic discharges. 
Animals of both groups responded immediately to the test stimulations with generalized 
convulsions that proceeded into a prolonged convulsive state (PCS). PCS had striking 
similarity in EEG and behavioral expressions in the two groups. That similarity in the 
epileptic effects developed weeks after two different stimulation protocols suggests that 
the same extensive neuronal network became the anatomical substrate for the mature 
epileptic condition initiated from two different structures.
[S u p p o r ted  b y  In tern a tio n a l N eu ro lo g ic a l S c ien ces  F ello w sh ip , N S 05 I 2 8 ]

SPONTANEOUS SEIZURES ASSOCIATED W IT H  LONG-TERM  
REDUCTION O F INHIBITION IN THE DENTATE GYRUS AND CA3 OF 
KINDLED RATS Ü. Savin, P. A. Rutecki, T. P. Sutula* Depts. o f Neuro., 
Neurosurg., and Neuroscience Training Program, Wm. S. Middleton VA Hosp., 
Univ. o f Wisconsin, Madison, WI 53792.
Kindling is a phenomenon o f brain plasticity in which repeated activation of 
neural pathways induces permanent susceptibility to evoked seizures, which 
eventually progress to spontaneous seizures and epilepsy. Inhibition in the 
dentate gyrus, as assessed by paired pulse stimuli (PPI) or spontaneous IPSCs, 
is increased in the early stages of kindling. We previously reported that after 90 
Class V seizures evoked by kindling, there is a reduction in PPI in the dentate 
gyrus (Soc. Neurosci. Abstr.:22(1): 187,1996). A t 1 week after the last o f 90-120 
Class V seizures, there was a reduction in PPI at 15 ms interpulse intervals in the 
dentate gyrus (n=16) and CA3 (n=21) in hippocampal slices from kindled rats. 
At 2.5-3 months after the last o f 90-120 Class V seizures, PPI at a 15 ms 
interpulse interval was lost in the dentate gyrus (n=10) and reduced in CA3 
(n=8). Systematic behavioral monitoring revealed that 11 o f 27 kindled rats with 
greater than 90 evoked Class V seizures were experiencing spontaneous 
seizures, which were not observed in kindled rats with less than 90 evoked Class 
V seizures, or age matched controls. Repeated seizures evoked by kindling 
eventually reduce inhibition in the dentate gyrus and CA3, which is associated 
with the development of spontaneous seizures. The results provide evidence that 
repeated seizures in rats induce epilepsy, as defined by recurrent spontaneous 
seizures, and have potential clinical implications for the development of 
intractable epilepsy in association with poor seizure control. (NIH 25020,28580, 
VA Research, and the Klingenstein Fund).
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4 7 3 .3

CHRONIC CHANGES IN SPONTANEOUS RHYTHMS AND EVOKED 
RESPONSES IN RAT HIPPOCAMPUS AND ENTORHINAL CORTEX AFTER 
CELL LOSS IN LAYER III OF THE MEDIAL ENTORHINAL CORTEX. J.H. 
Goodman,1* R. Schwarcz,2 and H .E. Scharfman,1,3 1NRC, Helen Hayes 
Hosp., W.Haverstraw, NY 10993; 2Maryland Psych. Res. C tr., Baltimore, 
MD 21228; 3Depts. Pharm. & Neurol., Columbia Univ., NY, NY 10032 

Injection of aminooxyacetic acid (AOAA) into the medial entorhinal 
cortex (EC) in vivo produces neuron loss in layer III preferentially (Du and 
Schwarcz, Neurosci. Lett., 1992). We examined hippocampal and EC 
spontaneous rhythms and evoked responses in vivo and in vitro 1-6 months 
after AOAA injection to examine chronic changes in excitability. AOAA- 
treated animals with layer III neuron loss (n= 6), but not vehicle-injected 
controls (n=6), lacked entorhinal theta activity in vivo. In addition, resp
onses to stimulation of area CAl/subiculum in vivo or the white matter in
put in vitro demonstrated hyperexcitability. Hippocampal pathways that 
demonstrated hyperexcitability included area CA1 responses to contralat
eral CA3 stimulation (similar to Denslow et al., Soc.Neurosci. Abs., 1995). 
and CA3 responses to hilar stimulation in vitro. In the dentate gyrus and 
area CA1, the normal pattern of fast oscillations in the granule cell layer 
and theta activity in the dendritic layers was disrupted in AOAA-treated 
rats, although responses to ipsilateral angular bundle stimulation could not 
be distinguished from controls. The results demonstrate that a layer III 
lesion produces chronic changes in spontaneous and evoked activity in 
parts of the EC and hippocampus. These data support the hypothesis that 
EC damage contributes to chronic changes in excitability, which could be 
relevant to the etiology of temporal lobe epilepsy . Supported by NS 16102.

4 7 3 .5

SELECTIVE INTERNEURON LOSS AND ALTERED M ORPHOLOGY OF 
GABA SYNAPSES ON CA1 PYRAM IDAL CELLS AFTER KAINATE 
TREATM ENT. F. Morin*, C. Beaulieu and J.-C. Lacaille. Center for Research in 
Neurological Sciences, Dept. Physiology, Univ. o f Montreal, Montreal, Qc, H3C 3J7.

Intraventricular injection of kainic acid (KA) in rats produces a loss o f hippocampal 
hilar and CA3 pyramidal cells, and renders CA1 pyramidal cells hyperexcitable. GAD 
immunohistochemical staining was used in combination with cell counting techniques 
to test for any specific loss o f CA1 inhibitory cells after KA. Two weeks after KA 
treatment, the density o f GAD-positive cells was reduced in stratum (str.) oriens-alveus 
(O/A) (33.8±7.9 vs 65.9±5.2 cells/mm3 in control) and pyramidale (243.9±38.8 vs 
3 10.4±23.0 cells/mm3 in control), but this was only significant in O/A. The density of 
GAD-positive cells was unchanged in str. radiatum and lacunosum-moleculare (R/LM) 
(60.2±6.0 vs 56.2±11.2 cells/mm3 in control). The density o f Nissl-stained cells was 
also significantly reduced in O/A but not R/LM, indicating a selective loss of 
intemeurons in O/A after KA. To investigate whether the loss o f intemeurons was 
associated with ultrastructural changes at perisomatic GABA and non-GABA synapses 
on CA1 pyramidal cells, postembedding GABA immunocytochemistry and electron 
microscopy were used. The mean length of non-GABA synapses was unchanged in 
pyramidal cells and intemeurons of either O/A or LM after KA. The mean length of 
GABA synapses was not significantly different in intemeurons o f O/A (O.2l±O.Ol vs
0.19±0.02 µm in KA) and LM (0.19±0.002 vs 0.21±0.01 µm in KA), but was 
significantly longer in pyramidal cells (0.23±0.01 vs 0 .27±0.01 µm in KA; p<0.05). 
Inspection of frequency histograms o f GABA synapse length showed a reduction in the 
number o f small GABA synapses (<0.1 µm) and an increase in the number o f larger 
synapses (0.25-0.60 µm) after KA. Our results point to a selective loss of 
subpopulations of inhibitory cells after KA, accompanied by an increase in length of 
perisomatic GABA synapses on CA1 pyramidal cells.

(Supported by MRC, FRSQ, FCAR and Savoy)

4 7 3 .7

SEX DIFFERENCES IN  PYRAM IDAL C ELL DENDRITIC BRANCHING AND 
SPINE DENSITY FO LLO W IN G  KINDLING O F TH E RAT FRONTAL 
NEOCORTEX. G.C. Teskey 1* J.E . Hutchinson1, G. Gorny2 and B. Kolb2 1Behav. 
Neurosci. Res. Grp., Dept. o f Psychology, Univ. of Calgary; 2Dept o f Psychology and 
Neuroscience, University o f Lethbridge; AB, Canada.

Male and female rat brains respond differently to both experience and recovery from 
injury. We investigated the morphological response o f pyramidal cells in the frontal 
neocortex following a procedure known to induce neuroplastic changes; electrical 
kindling.

Male and female rats were chronically implanted with bipolar stimulating electrodes 
in the corpus callosum (CC) and bipolar recording electrodes the neocortex (NC). 
Following a one week recovery period, baseline input/output (I/O) responses were 
generated. These were based on the application o f rectangular 200 µsec pulses at 11 
intensities through the CC electrodes. I/O responses were taken 2 days before kindling 
stimulation. The animals were kindled once per day for either 7 or 25 consecutive days. 
A follow-up I/O response was taken 1 day following the last AD. The potentials evoked 
in the NC were analysed for changes in late component area. Following the last I/O the 
rats were given a lethal dose of sodium pentobarbital and intracardially perfused with 
saline. The brains were removed and immersed in 40ml of Golgi-Cox solution for a 
period o f 14 days. They were then sliced, mounted and analysed for dendritic length, 
branching and spine density.

Results of the electrophysiological data indicated an increase in the evoked response 
following both 7 and 25 kindling sessions in male rats and following 25 kindling sessions 
in female rats. Both male and female rats showed an increase in the severity o f the 
behavioural seizures and an increase in the AD durations. Analysis of the Golgi 
impregnated pyramidal cells indicated a significant decrease in the amount of basilar 
dendritic branching, length and spine density and apical branching and spine density in 
male but not female rats following 25 days o f kindling. Supported by NSERC.

4 7 3 .4

GABA TRANSPORT IS IMPAIRED IN THE DENTATE GYRUS OF 
KAINATE-INDUCED EPILEPTIC RATS P.R. Patrylo* and A. Williamson. 
Dept. of Neurosurgery, Yale University School of Medicine; New Haven, CT 
06510

The role that neurotransmitter uptake systems play in normal and pathological 
conditions has gained considerable interest. Recently several studies have suggested 
that functional GABA transport is reduced in the hippocampus of epileptic humans 
with mesial temporal sclerosis. In this study we examined whether functional 
GABA transport is similarly compromised in kainate-induced epileptic rats. The 
effects of GABA and nipecotic acid (NPA) were compared in hippocampal slices 
using intracellular and whole-cell recordings from granule cells to examine the 
forward and reverse modes of GABA transport in kainate-induced epileptic rats. In 
saline-treated controls microapplication of GABA resulted in a 33.2 ±  3.4 s 
response (mean ± standard error) in recorded granule cells (n=16 cells; 5 animals).
In contrast, GABA microapplication resulted in significantly longer responses (58 
± 5.9 s; p < 0.001 ANOVA) in granule cells from kainate-induced epileptic rats 
(n=13 cells; 6 animals). Microapplication of NPA also induced longer responses 
(47.7 ±5.5 s versus 29.3 ±2.6 s; p < 0.01 ANOVA) in granule cells from kainate- 
induced epileptic rat (n = 13 cells; 5 rats) than those from saline-treated controls (n= 
13 cells; 4 rats). No difference was observed when the duration of the GABA and 
NPA responses was compared within a group. To assess the functional capacity of 
the GABA transporter further, we compared the ratio of the GABA conductance to 
that of NPA (measured as percent change) for the two groups of animals. In 
granule cells from epileptic animals (n=12 cells; 5 animals) this ratio was 
significantly greater (2.3 ± 0.5 versus 1.3 ±  0.1; p< 0.05 ANOVA) than that 
observed in controls (n=13 cells; 4 animals). Taken together, these data support 
the hypothesis that GABA transport is compromised in both the forward and 
reverse directions in epileptic tissue. These findings will allow us to further 
address the possible consequences of this alteration in neurotransmitter regulation 
in epileptic tissue. Supported by NIH grant # PO IN S06208.

4 7 3 .6

EFFECTS OF ANTIEPILEPTIC DRUGS IN THE GUINEA-PIG KINDLING 
M ODEL OF EPILEPSY. T.H. Gilbert*, V. Bharadia, S.M. Corley, & G.C. Teskey. 
Behav. Neurosci. Res. Grp., Dept. of Psychology, University of Calgary, Calgary, AB, 
Canada T2N 1N4.

Rats and guinea-pigs express progressive growth of afterdischarge (AD) and the 
intensification of seizures in response to daily kindling stimulation. However, unlike rats, 
guinea-pigs become arrested at partial and complex partial seizures and do not progress to 
fully generalized convulsions during regular single-site kindling. This suggests that 
guinea-pig kindling may potentially be a superior model than rat kindling for human 
complex partial epilepsy because the underlying mechanisms can be assessed over extended 
periods of time. Furthermore, like guinea-pigs, the majority of humans with complex partial 
epilepsy do not progress to fully generalized convulsions. This study tested the effectiveness 
of conventional and experimental antiepileptic drugs (AEDs) in the guinea-pig kindling 
model in an attempt to validate this model for the screening of new AEDs.

Bilateral stimulating/recording electrodes were chronically implanted into the amygdala 
of mixed-strain guinea-pigs. Kindling stimulation was applied once daily until 50 ADs were 
evoked from either the left or right amygdala. Antiepileptic drugs, over a range of 
appropriate doses, were administered 30 minutes prior to kindling stimulation every fifth 
day; controls received saline or an appropriate vehicle prior to kindling stimulation. The 
antiepileptic efficacy of phenytoin, carbamazepine, valproate, phenobarbital, MK-801, and 
ethosuximide was evaluated from measurements of afterdischarge threshold (ADT), 
afterdischarge duration (ADD), and behavioural seizure severity (SS).

Our preliminary results indicated that phenytoin, carbamazepine, valproate, 
phenobarbital, and MK-801 reduced both ADD and SS. Ethosuximide did not appear to 
affect either ADD or SS. Generally, the ADT across all drug groups appeared to be 
unaffected compared to controls. These results provide support for guinea-pig kindling as 
a valid model for human complex partial epilepsy. S u p p o r te d  b y  N SERC.

4 7 3 .8

ENHANCED CA1 RESPONSES BY MIDLINE THALAMIC STIMULATION IN 
EPILEPTIC RATS. D.X.Zhane*. J.M. Williamson and E.H.Bertram. Department of 
Neurology, University o f Virginia, Charlottesville, VA 22901.

We have described an excitatory input from the midline thalamus to CA1 of the 
hippocampus and presented as a poster (Zhang and Bertram, Society of Neuroscience 
Abstracts, Vol.23, 1997, P485) that the test CA1 responses to paired thalamic stimuli at 
20ms interval were depressed when the stimulating intensity was strong enough to induce 
large population spike. Limbic epilepsy is frequently associated with neuronal 
hyperexcitability; and stimulation o f CA3 induces enhanced responses in CA1. We wish 
to determine whether similar changes occurred in the thalamic induced response in CA1. 
Therefore, we tested the thalamic induced CA1 responses in 5 chronic epileptic rats 
under urethane anaesthesia to examine the excitability o f thalamic-CAl pathway. 
Comparing with the CA1 responses induced by CA3 stimulation in epileptic rats and the 
thalamic-CAl responses in normal rats, the thalamic CA1 responses in epileptic rats show 
hyperexcitability: 1) Their EPSP duration is longer; 2) It is very easy to induce 
population multi spikes by single thalamic stimulation; 3) There is no paired pulse 
depression at 20ms interval even though the thalamic conditioning stimulation induces 
large population multi spikes o f which the amplitude of the first spike is higher than the 
amplitude of population EPSP(Amplitude ratio of spike/EPSP: 2 .17±0.14, n=32). In this 
group, the amplitude of the first spike o f the test response increased l.62±0.45mV 
(p<0.01) than the conditioning response while the change of the EPSP amplitude was not 
significant (-0 .29±0.20mV, p>0.05). And the ratio o f spike/EPSP o f the test response in 
this group also increased 2.0±0.41 (p<0.001). The results suggest that the thalamic-CAl 
pathway show hyperexcitability and the CA1 neurons have the trend to fire more by 
thalamic stimulation in the epileptic rats. These trends are similar to those trends of the 
changes of the CA1 responses induced by CA3 paired pulse stimulation in epileptic rats. 
Study supported by NINDS grant NS 25605.

Society for Neuroscience, Volume 24 ,1998



TUESDAY AM EPILEPSY: HUMAN STUDIES AND ANIMAL MODELS V 1207

4 73 .9

AMPA AND NMDA mRNA LEVELS IN THE PILOCARPINE MODEL 
OF SPONTANEOUS LIMBIC EPILEPSY. GW Mathem *, JK 
Pretorius, HI Komblum. D Mendoza and A Lozada Neurosurgery, 
Pediatrics, & BRI, UCLA School of Medicine, Los Angeles, CA 90095 

In the pilocarpine-status model, this study determined the evolution of 
AMPA and receptor subunit mRNA levels. Sprague-Dawley rats 
were injected with pilocarpine (320 mg/kg; i.p.) and kept in status for 6 to 
8 hours (pilocarpine-status). Rats were sacrificed during the: 1) Latent 
phase when no spontaneous seizures were observed (day 11; n=7); 2) 
early seizure phase after their first seizures (day 25; n=7); and 3) chronic 
seizure phase after many seizures (day 85; n=9). Hippocampi (total 6 
sample sites/rat) were studied for neuron counts and AMPA GluRl-3 and 
NMDARl-2b mRNA levels. Compared with controls (n=24), 
pilocarpine-status rats sampled during the: 1) Latent phase showed
increased fascia dentata (FD) GluR3, NMDAR1, and NMDAR2b; and 
CA4 and CA1 NMDAR1 hybridization densities. 2) Early seizure phase 
showed increased FD GluR3; decreased CA3 GluR2; increased CA1 
NMDAR1; and decreased subicular NMDAR2b densities. 3) Chronic 
seizure phase showed increased FD GluR2; increased FD and CA4 
GluR3; decreased CA1 GluR2; and decreased subicular G luR l, GluR2, 
NMDAR1, and NMDAR2b levels. In the pilocarpine model, these 
results indicate that hippocampal AMPA and NMDA subunit mRNA 
levels evolved between the latent to the chronic epilepsy phase. Our 
findings support the hypothesis that spontaneous seizures may alter the 
stoichiometry of hippocampal glutamate receptors, and could contribute to 
neuronal hyperexcitability by enhancing fast glutamate-mediated synaptic 
neurotransmission. Supported by NIH grants NS 01603, & 02808.

473.11

HSP72 IMMUN ORE ACTIVITY AFTER STATUS EPILEPTICUS IN 
IMMATURE BRAIN. H. Katsumori*, H. Liu and C.G. Wasterlain. Neurology 
Service, VAMC and Dept. of Neurology, UCLA, Sepulveda, CA 91343.

To evaluate neuronal stress in immature brain after status epilepticus (SE), 
we studied inducible HSP72-immunoreactivity (ir) 24 h after SE induced by 
electrical stimulation o f dorsal hippocampus in the presence o f an adenosine 
A1 receptor antagonist (8-CPT: 8-cyclopenthyl-theophylline, 10 mg/kg i.p.) in 
P 21 W istar rats. Hematoxylin and eosin stains and somatostatin (SS)-ir were 
also examined. Litium/pilocarpine (LiPi) and kainic acid (KA) SE were used 
as positive controls. To stop SE in the 8-CPT model, diazepam was injected. 
All rats showed SE with a few trains o f electrical stimuli. SE for 20 min 
showed rare HSP72-ir cells and rare necrotic cells with eosinophilic cytoplasm 
in hippocampus. SE for 30 min showed rare HSP72-ir cells but moderate 
numbers o f necrotic cells in the hilus. Numerous hilar SS-ir intemeurons were 
still observed. After 60 min of SE, rare HSP72-ir cells were seen in the hilus, 
while there were several HSP72-ir neurons in CA3c, many in CA1 and 
subiculum. Numerous necrotic cells were also observed in the hilus, CA1 and 
subiculum. Subpopulations o f HSP72-ir cells were different from those o f SS- 
ir neurons in the hilus. LiPi and KA SE more diffusely induced HSP72-ir in 
extra-hippocampal area. These findings suggest that in P 21 rat, most neuronal 
cells can induce HSP72-ir, however, some populations o f hippocampal hilar 
cells, probably including SS-ir intemeurons, do not induce HSP72-ir after SE. 
We conclude that HSP72-ir is not always a sensitive injury maker of sub-lethal 
stress after SE in some neuronal populations of immature brains, such as, hilar 
intemeurons. Supported by grant ROI-NS13515 from NINDS to C.G.W and 
by the Research Service of V.H.A.

4 73 .13

AMYGDALA-KINDLED AND ELECTROCONVULSIVE SEIZURES ALTER 
HIPPOCAMPAL EXPRESSION OF THE ml AND m3 MUSCARINIC 
CHOLINERGIC RECEPTOR GENES. N.S. Mingo, G.A. Cottrell, A. Mendonca, Z. 
Gombos, J.H. Eubanks, and W.M. Burnham*. Playfair Neurosci. Unit and Dept. of 
Pharmacol., Univ. of Toronto, Toronto, ON, Canada, M5S 1A8

The gene expression responses of the m l and m3 subtypes of the muscarinic 
cholinergic system were examined after either: 1) kindling to five Stage 5 amygdala- 
kindled seizures; or 2) eight electroconvulsive shock (ECS) seizures, using in s itu  
hybridization with antisense riboprobes. For the kindling study, male Long-Evans rats 
were implanted with chronic indwelling electrodes in the right basolateral amygdala. 
Following recovery and handling, they received daily kindling stimulation consisting of 
a one-second train of 60 Hz biphasic square-wave pulses, at a current intensity of 400 
mA (peak to peak). The subjects were kindled to a criterion of five Stage 5 seizures. 
Each kindled animal was paired with a control animal that received identical 
implantation and handling, but no electrical stimulation. For the ECS study, male 
Long-Evans rats received 0.2 s of 150 mA, 60 Hz sine-wave pulses, delivered by a 
purpose-made stimulator via comeal electrodes. ECS stimulations were administered 
on a 48-hour schedule (3/week), to a total of 8 stimulations. Control subjects received 
matched handling trials, where electrodes were applied to the eyes, but no current was 
passed. Either 24 hours or 28 days after the last seizure, subjects were anesthetized and 
perfused for in s itu  hybridization. Twenty-four hours after the last seizure of either 
type, there was a significant decrease in both ml and m3 mRNAs in the CA1, CA3, and 
the dentate gyms subfields of the hippocampus. Twenty-eight days after the last 
seizure of either type, there was an increase in both ml and m3 mRNAs in CA1, CA3, 
and the dentate gyms. These results suggest that seizures alter the cholinergic system in 
the hippocampus, and that some of the alterations are very long lasting.
Supported by The Bloorview Epilepsy Research Program and The Heart and Stroke 
Foundation of Canada

4 7 3 .1 0

HIPPOCAMPAL CALCIUM CHANNEL IMMUNOCYTOCHEMISTRY AFTER 
KAINATE-INDUCED STATUS EPILEPTICUS IN AGED RATS. K.M. Kelly,1,2* M. 
Ikonomovic,1,3 T.M Hentosz1 and D M. Armstrong3 0 . 1Center for Neurosciences 
Research. Departments of 2Neurology. 3Psychiatry. and Neurobiology and Anatomy, 
and 5Institute on Aging. Allegheny U. of the Health Sciences. Pittsburgh. PA. 15212 

Male F344 rats aged 4-7 mo (young adult). 13-14 mo (mid-aged) and 25-29 mo 
(aged) were studied to determine whether there were age-related differences in 
hippocampal Ca2+ channel inimunocytochcmislry following kainate-induced status 
epilepticus. Animals were injected with kainate (5 mg/kg, ip) every hour until they 
demonstrated 4 hours of stage 4-5 seizures (recurrent or continuous convulsive 
seizures) (Wuarin and Dudek. 1996). Control and kainate-treated brains were perfused 
and processed for immunocytochemistry using antibodies directed against the α 1 
subunit of class A-D voltage-gated Ca2+ channels. Nissl-stained tissue sections were 
used to assess hippocampal cytoarchitecture and possible loss of neurons 

Differences in staining patterns between kainatc-lreated and control animals at each 
age are summarized. Nissl staining: kainate treatment did not result in significant loss 
of neurons in any CA subfield or the dentate gyrus for any of the three age groups 
α 1A: marked loss of staining in CA3 that was most prominent in aged animals. α11 
modest increase in staining in stratum lucidum in young adult and mid-aged animals. 
α10: increased staining of pyramidal and granule neurons of all ages, and absence of 
neuropil staining in stratum pyramidale of CA3 and portions of CA1 that was less 
pronounced in older animals. α1D marked loss of staining in CA3 and portions of 
CA1 in young adults compared with older animals. These results suggest dynamic 
changes in the expression of voltage-gated Ca2+ channels during kainate-induced status 
epilepticus, some of w hich arc age-related.
S u p p o r te d  in p a r t  b y  g r a n ts  to  K M K  fro m  The N a th an  S h o ck  C e n te r  o f  E x c e lle n c e  in 
th e  B a s ic  B io lo g y  o f  A g in g  a n d  th e  In s titu te  on  A g in g . AU I I S .

4 7 3 .1 2

LONG TERM, DIFFERENTIAL EFFECTS OF SYSTEMIC KAINIC ACID 
TREATMENT ON NEUROPEPTIDE EXPRESSION IN THE HIPPOCAMPUS. 
L. Jin*, N. Y. Zheng, and G. Y. Bing. Free Radical Biology and Aging Research 
Program, Oklahoma Medical Research Foundation. 825 N.E. 13th St. Oklahoma 
City, OK 73104

Although the acute effects o f kainic acid (KA) on the expression of various 
neuropeptides, such as enkephalin (ENK), dynorphin (DYN) and neuropeptide Y 
(NPY), have been well characterized, little is known about the long-term, 
differential effects of KA on these neuropeptides. In order to investigate the 
differential and long-term effects o f KA on other neuropeptides in the 
hippocampus, we examined the prodynorphin (PDYN), proneuropeptide Y (PNPY), 
and proenkephalin (PENK) mRNA levels in the rat hippocampus at progressive 
time points following KA administration. Using Northern Blot triple labeled with 
cDNA probes for all 3 neuropeptides, we have found that mRNA for both ENK and 
NPY exhibits biphasic increases. The first peak of the increase occurs at 6 hours 
and 1 day respectively, but the levels o f mRNA then return to control level at 3 days 
to 2 weeks. However, the levels of mRNA for PENK and PNPY were elevated 
again after 3 weeks and persist for at least 7 months. In contrast, the mRNA levels 
for PDYN only showed the first peak o f increase at about 6 hours and then were 
down regulated at 3 days to 2 weeks. Immunocytochemical staining for NYP and 
ENK revealed a marked increase o f immunostaining in the inner molecular layer 
o f granule cells suggesting mossy fiber sprouting. The API-like (ENKCRE 2) 
DNA binding activity o f the nuclear protein in the hippocampus from KA-treated 
rats was also persistently increased. Our results indicate that long-term, differentia 
expression o f the neuropeptides after KA injection may underlie the molecular 
mechanisms for spontaneously convulsive seizure activity of the KA-treated rats.

4 7 3 .1 4

ALTERATIONS IN CONNEXIN 32 IMMUNOREACTIVITY 
DURING KINDLING. T. Crowder-Christensen,1,2 D.C.S. Roberts,1,2
D.C. McIntyre1*. 1Life Sciences Research Center, Carleton University, 
Ottawa, Canada K1S 5B6. 2Wake Forest Medical School, North 
Carolina.

Electrotonic coupling mediated by gap junctions has been implicated 
in the development o f synchronous activity. However, there is no 
consensus on whether gap junction protein expression is associated 
with seizure-disorders. In the present study, we examined connexin 32 
(Cx32) immunoreactivity at various stages o f epileptogenesis. Using 
the kindling model o f complex partial seizures, male rats were 
unilaterally stimulated in the amygdala. The rats were transcardially 
perfused, with 4% paraformaldehyde, at different stages o f 
epileptogenesis. Following 4 hours post-fixation the tissue was 
transferred to 30% sucrose in 100 niM PB (pH 7.2), and then cut into 
20 and 40 µm sections on the sliding microtome. Anti-Cx32 
(Chemicon) directed at amino acids 95-125, was used to localize Cx32 
protein expression by standard indirect immunohistochemistry. 
Unilateral changes in Cx32 immunoreactivity in neocortical sections 
were observed early on in the kindling process, but disappeared with 
the exhibition o f many strong bilateral seizures. These data suggest 
that kindling differentially modulates the expression o f Cx32 
immunoreactivity in the temporal lobe.
Supported by NSERC
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NEUROANATOMICAL AND BEHAVIORAL CORRELATES IN AN 
ANIMAL MODEL OF CARDIAC ARREST -INDUCED NEUROLOGICAL 
DEFICITS. A .G Kanthasamy*, B O H. Neuven and D.D. Truong, Parkinson & 
Move. Disord. Institute, Long Beach Memorial Med. Ctr, Long Beach, CA 90801.

Posthypoxic myoclonus (PHM) and anoxic seizure precipitate as secondary 
neurological disorders following severe global ischemic/hypoxic insult to the 
CNS. The pathophysiological mechanism(s) associated with these 
neurological deficits remain elusive, and until recently, there has been no 
suitable animal model available to study them. We have developed an animal 
model o f PHM by inducing a severe cardiac arrest in rats that results in a 
condition whose neurological and pharmacological characteristics resemble 
those found in posthypoxic conditions in humans. In the present study, we 
have characterized the neuropathological and behavioral correlates in this 
animal model. Three different histological techniques, namely Fluoro-Jade 
histochemistry, GFAP-immunohistochemistry and nissl staining were utilized. 
Cardiac arrested animals with myoclonic seizures showed severe neuronal 
damage in the pyramidal cells of the hippocampus and in the purkinje neurons 
of the cerebellum. Additional areas including the parietal cortex, indusium 
griesium and ventrolateral thalamus showed cellular degeneration but to a 
lesser extent as compared to hippocampus and cerebellum. However, in 
ischemic controls (non-myoclonic rats) the neuronal injury was primarily 
localized to the CA-1 sub-field of the hippocampus. At the cellular level, the 
Fluoro-Jade dye selectively labeled the cell bodies, dendrites, axons and axon 
terminals of degenerating neurons. Taken together, it appears that, at least in 
part, degeneration of certain neuronal populations in cerebellum, thalamus, 
hippocampus and cortex may contribute to posthypoxic myoclonus and 
seizures following cardiac arrest. [Supported by Myoclonus Foundation].
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A K ETO G EN IC  DIET EXACERBATES KAINATE- 
INDUCED SEIZURES IN TH E RAT. K. J. Bough, J. D. Fetner 
and D. A. Eagles*. Department o f Biology, Georgetown 
University, Washington, D.C. 20057.

The present study was designed to investigate the effects o f a 
high-fat (ketogenic) diet in rats. A calorie restricted (CR) 
ketogenic diet (n=16) was administered to male, Sprague-Dawley 
rats while control animals (n=16) were fed an isocaloric, CR rodent 
chow diet. All animals were allowed free access to water. After 20 
days o f maintenance on either a ketogenic or rodent chow diet, 
blood (0.1ml) was collected and levels o f beta-hydroxybutyrate (β- 
OHB) were analyzed. Seizures were chemically induced by either 
subcutaneous (s.c.) or intraperitoneal (i.p.) injection o f kainic acid 
(10 mg/kg). Animals fed a ketogenic diet exhibited a significant 
elevation in blood level o f β-OHB as compared to control animals 
(p < 0.05). All animals exhibited similar latencies to seizure onset, 
however, animals fed a ketogenic diet exhibited more severe 
seizures and greater mortality rates as compared to control animals. 
Results did not significantly differ depending whether kainate was 
administered s.c. or i.p. These results suggest that the ketogenic 
diet may not be an effective treatment for limbic seizures and 
temporal lobe epilepsy. This work is supported by the GU 
Department o f Biology.

4 74 .2

ESTRADIOL FACILITATES KAINIC ACID-INDUCED, BUT NOT FLUROTHYL- 
INDUCED, BEHAVIORAL SEIZUR E ACTIV ITY  IN ADULT FEMALE RATS. 
Catherine S. Woolley* and Nicole Sleiter. Department of Neurobiology and 
Physiology, Northwestern University, Evanston, IL 60208

Numerous studies have shown that estradiol (E) treatment can increase 
seizure activity. E treatment also increases the density of excitatory synaptic 
input to hippocampal CA1 pyramidal cells and the sensitivity of these cells to 
NMDA receptor mediated synaptic input. Given that the hippocampus plays a 
key role in generation and propagation of seizure activity, it is possible that E- 
induced changes in hippocampal synaptic connectivity and NMDA receptor 
sensitivity contribute to seizure susceptibility. To lay the groundwork for 
understanding the relationship between E-induced hippocampal changes and 
seizure susceptibility, we determined whether the same E treatment regimen 
that has been used in previous studies of hippocampal circuitry also increases 
susceptibility to either of two seizure-inducing agents: flurothyl or kainic acid.

Adult female rats were ovariectomized. On the 3rd and 4th days following 
surgery, half the rats received 10µg estradiol benzoate (OVX+E) and the other 
half received sesame oil vehicle (OVX+O). Seizure testing was done on the 6,h 
day following surgery. Flurothyl seizure threshold was tested by placing coded 
rats (n=17) individually in an enclosed plexiglass box into which fluroythyl was 
introduced at 18µl/min. Latency to clonic and generalized tonic-clonic seizures 
was recorded for each rat. Kainic acid (KA) seizure threshold was tested by 
injecting coded rats (n=12) with 15mg/kg KA (i.p.). Each rat was observed for 2 
hours following KA; the latency to progressively severe seizure stages was 
recorded. No effect of E was observed on susceptibility to flurothyl. However, E 
did significantly advance the onset and increase the severity of KA-¡nduced 
behavioral seizures. KA-induced seizures therefore may be a good model in 
which to test the contribution of E-induced changes in hippocampal circuitry to 
seizure susceptibility. Supported by the American Epilepsy Society.

4 74 .3

DIFFERENCES OF ANTIEPILEPTIC EFFECTS OF ORGANIC CALCIUM 
CHANNEL BLOCKERS DURING ONTOGENESIS (RAT, HIPPOCAMPUS, IN 
VITRO) R. Köhling*, H. Straub, E.-J. Speckmann Institut für Phys¡ologie, Robert- 
Koch-Str. 27a, 48149 Münster, Germany

Organic calcium channel blockers suppress epileptiform activity in different 
experimental models in adult brain tissue. The density of calcium currents in 
hippocampal neurons markedly rises during the course of development. Organic 
calcium channel blockers may therefore exert differential antiepileptic effects during 
ontogenesis.
Experiments were carried out on hippocampal slices (n=101, 500µm) of juvenile rats 
at ages 1-5 days postnatal (PN 1-5), PN 6-12, PN 13-20, PN 21-30  and adult animals 
(PN 30+). Field potentials and membrane potentials were recorded from str. 
pyramidale of CA1 and CA3 regions. Epileptiform activity was induced by omission of 
Mg2+ from the superfusate. The organic calcium channel blockers verapamil (40 µM) 
and nifedipine (60 µ M in  0.1%  DM SO) were added to the bath.
Superfusion with Mg2+-free solution induced epileptiform field potentials (EFP) and 
paroxysmal depolarization shifts, both of interictal type (PN 1-30+) and ictal type (PN  
1-20) activity. Ictal activity was abolished in all cases by verapamil and nifedipine 
within 10 to 40 min (n=28). Interictal activity was reduced by at least 90%  of the initial 
value by verapamil and nifedipine within 300 min in only a proportion of the slices in 
an age-dependent manner as given in Table 1. After wash-out of the calcium 
antagonists, EFP usually returned within 10-60 min.:

PN 1-5 PN 6-12 PN 13-20 PN 21-30 PN 30+

verapamil 100% (n=7) 71% (n=17) 100% (n=10) 100% (n=6) 100% (n=13)

nifedipine 33% (n=6) 33% (n=9) 83% (n=12)
I

78% (n=9) ¦ 83% (n=12)

Tab. 1: Proportion of slices in different postnatal (PN) age groups, in which suppression of 
interictal activity by at least 90% of the initial value by verapamil or nifedipine occurred, n=total 
no. of slices
The results suggest that starting with the third postnatal week, dihydropyridine- 
sensitive calcium currents play a prominent role in epileptogenesis, and that the 
phenylalkylamine sensitive calcium channels are of minor functional significance in 
the second postnatal week.

4 7 4 .4

STRESS-RELATED PROTEIN RESPONSES TO HYPOXIA PREVENT SEIZURE- 
ASSOCIATED CEREBRAL EDEMA. M.R. Emerson, F.E. Samson, and T.L. Pazdemik*. 
Smith Research Center, University of Kansas Medical Center, Kansas City, KS 66160.

Kainic acid (KA)-induced seizures cause a vasogenic edema in piriform cortex (p c.) and 
hippocampus. Pre-exposure to mild hypoxia increases stress-related proteins [eg., 
metallothionein-12  (MT-1,2) and heme oxygenase-1 (HO-1)] and protects against edema 
formation when KA is given 7 days after hypoxia. This study is designed to determine if 
protection afforded by hypoxia pre-exposure is time- and protein synthesis-dependent. 
Adult male Wistar rats were exposed to 9% O2, 91% N2 for 8 hrs. One, 3, 7, or 14 days 
later, subsets of rats were sacrificed and MT-1,2 and HO-1 levels were assesssed by 
Western blotting, while seizures were induced in others with KA (14 mg/kg i.p ). In the 
subsets analyzed prior to KA injection, MT-1,2 and HO-1 in p c. were double (3 and 7 day 
groups) control values, whereas only HO-1 in the hippocampus was double control values 
in the 7 day group. In subsets given KA, brains were removed after 24 hrs. and edema was 
measured by specific gravity and MT-1,2 and HO-1 protein levels were assessed. 
Hypoxia pre-exposure reduced KA-induced edema in the p.c. of the 1 day (3 .47 ± 2.98%), 
3 day (4.03 ± 2.04%), and 7 day (2.67 ± 2.43%) groups compared to the non-pre-eiposed 
rats (10.76 ± l.55%) as well as in the hippocampus of the 1 day (0.19 ± 0.96%), 3 day 
( 1.14 ± 0.90%) and 7 day (0.72 ± 1.23%) groups compared to non-pre-exposed rats 
(3.17 ± 0.95%). This protection occurred without a reduction in seizure intensity. 
Interestingly, 24 hrs. after KA injection, there was a 3-fold increase in the level of HO-1 
in the hippocampus in the hypoxia pre-exposed rats (7 day group) compared to non-pre- 
exposed rats, suggesting a priming of the protein expression systems by hypoxia. 
Cycloheximide (2 mg/kg s.c.), a protein synthesis inhibitor, given 1 hr. prior to hypoxia 
completely abolished the protection against KA-induced edema in p.c. and in hippocampus. 
We conclude that hypoxia pre-exposure produces an alteration in the expression of 
neuroprotective stress related proteins that can attenuate KA-induced edema formation 
associated with the seizure state. Supported in part by: DAAH04-95-0217.
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HIPPOCAMPAL KINDLING CAUSES UPREGULATION OF COX-2 AND 
cPLA2 EXPRESSION. B. Tu*, V.L. Marcheselli, M. Hardy, A. V. Ershov, N.G. 
Bazan. LSU Medical Center, Neuroscience Center, New Orleans LA 70112.

Plasticity modifications induced by brain ischemia or seizures are not well 
understood. We have used a kindling model of epilepsy to investigate COX-2 
(cyclooxygenase-2) and cPLA2 (cytosolic phospholipase A2) upregulation of gene 
transcription. A bipolar electrode was implanted in the right ventral hippocampus 
of adult male Wistar rats, and kindling stimuli were applied 12 times every other 
day for 11 days, with 30 minute intervals between stimulation. Between 59-66 days 
after kindling initiation, COX-2, COX-1 and cPLA2 mRNA in both sides of rat 
hippocampus, cortex, and cerebellum were tested 2 hours after a single stimulation. 
The results indicated that COX-2 mRNA increased in the hippocampi and cortex 
of kindled rats 2 hours after stimulation, while non-kindied rats displayed COX-2 
mRNA increase only in hippocampus. cPLA2 mRNA increased in hippocampi of 
both kindled and non-kindled rats after stimulation, although kindled animals 
expressed an increase of at least 2 fold. No changes were observed in COX-1 
mRNA as a result of stimulation or kindling. Hippocampi of both sides showed the 
same pattern of mRNA change, indicating that changes were not a result of 
electrode implantation. In conclusion, after stimulation only, kindled rats showed 
upregulation of COX-2 mRNA in cortex, which may be the result of changes in 
signaling pathways generated by kindling. cPLA2 mRNA was upregulated only in 
hippocampus after stimulation, but the increase was more evident in the kindled 
rats. The differential upregulation pattern of these two genes may underlie 
signaling events involved in plasticity during kindling consolidation. (Supported 
by NIH NS23002).
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CY CL O H E X IM ID E A TTEN U A TES IN C R EA SE D  DENTATE 
G R A N U L E  C E L L  N E U R O G E N E S IS  IN D U C E D  BY 
ST A TU S E P IL E P T IC U S . L .C ovolan* , L .T .C  R ibeiro  and 
L.E.A.M.Mello. Dept. of Physiology, UNIFESP, Sao Paulo, 04023- 
900 SP, Brazil

Increased dentate granule cells (DGC) neurogenesis was suggested as 
partially responsible for aberrant circuitry following pilocarpine-induced 
status epilepticus (SE; J.Neurosci., 17:3727-3738, 1997). To test this 
hypothesis we blocked SE-induced MFS with cycloheximide (as 
previously described, Neurosci. Lett., 226:163-166, 1997) and 
assessed the rate of DGC neurogenesis in 2 animal models of epilepsy in 
rats. Adults, Wistar EPM-1 rats were injected with PILO (320mg/kg, 
i.p.), or KA (10mg/kg, i.p.), combined with CHX (lm g/kg, s.c.) or 
s a l in e .  Six days a fte r SE, an im als w ere in jec ted  with 
bromodeoxyuridine (a marker of mitotic activity; BrdU, 5Omg/kg, 4 
doses in 12 h, i.p.). On the following day animals were perfused and 
the brains were processed for BrdU immunohistochem istry. The 
number of BrdU-positive DGC was counted in four levels of 
hippocampal formation. Induction of SE determined an increase in 
DGC neurogenesis which was similar for both models of epilepsy 
(PILO and KA). The epilepsy-induced increase in DGC neurogenesis 
was attenuated (but still much higher than normal) in the CHX-treated 
animals. Our results show that CHX is able to completely block MFS 
but only to attenuate the increase in DGC neurogenesis. We suggest that 
SE-induced MFS is not dependent on the newly formed granule cell 
neurons as it was recently hypothesized.

Research supported by: FAPESP, CNPq and PRONEX; L.C. is a 
FAPESP fellow (95/0657-0).
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EFFECTS OF POLY AMINE OXIDASE INHIBITOR ON THE LEVELS OF 
POLYAMINES, ACETYLPOLYAMINES AND GABA IN KINDLED RAT 
BRAIN. Y. Hayashi1*, Y. Morizumi1, Y. Hattori3 and J. Tanaka2. Depts. of 
1Education for Handicapped Children and 2Human Development, Naruto 
Univ. of Education, Naruto, Tokushima 772-8502, Japan; 3Dept. of Foods and 
Human Life Science, Notre Dame Seishin Univ., Okayama 700-8516, Japan 

Previously, we reported that kindling increases the putrescine level in the 
rat brain and that intra-amygdaloid injection of putrescine retards the 
development of amygdaloid kindling. Brain polyamine levels are regulated 
by the interconversion pathway as well as by the synthetic pathway from 
ornithine. In this study, we measured the levels of poly amines, 
acetylpolyamines, and GABA in the cerebral cortex and brain stem of the rat 
brain after pentylenetetrazol (PTZ)-induced kindling, to clarify the 
involvement of polyamine interconversion in the kindling phenomenon. 
Repeated injections of a small dose of PTZ (33 mg/kg, i.p., 3 times a week) in 
male Wistar rats produced progressive seizure development and increased 
polyamine levels. Pretreatment with the polyamine oxidase inhibitor MDL 
72,527 (50 mg/kg, i.p.) caused an accumulation of N'-acetylspermidine and 
N'-acetylspermine in normal rats. After a kindling seizure, the levels of 
acetylpolyamines were elevated, particularly in the cerebral cortex, indicating 
the activation of polyamine interconversion. The levels of GABA and 
putrescine were lower in MDL-pretreated kindled rats. In addition, MDL 
treatment enhanced the seizure sensitivity to PTZ in normal rats. These 
results suggest that elevated polyamine interconversion activity appears to be 
associated with the supply of putrescine and GABA, which are inhibitory 
factors in the hyperexcited, kindled brain. This study was supported by a 
Grant-in-Aid for Scientific Research from the Ministry of Education, Science 
and Culture, Japan.
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SPONTANEOUS MOTOR SEIZURES OF KAINATE-INDUCED EPILEPTIC 
RATS: EFFECT OF TIME OF DAY AND ACTIVITY STATE 
J.L. Hellier and F.E. Dudek*; Department of Anatomy and Neurobiology, 
Colorado State University, Fort Collins, CO 80523

In many forms of epilepsy, spontaneous seizures commonly occur during 
slow-wave sleep or upon arousal, suggesting an association between 
seizures and sleep. We tested the hypothesis that, like many humans with 
epilepsy, kainate-induced epileptic rats have more spontaneous motor 
seizures during sleep (or inactivity) than during the awake state (i.e., activity).

Male (n=2O) and female (n=18) rats were given hourly intraperitoneal 
injections of kainate (5 mg/kg) so that class lll/IV/V seizures were elicited for 
≥3 hr. Three (n=32 rats) and 4 months (n=23 rats) after treatment, seizure 
behavior was video-monitored (24 hr for 5-6 days) to examine the occurrence 
of seizures as a function of light-dark (12-12 hr light cycle), sleep- 
wakefulness, and inactivity-activity (e.g., sitting and/or lying still compared to 
grooming, eating and/or exploring).

More spontaneous motor seizures occurred during the light period (62%) 
compared to the dark. Significantly more spontaneous motor seizures 
occurred during sleep (75%, p<0.002) versus wakefulness, and during 
inactive (82%, p<0.006) versus active states.

These findings suggest that spontaneous motor seizures in kainate- 
induced epileptic rats occur predominantly during periods of sleep and 
inactivity (i.e., quiescent states). Therefore, the relationship between sleep- 
wakefulness, inactivity-activity, and the occurrence of seizures appears 
similar for the kainate-treated rat model of temporal lobe epilepsy and many 
forms of human epilepsy.

Supported by NIH Grant 16683 to F.E.D.

4 74 .8

CHRONIC EPILEPSY INDUCED BY TETANUS TOXIN BUT NOT REPEATED 
ECS INDUCES β-AMYLOID PRECURSOR PROTEIN mRNA EXPRESSION IN 
THE RAT HIPPOCAMPUS . ML.N.M.Rosa1*, J.G.RJeffervs2, I.C.Reid3 and 
RC.APearson1. 1Department of Biomedical Science, University of Sheffield, 
Sheffield S10 2TN, UK. 2Department of Physiology, University of Birmingham, 
Birmingham; 3Department of Psychiatry, University of Dundee, Dundee.

Seizure activity following intrahippocampal tetanus toxin (ttox) or 
electroconvulsive shock (ECS) may induce changes in gene expression that have 
long term consequences. The deposition of β-amyloid and neuritic plaques 
formation have been associated with the neuronal degeneration and/or neuronal 
regeneration after injury. Changes in the mRNA encoding the APP751/770 have been 
found in astrocytes of the rat hippocampus after kainic acid induced lesions of 
hippocampal neurons. We have studied the changes in the mRNA encoding 
different isoforms of APP in both ECS and epilepsy induced by ttox. Ttox-epilepsy 
rats received intrahippocampal injections of ttox (2-5ng) while control rats received 
vehicle buffer. After 1, 2, 4 or 8 weeks the animals were sacrificed and their brains 
prepared for in-situ hybridization (ISH). ECS rats received a course of 10 ECS at 
48 hours intervals induced transcranially using ear-clip electrodes (200V, 50mA for 
2sec). The control group were handled identically but did not receive ECS. After 24 
hours the rat brains were prepared for ISH. We have used oligonucleotide probe for 
ISH to localize and quantify the mRNA encoding the APP751/770 and APP695 in 
hippocampus. In the epileptogenesys the APP751/770 mRNA expression was 
significantly increased in CA3 and CA1 at 2 weeks after ttox and in all 
hippocampal areas at 4 weeks after ttox injection. However, no changes was found 
in hippocampus after repeated ECS. In addition, the APP695 mRNA expression did 
not differ in both ttox īnjected rats and ECS rats. The APP751/770 isoform may play a 
role in the neurodegeneration and/or reorganization of the hippocampus associated 
with the spontaneous epileptic discharges induced by ttox-injection.

Supported by CNPq, Brazil.
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DECREASE OF A1 ADENOSINE RECEPTORS IN HIPPOCAMPUS OF A RAT 
TEMPORAL LOBE EPILEPSY MODEL INDUCED BY KAINIC ACID
F. Angelatou* , A.Ekonomou1,G. Sperk2 , A.Mitsacos1* and G. Kostopoulos1 1Dept.of 
Physiology, School of Medicine, Univ. of Patras, Greece 2Dept. of Pharmacology, Univ. 
of Innsbruck, Austria

Adenosine is thought to be a major neuromodulator of synaptic activity. It exerts 
depressant and anticonvulsant effects through its central A1 Adenosine receptors. In a 
temporal lobe epilepsy model induced by kainic acid, we examined the effect of limbic 
seizures on A1 receptor distribution in hippocampus and cortex in time course, ranging 
from 2hr to 30 days after seizures. By using quantitative autoradiography and the 
specific A1 receptor agonist [3H]-CHA we determined a significant decrease of 24% in 
A1 receptor density in CA1 and CA3 regions of hippocampus and a slight but significant 
reduction of 15% in the inner and outer molecular layer(ML) of Dentate Gyrus(DG) 
starting 48hr after seizures.These decreases became higher 30 days after seizures: in 
CA1 70%, in CA3 44% and in the inner and outer ML 24%. No change in A1 
receptor binding could be detected in any of the layers of somatosensory cortex. The 
progressive reductions in A1 receptors seen more prominently in CA1 than in CA3 
region, correlate well in time with the degenerating process of pyramidal cells and 
consequently of the Schaffer collaterals, which are endowed with A1 receptors. The 
smaller reduction in inner and outer ML could probably be due to degeneration of hilar 
neurons of DG. It is of interest that the mean values of A1 receptor binding are not 
greater in the areas where sprouting occurs(i.e.either in the inner compared to outer ML 
of DG or in the infrapyramidal band compared to outer layer of stratum oriens of CA3). 
This may indicate that newly sprouting mossy fiber glutamatergic terminals do not 
contain A1 receptors, which would restrain the release of glutamate.
This work was supported by a HCM grant to G.K. Kostopoulos
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CHANGES IN THE BENZODIAZEPINE RECEPTOR BINDING 
IN OVER-STIMULATED MONGOLIAN GERBILS V. Revilla1*, 
J.C: Bermeio2, C. Soria2 , M.Gimenes3, and A. Femández-López1. 
1Dpt. Biología Celular. Universidad de León. Leon. Spain. 2Dpt. 
Anestesia y Reanimación. Complejo Hospitalario. León. Spain. 3Dpt. 
Farmacia e Bioquimica. Universidade Paranaense. Umuarama. 
Paraná. Brazil.
Gerbil seizures induced by clapping a sheaf o f papers over its back 
can be inhibited from the second day following daily stimulation 
both in the morning and in the afternoon. Brain benzodiazepine BZ1 
and BZ2 binding values were compared in non-stimulated and over- 
stimulated gerbil males (2 months old) for five days. 
[3H]Flunitrazepam was used as a radioligand and 1 µM zolpidem 
was used as BZ1 inhibitor to characterize BZ2 binding sites. BZ1 
binding sites were calculated by substracting the BZ2 specific 
binding from [3H]flunitrazepam specific binding.
The layer IV of frontral cortex, pallidum and sustantia nigra showed 
higher BZ1 binding values in over-stimulated with respect to control 
animals. Conversely, cingulate cortex, hippocampus, nucleus 
geniculatus and inferior colliculus displayed decreased BZ1 binding 
values in over-stimulated with respect to control animals. Only gyrus 
dentatus and superior colliculus (external layer) in over-stimulated 
animals showed significantly higher BZ2 binding values with respect 
to those o f control animals.
This work has been supported by FISS 96/1442 and HB96-60
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ROLE OF CHO LINERGIC  RECEPTORS IN THE  
ANTICONVULSANT A CTIV ITY  M EDIATED BY THE NUCLEUS  
RETICULARIS PONTIS ORALIS. S. L  Peterson*, J. J. 
Armstrong, and M.M. C havez. College of Pharmacy, University 
of New Mexico, Albuquerque, NM 87131.

Previous studies in this laboratory have established specific 
neurotransmitter receptors in the n. reticularis pontis oralis (RPO) 
that act to inhibit the tonic hindlimb extension (THE) component 
of maximal electroshock seizures (M ES) in rats. The present 
study evaluated the role of RPO cholinergic receptors in inhibiting 
THE.

Bilateral RPO microinjection of carbachol (100 and 150 nmol) 
induced a dose-related inhibition of THE in rats. RPO  
microinjection of atropine (10-150 nmol), DMPP (10-150 nmol) or 
pertussis toxin (10 ng) had no effect on the seizure response. 
However, RPO microinjection of either atropine (50 nmol) or 
pertussis toxin (10 ng) antagonized the inhibition of TH E induced 
by RPO microinjection of carbachol.

The present data contribute to the indentification of receptors 
in the RPO that modulate THE. The carbachol-induced inhibition 
of TH E appeared to be mediated by RPO muscarinic receptors 
as the effect was antagonized by atropine and pertussis toxin 
while the nicotinic agonist DMPP induced no anticonvulsant 
activity. (Supported by NIH grant 32626).
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THE EPILEPSY ASSOCIATED JERKY  GENE ENCODES A 
PROTEIN W ITH A NOVEL RNA-BINDING DOMAIN. G.P. 
Donovan* and M. Toth. Dept of Pharmacology, Cornell University 
Medical College, New York, NY 10021

We have generated a line of transgenic mice that experience recurrent 
epileptic seizures. These seizures are caused by the disruption of a 
novel gene, je rky , which encodes a 6OkD protein whose RNA is 
expressed ubiquitously in the mouse, but particularly in the brain and 
testis. To identify the normal function of the jerky protein, we 
examined computer homology data and found that jerky shares a 
similar sequence with several DNA binding proteins. Indeed, we have 
found that jerky protein will bind to DNA, but only to the single 
stranded form. Furthermore, jerky binds mRNA with approximately 
50 times more affinity than DNA, and preferentially binds G-rich 
RNA sequences. We have identified a novel domain within jerky that 
is necessary and sufficient for RNA binding. The core of this domain 
shares homology with several proteins of unknown function and may 
define a new family of RNA binding proteins. Jerky’s role in RNA 
biogenesis, whether it is involved in RNA transport, stability, 
splicing, or translational control, is probably essential for proper 
neuronal function. This suggests that while jerky may play a role in 
all cells in which it is expressed, the lack of neuronal compensation 
can cause a specific neurological phenotype. Supported by NS34151.
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IN VIVO INTRACELLULAR RECORDINGS IN CORTICAL NEURONES 
DURING SPONTANEOUS SPIKE AND WAVE DISCHARGES IN A GENETIC 
MODEL OF ABSENCE EPILEPSY. S. Charpier1, J.-M. Deniau1, S. Mahon1, N.
Leresche1, S.W. Hughes2 and V. Crunelli2*. 1Institut des Neurosciences, Université P. 
ct M. Curie, Paris, France; 2Physiology Unit, MOMED, University of Wales, Cardiff, 
UK.

Absence seizures, the main hallmark of absence epilepsy, are characterized by a brief 
loss of consciousness associated with EEG recordings of bilaterally synchronous, spike 
and wave discharges (SWDs). However, the detailed sequence of events leading to the 
expression of SWDs in the EEG remains unclear (Niedermeyer, Clin. Electroenceph., 
27, 1996, 1-21). In view of the lack of in vivo data on the cellular events occurring 
during SWDs in cortical neurones from any genetic models of absence epilepsy, we have 
now made intracellular recordings in vivo from cortical neurones (n=23) in the Genetic 
Absence Epilepsy Rats from Strasbourg maintained under neurolept-analgesia.

The EEG and the intracellular events in a layer 5 cortical neurone, that accompanied 
the expression of a SWD, are depicted in Fig. 1. From a resting membrane potential of 
-55 mV, where continuous firing 
occurred, the neurone hyperpolarized by 
15 mV, and rhythmic (7-10 Hz), large 
amplitude (5-20 mV) depolarizations, 
sometimes crowned by a high frequency 
burst of action potentials, started to 
appear in synchrony with spike-wave 
complexes in the EEG. This sequence of 
events tended to precced by 100-600 
msec tire full expression of a SWD in the 
EEG.

Supported by the Wellcome Trust (grant 37089), the CNRS and the EU (Biomed 2).

IN VIVO INTRACELLULAR RECORDINGS IN THALAMOCORTICAL 
NEURONES DURING SPONTANEOUS SPIKE AND WAVE DISCHARGES IN 
A GENETIC MODEL OF ABSENCE EPILEPSY. N. Leresche1*, D. Pinault2, S. 
Charpier1, J.-M. Deniau1, C. Marescaux2, M. Vergnes2 and V. Crunelli3. 1Institut 
des Neurosciences, Université P. et M  Curie, Paris, France; 2INSERM U398, 
Strasbourg, France; Physiology Unit, MOMED, University of Wales, Cardiff, UK.

Absence seizures, the main hallmark of absence epilepsy, are characterized by a brief 
loss of consciousness associated with EEG recordings of bilaterally synchronous, spike 
and wave discharges (SWDs). However, the detailed sequence of events leading to the 
expression of SWDs in the EEG remains unclear (Niedermeyer, Clin  Electroenceph., 
27, 1996, 1-21). In view of the absence of in vivo data on the cellular events occurring 
during SWDs in thalamic neurones from any of the established experimental models of 
absence epilepsy, we have now made intracellular recordings in vivo from 
thalamocortical (TC) neurones in the Genetic Absence Epilepsy Rats from Strasbourg 
maintained under neurolept-analgesia.

Three main events characterized the intracellular activity of 26 out of 28 TC neurones 
during SWDs: i) a small amplitude tonic hyperpolarization that was present throughout 
the SWD, ii) rhythmic sequences of EPSP/IPSPs occurring concomitantly with the spike- 
wave complexes, and iii) a small tonic depolarization at the end of the SWD. The 
rhythmic EPSPs, but not the tonic hyperpolarization, were mediated by activation of 
GABAa receptors since they reversed in polarity at -68 mV and appeared as depolarizing 
events when recording with KCl-filled electrodes. The intracellular activity of the 
remaining 2 TC neurones consisted of rhythmic low threshold Ca2+ potentials, with a 
few EPSP/IPSPs sequences that were only presort at the start of a SWD.

These results obtained in a genetic model of absence epilepsy do not support the 
hypothesis that the intracellular activity of TC neurones during SWDs involves rhythmic 
sequences of GABAb DPSPs and low threshold Ca2+ potentials.
Supported by the Wellcome Truts (grant 37089), the CNRS and the EU (Biomed 2).

4 7 5 .4

ETHOSUXIMIDE DECREASES THE PERSISTENT Na+ CURRENT AND THE Ca2+ 
ACTIVATED K+ CURRENT OF THALAMOCORTICAL NEURONES IN VITRO.
V. Crunelli2, A. Guyon1*, G. Eidemli2, H R  Parri2 and N. Leresche1. 1Institut des 
Neurosciences, Université P. et M  Curie, Paris, France; 2Physiology Unit, MOMED, 
University of Wales, Cardiff, UK.

Ethosuximide (ETX) is a drug effective in the treatment of absence epilepsy but not of 
other generalized epilepsies (Brown et al., Neurology, 25, 1975, 515-524), whose action 
has been suggested to involve a decrease of the low threshold Ca2+ current (IT) of 
thalamocortical (TC) neurones (Huguenard & Prince, J. Neurosci., 14, 1994, 5485- 
5502). In view of the lack of detailed studies on the ETX action on other voltage- 
activated currents in thalamic neurons and the absence of low threshold Ca2+ potental- 
mediated burst firing in 92% of rats TC neurons during spontaneous spike and wave 
discharges in a genetic model of absence epilepsy (Pinault et al., J. Physiol., 509, 1998), 
we have now investigated the effects of this anti-absence drug on Na+, K+ and high 
threshold Ca2+ currents in rat and cat TC neurones in vitro using patch electrode 
recordings in dorsal lateral geniculate nucleus slices.

ETX (0.75-1 mM) reversibly decreased the non-inactivating Na+ current (INaP) by 
6O±7% (n=6) but had no effect on the transient Na+ current The whole cell transient 
outward current was not affected by ETX (1 mM), but the sustained outward current was 
reversibly reduced by 39±6% (n=15) at +20 mV in the presence of ETX (0.25-0.5 mM): 
this reduction was not observed in a low Ca2+ (0.5 mM) - high Mg2+ (8 mM) medium or 
in the presence of Ni2+ (1 mM) and Cd2+ (100 mM). Furthermore, ETX (1 mM) had no 
effect (mi the high threshold Ca2+ current

These results, together with the lade of action of ETX on IT (Leresche et al , J. 
Neurosci., in press), indicate a complex mechanism of action of this anti-absence drug, 
that involves Na+ and K+ currents.

Supported by the Wellcome Trust (grant 37089), the CNRS and the EU (Biomed 2).
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LARGE SCALE ANALYSIS OF DIFFERENTIAL GENE EXPRESSION IN 
HUMAN EPILEPTIC HIPPOCAMPUS. J. Kittler1, C. Patten2, R. Hagan2,
C. Clavton2, D. Wallace2, M. Trower2, S.S. Glazier*, W. L. Bell34,
S.A. Deadwyler5, E. V. Grìeorenko5. University College of London, MRC LMCB, 
London, UK1; Glaxo Wellcome, Stevenage, UK2; Department of Neurosurgery3, 
Department of Neurology4, Department of Physiology and Pharmacology5, Wake 
Forest University School of Medicine, Winston-Salem, NC, USA.

Epilepsy is a disorder of nervous system associated with recurrent seizures 
and synchronous neuronal discharges. Each seizure episode produces short- and 
long-term changes of numerous genes. In order to understand cellular mechanisms 
involved in the maintenance of abnormal electrical activity in human epileptic 
tissue, we used a large scale cDNA microarray technology for comprehensive 
analyses of gene expression. Using robotic systems (Glaxo Wellcome, UK) cDNA 
clones from IMAGE human brain cDNA library were arrayed into 384 microtitre 
plates, amplified by PCR and then gridded onto nylon filters with a clone densities 
of 12,288 cDNA clones/filter in duplicates. Radiolabeled probes were made from 
mRNA isolated from control and epileptic human hippocampi and hybridized with 
filters. The comparison analysis revealed altered expression of 175 different genes, 
involved in mechanisms of neurotransmitter release, synaptic plasticity and 
signaling. Also 70 novel transcripts were identified in this study.

Secondary validation included RNA dot blot and Northern blot analyses with 
selected cDNA clones, n=7 and n=3, respectively, which confirmed the results of 
primary cDNA microarray screening. Application of this technology for 
construction a “molecular profile” of changes in epileptic tissue provides not only 
insights into the mechanisms of this disorder, but also gives an opportunity to 
target genes for effective interventions.
Supported by NIA #AG00743-01 to EVG.

4 7 5 .7

NM DA-INDUCED SEIZURES: GENETIC ANALYSIS ON BXD 
RECOMBINANT INBRED STRAINS AND AN F2 SEGREGATING 
POPULATION. B. M artin1,2 , T . Lischka1, C. M errill1, J. D orow l and 
J.C. C rabbel. (SPON: International Behavioural and Neural Genetics 
Society) 1 Portland Alcohol Research Center, Research Service (151W), 
Dept of Veterans Affairs, Medical Center, 3710 SW U .S., Vet. Hosp. 
Road, Portland (OR) 97201, USA; 2present address: CNRS UPR 9074, 
Laboratoire de Génétique, Neurogénétique, Comportement, 3b rue de la 
Férollerie, 45071 Orléans Cedex 02, France.

The present study was designed to investigate the genetic 
mechanisms regulating the seizures produced in mice by N-methyl-D- 
aspartate (NMDA). In order to locate suggestive and/or significant 
chromosomal regions involved in the regulation of susceptibility, we 
tested 9-13 mice/strain from a set of 23 recombinant inbred strains (RIS) 
and their two progenitor strains C57BL/6J and DBA/2J. To increase 
statistical power, we also generated and tested a segregating population of 
331 F2 females derived from the same progenitor strains. Mice at 9O±9 
days of age were given an infusion of NMDA i.v. in the tail until the 
occurrence of running-bouncing clonus (RBC), followed by tonic 
hindlimb extension (THE). We scored the concentration of NMDA at the 
time of the manifestation of each seizure type. Analysis of the RIS 
suggested the importance of 10 chromosomal regions in determining 
NMDA seizures, on chromosomes 1, 2, 6, 7, 8, 11, 12, 18 and 19. A 
panel of DNA markers was used to evaluate whether these suggestive 
chromosomal regions indicated by the RIS experiment could be further 
supported by the F2 population.
Supported by Grant A A 10760 from NIAAA.

4 7 5 .9

Amygdala-Kindling and Pentylenetetrazole-Induced Seizures in Glutamate 
Transporter GLAST-deficient Mice. T.Watanabe1, K.Morimoto1*,H.Sato1, H.Suwaki1,
K.Watase2, K.Tanaka2. 1Dept of Neuropsychiatry, Faculty of Medicine, Kagawa 
Medical Univ; 2Dept of Degenerative Neurological Diseases, National Institute of 
Neuroscience

The glutamatergic system has been shown to be important for induction of 
epileptiform activity and development of epileptogenesis. To investigate the role of an 
astroglial glutamate transporter GLAST in epileptogenesis, we examined amygdala
kindling and pentylenetetrazole (PTZ)-induced seizures in GLAST-deficient mice 
(GLAST(-/-))" and compared to those in wild type mice (GLAST(+/+)). All mice 
used in this study were between 10-11 weeks of age. Amygdala-kindling was 
performed by once daily electrical stimulation (100Hz, 2sec) through chronic depth 
electrodes. Seizure responses of kindled mice were rated: stage O:no response, 1: 
mouth and facial movement, 2:forelimb clonus, and 3:bilateral forelimb clonus and 
tail up. PTZ (50mg/kg) was injected ip, and seizure responses to PTZ were rated: 
stage O:no signs of motor seizure activity, 1:isolated twiches, 2:tonic-clonic 
convulsions, and 3:tonic extension or death. In amygdala-kindling, no significant 
differences were seen in afterdischarge threshold (GLAST(-/-):60 ± 6  µ A, GLAST 
(+/+):66 ±  16/z A) and seizure responses induced by first stimulation were similar 
between these groups. Furthermore, no significant differences were seen in kindling 
seizure development (stimulation numbers required for eliciting stage 3 seizures; 
GLAST(-/-):17 ± 5 , GLAST(+/+):19±4). In contrast, GLAST(-/-) showed more 
severe stages of PTZ-induced seizures than GLAST(+/+) (p < 0.02, Mann-Whitney 
rank sum test) and latency to the onset of seizures was significantly shorter for mutant 
mice (p <0.005, unpaired t-test). These results indicate that GLAST may be involved 
in the molecular processes underlying PTZ-induced generalized seizures.
1) K.Watase et al, Eur. J. Neurosci. 10: 976-988,1998

4 7 5 .6

CHANGE OF IMM UNOREACTIVE NEUROPEPTIDE Y (NPY) IN THE 
BRAIN OF A  NOVEL EPILEPTIC M UTANT RAT; NODA EPILEPTIC RAT 
(NER). S, Jinde, A ,.M asui* , S . Takahashi, M. Sadamatsu, H. Kanai, N. Ishida, S. 
Yasuida, A  Noda and N . Kato. Dept, o f Psychiat. Shiga. Univ. Med. Sci., Shiga, 
and Research Inst, for Animal Sci. in Biochem. and Toxicol., Kanagawa, Japan.

We previously reported that the increased contents of NPY were commonly 
found in the epileptic mutant rats such as spontaneously epileptic rat (SER) (Life 
Sci., 57:523, 1995) and Ihana’s genetically epileptic rat (IGER) (Brain Res., 
776:255, 1997). Am ong brain regions tested, these findings were prominently 
observed in seizure-related structures, hippocam pus and striatum. NER is a novel 
epileptic animal model (Epilepsia, 39:99, 1998) which is currently developed by 
inbreeding rats with spontaneous seizures in a stock o f Crj: Wistar. As early as 
8 weeks o f age, NER exhibits abnormal behaviors and demonstrates GTC, once 
per a day, after age of 16 weeks. The typical seizure pattern of NER appears in 
the following order; neck and forelimbs clonus, wild jum ping and/or running, 
tonic convulsion followed by clonic convulsion. In the present study, we 
examined the contents of imm unoreactive(IR)-NPY in several brain regions of 
male NERs by radioimmunoassay at age of 8 weeks and 16 weeks. Age 
matched W istar;Crj  rats were used as a nonepileptic control strain. At age of 8 
weeks, significant increase of IR-NPY contents were found in amygdala and 
striatum while these changes extended to hippocampus as well as striatum at age 
of 16 weeks. It was quite similar to the other genetic epileptic animals (SER and 
IGER) that the contents of IR-NPY in NERs were increased in seizure-related 
regions along with development of repetitive seizures. Pretreatment of antisense 
oligonucleotide of NPY mRNA increased seizure sensitivity of NERs against 
pentylentetrazol (PTZ) . In this regard, we assessed that NPY played a critical 
role in the development o f epileptogenesis.

4 7 5 .8

INCREASED EXPRESSION OF mRNA ENCODING HEAVY CHAIN 
FERRITIN IN BRAIN STRUCTURES OF A RAT MODEL OF ABSENCE 
EPILEPSY. B. Lakaye*1, B. de Borman1, A. M inet1, L. Arkens2, M. Vergnes3,
C. Marescaux3 and T. Grisar1. 1Lab. Neurochemistry, Univ. o f Liège, B-4020 
Liège, Belgium; 2Lab. of Neuroendocrinology, KULeuven, B-3000 Leuven, 
Belgium; 3INSERM U 398,67085 Strasbourg Cedex, France 

Gene expression in brain of the Genetic Absence Epilepsy Rat from Strasbourg 
(GAERS) and of the corresponding wistar strain was compared using differential 
mRNA display. 32 differentially displayed cDNA fragments were isolated, cloned 
and sequenced. One of them was identified as the heavy chain o f ferritin 
(H-ferritin). Dot blot analysis confirm that expression of the corresponding mRNA 
was increased (about 40%) in the central brain region o f the adult GAERS but not 
in the cortical areas, brainstem and cerebellum. Moreover, this increase o f 
expression was not observed in the brain of 25 days old GAERS, at an age where 
the epileptic phenotype is not clinically and electrically expressed. In situ 
hybridization with an oligonucleotide specific for H-ferritin let us first describe the 
distribution of the transcript in the adult wistar rat brain namely in the cellular 
layers of hippocampal structures (CAl,CA2,CA3,dentate gyrus), and in the 
fascicular tracts like external capsule, corpus callosum, olfactory tract, the anterior 
commissure and the piriform cortex. Cerebral cortex and thalamic nuclei also 
expressed the transcript but to a lesser extend. Preliminary findings indicate that in 
GAERS there was a 10% increased expression in the cerebral cortex and about 20 
to 40% increased expression in the above mentioned limbic structures. Whether this 
increase in H-ferritin mRNA expression is related to the increase metabolic activity 
of the GAERS remains to be determined.

Funded by the FNRS (1.5.081.98) and the Univ. o f Liège (Fonds Spéciaux)

4 7 5 .1 0

PRECOLLICULAR TRANSECTION AND ITS EFFECT ON 
BRAINSTEM SEIZURE IN GEPR-9: ROLE OF CORTEX IN
BRAINSTEM SEIZURE REGULATION. N. Garcia-Cairasco1*, M.F.P. 
Moraes1,2, R. A  Browning3,  P.K. Mishra2 and P.C. Jobe2, 1Dept. of 
Physiology, Ribeirão Preto School of Medicine, Univ. of São Paulo, Brazil; 
2Dept. of Biomedical and Therapeutic Sciences, Univ. of Illinois College of 
Medicine at Peoria, United States;3Dept. of Physiology, Southern Illinois 
Univ. School of Medicine, Carbondale, United States.

We investigated the influence of cortical input on onset and regulation 
of seizures in the Genetically Epilepsy Prone Rat (GEPR). Video-EEG  
recordings were made from seven midbrain transectioned GEPR-9s during 
acoustical stimulation. Midbrain transections were done using a specially 
designed surgical knife matching the anatomical contours of parietal and 
temporal bones. This allowed a complete prccollicular sectioning 
(separation of brainstem from forebrain, sparing the sagittal sinus). During 
the same surgical operation, these animals were implanted with EEG  
electrodes in the cortex and reticular formation. From all animals recorded, 
3 had typical GEPR-9 seizures induced through sound stimulus. The 
remaining 4 animals had a GEPR-9-like seizure induced by somatosensory 
input, sound, heat and other factors. Video-EEG recordings on the sound 
induced GEPR9 seizures showed an epileptiform electrographic pattern in 
the reticular formation, but the polyspikes and waves that follow the 
electrodecrcmcntal response in intact GEPR-9s was absent in the cortex. 
These data provide further support for the concept that generalized 
tonic/clonic seizures do not require any cortical influence, and the cortex 
may have an inhibitory influence which suppresses the seizure triggering 
ability of a somatosensory input in an intact GEPR brain. Support CAPES- 
PDEE 0951/96-0-Brazil and funds from the Department of Biomedical and 
Therapeutic Sciences.
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P R IM A R Y  C E L L  C U L T U R E S  O F S E R O T O N IN  A N D  
NO REPINEPHRINE NEURONS FROM  FETAL G ENETICALLY  
EP IL E PSY -PR O N E  RA TS (G E PR -3S) R E V E A L D IFFER E N T  
AR BO R IZA TIO N  C A PA C ITY . R.W. Cloueh*, S.R. Eaton, M .A . 
Merrill, R.A. Browning, K.R. Steidley, J.C. Milbrandt, P.K. Mishra, P.C. Jobe 
and J.W. Dailey . Depts. o f Anat. and Physiol, Southern IL. Univ. Sch. of 
Med., Carbondale, IL 62901 and Dept of Biomed. and Therapeutic Sci., Univ. 
of IL. Coll. o f Med.-Peoria, Peoria, IL 61656.

Adult genetically epilepsy-prone rats (GEPRs) have marked functional 
deficiencies in central serotonin (5HT) and norepinephrine (NE) systems that 
contribute to their innate propensity to have generalized tonic-clonic seizures. 
Additionally, the 5HT and NE systems are primary determinants o f  seizure- 
severity in these animals. With reference to the NE deficiencies described in 
these animals, we have reported a profound developmental deficiency in terminal 
arborization o f NE neurons obtained from fetal GEPR-3s and maintained in 
dispersed-cell tissue culture (Epilepsy. Res. 29:135, 1998). Moreover, the 
deficient growth of NE neurons in the GEPR are in part determined by the 
targets that they innervate (SEN Absts: 97:940.15). The present experiments 
initiate our morphological studies o f fetal GEPR-derived 5HT neurons as 
compared to NE neurons within the same dispersed cell cultures o f fetal 
metencephalon + tectum harvested on day 14 o f gestation. Identification o f NE 
and 5HT neurons was by immunocytochemiestry. Our results showed that 
serotonergic neurons obtained from GEPR-3s have remarkably more robust 
growth and arborization than do noradrenergic neurons from the same animals. 
Morphological (axonal arborization) and functional (5HT uptake) comparisons 
between GEPR-3 and control rat 5HT neurons are presently underway. 
Supported by SIUSM and UICOM-P.

4 7 5 .1 3

BRAINSTEM (BS) SEIZURE SEVERITY REGULATES FOREBRAIN (FB) 
SEIZURE EXPRESSION IN THE AUDIOGENIC KINDLING MODEL. M.A. 
Merrill1*, R W . Clough1, T.M. Shaw1, P.C. Jobe2 and R.A, Browning1. 1Southern 
Illinois University, School of Medicine, Carbondale, IL 62901 and 2University of 
Illinois College of Medicine, Peoria, IL 61656.

Sound-induced seizures in genetically epilepsy-prone rats (GEPRs) 
manifest as a brainstem seizure which is scored using the system developed by Jobe 
et al. (JPET, 184. 1, 1973). Although EEG evidence of seizure discharge is absent 
in animals undergoing their first audiogenic seizure (AGS), repeated exposure to 
sound-induced seizures leads to the electrographic and behavioral manifestations of 
FB seizures which are typically scored using the method of Racine (Electro. Clin. 
Neurophysiol., 32, 281, 1972). Previous studies in our laboratory revealed that 
GEPR-3s (moderate seizure GEPRs) exposed to AGS repetition develop secondary 
FB seizures more rapidly than GEPR-9s (severe seizure GEPRs). Moreover, lesions 
which attenuated sound-induced BS seizures in GEPR-9s facilitated the 
development of FB seizures induced by AGS repetition (Neurosci. Abst. 22, 2091, 
1996). Such findings suggested that BS seizures mask or prevent the behavioral 
expression of FB seizures. To further test this hypothesis female severe seizure 
GEPRs (GEPR-9s) were pretreated with either saline or a low dose of phenytoin 
(1 5 -2 5  mg/kg, ip) one hour before a series of 24 daily audiogenic seizure tests to 
selectively suppress BS seizure discharge. Because of variability in the response 
to phenytoin, the dose was adjusted daily in an attempt to reduce, but not abolish, 
BS seizure discharge. Phenytoin treated rats developed FB seizure behavior at a 
faster rate and with a greater severity than that in the saline treated group (p< 0.05). 
The increased incidence and severity of FB seizures in phenytoin treated rats 
receiving daily AGS was correlated with a reduction in BS seizure behavior. These 
findings are consistent with the hypothesis that the BS seizure prevents the 
expression of the FB seizure; however, further studies are needed to determine 
whether this is due to an action in the BS or FB. (Supported by SIU & UICOMP)

4 7 5 .1 2

THE LOCUS CERULEUS AND ITS TARGET TISSUES ARE RESPONSIBLE 
FOR THE MORPHOLOGICAL ABNORMALITIES IN NORADRENERGIC 
NEURONS IN GEPRS. K. H. Ko1*, J. R. Ryu1, P. C. Jobe2, J. W. Dailey2 and D. O. 
Seo1 1College o f Pharmacy, Seoul National University, San 56-1, Snillim-dong, 
Kwanak-ku, Seoul 151-742 and Center for Biofimctional Molecules, POSTECH, 
Pohang 790-784, Korea departm ent o f Biomedical and Therapeutic Sciences, 
University o f Illinois College o f Medicine at Peoria, Peoria, Illinois 61656, U.S.A 

The genetically epilpesy-prone rat (GEPR) exhibits several epileptic traits 
including a broad based predisposition to seizures. The epileptic condition of 
GEPR stems partially from deficiencies in noradrenergic transmission. Evidence is 
strongest for the superior colliculus (SC) as the location o f the etiologically 
significant noradrenergic determinants in GEPRs. In the current study, we 
compared the development of noradrenergic neurons o f the locus ceruleus (LC) of 
GEPR-9s with corresponding cells from non-epileptic control rats. And then, we 
determined whether developmental deficiencies o f noradrenergic neurons o f GEPR- 
9s are intrinsic to the region o f the LC or whether they are imposed extrinsically by 
abnormalities in target tissue o f the LC. Experimentally, we used LC+SC co
cultures derived exclusively from GEPR-9s and co-cultures derived solely from 
non-epileptic control rats. Our comparisons also included cross-strain co-cultures 
prepared from the GEPR-9 LC and control SC as well as from GEPR-9 SC and 
control LC. Morphological characteristics o f noradrenergic neurons were assessed 
quantitatively. The total neurite length, the number o f neurite branch points per 
cell, the cross-sectional area o f cell bodies and the cell perimeter are all deficient in 
noradrenergic neurons in LC+SC co-cultures derived exclusively from GEPR-9s as 
compared to analogous co-cultures obtained solely from controls. Partial 
restoration o f morphology towards normal occurs when the GEPR-9 SC component 
of the co-culture is replaced with control SC. Finally, when the GEPR-9 SC is co
cultured with the control LC, a partial morphological deficit occurs in the otherwise 
normal noradrenergic neurons. However, the magnitude o f this deficit is less than 
that observed in noradrenergic neurons of the GEPR-9 LC co-cultured with the 
control SC. Thesè data support the hypothesis that the noradrenergic deficits of the 
GEPR are derived from two sources, the LC and its target tissue, in this case, the 
SC. Moreover, abnormalities within the region o f the LC appear to make a more 
pronounced contribution to the noradrenergic deficits than do those which reside in 
the SC.

4 7 5 .1 4

NEURAL SUBSTRATES CORRELATED WITH THE APPEARANCE OF 
LIMBIC SEIZURES DURING REPETITIVE ACOUSTIC STIMULATION 
OF GEPR3. M.F.D. M oraes1,2*, CM . Moraes2, P .C  Jobe2, P.K. Mishra2 and
N. Garcia-Cairasco1.  1Dept. of Physiology, Ribeirão Preto School of Medicine. 
Univ. of São Paulo, Brazil; 2D ept of Biomedical and Therapeutic Sciences, 
Univ. of Illinois College of Medicine at Peoria, United States.

Repetitive seizures induced by acoustic stimuli in Genetically epilepsy- 
Prone Rats (GEPRs) cause successive changes in convulsive behaviors. 
Initially, brainstem seizure behaviors are exhibited in accordance with the 
scale described by Jobe and colleagues (1992). Repetition of brainstem 
seizures eventually gives rise to secondary seizures with behaviors analogous 
to those described by Goddard (1969) in limbic kindling. In order to 
investigate possible common neural substrates in both models, video-EEG-
microdialysis recordings were conducted on GEPR3s subjected to repetitive 
acoustic stimulation. A group of 35 GEPR3s were stimulated once daily for 6 
days. From these animals, seven were selected for surgery once they presented 
a typical forebrain seizure. Surgery consisted of implanting 3 referential 
electrodes in the right side of the brain (cortex, reticular formation and 
basolaterai amygdala). Animals were then connected to the video-EEG system 
and acoustically stimulated. Successful recordings of limbic seizures were 
possible in three GEPR3s. A sequential recruitment of the amygdala before 
propagation to the cortex was observed via the presence of epileptiform EEG 
activity on the different leads. The results of the microdialysis studies will be 
reported after additional animals have been assessed. Support CAPES-PDEE 
0951/96-0-Brazil and funds from the Department of Biomedical and 
Therapeutic Sciences.
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PARTIAL INHIBITION OF NA-K ATPASE ENHANCES E/S 
COUPLING IN RAT HIPPOCAMPAL SLICE. S.E. Mason* and B.E. 
Alger. Dept. Physiol., Univ. Maryland, Sch. Med., Baltimore, MD 21201.

Inhibitors of the Na+,K+-ATPase--the cardiac glycoside ouabain and, its 
reversible analog, dihydro-ouabain (DHO)--induce interictal-like burst 
potentials in CA1 of rat hippocampus in vitro by a mechanism that 
decreases IPSPs but does not significantly change resting membrane 
potential or [K+]0 (Cuttle and Alger, Soc. Neurosci. Abstr., 20:398, 1994). 
Epileptiform burst potentials can also be induced by modulating excitatory 
circuitry. Possible mechanisms include enhanced pre-synaptic 
neurotransmitter release or increases in post-synaptic principal cell 
excitability. To investigate whether inhibition of the Na+,K+-ATPase alters 
excitatory drive to, or intrinsic excitability of, CA1 pyramidal neurons, we 
studied the effect of DHO on population spikes and field EPSPs (fEPSP).

Bath-applied DHO (10 or 20µM) induced evoked burst potentials in s. 
pyramidale of CA1 in a dose-dependent manner (Mason and Alger, Soc. 
Neurosci. Abstr., 22:2101, 1996). Field EPSPs recorded in s. radiatum 
showed a similar dose-dependency of evoked responses; however, DHO 
caused a marked, transient suppression of the fEPSP even when bursting 
was evident. Dual- field recordings of the population spike and fEPSP 
demonstrated that the onset of bursting was coincident with fEPSP 
suppression. EPSP/spike (E/S) coupling analysis revealed enhanced 
coupling with DHO application; a given fEPSP was associated with larger 
population spiking in DHO. These results suggest that the DHO effect 
might be mediated predominantly by post-synaptic mechanisms.

This work was supported by NS22010 and NS36612 to B.E.A.

4 7 6 .2

PROPERTIES OF CA3 PYRAMIDAL CELLS IN MICE LACKING THE Kv1.l 
POTASSIUM CHANNEL. V. Lopantsev*1, C.A. Robbins1, B.L. Tempel2 and
P.A. Schwartzkroin1,3. Depts. of Neurological Surgery1, Otolaryngology2, 
Pharmacology2, and Physiology/Biophysics3, University of Washington, Seattle, WA 
98195.

Mice lacking the Kv1.l potassium channels (Kv1.l -null) exhibit spontaneous 
behavioral seizures with limbic system characteristics, and corresponding ictal EEG 
patterns. Kv1.l delayed rectifier potassium channels are normally highly expressed 
in the axons (nodes of Ranvier) and terminals of CA3 hippocampal pyramidal cells. 
Intracellular recordings from CA3 pyramidal cells were obtained in hippocampal 
slices from Kvl. 1-null and control animals to determine what cell characteristics 
were altered by absence of K vl.l channels. No differences were found in the resting 
membrane potential, input resistance, and action potential amplitude and duration in 
cells from control and Kvl. 1-null animals. Membrane current-voltage relationships 
were also similar. Hilar stimulation activated CA3 pyramidal cells both antidromi- 
cally (via CA3 axon collterals extending into the hilus) and orthodromically (via 
mossy fibers). The stimulus threshold for eliciting antidromic spike invasion into 
CA3 pyramidal cell bodies was significantly lower in cells from K vl.l-null mice 
than in cells from controls (10.9±1.5 µA, n = 12 versus 18.5±2.9 µA, n=10; 
p<0.05). Postsynaptic potentials induced in CA3 pyramidal cells by stimulation of 
the mossy fibers (initial fast EPSP, fast IPSP and slow IPSP) were not significantly 
different in control and Kvl. 1-null animals, with the following exception: In 21 
percent of the cells obtained from K vl.l-null mice, mossy fiber stimulation induced 
a late burst discharge, which was never seen in controls. When a low concentration 
of the GABAa receptor antagonist, bicuculline (1.5-3 µM), was added to the bath, 
mossy fiber stimulation induced a late burst discharge in 80 percent of CA3 pyrami
dal cells from Kvl. 1-null slices, but not in controls. These data indicate enhanced 
epileptogenic susceptibility in the hippocampal CA3 region in mice lacking K vl.l 
potassium channels. S u p p o r te d  b y  N IH  g r a n ts  N S  1 8 8 9 5  (P A S ) a n d  N S  2 7 2 0 6  (BUT).
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EVIDENCE FO R ALTERED SYNAPTIC ACTIVITY ONTO LAYER V 
PYRAMIDAL NEURONS FROM  NEOCO RTEX O F K v l.l  K+ CHANNEL 
KNOCKOUT M ICE. J.F.M. van Brederode*, J.M. Rho, R. Cerne, B.L. Tempel, &
W.J. Spain. Depts. of Neurology, Physiology/Biophysics, Otolaryngol. & Pediatrics, 
Univ. of Washington and VA Puget Sound Health Care System, Seattle, WA 98108.

Recently, Smart et al. reported that mice lacking the delayed rectifier potassium 
channel α  subunit K v l.l develop epilepsy at an early age. Ictal & interictal epilepti
form discharges were seen in EEG recordings. Despite evidence of increased hip
pocampal (CA3) excitability evoked by high [K+]0 or BMI, the precise mechanisms 
for these seizures are unclear (Neuron:20). In the neocortex of normal mice, K v l.l is 
prominently associated with the soma and proximal apical dendrite of layer 5 pyrami
dal neurons (Wang et al., J. Neurosci.:14). We therefore examined this group of neu
rons from the K v l.l null (-/-) mice for abnormalities of intrinsic properties and/or 
their synaptic inputs. Whole cell recordings were obtained from visualized neurons in 
brain slices (33°C) from 3-4 wk. old mice. In current-clamp, there were no signifi
cant differences in intrinsic membrane and firing properties between -/- and wild-type 
(+/+) mice. However, at -75 mV (negative to EGABAa) -/- mice displayed a signifi
cantly higher frequency and amplitude of spontaneous depolarizing PSPs than +/+ 
controls (3O2±34 Hz, 845±6O µV ;n=15 vs. l44±26 Hz, 685±29 µV ;n=l9) suggesting 
enhanced tonic synaptic input. However, in voltage-clamp (-60 or -70 mV, Egabaa 
and EGlu, set to 0 mV), spontaneous IPSCs (CNQX & AP5 in bath) or EPSCs (BMI & 
AP5 in bath) did not show a significant difference in frequency or amplitude between 
-/- and +/+ mice. Likewise, with TTX added miniature IPSCs or EPSCs were not 
significantly different. However, there was a small but significant decrease in fre
quency when slices from -/- (but not +/+) mice were switched from control ringers to 
bath containing CNQX & AP5 (30.5±3 vs. 25.9±2.8 Hz; n = 16 ; p<0.05, paired t-test). 
Taken together, these findings suggest that layer 5 pyramidal neurons in slices from 
K v l.l null mutants receive a larger amount of spontaneous action potential dependent 
synaptic activity than neurons, from wild-type mice, perhaps through altered synaptic 
drive onto cortical inhibitory interneurons. Supported by NIH grants NS34769 
[JFMVB], NS NS01974 [JMR], NSO2739 [BLT], and a VA Merit Review [WJS],
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INHIBITION OF NONSYNAPTIC EPILEPTIFORM ACTIVITY IN THE 
HIPPOCAMPUS. M. Bikson, S.C. Baraban* and D.M. Durand. Depts. of 
Biomedical Engr. and Pediatrics, Neural Engineering Laboratory, Case Western 
Reserve University, Cleveland, OH 44106.

To investigate nonsynaptic mechanisms of epileptogenesis we examined 
spontaneous burst discharges in hippocampal slices bathed in zero-Ca2+ medium. 
This seizure-like activity is characterized by negative shifts (bursts) in the 
extracellular field potential and a K+ wave that propagates across the 
hippocampus. To determine whether burst propagation in this model is mediated 
by neuronal excitability or K+ redistribution mechanisms a number of 
pharmacological agents were tested. K+ uptake and redistribution were blocked 
using ion transport inhibitors (furosemide, bumetanide, DIDS), Kir blockers 
(cesium, barium) and gap junction blockers (heptanol, octanol). Neuronal 
excitability was modulated with charge screening and applied electric fields. 
Glial cell function was examined with a metabolism antagonist (fluroacetate). 
Heptanol attenuated burst amplitude and duration at low cone. (0.2 mM), and 
blocked bursting at higher cone. (0.5 mM). Furosemide (2.5 mM), bumetanide (1 
mM), and DIDS (10 µM) completely blocked bursting. Fluroacetate (0.1 mM) 
also blocked burst activity but only during prolonged application (> 3 hr). CeCl2 
(1 mM) had no effect whereas BaCl2 (0.7 mM) increased burst duration; 1mM 
BaCl2 blocked bursting. Neuronal hyperpolarization by cation screening or 
applied fields decreased burst freq. but not amp. or width. Our data suggest that 
K+ redistribution (mediated, in part, by glia), but not neuronal excitability, plays 
a critical role in nonsynaptic burst propagation in the hippocampus.

Supported by the The Whitaker Foundation and NSF grant #IBN93-19591
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NONLINEAR DYNAMICS IN WILSON-COWAN TYPE NEURAL MODELS 
RESEMBLE DYNAMICAL FEATURES OF ICTAL EEG.
R.J. DeBellis, N.D. Schiff, F. Plum* and J. D. Victor. Department of Neurology 
and Neuroscience, Cornell University Medical College, New York, NY 10021

Electroencephalography (EEG) reveals electrical disturbances in the cerebral 
cortex during seizure activity but does little to characterize the underlying dynamics. 
Linear autoregressive (LAR) analysis provides a concise dynamical model of the 
normal EEG. Nonlinear autoregressive (NLAR) modeling is an extension of LAR 
that quantifies nonlinear interactions, prominent features of the ictal EEG.

NLAR modeling has shown that stereotyped nonlinear interactions occur within 
ictal discharges of epileptic patients. Despite their markedly different EEG 
appearance, NLAR 'fingerprints' show that 3/s and partial complex seizures share 
specific dynamical features, namely nonlinear interactions across time scales of 80- 
150 ms. The Wilson-Cowan equations (WC) are a biologically inspired model of 
dynamics of interacting excitatory and inhibitory neural populations. Some limit 
cycle solutions of the WC equations resemble 3/s ictal discharges. To determine 
whether the WC model and ictal EEG share common nonlinear dynamics, we 
applied NLAR fingerprinting to time series generated by the WC equations.

Our findings indicate that solutions of WC equations do indeed share common 
features with the human data, and not merely the qualitative appearance of the time 
series. Limit cycle solutions from other nonlinear dynamical systems did not show 
these common features. This result demonstrates that the time constants of 
excitation and inhibition play a crucial role in generating the long time scale 
nonlinear interactions seen in ictal data.
Supported by NS02014 (NS) EY9314, EY7977 (JV)
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OSCILLATION AND SYNCHRONIZATION OF INTRACELLULAR CALCIUM 
MOBILITY IN RAT HIPPOCAMPAL CA1 NEURONS. Y. Takivama(t) ,K. Kato* , T. 
Inoue(3), F. Sakai(1) and K. M ikoshiba(2)(3). (1)Dept. of Neurology, Kitasato Univ. Sch. of 

Med., Sagamihara 2280829, JAPAN; (2)Mikoshiba Calciosignal Net Project, ERATO, 
JST, Tokyo 1538680, JAPAN; (3)Dept. of Molecular Neurobiology, The Institute of 
Medical Science, The Univ. of Tokyo, Tokyo 1088639, JAPAN.

An extracellular calcium dependent mechanism has been implicated in seizure. Ionic 
changes in the extracellular space, such as an increase in [K+]o and a decrease in [Ca2+]o 
have also been observed in seizure, suggesting that calcium and/or potassium ions are 
critical for stabilizing neuronal activity. The seizure induced by the modification of these 
ion concentrations in the extracellular space has been investigated by electrophysiological 
studies, however, intracellular calcium mobility during this seizure-like neuronal activity 
has not been well investigated to date. Therefore, we studied [Ca2+]i mobilization in CA 1 
neurons using rat hippocampal organotypic slice culture corresponding to P21-31 to 
directly observe the effects of extracellular calcium and potassium on intracellular calcium 
mobilization. Aconfocal laser scanning microscopy was used and tissue was loaded with 
the indicator dye, Calcium Green -1 AM. Neurons were identified from non-neuronal cells 
by morphological appearance and immunohistochemistry using microtubule-associated 
protein 2 (MAP2). We observed oscillation and synchronization of intracellular calcium 
in CA1 neurons by application of conditioning solution (Ca2+: 0 mM; Mg2+: 4 mM; K+: 
6 mM), which was generated by neither Ca2+ free solution nor high K+ solution alone. 
The interval of oscillation was 5-25 seconds and its duration was 2-10 seconds. These 
observations indicated that intracellular calcium oscillation and synchronization could be 
associated with the mechanism of seizure generation.

4 7 6 .6

ELECTRIC FIELD SUPPRESSION OF LOW CALCIUM EPILEPTIFORM 
ACTIVITY IN THE RAT BRAIN. R. Gahai, M. Bikson and D.M. Durand*. 
Dept of Biomedical Engr., Neural Engineering Laboratory, Case Western 
Reserve University, Cleveland, OH 44106

Epilepsy is a disorder of brain function characterized by a sudden, 
synchronized, and excessive discharge by a population of neurons, in one focal 
area, or more generally, throughout the brain. There are a number of in vitro 
animal models of epilepsy used to study the mechanisms of initialization, 
synchronization and propagation of epileptic seizures. W e utilized the “Low 
Calcium” model to induce spontaneous, synchronized activity in the CA1 region 
of transverse and longitudinal rat hippocampal brain slices. Through the use of 
this model, simultaneous measurements of spontaneous epileptiform activity and 
extra-cellular potassium concentrations were made. The effects of relatively small 
external DC electric fields on this activity were then studied. We also studied the 
dependence of the fields’ ability to suppress the activity, on its orientation 
relative to the apical dendritic-somatic axis. Modulation and full suppression of 
epileptiform activity in these experiments was observed at field strengths between 
1-7 mV/mm, a considerably lower value than for comparable models. This 
suggests that the same electric field might be more effective in affecting neuronal 
activity in a “low calcium” preparation than in other models, further implying 
that tissue resistance may increase after prolonged exposure to a “low calcium” 
environment. It was also observed that the ability of a field to suppress or 
modulate the activity was highly dependent on its orientation, as well as on its 
polarity.

Supported by the The W hitaker Foundation and NSF grant #IBN93-I959l
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EVIDENCE FOR CHAOS IN TW O IN  VITRO H IPPOCAM PAL MODELS OF 
EPILEPSY. M.W. Slutzkv1 and D.J. Mogul1,2*. Depts. o f Biomedical Engineering1 
and Neurobiology & Physiology2, Northwestern University; Evanston, IL 60208.

The dynamical characteristics o f bursting electrical behavior in the brain, such as 
occurs in epilepsy, have not been clearly determined. This has significance because 
the nature o f this relationship impacts the methods and feasibility o f controlling 
bursting behavior in neurons. Epileptiform bursting was induced in transverse rat 
hippocampal slices by bathing them in artificial cerebrospinal fluid containing either 
high potassium concentration ([K+]o=10.5 mM) or zero magnesium. These bursts, 
recorded extracellularly in the CA3 pyramidal layer, are considered to be analogous to 
interictal spikes on an EEG. Interburst intervals (IBIs) were measured and used to 
analyze the data. The series o f IBIs was embedded into two-dimensional state vectors 
using a delay coordinate embedding. The existence o f chaos and determinism was 
assessed using two different analytical techniques. First, maximal Lyapunov 
exponents were calculated using a local divergence rate technique that is highly robust 
to noise. Positive Lyapunov exponents were found in 14 of 17 high-[K+]0 and 4 of 5 
zero-[Mg2+]0 experiments. Surrogate data sets were created by randomizing 
experimental data and used as controls in these calculations. A paired comparison of 
experimental and surrogate data sets showed significant difference (p<0.0001) 
supporting the hypothesis that bursting behavior is chaotic. Additionally, the presence 
of determinism on a local scale was assayed by searching for the presence of unstable 
periodic orbits (UPOs) in the data using a transform technique previously developed 
(So et al., Phys. Rev. Lett., 55, 5398, 1997). This analysis was consistent with findings 
o f positive Lyapunov exponents in this system. Thus, these results strongly suggest 
that interictal bursting induced by either depolarization (high-[K+]0) or through 
activation of NMDA receptor channels (zero-[Mg2+]0) is chaotic in nature.
This work was supported by NIH Grant N S31764 and the Whitaker Foundation.
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DETERMINISTIC STRUCTURE IN DATA FROM A FREE RUNNING 
NEURONAL ENSEMBLE : A COMPARISON OF THREE NON-LINEAR 
TESTS FOR DETERMINISIM. I T  Francis *, Paul So, Bruce Gluckman, Theoden 
I. Netoff and Steven J. Schiff. The George Washington University Neuroscience 
Program, Washington DC 20037 and The Krasnow Institute for Advanced Studies, 
George Mason University. Fairfax, VA 22030 .

The search for convincing evidence of deterministic behavior in data taken from 
neuronal ensembles has to date been relatively unsuccessful, certainly in data taken 
from free running neural systems without external in p u t. The purpose of the work 
presented here is to present evidence for deterministic behavior in a free running 
neuronal system, comparing several different strategies for detecting non-linear 
deterministic structure in inter-burst interval data taken from the hippocampal slice 
preparation.

400 µm thick transverse hippocampal slices were prepared from 125-150gin 
Sprague-Dawley rats and perftxsed at 2ml/min in artificial cerebrospinal fluid 
(ACSF). After 90min the perfusate was changed to one containing one of four 
distinct high [K+] concentrations 7.5mM, 8.5mM, 9.5mM, or 10.5mM. All 
experiments were carried out at 34.5 - 35.1 °C. Extracellular field potentials were 
recorded differentially to the perfusate bath . Three tests for determinism are used 
to screen 43 experimental data sets taken from 17 hippocampal slices from 14 rats. 
The three tests use different strategies in testing for determinism. I) Unstable 
Periodic Orbit analysis searches for continuity as well as differentiability ( So. et al 
Phys. Rev. Lett vol. 76 1996), 2) Non-linear prediction (Sugihara and May Nature 
vol. 344 1990 ) ,  and the Delta Epsilon algorithm (Kaplan Physica D vol. 73 1994) 
search for continuity, although with different statistical measures. At present we 
have found significant results with all three tests. NIMH Ik02MH0 1493-01, U S 
Department of Energy (subcontract administered through Lockheed Martin Energy Systems,
# 85X-SX516)

476 .11

PRIMARY CULTURES OF NEOCORTICAL CELLS FROM 
EPILEPSY SURGERY TISSUE
Godau, A .1 . Rosenthal, R1 .  Lehmann, T .-N .2, Lanksch, W .R.2, Meencke, 
H.J.3, Nitsch, R .*1, Deisz, R.A.1
Institute of Anatomy, Dept. Cell and Neurobiology, 10098 Berlin1, Charité, 
Dept. for Neurosurgery2, Ev. KH Herzberge, Epilepsycenter Berlin3, Germany 

The alterations in cellular properties and/or neuronal circuitry of isocortex 
leading to intractable epilepsy are unclear. We started to characterize human 
isocortex using electrophysiological methods. Small blocks o f cortical tissue, 
removed to cure intractable epilepsy, was cut into slices for acute recordings. A 
few slices were subsequently enzymatically and mechanically dissociated. Aliquots 
of the cell suspension were plated on poly-L-lysine coated cover slips. Medium 
was exchanged after one day, thereafter cultures were fed twice weekly. Within 10 
days cells with extensive processes developed in the cultures. Cover slips were 
mounted on the stage of an inverted microscope for patch clamp recordings. In 
some of these cells sufficient depolarizations elicited action potentials of up to 
100 mV. Depolarizing command steps in voltage clamp (Vhold near -80 mV) 
evoked inward and outward currents. At steps to -20 mV inward currents had peak 
amplitudes between 0.9 and 3 nA. Application of tetrodotoxin abolished the 
inward current, indicating the presence of voltage-sensitive sodium channels. 
Outward currents (at steps to 0 mV) had amplitudes between 0.3 and 1.7 nA. A 
decrease in holding potential to - 50 or -60 mV abolished an early component of 
the outward current, indicating the presence o f the transient potassium current 
(Ia ). These data indicate that human neocortical cells maintain excitability in 
vitro. The prolonged viability of the cells in culture allows an in depth analysis of 
voltage- and ligand-activated channels of human cortical cells. Comparison of 
cells from different patients or parts of the resected tissue may provide clues about 
alterations in intrinsic neuronal properties underlying epilepsy. Supported by the 
DFG(De 419/3-1).

4 7 6 .1 3

CONDUCTANCE AND SWELLING OF CORTICAL CELLS DURING SPIKE- 
WAVE (SW) SEIZURES. D. Neckelm ann*, F. Amzica and M. Steriade. Lab. 
Neurophysiol , Sch. Med., Laval University, Quebec, Canada G1K 7P4.

SW cortical seizures are associated with paroxystic synchronization within neuronal 
networks. Cortical neurons display rhythmic depolarizing potentials which are reflected 
by glial cells through their extracellular K+ uptake mechanisms. To study the electrical 
and physical properties of cortical neurons and glia under these conditions, we 
performed simultaneous intracellular impalements of neurons and glia, together with 
recording of field potentials in cortical areas 5 and 7 of cats anesthetized with ketamine 
and xylazine. SW seizures appeared spontaneously or were induced by focal 
microinjections of bicuculline. The cellular conductance was tested with intracellular 
hyperpolarizing pulses lasting for 50 to 60 ms, long enough to outlast the longest time 
constants recorded in neurons. During SW seizures, the neuronal conductance gradually 
increased to l47%±34 (mean±SD; range 120 to 200%) of the pre-seizure values. Glial 
conductance increased to l35%±29 (range 115 to 178%) of the pre-seizure values. 
Estimation of the time constant ( i)  from the response to the hyperpolarizing pulse led to 
the calculation of the membrane capacitance (τ=RC). Since the capacitance is directly 
related to the surface, we assumed that capacitance variations recorded during seizures 
reflected modifications of the cellular surface. Neurons displayed a moderate swelling 
(increased capacitance by 15%±9). At difference, glial cells augmented their 
capacitance by 111%±60 (range 25 to 200%). Both conductance and capacitance 
increases were larger at sites closer to the primary epileptic focus and decreased with 
distance. Besides the overall increase in conductance and capacitance recorded 
throughout the seizures, some (20%) glial cells also displayed a more rapid, oscillatory 
variation of their capacitance at a frequency of about 0.2 to 1 Hz, with increasing 
amplitudes towards the peak of the paroxysm. The swelling of cortical cells during 
paroxystic phenomena brings together cellular membranes and may thus underlie 
nonsynaptic synchronization and have an increased impact on the genesis of field 
potentials (Amzica and Steriade, this meeting).

Supported by MRC, HFSP and FRSQ.
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PROPERTIES OF PAROXYSMAL DEPOLARIZATION SHIFTS 
IN EPILEPSY SURGERY TISSUE
Deisz, R.A.*1, Smaluhn, N.1.  Lehmann, T.-N.2, Lanksch, W.R.2. Meencke, 
H.J.3. N itsch, R .1.
Institute o f Anatomy, Dept. Cell- and Neurobiology, 10098 Berlin1, Charité, 
Dept. for Neurosurgery2, Ev. KH Herzberge, Epilepsycenter Berlin3, Germany 

The cellular mechanisms of isocortical hyperexcitability causing intractable 
epilepsy are unclear. We set out to characterize human isocortex using electro- 
physiological methods. Small blocks of cortical tissue, removed during epilepsy 
surgery, were cut into slices for acute recordings using sharp microelectrodes. The 
neurones had stable resting membrane potentials (72.7 ± 4.8 mV, n = 7 neurones, 
6 biopsies) and generated repetitive APs (99.5 ± 9.6 mV, n = 7 neurones, 6 
biopsies). Subtle increases in intensity of orthodromic stimulation elicited fairly 
stereotype paroxysmal depolarizations shifts (PDS) with amplitudes between 20 
and 32 mV (24.2 ± 5.9 mV, n = 6 neurones, 5 biopsies) and durations of about 
130 ms. In a biopsy of focal frontoparietal epilepsy, associated with cortical 
dysplasia, PDSs were absent; increasing stimulus intensity elicited graded synaptic 
responses without discernible inhibition. Application of CNQX (10 µM) or D- 
APV (20 µM) alone or in combination caused only small effects on the slow 
envelope of the PDS (n = 3 neurones, 3 biopsies). Addition of bicuculline (20 µM 
or 50 µM) in the presence of CNQX and D-APV reduced the slow component of 
the PDS (n = 2). These data suggest that a significant component o f the PDS is 
mediated through GABAergic mechanisms. These depolarizations mediated by 
GABA may be either due to impaired chloride outward transport or due to an 
expression of GABA receptor subunits with altered permeability to bicarbonate. 
Further comparison of slices from different patients or parts of the resected tissue 
might reveal whether altered GABA-ergic inhibition is common to several forms 
o f intractable epilepsies or whether it is unique to temporal lobe epilepsy. 
Supported by the DFG (De 419/3-1).
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THE CONTRIBUTION OF GAP JUNCTIONS TO NONSYNAPTIC EPILEPTIFORM 
ACTIVITY IN RAT DENTATE GYRUS. Z.O. Xiong and J.L. Stringer*. Dept. of 
Pharmacology and Neuroscience. Baylor Collge o f Medicine, Houston, TX 77030.

Epileptiform activity is characterized by neuronal discharges synchronized by 
synaptic and nonsynaptic interactions. This study set out to investigate the possible role 
o f gap junctions in nonsynaptic epileptiform activity.

When hippocampal slices are bathed in 8 mM potassium and 0-added calcium 
artificial CSF, spontaneous, regular epileptiform activity can be recorded extracellularly 
in the dentate gyrus. The burst amplitude, frequency, and duration are relatively stable 
during control experiments. Putative gap junction blockers, octanol and halothane, 
decreased both burst frequency and duration at low doses and completely blocked 
bursting at high doses. Increasing gap junctional conductance by intracellular 
alkalinization (ammonium chloride) increased the frequency o f spontaneous field 
bursts, whereas reduction o f gap junctional conductance by intracellular acidification 
(sodium propionate) decreased the burst frequency. Gap junctional conductance is 
affected by intracellular calcium concentration. Therefore, we tested whether agents that 
1) interact with calcium uptake into stores (thapsigargin), 2) inhibit calcium release 
from stores (dantrolene), 3) chelate calcium (BAPTA-AM), or 4) release calcium from 
stores (caffeine) had any effect on this nonsynaptic bursting. Only caffeine caused a 
change in the bursting - causing an increase in burst frequency. The effect o f caffeine 
in these experiments is probably not due to its action on intracellular calcium stores, or 
gap junctions, but is probably due to an action through adenosine receptors, because 
adenosine could reverse the effects o f caffeine.

Our results indicate that gap junctions may be important for both the initiation and 
maintenance of the nonsynaptic epileptiform activity in the dentate gyrus. The lack of 
effect o f  changing intracellular calcium concentration may be that the intracellular 
calcium concentration changes are too small to modulate gap junctional conductance. 
Supported by a grant from NINDS (NS01784).
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IMAGING NMDA- AND AMPA-INDUCED INTRINSIC OPTICAL SIGNALS 
FROM PILOCARPINE-TREATED RAT HIPPOCAMPUS. Masako Isokawa*, 
Brain Research Institute, UCLA, Los Angeles, CA 90095-1761.

Epileptic seizures involve neuronal depolarization and eventual cell degeneration 
primarily through excess activation of glutamate receptors. Whole-cell patch 
clamp recordings revealed pathologically-prolonged synaptic transmission, mediated 
by the NMDA receptor, in hippocampal dentate granule cells (DGCs) in slices 
prepared from post-surgical specimens o f epileptic patients (Isokawa, 7. 
Neurophysiol. 1997) and the pilocarpine model of chronic epilepsy (Isokawa, 7. 
Neurophysiol. 1996). In order to examine how these changes in individual DGCs 
may orchestrate dentate gyrus excitability as a structural system, an intrinsic 
optical signal, light transmittance, was recorded from pilocarpine-treated rat 
hippocampal slices using a compound upright microscope equipped with DIC and a 
cooled CCD camera. An increase in light transmittance can indicate neuronal 
swelling that normally occurs in response to neuronal excitation. Thus, in the 
present study, neuronal depolarization induced by glutamate receptor agonists were 
monitored as changes in light transmittance. The application of AMPA (10 µM) 
reversibly increased light transmittance by 3% in the hilus, 23% in granule cell 
layer, 29% in the inner molecular layer, and 31% in the outer molecular layer in 
epileptic and control hippocampal dentate gyrus. These changes were similar to 
those induced by the application of hypo-osmotic solutions (-75mmol) in epileptic 
and control hippocampi. In contrast, the application of NMDA (10 µM) induced 
differential gradients in the increase of light transmittance with the highest increase 
(53%) in the inner molecular layer followed by a 39% increase in the outer 
molecular layer in the epileptic dentate gyrus, supporting previous findings of 
altered NMDA receptor-mediated synaptic excitation in epileptic DGCs. Spacio- 
temporal patterns of changes in NMDA-induced neuronal excitation, monitored by 
changes in light transmittance are discussed in epileptic dentate gyrus in 
comparison with control hippocampus. Supported by a NINDS grant NS31180.
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ANALYSIS OF CHOLINE ACETYLTRANSFERASE ACTIVITY IN 
CORTEX OF SUBJECTS WITH MILD COGNITIVE IMPAIRMENT 
AND ALZHEIMER’S DISEASE. S.T. DeKosky1,2*, S. D Styren1, M. 
Paulin1, E. Cochran3, D. Bennett3 and E. J. Mufson3 Depts. of Psychiatry1 
and Neurology2, Western Psychiatric Institute and Clinic, University of 
Pittsburgh School of Medicine, Pittsburgh, PA 15213, and Rush 
Presbyterian-St. Luke’s Medical Center3, Chicago EL.

It has been suggested that the loss of choline acetyltransferase (ChAT) 
activity in cortex is an early change in Alzheimer's disease (AD). This 
has led to a variety of efforts to supplement or stimulate central 
cholinergic neurotransmission in AD subjects. However, whether a 
reduction in cortical ChAT activity correlates with cognitive function in 
aged humans and Subjects with AD still remains controversial. We 
analyzed forty-seven people with an average age of 82.3yr which came 
to autopsy from a cohort of 662 people enrolled in the Religious Orders 
Study. All individuals were cognitively tested within 12 months of death 
(average MMSE 26.4). Clinically, 11 subjects were categorized with mild 
cognitive impairment (MCI), 10 had probable AD and 27 had no 
cognitive impairment (NCI). Frozen samples from the superior frontal 
and inferior parietal cortex were evaluated for ChAT activity using an 
ELISA. ChAT activity was not correlated with diagnostic classification, 
MMSE, or age. These data suggest that early decline in cognition may 
not be associated with a decrement of ChAT activity in frontal and 
parietal cortex. Supported by AG05133, AG14449 and AG10161
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DOES NICOTINIC RECEPTOR BINDING CORRELATE WITH PLAQUE AND 
TANGLE COUNTS IN THE FRONTAL CORTEX OF PATIENTS WITH 
ALZHEIMER'S DISEASE AND DEMENTIA WITH LEWY BODIES?

Masliah,1 G.K. Lloyd3 P. Tiraboschi4 and L.J. Thal1,2. 1Dept. Neurosciences, 
UCSD, La Jolla, CA 92037, 2VAMC San Diego, CA 92161 3SIBIA Neurosciences, 
La Jolla, CA 92037, 4Ospedali Riuniti di Bergamo, Bergamo, Italy 24100 

Previously, we have shown that nicotinic receptor (nAChR) binding correlates with 
synapse counts in the neocortex of patients with AD. This study sought to determine 
whether loss of nAChR binding correlates with senile plaque (SP) and neurofibrillary 
tangle (NFT) counts in the frontal cortex of patients with Alzheimer’s disease (AD) 
or dementia with Lewy bodies (DLB). The midfrontal (MF) cortex of 24 autopsy 
confirmed (NIA and CERAD criteria) AD patients (mean death age 78.5± 8.7 years) 
who met NINDS-ADRDA criteria for a clinical diagnosis of probable or possible 
AD, 12 DLB patients (mean age 83.3 ±6 .8) and 11 nondemented controls (mean death 
age 77.5± 8.0) were examined. SP and NFT counts were generated using standard 
Thioflavin S techniques. nAChR binding was assayed using the high affinity 
nicotinic agonist 3H-epibatidine [pH-EPI]. The mean 3H-EPI total binding in AD 
(6.3±3.2 fmol/mg protein) and in DLB (5.9±2.2) was significantly lower than 
controls (l4.8±3.2; p<0.0001). Mean SP count was 22.7±I7.3 (n=21) for AD 
patients and 18.5±l 1.0 (n=10) for DLB patients. Mean NFT count was 2.9±4.6 
(n=23) for AD patients and was 0.5±0.7 (n=10) for DLB patients . No SPs or NFTs 
were observed in controls. There was no correlation between 3H-EPI binding and SP 
counts in either AD or DLB. A significant correlation was observed between 3H-EPI 
binding and NFT counts for both AD and DLB (r=0.52 and r=0.68, respectively). 
These findings suggest an interaction between tau pathology and nicotine binding in 
the frontal cortex of patients with AD or DLB. Funded by AG05 131, SIBIA 
Neurosciences, & VA Med. Res. Service.
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QUANTITATIVE AUTORADIOGRAPHIC EVALUATION OF BRAIN 
CHOLINERGIC MARKERS IN ALZHEIMER’S DISEASE AND AGED 
CONTROLS. K.C. Sheehan* and J.R. Pauly. College of Pharmacy, Univ. 
of Kentucky, Lexington, KY 40536-0082 

Numerous studies have previously found a significant reduction in 
cholinergic markers in post-mortem tissue from Alzheimer’s Disease 
(AD) patients. Whereas neuronal nicotinic receptors (nAChr’s) 
appear to be consistently decreased in AD, the effects on muscarinic 
receptors (mAChR’s) have been less consistent. Few studies have 
however directly compared nAChR and mAChR density in AD. In the 
present study, post-mortem human tissue was obtained though the 
Univ. of Kentucky, Sanders Brown Center on Aging. Brain tissue was 
obtained at autopsy from four controls (1M, 3F; mean 82 yrs), and 
seven demented subjects (2M, 5F; mean 76 yrs) with histo-
pathologically verified AD (PMI < 4 hrs for all subjects). Quantitative 
autoradiography was used to evaluate the density of cholinergic binding 
activity in multiple brain regions. Cryostat sections were collected i n 
order to evaluate binding of 3H-vesamicol (to the vesicular ACh 
transporter), 3H-scopolamine (M1-M3 mAChr), and 3H-epibatidine 
(α3/α4 nAChr) on adjacent sections. In tissue from AD subjects, 3H - 
epibatidine binding was significantly decreased in hippocampal regions 
including the subiculum and dentate gyrus, and also in the entorhinal 
(but not parietal) cortex. 3H-scopolamine binding was increased in 
cortical regions from AD subjects, relative to age-matched control 
tissue. The binding of 3H-vesamicol was unchanged between the 
groups. Supported by NIA 5 P50 AG05144-14

4 77 .2

APOLIPOPROTEIN E GENOTYPE E4 (APOE-ε4) DOES NOT PREDICT 
INCREASED RATE OF SYNAPTIC REMODELLING OR CHOLINERGIC 
MARKER DEFIENCY IN ALZHEIMER DISEASE.
Q.S. Jorgensen1, *R . Ravid2. 1 Laboratory of Neuropsychiatry, (Department of 
Pharmacology, University of Copenhagen), Rigshospitalet-6102, D K -2100  
Copenhagen, Denmark, and Netherlands Brain Bank, Amsterdam, The 
Netherlands.

Several studies have demonstrated that APOE-ε4 as a risk factor in 
Alzheimer disease (AD) although the underlying mechanisms is still debated. 
In the present study was analysed hippocampal and frontal cortical samples 
from 22 non-demented controls (CON) and 49  AD patients with known 
duration and severity of the disease. The patients were classified according 
to the number of APOE-ε4 alleles measured by size analysis of restriction 
enzyme PCR amplicons. The onset of AD was 71, 75, and 65 y in the 22  
NONE-ε4, the 33  ONE-ε4, and the 16 TW O -ε4 AD patients, respectively. 
The 8 .3  y of disease duration and 4  h postmortem delay were the same in 
the three AD groups. As expected, the activity of the cholinergic marker 
ChAT was decreased in AD hippocampal and cortical brain samples 
compared to CON (by 63  and 5 1% , respectively). The concentration of the 
astrocytic marker GFAP was increased (by 62  and 6 5 % , respectively). The 
concentration of the mature synapse marker D3(SNAP-25) was decreased 
(by 26 and 2 4% , respectively). Moreover, the ratio of NCAM to D3(SNAP- 
25) was increased (by 21 and 1 4% , respectively), suggesting an increased 
rate of synaptic remodelling in AD. All changes in AD compared to CON 
were statistically significant (P < 0 .0 5 ). However, none of the changes were 
significantly more pronounced in TW O -ε4 or ONE-ε4 compared to NONE-ε4 
AD patients. Thus, no evidence was found for the APOE genotype being 
important for the severity and progression of AD. (Supported by grants from 
the Danish Medical Research Councils)

4 7 7 .4

MODE OF ACTION AND METABOLISM OF RIVASTIGMINE: A BRAIN- 
SELECTIVE ACETYLCHOLINESTERASE INHIBITOR. A. Enz*. Nervous 
System Research Novartis Pharma A.G, CH-4002 Basel, Switzerland.

Alzheimer’s disease (AD) is a degenerative central nervous system (CNS) 
disorder associated with a cholinergic deficit, particularly in the cortex and 
hippocampus considered key in the disturbance of cognitive functions. 
Inhibition of acetylcholinesterase (AChE) reduces the metabolic breakdown 
of acetylcholine (ACh), enhancing the cholinergic transmission in the brain. 
Effects of the AChE inibitors are related to their mechanism of action, 
metabolic properties and site of action. The mechanism of inhibition 
determines the duration of interaction with the enzyme. The potential for organ 
toxicity is dependent on active metabolites and is determined by the drug 
metabolism. Peripheral cholinergic effects can be reduced by the use of brain- 
selective inhibitors. Rivastigmine, an AChE inhibitor of the carbamate type 
((S)-N-Ethyl-N-methyl-3-[l-(dimethylainino)ethyl]-phenyl carbamate
hydrogen (2R,3R) tartrate), prevents the enzymolysis of ACh and has a long 
duration of action, central selectivity and few peripheral side-effects. Because 
rivastigmine is inactivated exclusively by target enzymes, the cholinesterases, 
no drug-drug interactions are expected. Inhibition of AChE by rivastigmine 
was stronger in cortex and hippocampus than in other areas 
AChE occurs in different molecular forms, most abundantly in the brain as the 
globular tetrameric G4. The globular monomeric G1 form is present in smaller 
amounts. In AD, G4 levels are decreased in the neocortex and hippocampus, yet 
there are no changes in G1 levels. In studies with the G1 and G4 forms of AChE 
from post mortem AD brains, rivastigmine preferentially inhibited the G1 form. 
Results with rivastigmine suggest the disadvantages of AChE inhibitors might be 
resolved by improving CNS selectivity, thereby decreasing peripheral cholinergic 
effects and toxicity.

4 77 .6

R e g io n a lly  s e le c t iv e  lo ss  o f  d op am in e D l recep to rs  in A lzh eim er's  
d isease: re la tio n sh ip  w ith  ch o lin erg ic  d e fic its  and  apoE .
S.L. Minger*,  M.M . Esiri1*, J .A.R. Nicoll3 , B. McDonald1, T. Hope2, and P.T. 
Francis. Dementia Research Laboratory, Division of Biochemistry & Molecular 
Biology, UMDS-Guy's, London SE1 9RT, UK; Dept, of 1 Neuropathology and 
2ETHOX, University of Oxford, 3Dept. of Neuropathology, University of Glasgow.

The relationship between neocortical dopaminergic functioning and cognitive and 
behavioural symptoms in Alzheimer's disease (AD) is yet unresolved. One hypothesis 
is that psychosis and other behavioural symptoms in AD may be related to preservation 
of neocortical dopaminergic neurotransmission in the face of massive loss of neocortical 
cholinergic innervation. This hypothesis was tested by examining the status of 
dopamine receptors and indices of cholinergic neurotransmission in a well-characterized 
group of dementia patients prospectively assessed for behavioural symptoms for several 
years prior to autopsy who had also been analyzed for apolipoprotein E  allelic genotype.

Homogenates were prepared from brain tissue from temporal (BA21), frontal (BA46), 
and prefrontal (BA9) cortices of 29-46 demented cases and 20 age- and sex-matched 
controls. Choline acetyltransferase (ChAT) enzyme activity was determined and D 1 
dopamine receptor binding was examined using 0.25-5 nM [3H]-SCH 23390. ChAT 
activity was significantly decreased in all three regions in demented cases, by 64%, 42% 
and 36% in BA 2l, 46 and 9, in comparison to controls (p <.001). Scatchard analysis 
revealed no significant alterations in D 1 receptor affinity (Kd) in the demented cases in 
comparison to controls. Similarly, no significant difference in D 1 receptor density 
(Bmax) was observed in BA21 or BA46 in demented patients compared to normals. 
Preliminary analysis, however, revealed a significant 29% reduction in D 1 receptor 
density in prefrontal cortex (BA9) in demented cases as compared to controls (p< . 049). 
Moreover, ChAT activity was found to be significantly lower in all cases (dements + 
controls) with one or more apoE ε4 alleles in comparison to cases lacking an e4 allele 
in BA21 (52% reduction, p <.003; and BA9 (25% loss, p <.47). These results suggest a 
complex interaction between dopaminergic functioning, apoE and cholinergic 
neurotransmission in the prefrontal cortex. Funded by the Wellcome Trust.
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477.7
IMPAIRED PHOSPORYLATION OF CYCLIC AMP RESPONSE 
ELEMENT BINDING PROTEIN (CREB) IN THE HIPPOCAMPUS 
OF DEMENTIA OF THE ALZHEIMER TYPE.M.-_Yamamoto-Sasaki1*, H . O zawaa2, E. Hashimoto2, T. Yamaguchi2, w. Ukai2, S. Shichinohe, T. Saito2 and
P. Riederer11 Dept. of Psychiatry, University of 
Würzburg,D-97080, Würzburg, Germany. 2Dept. of 
Neuropsychiatry, School of Medicine, Sapporo 
Medical University, 060 Sapporo, Japan.

Previous studies have suggested that the 
regulation of cyclic AMP (cAMP) production is 
disrupted in dementia of the Alzheimer type (DAT) 
postmortem brain and this plays a crucial role in 
the etiology of the disease. In the present 
study, we determined whether reduced CAMP level 
is accompanied by altered CREB phosphorylation in 
the nucleus in DAT hippocampal neurons with 
immunoblotting of two forms of CREB ( 
phosphorylated CREB and total CREB) 
Immunoreactivity of phosphorylated CREB was 
significantly reduced in DAT subjects compared 
with the age -matched controls, in contrast to 
that of total CREB, which did not show any 
difference between the two groups. These findings 
show that decreased amount of phosphorylated CREB 
via the impairment of cAMP signaling involves in 
the pathophysiology of DAT.

4 7 7 .9

CO-LOCALIZATION OF CALCIUM-BINDING PROTEINS AND A PHF 
MARKER (TG3) IN THE HIPPOCAMPAL FORMATION OF ALZHEIMER 
BRAINS. M.D. Ikonomovic1*, K.Mizukami1, P.Davies2, R.Hamilton3, R.Sheffield1 and 
D.M.Armstrong1. 1Allegheny Univ. of the Health Sciences, Center for Neurosci. 
Research, Pittsburgh, PA 15212; 2Dept. of Pathology, Albert Einstein Coll, of 
Medicine; 3Div. of Neuropathology, Presbyterian Univ. Hospital.

In AD hippocampus, large pyramidal neurons are highly likely to undergo 
neurofibrillary degeneration whereas parvalbumin(PV+), calbindin(CB+), and 
calretinin-positive(CR+) GABAergic interneurons are thought to be resistant to 
excitotoxic insults most likely due to their augmented capacity to buffer intracellular 
increase of calcium. However, a few studies have reported loss of interneurons in AD. 
To investigate whether hippocampal interneurons too may undergo cytoskeletal 
alterations, we have employed double-labeling immunocytochemical techniques and 
examined the co-localization of a marker for paired hellical filaments (PHFs) from AD 
brains (TG3) with each of the three calcium binding proteins (PV, CB, and CR) in the 
hippocampi of 6 AD cases showing different levels of neurofibrillary pathology 
(Braak’s stages I-VI). PV and CB co-localized with TG3 in a subpopulation of cells 
within CA fields and subicular complex, but never in the dentate gyrus (DG). Many 
PV(+) cells showed co-localization with TG3, yet only in advanced AD stages. TG3 
immunoreactivity was present in soma, but not in dendrites, of PV(+) cells. The 
highest density of double-labeled cells was in the subiculum and presubiculum. In 
contrast, CB/TG3-labeled cells were observed in all AD cases and TG3 was localized 
in both soma and dendrites of CB(+) cells. As with PV/TG3, there was a high density 
of double-labeled CB/TG3 cells in subiculum and presubiculum and no double- 
labeled cells were ever observed in DG. There was no co-localization of CR and TG3. 
Our results suggest that: 1) in AD hippocampus, subpopulations of PV and CB 
intemeurons may develop PHFs whereas CR cells are resistant, and 2) DG 
interneurons do not develop PHFs. This work was supported by NIH Grant AG08206. 
Brain tissue was provided by UPMC ADRC.

477.11

REDUCTION IN TRKA IMMUNOREACATTVE NEURONS AND 
HYPERTROPHY OF GALANINERGIC FIBERS WITHIN THE 
NUCLEUS BASALIS IN DOWN’S SYNDROME. *T Sendera1, S.Y. 
Ma1, J. H. Kordower1, H. Saragovi2 and E.J. Mufson . Dept Neurol 
Sci. Rush Presbyterian St. Luke’s Med. Ctr., Chicago, IL 60612 and 
2 McGill Cancer Ctr., Montréal, Canada.

Individuals with Down’s syndrome (DS) display neuropathological 
features similar to Alzheimer’s disease (AD) including degeneration of 
cholinergic basal forebrain (CBF) neurons. We have suggested that a 
reduction in protein synthesis and gene expression for the high affinity 
trkA receptor for the neurotrophin nerve growth factor plays a key role 
in CBF degeneration in AD (Mufson et al., 1997). CBF neuron loss has 
been suggested to trigger an overexpression of the inhibitory 
neuropeptide galanin in AD. We evaluated tissue from individuals with 
DS (n=6) and age matched controls (n=6) using antibody 
immunohistochemistry for human trkA, p75NTR and galanin combined 
with unbiased stereology, quantitative optical densitometry and semi- 
quantitative methods to determine whether the expression of trkA protein 
is reduced and whether galanin is overexpressed within the nucleus 
basalis in DS. Stereologic evaluation revealed a 50% reduction in trkA 
immunopositive neurons within the CBF in DS as compared to age 
matched controls. Optical densitometric analysis demonstrated a 
nonsignificant 20% reduction in trkA immunoreactivity within individual 
CBF neurons in DS. A semiquanitative examination found moderate 
hypertrophy of galaninergic fibers upon remaining p75NTR/CBF neurons 
in DS. A reduction in trkA immunoreactive neurons and an 
overexpression of galanin within the basal forebrain may contribute to 
CBF degeneration in DS. Supported by the NIA and MRC of Canada.

477.8
IMMUNOHISTOCHEMICAL STUDY OF GABAa RECEPTOR α l SUBUNIT IN 
THE HIPPOCAMPAL FORMATION OF AGED BRAIN WITH ALZHEIMER- 
RELATED NEUROPATHOLOGIC CHANGES. D.M. Armstrong*, M.D. 
Ikonomovic, D.R. Grayson, R. Sheffield, M. Katsuvoshi. Allegheny University of the 
Health Sciences, Ctr. Neurosci. Res., Pittsburgh PA 15212; Center for Gerontological 
Res., Philadelphia PA 19129 (DMA).

It is our hypothesis that neuronal vulnerability in AD is defined in part by a delicate 
balance of excitatory (i.e., glutamate) and inhibitory (i.e., GABA) input as mediated 
through selected glutamatergic and GABAergic receptor subtypes. To investigate this 
hypothesis we employed immunohistochemical techniques to examine the distribution 
of the GABAa receptor α l subunit within the hippocampus of nineteen elderly subjects 
with AD-related neuropathologic changes. In mild cases (i.e., Braak stage I & II) the 
most intense neuropil immunolabeling was observed in the molecular layer of the 
dentate gyrus, the stratum pyramidale of the CA1 subregion and subiculum, while the 
weakest labeling was observed in the CA3 subfield. In CA4 region, the proximal 
dendrites and cell bodies of mossy cells were intensely α l positive. Throughout the 
hippocampus we observed a number of α 1 labeled intemeurons. These cells consisted 
of both large and small multipolar cells as well as small bipolar neurons. In moderate 
cases (i.e., Braak stage III & IV), the pattern of α l immunolabeling appeared 
indistinguishable from mild cases. In severe cases (i.e., Braak stage V & VI) we 
observed a marked decrease in neuropil immunolabeling within the CA2, CA1 
subregions and prosubiculum, while the labeling of the molecular layer of the dentate 
gyrus, subiculum proper and presubiculum was indistinguishable from mild and 
moderate cases. These data, together with our previous immunocytochemical study in 
which we demonstrated a marked preservation of the GABAa receptor subunit ß2/3, 
suggest that responses of selected GABAa receptor subunits to AD pathology are 
variable with the α l subunit displaying a high degree of vulnerability. This work was 
supported by NIH Grant AG08206. Brain Tissue provided by UPMC ADRC.

477.10
REDUCTION IN TRKA IMMUNOREACTIVE NEURONS WITHIN THE 
NUCLEUS BASALIS IN INDIVIDUALS WITH MILD COGNITIVE 
IMPAIRMENT AND ALZHEIMER’S DISEASE. S.Y. Ma*, T. Sendera, E. 
Cochran, D. A. Bennett, L. Beckett, H. Saragovi*, J. H. Kordower and E. J. 
Mufson. Dept Neurol. Sci. and Alzheimer’s Disease Ctr, Rush Med. Ctr. 
Chicago, IL 60612 and #McGill Cancer Ctr., Montréal, Canada.

Recent studies indicate that there is a marked reduction in neurons 
containing the high affinity trkA receptor in subjects with Alzheimer’s 
disease (AD). Whether trkA neuronal loss correlates with cognitive function 
in aged humans and patients with AD remains unresolved. Sixteen people 
with an average age of 83.2±1.8 yr came to autopsy from a cohort of 662 
people enrolled in the Religious Orders Study. All individuals were 
cognitively tested within 12 months of death (average MMSE 24.4±1.1). 
Clinically, 6 subjects were categorized with mild cognitive impairment 
(MCI), 6 had probable AD and 4 had no cognitive impairment (NCI). 
Sections containing the rostrocaudal extent of the nucleus basalis were 
immunoreacted using an antibody directed against the human trkA 
receptor. An unbiased stereology system (NeuroZoom, CA) was used to 
estimate the total number of trkA immunoreactive (ir) neurons and cell 
density. Using a analysis of variance, the total number of trkA-ir neurons 
was related to diagnostic classification (R-Square=.544, F=7.76, p<.01) with 
a significant reduction in AD and MCI compared to NCI; but without a 
significant difference between MCI and AD. Cell density was similarly 
related to diagnostic classification (R-Square=.743, F=18.8, p<.0001) with a 
significant reduction in AD and MCI as compared to NCI; but without a 
significant difference between MCI and AD. Number of trkA-ir neurons 
was not correlated with MMSE at final clinical evaluation, age at death or 
education in this sample. Support:NIA.

477.12
NITRIC OXIDE GENERATORS PRODUCE ACCUMULATION OF 
CHELATABLE ZINC IN HIPPOCAM PAL NEURONAL PERIKARYA.
M. P. Cuaiungco* & G. J. Lees. Dept. o f Psychiatry and Behav. Sci., Univ. of 
Auckland, School of Medicine, Private Bag 92019, Auckland, New Zealand.

Recent studies have shown that oxidative and nitrosylative stresses can liberate 
zinc from metalloproteins in vitro. Thus, nitric oxide (NO*), a radical molecule 
which serves as a retrograde messenger, was studied for its effects on the in vivo 
accumulation of zinc in neurons. Three unrelated NO*-donors, sodium nitroprusside 
(SNP; > 2 nmol), spermine-nitric oxide complex (SPER-NO; < 200 nmol), and 3- 
morpholinosydnonimine (SIN-1; < 200 nmol) were administered into the dorsal 
hippocampus o f male Wistar rats (190-210 g). Brain tissue was stained by both the 
Timm's method, and with V-(6-methoxy-8-quinolyl)-p ara-toluenesulfonamide 
quinoline (TSQ), a histochemical stain and a fluorescent probe for zinc, respectively. 
A sporadic pattern o f zinc accumulation within the perikarya, axons, and dendritic 
processes of certain pyramidal neurons, intemeurons, and dentate granule cells was 
found 2 h after injections o f SNP and SPER-NO, but not with SIN-1. 
Administrations of N,N,N',N'-tetrakis(2-pyridylmethyl) ethylenediamine (TPEN, 10 
nmol) 10 min before SNP abolished the staining of neuronal perikarya and 
surrounding neuropil, while sodium ethylenediamine tetraacetic acid (NaEDTA, 10 
nmol) injected 10 min before SNP resulted in marked reduction of sporadic 
perikaryal staining within the subicular and CA1 regions. This is the first in vivo 
evidence that NO* could induce accumulation o f zinc in neuronal perikarya and 
processes in the hippocampus. As a mechanism underlying the possible involvement 
o f zinc in neurodegenerative disorders caused by excitotoxicity and/or oxidative 
stress, it is an alternative to release of synaptic vesicle zinc and/or uptake by 
hippocampal neurons.

This work was supported by the NZ Health Res Council, Auckland Med Res 
Foundation, Auckland Univ Staff Res Fund, and NZ Neurological Foundation.
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HISTOLOGIC EVIDENCE OF A ZINC ROLE IN ALZHEIMER’S DISEASE. 
S.W. Suh1,2,3*, K. B. Jensen1, M. S. Jensen1, D. S. Silva2,3, P. Kesslak4, G. 
Danscher1 and C.J. F rederickson2,3.1 Dept. of Neurobiology, Aarhus University, 
Aarhus, DK 8000, Denmark. 2Lab. for Neurobiology, MicroFab Technologies, 
1104 Summit Ave, Plano TX 75074 institute of NeuroEngineering, UTMB, 
Galveston, TX 75000 institute for Brain and Aging, University of California, 
Irvine.

Excess zinc in brain tissue has been suggested to contribute to Alzheimer’s 
neuropathology. Here we tested that hypothesis by searching Alzheimer's 
brains for abnormal zinc deposits. Drains were obtained from the UC Irvine, 
Institute of Brain and Aging and the Amsterdam Brain Bank. All were 
harvested between 3 and 5 hours post mortem. Both the TSQ fluorescence 
method and the H2S post-mortem autometallographc silver method (AMG) for 
zinc were used.

We found the same abnormal zinc accumulations in 10 of 10 Alzheimer's 
brains examined. Aβ amyloid deposits in dense core plaques and in 
perivascular rings stained vividly for Zn2+. Degenerating neurons with paired 
helical filaments ("tangles") were also vividly stained for Zn2+. Staining in the 
neurons and in the amyloid deposits was essentially identical in the AMG and 
the TSQ material, and EM-AMG showed sliver grains heavily concentrated in 
the electron-dense amyloid aggregates. Normal aged brains showed none of 
these zinc staining anomalies. A role of disordered zinc metabolism in 
Alzheimer's neuropathology (Bush et al., 1994), is indicated. Supported in part 
by NS37658, MH 56335 and GM 48894 to CJF.

4 7 7 .1 5

A PHASE I STUDY OF AIT-082 IN HEALTHY ELDERLY VOLUNTEERS.
M. Grundman,1* M. Farlow,2G. P eaw ,1 Y. Kean,1 E. Capparelli,1 A. Schultz,1 D. 
Salmon,1 S. Ferris,3 R. Mohs, 4 R . Thomas,1 K. Schafer,1 K. Campbell, A. Hake.3
B. Schoos,1 L. J. Thai,1 and the Alzheimer’s Disease Cooperative Study. 
1University o f California, San Diego, 9500 Gilman Drive -  0949, La Jolla, CA 
92093-0949; Indiana University School o f Medicine; 3New York University 
School o f Medicine; 4Mount Sinai School o f Medicine.

We report here preliminary results from a Phase I, double-blind, placebo- 
controlled, single dose, escalation study o f the purine derivative, AIT-082, in 
healthy elderly volunteers. AIT-082 is currently being developed as a potential 
treatment for Alzheimer’s disease. Pre-clinical studies indicate that AIT-082 has 
memory enhancing properties, stimulates neuritogenesis and upregulates 
neurotrophic factors. This Phase I trial was primarily designed to evaluate single
dose safety, tolerance and pharmacokinetics. Subjects received a single oral dose 
o f AIT-082 or placebo on a weekly basis for 5 weeks. All patients received a 
placebo dose at baseline. Dosages studied in this trial were 0.6, 2.0, 6.0, and 20.0 
mg o f AIT-082 per kilogram o f body weight. Nine subjects participated. There 
were no serious adverse events. The drug was well tolerated. The time to peak 
drug concentration was approximately 90 minutes with an elimination half-life of 
approximately 15 hours. Performance on the Number Comparison test, Symbol 
Digit test and Trails A improved with AIT-082 dosing compared to baseline. 
Favorable trends for AIT-082 were found on a number of other 
neuropsychological tests as well. In summary, AIT-082 administration was 
rapidly absorbed by the oral route with a half-life likely to allow once daily 
dosing. No problems with tolerability or safety were demonstrated. The 
neuropsychological test results suggest a possible beneficial effect o f AIT-082 on 
memory and speed o f processing although a practice effect cannot be ruled out. 
This study was supported by the National Institute on Aging (AG-10483).

4 7 7 .1 7

STRIATAL DOPAMINERGIC TRANSMISSION AND FRONTO-TEMPORAL 
GLUCOSE UTILIZATION IN ALZHEIMER’S DISEASE: ITS CORRELATION 
WITH BEHAVIORAL ABNORMALITIES
K. Meguro1*, S. Yamaguchi1, M. Ito h 2, T. Fujiwara2, M. Shimada1, and A. Ύamadori1 
1Sec. o f Neuropsychol., Div. o f Disability Science, Tohoku Univ. Grad Sch. Med; 
2Cyclotron RI Center, Tohoku Univ.; Sendai 980-8575, Japan

We previously found that [18F]6-fluoιo-L-dopa (FDOPA) uptake into the striatum 
(the Ki value) in Alzheimer’s dsease (AD) correlated with cognitive function. AD 
patients with wandering behavior and sleep disturbance (less sleep type) had an increased 
level o f D2 dopamine receptors (the k3/k4 value) as shown by [11C]YM-09151-2 and 
PET. Decreased cerebral glucose utilization (CMRglc) in the parietal and temporo
parietal region is a well-known PET finding in AD. We investigated 1) the relationship 
between the Ki value and the k3/k4 value; and2) the relationship between the Ki value 
and CMRglc, with referenceto cognitive impairment and wandering behavior. Twelve 
AD patients were studied Using PET and the FDOPA, [11C]YM-09151-2 and [18F]- 
fluoro-deoxyglucose techniques, the Ki value; the k3/k4 value, and CMRglc in ten 
regions in each hemisphere were measured. The relationship between the Ki value and 
the k3/k4 value was not straightforward However, for the patients with wandering 
behavior, there was a reverse correlation between the two values. CMRglc o f the 
anterior frontal, inferior frontal, and temporal lobes correlated with the Ki value: the 
patients with wandering behavior had lower values. Multiple regression analysis 
showed that the MMS soore was significantly explained by the Ki value, CMRglc o f 
temporal aid parietal lobes. Dopaminergic transmission was related to behavioral 
abnormalities, and there is probably a functional neural network between the striatum 
and the frontal and temporal lobes in AD. We consider this network to be important in 
wandering behavior and sleep disturbance.

4 7 7 .1 4

PEROXYNITRITE-M ED IA TED DAMAGE TO  BRAIN MEMBRANE 
PROTEINS AND LIPIDS: ANOTHER OXIDATIVE PATHWAY FOR
M EM BRANE ALTERATIONS IN ALZH EIM ER’S DISEASE (AD). T. Koppal*, J. 
Drake, S. Yatin, B. Jordan, S. Varadaraian, L. Bettenhausen and D.A. Butterfi eld. 
Dept. of Chem., Ctr. of Membrane Sci., Univ. of Kentucky, Lexington, KY 40506.

The reaction of nitric oxide and superoxide anion results in the formation of a highly 
reactive species, peroxynitrite (ONOO-). ONOO- has been implicated in the oxidation 
of lipids, proteins, and several other metabolites in the cell. Recent findings of 
nitrotyrosines in AD brain now indicate the involvement of peroxynitrite in AD. We 
have been involved with oxidative stress in AD, and reported increased protein and 
lipid oxidation both in AD brain and on treatment of synaptosomal membranes with 
amyloid β-peptide. In this study we observed similar damage to synaptosomes on 
treatment with physiological levels of ONOO-. When the membranes were incubated 
with ONOO-, the W/S ratios of the EPR (electron paramagnetic resonance) spectra of 
the protein-specific spin label MAL-6 significantly decreased by 30% compared to 
controls. The W/S ratio is a measure of changes in membrane conformation and 
decreased values are indicative of oxidative stress. The other measure of protein 
oxidation studied was protein carbonyls, which increased 88% in ONOO- treated 
samples over controls. Glutamine synthetase (GS), a highly oxidatively sensitive 
enzyme showing decreased activity in AD brain, incubated with ONOO- showed 
significantly decreased activity. Also hippocampal neurons, which is a primary locus 
for cell loss in AD brain, incubated with peroxynitrite, showed 63% cell death. Pre- 
treaunent with glutathione, a known scavenger of peroxynitrite, offered protection 
against peroxynitrite-mediated alterations. Preliminary studies also show that 
peroxynitrite increases the formation of the lipid peroxidation product 4- 
hydroxynonenal (HNE). Lipid and protein oxidation by peroxynitrite was further 
confirmed by near-IR. This research shows that the oxidative stress observed in AD 
also is observed when brain membranes are treated with peroxynitrite, consistent with 
the notion dial peroxynitrite can be another pathway through which neuronal 
degeneration occurs in AD. This study reiterates the importance of endogenous 
antioxidants and their role as neuroprotectants. Support: NIH.
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FDG PET: A SENSITIVE QUANTITATIVE MEASURE OF ALZHEIMER’S 
DISEASE PROGRESSION AND BRAIN METABOLIC EFFECTS OF ENA 713 
(EXELON®). S.G. Potkin1, R. Anand2, J. Messina2, R.Hartman2, D. Keator1, J. C. 
Wu 1, G. Maguire*, K. Fleming1, T. Dockstader1. W.E. Bunney 1*. 1Department of 
Psychiatry, UC Irvine, CA 92697, 2Novartis Pharmaceuticals Corp.

Alzheimer’s disease (AD) is a progressive dementia involving compromised 
cholinergic functioning. Clinical trials designed to demonstrate therapeutic effects and 
especially delay the progression of AD require large numbers of subjects studied for 
long periods. Reliance on psychometric tests is confounded by difficulties in 
reliability and sensitivity of the measures, and fluctuating subject attention . In a pilot 
study, FDG PET scans were obtained to document the course of untreated AD and as a 
measure of convergent validity with CIBIC-plus tests. Mild to moderately ill (MUSE 
10 to 26, inclusive) patients with probable AD were enrolled in a double-blind, 
placebo-controlled comparison of three fixed daily doses of SDZ ENA 713 (Exelon 
mg, mg, mg) or placebo for 26 weeks. Exelon is a centrally selective 
acetylcholinesterase inhibitor of the carbamate type. FDG PET scans were obtained on 
27 patients at baseline and following 26 weeks of treatment during a picture naming 
activation task. Patients treated with placebo (N=7) demonstrated a statistically 
significant decrease in hippocampal and frontal cortical metabolism, reflective of their 
deteriorating clinical status. Patients treated with Exelon (N=2O) demonstrated a 
statistically significant increase in absolute frontal, varietal and hippocampal 
metabolism (mg/B355/mix). Consistent with the metabolic effects, clinical 
improvement was also observed in the Exelon treated subjects. The Exelon responders 
had significantly greater increases in frontal, varietal, temporal and hippocampal 
metabolism than the Exelon non responders. This pilot study demonstrates the 
sensitivity and potential of FDG PET in measuring the progression of AD and the 
treatment effects of cholinergic treatments. Funded by Novartis Pharmaceuticals.

4 7 7 .1 8

DOSE-DEPENDENT CSF ACETYLCHOLINESTERASE INHIBITION 
BY RIVASTIGMINE TARTRATE IN ALZHEIMER’S DISEASE. N. 
Cutler* , R. Polinsky2, J. Sramekl , A. Enz2, S. Jheel , L. Mancione2. 
1California Clinical Trials, Beverly Hills, CA 90211; 2 Novartis 
Pharmaceutical Corporation, East Hanover, NJ 07936.

This study evaluates the activity o f rivastigmine tartrate, a centrally- 
selective acetylcholinesterase (AChE) inhibitor, in the cerebrospinal fluid 
(CSF) o f patients with Alzheimer’s disease (AD), and its relationship to 
central and peripheral pharmacokinetic parameters. Eighteen AD patients 
were enrolled in this open-label, multiple-dose study. Patients were titrated 
in 1 mg bid/wk increments to target doses of 1, 2, 3, 4, 5, and 6 mg bid 
rivastigmine tartrate. After patients had been maintained at their target 
dose for at least 3 days, continuous CSF samples were obtained via a 
lumbar catheter for 12.5 h, beginning 0.5 h prior to the final dose o f 
rivastigmine tartrate. Dose-dependent inhibition o f CSF AChE was 
significantly correlated "with plasma drug and metabolite concentrations 
(p<0.05). The 6-mg bid treatment group showed a maximum mean 
inhibition of 62% at 5.6 h post-dose. Rapid, sustained, dose-dependent 
inhibition o f CSF AChE suggests that rivastigmine tartrate has therapeutic 
potential in AD.

This study was supported by Novartis Pharmaceuticals Corporation.
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QUATERNARY-LIPOPHILIC CARBAMATES WITH BLOOD BRAIN 
BARRIER PERMEABILITY ARE CHOLINESTERASE INHIBITORS AND 
M2 ANTAGONISTS G. Amitai*, R. Adani, I. Rabinovitz, G. Sod-Moriah, R. 
Brandeis, E. Rachaman and E. Heldman, IIBR, Ness Ziona 74100, Israel 

We present here a series of quaternary-lipophilic carbamates that penetrate the 
blood brain barrier (BBB). Their molecular design is based on the attachment of 
aliphatic chains, with or without glucosyl moiety, to the pyridinium nitrogen of 
pyridostigmine (PYR). Based on this rationale, a series of 12 new PYR-X carbamates 
were synthesized. The incorporation of long alkyl chains (C6-C14) renders these 
quaternary compounds lipophilic. BBB permeability was demonstrated by a dose- 
dependent inhibition of brain ChE and hypothermia obtained after the administration 
of PO (PYR-C8) and PD (PYR-Cio) in rats. The kinetic parameters for inhibition of 
human and FBS-AChE by all the newly synthesized compounds were similar to those 
obtained for PYR: KI=1.2×10-7 -2.3×1 0 -5 M, reactivation and bimolecular rate 
constants: ks=0.006-0.059 m in -1 and ki= 1.5×104-2.6×106M l m in -1. In vivo inhibition 
of rat blood ChE by PO and PD was sustained for at least 24 hours at 33% and 30%, 
respectively. Despite of their similar inhibitory potency with AChE, some of these 
carbamates were found to be 18 and 45 fold less toxic than PYR in mice and rats, 
respectively. PO (15 & 20 mg/kg, sc) reversed the memory impairment induced by 
scopolamine in rats in the passive avoidance test. The Ki values obtained with PO,
PD and PDOD for the displacement of the selective M2 antagonist [3H]AFDX-384 
binding to rat brain, are: 2.9×10-6, 3.6×10-7 and 5.4×10-7 M, respectively, as 
compared to 5-13 fold larger Revalues obtained for the displacement of the M l 
antagonist [3H]pirenzepine. Functional antagonism of muscarinic physiological 
response was demonstrated by PO, PD and PDOD in isolated guinea-pig ileum at 
concentrations similar to the Ki values obtained in rat brain. These data suggest that 
some PYR-X compounds may be used as safe drugs with long duration of action for 
the treatment of CNS diseases associated with cholinergic hypofimction such as 
Alzheimer’s disease and stroke.

4 7 7 .2 0

LONG-TERM  EFFICACY OF RIVASTIGMINE TARTRATE IN  
PATIENTS W ITH ALZHEIM ER'S DISEASE D. Knopm an. *D ept. of 
N eurology, Univ. of M innesota, M inneapolis, M N  55455 

The long-term  effects of cholinesterase inh ib ito rs in  A lzhe im er’s 
D isease (AD) are  n o t clearly und ers to o d . W e h a d  the o p p o rtu n ity  to 
follow  an d  assess p a tien ts w ho  h a d  partic ip a ted  in  a 26-week s tu d y  of 
r ivastigm ine  ta rtra te  (ENA-713) in to  the  open-label p h ase  of 
trea tm en t for an  add itional 18 m o n th s  (78 w eeks, to ta l of 104 weeks). 
The 699 p a tien ts  w ith  m ild -to -m o d erate  A D  w ere  in itia lly  
ran d o m ized  to  trea tm en t w ith  r ivastigm ine ta rtra te  or placebo. A t the 
en d  of 26 w eeks, all pa tien ts  received  r ivastigm ine  ta rtra te  titra ted  to 
their b est to le rated  dose. By w eek  38, p a tien ts  w h o  h a d  in itia lly  
received  placebo perfo rm ed  nearly  3 p o in ts h ig h er on the ADAS-Cog 
com pared  w ith  w eek 26. A m ong the p a tien ts  in the  h ighest dose (6-12 
m g) g roup  in  the  first 26 weeks, there w as a slight decline a t w eek  38 
com pared  w ith  w eek 26, a lth o u g h  the g ro u p  w as still p erfo rm ing  at a 
h ig h er level th an  it h a d  a t ran d o m iza tio n . The h ig h -d o se  p a tien t 
g roup w ith  MMSE scores ≥ 20 stayed  above baseline for 44 w eeks. 
Between 44 an d  104 w eeks, all p a tien ts experienced  a decline in scores, 
w ith  the p a tien ts w ho  scored  h ig h er a t baseline experiencing  a m ore 
m o d est decline. This s tu d y  show s th a t the effect of r ivastigm ine 
tartra te  w as susta ined  w ell beyond  the en d  of the 26-week p e rio d  of 
the  co n tro lled  trial.
The s tu d y  w as su p p o rted  by  N ovartis  Pharm aceuticals 
C orporation .
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Genetic association between IL-1 receptor antagonist gene polymorphism and 
Alzheimer's disease. T. Yoshizawai*, K. Yamakawa-Kobavashi2, M. Kanamori3, 
Y. Komatsuzaki1, H. Yoshida1, H. Hamaauchi2 and S. Shoji1. Dept. of 
1Neurology and 2Human genetics, Univ. of Tsukuba, Tsukuba City 305 Japan; 
3Dept. of Public Health, Hamamatsu Univ. Sch. of Med., 431-31 Japan

Since the association between Alzheimer's disease (AD) and 
apolipoprotein-e4 (ApoE-4) allele was found, the search has been made for 
genetic factors determining the susceptibility for AD. In this study, we 
investigated the genetic association between AD and interleukin-1 receptor 
antagonist (IL-1 Ra) gene polymorphism which was due to the variable numbers 
of tandem repeats in intron 2.

We enrolled 178 cases of AD (47-90 years old; average age: 75.6 ± 9.8) 
and 522 healthy control subjects (40-88 years old; average age: 57.3 ± 10.7). 
IL-1 Ra polymorphism was determined by PCR. A1 was the four-repeat allele. 
A2, A3, and A4 were two-, five-, and three-repeat alleles, respecively. Among 
the healthy controls, no significant differences were recognized in genotype 
and allele frequencies when we divided the subjects based on the gender and 
the age at examination. A1, A2, A3, and A4 frequencies were 0.963, 0.022, 
0.011, and 0.004 in healthy subjects. In the AD group, A1, A2, A3, and A4 
frequencies were 0.941, 0.048, 0.006, and 0.006, respectively. A2 frequency 
was significantly higher compared to controls (p=0.0119). Especially, in female 
AD group, A2 frequency was significantly higher (0.062; p=0.0102). However, 
in male AD group, no difference was found compared to controls. The odds 
ratio for developing AD with A2 allele compared to no copy of A2 allele was 
calculated as3.05 in female (95% confidence limits: 1.33-7.00). These results 
suggested that the IL-1 Ra A2 allele is a susceptible factor for AD in female.

MITOCHONDRIAL DNA VARIANTS AND ALZHEIMER’S 
DISEASE: A POPULATION-BASED CASE CONTROL 
STUDY. S.D. Edland1*, W.A. Kukull1, V. Tobe2, D.A.
Nickerson2, E.B. Larson3, 1Dept. of Epidemiology, 2Dept. of 
Molecular Biotechnology, 3Dept. of Medicine, University of 
Washington, Seattle, WA 98195.

A mitochondrial genetic variant, A4336G affecting the acceptor 
stem of mitochondrial tRNA(Gln), was found to be associated with 
Alzheimer’s disease in several case series. Recent investigations 
using age matched controls, however, have failed to confirm this 
association. We tested this association in a large series of newly 
incident cases and age and gender matched controls recruited from 
a regional HMO demographically representative of the King Co, 
WA population. The variant was found in 6 of 275 cases and 7 of 
346 controls (OR = 1.08, 95% CI 0.36 to 3.25). A4336G carriers 
were on average 3.5 years older (p = .04). Earlier positive findings 
may simply represent spurious type I error. An alternative 
hypothesis consistent with accumulating data is that the A4336G 
mitochondrial lineage is associated with longevity rather than being 
a risk factor for Alzheimer’s disease. Allele frequencies for variants 
at mitochondrial nucleotide positions 4216 and 5460 will also be 
reported.
Supported by NIA grant numbers AG07584 and AG05136.
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FAMILIAL DEMENTIA THAT PATHOLOGICALLY IS NOT 
ALZHEIMER’S DISEASE S.E. Poduslo*, Linda Yin, J.D. 
Schwankhaus1 Department o f Neurology, Texas Tech University 
Health Sciences Center, Lubbock, Texas 79430 1St Vincent’s North, 
Sherwood, Arkansas 72120

A 77 year-old patient presented to the DNA Bank staff with memory 
loss starting at age 65. The patient was one o f ten siblings, three of 
whom were diagnosed with Alzheimer’s disease and two with 
Parkinson’s disease. One o f the affected sibling’s children also has 
memory problems. The patient’s mother was one o f nine siblings, three 
o f whom had possible Alzheimer’s disease. When he was 65, the patient 
had a complete workup which showed normal blood work, slight cortical 
atrophy by CT scan and no focal motor signs on neurological exam. The 
patient’s memory was progressively worse upon subsequent 
examinations. The diagnosis was made o f Alzheimer’s disease. The 
patient expired at age 78 at which time he was noncommunicative and 
bed bound. Autopsy (by Dr. Brumback at Oklahoma) revealed marked 
cortical spongiform change, neuronal loss, severe gliosis, and numerous 
plaques with Bielschowsky silver stains. Dr. Mastrianni at UCSF did 
Western blot and genetic analysis for prion protein, both o f which were 
negative. We have collected blood samples from 45 family members 
and spouses and have analyzed markers on chromosomes 3 and 17 for 
linkage with the disease. Supported by funds from the State o f Texas.

4 7 8 .4

LINKAGE DISEQUILIBRIUM OF LATE-ONSET ALZHEIMER’S DISEASE 
AT 13q12 REGION. M. Hiltunen,1,2 A. M annermaa,2 A. Koivisto,1 M. 
Lehtovirta,1 S. Helisalmi,1,2 M. Ryynänen,3 P . Riekkinen Sr4 and H. 
Soininen1*. 1Dept. of Neurology; 2Chromosome and DNA laboratory; 3Unit of 
Clinical Genetics; 4A.I. Virtanen Institute; Univ. Hospital and Univ. of Kuopio,
P.O. Box 1777, FIN-70211 Kuopio, Finland.

Alzheimer’s disease (AD) is a complex neurodegenerative disorder, which 
comprises of several disease-associated loci in different chromosomes. We have 
started a  genome-wide linkage disequilibrium mapping in order to find novel 
susceptibility gene(s) for late-onset AD in Finland. To avoid population 
stratification, AD-patients and age-matched controls were chosen from the 
same geografícal area in Eastern Finland. The fact the AD patients and 
controls are genetically homogenous, provides a  powerful tool to map 
susceptibility genes using the linkage disequilibrium mapping. Here we present 
a  positive association result from chromosome 13, in which two polymorphic 
microsatellite markers were found to be associated with the AD.

During the initial screen, it was found that in AD-patients group 
tetranucleotide marker D13S787 was in linkage disquilibrium at the l3q l2  
region. Screening the region 13q11-q 12 with additional markers revealed that 
marker D13S292 was also significantly associated with the AD. Furthermore, 
haplotype estimation analysis indicated that marker alleles of D13S292 and 
D13S787 were associated with the disease. Markers D13S292 and D13S787 
were estimated to reside in a  810 kb YAC clone 754h7 together with two 
infant brain-derived ESTs and H,K-ATPase α-subunit protein gene 
(ATP1AL1).

In summary, our findings suggest that ATP1AL1 gene and ESTs located at 
the linkage disequilibrium region 13ql2  may have a  role in late-onset AD.
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STUDY ON THE ASSOCIATION BETWEEN TWO NEWLY IDENTIFIED 
POLYMORPHISMS IN THE LOW DENSITY LIPOPROTEIN GENE AND 
ALZHEIMER’S DISEASE. M. Danik,1* C. Arguin,1 L. Théroux,1 U. Beffert,1 D. Dea1 
and J. Poirier1,2.1Douglas Hospital Research Centre and 2Centre for Studies in Aging, 
McGill University, Montréal, Québec, Canada, H4H 1R3.

The ε4 allele of apolipoprotein E (apoE) is a major risk factor for both sporadic and 
familial late-onset Alzheimer’s disease (LOAD). The fact that about one-third of the 
LOAD patients do not carry this allele indicates the presence of other susceptibility 
genes. We hypothesized that the genes coding for the various receptors for apoE might 
represent such candidates. We have sequenced 17 of the 18 exons from the gene 
coding for the human LDL receptor (LDLR) in more than 60 cases of sporadic LOAD 
and controls. No mutations have been found in any of these exons or in their 
respective splicing sites in all the cases we have examined. These results imply that 
dysfunctionality of the LDLR may not be a direct risk factor in AD. In this study we 
have not screened for mutations in the gene’s regulatory regions which could affect 
receptor levels. Thus the possibility that lower expression levels of the LDLR might be 
involved in AD cannot be excluded. On the other hand, we have identified two new 
polymorphisms at a single base in codons located on exon 10 and exon 12 
respectively. Neither of these polymorphisms lead to a change in the corresponding 
amino acid. The overall genotype and allele frequencies for the exon 10 
polymorphism were similar between AD cases and controls. With regards to the exon 
12 polymorphism, the frequency of the TT genotype was almost twice as high in AD 
than controls (31% vs 18%). More than 200 patients are being analyzed in order to 
confirm this trend and the possible interaction with the APOE polymorphism. 
Additional data regarding these two LDLR gene polymorphisms in other dementia 
will also be presented.
(S u p p o r te d  b y  th e  F o n d s  d e  la  R e c h e rc h e  en  S a n té  du  Q u éb ec , P h a rm a c ia  B io tech , 
N o v a  M o le c u la r  Inc., a n d  th e M e d ic a l  R e se a rc h  C o u n c il  o f  C a n a d a )
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COMPARISON OF REGIONAL CEREBRAL BLOOD FLOW USING 
99m-Tc-ECD AND 123-MMP SPECT IN ALZHEIMER'S DISEASE.
N. Nakano *, S. Salto, S. Havashi, S. Murakami, M. Fujii, K. Fujimori+, 
and R. Fukatsu.
Dep. of Neuropsychiatry and Radiology +, Sapporo Med. Univ., Sapporo,
Japan 0600061.

Single photon emission computed tomography (SPECT) is very 
useful in establishing the clinical diagnosis in Alzheimer's disease 
(AD). Both 99mTc-ECD(ECD) and 123I-IMP(IMP) are best used tracer 
for brain perfusion imaging. It is known that AD reveal the decrease of 
regional cerebral blood flow (rCBF) in the parieto-temporal association 
area In this paper, we present comparative study of rCBF in AD 
between ECD and IMP SPECT.
Subjects: Five probable AD according to the NINCDS -ADRDA 
criteria (age 50-62, mean 58.2).
Methods: We measured the rCBF of the region of interest (ROI; 10 × 
10 pixels) with IMP SPECT used by continuous arterial sampling 
method(Kuhl, et al), and ECD SPECT used by a Patlak plot 
method(Matsuda, et al).
Results: 1) There were no significant differences in whole brain 
blood flow between ECD and IMP SPECT.
2) The rCBF of parieto-temporal areas were significantly lower for 
IMP than ECD. The ECD underestimated rCBF in high-flow regions, 
and overestimated in low-flow regions in cortical areas. Then, ECD 
SPECT revealed the less prominent RI contrast between affected and 
unaffected areas. 3) This comparative study demonstrates that IMP is 
useful tracer for the detection of early rCBF reduction in AD.

4 78 .9

DISCRIM INANT POWER OF COMBINED CEREBROSPINAL FLUID TAU  
PROTEIN AND THE SOLUBLE G P130 IN A LZHEIM ER'S DISEASE
H. Hampel*, S.J. Teipel, F. Padberg, T. Sunderland1, M.J. Schwarz, K. Buch, H.U. 
Kötter, A. Haslineer, A. Müller, L. Stein, R, Dukoff*, R. Lasser1, T. Nolde, S. Stübner, 
T. Boetsch, N. Müller, H.-J. Möller. Department of Psychiatry, Geriatric Psychiatry Branch, 
LudwigMaximilian University Munich, 80336 Munich, Germany and 'National Institutes of Health, 
National Institute of Mental Health, Geriatric Pychiatry Branch, Bethesda, MD 20892, USA.

Alzheimer’s disease (AD) can only be definitively diagnosed in vivo by invasive 
examination of brain tissue obtained as a biopsy. There is a great need for an early, 
sensitive and specific diagnostic test We combined cerebrospinal fluid (CSF) analyses of 
tau protein, a sensitive marker of neuronal degeneration, and of the soluble gp130 
(sgp130), the signal transducing receptor of the cytokine interleukin-6. We included 
twenty-five patients with sporadic AD and 19 healthy age-matched control subjects. 
sgp130, unphosphorylated and normally phosphorylated tau CSF levels were determined 
by enzyme-linked immunosorbent assays (ELISA assays available at R&D Systems and 
Innotest hTau, Innogenetics). A stepwise multivariate discriminant analysis to all markers 
revealed that CSF tau and ,gp130 concentrations maximized separation between the 
investigated groups. The estimated posterior probabilities o f group membership given the 
determined discriminant score were calculated for each subject. In a further step, the 
stability of the discriminant function was tested using a jackknife procedure to obtain the 
posterior probability of group membership for each subject Initial and jackknifed 
probabilities of group classification were then compared to assess the validity of the 
discriminant function. We have found statistically significant increases of CSF tau-protein 
(p -  0.0001) and decreases o f the ,gpl3O (p = 0.007) in patients with mild to moderate
AD. Twenty-three of 25 individuals (92%) could be correctly predicted as having AD, and 
17 o f 19 cognitively healthy elderly controls (89%) were accurately distinguished by this 
test. In addition discriminant statistical analysis revealed that each subject could be 
predicted by an estimate for the true sensitivity and specificity rate o f 92.0 % and 84.2 % 
respectively. Supported by a grant of the Volkswagen Foundation.
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CORRELATION OF BEHAVIORAL EFFECTS WITH PET QUANTIFICATION OF 
ACHE INHIBITION IN RHESUS MONKEY BRAIN. M.J. Callahan*, R.D. Schwarz, 1P. 
Sherman, 1R.A. Koeppe, 1M.R. Kilbourn. 1K.A. Frey. Parke-Davis Pharmaceutical 
Research, Division of Warner-Lambert Co., Ann Arbor, MI 48105 and 1Division of Nuclear 
Medicine, The University of Michigan, Ann Arbor, MI 48109.

Acetylcholinesterase (AChE) enzyme activity is one of several markers of presynaptic 
cholinergic nerve terminals in the mammalian brain. Furthermore, AChE serves as a 
therapeutic target for inhibitors designed to enhance central cholinergic function in 
Alzheimer's disease. In this study, we demonstrate a correlation between the behaviorally 
active dose of AChE inhibitors (tacrine, E2020, physostigmine) and the level of AChE 
activity determined by positron emission tomography (PET) imaging. Test-experienced 
rhesus monkeys with established baseline behavioral performance on a microcomputer- 
controlled continuous performance task were studied. Monkeys were rewarded for 
responding to a randomly displayed target object on the screen of a touch-sensitive color 
television monitor. Scopolamine produced a dose-dependent impairment in sustained 
attention measured as a decrease in the number of responses. Treatment with tacrine, 
E2020, or physostigmine dose-dependently improved the performance of monkeys impaired 
by scopolamine. Cerebral AChE activity was measured by PET (TCC PC4600A 
tomograph) from the hydrolysis of a diffusible, lipophilic precursor to a polar alcohol that 
remains trapped at the site of metabolism by AChE. This involved tracer compartmental 
modeling of N-[11C]methylpiperidinyI (PMP) in the brain based on a chromatographically- 
corrected arterial blood input function. A method was developed and implemented for the 
estimate of PMP hydrolysis rate (an index of AChE activity) by shape analysis of cortical 
time-activity curves alone. Using this method, equivalent levels of AChE activity were 
observed in rhesus monkeys at the behaviorally active doses of tacrine and E2020. While, 
the shorter acting AchE inhibitor physostigmine produced slightly less activity at the 
behaviorally active dose tested. Supported by Warner-Lambert.
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MULTIPHOTON IMAGING OF ALZHEIMER’S DISEASE NEUROPATHOLOGY.
R.H. Christie, W. R. Zipfel, R.M. Williams, W.W. Webb, and B.T. Hvman*. 
Massachusetts General Hospital, Boston, MA 02129, and Cornell University, Ithaca, 
NY.

Multiphoton excitation is based on the simultaneous absorption of multiple 
photons, the sum of whose energies are sufficient to excite fluorescence in a target 
molecule. Three consequences of this approach result in a technique well suited to 
imaging biological systems. First, the technical achievement of simultaneous 
absorption requires the use of a high-power, pulsed laser, which is able to penetrate a 
significant distance into tissue. Second, the fact that the summation of several low- 
energy photons, rather than a single high-energy photon, is used to stimulate 
fluorescence translates into the use of light in the infrared range, as opposed to the 
ultraviolet range. This leads to significantly less damage to living tissues, and 
permits observation of UV-range fluorescence without destruction. Third, the physical 
volume in which multiphoton excitation occurs is sufficiently small that the detection 
system does not need to eliminate out-of-plane signal with a confocal aperture. Thus 
all emitted light may be collected as signal, further enhancing the ability to image 
deep within living tissues. We here report first steps towards identification of 
multiphoton approaches to AD neuropathology. First, we have developed a technique 
for multiphoton visualization of amyloid deposits with a diffusable amyloid-binding 
fluorophore, ThioS. We show that both plaques and tangles of AD brain are 
observable by simple diffusion of ThioS into unfixed post-mortem tissue. In 
addition, we have developed a method for visualization of tangles in AD brain, taking 
advantage of their previously unreported multiphoton autofluorescence. The 
application of these techniques to mouse models of AD pathology may lend insight 
into the kinetics of the processes underlying development of AD. Supported by NIH 
grant AG08487.
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MICROTUBULE-ASSOCIATED PROTEIN TAU AND AD7C-NEURAL THREAD 
PROTEIN ARE ELEVATED IN CEREBROSPINAL FLUID OF ALZHEIMER’S 
DISEASE PATIENTS: INFLUENCE OF GENETIC RISK FACTORS. P.J. Kahle,1*
G. Murp hy,2 J.A. Yesavage,2 J.R. Tinklenberg,2 and E.M. Shooter1. 1Dept. of 
Neurobiology, and 2Dept. of Psychiatry, Stanford Univ. School of Medicine, Stanford, 
CA 94305.

Neurofibrillary degeneration is a hallmark of Alzheimer’s disease (AD). 
Neurofibrillary tangles arise from abnormally hyperphosphorylated tau. It has been 
consistently found that the levels of tau in cerebrospinal fluid (CSF) are elevated in 
AD patients. CSF tau is believed to derive from dystrophic neurites when the axonal 
microtubule-associated protein tau is exposed to bulk CSF flow. More recently, 
AD7c-neural thread protein (NTP) has been proposed as an AD marker. AD7c-NTP is 
a novel, seven transmembrane-spanning protein, which appears to be involved in 
neuritic sprouting. Interestingly, a nearly reciprocal pattern of AD7c-NTP and tau 
immunoreactivity has been observed in neurofibrillary tangles and dystrophic neurites. 
Thus, AD7c-NTP may be expressed at early stages of neuronal degeneration, perhaps 
as part of a regenerative sprouting response. We have measured levels of tau and 
AD7c-NTP with specific enzyme-linked immunosorbent assays. Levels of tau and 
AD7c-NTP in lumbar CSF were significantly elevated in AD patients compared to 
controls. The cutoff value of O.4ng/ml tau could distinguish AD patients from 
controls with a sensitivity of 65% and a specificity of 90%, the cutoff value of 
l.7ng/ml AD7c-NTP gave a sensitivity of 85% and a specificity of 90%. Both 
parameters correlated with each other only in the AD cohort. Thus, CSF levels of tau 
and AD7c-NTP might rise because of a common neuropathological phenomenon 
during AD, probably neurofibrillary degeneration. There appeared to be a weak 
concordance of elevated CSF levels of tau and AD7c-NTP with increasing gene dose of 
the apolipoprotein E4, and the αl-antichymotrypsin T alleles, but not with the 
CYP2D6B mutation. This work was supported by the NIMH, the NINDS (NS04270), 
and the OASIS / William C. McGowan Charitable Trust.

Society for Neuroscience, Volume 24 ,1998



1220 DEGENERATIVE DISEASE: ALZHEIMER’S—OTHER: GENETICS, DIAGNOSIS AND CLINICAL TUESDAY AM

4 78 .11

NIGRAL DEGENERATION AND THE CLINICAL EXPRESSION OF 
ALZHEIMER’S DISEASE. D.A. Bennett*, J.A. Schneider, E.J. Cochran, J. 
Bach, L.A.Beckett, R.S.Wilson. Rush Alzheimer’s Disease Center, Chicago, IL 

We examined the relation of nigral degeneration to clinically diagnosed 
probable AD and level of cognitive function in 48 members of the Religious 
Orders Study, a longitudinal clinical-pathologic cohort study of more than 650 
nuns, priests and brothers. Evaluated an average of 6.4 months prior to death,
13 had clinically diagnosed AD (mean age 85.0, mean MMSE 17.5) and 35 did 
not have dementia (mean age 82.4, mean MMSE 27.2). Neuritic plaques (NP), 
diffuse plaques (DP), and neurofibrillary tangles (NFT) were counted per mm2 
on 5µ sections from the frontal, parietal, and temporal neocortex stained with 
modified Bielschowsky silver stain. Because of the skewed distributions, the 
square roots of the average counts were used in analyses. Semiquantitative 
estimates of neuronal loss and pigmentary incontinence on 5µ paraffin- 
embedded hemisections of the substantia nigra stained with hematoxylin and 
eosin were combined to create a composite nigral degeneration score (range 1- 
10, mean 2.7, s.d. 1.8). Multiple logistic regression models were used to 
examine the odds ratios (OR) for clinically diagnosed AD and linear regression 
was used to examine the associations with MMSE. The OR for AD was 2.88 
(p=.001) for each point on the composite nigral degeneration score. The nigral 
degeneration score was also related to MMSE (-1.43, p=.002). Controlling for 
age, sex, education, NP, DP and NFT did not alter these associations. These 
data suggest that among older persons with high levels of cognitive function, 
degeneration of the substantia nigra is associated with a substantial increase in 
the likelihood of having clinically diagnosed AD and is associated with lower 
cognitive performance. Supported by NIA AG10161 and the Heller Fund.

4 7 8 .1 3

INSULIN RESISTANCE AND HYPERINSULINEMIC MEMORY FACILITATION 
CHARACTERIZE AD PATIENTS WITHOUT AN APOE-ε4 ALLELE. S.Craft, S. 
Asthana, G. Schellenberg, M. Cherrier, L D . Baker, M. Raskind, E. Peskind,* S. 
Plvmate, S. Latendresse, A. Petrova, K. Scroggin. GRECC 182B, VAPSHCS, 1660 S. 
Columbian Way, Seattle, WA, 98108, scraft@u washington.edu

Patients with AD who are not homozygous for the apolipoprotcin E (ApoE) e4 
allele have higher plasma insulin levels and reduced CSF-to-plasma insulin ratios 
than do other patients with AD (Craft et al. 1998). We examined insulin mediated 
glucose disposal (IMGD) rates and hyperinsulinemic memory facilitation in 30 
patients with AD of differing ApoE genotypes: ε3/3 (n=6, mean age=71.7), ε3/4 
(n=18, mean age=71.4), ε4/4 (n=6, mean age=74.8). Genotype groups did not differ 
with respect to age, body mass index, fasting glucose levels, or Dementia Rating 
Scale scores. Fasting subjects received alternate forms of a story recall memory test 
during two metabolic conditions on separate mornings in counterbalanced order: 1. 
Hyperinsulinemia -euglycemia (plasma insulin levels of 60 microU/ml and plasma 
glucose levels of 90 mg/dl using an insulin infusion 

dose of 1.0 m U kg-1 min-1 and variable dextrose 
infusion); 2. Baseline plasma glucose and insulin 
(saline infusion). The ε3/3 group had belter story 
recall in the hyperinsulinemic condition than in the 
saline condition (Fig. 1, p<.01) and this effect was 
greater than for either the ε3/4 (p<.05) or ε4/4 (p<.05) 
group. The ε3/3 group also showed lower IMGD rates 
than the ε4/4 group(ε3/3 mcan=59cc/30 min, ε3/4 
mean = 71cc/30min, ε4/4 mean=118cc/30 min p<.05). These results suggest that a 
defect in insulin action may contribute to the pathophysiology of sporadic AD.
♦ Supported by ROl AG-10880, Alz. Assn. IIRG 95-1151, and the Department of Veteran Affairs.

4 7 8 .1 5

MRI-DETECTED HIPPOCAMPAL ATROPHY IN OLDER PATIENTS WITHOUT 
DEMENTIA AND IN THOSE WITH VERY MILD ALZHEIMER'S DISEASE. B. 
Dickerson,1* I. Goncharova,1 L. de Toledo-Morrell,1,2 MP S u ll iv a n 1 , R.S. Wilson,1,2 
and DA Bennett1,2. 1 Department of Neurological Sciences 2and the Rush 
Alzheimer’s Disease Center, Rush Medical College, Chicago IL 60612

Quantitative structural imaging techniques have clearly demonstrated that atrophy 
of the hippocampal formation (HF) is present in patients with very mild Alzheimer’s 
disease (AD). However, information on HF atrophy in non-demented elderly 
subjects, who present at the clinic for evaluation of possible cognitive dysfunction, 
is limited. In the present study, we examined HF volume in three groups of subjects: 
1) healthy elderly controls (N=3O), 2) patients with ve ry  mild AD (MMSE≥25, N=16), 
and 3) patients who were evaluated at the clinic for cognitive complaints, but who 
did not meet criteria for dementia (non-demented patients, N=28). An interactive 3- 
D reconstruction program was used to compute HF volume from gapless, 5mm 
coronal slices taken perpendicular to the long axis of the hippocampus. HF volume 
was normalized by dividing with total intracranial volume computed from gapless 
sagittal slices. Group differences in HF volume were evaluated with a two-way 
repeated measures ANOVA with groups and hemispheres (left and right HF) as the 
two factors. There was a significant group (p<0.00001) and hemisphere (p<0.03) 
effect, but no significant interaction between them. Bonferroni-corrected t-tests 
revealed that each of the AD and non-demented patient groups differed significantly 
from the controls (p<0.05, at least); in addition, the two patient groups were 
significantly different from each other (p<0.05). The hemisphere effect was due to 
the left HF volume being slightly smaller than the right in all three groups. These 
results suggest that degeneration of the hippocampal formation occurs not only in 
patients with very mild AD, but also in those who do not meet the clinical criteria for
AD. Whether these non-demented patients are in the earliest stages of AD will only 
be revealed through follow-up evaluations.

Supported by NIA grants PO AG9466 & P30 AG10161.

4 7 8 .1 2

ABNORMAL PHASE COHERENCE OF CIRCADIAN RHYTHMS IN A 
SUB-POPULATION OF PATIENTS WITH ALZHEIMER’S DISEASE.
D. _G._Harper1,3*, B. Manning, R. Goldstein3 and L. V olicer2,3.
1 Dept. of Psychology, Tufts University; 2E.N. Rogers Memorial 
Veterans Hospital, GRECC; 3McLean Hospital, Belmont, MA 
02178.

Circadian rhythms of temperature, heart rate and activity 
normally follow a cohesive path of day-night alteration. The 
acrophase of heart rate generally takes place a short time 
(15-75 minutes) before the peak in temperature while the 
activity acrophase occurs substantially earlier. We have 
identifi ed a sub-group of patients with Alzheimer’s Disease 
where this normal, orderly progression of activity, heart 
rate and temperature peaks does not take place. We 
currently have collected temperature and activity data on 12 
male veterans hospitalized for late-stage probable 
Alzheimer’s Disease with additional heart rate data collected 
on six of these patients. All subjects were studied during a 
modified constant routine. Activity levels were too low for 
meaningful circadian analysis in four of these patients.
Three patients had heart rate or activity acrophase later 
than temperature acrophase. These changes are not 
associated with a loss of activity but are associated with a 
decrease in amplitude of the circadian rhythm of heart rate, 
temperature and/or activity which may indicate a 
weakening of central pacemaker function.
Supported by USPHS AG09301, AG 13846, and by the 
Department of Veterans Affairs.

4 7 8 .1 4

GLUCOCORTICOID HORMONE: BRAIN SENILITY AND DEMENTIAS
L. Angelucci*
Università di Roma "La Sapienza", Istituto di Farmacologia 
Medica, P.le Aldo Moro 5, 00185 Rome, Italy.

The "glucocorticoid hormone (Gh) cascade hypothesis" 
assumption that hyperactivity and stress-hypersensitivity 
of the HPA axis, due to the progressive loss of the 
negative feedback control, is cause and consequence of 
brain (hippocampus, Hipp) aging, as well a contributory 
pathogenetic factor in functional and organic brain 
disorders, needs conceptual revisiting. A perusal of the 
studies on the function of the Hipp/HPA axis system in 
senile or Alzheimerian humans shows that the occurrence 
of age- or pathology-dependent integrated active changes 
might constitute an adaptive physiological ingenuity, 
enabling to cope with inflammation, autoimmunity, 
malignancy, as well cognitive-emotional impairment and 
low spirits of the initial stages of the two conditions. 
The increase in brain interleukin could be contrasted 
reinforcing Gh action with physiological doses of cortisol 
instead of a semisynthetic derivative which behaves as 
a poor central antiinflammatory but as a potentially strong 
deranger of Hipp Gh receptors.
(Supported by grants from: CNR, CITFI, Sigma-Tau Progetti 
Invecchiamento and 1994-95 MURST Funds).

4 7 8 .1 6

IN  VIVO  DETECTION OF ENTORHINAL CORTEX ATROPHY IN OLDER 
PATIENTS WITHOUT DEMENTIA AND IN THOSE WITH MILD ALZHEIMER’S 
DISEASE. LGoncharova1*, B. Dickerson1, L. deToledo-Morrell1,2, R.S. Wilson1,2 
and D A  Bennett1,2. 1Department of Neurological Sciences and 2Rush Alzheimer’s 
Disease Center, Rush Medical College, Chicago IL 60612

Pathological studies have demonstrated significant neuronal loss in the entorhinal 
cortex (EC) of patients who die in the early stages of Alzheimer’s disease (AD). 
While atrophy of the hippocampal formation has been well-documented in  vivo  in 
early AD using quantitative volumetric magnetic resonance imaging (MRI) 
techniques, the EC is only beginning to be investigated with such methods. In the 
present study, we examined EC volume in three groups of subjects: 1) healthy 
elderly controls (N=3O), 2) patients with ve ry  mild AD (MMSE≥25, N=16), and 3) 
patients who came to the clinic for evaluation, but vyho did not meet criteria for 
dementia (non-demented patients, N=28). An interactive 3-D reconstruction 
program was used to compute EC volume from gapless, 5mm coronal slices taken 
perpendicular to the long axis of the hippocampus. The protocol for outlining the 
EC was developed from published morphological and cytoarchitectonic atlases. EC 
volume was normalized by dividing with total intracranial volume computed from 
gapless sagittal images. Group differences in EC volume were assessed with a 
two-way repeated measures ANOVA with groups and hemispheres (left and right 
EC) as the two factors. There was a significant group (p<0.00001) and hemisphere 
(p<0.001) effect, but no significant interaction between them. Bonferroni-corrected 
t-tests showed that the AD (p<0.01) and non-demented patients (p<0.01) differed 
significantly from controls, while the two patient groups did not differ from each 
other. In all three groups, the left EC was smaller than the right. These In vivo  
results confirm the pathological evidence that the EC degenerates in the very early 
stages of AD, and suggest that volumetric measures of the EC may be useful in 
differentiating patients at points before they receive a clinical diagnosis of AD.

Supported by NIA grants PO AG9466 & P30 AG10161.
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478.17
A D O L E S C E N T S  W IT H  D O W N ’S S Y N D R O M E  
D E M O N S T R A T E  L O N G  L A T E N C IE S  IN  T H E  O L F A C T O R Y  
E V E N T -R E L A T E D  P O T E N T IA L  (O E R P ). S. W e tte r1, M .
S lig e r1, R . N i j ia r1, M . W . G e is le r1,2 a n d  C . M u rp h y 1,2*. 1S a n  
D ieg o  S ta te  U n iv e rs ity ; 636 3  A lv a ra d o  C t., # 1 0 1 , S a n  D ieg o , C A  
9 2 1 2 0 .2U C  S an  D ie g o  M e d ic a l S ch o o l, S an  D ie g o , C A .

A d u lts  w ith  D o w n ’s S y n d ro m e  (D S ) d e m o n s tra te  lo n g e r  
la tenc ies in  o lfac to ry  e v en t-re la ted  p o ten tia l (O E R P ) c o m p o n e n ts  
th an  n o rm a l c o n tro ls  (W e tte r , N ijja r , G e is le r , an d  M u rp h y , 1996). 
T h is  p h e n o m e n a  ap p ears  to  re flec t o lfac to ry  in fo rm a tio n  
p ro cess in g  d e fic its  th at m ay  b e  re la ted  to  the  o n se t o f  A lz h e im e r’s- 
lik e  n e u ro p a th o lo g ic a l c h a n g es  in  th is  p o p u la tio n . T h e  p u rp o se  o f  
the  p resen t stu d y  is to  d e te rm in e  if  e le c tro p h y s io lo g y  can  d e tec t 
o lfa c to ry  d e fic its  in  a d o le sc e n ts  w ith  D S . O E R P s  w e re  rec o rd e d  
m o n o p o la rly  at the  Fz, C z , an d  P z  e le c tro d e  s ite s  fro m  ten  
a d o le scen ts  w ith  D S  (m ean  ag e  17), a g e -m a tc h e d  n o rm a l co n tro ls, 
an d  age- an d  IQ -m atch ed  c o n tro ls  w ith  o th e r ty p es  o f  co g n itiv e  
im p a irm e n t. O d o r  th re sh o ld s  w ere  a sse sse d  in  a ll g ro u p s. R esu lts  
in d ica ted  th a t la ten c ies  w ere  sig n ifican tly  lo n g e r  fo r th e  D S  g ro u p  
th an  n o rm a l c o n tro ls  fo r  sen so ry  an d  c o g n itiv e  c o m p o n e n ts  o f  the  
O E R P . T h e  D S  g ro u p  ten d e d  to  sh o w  lo w e r  th re sh o ld  se n sitiv ity  
th an  n o rm a l co n tro ls , b u t th is  e ffe c t w as  n o t s ig n if ic a n t. T h u s , the  
sig n ifican t d iffe ren ces  d e tec ted  by  the  O E R P  in d ica te  th a t th is  
m easu re  is a  s en sitiv e  d e te c to r  o f  o lfac to ry  in fo rm a tio n  p ro ce ss in g  
d e fic its  in  th is  p o p u la tio n .
S u p p o rte d  by  N IH  g ran t # D C  0 2 0 6 4 .

PARKINSON’S DISEASE: IMAGING, TRANSPLANTS AND GENE THERAPY

479.1
123I b-CIT INDEX OF THE NIGRO-STRIATAL DOPAMINERGIC 
DEPLETION IN PARKINSON’S DISEASE: RELATIONSHIP 
WITH THE ATTENTIONAL DEFICITS . J .P . S o u cy 1*, M .A . 
B éd a rd 2, N . D u sc h e sn e 2, H. M a sso n 2. 1D pt. o f  n u c le a r m ed ic in e  an d  2D p t 
o f  N e u ro lo g y , C H U M -P a v illo n  N o tre -D am e , M o n tréa l, Q c, C an ad a .

In  P a rk in so n ’s D isease  (P D ), les io n s  o f  th e  n ig ro stria ta l d o p a m in e rg ic  
system  a re  k n o w n  to  be  re la ted  to  th e  a k in e tic -rig id  sy n d ro m e , b u t th e  
c o g n itiv e  d y sex ecu tiv e  sy n d ro m e  rem a in s  m o re  d iff ic u lt  to  ex p la in  g iv en  
its  lack  o f  resp o n se  to  d o p a m in e rg ic  trea tm en t. H o w ev er, recen t s tu d ie s  
su g g est th a t in  PD , d o p a m in e  m ay  fac ilita te  th e  a b ility  to  s im u lta n e o u s ly  
p ro cess  m u ltip le  s tim u li, su ch  as  in  w o rk in g  m em o ry  task s  o r  in  v isu o - 
au d ito ry  c o n cu rren t tasks.

T h e  a im  o f  th e  p resen t stu d y  w as  to  assess  th e  re la tio n sh ip  b e tw een  
c o n cu rren t c o g n itiv e  p ro ce ss in g  an d  th e  d o p a m in e rg ic  n ig ro s tria ta l 
d e n e rv a tio n  o f  th e  s tr ia tu m  in  P D . N in e  tre a te d  n o n -d em e n te d  
p a rk in so n ia n  p a tie n ts  an d  e ig h t co n tro l su b jec ts  w ere  se lec ted  fo r th e  study . 
A tten tio n  an d  c o n c u rre n t p ro ce ss in g  w ere  a sse sse d  w ith  co m p u te d  rea c tio n  
tim e  task s , w h ile  n ig ro stria ta l d e n e rv a tio n  w a s  a sse sse d  by  th e  d o p a m in e  
tra n sp o rte r  lig an d  123I b -C IT  w ith  S P E C T , u s in g  an  a sse ssm e n t o f  to ta l 
n eo stria ta l b ind ing . A s e x p ected , p e rfo rm an ces  in  th e  b asic  rea c tio n  tim e  
task s  w ere  lo w e r in  P D  th an  in  co n tro ls  (p <  .05). H o w ev er, the  sp ec if ic  
c o n cu rren t p ro ce ss in g  tim e  an d  se lec tiv e  a tten tio n a l tim e  w ere  n o t d iffe ren t 
b e tw e en  g ro u p s. N o n  p a ram e tric  c o rre la tio n s  in  P D  w ere  s ig n ifican t 
b e tw e en  co n c u rre n t p ro ce ss in g  tim e  an d  123I b -C IT  b in d in g  ra tio  ( rh o =  -1, 
p< .0 1 ). D o p am in e rg ic  n ig ro stria ta l d e g en era tio n  in  P D  th ere fo re  se em s to  
be  im p lica ted  in  th e  d e fic its  o f  c o n c u rre n t p ro cessin g . A s  a lread y  sh o w n  by  
o th ers , d o p a m in e  tre a tm e n t seem s to  n o rm a liz e  p e rfo rm a n c e s  in  su ch  
task s . (Supported in part by the “Fonds de la Recherche en Santé du Québec” (FRSQ)).

479.2
LO N G -TE R M  IN VIVO PET /M R S N E U R O D E G EN ER A TIO N  
STU DIES O F A PR IM A T E  PA R K IN S O N ’S DISEA SE M O D EL.
A.-L. Brownell1,2, B.G. Jenkins1, D .R.Elmaleh1, T .W. Deacon2, Q . Isacson2* 
1Department of Radiology, Massachusetts General Hospital, Boston, MA 02114, 
2Neuroregeneration Laboratory, McLean Hospital, Harvard Medical School, Belmont, 
MA 02178

Parkinson’s disease (PD) signs were induced in Cynomolgus monkeys using long
term low-dose MPTP injections (over 14 +/- 5 months) until a full PD syndrome 
appeared. Serial PET studies were carried out using (C-11) CFT as a ligand for pre- 
synaptic dopamine reuptake sites (DARS). Proton MRS studies of striatal 
neurochemicals: choline (Cho), creatine (Cr), N-acetylaspartate (NAA) and lactate 
were also performed. The binding potential of (C-11) CFT on DARS gradually 
declined after MPTP-administration, faster in putamen than in caudate, and were 
reduced to 12 +/- 2% of the corresponding control value in normal putamen by 5-8 
months after termination of MPTP and remained at those levels until the end of 2 
years follow up period. DARS in caudate were reduced to 21 +/- 9% 5-8 months after 
MPTP and remained reduced to 18 +/- 4% 2 years post MPTP, indicating that 
functional degeneration of dopamine terminals with sites for dopamine transporter was 
not spontaneously reversible. Parallel MRS studies showed an elevation of lactate and 
choline peaks. Ten months post MPTP the observed striatal elevation in the lactate 
peak was considerable, yet at 2 years post MPTP the values returned to control levels. 
The Cho/Cr ratio in control animals was 0.83 +/- .06 while it was 1.30 +/- .15 in the 
time period of 8-10 months after MPTP. NAA/Cr ratio was stable in control studies 
(2.38 +/- .11). This ratio decreased slightly in MPTP-treated monkeys being 2.09 +/- 
.29 in the striatum 8-10 months after MPTP. Two years after MPTP the observed 
increase of choline was 38 +/- 4% of the control value, and the corresponding decrease 
of NAA was 26 +/- 4% indicating irreversible changes.

These combined PET/MRS studies in a PD model demonstrate that imaging of 
specific receptor sites associated with PD, as well as changes in neurochemicals, can 
be used as a sensitive indicator for progression of neurodegeneration.
(Supported by NINDS and Massachusetts General Hospital.)

479.3
RELATIONSHIPS BETWEEN [18F]-FLUORODOPA UPTAKE IN THE 
CAUDATE NUCLEUS AND COGNITIVE FUNCTION IN ADVANCED 
PARKINSON’S DISEASE. P . Remy*, P.L. Jackson, A . Leroy, M J. Ribeiro, C. 
Dupel-Pottier, J.P. Neuven, M. Peschanski, Y. Samson, P. Cesaro, CEA, SHFJ, 
Orsay and Dep. de Neurosciences, Créteil, France. Univ. Laval, Québec, Canada. 
Cognitive decline in Parkinson’s disease (PD) mainly occurs in advanced or oldest 
patients and includes memory loss, and impairment of executive and visuospatial 
functions. However, the role of the striatal dopaminergic denervation in these 
cognitive deficits has been debated. Here, we studied 14 patients, aged 56.5 ± 7.4 
years, having an advanced PD (H&Y stage in ‘off ' = IV-V) and enrolled in a 
neuronal graft program (Peschanski, 1994). These patients were examined using a 
battery of tests including the assessment of memory, language, visuospatial, frontal, 
attentional and global cognitive functions. In addition, all patients had a PET-scan 
with [18F]-Fluorodopa to measure the dopaminergic function in the striatum (Remy,
1995). A tracer uptake constant (Ki) was calculated in the caudate and putamen 
nuclei, using occipital as input function. M ean left and right Ki values for the 
putamen and caudate were correlated to the results of cognitive battery using the 
Spearman rank correlation test. No correlation was found between putaminal Ki and 
cognitive results suggesting that the dopaminergic denervation of the putamen plays 
a minor role In  cognitive functions of PD patients. The mean caudate Ki was only 
correlated with the interference score of the Stroop test (p = 0.57,  p<  0.05) and with 
the categorical (p  = 0.69, p  < 0.02) but not the literal ip  = 0.33) fluency. Our results 
suggest that the Stroop test and categorical fluency best reflect the dopaminergic 
loss in the caudate nucleus of advanced PD. These tests might be useful to follow PD 
patients included in longitudinal trials assessing neuroprotective drugs or 
neurosurgical treatment. Supported by the Ministère de la Recherche et de la 
Technologie and INSERM (France) and the Ministère des Affaires Internationales 
de Quebec (Canada).

479.4
MORE TREMULOUS, MORE ACTIVE? ; 1H-MRS FINDING OF BASAL 
GANGLIA IN PATIENTS WITH PARKISNSON'S DISEASE.
K. Isonishi1, T.Kashiwaba1, S. Kawaguti1, I. Torii2 and  
F.Moriwaka3*. 1Dep. of Neurology, Kashiwaba Neurosurgery 
Hosp., Sapporo, Japan; 2Dep. of Neurology, Kitasato Univ. Sch. 
of Med., Sagam ihara, Japan; 3Dep. of Neurology, Hokkaido Univ. 
Sch. of Med., Sapporo, Japan.

The p u rpose  of th is s tu d y  is to  clarify  the  corela tion  betw een 
1H-MRS fin d in g  o f b asa l g ang lia  an d  clin ical m a n ife s ta tio n  in 
p a tien ts  w ith Parkinson 's disease(PD). 53 cases of PD(31 women 
a n d  22 m en , 6 4 .6  y /o  m ean  age) w ere  a n a ly se d . T he m ean  
d u ra tio n  from  onset of the  illness was 5.5 years  an d  all pa tien ts  
w ere  in th e  s tage o f Y ahr 2-3. Tl-MRS was p e rfo rm ed  at 1.5T, 
u sing  p o it reso lv ed  sp ec tro sco p y  w ith  chem ica l sh ift selective  
pulses. A sp ec tru m  was collected  from  8 cm 3( 2 × 2 × 2 cm) voxel 
in  th e  g lobus p a llid u s  an d  tha lam us. Peaks w ere assigned  to  N- 
a c e ty l- a s p a ra ta te ( N A A )  a n d  c r e a t in e ( C r )  a c c o rd in g  to  
chem ical shift. Spectra  w ere qu an tified  by  th e  m easu rem en t of 
p e a k  a re a s  a n d  c a lc u la t io n  o f  m e ta b o l i te  r a t io s .T he  m ean  
NAA/Cr ra tio  was 2 .09  in  r ig h t b asa l g an g lia  an d  2.18  in  le ft 
side. T he NAA/Cr ra tio  o b ta in e d  from  th e  m ore  a ffec ted  side  
evaluated  clinically  was 2.16 an d  2.10 in th e  con tra la teral side. 
In cases(33 pa tien ts) w ith rig id ity  the  ra tio s were 2.04 and  2.19, 
re sp ec tiv e ly . In 19 tre m o r  p re s e n tin g  p a tie n ts , th e  ra tio  was 
2 .34  in  m ore affected  side and  2.00 in less affected  side. These 
r e s u lts  in d ic a te  th a t  th e  N AA/Cr ra t io  show s th e  c o re la tio n  
b e tw e e n  m e ta b o l ic  c h a n g e  o f  b a s a l  g a n g l ia  a n d  c l in ic a l  
m a n ife s ta tio n s  in  p a tie n ts  w ith  PD. T h ere fo re , it is co n clu d ed  
th a t  q u a n t i t iv e  e v a lu a tio n  u s in g  1H-MRS is p o s s ib le  in  PD.
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479.5
FUNCTIONAL MRI CAN DETECT DOPAMINE RECEPTOR HYPERSENSITIV
ITY IN RATS IN VIVO. C. Spenger1,2*, N. Vidal1, H.H. Ehrsson2, L. Biörklund1, L. 
Olson1, and I. Strömberg1. Depts. of 1Neuroscience and 2MR-Center, Karolinska Insti
tute, S -171 77 Stockholm, Sweden.

Systemic administration of apomorphine is useful to characterize circulatory and 
metabolic responses to stimulation of central dopamine receptors. To investigate the 
possibility of monitoring unilateral dopamine receptor hypersensitivity in vivo a func
tional magnetic resonance imaging (fMRI) technique has been employed.

Six female rats received a unilateral lesion of the nigrostriatal pathway and the com
pleteness of the lesion was confirmed by rotational tests. Five unlesioned rats served as 
controls. Four months after the lesion the rats were investigated using a 4.7-T Bruker 
spectrometer (RARE sequence, TR=2632 ms, TE=21 ms, 124 time-sequential axial 
images, 1-mm slice thickness). Anesthesia was performed with halothane and the body 
temperature controlled. Apomorphine (0.05 mg/kg s.c.) was injected after the 62nd im
age. MR images were compared by calculating MRI signal differences pre- and post
injection for each animal (difference image, FUN, Bruker) and the number of voxels 
that showed a significant reduction in signal intensity (p<0.001) following apomorphin 
injection was calculated for the right and left striatum (SPM96). Difference images re
vealed a well-recognizable side difference in the striatum of five and a vague differ
ence of one lesioned animal. Conversely in unlesioned controls no consistent side dif
ference could be seen. Moreover, there was a significant difference (p<0.05) in the 
number of voxels with a significant reduction in signal intensity in the left (non- 
lesioned) 88 ± 36 as compared to the right 58 ± 26 (SEM) striatum. This provides evi
dence for an active regulation of regional cerebral blood flow by the activation of 
hypersensitive dopamine receptors after systemic apomorphine administration and 
shows the feasibility of monitoring receptor activation using functional magnetic reso
nance techniques in rats in vivo. (Supported by AFA, AMF and the Swedish MRC.)

479.7
DIAGNOSTIC ASSESSMENT AND NEUROPATHOLOGICAL CORRELATES 
OF CEREBRAL METABOLIC CHANGES IN DEMENTIA WITH LEWY 
BODIES: PET AND POSTMORTEM BRAIN STUDIES. H. Arai4*, M Higuchi4, M. 

Tashiro1, N. Okamura4, T. Matsui4, S. Higuchi2, M. Itoh1, H. Sasaki4 and J.Q. 
Trojanowski3. 1Cyclotron and Radioisotope Center, Tohoku University, 2Kurihama 
National Hospital, Japan, 3University of Pennsylvania, USA and 4Department of Geriatric 
Medicine, Tohoku University School of Medicine, Sendai, Miyagi 980-8574, Japan

The aims of this study are; 1) to assess diagnostic approaches to differentiate 
Alzheimer’s disease (AD) and dementia with Lewy bodies (DLB) in living humans 
using measurement of cerebral glucose metabolism by positron emission tomography 
(PET), determination of cerebrospinal fluid tau protein (CSF-tau) levels, and 
apolipoprotein E (APOE) genotyping; 2) to elucidate neuropathological correlates of 
alteration in cerebral glucose metabolism observed in PET analysis for DLB patients. 
PET measurement with [l8F]fluorodeoxyglucose (FDG) was performed in patients with 
probable AD (n = 11) and probable DLB (n = 7) matched for age and dementia severity, 
and age-matched normal subjects (n = 10). The DLB patients exhibited extensive 
metabolic reduction in cerebral and cerebellar cortices, compared with the AD patients, 
and the difference in the glucose metabolism between DLB and AD was most 
prominent in the occipital cortex. On the other hand, CSF-tau levels and APOE ε4 
allele frequency showed no significant differences between DLB and AD, indicating 
that the measurement of cerebral glucose metabolism is exclusively useful for a 
differential diagnosis between DLB and AD. Furthermore, another series of 
postmortem brain samples from AD and DLB was examined, and possible 
neuropathological correlates will be discussed.

479.9
DOES REDUCED BDNF EXPRESSION CONTRIBUTE TO 
DEVELOPMENT OF PARKINSON’S DISEASE? D.W. Howells*,
M.J. Porritt, P.E Batchelor, R Kalnins, A.J Hughes, J.Y.F. Wong and
G.A. Dorman. Departments o f Medicine and Neurology, University of 
Melbourne, Austin and Repatriation Medical Centre, Vic 3084, Australia.

Despite the great interest in Brain Derived Neurotrophic Factor (BDNF) as a 
neurotrophin for dopaminergic neurones, all that is known about its 
distribution in the human brain, is that BDNF transcripts similar to those seen 
in the rodent can be detected and that their expression is lower in the globus 
pallidus than in the cerebellum. We have used in situ hybridisation to examine 
the expression o f BDNF in the substantia nigra o f post-mortem tissue from 
patients with Idiopathic Parkinson’s Disease (IPD) and in age matched 
controls. In controls (n=4), dry film autoradiography demonstrates that BDNF 
is strongly expressed in the substantia nigra while in patients with IPD (n=8) 
very little signal is detected. Using emulsion dipped autoradiography it is clear 
that in controls the nigral cells producing BDNF are pigmented dopaminergic 
neurones. In the IPD patients the number o f these pigmented neurones is 
greatly reduced but this does not appear to be the sole cause o f reduced BDNF 
in situ hybridisation, since those pigmented cells that are present appear to 
express relatively little BDNF. This suggests that reduced BDNF expression in 
IPD is due not only to loss o f  dopaminergic neurons but possibly also due to 
reduced expression by the surviving cells. This raises the possibility that 
BDNF plays a direct role in the aetiology o f Parkinson’s Disease. (Supported 
by the Bethlehem Griffiths Research Foundation and Parkinson’s Victoria)

479.6
A PET STUDY OF WILLED ACTION IN PARKINSON’S DISEASE (PD)
G. Dirnberger, M. Jahanshahi*, and C .D. Frith Departments of Clinical & Cognitive 
Neurology, Institute of Neurology, Queen Square, London, WC1 3BG UK

We (Jahanshahi et al., Brain, 118, 913-933, 1995) found underactivation of SMA, 
anterior cingulate, dorsolateral prefrontal cortex (DLPFC) and the putamen in PD 
during self-initiated movements relative to rest. The aim of this study was to examine 
frontal activation in PD with a cognitive task, random number generation (RNG). 
RNG requires internal response generation, suppression of habitual counting and 
monitoring, i.e. willed action. RNG becomes more difficult and non-random (more 
counting) at faster rates and is associated with decreased rCBF in left & right DLPFC 
in young normals (Jahanshahi et al J Cereb. Blood Flow Metab., 17, 643, 1997).

Six non-demented, non-depressed PD patients (mean age: 60.2, SD: 12.1 yrs) off 
medication and 6 age-matched normals performed two tasks: RNG or counting 
(COUNT) from 1 to 9. Each task was performed at 3 rates (one response every 1, 2, 
or 3 s), paced by tones. Order was counterbalanced. rCBF measurements were with a 
Siemens CPS ECAT EXACT HR PET scanner using intravenous injection of l50  
labelled water. The images were realigned, transformed into standard stereotactic 
space, smoothed (Gaussian filter), corrected for global flow, and analysed with SPM.

For the elderly normals, relative to COUNT, RNG showed rCBF increase in left 
DLPFC (BA 9,46), precuneus & superior parietal cortex bilaterally, SMA bilaterally, 
right lateral premotor cortex (PMC). PD patients did not show activation of SMA and 
lateral PMC. Increased habitual counting with faster rates of RNG was differentially 
greater for the patients. Normals but not PD showed a decrease in rCBF in frontal 
cortex with faster rates and a negative covariation of rCBF in frontal cortex with 
habitual counting during RNG.

Failure to activate medial frontal areas and to modulate frontal activation with task 
demands (eg faster rates) may mediate executive and willed action deficits in 
Parkinson’s disease. (Funded by the Wellcome Trust).

479.8
ALTERED THALAMIC RESPONSE TO LEVODOPA IN PARKINSON’S 
PATIENTS WITH DOPA-INDUCED DYSKINESIAS. T. Hershey*, K.J. Black, M.S. 
Stambuk, J. Carl, L.A. McGee-Minnich and J.S. Perlmutter. Depts of Radiology, 
Psychiatry, and Neurology, Washington Univ. School of Medicine., St. Louis, MO 

Levodopa is a common treatment for the dopaminergic deficit in Parkinson’s 
disease (PD). Initially, levodopa improves the clinical manifestations of PD; however, 
severe dopa-induced involuntary movements can develop, limiting treatment. This study 
was designed to investigate the alterations in the brain’s response to levodopa 
associated with the propensity to develop these dopa-induced involuntary movements, 
called dyskinesias (DID). We measured regional cerebral blood flow with positron 
emission tomography (PET) and H215O before and after a single relatively low dose of 
levodopa in 11 normals, 17 dopa-naïve PD patients, 10 chronically-treated PD patients 
without DID, and 6 PD patients with DID. All groups had equivalent plasma levodopa. 
Although patients had some clinical benefit with this modest dose, only one subject had 
DID in the scanner and was excluded from analysis. All groups had increased flow in 
the putamen, midbrain, amygdala and hippocampus. However, the DID group had a 
significantly greater response in the thalamus (14%) compared to other groups (≤ 5%; 
p< .03). We also found that DID patients had decreases in flow in motor cortex in 
response to levodopa, suggesting excessive inhibitory input to thalamus and reduction 
of its output to ipsilateral motor cortex. We hypothesize that DID are mediated by 
increased inhibition of the thalamus in response to levodopa, possibly via the internal 
segment of the globus pallidus (GPi), a major source of input to thalamus. Our data are 
in opposition to the commonly accepted view that DID are mediated by decreased 
inhibitory input to thalamus. However, that common view cannot explain the clinical 
finding that a surgical lesion in the GPi (pallidotomy), consistently reduces DID.Our 
findings suggest that pallidotomy ameliorates DID by reduction of inhibitory input from 
GPi to thalamus.

Support: NIH grants NS-32318, NS01898 & NS-31001, NIMH grant MH-17104, the 
Charles A. Dana Foundation, the American Parkinson’s Disease Association, 
NARSAD, and the McDonnell Center for Higher Brain Function.

479.10
EX VIVO  G D N F GEN E TR ANSFER U SIN G  M A R RO W  CELLS IN  
RODENT MODELS OF DOPAM INERGIC NEURODEGENERATION. M.A. 
Eglitis, K .-W. P ark , T.R. W alters* an d  M .M . M o u ra d ia n . E x p e rim en ta l 
T herapeu tics Branch, NIN DS, N IH , B ethesda, M D  20892.

In the a d u lt b rain , som e astrocytes an d  m icroglia arise from  progen ito rs of 
b o n e  m arro w  orig in . T hese m arro w -d e riv e d  g lia l cells a re  capab le  of 
p artic ip a tin g  in lesion-associated  gliosis. Since these glial p ro g en ito rs  can 
be tran sd u ced  w ith  re tro v ira l vectors ex vivo, w e in v estig a ted  the ab ility  
of genetically  en g in ee red  m arro w  cells to  d e liv er g lia l cell lin e-d eriv ed  
n euro troph ic  factor (GDNF) to regions of n euro tox in -induced  degeneration . 
Tw o m odels  of d o p am in e rg ic  n eu ro n a l d eg en era tio n  w ere  ev a lu a ted : 6- 
hy d ro x y d o p am in e  (6-OHDA) injection in to  the m ed ial forebrain  b u n d le  of 
ra ts  an d  system ic ad m in istra tio n  of 1-m ethyl-4-phenyl- 
1 ,2 ,3 ,6 -te trah y d ro p y rid in e  (M PTP) in  m ice. Six to  e ig h t w eeks p r io r  to 
trea tm en t w ith  n euro tox in , an im als w ere tra n sp la n te d  w ith  to ta l m arro w  
cells th a t h a d  been  tran sd u ced  w ith  a re tro v ira l vector carry ing  the cDNA 
fo r ra t  G D N F. A n im als  w e re  e v a lu a te d  b o th  b e h a v io ra lly  a n d  by  
histo logical analysis  of the  brain . Behavioral baselines w ere ob tained  p re- 
lesioning, then  a t several tim e p o in ts fo llow ing lesioning. Presence of donor 
cells  w as d e te c te d  b y  in  s itu  h y b r id iz a t io n  h is to c h e m is try . U sin g  
im m u n o h is to ch e m is try , w e  d e te rm in e d  the  ex te n t to  w h ich  ty ro sin e  
hydro x y lase-p o sitiv e  cells w ere p rese rv ed  in  an im als lesioned  fo llow ing 
tran sp lan t w ith  G D N F -transduced  m arrow . W e also looked for changes in 
the gliosis us in g  an tib o d y  to  glial fib rillary  acidic p ro te in , as w ell as for 
th e  p resen ce  of d e liv e re d  G D NF. D e ta iled  an a ly sis  of th ese  an im als  
sh o u ld  show  if tran sp lan ta tio n  of genetically  en g ineered  m arro w  cells has 
th erap eu tic  po ten tia l for the trea tm en t of n eu ro d eg en erativ e  disease.

S ociety for N euroscience, V olume 24 ,1998
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479.11
REGULATABLE REVERSAL OF AKINESIA BY GENETICALLY 
MODIFIED FIBROBLASTS IN A PARKINSONIAN RAT MODEL. U.J. 
Kang1, H. Raymon2*, S. Thode2, F.H. Gage2, J.W. Chang1 1Dept. of Neurology, 
Univ. of Chicago, Chicago, IL 60637; 2Lab. of Genetics, Salk Institute, San Diego, 
CA 92186

We have previously demonstrated that double transduction of tyrosine 
hydroxylase (TH) and GTP cyclohydrolase 1 (GCH1) is necessary and sufficient for 
biochemical restoration in dopamine-depleted striatum of rat model of parkinsonism 
(Bencsics et al., 1996). We extended our studies with doubly transduced cells to show 
restoration of non-drug-induced spontaneous behavior in parkinsonian rats using forepaw 
adjusting step tests as described by Olsson et al. (1995) and modified by Chang et al. (in 
press). We utilized regulatable promoter that has been successfully used to achieve 
control of transgene expression (Raymon et al., 1997). Primary fibroblast cells were 
modified by retroviral vector, LINX that contain tetracycline-responsive promoter 
driving the expression of TH and a conventional vector, ΔgHCGC to express GCH1. 
Partial lesions in the ventrolateral striatum were made with 6-OHDA (7.5 µg). One 
group of animals received 684,000 cells expressing both TH and GCH (PFtetTHGC). 
A second group of animals received cells expressing only TH. Both Animals with 
unmodified fibroblast grafts and those without any grafts were used as controls. 
Forehand adjusting steps were tested before lesion, after lesion (but before grafting), at 
postgraft day 3, and postgraft day 7. Partial striatal lesions reduced adjusting steps from 
about 13 to 5 - 6 per test cycle. Only animals grafted with PFtetTHGC showed 
improvement of adjusting steps to 10.8±0.6 at postgraft day 3 (n=17). Nine of 
PFtetTHGC grafted animals were treated with tetracycline 50 mg/kg ip once a day for 4 
days and retested at postgraft day 7 and showed loss of improvement (5.2±0.8) whereas 
those without tetracycline treatment remained improved (10.1±0.6). These data 
demonstrate that L-DOPA-producing cells can improve akinesia and its functional 
consequences can be regulated by external agents. (Supported by NPF, PDF, UPF and 
USPHS grant NS32080)

479.13
L E N T IV IR A L  T R A N S F E R  O F  T Y R O S IN E  H Y D R O X Y L A S E  
IN  6 -O H D A  L E S IO N E D  R A T S  U . Blöm er, T . K afri, T .D . 
P alm er, I .M . V erm a, A . B randis*, F .H . Gage. L aboratory o f  
G enetics, The Salk Institute for Biological Studies, San D iego, CA  
92037; *D epartm ent Neuropathology, M edical School H annover, 
Germ any

Parkinsons D isease (PD ) leads to  a loss o f  dopam inergic neurons o f 
the substantia nigra. PD  is one o f the best characterized neurode- 
generative diseases, yet the underlying disease process has not been 
identified. Tyrosine hydroxylase w ith in  n igral neurons converts 
tyrosine into dihydroxyphenylalanine (L -D opa), the rate lim iting step 
in dopam ine synthesis. In  anim al m odels, unilateral injection o f  
6-hydroxy dopam ine leads to  the intracellular conversion o f  6-O H D A  
into toxic free radicals. As a result, dopam inergic neurons die and 
the resulting im paired neuronal transm ission can  be assessed by 
m easurem ent o f apom orphine and am phetam ine induced rotational 
behavior. Lentiviral vectors based on  the H IV  virus, a  m em ber o f  the 
retroviral fam ily, have been show n to  efficiently  infect dividing and 
non-dividing cells in  v ivo . Expression persists fo r over six m onths 
and no imm une response is induced. In  this study we investigated the 
ability o f  lentiviral vectors encoding tyrosine hydroxylase (TH ) to 
provide dopam ine in the striatum  o f  adult rats. TH -encoding vectors 
reduced the lesion-induced m otor asym m etry for m ore than six 
m onths. Supported by separate grants from  the N IA , N IN D S and 
N P F.

479.15
BILATERAL PUTAMEN GRAFTS OF DOPAMINERGIC NEURONS IN 
PARKINSON’S DISEASE IMPROVE MOTOR BUT NOT COGNITIVE 
FUNCTION. P. L. Jackson*1, A. M. Owen2, P. Remv3,4, M. F. Lafleur1, P. Cesaro3, A. 
Leroy3, J.-P. Nguyen3, M. Peschanski3, Y. Samson4 and J. Doyon1. 1Dept. Psychology, 
Laval University, Quebec, Canada; 2 MRC Applied Psych. Unit, Cambridge, UK.; 
3CHU Henri-Mondor, Créteil, France; 4Serv. Hosp. F. Joliot, Orsay, France.

While improvements in motor functions have been reported following intrastriatal 
grafts o f fetal ventral mesencephalic tissue in Parkinson’s disease (PD) (e.g., 
Peschanski et al., 1994), the effects o f this procedure on cognitive functions have not 
been fully evaluated. We previously described the results from four patients in whom 
no cognitive changes were observed 3-6 months after unilateral putamen implantations 
(Lafleur et al., 1997). We now report the results from a follow-up study after bilateral 
putamen grafts. Seven patients were assessed prior to surgery using several motor tests 
and [18F]-Fluorodopa uptake according to the CAPIT. Two visuo-motor and one 
cognitive skill learning tasks, a standard neuropsychological battery, and selected sub
tests o f the Cambridge automated battery (CANTAB) were also administered. Four of 
these patients were reevaluated 6-10 months following tissue implantation into the 
second side o f  the putamen. The results showed amelioration o f deficits on many 
measures o f motor, but not o f cognitive function. For example, better scores were 
obtained on tests of the UPDRS in the off-drug condition. Improvements in speed of 
response and hand-eye coordination on skill acquisition tests were also observed in the 
absence o f differences in learning capacities. Finally, motor latencies were decreased 
on the Tower o f London task, but the ability to solve problems remained impaired 
following grafts. These findings demonstrate that bilateral putamen grafts improve 
bradykinetic symptoms in PD, but have no effect on bradyphrenia (speed o f thinking) 
and other aspects o f cognitive functioning. This dissociation concurs fully with the 
known role o f the putamen in motor function. This work was supported by a grant 
from the Science and Technology Cooperation Program (INSERM-FRSQ) between 
France and Quebec.

479.12
MUTATED FORM OF TYROSINE HYDROXYLASE REDUCES 
FEEDBACK INHIBITION BY DOPAMINE IN GENETICALLY 
MODIFIED GRAFTS IMPLANTED IN PARKINSONIAN RATS.
J.W. Chang1, M .  Goldstein2, S. Milstien3, U.J .  Kang1* 1Dept of Neurology,
Univ. of Chicago, Chicago. IL 60637; 2New York Univ., New York, NY 10016; 
3Lab. of Molecular and Cellular Regulation, NIMH, Bethesda, MD 20892

Wachtel et al. (J. Neurochem. l997;69:2055) have shown that addition of 
aromatic L-amino acid decarboxylase (AADC)-expressing cells in the grafts of 
genetically modified fibroblasts expressing tyrosine hydroxylase (TH) and GTP 
cyclohydrolase 1 (GCH1) in parkinsonian rats results in reduction of L-DOPA and 
dopamine due to feedback inhibition of TH by dopamine. Wu et al. (JBC 
l992;267:25754) noted that site-specific mutation of serine 40 makes TH less 
susceptible to dopamine inhibition. We investigated the efficacy of using rat TH 
cDNA with Serine 40 mutated to Leucine (mTH) in this ex vivo gene therapy 
paradigm. Primary fibroblasts from Fischer 344 rats were modified with retrovirus 
to express mTH or wild-type TH (wtTH). Both transduced cell types were also 
modified with GCH1 to provide the cofactor, BH4. Fibroblast cells modified with 
AADC were used as coculture and cografting partners. TH, GCH 1 activities, BH4 
levels, and L-DOPA production in culture were all comparable between wtTH/GCHl 
and mTH/GCHl cells. In cocultures with AADC cells, mTH/GCH1 cells showed 
significant reduction in inhibitory effect by dopamine compared to wtTH/GCHl 
cells. In vivo, microdialysis measurement showed that the grafts with mTH 
construct result in smaller reduction of L-DOPA and no reduction in dopamine levels 
when AADC cells were cografted with mTH/GCHl cells, whereas AADC cells 
decreased both L-DOPA and dopamine levels when grafted with wtTH/GCHl cells. 
These data support the hypothesis that mTH attenuates the end product inhibition 
and AADC increases efficiency of conversion to dopamine. Such combination 
would result in more focused local delivery of dopamine with less L-DOPA diffusion 
into other structures. (Supported by NPF, PDF, UPF and USPHS grant NS32080)

479.14
TRANSPLANTATION OF CY TOK INE-TREATED NEURO PRO GEN ITOR 
CELLS INTO 6-OHDA LESIONED RAT BRAINS T .O. Vu,a*  Z. D. Linga,b, T. J. 
Collierb, C.E . Sortwellb, B.F. Daleyb, and P.M. Carveya,b Depts. of Pharmacology1 and 
Neurological.Sciencesb, Rush-Presbyterian-St. Luke’ s Medical Center, Chicago, IL 
60612

Mesencephalic progenitor cells (PCs) can be maintained and passaged in media with 
epidermal growth factor. These PCs can be converted in high percentages to tyrosine 
hydroxylase (TH) immunoreactive cells in vitro in a conversion media containing 
interleukin (IL)-1, EL-11, leukemia inhibitory factor, GDNF, striatal conditioned media, 
and mesencephalic cellular fragments. In the present study PCs (from E15 Sprague- 
Dawley rats) that liad been passaged 3 times, were incubated in media without cytokines 
or with cytokines for 18 hours and transplanted into the ipsilateral striatum of 
unilaterally lesioned (6-OHDA), cyclosporin-treated, Fisher 344 rats (~ 150,000 cells per 
site). Cells not used for grafting were cultured in the complete media for 7 days, fixed, 
and stained for TH. At day nine post-grafting, animals were perfusion-fixed with 
Zamboni’ s fixative. The number of TH immunoreactive (THir) cells was used as an 
index of DA neuron survival in both studies. Cultures exposed to media without 
cytokines failed to convert to THir cells whereas exposure to cytokines for 18 hours 
produced a robust conversion (10,205 ± 536/50,000 cells ). A similar effect was 
observed in the grafts. Thus, THir cells were not observed in the graft sites unless they 
had been exposed to cytokines. Grafted THir cells had processes extending into 
surrounding tissue in a fashion typical of that seen following primary  cell 
transplantation. These preliminary data demonstrate that cytokine pre-treated 
mesenceplialic progenitor cells can potentially be used as a source for transplantation to 
treat patients with Parkinson’ s disease. The fact that these cells can be expanded in 
vitro and (hen driven to convert to the DA neuron phenotype fu rther suggests that an on- 
demand. reliable source o f fetal cells for grafting can be developed. (Supported by the 
Blowitz-Ridcgeway Foundation and NS33174).

479.16
NEUROPROTECTION BY RECOMBINANT NEURTURIN (NTN) DELIVERED 
BY ENCAPSULATED GENETICALLY ENGINEERED FIBROBLAST CELL 
LINE. Kamal D. Puri3, Amit G. Gulwadi6, Paul Stabila4, Paulette Ferland4, Aftab 
Ahmed3, Lei Xu4, Alice Lee3, Hongmei Zhao4, Suzanne L. Bruhn4, Beata Frydel5, 
Brigitte Devaux1, Michael R. Hoane6 Mark D. Lindner6*, Heidi Phillips2, and Weng 
Tao7 Departments of 1Antibody Technologies, and 2Neuroscience, Genentech, Inc., 
So. San Francisco, and Departments of 3Protein Chemistry, 4Cell and Molecular 
Neurobiology, 5Histology, 6Preclinical Biology, and 7Immunology, 
CytoTherapeutics, Inc., Lincoln, RI 02865.

Encapsulated cells genetically modified to secrete neurotrophic factors and 
transplanted into the CNS have been shown to exert neuroprotection in a variety of 
neurodegenerative disease models. We have genetically engineered Baby Hamster 
Kidney (BHK) fibroblasts to secrete NTN for encapsulated cell therapy. In a PGK- 
promoter based vector we fused an immunoglobulin signal sequence upstream of the 
predicted mature hNTN gene (p448). Polyclonal BHK cells containing p448 released 
50 to 100 ng NTN/106 cells per day. Western analysis of the BHK-p448 conditioned 
medium (CM) showed the expected size of NTN (homodimer of 25 kD). Purification 
and sequence analysis confirmed that NTN was correctly processed. In addition, CM 
from this line stimulated dopamine uptake in cultures of E16 rat ventral 
mesencephalon. Encapsulated BHK-control and BHK-NTN cells were surgically 
placed into the rat ventricles or striatum. Seven days later, severe unilateral 
dopamine depletions were produced by infusing 6-OHDA unilaterally into the medial 
forebrain bundle. One week following infusion with 6-OHDA, rats were injected 
once a week for four weeks with apomorphine (s.c.) and rotational behaviour was 
measured. Preliminary data suggest that cell-based delivery of NTN reduces 6- 
OHDA-induced cell loss and drug-induced rotations. This effect was most robust in 
rats implanted with devices in the striatal parenchyma. Encapsulated cell-based NTN 
delivery was not associated with significant weight loss.

Society for Neuroscience, Volume 24 ,1998
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479.17
AZ4PGENE t h e r a p y  a t t e n u a t e s  6-o h d a -in d u c e d  p a r k i n s o n is m  in
THE RAT: EVIDENCE FORCASPASE-3 INDEPENDENT NEUROPROTECTION.
S.J. Crocker*1,Y. Zhu1,2, P. Liston2,3, C.S. Thompson1,2, D.G. Xu1,2, R.G. Korneluk2,3 and 
G.S. Robertson1,2. Departments of Cellular and Molecular Medicine1, University of 
Ottawa, Ottawa, K1H 8M5 Canada, Apoptogen Inc.2, Solange Gauthier Karsh Laboratory 
of Molecular Genetics, Children’s Hospital of Eastern Ontario, Ottawa, K1H 8L1 Canada 

X-linked IAP (xiap) is a mammalian anti-apoptotic gene product that appears to block 
in vitro cell death by inhibiting the cysteine protease, caspase-3. We have recently shown 
that the ability o f XIAP to prevent neuronal death in an animal model of stroke is closely 
correlated with caspase-3 inhibition. Given that caspase-3 activation plays an important 
role in delayed neuronal death, we investigated whether the prolonged degeneration of 
nigrostriatal neurons which occurs in the striatal 6-OHDA model of Parkinson’s disease 
could be prevented by XIAP overexpression. Recombinant adenoviral constructs 
containing either xiap or lacZ (3 µl; 1 ×  106 particles µl-1) were injected into the right 
dorsal striatum. Seven days later, all animals received a single injection of 6-OHDA (20 
µg free base in 3 µl) at the same site. After 4 weeks recovery, amphetamine (2 mg/kg, 
s.c.)-induced rotational behavior was measured. All animals were then perfused with 4% 
paraformaldehyde and brain tissue processed for immunohistochemical detection of β-gal, 
XIAP and tyrosine hydroxylase (TH). Behavioral analysis demonstrated that XIAP 
overexpression reduced amphetamine-induced circling. Consistent with this finding, 
significantly more TH-positive nigral neurons were observed in animals treated with the 
xiap compared to lacZ adenoviral constructs. Next, levels of active caspase-3 were 
measured in neurons of the substantia nigra pars compacta (SNc) following intra-striatal 
6-OHDA. Rat brains were fresh frozen 1,3,5,7,10,14, or 21 days after 6-OHDA 
administration and midbrain cryostat sections processed for active caspase-3 using an 
antibody that selectively recognizes conformationally mature caspase-3. Caspase-3 
activation was not detected at any of these time points. The efficacy of 6-OHDA lesioning 
was verified by elevated expression of c-Jun in SNc neurons. Taken together, these 
findings suggest that gene therapy strategies based on XIAP overexpression may be useful 
for the treatment of Parkinson’s disease. (Supported by MRC of Canada grant MT-11539).

479.18
T H E  E F F E C T S  O F N E U R A L  G R A F T IN G  O N  M P T P -IN D U C E D  
F U N C T IO N A L  D E F IC IT S  IN  M O T O R  P E R F O R M A N C E S  O F  R H E S U S  
M O N K E Y S . L .L . H ow ell* , R .L . W atts , A .M . M cD o n o u g h , R .S. 
K u d ch ad k ar and  R .A .E . B ak ay . Y erkes R eg iona l P rim ate  R esearch  C enter 
and  D epartm en ts o f  N eu ro lo g ica l S urgery  and  N eu ro lo g y , Em ory  
U niversity , A tlan ta , G A  30322.

T hree ad u lt fem ale  rh esu s  m onkeys w ere  tra ined  w ith  operan t-co n d i
tio n in g  tech n iq u es  to  in teract w ith  a  tou ch -sen sitiv e  com puter m onitor 
d isp lay in g  a  ligh ted  icon. T he behav io ra l task  req u ired  the  use o f  both 
h ands to  initiate a  tes t trial. R o tational and  am bula to ry  b ehav io rs w ere 
m easured  u sing  a V id eo m ex  m o tion-track ing  appara tus, and  h and  dexterity  
w as assessed  accord ing  to  the  m an ipu lation  o f  food objects. S ub jects also 
w ere eva lua ted  m onth ly  w ith  a  P ark in so n ian  C lin ical R ating  Scale. A fter 
stab le baseline  p erfo rm an ces  w ere  estab lished , subjects w ere  given 
unila teral internal caro tid  in jections o f  the  n euro tox in , M P T P , to  induce a 
state o f  h em ipark inson ism . E xposure  to  M P T P  caused  p ro fo u n d  defic its 
in all behav io ral m easu res  th at w ere  su sta in ed  du rin g  a  3 -m onth  p o st
trea tm en t period . S ubsequen tly , m esencephalic  neurona l t issue  obtained  
from  fetuses approx im ate ly  44  days o ld w as im plan ted  into the lesioned  
caudate . W ith in  2-3 m onths a fter neural grafting , m arked  im provem ents 
w ere no ted  in hand  dex terity  and  clin ical ratings. D efic its  in operan t 
b eh av io r pers is ted  due to  the failure  o f  sub jects to  in itia te  tes t trials. The 
resu lts  ind icate  th at neural grafting  can  a llev iate  critical m oto r sym ptom s 
a ssoc ia ted  w ith  P a rk inson ism . (S upported  by U S P H S  gran ts N S -2 4 3 4 0  and 
R R -00165 .)

ISCHEMIA: APOPTOSIS I

480.1
DNA Damage and Repair in the Rat Brain c-fos Gene after Focal Cerebral Ischemia- 
renerfiision. J-K.Cui1*, E. H. Holmes2, S. Cao1, T. G. Greene2, W, Y. Huang1, ELY. 
Huang1 and P. K. Liu1. 1Dept, of Neurosurgery, Baylor Coll, o f Medicine, Houston, TX 
77030;2 Northwest Hospital, Pacific Northwest Cancer Foundation, Seattle, WA 98125.

We studied oxidative DNA damage and repair after focal cerebral ischemia (FCI) 
and reperfusion. Simultaneous occlusions (30- to 90-min) of both common carotid 
arteries and the right middle cerebral artery in Long Evans hooded rats (male, 200-225 
gm), followed by a release for reperfusion o f various times were used as the animal 
stroke model. The formation o f DNA damage in brain sections was measured using a 
murine monoclonal antibody against 8-hydroxy-guanosine (8-OH-G), and the antibody 
against mouse IgM-FITC conjugate. We observed an increase in the fluorescent signal 
o f 8-OH-G in ipsilateral hemisphere of 18 rats (n > 3 at each time point) following FCI 
(30, 60 or 90 min) and reperfusion (30 min). The 8-OH-G level after 60 min of 
reperfusion returned to that found in the normal animals--suggesting oxidative DNA 
damage was repaired. To determine if oxidative DNA damage occurred in nuclei, we 
determined the formation of oxidative DNA damage by detecting the increase in 
sensitive sites (FPGSS) to Escherichia coli formamidopyrimidine DNA N-glycosylase 
(Fpg protein). FPGSS were labeled using dig-dUTP by Komberg DNA polymerase I, 
and detected using antibody against dig-dUTP-FITC conjugates. Cells with 3-fold 
increase in the signal value over the background (30 ± 1 8 )  were scored, and animals 
with at least 30 such in a field of 200x magnification under microscope were defined to 
be FPGSS positive. Two of the 9 normal animals (22%) exhibited FPGSS positive in the 
cortex, while the number of ischemic animals after FCI (25 o f 26, or 96%) that showed 
FPGSS positive increased significantly (p < 0.01, Fisher’s exact test). Using alkaline 
electrophoresis and Southern blot hybridization, the normal cortex (n=10) contained 
FPGSS at a frequency o f one in 100 copies o f the c-fos gene. The frequency increased 
50-fold (p  < 0.001, t test) 30-min after FCI (n=45). We concluded that DNA damage 
and repair in the rat brain after FCI and reperfusion was similar to that occur in the 
mouse stroke model of forebrain ischemia-reperfusion. (Supported by NINDS: 
NS334810 & Am Heart Association: Established Investigator Award, 9640202N).

480.2
P53 IS REQUIRED FOR ISCHEMIA-INDUCED CELL DEATH IN 
POSTNATAL PRIMARY NEURONAL CULTURES. J.T . Ho, H. 
Xiang, Y. K inoshita, D.W . Newell, R.S. M o rr iso n * . Department of 
Neurological Surgery, University of Washington, Seattle, WA, 98195

The tumor suppressor gene p53, has been implicated in neuronal cell death 
caused by excitotoxicity, DNA damage and ischemia. It was previously shown that 
mice deficient in p53 ("knockout" mice) exhibit significant protection from ischemia- 
induced brain injury, whereas wild-type mice displayed significant neuronal cell loss. 
Because the p53 “knockout” mice used in the latter study expressed a global p53 
deficiency in all cell types, it was not possible to conclude that protection was 
conferred by the exclusive absence of p53 in neurons. Therefore, in the present 
study, we determined whether p53 expression in isolated neurons is directly coupled 
to a loss of viability associated with ischemic challenge. Primary cultures of 
postnatal (P0) cortical neurons were derived from animals containing p53 (+/+, +/-) 
or those deficient in p53 (-/-). Anoxia/aglycemia (Ax/Ag) was introduced for 30 or 
60 min by switching cells to glucose-free medium and incubating in an anoxia 
chamber. Cell damage was assessed by direct cell counting and the use of a live/dead 
cell assay. Neurons containing at least one copy of p53 were severely damaged by 
exposure to Ax/Ag. In contrast, neurons deficient in p53 (-/-) exhibited little or no 
damage in response to Ax/Ag treatment. The level of p53 protein was significantly 
elevated at 8 and 12 hr following Ax/Ag (30 min). The protection observed with 
p53-deficient neurons was confirmed by treating wild-type (p53 +/+) neurons with 
p53-specific antisense oligonucleotides. Antisense-treated wild-type neurons 
exhibited complete protection from Ax/Ag, whereas neurons treated with a scrambled 
antisense oligonucleotide control sequence showed no protection. The addition of 
glutamatergic receptor antagonists, MK-801 and DNQX failed to protect p53 +/+ 
neurons from Ax/Ag. These data suggest that in addition to glutamate-mediated 
pathways, oxygen and glucose deprivation can also compromise neuronal viability 
through a glutamate-independent cell death pathway that is directly mediated by p53. 
Support: N IH  G rant NS31775

480.3
INDUCTION OF CASPASE-3 mRNA IN BRAIN ISCHEMIA AND 
SPREADING DEPRESSION. S. Miettinen*, S. Pasonen, R. Keinänen and J. 
Koistinaho. A. I. Virtanen Institute, University of Kuopio, Finland.

Recent studies have shown that caspase-3, a member of cysteine protease family, is 
induced both after focal and global brain ischemia. In global ischemia the induction 
takes place in CA1 pyramidal neurons, which are selectively vulnerable to ischemia and 
undergo a delayed cell death. This study was designed to investigate whether glutamate 
receptors regulate caspase-3 induction after ischemic insults and after non-injurious 
spreading depression (SD).

Intraluminal suture model to produce transient focal brain ischemia and 4-vessel 
occlusion model of the rat to produce global ischemia were used. Cortical SD was 
elicited by applying 3 M KC1 to parietal cortex for 60 or 120 min. The brains were 
processed for in situ hybridization. Some animals received MK 801 (3mg/kg), an 
NMDA receptor antagonist, i.p. 30 min before the experiment. The specificity of 
caspase-3 oligonucleotide probe was tested in Northern blotting.

Caspase-3 mRNA was induced in perifocal cortex, the CA1-3 pyramidal neurons and 
dentate gyrus 12 h after focal brain ischemia and the expression was back to control 
level by 3 days. In global brain ischemia caspase-3 mRNA was induced in CA1 
pyramidal neurons at 24 h, was strongest at 3 days and almost disappeared at 7 days. 
Sixty min of SD induced detectable levels of caspase-3 mRNA at 4 and 8 h, but the 
induction was significantly stronger after 120 min of SD. No induction was detected in 
the contralateral cortex that was exposed to 0,9 % NaCl. Pretreatment with MK 801 
inhibited the gene expression in focal brain ischemia and SD, but not in global brain 
ischemia.

In brain ischemia caspase-3 is strongly induced in neurons that are at risk of delayed 
neuronal death. In addition, caspase-3 is induced after non-injurious SD stimulation, 
suggesting a role other than promoting apoptosis for caspases in the brain. NMDA- 
receptors mediate caspase-3 induction in focal ischemia and SD, whereas other receptor 
pathways may be responsible for its induction in global brain ischemia.
This work was supported by the Finnish Cultural Foundation of Northern Savo.

480.4
M EA S U R E M E N T O F CA SPA SE m RN A  LEV ELS IN TH E RA T 
BRAIN FO LLO W IN G  M ID D LE CE R EB R A L AR TER Y  OC CLU SIO N  
USIN G  TA Q M A N  Q U A N TITA TIV E RT-PC R. D .C .H arrison ,
A .D .M edhurst, W .J.K ee, S .J.H adingham , C .A .C am pbell, M .F .Jam es,
A .A .Parsons, D .L.Sim m ons (SPON: B ritish Neuroscience Association). 
Neurosciences Research, SmithKline Beecham  Pharm aceuticals, New 
Frontiers Science Park, Harlow , Essex CM  19 5 A W  U K

The caspase fam ily o f cysteine proteases play a crucial role in mediating 
cell death by apoptosis, which has been shown to be characteristic of 
neurodegeneration following stroke. The signalling pathw ay involving the 
caspases appears to  be highly complex and m ay differ according to the 
specific trigger o f  cell death and the cellular types involved.

Quantitative R T -PC R  using T aq m an ™  fluorogenic probes is a novel 
technique w hich enables the m easurem ent o f  an accum ulating PC R  product 
in  real time, and hence a precise determination o f the initial num ber of 
copies o f a  PC R  tem plate. The short duration o f the assay, combined with 
the small quantity o f  RN A required allows the rap id  screening o f many 
transcripts from  a single pool o f tissue.

In this study we have exam ined the expression o f  a num ber o f  caspases in 
a ra t intralum inal filament model o f  focal ischem ia (n=5 M CA O  rats vs 5 
sham). The m R N A  for caspases 1 and 3 increased twofold and fivefold 
respectively in the lesioned cortex after 24 hours, but was unchanged in 
non-lesioned cortex and cerebellum. In contrast, caspase 2 m RN A  was 
unchanged in  all areas. Analysis o f  the changes in  m RNA for the various 
caspases will clarify their roles in this model, and provide inform ation on 
w hich caspases to  select as targets for drug design.

Society for Neuroscience, Volume 24 ,1998
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480.5
EVIDENCE OF ACTIVATED CASPASE -3  IN CELL BODIES AND 
NEURITES FOLLOWING HYPOXIA-ISCHEMIA IN NEONATAL RAT 
BRAINS. A. P. D’Costa*1, M. Desmukh2, M. Parsadanian*, A. Shah3,
J.Gidday3, A. Srinivasan4 and D.M. Holtzman1,2 Depts. of Neurology1,
Molecular Biology and Pharmacology2, Neurosurgery3, Washington 
University, St. Louis, MO, 63110. IDUN Pharmaceuticals4, La Jolla, CA 
93027
Neurodegeneration following neonatal hypoxia-ischemia (HI) appears to occur via 
both necrosis and apoptosis. We have previously demonstrated elevated levels of 
caspase-3-like activity in brain homogenates following H-I on postnatal day (P) 7 
rats (J. Clin. Invest., May 1998, vol 101). To further examine the role of apoptosis 
in this model, we used the antibody CM1 that specifically recognizes the C- 
terminus of the cleaved and therefore activated form of caspase-3. Two hours after 
unilateral carotid ligation, P7 Sprague Dawley rat pups were exposed to 8% O2, 
92% N2 for 2.5 hours. At different time points after H-I (0 to 74 hours), pups were 
sacrificed and brains prepared for immunocytochemistry. CM 1-immunoreactive 
(IR) cells were first evident ipsilateral to the ligation 6 hours after HI in Layer I of 
cortex, subiculum, corpus callosum and in CA1 and hilar regions of hippocampus. 
In striatum, neuronal cells as well as axons in the internal capsule were CM1-IR. 
At later time-points, a higher density of cells were CM1-IR in these areas and in 
some animals, in all layers of cortex and regions of hippocampus. Interestingly, 
evidence of CM 1 -immunoreactivity in neuronal processes was often out of 
proportion to amount of CM1-IR cell bodies. Western blot analysis confirmed 
these findings with a peak in caspase-3 activity at 18-24 hours. Relatively small 
numbers of stained cells were also present on the contralateral side especially in 
Layer I of cortex. These data further suggest that a delayed apoptotic-like death 
appears to be prominent following neonatal HI. This occurs in an anatomically 
distinct pattern and the accompanying biochemical process is not restricted to 
neuronal bodies. (Grant support: NIH NS35902)

480.6
TE M P O R AL PROFILE O F C A S P A S E  ACTIVITIES IN THE BRAIN AFTER

1)*MIDDLE C E R E B R AL AR TE R Y  OCCLUSION. M. Iked a 1)8, A . Groom and L. L. 

Rubin2) Eisai L on do n  Research Labs. L td . L on do n , UK. P resen t address,
1 )  2)1) Eisai Tsukuba Research Labs. Japan; 2) O ntogeny Inc. MA 02139, USA.

In o rd e r to  investigate  the  in vo lvem en t o f caspases in neuronal 
cell damage induced  by focal ischem ia, rats were sub jec ted  to  2 h r middle 
cerebra l artery occlusion  (MCAo) and 1, 3, 6, 24 and 48  h r o f reperfusion 
(n=5-8 /group). Y VA D -and DEVD-cleaving activ ities in the  cerebra l co rtex and 
striatum  were m easured in con junc tion  w ith nuc leosom e release as an index 
o f DNA cleavage which is a hallmark o f apoptos is . S pecific  DEVD-cleavage, 
remaining a fte r subtracting non-specific  cleavage seen  in sam ples conta in ing 
100 nM DEVD(CHO), in the  ischem ic cerebra l co rtex  and striatum  was not 
d iffe re n t from  tha t in the  respective  contra lateral reg ions a fte r 1 h r of 
reperfus ion, b u t te n d e d  to  increase at 3 hr, and was sign ifican tly  h igh e r at 6 
h r by 55 %  and 41 %  in the  co rtex  and striatum , respective ly . The  activities 
decreased  therea fte r. S pecific  YVAD-cleaving activ ities were no t d e te c te d  in 
the  brain at any experim ental tim e po in ts , b u t tota l YVAD-cleaving activities 
decreased  tim e -d ep e nd e n tly  a fte r reperfus ion. Cytoso lic  nuc leosom es in 
the  ischem ic co rtex and striatum  were as low as the  contra lateral s ides at 1 hr 
o f reperfusion  a fte r MCAo, b u t began to  increase at 3 h r a fte r reperfusion  and 
were significan tly increased by a bou t 20-fo ld  in bo th  reg ions at 6  hr. The 
nuc leosom e levels remained e leva ted  at 24  and 48  h r reperfus ion  periods. 
The  data  s u gg es t tha t caspase-3 (C PP 32) b u t n o t caspase-1 (ICE) is 
activated at the  same time periods  as DNA cleavage occurs in the  brain a fte r 
M C A o /repe rfus ion. However, pharm acological in te rven tion  s tud ies  would  be 
required to  investiga te  the  im portance o f caspase-3 activation in neurona l cell 
damage fo llow ing focal cerebral ischemia. [Supported  by Eisai Co. L td .]

480.7
TEMPORAL PROFILE OF CASPASE ACTIVITY AND DNA 
FRAGMENTATION IN THE BRAIN AFTER NEONATAL 
HYPOXIA/ISCHEMIA J. K. Relton*1 and L.L. Rubin2, 1Eisai London Research 
Labs. Ltd. University College London,UK., 2Ontogeny Inc, Cambridge MA.

Apoptotic cell death has been suggested to contribute significantly to brain injury 
induced by ischemic or traumatic challenge in neonatal animals. In view of the 
central role of caspases in apoptotic processes, we examined the timecourse of 
caspase activation and DNA fragmentation following hypoxia/ischemia (H/I) in the 
neonatal rat.

Seven day old Sprague-Dawley rat pups underwent unilateral common carotid 
artery ligation under halothane anesthesia. After 3h recovery with their dam the 
pups were placed in a humidified hypoxic chamber (8% O2 at 37°C) for 2.25h. 
Animals were sacrificed at various timepoints after removal from the hypoxic 
chamber (Oh) to 7 days later and brains removed and frozen (n=4-12 per group). 
Homogenized tissue from ipsilateral (ischemic) and contralateral (non-ischemic) 
hemispheres was assayed for DEVD-cleaving activity and nucleosome release as 
measurements of caspase activity and DNA fragmentation respectively. DEVD- 
cleaving activity and nucleosome release increased in a time-dependent manner 
ipsilateral to the carotid ligation but not in the contralateral hemisphere. 
Significantly increased DEVD-cleaving activity was observed in the ipsilateral 
hemisphere 7h after H/I (P<0.001, Students’ t-test) compared to contralateral 
hemisphere values. A maximal 100 fold increase in caspase activity was observed 
20h after H/I and enzyme activity remained elevated until 72h after H/I. A 
significant increase in nucleosome release was observed in the ipsilateral 
hemisphere 7h after H/I (P<0.001, Students’ t-test) compared to contralateral 
values. Nucleosome release continued to increase over the 7 day period of 
measurement peaking at an 80 fold increase above contralateral values on day 7. 
These data support the involvement of caspases and apoptotic mechanisms in H/I 
injury in the neonatal rat.

480.9
IDENTIFICATION OF NEURONS UNDERGOING APOPTOSIS FOLLOWING 
TRANSIENT GLOBAL AND FOCAL ISCHEMIA BY IMMUNOHISTOCHEMICAL 
DETECTION OF CONFORMATIONALLY ACTIVE CASPASE-3. G.S. Robertson1’2*, D.G. 
Xu1,2 and D.W Nicholson3 1Department of Cellular and Molecular Medicine, University of 
Ottawa, 451 Smyth Road, Ottawa, Ontario, K1H 8M5; 2Apoptogen, CHEO, Ottawa, Ontario, 
K1H 8L1; department of Biochemistry and Molecular Biology, Merck Frosst Centre for 
Therapeutic Research, 16711 Trans Canada Highway, Kirkland, Quebec, H9H 3L1; Canada.

Recent evidence suggests that caspase-3 activation plays a key role in the apoptotic 
events which mediate ischemia-induced neuronal death. We therefore performed 
immunohistochemistry using an antibody that specifically recognizes the mature caspase- 
3 tetramer to identify neuronal populations which undergo apoptosis following either 
global or focal ischemia. Global ischemia (12 minutes o f 4-VO) selectively elevated 
levels o f active caspase-3 in neuronal populations which are vulnerable to the injurious 
effects of this treatment. Furthermore, the appearance o f active caspase-3 correlated with 
the time course for neuronal death in these populations. Neurons in regions known to 
rapidly degenerate (within 24 hours) after global ischemia such as the reticular nucleus 
of the thalamus, dorsal striatum and hippocampus (subiculum and hilus) displayed active 
caspase-3 as early as 3 hours following reperfusion. In contrast, active caspase-3 was not 
seen until 24 hours in CA1 pyramidal neurons which degenerate slowly (3 to 5 days) 
after an episode o f transient forebrain ischemia. Transient focal neocortical ischemia, 
produced by 90 minutes o f middle cerebral artery occlusion, generated a marked 
elevation o f active caspase-3 in a large number o f cortical neurons 3 hours after 
reperfusion. At 24 hours, high levels of active caspase-3 were still detected in a 
significant number o f cortical neurons. By 48 hours, very few immunoreactive neurons 
were present in the cortex. At none o f these time points was active caspase-3 observed 
in the infarct core suggesting that activation o f this death protease occurred preferentially 
in vulnerable neurons of the penumbra. In situ end labeling (ISEL) clearly demonstrated 
that caspase-3 activation precedes DNA fragmentation following either a global or focal 
ischemic insult. These findings indicate that immunohistochemical detection o f active 
caspase-3 may be used to identify several neuronal populations in the early stages of 
ischemia-induced apoptosis. (Supported by Heart and Stroke Foundation o f Ontario).

480.8
C A SPA SE-3 M AY BE A M ED IA TO R  OF O X Y G EN -G L U C O SE 
D E PR IV A TIO N -IN D U C E D  C O R TIC A L N E U R O N A L A PO PTO SIS. F. J. 
G ottron* and D.W . C h o i. C enter for the Study o f  N ervous System  Injury and 
D ep t. o f  N eurology, W ashington Univ. School o f  M edicine, St. Louis, M O 
63110.

Previously, we developed an in  v itro  m odel o f  ischem ic neuronal apoptosis 
in w hich cultured m ouse cortical neurons are exposed to oxygen-glucose 
deprivation for 105-115 m in in the presence o f  N M D A  and AM PA  
antagonists to  block excito toxic necrosis. The caspase fam ily  inhibitor, Z- 
val-a la-asp-C H 2 F (ZV A D ), can attenuate this ischem ic neuronal apoptosis, as 
well as the apoptosis induced by staurosporine or serum  deprivation. This 
study w as perform ed to  determ ine if  certain specific caspases are selectively 
activated during ischem ic neuronal apoptosis in vitro.

W e m easured caspase activity  in extracts from cultures exposed to  oxygen- 
glucose deprivation in the presence o f  glutam ate an tagonists o r sham  wash, 
using  substrates that are differentially  preferred by specific caspase fam ily 
m em bers. Both after sham  w ash and after “ ischem ia” , little o r no activity  
consisten t w ith casp ases-1, -4, -5, -6, and -8 w as seen. A ctiv ity  consistent 
w ith caspases -2 o r -9 was low at baseline, and increased slightly  follow ing 
ischem ia. A ctiv ity  consistent w ith caspases -3 / -7 w ere low at baseline and 
m arkedly  increased by ischem ia. This increase in caspase-3 /-7  activ ity  w as at 
least in part explained by an increase in the level o f  pro teolytically-activated 
caspase-3 on W estern blot. Interestingly, corresponding  levels o f  caspase -3 
m RN A  dropped during ischem ic apoptosis, consisten t w ith the possib ility  that 
the observed increase in activated caspase-3 w as derived from  pre-existing 
pools o f  zym ogen. S u p p o r te d  b y  N IH  g r a n t  N S 3 2 6 3 6  (D W C ).

480.10
INHIBITION OF APOPTOTIC GENE EXPRESSION BY N-ACETYL -O- 
METHYLDOPAMINE AFTER TRANSIENT FOREBRAIN ISCHEMIA IN 
RATS. J.Gal * S.Cho, Y. Bae, B.T.Volpe, H.-Y. Chang, T.H. Joh Dept. of 
Neurology & Neuroscience, Cornell University Medical College at W .M . Burke 
Medical Research Institute, White Plains, N.Y. 10605

A brief episode of transient forebrain ischemia causes delayed neuronal death in 
the selectively vulnerable CA1 hippocampus. While this process may not be 
classical apoptosis, the delayed neuronal death appears to have many of the 
hallmarks of programmed cell death. The caspases, Cpp32 and Nedd 2, are 
increased after permanent middle cerebral artery occlusion (Asahi et al., 1997, J. 
Cereb. Blood Flow & Metab. 17:11-18), and Nedd 2 in transient global ischemia in 
gerbil (Kinoshita et al., 1997, J. Cereb. Blood Flow & Metab. 17:507-514). 
Inhibition of a family of caspases reduces ischemic neuronal damage (Hara et al., 
1997, PNAS USA 94:2007-2012). We exposed animals to 10 min of transient four- 
vessel occlusion (4-VO) ischemia and investigated whether mRNA levels for a 
family of caspases changed using in situ hybridization techniques. We then 
attempted to protect neurons with a new compound, N-acetyl-O-methyldopamine 
(NAMDA), an inhibitor of BH4 biosynthesis, and investigated whether a change in 
caspase mRNA levels occurred. We found that Nedd 2 and Cpp32, but not ICE, 
gene expression was up-regulated in CA1 hippocampus during the postischemic 
period. Up-regulation of Nedd2 mRNA expression, however, precedes that of 
Cpp32. Intraperitoneal injection of NAMDA ( 10mg/kg, three times at 0, 1/2 and 2 
h of cerebral reperfusion), significantly protected CA1 neurons (p <  0.0001). 
NAMDA-treated animals had a profound diminution in Nedd2 and Cpp32 mRNA 
levels compared to ischemic controls. These data indicate that gene expression of 
specific proteases plays a role in delayed neuronal injury, and that cofactor blockade 
(using NAMDA) may provide new therapeutic strategies. (Supported by NIMH 
24285 to THJ and Burke Medical Research Institute)

S o c ie t y  f o r  N e u r o s c ie n c e , V o l u m e  2 4 ,1998
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480.11
PRETREATMENT WITH CASPASE INHIBITORS MAY REDUCE 
NEURONAL INJURY FOLLOWING TRANSIENT CEREBRAL ISCHEMIA.
H. Li*. P. Sun, F. Colboume and A. Buchan. Dept. of Clinical Neuroscience, 
Univercity of Calgary, Calgary, Canada.

Many reports from several laboratories have indicated that neuronal death by an 
apoptotic mechanism occurs in animal models of cerebral ischemia. z-VAD.FMK 
and z-DEVD.FMK are peptide inhibitors of caspase family and neuroprotective in 
the animal ischemic models. z-VAD.FMK and z-DEVD.FMK were tested and 
injected intracerebroventricularly in both of our ischemic models.

Methods: In global ischemia, male Wistar rats were subject to 10 min. of 4 vessel 
occlusion ischemia with 7 days of reperfusion. z-VAD.FMK (320ng) and z- 
DEVD.FMK (320ng) were given immediately following the ischemia. In focal 
ischemia, adult spontaneously hypertensive rats were subject to 90 min. of right 
MCA occlusion, followed by reperfusion for 22.5 hours. There were two groups of 
treatments: in group 1, z-VAD.FMK (2OOng), z-DEVD.FMK (200ng) and 3% 
DMSO as a control were injected at 60 min. into ischemia, and 30 min. and 2 hours 
after the ischemia. In group 2, a pre-ischemic treatment was added, and the 
subsequent injections were the same as the first group's. The hippocampal CA1 
injured neurons were counted and expressed as percentage in the global ischemia 
model, volumes of cerebral infarction were measured in the focal ischemia model. 
Results. % hippocampal CA1 cells injured Volumes of infarction 

(mean ± SD) (mm3 ± SD)
Control 76 ± 14 76 ± 28 120 ± 20
z-VAD.FMK 8 4 ± 11 97 ± 2 3  9 0 ± 1 8
z-DEVD.FMK 72 ± 17  75 ±  18 95 ±21

(group 1) (group2)
In conclusion, our histological results demonstrate a slight neuroprotective effect 

in the focal ischemia, and none in the global ischemia.
This work was supported by Alberta Heritage Foundation of Canada

480.12
LONG THERAPEUTIC WINDOW IN MILD FOCAL CEREBRAL ISCHEMIA 
DETERMINED BY LATE CASPASE ACTIVATION. K. Fink*, J. Zhu,  M. 
Endres, M. Shimizu-Sasamata, S. Natnura, and M .A. Moskowitz. Stroke and 
Neurovascular Regulation, Massachusetts General Hospital - Harvard Medical 
School, Charlestown, MA 02129, USA.

We have recently reported in a model o f mild focal ischemia induced by 30min 
middle cerebral artery occlusion in SV-129 mice that a striatal lesion involving 
apoptotic cell death develops after several days (Endres et al., J Cereb Blood Flow 
Metab 18: 238-247, 1997). To study now the therapeutic window for caspase- 
inhibitor treatment, we measured caspase activation in mouse brain after ischemia. 
Caspase-3-like DEVDase activity, determined using the fluorogenic substrate 
zDEVD-afc, increased initially 9hrs after reperfusion and remained elevated for 
24hrs. If zDEVD-fmk (480ng icv) was injected before ischemia activity after 24hrs 
was inhibited by 93%. In immunoblots caspase-3p20 cleavage product was 
observed initially 9hrs and sustained for at least 30hrs after reperfusion. 
Unprocessed caspase-3p32 was reduced at 24 and 30hrs. Infarct volume determined 
after 72hrs was reduced by 45-55% after injection o f zDEVD-fmk before or up to 
9hrs after reperfusion. After pretreatment with zDEVD-fmk tissue sparing was still 
50% after 7 days and after 21 days the number of viable neurons within the striatal 
lesion was significantly higher than in untreated animals (61% vs. 16% of cell 
counts in sham-operated animals).

It is concluded that in mild focal cerebral ischemia, caspases are activated 9hrs 
after reperfusion, that the onset of caspase activation determines the long 
therapeutic window and, that caspase inhibition preserves neurons from apoptotic 
cell death.

Supported by DFG Fi600/2-1 (K.F.) and En343/1-1 (M.E.), Uehara Memorial 
Foundation (S.N.), NIH Interdepartmental Stroke Program 5P50-NS10828 
(M.A.M.).

480.13
PO TA SSIU M  C H A N N EL BL O C K ER S A T TEN U A T E N E U R O N A L 
DEA TH S IN D U CED  BY  H Y PO X IC IN SU LTS IN  CO R TIC A L 
CU LTU R E A N D  BY T R A N S IEN T FO CA L ISC H EM IA  IN TH E RAT. 
D.W . C h o j1*, S.P. Y u 1, L. W ei1,2 and F, G o ttron 1 .  1C enter fo r the  Study 
o f  N ervous System  Injury and D ep t. o f  N eurology, 2Dept. o f  Cell B iology 
and P hysiology, W ashington Univ. School o f  M edicine, St. Louis, M O 
63110.

A poptotic cell death occurs after ischem ic insults both in vitro and in vivo. 
W e have found that an early  up-m odulation  o f  outw ard K + current plays a 
key role in serum  deprivation- and staurosporine-induced  neuronal 
apoptosis (Y u et al., Science 278:114-117, 1997). H ere w e exam ined 
w hether K + channel blockers could attenuate  ischem ic neuronal death in 
vitro as well as in vivo.

Patch clam p recordings show ed that both TEA  (5 m M ) and clofilium  (0.1 
µM ) b locked the delayed rectifier K+ current Iκ w ithout affecting  the 
transien t K + current IA. TEA  attenuated  apopto tic neuronal death induced 
by oxygen-glucose deprivation in the presence o f  N M D A  and A M P A 
receptor an tagonists in m urine cortical cell cultures. Furtherm ore, 
adm inistration  o f  TEA i.c.v. or c lofilium  i.p. attenuated  the cerebral infarct 
volum e induced by 30-45 m in m iddle cerebral artery  occlusion follow ed by 
10-14 d reperfusion. N either TEA nor c lofilium  caused gross side-effects 
or a ltered blood glucose, blood oxygen levels, pH, blood pressure, o r body 
tem perature  at doses show ing pro tective effects. These data  suggest that 
certain  K̂ *̄  channel blockers m ay have therapeutic  value in the treatm ent o f  
ischem ic neuronal death. Supported by N IH  grant N S 32636 (DW C).

480.14
P O S T -IS C H E M IA  P R O T E C T IO N  B Y  A  P O T E N T  P A R P  IN H IB IT O R  
IN  T R A N S IE N T  C E R E B R A L  F O C A L  IS C H E M IA . J. Z h a n g ,* J .  H . 
L i a n d  S. L a u ta r . G u ilfo rd  P h a rm a c e u tic a ls  Inc., B a ltim o re , M D  2 1 2 2 4  

A c c u m u la tin g  e v id e n c e  su g g e s ts  th a t  a c tiv a tio n  o f  p o ly (A D P -r ib o se )  
p o ly m e ra s e  (P A R P ) b y  f re e  ra d ic a l d a m a g e d  D N A  p la y s  p iv o ta l ro le  in  
m e d ia tin g  is c h e m ia /re p e rfu s io n  in ju r ie s . T h e  h ig h  tu rn o v e r  ra te  o f  
p o ly (A D P -r ib o se )  ca u se s  a  ra p id  d e p le t io n  o f  c e llu la r  e n e rg y  th a t  lead s  
to  c e ll  d e a th . W e  an d  o th e rs  h a v e  d e m o n s tra te d  th a t  P A R P  in h ib ito rs  
c a n  p re v e n t  g lu ta m a te  e x c ito to x ic ity  in  c o rt ic a l  c u ltu re  an d  in  a  ra t 
m o d e l o f  c e re b ra l fo ca l isc h e m ia . T o  fu rth e r  d e v e lo p  P A R P  in h ib ito rs  
a s  n e u ro p ro te c t iv e  a g e n ts , w e  h a v e  s y n th e s iz e d  se v e ra l s e rie s  o f  p o ten t 
sm a ll m o le c u le  P A R P  in h ib ito rs .  O n e  r e p re se n ta tiv e  P A R P  in h ib ito r , 
G P I 6 1 5 0 , w as te s te d  in  a  ra t s tro k e  m o d e l w ith  2  h  o c c lu s io n  o f  m id d le  
c e re b ra l a rte ry  fo llo w e d  b y  2 2  h  re p e rfu s io n . G P I  6 1 5 0 , f ro m  1 m g /k g  
to  3 0  m g /k g  g iv en  i.p . a t 2  h  b e fo re  a n d  2  h r  a fte r  isc h e m ia , s ig n if ic a n tly  
re d u c e d  in fa rc t v o lu m e  in  a  d o se -d e p e n d e n t  m an n e r . A t th e  h ig h es t 
d o s e , G P I  6 1 5 0  re su lte d  in  a  re d u c tio n  o f  in fa rc t to  a p p ro x im a te ly  th e  
s a m e  p e rc e n ta g e  lev e l th a t  w as  o b se rv e d  in  m ic e  w h o se  P A R P  g e n e s  a re  
d is ru p te d . T h e  sa m e  lev e l o f  p ro te c tio n  w a s  a c h ie v e d  w h e n  G P I 6 1 5 0  
w a s  a d m in is te re d  in  a  s in g le  d o s e  o f  6 0  m g /k g  i.p . a t 1 h  p o s t  isch em ia . 
O u r  re su lts  s tro n g ly  s u g g e s t  th e  th e ra p e u tic  p o te n tia l  o f  P A R P  in h ib ito rs  
in  t re a tin g  c e re b ra l v a s c u la r  s tro k e .

480.15
POST-TREATMENT WITH AN INHIBITOR OF POLY(ADP-RIBOSE) 
POLYMERASE ATTENUATES CEREBRAL DAMAGE IN FOCAL 
ISCHEMIA. K. Takahashi1, J.H. Greenberg*1, A.A. Pieper2, and J. Zhang3. 
1Cerebrovascular Research Center, Sch. of Med., Univ. o f Pennsylvania, Philadelphia, 
PA 19104; 2Dept. o f Neuroscience, Johns Hopkins Univ. Sch. of Med., Baltimore, MD 
21205; 3Guilford Pharmaceuticals Inc., Baltimore, MD 21224.

Poly(ADP-ribose) polymerase (PARP) has been described as an important candidate 
for mediation of NMDA- and NO-induced neurotoxicity. In the present study, we 
demonstrate that in vivo administration of a potent PARP inhibitor, 3,4-dihydro 5-[4- 
( 1-piperidinyl) butoxy]-l(2H)-isoquinolinone (DPQ; IC50=lµM ), leads to a significant 
reduction o f infarct volume in a focal cerebral ischemia model in the rat, even when 
the treatment is performed after the onset o f ischemia. In male Long-Evans rats, focal 
cerebral ischemia was produced by cauterization o f the right distal middle cerebral 
artery (MCA) with bilateral temporary common carotid artery occlusion for 90 
minutes. DPQ was dissolved in DMSO and injected intraperitoneally 30 minutes after 
MCA occlusion (control, 10, 20 ,40  and 80 mg/kg; n=7 each). Twenty-four hours after 
MCA occlusion, the total infarct volume was measured using 2,3,5- 
triphenyltetrazolium chloride. Regional blood flow in the right parietal cortex, 
measured by laser-Doppler flowmeter, was decreased to approximately 20% of the 
baseline following MCA occlusion and remained similarly depressed during 90 
minutes o f ischemia in all five groups. PARP inhibition lead to a significant decrease 
in damaged volume in all treated groups with the largest reduction in the 40 mg/kg- 
treated group (111.5 ±  24.8 mm3, mean ± SD, p<0.001), compared to the control 
group (193.5 ±  28.6 mm3). Furthermore, we performed immunohistostaining of 
poly(ADP-ribose) polymer to clarify both the activation o f PARP in ischemic tissue, 
and the inhibitory effect of DPQ on poly(ADP-ribose) polymer formation. These 
findings indicate that the activation o f PARP may play an important role in the 
pathogenesis o f brain damage in cerebral ischemia through intracellular energy 
depletion. (Supported by NIH grant NS32017 and Guilford Pharmaceuticals Inc.)

480.16
P O S T -IS C H E M IA  T R E A T M E N T  W IT H  G P I 6 150  D IM IN IS H E S  
P O L Y (A D P -R IB O S E ) A C C U M U L A T IO N  D U R IN G  IS C H E M IA - 
R E P E R F U S IO N  IN JU R Y  IN  R A T  B R A IN . S. L a u ta r ,1 A . A. P ie p e r ,2 A. 
V e rm a ,3 X .-C . M . L u ,1 Z. T an g ,1* W . L iu ,1 J .-H . L i ,1 S. H . S ny d e r,2 an d  J. 
Z h a n g 1. 1G u ilfo rd  P h a rm aceu tica ls  Inc., B a ltim o re , M D  2 1 224 , 2D ept. 
N eu ro sc i., Johns H op k in s  U niv . Sch. M ed. B a ltim o re , M D  2 1 2 0 5 ,3D ept. 
N eu ro l, U n ifo rm . Serv. U niv . H ea lth  Sci., B e th esd a , M D  20814 .

N itric  o x ide  and  p e ro x y n itrite  a re  m a jo r  m ed ia to rs  o f  n eu ro n a l d am ag e  
fo llo w in g  cerebra l ischem ia . T h e y  e lic it D N A  s tran d  b reak ag e  th a t 
c o n seq u en tly  ac tiv a te s  p o ly  (A D P -rib o se) p o ly m erase  (P A R P ). A ctiv a ted  
P A R P  u ses N A D  as a  su b stra te  to  sy n th esize  p o ly  (A D P -rib o se ) (P A R ) to  
m o d ify  n u c lea r p ro te in s, in c lu d in g  P A R P  itself. P ro n o u n ced  D N A  d am ag e  
fo llo w ed  b y  ex cessiv e  P A R P  ac tiv a tio n  lead s  to  N A D  d ep le tio n  and  
su b seq u en t cell dea th  in  severa l ex p e rim en ta l system s. W e  h av e  sh ow n th a t 
G P I 6150 , a n ove l P A R P  in h ib ito r  w ith  an  IC 50 o f  0.1 µM , m ark e d ly  
red u ces  in fa rc t vo lu m e  in  tran s ien t m id d le  cerebra l a rte ry  o cc lu s io n  in  rat. 
H ere  w e  u sed  the  P o ly (A D P -R ib o sy la tio n ) In  S itu  (P A R IS ) tech n iq u e  and  
im m u n o h is to ch em istry  to  s tu d y  the  e ffec t o f  G P I 615 0  o n  P A R  m etab o lism  
du rin g  c ereb ra l foca l ischem ia . W e o b se rv ed  su b stan tia l increase  o f  P A R P  
ac tiv ity  an d  P A R  a ccu m u la tio n  in  th e  isch em ic  b u t  n o t th e  co n tra la te ra l 
reg io n  o f  the  b rain . Im m u n o h is to ch em ica l s ta in in g  o f  P A R  rev e a led  th a t 
G P I 6150, g iv en  a t 1h  p o s t isch em ia , s ig n ifican tly  red u c e d  P A R  
accu m u latio n  in  th e  isch em ic  reg ion . T h ese  resu lts  su g g est th a t G P I 6150 
ex erts  its  n eu ro p ro tec tiv e  e ffec ts  th ro u g h  in h ib itio n  o f  P A R P.
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480.17
CYTOCHROME C IS RELEASED FROM MITOCHONDRIA INTO THE 
CYTOSOL FOLLOWING CEREBRAL ANOXIA OR ISCHEMIA. R. 
Busto*, G. P. Xu, J. Bom, J. Lorenzo, M.A. Pérez-Pinzón, M. Rosenthal 
and T.J. Sick. Dept. of Neurology, U. o f Miami Sch. o f Medicine, Miami, 
FI. 33101.

Mitochondrial dysfunction may underlie acute and chronic 
pathophysiology resulting from cerebral ischemia. Studies here stem from 
the hypothesis that the release of cytochrome c from the mitochondrial 
matrix may be produced by ischemia-induced permeability shifts and that 
this release may underlie mitochondrial dysfunction and delayed neuronal 
death. Cytochrome c was measured spectrophotomectrically from the 
cytosolic fraction of brain homogenates derived from animals that had 
undergone 10 min o f global forebrain ischemia followed by 1 hr o f re
perfusion, and from sham-operated controls. Cytosolic cytochrome c 
content increased in ischemic brain compared to control brain. In 
hippocampal slices, reducible cytochrome c content was decreased by 
anoxia suggesting a loss o f the respiratory chain component from the 
mitochondrial pool. These studies demonstrate that cytochrome c is 
released from mitochondria after cerebral anoxia or ischemia. They suggest 
that the loss of cytochrome c to the cytosol after cerebral ischemia may 
underlie post-ischemic mitochondrial dysfunction and thus may mediate 
changes leading to delayed neuronal death. These studies were supported 
by PHS grants NS14325, NS32167 (TJS), NS34773 (MAPP) and NS05820 
(RB).

480.18
ATTENUATION OF ISCHEMIA-INDUCED CELLULAR AND BEHAVIORAL 
DEFICITS BY XIAP OVEREXPRESSION IN THE RAT HIPPOCAMPUS. D.G. 
Xu1,2*, Y. Bureau3, D.C. McIntyre3, D.W. Nicholson4, P. Liston2,5, Y. Zhu1,2, W.G. Fong5, 
S.J. Crocker1, R.G. Korneluk2,5 & G.S. Robertson1,2 1Department o f Cellular and 
Molecular Medicine, University of Ottawa, 451 Smyth Road, Ottawa, Ontario, K1H 
8M5; 2Apoptogen, CHEO, Ottawa, Ontario K1H 8L1; departm en t of Psychology, 
Carleton University, Colonel By Drive, Ottawa, Ontario, K1S 5B6; 4Apoptosis Research 
Program, Department of Biochemistry and Molecular Biology, Merck Frosst Centre for 
Therapeutic Research, 16711 Trans Canada Highway, Kirkland, Quebec, H9H 3L1; 
5Genetics Research Laboratory, CHEO, Ottawa, Ontario K1H 8L1; Canada.

T ransient forebrain ischem ia p roduced by  four-vessel occlusion (4-VO) 
triggers the delayed death o f  CA1 neurons in the hippocam pus resu lting  in 
behavioral deficits o f  spatial learning perform ance. W e dem onstrate  that C A 1 
neuronal loss induced by 4 -V O  (12 m in) is p receded by a selective and m arked 
elevation o f  cataly tically-active caspase-3 in these neurons indicative o f  
apoptosis. V irally-m ediated  overexpression o f  the an ti-apopto tic gene XIA P 
prevented both the production o f  cataly tically-active caspase-3 and degeneration 
o f  CA1 neurons after transien t forebrain ischem ia. CA1 neurons pro tected  in this 
m anner appeared to function norm ally as assessed  by im m unohistochem ical 
detection o f  the neuronal activ ity  m arker N G FI-A  and by  spatial learning 
perform ance in the M orris w ater m aze. These findings indicate that caspase-3 
activation  is a key event in ischem ic neuronal death and that b lockade o f  this 
event by X IA P overexpression  perm its CA1 neurons to survive and operate 
properly after an ischem ic insult.
(S upported by H eart and Stroke F oundation o f  O ntario)

ISCHEMIA: APOPTOSIS II

481.1
Altered levels of Bcl-2 and Bax colocalize with ischem ic damaged 
cells in a dual set-up of a photothrombotic 'ring' stroke model XiaoLei 
Hu*. Per Wester, Inga-Maj Johansson, Thomas Brännström and Tommy Olsson Umeå 
Stroke Center, Dept Medicine, Univ of Umeå, S-901 87 Umeå, Sweden.

The occurrence of both necrotic and apoptotic patterns of cell death in the setting of 
our photothrombotic ring stroke model has earlier been reported (Hu et al, Soc. 
Neurosci Abs, 1997). This study aimed at exploring the anti-apoptotic protein Bcl-2 
and the pro-apoptotic protein Bax immunoreactivity and it’s relationship with 
apoptotic cells. The photothrombotic ‘ring’ stroke model was induced in temperature 
and blood gas controlled male Wistar rats (280-330 g) by using 0.89 W/cm2 laser 
intensity for inducing reversible ischemia in the center region-at-risk or 1.84 W/cm2 
which results in late pan-necrosis. The immunohistochemical staining of Bcl-2 and 
Bax was performed on coronal sections. Double staining of TUNEL and Bax or Bcl-2 
was carried out on sections from the epicenter of the lesion.

Bax and Bcl-2 immunoreactivities were observed in the cytoplasm throughout the 
brain of sham operated animals. In the pan-necrosis stroke model, the increased Bax 
immunoreactivity at 10-24 h post-ischemia (p.i.) was located in the damaged cells of 
the inner and outer transition zones of the lesion and was more extensively observed in 
the inner boundary lesion region at 48-72 h p.i. In the reversible stroke model, Bax 
immunoreactivity was mainly expressed in the inner transition zone at 10-24 h p.i. 
Bcl-2 immunoreactivity decreased in the damaged cells of the ring lesion region and 
transition zone but increased in the normal morphological cells in the region-at-risk 
at 4-24 h p.i. Double staining showed that Bax immunoreactivity generally was not 
found in the TUNEL positive cells.

Our data demonstrate that the expression of Bax occurred earlier than the TUNEL 
positive cells associated with apoptotic cell death.

481.3

IN D U C T IO N  O F  5 5 K D A  F R A G M E N T  O F  P K N  D U R IN G  A P O P T O S IS  
IN  T H E  IS C H E M IA /R E P E R F U S IO N  M O D E L  O F  R A T  R E T IN A .
K  S u m io k a 1, T . H a sh im o to  *2,Y . O n o 3, N . S a i to 11 L a b . o f  M o l. P h a rm a c o l., 
B iosignal R es. C tr., *2D e p a rtm e n t o f  P sy c h ia try , S c h o o l o f  M ed ic in e , 
3Dep artm en t o f  B io lo g y , F a c u lty  o f  S c ien c e , K obe  U n iv ., K o b e  6 5 7 -8 5 0 1 , 
Jap an

PK N  is a  s e rin e /th re o n in e  p ro te in  k in ase  w ith  m o le c u la r  m a ss  o f  
l2O kD a h a v in g  a  ca ta ly tic  d o m a in  h ig h ly  h o m o lo g o u s  to  th a t  o f  p ro te in  
k inase C . R ec e n tly  it h as  b e e n  sh o w n  th a t P K N  is s p e c if ic a lly  c leav ed  
to  g e n e ra te  th e  c o n s titu tiv e  a c tiv e  k in a se  w ith  m o le c u la r  m ass  o f  
ap p ro x im ate ly  5 5 k D a  d u r in g  ap o p to s is  in  d iffe re n t ce ll l in e s . H o w e v e r, 
the p h y s io lo g ic a l ro le  a n d  ac tiv a tio n  m e c h a n ism  o f  P K N  is u n c le a r. T o  
e lu c id a te  th e  p h y s io lo g ic a l m e c h a n ism  o f  P K N  a c tiv a tio n , w e  in v e s t ig a te d  
how  co n s titu tiv e  a c tiv e  fo rm  o f  P K N  w a s  in d u c e d  d u r in g  a p o p to s is  in  
the  n e rv o u s  sy stem  u s in g  the  isc h e m ia /re p e rfu s io n  m o d e l  o f  ra t  re t in a  
w h ich  ex p re sse d  P K N  a b u n d a n tly . T h e  sa m p le s  o f  r e t in a  w e re  o b ta in e d  
1 to  7  d ay s  a fte r  p re s su re -in d u c ed  is c h e m ic  in su lt(15 ~ 6 0 m in ). Im m u n o b lo t  
an a ly sis  in d ic a te d  th e  e x p re s s io n  o f  P K N  id e n tif ie d  as  a  12 0 k D a  p ro te in  
b o th  in th e  isch em ic  an d  co n tro l re t in a  by  u s in g  th e  a n tib o d y  a g a in s t  C  
term inal reg io n  o f  P K N . A n  a d d itio n a l b an d  o f  5 5 k D a  w a s  id e n tif ie d  in 
the re tin a  3 to 7  d ay s  a fte r  isc h e m ic  in su lt. M o re o v e r  th is  5 5 k D a  p ro te in  
was a lso  in d u ce d  in the  re tin a  b y  in tra v itre a l in je c tio n  o f  N M D A . 
Im m u n o h ito ch em ica l a n a ly s is  re v e a le d  P K N  im m u n o re a c tiv ity  w as 
in creased  in th e  in n e r  n u c le a r  lay e r  o f  th e  is c h e m ic  re tin a  c o m p a re d  w ith  
that o f  th e  co n tro l re tin a . T h e se  re s u lts  su g g e s t  th a t  the  c o n s ti tu t iv e  
ac tive  fo rm  o f  P K N  is in v o lv e d  in the  p ro ce ss  o f  a p o p to tic  n e u ro n a l  ce ll 
death  a fte r  th e  tra n s ie n t isc h e m ia  in re t in a .

481.2
C R O SSLIN K ED  H EM O G LO BIN  CAN IN D U CE Bcl-2 EX PRESSIO N  
AND SU PPRESS A PO PTO SIS IN M O U SE BRAIN FO LLO W IN G  
H EM O RR HAG E. Z .Y .Y u 2*, F.M. R o llw agen1, Y.Y. Li1, N .D . Pacheco2 
and R.M . M cC arron1 ,2 . 1Dept, o f  Pathology, Univ. U niform  Serv. Health 
Sci. Bethesda, M D 20814; 2N aval M edical Research Institute, Bethesda, 
M D 20889.

Stroke, hem orrhagic shock (HS), and hypoxia are ischem ic conditions 
associated with extensive neuronal cell death, particularly in sensitive brain 
regions. Recent findings suggest that apoptosis contributes to  neuronal 
dam age after ischem ic injury. This study evaluates the contribution  o f 
apoptosis to ischem ic dam age a fter hem orrhage and resuscitation. 
A naesthetized m ice were subjected to controlled hem orrhage (35m m H g) 
for 60 min followed by resuscitation  w ith either fum arate  crosslinked 
hem oglobin (ααH b; a vasoactive, oxygen-carrying solu tion) or shed blood 
(BLOOD). Brains were rem oved 18 h following blood loss. A poptosis was 
determ ined by TdT-m ediated dU TP nick labeling (TU N EL) on paraffin  
sections. Bcl-2 mRNA expression w as determ ined by non-radioactive in situ 
hybridization with a self-designed m ouse Bcl-2 32-m er oligonucleotide 
probe. Apoptosis in the BLOOD group was higher than in the α αH b group, 
particu larly  in the forebrain cortex, dentate gyrus, striatum  and nuclei 
surrounding the third ventricle. An extraord inary  Bcl-2 expression  was 
detected  in the cortex, hippocam pus, and paraven tricu lar hypothalam ic 
nuclei o f  ααH b group. Considerably lower levels o f  Bcl-2 expression were 
observed in BLO O D -reconstituted m ice. These findings suggest that 
resuscitation with ααH b efficiently induced the Bcl-2 gene expression  and 
suppress apoptosis in m ouse brain in response to ischem ic injury. The data 
suggest a role for apoptosis in ischem ia-induced brain injury and indicate 
the efficacy o f  ααH b in reducing brain dam age in response to hem orrhage.

481.4
PROTECTIVE AND TOXIC CONSEQUENCES OF INHIBITION OF CALPAIN 
ACTIVATION BY OXYGEN-GLUCOSE DEPRIVATION IN ORGANOTYPIC 
HIPPOCAMPAL SLICE CULTURES. C. Brana1, C D. Benham2 M. Evans2 and L.E. 
Sundstrom1
1Dept. of Clinical Neurological Sciences, Univ. of Southampton, Southampton, SO 16 
6YD, UK.; 2Neurosciences Research, SmithKline Beecham Pharmaceuticals, Harlow, 
Essex CM19 5AW, UK.
It has been suggested that after ischemia, activation of proteases such as calpains could 
be involved in cytoskeletal degradation leading to neuronal cell death. In-vivo, calpain 
inhibitors at high doses have been shown to reduce ischemic damage and traumatic 
brain injury, however the relationship between calpain activation and cell death remains 
unclear. We have investigated the role of calpain activation in a model o f ischemia 
based on organotypic hippocampal slice cultures using the the appearance of spectrin 
breakdown products (BDPs) as a measure of calpain I activation. Calpain I activity was 
detected on Western blots immediately after a one hour exposure to ischemia. Up to 4 
hours post ischemia BDPs were found mainly in the CA I region and appeared before 
uptake of the vital dye propidium iodide (PI). 24 hours after the insult, BDPs were 
detected extensively in CA1 and CA3 pyramidal cells which all colocalized PI. Most PI 
positive cells, however, did not have BDPs indicating that this is not a prerequisite for 
ischemic cell death. Pre-treatment with the specific calpain inhibitor MDL 28170 did 
not have any neuroprotective effect even though it blocked the appearance of BDPs; a 
clear neuroprotective effect was seen, however, if added post ischemia. When MDL 
28170 was present throughout the entire pre-and post incubation phases, PI labeling was 
increased indicating a toxic effect of inhibition during the insuit. These results suggest 
that neuroprotective effects of calpain inhibition in ischemia may depend on precisely 
when inhibitors are applied and that exposure during the insult may have deleterious 
effects.
Funded by SmithKline Beecham Pharmaceuticals.
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481.5
CALPAIN-MEDIATED SPECTRIN BREAKDOWN IN CNS WHITE MATTER: 
ANOXIA AND REOXYGENATION ARE INDEPENDENT TRIGGERS.
O.B. Jiang & P.K. Stys*, Ottawa Civic Hospital Loeb Medical Research Institute, 
University o f Ottawa, Ottawa, Canada, K1Y 4E9.

Transient anoxic/ischemic episodes have been demonstrated to initiate a variety o f 
pathological changes in CNS tissues. Of particular interest to our studies is the Ca- 
induced activation o f calpain in white matter, since previous work showed that axonal 
Ca loading during anoxia is a major determinant o f  irreversible injury. Using Western 
blot analysis with antibodies specific for calpain cleaved spectrin breakdown products 
(SBPs), we investigated the involvement o f this protease in rat optic nerve axons in 
response to anoxia, re-oxygenation and modulation o f Na or Ca influx.

One hour o f in vitro anoxia in 95%N2/5%CO2 at 37°C induced a 12-fold increase in 
SBPs, and paradoxically, 1 h o f reoxygenation caused additional structural injury 
reflected by a further tripling o f SBP levels over anoxic values. Indeed, 2 h o f  
continuous anoxia was only slightly more injurious than 1h anoxia/1h reoxygenation, 
with SBP levels only 19% higher at the end o f the former compared to the latter 
treatment.

Exposing optic nerves to zero-Ca/5mM EGTA during anoxia had a profound 
protective effect, both during anoxia and after reoxygenation, with levels o f SBPs an 
order of magnitude lower than in normal CSF containing 2 mM Ca. TTX (1 µM) was 
also highly protective, although not to the same extent as with zero-Ca.

Conclusions: 1) Anoxia induces calpain activation leading to structural injury in 
optic nerve. 2) Unexpectedly, reoxygenation, through as-yet unknown mechanisms, 
was a major trigger for calpain activation. 3) Calpain-mediated spectrin breakdown 
was completely Ca-dependent. 4) Consistent with previous physiological studies, 
either Na channel block or Ca removal were highly protective, demonstrating a key 
role for calpain overactivation in the structural and functional injury in CNS white 
matter during anoxia/reoxygenation.

This work was su pported b y the H eart and  Stroke Foundation o f  O ntario Grant #B-3743.

481.7
ELECTRON MICROSCOPIC EVIDENCE OF APOPTOSIS IN A MODEL OF 
CEREBRAL HYPOXIA-ISCHEMIA. M.R. Pulera, H. Liu, L.M. Adams and C.G. 
Wasterlain*. Veteran’s Affairs Medical Center, Sepulveda, CA 91343 and UCLA 
School of Medicine, Los Angeles, CA 90095.

A neonatal rat model of cerebral hypoxia-ischemia has been developed with 
features of apoptosis such as caspase activation, TdT-mediated dUTP-biotin Nick 
End Labeling, a DNA electrophoresis laddering pattern and the presence of apoptotic 
bodies by ethidium bromide staining. The purpose of this study was to determine if 
this model displayed evidence of apoptosis by electron microscopy (EM).

Seven-day-old Wistar rats underwent permanent bilateral carotid occlusion 
followed by a one hour period hypoxia (6.5% O2, 93.5% N2). The rat pups were 
sacrificed 1 or 3 days after hypoxia-ischemia and perfused with sodium phosphate- 
buffered fixative containing 2% formaldehyde and 3% glutaraldehyde. Brains were 
embedded and examined by EM. Granule cells in the inner layers of the dentate 
gyrus and neurons in the frontotemporal cortex exhibited prominent characteristics 
of apoptotic bodies by EM. In the dentate gyrus and cortex, rounding up of cell 
bodies, cytoplasmic and nuclear compaction as well as chromatin clumping and 
fragmentation into multiple spherical bodies typical of apoptosis were visible. In 
apoptotic cells, the cytoplasmic organelles appeared relatively intact in the presence 
of condensation and fragmentation of the nucleus. In the cortex, evidence of 
cytoplasmic membrane blebbing can be seen one day after hypoxia-ischemia. 
Membrane-bound apoptotic bodies in varying states of degradation, some being 
engulfed by phagocytes, were clearly present. Control dentate gyrus and cortex did 
not display any features of apoptotic bodies.

In addition to evidence of caspase activation and DNA fragmentation, the 
morphological detection of apoptotic bodies by EM strongly supports the notion that 
cerebral hypoxia ischemia produces apoptosis in this neonatal rat model.
Research Grant NS 13515 from NINDS and the American Heart Association

481.9
IN VIVO IMAGING OF FOCAL CEREBRAL ISCHEMIA USING 99mTc 
RADIOLABELED ANNEXIN V TO DETECT APOPTOSIS. F. G. Blankenberg, M. 
A. Yenari, E. Busch, G. H. Sun*, R. E. Davis, J. F. Tait, S. Kopiwada, K. Ohtsuki, H. 
W. Strauss, G. K. Steinberg. Stanford Stroke Center, Stanford, CA & University of 
Washington, Seattle, WA

Annexin V is an endogenous human placental protein with a high affinity for 
phosphatidylserine (PS), a membrane phospholipid that is selectively expressed on 
the cell surface during apoptosis. Annexin V binding has been shown to be a reliable 
marker of active apoptosis in vitro and in vivo. We have developed a novel technique 
that permits for the first time in vivo imaging o f apoptosis employing 99mTc 
radiolabeled annexin V. 7 adult male Sprague Dawley rats (300-400 gms.) underwent 
2 hours o f transient ischemia using an intraluminal suture to occlude the MCA origin. 
One hour after I.V. injection of 900µCi of 99mTc hydrazinonicotinamide derivatized 
annexin V, animals were imaged with a 1mm pin hole collimator for a total of 
100,000 counts in the posterior projection. 10mCi of 99mTc-DTPA was then 
administered as a control intravascular radiopharmaceutical and imaging was 
performed as above. Rats imaged 15-72 hours after reperfusion showed intense focal 
uptake of annexin V within the ischemic hemisphere confirmed by characteristic 
forelimb contraction as well as H & E histopathology and TUNEL staining. Region 
o f interest image analysis demonstrated a 2-3 fold increase in annexin uptake in the 
ischemic as compared with the contralateral hemisphere. Uptake was more robust at 
15-24 compared to 72 h. TUNEL staining of morphologically apoptotic cells was 
present at 72 h at earlier timepoints. 99mTc radiolabeled annexin V may detect 
membrane alterations associated with PS extemalization during early apoptosis than 
conventional TUNEL staining which is dependent upon DNA fragmentation which 
occurs later. This technique may prove o f great use for the study of the 
pathophysiology o f cerebral ischemia and infarction.

NINDS, NHLBI, L. Packard Foundation

481.6
PHOSPHOLIPID REORGRNIZRTION IN RPOPTOTIC NEURONRL CELLS
P. Banerj ee*, T. Adavev and R. Estephan. CDN and The Dept. Chem., CUNY at The 
College of Staten Island, Staten Island, NY 10314.

In non-neural cells, extemalization of phosphatidylserine (PS) to the outer leaflet of the 
plasma membrane is considered to be an early event in apoptosis and, also, a preamble 
to the phagocytosis of these cells by macrophages. The objective of this study was to 
elucidate the hierarchy of apoptotic events in CNS-derived neuronal cells, using the 
hippocampal HN2-5 cells under anoxia. Since anoxic treatment of such unsynchronized 
cells (e g. undifferentiatedHN2-5 cells) results in both early and late apoptotic cells, we 
mechanically separated these cells into three fractions containing (i) cells which had 
completely detached during anoxia, (ii) cells which remained weakly attached to the 
tissue culture dish and, once detached by trituration in serum-containing medium, did 
not reattach, and (iii) cells which reattached in 2-3 h. Fractions (i) and (ii) contained 
cells with fragmented DNA, whereas cells in fraction (iii) did not show any DNA 
laddering. Double staining with FITC-annexin V (which binds to PS) and propidium 
iodide (PI) revealed that all cells in fraction (i), but not in fractions (ii) and (iii), had 
permeable cell membrane (Pi-positive) and externalized PS molecules (FITC-annexin V- 
positive). In addition, CPP32 activity was increased 50-fold in fraction (i), 21-fold in 
fraction (ii), and 5.5-fold in fraction (iii) with respect to that in control healthy cells, 
thereby indicating that the cells in these fractions were at a late stage, an intermediate 
stage, and a very early stage of apoptosis, respectively. Thus, in the neuronal HN2-5 
cells, extemalization of PS occurs only during the final stages of apoptosis when the 
cells have completely lost their adhesion properties. Further experiments showed that 
ameboid microglial cells isolated from neonatal mouse brain phagocytosed only the cells 
in fraction (i), and this phagocytic uptake was blocked in a dose-dependent manner by 
lipid vesicles containing PS but not PE or PI. These results show that in CNS- 
derived HN2-5 cells, (a) PS-externalization is a late apoptotic event, and is concomitant 
with a complete loss of surface adhesion of the apoptotic cells, and (b) PS- 
externalization is crucial for microglial recognition and phagocytosis of the apoptotic 
HN2-5 cells. Future studies will be focused on the apoptosis-associated regulation of 
the aminophospholipid translocase, which helps keep PS in the inner membrane.

481.8
SENSITIVITY OF DIFFUSION-WEIGHTED MRI TO APOPTOTIC CELL 
DEATH IN MIDDLE CEREBRAL ARTERY ISCHEMIA-REPERFUSION. Z.
Gu1*, J. Wei3, H.C. Rea1, M.J. Quast3, T.A. Kent2,3 and J.R. Perez-Polo1. 1Dept, of 
HBC&G, 2Dept. o f Neurology and 3MBI, UTMB, Galveston, TX 77555-0652.

Diffusion-weighted MRI (DWI) has been utilized as a means of detecting 
ischemic injury early in the stroke process, and has been used to predict efficacy of 
neuroprotective or thrombolytic agents. DWI is associated with accumulation of 
intracellular water as a function o f energy loss. However, a careful correlation of the 
histopathological substrate of diffusion abnormalities has not been performed. 
Specifically, the sensitivity o f DWI to apoptotic cell death is not well studied. A 
modified intraluminal suture occlusion o f the middle cerebral artery in Sprague- 
Dawley rats was performed. Occlusion time varied from 30 minutes to 2.5 hours, and 
was followed by reperfusion for 72 hours. High-resolution diffusion weighted 
multislice MRI was then performed at 4.7 Tesla (Varian). The rats were then deeply 
anesthetized and perfusion-fixed. Brains were imbedded with paraffin, sectioned 
coronally at 5 µm and stained for apoptotic cells using Fragment End Labeling of 
DNA (KLENOW-FragEL Detection Kit). A careful inspection o f the DWI revealed 
striking intensity heterogeneity related to cortical layers, especially in the 
hippocampal areas. In the histological sections, there were artifacts related to tissue 
injury in several animals, but analysis was possible in the less severely injured 
regions. There was clear positive staining of cells in the hippocampal dentate layers 
and CA1 regions which correlated qualitatively with higher intensity regions on the 
DWI in the ipsilateral ischemic cortex. Although much of the quantitative correlation 
remains to be done, this preliminary qualitative analysis indicates that apoptotic cell 
death is visible on DWI, at this 3-day time point and in these brain regions. The 
implications o f these results are tempered by the usual concerns o f the specificity of 
any single measure of apoptotic cell death, and further confirmation is likely needed. 
Supported in part by NINDS NS33288 to JR P-P.

481.10
THE EFFECTS OF FREE FATTY ACID EXPOSURE ON PC 12 
C E LL S. J. E . Ulloth. L. D. Longo, & M. De Lé on*. Department of Physiol, & 
Pharmacol., Ctr. for Mol. Biol. & Gene Ther., Ctr. for Perinatal Biol., Loma Linda 
University School of Medicine, Loma Linda, CA 92350.
Background. Hypoxia-ischemia-induced neuronal death has traditionally been 
attributed to a passive, necrotic process resulting from irreversible damage acquired 
progressively during ischemia. However, recent observations of apoptotic features in 
late neuronal death suggest that apoptosis may also contribute to delayed neuronal 
loss and infarct development following both global and focal ischemia. Although the 
mechanism by which transient hypoxia-ischemia may induce apoptosis is unknown, 
one major biochemical response to hypoxia-ischemia is the hydrolysis of cell 
membrane phospholipids, producing a prolonged and pronounced release of free fatty 
acids (FFA). To test the hypothesis that prolonged exposure to elevated levels of 
FFA results in apoptotic cell death, NGF-differentiated PC 12 cells were used to 
examine the effects of FFA on a neuron-like cell phenotype. M ethods. PC12 cells 
were first NGF-differentiated by exposure to 150 ng/ml NGF in low serum- 
containing DMEM (1% FBS) for 8 days. Following differentiation, the cells were 
exposed to oleic acid complexed fatty acid free bovine serum albumin (BSA) in the 
presence of 150 ng/ml NGF in DMEM/1%FBS. R e su lts . This treatment produced 
cell death beginning after approximately 12 hours and resulting in an 80% loss of 
confluency by 30 hours. Cells viewed by phase contrast microscopy exhibited 
apoptotic morphology chararcterized by cell shrinkage and membrane blebbing. In 
addition, DAPI staining confirmed the presence of condensed and fragmented nuclei. 
Finally, DNA isolated from the cells after 24 hours of fatty acid exposure and 
fractionated on a 2% agarose gel, revealed a clear 180-200 base pair laddering pattern 
indicative of intemucleosomal cleavage of DNA, a characteristic of apoptotic cell 
death. C o n clu sio n . These results suggest that prolonged exposure to FFA 
produces apoptotic cell death in a neuron-like cell phenotype.
[Supported in part by NSFIBN95-15002 & IBN97-28662]
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481.11
DEPOLARIZATION BY HYDROGEN PEROXIDE OF MITOCHONDRIA IN 
ISOLATED NERVE TERMINALS. L. Tretter, C. Chinopoulos and Vera Adam-Vizi*. 
Department of Biochemistry, Semmelweis University of Medicine, Budapest H-1444
P.O.Box 262, Hungary.

The fluorescent probe JC-1 was used to monitor the membrane potential of 
mitochondria (ΔΨm) in intact isolated nerve terminals. Oxidative stress was induced 
by hydrogen peroxide (100 µM-lmM). JC-1 fluorescence was only slighly changed 
upon addition of hydrogen peroxide indicating that ΔΨm is maintained in nerve 
terminals under this condition. Rotenone, inhibitor of complex I. of the respiratory 
chain (2 µM) was also unable to reduce ΔΨm. When oxidative stress by hydrogen 
peroxide was imposed on mitochondria in which complex I. was inhibited by rotenone 
a large decrease in ΔΨm was observed. Similar results were obtained with oligomycin, 
inhibitor of the F0F 1-ATPase. Addition of this inhibitor (10 µM) caused no change in 
ΔΨm, however hydrogen peroxide given subsequent to oligomycin induced a large 
depolarization of mitochondria. Reduction in ΔΨm due to hydrogen peroxide was 
independent of the presence of Ca2+ in the medium. The effect of hydrogen peroxide 
on ΔΨm neither in the presence of rotenone nor oligomycin was prevented by 
preincubation with cyclosporin A, therefore Ca2+ "cycling" across the inner 
mitochondrial membrane is unlikely to be involved. Similar results to those observed 
with hydrogen peroxide were produced by inhibitors of complex II. of the respiratory 
chain, thus the effect of hydrogen peroxide on succinate dehydrogenase, a component 
of complex II. was also investigated. It was found that the activity of succinate 
dehydrogenase was indeed greatly reduced by hydrogen peroxide in the same 
concentration range which was effective to reduce ΔΨm when rotenone or oligomycin 
was also present. The results show that hydrogen peroxide inhibits succinate 
dehydrogenase which impairs the respiratory chain, however this itself does not result 
in a decrease of ΔΨm. When, in the presence of hydrogen peroxide, either complex I ,  
or F0F1 ATPase are also inhibited, thus unable to compensate the reduced input of the 
respiratory chain at complex II., ΔΨm is no longer maintained.

481.13
C Y C L O S P O R IN  A  A N D  IT S  A N A L O G  M eV alC sA  M IT IG A T E  
G L U C O S E -O X Y G E N  D E P R IV A T IO N  (G O D ) IN D U C E D  
D A M A G E  T O  H IP P O C A M P A L  N E U R O N S  A N D  D E C R E A S E  
IS C H E M IC  IN F A R C T  S IZ E . 1L eo n id  K a s p h e k o v , 1S hohei 
M a su m o to , 1H an s  F r ib e rg , 2A n d rew  H a le strap . an d  1T ad eu sz  
W ie lo ch * . 1L ab o ra to ry  fo r  E x p erim en ta l B ra in  R e se a rc h , L u n d  
U n iv e rs ity , S w ed en , 2De p a rtm e n t o f  B io c h e m is try , U n iv e rs ity  o f  
B ris to l, U K .
T he m ito ch o n d ria  h as  b een  im plicated  in  necro tic  an d  ap op to tic  
cell death . W e in v estig a ted  the  e ffec t o f  cy c lo sp o rin e  A  (C sA ) and  
its analog  M eV alC sA  on  ischem ic  cell d ea th  in v iv o  an d  in  v i tr o .  
H ip p o cam p al m o u se  n e u ro n s , 7 D IV , w ere  su b jec ted  to  G O D  o f  
90  m in d u ratio n  and  the cell d ea th  ev a lu a ted  fo llo w in g  2 d ay s  
reco v e ry . C y c lo sp o rin e  A  and  its a n a lo g  M eV alC sA  (P K F  2 0 0 - 
384) 1 m ikroM  and d im in ish ed  cell d ea th  by  4 0  - 8 0  % . R ats  
w ere  su b jec ted  to 2 h rs  o f  rev e rs ib le  M C A O  w ith  2 d a y s  o f  
reco v e ry . In farc t size , d e te rm in ed  w ith  T T C  s ta in in g , d ec reased  
s ign ifican tly  fro m  25 to  10%  in co rtex  an d  fro m  8 to  2%  in 
stria tu m . S w ellin g  o f  iso la ted  m ice m ito ch o n d ria  w as  in d u ce d  by  
calcium  an d  p rev en ted  b y  b o th  C sA  and  its an a lo g . A lso  the 
t ransloca tion  o f  cy c lo p h ilin  D  fro m  the m atrix  to  the inner 
m ito ch o n d ria l m em b ran e  w as p rev en ted  b y  the d ru g s . S in ce  b o th  
co m p o u n d s  inh ib it m ito ch o n d ria l sw e llin g  an d  th ere fo re  
m ito ch o n d ria l p e rm eab ility  tran sitio n , and  s ince  the  C sA  an a lo g  is 
not a ca lc ineurin  in h ib ito r , w e  p ro p o se  that the  m ito ch o n d ria l 
M P T  an d  p lay s  an im portan t ro le  in n eu ro n a l d am ag e  fo llo w in g  
en e rg y  c ris is . S u p p o rte d  by  the  S w ed ish  M R C  (g ra n t 8 6 8 4 ) , E U - 
B IO M E D  II (B M H 4 -C T 9 6 -0 8 5 1).

481.15

IM P L IC A T IO N  O F  T H E  M IT O C H O N D R IA L  P E R M E A B IL IT Y  
T R A N S IT IO N  IN  N E U R O N A L  D E A T H  F O L L O W IN G  
H Y P O G L Y C E M IC  D A M A G E . M . F e r ra n d -D ra k e .1 * H . F r ib e rg ,1 ,2 A . 
H a le s trap 3 and  T . W ie lo ch 1. 1L a b o ra to ry  fo r  E x p erim en ta l B ra in  
R esea rch , W a lle n b e rg  N e u ro c e n te r , U n iv e rs ity  H o sp ita l, L u n d , 221 85 , 
L u n d  S w ed en ; 2D ep t. o f  A n e s th es io lo g y  an d  U n iv e rs ity  H o sp ita l L u n d , 
S w ed en ; 3D ep t. o f  B io c h e m is try , U n iv e rs ity  o f  B ris to l, U .K .
In d u ctio n  o f  the m ito ch o n d ria l p erm eab ility  tran sitio n  (M P T ) h as  been  
im plicated  in ce llu la r a p o p to s is  an d  in isc h e m ia -re p e rfu s io n  in ju ry . 
D uring  M P T , a  ch an n el in  the  in n er m ito ch o n d ria l m em b ran e  o p e n s , 
c au sin g  iso la ted  m ito ch o n d ria  to  sw e ll, an  ev en t in h ib ited  by  
cy c lo sp o rin  (C sA ). S ev e re  in su lin -in d u c ed  h y p o g ly ce m ia  lead s  to  
se lec tiv e  neu ro n a l d e a th  o f  the  d en ta te  g ran u le  ce lls  w ith  m ito c h o n d ria l. 
W e ex am in ed  the tim e  c o u rse  o f  D N A  frag m en ta tio n  fo llo w in g  in su lin -  
ind u ced  h y p o g ly cem ia  an d  the e ffec t o f  C sA . C ell nuclei d isp la y e d  
T U N E L -s ta in in g  w ith in  3 h o u rs  o f  reco v e ry  fo llo w in g  3 0  m in u tes  o f  a  
hy p o g ly cem ic  in su lt, and  D N A  d isp la y e d  o lig o n u c leo so m al 
fragm enta tion . T rea tm en t w ith  5 0  m g /k g  in tra v en o u s ly  o f  C sA  sh o w e d  
a ro b u st red u c tio n  o f  b rain  dam ag e  an d  T U N E L  s ta in in g  w h e n  
a d m in iste red  30  m in u tes  p r io r  to  3 0  m in u tes  o f  h y p o g ly cem ic  co m a . 
C y c lo sp o rin  A  b u t n o t F K 5 0 6 , p rev en ted  m ito ch o n d ria l sw e llin g , 
d am ag e  to  the  d en ta te  g y ru s  n e u ro n s  an d  D N A  frag m en ta tio n .
W e co nclude  that d u rin g  sev ere  en e rg y  d ep riv a tio n  fo llo w in g  
h y p o g ly cem ia , C sA  trea tm en t p rev en ts  m ito ch o n d ria l sw e llin g , red u c e s  
d am ag e  and  the su b seq u e n t D N A  frag m en ta tio n . T h e re fo re , M P T  is 
like ly  to  be  inv o lv ed  in the  d ev e lo p m en t o f  h y p o g ly cem ic  b ra in  dam ag e  
in  th e  ra t C N S . T h is  w o rk  w as  su p p o rte d  b y  the  S w ed ish  M R C  (g ran t 
nr. 8 6 4 4 ).

481.12
O P T IC A L  S C A T T E R  IM A G IN G  O F  M IT O C H O N D R IA L  AND 
C E L L U L A R  S W E L L IN G  IN  T H E  H IP P O C A M P A L  S L IC E . L . J.

J o h n s o n *  1, W .  C h u n g 1, D .F .  H a n l e y 2 a n d  N . V ,  T h a k o r 1, D e p t s .  o f  B i o m e d i c a l  

E n g i n e e r i n g 1 a n d  N e u r o l o g y 2, J o h n s  H o p k i n s  U n i v . .  B a l t i m o r e ,  M D  2 1 2 0 5 .

H i p p o c a m p a l  n e u r o n s  in  C A 1  a r e  k n o w n  t o  b e  m o r e  s u s c e p t i b l e  t o  i s c h e m i c  

in j u r y  t h a n  n e u r o n s  in  C A 3 .  N M D A  r e c e p t o r s  h a v e  b e e n  i m p l i c a t e d  a s  a  c a u s e  

f o r  t h e  C A 1  i s c h e m i c  in j u r y  r e s p o n s e  a n d  m i t o c h o n d r i a l  s w e l l i n g  in  C A 1  is  

r e d u c e d  in  c o m p a r i s o n  t o  C A 3  w i t h  in vivo i s c h e m i a .  W e  h y p o t h e s i z e  th a t  

m i t o c h o n d r i a l  s w e l l i n g  h a s  a  r o l e  in  t h e  d i f f e r e n t i a l  r e s p o n s e  t o  in j u r y  o f  C A 1  

a n d  C A 3 .  T o  t e s t  o u r  h y p o t h e s i s ,  w e  d e v e l o p e d  a  n o v e l  m e t h o d  o f  i m a g i n g  

l i g h t  s c a t t e r .  W e  o b t a i n e d  t r a n s v e r s e  3 5 0  µ m  h i p p o c a m p a l  s l i c e s  f r o m  

S p r a g u e - D a w l e y  r a t s .  T h e  s l i c e s  w e r e  p e r f u s e d  w i t h  s t a n d a r d  R i n g e r s  s o l u t i o n  

a t  r o o m  t e m p e r a t u r e .  W e  i l l u m i n a t e d  t h e  s l i c e s  w i t h  m o n c h r o m a t i c  l i g h t  a t  a n  

a n g l e  o f f  t h e  o p t i c a l  a x i s  o f  t h e  m i c r o s c o p e .  T h i s  r e q u i r e s  l i g h t  d e t e c t e d  b y  t h e  

c o o l e d  C C D  c a m e r a  t o  h a v e  b e e n  s c a t t e r e d  b y  t h e  s l i c e  in t o  t h e  o p t i c a l  a x i s .  

A d d i t i o n  o f  N M D A  f o r  4  m i n u t e s  i n d u c e d  a n  i n c r e a s e  in  l i g h t  s c a t t e r ,  

m a x i m u m  o f  4 5 %  in  t h e  C A 1  s t r a t u m  r a d ia t u m  a n d  4 0 %  in  t h e  d e n t a t e  g y r u s ,  

s i m i l a r  t o  r e s u l t s  f r o m  o t h e r  l a b o r a t o r i e s  a n d  i n d i c a t i v e  o f  c e l l u l a r  s w e l l i n g .  

T r e a t m e n t  w i t h  r o t e n o n e / p h e n y l a r s e n e  o x i d e  f o r  6  m i n u t e s  i n d u c e d  a  s c a t t e r  

i n c r e a s e ,  w i t h  t h e  m o s t  s i g n i f i c a n t  i n c r e a s e ,  2 0 %  a f t e r  3 5  m i n u t e s ,  in  t h e  C A 3  

r e g i o n .  T h e  r o t e n o n e / p h e n y l a r s e n e  o x i d e  i n d u c e d  s c a t t e r  i n c r e a s e  w a s  

s i g n i f i c a n t l y  l i m i t e d  w i t h  t h e  p r e - t r e a t m e n t  o f  s l i c e s  w i t h  c y c l o s p o r i n  A ,  a n  

in h i b i t o r  o f  m i t o c h o n d r i a l  s w e l l i n g .  T h e s e  r e s u l t s  s u g g e s t  th a t  s c a t t e r  i m a g i n g  

i s  s e n s i t i v e  t o  c e l l u l a r  a n d  m i t o c h o n d r i a l  s w e l l i n g .  In  o n g o i n g  e x p e r i m e n t s ,  w e  

s e e k  t o  d e t e r m i n e  w h a t  f r a c t i o n  o f  t h e  s c a t t e r  c h a n g e s  r e s u l t i n g  f r o m  N M D A  

a d d i t i o n  a r e  d u e  t o  m i t o c h o n d r i a l  s w e l l i n g .  R e s e a r c h  s u p p o r t e d  b y  N I H  

N S 2 4 2 8 2  a n d  N 1 H  N R S A  H G 0 0 1 5 8 - 0 3 .

481.14
A M EL IO R A TIO N  BY C Y C LO SPO R IN  A O F BRAIN DAM AGE IN 
TR A N SIEN T FO REB RA IN  ISC H EM IA  IN TH E RAT. H. Uchino1*
E. Elmér2, K. Uchino1, P.-A. Li2, O.-P. He2, M.-L. Smith3 and B.K. Siesjö2. 1Dept. 
of Anesthesiology, Tokyo Medical College, 6-7-1 Nishishinjuku Shinjuku-ku 160 
Tokyo, Japan; 2Center for the Study of Neurological disease, Queen's Medical Center, 
1356 Lusitana Street, Honolulu, HI 96813; 3Dept. of Clinical Neuroscience, 
Wallenberg Neuroscience Center, S-22l 85 Lund, Sweden.

The immunosuppressant drug cyclosporin A (CsA) is considered to be inherently 
protective in conditions of ischemia. However, investigations of effects of CsA on 
neuronal tissue have been contradictory, probably because the blood-brain barrier 
(BBB) is virtually impermeable to CsA. Here, we exploit the finding that the insertion 
of a syringe needle into brain parenkyma disrupts the BBB and allows for the influx of 
CsA, and explored whether CsA ameliorates the damage incurred to the hippocampal 
CA1 sector. In animals which were injected i.p. with CsA in doses of 10 mg/kg, but 
which were not subjected to a BBB disruption, the drug failed to ameliorate CA1 
damage, whether the ischemia had a duration of 7 or 10 min. Likewise, BBB 
disruption without administration of CsA, had no effect on CA1 damage. In contrast, 
when CsA was given to animals with a BBB disruption, CA1 damage was 
dramatically ameliorated, whether treatment was initiated 1 week before ischemia, or 
30 min after the start of recirculation. The effect of CsA seemed larger than that of any 
other drug proposed to have an antiischemic effect in forebrain/global ischemia. 
Injection of tritiated CsA in one animal with BBB disruption caused high activity in 
the ventricular spaces, suggesting a generalized increase of the entry of CsA through 
the BBB. The results demonstrate that CsA markedly ameliorates delayed neuronal 
damage after transient forebrain ischemia, provided that it can pass the BBB. I t  is 
discussed whether the effect of the drug is one involving calcineurin, a protein 
phosphatase, or if CsA counteracts permeability transition of the inner mitochondrial 
membrane, assumed to occur in response to gradual accumulation of Ca2+ in the 
mitochondria in the postischemic period. Supported by the Swedish MRC and the 
National Institutes of Health of the U.S. Public Health Service.

481.16

D IF F E R E N C E S  IN  T H E  A C T IV A T IO N  O F  T H E
M IT O C H O N D R IA L  P E R M E A B IL IT Y  T R A N S IT IO N
B E T W E E N  B R A IN  R E G IO N S . C O R R E L A T IO N  TO
S E L E C T IV E  V U L N E R A B IL IT Y . H an s  F r ib e rg 1, M ichel 
F e rra n d -D ra k e 1, F re d rik  B o ris-M ö lle r1* , A n d rew  H a le strap 2 and  
T a d eu sz  W ie lo ch 1. 1L a b o ra to ry  fo r E xperim en ta l B ra in  R e se a rc h , 
L u n d  U n iv e rs ity , S w ed e n , 2Dep artm en t o f  B io c h e m is try , 
U n iv e rs ity  o f  B ris to l, U K .
T h e  m ito ch o n d ria  perm eab ility  transition  (M P T ) h as  b een  
im plicated  in ischem ic an d  h y p o g ly cem ia  b ra in  d am ag e . 
M ito ch o n d ria  from  d iffe ren t b rain  reg io n s  w ere  iso la ted  and  their 
ab ility  to  activate  the m ito ch o n d ria l perm eab ility  tra n s itio n , w a s  
in v estig a ted . W e fo u n d  a  d iffe ren tia l ac tiva tion  o f  the 
m ito ch o n d ria l perm eab ility  tran sitio n  by  ca lc iu m  in th ree b rain  
su b reg io n s . T h e  h ip p o cam p a l m ito ch o n d ria  b e in g  m o st se n sitiv e , 
cortical m ito ch o n d ria  in term ed iate  and  ce reb e lla r  b e in g  least 
s e n sitiv e . T h e  m itochondria l perm eab ility  tran sitio n  w a s  ind u ced  
b y  p ro -o x id a n ts  w hile  lo w  p H  effec tiv e ly  inh ib ited  the M P T  in 
m ito c h o n d ria  fro m  all th ree  reg ions. T h e  sw e llin g  w as p rev en ted  
by  c y c lo sp o rin  A  an d  the c y c lo sp o rin e  a n a lo g  M eV alC sA , k n o w n  
b lo ck e rs  o f  the  m ito ch o n d ria l p erm eab ility  tra n s itio n . T he 
tran s lo ca tio n  o f  C y p D  fro m  the m ito ch o n d ria l m atrix  to  the  inner 
m em b ran e  w as p rev en ted  b y  C sA  an d  its  a n a lo g . W e co n c lu d e  
that the ab ility  to  induce m ito ch o n d ria l perm eab ility  tran sitio n  
d iffe rs  am o n g  b rain  reg io n s  an d  is c o rre la ted  to  th e ir  s en sitiv ity  to 
isch em ia . T h e  m itochondria l perm eab ility  tran sitio n  m ay  be 
in v o lv ed  in isch em ic  n eu ro n a l dam ag e . S u p p o rted  by  the  S w ed ish  
M R C  (g ran t 8 6 8 4 ), E U -B IO M E D  II (B M H 4 -C T 9 6 -0 8 5 1 ) . `
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482.1
DIFFERENTIAL elF 2-alpha(P) IM M UNOSTAINING AND STRUCTURAL 
ALTERATIONS IN DIFFERENTIATED NB-104 CELLS A FTER DAMAGE 
BY ARACHIDONATE O R A RADICAL. J.A. Rafols1, S.S. Alousi2, B C. White2,
B.J. O'Neil2*. Departments of Anatomy & Cell Biology1 and Emergency Medicine2 
Wayne State University School of Medicine, Detroit, MI 48201.

We examined immunostaining for elF2α (P) in neuronally-diñerentiated 
NB-104 cells after 1 hour exposure to arachidonate (AA, 40 µM) or cumene 
hydroperoxide (CumOOH, 10 µM) in the presence or absence of the lipophilic iron 
chelator EMHP (300 µM). AA without chelator induced a dense halo of elF2a(P) 
staining in the cytoplasm immediately surrounding the nucleus with little or no 
staining of the nucleus. Atrophy of the cell body and neurites were commonly 
observed and correlated positively with the intensity of elF2α (P) staining; i.e. the 
most severely damaged cells were the most intensely stained. In contrast, CumOOH 
without chelator induced in many cells elF2α (P) staining dispersed throughout the 
cell body and neurites but little structural damage. In addition, CumOOH induced 
strong nuclear staining that was not closely correlated with cytoplasmic staining. 
CumOOH plus EMHP did not induce either immunostaining or cellular damage. In 
contrast, AA plus EMHP continued to induce elF2α (P) staining and structural 
degeneration in some cells. Cells treated with EMHP alone displayed neither 
elF2α (P) staining or structural degeneration. These results demonstrate that AA 
causes formation of elF2α (P) and structural degeneration that are not completely 
inhibited by an effective anti-radical strategy. The difference between AA and 
CumOOH with respect to the effect of EMHP on elF2α (P) staining suggests at least 
two different mechanisms may lead to inhibition of protein synthesis by formation of 
elF2α (P). The nuclear elF2a(P) staining after CumOOH is analogous to that seen in 
vulnerable neurons after 1 hour reperfusion and suggests that radical-mediated 
mechanisms are important in this phenomenon, which may have important 
implications for transcription. (Supported by NIH grant NS33196, and NS01585)

482.3
ULTRA-EARLY INDUCTION OF TUMOR NECROSIS FACTOR-α IN 
PERIHEMATOMAL EDEMATOUS WHITE MATTER FOLLOWING 
EXPERIMENTAL INTRACEREBRAL HEMORRHAGE. Y. H ua, G.M. de 
C ourten-M vers, R E. Myers* K.R. W agne r. D epartm ents o f Neurology and 
Pathology, University o f C incinnati Co llege o f Medicine; Research Service, 
Veterans A ffa irs Medical Center, Cincinnati, OH 45220.

Previously, we reported tha t lobar in tracerebra l hem orrhage (ICH) in pigs 
produced rapidly developing, m arked edem a (>10%  increases in w a ter 
contents) in w hite  m atter adjacent to hem atom as (Stroke  27:490-497, 1996). 
This white  m atter edem a co-loca lized w ith  clo t-derived  plasm a prote ins 
despite an intact b lood-brain-barrier. Neuropatho log ica lly, edem atous white 
m atter in this ICH model deve lops reactive  astrocytosis, m yelin breakdown 
and ultimate atrophy. S ince, o ligodendrocyte  injury and dem yelination have 
been linked to e levated tum or necrosis facto r-α  (TN F-α) levels in other 
models, we determ ined the tim e course o f TN F-α  induction follow ing ICH.

W e infused whole  blood (2.5 ml) into fronta l hem ispheric w hite  m atter o f 
pen tobarbita l-anesthetized pigs (9-11 kg) o ver 15 min. W e monitored and 
contro lled physio log ic variables, froze brains in s itu  at 2 hrs (N=6) and 4 hrs 
(N=5) post-ICH and sam pled m arkedly edem atous wh ite  m atter adjacent to 
the hem atom a and corresponding contra la tera l w h ite  matter. W e measured 
TN F-α  levels in tissue extracts using a pig TN F-α  ELISA kit (Endogen).

A t 2 hrs follow ing hem atom a induction, TN F-α  levels in edem atous white 
m atter w ere s ignificantly (p<0.05) increased to  4 41 ± 143%  (m ean ± SEM ) o f 
contra lateral contro l values. By 4 hrs, a strong trend (205 ± 42% ) tow ards an 
increase remained for TN F-α  in ipsi- vs  contra la tera l w h ite  matter.

In conclusion, these results dem onstrate  an u ltra-early (a t 2 hrs) induction 
o f TN F-α  in markedly edem atous white  m atter ad jacent to in tracerebral 
hem atomas. This response, possib ly by activated g lia l cells, may play a role 
in white  m atter dam age seen in th is model and fo llow ing ICH in humans. 
Supported b y  N IH  R01NS -30652 and  VA M erit R ev iew  funds.

482.5
GLUCOSE DEPRIVATION, ANTIOXIDANT STATUS AND RETINAL CELL 
DAMAGE W.J. Nicklas*and G.D. Zeevalk Dept. o f Neurology, Robert Wood 
Johnson Medical School, Piscataway, N.J. 08854 

Hypoglycemia can result from poor insulin management and may adversely affect 
retinal cells in conditions such as diabetes. An isolated retinal preparation from 
embryonic day 15 chicks has been used to study early events associated with glucose 
deprivation. Past studies from this laboratory have shown that incubating retina with 
a glucose free Krebs Ringer for 75 min results in acute swelling of several different 
populations o f retinal neurons and an ensuing delayed cell death as measured by 
LDH release at 24 hr following the insult. NMDA receptor blockade attenuates these 
effects demonstrating an excitotoxic component. Oxidative stress has been 
implicated in damage due to ischemia, as well as, excitotoxicity although little 
information exists as to the specific involvement o f oxidative stress during 
hypoglycemia. Derangements in the glutathione system, a major antioxidant system 
in nervous tissue, has been observed in experimental diabetes. We, therefore, 
examined glutathione status, i.e. oxidized (GSSG) and reduced (GSH) glutathione in 
the medium and tissue following 75 min o f glucose deprivation to determine whether 
there were early changes indicative o f  an oxidative stress. Compared with controls, 
incubation in the absence o f glucose for 75 min resulted in increased levels of GSSG 
in both the medium and tissue, decreased tissue levels o f  GSH and increased efflux o f 
GSH. Glucose deprivation in the presence o f 100 µM acivicin, an inhibitor o f γ- 
glutamyl transpeptidase further increased GSH efflux suggesting that some 
catabolism o f GSH was occurring as it traversed the plasma membrane. Retina 
exposed for 75 min to glucose deprivation in the presence o f the cyclic nitrone spin 
trapping agent MDL 102,832 (Hoechst Marion Roussel Res. Ins.) showed significant 
reduction in LDH release providing further support for an early oxidative stress 
occurring during times o f limiting glucose availability. These findings suggest that 
hypoglycemia per se can result in early changes in GSH status indicative o f the 
generation o f an oxidative stress, which may contribute to retinal cell damage. This 
work was supported by PHS grants EY 11140 and NS 17360.

482.2
UPREGULATION OF CREATINE KINASE IN EDEMATOUS WHITE MATTER 
IN AN INTRACEREBRAL MODEL: PROTEIN PROTECTION BY A FREE 
RADICAL SCAVENGER. K.R. W aαner*, N.C. H a ll, Y. H ua , G.M. de Courten- 
M yers, R.U. K othari. Departm ents o f Neurology, Pathology and Emergency 
Medicine, University o f C incinnati College o f Medicine; Research Service, 
V eterans A ffa irs M edical Center, C incinnati, OH 45220.

Creatine kinase (CK) is a key enzym e o f energy m etabolism  that is sensitive 
to oxidative  in jury. Presently, w e determ ined the im pact o f in tracerebral 
hem orrhage (ICH) and edem a on w hite  m atter CK  activity and protein levels.

W e produced lobar hem atom as in pentobarbita l-anesthetized (35 mg/kg, iv) 
pigs (~10 kg) by infusing auto logous blood (2.5 ml) into the frontal hem ispheric 
white  m atter over 15 min. W e monitored and contro lled physio logic variables 
and froze brains in s itu  at 4 hrs follow ing ICH. In the treatm ent group, we 
infused (i.v.) the free radical scavenger, α-phenyl-fe /f-bu ty ln itrone  (PBN), at 
300 mg/kg starting a t 5 min follow ing clo t induction. CK  activity and 
im m unoreactive  protein were determ ined in ipsi- and contra la tera l white m atter 
by standard spectrophotom etric and ELISA methods, respectively.

CK  specific  activity (corrected fo r dilution by c lo t-derived plasm a protein), 
w as significantly (p<0.005) e levated (~475% ) in edem atous vs. contra lateral 
w h ite  m atter in both vehic le  (5.78 ± 0.85 vs. 1.21± 0.13 units/mg protein; 
m eans ± SEM; N=3) and PBN-treated (6.71 ± 0 .30 vs. 1.41± 0.13 units/mg 
protein, N=4) pigs. In PBN treated pigs, s ignificantly h igher ipsi- to 
contra la tera l im m unoreactive  CK prote in levels were  present vs. contro ls 
(2.5 ± 0.4 vs. 1.0 ± 0.2, norm alized values, p<0.02).

In conclusion, follow ing ICH, upregulation o f CK  in edem atous white  matter 
increases CK im m unoreactive  prote in and activity. However, the greater CK 
prote in levels in PBN-treated brains supports the conclusion that free radical 
m echanism s are enhanced early a fte r ICH and dam age sensitive  proteins. 
Supported b y  N IH  R01NS-30652, VA M erit Review, Am erican H eart 
Association, and  AFAR/G lenn and Em ergency M edicine Foundation funds.

482.4
OXIDATIVE STRESS EXACERBATES APOPTOSIS INDUCED BY 3- 
NITROPROPIONIC ACID IN MUTANT MICE WITH MANGANESE 
SUPEROXIDE DISMUTASE DEFICIENCY
G W. Kim1, M. Kawase1, J.C. Copin1, S.F. Chen1*, C.J. Epstein2 and P.H. Chan 
1Depts. of Neurosurgery, Neurology and Neurological science, Stanford Univ., Sch. 
of Med. Palo Alto, CA 94304, 2Dept of Pediatric, Univ. of California, San 
Francisco, Sch. of Med. San Francisco, CA 94143.

The present study was designed to investigate the role of manganese superoxide 
dismutase (MnSod), a first line of defense against oxygen radical damage to 
mitochondria, in apoptosis induced by 3-nitroprpionic acid (3-NP). 3-NP can produce 
apoptosis in selective striatal lesions as a result of blocking mitochondrial electron 
transport chain. Cu-Zn Sod transgenic mice are resistant to the effects of 3-NP. 
However it is still unknown whether MnSod is protective in apoptosis induced by 3- 
NP. 3-NP for 5 days was injected by intraperitoneal route (ip) in heterozygous MnSod 
(MnSod) and litermate wild type group (Wt). One day after the last injection, animals 
were decapitated. Apoptosis was studied in TUNEL and agarose gel electrophoresis 
after DNA extraction. To detect superoxide, we injeced hydroethidium (HEt: 200 ul: 
lmg/ml) to jugular vein after 3-NP ip for 2 day and samples were examined after 
Hoechst counter staining under fluorescent microscope.

TUNEL positive cells were increased in MnSod (818.7/mm2) compare to Wt 
(279.6/mm2) (p<0.05). DNA laddering pattern was observed in agarose gel 
electrophoresis in both groups. Before 3-NP ip, MnSod had higher (28.5%) oxidized 
HEt positive cells than Wt (11%) in peri-nucleus. After 3-NP ip, MnSod group 
showed also higher positive cells with oxidized HEt extending to cytoplasm (72 %) 
than wild group (32%) (p<0.05). Apoptosis induced by 3-NP is mediated by 
superoxide radicals in brains with MnSod deficiency. This study provides therapeutic 
strategies to target mitochondrial compartment so that apoptosis can be ameliorated. 
This study is supported by NIH grants NS14543, NS25372, NS36147, AG08938 and 
N01NS8-2386

482.6
TEMPORAL PRODUCTION OF REACTIVE OXYGEN SPECIES IN A 
NEONATAL RAT MODEL OF HYPOXIC-ISCHEMIC INJURY. R Bart1*, A. 
D'Costa2, D. Holtzman2, L. Dugan2. Depts. o f 1Pediatrics and 2Neurology, 
Washington University in St. Louis School o f Medicine; St. Louis, MO 63110.

Reactive oxygen species (ROS) are generated during hypoxic-ischemic brain injury. 
Between a 2.5 and 7-fold increase in ROS has been reported during reperfu sion by 
groups using adult rat models o f global cerebral ischemia, in which cell death is 
believed to occur via selective neuronal necrosis. This study utilizes a neonatal rat 
model o f hypoxic-ischemic injury, where previously both bocaspartyl(OMe)-fluoro- 
methylketone (BAF) and brain derived neurotrophic factor (BDNF) have been found 
to provide significant neuroprotection. This suggests that a significant proportion of 
neuronal death occurs through apoptosis. We postulated that the generation o f ROS 
early after hypoxic treatment might not be significantly elevated in this model.

Unilateral carotid occlusion was performed on postnatal day 7 Sprague Dawley rat 
pups. After a 5 hr recovery, pups were placed in a hypoxic environment with 8% 
O2/balance N2 for 2.5 hr. Control animals were maintained normoxic in 21% 
Oybalance N2. At 0, 1, 2, or 3 hrs after hypoxia, pups were perfused with chilled 
saline, brains removed and frozen for later analysis. One hour prior to death all 
animals received salicylate 100 mg/kg i.p. Brains were dissected into ipsilateral and 
contralateral cortex and hippocampus, and tissue was homogenized and extracted. 
Using HPLC, we quantified the nonenzymatic salicylate hydroxylation product 2,3- 
dihydroxybenzoic acid (2,3-DHBA) in each tissue specimen.

We found no demonstrable increase in ROS within the first 2 hr of reperfusion. 
However, a potent antioxidant compound, carboxyfullerene, provided substantial 
neuroprotection, suggesting that free radical processes are important to the 
pathogenesis o f injury in this model. Speculatively, ROS formation may occur at a 
later timepoint, consistent with being a delayed trigger of programmed cell death, 
rather than a contributor to early necrotic injury in this model.
Supported by NIH AG-00599 (L.L.D.) & NS-32553 (D.M.H.)
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482.7
ALTERATION OF APE/REF-1 LEVELS IN RAT BASAL FOREBRAIN 
AND STRIATUM DUE TO HYPOXIA/HYPEROXIA. J .Q iu * , Z. Gu, M.G. 
Edwards, E. Englander, J. R. Perez-Polo . Dept of HBC&G, UT Med. 
Branch, Galveston, TX 77555-0652

The most common form of DNA damage resulting from oxidative stress is 
base modification of DNA base pairs and the most significant DNA repair 
process under these circumstances is base excision repair (BER). The rate- 
limiting factor in BER is apurink/apyrimidinic exonuclease (APE/Ref-1), 
which is induced by genotoxk lesions. While decreased APE/Ref-1 activity 
may result in neuronal degeneration, increases in APE/Ref-1 can activate c- 
Jun and trigger apoptosis. We examined the APE/Ref-1 expression in rat 
basal forebrain and striatum by Western blot analysis. Rats were divided 
into a control group, a hypoxia group (5% O2 and 95% N2 for 20 minutes) 
and a hyperoxia group (100% O2 for 1 hour after 20 minutes hypoxia). The 
brain tissue was collected and dissected immediately after treatment and 
stored at -80°C. In basal forebrain, APE/Ref-1 levels increased significantly 
in the hyperoxia group as compared with the hypoxia group in the 
cytoplasmic extract but not the nuclear extract In the striatum, APE/Ref-1 
levels increased significantly in the hypoxia group as compared with both 
nuclear extract of control group and the hyperoxia group. There was no 
APE/Ref-1 changes in the cytoplasmic extract from striatum. Thus, oxidative 
DNA damage is heterogenous at both the tissue and cellular level. The 
presence of hypoxia-induced APE/Ref-1 in basal forebrain cytoplasm is 
consistent with there being a mitochondrial contribution to cholinergic 
neuronal degeneration and possible cognitive impairment associated with 
oxidative stress. Supported by NINDS and the Shriner’s Burn Institute.

482.9
IM M U N O H IS T O C H E M IC A L  D E T E C T IO N  O F  8 -H Y D R O X Y -  
2 ' -D E O X Y G U A N O S IN E  IN  T R A N S IE N T  C E R E B R A L  IS C H E M IC  
M O D E L  O F  G E R B IL . T a e - Cheon K an g 1, M oo Ho W on2, Jehoon Seo3, 
Gy e S un Jeon1, In  se  Lee3, H eungshik  S. Lee3, Choong Ik C ha1*, Sa 
S un Cho1, Dept. A natom y, C o lleg e  of Med., Seoul N a t 'l  Univ. and 
2H allym  Univ., 3College of Vet. Med. Seoul N a t 'l  Univ.

A  considerable amount of research has been devoted to determining 
the m echanism  of brain injury due to oxidative DNA dam age as a result 
of an ischem ia/reperfusion insults. M any evidences implied that ischemic 
injury occurs alm ost exclusively during the reperfusion phase, and that the 
injury m ay be due to oxygen free radical mediated oxidative events. 
T here  are few reports, however, th at describe oxidative DNA damage in 
vivo model. In the present study, we report for the first time observation 
of free radical dam age in global ischemic model by immunohistochem istry 
using monoclonal antiserum  against 8-h y d ro x y -2 '-deoxyguanosine 
(8-OHdG), a oxidative DNA product. T he  cell types positive 8-OHdG 
antibody reaction were neuron, glia and endothelial cell in ischemic cortex 
and hippocampus. T he 8-OHdG im m unoreactivity w as present in only 
nucleus but not cytoplasm  of these cells. T he 8-OHdG immunoreactivity 
is more dense in glial cells and endothelial cells than neurons in 
sh o rt-te rm  groups. However, this difference w as less prominent in 
long-term  groups. The density of imm unoreactivity increased generally in 
relation to the length of the survival tim e after ischemia. These findings 
strongly suggested that 8-OHdG antibody is a useful m arker to detect 
oxidative DNA dam age in various cells of the ischemic brain, and to 
follow the progress after the reperfusion phase.

482.11
Evidence of Oxidative DNA Damage in the Peri-infarct Region After Permanent 
Focal Cerebral Ischemia T Nagavama*,  J Lan, RA Stetler, J Chen, and RP Simon. 
Department of Neurology, University of Pittsburgh School of Medicine, Pittsburgh, PA 15213

Oxidative stress and DNA damage have been implicated in the pathogenesis of 
neuronal injury resulting from ischemia/reperfusion and various neurodegenerative 
diseases. Whether such injurious processes are involved in the evolution of cerebral 
infarction after permanent focal ischemia is unknown. In the present study, we have 
investigated DNA base- and strand-damage in the rat model of permanent middle 
cerebral artery occlusion (MCAO). MCAO was induced in adult male Sprague-Dawley 
rats for 4-72 h using the suture technique. DNA strand breaks (SB) were detected in 
fresh frozen brain sections obtained 4-72 h after MCAO using in situ DNA polymerase 
I-mediated biotin-dATP nick-translation (PANT). 8-hydroxyl-2-deoxyguanosine (8- 
OH2dG) and apurinic/apyrimidinic abasic site (AP site), hallmarks o f oxidative DNA 
damage, were measured in DNA extracts using HPLC-EC detection and an ELISA-like 
assay employing the aldehyde reactive probe. Three brain regions that are affected by 
MCAO were studied: the frontal cortex (representing the peri-infarct region), parietal 
cortex and caudate-putamen (CPu, representing the ischemic core); the contralateral 
non-ischemic hemisphere served as controls. SB began to be detectable at 4 h in 
scattered cells in CPu. SB-containing cells were markedly increased at 8-16 h and 
mainly localized in the parietal cortex and CPu. SB-containing cells were maximally 
detected at 24-72 h in all three regions. A significant increase in 8-OH2dG (~5 fold, p 
< 0.01, ANOVA followed by PLSD) was found in the ischemic frontal cortex at 24 h. 
AP-sites were also markedly increased in the same region at 24 and 72 h. In the 
ischemic core where the blood supply is negligible, oxidative damage is unlikely to be 
involved and DNA damage is probably attributed to activated endonucleases. In the 
peri-infarct area where blood flow is largely preserved, however, oxidative DNA 
damage occurs and could contribute to secondary expansion of ischemic lesions. These 
results provide evidence that different mechanisms may contribute to DNA damage 
after permanent focal ischemia.

Supported by NIH grants NS36736 and NS24728.

482.8
Base Excision Repair Mediates the Reduction o f Oxidative DNA Damage by Neuronal 
Nitric Oxide in the Brain. D.Y. Huang, S. Cao, W. Y. Huang, J-K.Cui, and P. K. Liu*. 
Dept. o f Neurosurgery, Baylor College o f Medicine, Houston, TX 77030, USA.

DNA lesion, 8-hydroxy guanosine is detected in nuclear genes o f mouse brain 
(C57BL6) after head injury of forebrain ischemia-reperfiision, but its formation and 
repair are not clearly understood. Escherichia coli formamidopyrimidine DNA N- 
glycosylase (Fpg protein) is specific in removing 8-OH-G from DNA using its 
glycosylase and AP-endonuclease activities, we detected DNA fragments that were 
specifically generated by Fpg-protein (FPGSS) after forebrain ischemia and reperfusion. 
The fragments generated by Fpg protein were labeled in situ for detection. While we 
detected none o f 8 normal non-ischemia animals (0%) contained significant FPGSS in the 
brain, we detected that a significant increase in 12 o f 24 animals (50%) treated with 
cerebral ischemia o f 30 min and 10-60 min of reperfusion (p < 0.01). When ischemia was 
extended to 90-min and with 15-min reperfusion, FPGSS were detected in 8 of 8 animals 
(100%). To determine if  reactive oxygen species are involved in causing the formation of 
FPGSS, we injected 7-nitroindazole (60 mg/kg, i.p.) at 5 min after the initiation of 
ischemia. FPGSS was significantly (p < 0.001, Fisher’s exact test) abolished in all 
animals o f 90min ischemia and 15 min reperfusion. Our data indicated that reactive 
oxygen species could mediated DNA damage in the brain after head injury o f forebrain 
ischemia-reperfusion, and that neuronal nitric oxide might mediated the formation of 
FPGSS. To determine if  FPGSS could occur in nuclear gene of the brain from 24 mice 
pretreated with 30-min forebrain ischemia, we determined FPGSS in both DNA strands 
o f the c-fos gene. We calculated that there were 8 FPGSS per DNA strand of the c-fos 
gene. Moreover, the FPGSS at 120 min o f reperfusion after 30 min of cerebral ischemia 
returned to that found in the normal non-ischemic brains, i.e., that DNA damage was 
repaired within 1 hour o f reperfusion. The rate o f repair in either strand had no statistical 
difference (p < 0.05, ANOVA). The data suggests an active repair of nuclear DNA 
damage via the base excision repair pathway [Supported by NIH-NINDS (NS334810) & 
Am Heart Association (9640202N)].

482.10
Necrosis in Primary Cultures of Cortical Neurons Following Ischemia-like 
Insults: Induction of DNA Strand Breaks as a Death Mediator DX Chen1, W Pei1, 
DA Greenberg1,2, S Irvin1, A Sinor1, SH Graham1* and J Chen1 Departments of Neurology1 and 
Neurobiology2, University of Pittsburgh School of Medicine, Pittsburgh, PA 15213

Glutamate receptor-mediated oxidative stress is an important step in the 
pathophysiology of ischemic neuronal death. It has been hypothesized that one o f the 
downstream events leading to cell death is the accumulation of unrepaired oxidative 
damage to DNA and other cellular macromolecules. To assess the potential role of 
DNA damage following ischemic injury, we exposed neuron-enriched cultures from 
rat cerebral cortex to transient ischemia-like insults (2-8 h of combined 
hypoxia/glucose deprivation) followed by various durations of “reperfusion” 
(reoxygenation and glucose restoration). In vitro ischemia resulted in an ischemic 
duration-dependent induction of DNA strand breaks, mainly single-strand breaks 
(SSB), in the nuclei. Induction o f SSB was accompanied by increases in cellular nitric 
oxide (NO), hydrogen peroxide, and lipid peroxidation products. The amounts of 
ischemia-induced SSB were markedly decreased by inhibition of the NMDA-(but not 
AMPA-) receptor or NO synthetase, moderately decreased by oxygen free-radical 
scanvengers or phospholipase A2 inhibitors, but not affected by non-specific 
inhibition of protein synthesis, gene transcription, or endonucleases. Furthermore, 
SSB-containing cells showed a significant activation of poly(ADP-ribose)polymerase 
(PARP), increased formation of ADP-ribose polymers, and decreases in cellular 
NAD+ content. These events began to be detectable at early reperfusion periods and 
preceded the maturation of cell death, mainly necrosis, in cultures. Finally, 
pharmacological inhibition of PARP activities significantly attenuated NAD+ 
depletion and cell death as assesssed at 24 to 48 h after the ischemic insults. These 
results suggest that SSB is an early marker for oxidative DNA damage in in vitro 
ischemia/reperfusion and that one of the potential mechanisms by which SSB kill 
neurons after a necrotic ischemic insult is via the overactivation of PARP.

Supported by NIH grants NS36736, NS35965, and AA07032.

482.12
ADENOVIRAL MEDIATED EXPRESSION OF THE MITOCHONDRIAL 
CHAPERONES HSP10 AND HSP60 REDUCES OXIDATIVE BUT NOT 
EXCITOTOXIC NEURONAL DEATH IN CULTURED MURINE 
NEOCORTICAL NEURONS. J. Choi, D.M. Turetsky, D.W. Choi and B.J. 
Snider*. Center for the Study o f Nervous System Injury and Dept, o f Neurology, 
Washington Univ. School o f Medicine, St. Louis, MO 63110.

Enhanced expression of molecular chaperones can reduce many types of cellular 
injury. We have previously reported that a conditioning heat shock can reduce 
oxidative or excitotoxic neuronal death in murine neocortical cultures (Snider, B.J. et 
al. (1996), Neurology 46:A265). The present study was carried out to see if over
expression of two constitutively-expressed heat-inducible mitochondrial protein 
chaperones, hsp10 and hsp60 , could likewise reduce oxidative cortical neuronal 
death.

Murine neocortical cultures were infected with an adenoviral vector that directed 
expression of both hsp6O and hps10 under the control of the CMV promoter (Lau et 
al. (1997) Circulation 96:2287-84). 48 hr after infection, expression of hsp6O was 
increased in both neurons and astrocytes as detected by both immunocytochemistry 
and immunoblotting. Cultures infected with the hsp 10/60 virus were more resistant 
than control cultures to oxidative injury (30 min exposure to 100-200 µM H2O2), 
exhibiting reductions in both neuronal and glial cell death. In contrast, infected 
cultures were as sensitive as control cultures to neuronal death induced by brief 
exposure to NMDA (5 min exposure to 30-100 µM NMD A), combined oxygen- 
glucose deprivation, or 24 hr exposure to an inhibitor of the mitochondrial 
respiratory chain (0.5-1 mM 3-nitropropionic acid).

These results suggest that over-expression of hsp 10 together with hsp 60 can 
reduce oxidative neuronal and glial cell death, but not excitotoxic neuronal death.

Supported by NIH N1NDS grants NS01827 (BJS) and NS30337 (DWC).
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482.13
Exacerbation of delayed neuronal cell in jury after transient global ischem ia in 
mutant mice with C uZn-superoxide d ism utase defic iency. M  Kawase1,2. K. 
Murakami2, M . Fujim u ra1,2, Y . M or ita-Fu jim ura1,2, T . K ondo2, S.F. Chen2, A .G, 
Reaume4, C.J. Epstein3, R.W. Scott4, and P.H.Chan1,2 1Depts. of Neurosurgery, 
Neurology, and Neurological Sciences, Stanford University Medical Center, Stanford, CA 
94304, 2CNS Injury and Edema Research Center, Depts. of Neurological Surgery and 
Neurology, 3Dept. of Pediatrics, University of California, San Francisco; CA 94143, and 
JDept. of Molecular Biology, Cephalon, Inc., West Chester, PA 19380 

We have demonstrated that copper, zinc-superoxide dismutase (CuZn-SOD), a 
cytosolic isoenzyme of SODs, has a protective role in the pathogenesis of superoxide 
radical-mediated brain injury. The present study was designed to clarify the role of 
superoxide anion in the pathogenesis of selective vulnerability and delayed neuronal 
death after transient global ischemia. Sodl knock-out homozygous mutant (Sodl -/-) 
mice with a complete absence of endogenous CuZn-SOD activity, and littermate wild- 
type mice (male, 35 - 50 g), were subjected to global ischemia. Sodl -/- mice do not 
show any phenotypic abnormalities under normal conditions. Global ischemia was 
induced by bilateral common carotid artery occlusion under controlled ventilation. The 
plasticity of the posterior communicating artery (PcomA) influenced the outcome of 
hippocampal injury after global ischemia. We assessed the plasticity of PcomAs using 
transcardial perfusion fixation and carbon black injection. The neuronal injury in the 
hippocampus in the PcomA hypoplastic hemisphere showed significant exacerbation 
in mutant mice compared to wild-types at 3 days following 5 min global ischemia, 
although a marked difference was not observed at 1 day. The mitochondrial viability 
assay using rhodamine 123 revealed that the fluorescent signals of Rh 123 were 
reduced in the hippocampus CA1 subregion in Sodl -/- mice at 1 day following 
ischemia. These data suggest that superoxide radicals play an important role in the 
pathogenesis of delayed neuronal injury with mitochondrial dysfunction in the 
vulnerable hippocampus CA1 subregion following transient global ischemia. 
(Supported by NIH grams NS4543, NS25372, NS36147, AG08938, and N01NS82386)

482.15
INFARCT VO LU M E  AND EXPRESSIO N OF NOS II AN D  M N -SO D A FTE R  
T W O  SEQ U E N TIA L C O R TIC A L ISC HEM IC  INSULTS IN RATS.
M. Lutzenburα1, S. Reinecke1, H.-J. B idm on2, R. Kubitz2, K. Z illes2 and O .W . 
W itte 1*. 1Dept. o f Neurology, Inst. f o r  2Neuroanatom y and 3G astroentero logy, 
H e in rich-H eine-U niversity, Moorenstr. 5 ,4 0 22 5  Düsseldorf, G erm any 

It is well known that a cerebral ischem ia induces a partial to lerance  to  a subse
quent stroke. The m echanism s o f th is  ischem ic to lerance are not com plete ly  
understood. W e therefore  studied th is  phenomenon experim enta lly in rats. Adult 
m ale W ista r rats were first lesioned by photothrom bosis in the cortex o f either the 
right o r the le ft hem isphere and 5 days la ter underwent an perm anent occlusion 
o f the  right m idd le  cerebra l artery (M CAO), which caused a stroke. 24 h la ter the 
anim als were transcard ia lly  perfused and the brains were cut into coronal sec
tions. Vo lum etric analysis o f the tissue ¡nfarcted by the MCAO  revealed slight but 
d istinct sm a lle r va lues in both experim ental groups (right o r left photothrom bosis 
p lus M CAO ) in com parison w ith anim als which underwent M C AO  only. A nalysis 
o f n itric  oxide synthase II (NOS II) expression showed that a fte r photothrom bosis 
NOS II was upregulated in the perilesiona l co rtex in m icrog lia . H ighest packing 
density was obtained between 48 and 72 h post injury. The second M CAO  insult 
in the  right hem isphere resulted again in a rapid expression o f NO S II w ith in  the 
firs t 24 h which was restricted to the  acute ly in farcted hem isphere. These results 
indicate  tha t a p revious insult does not reduce NO S II expression fo llow ing a 
second insult. Expression o f manganese-dependent superoxide d ism utase (MN- 
SOD) was increased between day 2 und day 5 post photothrom bosis a lm ost 
hom ogenously throughout the entire brain. Th is globa l upregulation o f M N -SOD 
m ight be a crucia l fac to r fo r the  reduction o f ischem ic neuronal dam age.

(Supported by the  Deutsche Forschungsgem einschaft, SFB 194 B-2)

482.17

S U P E R O X ID E  D IS M U T A S E  IS N O T  U P R E G U L A T E D  24  H R  A F T E R  
C O R T IC A L  S P R E A D IN G  D E P R E S S IO N  IN  T H E  R A T . K. M itch e ll .
K . K a r ik ó , V .A . H a r r is , E .S . F la m m * , F .A . W e ls h . D e p a r tm e n t o f  
N e u ro su rg e ry , U n iv e rs ity  o f  P e n n sy lv a n ia , P h ila d e lp h ia , P A  19104.

P re v io u s  s tu d ie s  h a v e  d e m o n s tra te d  th a t c o rtica l sp re a d in g  d ep ress io n  
(C S D ) in d u ce s  n e u ro n a l to le ra n c e  to  a  su b s e q u e n t  e p is o d e  o f  isch em ia . 
S u p e ro x id e  d ism u ta se  (S O D ) is an  a n tio x id a n t  e n z y m e  th a t p ro te c ts  ce lls  
fro m  re a c tiv e  o x y g e n  sp e c ie s  g e n e ra te d  by  isc h e m ia . In  v itro  e v id e n c e  
in d ic a te s  th a t  u p re g u la tio n  o f  S O D  m e d ia te s  th e  a n ti- is c h e m ic  ac tio n  o f  
n e u ro tro p h ic  fac to rs , w h ich  a re  k n o w n  to  in c re a se  a f te r  C S D . T h u s , the 
o b je c tiv e  o f  the  p re se n t s tu d y  w as to  d e te rm in e  w h e th e r  C S D  u p reg u la te s  
S O D . C S D  w as p ro d u c e d  in h a lo th a n e /N 2 O -a n e s th e tiz e d  W is ta r  ra ts  by 
a p p ly in g  2M  KC1 to  th e  fro n ta l c o rte x  o f  o n e  h e m isp h e re  fo r  2 hr, o r  10 
e p is o d e s  o f  C S D . A fte r  r e c o v e ry  fo r  0 , 2 , o r  2 4  hr, m R N A  lev e ls  fo r  
C u ,Z n -S O D  an d  M n -S O D  w e re  m e a su re d  in  th e  p a rie ta l  c o rte x  o f  b o th  
h e m is p h e re s  u s in g  N o r th e rn  b lo t  a n a ly s is  (n = 5 ). In  se p a ra te  a n im a ls , 
C u ,Z n -S O D  (n = 9 )  an d  M n -S O D  (n = 4 )  a c tiv it ie s  w e re  m e a s u re d  24  h r 
a fte r  C S D  u s in g  x a n th in e -x a n th in e  o x id a s e /c y to c h ro m e  c  s p e c tro p h o to 
m e try  a n d  z y m o g ra p h y .  F in a lly ,  C u ,Z n -S O D  p ro te in  le v e ls  w e re  
d e te rm in e d  2 4  h r  a fte r  C S D  u s in g  W e ste rn  b lo t a n a ly s is . T h e  lev e ls  o f  
C u ,Z n -S O D  an d  M n -S O D  m R N A  w e re  n o t s ig n if ic a n tly  a lte re d  by  C S D , 
r e la t iv e  to  th o se  in  th e  c o n tr a la te ra l  c o r te x ,  a t a n y  t im e  s tu d ie d . 
L ik e w ise , th e  a c tiv itie s  o f  C u ,Z n -S O D  an d  M n -S O D  w ere  n o t a lte red  24  
h r a fte r  C S D . F in a lly , th e re  w as n o  e ffe c t o f  C S D  on C u ,Z n -S O D  p ro te in  
lev e ls  at 24  h r rec o v e ry . T h e se  re su lts  in d ic a te  th a t  C S D  d o es  n o t a lte r  
th e  e x p re s s io n  o r a c tiv ity  o f  C u ,Z n -S O D  o r M n -S O D  by 24  hr. T h u s, the 
in d u c tio n  o f  n eu ro n a l to le ra n c e  to  isc h e m ia  2 4  h r  a fte r  C S D  is n o t like ly  
m ed ia te d  by  u p reg u la tio n  o f  S O D .

S u p p o rte d  in p a rt by  N IH  G ra n ts  N S -2 9 3 3 1  an d  N S -0 8 8 0 3 .

482.14
EXTRACELLULAR SUPEROXIDE DISMUTASE DEFICIENT MICE H A V E 
INCREASED SUSCEPTIBILITY TO FOCAL CEREBRAL ISCHEM IA 
P S  W arner* , H  Sheng, TC B rady , RD P e a rls te in , JD  C rapo ,
D epartm en ts of A nesthesio logy, M edicine and Surgery, Duke U n iv e rs ity  
M edical Center, D urham  NC, 27710
EC-SOD knockout m ice w ere created  by  d isru p tin g  the EC-SOD gene w ith  the 

neomycin resistance vector N eor and backcrossed w ith  C57BL/6 mice (1). 
Hom ozygote knockout (-/-)  and w ild  type (+ /+ ) litte rm a tes  w ere genotyped 
by PCR of tail D N A  for EC-SOD and N eor. P ilo t stud ies in d ica ted  t h a t  
knockout m ice w ou ld  tolerate a m axim um  of 50 m in of m idd le  cerebral a r te ry  
occlusion (MCAO) w ith  no m ortality  d u rin g  24 hours reperfusion. H a lo th a n e  
a n esth e tized , spontaneously b rea th in g  knockout (n = 18) and w ild  type (n = 
19) mice then  underw ent 50 m in of in tra lu m in a l M CAO w ith  p e ric ra n ia l  
tem p era tu re  a t 37.O°C. A fter 24 h r of reperfusion, resu ltan t hem ip aresis  (0-4 
po in t scale; 0 = no  deficit) an d  cerebral infarct size (com puterized  planim etry) 
w ere m easured . K nockouts h ad  larger infarcts (cortex: p  = 0.04; subcortex: p  =
0.02; total: p= 0.03; ANOVA). See Table. H em iparesis  w as m ore severe in the 
knockout mice (p = 0.01; M ann-W hitney). These resu lts are consistent w i th  
prior w ork  w hich  found mice overexpressing EC-SOD (hum an transgenics) to 
exh ib it p a rtia l resistance to focal ischem ia (2). The resu lts ind ica te  t h a t  
a n tio x id an t scavenging of free rad icals  in the ex tracellu la r com partm ent 
p lays an im portan t role in the histo logic/n eu ro lo g ic  response to focal cerebra l 
ischem ia. References: (1) Proc N atl Acad Sci 92:6264-8, 1995; 2) Soc N eurosci 
Abs 23:547.1,1997. Funded by  N IH  GM39771 /AG-05128.

Group Cortex Subcortex T o ta l N euro Score
Knockout 25 ± 13 22 ±11 47 ±29 3 ± 2
W ild  T ype 12 ± 1 7 14 ± 9 26 ± 25 0 ± 1.75

482.16
ARE EN ZY M A TIC A N TIO X ID A N T SY STEM S RELA TED  TO 
N EU RO N A L DEA TH  IN RA TS A FTER  TR A N SIEN T FO REBRAIN 
GLO BA L ISCH EM IA ? B.A. Silva Jr* ., H.M . H om i1,2, J J .S . Freitas3, R. 
C uri3, R. M arino J r .1, I .T. V elasco1. 1Setor Experim ental Neurocirurgia; 
2D ivisão A nestesiologia; 3ICB -  Universidade de São Paulo - Brasil.

Reactive oxygen species have been involved in cerebral ischemic/reperftision 
injury physiophatology. Studies in cerebral experimental models have been 
shown that events following early reperfusion are determinants for neuronal 
survival or death. The celular recovery is quite different among regions 
throughout the brain. Hippocampus and striatum are more vulnerable regions 
after ischemic/reperftision injury. In this protocol we observed changes in 
enzymatic antioxidant systems concentration (like gluthatione peroxidase system 
(GHS-Px), catalase and superoxide dismutase (SOD)) in different regions of the 
brain after transient global ischemia. Male adult Wistar rats were submitted to 
transient forebrain global ischemia accordingly to the four-vessels occlusion 
model. After variable time of reperfusion (3, 6 and 12 hours) the animals were 
deeply anaesthetized and submitted to transcardiac perfusion with cold saline 
solution (T=4°C). The brain was quickly removed, maintained in a cold dish and 
dissected in five regions (cortex, hippocampus, striatum, brainstem and 
cerebellum). Enzymatic activity was done by chemical procedures and was 
analysed in each region of the brain. The results were compared with control 
group.

High activity of these enzymatic antioxidant systems was found in all the brain 
regions analysed. The GSH-Px system was the most relevant throughout the brain 
when compared with catalase and SOD. These enzymatic systems did not change 
their activity in different regions even after 12 hours of reperfusion.

Supported by FAPESP.

482.18
THE EFFECT OF A NOVEL FREE RADICAL SCAVENGER EPC-K1, ON ISCHEMIA- 
INDUCED CHANGES IN EXTRACELLULAR LEVELS OF EXCITATORY AMINO 
ACIDS AND NITRIC OXIDE IN THE HIPPOCAMPUS. M  Shibata,1 Y Fukuuchi,1
N. Araki,2 J. Hamada,3* K. Ohta,4 T  Sasaki1. 1Dept. of Neurology, Keio Univ. Sch. of Med.: 
Tokyo, Japan, 160-8582; 2Dept. of Internal Med., Nippon Kokan Hospital; 3Dept. of Neurology. 
Saitama National Hospital; 4Dept. of Neurology, Mito Red Cross Hospital.

The hippocampal neurons are known to exhibit delayed neuronal death following transient 
forebrain ischemia. The ischemia-induced neuronal death appears to be mediated, at least partly, 
by excess efflux of excitatory amino acids and resultant over-stimulation of their receptors, that 
culminates in increased intracellular calcium level. Subsequent activation of nitric oxide 
synthase (NOS) may also contribute to the development of ischemic injury by enhancing the 
synthesis of nitric oxide (NO), known as a neurotoxic free radical. In the present study, we 
investigated the effect of a novel fiee radical scavenger, EPC-K1. on ischemia-induced changes 
in extracellular levels of excitatory amino acids and nitric oxide in the hippocampus. Sprague- 
Dawley rats were anesthetized with pentobarbital. After implantation of a microdialysis probe 
in the hippocampus, in vivo microdialysis was performed Glutamate and aspartate levels were 
determined with HPLC/ECD. As an index of NO production, we measured nitrite (NO/) levels 
by the Griess reaction. Forebrain ischemia was induced by occlusion of both common carotid 
arteries combined with systemic hypotension for 40 minutes. During ischemia, aspartate 
exhibited a 20-fold increase and nitrite augmented to 11 l.2±12.1% of the pre-ischemia level. In 
EPC-K1-treated animals (10 mg/kg; i.v ), forebrain ischemia resulted in a significant increase in 
aspartate level ( 1801±773.2%) but failed to induce a significant change in nitrite level. As for 
the glutamate level, it tended to increase during ischemia and was not affected by EPC-K1 
treatment These findings imply that EPC-K1 suppresses NO production in the hippocampus in 
a manner which is independent of the action of excitatory amino acids.
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482.19
NEUROPROTECTIVE ROLE OF HEME OXYGENASE-2 ON BRAIN 
DAMAGE AFTER FOCAL CEREBRAL ISCHEMIA
S. Doré*, K. Sampei, R. C. Koehler, S. Blackshaw, M. Takahashi, R. J. 
Traystman and S. H. Snyder. Depts Neuroscience, Anesthesiology and Critical 
Care Medicine, Johns Hopkins University, School of Medicine, Baltimore, MD, 
21205.

Heme oxygenase (HO) mediates the conversion of heme to carbon monoxide, 
Fe2+, and biliverdin, which is immediately reduced to bilirubin (BR). Two 
major HO isozymes, products of distinct genes, are well known. HO-1 is a 
stress response protein and ubiquitously distributed. HO-2 is a constitutive 
enzyme and present in high concentration in the brain, being highly expressed 
in the neuronal cell population. We have previously shown that stimulation of 
HO activity, resulting in production of BR, known to be an endogenous free 
radical scavenger, was able to protect primary cultured neurons against 
oxidative stress injury (Soc. Neurosc. Abst. 23: 2214, 1997).

In this study, we tested the putative neuroprotective role of HO-2 in an in vivo 
stroke model. We took advantage of HO-2 knockout mice to study the extent of 
damage following middle cerebral artery occlusion (MCAO)(1h) followed by 
reperfusion (23h).

We observed a significant increase in the infarct core in HO-2 knockout 
(n=7) compared to wildtype mice (n=9) (mean ± sd: 76 ± 27 vs 44 ± 14 mm3). 
These findings suggest that HO-2 activity, possibly by maintaining the 
intracellular BR level and by metabolizing heme, protects neurons against 
ischemic brain injury.

Supported by USPHS DA-00266 to SHS, HL 48517 and NS 20020 to RCK 
and RJT, and Medical Research Council of Canada to SD.

482.20
G L U T A T H IO N E  PER O X ID A SE P R O T E IN  LEV EL C O R R E L A T E S 
W IT H  E N Z Y M A T IC  A C T IV IT IE S IN  D IF F E R E N T  N E U R A L  
CELLS. E. E f te k h a rp o u r2 ,3*, B. h . I. Ju u r l in k 2,3 a n d  m .-E. 

M ira u lt1 . 1 D e p t. M e d ., U n iv e rs i ty  o f  L av a l; D e p t. A n a t. & C ell Biol, 
a n d  T h e  C a m e co  M S /N S  R e se a rc h  C e n tre , U n . S a sk a tc h e w a n , 
S a sk a to o n , SK, S 7N  5E5, C a n a d a .

T h e  b ra in  h a s  a  h ig h  ra te  o f  o x id a tiv e  m e ta b o lis m  a n d  p ro d u c e s  
la rg e  a m o u n ts  o f  s u p e ro x id e  a n io n . S u p e ro x id e  is  c o n v e r te d  to  
h y d r o g e n  p e ro x id e  w h ic h  c a n  p ro d u c e  th e  p o w e r fu l  o x id a n t ,  the  
h y d ro x y l  rad ic a l. H y d ro g e n  p e ro x id e  is  e ff ic ie n tly  sc a v e n g e d  b y  
g lu ta th io n e  p e ro x id a s e  (G Px). G P x  a c tiv ity  is h ig h  in  a s tro c y te s  b u t  
lo w  in  n e u ro n s  a n d  o l ig o d e n d ro c y te s . T h e  o b jec tiv e  o f  th e  p re s e n t  
e x p e r im e n ts  w a s  to  d e te rm in e  w h e th e r  lo w  G P x  a c tiv ity  in  n e u ro n s  
a n d  o l ig o d e n d ro c y te s  is  d u e  to  p o s t- t ra n s la t io n a l  m o d if ic a t io n s  o f  
G P x  p ro te in  o r  to  lo w  G P x  p ro te in  lev e ls . G P x  a c tiv ity  w a s  
m e a s u re d  in  b r a in  tis su e , c u ltu re d  a s tro c y te s , o l ig o d e n d ro c y te s  a n d  
c o rtica l n e u ro n s  u s in g  th e  p ro c e d u re  o f  P ro h a sk a  & G a n th e r .  G P x 
p ro te in  lev e l w a s  d e te rm in e d  u s in g  W e s te rn  b lo t  w i th  a n  a n ti-G P x - 
1 a n tib o d y  p re v io u s ly  d e sc r ib e d . G P x  a c tiv ity  w a s  h ig h e s t  in  
a s tro c y te s  (75-85 n m o le s  N A D P H  o x id iz e d / m g  p r o te in /m in )  
fo llo w e d  b y  lo w e r  lev e ls  in  c e re b ru m  (50-55), c o rtica l n e u ro n s  (15- 
20) a n d  o l ig o d e n d ro c y te s  (12-15). S im ila r  re la tiv e  p r o p o r t io n s  o f 
G P x  p ro te in  lev e ls  w e re  a lso  o b s e rv e d . W e c o n c lu d e  th a t  n e u ro n s  
a n d  o l ig o d e n d ro c y te s  h a v e  lo w  G P x  a c tiv ity  b e c a u se  th e y  h a v e  lo w  
G P x  p ro te in  lev e ls . S u p p o r te d  b y  the M R C  o f  Canada.

ISCHEMIA: NO

483.1
INDUCTION OF NITRIC OXIDE SYNTHASE (NOS) POSITIVE 
NEURONS IN THE NEOCORTEX OF NEWBORNS AFTER 
HYPOXIA-ISCHEMIA F.J.Northinαton*, A.Brambrink, R.N.Ichord, R.J. 
Travstman, R.C.Koehler, and L.J.Martin. Departments of Pediatrics, 
Anesthesiology/Critical Care Medicine, Neurology, and Pathology. The 
Johns Hopkins Medical Institutions, Baltimore, MD 21287.

In a newborn model of hypoxic-ischemic brain injury, we tested the 
hypothesis that neurons expressing NOS protein would selectively 
survive in the damaged areas of putamen and somatosensory cortex 
(ssctx), but remain unchanged in a non-injured region, the inferior parietal 
cortex, (ipctx). Thirteen, 1-2 week old piglets were subjected to 30 
minutes (m) of hypoxia followed by 7m of respiratory arrest. After 
resuscitation, they were survived for 24 (n=4), 48 (n=4), or 96 (n=5) 
hours (h). Brain sections were processed immunocytochemically to 
detect the neuronal isoform of NOS. NOS+ neurons in the putamen 
were vulnerable to injury, (#/mm2±SEM, *p<0.05) (Sham(n=5) 30.6±1.5, 
24h 11.4*±6.8, 48h 6.6*±3.7, 96h 3.1*±.8) with only a subset surviving 
past 24 hours. NOS neurons in both the ssctx and ipctx, were 
increased in number after injury, ssctx (Sham 9.4±1.3, 24h 41*±7.8, 48h 
13.6±5.6, 96h 7.2±1.4), ipctx (Sham 11.6±3.2, 24h 30.2*±5.6, 48h 
24.1*±4.5, 96h 11.4±2.4). In neocortex, NOS was induced in a subset of 
small neurons in layers II-IIl. By morphological criteria these cells were 
not glia. In this model, NOS+ neurons in putamen, a primary site of 
damage, are vulnerable to hypoxia-ischemia, however, the ssctx which 
undergoes a more delayed neuronal degeneration and the ipctx which is 
not damaged have increased numbers of NOS+ neurons at 24h after 
injury. This induction is disassociated from selective vulnerability and 
suggests compensatory roles for NOS in both injured and non-injured 
areas of neocortex Support: NINDS 20020, 34100, K081742, & AHA 
95009060

483.3
C H R O N IC  N A D P H -D IA P H O R A SE  EX PR E SSIO N  C H A N G E S IN  TH E  
S PIN A L  C O R D  O F R A T S EX PO SED  TO  PE R IN A T A L  A S PH Y X IA . C.F. 
L oidl, 1 J.S.H. V ies, 2 W. Vreuls, 3 A. Blokland, 4* J. de Vente, 3 H.W.M. 
Steinbusch, 3 and C.E. B la n co 1. Dept. o f  Pediatrics,1 N eu ro logy ,2 , Psychiatry 
& Neuropsychology, 3 and Biological Psychology 4 . Academ ic Hospital,
Maastricht University, 6202 AZ Maastricht, The Netherlands.

Several experimental and clinical reports have established a relationship 
between severity o f  the hypoxic-ischem ic insult during birth and the 
developm ent o f  neurologic injuries. In previous work we determined short and 
long-term morphological changes in the expression o f  nitric oxide synthase 
(N O S) in cerebral cortex and striatum. In this work w e have studied the 
distribution o f  the NO S system , using NADPH-diaphorase enzyme  
histochemistry, in cervical and lumbar spinal cord in 6 month-old rats that were 
subjected to severe perinatal asphyxia (SPA). SPA was achieved by immersing 
uteri containing fetuses at term, obtained by hysterectomy, during 20 minutes 
in a 37°C water bath.

In the control group no NADPH-d labelled motoneurons were seen except 
for very weakly stained in som e sections. In contrast, in the SPA group we  
observed an increased number o f  NADPH-d labelled motoneurons (p<0.01) in 
both cervical and lumbar segments, but a decrease only in the cervical laminae 
X (p<0.05). N o differences were observed in laminaes I and II between both 
groups.

Present results show that SPA induces chronic plastic neural- nitric oxide  
related changes in spinal cord. Further additional experiments are needed to 
study the pathophysiological m echanisms and consequences o f  these changes.

483.2
UPREGULATION OF NEURONAL NOS, BUT NOT INDUCIBLE NOS, 
AFTER M IDDLE CEREBRAL ARTERY OCCLUSION BY 
CRANIOTOM Y IN RATS. T. Nagafuji*, M. Suzuki and Y. Hosoi. 
Fuji-Gotemba Res. Labs., Chugai Pharmaceutical Co., Ltd, Shizuoka, Japan.

We have already reported that the concentration of nitric oxide (NO) 
increases during/after middle cerebral artery (MCA) occlusion and a non- 
select¡ve inhibitor of NO synthase (NOS) suppresses this increase and 
subsequently mitigates brain damage in rats. To elucidate the source of increased 
NO, in the present study we investigated temporal alterations in neuronal NOS 
(nNOS)/inducible NOS (iNOS) mRNA or protein expression by means of RT- 
PCR method, Western blotting or immunocytochemistry. As a result, iNOS 
mRNA in the ischemic hemisphere began to increase at 3hr and reached the 
maximum level at 24hr of reperfusion following 3hr of MCA occlusion. 
However, quantitative analysis revealed that no significant difference existed 
between 6hr or 24hr reperfusion group and their respective time-matched sham 
operation group. In addition, neither Western blotting nor immunocytochem¡cal 
study disclosed an apparent induction of iNOS at any time points examined. 
Similar results were obtained at 48hr of permanent MCA occlusion when the 
maximum infarct volume was observed. In the same animals, on the other hand, 
we found that nNOS protein in the ischemic hemisphere detected by Western 
blots was upregulated at 1, 2, 3 and 6hr after MCA occlusion. Taken together, 
these results indicate that upregulation of nNOS but not iNOS after MCA 
occlusion may be a critical event for the development of infarction caused by 
ischemia itself.

483.4
OXIDATIVE STRESS INDUCED BY CARDIAC ARREST IN RAT 
BRAIN IS ACCOM PANIED BY THE DECREASE OF NITRIC OXIDE 
SYNTHASE ACTIVITY. N. Gulyaeva,*  M . Onufriev, M. Stepanichev. N . 
Lazareva, O. Mitrokhina, Yu M oiseeva and S. Gomostaveva. Dept. o f  
Functional Biochemistry, Inst. o f  Higher Nervous Activity and 
Neurophysiology, Russian Academy o f  Sciences, M oscow 117865, Russia

Male rats were subjected to cardiac arrest (CA) o f  different duration (7-15 
min) and sacrificed one hour to twenty days after resuscitation. In different 
experiments, Wistar or mongrel rats were used. Homogenates o f  brain regions 
(cerebral cortex, hippocampus, cerebellum) were assayed for nitric oxide 
synthase (NOS) activity (using ESR assay, fluorometric assay, or radiometric 
method) and free radical-mediated processes (by measuring H2O2-induced, 
luminol-dependent chemiluminescence, content o f  thiobarbituric acid-reactive 
material and superoxide scavenging/generating activity). CA induced marked 
decrease o f  NOS activity as well as oxidative stress in cerebral structures. 
The degree o f  these changes was dependent on the duration o f  CA, post
resuscitation term and brain region studied as well as on individual 
susceptibility o f  rats and the strain used. Positive linear inter-regional cross
correlations o f  both NOS activity and free radical generation as well as 
negative correlations between NOS activity and free radical generation within 
the same brain region were revealed. In experiments in vitro, dose-dependent 
decrease o f  NOS activity was demonstrated under oxidative stress induced by 
H2O2 or hypochlorous acid. The results suggest that CA-induced oxidative 
stress may result in a decrease o f  NOS activity in brain tissue.

Supported by RBRF grant N  98-04-49095
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483.5
A G E -D E P E N D E N T  R E D U C T IO N  IN  C E R E B R A L  IS C H E M IC  
D A M A G E  IN IN D U C IB L E  N IT R IC  O X ID E  S Y N T H A S E -D E F IC IE N T  
M IC E . M. N ag a yam a* and C. la de co la . D e p t. o f N euro logy , Univ. of 
M innesota, M inneapolis, MN 55455.

M ice w ith dele tion of the  inducib le  n itric  oxide syn thase  gene (iNO S-/-) 
have sm a lle r infarcts and reduced neuro logica l defic its fo llow ing  occlusion of 
the  m idd le  ce rebra l a rte ry  (M CA) (J. N eurosc i. 17:9157, 1997). In m any 
species, age has a pro found in fluence on the suscep tib ility  to  foca l cerebra l 
ischem ic in jury (S troke 26:1072, 1995). We, there fore, hypo thes ized  tha t the 
p ro tection confe rred  by ¡NOS dele tion depends on the  age of the  m ice. To 
tes t th is  h ypo thes is , we s tud ied  the  e ffe c t o f age on ce re b ra l ischem ic 
dam age in iNO S-/- and in w ild-type mice. The MCA was perm anently occluded 
in iNO S-/- and in w ild-type contro ls ages 1 ,2 , 4, and 6 m onths. Infarct vo lum e 
was determ ined in th ion in -s ta ined  brain sections 4 days a fte r ischem ia. No 
d iffe rences in brain vo lum e w ere found am ong w ild-type  and iN O S -/- m ice of 
the  ages s tud ied (p>0.05). In w ild -type  con tro ls  (n=5 -6 /g roup), n eo cortical 
infarct vo lum e corrected fo r swelling was 28±2 m m 3 in 1 m onth-old m ice, 28±1 
at 2 months, 35±2 at 4 m onths and 37±3 at 6 m onths. iN O S -/- (n=5-6/group) 
had sm aller infarcts than w ild-type contro ls at all ages (p<0.05). However, the 
magnitude of the reduction was g reater in iNO S-/- at 1 (-29+5% ) o r 2 (-24+4% ) 
month-old mice, than 4 (-14±6% ) or 6 (-11 ±3% ) m onth-o ld  m ice. Neurolog ica l 
defic it scores im proved s ign ifican tly  betw een 24 and 96 hours in 1 and 2 
m onth-old iNOS-/- m ice com pared to age-m atched  w ild -type  m ice (p<0.05). 
However, in 4 o r 6 m onth -o ld  iN O S -/- m ice, n eu ro log ica l d e fic its  d id not 
im prove (p>0.05). W e conclude that in iNO S-/- and in w ild-type  m ice the size 
of the in farct produced by MCA occlusion  is la rger in o lde r than in younge r 
mice. However, the reduction in in farct vo lum e observed  in ¡NOS null m ice is 
age -dependent and is g reatest at 1-2 m onths o f age. There fo re , age is a 
critical variable  in studies of focal cerebra l ischem ic dam age, both in w ild-type 
m ice and in mouse mutants. (Supported by NS34179)

483.7
ROLE OF BH4 IN SELECTIVE NEURONAL INJURY AFTER TRANSIENT 
FOREBRAIN ISCHEMIA IN RATS. S. Cho1*, B.T. Volpe1, O. Hwang2, H. Choi2,
C.K. Chu3, J. Du3, L.C.A. Park1, and T.H. Joh1 1 Dept, o f Neurology & 
Neuroscience, Cornell University Medical College at W.M. Burke Medical 
Research Institute, White Plains, N.Y. 10605, 2Dept.of Biochemistry, Ulsan 
University Seoul, Korea, 3Dept. of Pharmacology, University of Georgia, Athens,
G.A. 30602

NMDA-mediated nitric oxide (NO) neurotoxicity plays a role in ischemic 
neuronal death. Tetrahydrobiopterin (BH4) is an essential cofactor for the activation 
of nitric oxide synthase (NOS), and BH4 availability regulates NOS activity. We 
demonstrated that 10 min four-vessel occlusion (4-VO) ischemia increased BH4 
content during reperfusion, and hypothesized that the increased BH4 might also play 
a role in selective neuronal injury. To alter the BH4 biosynthetic pathway, N-acetyl- 
3-O-methyl dopamine (NAMDA), an analogue o f a known BH4 biosynthesis 
inhibitor, was used. In BV-2 microglial cell cultures, NAMDA inhibited LPS- 
induced NO production and GTP cyclohydrolase activity in a dose-dependent 
manner. To test the role of BH4 in vivo, rats exposed to 10 min o f 4-VO ischemia 
were treated with NAMDA ( 10mg/kg at 0, 1/2, and 2 hours of reperfusion). BH4 
levels, NADPH-diaphorase (NDP) activity, and neuronal density in CA1 
hippocampus, were measured. Compared to saline-treated animals, NAMDA- 
treated animals had decreased NDP activity and BH4 levels in the CA1 
hippocampus that persisted during the postischemic period. The selective CA1 
injury, assessed 1 week later, was significantly (45%) attenuated by triple 
administration of NAMDA (p<0.0001). These in vitro and in vivo data indicate that 
increased BH4 plays a critical role in selective neuronal injury by NOS activation, 
and that blocking BH4 biosynthesis may provide new therapeutic strategies for 
ischemic cerebral disease. (Supported by NIMH 24285 to THJ and Burke Medical 
Research Institute)

483.9
NEW  PO T EN T N E U R O P R O TE C TIVE  A G E N TS  A RE INH IB ITO R S OF 
N E URO NAL NO SYN TH A SE S  AND S C A VE N G E R S  O F O XYG EN FREE 
RADICALS. IN V IV O  S TUDIES (II) : EFFE C T ON RAT BRAIN FOCAL 
ISC H E M IA  . P.E. C habrier1, B. S pinnew y n1, S. C ornet1, C. Roussillo t1, B. 
P igno l1, A. Buisson * and M. A uguet1
Institu t Henri Beaufour, 5 avenue du Canada, 91966 Les U lis, France 

2Neuroscience Lab.,C NRS URA 1829, Bd Bequere l, 14043 Caen, France 
R eactive  oxygen species (ROS) and n itric  o x ide  (NO) partic ipa te  in 

neuronal death occuring  during cerebra l ischem ia  fo llow ed by reperfusion 
by form ing  the  h igh ly cy to tox ic  perox in itrite . W e  have  found  tha t an 
associa tion o f an antioxidan t com pound w ith a n itric  ox ide  synthase 
inh ib ito r e lic ited  a synergistic p ro tective  e ffect in a rat m odel o f transient 
foca l ischem ia. From  a series o f m o lecu les tha t com b ine  both activ ities, 
BN80933 was se lected as a potent ROS scavenge r and se lective  inhib itor 
o f neuronal NO  syn thase.(Auguet et al 1998, abstract, th is  m eeting). To 
eva lua te  the  neuroprotective  potentia l o f th is  approach, we m easured the 
in v iv o  properties of BN 80933 and tested it in a m odel of transient focal 
ischem ia. In foca l ischem ia, ¡soflurane anesthetized Sprague-D aw ley male 
rats (300-350 g) were subjected to  a 2 h occlusion  of the  m idd le  cerebral 
artery by in tra lum ina l thread fo llow ed by 48 h o r 7 days o f recirculation. 
BN8O933 (0 .1m g/kg to  10 mg/kg, iv) inh ib ited  the  s ize o f in farc ts  in a dose 
re lated manner. BN 80933 (0 .3m g/kg, iv), adm in is te red  4  and 24 hours 
a fte r ischem ia  reduced in farct s ize by 62 %  (p < 0.01) and s ignificantly 
im proved  behavioura l recovery, from  24 hours to  7 days in com parison to 
veh ic le-trea ted  contro l rats. These  resu lts h igh ligh t the  interesting 
neuroprotective  properties o f agents  com b in ing  NO  syntase inhibitory 
ac tiv ity  and oxygen free  radical scavenging  a c tiv ity  such as BN80933 in 
the  treatm ent o f acute  neurodegenerativ e  d isease.(Supported by 
Beaufour-lpsen  Group)

483.6
NITRIC O XIDE BINDING BY DIASPIRIN C R O S S LIN K E D  H E M O G LO B IN  
(DCLHB): EFFECT ON CER E B R AL V A S O S P A S T IC  ISC H E M IA  IN RATS. 
D. Cole*, P. Patel. S. Erhart, J. D rum m ond , W. Jacobsen . D ept. o f 
A nesthes io logy, Lom a Linda University, Lom a Linda, CA  92354.

Diaspirin crosslinked hem og lob in  (DCLHb) may adverse ly  e ffe c t 
vasospastic  ischem ia  by b ind ing n itric  ox ide  (NO). W e assessed the  
e ffect o f L-NAM E and L -a rg in ine  on the area o f hypoperfus ion  a fte r 
subarachno id  hem orrhage  (SAH) and DCLHb (10  g dL) in fusion.

Fo llow ing in s titu tio na l approval, b lood was in jec ted  in the c is te rn a  
m agna o f rats who were assigned to one o f the fo llow ing : 1) C ontro l- 
h e m a to c rit=45% ; 2) D -hem atocrit (30% ) decreased  w ith DCLHb; 3) D/L- 
N A M E -hem atocrit (30% ) decreased  w ith DCLHb, and L -N AM E g iven p rio r 
to SAH; o r 4) D /L -A rg -hem atocrit (30%) decreased  w ith  DCLHb, fo llo w e d  
by L -arg in ine . 3 0-m in a fte r SAH, hypoperfus ion  (C BF<40 ml 1 00 g -1 m in -1) 
was determ ined (14C -iodoan tipyrine) in a co rona l brain section . The da ta  
w ere evaluated by ANO VA.

Hypoperfusion was less in the D /L-NAM E and D groups than the C ontro l 
group, and was less in the D/L-Arg group  than the o the r three groups 
(p<0.05, see Table).

These find ings support a hypothesis tha t the overall e ffe c t o f DCLHb, in 
this m odel o f vasospastic ischem ia, is ben e fic ia l; and tha t the NO 
b ind ing  p roperties o f DCLHb may have a d e trim en ta l e ffec t on 
hypoperfus ion  im m ed ia te ly  a fte r SAH.

_____________________ C o n tro l________ D D/L,-NAME D/L -Arg
H y p o p e rfu s io n  4 5 ± 1 1 1 8± 5 * 2 1 ± 6 * 1 0±4 +

Tab le -a re a  o f ce rebra l hypoperfus ion  (m ean±SD). *p<0 .05  vs the C ontro l 
group. †p<0.05 vs the o ther three groups.

Funded by Baxte r H ealthcare Corporation  and Lom a Linda University.

483.8
NEW  PO TENT N E U R O P R O TE C TIVE  A G E N TS  ARE INH IB ITO R S OF 
N EURO NAL NITR IC  O XIDE SYN TH A SE  (NOS) AND S C A VENG ERS OF 
O XYG EN FREE RADICALS. IN V ITR O  S TUDIES (I). M. A uαuet, S. A uv in , 
C. D em erlé -P alla rdv*, I. V iossa t, C. G u ilm a rd , J. S chu lz , J.G . M arin , S. 
D e la flo tte , V. R oubert, C. C a rré , D. B igg and P.E. C habrier 
Inst¡tut Henri Beaufour, 5 avenue du Canada, 91966 Les Ulis, France 

Accum ula ting  ev idence has im plicated  n itric  oxide (NO) and reactive  
oxygen species (ROS) in the  pathogenesis of neurodegenerat¡ve d iseases 
such as cerebra l ischem ia, P arkinson ’s d isease o r am yotrophic lateral 
sclerosis. Inh ib itors of neuronal NO synthase o r scavengers of ROS have 
been shown to  be neuroprotective  in anim al m odels m im ick ing  these 
pathologies. Recently, we have found tha t the  associa tion of NOS 
inhib ito rs  w ith free  radical scavengers e lic its  a potent synergism  for 
p ro tecting the  bra in  against foca l ischem ia (Sp¡nnewyn et al, 1998; 
M arburg.Abst.). Therefore  a series o f am id ine  d e riva tives  has been 
synthesised which possess inhib ito ry ac tiv ity  on both NO and ROS. The 
inhib ition of NOS ac tiv ity  by the  com pounds was dete rm ined  on the  three 
NOS iso form s by m easuring the convers ion  of L A rg in ine  to  c itru lline from  
endothelia l NOS (eNOS) neuronal NOS (nNO S) and inducib le  NOS 
(iNO S). L ipid peroxidation, superoxide anion and hydroxyl scavenging 
p roperties of the  d e riva tives  were also determ ined. The com pounds which 
dem onstrated activ ity  (IC 50 less than 10µM) on these tests  and se lectiv ity  
on nNO S versus eNO S and ¡NOS (30 to  1000) were subsequente ly tested 
on functiona l assays in cell cu lture  o r isolated organs (rat aorta, rat 
fundus). BN 80933 was se lected fo r its se lective  nNO S inhib ito ry e ffect 
and potent ROS scavenging  p roperties expressed both in ace llu la r and 
functiona l assays. (Supported by B eaufour-lpsen Group)

483.10
POST-TREATMENT WITH NOS INHIBITORS AND HYPOXIC-ISCHEMIC 
BRAIN INJURY IN NEONATAL RATS. F. Xiao, J. B . Hutchins*1, P. G. Rhodes. 
and Z. Cai. Depts. of Pediatrics and 1Anatomy, Univ. of Miss. Med. Ctr., Jackson, 
MS 39216.

Nitric oxide (NO) plays an important role as a mediator in hypoxic-ischemic (HI) 
brain injury. Nitric oxide synthase (NOS) catalyzes NO synthesis from L-arginine. 
Post-treatment with some inhibitors o f NOS has been shown to protect from HI brain 
injury in adult rat and mice. The objective o f this study is to examine whether post
treatment with NOS inhibitors also protects the neonatal rat brain from HI injury. 
Seven-day-old rat pups were subjected to a right common carotid artery ligation 
followed by exposure to a hypoxic condition (8% O2) for 3 h at 37°C. 
Aminoguanidine (AG) was administered intraperitoneally (i.p.) at a dose of 100 
mg/kg at 5 min, 3, 6 and 24 hr after the hypoxic exposure as well as every 12 h in 
the next two consecutive days. L-Nº-Nitroarginine (L-NNA, 1 mg/kg) or Nº-nitro- 
L-arginine methyl ester (L-NAME, 5 mg/kg) were administered i.p. to the rat pups at 
5 min, 3, 6 and 24 hr after the neonatal HI. The control group was injected with 
saline. One week after the initial insult, the rat pups were sacrificed by decapitation. 
Left and right cerebral hemispheres (without cerebellum) were removed and 
weighed. The percentage reduction of the ipsilateral hemisphere weight as compared 
to the contralateral hemisphere weight was calculated as a measure of HI brain 
injury. The rat brains were then fixed in 4% paraformaldehyde and frozen brain 
sections were prepared later for histopathologic examination. While the HI brain 
weight decrease in the control group was 25.3+3.2%, the brain weight decrease in 
the rat pups treated with L-NAME or AG was 35.5+6.0% and 32.3+8.9%, 
respectively. The HI brain weight decease in rat pups treated with L-NNA was even 
worse than in the control group (41.7±7.3%). These results indicate that post
treatment with these NOS inhibitors does not provide protection against HI brain 
injury in the neonatal rat model. (Supported by NIH grant HD-35496).
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NITRIC OXIDE SCAVENGERS ARE EFFECTIVE IN REDUCING INFARCT 
VOLUME IN A RAT STROKE MODEL. W.Lin1*, Y.Y.He2, A.Celik1, J.Xu2,
C.S.Lai3, C.Y.Hsu2. 1Mallinckrodt Inst. o f Radiology and 2Dept. Of Neurology, 
Washington Univ. Sch. Med, St. Louis, MO 63110; 3Medinox Inc., San Diego, CA.

Reperfusion following focal cerebral ischemia is accompanied by an inflammatory 
reaction including expression o f inducible nitric oxide synthase (iNOS). While iNOS 
may be detrimental to the ischemic brain, constitutive NOS (cNOS), especially 
endothelial cNOS, may be salutary during ischemia-reperfusion. Therapeutic efforts to 
selectively inhibit iNOS without suppressing cNOS have been essentially without 
success in a number o f pathological states. To reduce the deleterious effects of 
massive production o f NO without totally suppressing NO production, NO scavengers 
appear to be attractive therapeutic agents. We tested a series of small molecular weight 
NO scavengers, NOX compounds in a rat stroke model. A total of 109 adult, male 
Long-Evans rats weighing 290±35 g were divided into 5 groups: 2 groups o f control 
rats receiving respectively 50 (BSA50, n=26) or 500 (BSA500, n=23) mg of BSA; and 
3 treatment groups receiving (1) NO X100 (11 2mg NO X100 and 500 mg BSA, n=26); 
(2) NOX151 (24mg NOX151 and 50 mg BSA, n= 16); (3) NOX200 (24mg NOX200 
and 50mg BSA, n=9). 9 more rats underwent MR imaging (control, 4 and NOX151, 
5). Rats were subjected to focal cerebral ischemia for 45 min followed by reperfusion 
for 24 h. BSA or NOX/BSA was given 60 min after initiation o f reperfusion. DWI 
defined lesion volumes were obtained at 30 min, 3 and 24 h after reperfusion to 
correlate with infarct volume based on TTC stain at 24 h. The TTC defined infarct 
volumes for each group are: BSA500, 148+38; BSA5O, 138+38; NO X100, 105+45; 
NOX151, 76+43; and NOX200, 73+38 mm3. A significant reduction in infarct volume 
was noted between treated (NOX100, NOX151, and NOX200) groups and control 
(BSA5O and BSA500) groups corroborating MR findings. Results support a 
neuroprotective role of NO scavenger agents such as NOX compounds in a MCAO 
stroke model. (Supported by NIH grants NS25545, NS28995 and Medinox Inc.).
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N itric oxide production and perivascular tyrosine nitration  
fo llow ing  focal isch em ia in n eonatal rat. L. C o ero li, S. 
Renolleau, M. Plotkinel , E.T. Mackenzie*, Y. Ben-Ari and C, Charriaut- 
Marlangue. INSERM U29, 75014 Paris. 1Laboratoire de Pharmacologie, 4 
avenue de l ’observatoire, 75006 Paris - *UMR 6551 CNRS, Centre 
Cyceron, 14074 Caen cedex - France.

O xygen free rad icals  and n itric oxide (N O ) have been  proposed  to  be 
in v o lv ed  in acu te  cen tral nerv o u s system  in ju ry  p ro d u ced  by cereb ra l 
ischem ia; how ever, con troversy  rem ains regard ing  how  they cause  injury. 
S ince sup ero x id e  generation  is triggered  d u ring  rep e rfu sio n  the cy to tox ic  
oxidant pero x y n itrite  (O N O O -) could be form ed, but it is not know n if  this 
occurs. T he current study was designed  to  cha rac te rize  the p rocess o f  NO  
and  O N O O - g en e ra tio n  in the  p a th o g e n e s is  o f  rep e rfu sio n  fo llo w in g  
cerebra l neonata l ischem ia. Isch em ia  c o n sis ted  o f  p e rm an en t left M C A  
occlusion  in association with one hour occlusion  o f  the left com m on caro tid  
artery. Pups w ere killed at 24, 48, 72 hour and 7 day reperfusion . Dot blot 
and im m uno-histochem istry  studies w ere perfo rm ed  on the m agn itude and 
tim e course o f tyrosine nitration and inducib le nitric oxide synthase (N O S2) 
in the postischem ic rat pup brain . N eonatal ischem ia  was induced  by the 
perm anent left M CA occlusion in association  with one hour occlusion  o f the 
left com m on caro tid  artery  in 7 day-o ld  W ista r pups. N itro ty ro sin e  (N T) 
im m unoreactivity  was ev ident in the blood vessels close  to the cortical infarct 
at 48-72 h recovery, and T  lym phocytes w ere involved  with this production. 
N O S2 im m unoreactivity  w as seen in neutrophils  in the sam e vessels and in 
the parenchym a at 72 h recircu lation . W hereas N T sta in ing  d ecreased  with 
tim e, N O S2-positive neutrophils could be still detected  in a rachnoid  vesse ls , 
at 14 days recircu lation . W e conclude that p eriv ascu lar reac tions m ediated  
by peroxynitrite  are im portan t in the cascade o f events w hich lead to brain 
o x idative  stress in neonatal ischem ia. M oreover, N O -re lated  species m ay 
serve as a signaling function instead o f d irectly  m ediating toxicity .
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In flam m atory  resp on ses fo llow in g  foca l isch em ia  w ith  
rep erfu sion  in 7 d ay-old  rats. C. Charriaut-M arlangue, N. 
Benjelloun, S. Renolleau, F. Dauphin* and Y. Ben-Ari.. Université René 
Descartes - INSERM U29, 123 bd de Port-Royal, 75014 Paris - *UMR 
6551 CNRS, Centre Cyceron, 14074 Caen cedex - France.

This study was undertaken to evaluate the chronologic sequence of 
neuropathological changes that follow neonatal cerebral ischemia with 
reperfusion. Ischemia, perform ed by left m iddle cerebral artery 
electrocoagulation associated with 1 hour left common carotid artery 
occlusion in 7 day-old rats, leads to a well-delineated lesion in the 
frontoparietal cortex at 3 month recovery and implicates acute and delayed 
changes. Blood brain barrier impairment and activated microglia and 
astrocytes were demonstrated by immunohistochemistry with antibodies 
respectively against rat endogenous immunoglobulins, macrophage- 
specific antigen ED-1, complement receptor type 3 (OX-42), and glial 
fibrillary acidic protein (GFAP), between 24 h and 1 week recovery. 
Activated glial cells also expressed the death inhibitor Bcl-2, suggesting 
their ability to survive. Neuronal death was demonstrated by the silver- 
impregnation staining between 6 h and 1 month after reperfusion. Acute 
inflammatory response included also infiltration of polymorphonuclear 
leukocytes and T lymphocytes. At later time points studied, the number of 
both microglial and astroglial cells decreased and the death promotor Bax 
was highly detected in their cytoplasm. These data demonstrated that 
perinatal ischemic brain injury triggered an acute inflammatory response 
presumably involved in accelerating the destructive processes.
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EXTRACELLULAR SUPEROXIDE RELEASE FROM ASTROCYTIC NITRIC 
OXIDE SYNTHASE IS IMPORTANT IN NITRIC OXIDE REGULATION AND 
BRAIN CELL SURVIVAL AFTER HYPOXIA - REOXYGENATION.
C.M. Tolias1 *, C. McNeil 2, J. Kazlauskaite1, E. Hillhouse1. 1Molecular 
Medicine Research Institute, Univ. of Warwick, UK; 2Dept. of Clinical 
Biochemistry, Univ. of Newcastle, UK.

Extracellular superoxide (O 2 ) and nitric oxide (NO) balance is important in 
brain cell physiology and neurodegeneration (both acute and chronic). 
Electrochemical sensors enable us to record free radicals in real time, 
simultaneously and noninvasively. Utilising this novel technology, we 
investigated the extracellular release and co-regulation of NO and O f  in 
primary rat brain cell cultures. A surface-modified gold electrode with 
covalently immobilised cytochrome c was used for O f  measurements and a 
commercially (W PI) available NO sensor for NO measurements.

Our results showed that there was a baseline due to O f  release in the 
supernatant of unstimulated cortical and hypothalamic cell cultures. Using 
constitutive nitric oxide synthase (cNOS) inhibitors we were able to show that 
this originated from the astrocytic cNOS. The presence of a baseline due to 
O f  alters the susceptibility of brain cells to hypoxia - reoxygenation. 
Expression of the astrocytic cNOS and subsequent O f  release depends on 
astrocytic confluency, the presence of NO releasing neurones and microglia 
proliferation.

W e  provide in vitro evidence for a novel role for astrocytes in their ability to 
release O f  and thus regulate extracellular NO availability to its cellular 
targets. Our results stress the importance O2 * /  NO balance in brain cell 
survival after hypoxia - reoxygenation and the crucial role of gliosis in brain 
cell pathophysiology.

This study was funded by The Wellcome Trust and Dr.Tolias is the recipient 
of an “Action Research” Training Fellowship.
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A new model of transient unilateral focal ischemia in immature rat (P7): 
Morphological changes indicative of apoptosis. S. R eno lleau , D. A g goun , 
C. V erney* Y. Ben-A ri and C. C h arriau t-M arlan g u e . IN SER M  U 29, 123 bd 
de Port-Royal, 75014 Paris - *IN SER M  U 106, 75013 Paris - France.

The m echanism s leading to delayed  cell death follow ing hypoxic-ischem ic 
injury in the developing  brain rem ain  to be elucidated . The aim  o f  this study 
was to develop a new m odel o f  transien t focal ischem ia in neonate rat, in an 
a ttem pt to have a reperfusion  phase, since in the filam ent m odel o f  reversible 
m id d le  c e reb ra l a rte ry  (M C A ) o c c lu s io n , s ize  lim ita tio n s  p rec lu d e d  
perform ing this procedure before  14 to  18 days. S even-day-o ld  W ista r rat 
pups (n=96) underw ent perm anen t left M C A  o cc lusion  in assoc ia tion  with 
one hour occlusion o f the left com m on caro tid  a rtery  (C C A ). E volu tion  o f 
the  brain  in fa rc tio n  w as s tu d ie d  from  24 h to  3 m o n th s  on c re sy l 
v iolet-stained coronal sections. The infarct volum e was determ ined using  the 
m itochondria l stain TTC . N euronal death  w as d em o n stra ted  by the silver 
s ta in ing  o f G aliyas (1980). C hrom atin  condensation  was show n by in situ 
D N A  fra g m en ta tio n  a sse sse d  w ith  the  T U N E L  a ssa y  and  e le c tro n  
m icroscopy. A lm ost all o f  the an im als survived and exh ib ited  a  reproducib le  
co rtical infarct m easuring  31 ±  7 m m 3 .  Ipsilate ra l h em isp h ere  show ed a 
w ell-d e lin ea ted  lesion  in the  fro n to p a rie ta l co rtex  at 3 m onth  recovery . 
A rgyrophilic (dying) neurons w ere observed , a few hours a fte r reperfusion  
and increased with tim e. Cells exhib iting  DN A fragm entation w ere shown as 
early  as 6 h, increased  up and peaked  at 24 to  96  h, then  d ecreased  
progressively and persisted for several days, suggesting an ongoing  process. 
N eu ro n s show ed  a p ro m in en t cy to p la sm ic  sh rin k ag e  and  a p a rticu la r  
c o n d e n sa tio n  and  seg re g a tio n  o f  the  c h ro m a tin  b en ea th  th e  n u c le a r 
m em b ran e . O ur study dem onstra tes the feasib ility  to perfo rm  a transien t 
focal ischem ia in neonate  rat w hich develops a  p rogressive  neuronal death 
with characteristic features o f apoptosis. The reperfusion phase m im ics what 
happens during  neonatal hum an hypox ic-ischem ic en cephalopa thy  at birth, 
since perinatal intensive care m ost often perm it recirculation.
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I N V O L V E M E N T  O F  N I T R I C  O X I D E  IN  H Y P O X I A - I N D U C E D  R E D U C T I O N  

O F  N E U R O N A L  E X C I T A B I L I T Y  IN  T H E  P R I M A R Y  M O T O R  C O R T E X  O F  

T H E  I M M A T U R E  R A T . G . A ic a r d i* ,  E . M a r c a to  a n d  I. Z ir o n i , D e p a r tm e n t  o f  

H u m a n  a n d  G e n e r a !  P h y s io lo g y ,  U n iv e r s i t y  o f  B o lo g n a ,  4 0 1 2 7  I ta ly

N it r ic  o x id e  ( N O )  p r o d u c t io n  in  th e  b r a in  in c r e a s e s  d u r in g  i s c h e m ic - h y p o x ic  

e p i s o d e s .  T h e  e f f e c t  o f  N O  c a n  b e  t o x ic  o r  p r o t e c t iv e ,  d e p e n d in g  o n  th e  c e l l  t y p e  

a n d  o n  th e  e v o lu t io n  s t a g e  o f  th e  p r o c e s s .  H e r e  w e  s h o w  th a t  N O  is  in v o lv e d  in  th e  

r e d u c t io n  o f  n e u r o n a l  e x c i t a b i l i t y  o c c u r r in g  in  th e  p r im a r y  m o to r  c o r t e x  ( M I )  o f  

th e  im m a tu r e  rat d u r in g  a b r i e f  h y p o x ic  e p i s o d e .  T h e  e x p e r im e n t s  w e r e  c a r r ie d  o u t  

in  n e o c o r t ic a l  s l i c e s  ( 4 0 0  µ m  t h ic k )  p r e p a r e d  fr o m  j u v e n i l e  ( p o s tn a ta l  1 6 - 1 8  d a y s )  

m a le  ra ts . S l i c e s  w e r e  p la c e d  in  a  s u b m e r s io n  r e c o r d in g  c h a m b e r  p e r fu s e d  (3  

m l/m in )  w ith  w a r m  ( 3 4 ° C )  a r t if ic ia l  c e r e b r o - s p in a l f lu id  ( A C F S )  e q u il ib r a te d  w ith  

9 5 %  O 2 a n d  5 %  C O 2 at p H  7 .4  a n d  c o n t a in in g  b ic u c u l l in e  m e t h io d id e  ( 3 - 5  µ M )  in  

m o s t  c a s e s .  E x tr a c e l lu la r  f ie ld  p o t e n t ia ls  e v o k e d  b y  h o r iz o n ta l  p a th w a y s  

s t im u la t io n  w e r e  r e c o r d e d  fr o m  la y e r s  II-III o f  M I , d u r in g  a n d  a fte r  10  m in  o f  

h y p o x ia  in d u c e d  b y  p e r f u s in g  th e  s l i c e  w it h  A C F S  e q u il ib r a t e d  w ith  9 5 %  N 2 a n d  

5%  C O 2. T h e  a m p litu d e  o f  b o th  th e  s y n a p t ic  A M P A - k a in a t e  a n d  th e  n o n - s y n a p t ic  

c o m p o n e n t s  o f  th e  m a x im a l f ie ld  p o t e n t ia l  p r o g r e s s iv e ly  d e c r e a s e d  d u r in g  h y p o x ia  

to  5 5 .2 %  ±  1 3 .8  (m e a n  ±  S .E .M . ,  n = 4 )  a n d  to  5 9 .8 %  ±  1 3 .3  ( n = 6 ) ,  r e s p e c t iv e ly .  

T h is  in h ib ito r y  e f f e c t  w a s  s ig n i f ic a n t ly  a t te n u a te d  in  s l i c e s  p e r f u s e d  w ith  A C F S  

c o n t a in in g  th e  N O  s in t h a s e  in h ib ito r  N ω - n i t r o - L - a r g in in e  m e t h y l  e s te r  ( L - N A M E ,  

2 m M ) :  th e  s y n a p t ic  a n d  n o n - s y n a p t ic  c o m p o n e n t s  d e c r e a s e d  d u r in g  h y p o x ia  to  

9 0 .2 %  ±  7 .9  ( n = 4 )  a n d  to  8 9 .4 %  ±  6 .4  ( n = 5 ) ,  r e s p e c t iv e ly .  A c c o r d in g ly ,  a 

r e d u c t io n  o f  n e u r o n a l  e x c i t a b i l i t y  s im i la r  to  th a t  in d u c e d  b y  h y p o x ia  w a s  o b s e r v e d  

in  4  s l i c e s  p e r f u s e d  fo r  10 m in  w ith  o x y g e n a t e d  A C F S  c o n t a in in g  th e  N O  d o n o r  

s o d iu m  n i t r o p r u s s id e  ( 0 .3  - 0 . 9  m M ).  T h e s e  o b s e r v a t io n s  s u g g e s t  th a t  N O  p la y s  a 

s ig n i f i c a n t  r o le  in  h y p o x ia - in d u c e d  r e d u c t io n  o f  n e u r o n a l  e x c i t a b i l i t y  in  M I o f  th e  

im m a tu r e  rat. (Supported by C.N.R. and M. U.R.S. T. grants to G.A.)
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Possible role of IL -lβ in transient cerebral ischemic responses of nitric oxide 
production production and hippocampal LTP in the rat hippocampus. Hiroko 
Togashi, Kiyoshi Mori, Machiko Matsumoto. Ken-ichi Ueno. Katsura Shinohara 
and Mitsuhiro Yoshiokat*. Department of Pharmacology, Hokkaido University 
Graduate School of Medicine, Sapporo 060-8638, JAPAN

The purpose of the present study was to elucidate a pathophysiological role of 
interleukin (IL)-lβ in transient cerebral ischemia. We studied the effect of 
exogenous IL-lβ antagonist on the changes in LTP and NO production after ischemic 
insult in the rat hippocampus. An attempt was also performed to clarify the isoforms 
of NO synthase (NOS) concerned with post-ischemic NO production. [Methods] As 
an ischemic models, 4 vessele occlusion (4VO) rats were used. IL-l β antagonist or 
agonist was infused intracerebroventricularly to the rats before carotid artery 
occlusion (10 min) or sham operation. Hippocampal NO production was evaluated 
by oxidative NO metabolite (NOx; NO2- plus N03-) levels, which were measured by 
HPLC-Griess method combined with in vivo microdialysis. LTP was recorded in the 
Schaffer collateral-CAl and the perforant path-dentate gyrus synapses. [Results & 
conclusion] Significant increases in hippocampal NOx levels were observed 24 
hrs after 4VO. LTP in both CA1 and dentate gyrus synapses was noted to be 
markedly inhibited 4 days after 4VO. An inducible NOS inhibitor, aminoguanidine 
(10 mg/kg, i.v.) abolished the changes in NOx levels and LTP formation. IL-lβ 
antagonist (1 µg/day, i.c.v. for 4 days) attenuated the 4VO-induced increase in NOx 
levels and ameliorated the deficiency in LTP formation. Single treatment of I L -l β 
agonist (1 µg/day, i,c.v. for 4 days) mimiced the ischemia-induced changes in NO 
production and LTP formation. These findings indicate the possible involvement of 
I H ß  in the deficiency of LTP formation after transient cerebral ischemia. In 
addition, NO production via inducible NOS might explain the mechanisms underlying 
these functional changes.
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DIFFERENTIAL SENSITIVITY AFTER HYPOXIA OF AXONAL AND 
SOMATIC SOLUBLE GUANYLYL CYCLASE TO STIMULATION WITH 
NITRIC OXIDE.
J. de Vente1 , V. Seutin2*, J. Sc u v e é-Moreau2, L. M ayotte2, M, M arkerink-van 
Ittersum1, A. Dresse2, H.W.M. Steinbusch1. Maastricht University, Dept. Psychiatry 
and Neuropsychology, POB 616, 6200 MD Maastricht, The Netherlands1, and 
University of Liège, Lab. of Pharmacology, B-4000 Sart Tilman, Liège 1, Belgium2.

Previous data have shown that nitric oxide (NO) is an important endogenous 
activator of soluble guanylyl cyclase (sGNC) in the brain. Both nitric oxide synthase 
(NOS) and sGNC are found throughout the brain in a complementary way, although 
cGMP synthesis in NOS containing structures has been demonstrated (De Vente et al, 
1998). As a generally accepted mechanism of activation of sGNC it is thought that 
binding of NO to the attached heme induces an allosteric modification of the enzyme, 
resulting in greatly increased enzymatic activity. We found evidence that oxygen 
influences activation of sGNC by NO in brain slices incubated in vitro.

Frontal rat brain slices were incubated in a superfusion system (Krebs buffer, 
2 ml/min, 35°C) and were stimulated with sodium nitroprusside (SNP) as a NO-donor 
after varying periods of anoxia. Anoxia was induced by bubbling the Krebs buffer 
with 5% CO2 in N2. Stimulation of sGNC with SNP occurred during the last 10 min of 
incubation. An anoxic period of 20 min significantly reduced basal cGMP levels from
1.01+0.07 to 0.54+0.05 (p<0.01) and SNP stimulated levels were decreased from 
l3.5±.5 to 10.0+0.5 pmol/mg protein (p<0.01). cGMP immunocytochemistry revealed 
that under these conditions of anoxia cGMP-immunostaining was abolished in cell 
somata, but was unchanged in axonal fibers. The effect of 20 min anoxia on cGMP 
levels was completely reversible, whereas the effect of 40 min anoxia was only partly 
corrected by normoxic superfusion. These results suggest that sGNC activity in cell 
somata is sensitive to oxygen tension through an as yet unresolved mechanism.

NEUROPSYCHIATRIC DISORDERS: IMAGING I
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MORPHOLOGICAL AND CLINICAL CORRELATES OF CAVUM 
SEPTUM PELLUCIDUM IN FIRST EPISODE OF 
SCHIZOPHRENIA. MH Chakos1, H Woo2, R Büder2, J 
Ma Alvir2, B Sheitman1, J Lieberman1*. 1 Department of Psychiatry, 
University of North Carolina at Chapel Hill, CB7160 Chapel Hill, NC 
27599-7160; departm ent of Psychiatry, Hillside Hospital, Glen Oaks,
NY 11004.

A cavum septum pellucidum (CSP) is a developmental abnormality 
that has been linked to schizophrenia. We examined MR scans from the 
Hillside data set of first-episode schizophrenics (N=109) to determine if 
there is correlation between the presence of CSP and other 
morphological and clinical characteristics of first episode patients. 9.2 
% of the first episode sample had a large CSP (a pathological CSP), 
whereas 85.3% did not have a CSP and 5.5% had a small CSP. In 
contrast, only 1.61% of controls subjects (total N=62) had a large CSP, 
whereas 93.5% did not have a CSP and 4.8% had a small CSP. In the 
first episode sample, there was no association between CSP and 
response to treatment of first psychotic episode (x2=8.23, p = .083) or 
time to treatment response (Risk Ratio = 0.751, p =. 1169). There was 
also no association between hippocampal volume and CSP when we 
controlled for age, gender and whole brain volume (F=0.44, p=.647).
These findings do not support the hypothesis that pathological CSP is 
associated with abnormalities in structures that are developmentally 
related to the septum pellucidum, such as the hippocampus. They also 
do not support the hypothesis that CSP is a predictor of treatment outcome.
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N E R V E  C E L L  N U M B E R S  IN TH A L A M IC  A N T E R IO R  A N D  M E D IO - 
D O R S A L  N U C LE I A R E  S E L E C T IV E L Y  R E D U C E D  IN S C H IZ O P H R E N IA .
K.F. M a n a ve 1* , C-L. L iana1, P.B. H icks2, D .C . G e rm a n 1 and K.A. Youno2, 
1Dept. of Psychiatry, Univ. of Texas  Southw estern M ed. Sch., Dallas, TX  
7 5 2 3 5 -9 0 7 0 , and 2Dept. of Psychiatry & Behav. Sci., Texas  A & M  Univ. 
Health Sci. Cntr., Scott & W hite Clinic, and Central Texas  V eterans Health  
C are  System  Neuroscience Lab, W aco , T X  767 11 .

T h e re  is m ounting evidence that the tha lam us is abnorm al in 
schizophrenia, exem plified by M R I findings of reduced volum e and reports 
of > 3 0 %  reduction in the num ber of neurons in the m ediodorsal (M D ) 
nucleus. Th e  purpose of the present study w as  to begin to exam ine  
w h eth er the reduction in thalam ic cell num ber in schizophrenia is specific  
to MD. W e  exam ined five tha lam ic  nuclei in post-m ortem  tissue from age- 
matched schizophrenic (n=7) and norm al controls (n=5). Neuron num bers  
in the M D , anterior (anterior ventral/anterior m edial; A V /A M ), ventral 
anterior/ventral lateral (V A /V L), reticular (R T ), and laterodorsal (LD) nuclei 
w ere estimated in 60  µm  thick coronal sections using the optical dissector 
m ethod. Neuron num bers in the V A /V L, R T  and LD nuclei w ere  sim ilar in 
the  tw o groups. There  w ere , how ever, significant reductions (27% ) in 
both th e  A V /A M  a nd M D  nuclei in the schizophrenic group. Also, the  
volum e of 4  of the 5 nuclei w as  decreased  (1 5 -3 4 % ) despite the 
preservation of normal neuron num bers in three of the nuclei. The  M D  and 
anterior thalam ic nuclei project to the frontal cortex, anterior cingulate gyrus 
and hippocampus. T h e  present results suggest that a specific anatom ical 
deficit in the thalam us contributes to the anatom ical and functional 
ab norm alities  of the frontal cortex and other limbic structures in 
schizophrenia. Supported by N IM H  grant M H 5234O .
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USING AN ARTIFICIAL NEURAL NETW O RK (ANN) FOR  
QUANTITATIVE VOLUM ETRIC  M EASUREM ENT OF THE  
CEREBELLUM AND BRAINSTEM ON MR IMAGES.
Patricia Westmoreland Corson M.D., Lonnie Sears Ph D.*, Dan Heckel
B.S., H. Jeremy Bockolt B.S., Helen L  Keefe M.A., M .S.W , and Nancy
C. Andreasen M.D., Ph.D.
Mental Health Clinical Research Center, Department of Psychiatry, 
University of Iowa College of Medicine, Iowa City, IA 52242-1057  

The cerebellum and posterior fossa structures are important 
connectors in cognitive as well as motoric circuitry. Regional 
abnormalities play an important role in neuropsychiatric disorders and 
volumetric aberrations have been chronicled in individuals with 
psychopathology. As accurate measurement is imperative if 
comparative studies are to be validated, we sought to eliminate the 
variability of manual methods and the inherent lack of human scrutiny 
in fully automated methods by utilizing an artificial neural network 
(ANN) to define regions of interest with consistency yet allow for 
variations in each subject. Our semi-automated ANN method has 
proved reliable for delineation of cortical and subcortical regions and 
we have now applied this to the cerebellum and posterior fossa 
substructures.

Using a 1.5 Tesla GE Signa MR scanner, T2 and PDT2 images were 
acquired and coregistered to T1 acquired images and segmented using 
canonical discriminant analysis. The forty seven node feed forward 
supervised ANN was then trained to delineate the posterior fossa and 
cerebellar subregions on the segmented MR images upon which these 
regions had been manually traced according to consensus guidelines 
approved by a neuroanatomist. Results of the ANN method will be 
presented together with the application of the protocol to a sample of 
MR images of research center patients and control subjects.

4 8 4 .4

CORRELATION OF PLASMA HOMOVANILLIC ACID CONCENTRATIONS 
AND BRAIN DOPA DECARBOXYLASE ACTIVITY IN SCHIZOPHRENIC PA
TIENTS. E, Davids'. N, Heydari1, S, Harder1,  P. Bern2, R , Schlösser*1, C. Hiermke1 
and G. Gründer1. 1Dept. o f Psychiatry and 2PET Center, Univ. of Mainz, 55131 
Mainz, Germany.

Plasma homovanillic acid (HVA) concentration has been used for decades as a 
tool to investigate presynaptic dopaminergic function, especially in schizophrenia 
research. We report on plasma HVA concentrations in schizophrenic patients before 
and under treatment in relation to brain dopa decarboxylase (DDC) activity as 
measured with positron emission tomography and [l8F]fluorodopa as the radiotracer.

After written informed consent, eight neuroleptic-free schizophrenic patients 
(DSM-IV) were treated with haloperidol at doses clinically determined. Two PET 
scans were performed in each subject, one at baseline and one after treatment with 
haloperidol for the duration of 20-45 days. Brain radioactivity was measured for 120 
min after IV injection of the radiotracer using a Siemens ECAT EXACT whole- 
body scanner. Unchanged 6-[l8F]fluorodopa and labeled metabolites were deter
mined in arterial plasma by HPLC. Regions o f interest (ROIs) were positioned ac
cording to a Tl-weighted 3D gradient echo magnetic resonance scan with 1.5 mm 
slices. Tracer uptake and decarboxylation were determined graphically using arterial 
plasma input as well as by calculating the ratio between radioactivity in the striatum 
and in the occipital cortex. HVA was determined from nine arterial plasma samples 
drawn over the 2 hrs scanning period. It was quantitated by reversed phase liquid 
chromatography with electrochemical detection.

Preliminary data analysis revealed a positive correlation between plasma HVA 
concentration and brain DDC activity. Interestingly, this correlation seemed to be 
stronger under haloperidol treatment than in drug-free condition. Our results con
firm that, although only a small proportion of plasma HVA is synthesized in the 
CNS, its concentrations reflect brain presynaptic dopaminergic function.

Supported by Univ. o f Mainz
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HIPPOCAMPAL VOLUMES ARE ASSOCIATED WITH SEVERITY 
OF PSYCHOSIS IN SCHIZOPHRENIA G. Selke*, A.K. Melson, J. 
Haller, B. Brunsden, J.W. Newcomer. Washington Univ. Sch. of- Med., St. 
Louis, MO 63110.

Investigators have reported hippocampal volume decreases in patients 
with schizophrenia, and various lines of evidence suggest that these 
decreases occur early in the disease process (see Melson et al.-this 
meeting). Additionally, recent studies have reported associations between 
specific symptom severity and structural volumes and/or metabolism within 
the temporal lobe. This study aimed to test the relationship of hippocampal 
volumes and symptom severity in a well-characterized sample of clinically 
stable younger and older patients with schizophrenia (n=46). Age of 
illness onset in all patients was 18-30 years, with comparable early severity 
of illness in younger versus older patients. Subjects were scanned using a 
Magnetom SP-4000 l.5T imaging system. 128 contiguous 1.25mm 
sagittal slices, oriented parallel to the midsagittal plane, were acquired 
utilizing magnetization prepared rapid gradient echo (MPRAGE) to 
generate anatomical images. Hippocampal and whole brain measurements 
were obtained using stereological methods. Positive psychotic symptoms 
were strongly predictive of hippocampal volumes (covarying whole brain 
volume, main effect of Brief Psychiatric Rating Scale positive symptom 
subscale: F[l,85]=8.78, p=0.004; hostility/suspiciousness subscale:
F[l,87]=6.55, p=0.01). This effect was selective for positive symptoms, 
versus core negative symptoms or general psychopathology. No similar 
relationships between symptomatology and whole brain volumes were 
detected. The global rating of attentional impairment on the Scale for the 
Assessment of Negative Symptoms was also predictive of hippocampal 
volumes: F[l,67]=6.17, p=0.02. The results provide evidence for a 
relationship between hippocampal volume and severity of illness in 
schizophrenia. Supported by MH01510 (JWN) and MH01045 (JWN).

4 8 4 .7

C U M U L A T IV E  E F F E C T  O F  C E R E B R A L  R IS K  F A C T O R S  T O  
T H E  D IA G N O S IS  O F  S C H IZ O P H R E N IA : A N  M R I S T U D Y . J. M. 
Kuldau*a, C. M. Leonard*b, J.I, Breierc, P. Zuffanteb, E. R. Gautiera. D-C.
Herona, E.M. Laverya, J. Packinga, S.A. Williamsa, and C. DeBosed. D e p ts  o f  
P s y c h ia t ry a , Neuroscienceb, Radiologyd , U Florida Brain Institute,
Gainesville, FL 32610 & Neurosurgeryc, U Texas Medical School; Houston, TX.

H e m isp h e re  an d  th ird  v e n tr ic le  s ize  (v en ) , an d  th e  le n g th  o f  th re e  
a s so c ia tio n  c o rte x  su lc i [p o ste rio r  c in g u la te  (c in g ) , in fe r io r  fro n ta l 
su lc u s  ( ifs ), an d  s y lv ia n  f is su re  (sf)] w e re  m e a s u re d  in  a  g ro u p  o f  27  
m a le  p a tie n ts  d iag n o se d  w ith  s c h iz o p h re n ia  (S C Z ) w ith  th e  S C ID  
an d  a  se t o f  28  m a le  c o n tro ls  m a tc h e d  o n  ag e , h a n d e d n e s s , an d  
p a re n ta l so c io e c o n o m ic  s ta tu s  (S E S ). P ro file  a n a ly s is  re v e a le d  a  
s ig n if ic a n t a n a to m y  b y  g ro u p  e ffe c t [F (4 ,6 5 )  =  7 .4 6 , p  <  .0 0 0 1 ] w ith  
n o  e ffe c t o f  h e m isp h e re . W h en  th e  b ra in  m e a su re s  w e re  e n te re d  in to  
a  d isc r im in a n t  a n a ly s is  w ith  a  ja c k k n ife  p ro c e d u re , 7 8 %  o f  th e  
su b je c ts  w e re  c o rre c tly  c la s s if ied  (p  <  .0 0 0 9 ) s im p ly  o n  th e  b a s is  o f  
an a to m y . F iv e  o f  th e  m ea su rem e n ts  (L  c in g , R  s f, L  &  R  v e n , &  L 
ifs)  c o rre la te d  s ig n if ic a n tly  w ith  th e  d isc r im in a n t  fu n c tio n  (p  <
.0 0 5 ). N o n e  o f  th e  sy m p to m  m e a su re s  c o rre la te d  s ig n if ic a n tly  w ith  
an y  o f  th e  an a to m ic a l m ea su res  a lth o u g h  fu ll s ca le  IQ  w a s  p re d ic te d  
n e g a tiv e ly  b y  th e  s ize  o f  th e  th ird  v e n tr ic le  o n  th e  r ig h t  (p  <  .01 ). 
T h e se  re su lts  ra ise  th e  p o ss ib i li ty  th a t  s c h iz o p h re n ia  is  th e  re s u lt  o f  a  
n u m b e r  o f  d iffe re n t d e v ia n t n e u ra l e v e n ts , e a c h  o f  w h ic h  c o n tr ib u te s  
a  sm a ll a m o u n t o f  c u m u la tiv e  risk .
(S u p p o rte d  b y  th e  V e te ra n s  A d m in is tra t io n  R e se a rc h  S e rv ic e .)

4 8 4 .9

DURATION O F DEPRESSION BUT NOT AGE CORRELATES W ITH 
H IPPOCAM PAL VOLUME LOSS IN W OMEN. Y. Sheline*1,2 and M.Gado2 

1Dept. o f Psychiatry and 2Dept. o f Radiology, Washington University School of 
Medicine, St. Louis MO 63110.

We have previously reported that depression in humans is associated with 
hippocampal volume loss (Sheline et al. PNAS 93: 3908, 1996). In addition 
hippocampal volume loss has been reported in aging. One possible explanation 
may be increased levels o f glucocorticoids produce neurotoxic injury either 
directly or though increased neuronal vulnerability to other insults. In this study we 
sought to test the hypothesis that both increasing age and increasing duration of 
depression would be associated with reductions in hippocampal volume. Female 
subjects aged 23-86 (n=2O) with a history of major depression, recurrent and 20 
female controls case-matched for age and education were recruited into the study. 
All subjects were screened to exclude other medical problems potentially affecting 
the central nervous system. Subjects were evaluated for current depressive 
symptoms and total cumulative duration o f depression. MRI scanning was 
performed on a l.5T imaging system using MPRAGE acquisition resulting in 128 
contiguous 1.25 mm thick sagittal slices. Stereological methods were used to 
estimate all volufnes. Left and right volumes were measured twice by 2 raters 
blind to diagnostic status and the average of 4 measurements determined.
Compared with controls there was a 15% (left) and 13% (right) reduction in 
hippocampal volume in depressed subjects. Cumulative duration o f depression 
correlated negatively with both left (p<0.0001) and right (p<0 .0001) hippocampal 
volumes. In contrast, the reduction in hippocampal volumes with age was small in 
both controls and depressed subjects (20-fold less than depression). These data 
suggest that prolonged severe depression can induce hippocampal damage in 
medically healthy women. Supported by NIH grant MHO 1370 (YIS).

4 8 4 .6

DISEASE- AND AGE-RELATED REDUCTIONS IN HIPPOCAMPAL 
VOLUMES IN SCHIZOPHRENIA PATIENTS VERSUS HEALTHY 
SUBJECTS A.K. Melson*, G. Selke, J. Haller, B. Brunsden, M. Vannier, 
J.W. Newcomer. Washington Univ. Sch. of Med., St. Louis, MO 63110.

Investigators have reported temporal lobe including hippocampal 
volume decreases in patients with schizophrenia. Various lines of evidence 
suggest that these decreases may occur early in the disease process and 
remain static during adult life. However, some evidence suggests that at 
least some patients may have progressive reductions in brain volumes and 
progressive cognitive deterioration. This study aimed to test the relative 
effects of age and disease on hippocampal volumes in a well-characterized 
sample of younger and older patients with schizophrenia (n=46) and well- 
matched healthy controls (n=41), ranging in age from 18-88. Age of 
illness onset in all patients was 18-30 years, with comparable early severity 
of illness in younger versus older patients. Subjects were scanned using a 
Magnetom SP-4000 l.5T imaging system. 128 contiguous 1.25mm 
sagittal slices, oriented parallel to the midsagittal plane, were acquired 
utilizing magnetization prepared rapid gradient echo (MPRAGE) to 
generate anatomical images. Hippocampal and brain measurements were 
obtained using stereological methods. This study detected significant age- 
and disease-related reductions in left and right hippocampal volumes 
(covarying whole brain volume, main effect of diagnosis: F[l,166]=5.52, 
p=0.02; age X diagnosis: F[l,166]=5.14, p=0.025). This interaction was 
explained by smaller hippocampal volumes in the younger patients with 
schizophrenia as compared with younger controls, as well as no volume 
differences across younger patients, older patients and older healthy 
controls. The results provide evidence for an early occurring and non
progressive reduction in hippocampal volumes in schizophrenia, similar in 
magnitude to normal age-related changes. Supported by MH01510 (JWN) and  

MH01045 (JWN).
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LANDMARK AVERAGING OF M RI PARASAGITTAL SLICES IN 
SCHIZOPH REN IC PATIENTS R. Coppola,* M. S. Mvslobodsky, and F. L. 
Bookstein CBDB, NIMH Neuroscience Center at St. Elisabeths, Washington, DC 
20032 and University of Michigan Institute of Gerontology, Ann Arbor

This study was undertaken to examine the differences in anatomy as 
visualized by parasagittal MRI slices right and left to the midline in schizophrenic 
patients compared to normal controls. Sagittal 3-d volume data sets of 124 1.5 mm 
slices were utilized. This allowed reorientation and reslicing, if necessary as needed, 
to achieve right and left cuts at the medial aspect o f the brain. 22 normal controls 
were age matched to 22 right-handed male patients. Nineteen anatomical landmarks 
in addition to three delimiting extrema were located on the slices. The Procrustean 
method of averaging and statistical analysis of landmark point locations was 
employed.

The average group images do not show any striking distortions; however, 
there are several small but significant distortions. The main finding is a significant 
shape difference in an area bounded by four of the landmarks: the subcallosal 
cingulate, genu, and rostrum. This difference is within-group compared to the 
contralateral hemisphere in patients as well as the between-group ipsilateral 
comparison to controls. The inferior end of the cingulate is more anterior on the left 
side in the patient group.

Funded by the NIMH Intramural Research Program

4 8 4 .1 0

IN  V IV O  M R I IM A G IN G  O F  A N  A N IM A L  M O D E L  O F  A F F E C T IV E  
D IS O R D E R : C O R R E L A T E S  W IT H  C L IN IC A L  IM A G IN G  S T U D - 
IE S . W ry n n , A . S .1,2 Fra n c o n i. F .3, d e C e r ta in e s , J . D .4 , H e rlid o u , S 4, 
M a c S w e e n e y . C .P . 11BIO T R IA L , R e n n e s , F ra n ce . D e p a r tm e n t o f  P h a r
m ac o lo g y , N a tio n a l U n iv e rs ity  o f  Ire lan d , G a lw a y , Ire lan d . 3S erv ice  
co m m u n  d e  R M N , F a c u lté  d es  S c ien ces , A n g ers , F ra n ce . 4L R M B M , 
F a c u lté  d e  M é d ec in e , R en n es , F ran ce . (S P O N : B ritish  N e u ro sc ie n c e  
a sso c ia tio n * ).

N eu ra l d eg e n e ra tio n  an d  a n a to m ica l ab n o rm a litie s  are  e m e rg in g  as 
u n d e rly in g  fac to rs  in the  a ffe c tiv e  d iso rd e rs . M a g n e tic  re so n a n c e  s tu d ies  
h av e  sh o w n  in c re a se d  v e n tr icu la r  size , d e c re a se d  fro n ta l lo b e  an d  c a u 
d a te  v o lu m e s  as w ell as les io n s  o f  the  fro n ta l lo b e, h ip p o ca m p u s  an d  
c a u d a te  in d ep ress iv es . T h e  p rese n t in v es tig a tio n  c o n c e rn s  an an im al 
m o d el o f  d e p re ss io n , n a m e ly  th e  o lfa c to ry  b u lb ec to m iz e d  (O B )ra t, a 
m o d e l w ith  im p re ss iv e  se le c tiv ity  fo r  c h ro n ic  a n tid e p re s sa n t th erap y  
w h ic h  ex h ib its  im m u n e  an d  e n d o c rin e  sy s te m  a b n o rm a litie s  s im ila r  to 
th o se  o f  d e p re s se d  p a tien ts .

M R I im ag e  a n a ly s is  (T 2  w e ig h te d , B ru k e r  av a n ce  7 .0 5 T  m ag n e t)  of 
b o th  c o n tro l an d  O B  a n im a ls  d e m o n s tra te d  v e n tr icu la r  e n la rg e m e n t w ith  
a lte ra tio n s  in sig n a l in te n s itie s  in h ip p o ca m p a l an d  a m y g d a lo id  a reas  in 
O B  an im a ls .

W e  c o n c lu d e  th a t su ch  f in d in g s  h a v e  im p lic a tio n s  w ith  reg a rd  to  the  
face  an d  c o n s tru c t v a lid ity  o f  th e  m o d el an d  m ay  b e  q u a lita tiv e ly  s im ila r  
to  a lte ra tio n s  seen  in  th e  d e p re s se d  p a tie n t. T h e se  f in d in g s  m ay  h av e  
im p lic a tio n s  b o th  fo r  th e  reg u la tio n  an d  sy s te m  p la s tic ity  in  su rro u n d in g  
a reas  su ch  as the  c a u d a te , h ip p o ca m p u s  an d  a m y g d a la  in a d d itio n  to  
a n tid e p re ssa n t th erap y .
S u p p o rte d  by  B IO T K IA L  an d  F o rb a ir t, Ire lan d .
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3-DIMENSIONAL ANALYSIS OF SYLVIAN FISSURE MORPHOMETRY IN 
SCHIZOPHRENIA. K.L. Narr,1 T. Sharma,2* A. Edris,1 A.F. Cannestra,1 P. 
Thompson1 and A.W. Toga1. 1Laboratory of Neuro Imaging, Dept. of Neurology, 
Division of Brain Mapping, UCLA School of Medicine, Los Angeles, CA 90095-1769; 
2Institute of Psychiatry, London.

2-dimensional analyses from studies examining perisylvian regions in schizophrenia 
yield mixed results regarding the presence of altered asymmetry in language-gifted 
cortex.

A 3-D analysis of sylvian fissure morphology rendered from MR images investigated 
the unique patterns of variability and asymmetry present in schizophrenic (SZ) patients 
(n=17) compared to nonpsychiatric controls (n=18). High-resolution (256×256× 124; 1.5 
slice separation) T1-weighted MR images were first transformed into standardized 3-D 
space (Talairach coordinate system) to allow for morphometric comparisons across 
groups. Sylvian fissures were then outlined on a slice by slice basis in each hemisphere 
according to neuroanatomic landmarks by technicians blind to diagnosis and checked for 
reliability. 3-D meshes of each internal sylvian fissure surface were created and averaged 
by hemisphere in each group. Digital visualization of averaged surface meshes revealed 
localized patterns of variability, asymmetry and displacement within and across groups. 
Intra-group variability was higher in SZ (12 vs. 11mm) and inter-group displacement 
between meshes larger in the left hemisphere (LH).

Student t-tests were conducted to examine inter and intra-group sylvian fissure 
parameters. Normal subjects displayed expected left-right asymmetries. Rostral-caudal 
straight lengths were longer in LH (p<.001) and sulci extended more superiorly in RH 
(p<.001), while differences in curvature between hemispheres approached significance 
(p<.06). In SZ only the rostral-caudal straight lengths were significantly different 
between hemispheres (p<.001). Furthermore, significant sex effects were detected in 
normal controls but not in patients. Between groups analyses revealed significant 
differences in LH curvature (p<.02). Finally, subdivisions of the sylvian fissure 
determined more precise locations of altered asymmetries within and between groups.

In sum, this 3D study supports the presence of localized sylvian fissure asymmetries 
in normal controls that are altered in SZ patients. The data add support to hypotheses of 
SZ as a lateralized disease affecting cortical regions important for language processing.

4 8 4 .1 2

DECREASED CORTICAL GABA LEVELS IN MAJOR DEPRESSION AS 
DETERMINED BY 1H-MRS.
G. Sanacora1, G. Mason, D.L1,2, Rothman3, K.L. Behar4, R.Berman1, F. Hyder5. 
W. Abi-Saab1* J. H. Krystal1. Depts. of 1Psychiatry, 2Biomedical Engineering, 
3Radiology, 4NeuroIogy, and 5Molecular Biophysics and Biochemistry. Yale 
University School of Medicine, New Haven, CT 06519 

Previous studies found decreased gamma amino-butyric acid (GABA) in the 
plasma and CSF of depressed individuals. In the present study we used proton 
magnetic resonance spectroscopy (1H MRS) to determine if GABA was decreased in 
the cortex of depressed patients. Subjects consisted of healthy controls (n=12) and 
depressed patients (n=14), defined by DSM IV criteria. 1H MRS data were acquired 
at 2.1 T using a Bruker Biospec I spectrometer. Localization was provided using a 
3D ISIS sequence. The metabolite levels were obtained from a 1.5×3×3 cm3 region 
centered on the occipital cortex. GABA measurements were made with 
homonuclear editing using the spin echo pulse sequence described by Rothman et 
al. (PNAS 1993;90:5662). Selective inversion of the J-coupled 3.0 ppm GABA 
resonance was induced by a DANTE positioned at 1.6 ppm. The GABA resonance 
intensity was quantitated and expressed as a ratio to the intensity of creatine. Total 
creatine concentration was previously found to be 9 mmoles/kg. _GABA levels were 
decreased by 50% in depressed patients compared to healthy controls [mean+/- 
S.D.; Control: 1.38+/-0.18 mmoles/kg; Depressed .70+/-0.26 mmoles/kg 
(p<.001)]. _These preliminary findings suggest that major depressive disorder is 
associated with a marked reduction in occipital cortex GABA levels. This is 
consistent with reports of decreased GABA in the CSF and plasma of depressed 
patients. These findings raise further questions concerning the role of the amino 
acid neurotransmitters in the pathophysiology of major depression. Supported by 
the Donagh le Foundation and MH 30929-21.

4 8 4 .1 3

ATTENTION-DEFICIT/HYPERACTIVITY DISORDER (ADHD): PROMINENT 
STRIATAL ABNORMALITIES REVEALED BY STEADY-STATE fMRl 
RELAXOMETRY. M.H. Teicher* 2; C.M. A nderson1,2; A. P olcari1, S.L. 
Andersen1,2; C.A. Glod 1,2; L Mass 1,3; P. Renshaw1,3. 1Dept. Psychiatry, Harvard 
Medical School; 2Devel. Biopsychiatry Research Program and 3Neuroimaging 
Center, McLean Hospital, 115 Mill Street, Belmont MA 02178.

ADHD is one of the most common neuropsychiatric disorders of childhood. It is 
highly heritable, and appears to be associated with abnormal dopamine 
neurotransmission. In the present study we sought to ascertain whether children 
with ADHD differed from normal in steady-state measures of T2 relaxation time in 
striatum, the major target of the ascending dopamine system.

The present sample consisted of 12 children with ADHD (10M/2F; 9.5 yr) by 
DSM-IV criteria (K-SADS-E), and 7 normal controls (6M/1F; 10.1 yr) without 
ADHD symptoms. Function MRI was obtained using l.5T GE Signa scanner with 
Advanced NMRI Echo-planner coil. T2 relaxation time was calculated by regression 
from 32 sequential scans using TE stepping. T2 is primarily influenced by amount 
of deoxyhemoglobin, which diminishes with enhanced blood flow under steady-state 
conditions. Attention and activity were quantified using infrared motion analysis 
during a computerized performance attention task (CPT; Teicher et al 1996).

T2 measures differed markedly between ADHD and controls in putamen (p=.01). 
but not thalamus (p=.4). Abnormalities were more striking in R than L putamen 
(p=.005 vs p=. 10). There was also a robust correlation between putamen T2 and 
both CPT accuracy (r=-.75, p=.0003), and activity (r=-.63, p=.004) in the entire 
sample. Methylphenidate (1.2 mg/kg/d × 7 days) produced prominent shifts in T2 
relaxation time in children with ADHD. These findings support the hypothesis that 
basal ganglia may be hypoperfused in ADHD.

Supported by ROl MH-48343 to MHT.
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[18F] FDG PET REVEALS A CONSISTENT PATTERN OF 
DIFFERENCES IN BRAIN METABOLISM BETWEEN DEPRESSED 
PATIENTS AND HEALTY CONTROLS.
Evans, KR1,2*, Arifuzzaman, AI 3, Kennedy, SH2,4, Vaccarino, FI 2,3,4.  Houle, S4 
Boehringer-Ingelheim 1 Depts. o f  Pyschiatry2, Psychology3 University o f  Toronto, 
Canada. Clarke Institute or Psychiatry4 Toronto , Canada

Previous brain metabolism studies in depressed patients and healthy 
volunteers have often utilized small num bers o f  subjects o r poorly defined 
patient inclusion criteria. Consequendy, the literature is inconsistent with regard 
to how the brains o f  untreated depressed patients can be differentiated from 
healthy controls.

Baseline P E T  scans were conducted on  72 right-handed male patients
suffering from  Major Depression (DSM I V ,
H A M -D < I8, m ean age 38 ±14.6) in
com parison with 11 right-handed healthy male 
controls. Patients were randomized into five 
different treatm ent groups allowing baseline 
comparisons between the depressed and 
normal populations. Analysis was perform ed 
using both Statistical Parametric M apping 
(SPM) and Region o f  Interest (ROD.

A consistent pattern o f  differences in 
metabolic activity was seen in each o f  the five 
treatm ent groups in comparison with healthy 
volunteers, suggesting that these differences 
may be im portant to the disease. Specifically, a 
pattern o f  strongly lateralized hypofrontality -  previously reported in some PE T  
studies — was apparent in depressed individuals, as was a less lateralized pattern 
o f  increased activity in various posterior brain regions.

Funded by Boehringer-Ingelheim grant to K RE, SH K  and FJV
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ENHANCED HYPOFRONTALITY IN DEPRESSED PATIENTS 
FOLLOWING CHRONIC- BUT NOT ACUTE SSRI THERAPY: A (18F) FDG 
PET STUDY
Kennedy, SH 2,4, Evans, KR1,2,. Arifuzzaman. AI 3., Vaccarino, FJ*2,3,4., Houle. S 4., 
Boehringer-Ingelheim1, Depts. of Pyschiatry2, Psychology3 University of Toronto, 
Canada. PET Center, Clarke Institute of Psychiatry4 Toronto, Canada

Positron Emission Tomography (PET) brain imaging studies of the brains of the 
depressed subjects have repeatedly demonstrated hypometabolism in the frontal 
lobes; particularly in the right inferior frontal and cingulate cortices. Further, studies 
aimed at assessing the function of selective serotonin reuptake inhibitors (SSRI’s) 
suggest that the actions of this class of antidepressants reverse the hypometabolism 
found in the untreated depressed brain (Baxter et al., 1989, Dolan et al., 1994).

The aim of this study was two fold: 1) to assess the alterations in brain metabolism 
of depressed subjects treated with either acute or chronic paroxetine, 2) to compare 
untreated and SSRI-treated depressed subjects to healthy controls. A total of 29 right 
handed male subjects diagnosed with Major Depression (DSM-IV criteria) and 
Hamilton Depression rating scale (HAM-D) scores of greater than 18 were 
randomized between two groups. All depressed subjects received a (18F) FDG PET 
scan prior to onset of SSRI treatment. The acute group (n=15) received a second (18F} 
FDG PET scan approximately 5 hr. after the onset of SSRI treatment (W ) and the 
chronic group (n=13) were rescanned after 6 weeks of treatment.

Within-group comparisons were made using SPM and ROI to determine SSRI 
induced alterations between scan 1 and scan 2. Between-group comparisons were 
made using SPM and ROI contrasting both scan 1 and scan 2 of the depressed 
subjects to a group of healthy (HAM-D less than 8), right handed male controls 
(n=ll).

Consistent with previous reports, within group comparisons revealed right 
ffontocortical hypometabolism. However, comparisons between healthy controls and 
chronic SSRI-treated patients suggest that contrary to a “normalization” of baseline 
differences, chronic paroxetine therapy may enhance baseline hypofrontality.

Funded by Boehringer-Ingelheim grant to KRE, SHK and FJV

4 8 4 .1 6

VARIABILITY IN FUNCTIONAL NEUROANATOMY IN SCHIZOPHRENIA: 
GROUP VS. SINGLE-SUBJECT PET ACTIVATION DATA. J.L. Holt*, J.D. Van 
Horn. G.  Esposito, A. Mever-Lindenbere, J. Callicott, M. Ecan, D.R. Weinberger, and 
K.F. Berman. Unit on Integrative Neuroimaging, Clinical Brain Disorders Branch, 
NIMH, NIH/IRP, Bethesda, MD, 20892.

In the schizophrenia functional neuroimaging literature, cortical hypofunction has 
been a prevalent and persistent finding in group analyses. Generally, this has been 
interpreted as impaired neuronal recruitment. Using an incidental sensorimotor task, we 
tested an alternative explanation - that there is increased variance within the patient 
group. We examined both single-subject and group activation analyses to assess the 
contributions of 3 sources of signal variability to between-group differences: spatial 
extent, signal intensity, and variability in location of activated regions. In SPM group 
analyses, both patients and controls exhibited significant sensorimotor activation during 
the task (z’s > 8, p’s <.0000001), but controls were more robustly activated than 
patients (z > 4, p<.000005). Despite this apparent difference in group average data, 
single-subject analyses for clusters of voxels exceeding a predetermined Z threshold aid 
meeting a faces, edges, and comers connectivity rule revealed that individual patients dki 
not differ from individual controls in average spatial extent of the activated blobs, Z- 
score of the local maxima or blob centroids, or coordinates of the local maxima or 
centroids (all p's >.25). The main underpinning of the between-group SPM difference 
appeared to be increased variability  of the locales of the blob centroids in the 
patients (Box’s M, (6) 17.838, p<.05). Post hoc Levene’s tests revealed that this 
between-group difference in variability of centroid coordinates occurred primarily along 
the x and z axes (Levene’s F (1,17) = 3.81, p<.067; (1,17) = 4.00, p<.062, 
respectively). These results suggest that across-individual variability in functional 
neuroanatomy, as observed with current techniques, requires closer scrutiny in patients 
with schizophrenia, and that the inability of common neuroimaging analysis methods to 
compensate for increase variability in location of activated regions could, in some 
cases, contribute to between-group differences in activation. (NIMH/IRP)
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484.17
G R E Y  M A T T E R  A B N O R M A L IT IE S  IN A S P E R G E R ’S S Y N D R O M E . 
M . K ram s*, F. A bell1, U. Frith1, C .D , Frith , J. Ashburner, K.J. Friston, 
R .S .J . F rackow iak , R .E . Passing ham . W e llco m e  D epartm ent of 
C ognitive Neurology, Institute of Neurology, London W C 1 N  3B G , UK; 
1M R C  Cognitive D evelopm ent Unit, London, UK.

T h e  n euro -anatom ica l abnorm alities  correlating with the  social 
abnorm alities  in autism  rem ain  unclear. Lesion studies in m a ca q u e  
m onkeys indicate an  im portant role for m edial tem pora l structures  
including the  am ygdalo id  nuclei for social behaviour.

W e  have used M R I to establish in vivo w hether there  a re  grey m atter 
anom alies  in subjects with A sperg er’s syndrom e. A fter norm alization of 
T1 w eighted brain scans into stereotactical space and segregation of 
grey/w hite  m atter, w e  com pared  the  pooled grey m atter of 15 A sperg er  
subjects, to 15 norm al controls on a  voxel-by-voxel basis using S P M -9 7 .

T h e re  w as increased grey m atter volum e in the  left peri-am ygdaloid  
cortex, in the  left and right anterior lobe of the cerebellar hem ispheres, 
in the cerebellar verm is, in the left middle tem poral gyrus and the right 
inferior tem poral gyrus. D ecreased  grey m atter volum e w as found in the  
right anterior cingulate, in the left ventral prefrontal cortex and the  left 
occipito-tem poral junction.

M orphom etry on its own cannot determ ine the neuropathological 
m echanism  underlying autistic behaviour. How ever, the specific  
association of grey m atter abnorm alities in the periam ygdaloid nuclei, 
tem poral lobes and cingulate gyrus with A sperger subjects, is consistent 
with behavioural findings in m acaque  m onkeys, suggesting  that m edial 
tem pora l lesions in infant m onkeys c ause  autistic fea tu res  such as  
social w ithdraw al. (This work was supported by The Wellcome Trust).

484.18

IMAGING DEPRESSION IN FULLY CONSCIOUS LEARNED 
HELPLESS RATS USING FUNCTIONAL MRI J. A. K in g 1* , E .

P sy c h ia try , U n iv e rs ity  o f  M a ssa c h u se tts  M e d ic a l C e n te r , W o rces te r , 
M A  0 1 6 5 5 , 2D ep t. o f  P h a rm a c e u tic a l S c ien c e s , U n iv e rs i ty  o f  M ary la n d , 
B a ltim o re , M D  2 1 2 0 1 .

A  c o n g e n ita l s tra in  o f  ra ts  b re d  fo r lea rn e d  h e lp le s s  (L H ) b e h a v io r  
w a s  u s e d  to  im a g e  b ra in  a c tiv ity  in  re sp o n se  to  fo o ts h o c k  s tre ss. T h e  
L H  ra t is  c h a ra c te r ize d  b y  a  c o n s is te n t  in a b il ity  to  e sc a p e  fo o tsh o c k  
s tre ss  in  a n  u n c o n tro lla b le , u n p re d ic ta b le  p a ra d ig m . B o th  fu n c tio n a l 
m a g n e tic  re so n a n c e  im a g in g  ( fM R I)  an d  2 - d e o x y -g lu c o se  (2 D G ) d a ta  
w e re  c o lle c te d  f ro m  L H  a n im a ls  an d  c o n tro ls . A n im a ls  w e re  p la c e d  in  
a  n o v e l d e v ic e  fo r  p e rfo rm in g  fM R I in  a w a k e  a n im a ls . B a se lin e  
d a ta se ts  w e re  a c q u ire d  th e n  2 D G  w a s  in je c te d  tw o  m in u te  p r io r  to  th e  
c o lle c tio n  o f  th e  s tim u la tio n  d a ta se ts . A x ia l T 2 -w e ig h te d , B O L D  
im a g e s  o f  se le c te d  s lic e s  w e re  a c q u ire d  u s in g  a  2 D  g ra d ie n t  ech o  
im a g in g  se q u en c e . C h a n g e s  in  s ig n a l in te n s ity  in  th e  so m a to se n so ry  
c o rte x  o f  L H  ra ts  w e re  a sse s se d  in  th e  d a ta se ts . T h e se  e x p e rim e n ts  
sh o w  a  s tre s s - in d u ce d  d e c re a se  in  a c tiv ity  in  th e  f ro n ta l c o rte x  u t iliz in g  
b o th  fM R I an d  2 D G  tec h n iq u e s . T h e  s tu d ie s  a re  in  a g re e m e n t w ith  
h u m a n  P E T  a n d  M R I s tu d ie s  o f  d e p re s se d  p a tie n ts . (S u p p o rte d  b y  M H - 
5 2 2 8 0  to  C F F ; N S F /D B I-9 6 0 4 9 3 7  to  JK )
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485.2485.1
EFFECTS OF NICOTINIC AGENTS ON LEARNING BEHAVIORS OF 
RATS CHRONICALLY TREATED WITH ETHANOL-CONTAINING 
LIQUID DIETS. N.C. de Fiebre*, P.M. Seymour, R. De Luna, C.M. 
de Fiebre. Univ. of North Texas HSC, Fort Worth, TX 76107-2699.

Alcoholics are almost invariably smokers; yet, little is known whether 
nicotine, via smoking, may modulate the neurotoxic properties of ethanol 
(EtOH). In this study, male Long-Evans rats were treated for 24 weeks 
with either a Sustacal-based, EtOH-containing or isocaloric, sucrose- 
containing liquid diet as the sole source of nutrition and were given twice 
daily injections (i.p.) of saline (SAL), nicotine (0.2 mg/kg, NIC), 
mecamylamine, (0.2 mg/kg, MEC) or combined NIC/MEC. After 3 weeks 
of withdrawal from all drugs, one group of rats was tested in the Morris 
Water Maze while another group was tested in an active avoidance 
paradigm. After completion of these paradigms, animals were 
subsequently tested on the alternative task. Results from the Morris Maze 
demonstrated that all rats showed some spatial learning with sucrose 
treated animals performing better than EtOH treated animals. When 
presented with a reversal paradigm, only animals treated with EtOH and 
NIC were able to learn a new platform location using spatial cues. To test 
active avoidance learning, rats were tested in a shuttlebox. The CS 
consisted of a 7 sec light and tone followed by a UCS of a 2 sec, 0.6 mA 
footshock. Rats were given 15 trials daily with a intertrial interval of 30 
sec. Avoidance behavior was measured for 21 days or until a rat reached a 
criterion of 13 avoidance for 3 consecutive days. Results demonstrated an 
EtOH-induced deficit with the exception of NIC treated animals. Both 
EtOH and sucrose treated rats given NIC were superior to all the other 
groups. These data, although preliminary, suggest that NIC may modulate 
the neurotoxic effects of EtOH.
This project was supported by a grant from the NIAAA (AA-11597).

485.3

PRIMATE MODEL OF SOCIALLY FACILITATED ETHANOL 
DRINKING. S. Mandillo*, G. Valdez, K. A. Miczek Dept. of Psychology, 
Tufts University, Medford, MA 02155.
The neurobiological mechanisms for increased alcohol drinking in social 
settings, particularly under the influence of peers, are not understood. The 
objective of this study is to develop a primate model of social facilitated 
alcohol drinking. Eight male and female squirrel monkeys (Saimiri sciureus) 
housed in groups of 6-10 members, were trained to enter individually or in 
pairs a chamber attached to a colony room. Each monkey in one of the two 
compartments of the chamber, was presented with 1.5 or 3% ethanol (EtOH) 
in 10% sucrose for 20 min. EtOH intake and frequency of licking were 
measured in two experimental conditions: the control (solitary) condition, in 
which the monkey was drinking alone in the chamber, and the paired 
condition, in which two monkeys were drinking in the same chamber, 
separated by a Plexiglas divider at the same time. In one experiment the 
subjects were paired on the basis of their high frequency of huddling 
behaviors. In another experiment the subjects were paired with a non
preferred group member of their colony. EtOH intake and licking frequency 
increased for all monkeys when paired with a huddling partner in comparison 
with the control (solitary) or the non-preferred partner condition. EtOH 
intake ranged between 0.4 and 0.6 g/kg/20min. Socially facilitated and 
solitary drinking occurred in bursts. EtOH drinking was facilitated in pairs 
selected for a high level of positive social interactions but not in the presence 
of non-preferred partners. This primate model provides the opportunity to 
investigate the neurobiological mechanisms of socially facilitated EtOH 
drinking. (Supported by AA05122)

SHORT TERM BINGE ALCOHOL EXPOSURE LESIONS HIPPOCAMPAL- 
ENTORHINAL CO RTEX AND IMPAIRS SPATIAL M E M O R Y . C .R . H am elink,
E.P. Carpenter-Hy land, N. M eiri, J .G . O ndo*, T .W . Castonαuav and R.L. 
Eskay. National Institute on Alcohol Abuse and Alcoholism, National 
Institutes of Health, Bethesda M D  208 92 .

Chronic alcohol (Etoh) consumption leads to cognitive  
deficiencies and neural atrophy. Short-term , interm ittent alcohol 
administration in the rat has been found recently to induce 
hippocam pal and entorhinal cortex (E C ) degeneration. Spatial 
memory, a hippocampal dependent learning paradigm , has been  
exp¦ored in these anim als using the Morris w ater m aze test. S prague- 
Daw ley rats w ere given a liquid diet containing 1 0% -1 2 %  Etoh via 
perm anent gastric cannula 3 tim es per day for 4  days, receiving 10- 
14 g Etoh/kg/day. Control rats received m altose dextran  
isocaiorically substituted for Etoh. Daily BALs in the E toh-treated  
rats m easured 2 hours after feeding w ere 2 0 0 -3 5 0  mg/dL. All rats 
w ere tested 3 -4  w eeks after Etoh exposure. E toh-treated rats 
dem onstrated impaired ability to find a  hidden platform  in the w ater 
m aze. These rats showed significantly longer escape times in a short 
training protocol (4  consecutive training trials with an inter trial 
interval of 2 min in their hom e cage), indicating defective learning  
and short-term  m em ory. Prelim inary results indicate that long-term  
spatial m emory is also defective, as m easured using a quadrant 
analysis test 3 days after a long (5 day) w ater m aze training protocol. 
Thus it appears that the amount of dam age seen in the EC-hippocampus  
circuitry with a 4 day binge Etoh episode is sufficient to dem onstrate  
decreased learning of spatial information.

485.4
SACCHARIN EXPOSURE AND ETHANOL PREFERENCE IN RATS 
SELECTED FOR DIFFERENCES IN TASTE AVERSION CONDITIONING. T.E. 
Orr3, V.S. Love2, S.H. Hobbes2, P.A. Walters3*, R.L. Elkins1,3, 1VAMC, Augusta, 
GA; Augusta State University; 3Med. Col. o f GA, Augusta, GA 30912.

The effect o f saccharin exposure on subsequent ethanol preference was explored 
within selectively-bred lines of taste aversion prone (TAP) and taste aversion 
resistant (TAR) rats. Breeding selection was based on conditionability to a basic 
taste aversion paradigm which paired a saccharin flavored conditioned stimulus with 
the aversive unconditioned stimulus consequences of an emetic agent. We have 
recently reported that TAR rats consumed significantly more ethanol than TAP rats 
(Orr, et al., Alcohol Clin Exp Res, 21, 1491-1496, 1997). A preliminary 
investigation also indicated that pre-exposure to a 1% saccharin solution elevated 
subsequent ethanol preference (Elkins, et al., Alcohol Clin Exp Res Abs. 79, 1997). 
In the present study, groups (n=12) of TAP and TAR rats were exposed to a 1% 
saccharin solution as their sole drinking source for 13 days. The rats were then given 
continuous access to a 2-bottle choice o f 10% ethanol or plain tap water for 8 days. 
TAR rats drank significantly more saccharin and ethanol than TAP rats. Mean (+ 
SEM) consumption (ml/kg/day) o f the saccharin solution was 0.61 (+ 0.06) vs. 0.18 
(+ 0.02 0) for TAR and TAP rats, respectively (p<0.01). Mean ethanol consumption 
(g/kg/day) was 4.3 ± 0.1) for TAR rats and 1.6 (± 0.1) for TAP rats (p<0.01). In 
contrast to our previous results, prior exposure to saccharin had no effect on ethanol 
preference. Interestingly, a comparison of saccharin consumed with ethanol 
preference scores revealed a positive correlation within TAP rats (r=0.66; p<0.05) 
but a negative correlation within the TAR rats (r=-0.59; p<0.05). These results 
demonstrate that the differences in TAP and TAR rats for ethanol preference are not 
simply a correlate of differences in saccharin preference.
Supported by VA medical research salary funding and the Medical College of GA
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4 8 5 .5

ADOLESCENT ALCOHOL ALTERS LATER LOCOMOTOR 
RESPONSES TO COCAINE. Siciliano, D.. Smith. Robert F*. and Sierra 
B. Simmons. Department of Psychology, George Mason U., Fairfax, VA 
22030.

In humans, a phenomenon of progression through a series of drugs has 
been documented in adolescent substance abuse. To determine whether 
adolescent consumption of one abusable drug may alter later responses to 
another abusable drug, Long-Evans hooded rats were given alcohol (5% or 
10% v/v) or tap water (TAP) as sole fluid from postnatal day 21 (P2l) 
through P60. At P90, locomotor reactions to IP cocaine injection were 
determined. All subjects were given an ascending series of saline (SAL), 
5 mg/kg cocaine, 10 mg/kg cocaine, and 20 mg/kg cocaine. Each injection 
was followed by a 10 min wait, then 10 min of activity assessment in an 
open field prior to the next injection. There was a significant 
(F(6,156)=3.28, p< .005) adolescent alcohol dose x cocaine challenge dose 
interaction. Essentially, in the SAL challenge, activity was similar across 
dose groups, with a weak tendency toward a 10% < 5% < TAP sequence, 
but at the 20 mg challenge, 10% subjects were 34.5% more active than 
TAP subjects. There was also a dose x sex interaction (F(3,156=10.28, 
p<.001), with females responding more than males to the 20mg/kg dose, 
but this was true of all females: there was no group x sex x challenge 
interaction. These data extend previous findings that adolescent alcohol 
consumption in the rat may have long-lasting effects on behavior, and 
demonstrate that such effects include altering one measure of sensitivity to 
another drug.

4 8 5 .7

C O NDITIO NED PLACE AVERSIO N TO  THE “HANGO VER” PHASE OF  
ACUTE ETHANOL ADM INISTRATION IN THE RAT. A. C. Morse*, and G. F. 
Koob. Dept. of Neuropharmacology, The Scripps Research Institute, La Jolla, 
California. USA.

Previous work (Gauvin et al., Alcoholism : Clin & Exp Res, 1992, 16(2),336- 
341) has shown that rats manifest a withdrawal-like state following a bolus 
injection of ethanol that generalizes to anxiogenic-like compounds in drug 
discrimination. The present study was designed to test the hypothesis that this 
“hangover effect” may have aversive properties as measured b y 4 place 
conditioning. The effects of several doses of ethanol (0,2,3,4 g/kg, i.p.) were 
tested in a three-chambered place conditioning apparatus. Male Wistar rats 
were allowed free access to all 3 distinct chambers on the pre-conditioning day 
for 22 minutes and time spent in each box was recorded by photobeams. The  
two chambers with most similar times were then used for the conditioning 
phase of the experiment. Subjects were injected with either saline or ethanol in 
their home cage and confined to the respective chamber 8-10 hours later for 20 
minutes. Treatments were counterbalanced across the 2 conditioning days. 
On the 4th day (post-conditioning) subjects were again allowed free access to all 
3 chambers for 22 minutes. Post-conditioning scores for the ethanol paired 
chamber were subtracted from the pre-conditioning scores to calculate a 
conditioning score. Rats showed a dose-related increase in aversion scores 
with increasing ethanol doses, with the largest aversion occurring at 3 and 4 
g/kg. These data suggest that ethanol’s delayed effects following acute high 
doses produce a dose related place aversion that may reflect the aversive 
properties associated with the beginning of alcohol dependence.

Supported by NIH grants AA 08459 and AA06420 from the National Institute 
on Alcohol Abuse and Alcoholism to GFK.

4 8 5 .9

INSTRUMENTAL ALCOHOL SELF-ADMINISTRATION BY RATS 
AFTER REINFORCER DEVALUATION BY AVERSION 
CONDITIONING. J.W. Smith and A. Dickinson*. Dept. of 
Experimental Psychology, Univ. of Cambridge, Cambridge. CB2 3EB, UK

In order to assess the associative structure mediating alcohol self
administration, rats with free access to their maintenance diet were 
trained to press one lever for 0.1 ml of a 10% alcohol solution, using 
a sucrose fading procedure, and another for 45 mg food pellets on a 
concurrent random interval (RI) 30 s schedule. Following this 
instrumental training, the levers were withdrawn from the operant 
chambers for the reinforcer devaluation. During this devaluation 
stage, 20 ml/kg injections of 0.15 M lithium chloride (LiCl) were 
paired with the consumption of alcohol in Group A and with pellets in 
Group P. After four pairings, an aversion was conditioned to the 
alcohol in Group A and to the pellets in Group P, relative to Group C 
for whom neither substance was paired with the LiCl. When lever 
pressing was subsequently assessed in extinction, Group P pressed the 
lever associated with food pellets less than Groups A and C, thereby 
demonstrating a reinforcer devaluation effect for food pellets. By 
contrast, Groups A and P pressed the lever trained with alcohol at the 
same rate. A subsequent reacquisition test revealed that the 
devaluation treatment was effective in abolishing the reinforcing 
properties of the alcohol and pellets in Groups A and P, respectively. 
In conclusion, instrumental performance reinforced by alcohol is 
impervious to devaluation, suggesting that the self-administration of 
alcohol is a simple stimulus-response habit rather than a goal-directed 
action.

This research was supported by a Biomed2 grant from the EC.

4 8 5 .6

BEHAVIORAL ANALYSIS OF CHRONIC INTERMITTENT 
ETHANOL (CEE) WITHDRAWAL IN RATS. J L. Petrie*, M L. 
Gordey, M.S. Fanselow, R.W. Olsen. Depts. o f Psychology and 
Molecular and Medical Pharmacology, University o f California, Los 
Angeles, Los Angeles, CA 90095.

The chronic intermittent ethanol (CIE) paradigm involves 
administration o f ethanol once per day for at least 60 treatments via 
gastric intubation, which produces a repeated sequence o f intoxication 
and withdrawal (Mahmoudi et al, J. Neurochem, 1997). CIE treatment 
in rats has been shown to produce changes in the subunits o f the 
GABAa receptor, the most dramatic o f these occur in hippocampus. It 
has been demonstrated that these rats show kindling, measured by the 
reduction in pentylenetetrazol (PTZ) seizure threshold. It is expected 
that these kindled rats will also show increased anxiety. During acute 
alcohol withdrawal (18 hours post-ethanol 30 mg/kg) the rats showed 
increased levels o f anxiety in the elevated plus-maze. However, four 
days following the last o f  70 doses o f ethanol, there was no difference in 
the anxiety level between control and treated rats. As an additional 
measure o f anxiety, we employed Pavlovian fear conditioning. This 
involved training with a series o f tone-shock pairings. During the test 
phase, freezing to tone as well as to context was measured. We 
observed no significant differences in freezing between CIE and control 
rats for both the tone and context tests. This implies that levels o f  
anxiety are not measurably altered following CEE treatment.

This work is supported by NIH grant AA07680.

4 8 5 .8

ETHANOL AND SOCIAL BEHAVIOR OF ADOLESCENT RATS: ROLE 
OF PRENATAL AND EARLY POSTNATAL EXPERIENCE WITH 
ALCOHOL. E.I. Varlinskava*, K.S. Kraebel, S.J. Cheslock and N.E. Spear. 
Department of Psychology, Binghamton University -  SUNY, Binghamton, 
NY 13902-6000.

Social behavior in adolescent rats is an appropriate experimental model for 
investigation of alcohol effects on peer-directed social activity and social 
motivation. This model also provides an assay for assessing consequences of 
earlier (pre- and postnatal) exposure to ethanol. Acute effects of ethanol 
were evaluated in adolescent rats previously exposed to alcohol pre- and/or 
postnatally. Pregnant rats received either water or ethanol (2 g/kg) 
intragastrically (i.g.) during gestational days 17-20. During postnatal days 
3,5,7,9, 11 and 13, half the dams in each of the two prenatal groups were 
given 2.5 g/kg of ethanol (i.g.), and the remainder were given water. On 
postnatal day 30 one of two dosages of ethanol (0 or 1 g/kg) was given to the 
pups (n=14 per group, 1 pup/sex/litter) in each prenatal/postnatal condition. 
Ethanol or water was administered i.g. and testing for social interaction in the 
dyad test began 30 min after administration. Play partners were same-sex 
littermates. Compared to all other groups, ethanol affected behavior during 
social interaction only in adolescents that had been exposed to ethanol as 
fetuses; ethanol led to less play, but increased social investigation. 
Motivation for social contact was not affected by pre- or postnatal experience 
with ethanol. This pattern of results suggests that early experience with 
alcohol can change responsiveness to the drug later in life, during 
adolescence.

This research was supported by a grant from the National Institute for 
Alcohol Abuse and Alcoholism (5ROIAA10223) to Norman E. Spear

4 8 5 .1 0

ALCOHOL DEPENDENCE-INDUCED FACILITATION OF DRINKING 
IN TWO FAWN-HOODED STRAINS OF RATS WITH OR WITHOUT 
INNATELY HIGH ALCOHOL INTAKE. F.J. Beaugé1, G. Aufrère1, G. 
Colombo2, A.H. Rezvani3 and D.H. Overstreet*. 1Centre de Recherche 
Pernod-Ricard, 94015 Créteil, France, 2C.N.R., Cagliari, Italy and University 
of North Carolina, USA. (SPON: International Behavioural and Neural 
Genetics Society) .

Chronic intoxication by ethanol vapour can induce a large ethanol intake 
up to an actual “dependent-drinking” in unselected rats. In the present 
study, two inbred Fawn-Hooded (FH) strains, one (FH/Wjd) maintained at 
the University of North Carolina, the other by Charles River (FH/CR) were 
tested in this behavioural dependence protocol for their daily alcohol intake 
as pure alcohol intake (g/kg bwt) and as percentage of total fluid intake in a 
free-choice situation (water/10% alcohol) before and after chronic 
inhalation of ethanol vapour for 4 weeks. The propensity to develop a 
dependent consumption (>7g/kg/day) after inhalation was evaluated. 
Innately, the FH/CR strain behaves like an alcohol-non preferring strain 
contrarily to the alcohol preferring FH/Wjd strain. No difference in ethanol 
disposition was found during the inhalation period. Ethanol intake was 
increased by 50% in the FH/CR to l.5g/kg/day and by threefold to 
8g/kg/day in the FH/Wjd. Almost 60% of the alcohol-exposed FH/Wjd 
exhibit a “dependent” drinking occurring during both night and day 
whereas none of the FH/CR did. This result is similar to the one obtained 
with the sP rats, specially bred for alcohol consumption as compared to their 
non drinking counterparts sNP rats. Innately the sP rats drank 4 to 6 times 
more alcohol than the sNP rats. All the sP rats with a mean consumption of 
11 g/kg developed an actual behavioural dependence whereas only 10% of 
the sNP (mean intake of 3 g/kg) did. These results show that strains of rats 
with innately high alcohol intake are prone to develop behavioural 
dependence and that the degree of this particular dependent-drinking is 
modulated by genetic factors.
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E M B R Y O N IC  E X P O S U R E  T O  A  L A R G E  A C U T E  D O S E  O F 
A L C O H O L : B E H A V IO R A L  E F F E C T S  O F  A  S IN G L E  O R  S P L IT  
D O S E . A .R ab e* , R . D u m a s . N e w  Y o rk  S ta te  In s t i tu te  fo r  B a s ic  R e sea rch  
in  D ev e lo p m e n ta l D isab ilities, S ta te n  Islan d , N Y  10314 .

W h e n  p reg n a n t C57B 1/6J m ice  w e re  e x p o se d  to  a  sin g le  5 .8  g /k g  do se  
o f  alcohol o n  E 9 , th e ir  b lo o d  a lco h o l c o n c e n tra t io n  (B A C ) ex c ee d e d  700  
m g /d l an d  th e  d am s w e re  c o m a to s e  fo r  u p  to  6  h o u rs  (W e b s te r  e t al., 
N e u ro b e h a v . T o x ico l. 1 9 8 0 ,2 ,2 2 7 ; T e ra to lo g y  1 9 8 3 ,2 7 ,2 3 1 ) . T he 
o ffspring  o f  sim ilarly  tre a te d  m ice  a t P 15 h a v e  b e e n  re p o r te d  to  sh o w  no 
consisten tly  m easurable  brain  dam ag e  (A shw ell &  Z h a n g , P a th o lo g y  1996, 
28, 161). W hen  the  p regnan t m ice w e re  g iv en  tw o  2 .9  g /k g  d o se s  4  h o u rs  
apart, their B A C  show ed  tw o  peaks, 30  m in  a fte r  each  ad m in is tra tio n  (3 0 0  
a nd  4 0 0  m g/dl) and th e  B A C  e levation  las te d  fo r  m o re  th a n  10 h o u rs. T he 
m ice  w e re  s leep y  an d  a ta x ic  a fte r  th e  firs t d o se , an d  c o m a to s e  a fte r  th e  
seco n d . T h e ir  o ffsp rin g  a t P 15 h a d  c o n s id e ra b le  cy to a rc h ite c tu ra l 
abnorm alities (red u ced  vo lum e and  n e u ro n  n u m b er)  in  th e  b asa l fo reb ra in , 
su g g e s t in g  th a t  th e  sp lit d o se  o f  a lc o h o l w a s  m o re  d a m a g in g  th an  th e  
s in g le  d ose . H o w e v e r, o u r  b eh a v io ra l s tu d ie s  w ith  sim ilarly  tre a te d  
C 57B 1/6J m ice d o  n o t su p p o rt  su ch  an  in fe ren ce . O ffsp rin g  o f  dam s 
t r e a te d  w ith  e ith e r  a  s ing le  o r  a  sp lit d o s e  o f  a lc o h o l lea rn ed  a  p o s itio n  
re s p o n s e  norm ally , b u t  d isp lay ed  a  lo n g -te rm  re te n tio n  defic it th a t 
in c re a se d  as th e  m ice  aged . (S u p p o rte d  by  N Y  S ta te  O ffice  o f  M en ta l 
R e ta rd a tio n  and  D ev e lo p m e n ta l D isab ilitie s .)

4 8 5 .1 3

AGE-RELATED DIFFERENCES IN ETHANOL-INDUCED 
HYPOTHERMIA IN HOT AND COLD MICE. R. D. Wood. J. C. Crabbe 
and T. J. Phillips*. Portland Alcohol Research Center, Oregon Health 
Sciences University, and Veterans Affairs Medical Center, Portland, OR 
97201.

The selectively-bred HOT and COLD mice differ in their acute 
hypothermic (HT) response to a 3 g/kg ethanol (EtOH) injection by 
approximately 10°C and were developed as a genetic animal model of acute 
alcohol sensitivity. Correlations between the developmental emergence of 
the genetically selected response and known changes in neurobiology 
during development may help elucidate underlying mechanisms of alcohol 
sensitivity. To characterize the ontogeny of alcohol-related characteristics in 
HOT and COLD mice, offspring of postnatal ages (P) 8, 11, 14, 21, 28, and 
60 days were tested. Individual subjects’ baseline rectal temperatures were 
taken followed by ip injection of either 3 g/kg EtOH (20% v/v) or saline. 
Body temperature was taken 30 and 60 minutes post-injection followed by 
decapitation for trunk blood ethanol concentrations (BECs). The results 
revealed that, while some degree of HT was evident in EtOH-treated COLD 
mice by P11 compared with their saline-treated counterparts, the HOT and 
COLD lines did not diverge from one another until P21. The magnitude of 
HT in COLD mice was not adultlike until P28. No significant age 
differences were seen in terms of BECs. These developmental data suggest 
that biological processes important in mediating EtOH’s acute HT effects 
may mature between the preweanling and adolescent periods.

Supported by NIAAA (AAO5493; AA1O76O)and the Department of 
Veterans Affairs.
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INTERACTION BETWEEN BASELINE LOCOMOTOR ACTIVITY AND 
ORAL SELF-ADMINISTRATION OF ETHANOL IN SPRAGUE - 
DAWLEY RATS A.N. Starosta*. M.J. Cichelli and M.J. Lewis. Dept. of 
Psychology, Temple University, Philadelphia, PA 19122.

It has been observed in our lab that Sprague-Dawley rats trained to drink 
unsweetened 10% EtOH in water via a limited-access oral self-administration (OSA) 
procedure separate into two groups, “high drinkers” and low drinkers.” Another 
observation has been that Sprague-Dawley rats measured for baseline locomotor 
activity before exposure to EtOH also separate into two groups, “high activity” and 
“low activity” animals. Our interest was to determine if either o f these groupings is 
predictive o f the other, i.e. if there is a relationship between drinking behavior and 
locomotor behavior. Eighteen subjects were run in the OSA paradigm first and 
received 3 weeks o f access to EtOH before being tested for activity in locomotor 
chambers. Another eighteen were run in the reverse order with the activity measure 
first. Activity tests were run following intraperitoneal injections o f  saline (baseline) 
and a range o f doses o f  EtOH (0.1, 0.25, 0.5 and 1.0 g/kg). We found that low 
baseline activity animals showed increased activity during the first 15 minutes 
following injections o f low doses o f  EtOH (< 0.5 g/kg). Subjects that were 
eventually labeled low drinkers had significantly higher activity levels in the first 15 
minutes following low dose EtOH injections than did high drinkers. Finally, we 
found that high activity animals consumed significantly greater quantities o f  EtOH in 
the OSA paradigm than did the low activity animals. These findings indicate that 
both the low drinkers and low activity animals are more sensitive to the stimulatory 
effects o f  low doses o f EtOH. High activity animals may drink more because they 
are less sensitive to EtOH’s effects.

4 8 5 .1 2

CR O SS-D R U G  SEN SITIZA TIO N  OF L O C O M O T O R  AC TIV ITY  
EFFECTS W IT H  ETH A N O L IN M ICE. K  K .Henricks* and B.C. D udek. 
D ep t. o f  Psychology, U niversity  a t Albany, SUNY, A lbany, N Y  12222.

An established sensitivity  to  one drug can  also increase the abuse liability 
for another. There are clearly im portan t characteristics shared by drugs o f  
abuse that are responsible for consistent use o f  these drugs. Therefore, we 
have been exam ining the ability to establish cross-sensitization  betw een 
various com binations o f  ethanol and o ther drugs o f  abuse. Using a  protocol 
adapted from  the work o f  Phillips, et al. (1994) we have dem onstrated 
am phetam ine (A M PH ) and ethanol (EtO H) cross-sensitization  in 
C 57B L/6A bg (B6) m ice w hich do not norm ally show  E tO H  induced 
locom otor activation. C ross-sensitization was also observed at a  low er EtOH 
dose in tw o stocks o f  m ice (B A LB/cB yA bg and a  C3H /H eJ by C 57B L/6J F I 
cross) w hich do show activation to EtOH. Further investigation revealed that 
this effect in B 6 m ice was dependent upon being repeatedly adm inistered  
A M PH  in the sam e environm ent in w hich they w ere tested with EtOH . It is 
unclear w hether the cross-sensitization o f  the tw o activating stocks was 
pharm acologically  m ediated or solely due to  conditioning to  the  environm ent. 
C onversely, pharm acological cross-sensitization betw een sodium  
pentobarbital (PEN TO ) and E tO H  was dem onstrated in an EtO H -activating 
stock o f  m ice (G H SC/A bg) when the repeated adm inistration and test 
environm ents w ere not the same.
Supported by N IH  grants K02A A 00170 and R01A A09038.
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EFFECTS OF MACRONUTRIENT DIET CONTENT ON ETHANOL 
CONSUMPTION IN THE LIMITED ACCESS PARADIGM IN 
SPRAGUE-DAWLEY RATS. D. Kornacki* and M.J. Lewis. Dept. of 
Psychology, Temple University, Philadelphia, PA 19122.

Unlike other drugs of abuse, ethanol (EtOH) contains calories and, perhaps 
more substantially, interacts with basic nutritional regulation. There has 
been very little systematic research of these factors. The present study 
investigated the role of deprivation of specific macronutrients on EtOH self
administration using a limited access paradigm. After 21 days (phase 1) on a 
standard rat chow diet, rats (Sprague-Dawley) were placed on one of four 
specially designed equicaloric diets: low-carbohydrate; low-fat; low-protein; 
or control (no restriction). Macronutrient diets were 40% deficient as 
compared to control (Harlan Teklad, WI). After 15 days (phase 2), all 
groups were given access to water and gradually increasing concentrations of 
EtOH (2-10% v/v). During this phase (phase 3), subjects had 24 hour access 
to food and tap water and received 60 minute concurrent access to water and 
EtOH. Subjects exposed to the low-protein diet consumed less EtOH than 
subjects on the other 3 diets. Moreover, the low-protein group also took 
longer to achieve a preference for the 10% EtOH solution. While food 
consumption differed across the three phases of diet manipulation, there 
were no significant differences between the dietary groups in food 
consumption within any of the phases. These data suggest that restriction of 
protein decreases EtOH consumption and suggests that EtOH’s reinforcing 
properties may be due in part to interaction with nutritional status.

4 8 5 .1 6

TE M P ER A TU R E  REG ULATIO N IN H O T AND CO LD M ICE FO LLO W ING  
A CU TE AND CH R O N IC  ETHANO L AD M IN ISTR A TIO N . H. L. W allace,1 L  
I. Crawshaw.1,2 J.C. Crabbe,2 J. Boulant3* . 1Dept. of Biology, Portland 
State Univ., Portland, O R 97201; 2 Dept. of Behavioral Neuroscience, 
Oregon Health Sciences Univ.; 3 Dept. of Physiology, Ohio State Univ.

Alcohol consumption leads to hypothermia in humans and other 
mammals. Replicate lines of mice have been genetically selected for 
minimal (H OT1, HO T2) and maximal (COLD1, COLD2) hypothermic 
response to acute ethanol (EtOH) administration. Behavioral experiments 
indicate that this response is regulated.

Oxygen consumption, carbon dioxide production, core temperature (Tc) ,  
and activity level were remotely monitored in undisturbed male and female  
mice of all four H O T and CO LD lines for 48 hours at 27°C. In a second set 
of experiments, the same variables were measured for one hour before 
and one hour after both acute and chronic administration of EtOH or an 
equal volume of vehicle at 2 2 C .  Metabolic heat production (mhp) and 
conductance were derived from these measurements and responses 
compared between lines and treatments.

The 48-hr. measurements showed no difference between H O T and 
COLD mice in these variables when animals were left undisturbed. Acute 
EtOH administration increased mhp and conductance in H O T mice while 
Tc increased slightly (H O T2) or not at all (H O T1). CO LD mice exhibited a 
small increase in mhp and conductance accompanied by a large decrease 
in T c. Following chronic EtOH administration, the response of H O T mice 
showed little change from the acute response. In CO LD mice, the increase 
in mhp was enhanced while conductance showed a sm aller increase and 
hypothermia decreased, indicating development of tolerance to E tO H’s 
thermoregulatory effect in CO LD but not H O T mice. Supported by grant 
AA10760.
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G E N D E R  D IF F E R E N C E S  IN  B L O O D  L E V E L S , B U T  N O T  B R A IN  
L E V E L S , O F  E T H A N O L  IN  T H E  R A T . D on ita  C rip p e n s 1* M artha  L  
W h ite2, M ichele L  W illiam s1, Lane J. Brunner2, Francine E Lancaster3 
and R ueb en  A. G o n za le s 1,2. L 1Inst. tor Neuroscience and 2College  of 
Pharm acy, University of T exas , Austin, T X  7 8 7 1 2 , and  d e p a r tm e n t  
of Biology, T e xa s  W o m a n ’s University, D enton , T X  7 6 2 0 4 .

Fem ale  rodents tend to drink m ore alcohol than m ales, a  
difference that e m erges  a t puberty  and  ap p ea rs  to vary  over the  
fem ale  estrous cycle. In addition, m ale and fem ale  rodents display  
different responses to alcohol, e .g. fem ale  rats are reported to have  
faster elim ination rates than m ates. W e  w ere  interested in w hether 
circulating ovarian horm ones influence alcohol distribution to or 
elimination from the brain of rats, which m ight explain observed  
differences in drinking behavior. W e  adm inistered 0 .8  g/kg ethanol 
via intraperitoneal injection to age-m atched m ale (~ 41 0 g ) and fem ale  
(~ 24 5 g ) S p rag u e-D aw ley  rats. E xtracellu lar brain ethanol w as  
sam pled using microdialysis and vascu lar ethanol concentrations  
w ere determ ined via tail blood collection. Ethanol pharm acokinetic  
param eters w ere  calculated for both com partm ents. T h ere  w ere  no 
differences in pharm acokinetic param eters due to gender or estrous 
cycle stage in brain ethanol concentration profiles. T h ere  w ere , 
how ever, d ifferences in b lood  ethanol profiles: fe m ale s  show ed  
faster elimination rates and a sm aller a rea  under the ethanol 
concentration versus time curve than m ales. In addition, the m axim um  
concentration and total body c learance varied significantly across the  
estrous cycle. T h ese  results suggest that (1) circulating ovarian  
horm ones do not influence alcohol distribution to the brain, but do 
influence distribution to m ore peripheral tissues such as the tail, and  
(2) apparent differences in tail blood alcohol levels m ay not reflect 
differences in brain levels. (N IA A A  A A 0 8 4 8 4  and A A 0 7 4 7 1 )

4 8 5 .1 8

DRUG-ASSOCIATED DISCRIM INATIVE STIMULI REINSTATE 
ALCOHOL-SEEKING BEHAVIOR FOLLOW ING A N  EX TIN CTIO N 
PERIOD IN RATS.  S. N .  Katn e r*, L .N. Coburn, and F._ W e iss, D ep t. of 
N europharm aco logy , The Scripps R esearch In stitu te , La Jolla, CA 92037 

Environm ental stim uli have  been suggested to p lay  a role in drug 
relapse processes. The present study exam ined w h e th e r d isc r im in a tiv e  
stim uli (SΔ's) associated  w ith  alcohol a v a ila b il ity  can re in sta te  a lc o h o l
seeking  behav io r after extinction. W istar rats  (n=24) w ere tra ined  to lev e r 
press for 10% (w /v )  ethanol. Once stable responding w as ob tained  (m ean ± 
SEM no. of responses over last four sessions = 29.0 ± 3.3), rats  w ere tra ined  to 
self-ad m in is te r e thano l or a quinine HC1 solution (50 µM) in s e p a ra te  
sessions in the  presence of d istinct o lfactory SΔ's. Specifically , an im a ls  
w ere d iv id ed  into tw o groups (n=12/g roup): one in w hich  the alcohol- and  
quin ine-associated  SΔ's w ere the odors of ban an a  and  orange ex trac t, 
respectively , the o ther in w hich  the a lcohol- and quin ine-associated  SΔ's 
w ere the odors of 10% e thano l and a 50µM quinine HC1 solution, 
respectively . A nim als w ere then  subjected to an ex tinction p h ase  w h ere  
lever presses h ad  no scheduled  consequences. A fter reaching  an ex tinction  
criterion  of five or less lever presses, the an im als w ere presen ted  w ith  th e  
olfactory  SΔ's (w ithou t the availab ility  of e thano l or w ater). The e th a n o l-  
associated  SΔ's re insta ted  lever p ressing  behav io r at significant levels (12.5 
± 2.4) com pared  to m ean extinction respond ing  (1.1 ± 0.2). A nim als p resented  
w ith  the w’a te r-assoc ia ted  SΔ's show ed only a neglig ib le  increase in 
responding (3.1 ± 1.2). These da ta  suggest th a t  ̀ e th a n o l-a s so c ia ted  
d iscrim in ativ e  stim uli can elicit robust a lcohol-seeking  b eh av io r in ra ts . 
Thus, the p resen t p rocedures m ay be useful for s tudying  the b eh av io ra l and  
neurobiological m echanism s of alcohol-seeking  b eh av io r and e v a lu a tin g  
trea tm en t d ru g s  for alcohol relapse. (Support: N IA A A  AA10531)
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METHAMPHETAMINE-INDUCED REACTIVE OXYGEN SPECIES (ROS) 
PRODUCTION IN CULTURED ASTROCYTES. J.W.S. Lau and A. Stadlin 
(SPON: The Hong Kong Society o f Neurosciences). Dept, o f Anatomy, Chinese 
University o f Hong Kong, Shatin, N.T. Hong Kong.

Methamphetamine (METH) is a drug o f abuse that induces the release o f dopamine 
and glutamate within the striatum and also caused astrogliosis. The mechanisms 
whereby METH-induced neurotoxicity are not well defined but evidence suggested 
that ROS may play an important role in mediating this toxicity. The aim o f this study 
is to examine whether there is ROS production in astrocytes after METH treatment. 
Astrocytes were cultured from neonatal C57BL/6 mice brains. Cells were obtained 
from the mesencephalon, striatum and cortex in order to examine regional 
differences. ROS formation was estimated spectrophotometrically with 
2,7-dichlorofluorescin diacetate (DCFH-DA) fluorescence where DCFH-DA is 
converted to fluorescent dichloroflurorescein (DCF) in the presence o f ROS. The 
continuous DCF formation in a single culture over 120 min o f 4mM METH 
incubation was measured to ascertain the rate o f  change o f ROS in the different cell 
types. Linear regression analysis showed that METH treatment induced an increase 
in the rate o f change in striatal astrocytes when compared to mesencephalic and 
cortical astrocytes. When ROS was measured at 4, 8, 12, 24 and 48 hr after METH 
treatment, striatal astrocytes showed an increase in ROS formation as early as 4 hr 
post-treatment, reaching the highest amount o f  70% increase by 48 hr. There was 
also a marked depletion o f ATP levels to 60% o f control levels at 48 hr in these cells. 
Such marked changes were observed to a lesser extent in mesencephalic astrocytes 
and no significant changes were demonstrated in cortical astrocytes. The increase 
production o f ROS and the subsequent energy impairment observed in striatal 
astrocytes reflect the increased sensitivity o f  these cells to METH. This in turn may 
render the dopaminergic terminals more vulnerable to the toxic effects o f  METH.

4 8 6 .3

ROLE OF FREE RADICALS IN METHAMPHETAMINE TOXICITY: 
STRIATAL PERFUSION WITH IRON CHELATORS OR  
ANTIOXIDANTS. K. Burrows*, W . Zhu , and B. Yam am oto . Dept. of 
Psychiatry, Case Western Reserve Univ., Cleveland, OH 44106.

Methamphetamine (M ETH ), a potent psychostimulant, is known to 
damage dopamine (DA) containing nerve terminals within the striatum. 
Recent evidence has implicated free radical generation and subsequent 
oxidative dam age in the toxicity of amphetamine compounds. Both the 
iron chelator deferroxamine and the antioxidant propyl gallate have been 
shown to reduce lipid peroxidation following oxidative stress in vitro. 
Since administration of neurotoxic amphetamines results in the formation 
of malonyldialdehyde, a byproduct of lipid peroxidation, deferroxamine or 
propyl gallate were locally infused into the striatum of M ETH treated rats 
to determine if DA loss would be attenuated. M ETH (10mg/kg) or an 
equivalent volume of saline was administered ip every 2 hrs for a total of 
4 injections. Extracellular concentrations of DA were monitored in both 
striata throughout drug or saline administration (8 hrs). Deferroxamine  
(5OµM) in Dulbecco’s medium was reversed-dialysed into one side of the 
striatum while the contralateral side was perfused with Dulbecco’s alone. 
One week following M ETH or saline treatment, rats were killed and 
striatal tissue adjacent to the probe tract was dissected and analyzed for 
DA content. Although deferroxamine did not affect DA overflow, local 
perfusion of this compound significantly attenuated striatal DA depletion 
in M ETH treated rats (p < 0.05) without altering DA content in saline 
treated animals. In a similar study, perfusion of propyl gallate (50 µM) 
during M ETH administration also protected against DA depletion (p <
0.05). These studies provide further evidence that oxidative damage  
mediates METH-induced striatal dam age. Supported by DA07606
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STRIATAL PER FUSIO N W ITH  M E THA M PHETAM INE: IN TERACTIO NS W ITH  
DO PAM INE, GLUTAM ATE, AND M ETABOLIC S TRESS. B. Yam am oto*, K. 
Burrows, and W . Zhu. Dept. of Psychiatry, Case Western Reserve University, 
Cleveland, OH 44106.

The peripheral administration of methamphetamine (M ETH ) depletes dopamine 
(DA) content in the striatum (STR). The neurotoxic effects of M ETH have been 
shown to be mediated by increased extracellular concentrations of DA and 
glutamate (Glu), and/or the depletion of energy stores. However, no studies have 
directly examined in vivo, the effect of the local perfusion M E TH  on DA and Glu 
release in relation to the long-term changes in S TR DA content. Moreover, the 
interaction between inhibition of energy metabolism and the direct perfusion of 
M ETH on the long-term decreases in DA content has not been investigated.

M ETH (100 µM) was reverse-dialysed into one side of the STR for 8 hrs via a 
microdialysis probe. The other side was perfused with a Dulbecco’s saline 
medium. Extracellular concentrations of DA and Glu were monitored 
simultaneously throughout the perfusion. In other experiments, the succinate 
dehydrogenase inhibitor, malonate (200 mM), alone or in combination with METH, 
was perfused on one side of the STR while the other side was perfused with 
normal Dulbecco’s. One week later, the tissue immediately adjacent to the probe 
was assayed for DA content. The continuous local perfusion of M ETH increased 
DA release by 30-fold but did not change Glu. The S TR tissue content of DA 
measured one week later, however, was not depleted on the side perfused with 
METH alone. When METH was co-perfused with malonate, S TR  DA content was 
decreased by 85% and to a greater extent than on the side perfused with malonate 
alone (69% ). Overall, the direct local perfusion of M ETH alone is not toxic to 
striatal DA terminals but synergizes with the local inhibition of energy metabolism 
to deplete DA content. Furthermore, increased extracellular DA alone in the 
absence of Glu is not sufficient to cause a long-term depletion of DA content after 
METH. Supported by DA07606.
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INCREASES IN AM BIENT TEM PERATURE OVER A SMALL 
TEM PERATURE RANGE INCREASES NEUROTOXICITY O F 
M ETHAM PHETAM INE. R.A Fujiwara, G. Vosmer, R Lew, L.S. Seidcn*. Dept. of 
Pharmacol & Physiol Sciences. Univ. of Chicago. 947 East 58th St Chicago. IL 60637.

We demonstrate that methamphetamine (METH) neurotoxicity to dopamine (DA) and 
serotonin (5-HT) systems is temperature dependent. Male Holtzmann rats (250-300g) 
λvere group housed with free access to food and water. On the day o f METH treatment, 
rats were placed in temperature boxes where core body temperature (CORE TEMP) and 
ambient temperature (AMB TEMP) could be measured and controlled. Rats were given 
METH (10mg/kg) or saline at several different AMB TEMP (22°C, 24°C. 26°C and 
28°C) once every 2 hours for a total of 4 injections. CORE TEMP of rats was 
monitored for several hours using radio-telemetry . At all AMB TEMPs. METH treated 
rats were observed to have a greater CORE TEMP than the saline treated rats. 
Furthermore, CORE TEMP of METH treated rats increased with increases in AMB 
TEMP. Two weeks after cessation of treatment, rats were sacrificed and brain regions 
were dissected and analyzed for DA and 5HT content. At 22°C and 24°C. METH 
treatment did not affect DA and 5HT levels in any region examined. However, at both 
26°C and 28°C, METH treatment significantly reduced striatal DA and 5HT levels 
compared to that of saline treated rats. METH treatment significantly reduced 
hippocampal 5HT levels at 24°C. 26°C and 28°C. The neurochemical data clearly 
indicate that DA and 5HT neurotoxicity engendered by METH arc sensitive to small 
changes in AMB TEMP (2°C). In summary, the present study demonstrates that AMB 
TEMP strongly influences METH neurotoxicity in rats, and that AMB TEMP should be 
considered as an important variable when study ing neurotoxicity of amphetamine-like 
substances. (This work was supported by research grant DA00085).
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